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[MPABI/IJ1IA SAHATV/IA
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Balun.Courses

[IJ1AH JIEKLLV/II/1

1.
2.
3.

MoTmBauna mMaydyeHuss accembepa
ba3oBble KOHUENuUUM accembnepa

[InsanH accemébnepa n komnunauun Go

. Kak HanucaTb nporpammy Ha accembénepe Go

. OTnnunTenbHble 4YepTbl accembnepa Go

. [l[pumepbl Nnporpamm Ha accembnepe Go

. SIMD intrinsic functions, no4yemy mx HeT B GO

. [lpumepbl nporpamm Ha Go ¢ ucnonb3l3oBaHueM SIMD



MOTVIBALLI/IA

Screenshot L -

func SliceContainsVO(s [Juint8, target uint8) bool { 2usages = Igor Walther
return slices.Contains(s, target)

func SliceContainsV1(s [Juint8, target uint8) bool 2 usages = Igor Walther

go test -bench=. -benchmem -cpu=1
goos: darwin

goarch: armé4

pkg: asm/simd/slice_contains

BenchmarkSliceContains/SliceContainsV1_(SIMD) 42250 26825 ns/op 0@ B/op 0 allocs/op
BenchmarkSliceContains/SliceContainsVe 3802 313418 ns/op @ B/op @ allocs/op
PASS

ok asm/simd/slice_contains 2.878s



MOTVIBALLI/IA

Screenshot L -

func vectorAdditionVO(first, second, dst [Juint8) { 2 usages =2 Igor Walther
for 1 := 0; 1 < len(first); i++ {
dst[i] = first[i] + second[i]

func vectorAdditionV1(first, second, dst [Juint8) 2 usages =2 Igor Walther

go test -bench=. -benchmem -cpu=1
goos: darwin

goarch: armé4

pkg: asm/simd/vector_addition

BenchmarkAdd/vectorAdditionVi_(SIMD) 45706 27264 ns/op 0 B/op 0 allocs/op
BenchmarkAdd/vectorAdditionVe 3303 391758 ns/op @ B/op 0 allocs/op
PASS

ok asm/simd/vector_addition 3.110s



MOTVIBALLI/IA

Also, perhaps most important:

it 1is how we talk about the machine.
Knowing assembly, even a little, means
understanding computers better

© GopherCon 2016: Rob Pike



ABCTPAKTHbII/I NPVIMEP X86

Screenshot o -
func () 1 %
value := 2 =
_ = value =
y—
foo( a: 10, b: 20) value
println( args.... "hello") 20(rbp+24)
return address to println(rbp+8)
gé al
func foo(a, b inté4) inté4a { & -
Yy
al := a + 1 C
®
bl := b + 1 =

intln(“hello”
return al + bl R e o)

add 10, 20

Base pointer
<

Frame pointer (rbp)

Stack pointer (rsp)

Program counter
<




BASOBDbIE KOHLLELLI/I/

MoxHO nn 6e3 frame pointer’'a?
Kak packpy4yumBaTb CTeK?

RBP (frame pointer)

Joasbe pry | JIOKanbHbIE | A - JIOKaNbHbIE | ~raba ac
rnepeMeHHble Crapoe  Adpec Apryme rnepemMeHHble er:J B:;;F?JaTa APTYMEHTbI o emeHHble rbp;; B&ima APryMEHTb!

foo foo bar

rbp BO3BpaTa

bar




BASOBDbIE KOHLLEILLI/I/I

AccembnepHble UHCTPYKLUUM - MHEMOHUKMU

0719 MAWWHHBIX MHCTPYKLUN

Screenshot

<unlinkable>.main<1=>

AxB000
AxB000
BxB004
BxB004
BxB008
BxB800c
Bx800c
0x00160
Bx0014
AxB018
AxB018
BxB018
Ax0018
Bx601c
AxB024
Ox0028
AxB02c
AxB030
Ax0034
AxB038
AxB03c
AxB03c
AxB03c
Bx003c
Bx0040
OxB044
BxBD44
AxB000
Ax0016
AxB020
BxB030
BxB040

el lels]
el lels]
Elelelehs
Elelelehs
oopes
geel12
geel12
geol1s6
geo2e
Bee24
Bee24
Bee24
poER24
pEp28
pEBp36
pop4sR
poRa4
pDop4as
poeps2
pEBpSE
e lelLle]
e lelLle]
e lelLle]
Glelelele]
Dop&S
pDopss
oop&es
70 b
fd 83
oo e
fd fb
0o e

STEXT size=80 args=0x0 locals=0x18 funcid=0x0 align=0x0B

(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:
(/Users/igorwalther/GolandProjects/performance_optimizations_go/main.go:

40 9 ff &3 30 eb a9 01 00 54 fe 6f le f8 ..@..cB....T...
1f ¥8 +d 23 00 d1 0D OO0 OO 94 DD B0 OB 90 ..... Hinacccoaoor
B0 91 21 B2 80 d2 6B 0O B0 94 00 688 00 94 ....l...........
Jf a9 ff 83 B0 91 cB B3 5F d6 €3 B3 1le @88 ......onvemnnnes
DO 94 ef ff ff 17 OO OO0 B0 B0 OO B0 OO BD .......0ceennnn.

3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
3)
4)
4)
4)
4)
4)
4)
5)
5)
5)
5)
3)
3)
3)
3)
3)
3)

o - package performance_optimizations_go

TEXT <unlinkable>.main(SB), ABIInternal, $32-0
MovD 16(g), R16

PCDATA %0, $-2 :

func main() { no usages

BL3 40

PCOATA $8, $-1 . 1 ]
St println( args.... "Hello, go course")
SUB $8, RSP, R29

FUNCDATA $0, gclocals-g2BeySu+wFnoycgXfElmcg==(SB)

FUNCDATA $1, gclocals-g2BeySu+wFnoycgXfElmcg==(SB) }

PCDATA $1, %6

CALL runtime.printlock(SE)
MOVD $go:string."Hello, go course\n"(SB), RO

MOVD $17, R1

CALL runtime.printstring(SE)
CALL runtime.printunlock(SE)
LDP -8(RSP), (R29, R30)

ADD $32, RSP

{) (R3D)

NOP

PCDATA $1, $-1

PCDATA %0, $-2

MOvVD R30, R3

CALL runtime.morestack_noctxt(SB)
PCDATA $8, $-1

JHP B



BASOBDbIE KOHLLELLI/I/

NASM

rax

raXx

rax

mov

add

sub

rdi

rdi

rdi

mov
mov
mov

add
add

add

SuUb
SuUup

SuUb

rax,
rax,
rax,

rax,
rax,
rax,

rax,
rax,
rax,

rdi
5
BYTE [rdi]

rdi

[rdi]

rdi
5
WORD [rdi]

the
netwide
assembler



BASOBDbIE KOHLLELLI/I/

NASM

raXx

raXx

raX

mov

add

sub

rdi

rdi

rdi

mov
mov
mov

add
add
add

SUb
SUb
SUb

rax,
rax,
rax,

rax,
rax,
rax,

rax,
rax,
rax,

rdi
5
DWORD [ rdi]

rdi
5
QWORD [rdi]

rdi

[rdi]

the
netwide
assembler



BASOBDbIE KOHLLELLI/I/

NASM

the
netwide
assembler

Xor rax, rdi

FaX XOr rdi XOr rax, 5
xor rax, [rdi]

jz - jump if zero

[lpuMep MHCTPYKUUU ynpaBJieHUA MocJie onepauyumn xor.
B cnyyae zero flag nogBuHem PC Ha Apyryw MHCTPYKLUMUIO






HA KAKOM 3TAMNE KOMMNNATOP GO
EHEPV/IPYET ACCENMBEPHDbII/1 KOAO2



https://github.com/golang/go/blob/master/
KO I\II n I/I n ﬂ u I/I ﬂ src/cmd/compile/internal/syntax/parser.go
1. [lapcuUHr ncxogHoro Kopaa

type parser struct {
file =*xPosBase
errh ErrorHandler so u rces
mode Mode
pragh PragmaHandler
scanner

base *PosBase // current position base /USE I"S/igﬁ rﬂalthe r/GﬁlandPrDj ECtS/F
first ?r‘r‘or* // first error encountered 3 func main( ) _{

errcnt int // number of errors encountered

pragma Pragma // pragmas 4 println("GO ASM digESt")

goVersion string // Go version from //go:build line 5 }

top bool // in top of file (before package clause)

fnest int // function nesting level (for error handling)

xnest int // expression nesting level (for complit ambigquity resolution)
indent []byte // tracing support



https://github.com/golang/go/tree/master/

KO I\III II/I”HI I I/I H src/cmd/compile/internal/types?2

2 . CemaHTn4dyeckum aHanma (AST, type checking)

SwitchStmt struct { AST
Init SimpleStmt buildssa-body
Tag Expr // incl. *TypeSwitchGuard . BLOCK tc(1l) # main.go:4:9
Body []*CaseClause . BLOCK-List

. CALLFUNC Walked tc(1l) # main.go:4:9
. CALLFUNC-Fun

Rbrace Pos

stmt . « « NAME-runtime.printlock Class:PFUNC Offset:@ Used F
k . . CALLFUNC Walked tc(1) # main.go:4:9
. « CALLFUNC-Fun
SelectStmt S'tl""‘UCt{ = = = NAME—Fun‘time.pl“intS‘tl“ing C].ESS:PFUNC OffSEt:@ USEd

. CALLFUNC-Args

. . . LITERAL-"Go ASM digest\n" string tc(1l) # main.go:4
AL . . CALLFUNC Walked tc(1) # main.go:4:9
stmt . « CALLFUNC-Fun

+ . = « NAME-runtime.printunlock Class:PFUNC Offset:@ Used

Body [ ]*CommClause


https://github.com/golang/go/tree/master/src/cmd/compile/internal/types2
https://github.com/golang/go/tree/master/src/cmd/compile/internal/types2

https://github.com/golang/go/tree/master/

KOMIM/INALL/IA

3. Compiler intermediate representation (noding)

// A Node is the abstract interface to an IR node.
type Node interface {

// Formatting

Format(s fmt.State, verb rune)

// Source position.
Pos() src.XPos
SetPos(x src.XPos)

// For making copies. For Copy and SepCopy.
copy() Node

doChildren(func(Node) bool) bool
editChildren(func(Node) Node)
editChildrenWithHidden(func(Node) Node)


https://github.com/golang/go/tree/master/src/cmd/compile/internal/ir
https://github.com/golang/go/tree/master/src/cmd/compile/internal/ir

https://github.com/golang/go/tree/master/

KOI\III II/I”HI I I/I H src/cmd/compile/internal/ssagen

4. lpeobpasoBaHne IR B Static Single Assignment form

// buildssa builds an SSA function for fn. bl: [ -
.. . : . . v2 (7?) = SB <uintptr> : SB
// worker indicates which of the backend workers is doing the processing. vl (?) = InitMem Emem
func buildssa(fn *ir.Func, worker int) *ssa.Func v4 (+4) = CALLstatic <mem>
( int) i {AuxCall{runtime.printlock}} vi1
name := ir.FuncName(fn) v5 (4) = SelectN <mem> [0] v4

vl4 (4) = MOVDaddr <*xuint8> {go:string."Go ASM

digest\n"} v2 : RO

abiSelf := abiForFunc(fn, ssaConfig.ABI®, ssaConfig.ABI1) vli3 (4) = MOVDconst <int> [14] : Rl
v/ (4) = CALLstatic <mem>

{AuxCall{runtime.printstring}} [16] [EE] v13 v5 :

- <>
printssa := false v8 (4) = SelectN <mem> [Q] v7
match either a simple name e.g. "(*Reader).Reset", package.name e.g. v9 (4) = CAlLLstatic <mem>
/7 - HHE S L ] : ) ’ PeERade. Rel ¢ {AuxCall{runtime.printunlock}} v8
// optionally allows an ABI suffix specification in the GOSSAHASH, e.qg. v10 (4) = SelectN <mem> [0] v9
. . . : : 11 = MakeR 1t 10
if strings.Contains(ssaDump, name) { // in all the cases the function n Re’r v11(+?5))) aRErEsHtt =nen= v

nameOptABI := name


https://github.com/golang/go/tree/master/src/cmd/compile/internal/ssagen
https://github.com/golang/go/tree/master/src/cmd/compile/internal/ssagen

https://github.com/golang/go/blob/master/

KO I\II I I I/I n ﬂ u I/I H src/cmd/compile/internal/armé4/ssa.go

5. eHepauna accembnepa U MaAWMHHOIO KojAa

// storeByType returns the store instruction of the given type.
func storeByType(t *xtypes.Type) obj.As {
if t.IsFloat() {...} else {
switch t.Size() {4
case 1: return armbé4.AMOVB
case 2: return armé4.AMOVH
case 4: return armbé4.AMOVW
8

case return armbé4.AMOVD

].

+
panic( v: "bad store type")


https://github.com/golang/go/blob/master/src/cmd/compile/internal/arm64/ssa.go
https://github.com/golang/go/blob/master/src/cmd/compile/internal/arm64/ssa.go

KOMIM/INALL/A

5. eHepauna accembnepa U MaAWMHHOIO KojAa

# /Users/igorwalther/GolandProjects/performance_optimizations_go/main.go
00000 (3) TEXT main.main(SB), ABIInternal

00001 (3) FUNCDATA $0, gclocals-:g2BeySu+wFnoycgXfElmcg==(SB)
00002 (3) FUNCDATA $1, gclocals-g2BeySu+wFnoycgXfElmcg==(SB)
00003 (+4) PCDATA $1, $0

00004 (+4) CALL runtime.printlock(SB)

00005 (4) MOVD $go:string.'Go ASM digest\n"(SB), RO

00006 (4) MOVD $14, R1

00007 (4) CALL runtime.printstring(SB)

00008 (4) CALL runtime.printunlock(SB)

00009 (5) RET

00010 (?) END

© GOSSAFUNC=main go tool compile main.go



[OE XXVIBET ACCEMBJIEP GO?

Abstract Intermediate
Lexemes — syntax —> representation Go assembler Machine code
tree (SSA)

# /Users/igorwalther/GolandProjects/performance_optimizations_go/main.go

00000 (3) TEXT main.main(SB), ABIInternal

80001 (3) FUNCDATA $@, gclocals:g2BeySu+wFnoycgXfELlmcg==(SB)

00002 (3) FUNCDATA $1, gclocals:g2BeySu+wFnoycgXfElmcg==(SB) ST e e e — - S

00003 (+4) PCDATA $1, $0 0x0000 90 Ob 40 £9 £F 63 30 eb a9 81 00 54 fe Of le 8 .
00004 (+4) CALL runtime.printlock(SB)

00005 (4) MOVD $go: string. "GaUASH GIGESENA" (8), RO Ox0010 fd 83 1f f8 fd 23 00 d1 00 0O 00 94 OO 0O 0O 90
00007 (4) CALL fun%;me.pr;nmring{sm Ox0020 00 00 00 91 el Ob 7Ff b2 00 0O 00 94 OO 00 0O 94
o000 (o) SALL runtime.printunlock(SB) Ox0030 fd fb 7F a9 ff 83 00 91 cO 03 5Ff d6 e3 03 le aa

00010 (?) END Ox0040 00 00 00 94 ef ff ff 17 00 00 GO OO0 GO 0O OO 0O



HEKOTOPDIE /IHCTPYKLL,/I/ /I PET'VICTPDI
SABV/ICHAT OT I'JIAT®OPNIbI

MOVQ x_base+0(FP), // ptr MOVD x_base+0(FP), RO // ptr
MOVQ x_len+8(FP), // len MOVD x_len+8(FP), R1 // 'len

amdo4 armo4



HEKOTOPDIE V/IHCTPYKL VI V1 PEI'/ICTPDbI
SABV/ICHAT OT INJIATPOPNIDbI

const ( const (
REG_AL = obj.RBaseAMD64 + iota // integer
REG_CL REG_RO® = obj.RBaseARM64 + iota
REG_DL REG_R1
REG_BL REG_R2

REG_SPB REG_R3
REG_BPB REG_R4
REG_SIB REG_R5
REG_DIB REG_RG6

REG_R8B REG_R7
REG_R9B REG _R8

REG_R9

REG_R10
REG_R11
REG_R12
REG_R13
REG_R14
REG_R15

REG_R10B
REG_R11B
REG_R12B
REG_R13B
REG_R14B
REG_R15B

amd64 armoe4



https://pkg.go.dev/cmd/internal/obj/x86
https://go.dev/cmd/internal/obj/arm64/?m=old

KAK HAIMZICATb INPOIPAMIMY
HA ACCENIBJIEPE

func IntSum(a, int64) inté4 1usage =2 Igor Walther - intS_SUm_armﬁq-;S
#include "textflag.h Iﬁ, ints_sum_test.go

// func IntSum(a, b inté4) inté4

TEXT -TntSum(SB). NOSPLIT, $6 ©® textflag.h - cTaHpapTHbie AUPEKTUBLI

_ / - paspenutenn, (math/rand-Int)
LRE slice_base+B(FP), (RO, R1) FP - ykasaTtenb ¢peumma (for local)

ADD RO, R1 SB - static base ykasaTenb
MOVD R1, ret+16(FP) (for global)

RET



HA CAMOM AOEJIE CNNOXHEE

SB

FP (virtual)

SP (virtual)

Screenshot * —
=
func IntSum(a, b inté4) inté4 1usage = Igor Walther E
#include "textflag.h" g
S A Feu e
// func IntSum(a, b inté4) inté4 iziz((:; Hoop
TEXT -IntSum(SB), NOSPLIT, $0 G | return address to caller
LDP slice_base+0(FP), (RO, R1) g
ADD RO, R1 E
MOVD R1, ret+16(FP)
RET
add a, b

PC



HA CAMONM AEJIE CJIOXXHEE

Screenshot @

caller

arguments

FP (virtual register) retum address
frame pointer

caller | SP (virtual register) —

stack callee

local

frame variables

arguments

SP (real register) — rotum address FP (virtual register) ¢
frame pointer

SP (virtual register) | callee

stack

local
frame

variables

SP (real reqister



OTJI/IHVITEJIbHbIE HEPTDI
ACCEMBJIEPA GO

1. B accembnepe Go M3MeHeH MOPAAOK apryMEHTOB

0Na O60NbUWMHCTBA WMHCTPYKLUNA

MOV src, dst - go amd64 (left-to-right assignment order)
MOV dst, src - amdé64

2. B accembnepe Go umHcTpykKums NOP

He npeobpasyeTcAa B MallMHHLIKN KOA



OTJI/IHVITEJIbHbIE HEPTDI
ACCEMBJIEPA GO

3. B accemonepe Go gna o6onbumHcTBa floating-

point n SIMD wmHCcTpyKuum pobaBrieH npepukc V
(VLD1, VST1, VADD, VFMLA)

4 . HekoTopble MHCTPYKLUM Ha pasnnyHbiX niatdopmax
He nopgepxaHol. MHorga npuxoguTcA AeKapupoBaThb
MX KaK nocfiegoBaTeNlbHOCTb 6alT, MCMONb3ys
nupekTuebl BYTE n WORD (WORD S©x6e20dde2
- VFMUL V@, V15, V2)



OTII/IYIITENbHDBIE WEPTDI BT
ACCENIBJIEPA GO

5. Internal u stable ABI (calling convention)

// ABI is the calling convention of a text symbol.
type ABI ulnt8

const (
// ABIO is the stable stack-based ABI. It's important that the
// value of this is "0": we can't distinguish between
// references to data and ABIO text symbols in assembly code,
// and hence this doesn't distinguish between symbols without
// an ABI and text symbols with ABIO.
ABIO=0 ABI = iota

// ABIInternal is the internal ABI that may change between Go
// versions. A1l Go functions use the internal ABI and the

// compiler generates wrappers for calls to and from other

// ABIs.

ABIInternal =l


https://github.com/golang/go/blob/master/src/cmd/internal/obj/link.go#L704
https://github.com/golang/go/blob/master/src/cmd/internal/obj/link.go#L704

OTII/IYIITENbHDBIE WEPTDI BT
ACCENIBJIEPA GO

6. Alignment

PCALIGN $16
MOVD $2, RO // This instruction is aligned with 16 bytes.

PCALIGN $1024
MOVD $3, R1 // This instruction is aligned with 1024 bytes.


https://github.com/golang/go/blob/master/src/cmd/internal/obj/link.go#L704
https://github.com/golang/go/blob/master/src/cmd/internal/obj/link.go#L704

[MTP/IMIEPDbI INMPOI'PAMIVI
HA ACCENIBJIEPE GO

T. Sum

2.Slice sum
3. Fibonacci

4. Vector operations






SINID

loBbimeHne npounssoauTenbHocTn (SIMD, etc)

Instruction pool

PU

PU

—
O
O
o
©
4+
©

O

PU

PU

Vector unit

V1

64bit 64bit
+
V2

64bit 64bit

VADD V1.D2, V2.D2, V3.D2



BEKTOPHDIE I/IHCTPYKLL//IVI

VDUP R2, V1.D2 V1

R2 = 42 42 42

VLD1 (R@), [V1.D2] V1

RO=data_ptr 42 42




BEKTOPHDIE I/IHCTPYKLL//IVI

[loBblmeHMe npounssoauTenbHocTn (SIMD, etc)

VST1 [V1.D2], (Re)
V1

42 42 RO=data_ptr

VCMEQ V1.D2, V2.D2, V3.D2
V1 V2

42 42 42 43 oxffff..

V3



SINMD INTRINSIC FUNCTIONS,
[MOYHEMY VIX HET B GO

1. CNOXHOCTb NMOAAEPXKW OJIA OOJIbWMHCTBA apXUTEKTYpP B TeKvylulen rpammaTuke SSA

2. “It would be fun, but other stuff is more pressing”



https://go.dev/src/cmd/compile/internal/ssa/_gen/generic.rules
https://groups.google.com/g/golang-dev/c/LllE9GEeg6w

[TPI/IMIEPbI INPOI'PANINIbI HA
ACCENMBJIEPE GO C
I/ICTOJIbSOBAHVIEN SIMD



DEMO

[Ipumepbl Nporpammbl Ha accembnepe GO ¢ wmcnosb3oBaHnem SIMD



https://github.com/Balun-courses/performance_optimizations_go/tree/master/open_lessons/asm

I/ITOI' I/ I/1 BblBOADbI



HTO bYAET OAJIbLUE



