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Go  1.10

!6



c bX T zs
l p r p

s  
o ~s

$ go version 
go version 1.10.2 darwin/amd64 

$ uname -a 
Linux 4.9.87 x86_64 

$ gdb --version 
GNU GDB 8.0.1 

!7



o wl ~ y x
y l z o~ l

x y l zur l

^ wl PX ( PX
s

z y m ~ n

p nu <:

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 

TPST U D X cbX a  
r S^R T y ''_ XdX TVTS <:

z p l
s l
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' cX S ^ST7TfT  
' cX S ^ST7R'P RWXdT ^ R'aWP TS

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. 

|

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. 

c bX T b*OV^ l o

l x rm

n l w
PX V^ ^cbX T c bX T( PX z | u n x

asm_amd64.s 

TEXT runtime·rt0_go(SB),NOSPLIT,$0 

!9



    ... 

    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) 

Te_ ^R V^ ^cbX T abP b
PX V^ ^cbX T

(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) { 
    ... 
} 

^

r
v r y l u

y l p
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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



s l o l p ;F

r ;F p yl m l
~ m y c bX T(Dc ;F lp

p g_T 'IW TPSX V l  
 

p r u u zs
w r u

 
 

s

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) 
} 

x s l
z r

proc.go 

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

!12



// 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") 
    } 
} 

n l p EC9MFGE;H ,/0 |

r PX V^ ^cbX T xp c bX T( PX

o su y sn
c bX T l X Xb o

y z
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oy abPR s + : z V^ ^cbX T s  
mut z ln aRWTSX Xb

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) 
} 

p c bX T(X Xb PX (X Xb PX ( PX zu
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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 u y u w

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()) 
} 

X X X V ^_bX XhPbX^ a

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

X Xb z z
p n n s u l

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

w c bX T(X Xb PX (X Xb s

$ 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)     

c bX T(X Xb c bX T PX (X Xb
s r PX V^ ^cbX T z

PX ( PX

o p X Xb m o u
z r p p
l
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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



 

p ^ z l
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malloc.go 

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

p bR P ^R y ^
l s  

 
bR P ^R l s T P ^R pn l

n s ~

l p l z
n / l l o s

z s

^ o r

p 9 : ; w 2
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rl p u z v
l l o|
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sizeclasses.go 

_MaxSmallSize = 32768       // 32 KB 

2 00

r R Paa *

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 

rv y 01 r nu

aXhT R Paa aXhT l P TaXhTR Paa(V^

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} 

w w
u z ~ l ~

o| vo aXhT R Paa l
z o l

a_P r a_P aXhT R Paa u l ^ TRb
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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



l
l vp s nu

s l

RPRWT RT b P nu a_P a_P p l  
 
op WTP_ p + C: s r
RT b P WTP_ ~ aXhT R Paa x o l
r l a_P

n /* u l - u
- u z~ p l

s y zp
l n

s r u
z x

n l

!21

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
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meta

object object object

meta meta
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spans bitmap arena

አಁړᯈ܄ऒັݍᤒ: page -> span
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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 
} 

r WTP_ r

y s
o~

zxp nu ^ WT ^ e^ S ~
l m y

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 { 

!24



    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() 
} 

o P T P | /+, : ~ EEC
Xb P_ a_P a

aXhT R Paa ^ TRb p 2  
 

Xb P_ u , u  
Xb P_(aXhT 7 P T P(aXhT ) X O^ TRb(aXhT , ) 2 +0 : 2  

 
a_P a p _PVT  

a_P a(aXhT 7 P T P(aXhT ) _PVT(aXhT _^X bT (aXhT /+, C:

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 

!25



runtime: out of memory: cannot allocate 549755813888-byte block (753664 in use) 
fatal error: out of memory 

o z s

FGEIODED=4 FPVTa Pg ^b T PRRTaaTS( 9RRTaaX V FGEIODED= T ^ g eX Tac b X P aTVUPc b
cb bWT T ^ g TVX^ eX T TaT dTS P S ^b caTS U^ P g ^bWT _c _^aT(  
 
C=COG=H=G =4 GTaT dTa P P VT ^U bWT _ ^RTaa!a dX bcP PSS Taa a_PRT eXbW^cb P ^RPbX V P g
PRbcP _WgaXRP ab^ PVT X T ^ g ^ X bWT _PVX V UX T ^ SXa (  
 

TaT dTS r p

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 
    } 
} 

WTP_(a_P a r WTP_

c aPUT WTP_(a_P a

mheap.go 

var mheap_ mheap 

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

!26



 sp.array = unsafe.Pointer(spansStart)         // ݻ spans ᰒහᕟ̶ 

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

p
~ z s

m s r | zs
p | or

op | V^ ^cbX T
r r

l y u
n x

r p

test.go 

package main 

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

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

x| l p

$ 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 
   

V^ b^^ R^ _X T 'W V^ b^^ X 'W

s

y

malloc.go 

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

p ~s o l
lp z o

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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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 

r | z

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

!29



$ ./test 
0xc42003ff40 0xc42003ff40                 ; ٖ࣎ࣈ 

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

(gdb) info frame  
Locals at 0xc42003ff30 

r | l n

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) 
    } 
} 

49

| o| r l
l x

r | o ^ | + : |

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) 
        }) 
    } 
} 

r | WTP_ l
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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 
} 

 

WTP_

U TT cag xp
+,2 l s

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 

U TT p u l

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 
} 

!31



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

U TT P VT p
l w Tab UXb

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. 

l l l s
l o
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m

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 
} 

z v l p zu
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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 
} 

p l y l

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 m WTP_(a_P a xp a_P

WTP_(a_P a
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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) 
    } 
} 

r s o

l ~
o~

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 

o p P T P Xb P_ a_P a s
z

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 
} 

 
WTP_(P T POP ^R  
WTP_(P T POcaTS a_P a Xb P_

agaCP_ p l

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) 
} 

9
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mcache.go 

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

p o u l p
aRP ^aRP p y s

v

p l xp s ^aRP aRP u

mheap.go 

numSpanClasses = _NumSizeClasses << 1 

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

a_P R Paa nu
w

spanclass = sizeclass << 1 | noscan 

aXhT R Paa - xs  
 

* ++ 66 + i * 7 * ++* 7 0 5 aRP  
* ++ 66 + i + 7 * +++ 7 1 5 ^aRP

mheap.go 

type spanClass uint8 

!40



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

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

w p

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 
} 

p l
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mheap.go 

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

    allocBits  *gcBits 
    freeindex  uintptr 

    allocCache uint64 
} 

type gcBits uint8 

s m l

u a_P n ^ TRb y
x

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()) 
} 

r U TTX STf
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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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    } 

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

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

    return result 
} 
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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()) 
        } 
    } 
} 

s l

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 
} 

s aRP ^aRP n

mheap.go 

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

u s l
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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 y n u s l z
m

WTP_(aeTT_VT w ,  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aeTT_VT 4

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 
} 

^ T_bg s l r

^T _bg s T _bg y T _bg l
xs s| s

!46



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 
} 

T _bg l n o ^T _bg  
RT b P ~ ^ TRb U TT Xab r

n

mcentral.go 

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

9
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malloc.go 

maxTinySize    = _TinySize 

_TinySize      = 16 
_TinySizeClass = int8(2) 
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mcache.go 

type mcache struct { 
    tiny             uintptr 
    tinyoffset       uintptr 
} 

l w l o s
o

bX g^UUaTb p
o

l

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 
} 

•
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1. cacheSpan: ̶ਂٖݐ 
2. grow: ಘ̶



 2

p ^^b r sl
x

mgcmark.go 

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

mstats.go 

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

mcache.go 

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

w

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 
} 
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mheap.go 

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

o
s
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proc.go 

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

/ l
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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++ 
        } 
    } 
} 
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mheap.go 

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

r

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 
} 
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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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        } 
    } 
} 

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 
} 

n

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 
} 

m
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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) { 
} 
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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) 
} 

•
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GODEBUG=gctrace=1,scavenge=1

runtime.main
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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* 
} 
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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, ...) 
} 

  

n

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 

!61



    f.first = first 
    f.arg = arg 
    f.list = nil 
    ... 
} 
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mfixalloc.go 

type fixalloc struct { 
    list   *mlink 

    chunk  uintptr             // ̶ਂٖ॓ݸ 

    nchunk uint32              // ۆړݢਂٖ॓ݸහᰁ̶ 
} 

o w r
r

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 
} 
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mfixalloc.go 

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

r ~ a_P

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)) 
} 
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malloc.go 

type persistentAlloc struct { 
    base *notInHeap 
    off  uintptr 
} 

^bA TP_ p nu l

type notInHeap struct{} 

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

F s

runtime2.go 

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

malloc.go 

var globalAlloc struct { 
    mutex 
    persistentAlloc 
} 

o

malloc.go 

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

    // ইຎय़ੜ᩻ᬦ 64 KB҅ፗളݻ֢ᔮᕹኩ᧗̶ 
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    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 
} 

aga9 ^R l

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) 
} 
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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) 
} 

2
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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 
} 
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