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ru^ĄÄ«ϙͧqz你�oʜ ņĦgŵŽsâqʯϊϞĦi²¢p£tgc°你p£
tg�°你ͩľüsǕhjsĶʩ你µtʀʀuļİǋ�ÈÑqʳɥŀúϞ�

²¢�"cCUb[��đ你ûǽľvýðÝuÑϞˇĉĪî你¡ƵusĚo�qǓȌ你mé�ý
ĆǷʫht�ʏ你tȊsȑŸƭĒũÂϞ�u�`φφ�¦q�ϠF<lh�的��rƎˇ�vs̿
ˇɶq˴ľ你�i²¢c^�[cfcih]b<���Wcfcih]b<�ˇɶy£tȄôϞÿ_�ǩuÑrx
ų�[f<<bC<h���CiU�qʫƩ你Ʀuýˆ̀΅Ϟ�

ą�J1+�d¦x你ɋÅ_æ�你sŖƉ�ʫƩ}¨ǏϞĉÑyƏ¯ǥ 你ȨtȊsxŘψκ你
�qx̎×Ǚ˸ϕ˄你Òxĉl͞vϞɳxcuÓǊ�"cCUb[�qƣ你ûrɍ©ʈŢm�q�
�ϝ9KE�ǚ�tè你�rkv¯¨Ǐ¥ǩ你qĀkƀzvųs§ƌĒõϞ�

ȆǅcÜuÓƣÍƂŨ你ûĿűæʋÄŎćǊ你Ə¯èΖxàĂǨ你ǑľçqȐuǇÿϞ�

ÄƣȽ��̖在e̖我ǓȌ˃ų⼀你l̖我ȯǲΔ⼀是Ƴâ了你r̖我ʫƩϋ͖⼀Ϟ�

ȠƘ¿ǔ在�

��在k<]Vc)Wcaemi?<b�
�ʫ在[]h?iV)Wcaemi?<bVcc_�
ˮġ在emi?<b8?chaU]C)Wca�
ɣȄ在emi?<b)V<UfmW?Uh)Wca�

� � � � � � � � ���

� � � � � � � � øϫsƂ�你˨�

� �

http://weibo.com/qyuhen
https://github.com/qyuhen/book
mailto:qyuhen@hotmail.com
https://qyuhen.bearychat.com
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-+,-(+,(,,� �Ś¨Ǐ�"cϞ�
-+,-(+,(,0� ÍsŨ你ɫÔ�J1+Ϟ�
-+,-(+.(-4� Ơƃd�,)+Ϟ�
-+,-(+1(,0� Ơƃd�,)+)-Ϟ�
-+,.(+.(-1� Ơƃd�,),Ϟ�
-+,.(,-(,-� ÍøŨ你ɫÔ�,)-Ϟ�
-+,/(+0(--� Í�Ũ你ɫÔ�,).Ϟ�
-+,/(,-(-+� ÍœŨ你ɫÔ�,)/Ϟ�
-+,0(+1(,0� ÍƂŨ你ɫÔ�,)0�J�Ϟ�
-+,0(,,(+,� oŨ我¨Ǐʼļ⼀你Ơƃd�,)0),Ϟ�
-+,0(,-(+4� r̖我ʫƩϋ͖⼀ͶαϞ�
-+,0(,-(,3� r̖我ʫƩϋ͖⼀ǹ�Ľˑ你ÿǔ�ȂϞ�
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ĿűɫÔ�"cCUb[�,)0),你ȟďɅɴ�D]bil�9E�1/你tŶ˖�.-�ĺĿűϞ�

r¾suuò͔ʘ�.-�ĺŐǦvϞɤv¨Ǐ你�ś���˕́htťbc^ĨęvϞµɽżÈu
ĿŎ��.-�ĺqŬúj�~ôΟϞ�

Óƣć�ϋ͖�"cCUb[�żÈuqĿŎ˳ÈºŮ你�ƻqƌĒvųȢʥżÈŅˈǫ你cyȷ
ÔƌĒúųǓȌʳɥ你Ǌ�§_qƕƩ你¡ƪuʳ̙�"��ͻxĘķ你|upvƟɠĿȪ你
̳ƓƅƠżÈþqϞ�

pƻÔ͘ɇ你ýĆƕƩÃͪɜ你¶yˬĘĔ�ŧĪŚÎġϞ¶»�"cCUb[�ŨÓtØ你ǘ͓ƕƩÈ
žyqgȪxɟ˩你Ĕ�çäʂȟď˷�pǲϞ�

ÓƣýĆɅɴ在�

$ go version 
go version go1.5.1 linux/amd64 

$ lsb_release -d 
Description:    Ubuntu 14.04.3 LTS 

$ gdb --version 
GNU gdb (Ubuntu 7.7.1-0ubuntu5~14.04.2) 7.7.1 

Óƣǘ͓�[c�ĄůŶȪëx�igfCcWUC[c�ƿȞ你yqñçqyàtØ你tŪʕȟďϞ�
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 äe你̬έ_qy˳ÈÎġ�ÿ˳ÈĒŏňƵrvàǊq�aU]b)aU]b�ώƀ你îp̬έɰ
Ħug͏ĒsǩʑɑƕƩ你ā�Ν¶ǎʡÈǄƀϝżÈuɸŚƇÉĴÚ你©�ÀgĖĒ�
ǟξʉϞ�

bą�gfWfibh]a<�ƿȞrqs˹Îġlŗd�ÿqĒŏ你ĉä�űƔϞƢƻǲǺs^̬έ
_qƿȯÎġ你Ā¶�Ϡ@<CCc'�OcfCX 的Ϟ�

h<gh)[c�

package main 

func main() { 
    println("hello, world!") 
} 

̬έ你©���"�:�ǡjϞ�

Ȕʞ在Ȇyqſ�ǎʡÈ̬έ你µtuȣõ�A�=�qǻŠǎʡ你cyȷÔrvʏ͉Ə¯̬έ�Ć
ǄƀqȮĎưqϞĉ±你ǛďȢʥu你Ȕʞſ��([WZCU[g�!(F�(C!�ǄƀĆ̥̬έɰƕƩǰƇ�ώƀ
ĿȠ你̙Ǩɝ��Šǈ˳È¡ıǲʛ�ŉʫƩÈ你̙Ǩ~ώƀ�ʍŎĊĳÃǰƇǾϞ�

$ go build -gcflags "-N -l" -o test test.go 

¶»xŐǦſ�Ʊη̬έ是�fcgg��cad]C<了你ťbǶʆ�"GGK�ɅɴĊĳϞ�

$ gdb test 

(gdb) info files 
Local exec file: 
    Entry point: 0x44dd00 

(gdb) b *0x44dd00 
Breakpoint 1 at 0x44dd00: file /usr/local/go/src/runtime/rt0_linux_amd64.s, line 8. 

�ȍŠ你ŗd�ÿqĒŏ•ğ你©�ƽ�ɝ�ǎʡ~y�ƧɵŗdƿȯʫÎġ¼ĸϞ�

!7
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x�gfWfibh]a<�ƿȞry�ktØŐǦqĒŏÎġ你hƹ̬͟ä¦Ϟ�

$ ls rt0_* 
rt0_android_arm.s     rt0_dragonfly_amd64.s   rt0_linux_amd64.s     ... 
rt0_darwin_386.s      rt0_freebsd_386.s       rt0_linux_arm.s       ... 
rt0_darwin_amd64.s    rt0_freebsd_amd64.s     rt0_linux_arm64.s     ... 

�wǏʙqƕƩ̬ʉɰÕ�ʫÎġ你ʰńdǇâÈ你ǡjȮĎĿűϞ�

fh+TC]bilTUaX1/)g�

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 

��"�:�Ƕʆɝ�ǎʡjjc^�fh+T[c�xƑϞ�

ƐÏ在ʫƩÎġlq�Ϡϟ的�Πž̬έ�Ċ�ÿśq�Ϡ)的Ϟ�

(gdb) b runtime.rt0_go 
Breakpoint 2 at 0x44a780: file /usr/local/go/src/runtime/asm_amd64.s, line 12. 

cǩ̬͟ƕƩ~ubŗq�ÿƿȯ你ÿuūā�vɸŚƇ�żÈu̗Ϟ�

UgaTUaX1/)g�

TEXT runtime·rt0_go(SB),NOSPLIT,$0 

    ... 

 //  
    CALL    runtime·args(SB) 
    CALL    runtime·osinit(SB) 
    CALL    runtime·schedinit(SB) 

    //  main goroutine  runtime.main  
    MOVQ    $runtime·mainPC(SB), AX 

!8
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    PUSHQ   AX 
    PUSHQ   $0                     
    CALL    runtime·newproc(SB) 
    POPQ    AX 
    POPQ    AX 

    //  main goroutine  
    CALL    runtime·mstart(SB) 

    RET 

DATA    runtime·mainPC+0(SB)/8,$runtime·main(SB) 
GLOBL   runtime·mainPC(SB),RODATA,$8 

ƷŘ你ƹ̬͟˻�ŰâŐǦä¦qʑɑzȢ~ÄŎā�Ϟ�ƶĿűɫÓehuƹ�"cCUb[�
ƕƩä¦Ϟ�

(gdb) b runtime.main 
Breakpoint 3 at 0x423250: file /usr/local/go/src/runtime/proc.go, line 28. 

!9
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Ǭ^ɸŚƇzȢýð͕γ你bā�Ν¶ǎʡÈǄƀǬú你ɅɴĊĳǶʆ你�ȐĿȪ�Ȥɰϝ
¸Łɰ�ň�ǛĬɰqĴÚ¦ČǲǺϞ�

ɍŧÛsŊŗ�qǀ̄你ǉɍ±jjæ^ɸŚƇώƀqĿűϞɍː�Ƕʆɝ�ǎʡʛâώ
ƀàxʫÎġá�ƕƩÈžϞ�

(gdb) b runtime.args 
Breakpoint 7 at 0x42ebf0: file /usr/local/go/src/runtime/runtime1.go, line 48. 

(gdb) b runtime.osinit 
Breakpoint 8 at 0x41e9d0: file /usr/local/go/src/runtime/os1_linux.go, line 172. 

(gdb) b runtime.schedinit 
Breakpoint 9 at 0x424590: file /usr/local/go/src/runtime/proc1.go, line 40. 

ώƀ�Uf[g�ǬúǎʡÈǄƀ你c^�£tťbƌˇqϞ�

fibh]a<,)[c�

func args(c int32, v **byte) { 
 argc = c 
 argv = v 
 sysargs(c, v) 
} 

ώƀ�cg]b]h�ʛâ��HM��cf<�ƀĳϞ�

cg,TC]bil)[c�

func osinit() { 
 ncpu = getproccount() 
} 

�Ć̱q~u�gW?<X]b]h�c�你æʋrvbĆƐqàyżÈuɅɴɸŚƇ́ȃhxc�ÃǛ
�ϞώƀêŎqƐ̂ȝʓv̗zȢ你n~uÛsŊqĿű你tz¼ĸªzȍ̓v�Ϟ�

dfcW,)[c�

// The bootstrap sequence is: 
// 

!10
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// call osinit 
// call schedinit 
// make & queue new G 
// call runtime·mstart 
func schedinit() { 
 //  runtime/debug.SetMaxThreads  
 sched.maxmcount = 10000 

 //  
 stackinit() 
 mallocinit() 
 mcommoninit(_g_.m) 

 //  
 goargs() 
 goenvs() 

 //  GODEBUG GOTRACEBACK  
 parsedebugvars() 

 //  
 gcinit() 

 //  CPU Core  GOMAXPROCS  P  
 procs := int(ncpu) 
 if n := atoi(gogetenv("GOMAXPROCS")); n > 0 { 
  if n > _MaxGomaxprocs { 
   n = _MaxGomaxprocs 
  } 
  procs = n 
 } 

 //  P  
 if procresize(int32(procs)) != nil { 
  throw("unknown runnable goroutine during bootstrap") 
 } 
} 

ĿȪ�Ȥɰϝ¸Łɰϝň�ǛĬɰqɸŚƇɀƟťbΙȐ�kĵƆŰ̽你ǉt}úg你
ȅƯ�ƶŊƟÙ¬˃ųϞ�

 äe你ɸŚƇ˟ÚdŘňƳĽˑ你îpŋr`b˳Èqu�fibh]a<)aU]b你µtu�ǟξ
ʉĒŏώƀ�aU]b)aU]bϞ�

(gdb) b runtime.main 
Breakpoint 10 at 0x423250: file /usr/local/go/src/runtime/proc.go, line 28. 

xc�rvĆƐqͰ�u在ŶɸŚƇώƀ�]b]h�q˳ÈϞ�
!11
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dfcW)[c�

// The main goroutine. 
func main() { 
 // 1 GB on 64-bit, 250 MB on 32-bit. 
 if ptrSize == 8 { 
  maxstacksize = 1000000000 
 } else { 
  maxstacksize = 250000000 
 } 

 ... 

 //  
 systemstack(func() { 
  newm(sysmon, nil) 
 }) 

 ... 

 //  runtime  init  
 runtime_init() 

 ... 

 //  
 gcenable() 

 //  init  
 main_init() 

 ... 

 //  main.main  
 main_main() 

 //  
 exit(0) 
} 

ñ´ýĆq~u�fibh]a<T]b]h���aU]bT]b]h�c·^ώƀ你ūvhuƹ̬έɰǫ{�Ϟ�

dfcW)[c�

//go:linkname runtime_init runtime.init 
func runtime_init() 

//go:linkname main_init main.init 
func main_init() 

!12
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//go:linkname main_main main.main 
func main_main() 

ƐÏˤŋ�ΠžáqĊƇ在fibh]a<T]b]h��7��fibh]a<)]b]hϞ�

rvǲǺs^Γ�Ȉ˄�qǘ͓你jj̬έɰˇɶǯv£tϞ�

+ <src> 
    | 
    +- main.go, test.go 
    | 
    +- <lib> 
         | 
         +- sum.go 

C]Vgia)[c�

package lib 

func init() { 
    println("sum.init") 
} 

func Sum(x ...int) int { 
    n := 0 
    for _, i := range x { 
        n += i 
    } 

    return n 
} 

h<gh)[c�

package main 

import ( 
    "lib" 
) 

func init() { 
    println("test.init") 
} 

func test() { 
    println(lib.Sum(1, 2, 3)) 
} 

!13
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aU]b)[c�

package main 

import ( 
    _ "net/http"   //  
) 

func init() { 
    println("main.init.2") 
} 

func main() { 
    test() 
} 

func init() { 
    println("main.init.1") 
} 

̬έ你˳È˷�Ϟ�

$ go build -gcflags "-N -l" -o test 

$ ./test 
sum.init 
main.init.2 
main.init.1 
test.init 
6 

ŋr`rv�Ǳ̬͟ĴȮ你jj�Ǝǫ{�ƕƩq�äÖƿϞ�

$ go tool objdump -s "runtime\.init\b" test 

TEXT runtime.init.1(SB) /usr/local/go/src/runtime/alg.go 
    alg.go:322      ... 

TEXT runtime.init.2(SB) /usr/local/go/src/runtime/mstats.go 
    mstats.go:148   ... 

TEXT runtime.init.3(SB) /usr/local/go/src/runtime/panic.go 
    panic.go:154    ... 

TEXT runtime.init.4(SB) /usr/local/go/src/runtime/proc.go 
    proc.go:140     ... 

!14
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TEXT runtime.init(SB) /usr/local/go/src/runtime/zversion.go 
    zversion.go:9   ... 
    panic.go:9      ... 
    select.go:45    ... 
    
    zversion.go:9   CALL runtime.init.1(SB) 
    zversion.go:9   CALL runtime.init.2(SB) 
    zversion.go:9   CALL runtime.init.3(SB) 
    zversion.go:9   CALL runtime.init.4(SB) 
    zversion.go:9   MOVL $0x2, 0x43f436(IP) 
    zversion.go:9   ADDQ $0x58, SP 
    zversion.go:9   RET 

ǎʡÈĴȮ�[c�hccC�cVAXiad�y�`ǡjäʂ{�q̬͟ƕƩ你Ǆƀſ�ÿɥăǗǔϞð©¶»
Ǐʙ�Abh<C�ƾǔ你�t|u��"�:��Ϟ�

�ɚ©你fibh]a<�ĿýĆqk^�]b]h�ώƀÃπ͗ˎsΠžá你©�Ùƹ�fibh]a<)]b]h�ĖÈȹ
sǛ�ϞƐÏ你nj<fg]cb)[c�nuǫ{�qϞ�

nj<fg]cb)[c�

// auto generated by go tool dist 

package runtime 

const defaultGoroot = `/usr/local/go` 
const theVersion = `go1.5.1` 
const goexperiment = `` 
const stackGuardMultiplier = 1 
var buildVersion = theVersion 

ƷÔ�aU]b)]b]h你�˝ɫÓsɿϞȄôxÔūˁˋǛ�Ƶ�fibh]a<�ŶqɸŚƇώƀϞ�

$ go tool objdump -s "main\.init\b" test 

TEXT main.init.1(SB) src/main.go 
    main.go:7   ... 

TEXT main.init.2(SB) src/main.go 
    main.go:15  ... 

TEXT main.init.3(SB) src/test.go 
    test.go:7   ... 

TEXT main.init(SB) src/test.go 
    test.go:13  ... 
    test.go:13  CALL net/http.init(SB) 

!15
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    test.go:13  CALL test/lib.init(SB) 
    test.go:13  CALL main.init.1(SB) 
    test.go:13  CALL main.init.2(SB) 
    test.go:13  CALL main.init.3(SB) 
    test.go:13  MOVL $0x2, 0x48d543(IP) 
    test.go:13  RET 

Ãʑ�qŶ你Ŷ�C]V��ȯǲΔ�b<h?hhd��q�]b]h�ώƀhÃ�aU]b)]b]h�Ǜ�Ϟ�

ɳ©ąðÛŨÓq̬έɰȭĬ`x你]b]h�q˳Èɯʥ�ɍ͙ĆƘϝÎġá�ȐâɼɯʥyĆϞû
c¯±ʥƵśtƻÔƮɌ�úų你ȫƔȃ�ͻxè˦你à�őˀbŦ��]b]h��¬Ť¬q �在ʍ
ŎɸŚƇϞ�

��ťbļİ在�

p ày�]b]h�ώƀhxØs^�[cfcih]b<�Ŀ˳ÈϞ�
p ày�]b]h�ώƀĽˑ�Àg˳È�aU]b)aU]b�ώƀϞ�

!16
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ĿʆżÈuq̬ȢǓȌĶśg͔ʘŲȹqĿȪ�Ȥ¿ǔ你ƺƹmÆǅúϞc°y�ā�ɧ
ʁʊ�ȤϝĿȪͲÉ˟Ú你�̙�ƘȹǛ�Ģ`qþqĘķϞð©你|ys^ćbĪîu
pv§_•Ȥł¸ŁϞ�

 ��T\�

xƌĒĿȪ�ȤƦıɀƟÛ你rvťbvųsõɫÓ͂ǜ你cyȷÔȔȑιǽƨȱϞ�

ɫÓ̘˗在�

,) ½±ą˟ÚƘȹ̯ĔsfȲĿȪ是Ā¶�,E:了你�ɜĥƘȹǛ�Ϟ�
-) ü̯ĔdqfȲĿȪʮŧŰâf~ʊǉǕ��~Ȳ你́�ˤăϞ�
.) p�Ɂ�ȤĿȪu你�ťąf~łǿqˤăƅċs^~ȲŸyϞ�
/) ¸Ł�ɁĿȪu你üŤ~ȲĿȪćoˣ|dĪˤă你�ƻȈ�Ϟ�
0) ¶ʬʆĿȪzk你ɥ̭ďˣ|Ŏ�ĿȪ¤˟ÚƘȹ你ʴȖǬĎ�ʹϞ�

ĿȪ�Ȥɰ�ǅúĿȪȲ你ňtĆw�ɁˈǫϞɽtgÆ¸ŁĿȪ你ƹ¸Łɰxā�Ĳú
˟Ú�你̰�ĿȪ�Ȥɰ¸Ł˟ÚϞ�

h,b�

�ȤɰüĉǅúqĿȪȲ�p·¯在�

p �
��5�ƹk^•ğƬƶqǴ是dU[<了ɻ�qfȲĿȪϞ�
p 	����5�ü�gdUb�ʮŰâf~Ǖ��k^~Ȳ你½^~ȲyȪ̢s^�ɁϞ�

ʮŧĉ�̌你gdUb�ÖōĿŎǅú你cVA<Wh�Öō�Ɂ�ȤϞ�

�ȤɰʮǴƀ`Ȅ�tØf~q�gdUbϞĀ¶你�ǴƀpŠĺü�gdUb�Ȫëdǅúƀɻl你
ťbu~�Ǵƀp̄ʑĖÈǡŗϞð©你gdUb�f~ňƵ̀âtĊϞxóċʬʆ�gdUb�u你
¶»�ŗdf~łǿq你�~ͺ¸Ǵƀ§kq你Řugʑ�Ό̶˟Ú你k̩Ŏ�ǘ�o
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q�gdUb�Ãë¸ǅúƀɻϞ�Ȥɰ|g̭ďü•ğýΡqŞʬ�gdUb�łň你�́Ȕ§fqĿ
ȪȲ你ɜĥ˓Þ你ƅ˺§Ɋ®q�Ȥ̘˗Ϟ�

aUCCcW)[c�

_PageShift = 13 
_PageSize  = 1 << _PageShift   // 8KB 

a?<Ud)[c�

type mspan struct { 
 next     *mspan      //  
 prev     *mspan      
 start    pageID      //  = (address >> _PageShift) 

 npages   uintptr     //  

 freelist gclinkptr   //  object  
} 

�ÔȪ̢�Ɂq�cVA<Wh你ʮ�3�ǋƟ̸ƀ�p�b�¯ϞĀ¶x你f~p�-/�q�cVA<Wh�y�`Ȫ̢
˾ɛx�,2�o�-/�ǋƟq�ɁϞc¯¿ǔɳ©gȃ�sõĿȪŻƈ你û�Ȥɰ�ťÖ�yȳ
qæ¯ʳƾ是g]n<�WCUgg了~ȲĿȪ你ǰƇv�Ȥ�Ȉ�ǅú̘˗Ϟ�

�Ȥɰg̭ďük^�~�Ɂɻłds^�cVA<Wh�ȲĿ你�ƟɠĿȪϞ�

aUCCcW)[c�

_NumSizeClasses = 67 

�ȤɰɸŚƇu你ǵȔ�ŧăȪ̢f~�ʳƾq�ŉĆƘ你Ŷ�`Ǖ�q�gdUb�ǴƀϞ

ag]n<)[c�

// Size classes.  Computed and initialized by InitSizes. 
// 
// SizeToClass(0 <= n <= MaxSmallSize) returns the size class, 
// 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 

var class_to_size [_NumSizeClasses]int32 
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var class_to_allocnpages [_NumSizeClasses]int32 

var size_to_class8 [1024/8 + 1]int8 
var size_to_class128 [(_MaxSmallSize-1024)/128 + 1]int8 

ʸ�Ɂf~Ĥ�ŰâϜȊȳŮ你gÃð¬f�Ɂ是CUf[<�cVA<Wh了Űô�ƯϞ�

aUCCcW)[c�

_MaxSmallSize = 32 << 10    // 32KB 

9dvB�

ǰ̣qĿȪ�ȤɰƲʻbxþq�ĿȪƽ�˒´Ñ¬dŐͿϞ_x你"cCUb[�q���¹你
Ŗŋ̈�v�hWaUCCcW�q�ʏ˕́Ϟ�

aUCCcW)[c�

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

�Ȥɰƹ�¯ɻġɻ�Ϟ�

p �����5�½^żÈŅĴÚǀȢhgͭâs^�WUW?<你�Ô¡ͥ�cVA<Wh��ȤϞ�
p ������5�pày�WUW?<�ƅ˺Ǖ�_q�Ǻ�gdUb�ǷʫϞ�
p ���
5�ǅúʬʆ�gdUb你ťbuō˟ÚƘȹ̯ĔoĿȪϞ�

a?<Ud)[c�

type mheap struct { 
 free      [_MaxMHeapList]mspan   //  127  span  

 freelarge mspan                  //  127 (>= 1MB)  span  

 //  central  sizeclass  
 central [_NumSizeClasses]struct { 
  mcentral mcentral 
 } 
} 

aW<bhfUC)[c�
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type mcentral struct { 
 sizeclass int32   //  

 nonempty  mspan   //  object  span  

 empty     mspan   //  object  cache  span  
} 

aWUW?<)[c�

type mcache struct { 
 alloc [_NumSizeClasses]*mspan   //  sizeclass  span  
} 

�ȤĈȢ在�

,) ƖƦƯ�Ȥ�Ɂ�ŉʳƾ是g]n<�WCUgg了Ϟ�
-) ą�WUW?<)UCCcW�ƀɻŗdʳƾýØq�gdUbϞ�
.) ą�gdUb)Zf<<C]gh�ˤăƅċy��cVA<WhϞ�
/) ¶�gdUb)Zf<<C]gh�pŞ你ą�W<bhfUC�óċo�gdUbϞ�
0) ¶�W<bhfUC)bcb<adhm�pŞ你ą�?<Ud)Zf<<Zf<<CUf[<�óċ你ňǕ���cVA<Wh�ˤăϞ�
1) ¶�?<Ud��yf~łǿqʬʆ�gdUb你ō˟ÚƘȹ̯ĔoĿȪȲϞ�

̂ëĈȢ在�

,) üȯļpy¸Ł�cVA<Wh�Ʊ|¤àƆ�gdUb)Zf<<C]ghϞ�
-) Ť�gdUb�Ãë¸�W<bhfUC你y˺ƜÏ�WUW?<�ćoóċſ�Ϟ�
.) ¶�gdUb�ÜŁ¸ÄŎ�cVA<Wh你ɥüĉƱ|¤�?<Ud你�ƻćoǕ�Ȉ�Ϟ�
/) âŅͫΕ�?<Ud��ÝuÑʬʆq�gdUb你̂ëĉͅ�ĿȪϞ�

Ɛ在�etŶf�Ɂ你ūŖŋą�?<Ud��Ȥ�¸ŁϞ�

ÚpĴÚǀȢ̕yɽtÃȽÇq�WUW?<�uä¦¹þq¡ͥ�Ȥq̉w你µ�W<bhfUC�qÚ�u
xk^�WUW?<�Ñƅ¹�cVA<Wh�ƽ�˒你̙ǨĿȪŻƈϞ�

Ǽ¶�WUW?<,�óċs^�gdUb��你ʀſ�vsŎ��cVA<Wh你�ţ̩ŞÑ~yqgÃŻƈϞµ¸Ł
˟ÚüŤ�gdUb�Ʊ|¤�W<bhfUC��你Ť�gdUb�āÄy�Ã�WUW?<-ϝWUW?<F�óċſ�ϞŘu你WUW?<,�
ÜtÙŽyŤ�gdUb你āÄtgȃ�ĘķϞ�
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ü�gdUb�ˣ|¤�?<Ud你upvxtØʳƾ�cVA<Wh�ťŦÑŐͿϞ�

ȣuǩȣ¯ʳƾq�cVA<Wh�ťŦĳyqɃÌ你�tðťŦz�你fĳÃǕ��Ťʳƾq�gdUb�~g
ÃʬʆŻƈϞüˣ|¤�?<Ud你~yÃĉ�ťŦóċ你ćoǕ�Ϟ�

���GY;�

îpĿȪ�Ȥɰ�¸ŁƦıhɍ͙Ƭƶ•ğ你à�xɸŚƇ;ǩ你ʊǉŵȅv�fq
sǩ˥•ğŞÑϞ�

ƐÏ在ŵȅ•ğŞÑ你ňtg�ȤĿȪϞ�

ŤǩŞÑÃʦ���^Ȅ̼在�

    span          GC                    
+-------------------+--------------------+----------------------------------------------+ 
| spans  512MB      | bitmap  32GB       | arena  512GB                                 | 
+-------------------+--------------------+----------------------------------------------+ 
  spans_mapped               bitmap_mapped               arena_start     arena_used                        arena_end 

y�ȤȄ̼ą�"cCUb[�,)/�q�,-3":�ƅ¹d�0,-":Ϟ�

ȍŠ�x你~u��^ƀɻɻ�s^¹þqĿȪǅúĽ́Ϟ�

,) ſ��Uf<bU�•ğō˟ÚƘȹ̯ĔĿȪ你ĉf~ǭâvy�Ȥ�ǟĿȪeȳϞ�
-) ĺį�V]haUd�p½^�Ɂƅ˺�/V]h�ȯļĺ你��ŵȪǇ˻ϝ"��ȯļÉ¼ĸϞ�
.) ȴȔ�gdUb�u你ʮǴΜɓ�ŉ�gdUbg�ŞÑϞx¸Ł�cVA<Wh�u你�ťüĉ•ğʮǴ�̊

�~yŗdàƆ�gdUbϞ�Ȥɰ|�Ř̵ĘýΡ�gdUb你¬łň˟ÚϞ�

ƜŴ�Uf<bU�Ȅ̼q•ğ你�büĉ̡˫ĳȤ�tØǈ͇��Śĺʆ你~y�Ǫ̵Ęñ´�ŉq�
gdUbgϝV]haUd�ƀɔϞ�Ć̱qu你c�^ƀɻy�ʮťØǈǀþΚŔ你¡ʻʊǉ�ȤĿȪϞ�

cõȄ̼ýĆƆþÃŵȪx�?<Ud��你ĉlŶͬĖq�Ȥĺʆ�aUdd<Xig<XϞ�

a?<Ud)[c�
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type mheap struct { 
 spans          **mspan 
 spans_mapped   uintptr 

 bitmap         uintptr 
 bitmap_mapped  uintptr 

 arena_start    uintptr 
 arena_used     uintptr 
 arena_end      uintptr 
 arena_reserved bool 
} 

ɸŚƇĴÚ�ȍŠ在�

,) ȴȔ�Ɂʳƾf~�ŧăϞ�
-) ƖƦýĆȄ̼f~你ṋ̌ďąȣ^Ǉâĺʆ�Śŵȅ•ğŞÑϞ�
.) x�?<Ud��ŵȪȄ̼¼ĸ你Ŷ�Śĺʆ�f~Ϟ�
/) ɸŚƇ�?<Ud�ĉ�ƆþϞ�

aUCCcW)[c�

func mallocinit() { 
 //  
 initSizes() 

 ... 

 // 64  
 if ptrSize == 8 && (limit == 0 || limit > 1<<30) { 
  //  
  arenaSize := round(_MaxMem, _PageSize) 
  bitmapSize = arenaSize / (ptrSize * 8 / 4) 
  spansSize = arenaSize / _PageSize * ptrSize 
  spansSize = round(spansSize, _PageSize) 

  //  0xc000000000  

  //  0x1c000000000 ~ 0x7fc000000000  
  for i := 0; i <= 0x7f; i++ { 
   switch { 
   case GOARCH == "arm64" && GOOS == "darwin": 
    p = uintptr(i)<<40 | uintptrMask&(0x0013<<28) 
   case GOARCH == "arm64": 
    p = uintptr(i)<<40 | uintptrMask&(0x0040<<32) 
   default: 
    p = uintptr(i)<<40 | uintptrMask&(0x00c0<<32) 
   } 

   //  
   pSize = bitmapSize + spansSize + arenaSize + _PageSize 
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   p = uintptr(sysReserve(unsafe.Pointer(p), pSize, &reserved)) 
   if p != 0 { 
    break 
   } 
  } 
 } 

 //  
 p1 := round(p, _PageSize) 

 //  
 mheap_.spans = (**mspan)(unsafe.Pointer(p1)) 
 mheap_.bitmap = p1 + spansSize 
 mheap_.arena_start = p1 + (spansSize + bitmapSize) 
 mheap_.arena_used = mheap_.arena_start 
 mheap_.arena_end = p + pSize 
 mheap_.arena_reserved = reserved  //  

 ... 

 //  heap  
 mHeap_Init(&mheap_, spansSize) 

 //  cache  
 _g_ := getg() 
 _g_.m.mcache = allocmcache() 
} 

Ȅ̼àǇâq�Śĺʆ你xtØŐǦgysõɟ˩Ϟc^¡ĆȚb你äʂervĆwqu
ŵȅ•ğ˟ÚɀƟϞ�

a<aTC]bil)[c�

func sysReserve(v unsafe.Pointer, n uintptr, reserved *bool) unsafe.Pointer { 
 if ptrSize == 8 && uint64(n) > 1<<32 { 
  p := mmap_fixed(v, 64<<10, _PROT_NONE, _MAP_ANON|_MAP_PRIVATE, -1, 0) 
  if p != v { 
   if uintptr(p) >= 4096 { 
    munmap(p, 64<<10) 
   } 
   return nil 
  } 
  munmap(p, 64<<10) 
  *reserved = false 
  return v 
 } 
} 

func mmap_fixed(v unsafe.Pointer, n uintptr, prot, flags, fd int32, offset uint32) ... { 
 p := mmap(v, n, prot, flags, fd, offset) 
 if p != v && addrspace_free(v, n) { 
  if uintptr(p) > 4096 { 
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   munmap(p, n) 
  } 
  p = mmap(v, n, prot, flags|_MAP_FIXED, fd, offset) 
 } 
 return p 
} 

�Ƙȹ̬ȢΓyvųqh²¢�aaUd�q�̌Ϟ�

ώƀ�aaUd�bŦ˟ÚƘȹĿ̉ȴȔoq˥Ȫ̢ɰȄ̼你yǇâ�Ś•ğ�ÝĬϞO]bXckg��
yŘώƀ你�ŉ�9HA�u�N]fhiUC9CCcWϞ  
 
HGJLTFGF=5�ǴÖ¡ı̵ĘϞ  
E9HT>AP=�5�Ʋʻſ�Ǉâ�Ś•ğϞ�

ȩĮ你ÚpĿȪǅúqÄʍɕ�Ɂ�?<Ud你�ĉýĆƆþnƲʻɸŚƇϞ�

a?<Ud)[c�

func mHeap_Init(h *mheap, spans_size uintptr) { 
 //  

 //  
 for i := range h.free { 
  mSpanList_Init(&h.free[i]) 
  mSpanList_Init(&h.busy[i]) 
 } 

 mSpanList_Init(&h.freelarge) 
 mSpanList_Init(&h.busylarge) 

 //  central  
 for i := range h.central { 
  mCentral_Init(&h.central[i].mcentral, int32(i)) 
 } 

 //  h_spans  heap.spans  
 sp := (*slice)(unsafe.Pointer(&h_spans)) 
 sp.array = unsafe.Pointer(h.spans) 
 sp.len = int(spans_size / ptrSize) 
 sp.cap = int(spans_size / ptrSize) 
} 
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őˀȔʞàyȢʥšh¨Ǐsr˥Ȫ̢ɰqýĆ²ȱ是ùĝ我ƌĒúųƖƦºƘȹ⼀了你
�k˦ųhʫm�ƘȹʗÖqƨ²ϙͧϞrÖ你rv�s^ȍŠǘ͓`σĲyĆĿȪ�Ȥ
qæ^ś÷˦ųϞ�

h<gh)[c�

package main 

import ( 
    "fmt" 
    "os" 
    "github.com/shirou/gopsutil/process" 
) 

var ps *process.Process 

//  
func mem(n int) { 
    if ps == nil { 
        p, err := process.NewProcess(int32(os.Getpid())) 
        if err != nil { 
            panic(err) 
        } 

        ps = p 
    } 

    mem, _ := ps.MemoryInfoEx() 
    fmt.Printf("%d. VMS: %d MB, RSS: %d MB\n", n, mem.VMS>>20, mem.RSS>>20) 
} 

func main() { 
    // 1.  
    mem(1) 

    // 2.  10 * 1MB  
    data := new([10][1024 * 1024]byte) 
    mem(2) 

    // 3.  
    for i := range data { 
        for x, n := 0, len(data[i]); x < n; x++ { 
            data[i][x] = 1 
        } 

        mem(3) 
    } 
} 

̬έ�˳È在�
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1. VMS:  5 MB, RSS: 1 MB 
2. VMS: 15 MB, RSS: 1 MB 
3. VMS: 15 MB, RSS: 2 MB 
3. VMS: 15 MB, RSS: 3 MB 
3. VMS: 15 MB, RSS: 4 MB 
3. VMS: 15 MB, RSS: 5 MB 
3. VMS: 15 MB, RSS: 6 MB 
3. VMS: 15 MB, RSS: 7 MB 
3. VMS: 15 MB, RSS: 8 MB 
3. VMS: 15 MB, RSS: 9 MB 
3. VMS: 15 MB, RSS: 10 MB 
3. VMS: 15 MB, RSS: 11 MB 

ʮʥž�ŧ˷�Ľ»在�

,) ȆǅɸŚƇuʊȅv�0//":�q˥•ğŞÑ你ûň�y�ȤĿȪϞ�
-) ˟ÚƘȹfk̈ċºgÆɼ�Ȥ̘˗Ϟ̯ĔĿȪu你ʀʷ̫ûtȑŸ�ȤņúĿȪϞ�
.) ņúĿȪ�Ȥ�{xǊ˟ÚɑɿʺǴ˩śǛĬu你ɽʮǴƅ˺Ϟ�

ƐÏ在tØ˟ÚƘȹ你yqgȪxsõɟ˩Ϟ�

���5M�

p�Ɂ�ȤĿȪťȄ�xϒ|u˹eā�ϞĶś�˝r你̬έɰyˋƜȆyqſ�ͦȪɰ
�ϒ`Ȫ̢�Ɂ你cyȷÔƅƠþq你ɜĥ¸ŁɰɷÂϞ�

ûȬǤtb�p�v�b<k�ώƀ~sâg�Ȥx˹e你ýØqʫƩnytØqĽ»Ϟ�

h<gh)[c�

package main 

import () 

func test() *int { 
    x := new(int) 
    *x = 0xAABB 
    return x 
} 

func main() { 
    println(*test()) 
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} 

ð̬έɰ͍�ĿȠǰƇu你à{�ƕƩ�rvʫƩăÖʊŅsɿϞ�

$ go build -gcflags "-l" -o test test.go     //  

$ go tool objdump -s "main\.test" test 

TEXT main.test(SB) test.go 
    test.go:5   SUBQ $0x10, SP 
    test.go:6   LEAQ 0x56d46(IP), BX 
    test.go:6   MOVQ BX, 0(SP) 
    test.go:6   CALL runtime.newobject(SB)   //  
    test.go:6   MOVQ 0x8(SP), AX 
    test.go:7   MOVQ $0xaabb, 0(AX) 
    test.go:8   MOVQ AX, 0x18(SP) 
    test.go:8   ADDQ $0x10, SP 
    test.go:8   RET 

ûðſ�ɂƨǄƀu你ώƀ�h<gh�gÃ�aU]b�ĿȠ你ŘuĽ»~ĊstØvϞ�

$ go build -o test test.go                  //  

$ go tool objdump -s "main\.main" test 

TEXT main.main(SB) test.go 
    test.go:11  SUBQ $0x18, SP 
    test.go:12  MOVQ $0x0, 0x10(SP) 
    test.go:12  LEAQ 0x10(SP), BX 
    test.go:12  MOVQ $0xaabb, 0(BX) 
    test.go:12  MOVQ 0(BX), BP 
    test.go:12  MOVQ BP, 0x8(SP) 
    test.go:12  CALL runtime.printlock(SB) 
    test.go:12  MOVQ 0x8(SP), BX 
    test.go:12  MOVQ BX, 0(SP) 
    test.go:12  CALL runtime.printint(SB) 
    test.go:12  CALL runtime.printnl(SB) 
    test.go:12  CALL runtime.printunlock(SB) 
    test.go:13  ADDQ $0x18, SP 
    test.go:13  RET 

jtƤ̬͟�ĆƘ你ûɚ©ĿȠǰƇ�qƕƩ�yǛ��b<kcVA<Wh�x˹e�ȤĿȪϞ�
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̬έɰct¬你¢ú�ȍŠϞ�yĿȠu你ťbx·^ϒϚÑŲͬ�Ɂ你îŘx˹e�Ȥ
µtuͺ¸s^ŝǝϒϚ�qƀɔϞµðĿȠ�你äʂe~�v�aU]b�ϒϚĿqʍŎĊĳ你
¡ť}˹e˟ÚϞ�

"cCUb[�̬έɰǠŽ˵ή�͖是<gWUd<�UbUCmg]g了你ūgx̬έŅĶźȔǛ�į`�͖ʍŎĊĳ
uʨgÃĮŎʑ�你ąµǭâuʨyŖŋ�ȤxϒeϞ  
 
̬έǄƀ�([WZCU[g�!(a!�y˷�̬έǰƇ¼ĸ你ĉlŶĿȠ�˵ή�͖Ϟ  
 
wƓǌ÷z�ϠQ<fc�"UfVU[<的�c^xı你ĉƿq~u̙Ǩx˹eq�ȤÈp你ąµɜ~¸Ł
ɷÂ你ƅƠþqϞȩĮ你¬þqȟďuſ��[c�h<gh�(V<bW?a<a�Ǆƀy�˷�˹�Ȥ±ƀȹƖϞ�

_v你ÓŊbĆƐquĿȪ�Ȥɰ你µƵ̬έɰϞ̀�eÖc^͓�你rv�ŚƌĒΏυ�
b<kcVA<Wh�ȮĎu¶Ŵp�Ɂ�ȤĿȪqϞ�

aWUW?<)[c�

type mcache struct { 
 // Allocator cache for tiny objects w/o pointers. 
 tiny             unsafe.Pointer 
 tinyoffset       uintptr 

 alloc [_NumSizeClasses]*mspan 
} 

aUCCcW)[c�

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

func mallocgc(size uintptr, typ *_type, flags uint32) unsafe.Pointer { 
 //  cache  
 c := gomcache() 

 //  
 if size <= maxSmallSize { 
  // 16  
  if flags&flagNoScan != 0 && size < maxTinySize { 
   off := c.tinyoffset 

   //  
   if size&7 == 0 { 
    off = round(off, 8) 
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   } else if size&3 == 0 { 
    off = round(off, 4) 
   } else if size&1 == 0 { 
    off = round(off, 2) 
   } 

   // ... 
   if off+size <= maxTinySize && c.tiny != nil { 
    //  
    x = add(c.tiny, off) 
    c.tinyoffset = off + size 
    return x 
   } 

   //  tiny  

   //  sizeclass = 2  span.freelist  16  object  
   s = c.alloc[tinySizeClass] 
   v := s.freelist 

   //  object  central  span  
   if v.ptr() == nil { 
    systemstack(func() { 
     mCache_Refill(c, tinySizeClass) 
    }) 

    //  tiny  
    s = c.alloc[tinySizeClass] 
    v = s.freelist 
   } 

   //  object  span.freelist  
   s.freelist = v.ptr().next 
   s.ref++ 

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

   //  tiny  

   //  tinyoffset = size  
   if size < c.tinyoffset { 
    //  
    c.tiny = x 
    c.tinyoffset = size 
   } 

   //  tiny  
   size = maxTinySize 
  } else { 
   //  

   //  sizeclass  
   var sizeclass int8 
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   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]) 

   //  span.freelist  object  
   s = c.alloc[sizeclass] 
   v := s.freelist 

   //  object  central  span  
   if v.ptr() == nil { 
    systemstack(func() { 
     mCache_Refill(c, int32(sizeclass)) 
    }) 
     
    //  object  
    s = c.alloc[sizeclass] 
    v = s.freelist 
   } 

   //  span.freelist  
   s.freelist = v.ptr().next 
   s.ref++ 

   //  
   x = unsafe.Pointer(v) 
   if flags&flagNoZero == 0 { 
    v.ptr().next = 0 
    if size > 2*ptrSize && ((*[2]uintptr)(x))[1] != 0 { 
     memclr(unsafe.Pointer(v), size) 
    } 
   } 
  } 
 } else { 
  //  heap  span  
  var s *mspan 
  systemstack(func() { 
   s = largeAlloc(size, uint32(flags)) 
  }) 

  // span.start  address >> pageShift  
  x = unsafe.Pointer(uintptr(s.start << pageShift)) 
  size = uintptr(s.elemsize) 
 } 

 //  bitmap  ... 

 //  ... 

 return x 
} 
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ǬúsrcǩƕƩqɫÓƫĜ在�

p f�ɁŖŋą�?<Ud�óċ�gdUbϞ�
p ~�Ɂą�WUW?<)UCCcWRg]n<WCUggS)Zf<<C]gh�óċ�cVA<WhϞ�
p �~�Ɂɻłſ��WUW?<)h]bm�cVA<WhϞ�

��~�ɁqŬú�yÏƫϞƼǉ你ūtquǇ˻你îpk^~�ɁÃɻłds^�cVA<Wh�
�你ɚ©¡ıŉ�ͫΕϞĉ±你ūą�gdUb)Zf<<C]gh�óċs^�,1�ǋƟq�cVA<Wh你©�ƽ
�̡˫ĳ`ļȞrs±�ȤĺʆϞ�

c�y^~ɀƟ你Ď¦vÚƋqɀwϞð�h]bm�î̧̩ŞÑtȓµſ�o�cVA<Wh�u你gĀɈoː·
^�h]bm�cVA<Wh�q̧̩ŞÑ你µƵ͎ʽ•×oʱːϞ�

�ȤƦıÓéňtȈ˄你�£t_xq你ŋr`bĆƐqm©uǷʫtȓu¶ŴΚŔϞȇ
̝df�Ɂ�ȤzȢ�y�W<bhfUC�c^lÑɅƟ你à�ǉʰ�CUf[<9CCcW�c^̒Ϟ�

aUCCcW)[c�

func largeAlloc(size uintptr, flag uint32) *mspan { 
 //  
 npages := size >> _PageShift 
 if size&_PageMask != 0 { 
  npages++ 
 } 

 // sweep  ... 

 //  heap  span  bitmap  
 s := mHeap_Alloc(&mheap_, npages, 0, true, flag&_FlagNoZero == 0) 
 heapBitsForSpan(s.base()).initSpan(s.layout()) 

 return s 
} 

ǉtȰƉz}j�a@<UdT9CCcW你îp~�ɁΚŔώƀ�a�UW?<TJ<Z]CC��ƎngǛ�ūϞ�

aWUW?<)[c�

func mCache_Refill(c *mcache, sizeclass int32) *mspan { 
 //  span  central.empty  
 s := c.alloc[sizeclass] 
 if s != &emptymspan { 
  s.incache = false  //  
 } 
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 //  central  span  
 s = mCentral_CacheSpan(&mheap_.central[sizeclass].mcentral) 
 c.alloc[sizeclass] = s 
 return s 
} 

xʰńd�W<bhfUC�´Û你ǉsvų�gk<<d[<b�c^͂ǜϞ¸Ł½±hgƒíc^ɧʁƕ
̻qƖƀȊ你µ½^ÉƯŬúq�gdUb�nyŤƆþϞ�

a?<Ud)[c�

type mheap struct { 
 sweepgen  uint32   // sweep generation, see comment in mspan 
 sweepdone uint32   // all spans are swept 
} 

type mspan struct { 
 // 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 
 sweepgen    uint32 
} 

x�?<Ud��ʬʆq�gdUb�tgÃ¸ŁɰĆƐ你û�W<bhfUC��q�gdUb�ŇyyqÿxÃĲúϞ
à�ð�WUW?<�ą�W<bhfUC�ƅċ�gdUb�u你ŤƆþȊ~ƵśćbϞ�

aW<bhfUC)[c�

type mcentral struct { 
 nonempty  mspan   // span  object  

 empty     mspan   // span  object  cache  
} 

func mCentral_CacheSpan(c *mcentral) *mspan { 
 // sweep  ... 

 sg := mheap_.sweepgen 

retry: 
 //  nonempty  
 for s = c.nonempty.next; s != &c.nonempty; s = s.next { 
  //  span  
  if s.sweepgen == sg-2 && cas(&s.sweepgen, sg-2, sg-1) { 
   //  cache  empty  
   mSpanList_Remove(s) 
   mSpanList_InsertBack(&c.empty, s) 
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   //  
   mSpan_Sweep(s, true) 
   goto havespan 
  } 

  //  span  
  if s.sweepgen == sg-1 { 
   continue 
  } 

  //  span  
  mSpanList_Remove(s) 
  mSpanList_InsertBack(&c.empty, s) 

  goto havespan 
 } 

 //  empty  
 for s = c.empty.next; s != &c.empty; s = s.next { 
  //  span  
  if s.sweepgen == sg-2 && cas(&s.sweepgen, sg-2, sg-1) { 
   mSpanList_Remove(s) 
   mSpanList_InsertBack(&c.empty, s) 
   mSpan_Sweep(s, true) 

   //  object  
   if s.freelist.ptr() != nil { 
    goto havespan 
   } 

   //  object  
   goto retry 
  } 

  //  span  
  if s.sweepgen == sg-1 { 
   continue 
  } 

  //  span  noempty  

  //  cache  
  break 
 } 

 //  span  
 s = mCentral_Grow(c) 
  
 //  span  cache  empty  
 mSpanList_InsertBack(&c.empty, s) 

havespan: 
 //  cache  
 s.incache = true 
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 return s 
} 

y�j�你ą�W<bhfUC��óċ�gdUb�u你ǰǉċ�ÜyǷʫ你ƑǍub˳ÈĲú˟ÚϞ�y
ð¦yǷʫh¡ıƊȓu你À}�?<Ud�óċ�gdUb你ňćoǕ���cVA<Wh�ˤăϞ�

aW<bhfUC)[c�

func mCentral_Grow(c *mcentral) *mspan { 
 //  
 npages := uintptr(class_to_allocnpages[c.sizeclass]) 
 size := uintptr(class_to_size[c.sizeclass]) 

 //  object  
 n := (npages << _PageShift) / size 

 //  heap  span  
 s := mHeap_Alloc(&mheap_, npages, c.sizeclass, false, true) 

 //  object  

 p := uintptr(s.start << _PageShift)  //  
 head := gclinkptr(p) 
 tail := gclinkptr(p) 
 for i := uintptr(1); i < n; i++ { 
  p += size 
  tail.ptr().next = gclinkptr(p) 
  tail = gclinkptr(p) 
 } 
 tail.ptr().next = 0 
 s.freelist = head 

 //  bitmap  
 heapBitsForSpan(s.base()).initSpan(s.layout()) 

 return s 
} 

_v你¦xf~�ɁΥ̌Øˣ你hdv�a@<UdT9CCcW�c�Ϟ�

a?<Ud)[c�

type mheap struct { 
 busy      [_MaxMHeapList]mspan   //  span 127  

 busylarge mspan                  //  127  span  
} 

func mHeap_Alloc(h *mheap, npage uintptr, sizeclass int32, large bool, needzero bool) *mspan { 
 systemstack(func() { 
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  s = mHeap_Alloc_m(h, npage, sizeclass, large) 
 }) 

 //  span  

 return s 
} 

func mHeap_Alloc_m(h *mheap, npage uintptr, sizeclass int32, large bool) *mspan { 

 // sweep  ... 

 //  heap  span  
 s := mHeap_AllocSpanLocked(h, npage) 
 if s != nil { 
  //  span  
  atomicstore(&s.sweepgen, h.sweepgen) 
  s.state = _MSpanInUse 
  s.freelist = 0 
  s.ref = 0 
  s.sizeclass = uint8(sizeclass) 
  ... 

  //  span  central.empty  

  //  span  heap.busy  
  if large { 
   //  busy  busylarge  

   //  free  len(free)  
   if s.npages < uintptr(len(h.free)) { 
    mSpanList_InsertBack(&h.busy[s.npages], s) 
   } else { 
    mSpanList_InsertBack(&h.busylarge, s) 
   } 
  } 
 } 

 return s 
} 

ą�?<Ud�óċ�gdUb�qƦı̉wuŗdf~�łǿqȲϞƼǉąǴƀýØqˤăǡŗ你¶�
yĽ»你ÙąǴƀ§kqˤăƅċ你ŖƷĤfȲƓ̯ĔoȲϞ�

¶ͺ¸§fq�gdUb你p̙ǨŻƈ你gük̩Ŏ�Ǖ�`ćoë¸�?<Ud�ˤăϞØu|̭ď
łňýΡʬʆ�gdUb�ŞÑ你ɜĥ˓ÞϞ�

a?<Ud)[c�

type mheap struct { 
 free      [_MaxMHeapList]mspan   //  127  span  

 freelarge mspan                  //  127  span  
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} 

func mHeap_AllocSpanLocked(h *mheap, npage uintptr) *mspan { 
 //  span  
 for i := int(npage); i < len(h.free); i++ { 
  //  span  
  if !mSpanList_IsEmpty(&h.free[i]) { 
   s = h.free[i].next 
   goto HaveSpan 
  } 
 } 

 //  127  span  
 s = mHeap_AllocLarge(h, npage) 

 //  
 if s == nil { 
  if !mHeap_Grow(h, npage) { 
   return nil 
  } 

  //  1MB/128Pages  freelarge  
  s = mHeap_AllocLarge(h, npage) 
  if s == nil { 
   return nil 
  } 
 } 

HaveSpan: 
 //  free  
 mSpanList_Remove(s) 

 //  span  ... 

 //  span  ... 
 if s.npages > npage { 
  //  span  
  t := (*mspan)(fixAlloc_Alloc(&h.spanalloc)) 
  mSpan_Init(t, s.start+pageID(npage), s.npages-npage) 

  //  
  s.npages = npage 

  //  span  heap  
  mHeap_FreeSpanLocked(h, t, false, false, s.unusedsince) 
 } 

 //  spans  
 p := uintptr(s.start) 
 p -= (uintptr(unsafe.Pointer(h.arena_start)) >> _PageShift) 
 for n := uintptr(0); n < npage; n++ { 
  h_spans[p+n] = s 
 } 
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 return s 
} 

îp�Zf<<CUf[<��us^ȍŠˤă你�yǴƀ¬̄ʑ你ntȏʮf~Ɓʥ你à��qʐɋǬ
^ˤă你©�ŕ��~你•ğ�ǂÛqȲϞ�

a?<Ud)[c�

func mHeap_AllocLarge(h *mheap, npage uintptr) *mspan { 
 return bestFit(&h.freelarge, npage, nil) 
} 

func bestFit(list *mspan, npage uintptr, best *mspan) *mspan { 
 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 
} 

ƷÔü�gdUb�ë¸�?<Ud�q�a@<UdT>f<<KdUbDcW_<X�˟Ú你üxĿȪ¸ŁŊƟÙ¬˃ʠϞĿ
Ȫ�Ȥ;ǩ你n�̧¶Ŵō˟ÚƘȹ̯ĔoĿȪȲϞ�

a?<Ud)[c�

func mHeap_Grow(h *mheap, npage uintptr) bool { 
 //  64KB  1MB  
 npage = round(npage, (64<<10)/_PageSize) 
 ask := npage << _PageShift 
 if ask < _HeapAllocChunk { 
  ask = _HeapAllocChunk 
 } 

 //  
 v := mHeap_SysAlloc(h, ask) 

 //  span  
 s := (*mspan)(fixAlloc_Alloc(&h.spanalloc)) 
 mSpan_Init(s, pageID(uintptr(v)>>_PageShift), ask>>_PageShift) 

 //  spans  
 p := uintptr(s.start) 
 p -= (uintptr(unsafe.Pointer(h.arena_start)) >> _PageShift) 
 for i := p; i < p+s.npages; i++ { 

!37



��
���	���

  h_spans[i] = s 
 } 

 //  heap  
 mHeap_FreeSpanLocked(h, s, false, true, 0) 

 return true 
} 

ɍ©u��aaUd�ąǇâĺʆ̯ĔĿȪϞ�ćbquØǈΚŔ�V]haUd���gdUbg�Ȅ̼你�Ȑ
ǛǬ�Uf<bUTig<X�c^ĺʆǇǘɰϞ�

aUCCcW)[c�

func mHeap_SysAlloc(h *mheap, n uintptr) unsafe.Pointer { 
 //  arena  
 if n <= uintptr(h.arena_end)-uintptr(h.arena_used) { 
  //  
  p := h.arena_used 
  sysMap((unsafe.Pointer)(p), n, h.arena_reserved, &memstats.heap_sys) 

  //  bitmap  spans  
  mHeap_MapBits(h, p+n) 
  mHeap_MapSpans(h, p+n) 

  //  
  h.arena_used = p + n 

  return (unsafe.Pointer)(p) 
 } 
} 

a<aTC]bil)[c�

func sysMap(v unsafe.Pointer, n uintptr, reserved bool, sysStat *uint64) { 
 if !reserved { 
  p := mmap_fixed(v, n, _PROT_READ|_PROT_WRITE, _MAP_ANON|_MAP_PRIVATE, -1, 0) 
  return 
 } 

 p := mmap(v, n, _PROT_READ|_PROT_WRITE, _MAP_ANON|_MAP_FIXED|_MAP_PRIVATE, -1, 0) 
} 

ƷŘ你ĿȪ�Ȥ˟ÚĈȢÿǔĽˑϞ�
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���=x�

ĿȪ¸ŁqʫêuĲú˟ÚϞ�

´à�x¸ŁµƵ̂ë你uîpǬ^ĿȪ�Ȥɰq̉wuĿȪȈ�你tÙſ�qĿȪgÃ
ë¸łǿĺʆ你Ér±�ȤuÙ±ſ�Ϟ�yðŞʬĿȪǷʫzku你Àgȇ̝̂ëϞ�

ɫÔǝ˒ȇ̝你¸Ł˟Úm©tgŖŋί�Š^�Ɂ你µu��gdUb�pɫÓŠĺϞĶzĀ
��V]haUd��qͫΕȯļ你͡ǈü�cVA<Wh�ŁˣĪ�gdUb你�ƎeƱ�W<bhfUC�Ɠ�?<Ud�Ȉ�Ϟ�

Ĳúώƀ�gk<<dcb<�Ǜ��aKdUbTKk<<d�`ʑ�ĿȪ�Ȥɰ¸ŁĈȢϞ�

a[Wgk<<d)[c�

func sweepone() uintptr { 
 if !mSpan_Sweep(s, false) { 
  ... 
 } 
} 

func mSpan_Sweep(s *mspan, preserve bool) bool { 
 var head, end gclinkptr 

 //  span  object  
 for link := s.freelist; link.ptr() != nil; link = link.ptr().next { 
  heapBitsForAddr(uintptr(link)).setMarkedNonAtomic() 
 } 

 //  span  object  freelist  
 heapBitsSweepSpan(s.base(), size, n, func(p uintptr) { 
  if cl == 0 { 
   //  bitmap  sweepgen  
   heapBitsForSpan(p).initSpan(s.layout()) 
   atomicstore(&s.sweepgen, sweepgen) 
   freeToHeap = true 
  } else { 
   //  head end  object  
   if head.ptr() == nil { 
    head = gclinkptr(p) 
   } else { 
    end.ptr().next = gclinkptr(p) 
   } 
   end = gclinkptr(p) 
   end.ptr().next = gclinkptr(0x0bade5) 

   //  
   nfree++ 
  } 
 }) 
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 //  

 //  object  

 //  span  object  heap  
 if nfree > 0 { 
  mCentral_FreeSpan(&mheap_.central[cl].mcentral, s, int32(nfree), head, end, ...) 
 } else if freeToHeap { 
  mHeap_Free(&mheap_, s, 1) 
 } 
} 

ʐɋ�gdUb你üŁɡdqtyǗ�cVA<Wh�łňd�Zf<<C]gh�ˤăϞ¶Ť�gdUb�ÜŁ¸ÄŎ�cVA<Wh你
�t~ücȲāÄmƹqĿȪ|¤�?<Ud你�ƻ�ƶȈ�Ϟ�

aW<bhfUC)[c�

func mCentral_FreeSpan(c *mcentral, s *mspan, n int32, start, end gclinkptr ...) bool { 
 //  span  object  
 wasempty := s.freelist.ptr() == nil 

 //  freelist  
 end.ptr().next = s.freelist 
 s.freelist = start 
 s.ref -= uint16(n) 

 //  
 if preserve { 
  atomicstore(&s.sweepgen, mheap_.sweepgen) 
  return false 
 } 

 //  span  central.nonempty  
 if wasempty { 
  mSpanList_Remove(s) 
  mSpanList_Insert(&c.nonempty, s) 
 } 

 //  object  
 if s.ref != 0 { 
  return false 
 } 

 //  object  central  heap  
 mSpanList_Remove(s) 
 heapBitsForSpan(s.base()).initSpan(s.layout()) 
 mHeap_Free(&mheap_, s, 0) 

 return true 
} 

!40



��
���	���

¡ƪuō˟ÚƘȹ̯ĔĿȪ你|uĲú¸ŁĿȪ你�bǆ�?<Ud��ë�gdUb你hg̭ďłň
ʟˌýΡqʬʆ�gdUb你�́�§fqmƹȲϞ�

a?<Ud)[c�

func mHeap_Free(h *mheap, s *mspan, acct int32) { 
 systemstack(func() { 
  mHeap_FreeSpanLocked(h, s, true, true, 0) 
 }) 
} 

func mHeap_FreeSpanLocked(h *mheap, s *mspan, acctinuse, acctidle bool, unusedsince int64) { 
 //  
 mSpanList_Remove(s) 

 //  
 p := uintptr(s.start) 
 p -= uintptr(unsafe.Pointer(h.arena_start)) >> _PageShift 

 if p > 0 { 
  //  spans  span  
  t := h_spans[p-1] 

  //  
  if t != nil && t.state != _MSpanInUse && t.state != _MSpanStack { 
   //  
   s.start = t.start 
   s.npages += t.npages 

   //  spans  
   p -= t.npages 
   h_spans[p] = s 

   //  span  
   mSpanList_Remove(t) 
   fixAlloc_Free(&h.spanalloc, (unsafe.Pointer)(t)) 
  } 
 } 

 //  span  
 if (p+s.npages)*ptrSize < h.spans_mapped { 
  t := h_spans[p+s.npages] 
  if t != nil && t.state != _MSpanInUse && t.state != _MSpanStack { 
   //  span  
   s.npages += t.npages 

   //  spans  
   h_spans[p+s.npages-1] = s 

   //  span  
   mSpanList_Remove(t) 
   fixAlloc_Free(&h.spanalloc, (unsafe.Pointer)(t)) 
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  } 
 } 

 //  free/freelarge  
 if s.npages < uintptr(len(h.free)) { 
  mSpanList_Insert(&h.free[s.npages], s) 
 } else { 
  mSpanList_Insert(&h.freelarge, s) 
 } 
} 

¸Ł˟ÚƷŘĽˑϞcõÃŁ¸q�gdUb�ňtgÃ̂ë你µuÉƯȈ�Ϟ�

���Z4�

xżÈuĒŏώƀ�aU]b)aU]b��你gĵĚ̗s^̈́˚ƜȘ�gmgacb你ū½̤sǩuÑ~g
̟ǡ�?<Ud��qʬʆĿȪȲϞ�

dfcW)[c�

func sysmon() { 
 scavengelimit := int64(5 * 60 * 1e9) 

 for { 
  usleep(delay) 

  if lastscavenge+scavengelimit/2 < now { 
   mHeap_Scavenge(int32(nscavenge), uint64(now), uint64(scavengelimit)) 
   lastscavenge = now 
  } 
 } 
} 

ʐɋ�Zf<<ϝZf<<CUf[<��qày�gdUb你¶ʬʆuÑĤzϜȊ你ɥ̂ëĉĆȠqņúĿȪϞ�

a?<Ud)[c�

func mHeap_Scavenge(k int32, now, limit uint64) { 
 h := &mheap_ 

 //  free  
 for i := 0; i < len(h.free); i++ { 
  sumreleased += scavengelist(&h.free[i], now, limit) 
 } 

 //  freelarge  

!42



��
���	���

 sumreleased += scavengelist(&h.freelarge, now, limit) 
} 

func scavengelist(list *mspan, now, limit uint64) uintptr { 
 var sumreleased uintptr 

 //  
 for s := list.next; s != list; s = s.next { 
  //  

  //  span  
  if (now-uint64(s.unusedsince)) > limit && s.npreleased != s.npages { 
   //  
   released := (s.npages - s.npreleased) << _PageShift 
   sumreleased += released 
   s.npreleased = s.npages 

   //  
   sysUnused((unsafe.Pointer)(s.start<<_PageShift), s.npages<<_PageShift) 
  } 
 } 
 return sumreleased 
} 

à˪ņúĿȪ̂ë你ȩyύ˥Ϟ�

a<aTC]bil)[c�

func sysUnused(v unsafe.Pointer, n uintptr) { 
 madvise(v, n, _MADV_DONTNEED) 
} 

ƘȹǛ��aUXj]g<�Ǟ²˟ÚƘȹȣǩĿȪ͑tſ�你ȔʞĿ̉Ł¸�ŉņúĿȪϞð©你
c�us^Ȕʞ你uʨ¸ŁƹĿ̉ǭâϞ¶ņúĿȪǷʫɓȓ你ŤȔʞyqgÃ̅˗你�
̙Ǩ¡˪q̠ΊϞµðÙ±ſ�ŤĿȪȲu你gʑ�ʺǴ˩ś你Ŀ̉gmćoĆȠņú
ĿȪǴϞ�

�ȤɰÖ�qu˥ĿȪ你à�x•ğŞÑɓȓq�˝r你ɕÓ¡ťëʘcǩ˥ĿȪ你
¡ťŁ¸�agdUb�Éǅú�Ɂ你cnu�Uf<bU�qǀþΚŔqɕÓĪîϞ�

E]WfcgcZh�O]bXckg�ňtǠŽɧʁ�aUXj]g<�ºŮ你ʻxóċ�gdUb�uÆʧeÃ�N]fhiUC>f<<�
ǾqĿȪϞ�

a<aTk]bXckg)[c�

func sysUnused(v unsafe.Pointer, n uintptr) { 
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 r := stdcall3(_VirtualFree, uintptr(v), n, _MEM_DECOMMIT) 
} 

func sysUsed(v unsafe.Pointer, n uintptr) { 
 r := stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_COMMIT, _PAGE_READWRITE) 
} 

a?<Ud)[c�

func mHeap_AllocSpanLocked(h *mheap, npage uintptr) *mspan { 
 ... 

HaveSpan: 
 //  
 if s.npreleased > 0 { 
  sysUsed((unsafe.Pointer)(s.start<<_PageShift), s.npages<<_PageShift) 
  s.npreleased = 0 
 } 

 return s 
} 

kƀ�Mb]l(D]_<�ƘȹhǠŽ�aUXj]g<你à�ūvq�gmgMg<X�ώƀfk£tht¬Ϟ  
ɤŷŅþmŬúĮ你ny�Ǜ��fibh]a<X<Vi[)>f<<GKE<acfm�ώƀÆ̂ëϞ�

���l]�

ążÈuqȭĬ你Ǭ^ĖȢĿq�Ɂy�p·ɧϞĉs你m©uą�Uf<bU�Ȅ̼�Ȥq�ǟ
�Ɂ有ȩs¯你ɥużÈuméżÈ�ǅúàť你Ā¶ǅú�Uf<bU�ĿȪÞǩq�agdUb你ƅ
˺¡ͥ�Ȥq�aWUW?<�ÉÉϞ�

ǅú�Ɂq{ǎŷŅňtē�ǟ�Ɂ�°Ȉ˄你ɽɧȸ�ÝĬhý�̀â你à�Ʀı̘˗
ɚ©t��tȈ˄Ϟ|y你ūvý�ɈÝq{ǎŷŅntǿłͅ��Uf<bU�Ȅ̼你gɑɿ§
k˓ÞƇϞpŘ你żÈuĵĚǶƖv�>]l9CCcW�̀â�Ȥɰ`pǅú�Ɂ�ȤĿȪϞ�

̀â�Ȥɰſ�ýØqƦıρ˕你�ýĆǄƀtØϞ�

aZ]lUCCcW)[c�

type fixalloc struct { 
 size   uintptr            //  

 first  unsafe.Pointer     //  
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 arg    unsafe.Pointer     //  

 list   *mlink             //  

 chunk  *byte              //  

 nchunk uint32             //  

 inuse  uintptr            //  
} 

xżÈuxɸŚƇ�?<Ud�u你sȽ́Ȕv�/�¯̀â�ȤɰϞ�

a?<Ud)[c�

func mHeap_Init(h *mheap, spans_size uintptr) { 
 fixAlloc_Init(&h.spanalloc, unsafe.Sizeof(mspan{}), recordspan, ...) 
 fixAlloc_Init(&h.cachealloc, unsafe.Sizeof(mcache{}), nil, nil, ...) 
 fixAlloc_Init(&h.specialfinalizeralloc, unsafe.Sizeof(specialfinalizer{}), nil, ...) 
 fixAlloc_Init(&h.specialprofilealloc, unsafe.Sizeof(specialprofile{}), nil, ...) 
} 

aZ]lUCCcW)[c�

func fixAlloc_Init(f *fixalloc, size uintptr, first ..., arg unsafe.Pointer, stat *uint64) { 
 f.size = size 
 f.first = *(*unsafe.Pointer)(unsafe.Pointer(&first)) 
 f.arg = arg 
 f.list = nil 
 f.chunk = nil 
 f.nchunk = 0 
 f.inuse = 0 
 f.stat = stat 
} 

�ȤƦıǰǉąȈ�ˤăóċĿȪ你�xóċŝʤ你Ɠ̧̩ŞÑtȓuÀóċoĿȪȲϞ�

aZ]lUCCcW)[c�

func fixAlloc_Alloc(f *fixalloc) unsafe.Pointer { 
 //  
 if f.list != nil { 
  v := unsafe.Pointer(f.list) 
  f.list = f.list.next 
  f.inuse += f.size 
  return v 
 } 

 // 16KB  
 if uintptr(f.nchunk) < f.size { 
  f.chunk = (*uint8)(persistentalloc(_FixAllocChunk, 0, f.stat)) 
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  f.nchunk = _FixAllocChunk 
 } 

 //  
 v := (unsafe.Pointer)(f.chunk) 
 if f.first != nil { 
  fn := *(*func(unsafe.Pointer, unsafe.Pointer))(unsafe.Pointer(&f.first)) 
  fn(f.arg, v) 
 } 

 //  
 f.chunk = (*byte)(add(unsafe.Pointer(f.chunk), f.size)) 
 f.nchunk -= uint32(f.size) 
 f.inuse += f.size 

 return v 
} 

̀â�ȤɰŽyqc^�,1C:�ĿȪȲ�m�d<fg]gh<bh�Ȅ̼ϞŤȄ̼x�k•¿pżÈuƅ
˺�ǺĿȪ你ƿqØ°upvɜĥň�ͥ你ɜĥĿȪ̯ĔƘȹǛ�Ϟ�

aUCCcW)[c�

type persistentAlloc struct { 
 base unsafe.Pointer 
 off  uintptr 
} 

var globalAlloc struct { 
 persistentAlloc 
} 

func persistentalloc(size, align uintptr, sysStat *uint64) unsafe.Pointer { 
 systemstack(func() { 
  p = persistentalloc1(size, align, sysStat) 
 }) 
 return p 
} 

func persistentalloc1(size, align uintptr, sysStat *uint64) unsafe.Pointer { 
 const ( 
  chunk    = 256 << 10 
  maxBlock = 64 << 10   // VM reservation granularity is 64K on windows 
 ) 

 //  64KB  
 if size >= maxBlock { 
  return sysAlloc(size, sysStat) 
 } 

 //  
 var persistent *persistentAlloc 
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 if mp != nil && mp.p != 0 { 
  persistent = &mp.p.ptr().palloc 
 } else { 
  persistent = &globalAlloc.persistentAlloc 
 } 

 //  
 persistent.off = round(persistent.off, align) 

 //  
 if persistent.off+size > chunk || persistent.base == nil { 
  //  256KB  
  persistent.base = sysAlloc(chunk, &memstats.other_sys) 
  persistent.off = 0 
 } 

 //  
 p := add(persistent.base, persistent.off) 
 persistent.off += size 
 return p 
} 

ƷÔ̂ëzȢ你�ȍŠ•ë¸Ȉ�ˤăϞ�

aZ]lUCCcW)[c�

func fixAlloc_Free(f *fixalloc, p unsafe.Pointer) { 
 f.inuse -= f.size 
 v := (*mlink)(p) 
 v.next = f.list 
 f.list = v 
} 

���8�.�9#7�

œ^�>]l9CCcW你�y�agdUb�ǇâvĆȠώƀ�f<WcfXgdUb你ĉÚ�uʮťΚŔ�?TUCCgdUbg�Ȫ
̢ŞÑϞ?TUCCgdUbg�ŵȪvày�gdUb��ɁǇ˻你˺¸ŁuʐɋϞ�

ĿȪ�Ȥɰ�gdUbg�Ȅ̼ɳ©ŵȪv�dU[<gdUb�ͨɨĆƘ你ûy�kćȈ你ɫÔǝ˒ȇ̝你ňtǿ
ł�`Úpʐɋ�ɁϞ�

a?<Ud)[c�

var h_allspans []*mspan 
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func mHeap_Init(h *mheap, spans_size uintptr) { 
 fixAlloc_Init(&h.spanalloc, unsafe.Sizeof(mspan{}), recordspan, ...) 
} 

func recordspan(vh unsafe.Pointer, p unsafe.Pointer) { 
 h := (*mheap)(vh) 
 s := (*mspan)(p) 

 //  ... 
 if len(h_allspans) >= cap(h_allspans) { 
  //  
  n := 64 * 1024 / ptrSize 
  if n < cap(h_allspans)*3/2 { 
   n = cap(h_allspans) * 3 / 2 
  } 

  //  slice  
  var new []*mspan 
  sp := (*slice)(unsafe.Pointer(&new)) 
  sp.array = sysAlloc(uintptr(n)*ptrSize, &memstats.other_sys) 
  sp.len = len(h_allspans) 
  sp.cap = n 

  //  
  if len(h_allspans) > 0 { 
   //  
   copy(new, h_allspans) 

   //  

   //  gcSweep -> gcCopySpans  
   if h.allspans != mheap_.gcspans { 
    sysFree(unsafe.Pointer(h.allspans), ...) 
   } 
  } 

  //  
  h_allspans = new 
  h.allspans = (**mspan)(unsafe.Pointer(sp.array)) 
 } 

 //  

 //   mmap  arena  

 //  append  arena  

 //  h_allspans  arena  

 h_allspans = append(h_allspans, s) 
 h.nspan = uint32(len(h_allspans)) 
} 
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¸ŁɰsŖuÃϛȜ�k你nuǬ^żÈulƺĖ�ɦÂqŎ�ϞàyĊƇhupv
ΈȎ�KLO�uÑ你ƅ¹ȢʥäuþϞ�

f ļ在�

p -+,/+1'�,).5�ň�ĲúϞ�
p -+,0+3'�,)05��ěň�ȯļϞ�

ƐÏ在ŘŬàxň�你uǇ¸Ł��ǟξʉň�˳ÈϞ�

 ��T\�

ʮǐ¿xı你"cCUb[�"��qɫÓŰ̽u�ϠƵ�ƕϝƵȚΈϝǊ͊ΐϝň�ȯļĲú的Ϟ�

a[W)[c�
The GC runs concurrently with mutator threads, is type accurate (aka precise), allows multiple 
GC thread to run in parallel. It is a concurrent mark and sweep that uses a write barrier. It is 
non-generational and non-compacting. Allocation is done using size segregated per P allocation 
areas to minimize fragmentation while eliminating locks in the common case. 

The algorithm decomposes into several steps. 

ŤÎġêŎy�"��q˃ɀxÊ你�y^ô•¿�ʫƩyõ�Ē你ûtŪʕ�Ʀı�zȢqúųϞ�

ñ´ÛŨÓx�KLO�ˈǫrā�ȯļtØ你ň�ȯļ��ǟƕƩØu˳È�sǕhŬÔt
̋âˈǫϞ�ǟƕƩƢuyqȾƺÜÅÃͫΕzqȄ̼你xȯļzȢl|gtɝ�Ȥo�
Ɂ你c�¸ŁĊs�ʣǵϞ�

ˇɶ£tuò̗¸Ł⼈zđg˘ćŻƈ��HM�Ƿʫ你Ūʕ�ǟƕƩ˳ÈþqϞµª
ö你gɑɿ˹ĿȪɎþϔθϞ¶ŴÿʛŐͿcõĘķ~u^ɲfqɢƛϞ�

àyĘķq̉w在ͳŮ˹ÌÝ你ɓ�ƽ���HM�ǷʫϞpŘ你ʑĒsƘȝʓΞ在�
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rt%?Wekp�

cu�ȯļ��ǟƕƩň�qɫÓŵΐ你ɫÓĪú在�

p �ɸày�ɁhučěϞ�
p ͫΕŗ�àyyǗ�Ɂ你ȯļp̺ě你ëĒƯŬúțȝϞ�
p ąțȝƅċ̺ě�Ɂ你üĉʑ��Ɂȯļp̺ěëĒțȝ你méȯļpǒěϞ�
p Ǌ͊ΐ̈́ţ�ɁĿȪȾƺ你ćoȯěƓë¸țȝϞ�

ðā�ÄŎͫΕ�ȯļĴÚ�你̧̩tučě~uǒě你�ôƕăbƯ¸Ł�®Χ�Ɂ你
Ĳú˟Ú�ťüčě�ɁĿȪŁ¸ŸyϞ�

Dsn�

˚ŮɰÄȢǄñň�¸ŁƜȘ你ļȞýĆˈǫƀɔ你ǫǛǬżÈ̘˗你Ūʕň�ȯļŠ
ŃqĴÚʇǔ�ƀĳ你ŐͿ��HM�Ƿʫͅ�Ϟð¸ŁĽˑu你Ǆñ�b<lhT[W�¸ŁϜȊǶʆ你
ǛǬ¸Ł̰�ȗ˒Ϟ�

a[W)[c�

gcController implements the GC pacing controller that determines when to trigger concurrent 
garbage collection and how much marking work to do in mutator assists and background marking. 

It uses a feedback control algorithm to adjust the memstats.next_gc trigger based on the heap 
growth and GC CPU utilization each cycle. 

This algorithm optimizes for heap growth to match GOGC and for CPU utilization between assist  
and background marking to be 25% of GOMAXPROCS.  

The high-level design of this algorithm is documented at https://golang.org/s/go15gcpacing. 

6t=x�

ȣõuò你�Ɂ�ȤǪĬyqş�Ô�ǦȯļϞcgʑ�sƘȝɎ»你Ā¶˹ɎþΚŔ你
̮Ʒ�¸ŁǢş¡ıā�Ϟ�

Řu你��ǟƕƩǀȢǄñ�Ǧ¸Łȯļ~ƵśyƲbϞxp�Ɂ�Ȥ˹ĿȪu你Ķzý
Ć̘˗}˳ÈsâȳĬq¸Ł˟Ú你ŐͿ�Ȥ�¸Ł˟Ú你�ĖȢŬÔʾþˈǫϞ�
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���GY;�

ɸŚƇzȢƵśȍŠ你ć�uǶʆ�[Wd<fW<bh���b<lhT[W�ϜȊϞ�

a[W)[c�

func gcinit() { 
 //  
 work.markfor = parforalloc(_MaxGcproc) 

 //  GOGC  
 _ = setGCPercent(readgogc()) 

 // 4MB  
 memstats.next_gc = heapminimum 
} 

func readgogc() int32 { 
 p := gogetenv("GOGC") 
 if p == "" { 
  return 100 
 } 
 if p == "off" { 
  return -1 
 } 
 return int32(atoi(p)) 
} 

func setGCPercent(in int32) (out int32) { 
 out = gcpercent 
 if in < 0 { 
  in = -1 
 } 
 gcpercent = in 
 heapminimum = defaultHeapMinimum * uint64(gcpercent) / 100 
 return out 
} 

���m0�

xp�Ɂ�Ȥ˹ĿȪ�你aUCCcW[W�ώƀg̟ǡ¸Ł̰�ŀġ你ňɍŧýĆˈǫ̗Ɠ
Ǆñνȷ¸ŁϞ�

aUCCcW)[c�

func mallocgc(size uintptr, typ *_type, flags uint32) unsafe.Pointer { 
 ... 
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 //  
 if gcphase == _GCmarktermination || gcBlackenPromptly { 
  systemstack(func() { 
   gcmarknewobject_m(uintptr(x), size) 
  }) 
 } 

 //  
 if shouldhelpgc && shouldtriggergc() { 
  //  
  startGC(gcBackgroundMode, false) 
 } else if gcBlackenEnabled != 0 { 
  //  
  gcAssistAlloc(size, shouldhelpgc) 
 } else if shouldhelpgc && bggc.working != 0 { 
  //  
  gp := getg() 
  if gp != gp.m.g0 && gp.m.locks == 0 && gp.m.preemptoff == "" { 
   Gosched() 
  } 
 } 
} 

func shouldtriggergc() bool { 
    return memstats.heap_live >= memstats.next_gc && atomicloaduint(&bggc.working) == 0 
} 

?<UdTC]j<�u®Χ�ɁĦĳ你tŶ�õɐƳÃĲúqčě�ɁϞ�

¸Łɂƨ�Äň�ʇǔżÈ你ûy�ɅɴĊĳƓǄƀ͍�ň�ȯļ�ň�ĲúϞ"��
[cfcih]b<�sŖʹɅ你ŖdΠł̰�ŀġuÃβȺϞ�

a[W)[c�

func startGC(mode int, forceTrigger bool) { 
 //  GODEBUG  

 // 1:  

 // 2:  
 if debug.gcstoptheworld == 1 { 
  mode = gcForceMode 
 } else if debug.gcstoptheworld == 2 { 
  mode = gcForceBlockMode 
 } 

 //  
 if mode != gcBackgroundMode { 
  gc(mode) 
  return 

!52



��
���	���

 } 

 //  
 if !(forceTrigger || shouldtriggergc()) { 
  return 
 } 

 //  bggc  GC  

 //  GC goroutine  
 if !bggc.started { 
  bggc.working = 1 
  bggc.started = true 
  go backgroundgc() 
 } else if bggc.working == 0 { 
  bggc.working = 1 

  //  
  ready(bggc.g, 0) 
 } 
} 

var bggc struct { 
 g       *g // GC goroutine 
 working uint //  

 started bool //  
} 

func backgroundgc() { 
 bggc.g = getg() 
 for { 
  gc(gcBackgroundMode) 
  bggc.working = 0 

  //  
  goparkunlock(&bggc.lock, "Concurrent GC wait", traceEvGoBlock, 1) 
 } 
} 

Åz¯¯¥ǩqǰƇǛǬ你Ǭ^¸ŁŷŅ你KLO�ÃΈȎdyȳqæ^Þǩ你c�Ȣʥäu
ʕŉyv�fƺʔϞ�

o�"��qă¦ɳxteɞ͝你û�zýðɞ×Ϟūƕăv�"cCUb[�tɝĖƇ你�Ȑ��ɒțʚŦ
§_qũź你c�rv�ĉÛȼ§pj_Ϟtz你ðÛŨÓy�kzδ̷你̮ƷƕƩ�Î͵y
�teq•¿Ϟc¯�ɏȏ�¦x�,).��你Ɠǌr^ŨÓÀu�˅ŕȵϞ  
 
uʨāÄ}Ǿ�KLO⼈uʨqǰƇǊ͊ΐqþqĘķ⼈|y�kĘķɐƯųǭϞ�

ň�ʇǔ是:UW_[fcibX�EcX<了¸ŁzȢǘÏį在�
!53



��
���	���

               Phase      STW          Work 
      ---------------------+-------------------------------------------------------                   
                           | 
                       OFF + -------->  MarkWorker/P  
                           | 
                          stop 
                           | 
          [WB:1 BE:1] SCAN + 
                           | 
                          start 
                           | 
                           + -------->  
                           |            
                           |           Malloc  
                           |           MarkWorker  
                           | 
                      MARK + 
                           | 
                           + -------->  
                           |            
                           | 
                           + -------->  DATA BSS  
                           |            
                           | 
                           + -------->  
                           | 
                          stop 
                           | 
                    [BE:0] + 
                           | 
          MARK TERMINATION + 
                           | 
                           + --------> STW  
                           | 
                [WB:0] OFF + 
                           | 
                           + -------->  
                           | 
                          start 
                           | 
                                                                                           STW: StopTheWorld 

                                                                                            WB: WriteBarrierEnabled 

                                                                                            BE: BlackenEnabled 

Ǭ^zȢÃ̦ůxyõχfq�[W�ώƀ�Ϟ�

a[W)[c�

func gc(mode int) { 
 //  span  
 for gosweepone() != ^uintptr(0) { 
  sweep.nbgsweep++ 
 } 

 //  MarkWorker  
 if mode == gcBackgroundMode { 
  gcBgMarkStartWorkers() 
 } 
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 // STW : STOP 
 systemstack(stopTheWorldWithSema) 

 //  
 systemstack(finishsweep_m) 

 //  sync.Pool  
 clearpools() 

 //  work  
 gcResetMarkState() 

 // --- OFF (STW:STOP) ------------------------------------------------- 

 //  
 if mode == gcBackgroundMode { 
  //  
  gcController.startCycle() 

  systemstack(func() { 
   //  
   setGCPhase(_GCscan) 

   //  
   gcBgMarkPrepare() 

   //  
   atomicstore(&gcBlackenEnabled, 1) 

   // STW : START 
   startTheWorldWithSema() 

   // --- SCAN (STW:START) -------------------------------- 

   //  
   gcscan_m() 

   setGCPhase(_GCmark) 
  }) 

  // --- MARK (STW:START) --------------------------------------- 

  //  MarkWorker  
  work.bgMark1.clear() 
  work.bgMark1.wait() 

  //  
  systemstack(func() { 
   // DATA BSS  
   markroot(nil, _RootData) 
   markroot(nil, _RootBss) 

   gcBlackenPromptly = true 
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   forEachP(func(_p_ *p) { 
    _p_.gcw.dispose() 
   }) 
  }) 

  //  MarkWorker  
  work.bgMark2.clear() 
  work.bgMark2.wait() 

  // STW : STOP 
  systemstack(stopTheWorldWithSema) 

  //  P.gcw  
  gcFlushGCWork() 

  gcController.endCycle() 
 } else { 
  // mode != gcBackgroundMode  
  gcResetGState() 
 } 

 // --- MARK TERMINATION (STW:STOP) ------------------------------------ 

 // MarkWorker  
 atomicstore(&gcBlackenEnabled, 0) 
 gcBlackenPromptly = false 
 setGCPhase(_GCmarktermination) 

 //  

 //  
 systemstack(func() { 
  gcMark(startTime) 
 }) 

 // --- OFF (STW:STOP) ------------------------------------------------- 

 systemstack(func() { 
  //  
  setGCPhase(_GCoff) 

  //  
  gcSweep(mode) 
 }) 

 //  
 // STW : START 
 systemstack(startTheWorldWithSema) 
} 
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ň�ȯļ�p·^ǈτ在�

,) ͫΕ在ʐɋýĆĿȪȄ̼你ɍŧǇ˻ȯļŗ�̺ěyǗ�Ɂ你íĒțȝϞ�
-) ȯļ在ü̺ě�Ɂąțȝċ�你üĉʑ��Ɂȯļp̺ě你méȯļǒěϞ�

sg�

ͫΕώƀ�[WgWUbTa�̗u你�ǟƕƩ��EUf_Ocf_<f�hxżÈϞ�

a[WaUf_)[c�

func gcscan_m() { 
 //  goroutine  
 local_allglen := gcResetGState() 

 //  MarkWorker  

 //  Root  goroutine stack  
 useOneP := uint32(1) 
 parforsetup(work.markfor, useOneP, uint32(_RootCount+local_allglen), false, markroot) 
 parfordo(work.markfor) 
} 

const ( 
 _RootData        = 0 
 _RootBss         = 1 
 _RootFinalizers  = 2 
 _RootSpans       = 3 
 _RootFlushCaches = 4 
 _RootCount       = 5 
) 

func gcResetGState() (numgs int) { 
 //  goroutine  

 //  
 for _, gp := range allgs { 
  gp.gcscandone = false    // set to true in gcphasework 
  gp.gcscanvalid = false   // stack has not been scanned 
  gp.gcalloc = 0 
  gp.gcscanwork = 0 
 } 
 numgs = len(allgs) 
 return 
} 
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dUfZcf�us^ňÈƜȘρ˕是˃÷ÓŊÍ�2�Ɵ了你ĉưq~uüƜȘŐ�你�k^ǀȢƏ
Ļsơň�˳ÈϞpŵȿǬ^ƜȘɻqȆ�ā�你ūΪǌą˳ÈɈȋqǀȢʶċƜȘϞ�

tzͫΕώƀʀſ�vðÛǀȢ你ňƳ̗�ň�¿ǔ˳È你ʁʋ�ƶŨÓȩyĊƇϞͫΕ
ƿȯŶk^�JGGL�Ȅ̼你|yÄŎ�[cfcih]b<�ϒϞ�

a[WaUf_)[c�

func markroot(desc *parfor, i uint32) { 
 var gcw gcWork 

 switch i { 
 case _RootData: 
  ... 
 case _RootBss: 
  ... 
 case _RootFinalizers: 
  ... 
 case _RootSpans: 
  ... 
 case _RootFlushCaches: 
  if gcphase != _GCscan { 
   //  cache  span  central  

   //  cache  stack  span.freelist  
   flushallmcaches() 
  } 

 default: 
  // parfor  Id  allgs  Root  
  gp := allgs[i-_RootCount] 

  //  STW  
  if gcphase == _GCmarktermination { 
   shrinkstack(gp) 
  } 

  //  scanstack -> scanblock  

  // scanstack  gcscanvalid  
  scang(gp) 
 } 

 //  
 gcw.dispose() 
} 

àycõͫΕzȢ你�ƎĶz�gWUbVCcW_�Ā��V]haUd�Ȅ̼¼ĸŗ�łıǇ˻你üĉƿȯð
¬̺ěyǗ�ɁͣídƯŬúțȝϞ�
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a[WaUf_)[c�

func scanblock(b0, n0 uintptr, ptrmask *uint8, gcw *gcWork) { 
 //  
 for i := uintptr(0); i < n; { 
  bits := uint32(*addb(ptrmask, i/(ptrSize*8))) 

  //  
  if bits == 0 { 
   i += ptrSize * 8 
   continue 
  } 

  for j := 0; j < 8 && i < n; j++ { 
   //  bitPointer  
   if bits&1 != 0 { 
    //  
    obj := *(*uintptr)(unsafe.Pointer(b + i)) 

    //  
    if obj != 0 && arena_start <= obj && obj < arena_used { 
     if obj, hbits, span := heapBitsForObject(obj); obj != 0 { 
      //  
      greyobject(obj, b, i, hbits, span, gcw) 
     } 
    } 
   } 
   bits >>= 1 
   i += ptrSize 
  } 
 } 
} 

//  
func greyobject(obj, base, off uintptr, hbits heapBits, span *mspan, gcw *gcWork) { 
 if hbits.isMarked() { 
  return 
 } 
  
 hbits.setMarked() 
 gcw.put(obj) 
} 

ŘŬq�[WOcf_�uĵĚǶƖq¹þqțȝ你ūΪǌʍŎțȝ�Äʍțȝ�kcf_)ZiCCdUfh]UC�̪
ØĴÚ你ŐͿƜȘ�Ȥ是˃÷ÓŊÍ�2�Ɵ了Ϟ�

a[W)[c�

var work struct { 
 full    uint64     // lock-free list of full blocks workbuf 
 empty   uint64     // lock-free list of empty blocks workbuf 
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 partial uint64     // lock-free list of partially filled blocks workbuf 
} 

x�aUf_fcch���你àyͫΕdq̺ě�ɁhÃƅƱ¤v�kcf_)ZiCC�ÄʍțȝϞ�

%?�

ň�ȯļƹk^�EUf_Ocf_<f�[cfcih]b<�ȽØā�你ūvx¸ŁƜȘ�ŚÛÃͭâd�H你©
�ĖĒɗ˛ˈǫ你ŖdÃǛĬɰβȺϞ�

a[W)[c�

func gcBgMarkStartWorkers() { 
 //  P  Worker  
 for _, p := range &allp { 
  if p.gcBgMarkWorker == nil { 
   go gcBgMarkWorker(p) 

   //  Worker  P  
   notetsleepg(&work.bgMarkReady, -1) 
   noteclear(&work.bgMarkReady) 
  } 
 } 
} 

ǛĬώƀ�gW?<XiC<�ą˚Ůɰ�[W�cbhfcCC<f�óċ�EUf_Ocf_<f�[cfcih]b<�ň˳ÈϞ�

dfcW,)[c�

func schedule() { 
 if gp == nil && gcBlackenEnabled != 0 { 
  gp = gcController.findRunnableGCWorker(_g_.m.p.ptr()) 
 } 

 execute(gp, inheritTime) 
} 

˚Ůɰ¿ı�Z]bXJibbUVC<"�Ocf_<f�xͺ¸ðÛ�H�àͭâq�EUf_Ocf_<f�u你gɍɔðÛ
żÈˈǫ�ýĆ̘˗ǶʆĴÚʇǔ你��|ˁˋüĉβȺϞ�

EUf_Ocf_<f�ĴÚʇǔ在�
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p [WEUf_Ocf_<f�<X]WUh<XEcX<在ÄÂżÈ你Ŗdň�ȯļƜȘĽˑϞ�
p [WEUf_Ocf_<f>fUWh]cbUCEcX<在ǄñȯļƜȘ你ûyÃɮͅ�ǛĬϞ�
p [WEUf_Ocf_<fAXC<EcX<在ʀxŞʬuǄñȯļƜȘϞ�

xvųɫÓżÚĈȢ�你rv}jjȯļĴÚqȮĎĿűϞ�

a[W)[c�

func gcBgMarkWorker(p *p) { 
 //  goroutine  P  
 gp := getg() 
 p.gcBgMarkWorker = gp 

 //  
 notewakeup(&work.bgMarkReady) 

 for { 
  //  gcContoller.findRunnable  
  gopark(..., "mark worker (idle)", ..., 0) 

  //  
  if gcBlackenEnabled == 0 { 
   throw("gcBgMarkWorker: blackening not enabled") 
  } 

  decnwait := xadd(&work.nwait, -1) 
  done := false 

  //  
  switch p.gcMarkWorkerMode { 
  case gcMarkWorkerDedicatedMode: 
   //  
   gcDrain(&p.gcw, gcBgCreditSlack) 

   done = true 
   if !p.gcw.empty() { 
    throw("gcDrain returned with buffer") 
   } 
  case gcMarkWorkerFractionalMode, gcMarkWorkerIdleMode: 
   //  
   gcDrainUntilPreempt(&p.gcw, gcBgCreditSlack) 

   //  
   if gcBlackenPromptly { 
    p.gcw.dispose() 
   } 

   incnwait := xadd(&work.nwait, +1) 
   done = incnwait == work.nproc && work.full == 0 && work.partial == 0 
  } 
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  //  
  if done { 
   //  bgMark1  bgMark2  bgMark1  
   if gcBlackenPromptly { 
    if work.bgMark1.done == 0 { 
     throw("completing mark 2, but bgMark1.done == 0") 
    } 
    work.bgMark2.complete() 
   } else { 
    work.bgMark1.complete() 
   } 
  } 
 } 
} 

tØʇǔq�EUf_Ocf_<f��ƯĴÚǫĬāÄtØϞ�

a[WaUf_)[c�

func gcDrain(gcw *gcWork, flushScanCredit int64) { 
 for { 
  //  Worker  
  if work.nwait > 0 && work.full == 0 { 
   gcw.balance() 
  } 

  //  Worker  
  b := gcw.get() 
  if b == 0 { 
   break 
  } 

  scanobject(b, gcw) 
 } 
} 

func gcDrainUntilPreempt(gcw *gcWork, flushScanCredit int64) { 
 gp := getg() 

 //  
 for !gp.preempt { 
  //  Worker  
  if work.full == 0 && work.partial == 0 { 
   gcw.balance() 
  } 

  //  Worker  
  b := gcw.tryGet() 
  if b == 0 { 
   break 
  } 
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  scanobject(b, gcw) 
 } 
} 

Ŭú̺ě�Ɂu你¡ť²¢ĉ�äf~你�ð¬ĿȪ�Ȥɰƅ˺q�cVA<Wh�ȲŸyϞʮǇ˻
ɧȸÝĬ�̊你Ȥł�V]haUd�ȯļĖÈʐɋ你~yŗ�àyʑ��š你üĉÚp̺ě�Ɂ
ɷĒțȝϞð©你ðÛ�Ɂm©�pǒě�Ɂ你ąțȝ˫ɤϞ�

a[WaUf_)[c�

func scanobject(b uintptr, gcw *gcWork) { 
 hbits := heapBitsForAddr(b) 
 s := spanOfUnchecked(b) 
 n := s.elemsize 

 for i = 0; i < n; i += ptrSize { 
  bits := hbits.bits() 

  //  
  if i >= 2*ptrSize && bits&bitMarked == 0 { 
   break   // no more pointers in this object 
  } 
  if bits&bitPointer == 0 { 
   continue   // not a pointer 
  } 

  //  
  obj := *(*uintptr)(unsafe.Pointer(b + i)) 

  //  
  if obj != 0 && arena_start <= obj && obj < arena_used && obj-b >= n { 
   //  
   if obj, hbits, span := heapBitsForObject(obj); obj != 0 { 
    greyobject(obj, b, i, hbits, span, gcw) 
   } 
  } 
 } 
} 

x�KLO�̗�你ʷˢ�ƎŁ̚ĴÚq�[WEUf_�y�ŰΥϞ¶»ň�ȯļÃ͍�你�tū~
ťbā�ÄŎqȯļƜȘ你¸˯d�,)/�qͤĴÚʇǔϞ�

a[W)[c�

func gcMark(start_time int64) { 
 //  
 gcFlushGCWork() 
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 work.nproc = uint32(gcprocs()) 

 //  

 //  STW  flushallmcaches shrinkstack  
 parforsetup(work.markfor, work.nproc, uint32(_RootCount+allglen), false, markroot) 
 if work.nproc > 1 { 
  //  
  noteclear(&work.alldone) 

  // parfor  
  helpgc(int32(work.nproc)) 
 } 

 //  mark+drain  
 gchelperstart() 
 parfordo(work.markfor) 
 var gcw gcWork 
 gcDrain(&gcw, -1) 
 gcw.dispose() 

 //  gchelper  
 if work.nproc > 1 { 
  notesleep(&work.alldone) 
 } 

 //  stack  
 freeStackSpans() 

 //  cache  markroot  
 cachestats() 

 //  
 memstats.next_gc = ...(memstats.heap_reachable) * (1 + gcController.triggerRatio)) 

 //  4MB  
 if memstats.next_gc < heapminimum { 
  memstats.next_gc = heapminimum 
 } 

 minNextGC := memstats.heap_live + sweepMinHeapDistance*uint64(gcpercent)/100 
 if memstats.next_gc < minNextGC { 
  memstats.next_gc = minNextGC 
 } 
} 

îpy�[W�cbhfcCC<f�ǭ̘ƦıqǄñ你¸ŁϜȊ�b<lhT[W�Ċs§íɊ®Ϟ�

ýĀ�[WgWUbTa�&�EUf_Ocf_<f你[WEUf_�ɚ©ȍŠsk你Ć̱Ęķ~u�[W?<Cd<f�¶Ŵ˳ÈϞ�
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,) ώƀ�?<Cd[W�βȺȓǸƀĳqǀȢ�E��Ô˳È�dUfZcfXc�ƜȘϞ�
-) ÃβȺ�E�̟ǡ�?<Cd[W�ȯȻ你˳È�[W?<Cd<f�ώƀā��aUf_�&�XfU]b�ƜȘϞ�

yĆ�E�˳È¿ǔ你ĔǄȇÓƣ�ƶ我ň�ǛĬ⼀ýĆĿűϞ�

dfcW,)[c�

func helpgc(nproc int32) { 
 pos := 0 

 //  1 M  
 for n := int32(1); n < nproc; n++ { 
  //  M  P  
  if allp[pos].mcache == _g_.m.mcache { 
   pos++ 
  } 

  //  M  
  mp := mget() 
  mp.helpgc = n       //  
  mp.p.set(allp[pos]) 
  mp.mcache = allp[pos].mcache 

  pos++ 

  //  M  
  notewakeup(&mp.park) 
 } 
} 

dfcW,)[c�

func stopm() { 
 _g_ := getg() 

retry: 
 mput(_g_.m) 

 //  
 notesleep(&_g_.m.park) 
 noteclear(&_g_.m.park) 

 //  helpgc  
 if _g_.m.helpgc != 0 { 
  //  gchelper  
  gchelper() 
 } 
} 
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a[W)[c�

func gchelper() { 
 _g_ := getg() 
 gchelperstart() 

 //  mark + drain  
 parfordo(work.markfor) 
 if gcphase != _GCscan { 
  var gcw gcWork 
  gcDrain(&gcw, -1) // blocks in getfull 
  gcw.dispose() 
 } 

 nproc := work.nproc 

 //  -1  GC  
 if xadd(&work.ndone, +1) == nproc-1 { 
  notewakeup(&work.alldone) 
 } 
} 

���pd�

ñȈ˄qȯļzȢtØ你Ĳú˟ÚbȍŠskϞŘu你àyƳÃȯļqčě�ɁhtÙÃ
ʑ�你yȍŠ•üĉĿȪ¸ŁϞ�

a[W)[c�

func gcSweep(mode int) { 
 //  work.spans = h_allspans  

 //  FixAlloc  recordspan  
 gcCopySpans() 

 //  
 mheap_.sweepgen += 2 
 mheap_.sweepdone = 0 
 sweep.spanidx = 0 

 //  
 if !_ConcurrentSweep || mode == gcForceBlockMode { 
  for sweepone() != ^uintptr(0) { 
   sweep.npausesweep++ 
  } 

  return 
 } 
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 //  
 if sweep.parked { 
  sweep.parked = false 
  ready(sweep.g, 0) 
 } 
} 

ň�ĲúØ°ƹs^ĵĚq�[cfcih]b<�ā�你ūx�fibh]a<)aU]b�Ǜ��[W<bUVC<�uÃȴȔϞ�

a[W)[c�

func gcenable() { 
 c := make(chan int, 1) 
 go bgsweep(c) 
 <-c 
 memstats.enablegc = true  // now that runtime is initialized, GC is okay 
} 

ň�ĲúÓƥe~us^ßʹɅ你ÃβȺ��Ś˳ÈĲúƜȘϞĶzʐɋày�gdUb��Ɂ你
̰�ĿȪ�Ȥɰq¸Ł˟ÚϞƜȘā��你Ù±ɗ˛你ÉƯr±ƜȘϞ�

a[Wgk<<d)[c�

var sweep sweepdata 

//  
type sweepdata struct { 
 g       *g 
 parked  bool 
} 

func bgsweep(c chan int) { 
 //  goroutine  
 sweep.g = getg() 
 sweep.parked = true 

 //  gcenable  
 c <- 1 

 //  gcSweep  
 goparkunlock(&sweep.lock, "GC sweep wait", traceEvGoBlock, 1) 

 for { 
  //  span  
  for gosweepone() != ^uintptr(0) { 
   //  CPU  
   Gosched() 
  } 
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  if !gosweepdone() { 
   continue 
  } 

  //  
  sweep.parked = true 
  goparkunlock(&sweep.lock, "GC sweep wait", traceEvGoBlock, 1) 
 } 
} 

func sweepone() uintptr { 
 _g_ := getg() 
 sg := mheap_.sweepgen 

 for { 
  //  0  work.spans (h_allspans)  
  idx := xadd(&sweep.spanidx, 1) - 1 

  //  
  if idx >= uint32(len(work.spans)) { 
   mheap_.sweepdone = 1 
   return ^uintptr(0) 
  } 

  s := work.spans[idx] 

  //  span  
  if s.state != mSpanInUse { 
   s.sweepgen = sg 
   continue 
  } 

  //  span  
  if s.sweepgen != sg-2 || !cas(&s.sweepgen, sg-2, sg-1) { 
   continue 
  } 

  //  
  npages := s.npages 
  if !mSpan_Sweep(s, false) { 
   npages = 0 
  } 

  return npages 
 } 
} 

ĿȪ¸Ł˟Ú�aKdUbTKk<<d你ĔǄȇÛÎ我ĿȪ�Ȥ⼀ýĆŊƟϞ�
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���AD�

Ȇǅy˚Ůɰϝ�ěȯļÉsƘȝΞ̹你û¸Łɰɍ©yĘķťbųǭϞ�

ʇČȼ在ŒȘć̗你ĩĳǁǟʵćoŋĒ你̍Ñ�Ȥfĳ�Ɂ你cgü¸Łq̰�
ŀġ�b<lhT[W�ùds^�fȊϞµðŒȘÿś�你î®Χ�Ɂş~ÔŤϜȊ你ȃ�¸
Łƞƞ¡ı̰�你ŒȘĖȢĿ~gyfĳčě�Ɂ¡ıÃ¸Ł你ȃ�̑þĿȪΘʭϞØ°
�ɏnyquîpȣ^ƦıxȎŅĿfĳſ�˭u�Ɂȃ�qϞ�

�ǘ͓`ʇsr在�

h<gh)[c�

package main 

import ( 
    "fmt" 
    "runtime" 
    "time" 
) 

func test() { 
    type M [1 << 10]byte 
    data := make([]*M, 1024*20) 

    //  20MB  next_gc  
    for i := range data { 
        data[i] = new(M) 
    } 

    //  data  
    for i := range data { 
        data[i] = nil 
    } 
} 

func main() { 
    test() 

    for { 
        var ms runtime.MemStats 
        runtime.ReadMemStats(&ms) 
        fmt.Printf("%s %d MB\n", time.Now().Format("15:04:05"), ms.NextGC>>20) 

        time.Sleep(time.Second * 30) 
    } 
} 
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̬έ˳È在�

$ go build -gcflags "-l" -o test test.go 

$ GODEBUG="gctrace=1" ./test 

gc 1 @0.005s 15%: ..., 6->6->6 MB, 4 MB goal, 2 P 
gc 2 @0.016s  8%: ..., 8->8->8 MB, 13 MB goal, 2 P 
gc 3 @0.022s  9%: ..., 14->14->14 MB, 17 MB goal, 2 P 
09:36:01 26 MB 
09:36:31 26 MB 
09:37:01 26 MB 
09:37:31 26 MB 
09:38:01 26 MB 
GC forced 
gc 4 @120.037s 0%: ..., 20->20->0 MB, 29 MB goal, 2 P 
scvg0: inuse: 0, idle: 20, sys: 21, released: 0, consumed: 21 (MB) 
09:38:31 4 MB 
09:39:01 4 MB 

rv��h<gh�ώƀ`ʇȎŅĿfĳ�Ȥ�ɁÈpϞ˷�Ľ»ăÊ你xĉĽˑ�qýðÝu
ÑĿh�y̰�¸ŁϞŖd�ZcfW<[W�̐Ē你Àü�b<lhT[W�ΛȈÿśϞ�

c~u¸Łɰ��qs¢ŵʄΞ̹Ϟ̈́˚ŒȘ�gmgacb�½̤�-��ǳ~g̟ǡs±
¸Łˈǫ你¶Ĥ��-��ǳƳȏ̰�你�~őŮ˳ÈϞ�

dfcW,)[c�

func sysmon() { 
 //  2  
 forcegcperiod := int64(2 * 60 * 1e9) 

 for { 
  ... 

  //  
  lastgc := int64(atomicload64(&memstats.last_gc)) 

  if lastgc != 0 && unixnow-lastgc > forcegcperiod &&  
               atomicload(&forcegc.idle) != 0 && atomicloaduint(&bggc.working) == 0 { 
   //  forcegc goroutine  
   injectglist(forcegc.g) 
  } 
 } 
} 

�ÛÎ�V[gk<<d�[cfcih]b<�s°你ZcfW<[W�[cfcih]b<�nußʹɅϝɗ˛ϝÉƯβȺʇǔϞ�
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dfcW)[c�

func init() { 
 go forcegchelper() 
} 

func forcegchelper() { 
 forcegc.g = getg() 
 for { 
  atomicstore(&forcegc.idle, 1) 

  //  
  goparkunlock(&forcegc.lock, "force gc (idle)", traceEvGoBlock, 1) 

  //  forceTrigger = true  gc  next_gc  
  startGC(gcBackgroundMode, true) 
 } 
} 

	��l]�

¸ŁzȢlſ�qæ¯νȷĽ́Ϟ�

&fTac@�

dUfZcf�ĆƐquƜȘ�Ȥ�ǛĬ你métȮǺ˳ÈqÂϞūük^ƜȘ�ɻƱ¤k^˳È
ǀȢ你©�x˳ÈzȢlćoŐͿǀȢqƜȘ�Ȥ你ʛŵǬ^ƜȘx�ȎuÑĿā�Ϟ�

Ƕʆώƀ�dUfZcfg<hid��ýĆǄƀɸŚƇ�X<gW�ˈǫ你ňā�ƜȘ�ɻϞ�

dUfZcf)[c�

func parforsetup(desc *parfor, nthr, n uint32, wait bool, body func(*parfor, uint32)) { 
 desc.body = body //  

 desc.nthr = nthr //  

 desc.cnt = n  //  
 ... 

 //  
 for i := range desc.thr { 
  begin := uint32(uint64(n) * uint64(i) / uint64(nthr)) 
  end := uint32(uint64(n) * uint64(i+1) / uint64(nthr)) 
  desc.thr[i].pos = uint64(begin) | uint64(end)<<32 
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 } 
} 

��qʹɅǓŹü�b�^ƜȘ̬žŐ���bh?f�ơ你ňü�Ś�ĽˑĺʆŵȪd�dcg�q¹ȖĺϞ
��,+�ƜȘ�0�ǀȢp͓你h?fR+S��dqƜȘŠŃ~u�R+'�-�Ϟ�

ǀȢʻÆǛ��dUfZcfXc�`óċƜȘɻ你˳È�VcXm�ƜȘώƀϞ�

dUfZcf)[c�

func parfordo(desc *parfor) { 
 //  
 tid := xadd(&desc.thrseq, 1) - 1 

 //  
 body := desc.body 

 //  
 if desc.nthr == 1 { 
  for i := uint32(0); i < desc.cnt; i++ { 
   body(desc, i) 
  } 
  return 
 } 

 //  
 me := &desc.thr[tid] 
 mypos := &me.pos 
 for { 
  //  
  for { 
   //  pos  
   pos := xadd64(mypos, 1) 

   //  
   begin := uint32(pos) - 1 
   end := uint32(pos >> 32) 
   if begin < end { 
    body(desc, begin) 
    continue 
   } 
   break 
  } 

  //  
  idle := false 
  for try := uint32(0); ; try++ { 
   //  
   if try > desc.nthr*4 && !idle { 
    idle = true 
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    xadd(&desc.done, 1) 
   } 

   //  
   extra := uint32(0) 
   if !idle { 
    extra = 1 
   } 
   if desc.done+extra == desc.nthr { 
    if !idle { 
     xadd(&desc.done, 1) 
    } 
    goto exit 
   } 

   //  
   var begin, end uint32 
   victim := fastrand1() % (desc.nthr - 1) 
   if victim >= tid { 
    victim++ 
   } 
   victimpos := &desc.thr[victim].pos 
   for { 
    //  
    pos := atomicload64(victimpos) 
    begin = uint32(pos) 
    end = uint32(pos >> 32) 
    if begin+1 >= end { 
     end = 0 
     begin = end 
     break 
    } 

    //  
    if idle { 
     xadd(&desc.done, -1) 
     idle = false 
    } 

    //  
    begin2 := begin + (end-begin)/2 

    //  
    newpos := uint64(begin) | uint64(begin2)<<32 
    if cas64(victimpos, pos, newpos) { 
     begin = begin2 
     break 
    } 
   } 

   //  pos  
   if begin < end { 
    atomicstore64(mypos, uint64(begin)|uint64(end)<<32) 
    me.nsteal++ 
    me.nstealcnt += uint64(end) - uint64(begin) 

!73



��
���	���

    //  
    break 
   } 

   //  ... 
  } 
 } 
exit: ... 
} 

<,2f�

[WOcf_�ÃǶƖ�`ŵȪ̺ě�Ɂ你Ʋʻxŵȿň�ĄÄqÛƅr你ǧyȓǸ¹qþqϞ�

a[Wkcf_)[c�

type gcWork struct { 
 wbuf  wbufptr 
} 

ŤĽ́q�ÿ̉wu�kcf_ViZ你[WOcf_�tzuĮʗŶůϞkcf_ViZ�Úp¡ͥϒƟ�你ĉm
é~us^͆Ȫűɰ是ƀɻ�š了Ϟ�

a[Wkcf_)[c�

type workbufhdr struct { 
 node  lfnode 
 nobj  int 
} 

type workbuf struct { 
 workbufhdr 
 obj [(_WorkbufSize - unsafe.Sizeof(workbufhdr{})) / ptrSize]uintptr 
} 

ʩz�[WOcf_�ýĆ¿ı你rvy�ǽ̨�kcf_ViZ�u¶ŴĴÚqϞ�

a[W)[c�

var work struct { 
 full    uint64    // lock-free list of full blocks workbuf 
 empty   uint64    // lock-free list of empty blocks workbuf 
 partial uint64    // lock-free list of partially filled blocks workbuf 
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} 

a[Wkcf_)[c�

func (ww *gcWork) put(obj uintptr) { 
 w := (*gcWork)(noescape(unsafe.Pointer(ww))) 

 //  work.empty  workbuf  
 wbuf := w.wbuf.ptr() 
 if wbuf == nil { 
  wbuf = getpartialorempty(42) 
  w.wbuf = wbufptrOf(wbuf) 
 } 

 //  obj  workbuf.obj  
 wbuf.obj[wbuf.nobj] = obj 
 wbuf.nobj++ 

 //  work.full  

 //  obj = nil  put  
 if wbuf.nobj == len(wbuf.obj) { 
  putfull(wbuf, 50) 
  w.wbuf = 0 
 } 
} 

func putfull(b *workbuf, entry int) { 
 lfstackpush(&work.full, &b.node) 
} 

c¯¬ıy�ēĿȪ�Ȥɰq�WUW?<你ǰǉ˟ÚÓ•͆Ȫ你ŖdƊȓȣ^ϜȊÙñÄʍƱ
ȁϞ¶Ř你y�ŵȿþq你̙ǨŖŋ˟ÚÄʍțȝϞȩs¿Ö你ąÄʍóċƜȘu你Ħu
qs±þƝdsɻϞ�

~Ʀu¡ͥƀɔĽ́你ſ�Ī�˟Úngyþq̠Ί你̴ĉuxk̉ɅɴrϞ  
 
cǩƕƩ你Ŷ�kcf_�ÄʍĊĳy�k���qŪ�你je}yõôΟ你āÄtu�"cCUb[�qĞƾϞ
¶»umƕƩńȁ你�tr^ŨÓutub��fibh]a<��Ö�kΆ�q•¿ĲúsrϞ�

ǃƈā̜q�kcf_ViZ��ɁgÃë¸�kcf_)<adhm你�˺Ȉ�Ϟ�

a[Wkcf_)[c�

func (ww *gcWork) get() uintptr { 
 w := (*gcWork)(noescape(unsafe.Pointer(ww))) 
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 //  work.full  workbuf  
 wbuf := w.wbuf.ptr() 
 if wbuf == nil { 
  wbuf = getfull(103) 
  if wbuf == nil { 
   return 0 
  } 
  w.wbuf = wbufptrOf(wbuf) 
 } 

 //  workbuf  
 wbuf.nobj-- 
 obj := wbuf.obj[wbuf.nobj] 

 //  workbuf  work.empty  
 if wbuf.nobj == 0 { 
  putempty(wbuf, 115) 
  w.wbuf = 0 
 } 

 return obj 
} 

func putempty(b *workbuf, entry int) { 
 lfstackpush(&work.empty, &b.node) 
} 

ƷÔ�>f<<(DcW_�KhUW_�qä¦n�ȍŠ你ƽ���9K是�cadUf<�"�KkUd了Ǉʡ`ä¦Ī�͚
ȁ˟ÚϞc���FcX<�Hc]bh<f�&�FcX<)Hig?�cibh�ä¦v��ciVC<(�9KϞ�

CZghUW_)[c�

func lfstackpush(head *uint64, node *lfnode) { 
 //  
 node.pushcnt++ 

 //  pointer + pushcnt  
 new := lfstackPack(node, node.pushcnt) 

 //  
 if node1, _ := lfstackUnpack(new); node1 != node { 
  throw("lfstackpush") 
 } 

 //  
 for { 
  //  head node  
  old := atomicload64(head) 

  //  node  head  

  //  stack  
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  node.next = old 

  //  CAS  head  

  //  
  if cas64(head, old, new) { 
   break 
  } 
 } 
} 

func lfstackpop(head *uint64) unsafe.Pointer { 
 for { 
  //  stack head  
  old := atomicload64(head) 
  if old == 0 { 
   return nil 
  } 

  //  pointer  
  node, _ := lfstackUnpack(old) 

  //  CAS  stack head  
  next := atomicload64(&node.next) 
  if cas64(head, old, next) { 
   return unsafe.Pointer(node) 
  } 
 } 
} 

¶»��9K�Ǉʡͷɝqʀu�cCX�Ǉ˻•ğ你µŤ•ğ³ÃÏĮć�你�~gȃ�è˦Ľ»你c~
uà˪�9:9�ĘķϞƽ��!Ǉ˻•ğ&Ɩƀɰ!�{�ˎsĈÐž你ä¦��ciVC<(�9K你~q̙�Ϟ�

CZghUW_TUaX1/)[c�

func lfstackPack(node *lfnode, cnt uintptr) uint64 { 
 return uint64(uintptr(unsafe.Pointer(node)))<<16 | uint64(cnt&(1<<19-1)) 
} 

h,u^`>�

ɤ��"G�=:M"6![WhfUW<6,!�˷�¸Łˈǫ¼ĸĮ你ȣõuòrv|ťbmÈóċĿ
ȪýĆȹƖƀɔϞ�

ñ´ýĆqƀɔĽ́你�ôużÈuĿŎſ�q�aghUhg��Öō�ǟq�E<aKhUhgϞ·Ƌf
Ŏ�Ľ́ýØ你�ux˷�Ľ»eyɀ�ǛǬϞ�
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aghUhg)[c�

type mstats struct { 
    alloc           uint64       //  object  

    total_alloc     uint64       //  

    sys             uint64       //  

    nmalloc         uint64       //  

    nfree           uint64       //  

    heap_alloc      uint64     //  alloc  

    heap_sys        uint64     //  

    heap_idle       uint64     //  span  

    heap_inuse      uint64     //  span  heap  stack  

    heap_released   uint64     //  

    heap_objects    uint64     //  object  

    stacks_inuse    uint64      //  stack  stackpool  

    mspan_inuse     uint64      //  mspan  

    mcache_inuse    uint64      //  mcache  

    next_gc         uint64   //  

    last_gc         uint64   // UnixNano  

    pause_total_ns  uint64  //  STW  

    pause_ns        [256]uint64  //  STW  

    pause_end       [256]uint64  //  STW UnixNano  

    numgc           uint32   //  

    gc_cpu_fraction float64  // GC  CPU f*100 %  

    heap_live       uint64  // +  
} 

cVA<Wh�ŰǇ�WUW?<��Ȥq~ȲĿȪ你�Ȑ�CUf[<�cVA<Wh你µƵäʂ�ǟ�ɁϞ�

�ǟĶz�fibh]a<)J<UXE<aKhUhg�ώƀ`óċȹƖƀɔϞ�

aghUhg)[c�

func ReadMemStats(m *MemStats) { 
 stopTheWorld("read mem stats") 

 systemstack(func() { 
  readmemstats_m(m) 
 }) 

 startTheWorld() 
} 
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func readmemstats_m(stats *MemStats) { 
 updatememstats(nil) 

 //  
 memmove(unsafe.Pointer(stats), unsafe.Pointer(&memstats), sizeof_C_MStats) 

 //  
 stats.StackSys += stats.StackInuse 
 stats.HeapInuse -= stats.StackInuse 
 stats.HeapSys -= stats.StackInuse 
} 

ƐÏ在J<UXE<aKhUhg�gĖÈ�KLO�˟Ú你ŉ˚ŮǛ�uÑ�±ƀϞ�

̈́˚˷�ǘ͓Ϟ�

                     heap_idle           heap_released 
                     |                   | 
scvg0: inuse: 3, idle: 1, sys: 5, released: 0, consumed: 5 (MB) 
          |                    |                        | 
          heap_inuse           heap_sys                 heap_sys - heap_released 
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�������

îp�"cfcih]b<你À��"cCUb[�ñʪtØϞ�

wàjdq�ǣ�qsǕhx�ň�¿ǔżÈ你¸ŁϝƘȹ̈́˚ϝï̃Ķ˼ϝÎġɇ
Ǌ你|y�ǟň�ƜȘÉÉ你àycõhťbs^¹ǝɽ͐ÊqǛĬɰ`Ǉ̪͛ǛϞ�

 ��T\�

ĿʆżÈu你xĖȢ�ǀȢqɫΩe¬§¹ʗ±qɉɁu¦ƕǓȌ�ĈÈq¬ıϞɳ©Ʀ
teɃĖ你û�"cCUb[�nǶƖvÄo˕́ʇȸ你üsǕhɫÔň�ĎƘ´e你�ǿŉk̉
uƕϞȶÏʇ̓ǀȢƓ̪Ȣ͂ǜ你Ķz�¯ɫÓ�Ɂýˆ̪Ú你`ä¦x�ǟŞÑǅú�
ǛĬň�ƜȘϞ�

ɫÓĆƘǘÏį在�

                               +-------------------- sysmon ---------------//------+ 
                               |                                                   | 
                               |                                                   | 
                  +---+      +---+-------+                   +--------+          +---+---+ 
   go func() ---> | G | ---> | P | local | <=== balance ===> | global | <--//--- | P | M | 
                  +---+      +---+-------+                   +--------+          +---+---+ 
                               |                                 |                 | 
                               |      +---+                      |                 | 
                               +----> | M | <--- findrunnable ---+--- steal <--//--+ 
                                      +---+ 
                                        |    1.  go func()  G  
                                        |    2.  P  
                 +--- execute <----- schedule   3.  M  
                 |                      |    4.  schedule  
                 |                      |    5.  G  
                 +--> G.fn --> goexit --+    6.  

Ƽǉu�HfcW<ggcf是ȍɭ�H了你ĉÚ�ɧʁ��HM�̉你�`˚ŮyØuň�˳ÈqƜȘƀĳϞ
½^ĴÚǀȢhƲʻͭâs^yǝ�H�ÀÃΪǌ˳ÈƜȘ你ʨɥ�qɗ˛你ŖdyŞʬ�H�u
ÃβȺϞH�|pǀȢƅ˺˳ÈǷʫ你Ā¶�Ɂ�ȤĿȪϝÓ•ƜȘțȝÉϞǀȢǮÇàͭ
âq�H�Ƿʫ你yx¡ͥˈǫr˳È¹ǝ˟ÚϞ�

ɫÓe你ĖȢĿqsǕhx��[cfcih]b<是ȍɭ�"了¿ǔżÈ你ŶżÈuýĆŒȘ你�Ȑ�
aU]b)aU]b�ĒŏώƀϞťbǇ�你"�ňƵ˳ÈĎ你ūʀʀŵȪň�ƜȘˈǫ你pƜȘ˳È
ƅ˺àťϒĿȪŞÑϞ"�ƜȘȴȔ�Ãëʆx�H�Ó•țȝƓÄʍțȝ你ÉƯĴÚǀȢǛĬ
˳ÈϞ�
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äʂ˳ÈĎuƘȹǀȢ是ȍɭ�E了你ū��H�ͭâ你�ǛĬʹɅ¿ǔtȒ˳È�"�ň�ƜȘϞ
E�ĶzȾƺͦȪɰ你ü˳ÈϒǇō�"�mĢϒĿȪ你ňxŘŞÑĿ�Ȥ˹ϒϚ你˳ÈƜȘ
ώƀϞðťbľǕȁu你�büýĆͦȪɰȊŵȪ¸�"�ŞÑŸyƮŽˈǫ你ƜŴ�E�h
yɔŘΛȈ˳ÈϞǀȢʀˁˋ˳È你tÙŽyˈǫ你cuň�ƜȘΣǀȢǛĬ你ä¦kĜ
Ȉ�qɕÓàxϞ�

Ȇǅ�HE�́�˳ÈɻłĎ你û·ƋƀĳňƵss�ŉϞĶś�˝r你H�ƀĳý�ͽâ你ɂ
ƨñ��HM�̉ƀĳýØ你ûnyq§kƓ§ĥ你µ�E�ɥuǛĬɰʮťȴȔϞʓ͓`x你ð�
E�îͯĒƘȹǛ�µÝuÑͤu你H�~gÃ̈́˚ǀȢɮ¸你}oȔ是ƓβȺ了s^�E�˳
Èĉ�ƜȘ你¶Ř�E�qƀĳ~gÌÝϞ�

îp�"�ɸŚϒʀy�-C:你ɽȴȔ˟Ú�ux�ǟŞÑȍŠq�Ɂ�Ȥ你şĀĖĒĿ̉ǫ
�ȤǀȢbȍŠskϞǛĬɰ�k^�E�ĖĒǛĬʹɅ你tȒóċň˳ÈƜȘ你à�rv
ÀqȴȔ�ȬeǤ^ň�ƜȘϞ�

���GY;�

ǛĬɰɸŚƇώƀ�gW?<X]b]h�xÛÎÜk±ƅȐ你ɤ}ĿȪ�Ȥϝ¸ŁÉ˟ÚĮ你˻�
méqɸŚƇ¡Ƶu�EUlEWcibhϝ"GE9PHJG�KϞ�

dfcW,)[c�

func schedinit() { 
 //  M  
 sched.maxmcount = 10000 

 //  
 stackinit() 

 //  M  
 mcommoninit(_g_.m) 

 //  1  CPU Core  
 procs := int(ncpu) 
 if n := atoi(gogetenv("GOMAXPROCS")); n > 0 { 
  if n > _MaxGomaxprocs { 
   n = _MaxGomaxprocs 
  } 
  procs = n 
 } 

 //  P  

 //  P  P  
 if procresize(int32(procs)) != nil { 

!81



��
���	���

  throw("unknown runnable goroutine during bootstrap") 
 } 
} 

"GE9PHJG�K�ɂƨȊĦƦą�,�ƺp��HM��cf<g�vϞ�

îp�H�qƀĳy�fȳŮ你à��s^ȓǸfqƀɻȪ̢Àu�ÿśq¬ıϞɳ©Żƈ�
ŞÑ你ûˊ}�kĿȪÌɜqʣǵϞ�

fibh]a<-)[c�

var allp [_MaxGomaxprocs + 1]*p 

type schedt struct { 
 pidle      puintptr  //  P  

 npidle     uint32 //  P  
} 

ǛǬ�H�ƀĳňtÏƙ�ÄŎ�Ȥo�Ɂ你ʀʀ¬}̩ʧʺϞ�

dfcW,)[c�

func procresize(nprocs int32) *p { 
 old := gomaxprocs 

 //  
 for i := int32(0); i < nprocs; i++ { 
  pp := allp[i] 

  //  P  
  if pp == nil { 
   pp = new(p) 
   pp.id = i 
   pp.status = _Pgcstop 

   //  allp  
   atomicstorep(unsafe.Pointer(&allp[i]), unsafe.Pointer(pp)) 
  } 

  //  P  cache  
  if pp.mcache == nil { 
   if old == 0 && i == 0 { 
    // bootstrap 
    pp.mcache = getg().m.mcache 
   } else { 
    //  cache  
    pp.mcache = allocmcache() 
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   } 
  } 
 } 

 //  P  
 for i := nprocs; i < old; i++ { 
  p := allp[i] 

  //  
  for p.runqhead != p.runqtail { 
   p.runqtail-- 
   gp := p.runq[p.runqtail%uint32(len(p.runq))] 
   globrunqputhead(gp) 
  } 
  if p.runnext != 0 { 
   globrunqputhead(p.runnext.ptr()) 
   p.runnext = 0 
  } 

  //  P  cache  
  freemcache(p.mcache) 
  p.mcache = nil 

  //  P  G  
  gfpurge(p) 

  //  
  p.status = _Pdead 
  // can't free P itself because it can be referenced by an M in syscall 
 } 

 _g_ := getg() 

 //  P  allp[0]  

 //  P  allp[0]  
 if _g_.m.p != 0 && _g_.m.p.ptr().id < nprocs { 
  //  P  
  _g_.m.p.ptr().status = _Prunning 
 } else { 
  //  P  
  if _g_.m.p != 0 { 
   _g_.m.p.ptr().m = 0 
  } 
  _g_.m.p = 0 
  _g_.m.mcache = nil 

  //  allp[0]  
  p := allp[0] 
  p.m = 0 
  p.status = _Pidle 
  acquirep(p) 
 } 

 //  P  
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 var runnablePs *p 
 for i := nprocs - 1; i >= 0; i-- { 
  p := allp[i] 

  //  P  
  if _g_.m.p.ptr() == p { 
   continue 
  } 

  p.status = _Pidle 
  if runqempty(p) { 
   //  
   pidleput(p) 
  } else { 
   //  
   p.m.set(mget()) 
   p.link.set(runnablePs) 
   runnablePs = p 
  } 
 } 

 //  P  
 return runnablePs 
} 

//  P  
func pidleput(_p_ *p) { 
 _p_.link = sched.pidle 
 sched.pidle.set(_p_) 
 xadd(&sched.npidle, 1) 
} 

ɂƨ�y�gW?<X]b]h���ghUfhL?<OcfCX�gǛ��dfcWf<g]n<�ώƀϞxǛĬɰɸŚƇ;ǩ你ày�
H��ɁhuoȔϞɤ�Ȥ¤ðÛÆǀȢqĮ你ĉ�hÃëĒŞʬˤăϞµ�ghUfhL?<OcfCX�
gɃ®ÄŎyÓ•ƜȘq�H��Ɂ是˃÷�Î了Ϟ�

xā�ǛĬɰɸŚƇ�你ʑɑzȢÀȴȔňżÈ�aU]b�[cfcih]b<Ϟ�

UgaTUaX1/)g�

TEXT runtime·rt0_go(SB),NOSPLIT,$0 
 // save m->g0 = g0 
 MOVQ CX, m_g0(AX) 
 // save m0 to g0->m 
 MOVQ AX, g_m(CX) 

 CALL runtime·schedinit(SB) 

 //  main goroutine  P  
 MOVQ $runtime·mainPC(SB), AX 
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 PUSHQ AX 
 PUSHQ $0    
 CALL runtime·newproc(SB) 
 POPQ AX 
 POPQ AX 

 //  M0  main goroutine  
 CALL runtime·mstart(SB) 

 // M0  
 MOVL $0xf1, 0xf1  // crash 
 RET 

ɳ©yxżÈŅ��fibh]a<)"GE9PHJG�K�ώƀȾƺ�H�ƀĳ你ûťˉ�ȫfƕƄϞ�

X<Vi[)[c�

func GOMAXPROCS(n int) int { 
 if n > _MaxGomaxprocs { 
  n = _MaxGomaxprocs 
 } 

 //  
 ret := int(gomaxprocs) 
 if n <= 0 || n == ret { 
  return ret 
 } 

 // STW !!! 
 stopTheWorld("GOMAXPROCS") 

 newprocs = int32(n) 

 //  procresize  P  
 startTheWorld() 

 return ret 
} 

���Ta�

rvÜÅ²¢̬έɰgü�Ϡ[c�ZibW�)))�的�ǓŹɄέ��b<kdfcW�Ǜ�你ûclÑˇɶy£tt
pz²qʲʿ⼈�

h<gh)[c�

package main 
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import () 

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

func main() { 
    x := 0x100 
    y := 0x200 
    go add(x, y) 
} 

Ȇǅc^ǘ͓yõȍϏ你ûctćb你ć�u̬έɰb¬£tϞ�

$ go build -o test test.go 

$ go tool objdump -s "main\.main" test 

TEXT main.main(SB) test.go 
    test.go:10  SUBQ $0x28, SP 
    test.go:11  MOVQ $0x100, CX 
    test.go:12  MOVQ $0x200, AX 
    test.go:13  MOVQ CX, 0x10(SP)  //  x  

    test.go:13  MOVQ AX, 0x18(SP)  //  y  

    test.go:13  MOVL $0x18, 0(SP)  //  

    test.go:13  LEAQ 0x879ff(IP), AX //  add  AX  

    test.go:13  MOVQ AX, 0x8(SP)  //  
    test.go:13  CALL runtime.newproc(SB) 
    test.go:14  ADDQ $0x28, SP 
    test.go:14  RET 

ąǱ̬͟ƕƩy�j�你"cCUb[�̈�vɧʁ��WX<WC�Ǜ�ɠâϞƹǛ�¿ˁˋƅ˺ǄƀŞ
Ñ你ňąˌǆʟĒϒϞ�

dfcW,)[c�

func newproc(siz int32, fn *funcval) { 
 //  
 argp := add(unsafe.Pointer(&fn), ptrSize) 

 //  PC/IP  
 pc := getcallerpc(unsafe.Pointer(&siz)) 

 //  g0  G/goroutine  
 systemstack(func() { 
  newproc1(fn, (*uint8)(argp), siz, 0, pc) 
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 }) 
} 

ƿȯώƀ�b<kdfcW��y·^Ǆƀ你û�aU]b�ŇōϒɷĒvœ^ȊϞʮŧɯʥ你��^Ȋŉ
ŤgÃłň��ZibWjUCϞ|y你UXX�ͺ¸ȊÃ̅˗Ϟ�

fibh]a<-)[c�

type funcval struct { 
 fn uintptr 
 // variable-size, fn-specific data here 
} 

»©uĊÝĽ́ɧȸ是ƿȯώƀǄƀtâ了你ŘŬĉʧÄˈǫŉŤu在�

type struct { 
 fn uintptr 
 x  int 
 y  int 
} 

¶Řs`你ĆÔ�Ϡ[c�ǓŹgȈŮǄƀȊ的�qʳɥ~�_úųvϞƴx�b<kdfcW�ȭĬ你rv
y�ȥ�˳ÈϒqˈǫǘÏįϞ�

  lower         SP +------------+ 
                   |            | 
    ^              +------------+  <----  newproc frame 
    .              | pc/ip      | 
    .              +------------+ 
    .              | siz        | 
 address           +------------+  ---+ 
    .              | add        |     | 
    .              +------------+     | 
    .              | x          |      >  fn 
    .              +------------+     | 
                   | y          |     | 
  higher           +------------+  ---+ 

��ϠZb�&�dhfg]n<的�ʰz�UXX�ósÍs^Ǆƀ�l�q•ğ你[<hWUCC<fdW���Ϡg]n�(�3的�ɇċ��9DD�Ǉ
ʡɷĒq�aU]b�H�AH�ͦȪɰȊ你c~u�b<kdfcW�p�b<kdfcW,�ǲǺqýĆǄƀȊϞ�

UgaTUaX1/)g�

TEXT runtime·getcallerpc(SB),NOSPLIT,$8-16 
 MOVQ argp+0(FP),AX    // addr of first arg 
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 MOVQ -8(AX),AX    // get calling pc 
 CMPQ AX, runtime·stackBarrierPC(SB) 
 JNE nobar 
 CALL runtime·nextBarrierPC(SB)    // Get original return PC. 
 MOVQ 0(SP), AX 
nobar: 
 MOVQ AX, ret+8(FP) 
 RET 

ƷŘ你rvf͂²¢�[c�ǓŹ̬έ�q�äʇ°Ϟŋr`你~ńd�b<kdfcW,�jj¶ŴȴȔ
ň�ƜȘŠŃ�"Ϟ�

fibh]a<-)[c�

type g struct { 
 stack   stack      //  

 sched   gobuf      //  

 goid    int64      //  

 gopc    uintptr    //  PC/IP  

 startpc uintptr    //  
} 

dfcW,)[c�

func newproc1(fn *funcval, argp *uint8, narg int32, nret int32, callerpc uintptr) *g { 
 _g_ := getg() 

 // “  + ”  
 siz := narg + nret 
 siz = (siz + 7) &^ 7 

 //  P  G  
 _p_ := _g_.m.p.ptr() 
 newg := gfget(_p_) 

 //  
 if newg == nil { 
  newg = malg(_StackMin) 
  casgstatus(newg, _Gidle, _Gdead) 
  allgadd(newg) 
 } 

 //  G stack  
 if newg.stack.hi == 0 { 
  throw("newproc1: newg missing stack") 
 } 

 //  G status  
 if readgstatus(newg) != _Gdead { 
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  throw("newproc1: new g is not Gdead") 
 } 

 //  
 totalSize := 4*regSize + uintptr(siz) 
 totalSize += -totalSize & (spAlign - 1) 

 //  SP  
 sp := newg.stack.hi - totalSize 
 spArg := sp 

 //  
 memmove(unsafe.Pointer(spArg), unsafe.Pointer(argp), uintptr(narg)) 

 //  
 memclr(unsafe.Pointer(&newg.sched), unsafe.Sizeof(newg.sched)) 
 newg.sched.sp = sp 
 newg.sched.pc = funcPC(goexit) + _PCQuantum 
 newg.sched.g = guintptr(unsafe.Pointer(newg)) 
 gostartcallfn(&newg.sched, fn) 

 //  
 newg.gopc = callerpc 
 newg.startpc = fn.fn 
 casgstatus(newg, _Gdead, _Grunnable) 

 //  id  
 if _p_.goidcache == _p_.goidcacheend { 
  // sched.goidgen  

  //  
  // [sched.goidgen+1, sched.goidgen+GoidCacheBatch] 
  _p_.goidcache = xadd64(&sched.goidgen, _GoidCacheBatch) 
  _p_.goidcache -= _GoidCacheBatch - 1 
  _p_.goidcacheend = _p_.goidcache + _GoidCacheBatch 
 } 
 newg.goid = int64(_p_.goidcache) 
 _p_.goidcache++ 

 //  G  
 runqput(_p_, newg, true) 

 //  P  M  

 //  M  P  G  

 //  main goroutine (runtime.main)  
 if atomicload(&sched.npidle) != 0 &&  
    atomicload(&sched.nmspinning) == 0 && 
    unsafe.Pointer(fn.fn) != unsafe.Pointer(funcPC(main)) { 
  wakep() 
 } 

 return newg 
} 
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Ǭ^ȴȔzȢl你ysƘȝĘķťb��˃xϞ�

Ƽǉ你"��ɁɂƨgȈ�你cje}y�ē�WUW?<cVA<Wh�¬ıϞɤ�H�Ó•qȈ�ˤăĮ你
|yÄʍˤăxk^�H�´ÑȽÇϞ�

fibh]a<-)[c�

type p struct { 
 gfree    *g 
 gfreecnt int32 
} 

type schedt struct { 
 gfree  *g 
 ngfree int32 
} 

dfcW,)[c�

func gfget(_p_ *p) *g { 
retry: 
 //  P  
 gp := _p_.gfree 

 //  P  
 if gp == nil && sched.gfree != nil { 
  //  32  
  for _p_.gfreecnt < 32 && sched.gfree != nil { 
   _p_.gfreecnt++ 
   gp = sched.gfree 
   sched.gfree = gp.schedlink.ptr() 
   sched.ngfree-- 
   gp.schedlink.set(_p_.gfree) 
   _p_.gfree = gp 
  } 
   
  //  
  goto retry 
 } 

 //  
 if gp != nil { 
  //  P  
  _p_.gfree = gp.schedlink.ptr() 
  _p_.gfreecnt-- 

  //  G stack  
  if gp.stack.lo == 0 { 
   //  
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   systemstack(func() { 
    gp.stack, gp.stkbar = stackalloc(_FixedStack) 
   }) 
   gp.stackguard0 = gp.stack.lo + _StackGuard 
   gp.stackAlloc = _FixedStack 
  } else { 
  } 
 } 

 return gp 
} 

µð�[cfcih]b<�˳Èā̜你ǛĬɰýĆώƀgü�"��Ɂë¸�H�Ȉ�ˤăϞ�

dfcW,)[c�

func gfput(_p_ *p, gp *g) { 
 //  
 stksize := gp.stackAlloc 
 if stksize != _FixedStack { 
  // non-standard stack size - free it. 
  stackfree(gp.stack, gp.stackAlloc) 
  gp.stack.lo = 0 
  gp.stack.hi = 0 
  gp.stackguard0 = 0 
  gp.stkbar = nil 
  gp.stkbarPos = 0 
 } else { 
  // Reset stack barriers. 
  gp.stkbar = gp.stkbar[:0] 
  gp.stkbarPos = 0 
 } 

 //  P  
 gp.schedlink.set(_p_.gfree) 
 _p_.gfree = gp 
 _p_.gfreecnt++ 

 //  
 if _p_.gfreecnt >= 64 { 
  //  32  
  for _p_.gfreecnt >= 32 { 
   _p_.gfreecnt-- 
   gp = _p_.gfree 
   _p_.gfree = gp.schedlink.ptr() 
   gp.schedlink.set(sched.gfree) 
   sched.gfree = gp 
   sched.ngfree++ 
  } 
 } 
} 
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�ɸ你"��Ɂhuƹ�aUC[�ȴȔϞ�

ghUW_-)[c�

_StackMin = 2048 

dfcW,)[c�

func malg(stacksize int32) *g { 
 newg := new(g) 
 if stacksize >= 0 { 
  stacksize = round2(_StackSystem + stacksize) 
  systemstack(func() { 
   newg.stack, newg.stkbar = stackalloc(uint32(stacksize)) 
  }) 
  newg.stackguard0 = newg.stack.lo + _StackGuard 
  newg.stackguard1 = ^uintptr(0) 
  newg.stackAlloc = uintptr(stacksize) 
 } 
 return newg 
} 

ɂƨ̈��-C:�ϒŞÑ你ňɽhÃ�UCC[�ʑ�Ϟcu¸ŁʐɋͫΕťb你�ƻóċǇ˻
ʑ�你ŁΈϒŞÑϞ�

dfcW,)[c�

var ( 
 allg     **g 
 allglen  uintptr 
 allgs    []*g 
) 

func allgadd(gp *g) { 
 allgs = append(allgs, gp) 
 allg = &allgs[0] 
 allglen = uintptr(len(allgs)) 
} 

¦xrv²¢�"�qƹ`你�ȐȈ�¿ǔϞ�uy^~Ęķ你"�ʁʋą`tÃ̂ë你gtgyȪ
ȅzkqĘķ⼈tz_x¸ŁgǛ��g?f]b_ghUW_�üĉϒŞÑ¸ŁϞyĆϒqýĆɀƟ你ȅ
Ư�ÎÙxϞ�
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xóċ�"��Ɂ�你b<kdfcW,�gĖÈsƘȝɸŚƇ˟Ú你̜ɶtǅoȔ|uȈ�你cõǄ
ƀhƲʻÿʛǶʆϞØu你ýĆ˳ÈǄƀgÃϘɪd�"�qϒŞÑ你îpū�ðÛƜȘtÙ
yƜŴĆƘ你Əmſ�ǮȑqϒŞÑϞ̜ɶ你Ϡ[c�ZibW�)))�的�ǓŹʀʀȴȔň�ƜȘ你ðÛ
ĈȢgȉƶm�qξʉϞ�

ȴȔā̜q�"�ƜȘÃǰǉëĒ�H�Ó•țȝÉƯ˳È你cƆÔ¡ͥ˟ÚϞ�

dfcW,)[c�

func runqput(_p_ *p, gp *g, next bool) { 
 if randomizeScheduler && next && fastrand1()%2 == 0 { 
  next = false 
 } 

 //  G  P.runnext  
 if next { 
 retryNext: 
  oldnext := _p_.runnext 
  if !_p_.runnext.cas(oldnext, guintptr(unsafe.Pointer(gp))) { 
   goto retryNext 
  } 
  if oldnext == 0 { 
   return 
  } 

  //  next G  
  gp = oldnext.ptr() 
 } 

retry: 
 // runqhead  

 // head tail  
 h := atomicload(&_p_.runqhead) 
 t := _p_.runqtail 

 //  
 if t-h < uint32(len(_p_.runq)) { 
  _p_.runq[t%uint32(len(_p_.runq))] = gp 
  atomicstore(&_p_.runqtail, t+1) 
  return 
 } 

 //  

 //  slow  
 if runqputslow(_p_, gp, h, t) { 
  return 
 } 

 goto retry 
} 
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ƜȘțȝ�p�ƃ你ʮǰǉƃą¹dȖ�ôu�H)fibb<lhϝH)fibeϝKW?<X)fibe你�yõ�
�HM�kƃ͆ȪqÏƫϞ�

fibh]a<-)[c�

type schedt struct { 
 runqhead guintptr 
 runqtail guintptr 
 runqsize int32 
} 

type p struct { 
 runqhead uint32 
 runqtail uint32 
 runq     [256]*g     //  

 runnext  guintptr    //  
} 

type g struct { 
 schedlink guintptr   //  
} 

ǆÄʍțȝͣíƜȘ你ɚ©ťbíͥ你�uĵĚċáp�fibedihgCck�~�yxıvϞ}j
jdǚėt^ȋıϞ�

dfcW,)[c�

func runqputslow(_p_ *p, gp *g, h, t uint32) bool { 
 //  P  

 // "+1"  gp  
 var batch [len(_p_.runq)/2 + 1]*g 

 //  
 n := t - h 
 n = n / 2 

 //  
 for i := uint32(0); i < n; i++ { 
  batch[i] = _p_.runq[(h+i)%uint32(len(_p_.runq))] 
 } 

 //  P  
 if !cas(&_p_.runqhead, h, h+n) { 
  return false 
 } 

 //  gp  
 batch[n] = gp 

!94



��
���	���

 //  
 if randomizeScheduler { 
  for i := uint32(1); i <= n; i++ { 
   j := fastrand1() % (i + 1) 
   batch[i], batch[j] = batch[j], batch[i] 
  } 
 } 

 //  
 for i := uint32(0); i < n; i++ { 
  batch[i].schedlink.set(batch[i+1]) 
 } 

 //  
 globrunqputbatch(batch[0], batch[n], int32(n+1)) 
 return true 
} 

func globrunqputbatch(ghead *g, gtail *g, n int32) { 
 gtail.schedlink = 0 
 if sched.runqtail != 0 { 
  sched.runqtail.ptr().schedlink.set(ghead) 
 } else { 
  sched.runqhead.set(ghead) 
 } 
 sched.runqtail.set(gtail) 
 sched.runqsize += n 
} 

¶Ó•țȝÜƊ你s±þń˫ƍƀdÄʍțȝϞc^_úų你îpĉ��H�yqÿʢ�ĹϞ
cnÿ_ų̂v�b<kdfcW,���̭ď��kU_<d�βȺĉ��EH�}˳ÈƜȘqÏį你̜ɶɓ�
�͛k̉ǰƸÀuÿ̌Ϟ�

��ȯļsr�"�qˈǫǕȁzȢϞ�

-- gfree -----+ 
              | 
--> IDLE --> DEAD ------> RUNNABLE ---> RUNNING ---> DEAD --- ... --> gfree --> 
                                      

���d)�

ð�b<kdfcW,��ưȴȔ�"�ƜȘ�你g̭ď��kU_<d�βȺ�E�˳ÈƜȘϞ�
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dfcW,)[c�

func wakep() { 
 //  P  newproc1  
 if !cas(&sched.nmspinning, 0, 1) { 
  return 
 } 
 startm(nil, true) 
} 

func startm(_p_ *p, spinning bool) { 
 //  P  P  
 if _p_ == nil { 
  _p_ = pidleget() 

  //  
  if _p_ == nil { 
   //  
   if spinning { 
    xadd(&sched.nmspinning, -1) 
   } 
   return 
  } 
 } 

 //  M  
 mp := mget() 

 //  M  
 if mp == nil { 
  //  

  //  M.nextp  P  
  var fn func() 
  if spinning { 
   fn = mspinning 
  } 
  newm(fn, _p_) 
  return 
 } 

 //  P  
 mp.spinning = spinning 
 mp.nextp.set(_p_) 

 //  M  
 notewakeup(&mp.park) 
} 

bch<kU_<idbch<gC<<d�ä¦ɀƟǄ÷�ÎϞ�
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�ÛÎ�"��ɁȈ�ɧʁ你c^zȢØ°yʬʆóċ�oȔ·¯¿ǔϞǉt}úgʬʆȝă你
jj�E�ˇɶ¶ŴȴȔ你¶ŴŶůƘȹǀȢϞ�

fibh]a<-)[c�

type m struct { 
 g0            *g       //  

 mstartfn      func()  //  

 curg          *g        //  G  

 p             puintptr  //  P  

 nextp         puintptr  //  P  

 spinning      bool   //  

 park          note  //  

 schedlink     muintptr  //  
} 

dfcW,)[c�

func newm(fn func(), _p_ *p) { 
 //  M  
 mp := allocm(_p_, fn) 

 //  P  
 mp.nextp.set(_p_) 

 //  
 newosproc(mp, unsafe.Pointer(mp.g0.stack.hi)) 
} 

func allocm(_p_ *p, fn func()) *m { 
 mp := new(m) 
 mp.mstartfn = fn  //  

 mcommoninit(mp)   //  

 //  g0  
 // In case of cgo or Solaris, pthread_create will make us a stack. 
 // Windows and Plan 9 will layout sched stack on OS stack. 
 if iscgo || GOOS == "solaris" || GOOS == "windows" || GOOS == "plan9" { 
  mp.g0 = malg(-1) 
 } else { 
  mp.g0 = malg(8192 * stackGuardMultiplier) 
 } 
 mp.g0.m = mp 

 return mp 
} 
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E��Űôq~umĢs^áp�[+你ɂƨ�3C:�ϒĿȪq�"��ɁƆþϞūqϒĿȪ•ğÃŲ
¤�b<kcgdfcW�ώƀ你ÚpƘȹǀȢɂƨ˹ϒŞÑ是ňƵàyƘȹhǠŽ了Ϟ�

cg,TC]bil)[c�

const cloneFlags =  _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 */ 

func newosproc(mp *m, stk unsafe.Pointer) { 
 ret := clone(cloneFlags, stk, unsafe.Pointer(mp), unsafe.Pointer(mp.g0),  
   unsafe.Pointer(funcPC(mstart))) 
} 

ƘȹǛ��WCcb<�§k¼ĸ你ĔǄȇ�aUb�-�¥̖Ϟ�

cg,Tk]bXckg)[c�

func newosproc(mp *m, stk unsafe.Pointer) { 
 const _STACK_SIZE_PARAM_IS_A_RESERVATION = 0x00010000 
 thandle := stdcall6(_CreateThread, 0, 0x20000, 
  funcPC(tstart_stdcall), uintptr(unsafe.Pointer(mp)), 
  _STACK_SIZE_PARAM_IS_A_RESERVATION, 0) 
 if thandle == 0 { 
  print("runtime: failed to create new OS thread (have ",  
   mcount(), " already; errno=", getlasterror(), ")\n") 
  throw("runtime.newosproc") 
 } 
} 

O]bXckg�9HA��f<Uh<L?f<UX�tǠŽmâɼǀȢ˹ϒϞ�

xĖȢ˳ÈzȢl你y·ɧƕƩťbżÈϞĉsm©u�ǟξʉ你Ŗŋſ��"�ϒĿȪ有ȩ
s¯użÈuǅúǇʡ你ūňt¿ƻŖŋx�ǟϒe˳È你îpcťbŬúñ�ǟξʉ¦
ČyĆqsf˹ ȘϞ�

ʓ͓`x你"�ƜȘyxľ͑Ȓ你ë¸țȝ�ƹĉ��E�óċ˳ÈϞ¶t§ƺ˳Èϒ你�
yqgȃ�k^ǀȢȽÇĿȪ你ąµʑ�́ɖϞȩĮ你x˳È¸Ł˟Úu你¶ŴŁΈ
ɍːÃǀȢŽyq�"�ϒŞÑ⼈pŘ你ðťb˳ÈǅúǇʡu你güǀȢϒ˭uǕȁd�[+你
ñ�ǟξʉ͋ṳ̈̌ƚϞ�

!98



��
���	���

ĉä你xÛÎ~Åśjd�gmgh<aghUW_�c¯˳È¿ǔ你ū~uǕȁd�[+�ϒ�Ù˳ÈżÈu
ýĆǅú˟ÚϞ�

dfcW,)[c�

func newproc(siz int32, fn *funcval) { 
 systemstack(func() { 
  newproc1(fn, (*uint8)(argp), siz, 0, pc) 
 }) 
} 

UgaTUaX1/)g�

TEXT runtime·systemstack(SB), NOSPLIT, $0-8 
 MOVQ fn+0(FP), DI   // DI = fn 
 MOVQ g(CX), AX   // AX = g 
 MOVQ g_m(AX), BX   // BX = m 

 MOVQ m_g0(BX), DX   // DX = g0 
 CMPQ AX, DX    //  g  g0  
 JEQ noswitch 

 MOVQ m_curg(BX), R8   //  g  

 CMPQ AX, R8    //  g  
 JEQ switch 
  
 // Bad: g is not gsignal, not g0, not curg. What is it? 
 MOVQ $runtime·badsystemstack(SB), AX 
 CALL AX 

switch: 
 //  G  sched  
 MOVQ $runtime·systemstack_switch(SB), SI 
 MOVQ SI, (g_sched+gobuf_pc)(AX) 
 MOVQ SP, (g_sched+gobuf_sp)(AX) 
 MOVQ AX, (g_sched+gobuf_g)(AX) 
 MOVQ BP, (g_sched+gobuf_bp)(AX) 

 //  g0.stack  
 MOVQ DX, g(CX)   // DX = g0 
 MOVQ (g_sched+gobuf_sp)(DX), BX //  g0.sched  SP  

 SUBQ $8, BX    //  SP  
 MOVQ $runtime·mstart(SB), DX 
 MOVQ DX, 0(BX) 
 MOVQ BX, SP    //  SP  

 //  
 MOVQ DI, DX    // DI = fn 
 MOVQ 0(DI), DI 
 CALL DI 
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 //  G  
 MOVQ g(CX), AX 
 MOVQ g_m(AX), BX 
 MOVQ m_curg(BX), AX 
 MOVQ AX, g(CX) 
 MOVQ (g_sched+gobuf_sp)(AX), SP 
 MOVQ $0, (g_sched+gobuf_sp)(AX) 
 RET 

noswitch: 
 // already on m stack, just call directly 
 MOVQ DI, DX 
 MOVQ 0(DI), DI 
 CALL DI 
 RET 

ącǩƕƩ你rvy�j��[+�p£tØ°u^�"��Ɂ你µtuŖŋ��ghUW_�qĪîϞ�

E�ɸŚƇ˟Úg̟ǡÜyƀĳ你¶Ĥ��fȳŮ是ɂƨ�,++++了gɑɿĖȢΑΉϞày�E�
Ãͣíd�UCCa�ˤă你ɽtÃ̂ëϞ�

fibh]a<-)[c�

var allm *m 

dfcW,)[c�

func mcommoninit(mp *m) { 
 mp.id = sched.mcount 
 sched.mcount++ 
 checkmcount() 
 mpreinit(mp) 

 mp.alllink = allm 
 atomicstorep(unsafe.Pointer(&allm), unsafe.Pointer(mp)) 
} 

func checkmcount() { 
 if sched.mcount > sched.maxmcount { 
  throw("thread exhaustion") 
 } 
} 

y��fibh]a<X<Vi[)K<hEUlL?f<UXg�Ⱦƺ�fǀȢƀĳȳŮ你ûʀȔʞxȟď;ǩĶzǶʆɈ~
ȊÚpè˦̰�ŀġϞ�
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¸d�kU_<dghUfha�ĈȢ你ɂƨǰǉŕ�ʬʆ�E你�uc^ʬʆąŴµ`⼈�

fibh]a<-)[c�

type schedt struct { 
 midle        muintptr   //  M  

 nmidle       int32      //  M  

 mcount       int32      //  M  

 maxmcount    int32      // M  
} 

dfcW,)[c�

//  M  
func mget() *m { 
 mp := sched.midle.ptr() 
 if mp != nil { 
  sched.midle = mp.schedlink 
  sched.nmidle-- 
 } 
 return mp 
} 

ÃβȺĖĒĴÚˈǫq�E你gͯĒǛĬʹɅ你ąƏ¯yqČàóċň˳È�"�ƜȘϞ�y
ð͋ǚŗtdy˳ÈƜȘ你ƓîƜȘ�uzÝϝƘȹǛ�ͤÉĪîÃοΎ�H�u你ÀgĖ
Ēɗ˛ˈǫϞ�

dfcW,)[c�

//  M  
func stopm() { 
 _g_ := getg() 

 //  
 if _g_.m.spinning { 
  _g_.m.spinning = false 
  xadd(&sched.nmspinning, -1) 
 } 

retry: 
 //  
 mput(_g_.m) 
  
 //  
 notesleep(&_g_.m.park) 
 noteclear(&_g_.m.park) 
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 //  P  
 acquirep(_g_.m.nextp.ptr()) 
 _g_.m.nextp = 0 
} 

//  M  
func mput(mp *m) { 
 mp.schedlink = sched.midle 
 sched.midle.set(mp) 
 sched.nmidle++ 
} 

rvΪǌĖȢ�y�ȬeǤqň�ƜȘ�"你û�_tbyªkq�EϞɽtxĶzƘȹǛ�
ȴȔǀȢÓé~y�fqþq̠Ί你fĳʬʆɽtÃ¸ŁqǀȢϝE��Ɂϝ[+�ϒŞÑhu
ǷʫŻƈϞ_xc¯�ɏȫĥ�¦你tz|uȔʞx{ǣŎωÛ¬˘ƾȟďϞ�

rÖuƽ��W[c�Ǜ��gC<<d�gmgWUCC�`{�fĳ�E�qǘ͓Ϟ�

h<gh)[c�

package main 

import ( 
    "sync" 
    "time" 
) 

// #include <unistd.h> 
import "C" 

func main() { 
    var wg sync.WaitGroup 
    wg.Add(1000) 

    for i := 0; i < 1000; i++ { 
        go func() { 
            C.sleep(1) 
            wg.Done() 
        }() 
    } 

    wg.Wait() 
    println("done!") 
    time.Sleep(time.Second * 5) 
} 

ƽ��"G�=:M"�˷�ǛĬɰˈǫ你wgjdfĳʬʆǀȢϞ�
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$ go build -o test test 

$ GODEBUG="schedtrace=1000" ./test 

SCHED    0ms: gomaxprocs=2 idleprocs=1 threads=3   spinningthreads=0 idlethreads=0   runqueue=0 [0 0] 
SCHED 1006ms: gomaxprocs=2 idleprocs=0 threads=728 spinningthreads=0 idlethreads=0   runqueue=125 [113 33] 
SCHED 2009ms: gomaxprocs=2 idleprocs=2 threads=858 spinningthreads=0 idlethreads=590 runqueue=0 [0 0] 
done! 
SCHED 3019ms: gomaxprocs=2 idleprocs=2 threads=858 spinningthreads=0 idlethreads=855 runqueue=0 [0 0] 
SCHED 4029ms: gomaxprocs=2 idleprocs=2 threads=858 spinningthreads=0 idlethreads=855 runqueue=0 [0 0] 
SCHED 5038ms: gomaxprocs=2 idleprocs=2 threads=858 spinningthreads=0 idlethreads=855 runqueue=0 [0 0] 
SCHED 6048ms: gomaxprocs=2 idleprocs=2 threads=858 spinningthreads=0 idlethreads=855 runqueue=0 [0 0] 

fibei<i<�˷�Äʍțȝ你�Ȑ�H�Ó•țȝ�"�ƜȘƀĳϞ�

yü�Xcb<��qÉƯuÑȾƺs§Ý是Ā¶�,+��ǳ了你�`ǽ̨¸Ł�Ƙȹ̈́˚Éº
ŮuʨgŪʕ�]XC<h?f<UXg�ƀĳϞ�

$ GODEBUG="gctrace=1,schedtrace=1000" ./test 

ɤǀȢƀĳĮ你Ȣʥ˳ÈuÑ是ig<f'�gmg了ny�fɟô你y�ȍŠ�ĀsrϞ�

func main() { 
    var wg sync.WaitGroup 
    wg.Add(1000) 

    for i := 0; i < 1000; i++ { 
        go func() { 
            C.sleep(1) //  1 

            // time.Sleep(time.Second) //  2 

            wg.Done() 
        }() 
    } 

    wg.Wait() 
} 

$ go build -o test1 test.go && time ./test1 

real    0m1.159s 
user    0m0.056s 

!103



��
���	���

sys     0m0.105s 

$ go build -o test2 test.go && time ./test2 

real    0m1.022s 
user    0m0.006s 
sys     0m0.006s 

˷�Ľ»l�ig<f���gmg��ôăǘ�ǟǫ�Ŀ̉ǫ˳ÈuÑ你k̉ƒíϞ�

ȯǲΔ̦ůq�h]a<)KC<<d�˻��[cfcih]b<�ĖÈvƺĖ你ňƳſ��gmgWUCCϞð©你c^ǘ͓�
ȟďĽ»nʀ�Ôșǘ你ȮĎĘķȮĎ�ƯϞ�

���qf�

E�˳È�"�ň�ƜȘy·^��在ǀȢ̗ώƀ�aghUfh你|y~u�ghcda�ɗ˛βȺ�ÙĬ
ΛȈǛĬʹɅϞ�

�rvąê�ŚϞ�

dfcW,)[c�

func mstart() { 
 _g_ := getg() 

 //  
 if _g_.stack.lo == 0 { 
  //  g0 stack   
  size := _g_.stack.hi 
  if size == 0 { 
   size = 8192 * stackGuardMultiplier 
  } 
  //  size  
  _g_.stack.hi = uintptr(noescape(unsafe.Pointer(&size))) 
  _g_.stack.lo = _g_.stack.hi - size + 1024 
 } 
 _g_.stackguard0 = _g_.stack.lo + _StackGuard 
 _g_.stackguard1 = _g_.stackguard0 

 mstart1() 
} 

func mstart1() { 
 _g_ := getg() 
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 if _g_ != _g_.m.g0 { 
  throw("bad runtime·mstart") 
 } 

 //  g0  
 gosave(&_g_.m.g0.sched) 
 _g_.m.g0.sched.pc = ^uintptr(0) // make sure it is never used 

 //  
 if fn := _g_.m.mstartfn; fn != nil { 
  fn() 
 } 

 //  GC startTheWorld  M needaddgcproc  

 //  M  m.helpgc = -1  
 if _g_.m.helpgc != 0 { 
  _g_.m.helpgc = 0 
  stopm() 
 } else if _g_.m != &m0 { 
  //  P  
  acquirep(_g_.m.nextp.ptr()) 
  _g_.m.nextp = 0 
 } 

 //  
 schedule() 
} 

ǲǺĖĒĴÚˈǫq�E�Ʋʻͭâs^yǝ�H你b<lhd�˭uŽyƯͭâ�H��ɁϞîpxƳÿ
ǔ˳ÈÛ你ňtǿłŖŋǶʆýĆƆþϞH�p�E�ƅ˺�WUW?<你�ƻp˳È˽ƅ˺�ɁĿȪ
�ȤϞ�

dfcW,)[c�

func acquirep(_p_ *p) { 
 acquirep1(_p_) 

 //  mcache  
 _g_ := getg() 
 _g_.m.mcache = _p_.mcache 
} 

func acquirep1(_p_ *p) { 
 _g_ := getg() 
 _g_.m.p.set(_p_) 
 _p_.m.set(_g_.m) 
 _p_.status = _Prunning 
} 
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sǕ~˽�你E�ĖĒ̉wǛĬʹɅ你cus^ƹ�gW?<XiC<ϝ<l<Wih<ϝ[cfcih]b<�Zbϝ[c<l]h�
ώƀ́�qξʉʹɅϞ~Ʀ�E�xɗ˛βȺ�你n�uą�Ϡɝ�的�ΛȈϞ�

dfcW,)[c�

func schedule() { 
 _g_ := getg() 

top: 
 //  GC STW  
 if sched.gcwaiting != 0 { 
  gcstopm() 
  goto top 
 } 

 var gp *g 

 //  P.next  G inheritTime = true  

 //  P.schedtick  
 var inheritTime bool 

 //  GC MarkWorker  
 if gp == nil && gcBlackenEnabled != 0 { 
  gp = gcController.findRunnableGCWorker(_g_.m.p.ptr()) 
  if gp != nil { 
   resetspinning() 
  } 
 } 

 //  n  G  
 if gp == nil { 
  if _g_.m.p.ptr().schedtick%61 == 0 && sched.runqsize > 0 { 
   lock(&sched.lock) 
   gp = globrunqget(_g_.m.p.ptr(), 1) 
   unlock(&sched.lock) 
   if gp != nil { 
    resetspinning() 
   } 
  } 
 } 

 //  P  G  
 if gp == nil { 
  gp, inheritTime = runqget(_g_.m.p.ptr()) 
  if gp != nil && _g_.m.spinning { 
   throw("schedule: spinning with local work") 
  } 
 } 

 //  G  

 //  M  
 if gp == nil { 
  gp, inheritTime = findrunnable() // blocks until work is available 
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  resetspinning() 
 } 

 //  goroutine  
 execute(gp, inheritTime) 
} 

yĆ�CcW_<X[�ɀƟ你Ǆ÷�ÎϞ�

ǛĬώƀóċy�q�"��你Ʊƹ�<l<Wih<�}˳ÈϞØu你|̟ǡɅɴ�Ć`ǭâuʨǄñ
¸ŁϞ�

åýĆɀƟër你ǉËāǬ^ǛĬʹɅÙxϞ�

dfcW,)[c�

func execute(gp *g, inheritTime bool) { 
 _g_ := getg() 

 casgstatus(gp, _Grunnable, _Grunning) 
 gp.waitsince = 0 
 gp.preempt = false 
 gp.stackguard0 = gp.stack.lo + _StackGuard 

 _g_.m.curg = gp 
 gp.m = _g_.m 

 gogo(&gp.sched) 
} 

�ÿĆ̱q~u̬͟ä¦q�[c[c�ώƀϞūą�[+�ϒǕȁd�"�ϒ你©��s^�BEH�ǇʡĖ
Ē�"�ƜȘώƀƕƩϞ�

UgaTUaX1/)g�

TEXT runtime·gogo(SB), NOSPLIT, $0-8 
 MOVQ buf+0(FP), BX  // gobuf 
 MOVQ gobuf_g(BX), DX // G 
 MOVQ 0(DX), CX  // make sure g != nil 
 get_tls(CX) 
 MOVQ DX, g(CX)  // g = G 
 MOVQ gobuf_sp(BX), SP //  SP  G  
 MOVQ gobuf_ret(BX), AX 
 MOVQ gobuf_ctxt(BX), DX 
 MOVQ gobuf_bp(BX), BP 
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 MOVQ $0, gobuf_sp(BX) // clear to help garbage collector 
 MOVQ $0, gobuf_ret(BX) 
 MOVQ $0, gobuf_ctxt(BX) 
 MOVQ $0, gobuf_bp(BX) 
 MOVQ gobuf_pc(BX), BX //  G  

 JMP BX   //  

c�y^ɀƟ你BEH�ňtu��9DD你n~uxtgü�H�AH�Ēϒ你�t˳ÈāƜȘώƀ�你
J=L�ǇʡΛȈq�H�AH�Ȋu£t⼈rvx�gW?<XiC<ϝ<l<Wih<��n�jd�[c<l]h�Ǜ�你ˇ
ɶ¶ŴÙ±ĖĒǛĬʹɅĹ⼈�

x�b<kdfcW,�ȴȔ�"�ƜȘu你rvȏ̅˗vs^ɀƟϞ�

dfcW,)[c�

func newproc1(fn *funcval, argp *uint8, narg int32, nret int32, callerpc uintptr) *g { 
 newg.sched.sp = sp 

 //  goexit  
 newg.sched.pc = funcPC(goexit) + _PCQuantum 
 newg.sched.g = guintptr(unsafe.Pointer(newg)) 

 //  
 gostartcallfn(&newg.sched, fn) 

 newg.gopc = callerpc 
 newg.startpc = fn.fn 
} 

xɸŚƇ�")gW?<X�u你dW�ŵȪqu�[c<l]h�µƵ�ZbϞĆ̱ʲʿ~uƢ�Ǜ�q�[cghUfhWUCCZb�
ώƀϞ�

ghUW_,)[c�

func gostartcallfn(gobuf *gobuf, fv *funcval) { 
 gostartcall(gobuf, fn, (unsafe.Pointer)(fv)) 
} 

gmgTl31)[c�

func gostartcall(buf *gobuf, fn, ctxt unsafe.Pointer) { 
 //  sp  
 sp := buf.sp 
 if regSize > ptrSize { 
  sp -= ptrSize 
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  *(*uintptr)(unsafe.Pointer(sp)) = 0 
 } 
 sp -= ptrSize 

 //  buf.pc  goexit  
 *(*uintptr)(unsafe.Pointer(sp)) = buf.pc 

 //  sp  pc  pc  G  
 buf.sp = sp 
 buf.pc = uintptr(fn) 
 buf.ctxt = ctxt 
} 

9JE�ſ��DJ�ͦȪɰȪ̢�H��Ȋ你µƵŵȪxϒeϞ�

�ɚ©你xɸŚƇā��你"�ϒʒʵÃɷĒv�[c<l]h�•ğϞ̬͟ώƀ�[c[c�BEH�ʰń˳È�
"�ƜȘ你�tώƀ̚Ŏq�J=L�ǇʡƲ©uü�[c<l]h�•ğΛȈd�H�AH你ąµä¦ƜȘĽ
ˑĲú˟Ú�Ù±ĖĒǛĬʹɅϞ�

UgaTUaX1/)g�

TEXT runtime·goexit(SB),NOSPLIT,$0-0 
 CALL runtime·goexit1(SB) // does not return 

dfcW,)[c�

func goexit1() { 
 //  g0  goexit0  
 mcall(goexit0) 
} 

// goexit continuation on g0. 
func goexit0(gp *g) { 
 _g_ := getg() 

 //  G  
 casgstatus(gp, _Grunning, _Gdead) 
 gp.m = nil 
 gp.lockedm = nil 
 _g_.m.lockedg = nil 
 gp.paniconfault = false 
 gp._defer = nil 
 gp._panic = nil 
 gp.writebuf = nil 
 gp.waitreason = "" 
 gp.param = nil 

 dropg() 
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 _g_.m.locked = 0 

 //  G  
 gfput(_g_.m.p.ptr(), gp) 

 //  
 schedule() 
} 

¡ƪu�aWUCCϝgmgh<aghUW_你|u�[c[c�htg§o�[+)gW?<X�ϒ¦ČϞťbǕȁd�[+�ϒu你
Ŗŋą�Ϡ[TgW?<X&[cViZTgd的�ɇċ•ğΛȈ�KHϞà�Ǜ��[c<l]h+gW?<XiC<�u你[+�ϒ³ąê
�Ś你ĪǛ�˹ϒÄŎŝǝ你~Ʀtͺ¸n¡à˪Ϟ  
 
x�aghUfh,��Ǜ��[cgUj<�ɸŚƇv�[+)gW?<X)gd�Éƀɔ你�

dfcW,)[c�

func mstart1() { 
 // Record top of stack for use by mcall. 
 // Once we call schedule we're never coming back, 
 // so other calls can reuse this stack space. 
 gosave(&_g_.m.g0.sched) 
 _g_.m.g0.sched.pc = ^uintptr(0) // make sure it is never used 
} 

UgaTUaX1/)g�

// save state in Gobuf; setjmp 
TEXT runtime·gosave(SB), NOSPLIT, $0-8 
 MOVQ buf+0(FP), AX  // gobuf 
 LEAQ buf+0(FP), BX  // caller's SP 
 MOVQ BX, gobuf_sp(AX) 
 MOVQ 0(SP), BX  // caller's PC 
 MOVQ BX, gobuf_pc(AX) 
 MOVQ $0, gobuf_ret(AX) 
 MOVQ $0, gobuf_ctxt(AX) 
 MOVQ BP, gobuf_bp(AX) 
 MOVQ g(CX), BX 
 MOVQ BX, gobuf_g(AX) 
 RET 

ƷŘ你Š±ƜȘāǬĽˑ你³¸dǡŗƯżÈ�"�ƜȘˈǫ你ʹɅǆȈϞ�
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pvŗdy�żÈq�"�ƜȘ你Z]bXfibbUVC<�y˪ƈȆwºϞÓ•țȝϝÄʍțȝϝï̃Ɯ
Ș是b<hdcCC了你̮Ʒuąĉ��H�ƜȘțȝʶόϞàyqƿqhupvȆ�ā�àyƜȘ你
ɓ��͛k̉ňÈqÂϞ�

dfcW,)[c�

func findrunnable() (gp *g, inheritTime bool) { 
 _g_ := getg() 

top: 
 //  
 if sched.gcwaiting != 0 { 
  gcstopm() 
  goto top 
 } 

 // fing  finalizer  goroutine  
 if fingwait && fingwake { 
  if gp := wakefing(); gp != nil { 
   ready(gp, 0) 
  } 
 } 

 //  
 if gp, inheritTime := runqget(_g_.m.p.ptr()); gp != nil { 
  return gp, inheritTime 
 } 

 //  
 if sched.runqsize != 0 { 
  gp := globrunqget(_g_.m.p.ptr(), 0) 
  if gp != nil { 
   return gp, false 
  } 
 } 

 //  netpoll  
 if netpollinited() && sched.lastpoll != 0 { 
  if gp := netpoll(false); gp != nil { // non-blocking 
   //  

   // gp.schedlink  
   injectglist(gp.schedlink.ptr()) 
   casgstatus(gp, _Gwaiting, _Grunnable) 
   return gp, false 
  } 
 } 

 //  P  
 for i := 0; i < int(4*gomaxprocs); i++ { 
  if sched.gcwaiting != 0 { 
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   goto top 
  } 
  //  P  
  _p_ := allp[fastrand1()%uint32(gomaxprocs)] 
  var gp *g 
  if _p_ == _g_.m.p.ptr() { 
   //  
   gp, _ = runqget(_p_) 
  } else { 
   //  P.runnext  
   stealRunNextG := i > 2*int(gomaxprocs) 
   gp = runqsteal(_g_.m.p.ptr(), _p_, stealRunNextG) 
  } 
  if gp != nil { 
   return gp, false 
  } 
 } 

stop: 

 //  GC MarkWorker  
 if _p_ := _g_.m.p.ptr(); gcBlackenEnabled != 0 && _p_.gcBgMarkWorker != nil &&  
  gcMarkWorkAvailable(_p_) { 
  _p_.gcMarkWorkerMode = gcMarkWorkerIdleMode 
  gp := _p_.gcBgMarkWorker 
  casgstatus(gp, _Gwaiting, _Grunnable) 
  return gp, false 
 } 

 //  
 if sched.gcwaiting != 0 || _g_.m.p.ptr().runSafePointFn != 0 { 
  goto top 
 } 

 //  
 if sched.runqsize != 0 { 
  gp := globrunqget(_g_.m.p.ptr(), 0) 
  return gp, false 
 } 

 //  P  
 _p_ := releasep() 
 pidleput(_p_) 
 if _g_.m.spinning { 
  _g_.m.spinning = false 
  xadd(&sched.nmspinning, -1) 
 } 

 //  P  
 for i := 0; i < int(gomaxprocs); i++ { 
  _p_ := allp[i] 
  if _p_ != nil && !runqempty(_p_) { 
   //  P  
   _p_ = pidleget() 
   if _p_ != nil { 
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    acquirep(_p_) 
    goto top 
   } 
   break 
  } 
 } 

 //  netpoll  
 if netpollinited() && xchg64(&sched.lastpoll, 0) != 0 { 
  gp := netpoll(true) // block until new work is available 
  atomicstore64(&sched.lastpoll, uint64(nanotime())) 
  if gp != nil { 
   _p_ = pidleget() 
   if _p_ != nil { 
    acquirep(_p_) 
    injectglist(gp.schedlink.ptr()) 
    casgstatus(gp, _Gwaiting, _Grunnable) 
    return gp, false 
   } 
   injectglist(gp) 
  } 
 } 

 //  
 stopm() 
 goto top 
} 

½±jdc�你rhi˲ΤsŹ在cƕƩ~tqƺƺ⼈�

ʮǡŗĈȢ你rvɍ±ǡjtØǰǉƃqóċ¿ǔϞƼǉuÓ•țȝ你ĉl�H)fibb<lh�ǰ
ǉƃ�¹Ϟ�

dfcW,)[c�

func runqget(_p_ *p) (gp *g, inheritTime bool) { 
 //  runnext  

 //  cas  P  
 for { 
  next := _p_.runnext 
  if next == 0 { 
   break 
  } 
  if _p_.runnext.cas(next, 0) { 
   return next.ptr(), true 
  } 
 } 

 //  
 for { 
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  h := atomicload(&_p_.runqhead) 
  t := _p_.runqtail 
  if t == h { 
   return nil, false 
  } 

  //  
  gp := _p_.runq[h%uint32(len(_p_.runq))] 
  if cas(&_p_.runqhead, h, h+1) { // cas-release, commits consume 
   return gp, false 
  } 
 } 
} 

fibb<lh�tgŪʕ�gW?<Xh]W_�Ɩƀ你n~ux��gW?<XiC<�˳È§kqƜȘÀg}̟ǡÄʍțȝ你à
�Àgy�]b?<f]hL]a<�6�hfi<�qxıϞ�

x̟ǡÄʍțȝu你ɤͺ¸s^y��"�Į你|g˿ĳń˫s˿d�H�Ó•țȝ你̜ɶtq
½±íͥ}˟ÚÄʍțȝϞ�

dfcW,)[c�

func globrunqget(_p_ *p, max int32) *g { 
 if sched.runqsize == 0 { 
  return nil 
 } 

 //  
 n := sched.runqsize/gomaxprocs + 1 
 if n > sched.runqsize { 
  n = sched.runqsize 
 } 
 if max > 0 && n > max { 
  n = max 
 } 

 //  runq 128  
 if n > int32(len(_p_.runq))/2 { 
  n = int32(len(_p_.runq)) / 2 
 } 

 //  
 sched.runqsize -= n 
 if sched.runqsize == 0 { 
  sched.runqtail = 0 
 } 

 //  G  
 gp := sched.runqhead.ptr() 
 sched.runqhead = gp.schedlink 
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 n-- 
 for ; n > 0; n-- { 
  gp1 := sched.runqhead.ptr() 
  sched.runqhead = gp1.schedlink 
  runqput(_p_, gp1, false) 
 } 

 return gp 
} 

�yðÓ•�ÄʍțȝhpŞu你Àgȇ̝}̟ǡĉ��H�ƜȘțȝϞc^ǰǉƃ�Ȗ你î
pgŪʕƿȯ�H�q˳È是Ʋʻſ�Ī�˟Ú了Ϟ�

dfcW,)[c�

func runqsteal(_p_, p2 *p, stealRunNextG bool) *g { 
 t := _p_.runqtail 

 //  p2  p  
 n := runqgrab(p2, &_p_.runq, t, stealRunNextG) 
 if n == 0 { 
  return nil 
 } 

 //  G  
 n-- 
 gp := _p_.runq[(t+n)%uint32(len(_p_.runq))] 
 if n == 0 { 
  return gp 
 } 

 //  
 atomicstore(&_p_.runqtail, t+n) 

 return gp 
} 

func runqgrab(_p_ *p, batch *[256]*g, batchHead uint32, stealRunNextG bool) uint32 { 
 for { 
  //  
  h := atomicload(&_p_.runqhead) 
  t := atomicload(&_p_.runqtail) 
  n := t - h 
  n = n - n/2 

  //  runnext  
  if n == 0 { 
   if stealRunNextG { 
    if next := _p_.runnext; next != 0 { 
     usleep(100) 
     if !_p_.runnext.cas(next, 0) { 
      continue 
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     } 
     batch[batchHead%uint32(len(batch))] = next.ptr() 
     return 1 
    } 
   } 
   return 0 
  } 

  //  
  if n > uint32(len(_p_.runq)/2) { // read inconsistent h and t 
   continue 
  } 

  //    
  for i := uint32(0); i < n; i++ { 
   g := _p_.runq[(h+i)%uint32(len(_p_.runq))] 
   batch[(batchHead+i)%uint32(len(batch))] = g 
  } 

  //  P  

  //  
  if cas(&_p_.runqhead, h, h+n) { // cas-release, commits consume 
   return n 
  } 
 } 
} 

c~uȣơǐ¿Î͵�ƅȐq�Ocf_(Kh<UC]b[�ƦıϞ�

58�4�.1�

x˳È�W[c�Ǜ�u你g��CcW_GKL?f<UX�ü�"�ͥâxðÛǀȢϞ�

W[cWUCC)[c�

func cgocall(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) 
} 

func endcgo(mp *m) { 
 mp.ncgo-- 
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 unlockOSThread() // invalidates mp 
} 

ͥâ˟Ú�ȍŠ你�ťǶʆ�")CcW_<Xa���E)CcW_<X[�ŸyϞ�

dfcW)[c�

func lockOSThread() { 
 getg().m.locked += _LockInternal 
 dolockOSThread() 
} 

func dolockOSThread() { 
 _g_ := getg() 
 _g_.m.lockedg = _g_ 
 _g_.lockedm = _g_.m 
} 

ðǛĬώƀ�gW?<XiC<�̟ǡd�CcW_<X�Ɔþu你gǿu˫Ʊ你�ÿʛq�E�}ā�ƜȘϞ�

ȍŠ�x你~u�CcW_<Xa�gɗ˛你Ŗdȣzü�CcW_<X[�Ʊ¤ūϞµtŢƝd�CcW_<X[�q�E你
ɥbü�CcW_<X[�ƬØ�H�s�Ųͬ¤�CcW_<Xa你|ˁˋüĉβȺϞƷÔm�你ɥîŝ}�H�Ã
͢ɗ˛你Ŗd�kU_<d�Ģ�oq�H�βȺūϞ�

dfcW,)[c�

func schedule() { 
 _g_ := getg() 

 //  M  lockedm  

 //  execute(lockedg)  lockedg  M  

 //    gosched  P  
 if _g_.m.lockedg != nil { 
  stoplockedm() 
  execute(_g_.m.lockedg, false) // Never returns. 
 } 

top: 
 ... 

 //  G  lockedg  P  lockedm  

 //  G  
 if gp.lockedm != nil { 
  startlockedm(gp) 
  goto top 
 } 
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 //  goroutine  
 execute(gp, inheritTime) 
} 

func startlockedm(gp *g) { 
 _g_ := getg() 
 mp := gp.lockedm 

 //  P  lockedm  
 _p_ := releasep() 
 mp.nextp.set(_p_) 
 notewakeup(&mp.park) 

 //  M  
 stopm() 
} 

ąly�j�你ɤ�CcW_<X[��qƹ�CcW_<Xa�˳ÈĮ你CcW_<Xa�xā�ƜȘƓÆųɤͥâ
Ûntg˳Èĉ�ƜȘϞcnuxÛÖŊƟrv��W[c�{�fĳ�E�ä͓qĪîϞ�

dfcW,)[c�

func goexit0(gp *g) { 
 _g_ := getg() 

 //  
 gp.m = nil 
 gp.lockedm = nil 
 _g_.m.lockedg = nil 
} 

yǛ��MbCcW_GKL?f<UX�Æųɤͥâ你�ƻΪǌĉ��E�ā�ðÛƜȘϞ�

dfcW,)[c�

func unlockOSThread() { 
 _g_ := getg() 
 if _g_.m.locked < _LockInternal { 
  systemstack(badunlockosthread) 
 } 
 _g_.m.locked -= _LockInternal 
 dounlockOSThread() 
} 

func dounlockOSThread() { 
 _g_ := getg() 
 if _g_.m.locked != 0 { 
  return 
 } 
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 _g_.m.lockedg = nil 
 _g_.lockedm = nil 
} 

���ehn�

ɋÅ�"cCUb[�,).ϝ,)/�·^ŨÓqzδ你Ƭƶϒ是�cbh][icig�KhUW_了q•ĺÜÅ̋̀Ϟµ
ɽ�,)0���,)/�Ā�`你ʁʋn�ªkqĊƇ你cu^_¦ɁϞ�

ƬƶϒüǛ�˹ϒ是WUCC�ghUW_了àyϒϚ�Ȥxs^ƬƶĿȪŞÑϞðŞÑtȓu你ȩ�
Ȥ�-l�ĿȪȲ你ňϘɪðÛϒÄŎƀɔ你�̙Ǩ�ǩϒ是K<[a<bh<X�KhUW_了ˤăĽ́xώ
ƀǛ�ȗ͕uyqʑ�qǕ�ģ�是?ch�gdC]h了ĘķϞ�

Ľ́ǘÏį在�

lo                 stackguard0                                                              hi 

+---------------+---------------------------------------------------------------+ 
| StackGuard    |                                                               | 
+---------------+---------------------------------------------------------------+ 
                                                                                     <-- SP 

fibh]a<-)[c�

type stack struct { 
 lo uintptr 
 hi uintptr 
} 

type g struct { 
 // Stack parameters. 
 // 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 
 stackguard0 uintptr 
} 

ĉl�ghUW_[iUfX+�u^ƵśćbqǇ˻ϞxώƀêŎ你̬έɰg͏ĒsǩǇʡ你�ū��KH�
ͦȪɰĖÈĀɈ你ąµǭâuʨťb�ϒŞÑΚűϞȩĮ你ū|Ã�ÚɮͅǛĬȯȻϞ�

ϒŞÑqɸŚ�Ȥ�{x�b<kdfcW,�ȴȔo�"��ɁuϞ�
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//  
_StackSystem = goos_windows*512*ptrSize + goos_plan9*512 + goos_darwin*goarch_arm*1024 

//  
_StackMin = 2048 

// StackGuard  
_StackGuard = 640*stackGuardMultiplier + _StackSystem 

æ^ýĆśĳȊ你��D]bil�Ƙȹp͓你TKhUW_Kmgh<a�6�+你TKhUW_"iUfX�6�1/+Ϟ�

dfcW,)[c�

func newproc1(fn *funcval, argp *uint8, narg int32, nret int32, callerpc uintptr) *g { 
 newg := gfget(_p_) 
 if newg == nil { 
  newg = malg(_StackMin) 
 } 
} 

func malg(stacksize int32) *g { 
 newg := new(g) 
 if stacksize >= 0 { 
  stacksize = round2(_StackSystem + stacksize) 
  systemstack(func() { 
   newg.stack, newg.stkbar = stackalloc(uint32(stacksize)) 
  }) 
  newg.stackguard0 = newg.stack.lo + _StackGuard 
  newg.stackguard1 = ^uintptr(0) 
  newg.stackAlloc = uintptr(stacksize) 
 } 
 return newg 
} 

xóċϒŞÑ�你gȑŸǶʆ�ghUW_[iUfX+�Ǉ˻Ϟ�

��#�4�#�2��

îϒŞÑſ�ȗ͕你à�̈ċv��WUW?<cVA<Wh�ɧʁq¬ı你~uʮf~��æ^ÉƃĖ
È͆ȪȈ�你ð©nŶ¸ŁzkqʬʆȲϞ�

��D]bil�p͓你T>]l<XKhUW_�f~��TKhUW_E]b�ýØ你TFiaKhUW_GfX<fg�ÉÔ�/Ϟ�
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ghUW_-)[c�

// 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 

aUCCcW)[c�

// Number of orders that get caching.  Order 0 is FixedStack 
// and each successive order is twice as large. 
// We want to cache 2KB, 4KB, 8KB, and 16KB stacks.  Larger stacks 
// will be allocated directly. 
// Since FixedStack is different on different systems, we 
// must vary NumStackOrders to keep the same maximum cached size. 
//   OS               | FixedStack | NumStackOrders 
//   -----------------+------------+--------------- 
//   linux/darwin/bsd | 2KB        | 4 
//   windows/32       | 4KB        | 3 
//   windows/64       | 8KB        | 2 
//   plan9            | 4KB        | 3 
_NumStackOrders = 4 - ptrSize/4*goos_windows - 1*goos_plan9 

ɫÔØ°qþqȇ̝是¡ͥ�Ȥ了你ϒŞÑÃ͆Ȫx��UW?<)ghUW_WUW?<�ƀɻ你ɽſ�¿ı
��cVA<Wh�ɫÓýØϞ�

aWUW?<)[c�

type mcache struct { 
 stackcache [_NumStackOrders]stackfreelist 
} 

type stackfreelist struct { 
 list gclinkptr   // linked list of free stacks 
 size uintptr     // total size of stacks in list 
} 

xóċϒŞÑu你ǰǉ̟ǡ͆ȪˤăϞfŞÑŖŋą�?<Ud��ȤϞ�
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aUCCcW)[c�

// Per-P, per order stack segment cache size. 
_StackCacheSize = 32 * 1024 

ghUW_,)[c�

func stackalloc(n uint32) (stack, []stkbar) { 
 var v unsafe.Pointer 

 //  
 if stackCache != 0 && n < _FixedStack<<_NumStackOrders && n < _StackCacheSize { 
  //  order  
  order := uint8(0) 
  n2 := n 
  for n2 > _FixedStack { 
   order++ 
   n2 >>= 1 
  } 

  var x gclinkptr 
  c := thisg.m.mcache 
  
  //    
  x = c.stackcache[order].list 

  //  
  if x.ptr() == nil { 
   stackcacherefill(c, order) 
   x = c.stackcache[order].list 
  } 

  //  
  c.stackcache[order].list = x.ptr().next 
  c.stackcache[order].size -= uintptr(n) 

  v = (unsafe.Pointer)(x) 
 } else { 
  //  heap  
  s := mHeap_AllocStack(&mheap_, round(uintptr(n), _PageSize)>>_PageShift) 
  v = (unsafe.Pointer)(s.start << _PageShift) 
 } 

 top := uintptr(n) - nstkbar 
 stkbarSlice := slice{add(v, top), 0, maxstkbar} 
 return stack{uintptr(v), uintptr(v) + top}, *(*[]stkbar)(unsafe.Pointer(&stkbarSlice)) 
} 

c^ώƀƕƩͪɤɈk你ÆbupvtŪʕ͘ɇϞghUW_dccCUCCcW�rÖs°gy̐͠Ϟ�
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�ÛÎĿȪ�Ȥɰq¬ı�ētuì⼈rvȉƶjj¶ŴΚűϞ�

ghUW_,)[c�

func stackcacherefill(c *mcache, order uint8) { 
 var list gclinkptr 
 var size uintptr 

 //  
 for size < _StackCacheSize/2 { 
  //  
  x := stackpoolalloc(order) 
  x.ptr().next = list 
  list = x 
  size += _FixedStack << order 
 } 
  
 //  cache.stackcache  
 c.stackcache[order].list = list 
 c.stackcache[order].size = size 
} 

y^Äʍ͆Ȫ�ghUW_dccC�ʁʋxɓð�W<bhfUC�qȭěϞ�

ghUW_,)[c�

var stackpool [_NumStackOrders]mspan 

func stackpoolalloc(order uint8) gclinkptr { 
 //  
 list := &stackpool[order] 
 s := list.next 

 //  heap  span  
 if s == list { 
  s = mHeap_AllocStack(&mheap_, _StackCacheSize>>_PageShift) 
  for i := uintptr(0); i < _StackCacheSize; i += _FixedStack << order { 
   x := gclinkptr(uintptr(s.start)<<_PageShift + i) 
   x.ptr().next = s.freelist 
   s.freelist = x 
  } 
  mSpanList_Insert(list, s) 
 } 

 //  
 x := s.freelist 
 s.freelist = x.ptr().next 
 s.ref++ 
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 //  span  
 if s.freelist.ptr() == nil { 
  // all stacks in s are allocated. 
  mSpanList_Remove(s) 
 } 

 return x 
} 

ą�?<Ud�óċ�gdUb�qzȢ�yƜŴɞ×Ϟ�

a?<Ud)[c�

func mHeap_AllocStack(h *mheap, npage uintptr) *mspan { 
 s := mHeap_AllocSpanLocked(h, npage) 
 if s != nil { 
  s.state = _MSpanStack 
  s.freelist = 0 
  s.ref = 0 
 } 
 return s 
} 

ȍŠĦĽsr在ϒĿȪs°ą�Uf<bU�Ȅ̼�Ȥ你ſ���Ɂ�ȤýØq̘˗�ƦıϞ�u
ryõtÊč你cĨęutuy�¬dĿȪ�Ȥɰ�Ö⼈|uxpv��Ⱦƺ¿ƻÀǮȑ
�`q⼈�

68����#�4�

˳ÈώƀÛ你ťbpĉǲǺ_àťϒϚŞÑ你Řuu̟ǡƬƶϒuʨťbΚűq�˅uºϞ
pŘ你̬έɰgxώƀêŎ͏ĒæŀŰΥǇʡ你ĶzĀɈ�ghUW_[iUfX+���KH�`ǭâuʨĖ
ÈΚű˟ÚϞ�

h<gh)[c�

package main 

func test() { 
   println("hello") 
} 

func main() { 
    test() 
} 
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̬έ是͍�ĿȠ了你Ǳ̬͟Ϟ�

$ go build -gcflags "-l" -o test test.go 

$ go tool objdump -s "main\.test" test 

TEXT main.test(SB) test.go 
    test.go:3   0x2040  GS MOVQ GS:0x8a0, CX         //  G  

    test.go:3   0x2049  CMPQ 0x10(CX), SP            // G+0x10  g.stackguard0  SP  

    test.go:3   0x204d  JBE 0x2080                   //  SP <= stackguard0  0x2080  

    test.go:3   0x204f  SUBQ $0x10, SP               //  
    test.go:4   0x2053  CALL runtime.printlock(SB) 
    test.go:4   0x2058  LEAQ 0x6b4f9(IP), BX 
    test.go:4   0x205f  MOVQ BX, 0(SP) 
    test.go:4   0x2063  MOVQ $0x5, 0x8(SP) 
    test.go:4   0x206c  CALL runtime.printstring(SB) 
    test.go:4   0x2071  CALL runtime.printnl(SB) 
    test.go:4   0x2076  CALL runtime.printunlock(SB) 
    test.go:5   0x207b  ADDQ $0x10, SP 
    test.go:5   0x207f  RET 
    test.go:3   0x2080  CALL runtime.morestack_noctxt(SB)   //  morestack  

    test.go:3   0x2085  JMP main.test(SB)                   //  

cæŀǇʡ�ȍŠϞ¶»�KH�Ǉ˻•ğ~Ô�ghUW_[iUfX+是ϒą¹ĺ•ğōȖĺ�Ȥ了你�
tɚ©ÜÅΨ�你c~ťbΚű你ʨɥðÛ��ƶώƀ~¡ą�ȤϒϚĿȪϞ�

ɀws�你wg�¦��EH�Ǉʡň�üðÛϒϚàťŞÑƦeϞǼ¶�KH�fÔ�ghUW_[iUfX+你
ûýɟ³~ÔðÛϒϚf~Ĺ⼈cɚ©tgʰń˳ÈΚű˟Ú你û³tqƊȓðÛώƀť
Ŧ你�qĕj�˹ϒΨ�⼈�

rv²¢x�ghUW_)Cc���ghUW_[iUfX+�´ÑɐyŎ�ŵȅŞÑ你à�ǿð�ϠΨ�的�uΪǌqϞ�

ghUW_-)[c�

// After a stack split check the SP is allowed to be this many bytes below the stack guard.   
// This saves an instruction in the checking sequence for tiny frames. 
_StackSmall = 128 

ȾƺsrȟďƕƩ你jjǝ»Ϟ�

h<gh)[c�

package main 
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func test1() { 
    var x [128]byte 
    x[1] = 1 
} 

func test2() { 
    var x [129]byte 
    x[1] = 1 
} 

func main() { 
    test1() 
    test2() 
} 

$ go build -gcflags "-l" -o test test.go 

$ go tool objdump -s "main\.test" test 

TEXT main.test1(SB) test.go 
    test.go:3   0x2040  GS MOVQ GS:0x8a0, CX 
    test.go:3   0x2049  CMPQ 0x10(CX), SP     //  0x80  128  
    test.go:3   0x204d  JBE 0x206e 
    test.go:3   0x204f  SUBQ $0x80, SP 

TEXT main.test2(SB) test.go 
    test.go:8   0x2080  GS MOVQ GS:0x8a0, CX 
    test.go:8   0x2089  LEAQ -0x8(SP), AX     //  0x88 - 128 = 0x8  SP  
    test.go:8   0x208e  CMPQ 0x10(CX), AX 
    test.go:8   0x2092  JBE 0x20b5 
    test.go:8   0x2094  SUBQ $0x88, SP 

�ɚ©你¶»ðÛϒϚu�KaUCCKhUW_是+l3+了你�t~Ϊǌx�RCc'�ghUW_[iUfX+S�´Ñ�ȤϞ�

�ϒΚűňtuġűƔq �你ĉlΙȐ�kĿűϞtzĹ你xc�rv�ťvųĉɫÓ
zȢ�ƦıÏį你¡ʻƌĒdàyɀƟϞ�

UgaTUaX1/)g�

TEXT runtime·morestack_noctxt(SB),NOSPLIT,$0 
 MOVL $0, DX 
 JMP runtime·morestack(SB) 

TEXT runtime·morestack(SB),NOSPLIT,$0-0 
 // Call newstack on m->g0's stack. 
 MOVQ m_g0(BX), BX 
 MOVQ BX, g(CX) 
 MOVQ (g_sched+gobuf_sp)(BX), SP 
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 CALL runtime·newstack(SB) 
 MOVQ $0, 0x1003 // crash if newstack returns 
 RET 

ɫÓzȢ~u�Ȥs^�-l�f~qoϒ你©�üƀɔϘɪz}你͚ȁǾːϒϞð©你cŅ
Ñťb�Ǉ˻ÉĿű¬õǛǬϞ�

ghUW_,)[c�

func newstack() { 
 thisg := getg() 
 gp := thisg.m.curg 

 //  
 rewindmorestack(&gp.sched) 

 casgstatus(gp, _Grunning, _Gwaiting) 
 gp.waitreason = "stack growth" 

 sp := gp.sched.sp 

 //  2  
 oldsize := int(gp.stackAlloc) 
 newsize := oldsize * 2 

 casgstatus(gp, _Gwaiting, _Gcopystack) 

 //  
 copystack(gp, uintptr(newsize)) 

 //  
 casgstatus(gp, _Gcopystack, _Grunning) 
 gogo(&gp.sched) 
} 

func copystack(gp *g, newsize uintptr) { 
 old := gp.stack 
 used := old.hi - gp.sched.sp 

 //  
 new, newstkbar := stackalloc(uint32(newsize)) 

 //  
 if stackPoisonCopy != 0 { 
  fillstack(new, 0xfd) 
 } 

 //  ... 

 //  
 memmove(unsafe.Pointer(new.hi-used), unsafe.Pointer(old.hi-used), used) 
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 //  
 gp.stack = new 
 gp.stackguard0 = new.lo + _StackGuard 
 gp.sched.sp = new.hi - used 
 oldsize := gp.stackAlloc 
 gp.stackAlloc = newsize 
 gp.stkbar = newstkbar 

 //  
 if stackPoisonCopy != 0 { 
  fillstack(old, 0xfc) 
 } 
 stackfree(old, oldsize) 
} 

��#�4�����

̂ëϒŞÑq˟Ú你ɍːñ¸Ł�cVA<Wh�ɧʁϞ�

ghUW_,)[c�

func stackfree(stk stack, n uintptr) { 
 gp := getg() 
 v := (unsafe.Pointer)(stk.lo) 

 //  
 if stackCache != 0 && n < _FixedStack<<_NumStackOrders && n < _StackCacheSize { 
  //  order  
  order := uint8(0) 
  n2 := n 
  for n2 > _FixedStack { 
   order++ 
   n2 >>= 1 
  } 
  x := gclinkptr(v) 
  c := gp.m.mcache 
   
  //  
  if c.stackcache[order].size >= _StackCacheSize { 
   stackcacherelease(c, order) 
  } 

  //  
  x.ptr().next = c.stackcache[order].list 
  c.stackcache[order].list = x 
  c.stackcache[order].size += n 
 } else { 
  s := mHeap_Lookup(&mheap_, v) 
  if gcphase == _GCoff { 
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   //  heap  
   mHeap_FreeStack(&mheap_, s) 
  } else { 
   //  
   mSpanList_Insert(&stackFreeQueue, s) 
  } 
 } 
} 

¸ŁqϒŞÑÃë¸�ŉȈ�ˤăϞ¶͆Ȫzk你ɥń˫s˿dÄʍˤă你ƓŖŋümƹ
q�gdUb�ˣ|¤�?<UdϞ�

func stackcacherelease(c *mcache, order uint8) { 
 x := c.stackcache[order].list 
 size := c.stackcache[order].size 

 //  
 for size > _StackCacheSize/2 { 
  y := x.ptr().next 

  //  span  
  stackpoolfree(x, order) 

  x = y 
  size -= _FixedStack << order 
 } 

 c.stackcache[order].list = x 
 c.stackcache[order].size = size 
} 

func stackpoolfree(x gclinkptr, order uint8) { 
 //  span  
 s := mHeap_Lookup(&mheap_, (unsafe.Pointer)(x)) 
 if s.freelist.ptr() == nil { 
  mSpanList_Insert(&stackpool[order], s) 
 } 

 //  span.freelist  
 x.ptr().next = s.freelist 
 s.freelist = x 
 s.ref-- 

 //  span  heap  
 if gcphase == _GCoff && s.ref == 0 { 
  mSpanList_Remove(s) 
  s.freelist = 0 
  mHeap_FreeStack(&mheap_, s) 
 } 
} 
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ɤ�acf<ghUW_�Ǜ�ɑɿ�ghUW_Zf<<�˟ÚĮ你ȩsĪî~u¸Ł�ϒŞÑqŁΈŬúϞ�

a[WaUf_)[c�

func markroot(desc *parfor, i uint32) { 
 switch i { 
 case _RootFlushCaches: 
  if gcphase != _GCscan { 
   flushallmcaches() 
  } 
 default: 
  if gcphase == _GCmarktermination { 
   shrinkstack(gp) 
  } 
 } 
} 

aghUhg)[c�

func flushallmcaches() { 
 for i := 0; ; i++ { 
  p := allp[i] 
  c := p.mcache 
  mCache_ReleaseAll(c) 
  stackcache_clear(c) 
 } 
} 

a[W)[c�

func gcMark(start_time int64) { 
 freeStackSpans() 
} 

î¸Łťb你ghUW_WUW?<TWC<Uf�güày�WUW?<�͆ȪqϒŞÑˣ|¤ÄʍƓ�?<UdϞ�

ghUW_,)[c�

func stackcache_clear(c *mcache) { 
 for order := uint8(0); order < _NumStackOrders; order++ { 
  x := c.stackcache[order].list 
  for x.ptr() != nil { 
   y := x.ptr().next 
   stackpoolfree(x, order) 
   x = y 
  } 
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  c.stackcache[order].list = 0 
  c.stackcache[order].size = 0 
 } 
} 

µ�g?f]b_ghUW_�ÆbƿquŁΈ�õȏÅΚűqϒŞÑ你�ƟɠĿȪϞ�

func shrinkstack(gp *g) { 
 if readgstatus(gp) == _Gdead { 
  if gp.stack.lo != 0 { 
   //  G  
   stackfree(gp.stack, gp.stackAlloc) 
   gp.stack.lo = 0 
   gp.stack.hi = 0 
   gp.stkbar = nil 
   gp.stkbarPos = 0 
  } 
  return 
 } 

 //  
 oldsize := gp.stackAlloc 
 newsize := oldsize / 2 
 if newsize < _FixedStack { 
  return 
 } 

 //  1/4  
 avail := gp.stack.hi - gp.stack.lo 
 if used := gp.stack.hi - gp.sched.sp + _StackLimit; used >= avail/4 { 
  return 
 } 

 //  
 oldstatus := casgcopystack(gp) 
 copystack(gp, newsize) 
 casgstatus(gp, _Gcopystack, oldstatus) 
} 

��~u�Zf<<KhUW_KdUbg你ūͫΕÄʍțȝ�ghUW_dccC��͑Ȫțȝ�ghUW_>f<<Ii<i<你ü�õ
ŞÑÜāÄŁ¸q�gdUb�Ʊ|¤�?<UdϞ�

ghUW_,)[c�

func freeStackSpans() { 
 for order := range stackpool { 
  list := &stackpool[order] 
  for s := list.next; s != list; { 
   next := s.next 
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   if s.ref == 0 { 
    mSpanList_Remove(s) 
    s.freelist = 0 
    mHeap_FreeStack(&mheap_, s) 
   } 
   s = next 
  } 
 } 

 for stackFreeQueue.next != &stackFreeQueue { 
  s := stackFreeQueue.next 
  mSpanList_Remove(s) 
  mHeap_FreeStack(&mheap_, s) 
 } 
} 

ȩĮ你ǛǬ�H�ƀĳq�dfcWf<g]n<你üƜȘā�q�"��Ɂë¸Ȉ�ˤăq�[Zdih�Ø°gʑ�
ϒŞÑ̂ë˟ÚϞ�uĈȢ�eʠɫÓɧʁ你tÙϑʠϞ�

żÈu�f̉wɻġ´Ñ你ýˆ̇Ηªkªɀ你Ü¡ąʦ�Ŝī你r^z¾scňtu£t_Æ
ÏϞ˧©pvþq你�k•¿ŖŋͱĒƕƩ你µƵĶzǃĸƓŋŏ̤ƚÉ¿ǔ̦ů你ûƢ�ƏŎ
ġȈ˄Ĭ�ʳʇqƅƠ你ĉyƮɌþnƲ©ʴȖϞt²¢��ɒț�Řy£tȮĎqiıϞ�

	��c`.l�

pǠŽň�ǛĬ你ĵĚ��gmgWUCCϝW[c�ĖÈvŶů你�ƻxÝuÑͤuqǕȁ˳Èĉ�
ƜȘϞȯǲΔ�gmgWUCC�Ŷ�你üýĆƘȹǛ�ώƀ�p�KmgWUCC���JUkKmgWUCC�·ɧϞ�

gfWgmgWUCCngmgWUCCTC]bilTUaX1/)g�

func Getcwd(buf []byte) (n int, err error) { 
 r0, _, e1 := Syscall(SYS_GETCWD, uintptr(_p0), uintptr(len(buf)), 0) 
} 

func EpollCreate(size int) (fd int, err error) { 
 r0, _, e1 := RawSyscall(SYS_EPOLL_CREATE, uintptr(size), 0, 0) 
} 

�rvjjc·Ƌy£tȄôϞ�

gfWgmgWUCCUgaTC]bilTUaX1/)g�

TEXT ·Syscall(SB),NOSPLIT,$0-56 
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 CALL runtime·entersyscall(SB) 
 MOVQ trap+0(FP), AX   // syscall entry 
 SYSCALL 
 JLS ok 
 CALL runtime·exitsyscall(SB) 
 RET 
ok: 
 CALL runtime·exitsyscall(SB) 
 RET 

TEXT ·RawSyscall(SB),NOSPLIT,$0-56 
 MOVQ trap+0(FP), AX   // syscall entry 
 SYSCALL 
 JLS ok1 
 RET 
ok1: 
 RET 

�fqtØxÔ�KmgWUCC�Ìív�<bhfmgmgWUCC<l]hgmgWUCC你c~uΪǌǛĬqĆ̱àxϞ�

dfcW,)[c�

func entersyscall(dummy int32) { 
 reentersyscall(getcallerpc(unsafe.Pointer(&dummy)), getcallersp(unsafe.Pointer(&dummy))) 
} 

func reentersyscall(pc, sp uintptr) { 
 _g_ := getg() 

 //  
 save(pc, sp) 

 _g_.syscallsp = sp 
 _g_.syscallpc = pc 
 casgstatus(_g_, _Grunning, _Gsyscall) 

 //  sysmon  
 if atomicload(&sched.sysmonwait) != 0 { 
  systemstack(entersyscall_sysmon) 
  save(pc, sp) 
 } 

 //  
 _g_.m.syscalltick = _g_.m.p.ptr().syscalltick 
 _g_.sysblocktraced = true 
 _g_.m.mcache = nil 
 _g_.m.p.ptr().m = 0 
 atomicstore(&_g_.m.p.ptr().status, _Psyscall) 
} 
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̈́˚ǀȢ�gmgacb���gmgWUCC�Ƶśćb你îpūˁˋüîƘȹǛ�µÝuÑͤq�H�ɮ¸你
�Ô˳Èĉ�ƜȘϞʨɥ你ǬĎþqg˘ćrʴ你̮ƷǬ^ĖȢÃ΄ĽϞ�

dfcW,)[c�

func entersyscall_sysmon() { 
 if atomicload(&sched.sysmonwait) != 0 { 
  atomicstore(&sched.sysmonwait, 0) 
  notewakeup(&sched.sysmonnote) 
 } 
} 

ȣõƘȹǛ�Óé~y�ʛâÝuÑͤ是Ā¶ͥ了你�tūgŕȵ˳È�<bh<fgmgWUCCVCcW_�
ÆƱ�àĆȠq�HϞ�

dfcW,)[c�

func entersyscallblock(dummy int32) { 
 casgstatus(_g_, _Grunning, _Gsyscall) 
 systemstack(entersyscallblock_handoff) 
} 

func entersyscallblock_handoff() { 
 //  P  
 handoffp(releasep()) 
} 

func handoffp(_p_ *p) { 
 //  P  M  
 if !runqempty(_p_) || sched.runqsize != 0 { 
  startm(_p_, false) 
  return 
 } 

 ... 

 //  
 pidleput(_p_) 
} 

ąƘȹǛ�ͺ¸u你Ʋʻ̟ǡ�H�uʨɍ©y�你îpyqÜÃ�gmgacb�ɮËϞ�

dfcW,)[c�

func exitsyscall(dummy int32) { 
 _g_ := getg() 
 oldp := _g_.m.p.ptr() 
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 if exitsyscallfast() { 
  casgstatus(_g_, _Gsyscall, _Grunning) 
  return 
 } 

 mcall(exitsyscall0) 
} 

�Ǫ˯��<l]hgmgWUCCZUgh�uǇqćoͭâĪyƓŞʬq�H你�ȉƶðÛ�"�ƜȘ˳ÈϞ�

dfcW,)[c�

func exitsyscallfast() bool { 
 _g_ := getg() 

 // STW  
 if sched.stopwait == freezeStopWait { 
  _g_.m.mcache = nil 
  _g_.m.p = 0 
  return false 
 } 

 //  P  
 if _g_.m.p != 0 && _g_.m.p.ptr().status == _Psyscall &&  
    cas(&_g_.m.p.ptr().status, _Psyscall, _Prunning) { 
  _g_.m.mcache = _g_.m.p.ptr().mcache 
  _g_.m.p.ptr().m.set(_g_.m) 
  return true 
 } 

 //  P  
 oldp := _g_.m.p.ptr() 
 _g_.m.mcache = nil 
 _g_.m.p = 0 
 if sched.pidle != 0 { 
  var ok bool 
  systemstack(func() { 
   ok = exitsyscallfast_pidle() 
  }) 
  if ok { 
   return true 
  } 
 } 
 return false 
} 

func exitsyscallfast_pidle() bool { 
 _p_ := pidleget() 

 //  sysmon  
 if _p_ != nil && atomicload(&sched.sysmonwait) != 0 { 
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  atomicstore(&sched.sysmonwait, 0) 
  notewakeup(&sched.sysmonnote) 
 } 

 //  
 if _p_ != nil { 
  acquirep(_p_) 
  return true 
 } 
 return false 
} 

¶»k±̭ďͭâ�H�ŝʤ你�t�qüðÛƜȘëĒƯżÈțȝϞ�

dfcW,)[c�

func exitsyscall0(gp *g) { 
 _g_ := getg() 

 //  M  
 casgstatus(gp, _Gsyscall, _Grunnable) 
 dropg() 

 //  P  
 _p_ := pidleget() 
 if _p_ == nil { 
  //  
  globrunqput(gp) 
 } else if atomicload(&sched.sysmonwait) != 0 { 
  atomicstore(&sched.sysmonwait, 0) 
  notewakeup(&sched.sysmonnote) 
 } 

 //  P  
 if _p_ != nil { 
  acquirep(_p_) 
  execute(gp, false) // Never returns. 
 } 

 //  P  M  
 stopm() 
 schedule() // Never returns. 
} 

ťbƐÏ你W[c�ſ�výØq̦ů¿ǔ你îpūØ°tĠǛĬɰǅúϞ�

W[cWUCC)[c�

func cgocall(fn, arg unsafe.Pointer) int32 { 
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 /* 
  * 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. 
  * 
  * The call to asmcgocall is guaranteed not to split the stack and does not allocate  
  * memory, so it is safe to call while "in a system call", outside the $GOMAXPROCS  
  * accounting. 
  */ 
 entersyscall(0) 
 errno := asmcgocall(fn, arg) 
 exitsyscall(0) 
} 


��AD�

Ƙȹ̈́˚ǀȢrvxÛÖÜÅ̐͠z_æ¸v你¦x�ū¬^ĦĽϞ�

p ̂ëʬʆĤz�0��ǳq�gdUb�ņúĿȪϞ�
p ¶»Ĥz�-��ǳ�y¸Ł你őŮ˳ÈϞ�
p üÝuÑƳŬúq�b<hdcCC�Ľ»ͣídƜȘțȝϞ�
p ōÝuÑżÈq�"�ƜȘ��ɮͅǛĬϞ�
p Ł¸î�gmgWUCC�ÝuÑͤq�HϞ�

xĖĒ¸Łˈǫu你gmgacb�gmĖĒɗ˛你à�rvÀgx�gmgWUCC��jd�kβ
ȺǇʡϞȩĮ你ghUfhL?<OcfCX�ng¬βȺŬúϞŵȿ̈́˚ǀȢÿśżÈ你�ĿȪ�Ȥϝ
¸Ł�ň�ǛĬhƵśćbϞ�

dfcW,)[c�

func startTheWorldWithSema() { 
 sched.gcwaiting = 0 
 if sched.sysmonwait != 0 { 
  sched.sysmonwait = 0 
  notewakeup(&sched.sysmonnote) 
 } 
} 

¦x你�rv̅˗ĉ�ƜȘ你jj��gmgWUCC���df<<adh�qŬúϞ�

dfcW,)[c�

func sysmon() { 

!137



��
���	���

 for { 
  usleep(delay) 

  // STW  sysmon  
  if debug.schedtrace <= 0 &&  
    (sched.gcwaiting != 0 || atomicload(&sched.npidle) == uint32(gomaxprocs)) { 
   if atomicload(&sched.gcwaiting) != 0 ||  
      atomicload(&sched.npidle) == uint32(gomaxprocs) { 
    //  
    atomicstore(&sched.sysmonwait, 1) 
    notetsleep(&sched.sysmonnote, maxsleep) 

    //  
    atomicstore(&sched.sysmonwait, 0) 
    noteclear(&sched.sysmonnote) 
   } 
  } 

  lastpoll := int64(atomicload64(&sched.lastpoll)) 
  now := nanotime() 
  unixnow := unixnanotime() 

  //  10ms  netpoll  
  if lastpoll != 0 && lastpoll+10*1000*1000 < now { 
   cas64(&sched.lastpoll, uint64(lastpoll), uint64(now)) 
   gp := netpoll(false) // non-blocking - returns list of goroutines 
   if gp != nil { 
    injectglist(gp) 
   } 
  } 

  //  syscall  P  

  //  G  
  if retake(now) != 0 { 
   idle = 0 
  } else { 
   idle++ 
  } 
 } 
} 

ĵĚy^�dX<gW�qÄʍĊĳ�ÔŵȪ�gmgacb�żÈȹƖ¼ĸ你ɔŘ`ͷɝ�gmgWUCC���"�uʨ
ĤuϞ�

dfcW,)[c�

var pdesc [_MaxGomaxprocs]struct { 
 schedtick   uint32 
 schedwhen   int64 
 syscalltick uint32 
 syscallwhen int64 
} 
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const forcePreemptNS = 10 * 1000 * 1000   // 10ms 

func retake(now int64) uint32 { 
 //  P  
 for i := int32(0); i < gomaxprocs; i++ { 
  _p_ := allp[i] 
  pd := &pdesc[i] 
  s := _p_.status 

  // P  syscall  
  if s == _Psyscall { 
   //  syscall  
   t := int64(_p_.syscalltick) 
   if int64(pd.syscalltick) != t { 
    pd.syscalltick = uint32(t) 
    pd.syscallwhen = now 
    continue 
   } 

   //  P 2 tick, 20us  P  
   if runqempty(_p_) &&  
      atomicload(&sched.nmspinning)+atomicload(&sched.npidle) > 0 && 
      pd.syscallwhen+10*1000*1000 > now { 
    continue 
   } 

   //  P  
   if cas(&_p_.status, s, _Pidle) { 
    _p_.syscalltick++ 
    handoffp(_p_) 
   } 
  } else if s == _Prunning { 
   //  G  
   t := int64(_p_.schedtick) 
   if int64(pd.schedtick) != t { 
    pd.schedtick = uint32(t) 
    pd.schedwhen = now 
    continue 
   } 

   //  10ms  
   if pd.schedwhen+forcePreemptNS > now { 
    continue 
   } 

   //  
   preemptone(_p_) 
  } 
 } 
} 
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à˪ɮͅǛĬbĀwiɁqȍŠǌk你ştuw�pq�ϠɮͅǔkƜȘ˟ÚƘȹ的��¯°�Ϟ
îp�"cCUb[�ǛĬɰň�y�ÿÏɼequÑÞ͂ǜ你�uxƿȯ�"�eǶʆs^ɮͅȯȻ你
ðŤƜȘǛ�ȣ^ώƀu你Ã̬έɰĄ͏qǇʡ~g̟ǡc^ȯȻ你ąµǭâuʨ͑Ȓð
ÛƜȘϞ�

dfcW,)[c�

// Tell the goroutine running on processor P to stop. 
// This function is purely best-effort.  It can incorrectly fail to inform the 
// goroutine.  It can send inform the wrong goroutine.  Even if it informs the 
// correct goroutine, that goroutine might ignore the request if it is 
// simultaneously executing newstack. 
// No lock needs to be held. 
// Returns true if preemption request was issued. 
// The actual preemption will happen at some point in the future 
// and will be indicated by the gp->status no longer being 
// Grunning 
func preemptone(_p_ *p) bool { 
 mp := _p_.m.ptr() 
 gp := mp.curg 
 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 
} 

ŵȅcǩƕƩ�qƐ̂你�uǞɩw你df<<adh��qyõtǂ̛Ϟ�

y·^ȯȻ你äʂ�Ú�qu�")ghUW_[iUfX+Ϟ")df<<adh��u�Ǻ你�ƻx�ghUW_[iUfX+�
¬¸Ψ�̟ǡȯȻu你ɍ©y��df<<adh�ΛȈɮͅˈǫϞ�

̬έɰ͏ĒqǇʡ⼈�è你~u�^�acf<ghUW_ϞðūǛ��b<kghUW_�Κűug̟ǡɮͅȯ
Ȼ你ňǭâuʨ͑ȒðÛƜȘ你ð©c�{xäʂΚű´ÛϞ�

ghUW_,)[c�

func newstack() { 
 preempt := atomicloaduintptr(&gp.stackguard0) == stackPreempt 

 if preempt { 
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  //  M  
  if thisg.m.locks != 0 || thisg.m.mallocing != 0 ||  
     thisg.m.preemptoff != "" || thisg.m.p.ptr().status != _Prunning { 
   // stackguard0  G.preempt  
   gp.stackguard0 = gp.stack.lo + _StackGuard 
   gogo(&gp.sched) // never return 
  } 
 } 

 if preempt { 
  //  
  if gp.preemptscan { 
   for !castogscanstatus(gp, _Gwaiting, _Gscanwaiting) { 
    // Likely to be racing with the GC as 
    // it sees a _Gwaiting and does the 
    // stack scan. If so, gcworkdone will 
    // be set and gcphasework will simply 
    // return. 
   } 
   if !gp.gcscandone { 
    scanstack(gp) 
    gp.gcscandone = true 
   } 
   gp.preemptscan = false 
   gp.preempt = false 
   casfrom_Gscanstatus(gp, _Gscanwaiting, _Gwaiting) 
   casgstatus(gp, _Gwaiting, _Grunning) 
   gp.stackguard0 = gp.stack.lo + _StackGuard 
   gogo(&gp.sched) // never return 
  } 

  //  G  M  
  casgstatus(gp, _Gwaiting, _Grunning) 
  gopreempt_m(gp) // never return 
 } 

 // Allocate a bigger segment and move the stack. 
 copystack(gp, uintptr(newsize)) 
 gogo(&gp.sched) 
} 

dfcW,)[c�

func gopreempt_m(gp *g) { 
 goschedImpl(gp) 
} 

func goschedImpl(gp *g) { 
 status := readgstatus(gp) 
 casgstatus(gp, _Grunning, _Grunnable) 
 dropg() 
 globrunqput(gp) 
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 schedule() 
} 

c^ɮͅǛĬºŮ¤rq«¾uħ`ħˠ你̜ɶ¸Ł�ϒΚűc^uºhtu��Ϡʛâ的���Ϡä
u的Ϟ§Ŵ˝|yώƀĿȠ�ʖƦıʹɅÉȃ��acf<ghUW_�tg˳ÈîɾϞt²¢�Ř�ƶŨÓ
gyŴƺĖϞ�

���l]�

ñƜȘ˳ÈyĆqæ¯͑Ȓ˟ÚϞ�

�8��2�.�

yÃ�ǟǛ�q�fibh]a<)"cgW?<X�üðÛ�"�ƜȘ͑Ȓ你ćoë¸Äʍțȝ你��ðÛ�E�}
˳Èĉ�ƜȘϞrv¡ť��"�¬βȺ˟Ú你îpĦˣgÃȣ^�E�ćoƝd你ňą�Ϡɝ�的�
ΛȈϞ�

dfcW)[c�

func Gosched() { 
 mcall(gosched_m) 
} 

dfcW,)[c�

func gosched_m(gp *g) { 
 goschedImpl(gp) 
} 

func goschedImpl(gp *g) {  
 //  
 casgstatus(gp, _Grunning, _Grunnable) 
 dropg() 

 //  G  
 globrunqput(gp) 

 //  
 schedule() 
} 
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func dropg() { 
 _g_ := getg() 

 if _g_.m.lockedg == nil { 
  _g_.m.curg.m = nil 
  _g_.m.curg = nil 
 } 
} 

ä¦�Ϡɝ�ΛȈ的�qĆ̱ƹ�aWUCC�ä¦你ūüðÛ˳Èˈǫ你Ŷ�KHϝH��ͦȪɰÉȊŵȪ
d�")gW?<X�Ȅ̼Ϟ�

UgaTUaX1/)g�

TEXT runtime·mcall(SB), NOSPLIT, $0-8 
 MOVQ fn+0(FP), DI 
  
 get_tls(CX) 
 MOVQ g(CX), AX   // save state in g->sched 
 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) 
 MOVQ BP, (g_sched+gobuf_bp)(AX) 

 // switch to m->g0 & its stack, call fn 
 ... 

ð�<l<Wih<[c[c�Ù±˳ÈŤƜȘu你m©yąlΛȈˈǫϞǱÿ˳Èϒu�"�mĢq你t
�ˢw˳Èƀɔ˂ŝϞ�

189#�4�

ñ�"cgW?<X��fqȄôxÔ你[cdUf_�ň�ü�"�ë¸ƯżÈțȝϞn~ux你ƲʻÆΛ
Ȉ你ʨɥŤƜȘgˡŝϞ�

dfcW)[c�

func gopark(unlockf func(*g, unsafe.Pointer) bool, lock unsafe.Pointer, reason string, ...) { 
 mp := acquirem() 
 gp := mp.curg 

 mp.waitlock = lock 
 mp.waitunlockf = *(*unsafe.Pointer)(unsafe.Pointer(&unlockf)) 
 gp.waitreason = reason 
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 mp.waittraceev = traceEv 
 mp.waittraceskip = traceskip 
 releasem(mp) 

 mcall(park_m) 
} 

Ø°uƹ�aWUCC�ŵȪ˳Èˈǫ你|y^�ibCcW_Z�Úp͑ȒͷɝŀġϞ�

dfcW,)[c�

func park_m(gp *g) { 
 _g_ := getg() 

 //  
 casgstatus(gp, _Grunning, _Gwaiting) 
 dropg() 

 //  false  
 if _g_.m.waitunlockf != nil { 
  fn := *(*func(*g, unsafe.Pointer) bool)(unsafe.Pointer(&_g_.m.waitunlockf)) 
  ok := fn(gp, _g_.m.waitlock) 
  _g_.m.waitunlockf = nil 
  _g_.m.waitlock = nil 
  if !ok { 
   casgstatus(gp, _Gwaiting, _Grunnable) 
   execute(gp, true) // Schedule it back, never returns. 
  } 
 } 

 //  
 schedule() 
} 

ñ´Ȥȕ你[cf<UXm��ÔΛȈ˳È你"�Ãë¸ǰǉƃ�¹q�H)fibb<lhϞ�

dfcW)[c�

func goready(gp *g, traceskip int) { 
 systemstack(func() { 
  ready(gp, traceskip) 
 }) 
} 

dfcW,)[c�
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func ready(gp *g, traceskip int) { 
 //  runnext  
 casgstatus(gp, _Gwaiting, _Grunnable) 
 runqput(_g_.m.p.ptr(), gp, true) 
} 

78���5��9�

ýĀ�[cgW?<Xϝ[cdUf_你Ǳŉ§͈Φq�bch<gC<<d�ˍt���E你n~tg��"�ć¸ƜȘțȝϞ
ūŖŋ�ǀȢɗ˛ŖdÃβȺ你§ǿł�ghcdaϝ[WEUf_�cɧřʁmΒqČȼϞ�

x�C]bilϝXfU[cbZCmϝZf<<VgX�ŐǦ你bch<gC<<d�uɫÔ�Zih<l�q¹þqä¦Ϟ�

>ih<l�ĶśɭÚ�Ϡ�Ǫ�ǟȄˆς的你us¯x�ǟŞÑä¦qͥ是ˆς了ºŮϞk˳ÈŠĺ是Ė
ȢƓǀȢ了ĶzȽÇØs�ĿȪ是Ǭƀ了`ä¦ÉƯ�βȺ˟ÚϞîp�>ih<l��x˟ÚĽ»ts
ɿuÀĖĒĿ̉λΌ你à�yƵś¹q˳Èǝ˒Ϟ  
 
§kĿűĔǄȇ�aUb�-�Zih<lϞ�

fibh]a<-)[c�

type m struct { 
 park note 
} 

type note struct { 
 // Futex-based impl treats it as uint32 key, while sema-based impl as M* waitm. 
 key uintptr 
} 

ɛ�bch<)_<m�Ȋ`Ŭúɗ˛�βȺ˟ÚϞ�

CcW_TZih<l)[c�

func notesleep(n *note) { 
 gp := getg() 

 for atomicload(key32(&n.key)) == 0 { 
  gp.m.blocked = true 
  futexsleep(key32(&n.key), 0, -1)   //  n.key == 0  

  gp.m.blocked = false   //  n.key == 1  
 } 
} 
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func notewakeup(n *note) { 
 //  old != 0  
 old := xchg(key32(&n.key), 1) 
 if old != 0 { 
  throw("notewakeup - double wakeup") 
 } 

 //  n.key == 1  
 futexwakeup(key32(&n.key), 1) 
} 

//  
func noteclear(n *note) { 
 n.key = 0 
} 

cg,TC]bil)[c�

func futexsleep(addr *uint32, val uint32, ns int64) { 
 var ts timespec 

 //  
 if ns < 0 { 
  futex(unsafe.Pointer(addr), _FUTEX_WAIT, val, nil, nil, 0) 
  return 
 } 

 ts.set_sec(ns / 1000000000) 
 ts.set_nsec(int32(ns % 1000000000)) 

 //  futex_value == val  FUTEX_WAKE  
 futex(unsafe.Pointer(addr), _FUTEX_WAIT, val, unsafe.Pointer(&ts), nil, 0) 
} 

func futexwakeup(addr *uint32, cnt uint32) { 
 //  cnt  futex_value = 1  
 ret := futex(unsafe.Pointer(addr), _FUTEX_WAKE, cnt, nil, nil, 0) 
} 

ĉ�tǠŽ�Zih<l�q�XUfk]bϝk]bXckg�ÉŐǦ你yǄ͘�CcW_Tg<aU)[c�ɫÔ�g<aUd?cf<�qä¦Ϟ�

�8�!3��

�ǟyǛ��fibh]a<)"c<l]h�ȑŸƎʅ�"�ƜȘ你tǅðÛŬÔǛ�˹ϒqƑ^ʗ±ϞxƎʅ
Û你ūʛŵày�")X<Z<f�Ã˳ÈϞ�
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dUb]W)[c�

func Goexit() { 
 gp := getg() 
 for { 
  d := gp._defer 
  ... 
  freedefer(d) 
 } 
 goexit1() 
} 

ĀɈyʃqux�aU]b�[cfcih]b<��˳È�"c<l]h你ūgÉƯĉ��[cfcih]b<�Ľˑ�ÀgΑΉϞ

h<gh)[c�

package main 

import ( 
    "fmt" 
    "runtime" 
    "time" 
) 

func main() { 
    for i := 0; i < 3; i++ { 
        go func(n int) { 
            time.Sleep(time.Second * time.Duration(n+1)) 
            fmt.Printf("G%d end.\n", n) 
        }(i) 
    } 

    println("Goexit.") 
    runtime.Goexit() 
    println("never execute.") 
} 

$ go build -o test test.go && ./test 

Goexit. 
G0 end. 
G1 end. 
G2 end. 

fatal error: no goroutines (main called runtime.Goexit) - deadlock! 

runtime stack: 
runtime.throw(0x52cdc0, 0x36) 
    /usr/local/go/src/runtime/panic.go:527 +0x90 
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runtime.checkdead() 
    /usr/local/go/src/runtime/proc1.go:2933 +0x1fb 
runtime.mput(0xc82002a900) 
    /usr/local/go/src/runtime/proc1.go:3268 +0x46 
runtime.stopm() 
    /usr/local/go/src/runtime/proc1.go:1126 +0xdd 
runtime.findrunnable(0xc82001c000, 0x0) 
    /usr/local/go/src/runtime/proc1.go:1530 +0x69e 
runtime.schedule() 
    /usr/local/go/src/runtime/proc1.go:1639 +0x267 
runtime.goexit0(0xc820001380) 
    /usr/local/go/src/runtime/proc1.go:1765 +0x1a2 
runtime.mcall(0x0) 
    /usr/local/go/src/runtime/asm_amd64.s:204 +0x5b 

��892��8�5.�

ÓŊq��你rvjjɑɿǬ^ĖȢ�ǟξʉȒʅq�KLO�u¶Ŵä¦qϞ�

�ǟξʉ͑ȒƲʻuxs^ĄÄ�e你ʨɥgʑ��kÏĮĘķϞîŘ你ghcdL?<OcfCX�Ø
°uĶz�ϠĶ²的�ºŮ你��"�ÆȒʅϞĀ¶你Ƕʆ�Ϡ[WkU]h]b[�6�,的��ǛĬώƀ�gW?<XiC<�
Æɗ˛�E有ōàyÿxżÈq�"�ƜȘ��ɮͅǛĬ你ſĉ͑ȒϞ�

dfcW,)[c�

func stopTheWorld(reason string) { 
 semacquire(&worldsema, false) 
 getg().m.preemptoff = reason 
 systemstack(stopTheWorldWithSema) 
} 

func stopTheWorldWithSema() { 
 _g_ := getg() 
 sched.stopwait = gomaxprocs 

 //  schedule  M  
 atomicstore(&sched.gcwaiting, 1) 

 //  G  
 preemptall() 

 //  P  
 _g_.m.p.ptr().status = _Pgcstop 
 sched.stopwait-- 

 //  syscall  P  
 for i := 0; i < int(gomaxprocs); i++ { 
  p := allp[i] 
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  s := p.status 
  if s == _Psyscall && cas(&p.status, s, _Pgcstop) { 
   p.syscalltick++ 
   sched.stopwait-- 
  } 
 } 

 //  P  
 for { 
  p := pidleget() 
  if p == nil { 
   break 
  } 
  p.status = _Pgcstop 
  sched.stopwait-- 
 } 

 wait := sched.stopwait > 0 

 //  
 if wait { 
  for { 
   //  100us  

   // handoffp gcstopm entersyscall_gcwait  sched.stopwait--  

   //    stopwait == 0  stopnote  

   //    
   if notetsleep(&sched.stopnote, 100*1000) { 
    noteclear(&sched.stopnote) 
    break 
   } 
   preemptall() 
  } 
 } 

 //  P  
 for i := 0; i < int(gomaxprocs); i++ { 
  p := allp[i] 
  if p.status != _Pgcstop { 
   throw("stopTheWorld: not stopped") 
  } 
 } 
} 

//  P  
func preemptall() bool { 
 res := false 
 for i := int32(0); i < gomaxprocs; i++ { 
  _p_ := allp[i] 
  if _p_ == nil || _p_.status != _Prunning { 
   continue 
  } 
  if preemptone(_p_) { 
   res = true 
  } 
 } 
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 return res 
} 

ĦĎej你ghcdL?<OcfCX�|u�Ő�qs¯¥ǩ你gʹɅÉƯƿȯƜȘĖĒs^ĄÄ��
Æ͑ȒϞµ�ghUfhL?<OcfCX�~§ȍŠ你̜ɶuą΄Ľˈǫ�Ś你¡ƵuβȺýĆ�HE�ȉ
ƶ˳ÈƜȘϞ�

dfcW,)[c�

func startTheWorld() { 
 systemstack(startTheWorldWithSema) 
 semrelease(&worldsema) 
 getg().m.preemptoff = "" 
} 

func startTheWorldWithSema() { 
 _g_ := getg() 

 //  procresize  
 p1 := procresize(procs) 

 //  
 sched.gcwaiting = 0 

 //  sysmon  
 if sched.sysmonwait != 0 { 
  sched.sysmonwait = 0 
  notewakeup(&sched.sysmonnote) 
 } 

 //  P  
 for p1 != nil { 
  p := p1 
  p1 = p1.link.ptr() 
  if p.m != 0 { 
   mp := p.m.ptr() 
   p.m = 0 
   mp.nextp.set(p) 
   notewakeup(&mp.park) 
  } else { 
   // Start M to run P.  Do not start another M below. 
   newm(nil, p) 
   add = false 
  } 
 } 

 //  
 if atomicload(&sched.npidle) != 0 && atomicload(&sched.nmspinning) == 0 { 
  wakep() 
 } 
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 //  
 if _g_.m.locks == 0 && _g_.preempt { 
  _g_.stackguard0 = stackPreempt 
 } 
} 
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Ķ¢是W?Ubb<C了u�"cCUb[�ä¦��KH�ň�ʇȸqĆ̱你̔̏�Ķ˼`ä¦ƀɔȽÇϞy�
x你ʺv�W?Ubb<C你[cfcih]b<�gϐ©ŝěϞ�

�cb�h�Wcaaib]WUh<�Vm�g?Uf]b[�a<acfm'�g?Uf<�a<acfm�Vm�Wcaaib]WUh]b[)  
�KH5��caaib]WUh]b[�K<ei<bh]UC�HfcW<gg)�

 ��+C�

Øǈ�˩ǈqȄô你xÔuʨy͆ʝΤϞ�

W?Ub)[c�

type hchan struct { 
 dataqsiz uint            //  

 buf      unsafe.Pointer  //  

 elemsize uint16  //  

 elemtype *_type   //  
} 

W?Ub)[c�

func makechan(t *chantype, size int64) *hchan { 
 elem := t.elem 

 //  64KB  
 if elem.size >= 1<<16 { 
  throw("makechan: invalid channel element type") 
 } 

 //  
 if size < 0 || int64(uintptr(size)) != size ||  
   (elem.size > 0 && uintptr(size) > (_MaxMem-hchanSize)/uintptr(elem.size)) { 
  panic("makechan: size out of range") 
 } 

 var c *hchan 

 //  
 if elem.kind&kindNoPointers != 0 || size == 0 { 
  //  
  c = (*hchan)(mallocgc(hchanSize+uintptr(size)*uintptr(elem.size), nil, flagNoScan)) 
  if size > 0 && elem.size != 0 { 
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   //  
   c.buf = add(unsafe.Pointer(c), hchanSize) 
  } else { 
   c.buf = unsafe.Pointer(c) 
  } 
 } else { 
  c = new(hchan) 
  c.buf = newarray(elem, uintptr(size)) 
 } 

 //  
 c.elemsize = uint16(elem.size) 
 c.elemtype = elem 
 c.dataqsiz = uint(size) 

 return c 
} 

���x3�

Ʋʻ��W?Ubb<C�Ł�Ō¿是"了ĖÈŶů你îpbͼĢƀɔɘ你Ȫ̢ýĆˈǫϞ�

fibh]a<-)[c�

type g struct { 
 param unsafe.Pointer   //  
} 

type sudog struct { 
 g      *g 
 elem   unsafe.Pointer   //  
} 

ȩĮ你W?Ubb<C�|sƮɌ�ŭ�ŋŁƋÉƯțȝ你�Ȑ˩ǈ͆ʝΤɅˈțȝ̄ʑĺʆϞ�

W?Ub)[c�

type hchan struct { 
 qcount   uint            //  

 closed   uint32  //  

 sendx    uint     //  

 recvx    uint     //  

 recvq    waitq    //  

 sendq    waitq    //  
} 
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type waitq struct { 
 first *sudog 
 last  *sudog 
} 

��ǆs°你giXc[�nä¦vøƃ͆ȪȈ�ĎƘϞ�

fibh]a<-)[c�

type p struct { 
 sudogcache []*sudog       //  procresize new(p)  sudogbuf  
 sudogbuf   [128]*sudog 
} 

type schedt struct { 
 sudogcache *sudog 
} 

dfcW)[c�

func acquireSudog() *sudog { 
 pp := mp.p.ptr() 

 //  
 if len(pp.sudogcache) == 0 { 
  //  
  for len(pp.sudogcache) < cap(pp.sudogcache)/2 && sched.sudogcache != nil { 
   s := sched.sudogcache 
   sched.sudogcache = s.next 
   s.next = nil 
   pp.sudogcache = append(pp.sudogcache, s) 
  } 

  //  
  if len(pp.sudogcache) == 0 { 
   pp.sudogcache = append(pp.sudogcache, new(sudog)) 
  } 
 } 

 //  
 n := len(pp.sudogcache) 
 s := pp.sudogcache[n-1] 
 pp.sudogcache[n-1] = nil 
 pp.sudogcache = pp.sudogcache[:n-1] 

 return s 
} 

func releaseSudog(s *sudog) { 
 pp := mp.p.ptr() 
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 //  
 if len(pp.sudogcache) == cap(pp.sudogcache) { 
  //  
  var first, last *sudog 
  for len(pp.sudogcache) > cap(pp.sudogcache)/2 { 
   n := len(pp.sudogcache) 
   p := pp.sudogcache[n-1] 
   pp.sudogcache[n-1] = nil 
   pp.sudogcache = pp.sudogcache[:n-1] 
   if first == nil { 
    first = p 
   } else { 
    last.next = p 
   } 
   last = p 
  } 
   
  //  
  last.next = sched.sudogcache 
  sched.sudogcache = first 
 } 

 pp.sudogcache = append(pp.sudogcache, s) 
} 

gW?<X)giXc[WUW?<�͆Ȫgx¸Ł˳È�WC<UfdccCg�uÃĲú你û�H�Ó•͆ȪgÃŵȅϞ�

Øǈ�˩ǈŁ�Ʀıy�fɟ˩你ût²ÚƋp£tƵbüūvͤds�Ϟcõj�`y
õɲfqώƀ你�zj��tʎŒϞpƻÔ�͖你rvüĉų�`Ϟ�

_'�

ØǈʇǔqĆ̱uŗdάȤqŋŁƓ�ŭ¿你ŗdɥŖŋϘɪƀɔ你ŗtd~üméÕŶ
�ëĒÉƯțȝ你ƹȩs¿ȈŮƀɔňβȺϞ�

xØǈʇǔr你W?Ubb<C�qÚ�ʀuƮɌ�ŭ�ŋŁƋțȝ你ƀɔȈŮñ�W?Ubb<C�¡ĆϞ
ȩĮxβȺ�你ťbȧȿβȺƋéơ你�ŘǭâuʨyäʂqƀɔŲͬϞ�

W?Ub)[c�

func chansend1(t *chantype, c *hchan, elem unsafe.Pointer) { 
 chansend(t, c, elem, true, getcallerpc(unsafe.Pointer(&t))) 
} 
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//  eq  
func chansend(t *chantype, c *hchan, ep unsafe.Pointer, block bool, callerpc uintptr) bool { 
 //  
 if c.dataqsiz == 0 { 
  //  
  sg := c.recvq.dequeue() 
  if sg != nil { 
   recvg := sg.g 

   //  memmove  
   if sg.elem != nil { 
    syncsend(c, sg, ep) 
   } 

   //  

   // closechan  param = nil  
   recvg.param = unsafe.Pointer(sg) 

   //  
   goready(recvg, 3) 
   return true 
  } 

  //  sudog  
  gp := getg() 
  mysg := acquireSudog()  //  sudog  
  mysg.elem = ep 
  mysg.g = gp 
  gp.param = nil 

  //  sudog  
  c.sendq.enqueue(mysg) 
  goparkunlock(&c.lock, "chan send", traceEvGoBlockSend, 3) 

  //  closechan  

  //  
  gp.waiting = nil 
  if gp.param == nil { 
   if c.closed == 0 { 
    throw("chansend: spurious wakeup") 
   } 
   panic("send on closed channel") 
  } 
  gp.param = nil 

  //  sudog  
  releaseSudog(mysg) 
  return true 
 } 
} 
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ŋŁƕƩ��ŭæʋsɿ你ɟôxÔĐǉĖĒÉƯțȝ你ĐˁˋβȺϞ̬έɰgütØǓ
ıɄέ�tØqώƀǛ�Ϟ�

W?Ub)[c�

// <- chan 
func chanrecv1(t *chantype, c *hchan, elem unsafe.Pointer) { 
 chanrecv(t, c, elem, true) 
} 

// x, ok := <- chan 
// for x := range chan 
func chanrecv2(t *chantype, c *hchan, elem unsafe.Pointer) (received bool) { 
 _, received = chanrecv(t, c, elem, true) 
 return 
} 

W?Ub)[c�

func chanrecv(t *chantype, c *hchan, ep unsafe.Pointer, block bool) (selected, received bool) { 
 //  
 if c.dataqsiz == 0 { 
  //  
  sg := c.sendq.dequeue() 
  if sg != nil { 
   //  
   if ep != nil { 
    typedmemmove(c.elemtype, ep, sg.elem) 
   } 
   sg.elem = nil 
   gp := sg.g 
  
   //  
   gp.param = unsafe.Pointer(sg) 

   //  
   goready(gp, 3) 

   selected = true 
   received = true 
   return 
  } 

  //  sudog  
  gp := getg() 
  mysg := acquireSudog() 
  mysg.elem = ep 
  mysg.g = gp 
  gp.param = nil 

  //  
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  c.recvq.enqueue(mysg) 
  goparkunlock(&c.lock, "chan receive", traceEvGoBlockRecv, 3) 

  //  

  //  
  gp.waiting = nil 

  //  
  haveData := gp.param != nil 
  gp.param = nil 

  //  sudog  
  releaseSudog(mysg) 

  if haveData { 
   selected = true 
   received = true 
   return 
  } 

  return recvclosed(c, ep) 
 } 
} 

k'�

˩ǈʇǔɛ͆ʝΤĖÈϞðyŞĺu你�ŭƋōΤlȈŮƀɔ有yƀɔ�你ŋŁƋąΤ
lóċƀɔϞŌ¿hyβȺƁțȩs¿ȉƶĴÚqˋƜϞ�

W?Ub)[c�

func chansend(t *chantype, c *hchan, ep unsafe.Pointer, block bool, callerpc uintptr) bool { 
 //  

 //  
 for futile := byte(0); c.qcount >= c.dataqsiz; futile = traceFutileWakeup { 
  //  sudog  
  gp := getg() 
  mysg := acquireSudog() 
  mysg.g = gp 
  mysg.elem = nil 

  //  
  c.sendq.enqueue(mysg) 
  goparkunlock(&c.lock, "chan send", traceEvGoBlockSend|futile, 3) 

  //  qcount < dataqsiz  

  //  sudog  
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  releaseSudog(mysg) 
 } 

 //  
 typedmemmove(c.elemtype, chanbuf(c, c.sendx), ep) 

 //  
 c.sendx++ 
 if c.sendx == c.dataqsiz { 
  c.sendx = 0 
 } 
 c.qcount++ 

 //  
 sg := c.recvq.dequeue() 
 if sg != nil { 
  recvg := sg.g 
  goready(recvg, 3) 
 } 

 return true 
} 

�ŭʻy͆ʝΤŞĺ你µŋŁɥʻΤlyy�ƀɔɘϞ�

W?Ub)[c�

func chanrecv(t *chantype, c *hchan, ep unsafe.Pointer, block bool) (selected, received bool) { 
 //  

 //  
 for futile := byte(0); c.qcount <= 0; futile = traceFutileWakeup { 
  //  sudog  
  gp := getg() 
  mysg := acquireSudog() 
  mysg.elem = nil 
  mysg.g = gp 

  //  
  c.recvq.enqueue(mysg) 
  goparkunlock(&c.lock, "chan receive", traceEvGoBlockRecv|futile, 3) 

  // qcount > 0  

  //  sudog  
  releaseSudog(mysg) 
 } 

 //  
 if ep != nil { 
  typedmemmove(c.elemtype, ep, chanbuf(c, c.recvx)) 
 } 
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 //  
 memclr(chanbuf(c, c.recvx), uintptr(c.elemsize)) 
 c.recvx++ 
 if c.recvx == c.dataqsiz { 
  c.recvx = 0 
 } 
 c.qcount-- 

 //  
 sg := c.sendq.dequeue() 
 if sg != nil { 
  gp := sg.g 
  goready(gp, 3) 
 } 

 selected = true 
 received = true 
 return 
} 

8$�

Ć̥˟ÚüàyƁțƋβȺ你ňĶz�W?Ub)WCcg<Xϝ[)dUfUa�ǄƀǞ²ƹ�WCcg<���Ϟ�

p ō�WCcg<X�W?Ubb<C��ŭƀɔ你̰��dUb]WϞ�
p ą�WCcg<X�W?Ubb<C�ɇċƀɔ你ͺ¸̞ȊϞ�
p ¡ƪŁ�你b]C�W?Ubb<C�hgͤϞ�

W?Ub)[c�

func closechan(c *hchan) { 
 //  
 if c.closed != 0 { 
  panic("close of closed channel") 
 } 

 //  
 c.closed = 1 

 //  
 for { 
  sg := c.recvq.dequeue() 
  if sg == nil { 
   break 
  } 
  gp := sg.g 
  sg.elem = nil 
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  //  closechan  
  gp.param = nil 

  //  
  goready(gp, 3) 
 } 

 //  
 for { 
  sg := c.sendq.dequeue() 
  if sg == nil { 
   break 
  } 
  gp := sg.g 
  sg.elem = nil 

  // closechan  
  gp.param = nil 
  goready(gp, 3) 
 } 
} 

���im�

ŕȵʇǔ是g<C<Wh了uąk^�W?Ubb<C��Ƣºŕ�y�q�^你̬έɰgüýĆǓŹɄέ�
ȮĎqώƀǛ�Ϟ�

h<gh)[c�

package main 

import () 

func main() { 
    c1, c2 := make(chan int), make(chan int, 2) 

    select { 
    case c1 <- 1: 
        println(0x11) 
    case <-c2: 
        println(0x22) 
    default: 
        println(0xff) 
    } 
} 
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Ǳ̬͟Ϟ�

$ go build -o test test.go 

$ go tool objdump -s "main\.main" test 

TEXT main.main(SB) test.go 
    test.go:6   0x2073  CALL runtime.makechan(SB)  // make(c1) 
    test.go:6   0x2096  CALL runtime.makechan(SB)  // make(c2) 
    test.go:8   0x20e2  CALL runtime.newselect(SB) // newselect 
    test.go:9   0x2104  CALL runtime.selectsend(SB) // case c1 
    test.go:11  0x2153  CALL runtime.selectrecv(SB) // case c2 
    test.go:13  0x2189  CALL runtime.selectdefault(SB) // case default 
    test.go:8   0x21c2  CALL runtime.selectgo(SB)  // selectgo 

āǬq�g<C<Wh��Ɂƹ�Ϡ?<UX<f�&�RbSgWUg<的�ɻ�你āÄu���tâÝĽ́ĎqĞƾϞ�

g<C<Wh)[c�

type hselect struct { 
 tcase     uint16    // ncase  

 ncase     uint16    // ncase  

 pollorder *uint16   //  scase  

 lockorder **hchan   //  scase channel  

 scase     [1]scase  // scase  
} 

type scase struct { 
 elem        unsafe.Pointer  // data element 
 c           *hchan          // chan 
 pc          uintptr         // return pc 
 kind        uint16 
 so          uint16   // vararg of selected bool 
 receivedp   *bool    // pointer to received bool (recv2) 
 releasetime int64 
} 

ɸŚƇώƀ�b<kg<C<Wh�ɤǶʆýĆɸŚƆþĮ你|üs±þ�ȤqĿȪǕ�¤ýĆǋǩϞ�

g<C<Wh)[c�

func newselect(sel *hselect, selsize int64, size int32) { 
 if selsize != int64(selectsize(uintptr(size))) { 
  throw("bad select size") 
 } 
 sel.tcase = uint16(size) 
 sel.ncase = 0 
 sel.lockorder = (**hchan)(add(unsafe.Pointer(&sel.scase),  
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                  uintptr(size)*unsafe.Sizeof(hselect{}.scase[0]))) 
 sel.pollorder = (*uint16)(add(unsafe.Pointer(sel.lockorder),  
     uintptr(size)*unsafe.Sizeof(*hselect{}.lockorder))) 
} 

func selectsize(size uintptr) uintptr { 
 selsize := unsafe.Sizeof(hselect{}) + 
  (size-1)*unsafe.Sizeof(hselect{}.scase[0]) + 
  size*unsafe.Sizeof(*hselect{}.lockorder) + 
  size*unsafe.Sizeof(*hselect{}.pollorder) 
 return round(selsize, _Int64Align) 
} 

xŬú_�g<C<Wh��Ɂ�你|ťɸŚƇ�gWUg<ϞzȢňtȈ˄你ɍ�bWUg<�ʛâĺʆ你ǶʆýĆ
ǄƀϞɍŧ�WUg<�W?Ubb<C�˟Ú¿ǔ你y�p�g<bXϝf<WjϝX<ZUiCh��¯Ϟ�

g<C<Wh)[c�

func selectsendImpl(sel *hselect, c *hchan, pc uintptr, elem unsafe.Pointer, so uintptr) { 
 //  
 i := sel.ncase 
 sel.ncase = i + 1 

 //  scase  
 cas := (*scase)(add(unsafe.Pointer(&sel.scase), uintptr(i)*unsafe.Sizeof(sel.scase[0]))) 

 cas.pc = pc 
 cas.c = c 
 cas.so = uint16(so) 
 cas.kind = caseSend 
 cas.elem = elem 
} 

func selectrecvImpl(sel *hselect, c *hchan, pc uintptr, elem unsafe.Pointer, ...) { 
 i := sel.ncase 
 sel.ncase = i + 1 
 cas := (*scase)(add(unsafe.Pointer(&sel.scase), uintptr(i)*unsafe.Sizeof(sel.scase[0]))) 
 cas.pc = pc 
 cas.c = c 
 cas.so = uint16(so) 
 cas.kind = caseRecv 
 cas.elem = elem 
 cas.receivedp = received 
} 

func selectdefaultImpl(sel *hselect, callerpc uintptr, so uintptr) { 
 i := sel.ncase 
 sel.ncase = i + 1 
 cas := (*scase)(add(unsafe.Pointer(&sel.scase), uintptr(i)*unsafe.Sizeof(sel.scase[0]))) 
 cas.pc = callerpc 
 cas.c = nil              //  lockorder  
 cas.so = uint16(so) 
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 cas.kind = caseDefault 
} 

ŕȵƦı³us^ɓς�[chc�ʰńqĤÝf˄ϗ你ũȍǾ¡ĆƕƩ�你̆w�ȋȋjϞ�

g<C<Wh)[c�

func selectgo(sel *hselect) { 
 pc, offset := selectgoImpl(sel) 
 *(*bool)(add(unsafe.Pointer(&sel), uintptr(offset))) = true 
 setcallerpc(unsafe.Pointer(&sel), pc) 
} 

func selectgoImpl(sel *hselect) (uintptr, uint16) { 
 //  scase  slice  
 scaseslice := slice{unsafe.Pointer(&sel.scase), int(sel.ncase), int(sel.ncase)} 
 scases := *(*[]scase)(unsafe.Pointer(&scaseslice)) 

 // pollorder:  scases  

 // lockorder:  channel  

 //  channel  
 sellock(sel) 

loop: 

 // ----------------------- 
 // 1:  case  
 // ----------------------- 

 for i := 0; i < int(sel.ncase); i++ { 
  //  pollorder  select  
  cas = &scases[pollorder[i]] 
  c = cas.c 

  switch cas.kind { 
  case caseRecv: 
   if c.dataqsiz > 0 {    //  

    if c.qcount > 0 {   //  
     goto asyncrecv 
    } 
   } else {     //  
    sg = c.sendq.dequeue() 
    if sg != nil {    //  
     goto syncrecv 
    } 
   } 
   if c.closed != 0 {    //  
    goto rclose 
   } 

!164



��
���	���

  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 { 
     goto syncsend 
    } 
   } 

  case caseDefault: 
   dfl = cas 
  } 
 } 

 //  case  default  
 if dfl != nil { 
  selunlock(sel) 
  cas = dfl 
  goto retc 
 } 

 // ----------------------------------------------------- 
 // 2:  case  select G  sudog  

 //     channel  
 // ----------------------------------------------------- 

 gp = getg() 
 done = 0 
 for i := 0; i < int(sel.ncase); i++ { 
  cas = &scases[pollorder[i]] 
  c = cas.c 

  //  sudog  

  //  case  sudog  
  sg := acquireSudog() 
  sg.g = gp 
  sg.selectdone = (*uint32)(noescape(unsafe.Pointer(&done))) 
  sg.elem = cas.elem 

  //  sudog  gp.waiting  

  //  pollorder  case  
  sg.waitlink = gp.waiting 
  gp.waiting = sg 

  //  case  
  switch cas.kind { 
  case caseRecv: 
   c.recvq.enqueue(sg) 
  case caseSend: 
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   c.sendq.enqueue(sg) 
  } 
 } 

 //  select G  case channel  
 gp.param = nil 
 gopark(selparkcommit, unsafe.Pointer(sel), "select", traceEvGoBlockSelect|futile, 2) 

 //  
 sellock(sel) 
 sg = (*sudog)(gp.param)  //  sudog  
 gp.param = nil 

 // -------------------------------- 
 // 3:  case  select G  
 // -------------------------------- 

 //  gp.waiting  
 sglist = gp.waiting 
 gp.waiting = nil 

 for i := int(sel.ncase) - 1; i >= 0; i-- { 
  //  pollorder  gp.waiting  
  k = &scases[pollorder[i]] 

  if sg == sglist { 
   //  
   cas = k 
  } else { 
   //  sudog  channel  
   c = k.c 
   if k.kind == caseSend { 
    c.sendq.dequeueSudoG(sglist) 
   } else { 
    c.recvq.dequeueSudoG(sglist) 
   } 
  } 

  //  sudog  
  sgnext = sglist.waitlink 
  sglist.waitlink = nil 
  releaseSudog(sglist) 
  sglist = sgnext 
 } 

 //  
 if cas == nil { 
  goto loop 
 } 

 //  
 selunlock(sel) 
 goto retc 
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//  
asyncrecv: 
asyncsend: 
syncrecv: 
rclose: 
syncsend: 

retc: 
 return cas.pc, cas.so 

sclose: 
 selunlock(sel) 
 panic("send on closed channel") 
} 

�c¯ƕƩĞƾ你�u¡ǓvϞ~ƦĪÓu���n�ƲbǊ�c°�你£tuòÀqǬúǯɹ⼈�

ȍƇ�qĈȢje}~ĲɱkvϞ�

,) ��dcCCcfX<f�ϠƢº的�ʐɋ你ŗ�ǲǺ_q�WUg<Ϟ�
-) ¶�yy��WUg<你ɥ̭ď�X<ZUiCh�WUg<Ϟ�
.) ¶hty�你ɥü�g<C<Wh�"�ÕŶëĒày�W?Ubb<C�qƁțȝăϞ�
/) Ŗd�g<C<Wh�"�Ãȣ^�W?Ubb<C�βȺ你ʐɋ�bWUg<�ǡŗƿȯ�WUg<Ϟ�

½±˟Ú你hťb�ÄŎ�W?Ubb<C�íͥ你c͜ĬʁʋªfvõϞ�

g<C<Wh)[c�

func sellock(sel *hselect) { 
 lockslice := slice{unsafe.Pointer(sel.lockorder), int(sel.ncase), int(sel.ncase)} 
 lockorder := *(*[]*hchan)(unsafe.Pointer(&lockslice)) 

 var c *hchan 
 for _, c0 := range lockorder { 
  //  channel  

  // lockorder  channel  
  if c0 != nil && c0 != c { 
   c = c0 
   lock(&c.lock) 
  } 
 } 
} 

func selunlock(sel *hselect) { 
 n := int(sel.ncase) 
 r := 0 
 lockslice := slice{unsafe.Pointer(sel.lockorder), n, n} 
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 lockorder := *(*[]*hchan)(unsafe.Pointer(&lockslice)) 

 //  default case  channel = nil  lockorder[0]  
 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] { 
   continue 
  } 
  unlock(&c.lock) 
 } 
} 

ǐ¿ʛâbƺĖ�g<C<Wh�CcW_你�u�f<C<Ug<�uÑƳâϞ�
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 ��'��

̲̾Ǜ�是X<Z<f了��fǰƸu你Ÿƻώƀ˳È�è你ɍ©qŵȿ¸ŁǷʫÉ˟Ús�˳
ÈϞû¶»�þqybŦ你ɽè˦qÃ˚Ů你�t|uŖŋ˳ÈĀɈ_Ϟ�

 ��/j�

rv�s^ȍŠqǘ͓`ͮ��X<Z<f�qʲʿϞ�

h<gh)[c�

package main 

import () 

func main() { 
    defer println(0x11) 
} 

Ǳ̬έ在�

$ go build -o test test.go 

$ go tool objdump -s "main\.main" test 

TEXT main.main(SB) test.go 
    test.go:5   0x204f  SUBQ $0x18, SP 
    test.go:6   0x2053  MOVQ $0x11, 0x10(SP) // arg 0x11 
    test.go:6   0x205c  MOVL $0x8, 0(SP)  // arg size 
    test.go:6   0x2063  LEAQ 0x8379e(IP), AX // 0x8379e(0x206a) = 0x85808 print function 
    test.go:6   0x206a  MOVQ AX, 0x8(SP)  //           +--- IP  
    test.go:6   0x206f  CALL runtime.deferproc(SB) 
    test.go:6   0x2074  CMPL $0x0, AX 
    test.go:6   0x2077  JNE 0x2084 
    test.go:7   0x2079  NOPL 
    test.go:7   0x207a  CALL runtime.deferreturn(SB) 
    test.go:7   0x207f  ADDQ $0x18, SP 
    test.go:7   0x2083  RET 

$ nm test | grep "85808" 

0000000000085808 s main.print.1.f 

!169



��
���	���

̬έɰü�X<Z<f�Ŭú�·^ώƀǛ�你X<Z<fdfcW�âɼs^̲̾Ǜ��Ɂ你©�xώƀĽˑ
ÛĶz�X<Z<ff<hifb�ā��ƎǛ�Ϟ�

�ÛÖs°你�ÔcɧǄƀtʛâqhu��ZibWjUC�Ŭú你g]n�uƿȯώƀǄƀÝĬϞ�

fibh]a<-)[c�

type _defer struct { 
 siz     int32 
 started bool 
 sp      uintptr   //  deferproc  SP  

 pc      uintptr   //  deferproc  IP  
 fn      *funcval 
 _panic  *_panic   // panic that is running defer 
 link    *_defer 
} 

dUb]W)[c�

func deferproc(siz int32, fn *funcval) { // arguments of fn follow fn 
 sp := getcallersp(unsafe.Pointer(&siz)) 
 argp := uintptr(unsafe.Pointer(&fn)) + unsafe.Sizeof(fn) 
 callerpc := getcallerpc(unsafe.Pointer(&siz)) 

 systemstack(func() { 
  d := newdefer(siz) 
  d.fn = fn 
  d.pc = callerpc 
  d.sp = sp 
  memmove(add(unsafe.Pointer(d), unsafe.Sizeof(*d)),  
   unsafe.Pointer(argp), uintptr(siz)) 
 }) 

 // deferproc returns 0 normally. 
 // a deferred func that stops a panic makes the deferproc return 1. 
 // the code the compiler generates always checks the return value and jumps to the 
 // end of the function if deferproc returns != 0. 
 return0() 
} 

c^ώƀ͎j�£tȈ˄q•¿你ûy·^Ęķ在Ís你ǄƀÃȈŮd�X<Z<f��Ɂ�Öq
ĿȪŞÑ有Íø你ϖáώƀlȴȔq�X�ŵȪxƑ⼈�

dUb]W)[c�

func newdefer(siz int32) *_defer { 
 var d *_defer 
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 //  
 sc := deferclass(uintptr(siz)) 

 mp := acquirem() 

 //  
 if sc < uintptr(len(p{}.deferpool)) { 
  pp := mp.p.ptr() 

  //  P  
  if len(pp.deferpool[sc]) == 0 && sched.deferpool[sc] != nil { 
   for len(pp.deferpool[sc]) < cap(pp.deferpool[sc])/2 &&  
       sched.deferpool[sc] != nil { 
    d := sched.deferpool[sc] 
    sched.deferpool[sc] = d.link 
    d.link = nil 
    pp.deferpool[sc] = append(pp.deferpool[sc], d) 
   } 
  } 

  //  
  if n := len(pp.deferpool[sc]); n > 0 { 
   d = pp.deferpool[sc][n-1] 
   pp.deferpool[sc][n-1] = nil 
   pp.deferpool[sc] = pp.deferpool[sc][:n-1] 
  } 
 } 

 //  _defer  
 if d == nil { 
  // Allocate new defer+args. 
  total := roundupsize(totaldefersize(uintptr(siz))) 
  d = (*_defer)(mallocgc(total, deferType, 0)) 
 } 

 d.siz = siz 

 //  d  G._defer  
 gp := mp.curg 
 d.link = gp._defer 
 gp._defer = d 

 releasem(mp) 
 return d 
} 

fibh]a<-)[c�

type p struct { 
 deferpool [5][]*_defer 
} 

type g struct { 
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 _defer *_defer 
} 

X<Z<f�Ø°ſ�vøƃ͆Ȫ你c^�əʃƌˇϞb<kX<Z<f�ώƀų̂vÛÖq·^Ęķ在s
±þp�X<Z<f��Ǆƀ�ȤŞÑ你ĉ±�X�Ã˞d�")TX<Z<f�ˤăϞ�

�t你˯�Û�X<Z<ff<hifb�m©uą�")TX<Z<f�óċň˳È̲̾ώƀvϞ�

dUb]W)[c�

func deferreturn(arg0 uintptr) { 
 gp := getg() 

 //  defer  
 d := gp._defer 
 if d == nil { 
  return 
 } 

 //  SP arg0  deferproc siz  
 sp := getcallersp(unsafe.Pointer(&arg0)) 
 if d.sp != sp { 
  return 
 } 

 mp := acquirem() 

 //  siz fn  
 memmove(unsafe.Pointer(&arg0), deferArgs(d), uintptr(d.siz)) 
 fn := d.fn 
 d.fn = nil 

 //  G._defer  
 gp._defer = d.link 

 //  _defer  
 systemstack(func() { 
  freedefer(d) 
 }) 

 releasem(mp) 

 //  
 jmpdefer(fn, uintptr(unsafe.Pointer(&arg0))) 
} 

Zf<<X<Z<f�ü�TX<Z<f�ë¸�H)X<Z<fdccC�͆Ȫ你ðƀĳĤ�ugń˫Ŏ�d�gW?<X)X<Z<fdccCϞ¸Ł�
u你WC<UfdccCg�gĲúǾ�gW?<X)X<Z<fdccC�͆ȪϞ�
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̬͟ä¦q�AadX<Z<f�ώƀ�yÏƫϞ�

ƼǉĶz�Uf[+�Ǆƀ你n~uǛ��X<Z<fdfcW�uɷĒqÍsǄƀ�g]n�óċ�aU]b)aU]b�KHϞð�
aU]b�Ǜ��X<Z<ff<hifb�u你��KH(3�~y�óċðuŵȪq�aU]b�AH�ȊϞîp�AH�ŵȪvr
sŀǇʡ•ğ你�t�Ť•ğɜ}��9DD�ǇʡÝĬ你m©³¸dv�aU]b�Ǜ��X<Z<ff<hifb�
ώƀqĺʆϞüc^ƖƦs`q•ğĒϒ你íe�AadX<Z<f��yŵȪ¦Č你�t̲̾ώƀ�Zb�
J=L�m©¸d��9DD�X<Z<ff<hifb你¶Ř~ä¦vk^�X<Z<f�̲̾Ǜ�ʹɅϞ�

UgaTUaX1/)g�

TEXT runtime·jmpdefer(SB), NOSPLIT, $0-16 
 MOVQ fv+0(FP), DX  //  fn  

 MOVQ argp+8(FP), BX  // argp+8  arg0  main  SP  

 LEAQ -8(BX), SP  //  SP-8  call deferreturn  main IP  

 SUBQ $5, (SP)  // CALL  5 -5  call deferreturn  

 MOVQ 0(DX), BX  //  fn  
 JMP BX    

ƈs_fÂã你�yƲbct¬t⼈�

ɳ©Ǭ^Ǜ�˹ϒq�X<Z<f�h˞x�")TX<Z<f�ˤă你ûx�X<Z<ff<hifb��ÖĶz�gd�ȊqĀ�你
y̙ǨǛ�ĉ�ϒϚq̲̾ώƀϞ�

¶ľ��"c<l]h�Ǝʅ你ūgˁˋŬúǬ^Ǜ�˹ϒq̲̾ώƀϞ�

dUb]W)[c�

func Goexit() { 
 gp := getg() 
 for { 
  d := gp._defer 
  if d == nil { 
   break 
  } 
  if d.started { 
   if d._panic != nil { 
    d._panic.aborted = true 
    d._panic = nil 
   } 
   d.fn = nil 
   gp._defer = d.link 
   freedefer(d) 
   continue 
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  } 
  d.started = true 
  reflectcall(nil, unsafe.Pointer(d.fn), deferArgs(d), uint32(d.siz), uint32(d.siz)) 
  if gp._defer != d { 
   throw("bad defer entry in Goexit") 
  } 
  d._panic = nil 
  d.fn = nil 
  gp._defer = d.link 
  freedefer(d) 
 } 
 goexit1() 
} 

���gi�

ÿ¶wà÷你̲̾Ǜ�ştus^��9DD�Ǉʡ�tȍŠ你gΙȐ�kĿűϞΝ¶�Ɂ�Ȥϝ
͆Ȫ你�Ȑk±ώƀǛ�ϞxȣõþqbŦĀɈ¹qČł你ŉŤ̙Ǩſ��X<Z<fϞ�

h<ghTh<gh)[c�

package main 

import ( 
    "sync" 
    "testing" 
) 

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 BenchmarkTest2(b *testing.B) { 
    for i := 0; i < b.N; i++ { 
        testdefer() 
    } 
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} 

þqȟď在�

$ go test -v -test.bench . 

BenchmarkTest-4     100000000           22.0 ns/op 
BenchmarkTest2-4    20000000            93.4 ns/op 

ýɈ�ÛŨÓ你X<Z<f�þqyàƺĖ你û|uy�/l��eqɟ˩ϞŤĽ»ʀ˺Ǆȇ不�

���-b�

t²ąŴu�你dUb]W�~�vs^͍͒Áķ你ΝkƗȢ�hy�Ϡ�cb�h�HUb]W 的�c°qŀ͓Ϟ
c�ri��Hmh?cb�TTX<CTT�qÁķ你εpɧʁϞĉä你�ÔtyΛȈþqè˦��dUb]W�ň
¡tμ你÷·÷Ȁ�Ϟ�

ąʫƩj你dUb]Wf<Wcj<f�qä¦��X<Z<f�ĸĸýĆ你ɽzȢƦteȈ˄Ϟ�

fibh]a<-)[c�

type _panic struct { 
 argp      unsafe.Pointer   // pointer to arguments of deferred call run during panic 
 arg       interface{}      // argument to panic 
 link      *_panic          // link to earlier panic 
 recovered bool             // whether this panic is over 
 aborted   bool             // the panic was aborted 
} 

type _defer struct { 
 _panic  *_panic 
} 

type g struct { 
 _panic *_panic  
} 

̬έɰü�dUb]W�Ʉέ��[cdU]bW�ώƀǛ�Ϟūgüè˦¼ĸÕŶ��TdUb]W��Ɂ你ň˞d�
")TdUb]W�ˤăqêŎϞ©�ʐɋ˳È�")TX<Z<f�ˤă你̟ǡuʨ�f<Wcj<fϞ¶Ã�f<Wcj<f<X你
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ɥƎʅʐɋ˳È你ʰńdÿśq�X<Z<ff<hifb�ɅƟϞʨɥ˳ÈǬ^Ǜ�˹ϒq̲̾ώƀ�你
ɚǘ˩ś¼ĸ你ƎʅĖȢϞ�

dUb]W)[c�

func gopanic(e interface{}) { 
 gp := getg() 

 //  _painc  G._panic  
 var p _panic 
 p.arg = e 
 p.link = gp._panic 
 gp._panic = (*_panic)(noescape(unsafe.Pointer(&p))) 

 //  G._defer  recover  
 for { 
  d := gp._defer 
  if d == nil { 
   break 
  } 

  //  defer  
  if d.started { 
   if d._panic != nil { 
    d._panic.aborted = true 
   } 
   d._panic = nil 
   d.fn = nil 
   gp._defer = d.link 
   freedefer(d) 
   continue 
  } 

  //  defer  traceback  
  d.started = true 

  //  _panic  defer._panic  
  d._panic = (*_panic)(noescape((unsafe.Pointer)(&p))) 

  //  defer  

  // p.argp defer  recover  defer  

  // reflectcall  p.argp  
  p.argp = unsafe.Pointer(getargp(0)) 
  reflectcall(nil, unsafe.Pointer(d.fn), deferArgs(d), uint32(d.siz), uint32(d.siz)) 
  p.argp = nil 

  //  defer  G._defer  
  d._panic = nil 
  d.fn = nil 
  gp._defer = d.link 

  pc := d.pc 
  sp := unsafe.Pointer(d.sp) 
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  freedefer(d) 

  //  defer  recover  recovered = true  
  if p.recovered { 
   //  recovered panic  
   gp._panic = p.link 

   //  aborted panic  
   for gp._panic != nil && gp._panic.aborted { 
    gp._panic = gp._panic.link 
   } 

   // recovery  defer.pc  deferproc  

   //  deferproc  

   //    deferreturn  defer  
   gp.sigcode0 = uintptr(sp) 
   gp.sigcode1 = pc 
   mcall(recovery) 
   throw("recovery failed") // mcall should not return 
  } 

  //  recovered  

  //  recover  
 } 

 // exit  
 startpanic() 
 printpanics(gp._panic) 
 dopanic(0)              // should not return 
 *(*int)(nil) = 0        // not reached 
} 

��dUb]W�ýĀ你f<Wcj<f�ώƀɤͺ¸��s^è˦¼ĸĮ你ÆbuǶʆ�f<Wcj<f<X�ȯȻϞƐ
Ï你ūgĶzǄƀ˹ϒ•ğʛƨuʨx̲̾ώƀĿÃŖŋǛ�Ϟ�

dUb]W)[c�

func gorecover(argp uintptr) interface{} { 
 gp := getg() 
 p := gp._panic 
 if p != nil && !p.recovered && argp == uintptr(p.argp) { 
  p.recovered = true 
  return p.arg 
 } 
 return nil 
} 
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���%��

rntʛâė°�lÎăǗ�>]bUC]n<f��łǿϞĉÆb�̌ux�ɁÃ¸Łu˳Ès^
ĆȠώƀ你ǝ»¶Ø�GGH��q͖́¿ı是�<ghfiWhcf�E<h?cX了Ϟ�

ſ�ǘ͓在�

h<gh)[c�

package main 

import ( 
    "runtime" 
    "time" 
) 

func main() { 
    x := 123 
    runtime.SetFinalizer(&x, func(x *int) { 
        println(x, *x, "finalizer.") 
    }) 

    runtime.GC() 
    time.Sleep(time.Minute) 
} 

 ��ur�

Ƽǉspƿȯ�ɁĆȠs^͖́ώƀϞK<h>]bUC]n<f�gĶzŋŏĿŎqɧȸ¼ĸ�ƿȯ�Ɂ
��Z]bUC]n<f�ώƀ是ǄƀƀĳϝɧȸÉ了¬�̟ǡ你ʛŵΠłbŦϞ�

aZ]bUC)[c�

func SetFinalizer(obj interface{}, finalizer interface{}) { 
 //  
 e := (*eface)(unsafe.Pointer(&obj)) 
 etyp := e._type 
 ot := (*ptrtype)(unsafe.Pointer(etyp)) 

 //  nil  
 _, base, _ := findObject(e.data) 
 if base == nil { 
  // 0-length objects are okay. 
  if e.data == unsafe.Pointer(&zerobase) { 
   return 
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  } 
 } 

 //  finalizer  
 f := (*eface)(unsafe.Pointer(&finalizer)) 
 ftyp := f._type 

 //  finalizer = nil  
 if ftyp == nil { 
  systemstack(func() { 
   removefinalizer(e.data) 
  }) 
  return 
 } 

 //  finalizer  
 if ftyp.kind&kindMask != kindFunc { 
  throw("runtime.SetFinalizer: second argument is " + *ftyp._string +  
        ", not a function") 
 } 

 //  finalizer  
 ft := (*functype)(unsafe.Pointer(ftyp)) 
 ins := *(*[]*_type)(unsafe.Pointer(&ft.in)) 
 if ft.dotdotdot || len(ins) != 1 { 
  throw("runtime.SetFinalizer: cannot pass " + *etyp._string +  
        " to finalizer " + *ftyp._string) 
 } 
 fint := ins[0] 
 switch { 
 case fint == etyp: 
  // ok -  
  goto okarg 
 case fint.kind&kindMask == kindPtr: 
  goto okarg 
 case fint.kind&kindMask == kindInterface: 
  goto okarg 
 } 

 //  
 throw("runtime.SetFinalizer: cannot pass " + *etyp._string +  
       " to finalizer " + *ftyp._string) 

okarg: 
 //  
 nret := uintptr(0) 
 for _, t := range *(*[]*_type)(unsafe.Pointer(&ft.out)) { 
  nret = round(nret, uintptr(t.align)) + uintptr(t.size) 
 } 
 nret = round(nret, ptrSize) 

 //  finalizer goroutine  
 createfing() 

 //  finalizer  
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 systemstack(func() { 
  if !addfinalizer(e.data, (*funcval)(f.data), nret, fint, ot) { 
   throw("runtime.SetFinalizer: finalizer already set") 
  } 
 }) 
} 

͖́ώƀgÃÕŶ��gd<W]UCZ]bUC]n<f��ɁϞ�

a?<Ud)[c�

type special struct { 
 next   *special   //  

 offset uint16     //  

 kind   byte       //  
} 

type specialfinalizer struct { 
 special special   //  
 fn      *funcval 
 nret    uintptr 
 fint    *_type 
 ot      *ptrtype 
} 

func addfinalizer(p unsafe.Pointer, f *funcval, nret uintptr, fint *_type, ot *ptrtype) bool { 
 //  specialfinalizer  
 s := (*specialfinalizer)(fixAlloc_Alloc(&mheap_.specialfinalizeralloc)) 
 s.special.kind = _KindSpecialFinalizer 
 s.fn = f 
 s.nret = nret 
 s.fint = fint 
 s.ot = ot 

 //  
 if addspecial(p, &s.special) { 
  return true 
 } 

 //  finalizer  specialfinalizer  
 fixAlloc_Free(&mheap_.specialfinalizeralloc, (unsafe.Pointer)(s)) 
 return false 
} 

�Ǝ�gd<W]UCZ]bUC]n<f�ÃŵȪd�gdUb)gd<W]UCg�ˤăϞc�qƦı�yÏƫ你ƽ�ƿȯ�Ɂx�
gdUb�q•ğ̡˫ĳÚp}ć�ƁʥŀġϞ¶Ř你Š^ʹɅ~y�ā�}ćͷɝ�yʥͣí
˟ÚϞ�
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a?<Ud)[c�

type mspan struct { 
 specials *special  //  
} 

func addspecial(p unsafe.Pointer, s *special) bool { 
 //  span  
 span := mHeap_LookupMaybe(&mheap_, p) 
 offset := uintptr(p) - uintptr(span.start<<_PageShift) 
 kind := s.kind 

 //  span.specials  

 //  _KindSpecialFinalizer  finalizer  
 t := &span.specials 
 for { 
  x := *t 
  if x == nil { 
   break 
  } 

  //  
  if offset == uintptr(x.offset) && kind == x.kind { 
   return false // already exists 
  } 

  //  span.specials  offset  
  if offset < uintptr(x.offset) || (offset == uintptr(x.offset) && kind < x.kind) { 
   break 
  } 

  t = &x.next 
 } 

 //  special  
 s.offset = uint16(offset) 
 s.next = *t 
 *t = s 

 return true 
} 

˫ɤ˟Ún�ť�̡˫ĳʐɋ�gdUb)gd<W]UCg�ˤăŸyā�Ϟ�

a?<Ud)[c�

func removespecial(p unsafe.Pointer, kind uint8) *special { 
 //  span  
 span := mHeap_LookupMaybe(&mheap_, p) 
 offset := uintptr(p) - uintptr(span.start<<_PageShift) 
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 //  special  
 t := &span.specials 
 for { 
  s := *t 
  if s == nil { 
   break 
  } 
  if offset == uintptr(s.offset) && kind == s.kind { 
   *t = s.next 
   return s 
  } 
  t = &s.next 
 } 
 return nil 
} 

���pd�

Ĳú˟ÚxŬú�gdUb�ug̟ǡ�gd<W]UCg�ˤă你ütyǗ�Ɂq�Z]bUC]n<f�ώƀͣíds
^ŰâƯ˳ÈțȝϞ�

a[Wgk<<d)[c�

func mSpan_Sweep(s *mspan, preserve bool) bool { 
 specialp := &s.specials 
 special := *specialp 
 for special != nil { 
  //  
  p := uintptr(s.start<<_PageShift) + uintptr(special.offset)/size*size 

  //  

  //  finalizer  
  hbits := heapBitsForAddr(p) 
  if !hbits.isMarked() { 
   p := uintptr(s.start<<_PageShift) + uintptr(special.offset) 
   y := special 

   //  span.specials  
   special = special.next 
   *specialp = special 

   //  special  finalizer  

   //  finalizer  
   if !freespecial(y, unsafe.Pointer(p), size, false) { 
    //  

    //  finalizer  
    hbits.setMarkedNonAtomic() 
   } 
  } else { 
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   // object is still live: keep special record 
   specialp = &special.next 
   special = *specialp 
  } 
 } 
} 

a?<Ud)[c�

func freespecial(s *special, p unsafe.Pointer, size uintptr, freed bool) bool { 
 switch s.kind { 
 case _KindSpecialFinalizer: 
  // addfinalizer  specialfinalizer  special  

  //  
  sf := (*specialfinalizer)(unsafe.Pointer(s)) 

  //  
  queuefinalizer(p, sf.fn, sf.nret, sf.fint, sf.ot) 

  //  specialfinalizer  
  fixAlloc_Free(&mheap_.specialfinalizeralloc, (unsafe.Pointer)(sf)) 
  return false // don't free p until finalizer is done 
 case _KindSpecialProfile: 
  ... 
 default: 
  throw("bad special kind") 
  panic("not reached") 
 } 
} 

ąĲú˟Ú�Žy�Z]bUC]n<f�tyǗ�ɁqǫĬy�j�你͖́ώƀg̾Ý�Ɂq{ǎŷŅ你
Ŗdrs±¸ŁÀg�ÿÃĲúϞĉɕÓúƹ~u你Z]bUC]n<f�ώƀ˳Èuyqg̵Ę
ƿȯ�Ɂ你Ā¶̂ëƿȯ�ɁŽyqýĆǷʫÉÉϞ�

ȩĮ你Z]bUC]n<f�q˳Èɍ͙ÔĲú˟Ú你rv¡ıʛâĉǲʛ˳ÈuÑϞɽtŵȿx
ĖȢ˯�Û你gsâsd˳ÈϞîŘ你tq��Z]bUC]n<f�}˳Èɧʁ�ZCig?�WUW?<�˟ÚϞ�

���qf�

x̿ˇ˳È¿ǔ´Û你ǉsǖĲ˰c^˳Èțȝuėt¸ Ϟ�

͖́ώƀýĆ¼ĸą�gd<W]UC�ųŶ�你ÃćoÕŶ��Z]bUC]n<f你©�ÃȪ̢ds^ƹƀɻ̦
ůµ�q�Z]bVCcW_�űɰ是Ȳ了�Ϟk^�Z]bVCcW_��ˤă你ɏ�țȝϞje}�ēÛÎ
¸Łɰ�q�[WOcf_�¹þq͆Ȫțȝq¬ıϞ�
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aZ]bUC)[c�

type finalizer struct { 
 fn   *funcval        // function to call 
 arg  unsafe.Pointer  // ptr to object 
 nret uintptr         // bytes of return values from fn 
 fint *_type          // type of first argument of fn 
 ot   *ptrtype        // type of ptr to object 
} 

type finblock struct { 
 alllink *finblock 
 next    *finblock 
 cnt     int32 
 _       int32 
 fin     [(_FinBlockSize - 2*ptrSize - 2*4) / unsafe.Sizeof(finalizer{})]finalizer 
} 

ȩyæ^ÄʍĊĳ�`ǅú�Z]bVCcW_Ϟ�

aZ]bUC)[c�

var finq *finblock     //  finalizer  

var finc *finblock     //  finblock  

var allfin *finblock   //  finblock  

ōțȝͣí͖́ώƀqzȢ你ɫÓe~u��Z]bVCcW_�q˟ÚϞ½±hōƯ˳ÈțȝqÍs
^űɰ�Z]be�ͣí你ŖdůƊ�ü�Z]be�ȁ�oq�Z]bVCcW_�ȲϞ�

aZ]bUC)[c�

func queuefinalizer(p unsafe.Pointer, fn *funcval, nret uintptr, fint *_type, ot *ptrtype) { 
 // finq  finblock  

 //  finblock  finq  
 if finq == nil || finq.cnt == int32(len(finq.fin)) { 
  //  
  if finc == nil { 
   //  persistent  
   finc = (*finblock)(persistentalloc(_FinBlockSize, 0, &memstats.gc_sys)) 

   //  allfin  
   finc.alllink = allfin 
   allfin = finc 
  } 

  //  finblock  finc  
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  block := finc 
  finc = block.next 

  //  finblock  finq  
  block.next = finq 
  finq = block 
 } 

 // finq.cnt  finblock  
 f := &finq.fin[finq.cnt] 
 finq.cnt++ 

 //  
 f.fn = fn 
 f.nret = nret 
 f.fint = fint 
 f.ot = ot 
 f.arg = p 

 //  fing  
 fingwake = true 
} 

ǲǺ_˳Èțȝ�你ʻƹĵĚq�Z]b[�[cfcih]b<�ˁˋ˳ÈϞx�K<h>]bUC]n<f��rv~jdz�
Wf<Uh<Z]b[�ώƀǛ�Ϟ�

aZ]bUC)[c�

func createfing() { 
 //  
 if fingCreate == 0 && cas(&fingCreate, 0, 1) { 
  go runfinq() 
 } 
} 

aZ]bUC)[c�

var fing *g         // goroutine that runs finalizers 
var fingwait bool //  

var fingwake bool //  

func runfinq() { 
 for { 
  //  

  //  runfinq  
  fb := finq 
  finq = nil 

  //  
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  if fb == nil { 
   //  fing  
   gp := getg() 
   fing = gp 

   //  
   fingwait = true 
   goparkunlock(&finlock, "finalizer wait", traceEvGoBlock, 1) 

   //  
   continue 
  } 

  //  finq  
  for fb != nil { 
   //  finblock  
   for i := fb.cnt; i > 0; i-- { 
    //  finalizer  
    f := (*finalizer)(add(unsafe.Pointer(&fb.fin), ...)) 
    reflectcall(nil, unsafe.Pointer(f.fn), frame, ...) 

    f.fn = nil 
    f.arg = nil 
    f.ot = nil 
    fb.cnt = i - 1 
   } 

   next := fb.next 

   //  finalizer  finc  
   fb.next = finc 
   finc = fb 

   fb = next 
  } 
 } 
} 

sĜË`你ÜļtĲ�fibh]a<�ȴȔvkĥɧʁ�Z]b[�c°x�ßʹɅ¿ǔĴÚq�[cfcih]b<�vϞ�_
xē�Z]b[�c°huʮťȴȔqϞ�

ʹɅʐɋày�Z]bVCcW_你˳Èĉlq͖́ώƀϞbxyàtØ你~uūvgxØs^�"�ϒ
È˳ÈϞ̧̩Ęķu你ð�Z]b[�˳Èā̜ĖĒɗ˛�你Đ`βȺ⼈b²¢�ei<i<Z]bUC]n<f�
ʀʀǶʆv�Z]b[kU_<�ȯȻϞ�

|ļsǛĬʹɅ�œŬǡŗy�ƜȘq�Z]bXfibbUVC<�ώƀì⼈�è你Z]b[�nuūb˙ŗq
ƿȯ´sϞ�
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dfcW,)[c�

func findrunnable() (gp *g, inheritTime bool) { 
 //  fing  
 if fingwait && fingwake { 
  //  
  if gp := wakefing(); gp != nil { 
   ready(gp, 0) 
  } 
 } 
} 

aZ]bUC)[c�

func wakefing() *g { 
 var res *g 

 //  
 if fingwait && fingwake { 
  fingwait = false 
  fingwake = false 
  res = fing 
 } 

 return res 
} 

tǅu�dUb]W你|u�Z]bUC]n<f你hyŰâqſ�Čȼ你îpūvyýŉqǶƖŮɠϞc¯Ůɠt
ŉÃj¬ʺͯ你̜ɶrvÓ~tŤ�ūv}¬¡ıŵȿq �ϞŵŽyȳĬqΰΫ�ʌǽtuɬ
 你ûtqîŘ~¡úƹ•}˱Ů�̅ţϞvųĉĪú你ǢştbȒȅxÎ͵qǋ�ÈÑ�Ϟ�
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����	��

ǶƖ�Ɂ͆ȪͲ你ɤ̙ǨĿȪ�Ȥ˟Ú�ʹĮ你§kqupv̙Ǩ�Ȥfĳ˭u�Ɂ�
¸Łɰȃ�ˁÖŪʕϞ�uys^Ęķťbųǭ你~u¶ŴxkǀȢȽÇq�˝r你ų
ǭØǈͥĢ`qþqϓʵ你̴ĉu¹ň��ɏrϞ�

î�"cCUb[�[cfcih]b<�ºŮ�ǀȢqɉɁ你ȃ�rv�ǆɫÔ�DLK�q¿ˏȹȹ¡ıä̹Ϟ~
Ʀ�fibh]a<��rv�ëǀȢ̵ĘŋŏnƳƲy�Ϟîp�"�yqxľÃǛĬ¤ĉ�ǀȢ你
̮ƷwǶʆv�DLK�qǀȢg˶¸ʬʆțȝɗ˛Ϟ�

pŘ你ǐ¿ƅ˺vs^ƌĒ�fibh]a<�Ŀ̉żÚºŮq�gmbW)HccCϞĉƦıÜÃĿȪ�Ȥϝ
¸Ł�ǛĬɰàſ�你Ʀusdȧȿq�ʏ¹ǝĎƘϞ�

 ��GY;�

�Ôƅ˺Ó•͆Ȫ�Ɂ�Ȥq�dccCDcWUC�ɧʁĿȪ�Ȥɰ�q�WUW?<你Ħu��H�ͭâ你p
ðÛĴÚǀȢƅ˺�Ǫ¡ͥ�ȤϞµ�HccC�ɥǅúk^�HdccCDcWUCϞ�

dccC)[c�

type Pool struct { 
 local      unsafe.Pointer  // [P]poolLocal  

 localSize  uintptr         //  poolLocal  

 New func() interface{}      //  
} 

type poolLocal struct { 
 private interface{}    //  

 shared  []interface{}  //  
 Mutex                 
 pad     [128]byte      
} 

HccC���CcWUC���CcWUCK]n<�ƮɌs^ǫ�dccCDcWUC�ƀɻϞ¡ƪu�"<h你|u�Hih�˟Úhg
Ķz�d]b�`ͺ¸ñðÛ�H�ͭâq�dccCDcWUC��Ɂ你c�Ö~yɸŚƇqĆ̱Ϟ�

dccC)[c�

func (p *Pool) pin() *poolLocal { 
 //  P.id  
 pid := runtime_procPin() 
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 s := atomic.LoadUintptr(&p.localSize) 
 l := p.local 

 //  P.id  

 //  procresize/GOMAXPROCS  
 if uintptr(pid) < s { 
  return indexLocal(l, pid) 
 } 

 //  

 //  
 return p.pinSlow() 
} 

dccC)[c�

var ( 
 allPoolsMu Mutex 
 allPools   []*Pool 
) 

func (p *Pool) pinSlow() *poolLocal { 
 // M.lock-- 
 runtime_procUnpin() 

 //  
 allPoolsMu.Lock() 
 defer allPoolsMu.Unlock() 

 pid := runtime_procPin() 

 //  
 s := p.localSize 
 l := p.local 
 if uintptr(pid) < s { 
  return indexLocal(l, pid) 
 } 

 //  

 //  allPools  Pool  
 if p.local == nil { 
  allPools = append(allPools, p) 
 } 

 //  P  slice  
 size := runtime.GOMAXPROCS(0) 
 local := make([]poolLocal, size) 

 //  Pool.local  P.localSize  
 atomic.StorePointer((*unsafe.Pointer)(&p.local), unsafe.Pointer(&local[0])) 
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 atomic.StoreUintptr(&p.localSize, uintptr(size)) 

 //  poolLocal  
 return &local[pid] 
} 

ƷÔ�]bX<lDcWUC�˟ÚāÄu�Ϡ͐Êɽʶ˔的�q¬ıϞ�

dccC)[c�

func indexLocal(l unsafe.Pointer, i int) *poolLocal { 
 //  Pool.local  l  1000000  

 //  poolLocal  
 return &(*[1000000]poolLocal)(l)[i] 
} 

tb¾s¡ζê你c¯¬ıx�����ś÷你̮Ʒwxȣõ˟ÚƘȹqʫƩ�ngjdɧʁqĨ
ęϞct¬t�}ȇ̝�H�ƀĳĊƇ你ƓƋ��TEUl"caUldfcWg�qȾƺ你Ŗŋ�þqǰǉϞ�

���(w�

�ǛĬɰ��H)fibe�țȝŬú¿ǔɧʁϞ½^�dccCDcWUC�y·^͆ȪȄ̼你ĉl�df]jUh<�ā
Ä̕y你¡ťƜŴͥ˟Ú你ǰǉƃ�¹ϞȩsȄ̼�g?Uf<你ΪǌÃĉ��dccCDcWUC�̵Ę你�
`ŐͿǛĬ͆Ȫ�Ɂ你ťbíͥŬúϞtzǛĬňƵuȶ�{你c^ͥkƀuòʀÖ�ð
ÛǀȢ你à��þqŪʕňtfϞ�

dccC)[c�

func (p *Pool) Get() interface{} { 
 //  poolLocal  
 l := p.pin() 

 //  private  
 x := l.private 
 l.private = nil 
 if x != nil { 
  return x 
 } 

 //  share  
 l.Lock() 

 //  shared  
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 last := len(l.shared) - 1 
 if last >= 0 { 
  x = l.shared[last] 
  l.shared = l.shared[:last] 
 } 

 l.Unlock() 
 if x != nil { 
  return x 
 } 

 //  
 return p.getSlow() 
} 

¶»ąÓ•óċ͆Ȫŝʤ你ɥȇ̝ąĉ��dccCDcWUC�̀Ǜ是~uʙʶ了s^z`Ϟäxt
È你Ǜ��F<k�ώƀoȔ是�Ǝ¥ǩ了Ϟ�

dccC)[c�

func (p *Pool) getSlow() (x interface{}) { 
 size := atomic.LoadUintptr(&p.localSize) 
 local := p.local 

 //  P.id  
 pid := runtime_procPin() 

 //  poolLocal  
 for i := 0; i < int(size); i++ { 
  //  poolLocal  
  l := indexLocal(local, (pid+i+1)%int(size)) 

  //  poolLocal  share  
  l.Lock() 

  //  
  last := len(l.shared) - 1 
  if last >= 0 { 
   x = l.shared[last] 
   l.shared = l.shared[:last] 

   l.Unlock() 
   break 
  } 
  l.Unlock() 
 } 

 //  New  
 if x == nil && p.New != nil { 
  x = p.New() 
 } 

!191



��
���	���

 return x 
} 

ƐÏ在"<h�˟Ú�你͆Ȫ�Ɂ͋ǚñ�HccC�ŝ}ʑ�ĆȠ你ťbmÈ�Hih�ë¸Ϟ�

ƷÔ�Hih�˟Ú你~§ȍŠv你tťȇ̝tØ�dccCDcWUC�´ÑqŐͿǛĬϞ�

dccC)[c�

func (p *Pool) Put(x interface{}) { 
 if x == nil { 
  return 
 } 

 //  poolLocal  
 l := p.pin() 

 //  private  
 if l.private == nil { 
  l.private = x 
  x = nil 
 } 
 if x == nil { 
  return 
 } 

 //  share  
 l.Lock() 
 l.shared = append(l.shared, x) 
 l.Unlock() 
} 

���pd�

̀ȷ¸ŁºŮ你rv¡ťȇ̝�HccC�ŁΈĘķϞ�uǐ¿qǶƖʁʋyõ͎ʽϞ�

a[W)[c�

func gc(mode int) { 
 systemstack(stopTheWorldWithSema) 
 clearpools() 
} 

var poolcleanup func() 
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func clearpools() { 
 // clear sync.Pools 
 if poolcleanup != nil { 
  poolcleanup() 
 } 
} 

c^�dccCWC<Ubid�ώƀťb͌ĮƐ̖Ϟ�

a[W)[c�

//go:linkname sync_runtime_registerPoolCleanup sync.runtime_registerPoolCleanup 
func sync_runtime_registerPoolCleanup(f func()) { 
 poolcleanup = f 
} 

dccC)[c�

func init() { 
 runtime_registerPoolCleanup(poolCleanup) 
} 

�ÿqƿȯu�dccC�C<UbidϞŘuÿŬÔ�KLO�ˈǫ你à�¡ťíͥ˟ÚϞ�

dccC)[c�

func poolCleanup() { 
 //  Pool  
 for i, p := range allPools { 
  //  
  allPools[i] = nil 

  //  Pool.poolLocal  
  for i := 0; i < int(p.localSize); i++ { 
   //  poolLocal  
   l := indexLocal(p.local, i) 

   //  private  share  
   l.private = nil 
   for j := range l.shared { 
    l.shared[j] = nil 
   } 
   l.shared = nil 
  } 

  //  Pool.local  = nil  

  //  Pool.pinSlow  allPools  
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  p.local = nil 
  p.localSize = 0 
 } 

 //  allPools  Pool.pinSlow  
 allPools = []*Pool{} 
} 

Ĳú˟Ú�ÜÃ�"<h�qyǗ�Ɂ�yƜŴŪʕ你îp·Ƌ´Ñň�yʑ�ĆȠ你ȅrq͆
Ȫ�ɁhƆÔʀÃ�HccC�ʑ�qy˫ɤ�Ϡčě�Ɂ的Ϟ�

ƓǌrvǑľǶʆs^ϜȊ你ʀĲúĤ�ƀĳȳŮq͆Ȫ�ɁϞ¶Ř你y̙Ǩx¸Ł
�ȗ͕˳È�F<k�˟ÚϞûȇ̝dŘu|ys˿yqqǒě͆Ȫ�ɁȪx你à�ťŦnt
u�t˜ǕϞ�u你c^�HccC�qǶƖɚ©yĖsǈƺĖq̩•Ϟ�

是ÄƣĽˑ了�
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