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1. OBIME CBEIEHUA O ITPOT'PAMME

HaumenoBanue NnporpaMmmal

[IporoTumn oHnalH-reHepaTopa TECTOBBIX IPOTrPaMM JJII MUKPOIIPOLIECCOPOB.
HaumeHnoBanue nporpamMmsl Ha AHIJIMIICKOM fI3bIKe

Prototype of Online Test Program Generator for Microprocessors.
(I)yHKIIHOHaJII)HOC Ha3HaA4YCcHUue

[Iporpamma mpenoOCTaBIIsIET BO3MOXKHOCTH T€HEpPAllMM M WCIIOJHEHUS TECTOBBIX IMOCIEIOBATEIBHOCTEH U3
MHCTPYKIIMH IeJICBONH MHKpOIporeccopHoii apxutektrypsl (Instruction Set Architecture, ISA) Bepudpunmpyemoit
cucteMbl (10 ymojuaHuio mpenoctasisiercss peanmmzanus  RISC-V  RV32l-coBmectumoii wmomenu  [1]
MUKpOIIPOIECCopa), a TaKKe BBIHECEHUS BEPAUKTA O KOPPEKTHOCTH pabOThl MCHOJB3YIOIIUXCS B TecTax
MHCTPYKIIMH HAa OCHOBE CPaBHEHUS PE3YJIbTATOB BBIMOJHEHHS JBYX (YHKIIMOHAIBHO KBHBAJCHTHBIX B paMKax

3aIaHHBIX ITpaBUJI HOCHG}IOBaTeHBHOCTeﬁ.
3KCII.HyaTaIII/[0HHOC Ha3HaA4YCHHE

[Iporpamma MOXKET SIBISATBCSI KOMIIOHEHTOM OoJiee OOMIMPHOTO KOMIUIEKCA MPOTPAMMHBIX CPEICTB ISt
BepudHKanuu MHKporporeccopoB [3], yckopsis paboTy pa3pabOTYMKOB MHKPOIPOIIECCOPOB IMOCPEACTBOM
ABTOMAaTUYECKOW TeHepalil TECTOBBIX IOCIEAOBATENIBHOCTEH W3 MHCTPYKIud meneBoi ISA (¢ wux
HETIOCPEJICTBCHHBIM HMCIIOJTHEHUEM) U COOTBETCTBYIOIIMX MM BXOJHBIX JAaHHBIX 110 YCTAHOBJICHHBIM 3apaHee

IIpUHOUIIaM.

B wactHOCTH, TpOTpaMMa MOKET TPUMEHSTHCSI B OTHOLICHHH ITPOTPAMMHPYEMBIX JIOTHYECKUX HHTETPAITBHBIX CXEM
(ITJIMC), macTpoeHHo# Ha paboTy ¢ meneBoi |SA, mpu ’TOM CaMOCTOSTENILHO pean3ysi HEOOXOIUMbIE € CEpBHUCHI

OTIEPAIMOHHOM CHCTEMBI 10 paboTe C MaMSIThIO, €CIIM TAKOBBIE TOHAA00SITCSL.
CocTaB BbINOJHSEMBbIX IPOrpaMmMoi GyHKIMi

- Hcnonb3oBaHue MoJsib30BaTeNbCKUX onucanuit ISA tectupyemoil mMojenu MUKpompolieccopa, JIOTUKU
U3MEHEeHMsT (MyTauui) TeHEepUpYeMbIX IOCIeI0BaTeIbHOCTEH HMHCTPYKIHM, JIOTUKM CpaBHEHMS
pE3yJIbTAaTOB BBIIIOJIHEHNS OpPUTMHAJIBHOM W M3MEHEHHOW IIOCIEA0BAaTENbHOCTEN WHCTPYKLIUN i
olpeieNieHus crnenn(uKd KOHKPETHOIO I'eHeparopa, a Takke Mojeneil (11abloHOB) YacTUYHO 3aJJaHHbBIX

TECTOB U CTPOTO 33.(1)I/IKCI/Ip0BaHHBIX TECTOB,

Hsm. JInucr Ne jok. Tlomm. JlaTa
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- IlocnenoBarenbHas reHepalusi IMOCIEAOBATEIbLHOCTEN W3 MHCTPYKLMM LENEeBONM apXUTEKTypbl Habopa
KOMaHJ| [0 IPEAOCTaBICHHBIM MOJEISAM YaCTUYHO 33JaHHBIX TECTOB (11a0JIOHOB) C MOATOTOBKOM
TpeOyeMBIX JUIS UX MOJIHOTO OTIPE/ICICHNUS BXOIHBIX JAaHHBIX

- IlocnenoBarenbHasi reHepanusi IMOCIEAOBATEIbLHOCTEN W3 MHCTPYKIMM LENeBOH apXUTEKTypbl Habopa
KOMaH/I 110 ONUCAaHUSAM CTPOTo 3a(MKCHUPOBAHHBIX TECTOB,;

- Hcnonp3oBaHue moJb30BaTENbCKOTO ONMCAHUS JIOTUKM MYTAlMM IIOCIIEIOBATEIBHOCTEN T'€HEPUPYEMBIX
MHCTPYKUMH A7 MX U3MEHEHHUS B I'PaHULAX MCXOJHOTIO YPOBHS (DYHKIIMOHAJIbHOM SKBHBAJIEHTHOCTH U
JATBHEUIIIETO CPAaBHEHUsSI PE3YJbTATOB BBINOJHEHUS KAKIOW CTEHEPUPOBAHHOM MOCIEN0BATEIBHOCTH
MHCTPYKLUH LEJIEBON apXUTEKTYPbl KOMaH/ C €€ N3MEHEHHOM BEPCHUEH;

- IloaroroBka M BBIBOJ WTOTOBBIX BEPAMKTOB OO YCIEUIHOCTH BBIIIOJHEHUS TECTUPYEMBIM MPOTOTUIIOM
MHKPOIPOIIECCOPA KAXKION CreHEPUPOBAHHOM MOCIEA0BATEIIBHOCTA HHCTPYKIIMM U €€ U3MEHEHHOW BEPCUH

I10 33JTaHHBIM IIPaBUJIAM CPABHEHUSI.
TpedoBanus k cocTaBy U MapaMeTPaM TEXHHYECKUX CPEACTB
Jlyig ycrienmHo# KOMIUJISIIIUY TPOTpaMMBbl TPeOyeTCs CIIEYIOIUN COCTaB TEXHUYECKUX CPEJICTB!

- Kowmmbrorep ¢ 0HOM U3 YCTaHOBIIEHHBIX OMEPAMOHHBIX crcTeM — Linux (x86-64) wiu Linux (ARMG64);

- Hannuue ve menee 100Mb cBoOOTHOTO MecTa Ha KECTKOM JTUCKE KOMITBIOTEPA.
NHupie TpeOoBaHMs COBMAIAIOT C CHCTEMHBIMH TPEOOBAHUSMHU YKa3aHHBIX OMEPAIMOHHBIX CUCTEM.

HOCKOHBKy CKOMHI/IJ'II/IPOBaHHHﬁ IIPOTOTHUII I'€HEPATOPA 6y,I[eT HCII0JIB30BaTh CTATUYCCKYIO IIaMsTh B riI00aabHOM
obnactH BHUAMMOCTH B 3aBUCHUMOCTH OT Tpe60BaHI/II71 caMOro II0Jb30BaTcCJIsd (OHI/ICBIBaCTCH Ha60p0M
HCIIOJIB3YIOIUXCA PETUCTPOB B paMKax TeCTpreMOﬁ CUCTEMBI, KOJTHYECCTBOM TCCTOB U I/ITepaHI/Iﬁ JJI1 OTACIIBHBIX
TCCTOB, 00BEMOM MaMATU AJI BBIT'PY3KH PE3YIbTAaTOB OTACIBHBIX TCCTOB U TaK I[aﬂee), HUTOrOBOC MaKCUMAaJIbHOC

OI'PaHUYCHUC HA 00BeM OHepaTHBHOﬁ MIaMATH HE MOXKET OBITh C(I)OpMy.]'II/IPOBaHO OJHO3HA4YHO.

B ciydae 3amycka reHeparopa Ha ypoBHe bare-metal cucremsl (Hampumep, ¢ ucnosb3oBanueM ITJIMC), moryt
MoTpeOOBaThCs YCIOBUS COBMECTUMOCTH amMapaTHOr0 OOEeCledYeHHs] C CYIIECTBYIOIIMMH MPOrPaMMHBIMH
pEelIeHUMH JUIS BBIACTICHUS PErHOHOB OINEPAaTUBHOM MaMsTH, UCIHOJb3yeMOW B TEHEpaTtope, a TakkKe Ui

BO3MOYXHOCTH U3y4YUTh BBITPYKCHHBIE T€HEPATOPOM JAHHBIE BEPJUKTOB O BBINIOJIHEHHBIX TECTAX.
TpeOoBanus Kk cocTaBy M MapaMeTpaM POrPaMMHBIX CPEICTB

Jlnist ycrenHoM KOMIMIISILIMY IPOTpaMMBbl TpeOyeTcst caelyIoluil cocTaB MPOrpaMMHBIX CPEJICTB

Hsm. JInucr Ne jok. Tlomm. JlaTa
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- Kpocc-komnumsatop sizeika Cu (cranmapt C99) ¢ renepammeidl koja, COBMECTHMOIO C TECTUPYEMbBIM
MIPOTOTHIIOM MHUKPOIIpoIieccopa Ha ypoBHE ero ISA,
- Cucrema CMake[2] ¢ OTKpBITBIM HCXOIHBIM KOJIOM Il KPOCCILIAT(GOPMEHHOIO OIMKCaHHs Ipoliecca

KOMITHJISIITIM HCXOTHOTO KoJia Ha si3bike Cu Bepcuu 3.16 wim OoJiee mo3THei.

Ecnu xe 3amyck rerepatopa OyJneT MPOU3BOJAUTHCS B paMKax 3MYJISITOpa MUKpOMpOIeccopa ¢ OMIMOHAIbHBIM
(iraroM BBIBOJIAa COMTPOBOKIAIONINX U OTJIAJIOYHBIX COOOIIEHHA, TO BI0OABOK K BBHIIICYIIOMSHYTHIM TPEOOBAHUAM

no0aBUTCS U TpEOOBAHNE COBMECTUMOCTH C HAOOPOM MHTEP(ECOB CHCTEMHBIX BEI30BOB B paMKkax cranmapTa C99.
Onncanne UCnoJIb3yeMOro MaTeMaTH4Y€CKOro anmnapara

B KoHTeKcTe MOoCTaBIEHHOM 3a/1a4M pa3/IeNsIFoTCs IB€ OCHOBHBIE I'PYIIIBI TECTOB: YaCTHUYHO 33JaHHbIE (11a0JI0OHbI)
u cTporo 3auKcUpoBaHHbIE. B paMKax JUHAMHUYECKOTO TECTUPOBAHUS ropasfo YPQPeKTUBHEE UMETh OOJBIION
00BbeM pa3zHOOOpa3HBIX TECTOB, IJI€ TECTOBBIE MOCIEA0BATEILHOCTH MHCTPYKIMI MCIOJIB3YIOT pa3Hble BXOJHbBIE
naHHple. CyliecTByeT BO3MOYKHOCTb ONMCAaTh HEKOTOPBIM 00pa3oM Ha0Op TECTOB, YTO B COBOKYIHOCTH C
MOJICTAHOBKOM TMCEBIOCTYYalHBIX BXOJHBIX JaHHBIX (ecnu Takoe TpeOyercs) W OOJBIIMM KOJIMYECTBOM HX
UTEpalUi MPEeIOCTaBISIET BO3MOXHOCTh IOJYYUTh CYIIECTBEHHOE KOJMYECTBO PACCMOTPEHHBIX CIy4aeB
MOBEJICHUsI TECTUPYEMOTO IPOTOTHUIIA MUKPOIIPOLIECCOpa, TPEOYIOIUX KOPPEKTHOTO BBIOJIHEHUS UCIIOIb3YEMBIX

omnepanuii — mog00HbIe HA0OPHI TECTOB MPEICTABIISACTCS MA0JIOHAMH.

C npyroit CTOpOHBI, HEKOTOPBIE OTIENbHBIE CIydau OXKUIAEMOIO MOBEIEHUS MHUKPOIIPOLIECCOpa JOCTATOYHO
TPYIHO CIe€HEpUPOBATH CPEACTBAMHU IeHEepaTopa MCeBAOCIYYaHBIX MOCIEOBATEILHOCTEN YHCEeN 3a CUET MaJloi
BEPOSITHOCTH CO3JaHUSI UX TOYHBIX KOMHM, 2 TOTOMY HEKOTOPBIE CIIy4au JOCTATOYHO PACCMOTPETh POBHO OJIUH pa3
— HMMEHHO B TaKyl0 KaTeropuio TECTOB IOMaJaloT CTPOro 3a(UKCHPOBAHHBIE TECTHI, 3aJAIOLIUE YETKYIO

IoCIaca0oBaTCIIbHOCTD I/IHCprKHI/Iﬁ 0e3 IMPOMYIICHHBIX BXOJHBIX JaHHBIX.

3aMeTUM HEKOTOPYIO CUCTEMAaTUYHOCTb, UTO Jit00asi TECTOBask MOCIEA0BATEIbHOCTh HHCTPYKIUN MPEICTaBUMA B
BHUJIE HEKOTOPOM MEPECTaHOBKH HaJ d3J€MEHTaMU OOJbIlIed COBOKYMHOCTH HMHCTPYKUUH C OMpeaesIeHHBIMHU
MpaBUJIAMH M3BJICUYCHUS MHCTPYKIMH U1 IEPECTAaHOBKH, a Ta COBOKYITHOCTb, B CBOIO OUYE€pPE/Ib, OTPEACIseTCS Ha
OCHOBE 00pabOTKM JPYrMX COBOKYIHOCTEH HHCTPYKIMH — B pamMKax BBIPAOOTAaHHOW TEPMHHOJIOTHH
B3aUMO/JICHCTBUSL ¢ YACTUYHO 3aJaHHBIMU T€CTaMHU MOJOOHBIE COBOKYMHOCTH MHCTPYKIIMHA TMOJYYWUIH Ha3BaHHE

WaobnonHbIX 0110K08, a TIPOIIeCcC TeHepaluy MepPecTaHOBKU MHCTPYKIMM OJI0Ka ¢ ONpeeeHHbIMU NpaBUIaMu MX

W3BJICUEHUS TTOTYYUIT Ha3BaHUE 00paOOmKU.

Takum o6pa30M, MOXXHO HpI/II>'ITI/I K OCHOBHOHN wHaee I OIHCAaHUI 1a0JI0HOB reaepauuu  TECTOBBIX

MOCJIeI0BaTEIbHOCTEMN HHCpr’I(LIHfI, KOTOpasa UCIOJIb3YCTCA 110 aHAJIOTHU, HAIIPUMCED, B IIPOTPaMMHOM KOMIIJICKCC

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata




8
RU.17701729.04.04-01 32 01-1
MicroTESK: 1mabinoH reHepalyu TECTOBBIX HWHCTPYKLUI OIMCBHIBACTCS Yepe3 HEPapXUYECKy CTPYKTYPY

crenupuIeckux MabIOHHBIX OIIOKOB (depeso wiabiona), rae it oOpabOTKHM KOHKPETHOTO OJoKa B TIEPBYIO

ouepenp Tpedyercss 00paboTaTh BCEe €ro BIIOKEHHBIE OJOKH (WMJIM OCYIIECTBUTH HEMOCPEICTBEHHYIO 00paboTKy
WHCTPYKIUH CaMOT0 KOHKPETHOTO OJIOKA, €CIIN KaKue-1100 BIOKEHHBIE OJJIOKH OTCYTCTBYIOT), HA OCHOBE KOTOPBIX
OyIeT reHeprpOBaThLCS MOCIEA0BATEIHFHOCTh MHCTPYKITUH IS TEKYIIETO 0JIOKA — 3TO 03HAYAET, YTO P 00padOTKe
camoro BHEIIHETo 0JI0Ka (1J11 KOTOPOTO BCE OCTalIbHbIE OJI0KH OyyT CUMTATHCS BIOKEHHBIMU U UTO HUKAKOM OJIOK
HE WMEET caMblii BHEUIHUW OJIOK B YHWCJIE CBOUX BIJIOKEHHBIX OJIOKOB) BCE OCTaJbHBIC OJIOKH OyIyT yxKe

00paboTaHsbI.

Ha vypoBHe 00pa®OTKM OJI0OKAa CUMTAETCA, YTO €Ciau OJOK He o0JamaeT BJIOKEHHBIMHA OJIoKaMHu, a o0sagaer

HEMMOCPCACTBECHHBIM Ha6ODOM HHCTPYKIIHH (B JIPEBOBUJIHON CTPYKTYPE CBEPXY BHHM3 OT CAMOTO BHEIIHETO OyoKa

Takue OJOKM OVAVT pacriojararbCsa B cCaMOM HH3Y) Ul 00pa0OTKH, TO ATOT HA0OD MHCTPVKIIMUA OVIIET CUNTATHCS

HESIBHO IMPUHAJUISKAIIINM HEKOTOPOMY (€ IMHCTBEHHOMY) BJIOKEHHOMY OJIOKY.

Ha momMeHT HammcaHus HACTOAIICTO JOKYMCHTA mradJIOHHEIE OJOKH MOTYT COOTBCTCTBOBAThH OJHOMY M3 ABYX

THUTIOB; Sequence mian Pool COOTBETCTBEHHO.

Tun mrabmorHOTO 6J10Ka SEQUENCE TIPEAMUCHIBACT, YTO WHCTPYKIINHU, HAXOISAIINECS HEITOCPEACTBEHHO Ha YPOBHE
camMoro Sequence-6yioka wid B JIIOOOM 00paboTaHHOM OJIOKE W3 YHWCia BJIOXKEHHBIX, OyayT 3aUKCHPOBAHBI B
WUTOTOBOM IEPEeCTAaHOBKE WHCTPYKIMH TOYHO TaK K€, KaK OHM M ObUIM 3aMKCHPOBAHBI HAa MOMEHT Hayala
00paboTkn Sequence-60ka ¢ coXpaHEHHWEeM HCXOJIHOW ouepeaHoctu. HedopmanbpHO TOBOps, THI Sequence
ONHUCHIBACT YOPAAOYEHHOE (MYJIbTH)MHOKECTBO MHCTPYKIMii. JIroOble BCcoMoraTenbHble ()Iard U IapaMeTpel,

KOTOPBIMH MOeET 00J1a/1aTh SEqUENCe-0JI0K, UTHOPUPYIOTCSL.

Tun mabaouHOTrO 6110Ka POOI MpeAMChIBACT, YTO MHCTPYKIIUHU, HAXOIAIIMECS HEMOCPEACTBEHHO Ha YPOBHE CAMOTO
pool-6ioka wiau B J1F000M 00pabOTaHHOM OJIOKE M3 YHCIA BIIOKEHHBIX, OYIyT BKIIOYEHBI B HTOTOBYIO
MEPECTAHOBKY B OIPEICICHHOM KOJUYECTBE HAa OCHOBE OTPE/ICICHHBIX MPaBHJ, 3a()MKCUPOBAHHBIX HA YPOBHE

0J10Ka BCIOMOI'aTeIbHLIMHU q)HaFaMI/I.
K taxum BCriomMoraTenbHBIM (1).]'[3.1" aM OTHOCSTCS.

BLI60p TOTOBBIX OJIOKOB — BMECTO TOTO, YTOOBI BKJIIOYATH OTACJIbHBIC MHCTPYKIHU B IICPECTAHOBKY, 6y,HYT

BBIOMpAThCs cpa3zy 0OpaboTaHHbIe OJ0KM HHCTPYKLIUH;

! 3aBHCHT OT TOrO, OBLIN JIX B N3HAYAILHOM OJIOKE IOJHOCTBIO HNJICHTUYHBIC MHCTPYKIINH 0e3 He3aIOJIHEHHBIX TOJIEH.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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B03M0OXHOCTH OBTOPHO BBIOMPATh IEMEHTHI (OJOKH/MHCTPYKIMH) — IPEAOCTABISCTCS BOZMOXKHOCTh BKIIIOYATh

OJIHY M Ty € MHCTPYKIIMIO WIH OJIOK B UTOTOBYIO IIEPECTaHOBKY JBa U OoJjee pas;

OTKIIIOYCHHE yUeTa OTHOCHUTEIIBHOTO MOpsiaKa (0J0KOB/MHCTPYKIIHIA) — BMECTO TOTO, YTOOBI BHIOMPATh 3JIEMEHTHI
C Y4ETOM UX OTHOCHTEIHHOTO PACIOJIOKEHHUS, OHU OYIyT BBIOMPATHCS HE3aBUCHUMO OT HEro (BHIOpaB JJIEMEHT,

HUKAKOM 2JIEMEHT JI0 Hero He OyJeT BBIOpaH BIIOCIICIACTBHH ).

Bce BeimeynoMsHyThie (h1ard Mo YMOJIYAHHIO HE MCIONB3YIOTCS, a 3HAYHUT, B TAKOM ClIydae OyAyT BBIOMpATHCS
MHCTPYKIMU 0€3 MOBTOPOB M C YYETOM MX OTHOCUTEJIBHOTO CieoBaHUs. MOXHO yTBEpXkAaTh, YTO BBIOMpas
CTOJIBKO K€ MHCTPYKLUI OJIOKOB WJIM caMUX OJIOKOB, CKOJIBKO M OBUIO BCEr0 M3 UUCIIA BIIOXKEHHBIX OJIOKOB, C
COXPAaHEHHEM OTHOCHUTEIBHOIO MOpsiKa U OTCYTCTBHEM MOBTOPOB 00paboTka OyAeT MPOUCXOAUTH aHAJIOTUYHO

sequence-0oKy.

Hedopmansno roBops, Tum pool omwceiBaeT (ymopsimoueHHOE) (MYJIbTH)MHOKECTBO HMHCTPYKIHMMA. 3a
UCKJIIOYEHHEM I[apaMeTpOB KOJUYECTBA BBIOMPAEMBIX JJIEMEHTOB M HCHOJB3yeMbIX (haroB JitoOble Ipyrue

rapamMeTpbl ATHOPUPYIOTCSL.

[Ipu 06paboTke BIOKEHHBIX OJOKOB C OOIIUM BHEITHUM OJOKOM TMOPSAOK UX 00pabOTKE COOTBETCTBYET TOMY

MOPSIIKY, KOTOPBIN HCIOIb30BANICS MTPH ONMUCAHUH OJIOKOB M3HAYAIIBHO.

Crenyroliee MpeICTaBICHUE JEMOHCTPUPYET MPHMEP OMHCAHHs HEKOTOPOro TECTOBOro MmabioHa (YUCio B
CKOOKax 0003HayaeT HEKOTOPBI YHUKAIbHBIH HOMEp BEpIIHMHBI, COKpAIleHHs «Seg» u «pPool» cooTBeTcTBYyIOT
TUMaM malbJloOHHBIM OJIOKOB Sequence u pool; mapamerp «N» OMHUCHIBAET KOJMUYECTBO 3JIEMEHTOB
(bnoxoB/uHCTpyKIMii), BBIOMpacMbix B Onoke pool; «BLOCKSy», «WITHREPEATS» u «NOORDER»
COOTBETCTBYIOT (hi1aram BbIOOpa OJIOKOB BMECTO MHCTPYKIIHIA, pa3pelieHus] OBTOPOB NPU BBIOOpPE DIIEMEHTOB U
OTCYTCTBUH CJICJOBaHHMSI OTHOCHUTEIBHOMY MOPSIKY 3JIEMEHTOB Ipu 00paboTke pPOOl-0i0ka; MHOroTOuME

IOKAa3bIBACT, HATMYHUEC HCIIOCPCACTBCHHOT'O Ha60pa I/IHCTPYKHI/Iﬁ 0JI0Ka BMECTO BJIOJKEHHBIX JJIs1 HCT'O 6J'IOKOB).

( (2)seq{...
(4)seqi...

(1)seq { (3)pool(n =1, BLOCKS) {(S)pool(n = 3, WITHREPEATS, NOORDER){...
\ (6)seq{...

Taxum oOpasom, 11t 00paboTKu BepiuHbI 1 TpedyeTcs 00padoTaTh BepiuHbI 2, 3 U 6, a 1711 00pabOTKH BEPIINHBI

3 TpebyeTcs 06paboTaTh BEpUIMHBI 4 U 5, TOT/1a UTOTOBBIM HOPSI0K 00paboTKu BepiuH Oyzaer 2, 4, 5, 3, 6, 1.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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Onucanue od1ero aaropurma padorsl

Bce ocHoBHBIE mapaMeTpsl sl padOThI C OHJIAMH-TEHEPATOPOM 3aJar0TCsl Ha 3Talle €ro KOMIWISALMU U Ha dTare

€0 UCIIOJTHCHU A IIOHOJ'IHI/ITGJ'H)HOI;'I O6pa6OTKI/I BXOJHBIX IMMapaMETPOB HE IIPOU3BOJUTCA.

OmnnaitH-reHepaTop HAYMHAET BBHIIOJHEHNUE CBOMX 3a]1a4 C MHUIMAIM3AIMU TeX padodymnx objacTeil onepaTHBHON
MaMsATH, ¢ KOTOPbIMU OyJIeT MPOUCXOAUTh B3aUMOJICHCTBUE NPU F€HEPALMU U BBIMOJIHEHUH TECTOB — JJISl 3TOTO
BBI3BIBAIOTCSl OMPEICICHHBIE MPOLENYPHl, CIEHU(PHUKAIHUI KOTOPBIX 33JaeTCsi Ha IOJIb30BATEILCKOM YpPOBHE

(moarpyxatotcst ”HCTpYKIH ISA, caMu TeCcThl M HHBIE BCIOMOTATENIbHBIE TaHHEIE).

Jlanee, BBI3BIBAETCS TMpOIEAypa TEHEpAllMd TECTOB IO ONMUCAHHBIM IIabJOHAM: KaXIbl IIa0JIOH HMEET
OTIPE/IeJIEHHOE KOJIMYECTBO WUTEpaIuii, KOTOpbIE I HETO HEOOXOAUMO MPOBECTH, HA KAXKIOW HTEpaIlii 3aHOBO

(dbopMHpYs TECTOBYIO IOCIEA0BATEIBLHOCT U3 3aJaHHOIO 11abI0HA.

Tax kax uis 00pabOTKM KOHKPETHOTO I1a0JIOHHOTO OJ10Ka TpeOyeTcsi MpoBeCTH 00pabOTKY BCEX BIIOKEHHBIX IS
Hero OJIOKOB, B MEPAPXUUYECKON CTPYKTYpe madioHa mojo0Has o0paboTka cXo)ka CO CTaHJAAPTHBIM aJrOPUTMOM

00xo0/1a rpada JaHHBIX B TIIyOUHY.

Jlis KaXXJIoW CreHepupoBaHHOM B HTOre HWHCTPYKIMHM BBI3BIBAETCA MpPOLEAypa, TaKKe oOompenenseMas Ha
M0JIb30BaTEIHCKOM YPOBHE U OIIPEIeIIEHHAs IN0O JIIsl KOHKPETHOrO 111a0JI0Ha, 100 onpeaeseHHas! 10 yMOTYaHUIO
JUIA 11a0JIOHHBIX TE€CTOB, MO3BOJISIONIAS 3aMOJIHUTh MPOIYIIEHHbIE JaHHbIE B MHCTPYKIUSAX C HCIOJIb30BaHHUEM

JIOTUKHU I'€HEpaAluU HCCB,I[OCJ'Iy‘I&fIHBIX HOCHCHOB&TCHBHOCTCﬁ JaHHBIX.

[[anee, BCC MHCTPYKHOHWH TPaHCIHUPYIOTCA B HX ABOMYHOC IPEACTABJICHUC MW pPasMCIIarOTCad € YYETOM HX

BbBIPpABHHUBAHMA 110 AJTUHE CaMUX I/IHCTp}IKI_II/Iﬁ B 3ar0TOBJICHHOM 3apaHec 00J1aCTH ITaMATH JJIA HHCTPYKHHﬁ.

BrI3bIBaroTCs peBapUTEIbHO ONMKMCAHHBIE HA MOJIb30BATEILCKOM YPOBHE C TOMOMIBIO MPEMPOLIECCOPHBIX CPEJICTB
s3pika CH mpolueaypsl BBITPY3KHM HH(QOpPMAIMH O COAEPKAHUM PETUCTPOB HA MOMEHT BbI30Ba IMPOLEAYPHl B
3aroTOBJICHHYIO 3apaHee 00IacTh MAMSITH JJIsl PETUCTPOB — TaK KaK MPH 0POPMIICHUU U HETIOCPEICTBEHHOM BBI30BE
MOAO0OHBIX MPOLIETYP C TOMOIIbIO GYHKIMIA si3biKa CH MOTYT OBITh MEepe3anicanbl U YTEPSHbI JaHHbBIE OTJEIbHBIX

PETUCTPOB, TO Tpe6yeTc;1 HCIIOJIb30BAaTh UMCHHO IT0JIb30BATCIIbCKHUEC MAKPOOIIPCACIICHUS SA3bIKA.

VYnoMmsHyTas 00JacTh MaMATH JUIs MHCTPYKLUUH TpakTyeTcs Ha YpOBHE IPOTpaMMbl Kak 00JacTb MHCTPYKLUH
caMOif Mporpammbl, KOTOPbIE JAOJDKHBI ObITh MCIOJHEHBI, U YIpPaBICHHE IepelaeTcs Ha Hee — IO 3aBepLICHUU
VCTIOJIHEHUSI HUHCTPYKIUH COePKUMOE PErMCTPOB BBITPYKAETCS B OT/IEJIbHYIO 00JIACTh MAMSATH PETMCTPOB, a TAKIKE

BOCCTAaHABJIMBACTCA COXPAHCHHOC 10 BLITIOJIHCHU A I/IHCTPYKI_[I/Iﬁ COACPKUMOC PECTUCTPOB.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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Jlanee,  mpouUCXOIUT  (YHKIMOHAIBHO  HKBHUBAJIEHTHOE  MpeoOpa3oBaHHE  H3HAYAJIBbHOM  TECTOBOMU
MOCJIEI0BATENILHOCTH, KOTOPbIE€ TAaKXKE OIKCHIBACTCS Ha IMOJb30BATEILCKOM YpPOBHE, M Uil HOBOHU

IMOCJICAOBATCIIBHOCTH BBIIIOJHAKOTCA IAark U3 TPEX NPCAbLAYIHIUX a63aueB HACTOAMICIO JOKYMCHTA.

C ucnonb3oBaHUEM OOBSABIEHHOIO Ha IOJIb30BATEIbCKOM YPOBHE (YHKIHMOHANA ONPENEIAIOTCS 3aTPOHYTHIE B
paMKax BBIIIOJIHEHUS JIBYX TECTOBBIX [IOCIIEA0BATENBHOCTEN PErUCTPhI MPOIIECCOPA U TPOU3BOIUTCS CPAaBHEHUE UX
COXPAaHEHHOTO COJICPKUMOTO M BBIHOCHTCS BEPIUKT OO0 OTCYTCTBHM W HAJMYUHM DPAa3JIMYMN Cpeld TaHHBIX
3aTPOHYTBIX PErHMCTPOB — B CIydae HAJIUYMS PAacXOXkJAECHUU HeoOXoJauMmasi KOHTEKCTHas HMH(popManus O TecTe
BBITPY)KAa€TCsl B 3apaHee MOATOTOBJIIEHHYIO JUIsI O3TOro OOJIaCThb NaMATH, TAKKe OIPEACICHHYI0 Ha
M0JIb30BATEIbCKOM YPOBHE, a TAKXKE NP YKa3aHHM COOTBETCTBYIOILErO (para Ha 3Tane KOMIWISIIMU TeHepaTtopa

MIPOU3BOIUTCS MOJPOOHBIN BBIBOJ HHPOPMAIIMH O TEKYIIEM TECTE B CTaHIAPTHBIN MOTOK BbIBOA si3bIKa CH.

B cimywae co ctporo 3adukcHpOBaHHBIMH TECTaMHU MPOU3BOJATCS MPAKTHYECKH BCE BBIMICYNOMSHYTHIC INAarH,
TOJIBKO yXe€ He MOTpeOyroTcs MpolLeaypbl TeHepali TeCTOBON MOCIEA0BaTEIbHOCTH 10 33JaHHOMY II1a0JIOHY U
3aMOJIHEHUST HEJOCTAIONUX TapaMeTpOB HMHCTPYKIMH, a TaKXkKe TOSBIAETCS BO3MOXKHOCTH 3ajJaBaTh Ha
MOJIb30BATEILCKOM YPOBHE CIIEIM(PUIESCKUE TPOIIEAYPHI TPOBEPKH KOPPEKTHOCTH BHITIOJTHEHHSI TECTOB 0€3 pacueTa

3aTPOHYTHIX B paMKaX BBINTIOJIHEHUS TECTOBBIX HOCJ'ICI[OB&TCJ'II)HOCTCI\/'I PETrUCTPOB.

[Ipy BOBHMKHOBEHHH PACXOXKICHHUM CPEeIu JaHHBIX 3aTPOHYTHIX PETUCTPOB BBIMOJHEHHE KaK MIAOJOHHBIX, TaK U

CTpOro 3a(pUKCUPOBAHHBIX TECTOB MPEKPAIACTCSI.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Wus. Ne mop. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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2. CTPYKTYPA INTPOI'PAMMBI

Pucynox 1 - cxema 3asucumocmeil ¢aiinos npoexma

OnnaitH-TeHepaTop MPOEKTUPOBAJICS B paMKax MOIX0/1a, YTO JIt00ast 3aBUCUMOCTD, BhIpakaeMasi 4epe3 TUPEKTHBY
#include si3pika Cu, cOIEpIKUT CaMblii HEOOXOIUMbIF MHHUMYM JIJIsl YCIICITHON COOpKa MPOEKTa — B YaCTHOCTH, ITO
03HAYaeT HCI0JIb30BAHUE JIUIIb IPOTOTUIIOB CTPYKTYP JAHHBIX, UMEIONINXCS B CUTHATYpE HEKOTOPOTO METO/Ia, B

TO BpEeMsi KaK caMo ONpe/IeieHne CTPYKTYPbI JAaHHBIX HAXOJUTCSI B IPYTOM pasjiesie MPOeKTa.
Onucanue ¢aiiaa «main.c»

ConepXuT OJHOMMEHHYIO (DYHKIUIO A crneuu(UKaluy CTapToBOM TOUYKHM palbOThl OHJIAHH-TEHepaTopa ¢
ONLMOHAIBHBIM BBIBOJOM CONPOBOJUTENBHONM HHPOpPMALUU (3aJaHHOH KOHQUIypalUd U COOOLICHMIA-

YBGILOMJ'IGHI/Iﬁ O CTapT€ U 3aBCPIICHUN paGOTLI COOTBCTCTBCHHO) B CTaHI[apTHHﬁ IIOTOK BBEIBO/JA.

H3m. Jlucr No nok. Tloam. Jara
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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JlupexTopus «Core/commony
Onucanue gaiina «types.h»

CozepXuUT OINMUCaHWE WCHONB3YIOMUXCS (YHIAMEHTAIBHBIX THUIOB, MPEXKIECBPEMEHHBIX JIEKIapanui
(IpOTOTUIIOB)  ONpENENAEMBbIX I0JIb30BATEJIEM CTPYKTYpP JIaHHBIX, a TaKXKe JIpyrue IO0Je3Hble

MaKpOTIOJICTAHOBKH.
Onucanue gaiijnos «utility.h» u «utility.c»

Cogmepxar OMUCAaHME U peATH3alMI0 JOCTYIMHBIX BCIIOMOTATENbHBIX (PYHKIMH, HamboJiee TMOJIE3HBIX Ha
MOJIb30BATEILCKOM YPOBHE — B YAaCTHOCTH, JIBYX BepCHUU (YHKIIMUA TOJCTAHOBKM JIaHHBIX B YaCTUYHO-

3aMOJIHEHHOE TBOUYHOE TPE/ICTABICHNE HEKOTOPOH MHCTPYKIMH 1ienieBoi ISA.
JupexTopus «core/randomy
Onucanmne gaiinon «rand.h» u «rand.c»

Copep:xar onucaHue U peaqu3aluio 0JHOTO M3 CYIIECTBYIOIIUX aJTOPUTMOB F€HEpalMH TCEBIOCTyYailHbIX
MOCJIEIOBATEIbHOCTEH YMCENl Ha OCHOBE 3a(MKCUPOBAHHBIX OMOPHBIX 3HaueHUil («3epHa»). B uwactHOCTH,

MIPEIOCTABIISIFOTCS BO3MOYKHOCTH MOJYUYEeHUs Yrce u3 auanazoHos ot [0; n) wiu [a; b).
HMupexropus «core/decls»
Onucanmne ¢aiiaa «ins_decls.h »

ConepkuT OOBSIBICHUE ONPENEIIEMbIX IMOJIb30BaTENIEM TIOOATBHBIX NMEPEeMEHHBIX (yKa3aTeleil Ha oOiacTu
naMsITH) U QYHKIUH 17151 pabOThI ¢ HEKOTOPO# MoAeNbIo 1eneBoi ISA — B yacTHOCTH, 0OJacTelt maMsaTH s
XpaHeHus: nHpopmaru 00 uMeronmxcs B ISA rpynmax MHCTpYKIWH, MHCTPYKIUH U TICEBJIOMHCTPYKIIMNA U
GYHKIMH MX MHUIAATA3AIWY, 8 TAKKe 00JIaCTel MaMsATH O]l XpaHeHHe MH(OpMAIMK O JAHHBIX PETUCTPOB

[10CJIE BBIMOJHEHNS TECTOBBIX OCIEI0BATEILHOCTEA.
Taxoke BKiIro4aeT B ceds Bce HeoOxoauMble T padboThl ¢ |SA 3aBucumMocTw.
Onucanue gaiisna «tests_decls.h»

CO,Z[ep)KI/IT 0OBSBIICHUE ONPCACIIACMBIX IOJIB30BATCIIEM r100aIbHBIX MEPEMECHHBIX (YKaSaTeHeﬁ Ha 00JlacTu
HaMHTI/I) u (bYHKLIPII:I JJIA pa6OTLI C HCKOTOPbIM Ha60pOM YaCTHUYHO 3aJJaHHBIX U CTPOTO Ba(l)I/IKCI/IpOBaHHBIX
TCCTOB — B YaCTHOCTH, oOJracTeil mamsaTu ATl XpaHCHUA I/IH(I)OpMaI_[I/II/I 0 CaMUX TECTaX U BBII'PY3KH NAHHBIX B

mponecce O6pa6OTKI/I YaCTHUYHO 3aIaHHBIX U CTPOTO Sa(bI/IKCI/IpOBaHHHX TECTOB.

Takke BKJIIOYaeT B ceOs Bce HCO6XOI(I/IMBIG JJIA paGOTLI C TCCTaMH 3aBUCHUMOCTH.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata




14
RU.17701729.04.04-01 32 01-1

Onucanmne gaiina «mut_decls.h»

ConepXuUT OOBSABICHUE OMPEIEISIEMOTO IOJB30BATEIEM AJIrOPUTMa M3MEHEHMs CYIIECTBYIOIIEH TeCTOBOM
IIOCJIEI0BATEIBHOCTH MHCTPYKIMM LEIEBOM MHKPOIIPOLIECCOPHOM apXUTEKTYpPhl C COXPAHEHHUEM HMCXOIHOU

(YHKIIMOHATBLHOW SKBHUBAJICHTHOCTH
Onucanmne ¢aiina «predef_ins_macros.hy»

Conepxut 00BSABICHUE CTAHIAPTHBIX MAKPOIOJICTAHOBOK-OMTOBBIX (DIaroB st criequpUKAIMA HHCTPYKIIHNA

Y MX OTIEPaHI0B, KOTOPIE MOT'YT OBIThH TIOJIE3HBI TTOJIH30BATEITIO.
JupexTopusi «core/memory»
Onucanne ¢aiina «memutils.h» m memutils.c»

Conepxxar oOBSBICHHE W peanu3anuio (yHKIUN i paboThl ¢ MaMAThIO HAa YPOBHE OTACIBHBIX OalT —
peanu3anus aHAJIOTHYHA UCTIOJIb3yeMOU B aKTyaJIbHOM HA MOMEHT Pa3pa0dO0TKH MPOEKTa BEPCUU KOMITHIIATOPA

n3 kosutekuu GCC.
Onucanmne ¢aiiaa «ins_memutils.h» u onucanue paiia «ins_memutils.c»

Copepxat 00bsiBIEHHE U peanu3alnio GyHKIUI [Uisi paboThl ¢ MaMsIThbI0 HEKOTOPOIl MOCIeN0BaTEIbHOCTH

HHCTPYKIUI — pean3aliys aHaTIOTHYHA HCIOJIb3yeMoi B (aiimax «memutils.hy» u «memutils.c».
JupexkTopus «core/generation»
Onucanmne ¢aiiia «generator_context.hy»

ConepkUT 00BsABICHUE CTPYKTYPhI TAHHBIX JUIsl MHKAMCYISIIIUKA JaHHBIX, TPeOyeMbIX B Ipollecce FeHepaluu

TECTOBOH IIOCJICA0OBATCIIbHOCTU HA OCHOBEC YaCTHUYHO 3aIaHHOT'O mrabioHa.
Onucanue ¢aiisioB «generator.h» u «generator.c»

Copepxat 00bABICHUE U peaTu3alnio (GYHKIUHN AJs yIIpaBJIeHUS MIPoLieccoM 00paboTKU JepeBa KOHKPETHOTO
mabjJoHa — B YaCTHOCTH, (DYHKIHMH Uil HEMOCPEICTBEHHOU T€Hepally TECTOBOM MOCIEAOBATEIbHOCTH U

3aIIOJIHCHUS NPONYIIECHHBIX BXOAHBIX NAHHBIX HMCIOIIUXCA B HeH I/IHCTPYKHPlﬁ.
JupexTtopus «core/template_block»
Onucanue ¢aiia «template_block_decls.h»

CO,Z[ep)KI/IT 0OBSBIICHUE CTaHAAPTHBIX MaKpOHO,Z[CTaHOBOK'6I/ITOBBIX (I)J'Ial"OB JJIA CHeL[I/I(I)I/IKaL[I/II/I 1a0JTOHHBIX

0J10KOB (B YaCTHOCTH, JUTsl TUTIOB Sequence u pool).

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Wus. Ne mop. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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Onucanmne ¢aiina «template_block.hy

ConepxkuT 0OBSBICHUE CTPYKTYPBI TAHHBIX I PEMPE3CHTAIMH OJTHOTO Ia0JIOHHOTO OJI0Ka, UCTIOIh3YEeMOTO

I 00paObOTKH HEKOTOPOTO YaCTHYHO-33JaHHOTO TECTa.
Onucanmne ¢aiina «block process_info.h»

ConepkuT 00BSBICHUE CTPYKTYPHI JAHHBIX JIJIi MHKATICY/ISIUU HHpOpMaiu, HeoOX0MMOH st 00paboTKu
OJIHOTO TIa0JOHHOTO OJIOKAa TPH YCIOBUU YK€ 0OpaOOTaHHBIX OJIOKOB, SIBJSIONIMXCS BIIOKCHHBIMH JIJIS
paccMaTpuBaeMoOro — B 4aCTHOCTH, MCIIOJIb3YeMOTO KOHTEKCTa IeHepaTopa, a Takke THla o0pabaTsiBaeMoro

0JI0Ka ¥ MCTIONB3YIOLIUXCS B €r0 OTHOLIEHUI MapaMeTpoB U (II1aros.
Onucanmne ¢aiina «block_process_result.hy

ConepxuT 00BSABICHUE CTPYKTYPHI JaHHBIX Ul MHKANCYISAIUN HHPOopManuu 06 oOpaboTaHHOM 1a0JI0HHOM

6J10Ke — KOoJIM4ecTBEe 00pabOTaHHBIX MHCTPYKIIMH U KOJIMYECTBE MHCTPYKLIUNA, CTeHEPUPOBAHHBIX HA UX OCHOBE.
Onucanue ¢aiisioB «template_block_type.h» u «template_block_type.c»

Conepxatr 0ObSBICHUE W pealn3aluio GYHKIHN 111 00pabOTKH KOHKPETHBIX THUIIOB IIAOJOHHBIX OJIOKOB, a

Takke (QYHKIMH, KOTOpas JeNIErUpyeT 3Ty 00A3aHHOCTD YIIOMSHYTHIM (DYHKIIHSIM.
JupexkTopus «core/executiony»
Onucanmne gaiina «runner.h» u «runner.c»

Copepxatr oObsIBICHHE U pealn3anuio QyHKUUN s BBIIOJIHEHHS] TECTOB C MpEeABapUTEIbHBIMU BbI30BAMU
MpOLEyp TeHepali TECTOBBIX MOCIEA0BATEIBHOCTEH U BXOIHBIX JaHHBIX JJI UX UHCTPYKLUN TaMm, TJIe 3TO
TpeOyeTcst (4aCTUYHO 3aJlaHHBbIE TECTHI) C OMIMOHAIBHBIM BBIBOJIOM COIPOBOIUTENBbHOM HHGMopManuu (0

NPOMNICHHBIX U HE MTPOMIEHHBIX TECTaxX) B CTAHIAPTHBIN IIOTOK BBIBOJIA.
Jupexropus ¢aiinoB onucanus 1SA
Onucanue ¢aiisioB «instruction.h» u «instruction.c»

Coneprxart omnpee/ieHre TI00anbHBIX IEPEMEHHbBIX B QYHKIHMHA, 00bABICHHBIX B (haiine «ins_decls.hy, a taxke

HeO6XO,Z[I/IMBIX JJIA pa60TBI TCHCPATOpa MAKPOIIOACTAHOBOK.

[TonHoe onmcanue dTuX (QaiioB Haxogutcss B myHkte 3.2.1 «Omnwmcanue daitmos «instruction.hy u

«instruction.c»» HacTosIIero JOKyMeHTa.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Wus. Ne mop. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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JupexTopus (pai10B ONMCAHUSA YACTHYHO 32JAHHBIX U CTPOro 3a)MKCUPOBAHHBIX TECTOB
Onucanue ¢aiisioB «tests.h» u «tests.c»

ConepkaT omnpe/eieHie rIo0albHBIX MEepeMEHHbIX W (QYHKIUH, 00bsBICHHBIX B (aiine «tests_decls.hy, a

TaKkKe HEOOXOTUMBIX ISl pa0OThI FeHepaTopa MaKpOIOICTAHOBOK.

[TomHoe omwmcanue 3tux (ainoB Haxoautcss B myHKTe 3.2.2 «Onucanue (aiinoB «tests.h» u «tests.cy»

HACTOSLIET0 JOKYMEHTA.
JupexTopus (paii10B ONMCAHUSA MYTAIUil CO3AaHHBIX MOCIEA0BATEILHOCTEH HHCTPYKIMI
Onucanue ¢aiina «mutator.c»

ConepXUT  pealu3alyio  I0JIb30BATEIBCKOTO  aIrOpUTMa M3MEHEHHUS  CYILECTBYIOIIEM  TecTOBOM
MOCJIEIOBATEIbHOCTH MHCTPYKIUN LENeBOM MHUKPOMPOLECCOPHON apXUTEKTYpPhl C COXPAaHEHHWEM HCXOTHOM

(bYHKIIMOHATBHOM SKBUBAJICHTHOCTH, 00BSBICHHOTO B (aitne «mut_decls.hy.

[TomHoe ommcanue »toro ¢aiina Haxoautcs B myHkTe 3.2.3 «Ommcanue daitma «mutator.C»» HacTOSsIIEro

JIOKYMEHTA.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Wus. Ne mop. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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3. HACTPOUKA ITPOT'PAMMBbBI

IloaroroBka NporpaMMHOIO OKpY:KeHUsI

[Ipenmnonaraercst COOTBETCTBUE CUCTEMBI /1711 COOPKH OHJIaH-reHepaTtopa TpeOOBaHUSIM, YKa3aHHBIM B IIyHKTE 1.6

«TpeboBaHus K COCTaBy M MapaMeTpaM TEXHUYECKHX CPEICTBY» HACTOAIIETO JOKYMEHTA.

IIpouecc 3arpy3ku HCXOAHOTO KOJAa OHJIAMH-TE€HEpaTopa pealu3yeTcs IMOCPEICTBOM  HCIOJIb30BaHMs
BO3MOXKHOCTEH paclpee/ICHHOW CHUCTEMbI KOHTPOJIS Bepcuil Qit Juis KIIOHMPOBAHUS HCXOIHBIX (ailyioB u3

ynanennoro  pemosutopust  npoekta  (https:/forge.ispras.ru/projects/otpg/) Ha  Tekyiiee  yCTPOHCTBO

(xomana git clone --recursive https://forge.ispras.ru/git/otpg.git).
Onucanue popmaTa BXOAHBIX JAHHBIX
Onucanue ¢aiisnoB «instruction.h» u «instruction.c»

B pamkax omucanus ISA mpeamonaraeTcs cieayroliee paslelieHHe. CYIIECTBYIOT TPYIITBI WHCTPYKITHH,
BKJTIOUAIOLIME B ce0s1 HA0OP UHCTPYKUUHI C OJMHAKOBBIM (POPMATOM KOJIMPOBAHHUS B IBOMYHOE ITPE/ICTABICHHE,
KOTOPOE€ TaKKe OMHUCHIBACTCS HAa YPOBHE TPYMIBI, Jt00ass MHCTPYKIHS O3 mapaMeTpoB COJCPKUT B cede
HEKOTOPYIO CCBUIKY Ha Ty TPYIIY, K KOTOPOH OHA MPUHAJUICKHT, a TAKXKE Ty HHPOPMAIIHIO, KOTOPast OCTACTCsI
HEM3MEHHON TpU JIOOBIX BXOJHBIX JaHHBIX WHCTPYKIMHU (HAIpUMeEp, KOJ CaMO#l Omepanuu); Kaxiaas
WHCTPYKIIUS MOKET HIMETh CBOE COKPAIIEHHOE NIPEICTABICHUE — IICEBA0-MHCTPYKIIHIO, B pAMKaX KOTOPOM OHO
WIH HECKOJIBKO IOJIEH MHCTPYKIUH-TIPOOOpa3a, Ha KOTOPYIO B INCEBAO-MHCTPYKIIMH XPAHUTCS CCBUIKA, Y)KE
uMeeT 3aUKCUPOBAaHHBIC JAHHBIC (HAIIPUMED, YTO MHCTPYKIHS NMPHUOABICHUS 3HAYCHUS K OJHOMY U TOMY XKe
PETUCTPY MMEET COKpAIICHHOE MPEACTaBICHUE C JABYMs OINEpPaHIaMH BMECTO TpeEX); JIt00as MHCTPYKIHUS B
paMKax TECTOB MPEICTABIISACTCS MApaMETPU30BAHHON MHCTPYKIIHEH, KOTOpasi MOYKET CChUIAThHCS KaK Ha ICEBII0-
WHCTPYKIMIO, TaK W HANpsAMYK0 Ha WHCTPYKIHIO O3 mapaMeTpoB M KOTOpas MOXET 00JiaJiaTh CBOUMH
COOCTBEHHBIMHU 3a()UKCUPOBAHHBIMH JTAHHBIMH (OCTABIIUECS JTaHHBIE TOJDKHBI OBITH CTEHEPUPOBAHBI B paMKax

00paboTKH 11a0JIOHOB).

Baxno: dainsl «instruction.h» u «instruction.c» moipkHBL 007a71aTh COOTBETCTRBYIOMMMU header guard’amu
«GEN INSTRUCTION H» u «GEN INSTRUCTION Cy»: 3arosioBok JIoJkeH uMeTh aupektuBy #include

“ins deC|S.h”; €CJIM 15 OIIpeACICHUS yYKa3aTelen r100aIbHOM 00JIACTH BUAMMOCTHU HCIIOJB3YIOTCA CTATUYCCKHU

HWHUIIMAJIHU3UPOBAHHBIC MAaCCHUBBI, TOI'Id HeO6XOI[I/IMO UX IOMCTHUTD KBaJII/Id)I/IKaTODOM extern.

@aiinsl ¢ omucanueM ISA g BepuduIMpyeMoro HpoTOTHNA JOJDKHBI BKIIOYATh B ce0sl ClEAyHOIIMN

MUHHUMaJIbHBIN Ha60p ACIICKTOB.

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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[3aronoBox] Onmcanue KONMMYECTB MCIOJIB3YIOLMIMXCS PErUCTPOB. PETHCTPOB OOIIET0 Ha3HAYCHHS, a
TaK)Ke PETUCTPOB Il pabOTHI C BEHIECTBEHHBIMU YHCIIAMH, €CIU T€ HCIOJIB3YIOTCS — HUCIOJIB3YeTCS

MakpornojictanoBka «GEN_REG_COUNTY;

[3arosoBok] Onucanne KOJUYECTB MPUCYTCTBYIONUX B OMUCAHUN OOBIYHBIX MHCTPYKIIMK U TPYIII, Ha
KOTOpPBIE WX MOXHO TMOJEINTh, a TAKXKE ICEBIO-HHCTPYKIUN, pPEaTU3yeMbIX 4Yepe3 HMEIONIUEecs
OOBIYHBIE  WHCTPYKIUHM  —  WCIOJB3YIOTCS  MaKpOIOIACTAaHOBKH «GEN_INS_COUNTY,

«GEN_INS_GROUP_COUNT» u «GEN_PSEUDO _INS_COUNT» cOOTBETCTBEHHO;

[3aromoBok] Omnwmcanue peanuzanuu 3aQUKCUPOBAHHOTO HHTEpdelica i1 CHOCOOOB BBITPY3KH
3HAYEHHWH PEruCTPOB M3/B CTaTHMYECKU BBIJCICHHBIC O0JACTH ONEPAaTHBHOW MaMATH 0€3 M3MEHEHHsI
n0/Bo Bpems/Tiociie Omepalii BbIFPY3KH COOTBETCTBYIOIIUX PErHCTpaM 3HAYCHUH — JUIs 3TOTrO
HCTIOJB3YIOTCS MaKpOIIOJCTAaHOBKHU «LOAD_REG_DUMP» u «STORE_REG_DUMP»
COOTBETCTBEHHO, KOTOPBIE MPHHUMAIOT CTPOKOBBIM apryMEeHT-Ha3BaHHWE MAacCHBa B TJIOOATBHOM
00JIaCTH BUJIUMOCTH M KOTOpPbIC HE JOJDKHBI 10/BO BpeMsi/ocie CBOSH COOTBETCTBYIOLICH OTepaluu
MEHSTh 3HAYEHUS PErHCTPOB, a CIIEA0BATEIHHO, TPEOYETCsl MCIOIB30BaTh CHHTAKCHC aCcCEeMOJIEPHBIX

BCTaBOK s3bIKa CH;

[3aromoBok] Ormucanue MpeaCTaBICHUM TPy HHCTPYKIHH, HE-MApaMETPU30BAHHBIX HHCTPYKIIHM,
MICEeBJO-UHCTPYKUMNA ¥ TapaMeTPU30BAHHBIX HWHCTPYKIHMH — TOJB30BaTENEeM OINPEACsIOTCs
COOTBETCTBYIOIIME CTPYKTYphl maHHBIX «lInstructionGroup», «Instruction», «Pseudolnstruction» u

«ParametrizedInstructiony;

[3aromoBok (¢ kBammdukaropamu Static/inline) / ®aitn mcxomnoro koma] OmnmcaHue peanu3aliiu
3a(MKCUPOBAHHOTO MHTEpdeiica IS OoTyIeH s JUTMHBI KOHKPETHOM HHCTPYKIIUK B OaiiTax — (QyHKIUH
¢ curHarypoit uint8 t get ins_len(struct InstructionGroup *, struct Instruction *, struct

Pseudolnstruction *, struct ParametrizedlInstruction);

[3aromoBok (¢ xBamudukaropamu Static/inline) / daiin ucxomHoro koma] OnmcaHue peanu3aiyu
3aMKCUPOBAaHHOrO HHTepdeiica Juid KoaUpoBaHHs (acceMONMPOBAaHWs) MHCTPYKIMH MO HX
HUMEIOIITMCS JTAHHBIM - byHKIIIN c CUTHATYpO#

ins_t encode_ins(struct ParametrizedInstruction *);

[3aromoBok (¢ xBamudukaropamu Static/inline) / daiin ucxomHoro koma] OmnmcaHue peanu3aiyu
3a()MKCHUPOBAHHOTO WHTep(eiica I BKIIOYEHHs TEX WM WHBIX PETHCTPOB, M3MEHSIEMBIX B paMKax

BBIIIOJIHCHUA HWHCTPYKOHWH, B CIIMCOK TaKHUX PCTUCTPOB B pPaAMKaX HIPOBCACHUA OJIHOH UTepannun

HUzm.

Juct

Ne nok.
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HEKOTOPOTO TecTa — byHKIAH c CUTHATYypOu

void include_regs(struct Parametrizedinstruction *, bool_t *);

- [3aronoBok (¢ kBamudukaropamu static/inline) / daiinm mcxomHoro konxa] OmucaHue peanu3anuit
3a(pUKCUPOBAaHHBIX HWHTEPPEHCOB I HMHUIMATM3AIMK O00NacTel MaMsATH PETUCTPOB , TPYII
WHCTPYKIUH, WHCTPYKIMHA, TICEBA0-UHCTPYKIMNA — (QyHKIMA ¢ curHarypamu void init_reg dumps(),
void init_groups(), wvoid init_instructions() mis  ykasatemed  Sstruct  InstructionGroup
*GEN_INS_GROUPS, struct Instruction *GEN_INS, struct Pseudolnstruction *GEN_PSEUDO INS,
reg_t *GEN_FIRST_REG_DUMP, reg_t *GEN_SECOND_REG_DUMP, reg_t
*GEN_BUF_REG_DUMP, bool_t *GEN_REG_INCLUDE_IN_DUMP.

Onucanue ¢aiisioB «tests.h» u «tests.c»

[Ipu onmcanuu cTporo 3apUKCUPOBAHHBIX TECTOB TpeOyeTcs BPYUHYIO 3a/laBaTh MHCTPYKIMH HA YPOBHE TOM
oOjacTu maMsATH, KOTOpas ObLI1a 10 HUX BBIACJICHA. B cJIydya€ 4aCTUYHO 3aJaHHBIX TECTOB IMIOMHUMO 3TOr0
TpeOyeTcs Takke 3a/1aBaTh HH(GOPMAIUIO O I1a0JIOHHBIX 0JIOKaX, HA OCHOBE KOTOPBIX OYyJEeT reHepupoBaThCs

uTroronasa T€CTOBadA IOCICAOBATCIBPHOCTD.

Baxxso: 110001 TECT IOJDKEH BKIOYATH B ce0s XO0Ts OBl OTHY JOCTIHKUMYIO MHCTPYKIIMIO BOo3Bpara (return) juis

nmepeaayd YIpaBiCHHS i1 KOPPEKTHOrO (DYHKIIMOHMPOBAHMS MPOrpaMMBI, U B JIIO00M IIAa0JIOHE CaMbId

BHEINHHUH 0J0K JomkeH nMeTs D 0.

Baxwuo: d)afl.]'[bl «tests.h» u  «tests.cy JOJIDKHBI O6J'Ia,Z[aTB COOTBCTCTBYIOINIMMHA header quard,aMI/I

«GEN TESTS H» u «GEN TESTS Cx»: 3aromoBok momkeH uMeth aupektuny #include “tests decls.h”; ecnn

IS onpcacJICHUA yKazaTelen r100aJbHOM o0nacTu BUAMMOCTH HCIIOJB3VIOTCA CTaTHYCCKHU

HWHUITHAJIM3UPOBAHHBIC MAaCCHBbBI, TOr'1a HCO6XOI{I/IMO X IIOMETHUTD KBaJ'II/Id)I/IKaTODOM extern.

®daiinel ¢ onmMCaHWEM YacTUYHO 3aJaHHBIX U CTporo Sa(bHKCHpOBaHHBIX TCCTOB AJIA BepI/Iq)I/IHI/IpyeMOFO

IIpOTOTHUIIA AOJIKHBI BKIIFOYATh B cebs CJ'IGI[YIOH_[I/Iﬁ MUHHUMAaIbHBIN Ha60p ACIICKTOB.

- [3aronoBok] Ommcanue MakCHMalbHBIX JONYCTUMBIX KOJMYECTB HHCTPYKIHMH B paMKax OJHON
TEHEPUPYEMOH TOCIIEA0BATENbHOCTH (00s3aTeNbHBIA MapaMeTp) UM HMHCTPYKIMH, J00aBIIsIEMBIX B
mporecce MyTalMi TMOcieqoBaTesIbHOCTEH (HeoOs3aTenbHbIl MmapaMeTp — MHpU €ro OTCYTCTBUHU
KOJIMYECTBO T'€HEPUPYEMBIX JOTOJHUTEIBHO MHCTPYKIUI OyAeT 3aBHCETh OT MEPBOrO YHOMSHYTOTO
napameTpa) - UCIIOJIB3YIOTCS MaKpOIIOICTAHOBKH «GEN_MAX_INS_COUNT» "
«GEN_MAX_MUT_COUNT cooTBeTCTBEHHO;

Hsm. JInucr Ne jok. Tlomm. JlaTa
RU.17701729.04.04-01 32 01-1

Hus. Ne momn. [Tonmn. u nata | B3am. maB. Ne | MuB. Ne ny6un. | Tloam. u nata
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[3aronoBok] OmnmcaHue KOJMYECTB YACTUYHO 33JaHHBIX W CTPOrO 3a(UKCHPOBAHHBIX TECTOB -
HCIIOJIb3YIOTCSA MaKpOIOJACTAHOBKHU «GEN_TEST_TEMPLATES_COUNT» u
«GEN_ASM_TESTS_COUNT coOTBETCTBEHHO;

[3arosoBok] Onrcanue MaKCUMaJIbHO JOMYCTUMOTO KOJMYECTBa OJI0KOB B paMKax OJIHOTO I1abiioHa —

ucnoisbzyercs makpomnoacraHoBka «GEN_MAX_TREE_BLOCK_COUNT»;

[3aronoBok (¢ kBamudukaropamu static/inline) / ®aiin ncxoanoro koaa] OnrcaHue YaCTHYHO 3aJaHHBIX
TECTOB 4epe3 KOHKPETHBIN JUId BCEX TaKUX TECTOB HHTepdeic — peanusanus Habopa (QyHKIUH c

curnatypoii void ... (struct TemplateBlock *, uint8_t struct Parametrizedinstruction *, uint16_t);

[3aromoBok (¢ xBammdukaropamu static/inline) / daiin ucxomunoro koma] OmmcaHue CTPOro
3a(MKCUPOBAHHBIX TECTOB Y€PE3 KOHKPETHBIHN JUIsl BCEX TAKUX TECTOB HHTEpPeiic — peannzanus Habopa

byHkimii ¢ curHaTypoit uintl6_t ...(struct Parametrizedlnstruction *, uintl16_t);

[3aromoBok (¢ xBammdukaropamu Static/inline) / ®aitn mcxomnoro koma] OmnmcaHue peanu3aIldu
3aUKCUPOBAHHOTO HHTEepdelica A 3anoJHEHHs HHCTPYKIUH MO0 YMOJYaHHWIO B paMKax OJHOMN
TECTOBOU IMOCJIEIOBATEIILHOCTH, E€CIIH I 00pabaThiBaeMOro madaoHa He 3a/1aBajiach CrerupuyecKas

byukus — peanusanus Gyakiun ¢ curaarypoit void default_fill_ins(struct ParametrizedInstruction *);

[BaromoBok (¢ kBamupukaropamu static/inline) / daitn ucxomHoro kona] Onucanue peaau3amuii
3a(pUKCHPOBAaHHBIX MHTEPPEHCOB Ui MHUIUATU3AIMHE OOJIACTeH TMaMATH MOJI YaCTUYHO 3aJlaHHbIC
TECTBhI, KOJMYECTBA WX IOCIEIOBATEIbHBIX 3aIlyCKOB M II0JIb30BATEIbCKHE (PYHKIIMH 3arlOJHCHUS
CTCHEPUPOBAaHHBIX TECTOBBIX IIOCIIEOBATEIILHOCTEH, CTPOrO 3aUKCHPOBAHHBIE TECTHI M UX
MOJIb30BATEIbCKUE (DYHKIIMU CPAaBHEHHS SKBUBAJCHTHOCTH PE3yJIbTATOB BBITIOJHECHHUS JIBYX TECTOBBIX
MOCIIEIOBATEIIbHOCTEH, NEPAPXUUCCKYIO CTPYKTYPY HIA0JIOHHBIX OJIOKOB, CTEKHM 00X0Ja IMaOJIOHHBIX
OJIOKOB M pa3MEIICHUSI CTCHEPUPOBAHHBIX WHCTPYKIUH, a TAK)KE BBIBOJ BEPIMKTOB 00 ONIMOKaX BO
BpEMsl BBIITOJHCHHUS TECTOB M MHBIE OydepHbie 00aacTi — GyHKIMU ¢ curHarypamu Void init_stacks(),
void init_tree(), void init_test_patterns(), void init_asm_tests(), void init_misc() mist ykasareneit void
(**GEN_TEST_TEMPLATES)(struct TemplateBlock *, uint8 t , struct ParametrizedInstruction *,

uint16_t), uint8_t *GEN_TEST_TEMPLATES_ITERS, void
(**GEN_TEST_TEMPLATES_FILL_INS)(struct ParametrizedInstruction *), uintl6 t
(**GEN_ASM_TESTS)(struct ParametrizedInstruction *, uintl6_t), bool _t

(**GEN_ASM_TESTS_DUMP_EQ)(ins_t *, ins_t *, uint8_t), bool_t *GEN_USED_ELEMENTS, byte_t
*GEN_OUTPUT, struct ParametrizedInstruction *GEN_TEST_INSTRUCTIONS, struct

HUzm.
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ParametrizedInstruction *GEN_BLOCK_ INSTRUCTIONS STACK, struct Parametrizedlnstruction
*GEN_INSTRUCTIONS_BUF, uint8 t *GEN_BLOCK_ORDER_STACK, struct TemplateBlock
*GEN_TEMPLATE_TREE.

Onucanue ¢aita «mutator.c»

daitn ¢ ommcanueM Myranmuid (C coxpaHeHHWEM (YHKIMOHAIBHOW OSKBUBAJICHTHOCTH) CO3JaHHBIX
MOCIIEIOBATEIbHOCTEH MHCTPYKIMKA JOJDKEH BKIIIOYATh B ceds peanusanuio mHTepdeiica mist poOaBieHUs
KOHKpPETHOTO KOJINYECTBA JOMOJHUTENBHBIX CTPOK B BBIJICJICHHYIO MO/ 3TO 00JAaCTh MaMSATH HAa OCHOBAHUU
CT€HEPUpPOBAHHOM paHee TECTOBOM IOCIEI0BAaTEIbHOCTH HWHCTPYKUUMH — (QYHKIMIO C CHUTHATypoi

uintl6_t mutate(struct ParametrizedlInstruction *, uint16_t, uint16_t, struct ParametrizedInstruction *).

Baxno: daiin «mutator.c» momxen obmamatek coorBercTByiommM header guard’om «GEN MUTATOR Cy» u

JIOJDKEH MMeTh aupektuBy #include “mut decls.h”.

Coopka npoekra

COopKa HACTOSIIETO MPOEKTa OCYIIECTBIIIETCS MOCPEACTBOM HCIOIb30BaHus cpeacTe CMake Hampsmyro wim
CKPHIITOB,  aBTOMatusupylomux padory ¢ CMake - compile.sh kak  oOmmit  ckpunt u
default_isas/riscv/rv32i/riscv.sh kak ckpunt croermansHo mon ISA RISC-V RV32l (B kauecTBe 3TajioHa

paccmatpuBaics kommmsatop RISC-V u3 komnekmuun GCC).

IIpu pabote c¢ oOmmm omucanmem CMakeLists.txt wam ckpunrom compile.sh motpeGyrotes cremyrorme

MapaMeTphl:

1. OTHOCHUTENIBbHBIN WM a0COJIOTHBIN MYTh B (hailioBol cucteme 10 ¢aiia (Kpocc-)koMmuisaTopa si3bika Cu ¢
noanepkkoi ctanaapra C99, kotopselit OyeT UCIOIB30BATHCS B MPOIIECCe KOMITUIISINH;

2. CoBOKynmHOCTH (haroB, MPUMEHSIEMbIX K BbIOpAaHHOMY paHee KOMIMJISTOPY, paslienseMas CUMBOJIAMU
TOYKH C 3aIIATOMN;

3. Hcnonw3zyemas BepuuUIUpyeMOi cUCTEMO UIMHA MAIIMHHOTO ciioBa (32 unu 64);

4. OTtHOCUTENbHBIN WK a0COIIOTHBIN YTh B (ailioBoil cucteme 10 (aiiio onucanus ISA, ncnonb3yromeics
B IIpolIecce TeHepaluy U UCTIOJTHEHHs TECTOBBIX IIETIOYEK;

5. OTHOCHUTENbHBIN WK a0COTIOTHBIN MyTh B PaiiioBoii cucteme A0 (ailioB OMUCaHHs TECTOB, HEOOXOMMBIX
JUI TeHepalMHu TECTOBBIX IMOCIEN0BATENLHOCTEN MO 3aJaHHBIM Ia0JOHAM U ISl UCTIOJHEHHS CTPOTO
3a)MKCUPOBAHHBIX TECTOB;

6. OTtHOCUTENbHBIN WK a0COMIOTHBIN MyTh B (pailioBoii cucteMe 110 ¢aiina onucaHus JOTUKHA PYHKIHOHAIBHO

OKBHBAJICHTHOI'O Hp606p8.30BaHI/I$I OJIHOI MOCJIeI0BAaTEIbHOCTH TECTOBBIX HHCpr’I(I_II/Iﬁ B JIPYT'YIO,
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7. OTHOCUTENBHBIH WM a0CONIOTHBIM TyTh B (DaillioBOW cucTeMe N0 AWPEKTOPHH BBIBOAA HTOTOBOTO

pe3yibTara CTaTHYEeCKON KOMIMIISIIIUN — UCTIOJIHAEMOTO (haiiyia OHIIaifH-TeHepaTopa TECTOBBIX IIPOTPaMM.

CJIGI[V@T YTOYHHUTH, YTO PAcUYeT OTHOCHTEIBHEIX ITYTEH IPOU3BOIUTCS OTHOCHUTEIHLHO TOYKH BBI30BA Compile.Sh,

cpenctBs CMake wim ckpurnta riscv.sh .

Ecnu paborta mpousBomutcs co ckpuntom compile.sh, To TpeOyeTcs nMinb 3amycTHTh €ro ¢ yKa3aHHEM BCEX
YIOMSIHYTBIX BBIIIE IAPAMETPOB B NOPsJIKE UX yrouHeHus. Hanpumep:

Jeompile.sh — “~/RISCV/compiler/bin/riscv32-unknown-linux-gnu-gec”  “—march=rv32i;-mabi=ilp32” 32

I« )«

“Instructions” “tests” “mutators’ ’bin”

Ecnu e ykazanHas qupektopus mapamerpa Ne7 CyImecTBOBaa 70 BbI30Ba CKPUIITA, OHA Oy/IE€T OYHIIIEHa OT CBOETO
COJICP)KMMOTO W B Hel OyAyT pacroJiarathCsi HUCIOJHsAeMbIi (aiin «Generatory u mupexropust «otpg_buildy,

SABJIIFOINUMHCA BBIXOJHBIMHA JaAHHBIMHU ITPOTrPaMMBIL.

Ecim xe pabora mpousBoautcs depe3 cperncrBa CMake, To Takke TpeOyeTcsi 3HATh paclojOKeHHe KOPHEBON

JTUPEKTOPUH CAMOTO MPOEKTa OHJIalH-reHepaTopa — 0003HaYMM €r0 BOCbMBIM IIapaMeTpoM.

Torga B nepByto odepenb TpedyeTcs yIalIuTh AUPEKTOPHIO, B KOTOPYIO MNIAHUPYETCS] pa3MECTUTh TOTOBBIE (halibl
OHJIAH-TEHEpaTopa M €ro HEMOCPEICTBCHHBIH ABOWYHBIA 00pa3, €Ciu TakoBas CYIIECTBYET. 3aTeM Tpelyercs
MPOBECTU reHepanrio (ailioB cOOPKU BCEro MPOEKTa — Ui 3TOTO BBI3BIBAETCA KOMaHJa cieaylolas KoMaHIa

(BMecto  3amucd  Bupa i moxcTaBiseTcss  3HAYEHHE  I-TO  apryMEHTa M3 CIHCKA  BBIIIE):
cmake —-DCC_PATH:FILEPATH=$1 -DCC_PARAMS=$2 —-DWSIZE=$3 —DISA_DIR=$4 —-DTESTS_DIR=$5 —
DMUT_DIR=%$6 -DOUT_DIR=$7 -S $8 -B $7

Jlanee, HEOOXOIUMO TIPOU3BECTH caMy COOPKY IMPOEKTA:
cmake —build $7

Ecnum xe pa60Ta IMPOU3BOJUTCA CO CKPHUIITOM riSCV.Sh, TO AJIA HETO Tpe6yeTc;1 yKas3aTh JUIIb ABA IapaMeTpa.

1. AOGCOMIOTHBIN WM OTHOCHUTEIbHBIN MyTh B (halijIOBON CHCTEME [0 TMPEKTOPUH C KOMITWIATOPOM FiSCv32-
unknown-linux-gnu-gcc;
2. OTHOCUTENBHBIA HWIH a0OCOJIIOTHBIN IIyThb B (I)aﬁHOBOﬁ CUCTCMC MO0 AUPCKTOPUH BbIBOAA HTOTOBOI'O

pe3yibTara CTAaTUYECKOM KOMITHJISIIUYN — UCIOJIHIEMOTO (bafma OHHaﬁH'FeHCpaTOpa TCCTOBBIX ITPOTpAMM.

Hampumep, ./riscv.sh “~/RISCV/compiler/bin” “bin” .
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C yderoM BCeX OCTAJLHBIX MapaMmeTpoB, OyAeT CKOMIIIMPOBaH oHnaiH-reHepatop moa ISA RISC-V RV32l ¢

JIBOWYHBIM HHTepdeiicoM npuiioxenus 11p32.

BakHo: pu paboTe CO CKpHITOM riscv.sh NoAPa3syMEBACTCA HMCIIOJb30BAHUEC JOIIOJHHUTCIBHOT'O dmara “p” (cMm.

paznern 4 «/1omoJIHATENbHBIE BO3ZMOKHOCTHY).

Onucanue popmMaTa BHIXOJAHBIX JAHHBIX

Ha sTamne KOMIIMJIAIUWHN BBIXOAHBIMH JAaHHBIMHW CUHUTAKOTCS CTaTI/I‘-IGCKI/I-CKOMHI/IJ'II/IPOBaHHI)If/i HCIIOTHSIEMBIH (1)2117UI

CaMoro OHJIaH-TeHEepaTopa TECTOBBIX ITPOrpaMM, a Takke Habop (ailyioB HCIOIB30BaBIIMXCS TIPH COOPKE.

Ha orane wucnosHeHMs B KayecTBE OCHOBHBIX BBIXOJHBIX JAHHBIX TPEAOCTABISIOTCS BEPAUKTHI 00
YCHENHOCTH/0e3yCIeNTHOCTH KOPPEKTHOCTH pabOThI MCIOJIL30BABIIMXCSA B TECTaX MHCTPYKIMI HAa OCHOBAHUH
CPaBHEHUs PE3yJIbTAaTOB BBINOJHEHNS KaK/I0M CreHEPUPOBAHHON TECTOBOM MOCIEA0BATEIBHOCTH HHCTPYKLIUN U €€
M3MEHEHHOU BEpPCHH, a TAKXKe JOJDKHBI IPEI0CTABISATHCS HEKOTOPbIE JONOJHUTENbHbIE JaHHbIE, HEOOXOAUMBIE IS
BOCITPOU3BE/ICHUS TECTOB C HEKOPPEKTHBIM 3aBepILIEHHEM pabOThl — IO apecy JUIsl BbIBOJA BEPAUKTOB (yKa3aTellb
«GEN_OUTPUT») nepsbie aBa OaiiTa mamsTH HCHOJB3YIOTCS JUTSI 3alMCH KOJIMYECTBA BEPIUKTOB HEYCIICIIHO
3aBEPIICHHBIX TECTOB, Jajiee IS KaXXJ0T0 BEPAMKTA MEPBbIi OailT, paBHBIN 0 A1 CTPOTO 3aJaHHBIX TECTOB WK |
IUIsl YaCTUYHO 33/IaHHBIX TECTOB, @ 3aTE€M B 3aBUCMOCTH OT 3TOT'0 3HAYEHMSI CUUTBHIBAETCS OT OJJHOTO 10 JIBYX OailT,
IZie TIepBBII BCErla OTBEYAET 3a MHJAEKC TeCcTa, Ha KOTOPOM IMpou30Ilja ournlka, a BTOpoi 0aiT, ecinu TecT ObLI
YAaCTUYHO 33JlaHHBIM, TOBOPUT 00 MTEpaLuy, Ha KOTOpoi mpousonuia oumnoOka. ITockonbky crcrema reHepanuu
NICEBAOCIyYalHbIX 4YMCel MMeeT (UKCUPOBAHHbIE OIOPHBIE 3HAYEHUs, TO TIE€HEpPUPYEMble TECTOBBIE
IIOCJIEOBATEIBLHOCTY U BXOJHBIE JAaHHBIE [UIsl HUX OCTAlOTCS HEM3MEHHBIMM OT 3aIlyCKa K 3allyCKy I'€HepaTopa, a

IIOTOMY CYIIECTBYET BO3MOXXHOCTH ITIOBTOPHO BBINIOJHUTH NPEABIAYIIUE TECTOBBIC ITOCICA0BATCIIBHOCTH.

Ecou IIpHU KOMITWJIAOKWA r€HEpaTopa UCII0JIb30BaJICA ,Z[OHOJ'IHI/ITCJ'IBHHﬁ (bnar HCIIOJIB30BaHUS CTAHAAPTHOTI'O IIOTOKA
BBIBO/JIA, OITMCAHHBIN B ITYHKTC 4 «I[OHOJ'IHI/ITCJ'ILHLIG BO3MOXHOCTH», TO I/IH(1)OpMaI_II/I${ O BCPAHKTAaxX BBIIIOJIHCHHA
TCCTOBBIX HOCJ'ICI[OBB.TCJIBHOCTGIZ I/IHCTpYKI_II/Iﬁ 6y,[[eT JOITIOJIHUTCIJIBHO BBIBOJHUTHECA B YHOMHHYTLIﬁ CTaHI[apTHHﬁ

IIOTOK BBIBOJA.
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4. JOINOJIHUTEJIBHBIE BO3BMOXHOCTH

B nomonHeHne K ApyruM mapameTrpaMm COOpKH MPOEKTa, OMMCaHHBbIM B myHKTe 3.3 «COOpKa MpOeKTa», CTOUT
OTMETHTh BO3MOYKHOCThH MCITOJIb30BaHMsI JOMOJHHUTEIBHOTO ¢uiara “-p” kak mapamerpa ckpunra compile.sh wmm
aprymenta “-DPRINT=1" kak mapamerpa npu ucrosib3oBanuu cpeacts CMake (s riscv.sh stot mapamerp crout

AKTUBUPOBAHHBIM IIO0 VMOJ'ILIaHI/IIO) — I[aHHBIf/'I (bnar npeaoCTaBjIACT BO3MOKHOCTH BbIBOJA I/IH(I)OpMaIII/II/I 00

UCIOJIb3YIOUIEHCST KOH(Urypanuy CKOMIWIMPOBAHHOIO TIEHEparopa IpU €ro 3alycke, a TakKXe BbIBOJA
nHpopmanyy 00 YCHEIIHOM HJIM HEYCHEIIHOM 3aBEPIIEHUN KOHKPETHBIX TECTOB C BBIBOJIOM COCTOSIHUN JaHHBIX
pPErucTpoB Ha MOMEHT MOCJIE UCIIOJIHEHHUSI TECTOBBIX IMOCieaoBaTeabHOCTed. Best ata nHdopMalinio BEIBOJUTCS B

CTaH)IapTHBII\/’I IIOTOK BbIBOJIa A3BIKA CI/I, a IOTOMY HCIIOJIb30BAHUEC JAHHOTO q)YHKHI/IOHaHa ABJIACTCA BO3MOXHBIM

TOJIBKO IMMPH HAJIWMYHUU BOSMOKHOCTHU OCYIICCTBJIATE CUCTEMHBIC BbI3OBBI HA ueneBoﬁ CHCTEMEC.

HUzm.

Juct

Ne nok.

Tloam.

JlaTa
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5. COOBHIEHUA CUCTEMHOMY NPOT'PAMMUCTY

OTo0paxeHue nHPpOPMANNH KOMIWJINPYEMOT0 OHJIAHH-TeHepaTopa

[Tpu reneparyu paitioB COOPKH M HETIOCPEICTBEHHON KOMITHIISIIIMY OHJIAHH-TeHepaTopa BEIBOISATCS T€ ITapaMeTphI,

KOTOpBIE IepeIaBaIUCh Ha COOPKY.

user@debian:~/Downloads/0TPGenerator$ default isas/riscv/rv32i/riscv.sh ~/RISCV/compiler/bin bin
-- The € compiler identification is GNU 10.2.1

-- Detecting C compiler ABI info

-- Detecting C compiler ABI info - done

-- Check for working C compiler: /fusr/bin/cc - skipped

-- Detecting C compile features

-- Detecting C compile features - done

Chosen C compiler: /home/user/RISCV/compiler/bin/riscv32-unknown-Llinux-gnu-gcc

Chosen C compiler parameters: -march=rv32i;-mabi=ilp32;-Wl,-nostdlib

Chosen target system machine word size: 32

Chosen ISA directory: /home/user/Downloads/0TPGenerator/default_isas/riscv/rv32i

Chosen tests directory: /home/user/Downloads/0TPGenerator/default isas/riscv/rv32i/tests
Chosen mutation functionality directory: /home/user/Downloads/0TPGenerator/default isas/riscv/rv32i/mutators
Chosen binary executable output directory: /home/user/Downloads/0TPGenerator/bin

-- Configuring done

-- Generating done

-- Build files have been written to: /home/user/Downloads/0TPGenerator/bin/otpg build
Scanning dependencies of target Generator

[ 8%] Building C object CMakeFiles/Generator.dir/core/main.c.o

16%] Building object CMakeFiles/Generator.dir/core/common/utility.c.o

25%] Building object CMakeFiles/Generator.dir/core/generation/generator.c.o

33%] Building object CMakeFiles/Generator.dir/core/execution/runner.c.o

41%] Building object CMakeFiles/Generator.dir/core/random/rand.c.o

50%] Building object CMakeFiles/Generator.dir/core/template block/template block type.c.o
58%] Building object CMakeFiles/Generator.dir/core/memory/memutils.c.o

66%] Building object CMakeFiles/Generator.dir/core/memory/ins memutils.c.o

75%] Building object CMakeFiles/Generator.dir/default isas/riscv/rv32i/instruction.c.o
83%] Building object CMakeFiles/Generator.dir/default isas/riscv/rv32i/tests/tests.c.o

[ 91%] Building object CMakeFiles/Generator.dir/default isas/riscv/rv32i/mutators/mutator.c.o
[186%] Linking C executable ../Generator

[180%] Built target Generator

user@debian:~/Downloads/0TPGenerator$ I

— p— p— p— — p— p— p— —
sN sl sEasEaNs!

Pucynok 2 - omobpasicenue 8b16pannblx napamempos coopKu eenepamopa
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Orto0paxeHue cONpoBOAUTEIbLHOM HH(pOpMaUK

[Tpu ncnonbp30BaHUM JIOTIOJHUTEIBHOTO (iara, ymoMsHyToro B paszene 4 «J{onoaHuTeNbHbIE BO3SMOXKHOCTHY, BCS

COIIPOBOAUTCIIbHAS HHq)OpMaHHﬂ BBIBOAUTCA B CTaHI[apTHI)If/'I IIOTOK BBIBOJA A3BbIKa Cu.

user@debian:~/Downloads/0TPGenerator/bin$ spike --i1sa=RV32GC ~/RISCV/pk/build/pk Generator
bbl loader

Generator ver. 8.8.1 starting...

Configured with -=

Hardware architecture: 32 bit

A2 /Running template tests...

Test #0, iter. :

Test #1, iter.
Test #2, iter.
Test #3, iter.
Test #4, iter.
Test #5, iter.
Test #6, iter.
Test #7, iter.
Test #8, iter.
Test #3, iter.
Test #3, iter. T 0K

Test #1080, iter. #0: Error

Core dumped:

*0(!): Ox00000000(0x00000000) %1: Ox000111lec(0x00010fd4) %2: Ox7Fffddon(ex7fffddeo)

¥3: 0x00073e84(0x00073284) ®d: 0x000926e0(0x000926e0) ®5: 0x00011ded (0x00011ded)
*6(!): Ox00000628(0x00000027) *7(1): 0x00000031(0x00000031) #8(!1): Ox7Tifdd7b(0x7fffdd7b)
x9(1): 0xPO0T7cY9aa(0x0007c9aa) x10(!): ox7fffde2l(@x7fffedas) x11(!): ox7fffddog(ex7fffddeg)
*12(!): Ox00000020(0x00000020) x13(!): Ox7fffdeld(@x7fffedal) x14(!): 0Ox00000048(0xAO000041)
x15(1): Ox7fffddas(0x7fffedds) x16(!): OxDO000010(0xROROAOLO) x17(!): 0Ox00000028(0x00000028)
*18(!): OxO00000016(0x00000016) x19(!): ox7ffffdbc(@x7ffffdbc) x20(!): 0Ox000926e0(0xA00926e0)
x21(!): Oxoe00000f(0x0000000T) x22(!): 0x0001044a3(0x00010443) x23(!): 0Ox00000031(0x00000031)
*24(!): Ox00000029(0x00000029) x25(!): Ox0EOE000bL(OxROAOE00L) x26(!): 0x00000031(0xAOEG0G31)
®27(1): Ox0000000d(0x0000000d) x28(!): Ox0O00061c(0xROROAGLC) x29(!): 0x64383fbb(0x64383Thb)
%30(!): Dx0000000a(0x0000000a) x31(!): Ox0000040f(0x00000407)

HE358585888

fr247 7 /Finished running template tests.
A4 fRunning ASM-tests. ..

Test #0: 0K

Test #1: Error

Core dumped:

x0: 0x00000000(0x00000000) ®1: 0x000117b4(0x0001159c) ®2: Ox7fffdd4n(ex7fffddan)
%3: Ox00073eB4(0x00073084) ®d: Ox000926e0 (0x000926e0) %5: Ox00011lded (0x00011ded)
x6: 0x00000019(0x00000019) ®7: 0x00000000(0x0000001c) ®8: Ox7fffdd7e(ex7fffdd7o)
%9: Ox00073cd8(0x00073cd8) %10: Bx7fffdd8c({ox7fffedls) %11: Bx7Tffdd24(0x7fffdd24)
¥12: Bx00000004(0x00000004) ¥13: Bx7fffddab({ox7fffedl7) x14: Bx00000006(0x00000001)
%15: Bx7Tffdd78(0x7fffedls) %16: Dx00000000(0xTefefeff) %17: Bx00000001(0x00000040)
¥18: Bx00000001(0x00000001) ®19: Bx7ffffdad{0x7ffffdad) ¥20: Bx000926e0(0x000926e0)
%21: Bx00000001(0x000000GL) %22: Dx00010434(0x00010434) %23: Bx00000000(0x0000001C)
¥24: Bx00000000(0x00000000) ¥25: Bx00000000(0x00000000) ¥26: Bx00000000(0x00000000)
%27: Bx00000000(0x000000GA) %28: BxFffrffff{oxffffffff) %29: Bx64383fa3(0x64383fa3)
¥30: Bx00000000(0x00000000) ¥31: Bx000003e8(0x000003e8)

A7 Finished running ASM-tests.
Failures: 2.

Failure #08: template #10, iter. #8.

Failure #1: ASM-test #1.

Generator stopped.
user@debian:~/Downloads/0TPGenerator,/bins |J
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6. CIIMCOK MCIIOJIb30OBABIINXCA HCTOYHUKOB

Andrew Waterman, Krste Asanovic. The RISC-V Instruction Set Manual [Cratest B WHTepHer]
Pexxum  mocryma:  https://riscv.org/wp-content/uploads/2017/05/riscv-spec-v2.2.pdf ,  cBOOOIHBIN.
(mata oopamenus: 14.11.2022)

CMake cross-platform build-process managing system. [MaTepuet-pecypc]

Pexxum nmocryna: https://cmake.org/ , ceo6oansIii. (nata oopamenus: 14.12.2022)
A.C. Kamkun, A.M. Koupusak, C.A. Cwmomnos, A.Jl. Tarapuuko, M.M. Uynuiko, A.A. CopTos.

CpenctBa  (QyHKIMOHANBHOW  BepUPHUKAUMU  MHMKPOIPOIIECCOPOB [Ctatbs B  Unrepner]

Pexxum nmocryma: Coopuuk tpynoB MCIT PAH, https://ispranproceedings.elpub.ru/jour/article/view/771,

cBOOOAHBIN. (1aTa oOpamienus: 13.10.2022)
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7. IMPUJIOKEHUA

IIpunosxenne 1: CiroBapb HCHOJIB3YIOIIUXCH TEPMUHOB M IIOHATHIA

Tabmuua 1 — cioBapb UCTIONB3YIOMKUXCS TEPMUHOB U TIOHSATHHA

Tepmun

3Hauenne

OyHKUMOHATBHAS BEpUPUKAIHS

[Ipouecc mpoBepku coOTBETCTBHS pa3padathiBaeMoit RTL-monmenn Mukporporeccopa

JOKYMEHTaM, OIMUCBIBAIOUINX Tpe6OBaHI/IH K HEH.

JluHaMudeckoe (pyHKITOHATBEHOE)

TECTUPOBAHUE

Crioco®6 mpoBeneHust BepH(UKAUWKM, IOAPA3yMEBAIOUIMH INPOBEPKY COOTBETCTBHS

peanuzanuu TpeOOBaHHSM ITyTEM HCIIOTHEHUsI TECTOB Ha IIEJIEBOH (TECTHPYeMOii) cucreme.

Oddnaiin-TectupoBanue

[Mpouiecc renepanuu HaOopa TECTOBBIX CUTyallMid O€3 HCIHOJNB30BAHHS CHUCTEMBI,

MOAJIeXKAIIEH TECTUPOBAHUIO.

OmnnaitH-TeCTHpOBaHHE

IIpouecc renepaliil HaOOpa TECTOBBIX CUTYallUi M UX HEMOCPEACTBEHHOI'O UCTIOIHEHHS Ha

CUCTEME, MoIeXKaIen TECTUPOBAHUIO.

Apxurexrypa Habopa KOMaH][

(Instruction Set Architecture, ISA)

COBOKYITHOCTh TIPAaBWJI U CBOWCTB, IO KOTOPHIM IPOUCXOIAT BBIYMCICHUS Ha YPOBHE
MUKporpoueccopa. |ISA permaMeHTHpyeT HCIIONb30BaHHE PETMCTPOB MUKpOIpoLieccopa, a

TAaKK€ CYHICCTBYIOIIUE TUIIBI JaHHBIX, MOACIIb ITAMATU U APYTUE aCIICKThI.

Bare-metal cucrema

Kommiexkc ammapaTHBIX CpencTB 0e3  BBICTPOSHHOTO IMPOIPAMMHOIO  OKpY)KEHHS,

OTBETCTBEHHOT'O 3a KOHTPOJIb MCIOJIB3YEMOH MNaMsTH, IUIAHUPYEMBIX 3a7lady M JpYyrux
B3aMMOJICHCTBHIA B paAMKaX CUCTEMbI M HEOOXOJIUMBIX JUIS 3TOI'O PECYPCOB — ONEPAI[MOHHON

CHUCTEMBI.

I'pad

Maremaruueckuii 0OOBEKT, ONKCHIBAIOIIMIA Napy M3 MHOXECTB BepIIMH WM pebep, rie

MHOKECTBO pedep 3aaeTcsi Kak HEKOTOPOe IIOAMHOKECTBO BOZMOXKHBIX Iap BEPIIMH.

HUzm.

JInucr Ne jok. Tlomm. Jara
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