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YCTPOIICTBO NAMSATV

Runtime Go uMeeT cBOW COOGCTBEHHYW MNpeassIoOUMPOBAHHYI MaMATb
0NA YCKOPEHUA BblOENEHUA MAMATU BHYTPWU MPOrpPaMMbl
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YCTPOIICTBO NAMSATV

[louemy Ha Windows BbloesiAloT apeHbl MEeHbllero pasmepa?

Screenshot

// heapArenaBytes is the size of a heap arena. The heap

// consists of mappings of size heapArenaBytes, aligned to

// heapArenaBytes. The initial heap mapping is one arena.

//

// This is currently 64MB on 64-bit non-Windows and 4MB on

// 32-bit and on Windows. We use smaller arenas on Windows

// because all committed memory is charged to the process,

// even if it's not touched. Hence, for processes with small

// heaps, the mapped arena space needs to be commensurate.

// This is particularly important with the race detector,

// since it significantly amplifies the cost of committed

// memory.

heapArenaBytes = 1 << logHeapArenaBytes // 67108864 ~ 64 Mb

logHeapArenaBytes = (6+20)*(_64bit*(1-goos.IsWindows)*(1-goarch.IsWasm)*(1-goos.IsIos*goarch.IsArmé64)) +
(2+20)*x(_64bit*goos.IsWindows) + (2+20)*(1-_é4bit) + (2+20)*goarch.IsWasm + (2+20)*goos.IsIos*xgoarch.IsArmé4



YCTPOIICTBO NAMSATV

Screenshot

Size Classes

type mcentral struct {
sys.NotInHeap

spanclass spanClass

partial full mspan
GC
GC
partial
partial
sweep
mcentral

partial [2]spanSet
full [2]spanSet

GC

add



YCTPOIICTBO NAMSATV

// class bytes/obj bytes/span objects tail waste max waste min align type mspan struct {
// 1 8 8192 1024 0 87. 8 B sys.NotInHeap
// 2 16 8192 512 0 43. 16 :
// 3 24 8192 341 8 29. 8 next *mspan next L=t
// 4 32 8192 256 0 21. 32 prev *mspan list
// 5 48 8192 170 32 31. 16 list *mSpanlList
// 6 64 8192 128 0 23. 64
// 7 80 8192 102 32 19. 16 startAddr uintptr
// 8 96 8192 85 32 15. 32 .
// 9 8192 73 16 13. 16 Azl e
// 10 8192 64 0 11.
// 11 8192 56 11. 16 manualFreelList gclinkptr list IS ERERTELS
// 12 8192 51 32 . 32
/Y 13 8192 40 %6 } - freeindex nelems
// 14 8192 42 . 64
// 15 8192 39 80 : 16 next
// 16 8192 36 . 32 allocBits freeindex
// 17 8192 34 32 . 16 freeindex
// 18 8192 32 0 .
// 19 8192 28 . 32
// 20 8192 25 . 64
// 21 8192 23 : 32 freeindex
// 22 8192 21
// 23 8192 19 . 32 allocBits
// 24 ek = i g freeindex allocBits
elemsize pageShift

freeindex uintlé




YCTPOIICTBO NAMSATV

Screenshot * . // Per-thread (in Go, per-P) cache for small objects.

// This includes a small object cache and local allocation stats.
// No locking needed because it is per-thread (per-P).

GO MEMORY LAYOUT //

// mcaches are allocated from non-GC'd memory, so any heap pointers
// must be specially handled.

type mcache struct {

_ sys.NotInHeap

// The following members are accessed on every malloc,
// so they are grouped here for better caching.
mcentral mcentral . mcentral nextSample uintptr // trigger heap sample after allocating this many bytes

: : Y ; scanAlloc vuintptr // bytes of scannable heap allocated

L ¥ ¥ ¥ // Allocator cache for tiny objects w/o pointers.

// See "Tiny allocator" comment in malloc.go.

// tiny points to the beginning of the current tiny block, or
// nil if there is no current tiny block.
//

.o on // tiny is a heap pointer. Since mcache is in non-GC'd memory,

heap heap heap heap heap heap heap heap
dreéna arena arena arena arena arena arena arena

I 1
| |
| I
i |
| 1
| 1
| !
I 1
| 1
| 1
| I
i i
Y Y

// we handle it by clearing it in releaseAll during mark
// termination.

//

// tinyAllocs is the number of tiny allocations performed
// by the P that owns this mcache.

tiny uintptr

tinyoffset uintptr

tinyAllocs uintptr

// The rest is not accessed on every malloc.

alloc [numSpanClassesl*mspan // spans to allocate from, indexed by spanClass




YCTPOI/ICTBO NAMSATV
SCAVENGER

func sysUnused0S(v unsafe.Pointer, n uintptr) {
madvise(v, n, _MADV_DONTNEED)

After a successful MADV DONTNEED operation, the semantics
of memory access 1n the specified region are changed:
subsequent accesses of pages i1n the range will succeed,
but will result in either repopulating the memory contents

from the up-to-date contents of the underlying mapped file
(for shared file mappings, shared anonymous mappings, and
shmem-based techniques such as System V shared memory
segments) or zero-fill-on-demand pages for anonymous
orivate mappilngs.




bEHHINIAPKVI

type data struct { 1usage
a [10224323]inté4

// go test -bench=. -benchmem
func BenchmarkSimple(b *testing.B) {
b.ReportAllocs()

for i := 0; i < b.N; i++ {
creationFunc[data] ()

func creationFunc[T any]l() *T { 1usage
return new(T)

goos: darwin
goarch: armé4

pkg: lection?7
BenchmarkSimple
BenchmarkSimple-12
PASS

1569

726315 ns/op

81797126 B/op

// The benchmark function must run the target code b.N times.

1 allocs/op

// During benchmark execution, b.N is adjusted until the benchmark function lasts

// long enough to be timed reliably. The output

//
// BenchmarkRandInt-8

684535040

17.8 ns/op



bEHHINIAPKVI

// go test -bench=. -benchmem -benchtime=100x // go test -bench=. -benchmem -cpu=x
func BenchmarkWithTimer(b *testing.B) { func BenchmarkParallel(b *testing.B) {
b.ReportAllocs() // -cpu=x
b.SetParallelism(runtime.NumCPU())
for i := 0: i < b.N; i++ { b.ReportAllocs()
b.StopTimer()
var a int b.RunParallel(func(pb *testing.PB) {
s := make([]inté4, 1000) // no timer settings here

b.StartTimer()

// or ResetTimer for pb.Next() {

// action

a += len(s)

})



HACTDbIE OLLUV/IBKI/

func BenchmarkWrongRecursive(b *testing.B) {
for i := 0: i < b.N: i++ { func BenchmarkWrongSingleAction(b *testing.B) {

recursiveFunc(b.N) recursiveFunc( a: 1 _000_000)

func TestWrongComparison(t *testing.T) {
res := testing.Benchmark(func(b *testing.B) A
for i := 0; 1 < b.N; i++ {
recursiveFunc(i)

1)
if res.NsPerOp() <= 1000 {}



BHY TPEHHEE

[MPEACTABJIEHV/IE TI/TMNOB

//
//
//
//
//
//
//
//

SliceHeader 1s the runtime representation of a slice.

It cannot be used safely or portably and 1ts representation may
change 1n a later release.

Moreover, the Data field 1s not sufficient to guarantee the data
1t references will not be garbage collected, so programs must keep
a separate, correctly typed pointer to the underlyling data.

Deprecated: Use unsafe.Slice or unsafe.SliceData i1nstead.

type SliceHeader struct {

Data uvintptr
Len 1nt
Cap 1int



BHY TPEHHEE
[MPEACTABJIEHVIE TI/INOB

// layout of Itab known to compilers

type iface struct {

// allocated in non-garbage-collected memory
// Needs to be in sync with tab *1itab
// ../cmd/compile/internal/reflectdata/reflect.go:/*func.WritePluginTable. .
. data unsafe.Pointer
type itab struct {

inter *interfacetype }-
_type *_type

hash uint32 // copy of _type.hash. Used for type switches.

_ [4]byte

fun [1]uintptr // variable sized. fun[0]==0 means _type does not implement inter.



I-IAKET l 'NSAFE func BenchmarkZeroCopyConverter(b *testing.B) {
b.StopTimer()

s := make([]byte, 10_000_000)

unsafe.Slice, unsafe.String b.StartTimer ()

(GO 1 2@+) b.ReportAllocs()

Kak xunu po aTtoro?

for i := 0; i < b.N; i++ {
zeroCopyConverter(s)

func zeroCopyConverter(bigSlice []byte) []lbyte { 1usage
str := unsafe.String(unsafe.SliceData(bigSlice), len(bigSlice))
s := unsafe.Slice(unsafe.StringData(str), len(str))

return s

}

goos: darwin

goarch: armé4

pkg: lection?

BenchmarkZeroCopyConverter

BenchmarkZeroCopyConverter-12 1000000000 0.3955 ns/op O® B/op @ allocs/op
PASS



DENMIO

byte slice <-> string conversion




[TAKET UNSAFE

type T1 struct { 4 usages
a int8 type: unsafe.Alignof(x) is at least 1
b inté4
c 1ntlé

1. For a variable x of any

y 2. For a variable x of struct

type: unsafe.Alignof(x) is the largest
type T2 struct { 1usage of all the values unsafe.Alignof(x.f)

int8
. for each field f of x, but at least 1
c 1ntlé
b inté4

} 3. For a variable x of array

| type: unsafe.Alignof(x) is the same
func main() {

fmt.Println(unsafe.Sizeof (T1{})) // 24 as the alignment of a variable
fmt.Println(unsafe.Sizeof (T2{})) // 16 of the array's element type

fmt.Println(unsafe.Alignof(T1{}.a)) // 1
fmt.Println(unsafe.Alignof(T1{}.b)) // 8
fmt.Println(unsafe.Alignof(T1{}.c)) // 2



DEMO

own unsafe slice
https://pkg.go.dev/unsafe



https://pkg.go.dev/unsafe

SLICE AND NMAP PREALLOC

func fastMatch(exampleData []lstring) [l[]lbyte { 2usages = Igor Walther
result := make([][]byte, 0, len(exampleData))

for i := 0; i < len(exampleData); i++ {
data := unsafe.Slice(unsafe.StringData(exampleDatal[i]), len(exampleDatal[il))

if externalMatchFunction(data) {
result = append(result, data)

return result

func slowMatch(exampleData []string) [][]lbyte { 2usages = Igor Walther

result := make([][]byte, 0)

for i := 0; i < len(exampleData); i++ {
data := []byte(exampleDatal[i])

if externalMatchFunction(data) {
result = append(result, data)

return result



STRING CONVERSION

b.Run( name: "sprinf", func(b *testing.B) { b.Run( name: "strconv", func(b *testing.B) {

b.ReportAllocs() b.ReportAllocs()
for i := 0; 1 < b.N; i++ { for i := 0; 1 < b.N; i++ {
fmt.Sprintf( format: "%d", a..: 42) strconv.FormatInt( i: 42, base: 10)
} }
}) })
ichmarkStrconv

ichmarkStrconv/sprinf

ichmarkStrconv/sprinf-12 38273593 30.28 ns/op 2 B/op 1 allocs/op
ichmarkStrconv/strconv
ichmarkStrconv/strconv-12 886768310 1.387 ns/op O B/op O allocs/op

'S



STRING BUILDER

b.Run( name: "stringBuilder", func(b *testing.B) { b.Run( name: "simple addition", func(b *testing.B) {
b.ReportAllocs() b.ReportAllocs ()

sb := &strings.Builder{}
var result string

for i := 0; i < b.N; i++ {
sb.WriteByte(byte(i)) for i = 0: i < b.N: i++ {
} . N
result += string(byte(i))
result := sb.String() H
_ = result })

})

goos: darwin

goarch: armé4

pkg: lection?

BenchmarkStringBuilder
BenchmarkStringBuilder/stringBuilder

BenchmarkStringBuilder/stringBuilder-12 933566685 1.154 ns/op 6 B/op O allocs/op
BenchmarkStringBuilder/simple_addition
BenchmarkStringBuilder/simple_addition-12 1000000 34085 ns/op 754003 B/op 2 allocs/op

PASS



LOOP ALLOCATION

b.Run( name: "loop allocation", func(b *testing.B) { b.Run( name: "outer loop allocation", func(b *testing.B) {
b.ReportAllocs() b.ReportAllocs()
b.StopTimer() b.StopTimer()
sd, err := json.Marshal (g sd, err := json.Marshal(TestData{
a: "213132%, a: "213132",
b: 123,
b: 123,
c: 123124, G
9 ¢ '
require.NoError(b, err) })
b.StartTimer() require.NoError(b, err)
b.StartTimer()
for 1 :=0; 1 < b.N; i++ {
d := Data{} d := Data{}

for 1 :=0; 1 < b.N; i++ {

err = json.Unmarshal(sd, &d) err = json.Unmarshal(sd, &d)

require.NoError(b, err) require.NoError(b, err)

})
B

goos: darwin

goarch: armé4

pkg: lection?

BenchmarkLoopAllocation

BenchmarkLoopAllocation/loop_allocation

BenchmarkLoopAllocation/loop_allocation-12 5035930 220.2 ns/op 160 B/op 3 allocs/op
BenchmarkLoopAllocation/outer_loop_allocation

BenchmarkLoopAllocation/outer_loop_allocation-12 5920603 205.5 ns/op 152 B/op 2 allocs/op
PASS



LLUABJIOHbI ONTVIMIZISALLII/

1. string as a key of the map
2. regexp compile

3. use sync.Pool for reuse big objects
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