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AHHOTAIUA

B noxymente onucan komnuisitop Clang mns npoueccopa Elcore-30M. B pasnene 2 «Beenenue»
OMHMCaHbl KOMIWJISITOP W MHCTPYKITUS 110 COOpPKE M 3aIyCKy MUHMMaJIbHOU rporpammsbl “‘Hello, world”. B
pazznene 3 «Kiroun KOMOWIATOpPA» OMMCAH HAO0OP MOANEP>KUBAEMBIX OIMLUH IJIs YIPaBJICHUS dTaraMu
cOopku mporpaMmel, popmMaToM U 00BEMOM TUATHOCTUYECKONM HH(OpPMAIIHH, YPOBHEM ONITUMHU3AINH KO-
na. B paznene 4 «BxoaHble naHHBIe» ONMUCAHBI MOJIEPKUBaeMble TUaNeKThl s13b1k0B C/C++, Habop pac-
IIMPEHUH SI3bIKA, TEXHOJIOTUS MCIIOIB30BaHUS acCeMOJIEPHBIX BCTaBOK M crienupuunbie s Elcore-30M
builtin-pynkun. B npunoxennn 1 npuBeaeHs! puMeps! mporpamm ¢ builtin-gyHKiusmu.

CorameHue o BBI30BaxX KOMITUJIATOPA OIMMUCAHO B OTACJIIBHOM JOKYMCHTC.
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1. BBEAEHUE

1.1. KomnuasTop c/c++

Kommunsatop C/C++ (manee kommuuiatop) st DSP-snapa Elcore-30M npeoOpa3oBbIBaeT KO,
HanmucaHHbIi Ha s3bikax C/C++ cormacHo crangapram ANSI C(C89, C90), C99, C++11, C++14 B xox Ha
s3pike acceMOuep st DSP-sapa Elcore-30M.

Komnunstop nmocrapinsiercss B cocraBe Habopa MHCTPYMEHTOB eltools (kommuisaTop, accemouiep,
ctek ouomorek, komnoHoBIUK) 11t OC Windows u OC Linux.

Kommunsatop co3man Ha 6aze LLVM/Clang-unpacTpykTypsl ¥ MOAAEPKHUBAET CTaHAAPTHBIN
Habop ontumuzanuii clang. [lna s dextuBHOrO0 Mcnonb3oBanus Bo3MoxkHocTer sanep Elcore-30M wuc-
MOJIb3YeTCs CelM(PUUHBIN apXUTEKTYpPHO-3aBUCUMBIN HaOOp onTumu3anuii. [[is cozmanust 00bEKTHOTO
(aiiima KOMITUIATOP MOXKET BBI3BIBATH acceMOJiep M3 MakeTa HHCTPYMEHTOB eltools. s mosryueHus uc-
MIOJIHAEMOH MPOrpaMMbl KOMIWIATOP TAK)KE MOXKET BbI3BaTh KOMIIOHOBIIIHK.

Komnumsitop noaep:xuBaeT cleayOmui CTEK CTAaHAaPTHBIX OMOITNOTEK:

llvm compiler-rt (0nbmMoTEKa ONTUMUZUPOBAHHBIX (PYHKIIMHA IMOAIEPIKKH KOMITIIIAINHN (TIpeodpa-
30BaHME THIOB, apu(METHKA, TUTaBaroas apupmMeTuka u T. 11.));

newlib-2.2 (crannaptHas Oubnuoteka sizbika C). OOpaieHus K onepannuoHHon cucteme (syscalls)
AMYJIUPYIOTCS COOTBETCTBYIOIIMMH OOPAICHUSIMH K CUMYJISTOPY WM 00OPYIOBaHUIO, TIO MPUYUHE OT-

CYTCTBHS onepanMoHHOM cuctemsl Uit Elcore-30M.
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1.2. BbICTpHIii cTApT

OCHOBHBIC KJIIOYH KOMITHJIATOPA

OCHOBHBIC KJITFOYH KOMITAJISITOPA:

-target elcore B xauectBe neneBoit matdopmsel 3anaércs DSP Elcore-30M;

-mcpu=elcore30m (o ymon4anuto) Beid6op mpoueccopa Elcore-30M;

-C PEe3yJIbTaTOM KOMIWISALWHU JOJDKEH OBITh OOBEKTHBIM (ailil (B MPOTHBHOM Cilydae AeliacTcs
MOTIBITKA COOPATh MPOrpamMmy);

-S pe3ynpTaToM MpOrpaMMbl JOJDKEH OBITH (aiin Ha s3bike accemOnepa. [lo ymomuanuio, ums
¢aiina ¢ acceMOiiepHbIM KOJIOM (OpPMHUPYETCS U3 UMEHU UCXOTHOTO (aiina 3ameHoit cyddukca '.c', ".i',
u.T.7. Ha '.s'. B coueranuu ¢ onmuueii -emit-llvm Bergaér llvm-IR

-0 file pe3ynbrar paboTHl KOMIIIATOPA 3anuckiBacTcs B (aiin file

-IqupexTopust 106aBUTH AUPEKTOPHIO B CITUCOK TOMCKA JJI TUPEKTUBHI #include daiin

-LaupexTopusi 100aBUTh TUPEKTOPHUIO B CIIMCOK IMOMCKA KOMITOHOBITUKOM OMOIHMOTEK B IIPOIIEC-
ce cOopku

-16ubd1MoTEKA HCITIONTB30BATh JAHHYIO OMOJIMOTEKY BO BPEMSI KOMIIOHOBKHU

-Wa,onuus nepesnaer 'onuuio' B kKauecTBe onuuu acceMmonepy. Ecnu 'onnust' cogepKuT 3ansrele,
TEKCT PaCIIETUISETCS Ha OIIUH.

-g KOMIWISIIHS ¢ Jo0aBiIeHreM HH(OPMAaLIUY I OTIaaunKa

-OX KOMIWJIAIUS C ONTUMH3AIUEH, T/Ie X — YPOBEHb onTHMH3auu, ) — MHHUMAaIbHBIC ONITHMH-

3alluu, 3 — MakcHMaJbHas OIITUMM3AIIHA.

[Ipumep 3amycka

Jls Bocipou3BeieHUs IIaroB B 3TOM paszelie He00X0 UM MOJIHbINA MaKeT HHCTPYMEHTOB eltools u
nporpaMmmMHasi Mmozesb sim3 s Elcore-30M.

[Tpumep npocTeiimeit mporpammsl Ha si3bike C (daiin prog.c):

#include <stdio.h>

int main () {

printf ("Hello, world!\n");
return 0;

3amnycK KOMITAIATOPA OCYIIECTBIIAETCS KOMaHIOM:

~/eltools/bin/clang prog.c -target elcore -mcpu=elcore30m -lsim

31ech:

-prog.c — UMsi KOMIMJIUPYEMOM MTPOrpaMMBbI
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-target elcore - B kauectBe 1eneBoit wardopmel 3anaéres DSP Elcore

-mcpu=elcore30m - BrIOOp mporeccopa

-Isim — OGuGnmoTeka, MoaMEHsIONIas CUCTEMHBIC BBI3OBBI (printf MCIONB3yeT CHCTEMHBIN BBI30B
write) Ha oOpaleHus: K CUMYJIISTOPY.

B pesynbrate 3Toro 3amycka OyneT MOJydeH HCIOJHSAEMBbINA (ailil ¢ TpaIuIIMOHHBIM UMEHEM 10

yMoJIdaHuIo a.out. J{js 3amycka cumymstopa ucroiab3yeM ckpunt (daiin shell.fs):
trace -flog.log vt.shell

cm nv02t

loadelf a.out

dsp0.dcsr=0x4000

dsp0O.pc=  start

run

exit

3armyck cuMyasaTopa u3 linux TepMUHalIa OCYIIECTBISETCS KOMAaHIOM:
~/sim3/trunk/bin/freeshell.x86 shell.fs ‘

B pesynbrate paboTel cumystopa OynaeT moiydeH Qaitn log, B KOTOPOM COIEPKUTCS BbIIaya

MIPOrPaMMBI:
| Hello, world! ‘

JloctaTouHo noje3Hy0 HH(GOPMALIKIO B CiIy4ae 3aTpyAHEHUN Mpu cOOpKE MPOrpaMM MOXKHO YBHU-

JIeTh, €CJIM K 3ayCKy KOMIMIATOpa 100aBUTh omnuuto -v. Hampumep:
~/eltools/bin/clang prog.c -target elcore -mcpu=elcore30m -Isim -v ‘

B stom CJIy4ac KOMITUJIATOP BBIAACT COO6H1€HI/I€ BuUaa:

clang version 3.6.0 (tags/RELEASE_360/final)

Target: elcore

Thread model: posix

"/home/user/eltools/bin/clang-3.6" -ccl -triple elcore -S -disable-free -disable-
[lvm-verifier -main-file-name prog.c -mrelocation-model static -mthread-model
posix -mdisable-fp-elim -no-integrated-as -mconstructor-aliases -target-cpu el-
core30m -v -dwarf-column-info -resource-dir
/home/user/eltools/bin/../lib/clang/3.6.0 -internal-externc-isystem
/home/user/eltools/bin/../elcore30m-elvis-elf/include -fno-dwarf-directory-asm -
fdebug-compilation-dir /home/user/testl -ferror-limit 19 -fmessage-length 125 -
mstackrealign -fobjc-runtime=gcc -fdiagnostics-show-option -fcolor-diagnostics -o
/tmp/prog-51b51b.s -x ¢ prog.c

clang -ccl version 3.6.0 based upon LLVM 3.6.0 default target x86_64-unknown-
linux-gnu

#include "..." search starts here:

#include <...> search starts here:
/home/user/eltools/bin/../elcore30m-elvis-elf/include

/usr/local/include

/home/user/eltools/bin/../lib/clang/3.6.0/include
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/usr/include

End of search list.

"/home/user/eltools/bin/elcore30m-elvis-elf-as" -mcx7 -Wdojb-force-long -o
/tmp/prog-1cbf64.o0 /tmp/prog-51b51b.s
"/home/user/eltools/bin/elcore30m-elvis-elf-Id" -0 a.out /tmp/prog-1cbf64.0
/home/user/eltools/bin/../elcore30m -elvis-elf/lib/crt0.0 -Isim -
L/home/user/eltools/bin/../elcore30m -elvis-elf/lib -Ic -lcrt -
T/home/user/eltools/bin/../elcore30m -elvis-elf/lib/generic.ld

B npencraBieHHOM COOOIIEHHH MOKHO YBHJIETh BEPCHIO KOMITHIIATOPA M IIard CO3JaHHS 00b-
eKTHOro (haiiima ¢ OmIMsIMH Ha Ka)KIOM dTare (BBI30BHI IpeIporeccopa, KojoreHeparopa, accemobiepa,
JMHKOBIIMKA). B 3TOM citydae ucnomb3yercst onmus -S i TeHepaiuu accemOiepa u pe3yabTar paboThl
Apa KOMIWIATOpA COXPAHSIETCS B IPOMEKYTOUHBIA BPEMEHHBIH Qaiin /tmp/prog-51b51b.s. Jlanee Mox-
HO YBHJIETH, YTO 3TOT (hailyl HCIIOJIB3YETCs acCceMOIEpOM IS TeHEpalnu €€ OJHOTO MPOMEKYTOYHOTO
¢aiina - oobexTHOTO /tmp/prog-1cbf64.0 u 3anmyck kommnonosmrka. Kpome 3anannoit 6udnauoreku libsim
KOMITOHOBIIIUK HCIIOJIb3YET 10 yMoi4aHuto oubmmoteku libe, libunwind, libert, a Taxke ckpunt dsp.ld.

Bce atu daiinel oH umeT B Karajore mo ymomdanuio eltools/elcore30m-elvis-elf/lib.

<headerfile(s)> (  listfile ) o

Compiler | ___. s Assembler | _____ 5 Linker
Editor
( CIC++ > assembly ob|ectas- F|naI elf

Pucynoxk 1.1. Iransl coopku nporpammsl s Elcore-30M

CHeHI/IaJ'IBHI)Ie KIIFOYH KOMITUJIATOPA

s rubkoro ympaBiieHUs MPOLECCOM apXUTEKTypHO-3aBUCUMOM ONTHUMH3ALUU KOJa MOJ IMpo-
neccopsl DSP Elcore no0aBieHsl crienuanbHble KIOYH, MO3BOJSIONINE BKIIOYUTh WIHM BBIKIIOYUTH OT-
JeNTbHbIe ONTUMU3ALMOHHBIE TPoX0bl. CrienuanbHble KIIIOYH 3a1al0TCs Yepe3 onmuoo —mllvm.

OCHOBHBIE KJTIOYH CIICAYIOIINE:
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-elcore-enable-delay-filler — onuus paspemaer MCNONb30BaHUE CIOTOB 3aJE€PKKU MHCTPYKLIMM
nepexoa. bes Heé B CIIOT 3a1epKKU IIOMeNIaeTcs mycras onepanus (nop)

-elcore-use-indexed-loadstore — omnuus, paspemniaronias MCIOJIb30BAaHUE MOCTUHKPEMEHTHON M
IIOCTACKPEMEHTHOM aipecalui.

-regalloc=pbqp — omnius, mo3BossIIONIAs BEIOPATh HUCIIOIB3YEMbIH aUIOKATOp perucTpoB. Beidbop
aiokatopa PBQB mo3BosisieT ncnonb3oBarh aipecaluio co CMeleHueM (perucTp aapeca + perucTp uH-
JIEKca), KOTOpasi HE UCTI0Nb3YETCs B APYTUX MOJENSX PACIPEAEICHUS PErUCTPOB.

-elcore-enable-copy-cse — omnuus, paspearonias koaaeacuHr(00beIMHEeHNEe) HECKOJIbKUX BUPTY-
QJIbHBIX PErHCTPOB C IEJIbI0 BEIHECEHNWE UHBApUAHTA 3a IMpeieiibl 0a30BOoro 6ioka(Tena HUKIa Wik BETBU
yCJIOBHOM omnepauuu). [103BosieT ynydimnTh KauecTBO KOJOT€HEpaIK JJIsl apXUTEKTYP, UCIOJIb3YIOLINX
pa3eNbHbIe PEruCcTPOBbIE (ailiibl 1715 aIpeCcOB U AJIs BEIYUCICHHM.

-elcore-enable-selectaddr-rr — onius, pazpemaronias UCHOIb30BaTh AIPECAIAI0 PETUCTP ajpeca
+ perucTp UHIEKcA.

-elcore-enable-vliw — onmus, paspemaromas o0beAMHEHNE HE3AaBUCUMBIX HHCTPYKIIMM B TTAKEThI
VLIW

[Tpumepsl 3amyCKOB KOMITUAJISITOPA C UCIIOJIH30BAHUEM CIICIIUATIBHBIX OIIINN:

~/eltools/bin/clang prog.c -target elcore -mcpu=elcore30m -Isim -v -mllvm -
elcore-enable-vliw
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2. KIIIOYU KOMIIWJIATOPA

Paborta koMIuiIATOpa COCTOMT W3 HECKOJBKUX ATAIOB: MPETPOLECCOP, KOMIUIATOP (Tpeodpaso-
BaHME HCXOMHOHM mporpammbl C/C++ B IPOMEXYTOYHOE MPECTABICHHE, TPe0Opa30BaHUe TPOMEKYTOY-
HOTO TPEJCTAaBICHHS B MPOrpaMMy Ha s3bIKE acceMOuiep), accembiep (mpeoOpa3oBaHUe MPOrpaMMbl Ha
sI3BIKE acceMOIiep B 00beKTHBIN (aiin B popmare ELF).

Kommmistop clang mpemocraBiseT mMPOKUi HAOOp KIIIOYEH, KOTOPBIC YNPABISIOT CIEHApUEM
KOMITWJISALUH, (JOPMATOM BXOJIHBIX U BBIXOIHBIX (hailjioB, MapaMeTpaMH ONTHMU3AIMU U T.1. Bce kioun
U1 ynoOCTBa pa30MBaOTCS HA TPYTIIIBL:

- o01ue onuuu (OMIUY, YIPABISIONIUE BUAOM BBIBO/IA)

- OTIIIMH, YIPABJISIOIINE BHIOOPOM CTaHAapTa

- OIILIMU NPEAYIPEXRICHUN

- OIIIUH OTIAKH

- OIIUH ONITHMHU3AIHH

- OTIIIMY TIPENpoIeccopa

- OIIIUH TeHEePaINU KoJa

- OIILUU JUPEKTOPUI

- APXUTCKTYPHO-3aBUCUMBIC OIIIIUN

2.1. O0mue onuuu (ONMIIAM, YIPABJISIOIIHE BUAOM BbIBO/A)

3az[a}0T cTagnun C60pKI/I mporpamMmsaI: Ipe€upoueccop, KOMIMUIATOP, acceM6nep, JJMHKOBIIIHUK.

-C -S -E -0 FILE -pipe -v =X a3blK —X hone

Taﬁ.lmua 2.1.- Onuuu KOMIIWIATOPA, YIIPpABJAIOIIHE CTAAUAMHA KOMITHJIAITUA

Kuarou Komannga

—c KomnunmupoBars niam acceMOnIMpoBaTh UCXOAHBIE (hAiiIbl, HO HE JIMHKO-
BaTh. CTagus TMHKOBKHM HE BBIMONHsAETCS. KOHEUHBIN BBIBOJ MTPOUCXOTUT
B hopMe 00BEeKTHOTO aiina anst Kaxaoro ucxoasoro ¢aina. [lo ymonua-
HUIO UMSI 00BEKTHOrO (Qaiinia Gpopmupyercst U3 UMEHH UCXogHOoro (aitina

LI I B |

3aMeHou pacmupenus '.c', '.1', .s' u.T.0. Ha ".0'.

—S OCTaHOBUTBCSA Cpa3y MOCIE CTaJAUU TMPETPOLIECCUPOBAHUS M KOMITUJISIIIH,
He acceMOnupoBath. BeiBox mpousBoautcs B popme daiina ¢ accemoOep-
HBIM KOJIOM JIJIsI KKJIOTO HE acceMOyiepHOro BxoaHoro ¢aita. ITo ymorn-
YaHWio, UMs ¢aitna ¢ acceMOIepHbIM KOJOM (OPMUPYETCS U3 UMEHU HC-
xonHoro (haitna 3amenoi cybdukca '.c', '.i', n.t.4. Ha '.s'

=) OcTaHOBUTBHCS MOCTE MPENpOLEeccopa, HE 3aMycKaTh KOMOWISATOp. BbiBOoj
nenaercs B popMe MpernporecCupoBaHHOTO UCXOHOTO KOJ1a, KOTOPBIi 1Mo-
ChUIAETCSl HAa CTAHJAAPTHBIN BBIBOJ]

—o file ITomecTuth BbIBOA B (aiin 'file'. Dta onuus npumeHsieTcss BHE 3aBUCHMO-
CTH OT BHJA BBIXOAHOTrO (aitna (00BeKTHBIN (ailn, accemOnepHsIil daiin
nmu [penponeccupoBanusbiii C Kox)

—pipe Mcnonp30BaTh CUCTEMHBIE KaHAIBI pipe (MeToJ KOMMYHHKAIMHM IpOIec-
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Karou

Komanaga

COB) BMECTO BPEMEHHBIX (ailyIoB JIsi KOMMYHUKALIUUA MEXAY Pa3IMuYHbIMU
CTaIUSIMUA KOMITUJISIIIAH

—save-temps

CoxpaHseT mpoMeKyTOUHbIE "BpeMeHHbIe" (aiiibl, KOTOPBIC ITOMEIIAI0TCS
B TEKYLIUMH Karajor, a UX MMEHa OCHOBBIBAIOTCS HAa MMEHU HCXOJHOTO
¢aitna. Hanpumep, npu xomnunmmpoBanuu 'foo.c' ¢ omuusamu '-c -save-
temps' OyayT coxpaHneHsl ¢ainsl 'f00.1' (mpomexyTounsiid, koa C, pe3yiib-
TaT paboThl mpemnporeccopa), 'foo.s' (mpomexyTouHBIH, accembiep, pe-
3ynbTaT paboThl KOMIUIIATOPA), TakkKe Kak u 'f00.0' (00OBEKTHBIN KO IM0-
cJie BBI30Ba accemobiepa).

[lewyarats (B cTaHAApTHBINA BBHIBOJA) KOMaHJbI, BHIMOJIHSIEMbIC Ui 3aIlycKa
CTauid KOMOWISUKUK. TaKkXkKe nedyaraTb HOMEp BEPCUH YIPABJSAIOLIEN TIPO-
IrpaMMbl KOMIIWJIATOPA, PENPOIIECCOpPa U CAMOT0 KOMITHIIATOPA

-X A3bIK

[Ipsimo crienuuIMpyeT SI3BIK MOCIEAYIOMNX BXOTHBIX (paiiioB (naxe ec-
JI1 KOMITUJISITOP MOXKET BBIOpaTh SI3bIK Ha OCHOBAaHUU PACIIMPEHUS UMEHU
¢aiina). Jta onuus ACUCTBYET Ha Bce BXOJHBIE (Dailfibl BILUIOTH IO CIEAy-
IOLLIETO MOSBJIEHUS OIMIUH '-X'.

—X none

Brikmouaer jir000e ykazaHue si3bIKa Tak, 4TO MOCIeIyroIume ¢aiibl oopa-
0aThIBAIOTCS B COOTBETCTBHH C PACIIUPEHUSMU HMEH.

-V

Pacneuarka Bepcuu nporpaMMsl

-help

Pacrieuatka OCHOBHBIX KJIIOUEH clang

-HH#

BEIBOJT 9TanIOB KOMITUIISITIUY, 0€3 3aITycKa IporpaMm

-ccc-print-phases

BeiBo1 3TanoB koMmuisiiuy B oopmate “{step}, name”, 6e3 3amycka mpo-
rpamMm

-ccc-print-bindings

[leyats uMeH BpeMeHHBIX (PailyioB Uil mepejau JAHHBIX MEXJy dTanamu
KOMIIWIALIMK

-ccc-print-options

Pacneuatka crnucka NEPpCAaHHBIX MMApaMETPOB

2.2. Onuuu, ynpasJsionige BLIOOpPOM CTaHIapTa

Taoauuna 2.2. - Onuuy KOMIWISITOPA, YNPABJIAKIINE BLIOOPOM CTAaHAAPTA A3bIKA

Karou

Komannga

-ansi

Hns C sxBuBanienTHO —std=c90, miusa C++ -std=c++98

-std=std _name

Br16op cranaapra.
JlonmycTumble 3HaUYSHUS
‘c90’, ‘c89’, ‘1s09899:1990°
c99’, ‘c9x’, ‘1509899:1999’, ‘1s09899:199x’
‘cll’, ‘elx’, ‘1s09899:2011°
‘gnu90’, ‘gnu89’

‘gnu99’, ‘gnuox’

‘gnull’, ‘gnulx’

‘ct++98’, ‘ct++03°
‘gnu++98°, ‘gnut++03°
‘ct+11°, ‘c++0x’

-fno-asm

OTKIII0YaeT BO3MOKHOCTh UCHOJIH30BaHUS aCC6M6JI€prIX BCTaBOK

-fno-builtin

OTKITI0YaeT BO3MOXKHOCTh MCIIOJIb30BaHHSI BCTPOCHHBIX (PYHKIUH
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Kirou Komanpna
-fsigned-char Br160op Tuma char (3HaKoBbIN WM 0€33HAKOBBIN)
-funsigned-char
-fsigned-bitfield Br16op tuma 3anucelt OUTOBBIX TOJIEH (3HAKOBBIC WITH 0€33HAKOBBIC)
-funsigned-bitfield

-fgnu-keywords

Pa3pemaer ncnonp3oBath pacmmpeHHbiii Habop cumBoioB GNU HesaBu-
CHUMO OT CTaHAAPTHOTO SI3bIKA.

2.3. Onuuu, onpenesasiioniye npeaynpexaeHus u omuoKu

Tabauna 2.3. - Onuun KOMIUJISTOPA, YIPABJIAIINE 1eYATHIO MPeXyNpesKIeHnH

Kinrou Komanpna
—w OTMeHseT Bce NpeaynpexaeHUs
-w IlegaTaer ONOJHUTENBHBIE IPEAYNIPEKICHUS
—Weverything IleuaTaeT Bce npenynpexaeHus
—Werror IIpeBparaer Bce npenynpexaeHus B OIMOKH

-Werror=foo

[IpeBparmaer npeaynpexaeHue ‘foo B ommoky

-Wno-error=foo

OTMeHsIeT TPaKTOBKY NpeaynpexaeHus ‘foo kak ommoku

-Wtatal-errors

OcTaHaBiMBaeT KOMIUJISILUIO T1OCJIE MEPBOI BCTpEeTUBILIEHCS (paTanbHOU
OLIMOKH

-Wfoo Bxurouaet npenynpexaenue ‘foo’
-Wno-foo Otkirouaet npeaynpexaeaue ‘foo’
-pedantic Bxirouaer npenynpekJIeHust 11 paCIIUPEHNN sI3bIKa

-Wsystem-headers

Barouaer NpeAyNpCKACHUA NI CUCTCMHBIX 3aI'OJIOBOYHBIX CI)&IZJ'IOB

-ferror-limit=n

3a1aéT MakCUMaJIbHO KOJIMUYECTBO OLIMOOK, OCIEe KOTOPOro MpeKpalaeT-
csl cuHTakcudeckuil ananus. [lo ymomuanuto error-limit=20, cOpaceiBaercs
KoMaHzo# error-limit=0

Tabéamnna 2.4. - Onuun KOMIUJIATOPA, ynpasJsiiomue GopMaToM BbIB0OJAa THATHOCTHYECKON HWH-

(popmannu

Kuarou

Komanna

-f[noJ-show-column

Bkiroyaer neyats HoMep cTon0La sl OLIMOKH MK TIpey-
MIPEXKICHUS

-f[no]-show-source-location

JloGaBisieT cTpoky U3 Kojia B MHpopMaIo 00 omuoke win
peaynpexaeHun

-f[no-] color-diagnostics

[{BeToBas MOJCBETKA OMMOOK U MPEAYNPEKICHUN MPHU BbI-
BOJIE HA TEPMUHAJ

-fdiagnostics-

format=clang/msvc/vi

3amaer popmat cooOmieHus

clang: prog.c:3:10: warning: ...
msvc: prog.c(3,10) :warning: ...
vi: prog.c +3,10: warning: ...

-f/no-]diagnostics-print-source-

range-info

BrIBo AriarHOCTHYECKOTO COOOIIEeHUs B hopMaTe
prog.c:21:3:{21:8-21:10}: warning: ...
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Kurou

KoMmanga

-f[no-] diagnostics-show-option

[TeuaTs nMenu npenynpexaeHus B opmarte [-Woption]

-fdiagnostics-show-

category=none/id/name

Bxutodaer medarh KaTeropuu OIIMOOK WIIM Mperylpexie-
HUU, K KOTOPBIM OTHOCHUTCS HalJIeHHAs OIINOKa WK Mpey-
IIPEKICHUE.

ITo YMOJIYaHHUIO diagnostics-show-category=none

2.4. Onuuu AJs1 0TJIAJAKHA U OTJIAA09HOH HH(opMaumn

Tab6aunna 2.5.- Onuuu KOMNWIATOPA, ynpasJjsomye GopMHUPOBaHHEM OTJIAA04YHOI HHPOPMALMHT

Kuarou Komannga
—g BxmrouaeT renepanuio otiaaaouHoi nHpopmanyu B popmare DWARF3
-g[0,1,2,3] 3amaer cTeneHb MoaAPOOHOCTH OTIAA0YHON HHPOPMALIUH

-g0 — oTnazouHas MH(OpPMAIKs OTKIIOUEHA,
YPOBEHb, BBICTABJICHHBIN 110 YMOJIYAHUIO — ‘-g2’

-f[no-]eliminate-
unused-debug-
symbols

VY 1ansTh HEUCIONb3yeMble CUMBOJIBI U3 OTIIAI0YHON HHPOPMALIUU

-f[no-]limit-debug-
info

Orpanu4mBacT OTIAA0YHYIO0 HH(POPMAIIHIO

-print-file-
name=0u0JIMOoTEKA

[Teyaraer momHoe abcomoTHOE UM OUOIMOTEUHOTO (aiina 'dudnmnore-
Ka', KOTOpOE UCTOIB30BANIOCH OBl MpU TUHKOBKE. C 3TOM omiuel HU4Yero
HE KOMIWIAPYETCS M HEe JTMHKYETCsI, TOJIBKO TeuaTaeTcst uMs (aiina

-print-prog-
name=nporpaMmma

[TedaTaet noiaHOe aOCOMIOTHOE UM 'TIPOTPAMMBI'

-print-search-dirs

[lewaraer aupeKkTOpUH, UCHOIB3YEMbIE I MMOMCKA HYXHBIX OMOIMOTEK
U IIpOorpamMm

-emit-ast Beinaer AST ¢aitbl (aOCTpaKTHOE CHHTaKCHUECKOE JIEPEBO) UCXOIHOTO
Kojia (He coOupaeTtcsi)
-emit-llvm Ucnonezyer LLVM mnpencraBnenne acceMOIepHbIX U OOBEKTHBIX (aii-

JIOB

2.5. Onuuu npenpoueccopa

Tab6auuna 2.6.- Onuuu ynpaBjieHHs MPeNpoLeccopoM

Kuarou Komanna
—C Yka3bIBaeT mpernporeccopy He oTOpacsiBaTh KOMMeHTapuu. Mcmomnb-
3yercsd ¢ onmuent -E'.
—P VYka3bIBaeT Mpenporeccopy He reHepupoBaTh AUPEKTUBH '#line'. Uc-
nosis3yercs ¢ onmuen -E'.
-M VYka3bIBaeT MPEnpoIeccopy BHIBOAUTH MpaBMiia Jjisi make, OMMUCHI-

BaIOIME 3aBUCHMOCTH KaXJ0ro oO0bekTHOro (aiinma. Jlms kaxmoro

HCXOJHOTO (haiiia TPEempoIeccop BBIBOJUT OJHO make-mpaBuiio,
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Karou

Komanga

[eNlb KOTOpOro - uMs oO0beKTHOro (aiina. IlpaBuino moxer OBITH
OJIMHOYHOM CTPOKOW MJIM MOKET OBITh IPOJIOJDKEHO ¢ MOMOIIBI0 '\'-
HOBasi CTpOKa, eciu OHO jiuHHOe. CIHCOK TMpaBWjl IEeYaTaercs B
CTaHJIaPTHBIN BBIBOI.

AmnanoruysHa onuuu '-M', HO BBIBOJI YIIOMHHAET TOJIbKO 3aroJioBOY-
Hble Gailabl IMOJB30BaTENsA, BKIIOYEHHBIE C momomislo #include
"¢aitn". CucremHble 3aroJIOBOYHBIC (DaAilsibl, BKIIOUYEHHBIE C TTOMO-
nipo #include <daitr>, omyckaroTcs.

OO06pabaTbIiBaeT OTCYTCTBYIOIIME 3arojIOBOYHbBIE (haiiiibl KaKk reHepH-
pyembie (aiiibl U CUUTACT, YTO OHU HAXOMATCS B TOM K€ CaMOM Ka-
Tajore, 4To U UCXOMHBIN (aitn. Kirou 1omKkeH UConbp30BaThCs COB-
MecTtHO ¢ -M', mim -MM'".

-H

BbIBO/I IOJTHBIX HMEH BKITIOYACMBIX 3ar0JIOBOYHBIX (DAiJIOB HA CTaH-
JIAPTHBIN BBIBO/I.

Dmax-

poc=onpeoeieHue

Omnpenensier Makpoc.

-Umaxpoc OTMeHseT onpeielIeHHe Makpoca.

—-dM VYKa3bIBaeT MPENpPOLECCOPY BBIBECTH TOJIBKO CIIHCOK MaKpOOIpeJe-
JICHUH, KOTOpBIE MMEIOT JEHCTBHE B KOHIIE IPENPOLECCUPOBAHUS.
Hcnons3yercs ¢ onnueil -E'.

—dD YKa3pIBaeT Mpenpoueccopy nepeaaTb BCE MaKpOOIPEAEICHUS B BbI-
BOJI B X MOCJIEIOBAaTEIbHOCTH B IPYTOM BBIBOJIE.

—dN [Tono6Ha '-dD' 3a HckItOYEeHHEM TOrO, YTO MAKPOAPI'YMEHTHI U CO-

JepKaHue ormyckaroTcs. B BpIBOJ BKITI0YaeTcs Tosbko ‘#define nums'.

—include ¢hauin

OG6pabateiBaet 'haiin' kak BBOJ mepes o0paboTKol 0OBIYHOTO BXO/I-
Horo (aiina. PaxkTHueckH, cojaepkumoe '¢daiia' KOMIMIUPYETCs
cHavaua. Jlro6as onmus -D' wnn '-U' U3 komaHHON cTpoku oOpada-
ThIBaeTcs A0 '-include ¢aiin ' BHE 3aBUCUMOCTH OT TMOPSIIKA, B KOTO-
poM oHHM 3anucaHbl. Bee onuum '-include' u '-imacros' oOpabaTbiBa-
IOTCSI B TOM TOPSZIKE, B KOTOPOM OHH 3allMCaHbI.

—imacros ¢ain

O6pabateiBaet 'daityr’ kak BBOJ, aHajgornyHoO ommmu —include. Mak-
POKOMaH/IBI, ONpeaesieHHble B '(ailie' CTaHOBATCA TOCTYIHBI IS
MPUMEHEHHUS B TJIABHOM BBO/JIC.

Jlro6as onuusg '-D' nmm '-U' u3 koMaHIHOU CTpOKH 0OpabaThiBaeTCs
1o '-imacros (aiin', BHE 3aBUCHUMOCTH OT IOps/IKa, B KOTOPOM OHHU
3anucanbl. Bee onmun '-include' u '-imacros' o6pabaTeiBatOTCsl B TOM
TOpSIZIKE, B KOTOPOM OHHM 3aITCaHbl.

—idirafter  oupexmo-

pus

JloGaBisieT kaTayor 'TUPEKTOpPHIl' KO BTOPOMY MapUIpyTy BKIJIIOUE-
Hus. B karamorax BTOporo mapuipyra BKJIIOUEHHS UIIET, KOI/a 3aro-
JIOBOUHBIH (haiin He OOHApyKEH HU B OJIHOM U3 KaTajoroB B INIABHOM
MapuipyTe BKJIIOYEHHs (MapuipyT, K KOTOpOMY J00aBIseT onuus -
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Karou

Komanga

).

—iprefix npegpuxc

Onpenenser 'mpeduxc' kak npedukc 11 omun -iwithprefix'.

-iwithprefix Ooupexmo-
pus

JloGaBisieT kaTajor Ko BTOPOMY MapuipyTy BkitoueHus. Mms kara-
Jora moiydaeTcss oObeAuHEeHHEeM 'mpedukca’ W 'MUPEKTOpUU', TIe
'mpedukc' onpenensuics npenBaputeabHo ommuei '-iprefix'. Ecnm
npedukc e He onpeaenéH, N0 YMOIYaHUIO UCIIONIb3YeTCs KaTajor,
COJIEpXKaIINI HHCTAIMPOBAHHBIE MPOXOJIbI KOMITMISATOPA.

-iwithprefixbefore mu-
peKTopus

JloGaBisieT kaTanor K IJIaBHOMY MapuIpyTy BkItoueHus. Mms kara-
Jiora moJiydaercsi 00ObeIMHEHHEM 'TIpeuKca’ U 'TUPEKTOPHUH', KaK B
ciydae ¢ -iwithprefix'.

-isystem nupeKTopus

JlobGaBnsier karajor 'TUPEKTOPUM' K Hadaldy BTOpPOro Mapluipyra
BKJIIOYEHUS, [IOMeUas €ro Kak CUCTEMHBIH KaTaJlor, TaK YTO OH UMEET
Ty K€ CaMyl0 CIEIHaIbHYI0 00pabOTKYy, YTO U CTaHJAPTHBIC CHU-
CTEMHbIE KaTaJIOTH.

—undef

OTMmeHser OIIPCACIICHUC 3aJaHHOI'0 CUCTCMHOI'O MaKpocCa.

2.6. Onuuu TUpeKTOpuii

Ta6auuna 2.7.- Onuuu ynpaBjieHUs1 TUPEKTOPUSIMHU

Kurou

Komannga

-1 oupexmopus

Jo6asinsieT 'nupekToprio’ B HaYaI0 CMHUCKA KaTaJIOrOB, UCIOJIb3YEMBIX
JUTSI TIOMCKa 3aroJoBOYHBIX (aitnoB(include-daiinos).

_I-

Bce nupexropun, KoTopble ObUIM YHOMSHYTHI A0 -I- OyAyT ncnosib3o-
Batbest s #include "daiin", Ho He mis #include <daitr> (06bIuHO,
cuctemuble include-¢aiiisl), TMPEKTOPUH, YIIOMSHYTHIE mocie -I- Mo-
I'yT OBITh UCIOJIb30BaHBI B JII0OOM KayecTBe.

-L oupexmopus

JobaBnsier 'mupekTopuio’ B CIHCOK TMOUCKAa OMOIMOTEK B Mpoliecce
cOOpKH.

-working-directory val-
ue

3anmaet nupekToputo ‘value’ B kauecTBe pabouei.

-fmodule-cache-path
<directory>

3ajaer myTh K K31y MOJIYJIEH.
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2.7. Onuuu reHepamum Kojaa

Tabauua 2.8. - Onuuun ynpapJjieHus KOJIOTeHepaTopoM

Kirou

Komanga

-femit-all-decls

['enepupyer Bce (B TOM YHCII€ HEUCIIOJIB3yeMbIe) OOBSABICHUS (YHK-
105058

-f[no-Jinline-functions

PaspemuTs [3anpeTuTh | reHepanuio BCTPOCHHBIX (PYHKITHIA.

—fshort-enums

Boiaensier 1uid Tvna nepednciaeHus TOIbKO TaKOEe KOJIMYECTBO OATOB,
KOTOPOE HY>KHO /151 OOBSABICHHOI'O IMaNa30Ha BO3MOXHBIX 3HAUYCHUH.
Tun nepeuncieHus OyaeT SKBUBAICHTEH HAUMEHbIIEMY LIEJIOMY THILY,
KOTOPBIN UMEET JOCTATOYHO MECTA.

-fshort-wchar

[TpeoOpasyet Tun nanusix wchar t B Tun short.

—fpack-struct=<value>

VYcranaBnuBaeT MaKCUMaJlbHOE 3HAYCHHUE JIJIS BbIpaBHUBAHUS 2JICMCH-

-f/no-] pack-struct TOB CTPYKTYPBI.
-fstrict-enums Ctporoe omnpe/esiecHre JUara3oHa NepeurcIMMbIX 3HAYCHHH .
—msoft-float [TopoxkmaeT ko, coaepskamiuii OnOIMoTeuHble BHI3OBHI 1S (DYHKIIUH

C IUIaBaroIIe TOYKOM.

-Xassembler onyus
-Wa, onyus, onyus

[lepenaer 'onmuio' B kauecTBe oniuu accemonepy. Ecnu Hy»)HO niepe-
JIaTh OIIIMIO, KOTOPasi UMEET MapameTp, TO HE0OXOAUMO HCIIOIb30BaTh
' -Xassembler' nBaxkapl: OUH pa3 [UIsl OMIIMM M OJIWH pa3 AJs Iapa-
MeTpa.

-Xclang onyus

[Tepenaer 'onuuio' B kauectBe onuuu komnuistopy Clang. Ecnu Hyx-
HO TepenaTh OINILHUIO, KOTOpas MMEET MapaMeTp, TO HEOOXOJIUMO HcC-
noJsib30Bath -Xclang' ABaXAbl: ONMH pa3 Uil ONLUKU U OAMH pa3 Il
napaMerpa.

-Xpreprocessor onyus

Ilepenaet 'onuio' B Ka4eCTBE OMIIMU IPETPOLIECCOPY.

-Qunused-arguments

He BbIIABATE TMPEAYINPCIKIACHUA O HCHUCIIOJIB3YEMbIX aprymMmeHTax
JipaiiBepa.

2.8. Onuuu onTUMHU3ALUH

-00, -0O1, -02, -O3 — 3agaeT ypoBE€Hb ONTUMHU3ALINY .

-Os — onTuMH3alUs KOJa 1Mo pa3Mepy.

llanee nmpeacraBjCHa Ta6n1/111a 9c¢c OMMOUAMH, KOTOPBIC BKIHOYAIOT WM OTKIIOYAIOT COOT-

BETCTBYIOILIUI MPOXO0J ONTUMHU3ALMU. B pabouem pexxume ynpapisioTcs BbIOpaHHBIM YPOBHEM

ontummzaruu (-00, -O1, -02, -O3 wiu —Os). [lonap30BaThCs KIIFOYAMU CIEIYET MPU HEOOXO -

MOCTH TOJTYYHUTh 00JIee MPOU3BOJUTEIBHBINA KOI.

Tabauua 2.9.- ApXuTeKTYPHO-He3aBHCHMbIe ONTHMHU3ALUT

HaumenoBanue

Bua onTuMu3anuu

f[no-]merge-all-
constants

OHTI/IMI/I3aI_II/IH 06’b€I[I/IHeHI/I}I OAWHAKOBBIX KOHCTAHT B OJHY.
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f[no-]omit-frame-

OnTumu3anys 1o UCKIYCHUIO TIPU BO3MOKHOCTHU yKazarens (peitma

pointer W3 SIWJIOTA U TIposiora (pyHKIUH.
f[no-]optimize-sibling- | OnTUMHU3aIUs XBOCTOBBIX BHI30BOB.
calls

-funroll-loops

Pa3BopaunBaHue 1IUKIIOB.

-mllvm —disable- | Tlouck ¢ yaaJeHHeM TPUBHAIBHO H30BITOYHBIX HHCTPYKIHH(CSE —
machine-cse common subexpression elimination) .

-mllvm —optimize- | BKIIOYHTH ONTUMAIILHOE pacpeielieHne PperucTPOB.

regalloc

-mllvm —enable- | OnTuMU3anKs 1O TIAHUPOBAHUIO TTOTOKA HHCTPYKIIHMA.

misched

-mllvm  —enable-tail- | OnTUMHU3aIUS IO CIUSHUIO XBOCTOBBIX 0a30BBIX OJIOKOB.

merge

-mllvm —disable- | OnTUMH3aIMS 110 BBIHOCY MHBAPUAHTHOTO KOJa U3 Teja LHUKJIA MOocie
postra-machine-licm da3zb1 pacnpenenenus peructpoB(LICM —loop invariant code motion).
-mllvm —disable- | llepeMenieHre MallMHHBIX WHCTPYKUUH B MOCIEAYIOLIUE JIMHEHHBIE

machine-sink

YYaCTKH TaK, YTOObI OHU HE UCIOJHSJIMCH 0 MyTSIM YIpPaBJICHHUS, HA
KOTOPBIX MX PE3YJIBTATHI HE UCIIOJIb3YIOTCSI.

-mllvm —disable-Isr

[ToHm>xeHue cuiibl onepanui A0CTYIA K AJIEMEHTAM MAacCUBa B LUKIIE,
OCYIIECTBIISIEMbIM TPU MOMOIIU WHAYKTUBHON mepemenHoil (LSR —
loop strength reduction).

-mllvm —disable- | OnTuMH3aLUs yaaueHus N30bITOYHOIO KOMMPOBAHUS IEPEMEHHBIX.
copyprop
2.9. ApXHMTEKTYPHO — 3aBHCHUMbIe ONIHHU
Onuuu ompenensioT UeNeByo miatGopMy 1 HaOOp BKIIOYaEMBIX apXUTEKTYPHO-3aBUCHMBIX OII-
TUMM3ALUN.

-target elcore — 3a7aeT apXuTeKTypy elcore B kKayecTBe LEIECBON.

-mcpu=[elcore30m] — BbIOOD siApa 1 cucteMbl HHCTpyKIMH DSP B kauecTBe 11€51€BOr0.

-mllvm [onmusi ] — mepenaeT oniuo KoI0reHeEpaTopy.

Tabéamnna 2.10. - ApXUTEeKTYPHO-3aBHCHMBbIe ONITUMHM3ALHA KOIA

Kuarou

Komanna

-elcore-enable-delay-
filler

Pa3zpemaer ucnonb30BaHUE CIOTOB 3aJ€P>KKM MHCTPYKLMM Iepexoja.
be3 He€ B ci10T 3aep kKU MOMEIIAeTCs ycTasi onepanus (nop).

-elcore-use-indexed-
loadstore

Paspemaer ucnosnp3oBaHUE NMOCTUHKPEMEHTHOM M ITOCTAECKPEMEHTHOU
aZpecanyu.

-elcore-enable-copy-
cse

Paspemaer o0beqMHEHNE HECKOIBKUAX PETHCTPOB C IIETBI0 BHIHECEHUS
MHBapHaHTa 3a mpejenbl 0a30Boro Ojoka(Tena UKia WiIK BETBH yCIOB-
HOW omepauuu). [1o3BoNIET YIy4IINTh KaueCTBO KOJOTEHEpPAIUH JUIS
ApXUTEKTYp, UCTIONB3YIONINX Pa3/elIbHbIC PErUCTPOBbIC (Al st aj-
PECOB U JUIS BEIYUCICHUH.

-elcore-enable-

Paspemaer ncnonbp3oBaHuE aapecaliiy PErucTp ajapeca + perucTp MH-
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selectaddr-rr JeKca.

-elcore-enable-vliw Paspemaer 00beinHEHNE HE3aBUCHUMbIX HHCTPYKIMH B makeTsl VLIW.
-elcore-enable- pasperaeT MCIoIb30BaHKE allapaTHBIX [IUKIIOB.

hwloop

2.10. Onuuu accemoiepa

Jlyis mepenadn oniuii acceMOiepy ecTh JiBa MeXaHU3Ma!
1) [Tepen xaxnoi oniuei acceMoOepa yKka3bsiBaTh Kiitou —Xassembler.
2) Bce onmuu, KOTOpble HEOOXOIMMO TEpeaaTh acceMOepy, yKazaTh uepes 3arsTylo ¢ KIYoM -

Wa,<onuusil, onuusa2, onmus N>.

2.11. Onuuu JHHKOBIIHKA

Jlns nepenayn onuuil JIMHKOBUIUKY €CTh J1Ba MEXaHU3MA:

1) Ilepen xaxmoi onuuelt accemOiepa ykaspiBaTh Kitod —Xlinker.

2) Bce onmun, KOTopble HEOOXOUMO MepeiaTh JIMHKOBILUKY, yKa3aTh Yepes3 3aIATyI0 ¢ KIHYOM -
Wl<onumusil, omuus2, omuus N>,

[Tpu 3TOM criucok OMOINOTEK, MyTh K OMOJIMOTEKaM HYKHO yKa3bIBaTh 0€3 JIOMOJHUTENIBHBIX OIl-
uui. Jlas ynpasiieHus TMHKOBIIMKOM UCIOJIb3YOTCS OILIUU.

Taoéauna 2.11. — Onuyuu JUHKOBIIHKA

Korou Komanaa

-C KomnunupoBaTs uinu acceMOIMpoBaTh UCXOIHBIE (DaliiIbl, HO HE JIMHKO-
BaTb. CTaaus IMHKOBKY HE BBINOIHAETCS. KOHEUHBIN BBIBOJ IPOUCXO-
IUT B popme 00beKTHOTO (haiiina Juist KakJ10ro ucxoaHoro Qaitna. Ilo
YMOJIYaHUIO UMS 00bEKTHOTO (haitna opMUpyeTCss U3 UMEHU UCXOHO-

LI B B |

ro daiina 3amenoit pacmmpenus '.c', '.i', '.s' u.T.4. Ha '.0".

-L<library path> Hcnonb3oBate nyTh </ibrary path> kak napaMmeTp JUHKOBIIHMKA IPU
NOHUCKE OMOIHNOTEK.
-I<library> [Tpu TMHKOBKE HAMTH M MCHOIB30BaTh OMOIMOTEKY lib<library>.a.

®opma umenu «lib<library>.a» sBisiercs mabaoHOM A UMEHHU Ono-
JMOTEKHU U yKa3aHMs KIto4a. buObIMoTekn NoAKII0YatoTCs B MOPSAKE,
YKa3aHHOM B KOMaH/1HO cTpoke. [Tonck 6uOaMoTeK OCyIIecTBIsSETCS
[0 CUCTEMHOMY ITyTH Komnuisitopa ../elcore30m-elvis-elf/lib ms El-
core-30M u 1o myTsIM, YyKa3aHHBIM 4epe3 Onuuo —L.

-nodefaultlibs [Ipu TUHKOBKE HE UCTIONIB30BATh OUOIMOTEKH, MTOAKITIOYAEMBIE 110
-nostdlib YMOJTYaHUIO.

Jlst Elcore-30M noakmtouarores —lc —lcrt.

[Ipu ucnonp30BaHNM OTHOM W3 OMIIKK B CITydae HEOOXOAUMOCTH HEOO-
XOZMMO 00€CIeunTh 3aMeHy (PYHKIUI U3 OTKIIIOYaeMbIX OMOINOTEK.
-lc — cranmaptHas 6ubnuoreka si3pika C.

-lert — GubMHMOTEKA MOAACPKKH KOMIMIATOPA (TIPEUMYIIECTBEHHO BbI-
YUCJTUTEIIbHBIC OTIEPALIHH ).

-lunwind — 6ubaMOTEKA MOIEPKKHN UCKITIOUeHU C++.

-nostartfiles He ucnionp3oBath crangapTbii crt0.s

-T <script name> Hcnons30BaTh CKPUINT JIMHKOBKU <Script name> BMECTO CKPUIITA 110
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Kurou

Komanga

yMmodanuto. [1o yMOT4aHHUIO HCTIONB3YIOTCS:
st Elcore-30M - ..\elcore30m-elvis-elf\lib\generic.1d;

2.12. llepeMeHHbIE OKPYAKEHUSI KOMITWIATOPA

CruckoM JUPEKTOPHIA, UCTIONBb3YEMBIX I TOUCKA 3ar0JIOBOYHBIX (paiiioB 1 OMOIMOTEK, MOXKHO YIIpaB-
JIATh, UCIIONIB3Ys [ICPEMEHHBIE OKPYKCHHUS.

Tab6anuna 2.12. - [IpuyHuMaeMble KOMIIMJISTOPOM NepeMeHHbIe OKPY/KeHHs

Komanaa

Tlosicuenue

C INCLUDE PATH

[lepemeHHast OKpY>KEHUS TSI TyTH K 3ar0JIOBOYHBIM (aitnam C.

CPLUS INCLUDE PATH | IlepemenHas OKpy>KeHUs JUIs ITyTH K 3aroJIoBOYHbIM (aiinam C++.

LIBRARY PATH

[lepemeHHast OKpY>KEHUS JUTS ITyTH K OMOIMOTEYHBIM (paiinam.

Komnuistop C/C++ Clang gsst DSP ELcore-30M. PykoBocTBO MoJib30BaTe /s

19



3. BXOAHBIE JAHHBIE
Komnusitop nomnepsxkuBaet 361k C/C++ 1 UX JUANEKTHI:

— mnoanepxka auanektoB ANSI C u ANSI C++ cornacho crannapram s3eikoB C (ISO/IEC
9899:1990 (C89), ISO/IEC 9899:1999(C99)), C++ (ISO/IEC 14882:1998, ISO/IEC 14882:2003) ,
C++11 (ISO/IEC 14882:2011), C++14 cOOTBETCTBEHHO;

— noaaepxka quainektoB GNU C u GNU C++.

Komnunupyemas mporpamMmMa J0kKHA OBbITh Hanucana Ha sizbike C/C++ cornmacHo cranmapty. [pu
HEO0OXOIMMOCTH CTaHAAPT BhIOMpaeTcs depe3 ¢urar —std= (cM. Tab:1. u3 pasaena «OoOpaiieHne K KOMITH-
asTopy»). [lomumo cranmapra u nuaiekroB GNU nojepxkuBatotcs pacmupenus sizbika C/C++ Clang u

pacmupenus si3pika C/C++, cnieunduunsie g apxutektypsl Elcore-30M.

3.1. Monnep:xxuBaembie pacmupenus GNU C

Hcnonp3oBanue 0ObIBIEHUH NEPpEMCHHBIX BHYTPU OJI0KOB

Hampuwmep,
#define maxint (a,b) \
({int a = (a), b= (b); a> b? a: b; })
UCIIOJIb30BaHUE YCIIOBHOTO BBIPAYKEHHSI C OTCYTCTBYIOLMM BETBJICHUEM (X? 1Y)
| ({int _a = (a), b= (b); a> b? a=: b;})
ITonnep>kka KOMIUIEKCHBIX THUIIOB, BCTPOGHHBIE KiltoueBble ciioBa _Complex, real , imag .

ITonneprxka onepanuii KOMIJIEKCHON apUpMETUKHU: +, -, *, /, (KOMIIJIEKCHOE COMPSIKEHUE).

Hampuwmep,

1.0£+2.5f1;

__complex  float x =
= 4-57;

___complex  int x
intreX=__real x;
intimX=__imag__ Xx;
__complex  int conjX = ~x;

MaccuBbl U CTPYKTYpbI HYJI€BOM JUTMHBI

struct line {
int length;
char contents[0];
}i
MakpocCslI ¢ IEPEMEHHBIM YUCIIOM apryMEHTOB
#define eprintf (format, args...) \

printf (format , ## args)

ITomedeHHEIC 2JIEMEHTHI B HHULIUaJIU3aTopax
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|int ale] = { [4] 29, [2] = 15 };
SKBUBAJICHTHO

|int ale] = { 0, 0, 15, 0, 29, 0 };
JUIA MHALMAIW3aluy JUaIa30Ha 3HaueHUH

|int width[] = {[0..9]=1, [10..99]=2, [100]=3};
Bce nponymennsie mosis 3anonsstorces 0.

Jnama3oHsl case
case 2..9

[IpuBenenue k TuIy 00bETUHEHUS

union foo u;

u = (union foo) X == w.i=x
u = (union foo) y == ud=y

OO0bsaBrenus aTpuOyToB GYHKIIHH

OOBsBIsIETCS C MCIIOJIB30BAaHUEM KITFOUEBOTO clioBa __ attribute . Bo3MoskHbIe mapameTpsl nore-

turn, const, format, section, constructor, destructor, unused, weak, alias.
| int square (int)  attribute  ((const));

OOnbsBieHne aTpOyTOB MEPEMEHHBIX

OObsiBiIIETCS € UCHOJB30BaHUMEM KIIOYEBOro cijioBa _ attribute . Bo3MmokHble mnapameTpsl:

aligned, mode, nocommon, packed, section(“section_name”), transparent_union, unused, weak.

OOnbsBieHne aTpuOyTOB THUIIOB

OObsBIeTCSs C UCTIONB30BAaHUEM KIIFOUEBOTO clioBa __ attribute . Bo3MoskHbIe mapameTpsl:

aligned, packed, transparent_union.

BexkropHsle pacmmpenus

typedef int v4si __ attribute_ ((vector_size (16)));

Berpoennblie apudmernueckue onepanuy HaJl BEKTOPHBIMHM THUIIAMU: TOAJIEMEHTHOE CIOXKEHHE,

YMHOKXCHUC, BBIYUTAHUC, CDABHCHUC.

typedef int vé4si attribute  ((vector size (16)));

vdsi a = {3,4,5,6};
vdsi a {1,2,3,4};
vdsi ¢ = atb;

3.2. Pacmupenus Clang C/C++

Berpoennblie QyHKIMM U1 TPOBEPKU JOMYCTUMBIX BO3MOKHOCTEH
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__has builtin

#1f has builtin( builtin trap)
__builtin_trap();

#else

abort();

#endif

__has feature, has extension

Berpoennblie QyHKIMH 11 TPOBEPKU BKIIOYEHHBIX 3ar0JIOBOYHBIX (hailyoB U MpeaylpekICHHUHA

__has include,  has warning

#1f has include ("myinclude.h") &&  has include (<stdint.h>)
# include "myinclude.h"

#endif

#1if has warning("-Wformat")
#endif
Bcerpoennbie makpocsl

__BASE_FILE

Nwms datina
__COUNTER

YBenuunBaercs Ha 1 pu KakI0M BbI30BE MaKpoca
__1ncrupe_ LEVEL

VYpoBeHb BKIIIOUEHHOTO (haiiyia B M€papXuu BKIIOUECHHBIX (ailioB

BeKTopHHe THUIIBI JaHHBIX.

HO,[[I[ep)KI/IBaIOTCH £CC BCKTOPHLIC paCIIUPCHUA

BeKTopHHe KOHCTAHTBI

typedef int vé4si  attribute (( vector size (16)));

typedef float float4  attribute ((ext vector _type(4)));

typedef float float2  attribute ((ext vector type(2)));

vdsi vsi = (v4si) {1, 2, 3, 4};

float4d vf = (float4d) (1.0f£, 2.0f, 3.0f, 4.0f);

vector int vil = (vector int) (1) ; // vil will be (1, 1, 1, 1).
vector int vi2 = (vector int) {1}; // vi2 will be (1, 0, 0, 0).

(vector int 2); // error

)

)

vector int vi3 )
(vector int)
)

)

{
(1
{
(
(

vector int vi4d = 1, 2}; // vid will be (1, 2, 0, 0).
vector int vi5 = (vector int) (1, 2, 3, 4);
float4d vf = (floatd) ((float2) (1.0£f, 2.0f), (float2) (3.0f, 4.0f));

BCTpOGHHBIe BCKTOPHBIC OI€palinn
[]7 +: T ++7 ) *7 /7 %5 &: |7 /\J i) <<a >> && || R > < <_ >:a = :?a SiZCOf

Bcee YHApHBIC U 6I/IHapHI>IC Orcpalru ABJIAIOTCA MO3JICMCHTHBIMUA
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[eperpyska ¢pynkuuii B sa3bike C

#include <math.h>
float  attribute ((overloadable)) tabs(float x) { return absf(x); }
int  attribute ((overloadable)) tabs (int x) { return abs(x); }

OOBsaBIIEHNE KOMIUIEKCHBIX MEPEMEHHBIX YEPE3 CITUCOK

#include <math.h>
#include <complex.h>
complex float x = { 1.0f, INFINITY }; // Init to (1, Inf)

Bcerpoennsle byHKLIMNA

[TomMuMoO cricka BCTpOSHHBIX (DYHKIIHIA gCC, MPEIOCTABIISIFOTCS BCTPOCHHBIC (DYHKITHH:

1) _ builtin_shufflevector(vecl, vec2, idx1, idx2) — Bernonnsier onepanuto shuffle;

2) _ builltin_convertvector(src_vec, dst vec type) — BBIIOJTHSET MpeoOpa3oBaHUE BEKTOPA K
yKa3aHHOMY BEKTOPHOMY THUITY;

3) _ builtin_addressof(expr) — ananora yHapHOTro oneparopa BEIYUCICHHS ajipeca &

4) BCTpOEHHBIE AJI apUPMETHKHU C IEPEHOCOM.

unsigned char __builtin addcb (unsigned char x, unsigned char y, un-
signed char carryin, unsigned char *carryout);

unsigned short __builtin addcs (unsigned short x, unsigned short y, un-
signed short carryin, unsigned short *carryout) :;

unsigned __builtin addc (unsigned x, unsigned y, unsigned carryin,
unsigned *carryout) ;

unsigned long ~_builtin addcl (unsigned long x, unsigned long y, un-

signed long carryin, unsigned long *carryout);
unsigned long long  builtin addcll (unsigned long long x, unsigned long long
y, unsigned long long carryin, unsigned long long *carryout);

unsigned char __builtin subcb (unsigned char x, unsigned char y, un-
signed char carryin, unsigned char *carryout);

unsigned short __builtin subcs (unsigned short x, unsigned short y, un-
signed short carryin, unsigned short *carryout) ;

unsigned __builtin subc (unsigned x, unsigned y, unsigned carryin,
unsigned *carryout) ;

unsigned long ~_builtin subcl (unsigned long x, unsigned long y, un-

signed long carryin, unsigned long *carryout);
unsigned long long  builtin subcll (unsigned long long x, unsigned long long
y, unsigned long long carryin, unsigned long long *carryout) ;

5) BcTpoeHHbIE PYHKIUH I apU()METHKH C MTEPEroTHEHUEM

bool  builtin uadd overflow (unsigned x, unsigned y, unsigned *sum);
bool  builtin uaddl overflow (unsigned long x, unsigned long y, unsigned
long *sum) ;

bool  builtin uaddll overflow (unsigned long long X, unsigned long long vy,
unsigned long long *sum) ;

bool builtin usub overflow (unsigned x, unsigned y, unsigned *diff);
bool  builtin usubl overflow (unsigned long x, unsigned long y, unsigned
long *diff);

bool builtin usubll overflow (unsigned long long X, unsigned long long vy,
unsigned long long *diff);

Komnuistop C/C++ Clang gsst DSP ELcore-30M. PykoBocTBO MoJib30BaTe /s 23



bool  builtin umul overflow (unsigned x, unsigned y, unsigned *prod);
bool  builtin umull overflow (unsigned long x, unsigned long y, unsigned
long *prod);

bool  builtin umulll overflow (unsigned long long X, unsigned long long vy,
unsigned long long *prod);
bool builtin sadd overflow
bool builtin saddl overflow
bool  builtin saddll overflow(long long x, long long y, long long *sum);
bool builtin ssub overflow int x, int y, int *diff);

(int x, int y, int *sum);
(
(
(
bool  builtin ssubl overflow (long x, long y, long *diff);
(
(
(
(

long x, long y, long *sum);

bool  builtin ssubll overflow(long long x, long long y, long long *diff);
bool  builtin smul overflow int x, int y, int *prod);

bool  builtin smull overflow (long x, long y, long *prod);

bool  builtin smulll overflow(long long x, long long y, long long *prod);

3.3. Cnucok builtin-¢pynxumii 1151 apxurektypsl Elcore-30M

Kommunstop noanepxuBaet HaOOp BCTPOCHHBIX (PYHKINH, KOTOPBIE COOTBETCTBYIOT CUCTEME U H-
crpykuuii Elcore-30M. Hcnonb3oBanue builtin-¢pyHKkunii mo GyHKIIMOHATBHOCTH aHAIIOTUYHO MCIIOJIB30-
BaHUIO acCeMOJIEPHBIX BCTABOK, HO B HEKOTOPBIX BapHaHTaX MCIIOJIb30BaHMsI 00Jiee KOMIIAKTHO M TIOHSAT-
HO 7151 mporpammucta. Builtin pyHKIMM HE06X0IUMO HCIIOIB30BaTh MPU ONTUMHU3ALMH KOJIa, KOTAA Cy-
IIECTBYIOLUE CTaHIAPTHBIE MEXaHU3Mbl ONITUMM3ALUU: UCIIOIb30BaHue onuu —O3, aBTOBEKTOpHU3ALUU
u VLIW-nakeToB He 1a10T HEOOXOIUMOW CKOPOCTH BBIYUCIICHUSI.

[Tpu onucanuu GpyHKUNN UCTIOTIB3YETCSI HOTALMS
// short vectors

typedef  attribute (( vector size (2 *sizeof (short)))) short v2il6;
typedef  attribute (( vector size (4 *sizeof(short)))) short v4il6;
typedef  attribute (( vector size (8 *sizeof(short)))) short v8il6;

// 1int vectors
typedef  attribute (( vector size (2 *sizeof(int)))) int v2i32;
typedef  attribute (( vector size (4 *sizeof(int)))) int v4i32;

// int64 vectors

typedef  attribute (( vector size (2 *sizeof (long long)))) long long
v21i64;

typedef  attribute (( vector size (2 *sizeof (float)))) float v2£32;
typedef  attribute (( vector size (4 *sizeof (float)))) float v4£f32;

Orpannyenue: [Ipu ucnonb3oBaHuM BEKTOPHBIX builtin-pyHKUIMHA HakIaabIBaeTCsl OrpaHUYEeHHE

Ha BbIpaBHHUBaHUE BXOJHBIX apryMeHToB. CTaTuueckoe npuBefeHue K tumy v2il6, v4il6, v8il6, v2i32,
v4i32, v2i64, v2132, v4f32 10MKHO BBIMOIHATHCS TOJIBKO OT COOTBETCTBYIOIIMM 00pa30M BHIPOBHEHHOTO
ykazarens. Komnunsatop He npoBepsieT Heo0X0MMO€e BbIpaBHUBAHHE.

Hanpumep, nanbHeifee ucnosnb3oBanue ykazatens pV4l16SomeData B builtin-pyHkimn Moxxet

MIPUBECTH K OLIHOKe
short SomeData[128] ={1};
v4il6 *pV4IloSomeData = (v4ile*) SomeData;

[TpaBuiibHO yKa3bIBaTh aTpUOYT BHIPABHUBAHUS
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short SomeData[l28]  attribute ((aligned(8)))
vdile *pV4IleSomeData =

(v4dil6*) SomeData;

Ta6auna 3.1. - Ciucok builtin-pyHkuuii

={1};

Hn-

f;ll;yk_ Horanus builtin-gpynkuun Onucanme

DSP

A8 v8il6  builtin v8il6 add (v8il6 a, v8il6 b) Bocewms criosxenuit (short)

S8 v8il6  builtin v8il6 sub (v8il6 a, v8il6 b) Bocewmb BerunTanmii (short)

MS8 v8il6 _ builtin_v8il6 subabs (v8il6 a, v8il6 b) Monynu  BOCBMH  pa3HOCTEH
(short)

A81 short  builtin v8i16 sum (v8il6 a) JIBA BEKTOpa W3 BOCBMH 4YHCE B
(dhopmarte short

A42 v2i16  builtin v8il6 sum 42 (v8il6 a) JlBa cnoxxeHus 1o vetsipe (short)

A24 v4i16  builtin v8i16 sum 24 (v8il6 a) Yerpipe crioskeHus 1o JjiBa (short)

A4 v4i16  builtin v4i16 add (v4il6 a, v4il16 b) UYetsipe cnoxenus (short)

S4 v4i16  builtin v4i16 sub (v4il6 a, v4i16 b) Yerpipe BerunTanus (short)

M4 v4i32  builtin v4i16 mul (v4il16 a, v4il16 b) Yetbipe ymHOxkeHus (short)

MS4 v4il6 _ builtin_v4il16_subabs (v4i16 a, v4il16 b) Monynmu  4YeTelpex  pa3HOCTel
(short)

MS2 v2i16  builtin v2i16 subabs (v2il6 a, v2il6 b) Monaynu n1Byx paszHocreit (short)

M2 v2i32  builtin v2i16 mul (v2il6 a, v2il16 b) JIBa ymHoxenus (short)

ALL4 | v4132  builtin v4132 add (v4132 a, v4i32 b) UYetsipe cnoxenus (long)

SLL4 v4i32  builtin v4i32 sub (v4i32 a, v4i32 b) Yetsipe BorunTanus (long)

ALL41 | int  builtin v4i32 sum (v4i32 a) Croxenue no getsipe (long)

ALL2 | v2i32  builtin v2i32 add (v2i32 a, v2i32 b) JlBa cnoxenus (long)

SLL2 v2i32  builtin v2i32 sub (v2i32 a, v2i32 b) J1Ba BbruuTanusg (long)

ML2 v2164  builtin v2132 mul (v2i132 a, v2i32 b) J1Ba ymHOxeHus (long)

UML2 | v2i64 builtin v2i32 umul (v2ui32 a, v2ui32 b) J1Ba ymHOxeHus (long)

AL4 v4132 _ builtin_v4116_32 add (v4il6 a, v4132 b) UYeTblpe  CIIOKEHUS  OINEPaHIOB
pazHoro ¢opmara (short, long)

AL2 v2i32 _ builtin_v2i16 32 add (v2il6 a, v2i32 b) JIBa ciokeHusl ONepaH/ioB pa3HO-
ro opmara (short, long)

MAXS8 | v4il6  builtin v8il6 max (short, v8il6 a, v4i16 b) | ITonck makcumyMma u ero HoMepa

MINS8 | v4i16  builtin v8il16 min (short, v8i16 a, v4i16 b) | Ilouck MuHMUMYMa 1 ero HOMepa

MAX4 | v4il6  builtin v4i16 max (short, v4i16 a, v4i16 b) | ITonck MmakcumyMma u ero HoMepa

MIN4 | v4i16  builtin v4i116 min (short, v4i16 a, v4i16 b) | Ilouck MuHMMYMa 1 ero HOMepa

MAXL | v2i32  builtin_v4i32 max (short, v4i32 a, v2i32 b) | [lorck MakcumMyMa u ero HoMepa

4

MINL4 | v2i32  builtin v4132 min (short, v4i32 a, v2i32 b) | Ilouck MuHMMYyMa 1 €ro HoMepa

MAXL | v2i32  builtin_v2i32 max (short, v2i32 a, v2i32 b) | [louck MakcumyMa u ero HoMepa

2

MINL2 | v2i32  builtin v2i32 min (short, v2i32 a, v2i32 b) | Ilouck MuHMMYyMa 1 €0 HOMeEpa

FA4 v4132  builtin v4f32 add (v4f32 a, v4f32 b) UYetnipe cnoxenus (float)

FS4 v4f32  builtin v4f32 sub (v4f32 a, v4132 b) Yetsipe Beruntanus (float)

FM4 v4132  builtin v4f32 mul (v4132 a, v4f32 b) Uetsipe ymHoxeHus (float)
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f;ll;yk_ Horauus builtin-gpynkuun Onucanue

DSP

FM4C | v4f32  builtin_cv4f32 mul (float ¢, v4{32 a) Yerplpe YMHOXEHHS Ha OOIIYIO
KOHCTaHTYy, (float)

FM?2 v2f32  builtin v2f32 mul (v2f32 a, v2{32 b) JBa ymuoxxenus (float)

FMS2 | v2f32  builtin v2f32 mulreverse (v2f32 a, v2f32 | J/IBa yMHOXEHHS C TIEpPEeCTaHOBKOM

b) (float)

FSA v2f32  builtin v2{32 addsub (v2{32 a, v2f32 b) Brruutanue u cnoxenue (float)

FIN4 v4f32  builtin v4132 recip ( v4f32 b) UeTbIpe HYJIEBBIX MPUOIHMKCHHS K
0o0paTHOH BeIUYUHE

FINR4 | v4f32  builtin v4f32 recipsqrt ( v4f32 b) UeTbIpe HYJIEBBIX MPUOIMKCHHS K
oOpaTHON BelIMYMHE OT KBajapaT-
HOT'O KOPHS

FASX | v4f32  builtin cmplx faddsub (v2{32 a, v2f32b) | CioxxeHue M BbIUUTAaHHE KOM-
TUICKCHBIX orepanoB (float)

FASXS | v4f32  builtin_cmplx faddsubconj ( v2f32 a, v2f32 | CnokeHue W BBIUMTAHUE KOM-

b) IUIEKCHBIX OMNEPaHJOB C IepecTa-

HOBKO (float)

FAX v2f32  builtin_cmplx fadd (v2f32 a, v2{32 b) CnoxxeHue KOMIUIEKCHBIX OIepaH-
noB (float)

FSX v2f32  builtin_cmplx_fsub (v2f32 a, v2{32 b) BbelunTtaHne KOMIUIEKCHBIX —OIle-
panoB (float)

ASX2 | v8il6 _ builtin v4il6 asx2 (v4il6 a, v4il16 b) JIBa cro’KeHUs U BBIYMTAHUS KOM-
rekcHbie (X16)

ASXS2 | v8il6 _ builtin_v4i16_asxs2 (v4116 a, v4il6 b) JIBa croKeHUs U BBIYMTAHUS KOM-
IJIEKCHBIX C NepecTaHoBKoM (X16)

ASXS | v4il6 _ builtin v2il6_asxs (v2il6 a, v2il16 b) CnoxxeHue W BBIUNTAHUE KOM-
IJIEKCHBIE ¢ epecTaHoBKoM (X16)

RA4 v4i16 _ builtin v4il6 ra4 (v4il6 a, v4i16 b) UeTbipe  CKOJNB3SIMIME  CYMMBI
(short)

RAS v8il6  builtin v8il6 ra8 (v8il6 a, v8il6 b) Bocewmpb ckonp3simmx cymm (short)

SGA4 | v4il6  builtin v4i16 sga4d (short, v4il6 a, v4i16 b) | Uetbipe 3HaKOBBIX CyMMBI (short)

SGA8 | v8il6  builtin v8il6 sga8 (short, v8il6 a, v8il6 b) | Bocemb 3HaKOBBIX CyMM (short)

BF4 v8il6  builtin v4i16 bf4 (v4il6 a, v4il6 b) bazosast onepanus FFT-4 (X16)

BIF4 v8116  builtin v4i16 bif4 ( v4116 a, v4i16 b) basosas onepanus [FFT-4 (X16)

AXJ4 | v8il6  builtin v8il6 axj4 (v8il6 a, v8il6 b) UeTpipe KOMIUIEKCHBIX CIIOKCHUS
C IpeBapUTEIbHBIM YMHOKEHUEM
OJTHOTO M3 OTIEPAHJIOB HA MHUMYIO
equHuny (X16)

SXJ4 v8il6  builtin v8il6 sxj4 ( v8il6 a, v8il6 b) UeTpipe KOMIUIEKCHBIX CIIOKCHUS

C TIpeIBApUTENLHBIM YMHOKCHHEM
OJTHOTO M3 OTEPAaHI0B HA MHUMYIO
enuauny (short)

[Tpumepsl porpamMm, WLTIOCTPUPYIOIIUX PUMeHeHue builtin-GpyHKIuni, MpuBeaeHBI B MPHIIOKEHUH 1.
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4. ACCEMBJIEPHBIE BCTABKHA

AccemOepHbIe BCTaBKH HCHOIB3YIOTCS A1l BCTpauBaHus B CH-IpOrpaMMBbl acCEMOJIEPHOTO KO-
1a, SIBHO 3aJaHHOro mporpamMuctoM. CopepxuMoe acceMOJIEpHON BCTaBKM HUKAaK KOMITMJIATOPOM He

AHAIIU3UPYETCA, HO UMECTCA BO3MOXXHOCTE OIIMCATh TO, KaAK 3TO COACPKHUMOC BSaHMOHeﬁCTByeT C mepe-

MeHHBIMH CH-ITPOrpaMMBbI U KaK U3MEHSITCSI PETUCTPBI MIOCIE BBIMOJIHEHUS 3TOTO aCCEMOJIEPHOTO KOJIa.

Hcnonbp3oBanue aCCCM6JI€pHLIX BCTaBOK MOKCT PCaJIn30BaTh HanboJee KPUTHYHBIC B OTHOLICHUHA

IMPOU3BOJUTCIIBHOCTH YaCTHU aJIl'OpUTMa. 9TO TO3BOJISET IIpOorpaMMHUCTy HE OIpaHUYIMUBATHECSA KOHCTPYK-

IUSMU KOMIIWIATOPA.
Jliist 0OBsiBIICHUST acCEeMOJICPHBIX BCTABOK B s13bIke C MCIONIb3YeTCS BCTpOeHHAs GyHKIHs asm().

OO0mmas CTpyKTypa acceMOJIEPHOI BCTABKH BBITJISIUT CIICIYIOIIUM 00pa3oMm:

asm volatile ( “code” : outputs : inputs : clobbers);

rae  code - accemOnepHast BCTaBKa;

outputs — CIMCOK BBIXOTHBIX OTICPAH]IOB;

inputs — CIIUCOK BXOJIHBIX ONIEPAH/IOB;

clobbers — ciCOK M3MEHSIEMBIX TTAPaMETPOB;

volatile — kiroueBoe ci1oBo volatile, HE06X0AMMO HCIOIB30BATh MPU ONMCAHUU acCEMOIEpHON
BCTaBKH ]IS SIBHOTO YKA3aHHUIO KOMITHJISITOPY Ha 3alpeT ONTHMH3AINK 00JIACTH KOJIa ¢ acCeMOJIepHOI
BCTaBKOM.

HpHMep HCIIOJIb30BaHUA aCC6M6HepHOI>’I BCTAaBKHU ITOKa3aH HUKC.

ITpumep 1
int main ()
{
int result=0, 1inl=10, in2=35;
asm volatile (

"maxml %1, %2, %0" // accemBjiepHas BCTaBKa
:"=r" (result) // BHIXOOHOWU OINEepaHm
:"r" (inl), "r" (in2) // BXOIHBIE OIEepPaHEl

) g
return 0;

}

CymectByeT 1 605ee KopoTkas opma:

asm volatile (“code”); (cm. npumep 2)
[Tpumep 2
asm volatile ("move dcsr, rll"); //Tnepechyika M3 permcTpa ylpaBJIeHUI

DCSR B permcTp IaHHBIX
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KiroueBoe ciioBo volatile ciy>xuT it TOro, 4To0bl yKa3aTb KOMIUJISTOPY, YTO BCTABISEMBIN ac-

ceMOJIEpHBIIl KOA MOXET AaBaTh NOOOUHbIE 3P PEKThI, TOITOMY MOMBITKA ONTUMH3AILMH MOTYT PUBECTU
K JIormueckuM omunoOkam. ONTUMH3ATOP MBITAETCS MEPEYNOPSIOUNUTh U MEpenucaTh KOJ MPOrpaMMBbl €
L[EJIbI0 MUHUMH3ALMU BPEMEHU HCIIOJIHEHUS XK€ B TOM Cllydae, KOIja B IpOrpaMMe MMEIOTCS acceM-
OnepHble BcTaBKU. Eciy Mexay MHCTpYKIMEH asm W ee OlepaHJaMH OTCYTCTBYET KIIIOYEBOE CJIOBO
volatile, To korna ontumMuzarop oOHAPYKUBAET, YTO PE3YNIbTAT UCTIOTHEHHUS aSM-UHCTPYKLIUUA HUTIE HE
UCIIOJIb3YETCS, OH MOXET MPOCTO UCKIIOYUTh €€ U3 TeKCTa mporpaMmel. JIr0o6as oTaenbHO B3sTas acceM-
OnepHas BCTaBKa MOXET OBITh IIEpeMeIlieHa CO CBOETO MECTa, M KpaiiHe TPYIHO yrajarh 3apaHee, KaK €0
pacriopsiguTcest ontumu3arop. [loaTomy HeoOXoanMo Beeraa ykaspIBaTh Ci10BO volatile mociie asm.

Ob6uacts “code” npeacrapisieT cOO0H CTPOKOBYIO KOHCTAHTY C aCCEMOJIEPHBIMU HHCTPYKIUSMHU.

Ecnu HeoOxo1uMMo HamumcaTh acCeMOJIEPHYIO BCTaBKY C HECKOJIBKMMU MHCTPYKIUSMU, HY)KHO UCIIOJIB30-
BaTh MEPEBOJ] CTPOKU M CUMBOJ Ta0yisinuu “\n\t” B IBHOM BHUJI€ B TEKCTE BCTaBKU. VlHaue B creHepupo-
BaHHOM acceMOyiepHOM (paiisie BCe CTPOKH “‘CKiesiTcs’” B OJHY (CM. Tipumep 3).

[Tpumep 3

asm volatile ( // result3 = in5*2.7+in4
"move %0, r2.l\n\t"
"move %1, r4.l\n\t"
"fmpy 2.7, r2.1, r6.1\n\t"
"fadd r4.1, r6.1l, %2\n\t"

:"=r" (result3) // BHIXOIHEIE OIEpPAaHIEl

"r" (ind),"r" (inb) // BXOIHBEIE OIEPAaHIE

) 8

B Tene BcTaBku MOTYT HAXOJUTHCS HE TOJIBKO aCC€M6J'I€pHBI€ HHCTPYKIMHU, HO U JII00BIE JUPECKTH-
BbI, pacrio3HaBaemble accemOiepoMm elcore-elvis-elf-as. [Ipumep 4 ncnonb3yer accemOIepHble HHCTPYK-
LU U AUPEKTHUBBHI.

[Tpumep 4
asm volatile (
".rept 3\n\t" //UUKINYECKOE BHIIOJIHEHME MHCTPYKLUMM Mexny .rept m .endr
3 paza
" move pc, r2\n\t"
" move r2, (al0)+\n\t"
".endr \n\t"

O6nacTe BXOAHBIX Y BBIXOAHBIX ONICPAHIOB UCITIOJIB3YIOTCA IJIA CBA3HU aCCCM6J'IepHI)IX HHCTPYK-

uuii ¢ nepeMmeHHbIMU Cu-1iporpamMmbl. Eciiu HET BBIXOJHBIX ONEPAH/IOB, HO €CTh BXOJHBIE, TO HY>KHO ITHU-
caTh JiBa CUMBOJIA ‘:’ TIepe]] CIIMCKOM BXOJIHBIX OIEPaHI0B.

Kaxxnprit onmvicaHHBIN OTMepaH i MOYKET MCIIOIh30BaThCS B aCCEMOJIEPHBIX HHCTPYKIIHMIX, 0Opaiie-
HUE K HEMY OCYILIECTBIISIETCS 10 HOMepYy ¢ npeduxcom %. Hymepanus naunnaercs ¢ 0, u uaeT Hemnpe-
PBIBHO, O0BEINHSAS BCE DJIIEMEHTHI CITMCKOB BBIXOAHBIX M BXOJIHBIX onepanaoB. HoMmepa npucBanBaoTcs B

MOPsIIKE OOBSIBIICHUS ONEPAHOB, €CIM OJWH W3 HHUX CChUIACTCS Ha JAPYroi, TO OH mpomyckaercs. %0
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OTHOCUTCS K MEpBOMY orepaHay (0ObIYHO BBIXOJHOMY), %1 KO BTOpOMY, U nanee 10 %9. B npumepe 1
accemOsepHas BctaBka ucnoib3dyer onepasisl 0, 1 u 2, rae %0 OTHOCHUTCS K BBIXOJHOMY OIEpaHay
"=r"(result), a %1 u %2 x BxonueiM onepangam "r'"(inl) u "r"(in2) cooTBETCTBEHHO.

CHHTaKCHC y BXOJHOTO ¥ BBIXOJTHOTO CITIUCKOB OMEPAHA0B OJIMHAKOBBIN — TEPEUYHCICHUE OIHCa-

HUI onepaHioB, pa3AeiEHHBIX 3amsaToi. Onrcanue onepania B 00IIEM ciydae UMEeT CIEAYIOUTHA BUT:

“constraints” (value) wunu “OrpaHuuyeHue TuUNa” (3HaAUEeHUE
ornnepaHIa)

3nauenue onepanaa (value) — 3to umsi Cu-nepeMeHHOM, 3HaUeHHE KOTOPOU MCTOIb3yeTCs B acce-
MOJIepHOI BcTaBke. i1 BBIXOHOTO OTepaHIa BRIpaKEHUE JIOJDKHO OBITH Ivalue.

Orpannyenue tuna (Hampumep "=r'") — cTpOKOBasi KOHCTAHTA, KOTOPAask OMUCHIBAET JAOMYCTUMBII
THUIl ONEpaH/ia U COCTOUT M3 OrpaHUuuTeNs U mMoaudukatopa. OrpaHUYUTENb OMUCHIBACTCS OYKBOU U
YKa3bIBa€T KOMITHJIATOPY, KaKUM YCIOBUSAM JOJKEH COOTBETCTBOBAThH JAHHBIN omepaHia. Bo3mokHbie
OTpaHUYCHUS:
o

. o0o3Hauaet 0001 perucTp JaHHBIX. Pasmep perucrpa BHIOMpaeTCss KOMIMIATOPOM aBTOMa-

TUYECKU UCX0As U3 pa3mepa AaHHbIX. (CM. nmpumep 4.3). Ilpu ncnosnb30BaHUM OrpaHUYEHUs ‘T
HE00X0AMMO TIOMHUTb, YTO KOMIMIATOP HE MPeoOpa30BhIBaeT acceMOJIepHYI0 BCTaBKY M JUIS ap-
xutekTypsl Elcore30m HEBO3MOXKHO SIBHO IepefaTh B acceMOJIEpHYIO BCTaBKY 8-OMTHYIO Imepe-
MEHHYIO.

e “rm” 00603Ha4aeT, YTo ornepaHy OyJaeT MOMEIIEH B NaMsTh (CM. IpUMEp 5) WU B PETUCTP JAaHHBIX.

e “ri” 0003HauaeT HEMOCPECTBEHHBIN ONEPaH]] UM PETUCTP TaHHBIX.

int inl=2, in2=3, result;
asm volatile ("addl %1, %2, %0" :"=r"(result) :"ri" (inl),"r" (in2));
npeoOpasyeTcs B

addl 0x2, r0.1, rl.1

(IS

e “rim” (mwim “g”’- “general”’-00muii) 0603HaYaeT JIMOO PETUCTP JAHHBIX, TUOO HETOCPEICTBEHHBIIN
orepan, 1100 MaMsTh.

MonudukaTop - 3T0 CUMBOII, KOTOPBI MPU HEOOXOAUMOCTHU JO0ABISIETCS MEPE] OTPAaHUIUTENIEM.
Omnepany 6e3 MoaudukaTopa TpakTyercs Kak «read-only»(9To 171 BXOIHBIX ONIEPAHIOB), MOIU(DHUKATOP
'=' nenmaeT onepaHa «write-only»(uIsi BBIXOIHBIX OMEpPaH/I0B), a MOAUGUKATOP '&' TOBOPHUT, YTO OTIEPAH]T
HCIIOB3YETCS TOJBKO KaK BBIXOA. MOXHO TakXe MCIOJIb30BaTh OJMH U TOT K€ PETUCTp IJs BBIXOJA U
Bxona. /[lnst aToro B orpaHnumuTene BXogHOro omnepanaa numetcs nudpa 0. Eciu Hy)eH emé peructp,
UCIOJIb3YEMBIN I BBIXOAA U BXOJa, TO B OIPaHUYMTENIE CICAYIOUIEr0 BXOAHOIO ONEpaHaa MUIIETCS

nudpa 1 u 1.1 (cM. mpumep 7).
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Ob6nacte Clobbers - cnucok HW3MEHSEMBIX PErHCTPOB, MOXKET OBITh OMYILEH B acceMOJIEpPHOM

BcraBke. CIHCOK M3MEHSEMBIX PETHCTPOB COJEPIKUT UMEHA PETHCTPOB, KOTOPBIC MCIIOJIB3YIOTCS Ha 3a-
IKCh B aCCEMOJICPHOI BCTaBKE, HO HE OOBSBIICHBI B CIIMCKAX ONEPaH0B. DTU PErUCTPBL, B Cliydyae HeoO-
XO0OAUMOCTH, 6y,ZLYT IMOMCIICHBI B CTCK IICPCJ BXOAOM BO BCTABKY U BBII'PYXKCHBI OGpaTHO II0CJIE BbIXOJA.
Kpome Toro, MokeT OBITh yKa3aHO CIIEIMATBHOE CIIOBO «memory» B clobbers, koTopoe moMumMo ykasa-
HHS KOMITUIISITOPY, YTO acceMOJiepHasi BCTaBKa U3MEHSET COACPKUMOE IaMsTH, O3HAYAET, YTO Te OInepa-
UM 0OpalleHuil B IaMsATh, KOTOPBIE CTOST BBIILIE 110 KOJY, B PE3YJIbTUPYIOIIEM MAIIMHHOM KOje OyayT
BBITIOJIHSATHCS JI0 TEX, KOTOPBIC CTOAT HIKE acceMOepHOit BctaBku. CieayeT u3derath MCIOIb30BAHHS
clobbers, Tak KaK 3TO CHIBHO CTECHSET CBOOOJY onTHMH3aropa. Hampumep, BpeMEHHbIE TIEpEMEHHBIC
Jydie oOBSBIATH BHE aCCEMOJICPHOM BCTABKH — 3TO MO3BOJIUT KOMIWISATOPY CAMOMY BBIOMpATh PEru-
CTPBI JJIsl UX XPaHCHHUSL.

B o6nactu clobbers Bo3aMoxHO yka3zath peructpsl 1aHHbIX r0.1-r31.1 u peructpsl agpecHoro rene-

paropa AGU (a0-a7, i0-17, m0-m7).
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5. OBPAIIIEHUE K BHEIIHEH IAMSITH

Apxutektypa DSP-sapa ELcore-30M mo3BossieT BBINOJIHATE OOpalieHue He TOJbKO K BHYTPEH-
Heli mamMaTi XYRAM, HO U K BHEIIHEH 110 (PU3UIECKOMY apecy.

KOMHI/IHHTOp B ABHOM BHJIC HC MMOAACPKUBACT YTCHUEC U 3alIMCh 110 BHCIIHUM aJgpe€CcaM. KO,Z[

int value = (*(volatile int*)addr)
rae addr — aJpec TYEHKU BHEIIHEN MTaMSITH, BBIITOJIHUTCS HEKOPPEKTHO.

IIpu oOpamenuu k BHewHeN namsati U3 DSP He00X0AMMO yUUTBIBATh apXUTEKTYPHbIE OTPaHUYEHUS
1) I[Ipu obOpareHnu K BHEIIHEH MaMsITH HEOOXOIMMO BUPTYaJIbHBIN aJpec MePEBOAUTh B (PU3HUUCCKHUI
2) Anpecanys K BHEITHEH aMsATH TaK)Ke CJIOBHAs
3) Buemnue anpeca ¢ 0x0000 mo Oxffff BxiIrOUMTENBHO HE MOANEPKUBAIOTCS, T.K. MEPEKPHIBAIOTCS C
BHYTpEeHHUMHU ajipecamu DSP-namsitu
Jis xoppekTHOro oOMeHa C BHEIIHEW MaMsIThbi0 HEOOXOJUMO HCIONb30BaTh (GyHKIUH read-

FromExtMem, writeToExtMem, KOTOpble YYUTHIBAIOT YKa3aHHbIE apXUTEKTYPHbIE OCOOECHHOCTH.

#define PADDR (a) (a&Ox7fffffff)

/*
* Function: int readFromExtMem (int addr)
* Description: loads value from external memory.
* Input: addr - address of external memory, must be aligned at 4
* Qutput: int - loaded value
*/
int readFromExtMem (int addr)
{
int val = 0;
addr = PADDR (addr) ;

asm volatile("1lsrl 2, %0, r6.1"::"r" (addr));
asm volatile("move r6.1, ab5.1":::"a5.1");
asm volatile ("move (a5.1), r6.1");

asm volatile("move r6.1, %0":"=r" (val)):;

return val;

/*
* Function: void writeToExtMem (int addr, int value)
* Description: loads value into external memory.
* Input: addr - address of external memory, must be aligned at 4
*

value - value to store
)
volid writeToExtMem (int addr, int value)
{
addr = PADDR (addr) ;

asm volatile("1lsrl 2, %0, r6.1"::"r" (addr));
asm volatile("move r6.1, a5.1":::"a5.1");
asm volatile ("move %0, (a5.1)"::"r" (value)):;
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1. HPUJIOKEHMHE 1. IIpumepsl nporpamm ¢ builtin-gpynkuusimmu

1.1. IPUMEP 1. bunapubie onepauuu Hag MaccuBamu short

// mHamTu sum0 = al+b0+al+bl+.+a31+b31 (maccusBe short a[32] m short b[32])
// HamTu suml (a0-b0)+ (al-bl) +..+ (a31-b31)

// HamTu sum2 |a0-b0|+|al-bl|+.+|a31-b31|

// HamTu sum3 = c0*d0+cl*dl+..+c31*d31 (mMmaccuBel short c[32] m short d[32])

#include "attribute.h"

short a[32]  attribute ((aligned(16))) = {1};
short b[32]  attribute ((aligned(1l6))) = {2};
short c[32]  attribute ((aligned(1l6))) = {3};
short d[32]  attribute ((aligned(1l6))) = {4};
int sum0=0;
int suml=0;
int sum2=0;
int sum3=0;
int main ()
{
int i, s0, sl, s2, s3;
v8ile *al = (v8il6*)a
v8ile *bl = (v8ilo*)b
vdile *cl = (v4ilo6*)c;
v4dile *dl = (v4ilo*)d;
for (1 = 0; 1 < 4; 1i++4)
{
v8il6 add = builtin v8il6 add(al[i],bl[i]);
sO = builtin v8il6 sum(add);
sumO0 = sumO + sO;
v8il6 sub = builtin v8ilé6 sub(al[i],bl[i]);
v2il6 sl = bUlltln v8116 Sum42(sub);
suml = suml + s1[0] + sl[l]
v81il6 subabs = builtin v8il6 subabs(al[i],bl[i]);
vdile s2 = builtin v8i1l6 sum24 (subabs) ;

sum2 = sum2 + s2[0] + s2[1] + s2[2] + s2[3];:

for (1 = 0; 1 < 8; 1i++)

v4i32 mul = builtin v4il6 mul(cl[i],d1[i]);
s3 = builtin v4i32 sum(mul) ;
sum3 = sum3 + s3;

}

return 0;
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€33ABUC

//
//

#in

int
int
int
int
int

{

1.2. IIPUMEP 2. buHapHble onepauyu HaJi MaccuBaMH int

HaTy sum0 = al0+b0+al+bl+..+a31+b31 (Mmaccueel 1nt a[32] m int b[32])
HamTty suml = (c0-dO)+ (cl-bl)+..+(c31-d31) (MaccuBel 1nt c[32] m int d[32])
clude "attribute.h"

al[32]  attribute ((aligned(16))) = {1};

bl[32] attribute ((aligned(16))) = {2};

sum0=0;

suml=0;

main ()

int i, s0, sl;

v4i32 *al =(v4i32*)a;
v4i32 *bl =(v4i32*)b;
v21i32 *cl =(v2i32*)c;
v2i32 *dl =(v2i32*)d;

for (i = 0; i < 8; i++)

{

v4i32 add = builtin v4i32 add(al[i],bl[i]);
sO = builtin v4i32 sum(add);
sumO = sum0 + sO0;

for (1 = 0; 1 < 16; i++)

v2i32 sub = builtin v2i32 sub(cl[i],dl[i]);
suml = suml + sub[0] + sub[l];
}

return O;
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1.3. IPUMEP 3. Ilouck MUHMMYMa, MAKCHMYMA U UX HHIEKCOB B MacCHBe

// Hanty B Maccuee u3 200 umcesn (50 BEKTOPOB M3 UETHPEX uUMCe] B dopMaTe
short) MakcyMaJIbHOE UMCJIO M €T'0 HOMEP, MMHMMAJIBHOE UYMCJIO M eT'0 HOMEDP
#include "attribute.h"

short x[200]  attribute ((aligned(8))) ={336,-968,-796,-271,444,-680,-693, -
©35,=828,576,=793,=24,250,359,=908, 998, 727,=950,=134 ,=10,762, 583,891 ,=764,=
257,-601,607,745,554,786,-16,723,-916,660,402,299,546,-284,398,843,-23,-737, -
847,-618,-537,908,-361,738,213,-93,46,-654,-967,-893,171,-77,-174,-219, -
621,431,649,796,587,479,-518, 648,-655,399,983,-184,512,354,-403,987, -
447,996,-150,-437,732,-500,-86,22,-4,517,766,808,771,859,304,57,10,959, 225, -
170,-45,935,-718,174,937,-728,-784,417,441,-24,753,776,258,202,434, -
57,201,473,704,963,-801,223,475,-941,-997,-467,-860,262,62,-929,-7,-549, -
675,-428,-770,941,-498,-878,578,-285,773,-385,653,-820,546,-148,107, -
184,437,682,196,-682,329,399,-447,-864,490,-725, -
204,964,782,725,274,130,490,-793,561,-822,297,112,-486,-436,909,765,254,28, -
371,253,=628,=657,=872,983,=500,=47,=520,=562,753,206, 904 ,=754,46%,=252,839,=
916,-740,228,-961,992,755,-866,-237,368,87,702,801,8};

v4i1l6 resultO0 = {0x8000,0,0,0};
v4il6e resultl {0x7f£f£,0,0,0%};
int main ()

{

short i, pos = 0;
v4dile *x1 = (v4ilo*)x;
for (i = 0; 1 < 50; i++)
{
resultO = Dbuiltin v4il6 max(pos, x1[i], resultO);
resultl = builtin v4il6 min(pos, x1[i], resultl);
pos = pos+4;
}
return pos;

}

// MakcmMasbHoe umcyio 998 ¢ HomepoMm 15, MmmHMManbHOe umciyo —997 ¢ Homepom 118
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1.4, IPUMEP 4. bunapubie onepauuu Haa MaccuBamu float

// Havty sum0 = al+b0+al+bl+..+a31+b31 (MaccuBe float a[32] m float b[32])
// Hamty suml = (c x a0 - b0) + (¢ x al - bl) +.. + (c x a3l - b31) (MaccuUBH
float a[32] m float b[32], xoHcTaHTa float c)

// HavTty sum2 = a0xb0 + alxbl +..+ a31xb31 (mMaccueel float a[32] m float
b[32])

#include "attribute.h"

float  extractel v4£32(v4£32, int);

float a[32]  attribute ((aligned(16))) ={105.33, 109.76, 183.33,
164.40, 81.99, 111.39, 75.72, 192.85, 71.22, 165.73, -18.31, 81.05, 186.80,
103.75, -0.36, -3.14, 171.63, 67.68, 174.74, 24.05, 97.00, 73.53, 94.65, -
14.31, 48.52, 1.47, 35.45, 66.68, 29.45, 21.11, 149.33, 116.68};

float b[32]  attribute ((aligned(1l6))) ={106.25, 61.06, 160.92, 130.14,
130.09, 118.60, 73.40, 28.90, 106.87, 191.85, 158.38, 93.36, 50.87, 149.11,
96.55, 45.45, 35.07, -15.%6, 32.27, 57.29, 16.70, 39.19, 148.09, -16.30, -
13.14, 39.50, 103.47, %92.29, -12.33, 49.08, 115.84, 136.69};

float sum0 = 0;
float suml = 0;
float sum2 0;

int main ()
{
int 1i;
float s, ¢ = 2.8;
v4af32 *al = (v4f32*)a;
v4f£f32 *bl = (v4f32*)b;

for (i = 0; i < 8; i++)
{
v4£32 add = builtin v4f32 add(al[i],bl[i]);
sum = sum +  extractel v4f32(add, 0) + extractel v4f32(add, 1)
+ extractel v4f32(add, 2) + extractel v4f32(add, 3);

v4f32 n = builtin cv4£32 mul(c,alli]);

v4f32 sub = builtin v4£f32 sub(n,bl[i]);

suml = suml +  extractel v4f32(sub, 0) + extractel v4f32(sub,
1) + extractel v4f32(sub, 2) + extractel v4f32(sub, 3);

v4f32 mul = builtin v4f32 mul(al[i],bl[i]);
sum2 = sum2 +  extractel v4f32(mul, 0) + extractel v4f32 (mul,
1) + extractel v4f32(mul, 2) + extractel v4£32 (mul, 3);
}

return 0;
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1.5. IIPUMEP 5. bunapHble onepanuy HaJl MACCUBAMM KOMILJIEKCHBIX YHCeJ

// wHantm sumO = a0+b0+al+bl+..+ a30+b30 + a31+b31 (maccusBe float a[32] m
float b[32])
// HavTu suml
float b[32])
// HavTtu sum?2 = al-bl+a0-b0+al+bl+a0+b0+..+ a31l+b31 + a30+b30 (maccusBer float
al[32] m float b[32])

// Hantu sm = (al-b0)-(al0+bl)-(al+b0)-(al0-bl)-.- (a31+b30) - (a30-b31)
(Mmaccupel float a[32] m float b[32])

a0-b0+al-bl+..+ a30-b30 + a3l-b31l (mMmaccuBer float a[32] u

#include "attribute.h"

float  extractel v4£32(v4£32, int);
float a[32] ={1.0f};

float b[32] ={2.0f};

float sumO0 = 0O;

float suml = 0;
float sum2?2 = 0;
float sm = 0;

int main ()

{
int 1i;
v2£32 *al = (v2f32*)a;
v2£32 *bl = (v2£f32*)b;

for (1 = 0; 1 < 16; 1i++)

{
v2f£32 fadd = builtin cmplx fadd(al[i],bl[i]);
sumO0 = sumO + fadd[0] + fadd[l];

v2f£32 fsub = builtin cmplx fsub(al[i],bl[i]);
suml = suml + fsub[0] + fsubl[l];

v4£32 fadds = builtin cmplx faddsub(al[i],bl[i]);
sum2 = sum2 + extractel v4f32(fadds, 0) +

__extractel v4f32(fadds,1l)+ extractel v4£f32(fadds,

2)+ extractel v4f32(fadds, 3);

v4f32 faddsc = builtin cmplx faddsubconj (al[i],b1[i]);
sm = sm -  extractel v4f32(faddsc, 0) —
___extractel v4f32(faddsc, 1)- extractel v4f32(faddsc, 2)-

___extractel v4f32(faddsc, 3);
}

return 0;

}
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Bepcust nokymenra

2.01

PeI[aKTI/IPOBaHI/Ie BCCTO JOKYMCHTA. OT,Z[CJ'IGHI/Ie corjiamcHuss O BBI3O-

Bax B OT/ICJIbHBIN (paiii.

2.02

B pazgen «3.3 Cnucok builtin-¢pyHKuuii» BHECEHO OTpaHUYEHHUE Ha
BBIPOBHEHHOCTh YyKa3aTellel Npu NpeoOpa3oBaHMM K TUHaMm Vv2il6,
v2i32, u T.4. B npuioxenun 1 cOOTBETCTBYIOIIUM O00Opa3oM HUCIpaB-

JICHBI ITPUMCPHEI.

2.03 (4.05.2016)

Ho6arnen pazaen «5. ObpaleHre K BHEITHEH MTaMsITH.»
B pazgen «4. AccemOiiepHble BCTaBKH» PEKOMEHAAIUS 00 HCIIOIb30-
BaHuM volatile ¢ acceMOnepHO BCTaBKOM ykazaHa Kak HeoOXoaumasi,

n00aBJIeH CHHUCOK MOJIEPKUBAEMBIX PETUCTPOB B oOsiactu clobbers

2.04 (20.12.2016)

B pasaciic 4 I[O68.BJ'I6HO YTOUHCHHUEC O HCBO3MOXHOCTHU HCIIOJIB30BAHUSA 8-

OUTHBIX ICPEMCHHBIX B acceM6nepH01“4 BCTAaBKC
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