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h 1 f j(

1.1  �

Go ƭ̬ő份ßʻʥ͌�ʂÖˤʓ互Ɩ©©̌份ß͉

AȜ`例ù var ā�©̌͌ʄ�x÷��̨N͉öǉƎCx÷�N͌¯ȪȢ©̌份ß͌ȝ
ɴʶÏʄ�乱Ɵ͉

var x int
var f float32 = 1.6
var s = "abc"

Öqƛē͌¯Ȝ于ɒȢȤ ":=" ơ个ā�©͉̌

func main() {
    x := 123        // ǰŠ交ǌ͌ƭā�Ơė̄©̌͌˧ƭJƖ[ė©͉̌ʹơ个ąƫ˺Ť̒ʼ͉
}

¯�Ǜā�í
©͉̌

var x, y, z int
var s, n = "abc", 123

var (
    a int
    b float32
)

func main() {
    n, s := 0x1234, "Hello, World!"
    println(x, s, n)
}

í©̌ˋNƩ͌Xʧ任ũƷȩ`N͌Ȉ¹g(Ğ}²DǛˋN͉

data, i := [3]int{0, 1, 2}, 0 
i, data[i] = 2, 100                // (i = 0) -> (i = 2), (data[0] = 100) 

Ȑǡ®h©̌ "_"͌Ȝ�ŐȢN�9͉
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func test() (int, string) {
    return 1, "abc"
}

func main() {
    _, s := test()
    println(s)
}

ɴʶÏ4下ƻAȜȤė̄©̌ļP̒ʼ͉

var s string      // [ė©̌ǫ̸̗͉

func main() {
    i := 0        // Error: i declared and not used͉(¯AȜ "_ = i" ʟ使)
}

ǰŠ̋ƠˋN�ā�Ơ·¸©̌Ȥ�|͉

s := "abc"
println(&s)

s, y := "hello", 20      // ̋ƠˋN: �� s Ö·�ĘǛȤ*代Ý�͌	ƷƠȤ©̌估ā�͉
println(&s, y)           // ˸Ĩqƛí˦ÑN err 4估̋ëAȜ͉

{
    s, z := 1000, 30     // ā�Ơ·¸©̌: �Ö·�ĘǛ*代Ý͉
    println(&s, z)
}

˞p͍
0x2210230f30
0x2210230f30 20
0x2210230f18 30

1.2 5�

Ĩ̌N主̳ƭɴʶ互¯以āȤƛù͈ù价�͈ģ与N͉

const x, y int = 1, 2          // íĨ̌x÷�
const s = "Hello, World!"      // 份ß乱Ɵ

const (                        // Ĩ̌ɣ
    a, b      = 10, 100
    c    bool = false
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)

func main() {
    const x = "xxx"            // ƻAȜė̄Ĩ̌�4ķ¦ɴʶ̒ʼ͉
}

�ƔƁ 1UL͈2LL ˨ǏȤ份ß¹休͉

ÖĨ̌ɣ�͌ö�ƎC份ßÅx÷�N͌̂�ʠ>���Ĩ̌ȩ·͉

const (
    s   = "abc"
    x              // x = "abc"
)

Ĩ̌N˧¯,ƭ len͈cap͈unsafe.Sizeof ɏɴʶ互¯以āɩǉȤqƛ˦ÑN͉

const (
    a   = "abc"
    b   = len(a)
    c   = unsafe.Sizeof(b)
)

öǉĨ̌份ß作,úSx÷�N͌̂��4ķ¦Ȁp̒ʼ͉

const (
    a   byte = 100       // int to byte
    b   int  = 1e20      // float64 to int, overflows
)

T�

`例ù iota ā�Ĩ̌ɣ�( 0 ĳ÷ƃʓʧƛȤʄçǈ�N͉

const (
    Sunday = iota     // 0
    Monday            // 1͌˸ĨȪȢ¹ɰʓʖˡ个͉
    Tuesday           // 2
    Wednesday         // 3
    Thursday          // 4
    Friday            // 5
    Saturday          // 6
)
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const (
    _         = iota                  // iota = 0
    KB  int64 = 1 << (10 * iota)      // iota = 1
    MB                                // � KB ʖˡ个ȩ·͌8 iota = 2
    GB
    TB
)

Ö·�Ĩ̌ɣ�͌¯,ƎCí
 iota͌ü-µʄç͉̔

const (
    A, B = iota, iota << 10   // 0, 0 << 10
    C, D                      // 1, 1 << 10
)

öǉ iota ʄç估ŬƟ̳͌争个ŗë͉

const (
    A   = iota      // 0
    B               // 1
    C   = "c"       // c 
    D               // c͌���ʓȩ·͉
    E   = iota      // 4͌争个ŗë͉ǰŠʧƛ�½� C͈D �ʓ͉
    F               // 5
)

¯˸ˣʄā�份ßǃă从ǈ�份ß̡~͉

type Color int

const (
    Black Color = iota
    Red
    Blue
)

func test(c Color) {}

func main() {
    c := Black
    test(c)

    x := 1
    test(x) // Error: cannot use x (type int) as type Color in function argument
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    test(1) // Ĩ̌4估ɴʶÏʄ�˙ƅ͉
}

1.3 )Pj(

于了以Ȥƛù份ßÄ¸͌ƔƁ Unicode͌ƔƁĨȜƛƆɩǆ͉

j( �8 �v
 {N

bool 1 false

byte 1 0 uint8

rune 4 0 Unicode Code Point, int32

int, uint 4 ^ 8 0 32 ^ 64 �

int8, uint8 1 0 -128 ~ 127, 0 ~ 255

int16, uint16 2 0 -32768 ~ 32767, 0 ~ 65535

int32, uint32 4 0 -21
 ~ 21 
, 0 ~ 42 


int64, uint64 8 0

float32 4 0.0

float64 8 0.0

complex64 8

complex128 16

uintptr 4 ^ 8 ¶�G�cÈ� uint32 ^ uint64 lk

array ��@

struct ��@

string "" UTF-8 F��

slice nil X��@

map nil X��@

channel nil X��@

interface nil f3

function nil $k
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ƔƁ\˩~͈�^˩~͌,£ȽûʬƛǮ͉Ǎmĭ math ā��µƛù份ß§NʌÓ͉

a, b, c, d := 071, 0x1F, 1e9, math.MinInt16

ɅƂ̍N nil͌ɼ̭ C/C++ NULL͉

1.4 <_j(

ķȜ份ß�ž slice͈map Å channel͉ü-ƷëƿȤēɩǆ̢͌�Ȟʾeúì͌˧̩
ʛx÷�ȩ`专Ŕ͉

eɸqƛ new ʧ任份ßïĎ͌�br̨̆Neú͌˦ÑƂ͉̍ɼ make 4估ɴʶÏ优ʶ
Ťc;ȤwĲqƛ͌ȝbr̆eúÅx÷�ŤÀɩǆ͌˦Ñĉ˃ɼ̭Ƃ͉̍

a := []int{0, 0, 0}     // ƎCx÷�ʖˡ个͉
a[1] = 10

b := make([]int, 3)     // makeslice
b[1] = 10

c := new([]int)
c[1] = 10               // Error: invalid operation: c[1] (index of type *[]int)

Ʒ`ķȜ份ßc;Ȥeúģė͌¯¡ɺ¹ɰ件ʊ͉

1.5 j(�D

�ƔƁ̤个份ß˙ƅ͌�Gƭ(ɈºĆ˙ƅ��ʓ͉

var b byte = 100
// var n int = b        // Error: cannot use b (type byte) as type int in assignment
var n int = int(b)      // 争个˙ƅ

AȜž³使Y3Xɞ̒ʼ͉

*Point(p)               // ȩļ� *(Point(p))
(*Point)(p)
<-chan int(c)           // ȩļ� <-(chan int(c))
(<-chan int)(c)
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·Ǐ�ʂ下b)份ßļ bool NAȜ͉

a := 100
if a {                  // Error: non-bool a (type int) used as if condition
    println("true")
}

1.6 ,g�

ù价�ƭ�¯©N份ß͌ēȜƂ̍Ƃº UTF-8 ùʊƛɣ͉

•̓似NƭɅù价� ""͉
•Ȝɚķ³ʰ̗ǋùʊ͌ö s[i]͉
•�ʂȜĬ³ʍ§ùʊVəƂ̍͌&s[i] ̭Ǯ͉
•�¯©份ß͌ƣǮJƖùʊƛɣ͉
•ùʊƛɣĖ̄��½ NULL͉

runtime.h
struct String
{
    byte*    str;
    intgo    len;
};

AȜɚķ³ʰ̗ù价 (byte)͉

s := "abc"
println(s[0] == '\x61', s[1] == 'b', s[2] == 0x63)

˞p͍
true true true

AȜ "`" ā��P˙�éȘȤ�÷ù价�͌ƔƁ˔ʓ͉

s := `a
b\r\n\x00
c`

println(s)

˞p:
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a
b\r\n\x00
c

˪Ɗ˔ʓù价�Ʃ͌"+" 主̳Ö��ʓƼĖ͌¼vĊʆɴʶ̒ʼ͉

s := "Hello, " +
     "World!"

s2 := "Hello, "
    + "World!"    // Error: invalid operation: + untyped string

ƔƁȜ�
ɚķ³˦Ñø�͉ø�DȈƂº�ùʊƛɣ͌'JƖ�Ƃ̍Å̔两专Ŕ͉

s := "Hello, World!"

s1 := s[:5]                   // Hello
s2 := s[7:]                   // World!
s3 := s[1:5]                  // ello

�ķ³ù价Ĩ̌ʖȷ Unicode Code Point͌ƔƁ \uFFFF͈\U7FFFFFFF͈\xFF ǒ个͉
ĉĮ rune 份ß͌UCS-4͉

func main() {
    fmt.Printf("%T\n", 'a')

    var c1, c2 rune = '\u6211', '-'
    println(c1 == 'ť', string(c2) == "\xe4\xbb\xac")
}

˞p͍
int32                   // rune ƭ int32 Ȥ|¸
true true

ʛJƖù价�͌¯X下b˙ƅŤ []rune Ŧ []byte͌þŤ¹g˙ƅ� string͉ƣʮÉ们˙
ƅ͌̅4̋Ơr̆eú͌īë~ùʊƛɣ͉

func main() {
    s := "abcd"
    bs := []byte(s)

    bs[1] = 'B'
    println(string(bs))

    u := "ȟ传"
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    us := []rune(u)

    us[1] = 'ʸ'
    println(string(us))
}

˞p:
aBcd
ȟʸ

Ȝ for ŇȖ˽�ù价�Ʃ͌�Ʒ byte Å rune �们ơ个͉

func main() {
    s := "abcǩù"

    for i := 0; i < len(s); i++ {       // byte
        fmt.Printf("%c,", s[i])
    }

    fmt.Println()

    for _, r := range s {               // rune
        fmt.Printf("%c,", r)
    }
}

˞p͍
a,b,c,æ,±,,å,­,,
a,b,c,ǩ,ù,

1.7 C�

ƔƁƂ̍份ß *T͌Ƃ̍ȤƂ̍ **T͌,£�½�¸�休Ȥ *<package>.T͉

•̓似N nil͌ǫƷ NULL Ĩ͉̌
•Ɠ>价 "&" §©̌×Ú͌"*" ˳ˣƂ̍ʰ̗ȧǍĉ˃͉
•�ƔƁƂ̍ˤ任͌�ƔƁ "->" ˤ任价͌ȨƊȜ "." ʰ̗ȧǍŤÀ͉

func main() {
    type data struct{ a int }

    var d = data{1234}
    var p *data

    p = &d
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    fmt.Printf("%p, %v\n", p, p.a)   // ȨƊȜƂ̍ʰ̗ȧǍĉ˃ŤÀ͌ƣ̳˙ƅ͉
}

˞p͍
0x2101ef018, 1234

�ʂĉƂ̍P�nǮɏˤ任͉

x := 1234
p := &x
p++          // Error: invalid operation: p += 1 (mismatched types *int and int)

¯,Ö unsafe.Pointer Å0Š份ßƂ̙̍˩ʓ˙ƅ͉

func main() {
    x := 0x12345678

    p := unsafe.Pointer(&x)         // *int -> Pointer
    n := (*[4]byte)(p)              // Pointer -> *[4]byte

    for i := 0; i < len(n); i++ {
        fmt.Printf("%X ", n[i])
    }
}

˞p͍
78 56 34 12

˦Ñė̄©̌Ƃ̍ƭý[Ȥ͌ɴʶÏ4ǑƆ̩ʛ下br̆Ö GC Heap �͉

func test() *int {
    x := 100
    return &x            // Öã�r̆ x eú͉8ÖeɿƩ͌�¯ʂȨƊr̆ÖȧǍǎ͉
}

下 Pointer ˙ƅŤ uintptr͌¯©ȩă从Ƃ̍ˤ任͉

func main() {
    d := struct {
        s   string
        x   int
    }{"abc", 100}

    p := uintptr(unsafe.Pointer(&d))   // *struct -> Pointer -> uintptr
    p += unsafe.Offsetof(d.x)          // uintptr + offset
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    p2 := unsafe.Pointer(p)            // uintptr -> Pointer
    px := (*int)(p2)                   // Pointer -> *int
    *px = 200                          // d.x = 200

    fmt.Printf("%#v\n", d)
}

˞p͍
struct { s string; x int }{s:"abc", x:200}

ǰŠ͍GC Ŵ uintptr ļŤƯ˸Ɯƛĉ˃͌üƣǮ̞ǜ "`ɿ" ĉ˃估Ñƕ͉

1.8 r.�j(

¯下份ßr�Ä¸ÅƻÄ¸�ï份͉Ä¸份ß�ž bool͈int͈string ɏ͌ɼ array͈
slice͈map ɏÅc;Və份ß͈̔两ɏƷ`͌专�ƻÄ¸份ß͉

cƷȩ·è了ȤƻÄ¸份ß估ʠ�·�份ß͉

•cƷȩ·â份ßȤƂ͉̍
•cƷȩ·Və份ßÅ̔两Ȥ array͉
•cƷȩ·Və份ßȤ slice͉
•cƷȩ·例N份ßȤ map͉
•cƷȩ·Və份ßÅ5˰ơºȤ channel͉
•cƷȩ·ù享Ĭu (ù享¸͈份ß͈Ǎɑ͈̲Ĭ) Ȥ�¸ struct͉
•ɑ¸ȩ· (¡ƛÅ˦ÑN͌��ž¡ƛ¸Ɂ) Ȥ function͉
•ơǮ供ȩ· (ơǮ¸͈ơǮɑ¸ȩ·͌ÅǛĬƣ`) Ȥ interface͉

var a struct { x int `a` }
var b struct { x int `ab` }

// cannot use a (type struct { x int "a" }) as type struct { x int "ab" } in assignment
b = a

¯Ȝ type Ö[ėŦqƛeā�Ơ份ß͉

func main() {
    type bigint int64

    var x bigint = 100
    println(x)
}
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Ơ份ß�ƭ�份ßȤ|¸̢͌żƷȩ·ƛƆúSɩǆì͌ü-�̙ǫƷ0<`ɘ͌�4Ɓ
Ʒ�份ß0<IŘ̢͉̭ȧǍ份ßƭƻÄ¸份ß͌¼v主̳争个˙ƅ͉

x := 1234
var b bigint = bigint(x)          // 主̳争个˙ƅ̢̭͌ƭĨ͉̌
var b2 int64 = int64(b)           

var s myslice = []int{1, 2, 3}    // ƻÄ¸份ß̤͌个˙ƅ͉
var s2 []int = s
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h 2 f t�;

2.1 �`,

ʻʥʯʧɒɢ͌Hȡù�í͉

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

2.2 �ig

[̄ˤ任价͈r̥价͌,£b)价³͉

+       &        +=       &=        &&       ==       !=       (       )
-       |        -=       |=        ||       <        <=       [       ]
*       ^        *=       ^=        <-       >        >=       {       }
/       <<       /=       <<=       ++       =        :=       ,       ;
%       >>       %=       >>=       --       !        ...      .       :
        &^                &^=

ˤ任价ɩ¶Ņ[̄(Ğ}²͉

 3Xɞ       ˤ任价                                         位了
------------+---------------------------------------------+----------------------------
 high        *      /      &     <<     >>     &      &^
             +      -      |" ^
             ==     !=     <     <=     <      >=
             <-                                            channel
             &&
 low         ||

ɒ�9ˤ任ȃȷ͉

0110 &  1011 = 0010       AND      ̅� 1͉
0110 |  1011 = 1111       OR       ʅ不�
� 1͉
0110 ^  1011 = 1101       XOR      ®ʂ�
� 1͉
0110 &^ 1011 = 0100       AND NOT  ǽ̢Ǎŋ9͉
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Ǎŋ9Ɠ>͉

a := 0
a |= 1 << 2            // 0000100: Ö bit2 ʯɸǍŋ9͉
a |= 1 << 6            // 1000100: Ö bit6 ʯɸǍŋ9
a = a &^ (1 << 6)      // 0000100: ǽ̢ bit6 Ǎŋ9͉

�ƔƁˤ任价̋˛͉ēb̩ʛǰŠ͌"++"͈"--" ƭʻ¬ɼ̭ʖˡ个͉

n := 0
p := &n

// b := n++           // syntax error
// if n++ == 1 {}     // syntax error
// ++n                // syntax error

n++
*p++                  // (*p)++

ǫƷ "~"͌§¥ˤ任�Ȝ "^"͉

x := 1
x, ^x                 // 0001, -0010

2.3 �+�

x÷�ë¶ĉ˃͌主̳AȜ份ßǍɑ͌	Ğïž³主̳Ö份ßĖ͉̄

// var a struct { x int } = { 100 }   // syntax error

// var b []int = { 1, 2, 3 }          // syntax error

// c := struct {x int; y string}      // syntax error: unexpected semicolon or newline
// { 
// }

var a = struct{ x int }{100}
var b = []int{1, 2, 3}

x÷�N, "," r̥͉¯,ríʓ͌8ƶ¹�ʓ主̳, "," Ŧ "}" ɩĖ͉

a := []int{
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    1,
    2            // Error: need trailing comma before newline in composite literal
}

a := []int{
    1,
    2,           // ok
}

b := []int{
    1,
    2 }          // ok

2.4 G�Z

2.4.1 IF

ńȐ|ȤhǮ͍

•¯ȪȢǂ.ʖˡ个ž³͉
•ƔƁx÷�ʻ¬͌¯ā�*代Ýė̄©͉̌
•*代ÝĞïž³主̳Öǂ.ʖˡ个Ė͉̄

x := 0

// if x > 10                // Error: missing condition in if statement
// {
// }

if n := "abc"; x > 0 {      // x÷�ʻ¬ƻ主Ĕƭā�©̌͌ǥö println("init") �ƭ¯,Ȥ͉
    println(n[2])
} else if x < 0 {           // ǰŠ else if Å else Ğïž³9ɸ͉
    println(n[1])
} else {
    println(n[0])
}

�ƔƁ�VƓ>价 "a > b ? a : b"͉
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2.4.2 For

ƔƁ�们ŇȖơ个͌�ž份 while ʻǮ͉

s := "abc"

for i, n := 0, len(s); i < n; i++ {   // ĨʝȤ for ŇȖ͌ƔƁx÷�ʻ¬͉
    println(s[i])
}

n := len(s)
for n > 0 {                           // Ƶ* while (n > 0) {}
    println(s[n])                     // Ƶ* for (; n > 0;) {}
    n--
}

for {                                 // Ƶ* while (true) {}
    println(s)                        // Ƶ* for (;;) {}
}

�ʛ互ƹɴʶÏʂȘʣ?Ȥ之Ǯ͌Öx÷�ʻ¬�ʧ任p[̄ɩǉƭ
õ�Š͉

func length(s string) int {
    println("call length.")
    return len(s)
}

func main() {
    s := "abcd"

    for i, n := 0, length(s); i < n; i++ {   // 使YíǛˁȜ length qƛ͉
        println(i, s[i])
    }
}

˞p͍
call length.
0 97
1 98
2 99
3 100

2.4.3 Range

份7ˬ*ÏƓ>͌˦Ñ (ɚķ, N) Ŧ (例, N)͉
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                     1st value           2nd value
------------------+-------------------+------------------+-------------------
 string              index               s[index]           unicode, rune
 array/slice         index               s[index]
 map                 key                 m[key]            
 channel             element

¯ŐȢ�之ʛȤ˦ÑN͌ŦȜ "_" ˨
Ȑǡ©͉̌

s := "abc"

for i := range s {                  // ŐȢ 2nd value͌ƔƁ string/array/slice/map͉
    println(s[i])
}

for _, c := range s {               // ŐȢ index͉
    println(c)
}

for range s {                       // ŐȢ[̄˦ÑN͌'ˬ*͉
    ...
}

m := map[string]int{"a": 1, "b": 2}

for k, v := range m {               // ˦Ñ (key, value)͉
    println(k, v)
}

ǰŠ͌range 4ë~ĉ˃͉

a := [3]int{0, 1, 2}

for i, v := range a {             // index͈value ̅ƭ(ë~Æ�§p͉

    if i == 0 {                   // ÖJƖ�͌ť-XJƖ�ƛɣ͉
        a[1], a[2] = 999, 999
        fmt.Println(a)            // 以似JƖƷƙ͌˞p [0, 999, 999]͉
    }

    a[i] = v + 100                // AȜë~Æ�§pȤ value JƖ�ƛɣ͉
}

fmt.Println(a)                    // ˞p [100, 101, 102]͉
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ĲʪƖȜķȜ份ß͌bįĘƛƆ�4估ë~͉

s := []int{1, 2, 3, 4, 5}

for i, v := range s {       // ë~ struct slice { pointer, len, cap }͉

    if i == 0 {
        s = s[:3]           // ĉ slice ȤJƖ͌�4ĿÈ range͉
        s[2] = 100          // ĉįĘƛƆȤJƖ͉
    }

    println(i, v)
}

˞p͍
0 1
1 2
2 100
3 4
4 5

­ì�们ķȜ份ß map͈channel ƭƂ̍�ʙ͌ɼ�T slice ƭ struct͉

2.4.4 Switch

rƔʖˡ个¯,ƭ0Š份ß͌�̡�Ĩ͉̌¯ȪȢ break͌̓似ʄ�ɦǜ͉

x := []int{1, 2, 3}
i := 2

switch i {
    case x[1]:
        println("a")
    case 1, 3:
        println("b")
    default:
        println("c")
}

˞p͍
a

ö̩ʛɮɰ��rƔ͌¯AȜ fallthrough͌8�gzƟǂ.͉

x := 10
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switch x {
case 10:
    println("a")
    fallthrough
case 0:
    println("b")
}

˞p͍
a
b

ȪȢǂ.ʖˡ个͌¯ļ if...else if...else AȜ͉

switch {
    case x[1] > 0:
        println("a")
    case x[1] < 0:
        println("b")
    default:
        println("c")
}

switch i := x[2]; {           // ĥx÷�ʻ¬
    case i > 0:
        println("a")
    case i < 0:
        println("b")
    default:
        println("c")
}

2.4.5 Goto, Break, Continue

ƔƁÖqƛe goto 你˙͉Ǎɑ¸�rïĎh͌ƻAȜǍɑķ¦̒ʼ͉

func main() {
    var i int
    for {
        println(i)
        i++
        if i > 2 { goto BREAK }
    }
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BREAK:
    println("break")

EXIT:                    // Error: label EXIT defined and not used
}

̆¶Ǎɑ͌break Å continue ¯ÖíɞĜôŇȖ�你p͉

func main() {
L1:
    for x := 0; x < 3; x++ {
L2:
        for y := 0; y < 5; y++ {
            if y > 2 { continue L2 }
            if x > 1 { break L1 }

            print(x, ":", y, " ")
        }

        println()
    }
}

˞p͍
0:0  0:1  0:2
1:0  1:1  1:2

̟͍break ¯Ȝ� for͈switch͈select͌ɼ continue 'ʂȜ� for ŇȖ͉

x := 100

switch {
case x >= 0:
    if x == 0 { break }
    println(x)
}
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h 3 f �J

3.1 �J.�

�ƔƁ Ĝô (nested)͈̋˛ (overload) Å ̓似¡ƛ (default parameter)͉

•ƣ̩è了�ß͉
•ƔƁ�ā̔©¡͉
•ƔƁí˦ÑN͉
•ƔƁÄ¸˦Ñ¡ƛ͉
•ƔƁ�¸qƛÅ̖�͉

AȜ`例ù func ā�qƛ͌Ğïž³DƧ�ʂ­ˍ�ʓ͉

func test(x, y int, s string) (int, string) {      // 份ßȩ·Ȥȩ̃¡ƛ¯¶ī͉
    n := x + y                                     // í˦ÑN主̳Ȝž³͉
    return n, fmt.Sprintf(s, n)
}

qƛƭɎ�份ĉ˃͌¯>�¡ƛ5˵͉Ĳʪ下ëƿɑ¸ā��qƛ份ß͌,G�̚ˀ͉

func test(fn func() int) int {
    return fn()
}

type FormatFunc func(s string, x, y int) string    // ā�qƛ份ß͉

func format(fn FormatFunc, s string, x, y int) string {
    return fn(s, x, y)
}

func main() {
    s1 := test(func() int { return 100 })          // ȨƊ下�¸qƛļ¡ƛ͉

    s2 := format(func(s string, x, y int) string {
        return fmt.Sprintf(s, x, y)
    }, "%d, %d", 10, 20)

    println(s1, s2)
}
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Ʒ˦ÑNȤqƛ͌主̳Ʒ了以Ȥɦǜʻ¬͌¼v4ķ¦ɴʶ̒ʼ͉

3.2  �

©¡ƽˈ�Ĕƭ slice͉®ʂƷ�
͌	主̳ƭƶ¹�
͉

func test(s string, n ...int) string {
    var x int
    for _, i := range n {
        x += i
    }

    return fmt.Sprintf(s, x)
}

func main() {
    println(test("sum: %d", 1, 2, 3))
}

AȜ slice ĉ˃P©¡Ʃ͌主̳ęĳ͉

func main() {
    s := []int{1, 2, 3}
    println(test("sum: %d", s...))
}

3.3 �%


�ʂȜąÏĉ˃Ɗƕí˦ÑN͉®ʂȜí
©̌͌Ŧ "_" ŐȢ͉

func test() (int, int) {
    return 1, 2
}

func main() {
    // s := make([]int, 2)
    // s = test()            // Error: multiple-value test() in single-value context

    x, _ := test()
    println(x)
}
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í˦ÑN¯ȨƊ>�b)qƛˁȜă¡͉

func test() (int, int) {
    return 1, 2
}

func add(x, y int) int {
    return x + y
}

func sum(n ...int) int {
    var x int
    for _, i := range n {
        x += i
    }

    return x
}

func main() {
    println(add(test()))
    println(sum(test()))
}

Ä¸˦Ñ¡ƛ¯ȫP�ľ¡份7Ȥė̄©̌͌ƶ¹ȝ return ̤个˦Ñ͉

func add(x, y int) (z int) {
    z = x + y
    return
}

func main() {
    println(add(1, 2))
}

Ä¸˦Ñ¡ƛ¯估·¸ė̄©̌˿ʏ͌ǞƩ̩ʛ争个˦Ñ͉

func add(x, y int) (z int) {    
    {                        // �ʂÖ�
ɞ|͌ķ¦ "z redeclared in this block" ̒ʼ͉
        var z = x + y
        // return            // Error: z is shadowed during return
        return z             // 主̳争个˦Ñ͉
    }
}
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Ä¸˦Ñ¡ƛUʭ defer 严˫ˁȜ˸ˣ̖�ˀ§ÅJƖ͉

func add(x, y int) (z int) {
    defer func() {
        z += 100
    }()

    z = x + y
    return
}

func main() {
    println(add(1, 2))     // ˞p: 103
}

争个 return ˦Ñ�͌4XJƖÄ¸˦Ñ¡ƛ͉

func add(x, y int) (z int) {
    defer func() {
        println(z)         // ˞p: 203
    }()

    z = x + y
    return z + 200         // Ůʓ̲Ĭ: (z = z + 200) -> (call defer) -> (ret)
}

func main() {
    println(add(1, 2))     // ˞p: 203
}

3.4 �#�J

�¸qƛ¯ˋNɫ©̌͌P�ɩǆù享͌Ŧ会Ö channel ̊5˰͉

// --- function variable ---

fn := func() { println("Hello, World!") }
fn()

// --- function collection ---

fns := [](func(x int) int){
    func(x int) int { return x + 1 },
    func(x int) int { return x + 2 },
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}

println(fns[0](100))

// --- function as field ---

d := struct {
    fn func() string
}{
    fn: func() string { return "Hello, World!" },
}

println(d.fn())

// --- channel of function ---

fc := make(chan func() string, 2)
fc <- func() string { return "Hello, World!" }
println((<-fc)())

̖�ë~Ȥƭ�ĉ˃Ƃ̍͌˨Ĕńąƫʣ̉严˫ķȜ从˃͉

func test() func() {
    x := 100
    fmt.Printf("x (%p) = %d\n", &x, x)

    return func() {
        fmt.Printf("x (%p) = %d\n", &x, x)
    }
}

func main() {
    f := test()
    f()
}

˞p͍
x (0x2101ef018) = 100
x (0x2101ef018) = 100

ÖǨɴĘ̮͌test ă̠˦ÑȤƭ FuncVal ĉ˃͌b��½��¸qƛ×Ú͈̖�ĉ˃Ƃ
͉̍ļˁȜ�¸qƛƩ͌®̩,ǋ
ćúÏ5˵ʹĉ˃�¯͉

FuncVal { func_address, closure_var_pointer ... }
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3.5 9�|_

`例ù defer Ȝ�ǰf严˫ˁȜ͉˨!ˁȜȨ} ret �ū估Ůʓ͌˸ĨȜ�̉ƗˊǿŦ̒
ʼéȘ͉

func test() error {
    f, err := os.Create("test.txt")
    if err != nil { return err }

    defer f.Close()                 // ǰfˁȜ͌ɼ�ƭǰfqƛ͉主̳ƎC¡ƛ͌ÉŒ�Ʌ͉

    f.WriteString("Hello, World!")
    return nil
}

í
 defer ǰf͌ƃ FILO ǛĬŮʓ͉ÉŒqƛŦǋ
严˫ˁȜ¦ț̒ʼ͌˨!ˁȜDƧ
4估Ůʓ͉

func test(x int) {
    defer println("a")
    defer println("b")

    defer func() {
        println(100 / x)            // div0 ĴĨƻ估Ƅʍ͌˴ǟ串ì5˵͌ƶɦɦǜ˩Ƀ͉
    }()

    defer println("c")
}

func main() {
    test(0)
}

˞p͍
c
b
a
panic: runtime error: integer divide by zero

严˫ˁȜ¡ƛÖǰfƩǧNŦë~͌¯ȜƂ̍Ŧ̖� "严˫" ˀ§͉

func test() {
    x, y := 10, 20

    defer func(i int) {
        println("defer:", i, y)     // y ̖�ķȜ
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    }(x)                            // x 估ë~

    x += 10
    y += 100
    println("x =", x, "y =", y)
}

˞p͍
x = 20 y = 120
defer: 10 120

ȂȜ defer ¯ʂ4ĊʆŔʂ̸̗͌ēbƭÖ�
 "ïŇȖ" ͉̊

var lock sync.Mutex

func test() {
    lock.Lock()
    lock.Unlock()
}

func testdefer() {
    lock.Lock()
    defer lock.Unlock()
}

func BenchmarkTest(b *testing.B) {
    for i := 0; i < b.N; i++ {
        test()
    }
}

func BenchmarkTestDefer(b *testing.B) {
    for i := 0; i < b.N; i++ {
        testdefer()
    }
}

˞p:
BenchmarkTest"       50000000          43 ns/op
BenchmarkTestDefer  20000000         128 ns/op

3.6 �z*^

ǫƷɩǆ�ĴĨ͌AȜ panic ŵp̒ʼ͌recover Ƅʍ̒ʼ͉

func test() {
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    defer func() {
        if err := recover(); err != nil {
            println(err.(string))           // 下 interface{} ˙ß�c;份ß͉
        }
    }()

    panic("panic error!")
}

ȝ� panic͈recover ¡ƛ份ß� interface{}͌ÒǞ¯ŵp0<份ßĉ˃͉

func panic(v interface{})
func recover() interface{}

严˫ˁȜ�ķ¦Ȥ̒ʼ͌¯估¹ɰ严˫ˁȜƄʍ͌8'ƶ¹�
̒ʼ¯估Ƅʍ͉

func test() {
    defer func() {
        fmt.Println(recover())
    }()

    defer func() {
        panic("defer panic")
    }()

    panic("test panic")
}

func main() {
    test()
}

˞p͍
defer panic

Ƅʍqƛ recover ®ƷÖ严˫ˁȜeȨƊˁȜū4ɦǜ̒ʼ͌¼vŖƭ˦Ñ nil͉0<ƻ
ƄʍȤ̒ʼ̅4ǬˁȜãǎºì5˵͉

func test() {
    defer recover()                // ƣƙ侵
    defer fmt.Println(recover())   // ƣƙ侵
    defer func() {
        func() {
            println("defer inner")
            recover()              // ƣƙ侵
        }()
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    }()

    panic("test panic")
}

func main() {
    test()
}

˞p͍
defer inner
<nil>
panic: test panic

AȜ严˫�¸qƛŦ�̮˨Ǐ̅ƭƷƙȤ͉

func except() {
    recover()
}

func test() {
    defer except()
    panic("test panic")
}

öǉ̩ʛH习*代Ȍ享͌¯下*代Ý̋ǆŤ�¸qƛ͌öǞ¯以H¹ɰ*代估Ůʓ͉

func test(x, y int) {
    var z int

    func() {
        defer func() {
            if recover() != nil { z = 0 }
        }()

        z = x / y
        return
    }()

    println("x / y =", z)
}

̢Ȝ panic ķ¦�ƟŔ̒ʼì͌˧¯˦Ñ error 份ß̒ʼĉ˃ǃʖȷqƛˁȜȒő͉

type error interface {
    Error() string
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}

Ǎmĭ error.New Å fmt.Errorf qƛȜ�wĲă从 error Ɗ«Ȥ̒ʼĉ˃͉˸ˣzƟ̒
ʼĉ˃ăBǃ以āc;̒ʼ份ß͉

var ErrDivByZero = errors.New("division by zero")

func div(x, y int) (int, error) {
    if y == 0 { return 0, ErrDivByZero }
    return x / y, nil
}

func main() {
    switch z, err := div(10, 0); err {
    case nil:
        println(z)
    case ErrDivByZero:
        panic(err)
    }
}

ö<�|AȜ panic Å error �们ơ个͏ŞBƭ͍Ö�ēAȜ panic͌ĉì API AȜ 
error ˦ÑN͉
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h 4 f JE

4.1 Array

Å,串似ȯȤƛɣƷńï�·͉

•ƛɣƭN份ß͌ˋNÅ5¡4ë~Ɯ
ƛɣ͌ɼ�ƭƂ͉̍
•ƛɣ̔两主̳ƭĨ̌͌	ƭ份ßȤɣŤ̄r͉[2]int Å [3]int ƭ�·份ß͉
•ƔƁ "=="͈"!=" Ɠ>价͌Ò�eúŖƭ估x÷�ˣȤ͉
•Ƃ̍ƛɣ [n]*T͌ƛɣƂ̍ *[n]T͉

¯Ȝë¶ʻ¬x÷�͉

a := [3]int{1, 2}              // ƻx÷�VəN� 0͉
b := [...]int{1, 2, 3, 4}      // ˸ˣx÷�N以āƛɣ̔两͉
c := [5]int{2: 100, 4:200}     // AȜɚķ³x÷�Və͉

d := [...]struct {
    name string
    age  uint8
}{
    {"user1", 10},             // ¯ȪȢVə份ß͉
    {"user2", 20},             // |Ō�ƶ¹�ʓȤ˷³͉
}

ƔƁíɱƛɣ͉

a := [2][3]int{{1, 2, 3}, {4, 5, 6}}
b := [...][2]int{{1, 1}, {2, 2}, {3, 3}}    // Ɏ 2 ɟ两�ʂȜ "..."͉

N书˄ʓ�4˺ŤŔʂ̸̗͌˸Ĩ4ĲʪAȜ slice͌ŦƛɣƂ͉̍

func test(x [2]int) {
    fmt.Printf("x: %p\n", &x)
    x[1] = 1000
}

func main() {
    a := [2]int{}
    fmt.Printf("a: %p\n", &a)
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    test(a)
    fmt.Println(a)
}

˞p͍
a: 0x2101f9150
x: 0x2101f9170
[0 0]

eɸqƛ len Å cap ̅˦Ñƛɣ̔两 (Vəƛ̌)͉

a := [2]int{}
println(len(a), cap(a))   // 2, 2

4.2 Slice

̩ʛ位了͌slice ī�ƭƛɣŦƛɣƂ͉̍ü˸ˣēƂ̍Åȩ`专ŔķȜƛɣȌ享͌,
ă从©̔ơǔ͉

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

•ķȜ份ß͉8ʄ˘ƭɩǆ;͌N书˄5˵͉
•专Ŕ len ʖȷ¯ȜVəƛ̌͌ˀhƓ>�ʂˎˣʹ̡~͉
•专Ŕ cap ʖȷƶïůĸą̌͌�ʂˎpƛɣ̡~͉
•öǉ slice == nil͌̂� len͈cap ɩǉ̅ɏ� 0͉

data := [...]int{0, 1, 2, 3, 4, 5, 6}   
slice := data[1:4:5]                      // [low : high : max]

               +- low   high -+    +- max                                   len = high - low
               |              |    |                                        cap = max  - low
       +---+---+---+---+---+---+---+           +---------+---------+---------+
 data  | 0 | 1 | 2 | 3 | 4 | 5 | 6 |    slice  | pointer | len = 3 | cap = 4 |
       +---+---+---+---+---+---+---+           +---------+---------+---------+
               |<--- len ---->|    |                              |                      
               |                   |                              |
               |<----- cap ------->|                              |                     
               |                                                  |
               +-------<<<-------- slice.array pointer ---<<<-----+
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wĲʖˡ个AȜȤƭVəɚķ³͌ɼ̭ƛ͉̌

data := [...]int{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

expression   slice                  len    cap     comment
------------+----------------------+------+-------+---------------------
data[:6:8]   [0 1 2 3 4 5]          6      8       ȪȢ low.
data[5:]     [5 6 7 8 9]            5      5       ȪȢ high͈max͉
data[:3]     [0 1 2]                3      10      ȪȢ low͈max͉
data[:]      [0 1 2 3 4 5 6 7 8 9]  10     10      [̄ȪȢ͉

ˀhƓ>ă̠ȧǍƭįĘƛɣ͌®̩ǰŠɚķ³ȤĠ|͉

data := [...]int{0, 1, 2, 3, 4, 5}

s := data[2:4]
s[0] += 100
s[1] += 200

fmt.Println(s)
fmt.Println(data)

˞p͍
[102 203]
[0 1 102 203 4 5]

¯ȨƊwĲ slice ĉ˃͌ʄ�r̆įĘƛɣ͉

s1 := []int{0, 1, 2, 3, 8: 100}        // ˸ˣx÷�ʖˡ个ǆ˺͌¯AȜɚķ³͉
fmt.Println(s1, len(s1), cap(s1))

s2 := make([]int, 6, 8)                // AȜ make wĲ͌Ƃā len Å cap N͉
fmt.Println(s2, len(s2), cap(s2))

s3 := make([]int, 6)                   // ȪȢ cap͌ȩļ� cap = len͉
fmt.Println(s3, len(s3), cap(s3))

˞p͍
[0 1 2 3 0 0 0 0 100]  9  9
[0 0 0 0 0 0]          6  8
[0 0 0 0 0 0]          6  6

AȜ make �őwĲ slice͌使Y�ƛɣ主̳ȜĨ̌P̔两Ȥ͂Ȇ͉˧¯ȜƂ̍ȨƊʰ̗
įĘƛɣ͌˯�ŤƯ˸ƛɣƓ>͉

s := []int{0, 1, 2, 3}
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p := &s[2]      // *int, ʍ§įĘƛɣVəƂ͉̍
*p += 100

fmt.Println(s)

˞p͍
[0 1 102 3]

ʅ� [][]T͌ƭƂVə份ß� []T ͉

data := [][]int{
    []int{1, 2, 3},
    []int{100, 200},
    []int{11, 22, 33, 44},
}

¯ȨƊJƖ struct array/slice ŤÀ͉

d := [5]struct {
    x int
}{}

s := d[:]

d[1].x = 10
s[2].x = 20

fmt.Println(d)
fmt.Printf("%p, %p\n", &d, &d[0])

˞p:
[{0} {10} {20} {0} {0}]
0x20819c180, 0x20819c180

4.2.1 reslice

ũ˂ reslice͌ƭâ�ĢƷ slice wĲƠ slice ĉ˃͌,GÖ cap UʭʌÓeˁƜ专Ŕ͉

s := []int{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

s1 := s[2:5]        // [2 3 4]
s2 := s1[2:6:7]     // [4 5 6 7]
s3 := s2[3:6]       // Error
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       +---+---+---+---+---+---+---+---+---+---+   
 data  | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |   
       +---+---+---+---+---+---+---+---+---+---+   
          0         2               5
               +---+---+---+---+---+---+---+---+
 s1            | 2 | 3 | 4 |   |   |   |   |   |   len = 3, cap = 8
               +---+---+---+---+---+---+---+---+
                    0          2                   6    7
                       +---+---+---+---+---+
 s2                    | 4 | 5 | 6 | 7 |   |       len = 4, cap = 5
                       +---+---+---+---+---+
                              0               3    4    5
                                   +---+---+---+
 s3                                | 7 | 8 | X |   error: slice bounds out of range
                                   +---+---+---+

Ơĉ˃DƧƂº�įĘƛɣ͉

s := []int{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

s1 := s[2:5]       // [2 3 4]
s1[2] = 100

s2 := s1[2:6]      // [100 5 6 7]
s2[3] = 200

fmt.Println(s)

˞p͍
[0 1 2 3 100 5 6 200 8 9]

4.2.2 append

º slice Ė̄Ǽ�ƛƆ͌˦ÑƠȤ slice ĉ˃͉

s := make([]int, 0, 5)
fmt.Printf("%p\n", &s)

s2 := append(s, 1)
fmt.Printf("%p\n", &s2)

fmt.Println(s, s2)

˞p͍
0x210230000
0x210230040
[] [1]

ɒ�什位͌ĔƭÖ array[slice.high] hƛƆ͉

data := [...]int{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}
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s := data[:3]
s2 := append(s, 100, 200)    // Ǽ�í
N͉

fmt.Println(data)
fmt.Println(s)
fmt.Println(s2)

˞p͍
[0 1 2 100 200 5 6 7 8 9]
[0 1 2]
[0 1 2 100 200]

�Ʀˎp� slice.cap ̡~͌Ĕ4̋Ơr̆įĘƛɣ͌�G�ƛɣīƻåȁ͉

data := [...]int{0, 1, 2, 3, 4, 10: 0}
s := data[:2:3]

s = append(s, 100, 200)        // �Ǜ append �
N͌ˎp s.cap ̡~͉

fmt.Println(s, data)           // ̋Ơr̆įĘƛɣ͌��ƛɣƣ`͉
fmt.Println(&s[0], &data[0])   // ǥĉįĘƛɣˍ÷Ƃ͉̍

˞p͍
[0 1 100 200] [0 1 2 3 4 0 0 0 0 0 0]    
0x20819c180 0x20817c0c0                  

(˞pɩǉ¯,ȫp͌append ¹Ȥ s ̋Ơr̆�įĘƛɣ͌īë~ƛƆ͉öǉ®ˮ��

N͌v�4ˎˣ s.cap ̡~͌�Ĕ�4̋Ơr͉̆

˸Ĩ, 2 Ką̌̋Ơr̆įĘƛɣ͉Öïű̌Ǽ�ƛƆƩ͌Ĳʪ�ǛŔr̆作îïȤɅ
̙͌,n不eúr̆ÅƛƆë~ĳ͉̐Ŧx÷�作î̔Ȥ len 专Ŕ͌ƖȜɚķ³˩ʓƓ
>͉£Ʃ̉Ɨ�gAȜȤ slice ĉ˃͌使YƁƷˣ互ƛɣ͌˺Ť GC ƣǮÑƕ͉

s := make([]int, 0, 1)
c := cap(s)

for i := 0; i < 50; i++ {
    s = append(s, i)
    if n := cap(s); n > c {
        fmt.Printf("cap: %d -> %d\n", c, n)
        c = n
    }
}

˞p:
cap: 1 -> 2
cap: 2 -> 4
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cap: 4 -> 8
cap: 8 -> 16
cap: 16 -> 32
cap: 32 -> 64

4.2.3 copy

qƛ copy Ö�
 slice ̙ë~ƛƆ͌ë~̔两, len ĎȤ�m͉�
 slice ¯Ƃº·�
įĘƛɣ͌UʭVə�̙̋ª͉

data := [...]int{0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

s := data[8:]
s2 := data[:5]

copy(s2, s)          // dst:s2, src:s

fmt.Println(s2)
fmt.Println(data)

˞p͍
[8 9 2 3 4]
[8 9 2 3 4 5 6 7 8 9]

Į£Ʃ下ũ̩ƛƆ copy }˜ĎȤ slice͌,G̉Ɨˎï³įĘƛɣeú͉

4.3 Map

ķȜ份ß͌Ç东ʖ͉例主̳ƭƔƁȩɏˤ任价 (==͈!=) 份ß͌ǥö number͈string͈
pointer͈array͈struct͌,£ĉĮȤ interface͉N¯,ƭ0Š份ß͌ǫƷ̡~͉

m := map[int]struct {
    name string
    age  int
}{
    1:  {"user1", 10},        // ¯ȪȢVə份ß͉
    2:  {"user2", 20},
}

println(m[1].name)


���10��������,

��



̴Xɫ make qƛ�
¶ȘVəƛ̌¡ƛ͌Ʒ��Ǝ�Ŕʂ͉Ò��XȞʾ�ïÝeú͌
¯使Y¹ɰƓ>Ʃ侧ɜůĸ͉

m := make(map[string]int, 1000)

ĨʝƓ>͍

m := map[string]int{ 
    "a": 1,
}

if v, ok := m["a"]; ok {     // zƟ key ƭ¼úÖ͉
    println(v)
}

println(m["c"])              // ĉ��úÖȤ key͌ȨƊ˦Ñ \0͌�4p͉̒

m["b"] = 2                   // ƠçŦJƖ͉

delete(m, "c")               // y̢͉öǉ key �úÖ͌�4p͉̒

println(len(m))              // ʍ§例Nĉƛ͉̌cap ƣƙ͉

for k, v := range m {        // ˬ*͌¯'˦Ñ key͉̣ƾ̲Ĭ˦Ñ͌ǤǛ̅�ȩ·͉
    println(k, v)
}

�ʂHʱˬ*˦ÑǛĬ͌˸Ĩƭ̣ƾɩǉ͌c;Åȍƽă从Ʒ`͉

( map �§ÑȤƭ�
 value �Ʃë~Æ͌ĉbŤÀȤJƖƭǫƷ0<Š�Ȥ͉

type user struct{ name string }

m := map[int]user{        // ļ map Òůĸɼ̋ƠÇ东Ʃ͌µ例ṈúS9ɸ̅4¦țƖ©͉ ÒǞ͌map
    1: {"user1"},         // 估ʯʧŤ not addressable͉ 份7 m[1].name ˨们互ƹ˳ˣ� value
}                         // Ƃ̍JƖŤÀȤʓ�ʄȈ4估ȹǜ͉

m[1].name = "Tom"         // Error: cannot assign to m[1].name

产以PǮƭþƜƵƅ value ŦAȜƂ͉̍

u := m[1]
u.name = "Tom"
m[1] = u                  // Ƶƅ value͉
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m2 := map[int]*user{
    1: &user{"user1"},
}

m2[1].name = "Jack"       // ˦ÑȤƭƂ̍ë~Æ͉˳ˣƂ̍JƖ�ĉ˃ƭUʭȤ͉

¯,Öˬ*Ʃý[y̢例N͉8öǉ互̙ƷƠçƓ>͌̂�Ĕ�ȯ˾4Ʒ&�Šì�͉

for i := 0; i < 5; i++ {
    m := map[int]string{
        0:  "a", 1:  "a", 2:  "a", 3:  "a", 4:  "a",
        5:  "a", 6:  "a", 7:  "a", 8:  "a", 9:  "a",
    }

    for k := range m {
        m[k+k] = "x"
        delete(m, k)
    }

    fmt.Println(m)
}

˞p͍
map[12:x 16:x 2:x 6:x 10:x 14:x 18:x]
map[12:x 16:x 20:x 28:x 36:x]
map[12:x 16:x 2:x 6:x 10:x 14:x 18:x]
map[12:x 16:x 2:x 6:x 10:x 14:x 18:x]
map[12:x 16:x 20:x 28:x 36:x]

4.4 Struct

N份ß͌ˋNÅ5¡4ë~[̄eą͉¯Ȝ "_" ā�ʕ9ù享͌ƔƁƂºʄ˘份ßȤƂ̍
ŤÀ͉

type Node struct {
    _    int
    id   int
    data *byte
    next *Node
}

func main() {
    n1 := Node{
        id:   1,
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        data: nil,
    }

    n2 := Node{
        id:   2,
        data: nil,
        next: &n1,
    }
}

̲Ĭx÷�主̳�½[̄ù享͌¼v4p͉̒

type User struct {
    name string
    age  int
}

u1 := User{"Tom", 20}
u2 := User{"Tom"}       // Error: too few values in struct initializer

ƔƁ�¸ɩǆ͌¯Ȝ>ɩǆŤÀŦā�©͉̌

type File struct {
    name string
    size int
    attr struct {
        perm  int
        owner int
    }
}

f := File{
    name: "test.txt",
    size: 1025,
    // attr: {0755, 1},   // Error: missing type in composite literal
}

f.attr.owner = 1
f.attr.perm = 0755

var attr = struct {
    perm  int
    owner int
}{2, 0755}

f.attr = attr
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ƔƁ "=="͈"!=" ȩɏƓ>价͌¯Ȝ> map 例份ß͉

type User struct {
    id   int
    name string
}

m := map[User]int{
    User{1, "Tom"}: 100,
}

¯ā�ù享Ǎɑ͌Ȝ¥上ˀ§͉Ǎɑƭ份ßȤɣŤ̄r͉

var u1 struct { name string "username" }
var u2 struct { name string }

u2 = u1   // Error: cannot use u1 (type struct { name string "username" }) as 
          //        type struct { name string } in assignment

Ʌɩǆ "ʊȪ" eú͌ǥöȜǃă从 set ƛƆɩǆ͌Ŧ会ă从ǫƷ "Ȓő" ®ƷơǮȤ "̬
ő份"͉

var null struct{}

set := make(map[string]struct{})
set["a"] = null

4.4.1 �#,X

�¸ù享�ˣƭ�们ʻǮɗ͌(Ǒƽ�位͌Ĕƭ�
�ŤÀ份ß·¸ (�½�¸) Ȥù享͉
估�¸ĜZȤ¯,ƭ0<份ß͌ļȈ��žƂ͉̍

type User struct {
    name string
}

type Manager struct {
    User
    title string
}
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m := Manager{
    User:  User{"Tom"},          // �¸ù享Ȥ争个ù享¸͌Å份ß¸ȩ·͉
    title: "Administrator",
}

¯,TƯ˸ù享̂Ǐʰ̗�¸ù享ŤÀ͌ɴʶÏ(ìºe˴ɞǌŲũƷĘǛȤ�¸ù享͌
Ȩ}¦从ȧǍŦp͉̒

type Resource struct {
    id int
}

type User struct {
    Resource
    name string
}

type Manager struct {
    User
    title string
}

var m Manager
m.id = 1
m.name = "Jack"
m.title = "Administrator"

ìĘ·¸ù享4˿ʏĜZù享ŤÀ͌ȩ·ĘǛȤ·¸ù享�4ʩɴʶÏƣũ˱(͉ʣjơ
ǮƭAȜ争个ù享¸͉

type Resource struct {
    id   int
    name string
}

type Classify struct {
    id int
}

type User struct {
    Resource               // Resource.id � Classify.id é�·�ĘǛ͉
    Classify
    name string            // ˿ʏ Resource.name͉
}

u := User{ 
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    Resource{1, "people"}, 
    Classify{100}, 
    "Jack",
}

println(u.name)            // User.name: Jack
println(u.Resource.name)   // people

// println(u.id)           // Error: ambiguous selector u.id
println(u.Classify.id)     // 100

�ʂ·ƩĜZǋ�份ßÅbƂ̍份ß͌Ò�ü-¸ùȩ·͉

type Resource struct {
    id int
}

type User struct {
    *Resource
    // Resource            // Error: duplicate field Resource
    name string
}

u := User{
    &Resource{1}, 
    "Administrator",
}

println(u.id)
println(u.Resource.id)

4.4.2 �$/}

̮ºĉ˃�ïȐŁ̊͌Go 'ƔƁ三ʙ͌ĕɔ�¸ù享ȤeúģėÅʓ�份7ɮų͉ǫƷ 
class `例ù͌ǫƷɮų͈íőɏɏ͉

type User struct {
    id   int
    name string
}

type Manager struct {
    User
    title string
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}

m := Manager{User{1, "Tom"}, "Administrator"}

// var u User = m     // Error: cannot use m (type Manager) as type User in assignment
                      // ǫƷɮų͌ʄȈ��4Ʒíő͉
var u User = m.User   // ·份ß书˄͉

eúģėÅ C struct ȩ·͌ǫƷ0<̟�Ȥ object IŘ͉

     |<-------- User:24 ------->|<-- title:16 -->|
    +--------+-----------+------------+           +---------------+
 m  |   1    |  string   |  string    |           | Administrator |  [n]byte
    +--------+-----------+------------+           +---------------+
                       |               |                                    |
                       |               +--->>>------------------->>>--------+                   
                       |                                  
                       +--->>>----------------------------------->>>-----+
                                                                         |
                       +--->>>----------------------------------->>>-+   |
                       |                                             |   |
    +--------+-----------+                        +---------+
 u  |   1    |  string   |                        |   Tom   |  [n]byte
    +--------+-----------+                        +---------+
     |<- id:8 -->|<- name:16 -->|

¯Ȝ unsafe �ȩ`qƛ˞peú×ÚIŘ͉

m      : 0x2102271b0, size: 40, align: 8
m.id   : 0x2102271b0, offset: 0
m.name : 0x2102271b8, offset: 8
m.title: 0x2102271c8, offset: 24
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h 5 f MY

5.1 MY.�

ơǮŖƭɨāĉ˃ăB͌ī̤个下ăB>�Ɏ�ă¡ (receiver)͉

•®ʂ�ļ��eÄ¸份ßā�ơǮ͉
•¡ƛ receiver ¯0ŠÄ¸͉öơǮ�ƻƴAȜ͌¯ȪȢ¡ƛ¸͉
•¡ƛ receiver 份ß¯,ƭ T Ŧ *T͉â份ß T �ʂƭƊ«ŦƂ͉̍
•�ƔƁơǮ̋˛͌receiver ®ƭ¡ƛɑ¸ȤɣŤ̄r͉
•¯ȜăB value Ŧ pointer ˁȜ[̄ơǮ͌ɴʶÏʄ�˙ƅ͉

ǫƷǆ˺ÅǇǆơǮ͌˸ĨȜɒ�ĝ�ǚ个˦Ñĉ˃ăB͉

type Queue struct {
    elements []interface{}
}

func NewQueue() *Queue {                      // wĲĉ˃ăB͉
    return &Queue{make([]interface{}, 10)}
}

func (*Queue) Push(e interface{}) error {     // ȪȢ receiver ¡ƛ¸͉
    panic("not implemented")
}

// func (Queue) Push(e int) error {           // Error: method redeclared: Queue.Push
//     panic("not implemented")
// }

func (self *Queue) length() int {             // receiver ¡ƛ¸¯,ƭ self͈this Ŧb)͉
    return len(self.elements)
}

ơǮ�ˣƭ�们ȐǡȤqƛ͌®̩下b˧�͌Ĕȯ˾ receiver T Å *T ȤĠ|͉

type Data struct{ 
    x int 
}

func (self Data) ValueTest() {                // func ValueTest(self Data);
    fmt.Printf("Value: %p\n", &self)
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}

func (self *Data) PointerTest() {             // func PointerTest(self *Data);
    fmt.Printf("Pointer: %p\n", self)
}

func main() {
    d := Data{}
    p := &d
    fmt.Printf("Data: %p\n", p)

    d.ValueTest()       // ValueTest(d)
    d.PointerTest()     // PointerTest(&d)

    p.ValueTest()       // ValueTest(*p)
    p.PointerTest()     // PointerTest(p)
}

˞p͍
Data   : 0x2101ef018
Value  : 0x2101ef028
Pointer: 0x2101ef018
Value  : 0x2101ef030
Pointer: 0x2101ef018

( 1.4 ĳ÷͌�gƔƁíɞƂ̍ǌŲơǮŤÀ͉

type X struct{}

func (*X) test() {
    println("X.test")
}

func main() {
    p := &X{}
    p.test()

    // Error: calling method with receiver &p (type **X) requires explicit dereference
    // (&p).test() 
}

5.2 �#,X

¯,Tù享ŤÀ̂Ǐʰ̗�¸ù享ơǮ͌ɴʶÏ体ˆǌŲ͉

type User struct {
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    id   int
    name string
}

type Manager struct {
    User
}

func (self *User) ToString() string {                // receiver = &(Manager.User)
    return fmt.Sprintf("User: %p, %v", self, self)
}

func main() {
    m := Manager{User{1, "Tom"}}

    fmt.Printf("Manager: %p\n", &m)
    fmt.Println(m.ToString())
}

˞p͍
Manager: 0x2102281b0
User   : 0x2102281b0, &{1 Tom}

˸ˣ�¸ù享͌¯ʍņÅɮų份7ȤëȜʂ�͉DƆɴʶÏǌŲǛĬ͌®̩ÖìĘā�·
¸ơǮ͌Ĕ¯,ă从 "override"͉

type User struct {
    id   int
    name string
}

type Manager struct {
    User
    title string
}

func (self *User) ToString() string {
    return fmt.Sprintf("User: %p, %v", self, self)
}

func (self *Manager) ToString() string {
    return fmt.Sprintf("Manager: %p, %v", self, self)
}

func main() {
    m := Manager{User{1, "Tom"}, "Administrator"}

    fmt.Println(m.ToString())
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    fmt.Println(m.User.ToString())
}

˞p͍
Manager: 0x2102271b0, &{{1 Tom} Administrator}
User   : 0x2102271b0, &{1 Tom}

5.3 MY�

Ǥ
份ß̅Ʒ��`ɿȤơǮ供͌˨4ĿÈ}Ɗ«ă从ʟv͉

•份ß T ơǮ供�½[̄ receiver T ơǮ͉
•份ß *T ơǮ供�½[̄ receiver T + *T ơǮ͉
•ö份ß S �½�¸ù享 T͌v S ơǮ供�½ T ơǮ͉
•ö份ß S �½�¸ù享 *T͌v S ơǮ供�½ T + *T ơǮ͉
•�ɔĜZ T Ŧ *T͌*S ơǮ供Ŗƭ�½ T + *T ơǮ͉

ȜăB value Å pointer ˁȜơǮ (½�¸ù享) �¨ơǮ供ɝǁ͌ɴʶÏŖƭǌŲ[̄
ơǮ͌īʄ�˙ƅ receiver ă¡͉

5.4 t�;

ǑƆˁȜ会�·͌ơǮr��们ʖ从ľ个͍

instance.method(args...)  --->  <type>.func(instance, args...)

�会Ɂ� method value͌¹会 method expression͉

�会̅¯TƯ˸qƛ̂ǏˋNÅ5¡͌�|Ö� method value ɨāăB͌ɼ method 
expression v̳争个5¡͉

type User struct {
    id   int
    name string
}

func (self *User) Test() {
    fmt.Printf("%p, %v\n", self, self)
}
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func main() {
    u := User{1, "Tom"}
    u.Test()

    mValue := u.Test
    mValue()                          // ̤个5˵ receiver

    mExpression := (*User).Test
    mExpression(&u)                   // 争个5˵ receiver
}

˞p͍
0x210230000, &{1 Tom}
0x210230000, &{1 Tom}
0x210230000, &{1 Tom}

̩ʛǰŠ͌method value 4ë~ receiver͉

type User struct {
    id   int
    name string
}

func (self User) Test() {
    fmt.Println(self)
}

func main() {
    u := User{1, "Tom"}
    mValue := u.Test           // ɉ�ë~ receiver͌Ò��ƭƂ̍份ß͌�¨¹ɰJƖĿÈ͉

    u.id, u.name = 2, "Jack"
    u.Test()

    mValue()
}

˞p͍
{2 Jack}
{1 Tom}

ÖǨɴĘ̮͌method value Å̖�Ȥă从ơ个ȩ·͌ă̠˦Ñ FuncVal 份ßĉ˃͉

FuncVal { method_address, receiver_copy }

¯DƆơǮ供˙ƅ method expression͌ǰŠ receiver 份ßȤĠĴ͉
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type User struct {
    id   int
    name string
}

func (self *User) TestPointer() {
    fmt.Printf("TestPointer: %p, %v\n", self, self)
}

func (self User) TestValue() {
    fmt.Printf("TestValue: %p, %v\n", &self, self)
}

func main() {
    u := User{1, "Tom"}
    fmt.Printf("User: %p, %v\n", &u, u)

    mv := User.TestValue
    mv(u)

    mp := (*User).TestPointer
    mp(&u)

    mp2 := (*User).TestValue    // *User ơǮ供�½ TestValue͉
    mp2(&u)                     // ɑ¸©� func TestValue(self *User)͉
}                               // ă̠DȈƭ receiver value copy͉

˞p͍
User       : 0x210231000, {1 Tom}
TestValue  : 0x210231060, {1 Tom}
TestPointer: 0x210231000, &{1 Tom}
TestValue  : 0x2102310c0, {1 Tom}

下ơǮ "˧�" Ťqƛ͌ĔąƫȘʣ�̮Ȥ*代�͉

type Data struct{}

func (Data) TestValue()    {}
func (*Data) TestPointer() {}

func main() {
    var p *Data = nil
    p.TestPointer()

    (*Data)(nil).TestPointer()  // method value
    (*Data).TestPointer(nil)    // method expression

    // p.TestValue()            // invalid memory address or nil pointer dereference
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    // (Data)(nil).TestValue()  // cannot convert nil to type Data
    // Data.TestValue(nil)      // cannot use nil as type Data in function argument
}


���10��������,

��



h 6 f F!

6.1 F!.�

Ɗ«ƭ�
Ŧí
ơǮɑ¸Ȥ供¶͌0<份ßȤơǮ供�®ʛżƷ��ĉĮȤ[̄ơǮ͌
Ĕʖȷü "ă从" �ʹƊ«͌ƣ̳Öʹ份ß�争个Ǽ�Ɗ«è了͉

ũ˂ĉĮơǮ͌ƭƂƷȩ·¸Ɂ͈¡ƛuʖ (��ž¡ƛ¸) ,£˦ÑN͉ļȈ͌ʹ份ß˧
¯,Ʒb)ơǮ͉

•Ɗ«Ä¸�Ş, er ɩĖ͌ɩǆ;͉
•Ɗ«®ƷơǮɑ¸͌ǫƷă从͉
•Ɗ«ǫƷƛƆù享͉
•¯ÖƊ«�ĜZb)Ɗ«͉
•份ß¯ă从í
Ɗ«͉

type Stringer interface {
    String() string
}

type Printer interface {
    Stringer                           // Ɗ«ĜZ͉
    Print()
}

type User struct {
    id   int
    name string
}

func (self *User) String() string {
    return fmt.Sprintf("user %d, %s", self.id, self.name)
}

func (self *User) Print() {
    fmt.Println(self.String())
}

func main() {
    var t Printer = &User{1, "Tom"}   // *User ơǮ供�½ String͈Print͉
    t.Print()
}
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˞p͍
user 1, Tom

ɅƊ« interface{} ǫƷ0<ơǮɑ¸͌�ĔŠÃȮ0<份ß̅ă从�ɅƊ«͉b>Ȝ份
7̮ºĉ˃ʻʥ�ȤǑĉ˃ object͉

func Print(v interface{}) {
    fmt.Printf("%T: %v\n", v, v)
}

func main() {
    Print(1)
    Print("Hello, World!")
}

˞p͍
int: 1
string: Hello, World!

�¸Ɗ«¯Ȝ>©̌份ß͌ŦɩǆŤÀ͉

type Tester struct {
    s interface {
        String() string
    }
}

type User struct {
    id   int
    name string
}

func (self *User) String() string {
    return fmt.Sprintf("user %d, %s", self.id, self.name)
}

func main() {
    t := Tester{&User{1, "Tom"}}
    fmt.Println(t.s.String())
}

˞p͍
user 1, Tom
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6.2 @sQ�

Ɗ«ĉ˃ȝƊ«ʖ (interface table) Ƃ̍ÅƛƆƂ̍ɣŤ͉

runtime.h
struct Iface
{
    Itab*    tab;
    void*    data;
};

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

Ɗ«ʖúSVƛƆIŘ͌�žƊ«份ß͈�ő份ß͌,£ă从Ɗ«ȤơǮƂ͉̍ƣʮƭ¥
上˧ƭ˸ˣƊ«ˁȜơǮ͌̅4Ȝ}˨!IŘ͉

ƛƆƂ̍ƁƷȤƭȧǍĉ˃Ȥ®ˀë~Æ͌ë~þƜĉ˃ŦƂ͉̍

type User struct {
    id   int
    name string
}

func main() {
    u := User{1, "Tom"}
    var i interface{} = u

    u.id = 2
    u.name = "Jack"

    fmt.Printf("%v\n", u)
    fmt.Printf("%v\n", i.(User))
}

˞p͍
{2 Jack}
{1 Tom}

Ɗ«˙ß˦Ñ�Ʃĉ˃͌®ƷAȜƂ̍ūʂJƖbȒő͉
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type User struct {
    id   int
    name string
}

func main() {
    u := User{1, "Tom"}
    var vi, pi interface{} = u, &u

    // vi.(User).name = "Jack"         // Error: cannot assign to vi.(User).name
    pi.(*User).name = "Jack"

    fmt.Printf("%v\n", vi.(User))
    fmt.Printf("%v\n", pi.(*User))
}

˞p͍
{1 Tom}
&{1 Jack}

®Ʒ tab Å data ̅� nil Ʃ͌Ɗ«ūɏ� nil͉

var a interface{} = nil             // tab = nil, data = nil
var b interface{} = (*int)(nil)     // tab �½ *int 份ßIŘ, data = nil

type iface struct {
    itab, data uintptr
}

ia := *(*iface)(unsafe.Pointer(&a))
ib := *(*iface)(unsafe.Pointer(&b))

fmt.Println(a == nil, ia)
fmt.Println(b == nil, ib, reflect.ValueOf(b).IsNil())

˞p:
true  {0 0}
false {505728 0} true

6.3 F!�D

{Ȝ份ß乱Ɵ͌¯zƟƊ«ĉ˃ƭ¼ǋ
c;ȤƊ«Ŧ份ß͉

type User struct {
    id   int
    name string
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}

func (self *User) String() string {
    return fmt.Sprintf("%d, %s", self.id, self.name)
}

func main() {
    var o interface{} = &User{1, "Tom"}

    if i, ok := o.(fmt.Stringer); ok {     // ok-idiom
        fmt.Println(i)
    }

    u := o.(*User)
    // u := o.(User)       // panic: interface is *main.User, not main.User
    fmt.Println(u)
}

˧¯Ȝ switch Pű̌份ßzƟ͌�ƔƁ fallthrough͉

func main() {
    var o interface{} = &User{1, "Tom"}

    switch v := o.(type) {
    case nil:                                     // o == nil
        fmt.Println("nil")
    case fmt.Stringer:                            // interface
        fmt.Println(v)
    case func() string:                           // func
        fmt.Println(v())
    case *User:                                   // *struct
        fmt.Printf("%d, %s\n", v.id, v.name)
    default:
        fmt.Println("unknown")
    }
}

ˎ供Ɗ«ĉ˃¯˙ƅ�ø供Ɗ«͌¥�p͉̒

type Stringer interface {
    String() string
}

type Printer interface {
    String() string
    Print()
}
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type User struct {
    id   int
    name string
}

func (self *User) String() string {
    return fmt.Sprintf("%d, %v", self.id, self.name)
}

func (self *User) Print() {
    fmt.Println(self.String())
}

func main() {
    var o Printer = &User{1, "Tom"}
    var s Stringer = o
    fmt.Println(s.String())
}

6.4 F!A3

ʩɴʶÏ交ǌ͌,以Hǋ
份ßă从Ɗ«͉

var _ fmt.Stringer = (*Data)(nil)

ǋ!ƩM͌ʩqƛȨƊ "ă从" Ɗ«ʂȪ�不�͉

type Tester interface {
    Do()
}

type FuncDo func()
func (self FuncDo) Do() { self() }

func main() {
    var t Tester = FuncDo(func() { println("Hello, World!") })
    t.Do()
}
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h 7 f 7�

7.1 Goroutine

Go ÖʻʥĘ̮ĉī¦ɴɃƎCƔƁ͌�们份7�Ƀ͌Ɂ> goroutine Ȥƾ~͉

®̩ÖqƛˁȜʻ¬�Ǽ� go `例ù͌Ĕ¯wĲī¦Ůʓ�V͉ĳ¦%Àƣ̩�ʣ0<
Ůʓɤʊ͌ˁ两Ï4ʄ�下býƈ}¶˱ȤɘɭɡɃ�Ůʓ͉goroutine ƭ�们̭Ĩ˚̌
ɞȤă从͌¯Ö�
˩Ƀ̊ŮʓŤ���Ȥī¦0�͉

�ă�͌Z«qƛ main Ĕ, goroutine ˤʓ͉­Ʒ��̆ôȤ channel 份ß͌Ȝ,ă
从 ",˸ʫǃ_$eú" Ȥ CSP ǚ个͉ȩ`ă从ɤʊ¯¡ɺƽ�Ɏ�̄rȤǿ代�Ǉ͉

go func() {
    println("Hello, World!")
}()

ˁ两Ï�ʂHʱí
 goroutine ŮʓǛĬ͌	˩Ƀ˯pƩ�4ɏŃü-ɩǁ͉

̓似么k�͌˩Ƀ¾�¹'Uʭ�
ɘɭɡɃƸ�� goroutine͉¯AȜȖæ©̌ŦǍm
ĭqƛ runtime.GOMAXPROCS JƖ͌ʩˁ两ÏȜí
ɡɃă从íǐīʓ͌ɼ�''ƭ
ī¦͉

func sum(id int) {
    var x int64
    for i := 0; i < math.MaxUint32; i++ {
        x += int64(i)
    }

    println(id, x)
}

func main() {
    wg := new(sync.WaitGroup)
    wg.Add(2)

    for i := 0; i < 2; i++ {
        go func(id int) {
            defer wg.Done()
            sum(id)
        }(i)
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    }

    wg.Wait()
}

˞p͍
$ go build -o test

$ time -p ./test

0 9223372030412324865
1 9223372030412324865

real   7.70              // ɃĬĳ÷}ɩǁƩ̙Ġ (̭ CPU Ʃ̙)
user   7.66              // ȜŨőũAȜ CPU Ʃ̙Ȍ (íǐɛ�)
sys    0.01              // eǐőũAȜ CPU Ʃ̙Ȍ

$ GOMAXPROCS=2 time -p ./test

0 9223372030412324865
1 9223372030412324865

real   4.18
user   7.61              // ʒȈŖƩ̙Ġ�í͌8ȝ 2 
ǐīʓ͌real Ʃ̙ʄȈ不�ʭí͉
sys    0.02

ˁȜ runtime.Goexit 下ɉ�ɦǜļ� goroutine Ůʓ͌ˁ两Ï以HũƷĢǰf defer 
严˫ˁȜ估Ůʓ͉

func main() {
    wg := new(sync.WaitGroup)
    wg.Add(1)

    go func() {
        defer wg.Done()
        defer println("A.defer")

        func() {
            defer println("B.defer")
            runtime.Goexit()              // ɦǜļ� goroutine
            println("B")                  // �4Ůʓ
        }()

        println("A")                      // �4Ůʓ
    }()

    wg.Wait()
}
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˞p͍
B.defer
A.defer

Å�Ƀ yield >Ȝ份7͌Gosched ʩpįĘɡɃ͌下ļ� goroutine ƲQ͌ƗÑ̜uɏ
Ń�Ǜ估ˁ两Ůʓ͉

func main() {
    wg := new(sync.WaitGroup)
    wg.Add(2)

    go func() {
        defer wg.Done()

        for i := 0; i < 6; i++ {
            println(i)
            if i == 3 { runtime.Gosched() }
        }
    }()

    go func() {
        defer wg.Done()
        println("Hello, World!")
    }()

    wg.Wait()
}

˞p͍
$ go run main.go
0
1
2
3
Hello, World!
4
5

7.2 Channel

ķȜ份ß channel ƭ CSP ǚ个Ȥc;ă从͌Ȝ�í
 goroutine ˸ʫ͉bēă从�
·ǟ͌以Hī¦ý[͉

̓似�·ǟǚ个̩͌ʛ¦˰ÅƊƕ̆ĉ͉¼v4估̞ä͌Ȩ}­�ơmêõ¹估Ë͉̇
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func main() {
    data := make(chan int)           // ƛƆ"ƅ̜u
    exit := make(chan bool)          // ˯p˸ȯ

    go func() {
        for d := range data {        // (̜uˬ*ƊƕƛƆ͌Ȩ} close ͉
            fmt.Println(d)
        }

        fmt.Println("recv over.")
        exit <- true                 // ¦p˯p˸ȯ͉
    }()

    data <- 1                        // ¦˰ƛƆ͉
    data <- 2
    data <- 3
    close(data)                      // `̖̜u͉

    fmt.Println("send over.")
    <-exit                           // ɏŃ˯p˸ȯ͉
}

˞p͍
1
2
3
send over.
recv over.

Ĵǟơ个˸ˣzƟɳi�ǃjāƭ¼̞ä͉öǉɳi�Ģȁ͌¦˰估̞ä͎ɳi��Ʌ͌
Ɗƕ估̞ä͉

˸Ĩ么k�͌Ĵǟ channel ¯n不ƈ̜̞ä͌cê于́Ȥƙȕ͉8ĮʹɺʐAȜƂ̍ʟ
使ïĉ˃书˄͌下í
VəŬ�͌nĎɳi�ïĎɏ͉

func main() {
    data := make(chan int, 3)       // ɳi�¯,úS 3 
Və
    exit := make(chan bool)

    data <- 1                       // Öɳi�ƻȁ�͌�4̞ä͉
    data <- 2
    data <- 3

    go func() {
        for d := range data {       // Öɳi�ƻɅ�͌�4̞ä͉
            fmt.Println(d)
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        }

        exit <- true
    }()

    data <- 4                       // öǉɳi�Ģȁ̞͌ä͉
    data <- 5
    close(data)

    <-exit
}

ɳi�ƭē专Ŕ͌ī̭份ßǆŤʛə͉

var a, b chan int = make(chan int), make(chan int, 3)

̢Ȝ range ì͌˧¯Ȝ ok-idiom ǚ个zƟ channel ƭ¼`̖͉

for {
    if d, ok := <-data; ok {
        fmt.Println(d)
    } else {
        break
    }
}

º closed channel ¦˰ƛƆķ¦ panic ̒ʼ͌Ɗƕɉ�˦Ñ̨N͉ɼ nil channel͌ƣ
ʮƕ¦̅4估̞ä͉

eɸqƛ len ˦Ñƻ估ˀ§ȤɳiVəƛ̌͌cap ˦Ñɳi�ïĎ͉

d1 := make(chan int)
d2 := make(chan int, 3)

d2 <- 1

fmt.Println(len(d1), cap(d1))    // 0  0
fmt.Println(len(d2), cap(d2))    // 1  3

7.2.1 �$

¯,下 channel ̤个˙ƅ��º̜u͌®ƕŦ®¦͉
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c := make(chan int, 3)

var send chan<- int = c   // send-only
var recv <-chan int = c   // receive-only

send <- 1
// <-send                 // Error: receive from send-only type chan<- int

<-recv
// recv <- 2              // Error: send to receive-only type <-chan int

�ʂ下�º channel ˙ƅ�Ư˸ channel͉

d := (chan int)(send)     // Error: cannot convert type chan<- int to type chan int
d := (chan int)(recv)     // Error: cannot convert type <-chan int to type chan int

7.2.2 �B

öǉ̩ʛ·ƩéȘí
 channel͌¯AȜ select ʻ¬͉ụ̈ƾ˲Ž�
¯Ȝ channel P
ƕ¦Ɠ>͌ŦŮʓ default case͉

func main() {
    a, b := make(chan int, 3), make(chan int)

    go func() {
        v, ok, s := 0, false, ""

        for {
            select {                         // ̣ƾ˲Ž¯Ȝ channel͌ƊƕƛƆ͉
            case v, ok = <-a: s = "a"
            case v, ok = <-b: s = "b"
            }

            if ok {
                fmt.Println(s, v)
            } else {
                os.Exit(0)
            }
        }
    }()

    for i := 0; i < 5; i++ {
        select {                             // ̣ƾ˲Ž¯Ȝ channel͌¦˰ƛƆ͉


���10��������,


�



        case a <- i:
        case b <- i:
        }
    }

    close(a)
    select {}                                // ǫƷ¯Ȝ channel̞͌ä main goroutine͉
}

˞p͍
b 3
a 0
a 1
a 2
b 4

ÖŇȖ�AȜ select default case ̩ʛĎ为͌使YľŤǳǦ͉

7.2.3 W;

Ȝɒ�ĝ�ǚ个Ŭ�ī¦0�Å channel͉

func NewTest() chan int {
    c := make(chan int)
    rand.Seed(time.Now().UnixNano())

    go func() {
        time.Sleep(time.Second)
        c <- rand.Int()
    }()

    return c
}

func main() {
    t := NewTest()
    println(<-t)    // ɏŃ goroutine ɩǁ˦Ñ͉
}

Ȝ channel ă从I³̌ (semaphore)͉

func main() {
    wg := sync.WaitGroup{}
    wg.Add(3)
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    sem := make(chan int, 1)

    for i := 0; i < 3; i++ {
        go func(id int) {
            defer wg.Done()

            sem <- 1                    // º sem ¦˰ƛƆ̞͌äŦ会Ť�͉

            for x := 0; x < 3; x++ {
                fmt.Println(id, x)
            }

            <-sem                      // ƊƕƛƆ͌Aņb)̞ä goroutine ¯,¦˰ƛƆ͉
        }(i)
    }

    wg.Wait()
}

˞p͍
$ GOMAXPROCS=2 go run main.go
0 0
0 1
0 2
1 0
1 1
1 2
2 0
2 1
2 2

Ȝ closed channel ¦p˯p˸ȯ͉

func main() {
    var wg sync.WaitGroup
    quit := make(chan bool)

    for i := 0; i < 2; i++ {
        wg.Add(1)

        go func(id int) {
            defer wg.Done()

            task := func() {
                println(id, time.Now().Nanosecond())
                time.Sleep(time.Second)
            }
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            for {
                select {
                case <-quit:      // closed channel �4̞ä͌ÒǞ¯Ȝ>˯p˸ȯ͉
                    return
                default:          // Ůʓ产Ĩ0�͉
                    task()
                }
            }
        }(i)
    }

    time.Sleep(time.Second * 5)   // ʩǶʷ goroutine ˤʓ�4͉

    close(quit)                   // ¦p˯p˸ȯ͉
    wg.Wait()
}

Ȝ select ă从ˎƩ (timeout)͉

func main() {
    w := make(chan bool)
    c := make(chan int, 2)

    go func() {
        select {
        case v := <-c: fmt.Println(v)
        case <-time.After(time.Second * 3): fmt.Println("timeout.")
        }

        w <- true
    }()

    // c <- 1                       // ǰ̉Ƈ͌ķ¦ timeout͉
    <-w
}

channel ƭɎ�份ĉ˃͌¯5¡ (ēă从�Ƃ̍) Ŧ会>�ɩǆŤÀ͉

type Request struct {
    data []int
    ret  chan int
}

func NewRequest(data ...int) *Request {
    return &Request{ data, make(chan int, 1) }
}
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func Process(req *Request) {
    x := 0
    for _, i := range req.data {
        x += i
    }

    req.ret <- x
}

func main() {
    req := NewRequest(10, 20, 30)
    Process(req)
    fmt.Println(<-req.ret)
}
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h 8 f �

8.1 2�e�

ɴʶĝcĉǿ代ȧĽƷ�ǒʛǧ͌Ǥ
ĝ>Ʌ̙ (workspace) 主̳ȝ bin͈pkg͈src �

ȧĽɣŤ͉

workspace
    |
    +--- bin                                 // go install ýʙȧĽ͉
    |     |
    |     +--- learn
    |
    |
    +--- pkg                                 // go build țŤ̬őĭ (.a) úƗȧĽ͉
    |     |
    |     +--- darwin_amd64                  
    |               |
    |               +--- mylib.a
    |               |
    |               +--- mylib
    |                      |
    |                      +--- sublib.a
    |
    +--- src                                 // ̱ȧǿ代ȧĽ͉
          |
          +--- learn
          |      |
          |      +--- main.go
          |
          |
          +--- mylib
                 |
                 +--- mylib.go
                 |
                 +--- sublib
                         |
                         +--- sublib.go

¯Ö GOPATH Ȗæ©̌uʖ�Ǽ�í
ĝ>Ʌ̙͌8�ʂÅ GOROOT ȩ·͉

export GOPATH=$HOME/projects/golib:$HOME/projects/go

˸Ĩ go get AȜɎ�
ĝ>Ʌ̙Hú�˛ȤɎ�ơĭ͉

8.2 \K	

ɴ代͍ǿ代Ɲ.主̳ƭ UTF-8 ǒ个͌¼v4ĊʆɴʶÏp͉̒
ɩǁ͍ʻ¬, ";" ɩǁ͌íƛƩM¯,ȪȢ͉
ǰ͍̉ƔƁ "//"͈"/**/" �们ǰ̉ơ个͌�ʂĜô͉
Ä¸͍̈Ȝ camelCasing ̻ǒ͌�ĲʪAȜ�tɡ͉
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8.3 �mS

ũƷ*代̅主̳ɣɥÖ package �͉

•ǿƝ.ò̄, "package <name>" è了�¸Ɂ͉
•�ȝ·�ȧĽ�Ȥí
ǿ代Ɲ.ɣŤ͉
•�¸份7 namespace͌��ũÖȧĽ¸͈ɴʶƝ.¸ƣ`͉
•ȧĽ¸ƶõ�Ȝ main͈all͈std ˨�
Hȡ¸Ɂ͉
•¯ŮʓƝ.主̳�½ package main͌Z«qƛ main͉

´oÙos.Args ½;9�ª/kØos.Exit  �¿�×

            ¬©1���4_ªm�¸ZØ4�  filepath.Abs(exec.LookPath(os.Args[0]))×

��ŤÀ,¸Ɂ̽ùǣïĎhjāʰ̗ǀ̡͉

• public: ̽ùǣïh͌¯估�ìʰ̗͉
• internal: ̽ùǣĎh͌'�eŤÀ¯,ʰ̗͉

ʹʟv˱Ȝ�[ė©͈̌[ėĨ͈̌份ß͈ɩǆù享͈qƛ͈ơǮɏ͉

8.3.1 0��

AȜ�ŤÀ�͌主̳XȜ import `例ùĊZ͌8�ʂľŤĊZŇȖ͉

import  "�J�Y/,	m�6"

ȩĉȧĽƭƂ( <workspace>/pkg/<os_arch> ĳ÷ȤøȧĽ͌,Ǎmĭ�B͍

import "fmt"      ->  /usr/local/go/pkg/darwin_amd64/fmt.a
import "os/exec"  ->  /usr/local/go/pkg/darwin_amd64/os/exec.a

ÖĊZƩ͌¯Ƃā�ŤÀʰ̗ơ个͉ǥöĉ�̋Ä¸͌,使Y·¸iɆ͉

import     "yuhen/test"      // ̓似ǚ个: test.A
import  M  "yuhen/test"      // �̋Ä¸: M.A
import  .  "yuhen/test"      // ɒGǚ个: A
import  _  "yuhen/test"      // ̭ĊZǚ个: 'ʩʹ�Ůʓx÷�qƛ͉
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ƻAȜȤĊZ�͌4估ɴʶÏʠ�̒ʼ (��ž "import _")͉

./main.go:4: imported and not used: "fmt"

ĉ�ļ�ȧĽ�Ȥø�̢͌AȜ̓似þƜĊZ˕临ì͌˧¯AȜ local ơ个͉

workspace
    |
    +--- src               
          |
          +--- learn
                 |
                 +--- main.go
                 |
                 +--- test
                        |
                        +--- test.go

main.go
import "learn/test"     // 产Ĩǚ个
import "./test"         // ƽ×ǚ个͌'ĉ go run main.go Ʒƙ͉

8.3.2 r.��>

¯˸ˣ meta ʯɸ�*代ĭʯɸʄā�˕临͉

server.go
package main

import (
    "fmt"
    "net/http"
)

func handler(w http.ResponseWriter, r *http.Request) {
    fmt.Fprint(w, `<meta name="go-import" 
                   content="test.com/qyuhen/test git https://github.com/qyuhen/test">`)
}

func main() {
    http.HandleFunc("/qyuhen/test", handler)
    http.ListenAndServe(":80", nil)
}

ʹȷBAȜʄā�á¸ test.com ̋āº} github͉
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$ go get -v test.com/qyuhen/test

Fetching https://test.com/qyuhen/test?go-get=1
https fetch failed.
Fetching http://test.com/qyuhen/test?go-get=1
Parsing meta tags from http://test.com/qyuhen/test?go-get=1 (status code 200)
get "test.com/qyuhen/test": found meta tag http://test.com/qyuhen/test?go-get=1
test.com/qyuhen/test (download)
test.com/qyuhen/test

öǞ͌ʹĭĔƷ�
ƷƙĊZ˕临͌¯ʂ4ĊʆúS�
ƽ×�ƽ͉�Ǟ͌¯,ɫĭǼ�
�̕Ȥ "import comment"͉ļ go get �˛þŤ¹͌4交ǌƽ×úS˕临Åʹǰ̉ƭ¼
�ʆ͉

github.com/qyuhen/test/abc.go
package test // import "test.com/qyuhen/test"

func Hello() {
    println("Hello, Custom import path!")
}

öɮɰȜ github ˕临͌4Ċʆ go build ñ何͉

$ go get -v github.com/qyuhen/test

github.com/qyuhen/test (download)
package github.com/qyuhen/test
" imports github.com/qyuhen/test
" imports github.com/qyuhen/test: expects import "test.com/qyuhen/test"

˨Ĕĺ~�ȜŨAȜÌ�˕临͌�G�ƥ¹下�ˢɂ}b)9ɸ͉

ˊǿ͍Go 1.4 Custom Import Path Checking

8.3.3 �+�

x÷�qƛ͍

•Ǥ
ǿƝ.̅¯,ā��
Ŧí
x÷�qƛ͉
•ɴʶÏ�Hʱí
x÷�qƛŮʓǛĬ͉
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https://docs.google.com/document/d/1jVFkZTcYbNLaTxXD9OcGfn7vYv5hWtPx9--lTx1gPMs/
https://docs.google.com/document/d/1jVFkZTcYbNLaTxXD9OcGfn7vYv5hWtPx9--lTx1gPMs/


•x÷�qƛÖ��ɡɃ估ˁȜ͌'Ůʓ�Ǜ͉
•x÷�qƛÖ�ũƷ[ė©̌x÷�¹Ůʓ͉
•ÖũƷx÷�qƛɩǁ¹ūŮʓ main.main͉
•ƣǮˁȜx÷�qƛ͉

Ò�ƣǮHʱx÷�qƛŮʓ̲Ĭ͌ÒǞ[ė©̌ĮʹȨƊȜ var x÷�͉

var now = time.Now()

func init() {
    fmt.Printf("now: %v\n", now)
}

func init() {
    fmt.Printf("since: %v\n", time.Now().Sub(now))
}

¯Öx÷�qƛ�AȜ goroutine͌¯ɏŃbɩǁ͉

var now = time.Now()

func main() {
    fmt.Println("main:", int(time.Now().Sub(now).Seconds()))
}

func init() {
    fmt.Println("init:", int(time.Now().Sub(now).Seconds()))
    w := make(chan bool)

    go func() {
        time.Sleep(time.Second * 3)
        w <- true
    }()

    <-w
}

˞p͍
init: 0
main: 3

�ĮʹȂȜx÷�qƛ͌'˱¶þŤļ�Ɲ.�Ȥȩ`Ȗæʯɸ͉
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8.4 KV

ůęĝc godoc ʂʄ�Ǝ§ǰ̉țŤħ�ƝǕ͉

•'ÅŤÀȩ̃ (�̙ǫƷɅʓ) Ȥǰ̉估ļPħ�IŘ͉
•ȩ̃ʓ4¶īŤ·�享ʎ͌ȜɅʓr̥享ʎ͉
•ɵ˩ʖȷǒ个�Ɲƽ͌ǥöȷB*代͉
•ʄ�˙ƅ URL �̏Ɗ͉
•ʄ�¶īí
ǿ代Ɲ.�Ȥ package ƝǕ͉
•ƣǮ争个 package main �ȤŤÀƝǕ͉

8.4.1 Package

•ĲʪȜ�̕Ȥ doc.go Hú package ħ�IŘ͉
•�ƝǕɎ�Ɯ¬ (�ʋƝ¬³ɩǁ) 估ļP packages uʖ位了͉

8.4.2 Example

®ʛ Example Ƕʷqƛ¸Ɂ价¶,�ʟʌ�¯͉

             ǒ个                                 ȷB
-----------+-----------------------------------+----------------------------------------
 package     Example,    Example_suffix          Example_test
 func        ExampleF,   ExampleF_suffix         ExampleHello
 type        ExampleT,   ExampleT_suffix         ExampleUser, ExampleUser_copy
 method      ExampleT_M, ExampleT_M_suffix       ExampleUser_ToString

´oÙ�� suffix ����6�Ø�ÔF�[ÒM"×Dwm���r�� Example $kØ�µ

��²m�����]8ØÄ
���q�l�m�!IØ¥���p�±$k§Q×

8.4.3 Bug

̭Ƕʷǿ代Ɲ.�, BUG(author) ĳ÷Ȥǰ̉͌4Öħ�ƝǕ Bugs ʊ什�争ȷ͉

// BUG(yuhen): memory leak.


���10��������,

��



h 9 f ��

9.1 �-41

�ʣĉ˃eúģė͌Ʒ��ȘʣN5˵͈ķȜ5˵ɏǘŏ͉

    +--------+
    |   1    |  int
    +--------+

    +--------+
    |  3.14  |  float32
    +--------+

    +---+---+---+---+
    | 1 | 2 | 3 | 4 |   [4]int
    +---+---+---+---+

string

    +---------+---------+
    | pointer | len = 5 |   s = "hello"
    +---------+---------+
        |
        |
        +---+---+---+---+---+
        | h | e | l | l | o |   [5]byte
        +---+---+---+---+---+
            |
            |
        +---------+---------+
        | pointer | len = 2 |   sub = s[1:3]
        +---------+---------+

struct
    +---+---+---+---+---+---+---+---+
    | 1 | 2 | 0 | 0 | 3 | 0 | 0 | 0 |  struct { a byte; b byte; c int32 } = { 1, 2, 3 }
    +---+---+---+---+---+---+---+---+
      a   b           c                

    +-----------+-----+
    | pointer a |  b  |   struct { a *int; b int }
    +-----------+-----+
        |
        |
        +-----+
        | int |
        +-----+

slice
    +---------+---------+---------+
    | pointer | len = 8 | cap = 8 |   x = []int{0, 1, 2, 3, 4, 5, 6, 7 }
    +---------+---------+---------+
        |
        |
        +---+---+---+---+---+---+---+---+
        | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 |   [8]int
        +---+---+---+---+---+---+---+---+
            |
            |
        +---------+---------+---------+
        | pointer | len = 2 | cap = 5 |  y = x[1:3:6]
        +---------+---------+---------+
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interface
    +---------+---------+
    |  *itab  |  *data  |    struct Iface
    +---------+---------+
        |          |
        |          |
        +------+   +------+
        | Itab |   | data |
        +------+   +------+

new
    +---------+
    | pointer |     s = new([3]int)
    +---------+
        |
        |
        +---+---+---+
        | 0 | 0 | 0 |   [3]int
        +---+---+---+

make
    +---------+---------+---------+
    | pointer | len = 1 | cap = 3 |   slice = make([]int, 1, 3)
    +---------+---------+---------+
        |
        |
        +---+---+---+
        | 0 | 0 | 0 |   [3]int
        +---+---+---+

    +---------+
    | pointer |   map = make(map[string]int); ă̠˦ÑȤƭ�
Ƃ̍�ʙĉ˃͉
    +---------+
        |
        |
        ..................
        .                .
        . hashmap.c Hmap .
        .                .
        ..................

    +---------+
    | pointer |   channel = make(chan int); ă̠˦ÑȤƭ�
Ƃ̍�ʙĉ˃͉
    +---------+
        |
        |
        ................
        .              .
        . chan.c Hchan .
        .              .
        ................

9.2 C���

ĉ˃eúr̆4¨ɴʶ¡ƛĿÈ͉�
Bø͌ļqƛ˦Ñĉ˃Ƃ̍Ʃ͌主ȈÖã�r͉̆
¯öǉʹqƛ估eɿ͌̂�˨
Ƃ̍Ĕ�4˔ǎĦAȜ͌ĔƷ¯ʂȨƊÖǎ�r̆͌,ă
从*代3�ȧȤ͉ÒǞ͌ƭ¼̞ǜeɿĉƂ̍˞pɩǉƷńïĿÈ͉

UʭƂ̍Ƃºĉ˃ŤÀ͌ī以Hʹĉ˃ƭ¯ˡȒő͉


���10��������,

��



̢产ĨƂ̍ì͌Ƃ̍˧Ʒ unsafe.Pointer Å uintptr �们ľő͉b� uintptr 估 GC ļ
PƯ˸Ɯƛĉ˃͌ü�ʂ̞ǜũ "ķȜ" ĉ˃估Ñƕ͉

type data struct {
    x [1024 * 100]byte
}

func test() uintptr {
    p := &data{}
    return uintptr(unsafe.Pointer(p))
}

func main() {
    const N = 10000
    cache := new([N]uintptr)

    for i := 0; i < N; i++ {
        cache[i] = test()
        time.Sleep(time.Millisecond)
    }
}

˞p͍
$ go build -o test && GODEBUG="gctrace=1" ./test 

gc607(1): 0+0+0 ms, 0 -> 0 MB 50 -> 45 (3070-3025) objects
gc611(1): 0+0+0 ms, 0 -> 0 MB 50 -> 45 (3090-3045) objects
gc613(1): 0+0+0 ms, 0 -> 0 MB 50 -> 45 (3100-3055) objects

¶ǮȤ unsafe.Pointer 估ļPƯ˸Ƃ̍ĉŃ͉

func test() unsafe.Pointer {
    p := &data{}
    return unsafe.Pointer(p)
}

func main() {
    const N = 10000
    cache := new([N]unsafe.Pointer)

    for i := 0; i < N; i++ {
        cache[i] = test()
        time.Sleep(time.Millisecond)
    }
}

˞p͍
$ go build -o test && GODEBUG="gctrace=1" ./test 
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gc12(1): 0+0+0 ms, 199 -> 199 MB 2088 -> 2088 (2095-7) objects
gc13(1): 0+0+0 ms, 399 -> 399 MB 4136 -> 4136 (4143-7) objects
gc14(1): 0+0+0 ms, 799 -> 799 MB 8232 -> 8232 (8239-7) objects

Ƃºĉ˃ŤÀȤ unsafe.Pointer͌·Ǐʂ以Hĉ˃�估Ñƕ͉

type data struct {
    x   [1024 * 100]byte
    y   int
}

func test() unsafe.Pointer {
    d := data{}
    return unsafe.Pointer(&d.y)
}

func main() {
    const N = 10000
    cache := new([N]unsafe.Pointer)

    for i := 0; i < N; i++ {
        cache[i] = test()
        time.Sleep(time.Millisecond)
    }
}

˞p͍
$ go build -o test && GODEBUG="gctrace=1" ./test 

gc12(1): 0+0+0 ms, 207 -> 207 MB 2088 -> 2088 (2095-7) objects
gc13(1): 1+0+0 ms, 415 -> 415 MB 4136 -> 4136 (4143-7) objects
gc14(1): 3+1+0 ms, 831 -> 831 MB 8232 -> 8232 (8239-7) objects

ȝ�¯,Ȝ unsafe.Pointer͈uintptr wĲ "dangling pointer" ɏ̭ǮƂ̍͌ũ,ÖA
ȜƩ̩ʛȐ|Ď为͉­ì͌cgo C.malloc ɏqƛũ˦ÑƂ̍͌� GC ƣ`͉

Ƃ̍ǆŤȤ "ŇȖķȜ" �� runtime.SetFinalizer 4Ċʆeúǭ依͉

type Data struct {
    d   [1024 * 100]byte
    o   *Data
}

func test() {
    var a, b Data


���10��������,

��



    a.o = &b
    b.o = &a

    runtime.SetFinalizer(&a, func(d *Data) { fmt.Printf("a %p final.\n", d) })
    runtime.SetFinalizer(&b, func(d *Data) { fmt.Printf("b %p final.\n", d) })
}

func main() {
    for {
        test()
        time.Sleep(time.Millisecond)
    }
}

˞p͍
$ go build -gcflags "-N -l" && GODEBUG="gctrace=1" ./test

gc11(1): 2+0+0 ms, 104 -> 104 MB 1127 -> 1127 (1180-53) objects
gc12(1): 4+0+0 ms, 208 -> 208 MB 2151 -> 2151 (2226-75) objects
gc13(1): 8+0+1 ms, 416 -> 416 MB 4198 -> 4198 (4307-109) objects

ÞÙÑƕÏʂ产以éȘ "Ƃ̍ŇȖķȜ"͌8ƣǮ以ā Finalizer D余ǛĬ͌�ĔƣǮˁȜ 
Finalizer qƛ͌˨4ĊʆȧǍĉ˃ƣǮ©Ť�¯ˡȒő͌bũ�ȜeúƣǮ估Ñƕ͉

9.3 cgo

˸ˣ cgo͌¯Ö Go Å C/C++ *代̙ȩ ˁȜ͉¨ CGO_ENABLED ¡ƛ̡~͉

package main

/*
   #include <stdio.h>
   #include <stdlib.h>

   void hello() {
        printf("Hello, World!\n");
   }
*/
import "C"

func main() {
    C.hello()
}
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ˁʷ cgo *代ƭ.ń͂ȆȤ�͌Ĳʪ�ȓHú} .c Ɲ.�͉˨Ǐ¯,下bļPȓɉȤ C 
ɃĬ˩ʓˁʷ͉

test.h
#ifndef __TEST_H__
#define __TEST_H__

void hello();

#endif

test.c
#include <stdio.h>
#include "test.h"

void hello() {
    printf("Hello, World!\n");
}

#ifdef __TEST__                     // 使YÅ Go bootstrap main iɆ͉

int main(int argc, char *argv[]) {
    hello();
    return 0;
}

#endif

main.go
package main

/*
   #include "test.h"
*/
import "C"

func main() {
    C.hello()
}

ɴʶÅˁʷ C͌®̩ÖÄ+ʓƎCÿā��¯͉

$ gcc -g -D__TEST__ -o test test.c
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ȝ� cgo 'Űƍļ�ȧĽ͌öǉ̩ʛ�½b) C ̱ȧ͌¯Öļ�ȧĽƠĲ�
 C Ɲ.͌
Ȉ¹Ȝ #include Ƃ+下ũ̩Ȥ .h͈.c ̅�½˩ǃ͌ʬņÖ CFLAGS �AȜ "-I" ¡ƛƂ
ā�˕临͉ǋ!ƩM͌¯ʂ˧̩Ƃā "-std" ¡ƛ͉

9.3.1 Flags

¯AȜ #cgo Ä+ā� CFLAGS͈LDFLAGS ɏ¡ƛ͌ʄ�¶īí
ʯɸ͉

/*
   #cgo CFLAGS: -g
   #cgo CFLAGS: -I./lib -D__VER__=1
   #cgo LDFLAGS: -lpthread

   #include "test.h"
*/
import "C"

¯ʯɸ GOOS͈GOARCH ɴʶǂ.͌Ʌǒʖȷ OR͌˷³ AND͌š´³ NOT͉

#cgo windows,386 CFLAGS: -I./lib -D__VER__=1

9.3.2 DataType

ƛƆ份ßĉĮ`ɘ͉

 C                    cgo                  sizeof       
--------------------+--------------------+--------------------------------------------
 char                 C.char               1
 signed char          C.schar              1
 unsigned char        C.uchar              1
 short                C.short              2
 unsigned short       C.ushort             2
 int                  C.int                4
 unsigned int         C.uint               4
 long                 C.long               4 Ŧ 8
 unsigned long        C.ulong              4 Ŧ 8
 long long            C.longlong           8
 unsinged long long   C.ulonglong          8
 float                C.float              4
 double               C.double             8
 void*                unsafe.Pointer
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 char*                *C.char
 size_t               C.size_t
 NULL                 nil

¯下 cgo 份ß˙ƅ�Ǎm Go 份ß͉

/*
   int add(int x, int y) {
        return x + y;
   }
*/
import "C"

func main() {
    var x C.int = C.add(1, 2)
    var y int = int(x)
    fmt.Println(x, y)
}

9.3.3 String

ù价�˙ƅqƛ͉

/*
   #include <stdio.h>
   #include <stdlib.h>

   void test(char *s) {
       printf("%s\n", s);
   }

   char* cstr() {
       return "abcde";
   }
*/
import "C"

func main() {
    s := "Hello, World!"

    cs := C.CString(s)                 // ʹqƛÖ C heap r̆eú̩͌ʛˁȜ free ̉Ɨ͉
    defer C.free(unsafe.Pointer(cs))   // #include <stdlib.h>

    C.test(cs)
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    cs = C.cstr()

    fmt.Println(C.GoString(cs))
    fmt.Println(C.GoStringN(cs, 2))
    fmt.Println(C.GoBytes(unsafe.Pointer(cs), 2))
}

˞p͍
Hello, World!
abcde
ab
[97 98]

Ȝ C.malloc/free r̆ C heap eú͉

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

func main() {
    m := unsafe.Pointer(C.malloc(4 * 8))
    defer C.free(m)                          // ǰ̉̉Ɨeú͉

    p := (*[4]int)(m)                        // ˙ƅ�ƛɣƂ͉̍
    for i := 0; i < 4; i++ {
        p[i] = i + 100
    }

    fmt.Println(p)
}

˞p͍
&[100 101 102 103]

9.3.4 Struct/Enum/Union

ĉ struct͈enum ƔƁʈõ͌union 4估˙ƅŤùʊƛɣ͉öǉǫAȜ typedef ā�͌
̂�主̳Ǽ� struct_͈enum_͈union_ �休͉

struct
/*
   #include <stdlib.h>

   struct Data {
       int x;
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   };

   typedef struct {
       int x;
   } DataType;

   struct Data* testData() {
       return malloc(sizeof(struct Data));
   }

   DataType* testDataType() {
       return malloc(sizeof(DataType));
   }
*/
import "C"

func main() {
    var d *C.struct_Data = C.testData()
    defer C.free(unsafe.Pointer(d))

    var dt *C.DataType = C.testDataType()
    defer C.free(unsafe.Pointer(dt))

    d.x = 100
    dt.x = 200

    fmt.Printf("%#v\n", d)
    fmt.Printf("%#v\n", dt)
}

˞p͍
&main._Ctype_struct_Data{x:100}
&main._Ctype_DataType{x:200}

enum
/*
   enum Color { BLACK = 10, RED, BLUE };
   typedef enum { INSERT = 3, DELETE } Mode;
*/
import "C"

func main() {
    var c C.enum_Color = C.RED
    var x uint32 = c
    fmt.Println(c, x)

    var m C.Mode = C.INSERT
    fmt.Println(m)
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}

union
/*
   #include <stdlib.h>

   union Data {
       char x;
       int y;
   };

   union Data* test() {
       union Data* p = malloc(sizeof(union Data));
       p->x = 100;
       return p;
   }
*/
import "C"

func main() {
    var d *C.union_Data = C.test()
    defer C.free(unsafe.Pointer(d))

    fmt.Println(d)
}

˞p͍
&[100 0 0 0]

9.3.5 Export

Ċp Go qƛɫ C ˁȜ̳͌AȜ "//export" Ǎʬ͉ĲʪÖȓɉòƝ.�è了qƛ�ß͌
使Y "duplicate symbol" ̒ʼ͉

main.go
package main

import "fmt"

/*
   #include "test.h"
*/
import "C"

//export hello


���10��������,

��



func hello() {
    fmt.Println("Hello, World!\n")
}

func main() {
    C.test()
}

test.h
#ifndef __TEST_H__
#define __TEST_H__

extern void hello();
void test();

#endif

test.c
#include <stdio.h>
#include "test.h"

void test() {
    hello();
}

9.3.6 Shared Library

Ö cgo �AȜ C _$ĭ͉

test.h
#ifndef __TEST_HEAD__
#define __TEST_HEAD__

int sum(int x, int y);

#endif

test.c
#include <stdio.h>
#include <stdlib.h>
#include "test.h"

int sum(int x, int y)
{
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    return x + y + 100;
}

ɴʶŤ .so Ŧ .dylib͉

$ gcc -c -fPIC -o test.o test.c
$ gcc -dynamiclib -o libtest.dylib test.o

下_$ĭÅòƝ.书˄} Go ̱ȧȧĽ͉

main.go
package main

/*
   #cgo CFLAGS: -I.
   #cgo LDFLAGS: -L. -ltest
   #include "test.h"
*/
import "C"

func main() {
    println(C.sum(10, 20))
}

˞p͍
$ go build -o test && ./test
130

ɴʶŤ�¹¯Ȝ ldd Ŧ otool ǌȫ�őĭAȜȒő͉ ̬őĭAȜơǮ份7͉

9.4 Reflect

ǫƷˤʓ互份ßĉ˃͌ăB�ǫƷ̟�ù享Ȝǃʖ了˘1͉®Ʒ˙ƅŤƊ«Ʃ͌ū4Öb 
itab ēúS�ʹ份ßƷ`ȤIŘ͌Reflect ũƷƓ>̅D余�Ǟ͉

9.4.1 Type

, struct �B͌¯ʍ§b[̄ŤÀù享IŘ͌�ž̭ĊpÅ�¸ù享͉

type User struct {
    Username string
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}

type Admin struct {
    User
    title string
}

func main() {
    var u Admin
    t := reflect.TypeOf(u)

    for i, n := 0, t.NumField(); i < n; i++ {
        f := t.Field(i)
        fmt.Println(f.Name, f.Type)
    }
}

˞p͍
User main.User     // ¯˩�ǟ˵Ļ͉
title string

öǉƭƂ̍͌ĮʹXAȜ Elem ơǮʍ§ȧǍ份ß͌Ƃ̍ƽ˘ƭǫƷù享ŤÀȤ͉

func main() {
    u := new(Admin)

    t := reflect.TypeOf(u)
    if t.Kind() == reflect.Ptr {
        t = t.Elem()
    }

    for i, n := 0, t.NumField(); i < n; i++ {
        f := t.Field(i)
        fmt.Println(f.Name, f.Type)
    }
}

·Ǐ͌value-interface Å pointer-interface �4ĊʆơǮ供úÖĠĴ͉

type User struct {
}

type Admin struct {
    User
}

func (*User) ToString() {}
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func (Admin) test()     {}

func main() {
    var u Admin

    methods := func(t reflect.Type) {
        for i, n := 0, t.NumMethod(); i < n; i++ {
            m := t.Method(i)
            fmt.Println(m.Name)
        }
    }

    fmt.Println("--- value interface ---")
    methods(reflect.TypeOf(u))

    fmt.Println("--- pointer interface ---")
    methods(reflect.TypeOf(&u))
}

˞p͍
--- value interface ---
test
--- pointer interface ---
ToString
test

¯ȨƊȜ¸ɁŦĬ³ʰ̗ù享͌�žȜíɞĬ³ʰ̗ĜZù享ŤÀ͉

type User struct {
    Username string
    age      int
}

type Admin struct {
    User
    title string
}

func main() {
    var u Admin
    t := reflect.TypeOf(u)

    f, _ := t.FieldByName("title")
    fmt.Println(f.Name)

    f, _ = t.FieldByName("User")       // ʰ̗ĜZù享͉
    fmt.Println(f.Name)
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    f, _ = t.FieldByName("Username")   // ȨƊʰ̗ĜZù享ŤÀ͌4ʄ�ǻ两ǌŲ͉
    fmt.Println(f.Name)

    f = t.FieldByIndex([]int{0, 1})    // Admin[0] -> User[1] -> age
    fmt.Println(f.Name)
}

˞p͍
title
User
Username
age

ù享Ǎɑ¯ă从ɒ�VƛƆɴɃ͌ǥöǍʬ ORM Model 专Ŕ͉

type User struct {
    Name string `field:"username" type:"nvarchar(20)"`
    Age  int    `field:"age" type:"tinyint"`
}

func main() {
    var u User

    t := reflect.TypeOf(u)
    f, _ := t.FieldByName("Name")

    fmt.Println(f.Tag)
    fmt.Println(f.Tag.Get("field"))
    fmt.Println(f.Tag.Get("type"))
}

˞p͍
field:"username" type:"nvarchar(20)"
username
nvarchar(20)

¯(âƽ份ßʍ§ũĉĮë¶份ß͉

var (
    Int    = reflect.TypeOf(0)
    String = reflect.TypeOf("")
)

func main() {
    c := reflect.ChanOf(reflect.SendDir, String)
    fmt.Println(c)

    m := reflect.MapOf(String, Int)
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    fmt.Println(m)

    s := reflect.SliceOf(Int)
    fmt.Println(s)

    t := struct{ Name string }{}
    p := reflect.PtrTo(reflect.TypeOf(t))
    fmt.Println(p)
}

˞p:
chan<- string
map[string]int
[]int
*struct { Name string }

��ĉĮ͌ơǮ Elem ¯˦Ñë¶份ßȤâ份ß͉

func main() {
    t := reflect.TypeOf(make(chan int)).Elem()
    fmt.Println(t)
}

ơǮ Implements zƟƭ¼ă从�ǋ
c;Ɗ«͌AssignableTo͈ConvertibleTo Ȝ�
ˋNÅ˙ƅzƟ͉

type Data struct {
}

func (*Data) String() string {
    return ""
}

func main() {
    var d *Data
    t := reflect.TypeOf(d)

    // ǫǮȨƊʍ§Ɗ«份ß͌õÖƊ«ƽ˘ƭ
 struct͌wĲ
    // �
ɅƂ̍ĉ˃͌˨Ǐ5˵ɫ TypeOf ˙ƅŤ interface{}
    // ƩĔƷ份ßIŘ�͉͉    
    it := reflect.TypeOf((*fmt.Stringer)(nil)).Elem()
    
    // �Í�ƭ t.Implements(fmt.Stringer)͌þ[¯,ȝɴʶÏțŤ͉
    fmt.Println(t.Implements(it))
}
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ǋ!ƩM͌ʍ§ĉͅIŘĉ�eúʄ�rǇƭńƷȜȤ͉

type Data struct {
    b   byte
    x   int32
}

func main() {
    var d Data

    t := reflect.TypeOf(d)
    fmt.Println(t.Size(), t.Align())   // sizeof͌,£ƶĆù享Ȥĉͅǚƛ͉

    f, _ := t.FieldByName("b")
    fmt.Println(f.Type.FieldAlign())   // ù享ĉ͉ͅ
}

˞p͍
8  4
1

9.4.2 Value

Value Å Type AȜơǮ份7͌�žAȜ Elem ʍ§Ƃ̍ȧǍĉ˃͉

type User struct {
    Username string
    age      int
}

type Admin struct {
    User
    title string
}

func main() {
    u := &Admin{User{"Jack", 23}, "NT"}
    v := reflect.ValueOf(u).Elem()

    fmt.Println(v.FieldByName("title").String())   // Ȝ˙ƅơǮʍ§ù享N
    fmt.Println(v.FieldByName("age").Int())        // ȨƊʰ̗ĜZù享ŤÀ
    fmt.Println(v.FieldByIndex([]int{0, 1}).Int()) // ȜíɞĬ³ʰ̗ĜZù享ŤÀ
}

˞p͍
NT
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23
23

̢c;Ȥ Int͈String ɏ˙ƅơǮ͌˧¯˦Ñ interface{}͉®ƭ̭Ċpù享ƣǮAȜ̩͌
Ȝ CanInterface zƟ��͉

type User struct {
    Username string
    age      int
}

func main() {
    u := User{"Jack", 23}
    v := reflect.ValueOf(u)

    fmt.Println(v.FieldByName("Username").Interface())
    fmt.Println(v.FieldByName("age").Interface())
}

˞p͍
Jack

panic: reflect.Value.Interface: cannot return value obtained from unexported field or 
method

ļȈ͌˙ƅŤc;份ß�4ķ¦ panic͉

func main() {
    u := User{"Jack", 23}
    v := reflect.ValueOf(u)

    f := v.FieldByName("age")

    if f.CanInterface() {
        fmt.Println(f.Interface())
    } else {
        fmt.Println(f.Int())
    }
}

̢ struct͌b)ë¶份ß array͈slice͈map §NȷB͉

func main() {
    v := reflect.ValueOf([]int{1, 2, 3})
    for i, n := 0, v.Len(); i < n; i++ {
        fmt.Println(v.Index(i).Int())
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    }

    fmt.Println("---------------------------")

    v = reflect.ValueOf(map[string]int{"a": 1, "b": 2})
    for _, k := range v.MapKeys() {
        fmt.Println(k.String(), v.MapIndex(k).Int())
    }
}

˞p:
1
2
3
---------------------------
a 1
b 2

̩ʛǰŠ͌Value ǋ!ơǮǫƷ̀Ň "comma ok" ǚ个͌ɼƭ˦Ñ ZeroValue͌ÒǞ̩
ʛȜ IsValid zƟ��ƭ¼¯Ȝ͉

func (v Value) FieldByName(name string) Value {
    v.mustBe(Struct)
    if f, ok := v.typ.FieldByName(name); ok {
        return v.FieldByIndex(f.Index)
    }
    return Value{}
}

type User struct {
    Username string
    age      int
}

func main() {
    u := User{}
    v := reflect.ValueOf(u)
    
    f := v.FieldByName("a")
    fmt.Println(f.Kind(), f.IsValid())
}

˞p͍
invalid false

­ì͌Ɗ«ƭ¼� nil̩͌ʛ tab Å data ̅�Ʌ͉¯AȜ IsNil ơǮzƟ data N͉
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func main() {
    var p *int

    var x interface{} = p
    fmt.Println(x == nil)

    v := reflect.ValueOf(p)
    fmt.Println(v.Kind(), v.IsNil())
}

˞p͍
false
ptr true

下ĉ˃˙ƅ�Ɗ«͌4¦țë~ʓ�͉ʹë~Æ®ˀ͌ƣǮ估JƖ͉ũ,ʛ˸ˣƊ«Ɩ©
ȧǍĉ˃Ȓő͌主̳ƭ pointer-interface͉

Ĕ任ƭƂ̍͌ť-DȈǫǮ下˨
úSÖ data ȤƂ̍Ƃºb)ĉ˃͌®ʂ˳ˣüJƖȧ
Ǎĉ˃͉Ò�ȧǍĉ˃īǫƷ估ë~͌估ë~Ȥ®ƭƂ͉̍

type User struct {
    Username string
    age      int
}

func main() {
    u := User{"Jack", 23}

    v := reflect.ValueOf(u)
    p := reflect.ValueOf(&u)

    fmt.Println(v.CanSet(), v.FieldByName("Username").CanSet())
    fmt.Println(p.CanSet(), p.Elem().FieldByName("Username").CanSet())
}

˞p͍
false  false
false  true

̭Ċpù享ƣǮȨƊJƖ͌¯ƖȜƂ̍Ɠ>͉

type User struct {
    Username string
    age      int
}

func main() {
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    u := User{"Jack", 23}
    p := reflect.ValueOf(&u).Elem()

    p.FieldByName("Username").SetString("Tom")

    f := p.FieldByName("age")
    fmt.Println(f.CanSet())

    // zƟƭ¼ʂʍ§×Ú͉
    if f.CanAddr() {
        age := (*int)(unsafe.Pointer(f.UnsafeAddr()))
        // age := (*int)(unsafe.Pointer(f.Addr().Pointer()))  // ɏ·
        *age = 88
    }

    // ǰŠ p ƭ Value 份ß̩͌ʛ˧�ŤƊ«ūʂ˙ß͉
    fmt.Println(u, p.Interface().(User))
}

˞p:
false
{Tom 88} {Tom 88}

ë¶份ßJƖȷB͉

func main() {
    s := make([]int, 0, 10)
    v := reflect.ValueOf(&s).Elem()

    v.SetLen(2)
    v.Index(0).SetInt(100)
    v.Index(1).SetInt(200)

    fmt.Println(v.Interface(), s)

    v2 := reflect.Append(v, reflect.ValueOf(300))
    v2 = reflect.AppendSlice(v2, reflect.ValueOf([]int{400, 500}))
    
    fmt.Println(v2.Interface())

    fmt.Println("----------------------")

    m := map[string]int{"a": 1}
    v = reflect.ValueOf(&m).Elem()

    v.SetMapIndex(reflect.ValueOf("a"), reflect.ValueOf(100)) // update
    v.SetMapIndex(reflect.ValueOf("b"), reflect.ValueOf(200)) // add
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    fmt.Println(v.Interface(), m)
}

˞p:
[100 200] [100 200]
[100 200 300 400 500]
----------------------
map[a:100 b:200] map[a:100 b:200]

9.4.3 Method

¯ʍ§ơǮ¡ƛ͈˦ÑN份ßɏIŘ͉

type Data struct {
}

func (*Data) Test(x, y int) (int, int) {
    return x + 100, y + 100
}

func (*Data) Sum(s string, x ...int) string {
    c := 0
    for _, n := range x {
        c += n
    }

    return fmt.Sprintf(s, c)
}

func info(m reflect.Method) {
    t := m.Type

    fmt.Println(m.Name)

    for i, n := 0, t.NumIn(); i < n; i++ {
        fmt.Printf("  in[%d] %v\n", i, t.In(i))
    }

    for i, n := 0, t.NumOut(); i < n; i++ {
        fmt.Printf("  out[%d] %v\n", i, t.Out(i))
    }
}

func main() {
    d := new(Data)
    t := reflect.TypeOf(d)
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    test, _ := t.MethodByName("Test")
    info(test)

    sum, _ := t.MethodByName("Sum")
    info(sum)
}

˞p:
Test
  in[0] *main.Data    // receiver
  in[1] int
  in[2] int
  out[0] int
  out[1] int
Sum
  in[0] *main.Data
  in[1] string
  in[2] []int
  out[0] string

�őˁȜơǮńɒ�͌ƃ In uʖmêõũ̩¡ƛ�¯ (��ž receiver)͉

func main() {
    d := new(Data)
    v := reflect.ValueOf(d)

    exec := func(name string, in []reflect.Value) {
        m := v.MethodByName(name)
        out := m.Call(in)

        for _, v := range out {
            fmt.Println(v.Interface())
        }
    }

    exec("Test", []reflect.Value{
        reflect.ValueOf(1),
        reflect.ValueOf(2),
    })

    fmt.Println("-----------------------")

    exec("Sum", []reflect.Value{
        reflect.ValueOf("result = %d"),
        reflect.ValueOf(1),
        reflect.ValueOf(2),
    })
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}

˞p:
101
102
-----------------------
result = 3

öƖȜ CallSlice͌®̩下©¡Ŭ�Ť slice �¯͉

func main() {
    d := new(Data)
    v := reflect.ValueOf(d)

    m := v.MethodByName("Sum")

    in := []reflect.Value{
        reflect.ValueOf("result = %d"),
        reflect.ValueOf([]int{1, 2}),    // 下©¡Ŭ�Ť slice͉
    }

    out := m.CallSlice(in)

    for _, v := range out {
        fmt.Println(v.Interface())
    }
}

̭ĊpơǮƣǮˁȜ͌ȚʅƣǮ˳ˣƂ̍Ɠ>͌Ò�Ɗ«份ßIŘ�ǫƷʹơǮ×Ú͉

9.4.4 Make

{Ȝ Make͈New ɏqƛ͌¯ă从˥7ǯßƓ>͉

var (
    Int    = reflect.TypeOf(0)
    String = reflect.TypeOf("")
)

func Make(T reflect.Type, fptr interface{}) {

    // ă̠wĲ slice Ȥ�ʙqƛ͉
    swap := func(in []reflect.Value) []reflect.Value {

        // --- ȪȢ任Ǯeą --- //
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        // ˦ÑÅ份ß�̆Ȥ slice ĉ˃͉
        return []reflect.Value{
            reflect.MakeSlice(
                reflect.SliceOf(T),   // slice type
                int(in[0].Int()),     // len
                int(in[1].Int())      // cap
            ),
        }
    }

    // 5ZȤƭqƛ©̌Ƃ̍͌Ò�ť-ʛ下©̌Ƃº swap qƛ͉
    fn := reflect.ValueOf(fptr).Elem()
    
    // ʍ§qƛƂ̍份ß͌țŤũ̩ swap function value͉
    v := reflect.MakeFunc(fn.Type(), swap)
    
    // JƖqƛƂ̍ă̠Ƃº͌�Ĕƭ swap͉
    fn.Set(v)
}

func main() {
    var makeints func(int, int) []int
    var makestrings func(int, int) []string

    // Ȝȩ·任Ǯ͌țŤ�·份ßwĲqƛ͉
    Make(Int, &makeints)
    Make(String, &makestrings)

    // ƃă̠份ßAȜ͉
    x := makeints(5, 10)
    fmt.Printf("%#v\n", x)

    s := makestrings(3, 10)
    fmt.Printf("%#v\n", s)
}

˞p͍
[]int{0, 0, 0, 0, 0}
[]string{"", "", ""}

�Șī�ëƿ͉

1. ǐ为ƭƎC�
 swap qƛ͌b�{Ȝ reflect.MakeSlice țŤƶɦ slice ĉ˃͌
ÒǞ̩ʛ5Z element type͈len͈cap ¡ƛ͉

2. Ɗ�ǃ͌{Ȝ MakeFunc qƛțŤ swap value͌īJƖqƛ©̌Ƃº͌,ˡ}ˁ
Ȝ swap ȤȧȤ͉
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3. ļˁȜc;份ßȤqƛ©̌Ʃ͌ă̠ēˁȜȤƭ swap͌ȩ`*代4ʄ�˙ƅ¡
ƛuʖ͌ī下˦Ñɩǉ˧�Ťc;份ß˦ÑN͉

öǞ͌Ö_$任ǮȤ�Ǝ�͌ƣ̳Ȝ interface{}͌ƣ̳P份ß˙ƅ̵͌ƷǯßȤƙǉ͉
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h��� \c

â� Go 1.4͌ȩ`Ɲ.9� src/runtime ȧĽ͉
Ɲ件ŐȢ� 32bit *代͌ƷaˏȤ¯ʄʓǌȫǿ代Ɲ.͉
�G�̚ˀ͌ȷB*代Pˣʘ�͉
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1. Memory Allocator

Go eúr̆Ïâ� tcmalloc ǚß͌˨Ö malloc.h ò̄ǰ̉�Ʒ了以位了͉

Memory allocator, based on tcmalloc.
http://goog-perftools.sourceforge.net/doc/tcmalloc.html

ǐ为ȧǍńɒ�͍

•( mmap ȞʾïÝeú͌ʄ�ɔȘ͌n不ɘɭˁȜ͉
•â�ÝȤeúëȜ;ɘ͌�举eúr̆ÅÑƕƓ>͉

r̆Ï,̯��9ºƓ>ɘɭȞʾïÝeú͉˨!ïÝeúȝ n 
×Ú˪ɰȤ̯ɣŤ͌ī
Ȝ¸� span Ȥĉ˃˩ʓɔȘ͉

malloc.h
PageShift" = 13,
PageSize" = 1<<PageShift,     // 8192 bytes

ļ̩ʛƩ͌span ũɔȘeú估srŤí
ïĎȩɏȤĎÝ͌Ǥ
ĎÝ¯úS�
ĉ˃͌
ƘɁ> object͉

r̆Ï, 32KB �他͌下ĉ˃r�ïĎ�们͉

malloc.h
MaxSmallSize = 32<<10,

ïĉ˃ȨƊŲ�
ïĎ¶˱Ȥ span͌˨
ƣ̩íʥ͉Ďĉ˃v, 8 ȤKƛr��·ïĎ
ɏɞ (size class)͉ǥö class1 � 8 ùʊ͌¯úS 1 ~ 8 ùʊïĎȤĉ˃͉

NumSizeClasses = 67,

ļȈ͌ă̠ȤĉĮʟvī�ƭ˪ɰÅÔāȤ͌4ǑƆ�!ɧ̾ÅǶʷɩǉ˩ʓˁƜ͌,ʍ
ņƶ@ȤŔʂÅeú{Ȝȕ͉

malloc.h
// Size classes.  Computed and initialized by InitSizes.
//
// SizeToClass(0 <= n <= MaxSmallSize) returns the size class,
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//" 1 <= sizeclass < NumSizeClasses, for n.
//" Size class 0 is reserved to mean "not small".
//
// class_to_size[i] = largest size in class i
// class_to_allocnpages[i] = number of pages to allocate when
//" making new objects in class i

int32" runtime·SizeToClass(int32);

extern"int32" runtime·class_to_size[NumSizeClasses];
extern"int32" runtime·class_to_allocnpages[NumSizeClasses];
extern"int8" runtime·size_to_class8[1024/8 + 1];
extern"int8" runtime·size_to_class128[(MaxSmallSize-1024)/128 + 1];

��ɔȘõeú͌r̆ÏAȜ�ɞɣ.ǃþŤ�·Ɠ>͉

• heap: [ėǑĉ˃͉体ˆºƓ>ɘɭȞʾeú͌ɔȘȝÞÙÑƕÏƕÑȤɅ̘ span e
úÝ͉

• central: ( heap ʍ§Ʌ̘ span͌īƃ̩ʛ下bsrŤ object Ý͉heap ɔȘȮí
 
central ĉ˃͌Ǥ
 central 体ˆéȘ�们ɏɞȤeúr̩̆ǧ͉

• cache: ˤʓ互͌Ǥ
 cache ̅�ǋ
c;ɡɃȩɨā͌ă从ƣ̑eúr̆Ɠ>͉be
̄Ʒ
,ɏɞ�Ĭ³Ȥƛɣ͌ƁƷí
srõȤ span ĉ˃͉ɶ不Ʌ̙Ʃ͌ºɏɞĉĮ
Ȥ central ʍ§ƠȤ span �¯͉

ɒ�ƍ佳��eúr̆ÅÑƕǵɃ͉

��Zd͍

•˸ˣ size class ¥ǌʖʧ任Ńr̆ĉ˃ɏɞ͉
•( cache.alloc[sizeclass] Ų}ɏɞȩ·Ȥ span͉
•( span srõȤ̏ʖ�Ǝ§¯Ȝ object͉
•ö span ǫ�=Ʌ̙͌v( heap.central[sizeclass] Ų}ĉĮ central͌ʍ§ span͉
•ö central ǫ¯Ȝ span͌vº heap Ȟʾ͌īs�Ťũ̩ɏɞȤ object ̏ʖ͉
•ö heap �ǫƷí= span͌̂�ĔºƓ>ɘɭȞʾƠȤeú͉

%HZd͍

•ÞÙÑƕÏŦb)ʓ�ķ¦eúÑƕƓ>͉
•下¯Ñƕ object "˧ɫũ专 span͉
•下 span "ɫĉĮ central ɔȘ͌,Gǋ
 cache ̋Ơʍ§͉
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•ö span eú[̄ƕÑ͌̂�下b˦˧ɫ heap͌,G估̋ƠsrëȜ͉
•ÞÙÑƕÏā互Űƍ heap ũɔȘȤɅ̘ spans͌̉Ɨˎ互�ȜȤȏȘeú͉

( heap ȞʾÅÑƕ span ȤˣɃ�͌r̆Ï4Ēʷ¶ī×Úȩ̃Ȥ span Ý͌,ľŤ于
ïeúÝ͌n不ȶȌ͉

1.1 �+�

r̆ÏɔȘ任ǮD余˪ɰeú×Ú͉ÒǞ͌Öx÷�Ʃ͌r̆Ï4̴ȡ�ÝğïȤʑŻ×
ÚɅ̙͉ʹɅ̙估Ť�
̄r͍

• arena: ȜŨeúă̠r̆ʌÓ͉
• bitmap: �Ǥ
×ÚƎC 4bit Ǎʬ9͌Ȝ�ÞÙÑƕƓ>͉
• spans: ʬĽǤ
̯ũĉĮ span ×Ú͌Ȝ�¥ǌÅ¶īƓ>͉

                                                            arena_start                             arena_end

 +---------------+----------------------------+--------------------------------------+
 |  spans        |  bitmap                    |  arena                               |
 +---------------+----------------------------+--------------------------------------+
   spans_mapped ->                        <- bitmap_mapped   arena_used ->

Ö 64 9ɘɭ�͌arena ƶïą̌ƭ 128GB͌bitmap 8GB͌spans 128MB͉˨!eú
ī̭�ǛŔr̆͌ɼƭ̣Ȯ arena ɡŔç�͌Ǥ
�á̅ƷƂ̍Ǎʬļ�r̆9ɸ͉

malloc.h
struct MHeap
{
    // span lookup
    MSpan** spans;
    uintptr spans_mapped;

    // range of addresses we might see in the heap
    byte *bitmap;
    uintptr bitmap_mapped;
    byte *arena_start;
    byte *arena_used;
    byte *arena_end;
    bool arena_reserved;
};

ʑŻ×Ú̴ȡƓ>ī̭ȏȘeúr̆͌ÒǞȫ} “Hello, World” ǹɾ�ȣ GB “eú”͌ƣ
̩ïŜĎŕ͉
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ÖˤʓƩx÷�Ʃ͌4ˁȜeúr̆Ïx÷�qƛ͉

proc.c
void runtime·schedinit(void)
{
    runtime·mallocinit();
}

malloc.c
void runtime·mallocinit(void)
{
    // x÷� size class ¥ǌʖ͉
    runtime·InitSizes();

    // 64-bit
    if(sizeof(void*) == 8 && (limit == 0 || limit > (1<<30))) {
        arena_size = MaxMem; // 128GB
        bitmap_size = arena_size / (sizeof(void*)*8/4); // 8GB
        spans_size = arena_size / PageSize * sizeof(runtime·mheap.spans[0]);
        spans_size = ROUND(spans_size, PageSize); // 128MB

        // Ēʷ( 0xc000000000 ĳ÷ʯɸHȡ×Ú͉
        // öǉñ何͌vĒʷ 0x1c000000000 ~ 0x7fc000000000͉
        for(i = 0; i <= 0x7f; i++) {
            p = (void*)(i<<40 | 0x00c0ULL<<32);
            p_size = bitmap_size + spans_size + arena_size + PageSize;
            p = runtime·SysReserve(p, p_size, &reserved);
            if(p != nil)
                break;
        }
    }

    // 32-bit
    if (p == nil) {
        // ŐȢ
    }

    // ƃ PageSize ĉͅ×Ú͉
    // r̆ÏAȜ Address<<PageShift >� PageID͉
    p1 = (byte*)ROUND((uintptr)p, PageSize);

    // ʯā�·�áȤˍ÷×Ú͉
    runtime·mheap.spans = (MSpan**)p1;
    runtime·mheap.bitmap = p1 + spans_size;
    runtime·mheap.arena_start = p1 + spans_size + bitmap_size;
    runtime·mheap.arena_used = runtime·mheap.arena_start;
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    runtime·mheap.arena_end = p + p_size;
    runtime·mheap.arena_reserved = reserved;

    // x÷� heap Åļ� cache͉
    runtime·MHeap_Init(&runtime·mheap);
    g->m->mcache = runtime·allocmcache();
}

eú×Ú̴ȡƓ>˸ˣ mmap PORT_NONE ă从͉�ˣ͌Ö darwin/OSX �͌īƻA
Ȝ MAP_FIXED ¡ƛ͌ÒǞƻ主( 0xc000000000 ĳ÷͉

mem_darwin.c
void* runtime·SysReserve(void *v, uintptr n, bool *reserved)
{
    void *p;

    *reserved = true;
    p = runtime·mmap(v, n, PROT_NONE, MAP_ANON|MAP_PRIVATE, -1, 0);
    if(p < (void*)4096)
        return nil;
    return p;
}

r̆ÏǑĉ˃ heap Ȥx÷�ĝ>͌�ʛƭo
 span ɔȘ̏ʖÅ central ƛɣȤwĲ͉

malloc.h
MaxMHeapList = 1<<(20 - PageShift), // Maximum page length for fixed-size list in MHeap.

struct MHeap
{
    MSpan free[MaxMHeapList];   // free lists of given length
    MSpan busy[MaxMHeapList];   // busy lists of large objects of given length

    MSpan freelarge;            // free lists length >= MaxMHeapList
    MSpan busylarge;            // busy lists of large objects length >= MaxMHeapList

    struct MHeapCentral {
        MCentral mcentral;
        byte pad[CacheLineSize];
    } central[NumSizeClasses];
};
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b�͌free Å busy ƛɣ, span ̯ƛ�Ĭ³ɔȘí
̏ʖ͉ļ central Ʒ̩ʛƩ͌®̩
( free Ų}̯ƛ¶˱Ȥ̏ʖ͌(�Ǝ§¯Ȝ span �¯͉busy ʬĽȤʄȈƭĢɧ估AȜ
Ȥ span͉

ʅ� large ̏ʖ͌Ȝ�HúũƷˎp free/busy ̯ƛ̡~Ȥ span͉

mheap.c
void runtime·MHeap_Init(MHeap *h)
{
    uint32 i;

    // x÷��!ɔȘ份ßȤÔār̆Ï͉
    runtime·FixAlloc_Init(&h->spanalloc, sizeof(MSpan), RecordSpan, ...);
    runtime·FixAlloc_Init(&h->cachealloc, sizeof(MCache), ...);
    runtime·FixAlloc_Init(&h->specialfinalizeralloc, sizeof(SpecialFinalizer), ...);
    runtime·FixAlloc_Init(&h->specialprofilealloc, sizeof(SpecialProfile), ...);

    // x÷� free/busy ƛɣ͉
    for(i=0; i<nelem(h->free); i++) {
        runtime·MSpanList_Init(&h->free[i]);
        runtime·MSpanList_Init(&h->busy[i]);
    }

    // x÷� large ̏ʖ͉
    runtime·MSpanList_Init(&h->freelarge);
    runtime·MSpanList_Init(&h->busylarge);

    // wĲũƷɏɞȤ central ĉ˃͉
    for(i=0; i<nelem(h->central); i++)
        runtime·MCentral_Init(&h->central[i].mcentral, i);
}

T span͈cache ˨份ɔȘĉ˃͌ī�( arena �ár̆͌ɼƭAȜ�̕Ȥ FixAlloc r
̆Ï�ȓɔȘ͉bc;ă从ɤʊ¯¡ɺ¹ɰ件ʊ͉

Ö span ēƷ�
Ƃ̍͌Ȝ�下í
ĉ˃�Ť¤º̏ʖ͉

malloc.h
struct MSpan
{
    MSpan   *next;      // in a span linked list
    MSpan   *prev;      // in a span linked list

    pageID  start;      // starting page number
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    uintptr npages;     // number of pages in span
    MLink   *freelist;  // list of free objects

    uint8   sizeclass;  // size class
    uint8   state;      // MSpanInUse etc
    uintptr elemsize;   // computed from sizeclass or from npages
};

mheap.c
void runtime·MSpanList_Init(MSpan *list)
{
    list->state = MSpanListHead;
    list->next = list;
    list->prev = list;
}

ʅ� central͌·ǏƭþŤ�
 span ɔȘ̏ʖȤx÷�Ɠ>͉b� nonempty ̏ʖHú
Ʒ�= object Ʌ̙͌ɏŃ估 cache ʍ§Ȥ span͉ɼ empty vHúǫƷ�=Ʌ̙ŦĢ
估 cache ʍ§Ȥ span͉

malloc.h
struct MCentral
{
    int32 sizeclass;
    MSpan nonempty; // list of spans with a free object
    MSpan empty;    // list of spans with no free objects (or cached in an MCache)
};

mcentral.c
void runtime·MCentral_Init(MCentral *c, int32 sizeclass)
{
    c->sizeclass = sizeclass;
    runtime·MSpanList_Init(&c->nonempty);
    runtime·MSpanList_Init(&c->empty);
}

ƶ¹͌ȜÔār̆ÏwĲ cache ĉ˃͌īx÷�b alloc ƛɣ͉

malloc.h
struct MCache
{
    MSpan*  alloc[NumSizeClasses];  // spans to allocate from
};
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mcache.c
// dummy MSpan that contains no free objects.
MSpan runtime·emptymspan;

MCache* runtime·allocmcache(void)
{
    // AȜÔār̆ÏwĲ cache ĉ˃͉
    c = runtime·FixAlloc_Alloc(&runtime·mheap.cachealloc);

    // x÷�eú͉
    runtime·memclr((byte*)c, sizeof(*c));

    // x÷� alloc ƛɣ͌ȜǃHú( central ʍ§Ȥ�·ɏɞ span ĉ˃͉
    for(i = 0; i < NumSizeClasses; i++)
        c->alloc[i] = &runtime·emptymspan;

    return c;
}

1.2 ��Zd

ȩ`�ʙqƛ͌ƶɦ˸ˣ mallocgc qƛþŤeúr̆Ɠ>͉

malloc.go
func newobject(typ *_type) unsafe.Pointer {
    return mallocgc(uintptr(typ.size), typ, flags)
}

func newarray(typ *_type, n uintptr) unsafe.Pointer {
    return mallocgc(uintptr(typ.size)*n, typ, flags)
}

Ör̆ˣɃ�̩͌ʛzƟïĎĉ˃͌˧ƷĉĎ� 16 ùʊȤňĎĉ˃P̺ìéȘ͉

malloc.h
MaxSmallSize = 32<<10,

TinySize = 16,
TinySizeClass = 2,

malloc.go
func mallocgc(size uintptr, typ *_type, flags uint32) unsafe.Pointer {
    // ļ� cache ĉ˃͉
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    c := gomcache()

    var s *mspan
    var x unsafe.Pointer

    // zƟƭ¼Ďĉ˃͉
    if size <= maxSmallSize {
        // ĉ�Ď� 16 ùʊȤňĎĉ˃͌P̺ìéȘ͉
        if flags&flagNoScan != 0 && size < maxTinySize {
            // ʍ§ļ� cache tiny Ý�=ïĎ͉
            tinysize := uintptr(c.tinysize)

            // öǉ tiny ÝɅ̙作î...
            if size <= tinysize {
                tiny := unsafe.Pointer(c.tiny)
                
                // ×Úĉ͉ͅ
                if size&7 == 0 {
                    tiny = roundup(tiny, 8)
                } else if size&3 == 0 {
                    tiny = roundup(tiny, 4)
                } else if size&1 == 0 {
                    tiny = roundup(tiny, 2)
                }

                // ă̠ïĎ = ĉ˃ïĎ + ĉͅũ̩ïĎ(ĉͅ¹×Ú - �×Ú)͉
                size1 := size + (uintptr(tiny) - uintptr(unsafe.Pointer(c.tiny)))

                // gǛzƟɅ̙ƭ¼作î...
                if size1 <= tinysize {
                    // x = ĉͅ¹×Ú
                    x = tiny

                    // ˁƜ�=Ʌ̙ʬĽ͉
                    c.tiny = (*byte)(add(x, size))
                    c.tinysize -= uintptr(size1)
                    c.local_tinyallocs++

                    return x
                }
            }

            // öǉ tiny ÝɅ̙�作͌v( alloc[2] ʍ§ƠȤ tiny/object Ý͉
            s = c.alloc[tinySizeClass]
            v := s.freelist

            // öǉʹ span ǫƷ¯Ȝ object ...
            if v == nil {
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                // ( central ʍ§ƠȤ span͉
                mp := acquirem()
                mp.scalararg[0] = tinySizeClass
                onM(mcacheRefill_m)
                releasem(mp)

                // ʍ§ tiny/object Ý͉
                s = c.alloc[tinySizeClass]
                v = s.freelist
            }

            // Ǝ§ tiny Ý¹͌ˁƜ span.freelist ̏ʖ͉
            s.freelist = v.next
            s.ref++

            // x÷� tiny Ýeú͉
            x = unsafe.Pointer(v)
            (*[2]uint64)(x)[0] = 0
            (*[2]uint64)(x)[1] = 0

            // öǉƠ tiny Ý�=Ʌ̙ï�� tiny Ý͌̂�Ĕƅ��͉
            if maxTinySize-size > tinysize {
                // ˁƜ�=9ɸƂ̍ÅïĎ͉
                c.tiny = (*byte)(add(x, size))
                c.tinysize = uintptr(maxTinySize - size)
            }
            size = maxTinySize
        } else { // Ư˸Ďĉ˃
            var sizeclass int8

            // ʧ任ĉĮȤɏɞ͉
            if size <= 1024-8 {
                sizeclass = size_to_class8[(size+7)>>3]
            } else {
                sizeclass = size_to_class128[(size-1024+127)>>7]
            }
            size = uintptr(class_to_size[sizeclass])

            // ( alloc ƛɣʍ§ĉĮȤ span͉
            s = c.alloc[sizeclass]

            // ( span ̏ʖƎ§ object͉
            v := s.freelist

            // öǉ span ǫƷ�= object͌v( central ʍ§ƠȤ span͉
            if v == nil {
                mp := acquirem()
                mp.scalararg[0] = uintptr(sizeclass)
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                onM(mcacheRefill_m)
                releasem(mp)
                s = c.alloc[sizeclass]
                v = s.freelist
            }

            // ˁƜ span ̏ʖ͉
            s.freelist = v.next
            s.ref++

            // x÷�eú͉
            x = unsafe.Pointer(v)
            if flags&flagNoZero == 0 {
                v.next = nil
                if size > 2*ptrSize && ((*[2]uintptr)(x))[1] != 0 {
                    memclr(unsafe.Pointer(v), size)
                }
            }
        }
        c.local_cachealloc += intptr(size)
    } else { // ïĉ˃
        mp := acquirem()
        mp.scalararg[0] = uintptr(size)
        mp.scalararg[1] = uintptr(flags)

        // ȨƊ( heap r̆�
˱ȜȤ span͉
        // onM ƭsƅ} M.g0 ǎŮʓqƛ͌ȩ`ɤʊ¡ɺ¹ɰ件ʊ͉
        onM(largeAlloc_m)

        s = (*mspan)(mp.ptrarg[0])
        mp.ptrarg[0] = nil
        releasem(mp)
        x = unsafe.Pointer(uintptr(s.start << pageShift))
        size = uintptr(s.elemsize)
    }

    // Ö bitmap PǍʬ͉
    {
        arena_start := uintptr(unsafe.Pointer(mheap_.arena_start))
        off := (uintptr(x) - arena_start) / ptrSize
        xbits := (*uint8)(unsafe.Pointer(arena_start - off/wordsPerBitmapByte - 1))
        shift := (off % wordsPerBitmapByte) * gcBits

        // ...
    }

marked:
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    // 交ǌr̆ʧƛÏ͌,jāƭ¼ʤ¦ÞÙÑƕƓ>͉
    if memstats.heap_alloc >= memstats.next_gc {
        gogc(0)
    }

    return x
}

qƛʒȈƷ什̔͌8�任ðëƿ͉

•ĕ¯ʂ下ňĎĉ˃ɣ¶}�
 16 ùʊȤ tiny Ý�͌Ɔ位¯Ǝ́Ŕʂ͉
•Ďĉ˃( cache.alloc[] Ų}ɏɞȩ·Ȥ span͌ī(b freelist ̏ʖʍ§ object͉
•ïĉ˃ȨƊ( heap r͉̆

malloc.h
struct MCache
{
    // Allocator cache for tiny objects w/o pointers.
    byte*   tiny;
    uintptr tinysize;

    MSpan*  alloc[NumSizeClasses];  // spans to allocate from
};

̢âƽȤr̆Ɠ>ì͌˧̩ʛ`ǰeú�作ƩȤ “ůĸ” ˣɃ͉˨̩ʛ�什ɽ为Åɤ为͉

̽X͌ļ cache.alloc[] �ĉĮȤ span ǫƷ�= object Ʃ͌4ʤ¦( central ʍ§Ơ 
span Ɠ>͉

malloc.c
void runtime·mcacheRefill_m(void)
{
    runtime·MCache_Refill(g->m->mcache, (int32)g->m->scalararg[0]);
}

mcache.c
MSpan* runtime·MCache_Refill(MCache *c, int32 sizeclass)
{
    MSpan *s;

    // ļ�ǫƷ�=Ʌ̙Ȥ span͉
    s = c->alloc[sizeclass];
    if(s->freelist != nil)
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        runtime·throw("refill on a nonempty span");

    // §ǹ incache Ǎʬ͉
    if(s != &runtime·emptymspan)
        s->incache = false;

    // ( heap.central[] ƛɣŲ}ĉĮȤ central͌īʍ§ƠȤ span͉
    s = runtime·MCentral_CacheSpan(&runtime·mheap.central[sizeclass].mcentral);

    // Hú} cache.alloc ƛɣ͉
    c->alloc[sizeclass] = s;

    return s;
}

( central Ơʍ§Ȥ span 4Ƶ*�Ʒĉ˃͌估Hú} alloc ƛɣ�͉

̩ʛƎ�位了�什ʁ事ȯʳ͍( Go 1.3 ĳ÷͌ÞÙÑƕ任ǮĔƷńï©�͉b�Ǎʬ̝
享̩ʛŮʓ StopTheWorld͌Ȉ¹ȜíɡɃī¦ŮʓǍʬƓ>͉ŃǍʬɩǁ¹͌ɉ�ŗë 
StartTheWorld͌Ȝ�ȓȤ goroutine ŮʓǽȘƓ>͉

ÒǞÖŮʓ CacheSpan Ʃ͌ǋ! span ¯ʂ˧ƻþŤǽȘ͉ǞƩ��ʤ¦ÑƕƓ>͌Ʒ
��Ǝ́eúëȜȕ͌使YºƓ>ɘɭˣ两Ȟʾeú͉

malloc.h
sweep generation:
if sweepgen == h->sweepgen - 2, the span needs sweeping
if sweepgen == h->sweepgen - 1, the span is currently being swept
if sweepgen == h->sweepgen, the span is swept and ready to use
h->sweepgen is incremented by 2 after every GC

mcentral.c
MSpan* runtime·MCentral_CacheSpan(MCentral *c)
{
    // ļ�ÞÙÑƕ*͆ (̣ǤǛÑƕƓ>˵ç)͉
    sg = runtime·mheap.sweepgen;
retry:
    // Ēʷ( nonempty ̏ʖ�ʍ§¯Ȝ span͉
    for(s = c->nonempty.next; s != &c->nonempty; s = s->next) {
        // öǉ span Ǎʬ�ɏŃÑƕ͌̂���ŮʓǽȘƓ>͉
        if(s->sweepgen == sg-2 && runtime·cas(&s->sweepgen, sg-2, sg-1)) {
            // 下 span ɂ�}̏ʖĖ͉̄
            runtime·MSpanList_Remove(s);
            runtime·MSpanList_InsertBack(&c->empty, s);
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            // ŮʓÞÙǽȘ͉
            runtime·MSpan_Sweep(s, true); 
            goto havespan;
        }

        // öǉ产Ö¹°Ñƕ͌v你ˣ͉
        if(s->sweepgen == sg-1) {
            // the span is being swept by background sweeper, skip
            continue;
        }
        
        // ¯Ȝ span͌下b˙ɂ} empty ̏ʖ͉
        runtime·MSpanList_Remove(s);
        runtime·MSpanList_InsertBack(&c->empty, s);
        goto havespan;
    }

    // Ēʷ( emtpy ̏ʖʍ§ span͌ȧǍƭ̂!ɏŃǽȘȤ span͉
    for(s = c->empty.next; s != &c->empty; s = s->next) {
        // öǉƭɏŃÑƕȤ span͌��ŮʓÑƕƓ>͉
        if(s->sweepgen == sg-2 && runtime·cas(&s->sweepgen, sg-2, sg-1)) {
            // 下ʹ span ɂ} empty ̏ʖĖ͉̄
            runtime·MSpanList_Remove(s);
            runtime·MSpanList_InsertBack(&c->empty, s);
            
            // ŮʓÞÙǽȘƓ>͉
            runtime·MSpan_Sweep(s, true);

            // öǉÑƕ¹ freelist ̏ʖ��Ʌ͌ʖȷƷ¯ȜɅ̙͉
            if(s->freelist != nil)
                goto havespan;

            goto retry;
        }

        // öǉ产Ö¹°Ñƕ͌你ˣ͉
        if(s->sweepgen == sg-1) {
            continue;
        }

        // éȘˣȤ span͌b*͆̅ĢɧǍʬ� sg͌ɦǜĒʷ͉
        break;
    }

    // öǉ central �ǫƷŲ}¯Ȝ span͌vº heap ʍ§ƠȤ span͉
    s = MCentral_Grow(c);
    if(s == nil)
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        return nil;

    // 下 span ƏZ} empty ̏ʖ͉
    runtime·MSpanList_InsertBack(&c->empty, s);

havespan:
    // ʯɸŃ˦Ñ span Ȥȩ`专Ŕ͉
    cap = (s->npages << PageShift) / s->elemsize;
    n = cap - s->ref;

    // Ǎʬ估 cache AȜ͉
    s->incache = true;
    
    return s;
}

ȩǥ Go 1.3͌cache ̄r¢P�ńïȤƖ˩͉*代于�ɒǱ͌ǵɃ�于�ǽ⼆二͉

ɼļ central Ʌ̙�作Ʃ͌Ĕ̩ʛ( heap ʍ§Ơ span ǃþŤůĸƓ>͉˨b�Ĕ�ž
ĉ span ũɔȘeú˩ʓsr͌ľŤ object freelist ̏ʖ͉

mcentral.c
static MSpan* MCentral_Grow(MCentral *c)
{
    MLink **tailp, *v;
    byte *p;
    MSpan *s;

    // ʧ任ũ̩ span ȤïĎIŘ͉
    npages = runtime·class_to_allocnpages[c->sizeclass];
    size = runtime·class_to_size[c->sizeclass];
    n = (npages << PageShift) / size;

    // ( heap ʍ§ span͉
    s = runtime·MHeap_Alloc(&runtime·mheap, npages, c->sizeclass, 0, 1);
    if(s == nil)
        return nil;

    // 下 span ũɔȘȤeúsrŤ freelist/object ̏ʖ͉
    tailp = &s->freelist;
    p = (byte*)(s->start << PageShift); // ˍ÷×Ú͉PageID(start) = p >> PageShift
    s->limit = p + size*n;
    for(i=0; i<n; i++) {
        v = (MLink*)p;
        *tailp = v;
        tailp = &v->next;
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        p += size;
    }
    *tailp = nil;

    // Ǎʬ͉
    runtime·markspan((byte*)(s->start<<PageShift), size, n, ...));

    return s;
}

�̮Ö mallocgc �Ǝ£Ȥïĉ˃r̆͌�ƭȜȤ MHeap_Alloc qƛ͉

malloc.c
void runtime·largeAlloc_m(void)
{
    size = g->m->scalararg[0];
    npages = size >> PageShift;

    s = runtime·MHeap_Alloc(&runtime·mheap, npages, 0, 1, !(flag & FlagNoZero));
    g->m->ptrarg[0] = s;
}

mheap.c
MSpan* runtime·MHeap_Alloc(MHeap *h, uintptr npage, int32 sizeclass, bool large, ...)
{
    // zƟƭ¼Ö g0 ǎŮʓ͉
    if(g == g->m->g0) {
        s = mheap_alloc(h, npage, sizeclass, large);
    } else {
        ...
    }

    return s;
}

static MSpan* mheap_alloc(MHeap *h, uintptr npage, int32 sizeclass, bool large)
{
    MSpan *s;

    // öǉÞÙÑƕƓ>ƻɩǁ͌̂�Ēʷ��ƕÑ�!Ʌ̙͌,使Yeúˣ两ç͉̔
    // we need to sweep and reclaim at least n pages.
    if(!h->sweepdone)
        MHeap_Reclaim(h, npage);

    // ˦Ñ¯Ȝ span͉
    s = MHeap_AllocSpanLocked(h, npage);
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    if(s != nil) {
        // Ǎʬ*͆ɏȒő͉
        runtime·atomicstore(&s->sweepgen, h->sweepgen);
        s->state = MSpanInUse;
        s->freelist = nil;
        s->ref = 0;
        s->sizeclass = sizeclass;
        s->elemsize = (sizeclass==0 ? 
            s->npages<<PageShift : runtime·class_to_size[sizeclass]);

        // öǉƭïĉ˃...
        if(large) {
            mstats.heap_objects++;
            mstats.heap_alloc += npage<<PageShift;
            
            // ǑƆ̯ƛ͌ƏZ}¶˱Ȥ busy ̏ʖ͉
            if(s->npages < nelem(h->free))
                runtime·MSpanList_InsertBack(&h->busy[s->npages], s);
            else
                runtime·MSpanList_InsertBack(&h->busylarge, s);
        }
    }

    return s;
}

( heap ʍ§ span 任Ǯ͍

•,̯ƛ�Ĭ³͌( free[] Ǝ§̏ʖ͌(�˦Ñ¯Ȝ span͉
•ö̏ʖ�Ʌ͌vɮɰ(̯ƛ于ïȤ̏ʖ�ǌŲ͉
•ö free[] ũƷ̏ʖÛǫŲ}¯Ȝ span͌Ĕ( freelarge ̏ʖ�Ǝ§͉
•Ȩ}ºƓ>ɘɭȞʾƠȤ span Ý͉

mheap.c
static MSpan* MHeap_AllocSpanLocked(MHeap *h, uintptr npage)
{
    uintptr n;
    MSpan *s, *t;
    pageID p;

    // ,̯ƛ�Ĭ³͌( heap.free[] �ǌŲ̏ʖ͉
    // öǉļ�̏ʖǫƷ¯Ȝ span͌v(̯ƛ于ïȤ̏ʖ�Ǝ§͉
    for(n=npage; n < nelem(h->free); n++) {
        if(!runtime·MSpanList_IsEmpty(&h->free[n])) {
            s = h->free[n].next;
            goto HaveSpan;
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        }
    }

    // öǉ free ũƷ̏ʖ̅ǫŲ}¶˱Ȥ span͌vĒʷ于ïȤ large ̏ʖ͉
    if((s = MHeap_AllocLarge(h, npage)) == nil) {
        // ˧ǫŲ}͌Ĕ®ʂƠȞʾeú�͉
        if(!MHeap_Grow(h, npage))
            return nil;

        // ̋ƠǌŲ¶˱Ȥ span͉
        // ǤǛºƓ>ɘɭȞʾeúƶ不 1MB/128Pages͌ɼ heap.free ƶï�Ǎ 127͌
        //    ÒǞ FreeSpanLocked qƛ4下bƗ} freelarge ̏ʖ�͉
        if((s = MHeap_AllocLarge(h, npage)) == nil)
            return nil;
    }

HaveSpan:
    // 下Ų}Ȥ span ( free ̏ʖ�ɂ̢͉
    runtime·MSpanList_Remove(s);

    // öǉʹ span ƴ̉ƗˣȏȘeú͌̂�̋ƠƬ上͉
    if(s->npreleased > 0) {
        runtime·SysUsed((void*)(s->start<<PageShift), s->npages<<PageShift);
        mstats.heap_released -= s->npreleased<<PageShift;
        s->npreleased = 0;
    }

    // öǉ˦ÑȤ span ̯ƛí�̩ʛ ...
    if(s->npages > npage) {
        // ƠĲ�
 span ĉ˃ t͌ȜǃɔȘĖ̄í=eúɅ̙͉
        t = runtime·FixAlloc_Alloc(&h->spanalloc);
        runtime·MSpan_Init(t, s->start + npage, s->npages - npage);

        // ˁƜă̠ũ̩ȤeúïĎ͉
        s->npages = npage;
        p = t->start;
        p -= ((uintptr)h->arena_start>>PageShift);

        // Ö spans �áǍʬ span Ƃ͉̍
        if(p > 0)
            h->spans[p-1] = s;
        h->spans[p] = t;
        h->spans[p+t->npages-1] = t;

        // 下spǃȤí= span͌̋ƠƗÑ heap ɔȘ̏ʖ�͉
        MHeap_FreeSpanLocked(h, t, false, false);
        s->state = MSpanFree;
    }
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    // Ö spans �ǍʬŃũƷ̯ĉĮƂ͉̍
    p = s->start;
    p -= ((uintptr)h->arena_start>>PageShift);
    for(n=0; n<npage; n++)
        h->spans[p+n] = s;

    return s;
}

ļŲ}Ȥ span ïĎˎp̴互Ʃ͌r̆Ï4Ůʓs�Ɠ>͌下í=ȤeúPŤƠ span Ɨ
Ñ heap ɔȘ̏ʖ�͉

( large ̊ǌŲ span Ȥ任Ǯ估Ɂ> BestFit͉ńɒ�͌˸ˣŇȖ˽�͌Ų}ïĎƶ¶˱
ȤȧǍ͉

mheap.c
MHeap_AllocLarge(MHeap *h, uintptr npage)
{
    return BestFit(&h->freelarge, npage, nil);
}

static MSpan* BestFit(MSpan *list, uintptr npage, MSpan *best)
{
    MSpan *s;

    for(s=list->next; s != list; s=s->next) {
        if(s->npages < npage)
            continue;
        if(best == nil
        || s->npages < best->npages
        || (s->npages == best->npages && s->start < best->start))
            best = s;
    }
    return best;
}

ƊȮȫȫ下 span ƗÑ heap ɔȘ̏ʖȤ FreeSpanLocked Ɠ>͉

mheap.c
static void MHeap_FreeSpanLocked(MHeap *h, MSpan *s, bool acctinuse, bool acctidle)
{
    MSpan *t;
    pageID p;
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    // J产ȒőǍʬ͉
    s->state = MSpanFree;

    // (ļ�̏ʖ�ɂ̢͉
    runtime·MSpanList_Remove(s);

    // ˨�
¡ƛ4ĿÈÞÙÑƕȤȏȘeú̉ƗƓ>͉
    s->unusedsince = runtime·nanotime();
    s->npreleased = 0;

    // ă̠×Ú͉
    p = s->start;
    p -= (uintptr)h->arena_start >> PageShift;

    // ˸ˣ heap.spans 交ǌĞEȩ̃ span͉
    // öǉĞEȩ̃ span �ƭɅ̘Ȓő͌v¶ī͉
    if(p > 0 && (t = h->spans[p-1]) != nil && t->state != MSpanInUse && 
            t->state != MSpanStack) {
        // J产专Ŕ͉
        s->start = t->start;
        s->npages += t->npages;
        s->npreleased = t->npreleased; // absorb released pages
        s->needzero |= t->needzero;

        // Ơˍ÷×Ú͉
        p -= t->npages;

        // ̋ƠǍʬ spans͉
        h->spans[p] = s;

        // ̉ƗĞE span �ĉ˃͉
        runtime·MSpanList_Remove(t);
        t->state = MSpanDead;
        runtime·FixAlloc_Free(&h->spanalloc, t);
    }

    // Ēʷ¶ī²E span͉
    if((p+s->npages)*sizeof(h->spans[0]) < h->spans_mapped && 
            (t = h->spans[p+s->npages]) != nil && 
            t->state != MSpanInUse && t->state != MSpanStack) {
        s->npages += t->npages;
        s->npreleased += t->npreleased;
        s->needzero |= t->needzero;
        h->spans[p + s->npages - 1] = s;
        runtime·MSpanList_Remove(t);
        t->state = MSpanDead;
        runtime·FixAlloc_Free(&h->spanalloc, t);
    }
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    // ǑƆ span ̯ƛ͌ƏZ}¶˱Ȥ̏ʖ�͉
    if(s->npages < nelem(h->free))
        runtime·MSpanList_Insert(&h->free[s->npages], s);
    else
        runtime·MSpanList_Insert(&h->freelarge, s);
}

ÖǞ͌ť-ȫ}� heap.spans Ȥ>Ȝ͉¶į̄ƚeúÝ͌,ƎC于ïëȜɅ̙͌˨Ʒ�
�n不eúȶȌ͌ƭeúɔȘ任ǮȤ�
̋ʛʯʧȧǍ͉

ƶ¹͌Ĕƭ��ö<ºƓ>ɘɭȞʾƠȤeú�͉

malloc.h
HeapAllocChunk = 1<<20," " // Chunk size for heap growth

mheap.c
static bool MHeap_Grow(MHeap *h, uintptr npage)
{
    // ǤǛȞʾȤeúŖƭ 64KB ȤKƛ͌ƶĎ 1MB͉
    npage = ROUND(npage, (64<<10)/PageSize);
    ask = npage<<PageShift;
    if(ask < HeapAllocChunk)
        ask = HeapAllocChunk;

    // Ȟʾeú͉
    v = runtime·MHeap_SysAlloc(h, ask);

    // wĲƠȤ span ĉ˃˩ʓɔȘ͉
    s = runtime·FixAlloc_Alloc(&h->spanalloc);
    runtime·MSpan_Init(s, (uintptr)v>>PageShift, ask>>PageShift);
    p = s->start;
    p -= ((uintptr)h->arena_start>>PageShift);

    // Ö heap.spans �Ǎʬ×Ú͉
    h->spans[p] = s;
    h->spans[p + s->npages - 1] = s;

    // ʯɸȒő͉
    runtime·atomicstore(&s->sweepgen, h->sweepgen);
    s->state = MSpanInUse;

    // ƗÑ heap ȤɔȘ̏ʖ͌ĒʷŮʓ¶īƓ>͉
    MHeap_FreeSpanLocked(h, s, false, true);
    return true;
}
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ȞʾƩ̩͌zƟȧǍ×Úƭ¼Ö arena ʌÓe͌	主̳( arena_used ĳ÷͉

malloc.c
void* runtime·MHeap_SysAlloc(MHeap *h, uintptr n)
{
    // Ö arena ʌÓe͉
    if(n <= h->arena_end - h->arena_used) {
        // AȜ arena_used ×Ú͉
        p = h->arena_used;
        runtime·SysMap(p, n, h->arena_reserved, &mstats.heap_sys);

        // ˁƜ��Ǜr̆9ɸ͉
        h->arena_used += n;

        // ·ǟç� spans͈bitmap ɔȘeú͉
        runtime·MHeap_MapBits(h);
        runtime·MHeap_MapSpans(h);
        
        return p;
    }

    ...
}

mem_linux.c
void runtime·SysMap(void *v, uintptr n, bool reserved, uint64 *stat)
{
    p = runtime·mmap(v, n, PROT_READ|PROT_WRITE, MAP_ANON|MAP_FIXED|MAP_PRIVATE, -1, 0);
}

mem_darwin.c
void runtime·SysMap(void *v, uintptr n, bool reserved, uint64 *stat)
{
    p = runtime·mmap(v, n, PROT_READ|PROT_WRITE, MAP_ANON|MAP_FIXED|MAP_PRIVATE, -1, 0);
}

ʅǞ͌ĉ˃eúr̆ÅeúůęȤǟ̿ɩǁ͉

1.3 �IZd

ÞÙÑƕÏ˸ˣˁȜ MSpan_Sweep qƛþŤeúÑƕƓ>͉
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mgc0.c
bool runtime·MSpan_Sweep(MSpan *s, bool preserve)
{
    // ļ�ÞÙÑƕ*͉͆
    sweepgen = runtime·mheap.sweepgen;

    arena_start = runtime·mheap.arena_start;

    // ʍ§ span ȩ`IŘ͉
    cl = s->sizeclass;
    size = s->elemsize;
    if(cl == 0) {
        // ïĉ˃͉
        n = 1;
    } else {
        // Ďĉ˃͉
        npages = runtime·class_to_allocnpages[cl];
        n = (npages << PageShift) / size;
    }

    res = false;
    nfree = 0;
    end = &head;
    c = g->m->mcache;
    sweepgenset = false;

    // Ǎʬ freelist ̊Ȥ object͌˨!ĉ˃ƻ估AȜ͌ƣ̩gǛ交ǌ͉
    for(link = s->freelist; link != nil; link = link->next) {
        off = (uintptr*)link - (uintptr*)arena_start;
        bitp = arena_start - off/wordsPerBitmapByte - 1;
        shift = (off % wordsPerBitmapByte) * gcBits;
        *bitp |= bitMarked<<shift;
    }

    // ̉Ɨ finalizer͈profiler `ɿĉ˃͉
    specialp = &s->specials;
    special = *specialp;
    while(special != nil) {
        // ...
    }

    // ʧ任Ǎʬ9ĳ÷9ɸ͉
    p = (byte*)(s->start << PageShift);
    off = (uintptr*)p - (uintptr*)arena_start;
    bitp = arena_start - off/wordsPerBitmapByte - 1;
    shift = 0;
    step = size/(PtrSize*wordsPerBitmapByte);
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    bitp += step;
    if(step == 0) {
        // 8-byte objects.
        bitp++;
        shift = gcBits;
    }

    // ˽�ʹ span ũƷ object͉
    for(; n > 0; n--, p += size) {
        // ʍ§Ǎʬ9͉
        bitp -= step;
        if(step == 0) {
            if(shift != 0)
                bitp--;
            shift = gcBits - shift;
        }

        xbits = *bitp;
        bits = (xbits>>shift) & bitMask;

        // öǉ object ĉ˃Ǎʬ�¯ˡ (Marked)͌v你ˣ͉
        // �ž freelist ̊ȤƻAȜĉ˃͉
        if((bits&bitMarked) != 0) {
            *bitp &= ~(bitMarked<<shift);
            continue;
        }

        // ̋ɸǍʬ9͉
        *bitp = (xbits & ~((bitMarked|(BitsMask<<2))<<shift)) |
                ((uintptr)BitsDead<<(shift+2));

        if(cl == 0) { // ïĉ˃͉
            // ǽ̢[̄Ǎʬ9͉
            runtime·unmarkspan(p, s->npages<<PageShift);

            // ̋ɸ*͉͆
            runtime·atomicstore(&s->sweepgen, sweepgen);
            sweepgenset = true;

            if(runtime·debug.efence) {
                // ...
            } else
                // 下ïĉ˃ũAȜȤ span Ļ˧ɫ heap͉
                runtime·MHeap_Free(&runtime·mheap, s, 1);

            // ˁƜ next_gc ̛N͉
            runtime·xadd64(&mstats.next_gc, 
                           -(uint64)(size * (runtime·gcpercent + 100)/100));
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            res = true;
        } else { // Ďĉ˃͉
            // 下¯Ñƕĉ˃Ǽ�}�
̏ʖ�͉
            end->next = (MLink*)p;
            end = (MLink*)p;
            nfree++;
        }
    }

    // ö¯ÑƕĎĉ˃ƛ̌ï�0͉
    if(nfree > 0) {
        // ˁƜ next_gc ̛N͉
        runtime·xadd64(&mstats.next_gc, 
                       -(uint64)(nfree * size * (runtime·gcpercent + 100)/100));

        // ̉Ɨƕ供Ȥ object ̏ʖ͉
        res = runtime·MCentral_FreeSpan(&runtime·mheap.central[cl].mcentral, s, nfree,
                                        head.next, end, preserve);
    }

    return res;
}

ʹÑƕqƛÖr̆ǵɃ CacheSpan ��ƴƎ£ˣ͉

ïĉ˃̉Ɨńɒ�͌ˁȜ FreeSpanLocked 下 span ̋ƠƗÑ heap ɔȘ̏ʖ�¯͉

mheap.c
void runtime·MHeap_Free(MHeap *h, MSpan *s, int32 acct)
{
    mheap_free(h, s, acct);
} 

static void mheap_free(MHeap *h, MSpan *s, int32 acct)
{
    MHeap_FreeSpanLocked(h, s, true, true);
}

ʅ�ƕ供ȤũƷĎĉ˃͌4估ˮ�} span.freelist ̏ʖ͉öʹ span ƕÑ[̄ object͌
v�下bĻ˧ɫ heap͉

mcentral.c
bool runtime·MCentral_FreeSpan(MCentral *c, MSpan *s, int32 n, MLink *start, ...)
{
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    // span �ʂƭ cache 产ÖAȜȤĉ˃͉
    if(s->incache)
        runtime·throw("freespan into cached span");

    // 下ƕ供Ȥ object ̏ʖˮ�} span.freelist͉
    wasempty = s->freelist == nil;
    end->next = s->freelist;
    s->freelist = start;
    s->ref -= n;

    // 下 span ˙ɂ} central.nonempty ̏ʖ͉
    if(wasempty) {
        runtime·MSpanList_Remove(s);
        runtime·MSpanList_Insert(&c->nonempty, s);
    }

    // ̋ɸÑƕ*͉͆
    runtime·atomicstore(&s->sweepgen, runtime·mheap.sweepgen);

    if(s->ref != 0) {
        return false;
    }

    // öǉ span ƕÑ[̄ object (span.ref == 0)͌( central ɔȘ̏ʖɂ̢͉
    runtime·MSpanList_Remove(s);
    s->needzero = 1;
    s->freelist = nil;

    // ǽ̢Ǎʬ9͉
    runtime·unmarkspan((byte*)(s->start<<PageShift), s->npages<<PageShift);

    // 下 span "˧ɫ heap͉
    runtime·MHeap_Free(&runtime·mheap, s, 0);
    return true;
}

̉ƗƓ>ƶɦɩǉ͌''ƭ下¯Ñƕĉ˃Ļ˧ɫ span.freelist Ŧ heap.free ̏ʖ͌,G
¹ɰr̆Ɠ>ëȜ͉ʅ�ȏȘeú̉Ɨ͌vȝÞÙÑƕÏȤȐǡāƩƓ>þŤ͉

1.4 ��

̢�ȜŨeú͌r̆Ï˧̩̺ìȤ span͈cache ɏĉ˃ǃɱƁɘɭˤ˙͉˨!ɔȘĉ˃
ũ̩eú�( arena �ár̆͌��Ȝ� GC Heap r̆任ǮƷ`Ȥeú×Ú͉
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ɘɭ�Ǥ们ɔȘĉ˃x÷��
Ôār̆Ï FixAlloc͉

malloc.h
struct FixAlloc
{
    uintptr size;                           // Ôār̆̔两͉
    void    (*first)(void *arg, byte *p);   // `ɿqƛ͉
    void*   arg;                            // first qƛˁȜ¡ƛ͉
    MLink*  list;                           // ¯ëȜɅ̙̏ʖ͉
    byte*   chunk;                          // ¹êeúÝļ�r̆Ƃ͉̍
    uint32  nchunk;                         // ¹êeúÝ¯Ȝ̔两͉
    uintptr inuse;                          // ¹êeúÝĢAȜ̔两͉
};

mheap.c
void runtime·MHeap_Init(MHeap *h)
{
    runtime·FixAlloc_Init(&h->spanalloc, sizeof(MSpan), RecordSpan, ...);
    runtime·FixAlloc_Init(&h->cachealloc, sizeof(MCache), nil, ...);
    runtime·FixAlloc_Init(&h->specialfinalizeralloc, sizeof(SpecialFinalizer), ...);
    runtime·FixAlloc_Init(&h->specialprofilealloc, sizeof(SpecialProfile), ...);
}

FixAlloc x÷�ˣɃńɒ�͉

mfixalloc.c
void runtime·FixAlloc_Init(FixAlloc *f, uintptr size, 
                           void (*first)(void*, byte*), void *arg, uint64 *stat)
{
    f->size = size;
    f->first = first;
    f->arg = arg;
    f->list = nil;
    f->chunk = nil;
    f->nchunk = 0;
    f->inuse = 0;
    f->stat = stat;
} 

r̆任ǮÅ cache 份7͉̽X(ëȜ̏ʖƎ§͌öǉǫŲ}͌Ĕ(¹êeúÝŧ§͉

malloc.h
FixAllocChunk = 16<<10," " // Chunk size for FixAlloc
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mfixalloc.c
void* runtime·FixAlloc_Alloc(FixAlloc *f)
{
    void *v;

    // öǉɅ̘̏ʖ��Ʌ͌ȨƊ(̏ʖƎ§͉    
    if(f->list) {
        v = f->list;
        f->list = *(void**)f->list;
        f->inuse += f->size;
        return v;
    }

    // öǉ¹êeúÝɅ̙�作...
    if(f->nchunk < f->size) {
        // ̋ƠȞʾ 16KB ¹êeú͉
        f->chunk = runtime·persistentalloc(FixAllocChunk, 0, f->stat);
        f->nchunk = FixAllocChunk;
    }

    // (¹êeúÝŧ§͉
    v = f->chunk;

    // Ůʓ first qƛ͉
    if(f->first)
        f->first(f->arg, v);

    // ˁƜ�=¹êÝ¡ƛ͉
    f->chunk += f->size;
    f->nchunk -= f->size;
    f->inuse += f->size;
    
    return v;
}

¹êeúÝɐȢƷ什份7 heap span͌ȞʾïÝeú,n不ɘɭˁȜĳ͉̐ă̠�͌�
·份|Ȥ FixAlloc 4_$�
ˎïÝeú͌Ɂ�� persistent͉

malloc.go
var persistent struct {     // [ė©̌͌�[̄ FixAlloc ƎC¹êeúÝ͉
    lock mutex
    pos  unsafe.Pointer
    end  unsafe.Pointer
}

func persistentalloc(size, align uintptr, stat *uint64) unsafe.Pointer {
    const (
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        chunk    = 256 << 10
        maxBlock = 64 << 10     // VM reservation granularity is 64K on windows
    )

    // öǉ̩ʛ 64KB ,�͌ȨƊ( mmap ˦Ñ͉
    if size >= maxBlock {
        return sysAlloc(size, stat)
    }

    // ĉͅr̆×Ú͉
    persistent.pos = roundup(persistent.pos, align)

    // öǉ�=Ʌ̙�作 ...
    if uintptr(persistent.pos)+size > uintptr(persistent.end) {
        // ̋Ơ( mmap Ȟʾ 256KB eú͌Hú} persistent͉
        persistent.pos = sysAlloc(chunk, &memstats.other_sys)
        persistent.end = add(persistent.pos, chunk)
    }

    // ŧ§eú͌ˁƜ�Ǜr̆×Ú͉
    p := persistent.pos
    persistent.pos = add(persistent.pos, size)

    return p
}

mem_linux.c
void* runtime·sysAlloc(uintptr n, uint64 *stat)
{
    p = runtime·mmap(nil, n, PROT_READ|PROT_WRITE, MAP_ANON|MAP_PRIVATE, -1, 0);
    return p;
}

̉ƗƓ>''ƭ下ĉ˃ƕÑ}ëȜ̏ʖ͉

mfixalloc.c
void runtime·FixAlloc_Free(FixAlloc *f, void *p)
{
    f->inuse -= f->size;
    *(void**)p = f->list;
    f->list = p;
}

­ì͌Ö FixAlloc x÷�Ʃ͌˧¯̺ìƎC�
 first qƛ>�¡ƛ͌ǥö spanalloc 
�Ȥ RecordSpan͉
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ʹqƛ� heap.allspans r̆eú͌beúS�ũƷ span Ƃ̍͌GC Sweep Å Heap 
Dump Ɠ>̅4Ȝ}˨!IŘ͉

mheap.c
static void RecordSpan(void *vh, byte *p)
{
    MHeap *h;
    MSpan *s;
    MSpan **all;
    uint32 cap;

    h = vh;
    s = (MSpan*)p;

    // öǉɅ̙�作 ...
    if(h->nspan >= h->nspancap) {
        // ʧ任Ơą͉̌
        cap = 64*1024/sizeof(all[0]);
        if(cap < h->nspancap*3/2)
            cap = h->nspancap*3/2;

        // r̆ƠɅ̙͉
        all = (MSpan**)runtime·sysAlloc(cap*sizeof(all[0]), &mstats.other_sys);
        if(h->allspans) {
            // 下ƛƆ书˄}Ơr̆Ʌ̙͉
            runtime·memmove(all, h->allspans, h->nspancap*sizeof(all[0]));

            // ̉Ɨ�eú͉
            if(h->allspans != runtime·mheap.gcspans)
                runtime·SysFree(h->allspans, h->nspancap*sizeof(all[0]),
                                &mstats.other_sys);
        }

        // ƂºƠeúɅ̙͉
        h->allspans = all;
        h->nspancap = cap;
    }

    // úS span Ƃ͉̍
    h->allspans[h->nspan++] = s;
}
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2. Garbage Collector

ɖ以ÞÙÑƕ͌ńɧdȤ Mark-and-Sweep 任Ǯ͉

ļr̆ (malloc) Ŗ̌ˎp̴ʯ̛N͌Ĕ4ķ¦ÞÙÑƕ͉Ɠ>�̳͌ƲQȜŨ˻˝Ůʓ 
(StopTheWorld)͌Ȉ¹¾Ȝí
ɡɃŮʓīʓŰƍĝ>͌Ȩ}ǍʬpũƷ¯Ñƕĉ˃͉

( Go 1.3 ĳ÷͌̓似̈Ȝī¦eúǽȘǚ个͉�Ĕƭ位͌Ǎʬɩǁ¹͌ɉ�ŗë˻˝Ů
ʓ (StartTheWorld)͉Ȝ�
�̕Ȥ goroutine Ö¹°ǽȘeú͉˨ɵȰ�ƲQƩ̙͌
Ö�āɃ两�ƖÎ�ÞÙÑƕũķ¦Ȥ̸̗͉

þŤǽȘ¹͌Ơ̛N˸ĨƭúǴĉ˃ũȜeúȤ 2 K͉̩ʛǰŠȤƭ͌ǽȘƓ>®ƭˁȜ
eúr̆ÏȤȩ`ơǮ͌ƕÑ�¯ˡĉ˃eú˩ʓëȜ͌īƻ̉ƗȏȘeú͉

ȏȘeú̉Ɨȝ�̕ɡɃā互Ůʓ͉ü交ǌƶ¹�ǛÞÙÑƕƩ̙͌öˎˣ 2 r̎͌vŮ
ʓĺ~Ñƕ͉˧4ʩƓ>ɘɭƕÑ̘ɸˎˣ 5 r̎Ȥ span ȏȘeú͉

2.1 �+�

x÷�qƛwĲīʓǍʬȒőĉ˃ markfor͌ˀ§ GOGC Ȗæ©̌N͉

proc.c
void runtime·schedinit(void)
{
    runtime·gcinit();
}

mgc0.c
void runtime·gcinit(void)
{
    runtime·work.markfor = runtime·parforalloc(MaxGcproc);
    runtime·gcpercent = runtime·readgogc();
}

int32 runtime·readgogc(void)
{
    byte *p;

    p = runtime·getenv("GOGC");
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    // ̓似N 100͉
    if(p == nil || p[0] == '\0')
        return 100;

    // `̖ÞÙÑƕ͉
    if(runtime·strcmp(p, (byte*)"off") == 0)
        return -1;

    return runtime·atoi(p);
}

2.2 '&%H

Öeúr̆Ï�Ǝ}ˣ͌qƛ mallocgc 4交ǌĢr̆eúƭ¼ˎˣ̛N͌ī,Ǟʤ¦Þ
ÙÑƕƓ>͉

malloc.go
func mallocgc(size uintptr, typ *_type, flags uint32) unsafe.Pointer {
    if memstats.heap_alloc >= memstats.next_gc {
        gogc(0)
    }
}

¾�ÞÙÑƕƷ�们�·ơ个͉

• 0: 交ǌ̛Nǃjāƭ¼ʤ¦ÑƕƓ>͉
• 1: ĺ~Ñƕ͉ǍʬþŤ¹͌ɉ�ŗëȜŨ˻˝Ůʓ͌Ö¹°ī¦ŮʓǽȘƓ>͉
• 2: ĺ~Ñƕ͉ÖþŤǍʬÅǽȘƓ>�͌�ŗëȜŨ˻˝Ůʓ͉

malloc.go
func gogc(force int32) {
    // öǉ GOGC < 0͌ȹȜÞÙÑƕ͌ȨƊ˦Ñ͉
    if gp := getg(); gp == mp.g0 || mp.locks > 1 || !memstats.enablegc || 
                     panicking != 0 || gcpercent < 0 {
        return
    }

    semacquire(&worldsema, false)

    // Ư˸Ñƕ͌4gǛ交ǌƭ¼ˡ}Ñƕ̛N͉
    if force == 0 && memstats.heap_alloc < memstats.next_gc {
        semrelease(&worldsema)
        return
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    }

    // mêÑƕ ...
    startTime := nanotime()
    mp = acquirem()
    mp.gcing = 1
    
    // QǜȜŨ˻˝Ůʓ͉
    onM(stoptheworld)

    // ǽȘ sync.Pool Ȥȩ`ɳúĉ˃͌˨
¹̮Ʒ�̕Ȥ�Ǉ件ʊ͉
    clearpools()

    // öǉʯɸȖæ©̌ GODEBUG=gctrace=2͌̂�4ķ¦�ǛÑƕƓ>͉
    n := 1
    if debug.gctrace > 1 {
        n = 2
    }
    for i := 0; i < n; i++ {
        if i > 0 {
            startTime = nanotime()
        }

        // 下 64-bit ĳ÷Ʃ̙Hú} scalararg ͉
        mp.scalararg[0] = uintptr(uint32(startTime)) // low 32 bits
        mp.scalararg[1] = uintptr(startTime >> 32)   // high 32 bits

        // ǽȘʓ�Ǎʬ͉
        if force >= 2 {
            mp.scalararg[2] = 1 // eagersweep
        } else {
            mp.scalararg[2] = 0
        }

        // Ö g0 ǎŮʓÞÙÑƕƓ>͉
        onM(gc_m)
    }

    // Ñƕɩǁ͉
    mp.gcing = 0
    semrelease(&worldsema)

    // ŗëȜŨ˻˝Ůʓ͉
    onM(starttheworld)
}
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Ŗ;˻˝L�ëƿ͌StopTheWorld -> GC -> StartTheWorld͉ƲƩŵĳÂˠɤʊ͌ȫ
ȫÞÙÑƕǵɃ͉

mgc0.c
void runtime·gc_m(void)
{
    a.start_time = (uint64)(g->m->scalararg[0]) | ((uint64)(g->m->scalararg[1]) << 32);
    a.eagersweep = g->m->scalararg[2];
    gc(&a);
}

static void gc(struct gc_args *args)
{
    // öǉ�ǛÑƕȤǽȘƓ>ƻþŤ͌̂�XŴ˨�ɩǁ�͉
    while(runtime·sweepone() != -1)
        runtime·sweep.npausesweep++;

    // �ÑƕƓ>mêȩ`ȖæȒő͉
    runtime·mheap.gcspans = runtime·mheap.allspans;
    runtime·work.spans = runtime·mheap.allspans;
    runtime·work.nspan = runtime·mheap.nspan;

    runtime·work.nwait = 0;
    runtime·work.ndone = 0;
    runtime·work.nproc = runtime·gcprocs();

    // x÷�īʓǍʬȒőĉ˃ markfor͉
    //   AȜ nproc 
ɡɃŮʓīʓǍʬ0�͉
    //   0�Ŗƛ = Ôāeú享(RootCount) + ļ� goroutine G Ȥƛ͉̌
    //   Ǎʬqƛ markroot͉
    runtime·parforsetup(runtime·work.markfor, runtime·work.nproc, 
                        RootCount + runtime·allglen, nil, false, markroot);

    if(runtime·work.nproc > 1) {
        // ̋ɸɩǁǍʬ͉
        runtime·noteclear(&runtime·work.alldone);
        // Ë̇ nproc - 1 
ɡɃmêŮʓ markroot qƛ͌Ò�ļ�ɡɃ�4¡�Ǎʬĝ>͉
        runtime·helpgc(runtime·work.nproc);
    }

    // ʩļ�ɡɃ�ĳ÷ŮʓǍʬ0�͉
    gchelperstart();
    runtime·parfordo(runtime·work.markfor);
    scanblock(nil, 0, nil);

    if(runtime·work.nproc > 1)
        // 2ȭ͌ɏŃǍʬ[̄ɩǁ͉
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        runtime·notesleep(&runtime·work.alldone);

    // ƕɵ stack eú͉
    runtime·shrinkfinish();

    // 于ƠũƷ cache ɭʧ¡ƛ͉
    cachestats();

    // ʧ任��ǛÑƕ¹ heap_alloc ïĎ͉
    //   ļ� next_gc = heap0 + heap0 * (gcpercent/100)
    //   ̂� heap0 = next_gc / (1 + gcpercent/100)
    heap0 = mstats.next_gc*100/(runtime·gcpercent+100);

    // ʧ任��Ǜ next_gc ̛N͉
    // ˨
N®ƭ̴6͌4̣ȮǽȘƓ>ɼƖ©͉
    mstats.next_gc = mstats.heap_alloc+mstats.heap_alloc*runtime·gcpercent/100;
    runtime·atomicstore64(&mstats.last_gc, runtime·unixnanotime());  

    // ȧǍƭ heap.allspans ̊ȤũƷ span ĉ˃͉
    runtime·mheap.gcspans = runtime·mheap.allspans;
    // GC AȜ˵çȤ*͆ǃʖȷ span ļ�ÑƕȒő͉
    runtime·mheap.sweepgen += 2;
    runtime·mheap.sweepdone = false;
    runtime·work.spans = runtime·mheap.allspans;
    runtime·work.nspan = runtime·mheap.nspan;
    runtime·sweep.spanidx = 0;

    if(ConcurrentSweep && !args->eagersweep) { // ī¦ǽȘ
        // ƠĲŦË̇Ȝ�ǽȘƓ>Ȥ goroutine͉
        if(runtime·sweep.g == nil)
            runtime·sweep.g = runtime·newproc1(&bgsweepv, nil, 0, 0, gc);
        else if(runtime·sweep.parked) {
            runtime·sweep.parked = false;
            runtime·ready(runtime·sweep.g); // Ë̇
        }
    } else { // �ʓÑƕ
        // ɉ�ŮʓǽȘƓ>͉
        while(runtime·sweepone() != -1)
            runtime·sweep.npausesweep++;
    }
}

任ǮȤǐ为ƭīʓÑƕÅƭ¼¾Ȝ�
 goroutine ǃŮʓǽȘƓ>͉˨
 goroutine Ö
ǽȘƓ>ɩǁ¹估lɩ͌gǛAȜ�主̳Ë͉̇

öǉȜ�̕Ȥ goroutine ŮʓǽȘƓ>͌̂� gc qƛ�ɏǽȘƓ>ɩǁĔɉ�˦Ñ͌�
ɞȤ gogc 4ɉ�ˁȜ StartTheWorld ŗëȜŨ˻˝Ůʓ͌˨Ĕƭī¦ÑƕȤ`例͉
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ť-Ñˣò͌ȫȫ�!�̙ȖʊȤă从ɤʊ͉

ÖʯɸīʓÑƕȒőĉ˃ markfor ̊Ǝ}ˣ�
¡ƛ͍0�ŖƛÅǍʬqƛ͉

mgc0.c
enum {
    RootCount   = 5
}

0�Ŗƛbăƭ 5 
Ǒeú享 RootData͈RootBBS͈RootFinalizers͈RootSpans͈
RootFlushCaches͌ì�ũƷ goroutine stack ȤŖÅ͉

mgc0.c
static void markroot(ParFor *desc, uint32 i)
{
    switch(i) {
    case RootData:
        ...
        break;

    case RootBss:
        ...
        break;

    case RootFinalizers:
        ...
        break;

    case RootSpans:
        ...
        break;

    case RootFlushCaches:
        flushallmcaches();                   // ǽȘ cache͈stack͉
        break;

    default:
        gp = runtime·allg[i - RootCount];
        runtime·shrinkstack(gp);             // ƕɵ stack͉
        scanstack(gp);
        ...
        break;
    }
}
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ǐ为任Ǯ scanblock qƛ˸ˣŰƍeúÝ͌ŲpúǴĉ˃Å¯Ñƕĉ˃͌īÖ bitmap 
�á˩ʓǍʬ͉c;ă从ɤʊ͌ƽƝ�Pʺ佳͌Ʒaˏ¯ʄʓ̚ˀǿ代Ŧȩ`ʮƝ͉

̂� parfor ƭö<ă从īʓÑƕȤÁ͏

˨̮̊Ʒ
ńïʼĊ͉bă parfor ă从̭Ĩɒ�͌'ƭ�
Ȓőĉ˃͌ǐ为ƭ下ʛŮʓ
Ȥí
0�Ĭ³ĩÛr̆
í
ɡɃ͉

parfor.c
struct ParForThread
{
    // the thread's iteration space [32lsb, 32msb)
    uint64 pos;
};

void runtime·parforsetup(ParFor *desc, uint32 nthr, uint32 n, void *ctx, bool wait, 
                         void (*body)(ParFor*, uint32))
{
    uint32 i, begin, end;
    uint64 *pos;

    desc->body = body;  // 0�qƛ
    desc->nthr = nthr;  // ī¦ɡɃƛ̌
    desc->thrseq = 0;
    desc->cnt = n;      // 0�Ŗƛ

    // �ɡɃĩÛr̆0�ɴ³͉
    //   ǥö 10 
0�r̆ɫ 5 
ɡɃ͌̂� thr[0] Ĕƭ [0,2)͌�Ĕƭ 0 Å 1 ˨�
0�͉
    //   ˍ÷Åɩǁɴ³r|HúÖ ParForThread.pos ù享Ȥ́:9͉
    for(i=0; i<nthr; i++) {
        begin = (uint64)n*i / nthr;
        end = (uint64)n*(i+1) / nthr;
        pos = &desc->thr[i].pos;
        *pos = (uint64)begin | (((uint64)end)<<32);
    }
}

从Ö0�估ĩÛr̆͌īHú}[ė©̌ markfor ͉̊Ɗ�ǃȤƓ>͌băƭȝ估Ë̇
ȤɡɃ��þŤ͌ö·ļ� GC �ɡɃ��ˁȜ parfordo �Ǐ͉

ŮʓǍʬ0�Ȥí
ɡɃȝ helpgc qƛË̇͌b�Ȥ`例Ĕƭʯɸ M.helpgc Ǎʬ͉
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proc.c
void runtime·helpgc(int32 nproc)
{
    pos = 0;

    // ( 1 ĳ÷͌Ò�ļ�ɡɃ�4¡�Ǎʬ0�͉
    for(n = 1; n < nproc; n++) {
        // 交ǌ P ƭ¼估ļ�ɡɃAȜ͌öǉƭĔ你ˣ͉
        if(runtime·allp[pos]->mcache == g->m->mcache)
            pos++;

        // ʍ§Ʌ̘ɡɃ͉
        mp = mget();

        // ˨ƭ`例͌ɡɃË̇¹4交ǌʹǍʬ͉
        mp->helpgc = n;

        // �ɡɃr̆ȜŨŮʓȤ P.cache͉
        mp->mcache = runtime·allp[pos]->mcache;
        pos++;

        // Ë̇ɡɃ͉
        runtime·notewakeup(&mp->park);
    }
}

öǉ?仅řɡɃ M Ȥĝ>ơ个͌̂�Ĕ4ȯ˾ü˸ˣ stopm þŤ2ȭƓ>͉

proc.c
static void stopm(void)
{
    // ƗÑɅ̘̜u͉
    mput(g->m);
    // 2ȭ͌Ȩ}估Ë͉̇
    runtime·notesleep(&g->m->park);

    // 估Ë̇¹͌ǽ̢2ȭǍʬ͉
    runtime·noteclear(&g->m->park);

    // 交ǌ helpgc Ǎʬ͌Ůʓ gchelper qƛ͉
    if(g->m->helpgc) {
        runtime·gchelper();
        g->m->helpgc = 0;
        g->m->mcache = nil;
        goto retry;
    }
}
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mgc0.c
void runtime·gchelper(void)
{
    gchelperstart();
    runtime·parfordo(runtime·work.markfor);
    scanblock(nil, 0, nil);

    // 交ǌǍʬƭ¼[̄ɩǁ͉
    nproc = runtime·work.nproc; 
    if(runtime·xadd(&runtime·work.ndone, +1) == nproc-1)
        // Ë̇ GC �ɡɃ͉
        runtime·notewakeup(&runtime·work.alldone);
    
    g->m->traceback = 0;
}

ƶɦÅ GC �ɡɃˁȜˣɃ�ʆ͉ļ alldone 估Ë̇¹͌GC �ɡɃŗë¹ɰǟ̿Ůʓ͉

ʅ�估ɡɃˁȜȤ parfordo͌bă�ńɒ�͉

parfor.c
void runtime·parfordo(ParFor *desc)
{
    // ǤǛˁȜ͌̅4˵ç thrseq N͉
    tid = runtime·xadd(&desc->thrseq, 1) - 1;

    // öǉ0�ɡɃƛ̌� 1͌̂�ǫ&�õ位Ȥ͌ȨƊŇȖŮʓ body͌�Ĕƭ markroot͉
    if(desc->nthr==1) {
        for(i=0; i<desc->cnt; i++)
            desc->body(desc, i);
        return;
    }

    body = desc->body;

    // Ȝ tid >�ļ�ɡɃȤɴ³͌,ǞƎ§0�ʌÓN͉
    me = &desc->thr[tid];
    mypos = &me->pos;

    for(;;) {
        // XþŤʄġȤ0�͉
        for(;;) {
            // ˵çļ�0�ʌÓȤĳ÷ɴ³͉
            pos = runtime·xadd64(mypos, 1);
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            // ǰŠ͍®Ʒ:329估JƖ͌́329ɩǁɴ³�©͉
            begin = (uint32)pos-1; 
            end = (uint32)(pos>>32);

            // öǉĎ�ɩǁɴ³͌ŇȖ͉
            if(begin < end) {
                // Ůʓ markroot Ǎʬqƛ͉
                body(desc, begin);
                continue;
            }
            break;
        }

        // Ēʷ(b)ɡɃR什0�ˣǃ͌,Gĕ举þŤũƷǍʬƓ>͉
        idle = false;
        for(try=0;; try++) {
            // öǉ̔Ʃ̙ǫƷR}0�͌ʯɸɩǁǍʬ͉
            // increment the done counter...
            if(try > desc->nthr*4 && !idle) {
                idle = true;
                runtime·xadd(&desc->done, 1);
            }

            // öǉũƷɡɃ̅ɩǁ͌̂�˯p͉
            if(desc->done + !idle == desc->nthr) {
                if(!idle)
                    runtime·xadd(&desc->done, 1);
                goto exit;
            }

            // ̣ƾ˲Ž�
ɡɃ0�͉
            victim = runtime·fastrand1() % (desc->nthr-1);
            if(victim >= tid)
                victim++;
            victimpos = &desc->thr[victim].pos;

            for(;;) {
                // R§0�͉
                pos = runtime·atomicload64(victimpos);
                begin = (uint32)pos;
                end = (uint32)(pos>>32);
                if(begin+1 >= end) {
                    begin = end = 0;
                    break;
                }
                if(idle) {
                    runtime·xadd(&desc->done, -1);
                    idle = false;
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                }
                begin2 = begin + (end-begin)/2;
                newpos = (uint64)begin | (uint64)begin2<<32;
                if(runtime·cas64(victimpos, pos, newpos)) {
                    begin = begin2;
                    break;
                }
            }

            // Ť�R}0�...
            if(begin < end) {
                // Ǽ�}ʄġȤ0�uʖ�͉
                runtime·atomicstore64(mypos, (uint64)begin | (uint64)end<<32);
                // ˦ÑìĘŇȖ͌�̮Ȥ0�éȘ*代gǛ估ȄǴ͉
                break;
            }

            // ...
        }
    }
exit:
    // ...
}

Ǥ
ɡɃˁȜ parfordo ȤƩM͌̅ƀ}�
˵çȤÌ� thrseq ɴ³͌ī,Ǟʍņ�X
ȝ parforsetup r̆õȤ0�享͉Ɗ�ǃ͌ʄȈƭʹɡɃŇȖŮʓr̆ɫʄġȤũƷ0
�͌0�ɴ³估5˵ɫ markroot >�˲ŽȧǍȤzƟǂ.͉

ÖþŤʄġȤ0�¹͌ĒʷrŹb)ɡɃ0�͌,ĕ举þŤ[̄0�͉˨们 steal 任Ǯ͌
ÖˤʓƩȤńí×ơ̅Ʒ;从͌任ƭīʓĳ¦Ȥ�
 “Ǎm” PǮ�͉

ʅǞ͌īʓǍʬȤũƷȿ万估Ɛĳ͌ť-ɮɰƉɄǽȘƓ>ˣɃ͉

�ɔƭī¦˧ƭ�ʓǽȘ͌ƶɦ̅ƭˁȜ sweepone qƛ͉

mgc0.c
static FuncVal bgsweepv = {runtime·bgsweep};

mgc0.go
func bgsweep() {
    for {
        for gosweepone() != ^uintptr(0) {
            sweep.nbgsweep++
            Gosched()


���10��������,

�� 



        }

        if !gosweepdone() {
            continue
        }

        // ʯɸ2ȭǍŋ͉
        sweep.parked = true

        // 2ȭļ�ǽȘ goroutine͉
        goparkunlock(&gclock, "GC sweep wait")
    }
}

mgc0.c
uintptr runtime·gosweepone(void)
{
    void (*fn)(void);
    
    fn = sweepone_m;
    runtime·onM(&fn);
    return g->m->scalararg[0];
}

static void sweepone_m(void)
{
    g->m->scalararg[0] = runtime·sweepone();
}

ǽȘqƛă从ńɒǱ͌ǤǛŲ}�
ŃǽȘȤ span͌Ȉ¹ˁȜ span_sweep ƕÑĉĮȤ
eú͌˨Öeúr̆ÏȤ̉ƗˣɃ�Ģɧ位ņńǽǗ�͉

mgc0.c
uintptr runtime·sweepone(void)
{
    // ļ�*͆͌ǽȘ� += 2͉
    sg = runtime·mheap.sweepgen;

    // ŇȖŰƍũƷ spans͉
    for(;;) {
        idx = runtime·xadd(&runtime·sweep.spanidx, 1) - 1;

        // ɩǁzƟ͉
        if(idx >= runtime·work.nspan) {
            runtime·mheap.sweepdone = true;
            return -1;
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        }

        // ʍ§ span͉
        s = runtime·work.spans[idx];

        // öǉ�ƭ产ÖAȜȤ span͌ƣ̩ǽȘ͉
        if(s->state != MSpanInUse) {
            s->sweepgen = sg;
            continue;
        }

        // öǉ�ƭŃǽȘ span͌你ˣ͉
        if(s->sweepgen != sg-2 || !runtime·cas(&s->sweepgen, sg-2, sg-1))
            continue;

        npages = s->npages;

        // ǽȘ͉
        if(!runtime·MSpan_Sweep(s, false))
            npages = 0;

        return npages;
    }
}

ƶ¹��Ȥ͌Ĕƭ StopTheWorld Å StartTheWorld ö<QǜÅŗëȜŨ˻˝Ůʓ͉Ò
˨4Ǻ£�! Goroutine Scheduler ȯʳ͌Ś¯,ƲƩ你ˣ͌ɏȫþ¹̮Ȥȩ`件ʊg
Ñò令Ʉ͉

proc.c
void runtime·stoptheworld(void)
{
    runtime·lock(&runtime·sched.lock);

    // ʧƛÏ͉
    runtime·sched.stopwait = runtime·gomaxprocs;

    // ʯɸ`例QǜǍʬ͉
    runtime·atomicstore((uint32*)&runtime·sched.gcwaiting, 1);

    // ÖũƷˤʓȤ goroutine �ʯɸ也�Ǎŋ͉
    preemptall();

    // ʯɸļ� P ȤȒő͉
    g->m->p->status = Pgcstop; // Pgcstop is only diagnostic.
    runtime·sched.stopwait--;
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    // ʯɸũƷéȘɘɭˁȜ P ȤȒő͉
    for(i = 0; i < runtime·gomaxprocs; i++) {
        p = runtime·allp[i];
        s = p->status;
        if(s == Psyscall && runtime·cas(&p->status, s, Pgcstop))
            runtime·sched.stopwait--;
    }

    // ʯɸũƷɅ̘ P Ȓő͉
    while(p = pidleget()) {
        p->status = Pgcstop;
        runtime·sched.stopwait--;
    }

    wait = runtime·sched.stopwait > 0;
    runtime·unlock(&runtime·sched.lock);

    // ɏŃũƷ P Qǜ͉
    if(wait) {
        for(;;) {
            // ɏŃ 100us͌Ȩ}2ȭǍʬ估Ë͉̇
            if(runtime·notetsleep(&runtime·sched.stopnote, 100*1000)) {
                // ǽ̢2ȭǍʬ͉
                runtime·noteclear(&runtime·sched.stopnote);
                break;
            }
            // gǛ¦p也�Ǎʬ͉
            preemptall();
        }
    }
}

(*代�ǃȫ͌StopTheWorld ®ƭʯɸ��!Ǎʬ͌�ž也�ʓ���ˣƭÖÖˤʓȤ 
goroutine �ʯɸ也�Ǎʬ͉c;˨!Ǎʬƭö<ʩ产ÖˤʓȤ goroutine ƲQȤÁ͏

öǉ�ʣ goroutine ˤʓƾ~͌主Ȉȯ˾üŖƭŇȖŮʓ schedule qƛ͌Ö˨
qƛ
ò̄4交ǌ gcwaiting Ǎʬ͌ī,ǞQǜļ�0�Ůʓ͉

proc.c
static void schedule(void)
{
    // 交ǌ gcwaiting Ǎʬ͌Qǜļ�0�Ůʓ͉
    if(runtime·sched.gcwaiting) {
        gcstopm();
    }
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    ...
}

static void gcstopm(void)
{
    // ̉Ɨ`ɿȤ P͉
    p = releasep();
    runtime·lock(&runtime·sched.lock);
    p->status = Pgcstop;

    // ˵nʧƛÏ͌Ȩ}Ë̇.
    if(--runtime·sched.stopwait == 0)
        runtime·notewakeup(&runtime·sched.stopnote);
    
    runtime·unlock(&runtime·sched.lock);
    stopm();
}

˨Ǐ�ǃ͌ũƷ产ÖŮʓȤ goroutine 4估ƗÑ̜u͌ȩ`0�ɡɃ�估2ȭ͉ʅ�¦
p也�Ǎʬ͌ƭ��ʩ�Ȩé�ōȵȒőȤ goroutine Ʒƾ4交ǌQǜǍʬ͉

¥ˣǃ͌StartTheWorld Ĕƭŗë˨!估QǜȤ0�͌īË̇ɡɃɮɰŮʓ͉

proc.c
void runtime·starttheworld(void)
{
    ...

    // ̋ɸǍʬ͉
    runtime·sched.gcwaiting = 0;

    p1 = nil;

    // ŇȖũƷ P͉
    while(p = pidleget()) {
        // öǉʹ P ǫƷ0�͌̂�ƗÑɅ̘̜u͉
        // Ò�ǫƷ0�Ȥ P 估ƗÖuʖĖ̄͌Ƙƣ̩ɮɰ˽�͉
        if(p->runqhead == p->runqtail) {
            pidleput(p);
            break;
        }

        // `ɿ�
Ʌ̘ M ɡɃ͉
        p->m = mget();

        // 下mêĝ>Ȥ P �Ť̏ʖ͉
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        p->link = p1;
        p1 = p;
    }

    // Ë̇ sysmon͉
    if(runtime·sched.sysmonwait) {
        runtime·sched.sysmonwait = false;
        runtime·notewakeup(&runtime·sched.sysmonnote);
    }

    runtime·unlock(&runtime·sched.lock);

    // ˽�mêĝ>Ȥ P͉
    while(p1) {
        p = p1;
        p1 = p1->link;

        // 交ǌīË̇`ɿɡɃ M͉
        if(p->m) {
            mp = p->m;
            runtime·notewakeup(&mp->park);
        } else {
            // öǉǫƷ`ɿɡɃ͌ƠĲ͉
            newm(nil, p);
            add = false;
        }
    }

    // ...
}

ÞÙÑƕƓ>ʒȈ`ɿńí
ʚ͌8ť-âƽȘǽ�üȤˤ>ǵɃ͉ö·Ör̆Ï�件�
ũ位͌ÞÙÑƕ®ƭ下Ñƕeú͌īǫƷ̉ƗɅ̘ȤȏȘeú͉

2.3 �-�I

Ö main goroutine Z«͌ˤʓƩAȜ�
�ȜɡɃˤʓ sysmon Ɠ>͉

proc.go
// The main goroutine.
func main() {
    ...

    onM(newsysmon)
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    ...

    main_init()
    main_main()
}

proc.c
void runtime·newsysmon(void)
{
    newm(sysmon, nil);
}

Ö sysmon ̮̊4āƩ¾�ĺ~ÞÙÑƕÅȏȘeú̉ƗƓ>͉

proc.c
static void sysmon(void)
{
    // öǉˎˣ 2 r̎ǫƷˤʓ gc͌vĺ~Ñƕ͉
    forcegcperiod = 2*60*1e9;

    // öǉɅ̘ span ˎˣ 5 r̎ƻ估AȜ͌v̉Ɨb`ɿȏȘeú͉
    scavengelimit = 5*60*1e9;

    for(;;) {
        runtime·usleep(delay);

        // ¾�ĺ~ÞÙÑƕ͉
        lastgc = runtime·atomicload64(&mstats.last_gc);
        if(lastgc != 0 && unixnow - lastgc > forcegcperiod && ...) {
            runtime·forcegc.idle = 0;
            runtime·forcegc.g->schedlink = nil;

            // 下ĺ~ÞÙÑƕ goroutine ƗÑ0�̜u͉
            injectglist(runtime·forcegc.g); 
        }

        // ¾�ȏȘeú̉ƗƓ>͉
        if(lastscavenge + scavengelimit/2 < now) {
            runtime·MHeap_Scavenge(nscavenge, now, scavengelimit);
            lastscavenge = now;
            nscavenge++; // ʧƛÏ͉
        }
    }
}

X位ĺ~ÞÙÑƕƓ>͌˨
ȸȿȤ forcegc.g (<ɼǃ͏
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proc.go
// start forcegc helper goroutine
func init() {
    go forcegchelper()
}

Dȉ Go ʻʥʟv͌˨
 init x÷�qƛ4估 main goroutine Ůʓ͌üwĲ��
Ȝ
ǃŮʓĺ~ÑƕƓ>Ȥ goroutine͉

proc.go
func forcegchelper() {
    forcegc.g = getg()
    forcegc.g.issystem = true

    for {
        // 2ȭʹ goroutine͉
        // park 4ƲQ goroutine͌8�4ƗÑŃˤʓ̜u͉
        goparkunlock(&forcegc.lock, "force gc (idle)")

        // Ë̇¹͌Ůʓĺ~ÞÙÑƕ͉
        gogc(1)
    }
}

˨
 forcegc.g 4ŇȖŮʓ͌ǤǛþŤ¹2ȭ͌Ȩ}估 sysmon ̋Ơ˦Ñ0�̜u͉

�&�ʛā互ˤʓĺ~Ñƕ͏ʷ之��͌OʯÑƕ¹Ģr̆eúƭ 1GB͌̂��ǛÑƕ̛
NĔƭ 2GB͌˨¯ʂĊʆń̔Ʃ̙ƣǮʤ¦ÑƕƓ>͉˨ĔúÖńïȤeúǸˉ͌ũ,ĺ
~Ñƕƭ̭Ĩ主ʛȤ͉

Ɗ�ǃȫȫö<̉ƗȏȘeú͌˨ƭ­ì�
`ǰȇ什͉

heap.c
void runtime·MHeap_Scavenge(int32 k, uint64 now, uint64 limit)
{
    h = &runtime·mheap;

    // HúƽǛ̉ƗȤȏȘeúƛ͉̌
    sumreleased = 0;

    // ŇȖéȘ heap.free ̊ȤɅ̘ span͉
    for(i=0; i < nelem(h->free); i++)
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        sumreleased += scavengelist(&h->free[i], now, limit);

    // éȘ heap.freelarge ̊ȤɅ̘ span͉
    sumreleased += scavengelist(&h->freelarge, now, limit);
}

̉ƗƓ>ȤȧǍʄȈƭ heap ̊Ȥ̂!Ʌ̘ span eúÝ͉

mheap.c
static uintptr scavengelist(MSpan *list, uint64 now, uint64 limit)
{
    sumreleased = 0;

    // ˽� span ̏ʖ͉
    for(s=list->next; s != list; s=s->next) {
        // ǂ.:
        //   ƻAȜƩ̙ˎˣ 5 r̎;
        //   Ģ̉ƗȏȘeú̯ƛ�ɏ� span Ŗ̯ƛ (ƻ̉ƗŦ̄r̉Ɨ);
        if((now - s->unusedsince) > limit && s->npreleased != s->npages) {
            // Ń̉Ɨ̯ƛ͉�&��ƭ[̄͏
            released = (s->npages - s->npreleased) << PageShift;

            mstats.heap_released += released;
            sumreleased += released;

            // 从ÖƜ
 span.npages ̅4估̉Ɨ͉
            s->npreleased = s->npages;

            runtime·SysUnused((void*)(s->start << PageShift), s->npages << PageShift);
        }
    }
    
    return sumreleased;
}

ʅ� npreleased != npages Ȥ̸̗͌Xņȫȫ SysUnused P�&�͉

mem_linux.c
void runtime·SysUnused(void *v, uintptr n)
{
    runtime·madvise(v, n, MADV_DONTNEED);
}

mem_darwin.c
void runtime·SysUnused(void *v, uintptr n)
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{
    // Linux's MADV_DONTNEED is like BSD's MADV_FREE.
    runtime·madvise(v, n, MADV_FREE);
}

ĉ Linux͈darwin ɏɘɭɼʥ͌MADV_DONTNEED͈MADV_FREE ¿但Ɠ>ɘɭ͌˨
享ȏȘeúƲƩ�Ȝ͌¯ʣ̢ MMU Ƭ上͉gǛAȜƩ͌ȝƓ>ɘɭ̋ƠĲɉƬ上͉

ǰŠ͌ĕɔȏȘeú估̉Ɨ�͌8˨
 span ɔȘĉ˃DƧúǴ͌üũ�ȜȤʑŻeúī
ƻ̉Ɨ͌DȈ4ÅĞ²ȩ̃˩ʓ¶ī͉˨Ĕƭ npreleased ¯ʂ�ɏ� npages Ȥ`例͉

­ì͌Ö Windows ɘɭ�͌�么Ʒ什Ȑǡ͌ü�ƔƁ份7 MADV_DONTNEED ʓ�͉

mem_windows.c
void runtime·SysUnused(void *v, uintptr n)
{
    r = runtime·stdcall3(runtime·VirtualFree, (uintptr)v, n, MEM_DECOMMIT);
}

争Ȉ͌VirtualFree 4̉ƗƇ span ɔȘȤʑŻeú͉ÒǞ͌( heap ʍ§ span Ʃ̩ʛ
̋Ơr̆eú͉

mheap.c
static MSpan* MHeap_AllocSpanLocked(MHeap *h, uintptr npage)
{
    if(s->npreleased > 0) {
        runtime·SysUsed((void*)(s->start<<PageShift), s->npages<<PageShift);
        mstats.heap_released -= s->npreleased<<PageShift;
        s->npreleased = 0;
    }
}

mem_windows.c
void runtime·SysUsed(void *v, uintptr n)
{
    r = runtime·stdcall4(runtime·VirtualAlloc, (uintptr)v, n, MEM_COMMIT,
                         PAGE_READWRITE);
}

̢� Windows ɘɭ͌b) Unix-Like ɘɭȤ SysUsed &�̅�P͉

mem_linux.c
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void runtime·SysUsed(void *v, uintptr n)
{
    USED(v);
    USED(n);
}

mem_darwin.c
void runtime·SysUsed(void *v, uintptr n)
{
    USED(v);
    USED(n);
}

̢ʄ�Ñƕì͌˧¯ŪĝˁȜ debug/FreeOSMemory ̉ƗȏȘeú͉

mgc0.go
func freeOSMemory() {
    gogc(2)            // force GC and do eager sweep
    onM(scavenge_m)
}

mheap.c
void runtime·scavenge_m(void)
{
    runtime·MHeap_Scavenge(-1, ~(uintptr)0, 0); // ~(uintptr)0 = 18446744073709551615
}

˨
ˁȜȤ¡ƛ͌now ƭǥļ�ă̠Ʃ̙ïņíȤƜƛ͌ɼ limit ƭ 0͉˨ŠÃ˨ũƷȤ
Ʌ̘ span ̅ˣ互͌̅4估̉ƗȏȘeú͉

2.4 ]?��

�eúÅÞÙÑƕȩ`ȤȒőĉ˃͉

malloc.h
struct MStats
{
    // General statistics.
    uint64  alloc;            // 产ÖAȜȤ object ą̌ (malloc)͉
    uint64  total_alloc;      // �±r̆Ŗ̌͌½Ģ̉Ɨeú͉
    uint64  sys;              // ļ�ǹɾȤeúŖ̌͌�ž heap͈fixalloc ɏ͉
    uint64  nmalloc;          // r̆Ɠ>Ǜƛ͉
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    uint64  nfree;            // ̉ƗƓ>Ǜƛ͉

    // Statistics about malloc heap.
    uint64  heap_alloc;       // · alloc͌ÖAȜȤ object ą͉̌
    uint64  heap_sys;         // ļ�ǹɾȤ heap eúŖ̌ (mmap-munmap, inuse+idle)͉
    uint64  heap_idle;        // Ʌ̘ span ą͉̌
    uint64  heap_inuse;       // 产ÖAȜ span ą͉̌
    uint64  heap_released;    // "˧ɫƓ>ɘɭȤȏȘeúą͉̌
    uint64  heap_objects;     // 产ÖAȜȤ object ƛ͉̌

    // Statistics about garbage collector.
    uint64  next_gc;          // �ǛÞÙÑƕ̛N͉
    uint64  last_gc;          // �ǛÞÙÑƕɩǁƩ̙͉
    uint32  numgc;            // ÞÙÑƕǛƛ͉
};

ɭʧȒő于Ơqƛ͉

mgc0.c
void runtime·updatememstats(GCStats *stats)
{
    // ̋ɸȒőĉ˃͉
    if(stats)
        runtime·memclr((byte*)stats, sizeof(*stats));

    for(mp=runtime·allm; mp; mp=mp->alllink) {
        if(stats) {
            src = (uint64*)&mp->gcstats;
            dst = (uint64*)stats;
            for(i=0; i<sizeof(*stats)/sizeof(uint64); i++)
                dst[i] += src[i];
            runtime·memclr((byte*)&mp->gcstats, sizeof(mp->gcstats));
        }
    }

    // FixAlloc 产ÖAȜeúɭʧ͉
    mstats.mcache_inuse = runtime·mheap.cachealloc.inuse;
    mstats.mspan_inuse = runtime·mheap.spanalloc.inuse;

    // (ɘɭʍ§ȤeúŖ̌ (mmap-munmap)͉
    mstats.sys = mstats.heap_sys + mstats.stacks_sys + mstats.mspan_sys +
        mstats.mcache_sys + mstats.buckhash_sys + mstats.gc_sys + mstats.other_sys;
    
    mstats.alloc = 0;
    mstats.total_alloc = 0;
    mstats.nmalloc = 0;
    mstats.nfree = 0;


���10��������,

�	�



    for(i = 0; i < nelem(mstats.by_size); i++) {
        mstats.by_size[i].nmalloc = 0;
        mstats.by_size[i].nfree = 0;
    }

    // 下ũƷ P.cache.alloc ũƁƷȤ spans Ļ˧ɫ central͉
    if(g == g->m->g0)
        flushallmcaches();
    else {
        fn = flushallmcaches_m;
        runtime·mcall(&fn);
    }

    // 于Ơ cache ɭʧ͉
    cachestats();

    // ɭʧũƷ spans ̊产ÖAȜȤ object͉
    for(i = 0; i < runtime·mheap.nspan; i++) {
        s = runtime·mheap.allspans[i];
        if(s->state != MSpanInUse)
            continue;

        // ɭʧǴˑȤ object͉
        if(s->sizeclass == 0) {
            mstats.nmalloc++;
            mstats.alloc += s->elemsize;
        } else {
            mstats.nmalloc += s->ref;
            mstats.by_size[s->sizeclass].nmalloc += s->ref;
            mstats.alloc += s->ref*s->elemsize;
        }
    }

    // ƃ size class ɭʧɛʧr̆Å̉ƗǛƛ͉
    smallfree = 0;
    mstats.nfree = runtime·mheap.nlargefree;
    for(i = 0; i < nelem(mstats.by_size); i++) {
        mstats.nfree += runtime·mheap.nsmallfree[i];
        mstats.by_size[i].nfree = runtime·mheap.nsmallfree[i];
        mstats.by_size[i].nmalloc += runtime·mheap.nsmallfree[i];
        smallfree += runtime·mheap.nsmallfree[i] * runtime·class_to_size[i];
    }
    mstats.nfree += mstats.tinyallocs;
    mstats.nmalloc += mstats.nfree;

    // Ŗr̆ą̌ = 产ÖAȜ object + Ģ̉Ɨą͉̌
    mstats.total_alloc = mstats.alloc + runtime·mheap.largefree + smallfree;
    mstats.heap_alloc = mstats.alloc;


���10��������,

�	�



    mstats.heap_objects = mstats.nmalloc - mstats.nfree;
}

Ǎmĭ runtime.ReadMemStats qƛ¯�Ơīˀ§ʹȒőƛƆ͉

¾ȜȖæ©̌ GODEBUG="gotrace=1" ¯˞pÞÙÑƕȩ`ȒőIŘ͌˨Ʒ��ĉɃĬ
ˤʓȒő˩ʓȥƋ͌ƭĨʝȤ�们ǶʷŪ享͉

Ɏ�份˞pIŘǃʄÞÙÑƕqƛ͉

mgc0.c
static void gc(struct gc_args *args)
{
    t0 = args->start_time;

    // Ɏ 1 ̝享: �ž stoptheworld͈clearpools ÖeȤx÷�Ʃ̙͉

    if(runtime·debug.gctrace)
        t1 = runtime·nanotime();

    // Ɏ 2 ̝享: Ǎʬ�ȤmêƩ̙͉�žþŤ�ǛƻɩǁȤǽȘƓ>͌mêīʓǍʬȖæɏ͉

    if(runtime·debug.gctrace)
        t2 = runtime·nanotime();

    // Ɏ 3 ̝享: īʓǍʬ͉

    if(runtime·debug.gctrace)
        t3 = runtime·nanotime();

    // Ɏ 4 ̝享: ƕɵǎeú͌于ƠɭʧIŘ͉

    t4 = runtime·nanotime();

    if(runtime·debug.gctrace) {
        heap1 = mstats.heap_alloc;
        runtime·updatememstats(&stats);
        obj = mstats.nmalloc - mstats.nfree;

        runtime·printf(
                "gc%d(%d):"             // 0, 1
                " %D+%D+%D+%D us,"      // 2, 3, 4, 5
                " %D -> %D MB,"         // 6, 7
                " %D (%D-%D) objects,"  // 8, 9, 10
                " %d goroutines,"       // 11
                " %d/%d/%d sweeps,"     // 12, 13, 14
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                ...,
            mstats.numgc,               //  0: GC ŮʓǛƛ͉
            runtime·work.nproc,         //  1: īʓǍʬɡɃƛ͉̌
            (t1-t0)/1000,               //  2: ½ StopTheWorld ÖeȤx÷�Ʃ̙͉
            (t2-t1)/1000,               //  3: īʓǍʬmêƩ̙͌�ž�ǛƻþŤǽȘ0�͉
            (t3-t2)/1000,               //  4: īʓǍʬƩ̙͉
            (t4-t3)/1000,               //  5: ƕɵǎeú͌于ƠȒőɏƩ̙͉
            heap0>>20,                  //  6: �ǛÑƕ¹ alloc ą͉̌
            heap1>>20,                  //  7: ƽǛÑƕ¹ alloc ą͉̌
            obj,                        //  8: ƽǛÑƕ¹产ÖAȜȤ object ƛ͉̌
            mstats.nmalloc,             //  9: Ŗr̆Ǜƛ͉
            mstats.nfree,               // 10: Ŗ̉ƗǛƛ͉
            runtime·gcount(),           // 11: Ńˤʓ Goroutine 0�ƛ͉̌
            runtime·work.nspan,         // 12: heap.spans ƛ͉̌
            runtime·sweep.nbgsweep,     // 13: ƽǛī¦ǽȘ span Ǜƛ͉
            runtime·sweep.npausesweep,  // 14: ƽǛ�ʓǽȘ span Ǜƛ͉
            ...
        );
    }
}

            +- 2: � stoptheworld �
A
��1TV
            |  +- 3: "K7L��1TW�*�&�95<?��V
            |  |   +- 4: "K7L1TV          
            |  |   |   +- 5: +F8
�W3/>$D1TV        
            |  |   |   |
            |  |   |   |                    +- 8: 69�+�:��@A object -RV
            |  |   |   |                    |    +- 9: %�P9-V
            |  |   |   |                    |    |    +- 10: %Q,9-V                        +- 13: "�<?9-V
            |  |   |   |                    |    |    |                                        |
gc78(2): 6+126+2+17 us, 8->24 MB, 37 (195-158) objects, 3 goroutines, 22/12/0 sweeps
   |  |                        |   |                                    |                  |      | 
   |  |                        |   |                                    +- 11: #OK-RV  |      +- 14: �K<?V 
   |  |                        |   |                                                       |   
   |  |                        |   |                                                       +- 12: heap.span -RV
   |  |                        |   |
   |  |                        |   +- 7: 69�+� alloc �RV                             
   |  |                        +- 6: �9�+� alloc �RV            
   |  |
   |  +- 1: "K7LEB-RV
   +- 0: (K9-V

Öī¦ǽȘǚ个�͌IŘ˞pƩ͌ǽȘĝ>đƻþŤ͌ÒǞǍpȤą̌IŘī�m以͌®
ʂ˸ˣíǛ˞pɩǉ˩ʓïǘʲ6͉

Ɏ�份IŘǃʄȏȘeú̉Ɨqƛ͉

mheap.c
void runtime·MHeap_Scavenge(int32 k, uint64 now, uint64 limit)
{
    if(runtime·debug.gctrace > 0) {
        // ƽǛ̉ƗȤȏȘeúą͉̌
        if(sumreleased > 0)
            runtime·printf("scvg%d: %D MB released\n", k, (uint64)sumreleased>>20);
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        runtime·printf(
                "scvg%d: "                                // 0
                "inuse: %D, "                             // 1
                "idle: %D, "                              // 2
                "sys: %D, "                               // 3
                "released: %D, "                          // 4
                "consumed: %D (MB)\n",                    // 5

            k,                                            // 0: ̉ƗǛƛ͉
            mstats.heap_inuse>>20,                        // 1: 产ÖAȜȤ spans ą͉̌
            mstats.heap_idle>>20,                         // 2: Ʌ̘ spans ą͉̌
            mstats.heap_sys>>20,                          // 3: ļ� heap ʑŻeúŖą͉̌
            mstats.heap_released>>20,                     // 4: Ģ̉ƗȏȘeúŖą͉̌
            (mstats.heap_sys - mstats.heap_released)>>20  // 5: ă̠ǹɾeúą͉̌
        );
    }
}

     +- 0: (K9-.
     |                         +- 2: '4CS span 
��RV
     |                         |                           +- 4: !Q,=?
�%%RV
     |                         |                           |
scvg6: inuse: 32, idle: 8, sys: 41, released: 0, consumed: 41 (MB)
                  |                       |                                  |
                  |                       |                                  +- 5: �U;H
��RV
                  |                       +- 3: !�PJ)
�%RV
                  |
                  +- 1: :��@A span 
��R (.� span �RWG���2:��@A object)V

从*Ɠ>ɘɭ˸Ĩ4̈Ȝƾ4��r̆ɐȢ͉eǐʒȈų低r̆eú͌8ă̠ī�4ɉ�
r̆ȏȘeú͉®ƷÖ¦țˀhƓ>Ʃ͌eǐū4Ŵ��ų低Ȥeú˙ƅ�ȏȘeú͉ɼ
	��ƭ�ǛŔþŤ͌ɼƭ,̯Ȥơ个˴ǟr̆͌ƃ̩Ůʓ̯̮ʾǧˁ两ÅhZƩë~͉

ũ,͌ȩ`˞pɩǉ于íʖȷʑŻeúr̆N͌	Åc;Ɠ>ɘɭ�Ʒńï`ɘ͉
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3. Goroutine Scheduler

ˁ两ÏƭˤʓƩƶǐ为Ȥeą͌bâƽȘʮĲɉÖ�们âƽĉ˃�͉

̽X͌ǤǛ go `例ʵˁȜ̅4wĲ�
 goroutine ĉ˃͌*ʖ G ī¦0�͉bǛ͌ũ
Ʒ G 0�̅ȝɘɭɡɃŮʓ͌˨!ɡɃ估Ɂ> M͉

Ǥ
 G ĉ˃̅ƷʄġȤȓɉǎeú͉ļ M Ůʓ0�Ʃ͌( G ȜǃHúŮʓ从ØȤù享�
ŗëȩ`ćúÏN�¯͉ļ M ̩ʛsƅ0�Ʃ͌下ćúÏNHúÑļ� G ĉ˃͌Ȉ¹(
­� G ĉ˃�ŗë͌öǞă从ɡɃí˕ëȜ͉

G x÷�ǎeú®Ʒo KB ïĎ͌ƃ̩ůĸ͈ƕɵ͉˨们˚̌ɞʯʧĳ̐些Ď͌¯˚Ǆw
ĲŤ���Ȥī¦0�͉

̢Ǟ�ì͌˧ƷŸ˃éȘÏ P͌bƛ̌jā� G ī¦0�ƛ͉̌Ǥ
ˤʓ M ̅主̳ʍ§
īɨā�
 P ĉ˃͌ö·ɡɃ主̳估ˁ两}ǋ
 CPU Core ūʂŮʓ͉P ˧� M ƎCe
úr̆ÏɳúÅ G 0�̜uɏŮʓˊǿ͉

˸Ĩ么k�͌P ƛ̌Öx÷�Ʃ以ā͌ˤʓƩâƽÔā͌8 M Ȥƛ̌ƻ主Å P ĉĮ͉B
ö͌ǋ M ÒɘɭˁȜ̔Ʃ̙̞ä͌b`ɿ P Ĕ4估ˤʓƩƕÑ͉Ȉ¹͌ˁ两Ï4Ë̇Ŧ
ƠĲ M  Ůʓb)ƈ̜0�͉ñ  P Ȥ M 估2ȭ͌Ȩ}估̋ƠË͉̇

3.1 �+�

ȝǨɴ*代ă从Ȥ bootstrap ˣɃ͉

rt0_linux_amd64.s
TEXT _rt0_amd64_linux(SB),NOSPLIT,$-8
    LEAQ    8(SP), SI                  // argv
    MOVQ    0(SP), DI                  // argc
    MOVQ    $main(SB), AX
    JMP     AX

TEXT main(SB),NOSPLIT,$-8
    MOVQ    $runtime·rt0_go(SB), AX
    JMP     AX

ʛ以ā˨
ńɒ�̣͌GŲ
¯ŮʓƝ.͌Ȉ¹¥Ǩɴ entry point �¯͉
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(gdb) info files 
Local exec file:
" Entry point: 0x437940

(gdb) disass 0x437940
Dump of assembler code for function _rt0_amd64_linux:

从Ö¯,以āx÷�ˁȜȝ rt0_go ǨɴþŤ͉

amd_asm64.s
TEXT runtime·rt0_go(SB),NOSPLIT,$0
    LEAQ    runtime·g0(SB), CX
    LEAQ    runtime·m0(SB), AX

    MOVQ    CX, m_g0(AX)                // save m->g0 = g0
    MOVQ    AX, g_m(CX)                 // save m0 to g0->m

    CALL    runtime·args(SB)
    CALL    runtime·osinit(SB)
    CALL    runtime·schedinit(SB)

    // create a new goroutine to start program
    MOVQ    $runtime·main·f(SB), BP     // entry
    PUSHQ   BP
    PUSHQ   $0                          // arg size
    CALL    runtime·newproc(SB)
    POPQ    AX
    POPQ    AX

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

    MOVL    $0xf1, 0xf1                 // crash
    RET

ƃÕɚ̀͌¯,ȫ}x÷�ˣɃȩ`Ȥo
qƛ̅P�&�͉

runtime.h
MaxGomaxprocs = 1<<8,    // The max value of GOMAXPROCS.

proc.c
void runtime·schedinit(void)
{
    // ʯɸƶï M ɡɃƛ͌ˎp4Ċʆ˩Ƀ且⼈人͉
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    runtime·sched.maxmcount = 10000;

    // x÷�eúr̆Ï͉
    runtime·mallocinit();

    // ʍ§Ä+ʓ¡ƛ͈Ȗæ©͉̌
    runtime·goargs();
    runtime·goenvs();
    
    // ÞÙÑƕÏx÷�͉
    runtime·gcinit();

    // x÷� P͉
    procs = 1;
    p = runtime·getenv("GOMAXPROCS");
    if(p != nil && (n = runtime·atoi(p)) > 0) {
        if(n > MaxGomaxprocs)
            n = MaxGomaxprocs;
        procs = n;
    }
    procresize(procs);
}

b�eúr̆Ï͈ÞÙÑƕÏ�̮̅Ģ令Ʉˣ͌Ǟé�íˉÊʇ͉从Ö̩ʛ`为ƭ procs 
˨
ƶ`例Ȥ goroutine ī¦Ƌ~¡ƛ͉

proc.c
SchedT  runtime·sched;                    // ˁ两ÏăB͉
int32   runtime·gomaxprocs;               // ļ� GOMAXPROCS N͉
P*      runtime·allp[MaxGomaxprocs+1];    // úSũƷȤ P ĉ˃͌ƶí 256 
ăB͉

proc.c
static void procresize(int32 new)
{
    old = runtime·gomaxprocs;

    // x÷�Ơ P ĉ˃͉
    for(i = 0; i < new; i++) {
        p = runtime·allp[i];

        // ƠĲ P͉
        if(p == nil) {
            p = runtime·newP();
            p->id = i;
            p->status = Pgcstop;
            runtime·atomicstorep(&runtime·allp[i], p);
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        }

        // wĲ P.cache͉
        if(p->mcache == nil) {
            if(old==0 && i==0)
                p->mcache = g->m->mcache;  // bootstrap
            else
                p->mcache = runtime·allocmcache();
        }
    }

    // 下 old P ̮̊Ȥ0�̋Ơrģ͉
    empty = false;
    while(!empty) {
        empty = true;

        // eĘ for ŇȖ˽�ũƷ old P͌ǤǛ(�§�
 G 0�͉
        // ìĘ while ŇȖ̋ëʹˣɃ͌öǞũƷXțŤȤ G 4Hú}[ė̜uȤ�̮͌FIFO͉
        for(i = 0; i < old; i++) {
            p = runtime·allp[i];

            // 交ǌ P Ȥ G 0�̜u͉
            if(p->runqhead == p->runqtail)
                continue;

            empty = false;

            // ʍ§Ė̄ƶ¹�
 G͉
            p->runqtail--;
            gp = p->runq[p->runqtail%nelem(p->runq)];

            // 下 G Ǽ�}[ė0�̏ʖ͉
            gp->schedlink = runtime·sched.runqhead;
            runtime·sched.runqhead = gp;
            if(runtime·sched.runqtail == nil)
                runtime·sched.runqtail = gp;
            runtime·sched.runqsize++;
        }
    }

    // 下ƶí new * (256/2) 
0�˙ɂ} P ƽ×̜u͉
    for(i = 1; i < new * nelem(p->runq)/2 && runtime·sched.runqsize > 0; i++) {
        gp = runtime·sched.runqhead;
        runtime·sched.runqhead = gp->schedlink;
        if(runtime·sched.runqhead == nil)
            runtime·sched.runqtail = nil;
        runtime·sched.runqsize--;
        runqput(runtime·allp[i%new], gp);
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    }

    // öǉ new < old͌"̉Ɨ" Ƈí=Ȥ P ĉ˃͉
    for(i = new; i < old; i++) {
        p = runtime·allp[i];
        runtime·freemcache(p->mcache);
        p->mcache = nil;
        gfpurge(p);
        p->status = Pdead;
        // can't free P itself because it can be referenced by an M in syscall
    }

    // `ɿ P }ļ� M͉
    p = runtime·allp[0];
    acquirep(p);

    // 下b) P Ɨ}Ʌ̘̜u͉
    for(i = new-1; i > 0; i--) {
        p = runtime·allp[i];
        p->status = Pidle;
        pidleput(p);
    }
    
    runtime·atomicstore((uint32*)&runtime·gomaxprocs, new);
}

ŃˤʓȤ G 0�HúÖ P ƽ×̜uÅ[ė̜u�͌ÒǞç�Ŧn不 P ƛ̩̌̅ʛ̋Ơr
ģ˨!0�͉˧̳以HXțŤȤ G 0�3XƗ}̜uò̄͌,3XŮʓ͉

ÖþŤˁ两Ïx÷�¹͌wĲƠ goroutine ˤʓ main qƛ͉

proc.go
// The main goroutine.
func main() {
    // ļ� G͉
    g := getg()

    // 以āƶïǎeúïĎ͉
    if ptrSize == 8 {
        maxstacksize = 1000000000    // 1 GB
    } else {
        maxstacksize = 250000000     // 250 MB
    }

    // AȜ�ȓɡɃˤʓ sysmon͉
    onM(newsysmon)
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    runtime_init()
    main_init()
    main_main()

    // ɦǜ˩Ƀ͉
    exit(0)
}

3.2 �:
�

ɴʶÏ4下Ǥǂ go func ʻ¬ɴʶŤ newproc qƛˁȜ͌wĲ G ĉ˃͉

¥ɴʶ�
ɒ�ȤȷB͉

test.go
package main

import ()

func main() {
    go println("Hello, World!")
}

(gdb) disass main.main
Dump of assembler code for function main.main:
   0x000000000000202f <+47>:" lea    rcx,[rip+0xff582]   # 0x1015b8 <main.print.1.f>
   0x0000000000002036 <+54>:" push   rcx
   0x0000000000002037 <+55>:" push   0x10
   0x0000000000002039 <+57>:" call   0x2e880 <runtime.newproc>

X仅ř G ̮̊o
ĨʝȤù享ŤÀ͉

runtime.h
struct  Stack
{
    uintptr lo;    // ǎeúĳ÷×Ú͉
    uintptr hi;    // ɩǁ×Ú͉
};

struct  Gobuf
{
    uintptr sp;    // ĉĮ SP ćúÏ͉
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    uintptr pc;    // IP/PC ćúÏ͉
    void*   ctxt;
    uintreg ret;
    uintptr lr;    // ARM LR ćúÏ͉
};

struct  G
{
    Stack   stack;             // ʄā�ǎ͉
    uintptr stackguard0;       // ǎȀp交ǌˠ他͉
    Gobuf   sched;             // Ůʓ从Ø͉
    G*      schedlink;         // ̏ʖ͉
};

˓˗ newproc ȤˁȜˣɃ͌ƶɦȧǍƭ newproc1͉

proc.c
G* runtime·newproc1(FuncVal *fn, byte *argp, int32 narg, int32 nret, void *callerpc)
{
    siz = narg + nret;
    siz = (siz+7) & ~7; // 8 ùʊĉͅ

    // ļ� P͉
    p = g->m->p;

    // ʍ§¯ëȜȤɅ̘ G ĉ˃͌ŦƠĲ͉
    if((newg = gfget(p)) == nil) {
        newg = runtime·malg(StackMin);
        runtime·casgstatus(newg, Gidle, Gdead);

        // Ǽ�} allg [ė©͉̌
        runtime·allgadd(newg);
    }

    // 下¡ƛÅ˦ÑNZǎ͉
    sp = (byte*)newg->stack.hi;
    sp -= 4*sizeof(uintreg);
    sp -= siz;
    runtime·memmove(sp, argp, narg);

    // thechar 5 *ʖ ARM͌Ö arch_xxx.h �ā�͉
    // Ò� ARM ̩ʛ̺ìHú Caller's LR ćúÏN͉
    if(thechar == '5') {
        // caller's LR
        sp -= sizeof(void*);
        *(void**)sp = nil;
    }
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    // Ö sched ̊HúŮʓ从Ø¡ƛ͉
    runtime·memclr((byte*)&newg->sched, sizeof newg->sched);
    newg->sched.sp = (uintptr)sp;
    newg->sched.pc = (uintptr)runtime·goexit + PCQuantum;
    newg->sched.g = newg;

    // ˨
ˁȜń`例͌�ˣť-Ö¹̮ʺ位͉
    runtime·gostartcallfn(&newg->sched, fn);

    newg->gopc = (uintptr)callerpc;
    runtime·casgstatus(newg, Gdead, Grunnable);

    // 下țŤȤ G ĉ˃Ɨ} P ƽ×̜uŦ[ė̜u͉
    runqput(p, newg);

    // öǉƷɅ̘ P͌	ǫƷé�ʄƢȒőȤ M ...
    if(runtime·atomicload(&runtime·sched.npidle) != 0 && 
       runtime·atomicload(&runtime·sched.nmspinning) == 0 && 
       fn->fn != runtime·main)
        // Ë̇�
2ȭȤ M͌ŦƠĲ͉
        wakep();

    return newg;
}

Ǝ§¯ëȜ G ĉ˃͌下¡ƛ͈˦ÑNZǎ͌ʯɸŮʓ从ØȤćúÏN͉ƶ¹͌Ɨ}Ńˤ
ʓ̜uɏŃ估 M Ůʓ͉

P AȜ gfree ̏ʖúS¯ëȜ G ĉ˃͌˨ńõȘʣ̢͉ƽ×ëȜ̏ʖì͌˧Ʒ�
[ė
ëȜ̏ʖ͉ļǋ P ƽ×̏ʖˣ̔Ʃ͌Ĕ˙ɂ�̄r}[ė̏ʖ͌,Cb) P AȜ͉

runtime.h
struct  SchedT
{
    // Global cache of dead G's. (0�ɩǁ͌ëȜĉ˃)
    G*      gfree;
    int32   ngfree;
};

struct P
{
    // Available G's (status == Gdead)
    G*      gfree;
    int32   gfreecnt;
};
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proc.c
static G* gfget(P *p)
{
    G *gp;
    void (*fn)(G*);

retry:
    // ( P ƽ×̏ʖʍ§�
¯ëȜ G ĉ˃͉
    gp = p->gfree;

    // öǉ�Ʌ͌˙º[ė̏ʖ͉
    if(gp == nil && runtime·sched.gfree) {
        // ([ė̏ʖƎ§�!ëȜĉ˃}ƽ×͌Ȩ}åȁ 32 
͉
        while(p->gfreecnt < 32 && runtime·sched.gfree != nil) {
            p->gfreecnt++;
            gp = runtime·sched.gfree;
            runtime·sched.gfree = gp->schedlink;
            runtime·sched.ngfree--;
            gp->schedlink = p->gfree;
            p->gfree = gp;
        }

        // åW¹g(ƽ×̏ʖʍ§͉
        goto retry;
    }

    // öǉŲ}¯ëȜ G ĉ˃͉
    if(gp) {
        // ˁƜƽ×̏ʖ͉
        p->gfree = gp->schedlink;
        p->gfreecnt--;

        // 交ǌʄā�ǎ͉
        if(gp->stack.lo == 0) {
            // ̋Ơr̆ǎeú͉
            if(g == g->m->g0) {
                gp->stack = runtime·stackalloc(FixedStack);
            } else {
                g->m->scalararg[0] = FixedStack;
                g->m->ptrarg[0] = gp;
                fn = mstackalloc;
                runtime·mcall(&fn);
                g->m->ptrarg[0] = nil;
            }

            // ʯɸǎ̰͉
            gp->stackguard0 = gp->stack.lo + StackGuard;
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        }
    }

    return gp;
}

ƲƩ� Ș4ʄā�ǎ͌¹̮Ʒ�̕Ȥ件ʊ位了˨
̸̗͉

ǫƷ¯ëȜĉ˃Ʃ͌ƠĲ͉

proc.c
G* runtime·malg(int32 stacksize)
{
    G *newg;
    void (*fn)(G*);

    // ƠĲ G ĉ˃͉
    newg = allocg();

    // r̆ʄā�ǎeú͉
    if(stacksize >= 0) {
        stacksize = runtime·round2(StackSystem + stacksize);
        if(g == g->m->g0) {
            newg->stack = runtime·stackalloc(stacksize);
        } else {
            g->m->scalararg[0] = stacksize;
            g->m->ptrarg[0] = newg;
            fn = mstackalloc;
            runtime·mcall(&fn);
            g->m->ptrarg[0] = nil;
        }
        newg->stackguard0 = newg->stack.lo + StackGuard;
        newg->stackguard1 = ~(uintptr)0;
    }
    return newg;
}

static G* allocg(void)
{
    return runtime·newG();
}

proc.go
func newG() *g {
    return new(g)
}
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ƠĲ G ĉ˃估Ǽ�}[ė©̌ allg͉

proc.c
Slice   runtime·allgs;       // Go Slice͉
G**     runtime·allg;        // ļ�ũƷ G ĉ˃͌�žþŤ0�͌ɏŃëȜȤ͉
uintptr runtime·allglen;     // ƛ͉̌

proc.go
func allgadd(gp *g) {
    allgs = append(allgs, gp)
    allg = &allgs[0]
    allglen = uintptr(len(allgs))
}

ũƷ¡ƛʯɸõ¹͌G ĉ˃ũ*ʖȤī¦0�估ƗZŃˤʓ̜u͉

runtime.h
struct  SchedT
{
    // Global runnable queue. (Ńˤʓ0�)
    G*      runqhead;
    G*      runqtail;
    int32   runqsize;
};

struct P
{
    // Queue of runnable goroutines. (Ȝƛɣă从ȤȖȒ̜u)
    uint32  runqhead;
    uint32  runqtail;
    G*      runq[256];
};

proc.c
static void runqput(P *p, G *gp)
{
    uint32 h, t;

retry:
    // ńdßȤƛɣȖȒ̜uă从͉
    // ɛ� head͈tail 9ɸʧƛÏ͌Ȉ¹§ǚʍ§ă̠úSɚķ͉
    h = runtime·atomicload(&p->runqhead); 
    t = p->runqtail;
    if(t - h < nelem(p->runq)) {
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        p->runq[t%nelem(p->runq)] = gp;
        runtime·atomicstore(&p->runqtail, t+1); 
        return;
    }

    // öǉƽ×̜uĢȁ͌vƗZ[ėŃˤʓ̜u͉
    if(runqputslow(p, gp, h, t))
        return;
    
    goto retry;
}

static bool runqputslow(P *p, G *gp, uint32 h, uint32 t)
{
    // (ƽ×̜uƎ§��Ńˤʓ G 0�͉
    n = t-h;
    n = n/2;
    for(i=0; i<n; i++)
        batch[i] = p->runq[(h+i)%nelem(p->runq)];

    // ˁƜƽ×̜u9ɸ͉
    if(!runtime·cas(&p->runqhead, h, h+n)) 
        return false;

    // Ǽ�ļ� G͉
    batch[n] = gp;

    // ̏ʖɩǆ͉
    for(i=0; i<n; i++)
        batch[i]->schedlink = batch[i+1];

    // 下˨�ű G Ɨ}[ė̜u͉
    globrunqputbatch(batch[0], batch[n], n+1);
    return true;
}

static void globrunqputbatch(G *ghead, G *gtail, int32 n)
{
    // ȨƊ下̏ʖ̟�}[ė̏ʖĖ͉̄
    gtail->schedlink = nil;
    if(runtime·sched.runqtail)
        runtime·sched.runqtail->schedlink = ghead;
    else
        runtime·sched.runqhead = ghead;
    runtime·sched.runqtail = gtail;
    runtime·sched.runqsize += n;
}
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�
̜üȜ��·Ȥʯʧ͉ƽ×̜u̔两Ôā͌ȜƛɣʄȈƭƙȕƶ͉́ɼ[ė̜u̔
两ƻȯ͌®ʂȜ̏ʖă从͉

ˁ两ÏÖńí×ơ̅̈Ȝ�ɞ̜uʯʧ͌ƽ×̜uƭ��ļ�ɡɃƣ̑ʍ§ˊǿ͌ɼ[ė
̜uvƭ��Öí
 P/M ̙˩ʓĩʔ͉ļ P ɔȘȤĉ˃ƛ̌ˣíƩĔ4�"�̄r}[
ė͌¥ˣǃ͌Ĕ([ėƎ§�ű}ƽ×͉Ŗ�͌ƶɦȧȤƭ��于õ×ëȜeú͌于举×
þŤ0�Ůʓ͉

3.3 
�ld

�ɔʻʥĘ̮ö<Ÿ˃͌ũƷ G 0�ŖĻʛȝɡɃŮʓ͌Ǥ
ɘɭɡɃĉĮ�
 M͉

runtime.h
struct  M
{
    G*      g0;                  // ˤʓƩɔȘǎ͉
    void    (*mstartfn)(void);   // ¾�qƛ͌ǥöŮʓ sysmon͉

    G*      curg;                // ļ�ˤʓȤ G͉
    P*      p;                   // ļ�`ɿȤ P͉
    P*      nextp;               // �ƩúƗʍ§Ȥ P͌Ȝ�¹ɰ0�͉

    Note    park;                // 2ȭǍʬ͉

    M*      alllink;             // [ė allm ̏ʖ͉
};

X�ʣ M ȤwĲˣɃ͉

proc.c
static void newm(void(*fn)(void), P *p)
{
    // wĲ M ĉ˃͉
    mp = runtime·allocm(p);

    // ʯɸŃɨā P Å¾�qƛ͉
    mp->nextp = p;
    mp->mstartfn = fn;

    // wĲɘɭɡɃ͉
    runtime·newosproc(mp, (byte*)mp->g0->stack.hi);
}
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M* runtime·allocm(P *p)
{
    mp = runtime·newM();

    // x÷�͉
    mcommoninit(mp);

    // wĲ�
 G͌Ȝ�x÷� g0 ǎ͉
    if(runtime·iscgo || Solaris || Windows || Plan9)
        mp->g0 = runtime·malg(-1);
    else
        mp->g0 = runtime·malg(8192);
    mp->g0->m = mp;

    return mp;
}

ˁ两Ï4交ǌ M Ŗƛ͌öˎp̡~4Ċʆ˩Ƀ且⼈人͉̓似 10000͌íƛƩMƣ̩`为͌
�¯ˁȜ debug/SetMaxThreads JƖ͉

proc.c
static void mcommoninit(M *mp)
{
    // ç�ʧƛÏ͌ʯɸ ID͉
    mp->id = runtime·sched.mcount++;

    // 交ǌɘɭļ� M Ŗƛ͌öǉˎp̡~͌ķ¦˩Ƀ且⼈人͉
    checkmcount();

    // Ǽ�}[ė̏ʖ͉
    mp->alllink = runtime·allm;
    runtime·atomicstorep(&runtime·allm, mp);
}

static void checkmcount(void)
{
    if(runtime·sched.mcount > runtime·sched.maxmcount){
        runtime·printf("runtime: program exceeds %d-thread limit\n", 
                       runtime·sched.maxmcount);
        runtime·throw("thread exhaustion");
    }
}

ƶ`例Ȥƭ newosproc wĲɘɭɡɃ͉
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os_linux.c
void runtime·newosproc(M *mp, void *stk)
{
    flags = CLONE_VM    /* share memory */
        | CLONE_FS      /* share cwd, etc */
        | CLONE_FILES   /* share fd table */
        | CLONE_SIGHAND /* share sig handler table */
        | CLONE_THREAD; /* revisit - okay for now */

    ret = runtime·clone(flags, stk, mp, mp->g0, runtime·mstart);
}

os_darwin.c
void runtime·newosproc(M *mp, void *stk)
{
    errno = runtime·bsdthread_create(stk, mp, mp->g0, runtime·mstart);
}

ť-ȫ}�ɡɃqƛ mstart͌˨ƭ¹̮ʛ˓˗ȤȧǍ͉

M Ʒ
ńȸȿȤ g0 ŤÀ͌ü估5˵ɫ newosproc >�ɡɃǎeú͌ȜǃŮʓˤʓƩɔ
ȘƂ+͌,使YÖ G ȜŨǎ�sƅ��Ɲ͉

Oö M ɡɃȨƊAȜ G ǎ͌̂�Ĕ�ʂÖŮʓɔȘƓ>Ʃ下üƗÑ̜u͌��ʂ˙"ɫ
b) M Ůʓ͌̂4Ċʆí
ɡɃ_Ȝǎeú͉·Ǐ�ʂŮʓȜŨǎȤůĸŦƕɵƓ>͉ 
ÒǞ͌ÖŮʓɔȘƂ+�͌主̳下ɡɃǎsƅ} g0͉

Ö�̮件ʊ�ƩĨp从Ȥ onM͈mcall ĔƭȜ g0 ǃŮʓɔȘÄ+͉

runtime.h
struct  M
{
    uintptr scalararg[4];        // scalar argument/return for mcall
    void*   ptrarg[4];           // pointer argument/return for mcall
};

asm_amd64.s
TEXT runtime·mcall(SB), NOSPLIT, $0-8
    MOVQ    fn+0(FP), DI                  // DI HúʛˤʓȤɔȘqƛƂ͉̍
    
    // Húļ� G Ůʓ从Ø͉
    get_tls(CX)
    MOVQ    g(CX), AX                     // save state in g->sched
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    MOVQ    0(SP), BX                     // caller's PC
    MOVQ    BX, (g_sched+gobuf_pc)(AX)
    LEAQ    fn+0(FP), BX                  // caller's SP
    MOVQ    BX, (g_sched+gobuf_sp)(AX)
    MOVQ    AX, (g_sched+gobuf_g)(AX)

    // sƅ} g0 ǎ͌ŮʓɔȘqƛ͉
    MOVQ    g(CX), BX                     // g
    MOVQ    g_m(BX), BX                   // g.m
    MOVQ    m_g0(BX), SI                  // m.g0
    MOVQ    SI, g(CX)                     // g = m->g0
    MOVQ    (g_sched+gobuf_sp)(SI), SP    // sp = m->g0->sched.sp
    PUSHQ   AX
    MOVQ    DI, DX
    MOVQ    0(DI), DI
    CALL    DI                            // fn arg
    RET

ÖwĲ G Ʃ͌ˁ两Ï4ˁȜ wakep Ë̇ M Ůʓ0�͉

proc.c
static void wakep(void)
{
    startm(nil, true);
}

static void startm(P *p, bool spinning)
{
    M *mp;
    void (*fn)(void);

    // ʍ§Ʌ̘ P͉öǉǫƷ͌ȨƊ˦Ñ͉
    if(p == nil) {
        p = pidleget();
        if(p == nil) {
            return;
        }
    }

    // ʍ§Ʌ̘ M͌ ŦƠĲ͉
    mp = mget();
    if(mp == nil) {
        fn = nil;
        newm(fn, p);
        return;
    }
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    // �ƩHúŃȜ P͉
    mp->nextp = p;

    // Ë͉̇
    runtime·notewakeup(&mp->park);
}

static M* mget(void)
{
    // (Ʌ̘uʖʍ§ M͉
    if((mp = runtime·sched.midle) != nil){
        runtime·sched.midle = mp->schedlink;
        runtime·sched.nmidle--;
    }
    return mp;
}

ļ M ɡɃŲ�}¹ɰŃˤʓ G 0�͌ŦÒǋ们�Ò估�ó`ɿ P Ʃ͌42ȭɡɃ͌ī估
Hú} sched.midle Ʌ̘̏ʖ�͌Ȩ}估̋Ơʍ§͈Ë͉̇

proc.c
static void stopm(void)
{
    ...
retry:
    // Ǽ�}Ʌ̘̏ʖ͉
    mput(g->m);

    // 2ȭɡɃ͌Ȩ}估Ë̇¹ɮɰŮʓ͉
    runtime·notesleep(&g->m->park);

    // 估Ë̇¹͌ǽ̢2ȭǍŋ͉
    runtime·noteclear(&g->m->park);

    // éȘ GC 0� (˨
Ò� StopTheWorld͌ī�̩ʛ P)͉
    if(g->m->helpgc) {
        runtime·gchelper();
        g->m->helpgc = 0;
        g->m->mcache = nil;
        goto retry;
    }

    // ƤȈ估Ë̇͌主Ȉʍ§�¯Ȝ P͌`ɿ͉
    acquirep(g->m->nextp);
    g->m->nextp = nil;
}
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static void mput(M *mp)
{
    // Ǽ�}Ʌ̘̏ʖ͉
    mp->schedlink = runtime·sched.midle;
    runtime·sched.midle = mp;
    runtime·sched.nmidle++;
}

static void acquirep(P *p)
{
    g->m->mcache = p->mcache;
    g->m->p = p;
    p->m = g->m;
    p->status = Prunning;
}

2ȭƓ>˸ˣ futex ă从͌˨ƭ�们举˹ȜŨ� ƞă从͉ʹ̑āÖȜŨɅ̙Ȝ�øƂ+
þŤ͌®Öɩǉ��ʆƩū˩Zɘɭeǐ͌Ʒ̭Ĩ́ȤŮʓƙȕ͉

lock_futex.go
func notesleep(n *note) {
    for atomicload(key32(&n.key)) == 0 {
        futexsleep(key32(&n.key), 0, -1)   // 2ȭȨ}估Ë̇ (timeout = -1)͉
    }                                      // Ë̇¹͌n.key = 1͌ɦǜŇȖ͉
}

os_linux.c
void runtime·futexsleep(uint32 *addr, uint32 val, int64 ns)
{
    Timespec ts;

    // �ˎƩ͉
    if(ns < 0) {
        runtime·futex(addr, FUTEX_WAIT, val, nil, nil, 0);
        return;
    }

    ts.tv_nsec = 0;
    ts.tv_sec = runtime·timediv(ns, 1000000000LL, (int32*)&ts.tv_nsec);
    runtime·futex(addr, FUTEX_WAIT, val, &ts, nil, 0);
}

Ë̇Ɠ>4JƖǍʬN͌Ť�¹ˁȜ noteclear ̋ɸȒő͉

lock_futex.go
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func notewakeup(n *note) {
    old := xchg(key32(&n.key), 1)
    futexwakeup(key32(&n.key), 1)
}

func noteclear(n *note) {
    n.key = 0
}

os_linux.c
void runtime·futexwakeup(uint32 *addr, uint32 cnt)
{
    ret = runtime·futex(addr, FUTEX_WAKE, cnt, nil, nil, 0);
}

3.4 
�@s

ɡɃqƛ mstart ʩ M ˩Zˁ两Ïǐ为ŇȖ͌ü�Q( P ƽ×̜u͈[ė̜uǌŲīŮ
ʓŃˤʓ G 0�͉互̙͌4éȘ��ÞÙÑƕɏ̺ìƓ>͌þŤ¹ɮɰÑǃŮʓ0�͉

proc.c
static void mstart(void)
{
    // Ůʓ¾�qƛ͉    
    if(g->m->mstartfn)
        g->m->mstartfn();

    if(g->m->helpgc) {
        // öǉ产ÖÞÙÑƕ͌2ȭɡɃ͉
        g->m->helpgc = 0;
        stopm();
    } else if(g->m != &runtime·m0) {
        // `ɿ P͉
        acquirep(g->m->nextp);
        g->m->nextp = nil;
    }

    // Ůʓˁ两qƛ͉
    schedule();
}

ǐ为ŇȖˣɃ: schedule -> execute -> G.func -> goexit ͉
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proc.c
static void schedule(void)
{
    gp = nil;

    // ļ� P 0�ŮʓǛƛʧƛÏ͉
    tick = g->m->p->schedtick;

    // Ǥ̥ 61 Ǜ͌Ĕ([ė̜uƎ§�
0�͌,以H]ĩ͉
    // This is a fancy way to say tick%61==0,
    if(tick - (((uint64)tick*0x4325c53fu)>>36)*61 == 0 && runtime·sched.runqsize > 0) {
        gp = globrunqget(g->m->p, 1);  // '˦Ñ�
 G͌�˙ɂ͉
    }

    // (ƽ×̜uƎ§0�͉
    if(gp == nil) {
        gp = runqget(g->m->p);
    }

    // (b)×ơǌŲ0�͉
    if(gp == nil) {
        gp = findrunnable();  // blocks until work is available
    }

    // Ůʓ0�͉
    execute(gp);
}

[ė̜uúS�ˎp P ƽ×ƛ̡̌~ȤŃˤʓ0�͌ƭũƷ P/M Ȥ¹êˊǿ͉

proc.c
static G* globrunqget(P *p, int32 max)
{
    G *gp, *gp1;
    int32 n;

    if(runtime·sched.runqsize == 0)
        return nil;

    // 以āʛ˙ɂȤ0�ƛ͉
    n = runtime·sched.runqsize/runtime·gomaxprocs+1;
    if(n > runtime·sched.runqsize)
        n = runtime·sched.runqsize;
    if(max > 0 && n > max)
        n = max;
    if(n > nelem(p->runq)/2)
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        n = nelem(p->runq)/2;
    
    runtime·sched.runqsize -= n;
    if(runtime·sched.runqsize == 0)
        runtime·sched.runqtail = nil;

    // 下Ɏ�
0�˦Ñ͉
    gp = runtime·sched.runqhead;
    runtime·sched.runqhead = gp->schedlink;
    n--;

    // ˙ɂ�ű0�}ƽ×̜u͉
    while(n--) {
        gp1 = runtime·sched.runqhead;
        runtime·sched.runqhead = gp1->schedlink;
        runqput(p, gp1);
    }

    return gp;
}

ƽ×̜u3X�ɡɃƎCƣ̑0�ʍ§͉

proc.c
static G* runqget(P *p)
{
    G *gp;
    uint32 t, h;

    // (ƛɣŇȖ̜u˦Ñ0�͉
    for(;;) {
        h = runtime·atomicload(&p->runqhead); 
        t = p->runqtail;
        if(t == h)
            return nil;
        gp = p->runq[h%nelem(p->runq)];
        if(runtime·cas(&p->runqhead, h, h+1))
            return gp;
    }
}

öǉƽ×Å[ė̜u�̅ǫŲ}¯Ȝ0�͌ˁ两ÏĔ4ˉĕ为œ交ǌµ
ʢʎ͉�žɷɬ
0�͌Țʅƭ(b) P ̜u�R�!ˣǃ͉

proc.c
static G* findrunnable(void)
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{
top:
    // ƽ×̜u͉
    gp = runqget(g->m->p);
    if(gp)
        return gp;

    // [ė̜u͉
    if(runtime·sched.runqsize) {
        gp = globrunqget(g->m->p, 0); // ˙ɂ�ű}ƽ×͉
        if(gp)
            return gp;
    }

    // ɷɬ0�͉
    gp = runtime·netpoll(false);  // non-blocking
    if(gp) {
        injectglist(gp->schedlink);  // ƏZ[ė̜u͉
        runtime·casgstatus(gp, Gwaiting, Grunnable);
        return gp;
    }

    // (b) P R�!0�͉
    for(i = 0; i < 2*runtime·gomaxprocs; i++) {
        p = runtime·allp[runtime·fastrand1()%runtime·gomaxprocs]; // ̣ƾ˲Ž͉
        if(p == g->m->p)      // ļ� P͉
            gp = runqget(p);
        else                  // b) P͉
            gp = runqsteal(g->m->p, p);
        if(gp)
            return gp;
    }
stop:
    // gǛ交ǌ[ė̜u͉
    if(runtime·sched.runqsize) {
        gp = globrunqget(g->m->p, 0);
        return gp;
    }

    // ʣ̢ P ɨā͌˦ÑɅ̘uʖ͉
    p = releasep();
    pidleput(p);

    // ŇȖ交ǌb) P 0�uʖ͌öǉƷƻþŤ0�͌̂�你˙} top ̋ʷ͌,GR�!ˣǃ͉
    for(i = 0; i < runtime·gomaxprocs; i++) {
        p = runtime·allp[i];
        if(p && p->runqhead != p->runqtail) {
            // ̋Ơ`ɿ P͉


���10��������,

��




            p = pidleget();
            if(p) {
                acquirep(p);
                goto top;
            }
            break;
        }
    }

    // gǛ交ǌɷɬ0�͉
    if(runtime·xchg64(&runtime·sched.lastpoll, 0) != 0) {
        gp = runtime·netpoll(true);  // block until new work is available
        runtime·atomicstore64(&runtime·sched.lastpoll, runtime·nanotime());
        if(gp) {
            p = pidleget();
            if(p) {
                // ̋Ơ`ɿ P͉
                acquirep(p);
                // 下b)0�Ǽ�}[ė̜u͉
                injectglist(gp->schedlink);

                runtime·casgstatus(gp, Gwaiting, Grunnable);
                return gp;
            }

            // öǉǫƷ¯Ȝ P͌Ǽ�}[ė̜u͉
            injectglist(gp);
        }
    }

    // öǉ&�0�̅ǫƀ}͌2ȭļ�ɡɃ͉
    stopm();
    goto top;
}

˨们Rɇʓ�Ĕƭ⼀一ơƝǕũƎ£Ȥ work­stealing 任Ǯ͉

proc.c
static G* runqsteal(P *p, P *p2)
{
    G *gp;
    G *batch[nelem(p->runq)/2];

    // 下 P2 ��0�˙ɂ} batch͉
    n = runqgrab(p2, batch);
    if(n == 0)
        return nil;
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    // ˦Ñ�
0�͉
    n--;
    gp = batch[n];
    if(n == 0)
        return gp;

    // 下�=0�Ǽ�} P ̜u͉
    h = runtime·atomicload(&p->runqhead);
    t = p->runqtail;
    for(i=0; i<n; i++, t++)
        p->runq[t%nelem(p->runq)] = batch[i];
    runtime·atomicstore(&p->runqtail, t);

    return gp;
}

ɏƀ} G 0�͌Ɗ�ǃĔ"ȝ execute 体ˆŮʓ͉

proc.c
static void execute(G *gp)
{
    // JƖȒő͉
    runtime·casgstatus(gp, Grunnable, Grunning);
    gp->waitsince = 0;
    gp->preempt = false;
    gp->stackguard0 = gp->stack.lo + StackGuard;
    g->m->p->schedtick++;  // ŮʓʧƛÏ͉
    g->m->curg = gp;
    gp->m = g->m;

    runtime·gogo(&gp->sched);
}

asm_amd64.s
TEXT runtime·gogo(SB), NOSPLIT, $0-8
    MOVQ    buf+0(FP), BX       // gobuf
    MOVQ    gobuf_g(BX), DX
    MOVQ    0(DX), CX           // make sure g != nil
    get_tls(CX)
    MOVQ    DX, g(CX)
    MOVQ    gobuf_sp(BX), SP    // ( G.sched ŗëŮʓ从Ø͉
    MOVQ    gobuf_ret(BX), AX
    MOVQ    gobuf_ctxt(BX), DX
    MOVQ    gobuf_pc(BX), BX    // G.sched.pc Ƃº goroutine 0�qƛ͉
    JMP     BX                  // Ůʓʹqƛ͉
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Ǩɴqƛ( sched ŗë从Ø͌下ćúÏƂº G ȜŨǎ͌Ȉ¹你˙}0�qƛĳ÷Ůʓ͉

˨̊Ʒ
̸̗͌ǨɴqƛīǫƷHú execute ˦Ñ从Ø͌�Ĕƭ位ɏ0�qƛɩǁ¹͌
Ůʓɯ�4Ñ} executê͉ goexit ö<Ůʓ͏ö<ɮɰŇȖˁȜ͏

ʛʣ̉ǽ˨
̸̗̩͌ʛà�
ÖwĲ0�Ʃȡ�ȤÜ͍gostartcallfn͉

proc.c
G* runtime·newproc1(FuncVal *fn, byte *argp, int32 narg, int32 nret, void *callerpc)
{
    ...

    newg->sched.sp = (uintptr)sp;
    newg->sched.pc = (uintptr)runtime·goexit + PCQuantum;
    newg->sched.g = newg;

    runtime·gostartcallfn(&newg->sched, fn);

    ...

    return newg;
}

stack.c
void runtime·gostartcallfn(Gobuf *gobuf, FuncVal *fv)
{
    runtime·gostartcall(gobuf, fn, fv);
}

sys_x86.c
void runtime·gostartcall(Gobuf *gobuf, void (*fn)(void), void *ctxt)
{
    sp = (uintptr*)gobuf->sp;

    // 下 pc͌�Ĕƭ goexit ×ÚZǎ͉
    *--sp = (uintptr)gobuf->pc;
    gobuf->sp = (uintptr)sp;

    // 下 pc Ƃº fn͉
    gobuf->pc = (uintptr)fn;
    gobuf->ctxt = ctxt;
}
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ńƷŠœ͌Ö gostartcall �͌Ǝ�下 goexit ×Ú�Z G ǎ͉

Ǩɴqƛ gogo ƭ long jmp͌�Ĕƭ位ļ0�qƛŮʓɩǁƩ͌bĖ̄ RET Ƃ+(ǎ
�中ɫ PC ćúÏȤƭ goexit ×Ú͌˨Ĕƭȿ万ũÖ͉

asm_amd64.s
TEXT runtime·goexit(SB),NOSPLIT,$0-0
    BYTE    $0x90                // NOP
    CALL    runtime·goexit1(SB)  // does not return

proc.c
void runtime·goexit1(void)
{
    fn = goexit0;
    runtime·mcall(&fn);
}

static void goexit0(G *gp)
{
    runtime·casgstatus(gp, Grunning, Gdead);

    // 下 G ƗÑ P.gfree ëȜ̏ʖ͉
    gfput(g->m->p, gp);

    schedule();
}

0�ɩǁ͌ļ� G ĉ˃估ƗÑëȜ̏ʖ͌ɼɡɃvɮɰ schedule ŇȖ串ë͉

proc.c
static void gfput(P *p, G *gp)
{
    stksize = gp->stack.hi - gp->stack.lo;

    // öǉ�ƭ̓似ǎ͌̉Ɨ͉
    if(stksize != FixedStack) {
        runtime·stackfree(gp->stack);
        gp->stack.lo = 0;
        gp->stack.hi = 0;
        gp->stackguard0 = 0;
    }

    // Ǽ�}ëȜ̏ʖ͉
    gp->schedlink = p->gfree;
    p->gfree = gp;
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    p->gfreecnt++;

    // öǉ P ëȜ̏ʖˣ̔ ...
    if(p->gfreecnt >= 64) {
        // 下ˎpȤëȜĉ˃˙ɂ}[ė̏ʖ͉
        while(p->gfreecnt >= 32) {
            p->gfreecnt--;
            gp = p->gfree;
            p->gfree = gp->schedlink;
            gp->schedlink = runtime·sched.gfree;
            runtime·sched.gfree = gp;
            runtime·sched.ngfree++;
        }
    }
}

­ì͌Ö schedule ̊˧Ǝ} lockedg͌˨ʖȷʹ G 0�®ʂ"ȝƂā M Ůʓ͌	ʹ M 
Öɨāʣ̢�4估2ȭ͌�gŮʓb)0�͉ļ M ˼} lockedg̩͌ʛ下 P Å G ̅"ɫ
ɨā M  Ůʓ͉

proc.c
static void schedule(void)
{
    // öǉļ� M 估ɨāɫǋ
 G͌̂�"p P͌2ȭ͉
    // Ȩ}估ǋ
ƀ} locked G Ȥ M Ë͉̇
    if(g->m->lockedg) {
        stoplockedm();
        execute(g->m->lockedg);  // Never returns.
    }

    ...

    // öǉļ� G 估ɨā}ǋ
 M͌̂�下 P Å G ̅"ɫĉơ͉
    // Ë̇ɨā M͌ʄġÑɅ̘̜u͉
    if(gp->lockedm) {
        startlockedm(gp);
        goto top;          // Ë̇¹Ñ}ò̄̋Ơʍ§0�͉
    }    
}

static void startlockedm(G *gp)
{
    // ʍ§ G ɨāȤ M͉
    mp = gp->lockedm;

    // 下ļ� P "ɫĉơ͌īË͉̇
    p = releasep();
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    mp->nextp = p;
    runtime·notewakeup(&mp->park);

    // 2ȭļ� M͉
    stopm();
}

static void stoplockedm(void)
{
    // �" P͌Ë̇b) M Ůʓ0�͉
    if(g->m->p) {
        p = releasep();
        handoffp(p);
    }

    // 2ȭ͌Ȩ}估ƀ} locked G Ȥ M Ë͉̇
    runtime·notesleep(&g->m->park);
    runtime·noteclear(&g->m->park);

    // ɨāĉơ"ˣǃȤ P͉
    acquirep(g->m->nextp);
    g->m->nextp = nil;
}

static void goexit0(G *gp)
{
    // ʣ̢ɨā͉
    gp->lockedm = nil;
    g->m->lockedg = nil;

    schedule();
}

Ö cgo ̊ĔȜ lockOSThread ̑āɡɃ͉

proc.c
static void lockOSThread(void)
{
    g->m->lockedg = g;
    g->lockedm = g->m;
} 

static void unlockOSThread(void)
{
    g->m->lockedg = nil;
    g->lockedm = nil;
}
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cgocall.go
func cgocall(fn, arg unsafe.Pointer) {
    cgocall_errno(fn, arg)
}

func cgocall_errno(fn, arg unsafe.Pointer) int32 {
    /*
     * Lock g to m to ensure we stay on the same stack if we do a
     * cgo callback. Add entry to defer stack in case of panic.
     */
    lockOSThread()
    mp := getg().m
    mp.ncgocall++
    mp.ncgo++
    defer endcgo(mp)

    /*
     * Announce we are entering a system call
     * so that the scheduler knows to create another
     * M to run goroutines while we are in the
     * foreign code.
     */
    entersyscall()
    errno := asmcgocall_errno(fn, arg)  // sƅ} g0 stack Ůʓ͉
    exitsyscall()

    return errno
}

func endcgo(mp *m) {
    unlockOSThread()
}

ˁ两ÏƎC��们ơ个ƲƩ�Ɵ G 0�Ůʓ͉

proc.go
func Gosched() {
    mcall(gosched_m)   // mcall HúŮʓ从Ø} G.sched͌Ȉ¹sƅ} g0 ǎ͉
}

proc.c
void runtime·gosched_m(G *gp)
{
    // 下Ȓő(产ÖˤʓˁƜ�¯ˤʓ͉
    runtime·casgstatus(gp, Grunning, Grunnable);
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    // 下 G ̋ƠƗÑ[ė̜u͉
    globrunqput(gp);

    // ļ� M ɮɰǌŲīŮʓb)0�͉
    schedule();
}

� gosched �·͌gopark ī�4下 G ƗÑŃˤʓ̜u͉

proc.go
func gopark(unlockf unsafe.Pointer, lock unsafe.Pointer, reason string) {
    mcall(park_m)
}

proc.c
void runtime·park_m(G *gp)
{
    // JƖȒő�ɏŃ͉
    runtime·casgstatus(gp, Grunning, Gwaiting);

    // ļ� M ɮɰʍ§īŮʓb)0�͉
    schedule();
}

Ȩ}争个ˁȜ goready 下ʹ G ̋ƠƗÑ̜u͉

proc.go
func goready(gp *g) {
    onM(ready_m)
}

proc.c
void runtime·ready_m(void)
{
    runtime·ready(gp);
}

void runtime·ready(G *gp)
{
    // JƖȒő�¯ˤʓ͉
    runtime·casgstatus(gp, Gwaiting, Grunnable);

    // 下 G ̋ƠƗÑƽ×Ńˤʓ̜u͉
    runqput(g->m->p, gp);
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    // Ë̇ǋ
 M Ůʓ0�͉
    if(runtime·atomicload(&runtime·sched.npidle) != 0 && 
       runtime·atomicload(&runtime·sched.nmspinning) == 0)
        wakep();
}

3.5 �oU

˪ɰǎȤ×9估产个以ā�ǃ͌Go 1.4 Ģɧɂ̢�r享ǎ*代͉

ȩǥ˜r享ǎ͌˪ɰǎɩǆ于ɒ�͌ă从任Ǯ�于�ɒǱ̢͉ǎĳ÷͈ɩǁ×Úì͌®̩
ɱ习�
Ȝ�Ȁp交ǌȤƂ̍�¯͉

runtime.h
struct  Stack
{
    uintptr lo;
    uintptr hi;
};

struct  G
{
    // stack describes the actual stack memory: [stack.lo, stack.hi).
    // stackguard0 is the stack pointer compared in the Go stack growth prologue.
    // It is stack.lo+StackGuard normally, but can be StackPreempt to trigger a 
    // preemption.
    Stack   stack;
    uintptr stackguard0;
}

ɩǆȷŠÕ:

lo                   stackguard0                                                          hi
+---------------+-----------------------------------------------------+
|  StackGuard   |                                                     |
+---------------+-----------------------------------------------------+
                                                                                   <-- SP

Ö stack.h ò̄ǎɩǆģė位了�Ʒĉ StackGuard Ȥʺɤʣ͉̉

stack.h
/*
The per-goroutine g->stackguard is set to point StackGuard bytes
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above the bottom of the stack.  Each function compares its stack
pointer against g->stackguard to check for overflow.  To cut one
instruction from the check sequence for functions with tiny frames,
the stack is allowed to protrude StackSmall bytes below the stack
guard.  Functions with large frames don't bother with the check and
always call morestack.
*/

StackGuard = 512 + StackSystem

Öɧˣo
ȍƽȤ¥ëˁƜ¹͌ǎ̓似ïĎ¢Ñ} 2048 ùʊ͌˨ƭ
{õǹŘ͉

stack.h
StackMin = 2048,

proc.c
G* runtime·newproc1(FuncVal *fn, byte *argp, int32 narg, int32 nret, void *callerpc)
{
    if((newg = gfget(p)) == nil) {
        newg = runtime·malg(StackMin);
    }
}

Åeúr̆ÏȤȤPǮ份7͌ˁ两Ï4Ö cache �ɳú stack ĉ˃͉

malloc.h
// Number of orders that get caching.  Order 0 is FixedStack
// and each successive order is twice as large.
NumStackOrders = 3,

runtime.h
struct StackFreeList
{
    MLink   *list;    // linked list of free stacks
    uintptr size;     // total size of stacks in list
};

struct MCache
{
    StackFreeList stackcache[NumStackOrders];
};

估ɳúȤ stack DƆïĎrŤ 3 们 order͌˨� FixedStack NƷńï`ɘ͉
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stack.h
#ifdef GOOS_windows
    StackSystem = 512 * sizeof(uintptr),
#else
    #ifdef GOOS_plan9
        StackSystem = 512,
    #else
        StackSystem = 0,
    #endif  // Plan 9
#endif      // Windows

// The minimum stack size to allocate.
// The hackery here rounds FixedStack0 up to a power of 2.
FixedStack0 = StackMin + StackSystem,
FixedStack1 = FixedStack0 - 1,
FixedStack2 = FixedStack1 | (FixedStack1 >> 1),
FixedStack3 = FixedStack2 | (FixedStack2 >> 2),
FixedStack4 = FixedStack3 | (FixedStack3 >> 4),
FixedStack5 = FixedStack4 | (FixedStack4 >> 8),
FixedStack6 = FixedStack5 | (FixedStack5 >> 16),
FixedStack  = FixedStack6 + 1,

ĉ Linux͈darwin ɏɘɭɼʥ͌FixedStack NÅ StackMin ȩ·͉ ÒǞ估ɳú stack 
ïĎr|ƭ͍

FiexedStack           = 2048
FixedStack << order 0 = 2048
FixedStack << order 1 = 4096
FixedStack << order 2 = 8192

Ö以āȩ`ɩǆÅ¡ƛ¹͌ȫȫ stack c;Ȥr̆ˣɃ͉

malloc.h
StackCacheSize = 32*1024,    // Per-P, per order stack segment cache size.

stack.c
Stack runtime·stackalloc(uint32 n)
{
    // (ëȜ̏ʖr̆͌ŦȨƊ( heap.span r͉̆
    if(StackCache && n < FixedStack << NumStackOrders && n < StackCacheSize) {
        // ʧ任ĉĮȤ stack order͉
        order = 0;
        n2 = n;
        while(n2 > FixedStack) {
            order++;
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            n2 >>= 1;
        }

        c = g->m->mcache;
        if(c == nil || g->m->gcing || g->m->helpgc) {
            // ([ėɳúr͉̆
            x = poolalloc(order);
        } else {
            // (ƽ× cache r͉̆
            x = c->stackcache[order].list;

            // öǉƽ×ǫƷëȜ stack͌v([ėɳú˙ɂ�űˣǃ͉
            if(x == nil) {
                stackcacherefill(c, order);
                x = c->stackcache[order].list;
            }

            // ˁƜ̏ʖ͉
            c->stackcache[order].list = x->next;
            c->stackcache[order].size -= n;
        }
        v = (byte*)x;
    } else {
        // ȨƊ( heap.spans r͉̆
        s = runtime·MHeap_AllocStack(&runtime·mheap, ROUND(n, PageSize) >> PageShift);
        v = (byte*)(s->start<<PageShift);
    }
    
    return (Stack){(uintptr)v, (uintptr)v+n};
}

Ɯ
ˣɃÅ( cache r̆ object öp�˟͉ɼÖ̉ƗƩ͌ˁ两Ï4��下ˣíȤëȜĉ
˃(ƽ×˙ɂ}[ėɳú͉

stack.c
void runtime·stackfree(Stack stk)
{
    n = stk.hi - stk.lo;
    v = (void*)stk.lo;

    if(StackCache && n < FixedStack << NumStackOrders && n < StackCacheSize) {
        // ʧ任 order͉
        order = 0;
        n2 = n;
        while(n2 > FixedStack) {
            order++;
            n2 >>= 1;
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        }

        x = (MLink*)v;
        c = g->m->mcache;
        if(c == nil || g->m->gcing || g->m->helpgc) {
            // Ļ˧ɫ[ėɳú͉
            poolfree(x, order);
        } else {
            // öǉƽ×ɳúˎpą̡̌~͌vĻ˧�űɫ[ėɳú͉
            if(c->stackcache[order].size >= StackCacheSize)
                stackcacherelease(c, order);

            // Ǽ�} cache ƽ×̏ʖ͉
            x->next = c->stackcache[order].list;
            c->stackcache[order].list = x;
            c->stackcache[order].size += n;
        }
    } else {
        // Ļ˧ɫ heap͉
        s = runtime·MHeap_Lookup(&runtime·mheap, v);
        runtime·MHeap_FreeStack(&runtime·mheap, s);
    }
} 

[ėɳúǪâƽ�Ĕƭĉ span ̏ʖȤƓ>͌份7PǮÖeúr̆Ï件ʊƨĢʝˣ͉

stack.c
MSpan runtime·stackpool[NumStackOrders];   // [ėɳú͉

void runtime·stackinit(void)
{
    for(i = 0; i < NumStackOrders; i++)
        runtime·MSpanList_Init(&runtime·stackpool[i]);
}

static MLink* poolalloc(uint8 order)
{
    MSpan *list;
    MSpan *s;
    MLink *x;

    list = &runtime·stackpool[order];
    s = list->next;
    if(s == list) {
        // öǉǫƷ stack ¯Ȝ͌v( heap ʍ§�
 span͉
        s = runtime·MHeap_AllocStack(&runtime·mheap, StackCacheSize >> PageShift);
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        // sr͉
        for(i = 0; i < StackCacheSize; i += FixedStack << order) {
            x = (MLink*)((s->start << PageShift) + i);
            x->next = s->freelist;
            s->freelist = x;
        }

        // ƏZ̏ʖ͉
        runtime·MSpanList_Insert(list, s);
    }

    x = s->freelist;
    s->freelist = x->next;
    s->ref++;
    if(s->freelist == nil) {
        // all stacks in s are allocated.
        runtime·MSpanList_Remove(s);
    }
    return x;
}

static void poolfree(MLink *x, uint8 order)
{
    MSpan *s;

    s = runtime·MHeap_Lookup(&runtime·mheap, x);
    if(s->freelist == nil) {
        // Ʒĉ˃Ļ˧͌ʄȈʛ̋ƠƗÑëȜ̏ʖ�͉
        runtime·MSpanList_Insert(&runtime·stackpool[order], s);
    }

    x->next = s->freelist;
    s->freelist = x;
    s->ref--;

    // öǉʹ span eú估[̄ƕÑ͌˧ɫ heap͉
    if(s->ref == 0) {
        runtime·MSpanList_Remove(s);
        s->freelist = nil;
        runtime·MHeap_FreeStack(&runtime·mheap, s);
    }
}

ȩ`Ȥű̌˙ɂÅĻ˧Ɠ>�ǫ&�NņǻɄȤ͉

stack.c
static void stackcacherefill(MCache *c, uint8 order)
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{
    MLink *x, *list;
    uintptr size;

    // Grab some stacks from the global cache.
    // Grab half of the allowed capacity (to prevent thrashing).
    list = nil;
    size = 0;

    while(size < StackCacheSize/2) {
        x = poolalloc(order);
        x->next = list;
        list = x;
        size += FixedStack << order;
    }

    c->stackcache[order].list = list;
    c->stackcache[order].size = size;
}

static void stackcacherelease(MCache *c, uint8 order)
{
    MLink *x, *y;
    uintptr size;

    x = c->stackcache[order].list;
    size = c->stackcache[order].size;

    while(size > StackCacheSize/2) {
        y = x->next;
        poolfree(x, order);
        x = y;
        size -= FixedStack << order;
    }

    c->stackcache[order].list = x;
    c->stackcache[order].size = size;
}

˪ɰǎȤˁƜʓ�ƭȝɴʶÏRRþŤȤ͉¥Ǩɴ¯ŮʓƝ.͌?4ȫ}ɴʶÏ4Öqƛ
ò̄ƏZ morestack ˁȜ͌˨ƭˤʓƩ交ǌǎeúȤ`例͉

(gdb) disass
Dump of assembler code for function main.main:
   0x000000000000207f <+15>:" call   0x2ddf0 <runtime.morestack_noctxt>

asm_amd64.s
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TEXT runtime·morestack_noctxt(SB),NOSPLIT,$0
    MOVL    $0, DX
    JMP     runtime·morestack(SB)

TEXT runtime·morestack(SB),NOSPLIT,$0-0
    MOVQ    (g_sched+gobuf_sp)(BP), SP
    CALL    runtime·newstack(SB)

ļ̩ʛˁƜǎïĎƩ͌4ˁȜ newstack þŤ˪ɰǎȤ̋Ơr͉̆

stack.c
// Called from runtime·morestack when more stack is needed.
// Allocate larger stack and relocate to new stack.
// Stack growth is multiplicative, for constant amortized cost.
void runtime·newstack(void)
{
    gp = g->m->curg;

    // JƖȒő͉
    runtime·casgstatus(gp, Grunning, Gwaiting);
    gp->waitreason = runtime·gostringnocopy((byte*)"stack growth");

    // ˁƜŮʓ从Ø¡ƛ͉
    runtime·rewindmorestack(&gp->sched);

    // Ơǎ̩ʛ 2 KɅ̙͉
    oldsize = gp->stack.hi - gp->stack.lo;
    newsize = oldsize * 2;

    // r̆Ơ stack͌ī下ƛƆ书˄}ƠɊ͉
    copystack(gp, newsize);

    // ŗëȒő͌ɮɰŮʓ͉
    runtime·casgstatus(gp, Gwaiting, Grunning);
    runtime·gogo(&gp->sched);
}

�r享ǎȩǥ͌˪ɰǎǐ为任Ǯ copystack ̭Ĩɒ�ƫţ͉

stack.c
static void copystack(G *gp, uintptr newsize)
{
    old = gp->stack;
    used = old.hi - gp->sched.sp;

    // wĲƠǎ͉
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    new = runtime·stackalloc(newsize);

    // ... �!ǎeąˁƜƓ> ...    

    // 书˄ǎƛƆ͉
    runtime·memmove((byte*)new.hi - used, (byte*)old.hi - used, used);

    // sƅ}Ơǎ͉
    gp->stack = new;
    gp->stackguard0 = new.lo + StackGuard;
    gp->sched.sp = new.hi - used;

    // ̉ƗƧǎ͉
    if(newsize > old.hi-old.lo) {
        // ůĸ, ɉ�̉Ɨ͉
        runtime·stackfree(old);
    } else {
        // ƕɵƓ>Ʒ什ëƿ͌Ò��ǎ�Ȥǋ!ƛƆ¯ʂĉÞÙÑƕÏƷȜ͉
        // Ɨ}�
�Ʃ̜u͌ɏŃÞÙÑƕÏéȘ͉
        *(Stack*)old.lo = stackfreequeue;
        stackfreequeue = old;
    }
}

ÞÙÑƕÏ4ǽȘũƷɳú͌̉ƗƇ�ƩúSȤ stack͌īƕɵǎeú͉

mgc0.c
static void gc(struct gc_args *args)
{
    runtime·shrinkfinish();
}

static void markroot(ParFor *desc, uint32 i)
{
    switch(i) {
    case RootData:
        ...
    case RootFlushCaches:
        flushallmcaches();                  // ǽȘ cache͉
        break;
    default:
        gp = runtime·allg[i - RootCount];
        runtime·shrinkstack(gp);            // ƕɵǎeú͉
        break;
    }
}
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static void flushallmcaches(void)
{
    // Flush MCache's to MCentral.
    for(pp=runtime·allp; p=*pp; pp++) {
        c = p->mcache;
        runtime·MCache_ReleaseAll(c);
        runtime·stackcache_clear(c);        // ̉Ɨ cache ̊ɳúȤ stack͉
    }
}

stack.c
static Stack stackfreequeue;

// ǽȘ�Ʃ stack͉
void runtime·shrinkfinish(void)
{
    s = stackfreequeue;
    stackfreequeue = (Stack){0,0};

    while(s.lo != 0) {
        t = *(Stack*)s.lo;
        runtime·stackfree(s);
        s = t;
    }
}

// ƕɵǎeú͉
void runtime·shrinkstack(G *gp)
{
    oldsize = gp->stack.hi - gp->stack.lo;
    newsize = oldsize / 2;
    if(newsize < FixedStack)
        return;                    // don't shrink below the minimum-sized stack

    used = gp->stack.hi - gp->sched.sp;
    if(used >= oldsize / 4)
        return;                    // still using at least 1/4 of the segment.

    copystack(gp, newsize);
}

// ̉ƗũƷ cache ƁƷȤ stack ɳú͉
void runtime·stackcache_clear(MCache *c)
{
    for(order = 0; order < NumStackOrders; order++) {
        x = c->stackcache[order].list;
        while(x != nil) {
            y = x->next;
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            poolfree(x, order);
            x = y;
        }
        c->stackcache[order].list = nil;
        c->stackcache[order].size = 0;
    }
}

ˁ两ÏþŤ G 0�¹͌4下bƗÑëȜuʖ͌ī̉ƗƇ̺ìr̆Ȥǎeú͉

proc.c
static void gfput(P *p, G *gp)
{
    stksize = gp->stack.hi - gp->stack.lo;

    // öǉ�ƭ̓似ǎ͌̉Ɨ͉
    if(stksize != FixedStack) {
        runtime·stackfree(gp->stack);
        gp->stack.lo = 0;
        gp->stack.hi = 0;
        gp->stackguard0 = 0;
    }
}

˧Ʒ͌Ön不 P ƛ̌Ʃ͌4̉Ɨ�gAȜȤ`ɿ cache͌˨�4ķ¦ stack ǽȘƓ>͉

proc.c
static void procresize(int32 new)
{
    // free unused P's
    for(i = new; i < old; i++) {
        p = runtime·allp[i];
        runtime·freemcache(p->mcache);
    }
}

mcache.c
static void freemcache(MCache *c)
{
    runtime·stackcache_clear(c);
}
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⼀一ơ�ȨÖĄ5˪ɰǎȤõé͌8ă̠Ŕʂʖ从Åc;Ø事Ʒ`͌ī̭éé˱Ă͉­ì͌
ɳúĉ˃Ȥ以¯,Ǝ�Ŕʂ͌8ˣíȤɳúĉ˃ƗÖëȜ̏ʖ�͌�Ť�ǸˉÅ体Ź͉a
ʭ,¹Ȥȍƽ4Ʒ于õȤʖ从͉

3.6 kn|_

�ƔƁī¦ˁ两͌�̕ĉ syscall͈cgo ɏƓ>˩ʓ�ʙ͌,GÖ̔Ʃ̙̞äƩʂsƅŮ
ʓb)0�͉

src/syscall/asm_linux_amd64.s
TEXT    ·Syscall(SB),NOSPLIT,$0-56
    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

cgocall.go
func cgocall(fn, arg unsafe.Pointer) {
    cgocall_errno(fn, arg)
}

func cgocall_errno(fn, arg unsafe.Pointer) int32 {
    entersyscall()
    errno := asmcgocall_errno(fn, arg)
    exitsyscall()
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    return errno
}

˩ZɘɭˁȜ�HúŮʓ从Ø͌˨ƭ0�sƅȤ`例͉

proc.c
void ·entersyscall(int32 dummy)
{
    runtime·reentersyscall((uintptr)runtime·getcallerpc(&dummy),
                           runtime·getcallersp(&dummy));
}

void runtime·reentersyscall(uintptr pc, uintptr sp)
{
    // Hú从Ø͉
    save(pc, sp);

    g->syscallsp = sp;
    g->syscallpc = pc;
    runtime·casgstatus(g, Grunning, Gsyscall);

    // Ë̇ sysmon ɡɃ͉
    if(runtime·atomicload(&runtime·sched.sysmonwait)) {
        fn = entersyscall_sysmon;
        runtime·onM(&fn);
        save(pc, sp);
    }

    // ʣ̢0�`ɿķȜ͉
    g->m->mcache = nil;
    g->m->p->m = nil;
    runtime·atomicstore(&g->m->p->status, Psyscall);
}

static void save(uintptr pc, uintptr sp)
{
    g->sched.pc = pc;
    g->sched.sp = sp;
    g->sched.lr = 0;
    g->sched.ret = 0;
    g->sched.ctxt = 0;
    g->sched.g = g;
}

主̳以H sysmon ɡɃˤʓ͌öǞūʂÖ̔Ʃ̙̞äƩ͌Ñƕb`ɿ P Ůʓb)0�͉
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proc.c
static void entersyscall_sysmon(void)
{
    // Ë̇ sysmon M͉
    if(runtime·atomicload(&runtime·sched.sysmonwait)) {
        runtime·atomicstore(&runtime·sched.sysmonwait, 0);
        runtime·notewakeup(&runtime·sched.sysmonnote);
    }
}

­Ʒ entersyscallblock 4��̉Ɨ P͌Ȝ�Ůʓ¯以āȤ̔Ʃ̙̞äˁȜ͉

proc.c
void ·entersyscallblock(int32 dummy)
{
    save((uintptr)runtime·getcallerpc(&dummy), runtime·getcallersp(&dummy));
    g->syscallsp = g->sched.sp;
    g->syscallpc = g->sched.pc;
    runtime·casgstatus(g, Grunning, Gsyscall);

    // ̉Ɨ`ɿ P͉
    fn = entersyscallblock_handoff;
    runtime·onM(&fn);

    save((uintptr)runtime·getcallerpc(&dummy), runtime·getcallersp(&dummy));
}

static void entersyscallblock_handoff(void)
{
    // ̉Ɨ P͌ʩbŮʓb)0�͉
    handoffp(releasep());
} 

(ɘɭˁȜ˯pƩ͌3X交ǌ`ɿ P ƭ¼˧Ö͉

proc.c
void ·exitsyscall(int32 dummy)
{
    // öǉʂ`ɿ P͉
    if(exitsyscallfast()) {
        runtime·casgstatus(g, Gsyscall, Grunning);
        return;
    }
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    fn = exitsyscall0;
    runtime·mcall(&fn);
}

static bool exitsyscallfast(void)
{
    // öǉ`ɿ P ŭÖ͌Ēʷ̋Ơ`ɿ͉
    if(g->m->p && g->m->p->status == Psyscall && 
       runtime·cas(&g->m->p->status, Psyscall, Prunning)) {
        g->m->mcache = g->m->p->mcache;
        g->m->p->m = g->m;
        return true;
    }

    // Ēʷ`ɿɅ̘ P͉
    g->m->p = nil;
    if(runtime·sched.pidle) {
        fn = exitsyscallfast_pidle;
        runtime·onM(&fn);
        if(g->m->scalararg[0]) {
            g->m->scalararg[0] = 0;
            return true;
        }
    }
    return false;
}

static void exitsyscallfast_pidle(void)
{
    p = pidleget();
    if(p) {
        acquirep(p);
    }
}

ö举˹˯pñ何͌	ƣǮʍ§¯Ȝ P͌̂®ʂ下ļ� G 0�ƗÑŃˤʓ̜u͉

proc.c
static void exitsyscall0(G *gp)
{
    runtime·casgstatus(gp, Gsyscall, Grunnable);

    // ʍ§Ʌ̘ P͉
    p = pidleget();

    // öʍ§ P ñ何͌下ļ� G ƗÑ[ė̜u͉
    if(p == nil)
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        globrunqput(gp);

    // `ɿ P͌ɮɰŮʓ͉
    if(p) {
        acquirep(p);
        execute(gp);   // Never returns.
    }

    // `ɿñ何͌2ȭļ� M͉
    stopm();
    schedule();        // Never returns.
}

ǰ͍, Raw ĳòȤqƛ�AȜ�ʙǚ个͉

3.7 knaG

ˁ两ÏAȜ�̕ɡɃ˒ɘɭȥƋ͌��þŤ̂!̔Ʃ̙ǫƷʤ¦Ȥ�.͉

•下̔Ʃ̙ǫƷéȘȤ netpoll ɩǉǼ�}0�̜u͉
•ƕÑÒ syscall ̔Ʃ̙̞äȤ P͉
•º̔Ʃ̙ˤʓȤ G 0�¦p也�ˁ两˸ȯ͉
•öǉˎˣ 2 r̎ǫƷˤʓÞÙÑƕ͌̂�ĺ~¾�͉
•̉Ɨ̂!̘ɸˎˣ 5 r̎Ȥ span ȏȘeú͉

proc.go
// The main goroutine.
func main() {
    onM(newsysmon)
}

proc.c
void runtime·newsysmon(void)
{
    // ¾�ȓɉɡɃˤʓ sysmon͉
    newm(sysmon, nil);
}

ȥƋqƛ sysmon ŇȖˤʓũƷ交ǌ0�͉

proc.c
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static void sysmon(void)
{
    // If we go two minutes without a garbage collection, force one to run.
    forcegcperiod = 2*60*1e9;

    // If a heap span goes unused for 5 minutes after a garbage collection,
    // we hand it back to the operating system.
    scavengelimit = 5*60*1e9;

    // Make wake-up period small enough for the sampling to be correct.
    maxsleep = forcegcperiod/2;
    if(scavengelimit < forcegcperiod)
        maxsleep = scavengelimit/2;

    for(;;) {
        if(idle == 0)           // start with 20us sleep...
            delay = 20;
        else if(idle > 50)      // start doubling the sleep after 1ms...
            delay *= 2;
        if(delay > 10*1000)     // up to 10ms
            delay = 10*1000;

        // ǑƆ idle ˁƜŇȖƲQƩ̙͉
        runtime·usleep(delay);

        // öÞÙÑƕ¾�͌2ȭ sysmon ɡɃ͉
        if(runtime·debug.schedtrace <= 0 && (runtime·sched.gcwaiting ...)) {
            if(runtime·atomicload(&runtime·sched.gcwaiting) || ...) {
                // ʯɸǍŋ͌2ȭ�享Ʃ̙͉
                runtime·atomicstore(&runtime·sched.sysmonwait, 1);
                runtime·notetsleep(&runtime·sched.sysmonnote, maxsleep);

                // Ë̇¹ǽ̢ɏŃǍŋ͉
                runtime·atomicstore(&runtime·sched.sysmonwait, 0);
                runtime·noteclear(&runtime·sched.sysmonnote);

                idle = 0;
                delay = 20;
            }
        }

        // öˎˣ 10ms ǫéȘ netpoll͌ɉ�ʍ§͌īǼ�}0�̜u͉
        lastpoll = runtime·atomicload64(&runtime·sched.lastpoll);
        if(lastpoll != 0 && lastpoll + 10*1000*1000 < now) {
            runtime·cas64(&runtime·sched.lastpoll, lastpoll, now);
            gp = runtime·netpoll(false);  // non-blocking
            if(gp) {
                injectglist(gp);
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            }
        }

        // ƕÑÒɘɭˁȜ̔Ʃ̙̞äȤ P͉
        // º̔Ʃ̙ˤʓȤ G 0�¦p也�ˁ两˸ȯ͉
        if(retake(now))
            idle = 0;
        else
            idle++;

        // öˎˣ 2 r̎ƻPÞÙÑƕ͌ĺ~¾�͉
        lastgc = runtime·atomicload64(&mstats.last_gc);
        if(lastgc != 0 && unixnow - lastgc > forcegcperiod && ...) {
            // 下 forcegc.G ƗÑ0�̜u͌Abˤʓ͉
            injectglist(runtime·forcegc.g);
        }

        // ̉Ɨ̔Ʃ̙̘ɸ span ȏȘeú͉
        if(lastscavenge + scavengelimit/2 < now) {
            runtime·MHeap_Scavenge(nscavenge, now, scavengelimit);
            lastscavenge = now;
        }
    }
}

forcegc Å scavenge �̮̅Ģ位ˣ͉retake AȜʧƛÏzƟ syscall Ŧ G 0�Ȥˤʓ
Ʃ̙͉

proc.c
struct Pdesc
{
    uint32  schedtick;       // scheduler execute ŮʓǛƛ͉
    int64   schedwhen;
    uint32  syscalltick;     // syscall ŮʓǛƛ͌Ö exitsyscall ɩǁ�˵ç͉
    int64   syscallwhen;
};

static Pdesc pdesc[MaxGomaxprocs];

static uint32 retake(int64 now)
{
    n = 0;

    // ŇȖ交ǌũƷ P͉
    for(i = 0; i < runtime·gomaxprocs; i++) {
        p = runtime·allp[i];
        if(p==nil) continue;
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        pd = &pdesc[i];

        s = p->status;
        if(s == Psyscall) {
            // öǉÅ pdesc �Ȥʧƛ�ɏ͌ʖȷ¾��Ơ syscall͌�ƠʧƛÏ͉
            // gǛ retake Ʃ͌öʧƛDȈȩɏ͌ʖȷDȈ̞äÖ�Ǜ syscall �͌
            // Ʃ̙ˍ代ˎˣ�Ǜ sysmon sleep (ƶ不 20us)͉
            t = p->syscalltick;
            if(pd->syscalltick != t) {
                pd->syscalltick = t;
                pd->syscallwhen = now;
                continue;
            }

            // ö P ǫƷb)0�͌	ǫˎˣ 10ms͌你ˣ͉
            if(p->runqhead == p->runqtail &&
               runtime·atomicload(&runtime·sched.nmspinning) +
               runtime·atomicload(&runtime·sched.npidle) > 0 &&
               pd->syscallwhen + 10*1000*1000 > now)
                 continue;

            // ƕÑ估 syscall ̞äȤ P͌Ȝ�Ůʓb)0�͉
            if(runtime·cas(&p->status, s, Pidle)) {
                n++;
                handoffp(p);
            }
        } else if(s == Prunning) {
            // ʧƛ�ɏ͌ʖȷ¾�Ơ G 0�Ůʓ͌�ƠʧƛÏ͉
            // gǛ retake Ʃ͌öʧƛDȈȩɏ͌ʖȷʹ0�ŮʓƩ̙ˎˣ�Ǜ sysmon sleep ̙̥͉
            t = p->schedtick;
            if(pd->schedtick != t) {
                pd->schedtick = t;
                pd->schedwhen = now;
                continue;
            }

            // 交ǌˎƩ (10ms)͉
            if(pd->schedwhen + 10*1000*1000 > now)
                continue;

            // ʯɸ也�ˁ两Ǎʬ͉
            preemptone(p);
        }
    }
    return n;
}
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�̮位ˣ entersyscall 4Hú从Ø͌ʣ̢ķȜ͌ÒǞ sysmon ¯,ý[ƀÑ P͉ˁ两Ï
4ɀ些Ēʷʩ˨
 P ˒ˍǃ͌˨ƭüȤˆ0͉

proc.c
static void handoffp(P *p)
{
    // if it has local work, start it straight away
    if(p->runqhead != p->runqtail || runtime·sched.runqsize) {
        startm(p, false);
        return;
    }

    // no local work, check that there are no spinning/idle M's,
    // otherwise our help is not required
    if(runtime·atomicload(&runtime·sched.nmspinning) + 
       runtime·atomicload(&runtime·sched.npidle) == 0 &&
       runtime·cas(&runtime·sched.nmspinning, 0, 1)){
        startm(p, true);
        return;
    }

    // gc
    if(runtime·sched.gcwaiting) {
        p->status = Pgcstop;
        if(--runtime·sched.stopwait == 0)
            runtime·notewakeup(&runtime·sched.stopnote);
        return;
    }

    if(runtime·sched.runqsize) {
        startm(p, false);
        return;
    }

    // If this is the last running P and nobody is polling network,
    // need to wakeup another M to poll network.
    if(runtime·sched.npidle == runtime·gomaxprocs-1 && 
       runtime·atomicload64(&runtime·sched.lastpoll) != 0) {
        startm(p, false);
        return;
    }

    pidleput(p);
}

ʅ�也�ˁ两˸ȯ�ˣƭÖ G ǎ�ʯɸ�
Ǎŋ͉份7Ɠ>͌Öńí×ơ̅ʂȫ}͉
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proc.c
// Tell the goroutine running on processor P to stop.
static bool preemptone(P *p)
{
    mp = p->m;
    if(mp == nil || mp == g->m)
        return false;

    gp = mp->curg;
    if(gp == nil || gp == mp->g0)
        return false;

    gp->preempt = true;
    // Every call in a go routine checks for stack overflow by
    // comparing the current stack pointer to gp->stackguard0.
    // Setting gp->stackguard0 to StackPreempt folds
    // preemption into the normal stack overflow check.
    gp->stackguard0 = StackPreempt;
    return true;
}

ă̠Ȥˁ两ʓ�ȝɴʶÏƏZ}qƛò̄Ȥ morestack ķ¦͉

asm_amd64.s
TEXT runtime·morestack(SB),NOSPLIT,$0-0
    MOVQ    (g_sched+gobuf_sp)(BP), SP
    CALL    runtime·newstack(SB)

stack.c
void runtime·newstack(void)
{
    if(gp->stackguard0 == (uintptr)StackPreempt) {
        // Act like goroutine called runtime.Gosched.
        runtime·casgstatus(gp, Gwaiting, Grunning);
        runtime·gosched_m(gp);  // never return
    }
}

¯ʝ也�ˁ两Ȥ�ƎƭŮʓb)̭eɿqƛ͉öǉ0�˒ǫƷqƛˁȜȤƣ̡ŇȖ͌̂� 
M/P Ĕ4估�Ȩ̫�͌ƶ义Ȥƭ GOMAXPROCS = 1͌b)0�̅4̼Ǡ͉
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3.8 ]?��

AȜȜȖæ©̌ GODEBUG="schedtrace=xxx" ˞pˁ两Ï˓˗IŘ͉

$ GOMAXPROCS=2 GODEBUG="schedtrace=1000" ./test

  +- MN%H1.
  |                          +- CS P -RV
  |                          |                           +- ��I0>$A M -RV
  |                          |                           |                                + 	 �� P 6���-RV
  |                          |                           |                                |  
5023ms: gomaxprocs=2 idleprocs=0 threads=3 spinningthreads=0 idlethreads=0 runqueue=12 [44 44]
               |                          |                                |
               |                          |                                +- CS M -RV
               |                          +- M %-V
               +- P %-V

于ʺɤȤIŘ,̩Ƃā "scheddetail=1"͉

$ GOMAXPROCS=2 GODEBUG="schedtrace=1000,scheddetail=1" ./test

SCHED 1002ms: gomaxprocs=2 idleprocs=0 threads=3 idlethreads=0 runqueue=0 ...
  P0: status=1 schedtick=4 syscalltick=3 m=0 runqsize=51 gfreecnt=0
  P1: status=1 schedtick=5 syscalltick=0 m=2 runqsize=50 gfreecnt=0
  M2: p=1 curg=10 mallocing=0 throwing=0 gcing=0 locks=0 dying=0 helpgc=0 ...
  M1: p=-1 curg=-1 mallocing=0 throwing=0 gcing=0 locks=1 dying=0 helpgc=0 ...
  M0: p=0 curg=9 mallocing=0 throwing=0 gcing=0 locks=0 dying=0 helpgc=0 ...
  G1: status=4(sleep) m=-1 lockedm=-1
  G2: status=1() m=-1 lockedm=-1
  G3: status=1() m=-1 lockedm=-1

ȩ`*代ʾ¡ɺ proc.c/runtime·schedtrace qƛ͉
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4. Channel

Channel ƭ Go ă从 CSP ǚßȤ`例͌̈́�Ȝ˸ʫǃă从_$͉

Öc;ă从�͌份7 FIFO ̜u͌í
 G ƈ̜ɏŃƕ¦Ɠ>͉·ǟǚ个͌(ƈ̜̏ʖ�ʍ
§�
ʂ��"ƅƛƆȤĉ˃͎Ĵǟǚ个͌ÓɪƛƆɳi�Ʌ9ƈ̜͉

4.1 �+�

X�ʣo
âƽȤƛƆ份ß͉

SudoG ĉ G ˩ʓ�ʙ͌ɼ WaitQ vƭ SudoG ƈ̜̏ʖ͉

runtime.h
struct  SudoG
{
    G*      g;
    uint32* selectdone;
    SudoG*  next;
    SudoG*  prev;
    void*   elem;          // ¦˰ŦƊƕȤƛƆ͉
    int64   releasetime;
    int32   nrelease;      // -1 for acquire
    SudoG*  waitlink;      // G.waiting list
};

chan.h
struct  WaitQ
{
    SudoG*  first;
    SudoG*  last;
};

Ǥ
 channel ̢¦˰ÅƊƕƈ̜̏ʖì͌˧ȝ�
ȖȒƛƆɳiǙ̜u͉

chan.h
struct  Hchan
{
    uintgo  qcount;         // ɳiƛƆ̱ƛ͉̌
    uintgo  dataqsiz;       // ɳiǙƛ͉̌
    byte*   buf;            // ɳi�Ƃ͉̍
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    uint16  elemsize;       // ƛƆ̱̔两͉
    uint32  closed;         // `̖Ǎʬ͉
    Type*   elemtype;       // ƛƆ̱份ß͉
    uintgo  sendx;          // ¦˰ɚķ͉
    uintgo  recvx;          // Ɗƕɚķ͉
    WaitQ   recvq;          // ɏŃƊƕ G ƈ̜̏ʖ͉
    WaitQ   sendq;          // ɏŃ¦˰ G ƈ̜̏ʖ͉
    Mutex   lock;
};

wĲ channel ĉ˃Ʃ̩͌ʛƂāɳiǙƛ̌͌·ǟǚ个� 0͉

chan.go
const (
    hchanSize = unsafe.Sizeof(hchan{}) + 
                uintptr(-int(unsafe.Sizeof(hchan{}))&(maxAlign-1))
)

func makechan(t *chantype, size int64) *hchan {
    elem := t.elem

    // ƛƆ̱̔两�ʂˎˣ 64KB͉
    if elem.size >= 1<<16 {
        gothrow("makechan: invalid channel element type")
    }

    var c *hchan
    if elem.kind&kindNoPointers != 0 || size == 0 {
        // �ǛŔr̆ channel Åɳi�eú͉
        c = (*hchan)(mallocgc(hchanSize+uintptr(size)*uintptr(elem.size), ...))

        // ˁƜɳi�Ƃ͉̍
        if size > 0 && elem.size != 0 {
            c.buf = (*uint8)(add(unsafe.Pointer(c), hchanSize))
        } else {
            c.buf = (*uint8)(unsafe.Pointer(c))
        }
    } else {
        // öǉƛƆ̱ƭƂ̍͌�ȓr̆�
Ƃ̍ƛɣ>�ɳi�͉
        c = new(hchan)
        c.buf = (*uint8)(newarray(elem, uintptr(size)))
    }

    c.elemsize = uint16(elem.size)
    c.elemtype = elem
    c.dataqsiz = uint(size)
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    return c
}

4.2 H�JE

·ǟÅĴǟă从任ǮƷńïĠĴ͉8�ȯ&��Ò͌ˤʓƩĳ¦%Àȳ下˨!ä}·�

qƛ͉̊�̚ˀơG͌ť-下bźĳ位了͉

·ǟƕ¦Ɠ>Ȥ`例͌ƭ(ƈ̜̏ʖ̊Ų}�
¶>会͉Ų}͌ȨƊȻ�"ƅƛƆ͎Ų�
}͌ŴʄġŬ�Ť SudoG͌Ɨ}ƈ̜̏ʖ̊͌Ȉ¹2ȭ͌Ȩ}估­�ơË͉̇

¡ƛ ep ʖȷŃ¦˰ŦƊƕƛƆeúƂ͉̍

chan.go
func chansend(t *chantype, c *hchan, ep unsafe.Pointer, ...) bool {
    lock(&c.lock)

    // --- ·ǟǚ个 ------------------------------------------------------

    if c.dataqsiz == 0 {  
        // (Ɗƕƈ̜̏ʖǌŲƊƕ会͉
        sg := c.recvq.dequeue()
        if sg != nil {
            // Ų}¶>会,¹͌Ĕ�g̩ʛ channel ¡�͉
            unlock(&c.lock)

            recvg := sg.g

            // 下ƛƆ书˄ɫƊƕ会͉
            if sg.elem != nil {
                memmove(unsafe.Pointer(sg.elem), ep, uintptr(c.elemsize))
                sg.elem = nil
            }

            // 下mêË̇ȤƊƕ会 SudoG Hú}ȧǍ G.param͉
            // ·ǟơ个Ȥ¡�¤ơ˸ˣ交ǌʹ¡ƛǃ以āƭ估­�ơË͉̇
            // ­ì͌channel select Ȝʹ¡ƛʍȯ¯ȜȤ SudoG͉
            // Ĵǟơ个'`为ɳiǙ͌ī�̩ʛƷ­�ơ̆¶͌ÒǞƣ̩åhʹ¡ƛ͉
            recvg.param = unsafe.Pointer(sg)

            // Ë̇Ɗƕ会͉
            // ǰŠ͌ǞƩƊƕ会ĢɧȺĳƈ̜̏ʖ͌ɼ	ƛƆĢɧþŤ书˄͉
            goready(recvg)
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            return true
        }

        // öǉŲ�}Ɗƕ会͌̂�Ŭ�Ť SudoG͉
        gp := getg()
        mysg := acquireSudog()
        mysg.releasetime = 0
        mysg.elem = ep
        mysg.waitlink = nil
        gp.waiting = mysg
        mysg.g = gp
        mysg.selectdone = nil
        gp.param = nil

        // Ɨ}¦˰会ƈ̜̏ʖ͈̞ä͉
        c.sendq.enqueue(mysg)
        goparkunlock(&c.lock, "chan send")

        // 估Ë͉̇交ǌ param ¡ƛ͌以āƭ估Ɗƕ会ɼ�ƭ close Ë͉̇
        // 估Ë̇�͌ƛƆĢɧ估Ɗƕ会书˄þŤ͉
        gp.waiting = nil
        if gp.param == nil {
            if c.closed == 0 {
                gothrow("chansend: spurious wakeup")
            }
            panic("send on closed channel")
        }
        gp.param = nil

        releaseSudog(mysg)
        return true
    }

    return true
}

·ǟƊƕÅ·ǟ¦˰ǵɃâƽ�ʆ͉

chan.go
func chanrecv(t *chantype, c *hchan, ep unsafe.Pointer, ...) (selected, received bool) {
    lock(&c.lock)

    // --- ·ǟǚ个 ------------------------------------------------------

    if c.dataqsiz == 0 {
        // (¦˰ƈ̜̏ʖŲp�
¦˰会͉
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        sg := c.sendq.dequeue()
        if sg != nil {
            // Ƒĳ channel͌Ȼ�"ƫ͉
            unlock(&c.lock)

            // 书˄ƛƆ͉
            if ep != nil {
                memmove(ep, sg.elem, uintptr(c.elemsize))
            }
            sg.elem = nil
            gp := sg.g

            // ʯɸË̇交ǌ¡ƛ͌Ë̇¦˰会͉
            // Ë̇�͌ƛƆĢɧþŤ书˄͉
            gp.param = unsafe.Pointer(sg)
            goready(gp)

            selected = true
            received = true
            return
        }

        // öǉǫƷ¦˰会͌Ŭ�Ť SudoG͉
        gp := getg()
        mysg := acquireSudog()
        mysg.releasetime = 0
        mysg.elem = ep
        mysg.waitlink = nil
        gp.waiting = mysg
        mysg.g = gp
        mysg.selectdone = nil
        gp.param = nil

        // Ɨ}Ɗƕƈ̜̏ʖ͈̞ä͉
        c.recvq.enqueue(mysg)
        goparkunlock(&c.lock, "chan receive")

        // 交ǌƭ¼估¦˰会Ë̇͌,以āƛƆ¯Ȝ͉close Ë̇ʀā�4ƷƛƆ͉
        // Ë̇�͌¦˰会Ģɧ下ƛƆ书˄} ep͉
        haveData := gp.param != nil
        gp.param = nil
        releaseSudog(mysg)

        if haveData {
            selected = true
            received = true
            return
        }
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        lock(&c.lock)
        return recvclosed(c, ep)
    }
}

ɒ�什位͌ʛ���Ų}¶>ơ͌ʛ� ƈ̜ɏȮ估�Ë̇͌˨ƭ�
¤ºˣɃ͉

SudoG 4估ɳú} cache͌˨
ǫ&�̩ʛȐ|位了Ȥ͉

malloc.h
struct MCache
{
    SudoG*  sudogcache;
};

proc.go
func acquireSudog() *sudog {
    c := gomcache()
    s := c.sudogcache
    if s != nil {
        c.sudogcache = s.next
        s.next = nil
        return s
    }

    mp := acquirem()
    p := new(sudog)
    releasem(mp)
    return p
}

func releaseSudog(s *sudog) {
    gp := getg()
    c := gomcache()
    s.next = c.sudogcache
    c.sudogcache = s
}

·ǟ`例ƭǌŲ¶>ơ͌ɼĴǟ`例vƭɳi�ɅǙ͉channel AȜ qcount͈sendx͈
recvx ǃɱ习�
ȖȒɳi̜u͉

chan.go
func chansend(t *chantype, c *hchan, ep unsafe.Pointer, ...) bool {
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    lock(&c.lock)

    // --- Ĵǟǚ个 ------------------------------------------------------

    // öǉɳi�ǫƷɅǙ͉
    for c.qcount >= c.dataqsiz {
        // Ŭ�Ť SudoG͉
        gp := getg()
        mysg := acquireSudog()
        mysg.releasetime = 0
        mysg.g = gp
        mysg.elem = nil
        mysg.selectdone = nil

        // ƗZ¦˰̜u͌2ȭ͉
        c.sendq.enqueue(mysg)
        goparkunlock(&c.lock, "chan send")

        // 估Ë̇͌̉Ɨ SudoG͉
        // 估Ë̇�͌SudoG Ģɧ估ǋ
Ɗƕ会中pƈ̜̏ʖ͉
        releaseSudog(mysg)

        // ... ŇȖ̋ʷ ...
    }

    // ƷɅǙ͌ȨƊ下ƛƆ书˄}ɳi�͉
    memmove(chanbuf(c, c.sendx), ep, uintptr(c.elemsize))

    // ˁƜɳi�¡ƛ͉
    c.sendx++
    if c.sendx == c.dataqsiz {
        c.sendx = 0
    }
    c.qcount++

    // ¦˰Ɠ>þŤ͉
    // ɳi�Ʒ�¯ȜƛƆ͌Ēʷ下ǋ
Ɗƕ会(ƈ̜̏ʖ中p͌Ë̇üéȘƛƆ͉
    sg := c.recvq.dequeue()
    if sg != nil {
        recvg := sg.g
        unlock(&c.lock)
        goready(recvg)
    }

    return true
}
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下ƛƆ书˄}ɳi�͌Ȉ¹Ēʷ Ë̇ǋ
Ɗƕ会éȘ͉·Ǐ͌Ɗƕ会öǉŲ�}¯ȜȤ
ɳúƛƆ͌4下ʄġƗ}ƈ̜̏ʖ͌ɏŃǋ
¦˰会hZƛƆ¹Ë͉̇

chan.go
func chanrecv(t *chantype, c *hchan, ep unsafe.Pointer, ...) (selected, received bool) {
    lock(&c.lock)

    // --- Ĵǟǚ个 ------------------------------------------------------

    // öǉǫƷ¯ȜɳúƛƆ͉
    for c.qcount <= 0 {
        // Ŭ�Ť SudoG.
        gp := getg()
        mysg := acquireSudog()
        mysg.releasetime = 0
        mysg.elem = nil
        mysg.g = gp
        mysg.selectdone = nil

        // Ɨ}Ɗƕƈ̜̏ʖ͈̞ä͉
        c.recvq.enqueue(mysg)
        goparkunlock(&c.lock, "chan receive")

        // 估Ë͉̇
        // 估Ë̇�͌SudoG Ģɧ估中pƈ̜̏ʖ͉
        releaseSudog(mysg)
        lock(&c.lock)

        // ... ŇȖ̋ʷ ...
    }

    // öǉƷ¯ȜƛƆ̱͌ȨƊ书˄} ep͉
    if ep != nil {
        memmove(ep, chanbuf(c, c.recvx), uintptr(c.elemsize))
    }

    // ǽ̢ɳiǙ͌ˁƜɳi�¡ƛ͉
    memclr(chanbuf(c, c.recvx), uintptr(c.elemsize))
    c.recvx++
    if c.recvx == c.dataqsiz {
        c.recvx = 0
    }
    c.qcount--

    // ƊƕþŤ͌ʖȷƷɅǙ͌ĒʷË̇ǋ
¦˰会͉
    sg := c.sendq.dequeue()
    if sg != nil {
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        gp := sg.g
        unlock(&c.lock)
        goready(gp)
    }

    selected = true
    received = true
    return
}

ĉ� nil channel͌Ŗƭ̞ä͉ɼļȜ close `̖ channel Ʃ͌4Ë̇ũƷƈ̜会͌ʩ
ü-éȘþĢƷȤƓ>͌ǥöĢƈ̜ɏŃ¦˰ȤƛƆ͌ŦĢɧhZɳi�ȤƛƆ͉

chan.go
func closechan(c *hchan) {
    // �ʛ close nil channel͉
    if c == nil {
        panic("close of nil channel")
    }

    // �ʛíǛ close channal͉
    if c.closed != 0 {
        panic("close of closed channel")
    }

    // `̖Ǎŋ͉
    c.closed = 1

    // Ë̇ũƷƈ̜ȤƊƕ会͉
    for {
        sg := c.recvq.dequeue()
        if sg == nil {
            break
        }
        gp := sg.g
        sg.elem = nil
        gp.param = nil    // öǉƭ·ǟơ个͌ʖ了ƭ closechan Ë͉̇

        goready(gp)
    }

    // Ë̇ũƷƈ̜Ȥ¦˰会͉
    for {
        sg := c.sendq.dequeue()
        if sg == nil {
            break
        }
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        gp := sg.g
        sg.elem = nil
        gp.param = nil

        goready(gp)
    }
}

Ŗɩʟvö�͍

���

•º nil channel ¦˰ƛƆ̞͌ä͉
•º closed channel ¦˰ƛƆ͌p͉̒
•·ǟ¦˰: öƷƊƕ会͌"ƅƛƆ͉¼vƈ̜͈̞ä͉
•Ĵǟ¦˰: öƷɅǙ͌书˄ƛƆ}ɳi�͉¼vƈ̜͈̞ä͉

FH�

•( nil channel ƊƕƛƆ̞͌ä͉
•( closed channel ƊƕƛƆ͌˦ÑĢƷƛƆŦ̨N͉
•·ǟƊƕ: öƷ¦˰会͌"ƅƛƆ͉¼vƈ̜͈̞ä͉
•ĴǟƊƕ: öƷɳi̱͌书˄ƛƆ͉¼vƈ̜͈̞ä͉

4.3 �BW;

ɴʶÏ4下ũƷ case ˙ƅ� Scase ĉ˃͌ǰf} select.scase͌ʄȈ��ž default͉

chan.h
struct  Scase
{
    void*   elem;           // data element
    Hchan*  chan;           // chan
    uintptr pc;             // return pc
    uint16  kind;
    uint16  so;             // vararg of selected bool
    bool*   receivedp;      // pointer to received bool (recv2)
    int64   releasetime;
};

struct  Select
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{
    uint16  tcase;          // total count of scase[]
    uint16  ncase;          // currently filled scase[]
    uint16* pollorder;      // case poll order
    Hchan** lockorder;      // channel lock order
    Scase   scase[1];       // one per case (in order of appearance)
};

Ò� case ʻ¬ƛ̌ƭ以āȤ͌ÒǞÖx÷�Ʃ͌4�ǛŔr̆ũ̩Ȥ[̄eú͉

select.go
func newselect(sel *_select, selsize int64, size int32) {
    // 以似eú̔两͉
    if selsize != int64(selectsize(uintptr(size))) {
        gothrow("bad select size")
    }

    sel.tcase = uint16(size)
    sel.ncase = 0

    // 以似ˍ÷×Ú͉
    sel.lockorder = (**hchan)(add(unsafe.Pointer(&sel.scase), 
                                  uintptr(size)*unsafe.Sizeof(_select{}.scase[0])))
    sel.pollorder = (*uint16)(add(unsafe.Pointer(sel.lockorder), 
                                  uintptr(size)*unsafe.Sizeof(*_select{}.lockorder)))
}

// eúɣŤ select + scase + lockerorder + pollorder͉
func selectsize(size uintptr) uintptr {
    selsize := unsafe.Sizeof(_select{}) +
        (size-1)*unsafe.Sizeof(_select{}.scase[0]) +  // Select ĢɧƷ�
 scase[1]
        size*unsafe.Sizeof(*_select{}.lockorder) +
        size*unsafe.Sizeof(*_select{}.pollorder)
    return round(selsize, _Int64Align)
}

eúģė:

+----------+---------------+-------------------+-------------------+
|  select  |  scase array  |  lockorder array  |  pollorder array  |
+----------+---------------+-------------------+-------------------+

¹�ŤÀƭ任Ǯ̩ʛAȜȤƈĬʖ͉pollorder Hú�Ĭ¹Ȥ scase Ĭ³͌öǞ˽�ƩĔ
ľŤ�̣ƾ˲Ž͉ɼ lockorder ĉ case channel ×ÚƈĬ͌ļíéAȜ·� channel 
Ʃ͌¯使Y̋ë�͉̑
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ǰfqƛīǫí不Ȕƾ͌ƣ̭ƭ˸ˣ ncase 以āǰf9ɸ͉DƆ case channel Ɠ>ơ
个͌r� send͈recv͈default �们份ß͉

select.go
func selectsend(sel *_select, c *hchan, elem unsafe.Pointer) (selected bool) {
    if c != nil {
        selectsendImpl(sel, c, getcallerpc(unsafe.Pointer(&sel)), elem, 
                       uintptr(unsafe.Pointer(&selected))-uintptr(unsafe.Pointer(&sel)))
    }
    return
}

func selectsendImpl(sel *_select, c *hchan, pc uintptr, elem unsafe.Pointer, so uintptr) 
{
    // ļ�ǰf9ɸ͉
    i := sel.ncase

    // zƟƭ¼ˎp̡~͉
    if i >= sel.tcase {
        gothrow("selectsend: too many cases")
    }

    // ��ǰf9ɸ͉
    sel.ncase = i + 1

    // ˸ˣļ�ǰf9ɸ͌ʍ§ scase Ƃ͉̍
    cas := (*scase)(add(unsafe.Pointer(&sel.scase), 
                        uintptr(i)*unsafe.Sizeof(sel.scase[0])))

    cas.pc = pc
    cas._chan = c
    cas.so = uint16(so)
    cas.kind = _CaseSend
    cas.elem = elem
}

˲Ž任ǮȤă从Ʒ!ëƿ͌¢ƭ�
ˎ̔qƛ͌Wƞï̌Ȥ goto͉

select.go
func selectgo(sel *_select) {
    pc, offset := selectgoImpl(sel)
}

func selectgoImpl(sel *_select) (uintptr, uint16) {
    scaseslice := sliceStruct{unsafe.Pointer(&sel.scase), int(sel.ncase), ...}
    scases := *(*[]scase)(unsafe.Pointer(&scaseslice))
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    // åW pollorder͌Ȉ¹ǲȎľŤ�Ĭ͉
    pollorder := *(*[]uint16)(unsafe.Pointer(&pollslice))
    ...

    // 下 case channel ƃ×ÚƈĬ͉
    lockorder := *(*[]*hchan)(unsafe.Pointer(&lockslice))
    ...
        
    // ̑ā[̄ channel͉
    sellock(sel)

loop:

    // 1: ǌŲĢmêõȤ case͉

    for i := 0; i < int(sel.ncase); i++ {
        // AȜ pollorder ˦Ñ case͌˨Ĕƭ select ̣ƾ˲ŽȤ`例͉
        cas = &scases[pollorder[i]]
        c = cas._chan

        switch cas.kind {
        case _CaseRecv:
            if c.dataqsiz > 0 {           // Ĵǟ
                if c.qcount > 0 {         // ƷɳiƛƆ
                    goto asyncrecv
                }
            } else {                      // ·ǟ
                sg = c.sendq.dequeue()    
                if sg != nil {            // ƷƊƕ会
                    goto syncrecv
                }
            }
            if c.closed != 0 {            // `̖
                goto rclose
            }

        case _CaseSend:
            if c.closed != 0 {
                goto sclose
            }
            if c.dataqsiz > 0 {
                if c.qcount < c.dataqsiz {
                    goto asyncsend
                }
            } else {
                sg = c.recvq.dequeue()
                if sg != nil {
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                    goto syncsend
                }
            }

        case _CaseDefault:
            dfl = cas
        }
    }

    // öǫƷmêõȤ case͌ĒʷŮʓ default͉
    if dfl != nil {
        selunlock(sel)
        cas = dfl
        goto retc
    }

    // 2: öǉǫƷ0<mêõȤ case ...
    //    Ŭ� SudoG͌Ɨ}ũƷ channel ƈ̜̏ʖ͌ɏŃË͉̇

    gp = getg()
    done = 0
    for i := 0; i < int(sel.ncase); i++ {
        cas = &scases[pollorder[i]]
        c = cas._chan

        // wĲ SudoG͉
        sg := acquireSudog()
        sg.g = gp
        sg.elem = cas.elem
        sg.waitlink = gp.waiting
        gp.waiting = sg           // [̄ SudoG ̏ʖ͉

        // 下 SudoG Ɨ} channel ƈ̜̏ʖ͉
        switch cas.kind {
        case _CaseRecv:
            c.recvq.enqueue(sg)

        case _CaseSend:
            c.sendq.enqueue(sg)
        }
    }

    // 2ȭ͌ɏŃË͉̇
    gp.param = nil
    gopark(unsafe.Pointer(funcPC(selparkcommit)), unsafe.Pointer(sel), "select")

    // ÒũƷ channel SudoG ̅AȜļ� G͌ũ,¯估0< channel Ɠ>Ë͉̇
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    sellock(sel)
    sg = (*sudog)(gp.param)   // ·ǟƩƂº估Ë̇Ȥ SudoG͌Ĵǟ� nil͉

    // 3: Ųp估Ë̇Ȥ case channel͉

    cas = nil
    sglist = gp.waiting

    // ˽�交ǌ估Ë̇Ȥ SudoG ƭ¼ƭɎ 2 ǟwĲȤ͉
    // ǰŠ͌sglist Å pollorder ̲Ĭ�ʆ͉
    for i := int(sel.ncase) - 1; i >= 0; i-- {
        k = &scases[pollorder[i]]

        // öǉ专� ...
        if sg == sglist {
            // ·ǟË͉̇
            cas = k
        } else {
            // �专�͌§ǹƈ̜͉
            c = k._chan
            if k.kind == _CaseSend {
                c.sendq.dequeueSudoG(sglist)
            } else {
                c.recvq.dequeueSudoG(sglist)
            }
        }

        sgnext = sglist.waitlink
        sglist.waitlink = nil
        releaseSudog(sglist)
        sglist = sgnext
    }

    // ĴǟË̇͌Ñ}Ɏ 1 ǟéȘ͉
    if cas == nil {
        goto loop
    }

    // ·ǟơ个�͌Ö估Ë̇�͌ƛƆĢɧþŤ"ƅ͌ȨƊɩǁ�¯͉
    selunlock(sel)
    goto retc

// �̮˨!*代Ö��ʊĢɧ位ˣ͌ǞéŐȢ͉
asyncrecv:
asyncsend:
syncrecv:
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rclose:
syncsend:

retc:
    return cas.pc, cas.so

sclose:
    // send on closed channel
    selunlock(sel)
    panic("send on closed channel")
}

ɒ�¹ȤǵɃȫ� ǽȋí�͉

•˽�交ǌ¯Ȝ case͌ÒAȜ pollorder͌ũ,ˣɃĔƭ̣ƾȤ͉
•öǫƷ channel mêõ͌̂�ĒʷŮʓ default͉
•ö̅�¯Ȝ͌vŬ� SudoG Ɨ}ũƷ channel ƈ̜͉
•ļ估0< channel Ɠ>Ë̇Ʃ͌˽�Ų}估ȄǴȤ case͉

ǤǛƓ>̅ĉũƷ channel �̑͌ƭ
�ĎȤ*/͉

select.go
func sellock(sel *_select) {
    var c *hchan
    for _, c0 := range lockorder {
        // öǉÅ�� channel ×Úȩ·͌vƣ̩�͉̑
        if c0 != nil && c0 != c {
            c = c0
            lock(&c.lock)
        }
    }
}

func selunlock(sel *_select) {
    n := int(sel.ncase)
    r := 0
    
    // Ò� default case Ȥ channel � nil͌ƈĬ¹ŖƭÖ lockorder[0]͌你ˣ͉
    if n > 0 && lockorder[0] == nil {
        r = 1
    }

    for i := n - 1; i >= r; i-- {
        c := lockorder[i]
        if i > 0 && c == lockorder[i-1] {
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            continue      // will unlock it on the next iteration
        }
        unlock(&c.lock)
    }
}

öǉÖ select ʻ¬ìô�ŇȖ͌̂ĔŠÃȮǤǛŇȖ̅ʛwĲĉ˃͌þŤǰf͈ǲȎ͈
ƈĬ͈˲Žɏ�ïãƓ>͉
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5. Defer

¥ɴʶɒ�ȷB͌ȫȫ defer ȤȬă̮ȧ͉

package main

import ()

func main() {
    x := 0x100
    defer println(x)
}

(gdb) disas main.main
Dump of assembler code for function main.main:
   0x0000000000002016 <+22>:" sub    rsp,0x8
   0x000000000000201a <+26>:" mov    rcx,0x100
   0x0000000000002021 <+33>:" mov    QWORD PTR [rsp],rcx
   0x0000000000002025 <+37>:" lea    rcx,[rip+0x4a5fc]   # 0x4c628 <main.print.1.f>
   0x000000000000202c <+44>:" push   rcx    
   0x000000000000202d <+45>:" push   0x8
   0x000000000000202f <+47>:" call   0xad80 <runtime.deferproc>
   0x0000000000002034 <+52>:" pop    rcx
   0x0000000000002035 <+53>:" pop    rcx
   0x0000000000002036 <+54>:" test   rax,rax
   0x0000000000002039 <+57>:" jne    0x2046 <main.main+70>
   0x000000000000203b <+59>:" nop
   0x000000000000203c <+60>:" call   0xb490 <runtime.deferreturn>
   0x0000000000002041 <+65>:" add    rsp,0x8
   0x0000000000002045 <+69>:" ret    

�任ðëƿ͌ɴʶÏ下béȘŤ deferproc Å deferreturn �
qƛ͉

panic.go
func deferproc(siz int32, fn *funcval) {
    // ɴʶÏDǛ下 args͈fn͈siz Zǎ͉
    // ˸ˣ fn Öǎ�Ȥ×Ú͌以似 args͉
    argp := uintptr(unsafe.Pointer(&fn))
    argp += unsafe.Sizeof(fn)

    mp := acquirem()
    mp.scalararg[0] = uintptr(siz)
    mp.ptrarg[0] = unsafe.Pointer(fn)
    mp.scalararg[1] = argp
    mp.scalararg[2] = getcallerpc(unsafe.Pointer(&siz))
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    onM(deferproc_m)
    releasem(mp)
}

panic.c
void runtime·deferproc_m(void)
{
    siz = g->m->scalararg[0];
    fn = g->m->ptrarg[0];
    argp = g->m->scalararg[1];
    callerpc = g->m->scalararg[2];

    d = runtime·newdefer(siz);
    d->fn = fn;
    d->pc = callerpc;
    d->argp = argp;

    // 下¡ƛ书˄} defer.argp͉
    runtime·memmove(d+1, (void*)argp, siz);
}

Dȉ Defer ɩǆÅeúĉ͌ͅƂ̍ˤ任 "d+1" Ĕƭ argp͌®ƭ˨hǮȬȤõ»͏

runtime.h
struct Defer
{
    int32       siz;
    bool        started;
    uintptr     argp;      // where args were copied from
    uintptr     pc;
    FuncVal*    fn;
    Panic*      panic;     // panic that is running defer
    Defer*      link;
};

Å,串�Ǐ͌Defer 4估ëȜ͉

runtime.h
struct P
{
    Defer*  deferpool[5];
};

panic.go
func newdefer(siz int32) *_defer {
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    var d *_defer

    // ƃ 16 ùʊĉͅ¹ʧ任̔两ɚķ͉
    sc := deferclass(uintptr(siz))
    mp := acquirem()

    // ëȜ P.deferpool[5] ̊Ȥ Defer ĉ˃͉
    if sc < uintptr(len(p{}.deferpool)) {
        pp := mp.p
        d = pp.deferpool[sc]
        if d != nil {
            pp.deferpool[sc] = d.link
        }
    }

    // ˎp̔两̡~Ȥ͌ȨƊr͉̆
    if d == nil {
        // Allocate new defer+args.
        total := goroundupsize(totaldefersize(uintptr(siz)))
        d = (*_defer)(mallocgc(total, deferType, 0))
    }

    d.siz = siz
    gp := mp.curg

    // Ǽ�}̏ʖ͉
    d.link = gp._defer
    gp._defer = d

    releasem(mp)
    return d
}

ũƷ̏ʖ估Hú} G.defer ̏ʖ͉

runtime.h
struct  G
{
    Defer*  defer;
};

Öqƛ˯p�͌deferreturn þŤ Defer ˁȜ͉

panic.go
func deferreturn(arg0 uintptr) {
    gp := getg()
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    // (̏ʖƎ§�
 Defer͉
    d := gp._defer
    if d == nil {
        return
    }

    // ˁȜ deferproc ¹͌4 pop Ƈ siz͈fn͌̂� arg0 Ĕƭ argp͉
    // öǉ×Ú�ɏ͌争ȈĔ专�ƣƙˁȜ͉
    argp := uintptr(unsafe.Pointer(&arg0))
    if d.argp != argp {
        return
    }

    mp := acquirem()

    // ë~¡ƛ͉
    // ńƣʻ͌˨¢p��
 deferArgs͌Å�̮Ȥ d+1 �
Šœ͉
    // ˨ȬȤƭ·�
%hȤ*代͏
    memmove(unsafe.Pointer(argp), deferArgs(d), uintptr(d.siz))

    fn := d.fn
    d.fn = nil
    gp._defer = d.link
    freedefer(d)
    releasem(mp)

    // Ůʓ defer qƛ͉
    jmpdefer(fn, argp)
}

Ǩɴqƛ jmpdefer ńƷŠœ͉

asm_amd64.s
// void jmpdefer(fn, sp);
// called from deferreturn.
// 1. pop the caller
// 2. sub 5 bytes from the callers return
// 3. jmp to the argument
TEXT runtime·jmpdefer(SB), NOSPLIT, $0-16
    MOVQ    fv+0(FP), DX    // fn
    MOVQ    argp+8(FP), BX  // caller sp
    LEAQ    -8(BX), SP      // caller sp after CALL
    SUBQ    $5, (SP)        // return to CALL again
    MOVQ    0(DX), BX
    JMP     BX              // but first run the deferred function
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ɒ�什位ĔƭŲp "call deferreturn" ƩZǎȤ PC ćúÏ×Ú͉

   0x000000000000203c <+60>:" call   0xb490 <runtime.deferreturn>
   0x0000000000002041 <+65>:" add    rsp,0x8

Ò PC ćúÏƂº��ǂƂ+͌̂�ǎ�NĮʹĔƭ 0x2041͌n  call Ƃ+̔两 5͌
ɩǉĔƭ 0x203c͉下Ǟ×ÚZǎ͌ɏ jmpdefer ɩǁ͌deferreturn RET Ƃ+ũŗëȤ 
PC ćúÏNĔ¢Ñ}� "call deferreturn"͉̆¶ĉ argp ×Ú交ǌ͌Ĕă从�qƛeí

 Defer ȤˁȜ͉

öǉˁȜ Goexit ɦǜ goroutine͌̂�ȨƊŇȖˁȜ̏�ȤũƷ Defer �¯͉

panic.go
func Goexit() {
    // Run all deferred functions for the current goroutine.
    gp := getg()
    for {
        d := gp._defer
        if d == nil {
            break
        }
        if d.started {
            d.fn = nil
            gp._defer = d.link
            freedefer(d)
            continue
        }
        d.started = true
        reflectcall(unsafe.Pointer(d.fn), deferArgs(d), uint32(d.siz), uint32(d.siz))

        d._panic = nil
        d.fn = nil
        gp._defer = d.link
        freedefer(d)
    }
    goexit()
}

Ñˣò之之͌�
þƜ defer ˣɃʛéȘɳúĉ˃͌¡ƛ书˄͌,£íǛqƛˁȜ͌争Ȉ
ʛǥȨƊqƛˁȜŢņí͉

var lock sync.Mutex

func test() {
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    lock.Lock()
    lock.Unlock()
}

func testdefer() {
    lock.Lock()
    defer lock.Unlock()
}

func BenchmarkTest(b *testing.B) {
    for i := 0; i < b.N; i++ {
        test()
    }
}

func BenchmarkTestDefer(b *testing.B) {
    for i := 0; i < b.N; i++ {
        testdefer()
    }
}

BenchmarkTest"        30000000     43.5 ns/op
BenchmarkTestDefer   10000000      211 ns/op

˨ĉ� CPU 万供ß任ǮƷńïĿÈ̩͌�|ĉŃ͉
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6. Finalizer

Finalizer Ȝ˶份7Ǉǆqƛ͌Ö`ɿĉ˃估ÑƕƩŮʓ͉

malloc.go
func SetFinalizer(obj interface{}, finalizer interface{}) {
    // object 份ßIŘ͉
    e := (*eface)(unsafe.Pointer(&obj))
    etyp := e._type
    ot := (*ptrtype)(unsafe.Pointer(etyp))

    // ŐȢ nil ĉ˃͉
    _, base, _ := findObject(e.data)
    if base == nil {
        if e.data == unsafe.Pointer(&zerobase) {
            return
        }
    }

    // finalizer qƛ份ßIŘ͉
    f := (*eface)(unsafe.Pointer(&finalizer))
    ftyp := f._type

    // öǉ finalizer � nil͌ǽ̢͉
    if ftyp == nil {
        // switch to M stack and remove finalizer
        mp := acquirem()
        mp.ptrarg[0] = e.data
        onM(removeFinalizer_m)
        releasem(mp)
        return
    }

    // 以ā finalizer goroutine ¾�͉
    // ũƷ¯ŮʓȤ finalizer ̅ȝʹ goroutine Ůʓ͉
    createfing()

    // Ǽ� finalizer ʬĽ͉
    mp := acquirem()
    mp.ptrarg[0] = f.data
    mp.ptrarg[1] = e.data
    mp.scalararg[0] = nret
    mp.ptrarg[2] = unsafe.Pointer(fint)
    mp.ptrarg[3] = unsafe.Pointer(ot)
    onM(setFinalizer_m)
    releasem(mp)
}
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malloc.c
void runtime·setFinalizer_m(void)
{
    fn = g->m->ptrarg[0];
    arg = g->m->ptrarg[1];
    nret = g->m->scalararg[0];
    fint = g->m->ptrarg[2];
    ot = g->m->ptrarg[3];

    g->m->scalararg[0] = runtime·addfinalizer(arg, fn, nret, fint, ot);
}

ȩ`IŘŬ�Ť SpecialFinalizer ĉ˃͌Ǽ�}`ɿĉ˃ũÖ span.specials ̏ʖ͉

malloc.h
struct Special
{
    Special*    next;     // linked list in span
    uint16      offset;   // span offset of object
    byte        kind;     // kind of Special
};

struct SpecialFinalizer
{
    Special     special;
    FuncVal*    fn;
    uintptr     nret;
    Type*       fint;
    PtrType*    ot;
};

struct MSpan
{
    Special     *specials;  // linked list of special records sorted by offset.
};

mheap.c
bool runtime·addfinalizer(void *p, FuncVal *f, uintptr nret, Type *fint, PtrType *ot)
{
    SpecialFinalizer *s;

    // wĲ finalizer special ĉ˃͉
    s = runtime·FixAlloc_Alloc(&runtime·mheap.specialfinalizeralloc);
    s->special.kind = KindSpecialFinalizer;
    s->fn = f;
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    s->nret = nret;
    s->fint = fint;
    s->ot = ot;

    // Ǽ�}ŃŮʓ̜u͉
    // ʒȈ5˵ s->special͌8Ò×Úȩ·͌¯˙ƅÑ SpecialFinalizer͉
    if(addspecial(p, &s->special))
        return true;

    // Ǽ�ñ何͌ʖȷĢúÖ͌Ɨĵ͉
    runtime·FixAlloc_Free(&runtime·mheap.specialfinalizeralloc, s);
    return false;
}

static bool addspecial(void *p, Special *s)
{
    // ǌŲ p ũÖ span͉
    span = runtime·MHeap_LookupMaybe(&runtime·mheap, p);

    // 以Hʹ span ĢɧþŤÞÙǽȘ͉
    runtime·MSpan_EnsureSwept(span);

    offset = (uintptr)p - (span->start << PageShift);
    kind = s->kind;

    // AȜ offset͈kind 交ǌʹ special ƭ¼ĢɧúÖ͉
    t = &span->specials;
    while((x = *t) != nil) {
        if(offset == x->offset && kind == x->kind) {
            return false; // already exists
        }
        if(offset < x->offset || (offset == x->offset && kind < x->kind))
            break;
        t = &x->next;
    }

    // Ǽ�} span.specials ̏ʖ͉
    s->offset = offset;
    s->next = x;
    *t = s;

    return true;
}

ļŮʓÞÙǽȘƓ>Ʃ͌4交ǌ span.specials ̏ʖ͉öǉ`ɿĉ˃¯,估Ñƕ͌̂�Ĕ
下 finalizer Ɨ}Ůʓ̜u͉
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mgc0.c
bool runtime·MSpan_Sweep(MSpan *s, bool preserve)
{
    specialp = &s->specials;
    special = *specialp;
    while(special != nil) {
        // ˸ˣ bitmap 交ǌ finalizer `ɿĉ˃Ȓő͉
        p = (byte*)(s->start << PageShift) + special->offset/size*size;
        off = (uintptr*)p - (uintptr*)arena_start;
        bitp = arena_start - off/wordsPerBitmapByte - 1;
        shift = (off % wordsPerBitmapByte) * gcBits;
        bits = (*bitp>>shift) & bitMask;

        // öǉƭ�¯ˡĉ˃͉
        if((bits&bitMarked) == 0) {
            // ĉ˃×Ú͉
            p = (byte*)(s->start << PageShift) + special->offset;
            y = special;

            // (̏ʖɂ̢͉
            special = special->next;
            *specialp = special;

            // 下 finalizer Ǽ�}Ůʓ̜u͌̉Ɨ special͉
            if(!runtime·freespecial(y, p, size, false)) {
                // 下`ɿĉ˃Ǎʬ�¯ˡȒő͉
                *bitp |= bitMarked << shift;
            }
        } else {
            // úǴĉ˃͌HƁ special record͉
            specialp = &special->next;
            special = *specialp;
        }
    }
}

ǰŠ͌finalizer 4Ċʆ`ɿĉ˃̋Ơ©Ť¯ˡȒő͌�Ĕƭ位�4估ǽȘƓ>Ñƕ͉˨
ƭ��HʱÖ finalizer qƛeʂý[ʰ̗`ɿĉ˃͉Ń�ǛÑƕƩ͌finalizer Ģ�ú
Ö͌`ɿĉ˃Ĕ¯估产ĨƕÑ͉

mheap.c
bool runtime·freespecial(Special *s, void *p, uintptr size, bool freed)
{
    SpecialFinalizer *sf;

    switch(s->kind) {
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    case KindSpecialFinalizer:
        // ˙ƅÑ SpecialFinalizer͌Ɨ}Ůʓ̜u͉
        sf = (SpecialFinalizer*)s;
        runtime·queuefinalizer(p, sf->fn, sf->nret, sf->fint, sf->ot);
        
        // Special Ģɧ( span.specials ɂ̢͌Ñƕ͉
        runtime·FixAlloc_Free(&runtime·mheap.specialfinalizeralloc, sf);
        return false; // don't free p until finalizer is done
    }
}

Ůʓ̜u FinBlock Húí
ŃŮʓȤ FianlizerSpecial͌ɼ[ė©̌ finq Ȝ̏ʖɔȘí

 FinBlock͉

FinBlock Åb)份ß�Ǐ͌估ɳú͈ëȜ͉

malloc.h
struct FinBlock
{
    FinBlock  *alllink;
    FinBlock  *next;
    int32     cnt;
    int32     cap;
    Finalizer fin[1];
};

mgc0.c
FinBlock*   runtime·finq;   // list of finalizers that are to be executed
FinBlock*   runtime·finc;   // cache of free blocks

mgc0.c
void runtime·queuefinalizer(byte *p, FuncVal *fn, uintptr nret, Type *fint, PtrType *ot)
{
    // 交ǌƭ¼̩ʛƠĲ FinBlock͉
    if(runtime·finq == nil || runtime·finq->cnt == runtime·finq->cap) {
        // öǉëȜ̏ʖ�Ʌ͌ƠĲ͉
        if(runtime·finc == nil) {
            runtime·finc = runtime·persistentalloc(FinBlockSize, 0, &mstats.gc_sys);
            runtime·finc->cap = (FinBlockSize - sizeof(FinBlock)) / sizeof(Finalizer)+1;
            runtime·finc->alllink = runtime·allfin;
            runtime·allfin = runtime·finc;
        }
        block = runtime·finc;
        runtime·finc = block->next;
        block->next = runtime·finq;
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        runtime·finq = block;
    }

    // Ǽ�} FinBlock ̜u͉
    f = &runtime·finq->fin[runtime·finq->cnt];
    runtime·finq->cnt++;
    f->fn = fn;
    f->nret = nret;
    f->fint = fint;
    f->ot = ot;
    f->arg = p;
    
    // Ʒ�Ơ0�͌ʯɸË̇Ǎʬ͉
    runtime·fingwake = true;
}

ÖmêõŮʓ̜u¹͌ȝ�̕Ȥ goroutine fing þŤƶɦŮʓƓ>͉

mgc0.c
G*  runtime·fing;   // goroutine that runs finalizers

malloc.go
var fingCreate uint32

func createfing() {
    // 'Ůʓ�Ǜ͉
    if fingCreate == 0 && cas(&fingCreate, 0, 1) {
        go runfinq()
    }
}

func runfinq() {
    for {
        // ɸƅ[ė̜u͉
        fb := finq   
        finq = nil

        // öǉ̜u�Ʌ͌2ȭ͉
        if fb == nil {
            gp := getg()
            fing = gp
            fingwait = true      // 2ȭǍʬ͉
            gp.issystem = true
            goparkunlock(&finlock, "finalizer wait")
            gp.issystem = false
            continue
        }
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        // ŇȖéȘũƷ FinBlock͉
        for fb != nil {
            // ŇȖéȘ FinBlock ̜ůũƷ FinalizerSpecial͉
            for i := int32(0); i < fb.cnt; i++ {
                // Ůʓ finalizer qƛ͉
                f := (*finalizer)(add(unsafe.Pointer(&fb.fin), 
                                      uintptr(i)*unsafe.Sizeof(finalizer{})))
                reflectcall(unsafe.Pointer(f.fn), frame, uint32(framesz), 
                            uint32(framesz))

                // ʣ̢ķȜ͉
                f.fn = nil
                f.arg = nil
                f.ot = nil
            }

            fb.cnt = 0
            next := fb.next

            // 下ļ� FinBlock ƗÑëȜ̏ʖ͉
            fb.next = finc
            finc = fb

            fb = next
        }
    }
}

öŮʓ̜u�Ʌ͌fing 4估2ȭ͉Ȉ¹Ö M ǌŲ0�Ʃ͌ĒʷË͉̇

proc.c
// Finds a runnable goroutine to execute.
static G* findrunnable(void)
{
    // öǉ fing 估2ȭ͌	Ë̇Ǎʬ�Ȭ͌̂�Ůʓ͉
    if(runtime·fingwait && runtime·fingwake && (gp = runtime·wakefing()) != nil)
        runtime·ready(gp);
}

mgc0.c
G* runtime·wakefing(void)
{
    G *res;

    // ö产Ö2ȭ͌	Ë̇Ǎʬ�Ȭ͌˦Ñ fing͉
    if(runtime·fingwait && runtime·fingwake) {
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        runtime·fingwait = false;    // §ǹȩ`Ǎʬ͉
        runtime·fingwake = false;
        res = runtime·fing;          // ˦Ñ fing͉
    }
    return res;
}
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A. 2�

1. 2��

1.1 go build

  ¡ƛ        位了                                     ȷB
-----------+---------------------------------------+----------------------------------
 -gcflags    5˵ɫ 5g/6g/8g ɴʶÏȤ¡ƛ͉ (5:arm, 6:x86-64, 8:x86)
 -ldflags    5˵ɫ 5l/6l/8l ̏ƊÏȤ¡ƛ͉
 -work       ǌȫɴʶ�ƩȧĽ͉
 -race       UʭƛƆɋ�交Ƕ ('ƔƁ amd64)͉
 -n          ǌȫ8�ŮʓɴʶÄ+͉
 -x          ǌȫīŮʓɴʶÄ+͉
 -a          ĺ~̋ƠɴʶũƷD余�͉
 -v          ǌȫ估ɴʶȤ�¸͌�žD余�͉
 -p n        īʓɴʶũAȜ CPU core ƛ͉̌̓似[͉̄
 -o          ˞pƝ.¸͉

gcflags
  ¡ƛ        位了                                     ȷB
-----------+---------------------------------------+----------------------------------
 -B          ȹȜˠ他交ǌ͉
 -N          ȹȜ3�͉
 -l          ȹȜqƛeɿ͉
 -u          ȹȜ unsafe *代͉
 -m          ˞p3�IŘ͉    
 -S          ˞pǨɴ*代͉      

ldflags
  ¡ƛ        位了                                     ȷB
-----------+---------------------------------------+----------------------------------
 -w          ȹȜ DRAWF ˁʷIŘ͌8��ž价³ʖ͉
 -s          ȹȜ价³ʖ͉
 -X          JƖù价�价³N͉                         -X main.VER '0.99' -X main.S 'abc'
 -H          ̏ƊƝ.份ß͌b��ž windowsgui͉         cmd/ld/doc.go

于í¡ƛ͍
 go tool 6g -h  Ŧ https://golang.org/cmd/gc/
 go tool 6l -h  Ŧ https://golang.org/cmd/ld/
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1.2 go install

Å go build ¡ƛȩ·͌下țŤƝ.书˄} bin͈pkg ȧĽ͉3XAȜ GOBIN Ȗæ©̌
ũƂāȧĽ͉

1.3 go clean

  ¡ƛ        位了                                     ȷB
-----------+---------------------------------------+----------------------------------
 -n          ǌȫ8�ŮʓǽȘÄ+͉
 -x          ǌȫīŮʓǽȘÄ+͉
 -i          y̢ bin͈pkg ȧĽ�Ȥ�˩~Ɲ.͉
 -r          ǽȘũƷD余��ƩƝ.͉

1.4 go get

�˛īýʙůę�͉̓似Hú} GOPATH ƂāȤɎ�
ĝ>Ʌ̙͉

  ¡ƛ        位了                                     ȷB
-----------+---------------------------------------+----------------------------------
 -d          '�˛͌�ŮʓýʙÄ+͉
 -t          �˛Ƕʷũ̩ȤD余�͉
 -u          于Ơ�͌�žbD余�͉
 -v          ǌȫīŮʓÄ+͉

1.5 go tool objdump

¥Ǩɴ¯ŮʓƝ.͉

$ go tool objdump -s "main\.\w+" test
$ go tool objdump -s "main\.main" test

2. R	pw

˸ˣ runtime.GOOS/GOARCH zƟ͌ŦAȜɴʶɝǁǍʬ͉

// +build darwin linux
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                               <--- 主̳ƷɅʓ͌,�|�ƝǕ͉
package main

ÖǿƝ. (.go, .h, .c, .s ɏ) ò̄Ǽ� "+build" ǰ̉͌ƂȷɴʶÏ交ǌȩ`Ȗæ©͉̌
í
ɝǁǍʬ4¶īéȘ͉b�Ʌǒʖȷ OR͌˷³ AND͌š´³ NOT͉

// +build darwin linux         --> ¶īɩǉ (darwin OR linux) AND (amd64 AND (NOT cgo))
// +build amd64,!cgo

öǉ GOOS͈GOARCH ǂ.�价¶͌vɴʶÏ44ŐȢʹƝ.͉

˧¯AȜƝ.¸ǃʖȷɴʶɝǁ͌ǥö test_darwin_amd64.go͉AȜƝ.¸źrí

�·ĩ°ǿƝ.͌于{�ɱ习͉

$ ls -l /usr/local/go/src/pkg/runtime

-rw-r--r--@  1 yuhen  admin   11545 11 29 05:38 os_darwin.c
-rw-r--r--@  1 yuhen  admin    1382 11 29 05:38 os_darwin.h
-rw-r--r--@  1 yuhen  admin    6990 11 29 05:38 os_freebsd.c
-rw-r--r--@  1 yuhen  admin     791 11 29 05:38 os_freebsd.h
-rw-r--r--@  1 yuhen  admin     644 11 29 05:38 os_freebsd_arm.c
-rw-r--r--@  1 yuhen  admin    8624 11 29 05:38 os_linux.c
-rw-r--r--@  1 yuhen  admin    1067 11 29 05:38 os_linux.h
-rw-r--r--@  1 yuhen  admin     861 11 29 05:38 os_linux_386.c
-rw-r--r--@  1 yuhen  admin    2418 11 29 05:38 os_linux_arm.c

hbÙ*_GOOSÖ*_GOARCHÖ*_GOOS_GOARCHÖ*_GOARCH_GOOS {W×

¯ŐȢǋ
Ɲ.͌ŦƂāɴʶÏȍƽ³͉于íIŘ¡ɺǍmĭ go/build ƝǕ͉

// +build ignore
// +build go1.2             <--- ƶ:̩ʛ go 1.2 ɴʶ͉

ʄā�ɝǁǂ.̩͌AȜ "go build -tags" ¡ƛ͉

test.go
// +build beta,debug

package main

func init() {
    println("test.go init")
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}

˞p͍
$ go build -tags "debug beta" && ./test
test.go init

$ go build -tags "debug" && ./test
$ go build -tags "debug \!cgo" && ./test

3. �6"pw

̽XņțŤ�ĩ°ȩ`ȤĝcÅǍmĭ͉

$ cd /usr/local/go/src

$ GOOS=linux GOARCH=amd64 ./make.bash --no-clean

# Building C bootstrap tool.
cmd/dist

# Building compilers and Go bootstrap tool for host, darwin/amd64.

cmd/6l
cmd/6a
cmd/6c
cmd/6g
...
---
Installed Go for linux/amd64 in /usr/local/go
Installed commands in /usr/local/go/bin

´oÙ/k no-clean Ã��Î��T5m�×

Ȉ¹Ñ}̱ȧũÖȧĽ͌ʯā GOOS͈GOARCH Ȗæ©̌�¯ɴʶȧǍĩ°Ɲ.͉

$ GOOS=linux GOARCH=amd64 go build -o test

$ file test
learn: ELF 64-bit LSB executable, x86-64, version 1 (SYSV)

$ uname -a
Darwin Kernel Version 12.5.0: RELEASE_X86_64 x86_64
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4. �*^

ɒ�什位͌go generate Űƍǿ*代Ɲ.͌ŲpũƷ "//go:generate" ǰ̉͌Ǝ§īŮ
ʓ̴éȘÄ+͉

•Ä+主̳ƗÖ .go Ɲ.͉
•Ǥ
Ɲ.̊¯,Ʒí
 generate Ƃ+͉
•主̳争个Ȝ go generate Ůʓ͉
•Ä+ʓƔƁȖæ©͉̌
•ƃƝ.¸̲ĬDǛƎ§Ůʓ͉
•�ʓŮʓ͌p̒ɦǜ͉

�专� build ɣŤ̄r͌ʯʧȧǍƭƎCɫ�ĳ¦会AȜ͌Ò��ȜŨ¯ʂ�cêÄ+Ů
ʓȖæ͉

#go:generate ls -l
#go:generate du

˧¯ā�|¸͉̳Ǝ�ā�͌'Öļ�Ɲ.eƷƙ͉

#go:generate YACC go tool yacc
#go:generate YACC -o test.go -p parse test.y

¯Ȝǂ.ɴʶ͌ʩ go build ŐȢ�½ generate ȤƝ.͉

// +build generate

$ go generate -tags generate

~\�

• Design Document
• Generating code
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https://docs.google.com/document/d/1V03LUfjSADDooDMhe-_K59EgpTEm3V8uvQRuNMAEnjg
https://docs.google.com/document/d/1V03LUfjSADDooDMhe-_K59EgpTEm3V8uvQRuNMAEnjg
http://blog.golang.org/generate
http://blog.golang.org/generate


B. |x

1. GDB

̓似么k�͌ɴʶȤ�˩~Ɲ.Ģ�½ DWARFv3 ˁʷIŘ͌®ʛ GDB 7.1 ,�ȍƽ̅
¯,ˁʷ͉

ȩ`˲̱͍

•ˁʷ: ȹȜeɿÅ3� -gcflags "-N -l"͉
•¦ģ: y̢ˁʷIŘÅ价³ʖ -ldflags "-w -s"͉

̢�AȜ GDB ȤƟ什Ä+ì͌˧¯,AȜ runtime.Breakpoint qƛʤ¦�Ɵ͉­ì͌
runtime/debug.PrintStack ¯Ȝǃ˞pˁȜãǎIŘ͉

ǋ!ƩM̩͌ʛŪĝ˛Z Go Runtime support (runtime-gdb.py)͉

.gdbinit
define goruntime
    source /usr/local/go/src/runtime/runtime-gdb.py
end

set disassembly-flavor intel
set print pretty on
dir /usr/local/go/src/pkg/runtime

´oÙOSX �B�Ø4¦Ñ¬� sudo nW7+ gdb×

2. Data Race

ƛƆɋ� (data race) ƭī¦ɃĬ̊�ðąƫ¦从Ȥ̒ʼ͌	ń̦ƄʍÅŗë̒ʼ从Ø͉ 
Go ˤʓƩeɸ�ɋ�交Ƕ͌Uʭť-AȜɴʶÏ¡ƛŬĳ˨
�ʂ͉ü4ʬĽÅȥǶˤ
ʓƩeúʰ̗Ȓő͌¦p̭·ǟʰ̗ʦ¿IŘ͉

func main() {
    var wg sync.WaitGroup
    wg.Add(2)
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    x := 100

    go func() {
        defer wg.Done()

        for {
            x += 1
        }
    }()

    go func() {
        defer wg.Done()
        for {
            x += 100
        }
    }()

    wg.Wait()
}

˞p͍
$ GOMAXPROCS=2 go run -race main.go

==================
WARNING: DATA RACE
Write by goroutine 4:
  main.func·002()
      main.go:25 +0x59

Previous write by goroutine 3:
  main.func·001()
      main.go:18 +0x59

Goroutine 4 (running) created at:
  main.main()
      main.go:27 +0x16f

Goroutine 3 (running) created at:
  main.main()
      main.go:20 +0x100
==================

ƛƆɋ�交Ƕ4�̋ĿÈŔʂ͌�ĲʪÖț#Ȗæ�AȜ͉

func main() {
    x := 100

    for i := 0; i < 10000; i++ {
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        x += 1
    }

    fmt.Println(x)
}

˞p͍
$ go build && time ./test

10100

real" 0m0.060s
user" 0m0.001s
sys" 0m0.003s

$ go build -race  && time ./test

10100

real" 0m1.025s
user" 0m0.003s
sys" 0m0.009s

˸Ĩ>�̭ŔʂǶʷ̱¾Ȝ͉

$ go test -race
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C. [x

ʄĥ*代Ƕʷ͈ŔʂǶʷ͈ʜȦȕǶʷǓǊ͉

•Ƕʷ*代主̳HúÖ *_test.go Ɲ.͉
•ǶʷqƛÄ¸价¶ TestName ǒ个͌Name ,ïhùǣĳò͉

�: �¬L��j<6� main ��Y�Ø¾�K¨ go test  "cannot import main" É³×

1. Test

AȜ testing.T ȩ`ơǮjāǶʷȒő͉

testing.T
  ơǮ            位了                                     b)
---------------+---------------------------------------+-------------------------------
  Fail           Ǎʬñ何͌8ɮɰŮʓʹǶʷqƛ͉
  FailNow        ñ何͌ɉ�Qǜļ�Ƕʷqƛ͉
  Log            ˞pIŘ͉'Öñ何Ŧ -v ¡ƛƩ˞p͉͇͇       Logf
  SkipNow        你ˣļ�Ƕʷqƛ͉                          Skipf = SkipNow + Logf
  Error          Fail + Log                               Errorf
  Fatal          FailNow + Log                            Fatalf

main_test.go
package main

import (
    "testing"
    "time"
)

func sum(n ...int) int {
    var c int
    for _, i := range n {
        c += i
    }

    return c
}

func TestSum(t *testing.T) {
    time.Sleep(time.Second * 2)
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    if sum(1, 2, 3) != 6 {
        t.Fatal("sum error!")
    }
}

func TestTimeout(t *testing.T) {
    time.Sleep(time.Second * 5)
}

̓似 go test ŮʓũƷ�VǶʷqƛ͌ƔƁ go build ¡ƛ͉

  ¡ƛ            位了                                     ȷB
---------------+---------------------------------------+--------------------------------
 -c              'ɴʶ͌�ŮʓǶʷ͉
 -v              争ȷũƷǶʷqƛŮʓɤʊ͉
 -run regex      ŮʓƂāȤǶʷqƛ͉(产vʖˡ个)             
 -parallel n     ī¦ŮʓǶʷqƛ͉ (̓似: GOMAXPROCS)
 -timeout t      �
ǶʷˎƩƩ̙͉                          -timeout 2m30s

$ go test -v -timeout 3s

=== RUN TestSum
--- PASS: TestSum (2.00 seconds)
=== RUN TestTimeout
panic: test timed out after 3s
FAIL" test" 3.044s

$ go test -v -run "(?i)sum"

=== RUN TestSum
--- PASS: TestSum (2.00 seconds)
PASS
ok  " test" 2.044s

¯̋h TestMain qƛ͌éȘ�! setup/teardown Ɠ>͉

func TestMain(m *testing.M) {
    println("setup")
    code := m.Run()
    println("teardown")
    os.Exit(code)
}

func TestA(t *testing.T) {}
func TestB(t *testing.T) {}
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func BenchmarkC(b *testing.B) {}

˞p͍
$ go test -v -test.bench .

setup
=== RUN TestA
--- PASS: TestA (0.00s)
=== RUN TestB
--- PASS: TestB (0.00s)
PASS
BenchmarkC" 2000000000"          0.00 ns/op
teardown
ok  " test" 0.028s

2. Benchmark

ŔʂǶʷ̩ʛˤʓ作îíȤǛƛūʂʧ任�ǛŮʓĩÛƩ̙͉

func BenchmarkSum(b *testing.B) {
    for i := 0; i < b.N; i++ {
        if sum(1, 2, 3) != 6 {
            b.Fatal("sum")
        }
    }
}

̓似么k�͌go test �4ŮʓŔʂǶʷqƛ̳͌AȜ "-bench" ¡ƛ͉

go test
  ¡ƛ            位了                                     ȷB
---------------+---------------------------------------+--------------------------------
 -bench regex    ŮʓƂāŔʂǶʷqƛ͉(产vʖˡ个)
 -benchmem       ˞peúɭʧIŘ͉
 -benchtime t    ʯɸǤ
ŔʂǶʷˤʓƩ̙͉                   -benchtime 1m30s
 -cpu            ʯɸī¦Ƕʷ͉̓似 GOMAXPROCS͉             -cpu 1,2,4

$ go test -v -bench .

=== RUN TestSum
--- PASS: TestSum (2.00 seconds)
=== RUN TestTimeout
--- PASS: TestTimeout (5.00 seconds)
PASS
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BenchmarkSum    100000000    11.0 ns/op

ok  " test" 8.358s

$ go test -bench . -benchmem -cpu 1,2,4 -benchtime 30s

BenchmarkSum       5000000000    11.1 ns/op    0 B/op    0 allocs/op
BenchmarkSum-2     5000000000    11.4 ns/op    0 B/op    0 allocs/op
BenchmarkSum-4     5000000000    11.3 ns/op    0 B/op    0 allocs/op

ok  " test" 193.246s

3. Example

� testing.T 份7͌�|Ö�˸ˣƄʍ stdout ˞pǃzƟǶʷɩǉ͉

func ExampleSum() {
    fmt.Println(sum(1, 2, 3))
    fmt.Println(sum(10, 20, 30))
    // Output:
    // 6
    // 60
}

�ʂAȜeɸqƛ print/println͌ü-̓似˞p} stderr͉

$ go test -v

=== RUN: ExampleSum
--- PASS: ExampleSum (8.058us)
PASS

ok  " test" 0.271s

Example *代¯˞p}ƝǕ͌ʺ么¡ɺ�ƝǕ件ʊ͉

4. Cover

̢争ȷ*代ʜȦȕȣrǥì͌˧¯˞pʺɤrǇʬĽƝ.͉
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go test
  ¡ƛ            位了                                    
---------------+------------------------------------------------------------------------
 -cover          UʭʜȦrǇ͉
 -covermode      *代rǇǚ个͉ (set: ƭ¼Ůʓ; count: ŮʓǛƛ; atomic: Ǜƛ, ī¦ƔƁ)
 -coverprofile   ˞pɩǉƝ.͉

$ go test -cover -coverprofile=cover.out -covermode=count

PASS
coverage: 80.0% of statements
ok  " test" 0.043s

$ go tool cover -func=cover.out

test.go:    Sum            100.0%
test.go:    Add            0.0%
total:"     (statements)   80.0%

ȜǷʡÏ˞pɩǉ͌ʂǌȫ于ʺɤȨʞȤIŘ͉�žȜ�·̹ʉǍʬʜȦ͈ˤʓǛƛɏ͉

$ go tool cover -html=cover.out

´oÙLÕy�(��>Ø4��( ��_ª~k×

5. PProf

ȥƋɃĬŮʓ͌ŲpŔʂș̶͉

import (
    "os"
    "runtime/pprof"
)

func main() {
    // CPU
    cpu, _ := os.Create("cpu.out")
    defer cpu.Close()
    pprof.StartCPUProfile(cpu)
    defer pprof.StopCPUProfile()

    // Memory
    mem, _ := os.Create("mem.out")
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    defer mem.Close()
    defer pprof.WriteHeapProfile(mem)
}

̢ˁȜ runtime/pprof ȩ`qƛì͌˧¯ȨƊȜǶʷÄ+˞pũ̩ʬĽƝ.͉

go test
  ¡ƛ                        位了                                    
---------------------------+------------------------------------------------------------
 -blockprofile block.out     goroutine ̞ä͉ 
 -blockprofilerate n         ˎpʹ¡ƛʯɸƩ̙Ȥ̞äū估ʬĽ͉�9͍ɠȾ
 -cpuprofile cpu.out         CPU͉
 -memprofile mem.out         eúr͉̆
 -memprofilerate n           ˎpʹ¡ƛ (bytes) ʯɸȤeúr̆ū估ʬĽ͉̓似 512KB (mprof.go)

, net/http ��ȃȷ͌XțŤʬĽƝ.͉

$ go test -v -test.bench "." -cpuprofile cpu.out -memprofile mem.out net/http

˩Z" 个ǌȫǚ个͉

$ go tool pprof http.test mem.out

(pprof) top5
2597.58kB of 2597.58kB total (  100%)
Dropped 421 nodes (cum <= 12.99kB)
Showing top 5 nodes out of 28 (cum >= 1536.60kB)

      flat  flat%   sum%        cum   cum%
 1024.04kB 39.42% 39.42%  1024.04kB 39.42%  encoding/asn1.parsePrintableString
  548.84kB 21.13% 60.55%   548.84kB 21.13%  mime.setExtensionType
  512.56kB 19.73% 80.28%  1536.60kB 59.16%  crypto/x509.parseCertificate
  512.14kB 19.72%   100%   512.14kB 19.72%  mcommoninit
         0     0%   100%  1536.60kB 59.16%  crypto/tls.(*Conn).Handshake

• flat: 'ļ�qƛ͌��žbˁȜȤb)qƛ͉
• sum: uʖ�oʓũ�ȣrǥŖÅ͉
• cum: ļ�qƛþƜˁȜãǎ͉

̓似˞p inuse_space͌¯ÖÄ+ʓƂāb)N͌�žƈĬơ个͉

$ go tool pprof -alloc_space -cum http.test mem.out
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¯˞pqƛˁȜȤuʖɭʧIŘ͉

(pprof) peek parseCertificate

2597.58kB of 2597.58kB total (  100%)
Dropped 421 nodes (cum <= 12.99kB)
----------------------------------------------------------+-------------
      flat  flat%   sum%        cum   cum%   calls calls% + context "  "  
----------------------------------------------------------+-------------
                                         1536.60kB   100% |   crypto/...ParseCertificate
  512.56kB 19.73% 19.73%  1536.60kB 59.16%                | crypto/x509.parseCertificate
                                         1024.04kB   100% |   encoding/asn1.Unmarshal
----------------------------------------------------------+-------------

Ŧ会ƭ于ʺɤȤǿ代ǚ个͉

(pprof) list parseCertificate
Total: 2.54MB
ROUTINE ======================== crypto/x509.parseCertificate in crypto/x509/x509.go
  512.56kB     1.50MB (flat, cum) 59.16% of Total

         .          .    851:func parseCertificate(in *certificate) (...) {
  512.56kB   512.56kB    852:" out := new(Certificate)
         .          .    853:" out.Raw = in.Raw

         .          .    880:" " return nil, err
         .          .    881:" }
         .        1MB    882:" if _, err := asn1.Unmarshal(..., &issuer); err != nil {
         .          .    883:" " return nil, err
         .          .    884:" }
         .          .    885:

̢" ǚ个ì͌˧¯ȨƊ˞pɭʧɩǉ͉

$ go tool pprof -text http.test mem.out

2597.58kB of 2597.58kB total (  100%)
Dropped 421 nodes (cum <= 12.99kB)

      flat  flat%   sum%        cum   cum%
 1024.04kB 39.42% 39.42%  1024.04kB 39.42%  encoding/asn1.parsePrintableString
  548.84kB 21.13% 60.55%   548.84kB 21.13%  mime.setExtensionType
  512.56kB 19.73% 80.28%  1536.60kB 59.16%  crypto/x509.parseCertificate
  512.14kB 19.72%   100%   512.14kB 19.72%  mcommoninit
         0     0%   100%  1536.60kB 59.16%  crypto/tls.(*Conn).Handshake
         0     0%   100%  1536.60kB 59.16%  crypto/tls.(*Conn).clientHandshake
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˞pÕľƝ.͉

$ go tool pprof -web http.test mem.out

˧¯Ȝ net/http/pprof ăƩǌȫ runtime profiling IŘ͉

package main

import (
    _ "net/http/pprof"

    "net/http"
    "time"
)

func main() {
    go http.ListenAndServe("localhost:6060", nil)

    for {
        time.Sleep(time.Second)
    }
}

ÖǷʡÏ�ǌȫ http://localhost:6060/debug/pprof/͉

Í: §H�¢®keØ4� expvar K#Ø��­:¯Ê /debug/vars x�×
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