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χ为ډߢ对Goଓ层ଯ东७ಅ较ӽ兴ࠨƇࡿΙળࠃݚλඕ♧ٺଯ书ঁƷऍѽॾGoƸƆࠃ这ඕ书ߟѱຢᇂූƇॖߠ

ѱሙΤഇ֢ƇѓλՔഇ֢对Go语ٿଯೱ实现ଯλ٥ܮƆ

ѱλ认为ગ识ॖๆഇ֢ଯƇ让ۖਪଯञഇ֢ډߢ拥ยଯλউગ识这༈݈ॖञ१݂ଯ҂乐Ɔ

这ඕ书ෳঽѱൗݚGithubࣘƇ时间ยځƅຢยځƇࡿΙԼ൷ۖਪଯ൙ผิދஃ这༈♧ٺ项ෳયƆ

ƷऍѽॾGoƸ

ऍѽॾGo

4ѻࣅ



欢ؿஃGoଯ॓ҏƇ让ѱ们♧ިݲ•ƍ

Goॖλ⯔ईଯ语ٿƇλ⯔ᆍ发ଯƅ带垃圾Ѿዐଯƅ҂ਙ编译ଯ语ٿƆᄚ״ยΙчƊ

ᄚяΙݚλੑ计ޔՀࣘๆྞೀ钟ଯ时间编译λ༈ؠଯGoଟࢍƆ

Go为软ِ构ਏଚ֤ຎλ⯔෦ؠƇᄚޡΜ赖ഇॾۖюΦƇӗෟຎೱഇC风ҳincludeഓِิ库ଯ♧头Ɔ

Goॖॴ态类ؠଯ语ٿƇᄚଯ类ذؠ统ඐย层级Ɔχܜๆ户ݚ์࠲义类ؠ௸间ଯ⠣ࣘذѡ费时间Ƈ这样ӽ觉Քಅ

轻ຟ级Ɔۖٿ语࣐对ڽଯؠ

Goӷুॖ垃圾Ѿዐؠଯ语ٿƇᆍ为ᆍ发执۱ิࣿଚ֤ຎԷඕଯߖƆ

Γࢻਡ设计ƇGoਲޔ为ਪҴՀԶࣘذ统软ِଯ构ਏଚ֤λ⯔൘൚Ɔ

Goॖλ⯔编译ؠ语ٿƇᄚ结܄ຎѽ释ؠ语ٿଯᑪठยำƇ动态类ؠ语ٿଯ♧发ዓƇΙտॴ态类ؠଯΑুड़Ɔᄚਲޔढ़为

现ଯƇߖ络ิਪҴ计ޔଯ语ٿƆ์满ਘ这ܮෳ标Ƈ์࠲ѽྕλܮ语ࣘٿଯ问题Ɗλ༈ೖย达ຢ੫轻ຟ级ଯ类ذؠ

统Ƈᆍ发ิ垃圾ѾዐՀक़Ƈ严ҳଯΜ赖规៍Ɔ这ܮያ൚过库Ύ״ۆѽྕۂƇχܜGo࠷应运ߠ१ຎƆ

GoଯΑਂ൘൚ƇΙտъ阅读ඕ书Ɔࡧ讲ࢠયƇѱ们ࣂඕݚ

1 ъ阅读
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ඕ书ڽଯॖᅹ经对Go语ٿยλଯ经验ƇԼ൷ຎѽᄚଯଓ层Հक़ଯๆ户ƆχܜƇ੩वៜ༞ٺ码ΑਂGoƆ

Ɔ״ۆ须ΑਂCଯ编译࠷码ΑਂƇٺཕ์২༞ܜଯƇχࠃೱഇॖๆPlan 9 CAT&T汇编ܮ码યƇยٺGoଯݚ

Ɔ״ۆᅹ经ൌԥຎ৷应ଯ编译࠷统યƇ੩์ΑਂຎXcodeƇذMacݚ

终અય执۱ sudo apt-get install gcc libc6-dev Αਂ编ݚ统я过ذƆຶUbuntu״ۆΑਂgcc์࠲统યƇذ类Unixݚ

译״ۆƆ

过MinGWΑਂgccƇᆍ设ટ৷应ଯ环ְ变ຟƆھΑਂMinGWƇী์࠲统યƇذWindowsݚ

GoޡๆMercurial进۱౦ඕԐƇࠪগ须ΑਂຎMercurialƇী݈ھч载Ɔཕ设ᅹ经ΑਂۂMercurialƇ执۱ч

码Ɗ

ཕ设ᅹ经Λ༖GoଯΑਂෳ录  $GO_INSTALL_DIR ч

hg clone -u release https://code.google.com/p/go
cd go/src
./all.bash

运۱all.bashࡥھ现"ALL TESTS PASSED"ߓ样时݈ޔΑਂढ़ڸƆ

ࣘॖUnix风ҳଯූິƇWindowsчଯΑਂ൘ߧ类ߐƇ੩过ॖ运۱all.batƇ调ๆଯ编译ԶॖMinGWଯgccƆ

ীھ设ટྞ༈环ְ变ຟƇ

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

Ԏஃч图ഭਓ说ᅹ经Αਂढ़ڸ

图1.1 ٺ码Αਂ௸ھ执۱Goූິଯ图

їࡥ现GoଯUsageࣿਔƇῘ说Goᅹ经Αਂढ़ڸຎƋїࡥ现该ූິਣݚƇῘяΙ检查λчډߢଯPATH环ְ变ય

ॖ౼ൌԥຎGoଯΑਂෳ录Ɔ

ෳ录

ࣘλ节: ъ阅读

чλ节: ඕ书ଯ组织结构

1.1 ༞ٺ码ΑਂGo

Goٺ码Αਂ

links

ऍѽॾGo
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ࠪࣂগѼѻ绍λܮGoଯԷඕॅॉ结构ଯ实现ƇslicemapƆ

ࣂމѼѻ绍Go语ٿયଯీॅ调ๆ协议Ɔ

ަࣂഇॾruntimeިࡾш过ଟƆ

ॖࣂڝgoroutineଯ调Ɔ

ࣂഇॾGo语ٿયଯਣԐƆ

߮ࣂഇॾGo语ٿયλۿܮ级ॅॉ结构ଯ实现Ɔ

ోॖࣂ络ೲਂଯ实现

ࣂר讲cgoޡๆଯλܮՠ术

ॖࣂࡒਡᄚλܮ杂项

ඕ书ଯݩࠃԷඕࣘॖΓλ༈ࢍࡰতפଯ过ଟƆਪॅࣂ节яΙ阅读ƇਣԐƇgoroutine调Ɔߠ൸ܮગ识则์࠲

ঽࣂ节ଯλܮԷ础ગ识Ƈಅcgo须ຎѽঽీॅ调ๆ协议൘ଯλܮગ识Ƈ߮ۿࣂ级ॅॉ结构݂ۂ对ঽਣԐ

goroutine调ยλଯຎѽƆ

वៜଯ阅读൘ߧ还ॖΓඕഓࣂ节顺ࢍƇї读ࠋᅹ经ยλԷ础ƇяΙ੩ૐډߢӽ兴ࠨଯࣂ节阅读Ɔ

ї২ۖऍଯຎѽGo语ٿଯೱ实现ƇԼ൷读ࠋቯમGoଯٺ码亲ߢഇॾƆ过ډߢӁ习٥ணஃଯ东७݈ॖѽ݂

ऍଯƆ

1.2 ඕ书ଯ组织结构

ඕ书结构

वៜଯ阅读൘ߧ

ऍѽॾGo
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٥Goଯೱ实现Ƈ这ѻ绍λܮԷඕଯՠۇƆ

Go语ٿଯٺ码ॖยλܮ规ଯƆཕ读ݚࠋ$GOROOTч:

- ./misc λ״ۆܮ
- ./src ٺ码
- ./src/cmd ූິ״ۆƇൌӐ6c, 6l,6gƆ݂ھਲൌढ़goූິƆ
- ./src/pkg ү༈packageଯٺ码
- ./src/pkg/runtime GoଯruntimeൌƇඕ书ഇॾଯ݂ࠞ์ଯೱഇ
-  AUTHORS — ഓِƇӸ൘ Go语ࠋݩٿໆ
|– CONTRIBUTORS — ഓِƇމ൘贡ࠋ٤ໆ
|– LICENSE — ഓِƇGo语ٿ发权协议
|– PATENTS — ഓِƇ专
|– README — ഓِƇREADMEഓِƇѓ懂ଯƆଚλчƇ经ยञ说ƊGoӸਲ♧‰ƇᇙῘ办ƌਡ实ƇݚREADMEય说ஃຎ这༈Ɔ该ഓِ还ଚஃƇї过进क़ΑਂƇ์࠲设ટGOROOT环ְ变ຟƋїࢠGoൗݚຎ/usr/local/goયƇ则яΙ设ટ该环ְ变ຟƭWindowsчॖC:\goƮƆীƇٛ议ԐࡏῘ时ڴ设ટGOROOTƆ另ҙƇ⛿സ$GOROOT/binݚPATHෳ录યƆ
|– VERSION — ഓِƇঽGo౦ඕ
|– api — ෳ录ƇൌԥࡿยAPIໆƇ൘ളIDEޡๆ
|– doc — ෳ录ƇGo语ٿଯү⯔ഓፑƇӸࣘยଯƇ这ԷඕѼยƇ这ॖ࠷为ࡏῘ说яΙඕઘ୰ٛ”Ӹ”Ɔ这ยࢢਡ资ٺƇಅgopher图标௸类ଯƆ
|– favicon.ico — ഓِƇӸlogo
|– include — ෳ录ƇGo Էඕ״ۆΜ赖ଯ库ଯ头ഓِ
|– lib — ෳ录Ƈഓፑ෦ౣ
|– misc — ෳ录Ƈਡଯλ״ۆܮƇ৷༖杂烩Ƈೱഇॖү⯔编辑ԶଯGo语ߖٿƇ还ยcgoଯຶޫ
|– robots.txt — ഓِƇኅݲωᷓrobotsഓِ
|– src — ෳ录ƇGo语ٺٿ码ƊԷඕ״ۆƭ编译ԶƮƅ标库
`– test — ෳ录Ƈൌԥᇂਪ测试ଟࢍƭᆍಒ_test.go൘ߧଯ单ٴ测试Ƈॖߠൌԥmainൌଯ测试ƮƇൌӐλܮfixbug测试ƆяΙ过这༈Ӂஃλܮड़ଯޡๆƆ

Ӂ习Go语ٿଯೱ实现Ƈࠞ์Μ对ٺ码ଯഇॾƇࡿΙ阅读ٺ码ॖᇂۂଯ൘ߧƆlinus谈ஃъӁ习LinuxҴ时说

过"Read the F**ing Source code"Ɔ

过gdbчઐƇᦜᦳଟࢍଯ۱为Ɔ调试ᦜ码ଯ൘ٺॖߧ码阅读ଯλ⯔辅ࠡࢊઓƆ

ๆ户码ݚॖڼmain.mainƇruntime库યଯీॅяΙ过runtime.XXXઐ഼获Ɔಅࠃλ༈test.goƊ

package main

import (
    "fmt"
)

func main() {
    fmt.Println("hello world!")
}

编译Ƈ调试

go build test.go
gdb test

яΙݚmain.main处чઐƇ单ᾩ执۱ƇѼ发现进ຎλ༈runtime·convT2EଯీॅƆ这༈ॖ࠷ศ༖fmt.Printlnঋࠬଯॖλ

1.3 Էඕՠۇ

阅读ٺ码

ๆ调试Զޡ

ऍѽॾGo
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༈interfaceƇߠ传ଯॖλ༈stringƇ这Ѽཚλ༈转换ƆΙ这༈为λ༈ரఌ֓ᦜ码Ƈ࠷яΙ٥Go语ٿય״ਹ类ؠ

ъ转为interfaceળ࣐类ؠƆ

ย时ڴഇॾѼ٥์࠲१ढ़ଯ汇编码Ƈ这ѻ绍१ढ़汇编码ଯ൘൚Ɔ

go tool 6g -S hello.go

-Sॅދߟਲτࡥ汇编码ƇۖਪॅދяΙ过-hॅދ查ԎƆ

go tool 6g -h

ΎࠋяΙ汇编१ढ़ଯя执۱ഓِƊ

go build test.go
go tool 6l -a test | less

ඕՀॖamd64ଯՀԶƇїॖi386ଯՀԶƇ则ූິॖ8g

对я执۱ഓِ进ॖࠋھ码进۱汇编Ƈٺঋ对ॖࠋશΤଯॖๆ6gଯ-S१ढ़ଯ汇编6l -a१ढ़ଯ汇编ॖਫλ样ଯƆঽ์࠲

۱汇编Ɔ6ݚl进۱链ঋ过ଟયƇяٵ汇编ഓِԷ础ࣘኙईଯິޱƆࡿΙ6l汇编ࡥଯॖ݂ঋפऐ实码ଯƆ

过Goଯ汇编语൚ᦜๆଯยਫλઠƇя读ՔѼਫ习惯Ɔ还ย另λ⯔൘ߧƇݚॖ࠷ๆgdb调试ଯ过ଟય查Ԏ汇

编Ɔ

gdb test
b main.main
disas

ഇॾ१ढ़ଯ汇编码

ऍѽॾGo
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这λࣂયѱ们ࢠԎλчԷඕଯॅॉ结构ƇॖGo语ٿટଯ类ؠƆ这ܮગ识ᇂԷ础Ƈ੫ॖѽᄚ们ಒ࡚์Ɔ

ѱ们ࢠ༞݂Էඕଯ类ؠ♧ިƇGo语ٿଯԷඕ类ؠೱഇᦜC语ٿᇂ类ߐƇࡤ习C语ٿଯ൙ผ们应该Ѽᪿ१Ɔѱ们ࢠ对slice
mapଯ实现λ窥ᬓƆԎӷ这ࣂƇѼગஞsliceॖλ༈ޱ针Ƈᄚݚ栈યॖঙމ༈ՀԶߓ节ଯƆ

Ƈ让ѱ们♧ި•ƍ•ۂ

2 Էඕॅॉ结构

ऍѽॾGo
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们юऍѽƆࢊย༖₉ਣયଯݚ变ຟؠ时Ƈѽ释λчGoયү⯔类ٿईࠡѻ绍Go语ڽ

গԎλܮԷ础ଯຶޫ:

变ຟiਛ༖类ؠintƇݚਣયๆλ༈32Λߓ长(word)ߟƆ(32Λਣ൘ߧƮ

变ຟjศ༖ཚຎ३⛿ଯ转换Ƈਛ༖int32类ؠƆथԐijยમ৷ஔଯਣƇ੫ॖᄚ们ਛ༖ஔଯ类ؠƊ赋值৭ݩ  i = j  ॖλ

⯔类ؠ错误Ƈ须ࠃढ़ۖ३⛿ଯ转换൘ߧƊ i = int(j) Ɔ

变ຟfਛ༖float类ؠƇGo语ٿঽޡๆ32Λؠ值ߟ(float32)Ɔᄚิint32ᇂਉƇ੫ॖೱ实现ஔƆ

ঋчƇ变ຟbytesଯ类[5]ॖؠbyteƇλ༈ศ5༈ߓ节组ढ़ଯॅ组Ɔᄚଯਣॖ࠷ߟ连Քଯ5༈ߓ节Ƈ࠷ਉCଯॅ组Ɔ类ߐ

ઘƇ变ຟprimesॖ4༈intଯॅ组Ɔ

ิC৷ஔิߠJavaஔଯॖƇGo语ٿ让ଟࢍ员ྕъ时ޡๆޱ针Ɔ举ຶ说Ƈ这⯔类ؠ义Ɗ

type Point struct { X, Y int }

গ义λ༈简单ଯstruct类ؠƇ为PointƇߟਣય两༈৷邻ଯय़ॅƆ

2.1 Էඕ类ؠ

结构ਹޱ针

ऍѽॾGo
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 Point{10,20} ߟλ༈ᅹިࡾшଯPoint类ؠƆ对ᄚ进۱ࠟઘႊߟλ༈ڽޱ刚刚ഇజިࡾшଯPoint类ؠଯޱ针Ɔঽݚࠋ

ਣયॖ两༈词Ƈॖࠋھߠλ༈ڽޱ两༈词ଯޱ针Ɔ

结构ਹଯηݚਣયॖ紧ͶમఔໆଯƆ

type Rect1 struct { Min, Max Point }
type Rect2 struct { Min, Max *Point }

Rect1ॖλ༈״ย两༈Point类ؠਛड़ଯ结构ਹƇศݚλ۱ଯ两༈Point--ަ༈intƆRect2ॖλ༈״ย两༈ *Point 类ؠਛड़

ଯ结构ਹƇศ两༈*PointߟƆ

给ٿຎƆGo语ࢱῘ轻࠷员们яࢍ员я对Point *Point ଯஔᐇ见҃Ƈ੫ๆ惯JavaΎPythonଯଟࢍๆ过Cଯଟޡ

ຎଟࢍ员Էඕਣ层ଯےक़Ƈศܜଚ֤ຎ诸ਪຢƇےक़给ॅॉ结构܄ࡍଯ总ࢡƅਣഇజଯॅߘƅਣ访问෦ߧ

Ιտٛ优ذ࠽统ଯࡿย์Ɔ

ยຎঽଯ备Ƈѱ们࠷яΙ♧ި٥ۖยࠨଯॅॉ类ؠຎƆ

ƭҎࣸଯব头ߟᅹ经实现ଯ੫ঋя见ଯޱ针Ʈ

针λ༈长ॅॉƆχ为ޱਣ储ॅॉଯೡߓڽޱƆᄚൌԥλ༈ߟ长ଯॅॉ结构ߓયๆλ༈2ؠਣ෦ٿGo语ݚೡߓ

string类ॖؠя变ଯƇ对༖ਪߓೡ֢֩ஔλ༈ਣ储ॅॉॖΑুଯƆউഇ৭ݩ str[i:j] Ѽணஃλ༈ईଯ2ߓ长结构Ƈλ༈я

ஔଯ੫༟ڽޱஔλ༈ߓ节ࢍໆ(ਓࣘഓ说ଯਣ储ॅॉ)ଯޱ针长ॅॉƆ这ΤයમߓೡউഇяΙݚᾎտਣഇజΎ

⣍क़৭ݩƆ这ޡணߓೡউഇଯዓஔ༖传递ч标Ɔ

ƭ说ת题ҙ话ƇݚJavaਡ语ٿยλ༈ยଯ“դ难杂ࢼ”ƊݚഇӍߓೡᆍസਣ时Ƈ对༖ߓٺೡଯωๆݚਣય༟

ীസਣમӷय़ଯߓިٵೡ--ਓޡ੩ยλࢡೱഇ༟ಎ์࠲ƇGoย这༈“෪ಿ”Ɔ另λ൘Ƈѱ们ଢ଼ຢ੫ත߱败ຎଯॖƇ让ߓ

ೡഇӍ৭ݩ变ண۔贵--ൌԥλߘഇజλߘ⣍क़Ɔݚਪॅଟࢍયෟຎ这ῘཚƆƮ

ೡߓ

ऍѽॾGo
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λ༈sliceॖλ༈ॅ组൸༈ೱഇଯωๆƆݚਣયƇᄚॖλ༈ൌԥ3༈ηଯ结构ਹƊڽޱsliceયλ༈ٴଯޱ针Ƈsliceଯ长
ƇΙտsliceଯຟƆ长ॖч标৭ݩଯࣘҏƇx[i]યi须ࢡ༖长ƆຟॖഇӍ৭ݩଯࣘҏƇx[i:j]યj༖ຟƆ

ॅ组ଯsliceᆍѼ实际⣍क़λῲॅॉƇᄚ੩ॖ创ٛλ༈ईଯॅॉ结构Ƈൌԥຎ另ҙଯλ༈ޱ针Ƈλ༈长λ༈ຟॅॉƆ

ஔഇӍλ༈ߓೡƇഇӍॅ组ᾎտ⣍क़৭ݩƊᄚ੩ॖईٛຎλ༈结构ൗટλ༈ஔଯޱ针Ƈ长ຟƆޫຶݚ

યƇ对 []int{2,3,5,7,11} ֆ值৭ݩѼ创ٛλ༈ൌԥڝ༈值ଯॅ组Ƈᆍ设ટxଯਛड़ಾࡧ这༈ॅ组ƆഇӍ达ߧ x[1:3] ᆍ

ഇజۖਪଯॅॉƊᄚ੩ॖࠃຎλ༈ईଯslice结构ଯਛड़ωๆ৷ஔଯਣ储ॅॉƆޫຶݚયƇ长为2--੩ยy[0]y[1]ॖยዓଯ

ƆߧωƇ੫ॖຟ为4--y[0:4]ॖλ༈ยዓଯഇӍ达ݲ

ศ༖sliceॖஔ༖ޱ针ଯਪߓ长结构ƇഇӍ৭ݩᆍ์࠲ഇజਣƇत߃ඐยಎസਣݚયଯslice头ೱƆ这⯔ߟ൘൚

sliceƇ੫ॖ这样ཚΤයમߟ针ޱΙࣘ结构ଯڽޱๆλ༈ޡࡾ݂ٿ针ƅ长对λ样໊༧ƆGo语ޱCય传递ݚݩslice৭ޡ

ᾫ༈slice৭ݩѼഇజλ块ईଯਣ对࣐Ɔਓޡޡๆຎ҂ਙଯഇజԶƇ还ॖ给垃圾ዐࡍԶक़ਏຎᇂਪඐย์ଯݩۆƆΫ

间ঋωๆտഇజ৭ݩяΙ让sliceਘ够໊༧ƇΙෟ传递显ݲߧωƆ

ਡ实sliceݚGoଯ运۱时库યॖ࠷λ༈C语ٿ动态ॅ组ଯ实现Ƈݚ$GOROOT/src/pkg/runtime/runtime.hયяΙԎஃᄚଯ

义Ɗ

struct    Slice
{    // must not move anything
    byte*    array;        // actual data
    uintgo    len;        // number of elements
    uintgo    cap;        // allocated number of elements
};

ᶤ长规则ॖƊࢡ动扩Ɔਡ扩时ଯߢ时ƇяѼਏढ़sliceଯݩ对slice进۱append৭ݚ

їईଯॖࢡঽ2ࢡఝΙࣘƇ则ࢡᶤ长为ईࢡ

౼则ࡰ环Ιч৭ݩƊїঽࢡࢡ༖1024ƇΓᾫ2ߘఝᶤ长Ƈ౼则ᾫߘΓঽ1/4ࢡᶤ长Ɔஃᶤ长ଯࢡ过Ύ

༖ईࢡƆ

Goย两༈ॅॉ结构创ٛీॅƊnewmakeƆ两ࠋଯ别ݚӁ习Go语ٿଯࡾՃॖλ༈见ଯܩᑊƆԷඕଯ别ॖ new(T) റ

Ѿλ༈ *T ƇറѾଯ这༈ޱ针яΙಎ隐ߧઘࢶωๆƭ图યଯịࣸব头ƮƆߠ make(T, args) റѾλ༈ೞଯTƆࣣྙчƇ

Tೱยλܮ隐ߧଯޱ针ƭ图યଯҎࣸব头ƮƆλת话ƇnewറѾλ༈ڽޱᅹ॥ເਣଯޱ针ƇߠmakeറѾλ༈⣍杂ଯ结

构Ɔ

2.2 slice

sliceଯ扩

makenew

ऍѽॾGo

13slice



ยλ⯔൘൚яΙ统λ这两⯔创ٛ൘ߧƇ੫ॖяѼิC/C++ଯ传统ย显ુஔƊ义 make(*T) റѾλ༈ڽޱईഇజଯTଯ
ๆ这ݎΙGoඐยࡿञ们Ճ൷ଯഇజీॅਫλ样ຎƇॖݚढ़make(*Point)Ɔ੫这样ཚ实ࠃ针Ƈ这样λƇnew(Point)ணޱ

⯔设计Ɔ

ย时ڴяޡ์࠲ๆλܮಅ较trickyଯՠۇƇಅๆmakeໟλ块ਣຎډߢԐƇΎࠋcgo௸类ଯ൘ߧணஃଯਣƇ转换为

Go类ޡؠๆƆ

༞sliceયணஃλ块ਣઘႊॖᇂΦଯƊ

s := make([]byte, 200)
ptr := unsafe.Pointer(&s[0])

༞λ༈ਣޱ针构ਏࡥGo语ٿଯslice结构৷对ග烦λܮƇಅਡયλ⯔൘ߧƊ

var ptr unsafe.Pointer
s := ((*[1<<10]byte)(ptr))[:200]

sliceิunsafe.Pointer৷ڞ转换

ऍѽॾGo

14slice



গࢠptrූक़类ؠ转换为另λ⯔ޱ针Ƈλ༈[10>>1] ڽޱbyte ॅ 组ଯޱ针Ƈ这ॅ组ࢡਡ实ॖཕଯƆীھๆslice৭ࡥࠟݩ这

༈ॅ组ଯঽ200༈Ƈ༖ॖsॖ࠷λ༈200༈ٴଯsliceƆ

Ύࠋ这⯔൘ߧƊ

var ptr unsafe.Pointer
var s1 = struct {
    addr uintptr
    len int
    cap int
}{ptr, length, length}
s := *(*[]byte)(unsafe.Pointer(&s1))

అsliceଯଓ层结构ࡥࠃƇࢠaddrƇlenƇcapߓઓࠃ进֓Ƈࢠ这༈结构ਹ赋给sƆ৷ಅࣘλ⯔ࠃ൚Ƈ这⯔ۖۂଯઘ൘ݚ༖

capۖюߢীƇ虽ীࣘࠃ൚ય实际ࣘ1<<10ॖ࠷capƆ

Ύޡࠋๆreflect.SliceHeaderଯ൘ߧ构ਏsliceƇಅ较वៜ这⯔ཚ൚Ɗ

var o []byte
sliceHeader := (*reflect.SliceHeader)((unsafe.Pointer(&o)))
sliceHeader.Cap = length
sliceHeader.Len = length
sliceHeader.Data = uintptr(ptr)

ऍѽॾGo
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Goયଯmapݚଓ层ॖๆဝԼ实现ଯƇяΙݚ $GOROOT/src/pkg/runtime/hashmap.goc ቤஃᄚଯ实现Ɔ

ဝԼଯॅॉ结构યλܮ⠣键ଯηчߟࡿƊ

struct Hmap
{
    uint8   B;    // яΙ纳2^B༈项
    uint16  bucketsize;   // ᾫ༈оଯࢡ

    byte    *buckets;     // 2^B༈Bucketsଯॅ组
    byte    *oldbuckets;  // ঽλ༈bucketsƇ੩ย।ݚ扩时݈为
};

ࣘ给ࡥଯ结构ਹ੩ॖHmapଯೱഇଯηƆ์࠲શΤஃଯॖƇ这ঋޡๆଯॖBucketଯॅ组ƇߠॖBucket*ޱ针ଯॅ组Ɔ

这ΤයમƇλ༈Bucketھνࡥ链ଯBucketഇజยܮஔƆλ༈Bucketॖๆଯλઓ连续ଯਣ间Ƈھߠνࡥ链ଯ

Bucketଯ间ॖޡๆmallocgcഇజଯƆ

这༈hash结构ޡๆଯॖλ༈я扩ଽဝԼଯޔ൚Ƈศhash值modঽhashྕࢡ൸λ༈值ਛ༖哪༈оƇߠhash2ॖࢡ
ଯॅޱƇਓࣘ结构ਹયଯ2^BƆᾫߘ扩ƇѼᶤஃࣘߘࢡଯ两ఝƆ结构ਹયยλ༈bucketsλ༈oldbucketsॖๆ实

现ᶤຟ扩ଯƆ।ࣣྙчঋޡๆbucketsƇߠoldbuckets为ƆїঽဝԼ।ݚ扩યƇ则oldbuckets为Ƈᆍӗ

bucketsॖࢡoldbucketsࢡଯ两ఝƆ

ƊߟࡿਹଯBucket结构ч״

struct Bucket
{
    uint8  tophash[BUCKETSIZE]; // hash值ଯ8ۿΛ....ଊΛ༞bucketଯarrayΛஃbucket
    Bucket *overflow;           // νࡥо链Ƈїย
    byte   data[1];             // BUCKETSIZE keys followed by BUCKETSIZE values
};

ਡયBUCKETSIZEॖๆۅ义ଯ8Ƈᾫ༈bucketયਣൗ݂ਪ8༈key/value对, їਪ༖8༈ƇῘѼऎ请λ༈ईଯbucketƇᆍ

ᄚิ௸ঽଯbucket链ՔƆࢠ

Γkeyଯ类ؠஔѼݎๆ৷应ஔଯhashޔ൚ணஃkeyଯhash值Ɔࢠhash值ଯଊΛݩHmap结构ਹયbucketsॅ组ଯindexƇ
ቤஃkeyݚࡿଯbucketƆࢠhashଯ8ۿΛਣ储ݚຎbucketଯtophashયƆશΤƇ这8ۿΛॖๆݚݩkey/valueݚbucket
ೱଯoffsetଯƇݩॖߠ为λ༈ࠞ键Ƈݚ查ቤ时ॖ对tophashॅ组ଯᾫλ项进۱顺ࢍಡజଯƆগಅ较hash值ۿΛิbucketଯ
tophash[i]ॖ౼৷Ƈї৷则݁ಅ较bucketଯi༈ଯkeyิࡿ给ଯkeyॖ౼৷Ɔї৷Ƈ则റѾਡ对应ଯvalueƇ

௸Ƈݚoverflow bucketsયΓࡧࣘࢻ൘൚继续寻ቤƆ

य़༈hashଯਣ储ч图ߟࡿ(临时গݎๆຎXXஔӁѳଯ图Ƈ这༈图ย问题)Ɗ

图2.2 HMapଯਣ储结构

શΤλ༈细节ॖBucketયkey/valueଯൗટ顺ࢍƇॖࢠkeysൗݚλՔƇvaluesൗݚλՔƇ为ࡏῘࢠkey对应ଯvalueൗݚλ

Ք⡕ƌїῘཚƇਣ储结构ࢠ变ढ़key1/value1/key2/value2… 设২їॖ这样ଯλ༈map[int64]int8Ƈ۪虑ஃߓ节对齐ƇѼ

费ᇂਪਣ储间Ɔண说过ࣘࡧଯλ༈ࢡ细节ƇяΙԎࡥGoݚ设计ࣘଯऍްࡤ虑Ɔ

2.3 mapଯ实现

ॅॉ结构
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ѓગஞဝԼॖ࠷Ι间换时间Ƈ访问ਙॖঋᦜࡑχޫ৷⠣ଯƇࡿΙဝԼਫ满௸์࠲࠷ھ进۱扩Ɔ

ї扩ঽଯဝԼࢡ为2^BƇ扩௸ھଯࢡ为2^(B+1)Ƈᾫߘ扩变为ٵࢡଯ两ఝƇဝԼިࢡ终为2ଯॅޱ

ఝƇ则ย(hash mod 2^B)༧༖(hash & (2^B-1))Ɔ这样яΙ简ш运ޔƇෟຎࠟำ৭ݩƆ

ཕ设扩௸ঽຟ为XƇ扩௸ھຟ为YƇ对༖൸༈ဝԼ值hashƇλ౫ࣣྙч(hash mod X)༖(hash mod Y)ƇࡿΙ扩

௸ࣁ码યٺ)ଯpair࡚ईဝԼஃईଯtable֑ࣘܮࢠ์࠲Ƈھ௸ဝԼયଯईΛટƆhash扩ݚᾫλ项ޔई计࡚์ھ௸

为evacuate)Ƈ 这༈ݩۆᆍඐยݚ扩௸ھλߘड़ӷढ़Ƈॖߠᾩଯӷढ़ƭݚinsertremove时ᾫߘౡΫ1-2༈pairƮƇGo语
ๆଯॖᶤຟ扩Ɔޡٿ

为ࡏῘѼᶤຟ扩⡕ƌࠞ์ॖ缩mapԶଯ响应时间Ɔཕѱ们ঋࢠmapๆݩ൸༈响应实时ड़์ֆಒۿଯweb应ๆਣ

储Ƈїݎๆᶤຟ扩Ƈmapਣ储ଯٴᇂਪ௸ھƇ扩时ذ统࠷Ѽ„ЪƇ导ઠ较长λઓ时间ያ൚响应请ֆƆ

过ᶤຟ扩ඕ质ࣘ还ॖࢠ总ଯ扩时间ഇ摊ஃຎᾫλߘဝԼ৭ࣘݩƆ

扩Ѽٛλ༈ٵॖࢡ2ఝଯईଯƇ֑ࢠଯbucketౡஃईଯય௸ھƇᆍѼ֑ࢠଯbucket༞oldbucketય删Ƈॖߠ

юࣘλ༈ᅹ删ଯ标记Ɔ

।ॖศ༖这༈ॖݩۆ渐ӷढ़ଯƇ这样࠷Ѽ导ઠλೱഇॅॉݚold tableયƇλೱഇݚnew tableયƇ ࡿΙ对༖hash tableଯ
insert, remove, lookup৭ݩଯ处逻辑产१ϳ响Ɔ੩ยࡿยଯbucket༞֑Ϋஃई௸ھƇ݈Ѽࢠoldbucket释ൗƆ

扩ଯࡑχޫॖਪࢢ⡕ƌїgrowଯਫ频౪ƇѼਏढ़间ଯๆᇂଊƇ їᇂռ݈growƇѼآढ़ᇂਪଯoverflow
bucketsƇ查ቤଯዓѼчۼƆ 这༈ച۲ъ选ࠟ⡕(ݚgoયƇ这༈ച۲ॖยλ༈ےۅक़ଯ(#define LOAD 6.5), ᄚଯΤ

ްॖ这样ଯƇїtableયٴଯ༈ॅ༖tableય纳ଯٴଯ༈ॅƇ Ῐࣹ࠷发λߘgrow动ݩƆῘ这༈6.5ॖᇙῘணஃ

ଯ⡕ƌٵ这༈值ٺ༖ࠋݩଯλ༈测试ଟࢍƇ遗ӿଯॖඐቤஃ৷⠣ଯٺ码Ƈ过ࠋݩ给ࡥຎ测试ଯ结їƊ

        LOAD    %overflow  bytes/entry     hitprobe    missprobe
        4.00         2.13        20.77         3.00         4.00
        4.50         4.05        17.30         3.25         4.50
        5.00         6.85        14.77         3.50         5.00
        5.50        10.55        12.94         3.75         5.50
        6.00        15.27        11.67         4.00         6.00
        6.50        20.90        10.79         4.25         6.50
        7.00        27.14        10.15         4.50         7.00
        7.50        34.03         9.73         4.75         7.50
        8.00        41.10         9.40         5.00         8.00

 %overflow   = percentage of buckets which have an overflow bucket
 bytes/entry = overhead bytes used per key/value pair
 hitprobe    = # of entries to check when looking up a present key
 missprobe   = # of entries to check when looking up an absent key

яΙԎࠟࠋݩࡥຎλ༈৷对⊳યଯ值Ɔ

hash值Ɔࡥޔॉkey计ܧ .1

2. їਣݚold table, ࠪগݚold tableય查ቤƇїቤஃଯbucketᅹ经evacuatedƇ转ஃᾩ骤3Ɔ ௸ƇറѾਡ对应ଯ

valueƆ
new tableય查ቤ对应ଯvalueƆݚ .3

这λ༈细节์࠲શΤλчƆ认ऐԎяѼΙ为ଊΛๆ༖Λbucketॅݚ组ଯindexƇῘۿΛॖ࠷ๆ༖key/valuleݚ
bucketೱଯoffsetƆߏ实ࣘ8ۿΛॖๆݩoffsetଯƇॖߠๆ༖ю҂keyଯಅ较ଯƆ

do { //对ᾫ༈оb

ᶤຟ扩

查ቤ过ଟ
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    //Μߘಅ较оଯᾫλ项ਣൗଯtophashิࡿֆଯhash值ۿΛॖ౼৷
    for(i = 0, k = b->data, v = k + h->keysize * BUCKETSIZE; i < BUCKETSIZE; i++, k += h->keysize, v += h->valuesize) {
        if(b->tophash[i] == top) { 
            k2 = IK(h, k);
            t->key->alg->equal(&eq, t->key->size, key, k2);
            if(eq) { //৷ଯࣣྙч݁֓ཚkeyಅ较...
                *keyp = k2;
                return IV(h, v);
            }
        }
    }
    b = b->overflow; //b设ટ为ᄚଯчλчνࡥ链
} while(b != nil);

对应ଯbucketƆࡥணߠhash值Ƈ进ࡥޔॉkeyܧ .1
2. їbucketݚold tableયƇࢠਡ࡚ईޏໆஃnew tableયƆ

ኙଯkeyƇۖईਡ对应ଯvalueƆ์࠲ݚ闲ଯΛટƇїᅹ经ਣbucketયƇ查ቤݚ .3
ଯ༈ॅƇઐॖ౼grow tableƆٴॉtableયܧ .4
5. ї对应ଯbucketᅹ经fullƇ࡚ईऎ请ईଯbucketݩ为overbucketƆ
key/value pairኙஃbucketયƆࢠ .6

这ยྞ༈细节์࠲શΤλчƆ

oldbucketॖቤݚoldbucketયኙॅॉƆїݚoldbucketય查ቤƇ੫Ѽݚ扩过ଟયƇoldbucketॖಎ冻结ଯƇ查ቤ时Ѽݚ

ஃຎ৷应ଯkeyƇཚ൚ॖࢠᄚⷕΫஃईbucketھюevalucated标记ƆᆍӗѼ额ҙଯⷕΫ另λ༈pairƆ

ীॖ࠷ھ੩์ݚ൸༈bucketયቤஃλ༈ΛƇ࠷Ѽࢠkey/valueኙஃ这༈ΛટƆॖ࠷ΛટΛ༖bucketঽଯѼᖵھ

ଯ(类ߐ༖ਣ储ذ统设计યཚ删时ଯๆଯՠۇ௸λƇঋๆईॅॉ૰ю൘ࠃߧƇई౦ඕॅॉᖵ౦ඕॅॉ)Ɔቤஃຎ৷

ஔଯkeyΎࠋቤஃλ༈Λ࠷яΙ结ਖല历ຎƆ过这Τයમཚ删时须ӷুଯല历bucketࡿยνࡥ链Ƈࡿࢠยଯ৷ஔ

keyॅॉ删ƆࡿΙෳঽmapଯ设计ॖ为ኙߠ优шଯƇ删ዓѼಅኙଊλܮƆ

读ӷmapٺ码发现ࠋݩ还ॖཚຎᇂਪ设计ࣘଯ选择ଯƆඕञशചยځƇ谈ࣘ优ଯ评Ƈ这੩ॖቯࡥิ读ࠋഇ֢Ɔ

HMapયॖBucketଯॅ组ƇߠॖBucketޱ针ଯॅ组Ɔۂଯ൘ॖяΙλߘഇజ较ਣƇ减ࢢຎഇజॅߘƇෟਪߘ调ๆ

mallocgcƆ੫৷应ଯƇਡλॖя扩ଽဝԼଯޔ൚ᆍඐย发१ݩๆƇ扩时Ѽਏढ़对य़༈ॅ组ଯ值܆贝(ї实现ࣘๆ

Bucketޱ针ଯॅ组ޱॖ࠷针܆贝ຎƇ༧ࢡᇂਪ)Ɔਡॖࠪ༈bucketิھ产१ຎλઠड़Ɔ这༈Ѽޡ删逻辑变ண⣍杂λ

Ɔಅ删ھଯνࡥ链яΙঋ删Ƈߠ对༖ࠪ༈bucketƇ์ஃevalucatedӷ毕ھƇय़༈oldbucket删时进۱Ɔ

ඐย࡚ๆ设freelist࡚ๆ删ଯ结Ɔࠋݩఅ这༈юຎλ༈TODOଯશ释Ƈ过২ຎλч觉ண这༈ཚଯΤ义Ɔχ为λ൘

ƇbucketࢡᆍλઠƇ࡚ๆಅ较ග烦Ɔ另λ൘Ƈч层ਣ储ᅹ经ཚ过ਣજଯ实现ຎƇࡿΙ这ཚ࡚ๆѼݚਣഇ

జλ层ಎ࡚ๆଯƇ

bucketঋkey/value间ঋkey/value优шƆ这༈优шཚண౹ۂଯƆશΤԎ码Ѽ发现ƇїkeyΎvalueࢡ༖128ߓ节Ƈ则ᄚ

们ଯ值ॖঋޡๆଯbucketݩ为ਣ储ଯƆ౼则bucketયਣ储ଯॖڽޱ实际key/valueॅॉଯޱ针Ƈ

bucketਣ8༈key/value对Ɔ查ቤ时进۱顺ࢍಅ较Ɔλߘ发现ۿΛ֔ীॖๆݩoffsetƇॖߠๆ༖ю҂ಅ较ଯƆΛஃbucket
过ഇƆ༟ীޔಅ较чࢍ细২ຎ২Ƈ觉ண还۱Ɔศ༖bucket੩ย8༈Ƈ顺ޟھಅ较ଯ查ቤ过ଟƆࢍƇ֔ীॖλ༈顺ھ௸

ॖO(1)੩过ঽॅذλ罢ຎƆ৷༖hashஃλ༈៍ࢡ围௸ھƇݚ这༈៍ࢡ围顺ࢍ查ቤƆ

ኙ删ଯ优шƆঽᅹ经ଚ过ຎƇኙ੩์ቤஃ৷ஔଯkeyΎࠋλ༈ΛƇbucketયїਣݚλ༈Ιࣘଯ৷ஔkeyƇঽ

ᖵھଯ(੩ॖїƇ实际ࣘѼ发१)Ɔߠ删์࠲࠷ല历ӷࡿยbucketνࡥ链ຎƆ这样mapଯ设计ॖ࠷为ኙ优шଯƆ۪

ኙ过ଟഇॾ

map设计યଯड़优ш

ऍѽॾGo
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虑ஃλ౫ଯ应ๆ场ثƇ这༈应该ॖޔᇂ܄ଯƆ

ଯ实现ݚƇ۪虑shrink tableƆ(毕ᬓ现ࢢᇂٴᆍƋїtableય܄emptyଯbucket์ڂਪ༈ྞࢠ还ໆຎ另༈2༈TODOƊࠋݩ

੩ॖ单纯ଯgrow)Ɔ

ऍѽॾGo
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યnilॖಒ࡚์ଯƇᄚٿયƇᾫ门语ٿῘѼ讲ஃᄚƇඐ⦮错•ƌඐ⦮错Ɔ仅仅ॖGo语ࡏῘƌnilॖλ⯔ॅॉ结构Ῐƌ为ࡏ

ଯॖ值ଯ语义Ɔ

યƇλউٿruby语ݚߠયƇnilॖtrueଯƍ(ٿλ⯔lisp൘)ٿscheme语ݚ这༈Ҟ௱ย细ಘஔƆಅߟયƇٿஔ语ݚ

ॖ对࣐Ƈ连nilॖλ༈对࣐ƍݚCયNULLᦜ0ॖ༧ଯƆ

ΓࢻGo语ٿ规៍Ƈъ类ݚؠරިࡾш时对应λ༈ເ值Ɗ尔类ॖؠfalseƇय़0ॖؠƇߓೡॖ""Ƈޱߠ针ƇీॅƇ

interfaceƇsliceƇchannelmapଯເ值ॖnilƆ

λ༈interfaceݚඐย进۱ިࡾш时Ƈ对应ଯ值ॖnilƆॖ࠷说 var v interface{} Ƈ

ƆಅƊ针Ɔิ௸ஔଯࣣྙॖƇinterface值为ޱଓ层ਣ储ࣘƇᄚॖλ༈ݚλ༈nilƆॖ࠷时vܜ

var v *T
var i interface{}
i = v

ङ为nilƆߢ时iॖλ༈interfaceƇᄚଯ值ॖnilƇ੫ᄚܜ

Goયଯerrorਡ实ॖ࠷λ༈实现ຎError൘൚ଯঋڼƊ

type error interface {
    Error() string
}

χܜƇѱ们яΙߢ义λ༈errorƊ

type Error struct {
    errCode uint8
}
func (e *Error) Error() string {
        switch e.errCode {
        case 1:
                return "file not found"
        case 2:
                return "time out"
        case 3:
                return "permission denied"
        default:
                return "unknown error"
         }
}

їѱ们这样ޡๆᄚƊ

func checkError(err error) {
    if err != nil {
        panic(err)
    }
}
var e *Error

2.4 nilଯ语义

interface

ऍѽॾGo
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checkError(e)

eॖnilଯƇ੫ॖѱ们checkError时࠷ѼpanicƆ请读۪ްࠋλч为ࡏῘƌ

总௸ƇinterfaceᦜC语ٿଯޱ针λ样ಒ⛌ӑƇ⠣༖ଯ语义Ƈᦜޱ针λ样Φܟ扰ईࠡଯƇ์࠲શΤƆ

stringଯ值ॖ""Ƈᄚॖᦜnilಅ较ଯƆਓॖޡଯstringƇᄚଯࢡॖ两༈ՀԶߓ长ଯƆslice类ߐƇᄚଯ值ᆍॖ

λ༈ޱ针Ƈॖߠ结构ਹયଯޱ针η为Ƈଯsliceଯࢡॖމ༈ՀԶߓ长ଯƆ

channelᦜstringΎsliceยܮஔƇᄚݚ栈ࣘ੩ॖλ༈ޱ针Ƈ实际ଯॅॉॖศޱ针ڽޱࡿଯࣘƆ

ᦜchannel৷⠣ଯ৭ݩยƊިࡾш/读/ࠃ/⠣闭Ɔchannelරިࡾш值ॖ࠷nilƇරިࡾшଯchannelॖޡๆଯƆчॖλܮ৭

规则Ɗݩ

读Ύࠃࠋλ༈nilଯchannelଯ৭ݩѼϷ远݄Ɔ

读λ༈⠣闭ଯchannelѼ܌റѾλ༈channelٴ类ؠଯເ值Ɔ

λ༈⠣闭ଯchannelѼ导ઠpanicƆࠃ

mapॖޱ针Ƈ实际ॅॉݚયƇරިࡾшଯ值ॖnilƆ

stringslice

channelmap
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ѽGoଯీॅ调ๆ协议对༖٥ਡೱ实现ಒ࡚์Ɔ这ࢠѼѻ绍Go进۱ీॅ调ๆ时ଯਣƇॅދ传递റѾ值ଯ

约Ɔ।C汇编ॖஔλ୪约ࡿΙ৷ڞ调ๆλ样ƇGoCΙտ汇编ॖ์满ਘ൸ܮ约݈够৷ڞ调ๆƆ

ඕࣂগ༞Go调ๆC汇编ଯຶޫ♧ި(ಒcgo൘ߧ)Ƈ过ഇॾਡ实现Ӂ习Goଯీॅ调ๆ协议ƆীࢠھѼ٥godefer⠣键ߓ

ऑԸଯඛ൚ƆঋમѼ٥连续栈ଯ实现Ƈ݂ھԎλч闭ൌƆ

这λࣂଯھॖࢠ٥cgoƇgoroutine实现ଯԷ础Ɔ连续栈ՠ术ॖGo够♧ঘঘඵඵࣥ“线ଟ”ߠ෮थਣଯԷඕസ

证Ƈ为cgo带ຎᇂଯځक़Ƈ这ࢠܮѼھݚࣂ节ય݁讨论Ɔ

Ƈ让ѱ们进।题•ƍۂ

3 ీॅ调ๆ协议

ऍѽॾGo
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੩์ޡๆCଯ标库ీॅƇGoયॖяΙঋ调ๆC汇编语ٿଯƆਡ实ஞᇂ简单ƇGoଯ运۱时库ॖ࠷ๆC汇编实现
ଯƇGo须ॖ够调ๆஃᄚ们ଯƆীƇѼยλܮ额ҙଯ约ਖƇ这ॅీॖ࠷调ๆ协议Ɔ

ཕ设ѱ们ཚλ༈汇编౦ඕଯю൚ీॅƆࠪগGOPATHଯsrcчईٛλ༈addෳ录Ƈীݚھ该ෳ录юadd.goଯഓِƇ

чƊ

package add

func Add(a, b uint64) uint64 {
    return a+b
}

这༈ీॅࢠ两༈uint64ଯॅߓ৷юƇᆍറѾ结їƆѱ们ࠃλ༈简单ଯీॅ调ๆᄚƇчƊ

package main

import (
  "fmt"
  "add"
)

func main() {
     fmt.Println(add.Add(2, 15))
}

яΙԎஃ输ࡥຎ结ї为17ƆۂଯƇঋч让ѱ们删Addీॅଯ实现Ƈ੩ຄч义ೱഇƊ

package add

func Add(a, b uint64) uint64

ীݚھadd.goஔλෳ录યٛλ༈add_amd64.sଯഓِ(ཕ设ޡๆଯॖ64Λذ统)ƇчƊ

TEXT    ·Add+0(SB),$0-24
MOVQ    a+0(FP),BX
MOVQ    b+8(FP),BP
ADDQ    BP,BX
MOVQ    BX,res+16(FP)
RET     ,

虽ী汇编ॖ৷难ѽଯƇ੫ѱ৷ࣿ读懂ࣘ这ઓѼยܟ难Ɔঽ两ࣥMOVQິޱഇ别ࢠλ༈ॅދൗஃԺਣԶBXƇ༈

റѾ结їƆິޱଯMOVQRETھƇ݂ھ৷юࠋ两ࢠິޱADDQھൗஃԺਣԶBPƇীॅދ

现ݚƇ݁ߘ运۱ঽଯmainీॅƇᄚޡࢠๆߢ义ଯ汇编౦ඕీॅƇяΙԎஃढ़ڸଯ输ࡥຎ结ї17Ɔ༞这༈ຶޫયяΙԎࡥ

GoॖяΙঋ调ๆ汇编实现ଯీॅଯƆਪ时ڴ์֓ࠃ汇编Ƈਓ٥ॖޡGoଯೱ实现Ƈ读懂汇编ᅹ经ᇂਘ够

ຎƆ

许ऐଯ觉ணݚGoયࠃ汇编ᇂܐƇ੫ॖ์ܗ视ຎ这ܮલ܍Ɗ

3.1 Go调ๆ汇编C

Goય调ๆ汇编

ऍѽॾGo
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汇编ᇂ难编ࠃƇ别ॖᇂ难ۂࠃƆ编译ԶѼಅۖࡥࠃ҂ଯ码Ɔ

汇编仅运۱ݚλ༈ചੑࣘƆݚ这༈ຶޫયƇ码仅运۱ݚ amd64 ࣘƆ这༈问题ยλ༈ѽྕ൘Εॖ给 Go 对༖ x86
 ஔ౦ඕଯ码ഇ别ࠃλ୪码Ƈഓِ৷应ଯΙ_386.s_arm.s结ಗƆ

汇编让ଓ层绑ݚλՔƇߠ标ଯ Go ѼƆຶƇslice ଯ长ঽॖ 32 Λय़ॅƆ੫ॖॖя为长य़ؠƆ

发१这ܮ变ш时Ƈ这ܮ码࠷ಎఌႋຎƆ

ঽGo编译Զࢠ汇编编译为ీॅଯ联Ƈ੫ॖ对༖ࢡଯGoీॅॖяΙଯƆχޡܜๆ汇编яΤයમ让ଯଟۖࢍබƆ

ย时์࠲汇编给带λܮຢຟƭ论ॖड़൘ଯٵχƇ还ॖλܮ৷ࠣଯ⠣༖CPUଯ৭ݩƮƆ对༖ࡏῘ时ڴ应该ޡๆ

ᄚƇGoٺ码ൌӐຎࠚӺ৷ۂଯຶޫƭяΙԎԎ crypto  mathƮƆศ༖ᄚಒΦ实শƇࡿΙ这绝对ॖ༈Ӂ习汇编ଯۂ

Ɔأ

ঋчƇѱ们继续尝试ݚGoય调ๆCƇᦜ调ๆ汇编ଯ过ଟᇂ类ߐƆࠪগ删ঽଯadd_amd64.sഓِƇᆍ⛿സadd.goഓِય

੩ॖ给ࡥຎAddీॅଯ५ೱഇƊ

package add

func Add(a, b uint64) uint64

ীݚھadd.goஔෳ录યƇईٛλ༈add.cഓِƇчƊ

#include "runtime.h"

void ·Add(uint64 a, uint64 b, uint64 ret) {
    ret = a + b;
    FLUSH(&ret);
}

编译该ൌƇ运۱ঽଯ测试ీॅƊ

go install add

Ѽ发现输ࡥ结ї为17Ƈ说Goયढ़ڸઘ调ๆஃຎCࠃଯీॅƆ

์શΤଯॖԐॖCΎॖ汇编实现ଯీॅƇਡీॅॖΙ·♧头ଯƆ还ยƇCഓِય์࠲ൌԥruntime.h头ഓِƆ这༈ٵχݚ

该ഓِયย说Ɗ GoๆຎࠣԺਣԶਣൗਉুଯstruct Gstruct MƆൌԥ这༈头ഓِяΙ让ࡿย链ঋஃGoଯCഓِ

ગஞ这λƇ这样编译ԶяΙෟޡๆ这ܮଯԺਣԶݩਡᄚๆƆ

让ѱ们ޟ细Ԏλч这༈C实现ଯీॅƆяΙԎஃీॅଯറѾ值为Ƈॅދߠਪຎλ༈Ƈމ༈ॅދ实际ࣘಎݩ为ຎറѾ值ޡ

ๆƆਡયFLUSHॖݚpkg/runtime/runtime.hય义为USED(x)Ƈ这༈义ॖGoଯC编译Զߢ带ଯprimitiveƇݩๆॖ๓क़编译

Զ优ш对*xଯ赋值ଯƆїᇂۂԸUSEDॖᇙ样义ଯƇяΙ֓$GOROOT/include/libc.hഓِ֓ቤቤƆ

ಎ调ీॅય对ॅދretଯ֔҉࠹ীറѾஃຎ调ๆీॅƇ这༈ԎՔڂߐяѽƇ过৮ՃଯC编译Զ⛿实ॖяΙ这ῘཚଯƆ

GoયޡๆଯC编译Զਡ实ॖplan9ଯC编译ԶƇѱ们ച时ѽଯgccѼยλܮ别Ɔѱ们ࣘࢠଯadd.c汇编λчƊ

go tool 6c -I $GOROOT/src/pkg/runtime -S add.c

Goય调ๆC

ీॅ调ๆ时ଯਣ
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१ढ़ଯ汇编码Ҟॖ这༈样ޫଯƊ

"".Add t=1 size=16 value=0 args=0x18 locals=0
000000 00000 (add.c:3)    TEXT    "".Add+0(SB),4,$0-24
000000 00000 (add.c:3)    NOP    ,
000000 00000 (add.c:3)    NOP    ,
000000 00000 (add.c:3)    FUNCDATA    $2,gcargs.0<>+0(SB)
000000 00000 (add.c:3)    FUNCDATA    $3,gclocals.1<>+0(SB)
000000 00000 (add.c:4)    MOVQ    a+8(FP),AX
0x0005 00005 (add.c:4)    ADDQ    b+16(FP),AX
0x000a 00010 (add.c:4)    MOVQ    AX,c+24(FP)
0x000f 00015 (add.c:5)    RET    ,
000000 48 8b 44 24 08 48 03 44 24 10 48 89 44 24 18 c3  H.D$.H.D$.H.D$..

这ॖGoޡๆଯ汇编码Ƈॖλ⯔类ߐplan9ଯ汇编码Ɔ类ߐa+8(FP)这⯔ߟଯԥ义ॖ“变ຟ+ഫΫ(ԺਣԶ)”ƆਡયFPॖ
帧ԺਣԶƇᄚॖλ༈伪ԺਣԶƇ实际ࣘॖਣΛટଯλ༈ωๆƇਡ实ॖ࠷BP(栈ԷႊԺਣԶ)ࣘΫλ༈ՀԶߓ长Λટଯਣઘ

ႊƆ

ీॅ调ๆ௸ঽƇa+8(FP),b+16(FP)ഇ别ॅދߟabƇ3ॅދߠଯΛટಎમƇݚಎ调ీॅયƇ这༈Λટࢠๆ༖ਣൗറѾ

值Ɔܜ时ଯਡਣчߟࡿƊ

3ॅދ
2ॅދ
 SP->  1ॅދ

进ಎ调ీॅ௸ھƇਣчߟࡿƊ

3ॅދ
2ॅދ
FP->  1ॅދ
സਣPC <-SP
...
...

CALLິޱѼޡணSPчΫƇSPΛટଯਣๆ༖സਣറѾઘႊƆ帧ԺਣԶFPܜ时ΛટݚSPࣘƆݚplan9汇编યƇ进ీॅ௸

ศ调ॖ࠷Ƈߧๆଯॖcaller-saveଯ෦ݎƆplan9ీॅ调ๆ协议યߧ现 push ebp; mov esp ebp 这⯔෦ࡥᆍඐยິޱଯঽྞࣥھ

ๆࠋ负责സਣԺਣԶƆશΤ这传统ଯCॖஔଯƆ传统Cયॖcallee-saveଯ෦ߧƇಎ调ీॅ์负责സਣᄚ২ޡๆଯԺਣԶƇ

ԺਣԶƆܮ时҅⣍这ࡥੋॅీݚ

码ય义为sizeof(uintptr)ƆٺݚറѾ值ॖย对齐ଯƆ这ॖΓStructrnd对齐ଯƇStructrndॅދશΤଯॖ์࠲

ऍѽॾGo

25Go调ๆ汇编C



Go语ߖॖٿਪ值റѾଯƆᇙῘ实现ଯ⡕ƌ让ѱ们গԎλԎC语ॖٿїറѾਪ༈值ଯƆݚCયї২റѾਪ༈值ƇѼ

针传给ಎ调ీॅƆޱറѾ值ଯࢠ间Ƈᆍ调ๆీॅયഇజറѾ值ଯݚ

int ret1,ret2;
f(a, b, &ret1, &ret2)

ಎ调ీॅಎ义为чߧآƇॅీݚયѼ҉࠹ret1ret2Ɔ对ޱ针ڽޱࡿॅދଯଯ҉࠹ѼಎറѾஃ调ๆీॅƇๆ这⯔൘ߧ

实现ਪ值റѾƆ

void f(int arg1, int arg2, int *ret1, int *ret2);

Ῐϳ响Ƈ੫实际ࣘࡏଯλ༈语൚ΰƆਡ实简单ଯ这ῘѽඐߧΙƇ༞ࣘԎGoଯਪ值റѾ੩过ਉॖ这⯔实现൘ࡿ

Goॖ这ῘӺଯƇGoѱ们ๆଯC编译Զଯీॅ调ๆ协议ॖஔଯƆ

ཕ设ѱ们义λ༈GoీॅчƊ

func f(arg1,arg2 int) (ret1,ret2 int)

Goଯཚ൚ॖݚ传ଯॅދ௸ࣘຄຎ两༈ΛƇಎ调ࠋঋࢠറѾ值ൗݚ这两ΛƇీॅf调ๆঽਡਣॖ这样ଯƊ

为ret2സຄΛ
为ret1സຄΛ
3ॅދ
2ॅދ
 SP->  1ॅދ

调ๆ௸ھ变为Ɗ

为ret2സຄΛ
为ret1സຄΛ
2ॅދ
FP->  1ॅދ
സਣPC <-SP
fଯ栈
...

GoଯC编译ԶΓॖplan9ଯC编译Զ实现ଯƇݚಎ调ీॅય对ॅދ值ଯॖ҉࠹ѼറѾஃ调ๆీॅયଯƆॅీݚਹય设ટret1
ret2ଯ值Ƈ实际ࣘѼಎ编译ढ़这样Ɗ

MOVQ    BX,ret1+16(FP)
...
MOVQ    BX,ret2+24(FP)

对ret1+16(FP)ଯ赋值ਡ实ॖ҉࠹ଯ调ๆీॅଯ栈યଯƇ这样࠷Ѽࢠ结їറѾ给调ๆీॅຎƆ这ॖ࠷GoCీॅ调ๆ协议

યᇂ࡚์ଯλ༈别Ɗ为ຎ实现ਪ值റѾƇGoॖޡๆ栈间റѾ值ଯƆߠ见ଯC语ॖٿ过ԺਣԶറѾ值ଯƆ

3.2 ਪ值റѾ
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ଯƇ੩ޔgoroutine计ٵݚgo f(x,y,z)Ѽ启动λ༈ईଯgoroutine运۱ీॅf(x,y,z)ƆీॅfƇ变ຟxyzଯ值ॖߧયƇ达ٿGo语ݚ

ยీॅfଯ执۱ॖݚईଯgoroutineયଯƆ显ীƇईଯgoroutineঽgo线ଟๆஔλ༈栈Ƈ౼则Ѽ৷ڞᖵƆࡿΙ对go⠣
键ߓଯ调ๆ协议ิೞీॅ调ๆॖஔଯƆ

ࠪগƇ让ѱ们ԎλчїॖC码ईٛλࣥ线ଟଯ实现ѼॖࡏῘ样ޫଯƆҞѼগٛλ༈结构ਹƇ结构ਹਣf,x,yzଯ值Ɔ

ীࠃھλ༈helpీॅƇࢠ这༈结构ਹޱ针ݩ为输Ƈీॅਹ调ๆf(x,y,z)ƆঋчƇগࡑ结构ਹƇীھ调ๆ

newThread(help,structptr)Ɔਡયhelpॖ刚刚༈ీॅƇᄚѼ调ๆf(x,y,z)Ɔhelpీॅݩࢠ为ࡿยईٛ线ଟଯॅీڼƆ

这样ཚยࡏῘ问题ῘƌඐࡏῘ问题...੩ॖ这样实现༧ยۿƇᾫߘ调ๆѼѡࣘࢢଯິޱƆਡ实Go语ٿય对go⠣键ߓଯ

实现ѼۖюhackλܮƇෟຎ这ῘཚƆ

গԎԎ।ଯీॅ调ๆƇчॖ调ๆf(1,2,3)时ଯ汇编码Ɗ

    MOVL    $1, 0(SP)
    MOVL    $2, 4(SP)
    MOVL    $3, 8(SP)
    CALL    f(SB)

ࠪগ1,2,3ॅދࢠ进栈Ƈীھ调ๆీॅfƆ

чॖgo f(1,2,3)१ढ़ଯ码Ɗ

    MOVL    $1, 0(SP)
    MOVL    $2, 4(SP)
    MOVL    $3, 8(SP)
    PUSHQ   $f(SB)
    PUSHQ   $12
    CALL    runtime.newproc(SB)
    POPQ    AX
    POPQ    AX

对ಅλ༈Ѽ发现Ƈঽೱഇᦜೞీॅ调ๆॖλ样ଯƇॅދࢠਣ储ݚ।ଯΛટƇᆍඐยईٛλ༈辅ࢊଯ结构ਹƆঋчଯ

两ࣥິޱยܮஔƇࢠf12ݩ为ॅދ进栈ߠঋ调ๆfƇীھ调ๆీॅ runtime.newproc Ɔ

ీ Ɔ runtime.newprocࢡঙๆଯॅދ12ॖ ॅঋࠬଯॅދഇ别ॖƊॅދࢡƇईଯgoroutineॖ์运۱ଯీॅƇీॅଯn༈ދ

ॅƆ

Ɔ这时ଯ线ଟࣨ态ยॅދڽޱ针ޱ间યᆍ让栈贝ஃई栈܆节ߓଯ12༈ॅދ栈ࢠ间Ƈruntime.newproc યƇѼईٛλ༈栈 ݚ

ਉಎ调Զమ夺CPUھλ样ƇԺਣԶPC,SPѼಎസਣஃ类ߐ༖进ଟےक़块ଯλ༈结构ਹstruct GƆfಎਣൗݚຎstruct G
ଯentryηƇھ进۱调Զ҅⣍goroutineଯ运۱Ƈई线ଟࢠ༞f♧ި执۱Ɔ

ঽ说ଯїๆC实现ଯܴ别ݚ࠷༖Ƈඐยޡๆ辅ࢊଯ结构ਹƇߠ runtime.newproc 实际ࣘॖ࠷helpీॅƆॅీݚ协议ࣘƇ

go达ߧ调ๆ࠷ಅೞଯీॅ调ๆਪަࣥߠິޱᅹƇᆍӗݚ实际ࣘᆍඐย为go⠣键ߓ设计λ୪ࠣଯ东७Ɔண说这༈ཚ

൚ऐଯಒ३ෆƍ

总结λ༈Ƈgo⠣键ߓଯ实现仅仅ॖλ༈语൚ΰߠᅹƇॖ࠷Ɗ

    go f(args)

яΙԎݩ

3.2 go⠣键ߓ
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    runtime.newproc(size, f, args)
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defergoλ样ॖGo语ٿଚ֤ଯ⠣键ߓƆdeferๆ༖资ٺଯ释ൗƇѼॅీݚറѾ௸ঽ进۱调ๆƆλ౫ݎๆч෦ߧƊ

f,err := os.Open(filename)
if err != nil {
    panic(err)
}
defer f.Close()

їยਪ༈defer达ߧƇ调ๆ顺ࢍ类ߐ༖栈ƇЈھଯdefer达ߧЈগಎ调ๆƆ

过ї对deferଯຎѽ够ऍƇޡๆՔяѼ踩ஃλۀܮƇਡॖᦜ带ූଯറѾॅދλՔޡๆ时Ɔݚ讲ѽdeferଯ实现
௸ঽগԎλԎޡๆdeferΦஃଯ问题Ɔ

গԎԎྞ༈ຶޫƆຶ1Ɗ

func f() (result int) {
    defer func() {
        result++
    }()
    return 0
}

ຶ2Ɗ

func f() (r int) {
     t := 5
     defer func() {
       t = t + 5
     }()
     return t
}

ຶ3Ɗ

func f() (r int) {
    defer func(r int) {
          r = r + 5
    }(r)
    return 1
}

请读ࠋগ์运۱码Ƈݚअ❾λല结їƇী֓ھ验证Ɔ

ຶ1ଯ।⛿Εॖ0Ƈຶ2ଯ।⛿Εॖ10Ƈїຶ3ଯ।⛿Εॖ6......

deferॖݚreturn௸ঽ执۱ଯƆ这༈ݚ Ӹ൘ഓፑયॖ⛿说ຎଯƆ์ޡๆdefer时踩ۀƇ݂࡚์ଯλ์ॖ࠷ళƇreturn
xxx这λࣥ语תᆍॖλࣥິޱޫٵ!

ీॅറѾଯ过ଟॖ这样ଯƊগ给റѾ值赋值Ƈীھ调ๆdefer达ߧƇ݂ॖ݈ھറѾஃ调ๆీॅયƆ

3.4 defer⠣键ߓ

deferޡๆ时ଯۀ
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defer达ߧяѼݚ设ટీॅറѾ值௸ھƇݚറѾஃ调ๆీॅ௸ঽƇ҉࠹റѾ值Ƈ݂ޡ终ଯీॅറѾ值ิ২࣐ଯλઠƆ

ਡ实ޡๆdefer时Ƈๆλ༈简单ଯ转换规则҉ࠃλчƇ࠷ѼෙڑຎƆ҉ࠃ规则ॖࢠreturn语תተढ़两ࠃתƇreturn xxxѼಎ҉

:ढ़ࠃ

റѾ值 = xxx
调ๆdeferీॅ
ଯreturn

গԎຶ1ƇᄚяΙ҉ࠃढ़这样Ɗ

func f() (result int) {
     result = 0  //return语תॖλࣥޫٵ调ๆƇreturn xxxਡ实ॖ赋值ƿretິޱ
     func() { //deferಎኙஃreturn௸ঽ执۱Ƈॖ࠷赋റѾ值retິޱ௸间
         result++
     }()
     return
}

Ι这༈റѾ值ॖ1Ɔࡿ

݁Ԏຶ2ƇᄚяΙ҉ࠃढ़这样Ɗ

func f() (r int) {
     t := 5
     r = t //赋值ິޱ
     func() {        //deferಎኙஃ赋值ิറѾ௸间执۱Ƈ这༈ຶޫયറѾ值rඐಎ҉࠹过
         t = t + 5
     }
     return        //ଯreturnິޱ
}

Ι这༈ଯ结їॖ5Ɔࡿ

变ढ़ƊھࠃԎຶ3Ƈᄚ҉ھ݂

func f() (r int) {
     r = 1  //给റѾ值赋值
     func(r int) {        //这҉ଯrॖ传值传进֓ଯrƇѼ҉变์റѾଯ༈r值
          r = r + 5
     }(r)
     return        //ଯreturn
}

Ι这༈ຶޫଯ结їॖ1Ɔࡿ

defer⛿实ॖݚreturn௸ঽ调ๆଯƆ੫现ࣘߧآնяਉƆඕ质ٵχॖreturn xxx语תᆍॖλࣥິޱޫٵƇdeferಎኙஃ

ຎ赋值 ิ ret௸间ƇχܜяยՀѼ҉变݂终ଯറѾ值Ɔ

defer⠣键ߓଯ实现ᦜgo⠣键ߓᇂ类ߐƇஔଯॖᄚ调ๆଯॖruntime.deferprocߠॖruntime.newprocƆ

call runtime.deferreturnƆິޱറѾ௸ঽଯઘ൘Ƈኙॅీݚھcall runtime.deferprocƇীິޱ现ଯઘ൘Ƈኙຎࡥdeferݚ

ೞଯీॅറѾ时Ƈ汇编码类ߐƊ

deferଯ实现
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add xx SP
return

їਡયൌԥຎdefer语תƇ则汇编码ॖƊ

call runtime.deferreturnƇ
add xx SP
return

goroutineଯےक़结构યƇยλ张记录deferƇ调ๆruntime.deferproc时Ѽ์࠲ࢠdeferଯ达ߧ记录ݚયƇݚߠ调ๆ

runtime.deferreturnଯ时ڴƇ则ѼΜߘ༞deferયࡥ栈ᆍ执۱Ɔ
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Go语ߖٿgoroutineƇᾫ༈goroutine์࠲够运۱ƇࡿΙᄚ们ยډߢଯ栈Ɔཕᾫ༈goroutineഇజچ栈ࢡᆍӗ

ᶤ长Ƈਫࢡ则Ѽ导ઠνࡥƇਫතѼ费间Ƈያ൚ਣݚ许ਪଯgoroutineƆ

为ຎѽྕ这༈问题ƇgoroutineяΙިࡾ时੩给栈ഇజᇂࢡଯ间Ƈীھीમޡๆ过ଟયଯߢ์࠲动ઘᶤ长Ɔ这ॖ࠷为ࡏῘGo
яΙ♧ঘঘඵඵ༈goroutineߠѼ෮थਣƆ

Go1.3౦ඕ௸ھ则ޡๆଯॖcontinuous stackƇч״ࢠਹഇॾλч这⯔ՠ术Ɔ

ᾫߘ执۱ీॅ调ๆ时GoଯruntimeѼ进۱检测Ƈࠚঽ栈ଯࢡ够ๆƇ则Ѽࣹ发“યઐ”Ƈ༞ঽీॅ进ஃGoଯ运۱时

库ƇGoଯ运۱时库Ѽസਣܜ时ଯీॅࣘчഓ环ְƇীھഇజλ༈ईଯਘ够ଯ栈间Ƈ֑ࢠ栈ଯ܆贝ஃई栈યƇᆍཚλ

ޡډߢईഇజଯ栈ય继续执۱Ƈῳ༫य़༈过ଟඐ发१过λ样Ƈ这༈ీॅѼ觉ணݚணీॅ҅⣍运۱时ƇీॅѼޡ设ટƇܮ

ๆଯॖλ块ࢡ“ያځ”ଯ栈间Ɔ

够ๆຎƇ这༈ࢡλч应该ъ实现Ɔλᾩ۫์ย൸⯔Հक़检测ஃঽ栈۪ްډߢ٥Goଯ实现细节௸ঽ让ѱ们গݚ

应该ॖఅঽଯ栈ԺਣԶSPᦜ栈ଯяๆ栈间ଯ边ҏ进۱ಅ较Ɔ够检测ஃ栈ࢡ够ๆƇ࠷৷༖഼ਕஃຎ“યઐ”Ɔ

഼获ӷ“યઐ”Ƈᾩ์ཚଯƇ࠷应该ॖ进运۱时ƇസਣঽgoroutineଯࣘчഓƆ别᫂ъസਣࣘчഓଯ细节Ƈগཕ

ѱ们అీॅ栈ᶤ长时ଯࣘчഓസਣۂຎƇчλᾩॖ࠷ഇజईଯ栈间ຎƇѱ们яΙࢠഇజ间২࣐ढ़ॖ࠷调ๆλчmalloc
ᅹƆߠ

ঋчᇙῘ办⡕ƌѱ们์֑ࢠ栈યଯ܆贝ஃई栈યƇীھ让ీॅ继续ݚई栈ય运۱Ɔ这গ暂时ܗ֑栈܆贝ஃई

栈યଯλܮՠ术难Ƈཕ设ݚई栈间ય҅⣍ຎ“યઐ”时ଯࣘчഓƇ༞运۱时റѾஃీॅƆ

间ຎƇѼਣ费࠷ଯƇ౼则ࢡ栈ॖ์缩ھईଯ栈ય继续运۱ຎƇ੫ॖ还ย༈问题ƊీॅъറѾƆχ为ీॅറѾݚॅీ

ଯ问题ƆࢡറѾ时处栈缩ॅీݚ์࠲Ι还ࡿ

Go语ٿCஔƇॖޡๆ栈ޱ针ԺਣԶ栈ԷႊԺਣԶ⛿ీॅଯ栈ଯƆݚGoଯ运۱时库યƇᾫ༈goroutine对应λ༈结构

ਹGƇઠ৷༖进ଟےक़块ଯҞ௱Ɔ这༈结构ਹયਣຎstackbasestackguardƇๆ༖⛿这༈goroutineޡๆଯ栈间ࣿ

ਔƆᾫ༈Goీॅ调ๆଯঽྞࣥິޱƇগಅ较栈ޱ针ԺਣԶᦜg->stackguardƇ检测ॖ౼发१栈νࡥƆї栈ޱ针ԺਣԶ值

Јຎstackguard์࠲࠷扩ଽ栈间Ɔ

为ຎюऍѽƇч让ѱ们ᦜᦳλч码ƇᆍԎԎ实际१ढ़ଯ汇编•Ɔࠪগࠃλ༈test.goഓِƇчƊ

package main
func main() {
    main()
}

ীھ१ढ़汇编ഓِƊ

3.5 连续栈

Էඕٵ

实现过ଟ

ਹ细节״

ъ഼获ஃీॅଯ栈间ਘ
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go tool 6g -S test.go | head -8

яΙԎΙ输ॖࡥƊ

000000 00000 (test.go:3)    TEXT    "".main+0(SB),$0-0
000000 00000 (test.go:3)    MOVQ    (TLS),CX
0x0009 00009 (test.go:3)    CMPQ    SP,(CX)
0x000c 00012 (test.go:3)    JHI    ,21
0x000e 00014 (test.go:3)    CALL    ,runtime.morestack00_noctxt(SB)
0x0013 00019 (test.go:3)    JMP    ,0
0x0015 00021 (test.go:3)    NOP    ,

让ѱ们ۂۂԎλч这ິޱܮƆ(TLS)ࠟஃଯॖ结构ਹGଯλ༈ηƇॖ࠷g->stackguardઘႊƇࢠᄚ赋值给CXƆীھCXઘႊ

ଯ值ิSP进۱ಅ较ƇїSP༖g->stackguardຎƇ则Ѽ调ๆruntime.morestack00ీॅƆ这ྞࣥິޱଯݩๆॖ࠷检测栈ॖ౼

νࡥƆ

过ᆍॖࡿยీॅݚ链ঋ时Ѽኙ这⯔ິޱƆї读ٺ码ƇяѼ发现 #pragma textflag 7 ƇΎݚࠋ汇编ీॅયԎ

ஃ TEXT reuntime.exit(SB),7,$0 Ƈ这⯔ీॅॖ࠷Ѽ检测栈νࡥଯƆ这༈ॖ编译标记Ƈےक़ॖ౼१ढ़栈νࡥ检测ິޱƆ

runtime.morestackॖๆ汇编实现ଯƇཚଯࣣߏઠॖࢠλࣿܮਔਣݚM结构ਹયƇ这ࣿܮਔൌӐঽ栈桢ƇॅދƇঽీॅ

调ๆƇీॅറѾઘႊƭ两༈റѾઘႊƇλ༈ॖruntime.morestackଯీॅઘႊƇλ༈ॖfଯറѾઘႊƮƆ过这ࣿܮਔяΙఅई

栈֑栈链ՔƆ

void runtime.morestack() {
    if(g == g0) {
        panic();
    } else {
        m->morebuf.gobuf_pc = getCallerCallerPC();
        void *SP = getCallerSP();
        m->morebuf.gobuf_sp = SP;
        m->moreargp = SP;
        m->morebuf.gobuf_g = g;
        m->morepc = getCallerPC();

        void *g0 = m->g0;
        g = g0;
        setSP(g0->g_sched.gobuf_sp);
        runtime.newstack();
    }
}

ๆଯॖm->g0Ɔޡnewstackॖউ换ஃm->g0ଯ栈ય֓调ๆଯƆm->g0ॖ调Զ栈Ƈgoଯ运۱时库ଯ调Զॖ࠷શΤଯ์࠲

runtime.morestackѼ调ๆ༖runtime.newstackƇnewstackཚଯࣣߏᇂۂѽƊഇజλ༈ਘ够ଯईଯ间Ƈ֑ࢠଯ栈યଯॅ

ॉ⣍क़ஃईଯ栈યƇ进۱⊳ଯ࠹饰Ƈ伪ਂढ़调ๆ过runtime.lessstackଯ样ޫƭ这样ీॅറѾ时࠷Ѽ调ๆ༖

runtime.lessstack݁ߘ进runtimeયཚλܮ栈ዐ缩ଯ处ƮƆ

这ยλ༈ՠ术难Ɗ֑栈ॅॉ⣍क़ஃई栈ଯ过ଟƇ์۪虑ޱ针߱ዓ问题Ɔ

ಅย൸༈ޱ针Ƈωๆຎ֑栈યଯઘႊƇї仅仅ॖ֑ࢠ栈ౡஃई栈યƇῘ该ޱ针߱࠷ዓຎƇχ为֑栈ᅹಎ释ൗƇ应

该҉࠹这༈ޱ针让ᄚڽޱई栈ଯ对应ઘႊƆ۪虑ч码Ɗ

func f1() {
    var a A
    f(&a)
}

֑栈ॅॉ⣍क़ஃई栈
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func f2(a *A) {
    // modify a
}

їݚf2ય发१ຎ栈ᶤ长Ƈܜ时ഇజۖଯ间ݩ为ई栈Ƈᆍ֑ࢠ栈܆贝ஃई栈યƇ仅仅这样ॖ够ଯƇχ为f2યଯa还
Ι须调य़Ɔࡿ栈યଯf1ଯƇ֑ڽޱॖ

Go实现ຎ३⛿ଯ垃圾ѾዐƇ运۱时ગஞᾫλ块ਣ对应ଯ对࣐ଯ类ࣿؠਔƆݚ⣍क़௸ھƇѼ进۱ޱ针ଯ调य़Ɔ״ਹཚ൚ॖƇ

对ঽ栈帧௸ঽଯᾫλ༈栈帧Ƈ对ਡયଯᾫλ༈ޱ针Ƈ检测ޱ针ڽޱଯઘႊƇїڽޱઘႊॖ֑ݚ栈៍围ଯƇ则ࢠᄚю

ࣘλ༈ഫΫޡᄚڽޱई栈ଯ৷应ઘႊƆ这༈ഫΫ值༖ई栈Էઘႊ减֑栈ԷઘႊƆ

runtime.lessstackಅ较简单Ƈᄚਡ实ॖ࠷উ换ஃm->g0栈௸ھ调ๆruntime.oldstackీॅƆ这时௸ঽസਣଯ༈Stktop结构ਹ

ॖ时ڴ发挥ݩๆຎƇ༞ࣘяΙቤஃ֑栈间ଯSPPCࣿਔƇ过runtime.gogo转过֓Ƈय़༈过ଟ࠷ӷढ़ຎƆ

gp = m->curg; //ঽg
top = (Stktop*)gp->stackbase; //ࠟணStktop结构ਹ
label = top->gobuf; //༞结构ਹયࠟࡥGobuf
runtime·gogo(&label, cret); //过Gobuf҅⣍ࣘчഓ

检测%espstackguardƇ调ๆ༖runtime.morestackິޱๆഇઓ栈ଯీॅ头ྞ༈ޡ .1
2. runtime.moreీॅଯࠞ์ڸॖസਣঽଯ栈ଯλࣿܮਔƇীھ转换ढ़调Զଯ栈ຎ调ๆruntime.newstack
3. runtime.newstackీॅଯࠞ์ڸॖഇజ间Ƈਂ饰ܜ间Ƈ֑ࢠଯframeargໟஃई间

ๆଯJMPറѾஃಎયઐଯీॅޡউ换ஃईഇజଯ栈Ƈgogocallߧๆgogocallଯ൘ޡ .4

5. 继续执۱ஃRETິޱ时ѼറѾஃruntime.lessƇlessཚଯࣣߏᦜmore৷Ƈᄚ์备ۂ༞newstackஃoldƄstack

य़༈过ଟยਉλߘયઐƇયઐ处时സਣ时ଯ现场Ƈໟ༈ईଯ栈Ƈયઐ҅⣍时҅⣍ஃई栈ય运۱Ɔ栈ଯዐ缩ॖ垃圾Ѿዐ

ଯ过ଟય实现ଯƈ检测ஃ栈੩ޡๆຎஃ1/4时Ƈ栈缩ࢡ为ٵଯ1/2.

结ࢡ
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闭ൌॖศీॅտਡ৷⠣ωๆ环ְ组ߠ܄ढ़ଯ实ਹ(ਓƊ闭ൌ=ీॅ+ωๆ环ְ)Ɔ

闭ൌॖీॅߧ语ٿયଯҞ௱Ƈඐย٥过ీॅߧ语ٿଯๆ户яᇂ难ѽ闭ൌଯූƇ৷⠣ଯҞ௱ࡥຎඕ书ଯ៍围ƆGo语
ય闭ൌॖъ实现ଯƆٿGo语ݚ闭ൌଯƇ这੩ॖ简单ઘ讲λчߖॖٿ

func f(i int) func() int {
    return func() int {
        i++
        return i
    }
}

ీॅfറѾຎλ༈ీॅƇറѾଯ这༈ీॅƇറѾଯ这༈ీॅॖ࠷λ༈闭ൌƆ这༈ీॅયඕङॖඐย义变ຟiଯƇॖߠωๆຎᄚ

ଯ环ְƭీॅfƮયଯ变ຟiƆݚࡿ

c1 := f(0)
c2 := f(0)
c1()    // reference to i, i = 0, return 1
c2()    // reference to another i, i = 0, return 1

c1ᦜc2ωๆଯॖஔଯ环ְƇݚ调ๆi++时҉࠹ଯॖஔλ༈iƇχܜ两ߘଯ输ࡥॖ1Ɔీॅfᾫ进λߘƇآ࠷ढ़ຎλ༈ईଯ

环ְƇ对应ଯ闭ൌયƇీॅॖஔλ༈ీॅƇ环ְնॖωๆஔଯ环ְƆ

变ຟiॖీॅfયଯೱ变ຟƇཕ设这༈变ຟॖॅీݚfଯ栈યഇజଯƇॖяΙଯƆχ为ీॅfറѾΙھƇ对应ଯ栈߱࠷ዓຎƇf
റѾଯ༈ీॅય变ຟi࠷ωๆλ༈߱ዓଯΛટຎƆࡿΙ闭ൌଯ环ְયωๆଯ变ຟ够ݚ栈ࣘഇజƆ

ड़Ɗٿ继续٥闭ൌଯ实现௸ঽƇগԎλԎGoଯλ༈语ݚ

func f() *Cursor {
    var c Cursor
    c.X = 500
    noinline()
    return &c
}

Cursorॖλ༈结构ਹƇ这⯔ࠃ൚ݚC语ٿયॖσ许ଯƇχ为变ຟcॖݚ栈ࣘഇజଯƇీॅfറѾھcଯ间߱࠷ዓຎƆ੫

ॖƇݚGo语ٿ规៍યย说Ƈ这⯔ࠃ൚ݚGo语ٿય܄൚ଯƆ语ٿѼߢ动ઘ识别ࡥ这⯔ࣣྙᆍݚࣘഇజcଯਣƇߠॖీ

ॅfଯ栈ࣘƆ

为ຎ验证这λƇяΙ观ॅీݺf१ढ़ଯ汇编码Ɗ

MOVQ    $type."".Cursor+0(SB),(SP)    // ࠟ变ຟcଯ类ؠƇॖ࠷Cursor
PCDATA    $0,$16
PCDATA    $1,$0
CALL    ,runtime.new(SB)    // 调ๆnewీॅƇ৷༖new(Cursor)
PCDATA    $0,$-1

3.6 闭ൌଯ实现

Goયଯ闭ൌ

escape analyze
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MOVQ    8(SP),AX    // ࠟc.XଯઘႊൗஃAXԺਣԶ
MOVQ    $500,(AX)    // ࢠAXਣൗଯਣઘႊଯ值赋为500
MOVQ    AX,"".~r0+24(FP)
ADDQ    $16,SP

识别ࡥ变ຟݚ์࠲ࣘഇజƇॖศ编译Զଯλ⯔֮escape analyzeଯՠ术实现ଯƆї输ූິƊ

go build --gcflags=-m main.go

яΙԎஃ输ࡥƊ

./main.go:20: moved to heap: c

./main.go:23: &c escapes to heap

ߟcξຎƇಎΫஃયƆescape analyzeяΙഇॾࡥ变ຟଯݩๆ៍围Ƈ这ॖ对垃圾Ѿዐᇂ࡚์ଯλ项ՠ术Ɔ

Ѿஃ闭ൌଯ实现Ƈঽ说过Ƈ闭ൌॖీॅᄚࡿωๆଯ环ְƆῘॖॖяΙߟ为λ༈结构ਹ⡕Ɗ

type Closure struct {
    F func()() 
    i *int
}

λ༈闭ൌଯƆ让ѱ们Ԏλч汇编码Ɗߟ这样ॖ࠷ଓ层⛿实ݚ实ࣘƇGoߏ

func f(i int) func() int {
    return func() int {
        i++
        return i
    }
}

MOVQ    $type.int+0(SB),(SP)
PCDATA    $0,$16
PCDATA    $1,$0
CALL    ,runtime.new(SB)    // ॖॖᇂߴࡤƇ这λઓॖ࠷i = new(int)    
...    
MOVQ    $type.struct { F uintptr; A0 *int }+0(SB),(SP)    // 这༈结构ਹॖ࠷闭ൌଯ类ؠ
...
CALL    ,runtime.new(SB)    // ঋч৷༖ new(Closure)
PCDATA    $0,$-1
MOVQ    8(SP),AX
NOP    ,
MOVQ    $"".func·001+0(SB),BP
MOVQ    BP,(AX)                // ీॅઘႊ赋值给ClosureଯFೱഇ
NOP    ,
MOVQ    "".&i+16(SP),BP        // ࢠયnewଯ变ຟiଯઘႊ赋值给Closureଯ值ೱഇ
MOVQ    BP,8(AX)
MOVQ    AX,"".~r1+40(FP)
ADDQ    $24,SP
RET    ,

ਡયfunc·001ॖ另λ༈ీॅଯీॅઘႊƇॖ࠷fറѾଯ༈ీॅƆ

闭ൌ结构ਹ
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1. Go语ߖٿ闭ൌ

2. Go语ٿ过escape analyze识别ࡥ变ຟଯݩๆηƇߢ动ࢠ变ຟݚࣘഇజƆࢠ闭ൌ环ְ变ຟݚࣘഇజॖGo实现闭
ൌଯԷ础Ɔ

3. റѾ闭ൌ时ᆍॖ单纯റѾλ༈结构ਹƇॖߠറѾຎλ༈结构ਹƇ记录чీॅറѾઘႊωๆଯ环ְયଯ变ຟઘႊƆ

结ࢡ
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ш过ଟયިࡾш过ଟƆਡ实ިࡾଯࢍଯଟࠃ编ٿԷ础ƇԎλԎGo语ܮগ讲λࣂƇඕࢍgoroutine调ଯλ༈ঽࣂ为чλݩ

ѼཚᇂਪᇂਪଯࣣߏƇ这ܗೱഇ细节Ƈ੩Ԏλчᝯ络Ɔ༞ଟࢍڼ♧ިഇॾॖӁ习ٺ码ଯλ༈ۂ൘ߧƆ

ࠪগƇࠃλ༈hello worldഓِƇчƊ

    package main
    import "fmt"
    func main() {
         fmt.Println("hello world!")
    }

编译Ƈޡๆgdb调试Ɔ给чໆీॅчઐƊ

_rt0_amd64_darwin
main
_rt0_amd64
runtime.check
runtime.args
runtime.osinit
runtime.hashinit
runtime.schedinit
runtime.newproc
runtime.mstart
main.main
runtime.exit

яܧ์࠲ॉډߢଯذ统ࢠ_rt0_amd64_darwin҉ढ़_rt0_amd64_linuxΎࠋ别ଯƆݚgdbયগrƇѾ车ƇীھcƇѾ车Ƈ

ঋમλѾ车Ɔ

别મփƇ੩ॖ让ยλ༈观ଯӽࠬλчGoଟࢍ༞ذ统ިࡾшஃੋࡥ经ଯກଟƆч让ѱ们।ߧ♧ި•ƍ

4 Go语ٿଟިࡾࢍш过ଟ
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य़༈ଟࢍ启动ॖ༞_rt0_amd64_darwin♧ިଯƇীھJMPஃmainƇঋમஃ_rt0_amd64Ɔঽ੩ยλ汇编码Ƈཚଯࣣߏ

༞_rt0_amd64♧ިഇॾƆࢠargcargvƇ⛿栈ଯΛટƇணஃԺਣԶƆчॅދ过ॖ࠷

这ࠪগѼ设ટۂm->g0ଯ栈ƇࢠঽଯSP设ટ为stackbaseƇࢠSPЪч约64Kଯઘ൘设ટ为stackguardƆীھѼ获ࠟ处

ԶࣿਔƇൗুݚ变ຟruntime·cpuid_ecxruntime·cpuid_edxયƆঋમƇ设ટඕઘ线ଟਣ储Ɔඕઘ线ଟਣ储ॖΜ赖༖ചੑ

实现ଯƇಅ说这ੑՀԶࣘॖ调ๆ৭ذݩ统ీॅthread_fast_set_cthread_selfƆ设ટඕઘ线ଟਣ储௸ھ还Ѽਓ测试λчƇ

Ԏॖ౼।Ɔࡥλ༈值݁读ࠃ

这ѽ释λчඕઘ线ଟਣ储Ɔಅ说ᾫ༈goroutineยډߢଯےक़ࣿਔƇ这ࣿܮਔॖਣൗݚλ༈结构ਹGયƆཕ设ѱ们ยλ

༈ু变ຟgॖ结构ਹGଯޱ针Ƈѱ们Լ൷੩ยธλଯু变ຟgƇߠॖg0Ƈg1Ƈg2...੫ॖѱ们තԼ൷ஔgoroutine֓访问
这༈ু变ຟgணஃଯᆍॖஔλ༈东७Ƈᄚ们ணஃଯॖ৷对ډߢ线ଟଯ结构ਹGƇ这⯔ࣣྙч์࠲࠷ඕઘ线ଟਣ储Ɔg⛿实
ॖλ༈ু变ຟƇնݚஔ线ଟยਪῲஔଯඕƆᾫ༈goroutine֓访问g时Ƈॖ对应ஃډߢ线ଟଯ这λῲඕƆ

设ટۂඕઘ线ଟਣ储௸ھƇ࠷яΙ为ᾫ༈goroutinemachine设ટԺਣԶຎƆ这样设ટۂຎ௸ھƇᾫߘ调ๆget_tls(r)Ƈ࠷Ѽ

这样ଯ汇编Ɗߐ类ܮ码યԎஃλٺݚঽଯgoroutineଯgଯઘႊൗஃԺਣԶrયƆяΙࢠ

    get_tls(CX)
    MOVQ    g(CX), AX //get_tls(CX)௸ھƇg(CX)ணஃଯॖ࠷ঽଯgoroutineଯg

ஔଯgoroutine调ๆ get_tls Ƈணஃଯgॖඕઘଯ结构ਹGଯƇ结构ਹય记录goroutineଯ৷⠣ࣿਔƆ

ঋчଯ࠷ࣣߏಒళƇяΙঋࣘ码Ɗ

    CLD                // convention is D is always left cleared
    CALL    runtime·check(SB) //检测ਉint8,int16,floatॖ౼ॖ预ՃଯࢡƇ检测cas৭ॖݩ౼।
    MOVL    16(SP), AX        // copy argc
    MOVL    AX, 0(SP)
    MOVQ    24(SP), AX        // copy argv
    MOVQ    AX, 8(SP)
    CALL    runtime·args(SB)    //ࢠargc,argv设ટஃstaticু变ຟયຎ
    CALL    runtime·osinit(SB)    //osinitཚଯॖ࠷ࣣߏ设ટruntime.ncpuƇஔചੑ实现൘ߧλ样
    CALL    runtime·hashinit(SB)    //ޡๆ读/dev/urandomଯ൘ߧ༞Ҵ获ணीՀॅ⯔ޫ
    CALL    runtime·schedinit(SB)    //ਣԐިࡾшƇܧॉGOMAXPROCS设ટޡๆଯprocs

proc.cયยλઓશ释Ƈ说ຎbootstrapଯ顺ࢍƊ

// The bootstrap sequence is:
//
// call osinit
// call schedinit
// make & queue new G
// call runtime·mstart
//
// The new G calls runtime·main.

গ调ๆosinitƇ݁调ๆschedinitƇ创ٛ࠷绪队ໆᆍईٛλ༈GƇঋમॖ࠷mstartƆ这ྞ༈ీॅਫ⣍杂Ɔ

шިࡾ统ذ 4.1

ඕઘ线ଟਣ储

ࢍш顺ިࡾ
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让ѱ们Ԏλчruntime.schedinitీॅƆ该ీॅਡ实ॖൌਂຎλчਡᄚ෦块ଯިࡾшీॅƆย调ๆmallocinitƇmcommoninitഇ
别对ਣԐ෦块ިࡾшƇ对ঽଯ结构ਹMިࡾшƆ

ঋમ调ๆruntime.goargsruntime.goenvsƇࢠଟࢍଯmainీॅॅދargcargv⣍क़ஃຎos.ArgsયƆ

ॖݚ这༈ీॅયƇܧॉ环ְ变ຟGOMAXPROCSྕяๆഅ线ଟॅෳଯƊ

    procs = 1;
    p = runtime·getenv("GOMAXPROCS");
    if(p != nil && (n = runtime·atoi(p)) > 0) {
        if(n > MaxGomaxprocs)
            n = MaxGomaxprocs;
        procs = n;
    }

Ѿஃঽଯ汇编码继续ԎƊ

    // ईٛλ༈GƇᄚ运۱时Ѽ调ๆmain.main
    PUSHQ    $runtime·main·f(SB)        // entry
    PUSHQ    $0            // arg size
    CALL    runtime·newproc(SB)
    POPQ    AX
    POPQ    AX

    // start this M
    CALL    runtime·mstart(SB)

还记ணঽࣂ节讲ଯgo⠣键ߓଯ调ๆ协议Ῐƌগॅދࢠ进栈Ƈ݁ಎ调ీॅޱ针ߓॅދ节ॅ进栈Ƈঋમ调ๆruntime.newproc
ీॅƆࡿΙ这ਡ实ॖ࠷ई♧༈goroutine执۱runtime.mainƆ

runtime.newprocѼఅruntime.mainൗஃ࠷绪线ଟ队ໆƆඕ线ଟ继续执۱runtime.mstartƇmΤްॖmachineƆ
runtime.mstartѼ调ๆஃ调ీॅschedule

scheduleీॅ绝റѾƇᄚѼܧॉঽ线ଟ队ໆય线ଟࣨ态ૐ选λ༈运۱Ɔศ༖ঽ੩ย这λ༈goroutineƇᄚѼಎ调Ƈ

ী࠷ھஃຎruntime.mainీॅયƇruntime.mainѼ调ๆๆ户ଯmainీॅƇਓmain.main༞ܜ进ๆ户码Ɔঽᅹ经ࠃ过

helloworldຎๆgdb调试Ƈλᾩλᾩଯᦜᦳ观ݺ这༈过ଟƆ

调Զިࡾш
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main.mainॖ࠷ๆ户ଯmainీॅƆ这ॖޱGoଯruntimeݚ进ๆ户mainీॅ௸ঽཚଯλࣣߏܮƆ

ঽᅹ经ѻ绍ຎ༞Goଟࢍ执۱ھଯλࣥິޱƇஃ启动runtime.mainଯࠞ์ກଟƇಅਡય์设ટۂඕઘ线ଟਣ储Ƈ设ટۂ

mainీॅॅދƇܧॉ环ְ变ຟGOMAXPROCS设ટޡۂๆଯprocsƇިࡾш调ԶਣԐƆ

ঋчॖࢠ༞runtime.mainஃmain.main௸间ଯλܮ过ଟƆશΤƇmain.mainॖݚruntime.mainీॅ调ๆଯƆ过ݚ调ๆ

main.main௸ঽƇ还ยλ์ݩۆܮཚƆ

sysmonƆॖ࠷务Ƈਡયλ༈务ੑھܮшλިࡾଯruntime库Ѽٿmain.main执۱௸ঽƇGo语ݚ

newm(sysmon, nil);

newmईٛλ༈结构ਹMƇλ༈ॖॅދ这༈结构ਹMଯॅీڼƇ࠷说Ѽݚλ༈ईଯഅ线ଟય运۱sysmonీॅƆศܜ

я见sysmonॖλ༈ઘΛಒۿଯੑھ务Ƈय़༈ీॅਹλ༈ࡰ环ଯߧآƇෳঽࠞ์处两༈ِߏƊ对༖络ଯepollΙտ抢

ঙߧ调ଯ检测Ɔઠ过ଟчƊ

for(;;) {
    runtime.usleep(delay);
    if(lastpoll != 0 && lastpoll + 10*1000*1000 > now) {
        runtime.netpoll();
    }
    retake(now);    // ܧॉᾫ༈Pଯࣨ态运۱时间ྕॖ౼์进۱抢ঙ
}

sysmonѼܧݚॉذ统ঽଯ౪൴ଟसλࢡઓ时间Ƈীھᾫҿ10msࢢ߃Ѽ进۱λߘepollᆍ唤ॲ৷应ଯgoroutineƆஔ时Ƈᄚ

还Ѽ检测їยP长时间处༖Psyscallࣨ态Ύࠋ处༖Prunning过ຎλ时间Ƈ则Ѽ进۱抢ঙߧ调Ɔ

scavengerॖ另λ༈ੑھ务Ƈ੫ॖᄚଯ创ٛᦜsysmonย别Ɗ

runtime·newproc1(&scavenger, nil, 0, 0, runtime·main);

newprocॖ创ٛλ༈goroutineƇλ༈ॖॅދgoroutine运۱ଯీॅƆॖ࠷ƇscavengerଯઘΛॖඐยsysmonῘۿଯƆ

sysmonॖศഅ线ଟ运۱ଯƇߠscavenger੩ॖศgoroutine运۱ଯƇݚঋчଯࣂ节યࢠѼ说goroutineิഅ线ଟଯ

别Ɔ

ῘƇscavengerॖ执۱ࡏῘ样ଯݩۆƌᄚත为ࡏῘॖਉsysmon样ଯ⡕ƌਡ实scavengerॖ执۱ଯ

runtime·MHeap_ScavengerీॅƆᄚॖࢠλܮ݁ޡๆஃଯਣ归还给৭ذݩ统ƆGoॖλ门垃圾Ѿዐଯ语ٿƇ垃圾ѾዐѼݚ

这༈ీॅѼऐߠ统યƇGoଯਣԐॖԷ༖ਣજ进۱࡚ๆଯƇذ统运۱过ଟયಎࣹ发ƇਣѼಎ归还ஃGoଯਣԐذ

।ઘࢠਣ归还给৭ذݩ统Ɔ

scavenger显ীඐยsysmon์ֆῘۿƇࡿΙᄚ仅仅ॖλ༈ೞଯgoroutineߠॖλ༈线ଟƆ

main.mainݚ这ੑھܮ务运۱Ք௸ھ执۱Ƈ过ݚᄚ执۱௸ঽƇ还ย݂ھλ༈调ๆƇॖ࠷main.initƇᾫ༈ൌଯinitీॅѼ

4.2 main.main௸ঽଯ备

sysmon

scavenger
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ๆ௸ঽগ执۱Ɔޡൌݚ
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Goଯ调ଯ实现Ƈᾎտஃྞ༈࡚์ଯॅॉ结构Ɔ运۱时库ๆ这ྞ༈ॅॉ结构实现goroutineଯ调ƇԐgoroutineഅ

线ଟଯ运۱Ɔ这ॅܮॉ结构ഇ别ॖ结构ਹGƇ结构ਹMƇ结构ਹPƇΙտSched结构ਹƆঽމ༈ଯ义ݚഓِ

runtime/runtime.hયƇߠSchedଯ义ݚruntime/proc.cયƆGo语ٿଯ调৷⠣实现ॖݚഓِproc.cયƆ

Gॖgoroutineଯ缩ࠃƇ৷༖৭ذݩ统યଯ进ଟےक़块Ƈݚ这ॖ࠷goroutineଯےक़结构Ƈॖ对goroutineଯળ࣐ƆਡયൌӐ

goidॖ这༈goroutineଯIDƇstatusॖ这༈goroutineଯࣨ态ƇGidle,Grunnable,Grunning,Gsyscall,Gwaiting,GdeadƆ

struct    G
{
    uintptr    stackguard;    // ഇઓ栈ଯяๆ间чҏ
    uintptr    stackbase;    // ഇઓ栈ଯ栈Էႊ    
    Gobuf    sched;        //进ଟউ换时Ƈๆschedηസਣࣘчഓ
    uintptr    stack0;
    FuncVal*    fnstart;        // goroutine运۱ଯీॅ
    void*    param;        // ๆ༖传递ॅދƇस时ਡᄚgoroutine设ટparamƇ唤ॲ时ܜgoroutineяΙ获ࠟ
    int16    status;        // ࣨ态Gidle,Grunnable,Grunning,Gsyscall,Gwaiting,Gdead
    int64    goid;        // goroutineଯid܃
    G*    schedlink;
    M*    m;        // for debuggers, but offset not hard-coded
    M*    lockedm;    // Gಎ锁੩ݚ这༈mࣘ运۱
    uintptr    gopc;    // 创ٛ这༈goroutineଯgo达ߧଯpc
    ...
};

结构ਹGયଯೱഇηࣘߟࡿƆяΙԎஃƇਡયൌԥຎ栈ࣿਔstackbasestackguardƇย运۱ଯీॅࣿਔfnstartƆ这࠷ܮਘ

够ढ़为λ༈я执۱ଯ单ٴຎƇ੩์ணஃCPU࠷яΙ运۱Ɔ

goroutineউ换时ଯࣘчഓࣿਔॖസਣݚ结构ਹଯschedηયଯƆgoroutineॖ轻ຟ级ଯ“线ଟ”Ύࣁࠋ为协ଟƇউ换时变᫂

ஃ৭ذݩ统ҴયƇࡿΙസਣ过ଟᇂ轻ຟƆԎλч结构ਹGયଯGobufƇਡ实੩സਣຎঽ栈ޱ针Ƈଟࢍ计ॅԶƇΙտ

goroutineߢङƆ

struct    Gobuf
{
    // The offsets of these fields are known to (hard-coded in) libmach.
    uintptr    sp;
    byte*    pc;
    G*    g;
    ...
};

记录gॖ为ຎ҅⣍ঽgoroutineଯ结构ਹGޱ针Ƈ运۱时库યޡๆຎλ༈驻ଯԺਣԶ extern register G* g Ƈ这༈ॖঽ

goroutineଯ结构ਹGଯޱ针Ɔ这样ཚॖ为ຎ҂ਙઘ访问goroutineયଯࣿਔƇಅƇGoଯ栈ଯ实现ᆍඐยޡๆ%ebpԺਣԶƇ

过这яΙ过g->stackbase҂ਙணஃƆ"extern register"ॖศ6c,8c实现ଯλ༈ࠣଯਣ储ƆݚARMࣘᄚॖ实际ଯԺਣ

ԶƋਡ实ചੑᄚॖศઓԺਣԶ进۱ݲωଯ线ଟඕઘਣ储ଯλ༈৲ΛƆݚlinuxذ统યƇ对gmޡๆଯഇ别ॖ0(GS)4(GS)Ɔ
为-16(FS)Ɔᾫ༈链ঋஃGoࠃ࡚(GS)0ࢠƇຶƇ6l/linuxчѼࡥ统҉变编译Զଯ输ذݩॉ৭ܧશΤଯॖƇ链ঋԶ还Ѽ์࠲
ଟࢍଯCഓِ须ൌԥruntime.h头ഓِƇ这样C编译Զગஞෟޡๆ专ๆଯԺਣԶƆ

Mॖmachineଯ缩ࠃƇॖ对ՀԶଯળ࣐Ƈᾫ༈mॖ对应ஃλࣥ৭ذݩ统ଯഅ线ଟƆM须⠣联ຎP݈яΙ执۱Go码Ƈ੫

5.1 调Զ৷⠣ॅॉ结构

结构ਹG

结构ਹM
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ॖᄚ处݄Ύذࠋ统调ๆય时ƇяΙ์࠲⠣联PƆ

struct    M
{
    G*    g0;        // 带ย调栈ଯgoroutine
    G*    gsignal;    // signal-handling G 处ࣿ܃ଯgoroutine
    void    (*mstartfn)(void);
    G*    curg;        // Mયঽ运۱ଯgoroutine
    P*    p;        // ⠣联PΙ执۱Go码 (їඐย执۱Go码则P为nil)
    P*    nextp;
    int32    id;
    int32    mallocing; //ࣨ态
    int32    throwing;
    int32    gcing;
    int32    locks;
    int32    helpgc;        //为0ܜߟmݚཚ₉൴gcƆhelpgc༖n੩ॖλ༈编܃
    bool    blockingsyscall;
    bool    spinning;
    Note    park;
    M*    alllink;    // 这༈ηๆ༖链ঋallm
    M*    schedlink;
    MCache    *mcache;
    G*    lockedg;
    M*    nextwaitm;    // next M waiting for lock
    GCStats    gcstats;
    ...
};

这ॖቕࠟ结构ਹMયଯೱഇηƆG类ߐƇMયยalllinkηࡿࢠยଯMൗݚallm链યƆlockedgॖ൸ྙࣣܮчƇG锁

Ѽউ换ஃਡᄚMય֓ƆMય还ยλ༈MCacheƇॖঽMଯਣଯ缓ਣƆMॖGλ样ยλ༈驻Ժਣߠ这༈Mય运۱ݚ

Զ变ຟƇঽଯMƆஔ时ਣݚᇂਪଯMƇॖ࠷ยᇂਪଯഅ线ଟƆ

结构ਹMયย两༈Gॖ์࠲⠣શλчଯƇλ༈ॖcurgƇ结构ਹMঽ绑ଯ结构ਹGƆ另λ༈ॖg0Ƈॖ带ย调栈ଯ

goroutineƇ这ॖλ༈ಅ较ࠣଯgoroutineƆೞଯgoroutineଯ栈ॖݚࣘഇజଯяᶤ长ଯ栈Ƈߠg0ଯ栈ॖM对应ଯ线ଟଯ

栈Ɔࡿย调৷⠣ଯ码ƇѼগউ换ஃ该goroutineଯ栈ય݁执۱Ɔ

Go1.1યईюଯλ༈ॅॉ结构ƇᄚॖProcessorଯ缩ࠃƆ结构ਹPଯюॖ为ຎଚۿGoଟࢍଯᆍ发Ƈ实现ۖۂଯ调ƆM
OS线ଟƆPGo码执۱时์࠲ଯ资ٺƆM执۱Go码时Ƈᄚ์࠲⠣联λ༈PƇM为idleΎذݚࠋ统调ๆય时Ƈ

ᄚ์࠲PƆย刚ۂGOMAXPROCS༈PƆࡿยଯPಎ组织为λ༈ॅ组ƇݚPࣘ实现ຎݩۆກএࠟଯ调ԶƆ

struct P
{
    Lock;
    uint32    status;  // PidleΎPrunning
    P*    link;
    uint32    schedtick;   // ᾫߘ调时ࢠᄚюλ
    M*    m;    // 链ঋஃᄚ⠣联ଯM (nil if idle)
    MCache*    mcache;

    G*    runq[256];
    int32    runqhead;
    int32    runqtail;

    // Available G's (status == Gdead)
    G*    gfree;
    int32    gfreecnt;
    byte    pad[64];
};

结构ਹPયย৷应ଯࣨ态Ɗ

结构ਹP
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Pidle,
Prunning,
Psyscall,
Pgcstop,
Pdead,

શΤƇᦜGஔଯॖƇPଯࣨ态યॖਣݚwaitingଯƆMCacheॖಎΫஃຎPયƇ੫ॖݚ结构ਹMય还സຄમƆݚPયยλ༈

Grunnableଯgoroutineଯ队ໆƇ这ॖλ༈Pଯೱ队ໆƆP֓执۱Go码时ƇᄚѼ优গ༞ډߢଯ这༈ೱ队ໆય֓ࠟƇ这时

яΙๆю锁Ƈଚۿຎᆍ发Ɔї发现这༈队ໆ为ຎƇ则֓ਡᄚPયଯ队ໆયቯλౝ过Ƈ这样实现ݩۆກএࠟଯ调

Ɔ这⯔ࣣྙчॖ์࠲给调ๆԶ进۱ю锁ଯƆ

Schedॖ调实现યޡๆଯॅॉ结构Ƈ该结构ਹଯ义ݚഓِproc.cયƆ

struct Sched {
    Lock;

    uint64    goidgen;

    M*    midle;     // idle m's waiting for work
    int32    nmidle;     // number of idle m's waiting for work
    int32    nmidlelocked; // number of locked m's waiting for work
    int3    mcount;     // number of m's that have been created
    int32    maxmcount;    // maximum number of m's allowed (or die)

    P*    pidle;  // idle P's
    uint32    npidle;  //idle Pଯॅຟ
    uint32    nmspinning;

    // Global runnable queue.
    G*    runqhead;
    G*    runqtail;
    int32    runqsize;

    // Global cache of dead G's.
    Lock    gflock;
    G*    gfree;

    int32    stopwait;
    Note    stopnote;
    uint32    sysmonwait;
    Note    sysmonnote;
    uint64    lastpoll;

    int32    profilehz;    // cpu profiling rate
}

ਪॅ์࠲ଯଯࣿਔᅹൗݚຎ结构ਹMƇ结构ਹG结构ਹPયƇSched结构ਹ੩ॖλ༈⣉ƆяΙԎஃƇਡયยMଯidle队
ໆƇPଯidle队ໆƇΙտλ༈ুଯ࠷绪ଯG队ໆƆSched结构ਹયଯLockॖಒ须ଯƇїMΎPཚλܮಒೱଯ৭ݩƇ

ᄚ们λ౫์࠲গ锁ࡐ调ԶƆ

Sched
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ඕࢡ节ࢠ过goroutineଯ创ٛƇࢶ൭Ƈ݄҅⣍过ଟƇ观ݺGo语ٿଯ调ݱƇ这ࣁ࠷௸为१ಿ•Ɔय़༈ଯ

Go语ٿଯ调ذ统ॖಅ较⣍杂ଯƇ为ຎෟ结构ਹM结构ਹPωଯਡᄚӺ扰Ƈ这ࠞ์ࢠશΤຢࡍયஃ结构ਹGયƇΙ

goroutine为ࠞ线Ɔ

ঽ讲ీॅ调ๆ协议时说过go⠣键݂ߓ终ಎໟढ़ຎruntime.newprocƆ这ॖ࠷λ༈goroutineଯࡥ१Ƈࡿยଯईଯgoroutine
ॖ过这༈ీॅ创ٛଯƆ

runtime.newproc(size, f, args)ڸॖ࠷创ٛλ༈ईଯgƇ这༈ీॅๆഇઓ栈Ƈχ为ᄚཕ设ॅދଯൗટ顺ॖࢍ紧ঋમీॅf
ଯƭ见ঽీॅ调ๆ协议λࣂƇย⠣go⠣键ߓ调ๆ时ଯਣƮƆഇઓ栈Ѽఌႋ这༈ƇࡿΙݚ码યюຎ标记

#pragma textflag 7ߟޡๆഇઓ栈ƆᄚѼ调ๆీॅnewproc1Ƈݚnewproc1યяΙޡๆഇઓ栈Ɔऐ।ଯॖݩۆ调ๆ

newproc1ӷढ़ଯƆnewproc1ଯ进۱ч这ܮ动ݩƆ

ࠪগƇᄚѼ检查ঽ结构ਹMયଯPયƇॖ౼ยяๆଯ结构ਹGƆїยƇ则ঋ༞યࠟλ༈Ƈ౼则Ƈ์࠲ഇజλ༈ईଯ结构

ਹGƆїഇజຎईଯGƇࢠ์࠲ᄚቾஃruntimeଯ৷⠣队ໆયƆ

获ࠟຎ结构ਹG௸ھƇࢠ调ๆॅދസਣஃgଯ栈ƇࢠspƇpcࣘчഓ环ְസਣݚgଯschedηƇ这样य़༈goroutine࠷备ۂ

ຎƇय़༈ࣨ态λ༈goroutine运۱时ಎયઐ时λ样Ƈ੩์ஃഇజCPUƇᄚ࠷яΙ继续运۱Ɔ

newg->sched.sp = (uintptr)sp;
newg->sched.pc = (byte*)runtime·goexit;
newg->sched.g = newg;
runtime·gostartcallfn(&newg->sched, fn);
newg->gopc = (uintptr)callerpc;
newg->status = Grunnable;
newg->goid = runtime·xadd64(&runtime·sched.goidgen, 1);

ীࢠھ这༈“备ۂ”ଯ结构ਹGቾஃঽMଯPଯ队ໆયƆ这Ѽ给าईଯgoroutineλߘ运۱ଯՀѼƇਓƊїঽଯPଯॅ

ෳඐยஃࣘځƇඐย।ߢݚপ抢CPUଯMƇ则调ๆwakepࢠPਓ୯运۱Ɔ

wakepీॅ唤ॲP时Ƈ调ԶѼ试મ寻ቤλ༈яๆଯM绑PƇ์ଯ时ڴѼईٛMƆ让ѱ们ԎԎईٛMଯీॅnewmƊ

// ईٛλ༈mƇᄚࢠΙ调ๆfn♧ިƇΎॖࠋ༞调Զ♧ި
static void
newm(void(*fn)(void), P *p)
{
    M *mp;
    mp = runtime·allocm(p);
    mp->nextp = p;
    mp->mstartfn = fn;
    runtime·newosproc(mp, (byte*)mp->g0->stackbase);
}

runtime.newmڸᦜnewproc৷ߐ,ঽࠋഇజλ༈goroutine,ࠋھߠഇజλ༈MƆਡ实λ༈Mॖ࠷λ༈৭ذݩ统线ଟଯળ࣐Ƈя

ΙԎஃᄚѼ调ๆruntime.newosprocƆ

总ޔԎஃຎ༞Goଯ运۱时库ஃ৭ذݩ统ଯঋڼƇruntime.newosproc(ചੑ৷⠣ଯ)Ѽ调ๆذ统ଯruntime.clone(ചੑ৷⠣ଯ)
ईٛλ༈线ଟƇईଯ线ଟࢠΙruntime.mstart为ॅీڼƆruntime.newosprocॖ༈ᇂยΤްଯీॅƇ还ยλ܃ࣿܮ处൘

ଯ细节Ƈ੫ॖ对鉴༖ѱ们ॖ专શ༖调൘Ƈ࠷对ᄚ进۱ۖ细ઠଯഇॾຎƇӽ兴ࠨଯ读ࠋяΙ۱֓ߢruntime/os_linux.cԎ
Ԏٺ码Ɔruntime.cloneॖๆ汇编实现ଯ,码ݚsys_linux_amd64.sƆ

5.2 goroutineଯ१ಿ

goroutineଯ创ٛ
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Ղী线ଟॖΙruntime.mstart为ڼଯƇῘঋчԎmstartీॅƆ

mstartॖruntime.newosprocईٛଯذ统线ଟଯڼઘႊƇई线ଟ执۱时Ѽ༞这♧ި运۱Ɔई线ଟଯ执۱goroutineଯ执۱

ॖ两༈Ҟ௱Ƈศ༖ยm这λ层对ՀԶଯળ࣐Ƈॖmݚ执۱gߠॖ线ଟݚ执۱gƆࡿΙ线ଟଯॖڼmstartƇgଯ执۱์ஃ

schedule݈ޔڼƆీॅmstartଯ݂ھ调ๆຎscheduleƆ

终༖ஃຎscheduleຎƍ

ї༞mstart进ஃscheduleଯƇῘscheduleય逻辑ಒ简单ƇҞ࠷这ྞᾩƊ

ቤஃλ༈ਿ运۱ଯg
їgॖ锁ஃ൸༈MଯƇ则让༈M运۱
౼则Ƈ调ๆexecuteీॅ让gݚঽଯMય运۱

executeѼ҅⣍newproc1ય设ટଯࣘчഓƇ这样࠷转ஃईଯgoroutine֓执۱ຎƆ༞newprocλࡥ१λஃ运۱ଯ过ଟഇ

ॾƇஃܜ结ਖ!

虽ীΓ这样a调ๆbƇb调ๆcƇc调ๆdƇd调ๆeଯ൘֓ߧഇॾٺ码谁ԎѼ晕Ƈ੫还ॖ์࡚⣍λല这ଯ读码过ଟƇԼ

൷ӽ兴ࠨଯ读ࠋяΙቯમશ释过ଯٺ码Γ顺ࢍਃλലƊ

newproc -> newproc1 -> (їPॅෳඐஃࣘځ)wakep -> startm -> (яω发)newm -> newosproc -> (线ଟڼ)mstart ->
schedule -> execute -> goroutine运۱

ཕ设goroutine"१ಿ"ຎƇᄚ์进ذ统调ๆຎƇ暂时ያ൚继续执۱Ɔ进ذ统调ๆ时Ƈїذ统调ๆॖ݄ଯƇgoroutineѼ
ಎమ夺CPUƇࣨࢠ态设ટढ़Gsyscallھൗஃ࠷绪队ໆƆGoଯsyscall库યଚ֤ຎ对ذ统调ๆଯೲਂƇᄚѼݚऐ।执۱ذ统调ๆ

௸ঽগ调ๆీॅ.entersyscallƇᆍذݚ统调ๆీॅറѾھ调ๆ.exitsyscallీॅƆ这两༈ీॅॖ࠷ગGoଯ运۱时库这༈

goroutine进ຎذ统调ๆΎࠋӷढ़ຎذ统调ๆƇ调ԶѼཚ৷应ଯ调Ɔ

ಅsyscallൌયଯOpenీॅƇᄚѼ调ๆSyscall(SYS_OPEN, uintptr(unsafe.Pointer(_p0)), uintptr(mode), uintptr(perm))实
现Ɔ这༈ీॅॖๆ汇编ࠃଯƇݚsyscall/asm_linux_amd64.sયяΙԎஃᄚଯ义Ɗ

TEXT    ·Syscall(SB),7,$0
    CALL    runtime·entersyscall(SB)
    MOVQ    16(SP), DI
    MOVQ    24(SP), SI
    MOVQ    32(SP), DX
    MOVQ    $0, R10
    MOVQ    $0, R8
    MOVQ    $0, R9
    MOVQ    8(SP), AX    // syscall entry
    SYSCALL
    CMPQ    AX, $0xfffffffffffff001
    JLS    ok
    MOVQ    $-1, 40(SP)    // r1
    MOVQ    $0, 48(SP)    // r2
    NEGQ    AX
    MOVQ    AX, 56(SP)  // errno
    CALL    runtime·exitsyscall(SB)
    RET
ok:
    MOVQ    AX, 40(SP)    // r1
    MOVQ    DX, 48(SP)    // r2
    MOVQ    $0, 56(SP)    // errno
    CALL    runtime·exitsyscall(SB)
    RET

яΙԎஃᄚ进ذ统调ๆذࡥ统调ๆ时ഇ别调ๆຎruntime.entersyscallruntime.exitsyscallీॅƆῘƇ这两༈ీॅཚࡏῘ

进ذࡥ统调ๆ
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ࠣଯ处⡕ƌ

ࠪগƇॅీࢠଯ调ๆࠋଯSP,PCസਣஃ结构ਹGଯschedηયƆஔ时Ƈസਣஃg->gcspg->gcpcƇ这༈ॖᦜ垃圾Ѿዐ৷

⠣ଯƆ

ীھ检查结构ਹSchedયଯsysmonwaitηƇї为0Ƈ则ࢠᄚટ为0Ƈᆍ调ๆ

runtime·notewakeup(&runtime·sched.sysmonnote)Ɔཚ这这λᾩଯٵχॖƇෳঽ这༈goroutine์进Gsyscallࣨ态ຎƇᄚࢠ

์让ࡥCPUƆїยञݚਿCPUଯ话ƇѼગᆍ唤ॲਿࠋƇ马ࣘ࠷ยCPUяๆຎƆ

ঋчƇࢠmଯMCacheટ为Ƈᆍࢠm->p->mટ为Ƈߟ进ذ统调ๆھ结构ਹMॖ์࠲MCacheଯƇᆍӗPಎమ⇐

ຎƇࢠPଯࣨ态设ટ为PSyscallƆ

ยλ༈ิentersyscallీॅᘢಘஔଯీॅ֮entersyscallblockƇᄚѼ܍诉ଚߟ这༈ذ统调ๆॖѼ݄ଯƇχܜѼยλ

别Ɔᄚ调ๆଯreleasephandoffpƆ

releasepࢠPMӷুഇ⇐Ƈޡp->m为Ƈm->p为Ƈమ⇐m->mcacheƇᆍࢠPଯࣨ态设ટ为PidleƆશΤ这ଯ别Ƈݚ

ಒ݄ଯذ统调ๆentersyscallય੩ॖ设ટढ़PsyscallƇᆍӗඐยࢠm->pટ为Ɔ

handoffpউ换PƆࢠP༞处༖syscallΎࠋlockedଯMયƇউ换ࡥڱ给ਡᄚMƆᾫ༈Pયॖቾຎλ༈я执۱ଯGଯ队ໆଯƇї

这༈队ໆ为ƇਓїPય还ยG์࠲执۱Ƈ则调ๆstartm让Pิ൸༈M绑ھ֓܌执۱Ƈ౼则ࢠPቾஃidlep队ໆયƆ

ƆᄚѼগ检查ঽmଯPᄚࣨ态ƇїPݩ统调ๆཚ৷ଯ৭ذ统调ๆ时Ѽ调ๆஃruntime·exitsyscallƇ这༈ీॅᦜ进ذࡥ
p->m设ટ为ঽmƇࢠܜ统调ๆયറѾଯƇ这时ॖ༟ীยCPUяๆଯƆχذӗࣨ态为PsyscallƇ则说ॖ༞λ༈ಒ݄ଯ
ঽmଯPᅹ经ӷুಎ௸ܜ统调ๆયറѾଯƇχذpଯmcacheൗѾஃmƇ҅⣍gଯࣨ态为GrunningƆ౼则Ƈᄚॖ༞λ༈݄ଯࢠ

మ⇐ຎƆ这时Ѽ查Ԏ调ๆયॖ౼还ยidleଯPƇїยƇ则ࢠᄚิঽଯM绑Ɔ

ї༞λ༈݄ଯذ统调ๆયࡥƇᆍӗࡥଯ这λ时܌තඐยidleଯPຎƇ์ᇙῘ办⡕ƌ这⯔ࣣྙ码ঽଯgoroutineያ൚

继续运۱ຎƇ调ԶѼࢠᄚଯࣨ态设ટ为GrunnableƇࢠᄚቾஃুଯ࠷绪G队ໆયƇীھଋঽmᆍ调ๆscheduleీॅƆ

goroutineଯࢶ൭ಅ较简单ƇશΤॅీݚnewproc1Ƈ设ટຎfnstart为goroutine执۱ଯీॅƇࢠߠईٛଯgoroutineଯschedηଯ

pc设ટ为ຎీॅruntime.exitƆfnstartీॅ执۱ӷറѾ时ƇᄚѼറѾஃruntime.exitયƆ这时Go࠷ગஞ这༈goroutine์结ਖ

ຎƇruntime.exitયѼཚλܮѾዐݩۆƇѼࢠgଯࣨ态设ટ为GdeadƇᆍࢠgቾஃPଯfree队ໆયƆ

༞ΙࣘଯഇॾયƇਡ实ᅹ经Էඕࣘ经历ຎgoroutineଯү⯔ࣨ态变шƆݚnewproc1યईٛଯgoroutineಎ设ટ为Grunnableࣨ
态Ƈ୯运۱时设ટढ़GrunningƆݚentersyscallଯ时ڴgoroutineଯࣨ态ಎ设ટ为GsyscallƇஃذࡥ统调ๆ时ܧॉᄚॖ༞݄

ଯࡥgoroutine݂终ੋݚGrunnableଯࣨ态ƆࠋƇතѼಎ设ટढ़GrunningΎࡥ统调ๆયذ还ॖಒ݄ࡥ统调ๆયذ

runtime.exitీॅયƇgoroutineಎ设ટ为Gdeadࣨ态Ɔ

ƇۂਉຎࡏῘƌॖଯƇGidleި终ඐยࡥ现过Ɔ这༈ࣨ态ۂਉ实际ࣘඐยಎๆஃƆ੩ยλ༈runtime.parkీॅѼޡ

goroutine进ஃGwaitingࣨ态Ƈ੫ॖpark这༈ยࡏῘݩๆѱ暂时还ඐԎ懂...

goroutineଯࣨ态变ⷕ图Ɗ

goroutineଯࢶ൭Ιտࣨ态变ш
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ਡ实讲λ༈东७Ƈ讲ᄚॖࡏῘ样ॖਘ够ଯƆї讲॥ৌᄚ为ࡏῘѼॖ这样ޫƇ则Ѽ举λމƆ为ຎѽgoroutineଯඕ

质Ƈ这ࢠ༞݂Էඕଯ线ଟજ讲ՔƇ谈谈Go调设计ఙھଯߏڍƇ讲॥ৌᄚ为ࡏῘॖ这样ޫƆ

গԎλܮ简单ଯ•Ɔλ༈规ଯ 线ଟજ+务队ໆ ଯ෦ؠ图ߟࡿƊ

అᾫ༈ݩۆ线ଟ֮workerଯ话Ƈᾫࣥ线ଟ运۱λ༈workerƇᾫ༈workerཚଯॖ࠷ࣣߏଋઘ༞队ໆયࠟࡥ务ᆍ执۱Ɗ

while(!empty(queue)) {
    q = get(queue); //༞务队ໆયࠟλ༈(ᾎտю锁)
    q->callback(); //执۱该务
}

ীƇ这ॖ݂简单ଯࣣآƇ੫ॖλ༈ᇂ显ଯ问题ॖ࠷λ༈进callback௸ھƇ֓߱࠷ຎےक़权Ɔχ为ඐยλ༈调Զ层ଯ

东७Ƈλ༈务яΙ执۱ᇂ长ᇂ长时间λঙๆଯworker线ଟƇΎࠋ݄༖io௸类ଯƆ

许ๆGo语ٿࡧѼۖઘஞλܮƆۂ•ƇῘ让ѱ们ๆGo语ٿಾࡧƆཕ设ѱ们ยλܮ“务”Ƈ务ॖλ༈я运۱ଯ东७Ƈ

ॖ࠷੩์满ਘRunీॅƇᄚॖ࠷λ༈务ƆࡿΙѱ们࠷అ这༈务֮ݩঋڼG•Ɔ

type G interface {
    Run() 
}

ѱ们ยλ༈ুଯ务队ໆƇൌԥᇂਪя运۱ଯ务Ɔ线ଟજଯү༈线ଟ༞ুଯ务队ໆયࠟ务时Ƈ显ীॖ์࠲ᆍ

发സ护ଯƇࡿΙยч这༈结构ਹƊ

type Sched struct {
    allg  []G
    lock    *sync.Mutex
}

Ιտᄚଯ变ຟ

var sched Sched

ᾫࣥ线ଟॖλ༈workerƇ这ѱ们给worker换༈ߓƇ࠷అᄚ֮M•Ɔঽᅹ经说过ຎƇworkerཚଯॖ࠷ࣣߏଋଯ֓务

队ໆયࠟλ༈务ࡥ执۱Ɔ༖ॖๆGo语ٿҞяΙࠃढ़这样ޫƊ

func M() {
    for {
        sched.lock.Lock()    //ڞॼઘ༞࠷绪G队ໆયࠟλ༈gࡥ运۱
        if sched.allg > 0 {
            g := sched.allg[0]
            sched.allg = sched.allg[1:]
            sched.lock.Unlock()
            g.Run()        //运۱ᄚ

5.3 设计ิЖш
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        } else {
            sched.lock.Unlock()
        }
    }
}

ঋчƇࢠय़༈ذ统启动Ɗ

for i:=0; i<GOMAXPROCS; i++ {
    go M()
}

ཕѱ们ยλ༈满ਘGঋڼଯmainƇীھᄚډߢݚଯRunયઐઘࢠईଯ务ቾஃsched.allgયƇ这༈线ଟજ+务队ໆଯذ

统෦࠷ؠѼλ运۱ч֓Ɔ

яΙԎஃƇ这ݚ码ࠟયڍΤઘๆGo语ٿયଯGƇMƇत߃ൌӐGOMAXPROCSࠟߓƆਡ实ඕ质ࣘƇGo语ٿଯ调层

ያಒॖ࠷这样λ༈ݩۆ෦ߧଯƊྞࣥഅ线ଟƇଋઘࠟgoroutine运۱Ɔ

ࣘଯࣣآਫ简单ຎƇݩۆॖ࠷线ଟଋઘࠟgoroutine运۱Ƈ这༈还ࣁ௸为调Ɔ调௸ࡿΙ为调Ƈॖχ为ยλܮ⣍

杂ଯےक़Հक़Ƈಅ哪༈goroutine应该ಎ运۱Ƈᄚ应该运۱ਪռƇࡏῘ时ࢠڴᄚ换ࡥƆๆঽଯ码说Goଯ调Ѽย

λࢡܮ问题ƆRunీॅѼλ执۱Ƈݚᄚ结ਖ௸ঽѼറѾஃ调ๆԶ层ƆῘཕ设ࣘଯ务યRun进ஃλ༈݄ଯذ

统调ๆຎƇῘM࠷ᦜમλՔ݄ຎƇ实际ݩۆଯ线ଟࢢ࠷ຎλ༈Ƈያ൚ࡑഇๆCPUƆ

λ༈简单ଯѽྕ办൚ॖݚ进ذ统调ๆ௸ঽ݁क़ਏλ༈MࡥӺӑƇ这样࠷补ຎ这༈进ذ统调ๆଯMଯƇި终സ证

ยGOMAXPROCS༈ݩۆ线ଟݚӺӑຎƆ

func entersyscall() {
    go M()
}

Ῐذࡥ统调ๆ时ᇙῘ办⡕ƌї让MঋમӺӑƇ岂过ຎGOMAXPROCS༈线ଟຎƌࡿΙ这༈M݁ӺӑຎƇ์ځक़

ӺӑଯM༈ॅ为GOMAXPROCS༈Ƈਪຎ则让ᄚ们闲ટ(അ线ଟಅCPUਪᇂਪ࠷ඐΤ义ຎƇ让ᄚ们৷ڞ抢CPUߠѼۼଊ

ๆ)Ɔ

func exitsyscall() {
    if len(allm) >= GOMAXPROCS {
        sched.lock.Lock()
        sched.allg = append(sched.allg, g)    //అgൗѾஃ队ໆય
        sched.lock.Unlock()
        time.Sleep()    //这༈M݁Ӻӑ
    }
}

༖ॖ࠷变ढ़ຎ这样ޫ:

ਡ实这༈ᇂۂѽƇ࠷ਉ线ଟજཚ负载调节λ样Ƈ务队ໆᇂ长ھƇ൴过ຎƇ则݁♧ྞࣥ线ଟࡥƆߠї务队

ໆ为ຎƇ则яΙ释ൗλܮ线ଟƆ

统调ๆذ
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ѓગஞ݄༖ذ统调ๆƇѼళళ费CPUƆޡߠๆ♨ᾩِߏΎѾ调ଯް维൘ߧතࡒഇञ类Ɔࣘଯ෦ؠՂী这Ῐ简单

ຎƇ为ࡏῘ这Ῐๆ⡕ƌਡ实ࣘଯ东७Ԏࣘ֓简单Ƈ੫实现Ք⛿ῘΦƆ

ᾎտஃλ༈ග烦ଯ问题Ƈਓസਣ҅⣍运۱时ଯࣘ࠷ໟѾ继续运۱Ƈ这݁܌൸༈时ݚƇ݁֓ࡥ执۱ଯ务yieldݚλ༈।ࢠ

чഓ环ְƆ

༖协ଟಒ轻ຟ级Ƈ进۱উ换Ιտസਣࣘчഓ环ְݚ࠷গω协ଟଯҞ௱Ɔ协ଟॖ轻ຟ级ଯ线ଟƇᄚ৷对线ଟଯ优势ܜݚ

༧ಒଯࢡƆ协ଟଯ״ਹଯ实现൘ߧยਪ⯔Ƈࣘॖ࠷ਡયλ⯔Է༖线ଟજଯ实现൘ߧƆᾫ༈协ଟॖλ༈务ƇяΙസਣ

҅⣍务运۱时ଯࣘчഓ环ְƆ

协ଟλ类ଯ东७λ౫Ѽଚ֤类ߐyieldଯీॅƆ协ଟ运۱ஃλ时ࠞ࠷ڴ动调ๆyieldൗᆧډߢଯ执۱Ƈఅߘ݁ډߢൗѾஃ务

队ໆયਿчλߘ调ๆ时ՀƆ

ਡ实Go语ٿયଯgoroutineॖ࠷协ଟƆᾫ༈结构ਹGયยλ༈schedηॖ࠷ๆ༖സਣࣘډߢчഓଯƆ这样Ƈ这⯔goroutine࠷я

Ιಎ换֓ࡥƇ݁换进Ɔ这⯔ࣘчഓസਣݚๆ户态ӷढ़Ƈ᫂ஃҴƇಒଯ轻ຟƇਙᇂ҂ƆസਣଯࣿਔᇂࢢƇ੩ย

ঽଯPC,SPࢢຟࣿਔƆ੩ॖศ༖์优шƇࡿΙ码Ԏࣘ֓ۖ⣍杂λܮƇಅ์࡚ๆਣ间ࡿΙѼยgfreemhead௸类
ଯ东७Ɔ

ढ़为ຎλ༈结构ਹƇstartmీॅॖ线ࡥMળࢠƇ这༈ѽ∨还ॖ够ƆGo1.0યذঽଯ码યƇ线ଟิMॖঋ对应ଯ⠣ݚ

ଟଯڼઘႊƇߠgoroutineଯڼઘႊॖgo达ߧયଯ༈ీॅƆ总ਹࣘᦜࣘଯ结构ܴਪƇ进ذࡥ统调ๆଯ时ڴ

goroutineѼᦜMλՔ进ஃذ统调ๆયƇscheduleયѼಡజgmƇ让闲ଯm运۱gƆї检测ஃӺӑଯॅຟࢢ༖

GOMAXPROCSᆍӗඐย闲મଯmƇ则Ѽ创ٛईଯm运۱gƆذࡥ统调ๆଯ时ڴƇїᅹ经ยGOMAXPROCS༈mݚӺ

ӑຎƇ则这༈ذࡥ统调ๆଯmѼಎቾՔƇᄚଯgѼಎቾஃਿ运۱ଯgoroutine队ໆયƆ

൸༈mࣘ运۱Ƈݚި♧ยଯGƆಅ说λ༈gࡿƆᄚಎ设计ढ़ຎяΙ运۱࣐ՀԶଯળॖ࠷Ƈࠃયmॖmachineଯ缩ٿGo语ݚ

经过ྞߘ进ذࡥ统调ๆ௸ھƇя运۱ᄚଯmቾՔຎƇਡᄚଯmѼࢠᄚ༞队ໆયࠟࡥᆍ继续运۱Ɔ

ᾫߘ调Ѽᾎտ对gm队ໆଯ৭ݩƇ这ুܮଯॅॉݚਪ线ଟࣣྙчޡๆ࠷Ѽᾎտஃຟଯ锁৭ݩƆݚ频౪ଯذ统调ๆ

ય这ॖࢠλ༈ᇂଯ♧销Ɔ为ຎ减ذࢢ统调ๆ♧销ƇGo1.0ݚ这ཚຎλܮ优шଯƆ1.0౦યƇݚᄚଯSched结构ਹયยλ༈

atomicߓઓƇ类ॖؠλ༈volatileଯያೡ32Λय़ؠƆ

// schedયଯߓޫٵઓॖλ༈ޫٵଯuint32Ƈਣൗчໆη
// 15Λ mcpu  --।ݚঙๆcpu运۱ଯmॅຟ (进syscallଯmॖঙๆcpuଯ)
// 15Λ mcpumax  --݂σ许这Ῐਪ༈mஔ时ޡๆcpu
// 1Λ  waitstop  --ยgਿ结ਖ
// 1Λ  gwaiting  --ਿ队ໆ为Ƈยg处༖waitingࣨ态
//    [15 bits] mcpu        number of m's executing on cpu
//    [15 bits] mcpumax    max number of m's allowed on cpu
//    [1 bit] waitstop    some g is waiting on stopped
//    [1 bit] gwaiting    gwait != 0

这ࣿܮਔॖ进۱ذ统调ๆذࡥ统调ๆ时์࠲ๆஃଯƇᄚѼྕॖ౼์࠲进ஃ调Զ层ƆঋๆCAS৭ݩSchedଯ
atomicߓઓઐƇࢠᄚ们ਲൌढ़λ༈ߓ节ޡணяΙ过λޫٵߘ读ࠃ获ࠟᄚ们ߠๆю锁Ɔ这ࢠ⚑ଯ减ࢢܮຟޡๆذ

统调ๆΎࠋcgoଯਪ线ଟଟࢍଯcontentionƆ

ઓߓܮgoroutinesๆअਡᄚgoroutineѼ对这ܜƇχڴย调Զ锁ଯ时ߖη੩Ѽ发१༖ܮ这ݩ统调ๆΙҙƇ৭ذࡥຎ进

进۱৭ݩƆ别ॖƇ进ذࡥ统调ๆ੩Ѽ读mcpumaxƇwaitstopgwaitingƆྕѼࠃ们ƆχܜƇ(ߖย调Զ锁)ࠃ这ܮη时

ӷুๆअѼ发१ྗࠃரƆ

总ਹࣘԎƇGo1.0调设计结构ಅ较简单Ƈ码ಅ较॥ጂƆ੫ॖਣݚλܮ问题Ɔ这样ଯ调Զ设计ځक़ຎGoଟࢍଯᆍ发

Ɔ测试发现ย14%ॖଯ时间费ݚຎruntime.futex()યƆ

ਹઘԎƊ״
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1. 单༈ু锁(Sched.Lock)ๆസ护ࡿยଯgoroutine৷⠣ଯ৭ݩ(创ٛƇӷढ़Ƈ调)Ɔ
2. Goroutineউ换Ɔݩۆ线ଟݚүߢ௸ঽউ换goroutineƇ这导ઠБ迟额ҙଯ负Ɔᾫ༈M须яΙ执۱ъଯG.
3. ਣ缓ਣMCacheॖᾫ༈MଯƆߠM݄ھƇ৷应ଯਣ资ٺಎλՔቯਃຎƆ

4. 过ਪଯ线ଟ݄ƅ҅⣍Ɔذ统调ๆ时ଯݩۆ线ଟѼ频౪ઘ݄Ƈ҅⣍Ƈਏढ़过ਪଯ负Ɔ

λᇂ显Ƈࡿยଯgoroutineๆλ༈锁സ护ଯƇ这༈锁ຆॖಅ较ଯƇ੩์goroutineଯ৷⠣৭ݩѼ锁ࡐ调Ɔীھ

ॖgoroutineউ换Ƈঽ说ຎƇᾫ༈MॖяΙ执۱ࡿยଯgoroutineଯƆ举༈ᇂ简单ଯ类ಅƇਪҴCPUયᾫ༈Ҵ֓执۱ஔ

线ଟଯ码Ƈ这显ীॖ༖缓ਣଯೱड़ଯƇউ换♧销Ѽ变Ɔਣ缓ਣਡᄚ缓ਣॖ⠣联ஃࡿยଯMଯƇߏߠ实ࣘᄚ

ඕ੩์࠲⠣联ஃ运۱Go码ଯM(݄༖ذ统调ๆଯMॖ์࠲mcacheଯ)Ɔ运۱મGo码ଯMࡿยMଯಅຶяۿ达

1:100Ɔ这导ઠ过ଯ资ࢶٺ෮Ɔ

Go1.1৷对༖1.0λ༈࡚์ଯ҉动࡚ॖ࠷ई调ๆຎ调ԶƆঽᅹ经ԎஃƇ౦ඕયଯ调Զ实现ॖਣݚλܮ问题ଯƆѽྕ൘

ກএࠟଯ调ԶƆݩۆProcessors௸ࣘ实现ݚωProcessorଯҞ௱Ƈᆍॖߧ

MOS线ଟƆPGo码执۱时์࠲ଯ资ٺƆM执۱Go码时Ƈᄚ์࠲⠣联λ༈PƇM为idleΎذݚࠋ统调ๆય时Ƈ

ᄚ์࠲PƆย刚ۂGOMAXPROCS༈PƆࡿยଯPಎ组织为λ༈ॅ组Ƈݩۆກএࠟ์࠲这༈ِࣥƆGOMAXPROCSଯ҉变ᾎ

տஃstop/start the worldresizeॅ组PଯࢡƆ

gfreegrunnable༞schedયΫஃPયƆ这样࠷ѽྕຎঽଯ单༈ু锁സ护ๆยgoroutineଯ问题Ƈศ༖goroutine现ݚಎഇஃ

ᾫ༈PયƇᄚ们ॖPೱଯgoroutineƇχܜP੩Ԑ֓৭ډߢݩଯgoroutine۱࠷ຎƇѼิਡᄚPࣘଯgoroutineྗரƆুଯ

grunnable队ໆ༟ীॖਣݚଯƇ੩ยݚP֓访问ুgrunnable队ໆ时݈ᾎտஃю锁৭ݩƆmcache༞MયΫஃPયƆ过ঽ

还彻ଓƇݚMય还ॖസຄમmcacheηଯƆ

юຎPھƇsched.atomic༞Sched结构ਹય֓ຎƆ

λ༈ईଯG创ٛΎࠋ现ยଯG变ढ़runnableƇᄚࢠλ༈runnableଯgoroutineवஃঽଯPƆPӷढ़执۱GƇᄚࢠG༞ډߢଯ

runnable goroutineયpop֓ࡥƆї链为ƇPѼीՀ༞ਡᄚPયএࠟλౝଯя运۱ଯgoroutineƆ

M创ٛλ༈ईGଯ时ڴƇ须സ证ย另λ༈M执۱这༈GƆ类ߐଯƇλ༈M进ஃذ统调ๆ时Ƈ须സ证ย另λ༈M
执۱Gଯ码Ɔ

2层ߢপƊ⠣联ຎPଯ处༖idleࣨ态ଯଯMߢপ寻ቤईଯGƋඐย⠣联PଯMߢপਿяๆଯPƆ݂ਪยGOMAXPROCS༈ߢপ

ଯMƆ੩์ย类M时λ类M࠷Ѽ݄Ɔ

Go1.1
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goroutineඕॖ设计为协ଟߧآƇ੫ॖीમ调Զଯ实现ЈЈढ़ࡤƇGo1.2ݚ౦ય♧ިωಅ较ࡾ级ଯ抢ঙߧ调Ɔ

Goݚ设计௸ࡾᆍඐ۪虑ࢠgoroutine设计ढ़抢ঙߧଯƆๆ户负责让ү༈goroutineݩ܄ڞڱӷढ़务Ɔλ༈goroutine੩ยݚᾎ

տஃю锁Ƈ读ࠃஞΎࠞࠋ动让ࡥCPU৭ݩ时݈Ѽࣹ发উ换Ɔ

垃圾ѾዐԶॖ์࠲stop the worldଯƆї垃圾ѾዐԶ২์运۱ຎƇῘᄚ须গગਡᄚଯgoroutineݩ܄ଋчƇ这Ѽਏढ़

较长时间ଯਿ时间Ɔ۪虑λ⯔ᇂ⚑અଯࣣྙƇࡿยଯgoroutineଋчຎƇ੩ยਡયλ༈ඐยଋƇῘ垃圾Ѿዐ࠷Ѽλ

ਿમඐยଋଯλ༈Ɔ

抢ঙߧ调яΙѽྕ这⯔问题Ƈݚ抢ঙྙࣣߧчƇїλ༈goroutine运۱时间过长Ƈᄚ࠷Ѽಎమ夺运۱权Ɔ

ω抢ঙߧ调ƇѼ对݂ࡾଯ设计产१ಅ较ଯϳ响ƇGo还੩ॖωຎλܮᇂࡾ级ଯ抢ঙƇᆍඐยਉ৭ذݩ统调Ῐ⣍

杂Ƈඐย对goroutineഇ时间ഭƇ设ટ优গ级Ɔ

੩ย长时间݄༖ذ统调ๆƇΎࠋ运۱ຎ较长时间݈Ѽಎ抢ঙƆruntimeѼੑھݚยλ༈检测线ଟƇᄚѼ检测这ྙࣣܮƇᆍ

ગgoroutine执۱调Ɔ

ෳঽᆍඐยঋੑھݚଯ检测线ଟયཚ处调Զ৷⠣逻辑Ƈ੩ॖ৷༖给goroutineюຎλ༈“标记”Ƈীݚھᄚ进ీॅ时

݈Ѽࣹ发调Ɔ这Ῐཚ应该ॖࡥ༖对现ย码ଯࢡ݂҉࠹ଯ۪虑Ɔ

ঽ讲Goଟࢍଯިࡾш过ଟયยଚஃ过Ƈruntime♧ຎλࣥੑھ线ଟƇ运۱λ༈sysmonీॅƆ这༈ీॅѼ࠵Ճड़ઘཚepoll৭
Ƈஔ时ᄚ还Ѽ检测ᾫ༈Pॖ౼运۱ຎ较长时间Ɔݩ

ї检测ஃ൸༈Pࣨ态处༖Psyscall过ຎλ༈sysmonଯ时间࠵Ճ(20us)Ƈᆍӗ还ยਡᄚя运۱ଯ务Ƈ则উ换PƆ

ї检测ஃ൸༈Pଯࣨ态为PrunningƇᆍӗᄚᅹ经运۱ຎ过10msƇ则ѼࢠPଯঽଯGଯstackguard设ટ为

StackPreemptƆ这༈৭ݩਡ实ॖ৷༖юࣘλ༈标记Ƈગ这༈G܄ݚ⊳时Հ进۱调Ɔ

ෳঽ这੩ॖथ݂ଢ଼ຢ达Ƈ੫ᆍസ证ዐஃࢶਔଯgoroutineλѼ执۱调让ࡥ运۱权Ɔ

ঽ说ଯƇࢠstackguard设ટ为StackPreempt实际ࣘॖλ༈ಅ较trickଯ码Ɔѱ们ગஞGoѼݚᾫ༈ీॅڼ处ಅ较ঽଯ栈

ԺਣԶ值stackguard值ྕॖ౼ࣹ发morestackీॅƆ

morestackય݁ω发调Ɔݚھๆॖ进ీॅ时ࣹ发morestackƇীݩstackguard设ટ为StackPreemptࢠ

ԎλчStackPreemptଯ义Ƈᄚॖ༖ъ实际ଯ栈ԺਣԶଯ值ଯƊ

// 0xfffffade in hex.
#define StackPreempt ((uint64)-1314)

5.5 抢ঙߧ调

༞λ༈bug说Ք

总ਹް

sysmon

morestackଯ҉࠹
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ীݚھmorestackયюຎλࢡઓ码Ƈї发现stackguard为StackPreemptƇ则৷༖调ๆruntime.GoschedƆ

级ଯƇಅλ༈goroutine运۱ຎᇂռƇ੫ॖᄚᆍඐย调ๆ另λ༈ీॅƇ则ᄚѼࡾ调还ॖᇂߧGoଯ抢ঙΙƇஃෳঽ为ࡿ

ಎ抢ঙƆীƇλ༈运۱ᇂռն调ๆీॅଯ码ᆍॖਪॅࣣྙƆ
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56抢ঙߧ调



ਣԐॖಒ࡚์ଯλ༈话题Ɔ⠣༖编ଟ语ॖٿ౼应该ߖ垃圾Ѿዐ࠷ย༈⦮ࣃଯ৵论Ƈλఊञ认为ƇਣԐਫ࡚์

ຎƇࠡߠ动Ԑග烦ӗΦࡥ错ƇࡿΙѱ们应该ڱ给ՀԶ֓ԐƆ另λఊञ则认为ƇਣԐਫ࡚์ຎƍࡿΙїڱ给ՀԶ

ԐѱൗअƆ৵论归৵论Ƈ੫Ԑ哪λఊƇѓ对ਣԐ࡚์ड़ଯ认ஔॖ质դଯƆ

Goॖλ门带垃圾Ѿዐଯ语ٿƇGo语ٿયยޱ针ƇնඐยCયῘ⛌ӑଯޱ针৭ݩƆਪॅࣣྙчॖ์࠲ๆ户֓ډߢԐ

ਣଯƇ੫ॖѽGo语ॖٿъཚਣԐ对༖ࡥࠃ优࠽ଯଟॖࢍย₉ࢊଯƆ

ඕࢠࣂ༞两༈൘ԎGoયଯਣԐՀक़Ƈλ༈൘ॖਣજƇ另λ༈൘ॖ垃圾ѾዐƆ

ෳ录

ࣘλࣂ: 抢ঙߧ调

чλ节: ਣજ

6 ਣԐ

links
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GoଯਣഇజԶݎๆຎᦜtcmalloc库৷ஔଯ实现Ƈॖλ༈带ਣજଯഇజԶƇଓ层ঋ调ๆ৭ذݩ统ଯmmapీॅƆ

ƇᄚॖھԐ这ೱഇਣƆীډߢ统ऎ请块ਣƇذݩ৭ڽ为λ༈ਣજƇѾ忆λчᦜᄚ৷⠣ଯԷඕೱഇƆࠪগƇᄚѼݩ

λ༈જޫƇࣘ层释ൗਣ时ᄚ实际归还给৭ذݩ统ƇॖߠൗѾજޫ࡚⣍ๆƆঋમƇਣԐયীѼ۪虑ଯॖ࠷ਣ

ᗬഭ问题ƇїथຟෟਣᗬഭƇଚۿਣๆƇਉ৭ذݩ统યଯࠪߘ⊳应Ƈ݂э⊳应Ƈ݂ܴ⊳应Ƈ伙ޔ൚ॖλܮ

৷⠣ଯఙثગ识Ɔ另ҙƇGoॖλ༈ߖgoroutine这⯔ਪ线ଟଯ语ٿƇࡿΙᄚଯਣԐذ统须์۪虑ݚਪ线ଟчଯ稳

ड़ዓ问题Ɔ

࠷ھଯഇజ链Ƈ൸༈线ଟયਣਘยλ༈ুھଯඕઘଯਣƇীډߢᾫࣥ线ଟยॖ࠷ীଯཚ൚ߢਪ线ଟ൘Ƈᇂݚ

ෟਣᗬഭ൘Ƈ块ਣঋΓ页为单ݚ ෟຎਪ线ଟஔ时访问֢֩变ຟ时ଯю锁Ɔ࠷ഇజ链યऎ请ਣƆ这样ুڽ

ΛഇజƇࢡ块ਣѼউढ़ү⯔ஔଯچࢡଯ块Ƈऎ请ཚΤߓ节ਣ时Ѽࠟࣘڽय़ஃ݂ঋפଯ块Ƈࢠय़块ഇజ给ऎ请ࠋ

ΙෟीΤউӍƆ

Goય为ᾫ༈ذ统线ଟഇజλ༈ඕઘଯMCache(ঽѻ绍ଯ结构ਹMયଯMCacheη)Ƈࢢຟଯઘႊഇజ࠷ঋ༞MCacheયഇ

జƇᆍӗՃཚ垃圾ѾዐƇࢠ线ଟଯMCacheયଯ闲ਣറѾ给ুےक़Ɔࢡ༖32K为ࢡ对࣐Ƈ对࣐ঋ༞ুےक़

ࣘΙ页(4k)为单Λ进۱ഇజƇॖ࠷说对࣐总ॖΙ页对齐ଯƆλ༈页яΙਣλܮ৷ஔࢡଯࢡ对࣐Ƈࢡ对࣐༞ඕઘਣ

链યഇజƇ对࣐༞યअਣયഇజƆ

约ย100⯔ਣ块类别Ƈᾫλ类别ยډߢ对࣐ଯ闲链Ɔࢡ༖32kBଯਣഇజಎࠟࣘڽय़ஃ对应ଯ॒ࠓ类别Ƈ༞৷应

ଯ闲链યഇజƆλ页ਣ੩яΙಎഇ້ढ़ஔλ⯔॒ࠓ类别ଯ对࣐Ƈীھศ闲链ഇజԶԐƆ

ഇజԶଯॅॉ结构ൌӐ:

FixAlloc: چࢡ(128kB)ଯ对࣐ଯ闲链ഇజԶ,ಎഇజԶๆ༖Ԑਣ储

MHeap: ഇజ,Γ页ଯຆ进۱Ԑ(4kB)
MSpan: λܮศMHeapԐଯ页

MCentral: 对༖给॒ࠓ类别ଯ֢֩ଯfree list
MCache: ๆ༖ࢡ对࣐ଯᾫMλ༈ଯcache

ѱ们яΙࢠGo语ٿଯਣԐԎढ़λ༈两级ଯਣԐ结构ƇMHeapMCacheƆࣘλ级ԐଯԷඕ单Λॖ页Ƈๆ༖ഇజ

对࣐ƇᾫߘഇజॖࠚӺ连续ଯ页Ƈࠚॖ࠷Ӻ༈4KBଯࢡƆޡๆଯॅॉ结构ॖMHeapMSpanƇๆBestFitޔ൚ཚഇ

జƇๆΛߟ图ཚѾዐƆчλ级ԐଯԷඕ单Λॖஔ类ؠଯچࢡଯ对࣐Ƈۖਉλ༈对࣐જߠॖਣજƇๆωๆ计ॅ

ཚѾዐƆч这λ级ޡๆଯॅॉ结构ॖMCacheƆ

MHeap层ߘๆ༖ঋഇజ较(>32kB)ଯਣ间ƇΙտ给MCentralMCacheч层ଚ֤间ƆᄚԐଯԷඕ单Λॖ

MSpanƆMSpanॖλ༈ࠚߟӺ连续ਣ页ଯॅॉ结构Ƈ简шھчƊ

    struct MSpan
    {
        PageID    start;        // starting page number
        uintptr    npages;        // number of pages in span
    };

过λ༈Էઘႊ+(页܃*页ࢡ)Ƈ࠷яΙΛஃ这༈MSpanଯ实际ଯઘႊ间ຎƇԷઘႊॖݚMHeapયਣ储ຎଯƆ

6.1 ਣજ

Ҟࡧ

MHeap
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MHeap负责ࢠMSpan组织ԐՔƇMHeapॅॉ结构યଯ࡚์ೱഇ图ߟࡿƆ

freeॖλ༈ഇజજƇ༞free[i]֓ࡥଯMSpanᾫ༈ࢡi页ଯ,总֩256༈৲ΛƆ݁ຎ௸ھƇ࠷ࢡچຎƇศlarge链Ք

Ɔ

ഇజ过ଟƊ ї༞free[]ଯഇజજયഇజƇ则༞ਡયഇజƆї发१উӍ则ྶࢠำೱഇൗѾfree[]યƆಅ์ഇజ2页ࢡଯ

ΛયƆ৲܃两页Ƈྶำଯೱഇ݁ൗѾ2ࡥƇউࡥΛยяๆଯMSpanƇ则ቯλ༈৲܃Λ♧ި寻ቤƇஃ4৲܃间Ƈ༞图ࣘ2

౼则༞large链ય֓ഇజƇΓBestFitޔ൚֓ቤλ块яๆ间Ɔ

шय़为ເ简单Ƈшເ为य़ග烦ƆѾዐଯ时ڴї৷邻ଯ块ॖරޡๆଯƇ์进۱܄ᆍƇ౼则λ⠭ഇч֓࠷Ѽ产१ᇂਪᗬഭƇ

ቤஃλ༈ਘ够ࢡଯ连续间Ɔχ为ᾎտஃ܄ᆍƇѾዐѼಅഇజ⣍杂λܮƇࡿย࠷ยࡏῘ伙ޔ൚Ƈ边ҏ标识ޔ൚ƇΛߟ

图௸类ଯƆ

Goݚ这ޡๆଯ类ߐ༖Λߟ图ƆяΙԎஃMHeapયยλ༈

    MSpan *map[1<<MHeapMap_Bits];

这༈ॅ组ॖλ༈ๆ༖ࢠਣઘႊϴࠄढ़MSpan结构ਹଯƇᾫ༈ਣ页Ѽ对应ஃmapયଯλ༈MSpanޱ针Ƈ过map࠷

够ࢠઘႊϴࠄஃ৷应ଯMSpanƆ״ਹཚ൚Ƈ给λ༈ઘႊƇяΙ过(ઘႊ-Էઘႊ)/页ࢡணஃ页܃Ƈ݁过map[页܃]࠷ண

ஃຎ৷应ଯMSpan结构ਹƆঽ说过ƇMSpanࠚॖ࠷Ӻ连续ଯ页ƆῘƇλ༈ਪ页ଯMSpanѼঙๆmapॅ组યଯਪ项Ƈยਪ

ஔλ༈MSpanƇ这༈MSpanଯPageId为502Ƈnpages为4Ɔڽޱ项ƆಅƇяmap[502]ஃmap[505]ࢢѼঙๆਪ࠷页ࢢ

Ѿዐ过ଟƊ Ѿዐλ༈MSpan时ƇࠪগѼ查ቤᄚ৷邻ଯ页ଯႊႊƇ݁过mapϴࠄணஃ该页对应ଯMSpanƇїMSpanଯ
stateॖරޡๆƇ则яΙࢠ两ࠋ进۱܄ᆍƆ݂ھѼࢠ这页Ύ܄ࠋᆍھଯ页归还ஃfree[]ഇజજΎॖࠋlargeયƆ

MCache层ߘᦜMHeap层ߘಒਉƇॖλ༈ഇజજƇ对ᾫ༈॒ࠓଯ类别ยλ༈闲对࣐ଯ单链ƆGoଯਣԐяΙԎ

ढ़λ༈两级ଯ层ߘƇࣘλ级ॖMHeap层ߘƇߠMCache则ॖчλ级Ɔ

ᾫ༈Mยλ༈ډߢଯೱਣ缓ਣMCacheƇ这样ഇజࢡ对࣐ଯ时ڴঋ༞MCacheયഇజƇ࠷ๆю锁ຎƇ这ॖGo够
ଯഇజƆ࣐对ࢡχƆMCacheॖๆ༖ٵዓઘ进۱ਣഇజଯ࡚์ۿਪ线ଟ环ְયݚ

ഇజλ༈ࢡ对࣐(<32kB)ଯ过ଟƊ

Ƈঋ༞ࣘഇజλ༈闲链Ɔї链类别Ƈ查ቤ৷应ଯMCacheଯ॒ࠓय़ஃλ༈对应ଯࠟࣘڽࢡ࣐对ࢡࢠ .1

对࣐Ɔ这༈过ଟяΙю锁Ɔ

2. їMCacheߢศ链ॖଯ,过༞MCentralߢศ链ቯλܮ对࣐进۱补ࡑƆ

3. їMCentralߢศ链ॖଯ,则过MHeapયቯλܮ页对MCentral进۱补ࡑƇীࢠھ这ܮਣቕઐढ़规ଯࢡƆ

4. їMHeapॖଯ,Ύࠋඐยਘ够ࢡଯ页ຎ,༞৭ذݩ统ഇజλ组ईଯ页(1ࢢ߃MB)Ɔഇజλಂଯ页ഇ摊ຎ༞৭ذݩ统

ഇజଯ♧销Ɔ

શΤࣘࡧયଯๆ词“λܮ”Ɔ༞MCentralયቯ“λߢ“ܮศ链对࣐补ࡑMCacheഇ摊ຎ访问MCentralю锁ଯ♧销Ɔ༞MHeapય
ഇజ“λܮ“ଯ页补ࡑMCentralഇ摊ຎ对MHeapю锁ଯ♧销Ɔ

释ൗλ༈ࢡ对࣐ॖ类ߐଯ过ଟ:

1. 查ቤ对ࡿ࣐ਛଯ॒ࠓ类别ƇࢠᄚିюஃMCacheଯߢศ链Ɔ

2. їMCacheߢศ链ਫ长ΎࠋMCacheਣਪຎƇ则റ还λܮஃMCentralߢศ链Ɔ

3. їݚ൸༈៍围ଯࡿยଯ对࣐归还ஃMCentral链ຎƇ则ࢠᄚ们归还ஃ页Ɔ

MCache
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归还ஃMHeap࠷结ਖຎƇෳঽ还ॖඐย归还ஃ৭ذݩ统Ɔ

MCache层ߘ仅ๆ༖ഇజࢡ对࣐Ƈഇజ释ൗଯ对࣐则ॖঋޡๆMHeapଯƇ过MCacheMCentralߢศ链ƆMCache
MCentralયߢศ链ଯࢡ对࣐яॖяॖ॥0ຎଯƆ对࣐ଯ2༈ߓ节ݩ为标记Ƈᄚॖ0时Ƈܜ对ॖ࣐॥0ຎଯƆ页ય

ଯ总ॖ॥ເଯƇλ៍围ଯ对࣐归还ஃ页时Ƈ์࠲গ॥ເƆ这样݈ೡ܄Go语ٿ规៍Ɗഇజλ༈对࣐进۱ިࡾшƇᄚଯ

ᔘ认值ॖ该类ؠଯເ值Ɔ

MCentral层ݩॖߘ为MCacheMHeapଯ连ঋƆ对ࣘƇᄚ༞MHeapયऎ请MSpanƋ对чƇᄚࢠMSpan⠭ഇढ़ү⯔॒ࠓࢡ对

ๆƆޡƇଚ֤给MCache࣐

    struct MCentral
    {
        Lock;
        int32 sizeclass;
        MSpan nonempty;
        MSpan empty;
        int32 nfree;
    };

શΤƇᾫ༈MSpan੩ѼഇӍढ़ஔ⯔ࢡଯ对࣐Ɔᾫ༈MCentralॖ੩ԥஔ⯔ࢡଯ对࣐ƆMCentral结构યƇยλ༈

nonemptyଯMSpan链λ༈emptyଯMSpan链Ƈഇ别ߟ还ย间ଯMSpanਂ满ຎ对࣐ଯMSpanƆ图ߟࡿƊ 

ഇజ还ॖᇂ简单Ƈঋ༞MCentral->nonempty->freelistഇజƆї发现freelistຎƇ则说这λ块MSpan满ຎƇࢠᄚΫஃ

MCentral->emptyƆ ঽ说过ƇѾዐಅഇజ⣍杂Ƈχ为ᾎտஃ܄ᆍƆ这ଯ܄ᆍॖ过ωๆ计ॅ实现ଯƆ༞MSpanયᾫ⠭ࡥ

λ༈对࣐Ƈ则ωๆ计ॅюλƇᾫѾዐλ༈对࣐Ƈ则ωๆ计ॅ减λƆї减ӷ௸ھωๆ计ॅ为ເຎƇ则说这य़块ଯMSpanᅹ
经ඐಎޡๆຎƇяΙࢠᄚ归还给MHeapƆ

ඕ节ଯਣજᾎտଯഓِൌӐƊ

malloc.h 头ഓِ

malloc.goc ݂ҙ层ଯൌਂ

msize.c ࢠү⯔ࠟࣘڽࢡय़ஃ৷应ଯ॒ࠓ类别

mheap.c 对应MHeapય৷⠣实现,还ยMSpan
mcache.c 对应MCacheય৷⠣实现

mcentral.c 对应MCentralય৷⠣实现

mem_linux.c SysAllocsys৷⠣ଯ实现

MCentral

ਡᄚ
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Go语ٿયޡๆଯ垃圾Ѿዐޡๆଯॖ标记॥扫ޔ൚Ɔ进۱垃圾Ѿዐ时ѼstoptheworldƆ过Ƈݚঽ1.3౦ඕયƇ实现ຎ३⛿ଯ

垃圾Ѿዐᆍ۱ଯ垃圾ѾዐƇઘଚۿຎ垃圾ѾዐଯਙƇ进۱垃圾Ѿዐ时ذ统ᆍѼ长时间„ࡐƆ

标记॥扫ޔ൚ॖλ༈ᇂԷ础ଯ垃圾Ѿዐޔ൚Ƈ该ޔ൚યยλ༈标记ިࡾଯrootηƇΙտλ༈ࠬےƆrootηࠞ์ॖଟࢍ

运۱ஃঽ时܌ଯ栈ুॅॉηƆےࠬݚયƇᇂਪॅॉॖଟࢍΙھ์࠲ๆஃଯƇ这类ॅॉ࠷яΙಎݩ垃圾Ѿዐ

ຎƆઐλ༈对ॖ࣐౼为垃圾Ƈॖ࠷Ԏ༞rootηଯ对ॖ࣐౼ยঋΎ间ঋଯωๆஃ这༈对࣐Ɔїඐยъ对࣐ωๆஃ

ᄚƇ则说ᄚඐยಎޡๆƇχܜяΙΑুઘݩ垃圾ѾዐƆ

标记॥扫ޔ൚ഇ为两阶ઓƊ标记阶ઓ॥扫阶ઓƆ标记阶ઓƇ༞rootηࡥ发Ƈ扫ಾࡿยrootηଯ对࣐ঋΎ间ঋωๆஃଯ

对࣐Ƈࢠ这ܮ对ࣘুೱюࣘ标记ƆݚѾዐ阶ઓƇ扫ಾय़༈Ƈ对ࡿยያ标记ଯ对࣐进۱ѾዐƆ(补图)

Ղী垃圾Ѿዐޔ൚์ֆ给对࣐юࣘ垃圾Ѿዐଯ标记Ƈ显ীॖ์࠲ย标记ΛଯƆλ౫ଯཚ൚Ѽࢠ对࣐结构ਹયюࣘλ༈标记

ηƇλܮ优шଯཚ൚Ѽๆ对ޱ࣐针ଯଊΛ进۱标记Ƈ这੩ॖܮԸՠϋۇ罢ຎƆGoඐย这ῘཚƇᄚଯ对࣐Cଯ结构ਹ对

ଯ标记ΛƇѱ们ԎԎᄚॖᇙῘ实现ଯƆߧๆଯॖಒऀޡӷুλઠƇ࣐

η对应ຎλ༈标记Λ图ηƇયᾫ༈ߓ(ॖbyteƇॖߠword)Ѽݚ标记Ληયย对应ଯ标记ΛƆᾫ༈ՀԶ32)ߓΛ
Ύ64Λ)Ѽ对应4Λଯ标记ΛƆχܜƇ64Λذ统ય৷༖ᾫ༈标记Λ图ଯߓ节对应16༈યଯߓ节Ɔ

虽ীॖλ༈ߓ节对应4Λ标记ΛƇ੫标记Λ图ηଯਣᆍॖΓ4Λλ组Ƈ16ॖߠ༈ߓ节为λ组Ƈࢠᄚ们ଯ标记Λ

ࣿਔਲൌਣ储ଯƆᾫ组64Λଯ标记Λ图༞ࣘஃчΜߘൌӐƊ

16Λଯ ࠣΛ 标记Λ
16Λଯ 垃圾Ѿዐ 标记Λ
16Λଯ ያޱ针/块边ҏ ଯ标记Λ
16Λଯ ᅹഇజ 标记Λ

这样设计ޡண对λ༈类ؠଯ৷应ଯΛ进۱ല历ᇂΦƆ

ঽଚஃηઘႊଯ标记Λ图ηॖഇ♧ਣ储ଯƇਡ实ᄚ们ॖΙmheap.arena_startઘႊ为边ҏƇॖࣘڽ实际ޡๆଯ

ઘႊ间Ƈڽч则ॖ标记Λ图ηƆΙ64Λذ统为ຶƇ计ޔય൸༈ઘႊଯ标记ΛଯߧڷчƊ

ഫΫ = ઘႊ - mheap.arena_start
标记Λઘႊ = mheap.arena_start - ഫΫ/16 - 1
ΫΛ = ഫΫ % 16
标记Λ = *标记Λઘႊ >> ΫΛ

ী࠷ھяΙ过 (标记Λ & 垃圾Ѿዐ标记Λ),(标记Λ & ഇజΛ),测试৷应ଯΛƆਡયᅹഇజଯ标记为1<<0,ያޱ针/块边ҏ

ॖ1<<16,垃圾Ѿዐଯ标记Λ为1<<32,ࠣΛ1<<48

 :ߟࡿч图ਹଯਣ״

6.2 垃圾Ѿዐ

标记॥扫ޔ൚

Λ图标记ਣ

३⛿ଯ垃圾Ѿዐ
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ਉC这⯔ߖ垃圾Ѿዐଯ语ٿƇਡ实还ॖยܮ垃圾Ѿዐଯ库яΙޡๆଯƆ这类库λ౫ॖๆଯ标记॥扫ޔ൚实现ଯƇ੫ॖ

ᄚ们ॖസࠠଯ垃圾ѾዐƆ为ࡏῘ֮“സࠠ”ଯ垃圾Ѿዐ⡕ƌ௸ࡿΙ֮“സࠠ”ॖχ为ᄚ们ඐ办൚获ࠟ对࣐类ࣿؠਔƇχܜ੩സ

ࠠઘཕ设ઘႊ间યᾫ༈ߓॖޱ针Ɔ

ያ൚获ࠟ对࣐ଯ类ࣿؠਔѼਏढ़ࡏῘ问题⡕ƌ这举两༈ຶޫ说ƆগԎλ༈ຶޫƇཕ设൸༈结构ਹયॖൌԥޱ针ढ़

员ଯƇῘ对该结构ਹढ़员进۱垃圾Ѿዐ时Ƈਡ实ॖ์递归ઘ标记结构ਹଯढ़员ଯƆ੫ॖศ༖ඐย类ࣿؠਔƇѱ们ᆍ

ગஞ这༈结构ਹढ़员ൌԥޱ针Ƈχܜѱ们੩对结构ਹଯᾫ༈ߓ节递归ઘ标记ч֓Ƈ这显ীѼ费ᇂਪ时间Ɔ这༈ຶޫ说

३⛿ଯ垃圾ѾዐяΙ减ࢢ์ଯ扫ಾƇଚۿ标记过ଟଯਙƆ

݁Ԏ另λ༈ຶޫƇཕ设યยλ༈longଯ变ຟƇᄚଯ值ॖ8860225560Ɔ੫ॖѱ们ગஞᄚଯ类ॖؠlongƇࡿΙݚ进۱垃圾Ѿ

ዐ时Ѽఅ༈ޱݩ针处Ƈ这༈ޱ针ωๆஃຎ0x2101c5018ΛટƆཕ设0x2101c5018✀ۇย൸༈对࣐ƇῘ这༈对࠷࣐ያ൚

ಎ释ൗຎƇਓޡ实际ࣘᅹ经ඐъઘ൘ޡๆᄚƆ这༈ຶޫ说Ƈസࠠଯ垃圾Ѿዐ൸ྙࣣܮчѼࡥ现垃圾ያ൚ಎѾዐƆ虽ী

Ѽਏढ़ଯ问题Ƈ੫总ॖ让ञᇂৣƇॖඐย类ࣿؠਔࠝଯ祸Ɔ

现ۂݚຎƇGo1.1ݚ౦ඕય♧ިߖ३⛿ଯ垃圾ѾዐƆ३⛿ଯ垃圾Ѿዐࠪগ์࠲ଯॖ࠷类ࣿؠਔƇࣘλ节ય讲过MSpan结构
ਹƇ类ࣿؠਔॖਣ储ݚMSpanયଯƆ༞λ༈ઘႊ计ޔᄚࡿਛଯMSpanƇߧڷчƊ

页܃ = (ઘႊ - mheap.arena_start) >> 页ࢡ
MSpan = mheap->map[页܃]

ঋч过MSpan->typeяΙணஃഇజ块ଯ类ؠƆ这ॖλ༈MTypeଯ结构ਹƊ

    struct MTypes
    {
        byte    compression;    // one of MTypes_*
        bool    sysalloc;    // whether (void*)data is from runtime·SysAlloc
        uintptr    data;
    };

MTypesಾࡧMSpanഇజଯ块ଯ类ؠƇਡયcompressionηಾॅࡧॉଯƆᄚଯࠟ值为MTypes_EmptyƇ
MTypes_SingleƇMTypes_WordsƇMTypes_Bytesަ༈યଯλ⯔Ɔ

MTypes_Empty:
ਔяๆƆ这⯔ࣣྙчdataηॖያΤ义ଯƆࣿؠ这༈ഇజ块ଯ类ࠋยଯ块ॖfreeଯƇΎࡿ    
MTypes_Single:
    这༈MSpan੩ൌԥλ༈块Ƈdataηਣൗ类ࣿؠਔƇsysallocηያΤ义
MTypes_Words:
    这༈MSpanൌԥਪ༈块(块ଯ⯔类ਪ༖7)Ɔ这时dataڽޱλ༈ॅ组[NumBlocks]uintptr,Ƈॅ组ᾫ༈ٴਣൗ৷应块ଯ类ࣿؠਔ
MTypes_Bytes:
    这༈MSpanયൌԥ݂ਪ7⯔ஔ类ؠଯ块Ɔ这时dataηޱч这༈结构ਹ
    struct {
        type  [8]uintptr       // type[0] is always 0
        index [NumBlocks]byte
    }
    i༈块ଯ类ॖؠdata.type[data.index[i]]

ࣘԎMTypes_Bytesۂਉ݂⣍杂Ƈਡ实这ଯ⣍杂ଟॖMTypes_Emptyࢡ༖MTypes_Singleࢡ༖MTypes_Bytesࢡ༖

MTypes_WordsଯƆMTypes_Bytes੩过为ຎཚ优шߠ显ணᇂ⣍杂Ɔ

ࣘλ节ય说过Ƈᾫλ块MSpanયਣൗଯ块ଯࢡॖλ样ଯƇ过ᄚ们ଯ类ؠλ৷ஔƆїඐยޡๆƇῘ这༈MSpan
ଯ类ॖ࠷ؠMTypes_EmptyƆїਣλ༈ᇂ块Ƈ༖这༈MSpanࢡଯλౝƇχܜਣຎਡᄚ东७ຎƇῘ这༈MSpanଯ
类ॖؠMTypes_SingleƆཕ设ਣຎਪ⯔块Ƈᾫλ块ๆλ༈ޱ针ƇඕяΙঋๆMTypes_WordsਣଯƆ੫ॖ类ؠਪ时Ƈ

яΙఅ这ܮ类ؠଯޱ针ࡍયՔൗॅݚ组યƇীھਣ储ॅ组ݲωƆ这ॖλ༈ࢡଯ优шƇяΙ节ࢽਣ间Ɔ

ணஃଯ类ࣿؠਔ݂终ॖࡏῘ样ޫଯ⡕ƌਡ实ॖλ༈这样ଯ结构ਹƊ
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struct Type
{
    uintptr size;
    uint32 hash;
    uint8 _unused;
    uint8 align;
    uint8 fieldAlign;
    uint8 kind;
    Alg *alg;
    void *gc;
    String *string;
    UncommonType *x;
    Type *ptrto;
};

ஔ类ؠଯ类ࣿؠਔ结构ਹยஔƇ这༈ॖๆଯೱഇƆяΙԎஃ这༈结构ਹયยλ༈gcηƇ३⛿ଯ垃圾Ѿዐॖ࠷ๆ类

ਔય这༈gcη实现ଯƆࣿؠ

༞gc֓ࡥਡ实ॖλઓິޱ码Ƈॖ对这⯔类ؠଯॅॉ进۱垃圾ѾዐଯິޱƇGoયๆλ༈ࣨ态Հ执۱垃圾Ѿዐິޱ码Ɔઠଯ

ፈјॖ类ߐч这样ޫƊ

    for(;;) {
        switch(pc[0]) {
            case GC_PTR:
            break;
            case GC_SLICE:
            break;
            case GC_APTR:
            break;
            case GC_STRING:
            continue;
            case GC_EFACE:
            if(eface->type == nil)
                continue;
            break;
            case GC_IFACE:
            break;
            case GC_DEFAULT_PTR:
            while(stack_top.b <= end_b) {
                obj = *(byte**)stack_top.b;
                stack_top.b += PtrSize;
                if(obj >= arena_start && obj < arena_used) {
                    *ptrbufpos++ = (PtrTarget){obj, 0};
                    if(ptrbufpos == ptrbuf_end)
                        flushptrbuf(ptrbuf, &ptrbufpos, &wp, &wbuf, &nobj);
                }
            }
            case GC_ARRAY_START:
            continue;
            case GC_ARRAY_NEXT:
            continue;
            case GC_CALL:
            continue;
            case GC_MAP_PTR:
            continue;
            case GC_MAP_NEXT:
            continue;
            case GC_REGION:
            continue;
            case GC_CHAN_PTR:
            continue;
            case GC_CHAN:
            continue;
            default:
            runtime·throw("scanblock: invalid GC instruction");
            return;
        }
    }
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Go语ޡٿๆ标记॥扫ଯ垃圾Ѿዐޔ൚Ƈ标记Λ图ॖಒऀߧଯƇਣ设计ணಅ较ۇෆƆᆍӗঽ౦ඕଯGo实现ຎ३⛿

ଯ垃圾ѾዐƆݚ३⛿ଯ垃圾ѾዐયƇ过Λ对࣐ଯ类ࣿؠਔƇணஃ该类ؠયଯ垃圾Ѿዐଯິޱ码Ƈ过λ༈ࣨ态Հѽ释这

ઓິޱ码执۱类ؠଯ垃圾ѾዐݩۆƆ

对༖યΤઘႊଯ对࣐Ƈቤஃᄚଯ类ࣿؠਔ过ଟ为Ƈগ过ᄚݚଯਣ页ቤஃᄚࡿਛଯMSpanƇীھ过MSpanયଯ类ؠ

ࣿਔቤஃᄚଯ类ࣿؠਔƆ

ગஞ读ࠋยඐยશΤλ༈细节ƇMTypeયଯdata值应该ॖਣൗType结构ਹଯޱ针Ƈ੫ᄚնॖuintptrߟଯƆ这ॖ为ࡏῘ

⡕ƌ

结ࢡ
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ෳঽGoય垃圾ѾዐଯҴअీॅॖscanblockƇٺ码ݚഓِruntime/mgc0.cયƆ这༈ీॅಒ难读Ƈ单༈ీॅࠃຎਘਘ500ਪ
۱Ɔࣘย两༈ଯࡰ环Ƈҙ层ࡰ环ݩๆॖ扫ಾय़༈ਣ块ηƇࢠ类ࣿؠਔଚࠟࡥƇணஃਡયଯgcηƆ层ଯࡰ环ॖ

实现λ༈ࣨ态ՀƇѽॾ执۱类ࣿؠਔયgcηଯິޱ码Ɔ

গ说说ࣘλ节ຄଯդ问•ƆMTypeયଯॅॉਡ实ॖ类ࣿؠਔƇ੫ᄚॖๆuintptrߟƇߠॖType结构ਹଯޱ针Ƈ这ॖλ༈优

шଯࢡՠۇƆศ༖ਣഇజॖՀԶߓ节对齐ଯƇࡿΙઘႊ࠷੩ๆஃຎۿΛƇଊΛॖๆஃଯƆ༖ॖଊΛяΙๆՔਣ储λ

Ɔ过ؠ针ƇଊΛๆਣൗ类ޱΛਣൗଯॖType结构ਹଯۿ额ҙଯࣿਔƆ这ଯuintptrયܮ

    t = (Type*)(type & ~(uintptr)(PtrSize-1));

过ߠ针ƇޱяΙ༞uintptrணஃType结构ਹ࠷

type & (PtrSize-1)

ยTypeInfo_SingleObjectƇTypeInfo_ArrayƇTypeInfo_MapƇTypeInfo_Chanྞ⯔ƆؠƆ这ଯ类ؠяΙணஃ类࠷

༞݂简单ଯ♧ިԎƇԷඕଯ标记过ଟƇยλ༈带ъ优шଯ标记ଯ实现Ƈ对应༖ీॅdebug_scanblockƆ

debug_scanblockీॅॖ递归实现ଯƇ单线ଟଯƇۖ简单ۖබଯscanblock౦ඕƆ该ీॅঋዐଯॅދഇ别ॖλ༈ޱ针์ߟ扫

ಾଯઘႊƇΙտߓ节ॅƆ

ࠪগ์ࢠ传ଯઘႊƇΓՀԶߓ节ࢡ对齐Ɔ
ীھ对ਿ扫ಾηଯᾫ༈ઘႊƊ
ቤஃᄚࡿਛଯMSpanƇࢠઘႊ转换为MSpanଯ对࣐ઘႊƆ
ଯઘႊƇቤஃ对应ଯ标记Λ图ଯ标记ΛƆ࣐ॉ对ܧ
ઐ标记ΛƇїॖරഇజ则过Ɔ౼则юࣘࠣΛ标记(debug_scanblockયๆࠣΛ码ଯmarkΛ)ӷढ़标记Ɔ
ઐ标记Λય标记ຎያޱ针标记ΛƇїඐยƇ则์递归ઘ调ๆdebug_scanblockƆ

这༈递归౦ඕଯ标记ޔ൚还ॖᇂΦѽଯƆਡયᾎտଯ细节ࣘݚ节યᅹ经说过ຎƇಅΤ给λ༈ઘႊƇቤஃᄚଯ标记

ΛࣿਔƆᇂ显这仅仅ޡๆຎλ༈ያޱ针ΛƇᆍඐย३⛿ଯ垃圾ѾዐƆ

Goݚ这༈౦ඕય仅实现ຎ३⛿ଯ垃圾ѾዐƇߠӗ实现ຎᆍ۱ଯ垃圾ѾዐƆ标记ޔ൚ඕ质ࣘॖ࠷λ༈树ଯല历过ଟƇࣘ实

现ଯॖλ༈递归౦ඕƆ

ᆍ۱ଯ垃圾Ѿዐ์࠲ཚଯλᾩƇॖ࠷গޔࢠ൚ཚढ़ಒ递归ଯƆಒ递归౦ඕଯ树ଯല历์࠲ๆஃλ༈队ໆƆ树ଯಒ递归ല历

ଯ伪码ઠॖƊ

结进队ܧ
while(队ໆ) {
队ࡥ    
    访问
结进队ޫࢠ    
}

6.3 垃圾Ѿዐ

Էඕଯ标记过ଟ

ᆍ۱ଯ垃圾Ѿዐ
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ᾩॖࣘޡଯ码够ᆍ۱ઘݩۆƇ显ী这时ॖ์࠲λ༈线ଟΑুଯ队ໆଯƆཕ设ย这样λ༈队ໆƇῘࣘ码࠷

够ݩۆຎƆ੫ॖƇїюъ优шƇ这ଯ队ໆଯᆍ۱访问ಒઘ频౪Ƈ对这༈队ໆю锁༧ѼಒۿƇਓޡॖޡๆCAS
৭ݩѼۼଊዓƆ

༈ॅॉ结މๆ这样λ༈队ໆƇ为ຎ优шƇᄚ过ޡ实ࣘƇGoયᆍඐยߏ优шࣘ队ໆଯॅॉ结构Ɔॖ࠷ᾩ์ཚଯމΙƇࡿ

构֩ஔӷढ़这༈队ໆଯڸƇ这މ༈ॅॉ结构ഇ别ॖPtrTargetॅ组ƇWorkbufƇlfstackƆ

গ说Workbuf•Ɔခ࠷ߓગஞƇ这༈结构ਹଯΤްॖݩۆ缓ྗƇਣൗଯॖλ༈ॅ组Ƈॅ组યଯᾫ༈ٴॖλ༈ਿ

处ଯ结Ƈॖ࠷λ༈Objޱ针Ɔ这༈对࣐ඕङॖᅹ经标记ຎଯƇ这༈对࣐ঋΎ间ঋωๆஃଯ对࣐Ƈॖ应该ಎ标记ଯƇ

ᄚ们Ѽಎݩ垃圾ѾዐƆWorkbufॖಅ较ଯƇλ౫ॖN༈ਣ页ଯࢡ(ෳঽॖ2页Ƈ8ॖ࠷K)Ɔ

PtrTargetॅ组ॖλ༈缓ྗƇ৷༖λ༈intermediate bufferƇᦜWorkbufยλଯ别ƆλƇᄚಅWorkbufࢡᇂਪƇ

Ҟ੩ย32Ύ64༈ٴଯॅ组ƆƇWorkbufયଯ对ু࣐ೱॖᅹ经标记过ଯƇߠPtrTargetયଯٴяॖ标记ଯƇя

ॖඐ标记ଯƆމƇPtrTargetଯٴॖޱ针ߠॖ对࣐Ƈޱ针ॖڽޱΤઘႊଯƇߠ对ॖ࣐对齐ஃ।⛿ઘႊଯƆ༞λ༈

ਹ细节Ɔ״变换Ƈࣘλ节યย讲过ߘ经过λ์࣐针变为λ༈对ޱ

垃圾Ѿዐ过ଟયƇѼยλ༈༞PtrTargetॅ组ྗݹஃWorkbuf缓ྗଯ过ଟƆ对应༖ٺ码યଯflushptrbufీॅƇ这༈ీॅݩๆ

环ଯλݚढ़ຎλ༈环ƇآᄚΫஃWorkbufયƆ标记过ଟࢠƇї该ઘႊॖmarkຎଯƇ则ٴยࡿ对PtrTagetॅ组યଯॖ࠷

边Ƈ对Workbufયଯ对࣐ƇѼࢠᄚ们яωๆଯηুೱൗஃPtrTargetય记录чƆݚ环ଯ另λ边ƇතѼࢠPtrTargetય⛿

ࡥঽ伪码યଯॖ࠷ஃWorkbufયƆ这༈过ଟλ轮λ轮ઘ进۱Ƈव动ಒ递归౦ඕଯ树ଯല历过ଟƇݹ标记ଯઘႊ์࠲

队Ƈ访问Ƈޫ结进队ଯ过ଟƆ

另λ༈ॅॉ结构ॖlfstackƇ这༈ߓଯΤްॖlock free栈Ɔਡ实ᄚॖಎๆݩຎλ༈ያ锁ଯ链Ƈ链结ॖΙWorkbuf为单Λ

ଯƆᆍ۱垃圾ѾዐયƇਪࣥ线ଟѼ༞这༈链યࠟॅॉƇᾫߘΙλ༈Workbuf为ݩۆ单ΛƆஔ时Ƈ标记ଯ过ଟયѼ产१

Workbuf结ൗஃ链યƆlfstackസ证ຎ对这༈链ଯᆍ发访问ଯΑুड़Ɔศ༖现ݚ链结ॖΙWorkbuf为单ΛଯƇࡿΙസ证य़

ਹଯड़Ƈlfstackଯଓ层码ॖๆCAS৭ݩ实现ଯƆ

经过މᾩયॅॉ结构ࣘଯተѽƇय़༈ᆍ۱垃圾Ѿዐଯј构ᅹ经څ௸๔ࡥຎƇ这ॖ࠷标记扫ಾଯҴअీॅscanblockƆ这༈ీ

ਪ线ଟчᆍ۱ΑুଯƆݚॖॅ

ῘƇ݂ھλᾩƇਪ线ଟᆍ۱Ɔय़༈ଯgcॖΙruntime.gcీॅ为ڼଯƇᄚ实际调ๆଯॖgcƆ进gcీॅھѼগ

stoptheworldƇঋમିю标记ଯrootηƆীھѼ设ટmarkrootsweepspanଯᆍ۱务Ɔ运۱markଯ务Ƈ扫ಾ块Ƈ运۱

sweepଯ务Ƈ݂ھstarttheworldᆍউ换֓ࡥƆ

ยλ༈ParForଯॅॉ结构Ɔݚgcీॅય调ๆຎ

    runtime·parforsetup(work.markfor, work.nproc, work.nroot, nil, false, markroot);
    runtime·parforsetup(work.sweepfor, work.nproc, runtime·mheap->nspan, nil, true, sweepspan);

ॖ设ટۂѾ调ీॅ让线ଟ֓执۱markrootsweepspanీॅƆ垃圾Ѿዐ时ѼstoptheworldƇਡᄚgoroutineѼ对发Ք

stoptheworldཚࡥ响应Ƈ调ๆruntime.gchelperƇ这༈ీॅѼ调ๆscanblock₉ࢊ标记过ଟƆѼᆍ۱ઘཚmarkroot
sweepspanଯ过ଟƆ

    void
    runtime·gchelper(void)
    {
        gchelperstart();

        // parallel mark for over gc roots
        runtime·parfordo(work.markfor);

        // help other threads scan secondary blocks
        scanblock(nil, nil, 0, true);

        if(DebugMark) {
            // wait while the main thread executes mark(debug_scanblock)
            while(runtime·atomicload(&work.debugmarkdone) == 0)
                runtime·usleep(10);
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        }

        runtime·parfordo(work.sweepfor);
        bufferList[m->helpgc].busy = 0;
        if(runtime·xadd(&work.ndone, +1) == work.nproc-1)
            runtime·notewakeup(&work.alldone);
    }

ਡયᆍ۱时ย实现ݩۆກএࠟଯҞ௱Ƈਪ༈workerஔ时֓ݩۆ缓ਣયࠟॅॉࡥ处Ƈїډߢଯ务ཚӷຎƇ࠷Ѽ༞ਡ

ᄚଯ务ય“偷”λܮ过执۱Ɔ

垃圾Ѿዐଯࣹ发ॖศλ༈gcpercentଯ变ຟےक़ଯƇईഇజଯਣঙᅹޡݚๆયଯਣଯಅຶ过gcprecent时࠷Ѽࣹ发Ɔ

ಅƇgcpercent=100Ƈঽޡๆຎ4MଯਣƇῘਣഇజஃ达8M时࠷Ѽ݁ߘgcƆїѾዐӷ毕ھƇਣଯޡๆຟ为

5MƇῘчߘѾዐଯ时Հ则ॖਣഇజ达ஃ10Mଯ时ڴƆॖ࠷说ƇᆍॖਣഇజЈਪƇ垃圾Ѿዐ频ЈۿƇ这༈ޔ൚ޡ

ண垃圾Ѿዐଯ频ಅ较稳Ƈ⊳܄应ๆଯ场ثƆ

gcpercentଯ值ॖ过环ְ变ຟGOGC获ࠟଯƇї设ટ这༈环ְ变ຟƇᔘ认值ॖ100Ɔїࢠᄚ设ટढ़offƇ则ॖ⠣闭垃圾

ѾዐƆ

垃圾Ѿዐଯ时Հ
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Go语ٿchannelॖfirst-classଯƇΤයમᄚяΙಎਣ储ஃ变ຟયƇяΙݩ为ॅދ传递给ీॅƇяΙݩ为ీॅଯറѾ值റѾƆ

ᅹƇ结构ਹ义чƊߠλ༈ॅॉ结构ॖ࠷અƇ੫ॖਡ实channel仅仅ۿଯҴअज़௸λƇ虽ীchannelԎࣘ֓ᇂٿ为Go语ݩ

struct    Hchan
{
    uintgo    qcount;            // 队ໆqયଯ总ॅॉॅຟ
    uintgo    dataqsiz;        // 环آ队ໆqଯॅॉࢡ
    uint16    elemsize;
    bool    closed;
    uint8    elemalign;
    Alg*    elemalg;        // interface for element type
    uintgo    sendx;            // 发index
    uintgo    recvx;            // ঋዐindex
    WaitQ    recvq;            // χrecvߠ݄ଯਿ队ໆ
    WaitQ    sendq;            // χsendߠ݄ଯਿ队ໆ
    Lock;
};

让ѱ们Ԏλ༈Hchan这༈结构ਹƆਡયλ༈Ҵअଯೱഇॖਣൗchannelॅॉଯ环آ队ໆƇศqcountelemsizeഇ别ޱຎ队

ໆଯຟঽޡๆຟƆdataqsizeॖ队ໆଯࢡƆelemalgॖٴ৭ݩଯλ༈Alg结构ਹƇ记录чٴଯ৭ݩƇcopyీॅƇ

equalీॅƇhashీॅƆ

яѼยञդƇ结构ਹય੩Ԏஃຎ队ໆࢡ৷⠣ଯηƇᆍඐยԎஃਣൗॅॉଯη‰ƌїॖ带缓ྗଯchanƇ则缓ྗॅ

ॉ实际ࣘॖ紧ঋમHchan结构ਹયഇజଯƆ

c = (Hchan*)runtime.mal(n + hint*elem->size);

另λ༈࡚์ೱഇॖ࠷recvqsendq两༈链Ƈλ༈ॖχ读这༈ஞߠ导ઠ݄ଯgoroutineƇ另λ༈ॖχ为ࠃ这༈ஞߠ݄

ଯgoroutineƆїλ༈goroutine݄༖channelຎƇῘᄚ࠷ಎቾݚrecvqΎsendqયƆWaitQॖ链ଯ义Ƈൌԥλ༈头结

λ༈ಗ结Ɗ

struct    WaitQ
{
    SudoG*    first;
    SudoG*    last;
};

队ໆયଯᾫ༈ढ़员ॖλ༈SudoG结构ਹ变ຟƆ

struct    SudoG
{
    G*    g;        // g and selgen constitute
    uint32    selgen;        // a weak pointer to g
    SudoG*    link;
    int64    releasetime;
    byte*    elem;        // data element
};

该结构યࠞ์ଯॖ࠷λ༈gλ༈elemƆelemๆ༖ਣ储goroutineଯॅॉƆ读ஞ时ƇॅॉѼ༞Hchanଯ队ໆય܆贝ஃSudoG
ଯelemηƆࠃஞ时Ƈॅॉ则ॖศSudoGଯelemη܆贝ஃHchanଯ队ໆયƆ

7.1 channel

channelॅॉ结构
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Hchan结构ч图ߟࡿ: 

গԎࠃchannelଯ৭ݩƇԷඕଯࠃchannel৭ݩƇݚଓ层运۱时库ય对应ଯॖλ༈runtime.chansendీॅƆ

c <- v

运۱时库યѼ执۱Ɗݚ

void runtime·chansend(ChanType *t, Hchan *c, byte *ep, bool *pres, void *pc)

ਡયcॖ࠷channelƇepॖࠟ变ຟvଯઘႊƆ这ଯ传值约ॖ调ๆࠋ负责ഇజۂepଯ间Ƈ仅์࠲简单ଯࠟ变ຟઘႊ࠷够

ຎƆpresݚॖॅދselectયଯஞ৭ޡݩๆଯƆ

这༈ీॅࠪগѼഇॖஔᾩ还ॖ♨ᾩƆஔᾩॖޱchanॖ带缓ྗଯƇχܜяࠃ݄Ƈߠ♨ᾩॖޱchan带缓ྗƇ੩ย缓

满݈݄Ɔྗ

Ƈਓॖ౼ยχஔᾩଯࣣྙчƇศ༖channelඕङॖ带ॅॉ缓ਣଯƇ这时ࠪগѼ查ԎHchan结构ਹયଯrecvq链时౼为ݚ

为读该Ԑஞߠ݄ଯgoroutineƆїย则яΙ।ࠃchannelƇ౼则৭ݩѼ݄Ɔ

recvq为ଯࣣྙчƇࢠλ༈SudoG结构ਹࡥ队ໆƇࢠ传给ஞଯॅॉ(ీॅॅދep)܆贝ஃSudoG结构ਹયଯelemηƇᆍ

റѾƆॅీھ绪队ໆયƇࣨ态ટ为readyƇী࠷SudoGયଯgൗஃࢠ

їrecvq为Ƈ౼则์ࢠঽgoroutine݄Ɔܜ时ࢠλ༈SudoG结构ਹƇቾஃஞଯsendq链યƇ这༈SudoGયଯelem
ηॖॅދeqƇSudoGયଯgॖঽଯgoroutineƆঽgoroutineѼಎ设ટ为waitingࣨ态ᆍቾஃਿ队ໆયƆ

channelࠃχߟsendq队ໆયƇݚ为SudoG结构ਹቾݩঽgoroutineॅॉλՔࢠ满ຎƇॖ์ᾩଯࣣྙƇї缓ྗ♨ݚ
唤ॲƆ࠷Ƈย݄Ɔ౼则ॖগԎยඐยrecvq链ॖ౼为ߠ

ᦜஔᾩஔଯॖݚchannel缓ྗ满ଯࣣྙƇ这Ѽ݄ࠋࠃƇॅࢠॖߠॉൗஃchannelଯ缓ྗયƇ调ๆࠋറѾƆ

读channelଯ৭ݩॖ类ߐଯƇ对应ଯీॅॖruntime.chansendƆλ༈ॖዐλ༈ॖ发ƇԷඕଯ过ଟॖܴਪଯƆ

ஞ⠣闭ଯஞƆ--ݩશΤଯॖྞ⯔ࣣࠣྙчଯஞ৭์࠲

ஞॖϷ远݄ࠃ规៍Ƈ读ٿଯ语ٿGo语ࢻшƆΓިࡾ调ๆmake进۱ھ义ࠋλ༈channel赋值为nilƇΎࢠޱஞॖ

ଯƆਡ实ॅీݚruntime.chansendruntime.chanrecv♧头࠷ยઐ这类ࣣྙƇї发现ॅދcॖଯƇ则ঋࢠঽଯ

goroutineൗஃਿ队ໆƇࣨ态设ટ为waitingƆ

读λ༈⠣闭ଯஞƇϷ远Ѽ݄ƇѼറѾλ༈ஞॅॉ类ؠଯເ值Ɔ这༈实现ᇂ简单Ƈࢠເ值⣍क़ஃ调ๆీॅଯॅދep
યƆࠃλ༈⠣闭ଯஞƇ则ѼpanicƆ⠣闭λ༈ஞƇѼ导ઠpanicƆ

select-caseયଯchan৭ݩ编译ढ़ຎif-elseƆಅƊ

select {
case v = <-c:
        ...foo
default:

读ࠃchannel৭ݩ

selectଯ实现
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        ...bar
}

Ѽಎ编译为:

if selectnbrecv(&v, c) {
        ...foo
} else {
        ...bar
}

类ߐઘ

select {
case v, ok = <-c:
    ... foo
default:
    ... bar
}

Ѽಎ编译为:

if c != nil && selectnbrecv2(&v, &ok, c) {
    ... foo
} else {
    ... bar
}

ঋчॖ࠷Ԏλчselectnbrecv৷⠣ଯీॅຎƆਡ实ඐยъࠣଯඛ൚Ƈ这ॅీܮ੩ॖ简单ઘ调ๆruntime.chanrecvీॅƇ

੩过设ટຎλ༈ॅދƇ܍诉runtime.chanrecvీॅƇӷढ़৭ݩ时์݄ƇॖߠറѾ߱败Ɔॖ࠷说Ƈࡿยଯ

select৭ݩਡ实仅仅ॖಎ换ढ़ຎif-elseઐƇଓ层调ๆଯ݄ଯஞ৭ॅీݩƆ

执۱ƆῘƇъ实ࢍਉswitchયଯcase样λࣥλࣥଯ顺ߠीՀଯƇॖࢍ规៍યƇselectયଯcaseଯ执۱顺ٿGoଯ语ݚ

现ीՀ⡕ƌ

selectcase⠣键ޡߓๆຎчଯ结构ਹƊ

struct    Scase
{
    SudoG    sg;            // must be first member (cast to Scase)
    Hchan*    chan;        // chan
    byte*    pc;            // return pc
    uint16    kind;
    uint16    so;            // vararg of selected bool
    bool*    receivedp;    // pointer to received bool (recv2)
};

struct    Select
{
    uint16    tcase;            // 总ଯscase[]ॅຟ
    uint16    ncase;            // ঽࡑຎଯscase[]ॅຟ
    uint16*    pollorder;        // caseଯpollࢍߘ
    Hchan**    lockorder;        // channelଯ锁ࡐଯࢍߘ
    Scase    scase[1];        // ᾫ༈caseѼݚ结构ਹยλ༈ScaseƇ顺ॖࢍΓࡥ现ଯࢍߘ
};

ᾫ༈select对应λ༈Select结构ਹƆݚSelectॅॉ结构યย༈Scaseॅ组Ƈ记录чຎᾫλ༈caseƇߠScaseયൌԥຎ

HchanƆীھpollorderॅ组ٴࢠीՀఔໆƇ这样࠷яΙࢠScaseࢍຎƆ
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interfaceॖGo语ٿય݂ढ़ڸଯ设计௸λƇଯinterfaceяΙಎݩ“鸭ޫ”类ޡؠๆƇᄚޡணGo这样ଯॴ态语ٿ拥ยຎλଯ

动态ड़Ƈ੫նත损߱ॴ态语ݚٿ类ؠΑু൘拥ยଯ编译时检查ଯ优势Ɔ

Μ赖༖ঋߠڼॖ实现Ƈ优গޡๆ组ߠ܄ॖ继ࢨƇ这ॖଟࢍળ࣐ଯԷඕٵ则Ɔ੫ॖ长ռΙΙC++为ଯ“ڽ对࣐”语ٿ

ય݂ූ࣐对ڽ这Ῐ变态ଯ设计ƌࢨῘ์ยਪ࡚继ࡏƌ为൘൚ॅॉ绑ࢠῘ์ࡏƆ为则Ƈ让ञ们ਃຎ误ٵܮѽຎ这

调ଯ应该ॖ对࣐间ଯࢶਔ传递Ƈն为ࡏῘಎЖ绎ढ़ຎೲਂ继ࢨਪ态Ɔڽ对ॖ࣐౼实现ଟࢍଟࢍળ࣐ଯ܄أƇතΎࠋ

ॖχ为ᄚਣݚѱ们࠷认为ᄚ܄ຎƆ历ٵޤχƇય间ࡥ现ຎਫਪଯ错误ƆԐᇙῘ样ƇGoଯinterface给ѱ们ਲ♧ຎλটईଯ

ᘷƆ

ῘƇGoયଯinterfaceݚଓ层ॖъ实现ଯ⡕ƌ

interface实际ࣘॖ࠷λ༈结构ਹƇൌԥ两༈ढ़员Ɔਡયλ༈ढ़员ॖ״ڽޱਹॅॉଯޱ针Ƈ另λ༈ढ़员યൌԥຎ类ࣿؠਔƆ

ঋڼ带൘൚ଯঋڼยஔƇчഇ别ॖঋڼ带൘൚ଯঋޡॖڼๆଯॅॉ结构Ɗ

struct Eface
{
    Type*    type;
    void*    data;
};
struct Iface
{
    Itab*    tab;
    void*    data;
};

গԎEfaceƇᄚॖinterface{}ଓ层ޡๆଯॅॉ结构Ɔॅॉηયൌԥຎλ༈void*ޱ针Ƈλ༈类ؠ结构ਹଯޱ针Ɔinterface{}ഌ
ЖଯҺࣸᦜC语ٿયଯvoid*ॖܴਪଯƇGoયଯъ对࣐яΙߟ为interface{}Ɔஔ௸处ݚ༖Ƈinterface{}યย类ࣿؠ

ਔƇ༖ॖяΙ实现ࠄƆ

类ࣿؠਔଯ结构ਹ义чƊ

struct Type
{
    uintptr size;
    uint32 hash;
    uint8 _unused;
    uint8 align;
    uint8 fieldAlign;
    uint8 kind;
    Alg *alg;
    void *gc;
    String *string;
    UncommonType *x;
    Type *ptrto;
};

ਡ实ݚঽѱ们ᅹ经见过ᄚຎƆ३⛿ଯ垃圾ѾዐયƇॖ࠷Μ赖Type结构ਹયଯgcηଯƆஔ类ॅؠॉଯ类ࣿؠਔ结构ਹᆍ

ӷুλઠƇTypeॖ类ࣿؠਔ结构ਹય֩ڷଯೱഇƇਡયsizeಾࡧ类ؠଯࢡƇhashॅॉଯhash值Ƈalignॖ对齐ƇfieldAlginॖ
这༈ॅॉᅠ结构ਹ时ଯ对齐Ƈkindॖλ༈ච举值Ƈᾫ⯔类ؠ对应ຎλ༈编܃Ɔalgॖλ༈ీॅޱ针ଯॅ组Ƈਣ储ຎ

hash/equal/print/copyަ༈ీॅ৭ݩƆUncommonTypeॖڽޱλ༈ీॅޱ针ଯॅ组Ƈዐࡍຎ这༈类ؠଯ实现ଯࡿย൘൚Ɔ

简单ଯࠟEfaceયଯTypeηƆॖ࠷reflectൌયย༈KindOfీॅƇറѾλ༈interface{}ଯTypeƇਡ实该ీॅݚ

7.2 interface

EfaceIface
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IfaceEfaceยஔƇᄚॖ带൘൚ଯinterfaceଓ层ޡๆଯॅॉ结构Ɔdataηஔ样ॖॅިٵڽޱॉଯƇߠItabଯ结构чƊ

struct    Itab
{
    InterfaceType*    inter;
    Type*    type;
    Itab*    link;
    int32    bad;
    int32    unused;
    void    (*fun[])(void);
};

Itabય仅ਣ储ຎTypeࣿਔƇߠӗ还ਪຎλ༈൘൚fun[]Ɔλ༈Ifaceયଯ״ਹ类ؠય实现ଯ൘൚Ѽಎ܆贝ஃItabଯfunॅ组
યƆ

Ƈ(ࠄॖ࠷)ؠਹ类״转换为ؠ类ڼƆ༞ঋݩ转换৭ؠƇય间Ѽᾎտஃ类ؠ类࣐ॉ赋值给interface{}这样ଯળॅؠਹ类״ࢠ
ᾎտஃຎ类ؠ转换Ɔ这༈转换过ଟયཚຎ哪ܮ৭ݩ⡕ƌগԎ״ࢠਹ类ؠ转换为ঋڼ类ؠƆїॖ转换ढ़ঋڼƇ这༈过ଟ

ಅ较简单Ƈॖ࠷റѾλ༈EfaceƇࢠEfaceયଯdataޱ针ॅؠٵڽޱॉƇtypeޱ针ѼॅڽޱॉଯType结构ਹƆ

ย൘൚݈ࡿય५ଯڼ须์实现ຎঋؠƆય间ᾎտຎλஞ检测Ƈ该类ܮ时ƇѼ⣍杂λڼॉ转换为带൘൚ଯঋॅؠ൸༈类ࢠ

яΙ进۱转换Ɔ这༈检测ॖݚ编译过ଟયཚଯƇѱ们яΙཚ༈测试Ɗ

type I interface {
    String()
}
var a int = 5
var b I = a

编译Ѽ报错Ɗ

cannot use a (type int) as type I in assignment:
    int does not implement I (missing String method)

说״ਹ类ؠ转换为带൘൚ଯঋڼ类ݚॖؠ编译过ଟય进۱检测ଯƆ

Ῐ这༈检测ॖъ实现ଯ⡕ƌݚruntimeчቤஃຎiface.cഓِƇ应该ॖ৮Ճ౦ඕॖݚ运۱时检测ຄчଯƇਡયยλ༈itabీ
Ƈїॖ则റѾλ༈Itab结构ਹƆڼ实现ຎ൸༈ঋ౼ॖؠઐ൸༈类ॖ࠷ॅ

类ؠ转换时ଯ检测ॖ࠷ಅ较״ਹ类ؠଯ൘൚ঋڼ类ؠଯ൘൚ƇԎ״ਹ类ॖؠ实现ຎঋڼ类ࡿؠ५ଯࡿยଯ൘൚Ɔ还

记ணType结构ਹયॖย༈UncommonTypeߓઓଯƇย张൘൚Ƈ类ࡿؠ实现ଯ൘൚ݚƆݚߠItabયย༈

InterfaceTypeߓઓƇ这༈ߓઓયยλ张൘൚Ƈॖ࠷这༈ঋ์ࡿڼֆଯ൘൚Ɔ这两处൘൚ॖఔࢍ过ଯƇ੩์࠲λല顺

贝ஃItab܆针ƇޱType൘൚યଯీॅࢠ还Ѽھย൘൚Ɔ݂ࡿય५ଯڼ扫ಾ进۱ಅ较Ƈ应该яΙગஞTypeય౼实现ຎঋࢍ
ଯfunߓઓયƆ

这ଚஃຎމ༈൘൚ƇยΦఅञ⦮晕ƇࡿΙ์ѽ释λчƆ

TypeଯUncommonTypeયยλ༈൘൚Ƈ൸༈״ਹ类ؠ实现ଯࡿย൘൚Ѽಎዐࡍஃ这张યƆreflectൌયଯMethod
MethodByName൘൚ॖ过查询这张实现ଯƆયଯᾫλ项ॖλ༈MethodƇਡॅॉ结构чƊ

struct Method
{
    String *name;

赋值ؠ类ڼঋڽؠਹ类״
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    String *pkgPath;
    Type    *mtyp;
    Type *typ;
    void (*ifn)(void);
    void (*tfn)(void);
};

IfaceଯItabଯInterfaceTypeયยλ张൘൚Ƈ这张൘൚યॖঋࡿڼ५ଯ൘൚Ɔਡયᾫλ项ॖλ༈IMethodƇॅॉ结构

чƊ

struct IMethod
{
    String *name;
    String *pkgPath;
    Type *type;
};

ᦜࣘଯMethod结构ਹ对ಅяΙ发现Ƈ这ॖ੩ย५ඐย实现ଯƆ

IfaceયଯItabଯfuncηॖλ张൘൚Ƈ这张યଯᾫλ项ॖ࠷λ༈ీॅޱ针Ƈॖ࠷੩ย实现ඐย५Ɔ

类ؠ转换时ଯ检测ॖ࠷ԎTypeયଯ൘൚ॖ౼ൌԥຎInterfaceTypeଯ൘൚યଯࡿย൘൚ƇᆍఅType൘൚યଯ实现ೱഇ܆

ஃItabଯfunc张યƆ

reflectॖ࠷给λ༈ঋڼ类ؠଯॅॉƇணஃᄚଯ״ਹ类ؠଯ类ࣿؠਔƇᄚଯValueƆreflectൌયଯTypeOfValueOfీॅഇ

别ཚ这༈ࣣߏƆ

还ยਉ

    v, ok := i.(T)

这样ଯ语൚Ƈॖઐλ༈ঋڼiଯ״ਹ类ॖؠ౼为类ؠTƇїॖ则ࢠਡ值റѾ给vƆ这ᦜࣘଯ类ؠ转换λ样ƇѼ检测转

换ॖ౼܄൚Ɔ过这ଯ检测ॖݚ运۱时执۱ଯƆݚruntimeчଯiface.cഓِયƇยλذ统ଯassetX2XీॅƇಅ

runtime.assetE2TƇruntime.assetI2TƆ这༈实现Քಅ较简单Ƈ੩์࠲ಅ较IfaceયଯItabଯtypeॖ౼ิ给Type为ஔλ

༈Ɔ

reflect
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ೞଯీॅ调ๆᦜC语ٿયଯ调ๆ൘ߧԷඕࣘॖλ样ଯƇຎਪ值റѾଯλܮ细ಘ别Ƈ见ঽࣂ节Ɔ

ଯ൘൚调ๆ৷༖ೞీॅ调ๆଯλ༈语൚ΰƆ࣐ഓፑƇ对ٿॉGo语ܧ

type T struct {
    a int
}
func (tv  T) Mv(a int) int         { return 0 }  // value receiver
func (tp *T) Mp(f float32) float32 { return 1 }  // pointer receiver

var t T

达ߧ

T.Mv

ணஃλ༈ీॅƇ这༈ీॅ༧༖Mv੫ॖ带λ༈显ߟଯঋዐݩࠋ为λ༈ॅދƇॖ࠷

func(tv T, a int) int

ч这ܮ调ๆॖ༧ଯƊ

t.Mv(7)
T.Mv(t, 7)
(T).Mv(t, 7)
f1 := T.Mv; f1(t, 7)
f2 := (T).Mv; f2(t, 7)

яΙԎຎλч൘൚调ๆๆ१ढ़ଯ汇编码Ɗ

type T int
func (t T) f() {
    fmt.Println("hello world!\n")
}

func main() {
    var v T
    v.f()
    return
}

ᄚ进۱汇编Ɗࢠ

go tool 6g -S test.go

7.3 ൘൚调ๆ

ೞଯీॅ调ๆ

对࣐ଯ൘൚调ๆ

ऍѽॾGo
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ணஃଯ汇编码ॖƊ

0044 (sum.go:15) TEXT    main+0(SB),$8-0
0045 (sum.go:15) FUNCDATA $0,gcargs·1+0(SB)
0046 (sum.go:15) FUNCDATA $1,gclocals·1+0(SB)
0047 (sum.go:16) MOVQ    $0,AX
0048 (sum.go:17) MOVQ    AX,(SP)
0049 (sum.go:17) CALL    ,T.f+0(SB)
0050 (sum.go:18) RET     ,

༞这ઓ汇编码યяΙԎࡥƇ൘൚调ๆᦜೞీॅ调ๆӷুඐย别Ƈ这ॖ࠷అvݩ为λ༈ॅދ调ๆీॅT.f()Ɔ

ᅠஃ另λ༈结构ਹયƇ则这༈结构ਹѼ拥ยᅠؠλ༈带൘൚ଯ类ࢠƇ੫ॖย结构ਹᅠଯҞ௱ƆࢨGoયඐย继ݚ

ଯ类ؠଯ൘൚Ɔ

这༈ڸॖъ实现ଯ⡕ƌਡ实ᇂ简单Ɔλ༈类ؠಎᅠ结构ਹ时Ƈᄚଯ൘൚Ѽಎ܆贝ஃᅠ结构ਹଯTypeଯ൘൚

યƆ这༈过ଟॖݚ编译时࠷яΙӷढ़ଯƆ对组܄对࣐ଯ൘൚调ๆஔ样仅仅ॖೞీॅ调ๆଯ语൚ΰƆ

ঋڼଯ൘൚调ๆᦜࣘྙࣣࡧยஔƇஔ௸处ݚ༖ᄚॖܧॉঋڼયଯ൘൚ணஃ对应ଯీॅޱ针Ƈীھ调ๆଯƇߠঽॖ

ঋ调ๆଯీॅઘႊƆ

对࣐ଯ൘൚调ๆƇ༧༖ೞీॅ调ๆƇీॅઘႊॖݚ编译时࠷яΙ⛿ଯƆߠঋڼଯ൘൚调ๆƇీॅઘႊ์ݚ运۱时݈

⛿Ɔ״ࢠਹ值赋值给ঋڼ时ƇѼࢠTypeયଯ൘൚⣍क़ஃঋڼଯ൘൚યƇীھঋڼ൘൚ଯీॅઘႊ݈Ѽ⛿чƆχ

ƆິޱƇਪຎྞࣥۿଯ൘൚调ๆ࣐ଯ൘൚调ๆଯ༧ಅೞీॅ调ๆ对ڼƇঋܜ

组܄对࣐ଯ൘൚调ๆ

ঋڼଯ൘൚调ๆ
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这λࣂѱ们ࢠԎλчGoଯ络෦块ƆGoݚ络编ଟ൘ଚཌྷଯཚ൚ॖƇᾫλ༈连ঋ࠷♧λ༈goroutine֓处Ɔಒଯๆ

户ผۂƇๆӁ习λܮञ类ଯ络编ଟ෦ߧƇᆍӗड़ॖยസࣖଯƆ这ܮணЄ༖Goଯ络෦块ଯ实现Ɔ

ศ༖goroutineଯ实现ಒ轻ຟƇᇂΦ࠷яΙ♧ᇂਪଯgoroutineƇ这为ᾫࣥ连ঋഇజλ༈goroutineਲۂຎԷ础ƆGo对络

ଯ处Ƈݚๆ户层ॖ݄ଯƇ实现层ॖಒ݄ଯƆ这λࣂѱ们٥ࢠGoॖъೲਂۂepoll/kqueueƇ为ๆ户ଚ֤ผۂଯ

ଯƆڼঋߧ݄

另λ൘Ƈѱ们ѼԎλчGoॖଯ络层ଯλܮapiॖъ优Ѹ进۱ೲਂଯƆ

ෳ录

ࣘλ节: ൘൚调ๆ

чλ节: ಒ݄io

8 络

links

ऍѽॾGo

77络



Goଚ֤ଯ络ঋڼƇݚๆ户层ॖ݄ଯƇ这样݂ೡ܄ञ们ଯ编ଟ习惯Ɔݚruntime层Ƈॖๆepoll/kqueue实现ଯಒ݄ioƇ
为ड़ଚ֤ຎസࣖƆ

ଓ层ಒ݄ioॖъ实现ଯ⡕ƌ简单ઘ说Ƈࡿยഓِಾࡧೡಎ设ટढ़ಒ݄ଯƇ൸༈goroutine进۱io৭ݩƇ读Ύࠃࠋഓِ

ಾࡧೡƇї܌ܜio还ඐ备ۂƇ则这༈goroutineѼಎൗஃذ统ଯਿ队ໆયƇ这༈goroutine߱֓ຎ运۱权Ƈ੫ᆍॖऐ।

ଯय़༈ذ统“݄”༖ذ统调ๆƆ

ۂ备ೡࡧλ༈ഓِಾ܌ೡಎିюஃຎ这༈pollerયଯƇ൸༈时ࡧยଯഓِಾࡿ还ยλ༈pollerѼଋઘ进۱pollƇੑھ

ຎƇpoller࠷Ѽ唤ॲ௸ঽχᄚߠ݄ଯgoroutineƇ༖ॖgoroutine࡚ई运۱ՔƆ

这༈pollerॖੑھݚλ运۱ଯƇঽഇॾذ统调ࣂ节时为ຎ简шᆍඐยଚՔᄚƆਡ实ݚproc.cഓِયƇruntime.mainీॅ

ଯλ۱码ॖ࠷

newm(sysmon, nil);

这༈Τްॖ࠷ईٛλ༈Mᆍ让ᄚ运۱sysmonీॅƇঽ说过Mॖ࠷ՀԶଯળ࣐ƇᄚѼঋ♧λ༈അ线ଟƆsysmonॖ༈

谓ଯpollerƆࡿॖ࠷Ѽ调ๆruntime.epollీॅƇ这༈sysmon࠷Ѽཻࢡ环Ƈᾫसλࡰ

pollerॖλ༈ಅgcۖۿ优গ级ଯ东७ƇъΙ见ண⡕ƌࠪগƇ垃圾Ѿዐ੩ॖๆruntime.newprocٛࡥଯƇᄚ仅仅ॖ༈

goroutine务ƇߠpollerॖঋๆnewmٛࡥଯƇᄚᦜstartmॖച级ଯƆ࠷৷༖gc੩ॖ线ଟજଯ务Ƈߠpollerߢङ

ঋॖ࠷workerƆীھƇgc੩ॖಎࣹ发ड़ઘ发१ଯƇॖಎ动ଯƆߠpollerնॖᾫҿᇂ时间࠷Ѽࠞ动运۱Ɔ

༞݂ިٵଯepollذ统调ๆƇஃଚ֤给ๆ户ଯ络库ీॅƇяΙഇढ़މ༈ೲਂ层ߘƆ这މ༈层ߘഇ别ॖƇΜ赖༖ذ统ଯapiೲ
ਂƇചੑଯruntimeೲਂƇଚ֤给ๆ户ଯ库ଯೲਂƆ

݂чλ层ॖΜ赖༖ذ统ೱഇଯೲਂƆү༈ചੑчଯ实现ᆍλ样ƇಅlinuxчॖೲਂଯepollƇfreebsdчॖೲਂଯ

kqueueƆΙlinux为ຶƇ实现ຎλ组调ๆepoll৷⠣ذ统调ๆଯೲਂƊ

int32 runtime·epollcreate(int32 size);
int32 runtime·epollcreate1(int32 flags);
int32 runtime·epollctl(int32 epfd, int32 op, int32 fd, EpollEvent *ev);
int32 runtime·epollwait(int32 epfd, EpollEvent *ev, int32 nev, int32 timeout);
void runtime·closeonexec(int32 fd);

ᄚ们ॖঋޡๆ汇编调ๆذ统调ๆ实现ଯƇಅƊ

TEXT runtime·epollcreate1(SB),7,$0
    MOVL    8(SP), DI
    MOVL    $291, AX            // syscall entry
    SYSCALL
    RET

这ॅీܮ还์继续ಎೲਂढ़чλ组ీॅƊ

8.1 ಒ݄io

ъ实现

ೲਂ层ߘ
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runtime·netpollinit(void);
runtime·netpollopen(int32 fd, PollDesc *pd);
runtime·netpollready(G **gpp, PollDesc *pd, int32 mode);

runtime·netpollinitॖ对poller进۱ިࡾшƆ runtime·netpollopenॖ对fdpd进۱⠣联Ƈ实现边Еࣹ发ગƆ

runtime·netpollreadyƇޡๆঽ须调ๆ这༈ీॅߟfdॖ࠷绪ଯ

Ԑॖ哪༈ചੑƇ݂终ѼࢠΜ赖༖ذ统ଯೱഇೲਂۂƇଚ֤ࣘ这样λ组ీॅ֤runtimeޡๆƆ

ঋчॖചੑଯpollerଯೲਂƇॖ࠷runtime层ଯೲਂƆ这λ层ೲਂॖ݂⣍杂ଯƇᄚ对ҙଚ֤ଯλ组ঋॖڼƊ

func runtime_pollServerInit()
func runtime_pollOpen(fd int) (pd *PollDesc, errno int)
func runtime_pollClose(pd *PollDesc)
func runtime_pollReset(pd *PollDesc, mode int) (err int)
func runtime_pollWait(pd *PollDesc, mode int) (err int)
func runtime_pollSetDeadline(pd *PollDesc, d int64, mode int)
func runtime_pollUnblock(pd *PollDesc)

这λ组ీॅॖศruntimeೲਂۂƇଚ֤给netൌ调ๆଯƆ义ຎλ༈PollDescଯ结构ਹƇࢠfd对应ଯgoroutineೲਂՔ

Ƈ༞ߠ实现goroutine读ࠃfd݄时Ƈࢠgoroutine变为GwaitingƆλчѾ头݁Ԏ实现ଯ细节Ɔ

ॖ࠷ଯƇਡયย༈ढ़员ߟೡॖๆλ༈netFD结构ਹࡧnetൌય络ഓِಾݚଚ֤给ๆ户ଯnetൌƆॖߘλ层ೲਂ层ھ݂

pollDescƆ

// 络ഓِಾࡧೡ
type netFD struct {
    sysmu  sync.Mutex
    sysref int

    // must lock both sysmu and pollDesc to write
    // can lock either to read
    closing bool

    // immutable until Close
    sysfd       int
    family      int
    sotype      int
    isConnected bool
    sysfile     *os.File
    net         string
    laddr       Addr
    raddr       Addr

    // serialize access to Read and Write methods
    rio, wio sync.Mutex

    // wait server
    pd pollDesc
}

݄时Ѽಎൗஃਿ队ࠃ实现ຎgoroutine读Ύ࠷ยๆ户ଯnetൌଯ调ๆ݂终调ๆஃpollDescଯࣘλ组ీॅયƇ这样ࡿ

ໆƆ݂终ଯዓїॖ࠷ๆ户层݄Ƈଓ层ಒ݄Ɔ

λ༈goroutine进۱io݄时ƇѼ֓ಎൗஃਿ队ໆƆ这࠷⠣键ଯٛॖ࠷Քഓِಾࡧೡgoroutine௸间ଯ⠣联Ɔ

pollDesc结构ਹॖ࠷ӷढ़这༈务ଯƆᄚଯ结构ਹ义чƊ

ഓِಾࡧೡgoroutine
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struct PollDesc
{
    PollDesc* link;    // in pollcache, protected by pollcache.Lock
    Lock;        // protectes the following fields
    int32    fd;
    bool    closing;
    uintptr    seq;    // protects from stale timers and ready notifications
    G*    rg;    // χ读这༈fdߠ݄ଯGƇਿREADYࣿ܃
    Timer    rt;    // read deadline timer (set if rt.fv != nil)
    int64    rd;    // read deadline
    G*    wg;    // χࠃ这༈fdߠ݄ଯgoroutines
    Timer    wt;
    int64    wd;
};

这༈结构ਹॖ࡚ๆଯƇਡયlinkࢠॖ࠷ᄚ链ՔƆPollDesc对࣐须ॖ类ؠ稳ଯƇχ为ݚಾࡧೡ⠣闭/࡚ๆ௸ھѱ们Ѽணஃ

epoll/kqueue࠷绪ગƆ结构ਹયยλ༈seq܃ࢍƇ稳ଯગॖ过ޡๆ这༈܃ࢍ实现ଯƇdeadline҉变Ύࠋಾࡧೡ࡚ๆ

时Ƈ܃ࢍѼᶤюƆ

runtime_pollServerInitଯ实现ॖ࠷调ๆۖч层ଯruntime·netpollinitీॅƆ runtime_pollOpen༞PollDesc结构ਹ缓ਣયቯλ༈

χ为PollDesc结构ਹॖ࡚ๆଯƆ runtime_pollCloseీॅ调ๆॖ࠷ॖnewƇߠΙ֮Openࡿ௸ᄚଯfdƆۂƇ设ટࡥ

runtime·netpollcloseࢠھPollDesc结构ਹൗѾ缓ਣƆ

这ܮ还ඐᾎտஃfdิgoroutineڞڱೱഇƇ仅仅ॖঋ对epollଯ调ๆƆ༞ч这༈ీॅяΙԎஃfdิgoroutineڞڱೱഇƊ

func runtime_pollWait(pd *PollDesc, mode int) (err int)

ᄚѼ调ๆஃnetpollblockƇ这༈ీॅॖ这样ޫଯƊ

static void
netpollblock(PollDesc *pd, int32 mode)
{
    G **gpp;

    gpp = &pd->rg;
    if(mode == 'w')
        gpp = &pd->wg;
    if(*gpp == READY) {
        *gpp = nil;
        return;
    }
    if(*gpp != nil)
        runtime·throw("epoll: double wait");
    *gpp = g;
    runtime·park(runtime·unlock, &pd->Lock, "IO wait");
    runtime·lock(pd);
}

设ટ为waitingࣨ态Ɔ(ࠋ调ๆ)ঽଯgoroutineࢠॖ࠷ଯruntime.parkీॅƇھ݂

ࣘ这λೱഇॖgoroutineಎൗஃਿ队ໆଯೱഇƇчԎᄚಎ唤ॲଯೱഇƆݚsysmonీॅયƇѼଋઘ调ๆruntime.epollƇ
这༈ీॅ对࠷绪ଯ络连ঋ进۱pollƇറѾя运۱ଯgoroutineƆepoll੩ગஞ哪༈fd࠷绪ຎƇῘᄚᇙῘગஞ哪༈goroutine
яΙணஃਡયଯgoroutineຎƆ࠷ܜ针ƆχޱPollDesc结构ਹॖ࠷epollଯdataηਣൗଯٵ绪ຎ⡕ƌ࠷
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чॖλ༈ޡๆcgoଯຶޫƊ

package rand

/*
#include <stdlib.h>
*/
import "C"

func Random() int {
    return int(C.random())
}

func Seed(i int) {
    C.srandom(C.uint(i))
}

randൌ导ຎ"C"Ƈ੫ॖݚGoଯ标库યᆍඐยλ༈"C"ൌƆ这ॖχ为"C"ॖλ༈伪ൌƇ这ॖλ༈ࠣଯߓƇcgo过这༈ൌ

ગஞᄚॖωๆCූ间ଯƆGo编译Զޡๆೡ܃"·"ഇූ间ƇߠC编译Զޡๆஔଯ约ƇχޡܜๆCൌયଯߓ时Ƈ

Go编译Զ࠷ગஞ应该ޡๆCଯූ约Ɔ

问题Ɗܮগް۪чλࠋঽƇ请读௸ࣂ进这λ์ࢠݚ

1. Goޡๆଯॖഇઓ栈Ƈިࡾ栈ࢡᇂࢡƇ发现栈够时Ѽ动态ᶤ长Ɔ动态ᶤ长ॖ过进ీॅ时ኙ检测ິޱ实现ଯƆ

ীߠCీॅޡๆഇઓ栈ՠ术Ƈᆍӗཕ设栈ॖਘ够ଯƆῘGoॖъ处让cgo调ๆ发१栈νࡥଯ⡕ƌ

2. Goયଯgoroutineॖ协ߧݩଯƇ运۱ஃ调ๆruntime库时࠷ยՀѼ进۱调ƆীߠCీॅॖѼิGoଯruntimeཚ这⯔ڱ

ƌ”ے߱“ଯƇῘъෟ进Cీॅଯ这༈goroutineߧݩΙcgoଯీॅॖλ༈协ࡿଯƇڞ

3. cgo仅仅ॖ༞Go调ๆCƇ还ൌӐ༞Cય调ๆGoీॅƆ这තย哪ܮՠ术难ƌ举༈简单ଯຶޫƇCય调ๆGoీॅfƇ
GoଯruntimeଯƆߖCયॖݚๆຎgoٛईଯgoroutineଯƇ੫ॖޡfયॖߠ

9 cgo
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cgoೱ实现৷⠣ଯગ识ॖಅ较ഫଓ层ଯƇஔ时ิGoذ统调ๆ约Ιտଯgoroutineଯ调ยλଯ⠣联Ƈχܜ这গࠃλ

预备ગ识Ɔܮ

ඕ节ଯя์࠲ঽࣂމࣂڝଯλܮԷ础Ƈஔ时ݩ为ঽඐยଚஃଯλܮ细节ଯ继续补ࡑƆ

Goଯ运۱时库યޡๆຎྞ༈࡚์ଯ结构ਹƇਡયMॖՀԶଯળ࣐Ɔᾫ༈MяΙ运۱ү༈goroutineƇݚ结构ਹMଯ义યยλ

༈৷对ࠣଯgoroutine֮g0(还ย另λ༈ಅ较ࠣଯgsignalƇิඕ节ያ⠣暂ӗ讲)ƆῘ这༈g0ࠣࡏݚῘઘ൘⡕ƌ

g0ଯࠣ௸处ݚ༖ᄚॖ带ย调栈ଯgoroutineƇчഓࢠ࠷ਡࣁ为“mଯg0栈“ƆGoݚ执۱调৷⠣码时Ƈॖޡๆଯmଯg0
栈Ɔλ༈g执۱ଯॖ调৷⠣ଯ码时Ƈᄚᆍॖঋډߢݚଯ栈ય执۱Ƈॖߠগউ换ஃmଯg0栈ী݁ھ执۱码Ɔ

mଯg0栈ॖλ༈ࠣଯ栈Ƈg0ଯഇజೞgoroutineଯഇజ过ଟஔƇg0ॖݚmٛ时࠷१ढ़ଯƇᆍӗ给ᄚഇజଯ栈间ಅ

较ƇяΙཕᄚଯॖࢡਘ够ߠޡๆഇઓ栈Ɔߠೞଯgoroutineॖݚruntime.newproc时ٛƇᆍӗިࡾ栈间ഇజ

ணᇂࢡ(4K)ƇѼ์࠲ݚ时ᶤ长Ɔ仅ܜƇmଯg0栈ஔ时ॖ这༈m对应ଯഅ线ଟଯ栈Ɔ

这样࠷৷༖拥ยຎλ༈“ያ穷”ࢡଯಒഇઓ栈Ƈ༖ॖѾຎঽଚଯ༈问题ƊGoޡๆଯॖഇઓ栈Ƈިࡾ栈ࢡᇂࢡƇ

发现栈够时Ѽ动态ᶤ长Ɔ动态ᶤ长ॖ过进ీॅ时ኙ检测ິޱ实现ଯƆীߠCీॅޡๆഇઓ栈ՠ术Ƈᆍӗཕ设栈ॖ

ਘ够ଯƆ调ๆcgo码时Ƈޡๆଯॖmଯg0栈Ƈ这ॖλ༈ਘ够ଯѼ发१ഇઓଯ栈Ɔ

ీॅnewmॖईλ༈结构ਹMƇਡય调ๆruntime.allocmഇజMଯ间Ɔᄚଯg0ηॖ这༈ഇజଯƊ

 mp->g0 = runtime·malg(8192); 

ƍۂਉย哪对ƌ这༈栈ᆍॖऐ।ଯ“ያ穷”ଯƇᄚ੩ย8KᆍӗѼᶤ长ƌῘї调ๆଯCీॅޡๆ过8Kଯ栈
ࢡѼ发१ࡏῘࣣߏ⡕ƌ让ѱ们গ试λчƇѱ们ٛλ༈ഓِtest.goƇчƊ

package main

/*
#include "stdio.h"

void test(int n) {
  char dummy[1024];

  printf("in c test func iterator %d\n", n);
  if(n <= 0) {
    return;
  }
  dummy[n] = '\a';
  test(n-1);
}
#cgo CFLAGS: -g
*/
import "C"

func main() {
    C.test(C.int(20))
}

ీॅtestಎ递归调ๆਪھ௸ߘƇޡๆଯ栈间ॖ过8KଯƆীھƌଟࢍ运۱।ƇࡏῘඐ发१Ɔ为ࡏῘ⡕ƌগ卖༈⠣ޫƇ

ஃھ݁ѽ释ٵχƆ

9.1 预备ગ识

mଯg0栈

进ذ统调ๆ
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Goଯ运۱时库对ذ统调ๆݩຎࠣ处Ƈࡿยᾎտஃ调ๆذ统调ๆ௸ঽƇѼগ调ๆruntime.entersyscallƇذࡥݚߠ统调ๆ

统调ذGOMAXPROCSଯॅຟƇ进ஃߖχᦜ调Զ৷⠣Ƈෳଯॖި终维ٵƇѼ调ๆruntime.exitsyscallƆ这样ཚھ௸ॅీ

ๆ时Ƈruntime.entersyscallѼࢠPଯMమ⇐ᆍࢠᄚ设ટ为PSyscallࣨ态Ƈ܍ગذ统ܜ时ਡᄚଯPยՀѼ运۱ƇΙസ证ި终ॖ

GOMAXPROCS༈Pݚ运۱Ɔ

runtime.entersyscallీॅѼ܌റѾƇᄚ仅仅ॖՔஃλ༈ગଯݩๆƆῘ这ᦜcgoතยࡏῘ⠣ذ⡕ƌ这༈⠣ذяમ⡕ƍݚ

执۱cgoీॅ调ๆ௸ঽƇਡ实ذ统Ѽগ调ๆruntime.entersyscallƆ这ॖλ༈ᇂ⠣键ଯ处ƇGoఅcgoଯCీॅ调ๆਉذ统调ๆ

λ样֓ࡥຎƇ让ᄚϳ响运۱时库Ɔ这࠷Ѿຎঽଚࡥଯ༈问题ƊGoયଯgoroutineॖ协ߧݩଯƇ运۱ஃ调ๆ

runtime库时࠷ยՀѼ进۱调ƆীߠCీॅॖѼิGoଯruntimeཚ这⯔ڞڱଯƇࡿΙcgoଯీॅॖλ༈协ߧݩଯƇῘ

ъෟ进Cీॅଯ这༈goroutine“߱ے”ƌΕݚ࠷这ƆࢠCీॅਉ处ذ统调ๆλ样ҿ⇐♧Ƈ这༈goroutine࠷ދ

ิ调ຎƆߠਡᄚೱഇଯgoroutine।ଯ运۱ࠬϳ响Ɔ

౼统调ๆॖλ༈৷ଯ过ଟƇruntime.exitsyscallీॅѼ查Ԏঽ༟ীยяๆଯPƇ则让ᄚ继续运۱Ƈذ统调ๆᦜ进ذࡥੋ

则这༈goroutine์࠷ಎቾՔຎƆ

对༖cgoଯ码ॖஔ样ଯݩๆƇࡥຎcgoଯCీॅ调ๆ௸ھѼ调ๆruntime.exitsyscallƆ

统调ๆذࡥੋ
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ࣘλ节ѱ们Ԏຎλܮ预备ગ识ƇѽຎঽଯλդƆ这λ节ѱ们ࢠঋમ༞ۅ观ࣘഇॾcgo实现યޡๆஃଯλܮ⠣键ՠ

术Ɔߠ对༖ਡયλܮ细节ೱഇࢠຄஃчλ节״ਹഇॾƆ

य़༈cgoଯ实现Μ赖༖ྞ༈ೱഇƇΜ赖༖cgoූິ१ढ़桩ഓِƇΜ赖༖6c6g对Go这λઅଯ码进۱编译ƇΜ赖gcc对Cλ

અ编译ढ़动态链ঋ库Ƈஔ时Ƈ还Μ赖༖运۱时库实现GoCڞ৭ݩଯλߖܮƆ

cgoූິѼ१ढ़λܮ桩ഓِƇ这ܮ桩ഓِॖ给6c6gූິޡๆଯƇᄚ们ॖGoC调ๆ௸间ଯ桥ຕƆިٵଯCഓِѼޡๆgcc编
译ढ़动态链ঋ库ଯޡߧآๆƆ

gc编译Զݚ编译ٺഓِ时Ƈї识别ࡥgoٺഓِયଯ

import "C"

λ༈goഓِtest.goƇчƊࠃೱഇƇ१ढ़桩ഓِƆಅѱ们ڼ৷应ଯCీॅঋࡥѼগ调ๆcgoූິƆcgoଚࠟ࠷ઓƇߓ

package main

/*
#include "stdio.h"

void test(int n) {
  char dummy[10240];

  printf("in c test func iterator %d\n", n);
  if(n <= 0) {
    return;
  }
  dummy[n] = '\a';
  test(n-1);
}
#cgo CFLAGS: -g
*/
import "C"

func main() {
    C.test(C.int(2))
}

对ᄚ执۱cgoූິƊ

go tool cgo test.go

ঽෳ录чѼ१ढ़λ༈_objଯഓِ夹Ƈഓِ夹ѼൌԥчໆഓِƊݚ

.
├── _cgo_.o
├── _cgo_defun.c
├── _cgo_export.c
├── _cgo_export.h
├── _cgo_flags
├── _cgo_gotypes.go
├── _cgo_main.c

9.2 cgo⠣键ՠ术

cgoූິ
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├── test.cgo1.go
└── test.cgo2.c

cgo१ढ़ຎᇂਪഓِƇਡયਪॅݩๆॖൌਂ现ยଯీॅƇΎࠋ进۱५Ɔಅݚtest.cgo2.cયƇᄚ१ढ़ຎλ༈ీॅൌਂ

testీॅƊ

void
_cgo_1b9ecf7f7656_Cfunc_test(void *v)
{
    struct {
        int p0;
        char __pad4[4];
    } __attribute__((__packed__)) *a = v;
    test(a->p0);
}

cgo_defun.cયॖೲਂ另λ༈ీॅ调ๆᄚƊ_ݚ

void
·_Cfunc_test(struct{uint8 x[8];}p)
{
    runtime·cgocall(_cgo_1b9ecf7f7656_Cfunc_test, &p);
}

test.cgo1.goഓِયൌԥλ༈mainీॅƇᄚ调ๆೲਂھଯీॅƊ

func main() {
    _Cfunc_test(_Ctype_int(2))
}

cgoཚ这ܮೲਂٵχߢ两൘Ƈλ൘ॖGo运۱时调ๆcgo码时์ཚࠣ处Ƈಅruntime.cgocallƆ另λ൘ॖศ༖

GoCޡๆଯූ间λ样Ƈ์࠲юλ层转换Ƈਉ·_Cfunc_testયଯ·ߓೡॖGoޡๆଯූິ间ഇƇݚߠC这边ޡๆଯॖ

_cgo_1b9ecf7f7656_Cfunc_testƆ

cgoѼ识别ΤଯC.xxx⠣键ߓƇޡๆgccቤஃxxxଯ义ƆCયଯޔ术类ؠѼಎ转换为३⛿ࢡଯGoଯޔ术类ؠƆCଯ结构
ਹѼಎ转换为Go结构ਹƇ对ਡયᾫ༈η进۱转换Ɔያ൚ߟଯηࢠѼๆbyteॅ组ƆCଯunionѼಎ转换ढ़λ༈结构ਹƇ这

༈结构ਹયൌԥλ༈unionढ़员Ƈীھя还ѼยλܮࡑƆCଯॅ组ಎ转换ढ़Goଯॅ组ƇCޱ针转换为Goޱ针ƆCଯీॅ

Ѽಎ转换为_C_xxxƆؠ现ଯC.xxx类ࡥยࡿ针转换为Goଯunsafe.PointerƆޱ针Ѽಎ转换为GoયଯuinptrƆCયଯvoidޱ

їxxxॖॅॉƇῘcgoѼ让C.xxxωๆ༈C变ຟƭগཚࣘଯ转换ƮƆ为ܜƇcgo须ωλ༈Go变ຟڽޱC变ຟƇ链ঋ

ԶѼ१ढ़ިࡾшޱ针ଯ码ƆຶƇgmp库યƊ

mpz_t zero;

cgoѼωλ༈变ຟωๆC.zeroƊ

var _C_zero *C.mpz_t

ীࡿࢠھยωๆC.zeroଯ实ຶ换为(*_C_zero)Ɔ

桩ഓِ
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cgo转换ય݂࡚์ଯೱഇॖీॅƆїxxxॖλ༈CీॅƇῘcgoѼ࡚ࠃC.xxx为λ༈ईଯీॅ_C_xxxƇ这༈ీॅѼݚλ༈标

转换റѾ值ƆھƇ调ๆxxxƇীॅދ转换Ƈ转换输ॅދpthreadય调ๆCଯxxxƆ这༈ईଯీॅ还负责进۱

组转ॅࢠઘߧGoય์显ݚߠ针ଯƇޱઘ转换为ߧCયॖ隐ݚຎॅ组Ɔॅ组转换റѾ值转换ิঽଯ规则ॖλઠଯƇॅދ

换为ޱ针Ɔ

处垃圾Ѿዐॖ༈问题ƆїॖGoયωๆຎCଯޱ针Ƈ݁ޡๆ时进۱释ൗƇ这༈ᇂΦƆග烦ଯॖCયޡๆຎGoଯޱ

针Ƈ੫ॖGoଯ垃圾ѾዐᆍગஞƇ这样࠷Ѽᇂග烦Ɔ

运۱时库Ѽ对cgo调ๆཚλܮ处Ƈ࠷ਉঽ说过ଯƇ执۱Cీॅ௸ঽѼ运۱runtime.entersyscallƇߠCీॅ执۱ӷറѾھѼ

调ๆruntime.exitsyscallƆ让cgoଯ运۱ῳ༫ॖݚ另λ༈pthreadય执۱ଯƇীॅీھ执۱ӷ毕ࢠھറѾ值转换ढ़Goଯ值Ɔ

ಅ较难处ଯࣣྙॖƇݚcgo调ๆଯCీॅયƇ发१ຎCѾ调GoీॅଯࣣྙƇ这时处ՔѼಅ较⣍杂Ɔχ为ܜ时ॖඐยGo
运۱环ְଯƇࡿΙ须݁进۱λߘࠣ处ƇѾஃGoଯgoroutineય调ๆ৷应ଯGoీॅ码Ƈӷढ़௸ھ继续ѾஃCଯ运۱环

ְƆԎࣘ֓ย⣍杂Ƈ੫ॖcgo对༖ݚCય调ๆGoీॅॖߖଯƆ

༞ۅ观ࣘ讲cgoଯ⠣键ՠ术ॖ࠷这ܮƇศcgoූິ१ढ़λܮ桩码Ƈ负责C类ؠGo类ؠ௸间ଯ转换Ƈූ间处Ιտ

ࠣଯ调ๆ൘ߧ处Ɔߠ运۱时库ೱഇ则负责处ۂCଯ运۱环ְƇ类ߐ༖给C码λ༈ಒഇઓଯ栈间ᆍ让ᄚ੯⇐ิ调ذ统

ଯڞڱƆ

运۱时库ೱഇ
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༞这♧ިƇࢠऍ挖⠣༖运۱时库ೱഇ对༖cgoଯߖƆ还记ணঽ༈test.go吗ƌ这ࢠ继续Ιᄚ为ຶޫ进۱ഇॾƆ

༞Goય调ๆCଯీॅtestƇcgo१ढ़ଯ码调ๆॖruntime.cgocall(_cgo_Cfunc_test, frame)Ɗ

void
·_Cfunc_test(struct{uint8 x[8];}p)
{
    runtime·cgocall(_cgo_1b9ecf7f7656_Cfunc_test, &p);
}

ਡયcgocallଯλ༈ॅދ_cgo_Cfunc_testॖλ༈ศcgo१ढ़ᆍศgcc编译ଯీॅƊ

void
_cgo_1b9ecf7f7656_Cfunc_test(void *v)
{
    struct {
        int p0;
        char __pad4[4];
    } __attribute__((__packed__)) *a = v;
    test(a->p0);
}

runtime.cgocallࢠg锁ஃmƇ调ๆentersyscallƇ这样Ѽ݄ਡᄚଯgoroutineΎࠋ垃圾ѾዐƇীھ调ๆ

runtime.asmcgocall(_cgo_Cfunc_test, frame)Ɔ

void
runtime·cgocall(void (*fn)(void*), void *arg)
{
    runtime·lockOSThread();
    runtime·entersyscall();
    runtime·asmcgocall(fn, arg);
    runtime·exitsyscall();

    endcgo();
}

ਹஃчλ节݁ഇॾƆ״ஔλ༈栈યଯƆ⠣༖C调ๆGoƇݚcgoතѾ调ຎGo码Ƈউ换Ѿ时还ॖݚg锁ஃmॖസ证їࢠ

runtime.entersyscallচ码进ຎذ统调ๆƇ这样调Զગஞݚѱ们运۱ҙೱ码Ƈ༖ॖᄚяΙ创ٛλ༈ईଯM运۱

goroutineƆ调ๆasmcgocallॖѼഇ້栈ᆍӗѼഇజਣଯƇχܜяΙΑুઘݚ"syscall call"时调ๆƇๆ۪虑

GOMAXPROCS计ॅƆ

runtime.asmcgocallॖๆ汇编实现ଯƇᄚѼউ换ஃmଯg0栈Ƈীھ调ๆ_cgo_Cfunc_testీॅƆศ༖mଯg0栈ॖഇઓ栈Ƈχ

ƇяΙΑুઘ运۱gcc编译ଯ码Ιտ执۱_cgo_Cfunc_test(frame)ీॅƆھ(统ഇజଯ栈ذݩ这༈栈ॖ৭)উ换ஃm->g0栈ܜ

_cgo_Cfunc_testޡๆ༞frame结构ਹયࠟணଯॅދ调ๆ实际ଯCీॅtestƇࢠ结ї记录ݚframeયƇীھറѾஃ

runtime.asmcgocallƆ

࡚获ےक़权௸ھƇruntime.asmcgocallউѾ௸ঽଯg(m->curg)ଯ栈ƇᆍӗറѾஃruntime.cgocallƆ

runtime.cgocall࡚获ےक़权௸ھƇᄚ调ๆexitsyscallƇীࢠھg༞mયѽ锁ƆexitsyscallھmѼ݄ஃᄚяΙ运۱Go码ߠ

违$GOMAXPROCSځक़Ɔ

9.3 Go调ๆC

ऍѽॾGo

87Go调ๆC



Ιࣘॖ࠷Go调ๆC时Ƈ运۱时库൘ࡿཚଯࣣߏƇॖॖᇂ简单⡕ƌχ为总结Ք࠷两Ƈλॖruntime.entersyscallƇ
让cgo产१ଯҙೱ码੯⇐goroutine调ذ统Ɔॖ࠷উ换mଯg0栈Ƈ这样࠷忧ഇઓ栈൘ଯ问题Ɔ

ঽ讲ஃmଯg0栈时Ƈຄຎ༈դ问ଯƆॖ࠷ईٛMଯీॅnewm੩给mଯg0栈ഇజຎ8KਣƇۂਉᆍॖλ༈“ያ穷”ଯ栈Ƈ

ᇙῘѾߏ⡕ƌ这Ѿ这༈问题......过ѱѼ݁额ҙଚ两༈ई问题ƇԼ൷读ࠋᦜમް۪(ۂ贱ဦƇဝဝ)Ɔ

ਡ实mଯg0栈ଯࢡᆍݚ调ๆnewm时ഇజଯ8KƆݚnewmీॅଯ݂ھλᾩॖ调ๆruntime·newosprocƇ这༈ీॅѼ调ๆஃ

৭ذݩ统ଯذ统调ๆƇഇజλࣥذ统线ଟƆᆍӗཚຎλ༈ھ处过ଟ--ᄚࢠmଯg0栈ޱ针҉ຎƍmଯg0栈ޱ针Ѽಎ࡚ई设ટ

为线ଟଯ栈ƇࡿΙঽ说mଯg0栈ॖλ༈“ያ穷”ଯ栈ॖ।⛿ଯƇ༈ഇజ8Kਣଯઘ൘੩ॖλ༈ᓃ雾弹ෙञଯƆ

Ƈଚ两༈դ问结ਖ这λ节Ɗ•ۂ

1. mଯg0栈对༖ᾫ༈mॖยλ༈ଯƇcgo调ๆѼউ换ஃ这༈栈ય进۱ƆῘƇїยਪߘcgo调ๆஔ时发१Ƈ֩ๆஔλ༈m
ଯ栈岂ѼྗரƌᇙῘ处ƌ

2. 这λ节੩ഇజஃຎGo调ๆCƇῘїGo调ๆCଯ码યƇතѾ调ຎGoీॅƇ这时ذ统ॖъ处ଯƌ

ऍѽॾGo

88Go调ๆC



cgo仅仅ߖ༞Go调ๆCƇᄚ还ஔ样ߖ༞Cય调ๆGoଯీॅƇ虽ী这⯔ࣣྙ৷对ঽࠋ较ޡࢢๆƆ

//export GoF
func GoF(arg1, arg2 int, arg3 string) int64 {
}

ଚ֤给C调ๆƊࡥGoీॅ导ࢠๆexport标记яΙޡ

extern int64 GoF(int arg1, int arg2, GoString arg3);

ч让ѱ们ԎԎᄚॖъ实现ଯƆཕࣘଯీॅGoFॖݚGo语ٿଯλ༈ൌpଯƇ为ຎ够让gcc编译ଯC码调ๆGoଯీ

ॅp.GoFƇcgo१ढ़чλ༈ీॅƊ

GoInt64 GoF(GoInt p0, GoInt p1, GoString p2)
{
    struct {
        GoInt p0;
        GoInt p1;
        GoString p2;
        GoInt64 r0;
    } __attribute__((packed)) a;
    a.p0 = p0;
    a.p1 = p1;
    a.p2 = p2;
    crosscall2(_cgoexp_95935062f5b1_GoF, &a, 40);
    return a.r0;
}

这༈ీॅศcgo१ढ़Ƈଚ֤给gcc编译Ɔీॅॖp.GoFƇχ为gccඐยൌଯҞ௱Ɔศgcc编译ଯCీॅяΙ调ๆ这༈GoFీ
ॅƆ

GoF调ๆcrosscall2(_cgoexp_GoF, frame, framesize)Ɔcrosscall2ॖๆ汇编码实现ଯƇᄚॖλ༈两ॅދଯ⊳జԶƇݩๆॖ

༞gccీॅ调ๆ6cీॅƭ6cgccޡๆଯ调ๆ协议还ॖยܮ别ଯƮƆcrosscall2实现ຎ༞λ༈ABIଯgccీॅ调ๆƇஃ6cଯీ

ॅ调ๆABIƆࡿΙࣘ码ય实际ࣘ৷༖调ๆ_cgoexp_GoF(frame,framesize)ƆશΤܜ时ॖ༟ী运۱ݚmgଯg0栈ᆍӗࠬ

GOMAXPROCSځक़ଯƆχܜƇ这༈码ঋ调ๆΤଯGo码ᆍӗഇజਣΎࠋๆथm->g0ଯ栈Ɔ

_cgoexp_GoF调ๆruntime.cgocallback(p.GoF, frame, framesize)Ɗ

#pragma textflag 7
void
_cgoexp_95935062f5b1_GoF(void *a, int32 n)
{
    runtime·cgocallback(·GoF, a, n);
}

这༈ీॅॖศ6c编译ଯƇߠॖgccƇχܜяΙωๆஃಅruntime.cgocallbackp.GoF这⯔ߓƆ

runtime·cgocallbackॖλ༈ๆ汇编实现ଯీॅƆᄚ༞m->g0ଯ栈উ换Ѿٵଯgoroutineଯ栈Ƈᆍݚ这༈栈ય调ๆ

runtime.cgocallbackg(p.GoF, frame, framesize)Ɔ

这ય间Ѽᾎտஃλܮസਣ栈ԺਣԶ௸类ଯ细节৭ݩಅ较⣍杂Ɔχ为这༈过ଟ৷༖ѱ们ঋԐຎm->curgଯ执۱Ƈ੫ॖնᆍඐ

ยӷু҅⣍ஃ௸ঽଯ运۱环ְƭ੩ॖࠑm->curg这༈goroutine运۱Go码ƮƇࡿΙѱ们์࠲സਣঽ环ְஃΙള௸ߘ݁ھറ

9.4 C调ๆGo
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Ѿஃm->g0栈Ɔ

ѱ们੩ॖউ换ஃຎgoroutineݚλ༈ऐ实ଯgoroutine栈યƭॖm->g0栈ƮƆ过现ݚ运۱ॖݚຎƇruntime.cgocallbackg现ۂ
栈Ƈ܌ܜ还ॖ处༖syscallࣨ态ଯƆχܜ这༈ీॅѼগ调ๆruntime.exitsyscallƇঋમ݈ॖ执۱Go码Ɔᄚ调ๆ

runtime.exitsyscallƇ这Ѽ݄这ࣥgoroutineஃ满ਘ$GOMAXPROCSځक़ِࣥƆλ༞exitsyscallറѾƇ则яΙΑুઘ执

۱ਉ调ๆਣഇజΎॖࠋ调ๆGoଯѾ调ీॅp.GoFƆ

void
runtime·cgocallbackg(FuncVal *fn, void *arg, uintptr argsize)
{
    runtime·exitsyscall();    // coming out of cgo call
    // Invoke callback.
    reflect·call(fn, arg, argsize);
    runtime·entersyscall();    // going back to cgo call
}

Ƈᄚউ换Ѿm->g0ھ௸क़权ےruntime.cgocallback࡚获ݚ৷ଯ过ଟƆۂๆഇॾຎƇᦜঽଯ过ଟॖλ༈।࠷ଯ过ଟھ
栈Ƈ༞栈ય҅⣍௸ঽଯm->g0.sched.sp值ƇীھറѾஃ_cgoexp_GoFƆ_cgoexp_GoFਓറѾஃcrosscall2ƇᄚѼ҅⣍ಎ调

റѾஃCଯ调ๆీॅયƆھ为gccസਣଯԺਣԶᆍറѾஃGoFƇ݂ࠋ

ያ论ॖGo调ๆCƇ还ॖC调ๆGoƇਡ์࠲ѽྕଯҴअ问题ਡ实ॖଚ֤λ༈C/Goଯ运۱环ְ执۱৷应ଯ码ƆGoଯ码

执۱环ְॖ࠷goroutineΙտGoଯruntimeƇߠCଯ执۱环ְ์࠲λ༈ޡๆഇઓଯ栈Ƈᆍӗ执۱C码ଯgoroutine์࠲暂时ઘ

੯⇐调ԶଯԐƆ์达ஃ这์ܮֆƇ运۱时ଚ֤ଯॖ࠷ߖউ换栈ƇΙտruntime.entersyscallƆ

Goય调ๆCీॅ时Ƈruntime.cgocallય调ๆentersyscall੯⇐调ԶԐƆruntime.asmcgocallউ换ஃmଯg0栈Ƈ༖ॖணஃCݚ
ଯ运۱环ְƆ

Cય调ๆGoీॅ时Ƈcrosscall2ѽྕgcc编译ஃ6c编译௸间ଯ调ๆ协议问题Ɔcgocallbackউ换Ѿgoroutine栈Ɔݚ

runtime.cgocallbackgય调ๆexitsyscall҅⣍Goଯ运۱环ְƆ

结ࢡ

ऍѽॾGo

90C调ๆGo



ਣ෦ॖؠಒ࡚์ଯƇѽGoଯਣ෦ؠѼ࠷яΙళᇂਪԸ҃ଯ竞态ِࣥ问题Ƈ"The Go Memory Model"ଯٵഓݚ这

Ƈ读༈ަڝലޔਪƆ

这ᆍॖ์ඖ译这മഓࣂƇϾഓٵഓॖ३⛿ଯƇ੫读Քնᇂҋ涩Ƈਡॖhappens-beforeଯҞ௱ඕङॖ࠷ۂѽଯƇ

ᇂΦᦜ时ࢍ问题ܩᑊƆਪॅ读ࠋλല读Goଯਣ෦ؠ时ԷඕࣘԎ懂ᄚݚ说ࡏῘƆࡿΙѱ์ཚଯࣣߏๆᇙῘ३⛿੫

৷对ਚଯ语ٿѽ释λчƆ

গๆλת话总结ƇGoଯਣ෦ؠಾࡧଯॖ"ݚλ༈groutineય对变ຟ进۱读৭ݩ够侦测ஃݚਡgoroutineય对该变ຟଯࠃ৭

ଯِࣥƆ"ݩ

为ຎ证这༈࡚์ड़ƇগԎλ༈ຶޫƆчλࢡઓ码Ɗ

package main

import (
  "sync"
  "time"
)

func main() {
  var wg sync.WaitGroup
  var count int
  var ch = make(chan bool, 1)
  for i := 0; i < 10; i++ {
    wg.Add(1)
    go func() {
      ch <- true
      count++
      time.Sleep(time.Millisecond)
      count--
      <-ch
      wg.Done()
    }()
  }
  wg.Wait()
}

Ιࣘ码ยඐยࡏῘ问题ƌ这అbuffered channelݩ为semaphoreޡๆƇࣘԎ݂ਪσ许λ༈goroutine对count进۱

++--Ƈ੫ਡ实这ॖยbugଯƆܧॉGo语ٿଯਣ෦ؠƇ对count变ຟଯ访问ᆍඐยآढ़临ҏƆ编译时♧启竞态检测яΙ

Ԏஃ这ઓ码ย问题Ɗ

go run -race test.go

编译ԶяΙ检测ஃ1618۱ॖਣݚ竞态ِࣥଯƇॖ࠷countᆍඐਉѱ们২์ଯ样ݚ临ҏ执۱Ɔ继续ЪчԎƇ读ӷ这λ

节ƇѾ头݁Ԏ࠷яΙళ为ࡏῘ这ยbugຎƆ

happens-beforeॖλ༈术语Ƈᆍ仅仅ॖGo语݈ٿยଯƆ简单ଯ说Ƈଯ义чƊ

ཕ设ABߟλ༈ਪ线ଟଯଟࢍ执۱ଯ两༈৭ݩƆїA happens-before BƇῘA৭ݩ对ਣଯϳ响 ࢠ对执۱Bଯ线ଟ(ӗ

10.1 ਣ෦ؠ

ਣ෦ؠ৷⠣bugλຶ

happens-before
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执۱B௸ঽ)я见Ɔ

ያ论ޡๆ哪⯔编ଟ语ٿƇยλॖ৷ஔଯƊї৭ݩABݚ৷ஔଯ线ଟય执۱ƇᆍӗA৭ݩଯ५ݚB௸ঽƇῘA
happens-before BƆ

int A, B;
void foo()
{
  // This store to A ...
  A = 5;
  // ... effectively becomes visible before the following loads. Duh!
  B = A * A;
}

还ยλॖƇݚᾫ门语ٿયƇያ论ޡๆ⯔൘ߧ获ணƇhappens-before⠣ذॖя传递ଯƊїA happens-before BƇஔ

时B happens-before CƇῘA happens-before CƆ这ܮ⠣ذ发१ݚஔଯ线ଟયƇ传递ड़ࢠ变ணಒยๆƆ

刚ঋࣹ这༈术语ଯञ总ॖΦ误ѽƇ这须ॐ॥ଯॖƇhappens-beforeᆍॖޱ时ࢍ⠣ذƇᆍॖ说A happens-before B
ਹઘ说Ɗ״௰ॖ时间单Λλ样Ɔڶਉ࠷λ༈术语Ƈॖ࠷B௸ঽ发१Ɔᄚݩ৭ݚAݩ৭ߟ࠷

1. A happens-before BᆍΤයમAݚB௸ঽ发१Ɔ

2. AݚB௸ঽ发१ᆍΤයમA happens-before BƆ

这两༈陈ࡧԎߐࡷƇਡ实ᆍॖƆї觉ணᇂܟƇяΙਪ读ྞമᄚଯ义ƆھѱѼ试મѽ释这Ɔ记ࡐƇhappens-
before ॖλذໆ语ٿ规៍ય义ଯ৭ݩ间ଯ⠣ذƆᄚ时间ଯҞ௱Ɔ这ѱ们说”AݚB௸ঽ发१”时达ଯऐ实॓ҏ

યِߏଯ时间顺ࢍஔƆ

这ย༈ຶޫƇਡયଯ৭״ݩยhappens-before⠣ذƇ੫ॖ实际ࣘᆍλॖΓࢻ༈顺ࢍ发१ଯƆчଯ码执۱ຎ(1)对
Aଯ赋值Ƈ紧ঋમॖ(2)对Bଯ赋值Ɔ

int A = 0;
int B = 0;
void main()
{
    A = B + 1; // (1)
    B = 1; // (2)
}

Ɔࢍఔ࡚ິޱܮ产१λࢠๆgcc -O2编译这༈码Ƈ编译Զޡॉঽ说ଯ规则Ƈ(1) happens-before (2)Ɔ੫ॖƇїѱ们ܧ

ยя执۱顺ॖࢍ这样ޫଯƊ

赋值给AھԺਣԶ值ю1ࢠ B赋值为1ࢠ Bଯ值ࠟஃԺਣԶࢠ

ॖ࠷ஃࣥՀԶິޱ(对Bଯ赋值)ӷढ़时Ƈ对Aଯ赋值还ඐยӷढ़Ɔ换ת话说Ƈ(1)ᆍඐย(2)ݚ௸ঽ发१!

ῘƇ这违ຎhappens-before⠣ذຎ吗ƌ让ѱ们ഇॾчƇܧॉ义Ƈ৭(1)ݩ对ਣଯϳ响须ݚ৭(2)ݩ执۱௸ঽ对ਡ

я见Ɔ换ת话说Ƈ对Aଯ赋值须ยՀѼ对Bଯ赋值ยϳ响.

੫ॖݚ这༈ຶޫયƇ对Aଯ赋值ਡ实ᆍඐย对Bଯ赋值ยϳ响Ɔਓള(1)ଯϳ响ऐଯя见Ƈ(2)ଯ۱为还ॖλ样ƆࡿΙƇ这ᆍ

ॖޔ违ఙhappens-before规则Ɔ

ч这༈ຶޫયƇࡿยଯ৭ݩΓޱࢻଯ顺ࢍ发१Ƈ੫ॖᆍ构ढ़happens-before ⠣ذƆཕ设λ༈线ଟ调ๆ

A happens-before BᆍΤයમAݚB௸ঽ发१

AݚB௸ঽ发१ᆍΤයમA happens-before B
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pulishMessageƇஔ时Ƈ另λ༈线ଟ调ๆconsumeMessageƆ ศ༖ѱ们ᆍ۱ଯ৭֢֩ݩ变ຟƇ为ຎ简单Ƈѱ们ཕ设ࡿย对int
类ؠଯ变ຟଯ৭ݩॖޫٵଯƆ

int isReady = 0;
int answer = 0;
void publishMessage()
{
  answer = 42; // (1)
  isReady = 1; // (2)
}
void consumeMessage()
{
  if (isReady) // (3) <-- Let's suppose this line reads 1
  printf("%d\n", answer); // (4)
}

Ɔذhappens-before⠣ݚ(4)௸间ਣ(3)ݚƇஔ时ذhappens-before ⠣ݚ(2)௸间ਣ(1)ݚƇࢍଯ顺ࢍॉଟܧ

ঽ发௸(3)ݚчƇѱ们яગ(2)λآ这યࣣݚƆ(ય赋ଯ值(2)ݚศ另λ༈线ଟॖ)运۱时ƇisReady读ஃ1ݚҙƇѱ们ཕ设௸ܜ

१Ɔ੫ॖ这ᆍΤයમ(2)ݚ(3)௸间ਣݚhappens-before ⠣ذ!

happens-before ⠣ذ੩ݚ语ٿ标ય义ଯઘ൘ਣݚƇ这ᆍඐย৷⠣ଯ规则说(2)(3)௸间ਣݚhappens-before⠣ذƇ

ਓള(3)读ஃຎ(2)赋ଯ值Ɔ

还ยƇศ༖(2)(3)௸间Ƈ(1)(4)௸间ਣݚhappens-before⠣ذƇῘ(1)(4)ଯਣڞڱяಎ࡚ఔࢍ (์ীߢ

编译Զଯ࡚ິޱఔࢍƇ์ীߢ处Զߢङଯਣ࡚ఔࢍ)Ɔ样ଯ话Ƈਓ(3)ޡ读ஃ1Ƈ(4)Ѽਲτ0“ࡥ“Ɔ

ѱ们Ѿ过头݁ԎԎ"The Go Memory Model"ય⠣༖happens-beforeଯೱഇƆ

ї满ਘчِࣥƇ对变ຟvଯ读৭ݩrяΙ侦测ஃ对变ຟvଯࠃ৭ݩwƊ

1. r does not happen before w.
2. There is no other write w to v that happens after w but before r.

为ຎസ证对变ຟvଯ读৭ݩrяΙ侦测ஃ൸༈对vଯࠃ৭ݩwƇ须⛿സwॖrяΙ侦测ஃଯธλଯࠃ৭ݩƆॖ࠷说满ਘч

ِࣥ时яΙസ证读৭ݩr侦测ஃࠃ৭ݩwƊ

1. w happens-before r.
2. Any other write to the shared variable v either happens-before w or after r.

⠣༖channelଯhappens-beforeݚGoଯਣ෦ؠયଚஃຎމ⯔ࣣྙƊ

1. 对λ༈channelଯ发৭ݩ happens-before ৷应channelଯঋዐ৭ݩӷढ़

2. ⠣闭λ༈channel happens-before ༞该Channelঋዐஃ݂ھଯറѾ值0
3. 带缓ྗଯchannelଯঋዐ৭ݩ happens-before ৷应channelଯ发৭ݩӷढ़

গԎλ༈简单ଯຶޫƊ

var c = make(chan int, 10)
var a string
func f() {
    a = "hello, world"  // (1)
    c <- 0  // (2)
}
func main() {
    go f()

Go⠣༖ஔᾩଯ规则
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    <-c   // (3)
    print(a)  // (4)
}

ॖॉࣘଯλࣥ规则(2)ܧhello, world"Ƈχ为(1) happens-before (2)Ƈ(4) happens-after (3)Ƈ݁"ࡥ码яΙ⛿സ输ࡧࣘ
happens-before (3)ଯƇ݂ܧھॉhappens-beforeଯя传递ड़Ƈ༖ॖย(1) happens-before (4)Ƈॖ࠷a = "hello, world"
happens-before print(a)Ɔ

݁Ԏ另λ༈ຶޫƊ

var c = make(chan int)
var a string
func f() {
    a = "hello, world"  // (1)
    <-c   // (2)
}
func main() {
    go f()
    c <- 0  // (3)
    print(a)  // (4)
}

规则(2) happens-before (3)Ƈ݂终яΙസ证(1) happens-before (4)Ɔࣥމॉࣘଯܧ

їѱఅࣘଯ码ᘢಘ҉λƇࢠc变为λ༈带缓ਣଯchannelƇ则print(a)ਲτଯ结ї够സ证ॖ"hello world"Ɔ

var c = make(chan int, 1)
var a string
func f() {
    a = "hello, world"  // (1)
    <-c   // (2)
}
func main() {
    go f()
    c <- 0  // (3)
    print(a)  // (4)
}

χ为这݁ยъஔᾩസ证Ƈޡண(2) happens-before (3)ƆяΙѾ头ഇॾλчඕ节݂ঽଯຶޫƇॖඐยസ证happens-
beforeِࣥƆ

ෳ录

ࣘλ节: [杂项]
чλ节: [pprof]
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