12. BBeaeHue B
MAalWWMNHHO-3aBUCUMbIE
onTuMu3aLUum.
ApXuUTeKTypa npoueccopa
ARM.



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

da3bl KOMNIUAALNK

McxogHaa nporpamma

!

1 Jlekcu4yeckuit aHanms
7 Front End
2 CUHTaKCUYeCKnit aHanms (nepeanuii nnax
KOMNUAATOopa)
! B
3 CeMaHTMYeCcKMin aHanu3
v B
4 TeHepauwnAa BHYTPEHHero — .
npeacTaBieHns Middle End
>_
5 Ontumusauma
l __ Back End
6 KoporeHepaums

+ —

BuHapHbIM pann ’



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

BHYyTpeHHee npeacrtaBneHune

* Tpexa,u,peCHoe npeagcraBiaeHune:
dest = OP argl, arg2

* HEOI’paHI/I‘-IeHHOE YNCNO NcesaoperncTtpos

e LLVM:

%3 = load 164, i64* %1
%4 = load 164, i64* %2
%5 = add nsw 132 %3, %4

* GCC:

(set (mem:SI (plus:SI (reg:SI 3 bx) (const int 4)))
(reg:SI 85))

(MpeactaBneHune gna onepaunm 3anmcu B Nnamatb [bx + 4] = @reg85h)



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

ApxuteKTtypa ARM

e ARM: Advanced RISC Machine

— ObnacTtb npnmeHeHUA: BCTpanBaemblie CUCTEMDbDI

— Pa3pabotumnk: komnanma ARM Holdings, nnuen3supyet
AN3anH npoueccopa npomssoanTensam obopyaoBaHus

e OCHOBHble 0CObeHHOCTU:
— JHeproadpPeKTUBHOCTb
— HW3KaAa cToMmocCTb
— OTHOCUTE/IbHO NPOCTOoe AAPO
— PacwmnpaemocTtb



MHCTUTYT CMCTEMHOro NporpaMMnpoBaHmns
Poccuinckon akagemmn Hayk

ApxuteKTtypa ARM

Apxutek CemeincTBO Npoueccopos fop, Mpumepbl ycTpoiicTB
-Typa
ARMv1 ARM1 1985
ARMv2 ARM2, ARM3
ARMv3 ARM®6, ARM7 1992
ARMv4 StrongARM, ARM7TDMI, 2003 iPag 4150

ARMOTDMI 32 6ut
ARMvV5 ARM7EJ, ARM9E, ARM1O0E,

XScale
ARMv6 ARM11 2007 iPhone (orig, 3G)
ARMv7  Cortex A8, A9, Al15, A7 2005 iPhone (3GS, 4, 5),Nokia

N900, Samsung Galaxy 1-4

ARMvS8 Cortex A57, A53, ... 2012+ iPhone 5S 64 6uT




WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

Knaccnveckune noaxoabl RISC n CISC

(Reduced vs Complex Instruction Set Computer)

* [IpocTble onepauynu

— OrpaHnYyeHHbIN Habop NPOCTbIX KOMaHA, (Hanpumep, HET
neneHus)

— KomaHpaa BbInosiHAeTCcA 3a OAUH TaKT
— duKkcmnpoBaHHas AN IMHA KomaHabl (NpocToTa AeKoAMPOBaHUA)

* KoHBeunep

— KRaxpas onepaunAa pa36MBE|ETCH Ha OAHOTUINMHbIE MPOCTblE
3Tallbl, KOTOPblE€ BbIMOJHAKTCA NMNapPaNEe/NIbHO

— KaxKabiv aTan 3aHMMaeT 1 TaKT, B T.4U. AeKoANpPOBaHUe
* Peructpbl

— MHOro o4HOTUMHbIX B3aUMO3aMeHSAEeMbIX perncTpos (MoryT
MCMOAb30BaTbhCA U AN1A AaHHbIX, U AN18 apecaumn)



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

RISC vs CISC

(Reduced vs Complex Instruction Set Computer)

 Mopgenb paboTbl C NAaMATHIO

— OTaenbHble KOMaHAbl ANA 3arpy3Kn/coxpaHeHnsa B NamaATb
— KomaHapbl 06paboTKkm AaHHbIX PpaboTatoT TO/IbKO C permcTpamm

* CNoOXHOCTb OI'ITl/IMl/I3aLI,l/Il\/JI nepeHeceHa U3 Npoueccopa
B KOMMUNATOP

— npOVI3BO,£I,MTEJ'IbHOCTb CHUNIbHO 3aBUCUT OT KOMIMUNATOPA

* Utoro: 6onee npoctoe s4p0, Bbillie YacTOTa NPoLEeccopa



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

Permncrpbl

* 16 pernctpos obulero HasHa4YeHuUs

— Pasmep: 32 6buTta, 1cnonb3yoTca B
LeN0YNUCNeHHbIX KOMaHAaX, MONHOCTbIO
B3aMMO3aMeHAemMble

— UmeHoBaHue: rO - r15
— HeKoTopble peructpbl UMetoT crneunanbHble

MMEeHa N Ha3Ha4YEeHUE:

e PC(r15) — Program Counter
* LR (r14) — Link Register
e SP (r13) — Stack Pointer



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

Permncrpbl

* BeuwlectBeHHble pernctpbl (FPU n BekTopHoro
conpoueccopa)
* Pernctpbl COCTOAHUA

— CPSR (Current Program Status Register): ¢narm, obpaboTtka
npepbIiBaHNM

— SPSR (Saved Program Status Register): xpaHut konuto CPSR
npu o06paboTke npepbiBaHUA

— JNoctyn: KomaHabl MRS/MSR

e KOHTpPO/IbHbIE perucTpbl

— M3meHeHMs napameTpoB KILWMPOBaHUA, YNpaBaeHUa
NamsaTblo, PEXXUMOB NpoL.eccopa u T.n.

— JNoctyn: KomaHabl MRC/MCR



WHCTUTYT CUCTEMHOro NpPorpamMmMnpoBaHms

Poccuinckon akagemmn Hayk

YcnoBHbie pnaru

dnar OnucaHue Korpa yctaHaBauBaeTtca
Q Saturation HacbiweHne/nepenonHenne 8 DSP-onepaumsx
Vv oVerflow MepenonHeHue (3HaKoBOE)
C Carry MepeHoc 6uTa (6e33HaKOBbIN)
Z Zero HyneBown pe3ynbTaT (paBeHCTBO)
N Negative OTpuuartenbHoe 3HayeHue (6ut 31 yctaHOBNEH)

®narn pacnonoxkeHbl B pernctpe CPSR (current program
status register)

3130292827 24 76 54 0
o(of1{o|0 0 o{1{of 10011
I—l—l | L | ||| : I



®dn OnucaHm

e

MHCTUTYT CMCTEMHOro NporpaMMnpoBaHmns
Poccuinckon akagemmn Hayk

Korpa
yCTaHaBAMBaeTcA

Satura- HacbiweHne/nepe

tion nonHeHue B DSP-
onepauuax

oVerflow | MepenonHeHune
(3HakoBoe)

Carry MepeHoc 6uTa
(6e33HakoBbIN)

Zero Hynesou
pe3ynbTaT
(paBeHcTBO)

Negative | OTpuuaTtesnbHoe
3Ha4yeHue (6but 31
YCTaHOB/EH)

OT1p
uuya
Hue

dnarun

CemaHTUKa

EQ NE VA ==

cs/ |CC/ |C >= (6e33HaKoBoe)

HS LO

Ml PL N <0

VS VC Vv nepenosHeHue

(3HaKoBOE)

HI LS zC > (6be33HakoBoe)

GE LT NV || nv | >= (3HakoBoe)

GT LE NzV | | > (3HaKoBOE)
nzv

AL - - be3ycnosHaA

KomaHaa




WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

YcTaHOBKa ¢p1aros

Echv komanga ALU nmeet cyddukc ’'S’, To pnarm byayT
YCTaHOBJ/IEHbI B COOTBETCTBUU C Pe3yN1bTaTOM KOMaHbI.

[Tpumepbil:

subs rl, r2, #1
1sls rl, r2, #5
cmp r2, #1



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemnmn Hayk

YcnoBHOe BblNOJHEeHune

Moyt Bce KomaHabl ARM moryT 6bITb 3anncaHbl B yCs108HOU
¢opme. B 3TOM cnyvae ycnoBue NPUNUCbIBAETCA NOC/e KOMaHbl,
N OHa byaeT BbINO/IHEHA, TONIbKO €C/IN YCN0BUE UCTUHHO.

[Tpnumepbl:
addge rl1l, rl, ril
BbluMcneHne moaynsa [rl—r2|:

subs rl, rl, r2
rsblt rl, rl, #0



MHCTUTYT CMCTEMHOro NporpaMmMnpoBaHus
Poccuinckon akagemnmn Hayk

[MTpeobpa3oBaHMe KOMaH/A B YCIOBHYIO popmy

— KomaHAabl YC/1I0BHOTO rnepexoga 3aMeHATCA
KOMaHAaMU YC/TIOBHOIO BbINMOJIHEHUA

— Konnyectso BeTBNEHUN COKpawaeTca, 3TO
NMNO3BOJIAET.

* M3bexaTb c60A KoHBENEpPa NPU HEMPABUIbBHOM
npeAacKa3aHum nepexoaa

* BbINONHATL KOHBENEPU3ALMIO UMKAOB (CM. Aanee)

if (a>b)
/\
X = a X =Db




WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemnmn Hayk

Moaynb caBura

Btopoun aprymeHT ALU-KOMaHAa morKeT bbiTb
npeacrasieH B Buae

ARG2 = R shift _op B, rpe

R — peructp
B — BennymnHa casura (0-31)
shift_ op —o0uH u3 LSL, ASL, RSL, ROR unu RRX

lpumep:
add rl, rl, rl 1sl #2 J/rl=rl1+rl1*4=r1%*5



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

[Tpnmepbl

1. Boiuncautb X = X * 81 B oBe KomaHabl 6e3 ucnonbsosaHmna MUL

2. 3anucaTtb B OA4HY KOMaHAY BblpaXkeHue:
X=(X>=0)?X:X-1



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

[Tpnmepbl
1. Bbiuucautb X = X * 81 B ABe KomaHAbl 6e3 ucnonbzosaHma VIUL

PeweHue:

81=9"2=(8+1)"2[nMnm81l=5*16+1]

add rl, r0, r0 asl #3 //r1=r0*9=r0+r0*8=r0+(r0<<3)
add r2, rl, rl asl #3 //r2=r0*81=r1%*9

2. 3anucaTtb B OA4HY KOMaHAY BblpaXkeHue:
X=(X>=0)?X:X-1

=> X=(X>=0)?X+0: X+ (-1)

PeweHue:
add r0, r0, r0 asr #31



WHCTUTYT CUCTEMHOro NpPorpamMmMnpoBaHms

Poccuinckon akagemmn Hayk

[Tpnmepbl
3. Kakoe 3HaueHue byaeT B r0 nocne BbINO/IHEHUA KOMaHA,:

adds rl, r0, #42
bicge r0O, rO, r0, asr #31



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

[Tpnmepbl
3. Kakoe 3HaueHue 6yaert B r0 nocne BbINOJIHEHUA KOMaHA,:

adds rl, r0, #42
bicge r0O, rO, r0, asr #31

PeweHue:
x=r0

42 <=x<0 :0
x<-42 :x 0<=x:x

3

MNpeankat GE uctnHeH npu x >=-42

-42 0
KomanHpa bic r0, r0, rO0 << 31 obHynAaetrrOnpux<0

asr #31 =apudmetnyeckum casur Ha 31 6MT BNpaBo, T.e. KONMPOBAHME 3HAKOBOIo HuTa
bic = 6utosbin «and not», T.e. BCe OUTbI, yCTAHOBNEHHbIE BO 2-M aprymeHTte, byayT copoLlleHbl



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

KomaHAabl paboTbl C NamATbIO

KomaHAabl 3arpyskn/coxpaHeHuna LDR / STR:

1dr rl, [r2, #+/-imml2]
l1dr rl, [r2, +/-r3, shift imm5]

[Tpumepbl:

ldr rl, [pc, #256]
ldr rl, [sp, r2, asl #2]

Ll:
1dr rl, L1 + 248 // no L1 + 248 HaxoguTtca Tabaunua aapecos
ldr pc, [rl, r2, asl #2] // table-jump gna switch



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemnmn Hayk

KomaHAabl paboTbl C NamATbIO

[MpenHkpemeHT / NOCTUHKPEMEHT aZIpecHOro perncrpa:

ldr rl, [xr2, +/-r3, shift imm5]!
ldr rl, [xr2], +/-r3, shift immb

MHOecTBO PETNCTPOB:
ldmia rl, {rl-rlo}

ldmia rl1!, {rl-rl6} - cobpaTHOW 3aNUCbIO B aAPECHbIN PETUCTP
CydoduKcnbil: MHOecTBO PerncTpoB: Nt0boe NoAMHOKECTBO
ia —increment after B NOPAAKE BO3pacTaHMA HOMEPOB (Hanpumep,

db — decrement before {rO0, rl-rl0, pc})



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

KomaHabl paboTbl CO CTEKOM

PaboTa co cTekoM peanunsyeTca Yyepes KoOMaHabl

stmdb/ldmia
push {rO-rlb} pop {rO-rlb}
stmdb sp!, {r0, rlb} ldmia sp!, {r0, rl15}
sp —> 0x100 NocnepHee fOCTYyNHOE 3HaYeHue
O0xO0FC ro
O0x0F8 rl

0x0CO <- sp (nocne) rl5




WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemnmn Hayk

Bbi30B pYyHKLUN

Bbi30B pYHKLMIM BbINOMHAETCA MPU MOMOLLM KOMaHAbI
bl — branch with link

Tekyllee 3HayeHUe perncTpa pc CoxpaHAeTcAa B
peructpe 1r

Bo3BpaTt U3 PYHKLMM BbINONHAETCA C MOMOLLLbIO
KOMaHAabl bx 1r

some func: bl some func
push {1lr}
some func:

pop {pc} bx 1r



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

RKoanpoBKa KOMaHA

ADDGE rO, rl1, r2 asr #31 [encTeue:
if (flags match (GE))

r0 = rl + r2 >> 31;
ADD{S}<c> <Rd>,<Rn>,<Rm>{,<shift>}

31 30 29 28 27 26 25 24 23 22 212019 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0

cond 0 0[0OjO I O O}S Rn Rd imm5 type | O Rm
GE ALU ADD O 1 0 31 ASR 2
(w/reg) [ewnctBue:

r0O = rl & ~0xf£f000000;

BICS r0, rl, #FFO00000 set flags () ;

ADD{S}<c> <Rd>,<Rn>,#<const>

31 30 29 28 27 26 25 24 23 22 21 2019 18 1716 15 14 13 121110 9 8 7 6 5 4 3 2 1 O
cond O O(1]0 1 O OfS Rn Rd imm1l2




WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

[lpeagcTaBneHne KOHCTAHT

Bropoun aprymeHT ALU-KOMaHA, moxKeT bBbITb TaKKe
KOHCTAHTOM, KoTopasa Kkoaupyetca 12 butamm (8 6uT
3HayeHue, 4 buTa Be/IMYMHA CABUraA):

CONST 32 =CONST 8<<(2*N), 0<=N<16

Hpumepbl rnpasusibHeIX U HeripasusibHbiIX KOHCMAaHM:
and rl, rl, #255
and rl, rl, #510
and rl, rl, #0xff00£f££00
and rl, rl, #0xff000000



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

[lpeagcTaBneHne KOHCTAHT

Bropoun aprymeHT ALU-KOMaHA, moxKeT bBbITb TaKKe
KOHCTAHTOM, KoTopasa Kkoaupyetca 12 butamm (8 6uT
3HayeHue, 4 buTa Be/IMYMHA CABUraA):

CONST 32 =CONST 8<<(2*N), 0<=N<16

Hpumepbl rnpasusibHeIX U HeripasusibHbiIX KOHCMAaHM:
and rl, rl, #255
and rl, rl, #510 //510=255<<1—-HeyemHsnili cosue
and rl, rl, #0xff00££00 //3HaueHue «wupe» 8 bum
and rl, rl, #0xff000000



Poccuinckon akagemnmn Hayk

WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

PeXxXnmbl npoueccopa ARM

ARM Thumb-1 Thumb-2
Pasmep KomaHAbl 32 6ut 16 6ut 16/32 6ut
Kon-Bo kKomaHpa ~60 30 ~60
YcnosHoe MouTn BCE HeTt C nomoubto IT-
BbIMOJIHEHNE KOMaHAbl! 6n10KoB
Casur aprymeHToB | Bo Bcex KomaHgax | OTtaenbHble B KOmaHAaax

ALU KOMaHApl AANHOMN 32 6UT
[ocTynHble 15 obuwero 8 obulero 15 obuwero
perncTpsl Ha3Ha4YeHuAa + pc Ha3HayeHua + 7/ Ha3HayeHuA + pc

cneunanbHbIX + PC

[Mprmepbl KOMaHA,

add rl, r2,
r3 asl #2
(A)

add rl, r2

(B)

Obe dopmbl
AONYyCTUMbI;
Pasmep (B) — 16
6uT, (A) — 32 6ut




WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

PeXXnumbl npoueccopa ARM

. ARM (32 6uT)

— PeXum no ymondaHuio
— JocTynHbl BCe KOMaHAbI NpoLleccopa, paboTa ¢ conpoLeccopom

* Thumb-1 (16 6uT)

— BbICOKaA NNOTHOCTb KOoAa, Nyylwee ncnonb3osaHue I-Cache
— Ha 16-6uTHOM NamATM KOMaHAa NepeaaeTca 3a OANH TaKT
— OrpaHnYeHHbIN Habop KOMaHA N PETNCTPOB

* Thumb-2 (cmewaHHbIN 16/32 6UT)

— Ob6veauHaet npenmywectea ARM n Thumb-1
— Pa3mep Koaa Ha 25% meHblue npu CpaBHMMOM NPOMN3BOANTENBHOCTH



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

YpoBHU Napannennsama B npoueccope

 KoHseuep

— [o3BonsAeT napannenbHO UCMONHATb MHCTPYKLUKU, HaxoaalWMeca Ha
Pa3HbIX CTaAUAX UCNOJIHEHUSA

* Mapannennsam pyHKUMOHANbHDbIX YCTPOMUCTB
— HeckonbKo KoHBelepoB / GYHKLMOHANbHbIX YCTPOMCTB



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

Mukpoapxutektypa ARM (32-bit)

* Cortex-A8, A7

— KoHnseunep n3 13 ctaauu
— 2 ANY ycTpoiictea, 1 Load/Store, 1 Multiply
— MoXKeT BbINO/HATb A0 2-X KOMaH/, 33 TaKT

— N3 HMUX fo/1KHO bbITb He Bbonee ogHom Load/Store
n Multiply, npnuem ymHoxeHune gONKHO UATU
nepsbim

* Cortex-A9, A15, A57/, ... : ncnonb3yeTca
ANMHAaMUYeCKoe nepeynopaaovyeHmne KomaHa



WHCTUTYT CUCTEMHOTO NPOrpaMMMpoBaHnA

Poccuinckon akagemnmn Hayk

[lomepbl ONMCaHUA BPpeMeHu
BbINMO/IHEHMA KOMAH/A Ha KOHBeWepe

Tanbl KoHBenepa obo3Havatotca E1, E2, ..., E5
Mepen HayaIoM KarxKAo0ro 3Tana KomaHaa MorKeT TpeboBaTb rOTOBHOCTU
onepaHAoB B perncrpax, a Nocae — BblAaBaTb FOTOBbIE OnNepaHAabl
ADDrl,r2,r3

— r2, r3: TpebytoTca nepeg E2

— rl: rotoB nocne E2
MOV rl, r2 asl #const

— r2: Tpebyetca nepeg E1

— rl: rotoB nocne E1

Cnegcteme 1: mov r2, rl; add r3, r2, rl MOryTHayaTb
BbINONHATLCA OAHOBPEMEHHO

Cneacteue 2: add rl, r2, r3; mov r2, rl (BobpaTHOM
nopsaKe) UMeoT 3a4ePXKKY B 2 TaKTa MeXAy KOMaHaaMu



WHCTUTYT CUCTEMHOro NPOrpaMMmnpoBaHns

Poccuinckon akagemmn Hayk

[Tpmepbl pacnmMcaHnA BbINOAHEHMNA
KOMaH/A Ha KOHBeunepe

e ADDTIL1r2,r3 e MOV, r2 asl #const
— r2, r3: Tpebytotca nepepn E2 — r2: Tpebyetca nepep E1
— r1:roTtoB nocne E2 — rl:rotos nocne E1

° Takue ABeé KOMaHAbl MOTyT Ha4aTb BbINO/IHATLCA HA OAHOM TaKTe:

—ﬂﬂ<— Cmaduu

mov rl, r2 KOHBEUEpG

le

add r2, rl, r2 R1, R2
R2

* [lpu Bblaa4ye 3TUX KOMaHA B 06paTHOM nNopsaaKe NOABUTCA 3a4€PKKa B 2 TaKTa:

Obo3Ha4yeHuA:
add r2, rl, r2 -- R1, R2 u
R2 Rn — Perncrp Tpebyetca B Havyane
o =1, 2 T — st cTagnu BbinonHeHua Ei
roTOBHOCTM R2 R1 Rk —3anucbiBaeTcs B KOHUe cTagmu Ei




MHCTUTYT CMCTEMHOro NporpaMMnpoBaHmns
Poccuinckon akagemmn Hayk

[lnaHMpoBaHME KOMaHA

loop:
arr[i] = arr[i] + 1
i++
goto loop

.

3aBUCUMOCTM NO
JAHHbIM B

) / npegenax ogHoro

6a3oBoro 6,10Ka

3apava: TpebyeTcs

'

MWUHUMN3NPOBATb ] (read-after-write u
ANVNHY pacnmcaHumA write-after-read)
TakK, YTOObI -

3aBNCUMOCTHU NO

AdaHHbIM mexXay Llukn nocne

KoMaHaamu bbinm .
i) NEXOAHDIN LMK NJAaHMPOBAHMA
YAOBNETBOPEHDI KOMaHA,




WHCTUTYT CUCTEMHOro NpPorpamMmMnpoBaHms

Poccuinckon akagemmn Hayk

- [IporpammHas KoHBenepmn3aum
LLUKNOB

i=1

Linkn nocne k////’

NNAHNPOBAHUA
KOMaHA,

load arr[i+1]
3arpy3Ka 3HayeHusn
ANA cnepyroLen
nTepaumnm

Illlllér,,, anunoe2

Llukn nocne
NPOrpammHoOM
KOHBeMnepu3saumm




WHCTUTYT CUCTEMHOro NpPorpamMmMnpoBaHms

Poccuinckon akagemmn Hayk

CenekTMBHbIN MIaHUPOBLUUK

-L11: o| ldr r4, [r3, r7]
ldr >| mov ip, #1
o 9O
o |ldr o | ldr
2 |add % | mov
N | emp 1Ll
8 ((mla  mla
©
> mul cmp
v bne _ | mowv
§ ldrne
Q< addne
ldrne
mul
_ bne
int foo(int N) {

int i;
int a=0, b=1;
for (i=0; i<N; i++)
{
a += x[i] * y[i];
b *= a;
}

return a+tb;

}




I/IC H m MHCTUTYT CUCTEMHOro NporpaMmmnpoBaHms

Poccuinckon akapemun HayK

YnydyweHune ontuMmmnlaumm GCSE wm
KOMObMHMpoBaHuUa koMaHa B GCC

o 0 [ EIEE [Tocne ncnpasneHus
NcxoaHbIn (HeBepHO)
npumep

mov rl, r2, asl #2

cmp r3, cmp r3, #0

bne L1 bne L1
a =>b + (¢ << 2);

else add r4, r5, rl add r4, r5, r2, asl #2
d=¢e + (c << 2); b .L2 b .L2
Ll Ll

add ro, r7, rl add r6, r7, r2, asl #2
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YnydyweHuna o6paboTKn yCNOBHbIX
KoMaHa Thumb-2

RTL nceBpo-koa cmp rl, #0 cmp rl, #0

LEE S itete eqg
moveq r2, moveq r2,
movne r2, movne r2,
ite eqg moveq r3,
moveq r3, movne r3,
movne r3,

Rt ncesnoon S o

(x ; 2 23
X

(




[T ITPAH] b= T
YnydweHns ob6paboTKun yCNOBHbIX
KoMaHAa Thumb-2

Mpeobpa3oBaH-

NcxoaHbIN Hot B VCnOBRYIO

npumep




[T ITPAH] b= T
YnydweHuns o6paboTKn yCIOBHbIX
KoMaHa Thumb-2

Mpeobpa3oBaH-

NcxoaHbIN Hot B VCnOBRYIO

npumep




