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MOIJEJINPOBAHME U CUHTE3
TECTOB 1JI1 HIN®POBLIX CXEM
C 'PAHUYHbBIM CKAHUPOBAHUEM

XAXAHOB B.H., KONECHHKOB K.B.,
HAPODEHTHUH A.H., XAXAHOBA U.B.

IIpennaraiorcst ObICTPOACHCTBYIONIME AJITOPUTMBI U TIPO-
LIelypbl CUHTE3a TECTOB U MOAEJIUPOBAHUS HEMCITPABHO-
CTell, OPUEHTHPOBAHHbIE HA 0OPaOOTKY CIOXHBIX LIUD-
POBBIX CUCTEM, BKJIIOYAIOIIUX COTHU THICSY 9KBUBAJICHT-
HBIX BEHTUJIEN Ha CTaJAMU TPOeKTUpoBaHUsS. OCHOBaHbI
Ha MCIMOJb30BAHUU HOBBIX TEXHOJOTUN CTPYKTYPHOTO
aHaiM3a, TO3BOJISIONIETO PEKOHMUTYPUPOBATH MOJEIHU
00BEKTOB B MPOIIECCE CUHTE3a TECTOB U MOACINPOBAHUS
HeucnpaBHocTei. CTPYKTYpbl NAaHHBIX OPUEHTUPYIOTCS
Ha KOMIUJISTUBHO-UHTEPIPETATUBHYIO peaiM3alvio aj-
TOPUTMOB, YTO JIEJIA€T CUCTEMY TMOKOI 110 OTHOIIEHUIO K
onepaTuBHON MoardUKALIMU MOJieIeil U ObICTPOACCTBY-
0L} B YaCTU KOMITWJISITUBHOTO UCTTOJIHEHUSI TPOLIEAYPbI
TPAHCTIOPTUPOBAHUS CITUCKOB H€(HEKTOB.

1. Beenenne

Ileab TipeUTaraeMoro NCCIeA0BaHMS — CYILIECTBEHHOE,
Ha MOPSIIOK, YMEHbIIEHNE BPEMEHN CHHTE3a TECTOB
IUTSI CTPYKTYPHO- ¥ (DYHKITMOHATHHO-CITOXKHEIX TTPO-
€KTUPYEMBIX TN (POBBIX CHCTEM.

Obsexm mecmupogaruss — IPOEKTUPYEMbIe IIU(PPOBLIE
CHUCTEMBI, TIpEACTaBJICHHbBIE B BUE OYJIeBbIX ypaBHE -
Hui Ha si3pike VHDL, ummieMeHTUpyeMbIe B Kpuc-
tajsl [TJIMC u cogepxkaliye COTHU THICSIY 9KBUBaA-
JICHTHBIX BEHTWJIEA.

IIpeomem uccaedosaruss — METOABI MOICIUPOBAHUS
HEWCIPABHOCTEM M CMHTE3a TeCTOB Ha CTPYKTYPHO-
(DYHKIIMOHAIBHBIX MOZICIISIX.

Axmyanvhocms. I[IpakTuyeckd Bce METOAbl CUHTE3a
TECTOB /151 LU (POBBIX YCTPOIMCTB U CUCTEM UCIIOJIb3Y-
10T TSI BepY(pUKALIMU TPOBEPSIOLIUX [TOCIIeI0BATE b~
HOCTeli CpecTBa MOACIMPOBAHUSI HEUCTIPABHOCTE .
OHM NO3BOJISIIOT OLIEHUTh KaueCTBO MOKPHITUS HEUC-
MPaBHOCTE 3aIaHHOTO KJTacca reHepUpPyeMbIMU TECTO-
BbIMU HaOopamu. Takoe olieHMBaHUE TpeOyeT 3HAUM-
TeJTBHBIX BpEMEHHBIX 3aTpaT, MHOTAA HeTIPHEMIIEMBIX,
€CJIM OOBEKT TECTUPOBAHUS COMEPKUT COTHU THICTY
BeHTUIIEH. [ToaTBepKneHeM cCKa3aHHOMY MOTYT CITy-
KUTH (POPMYITBI IIPEaeTbHON OIIEHKH BEIYUCIUTETh-
HOM CJIOXKHOCTH TapaJIeIbHOTO, MEeAYKTUBHOIO U
COBMECTHOI'O JITOPUTMOB aHAJIM3a HEMCIIPaBHOCTE:
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C, =(b>/W)xG’;
Cy = b xqxG;
C. =agnV +bnayT,

rae b — 4ncio HePKBUBAIEHTHBIX HECIIpaBHOCTe; W
— IUTMHA KOMIIBIOTEPHOTO cjioBa; G — KOJIWYECTBO
SKBUBAJICHTHBIX BEHTUJIEH;  — CpeaHee YMCII0 BEHTH -
JIeli, BXOIBI KOTOPBIX aKTUBU3WPOBAHBI HEMCITIPABHO-
CTSIMM Ha MOAEINPYEMOM TeCT-Habope; ag — pakTop
AKTUBHOCTHM N MOIyJei cXeMbl, U3MEHUBIIINX CBOU
3HA4YeHUs Ha BXOjAax MpH mojaaye o4epeaHoro TecT-
BEKTOpa, 0011Iee YMCIIO KOTOPBIX paBHO V; b — cpenHee
Y1 CJI0 HEMCITPaBHOCTE ! B MoAyJie; a — (paKTOp aKTUB-
HOCTH IIJIg 0011Iero yncna nedekroB bn; y — dpakTop
TOMOJIOTM U, OTIPEEISIOLINI KOTMYECTBO 3a/1eICTBO-
BaHHbBIX MOAYJICl MpPU BBINOJHEHUM WUMILUIMKALUK
nedeKTa OT MecTa BOSHUKHOBEHMS K BEIXOIAM YCTPOIi-
ctBa; T — o0llee Y1CI0 TECTOBLIX HA0OPOB.

M3 npuBeaeHHBIX OLIEHOK BUAHO, YTO ACNYKTUBHBIN
aJITOPUTM MEHee TIPEATNOUYTUTEIEH, €CJIM 3HaUeHUE q
couzmepumo ¢ G. CToMMOCTh COBMECTHOTO aJITOPUTMA
OIIpeNeIsIeTCs ABYMSI COCTABIISIIOIIUMMU: 00pabOTKOM
KCIIPAaBHOM 1 HEMCIIPAaBHOM CXeMEL, YTO 1 (pOpMUPYET
JIBa cjlaraeMbIX YIIOMSIHYTOM oleHKU. [ToaToMy BbI-
YUCJIUTENIbHAs CJI0XKHOCTb COBMECTHOTO MOZIEIMPOBa-
HUS U1 TMHEMHBIX CXEM paBHA N2, [T KBaApaTHOI
TONoJoruM 06bekTa — n¥2 . TakuM o0pa3oM, CTO-
HWMOCTb BBITTOJIHEHMSI COBMECTHOTO &JITOPUTMA 3aBUCUT
B OOJIbIIEN CTETIEHU OT TOMOJIOTUY CXEMBI, 3 TOYHEE OT
KOJIMYECTBA JIMHUI CXOASIIMXCS Pa3BETBJIECHUNA.

Mo:KHO BBIIEINTh HauboJIee Cy1LeCTBEHHBIE (haKTOPhI
— CTPYKTYpPHbIE KOJIJTU3UU, HETaTUBHO BIUSIONINE HA
ObICTPOJICICTBIE METOIOB MOJIEIMPOBAHMST HEUCITPAB-
HOCTE, a 3HAaYUT Ha 3(p(eKTUBHOCTH IPOLIEIYP CUH-
Te3a TECTOB: 1) HaJIMUMe B CXeMe CXOISIIMXCS pa3BeT-
BJICHUIA; 2) IIo0aIbHbIe 0OpaTHBIE CBSI3U; 3) CXeMHast
U30BITOYHOCTb.

Ycewnus uccnenoBaresieil Ha Iy TH ITOBBILIEHUS ObICT-
pPONEMCTBUSA METOIOB TECTUPOBAHMSI, KaK IIPaBUJIO,
OBbUIM HaIlpaBJIEHbI HA N300PETeHNE HOBBIX METOIOB
3¢ GeKTUBHOI 00pabOTKM YITOMSIHYTHIX CTPYKTYPHBIX
KOJITU3UA. DTOMY OCBSIIEHBI THICSYN HAyYHBIX pa-
00T, cpeau KOTOPBIX MOXKHO BBIIEIUTH Hauboliee
pe3yIbTaTUBHbIE:

— KJTaCCHMYeCKIe METOIbI MOIEeTMPOBAHUS HEVCITPAB-
HOCTeM (IeJyKTUBHBIN,, TapaJuleIbHbI, COBMECTHDIN )
[1,2,8,11,14] m cunTe3aTecToB [1,2,8,11,14], a Takke
MOJIEJI!, UCTIOIb3yeMbIe TSl TPAHCIIOPTUPOBAHUS Ae-
(hbexTOB U MOAEIMPOBAHUS UCITPABHOTO MOBEACHUS
[3,4-7,10];

— TMpeIBapUTEIbHBIA aHaIN3 IH(GPOBEIX CUCTEM B
LIEJISAX OTpeNeNIeHUS CTPYKTYPHBIX KOJIJTU3UIA B KOM-
OMHAIIMOHHBIX M IIOCJIeIOBATEIEHOCTHBIX CXeMaX
[8,14,16];

— TEXHOJIOTVH PeKOHMUTYPUPOBAHUS T (POBEIX ITPO-
€KTOB /IS IOBBILIIEHUS KX TECTOITPUTOTHOCTH B IIPO-
mmecce TPOEKTUPOBAHUS IUCKPETHBIX OOBEKTOB
[9,10,12].
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CoBpeMeHHbIe TeXHOJIOTMH ABTOMATU3UPOBAHHOTO MPO-
€KTHPOBAHMS JOITyCKAIOT CPEICTBA TECTOIPUTOTHOCTH
B MpOIleCC CHMHTe3a W MMIUICMEHTAIlMM, B IIEJISIX
CYLIECTBEHHON MOAM(UKAIUU U PEeKOH(GUTYypaLluu
LMGPOBOI CUCTEMBI. DTO O3HAYAET, YTO MOXKHO pa3-
pabaThIBaTh U UMILTIEMEHTUPOBATh CPENICTBA PEKOHDU-
TYPUPOBAHUS TPOCKTUPYEMbBIX LIM(PPOBBIX CUCTEM U
HX MOJIEJICH B LIEJISIX YMEHBIIICHUSI BIUSTHUS CTPYKTYP-
HBIX KOJUTM3UH, X YUCIa B pa3pabaThIBaeMBbIX M31Ie-
JIASIX, a B TIpefesie — UX YCTpaHEeHUS U3 MPOEKTOB.

B pamkax pelieHUSI yIIOMSIHYTOM ITPOOJIe MBI ITpe1Jia-
raetcsi pa3paboTaTh HOBbIE TEXHOJOTUM:

1) cTpykTypHOro aHamm3a LM(POBBIX IMPOEKTOB B
LIEJISIX OTIPEAEIIEHUS CTPYKTYPHBIX KOJITU3HUIA;

2) peKOHDUTYpUPOBAHUS TPOCKTUPYEMBbIX U3ACINH 1
WX MOJIeJIel 10- U B TIpoliecce 00paboTKM;

3) pa3paboTKM AeTyKTUBHO-MapalIeIbHBIX METOIOB
00paTHOr0 MOAEIM POBAHMS KOHCTAHTHBIX HEMCITPAB-
HOCTEW ¥ CHHTE3a TeCTOB;

4) BepucuKalmu pa3paboTaHHbIX TEXHOJIOTUI Ha MpU-
Mepax CTPYKTYPHOro, PyHKIIMOHAJILHOIO 1 00bEMHO-
I'0 MHOT000Pa3us TPOEKTUPYEMbBIX LIUDPOBBIX CUCTEM.

2. IIponenypa o0paTHOIi Cynepno3HIu

Ipexe Bcero cienyeT yYnThIBaTh HETATUBHOE BITHS -
HUE CXOISIIMXCS Pa3BETBIEHMIA Ha aIeKBATHOCTD MO-
JIeTMPOBAaHMUS HEMCIIPaBHOCTEN. 31eCh peub UIeT O
BO3MOXHOCTH PACCMOTPEHMSI OMHOMEPHBIX ITyTe aK-
TUBU3ALIMY HENCITPpAaBHOCTEH B cxeMe. [1pu oTcyTcTBIM
CXOISIIIINXCS pa3BeTBIICHU I TaKast BOSMOXKHOCTD JaeT
MTOBBIIIIEHNE OBICTPOICUCTBUSI MOIETMPOBAHWS B Jie-
CATKH pa3. DTO CBI3aHO C TEM, UTO OMepalluy Ha
CITCKAMU TPAHCIIOPTUPYEMBIX 1€ (PEKTOB, UMEIOLLINE
BBIYMCITUTEIBHYIO CJIOXHOCTh b? xqxG>, Monudu-
HupytoTcs. BzamMmeH npuxoauT npoueaypa oopaTHOM
cynepnosuiiuu (Moaudukaius [1-anroputma) Ha ofi-
HOMEPHBIX ITyTSIX aKTUBHU Al HEUCIIPABHOCTEM Ipe-
BOBMIHBIX MOArpad OB, BHIYUCIUTETbHAS CJIOXKHOCTD

KOTOpOil — qxG?:

1. MogenupoBaHue COOCTBEHHBIX HEMCIIPaBHOCTEH
MPUMUTHUBOB B LIEJISIX OTIpeaeIeHUSI BXOAHBIX Ae(eK-
TOB, KOTOPHBIE ITPOBE PSIOTCS HA BBIXOE TP 3aJaHHOM
TEeCTOBOM Habope. Pe3ynbTaToM Takoro aHajau3a siBjisi-
€TCsl BEKTOP MPOBEpsieMbIX e (DEKTOB 3JIeMeHTa

Li = (LilﬂLiZP"Lij""Lini ’Li) R

BXOIHBIE Y BBIXOJHAS1 KOOPAWMHATHI KOTOPOIO ONpeIe-
neHsl B andasute A ={0,1,X,J}. [Tocne 0b6paboTKu
BCE€X MPUMUTHUBOB MOJYYAETCS YIIOPSIAOYEHHBIN T10
HOMeEpam BBIXOOOB CIIMCOK BEKTOPOB
L=(L;,L,...L;,....L,) , YMCIIO KOTOPBIX PABHO KOJIU-
4eCTBY IIPUMUTHUBOB B CXEME.

2. HaunHasg ¢ nocienHero sjaeMeHTa, BhITOJHSIETCS
Mpolieaypa Cyrneprno3uliuy, KoTopas 3aKjiroyaeTcsl B
MOC/Ie0BaTeIbHOM 00beIMHEHU Y BEKTOPOB U3 CITUCKA
L ¢ 06001116 HHBIM BEKTOPOM ITPOBEPSIEMBIX Ae(PEKTOB
cxeMbl L*, MOILIIHOCTb KOTOPOTO paBHA YMCTY JIMHUI
CXeMbl N. ATPUOPHO 3HAYEHMST BCEX €r0 KOOPAUHAT
YCTaHABIIUBAIOTCS B COCTOSIHUS, OTIpE/ieIsieMbIE B CO-
OTBETCTBUU C BEIPAXKEHUEM:
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n *

YV L i = .

j=1
3aTeM BBITOJIIHSIETCS OOBEIMHEHNE BCEX BEKTOPOB
MIPUMUTUBOB, KOTOPBIE UMEIOT BHEIITHUE BHIXOABI HA

. Y
pazbem: L=LUL; .

OuepenHoit KaHAUAAT U3 crivcka L ToJkeH ObITh: BO-
MEePBbIX, PEAIIeCTBEHHUKOM /151 BEKTOpa yXe 00pa-
0O0TaHHOTO MPUMUTHBA, BO-BTOPBIX, IIEpeceyeHre KaH-
JI1aTa Mo ero BIXOAHOU KoopAruHaTe ¢ BeKTopoMm L*
TTOJKHO MMETh HEITYCTOE ITepeceueHNE:

L*=L*UL; < L;nL} # Q.

Ecnu npuBoauTh poueaypy K rmapajuieabHBIM Oyie-
BBIM OTIEPAIIMSIM, TO HEOOXOIMMO TIPEXIE BCETO BhI-
MOJHUTH KOAMPOBAHUE CUMBOJIOB ajihaBUTa ABYMSI
paspstmamMu K(A)={0=01,1=10,X =11, =00} . 3a-
Te€M, YYUTbIBast U30MOP(U3M ajaredp JOTMKU U MHO-
JKeCTB, YIIOMSIHYTas1 hopmysia oOpaTHOM CyIIepIio3u-
I TIpeodpasyeTcs K CIeAyIoIeMy BULY:

L'=L'VvL; « LjALY #0.
3. AHaJM3 CTPYKTYPHBIX KOJLTH3HIA

OmHaKO UCITOTH30BAaHUIO OITMCAHHOM MTPOLIETYPhI 00-
paTHOW CYIEePITO3ULINN IPETITCTBYeT HEBO3MOXHOCTh
BBITIOJTHEHUSI OTHOMEPHOM aKTUBHU3aIlMU, KOTOpast
MOXET OBITh TPOMJUTIOCTPUPOBAHA CJIe TYIOIIM TP -
MEpPOM.

IIpumep 1. BeinonHuTth aHaIu3 cxeM (puc. 1) B Leasix
onpeeIeHYsI MHOXKECTBA TPOBEPsIEMbIX 1e(DEKTOB Ha
3aJaHHBIX TECT-BEKTOPAaX C MOMOIIbIO MPOLIETYPhI
00paTHOI CyNe pIIO3ULINH.
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Puc. 1. CxeMbI JT0XHOM IIPOBEPKU U HE IIPOBEPKU
nedekToB

Jlnst 06enx cxeM aKTUBM3alLMsl HEUCIIPaBHOCTEM Ha
JIMHUSX a U b 1aeT HEeKOPPEeKTHbIE Pe3yJbTaThl WX
MPOBEPKHU.

B BepxHEil cXeMe KOHCTAHTHAs HEUCIPAaBHOCTDL 2!
“mpoBepseTcs:” Ha OAHOMEPHOM MYTH 2-5-6, UCITONb-
3ys1 MpoLeaypy 00paTHOrO MpociexuBaHus. OgHaKo
MPY 9TOM HE YYUTHIBAETCS TOT DAKT, YTO STOT AeHEKT
U3MEHSsIeT cocTossHUe TMHUU 4 ¢ 1 Ha 0, yTo co3naeT
YCJIOBUS 3aITpeTa TPaHCIIOPTUPOBAHUST HEMCIPABHOCTH
Ha BbIXoJ cxeMbl. [10aTOMy HeMCPaBHOCTb HA IMHUM
a—2! saBsIeTcs T0XHO nposepsiemoii Ha Habope (101)
MPpU PACCMOTPEHUU €€ TPAHCTIOPTUPOBAHMUS IO OTHO-
MEpPHOMY IyTH aKTUBU3aLIN .
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HixHsas cxeMa IBiIsieTCSl TpUMEPOM aJIbTEPHATUBHOM
CUTyallUd — K BBIXOOY 6 HET OXHOMEPHOIO ITyTU
TPpaHCIIOPTUPOBAaHMS 1e(EKTOB C BHEIITHMX BXOA0B U
BYACTHOCTH OT IMHUM b. TeM He MeHee HEMCIIPABHOCTh
Ha YIIOMSIHYTOW JINHUY — 2! TPOBEPSETCS, IIOCKOJIbKY
€€ IMMPUCYTCTBUE CO3aeT “KpaTHbIN’ AedeKT Ha TMHU-
9X 4 1 5, KOTOPBIA U3MEHSIET COCTOSIHME BHIXOTHOM
JIMHUHU CXEMBI.

B oboux ciyyasix uMeeTcs CylecTBeHHast HEKOppeK-
THOCTb, KOTOpasi He MO3BOJISIET UCTI0JIb30BATh TOJIHKO
WIET0 OMHOMEPHOCTH IIPH OTCIICXKUBAHUH ITyTH TPAHC-
MMOPTUPOBAHUS HEUCTIPABHOCTEH OT BBIXOIOB KO BXO-
JIlaM CXEMBI.

Tem He MeHee, yUUThIBAsI, YTO HEKOPPEKTHOCTD CBSI-
3aHa MCKJIIOUUTEbHO CO CXOISILIMMUCS Pa3BETBICHU -
SIMU, HEOOXOAUMO MCKITIOUUTD UX U3 MOJAEJIU CXEMBI,
caenaB ee apeBoBUAHOI. I10CKOMBKY TaKyo MOIu(puM-
Kall1Io CJe1aTh HEBO3MOXHO, He Hapy1ast (PyHKIIMO-
HaJIbHbIE€ CBOMICTBA MPOEKTUPYEMOTO YCTPOMUCTBA, TO
clenyeT pa3aeuTh aHaIu3 LU GPOBOro YCTPOHCTBA HA
nBe rpoueaypsl. [lepBast opueHTHUpOBaHa Ha 00padOT-
Ky TOJIBKO CXONSIIINXCS Pa3BETBIEHUM, KOJTUYECTBO
KOTOPBIX 3HAYUTETBHO MEHBIIIE OCTAIbHBIX JTUHUM.
Bropast —Ha MoaeMpoBaHVE HEUCITPABHOCTEW JIMHUA,
OTHOCSIIIUXCS K APEBOBUAHBIM NoArpacdam.

DuKcHpOBaHHOE M HE3HAYNTEIEHOE YMCITO (TIOpsiIKa
20% ) cxonmsuxcsi pa3BeTBIICHUI TaeT OCHOBAHMS LTSI
HX MOIEJIMPOBAHUS AeTyKTUBHO-TTapaJUIeTbHBIM Me-
tomoM. IlpeamoureHne €ro MCIONB3OBAHUS TIEPe.
OCTAJIbHBIMU CBSI3aHO ¢ (DUKCUPOBAHHBIM KOJIMYE-
ctBoM CP 1151 KOHKPETHOM CXEMBI, KOTOPOE YKJIaIbI-
BaeTcs B IIeJIOe YMCI0 (DOPMATOB MAIIIMHHOTO CJIOBA,
OPUEHTHUPOBAHHOTO Ha TEXHOJIOTMYHBIE PETUCTPOBEIC
onepauuu 0yieBoit anreopel. KpoMe Toro, mapasie-
JIU3M MOKHO MPUMEHSITh U 11 IOCTPOEHMSI anmapa-
TYPHBIX aKCeJIepaTopOB MOIETNPOBAHIS HEUCITPAaBHO-
CTeiA, IJIe YMCJIO Pa3psiI0B PETMCTPOB LIS Mapasuie)ib-
HBIX OMepaluii MOXHO YBEJUYUTb MO HECKOJbKUX
TBICSIY. DTO AaeT BOZMOXXHOCTh OBBICUTh ObICTPONIEH-
CTBUE MOJIEJIMPOBAHUSI B IECITKU U COTHU pas.

BTOpOi1 THTT CTPYKTYPHOI KOJUTM3WUHU CBSI3aH C BO3HHK-
HOBEHIEM FreHepaTOPHOTO PesKMa aHAJIM3a HECITPaB-
HOCTE ¥ Ha IMHUSX, TPUHAIUIEXAIINX KOHTYpY o0paT-
HoIi cBs13u. McIipaBHOE MOETMPOBAHKE ONPEIETSAET
COCTOSTHUSI BCEX JIMHU I YCTOMUYMBBIMY 1 JBOMYHBIMU.
XapakTepHbIM ITPUMEPOM BOZHUKHOBEHUS TAKOM KOJI-
JIN3WH SIBJISIETCS CIIEAYIOLIAS CUTYALIHS.

ITpumep 2. BEITIOTHUTH MOISTMPOBAHNE HEUCIIPABHO-
CTel IJIsk CXeMBI, IIpeACTaBIeHHOM Ha puc. 2.

2

Puc. 2. Cxema ¢ 0OpaTHEIMU CBSI3SIMU

BxonHoit Habop — 0, peapIny1Inii TECT-BEKTOP PaBEH
1. BexTop MCIpaBHOTO MOAEIMPOBAHUS CXEMBI B
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¢opmate niepeMeHHBIX (1,2,3) onpenensercs B BUIe
(100).

HenykTrBHO-TIapaJljieabHasl cxema JJisl JAaHHOTO BeK-
TOpa PeKOHMUTYpUPYETCs K CIASAYIOIIe CTPYKType
(puc. 3).

Puc. 3. JenykTuBHO-NapajjieIbHas cXemMa

PesynbraT MoAeIpoBaHUS HEMCIIPAaBHOCTE IJIsI Ha-
6opa 100 rmpeacraBieH B BUIE UTEPAaTUBHOM MaTPULIbI
BBIYMCIICHUSI CITUCKOB e (PEKTOB:

L 1, |1, | 15 (14
L, =L;-Ly+2"[1%2t 21921 |2!
Ly=1L;-L,+3"[1%93" |31 ]1%3! [3!

rae 1i(j=14) — cTon6ue! nTepamuit, Kaxablii 13 HUX
COIIEPKUT CITUCKU TTPOBEPSIEMBIX KOHCTAHTHBIX HEHC-
MPABHOCTE 10 BEIXOIAM 2 1 3, KOTOPHIE BEIYMCIISIIOTCS
1o ¢popmyJiaM, 3aJaHHbIM B cToNI0LE L.

31ech Ha YeThIpeX UTepalusIX 3a(pUKCUPOBaH reHepa-
TOpHBII pexxuM mis nedekra 1° Ha BeIxomax 2 u 3,
3aKITIOYAIOLINICS B PETYIIIPHOCTH €TO TOSIBJIEHUS U
HICUYE3HOBEHUSI.

B aTOoM cityyae HeoOX0IMMO KOPPEKTUPOBATh CIIUCKU
MPOBEPSEMBIX HEMCITPABHOCTEH TTO CIIeAYIOIEMY TIpa-
BHJTy: HEWCIIPABHOCTh, OMHAXIbl MCUE3HYBIIAs Ha
HEKOTOPOI NTepallii MOAEIMPOBAHNS, TOJIKHA OBITh
HCKJII0YEHA U3 MPOBEPSIeMbIX HA 3aJaHHOM TeCTe.

s paccMaTpuBaeMOro IpuMepa yXe Ha BTOPOIt
WUTEpaLM CIeAyeT UCKIIOUUTD U3 PACCMOTPEHUS e~
dexr 1°. Torna BeImIoHEHKE UTepaLunH |3 1aeT OKOH-
yaTeJIbHbII CITMCOK IMPOBepsieMbIX HaTecT-BekTope 100

HEUCIIPABHOCTEMN: L = {21 ,31} .

duzndeckasi CyIIHOCTh TeHEPATOPHOTO PEXIMa 3aK-
JIIOYAETCS B OTCYTCTBUY BBIXOMHBIX YCIIOBU IIPOBEPKI
19, OCKOJIBKY COCTOSIHUS BBIXOIOB 2 U 3 TIPU OTCYT-
CTBUM ¥ HAJIMYMU JaHHOW HEMCITIPABHOCTH HEPa3JI-
YUMBI;

[(T=100) = (Y, = 0)&(Y; = 0)] "
ALTA%) = 0XX) = (Y, = X) & (Y3 = X)] # .

IIpumep 3. BbINOTHUTDL AeNyKTUBHO-TapaiebHOE
MOJIETMPOBAHNE HEMCIIPABHOCTE Ha BXOTHOM Habope
01 ms1 TpUITEPHOM CXEMBI, M1300paXkeHHO Ha puc. 4.

1
2
Puc. 4. TpurrepHasi cxemMa

JenykTrBHO-napajie/ibHasI cxeMa 1jist Habopa 0111
MMeeT BUI, IPeICTaBJIeHHBIN Ha pucC. 5.
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1
2

Puc. 5. JenyktnBHO-napajjiebHas cXxemMa

OHa noJiyJeHa ImyTeM peKOH(MUTYpUPOBAHUS TPUTTEP-
HOW CTpYKTYpbI (cM. puc.4) HaTecT-BeKTope 0111. Ha
JaHHOM Habope TakKe BOZHUKAET FeHe paTOPHEI pe-
KUM NIpH Hauuu nedexra 11

L; I I, I3 Iy
Ly=L;—Ly| 113° 30 1130 30
Ly=Ly+L,[1'203040 203040 131503040]503040

OKOHYAaTebHBIH CITUCOK MTPOBEPSIEMbIX HA TECT-BEK-
tope 0111 nedeXTOB ¢ yueTOM KOPPEKTUPOBKUA UMEET

Bun L, ={2°3°,4%}.

Ho 31ech yxe pusnyeckas MpuumMHa UCKIroueHus 1!
COCTOUT B UHULIMMPOBAHUY COXPAHEHUSI COCTOSTHUSI HA
JMHUAX 3 U 4 TIpUd BO3HUKHOBEHUM YIOMSIHYTOIO
Jedekra, yTo 03HaYaeT Hepa3TUUUMOCTh MPOSBICHUS
HEMCIPaBHOCTY Ha BHEILIHUX BbIXOJaX cxeMbl. B camom
JleJie, BEKTOp MCIIpaBHOro rnoseneHus paseH 0111, a
Hanuuye aedeKkTa TPUBOAUT K COCTOSIHUIO IMHUI CXEMbI
BBue 1111. Mnave, Ha muausx 3 1 4 He HaOmomaeTcd
MPOSIBJIEHNE HEUCIIPABHOCTH B (hOPME PA3INUHbBIX CUT-
HAJIOB ITPY OTCYTCTBUU M HAJTMYUU JeeKTa.

Takum 00pa3oM, CYLIECTBYIOT 1B CTPYKTYpPHbIE KOJI-
JIM3UH, TIPOSIBIISTIONINECS B BUIIE TEHEPATOPHOTO PEXM-
Ma CITMCKOB HEUCTIPABHOCTE I Ha IBYX COCETHUX UTE-
paumsx, B KOHTypaxX OOpaTHBIX CBSI3eil, KOTOpHIE
SIBJISIIOTCSI CIEACTBUEM HAJTMU s (GUKTUBHO MPOBEPSI-
eMoli HeucnpaBHOCTU. [Toce nHsIs moJIKHA OBITH UC-
KJTFOU€HA 13 CITUCKA OOHAPYKMBAEMBIX HA pacCMaTpH-
BaeMOM TeCT-BEKTOPE, ITOCKOJIBKY:

1) cocTosiHMSI HAOIIOMaeMBbIX BBIXOOB ITPU OTCYTCTBUM
Y HAJIMYUW JaHHOM HEMCITPaBHOCTH HEPA3TUIUMEIL;

2) BO3HMKAET reHe paTOPHBIN PEXXMM UCIIPABHOTO I10-
BeIeHUs1, TPUBOSILMMI K HEONPEAEIEHHOMY CTaTuyec-
KOMY COCTOSTHHIO HaOTI01aeMbIX BEIXOIOB.

4. PekoHurypupoBaHue MoeJM il CAHTE3a
TECTOB

Hcnonb3oBaHme TEXHOJIOTHY IPaHMYHOTO CKAaHNPOBa-
Hus [17] maeT BO3MOXHOCTb MHOBBICUTH Kay€CTBO
MIPOEKTUPYEMOTO M3MIEIHS C TOUKH 3pEHHUSI YIIPOILEHISI
IIpolLeayp CUMHTe3a TeCTOB. 1 3TOoro HeoOXoaMMO
pacHIMPUTh UAEI0 TPAHUYHOTO CKAaHMPOBAHUS BHE-
ITHUX KOHTAKTOB (pHc. 6) MUKpOCXeMBbI (4MIia) Ha
JIMHUY CXOMSIIINXCS Pa3BETBICHUIA.

B 3ToM ciydyae oHU OymyT He TONBKO HAOIIOJAEeMbI
OTHOCHUTEIbHO BbIXOJA CKaHMpoBaHMsI JaHHBIX TDO,
HO U JOCTYMHBI IJIs1 TTIOAAYUM HAa HUX TECTOBBIX MOCJIe-
JoBaresibHoOCTel co Bxoaa TDI. B pe3ynabrate Takoro
JIOMOJTHEHMSI KOMOMHAIIMOHHAsI cxeMa OyIeT MpeICTaB-
JISITh COBOKYMHOCTb APEBOBUIHbBIX CTPYKTYp, UMEIO-
LIMX KOPHEBBIMU BEPIIMHAMU BHEIIIHWUE BBIXOIbI WU
Ha0JTI01aeMble IMHUY CXOASIIUXCS pa3BETBICHUIA.
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Puc. 6. fdueiika BSR-peructpa

OpHaKo 31eCh CAMOe MHTEPECHOE TO, YTO IJISI TAKUX
MOJCXEM CYLIECTBYIOT 3(P(PeKTUBHBIE aJITOPUTMBI ¢~
TepMUHUPOBAHHOM reHepalyu TecToB [ 18] 1 ux aHa-
JIM3a METOJIOM OOpaTHOIO IMPOCeXXUBaHU [7], KOTO-
pBIe OTJIMYAIOTCS OT KJIACCMUYECKUX 10 OBICTpOAETi-
CTBUIO KaK MMHUMYM Ha TOpsimoK. TeM He MeHee
MMeeTCs T171aTa 3a CTOJIb CYLLeCTBEHHBIE IPEUMYILIECTBA
MPUMEHEHUSI TpPAaHMYHOTO CKAHUPOBaHUS K PeKOH (-
TYPUPOBAHUIO MPOSKTUPYEMOI IU(PPOBOI CCTEMBI.
Ee cnenyeT oTHeCTH K HeJOCTAaTKaM MCIOJIb30BaHUS
YIOMSIHYTOM TEXHOJIOTMH, KOTOPBIE OIPEACISIOTC:

1) orcyrctBuem mnommepxkku paciuupeHuss BSR
(Boundary Scan Register) cylecTByIOLIMM CTAHIAPTOM
IEEE [17];

2) yBeJIM4eHMEeM BpeMeHHU TeCTUPOBAHUS pealbHOIO
IPOBOTO yCTPOICTBA MY €T0 MOACIN B nt pa3, Tae
Nnut— YUCIO CXOMSLIMXCS Pa3BETBJCHUN U TeCT-
BEKTOPOB;

3) pacupeHueM AIMHbI peructpa BSR Ha konnuecTBo
CXOISIINXCS pa3BeTBIIEHUH ITyTeM CTHTE3a TOTTOTHM -
TeJIbHBIX STYeeK;

4) yBenuueHreM BpeMEeHU IIPOBEPKU MEKCOENMHEHUI
Ha 11aTe H(pPOBOro yCTPOCTBA HA nt pa3, Tae n U t
— UYMCJIO CXOMASILUXCS DPa3BETBJIEHUM U TECTOBBIX
HaOOPOB 111 BepuUKaLIMK ITI€YaTHOIO MOHTAaXa;

5) HEKOTOPBIM HECYIIECTBEHHBIM, HO YBEIUYEHUEM
JJTAHBI MEXKCOETMHEHU ST CXOISIIETOC Pa3BETBICHUS
€O BXOJAaMU MOCJIEAYIOLIUX BJIEMEHTOB, UTO SIBIISIETCSI
cJeACTBUEM YCTaHOBKMU stueiiku BSR (puc. 7), npuBo-
JSIIIEN K yMEeHbLIEHWIO ObICTPOAEICTBUS CUCTEMHOMN
JIOTUKK MPOEKTUPYEMOTO YCTPOMCTBA HA BEJIMUMHY
3agepKku Lernu X/ Y—Y/X.

TDO
XY
é D Ql D Q2 X
S Q Q]
TDI > QI > Qot—
Clk Update
Shift/Load Test/Normal
Puc. 7. Augeiika BSR-perucrpa
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YyutbiBasi, UTO BpeMsl TECTUPOBaHUS MPOEKTa WIU
YCTPOICTBA MPOMOPLMOHATBHO JJIMHE MTPOBEPSIIOIINX
MocJen0BaTeIbHOCTE |, aKTYaIbHOM MpeACTaBIIsIeTCS
3ajiaya He TOJILKO CUHTE3a MOJHOIO0 OTHOCUTEJIbHO
knacca OKH tecta, Ho 11 ero MunuMu3auuys. Iloatomy
BO3HUKAET HOBasl ITpobJIeMa aanTalliy CYIIeCTBYIO-
IUX AJITOPUTMOB JE€TEPMUHUPOBAHHON TeHepauuu
TECTOB, KOTOPbIE NAI0T HAWJIYULLIU I pe3yIbTaT B CMbIC-
Jie MUHUMMAaJIbHOCTH IJTMHBI BXOAHBIX HA00pOB. [lasee
paccMaTprBaeTCs KyOMIeCKHii MeTOI CHHTE3a TECTOB,
OCHOBAHHBII Ha MCITOIH30BAHUH KyOMUECKOTO NCUHC-
JIEHUSI ¥ COKPAIIe HHBIX TaOJIUI UICTUHHOCTH TTPUMM -
THBOB, BXOISIINX B COCTaB LIM(POBOro mpoekTa. Ero
OCHOBHBIMU IMOJIOKEHUSIMU SIBJISTIOTCSI:

1. CuHTe3 TecTOB i1 (PYHKIIMOHAIBHO 3aKOHYEHHBIX
(parMeHTOB KOMOMHAIIMOHHBIX CXEM, 3aIaHHBIX KY-
OMYECKUMM MOKPBITUSIMU.

2. 'eHepalins TECTOB I10 CTPYKTYpPe KOMOMHALIMOHHOTO
YCTPOIMCTBA METOIOM CHHTE3a MUHIMMAJTEHOTO MHOXKE -
CTBa NyTel OMHOMEPHON aKTUBM3aLIMHY, TOKPbIBAIO-
IIUX BCE MTEPEMEHHbIE WM IMHUU B CXEME.

3. AXTuBHM3anus He 1eeKTOB, a JMHUI, BXOIASIINX B
COCTAaB JIOTMYECKOTO ITYyTH, Ha Mape COCETHUX TeCTOBBIX
TOCJIEIOBATETBHOCTEN.

4. Ncnmonb30BaHWE CUMBOJIOB HEOIIPENEIEHHOCTH X
Mpu BbIMOJTHeHUM a3bl akTuBM3anuu (Forward
Propagation) BXomoB NpUMUTHBOB B LIEJISIX ITPEIOCTaB-
JIEHVSI BOBMOXXHOCTH IOOTIPEIeIEHUSI TOCTETHUX CUM-
Bojamu 0 u 1 B ¢aze oGecreueHuss (Backward
Implication). D10 gaeT CyllecTBEHHOE YMEHbIIIEHNE
MPOTUBOPEYMIA, BOHUKAIOIIMX Ha OOPAaTHOM XOe
JIropyMT™Ma aKTUBU3ALMU OJHOMepHOro MyTu. MHoraa
5TO MPUBOAUT K IMTOCTPOCHUIO MHOTOMEPHOTO ITyTH
aKTUBU3AIMH, €CIIM OMHOMEPHOTO HE CYIIECTBYET.
Wimoctpanmeit cka3aHHOMY MOKET CITYKUTh ITPUMED,
MpeACTaBICHHbII Ha pUC. §.

1
— 3 5
2

Puc. 8. CoznaHue 1ByMepHOil aKTUBU3ALUU

3neck aktuBu3anys mytu 1-3-5 (01-10-01) obecrieun-
BaeTcd curHaJaMu X1 u 1X Ha quHUAX 2 1 4 mis
TIEPBOT'0 1 BTOPOTO 3JIEMEHTOB, KOTOPEIE He SIBJISTIOTCS
MIPOTUBOPEYMNBBIMY ITOCJIE BBLIITOJTHEHUSI OOpaTHOI
12345

0X110
11 0X1|"

UMIIIMKallMn:

Hoomnpenenenue aunuu 4 (1X) yepes Bxox 2 (X1)
co3aeT akTUBHOCTB 11 Bxozaa 2 (10), KoTopast aBsi-
€TCs1 CJIEICTBUEM HEBO3MOXKHOCTH aKTUBU3ALIMM Tepe-
MeHHo#1 1 BBUAY ee n30bpITouHocTH. [TloaTomy KyOu-
YeCKMIi aJITOPUTM Ha 0OpaTHOM XOJI€ CO3AaeT TOIOJI-
HUTEJbHBIN MyTh MJIS1 aKTUBU3ALIMU BbIXo1a 4 u3me-
HEHUEM eIMHCTBEHHO BO3MOXXHOTO, B JAHHOM CJTyJae,

12345
00 0
11 i1

BXoma 2:

11
00
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IIpu 3agaHuM XKECTKUX YCIOBMI aKTUBM3aLUU [],
HUCKJTIOYAIOIIMX HaJIMYMe CUMBOJIOB X, Tpolienypa
MOCTPOEHUS OAHOMEPHOTO NyTH 1-3-5 UMeeT HeynoB-
JIETBOPUTEJIbHBINA pe3yJIbTaT, IIOCKOJIbKY Ha MIPSIMOM
¢aze cocTosTHUSA TMHUMI 2 1 4, CBSI3aHHBIE THBEPCHBIM
OTHOILIEHUEM, TIOJTyYaloTCS MMPOTUBOPEUUBBIMU:

12345
01110
1101 1]

5. PazpeluMocCTh KOJUTU3UiA IyTEM BBITIOJTHEHM ST aKTH -
BU3ALIMU — MPSIMOI (ha3bl — OT BbIXOJA KO BXOIY CXEMBbI.
B mannoM ciayyae yoeauTeIbHBIM IIPUMEPOM MOXET
CIIy>XATh HEBO3MOXXHOCTh ITOCTPOCHUSI 3aKa3aHHOTO
MyTA aKTUBU3ALIUH, TIOCTPOEHHOTO TI0 CTPaTernu OT
BXOZIa CXeMBI K €T0 BHEIIIHeMY BbIxony (puc. 9).

1

— 3 5
2

Puc. 9. HeBO3MOXHOCTbh aKTUBU3ALUY TUHUU 2

J1s1 ak TMBU3aLIMM IMHUK 2 HE CYIIIECTBYET YCJIOBUIA €€
12345

X0110
11000]°

obecrieyeHus 1o Bxogam 1 u 2:

DTO CBSI3aHO C MPOTUBOPEUYNEM, BO3HUKAIOIIUM Ha
TIpsSIMOiA (pa3e anropuTMa aKTUBHU3AIMH, YTO B CBOIO
ouepe.b SIBISIETCS CIeACTBUEM U30BITOYHOCTH CXEMBI:

Ys = XX, ®X2 = XX, X, VX1 X X2 = XX, X =
=(X1VvX2)X, =X1X, vX2X, =X1X,;.

TeM He MeHee, eciTu BBITONHSTH a3y aKTUBU3ALIMU OT
BBIXOJIOB KO BXOAaM, TO YIAJIOCh Obl 130€XKaTh ITyCTOTO
peIIeHMS, TOCKOIbKY OTHOCUTEIHLHO JIMHNY 3 CyIIIe-
CTBYET IyTh, AKTUBU3UPYIOLLUIA BBIXO CXEMBI:

12345 12345
0X101|—>|01101
11000 11000

JaHHBII IIpMep apryMeHTHpyeT HEOOXOIMMOCTH Ia-
pajuieIbHOTO (COBMECTHOTO) BBIMIOJTHEHUS (Da3 aKTH -
BU3aLM 1 00eCIIeYe HUSI METOAOM OOPaTHOTO MPOCTIe-
KVBaHUS.

5. @yHKuuoHAIBHBI K-ajiropuT™ cHHTE3a TECTOB

OH MHBapUaHTEH MO OTHOIUIEHUIO K CXOISIIMMCS
pPa3BETBICHUSIM, TTOCKOJIbKY MOCIEIHUE HAXOMSTCS
BHYTPU (DYHKIIMOHAJIBHOTO 3JIEeMEHTa, TpeCTaB/IeH-
HOTO KyOm4yecKuM nokpeitueM. OCHOBHAs Uaes CUH-
T€3a TECTOB 3aKJTI0YAETCS B NCTIOJIb30BAHNY YpaBHE-
HUS TecTUpoBaHus [2]: TOF=L.

Jpyrumu cioBamMu, KyOM4eCcKoe IOKPHITHE CIICKOB
HeucrnpaBHocteil L it Bekropa T M MOKpPBITUS
npuMuTHBa C BEIYMCIISIETCS] HA OCHOBE UCTIONb30BaAH S
OuHapHoi KoopauHaTHo# onepaunu XOR (@ ), onpe-
nIenstionet B3anMmonaeiictsre KomrmoneHtoB T, C, L B
@01
1

0
X
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AJITOPUTM CUHTE3a TECTA MTPOBEPKU ONMHOUYHbBIX KOH-
CTaHTHBIX HEVCITPABHOCTE OTHOBLIXOI0BOIO MPUMU -
THBA, 3aaBAEMbIX PETYJISIPHBIM IMaroHaIbHbIM L -
MOKPBITUEM CITMCKa Ae(heKTOB BCEX epeMEHHbBIX (hyH-
KIMOHAJIBHOIO 2JIeMeHTa (eIMHUIIA Ha BXOIHOU U
BBIXOJHOM KOOpAMHATE KaxAOro Kyba o0o3HadaeT
AKTHBM3ALIMIO BbIX0AA Z PU HATMYMU HEUCTIPABHOCTU
JII0OOro 3HaKa Ha BXOJe):

X) Xg X Xy Z
T 0 .0. 01
Lo 1 o 01
L= .
0 0 .1. 1 1f,
00 .0 11

COACPXKUT CIACAYIOIINE ITYHKTDI:

1. ®opmMupoBaHUE KaHIUIATOB B TECT Ttk e TX nyTtem
BBITIOJTHEHUST OTIEPaLMil Hall BeKTOpaMu U3 ! F:

T =L'®F. (1)

2. Tlonyuenunerecra T (T, €T ) M3 MHOXECTBa KaH M-
natoB TK Ha OCHOBe aHaIN3a BBIPAKEHUS

T=TUT, =FNTE «3ENTE22). ()

3. MUHMMU3ALIUSI MHOKECTBA TECT-BEKTOPOB T ITyTEM
TNPUMCHCHU A OIICPpallU ITOIJIOIUCHUA

T=T\T, «T,NT, =T, . 3)

4. J11g onydeHus eliie 6osiee MUHUMAJIbHOIO TecTa
HEO00XOIMMO BBIMOJHUTD POLIETypY MOAETUPOBaHU S
HeUCIpaBHOCTe! Ha (PYHKIIMOHATIbHOMN WJIU CTPYKTYP-
HOU MOJIEJIN YCTPOMCTBA U HA TTOIyYEHHO MHOTO3HAY -
HOI1 Tabnuie HeucnpasHocTeit [19] pemuts 3amaqy
MOJy4eHVS MUHUMAJIbHOTO MOKPBITHSI HEUCITPaBHOC-
Tel MOCTPOECHHBIM TECTOM.

CriemyroImii mpruMep WUTIOCTPUPYET OCHOBHBIE IIIATH
ONMCAHHOTO aJITOpUTMa.

IIpumep 4. TTocTpouTs MUHUMAJIbHBIN TECT 1J1 DYH-
KIIMOHAJIBHOTO TPEXBXOIOBOTO 3JIeMEHTAa, TIPEICTaB-
JIEHHOTO KyOMYeCKIM ITOKPBITAEM:

X1 X2 X3 Y
X 0 0

“4)

><O»—t»—t
SOoOO — =

Ha nepBoM 111are BBIMOTHSIETCS @ -ONepalivs MEXIY

KyOM4eCK1M ITOKPHITHEM 1 BEKTOPaMU 13 MHOXKECTBA
1

L

X1 X2 X3 Y|

X 0 0 1] [X5X2X3Y

1 1 11 1 0 0 1|

FX 0 1O(—DLO 101 {FOL,F®L,,FOLs}.
X1 00 0 0 11

01 X0

JaHHas orteparyis IPUBOIUT K ITOTyISHUIO TPEX TIOMMHO-
JKECTB KyOOB, KOTOPbIE SIRISIIOTCS KAHAWAATAMU B TECT:
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X1 X2 X3 Y| [X1XoX3Y| [Xi1XoX3Y
X000 (X100 [X0T10
k_[o 1 1010101100
PElx o 0Yx 1 1 1]Yx 0 01|
X101 [XxXo0o01] [X1 11
11 x 1 [00 X1 |01 X1

Kaxnplii Ky0 13 TToTyde€HHbIX TOIMHOXECTB ITPOBEPSI -
€TCs1 Ha ero COOTBETCTBUE IpaBuy (2). Kyobl, ynosieT-
BOPSTIOLIME YIIOMSIHYTOMY KPUTEPHIO, (POPMHPYIOT TECT:

X1 X2 X3 Y| [X1X2X3Y

XiXoX3Y X1 00 |[X 010
T=0 1 1 0jul1 0 1 0/VY[1 1 00
1 1 11 |x1 11| |[X 0 0 1}

X 0 01| [X 1 11

IlepBas cTagust MUHMMU3ALIMK 3aKJTFOYAETCS B UCKITIO-
YeHUHU AYOJIUPYIOLINX BEKTOPOB B COOTBETCTBUM C (3).
3aTeM BBITIOJTHSETCS 1OOTpeAeieH e CUMBOJIOB X ITy-
TeM UX 3aMEHbI TAKUM JBOMYHBIM 3HAUEHUEM, KOTOPOE
TTO3BOJIUT:

1) WCKITIOUMTH TIOJY4EeHHBI BEKTOp M3 TecTa IO
MpaBUITy U3OBITOYHOCTH (3);

2) MMWHHUMMU3NPOBATH KOJOBOC PACCTOAHHUE MEKITY CO-
CEIHNMU TCCTOBBIMU Ha60paMI/I;

3) IIOBBICUTH KQ4eCTBO TECTa — KOJIMYECTBO HEVCIIPAB-
HOCTe1, TIPOBE pSIEMBIX pACCMATPUBAEMBIM BEKTOPOM.

OmnucanHas ha3za MUHMMU3ALMK T1aeT pPe3yIbTar:

X1 X2 X3Y

01 10 xix, X3 Y

S Y N S R

X 100 1y g g
Tmin =/ 10 1 0/=1 | ¢ ¢

X 1 11

1 0 1 0|

X 001|104

X 0 10

1 100

Jlanee MOXHO YMEHBIIUTH IJIMHY TecTa T IIyTeM
MOCTPOEHUSI MHOTO3HAUYHOM TaOJIM LBl HEUCTIPABHOC-
Teil C MOMOIIbIO NTPOrpaMMbl aHaIM3a Je(PEKTOB U
pelIeHus 3a1a4y MoJyYeHUs MUHUMaJIbHOTO IMTOKPbI-
THSI HEMCIPABHOCTEM TECTOBBIMU Habopamu. 31ech
IIPOIIECC MONIETMPOBAHMS BHITIOTHSAECTCS HA BEHTUITb-
HOH peanu3aluuu Kyomdeckoro nokpoeitus (puc.10),
MPeACTaBICHHON B BUIE AU3bIOHKTUBHON HOpMaJlb-
HOIi (hOpMBbI, 3alIMCAHHOU MO KOHCTUTYEHTaM eIUHU -
LBl TAOIUIIBI (4).

P D
3_E_I_16
s [

] & 3

1

2

Puc. 10. CrpykrypHas peanmmn3auust QyHKINA

Jng paccMaTtpuBaeMoro Inpumepa Takue NeicTBUS
MIPUBOIAT K CIEAYIOLIEeMY pe3yabTary (Tadau1ia):
123456123456 Fault list

011000[1 ——111| Lg=44's'6"},L,=4"},Ls=15")
111011/000—00[Lg={5%"},L, ={4'},Ls={1°203%5%
1100001111 1|Lg=¢4'5%"},L,=213'4"},Ls = 3l5"}
101000—10111|Lg={4'5'6"},L, =3%"},Ls = 25"}
100101-110-0] Lg={4%",L, =2'314% Ls = (513
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B nipaBoii yacTu TabaULIBI TPEACTABIEHBI PE3YJIbTATHI
MOJIEMPOBAHUS HEMCTTPABHOCTEN OTAEbHBIX TPUMU-
TUBOB. B cpemHeM cTo011e IT0Ka3aHbI IIPOBEPSIEMbIE
TeCT-BeKTOpaM1 HEMCITPAaBHOCT KOHCTAaHTHOTO THTIA,
KOTOPBIE ITOJTyYEHBI C TIOMOLLBIO ITPOLIEAYPBI OOPAaTHOM
CYNEePHO3ULIUH.

[anee mosrydyeHre MUHMMAJIBHOTO TECTa OCHOBBIBAETCS
Ha BbIOOpE TaK1X HA0OPOB, KOTOPbIE B COBOKYITHOCTU
MIPOBEPSIT HA KAXIOM JTUHUU HEUCIIPABHOCTU 0DOMX
3HAKOB. TaKMM TECTOM 31€Ch ABJISETCS TOAMHOXECTBO
HabopoB.: T, = {1,2,5}.

B ob611iem ciyyae cyiiiectByeT (popMasibHas poueaypa
CHHTe3a MMHUMaJIbHOTO TecTa [20], ocHOBaHHas Ha
MpeoOpa3oBaHUM KOHBIOHKTUBHON (DOpMBI 3amvcH
MOKPBITUSI HEUCTTPABHOCTE M IO CTOJIOIaM B TU3bIOH-
KTUBHYIO (hOpMY B LIEJISIX MMOCAEAYIOLIETO MOTyYeHUST
MUWHUMAaJIbHBIX TEPMOB MUHUMAaIbHON (PYHKIIWU.

Ilycts mMeeTcs TecT, comepKaliuii 6 HabopOB, TOKPHI-
BalOILIMIA BCe HEMCIPABHOCTHU, TIPEICTABIEHHBIE B CXEMe:

Test Fl F2 F3 F4 F5 F6
t;, |1 1 1
t, [ 1 1
t; |1 1
ty . 1 1
ts | . 1 1
te |1 . 1

HCO6XOZ[I/IMO IIOJIYYUTb MUHUMAJIBbHOE€ MHOXKECTBO
Ha60pOB, HE YMEHbIIAIONICC ITOKPBITUEC HEUCIIPABHO-
CTel. ,HJ'IH OTOTI'O 3alIMChIBACTCA ITPONU3BEACHNEC NN3b-
IOHKL[I/Iﬁ B COOTBETCTBUU CO CTOH6H3MI/I Ta6JH/IHI)I n
BBITTOJIHACTCAA Hpeo6pa30BaHI/Ie K MUHUMAaJIbHOI AN3b-
IOHKTUBHOM d)OpMe Ha OCHOBC ITpaBuJjia ITOIJIOIIC HU A
(abva=a):

T=(t; vz vieg)ty Via)(ta Vs Vig)(t3)(t v ig)(ty Vis) =
= (tl \Y t1t3 \4 t1t6 \Y t1t2 \4 t2t3 \4 t2t6)(t2t3 \Y t3t5 \Y t3t6) 7a\
N (t1t4 \4 t1t5 \4 t4 \4 t4t5) =

=(t) viats vVigte)(taty v tsts Vitste)(tits vity) =

= (t1t2t3 \Y t1t3t5 \Y t1t3t6 \4 t2t3 \Y t2t3t5 \Y t2t3t6 \4

\4 t2t3t6 \4 t2t3t5 \Y t2t3t6)(t1t5 \Y t4) =

=(titsts vitste Viats)(tits Vi) =

= (t1t3t5 \4 t1t3t5t6 4 t1t2t3t5 \4 t1t3t4t5 \4 t1t3t4t6 4 t2t3t4) =
= (t1t3t5 \4 t1t3t4t6 \4 t2t3t4).

HOHY‘{QHHBH;I pe3yabTar d)OpMI/IpyeT BC€ BO3BMOXKHbIC
MMWHHUMAJIbHBIC ITIOKPBITHA B BUAC TPEX KOHBIOHKTHB-

HBIX TepMOB. JIyIIIMM pelieHreM SIBJISIETCS TEPM C
MHMHHUMaJIbHBIM YHCJIOM OYKB, 3leCh TaKWX mIBa:

T= t1t3t5 \Y t2t3t4.
6. COBMeCTHBIﬁ K-aJIropHTM CHHTE3a TECTOB

OpueHTUPOBaH Ha reHepalMIo TECTOB AJ1s1 KOMOUHA-
LIMOHHBIX U MOCJEA0BATEIbHOCTHBIX CXeM, Tae da3bl
aKTUBU3ALMU U 00eCTieueHMs BHITTOTHSIIOTCSI COBMEC-
THO U B HalTpaBJE€HUU OT BBIXOJOB CXEMBI K €€ BXOJaM.
Crparerusi aJropuTMa 3akjioyaercsl B MOCTPOSHUHU
MHOXEeCTBa OJHOMEPHBIX MyTeil aKTUBU3ALIMU, MO-
KPBIBAIOIINX BCE JUHUU cXeMbl. OCHOBHBIEC IIAarv
anroputma [ 18]:
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1. Bb100Op ouepeAHOro MyTH aKTUBU3ALIMU OT BHEIITHETO
BBIXOIa KO BXOHIYy, KOTOPBHIN ITOKPHIBAET e€Ille He
00paboTaHHBIE TMHUMN.

2. BommonHeHue (a3bl IpOaBUXKEHUS aKTUBHOCTU OT
BBIXOJIOB KO BXO/IaM ITyTEM OITpeAeICHUS TSI KaXKI0TO
MPUMUTHUBA ITapbl KyOOB, 00eCIIeYMBaOIINX U3MEHE-
HME BbIXOAA MPU HAUIMYMKU aKTUBHOTO BXOJA.

3. JloonpeneneHre HeaKTUBHBIX KOOPIWHAT IIPUMUTH -
BOB ITyTeM BBITIOJTHEHUST OOpAaTHOM UMITIUKALINA Ha
BCEX DJIeMEHTaX, YYacCTBYIOIIMX B (DOPMHPOBAHUHU
YCJIOBUM aKTUBU3ALMK Ha BHEITHUX BXOJAX CXEMBI.

4. MUHUMM3ALMS TTOTYYEHHOTO TECTa ITyTeM IpUMe-
HEeHUS ITPaBWJI U IIPOLIETYP, PACCMOTPEHHBIX paHee B
mnoapasa. 5, IMpu onucaHuu (PpyHKIMoHaIbHOro K-
ITOpUTMA.

Iaru 2 11 3 BEINOJTHSIIOTCSI COBMECTHO BO BpEMEHU, YTO
BO3MOXHO OJiarofapsi peaBapuTeIbHOMY paHXXUPO-
BaHUIO JUHUI U JIEMEHTOB CXEMBbI.

PaccMoTpuM npeIioKe HHBIN alTOPUTM Ha TIpUMepe
TTOCTPOEHUSI TecTa TSI (PYHKIIMOHATIBLHOTO MOMIYJIS
aHanm3a 1e(heKTOB, IpeACTaBIeHHOro Ha puc. 11.

o |

gllLt¢

Puc. 11. CrpykTypHast cxeMa cuMyJsitropa

PesynbraT BBHIONHEHMS aKTMBU3alMU Bxoda 4 mo
BHEIITHETO BBIXO/IA ITPEACTABIIEH B (popMe IMaphl BEKTO-
POB, OTIPEIEIEHHBIX B TPOMYHOM ayipaBuTe Ha Bcex 16
JIMHUSX CXeMbI PYHKIIMOHAJILHOTO IIPUMUTHBA:

6 78 910111213141516
0000X{00XO0O0O0O0O0OO0O0OO
XXXTIXX1XXX1 XXX

HoonpeneneHre CMUMBOJI0OB X 110 BXOJHbIM KOOpAMHA-
TaM J1aeT napy ABOMYHBIX HAOOPOB, KOTOPbIE HEOOXOMU -
MO BepUDUIIMPOBATh MyTEM BbITTOJIHEHUS UCTTPABHOIO
MOJIEIMPOBAHMS, UTO AAET CJAEMYIOLIMIA pe3ybTar:

12345

12345]6789101112 131415 16

0000100100 0 0 0 0 0 O
0001100100 01 0001

AHAJIOTMYHO BHIMOJHUB aKTUBU3ALIMIO OCTAIbHBIX JIU-
HU, TIONYYUM CIEAYIOIIM pe3yabTaT B BUAE Iap
HabOpOB:
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BrimonHuM J00ONPEACICHNEC BXOIHbBIX CUMBOJIOB XT1o
OIIMCaHHbIM IIpaBWIaM, 3aTEM — MOICJIMPOBAHNE 1BO-
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WYHBIX BEKTOPOB, KOTOPbIE OOBEAMHUM C PaHEE MOJTY-
YeHHOU ITapoit HA0OPOB IJ1s aKTUBU3ALIMU IIePEeMEH-
Hoii 4. B pe3yabTaTe NOay4YuM CleayIolIMi TeCT:

12345(678910111213141516
0001000100 00O0O0O0O0
00011100100.01000 1
0000100100 00 00 0O
11000111000.1.000_10 1
00100{(11001 00O0O0O0O
0110010000.1.000 1 1
10010{10001 00 O0O0O0O0
1101100101000 100 L
0000100100 00 00 0O
0001100100 010001

MonenpoBaHue HeucrpaBHocTel moaTeepario 100%
KayeCcTBO CreHepUPOBAHHOTO TECTa, HO 00JIaAaI0IIero
HEKOTOPOM M30BITOYHOCTBIO (BeKTOpHI 9, 10).

IpeoxxeHHbIE METOABI U AJITOPUTMEBI peaI30BaHbI B
MIpOrpamMMy CHHTE3a TECTOB ¥ HHTETPHUPOBAHBI B aBTO-
MaTuueckylo cucremy tectupoBanHust SIGETEST.

7. 3akmouenne

IpencraBneHa cTpaTerust TeCTUPOBAHMS CIIOXKHBIX IIPO-
€KTOB MM POBLIX CUCTEM, OCHOBaHHAsI HA UCTIOJIb30-
BaHWM TEXHOJIOTMY TPAaHUYHOI'0 CKAHUPOBAHMS CXOS-
LLIMXCSI pa3BETBICHMIA, JOCTABJISIONINX CYILIECTBE HHbIE
HeynoOCTBa B IIpOlIecce CUHTE3a TECTOB U MOIETUPO-
BaHUS HEMCIIPABHOCTE KOHCTaHTHOTO ThIa. CTpare-
TS TO3BOJISIET Ha MOPSIOK YMEHBIIUTH 3aTpaThl
BpEeMEHH ITpU TeHepaly IeTEPMUHUPOBAHHBIX TECTOB
U aHa/Iu3e UX KadecTBa. B 1ensax moBbIlIeHUS OBICT-
pOIECTBUS AJITOPUTMOB TECTUPOBAHUS TTPEITIOKEHBI
pelIeHs, UMelOolIie HaydHYIO0 HOBU3HY:

1. IIpouenypa oOpaTHOI CyIle pIIO3ULIMHU ]IS IPEBO-
BUIIHBIX CTPYKTYp, TMO3BOJISIIONIAs B JAECSITKU pa3
MOBBICUTH OBICTPOIECTBUE MOIETUPOBAHMST HEUCTI-
PaBHOCTEM IS CTTIOXKHBIX ITU(POBBIX ITPOECKTOB.

2. AHaM3 CTPYKTYPHBIX KOJUIM3WH, CBSI3aHHBIX C
00pabOTKOI CXOISIIINXCS pa3BETBICHUM M 0OpaTHBIX
CBSI3€1 B LIEJISIX HAXOXKIEHWST JIYYILIETO PELEHMS IS X
YCTpaHEHWSI.

3. PexoHpurypupoBaHue Moaeu HuGppoBOIo yCTPOii-
CTBa LIS MOACJIMPOBAHMS M CUHTE3a TECTOB Ha OCHOBE
pacIIMpeHus IJIMHBI PETUCTPa CKAHUPOBAHUS TAHHBIX,
YTO TMO3BOJISIET B HECKOJIBKO Pa3 COKPaTUTb BPEMS
CUHTE3a IeTEPMUHMPOBAHHBIX TECTOB METOJIOM OJTHO-
MEPHOM aKTUBU3ALIH.

4. ®yHKIMOHANBHBIN K-aJIropuT™M CUHTE3a TECTOB,
3¢ heKTUBHO 00pabaThIBaOIINI HM(POBLIE YCTPOIi-
CTBa, MpeACTaBIeHHbIE B (hOpMe KyOUUeCKOro MOKPhI-
TUs. BeruncamTenbHas CJI0XKHOCTD aJITOPUTMA ITPOIIOp-
LIMOHAJIbHA KBAAPAaTy YKCJia TIepeMEHHBIX.

5. CoBMecTHbI K-anroputm cuHTE3a TECTOB IS
LUGPOBBIX CTPYKTYP, OTJAUYAIOIIMICS OT aIrOpUTMa
Pota MeHBIIMM YK CITOM I1epeOOpOB 3a CUET BBEACHUS
HeOoIlpeIeIeHHOCTU B YCJIOBUSI aKTUBU3aLIMM OHOMEP-
HBIX IIyTECM.
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