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Pref ace

‘‘Go is an open sourc e prog rammi n g lang uage that mak es it easy to bui ld simpl e, rel iab le,
an d efficient sof tware.’’ (Fro m the Go web sit e at golang.org)

Go was conceive d in Septemb er 2007 by Rob ert Gries emer, Rob Pike, and Ken Thomps on, all
at Google, and was announced in Nov emb er 2009. The goals of the langu age and its accom-
pany ing tools were to be expressive, efficient in bot h comp ilation and exe cut ion, and effec tive
in writing reliable and robust programs.

Go bears a sur face simi lar ity to C  and, like C, is a tool for prof essional programmers, achie v-
ing maximum effe ct wit h minimum means. But it is much more than an updated version of
C. It bor rows and adapts good ide as from many other langu ages, whi le avoiding features that
have led to complexity and unreliable code. Its facilities for con cur rency are new and efficient,
and its approach to dat a abstrac tion and obj e ct-oriente d prog ramming is unu sually flexible. It
has aut omat ic memory management or garb age col lec tion.

Go is esp eci ally wel l suit ed for bui lding inf rastr ucture like net wor ked ser vers, and tools and
systems for prog rammers, but it is truly a general-pur pos e language and find s us e in domains
as divers e as graphics, mobile app lic ations, and machine learning. It has becom e popu lar as a
repl acement for unt yped scr ipt ing langu ages because it bal ances expressiveness wit h safety :
Go programs typic ally run faster than programs writt en in dynamic langu ages and suf fer far
fe wer crashes due to unexp ected typ e er ror s.

Go is an open-s ource pro jec t, so source code for its compi ler, librar ies, and tools is fre ely avai l-
able to any one. Contr ibution s to the pro jec t come fro m an active worldw ide community. Go
runs on Unix-li ke systems—Linux, Fre eBSD, OpenBSD, Mac OS X—and on Plan 9 and
Micros oft Windows. Programs writt en in one of these env iro nments general ly wor k without
mo dification on the others.

xi
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xii  PREFACE

This book is meant to help you start using Go effec tive ly rig ht away and to use it wel l, tak ing
full advantage of Go’s langu age features and stand ard librar ies to write clear, idiomatic, and
efficient programs.

The Origins of Go

Like biolog ical species, successf ul langu ages beget offspring that incor porate the advantages of
their ancestors; int erbre e ding som etimes leads to sur prising strengt hs; and, ver y occasionally,
a radic al ne w fe ature arises wit hout pre cedent. We can lear n a lot about why a langu age is the
way it is and what env iro nment it has been adapt ed for by looking at these influences.

The figure below shows the most imp ortant influences of earlier programming langu ages on
the desig n of Go.

Go is som etimes des crib ed as a ‘‘C-li ke langu age,’’ or as ‘‘C for the 21st century.’’ Fr om C, Go
in her ite d its expression syntax, cont rol-flow statements, basic dat a types, cal l-by-value param-
eter passing, point ers, and above all, C’s emp hasis on programs that compi le to efficient
machine code and cooperate natural ly wit h the abstrac tions of cur rent operat ing systems.
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THE ORIGINS OF GO xiii

But there are other ancestors in Go’s fami ly tre e. One maj or stream of influence comes fro m
languages by Nik laus Wir th, beg inning wit h Pascal. Modula-2 inspired the package con cept.
Ob ero n eliminated the distinc tion bet ween module int erface files and module imp lementation
files. Obero n-2 influence d the syntax for packages, imports, and declarat ions, and Obj e ct
Ob ero n prov ide d the syntax for met hod declarat ions.

Anot her lineage among Go’s ancestors, and one that makes Go distinc tive among recent
prog ramming langu ages, is a  sequence of lit tle-k now n research langu ages deve lop ed at Bel l
Labs, all ins pired by the con cept of commu nicating sequent ial pro cesses (CSP) fro m To ny
Ho are’s seminal 1978 pap er on the found ation s of con cur rency. In CSP, a program is a paral lel
comp osition of processes that have no share d st ate; the pro cesses communic ate and synchro-
nize using channel s. But Hoare’s CSP was a for mal langu age for des cribing the fundament al
concepts of con cur rency, not a programming langu age for writing exe cut able programs.

Rob Pike and others began to exp eriment wit h CSP imp lementation s as actu al langu ages. The
firs t was cal le d Sque ak (‘‘A langu age for communic ating wit h mice’’), which provide d a lan-
gu age for handling mou se and key board events, wit h st atically cre ate d ch annel s. This was
fo llowe d by Newsque ak, which offered C-li ke statement and expression syntax and Pas cal-li ke
type not ation. It was a purely functional langu age wit h garb age col lec tion, again aimed at
managing key board , mous e, and window events. Channel s became firs t-class values, dynami-
cally cre ate d and storable in variables.

The Plan 9 operat ing system car r ied these ide as forward in a langu age cal le d Alef. Alef tried
to make Newsque ak a viable system programming langu age, but its omission of garb age col-
le ction made conc urrency too painf ul.

Ot her cons tructions in Go show the influence of non-ancestral genes here and there; for
example iota is loosely fro m APL, and lexic al scop e with neste d func tions is fro m Scheme
(and most langu ages since). Here too we find nove l mu tat ions. Go’s innovat ive slices provide
dy namic arrays wit h efficient random access but als o permit sop histicate d sh aring
ar rangements reminiscent of lin ked lists. And the defer st atement is new wit h Go.

The Go Project

Al l prog ramming langu ages reflec t the programming phi losop hy of their creators, which often
includes a significant component of reaction to the perceive d shortcomings of earlier lan-
gu ages. The Go pro jec t was bor ne of frust rat ion wit h several sof tware systems at Google that
were suf fer ing fro m an explosion of complexity. (This pro blem is by no means unique to
Go ogle.)

As Rob Pike put it, ‘‘comp lexity is multiplic ative’’: fixing a pro blem by mak ing one par t of the
system more complex slowly but surely adds complexity to other par ts. Wi th con stant pres-
sure to add features and opt ion s and configurat ions, and to ship code quickly, it’s easy to
neglec t simplicity, even thoug h in the lon g run simplicity is the key to good sof tware.
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xiv  PREFACE

Simp licity requires more wor k at the beg inning of a pro jec t to reduce an idea to its essence and
more dis cip line over the lifet ime of a pro jec t to distinguish good changes fro m bad or per ni-
cious ones. Wit h sufficient effor t, a good change can be accommodated wit hout compromis-
ing what Fre d Brooks cal le d the ‘‘conceptu al int egr ity’’ of the desig n but a bad change cannot,
and a per nicious change trades simplicity for its shallow cou sin, conv enience. Only through
simplicity of desig n can a system remain stable, sec ure , and coh erent as it grows.

The Go pro jec t includes the langu age its elf, its tools and stand ard librar ies, and last but not
le ast, a cultural agenda of radic al simplicity. As a recent hig h-leve l language , Go has the bene-
fit of hindsig ht, and the basics are don e we ll: it has garbage col lec tion, a package system, firs t-
cl ass functions, lexic al scop e, a system cal l interface, and immut able str ings in which text is
general ly encoded in UTF-8. But it has comp arat ive ly few features and is unlikely to add
more . Fo r inst ance, it has no imp licit numer ic conv ersions, no con str uctor s or destr uctor s, no
op erator overloading, no defau lt parameter values, no inher itance, no gener ics, no exception s,
no macros, no function annot ation s, and no thread-lo cal storage. The langu age is mature and
st able, and guarante es backwards compatibi lit y: older Go programs can be compi led and run
with newer versions of compi lers and stand ard librar ies.

Go has enough of a typ e system to avoid most of the careless mistakes that plague program-
mers in dynamic langu ages, but it has a simpler typ e system than comparable typ ed langu ages.
This appro ach can som etimes lead to isolate d pockets of ‘‘untyped’’ prog ramming wit hin a
broader framewor k of typ es, and Go programmers do not go to the lengt hs that C++ or
Haskel l prog rammers do to express safet y prop erties as typ e-bas ed pro ofs. But in prac tice Go
gives programmers much of the safet y and run-t ime per for mance benefits of a rel ative ly
st ron g type system wit hout the burden of a complex one.

Go encourages an awareness of contemp orar y comp uter system desig n, partic ularly the
importance of locality. Its bui lt-in dat a types and most librar y data str uctures are craf ted to
work natural ly wit hout explicit initializat ion or imp licit con str uctor s, so rel ative ly few mem-
or y al location s and memor y wr ites are hidden in the code. Go’s aggregate typ es (str ucts and
ar rays) hold their elements direc tly, requir ing less storage and fewer allo cat ions and point er
indirec tion s than langu ages that use indirec t fields. And since the moder n comp uter is a par-
al lel machine, Go has conc urrency features bas ed on CSP, as mention ed earlier. The var iable-
size stacks of Go’s lig htweig ht threads or goro utines are initial ly small enoug h that creating one
goro utine is che ap and cre ating a million is prac tic al.

Go’s stand ard librar y, often descr ibed as coming wit h ‘‘batt eries include d,’’ prov ides cle an
building blo cks and APIs for I/O, text pro cessing, graphics, cryptography, net wor king, and
dist ribut ed app lic ations, wit h supp ort for many stand ard file for mats and pro tocol s. The
librar ies and tools make extensive use of convent ion to reduce the need for configurat ion and
explanation, thu s simplif ying program logic and mak ing diverse Go programs more simi lar to
each other and thu s easier to learn. Pro jec ts bui lt using the go to ol use only file and identifier
names and an occ asional speci al comment to deter mine all the librar ies, exec utables, tests,
benchmarks, examples, platfor m-specific var iants, and documentation for a proj e ct; the Go
source its elf cont ains the bui ld sp ecification.
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Or ganization of the Book

We assume that you have programmed in one or more other langu ages, whether comp ile d li ke
C, C++, and Java, or int erprete d li ke Pyt hon, Ruby, and JavaS crip t, so we won’t spell out every-
thing as if for a tot al beg inner. Sur face sy ntax will be fami liar, as will var iables and con stants,
expressions, control flow, and functions.

Chapter 1  is a tut orial on the basic cons tructs of Go, int roduce d thro ugh a dozen programs for
ever yday tasks like reading and writing files, for matting text, creating images, and communi-
cating wit h Internet clients and ser vers.

Chapter 2  des crib es the str uctural elements of a Go program—de clarat ions, var iables, new
types, packages and files, and scope. Chapt er 3  dis cusses numbers, boole ans, str ings, and con-
st ants, and explains how to pro cess Unico de. Chapt er 4  des crib es composite typ es, that is,
types bui lt up fro m simpler ones using arrays, maps, str ucts, and sli ces, Go’s appro ach to
dy namic lists. Chapt er 5  cov ers functions and dis cusses error handling, panic and recover,
and the defer st atement.

Chapters 1 through 5 are thu s the basics, things that are par t of any mainst ream imp erat ive
language . Go’s syntax and sty le som etimes dif fer fro m ot her langu ages, but most program-
mers will pick them up quickly. The remaining chapt ers focus on topics where Go’s appro ach
is less convent ion al: met hods, interfaces, conc urrency, packages, testing , and reflec tion.

Go has an unusual appro ach to obj e ct-oriente d prog ramming. There are no class hierarchies,
or indeed any class es; comp lex obj e ct beh avior s are cre ate d from simpler ones by composition,
not inher itance. Met hods may be ass oci ated wit h any user-define d type, not just str uctures,
and the rel ation ship bet ween con crete typ es and abstrac t types (interfaces) is imp licit, so a
concrete typ e may sat isf y an interface that the typ e’s desig ner was unaware of. Met hods are
covere d in Chapt er 6 and int erfaces in Chapt er 7.

Chapter 8  presents Go’s appro ach to con cur rency, which is bas ed on the ide a of communic at-
ing sequential pro cesses (CSP), embodie d by goroutines and channel s. Chapt er 9  explains the
more tradition al asp ects of con cur rency bas ed on share d var iables.

Chapter 10 des crib es packages, the mech anism for organizing librar ies. This chapt er als o
shows how to make effec tive use of the go to ol, which provides for compi lat ion, testing ,
benchmarking , prog ram formatting , do cumentation, and many other tasks, all wit hin a single
command.

Chapter 11 deals wit h test ing , where Go takes a not ably lig htweig ht appro ach, avoiding
abstrac tion-l aden framewor ks in favor of simple librar ies and tools. The testing librar ies
prov ide a found ation atop which more complex abstrac tions can be bui lt if necessary.

Chapter 12 dis cusses reflec tion, the abi lit y of a prog ram to examine its own represent ation
during exe cut ion. Reflec tion is a pow erful tool, thoug h on e to be used caref ully; this chapt er
explains finding the rig ht bal ance by showing how it is used to imp lement som e important Go
librar ies. Chapter 13 explains the gor y det ails of low-le vel programming that uses the unsafe

package to step aro und Go’s typ e system, and when that is appro priate.
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xvi  PREFACE

Each chapter has a number of exercis es that you can use to test your underst anding of Go, and
to explore extensions and alt ernat ives to the examples fro m the book.

Al l but the most trivial code examples in the book are avai lable for dow nlo ad from the public
Git rep ository at gopl.io. Each example is identified by its package imp ort pat h and may be
conv eniently fetch ed, bui lt, and ins tal le d using the go get command. You’ll need to cho ose a
direc tor y to be your Go wor ksp ace and set the GOPATH enviro nment var iable to point to it.
The go to ol will cre ate the direc tor y if necessary. For example:

$ export GOPATH=$HOME/gobook # choose workspace directory
$ go get gopl.io/ch1/helloworld # fetch, build, install
$ $GOPATH/bin/helloworld  # run
Hello, BF

To run the examples, you will need at least version 1.5 of Go.

$ go version
go version go1.5 linux/amd64

Fo llow the ins tructions at https://golang.org/doc/install if the go to ol on your com-
puter is older or missing.

Where to Find More Information

The best source for more infor mat ion about Go is the offici al we b site, https://golang.org,
which provides access to the documentation, including the Go Programmi n g Lang uage Specifi-
cati on, stand ard packages, and the like. There are als o tutorials on how to write Go and how
to write it wel l, and a wide variet y of online text and vide o resources that will be valuable com-
plements to this book. The Go Blog at blog.golang.org pu blishes som e of the best writing
on Go, wit h ar ticles on the state of the langu age, plans for the fut ure , reports on conferences,
and in-depth explanation s of a wide variet y of Go-rel ate d topics.

One of the most useful asp ects of online access to Go (and a reg rettable limitation of a pap er
book) is the abi lit y to run Go programs fro m the web pages that des crib e them. This func-
tion ality is provide d by the Go Playg round at play.golang.org, and may be emb edde d
within other pages, such as the home page at golang.org or the documentation pages ser ved
by the godoc to ol.

The Playg round makes it convenient to per for m simple exp eriments to che ck one’s under-
st anding of syntax, semantics, or librar y packages wit h short programs, and in many ways
takes the place of a re ad-e val-print loop (REPL) in other langu ages. Its persistent URLs are
great for sharing snipp ets of Go code wit h ot hers, for rep orting bugs or mak ing sug gestion s.

Built atop the Playg round, the Go Tour at tour.golang.org is a sequence of short int erac tive
lessons on the basic ideas and con str uctions of Go, an orderly wal k thro ugh the langu age.

The primary shortcoming of the Playg round and the Tour is that the y al low only stand ard
librar ies to be imp orted, and many librar y fe atures—networ king, for example—are restr icted
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WHERE TO FIND MORE INFORMATION  xvii

for prac tic al or sec urity reasons. The y also require access to the Int ernet to compi le and run
each program. So for more elaborate exp eriments, you will have to run Go programs on your
ow n comp uter. For tunately the dow nlo ad process is straig htfor ward, so it should not take
more than a few minut es to fetch the Go distr ibution fro m golang.org and start writing and
running Go programs of your own.

Since Go is an open-s ource pro jec t, you can read the code for any typ e or function in the stan-
dard librar y on line at https://golang.org/pkg; the same code is par t of the dow nlo ade d
dist ribut ion. Use this to figure out how som ething wor ks, or to answer question s ab out
det ails, or merely to see how exp erts write really good Go.
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1

Tutorial

This chapt er is a tour of the basic comp onents of Go. We hop e to provide enough infor mat ion
and examples to get you off the gro und and doing useful things as quickly as possible. The
examples here, and indeed in the whole book, are aimed at tasks that you mig ht have to do in
the real wor ld. In this chapt er we’ll try to give you a taste of the diversity of programs that one
mig ht write in Go, ranging fro m simple file pro cessing and a bit of graphics to con cur rent
Internet clients and ser vers. We cer tain ly won’t explain everything in the firs t ch apt er, but
studying such programs in a new langu age can be an effec tive way to get started.

Wh en you’re learning a new langu age, there’s a natural tendency to write code as you wou ld
have writt en it in a langu age you already know. Be aware of this bias as you learn Go and try
to avoid it. We’ve tried to illustrate and explain how to write good Go, so use the code here as
a guide when you’re writing your own.

1.1.  Hello, World

We’ll start wit h the now-t radition al ‘‘hel lo, wor ld’’ example, which app ears at the beg inning of
The C Programmi n g Lang uage, publishe d in 1978. C is one of the most direc t influences on
Go, and ‘‘hel lo, wor ld’’ illustrates a number of central ideas.

gopl.io/ch1/helloworld

package main

import "fmt"

func main() {
fmt.Println("Hello, BF")

}

1
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2 CHAPTER 1. TUTORIAL

Go is a compi led langu age. The Go toolchain conv erts a source program and the things it
dep ends on int o inst ruc tions in the nat ive machine langu age of a computer. These tools are
accessed through a single command cal le d go that has a number of sub command s. The sim-
plest of these sub command s is run, which compi les the source code fro m on e or more source
files whose names end in .go, lin ks it wit h librar ies, then runs the resulting exe cut able file.
(We will use $ as the command pro mpt throughout the book.)

$ go run helloworld.go

No t surprisingly, this prints

Hello, BF

Go nat ive ly handles Unico de, so it can pro cess text in all the wor ld’s langu ages.

If the program is more than a one-shot exp eriment, it’s likely that you wou ld want to compi le
it once and save the compi led result for later use. That is don e with go build:

$ go build helloworld.go

This cre ates an exe cut able binar y file cal le d helloworld that can be run any time wit hout fur-
ther pro cessing:

$ ./helloworld
Hello, BF

We have lab ele d each sig nificant example as a reminder that you can obt ain the code fro m the
book’s source code rep ository at gopl.io:

gopl.io/ch1/helloworld

If you run go get gopl.io/ch1/helloworld, it will fetch the source code and place it in the
corresponding direc tor y. There’s more about this topic in Sec tion 2.6 and Sec tion 10.7.

Let’s now tal k ab out the program its elf. Go code is organize d into packages, which are simi lar
to librar ies or modules in other langu ages. A package con sists of one or more .go source files
in a single direc tor y that define what the package does. Each source file beg ins wit h a package
de clarat ion, here package main, that states which package the file belon gs to, fol low ed by a list
of other packages that it imp orts, and then the declarat ions of the program that are store d in
that file.

The Go stand ard librar y has over 100 packages for common tasks like inp ut and out put,
sorting, and text manipu lat ion. For ins tance, the fmt package contains functions for printing
formatte d output and scanning inp ut. Println is one of the basic out put functions in fmt; it
pr ints one or more values, sep arated by spaces, wit h a newline charac ter at the end so that the
values appear as a single line of out put.

Package main is speci al. It defines a stand alone exe cut able program, not a librar y. Wit hin
package main the func tion main is als o sp eci al—it’s where exe cut ion of the program beg ins.
Wh ate ver main do es is what the program does. Of course, main wi l l normal ly cal l up on func-
tion s in other packages to do much of the wor k, such as the function fmt.Println.
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SECTION 1.1. HELLO, WORLD  3

We must tel l the compi ler what packages are needed by this source file; that’s the role of the
import de clarat ion that fol lows the package de clarat ion. The ‘‘hel lo, wor ld’’ prog ram us es
on ly one function fro m on e ot her package, but most programs will imp ort more packages.

Yo u mu st imp ort exac tly the packages you need. A prog ram wi l l not compi le if there are
missing imp orts or if there are unnecessary ones. This str ict requirement pre vents references
to unu sed packages fro m acc umulat ing as programs evo l ve.

The import de clarat ions must fol low the package de clarat ion. After that, a program consists
of the declarat ions of functions, var iables, cons tants, and typ es (introduce d by the key words
func, var, const, and type); for the most par t, the order of declarat ions does not matter. This
prog ram is about as short as possible since it declares only one function, which in tur n calls
on ly one other function. To save space, we will som etimes not show the package and import

de clarat ions when present ing examples, but the y are in the source file and must be there to
comp ile the code.

A function declarat ion con sists of the key word func, the name of the function, a parameter
list (empt y for main), a result list (also emp ty here), and the body of the function—the state-
ments that define what it does—enclos ed in braces. We’ll take a clos er lo ok at functions in
Chapter 5.

Go does not require semicolons at the end s of statements or declarat ions, except where two or
more app ear on the same line. In effec t, newlines fol low ing cer tain tokens are converted int o
semicolons, so where newlines are place d matt ers to pro per parsing of Go code. For ins tance,
the opening brace { of the function must be on the same line as the end of the func de clara-
tion, not on a line by its elf, and in the expression x + y, a newline is per mitt ed after but not
before the + op erator.

Go takes a stron g st ance on code for matting . The gofmt to ol rewrites code int o the stand ard
format, and the go to ol’s fmt su bcommand app lies gofmt to all the files in the specified pack-
age, or the ones in the cur rent direc tor y by defau lt. All Go source files in the book have been
run through gofmt, and you should get into the habit of doing the same for your own code.
Decl aring a stand ard for mat by fiat eliminates a lot of point less deb ate about trivia and, more
importantly, enables a variet y of aut omated source code transfor mat ions that wou ld be
infeasible if arbit rar y formatting were allow ed.

Many text editors can be configured to run gofmt each time you save a file, so that your source
co de is always pro perly for matte d. A rel ate d to ol, goimports, addition ally manages the ins er-
tion and removal of imp ort declarat ions as needed. It is not par t of the stand ard distr ibution
but you can obt ain it wit h this command:

$ go get golang.org/x/tools/cmd/goimports

Fo r most users, the usu al way to dow nlo ad and bui ld packages, run their tests, show their doc-
umentation, and so on, is wit h the go to ol, which we’ll look at in Sec tion 10.7.
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4 CHAPTER 1. TUTORIAL

1.2.  CommandLine Arguments

Most programs pro cess som e input to pro duce som e output; that’s prett y much the definition
of computing . But how does a program get input dat a on which to operate? Som e prog rams
generate their own data, but more often, input com es fro m an exter nal source: a file, a net wor k
connec tion, the out put of another program, a user at a key board , command-line arguments,
or the like. The next few examples will dis cuss som e of these alt ernat ives, starting wit h com-
mand-line arguments.

The os package provides functions and other values for dealing wit h the operat ing system in a
pl atfor m-indep endent fashion. Command-line arguments are avai lable to a program in a
var iable named Args that is par t of the os package; thu s its name any where outside the os

package is os.Args.

The var iable os.Args is a sli ce of str ings. Slices are a fundament al not ion in Go, and we’ll tal k
a lot more about them soon. For now, thin k of a slice as a dynamic ally size d sequence s of
ar ray elements where indiv idu al elements can be accessed as s[i] and a contiguous subse-
quence as s[m:n]. The number of elements is given by len(s). As in most other program-
ming langu ages, all indexing in Go uses half-open intervals that include the firs t index but
exclude the last, because it simplifies logic. For example, the slice s[m:n], where 0 ≤ m ≤ n ≤
len(s), contains nm elements.

The firs t element of os.Args, os.Args[0], is the name of the command its elf; the other ele-
ments are the arguments that were present ed to the program when it started exe cut ion. A
slice expression of the for m s[m:n] yields a slice that refers to elements m thro ugh n1, so the
elements we need for our next example are those in the slice os.Args[1:len(os.Args)]. If m
or n is omitt ed, it defau lts to 0 or len(s) resp ectively, so we can abbreviate the desired slice as
os.Args[1:].

Here’s an imp lementation of the Unix echo command, which prints its command-line argu-
ments on a single line. It imp orts two packages, which are given as a parenthesize d list rat her
than as individu al import de clarat ions. Eit her for m is legal, but convent ion ally the list for m is
us ed. The order of imp orts doesn’t matter; the gofmt to ol sor ts the package names into
alph abetical order. (Wh en there are several versions of an example, we will often number
them so you can be sure of which one we’re tal king about.)

gopl.io/ch1/echo1

// Echo1 prints its commandline arguments.
package main

import (
"fmt"
"os"

)
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SECTION 1.2. COMMANDLINE ARGUMENTS 5

func main() {
var s, sep string
for i := 1; i < len(os.Args); i++ {

s += sep + os.Args[i]
sep = " "

}
fmt.Println(s)

}

Comments beg in with //. All text fro m a // to the end of the line is comment ary for
prog rammers and is ignored by the compi ler. By convent ion, we des crib e each package in a
comment immediate ly pre ceding its package declarat ion; for a main package, this comment is
on e or more complete sentences that des crib e the program as a whole.

The var de clarat ion declares two var iables s and sep, of typ e string. A var iable can be ini-
tialize d as par t of its declarat ion. If it is not explicitly initialize d, it is imp licitly initialize d to
the zero value for its typ e, which is 0 for numer ic types and the emp ty str ing "" for str ings.
Thus in this example, the declarat ion imp licitly initializes s and sep to emp ty str ings. We’ll
have more to say about var iables and declarat ions in Chapt er 2.

Fo r numb ers, Go provides the usu al arithmetic and log ical operator s. When app lie d to
st rings, how ever, the + op erator concatenate s the values, so the expression

sep + os.Args[i]

repres ents the con catenat ion of the str ings sep and os.Args[i]. The statement we used in
the program,

s += sep + os.Args[i]

is an assig nment statement that conc atenates the old value of s with sep and os.Args[i] and
assig ns it back to s; it is equivalent to

s = s + sep + os.Args[i]

The operator += is an assig nment operator. Each arithmetic and log ical operator like + or * has
a cor responding assig nment operator.

The echo prog ram could have print ed its out put in a loop one pie ce at a time, but this version
instead bui lds up a str ing by rep eatedly app ending new text to the end. The str ing s st arts life
empt y, that is, wit h value "", and each trip through the loop adds som e text to it; after the firs t
it erat ion, a space is als o inserted so that when the loop is finishe d, there is one space bet ween
each argument. This is a quadrat ic process that cou ld be costly if the number of arguments is
large , but for echo, that’s unlikely. We’ll show a number of imp rov ed versions of echo in this
ch apt er and the next that will deal wit h any real inefficiency.

The loop index variable i is declare d in the firs t part of the for lo op. The := sy mbol is par t of
a sh ort var iab le declarati on, a statement that declares one or more var iables and gives them
appropriate typ es based on the initializer values; there’s more about this in the next chapt er.

The increment statement i++ adds 1 to i; it’s equivalent to i += 1 which is in tur n equivalent
to i = i + 1. There’s a cor responding decrement statement i that subtrac ts 1. Thes e are
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6 CHAPTER 1. TUTORIAL

st atements, not expressions as the y are in most langu ages in the C fami ly, so j = i++ is illegal,
and the y are postfix only, so i is not legal either.

The for lo op is the only loop statement in Go. It has a number of for ms, one of which is
illustrated here:

for initialization; condition; post {
// zero or more statements

}

Parent hes es are never used aro und the three components of a for lo op. The braces are
mand atory, how ever, and the opening brace must be on the same line as the post st atement.

The opt ion al initialization st atement is exe cut ed before the loop starts. If it is present, it
mu st be a simp le statement, that is, a short var iable decl arat ion, an increment or assig nment
st atement, or a function cal l. The condition is a boole an expression that is evaluate d at the
beginning of each iterat ion of the loop; if it evaluates to true, the statements control led by the
lo op are exe cut ed. The post st atement is exe cut ed after the body of the loop, then the con di-
tion is evaluate d again. The loop end s when the con dit ion becom es false.

Any of these par ts may be omitt ed. If there is no initialization and no post, the semi-
colons may also be omitt ed:

// a traditional "while" loop
for condition {

// ...
}

If the con dit ion is omitt ed ent ire ly in any of these for ms, for example in

// a traditional infinite loop
for {

// ...
}

the loop is infinite, thoug h lo ops of this for m may be ter minated in som e ot her way, like a
break or return st atement.

Anot her for m of the for lo op iterates over a ra nge of values fro m a dat a type like a st ring or a
slice. To illustrate, here’s a secon d version of echo:

gopl.io/ch1/echo2

// Echo2 prints its commandline arguments.
package main

import (
"fmt"
"os"

)
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SECTION 1.2. COMMANDLINE ARGUMENTS 7

func main() {
s, sep := "", ""
for _, arg := range os.Args[1:] {

s += sep + arg
sep = " "

}
fmt.Println(s)

}

In each iterat ion of the loop, range produces a pair of values: the index and the value of the
element at that index. In this example, we don’t need the index, but the syntax of a range lo op
re quires that if we deal wit h the element, we must deal wit h the index too. One ide a would be
to assig n the index to an obv iou sly temporar y var iable like temp and ignore its value, but Go
do es not per mit unu sed local variables, so this wou ld result in a compi lat ion error.

The solut ion is to use the bl ank ident ifier, whose name is _ (t hat is, an underscore). The blank
identifier may be used whene ver synt ax requires a variable name but prog ram log ic do es not,
for ins tance to dis card an unwante d lo op index when we require only the element value. Most
Go programmers wou ld likely use range and _ to write the echo prog ram as abov e, since the
indexing over os.Args is imp licit, not explicit, and thu s easier to get rig ht.

This version of the program uses a  short var iable decl arat ion to declare and initialize s and
sep, but we cou ld equ ally wel l have declare d the var iables sep arately. There are several ways
to declare a str ing var iable; these are all equivalent:

s := ""
var s string
var s = ""
var s string = ""

Why should you prefer one for m to another? The firs t form, a short var iable decl arat ion, is
the most compact, but it may be used only wit hin a function, not for package-le vel var iables.
The secon d form relies on defau lt initializat ion to the zero value for str ings, which is "". The
third for m is rarely used except when declaring multiple var iables. The fourth for m is explicit
ab out the var iable’s typ e, which is redundant when it is the same as that of the initial value but
ne cessary in other cas es where the y are not of the same typ e. In prac tice, you should general ly
us e on e of the firs t two for ms, wit h explicit initializat ion to say that the initial value is
important and imp licit initializat ion to say that the initial value doesn’t matter.

As not ed above , each time aro und the loop, the str ing s gets comp letely new contents. The +=
st atement makes a new str ing by con catenat ing the old str ing , a space charac ter, and the next
argument, then assig ns the new str ing to s. The old cont ents of s are no lon g er in use, so the y
wi l l be garb age-collec ted in due course.

If the amount of dat a invo l ved is large , this cou ld be costly. A simpler and more efficient
solut ion wou ld be to use the Join func tion fro m the strings package:
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8 CHAPTER 1. TUTORIAL

gopl.io/ch1/echo3

func main() {
fmt.Println(strings.Join(os.Args[1:], " "))

}

Final ly, if we don’t care about for mat but just want to see the values, perhaps for debug ging, we
can let Println format the results for us:

fmt.Println(os.Args[1:])

The out put of this statement is like what we wou ld get fro m strings.Join, but wit h sur-
ro unding brackets. Any slice may be print ed this way.

Exercis e 1.1: Mo dif y the echo prog ram to als o pr int os.Args[0], the name of the command
that invo ked it.

Exercis e 1.2: Mo dif y the echo prog ram to print the index and value of each of its arguments,
on e per line.

Exercis e 1.3: Experiment to measure the dif ference in running time bet ween our pot ent ial ly
inefficient versions and the one that uses strings.Join. (Section 1.6 illustrates par t of the
time package, and Sec tion 11.4 shows how to write benchmark tests for systematic per-
formance evaluation.)

1.3.  Finding Duplicate Lines

Prog rams for file copy ing , pr int ing , searching, sor ting, count ing , and the like all have a simi lar
st ruc ture: a loop over the inp ut, som e comp utation on each element, and generat ion of out put
on the fly or at the end. We’ll show three var iants of a program cal le d dup; it is par tly ins pired
by the Unix uniq command, which looks for adj acent dup lic ate lines. The str uctures and
packages used are model s that can be easi ly adapt ed.

The firs t version of dup pr ints each line that app ears more than once in the stand ard inp ut,
preceded by its count. This program introduces the if st atement, the map data typ e, and the
bufio package.

gopl.io/ch1/dup1

// Dup1 prints the text of each line that appears more than
// once in the standard input, preceded by its count.
package main

import (
"bufio"
"fmt"
"os"

)
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func main() {
counts := make(map[string]int)
input := bufio.NewScanner(os.Stdin)
for input.Scan() {

counts[input.Text()]++
}
// NOTE: ignoring potential errors from input.Err()
for line, n := range counts {

if n > 1 {
fmt.Printf("%d\t%s\n", n, line)

}
}

}

As wit h for, parenthes es are never used aro und the con dit ion in an if st atement, but braces
are required for the body. There can be an opt ion al else part that is exe cut ed if the con dit ion
is false.

A map holds a set of key/value pairs and provides cons tant-t ime operat ions to store , retr ieve,
or test for an item in the set. The key may be of any typ e whos e values can comp are d with ==,
st rings being the most common example; the value may be of any typ e at all. In this example,
the keys are str ings and the values are ints. The bui lt-in function make creates a new emp ty
map; it has other uses too. Maps are dis cussed at lengt h in Sec tion 4.3.

Each time dup re ads a line of inp ut, the line is used as a key int o the map and the cor-
resp onding value is increment ed. The statement counts[input.Text()]++ is equivalent to
thes e two statements:

line := input.Text()
counts[line] = counts[line] + 1

It’s not a pro blem if the map doesn’t yet cont ain that key. The firs t time a new line is seen, the
expression counts[line] on the rig ht-hand side evaluates to the zero value for its typ e, which
is 0 for int.

To print the results, we use another range-b ased for lo op, this time over the counts map. As
before , each iterat ion pro duces two results, a key and the value of the map element for that
ke y. The order of map iterat ion is not specified, but in prac tice it is random, varying fro m on e
run to another. This desig n is int ent ion al, since it pre vents programs fro m re lying on any par-
ticular order ing where non e is guarante e d.

Onward to the bufio package, which helps make inp ut and out put efficient and convenient.
One of its most useful features is a typ e called Scanner that reads inp ut and bre aks it int o lines
or words; it’s often the easiest way to pro cess inp ut that com es natural ly in lines.

The program uses a short var iable decl arat ion to cre ate a new var iable input that refers to a
bufio.Scanner:

input := bufio.NewScanner(os.Stdin)
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The scanner reads fro m the program’s stand ard inp ut. Each cal l to input.Scan() re ads the
next line and remov es the newline charac ter fro m the end; the result can be ret rie ved by cal l-
ing input.Text(). The Scan func tion retur ns true if there is a line and false when there is
no more inp ut.

The function fmt.Printf, like printf in C and other langu ages, pro duces for matte d output
from a list of expressions. Its firs t argument is a for mat str ing that specifies how subsequent
arguments should be for matte d. The for mat of each argument is deter mined by a conversion
ch arac ter, a letter fol low ing a percent sig n. Fo r example, %d formats an integer operand using
de cimal not ation, and %s exp ands to the value of a str ing operand.

Printf has over a dozen such conversions, which Go programmers cal l verb s. This table is far
from a complete specification but illustrates many of the features that are avai lable:

%d de cimal integer
%x, %o, %b integer in hexade cimal, octal, binar y
%f, %g, %e floating-p oint number: 3.141593 3.141592653589793 3.141593e+00
%t boole an: true or false
%c rune (Unico de co de point)
%s st ring
%q quot ed str ing "abc" or rune 'c'
%v any value in a natural for mat
%T type of any value
%% literal percent sig n (no operand)

The for mat str ing in dup1 also contains a tab \t and a newline \n. Str ing lit erals may cont ain
such es cap e sequ ences for represent ing other wis e invisible charac ters. Printf do es not write a
ne wline by defau lt. By convent ion, for matting functions whose names end in f, such as
log.Printf and fmt.Errorf, use the for matting rules of fmt.Printf, where as those whose
names end in ln fo llow Println, for matting their arguments as if by %v, fol low ed by a
ne wline.

Many programs read eit her fro m their stand ard inp ut, as abov e, or fro m a sequence of named
files. The next version of dup can read fro m the stand ard inp ut or handle a list of file names,
using os.Open to open each one:

gopl.io/ch1/dup2

// Dup2 prints the count and text of lines that appear more than once
// in the input. It reads from stdin or from a list of named files.
package main

import (
"bufio"
"fmt"
"os"

)
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SECTION 1.3. FINDING DUPLICATE LINES 11

func main() {
counts := make(map[string]int)
files := os.Args[1:]
if len(files) == 0 {

countLines(os.Stdin, counts)
} else {

for _, arg := range files {
f, err := os.Open(arg)
if err != nil {

fmt.Fprintf(os.Stderr, "dup2: %v\n", err)
continue

}
countLines(f, counts)
f.Close()

}
}
for line, n := range counts {

if n > 1 {
fmt.Printf("%d\t%s\n", n, line)

}
}

}

func countLines(f *os.File, counts map[string]int) {
input := bufio.NewScanner(f)
for input.Scan() {

counts[input.Text()]++
}
// NOTE: ignoring potential errors from input.Err()

}

The function os.Open returns two values. The firs t is an open file (*os.File) that is used in
su bsequent reads by the Scanner.

The secon d resu lt of os.Open is a value of the bui lt-in error type. If err equals the speci al
built-in value nil, the file was opene d successf ully. The file is read, and when the end of the
input is reach ed, Close clos es the file and releases any res ources. On the other hand, if err is
not nil, som ething went wro ng. In that cas e, the error value descr ibes the pro blem. Our sim-
ple-minde d er ror handling prints a message on the stand ard error stream using Fprintf and
the verb %v, which displ ays a value of any typ e in a default for mat, and dup then car r ies on
with the next file; the continue st atement goes to the next iterat ion of the enclosing for lo op.

In the int erests of keeping code samples to a reasonable size, our early examples are int ent ion-
al ly som ewhat cavalier about error handling. Cle arly we must che ck for an error fro m
os.Open; how ever, we are ignor ing the less likely possibi lit y that an erro r could occ ur while
re ading the file wit h input.Scan. We will not e pl aces where we’ve skipp ed error che cking ,
and we will go int o the det ails of error handling in Sec tion 5.4.

No tice that the cal l to countLines precedes its decl arat ion. Functions and other package-le vel
entities may be declare d in any order.
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A map is a reference to the dat a st ruc ture cre ate d by make. When a map is passed to a func-
tion, the function receives a  copy of the reference, so any changes the cal le d func tion makes to
the underly ing dat a st ruc ture will be visible through the cal ler’s map reference too. In our
example, the values inserted int o the counts map by countLines are seen by main.

The versions of dup ab ove operate in a ‘‘st reaming’’ mo de in which inp ut is read and bro ken
into lines as needed, so in princip le these programs can handle an arbit rar y amount of inp ut.
An alt ernat ive appro ach is to read the ent ire inp ut int o memory in one big gulp, split it int o
lines all at once, then pro cess the lines. The fol low ing version, dup3, operates in that fashion.
It int roduces the function ReadFile (f rom the io/ioutil package), which reads the ent ire
cont ents of a name d file, and strings.Split, which splits a str ing int o a slice of subst rings.
(Split is the opp osite of strings.Join, which we saw earlier.)

We’ve simplified dup3 some what. First, it only reads name d files, not the stand ard inp ut, since
ReadFile re quires a file name argument. Secon d, we mov ed the count ing of the lines back
into main, since it is now needed in only one place.

gopl.io/ch1/dup3

package main

import (
"fmt"
"io/ioutil"
"os"
"strings"

)

func main() {
counts := make(map[string]int)
for _, filename := range os.Args[1:] {

data, err := ioutil.ReadFile(filename)
if err != nil {

fmt.Fprintf(os.Stderr, "dup3: %v\n", err)
continue

}
for _, line := range strings.Split(string(data), "\n") {

counts[line]++
}

}
for line, n := range counts {

if n > 1 {
fmt.Printf("%d\t%s\n", n, line)

}
}

}

ReadFile returns a byte slice that must be converted int o a string so it can be split by
strings.Split. We will dis cuss str ings and byte slices at lengt h in Sec tion 3.5.4.
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SECTION 1.4. ANIMATED GIFS 13

Un der the cov ers, bufio.Scanner, ioutil.ReadFile, and ioutil.WriteFile us e the Read

and Write methods of *os.File, but it’s rare that most programmers need to access those
lower-le vel routines direc tly. The hig her-le vel functions like those fro m bufio and io/ioutil

are easier to use.

Exercis e 1.4: Mo dif y dup2 to print the names of all files in which each dup lic ated line occ urs.

1.4.  Animated GIFs

The next program demon strates basic usage of Go’s stand ard image packages, which we’ll use
to cre ate a sequence of bit-mapped images and then encode the sequence as a GIF animat ion.
The images, cal le d Li ssajous figure s, were a staple visual effec t in sci-fi films of the 1960s. They
are the paramet ric cur ves pro duce d by har monic osci l lat ion in two dimensions, such as two
sine waves fed int o the x and y inputs of an oscillos cope. Figure 1.1 shows som e examples.

Figure 1.1. Fo ur Lissajous figures.

There are several new con str ucts in this code, including const de clarat ions, str uct typ es, and
comp osite lit erals. Unlike most of our examples, this one als o invo l ves floating-p oint com-
putation s. We’ll dis cuss these topics only briefly here, pushing most det ails off to later chap-
ters, since the primary goal rig ht now is to give you an ide a of what Go looks like and the
kind s of things that can be don e easi ly wit h the langu age and its librar ies.

gopl.io/ch1/lissajous

// Lissajous generates GIF animations of random Lissajous figures.
package main

import (
"image"
"image/color"
"image/gif"
"io"
"math"
"math/rand"
"os"

)
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var palette = []color.Color{color.White, color.Black}

const (
whiteIndex = 0 // first color in palette
blackIndex = 1 // next color in palette

)

func main() {
lissajous(os.Stdout)

}

func lissajous(out io.Writer) {
const (

cycles  = 5 // number of complete x oscillator revolutions
res  = 0.001 // angular resolution
size  = 100  // image canvas covers [size..+size]
nframes = 64 // number of animation frames
delay  = 8 // delay between frames in 10ms units

)
freq := rand.Float64() * 3.0 // relative frequency of y oscillator
anim := gif.GIF{LoopCount: nframes}
phase := 0.0 // phase difference
for i := 0; i < nframes; i++ {

rect := image.Rect(0, 0, 2*size+1, 2*size+1)
img := image.NewPaletted(rect, palette)
for t := 0.0; t < cycles*2*math.Pi; t += res {

x := math.Sin(t)
y := math.Sin(t*freq + phase)
img.SetColorIndex(size+int(x*size+0.5), size+int(y*size+0.5),

blackIndex)
}
phase += 0.1
anim.Delay = append(anim.Delay, delay)
anim.Image = append(anim.Image, img)

}
gif.EncodeAll(out, &anim) // NOTE: ignoring encoding errors

}

Af ter importing a package whose pat h has multiple components, like image/color, we refer
to the package wit h a name that com es fro m the last component. Thu s the var iable
color.White belongs to the image/color package and gif.GIF belongs to image/gif.

A const de clarat ion (§3.6) gives names to con stants, that is, values that are fixe d at comp ile
time, such as the numer ical parameters for cyc les, frames, and del ay. Like var de clarat ions,
const de clarat ions may appear at package level (so the names are visible throughout the pack-
age) or wit hin a function (so the names are visible only wit hin that function). The value of a
cons tant must be a number, str ing , or boole an.

The expressions []color.Color{...} and gif.GIF{...} are comp osite lit era ls (§4.2, §4.4.1),
a compact not ation for ins tantiat ing any of Go’s composite typ es from a sequence of element
values. Here, the firs t on e is a slice and the secon d on e is a st ruc t.
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SECTION 1.5. FETCHING A URL 15

The typ e gif.GIF is a str uct typ e (§4.4). A st ruc t is a gro up of values cal le d fiel ds, often of dif-
ferent typ es, that are col lec ted toget her in a single obj e ct that can be tre ate d as a unit. The
var iable anim is a str uct of typ e gif.GIF. The str uct lit eral creates a str uct value whose Loop
Count field is set to nframes; all other fields have the zero value for their typ e. The indiv idu al
fields of a str uct can be accessed using dot not ation, as in the final two assig nments which
explicitly update the Delay and Image fields of anim.

The lissajous func tion has two neste d lo ops. The out er loop runs for 64 iterat ions, each
producing a single frame of the animat ion. It cre ates a new 201&201 image wit h a palette of
two color s, white and black. All pixel s are initial ly set to the palette’s zero value (the zerot h
color in the palette), which we set to white. Each pass through the inner loop generates a new
image by setting som e pixe ls to black. The result is app ended, using the bui lt-in append func-
tion (§4.2.1), to a list of frames in anim, along wit h a specified del ay of 80ms. Final ly the
sequence of frames and del ays is encoded int o GIF for mat and writt en to the out put stream
out. The typ e of out is io.Writer, which lets us write to a wide range of possible destina-
tion s, as we’ll show soon.

The inner loop runs the two oscillator s. The x os cillator is just the sine function. The y os cil-
lator is als o a sinus oid, but its fre quency rel ative to the x os cillator is a random number
between 0 and 3, and its phase rel ative to the x os cillator is initial ly zero but incre ases wit h
each frame of the animat ion. The loop runs unt i l the x os cillator has comp leted five full
cycles. At each step, it cal ls SetColorIndex to color the pixel cor responding to (x, y) black,
which is at position 1 in the palette.

The main func tion cal ls the lissajous func tion, direc ting it to write to the stand ard out put,
so this command pro duces an animated GIF wit h frames like those in Figure 1.1:

$ go build gopl.io/ch1/lissajous
$ ./lissajous >out.gif

Exercis e 1.5: Change the Lissajous program’s color palette to gre en on black, for adde d
authenticity. To cre ate the web color #RRGGBB, use color.RGBA{0xRR, 0xGG, 0xBB, 0xff},
where each pair of hexade cimal digits represents the int ensit y of the red, gre en, or blue com-
ponent of the pixel.

Exercis e 1.6: Mo dif y the Lissajous program to pro duce images in multiple color s by adding
more values to palette and then displ aying them by chang ing the third argument of Set
ColorIndex in som e interest ing way.

1.5.  Fet ching a URL

Fo r many app lic ations, access to infor mat ion fro m the Int ernet is as imp ortant as access to the
lo cal file system. Go provides a collec tion of packages, gro uped under net, that make it easy
to send and receive infor mat ion through the Int ernet, make low-le vel networ k connec tion s,
and set up ser vers, for which Go’s con cur rency features (introduce d in Chapt er 8) are par tic u-
larly useful.
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To illustrate the minimum necessary to ret rie ve infor mat ion over HTTP, here’s a simple
prog ram called fetch that fetch es the content of each specified URL and prints it as uninter-
preted text; it’s ins pired by the invaluable utilit y curl. Obv iou sly one wou ld usu ally do more
with such dat a, but this shows the basic idea. We will use this program fre quently in the book.

gopl.io/ch1/fetch

// Fetch prints the content found at a URL.
package main

import (
"fmt"
"io/ioutil"
"net/http"
"os"

)

func main() {
for _, url := range os.Args[1:] {

resp, err := http.Get(url)
if err != nil {

fmt.Fprintf(os.Stderr, "fetch: %v\n", err)
os.Exit(1)

}
b, err := ioutil.ReadAll(resp.Body)
resp.Body.Close()
if err != nil {

fmt.Fprintf(os.Stderr, "fetch: reading %s: %v\n", url, err)
os.Exit(1)

}
fmt.Printf("%s", b)

}
}

This program introduces functions fro m two packages, net/http and io/ioutil. The
http.Get func tion makes an HTTP request and, if there is no error, retur ns the result in the
resp ons e st ruc t resp. The Body field of resp cont ains the ser ver respons e as a readable
st ream. Next, ioutil.ReadAll re ads the ent ire resp ons e; the result is store d in b. The Body

st ream is clos ed to avoid leak ing res ources, and Printf wr ites the respons e to the stand ard
output.

$ go build gopl.io/ch1/fetch
$ ./fetch http://gopl.io
<html>
<head>
<title>The Go Programming Language</title>
...

If the HTTP request fai ls, fetch reports the fai lure ins tead:
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$ ./fetch http://bad.gopl.io
fetch: Get http://bad.gopl.io: dial tcp: lookup bad.gopl.io: no such host

In eit her erro r case, os.Exit(1) caus es the pro cess to exit wit h a statu s co de of 1.

Exercis e 1.7: The function cal l io.Copy(dst, src) re ads fro m src and writes to dst. Use it
instead of ioutil.ReadAll to copy the respons e body to os.Stdout without requir ing a
buffer large enoug h to hold the ent ire stream. Be sure to che ck the error result of io.Copy.

Exercis e 1.8: Mo dif y fetch to add the prefix http:// to each argument URL if it is missing.
Yo u mig ht want to use strings.HasPrefix.

Exercis e 1.9: Mo dif y fetch to als o pr int the HTTP statu s co de, found in resp.Status.

1.6.  Fet ching URLs Concurrently

One of the most int erest ing and nove l aspects of Go is its sup por t for con cur rent program-
ming. This is a large topic, to which Chapt er 8  and Chapt er 9  are devot ed, so for now we’ll
give you just a taste of Go’s main conc urrency mechanisms, goroutines and channel s.

The next program, fetchall, does the same fetch of a URL’s contents as the pre vious example,
but it fetch es many URLs, all con cur rently, so that the pro cess will take no lon g er than the
longest fetch rat her than the sum of all the fetch times. This version of fetchall discards the
resp ons es but rep orts the size and elaps ed time for each one:

gopl.io/ch1/fetchall

// Fetchall fetches URLs in parallel and reports their times and sizes.
package main

import (
"fmt"
"io"
"io/ioutil"
"net/http"
"os"
"time"

)

func main() {
start := time.Now()
ch := make(chan string)
for _, url := range os.Args[1:] {

go fetch(url, ch) // start a goroutine
}
for range os.Args[1:] {

fmt.Println(<ch) // receive from channel ch
}
fmt.Printf("%.2fs elapsed\n", time.Since(start).Seconds())

}
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func fetch(url string, ch chan< string) {
start := time.Now()
resp, err := http.Get(url)
if err != nil {

ch < fmt.Sprint(err) // send to channel ch
return

}

nbytes, err := io.Copy(ioutil.Discard, resp.Body)
resp.Body.Close() // don't leak resources
if err != nil {

ch < fmt.Sprintf("while reading %s: %v", url, err)
return

}
secs := time.Since(start).Seconds()
ch < fmt.Sprintf("%.2fs %7d  %s", secs, nbytes, url)

}

Here’s an example:

$ go build gopl.io/ch1/fetchall
$ ./fetchall https://golang.org http://gopl.io https://godoc.org
0.14s  6852 https://godoc.org
0.16s  7261 https://golang.org
0.48s  2475 http://gopl.io
0.48s elapsed

A goro utine is a con cur rent function exe cut ion. A ch ann el is a communic ation mechanism
that allows one goroutine to pass values of a specified typ e to another goroutine. The function
main runs in a goroutine and the go st atement cre ates addition al goroutines.

The main func tion cre ates a channel of str ings using make. For each command-line argument,
the go st atement in the firs t range loop starts a new goroutine that cal ls fetch asy nchro nou sly
to fetch the URL using http.Get. The io.Copy func tion reads the body of the respons e and
discards it by writing to the ioutil.Discard output stream. Copy returns the byte count,
along wit h any error that occ urre d. As each result arrives, fetch send s a summar y line on the
ch annel ch. The secon d range loop in main re ceives and prints those lines.

Wh en one goroutine att emp ts a send or receive on a channel, it blo cks until another goroutine
attemp ts the cor responding receive or send operat ion, at which point the value is transfer red
and bot h goro utines pro ceed. In this example, each fetch send s a value (ch < expre ssi on) on
the channel ch, and main re ceives all of them (<ch). Hav ing main do all the print ing ens ures
that out put fro m each goroutine is pro cessed as a unit, wit h no danger of int erleaving if two
goro utines finish at the same time.

Exercis e 1.10: Find a web sit e that pro duces a large amount of dat a. Invest igate caching by
running fetchall twice in succession to see whether the rep orted time changes much. Do
you get the same content each time? Modif y fetchall to print its out put to a file so it can be
examined.
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Exercis e 1.11: Tr y fetchall with lon g er argument lists, such as samples fro m the top million
we b sites avai lable at alexa.com. How does the program beh ave if a we b site just doesn’t
resp ond? (Section 8.9 descr ibes mechanisms for coping in such cas es.)

1.7.  A Web Server

Go’s librar ies makes it easy to write a web ser ver that respond s to client requests like those
made by fetch. In this sec tion, we’ll show a minimal ser ver that retur ns the pat h comp onent
of the URL used to access the ser ver. That is, if the request is for http://local

host:8000/hello, the respons e wi l l be URL.Path = "/hello".

gopl.io/ch1/server1

// Server1 is a minimal "echo" server.
package main

import (
"fmt"
"log"
"net/http"

)

func main() {
http.HandleFunc("/", handler) // each request calls handler
log.Fatal(http.ListenAndServe("localhost:8000", nil))

}

// handler echoes the Path component of the request URL r.
func handler(w http.ResponseWriter, r *http.Request) {

fmt.Fprintf(w, "URL.Path = %q\n", r.URL.Path)
}

The program is only a handf ul of lines long because librar y func tions do most of the wor k.
The main func tion conne cts a handler function to incoming URLs that beg in with /, which is
al l URLs, and starts a ser ver listening for incoming requests on por t 8000. A re quest is rep-
resent ed as a str uct of typ e http.Request, which contains a number of rel ate d fields, one of
which is the URL of the incoming request. When a request arrives, it is given to the handler
func tion, which ext racts the pat h comp onent (/hello) fro m the request URL and sends it
back as the respons e, using fmt.Fprintf. Web ser vers will be explained in det ail in
Section 7.7.

Let’s start the ser ver in the backg round. On Mac OS X or Linux, add an ampers and (&) to the
command; on Micros oft Windows, you will need to run the command wit hout the amp ers and
in a sep arate command window.

$ go run src/gopl.io/ch1/server1/main.go &

We can then make client requests fro m the command line:
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$ go build gopl.io/ch1/fetch
$ ./fetch http://localhost:8000
URL.Path = "/"
$ ./fetch http://localhost:8000/help
URL.Path = "/help"

Alternat ive ly, we can access the ser ver fro m a web brows er, as shown in Figure 1.2.

Figure 1.2. A respons e from the ech o server.

It’s easy to add features to the ser ver. One useful addition is a specific URL that retur ns a
st atu s of som e sort. For example, this version does the same ech o but als o counts the number
of requests; a request to the URL /count returns the count so far, exc luding /count re quests
themselves:

gopl.io/ch1/server2

// Server2 is a minimal "echo" and counter server.
package main

import (
"fmt"
"log"
"net/http"
"sync"

)

var mu sync.Mutex
var count int

func main() {
http.HandleFunc("/", handler)
http.HandleFunc("/count", counter)
log.Fatal(http.ListenAndServe("localhost:8000", nil))

}

// handler echoes the Path component of the requested URL.
func handler(w http.ResponseWriter, r *http.Request) {

mu.Lock()
count++
mu.Unlock()
fmt.Fprintf(w, "URL.Path = %q\n", r.URL.Path)

}
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// counter echoes the number of calls so far.
func counter(w http.ResponseWriter, r *http.Request) {

mu.Lock()
fmt.Fprintf(w, "Count %d\n", count)
mu.Unlock()

}

The ser ver has two handlers, and the request URL deter mines which one is cal le d: a request
for /count invo kes counter and all others inv oke handler. A hand ler pattern that ends wit h
a slash match es any URL that has the pattern as a prefix. Behind the scenes, the ser ver runs
the handler for each incoming request in a sep arate goroutine so that it can ser ve multiple
re quests simultane ously. How ever, if two con cur rent requests try to update count at the same
time, it mig ht not be increment ed con sistent ly; the program wou ld have a ser ious bug cal le d a
ra c e condit ion (§9.1). To avoid this pro blem, we must ens ure that at most one goroutine
accesses the var iable at a time, which is the pur pos e of the mu.Lock() and mu.Unlock() calls
that bracket each access of count. We’ll look more clos ely at con cur rency wit h sh are d var i-
ables in Chapt er 9.

As a richer example, the handler function can rep ort on the headers and for m data that it
re ceives, mak ing the ser ver useful for ins pec ting and debug ging requests:

gopl.io/ch1/server3

// handler echoes the HTTP request.
func handler(w http.ResponseWriter, r *http.Request) {

fmt.Fprintf(w, "%s %s %s\n", r.Method, r.URL, r.Proto)
for k, v := range r.Header {

fmt.Fprintf(w, "Header[%q] = %q\n", k, v)
}
fmt.Fprintf(w, "Host = %q\n", r.Host)
fmt.Fprintf(w, "RemoteAddr = %q\n", r.RemoteAddr)
if err := r.ParseForm(); err != nil {

log.Print(err)
}
for k, v := range r.Form {

fmt.Fprintf(w, "Form[%q] = %q\n", k, v)
}

}

This uses the fields of the http.Request st ruc t to pro duce out put like this:

GET /?q=query HTTP/1.1
Header["AcceptEncoding"] = ["gzip, deflate, sdch"]
Header["AcceptLanguage"] = ["enUS,en;q=0.8"]
Header["Connection"] = ["keepalive"]
Header["Accept"] = ["text/html,application/xhtml+xml,application/xml;..."]
Header["UserAgent"] = ["Mozilla/5.0 (Macintosh; Intel Mac OS X 10_7_5)..."]
Host = "localhost:8000"
RemoteAddr = "127.0.0.1:59911"
Form["q"] = ["query"]
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No tice how the cal l to ParseForm is neste d within an if st atement. Go allows a simple state-
ment such as a local variable declarat ion to pre cede the if condit ion, which is par tic ularly
us eful for error handling as in this example. We cou ld have writt en it as

err := r.ParseForm()
if err != nil {

log.Print(err)
}

but com bining the statements is shorter and reduces the scope of the var iable err, which is
go o d prac tice. We’ll define scope in Sec tion 2.7.

In these programs, we’ve seen three ver y dif ferent typ es us ed as out put streams. The fetch

prog ram copied HTTP respons e data to os.Stdout, a file, as did the lissajous prog ram.
The fetchall prog ram thre w the respons e away (whi le counting its lengt h) by copying it to
the trivial sin k ioutil.Discard. And the web ser ver abov e us ed fmt.Fprintf to write to an
http.ResponseWriter repres enting the web brows er.

Although these three typ es dif fer in the det ails of what the y do, the y al l satisf y a common
interface, allow ing any of them to be used where ver an out put stream is needed. That int er-
face, cal le d io.Writer, is dis cussed in Sec tion 7.1.

Go’s int erface mechanism is the topic of Chapt er 7, but to give an ide a of what it’s cap able of,
let’s see how easy it is to com bine the web ser ver wit h the lissajous func tion so that ani-
mate d GIFs are writt en not to the stand ard out put, but to the HTTP client. Just add these
lines to the web ser ver :

handler := func(w http.ResponseWriter, r *http.Request) {
lissajous(w)

}
http.HandleFunc("/", handler)

or equivalently:

http.HandleFunc("/", func(w http.ResponseWriter, r *http.Request) {
lissajous(w)

})

The secon d argument to the HandleFunc func tion cal l immediate ly above is a func tion lit era l,
that is, an anonymou s func tion define d at its point of use. We will explain it fur ther in
Section 5.6.

Once you’ve made this change , visit http://localhost:8000 in your brows er. Each time you
lo ad the page, you’ll see a new animat ion like the one in Figure 1.3.

Exercis e 1.12: Mo dif y the Lissajous ser ver to read parameter values fro m the URL. For exam-
ple, you mig ht arrange it so that a URL like http://localhost:8000/?cycles=20 sets the
numb er of cyc les to 20 ins tead of the defau lt 5. Use the strconv.Atoi func tion to convert the
st ring parameter into an int eger. You can see its document ation wit h go doc strconv.Atoi.
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Figure 1.3. Animated Lissajous figures in a brows er.

1.8.  Loose Ends

There is a lot more to Go than we’ve cov ere d in this quick int roduc tion. Here are som e topics
we’ve barely touch ed upon or omitt ed ent ire ly, wit h ju st enoug h discussion that the y wi l l be
fami liar when the y make brief appearances before the full treatment.

Contro l flow : We cov ere d the two fundament al control-flow statements, if and for, but not
the switch st atement, which is a multi-way branch. Here’s a small example:

switch coinflip() {
case "heads":

heads++
case "tails":

tails++
default:

fmt.Println("landed on edge!")
}

The result of cal ling coinflip is compare d to the value of each cas e. Cas es are evaluate d from
top to bot tom, so the firs t matching one is exe cut ed. The opt ion al defau lt cas e match es if non e
of the other cas es do es; it may be place d anywhere . Cases do not fal l thro ugh fro m on e to the
next as in C-like langu ages (thoug h there is a rarely used fallthrough st atement that over-
rides this beh avior).

A switch do es not need an operand; it can just list the cas es, each of which is a boole an
expression:
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func Signum(x int) int {
switch {
case x > 0:

return +1
default:

return 0
case x < 0:

return 1
}

}

This for m is cal le d a tagless switch; it’s equivalent to switch true.

Like the for and if st atements, a switch may include an opt ion al simple statement—a short
var iable decl arat ion, an increment or assig nment statement, or a function cal l—that can be
us ed to set a value before it is teste d.

The break and continue st atements modif y the flow of control . A break caus es control to
resume at the next statement after the inner most for, switch, or select st atement (which
we’ll see later), and as we saw in Sec tion 1.3, a continue caus es the inner most for lo op to
st art its next iterat ion. Statements may be lab ele d so that break and continue can refer to
them, for ins tance to bre ak out of several neste d lo ops at once or to start the next iterat ion of
the out ermost loop. There is even a goto st atement, thoug h it’s int ended for machine-gener-
ated code, not regu lar use by programmers.

Na med types: A type de clarat ion makes it possible to give a name to an exist ing typ e. Since
st ruc t types are often long , they are nearly always named. A fami liar example is the definition
of a Point type for a 2-D graphics system:

type Point struct {
X, Y int

}
var p Point

Type declarat ions and named typ es are cov ere d in Chapt er 2.

Po int ers: Go provides point ers, that is, values that contain the address of a var iable. In som e
languages, not ably C, point ers are relative ly uncon strained. In other langu ages, point ers are
disguised as ‘‘references,’’ and there’s not much that can be don e with them except pass them
around. Go takes a position som ewhere in the midd le. Point ers are explicitly visible. The &

op erator yields the address of a var iable, and the * op erator ret rie ves the var iable that the
pointer refers to, but there is no point er arithmetic. We’ll explain point ers in Sec tion 2.3.2.

Me thods and inte rfa ces: A met hod is a function ass oci ated wit h a named typ e; Go is unu sual
in that met hods may be att ach ed to almost any named typ e. Met hods are cov ere d in Chap-
ter 6. Int erfaces are abstrac t types that let us tre at dif ferent con crete typ es in the same way
based on what met hods the y have , not how the y are represent ed or imp lemente d. Interfaces
are the subjec t of Chapt er 7.
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Pa ckage s: Go com es wit h an extensive stand ard librar y of useful packages, and the Go com-
munity has create d and share d many more. Programming is often more about using exist ing
packages than about writing original code of one’s own. Throughout the book, we will point
out a couple of dozen of the most imp ortant stand ard packages, but there are many more we
don’t have space to mention, and we cannot provide anyt hing remot ely like a complete refer-
ence for any package.

Before you emb ark on any new program, it’s a good ide a to see if packages already exist that
mig ht help you get your job don e more easi ly. You can find an index of the stand ard librar y
packages at https://golang.org/pkg and the packages cont ribut ed by the community at
https://godoc.org. The go doc to ol makes these documents easi ly accessible fro m the
command line:

$ go doc http.ListenAndServe
package http // import "net/http"

func ListenAndServe(addr string, handler Handler) error

ListenAndServe listens on the TCP network address addr and then
calls Serve with handler to handle requests on incoming connections.

...

Comm ents: We have already mention ed documentation comments at the beg inning of a
prog ram or package. It’s als o go o d st yle to write a comment before the declarat ion of each
func tion to specif y its beh avior. These convent ion s are imp ortant, because the y are used by
to ols like go doc and godoc to locate and displ ay documentation (§10.7.4).

Fo r comments that span multiple lines or app ear wit hin an expression or statement, there is
also the /* ... */ notation fami liar fro m ot her langu ages. Such comments are som etimes
us ed at the beg inning of a file for a large blo ck of explanatory text to avoid a // on every line.
Wi thin a comment, // and /* have no speci al me aning, so comments do not nest.
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flag.Value interface 179, 180

floating-p oint
numb er 56
precision 56, 57, 63, 78
tr unc ation 40, 55

fmt package 2
fmt.Errorf func tion 129, 196
fmt.Fprintf func tion 172
fmt.Printf func tion 10
fmt.Println func tion 2
fmt.Scanf func tion 75
fmt.Sscanf func tion 180
fmt.Stringer interface 180, 210
for scop e 47
for st atement 6
forEachNode func tion 133
foreig n-function int erface (FFI) 361
format, code 3, 6, 9, 48
format example package 332
formatAtom func tion 332
framewor k, web 193
ftoc example 29
func de clarat ion 3, 29, 119
func tion

anonymou s 22, 135, 236
append built-in 88, 90, 91
argument 119
assertion 316
Benchmark 302, 321
body, missing 121
breadthFirst 139
btoi 64
bufio.NewReader 98
bufio.NewScanner 9
bufio.ScanWords 99
bytes.Equal 86
call, defer red 144
call, ok value fro m 128
cap built-in 84, 232
CelsiusFlag 181
CheckQuota 312, 313
close built-in 226, 228, 251
cmplx.Sqrt 61
comp arison 133
complex built-in 61
copy built-in 89
daysAgo 114
delete built-in 94
Display 333
display 334
Distance 156
equal 87, 96
errorf 143
errors.New 196
Example 302, 326
fib 37, 218
flag.Args 34
flag.Bool 34
flag.Duration 179
flag.Parse 34

flag.String 34
fmt.Errorf 129, 196
fmt.Fprintf 172
fmt.Printf 10
fmt.Println 2
fmt.Scanf 75
fmt.Sscanf 180
forEachNode 133
formatAtom 332
gcd 37
hand ler 19, 21, 152, 191, 194, 195,

348
html.Parse 121, 125
http.DefaultServeMux 195
http.Error 193
http.Get 16, 18
http.Handle 195
http.HandleFunc 19, 22, 195
http.ListenAndServe 19, 191
http.NewRequest 253
http.ServeMux 193
hypot 120
imag built-in 61
image.Decode 288
image.RegisterFormat 288
incr 33
init 44, 49
intsToString 74
io.Copy 17, 18
ioutil.ReadAll 16, 272
ioutil.ReadDir 247
ioutil.ReadFile 12, 145
io.WriteString 209
itob 64
json.Marshal 108
json.MarshalIndent 108
json.NewDecoder 111
json.NewEncoder 111
json.Unmarshal 110, 114
len built-in 4, 54, 64, 65, 81, 84,

233
links.Extract 138
literal 22, 135, 227
log.Fatalf 49, 130
main 2, 310
make built-in 9, 18, 88, 94, 225
math.Hypot 156
math.Inf 57
math.IsInf 57
math.IsNaN 57
math.NaN 57
mu lti-value d 11, 30, 37, 96, 125,

126
mustCopy 221
net.Dial 220
net.Listen 220
new built-in 34
ni l 132
os.Close 11
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os.Exit 16, 34, 48
os.Getwd 48
os.IsExist 207
os.IsNotExist 207
os.IsPermission 207
os.Open 11
os.Stat 247
panic built-in 148, 149
parameter 119
params.Unpack 349
png.Encode 62
PopCount 45
real built-in 61
recover built-in 152
re cursive anony mou s 137
reflect.TypeOf 330
reflect.ValueOf 331, 337
reflect.Zero 345
regexp.Compile 149
regexp.MustCompile 149
resu lt list 119
runtime.Stack 151
SearchIssues 111
sexpr.Marshal 340
sexpr.readList 347
sexpr.Unmarshal 347
sig nature 120
sort.Float64s 191
sort.Ints 191
sort.IntsAreSorted 191
sort.Reverse 189
sort.Strings 95, 137, 191
Sprint 330
sqlQuote 211, 212
strconv.Atoi 22, 75
strconv.FormatInt 75
strconv.Itoa 75
strconv.ParseInt 75
strconv.ParseUint 75
strings.Contains 69
strings.HasPrefix 69
strings.HasSuffix 69
strings.Index 289
strings.Join 7, 12
strings.Map 133
strings.NewReader 289
strings.NewReplacer 289
strings.Split 12
strings.ToLower 72
strings.ToUpper 72
template.Must 114
template.New 114
Test 302
time.After 245
time.AfterFunc 164
time.Now 220
time.Parse 220
time.Since 114
time.Tick 244, 246

title 144, 145
type 119, 120
unicode.IsDigit 71
unicode.IsLetter 71
unicode.IsLower 71
unicode.IsSpace 93
unicode.IsUpper 71
unsafe.AlignOf 355
unsafe.Offsetof 355
unsafe.Sizeof 354
url.QueryEscape 111
utf8.DecodeRuneInString 69
utf8.RuneCountInString 69
value 132
var iadic 142, 172
visit 122
WaitForServer 130
walkDir 247
zero value 132

garb age col lec tion xi, xiii, 7, 35, 230,
353, 357

garb age col lec tor, mov ing 357
GCD algor it hm 37
gcd func tion 37
geometry example package 156
geometry.Point.Distance method

156
gett er met hod 169
GIF animat ion 13
GitHub issue tracker 110
github example 110, 111
Go

Pl ayg round xvi, 326
Blog xvi, 326
issue 110, 112, 358

go to ol 2, 42, 44, 290
go tool bench flag 321
go tool benchmem flag 322
go tool covermode flag 319
go tool coverprofile flag 319
go tool cpuprofile flag 324
go tool nodecount flag 325
go tool pprof 325
go tool text flag 325
go tool web flag 326
go tool cover 318, 319
go doc to ol 25
go st atement 18, 218
GOARCH enviro nment var iable 292,

295
go build 2, 286, 293, 294
go doc 296
godoc analysis flag 176
godoc to ol xvi, 25, 297, 326
go env 292
gofmt to ol 3, 4, 44, 286
go get xv i, 2, 292, 293
go help 290

goimports to ol 3, 44, 286
go install 295
golang.org/x/net/html package

122
golint to ol 292
go list 298, 315
go list f flag 315
GOMAXPROCS enviro nment var iable

281, 321
GOOS enviro nment var iable 292, 295
GOPATH enviro nment var iable xvi,

291, 295
gopl.io repository xvi
go race flag 271
GOROOT enviro nment var iable 292
goro utine 18, 217, 233, 235

clos er 238, 250
identity 282
le ak 233, 236, 246
monitor 261, 277
mu ltiplexing 281
vs. OS thread 280

go run 2, 294
go test 301, 302, 304
go test race flag 274
go test run flag 305
go test v flag 304
goto st atement 24
graph example 99
GraphViz 326
Gr ies emer, Rob ert xi
growth, stack 124, 280, 358
gu arding mut ex 263

half-open int erval 4
hand ler function 19, 21, 152, 191,

194, 195, 348
‘‘happ ens before’’ re lat ion 226, 257,

261, 277
‘‘has a’’ re lat ions hip 162
hash table 9, 93
Haskel l prog ramming langu age xiv
he ap

al location 36
profile 324
var iable 36

helloworld example 1, 2
helloworld su bst ring diagram 69
hexade cimal escape 66
hexade cimal literal 55
hidden point er 357
Ho are , To ny xiii
hole, str uct 354
HTML

anch or element 122
es cap e 116
injec tion att ack 115
metach arac ter 116
pars er 121
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html.Parse func tion 121, 125
html/template package 113, 115
HT TP

GET request 21, 127, 272, 348
POST request 348
re quest, cancellat ion of 253
re quest multiplexer 193

http example 192, 194, 195
http example package 192
(*http.Client).Do method 253
http.DefaultClient var iable 253
http.DefaultServeMux func tion

195
http.Error func tion 193
http.Get func tion 16, 18
http.Handle func tion 195
http.HandleFunc func tion 19, 22,

195
http.Handler interface 191, 193
http.HandlerFunc type 194, 203
http.ListenAndServe func tion 19,

191
http.NewRequest func tion 253
http.Request type 21, 253
(*http.Request).ParseForm

method 22, 348
http.ResponseWriter type 19, 22,

191, 193
http.ServeMux func tion 193
hypot func tion 120

identifier _, blank 7, 38, 95, 120, 126,
287

identifier, qualified 41, 43
identity, goroutine 282
IEEE 754 stand ard 56, 57
if, initializat ion statement in 22,

206
ifelse scop e 47
ifelse st atement 9, 22, 47
imag built-in function 61
image manipu lat ion 121
image package 62, 287
image/color package 14
image.Decode func tion 288
image/png package 288
image.RegisterFormat func tion

288
imag inar y literal 61
immut abi lit y 261
immut abi lit y, str ing 65, 73
implementation wit h slice, stack 92,

215
implicit
& 158, 167
assig nment 38
conv ersion 79
dereference 159

import de clarat ion 3, 28, 42, 284,

285, 362
import

bl ank 287
path 284
path dom ain name 284
renaming 286

incr func tion 33
increment statement ++ 5, 37, 94
index operat ion, str ing 64
indirec tion operator * 24, 32
infinite loop 6, 120, 228
infor mat ion hiding 168, 284
init func tion 44, 49
initializat ion

lazy 268
package 44
st atement in if 22, 206
st atement in switch 24

initializer list 30
injec tion att ack, HTML 115
injec tion att ack, SQL 211
in-place slice techniques 91
insertion sor t algor it hm 101
int type 52
integer

literal 55
ov erflow 53, 113
sig ned 52, 54
unsig ned 52, 54

integrat ion test 314
interface

assig nabilit y 175
comp arison 184
dy namic typ e 181
embedding 174
error built-in 196
flag.Value 179, 180
fmt.Stringer 180, 210
http.Handler 191, 193
io.Closer 174
io.Reader 174
io.Writer 15, 22, 172, 174, 186,

208, 209, 309
JSON 110
method cal l 182
ni l 182
pit fal l 184
ReadWriteCloser 174
ReadWriter 174
satisfac tion 171, 175
sort.Interface 186
type 171, 174

interface{} type 143, 176, 331
interface

type ass ertion 208, 210
type, emp ty 176
value 181
with nil point er 184
zero value 182

interfaces as cont rac ts 171
internal package 298
intset example 166
intsToString func tion 74
invar iants 159, 169, 170, 265, 284,

311, 352
io package 174
io.Closer interface 174
io.Copy func tion 17, 18
io.Discard st ream 22
io.Discard var iable 18
io.EOF var iable 132
io/ioutil package 16, 145
io.Reader interface 174
iota cons tant generator xiii, 77
ioutil.ReadAll func tion 16, 272
ioutil.ReadDir func tion 247
ioutil.ReadFile func tion 12, 145
io.Writer interface 15, 22, 172,

174, 186, 208, 209, 309
io.WriteString func tion 209
‘‘is a’’ re lat ions hip 162, 175
issue, Go 110, 112, 358
issue tracker, GitHu b 110
issues example 112
issueshtml example 115
issuesreport example 114
it erat ion order, map 95
it erat ion var iable, capturing 140
itob func tion 64

Java programming langu age xv
JavaS crip t Objec t No tat ion (JSON)

107, 338
JavaS crip t prog ramming langu age

xv, 107
jpeg example 287
JSON

interface 110
interface, Open Mov ie Dat abas e

113
interface, xkcd 113
mars haling 108
unmarsh aling 110

json.Decoder type 111
json.Encoder type 111
json.Marshal func tion 108
json.MarshalIndent func tion 108
json.NewDecoder func tion 111
json.NewEncoder func tion 111
json.Unmarshal func tion 110, 114

ke yword , type 212
ke yword s, table of 27
Knut h, Don ald 323

label scope 46
label, statement 46
labele d
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break st atement 249
continue st atement 249
st atement 46

layout, memor y 354, 355
lazy initializat ion 268
le ak, goro utine 233, 236, 246
lef t shif t op erator << 54
len built-in function 4, 54, 64, 65,

81, 84, 233
lexic al block 46, 120, 135, 141, 212
lexic al closure 136
lifet ime, var iable 35, 46, 135
links example package 138
links.Extract func tion 138
Lisp programming langu age 338
Liss ajous algor it hm 15
Liss ajous figure 13
lissajous example 14, 22, 35
list, initializer 30
literal

ar ray 82, 84
comp osite 14
func tion 22, 135, 227
hexade cimal 55
imag inar y 61
integer 55
map 94
octal 55
raw str ing 66
rune 56
slice 38, 86
st ring 65
st ruc t 15, 102, 106

lo cal
block 46
var iable 29, 141
var iable, address of 32, 36
var iable scope 135

lo cat ing packages 291
lo ck

cont ent ion 267, 272
exclusive 263, 266, 270
mu tex 102, 263, 264, 324
non-reent rant 265
re aders 266
sh are d 266
wr iter 266

log package 49, 130, 170
log.Fatalf func tion 49, 130
lo oku p m[key], map 94
lo oku p, ok value fro m map 96
lo op

infinite 6, 120, 228
range 6, 9
var iable, capturing 141, 236, 240
var iable scope 141, 236
while 6

main func tion 2, 310

main, package 2, 285, 310
make built-in function 9, 18, 88, 94,

225
make ch annel 18, 225
make map 9, 18, 94
make slice 88, 322
Mandelbro t figure 63
Mandelbro t set 61
mandelbrot example 62
map

as set 96, 202
comp arison 96
element, non existent 94, 95
it erat ion order 95
literal 94
lo oku p m[key] 94
lo oku p, ok value fro m 96
make 9, 18, 94
ni l 95
range ov er 94
type 9, 93
with slice key 97
zero value 95

mars haling JSON 108
math package 14, 56
math/big package 63
math/cmplx package 61
math.Hypot func tion 156
math.Inf func tion 57
math.IsInf func tion 57
math.IsNaN func tion 57
math.NaN func tion 57
math/rand package 285, 308
memo example 275, 276, 277, 278,

279
memo example package 273
memoizat ion 272
memory allocat ion 36, 71, 89, 169,

209, 322
memory layout 354, 355
metach arac ter, HTML 116
method
(*bufio.Reader).ReadRune 98
(*bufio.Scanner).Err 97
(*bufio.Scanner).Scan 9
(*bufio.Scanner).Split 99
(*bytes.Buffer).Grow 169
(*bytes.Buffer).WriteByte 74
(*bytes.Buffer).WriteRune 74
(*bytes.Buffer).WriteString

74
call, int erface 182
ch aining 114
de clarat ion 40, 155
error.Error 196
Expr.Check 202
expression 164
Expr.Eval 199
geometry.Point.Distance 156

gett er 169
(*http.Client).Do 253
(*http.Request).ParseForm 22,

348
name 156
net.Conn.Close 220
net.Listener.Accept 220
(*os.File).Write 183
path.Distance 157
prom otion 161
re ceiver name 157
re ceiver parameter 156
re ceiver typ e 157
reflect.Type.Field 348
reflect.Value.Addr 342
reflect.Value.CanAddr 342
reflect.Value.Interface 331,

342
reflect.Value.Kind 332
sele ctor 156
sett er 169
String 40, 166, 329
(*sync.Mutex).Lock 21, 146, 263
(*sync.Mutex).Unlock 21, 146,

263
(*sync.Once).Do 270
(*sync.RWMutex).RLock 266
(*sync.RWMutex).RUnlock 266
(*sync.WaitGroup).Add 238
(*sync.WaitGroup).Done 238
template.Funcs 114
template.Parse 114
(*testing.T).Errorf 200, 304,

306
(*testing.T).Fatal 306
time.Time.Format 220
value 164
(*xml.Decoder).Token 213

methods example 351
methods of a typ e, displ aying 351
Micros oft Windows file name 72
missing function body 121
m[key], map lookup 94
mobi le platfor ms 121
Mo dula-2 programming langu age

xiii
mo dular ity 283
monitor 264, 275
monitor goroutine 261, 277
movie example 108, 110
moving garb age col lec tor 357
mu ltimap 160, 193
mu ltiple-value assig nment 37
mu ltiplexer, HTTP request 193
mu ltiplexing, event 244
mu ltiplexing, goroutine 281
mu ltithre ading, share d-memor y

217, 257
mu lti-value d func tion 11, 30, 37, 96,
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125, 126
mustCopy func tion 221
mu tex 145, 163, 256, 269

gu arding 263
lo ck 102, 263, 264, 324
re ad/w rit e 266, 267

mu tual exc lusion 262, 267
MySQL dat abas e dr iver 284

name
method 156
method receiver 157
package 28, 43
parameter 120
sp ace 41, 156, 283

name d
resu lt 120, 126
resu lt zero value 120, 127
type 24, 39, 40, 105, 157

naming convent ion 28, 169, 174,
289

naming, package 289
NaN (not a number) 57, 93
narrow ing conversion 40, 55
negat ion operator ! 63
net package 219
netcat example 221, 223, 227
net.Conn type 220
net.Conn.Close method 220
net.Dial func tion 220
netflag example 78
net/http package 16, 191
net.Listen func tion 220
net.Listener type 220
net.Listener.Accept method 220
net/smtp package 312
net/url package 160
networ king 121, 219
new built-in function 34
new, redefining 35
ni l

ch annel 246, 249
func tion 132
interface 182
map 95
pointer 32
pointer, int erface wit h 184
re ceiver 159, 185
slice 87

non-blo cking
cach e 275
cach e, conc urrent 272
ch annel receive 246
select 246

nonempty example 92
nonexistent map element 94, 95
non-reent rant lock 265
non-stand ard package 121
numb er, floating-p oint 56

numb er zero value 5, 30
numeric

conv ersion 79
precision 55, 78
type 51

Ob ero n prog ramming langu age xiii
objec t 156
objec t-oriente d prog ramming

(O OP) 155, 168
octal escap e 66
octal lit eral 55
ok value 37
ok value fro m ch annel receive 229
ok value fro m func tion cal l 128
ok value fro m map looku p 96
ok value fro m type ass ertion 206
omitempty field tag 109
Op en Mov ie Dat abas e JSON

interface 113
op erat ion, atomic 264
op erat ion, conv ersion 40, 55, 64, 71,

78, 79, 173, 187, 194, 208, 231,
353, 358

op erator
+=, =, etc., assig nment 5
&, address-of 24, 32, 94, 158, 167
&^, AND-NOT 53
&^, bit-cle ar 53
^, bit w ise complement 53
|, bit w ise OR 166, 167
==, comparison 40, 63
^, exc lusive OR 53
*, indirec tion 24, 32
<<, lef t shif t 54
!, negat ion 63
%, remainder 52, 166
>>, rig ht shif t 54
&&, short-circuit AND 63
||, short-circuit OR 63
+, str ing con catenat ion 5, 65
, unary 53
+, unary 53
asso ciativity 52
precedence 52, 63
s[i:j], slice 84, 86
s[i:j], subst ring 65, 86

op erator s
assig nment 36, 52
comp arison 40, 93
table of binar y 52
table of bit w ise 53
table of comparison 53

opt imizat ion 264, 321, 323
opt imizat ion, premature 324
OR operator ||, short-circuit 63
order of declarat ions 48
order, str uct field 101, 355
or ganizat ion, wor ksp ace 291

OS thread vs. goroutine 280
os package 4, 206
os.Args var iable 4
os.Close func tion 11
os.Exit func tion 16, 34, 48
*os.File type 11, 13, 172, 175, 185,

336
os.FileInfo type 247
(*os.File).Write method 183
os.Getwd func tion 48
os.IsExist func tion 207
os.IsNotExist func tion 207
os.IsPermission func tion 207
os.LinkError type 207
os.Open func tion 11
os.PathError type 207
os.Stat func tion 247
outline example 123, 133
// Output comment 326
ov erflow, int eger 53, 113
ov erflow, stack 124

package de clarat ion 2, 28, 41, 285
package

API 284, 296, 311, 333, 352
back-do or 315
bank example 258, 261, 263
block 46
bufio 9
bytes 71, 73
bzip example 363
compress/bzip2 361
crypto/sha256 83
database/sql 211, 288
do cumentation 296
encoding/json 107
encoding/xml 107, 213
errors 196
exter nal test 285, 314
flag 33, 179
fmt 2
format example 332
geometry example 156
golang.org/x/net/html 122
html/template 113, 115
http example 192
image 62, 287
image/color 14
image/png 288
initializat ion 44
internal 298
io 174
io/ioutil 16, 145
links example 138
log 49, 130, 170
main 2, 285, 310
math 14, 56
math/big 63
math/cmplx 61
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math/rand 285, 308
memo example 273
name 28, 43
naming 289
net 219
net/http 16, 191
net/smtp 312
net/url 160
non-stand ard 121
os 4, 206
params example 348
path 72
path/filepath 72
reflect 330
regexp 149
runtime 151
sort 95, 186, 189
storage example 312, 313
strconv 22, 71, 75
strings 7, 71, 72, 289
sync 237, 263
syscall 196, 208
tempconv example 42
testing 285, 302
text/scanner 344
text/tabwriter 188
text/template 113, 300
thumbnail example 235
time 18, 77, 183
unicode 71
unicode/utf8 69
unsafe 354

package-le vel declarat ion 28
packages

building 293
down loading 292
lo cat ing 291
quer ying 298

palindrom e 191
palindrom e example 303, 305, 308
panic 64, 152, 253
panic built-in function 148, 149
paradoxic al race 267
paral lel composition 224
paral lel, emb arrassingly 235
paral lelism 217
parameter
... 91, 142, 143, 172
func tion 119
method receiver 156
name 120
passing 120
unus ed 120

params example 348
params example package 348
params.Unpack func tion 349
parent hes es 4, 6, 9, 52, 63, 119, 146,

158, 285, 335, 345
Parse example 152

pars er, HTML 121
Pascal programming langu age xiii
path, ... 292, 299
path package 72
path.Distance method 157
path/filepath package 72
Pi ke, Rob xi, xiii, 67, 107
pipeline example 228, 230, 231
pip eline 227
pip eline diagram 228
pit fal l, int erface 184
pit fal l, scope 140
pl atfor ms, mobile 121
Pl ayg round, Go xvi, 326
pl aylist example 187
png.Encode func tion 62
pointer 24, 32, 34

ali asing 33
argument 33, 83
equality 32
hidden 357
ni l 32
re ceiver 158, 167
to str uct 100, 103
zero value 32

polling channel 246
poly mor phism, ad hoc 211
poly mor phism, subtype 211
PopCount func tion 45
Po rtable Net wor k Graphics (PNG)

62
POSIX file name 72
POSIX stand ard xi, 55, 72, 197
precedence, operator 52, 63
precision

floating-p oint 56, 57, 63, 78
numeric 55, 78
of con stants 78

predeclare d names, table of 28
premature abstrac tion 216, 316, 317
premature opt imizat ion 324
Printf %% 10
Printf verbs, table of 10
Printf %b 10, 54, 75
Printf %c 10, 56
Printf %d 10, 55
Printf %e 10, 57
Printf %f 10, 57
Printf %g 10, 57
Printf %[n] 56
Printf %o 10, 55
Printf %q 10, 56, 97
Printf %s 10
Printf %*s 134
Printf %T 10, 80, 83, 184, 331
Printf %t 10, 83
Printf %#v 106, 207
Printf %v 10, 11
Printf % x 71

Printf %#x 56
Printf %x 10, 55, 83
produc tion code 301
profile

blocking 324
CPU 324
he ap 324

profiling 324
prog ramming langu age

Alef xiii
APL xiii
C++ xiv, xv, 361
C xii, xv, 1, 6, 52, 260, 361
Haskel l xiv
Java xv
JavaS crip t xv, 107
Lisp 338
Mo dula-2 xiii
Ob ero n xiii
Pascal xiii
Python xv, 193
Ru by xv, 193
Scheme xiii
Sque ak, Ne wsque ak xiii

prom otion, met hod 161
prot ocol buf fers 107
Python prog ramming langu age xv,

193

qu alified identifier 41, 43
quer ying packages 298
quot e ch arac ter, ' 56

race
condit ion 21, 257, 258, 259
detec tor 271, 274
paradoxic al 267

randomize d test ing 307
range lo op 6, 9
range ov er channel 229
range ov er map 94
range ov er str ing 69, 88
{{range}} temp late action 113
raw str ing lit eral 66
re ach abi lit y 36
re ad, stale 268
re aders lock 266
re ad/w rit e mu tex 266, 267
ReadWriteCloser interface 174
ReadWriter interface 174
real built-in function 61
re ceive
<ch, channel 18, 225, 232
expression 225
non-blo cking channel 246
ok value fro m ch annel 229

re ceive-only channel typ e <chan T
230

re ceiver
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name, met hod 157
ni l 159, 185
parameter, met hod 156
pointer 158, 167
type, met hod 157

recover built-in function 152
re cursion 121, 124, 247, 333, 339,

345, 359
re cursive

anonymou s func tion 137
data str ucture 101, 102, 107
type 48

re defining new 35
reference

call by 83
identity 87
type 9, 12, 93, 120

reflect package 330
reflec tion 329, 352, 359
reflect.StructTag type 348
reflect.Type type 330
reflect.Type.Field method 348
reflect.TypeOf func tion 330
reflect.Value type 331, 342
reflect.Value zero value 332
reflect.Value.Addr method 342
reflect.Value.CanAddr method

342
reflect.Value.Interface method

331, 342
reflect.Value.Kind method 332
reflect.ValueOf func tion 331, 337
reflect.Zero func tion 345
regexp package 149
regexp.Compile func tion 149
regexp.MustCompile func tion 149
regu lar expression 66, 149, 305, 321
re lat ion, ‘‘happ ens before’’ 226, 257,

261, 277
re lat ions hip, ‘‘has a’’ 162
re lat ions hip, ‘‘is a’’ 162, 175
remainder operator % 52, 166
renaming imp ort 286
rendezvous 234
repl acement charac ter (, Unico de

70, 98
repository, gopl.io xv i
re quest

HT TP GET 21, 127, 272, 348
HT TP POST 348
mu ltiplexer, HTTP 193

resu lt list, function 119
resu lt, named 120, 126
return, bare 126
return st atement 29, 120, 125
rev example 86
reverb example 223, 224
right shif t op erator >> 54
Ru by programming langu age xv,

193
rune literal 56
rune type 52, 67
rune slice to str ing conversion 71
rune to str ing conversion 71
runtime package 151
runt ime API 324
runt ime sch edu ler 281
runtime.Stack func tion 151

satisfac tion, interface 171, 175
Scal able Vec tor Graphics (SVG) 58
sche duler, runtime 281
Scheme programming langu age xiii
scop e

de clarat ion 45, 137
for 47
ifelse 47
label 46
lo cal variable 135
lo op var iable 141, 236
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switch 47
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SearchIssues func tion 111
select case 245
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select, non-blo cking 246
select st atement 244, 245
select{} st atement 245
sele ctive recov ery 152
sele ctor, field 156
sele ctor, met hod 156
semaph ore , binary 262
semaph ore , counting 241
semicolon 3, 6
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send statement 225
send-only channel typ e chan< T

230
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server example 19, 21
server

ch at 253
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set, map as 96, 202
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de code example 347
de coding 344
enco ding 338

sexpr.Marshal func tion 340
sexpr.readList func tion 347
sexpr.Unmarshal func tion 347
SHA256 message digest 83
sha256 example 83
sh adowing declarat ion 46, 49, 206,

212
sh are d

lo ck 266
var iables 257
var iables, conc urrency wit h 257
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257

shif t op erator <<, lef t 54
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short

var iable decl arat ion 5, 7, 30, 31
var iable decl arat ion scope 22, 48
var iable decl arat ion statement 7

short-circuit
AND operator && 63
evaluation 63
OR operator || 63

sig nature, function 120
sig ned int eger 52, 54
s[i:j], slice operator 84, 86
s[i:j], subst ring operator 65, 86
simple statement 6, 22
Sizeof table 354
sleep example 179
slice 4

argument 86
capacity 88, 89
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comp arison 87
extending a  86
ke y, map wit h 97
literal 38, 86
make 88, 322
ni l 87
of months diagram 84
op erator s[i:j] 84, 86
ro tat ion algor it hm 86
te chniques, in-place 91
type 84
us ed as stack 123
zero lengt h 87
zero value 74, 87

SMTP client 312
so cket

TCP 219
UDP 219
Unix domain 219
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sort package 95, 186, 189
sort.Float64s func tion 191
sort.Interface interface 186
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sort.Strings func tion 95, 137, 191
spinner example 218
Sprint func tion 330
SQL API 211
SQL inj e ction att ack 211
sqlQuote func tion 211, 212
squares example 135
Sque ak, Ne wsque ak prog ramming

language xiii
st ack
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fixe d-size 124
growth 124, 280, 358
implementation wit h slice 92, 215
ov erflow 124
slice used as 123
trace 149, 253
var iable 36
var iable-size 124

st ale read 268
st and ard

IEEE 754 56, 57
POSIX xi, 55, 72, 197
Unico de 2, 27, 52, 66, 67, 69, 97
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, decrement 5, 37
++, increment 5, 37, 94
assig nment 5, 7, 36, 52, 94, 173
break 24, 46
continue 24, 46
coverage 318, 320
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go 18, 218
goto 24
ifelse 9, 22, 47
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return 29, 120, 125
select{} 245
select 244, 245
send 225
short var iable decl arat ion 7
simple 6, 22
switch 23, 47
tagless switch 24
type switch 210, 212, 214, 329
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storage example package 312, 313
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310, 316
strconv package 22, 71, 75
strconv.Atoi func tion 22, 75
strconv.FormatInt func tion 75
strconv.Itoa func tion 75

strconv.ParseInt func tion 75
strconv.ParseUint func tion 75
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String method 40, 166, 329
st ring
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index operat ion 64
literal 65
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range ov er 69, 88
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test 71
to byte slice conv ersion 40, 73
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strings package 7, 71, 72, 289
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strings.HasPrefix func tion 69
strings.HasSuffix func tion 69
strings.Index func tion 289
strings.Join func tion 7, 12
strings.Map func tion 133
strings.NewReader func tion 289
strings.NewReplacer func tion 289
strings.Reader type 289
strings.Replacer type 289
strings.Split func tion 12
strings.ToLower func tion 72
strings.ToUpper func tion 72
struct de clarat ion 99
st ruc t

comp arison 104
embedding 104, 161
Employee 100
empt y 102
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field, anony mou s 104, 105, 106,

162
field, emb edde d 161
field, exp ort of 101, 106, 109, 110,

168
field order 101, 355
field tag 109, 348
hole 354
hole diag ram 355
literal 15, 102, 106
literal, address of 103
pointer to 100, 103
type 15, 24, 99

struct{} type 227, 241, 250
st ruc t type, unnamed 163
st ruc t zero value 102
su bst itutabi lit y 193
su bst ring operator s[i:j] 65, 86
su btype poly mor phism 211
sum example 142

surface example 59, 203
surface figure, 3-D 58, 203
SVG 58
SWIG 361
Sw iss army knife 290
switch, default case in 23
switch, initializat ion statement in

24
switch scop e 47
switch st atement 23, 47
switch st atement, tag less 24
switch st atement, typ e 210, 212,

214, 329
sw itch, context 280
sync package 237, 263
sy nchro nou s ch annel 226
sync.Mutex type 263, 269
(*sync.Mutex).Lock method 21,

146, 263
(*sync.Mutex).Unlock method 21,

146, 263
sync.Once type 270
(*sync.Once).Do method 270
sync.RWMutex type 266, 270
(*sync.RWMutex).RLock method

266
(*sync.RWMutex).RUnlock method

266
sync.WaitGroup type 237, 250, 274
(*sync.WaitGroup).Add method

238
(*sync.WaitGroup).Done method

238
syscall package 196, 208
syscall.Errno type 196, 197
system cal l API 196

table of
binary operator s 52
bit w ise operator s 53
comp arison operator s 53
es cap e sequences 66
ke yword s 27
predeclare d names 28
Printf verbs 10
UTF-8 enco dings 67

table, Sizeof 354
table-dr iven testing 200, 306, 319
tag, str uct field 109, 348
tagless switch st atement 24
tags, bui ld 296
TCP socket 219
te chniques, in-place slice 91
tempconv example 39, 180, 289
tempconv example package 42
temp erature conversion example 29
tempflag example 181
template API 115
temp late
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template.Funcs method 114
template.HTML type 116
template.Must func tion 114
template.New func tion 114
template.Parse method 114
Test func tion 302
test

bl ack-b ox 310
br ittle 317
ch arac ter 71
coverage 318
dep endency, cyc lic 314
echo 309
fai lure message 306
integrat ion 314
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package, exter nal 285, 314
st ring 71
whit e-b ox 311
assertion 306
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testing package 285, 302
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a command 308
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table-dr iven 200, 306, 319
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testing.T type 302
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304, 306
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tests, writing effec tive 316, 317
text/scanner package 344
text/tabwriter package 188
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thumbnail example 236, 237, 238
thumbnail example package 235
thumbnail sequence diag ram 238
time package 18, 77, 183
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time.Duration type 76, 179
time.Minute cons tant 76
time.Now func tion 220
time.Parse func tion 220
time.Second cons tant 164
time.Since func tion 114
time.Tick func tion 244, 246
time.Time type 114
time.Time.Format method 220
title example 153
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token-b ased decoder API 213, 215,
347
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to ol
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trace example 146
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tree, binar y 102
treesort example 102
true boole an cons tant 63
tr unc ation, floating-p oint 40, 55
tuple assig nment 31, 37
type de clarat ion 39
type ke yword 212
type

abstrac t 24, 171
ag gregate 81, 99
ar ray 81
assertion 205, 211
assertion, interface 208, 210
assertion, ok value fro m 206
bool 63
bufio.Scanner 9
byte 52
bytes.Buffer 74, 169, 172, 185
Celsius 39
chan 225
ch annel 18
<chan T, receive-only channel

230
chan< T, send-only channel 230
complex 61
comp osite xv, 14, 81
comp osition xv, 107, 162, 189
concrete 24, 171, 211, 214
displaying met hods of a  351
empt y interface 176
error built-in 11, 128, 149, 196
Fahrenheit 39
func tion 119, 120
http.HandlerFunc 194, 203
http.Request 21, 253
http.ResponseWriter 19, 22,

191, 193
int 52
interface{} 143, 176, 331
interface 171, 174
interface dynamic 181
json.Decoder 111
json.Encoder 111
map 9, 93

method receiver 157
mismatch 55
name d 24, 39, 40, 105, 157
net.Conn 220
net.Listener 220
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*os.File 11, 13, 172, 175, 185,

336
os.FileInfo 247
os.LinkError 207
os.PathError 207
re cursive 48
reference 9, 12, 93, 120
reflect.StructTag 348
reflect.Type 330
reflect.Value 331, 342
rune 52, 67
slice 84
sort.IntSlice 191
strings.Reader 289
strings.Replacer 289
struct{} 227, 241, 250
st ruc t 15, 24, 99
switch, case in 212
switch, default case in 212
switch st atement 210, 212, 214,

329
sync.Mutex 263, 269
sync.Once 270
sync.RWMutex 266, 270
sync.WaitGroup 237, 250, 274
syscall.Errno 196, 197
template.HTML 116
testing.B 321
testing.T 302
time.Duration 76, 179
time.Time 114
uint 52
uintptr 52, 354, 357
underly ing 39
unidirec tion al channel 230, 231
unnamed str uct 163
unsafe.Pointer 356
url.URL 193

types, untyped con stant 78

UDP socket 219
uint type 52
uintptr type 52, 354, 357
unar y op erator + 53
unar y op erator  53
unbuffered channel 226
undefine d behavior 260
underly ing array 84, 88, 91, 187
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unicode/utf8 package 69
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union, discriminated 211, 213, 214
univers e block 46
Unix domain socket 219
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unsafe package 354
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unsafe.Offsetof func tion 355
unsafe.Pointer conv ersion 356
unsafe.Pointer type 356
unsafe.Pointer zero value 356
unsafe.Sizeof func tion 354
unsig ned int eger 52, 54
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URL 123
URL escape 111
url.QueryEscape func tion 111
url.URL type 193
urlvalues example 160
UTF-8 66, 67, 98
UTF-8 enco dings, table of 67
utf8.DecodeRuneInString func tion

69
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69
utf8.UTFMax value 98

value
addressable 32
call by 83, 120, 158
func tion 132
interface 181
method 164
utf8.UTFMax 98

var de clarat ion 5, 30
var iable

confinement 261
he ap 36
http.DefaultClient 253
io.Discard 18
io.EOF 132
lifet ime 35, 46, 135
lo cal 29, 141
os.Args 4
st ack 36
unnamed 34, 88

var iables, escaping 36

var iables, share d 257
var iable-size stack 124
var iadic function 142, 172
ve ctor, bit 165
vendor ing 293
visibi lit y 28, 29, 41, 168, 297
visit func tion 122

wait example 130
WaitForServer func tion 130
walkDir func tion 247
we b

craw ler 119
craw ler, con cur rent 239
framewor k 193

while loop 6
whit e-b ox test 311
Wi l kes, Maur ice 301
Wirth, Nik laus xiii
word example 303, 305, 308
word example, test of 303
worksp ace organizat ion 291
wr iter lock 266
wr iting effec tive tests 316, 317

xkcd JSON int erface 113
XML deco ding 213
XML (Extensible Marku p Language)

107
(*xml.Decoder).Token method

213
xmlselect example 215

zero lengt h slice 87
zero value

ar ray 82
boole an 30
ch annel 225, 246
func tion 132
interface 182
map 95
name d resu lt 120, 127
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pointer 32
reflect.Value 332
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