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1. BBEJEHUE

HaumeHoOBaHHe NPOrpaMMbI

[TpoToTHI OH/IaHH-TeHepaTopa TeCTOBBIX MTPOrPaMM /iJisi MUKPOIIPOLIeCCOPOB.
HaumeHoBaHMe POrpaMMbl Ha AaHTJIMICKOM sI3bIKe

Prototype of Online Test Program Generator for Microprocessors.
JloKyMeHTBI, HA 0OCHOBAaHHH KOTOPBIX Be/leTCsA pa3padoTKa

YueOHBIM TI7IaH TIOATOTOBKM OakasmaBpoB 110 HarpaBieHuto 09.03.04  «IIporpammHasi MH)KeHepHsi»

Y yTBep)K/leHHasl akaJleMUUYeCKUM pPyKOBOUTe/IeM TIPOrpaMMbl TeMa KypCOBOTO MPOeKTa.

N3wm. Jluct Ne 1oK. TToamn. Hara
RU.17701729.04.04-01 81 01-1
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2. HA3HAYEHWE " OBJIACTH ITIPUMEHEHUSA

(DYHKI_[I/IOHHJIBHOE Had3HaAYeHHue

[Tporpamma mnpejocTaB/isieT BO3MOXKHOCTH TeHepaluM M UCIIOJHEeHUs] TEeCTOBBIX I10C/Ie/|0BaTe/IbHOCTeN U3
WMHCTPYKLMH LiesieBoi MUKpOIMpoLeccopHoi apxuteKTypsl (Instruction Set Architecture, ISA) BepuduLpyemoit
cucTeMmbl (10 yMOJlYaHUKO mpefocTrasiasieTcss peanmusanms  nofn, RISC-V RV32I-coBmectumor mogfenu
MUKDOIIPOLIeCCOpa), a TakKKe BBIHECEHWs BepAUKTa O KOPPEKTHOCTH pabOoThl MCMOMb3YIOIUXCS B TeCTax
MHCTPYKLMI Ha OCHOBe CpPaBHEHUs pe3y/bTaTOB BBINOJHEHUs /IByX (DYHKI[MOHA/IbHO 5KBUBAJEHTHBIX B paMKax

3aJJaHHbIX MPaBUJI MOC/Ie/J0BaTe/IbHOCTEH.
JKCIUlyaTalliOHHOe Ha3HaueHne

[TporpaMMa MOXKeT SIBJISITbCSI KOMITOHEHTOM 0ojiee OOIIMPHOTO KOMIUIEKCA TPOrPaMMHBIX CPeJCTB ISt
BepubUKallMd MUKPOIIPOI[ECCOPOB, YCKOpsisi paboTy pa3pabOTUMKOB MHKPOIIPOLIECCOPOB  TMOCPECTBOM
aBTOMAaTUUYECKOW TeHepalMd TeCTOBBIX TIOC/Ae/l0BaTebHOCTeM U3 UWHCTPyKUud 1eneBod ISA (c wux
HeToCpe/ICTBEHHbIM MCTIOJTHEHUEeM) U COOTBETCTBYIOIIMX WM BXOJAHBIX [JaHHBIX TI0 yCTAaHOBJIEHHbIM 3apaHee

TMPpUHLUIIaM.

B yacTHoOCTH, TIporpaMma MO’KeT TMPUMEHSTHCSI B OTHOIIEHWH TMPOTrPaMMHUDPYEeMbIX JIOTMUeCKHUX WHTerpasbHbIX
cxeM (ITJIMC), HacTpoeHHOI Ha paboTy C LieneBoi ISA, MpU 3TOM CAMOCTOSITE/ILHO peanu3ysi HeoOXoquMble ei

CepBHUCHI OTIEPALIMOHHOM CUCTEMBI 110 paboTe ¢ MaMAThIO, eC/T TaKOBbIe MTOHA00SATCS.
KpaTkas xapakTepucTHKA 00/1aCTH IPUMEHEeHHUs

[Tporpamma, mpefjocTaB/isitoLLasi BO3MOXXHOCTb aBTOMAaTUUeCKOM T'eHepaljii TeCTOBBIX I10C/1e[j0BaTe/IbHOCTeN 13
VMHCTPYKLIMM, COCTaB/ISIFOLIMX LiesieByl0 ISA HeKOTOpOro cemeicTBa MUKDPOIPOLIECCOPOB, a TakKKe BO3MO>KHOCTU
HerocpeiICTBeHHOT 0 WCTIOJTHEHUST CreHepUpPOBaHHBIX TeCTOBBIX roc/iefjoBaTe/IbHOCTeN
(mAuHaMuueckoe/QyHKIMOHAbHOe OHJIaliH-TeCTUPOBaHWE) W CpPaBHEHWs] DPe3y/IbTaTOB BBITIOJIHEHUST KaXK[OU

TeCTOBOU noc/je40BaTe/IbHOCTHU C ee HeCKOJ/IBKO W3MEHEeHHOI B PdMKaX 3d/iaBa€MbIX ITPABUJI BepCI/Ief/i.

ITocTaBneHHass 3ajjauya BBINOJHSAETCS B paMKax BepU(MKaluM KakK OJHOrO W3 3TaroB IIPOEKTUPOBAHUS
MUKPOIIPOLIECCOPOB U pellieHHe M0CTaB/IeHHOH 3a/jauy UMeeT IIpUMeHeHre B aBTOMaTU3aL|uy MpoLiecca CUCTeMHOU
Bepu(UKallMd MHKPOIIPOIleccopoB[6], MoJenu KOTOPbIX MOTYT OBbITh peany30BaHbl B CBePXOOJIBIINX
uHTerpanbHbix cxemax (CBUC), B ynomsHyThix paHee ITJIMC, a Takxe 3arylljeHbl 4epe3 TpPOrpaMMHbIe
SMy/ATOpbl. B pelleHuu 3ajaud TNPUMEHSIIOTCS MeTOABI IICeB/OC/AyYallHOM TeHepaluu BXOZHBIX [aHHBIX,

VCTIO/b3YIOLMXCS B MHCTPYKLMSAX MUKPOMNPOLIECCOPOB B paMKax reHepyupyeMbIX TeCTOBBIX M0C/Ie/j0BaTeIbHOCTEH.

N3wm. Jluct Ne 1oK. TToamn. Hara
RU.17701729.04.04-01 81 01-1
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B cuny c/10)KHOCTH MaciuTabUpoBaHMsl INMOCTAaBJIEHHOW 3alauM I0 OTHOLIEHHIO K IPOW3BOJIbHO-3a/laBaeMbIM
apxuTeKTypam Habopa KOMaH/l, UTOTOBOe IPOrpaMMHOe pellieHre J0/DKHO obecrieunBaTh KOPPEKTHYIO paboTy Kak
MUHHUMYM B PAMKax MUKDOIIPOLIECCOPHOU apxuTekTypbl RISC-V ¢ 6a30BbiM HabopoM Koman g RV32I!, ogHako B
npotiecce pa3pabOTKM pacCMaTpUBAIMCh apXUTEKTYPHbIE PelleHHsi C YYeTOM YIOMSHYTOrO MacIuTaOMpOBaHUS

3a4d4U B I[MepCIIEKTHUBE.

[TockonbKy mporjecc BepudHKalMd MUKPOMPOLECCOPOB He 00si3aH BK/IHOUaTh B Ce0si M30BITOYHYIO HaCTPOMKY
BCIIOMOTaTe/IbHbIX POTPAMMHBIX CPe/ICTB, B3aUMOZEeUCTBYIOLUX C BePUPULIMPYeMOl peanr3aiiieid (POTOTUIIOM)
MOJZlelM MHUKporporeccopa (B YaCTHOCTM, HAaCTPOMKY OINEepalyOHHOM CHUCTeMbl W CpPeZCTB KOMITUISLMU
T0JIb30BaTeIbCKUX TPOrpaMM), U pa3 apXuUTeKTypbl Habopa KOMaH/, MOTYT BapbUpOBaThCsl OT peayv3aluu K
peanu3aly, TO MOJ, KaKAYI0 TeCTUPYeMyl0 peanv3aliiio HeoOXOUMO IpeJBapUTEe/NbHO OCYII|eCTBUTh COOPKY
crieLiuuecKoil Bepcuy pa3pabaThiBaeMOro reHepaTropa TeCTOBBIX IOC/IeZ0BATeIbHOCTEM C TMOMOIIBIO CPe/CTB
KpPOCC-KOMITUJISAILIMY Tiepe/i ee Herocpe/CTBeHHON BBIFPY3KOM Ha BepU(ULMpyeMbli MPOTOTHII, TJe WUTOTOBBIN
reHepaTop He J0/DKEH ONUPAaThCs Ha KOJ, B3aMMOJEWCTBYIOLIMM C OMepaliMOHHOW CUCTeMOM — aKTyasjbHas Ha
MOMEHT HaIMCaHHUs HACTOsIero [OKyMeHTa Bepcusi pa3pabaTbiBaeMOro IpOTOTUIIA OHJIAH-reHepaTopa He
TI03BOJISIET TIOJTHOCTBIO abCTparupoBaThCsi OT CUCTEMHBIX BBI30BOB OIEPAIMOHHOW CHUCTEeMBbl U TpeJ0CTaBIeHue

TaKOM BO3MOXXHOCTH paCcCMaTpurBaeTCAd B ITepCIIeKTHBe.

! Tlogpasymesaercs: 6a3oBbiii HaGop Komang RV32I, cnelpbuKaiys KOTOPOro akTyalbHa Ha MOMEHT paspaboTku[1].

N3wm. Jluct Ne 1oK. TToamn. Hara
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3. TEXHUYECKUE XAPAKTEPUCTUKH

(I)YHK]_[I/IOHHJIBHBIE XdPaAKTEePUCTHKH

CocTaB BbINO/IHAEMBIX PyHKI[HI

Ncnone3oBaHre 1onb30BaTe/bCKUX onvcaHud [SA TecThpyemou MoJenu MUKpPOMNPOLeCCcopa, JTOTUKU
v3MeHeHus1 (MyTalui) TeHepyupyeMbIX I0C/IeJ0BaTe/IbHOCTEN WHCTPYKLUM, JIOTUKA CpaBHEHUs
pe3yJ/IbTaTOB BBINOJHEHNUsST OPUTMHAAbHOW W W3MEHEHHOW I0C/e[0BaTe/IbHOCTed WHCTPYKLMM /s
orpezie/ieHus1 CTiel[U(HUKA KOHKPeTHOTO TeHepPaTopa, a Takyke Moziesie (11ab/I0HOB) UaCTUUHO 3a/JaHHBIX

TeCTOB U CTPOro 3a)MKCUPOBaHHBIX TECTOB,;

[TocnepoBatenbHasi reHepaLysi MMOCIe0BaTeIbHOCTEN M3 MHCTPYKIMH 11e/IeBOM apXUTeKTypbl Habopa
KOMaH/l TI0 TIpPeJOCTaB/IeHHbIM MO/IeJIIM YaCTHUUHO 3a/]JaHHBIX TecTOB (11abJI0HOB) C TOATOTOBKOMN

Tp66yeMBIX AJIdd UX TIOJTHOI'O oripee/ieHus BXOAHBIX JdaHHBIX;

[TocnenoBarenbHast TeHepalys TIOC/Ie0BaTeIbHOCTeH W3 UHCTPYKIMH 11e/IeBOM apXUTeKTypbl Habopa

KOMaH/ I10 OIMMCaHUAM CTPOro 3a(l)I/IKCI/IpOBaHHbIX TeCTOB,

Hcnonb30BaHue N0/1b30BaTe/IbCKOI0 O CAHUS JIOTUKU MYTa]_[I/II‘;I HOCHeAOBaTEHLHOCTeﬁ reHepupyemMbix
I/IHCTPYKL[I/II‘/JI A1 UX U3MEHEHHS B 'PAdHHLIAX UCXOOHOI'0 YPOBHA QJYHKLII/IOHEU'IBHOIZ SKBHUBA/IEGHTHOCTHU U
,qéUleEﬁH.IEFO CPpaBHEHHS PE3YJ/IbTATOB BbITTOJIHEHHWS K&)I(,E[Oﬁ CFEHepHpOBaHHOﬁ moc/ieJ0BaTe/IbHOCTHU

VHCTPYKLIMY 11eJIeBOM apXUTEKTYPbl KOMaH/| C ee U3MeHeHHOW Bepcuel;

HO,Z[I‘OTOBKEI M BBIBOJI UTOI'OBBIX BEPAUKTOB 00 YCITEITHOCTH BBITIOJTHEHHUSA T€CTUPDYEMbBIM IMPOTOTUIIOM
MHUKpPOIIpoLeccopa Ka)KAOﬁ CFEHEPHPOB&HHOﬁ noc/j1e40BaTe/IbHOCTHU I/IHCTPYKL[I/Iﬁ 1 ee HM3MeHEeHHOM

BepCuH I10 3aJdHHBIM IMPpAaBW/IaM CPaBHEHUS.

Omnucanue u 06ocHoOBaHKe (opMaTa BXOJHBIX JAHHBIX

Tak Kak OHHaﬁH-FeHepaTOP TECTOBBIX TIIpOrpaMM C YKd3dHHbBIM TIIp€ABapUTE/IbHO OIIMCaHHUEM Cl)OpMaTOB
reHepyupyemMbixX TeCTOBBIX HOCHEAOBHTGHBHOCTEﬁ, TO B KaueCTBe I10/Ib30BaTe€/IbCKHMX BXOJHBIX [OdHHBIX

UCIIO/IBb3YEeTCSl COBOKYITHOCTb OTHOCHMTE/IbHBIX PACIioIOKeHH? (aiiioB B (aiiioBol CHUCTeMe, a TaKKe

BCIIOMOTI'aTe/IbHbIX Cl)J'IaFOB, MoJiaBad€MbIX Ha KOMITWIALIUIO CAMOT'O reHepaTopd.

OTHOCHUTe/IbHbIE INYTH PACCUUTBIBAKOTCA OTHOCHUTE/IbHO TOYKH BbI30Bd (,E[I/IDEKTODI/II/I), 13 KOTOPBIX 3aITyCKadeTCsd IIponecc KOMl'II/IJIS{LII/II/I.2

N3wm. Jluct Ne 1oK. TToamn. Hara
RU.17701729.04.04-01 81 01-1
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Tak kak paboTa Cc reHepaTOpOM B IEPCIIeKTHBe MOKeT MPOM3BOAUTHCS Ha bare-metal cuctemax, Kakzaas u3
KOTOpBIX 00siaziaeT cobcTBeHHOM ISA ¥ MoZie/bio TIaMSITH, TO yyKe Ha 3Tare KOMIWISALUN TpeOyeTcsi yKa3aThb
BCe Te TlapaMeTphl U M0JIb30BaTe/IbCKUE OTpe/ie/ieHHs], KOTOpble OyyT UCII0/Ib30BaThCsl B CKOMITUTAPOBAHHOM
OHJIaliH-TeHepaTope, TPY 3TOM MCK/TIOUYMB HeOOXOAMMOCTh 0OpalljeHni K (aiiioBOM cucTeMe yxKe B IpoLiecce

paboThI IPOTPaMMBbI.

CrnurcoK T0/b30BaTe/bCKUX apryMeHTOB, pacCMaTpHMBaeMbIX B Tpoliecce KOMIMWSLMU OHJIalH-reHepaTopa

TECTOBBIX [TPOrPaMM:

e OTHOCHTE/ILHBIN WK abCOMIOTHBIN MyTh B (haiijioBol cucteme /1o (aiina (Kpocc-)KOMIUIATOpA s3bIKa

Cu ¢ nogzaep>xkoi cranzapta C99, KOTopbiii OyZieT UCI0/Ib30BaThCS B TTPOLieCCe KOMITUISLINY;
¢ CoOBOKYMHOCTH (h/1aroB, IpUMeHsieMbIX K BEIODAHHOMY paHee KOMITU/ISITODY;

e OrtHOCUTEeNbHBIA WM AabOCOMIOTHBIM TMyTb B (ailyioBolt cucteme n0 (aiinoB omnumcadus ISA,

WCIO/b3YHOLEeNCs B MPOLiecce reHepaly U UCTIOJIHEHUS TECTOBBIX LeNoueK;

e OrtHOCUTeNbHBIA WM abCOMIOTHBIA MyTh B (ailioBOMl cucteMe [0 (ailJioB OINKCaHUS TeCTOB,
HeoOXOZMMBIX /ISl TeHepaldy TeCTOBBIX II0C/Ie/loBaTeNbHOCTeN M0 3a/jaHHbIM 11abs0HaM U AJIst

VICTIO/THEHUSI CTPOro 3a(MKCUPOBAHHBIX TECTOB;

e OTHOCHUTE/ILHBI WM abCOMIOTHBIM TyTh B (haiioBoit cucteme f0 ¢haitla OMMCaHWUS JIOTUKU
(YHKIMOHATBHO ~ SKBMBAJIEHTHOTO  TIpeoOpa30BaHMs  OJHOW  TOC/Ie[0BaTe/IbHOCTH — TECTOBBIX

WHCTPYKIUH B JPYTY1O;

e OTHOCUTENbHBIA WX abCOMIOTHBIM MyTh B (Dali/IOBOM cHCTeMe [0 AWPEKTOPHM BBIBOJAa UTOTOBOTO
pe3y/ibTaTa CTaTMUeCKOW KOMMOWISALMKA — WUCHonaHsgemoro ailiia oOH/aliH-reHepaTopa TeCTOBbIX

rporpamm;

e OmniuoHaMBHBIA (1ar BBIBOAA COTMPOBOAUTENBHBIX COOOIEHWM W COOOIIeHW OT/IaJKu B Ipoliecce

paboTkI TeHepaTopa.

B nepByro ouepesb, Mob30BaTeI0 HEOOXOAUMO TiepeJaTh WHGOPMALMI0 0 KPOCC-KOMIUISTOpe si3bika Cu
(crangapt C99) u mepejgaBaeMbIX eMy IapaMeTpax, KOTOpble OyJyT HCIIO/b30BaThCs B Tporjecce COOPKH
WCTIONIHSEMOTO0 MO/yJisi TeHepaTopa TeCTOBBIX IPOrpaMM HeroCpeACTBeHHO TI0J] TeCTUPYeMYI Mojesb

MUKPOTIpOIieccopa.

Kpome Toro, Ha 3Tame KOMIWISALMM TIPOTPAMMBI TIO/Ib30BAaTeM0 TpPeOyeTcsi TpejoCTaBUTh UeThIpe

OTHOCHTE/ILHBIX MU a0COMIOTHBIX IMyTHU B pdMKaX d)aﬁHOBOﬁ CHUCTEMBI, OITMCBIBAIOIIMX PACIIOJ/IOXKEHNE d)aﬁHOB
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c onvcaHueM ISA fs TecTHpyemoil Mojiesli MUKpOTpolieccopa, (aiijioB ¢ ornvicaHeM Mofesiel 4acCTUUHO
33/laHHbIX W CTPOro 3aMKCHPOBAHHBIX TeCTOB, (haliJIoB C OMMCAaHUEM JIOTMKW MYyTallUid TreHepUpyeMbIX
TI0C/Ie/[OBaTe/IbHOCTEH WHCTPYKI[UM W PACIIO/IOKeHWe AWPEKTOPHU JIJIsT pa3MelleHHs] CKOMITUTMPOBAHHOTO

OHJIaI\/’IH-FEHepaTOpa COOTBETCTBEHHO.

[loromHUTeEHO T0h30BaTe/Ib MOKET MCTI0/b30BaTh (Jiar, CUTHAIM3UPYIOIUI 06 UCIoMb30BaHUM (HYHKI[UH
«printf», 00bsiB/IeHHOM B 3aro/ioBKe «stdio.h» u3 cranzapTHOM OMbMMOTEKU si3bIKa CH, /1J1s1 Iepeiaull UTOTOBBIX
Bep/IUKTOB 00 MCTIOJTHEHWH TeCTOBBIX MT0C/Ie/I0BaTe/TbHOCTEM HeITOCPe/ICTBEHHO B CTaHAPTHBIN MOTOK BBIBO/Ia,
TaK)XXe HWCIOb3yeMbIA [IJIi BBIBOJIA COTIPOBOZMTE/IBHBIX W OT/Ia[OYHBIX COOOIEHHI B TIpoljecce paboThI

OHJIaliH-TeHepaTopa.

3a UCK/IIOUeHNeM YIIOMSIHYTOTO JIONOHUTENBHOTO (hy1ara, BCe OCTajibHbIe TTapaMeTphl 00s13aTebHO J0JKHBI
OBbITH yKasaHbl C yueTOM OIpeZle/IeHHOTO TOpsifKa WX BK/IIOUEHHS] B OOLMIA CITMCOK apryMeHTOB, W Ji/Is
cranziaptHol peanu3armu [SA RISC-V RV 321 ucnionb3yeTcsi OT/AeMbHBINA CKPUTT COOPKH, aBTOMaTU3WP YOI
riepesiauy OOJIBIIMHCTBA HEOOXOMMBIX AaHHBIX B OOI[MI CKPUIT aBTOMAaTU3aL[UM TIpoLjecca COOPKU OHJIaiH-
reHepaTopa — B TIepClieKTHBe IJIaHMPYeTCs 3aMeHa MoJ00HO0ro 10/1X0/ia Ha IMeHOBaHHbIe apr'yMeHTbI, TOPsiI0K

YKa3aHKA KOTOPBIX He ITOB/IUAET Ha IIPOoLeCC KOMITWIALIMK reHepaTopa.

[eTtanbHOe OmMMCaHWe Tpoliecca yKa3aHWsl apryMeHTOB KOMITW/ISIUM OHJIAWH-TeHepaTopa, a Takke oOriue
VMHCTPYKLIUK 10 paboTe ¢ OH/IalfH-reHepaTOpOM OMMCHLIBAOTCS B 0KyMeHTe «[IpoTOTUIl OH/IaiiH-TeHepaTopa

TeCTOBBIX TPOrpaMM Jjisi MUKPOTIpoLieccopoB». PykoBozcTBo riporpammucta ('OCT 19.505-79).

[Tocnie HemocpeACTBEHHOM KOMMW/ISILIMK MCIIOHSIEMOT0 MOJYJ/Isl TeHepaTopa TeCTOBBIX MPOrpaMM OH MOXKET
ObITH 3arpy>keH Ha WCIIOJIHEHWE B CHUCTeMe, TIOJJIeXalllel TeCTMPOBAHHI0 — Ha JIAHHOM 3Tarle HUKaKue

MOJIb30BaTe/IbCKHE BXOJAHbIE JdHHBIE Yy Ke He Tp86y}OTCH.
Onucanue HCIT0/Ib3YEMOI'0 MaTEMATHUYECKOI'0 aIlrdpara

B KOHTeKCTe TOCTaB/IeHHOW 3aZlauM pa3/ie/sIFoTCs /IBeé OCHOBHBbIE TPYIIIbI TECTOB: YACTUYHO 3aJjaHHbIe
(1abs10HBI) ¥ CTpPOro 3adMKCUPOBaHHbIE. B paMKax AWHAMHUECKOTO TeCTUPOBAaHUS ropaszio 3pdeKTrBHee
UMeTb 00/bIIIoN 00beM pa3HOOOPAa3HbIX TECTOB, T/e TECTOBbIE TIOC/Ie[0BaTeTbHOCTA UHCTPYKLIUH UCITO/B3YIOT
pa3Hble BXO/[HbIe JaHHbIe. CyIlecTByeT BO3MOKHOCTb OMMCATh HEKOTOPHIM 00pa3oM Habop TeCTOB, UTO B
COBOKYITHOCTH C TIO/ICTAHOBKOM TICEBIOC/IyUaliHbIX BXOZAHBIX JIaHHBIX (ec/ii Takoe TpeOyeTcsi) U GoJbIIMM
KOJIMUeCTBOM WX UTepalyil TIpe/oCTaB/isieT BO3MOXKHOCTh TOMYYUTh CYIeCTBEHHOe KOJIMYeCTBO
PaCcCMOTPEHHBIX C/TyuaeB MOBeZIEHUsT TECTUPYEMOT0 ITPOTOTHIIA MUKPOIIPOL[ECCOpPa, TPEOYIOIIUX KOPPEKTHOTO

BBITIO/THEHHWSA M CIT0J/Ib3yEeMBIX onepaum‘/’l - HOAOGHbIe Ha60pbl TeCTOB I1peACTaBJ/IAETCA 111a0/I0OHAMU.
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C #pyro#i CTOpPOHBI, HEKOTOPbIe OT/e/bHbIe CyYal O’KHAAeMOro ToBe/[eHUs] MUKPOIIPOL[eccopa A0CTaTOUHO
TPYJAHO CreHepupoBaTh Cpe/CTBAMM TreHepaTopa MCeBAOCTyYalHbIX TOC/e[l0BaTe/IbHOCTeN uucen 3a CyeT
Masioli BepOSITHOCTU CO3/IaHUS WX TOUHBIX KOIMM, a TIOTOMY HEKOTOpble C/y4au [JOCTaTOUHO PacCMOTPEThb
POBHO O/JMH pa3 — MMEHHO B TaKyl0 KaTeropuio TeCTOB T0MaZaloT CTPOro 3aMKCUPOBaHHbIE TECThI, 3a/atoLLje

UETKYIO MMoC/jiej0BaTe/IbHOCTb I/IHCTPy’KU"I/Iﬁ 0e3 NponymeHHbIX BXOAHBIX JdHHBIX.

3amMeTHM HEeKOTOPYIO CUCTeMaTUYHOCTh, UTO 00asi TeCToBast OC/Ie/l0BaTeIbHOCTh MHCTPYKLUIN Mpe/icTaBuMa
B BH/le HEKOTOPOU MepeCcTaHOBKU HaJ| 37ieMeHTaMH OoJIbleli COBOKYITHOCTH MHCTPYKLMIA C OTpe/e/leHHbIMU
TIpaBWIaMy HU3BJIeUeHUs] MHCTPYKLIMK [/Is IepeCcTaHOBKY, a Ta COBOKYITHOCTb, B CBOK) OUepe/ib, OIpe/ienseTcs
Ha OCHOBe 00pabOTKU ApPYrHMX COBOKYITHOCTEM WHCTPYKLMH — B paMKax BbIpabOOTaHHOW TepPMHHOJIOTHU
B3aUMO/IeHCTBYS C YaCTUYHO 3a/JaHHBIMU TeCTaMU M0/100HbIe COBOKYITHOCTU MHCTPYKLIWH MOJIyYU/IN Ha3BaHHUe

wab10HHbIX 6/10K08, a TIPOLiecC reHepaljy MepecTaHOBKH MHCTPYKIUK OG/I0Ka € Orpe/ie/ieHHbIMU TTPaBUIaMH

VX U3BJIEUEHUS TIOTyYW/T Ha3BaHe 00pabomku.

Takum 00pa3oM, MOXXHO TIDUATH K OCHOBHOW Wjee [Jis OIHCaHWs I11a0JIOHOB TreHepalii TeCTOBBIX
1oc/ie/j0BaTe/lbHOCTe WMHCTPYKLMK, KOTOpasi HCI0/Ib3yeTCsl IO aHajo0rWy, Harlpumep, B IIPOrpaMMHOM
komriekce MicroTESK: m1ab/ioH reHepailjii TeCTOBBIX WHCTPYKLMM OMMCHIBAETCS uepe3 HepapXUyecKyro

CTPYKTYPY crienuuecKnx 1absoHHBIX O/10K0B (depego wabsioHa), rae Asisi 00paboTKM KOHKpeTHOro O/10Ka

B TIepBYIO ouepezib TpebyeTcs 00paboTaTh BCe ero BIOKeHHbIe 0/I0KU (MM OCYIIeCTBUTh HEMOCPeCTBEHHYTO
00paboTKy WHCTPYKIMH CaMOT0 KOHKPeTHOTo 0JI0Ka, ec/ii KaKue-i00 BI0KeHHbIe O/I0KM OTCYTCTBYIOT), Ha
OCHOBEe KOTOpBIX Oy/IeT T'eHepuUpOBaThCs IMOC/e[0BAaTebHOCTh WHCTPYKIMU /i1 TeKyllero 00Ka — 3TO
03HayaeT, uTo Mpy 00paboTKe caMOro BHeIIHero 6i0Ka (/711 KOTOPOTo BCe OCTabHbIe OI0KH OYAyT CUUTATHCS
BJIOKEHHBIMU U UTO HUKAKOM OJI0K He MMeeT CaMblii BHEIIHUI OJIOK B UKMC/Ie CBOMX BJIOXKEHHBIX OJIOKOB) BCe

ocTanbHbBIe 0/I0KH OYyAyT y>kKe 06paboTaHbI.

Ha ypoBHe o6paboTtky 610ka cuuTaercsi, uro ecnd 610K He o0najgaeT BAOXKeHHBIMU Onokamu, a obiamaer
HEoCpeJCTBEeHHbIM Hab0pOM WHCTDYKIMK (B _JDEBOBUIHOW CTPYKTYDE CBEDXY BHH3 OT CAMOTO BHEIITHEro

O/10Ka Takue OJI0OKKA OVAVT pacriojaratbCa B CaMOM HM3V) U1 00pabOTKU, TO 3TOT Ha0Op MHCTPVKLMNA OyaeT

CUUTATHCA HEABHO MPUHAJIEXKAIIIUM HEKOTODOMY (€JUHCTBEHHOMY ) BJIOXKEHHOMY 6]'[0Ky.

Ha moMeHT HamucaHust HACTOoAIEero JO0KyMeHTa 111a0/I0HHEIE OJIOKU MOT'YyT COOTBETCTBOBATH OJHOMY U3 IBYX

TUTIOB: Sequence Wy pool COOTBETCTBEHHO.

Tun 1absoHHoro 6/10Ka sequence IMpearvcbiBaeT, UYTO HWHCTPYKLKH, HaXOAlHeCd HernoCcpeigCTBEHHO Ha

ypOBHE camoro sequence-6/0ka wid B 1060M o06paboTaHHOM 0/0Ke W3 4YKC/Ia BAOXKEHHBIX, OyayT

N3wm. Jluct Ne 1oK. TToamn. Hara
RU.17701729.04.04-01 81 01-1

MuB. Ne moay. Ioan. v gata | Bsam. uuB. Ne | MuB. Ne ay6s1. | IToam. u gata




11
RU.17701729.04.04-01 81 01-1
3a(MKCHpOBaHbl B UTOTOBOM TepecTaHOBKe MHCTPYKLMI TOUHO TaK ke, KaK OHU U ObLTH 3aUKCUPOBaHbI Ha
MOMeHT Havasna o6paboTku sequence-6/10ka ¢ coxpaHeHHeM MCXOAHOW ovyepegHocTd. HedopmanbHo roBops,
TUT Sequence OIMUCHIBAET YIIOPSZAO0UYEHHOe (MYJ/IbTH>)MHOXKECTBO HHCTPYKIMEA. JI0Oble BCIIOMOTaTe/bHbIe

¢aru ¥ mapameTpbl, KOTOPLIMU MOXKeT 00/1a/jaTh sequence-0/10K, UTHOPUPYIOTCS.

Tun 1mab1o0HHOrO 6/10Ka pool MpeAnuCchIBaeT, YTO UHCTPYKLIMH, HaXOZSI[HECs HETOCPeJCTBEHHO Ha YPOBHE
camoro pool-6/10ka umm B m060M 00paboTaHHOM 0J10Ke M3 UKC/Ia BIOXKEHHBIX, Oy1yT BK/IIOUEHBI B UTOT'OBYIO
TiepecTaHOBKY B OTpe/ie/IeHHOM KOJTMUeCTBe Ha OCHOBE OTpe/ie/IeHHbIX TIPaBuI, 3a(pMKCUPOBAHHBIX HA YPOBHE

6/10Ka BCIIOMOTaTeTbHBIMU (p/laramu.
K Takum BcriomoraTe/nbHbIM (piaram OTHOCSTCS:

¢ Bribop roToBeix O7I0KOB — BMECTO TOTO, UTOOBI BK/IFOUATh OT/e/IbHbie WHCTPYKLIMK B TIepPeCTaHOBKY,

OyayT BeIOMpATLCs cpa3y oOpaboTaHHbIe OJIOKM WHCTPYKIIUM;

* B03MOXXHOCTb TOBTOPHO BLIOUPATh 3/1eMeHTHI (OJIOKU/UHCTPYKIIMN) — TIPEJOCTABIISETCS BO3MOXXHOCTD

BKJTIOUATh OJJHY U Ty K€ MHCTPYKI[HIO WK OJI0K B UTOTOBYIO M€PECTAaHOBKY /iBa U OoJiee pas;

e OTK/IIOYeHHe yueTa OTHOCUTETBHOTO Mopsifka (6/10KOB/UHCTPYKIIUiA) — BMECTO TOT'0, YTOOBI BHIOMpATh
3/IEMEeHTHI C YYeTOM UX OTHOCHUTEBHOTO PACIIO/IOKEeHUsI, OHU Oy IyT BLIOMPATHCS HE3aBUCHMO OT HETO

(BBIOpAB 3/1eMEHT, HUKAKOH 3/IEMEHT /10 HeTro He OyzieT BbIOpaH BIOC/IE/ICTBHN).

Bce BbllIeynomMsiHyThbIe yiary Mo yMOTUaHHUIO He UCTIO/Ib3YHOTCS, a 3HAUUT, B TAKOM CTydae OyyT BbIOMpPaThCs
WHCTPYKLMK 6e3 TTOBTOPOB M C yUe€TOM MX OTHOCHTE/LHOIO C/iefloBaHKst. MOXXHO yTBEp)K/aTh, UTO BbIOMpast
CTOJTbKO Ke MHCTPYKLMH 0JIOKOB W/ caMUX 0JIOKOB, CKOJIBKO U OBIZIO BCETO M3 UKMC/Ia BJIOXKEHHBIX 0JIOKOB, C
COXpaHeHWeM OTHOCHUTEe/IbHOTO TIOPsi/Ika U OTCYTCTBHEM TTOBTOPOB 00paboTKa Oy1eT MpOUCX0[UTh aHAJIOTUUHO

sequence-0/10Ky.

HedopmansHo roBopsi, Tun pool onuckiBaeT (yropsiioueHHOe) (MY/IbTH)MHOXXECTBO WHCTPYKIMM. 3a
WCK/TIOUeHWEeM TlapaMeTpPOB KOJIMYeCcTBa BhIOMpaeMbIX 3/IEMEHTOB W MCII0/Ib3yeMbIX (hiaroB to0bie Apyrue

rapaMeTpbl UTHOPUPYIOTCS.

ITpu 06paboTKe BIOYKEHHBIX 0JIOKOB C OOIIMM BHEIIHUM 0JI0KOM TMOPSIIOK MX 00pab0TKe COOTBETCTBYET TOMY

MopAaAgKy, KOTOprﬁ HCII0J/Ib30BaJICA IMMPU OMMMCaHUHK 0JIOKOB M3HAYAJILHO.

Cnepnyrolijee TIpeJiCTaB/eHUe 1€MOHCTPUPYET TIPUMep OIMMCaHWUs HEKOTOPOTro TeCTOBOTO IabsoHa (U4Mcio B

ckoOKax 0003HauaeT HEKOTOPbIM YHUKA/IbHBIA HOMep BEepIIMHbBI, COKPAIIeHHs «Seq» U «pool» COOTBETCTBYIOT

3 3aBUCUT OT TOro, ObL/IY JTU B M3HAYAJILHOM OJ/I0Ke TTO/THOCThIO HAeHTHUYHbIe MHCTPYKIHNH 6e3 He3aIo/THeHHBIX MOJIeH.
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TUMaM 111a0/IOHHBIM OJIOKOB sequence W pool; TMapaMeTp «nN» OIHChIBA€T KOJIMUYECTBO 3/IEMEHTOB
(610KOB/MHCTPYKIMH), BbIOMpaeMbix B Omoke pool; «BLOCKS», «WITHREPEATS» u «NOORDER»
COOTBETCTBYIOT (hj1laraM BbIOOpa 6JI0KOB BMECTO WHCTPYKIIHMM, pa3pellieH s IOBTOPOB MPU BbIOOPE 371eMeHTOB
U OTCYTCTBUHU CJIe[IOBAaHWSI OTHOCHUTE/ILHOMY TIOPSIZIKY 3/IEMEHTOB IpH 00paboTke pool-6/10ka; MHOTOTOUHe

TMOKa3bIBaeT, Ha/lMure HerocpeICTBeHHOTO Habopa MHCTPYKIMI 6/10Ka BMECTO BJIOYKEHHBIX /1/1s1 Hero 6/10KoB).

(2)seq{...
(1)seqy (3)pool (n =1, BLOCKS) (4)seq {...
[ (5)pool (n =3, WITHREPEATS,NOORDER){...
(6)seq{...

TakuM obpa3omM, s 06paboTKu BepiiiHbl 1 TpeOyeTcsi oOpaboraTh BepiuHbI 2, 3 U 6, a A1 00paboTKU
BepiInHbI 3 TpebyeTcst 06paboTaTh BepIIMHLI 4 U 5, TOr/Ia UTOTOBLIM TOPsiZIOK 06paboTKu BepiuH OyeT 2, 4,

5, 3,6, 1.
Onucanue ¥ 000CHOBaHHE BHIOOPA 001IIero aJiropuT™Ma padoThl

Bce ocHOBHEIE mapaMeTp.I AJ1d pa6OTBI C OHHaﬁH-FEHepaTOpOM 3a41dl0TCA Ha 3Tdlle ero KOMIIW/IALIMKA 1 Ha 3Talle

€ro WCTIOTHEeHHsI IOTIO/THUTeTbHOM 00pab0TKK BXOHBIX TTapaMeTPOB He TIPOU3BOUTCSL.

OHnaliH-reHepaTop HauMHaeT BBINNOJHEHHE CBOMX 3aJau C WHUIMANIM3aliu Tex pabounx obsacreit
OTepaTUBHOW TIAMSTH, C KOTOPBIMHM OyZieT TIPOMCXOJUTb B3aMMOZENCTBUe TIPU TeHepalid U BBITTOJTHEHUH
TEeCTOB — /Il 3TOTO BBI3BIBAKOTCS OIpeJe/leHHble IpPOLeAypbl, ClieludUKals KOTOpBIX 3aflaeTcsl Ha

T10J1b30BaTeIbCKOM YPOBHe (TIOArPY»KaroTcsi MHCTPYKLUMKU ISA, camu TeCTbl M MHbIe BCIIOMOTaTe/IbHbIe JAHHBIE).

[anee, BbI3bIBaeTCS MpOLeypa TeHepalid TeCTOB I10 OMMCAHHBIM I1a0/IOHaM: KaKAbIM II1a0/JI0OH HMeeT
orpeZie/ieHHOEe KOJIMYeCTBO UTepaLyi, KOTOpbIe /i/1si Hero Heo0X0JUMO TIPOBECTH, Ha KaXK/[0W UTepariiy 3aHOBO

(bopMHUpys TECTOBYIO MOC/Ie/[0BATETLHOCTD U3 3a/JaHHOTO 111abJI0Ha.

Tak Kak /i1 06pabOTKM KOHKPeTHOro 111ab/ioHHOTo 0/10Ka TpeOyeTcst IpoBecTd 00paboTKy BCEX BJIOYKEHHBIX
It Hero OJIOKOB, B MepapXW4yecKod CTpPyKType IabioHa rogobHasi o6paboTka CX0Xa CO CTaHZAPTHBIM

anropuTMOM 00X0/1a rpada JaHHBIX B TIyOUHY.

[nst KakgoM creHepUpOBaHHOM B MTOre WHCTPYKLMU BBI3bIBAeTCsl TMpOLeAypa, TakKe OripefesiseMasi Ha
TI0/Tb30BaTe/IbCKOM yPOBHe W OrpefiesieHHast MO0 /i KOHKpeTHOro 1iabsjoHa, /im0 orpeziesieHHasi TI0
YMOJ/TUaHHIO [I71s1 11a0JIOHHBIX TECTOB, TIO3BOJISIONIAS 3allO/THUTL TPOIMYIleHHbIe JaHHble B UHCTPYKIUSX C

HCI10J/Ib30BaHUEM JIOTHUKU I'eHePal|hX HCEBAOCquaﬁHbIX HOC]'IEAOB&TEIH:HOCTEIZ JdaHHBIX.
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[anee, Bce MHCTPYKLMU TPAHC/IUPYIOTCS B UX [BOUYHOe IIpe/CTaB/eHWe U pasMellaroTCsd C y4eTOM UX

BbIpaBHUBAHMS T10 JIMHE CaMUX MHCTPYKLIMI B 3arOTOB/IEHHOM 3apaHee 00J1aCTH MaMsITH [Jis MHCTPYKLIWH.

BbI3biBatoTCsl MpeiBapyTeIbHO OMMCAHHbIE Ha T10/1Ib30BATETLCKOM YPOBHE C TOMOIIbIO TMPEenpoLeCCOPHbIX
cpeactB sisbika CuH mpoLjeiypbl BBIFPY3KW HMH(OPMAaLUM O COJep>XKaHWU PEerucTpoB Ha MOMEHT BbI30Ba
nporie/lypbl B 3aroTOBJIEHHYIO 3apaHee 00/1aCTb TamsTU JJii PerMCTPOB — TaK Kak Tpy 0(OpM/IeHHH U
HerocpeJICTBEHHOM BbI30Be T10/J00HBIX MPOLeyP C MOMOIIBbI0 (PyHKIHI s13biKa CH MOTYT OBITH TIepe3ariCcaHbl
U yTepsiHbl JlaHHBIE OT/E/NbHBIX PETUCTPOB, TO TpPeOyeTCs WCI0/b30BaTh WMEHHO T10/Tb30BaTeTbCKHUe

MakKpoorpe/ie/ieHus s3bIKa.

YnowmsinyTasi 06;1aCTh MaMsITU /7151 MHCTPYKLIMM TPAaKTyeTCs Ha YPOBHE MPOrpaMMbI Kak 00/1aCcTb MHCTPYKLMM
CaMoii IporpaMmbl, KOTOpPbIe [JO/DKHBI ObITh WCTIONHEHBI, U yTIpaBJieHre Tiepe/jaeTcsi Ha Hee — TI0 3aBepIlIeHu!
VICTIOJTHEHHST MHCTPYKLMIA CO/ZIep)KMMO€e PErMCTPOB BBITPY’KaeTcsi B OT/e/IbHYI0 00/1aCTh TaMSTH PerMcTpoB, a

TaK>Ke BOCCTAHABJ/IMBAETCA COXPAHEHHOE 10 BBITIOJTHEHHA I/IHCTPYKL[I/II\/’I Coaep>XrUMoe perucTpos.

,Z[anee, MMPpONUCXOAUT Q)YHKL[I/IOHEUIBHO SKBHBA/IEHTHOeE Hp906pa3OBaHI/Ie W3HAYa/IbHOM TeCTOBOMU
noc/neqoBaTe/IbHOCTH, KOTOPbIE TdKXKe OIIKMCBIBAETCA Ha I10/Ib30BaATE€/JIBCKOM YDOBHEe, W [OJId HOBOM

TI0C/Ie/[OBATe/TbHOCTU BBITTOJIHSIIOTCS 1Iary U3 TPeX NpeAbIAYIIUX ab3arieB HaCTOSIIero OKyMeHTa.

C ucrnonp30BaHNeM 00BSIBIIEHHOTO Ha TI0/Ib30BaTeIbCKOM YPOBHe (DYHKIIMOHAA OTpeZesitoTCs 3aTPOHYThIE B
pPaMKax BBITTOJIHEHUS IBYX TeCTOBBIX M0C/Ie/]0BaTe/IbHOCTeN perucTphbl MpoLeccopa v MPOrU3BOAUTCS CPaBHEHHEe
WX COXPaHEHHOTO CO/IEP’KUMOT0 M BHIHOCUTCS BeDPJUKT 00 OTCYTCTBHUU U HAJIMUUW Pa3/IUUUi Cpe/id JaHHbIX
3aTPOHYTBIX PETUCTPOB — B C/Iydyae Ha/MUMS pPacXOXKIeHUl HeoOXorMasi KOHTeKCTHast MH(POpMalLisi O TecTe
BBITPY’)KaeTCsl B 3apaHee TMIOJTOTOB/IEHHYH) [Ji 3TOro 00/IacTh TIAMSTH, TaKKe OIpe/e/ieHHYI0 Ha
TM0/Ib30BaTe/IbCKOM YPOBHE, a Take TMpPU yKa3aHUM COOTBETCTBYHOLLero duiara Ha 3Tarie KOMIW/ISLUU
reHeparopa IpOU3BOIUTCS MOAPOOHBIN BLIBOJ, MH(POPMALIMK O TeKYIleM TeCTe B CTaHJAPTHBIN TOTOK BBIBOZA

a3b1ka CH.

B ciyyae co ctporo 3aMKCMpOBaHHBIMU TeCTaMU MPOU3BOASTCS TIPAKTUUECKU BCe BbIIIEYTIOMSIHYThIe I111ary,
TOJILKO y>Ke He MOTpeOyIoTCs MpoLieAyphbl reHepaljii TeCTOBOM Moc/ieloBaTe/IbHOCTH 110 33laHHOMY 111a0JI0Hy
Y 3aroJIHeHUsl HeJOCTAloIIMX [apaMeTpOB MHCTPYKLMM, a TakXe MOSIB/ISeTCS BO3MO)KHOCTb 3aJaBaTh Ha
TI0/Tb30BaTe/IbCKOM YPOBHe crieliidrdecKre TpoLeaypbl TPOBEPKH KOPPEKTHOCTH BBITIOJIHEHUS TECTOB 0Oe3

pacyeTa 3aTPOHYThHIX B PAMKAX BBITIOJTHEHHUA TECTOBBIX HOC]'IE,E[OB&TEIIBHOCTEIZ PerucTpoB.

HPI/I BO3HMKHOBEHHHU paCXOmeHI/Iﬁ Ccpean OAHHBIX 3dTPOHYTBIX DETMCTPOB BBITIO/JIHEHHUE KdK LHa6]'IOHHI:IX, TaK

Y cTporo 3aMKCUPOBAHHBIX TECTOB IpeKpalliaeTcs.
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Y cioBus 3KcItyaTanuu

YcnoBus JKCIUTyaTdllMX OIMMUCBIBAlOTCA B COCTaBe€ JOKYMEHTA «HPOTOTI/IH OHﬂaﬁH-FeHepaTOPa TEeCTOBBIX

Mporpamm Jijiss MUKpomnpoLeccopoB». PykoBozactso nporpammucta (I'OCT 19.505-79).
Cocras onucanus ISA TectupyemMoro npororuna

B pamkax onucanus ISA mpexnonaraetcs ciefyrollee pasfe/ieHde: CYLIeCTBYIOT TPYIIIbI MHCTPYKLUM,
BKJ/TIOUatoIye B cebst HAO0p MHCTPYKLMI € OJMHAKOBBIM (hOpMaTOM KOJMPOBaHUs B [IBOMUHOE T1pe/iCTaB/IeHHe,
KOTOpPO€e TaK)Ke OIMHCHIBAETCS Ha YPOBHe TIpyMIibl; ar00asi MHCTPYKUuMsi 6e3 mapameTpOB COZIePXKHUT B cebe
HEKOTOPYIO CChIIKY Ha Ty TPYIINY, K KOTOPOI OHa MPUHAJJIeXUT, a TaKKe Ty UH(OpMAaL1I0, KOTOpast OCTaeTcst
HeM3MeHHOM mpu J00BIX BXOAHBIX JAHHBIX WHCTPYKLUMH (HaripyuMmep, KOJ CaMO#l oriepainuu); Kakzas
VHCTPYKLIMSI MOXKeT UMeTb CBOe COKpalljeHHOe Mpe/icTaB/ieHre — IICeB/I0-UHCTPYKLIMIO, B PAMKaX KOTOPOM OJJHO
WIM HEeCKOJIbKO TIOJIeli MHCTPYKIMK-TIPoo0pasa, Ha KOTOPYIO B TCEBO-MHCTPYKLMU XPAHUTCS CChIIKA, YKe
uMeeT 3aMKCHPOBaHHbIE JaHHbIE (HarlpyuMep, YTO MHCTPYKLUs MprbaB/ieHNst 3HaUeHUsI K OZHOMY U TOMY JKe
perucTpy uMeeT COKpallleHHOe TpeJCTaB/ieHre C /IByMsi OrlepaH/laMH BMeCTO TpeX); Jito0asi MHCTPYKLUS B
paMKax TecTOB IIpe/CTaB/IsIeTCs [IapaMeTPU30BaHHOM MHCTPYKLMeH, KOTopast MOXKeT CChLIaThCs Kak Ha ICeB/1o-
WHCTPYKLMIO, TaK W HampsIMyl0 Ha WHCTPYKLUIO 0Oe3 mapamMeTpoB M KOTOopasi MOXKeT 00sajlaTb CBOMMH
coOCTBeHHBIMU 3a()MKCHPOBAHHBIMU JJAHHBIMH (OCTABIIMECS JaHHBIE I0/DKHBI ObITH CreHepUPOBaHbI B PAMKax

00paboTKu 1m1ab/10HOB).

@aiinbl ¢ onucanvem ISA gy BepuduUIMpyeMOro TPOTOTUIIA [O/DKHBI BK/IOUATh B cebs ClieAyroIui

MUHHMMaJ/IbHbBIN HabOop acreKToB:

- OrnwmcaHue KOIAYECTB HCIIOJIb3YIOIINXCA PEerucTpoB: PperucCTpoB O6H.[EFO Ha3HauyeHld, 4 TaKxke

pPerucTpoB AJid pa6OTBI C BellleCTBEHHbIMU YN CJIdMU, €CJIN T€ UCII0J/Ib3YHOTCA;

- OnwMcaHue KOJIMYeCTB MPUCYTCTBYIOIIMX B OMMCAHUM OOBIYHBIX WHCTPYKIMMA U TPYIIN, Ha KOTOPbIe UX
MOJKHO TIOZIeJTUTh, a TaKXKe TICeBO-UHCTPYKLIUM, peasn3yeMbIX uepe3 HMeRI[uecss OObIYHbIe

VHCTPYKLIUY;

- Ornucanue peanu3aiuu 3aMKCHPOBAaHHOTO UHTepdetica /51 criocob0B BLITPY3KH 3HaUeHU PervcTpOB
W3/B CTaTWYeCKU BblJje/ieHHble 00/1lacTh OrepaTUBHOW maMsaTH 0e3 u3MeHeHHsl [10/BO BpeMsi/TIOCTIe

orepaliy BbIFPY3KU COOTBETCTBYIOIIMX PErucTpaM 3HaueHui;

- OnucaHue mpeJCTaB/lIeHUN TPYIIT WHCTPYKLMM, He-llapaMeTpU30BaHHBIX WHCTPYKLUM, IICEeBJO-

VHCTPYKLIMM ¥ llapaMeTPU30BaHHbIX MHCTPYKLIUM;
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Onucanve peanu3aluu 3adMKCUPOBAHHOTO UWHTepdeiica /s TMOayuyeHus [JIMHbl KOHKPEeTHOU

WHCTPYKLWY B OalTax;

Omnwucanue peanu3alvy 3aUKCUPOBaHHOTO HWHTepdelica A1 KOAUpOBaHWS (acceMbOIMpoBaHMs)

HMHCTPYKLHWHA I10 UX UMEIOLUMCA JdHHbIM;

Onucanue peanusalyy 3a(pMKCUPOBAHHOIO MHTep(elica [/isi BK/IIOUEHHsI TeX WM UHBIX PEervucTpoB,
V3MeHsieMbIX B PaMKax BbIMIOJIHEHUS] UHCTPYKLMH, B CIIMCOK TaKMX PervCTPOB B paMKax IPOBe/IeHUs

O/JHOM MTepalLi HEKOTOPOT'O TeCTa;

Onwucanue peanu3ayii 3aUKCHPOBAaHHBIX WHTEPhENCOB /11 MHUIMAIU3alMu 001acTell MamMsTH

pervcTpoB, TPy UHCTPYKLMK, UHCTPYKLUM, I1CE€BJ0-UHCTPYKLIMH.

CocTaB onucaHusa YaCTHYHO 3da/ldHHBIX H 3a(l)I/IKCI/IPOBaHHbIX TeCTOB

[pu onvcannu cTporo 3aMKCUPOBAHHBIX TECTOB TpeOyeTcsi BPYUYHYHO 3afilaBaTh MHCTPYKIMK Ha yPOBHE TOMN
obslacTy mamsATH, KoTopasi Obljla 1Mof, HUX BblfjesieHa. B cilyyae 4aCTHUHO 3a[JaHHBIX TECTOB MOMHMO 3TOTO

TpeOyeTcsl TakKe 3ajlaBaTh UH(GOPMAILIHIO O 111a0/IOHHBIX 6/I0KaxX, Ha OCHOBE KOTOPBIX OY/eT reHeprupoBaThCs

HUTOIr'0OBas TeCTOBaA I10C/1e40BATE/IbHOCTD.

BaykHo: J1F000H TeCT J0/DKeH BKIYATEL B cebg X0Ts ObI OIHY JOCTKUMYEIO MHCTPYKLIMIO BO3BpaTa (return) aJist

mepefiauy yIIpaBAeHUs [jid KOPPEKTHOIro (DYHKIIMOHMPOBAHWS TPOTrPaMMbI, U B JIFOOOM I11a6/I0He CaMbIi

BHeIIHUM 010K go/pKeH uMeTs ID 0.

@aiifibl C OMKMCaHWeM YaCTUUHO 3aJaHHBbIX U CTPOro 3aMKCHPOBAHHBIX TECTOB [ijIsi BePUPHULIMPYEMOro

MIPOTOTHIIA [0/KHBI BKJTFOUATh B Ce0s1 CieIyrOIIii MUHUMAaTbHBIM Habop acreKToB:

- OnucaHue MakCUMa/bHbBIX [OMYCTUMBIX KOJIWYECTB MHCTPYKLMM B paMKaxX OJHOM TeHepupyemMou

TIOC/IeIoBaTeIbHOCTH (00s13aTe/bHBIN TTapaMeTp) U WHCTPYKLMH, 100aB/isieMbIX B TIPOLIECCEe MYTaLyi
nocsieioBaTenibHOCTeN (HeoOs13aTeIbHbINM NTapamMeTp — IPY ero OTCYTCTBUM KOJIMUECTBO I'eHepHpYeMbIX

JIOTIOJTHUTETbHO MHCTPYKLUH Oy/1eT 3aBUCeTh OT MepBOro YIIOMSIHYTOT'O TlapaMeTpa);
OnucaHue KOMMUeCTB YaCTUYHO 3a/]JaHHBIX U 3aMKCUPOBAHHBIX TE@CTOB;

OmnuicaHre MaKCUMaJIbHO JI0MYCTUMOTO KOoJiMuecTBa O/I0KOB B paMKax OZIHOTO 1ab/ioHa;
OnucaHye YaCTUUHO 3a/laHHBIX TECTOB Yepe3 KOHKPEeTHbIM /IJisl BCeX TaKUX TECTOB UHTEP(]ENiC;

Ornrcanue cTporo 3aUKCHPOBaHHBIX TECTOB Uepe3 KOHKPETHBIN [I/Is1 BCeX TaKHUX TeCTOB UHTep(deic;

N3wm. Jluct Ne 1oK. TToamn. Hara
RU.17701729.04.04-01 81 01-1
MuB. Ne moay. Ioan. v gata | Bsam. uuB. Ne | MuB. Ne ay6s1. | IToam. u gata




16
RU.17701729.04.04-01 81 01-1
- Onucanue peanu3alyy 3aMKCMPOBAaHHOT0 UHTepdelica /i 3aro/IHeHUs1 UHCTPYKIMH 110 YMOJTYaHHUIO
B PaMKaX OJHOM TeCTOBOM TOC/Ie[J0BaTeIbHOCTH, eC/Th Jijisi oOpabaTbiBaeMoro 11abi0Ha He 3a/jaBasiach

cnietiuduueckasi PyHKLHS;

- Onwucanue peanu3aiyi 3aUKCUPOBaHHBIX UHTEPGHENHCOB /11 MHULMA/INM3al[UK 00/1acTel aMATH TIOf
YaCTUYHO 3aJlaHHbIe TeCThbl, KOJMYEeCTBa WX TOC/e0BaTe/bHBIX 3allyCKOB U I10/Ib30BaTe/bCKUe
(GYHKI[MM 3ar10/IHeHUs1 CreHepHUPOBaHHBIX TeCTOBBIX MOC/e/10BaTeIbHOCTEN, CTPOro 3aMKCUPOBAHHbIE
TeCTbl ¥ UX T10/Ib30BaTeIbCKUe (PYHKIIMU CpPaBHEHUs S5KBUBA/IEHTHOCTH Pe3y/bTaTOB BBIMIOHEHUS IBYX
TECTOBBIX TIOC/Ie/IOBATe/IbHOCTEH, MepapXMuecKyl CTPYKTYpy abioHHBIX OI0KOB, CTeKd 00Xxona
111a6/I0HHBIX OJIOKOB M pa3Mell|eHus] CreHepUPOBaHHBIX WHCTPYKLMM, a TakKe BBIBOJ BePAUKTOB 00

OlITHOKaX BO BPeMs BBITIOJIHEHHS TECTOB U MHbIe OydepHbIe 00/1acTH.
CocraB onucaHHus MyTal[uil CO3/JaHHBIX MOC/1e/l0BaTe/IbHOCTeH HHCTPYKI[UI

@ailibl ¢ omucaHWeM MyTalui (C coxpaHeHWeM (YHKIJMOHAIbHOW SKBUBA/JIEHTHOCTH) CO3/IaHHBIX
TIOC/IeIOBaTe/IbHOCTe WHCTPYKLMKA ZOJDKHBI BK/IIOYATh B ceOsl peanmm3aliuio MHTepdeiica A noOaBaeHuUs
KOHKDETHOT'0 KOJIMUeCTBa [IOTIOIHUTE/IbHBIX CTPOK B BbIZIeJIEHHYIO TI0J, 3TO 00/1acTh MamMsTh Ha OCHOBaHUU

CreHepUpPOBaHHOW paHee TeCTOBOM I0C/Ie/0BaTeIbHOCTH UHCTPYKLIMM.
Omnucanue u 060cHOBaHUe ¢opMaTa BHIXOAHBIX AAHHBIX

Ha 3Tame KOMMWISILIUM BBIXOJAHBIMHU JAHHBIMM CUWTAIOTCS CTaTHUUeCKU-CKOMITUTMPOBAHHBINA HCIIO/THSE@MBIMA
dalin camoro oH/MalH-reHepaTopa TeCTOBBIX MpPOTpamMM, a TakkKe Habop ¢ali/loB MCIOMB30BaBIIMXCSA TIPU

cbopke.

Ha »>Tame wcrosHeHWss B KauecTBe OCHOBHBIX BBIXO/IHBIX [JAHHBIX TIPEeOCTAB/SIOTCS BEPAUKTBI 00
YCITeIITHOCTH/6e3y CIIeIIHOCTHA KOPPEKTHOCTH pab0Thl UCITO/Ib30BaABIIMXCS B TECTaX MHCTPYKIMM Ha OCHOBAaHUM
CpaBHEeHUsI pe3y/IbTaTOB BBIMOJIHEHUsI KaXK/I0M CreHepUPOBaHHOM TeCTOBOM MocC/iej0BaTeTbHOCTU UHCTPYKLIUM
U ee W3MEHEHHOW BePCHH, a TakKXKe [O/DKHBI TIPe/OCTaB/STbCS HEKOTOpble [OTO/HUTE/bHbIE [aHHbIe,
HeoOXO/IUMbIe [I7IsT BOCITPOM3BE/IEHUsI TECTOB C HEKOPPEKTHBIM 3aBeplilieHreM paboThbl — BCe BEPAUKTHI U
HeoOxouMble [T WX OMUCAHHWS [JaHHbIe IOJ/DKHBI COOTBETCTBOBATH HEKOTOpPOMY oOIiemMy uHTepdeicy u

PacriojiaratbCs B OHepaTI/IBHOﬁ MaMsTH, CBSI3aHHOM C BepI/I(l)I/ILII/IPYEMBIM MPOTOTHUIIOM.

Ecmv npyu KoMOusisiLyMy reHepaTtopa MCMO/b30Baics (jar UCMHOIb30BaHUsSI CTaHZAPTHOTO TOTOKA BBIBOJA,
onucaHHbIM B myHKTe 4.1.2 «OpraHusaljusi BXOJHbIX JaHHBIX», TO UH(POPMAaIUs O BepAUKTaX BBITIOJHEHUS
TECTOBBIX I10C/eIOBAaTe/IbHOCTeH WHCTPYKUUH OyJeT /JOTOJHWTENbHO BBIBOJUTBCS B YIIOMSHYTBIM

CTaHAapTHBIﬁ IIOTOK BBIBO/Jd.
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TpeGoBaHusl K COCTABY U MapaMeTPaM TeXHHUYECKHX CPe/ICTB
515t ycrieliHOM KOMIMUAJISILIMY TIPOTPaMMBbI TpeOyeTCst CieIyIOIIri COCTaB TeEXHUUECKUX CPe/ICTB:

- KowmrbloTep c ofiHOM M3 yCTaHOB/IEHHBIX OMepaljuoHHbIX crucTeM — Linux (x86-64) uiu Linux (ARM64);

- Hanuuwne He MmeHee 100MbB cBo60HOTO MeCTa B TTaMSITU KOMIIbIOTEpa.
VHbie TpeOOBaHUS COBITAJAIOT C CUCTEMHBIMU TPeOOBaHUSIMHU YKa3aHHBIX OTEPALIMOHHBIX CUCTEM.

[ToCKO/bKY CKOMIMUIMPOBAHHBINA MMPOTOTHUIT TeHepaTopa Oy/IeT UCToMb30BaTh CTATUYEeCKYIO MaMsITh B TJI00a/TbHOM
o06MacTd BUAMMOCTH B 3aBUCUMOCTH OT TpebOBaHMI CaMOro II0/ib30BaTesisi (OMUCHIBaeTCs HabopoMm
VICIT0JIb3YIOLUXCS PETUCTPOB B paMKaX TeCTUPYeMOW CHUCTeMbI, KOJTMUeCTBOM TeCTOB M UTepaLyi /I OT[eNbHbIX
TeCTOB, 00eMOM TaMSITU /I/Is1 BBITPY3KU Pe3y/IbTaTOB OT/AebHbIX TeCTOB U TaK Jjajiee), UTOTOBOe MaKCHMaJlbHOe

orpaHuueHue Ha 00beM OrepaTUBHON TTaMSTH He MOKeT ObITb C(hOPMYTMPOBAHO O/IHO3HAUHO.

B ciyuae 3amycka reHepatopa Ha ypoBHe bare-metal cuctembl (Hampumep, ¢ ucrosnb3oBaHueM [1JIMC), moryt
noTpebOBaTbCsl YC/IOBUS COBMECTHMOCTU amIapaTHOTO o0ecrieyeHHs] C CYIeCTBYIOLIMMH TPOTPAMMHBIMU
pellleHusIMM /11 BbIJle/IeHUs] PErMOHOB OMNepaTMBHOM MMaMATH, WCMO/b3yeMOM B TreHepaTope, a Takxke JJis

BO3MOJKHOCTH U3YUUTh BBIIPY’>K€HHbIE T'eHepaTOPOM JlaHHble BEPAUKTOB O BBIO/IHEHHBIX TeCTax.
TpeGoBaHHUsI K COCTaBY ¥ MapaMeTpaM NPOrpPaMMHBIX CPeJCTB
Jl1s1 yCTieIHoY KOMITU/ISILIY TIPOTPaMMBbI TpeOyeTcst Cie YOI COCTaB MPOrPaMMHBIX CPe/ICTB:

- Kpocc-kommunstop s3eika Cu (ctangapt C99) c reHepauueil KoZia, COBMECTHMOIO C TeCTUPYEMbIM
MPOTOTUIIOM MUKPOMPOLIeCCOpa Ha YPOBHe ero ISA;
- Cucrema CMake[2] c OTKpPBITBIM HMCXOAHBIM KOZAOM /[I7is KPOCCIIaT()OPMEHHOTO OIHCaHUs Tporjecca

KOMIWISILIUM UCXO/IHOTO KOZia Ha si3bike Cu Bepcuu 3.16 umm 6osee To3He.

Ecnu ke 3amyck reHepatopa OyzieT MpOM3BOAUTHCS B paMKax 3MyJsAiTOpa MUKPOIIPOLieccopa C OMLMOHa/TIbHBIM
(baromM BbIBOJ]a COTIPOBOKAAIOIMX U OT/IAZI0YHBIX COOOIeHHA, TO B0OABOK K BBIIIEYTIOMSHYThIM TpeOOBaHUSIM

nobaBuTCs v TpeboOBaHe COBMECTUMOCTH ¢ HaOOpOM UHTeP(eliCOB CUCTeMHBIX BbI30BOB B paMKax craHzapta C99.
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4. TEXHUKO-3KOHOMUWYECKMUE IIOKA3ATEJ/IN

Opl/IEHTI/IPOBOlIHaﬂ 3KOHOMHYECKas 3(1)(1)EKTI/IBHOCTB

Wcnonb30BaHrMe  aBTOMAaTUUeCKOM  reHepaluu  I0C/Ie[l0BaTe/IbHOCTeN  TeCTOBBIX  WHCTPYKLUN  JJid
MUKPOIIPOIIeCCOPOB TIO3BOJIUT C HEKOTOPOW TOUHOCTBIO MOKPHITH OOJBITUHCTBO BO3MOJKHBIX BXO/HBIX JAaHHBIX
CYIIeCTBYIOIIUX WHCTPYKIUM, TE€M CaMbIM TIOBBIIIAs WMTOTOBYIO Ha/IeXKHOCTh pa3pabaTbiBaeMOW Mo/enu

MHKpOTIPOL{eCCopa.

Kpowme Toro, ucrnosib30BaHue 10/IX0/la OHIalH-TeHepalliy TeCTOB B CpaBHeHUM C odiaiiH-reHepalyeli 03BOUT

ropaszio ObICTpee TIepeTH K 3Tarly HeroCpe[CTBeHHOTO UCTIOJTHEeHHsT CTeHepHPOBaHHBIX TECTOB.

B fomosHeHrWe K 3TOMY YTBepXK[€HWIO, BO3MOKHOE WCMO/Ib30BaHWe pa3pabaThiBaeMOro TreHepaTopa B
coBOKYMHOCTH C [TJTC no3BOIUT JOCTUYb TAKMX CKOPOCTEl UCTIOTHEHHST OT/Ie/TbHBIX MHCTPYKIIUH, KOTOPbIe ObLIN
Obl CpaBHHMMBbI C aHAJIOTUYHLIMU TIOKa3aTenssMu Ha rotoBoii CBUC Ha mMomynmpoBOJHMKOBOM TMOJ/IOXKe, UTO

TI03BOJIUT IOTYYUTb HanboJsiee TOUHYHO XapaKTepUCTHUKY pa3pabaThiBaeMOi MOJIeH.
Ilpeanosaraemasi HOTPeOHOCTD

Ha MoMeHT Hauasa pa3pabOTKd He ObUIO BBISIBJIEHO TPUMEPOB HCIIO/Ib30BAHUS TOAXO[A OHJIalH-reHeparuu
10C/Ie[IoBaTe/IbHOCTEeH  TeCTOBBIX WHCTPYKLMWA C Lenbio Bepudukaimu mnipoektrpyemoit RTL-mopenu
MUKpOIIpoIieccopa. B fomnomHeHre K 3TOMY, TIPOeKT pa3pabaThiBaeTCs 10 MPUHIIUITY OTKPBITOrO UCXOJHOTO KOJa,
YTO MPeJOCTaBUT BO3MOKHOCTUA PYYHOMN ajjanTaljuy CyIlleCTBYIOIero pellieHusi moj, crieljudruueckie HYX/bl B

paMKax Bepr(hHKaLIM MUKPOTIPOLIECCOPOB.

JKoHOMHUUYECKHe npemmMmymecrBa pa3pa60TKu o CpdBHEHHKH C O0Te4YeCTBEHHBIMH H 3&[)}’6€)KHI>IMH

dH4/I0OTaMH

C MOMeHTa Hauana pa3pa60TKH H3BECTHO O CylIeCTBOBAHWHK HECKOJ/IBKO OTHOCHUTE/IbHO CX0>KWX dHA/IOT'OB pellleHns

MOCTaB/IEHHOM 3a/laui (OTeUeCTBEHHBIX U 3apyOe)KHbBIX):

- WCII PAH MicroTESK[4];
- IBM Threadmill[3];

- Common Hardware for Interfaces, Processors and Systems (CHIPS) RISC-V Generator[5].

Bce nipezicTaB/ieHHbIE aHAIOTH PeaM3yIOT 1oAx0 1 o ¢iaiiH-TeCTUPOBAHUS], @ TIOTOMY He MOT'YT OBITh TTOJTHOCTBIO
corocTaB/ieHbl pa3pabaThiBaeMOMYy TPOEKTHOMY peIleHHI0, OZHAKO BCe JKe SIB/SIOTCS Haubosiee CXOXKHUMU TI0

Ha3Ha4YeHHHO.
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KonkpetHo pa3pabotka Threadmill or IBM sBisieTcsi 3aKpbITBIM TPOTPAMMHBIM — PellIeHHEM, UTO
TPOTUBOIOCTAB/IAETCS TEKYLLeMy NPOrPaMMHOMY PeLLeHUI0 C OTKPBITBIM UCXOJHBIM KOZIOM. ['eHepaTop TeCTOBBIX
nporpamMm ot CHIPS peanu3oBan uckmouutenbHo 1o RISC-V B oTimuve OT moaxoza K 000OIIeHUIO TOf
pas/iMyHble apXUTEKTypbl B TeKYyLeM MpOrpaMMHOM pelileHMd. K TOMy >Ke, [aHHbIA aHaJOr MCHOJIb3yeT
MPOMEKYTOUHYIO CHUMYJIALIMIO, UTO TakXXe CKa3bIBAeTCSl Ha MPOM3BOAUTETbHOCTU B TIPOLIECCE BBINOJHEHUS

T0C/Ie/IoBaTe/IbHOCTEN TeCTOBBIX MHCTPYKIUH.
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5. CIIMCOK UCIIOJ/Ib30OBABHINXCHA NCTOYHHUKOB

Andrew Waterman, Krste Asanovic. The RISC-V Instruction Set Manual [Cratbs B WHTepHet]

Pexum  goctyma:  https://riscv.org/wp-content/uploads/2017/05/riscv-spec-v2.2.pdf ,  CcBOOOJHBIM.
(maTa obpamgenwus: 14.11.2022)

CMake cross-platform build-process managing system. [MuTepHeT-pecypc]
Pexxum goctymna: https://cmake.org/ , ceobogHbIN. (faTa obpatenus: 14.12.2022)
IBM Threadmill Post-Silicon Exercoser [CTaThs B NurepHeT]

Pexxum poctyma: https://researcher.watson.ibm.com/researcher/view group.php?id=1347 , cBoOOzAHBIM.

(maTa obpamenwus: 13.11.2022)
MicroTESK configurable test program generator [Ctatbs B WHuTepHeT]

PexxuM poctymna: http://www.microtesk.org/ , cBoboHbIN. (gaTa obparrenust: 13.11.2022)

Random instruction generator for RISC-V processor verification [MHTepHeT-pecypc] Pexxum poctyma:
https://github.com/chipsalliance/riscv-dv , cBoboaHbI# (maTa obparrenus: 09.01.2023)

A.C. Kamkuz, A.M. Koupmsk, C.A. Cmonos, A.l. TarapuukoB, M.M. Yymunko, A.A. Copros.
CpeactBa  (yHKIMOHa/ibHOM  Bepudukalud  MuKporipouieccopoB  [Crtatesi B VHTepHeT]

Pexxum pocryma: Coopuuk tpyzoB MCIT PAH, https://ispranproceedings.elpub.ru/jour/article/view/771,
cBOOOIHBIN. (maTa obparenus: 13.10.2022)
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6. IMPUWIOXEHUSA

IIpunoxenue 1: CnoBapb UCNO/Ib3YHOIUXCA TEPMUHOB U OHATHHN

Tabmuia 1 — c/ioBapb UCTIOMB3YIOLUXCS TEDMUHOB U TTOHSTHN

Tepmun

3HaueHue

OyHKIMOHANbHas BepruUKaLHs

[Mporiecc TpOBEpKH COOTBeTCTBUs pa3pabarbiBaeMoii RTL-Mozpenu MHUKpomporieccopa

[OKyMeHTaM, OIUCHIBAIOLINX TPeOOBAHUS K HEM.

JuHaMmuyeckoe (dyHKLMOHANTBEHOE)

TeCTHPOBaHHe

Crnioco6 mpoBefieHHs] BepU(UKALMK, [0JpPAa3yMEeBAIOIIMI TIPOBEPKY COOTBETCTBUS

peanu3aipiy TpebOBaHUSM MyTeM HCTIOJIHEHHUS TECTOB Ha 1]e/IeBOH (TeCTUPYEMOit) crucTeMe.

Oddnalin-TecTrpoBaHue

[Tporjecc reHepayuyu Habopa TeCTOBBIX CHTyaluii 0e3 HCIO/B30BaHUS CUCTEME,

HOAHB)K&H.[eﬁ TeCTUPOBaHUIO.

OH/aliH-TeCTUPOBaHUe

ITpotiecc reHepariv Habopa TeCTOBBIX CUTYALIMH U UX HEMOCPeJCTBEHHOTO UCIIOJTHEHUS Ha

cucreme, HO,Z[IIE)KEIH{EI\/’I T€CTUPOBAHUIO.

ApxuTekTypa Habopa KOMaH/|

(Instruction Set Architecture, ISA)

COBOKyHHOCTb MnpaBu/I “ CBOI‘/’ICTB, 10 KOTODPBIM IIPOUCXOAAT BBIYMC/IEHHMA Ha YPOBHEe
MHKpOIiponeccopd. ISA perjiaMeHTUpyeT HCII0/Ib30BdHHUE DErMCTpOB MHMKDPOIIpOLieCCOpd, a

TaK)Ke CyLeCTBYIOLLIYe TUMbI JAHHBIX, MOJe/b MaMsTH U IpyTHe acreKThl.

Bare-metal cucrema

Komrisiekc — ammapaTHBIX —cpefcTB  6e3  BBICTDOEHHOTO TMPOTPAMMHOTO  OKDY’KeHHS,
OTBETCTBEHHOTO 3a KOHTPOJIb HCIOJIb3yeMOW MaMsATH, IUIAHUPYeMBIX 3ajad M JPyrux
B3aMMOZIeHCTBUI B PaMKaX CUCTEMbI M HEOOXO/UMBIX JIJIsl STOTO PeCYPCOB — OMEePajMOHHON

CHUCTEeMBI.

I'pac

Matemariueckuii 0OBEKT, ONUCHIBAIOIIMM Tapy W3 MHOXKECTB BepLIMH U pebep, rpe

MHO>XeCTBO pE6Ep 3a/1deTCd KaK HEKOTOPOe MOAMHOXXeCTBO BO3MO>XHBIX IMdp BEPIIKWH.
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IIpunoxenue 2: Onucanue U (yHKIMOHA/IbHOE Ha3HAUEHHE CTPYKTYP /JaHHbBIX MPOrPaMMHBIX 00eKTOB

Tabnuia 2 — omcanue U GyHKLIMOHAIBHOE Ha3HauUeHWe CTPYKTYP JaHHBIX IPOrPAMMHBIX 00EKTOB

CTpyKTypa AaHHBIX Omnucanue

InstructionGroup [3apaercs nonp3oBaTeneM] OnmceiBaeT (hopMaT KOAWPOBAHKUS COBOKYITHOCTH MHCTPYKLIMHH

B JBOWYHOeE IIpeJiCTaB/IeHHE.

Instruction [3agmaercst mosb3oBarenem] OnuUChIBAeT OT[EMbHYI0 MHCTPYKIUiO (6e3 mapameTpoB) C He

3aBHUCsIIel OT MapaMeTpoB UH(opMalrield THCTPYKLUY (HarpyuMep, KOJ, OTiepaLiyu).

Pseudolnstruction [3amaeTcst mosb3oBareneM] OrMUCHIBaeT yKOPOUEHHOe TIpeZCTaBeHHe CyLeCTBYIOIIeH

HWHCTPYKIUH C YaCTUYHO-3alI0/THEHHBIMU MOJIAMU MHCTPYKIUH.

ParametrizedInstruction [3apmaercst mosb3oBaTeneM] OnMChIBaeT OJHY YaCTUYHO WM TIOJIHOCTBIO 3arlONHEHHYHO
VHCTDPYKIIUIO.
GeneratorContext WHkancynupyer  uHQOpMaLuio, HeOOXOZAUMYIO Uil TeHepalud  TeCTOBOU

rmoc/ie0BaTe/JIbHOCTU 110 3aJaHHOMY IJ_Ia6]'IOHy — YKa3aTeJyii UCIOoJ/Ib3yeMble obyactn MMaMATH,

d TdK)Ke€ MdKCUMaJ/IbHbIe€ OI'DaHUYE€HHUA B PdMKadX reHepaTopa.

TemplateBlock WHkarcypyeT uHbOpMaLuio 06 ofHOM 1abioHHOM 6/I0Ke YaCTUYHO 3a/IaHHOTO TecTa —
cobcTBeHHBIN IDCCBIIKM Ha BHEIIHWe, COCeJHWe W BIIOXKeHHble OJIOKH, yKa3aTelb Ha
pacriojiokeHde ero WHCTPYKOMM Ha KOHKDeTHBIE MOMEHT Ha cTeke o0xoja [JepeBa
11ab/I0HOB, a TaKKe yKasaTeslb Ha HEIOCPeACTBEHHbIe WHCTPYKLHUU OJI0Ka, eCc/id TOT He

HAMeeT BJI0KeHHBIX OJI0KOB.

BlockProcessInfo WHkaricyavpyeT nH$opMaLyio, Heo6XoAUMYO A/t 06paboTKH OJHOM BepLIMHBI — KOHTEKCT
reHeparopa, yKasaTe/lu Ha CTeKu 0JIOKOB M MHCTPYKLMU 1J1s1 06Xo/a fiepeBa 11a0/I0HOB, a

TaKXKe HUCI0Ib3yeMble (b/1ard ¥ apamMeTphl camoro 6710ka.

BlockProcessResult WHKarcympyeT MHGOPMALMIO O TOM, CKOJBKO WHCTPYKLMH B/IOXKEHHBIX OJIOKOB OBIIO

3a/1eliCTBOBAHO U CKOJIbKO MHCTPYKLMH ObITI0 CHOPMUPOBAHO B pe3ysibTaTe 06paboTKH.
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IIpunoxenue 3: OnucaHue CBOCTB MPOrPaMMHBIX 00BEeKTOB (MepeMeHHbIX, (PYHKLHI U TaK /jajiee)

Tabmmia 3 — ommcanue U (HyHKIMOHAIBHOE Ha3HaueHHe TJ100a/bHBIX IMepeMeHHbBIX I10JIb30BaTe/bCKOTO YPOBHS,

WCTO/b3yeMBIX B paMKax si/ipa MporpaMMbl

IIporpaMMHBIH 00BEKT Tun Omnucanue

GEN_INS_GROUPS struct InstructionGroup * Ucnone3yetcss Ay XpaHeHUs] JIaHHBIX 00 WMEOLUXCS

TPyIax WHCTPYKLMH.

GEN_INS struct Instruction * Ucrnonb3yeTcss A XpaHeHWsl [JaHHBIX 00 WMEFOLMXCS
VHCTPYKLIUSIX.
GEN_PSEUDO_INS struct Pseudolnstruction * Ucrnonb3yeTcss s XpaHeHWsl [aHHBIX 00 WMEFOLUXCS

TICeB/I0-UHCTPYKLMSIX.

GEN_FIRST REG_DUMP uint32_t * wiu uint64_t * Wcnonb3yercsi A1 XpaHeHUs] COJEP)KUMOIO PerucTpoB

TI0CJIe TIPOBeZieHusI TIepBoi TeCTOBO# 1OC/Ief0BaTeTbHOCTH.

GEN_SECOND_REG_DUMP uint32_t * wou uint64_t * Ucnonb3yercss A1 XpaHeHUs COZEP)KUMOIO PerucTpoB

1oc/ie rpoBeaeHus BTOpOI‘/JI TEeCTOBOM noc/ien0BaTe/IbHOCTH.

GEN_BUF _REG_DUMP uint32_t * pau uint64_t * Wcnonb3yercss Al XpaHeHWsI HCXOJHBIX — 3HayeHUH
PETMCTPOB MUKPOIIpOLieccopa /0 WCIOJHEeHUsI TeCTOBOM

moc/1e0BaTe/JIbHOCTH.

GEN_REG_INCLUDE_IN_DUMP | uint8_t * Wcnosnb3yerca s orpejesieHus He0bX0AUMOCTH
BKJTIOUEHHUSI T€X WM WHBIX PErMCTPOB B MTOTOBBIN CTIMICOK

CpaBHEHWs ITPU BBITIOJIHEHHWU TeCTOB.

GEN_TEST_TEMPLATES void (**)(struct TemplateBlock | Vcrionp3yercsi [ ompefeneHHss YaCTUUHO —3aJaHHBIX
* uint8_t, struct | TeCTOB.
ParametrizedInstruction *,
uint16_t)
GEN_TEST_TEMPLATES_ITER | uint8_t * Wcnonb3yercss [is onpefeneHdss KOJWUECTB UTepaLyil
S 3amycka 06paboTKH KOHKPETHBIX 111abI0HOB.
GEN_TEST_TEMPLATES_FILL_ | void (**)(struct | Vcnonib3yeTcsi  [/1s1  OMpejie/ieHdst  T0JIb30BaTebCKUX
INS ParametrizedInstruction *) (GYHKLMHA 3aro/iHeHWsT TIPOMYILEHHBIX BXOJHBIX JaHHBIX
N3wm. Jluct Ne 1oK. TToamn. Hara
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WHCTPYKLMH [/151 KOHKPETHBIX I11abI0HOB

GEN_ASM_TESTS uintl6_t **) struct | Vicnonb3yeTcs Jj1s onpefiesieHrsl CTPOro 3aUMKCUPOBaHHBIX
ParametrizedInstruction *, | TecToB.
uint16_t)

GEN_ASM_TESTS_DUMP_EQ uint8_t (**)(uint32_t * wam | Wcnonb3dyeTcss [yl OmNpefesieHds  T0J1b30BaTelbCKUX
uint64_t *, uint32_t * wM | GyHKUMI CpaBHEHWs] KOPPEKTHOCTH pPabOThl KOHKPETHBIX

uint64_t *, uint8_t)

CTpOro 3a)MKCUPOBAaHHBIX TECTOB.

GEN_USED_ELEMENTS

uint8_t *

Ucnone3yercs nyis 06bpaboTku  pool-670ka 6e3 yueTa

OTHOCHTE/ILHOTO PacroyioyKeHusi 6I0KOB WIIH UHCTPYKLUH.

GEN_TEST_INSTRUCTIONS

struct ParametrizedInstruction *

Vcnone3yetcss s XpaHeHWS! H3HAYa/lbHBIX HMHCTPYKLMH
11ab/10HHBIX GJIOKOB, @ TakkKe [yisi XpaHEHWs] WHCTPYKLMH

CTporo BBqJI/IKCI/IpOBaHHbIX TeCTOB.

GEN_BLOCK_INSTRUCTIONS_

STACK

struct ParametrizedInstruction *

I/ICHOJ'II:3y€TC$I A4 TIOCTPOEHHsA o6x0,qa KOHKpeTHOIro

Jepesa 1mab/ioHa.

GEN_INSTRUCTIONS_BUF

struct ParametrizedInstruction *

Vcnonb3yeTcs A1 IPOMEXKYTOUHOM BBITPY3KU BBIOPAHHBIX
B mpoljecce 00pabOTKM MHCTPYKUMM (KaKk B paMKax

111a0/I0HOB, TaK U U3BHE).

GEN_BLOCK_ORDER_STACK

uint8_t *

Ucnonb3yeTcss  fAns  TIOCTPOeHWs  mopsigka — obxopa

KOHKDETHOTO JiepeBa 1ab/IoHa.

GEN_TEMPLATE_TREE

struct TemplateBlock *

Vcriomnb3yeTcst A7is 3arpy3KM KOHKPETHOTO /lepeBa IabioHa.
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Ta6]'II/IL[El 4 — omnmcaHue U (1)YHKL[I/IOHEU'[BHO€ Ha3HdAYeHHE MHCII0J/Ib3yEMBIX B PpdMKdX IIPpOrPdAMMBI onepaum‘fl

(pyHKLmiL)
DyHKIMA 3HaueHune
uint8_t get_ins_len(struct | [3agaercs momb3oBaresiem] IlosyuaeT [yMHY KOHKDETHOM HWHCTPYKLUMH W3 CTPYKTYDBI

InstructionGroup *, struct Instruction *,

struct Pseudolnstruction *, struct

ParametrizedInstruction *)

JTaHHBIX.

uint32_t win uint64_t encode_ins(struct

ParametrizedInstruction *)

[3apaercs nonb3oBarenem] Kogupyer ofHy HHCTPYKLMIO B ee IBOUYHOE TIpe/iCTaB/IeHHe.

uintl6_t mutate(struct
ParametrizedInstruction *, uintl6_t
ins_count, uintl6_t, struct

ParametrizedInstruction *)

[3amaercss monb3oBatenem] [lobaBsisieT WHCTPYKLMH B CreHEPUPOBaHHYIO TeCTOBYIO

TI0C/IeZI0BaTebHOCTb, COXPaHsis U3HaUaIbHYI0 (QyHKLMOHATBHYI0 SKBUBAJIEHTHOCTb.

void include_regs(struct

ParametrizedInstruction  *, uint8_t

*to_include)

[3amaercs monb3oBaTenem] PaccMaTprBaeT MHCTPYKLMIO M OTpeJiesisieT, KakKhe PervucTpel
ObLM eli M3MeHEeHBI [J/Is1 UTOTOBOI0 CPaBHEHUsl Pe3Y/IbTATOB BBIMOJHEHUN JBYX TECTOBBIX

T10C/IeJOBaTe/TbHOCTEH.

void default_fill_ins(struct

ParametrizedInstruction *)

[3apaercs nonb3oBarenem] Vcrnonb3yeTcst 0 yMOTYaHUIO fiJ1s1 3aTI0/THEHHS! TTPOMYLLEHHBIX
BXOJHBbIX [aHHBIX HHCTPYKLWH, ecnud [/l KOHKpeTHoro m1abjoHa He Obula 3ajaHa

cnetidryeckas GyHKLHS.

int main()

CrapToBasi TOUKa OH/IaliH-TeHepaTopa.

void print_configuration()

[®nar gns stdio.h] BeiBoaut uHbOpMaIMio o reHepaTope.

init_reg_dumps()

Vaniam3anust obactell mamMsTH, XpaHSAIUX HHHOPMALUIO O JaHHBIX PETUCTPOB.

init_groups()

Wuuianusaiust 06/1acTel mamMsiTH, XpaHsayux UHGHOPMALUIO 0 TPYIIIaxX WHCTPYKIIMI.

init_instructions ()

Wuuianusaiust 06/1acTeit mamMstH, XpaHsAIux KHHOPMAIio 00 UHCTPYKIIMSAX.

init_stacks()

Wuuianusaiust obacteld mamsiTH, He0OXOAUMBIX /it 00pabOTKU fepeBa 111ab/I0HOB U

BBITIO/THEHUA CTPOTO 3a(l)I/IKCI/IpOBaHHbIX TeCTOB.

init_tree()

Wuuianusaiust obactelt namsary, He00X0AUMBIX [ paboThI fiepeBa 11abI0HOB.
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init_test_patterns()

Wauimanu3anyst ob1acTeld naMsaTH, HeoOX0AUMBIX [1/1s1 pab0OThI UaCTUUHO 33/IaHHBIX TECTOB.

init_asm_tests()

I/IHI/IL[I/IaJ'[I/IBaL[I/IH objacreit TI1aMATH, HEO6XO,£LI/IMLIX AJisd pa6OTbI CTporo 38(1)I/IKCI/Ip0BaHHbIX

TeCTOB.

init_misc()

I/IHI/II_H/IEU'[I/BEII_H/IH BCIIOMOTaTe/bHBIX 00/1aCTel MaMsITH.

void run_pattern_tests()

3arpy3Ka U BBITIOJIHEHHE UdCTUYHO 3d/1aHHBIX T€CTOB.

void run_asm_tests()

3arpy3Ka " BBITIOJTHEHHE CTPOT'O 3EleI/IKCI/IpOBaHHbIX TeCTOB.

generate(struct GeneratorContext *)

FEHepaLII/IH TEeCTOBOM 1oc/ie0BaTe/IbHOCTHU 110 3aJdHHOMY IHB6IIOHy.

generate_and_fill(struct
GeneratorContext *, void (*)(struct

ParametrizedInstruction *))

FeHepauHH TEeCTOBOM rnoc/ie0BaTe/JIbHOCTU 110 3didHHOMY ma6n0Hy C 3aIlloJIHeHHeM

TIPOTYII[eHHBIX BXO/HBIX JaHHBIX MHCTPYKLMN uepe3 CrieriuUIIMPOBaHHYI0 (HYHKLMIO.

struct BlockProcessResult
process_block(struct GeneratorContext

*, uint8_t, uint16_t, uint16_t)

O6paboTKa BepILHEL, Ha KOTOPYHO UMEETCs yKa3aTe/lb B KOHTEKCTe reHepaTopa Ha JJaHHbIH

MOMEHT.

void encode_ins_dump(struct

ParametrizedInstruction *, uintl6_t,

uint32_t * wiuy uint64_t *)

Kogaupyet Habop MHCTPYKLHMH B UX JBOMUYHOE ITPe/iCTaB/IeHHe U Pa3MelllaeT BIIPUTHIK JPYT

K ZIPYTY B MaMsITH C YY€TOM JJIUHBI KaXXJ0H U3 UHCTPYKLIWH.

void core_include_regs(struct

ParametrizedInstruction *, uintl6_t,

uint8_t *to_include, uint8_t reg_count)

PaCCManI/IBHET KaXAYH MHCTPYKLUIO U OrpejessieT, KaKrue perucCTpbl OBLITM el U3MeHEeHbI

AJI1 UTOrOBOT'0 CpPABHEHMWA PE€3YyJ/IbTATOB BBITNO/THEHUN ABYX T€CTOBBIX HOCHEAOB&TQHBHOCTEﬁ.
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