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Éƅö�ͥ̇ŢÁoͺCc@bX?Tͻíõħĵ³Ŕͼ�ƛTřǴɧŢÁʆǄͳzsȇÊűÿê
řƲǡɶȯͼƩ� ²ƹlŹƊͳ�Ƌpɶˋ̨̩±ĩ̢rąġͼvpjTȦĒħǹ�ɹͼ
ŪƂƇěîkͳ�

jƛÊŧŏ�̈ȕͼíõŹƊʛ¥T`˹̔Ȧͼ¯sʭąā�ŎĕłÆČͳ  
¯ŏÉ�óŕĤɍoÍͼƶ̃ŹƊ�ʵ�Ħ´~sÔȩʩͼā�×ɋjǋͳ�

íõȓȻͽ�

$ go version 
go version 1.10.2 darwin/amd64 

$ uname -a 
Linux 4.9.87 x86_64 

$ gdb --version 
GNU GDB 8.0.1 
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ƲǡǢňoÇż{˜͋�wlǴɧh~Ǣňͳ�Ƌ¯ŚͼŻȊ�ʶČyñ�ƦÖĞÏͼx
Ōy�ılƦɥͼzåo~ßj²ɞƲǡ®ǢŬͳ¯ŀͼôƲǡɞÌ͜Ž�wlǞʂĵ}
xŌy˼ęl³Ŕwñ�ͳzurʲ�ĞÏl³ŔͼĠŃȵÏŢÁoͼŷø��nͳ�

��"^�j̃ͼ˜͋�wlǴɧŜʒ°ĵ}ͽŢÁo��ƺ͛ɐͳ�ƺ͛ɐ��?PX@(?PX@�j
ÿĶͧŦͼ�nŢÁo¯Śˉ¦Ϳ¯ŚȾłŬͿsŵåǾüɂ�ĵ}Ϳ�

ʞʅzåąġͼƜƨyĿ^ïɠ|�ͳĠŃmp~˃��͵̜ĴͶ�¸Ƴͼ®ƔnÛ͢^ɭƊƟ
Ǳ�ͼ�©£Ǫƹͳ�

ʉ¢pǴɧʱÁ|�ͼ�nƄƛ˜͋nusʱÁÆČͼť��"<:�¦ǄƼdŞsͳ�

test.go 

package main 

func main() { 
} 

$ go build -o test 
$ gdb test 

(gdb) info files  
Entry point: 0x4477c0 

(gdb) b *0x4477c0 
Breakpoint 1 at 0x4477c0: file /usr/local/go/src/runtime/rt0_linux_amd64.s, line 8. 

(gdb) info symbol 0x4477c0 
_rt0_amd64_linux in section .text 

à¢ͼhsť��CTPST>UͲ@?�Â�"D-�4X@cbX>a�ĞǾƽǄãúíõµĢͳ  
¯r�S^R=TC�fŢÁͼskŌy̏Þ�''_CXdX>TVTS�ƤŦȄǩŖɵŗȷͼ�ƛť��"<:ͳ�

z¹p˜͋�lsʱÁǴɧ�ï|�ͳȞŀͼôŢÁoɭƊƟǱfË��ıÆČͼÖĤ^
ƦÖÁŤͳ̭ÊŋƟǱls͂ķƿÆČͼŴÇļȅ�àÐŻȊ�ılÆČÕͳ�
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ȒƉ˜͋¸ƳjsʱÁÆČͺ'4cX>S?^ST7TfTͻͳ  
Éƅ˂ʓŜɎƳŹƊͺ'4cX>S?^ST7R'PCRWXdT�^C�R'aWPCTSͻͼíõħŗāgÁƼdͳ�

rt0_linux_amd64.s 

TEXT _rt0_amd64_linux(SB),NOSPLIT,$-8 
    JMP _rt0_amd64(SB) 

(gdb) b _rt0_amd64 
Breakpoint 2 at 0x444100: file /usr/local/go/src/runtime/asm_amd64.s, line 15. 

ʝÏŻȊɰɟ̃ìƮɥÁƤŦř̇�ǹ˓^ȒƉƠǴͬͼ¢�ƙǴɧgÁœêͳƗÊ̎˜
íõ«ȁͼā̈ȕÉƅ|˦ͳ�

asm_amd64.s 

// _rt0_amd64 is common startup code for most amd64 systems when using 
// internal linking. This is the entry point for the program from the 
// kernel for an ordinary -buildmode=exe program. The stack holds the 
// number of arguments and the C-style argv. 

TEXT _rt0_amd64(SB),NOSPLIT,$-8 
    MOVQ 0(SP), DI                // argc 
    LEAQ 8(SP), SI                // argv 
    JMP runtime·rt0_go(SB) 

(gdb) b runtime.rt0_go 
Breakpoint 3 at 0x444110: file /usr/local/go/src/runtime/asm_amd64.s, line 89. 

ŴÇͽɭƊfť�fÈ�ͺCc@bX?TʹCb*OV^ͻͼë˜͋�l̿ŤoÍͳ�

͞Ȯ�õŹƊ�ͼ�ïlɗȜtǴxȣ�rmpăÐͳ�

Ɯƨͼñ�ƮɥÁƤŦͲʝÏŻȊͼ�ǤƷėȷÂnŻǰƑɻlȾłŬtǴͳĳlwͼȄ
ǩ�?PX@�V^C^cbX@T�ŢÁ�Cc@bX?T(?PX@�ͧŦͳôz�|rͼ�ǅuĄǴôn�łx�İ�Ɏ
ƳŢÁͳ�

asm_amd64.s 

TEXT runtime·rt0_go(SB),NOSPLIT,$0 
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    ... 

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

    // create a new goroutine to start program 
    MOVQ $runtime·mainPC(SB), AX    // entry 
    PUSHQ AX 
    PUSHQ $0                    // arg size 
    CALL runtime·newproc(SB) 
    POPQ AX 
    POPQ AX 

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

    MOVL $0xf1, 0xf1                            // crashҁᏟכӧտಗᤈکྌ҅᧣ᦶአդᎱ҂ 
    RET 

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

ͧŦ�@Te_C^R��ÊȄǩ�V^C^cbX@T�ſǬͼìøÜÿƎŢÁǯǰͳ®�?abPCb�ȯ�ƠǴĄÿſǬƷė
ɎƳͼô®gǯǰfŪú�?PX@�V^C^cbX@T�İʱÁͳ�

(gdb) b runtime.main 
Breakpoint 5 at 0x4228b0: file /usr/local/go/src/runtime/proc.go, line 109. 

(gdb) b runtime.newproc 
Breakpoint 4 at 0x42a2f0: file /usr/local/go/src/runtime/proc.go, line 3240. 

proc.go 

func newproc(siz int32, fn *funcval) { 
    ... 
} 

ƗŀͼȾƧãúT�"^�sʱÁǴɧˉ¦ɗȜtǴͼô®j�Ɩűė̵͡ŪʸƠˁͳ�

r}̇ǞʂüŻʑ˴oͼǩɢƨŪúĈƠĚͳ�ŀjĈ͉ͼô͗ǔɞÌì÷Ǵ�ȐƁ}�
œêͳvœrÊͼɰĚˁͰɱĬ^ŌyõŴlħŗͼ®ƔɆȪǅuÆČͳeŦoâͼ�ï
yTřlɉpʱÁ͛ɐͼ�ǤŖÖƇě×�ͳÔʫ�͵ʡøˠͼmøʜͼúøŠͶͳ�
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̈ȕɭƊoͼsìƟǿŹƊÓǂͯȳ^ŹƊ˜ɐȷͳ¢�•ǃɆȪͼ�̈ȕg¢Æƪl¸Ƴͼǿ
ĥ�skŌyõŴlÁͳƎɆȪñˍͼsȾƧǅüʚȑ�ͼ{�̔Ȧáǿĥħŗ�õlŹƊͳ¯
ŀͼsŪ²̈ȕƹʏͼìŐ»ÜrÔŌħŗ|ͼŇðr`ǂŹƊÈʴ˻vmeͳy«�ͼ̈ȕ�
˜Ɗp°Ɗ�ͳmp�Ō«�×�tǴ�ÇĚͼȰɊÆÉ̾yͼȟÉ�Ōõq̔Ȧ�lŹƊkɪ
ʱÁͼ�pĕÏŰl��ͼámp�õͳ  
 
ŋ¸Ƴhs�wŪ²˜ƊƆĝͼƨ�̪ƊͺŜ̟Ŵˀͻ×�ʜʑͼ¢�ÎɩȝİñɜȐƁͳ�

•ǃȜȪͽ�
�
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entry 
point _rt0_amd64 _rt0_go

rt0_linux_amd64.s asm_amd64.s

1.  ̶եᤈ݇හ̵֢ᔮᕹ̵᧣ଶত۸ڡ
2.  ୌ goroutine҅ᬩᤈ runtime.main̶ڠ
3. ಗᤈ mstart҅ᦏԆᕚᑕᬰف᧣ଶཛྷୗ̶
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áƮɥÁƤŦsõlħŗoǠmĂqƌͼʓtͳ®áʝÏŻȊíõlͼɉɉpɠÖ�;F-�
œêȷŦĝͳ�

rİ�˜Ǵoͼ;F-�œêȷŦĝpöylǆÖîƤŦͳŒǆÖTmpıŋ˃ú�n©lİÁˊ
ʓͼ˟Ɨ~őɝʑ˴Ǐźͳhßj¯ŀͼmpy«�íõͧŦͺCc@bX?T(Dc?;F-ͻ̡±lpĮ
êˆŦĝͼvpŜʒđƠǴͺ#g_TC'IWCTPSX@VͻlĦ´ͳ  
 
đƠǴɛȲpƝ�Ŗ̓ƦɥͼrňuĮêˆħʧ́eu͛ɐœêȷͳzs�ĀeƠǴͼìÂƎo
È̵͡�wʱÁø�ſǬͼ�ŪƂǅüîkͳsąġrÊͼeu͛ɐœêȷˍȼȍÀǵåǐɭͼ
ǵåoâskǖmøǊˌŶʱÁƹʏͼð¯˸ǹɾiÂÂͳ  
 
Ǵɧŉıŋ�ʶČüŻͼ�ǤʝÏŻȊsåȴÉƉȁͳ�

runtime2.go 

var ncpu int32 

os_linux.go 

func osinit() { 
    ncpu = getproccount()       // ᬬࢧ᭦ᬋ॒ቘහᰁ̶ 
} 

debug.go 

// returns the number of logical CPUs usable by the current process. 

func NumCPU() int { 
    return int(ncpu) 
} 

íðlͼƷėȷȾłŬħŗxʪȡmeͳásõlħŗŜ̟ħǹƥêͲ̨̩±ĩͼ�
Ǥİ�ſǬŦĝͳzåħŗr�ƖĲƁʁͩͼŀœ�TřȾłŬb¥Tå�nŞsͳ�

proc.go 

// The bootstrap sequence is: 
// 
// call osinit 
// call schedinit 

!12
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// make & queue new G 
// call runtime·mstart 
// 
// The new G calls runtime·main. 

func schedinit() { 

    // M ๋य़හᰁᴴ̶ګ 
    sched.maxmcount = 10000 

    // ٖਂፘڡىত۸̶ 
    stackinit() 
    mallocinit() 

    // M ፘڡىত۸̶ 
    mcommoninit(_g_.m) 

 ᰁ̶ݒሾहեᤈ݇හؙਂ //    
    goargs() 
    goenvs() 

    // ᥴຉ GODEBUG ጱ᧣ᦶ݇හ̶ 
    parsedebugvars() 

 ̶තࢧ࣍ত۸࣯ڡ //    
    gcinit() 

 ত۸ poll ᳵ̶ڡ //    
    sched.lastpoll = uint64(nanotime()) 

    // ᦡᗝ GOMAXPROCS̶ 
    procs := ncpu 
    if n, ok := atoi32(gogetenv("GOMAXPROCS")); ok && n > 0 { 
        procs = n 
    } 
    if procresize(procs) != nil { 
        throw("unknown runnable goroutine during bootstrap") 
    } 
} 

áÐnŏÉ�`lǚäpúƣT�"EC9MFGE;H�,/0�|ȃͳ�

rñ�ˆqȾłŬʝÏ�ͼȄǩİʱÁ�?PX@�V^C^cbX@Tͼhxp�Cc@bX?T(?PX@�ͧŦͳ�

otģͼsu˵Ƹy}ĜʯͼÐÆÔrȾłŬūÊŢÁoħˆɞÌͳvsn¨ȾłŬūÊ
͛ɐɞÌͼŜ̟�Cc@bX?T�Ŝ�l�X@Xb�ͧŦͼ�Ǥǿǋ̸Ͳ�ƺͲÅ�¸ŜȾłŬͧŦͳo
ydƈ͛ɐȾłŬʱÁ¸ƳͼzskõŻ^ŹƊȘ̉ͼÍƧœêÂÂąġͳ�
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oyȨ͠ÊͬͺabPR=ͻs�s�+�":�`xͼzá�V^C^cbX@T�×�¸Ƴsõͳ  
r×ºͼmut·{z�ÌlnåħŗıŋÜ^�aRWTSX@Xb��ͳ�

proc.go 

// The main goroutine. 
func main() { 

    // ๋य़꧊̶ҁ64 ֖ᔮᕹӥ 1GB҂ 
    if sys.PtrSize == 8 { 
        maxstacksize = 1000000000 
    } else { 
        maxstacksize = 250000000 
    } 

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

    // ಗᤈ runtime ۱ٖጱڡত۸ڍහ̶ 
    runtime_init() 

 ᳵ̶ۖސ //    
    runtimeInitTime = nanotime() 

 ̶තࢧ࣯࣍ۖސ //    
    gcenable() 

    // ಗᤈአಁ̵ຽٵପ̵ᒫӣොପڡত۸ڍහ̶ 
    fn := main_init 
    fn() 

    // ইຎฎପොୗ҅ڞӧಗᤈአಁڍݗفහ̶ 
    if isarchive || islibrary { 
        // A program compiled with -buildmode=c-archive or c-shared 
        // has a main, but it is not executed. 
        return 
    } 

    // ಗᤈአಁڍݗفහ̶ 
    fn = main_main 
    fn() 

    // ᭅڊᬰᑕ̶ 
    exit(0) 
} 

yȣ¢ͼƟǿp�Cc@bX?T(X@XbͲ?PX@(X@Xbͼ�Ǥ�?PX@(?PX@�zu�ƺÿĶͧŦͳ�
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//go:linkname runtime_init runtime.init 
func runtime_init() 

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

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

z°uȾłŬͧŦƙ˜͋ȷ¦Ǆu�ͼÔ�ŌyƩuƶ̃wddǾü�Țͳ�

test.go 

package main 

import ( 
 "fmt" 
 "runtime" 
 _ "net/http"     // ຽٵପ 

 _ "github.com/shirou/gopsutil/cpu"  // ᒫӣොପ 
) 

func init() {     // ᛔਧԎ 
 println("user init1.") 
} 

func init() { 
 println("user init2.") 
} 

func main() { 
 fmt.Println(runtime.NumCPU()) 
} 

˜͋ƷýŏÉͼı˽�ħǲͺX@>X@X@Vͻ�ǉŬͺ^_bX?XhPbX^@aͻͳ�

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

�gčĞǾǊ̎˜ͼʵ�˜͋ȷ¯Śœê�X@Xb�ȾłŬͧŦͳzåͧŦb¼öiƮÕͼzh
pÍnŜͼ˟ƗÍnÆČf͆ƫseuÍÕȾłŬͧŦlȋƾͳ�

$ go tool objdump test | grep "TEXT runtime\.init" 

!15
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TEXT runtime.init.0(SB)  /usr/local/go/src/runtime/cpuflags_amd64.go 
TEXT runtime.init.1(SB)  /usr/local/go/src/runtime/mgcwork.go 
TEXT runtime.init.2(SB)  /usr/local/go/src/runtime/mstats.go 
TEXT runtime.init.3(SB)  /usr/local/go/src/runtime/panic.go 
TEXT runtime.init.4(SB)  /usr/local/go/src/runtime/proc.go 
TEXT runtime.init.5(SB)  /usr/local/go/src/runtime/signal_unix.go 
TEXT runtime.init(SB)    <autogenerated> 

$ go tool objdump test | grep "TEXT main\.init" 

TEXT main.init.0(SB)  /yuhen/go/src/test/test.go 
TEXT main.init.1(SB)  /yuhen/go/src/test/test.go 
TEXT main.init(SB)    <autogenerated> 

ĳlwͼǊ̎˜�Cc@bX?T(X@Xb���?PX@(X@Xbͳs�d�ÔsȾłŬͧŦbƙŒpñ�Ʒ�ͳ�

$ go tool objdump -s "runtime\.init" test | grep "CALL.*init" 

  <autogenerated>      CALL runtime.init.0(SB)          
  <autogenerated>      CALL runtime.init.1(SB)          
  <autogenerated>      CALL runtime.init.2(SB)          
  <autogenerated>      CALL runtime.init.3(SB)          
  <autogenerated>      CALL runtime.init.4(SB)          
  <autogenerated>      CALL runtime.init.5(SB)       
    

$ go tool objdump -s "main\.init" test | grep "CALL.*init" 

  <autogenerated>      CALL fmt.init(SB) 
  <autogenerated>      CALL net/http.init(SB)               
  <autogenerated>      CALL github.com/shirou/gopsutil/cpu.init(SB)     
  <autogenerated>      CALL main.init.0(SB)                 
  <autogenerated>      CALL main.init.1(SB)     

ȴÊʵ�Ħ´dͼCc@bX?T(X@Xb�ɉʀʇ�Cc@bX?T�Ŝͼ?PX@(X@Xb�ȯŜʒǿǋ̸ͲÅ�¸̸ͼ�
Ǥ�ƺgÖɃͧŦͳǸęͼÔsȾłŬ͛ɐbr�?PX@�V^C^cbX@T�ħʱÁͳƎzåȾłŬ½
ĵñ��ͼÎƷ��?PX@(?PX@�ͧŦͼĬÿ�ƺ͛ɐͳ�

oƥ˜͋ȷ×�Ƈěpɪ��X@Xb�ͧŦĄÁŧɧͼmpboıŋ�euȾłŬ͛ɐȘ̉ǵ¨ŖÖª
ɧͳzǺŸǙ�ʿȠͼɗ�̢rÙʨͳïɠ¥ěpͼȾłŬͧŦɉʀʇàÐŜͼ˟ƗɉɉpàÐ
ÆČl͛ɐͳ�
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1. runtime.init Րᨮᨱ runtime ۱̶ 
2. main.init ۱ೡአಁ̵ຽٵପᒫӣොପ̶ 
3. ಅํڡত۸᮷ࣁ main goroutine ਠ౮̶ 
4. ত۸ਠ౮҅ٚಗᤈ main.main̶ڡ᮱ق

runtime.init

main goroutine

main.init

main.main

proc.go, runtime.main

1. runtime.init̵main.init ኧᖫᦲኞ౮̶ 
2. ᨮᨱ᧣አಅํڡত۸ڍහ̶
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}ǶħǹǢňͼëƥêħǹįǺjǞʂͳ˥øp�"^�z¨ñ½ȴÊİ�üŻl�ŹƲǡͼ
ŌyroÈ�ņÈàfʕĿķ̦ͳĕłʑ˴�ŹƊɭgÍĆ�bR?P>>^Rͼn¨ğĆjİ�®
Ǐźl²îkħǹ}ǶȷͼzpǺ²|�ͳ�p˱ƖƗ�ͼjǶĮ̩̄±ĩ�İ�Ʒėͼ
Ȯȴͅʑ˴ęͼþÑƚmÌƟ½Ɣͳ�

malloc.go 

// Memory allocator. 
// 
// This was originally based on tcmalloc, but has diverged quite a bit. 
// http://goog-perftools.sourceforge.net/doc/tcmalloc.html 

¯´�pʞʅħǹ}ǶȷǏźͼľĳ̈ȕ�bR?P>>^R�y ŗŸåͳßj�"^�ħǹ}ǶȷŹƊfŜʒ
T£eø�ĵČl̲˨ͼǊ®ȣmså̅Ƞͳ  
 
á�bR?P>>^R�ȰɊlvs�<T?P>>^RͼhpnƭƔŃǉ˔lǏźͳ�

Ǐcnlͼ¯´�ÛsȂņÈ�Êːɿ�̣ͼsk~Ìʮ�nʆʙͿ�

Ⱥ¢ɸơƒ«ͼëƜàøɡlƑ¢pǻǼƀɏl`xŌōͳ¯´ɰňƴ}ͼ�nzȂņÈ
ŋ¯ŚǞ�ģͿjnȂ�/�ƪƁ`xlņÈʕĿĪǖḷơİoŗŸͼØʏse`Ϳ Śʙͼ
z¨ŌōǢľzsɶ˄s̛ͳ�

"^�Ʋǡƻţ�Ċ�ƦʺͼÔ�ħǹ±ĩokĄÁĩ̯œêͼħǹǞ�ƑɻrĕĤɍͳ�

Ǣň¥ěpìɸơɰʽȤ}Ȱͼ¯Íʼǭ~ɨ��9Ͳ:Ͳ;�ÂƺȈͳɚ̃wrͼ2�ƪƁņÈ
sǖı�+�j�2�ƪƁŌōͼ¯��wǹ˓�/�ƪƁ�ȑͼȺsšŭͼëǞ�Øʏȣ¢y²yeͳ
Ǹęͼ�Ê`ņÈŌōͼmpğĆœêͼľĳȉäͣvTͳ�

�rlȴÉƌĈpͼìņÈŌō�ǵuͱǠ}j`x°Ȱͳ`�ȑğĆ}Ƕͼzz�nv
rlͳǊï�n`lņÈȟÉƇo|ʐÓͼƴ}Ǟ�hyŗŸͳ�
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sizeclasses.go 

_MaxSmallSize = 32768       // 32 KB 

ƗÊx�ȑͼȯ��2�˪ŦjňĤͼ}��00�¨ɶƞͳ�

ríõŹƊfͼR>Paa�*��ÊòƵ`�ȑͳ�

sizeclasses.go 

// class  bytes/obj  bytes/span  objects  tail waste  max waste 
//     1          8        8192     1024           0     87.50% 
//     2         16        8192      512           0     43.75% 
//     3         32        8192      256           0     46.88% 
//     4         48        8192      170          32     31.52% 
//    ... 
//    64      27264       81920        3         128     10.00% 
//    65      28672       57344        2           0      4.91% 
//    66      32768       32768        1           0     12.50% 

_NumSizeClasses = 67 

�rvTͼ�ŌyÌ��01�¨ŌōͳȾƧrņÈ�ƥêÈĿ^nuķ̦ͼĜȸeTͳ�

aXhT�R>Paa���aXhT�lĬǗͼ˃�ƽǄòͼƙ�?P=TaXhTR>Paa(V^�u�ͳ�

sizeclasses.go 

// Code generated by mksizeclasses.go; DO NOT EDIT. 
// go:generate go run mksizeclasses.go 

var class_to_size = [_NumSizeClasses]uint16{0, 8, 16, 32, 48, ..., 28672, 32768} 
var class_to_allocnpages = [_NumSizeClasses]uint8{0, 1, 1, 1, 1, ..., 7, 4} 

ĳlwͼuÇĔ¥Ĕ`ͼɸơĔwĔeͼŋ¯ŚŪ²ĳƎk»Ϳ�ɸơŧǯͿĽǬ̆Ȁoͼ
skŧ�ǻƀuwͳzȣ¢~őɝĽ̤ͼîʘlɸơsk~ßŀ÷Ņͳ�

řǆ¸ʋhƇo|eiǼͳƜƨͼɑƨǋǒvoÍ`xͺaXhT�R>PaaͻlǞ�ņÈȂ;øªͼ
ÄÞĳƎɳĶͳȴÊķ̦ǝˏͼz�ǏɍT�ũ³˴ͼ}äœêoÍ`xlņÈȂͳ�

`ħǹȂȵÏ�a_P@ͳ®r�a_P@��ɰŖÖ�aXhT�R>Paa�ƴ}ͼǹ˓ňux�ȑlȂȵÏ�^4<TRbͳ�
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ƥêĵČĦ˴Ěͽ�
�

ɘɞʷƥêĵČͺWTP_ͻ¶ªĴʝÏŻȊˡān`Ȃħǹͺ�Ē�+�C:ͻͼ�ȦĒŻȊƷ
�ªŦͼŪƂîkͳŒvʀʇƥêƒť�`Ȃħǹͺa_P@ͻͼj`�ȑľĳ}ǶņÈͳ�

fÈĵČͺRT@bCP>ͻôʷŪú`Ȃħǹͼj˸ǹĵČŪʸ�ǒħǹ̙ͳ¶ufÈĵČɉʀ
ʇn¨ɶƞͼ�ǢŬƥêͳvsͼoÍɶƞāō~¼}ɿ^oÍfÈĵČͼ¯ŀsȦx̑
̋ėͼĄnƧŪƂîkͳà¢ͼôfÈĵČãúxȂħǹo˃úʾĝʝÏͼˍȼ¶ufÈ
ĵČyjeuāōĹǬͼǹr̮əͳ�

��nũpáĞÏƠǴ̘Öl˸ǹĵČͺRPRWTͻͳŒôfÈĵČŪúħǹȂͼɰɶƞ`x
źƇ�Ċ˒ʬͼ̡±�}ǶāōͳßňuƠǴħoǹr̮əͼÔ�z�}Ƕp�̑ʝÏͼ
îk~y²ͳľ^ħǹƣ̰nņoͼÎáø�ƠǴ̮əͳ�

Ⱥ¢˛ǴͺR^C^cbX@TͻrňuƠǴ|×�İ�͛ɐͼëøʱÁȘ¢p̠Álͳ�

Ɨŀͼ��İƒĦʎͳßjȮT�̣ͼmpvŌy±ĩͳ�

!20

1.  OS ኩ᧗य़ٖࣘਂ̶ 
2. ᓕቘय़ٖࣘਂ̶ 
3. ॒ቘय़ٖࣘਂኩ᧗̶

central  
size class 1

central  
size class 2

central  
size class xx

1.  heap ឴ݐय़ٖࣘਂ̶ 
2. ೲ size class ̶ਂٖ׀

cache 
thread 1

cache 
thread 2

cache 
thead n

1.  central ឴̶ࣘਂٖݐ 
2. ԅ୮ڹᕚᑕ׀෫ᲁள᭛ړᯈ̶

heap
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ôņÈ�oÈɓĵîĕȯdͼʮŁ}ǶͺͧŦŷ̛ȓͻl�ȑuƮŝĭȰɊͳÔ�ͼôf
ÈĵČʾĝĬʬ^˸ǹĵČlxȂħǹ�vpƍƖ�Ċͼ�ƛ±ĩosȖ`Øʏãmnu
zsʐÓl`Ȃħǹͳ�

RPRWT�ô�RT@bCP>�ʾĝŪúʝÏͼ×ɋãúnuñǅ�a_P@ͳ�nͼa_P@�`xp˲ÖlÝͿ  
 
opƜƨͼWTP_�ĴʝÏŻȊˡāħǹoͼ�pǏÖ�x�+�C:ͼ�`ǠszsƦÖ;øªͼr�
RT@bCP>�Ĵ�WTP_�āōoͼ~ɰ�aXhT�R>Paa�ƽǄòǏɍ`xĄÁ}̈́ͼ¯ŀxù�`xoÂl°Ȃͳ
r±ĩoͼv˞ýáí̀�Ċƒť�l�a_P@�Īİͼ�Ț� `sƴ}ņÈͳ�

ýcnlͼǵ˸ǹĵČʾĝŪúT�/*�uŖÖɶƞlxȂħǹͳëɉť�T�-�uͼŷŰr
íàÒoÈħ�ť�T�-�uͳz~Ǚ�ʔöšŭͼˍȼħǹp¨ǺĐɫlǐɭͳ±ĩʝÏ
sƑyì˘˚ƒ}ǶxȂħǹöiÜ±fÈĵČͼ�ƛ�ø�˸ǹĵČť�ͼzpȴÊņ
ÈƝ�ʏlÅnªķ̦ͳ�

vsͼǵfÈĵČrŖÖoĭͺð¯ʱÁǵuƇěͻsk}ǶyeƦÖ`xħǹȂͳëƄ
�ͼzåħǹȂ¼ÒoÈɯɍͳ¯ŀͼ±ĩʝÏx˞ýìøƐv�ʷͳʠͪǕƴ}̲˨�ͼ
ı�ø�fÈĵČāōͼƴ}�Ǹn¨ɶƞlxħǹȂͳŀjÅéªņÈķ̦ͳ�

�
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central  
size class 1

central  
size class 2

central  
size class xx

1. ਖ਼ᳳᗝ span තکࢧ heap̶ 
2. ՜ central ᧗̶ٌ׀

cache 
thead n

1. ਖ਼๚ֵአ object ࢧතک central̶ 
2. ՜ cache ֵአ̶ٌ׀

heap

Ӟེଘᤍ

ԫེଘᤍ
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ô�|̹ɤfͼs�d��ũĵČȴÉĞÏ³Ŕ�ǏźĕêͳƗÊʁȐħŗͼmpr�Ì
ĲƁĄnƧ}̇ͳ�

����H'�

ħǹ}ǶƇěǏźƌĈy˅ʻͳ�

ƜƨÌʮląġpͽ�ȑzs˼ę˳Þƪǂͼsħǹ}Ƕ�̨̩±ĩįyǏɍƥêʆǄͼ
¯Śǹ˓İ²ƹˑˁͿ̭Ê¶u�ȑruǹĭħbsʊnħǹ�Ċͼs�ŀźƇ�nuʊ
nˁɗŤͳìƥêŦȞǹ˓rğĆŦɂħͼ�íÍˁɗŤ˧ą͝ƔŞǢň¬²ƹͳ�
�

d|wɊɒy�vͼs×ɋ~ɗ�Ǹnuąġͳr}Ƕǵ�ȑoͼ¯Śɠśø�ıīŦȞ
kÍo}ǶͿrzuƇě�ͼ�ƺ�ȑħǹ�Ċ�ʆǄƥê�ȑ�ĊÈǹrnn�ıõ
Żͳ¯ŚśȏʆǄ�ȑÔŌ�Ċo¼˷�ͿēokìƥêŦɂŪÐɑ}Ƕ�Ϳ�me`Ϳ�

mp«�¶uĄǴbsg�ǇǦʧ́�ĊņÈͳ¯oǝˏĮêħǹͼ0.�ĤŻȊȹ`l�Ċ
ņÈs͆ƫmpƄƛť�ͼ˟Ɨ̞͘��ƥ}ǶͼoǝˏˀÜͳ�

à¢ͼ×ɋ�ʙlͼmp�ě̴�ĮêħǹȃŔͳſŚoâͼđ�Įêħǹ`xb~ɗ�
ʔöîkąġͼzopcylĦ´ͳs¯´ͼ�ˀÜĮêħǹ®oˀÜʧ́ħǹģͿ�

¯ǵǂʧ́ħǹÒoÈoť�ͼsĠ«ʝÏŻȊřȮøĮêħǹ̓ȱͼ¯ŀøĮêħǹ¼
±ĩͳ�pƓrƇěŊǽͼŋħǹȘʍǹrͼßjŹƊʝÏlbpʧ́ħǹͳà¼řȮĮ
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meta

object object object

meta meta

አಁහᕟ

ᇫாᓕቘහᕟ

0

0

1

1

n

n
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ê̓ȱlʧ́ħǹÎªť�oͼ~ɗ�ɺǍʩŃͼʝÏŻȊg¦ɩ|ÔŌĮêħǹͳ¯ŀ
nwͼ��xǢňTͳ�

±ĩ�Ǟ��p̕ʼŦȞͼáħǹˀÜp°±�ͳ  
sõʧ́ħǹͼ�ǤǗÿǗ�ͺaeP_�X@)^cbͻͲɺǍʩŃͺ_PVT�UPc>bͻÂ˵ƸpƑɻʰ˖lͳ�

oƥp�ƺ�ȑͼvpʆǄƥêŦɂͼ�yŪÐʌÖÔŌ�ĊņÈͼxoƬ�ĊɡǥTͳ
 ĄnƧͼ˃úƠî}Ƕˊʓͼ¶ª}ǶnuȖ`ʽȤͼ�ŪƂîkͳ�

ħǹǘɓƶÇĚͽ�

�

ʈńǚˮͺPCT@PͻpğĆj�ƺ�ȑɑǛ�ĊņÈͳàʷͺWTP_ͻĴʝÏŻȊˡā`Ȃ
ħǹoͼ~ìŀǚˮ�ĊÏjƤŦŘÿŻȊƷ�ͳñ��Ʒǅİśǹlnª}ǶĤɍͳ�

BX@cf�??P_ͲLX@S^ea�.XCbcP>9>>^R�ÂbsŘÿ|ł�ĊƤŦͳ  
ǸęͼŢÁoƥê�ȑßuƮŝĭˊʓoÍͼor�PCT@P�ʽȤħ}Ƕͳ�

index =ҁobject.address - arena.start҂/ step 

fÈǚˮͺ4Xb?P_ͻpĤĚŦȞĦ˴ͼj¶u�ȑŪʸØuéĄŔĤͼ�wǿĥ̨̩±ĩ
ʆǄͳɣńͺa_P@aͻȯpħǹǍͺ_PVTͻ�øƥê�ȑͺa_P@ͻǊƼòͳˍȼħǹ±ĩoͼ
Ōyôŵw±ŵwͳÍoͼƝ�ŋòvs˧ą�Ċí̀`Ȃħǹť�ʆǄͼ�ƛìeuħ
ǹȂĪİ� `ħǹȂͼȦĒʐÓͼ vǖı}ǶŌōͳ�

TřȴÉƌĈ�ͼmp�łʞʅǾüŹƊͳ�
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spans bitmap arena

አಁړᯈ܄ऒັݍᤒ: page -> span

ࢶතຽᦕ֖ࢧ࣯࣍
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mheap.go 

type mheap struct { 
 spans []*mspan 

 bitmap        uintptr       // Points to one byte past the end of the bitmap 
 bitmap_mapped uintptr 

 arena_start uintptr 
 arena_used  uintptr         // Set with setArenaUsed. 

 arena_alloc uintptr 
 arena_end   uintptr 
} 

ħǹǘɓ�Ơî}ǶĤɍśǹr�?WTP_�Ħ˴ͼrȾłŬͧŦfĄÁǏɍͳ�

ƜƨŌyźƇ�Ôsǚˮ`xͼĠ«ʝÏŻȊśǛħǹ�ĊʽȤͼˋǁ¼ø��ȑ}Ƕʝ
Ï˷�ͳà¢ͼŀʝÏɉśǛ�ĊņÈͼo~ǦŞ}Ƕħǹͳ�

zxpǵåŻȊ˶ŊĞǾ�ͼſŚnu�"^�ǴɧͼŵƬɉʵ��͵WT>>^	�e^C>S Ͷ�h~˷�y`ħǹ
lȋƾͳmpyTřøȣƶŦȞǾüʒɃͼŷŰÃɠƼdĮêħǹ˷�ͳ�

malloc.go 

func mallocinit() { 

 // ᦇᓒ spans̵bitmap ܄ऒय़ੜ̶ 
 var spansSize uintptr = (_MaxMem + 1) / _PageSize * sys.PtrSize 
 var bitmapSize uintptr = (_MaxMem + 1) / (sys.PtrSize * 8 / 2) 

 // 64 ֖ᔮᕹ̶ 
 if sys.PtrSize == 8 { 

  // ᔴᦇಅํ܄ऒय़ੜ̶ 
  arenaSize := round(_MaxMem, _PageSize) 
  pSize = bitmapSize + spansSize + arenaSize + _PageSize 
  
  // ᦶࢴࣁਧ᩸ত֖ᗝҁ0x0000XXc000000000҅XX = 00 ... 7f҂כኸ࣎ࣈᑮᳵ̶ 
  for i := 0; i <= 0x7f; i++ { 
   switch { 
   default: 
    p = uintptr(i)<<40 | uintptrMask&(0x00c0<<32) 
   } 

   // Րכኸᡦٖਂ҅࣎ࣈଚᶋړᯈٖਂ̶ 
   p = uintptr(sysReserve(unsafe.Pointer(p), pSize, &reserved)) 
   if p != 0 { 
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    break 
   } 
  } 
 } 

 ἶ҅ଚ᧣ෆ̶࣎ࣈ // 
 p1 := round(p, _PageSize) 
 pSize -= p1 - p 

 // ᦇᓒ bitmap ܄ऒ̶ࢱ(mheap.bitmap ݻੲ᮱) 
 spansStart := p1 
 p1 += spansSize 
 mheap_.bitmap = p1 + bitmapSize 
 p1 += bitmapSize 

 // ᦇᓒ arena ܄ऒ̶ࢱ 
 mheap_.arena_start = p1 
 mheap_.arena_end = p + pSize 
 mheap_.arena_used = p1 
 mheap_.arena_alloc = p1 

 ত۸ञᇫா҅۱ೡ mheap.spans̶ڡ // 
 mheap_.init(spansStart, spansSize) 
 _g_ := getg() 
 _g_.m.mcache = allocmcache() 
} 

ȾłŬͧŦİoǞʂͼPCT@P�`xjƽǄǏÖͼ|ȃ�/+,�":ͼđ�~ɗ��EEC�Ùʨͳ®�
4Xb?P_���a_P@a��ŀ}äźƇͳ�

ɰŎ�aXhT�R>Paa�ɶȯͼ�x�^4<TRb�p�2�ƪƁͳ  
 
ʆǄĤĚ�4Xb?P_�j¶u�ȑŪʸ�,�uéĄŔĤͼ�nø`xźƇèƳͽ  
� 4Xb?P_(aXhT�7�PCT@P(aXhT�)�?X@O^4<TRb(aXhT���,�)�2���������+0�":ͺ̡±ƪƁŦͼÔ�Ȯ��2ͻ 
 
ǊƼò�a_P@a�pȴÊ�_PVTͼ�ıźƇèƳͽ  
� a_P@a(aXhT�7�PCT@P(aXhT�)�_PVT(aXhT���_^X@bTC(aXhT�����������/+,�C:ͺòǹ˓Ʀʺͻ�

test.go 

func main() { 
    a := [512 << 30]byte{}       // ړᯈ 512 GB҅ݎ OOM̶ 
    a[512<<30-1] = 1 
} 

$ go build -gcflags "-N -l" -o test && ./test 
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runtime: out of memory: cannot allocate 549755813888-byte block (753664 in use) 
fatal error: out of memory 

ƗÊśǛʝÏoɗ�ħǹ}ǶÁjͼzáŻȊƷ�ƤŦsõͳ�

FGEIODED=4��FPVTa�?Pg�@^b�4T�PRRTaaTS(�9RRTaaX@V�FGEIODED=�?T?^Cg�eX>>�CTac>b�X@�P�aTVUPc>b	�
4cb�bWT�?T?^Cg�CTVX^@�eX>>�4T�CTaTCdTS�P@S�@^b�caTS�U^C�P@g�^bWTC�_cC_^aT(  
 
C=COG=H=G.=4�GTaTCdTa�P�CP@VT�^U�bWT�_C^RTaa!a�dXCbcP>�PSSCTaa�a_PRT�eXbW^cb�P>>^RPbX@V�P@g�
PRbcP>�_WgaXRP>�ab^CPVT�X@�?T?^Cg�^C�X@�bWT�_PVX@V�UX>T�^@�SXa=(  
 
ƤŦ�CTaTCdTS�̡±rƦÖĤɍśǛʝÏpɪ�Əͳ�

mem_linux.go 

func sysReserve(v unsafe.Pointer, n uintptr, reserved *bool) unsafe.Pointer { 
    p, err := mmap(v, n, _PROT_NONE, _MAP_ANON|_MAP_PRIVATE, -1, 0) 
    if err != 0 { 
        return nil 
    } 
    *reserved = true 
    return p 
} 

mem_windows.go 

func sysReserve(v unsafe.Pointer, n uintptr, reserved *bool) unsafe.Pointer { 
    *reserved = true 
    v = unsafe.Pointer(stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_RESERVE, _PAGE_READWRITE)) 
    if v != nil { 
        return v 
    } 
} 

ƗÊ�WTP_(a_P@a�Ǐɍͼ¼Ür�?WTP_�ȾłŬͧŦ�ͳ�

��c@aPUT�¸Ƴͼì�WTP_(a_P@a�ħĵƪǂƦĴ�ıśǛǚˮͳ�

mheap.go 

var mheap_ mheap 

func (h *mheap) init(spansStart, spansBytes uintptr) { 
 sp := (*slice)(unsafe.Pointer(&h.spans)) 
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 sp.array = unsafe.Pointer(spansStart)         // ݻ spans ᰒහᕟ̶ 

 sp.len = 0                                    // ڡত۸ len  cap ਁྦྷ̶ 
 sp.cap = int(spansBytes / sys.PtrSize) 
} 

śǛ�ĊņÈñ��ͼ×ɋ�ƺħǹvpɰŌ}ǶͳŵƬʧ́ħǹÑ¾}ǶͼʝÏŻȊh
ƒƑ~ǦŞ̓ȱĮêħǹͼzáøħǹƥê¸Ƴsõͳ�

ǩɢ̈ȕͷűÿêřźƇ³ŻȊʧ́ǹ˓ȷ�ÂíõĲƁͳ�

����9�

mp«�ͼ˜͋ȷsʇſì�ȑǜsk}Ƕrͬ|ͼzsȇÊȦĘ̩̄±ĩȽ»ͼ�ŪƂ
îkͳ¯ŀͼpɪÇż{ͬ|�ȑorħǹ}ǶȷƥêʽȤͿ�

à¢opͳ�×|ͼİ�ňīͺV^C^cbX@TͻÔŌʱÁͬħǹÍ©ôśǛǚˮãúͳà�ȑ
rͬ}ǶoͼßͬħǹÑ¾ǹrͼ�Ō�̒ǹȷ˒ʬŞs˧ąͼ�Ōô˸ǹ�fÈÂĵČ
ãúͼˋǁT˼ęl}ǶͧŦƷ�ͼøîkg¢y²yeͳɄ�̨̩±ĩȷ®ǡͼǅuͬ
ħǹ¼ŊÏňn�ȑͳēüŦĝĒTͼȽ»g¢hxxTͳ�

ƗÊ�ȑǾü}Ƕrͬvpʷͼƙ˜͋ȷǆÖͼ®ƔŹƊͳ�

test.go 

package main 

func test() *int { 
 p := new(int) 
 *p = 100 
 return p 
} 

func main() { 
 p := test() 
 println(p, *p) 
} 

x|Ìƶ̃®ǡͼőɝ}ǶĤɍlǆÖßɇpͧŦħǲáɪͳ�

$ go build -o test -gcflags "-N -l"                 ; ᐬྊս۸ٖᘶ҅ᬌڊս۸٬ᒽ̶ 
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new(int) escapes to heap 

$ go tool objdump -s "main\.test" test 
TEXT main.test(SB) 
    CALL runtime.newobject(SB)                      ; ࣁञӤړᯈٖਂ̶ 
   

sť��V^�b^^>�R^?_X>T�'W���V^�b^^>�>X@=�'W�Ƽd˜͋�ʦĳƤŦͳ�

sõͬħŗͼ�ÆǸɤͼÉĲɉ}̇ʷħǹ}ǶȐƁͳ�

íðȾłŬtǴͼ}ǶƇěyǞʂmeͳjƛÊêř�̈ȕͼƨô÷Ǵÿ�ͼ¢�Îűÿ
ǾüƇěȐƁͳ�

malloc.go 

func newobject(typ *_type) unsafe.Pointer { 
    return mallocgc(typ.size, typ, true) 
} 

�ÊħˆŹƊ®ǡͼîkpǉƨǝˏßɇͳÔ�~sye`ͧŦͼŷŰoÍĵČíʿĪl
ĉƞͳƟlpjTȦĒ˼ęƷ��ɹͼzáı�˜ƊɶʽoÍͳǩɢ¥ŐǢœêͼ͞Ȯ�
õħŗ�ȐƁͼ�ƛÊêĜƌĈͳ�

malloc.go 

// Small objects are allocated from the per-P cache's free lists. 
// Large objects (> 32 kB) are allocated straight from the heap. 

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer { 

    if size == 0 { 
        // ᵭᳩଶ ... 
    } 

    if size <= maxSmallSize { 
        if noscan && size < maxTinySize { 
            // ஙੜҁtiny҂ړᯈ ... 
        } else { 
            // ੜړᯈ ... 
        } 
    } else { 
        // य़ړᯈ ... 
    } 
} 
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ôȴÉ÷Ǵdͼ�Òėj}ǶˊʓĨČͼsːÒėͲx�ȑ�`�ȑ�Ȱͳøfx�ȑs
ĄnƧ}��xͺbX@gͻ�ȑͼøƟlpjTȦĒħǹšŭͳ�

�� �4�89Y�

Ɯƨyêř�npːÒė�ȑͳ�

ŴÇͼaXhT�*���@X>�opn±�ͳ  
 
ÐŰòƵnuĪě�ȑͼ�Ɣzs×ɋsȕƩħŗͳ®�ŰͼȯòƵnuƒ¾}ǶlƟǿͳßj
ːÒė�ȑħŗ�ě˧ąͼÔ�oÍȰȈsƦĴÍnĤɍͳëpͼßħǹ�ĊskíÍͼÔ�Ï
j¿ˣoŌyŖäŴÇͳ�

test.go 

package main 

func test() (*[0]int, *struct{}) { 
 var a [0]int 
 var b struct{} 

 return &a, &b 
} 

func main() { 
 pa, pb := test() 
 println(pa, pb) 
} 

$ go build -o test -gcflags "-N -l -m"    ; ᐬአٖᘶ 
&a escapes to heap 
&b escapes to heap 

$ ./test 
0x4c2a00 0x4c2a00 

¯ÍÐÆÔrͼ�ȑǉƨ}Ƕrͬ|ͳzşºͼÍ©ǖ�ÊːÒė�ȑͳ�

$ go build -o test -gcflags "-N -m"       ; ꧋ᦜٖᘶ 
can inline test 
main &a does not escape 
main &b does not escape 
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$ ./test 
0xc42003ff40 0xc42003ff40                 ; ٖ࣎ࣈ 

(gdb) p pa 
$1 = ([0]int *) 0xc42003ff40 

(gdb) info frame  
Locals at 0xc42003ff30 

¯Ãɠrʷ|}ǶͼȯƦĴɑǏlÍn½ɓùĝͳ�

malloc.go 

// base address for all 0-byte allocations 
var zerobase uintptr 

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer { 
    if size == 0 { 
        return unsafe.Pointer(&zerobase) 
    } 
} 

����49Y�

ố̫|rͼ`�ȑÔ˷ħǹƇo|ʐÓͳɄrĠŃ�ʙlͼǴɧ�l`�ȑŦĝí�Ȗ
ĒͼuƮŝĭȖÒͼƾøħǹǞ�lskîhȖǪͳ¯ŀͼ}�œêg¢xĪ�Īêͳ�

áǵåƲǡì`�ȑľĳrʷ|}ǶoÍͳ"^�gÖɃͬ`x|ȃj�+":ͼȘʍͬ|}Ƕǉƨͳ�

malloc.go 

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer { 

    // य़ԭ 32KB ጱฎय̶़ 
    if size <= maxSmallSize { 
    } else { 
        systemstack(func() { 
            s = largeAlloc(size, needzero, noscan) 
        }) 
    } 
} 

rʷ|}Ƕoͼľĳô�WTP_�ãú`xĪǖlħǹȂͳ�
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malloc.go 

func largeAlloc(size uintptr, needzero bool, noscan bool) *mspan { 

    // य़ٖࣘਂզᶭԅ̶֖ܔ 
    npages := size >> _PageShift 
    if size & _PageMask != 0 { 
        npages++ 
    } 

    // ፗള heap ឴̶ࣘਂٖݐ 
    s := mheap_.alloc(npages, makeSpanClass(0, noscan), true, needzero) 
    return s 
} 

���� �$2�

ʞʅŪúƇěÐͼɻƨTř�WTP_�¯ŚƥêħǹȂͳ�

íõƪǂfͼ��UCTT���4cag�òƵ�͵gƙs�Ͷ���͵Ñ¼ť�Ͷ�°¨ʆǄͳ�ÊŃ�ͼhxp
ĒÊ�+,2�ǍlħǹȂͼ�Ŧɂǹ˓ͳø� `ħǹȂͼ½ĵÜÿʥĦ˴sɧǹ˓ͳ�

mheap.go 

type mheap struct { 
    free      [_MaxMHeapList]mSpanList   // free lists of given length up to _MaxMHeapList 
    freelarge mTreap                     // free treap of length >= _MaxMHeapList 

    busy      [_MaxMHeapList]mSpanList   // busy lists of large spans of given length 
    busylarge mSpanList                  // busy lists of large spans length >= _MaxMHeapList 
} 

malloc.go 

_MaxMHeapList   = 1 << (20 - _PageShift)   // 128 

Ŧɂ�UCTT��ǍŦjˁɗͼīɇpƙeuíÍǍŦlħǹȂÔ˴�ʦòͳ�

mheap.go 

type mSpanList struct { 
    first *mspan              // first span in list, or nil if none 
    last  *mspan              // last span in list, or nil if none 
} 
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type mspan struct { 
    next *mspan               // next span in list, or nil if none 
    prev *mspan               // previous span in list, or nil if none 
} 

ʥʷ�UCTT>PCVT�pé͔ˎˁʥͼ�ħǹȂǍŦ�|ł�ĊjŧɧĨČͳs̡±`xǖfͼɄ
�ĊƢÐlħǹȂͼ�ẘŹþĭ�4Tab�UXb�ǢŸƇě×�ͳ�

mgclarge.go 

// Each treapNode holds a single span. The treap is sorted by page size 
// and for spans of the same size a secondary sort based on start address  
// is done. 

// Spans are returned based on a best fit algorithm and for spans of the same 
// size the one at the lowest address is selected. 

Ħ˴ƶÇĚͽ�

íð�ÐŏÉͼƷǅ�lĦ˴ǏźƟl ÞÃɠͳ�ǍŦjˁɗlʦòŦɂͼǀs�ʃ˧
ąƹʏͼɄŪú�̏ÞbǺj¸ƛͳƗÊ `lȂͼßøŦĝoeͼʥʷĦ˴Ǩ�ś̶ͼ
Ío×�TĕÖƇěÇĚͳ�
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mheap

freeLarge (pages >= 128)

1. ྯӻ node ਂؙӞӻ span̶ 
2. ೲ pages  address ഭଧ̶

free

1 2 127

1. զ pagesҁ<128҂ԅᔱ̶ 
2. ਂؙ spans ᱾ᤒ̶

span
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TřƥêǮȌ�ͼmpǟƖƇěȐƁʞʅͳ�

mheap.go 

func (h *mheap) alloc(npage uintptr, spanclass spanClass, large bool, needzero bool) *mspan { 
    systemstack(func() { 
        s = h.alloc_m(npage, spanclass, large) 
    }) 

    return s 
} 

func (h *mheap) alloc_m(npage uintptr, spanclass spanClass, large bool) *mspan { 

    //  heap ̶ࣘਂٖݐ 
    s := h.allocSpanLocked(npage, &memstats.heap_inuse) 

    if s != nil { 
       if large { 
            // නف busy ᱾ᤒහᕟञ̶ 
            if s.npages < uintptr(len(h.busy)) { 
                h.busy[s.npages].insertBack(s) 
            } else { 
                h.busylarge.insertBack(s) 
            } 
        } 
    } 

    return s 
} 

ħǹȂ¼Ūú�ͼÜÿÑť�ǰòͼzz�nvrlͳ�ïˆqħŗplÌzu¸ěͳ�

ƜƨͼôƦÖǍŦ|ɖȗ�UCTT�ŦɂͳjŚo�ǍŦjˁɗľĳ˧ąģͿy«�áĨČí̿
lŦɂīɇskjņͼoƥprȾłŬoͼvpŢÁtǴfͼø�ıʦòbskzss�
ħǹȂͳŀoͼ�ʃ¥ěpǟƖ˞ýǍŦ elʦòͼ®ƔĴʝÏŻȊˡāiħǹͳ  

+/�Ǎlzsͼ�nxw�+0Ͳ+1�Ǎlʦò�Ŀͳ�

 
¯´�UCTT��zs̡±ͼ�nǟƖƼĿ�UCTT>PCVTͳÎoʳͼxĴʝÏŻȊˡāiħǹͳēͼ
ǜĝrÑsħǹȂ�̡±ŗĝ�ĳŁl�uͳ�
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mheap.go 

func (h *mheap) allocSpanLocked(npage uintptr, stat *uint64) *mspan { 

    // ਧᶭහ᩸҅᭭ܲ free ᱾ᤒහᕟ̶ 
    for i := int(npage); i < len(h.free); i++ { 
        // ᱾ᤒ१᮱̶ࣘਂٖݐ 
        list = &h.free[i] 
        if !list.isEmpty() { 
            s = list.first 
            list.remove(s) 
            goto HaveSpan 
        } 
    } 

 freelarge ᯾ັತ̶ ࣁ //    
    s = h.allocLarge(npage) 
    if s == nil { 
        // ಘୟ҅ݻ֢ᔮᕹኩ᧗ෛٖਂҁ๋ 1 MB, 128 pages҂̶ 
        if !h.grow(npage) { 
            return nil 
        } 
        // ෛኩ᧗ٖਂනࣁ freelarge̶҅ݐ 
        s = h.allocLarge(npage) 
   } 

HaveSpan: 

 ... ग़ٖ֟ਂ҅݇ᘍӥᜓۆړ ... //   

   return s 
} 

�������"�

ôŪútǴdͼÔ̡±ħǹȂ`xskđ�ɑĭͳŀoͼŌ�øÏ}̈́œêͼˋǁħǹš
ŭͼˍȼŀœp�ǍjňĤͳhïßj}̈́lȋƾͼÔ�yǉƨ̡±`xĪǖlħǹȂͼ
ǜĝˋǁʐÓŬͳ�

mheap.go 

func (h *mheap) allocSpanLocked(npage uintptr, stat *uint64) *mspan { 

    // ҅ࣘਂٖݐᧇఘᥠӤᜓ ... 

HaveSpan: 

    // ইຎᶭහ᩻ڊᶼ๗҅ڞᬰᤈ̶ۆړ 
    if s.npages > npage { 
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 ӥጱٖਂ̶ࣘۆړୌෛ mspan ҅አԭᓕቘڠ //        
        t := (*mspan)(h.spanalloc.alloc()) 
        t.init(s.base()+npage<<_PageShift, s.npages-npage) 
        s.npages = npage 

        // ᦇᓒۆړӥጱٖਂࣘᔱ҅ଚץද heap.spans ັݍᤒ̶ٖ 
        p := (t.base() - h.arena_start) >> _PageShift 
        if p > 0 { 
            h.spans[p-1] = s                              // s_spans ੲ᮱ᬟኴ 
        } 
        h.spans[p] = t                                    // t_spans १᮱ᬟኴ 

        h.spans[p+t.npages-1] = t                         // t_spans ੲ᮱ᬟኴ 

        // ਖ਼ۆړӥጱٖਂࣘනࢧ heap҅տݳࣘਂٖݎଚ̶֢ 
        h.freeSpanLocked(t, false, false, s.unusedsince) 
    } 

    // ᦇᓒᔱ҅ݩଚֵአ span ᰒऴ꧌ heap.spans ັݍᤒ̶ 
    p := (s.base() - h.arena_start) >> _PageShift 
    for n := uintptr(0); n < npage; n++ { 
        h.spans[p+n] = s 
    } 

    return s 
} 

rz�ͼmpd^T�WTP_(a_P@a�Ôǹ˓ħŗͼxpħǹȂƥê�ȑ�?a_P@�Ʀʺͳ�

WTP_(a_P@a�ħŗƶÇĚͽ�
�

!35

1: s ptrspans

arena page 1 ...

smspan

page 2 page 3

2: s ptr 3: s ptr ...

ऴ꧌ ັݍ



�������	


������%��

oƥp}̈́Ô˚ͼvp̨̩±ĩͼ�yìħǹȂÜ±�WTP_ͼbìɗ�ĪİʝÏͳ�

Ġt�a_P@a�ǊƼòͼs˧ąɣʈ�Ċí̀ħǹȂͳ¯ŒphœÊgƙʆǄͼxĄÁĪİʝ
Ïͳ¯ŀͼsãm `gƙņÈͼkǖı eāōͼİȦĒʐÓͳ�

mheap.go 

func (h *mheap) freeSpanLocked(s *mspan, acctinuse, acctidle bool, unusedsince int64) { 

 span  busy ᯾ᑏᴻ̶ ڹਖ਼୮ض //    
    s.state = _MSpanFree 
    if s.inList() { 
        h.busyList(s.npages).remove(s) 
    } 

    // ᦇᓒ span ᔱ̶ݩ 
    p := (s.base() - h.arena_start) >> _PageShift 
    if p > 0 { 
        // ᭗ᬦ heap.spans ັ፡ૢ׆ፘᮝ span̶ 
        before := h.spans[p-1] 

        // ইຎૢ׆ span ਂ҅ࣁӬ॒ԭ free ᇫா҅ݳڞଚک୮ڹ span̶ 
        if before != nil && before.state == _MSpanFree { 
            // ᧣ෆ୮ڹ span ં̶ 
            s.startAddr = before.startAddr 
            s.npages += before.npages 

            // ᧣ෆᔱץ҅ݩද heap.spans ̶ٖ 
            p -= before.npages 
            h.spans[p] = s 

            // ਖ਼ૢ׆ span ፘڜىᤒᑏᴻ̶ 
            if h.isLargeSpan(before.npages) { 
                h.freelarge.removeSpan(before) 
            } else { 
                h.freeList(before.npages).remove(before) 
            } 
        } 
    } 

    // ༄ັ׆ݦ span̶ 
    if (p + s.npages) < uintptr(len(h.spans)) { 
 span̶ ׆ݦ //        
        after := h.spans[p+s.npages] 

        // ইຎਂ҅ࣁӬ॒ԭ free ᇫா҅ݳଚ̶ 
        if after != nil && after.state == _MSpanFree { 
            // ᧣ෆ୮ڹ span ં̶ 
            s.npages += after.npages 
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 ද heap.spans ̶ٖץ //            
            h.spans[p+s.npages-1] = s 

            // ਖ਼׆ݦ span ፘڜىᤒᑏᴻ̶ 
            if h.isLargeSpan(after.npages) { 
                h.freelarge.removeSpan(after) 
            } else { 
                h.freeList(after.npages).remove(after) 
            } 
        } 
    } 

    // ਖ਼ spanҁᘏݳଚݸጱ span҂නݳفᭇጱڜᤒ̶ 
    if h.isLargeSpan(s.npages) { 
        h.freelarge.insert(s) 
    } else { 
        h.freeList(s.npages).insert(s) 
    } 
} 

ĪİʆǄƶÇĚͽ�

������G@�

ɉr�sħǹȂboǨ�ůǨāōoͼ¹ĴʝÏŻȊ��ˡāͳ�

ȴÊîkǝˏͼ¶ªbˡāǨǑ`lħǹņÈͳ�Ōʣqŀɚ~Ǚ�šŭͼßjÔˡāħ
ǹŀȆțƒť�ͼʝÏŻȊo~ǦŞjø}ǶĮêħǹͳ�

mheap.go 

func (h *mheap) grow(npage uintptr) bool { 

!37

spans

smspan

...

before after

p + s.pagesp - 1 p

1. spans ԅྯӻ page ᦕ୯ span ᰒ̶ 
2. զྌݢᦇᓒݸڹӷӻ span ᬟኴ̶



�������	


    // Ask for a big chunk, to reduce the number of mappings 
    // the operating system needs to track; also amortizes 
    // the overhead of an operating system mapping. 

    // ฎ 64 KB හ҅Ӭӧᚆԭ 1 MB̶ 
    npage = round(npage, (64<<10)/_PageSize) 
    ask := npage << _PageShift 
    if ask < _HeapAllocChunk { 
        ask = _HeapAllocChunk 
    } 

 ֢ᔮᕹኩ᧗ٖਂ̶ݻ //    
    v := h.sysAlloc(ask) 

 ୌ mspan ᬰᤈᓕቘ̶ڠ //    
    s := (*mspan)(h.spanalloc.alloc()) 
    s.init(uintptr(v), ask>>_PageShift) 

 heap.spans ऴ꧌ mspan ᰒ̶ ݻ //    
    p := (s.base() - h.arena_start) >> _PageShift 
    for i := p; i < p+s.npages; i++ { 
        h.spans[i] = s 
    } 

    // නࢧ heap҅ᦶݳଚ̶֢ 
    h.freeSpanLocked(s, false, true, 0) 
    return true 
} 

malloc.go 

_HeapAllocChunk = 1 << 20                // Chunk size for heap growth 

ñǅsĞÏħǹoɉɉp�PCT@PͼvŜ̟�4Xb?P_���a_P@aͳ¯´zsõǲīŦȞͼŢÁo
íõ³ŔȟÉ�ěĞÏͳÔ�ͼmÍƧ̻Ļz°ĵ}ħǹͳ�

malloc.go 

func (h *mheap) sysAlloc(n uintptr) unsafe.Pointer { 

    // ࢱ༄ັ҅Ꮯכ arena ᬮํ᪃ड़ᑮᳵ̶ 
    if n <= h.arena_end-h.arena_alloc { 

        // ဳֵአ arena_alloc ֢ԅړᯈ᩸ত̶࣎ࣈ 
        p := h.arena_alloc 
        sysMap(unsafe.Pointer(p), n, h.arena_reserved, &memstats.heap_sys) 
        h.arena_alloc += n 

        // ԅ heap.spans  heap.bitmap ړྍݶᯈٖਂ̶ 
        if h.arena_alloc > h.arena_used { 
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            h.setArenaUsed(h.arena_alloc, true) 
        } 

        return unsafe.Pointer(p) 
    } 
} 

mheap.go 

func (h *mheap) setArenaUsed(arena_used uintptr, racemap bool) { 

 ̶ਂٖ ᯈ heap.bitmap̵spansړྍݶ //    
    h.mapBits(arena_used) 
    h.mapSpans(arena_used) 

    h.arena_used = arena_used 
} 

íõƪǂͽ  
� ?WTP_(PCT@POP>>^Rͽlª}Ƕ�Ċͳ  
� ?WTP_(PCT@POcaTSͽĪě�ĊńĖͼõǲ�a_P@aͲ4Xb?P_�ħǹÑ}Ƕͳ�

ƗÊ�agaCP_ͼ�Ɣp˗ŕtlŻȊƷ�ͼİ�eĒɴɽsǡͳ�

mem_linux.go 

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

mem_windows.go 

func sysMap(v unsafe.Pointer, n uintptr, reserved bool, sysStat *uint64) { 
 p := stdcall4(_VirtualAlloc, uintptr(v), n, _MEM_COMMIT, _PAGE_READWRITE) 
} 

����Z9Y�

Ŧĝɬelx�ȑ¹pħǹ}ǶȷöqÔrͳzøf̺ǤeũĵČ¯Ś˛Ïͼ¯ŚjoÍ
`xɶƞ�ȑŪʸ�̑}Ƕͼ¯ŚǉŬîkÂÂħŗͳ�
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ÐÆŪǤͼ�ũĵČfͼ˸ǹͺRPRWTͻľĳjàÐƠǴŪʸx�ȑħǹ}Ƕͳ¯ŀͼmp
ôŦȞĦ˴�łͳ�

˸ǹĵČť�ŦɂͺP>>^Rͻǹ˓euħǹȂͼ¶uŹòn¨`xɶƞͺaXhT�R>Paaͻͳ�

mcache.go 

type mcache struct { 
    alloc [numSpanClasses]*mspan     // spans to allocate from, indexed by spanClass 
} 

ëpͼok�`xɶƞjˁɗľĳ˧ąŦɂͳ¶uāōħǹl�ȑͼȟȞøpɪŜʒƦʺ
s}Ï�aRP@���@^aRP@�°ȰͳƦʺǆÖT̨̩±ĩopɪŌyűė̖̹ͼȞŀ}�œês
̽evœͳ�

Ŧɂŗĝpɑĭl°˪ͼxpßj¶¨ɶƞs�@^aRP@���aRP@�°uħǹȂͳ�

mheap.go 

numSpanClasses = _NumSizeClasses << 1 

type mspan struct { 
    spanclass   spanClass            // size class and noscan (uint8) 
    elemsize    uintptr              // computed from sizeclass or from npages 
} 

`xɶƞ�ŦɂˁɗÈĠt�a_P@R>Paa�ĬǗͳƇěƔŃǢňͽìɶƞɣʬnuéĄŔĤͼ
�wǹ˓̖̹ǿĥͳ�

spanclass = sizeclass << 1 | noscan 

ð¯rͼaXhT�R>Paa�-�xs¯l°¨ˁɗͽ  
 
� *4++�66�+�i�*������7����*4++*�����7����0��������5�aRP@ 
� *4++�66�+�i�+������7����*4+++�����7����1��������5�@^aRP@�

mheap.go 

type spanClass uint8 
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func makeSpanClass(sizeclass uint8, noscan bool) spanClass { 
 return spanClass(sizeclass<<1) | spanClass(bool2int(noscan)) 
} 

func (sc spanClass) sizeclass() int8 { 
 return int8(sc >> 1) 
} 

ĳlwͼ�ƔpȟȞ�ȑ`xã«ɶƞͼĄ®Þÿ̖̹ǿĥͼźƇ�Ŧɂ×ɋˁɗͳ�

malloc.go 

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer { 

    c := gomcache() 
    noscan := typ == nil || typ.kind & kindNoPointers != 0 

    if size <= maxSmallSize { 

        // ັᤒ҅ᬬࢧय़ੜᥢ໒̶ 
        if size <= smallSizeMax - 8 { 
            sizeclass = size_to_class8[size...] 
        } else { 
            sizeclass = size_to_class128[size...] 
        } 

        // ᦇᓒහᕟᔱ҅ᬬࢧᥢ໒ଫጱ span̶ 
        spc := makeSpanClass(sizeclass, noscan) 
        span := c.alloc[spc] 

        //  span ٖݐ object̶ 
        v := nextFreeFast(span) 
        if v == 0 { 
            v, span, shouldhelpgc = c.nextFree(spc) 
        } 

        x = unsafe.Pointer(v) 
    } 

    return x 
} 

������OA�

Ôʫƴ}ͼ�pɰɶƞ`x�˒ʬĤɍźƇ�}ǂħǹ�ĊͼİƔ�lƴ�ʐȂͳ�
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ƥê�ȑ�ĤĚͺP>>^R:Xbaͻǿĥħǹť�ʆǄͳÍoͼjˋǁ̖̹ǅuĤĚͼv˃�ğ
ĆƪǂͺUCTTX@STfͻĥǱ|ª}ǶĤɍͼ�ŀjȶɧ}Ƕ|�ͳ�

mheap.go 

type mspan struct { 
    nelems     uintptr               // number of object in the span. 

    allocBits  *gcBits 
    freeindex  uintptr 

    allocCache uint64 
} 

type gcBits uint8 

ŞƛzsȐƁͼmphkêřlÌlƇětǴͳ�

ßj¶u�a_P@�ɉjn¨ɶƞĹǬͼ�nsìøŊÏ�^4<TRb�Ŧɂͳ�yĠtĤĚĿ^s�
ˁɗŤͼxkźƇ�×ɋħǹ�Ċͳ�

malloc.go 

func (c *mcache) nextFree(spc spanClass) (v gclinkptr, s *mspan, shouldhelpgc bool) { 

 አ object ᔱ̶ݢӥӞӻݐ឴ //    
    s = c.alloc[spc] 
    freeIndex := s.nextFreeIndex() 

    // ইຎဌํ֟ۃᑮᳵ҅ 
    if freeIndex == s.nelems { 

        //  central ಘ. 
        systemstack(func() { 
            c.refill(spc) 
        }) 

        // ಘ҅ݸ᯿ෛ឴̶ݐ 
        s = c.alloc[spc] 
        freeIndex = s.nextFreeIndex() 
    } 

    // ໑ഝଧݩᦇᓒٖਂ̶࣎ࣈ 
    v = gclinkptr(freeIndex * s.elemsize + s.base()) 
} 

õˣrÊ�UCTTX@STf�¯ŚĞÏͳ�
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ĤĚȺƛÊĥǱʆǄͼëø˧ąƹʏoƇ£vͳjŀͼ˃��0.�ĤǅŦͺP>>^R;PRWTͻ˸ǹ
ĤĚÓǂwŪƂĞÏƹʏͼxĀ�;F-�RPRWT�³Ŕͳy«�ͼǅŦ�ƋpÜÿ̒ǹȷͼvp
eƪƁéĄŔĤŢƇbyðĤĚ¸ƛͲ²ƹͳ�

ĞÏƶÇĚͽ�

mbitmap.go 

// nextFreeIndex returns the index of the next free object in s at 
// or after s.freeindex. 

func (s *mspan) nextFreeIndex() uintptr { 
    sfreeindex := s.freeindex 
    snelems := s.nelems 

    // freeindex ݻੲ᮱҅ဌํݢአᑮᳵ̶ 
    if sfreeindex == snelems { 
        return sfreeindex 
    } 

 አ̶֖ݢᖨਂӾᒫӞӻݐ឴ //    
    aCache := s.allocCache 
    bitIndex := sys.Ctz64(aCache) 

    // ෫ํප֖҅ڬෛᖨਂ̶ҁݸᶎऴ꧌ጱහഝ๚ํݢአ֖҅ሾፗݢํکአ֖ԅྊ҂ 
    for bitIndex == 64 { 

        // ֖ࢶऴ꧌64 ݸ ֖හഝ̶ 
        sfreeindex = (sfreeindex + 64) &^ (64 - 1) 
        whichByte := sfreeindex / 8 
        s.refillAllocCache(whichByte) 

        // ᯿ෛᦇᓒ̶ 
        aCache = s.allocCache 
        bitIndex = sys.Ctz64(aCache) 
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allocBits

freeindex

1... 0 ... 0 ...0

1 ... 1allocCache
1.  freeindex ᩸҅ᖨਂ allocBits ֖ࢶᇆྦྷ̶ 
2.  allocBits ऴ꧌ԫᬰګහഝ̶҅ݍݐ 
3. ԫᬰ1 ګ դᤒݢአ̶ 
4. ᕹᦇ֖֗ 0 හᰁ੪ݢզತݢکአ̶֖

1. freeindex ᦕ୯ᶲଧړᯈ֖ᗝ̶ 
2. ԫᬰ0 ګ դᤒݢአ̶
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    } 

    // ᦇᓒचԭ֖ࢶጱํප֖ᔱ̶ 
    result := sfreeindex + uintptr(bitIndex) 

    // ᧣ෆᖨਂහഝ҅ݶץྋ freeindex ꧊̶ 
    s.allocCache >>= uint(bitIndex + 1) 
    sfreeindex = result + 1 
    s.freeindex = sfreeindex 

    return result 
} 

ôĤĚ̼ȝŦȞ^˸ǹͼ~ĄÁúǊʝÏͳhxprͼĤĚ�*�Źòs�Ĥͼ®˸ǹȯp�+�Źòs
�Ĥͳɚ̃wrͽ  
 
� P>>^R;PRWT4���++(((++***+**  
�����������������������������#����������������B  
 
� +(�Ȋźͺ;bh0.ͻǪĤ�*�ŦĝͼɠÖÅnus�ĤɧŤͺ4XbA@STf�7�,ͻͳ 
� ,(�źƇȴÊĤĚl×ɋˁɗͺCTac>b�7�UCTTX@STf���4XbA@STfͻͳ 
� -(�˸ǹʈʬͼ͞ȮÑˑƼÓǂͺ4XbA@STf���+ͼʒÉªͻͳ  
� .(�ÍƧȎï�UCTTX@STf�ǠͺCTac>b���+ͻͳ  
 
� P>>^R;PRWT4���***++(((++***����������������))�ʈʬ�-�Ĥ 
�����������������������������#����������������B  
 
ĠtĤʬ͞ȮÑˑƼÓǂ�ͼ¶ª�ŌǪĤȊźŞsͼǢň²ƹͳhïßj¯ŀͼ¹Ōyr̼ȝ
oúǊͳð¯ͼ****�oƥ¯ŚĤʬͼbo~sĦ´ͼë�++++�ʈʬnĤxp�*+++ͳ  
 
Ǹęͼ̨̩±ĩ~öɍ�P>>^R;PRWT���UCTTX@STf�Ǡͳ�

ǉƨť�•ǃŏÉͳzs�õƷ�ͼo̼ȝͼo̻ŗͼnƴjîk�Ĉͳ�

malloc.go 

func nextFreeFast(s *mspan) gclinkptr { 

    // चԭᖨਂັತݢአ̶֖ 
    theBit := sys.Ctz64(s.allocCache)     // Is there a free object in the allocCache? 

    // ইຎํ҅ 
    if theBit < 64 { 
        // ᦇᓒचԭ֖ࢶጱᔱ̶ 
        result := s.freeindex + uintptr(theBit) 
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        if result < s.nelems { 
            // ᧣ෆፘىහഝ̶ 
            freeidx := result + 1 
            s.allocCache >>= uint(theBit + 1) 
            s.freeindex = freeidx 

            // ᬬݢࢧአ֖ٖਂ̶࣎ࣈ 
            return gclinkptr(result * s.elemsize + s.base()) 
        } 
    } 
} 

������1C�

̻ŗÐͼìàÐzs˘˚ņÈlħǹȂíõʆǄřȮͼ�ƛ̨̩±ĩȷĄÁ̖̹�±ĩͳ
Ƅ�ͼôfÈĵČŪúiħǹȂÜ±Ŧɂͳ�

mcache.go 

func (c *mcache) refill(spc spanClass) { 

    // ᥴᴻ୮ڹ span ፘىᇫா̶ 
    s := c.alloc[spc] 
    if s != &emptymspan { 
        s.incache = false 
    } 

    //  central ឴ݐෛ span නࢧහᕟ̶ 
    s = mheap_.central[spc].mcentral.cacheSpan() 
    c.alloc[spc] = s 
} 

á˸ǹĵČȰɊͼfÈĵČÍ©s�aRP@���@^aRP@�}ͼİƙʷĄÁȊnƥêͳ�

mheap.go 

type mheap struct { 
    central [numSpanClasses]struct { 
        mcentral mcentral 
    } 
} 

fÈĵČ�°uʦòƥêÔs¾�lħǹȂͳ�
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øfͼT?_bg�òƵ�͵�ěť�Ͷ�ʆǄͳǹ˓zs˘˚ņÈͼŷ¼ʬƐ�˸ǹlħǹȂͳ�ı
l�@^T?_bg�ȯǹ˓s˘˚ņÈͼsŪʸĹǬlħǹȂͳ�

̨̩±ĩ�ͼİoòƶ�a_P@�ħǹņÈ½ĵĩ±ͳëzo͒͊ìŒƐ�ø�ƠǴť�ͳ�

mcentral.go 

type mcentral struct { 
    spanclass spanClass 
    nonempty  mSpanList     // list of spans with a free object, ie a nonempty free list 
    empty     mSpanList     // list of spans with no free objects (or cached in an mcache) 
} 

rz�ͼŌy�̨̩±ĩȷĄÁnåƐʄͳ¶uħǹȂbsą̩́ĜêíõlʆǄͼzõ
Ż^mpŋ¯Ś�øǞ�ͳ�

̨̩±ĩȷť�ŶÄźŦȷͺWTP_(aeTT_VT@ͻwòƵŹ˭ͳ¶ªĜêʝÏͼŋźŦȷ��,ͳ  
 
� a_P@(aeTT_VT@�7�  
� � aeTT_VT@�'�,�4�̨̩ÑǿĥͼŌyĜêͳ  
� � aeTT_VT@�'�+�4�ïrĜêͳ  
� � aeTT_VT@������4�Ĝêñ�ͼs�ť�ͳ�

mheap.go 

type mspan struct { 

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

    sweepgen    uint32 
} 

ƜƨˑƼ�@^?T_bg�ǰòfs˘˚ņÈlħǹȂͳ̭Ę̩̂±ĩȷİ�̖̹�ĜêͼÔ�r
ʬƐ�˸ǹĵČÐͼıƨñ�ĜêʝÏͼ�ãú es�ņÈͳ�

¯�@^T?_bg�zs̡±ͼ�nĳ{ˑƼ�T?_bg�ǰòͳy«��T?_bg��lħǹȂŷƫÑ¼̨̩
ǿĥͼ�ŌĜêxsņÈsʸť�ͳ�s|ɤǰòbzsĦ´oͼ¹Ĵʷˡāħǹͳ�
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mcentral.go 

func (c *mcentral) cacheSpan() *mspan { 

    lock(&c.lock) 
    sg := mheap_.sweepgen 

retry: 
 ᑮᳵጱٖਂࣘ᱾ᤒ̶֟ۃํܲ᭭ //    
    for s = c.nonempty.first; s != nil; s = s.next { 

        // ᵱᥝႴቘ̶ 

 ᤒ̶ڜ empty کᑏضදդἻᇫா҅ץ //        
        if s.sweepgen == sg-2 && atomic.Cas(&s.sweepgen, sg-2, sg-1) { 
            c.nonempty.remove(s) 
            c.empty.insertBack(s) 
            s.sweep(true) 
            goto havespan 
        } 

        // ইຎྋࣁႴቘ҅᪡ᬦ̶ҁݢᚆྋᤩ bgSweep ٌ՜ cacheSpan ॒ቘ҂ 
        if s.sweepgen == sg-1 { 
            continue 
        } 

        // ૪ᕪႴቘᬦጱ҅ፗളֵአ̶ 
        c.nonempty.remove(s) 
        c.empty.insertBack(s) 
        goto havespan 
    } 

    // ᭭ܲဌํ֟ۃᑮᳵጱڜᤒ҅ᦶႴቘݢڊአᑮᳵ̶ 
    for s = c.empty.first; s != nil; s = s.next { 

        // ᵱᥝႴቘ̶ 
        if s.sweepgen == sg-2 && atomic.Cas(&s.sweepgen, sg-2, sg-1) { 
            // ᑏک empty ڜᤒੲ᮱̶ 
            c.empty.remove(s) 
            c.empty.insertBack(s) 
            s.sweep(true) 

            // ༄ັፘىᇫா҅ັ፡ฎݢํވአᑮᳵ̶ 
            freeIndex := s.nextFreeIndex() 
            if freeIndex != s.nelems { 
                s.freeindex = freeIndex 
                goto havespan 
            } 

            // Ⴔቘׁݸᆐဌํ֟ۃᑮᳵ̶ 

            // ᯿ᦶ noempty҅ဌᥝࣁᬯರᚸ̶ 
            goto retry 
        } 

        // ྋࣁᤩႴቘ҅᪡ᬦ̶ 
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        if s.sweepgen == sg-1 { 
            continue 
        } 

        // ᤩᑏԻᕳᖨਂ҅Ⴔቘݸဌํ֟ۃᑮᳵጱ҅᮷᭄کے empty ੲ᮱҅ਙժ sweepgen == sg̶ 

        // ಅզ᭬کᬯጱٖਂࣘ҅ᤒᐏݸᶎ෫ᵱٚ༄ັ҅ፗള᪡ڊሾ̶ 
        break 
    } 

 ̶ࢧ heap ಘ҅ଚፗളᬬ҅ݸ๋ //    
    s = c.grow() 
    c.empty.insertBack(s) 

havespan: 

    // ᦡᗝ span ᇫா̶ 
    s.incache = true 
    return s 
} 

ȣ¢ͼ��T?_bg�lˑƼ˃úT͍͈ǄėͳňƘÛo�ͼǦŞ±tÛwöý�@^T?_bg�ǰòͳ  
þĭŏÉ�ͼRT@bCP>�~ĄÁƴ}ʝÏͼ˴ǩ�^4<TRb�UCTT>Xabͼ�rúƣTͳ�

ƗÊfÈĵČgÚ̻ŗʝÏͼá`�ȑħǹ}Ƕ¯�nͨͼ�͕ͫɤͳ�

mcentral.go 

func (c *mcentral) grow() *mspan { 
    s := mheap_.alloc(npages, c.spanclass, false, true) 
    return s 
} 

������QZ9Y�

�x�ȑͺbX@gͻÒėxÊ�+0�ƪƁͼ�Ńçlxpxƪ̠̿ͳ¯´ìeu�x�ȑɂĪ|
wͼ�ňȂħǹͺ^4<TRbͻǹ˓ͼssƹȦĒħǹšŭͳ�

malloc.go 

maxTinySize    = _TinySize 

_TinySize      = 16 
_TinySizeClass = int8(2) 
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˸ǹĵČɰƦÖɶƞͺbX@g�aXhT�R>Paaͻú�nȂħǹͼğ�Ê�x�ȑ}Ƕͳ¯´ŗĝo
ǨͼȯöiŪúnȂͳ�

mcache.go 

type mcache struct { 
    tiny             uintptr 
    tinyoffset       uintptr 
} 

à¢ͼßj̨̩±ĩlȋƾͼ�wɂĪl�x�ȑokŜʒƦʺͳľ^ǹ˓ňī�Ôs�
x�ȑbosƵoͼŋħǹ¹k±ĩͳ�

Ġt˒ʬĤɍͺbX@g^UUaTbͻs̝ȧ˘˚ņÈpɪůǨŌōͳ¯´s�ͼ�ŀźƇİ̡±ħ
ǹ�ĊͳoǨͼȯŪúiħǹȂͼ̡±|ł�Ċƛsͳ��ͼ�ðiʍ°ȂħǹͼǛl˘
˚ņÈ `l�Ȃͳ�

malloc.go 

func mallocgc(size uintptr, typ *_type, needzero bool) unsafe.Pointer { 

    if size <= maxSmallSize { 

        // ༄ັฎֵވአஙੜړᯈ̶ 
        if noscan && size < maxTinySize { 

            // ୮ࣘਂٖڹҁcache.tiny҂ړᯈ֖ᗝ̶ 
            off := c.tinyoffset 

            // ইຎ֟ۃᑮᳵ᪃զړᯈ҅ 
            if off + size <= maxTinySize && c.tiny != 0 { 
                // ᦇᓒٖਂ҅࣎ࣈ᧣ෆӥེړᯈ֖ᗝ̶ 
                x = unsafe.Pointer(c.tiny + off) 
                c.tinyoffset = off + size 
                return x 
            } 

            // ইຎ֟ۃᑮᳵӧ᪃҅ڞ cache ᯾ෛݐӞࣘ object̶ 
            span := c.alloc[tinySpanClass] 
            v := nextFreeFast(span) 
            if v == 0 { 
                v, _, shouldhelpgc = c.nextFree(tinySpanClass) 
            } 

 ̶ݢܨ࣎ࣈত᩸ࢧত۸ෛ object҅ᬬڡ //            
            x = unsafe.Pointer(v) 
            (*[2]uint64)(x)[0] = 0 
            (*[2]uint64)(x)[1] = 0 
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            // ྲෛ෯ӷࣘ tiny ٖਂ҅ኸӥ֟ۃᑮᳵๅय़ጱᮎӻ̶ 
            if size < c.tinyoffset || c.tiny == 0 { 
                c.tiny = uintptr(x) 
                c.tinyoffset = size 
            } 
        } 
    } 

    return x 
} 

•ǃȜȪͽ�

�

�

!50

1. alloc: ኩ᧗य़ٖࣘਂ̶ 
2. allocSpanLocked: ឴̶ۆړ̵ݐ 
3. freeSpanLocked: ݳଚٖਂ̶ࣘ 
4. grow: ݻ OS ኩ᧗ٖਂ̶

mheap

alloc allocSpanLocked grow

freeSpanLocked

newobject

mallocgc

largeAlloc

zerobase

य़

ੜᵭᳩଶ

mcache

refill

nextFree

mcentral

grow

cacheSpan

1. nextFree: ັತݢአ̶֖ 
2. refill: ಘ̶

1. cacheSpan: ̶ਂٖݐ 
2. grow: ಘ̶
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ħǹ±ĩƙ̨̩±ĩȷɗ�ͼħǹ}ǶȷʱÁͳ�

�� �(2�

˸ǹĵČp̨̩±ĩÏȟͺC^^bͻ�ȑͳr̖̹�ǿĥÐͼŒpÔţslħǹȂ¼öi
Ü±fÈĵČͳ¯ŀͼɯɍħǹxsƷǶ�ø�˸ǹĵČť�ͼˋǁšŭͳ�

mgcmark.go 

func markroot(gcw *gcWork, i uint32) { 
    flushmcache(...) 
} 

mstats.go 

func flushmcache(i int) { 
    p := allp[i] 
    c := p.mcache 
    c.releaseAll() 
} 

̻ŗoͼRPRWT�¶ªô�RT@bCP>�Ūúnu�a_P@ͳëośȏ~ìŋ�a_P@�ħl�^4<TRb�½ĵ}Ƕ�wͳ
¯ŀͼ˘˚ħǹ~¼ɯɍͳìŜʒ˘˚ņÈl�a_P@�öiÜ±�RT@bCP>ͼxsĬƐ�ø��RPRWTͼ
ô®ķ̦ǐɭť�ͼˋǁħǹšŭͳ  
 
o�ʣqnu�a_P@�¼eu�RPRWT�ť�~s�nőɝͳvðnȿ¤ɷɮͼ˝�Ø̳͇̋�Ļ�ͼ
˚ll`s�TʗĺͲȥŨͼzsǸĎ°̄l�êͳ}ǶʝÏ�pôħǹȂf�͵ƴͶ��nuÓǂ
Ɛ�ǵu�ȑͼ˘˚ņÈ�Ɩ¯Śͼá�õͳ�

mcache.go 

func (c *mcache) releaseAll() { 

    // ٖ᭭ܲਂࣘහᕟ̶ 
    for i := range c.alloc { 
        s := c.alloc[i] 

        // ইຎฎݳဩٖਂࣘ҅ӤԻᕳ central̶ 
        if s != &emptymspan { 
            mheap_.central[i].mcentral.uncacheSpan(s) 
            c.alloc[i] = &emptymspan 
        } 
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    } 

    // ᯽නஙੜړᯈٖਂ̶ 
    c.tiny = 0 
    c.tinyoffset = 0 
} 

T?_bg?a_P@��Ê˷Ĥͼİoţsħǹͳ�

mcache.go 

// dummy MSpan that contains no free objects. 
var emptymspan mspan 

ĩʤfÈĵČoͼȟȞpɪs˘˚ņÈǆÖǹ˓ǰòͳ|ɤʝÏpìÔsħǹȂ|Ɛͼİ
oɉɉps˘˚ņÈlͳȢƫǵuħǹȂïvħǹ̰ǜͼ˸ǹĵČțƒǤ̻ŗͳ�

mcentral.go 

func (c *mcentral) uncacheSpan(s *mspan) { 

    // ᥴᴻፘંى̶ 
    s.incache = false 

    // ໑ഝ֟ۃᑮᳵ٬ਧਂؙڜᤒ̶ 
    n := cap - int32(s.allocCount) 
    if n > 0 { 
        c.empty.remove(s) 
        c.nonempty.insert(s) 
    } 
} 

����?2�

̨̩ǿĥñ��ͼ�ħǹȂͺa_P@ͻjňĤĄÁĜêʝÏͳ�

ÔʫĜêͼİƔ͚uˑƼÔsħǹňīͳ×ɋ|ͼħǹȂȮ}ǶĤĚęͼvsun˫n©
l̨̩ǿĥĤĚͺVR?PC=:Xbaͻͳ̨̩±ĩȷ�ŀǿĥ�s±ĩͼhxpsöiť�lħ
ǹĤɍͳ�

¯ŀͼ�ŌìǿĥĤĚŦȞ�͵ǞŔͶ��}ǶĤĚxs×�ĜêƟlͳƗÊħǹňī�lʡǛ
ŦȞĜȮáɪͼȯp}ǶʝÏyǝˏlͳ�
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mheap.go 

type mspan struct { 
    gcmarkBits *gcBits         // ຽᦕ֖ࢶ 

    allocBits  *gcBits         // ړᯈ֖ࢶ 
} 

mgcsweep.go 

func (s *mspan) sweep(preserve bool) bool { 

    spc := s.spanclass 

    // चԭຽᦕ֖ࢶᕹᦇ૪ړᯈහᰁҁӧࢧݢތත᮱ړ҂̶ 
    nalloc := uint16(s.countAlloc()) 

    // ইຎฎय़ҁsize class 0҂҅ᮎԍᑖݸਖ਼ٌ୭ᬮᕳ heap̶ 
    if spc.sizeclass() == 0 && nalloc == 0 { 
        freeToHeap = true 
    } 

    // ᦇᓒེࢧතහᰁҁຽᦕړڹᯈහᰁ - ຽᦕړݸᯈහᰁ҂̶ 
    nfreed := s.allocCount - nalloc 

    // ᧣ෆٖਂࣘં̶ 
    s.allocCount = nalloc 
    s.freeindex = 0 

    // ਖ਼ຽᦕ֖ࢶፗള୮֢ړᯈֵ֖ࢶአ҅ݢਫሿ “॔ګ”̶ 
    s.allocBits = s.gcmarkBits 
    s.gcmarkBits = newMarkBits(s.nelems) 

    // නࢧ central  heap̶ 
    if nfreed > 0 && spc.sizeclass() != 0 { 
        res = mheap_.central[spc].mcentral.freeSpan(s, preserve, wasempty) 
    } else if freeToHeap { 
        mheap_.freeSpan(s, 1) 
    } 
} 

ĳlwͼƙ�ıĵČñ��Ɩ±ĩʝÏͳ�

mcentral.go 

func (c *mcentral) freeSpan(s *mspan, preserve bool, wasempty bool) bool { 

    // ᧆ݇හ٬ਧฎވ᧣ෆਂؙڜᤒ̶ 
    if preserve { 
        return false 
    } 
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    // නݳفᭇጱਂؙڜᤒ̶ 
    if wasempty { 
        c.empty.remove(s) 
        c.nonempty.insert(s) 
    } 

    // ๅෛ࣯ࢧ࣍තդἻ̶ 
    atomic.Store(&s.sweepgen, mheap_.sweepgen) 

    // ইຎᬮํړᯈ҅ᮎԍፗളᬬ̶ࢧ 
    if s.allocCount != 0 { 
        return false 
    } 

    // ইຎٖਂق᮱ත҅ࢧӤԻᕳ heap̶ 
    c.nonempty.remove(s) 
    mheap_.freeSpan(s, 0) 
     
    return true 
} 

¯´fÈĵČţslħǹȂĩ±ø½ĵņÈͼȯìø|Ɛ�ʷͼ�ƛƷ͌�ø�fÈĵČ
ť�ͳzxpÅéũǐɭķ̦ͼťmoÍ`xɶƞlāōkȝ}Ɲ�Ñsħǹͳ�

ǓǏ�RT@bCP>�/�ţsnʷɯɍħǹȂͼ®�0Ͳ1�Âßħǹ̰ǜ��̻ŗāōͼ�n�WTP_�xskß
ŀĴʝÏŻȊ��ilˡāͳ¯ŀlwͼx~s eħǹ¼ɯɍ�šŭͳ��RT@bCP>�/�ǜ•|Ɛ
ɯɍħǹͼ�ƛĬ��0Ͳ1�ť�¹pĪê¥ěͳ  
 
j�n|Ɛlpñǅĩ±ņÈl�a_P@�Ϳßj¶u�a_P@�ɉĹǬÊn¨�aXhT�R>Paaͼ¯´ì˘˚ņÈ
Ĭ�ø��RT@bCP>ͼxƑɻ�øĄÁƴ}ͳzn¥ìȜɈħǹʐÓŬͼ�Ųmo͓Ņͳ�

mheap.go 

func (h *mheap) freeSpan(s *mspan, acct int32) { 
    systemstack(func() { 
        // ත҅ࢧᦶݳଚ̶ 
        h.freeSpanLocked(s, true, true, 0) 
    }) 
} 

±ĩʝÏ^ŀjɌͼíõħǹ¾ķ̦�ÜʤoÍĵČǟƖŪʸǞ�ĹǬͳƗÊĮêħǹˀ
ÜͼȯǸsͦ³ͳ�
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•ǃȜȪͽ�
�

���I��

ŢÁoȾłŬoͼȄǩğĆƠǴ�Ê�ƿ˶ʖͼʱÁÖĭſǬͳøfŜ̟ĸŔ̨̩±ĩͲ
ĮêħǹˀÜÂͳ�

proc.go 

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

ȒƉǏɍlͼɯɍđt�/�}ǌlħǹȂì¼ˀÜĮêħǹͳ¯Ë�ƮɥÁ�õͼȯoÈͱ
Ǡs̯ǣj�,*�˩ɕͼ ƝÊƷý�ǔ˙ͳ�
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proc.go 

func sysmon() { 

    // If a heap span goes unused for 5 minutes after a garbage collection, 
    // we hand it back to the operating system. 
  
    scavengelimit := int64(5 * 60 * 1e9)   // 5 ړᰦ̶ 

    lastscavenge := nanotime()             // ๋ݸಗᤈᳵ̶ 

    nscavenge := 0                         // ಗᤈེහᕹᦇ̶ 

    for { 
        usleep(delay) 
        now := nanotime() 

        // ༄ັଚ᯽නᇔቘٖਂ̶ 
        if lastscavenge+scavengelimit/2 < now { 
            mheap_.scavenge(int32(nscavenge), uint64(now), uint64(scavengelimit)) 
            lastscavenge = now 
            nscavenge++ 
        } 
    } 
} 

�� �Wg�

ÔʫɯɍħǹpƦƙʷƥêͼțƒ¼fÈĵČŷ`�ȑť�lħǹȂͳŷp}̈́˚Ǜͼŷ
p±ĩ|Ɛͳ¯ÒoÈoť�ͼ�nıŋˀÜøĮêħǹͼ�ƁȫŻȊǐɭͳ�

ħǹƥê�ȑs°uíõźŦȷͼ}äǹ˓ɯɍ|łoÈ�ˀÜǍŦͳzxp̝ȧɯɍ�
ˀÜlȴÉĨČͳ�

mheap.go 

type mspan struct { 
    unusedsince int64        // first time spotted by gc in mspanfree state 
    npreleased  uintptr      // number of pages released to the os 
} 

źŦȷrħǹȂãú�Ü±ʝÏf¼öɍͳ�

mheap.go 

func (h *mheap) allocSpanLocked(npage uintptr, stat *uint64) *mspan { 

    // ইᇔቘٖਂᤩ᯽න҅ڞ᯿ෛړᯈ̶ 
    if s.npreleased > 0 { 
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        sysUsed(unsafe.Pointer(s.base()), s.npages<<_PageShift) 
        s.npreleased = 0 
    } 

    s.unusedsince = 0 
} 

func (h *mheap) freeSpanLocked(s *mspan, acctinuse, acctidle bool, unusedsince int64) { 

    s.unusedsince = unusedsince 
    if unusedsince == 0 { 
        s.unusedsince = nanotime() 
    } 

    s.npreleased = 0 
} 

ŴÇͼǹrɓĵˀÜl�ʙͳ  
 
ǓǏħǹȂÑˀÜĮêħǹͼŀo�@_CT>TPaTS�77�@_PVTaͳ̷�áø�ħǹȂĪİͼ�nĪİ��
@_CT>TPaTS�6�@_PVTaͳ�

����I��

r`�ȑħǹ}ǶnƁ�ͼmp}̇Tʷ¯ŚƥêħǹȂͳĒÊ�+,2�Ǎls�ħǹȂÜɍ
Ê�UCTT�ʦòŦɂͼ `lȯ�ʥʷ�UCTT>PCVT�ǹ˓ͳˀÜʝÏÔʺ�Ɵǿxpz°uǰòͳ�

ƤŦ�@^e�Ïjđo̝ȧȴǋoÈͼ>X?Xb�ȯpđoͱǠͺȒƉ�/�}ǌͻͳ�

mheap.go 

func (h *mheap) scavenge(k int32, now, limit uint64) { 

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

    sumreleased += scavengetreap(h.freelarge.treap, now, limit) 

    // ᬌڊᕹᦇᕮຎ̶ 
    if debug.gctrace > 0 { 
        if sumreleased > 0 { 
            print("scvg", k, ": ", sumreleased>>20, " MB released\n") 
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        } 
    } 
} 

ɖȗǰòͼ�źŦȷáȴǋĨČð�ͳ�

mheap.go 

func scavengelist(list *mSpanList, now, limit uint64) uintptr { 
     
    // ᪡ᬦᑮ᱾ᤒ̶ 
    if list.isEmpty() { 
        return 0 
    } 

    // ᭭ܲ᱾ᤒٖጱ span̶ 
    for s := list.first; s != nil; s = s.next { 

        // ইᳳᗝᳵੜԭ limit҅૪ᤩق᮱᯽න҅᪡ᬦ̶ 
        if (now-uint64(s.unusedsince)) <= limit || s.npreleased == s.npages { 
            continue 
        } 

        // ᕹᦇᥝ᯽නጱᑮᳵय़ੜ̶ 
        start := s.base() 
        end := start + s.npages<<_PageShift 
        len := end - start 

        released := len - (s.npreleased << _PageShift) 
        sumreleased += released 

        // ᦡᗝ᯽නᦇහ̶ 
        s.npreleased = len >> _PageShift 

        // ᭗Ꭳ֢ᔮᕹ᯽නᇔቘٖਂҁෆٖࣘਂ҂̶ 
        sysUnused(unsafe.Pointer(start), len) 
    } 

    return sumreleased 
} 

̗ʤʥʷ½ĵƁ�ͼíõʝÏȴÉnɈͳ�

mheap.go 

func scavengeTreapNode(t *treapNode, now, limit uint64) uintptr { 
 s := t.spanKey 

    // ইᳳᗝᳵ᩻ڊ limit҅Ӭํᇔቘٖਂ๚้᯽න̶ 
    if (now-uint64(s.unusedsince)) > limit && s.npreleased != s.npages { 
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        start := s.base() 
        end := start + s.npages<<_PageShift 
        len := end - start 

        released := len - (s.npreleased << _PageShift) 
        sumreleased += released 

        // ᦡᗝ᯽නᦇහ̶ 
        s.npreleased = len >> _PageShift 

        // ᭗Ꭳ֢ᔮᕹ᯽නᇔቘٖਂҁෆٖࣘਂ҂̶ 
        sysUnused(unsafe.Pointer(start), len) 
    } 

    return sumreleased 
} 

^ŀͼmpã«ŵåħǹȂs¼ˀÜͳƗÊ¯ŚˀÜøĮêħǹͼȯßʝÏŻȊ®ʩͳ�

-DAM'>X=T�ŻȊ��?PSdXaT�ǩɢħˆřȮĮêħǹ̓ȱͳô®rśǛʧ́ħǹl�ʙlͼ
Ƶ^ˀÜĮêħǹlƟlͳàzåħǹ¼öiť�oͼƙħˆg¦ɩˇÔŌĮêħǹͳ�

ŴÇͼ?PSdXaT�ɉpǩɢͼzsɶÖƑɻʱÁŷǦŞʱÁͳàĮêħǹȝǨoͼǵåħˆ~˂ʓ
ŋǩɢͼŷ˱�ʱÁͳs̭ÊŀͼíõȊźŦȞƒƑǋɠͼɉ¥Ƥǝͳ�

mem_linux.go 

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

func sysUsed(v unsafe.Pointer, n uintptr) { 
} 

mem_darwin.go 

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

func sysUsed(v unsafe.Pointer, n uintptr) { 
} 

LX@S^ea�oƻţȰɊ³ŔͼÔ�yƷ��9FA�ĄÁˀÜ�öi}Ƕͳ�
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ãúħǹȂoͼ~Ʒ��aga-aTS�¸ěͼô®ɩˇ¼ˀÜlħǹͳ�

mem_windows.go 

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

•ǃȜȪͽ�

���<M�

�� �#6�9>�

ÐÆÔŪħǹͼeƦ�ƺ�ȑǹ˓ͳë˜͋�lǴɧͼ×ɋƙ�ƺ�ŢÁo°ĵ}ŹƊȍ
Íɂ�ͳŢÁoíõʝÏͼÍ©Ōy}Ƕħǹͳ�pzåŻȊ�ȑorśǛǚˮ}ǶͼɄ
˃úoÍuƮŝĭ�Ǟ�ˊʓͳjŀͼğĆǏźT�>Xf9>>^R�˲Ö}Ƕȷͳ�

ôʷŦȞĦ˴fͼs�d^Øuť�˲Ö}Ƕȷlƪǂͳ�
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GODEBUG=gctrace=1,scavenge=1

runtime.main

sysmon scavenge

scavengelist

scavengetreap

1. ᭭ܲ heap ᓕቘጱᳳᗝ span̶ 
2. ᯽නᳳᗝ᩻ᬦ 5 ړᰦጱ span ᇔቘٖਂ̶
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mheap.go 

type mheap struct { 
    spanalloc             fixalloc     // allocator for span* 
    cachealloc            fixalloc     // allocator for mcache* 
    treapalloc            fixalloc     // allocator for treapNodes* used by large objects 
    specialfinalizeralloc fixalloc     // allocator for specialfinalizer* 
    specialprofilealloc   fixalloc     // allocator for specialprofile* 
} 

zøfͼmp�jɔ˺lpƥêħǹȂl�?a_P@ͳoÍÊ�?WTP_�ʊn×̃ͼzØuƪǂų
gţsǇǦ˲Ö}ǶȷͳrʷȾłŬ¸ě�ͼ}ä¼ǏÖoÍl}Ƕūîͳ�

ÐÆfͼa_P@�ƦŹħǹȂͼ®�?a_P@�ȯpƥê�ȑgÚͳ�

mheap.go 

func (h *mheap) init(spansStart, spansBytes uintptr) { 
    h.treapalloc.init(unsafe.Sizeof(treapNode{}), nil, ...) 
    h.spanalloc.init(unsafe.Sizeof(mspan{}), recordspan, ...) 
    h.cachealloc.init(unsafe.Sizeof(mcache{}), nil, ...) 
    h.specialfinalizeralloc.init(unsafe.Sizeof(specialfinalizer{}), nil, ...) 
    h.specialprofilealloc.init(unsafe.Sizeof(specialprofile{}), nil, ...) 
} 

�� � ��H'�

ȾłŬoͼȮħǹňī`xęͼvsƦÖnõǲͧŦ�ʱÁƤŦͳ�

mfixalloc.go 

// FixAlloc is a simple free-list allocator for fixed size objects. 
// Malloc uses a FixAlloc wrapped around sysAlloc to manages its 
// MCache and MSpan objects. 

type fixalloc struct { 
    size   uintptr 
    first  func(arg, p unsafe.Pointer) 
    arg    unsafe.Pointer 
} 

func (f *fixalloc) init(size uintptr, first func(arg, p unsafe.Pointer), ...) { 
    f.size = size 
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    f.first = first 
    f.arg = arg 
    f.list = nil 
    ... 
} 

�� ����9�

ôĦ˴|dͼ˲Ö}Ƕȷ˃�þĭħǹ}ǶȷǏźƌĈͳ�ʦòͺ>Xabͻƥê±ĩsǞ�ħ
ǹňīͼǸţnȂƎ}̈́ħǹȂͺRWc@=ͻÏj�ǒǐɭͳ�

mfixalloc.go 

type fixalloc struct { 
    list   *mlink 

    chunk  uintptr             // ̶ਂٖ॓ݸ 

    nchunk uint32              // ۆړݢਂٖ॓ݸහᰁ̶ 
} 

}ǶoǉƨôǞ�ʦòŪúͼoǨÎô�ǒħǹ}̈́ͳ¯ŀdwͼ�ǒħǹȰɊʷr�ũ
Ħ˴f�ĤͳǸęͼõǲͧŦɉr}̈́iħǹňīoʱÁͼyǖĪ¥åĥǱîĞÏͳ�

func (f *fixalloc) alloc() unsafe.Pointer { 

    // ᦶ॔አ᱾ᤒ̶ݐ 
    if f.list != nil { 
        v := unsafe.Pointer(f.list) 
        f.list = f.list.next 
        return v 
    } 

    // ইຎ॓ݸᩒრӧ᪃҅ڞ᯿ෛ឴ݐҁ16 KB҂̶ 
    if uintptr(f.nchunk) < f.size { 
        f.chunk = uintptr(persistentalloc(_FixAllocChunk, 0, f.stat)) 
        f.nchunk = _FixAllocChunk 
    } 

    // ̶ۆړࣘਂٖ॓ݸ 
    v := unsafe.Pointer(f.chunk) 

    // ইຎํىᘶڍහ҅ڞಗᤈ̶ 
    if f.first != nil { 
        f.first(f.arg, v) 
    } 
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    f.chunk = f.chunk + f.size 
    f.nchunk -= uint32(f.size) 

    return v 
} 

�� ���)J�

±ĩʝÏɉìħǹňīÜ±Ǟ�ʦòͼİzsáˀÜíõlÁjͳ�

ť��>Xf9>>^R�lØ¨ƥê�ȑͼøŦĝo~£eͼoˀÜĮêħǹőɝo`ͳ�

mfixalloc.go 

func (f *fixalloc) free(p unsafe.Pointer) { 
    v := (*mlink)(p) 
    v.next = f.list 
    f.list = v 
} 

�ʷj̃ͼrŪú�Ü±ħǹȂoͼ~�˲Ö}Ƕȷ}Ƕ�±ĩ�?a_P@�ƥê�ȑͳ�

mheap.go 

func (h *mheap) allocSpanLocked(npage uintptr, stat *uint64) *mspan { 
    t := (*mspan)(h.spanalloc.alloc()) 
    t.init(s.base()+npage<<_PageShift, s.npages-npage) 
} 

func (h *mheap) freeSpanLocked(s *mspan, acctinuse, acctidle bool, unusedsince int64) { 
    h.spanalloc.free(unsafe.Pointer(before)) 
} 

�� ���&��

×ɋ|ͼ�ǒħǹoɉɉj˲Ö}ǶȷĹǬͼvǫ̆��rŢÁoø�ĵČfͳŀœͼm
p�ŌTřøĦ˴�ĞÏ³Ŕƛsͳ�
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ŦȞĦ˴͑jǢňͼɉǹ˓ħǹ�Ċ�}Ƕ˒ʬͳ�

malloc.go 

type persistentAlloc struct { 
    base *notInHeap 
    off  uintptr 
} 

@^bA@#TP_�pņĦ˴ͼŜʒnuźƇ˒ʬ�Ċl¸ěͳ�

type notInHeap struct{} 

func (p *notInHeap) add(bytes uintptr) *notInHeap { 
    return (*notInHeap)(unsafe.Pointer(uintptr(unsafe.Pointer(p)) + bytes)) 
} 

Í©ȴÊîkǝˏͼƠǴͺFͻǀsǇǦ�ǒħǹͳǸ�½ɓùĝÏjɩȝͳ�

runtime2.go 

type p struct {                     // ྯӻૡ֢ᕚᑕҁM҂᮷տᕬਧӞӻ P ̶ 
    palloc persistentAlloc 
} 

malloc.go 

var globalAlloc struct { 
    mutex 
    persistentAlloc 
} 

¯ŀͼǉƨôàÐƠǴħ�̑Ūúͳ¯´oǨͼÎĴʝÏŻȊˡāͳ�

malloc.go 

func persistentalloc1(size, align uintptr, sysStat *uint64) *notInHeap { 
    const ( 
        chunk    = 256 << 10 
        maxBlock = 64 << 10 
    ) 

    // ইຎय़ੜ᩻ᬦ 64 KB҅ፗളݻ֢ᔮᕹኩ᧗̶ 

!64



�������	


    if size >= maxBlock { 
        return (*notInHeap)(sysAlloc(size, sysStat)) 
    } 

    // Ꮯਧ֖ਂٖ॓ݸᗝҁࣈقੴ҂̶ 
    if mp != nil && mp.p != 0 { 
        persistent = &mp.p.ptr().palloc 
    } else { 
        lock(&globalAlloc.mutex) 
        persistent = &globalAlloc.persistentAlloc 
    } 

    // ইຎٖਂӧ᪃҅ݻ֢ᔮᕹኩ᧗ҁ256 KB҂̶ 
    if persistent.off+size > chunk || persistent.base == nil { 
        persistent.base = (*notInHeap)(sysAlloc(chunk, &memstats.other_sys)) 
        persistent.off = 0 
    } 

    // ̶ړڔਂٖ॓ݸ 
    p := persistent.base.add(persistent.off) 
    persistent.off += size 

    return p 
} 

ĴʝÏŻȊˡāħǹoͼľĳť��aga9>>^Rͼˋ�ħǹ}ǶȷlśǛǚˮͳ�

mem_linux.go 

func sysAlloc(n uintptr, sysStat *uint64) unsafe.Pointer { 
    p, err := mmap(nil, n, _PROT_READ|_PROT_WRITE, _MAP_ANON|_MAP_PRIVATE, -1, 0) 
} 

á�WTP_(aga9>>^R�ƦÖ�PCT@POP>>^R�Ïj|ł�ĊoÍͼaga9>>^R�ƤŦj�@X>ͼƙħˆǆÖͳ�

malloc.go 

func (h *mheap) sysAlloc(n uintptr) unsafe.Pointer { 
    p := h.arena_alloc 
    sysMap(unsafe.Pointer(p), n, h.arena_reserved, &memstats.heap_sys) 
} 

����720+5�

rť�˲Ö}ǶȷlØuʷƪǂfͼɉ�?a_P@�ƦÖTõǲͧŦͳ�
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ƟlprȄǩͺƔǞ�ͻi�?a_P@�×̃oͼìøśǹ^�WTP_(P>>a_P@a�ǰòfͳ  
ŋǰòr�?VR?PC=���WTP_Sc?_�f¼�wɖȗÑ}Ƕħǹͳ�

mheap.go 

type mheap struct { 
    allspans []*mspan    // all spans out there 
} 

// recordspan adds a newly allocated span to h.allspans. 
// 
// This only happens the first time a span is allocated from 
// mheap.spanalloc (it is not called when a span is reused). 

func recordspan(vh unsafe.Pointer, p unsafe.Pointer) { 

    h := (*mheap)(vh) 
    s := (*mspan)(p) 

    // ই allspans ૪ჿ҅ಘ̶ 
    if len(h.allspans) >= cap(h.allspans) { 
        ... 
    } 

    // ਖ਼ mspan Ⴒکے allspans̶ 
    h.allspans = h.allspans[:len(h.allspans)+1] 
    h.allspans[len(h.allspans)-1] = s 
} 

!66


	前言
	更新
	下卷   源码剖析
	一. 准备
	二. 引导
	三. 初始化
	四. 内存分配
	1. 概述
	2. 初始化
	3. 分配
	4. 回收
	5. 释放
	6. 其他
	五. 垃圾回收
	1. 概述
	2. 初始化
	3. 启动
	4. 标记
	5. 清理
	6. 监控
	7. 其他
	六. 并发调度
	1. 概述
	2. 初始化
	3. 任务
	4.  线程
	5. 执行
	6. 连续栈
	7. 系统调用
	8. 监控
	9. 其他
	七. 通道
	1. 创建
	2. 收发
	3. 选择
	八. 延迟调用
	1. 定义
	2. 性能
	3. 错误
	九. 析构
	1. 设置
	2. 清理
	3. 执行
	十. 缓存池
	1. 初始化
	2. 操作
	3. 清理

