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VIK 519.873:519.718.7
JLLA. 3os10TOpeBH|

MOJEJMPOBAHHUE HEUCIIPABHOCTEN CBUC
HA MMOBEJAEHYECKOM YPOBHE HA SI3bIKE VHDL

Paccmampugaemcea 3adaua mo0eiuposanus Heuchpagnocmel G10K06 KOMBUHAYUOHHOZO muna
CBEHC, npedcmasrennsix na nosedenveckom yposue na asvice VHDL, IIpedrazaemcn ghopmaneHuiii nodxod k
PEUWEHUIO 300ail, 6 OCHOBE KOMOPO2ZO AEHCUM NOCMpPOEHUE MECnos ONR PAsHbiXx Pearusayuil onepamopos
azbika VHDL na 6aze npumenenus cucmempl 2eHepayuu mecmog u modenuposarus neucnpasiocmeu. Oco-
BennoCcMs NOAYHAEMBIX (DYHKYUONARbHELX MOOeNel HeHCRPABHOCMEN COCPIOWM 6 UX NOAHOM COOMBEMCMENN
husnueckum HeUCHpPaGHoCMAM,

BBeneune

Pa3puTHe MHTErpanbHOM CXEMOTEXHUKH IMOCTOSHHO CONPOBOXIaeTes 0cOObIM BHHMaHUEM pas-
paborunkoB k obecreyeHnIO HaNeKHOCTH O0BEKTOB NPOEKTHPOBaHUA. B mnocnenHee Bpems akTyaib-
HOCTE NPo6JieMbl pa3paboTku TECTOB M aHATM3a MX MOJTHOTHI MPOJAC/IKAST MOBBILATLCH, @ MOUCK -
(heKTHUBHBIX PEINeHMH 3a]a4H aHanu3a (GYHKIMOHUPOBAHMS YCTPOHCTB MPU HATMYUM HEHCTIPABHOCTEH
NPy HUCXOAALIEM NpoeKkTHpoBaHuK Ha ocHose VHDL uaer no asym pasnuyHbiM HaupasaeHusM. Oa-
HO M3 HAMNpaBleHMH MCCIEN0BAHMH OCHOBAHO Ha NPUMEHEHHH aNNapaTHbIX MPOTOTUIIOB MPOEKTH-
pyemeix yctpoiicts [1, 2], apyroe — Ha MomenupoBanuM HeHcnpasHocted [3-5]. L cokpatexus
BPEMEHH MOJICTUPOBAHHA M CBA3AHHBIX C HUM CPOKOB NPOEKTHPOBAHMSA B HEKOTOPBIX Cly4asX Mpej-
TIOYTeHHe OTJAeTcs CO3OaHWIO0 anmapatHoro npororuna. B pabore [6] paccmarpuBaerca cospaHue
npoToTHna Ha ocHose npuMeHeHus FPGA. Tlpu 3ToM 3ajaua peiuaercs He HA OCHOBE BBINOIHEHMS
TNOBTOPHOTO CHHTE3a KAX/IOTO HEMCIPABHOIO MPOTOTHUIIA, 4 ITyTeM YaCTUYHOTO W3MEHEHHSA PecypcoB
YCTPOHCTBA HA OCHOBE WX PEKOH(HIypalHy B Mpoliecce (yHKLMOHKPOBaHHS, YTO COKPALIAET Bpems
NPOBEIEHHS 3KCIIEPUMEHTA.

B Hactoswee Bpems ouryiiaercs noTpeGHOCTb B HOBBIX METONAX M MOMIEPHKHBAIOIIMX UX WH-
CTPYMEHTANLHBIX CPeACTBAX NPOSKTHPOBAHHA, (TONEPAHTHBIX K HEHCIIPABHOCTAM) 3AEKTPOHHBIX
cucteM. HeoOX0MMBI METO/IBI M CPeICTBA MOCTPOCHHA TECTOB, MOJEIMPOBAHHKS HEUCTIPABHOCTEH, a
TAKHKE METOJbl OLEHKH YPOBHA HAAEHHOCTH, KOTOPBIE TAKKe MPENoNaraloT MOAETHPOBAHHE HEMC-
npasHocTed. Ilpu 3TOM CyllecTBYeT HEOGXOAHMOCTb PElICHHA 3aa4H MOJETUPOBAHUS HEHCITPABHO-
cTeli BO BpEMs BCEro mpouecca MpOeKTHPOBAHUA HA PA3HBIX YPOBHSX NPEACTABNEHHS 0GBEKTA, B TOM
YUCjIe Ha YPOBHE TOBEIEHYECKOr0 OnucaHus 00BeKTa, KOrjja CTPYKTypa ycTpoiicTsa HeusecTHa. Ta-
KOH [0XO [O3BOJISET ONPEAEIAT M PEllaTh PA/l NOTEHIIHAIbHBIX NPOG/IEM HA paHHEM 3Tare NMpoeK-
THPOBaHMUs, YTO, B CBOIO OYepelb, YMPOL@AET MPOLECC MPOSKTHPOBAHHA U COKPAILIAET €ro [UIHTEeNb-
HoCTh. B HacTosiuel paGore pacomarpuBaeTcs 3aa4a NOCTPOSHHs Mojeneil HeucnpasHocTel tudpo-
BBIX YCTPOWCTB, ONMCAHHBIX HA TIOBEICHYECKOM YPOBHE.

1. Ananu3 H3BECTHBIX METON0OB MOJCIHPOBAHHA HeHCIpaBHOCTeH NPHMEHHTENLHO
K 00bEeKTYy, ONHCAHHOMY HA YPOBHE HOBEICHMS

MozenupoBatue HEHCNIPaBHOCTEH U TECTOBOE AMATHOCTHPOBAaHME LM(POBBIX CHCTEM HCTOPH-
HECKH BBINOTHATHCE HA BEHTHIIBHOM YPOBHE, OIHAKO PA3MEPHOCTH JAHHOMN 3aJa4M NPHUMEHHTENBHO K
npoexram coepemennbix CBHC B uenom Ha ypoBHE BEHTHIBHOTO NPEACTABIEHHMS OrPAHHYMBAET
BO3MOKHOCTE €€ a(pexTHBHOro perenus. B nurepatype umeroTcs cooBLIEHHS 0 HEKOTOPBIX MOAXO-
Aax K MOJCITHPOBAHHIO HEHCIIPABHOCTEH Ha NMOBENEHYECKOM YPOBHE, B TOM YHCI/IE OCHOBAHHBIX Ha
MPHMEHEHHH ClIeLMATbHBIX HHCTPYMEHTAPHEB AJ1A BBEICHNS HEMCIIPABHOCTEH B MCXOIHOE OnHcaHHe
o0bekTa, rpaMmariyeckoro aHanmusa VHDL-onucanuit 1 Mosenuposanus. Mmerorcs HHCTPYMEHTBI H
nis monenuposanus CBUC wa crpykryproM yporHe Ha sizbike VHDL [4, 5]. B To ke Bpems oTCyTCT-
BYIOT 9((PeKTHBHbIE METOABI U CHCTEMBI Ul PElIeHns 3a1a4u B uejsoM. B paborax [7, 8] npeanara-
I0TCA OTHOCHTE/IBHO CIIOMKHbBIE MOJIE/IH HEHCIIPABHOCTEH, B KOTOPBIX HE/AETCA MONbITKA CBA3aTh M0-
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BEJICHYECKHE MOJIENH C pealbHBLIMH arfapaTHbIMHA HEMCIIPABHOCTAMM, OAHAKO apryMeHTalus npuBo-
JMMOI'0 COOTBETCTBHA OTCyTCTBYeT. B pabote [9] nmoBegeHueckne HEHMCIIPAaBHOCTH MOJAPa3fe/IftOTCA
Ha JlBe KATErOpHMH: HEWCIPaBHOCTH MUKpoorepanuit (micro-operation faults) v wHeucrpasHocTH
yrpasieHus (control faults).

TlepBas kaTeropus npeanosiaraeT 3aMeHy OAHHMX Onepaluii APYrHMH, HAMPUMEpP OTNiepaLmio Jio-
rHYECKOro CJIOKEHHMS Ha ONEepauMio YMHOKEHHS, ONepalyio apuhMeTHYECKOTO CIIOKEHHA Ha orepa-
LHI0 BeruMTaHks M T. A, OcTaeTcs OTKPBITEIM BOMIPOC, HACKOJIBKO MoAoOHad 3aMeHa aJiekBaTHa peasib-
HbIM HEMCITPABHOCTAM B COOTBETCTBYIOLIMX aMilapaTHBIX CPEACTBaX.

Bropas kateropus BKIFOHAET:

— ouboyHbie nepexoas! B KoHCTpykuvH IF (nmepexos ocylnecTBiseTcss TOJBKO B OJHOM Ha-
NpaB/IeHHH HE3aBHCHMO OT 3Ha4eHus ynpasasiowero curnana (stuck THEN, stuck ELSE)),

— HEBBINOTHAEMYIO MOCIISAOBATENBHOCTE Npewioxkenuit B onepatope CASE (Dead Clause),

— ueppinonHaemslit oneparop PROCESS (Dead Process);

— HEMpaBUILHO BBITIOIHSAEMEIH OMepaTop Ha3HA4YEeHUSI.

HenocraTkoM npeajiaraeMeiX pellieHHi SBAAETCH TO, YTO OTCYTCTBYeT 060CHOBaHHE COOTBET-
CTBHUA MOBEASHYECKHX MOAEIeH U pealbHbIX HEHCIIPaBHOCTEN annapaTyphl.

Psx uccnenosateneft npeiaraloT paccMaTpUBATh MOBEJEHYECKUE HEHUCIPABHOCTH 00BLEKTOB
KaK [porpamMmHple OIIUOKH M COOTBETCTBEHHO NMPHMEHATH METO/ABI MYTHPOBAHHMA MCXOJHBIX KOMAOB,
paspaboTaHHBIE IS TECTHPOBAHUA mMporpammHoro obecneuenus [12]. Ha ocHoBe mnpenioeHHBIX
NOBeIeHYeCKUX Mozeneit paspaboTan anroput™m reHepauum tectoB «B-anropurm» [10, 11], sbdex-
THBHOCTB KOTOPOrO HANPAMYIO CBS3aHA C KOPPEKTHOCTHIO IPUMEHAEMBIX MO/IEIEH HEUCTIPABHOCTEH.

2. Ilepexon oT (PyHKUHOHAIBHO-JIOTHYECKOI0 K HOBEJIEHYECKOMY YPOBHIO MOJIe/IHPOBAHHA
HeHcInpaBHOCTEH

WsBectHo, uTO cpencTBa cuHTe3a 00BEKTOB, ONKMCaHHbIX Ha sa3bike VHDL, opueHTHpoBaHbl Ha
HEKOTOpOE TOJAMHOKECTBO ONepaTopoB A3bIKa, TAK HA3BIBAEMOE CHHTE3HMPYEeMOe MOoAMHOXeCTBO [13].
K Tomy ke OHM OpHEeHTHPOBaHBI Ha MPHMEHEHHE COOTBETCTBYHOILUMX OHOIHMOTEK KOMIOHEHTOB, TaK
HTO KaKIad KOHCTPYKLHMA OIEepaTopOB A3bIKd W3 €ro CHHTE3HPYEMOr'0o MNOAMHOMKEeCTBa peain3yeTca
orpejieNeHHOM cTpyKTypoi. [TocTaBum 3agauy NOCTPOEHMS M MOJAETUPOBAHHA HeHCTipasHOCTeH Lud-
POBBIX obBexToB KOMGHH&HHOHHOFO THMNA Ha MNOBEACHYECKOM YPOBHC HX OIMCaHHUA TaKHM oﬁpaaom,
yTOOBl OHH COOMBEMCIMBOEAI HEeUCHpasHoCcmamM ux ¢WHQ€CRM peaﬂusauuﬁ. ,E[JHI HITKOCTPalHH
noaxosna BeibepeM OAHY M3 HAacTO NpPHMEHAGMBIX KOHCTPYKLMH #A3bika, K npumepy if-then-else

(puc.1, @), n paccmorpum ee JIHO- n KH®-annmaparheie peanusaimy Ha OCHOBE MYJILTHIUIEKCOpa
(puc. 2, 3).

/if Y =00’ then \

Z<=Xl;
elsif Y = 10" then

Z <=X2;
elsif Y ="'01" then

7 <=X3;
elsif Y="11" then

al Z <=X4;

\cnd if /

)

Puc. 1. Konerpykuna sauika VHDL if-then-else: a) nns piGopa 0HOro M3 ABYX BXOJHBIX CHIHATIOB,
6) nns seifopa 0IHOTO M3 YeThIpeX

Cpeacrsamu nporpammuoit cuctemst VLSI_SIM [14] crenepupyem Tectst (puc. 4) KOHTpOsA
HEHCIPaBHOCTEH KOHCTAHTHOTO THIA Ui 0BenX peanusauuii cxeM (MOZeMpYeMbie HEMCIPABHOCTH
MPOHyMEepOBaHbl Ha pHC. 2, 3, 5: HeyeTHble HOMepa 0003HAYAIOT HEMCIIPABHOCTH THNA «const 0» Ha
COOTBETCTBYIOLIEH NMHKUM, YeTHbIE — «const 1»). HaGope! nomy4eHHbIX TECTOB ¥ MOKPLIBAEMEBIE HMH
HEHCMPaBHOCTH MpHuBeeHs!l B Tabn. 1. 3amerum, uto B cucteme VLSI SIM uMeroTcs BO3MOXKHOCTH
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MHTEPAKTHBHOM I'€HEpalMi ONTHMABHOTO [0 IJIMHE M KOHTpoOAMpylollerd cnocobHoCTH Tecta s
IHAPOBBIX YCTPOHCTB KOMOMHALIMOHHOIO M MOCASAOBATENBHOCTHOTO THIIOB ¢ YMCIIOM KOMIIOHEHTOB
nopsaKa AeCATKOB ThicaY (PyHKIHOHAIBHBIX OIOKOB.

-~
=5 15,16
X1 & ,
1 Ges)
X2 —
MI M3
T 7.8 1 "
-
11,12
Puc. 2. Peanuzaums konerpykuuy if-then-else na ocnose JJH®
5 M2
1.2 ! ‘ 15,16
X1
Z
3.4 9,10 & | 17.18 |
X2 - — =
M M3
¥ 5,6 78 ) '

11,12 ] 13,14 ]

Puc. 3. Peanuzauns koHcrpyxumu if-then-else na ocnose KH®

OuesnaHo, 4To Tabn. | MOKHO 3HAYMTENBHO COKPATHTL 33 CHET OOBEAMHEHHUS OJMHAKOBBLIX
cTOAOUOB, COOTBETCTBYIOLIMX 3KBHBATIEHTHBIM HeucrnpaBHocTam. B Tabn. 2 kakueiit cronbeu coot-
BETCTBYET IPYIIle YKBHBAIEHTHRIX HEHCIIPABHOCTEH, MOKPBIBAEMbIX COOTBETCTBYIOIIHMH BXOIHBIMH
Habopamu. Axnanusupys Tabn. 2, MOXKHO BBIIEIHTH TPYNIbl |~4 HEWCIPaBHOCTEH, KOTOPbIE MOKPHI-
BAIOTCS TOJBKO €JMHCTBEHHBIM BXOAHBIM HAabopoM. B To ke Bpems 3TH HaGOpPbI MOKPLIBAIOT M HEWC-
npaBHOCTH W3 rpynn 5-8. HencrnpaBHOCTH, BXOA4IIHE B TPyMIbl 5—8, MOKHO MCKIFOYWTH U3 Jallb-
HEHIIEro pacCMOTPEHHd, TaK Kak OHM OyayT MOKpPBITHI MpH OOHAPY:KEHHH HEHCIPABHOCTEH U3
rpynn 1—4. [Moayuum crenyromue hyHKIMHA HEUCTTPABHOCTEH.

Hna nencnpasnocteit JH®-peanuzanuu:

p. 1 -Z=X2 AY;

mp.2-Z==YvX2AY; Z=X] n—=Y vX2;
rp. 3 —Z=XI1 Y,

m.4-Z=YvXlAaaY; Z=X1 vX2AY.

Jns nencnpaeuocteit KH®-peanuzaiuu:

p. 1 -Z=X2AY, Z=X1AX2vX2AY;
p.2—-Z= X2 v-Y;

p.3-Z=Xln=Y, Z=X1AX2vX]IA<=Y
mp.4-Z=X1 vY.
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AHanuzupys JaHHble QYHKLHH, TOMydaeM MHOMKECTBO MOZENEH MOBEAeHUYECKUX HEHCIPaBHO-
creit (tabn. 3). M3 MHokecTBa MOIeNel HeMCNPaBHOCTEH MOJKHO BBIAGIWTE YETHIPE MOBEIEHUECKHE
HeucnpasHocTH (tabn. 4). TTokpeiTHE 3TUX YeThIPEX MOBEAEHYECKUX HeHcIpaBHocTel obecrneunpaer
ofHapysKeHHe BCeX HEMCIPaBHOCTEH KOHCTAHTHOrO THIMA, COOTBETCTBYIOIUMX pealbHOMY OOBEKTY,
NpeacTapleHHOMY Ha BeHTUIbHOM ypoeHe B Buje JJHD- nnu KH®-peanuzauumii.

Pesynbrarsl MOAESNMPOBAHHA CXEnbl

| Nevad.. | ZoSap... | X1 | X2 |y Jzm | VLSI SIM
1 22.73% 0 1 1 1
Z 50.00% 1 i) 0] 1
3 90.91% 1 n 1 0
4 100.00% 1] 1 0 0

Peynbrarbl MOgenMpoBaHita CXembl

| Nena6.. | %Zobuap. .. | X1 | 2. |y lzo ] JTH®-peamusanis
1 40.91% 1 0 0 1
2 63.64% 0 1 0 0
3 90.91% 0 0 1 0 -
4 100.00% O 1 1 1 T~
KH®-peanuiauus

Puc. 4. Pesynerarht rexepauuy tectos B cuereme VLSI SIM

Tabnuua 1
ABTOMATHYECKH CTEHEPHPOBAHHBIC TECTEI M NNOKPLIBAEMLIE HEHCTIPABHOCTH

lencnp.
eer\., (0|1 |2|3|4|5]6|7|8|910|11]12|13 |14 |15]16]| 17| 18
BEKTOPbI
| JH®-peanuzauus cXembl

011 1 ] 0' o] T | 0 0 [0

010 Jo| [1 1 1 1 1 1

101 0 ‘l 1 1 1 1 1 1
%1]:| o [o]o0 0 0

100
KH®-peanuzaung cxembl

—ee e

100 1 [ 0] 0 0 0 (o | To | 0

010 [0 1 1 1 | [ |1 1
001 0 101 I i | [ 7 1
5 W T (O O L0 |0 (o [ fo [ |

[Toctpoum ananoruuHseiM 00pa3oM MOBEIEHYECKHE TECThl 1A KOHCTPYKLIHM OIEPATOPOR
if-then-else (cm. puc. 1, 6), peanu30BaHHOW B BUIE YETHIPEXKAHAIBLHOIO MylbTHIUIEKcopa (puc. 5).
Ha puc. 5 nokasanbl pesynbraTel reHepaliy TecToB koHTpoas B cucteme VLSI SIM; B Tabn. 5 npwu-
BEAEHbI HEUCTIPABHOCTH, 0DOHAPYKHMBAEMbIE HA KakI10M TECTOBOM BEKTOpe, a B Tab/. 6 obHapyKuBae-
Mbi€ HEMCNPABHOCTH OOBEIMHEHbI B IPYIINbI JKBUBANEHTHBIX HeucnpaBHOCTeH. Paccmarpusas nep-
BLI€ BOCEMB [PYNIT HEUCIPABHOCTEHN, MOKPBIBAEMBIX TOMBKO OHHUM HAODOPOM TecTa, H BHIITHCHIBAS
(pyHKUHH, COOTBETCTBYIOUIME 3TUM HEUCTIPABHOCTAM, MOMKHO JUIA JaHHOW BEHTH/IBHOH peain3auuu
MOCTPOUTH COOTBETCTBYIOLIHE (DYHKLIMOHAIbHBIE HEUMCIIPABHOCTH, KOTOpPbIE coaepikar 12 KOHCTPYK-
uui oneparopoe if-then-else, npusenentsx B Tadin. 7.
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Tadmuua 2
[ pynnei SKBUBAJEHTHBIX HEUCITPABHOCTEH
Tpynrs! 1 2 3 4 5 6 7 8
Hewenp.
Hc]-}cnp_ { 1,8,9:!5 242 3”.,13 4,?.10 5 6 14,16,18 17
Teer=
BEKTOPE
JHD-peanuzanus cxemsl
011 1 0 0 0
010 0 1 1 1
101 i} 1 1 1
100 1 0 0 0
KH®D-peanusaums cxemsl
H 1.8.11 2,10.16 3,5.9 4.7,12,14 6| 13,1517 18
100 1 0 0 0
010 0 1 1 1
001 0 1 1
011 1 0 0
Tatnuna 3
[ToReneHYeCKHE TECTEI
["pymirst
Hgiicnp. HH®-peanusaums KH®-peanusauus
Vg v V"~
1; Y="0 if Y ="0"then
t =iy Z ==XlandX2;
I Z<=0; else
else -
b s 7 <=X2;
Z <=X2; end if
if Y=+
2 then
Z<=X| or X2:
else
2 <=X2:
end if
if Y=°0 if Y=:0
then then
3 Z<=X1; Z<=X1;
else else
7 <=0 Z <= XlandX2;
end if end if
if Y=
then e
Z<=Xl;
4 else
Z<=XlorX2;
end if
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Heucnpasueie Moudukalun oneparopa if-then-else

Tabnuua 4

Heucrnipassoctu Tina «M»

Heucnpasnoeru tina « HIH»

if Y
then

“qr

Z ==XTandX2;

else
7. <=X1;
end if

if Y=
then
Z <==X1;

else
Z <= XlandX2;
end if

if Y=
then
Z ==X1 or X2;
else
7 <=X2;
end if

if Y
then
7 <==X1;
else
Z<=X1orX2;

end if

101

‘-’WJ M5
X1 = S S
(31,32 4 :
i 33,34 ’(
——- ) M6 _
X2 3“'\_.] =1 23,34,1
I M9
j—x z
| 35,36 = .
. z = [ 37,38 J M7 -
X3 [_i‘ﬁ_\J - | :s.sz 1 ( 29,‘3{-;_-]
—
r39,4U /
] & L4

E 41,42

qu
X4 [?,3 I M3 43,44 '
— : EL V& || 2728 |
Mi 4950 | e
|
o0 11y 1 /
Y(1) _ S—F | — #[45’45 |
13,14 17,18
15,16

@17‘_I.

M4

Peynbiatsl MOSENMPOBAHMA CXEMBI

NenaG.. | %obrap. .. | X1 | X2. [ x3. | xe.|yo) |y lzopl
1 20.69% c o 1 1 1 1 1
2 44.83% 1 1 1 0 1 1 0
3 63.79% o 1 1 0 0 0 D
4 24% o 1 o0 1 1 0 1
5 81.03% 1 o o 1 0 0 1
B 89.66% 1 B T 1 o 1 1
7 94.83% 10 1 1 1 0 0
8 10000% 1 o o 1 0 1 0

Puc. 5. BeHTHIEHOE NPEIETABNEHME YeTEPEXKAHATBHOTO e paTopa
W PE3YJBLTATH FreHepauuu Tecta B cucreme VLSI SIM
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I pua Fpua 4t pua Jipus Jipua Jpud
V=7 WX=>7 YX=>7 YX=7 PX 10 EX=>7 YXI0TX=>7
wy 1, =A HS[2 w1, = A 3SR usul 11, = A JIS]2 S [T, = A JiSP2 Uyl 11, = A JISR U LI, = A JIspe
=7 =7 EX=>7 EX=>7Z EX=>7 X7
uay} 10, = A JIsfe uayl [0, = A JIS]2 uagy [0, = A Jis|e uAp 10, = A JIS|2 uay [0, = A J1si2 w10, = A JIS|2
=7 X7 =7 X=7 TX=>Z TX=>TF
w01, = A JiSpR Wy O, = A ISR w01, = A JSp Uy i, = AJSP Wi 01, = AJS|? ) 01, = A JISIP
HX=>7 TX=7 Hx=7 0=>7 Ux=7Z AX=>7Z
ua 00, =A I w00, =A M uyl 00, =A I uay 00, = A I uaygl 00, =A A usp D0, = A  J
Jpua Jipua Jipus Jipua Jipua J1pua
WX=>7 YX=>7 YX=17 YX=7 YX=7Z YX=>7
w11, = A JIS|R uay 1. = A JI8|2 Uy 11, = A JIS[2 U {1, = A JIS|2 Uyl [, = A JISI° usyl [1,= A JiS|2
WX EX =7 X0 IN=7 EX=7 EX=>7 EX=7Z =7
Uyl [0, = A JS|9 uayl ([0, = A JIS|2 uayl [0, = A ISR uayl 10, = A JIS[2 U 10, = A HIS[? uagl 10, = A J1s[2
X=>7 =7 XX =>7 X0 [X=>7 TX=>7Z =L
uaL 0f, = AJIS|2 uatp 01, = A JIS[2 Uyl 01, = A JIs2 Wyl 01, = A JISI2 uayl 01, = A JIS]2 uay O1, = A JIS]
AX=7Z NN=7Z 7 IX=>7 X 10X =>7 TX 0 [X=>7
w00, =A JI w00, =A M Uyl 00.=A H w00, =A J w00, =A J wy 00.=A N
asje-uaii-1 edoredamro mHneEHIEsd JOHITO B YOLO0HERAIIOHIH HIOOW JHNOIRHIIEO] |
L BIHNQER |,
I [ [ 1 0 L1011
0 0 0 0 0 0 i 111000
0 0 0 0 Il 011010
I I I I I 0 011101
0 0 0 0 0 3 100100
L 1 I 1 I 0 101011
I I I I 1 I 0 000110
0 3 P ) 0 0 0] 1 000001
0€
‘97 cp It LS €€ mdosioe
‘9z o | ‘v | | 6| or| ‘se| @ | ‘it =32
R4 Lty | 8| 6¥| 05 <l 91 . og | LT | wE| Ts¢| ‘ce| ‘gT | e | ‘1T
6z| | ol er| sl wr| | m| or| el cw| L] 9| ‘s| w| ‘€| ‘| ‘1o [moondduowy
gt | et ot st v ||| mwjor| 6| 8 || 9| s ]| v |elz]|T]o %SMH._.M,M_%EE

Q BITHITQE |
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[MpennoxeHHblit MoaXxoa K paspaboTke Mopesneil HEHMCNpPaBHBIX MOAMGMKALMHA MPOEKTa, ONH-
CaHHOro Ha MOBeJeHUeCKOM ypoBHe Ha sa3bike VHDL, MOkHO HenmocpeacTBeHHO NPUMEHHTH /18 One-
patopos VHDL-kxozna, KoTopble pealusyioTcs Ha 3Tane CHHTe3a CTPYKTYPaMi KOMOMHALIMOHHOTO TH-
na. Yro kacaercs oneparopos, peasn3yeMbiX OIT0KaMM ¢ 3JleMEHTaMHU NaMATH, TO JaHHag 3ajava Tpe-
6yer nononuuTensHOro uccnenosanus. [losyyennsie B pabore MOJeIM HEUCTIPABHOCTEHN A KOHCT-
pyKkuui oneparopos tuna if-then-else MoryT 68ITh HemocpeaCTBEHHO MCMOMBL3OBAHBI B CUCTEME reHe-
PaLMK TECTOB M aHAIW3a KOHTPOIETPHUIOJHOCTH MPOEKTOB HA CHCTEMHOM YPOBHE M YPOBHE MEKPEri-
CTPOBBIX Mepejad 7 OLUEHKH MOJHOTBEL TECTOB H Pa3paboTKH CHCTEMBI TECTOBOIO AMATHOCTHPOBA-
HUsl. 3amMeTHM, YTO 3anaqa pa3spaboTK¥ METOAOB ¥ NPOrPAMMHBIX CHCTEM I'EHepalMK TeCTOB, AHAIN3A
MX KOHTPOJMPYIOLIMX CBOHCTB M OLIEHKHW KOHTPOJIENPHIOAHOCTH NPOSKTOB HAa BHICOKMX YPOBHAX MNpO-
CKTMPOBAHHS BBITEKAET HENOCPEJCTBEHHO W3 NOTpeOHOCTel COBPEMEHHONW MHTErpaTbHON CXeMOTeX-
HHMKM, HO BBUIY €€ CIOKHOCTH B JIMTEpaType A0 HACTOSIIEr0 BPEMEHH OTCYTCTBYIOT 3((eKTHBHbIE,
NPHTO/HBIE A MPAKTHYECKOTO NPUMEHEHUS peLLeHMS .

Jaknouenune

[Tpeanoxena meroaMka MocTpoeHus (PYHKIMOHANBHBEIX MOZENEH HEHCIIPABHOCTEW KOHCTPYK-
uuit oneparopos if-then-else onucanuit CBUC Ha noeeneHueckoM ypoBHe HX npencrapnedus. Jlis
pelleHHs 3a1a4H PAacCMaTpPHBAIOTCS BO3MOMKHBIE (U3MYECKHE pPeasiM3aliMi KAKIAOW KOHCTPYKLHMHM.
MeTtoanka MOKET UCIOTL30BATHCS ISl APYTHX OTIEPaTOPOB, (PH3HUECKH PEANn3yeMbIX B10KaMH KOM-
OuHaumonHoro Tvna. Jns Kaxnoi H3BecTHON (JM3MYECKOH peanu3aly¥ Ha BEHTHJIBHOM YpOBHE B
peXuMe MHTepakTHUBHOro nowucka cuctemsl VLSI SIM renepupyiorcs TecTsi, MOKphIBAOLIME BCE
BO3MOKHBIE HEHUCIIPABHOCTH KOHCTAHTHOro Tvna. Ha ocHoBe dyHKUMI HencnpaBHOCTEM, COOTBETCT-
BYIOUIHMX OTIPEAEICHHOMY MOJMHOXKECTBY pacCMAaTPUBAEMBIX HEHMCIIPABHOCTEH, CTPOATCS MOBEEHYE-
Ckue HeucnpaBHOCTH. [lpnm nx obHapyxkennu obecrneynBaeTcs HAXOMKIAEHHE BCEX HEUCIPABHOCTEH
noboi u3 pu3nyeckux peanusaumii paccmarprusaemoro onepatopa VHDL.
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L.A. Zolotorevich

VLSI FAULTS SIMULATION
ON BEHAVIORAL LEVEL BY VHDL LANGUAGE

The problem of simulation of faults combinative units VLSI on a behavioral level by VHDL is
considered. The formal approach to the solution of the problem based on the construction of the tests
for different realizations of VHDL language operators by use of test generation system and simulation
of faults is offered. The developed functional models completely corresponds with physical faults.



