SIMD



SSE

SIMD = single instruction multiple data

SSE = streaming SIMD extensions

HoBble 128-0buTHble perucTtpbl: xmm@ , xmml , ... xmml5
e float [ double aprymMmeHTbl NnepegaroTcsd B xmm@—xmm7

e float /[ double BO3BpaLlLalOTCA B Xmmo



CKanspHble NHCTPYKLIUU

e sd = single double
e ss = single single

e movss [ movsd MomellaeT apryMeHT u3 namaT B Maaglime 6mutbl xmmN

addsd xmm@, [rspl ; xmm@ += x(double)rsp
subsd xmm@, xmml ; xmm@ —= xmml



CpaBHeHue ckangapos yepe3 EFLAGS

e comisd [/ comiss SF = 0
e BbictaBnsatot ¢pnarn EFLAGS 'S‘E : 8

e [Tocne MOXHO UCMOMIb30BaTh j** Kak if dst < src o

/F, PF, CF =0, 0, 1
0BbIYHO } else if dst > src {
/F, PF, CF =0, 0, 0

} else if dst == src {
ZF, PF, CF =1, 0, 0

} else {
// 0ouH n3 onepaHpos — NaN
ZF, PF, CF =1, 1, 1



BeKkTopHble onepauunn

e 128 6UT = 2 double nnu 4 float

e [IpoLieccop ymMeeT cknagbiBaTb, YMHOXaTb, AeNINTb, CPaBHUBAaTb U MHOIOe Apyroe
cpasy ¢ HECKO/IbKMMU YMC/iaMU B OOHOM Xmm PEerncrpe

e ps = packed single

e pd = packed double



BekTopHble aHanoru mov

e Obuwas popma: mov[u|alpls|d]

e movups [/ movupd — KONMMpoBaHWe
HEBbIPOBHEHHbIX aHHbIX

e movaps / movapd — KOMupoBaHWe
BbIPOBHEHHbIX (16 6anT) gaHHbIX

e pd = packed double

movaps
movups
movapd
movupd

xmmN,
xmmN,
xmmN,
xmmN,

addr /
addr /
addr /
addr /

movaps
movups
movapd
movupd

addr,
addr,
addr,
addr,

xmmN
xmmN
xmmN
xmmN



BekTopHbIe MHCTPYKLIMN: NPpUMepP

i float fast _sum(floatx a, floatx b, size t n)

pxor xmm@, xmm@

Lloop:
addps xmm@, [rsi, rcx * ...]
addps xmm@, [rdi, rcx * ...]
jmp loop

end:
}et

Kak BepHyTb pe3ynbTaTt B BUae ckanapa?



haddps / haddpd

e CneumanbHble MHCTPYKLMK, YTOObI
«CXJ1IOMNbIBaTb» BEKTOPHbIE PErucTpbl

e horizontal add

e Ecnncpenatb haddps xmm@, xmml
0Ba pasa, TO B HUXXHMX BUTax oKaxxyTcs
BCe crioXXeHHble float'bl

Xg X, X, Xo
Y3+Y2 Y1+YO X3+X2 X1+Xo
Y3 Yo Y, Yo

xmmO

dest

xmm1



BekTopHble MHCTPYKLMN: NPpUMEP

e YT0O aenatb, eC/iIn n He OeJTUTCH Ha 47 ; float fast_sum(floatx a, floatx b, size_t n)
e Kak npaBWSIbHO BbIYUCSIATb rcx ? égéé;xmm% xmm@
o [13: peannsoBatb 6bICTPOE CKaNspHOe e redy PO acay
nponsBeneHne OByxX BEKTOPOB ;mé' s
end:

ﬂaddps Xxmm@, Xmmo
haddps xmm@, xmm@
ret



BekTopHble nHcTpykuun: shufps

shufps xmm@, xmml, #mask

BbinonHAeT nepecTaHOBKY 9/1EMEHTOB
N3 UCXOOHbIX PErMCTPOB U 3anncbiBaeT
B PErnCTP Ha3HaYeHuns

[lepecTaHoOBKa 3a0aéTCs OOHUM
banTom

NHCTpYyKUMA None3Ha, koraa
BblYMCNEHUSA TPEOYIOT gpyroe
NOJSIOXKEeHME AaHHbIX B Pperncrpax, Yem
B NaMaTu

[TpuMep — BEKTOPHOE Npouns3BeaeHune

XMMO [0] = select(XMMQ,
XMMO[1] = select(XMMO,
XMMO[2] = select(XMM1,
XMMO [3] = select(XMM1,

select(XMM, idx) {

}

return XMM[idx]

mask & 0b00000011)
mask & 0b00001100)
mask & 0b00110000)
mask & 0b11000000)
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SSE

B x86 ecTb pernctpsbl 6onblue: AVX (256 out, ymmN ) n AVX-512 (512 6ut, zmmN )

e CTpOKOBbIE UHCTPYKLUMKN: pcmpistrm, pcmpistrm, pcmpestri, pcmpestrm

ApundmMuTmnyeckmne n buToBble onepaumnm Hag LuenbiMm Yyncrnamm: pxor , paddb ,
paddd , paddq, ...

e /IHCTPYKUUN A8 Npeobpa3oBaHnUa TUNOB: cvtpd2ps , cvtsi2ss,,...

NHCTPYKUMM ynpaBneHns namMsaTblo (B TOM Yncrie U kaweM): xfence, prefetchx,
cf lushsx
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Intrinsics

PaclumpeHuns KoMnunaTopa, No3sonsaoLwme yaooHO NCNob30BaTb BEKTOPHbIE

MHCTPYKUWKM B KOoge Ha C :

floatx a = ;

floatkx b = ;

floatx ¢ = ...}

for (size. t i = 0; i <n; 1 += 8) {
~ m128 r1 = _mm_load_ps(a + 1i);
~ m128 r2 = mm_load _ps(b + 1i);
~ m128 r3 = _mm_add_ps(rl, r2);

_mm_store_ps(&cl[i], r3);
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ARM
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CISC

e Complex Instruction Set Computer

e CISC cTpemMunTca paTb Kak MOXXHO
6oblLEe «KCNOXHbIX» UHCTPYKLNIN

e MeHblUe MHCTPYKLUMIN, = MeHblLle
namsaTu

e CnoxHasa apxuTekTypa npoLeccopa

e Bbicokoe notpebnenne aHeprnm

RISC

o Restricted Instruction Set Computer

e RISC npepgocTtaBngeT Mano
MHCTPYKLUMN — "KNPrnM4nkn"

e /IHCTPYKLMM BbIMOMHAKOTCSA ObICTPO —
3a4acTyto He bonee HeCKOJSIbKMX
TaKTOB NpoLeccopa

o [lpolle apxutekTypa npoLeccopa

e MeHbLle noTpebneHne aHeprum

14



RISC vs CISC

X86

add [rax, rcx % 4], 8

ARM

; X0 =
y X1 =
ldr x2,
add x2,
str x2,

rax
rcx

[x0, x1, 1sl #2]
x2, =8

[x0, x1, 1lsl #2]
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ARM: pernctpbi

e X0, x1,.. x30 :64-6UTHblE perncTpsol
e wld, wl,.. w30 :32-OUTHblE PErNCTPDI
® XZr , wzr :— HyJieBble PErNCTpPbI
e sSp :yKasaTesib CTaKa (Kak rsp )

e pc :instruction pointer (kak rip )
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ARM: pstate

e pstate : pernctp dnaros (aHanor EFLAGS )

o n (negative)
o z (zero)
o ¢ (carry)

o v (overflow)



ARM: conditionals

e BoNbWMHCTBO MHCTPYKLUMIN UMEIOT cnegyouyio dopMy: op<c> dest, srcl, src2
e <c> — dnar, Npm KOTOPOM 3Ta MHCTPYKL NS OyaeT BbiNONHEHA
e ldrpl x0, =8 ( n OYMLLEH)

e streq x0, [x1] ( z ycTaHOBNEH)
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ARM: RMW-onepauuu

Read-Modify-Write onepauun
e Mogndpuumnpyrowme MHCTPYKLUMUN MOTYT UCMOSIb30BaTb TOJIbKO PErNCTPbI
e 1dr :3arpyskauns namMmaTu

e sStr :COXpaHeHue B NaM4AaTb

ldr Xt, [Xn, offset] ; Xt = x(Xn + offset) (-256 <= offset < 16384)
ldr Xt, [Xn] i Xt = *Xn

ldr Xt, [Xn, Xm, LSL n] ; Xt = x(Xn + (Xm << n))

ldr Xt, [Xn, Xm] ; Xt = x(Xn + Xm)
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ARM: MHCTPYKLIUN BETB1EHUS

beq
bne
blt
ble
bgt
bge

label
label
label
label
label
label

" wWE u"uE wuE wWE wunm

Branch
Branch
Branch
Branch
Branch
Branch

to
to
to
to
to
to

label
label
label
label
label
label

if
if
if
if
if
if

equal (z = 1)
not equal (z
less than (n

=0)

= v)

less or equal (z =1 or n != v)
greater than (z = 0 and n == v)
greater or equal (n == v)
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ARM: Bbi30B PpYyHKLUN

e AHanormnyHo x86 B ARM ecTb MHCTPYKLUMM A1 BbI30Ba PYHKLIMIA N BO3BPALLLEHUS NX
AHanor call: bl (branch with link)

e Botrnimumm ot call, bl knagéT agpec BO3BpaTa HE Ha CTEK, a B creuuasnbHbIn
perncTp x30

e ret TaK M Ha3biBaeTCH, HO BO3BPALLAETCA Ha agpec, yKa3zaHHbIM B x30 (Mun ntobown
YKa3aHHbIN)

func:
push x30
bl leaf
pop x30
ret

leaf:

ret
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Ha atom Bce! Bonpochbi?
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