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AnHortamusi. B pabGote nmaercs 0030p CYyHMIECTBYIOIIMX METOJOB W CPEIACTB TCHEpAIUU
TECTOBBIX NPOrpaMM Uil MHKpPOMpPOLEccOpoB. ['eHepamusi TECTOBBIX MPOTPaMM U aHAIH3
pEe3yNbTATOB WX BBIIOJIHEHHS SBILIIOTCS OCHOBHBIM MMOAXOIOM K (YHKIHMOHAJIBHOH
Bepu(UKAIUN MUKPOIIPOLIECCOPOB. DTOT MOIXOJ TAKKE MPUHATO HAa3hIBATH TECTUPOBAHUEM.
HecmoTps Ha TO, YTO MeETOABI TEHEpPALMH TECTOBBIX IPOTPaMM  HEIPEPHIBHO
COBEpUICHCTBYIOTCS, TECTHPOBAHHME OCTAETCSl KpailHe TpyaoeMkuM mpoueccoM. OnHa u3
OCHOBHBIX IIPUYHH COCTOUT B TOM, YTO CPEJCTBA I'eHEPALU HE YCIEBAIOT aJalTHPOBAThCS K
W3MCHEHHUSM. B  OONBIIMHCTBE CIy4acB OHH CO3/JaHbl TOJ KOHKPCTHBIC THIIBI
MHUKpPOIIPOLIECCOPOB M MpeJHa3HAuYeHbl IS pelIeHUs KOHKpeTHhIX 3amad. [loatomy
MOJ/ICPKKa HOBBIX THIIOB MHKPOIIPOIIECCOPOB W HOBBIX METOAOB TEHEpalud Tpedyer
3HAYUTENFHBIX YCHIHA. YacTo B TaKUX CIydasX MPUXOIHUTCS CO3JaBaTh HOBYIO PEaTH3aIlHI0
¢ Hynsi. HeBO3MOXXHOCTh TMMOBTOPHOTO HCIOJIB30BaHMS WMEIOLICHCS peai3aiui 3aTpyAHIET
pa3BUTHE CPEINCTB TeHEPAlll W, KaK CIEICTBHE, TNPEISTCTBYET YIYYIICHHWIO KadyecTBa
TecTUpoBaHMs. Tekylliee TIOJIOKEHUE JeNI CO3JaeT MOTHUBAIMIO Ul TIOMCKA pPEIleHHH,
MO3BOJISIONIMX CO3/1aBaTh Oojiee THOKHE CPEACTBA T'eHEpAlMU, KOTOPhle MOTJIH Obl OBITH C
MUHUMQJIBHBIMU ~ YCHJIMSIMH ~ aJalTUPOBaHbl IS TECTHUPOBAaHHMS  HOBBIX  THIIOB
MHUKPOTIPOIIECCOPOB U MPUMCHEHHS HOBBIX METOIOB TeHepalmu. llenb maHHOW paboThl —
0000IINTh UMEIOIIUICS OTBIT TEHEPAIIMH TECTOBBIX MPOrPAMM, KOTOPBIN MOT OBl TIOCITY>KHTh
OCHOBOH JJIsI CO3JaHWSl TaKMX CpPeAcTB. B pabore paccMaTpuBaroTCsi CHIIBHBIE U CllaOble
CTOPOHBI PACTIPOCTPAHEHHBIX METOJIOB TeHEPAINH, 00IaCTH UX MPUMEHEHHS H BapPHAHTHI UX
COBMECTHOTO HCIOJIb30BaHus. Taxke Jenaercss CpPaBHUTENbHBIM aHaIu3 BO3MOXKHOCTEN
CYHIECTBYIOIIUX CPEACTB TEHEPALUH, pPEATU3yIONIMX 3TH MeTonsl. Ha ocHOBe maHHOTO
aHajM3a JAI0TCA PEKOMEHIANMU MO CO3/aHHI0 YHHBEPCATBHOW METOMOJIOTHH Pa3paboTKH
CPEJIICTB reHepally TECTOBBIX MPOTPaMM JUIsi MUKPOIIPOLIECCOPOB.

KiioueBble ci10oBa: MHKpompoleccopsl; IupoBas —ammaparypa; (QyHKIHOHAIbHAs
BepH (UKL, TECTUPOBAaHKE; IEHEPALUsl TECTOBBIX IPOTPaMM.
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1. BeedeHue

Muxponpoyeccop [1] sBIsieTCsl HEHTPAIbHBIM 3JIEMEHTOM JIIO00TO 3JIEKTPOHHOTO
ycTpoiicTBa. B TO BpeMs Kak Apyrue KOMIIOHEHTHI OTBEYAlOT 32 BBOJ M BBIBOJ
JaHHBIX, POJb MHKPOIpOLECcOpa COCTOMT B O0OpabOTKE 3THUX [AAHHBIX: OH
OTIpEZICTIICT, KAaKhe OIEpaliH JOJDKHBI ObITh BBIMOMHEHBI HAJl JAHHBIMH H
KOHTPOJIPYET TPOLECC HX BBINOJHEHUS. MHKPOMIPOLECCOPHI COCTOAT U3
MHO’)KECTBA TPAH3UCTOPOB, OOBETMHEHHBIX B €AWHBII BEIUMCIUTEIbHBINA 3JIEMEHT Ha
MOJIYIPOBOJHUKOBOM KpHUcTajule. YUCIIO TPAH3UCTOPOB MOCTOSHHO YBEIUYHBAETCS
Y B HAaCTOsIIIEEe BPEMsl IOCTHTaeT HECKOJIbKUX MUJUINApI0B [2].

Mukpomnponeccopsl  SBISIFOTCS  CIOXKHBIMH ~ yCTPOWCTBAMH, IO3TOMY  HX
MPOM3BOJICTBO TPeOYeT TIIATENBFHOTO NMPOSKTHpOBaHMs. B Hacrosiiee Bpems s
NPOEKTUPOBAHHUS TPUMEHSIOTCS CICIHAIN3UPOBAHHBIC SI3bIKH, HM3BECTHBIE Kak
sazviku onucanus annapamypur (HDL, Hardware Description Languages), kotopbie
C TpenienbHOM TOYHOCTHIO II03BOJIIOT OIKCHIBATH CTPYKTYPY M IIOBEICHHE
MHKpoIIpoleccopa. Pe3ynbraroM TpPOEKTHPOBaHUS SBISIETCS MOOeib  YPOGHS.
peaucmposwix nepedau (RTL, Register Transfer Level), taxxe HaspiBaemas HDL-
MoOenbio, KOTOpas 3aTeM IOCPEICTBOM JIOTHUECKOTO M (PM3MYECKOTO CHHTE3a
npeoOpasyercs B IIPEACTABICHUE, UCTIOJIB3yeMOe ISl IPON3BOJICTBA MHTETPATBHBIX
CXEM.

Bblcokast ~ CIOXKHOCTB ~ COBPEMEHHBIX  MHKPOIPOIIECCOPOB  TPHBOAWT K
HEen30eKHOCTH CYIIECTBOBaHMSA OMIMOOK. [JTaBHOM NPHYMHONW 3TOTrO SBIAETCA
Oospoe  YHMCIO  KOMOMHAIMH ~ COCTOSHMH ~ MHKpoOIpoleccopa H  HX
B3aMMoO3aBHCUMOCTel. [lanmbpHelmee ycIoXHEHHE, NPOJUKTOBAHHOE IOTOHEH 3a
MOBBIIIEHNEM MPOWU3BOJUTEIBHOCTH, BJIEYET 3a CO0OM pOCT dUHciaa OIMHUOOK.
Hamnpumep, no nanueiM Ha aBryct 2008-ro rona B mukpormnpoueccope Intel Pentium
4 obu10 HaiigeHo 104 onmbKu, U3 KOTOPHIX 43 HE UCTIPABICHO U UX UCIPABJICHUE HE
3aruanupoBano [3]. B To ke Bpems B mukponpoueccope Intel Core i7-900 no
JaHHBIM Ha ¢eBpanb 2015-ro roma oOHapyxkeHO 167 ommOOK, M3 KOTOPBIX
WCIPABJIEHO TOJILKO 16 W eme ans 2 3amiaHupoBaHo uctpasienue [4]. Crnenyer
MOHUMATh, YTO B 000MX CIy4yasx pedb WAET JHUIIb 00 M3BECTHBIX MpobieMax, B TO
BpeMS KaK pealbHOe YHCIIO OIHOOK MOXKET OBITh FOpa3/io BHILIE.

Llena ommOOK B MHUKpOIPOIIECCOpaX OuYeHb BbICOKAa. B oriuume ot aedexToB B
IporpaMMax, KOTOpBIE YCTPAHSAIOTCS CPAaBHUTENBHO IIPOCTO, OIIMOKH B
MHKpOIIpOIIECCOpax HE MOTYT OBITh HCHpaBI€HBl W JUIA WX YCTPaHEHHA
NoTpeOyeTcss HMOBTOPHBIM BBHIMYCK M 3aMEHa MHKPOCXEMbI WIJIM LEJoro OJoka.
Hanpumep, B 1994-M rogy 3aMeHa NpOJYKIMM H3-3a OIIMOKH B pealu3aluu
nHctpykunu FDIV mukponponeccopa Pentium obonutace kommnanuu Intel B 475
MUJJIMOHOB JI0JU1apoB [5].

ObecrieueHre (QYHKIMOHAIBHOH KOPPEKTHOCTH MHUKPOIPOLECCOPOB  SBISIETCS
(yHnamMeHTaNbHOM MPOOIEMOH, Il pelIeHus] KOTOPOH HPUMEHSETCS] KOMILIEKC
Mep, U3BECTHBIM Kak ¢yukyuonanvhas eepugpuxayus [6]. Bepunduxamus
BBINTOJIHACTCA TapajielbHO C TMPOEKTUPOBAHWEM, W €€ 3ajada 3aKIiovacTcs B
MIPOBEPKE COOTBETCTBUS PE3yIbTATOB, MOJYYCHHBIX HAa TEKYIIEM dTare, 3aJaHHBIM
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TpeOOBaHMSIM U OrpaHMYCHUsIM. Bepubukamus MOXET OCYIIECTBISAThCS Kak Ha
YPOBHE OTIENBHBIX MOAYJICH MHUKpoOIpoIieccopa (Modyavhas epuguxayus), TaKk U
JUISL yCTPOMCTBA B IENIOM (cucmemuas sepugpuxayust).

CymecTBylOT [Ba OCHOBHBIX TIOAXOJa K (YHKIIMOHAIGHOW BEpUPUKAIHH:
(1) umumayuonnas  eepugpuxayus  (simulation-based  verification), Ttaxxe
HasbIBacMast mecmuposanuem, u (2) opmanvuasn sepugpuxayus (formal method-
based verification) [7]. TlepBblii 3akmouaeTcs B POBEPKE KOPPEKTHOCTH PEAKIIAH
MPOEKTUPYEMOI'0 YCTPOWCTBa, paboTa KOTOPOrO HMMHUTHPYETCS HPU [TOMOIIH
MPOTrPaMMHOI0 MIIM aIlllapaTHOTO CHUMYJISITOpa, Ha TECTOBBIE BO3AeHCTBUS. BTopoii
OCHOBaH Ha IOCTPOCHUHM MaTeMaTH4YecKoW ((opManbHOH) MOJENM W TPOBEpKe
BBINIOJIHUMOCTH €€ cBoiicTB. DopMasibHasi Bepr(UKaIMs O3BOJSIET OCYILECTBUTH
MCYEPIBIBAIONIYIO TIPOBEPKY BCEX BO3MOXKHBIX BAapHAHTOB IOBEICHUS, 3aJaHHBIX
Mmojenpto. OJHAKO OHA HMMeEeT psij OrpaHuueHHH (BBICOKAs TPYJOEMKOCTh H
BBIYHCIIUTEIbHASL CIOXHOCTh, a TaKKe TPYIAHOCTH (opMmanu3anum), KOTOpPbIC
3aTPYIHSIOT €€ UCIOJIb30BaHNe B MPOMBIIUICHHBIX MpoekTax. [1o 3Toit npuduHe Ha
MpaKTHKE OCHOBHOM aKIEHT JieNiaeTcs Ha TecTupoBanue [8].

Ha cucTeMHOM ypOBHE TECTUPOBAHUE OCYIIECTBISACTCS MMyTEeM TIeHEpaIUH
mecmoeblx npo2pamm Ha SI3bIKe acceMbiiepa, KOTOPbIE IMPEACTaBISIOT CO0Oi
MOCJIEIOBATEILHOCTH KOMaH (MHCTPYKIUI) MHUKPOMPOIIECCOpa, W aHaln3a TPacc
UX BBIMOJHEHUS] C LEIbI0 YOEAUTHCSA, 4YTO MX T[OBEJCHHUE COOTBETCTBYET
cneiudukaruu. Takoil MOAXOA BHAWTCS HanOOJiee €CTECTBEHHBIM, T.K. CHCTEMA
KOMaHJ ompenensieT (QyHKIMOHAJIBHOCTH  MHKPOIIpOLIECCOpa W SIBJISETCS
€/IMHCTBEHHBIM JIOCTYIHBIM MHTEp(eiicoM, Yepe3 KOTOPBIN I0JIb30BATEIN MOTYT C
HUM B3aUMOJIEHCTBOBATb.

TecToBble MpOrpaMMbl CO3JAIOTCSI TPH TOMOIIM CIHEUUATbHBIX MPOTPAMMHBIX
CPE/ICTB, U3BECTHBIX KAK 2eHEPAmopbl MecnogblX Npoepamm, KOTOPbIE UCIONb3YIOT
HMIMPOKHHA HAOOp METO/IOB TeHepaluy Ul 00eCeYeHUs] MAKCUMAaJIbHOTO MOKPBITHS
TeCTUpyeMOH (YHKIHOHAJIBHOCTH. MeTO/bl TeHEepaluu 3BOJIIOIMOHUPOBAIH 10
Mepe YCJI0XHEHUS MUKPONPOLIECCOPOB OT CIIy4yallHOM reHepaluy 10 HaleJeHHOH
TeHepalii, OCHOBAHHOW Ha (OPMAIBHBIX METOAax (M3BECTHBI KaK cubpuoHvle
Metozs! [9]). [IpuMeHsieMble B HACTOSIIMIA MOMEHT METOIBI MOXKHO Pa3leNuTh Ha
ClieIyroniue OCHOBHBIE IPYIIIIBI [10]: (1) enyuaiinas eenepayust;
(2) kombunamopnasn  cenepayus; (3) cenepayuss Ha ocHoge ocpanuueHull W
(4) cenepayus na ocnose mooeneti. BaxxHo MOHUMATh, YTO KAXK/bIA METOJ] MMEET
CBOIO 00JIACTh MPUMEHEHHsS W HH OJWH M3 HHUX HE SBIISETCS YHHUBEPCAIbHBIM
pelieHreM st Beex 3a/1a4 Bepudukanuu. Ha npakTrke npuMeHseTcs! Lenblii Habop
METO/IOB, B3aMMHO JIOTIOJHSIOLIUX APYT Apyra. ITOT HAOOP MOXKET MOMOIHATHCS 1O
Mepe n300peTeHUsI HOBBIX METOOB.

B o0miem ciiydae reHepaiusi OCYHIECTBIISIETCSI HA OCHOBE MeCcmogulX uiabioHo08,
aOCTpaKTHBIX OIMKMCAHUH TECTOBBIX MPOrpaMM, KOTOpbIE 33Jal0T HCIOJIb3yeMble
MHCTPYKIMH, WX TOPAIOK U BXOAHbIe jaHHble. CrocoObl MOCTPOEHHs
MOCJIE/IOBATENIbHOCTEH MHCTPYKIMH W TI'eHepalMyd TECTOBBIX NaHHBIX 3aBUCAT OT
METOJIOB T'€HEpaluK U HCIOJIb3YEMbIX UMH HACTPOCK.
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Peanmzannss MHCTPYMEHTOB TEHEpALMM, OCHOBAaHHBIX HA pAa3JIMUHBIX MeETOAaX,
MOXET CYHIECTBEHHO OTJIMYAThCSA. MeTOozbl, MO3BOJSIONINE CTCHEPHPOBATh Oolee
TOYHBIE TECTOBBIE BO3ICHCTBUSA, TPEOYIOT OOJBIIEro KOJMYECTBa WH(POPMALIHU O
TECTUPYEMOM  MuUKpompoueccope. Hamnpumep, ecim Meromam — ciiydaiHOM
reHepaluy, KaK NpaBWiIo, HY)KHa TOJBKO WH(OpMAalUs O CHHTaKCHUCE KOMaH, TO
JUIL TEHepalMyd TEeCTOB /I TIOJACHCTEMbl NaMsATH HEOOXOIUMO 3HAHHE O
KOMIIOHEHTaX MOJCHCTEMBI MAMATH U CEMAaHTHKEe KOMaH[ uTeHus W 3ammcu [11].
OTo 3aTpyaHSEeT MHTErpallli0 METOMOB B €IUHBIM MHCTpyMeHT. B pesynbrare, Ha
MpaKTUKE [ TECTUPOBAHUS OJHOTO MHKPOIPOLIECCOpPa MOXKET NPUMEHAThCA
HECKOJIbKO MHCTPYMEHTOB, PEANN3YIOUINX Pa3INYHbIE METOABI M HCIHONB3YIOIMINX
ONMCAaHU TECTHPYEMOTO MHKPOIIPOIECCOpa pa3sHOM CTENEHH AeTaln3aluu. OTO
OTPHIATENIFHO BIMACT HA J(PQPEKTUBHOCTH TECTHPOBAHMA, T.K. MOIJEPKKA
HECKOJIBKUX WHCTPYMEHTOB, HCIIOJB3YIOMNX pa3iNudHble (OpMaThl OINUCAHHSA
KOH(UTypanuy, TpeOyeT NONONHHUTENbHBIX ycwinid. Kpome Toro, coBmecTHOE
WCTIONIb30BaHHUE PA3IMYHBIX METOJIOB JJIs peLICHUs 00IIei 3a1aun TeHepannuy 4acTo
OKa3bIBACTCSI HEBO3MOXKHBIM.

[Jpyras mpoOGiema, KOTOpas 4acTO BO3HHKAET, — 3TO aIaNTallisi HHCTPYMEHTa K
M3MEHEHHSAM B apXUTEKTYPE TECTHPYEMOTO MUKPOIIPOIIECCOPa U MOAAEPKKa HOBBIX
apXUTEKTyp. MHOrHE WHCTPYMEHTHI T'€HEpaly pa3padOTaHbl IM0J KOHKPETHBIH
MHUKpPOIIPOLIECCOP M HE MPEIyCMaTpHBAIOT BO3MOYKHOCTh IOJOOHBIX H3MEHEHHH
(Jloruka reHepanuu TeCHO CBs3aHa ¢ KoHpurypauueit). B Takux ciaydasx tpedyercs
BHECEHHE CEPbE3HBIX M3MEHEHWH B peaju3aldi0 MHCTPYMEHTa, YTO BIEUeT 3a
co00i1 3HAUUTEIbHBIE TPYA03aTPATHI.

Llenb naHHOM pabOTHl — MPOAHATIM3UPOBATH 3a7a4yH, PELIaeMble CYIIECTBYIOIINMH
TeHepaTopaMH TECTOBBIX NPOrpaMM, M HpHUCYIIHe UM mpobiemsl. Ha ocHoBaHHM
sToi mHpopMmamuu OyayT cHOpMyTUPOBaHBI OCHOBHBIE TpeOOBaHUS, KOTOPHIM
JIOJDKEH YIOBJIETBOPATh YHUBEPCAIBHBIN HHCTPYMEHT T€HEePAIHH.

OcraBiuasics 4acTh CTaThbM OpraHM30BaHa ClEAyIOIMM oOpazoM. B pasn. 2
paccka3bplBaeTCsl O TOM, KaK OCYILECTBIISETCS BEPUPHUKALIUH ITPU TTOMOIIN TECTOBBIX
nporpamm. B pazn. 3 naercst 0030p CyliecTBYOLIMX METOAOB reHepanuu. Pasuen 4
COJZICP)KUT OIMCAHWE II0JX0Ja K TECTHPOBAHHUIO M HWHCTPYMEHTa TI€Hepauuw,
ucnonezyemoro B HUMCU PAH. Pa3x. 5 mocBsmieH ONMHUCaHHWIO HHCTPYMEHTOB,
pa3pabaTbIBaeMbIX M NpHMEHAeMbIX B KoMnanun ARM. B pasn. 6 nmaercs o63op
unctpymenroB IBM Research. Pasp. 7 comeput KpaTKuii aHall3 METOIOB H
MHCTPYMEHTOB T'€HEpalN{, CO3AaHHBIX B JApPYrux KoMmmaHusx. B pasn. 8 mematorcs
BBIBOABI M (OpMynHpyeTcss TpeOOBaHMS, KOTOPHIM JOJDKEH YIOBJIETBOPATH
YHUBEpCaJbHBIH HHCTPYMEHT TeHepaiun. Pa3n. 9 3aBepiiaeT cTarpio.

2. Bepugbukayusi npu nomowyu mecmoesbix rnpo2pamMm

Bepudukanus npu moMOIIA TECTOBBIX POTPAMM MPEAIOIAraeT UX BHIMOJIHEHUE Ha
HDL-Monmenn u mocneayomui aHam3 pe3yiabTaToB. CymIeCTBYIOT JBa OCHOBHBIX
MoAX0Aa K MpoBepke KoppekrHocTH noseaeHus HDL-moxenw [6]: (1) cpaBHeHue
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mpacc éblnoaHeHus. ¢ STATOHHBIMU TpaccaMu U (2) UCIOJIb30BAHUE 6CHPOCHHbIX
nposepox (self-checks).

3TanoHHas Moaens Tpacca
(C, C++) BbINOMHEHUS
Tectosan
nporpamma
HDL-mogens Tpacca
(Verilog, VHDL) BbINONHEHNA

Puc. 1. Tecmuposanue nocpedcmeom cpaguenusi mpacc

Komnapamop —> Bepaukr

Fig 1. Testing by comparing the traces

B mepBom ciyuae (cMm. Puc. 1) npu BeimosHenunn mnporpammsl Ha HDL-momenu
CO3J1aeTCsl Tpacca BBINOJIHEHMS, (UKCUPYIOUIAas COOBITHS, KOTOPbIE HPOUCXOJST
Mukpornporneccope. [loayueHHas Tpacca cpaBHMBAeTCs C OSTaJOHHOW Tpaccoi,
MOJIy4YEHHOW B PE3yJIbTATe BHIIIOJIHEHUS TOH XKe MPOTrpaMMbl Ha 9MMAIOHHOU MOOJenu
(reference model). [lyis cpaBHEHHS Tpace UCTIOIB3YIOTCS CHENUATBHbBIE IPOTPAMMBI,
Ha3bIBAEMBIC KOMHapamopamu. ITaJOHHAS MOJAENb CO3/AeTCS HE3aBUCHMO OT
HDL-mozmenn Ha si3p1ke BbICOKOTO ypoBHs (Hampumep, C mmm C++) u sBIseTCS
Gosiee abcTpakTHOH. YacTo Takas MOJENb HMPEACTABISIET COOOH CUMYAAMOP YPOBHSL
uncmpykyui - (instruction-level simulator). Bonee abctpakTHas Mojeib, Kak
NpPaBWJIO, COICPKUT MEHbBIIEE KOJMYECTBO OIMIMOOK, a TOT (PaKT, 4YTO OHa
pa3pabaTbIBaeTCs HE3aBHCHUMO, YMEHBIIACT BEPOSTHOCTH ITOBTOPEHHUS OIIMOOK,
JonyumeHHblx mpu  co3gaHud  HDL-mopenu. JlaHHBIM 1oAXoJ — MO3BOJISET
YHUBEpPCAJIbHBIM 00pPa30M OCYIIECTBISTh HPOBEPKY KOPPEKTHOCTH ITOBEACHUS
MHKPOIIPOLIECCOpa TP BBIMOJIHEHUH Pa3JIMUHBIX TECTOBBIX IporpaMm. Takum
o0pa3oM, oTmagaeT HeoOXOAMMOCTh PEalN30BBIBATh IPOBEPKH IS OTAEIbHBIX
tectoB. K HemocraTkaMm I10/1X0/1a, MOXXHO OTHECTH TO, YTO TPAacChl, IMOJy4YECHHbIE
NPY TTOMOIIM YIPOILEHHOW 3TAJIOHHON MOJIEIH, MOTYT HE OTpa)kaTh BCE COOBITHS,
KoTopsle mpoucxoaT B HDL-monenu (u peansHOM mporieccope). DTo NPUBOAUT K
TPYXHOCTSM IIPH CONOCTABJIEHUH TPacc.

Bropoii mojxox mpeamnonaraet, 4To KoJ TECTOBOW MPOrpaMMbl COAEPKUT HPOBEPKH,
KOTOpPbIe HEOOXOAMMO OCYIIECTBHUTH B IPOLIECCE €€ BHINOJIHEHNUS. TaKkue mporpaMmbl
MO>KHO BBITIOJIHSTH HE ToJbKo Ha HDL-Monensx, HO 1 Ha anmapaTHBIX YCKOPUTEISX,
[IJINC-mipoToTHIaX ¥ SKCIEPUMEHTAIBHBIX 00pa3lax MHKPOCXEM. JTO MO3BOJISICT
MOBBICUTH TPOU3BOJUTENBHOCTh, TaK KakK BpPEMs BBIOJHEHHUS IPOTpaMMbl Ha
annapaTHBIX CUMYJISTOPaX CYIIECTBEHHO MEHbINE, YeM Ha MporpaMMHbIX. OJHAKO
IPU TaKOM IOJIXOJIE CHIDKAETCS! TOUHOCTh MPOBEPKH, TaK KaK MHOKECTBO COOBITHH,
KOTOpBIE MOXKET (PUKCHPOBATH TECTOBAS IIPOrPaMMa, OTPaHHYEHO.

Pemenne o 3aBepuieHMM Bepu(UMKaUWM ITPUHUMAeTCs Ha OCHOBE Habopa
KPUTEPHUEB, KOTOPBIH BKIIFOUaeT B cebst crnenyromiee [12]:

e BEHINOJIHEHHE [UTaHA BEpUPUKAINH;

® OTCYTCTBHE OMIMOOK ITPHU MPOTOHE PETPECCHOHHBIX TECTOB;
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® OTCYTCTBHE OIIMOOK Ha 10° TICEBIIOCTYYaHHBIX TECTOB JJISI KOKIOTO U3
HMMEIOIIMXCST TECTOBBIX IIA0JIOHOB;

® JIOCTM)KEHHME 3aJJaHHOTO YpoBHs HOKpbITus HDL-xona n
(YHKIIMOHAIBEHOTO TTOKPBITHSL;

e orcyrctBue usmenenuii B HDL-kosie B TeueHue AIUTeIbHOTO BpeMenu (3-
4 Henenn);

® OTCYTCTBHE HOBBIX ONIMOOK B TEUCHHE ONpPEIEIICHHOTO BpeMeHH (2-3
HEJEITH);

® JCTCUCHHE OTBEJCHHOIO COINIaCHO IUIaHy BPEMEHH Ha pa3paboTKy u
BepHu(pUKALIHIO.

Oco0oro BHUMaHHS 3aCIIy’KHBAIOT KPUTEPHH, OCHOBAaHHBIE Ha JIOCTHXCHUH
TpeOyeMoro ypoBHS HOKpBITHS. JIOCTUTHYTBHI YpOBEHb IOKPBITHS OLCHUBAETCS
Py TOMOLIU Mempuk mecmogo2o nokpuimusi [13]. OHuM mpeAcTaBisioT coOoi
KOJINYECTBEHHBIC XapaKTEPUCTUKM TOJHOTHI MOKPBITHS BBIOPAHHOW .Mmolenu
mecmosoeo NoKpsimus, KOTOpas ONHCHIBacTCS KaK KOHEYHBIM HAa0Op mecmosvix
cumyayuii. YucIoBoe 3HAYCHUE METPHKH TOKPHITHS TPEACTABICHO KaK OTHOIICHHE
YHCcIa JOCTUTHYTHIX TPH BBHITOJIHEHUH TECTa CHUTYalUuil K OOIIEMY YHCIY CHUTYAIHHA
B Mojenu. Boimemsiror gBa Tuma Mojeied mokpeitus: (1) ocHOBaHHBIE Ha
peanusaiuu u (2) OCHOBaHHbBIC Ha (YHKIIHOHAIBHBIX TPEOOBAHHUSIX.
B Mopensx mepBoro THIla TECTOBBIC CHTYAIlUH CBS3aHBI HEMTOCPEICTBEHHO C KOJIOM
HDL-Mozxenu uay ¢ MpOU3BOAHBIMU OT HEe CTPYKTypaMu. T.e. METPHKH HOKPBITHUS
Ha OCHOBE peasn3alliy MO3BOJIAIOT OIEHUTh, B Kakoi mMepe koj RTL-moxenu ObLa
3aJeliCTBOBAaH TpU BBHINOJIHEHWH HaOopa TecToB. [IpuMepamMu TakMX METPUK
SIBJISIFOTCS: MOKpBITHE CTPOK Kosa (line coverage), mokpeitie oneparopos (Statement
coverage), mokpeiTHe TiepexomoB ympasienus (branch coverage), a Takke
MOKPBITHE COCTOSIHHI, Jyr W myTteit (State, arc, transition coverage) xoHeYHBIX
aBToMaroB [14]. BOJBIIMHCTBO COBPEMEHHBIX CPEJCTB aBTOMATU3UPOBAHHOIO
MPOEKTHPOBAHUS IPEAOCTABISIOT HHCTPYMEHTapUi s cOopa M aHaiHu3a JaHHBIX O
JIOCTUTHYTOM TTOKPBITHHU peaTU3aIliH.
B Mopmensx BTOpOro THIA, U3BECTHBIX KaK MoOeiu (DYHKYUOHANbHO20 NOKPbIMUSL,
TECTOBBIC CHUTYAaIlMH 3aJal0TCs B TEPMHHAX aOCTpaKIUil MHKpPOAPXUTEKTYPHI,
aApXUTEKTYpBl MUKPOTpOIIeccopa Wi abcTpakuuii Oojiee BRICOKOTO YpoBHA. Takue
MOJIENIH CO3MAIOTCSA HAa OCHOBE CIleNU(UKAnuil (YHKINOHAIBHBIX TPeOOBaHUH K
MHKPOIIPOLIECCOPY Pa3IMYHOro ypoBHA. OHH MOTYT CO3[aBaThCs BPYUYHYIO WM
MOCPEJICTBOM aHaIu3a (popmanbhbix cneyugurayuii [15].
BaxHO OTMETHTH, YTO HH OJHAa W3 METPHK TECTOBOIO IIOKPBITHS, B3fTas B
OTAEJBHOCTH HE AT OTBETa Ha BONPOC O MOJHOTe Habopa TectoB. IloaTomMy Ha
MPAKTHKE HCIIOJIb3YIOTCSl KOMOMHALIMY Pa3JIMYHBIX METPUK, OCHOBAaHHBIX KaK Ha
peanuzanuu, Tak 1 Ha PyHKIIMOHAIBHBIX TPeOOBaHUI.
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s TeHepanM TECTOB, MPEAHA3HAYCHHBIX U JOCTHKEHUS TpeOyeMOoro ypOBHSA
TOKPBITUSL 11 BBIOPAHHBIX METPHUK, INPUMEHSIOTCS pa3HOOOpa3HbIE METOBI
TeHepalny TeCTOBEIX POTPaMM, pealn30BaHHBIC PA3TMYHBIMI HHCTPYMEHTAMH.

3. MemoObI 2eHepayuu mecmoebix npPo2pamMm

BOABIINHCTBO COBPEMEHHBIX HHCTPYMEHTOB B TOW WJIM MHOW CTENEHU IOJararTcs
cyuatinyio 2enepayuio [16]. OmHako TpUMEHSEMble METOIBI T€HEPAlMd MOTYT
CYIIECTBEHHO OTINYATHCS CTETICHBIO HayereHHocmu. 1011 HAIleIeHHOCTBIO CIIeTyeT
MOHUMaTh OPHEHTHPOBAHHOCTH Ha MOKPBITHE KOHKPETHBIX TECTOBBIX CUTYAIUH HIIH
KJIaCCOB TECTOBBIX cHTyanui. Ciieayer 3aMeTUTh, 4TO T.K. T€HEepalus TECTOBBIX
NporpaMM IIPEAIoIaraeT IIOBTOPSEMOCTh DE3yJIbTaTOB, aJIrOPUTMBI CIy4adHOM
TeHepaluy, KakK IpaBWIO, OCHOBaHBl Ha JETEPMUHHPOBAHHBIX TI'EHEPAaTOpax
TICEBOCITyYaliHBIX YUCEI.

B mpocreiiniem ciydae WMHCTPYKLMM M WX BXOJIHBIC 3HAYEHHs BBIOMPAIOTCS
crnydaiteiM 06pazom [17]. MHCTpyMeHT, pemiarorinii mogo0Hy 3amady, MOXKHO
pa3paboTaTh JAOCTATOYHO OBICTPO, U OH IO3BOJIUT CI€HEPUPOBATH HAOOp TECTOB,
obecreunBaronmux 0a30BbI YPOBEHb MOKPHITUA. K cokajeHHIo, Takol MOJaXoa He
SBIISICTCS CHCTEMATHYCCKMM M HE IIO3BOJHUT JOCTHYH IIONHOTO TTOKPBITHSA.
ITomoOHBIE MHCTPYMEHTHI HE PACIOJIATalOT CBEICHUSAMH O CEMAaHTHKE MHCTPYKITHHA
U OCOOCHHOCTAX pealn3allii MHKPOAPXHUTEKTYpHl, II03TOMY HE TapaHTHPYIOT
JIOCTIDKEHUSI BCEX MHTEPECHBIX C TOYKHU 3PCHUS TECTUPOBAHUS CUTYAIIHi, a TaKKe
KOPPEKTHOCTH TOCTPOCHHOW MPOTpPaMMBI (OTCYTCTBHE 3alUKIMBAHUH, MEPEXOI0B
Ha CEKIIMIO TAHHbBIX, HAPYIICHUH HHBAPHAHTOB MHCTPYKIIHH, U T.1.).

[lepBrIii mar B HampaBIICHHH MOBBIIICHUS HAIEICHHOCTH CIyYalHBIX TECTOB —
OTpaHHYCHUE OOJIACTH JONMYCTHMBIX 3HA4eHWH M CIyd4alHOrO BEIOOpa U
NPHCBOCHUE 6ecos BbIOMpaeM BapuanTam [18]. Takoit momxon mpeamonaraet
onmucaHWe 3aJad TeHepalud B BHJE IIA0JIOHOB, KOTOpHIE 3aIal0T CIIUCKH
WHCTPYKUMH 17 BbIOOpa (B TOM 4YHCIIE HepapXU4yecKue), Beca OTIENIbHBIX
AJIEMEHTOB M 00JIACTH 3HAUYEHHMH MX BXOJHBIX apryMEHTOB. DTO IO3BOJIUT Ooiiee
TIIATEJBHO IPOTECTUPOBATH OT/AENbHbIE MHCTPYKIMHM WM KIJIACChI WHCTPYKIMH.
Beca n obnactu 3HaueHUH MOAOMParOTCS Ha OCHOBE MOJYYCHHBIX 3HAUEHUH METPUK
TECTOBOTO MOKPBITHUS.

Crenyromuii mwar B CTOPOHY YJIYUIICHUs! OKPBITUS MIPEIOJIaraeT UCI0Ib30BaHUEe
METOJIOB Kombunamopnot 2enepayuu [19]. Takodl moAX0J] MO3BOJUT HALEIUThH
TeHepaTop Ha TECTHPOBAHHME CUTYalWil, CBI3aHHBIX C COBMECTHBIM BBINIOJIHEHHEM
MHCTPYKIMH Ha KoHBedepe. CyTb MeToja 3aKJIIOYaeTCsi B CHCTEMAaTHYECKOM
nepeGope KOPOTKHX IOCIIEA0BaTENbHOCTEH WHCTPYKIHMH (BKIIIOYas 3aBUCHMOCTH
Meskay HuMH). [IoMHMOo 3TOro, MOXHO IOJTy4aTh BXOHBIE apIyMEHTHI HHCTPYKIIMH
nmyteM repebopa JaHHBIX M3 HEKOTOPOro IpeAoNpelieliecHHoro Habopa. OTo
MO3BOJIUT JOCTHYb JIYYLIErO MOKPBITHS HOSPAHUUHBIX Caydaes (COrNer cases).
IIyteM COBMECTHOTO HCHOJIB30BAaHUS METOJOB CIIyYalHOH M KOMOWHATOPHOM
reHepalMi MOXKHO TOCTPOUTH 00JIee CIOXHBIE TECThI, KOTOPBIE MOMOTYT MOKPHITH
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MHOTHE MAaJOBEpOSTHBIE W  TPYIHOBOOOpasWMBIE CHUTyallim B  pabore
MHKpPOTIPOIIECCOopa.

Jis mpoBepKH TOBEACHHS MHKPOIpOIleccopa B KOHKPETHBIX CHTYAaIMAX YacTo
npuberaT K oOemepmunuposannou cumyrayuu (deterministic simulation) [20].
Wnest 3akmrodaeTcss B CO3MaHMM W CHUMYJSIIIMA TECTOBBIX TPOTpaMM  C
JNETePMUHHAPOBAHHEIM  ITIOBEJICHUEM, BKIIOYAIONINX BCTPOCHHBIE IPOBEPKH.
M3HaganpHO TakWe MpoOrpamMMbl pa3pabaThIBAIMCH BPYYHYIO, UTO Jeiajo HX
CO3[JaHME KpalHe TpyJOeMKOM 3ajadeidl. ABTOMAaTHYecKas TeHepalus TaKhuxX
NporpamMM TpEIIoJiaraeT CHMYJIALUIO HHCTPYKUMH B MpoOlecce TeHEepaluu H
UCIIONIb30BAaHUE PE3yJbTATOB /I CO3JaHusl NpoBepok. CHMyJsiius B Ipolecce
TeHepallMi  TaKKe TMO3BOJSIET TapaHTHPOBaTh KOPPEKTHOCTh  IIOCTPOECHHBIX
nporpamm. [Ipn naHHOM TOAXO/AE MPOrpaMMBI CTOSITCS TO IIA0JIOHaM, KOTOpPHIE
ONKCHIBAIOT TECTOBBIA creHapuil. CHMYISIIUIO TE€HEepPaTop OCYHIECTBISET
CaMOCTOSITENIFHO WJIM HCHOJB3YeT Ui 3TOTO BHEIIHWE STAJOHHBIE MOMIECIH.
IMocTtpoeHHbIe TakuM 00pa30M TECTHI MOKHO CUHTATH IOJHOCTHIO HAIlCIICHHBIMHU.
OCHOBHBIM HEIOCTATKOM JaHHOTO IIOJIXOJa OCTAeTCAd TPYAOSMKOCTh CO3IaHHS
TECTOB, KOTOpas COMOCTaBUMa C pPy4HOH paspaboTkod. Kak wm mpm pydHOM
pa3paboTke, 4TOOBI CO3HATh KOJI, MOKPHIBAIOIINI HETPUBHAIBHBIC CHTYallld B
paboTe MHKpOIpoIleccopa, OT pa3paboTurka TpeOyeTcs TIyOOKOe 3HAHHE
0COOCHHOCTE MHUKPOapXUTEKTypbl. KpoMe TOro, ectb pHCK, 4YTO HEKOTOpBIE
curyauu OynyT npomymeHbl. C HeNblo yIYYIIeHUs MOKPBITHS M YMEHBIICHHS
TPy03aTpaT MA0JOHBI MOTYT HCIIOJIB30BAaTh PAHAOMHU3AIMIO MM KOMOMHATOPHBIH
nepebop. Hampumep, mocTpoeHHe TECTOBBIX NPOrpaMM MOXKET OCYLIECTBIATHCA
nyteM nepebopa pa3HOOOpa3HbIX TpadOB IOTOKA YIpaBICHUs (CmMpyKmyp
nepexodos), OIHMCAaHHBIX B [Ia0bJOHe, W MapuipytoB B Hux (mpacc
evinoanenus) [21].

ITocTpoeHne HalENEeHHBIX TECTOB MOXHO YIPOCTUTH MpPH MOMOIIHU ceHepayuu Ha
ocnoge oecpanuvenuti [22]. Tlpu Takom moxojae B mAOIOHAX YKAa3bIBAIOTCS
OTpaHUYEHUS, KOTOPBHIM JIOIDKHBI  YIOBJETBOPATH OIEPAaHABl  HHCTPYKITHA.
OrpaHHYeHHST  COOTBETCTBYIOT  TECTOBBIM  CHUTYAIlsIM, OCHOBAaHHBEIM  Ha
OCOOCHHOCTSX pealu3allid MHKPOAPXUTEKTYPHl WIH Ha (DYHKIHOHAIBHBIX
TpeboBaHUsAX. B mporecce 00paboTku mabiiona reHepaTop, UCTIONB3YsT HEKOTOPHIH
MEXaHU3M pa3pelleHHs OrpaHWYeHHH, KOTOPBIM 3aBHUCHUT OT WX THIA, CTPOUT
CllydaliHble ~ 3HAU€HWs,  YIOBIETBOPSIONIME  3aJ@HHBIM  OTPaHUYCHMSIM.
Hcnonb3oBaHHE OTpaHUYEHUI MO3BOJISIET 3HAYUTENBHO COKPATHTH TPY/I03aTPaThl,
CBsI3aHHBIE C MOAOOPOM 3HAYCHHIA OEPaH 0B, TPEOYEMBIX ISl MOKPBITHS TECTOBBIX
curyarmidi. OfHaKo, T.K. TECTOBBIE INAOJIOHBI MO-TIPEKHEMY pa3padaThIBArOTCA
BPYUYHYIO, OCTACTCSl PHCK YIYCTHTh BXKHYIO ISl TECTUPOBAHUS CUTYALHUIO.
CucteMaTH4eckoe TECTHPOBAHHE MOXKET OBITh O0O0ECNedeHo IyTeM CO3JIaHus
PopmanbHblx MoOenell TECTUPYEMOTO MUKpoTporieccopa [23] 1 npuMeHeH s K HUM
METOZOB TIPOBEPKHM MOZENECH I IIOCTPOCHHS TECTOB, OXBATHIBAIOIIMX BCE
IPOCTPAHCTBO COCTOSSHUM. TakoW MOJIXOA Ha3bIBAIOT 2eHepayuel Ha OCHOBe
mooeneti. T.K. COBpeMEHHBIE MHKPOIIPOIIECCOPHl MMEIOT OrPOMHOE KOJIMYECTBO
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COCTOSIHUH M TMEpPEX0J0B MEXKAY HHUMH, y OJTOro Merona OyayT BBICOKHE
BBIYHMCIINTEIbHBIC 3aTpaThl. JIsI MX COKpAIICHHS MOYKHO HCIIOJIB30BATh TECTOBBIC
m1abJI0HbI, KOTOphIe OyIyT 3ajaBaTh HampasleHHE TecTHpoBaHus. K HemocTaTkam
JAHHOTO METOZa OTHOCSITCS BBICOKAs! TPYAOEMKOCTh €T0 pealn3anuy (IOKa BEIyTCs
UCCIICIOBaHMSA, HO HET IPOMBIIUICHHBIX HMHCTPYMEHTOB), a TaKXe TPYJHOCTH
co3aHus popMasbHBIX MOJIEIICH.

Kak MOXHO 3aMeTHTh, NEPEUNCICHHBIM METOJaM TpeOyeTcsl pa3sHOE KOJIHMYECTBO
BXOJIHBIX JaHHBIX. B Tabia. 1 mpuBOAMTCS CHMCOK METOMOB U TpeOyeMbIX ISl HUX
BXOJIHBIX JIaHHBIX B ITOPSIJIKE YBETHMUYCHUS UX KOJIMUECTBA.

Tabn. 1. Memoovwl cenepayuu u mpebyemvie 6X00HblE OAHHBIE

Table 1. Methods of generation and required input data

Mertop reHepanuu BxogHble JaHHBIE
CuryvaiiHasi reHepanys AccemMOnepHbIi popMaT HHCTPYKIUIA,
TecToBble 11120JIOHBI (CIIMCKH UHCTPYKLMHM, Beca)
KomoOunaTopHas reHepanus Bce BbIIIe IIepeYnCIICHHOE;
TecToBble 11a0JI0HBI (IpaBHIa KOMOMHUPOBAHUSI)
I'enepanust neTepMUHUPOBAHHBIX Bce BblIIe nepeynciIeHHoE;
TECTOB CO BCTPOSHHBIMH IIPOBEPKaMU TecroBble mabIOHBI (ONMCAaHNE TECTOBBIX CLIEHAPUEB);
CeMaHTHKa HHCTPYKIMH (3TAJIOHHAs: MOJIETIb)
I'eHepanyst Ha OCHOBE OTpaHUYECHHH Bce BbIIIe IIepeYnCIICHHOE;
TecroBsle a0I0HbI (3a/1aHKUE OrPAaHHYCHH);
Mojenu nokpsITHs (HAGOPbI OrpaHHMUEHHI) PAa3IMIHOTO
THIIA
I'enepanus Ha OCHOBE Mojenel Bce BbIIIe IIepeYnCICHHOE;
DopmManpHbIe MOJIETH MUKpOIpoLeccopa

[epeuncneHHble METO/BI MO-PA3HOMY PEATH30BaHbI B PA3IMYHBIX MHCTPYMEHTAX
reneparui. OTAENbHBIA UHCTPYMEHT MOXET MOJJIEPKUBATh OJUH WMJIM HECKOJIBKO
MeT0/10B. OCOOEHHOCTH pean3aliii METOI0B B KOHKPETHBIX HHCTPYMEHTaX OYyIyT
PacCMOTPEHBI B MOCIESAYIONINX pa3zenax.

4. UncmpymeHmsil HUACU PAH

B HUUCU PAH paspabarsiBactcs cuctema INTEG [18][24], npennazHauenHas
JUTSL TECTUPOBAHKS MUKporporieccopoB MIPS64 [25]. Ucnonb3yeMblii €10 TOAXOI K
TECTHPOBAaHUIO Ha3bIBaeTca cmoxacmuyeckum. OH TpEANoyaraeT TeHeparuio
TECTOBBIX IpPOrpaMM [0 33JaHHOMY MIa0NOHYy C MapaMeTPU3UPOBAHHBIM
CIIydaiiHBIM ~ BBIOOpOM  HWHCTPYKUMH W ®WX aprymeHToB. llocme 3Toro
OCYILECTBIISIETCS CUMYIIALNS CTeHEPHPOBAaHHBIX mporpamMm Ha HDL-monenu u Ha
ATAIOHHOW MOJIENTH, B KadecTBe KOTOPO# BhicTymaer cumynstop VMIPS [26], u
CpaBHEHHE MOIYYEHHBIX PE3yJIbTaTOB.

T'enepatop TectoBbix mporpamm cucteMbl INTEG mopmep)kuBaeT ciydaiHble U
KOMOWHATOpHBIE =~ METOJBI  TEHepaluu. TecToBple MIA0NIOHBI Ui HETO
pa3pabaThIBalOTCS Ha CIEHHAIM3UPOBAHHOM SI3bIKE, KOHCTPYKLHH KOTOPOTO
OcHOBaHbI Ha cuHTakcuce s3blka C. Cucrema mnpenocTtaBisieT Tpaduyeckuii
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uaTepdeiic, KOTOphIM  ympom@aeT uX  paspaborky. [llaGmoHBl  3amaroT
MOCJIEI0BATENEHOCTE (PParMEHTOB KOJla B TECTOBOW MPOrpaMMe, COCTaB BXOJSIINX
B HUX MHCTPYKIMIA M apryMEHTHI 3TUX HHCTPYKIHHA. Bece mapaMeTprl, ocTaBIeHHBIC
CBOOOITHBIMH, T€HEPaTOP BBIOMPACT CITyYaifHO, B COOTBETCTBHH C 3aJaHHBIMHU IS
HUX BEPOSATHOCTAMH. (OCHOBHBIC BO3MOXHOCTH, IIPEIOCTABIISICMBIC S3BIKOM
OMHUCaHUsI TECTOBBIX IMabIOHOB, BKItouaroT: (1) 3amaHue obnactell mamsTH st
KoJa M Ui JaHHbIX; (2) OmMCaHWe IMOCIeI0BATEIbHOCTEW HWHCTPYKIMH (B TOM
YHCiie KOHCTPYKUUM Ui omucanus 1ukioB); (3) BeiOop mHCTpyKImid; (4) BEIGOp
PETHCTPOB, HCIONB3YEMBIX B KayeCTBE apryMeHTOB uHCTpyKiwmii; (5) 3amanue
3HAYCHWI apryMEHTOB WMHCTpyKuuit; (6) 3amaHume aapecoB MAHHBIX W aIpecoB
nepenaun yrpasieHust; (7) onmcaHue NPaBWI TEHEPAIMH CIyYailHBIX 3HAYCHMUI;
(8) cosmanne MakpoOCOB IUIsl TIOBTOPHOTO HCIOJIB30BaHMs IabmoHHOTO Koma. [Ipm
pa3paboTke TecToBBIX mabmoHoB 1y cucteMbl INTEG pykoBOACTBYIOTCS TUTaHOM
TECTHPOBAaHUS W METPUKAMH MOKPHITUA. s ycTpaHeHHS MpoOeToB B MOKPBITUH
W3MEHSIOTCS HACTPOMKHM MIa0JIOHOB, TakWe KaK CTENeHb CIy4aHHOCTH BBIOOpA,
005acTh TOMYCTUMBIX 3HAUCHHH, T.JI.

B  mpouecce renepaumu  cuctema INTEG  orcnexuBaeT — COCTOSIHUE
MHKpPOTIPOIIecCopa, WCIIONB3Ys YIPOIICHHBIH moaxojd. Ilpm Takom momxone
CUMYJISAINSA MHCTPYKIIUI HE OCYIISCTBISACTCS, a 3HAYCHUE PETHCTPOB B HEKOTOPOU
TOYKE BBINIOJHEHUS CYUMATACTCS M3BECTHBIM WM  HEONpeAeicHHbIM. [lpu
HEOOXO/MMOCTH TEHEepaTrop OOHOBJISET 3HAYEHUs PETHCTPOB W 00eCIeYHBacT
3aIUTY OT 3aMKCH B PETUCTPBI, YaCTO HCIIOIB3YEMBIC IS UTCHHS.

TectoBble MIAOJIOHBI, CICHEPHUPOBAHHBIC TECTOBHIC MPOTPAMMBI M OTYETHI O
TECTHUPOBAaHUM MOXKHO XPaHUTh B CICHUAIBHOW 0a3e MaHHBIX. DTO IMO3BOJIIET
00benHITh HHPOPMAIIHIO O paboTe HECKOJIbKUX 3K3eMIUIIpoB cucteMbl INTEG,
3aMyIeHHBIX Ha Pa3HbIX KOMIIbIOTEpaXx.

Cuctema INTEG mpemoctaBiseT  AOCTaTOYHO  MOINHBIH M yIOOHBIH
WHCTPYMEHTapui [l CO3JaHusd CiaydailHeix TectoB. CpenctBa pa3pabOTKH
TECTOBBIX MIAOJOHOB, TCHEPAIIUH TECTOBBIX MPOrPAMM, BHIMOJIHCHHS TECTUPOBAHUS,
a TaKKe aHaJIM3a U XPAHEHUsI €r0 Pe3yIbTaTOB MHTCTPUPOBAHBI B SHHYIO CHCTEMY.
OmHako TaHHAS CUCTEMa UMEeT Psii OTPaHUYCHUH

o [lomnepxuBaroTCs TOJMBKO ClydaiiHas W KOMOWHATOpHAas TeHepalusl.
OcTaercs HEsSCHO, KaKOW ypPOBEHB TOKPBHITHS MOXXHO OOECICUHUTHh STHUMH
MeTodaMu Hu HACKOJILKO CJIO’KHO pa3paboraTb 11a0JIOHEI,
YIOBJICTBOPSIONINE TPEOOBAHHUAM IO TECTOBOMY HOKPBITHIO.

L4 He npeayCMOTPEHO ,HO6aBJ'IGHI/IG MOJB30BATCIILCKUX METOJA0B I'€HEpallu 1
IIOJIB30BaTCJIIbCKUX KOHCprKIII/Iﬁ B SI3BIK OIIMCAHUS TECTOBBIX I1a0JI0HOB.

e B mpomecce reHepanuy IOCTPOCHHBIE HWHCTPYKIMH HE CUMYIHPYETCS.
Takum o00pa3zoM, TeHepaTop HE MOXET OTCIEKUBATh COCTOSHHUS
MHKpOIIpOLeccopa B JII0OOH TOYKE BBINOJIHEHUS! TECTOBOW IPOrpaMMBI.
Ora  wuHdpopMamus  HeoOXoaumMa AL KOHTPOJIS — KOPPEKTHOCTH
Cr€HEpUPOBAHHBIX NPOrpaMM M CO3JaHMsI BCTPOEHHBIX NMpoBepok. Kpome
TOrO OHa TpeOyeTcsl MeTojaM T'eHEpallM, OCHOBAHHBIM HA pa3pelieHHH
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OTrpaHUYEeHUH. Takum obpaszom, peanu3anus MePEYNCICHHBIX
BO3MOKHOCTEH CTOJIKHETCS CO 3HAYNTEIHHBIMH TPYAHOCTAMH.

e TlogmepxkuBaercsi TONbKO apxurTekrypa MIPS64. B paGote [24] ectsb
YIIOMHHaHHE O BO3MOXXHOCTU HACTPOHKH IIOJ IPYTHe apXUTEKTYPHI.
OnHako HESCHO, KaK Takas HACTPOHKa OyIeT OCYIIECTBIATHCS M KaKHX
TpyZAO3aTpaT oHa MoTpedyerT.

5. UncmpymeHmsi ARM

5.1 UHcTpymeHThI RIS

B kommanun ARM [27] pa3paboTaHo ceMEHCTBO HMHCTPYMEHTOB TE€HEpallu
TECTOBBIX mporpamm, mnonyuuBiiee Ha3Banue RIS (Random Instruction
Sequence) [28][29]. 310 Y3KOCHEHATHU3UPOBAHHbIE HHCTPYMEHTBI,
npejHa3Ha4YeHHbIE  JJsl  pEIIeHHMs  pa3fiuyHbIX  3aJad  TeCTUPOBaHHS
MHKpoIponeccopoB ¢ apxurekrypoir ARM. Pemraemble MU 3amauu BKIIIOYAIOT
TECTHPOBAaHHE TAKMX MEXaHW3MOB, Kak MHorosaepHocts [30] u ympaBiieHHe
namsteio [31]. Hactpoiika wuHcTpymeHnToB RIS ocymiecTBisiercss mpu MOMOIIH
KOH(UTypanMOHHBIX (aiIoB, KOTOpPBIC 3aJal0T HCIOJIb3yEeMble HHCTPYKIHH, HX
BECa, OTPAHMYCHUS Ha MX ONEPAHABI, CIIOCOOBI pa3MEIleHHWs KOJa W JAHHBIX B
MaMATH, a TaKKe M[ENOYKH HWHCTPYKIHWH, PpeIIaoIlNX CIEIHAIbHBIC 3aJaduu
(BBITECHEHWE MAHHBIX M3 KdUI-MaMATH W T.1.). MHCcTpymenTsr RIS, ommcanHble B
paborax [30] u [31], HEe HCHONB3YIOT STAJOHHBIE MOJEIH W HE OCYIIECTBIISIOT
CHMYJISIIMIO MHCTPYKIUI B TIpoliecce reHepanuu. B Tex ciydasx, korna TpedyroTes
BCTPOEHHBIE MPOBEPKH, TECTHI BBIMOJIHSIIOTCS JBAXIbl U MOJNyYCHHbIE PE3yJIbTaThl
CPaBHHUBAIOTCS (MPUMEHHMO TOJBKO JIJIS JCTEPMHHHPOBAHHBIX DPE3yJIHTATOB).
Takol moaxon ympolmaeT pa3pabOTKy MHCTPYMEHTa M JeflaeT BO3MOXHBIM €ro
HCTIONB30BaHNe HemocpenacTseHHo Ha [IJIMC-nporoTune uiam 3KCIEpUMEHTAIEHOM
obpasie Mukponporeccopa. K coxanenuwto, nocrymHas uH(popmamus 00
uHCcTpyMeHTax RIS He mo3BoiseT B MOJHOI Mepe OLUEHHTHh MX (DyHKIMOHAIbHBIE
BO3MOXXHOCTH. M3 TOro, 4TO0 M3BECTHO MOXXHO CJIeNIaTh BBIBOJI, YTO OCHOBHBIM
orpaHHdYeHHeM HHCTpyMeHTOB RIS sBisercss To, 4TO OHM >KECTKO NPHBSA3aHBI K
apxutektype ARM 1 opreHTHpOBaHbI Ha pellieHne KOHKPETHBIX 3a1ad. [lognepxka
JPYTUX apXUTEKTYpP ¥ METOJIOB T'€HEepaluy B HUX HE MPeyCMOTPEHa.

5.2 UHcTpymeHT RAVEN

JpyruM HMHCTpYMEHTOM, HcCIoib3yeMbiM B komnanuun ARM, ssusercs RAVEN
(Random Architecture Verification Machine) [32][33][34], pa3paboranHblit B
kommanud  Obsidian Software, mnormomennoii ARM B 2011 romy. Oto
YHUBEpPCAIIbHOE CPEJICTBO, NMPUMEHUMOE JUIsl IIUPOKOTO CHEKTpa apXHUTEKTYp, B
KOTOPOM $IIpO, Pealiu3yIolliee JIOTUKY I'eHepalliu, OTAEIEHO 0T KOH(DUTypalnu s
KOHKpeTHOW apxuTekTypsl. RAVEN mo3BomisieT co3maBarh Kak cilydailHble, Tak U
HalleJIeHHbIe TecThl. B mporiecce padOThl MHCTPYMEHT OTCJICIKHBAET COCTOSHHE
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MHKpOIIPOLIECCOpPa IyTeM CHMYJILMM IOCTPOCHHBIX IPOrpaMM Ha BHEIIHEH
STAJIOHHOW MOJENH. DTO IMO3BOJSET IapaHTHPOBATh KOPPEKTHOCTb MOCTPOCHHBIX
IPOrpaMM U UCIIONB30BaTh MHPOPMALHUIO O TEKYIIEM COCTOSHIMH MUKPOIpoIieccopa
IUIsl TEHEePAaIiN TECTOB.

Kondurypamms tectupyemMoro MUKpormporeccopa 3amaercs B Buge XML-¢aitnos.
JanHapie  Qaiimel  comepKaT  CIEAYIOMYI0 HHPOPMANHI0 00 apXHUTEKType
TECTHPYEMOro MHKporpoueccopa: (1) nmepedeHp MoIIepKUBAEMbIX HHCTPYKIUH H
UX TpYII, OPraHW30BaHHBIA B BHAC JAepeBa; (2) CHTHATYpPHI HMHCTPYKIHIMA
(acceMOepHbIi CHHTAKCUC, TBOMYHAS KOJUPOBKA); (3) omepaHabl HHCTPYKUHUH, UX
CBOIICTBa, HUCMOJB3yEeMbIe MMHU PEKUMBI aapecaliiid W MpaBHiIa MX TPYNIHPOBKH;
(4) cemanTuka WHCTPYKUMH, mNpeacTaBieHHas B Buae Gopmyr; (5) pecypebt
MHKpPOIPOLIECCOPa, K KOTOPBIM 00OpaIlaloTcs HHCTPYKIuH. Kpome Toro Tam Takxke
OIMCHIBAIOTCS CHEIUATBHBIC YCIOBHS TaKHe, KaK HCKIIIOUCHHUS, CUTYallH B paboTe
KOHBeliepa WHCTPYKUMH M TMOACHCTEMBl NMAMATH. DTH OIMCAHHUA HCIONB3YHTCS
TEHEePaTOPOM JUIs TOCTPOCHUS TECTOBBIX MPOIPaMM.

Jpyroii BaxHBII AacmeKT KOH(QUIYpalMd — 3TO BHENIHSS OSTAJIOHHAs MOJEIb,
UCIIONB3yeMasi T'CHepaTOpoOM JUI OTCIICKMBAHHSA COCTOSIHHS MHKPOIPOLECCOpa.
OHa MHTerpupyercs B SIPO WHCTPYMEHTA IPH HOMOIIM CIICIHAIbHBIX OHOIHOTEK
Ha s3bike C++. Kak mnpaBmio, Mopmens pa3pabaThIBAlOT NPOU3BOAUTEIN
MHKpPOIIPOLIECCOPa, @ HHTErPALHI0 OCYIIECTBISIOT Pa3padOTYNKH HHCTPYMEHTA.
310 TpebyeT CKOOPAWHHUPOBAHHBIX COBMECTHBIX YCHIMH T.K. JUIA YCICLIHOW
HHTErpallik  HEO0O0XOAMMO, 4YTOOBI MOJETh  YAOBJICTBOPsUIA  TPEOOBAHUSIM,
[IPEIbABISAEMBIM HHCTPYMEHTOM.

3ajaud  TECTUPOBAHUS OMNMCHIBAIOTCA MNPH I[IOMOIIM IIAOJOHOB, KOTOpBIE
paspa0aTbiBaeTCs BPYYHYIO WM CO3JAIOTCS TP TMOMOIIM  TpadUuecKoro
uHTepdeiica. B mabionax 3agar0Tcsa UCIONIB3yeMble HHCTPYKINH, BEPOSITHOCTH HX
TMOABJICHUSA, IIpaBUJia TCHEPAIIUU BXOAHBIX 3Ha‘leHHI>'I, HECJICBBIC TECTOBBIC CUTYallUN
T.1. TecrtoBble 1mabNOHBI pa3padaTHIBAIOTCS B COOTBETCTBMM C TaOIHLAMH
TECTOBOTO MOKPBITHS, KOTOPbIe (OPMYIHPYIOT IeNH TecTHpoBaHus. Ha ocHOBe
METPHUK IMOKPBITHA, TOJIYYCHHBIX B PE3YJIHTATC BBINIOJTHEHUS MOCTPOCHHBIX TECTOB,
B HabOp MIa0JIOHOB BHOCATCS M3MEHEHHs IO TeX IOp, MOKa TpeOyeMblid YpOBEHb
HOKPBITHS HE OYAeT JOCTHTHYT.

TecToBbIe CUTYallM¥ OIKCHIBAIOTCS B BHJC MPABHJI, OCHOBAHHBIX Ha OTPAHUYCHHUSIX
Y Pa3INYHBIX 3BPUCTUKAX, KOTOPbIC XpaHATCS B CIELHMAIBHON 0aze 3HaHuWid. Habop
NPABUJI MOXKET MOMONHATECS. DTO TO3BOJISICT HAKAIMBATH 3HAHUS, HCIOJB3yeMbIC
JUISL TIOCTPOCHUSI TECTOB, M MOBTOPHO MPUMEHATh MX Ul TECTUPOBAHUS IPYrHX
MHKPOITPOIIECCOPOB.

CHHCOK TECTOBBIX CHUTYallMi, HOKPBITHE KOTOPBIX MOXET OBITh 00ECHe4YeHO MpH
nomouu nHctpymMeHTa RAVEN Brirouaet: (1) koMOMHALUK ClEAYIOMIUX APYT 3a
JPYroM HMHCTPYKLMH; (2) cUTyallud B paboTe ollepaluil ¢ MiaBaroleld TOYKO;
(3) ucxmouennst B pabote  MHCTPYKLUMH;  (4) KOHBelepHble  KOH(IHUKTHI;
(5) paznuuHbIe ClieHapUU 00pPa0OTKH 3alPOCOB K MepapXuu namsrty; (6) curyanuu,
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CBSI3aHHBIE C COBMECTHBIM MCIOJIb30BaHHEM IIaMATH HECKOJIBKHMH  SIpaMu
MHOTOS,IEpPHOTO TIPOLIECCopa.

K coxanenunto, uadpopmarun o6 mactpymerte RAVEN, nMeromascs B OTKpHITOM
JOCTyIle, HENOCTaTOYHO monapoOHa. Ocraercs HEICHO, KakoOil ypOBeHb
HAIEJICHHOCTH OH IIO3BOJISIET JOCTHYb, HACKOJIBKO TPYIOEMKO IHCAaHHE TECTOBBIX
CUTYaLlUi U IpeaycMaTpUBaeTCs JIU MOJJIEPKKa HOBBIX THUIIOB TECTOBBIX CHTYaLUH.
Taxke K HeZOCTaTKaM HHCTPYMEHTAa MOXKHO OTHECTH TO, YTO OIHCAHHUE
MHKPOIIPOLIECCOpa, HCIIONb3yeMOe IJIsi TeHepaluk TEeCTOB, W ITAJOHHAS MOJEIb
SBJISIFOTCSL TyOJMPYIOIIMMHUCS TIPEJICTABICHUSIMU OJHOTO M TOTO JKE€ 3HaHMSA. DTO
YCIOXKHSIET TOAJEPIKKY OCOOCHHO HWHCTPYMEHTa, €CIH OTH IPEICTaBICHUS
pa3pabaThIBalOTCS Pa3HBIMU KOMaHIaMH.

6. Mucmpymenmsbi IBM Research

B IBM Research paspabarsiBaetcst HECKOJIBKO HHCTPYMEHTOB TeHEPAIUH TECTOBBIX
NporpamMM, KOTOpbIE UMEIOT Pa3IMYHOE HA3HAYCHUE U HCIOJIB3YIOTCS B Pa3JIMUHbIX
NPOMBILIUICHHBIX TpOeKTax. V3HayaubHO 3TH HMHCTPYMEHTHI CO3/1aBAIUCh IS
BepuduKauu MHKpomnporeccopoB cemeiictea PowerPC [35], a B nmambHelimem
MPUMEHSUTUCH U JUTS IPYTUX apXUTeKTyp (Takux, kak ARM u x86).

6.1 UHcTpymeHT Genesys-Pro

B Hacrosimee BpeMsi OCHOBHBIM CPEICTBOM TI'€HEPAlM TECTOBBIX IPOTPaMM,
ucronp3dyembiv B IBM, sBusercs Genesys-Pro [8]. Drto  yHuBepcaibHbIH
MHCTPYMEHT, TO3BOJISIIONIMK CO3[aBaTh CIIydalHbBIE M HAlEICHHBIE TECTHI JUIA
Pa3IMYHBIX THIIOB MHKPOIIpONEccopoB. J{aHHBIH MHCTPYMEHT pasfelieH Ha sA0po,
KOTOpOE peaM3yeT METOAbI TeHepalliy, IPUMEHUMBIE IS JIIOOBIX apXUTEKTYp, H
MoOenb, KOTOpasi COJIEPKUT BCIO MH(OpPMALMIO O TECTUPYEMOM MHKPOIPOLECCOPE.
3agaun TeCTHPOBAaHMSA (OPMYITUPYIOTCS IIPU TIOMOIIM TECTOBBIX WAOIOHOS.
CreHepupOBaHHbIE MHCTPYKIIMHU BBIIOJIHIIOTCS Ha BHELIHEM CHMYJIATOPE C LEJbIO
OTCJIEKHUBAHHUA COCTOSHHUS ~MHKPOIpOIleccopa M KOHTPONS  KOPPEKTHOCTH
[IOCTPOECHHOM NPOrpaMMBl.

Nuctpyment Genesys-Pro BkimogaeT B ce0sl CIELMANbHYIO CPeRy MOJESIMPOBAHM,
HO3BOJMIONIYI0 CO3/laBaTh MOJENH MHKPOIPOIECCOPOB Ha OCHOBE Habopa
BBICOKOYPOBHEBEIX OJIOKOB. Mopenn cojepxaT HHYOPMAIMIO JIBYX BHJOB:
(1) nexnapatvBHOE ONMCAaHHE MHKPONPOLECCOPa, KOTOPOE BKIOYAaeT B cebs
WHCTPYKIIUH, PECYPChl (PETUCTPHI, TAMATh) U HEKOTOPHIE MEXaHW3MBI (Hampumep,
TpaHCIsIIusl aapecoB) M (2) TECTOBOE 3HAHME IUISi JAHHOTO MHKPOIIPOIECcopa,
KOTOpOE TIpeCTaBIsieT co00i Habop IBPUCTHUK, MO3BOJISIONINX MOBBICUTH YPOBEHb
nokpbIThsi. CeMaHTHKa MHCTPYKLUHA ONMCHIBAETCS B BHJIE OTPaHMYCHHMH Ha HX
BXOJIHBIE apryMeHThl. ONncaHue WHCTPYKIHMH TakKe BKIIOYAET WX CUTHATYPHI,
UCIIOJIb3yEMbIE UMH PECYPCHI, TUIIbI JJAHHBIX apI'yMEHTOB M JOITyCTHUMBbIE BXOJHbIC
3HaueHMs. VIHCTPYKIIMH MOTYT 0OBEeqUHATHCS B rpymnmbl. Cpena MOASIUPOBAHUS
MMEeT HEeKOTOpble OrpaHMYeHHs, HE IO3BOJISIONINE OMNKHCHIBATh CEMaHTHKY
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HEKOTOPBIX TUIOB HMHCTPYKUMH. B dYacTHOCTH Ui MHCTPYKUMH apupMeTuku C
IJIABAIOIIE TOYKOM W HMHCTPYKIHMH JOCTyNna K MaMsATH HCTOJb3YIOTCS
JOTIOTHUTENbHBIE WHCTPYMEHTBI, O KOTOPBIX OYyAET paccKa3aHO B CIEAYIOIINX
paszenax. KpoMe TOro, ceMaHTHKY HEKOTOPBIX CIOXHBIX MHCTPYKIHUI IPUXOIUTCS
OIUCHIBATh Ha si3bIke C++,

[IabnoHBI CO3MAIOTCA HA CIEMATN3MPOBAHHOM si3bike [36], mpemocTaBisiomeM
KOHCTPYKLMHU Ui ONHMCAHUA IOCJIEN0BATEIbHOCTEW MHCTPYKLUMN, paclpeaeacHuil
BEepOosATHOCTeH U orpaHuueHuil. IlocienoBaTenbHOCTM MHCTPYKIMH — MOTYT
CTPOUTHCS MPU MOMOIIM METOJIOB CIIy4aliHON ¥ KOMOMHATOpHOH reHepanuu. Taxke
SI3BIK MPEOCTABIIAET CPEACTBA AJIS OMUCAHUS MOCIEJOBATENbHOCTEN MHCTPYKIUH,
KOTOpBIE OyAyT BBIOJIHATHCS B Pa3HbIX MOTOKaxX (WM pasHBIX sapax). BxomHble
apryMeHTbl WHCTPYKIMH T'€HEpUPYIOTCS CilydaiHeIM oOpazoMm (¢ 3ajaHHON
BEPOSITHOCTBIO) WIIM ITyTE€M PEUICHUs orpaHWdeHud. OrpaHnYeHHs, 3aJafollie Te
WIIM MHBIE aCIEKTHl MOBEICHHSA WHCTPYKIMH, OepyTcst m3 mozaenu. Kpome sToro
CYLIECTBYIOT YHHBEpCAIbHBIE OrPAaHUYEHHs, KOTOPBIE MOXHO pa3[eNuTh Ha
cnenyromue TANbl: (1) orpaHnYeHns] Ha BBIpAaBHUBaHHE aJpecoB; (2) 3aBHCHMOCTH
[0 pecypcaM Al MHCTPYKIWH; (3) coOBITHS, CBSI3aHHBIE ¢ pabOTON IOJCHCTEMBI
nmaMsTH (IPOMaxy U MOMAafaHus B pasnudHble Oydepsl). OrpaHndeHnss MOTYT OBITh
o6s3atenpubiMu (hard) u Heobs3atenpHbIME (SOft). TlepBbie MMEIOT GoJiee BBICOKHIA
BEC NPH PEUICHUH CUCTEM OTPaHMYEHHUIl M, KaK NPaBHJIO, OCHOBAHBI HA CEMAaHTHKE
UHCTPYKLHUH. BTOpBIE MOTYT OBITH MPOUTHOPUPOBAHEI, €CIIM CUCTEMA OTPaHUYCHUH
HE MMeeT pelleHUs, 1 0OBIYHO OCHOBAHBI Ha TECTOBOM 3HaHUH. [y orpaHHuYeHHH
MOXKHO 33/1aBaTh BEPOSTHOCTH, C KOTOPHIMH OHHU JIOJDKHBI OBITH HMPHUMEHEHBI IS
BBIOpaHHBIX ~MHCTPYKUMH. Tarke s3bIK ONUCAHUS TECTOBBIX  IIa0OJIOHOB
HOJIEPKUBAET YCIOBHYIO reHepanuio. T.e. MOXKHO 3a7aBaTh Mpel- U NOCTYCIOBHS,
KOTOPBIE JIOJKHBI BBITIOJIHATHCS [UISL TOTO, YTOOBI (hparMeHT Koja Obl1 10OaBJIeH B
TECTOBYIO IPOrpaMMy.

leHepanmst TecTOBBIX IporpaMM BKIIOYAeT ciexyromme cragun: (1) mocrpoenne
HOCJIeIOBATEeIbHOCTEH HMHCTPYKUMiA; (2) pelieHre OorpaHMueHUd (WM TeHepanus
CITy4aliHbIX 3HAYCHUN) A KKIOUW U3 MHCTPYKUUIA; (3) CUMYIISIIUSI HHCTPYKIMI Ha
STaJOHHOM Mojenu. B ciaydae ecnm He ymaeTcst pelliuTb OrpaHUUYEHUsS], HHCTPYMEHT
MOXKET BHOCHUTh KOPPEKTHBBI B IOCIEJOBATENHHOCTh WMHCTPYKIMHA (100aBIATH
JIOTIOJTHUTETIbHBIE HHCTPYKIIUH, TIOBTOPHO TEHEPUPOBATH MPEIbIAYIINE HHCTPYKIIUN).
Wnucrpyment Genesys-Pro mos3BossieT JOCTHYb JIOCTATOYHO BBICOKOTO YPOBHS
HanesleHHOcTH. CTeneHb CIy4aHOCTH TECTOB 3aJaeTcs TECTOBBIMHU IabIOHaAMH,
KOTOpBbIe pa3pabaThIBalOTCS B COOTBETCTBUHU C IUIAHOM BepuGUKaiwu. PemeHue
OTHOCHTENIFHO TIOJIHOTHI HAa0Opa TECTOBBIX INAOJIOHOB MPUHUMAETCS HAa OCHOBE
METPHUK MOKPBITHS, OCHOBAHHBIX Ha peaNn3aliil U (yHKIHOHAIBHBIX TPEOOBAHUAX.
K memoctatkam Genesys-Pro Mo>kHO OTHECTH OTpaHWYEHUS CPeabl MOACTHPOBAHUS,
KOTOpBIe TPEOYIOT MCIIOIB30BAHUS JTOTIOJHUTEIBHBIX CPEACTB A MOACITHPOBAHUS
WHCTPYKIUH apu(METUKH C TUIABAIONIEW TOYKOM M JOCTyNa K maMsaTd. J[pyrum
CTa0BIM MECTOM SIBJIICTCSI WCIIOJIb30BAaHHE BHEIIHEH JTaJOHHOW MOAENH IJis
CUMYJSIIMM MHCTPYKIMHA. OTO TpeOyeT OMOJHHUTENBHBIX TpyHO3aTpaT Ha
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HHTETPALMIO M IOJJEPXKKY JMaHHON Moxenu. Tarke HEMOHATHO HACKOJIBKO
pacIIMpPsieMbIM SBIISIETCS MHCTPYMEHT (BO3MOXHOCTB J00AaBJICHUS HOBBIX METOMOB
TeHEPAINN).

6.2 UHcTpymeHT FPGen

Jlnst BepuQuKanMu MOIyJel apuMeTHKU ¢ IuiaBatoinei Toukoit IBM Research
ObLT paspaboran urctpyment FPGen [37]. Dtor uucTpymenT paciupsier Genesys-
Pro cpencrBamm TeHepanuHM TECTOBBIX MAAHHBIX IUISI TOKPBITHS BCEBO3MOXHBIX
cuTyanuii B paboTe onepaiuii ¢ miasaromieid Toukoit [38] (tpeboBanus onpenencHb
B craugapte |EEE 754 [39]).

Wuctpyment FPGen reHepupyeT 3Ha4eHHS BXOTHBIX apTyYMEHTOB HHCTPYKIHI,
paspemiasi  ClielMAM3UPOBaHHbIe orpaHuyeHus. OrpaHHYeHUs] ONpEeNsIoT
3HAQ4YEHHs OTICJIbHBIX BXOJHBIX apryMEHTOB, OTHOIICHHS MEXIYy 3HAauYCHHSIMHU
BXOJIHBIX apTyMEHTOB, pe3yJbTaT MPOMEXKYTOYHBIX BBIYMCICHHH WM KOHEYHBIH
pe3yJbTaT BBINOJIHEHUS MHCTPYKUUU. J{JIs ONMMcaHus OrpaHuueHHH HCIIOJIB3YeTCs
s3plk XML. TI'eneparop FPGen He mnpuBs3aH K KakoW-IMOO KOHKPETHOM
apXMUTEKType, OH TEHEepUpyeT HaOOpbhl IaHHBIX, KOTOPHIC COXPaHSIOTCI B
crienmanbHOM  popmare [40]. Otm  mamHble wmcmonb3yrotrcst Genesys-Pro mpu
TeHepallMi TECTOBBIX MPOrpaMM, HCIOJB3YIOMNX WHCTPYKIMH apH(METHKH C
raBaromed Toukoil. B mpomecce renepammm  Genesys-Pro  koMOWHHpyeT
pe3yJIbTaThl PEUICHUS] OrpaHWYEHHMH, KOTOPBIE OH Pa3penIaeT CaMOCTOSATEIBHO H
KOTOpBIE OH paspemiaet npu nomouu FPGen.

6.3 UHcTpymeHT DeepTrans

Ente ogHo m3BecTHOE pacmupenue Genesys-Pro — sto uncrpyment DeepTrans [41],
NpeJHa3HaYeHHbIH ISl TECTUPOBAHMS MEXAHM3MOB TPAHCIALUU aApECcOB. OTOT
MHCTPYMEHT HCTIONB3YeT CHeUM(HUKALNH MOACUCTEMBI NTAaMSTH, pa3paboTaHHbIE Ha
CHELUAIIU3UPOBAHHOM  SI3bIKE€  MOJAEIUpPOBaHus. JlaHHBIA  SA3BIK  I103BOJISET
IpeACTaBUTh MpolLecC INpeoOpa3oBaHUsl aJpeca B BUIEC OPHUEHTUPOBAHHOIO
allMKINYeCcKoro rpada, BepIIMHbl KOTOPOTO COOTBETCTBYIOT CTaJusIM IIpoIiecca, a
JyTl — MEepexoaM MEXJy CTaausMU. MHOXKECTBO IyTed OT HUCTOKA JO CTOKa
3aJ]aeT KOHKPETHbIE BAPUAHTHI IPEOOPa30BaHUs apeca U COOTBETCTBYET TECTOBBIM
cuTyauusaM. TecToBble CHUTyallUd MPEACTAaBISIIOTCS B BUAE OrPAHHYEHUH, HA
KOTOpBIE MOKHO CCBUIAThCS M3 TECTOBBIX INAOJIOHOB. 3a 00pabOTKy HIaGIIOHOB
oTBeuaeT MHCTPyYMEeHT Genesys-Pro, KOTOpbBI paspeliaer OrpaHduueHHs |
TpaHcopMHUpyeT — pe3ysNbTaThl B TIOCIENOBaTEeIbHOCTH  MHCTpyKimd. K
nocronHcTBaM DeepTrans ciemyer OTHECTH pPa3BHUTHIM SI3BIK MOJAEIHPOBAHUS
MeXaHn3MOB TpaHCisanud. OH MO3BOJIIET JIOCTAaTOYHO OBICTPO OCYIIECTBUTH
HaCTpONKY HHCTpYMEHTa Ul TECTHUPOBAHMS MEXAHM3MOB TPAHCISLUU agpecoB
IIPOU3BOJIBLHOTO MUKpoIpoueccopa. M3BECTHBIN HEJOCTATOK COCTOUT B TOM, UTO HE
MNONJEPKUBAETCS ~ aBTOMATMYECKOE  M3BJICUEHUE  3aBUCUMOCTEH  MEXIy
WHCTPYKUIUAMH  (KOH(IMKTOB HCIIOJNB30BaHUS YCTPOWCTB); HX HPHUXOIMUTCS
JIOTIOTHUTEIHHO YKA3bIBATh B TECTOBBIX IIA0JIOHAX.
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7. Opyaue pazpabomku

7.1 Cpepa RDG

B kommammm Samsung paspaborana cpema RDG (Random Diagnostics
Generator) [42], nmpeanasHaueHHast IS CIIy4aiHOM TeHEePaIliy TECTOBBIX MPOTpaMM
ST peKOH(GUrypupyeMbIx — MuKporporieccopoB  (Samsung  Reconfigurable
Processor, SRP). Ota cpena UCMONB3yeT B Ka4eCTBE BXOIHBIX JAHHBIX OMHCAHHE
CHHTAKCHCa MHCTPYKIHUHA TECTHPYEMOr0 MHKPOIPOIIECCOPAa M TECTOBBIC IMIAOTIOHBI
Ha sbike C++. TecroBble IAONOHBI 3aJal0T, KakHe WHCTPYKUHHA OyayT
HCIIONB30BAaHBI B TECTOBOW  MporpaMMme, H  OMNKCHIBAIOT  OTPAHUYCHUS,
HaKJIaJbIBacMble Ha BXOJHbIC 3Ha4YeHHs 3TUX MHCTpyKumit. Cpena RDG He Bnazgeer
uHbpOpMamMeld O CeMaHTHKe HMHCTPYKIMH M HE OCYIIECTBISAET CHMYIILHIO
TECTOBBIX NPOTpaMM C IIENbI0 IPEICKa3aHMsl pe3ysbTaToB. Takod moiaxox ObLI
BBIOpaH u3-3a ocoOeHHOCTEH TECTHPOBAHUS PEKOHDUTYPUPYEMBIX
MHKpPOIIPOLIECCOPOB  (HA0Op HMHCTPYKIHMH 3aBUCHT OT KOHQUIYpalud, U HUX
pearu3anus MOXKeT OTIHYaThes). Kpome TOro, 9To mo3BONSeT ¢ MHHHUMAJIbHBIMH
YCHUIIHAMH J00aBISITh MOJNCPIKKY HOBBIX HHCTPYKIUH M 0OECHEYHUTH BBICOKYIO
CKOPOCTh TeHepanuu. HemocTaTok Takoro mojxofa B TOM, YTO Ul TCHEpaIlHu
HAI[CTICHHBIX TECTOB TPEOYETCs OIMICHIBATH OrPaHUYCHUS BPYYHYIO M OTCYTCTBYET
BO3MOXHOCTh OTCIICKHBATh COCTOSHHE MHKpomporeccopa. CTOMT CKaszaTh, 4YTO
uctpymeHT RDG mno3Bomser 3¢ddexTrBHO pemath 3amady TECTUPOBAaHUS
PEKOHOUTYPHUPYEMBIX  MHKPOIPOIIECCOPOB  Samsung, HO OH HE SBISACTCS
yHUBEpCcanbHbIM. [lofepKKa HOBBIX THIIOB MHKPOIPOIECCOPOB H METO/IOB
TeHepalyy B HEro He 3aJI0KEHa.

7.2 Fenepatop MA’TG

HccnenoBanus B 06JacTH TeHEpalMU TECTOBBIX MpOrpamMM AJs (QYHKIIMOHAIBHON
BepHU(DUKAUMKA MHUKPOIPOLECCOPOB  MPOBOIMWINCH B OOOPOHHOM  Hay4yHO-
TexHudeckom  yHuBepcutere Kuras  (National — University of Defense
Technology) [43]. B pamkax sTux wuccieaoBaHuii ObLT pa3paboTaH MPOTOTHII
reHepaTopa TecToBhIX mporpaMM MA’TG. JlauHbII reHepaTop HPUMEHHM IS
Pa3IMYHBIX TUIIOB MHKPOINPOILIECCOPOB U MOJJICPIKUBACT CIyYalHYIO FEHEPaLHIO 1
TeHEepalHio Ha OCHOBE OrpaHWYeHHUil. B kayecTBe BXOMHBIX TaHHBIX JUIs FeHepaTopa
MA?TG  ucnomssyiorcs  crmemubukanun  Ha  s3eike  EXPRESSION [44],
OITICHIBAIONINE APXUTEKTYPY TECTHPYEMOTO MHKPOIPOIECcopa, W MIa0IOHBI Ha
CIICIMAT3UPOBAHHOM sI3bIKe, (popMysHpyrolne 3amadd reHepaimu. WHCTpyMeEHT
TPAHCIIUPYET BXOJHBIC B (hailiibl B MpOrpaMMy-TeHepaTop Ha si3bike C++, KoTOpast
reHepupyeT TecThl. B mporiecce TeHepamud CHMYJISAIHS — OCTPOCHHBIX
MOCJIeI0BATEIbHOCTEN HHCTPYKIIMN HE OCYIIECTBIISIETCS.

Crneunduxauun Ha sizpike EXPRESSION cozpepxat nHGOpMAIMIO O CTPYKType H
MOBEJICHYECKUX CBOMCTBAX MHKPOIPOIIECCOPA, & TAKXKE O CBSI3M MEXTy HuMH. J{iis
reHepaIiy TECTOBBIX MPOTPAaMM B TIEPBYIO Ouepenh HeoOXoAuMa MH(OPMAIHS O
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MOAJICP)KUBAEMBIX HHCTPYKIHMAX, KOTOpash BKIIOYACT TEKCTOBBIM M OWHApHBIHA
(opMaT MHCTPYKLHH, CIHHCKNA UX OMEPAHAOB M CEMAaHTUKY MHCTPYKIUH (yCIOBHA
BOSHMKHOBEHHS TECTOBBIX cHTyammii). MA’TG cTpouT Ha OCHOBE CrieruduKammii
6ubnmoteky mrabiaonoB uHCTpyKumit (Instruction Template Library, ITL), kotopas
UCTONB3yeTcs Mpu reHepauuu. Kakngas MHCTPYKIUS ONUCBIBAeTCS KJIacCOM Ha
s3pike C++, KOTOpPBIH CONEPKUT METOABl JJs €€ MeyaTd, IMOJYYEHHs CIIMCKa
apryMeHTOB U JI0CTyIa K aCCOLIMUPOBAHHBIM ¢ Hell orpanuyeHusM. Mcnonb3oBaHue
(hopMabHBIX ceUU(pHUKALIKA TO3BOJISIET OTHOCUTEIBHO MIPOCTO CKOH(UTYPHPOBATh
UHCTPYMEHT Ul TECTUPOBAHUsSI MUKPOIIpOIiEccOpa ¢ HOBOM apXUTEeKTypoil. OfxHako
noxxonq MA’TG  umeer HEKOTOpbIe HeNOoCTaTku. MHpopMamms o CTPYKType
MHKpOIIPOIIECCOpa, KOTOpasi OMHCHIBAE€TCS B  CHENU(UKANMAX Ha  S3BIKE
EXPRESSION, garie Bcero He TpebyeTcs A TeHepaliy TECTOBBIX IPOTpaMM. JTa
nHpOpMAamus MOXKeT OBITh JOCTaTOYHO OOBEMHOW, W ee Cchenu(puIupoBaHHe
TpeOyeT AOMOIHHUTENBHBIX TpyAo3aTpar. KpoMe Toro, oHa MOKET ObITh HEZOCTYITHA
Ha paHHUX CTagusx pabOTBl HAJ TNPOEKTOM. A B CiIydasx, Koraa TpeOyercs
TECTHUPOBAaHUE MHKPOIIPOIIECCOPOB, IMO-Pa3sHOMY PEATU3YIOUMX OJHY U Ty XKe
apXUTEKTypy, OHAa MOXET MPEeMATCTBOBaTh IOBTOPHOMY HCIOJIb30BAHUIO
cnemudukanuid. Bce 3T0 yBeIM4YMBaeT TPYIOEMKOCTh Pa3pabOTKH M IMOJJEPKKH
cnetudukanuii. Mcnone3oBanue 0osiee MPOCTOro sI3bIKA, OMUCHIBAIOLIETO TOJBKO
MOBEJICHYECKUE CBOWMCTBA, MOIJIO OBl YNPOCTHTH 3Ty 3ajady. Takxke, ClIemayeT
sameruth, uto MA’TG He CTPOUT JSTAJOHHBIM CUMYJATOP Ha OCHOBE
cnenudukanuii, xota 5361k EXPRESSION mpenocTaBnseT i 3T0ro J0CTaTOdHOE
KOJIMYECTBO MH(POPMAIMU. DTATOHHBIH CUMYIATOP OBLT OBI MOJIE3CH ISl IPOBEPKH
KOPPEKTHOCTH MOCTPOEHHBIX MpPOTPaMM, CO3JaHHS BCTPOCHHBIX IPOBEPOK H
pasperieHuns orpaHMYeHUH.

3aaun TeHepalMy OMNKCBIBAIOTCS Ha CICIMAJIM3UPOBAHHOM s3bIKe. Takue
OIMCaHUs Ha3bIBAIOT OTpaHMYEHHAMHM (CONStraints), XoTs, MO CYTH, OHU SIBISIOTCS
BapHaHTOM TECTOBHIX IIa0ioHOB. Ha mx ocHOBe MA?TG cosmaer NpOrpaMMbl Ha
s3pike C++, kotopele mpu momomy ITL w BHemrHMX OWMOTHOTEK pa3peuIcHUs
OTpaHWYEHUH, TCHEPUPYIOT TECTHI. SI3BIK ONMCAHMS TECTOBBIX ITA0JIOHOB MO3BOJISIET
3aj1aBath cieayronme napamerpsl: (1) HCmonb3yeMble HHCTPYKIIUH, UX KOJHYECTBO,
MOPSZIOK U BEPOSTHOCTH MOSBICHUS, (2) OTpaHWYCHHsS Ha 3HAYCHHS ONEePaHIOB
HHCTPYKIHMit; (3) 3aBUCHMOCTH TI0 OMNEpaHIaM MEKAy HHCTPYKIUSIMH. JlaHHbIH
S3BIK OPMEHTHPOBAH Ha CIIydaHYI0 BBIOOPDKY HMHCTPYKIMH ¥ pa3pereHus
OTpaHMYEHUH AJIsl BBHIOPaHHBIX MHCTPYKLUHUH. DTO TMO3BOJIAET OBICTPO CO3/1aBaTh
OoJIbIIOE KOJIMYECTBO HEOOJNBIIMX TECTOB sl BepHU(UKAIMK OINpEJeTICHHBIX
uHCTpyKuui. OJHAaKO OH HE IO03BOJIAET ONUCBHIBATh CLEHAPHUHM CO CIIOXKHOM
CTPYKTYpoil nepexonoB. Taxke He MPeIOCTaBIAETCS BOSMOXKHOCTEH JUIsl ONTUCAHUS
MHOTOIOTOUYHBIX CLEHapHeB. T.K. MHCTPYMEHT HE OCYILECTBISET CUMYIISILHIO Ha
STAJOHHOM MOJENH, He MOAJACP KUBACTCS CO3/aHHME BCTPOECHHBIX HpoBepok. Kpome
TOT0, OTCYTCTBHE MH(OPMAIIUH O COCTOSIHUN MUKPOIIPOLIECCOPA YCIIOXKHSET pelIeHne
orpaHu4eHuil. 13 onucaHus MHCTpYMEHTa HESICHO, KAaKUe THUIIbl OTPaHUYEHUl OH
MOJIEPKUBACT M HACKOJIBKO CJIO’KHO B HETO JOOABUTH IMOIECPIKKY HOBBIX THIIOB.
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HNucrpyment MA’TG peanu3oBaH B Buje mnpotoruna. HecmoTps Ha TO, 4TO €ro
MOAXOX WMEET psI NPEeUMYIIEeCTB, €ro (YHKIHMOHAJIBHBIE BO3MOXHOCTH
orpanndeHbl. OcTaeTcs HEIMOHATHO HACKOIBKO OH COOTBETCTBYET TPEOOBAHHSAM,
MPEIbABISIEMBIM HHCTPYMEHTaM, MCIIOB3YEMBIM B MIPOMBIIIICHHBIX MpoekTax. U3
OYEBHUJHBIX  HEJAOCTATKOB  MOXXHO  NEPEUYUCIUTh  M3JUIIHE  JEeTaJbHbIE
cnenu(UKaIul, OTCYTCTBUE KOHTPOJIS COCTOSIHHS MHKPOIIPOIIECCOpa B IpoIecce
TCHEpallli, OTPAHUYCHHBIC BO3MOXKHOCTH SI3bIKA TECTOBBIX IIA0JIOHOB U
OTpaHUYCHHBIN HA0OP MOICPKUBAEMBIX METOJIOB TCHEPAIUH.

7.3 UccnepoBaHusa YHuBepcuteTta dnopuvabl u
KanudopHuickoro yHuepcurteta B MpBainHe

B  Vuusepcutere @nopunst (UFL) u KanudopHuiickoM yHHBEPCHUTET B
Upgaiine (UCI) 6bl1  pa3spaboTaH MeTOJ TEHEpalMd TECTOBBIX MPOrpaMM,
HalleJICHHBIX Ha  TIPOBEPKY KOPPEKTHOCTH pabOThl  KOHBeWepa KOMaHJ
mukpomnporeccopa [15]. JlaHHBI METON HCHONB3YeT CHEIMPHUKAIMA Ha S3bIKE
EXPRESSION [44], Ha OCHOBE KOTOPBIX CTPOUTCS MOJCb, OIUCHIBAOIIAS
apXUTEKTypy MHKpompoueccopa B Buzae rpada. Kpome storo paspabarbiBaeTcs
MOZENIb OIMOOK, KOTOpas OIUCHIBACT TUIIMYHBIC OIMMOKM MHpoeKTUpoBanus. Ha
OCHOBE MOJENM OMIMOOK JUIi MOJIEIH MHKpPOIPOLECcCopa CTPOSTCS (HOPMYIIHL,
KOTOpBIC 33Jal0T YCJIOBHS BO3HHUKHOBEHHS KOHKPETHBIX OINMOOK IJIsi JaHHOTO
MUKporporeccopa. s atux dhopmyn npu nomoru uacrpymenra SMV (Symbolic
Model Verifier) [45], koTopblii MCMONB3yeT METOM MPOBEPKU MOJENEH, CTOSATCS
TECTOBBIC MPUMEPHI (KOHTPIPUMEPHI I OTPULIAaHHS (POPMYIT), HA OCHOBE KOTOPBIX
TEHEPUPYIOTCS TECTOBBIE MporpaMMmbl. [lo MHEHHIO aBTOPOB, METOX HE
MacIITabupyeTcss Ha CIOXHBIE MHKPOIPOLECCOPB, IOITOMY IPEAIaraeTcs
JIOTIOJTHUTENBHO HUCIIONIb30BaTh TECTOBbIE 1Ia0JIOHBI. OHU CO3HAIOTCS BPYYHYIO U
COJIepKaT OIMCAaHUs LEMOYeK HHCTPYKLUM, KOTOPHIC BBI3BIBAIOT OMNpE/ICICHHbIC
CUTyallUM B TMOBEJCHHM MHUKpoIpoleccopa (IIpexae BCEero, KOHBEWEpHbIE
KoHmuKTH). K mocTOMHCTBaAM JaHHOTO METOJAa MOXHO OTHECTH TO, YTO OH
NPUMEHUM JUISl Pa3lIMYHBIX THIIOB MHKPOIPOLIECCOPOB U IMO3BOJSIET 00ECIEYUTh
HOKPBITHE CHUTyalnuid B paboTe KOHBeilepa KOMaHJ, HCIOJb3YysS MHHHMAJbHOE
KOJIMYECTBO TECTOB. [JIABHBIA HEJIOCTATOK MeETONA - CIIOXHOCTH pa3pabOTKH
JeTaJbHBIX crenudukaiuii 1 Monenn omubok. Creayer Takke OTMETUTBb, YTO
JaHHBIC UCCIICIOBAHMSI HOCUIIM aKaIeMHYCCKHI XapaKTep U Ha UX OCHOBE HE OBLIH
pa3paboTaHbl ~ MHCTPYMEHTBI, KOTOpbIE MOIJIM OBl  HCIONb30BaThCS B
TPOMBINUICHHBIX [TPOEKTAX.

7.4 UHcTpyMeHT pGP

HWccnenoBatensmu TypuHCKOro moiuTexHH4eckoro yHuepcutera (Politecnico di
Torino) ObIT TpeIOKEH MHTEPECHBIN MOAXO0A K FeHEPaldy TECTOBBIX HMPOTPAMM,
OCHOBAHHBI Ha WCIIOJb30BAHMM TEHETHYECKHX anroputMos [46][47]. Jlanubrii
MOAXO0A OBbUT pealln30BaH B IpoToturie HHcTpyMeHTa WGP. OcHoBHas ujes noaxoxaa
COCTOMT B cruenyromeM. M TeHepaTopa TECTOBBIX MPOrpaMM CO3JAETCs
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OMOMMOTEKa WHCTPYKIWMMA, KOTOpas OIHMCHIBAET CHHTAKCUC S3bIKa accemoiepa
[IEIEBOTO  MHUKPOTIpOIIecCOpa. 3afadd TEHEpalul ONHMCHIBAIOTCS B  BHUJE
AIKJINIeCKOTO Tpada, KOTOPHIH ONHCHIBACT IIOTOK BBHITIOJHEHUS TECTOBOH
nporpamMmbl. Kaxkmnas BepinHa rpada comepKuT CCBUIKY Ha ONMMCAaHWE WHCTPYKINUU
B OMOJMOTEKE MHCTPYKIIMIA U 3HAYCHHS €€ OMCPaH0B. bHOIMOTeKa HHCTPYKIUI U
3aJlaud TeHepaluy OMUChIBAIOTCS Ha si3bike XML. T'eHepalys TeCTOBBIX MporpaMm
OCYILICCTBIIICTCS IMyTEM MYTAllMK CTPYKTYpbl Tpada M 3HAYCHHN OIEPaHIIOB
WHCTPYKIUH BHYTPH OTHCIBHBIX BEpIUIMH. [ eHEpaTop MBITacTCs MOCTPOUTH
TECTOBYIO MPOrpaMMy, KOTOpOe OOCCIEYHUT HAMIy4Ylllee MOKPBITHE JJIsA 3aJaHHOU
METPUKH. 3HAUYeHHE METPHKH IIONy4aeTCs ITyTeM BBIIOJHEHUS MOCTPOCHHBIX
nporpaMm Ha cumynstope RTL moxenu.

JIOCTOMHCTBOM JTaHHOTO TOAXOJA SBISACTCS €ro TMOKOCTh M YHUBEPCAIbHOCTh. OH
MO3BOJISIET TOCTUYb BHICOKOTO YPOBHSI TECTOBOTO IMTOKPHITHS IJISI PA3IMIHBIX THUIIOB
MHKPOTIPOIIECCOPOB, HCIONB3YSA PA3IMYHbIC METPUKH TOKPHITHA. | JaBHBII
HEIOCTAaTOK — BBICOKAs BBIYUCIUTENbHAS CIIOKHOCTh, M3-32 KOTOPOH CKOpPOCTBH
TCHEPAIMH TOJIyYaeTcs M0CTaTOYHO Hu3kou. MHcTpyment UGP peanusyer TOJIbKO
OIIMH METOJ] TeHEepaIliy U He MpeayCMaTpUBacT MOJACPKKY HOBBIX MeTonoB. Emie
OIWH BO3MOXHBIH  HENOCTaTOK — 93TO TO, 4TO BXOJHBIE  (OPMATHI
KOH(HUTYpaIHOHHBIX (haiJIOB HE SBISIOTCS HHTYUTUBHO HOHSATHBIMI.

8. AHanu3 eo3MOXHocmeli UHCMPYMEHMOe 2eHepayuu
mecmoebix npozpamMm

B mpenpimynmmx pasmenax ObUIM PacCMOTPEHBI OCHOBHBIE W3 CYIIECTBYIOLIHX
MHCTPYMEHTOB T€HEpalul TECTOBBIX MpOrpaMM Ais MHKpompoueccopoB. OHH
OTIIMYAIOTCd HAaOOPOM TMOJJIEP)KUBAEMBIX METOMOB TE€HEpalMi M CIOcCo0aMu
peanu3ay 3TUX METOJ0B. B naHHOM paszzerne BBIBOJATCS MX OOIIME CBOMCTBA, W
(dopmynupyeTcs  KOHIENIMS  YHHUBEPCAILHOTO  MHCTPYMEHTa  TE€HEepanuH,
COYETAIoNIero B ceOe TaHHbIe CBOMCTRA.

Jis Bcex pacCMOTPEHHBIX MHCTPYMEHTOB, HE3aBHCHMO OT HOJAEPKUBAEMBIX UMU
METOZOB, MOXXHO BBIICIHTh J1Ba cBoiicTBa: (1) pexongueypupyemocmos u
(2) pacwupsemocms. O6a 3THX CBOWCTBA MOKA3BIBAIOT, KAKOE KOIMYECTBO YCHIIHI
TpeOyeTcst Uil aganTalMl HWHCTPYMEHTa K pENmIeHWI0O HOBBIX 3ajzad. Ilofg
PEKOHPUTYPUPYEMOCTBIO TMOHUMAETCS BO3MOXKHOCTH TOJACPIKKH TECTHPOBAHUS
MHKPOIIPOIIECCOPOB € HOBOW KOHQHrypalued, a moA paciIupsSeMOCThI0 —
BO3MOXKHOCTh HHTETPAIlMM KOMIIOHEHTOB, KOTOPBIE PEAIN3YIOT HOBBIC METOJIBI
TeHepanuy.

JpyruM BaKHBIM CBOMCTBOM HHCTPYMEHTAa TEHEPAlUH SBISETCS BO3MOXKHOCTD
KOHMPOJIsl KOPPEeKMHOCmY TIOCTPOCHHBIX TporpaMM. KoppekTHsle mporpamMMmsl HE
JOJDKHBI ~ COZEpXKaThb OCCKOHEYHbIE [UKIBI M NPUBOTUTH K  IIEPEXOTy
MUKpPOIPOLIECCOpa B COCTOSIHUS, B KOTOPBIX €ro MoBeaeHUe He ompeneneHo. Kakx
NPaBWJIO, MOJAOOHBIH KOHTPOJb OCYLIECTBIISIETCS MYyTEM CHMYJIALUH IPOrpaMM Ha
STAJIOHHOM MOAENM B TPOLECCE UX MOCTPOEHUs. OTAJOHHBIE MOIEIH
pa3pabaThIBalOTCS OTAEIBEHO OT MHCTPYMEHTA TeHEepallui U MHTETPUPYIOTCS B HETO
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IpU TOMONIM CHEUHUaNbHBIX OuOmmorek. [lo CyTH, OHH SBIAIOTCSI YaCTBIO
KOH(UTypanuy WHCTPYMEHTa T.K. UCTIOJIB3YIOT 3HAHUE O CHHTaKCHCE W CEMAaHTHKE
MHCTPYKIUI I UX HHTEPIPETALUH.

OCHOBHBIM ~ CBOWCTBOM, XapakTEPHU3YIOIINM METOABl TEHEPAIUH, SBIACTCA
HayenenHocmsb. MeETOIbl, OCHOBAHHBIE Ha CIIy4allHOM IeHepaluH, HE MO3BOJISIOT
CHUCTEMaTHYECKIM 00pa3oM 00ECIIeYHTh IMOKPHITHE (PYHKIIMOHAIBHBIX TPEOOBAHMIH.
CoBpeMeHHbIE MHUKPOIIPOIIECCOPEl € KOHBEHEPHOW apXUTEKTypOH W CIIOXKHOU
OpraHu3aiyell naMsATH HUMEIOT OIPOMHOE MPOCTPAHCTBO BO3MOXKHBIX COCTOSHUM,
KOTOpBIE C MaJOi BEpOSTHOCTHIO OYAyT IOCTHTHYTHI IIPH HCIIOJIb30BaHHH
ciydaitHbIX TecToB. [lo3ToMy Ui MPOBEPKH KOHKPETHBIX CUTYallUi MIIM KJIACCOB
CUTYyalid TpeOyIOTCs Crelnali3MpOBaHHBIE METO b, OCHOBAaHHbIC HA Pa3pelICHUH
OTpPaHUYEHUN U TEXHUKAX IMPOBEPKU MOJEIEH.

Eme oaHMM BaXHBIM CBOMCTBOM COBPEMEHHBIX HMHCTPYMEHTOB BepUHUKALUH
ABJIACTCA BO3MOXHOCTL IIOCTPOCHHA TCCTOBBIX IPOIpaMM [JI1 MHOTOAACPHBIX
MHKpoIporeccopoB. Ha 6a30BoM ypoBHE OHa NPUCYTCTBYET MPAKTHYECKH BO BCEX
HMHCTPYMEHTAX, T.K. IS 3TOTO JOCTATOYHO BKJIIOYHTH B MOCTPOCHHBIE MPOTPaMMEI
MHCTPYKINH, 00€CTICUNBAONINE PA3BETBICHUE NOTOKA BBHIIIOIHEHNS Ha HECKOJIBKO
anep. OmHaKko, METOB! HAIEJICHHON T'eHepalny, UCTob3ylomue nHpopManuio o
TEKYIIEM COCTOSTHIH MHKPOIPOLIECCOpa, JOJDKHBI YIUTBHIBATh TOT (DAKT, UTO KXKI0E
U3 siIep UMEET cBoe cocTosiHie. KpoMe Toro, HHCTpyMEHTHI JOJDKHBI 00ecIednBaTh
MOKPBITHE CUTYaNuii, CBSI3aHHBIX C MapaUIeIbHBIM BBIITOJHEHUEM TIPOTPAMM.

B Tabn. 2 cpaBHMBaroTCs (PyHKIMOHAIBHBIE BO3MOXXHOCTH PAaCCMOTPEHHBIX paHee
MHCTPYMEHTOB I10 TIEPEYUCICHHBIM KPUTEPHSIM.

Tabn. 2. Cpasnenue 803M0ACHOCHEN PACCMOMPEHHBIX UHCIPYMEHMOB 2eHepayuu

Table 2. Comparison of the considered generation tools
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INTEG Her Her Her Cpennsist Her
RIS Her Her Her Cpennss Ha
RAVEN Jla Her Jla Cpennss Jla
Genesys-Pro, Ja Ja (sactuuno) | [da Beicokast Ja
FPGen,
DeepTrans
RDG Jla Her Her Huzkas Her
MAZTG Jla Her Her Bricokas Her
UFL/UCI Jla Her Her Bricokas Her
uGP Jla Her Her Cpennss Her
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Kak M0>XXHO 3aMeTHTh, OOJNBIINMHCTBO HHCTPYMEHTOB NMPEJHA3HAUYEHO IS PELICHUS
KOHKPETHBIX 33/1a4 M HE IPEIONIaraloT pacIiupseMOCTb. JTO OOBICHACTCS TEM,
YTO KOMMEPYECKHE KOMIIAHWM 3aHHMAIOTCA BepHU(HKALUEH BBITYCKAEMBIX HMHU
MHKPOIIPOIIECCOPOB M CO3MAI0T WHCTPYMEHTHI IS PEUICHUS TEKYIIMX 3aaad
BepU(UKALIUM, a MCCIIENOBATENbCKUE WHCTUTYTHI H300pETalOT HOBBIE METOJBI
BepU(HKAUM ¥ CO3JAI0T MHCTPYMEHTH Uil uX anpoOaunmu. [Ipm stom 3amaua
UHTErpaliy METOA0B, KOTOPBIE HE UCTIONB3YIOTCS B JaHHBIM MOMEHT, HE CTaBUTCH.

Cutyauusi ¢ peKOH(pUrypHUpyeMOCThI0 HECKOJIBKO ciIokHee. HecMmoTpst Ha To, 4To
HEKOTOpbIE HMHCTPYMEHTHI II03BOJISIOT KOH(HUIYpUPOBaHUE TOJA pa3IH4YHbIC
apXUTEKTyphbl, HHTErpalys BHEIIHEH JSTaJOHHONM MOJAENM COIpsDKEeHa ¢
TPYIHOCTSMH.  BONBIIMHCTBO M3  MEPEYUCICHHBIX  PEKOHPUIYPUPYEMBIX
UHCTPYMEHTOB HE HCIIOJIB3YIOT TAJIOHHBIE MOJEIH U HE OCYLIECTBISIOT KOHTPOJIb
KOPPEKTHOCTH TOCTPOSHHBIX HHCTPYKIHMHA. OmHako naxke 0e3 HEoOXOOMMOCTH
MHTETPALA STAJOHHOM MOJENN CO3JaHHE II0JIb30BATEIBCKUX KOH(HUTYpAILUH
MOXET UMETh 3HAYUTEIILHYIO TPYLOEMKOCTb.

YpoBeHb HAIETIEHHOCTH U IMOJEP KA MHOTOSIEPHOCTH XapaKTEPU3YIOT METOIbBI
TeHEepaIuy U 3aBUCAT OT 00JIacTH NMPUMEHEHHS HHCTpYMEHTa. [Ipu 3ToM OHU B TOH
WIIM MHON CTEIEHH CBA3aHBI C PacHIMPAEMOCTBIO M peKoHpHrypupyemocTs. bonee
TrHOKHEe WHCTPYMEHTHI peanu3yloT OoJjbliee KOJIMYECTBO METOJOB T'€HEpalud |
MPEIOCTABIIAIOT OOJIBIIE BO3ZMOXHOCTEH.

T.K. IPUMEHUMOCTH OTIEIBbHBIX MHCTPYMEHTOB OTPAaHHUYCHA, aKTyaJbHOH 3amaucii
ABISIETCS CO3JJAHUE VHUBEPCANbHO20 UHCMPYMeHmd, KOTOPBIH TIO3BONMI OBl
O00BEANHHUTD PA3TMYHBIC METOIBI TEHEPALIUH, U ObUT OB MPUMEHUM JUTS Pa3IMIHBIX
THIIOB MHKpoOIporeccopoB. IlomoOHBIII WHCTPYMEHT MOIDKEH CcOYeTaTh BCe
MepevyncIeHHbIe  BBINIE  cBoifcTBa. Ero  xapakTepucTuku  MOryT  OBITh
c(OpMyYJIMPOBaHBI CIEAYIOLIUM 00pa3oM.

Pexon¢purypupyemMocTs mpearnoiaraeT oIMcaHHe KOH(HIypalMu TECTHPYEMOTO
MHKPOIIpOLIECCOpa B MPOCTOM, YIOOHOM W TIOHATHOM HWHXXEHEpY-BepH(DUKATOPY
topmate. PacmmpseMocTs MperonaraeT, 4To OMMCAHUs, CO3JaHHBIC IS OJHHUX
METOJOB F'eHEpalii, MOTYT OBITh HCIIOJIB30BaHBI APYTUMH MeToAaMu. T.K. METOBI
reHepanuy TpeOyIOT pa3HOe KOJIM4ecTBO MH(opmanuu, To ajist Oojiee CI0XKHBIX
METOJIOB OyAyT TpeOOBaTbCs ONUCAHUS, KOTOPbIE JOMOJNHAT HH(POPMAIHIO,
NPE/ICTABICHHYI0 B ONHCAHMAX, HCIONb3YeMbIX O0Jiee IMPOCTBIMH METOAAMH.
Wndopmannio 0 KoH(purypaunu MHKpOIIpoLeccopa, UCTIONIb3YEMYIO
PacCMOTPCHHBIMH HHCTPYMEHTAMH, MOXKHO Ppa3feiInThb Ha 4YEThIpe YPOBHS:
(1) popmat mHCTpYKUMI (TEKCTOBBIH W OWHApHBIH), (2) ceMaHTHKA MHCTPYKLHI,
(3) opranmzauus MoACKCTEMBI MaMATH U (4) opraHu3alys KOHBeilepa HHCTPYKLIHH.
OnuH U3 BO3MOXHBIX CIIOCOOOB MPEICTABICHUS 3TOW MH(POPMAIMK — IPUMEHEHHUE
hopmanbHBIX crierPUKAIUH. ITO MO3BOJHUT HUCIIOJIH30BaTh €MHOE OMUCAHHE ISt
W3BJICUCHUS OTPAHWYCHUH, IMOCTPOEHHUS (OPMAIbHBIX MOJENEeH W 3TaJOHHBIX
cumynaTopoB. s pemeHus DaHHOW 3amadun TpedyeTcs (OpMalbHBINA S3BIK, Ha
KOTOPOM MOXKHO B 3aBHCHMOCTH OT NMOTPEOHOCTH ONHCHIBATh PAa3JINYHBIC ACHEKTHI
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KOHpHUTypanun MHUKpoIporieccopa. Jpyroif BapwmaHT pemIeHHs — HCIIOIBb30BaHHUE
HECKOJBKHX S3BIKOB, PACIIAPSIONINX BO3MOKHOCTH APYT APYyTa.

9. 3aknroyeHue

B cratee chaeman 0030p pacmpoOCTPaHEHHBIX IOJXOJOB K TCHEPAIMHM TECTOBBIX
nporpaMM s (QYHKOIMOHANbHOM  BepU(HUKALUM  MHKPOIIPOIECCOPOB.
PaccMoTpeHHbIE MOAXOABI PA3MMYAIOTCS O0NACTBIO IPHMEHEHUS! W CIO0XKHOCTHIO
peamm3anuu. Hanbonee mpocTeie OCHOBAaHBI Ha CIy4allHOW TeHepaluy, HanOoiee
CJIO’KHBIE MCHOJB3YIOT TEXHHMKHM IPOBEPKU MoOJeNed Uil IMOCTPOEHHsI TECTOB,
HalleJICHHBIX HAa TIOKPBITHE ONPEIENCHHBIX CUTyalluil B paboTe MHUKpOIpoLeccopa.
WHcTpyMeHTaM, HCHONB3YIOIUM pa3fiMuHble METOABI TeHepaluH, Tpedyercs
pa3HOe KOJMYeCcTBO HWH(pOpMANMK O TECTUPYEMOM MHKpompoueccope. Jta
nHopMalUs WM SBISIETCS YacThl0 MHCTPYMEHTA WIIM IIOCTAaBILSIETCS B BHJE
KOH(pUTypaunoHHbIX (aitnoB. Kpome 3TOro HeKOTOpble HHCTPYMEHTBI HCHIONIB3YIOT
BHEIIHNE OJTAJIOHHBIC MOJAENM IS KOHTPOISI KOPPEKTHOCTH IIOCTPOCHHBIX
MpOTpaMM U IIPEACKa3aHUs COCTOSHUS MUKPONpoIieccopa. ITH MOAEIH TpedyeTcs
MHTETPUPOBATh B HHCTPYMEHT.

OcHoBHas poOiieMa COBpEeMEHHBIX HHCTPYMEHTOB T€HEPALIUU TECTOBBIX MPOTPaMM
JUISI MUKPOIIPOLIECCOPOB — 3TO TO, YTO OHM, KaK IPaBUIIO, CO3JaHbl 1JI1 KOHKPETHBIX
TUIIOB MHUKPOIIPOLIECCOPOB M NpPEIHA3HAYEHbl ISl PELICHMsS KOHKPETHBIX 3al1ad
Bepudukanun. BO3MOXHOCTh TOANEPKKHA HOBBIX THIIOB MHKPOIPOIIECCOPOB M
HOBBIX METOJIOB TE€HEpaluuy WIH HE NPEeAyCMOTpEHa, WIM OrpaHUYEHa BBUIY
TPYAOSMKOCTH KOH(QUI'YPUPOBAaHUS HMHCTPYMEHTA U TPYTHOCTCH WHTETPAIlUU
STalOHHOW Moxenu. T.K. HM OAUMH METOJ WIM HWHCTPYMEHT HE SBISETCS
YHUBEPCAIBHBIM PEIICHUEM JJIs1 BCeX 3ajJau Bepu(UKAIMU, UHTErpaIusi METOJ0B
TeHepaIuy SBJISIETCS aKTyalbHOW 3amadeid. [lpu 3TOM Ba)KHO YTOOBI MMEIOIIUNACS
WHCTPYMEHTapUi METONOB TeHepaluu OblT MPUMEHMM K Pa3IUYHbIM THIIAM
MUKpPOIIPOLIECCOPOB.

K coxanenuto, B HacTosIIee BpeMs HE CYIIECTBYET YHUBEPCATBHOTO NHCTPYMEHTA,
KOTOPBIM TMO3BOJIMI OBl TMPUMEHSATh IMUPOKUH HA0Op METOJOB TeHEepaluu s
TECTUPOBAHUSI PA3UYHBIX THIOB MHKpomporeccopoB. CozlaHue Takoro
WHCTPYMEHTa HMeEN0 OBl OOJBIIOE NMPAKTHYECKOE 3HAYCHHE. JTO IO3BOJIIO OB
CHU3UTh 3aTpaThl Ha MOJAEPKKY HHCTPYMEHTOB U IIOBBICUTH KauecTBO
TECTUPOBAHUSL.

Cnucok nutepaTtypbl

[1]. Grant McFarland. Microprocessor Design: A Practical Guide from Design Planning to
Manufacturing Professional Engineering. McGraw Hill Professional, 2006, 408 p.

[2]. Cratucruka qrcia TPaH3UCTOPOB B MHKPOITPOIIECCOPax —
http://en.wikipedia.org/wiki/Transistor_count

[3]. Intel®  Pentium® 4  Processor.  Specification  Update,  August 2008
(http://download.intel.com/design/intarch/specupdt/24919969.pdf)

188



Tarapuukos A.Jl. O630p METO/I0B M CPEACTB IEHEPALIMH TECTOBBIX MPOTrPaMM ULl MUKPOTIPOLIECCOPOB. Tpyobl
HUCII PAH, tom 29, Boim. 1, 2017 1., cTp.167-194.

[4].

[5].

[6].

[7].
[8].

[9].
[10].

[11].

[12].

[13].

[14].

[15].

[16].
[17].
[18].
[19].

[20].

Intel® Core™ i7-900 Desktop Processor Extreme Edition Series and Intel® Core™ i7-
900 Desktop  Processor  Series.  Specification Update, February 2015.
(http://www.intel.com/content/dam/www/public/us/en/documents/specification-
updates/core-i7-900-ee-and-desktop-processor-series-spec-update.pdf)

Beizer B. The Pentium Bug — An Industry Watershed // Testing Techniques Newsletter,
TTN Online Edition, September 1995.

A.C. Kamkun, A.M. Konpmsk, C.A. CmonoB, A.A. CoproB, A.Jl. TarapHHKOB,
M.M. Uynnnko. CpezncTsa GpyHKIMOHANEHOH BepH (KA MEKPOIIPOIIECCOPOB, Tpy b
NCII PAH, towm 26, Beimyck 1, 2014, c. 149-200. DOI: 10.15514/ISPRAS-2014-26(1)-5.
W.K. Lam. Hardware Design Verification: Simulation and Formal Method-Based
Approaches. Prentice Hall, 2005. 624 p.

A. Adir, E. Almog, L. Fournier, E. Marcus, M. Rimon, M. Vinov, A. Ziv. Genesys-Pro:
Innovations in Test Program Generation for Functional Processor Verification. IEEE
Design & Test of Computers, 21(2), 2004, pp. 84-93.

J. Bhadra, M. Abadir, S. Ray, L. Wang. A Survey of Hybrid Techniques for Functional
Verification. IEEE Design & Test of Computers, 24(22), 2007, pp. 112-122.

Kamkxun A.C., Cepreesa T.M., CmonoB C.A., TarapuukoB A.Jl., Uynunko M.M.
PacmnpﬂeMaﬂ cp€aa TeHEpalMu TECTOBBIX MporpaMm MJjid MHUKPOIIPOLECCOPOB.
IIporpammuposanue, Ne 1, 2014, ctp. 3-14.

A.Kamkin, A.Protsenko, A.Tatarnikov. An Approach to Test Program Generation Based
on Formal Specifications of Caching and Address Translation Mechanisms. Trudy ISP
RAN / Proc. ISP RAS, vol. 27, issue 3, 2015, pp. 125-138. DOI: 10.15514/ISPRAS-
2015-27(3)-9.

bo6koB CI., Ywubucor ILA. IloBblmeHHe  KauecTBa  TECTHPOBAHMSA
BBICOKOIIPOU3BOAUTEIIBHBIX MUKPOIIPOLECCOPOB METOAAMU BCTPEUYHOT'O TECTUPOBAHUSA C
aHaJIM30M (byHKHI/IOHaJ'ILHOFO TECTOBOI'O IIOKPBLITUA  BBIACICHHBIX HpHHOX(eHHﬁ.
HNudopmarmonnsie Texuonorun, No 8, 2013, ¢. 26-33.

Xucambee MW.I., Yubucos II.LA. OO omHOM MeTOAE TMOCTPOCHUS METPHUK
(DyHKIMOHATBHOTO TMOKPBITHSI B TECTUPOBAHHH MHKpOIporeccopoB. [Ipobiemsr
pa3paboTKH TEPCIEKTHBHBIX MHKPO- M HAHOIJIEKTPOHHBIX cucteM - 2014. COopHHK
TpyznoB nox oom. pex. akagemuka PAH A.Jl. Cremnkosckoro. M.: UIIIIM PAH, 2014,
gacts 11, ctp. 63-68.

Piziali A. Functional Verification Coverage Measurement and Analysis. New York:
Kluwer Academic Publishers. 2004, 216 p.

P. Mishra, N. Dutt. Specification-Driven Directed Test Generation for Validation of
Pipelined Processors. ACM Transactions on Design Automation of Electronic Systems,
13(3), 2008, pp. 1-36.

E.A. Poe. Introduction to random test generation for processor verification. Technical
report. Obsidian Software, 2002, 7 p.

['eneparop TectoBbix mporpamm RISU mis TtectupoBanus cumynsitopa QEMU -
https://git.linaro.org/people/peter.maydell/risu.git/about/.

I'pudkoB U.B., 3axapoB A.B., Konbuos ILII. n ap. CroxacTuyeckoe TECTUPOBAHUE B
cucteme INTEG. IIporpammubie npoaykTsl u cuctemsl. 2007. Ne 2. ¢. 22-26.

Kamxun A.C. T'enepanust TeCTOBBIX IporpaMM uisi MuKponporeccopos. Tpyasr MCIT
PAH, Tom 14, yacts 2, 2008, c. 23-63.

N. Sharma, B. Dickman, Verifying an ARM Core, EE Times, 2001, 7 p.

189



Tatarnikov A.D. A survey of methods and tools of test program generation for microprocessors. Trudy ISP RAN / Proc.
ISP RAS, vol.. 29, issue 1, pp. 167-194.

[21].
[22].
[23].
[24].
[25].
[26].
[27].

[28].
[29].

[30].

[31].

[32].

[33].
[34].

[35].
[36].

[37].

[38].

[39].

190

A.C. KaMkuH. HeKOTOpLIe BOHNPOCHI aBTOMAaTU3allu MOCTPOCHUSI TECTOBLIX IIPOTrpaMM
ULt MozyJeit o0paboTku mepexonoB Mukpomnpoueccopos. Tpyasr ICII PAH, 18, 2010,
ctp. 129-149.

Y. Naveh, M. Rimon, I. Jaeger, Y. Katz, M. Vinov, E. Marcus, G. Shurek. Constraint-
Based Random Stimuli Generation for Hardware Verification. Al Magazine, 28(3),
2007, pp. 13-30.

P. Mishra and N. Dutt. Specification-Driven Directed Test Generation for Validation of
Pipelined Processors. ACM Transactions on Design Automation of Electronic Systems
(TODAES), Volume 13, Issue 3, 2008, pp. 1-36.

I'pubkos 1.B., 3axapoB A.B., Komsnos I1.I1. u np. Pa3BuTre cucteMsl CTOXaCTHIECKOTO
TectrupoBaHus Mukponporeccopos INTEG. Ilporpammusie mpoaykTs! 1 cucteMsl. 2010,
Ne 2, crp. 14-23.

MIPS64™ Architecture For Programmers. Volume 1: Introduction to the MIPS64™
Avrchitecture. Revision 6.01. MIPS Technologies Inc. 2014. 148 p.

TIporpammustii cumynsitop VMIPS — http://www.dgate.org/vmips/.

Caiit xomnanun ARM — http://www.arm.com.

N. Sharma and B. Dickman. Verifying an ARM Core. EE Times. 2001, p. 7.

Hrishikesh M.S., Rajagopalan M., Sriram S., Mantri R. System Validation at ARM —
Enabling our Partners to Build Better Systems. White Paper. April 2016
(http://www.arm.com/files/pdf/System_Validation_at ARM_Enabling_our_partners_to
_build_better_systems.pdf).

Venkatesan D., Nagarajan P. A Case Study of Multiprocessor Bugs Found Using RIS
Generators and Memory Usage Techniques. Workshop on Microprocessor Test and
Verification, 2014, pp. 4-9. DOI: 10.1109/MTV.2014.28.

Hudson J., Kurucheti G. A Configurable Random Instruction Sequence (RIS) Tool for
Memory Coherence in Multi-processor Systems. Workshop on Microprocessor Test and
Verification, 2014, pp. 98-101. DOI: 10.1109/MTV.2014.26.

T'enepatop TecroBbix mporpamm RAVEN -
http://www.slideshare.net/DVClub/introducing-obsidian-software-andravengcs-for-
powerpc.

Obsidian Software Inc. “Raven: Product datasheet”. 6 p.

R.N. Mahapatra, P.Bhojwani, J. Lee, and Y. Kim. Microprocessor Evaluations for
Safety-Critical, Real-Time Applications: Authority for Expenditure, No.43, Phase 3
Report, 2009, 43 p.

Apxurekrypa PowerPC - https://en.wikipedia.org/wiki/PowerPC

M. Behm, J. Ludden, Y. Lichtenstein, M. Rimon, M. Vinov. Industrial Experience with
Test Generation Languages for Processor Verification. Proceedings of the Design
Automation Conference, 2004, pp. 36-40.

M. Aharoni, S. Asaf, L. Fournier, A. Koifman and R. Nagel. FPgen — A Test Generation
Framework for Datapath Floating-Point Verification. Proceedings of the Eighth IEEE
International Workshop on High-Level Design Validation and Test Workshop
(HLDVT'03), 2003, pp. 17-22.

M. Aharony, E. Gofman, E. Guralnik, A. Koyfman. Injecting floating-point testing
knowledge into test generators. Proceedings of the 7th international Haifa Verification
conference on Hardware and Software: Verification and Testing (HVC’11), 2011,
pp. 234-241, ISBN 978-3-642-34187-8.

IEEE standard for binary FP arithmetic. An American National Standard, ANSI/IEEEE
Std. 754-2008, 58 p.



Tarapuukos A.Jl. O630p METO/I0B M CPEACTB IEHEPALIMH TECTOBBIX MPOTrPaMM ULl MUKPOTIPOLIECCOPOB. Tpyobl

HUCII PAH, tom 29, Boim. 1, 2017 1., cTp.167-194.

[40]. IBM Floating-Point ~ Test Suite for IEEE 754R Standard -
https://www.research.ibm.com/haifa/projects/verification/fpgen/ieeets.html

[41]. Adir A., Fournier L., Katz Y., Koyfman A. DeepTrans — Extending the Model-based
Approach to Functional Verification of Address Translation Mechanisms. High-Level
Design Validation and Test Workshop, 2006, pp. 102-110.

[42]. Seonghun Jeong, Youngchul Cho, Daeyong Shin, Changyeon Jo, Yenjo Han, Soojung
Ryu, Jeongwook Kim, and Bernhard Egger. Random Test Program Generation for
Reconfigurable Architectures. Proceedings of 13th International Workshop on
Microprocessor Test and Verification (MTV), 2012, 6 p.

[43]. T.Li, D.Zhu, Y.Guo, G.Liu, S.Li. MA2TG: A Functional Test Program Generator for
Microprocessor Verification. Euromicro Conference on Digital System Design, 2005,
pp.176-183.

[44]. P. Grun, A. Halambi, A. Khare, V. Ganesh, N. Dutt and A. Nicolau. EXPRESSION: An
ADL for System Level Design Exploration. Technical Report 1998-29, University of
California, Irvine, 1998, 26 p.

[45]. Unctpymenr - http://www.cs.cmu.edu/~modelcheck/smv.html

[46]. F. Corno, G. Cumani, M. Sonza Reorda, G. Squillero. Efficient Machine-Code
TestProgram Induction. CEC’2002: Congress on Evolutionary Computation, Honolulu,
Hawaii, USA, 2002.

[47]. F. Comno et al., “Fully Automatic Test Program Generation for Microprocessor Cores,”
Proc. IEEE Design, Automation and Test in Europe (DATE 03), IEEE CS Press, 2003,
pp. 1006-1011.

[48]. F. Corno, E. Sanchez, M. Sonza Reorda, G. Squillero. Automatic Test Program
Generation — A Case Study. IEEE Design and Test, Special Issue on Functional
Verification and Testbench Generation, Volume 21, Issue 2, 2004, pp. 102-1009.

A Survey of Methods and Tools for Test Program
Generation for Microprocessors

A.D. Tatarnikov <andrewt@jispras.ru>
Institute for System Programming of the Russian Academy of Sciences,
25, Alexander Solzhenitsyn st., Moscow, 109004, Russia

Abstract. This paper gives a survey of existing methods and tools for test program generation
for microprocessors. Test program generation and analysis of their execution traces is the
main approach to functional verification of microprocessors. This approach is also known as
testing. Despite continuous progress in test program generation methods, testing remains an
extremely laborious process. One of the main reasons is that test program generation tools are
unable to quickly enough adapt to changes. In the majority of cases, they are created for
specific microprocessor types and are designed to solve specific tasks. For this reason,
support for new microprocessors types and generation methods requires a significant effort.
Often, in such situations, tools have to be implemented from scratch. Inability to reuse
existing implementations of generation methods complicates evolution of test generation
tools and, consequently, prevents improvement of testing quality. The present situation
creates motivation to search for solutions to developing more flexible tools which could be
easily adapted to testing new microprocessor types and applying new generation methods.
The goal of the present work is to summarize existing experience in test program generation,
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which could serve as a basis for creating such tools. The paper considers strengths and
weaknesses of popular generation methods, their application domains and cases of their
combined use. It also makes a comparative analysis of facilities of existing generation tools
implementing these methods. Based on the analysis, it gives recommendations on creating a
unified methodology to develop tools for test program generation for microprocessors.
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