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ITPOEKTUPOBAHUE CAMOCHUHXPOHHBIX CXEM:
CTPYKTYPHbBIE METO/1bl B MEPAPXNYECKOM AHAJIU3E*

JI. T1. TTnexanos!

Annoramusa: CamocuHxpoHHBIE cxeMbl (CC-cxenbl) IMeI0T YyHUKaTbHbIe CBOMCTBA HE3aBUCUMOCTH OT 3aepKeK
M 0TKa300e30macHOCTH. PaccMoTpeHa oiHa 13 IIaBHBIX TPOGJIEM MPOSKTUPOBAHUS TAKHUX CXeM — aHaJIM3 CaMOo-
CUHXPOHHOCTH OOJIBIINX CXeM. B TpaauIIMOHHOM MOIXOAe CXeMbl aHAIM3UPYIOTCS COOBITUMHBIMU METOIAMH,
10 TIEPEKITIOYeHUSIM 371eMeHTOB. CII0KHOCTh BBIYMCIIEHUI B TAKOM ITOJIXOe 9KCIIOHEHIIMATLHO PACTET OT pa3-
Mepa 1/WIv IPYTUX ITapaMeTpoB CXeM, YTO He TTO3BOJISIeT aHAIM3MPOBATh OOJIBIITMHCTBO MPAKTUYSCKH 3HAYMMBIX
cxeM. PemieHure mpoGiieMbl pearaeTcst B yHKIIMOHATLHOM MOAX0/Ie — 0e3 UCIIOJIb30BaHUsI ITePEKITIOYeHII —
U MepapXruecKoM ONMCAaHUU cxeM. B mepapxuueckom aHaIM3e CaMOCUHXPOHHOCTH HAPSIAy C aHATU30M JIOTA4e-
cKuX (DYHKIIMIA TIpeiaraeTcst UCIOIb30BaTh CTPYKTYPHBIE METOIBI — MCCIIEIOBaHME B3aMMOCBSI3eil 3JIeMEHTOB
u dparMeHToB. Takoii CIoco0 MO3BOJISIET PE3KO YMEHBIIUTh TPYIOEMKOCTh BBIYUCIEHUI M B UTOTE PEIIUTh
OIIHY W3 TJIaBHBIX TpobieM mpoekTupoBaHusi CC-cxeM — aHaIM3 cxeM Jo6oro pasMepa. DdheKTUBHOCTH
MPEIUTOKEHHBIX METOIOB IMTOATBEPKIEHA C TTIOMOIIILIO KCIIEPUMEHTAIBHBIX IIPOTPAMMHBIX CPENICTB.

KiioueBble cioBa: CaAMOCHUHXPOHHBIC CXEMbI; aCUHXPOHHBIC CXEMbI, IMTPOCKTUPOBAHUEC CXECM, aHAJIN3 CaMOCHH-

XPOHHOCTHU
DOI: 10.14375/19922264140312

1 Bsenenwue

CaMOCHUHXPOHHBIE CXeMBl OTHOCSITCS K KJaccy
ACMHXPOHHBIX CXEM, TO €CTh CXeM, He MMEIOIINX TaK-
TOBBIX TEHEPATOPOB. PYCCKOSI3BIUHBIN TEPMUH «Ca-
MOCHHXPOHHAs cXeMa» MpemIoXeH B KHure [1] kak
aHaJior TepMUHa speed-independent [2] — «cxeMa, Tipa-
BWJIBHOCTH (DYHKIIMOHUPOBAHUS KOTOPOM HE 3aBUCUT
OT BEJIMUMH 3aJepKeK 2JeMeHTOB». C MpakTUYecKoit
TOYKM 3PEHUS] WMCITOIB30BaHME TaKOTO TepMHHA He-
yI00HO, TaK KaK OH OIpeIesIcH TSI 3aMKHYTBIX CXeM
C OMHUM HadaJIbHBIM cocTostHUeM. ([pyrue Omm3kue
TepMUHBI TOAPOOHee 00cykaeHbl B [3].) [Toatomy mst
MpakTUYecKux Lesei mpoekrupoBaHusi CC-cxeM ObLIo
MIpeUTOKEHO 00JIee IMMPOKOE orpeaeieHue [4, 5].

CamocuHxXpoHHas cxema — 3mo pa3oMKHYmMas Uil 3a-
MKHYMAs cxema, npu 8cex peanbHbiX Ha4aabHbIX COCMOS-
HUSX U nepexo0ax mexicoy HUMU Umerouas 08a ceolcmea:
omcymcemaeue coCmA3aHuil npu A100bIX KOHeUHbIX 3a0epaic-
Kax 21eMeHmoe u 0mKa3o00e30nacHoCcms N0 OMHOULCHUIO K
KoHcmaHumHuuiM 3asunanusm Ha 0 u 1 6bix0006 snemenmos.

Tak ompeneneHHasT cxeMa YIOBIETBOPSIET TakKKe U
kputepusM [ 1, 2] (B caygae pa3oMKHYTOM CXeMBI — IIPH
MpaBUJILHOM 3aMbIKaHuM). [lpu peanuszauny Ha Yu-
e CaMOCMHXPOHHOCTb MOXKET 3aBUCETh OT 3aJePKEK B
Tpaccax. IloaToMy Ha (PyHKLIMOHATBLHO-JIOTMYECKOM
YpOBHE pa3pabOTKM CBOMCTBAa, yKa3aHHBIC B OIIpe-

JIeJIEHUU, CTAHOBSITCS HEOOXOAWMBIMU YCIOBUSIMU U
JIOJKHBI OBITH 00ECMeUYeHbl CXEMOTEeXHUYECKUMU pe-
meHusMu. Ho m B ciydae BO3MOXKHOTO HapyIICHUS
CaMOCHHXPOHHOCTH OT 3a[IepXKeK B Tpaccax eCThb peajlb-
HBIE CITOCOOBI (CXeMOTEXHNIECKIE 1 TOITOJIOTUUECKIIE)
obecreyeHus: CaMOCUHXPOHHOCTH [5].

YHaukanbHbIe cBoiicTBa CC-cxeM, MPUCYIIAE UM
IO OIIpeACIICHNI0, MMEIOT M YHUKAJIbHBIC CJICICTBUS.
OHM 00ecITeYnBaIOT MaKCUMAJIbHO IIMMPOKWIT ararna-
30H TIPAaBWJIBHOTO (PYHKIIMOHWPOBAHMS, OIPEICIIsi-
MBI TOJBKO (PUBMYECKUMU (HE CXEMOTEXHUYECKM-
MM) BO3MOXHOCTSIMH TIEPEKITIOYCHUA 3JIEMEHTOB, UTO
HETOCTUKUMO JJISI IPYTUX TUTIOB CXeM. YCTOMYMBOCTh
pabotsr CC-cxeM TIpU MaJIbIX HATIPSDKEHUSIX TTUTaHUS
TTO3BOJISIET CO3/IaBaTh CXEMbI C MaJIbIM SHEProInoTpeo-
JIEeHHMeM. A CBOICTBO OTKa300€30I1TaCHOCTH JaeT BO3-
MOXKHOCTB TTOJIYYECHMST BEHICOKOHAIEKHBIX CXEM, B TOM
YHCIIe C CAMOTIPOBEPKON I CAMOPEMOHTOM.

Paszpabotka npakruyeckux CC-cxeM Hayajach B
CCCP rpynmnoii B. M. Bapmasckoro B 70-X I'T. MpOILLIO-
ro Beka [6] u ¢ 3armozmanueM Ha 20 et 3a pyoeskom [7].
IMocmenHssT cchUTKa yKa3bIBaeT HA €IWHCTBEHHYIO 3a-
pyoexnyio Metomonoruio moctpoenuss CC-cxem Null
Convention Logic (NCL). Orta metomosiorusi Obuia
cO3JlaHa YMCTO MHTYUTUBHO, TI0 MPUHIINIY «3allpoCc—
OTBeT».  MeTOomOoJIOTHsI MMEET pPSiA CYIIEeCTBEHHBIX
HEIOCTaTKOB:  OTPaHMYCHHBIM 0a3nc pealn3amun

*PaboTa BbITIOJHEHA MPU YaCTUUHOW (PMHAHCOBOI moanaepskke o [Tporpamme dyHaamMeHTaIbHBIX UccaenoBanuii [pesuauyma PAH Ne 1
3a 2014 . (mpoekt Ne 4311) u PODU (mipoekTsi 13-07-12062 odpu_m u 13-07-12068 odpu_m).
"Mucturyr npo6aem nndopmatuku Poceuiickoit akanemun Hayk, LPlekhanov@inbox.ru
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(27 aneMeHTOB), 3KeCcTKasi KOHBelepHas CTpYKTypa Io-
CTPOEHUSI CXeM, He NOoIycKalollasi abTepHaTuB, U Ip.
B pesynabrate cxembl, mojiyyaeMble MO METOIOJOTUU
NCL, nMeror 00JbIIMe 3aTpaThl B TPAH3UCTOPAX, UYTO
1 OTMEUEeHO OBIBIIUMMU coTpynHuKamu B. Y. Bapiias-
ckoro [8].

MeTtonmonorus pazpaborku CC-cxem B UTITU PAH
onupaeTcsl Ha MaTeMaTU4yecKue MeToasl Masiepa u
Bapinasckoro u pazsuBaet meTonabl rpynrbsl B. . Bap-
maBckoro. OmHUM U3 pe3yabTaToB pa3padbotok UITU
PAH sBastrorcst 22 matenta PO u 2 CIIA B obiactu
CC-cXeMOTeXHUKH.

Metononorng UITU PAH mosBoasgeTr co3maBath
CC-cxeMbl B ThICSTYM 2JIEMEHTOB KaK Ha 0a30BbIX MaT-
puuHbix kpuctamuiax (bMK), Tak u B 3aka3HOM ucC-
MOJTHEHUU. MeTo0/10THs JaeT BO3MOKHOCTb CpaBHE-
HHS MHOXXECTBA BapMaHTOB M BEIOOPA ONTHUMAIBHOTO.
ITonpoO6HbIit cpaBHUTENBHBIN aHanu3 NCL-MeTomoso-
run, BeimoaHeHHBIN B UTIW PAH [9], moka3siBaeT, 4T0
cxembl NCL ycTynaloT uAeHTUYHBIM 1O (PYHKITMOHU -
poBanuto cxemaM MITM PAH mo Bcem mokazatessiM:
3aTpaTaM B TPAH3MCTOpaX, OBICTPOICUCTBUIO U dHEP-
rOIOTPeOICHUIO.

B HacTosiiiee BpeMsT MHCTUTYTOM B COIPYXKECTBE
¢ napyrumu yapexneausmu (HTLL MUBT, HUMUCHU
PAH) pa3paboTaHbl, U3rOTOBJIEHBI W WCHBITAHBI PSII
uznenuit Ha bMK u B 3akazHom dopmate [10—12].
PaGotel mo pasButuio CC-cxem mnpomoskaiores |9,
13—15].

OmHa W3 TJIABHBIX IIPOOJIEM TIPOCKTHPOBAHUS
CC-cxeM 3aKiTiog9acTCsI B HCOOXOTMMOCTU TPUMEHE-
HHUS CIICIIAaJbHBIX MaTeMaTUIeCKUX W IPYTUX Me-
TONOB, TPEOYIOIIUX OOJBIIUX, a IMOAYaC OTPOMHBIX
BBIYMCIUTEIbHBIX pecypcoB. CylecTByronme Kiac-
CHUYECKHE METOIBl OTPAaHNMYMBAIOT BO3MOKHOCTH aHa-
mm3a u cuaTe3a CC-cxeM pa3MepoM IO HECKOJIBKHUX
JIECSTKOB 3JIEMEHTOB. [103TOMY aKTyaJabHOU SIBIISICT-
cs 3aJava pa3paboTKU U pean3alui HOBbIX METOIOB,
aJIbTEPHATUBHBIX CYILECTBYIOLIMM, C LIEAbIO JOBECTU
BO3MOXKHOCTHU MPOEKTUPOBAHUS 10 PealbHbIX MOTPEO-
HOCTEH, T.e. O cXxeM Jioboro pasmepa. OmHUM H3
IyTeil pellleHnsT 3TOU 3aJauil MOTYT CIIYKUTh METOBI
aHajM3a v CMHTe3a, OCHOBaHHbIE Ha (DYHKIIMOHATbHOM
noaxone [5, 14].

JaHHasi cTaThsl MPOAOXKAET Pa3BUTHE METOIOB,
MPUBEIEHHBIX B ToKiIage Ha MDC-2012 [16].

2 IIpoGaembl aHanM3a
B (I)YHKLII/IOHEU'[I)HOM IMoaXoAe
Kak mokazano B [5, 16], mpo0emMy ITOJTHOTO aHa-

mmu3za CC-cxeM MOXHO PELIUTh TOJbKO Mepapxuye-
CKUM criocoboM. B aToM crocobe Ha HUXKHEM YPOBHE
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HCIIOJIB3YIOTCST OMUcaHusl (DparMeHTOB B JIOTMYECKUX
YpaBHEHMSX, a Ha BEPXHUX YPOBHSX — B3aMMOCBS-
31 ()parMEHTOB M Pe3yiIbTaThl aHaIM3a 00jIee HU3KUX
YPOBHEM.

B xmaccrueckom momxome, OCHOBAHHOM Ha COOBI-
TUIHBIX ONTUCAHUSIX 3aMKHYTHIX CXeM (COOBITHE — W3-
MEHEHUE COCTOSIHUSI CXeMbI, B YACTHOCTH U3MEHEHUE
OJTHOTO CHUTHaja), UepapXMUecKoro aHajiu3a Ioka He
MIPEIJIOKEHO.

B pamkax ¢ yHKIIMOHAIBLHOTO TTOIxoaa (pa3oMKHY-
TOE TIpEICTAaBIICHNE CXeM) aHaJIN3 IIPOBOIUTCS Uepap-
XUIEeCKM, C pa3lejicHHeM cXeM Ha ¢parMeHTH. Jlmsa
Kaxao0ro hparMeHTa J0JKHBI TTPOBEPSIThCS 00a Tpedo-
BaHus onpeneneHuss CC-cxeM: 0TKa300€30MacHOCTb 1
oTcyTcTBUE cocTsizaHuid. [Ipu aToM aHanm3 parMeH-
TOB HIDKHETO YPOBHS M aHAJIM3 Ha BEPXHUX YPOBHSIX
JIeTaloTCs TT0-Pa3HOMY.

OcHOBHBIE TIPOOJIEMBI aHAIM3a 31eCh BO3HUKAIOT
Ha HUKHeM ypoBHe. Ha HeM ¢ Hen30eXXHOCThI0 He00-
XOIMMO MCTIOJIb30BaTh MOJIHBIE OMTMCaHMSs (DPAarMEHTOB
B YpaBHEHUSIX. YpaBHEHUS JODKHBI YYMTHIBATH, ITO-
MIMO (PYHKITMOHUPOBAHMSI, BCE BO3MOXKHEIC peaTbHBIC
COCTOSTHUS M TIEPEXOIbI MEXKITy HUMM.

st yaeta BceX COCTOSTHUM YpaBHEHUS 3JIEMEHTOB
3aIMChIBAIOTCS B 3aBUCUMOCTHU OT TTapaMeTPOB aHaJIM -
3a [15, 16]: HE3aBUCUMBIX TTEPEMEHHBIX MH(pOpMAaIIK-
OHHBIX BXOJIOB M TTIepeMEHHBIX TaMITH. [J1sT TIpoBepKu
0TKa300€30ITaCHOCTH MCITOIB3YeTCS WHAUIINPOBAHME
curHaioB [1], mis ompeneleHus] COCTSI3aHUUA TIpe-
JIOKEH CMOoCo0 MPOBEPOYHBIX (DYHKIIUIA JJIST KaXKI0TO
sJIeMeHTa [5, 16].

CosmaHHasi TI0 3TOMY METOAy Iporpamma
DA3AH [17] mokasaa mpaBUIbHOE BBITIOJIHEHUE aHa-
JI3a, a TAKKe BBISIBUIIA PSIIT TPYIHOCTEH. BBISICHMIIOCK,
YTO HaXOXICHNE MHINIIIPYEMOCTU CUTHAJIOB BBITION -
HSIETCS JOCTATOYHO OBICTPO JaXke NP OOJIBIIIOM YKC-
Jie TTapaMeTpoB aHajiu3a W He MPeACTaB/seT peaib-
HoW npo6JieMbl. OCHOBHAsI TPYIHOCTD 3aKJI0YaeTcs B
orpeneseHNN cocTsa3anmit. [IpoBepodHble QYHKIINY 1
JacTh YpaBHEHUIA B 00IIIeM clTydae MMEIOT YBEJTMICHHOE
YHCIIO apTYMEHTOB, TTOCKOJIBKY TO0ABIISTIOTCSI M30IIepe-
MEHHBIE, HeOOXOIMBbIE JIsI BBISIBIICHUSI COCTSI3aHWIA.
B pesysbraTe onpenesieHre MOHOTOHHOCTH TTPOBEPOY-
HBIX (PYHKIIMA CTAaHOBUTCS TPOMO3IKUM U OTpPaHU-
YUBaeT pa3Mep aHAIM3NPYEeMOro (hparMeHTa HIDKHETO
YPOBHSI.

IIpocThiM pelieHreM 3TOM MPOOIEMbI MOXKET ObITh
MOCTPOEHNE HUXKHETO YPOBHSI CXeM M3 (hparMeHTOB
HeOOJIBIIOro pa3Mepa, UTo BMOJHE peanudyemo. Of-
HaKO 3TO He BCeTha YIOOHO W OrpaHWYMBACT MaHEBP
pa3paboTuuka.

3amaqy paTrKaJIbHOTO YMEHBIIICHUS TPYIOEMKOCTHI
aHanuza CC-cxeM B (PyHKIMOHAJIBHOM MOIXO0JE MOXK-
HO PEILIUTh MPUBJICYCHNEM CTPYKTYPHBIX METOIOB.

WHOOPMATUKA U EE TPUMEHEHUHS Ttom 8 Bbimyck 3 2014



HpOCKTI/IpOBaHI/IC CaMOCHUHXPOHHBIX CXEM: CTPYKTYPHBIC METO/IbI B UCPAPXNYECCKOM aHaIN3¢

3  CTpyKTypHbIE METOAbI
B MUE€PAPXUUECKOM aHaJIN3e

Wnest CTpyKTYpHBIX METOIOB COCTOMT B TOM, YTO
IIpY aHAJIN3¢ COCTI3aHUM MOXHO OTKa3aThCs OT BhI-
YUCJIEHUS JIOTUYECKUX (PYHKIIMIA, a BMECTO 3TOTO BbI-
SIBUTb 2JIEMEHTapHbIe STUCHKU TaMsITU U aHaJU3UPO-
BaTh B3aMMOCBSI3U OTUX SYeeK M TOAKIIOYEHHBIX K
HUM CUTHAJIOB.

HeoOxonuMmbIM TpeboBaHMEM OTCYTCTBUSI COCTSI-
3aHUI CcTaHeT OJOKMpPOBKA (3ampeT 3amucu) 3aro-
MUHAIOUIMX slYeeK Ha BpeMsl M3MEHEHUs] MX BXOMIOB.
JByxda3ubiit xapaktep padbotel CC-cxeM (dyepenoBa-
HUe paboueii (a3pl M BCTIOMOTATeIbHOI — cIielicepa)
obecrieunBaeT TOJNHYI BO3MOXKHOCTH IUISI TIPOBEPKU
3TOTO TpeOOBaHUA.

[Tockonbky B CC-cxeMax OOMyCTUMBI JIIOObIe KO-
HEYHBIC 3a[ePXKU 3JIEMEHTOB, TO B TIpeieiaX OTHOMI
dassl HeTb3sI OTYCTUTD U OJJOKMPOBKY, 1 U3MECHEHUE
BxonoB syeek. I[loaToMy HeoOxomumoe TpeboBaHME
BBITIOJIHSIETCSl ¢ pasfeieHueM 1o ¢daszam: B ¢ase, B
KOTOPOI1 BXO/IbI 3aTTOMUHAIOIIUX sSTY€EeK MEHSIIOTCSI, Jie-
JlaeTcs OJIOKMPOBKa, B Ipyroit ¢ase, KOrma 3TU BXOAbI
HEe M3MEHSIOTCSI, paspelaeTcs Iepe3annch. TaKou
TOPSITOK U JieTaeT BO3MOXKHBIM aHAJIM3 COCTSI3aHUMA
CTPYKTYPHBIM METOJOM.

3.1 AHaJu3 Ha BEpXHUX YPOBHSX

OrmmcaHune cXeMbl Ha JIF0OOM BEpXHEM YPOBHE CO-
JIEPKUT TOJBKO (DparMeHThl, KOTOPbIE OBbLIU YCIIEITHO
MPOBEPEHbBI paHee.

Wepapxuyeckuii aHaiM3 Ha BEPXHUX YPOBHSIX MO-
JIPOOHO M3JTI0XKEH B [3, 16].

IIpenyioxkeHHBIIT MeTOA ObUT peaiu3oBaH U MPO-
BEpeH C MOMOIIbIO IKCIEPUMEHTATBHON MPpOrpaMMbl
JIMMAH. UcnbiTaHust IporpaMMbl Ha cxeMaxX Cpej-
Hel CII0XXHOCTH (8-OMTHBIN MUKporpoleccop «MUK-
POSIIPO») MOKa3aau BbICOKYIO 3(h(hEeKTUBHOCTh METO/IA.
AHaii3 Ha JI00OM M3 BEpXHUX YPOBHEW HepapXuu C
MOJTHOTOM MO BCEM COCTOSIHUSIM U TTepexoiaM 3aHUMa-
€T COTbIE WU ECSThIE JOJU CEKYHIbI.

Pesynbratel aHanmmsza mnporpammoin JIMMAH B
CpPaBHEHUU C COOBITMIHBIM METOJOM TIPUBEIACHBI B
pasn. 4.

3.2 AHaJM3 Ha HUXKHEM YPOBHE

B oriimume ot BepXHUX ypOBHE, (hparMeHT Ha HUXK-
HEM YPOBHE OIMCAHUSI COACPKUT JJOTMYECKUE YpaBHE-
HUST 2JIEMEHTOB UM, BO3MOXKHO, Ipyrue ¢hparMeHTHI,
paHee mporenie aHaau3. COBOKYITHOCTH BCEX JIO-
TMYECKUX ypaBHEHMI (hparMeHTa OyleM Ha3bIBaTh €ro
A02UHeCKOLl Yacmbio.

WHOOPMATUKA U EE TPUMEHEHUHS Ttom 8 Bbimyck 3 2014

[Ipennaraercs onucaHue JOTMYECKOUN YacTU Mpe-
CTaBUTh B BHJE B3aWMOCBSI3aHHBIX (HParMEeHTOB
JUISE MEpapXuuecKoro aHajlu3a, MOJHOCThIO UCKIIIOUUB
IIPU 3TOM TPYIOSMKUI1 aHAIM3 COCTSI3aHWI HIDKHE-
ro ypoBHsd. TeM caMpIM JIOTM9ecKasl 49acTh MO-
KET OBITh MPOaHAIM3UPOBaHa KaK (parMeHT BEpXHETo
YDPOBHSI.

Ha nepBoM 111are onpenessiroTcst HEOOXOAUMBbIE IS
JIajgpHeero arpuoyTel nHTEpdeiica [5, 16] mornye-
CKoIt 9acTu 1o ee B3auMocBsI3sIM: CC-THUITBI €¢ BXOIOB
1 BBIXONOB (ha3oBbie, Hea30BbIe W Ip.), 3HAYCHMUS
BXOJIHBIX CIIEHCEPOB.

Ha cnenyroniem 1mare ¢GbyHKIMOHAJIbHBIM METO-
moM [3] mpoBepseTcsl WHAMIIMPOBAHWE BCEX BHYT-
PEHHUX CUTHAJIOB JIOTUYECKON YacTh Ha ee (ha30BbIX
BeIxomaxX. Kak ymoMmHamoch BEIIIE, 3TO JEHCTBUE
He TpeNCTaBIsieT O0IbIIUX BRIYUCIUTEIbHBIX TPYIHO-
creii. ITomyTHO Ha 3TOM 1Iare BHIYUCISIOTCS U Mapa-
MeTphl UHTepdeiica, HeOOXOAUMBbIE IJIs AaTbHENIIIEro:
3HAYCHMSI CITeiicepoB (Pa30BBIX BBIXOIOB, CIIMCKA WH-
JTALUPYEMOCTH.

Jasnee B TOTMYECKON YaCTHU CJIEAYeT BbIIETUTh KOM-
ouHamoHHyo yacTh (KY) u otaeasHoO Bece OMCTaOUIIb-
Hble stueiiku (BCA). (JLoBOIbHO PeKO UCTIOIb3yeMble
MHOTOCTAOWIbHBIC STICHKM JUTSI TPOCTOTHI HE paccMaT-
puBatoTcs.) BeiaeneHme mpon3BOIUTCS IO B3aUMOCBSI -
35IM BJIEMEHTOB, T. €. YK€ CTPYKTYPHBIM CITOCOOOM.

Onny bCA 6yayT cocTaBisiTh ABa 2JIEMEHTa C Mepe-
KPECTHBIMU CBSI3IMU — C BbIXOJIa OTHOTO 2JIEMEHTa Ha
OIIMH M3 BXONIOB JIPYTOTr0. DJIEMEHTHI, HE TTOIABIIINE B
BCH, 6ynyT otHOCUTBCST K KY.

W K4, u Bce BCH 3atem oopmistioTes Kak ¢par-
MEHTHI JUISl hepapXuyeckoro aHaiu3sa. Bece TpedOyeMbie
MpU 3TOM aTpUOYThl MHTEeP(EecOB HOBBIX (PparMeH-
TOB OIpeAeJISIIoTCs JIMO0 HeMOCPEeACTBEHHO, MO0 Ha
OCHOBAaHWH TPEIbIIYIINX IIIaroB.

B cooTBeTcTBUUM ¢ OOIIMM TIPAaBWJIOM aHaIM3a ca-
MOCUHXPOHHOCTH [5, 16] Kaxmblii HOBbII (hparMeHT
JIOJXKEH OBbITh MPOBEPEH Ha OTKa300€30MacHOCTh U OT-
CYTCTBME COCTSI3aHU 1 BHYTPEHHUX CUTHAJIOB.

OTKa300e301acHOCTh (hparMeHTa 00ecCITeunBaeTCs
WHINIINPOBAHUEM BCEX €ro BHYTPEHHMX CUTHAJIOB Ha
€ro BHEIIHUX (pa30BBIX BEIXOMax. PaHee Ha omHOM M3
11aroB OblJIa MPOBEPEHA UHAULIMPYEMOCTb BHYTPEHHUX
CUTHAJIOB JIorn4yecKoii yactu. [1o CBOMCTBY TpaH3UTUB-
HOCTH WHAWKAIINM, eCIM BHYTPEHHWI CHTHaJI (par-
MEHTa WHANIIAPYETCST Ha BBIXOIAX JOTUUYECKOI JacTH,
TO OH C HEOOXOIMMOCTBIO MHIUIIMPYETCS X Ha BRIXOAAX
(parMeHTa, TaK KaK ApYroro MmyTH Il €r0 MHIWKALIUU
HET.

Takum 00pa3oM, Mmocie MpoBepKU UHAUKALMHI JIO-
TUIEeCKOM YacTH BCe HOBBIC e¢ (pparMeHTHI TAKIKE CTa-
HOBSITCSI IPOBEPEHHBIMM Ha OTKa300€30ITaCHOCTb.

OTCyTCTBME COCTSI3aHUIT BHYTPEHHUX CUTHAJIOB B
BCA anpuopHo cieayet U3 uX CTPYKTYpPbl: BHYTPEHHUX
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Puc. 1 Hueiika cnurosoro perucrpa
CUTHAJIOB BCEro JiBa — 3TO CUTHAJIblI, CBSI3bIBAIOIINE Cxema 3agaeTcsl ypaBHEHUSIMU:
TOCJIEOBATETIHHO JBA 2JIEMEHTA B KOJIbIIO. Takue cur-
HaJbl HE MOTYT BBI3BaTh cocTsizaHuil. CocTsa3aHus I, = NC (1)
MOTYT TIOSIBUTHCS M3-3a BHelIHUX curHaiaoB bCH, Ho Q1 = N(D1V I)Q2); )
HX TIPOBEpPKa OCYILECTBISIETCS yKe Ha 00Jiee BBICOKOM Qs = AN(DaV I)Q1) ; 3)
YPOBHE MepapXuM.
. Y, = /\(QIEI2 V ng), 4)
Hna KY orcyTcTBME cOCTSI3aHUIA clenyeT u3 ce-
pUM JOKAa3aHHBIX B [1] TeopeM /11 pa30MKHYTBIX CXEM, Yy = NQ2EI2 VY1) ®)
3aKaHUMBAIOIINXCST CIIETYIOIINM: I =

«Y1Bepxknenne 4.4. JIByxdazHas KOMOMHAIIMOH-
Hasl cxema SIBJISICTCST allepUOIMIECKOI TOTIa U TOJIBKO
TOrJa, Koraa oHa MHAULIMpYeMay.

B uuTupyemoit KHUTe TEPMUH <«allepuoarndecKasi»
SIBJIIETCS CUHOHMMOM T€PMUHA «CAMOCUHXPOHHAasI», a
MOJ MHAULIMPYEMOI MOHUMAETCSI CXeMa, BCe BHYTPEH-
HHE 3JIEMEHTHI KOTOPOI MHANIIUPYIOTCS Ha BHEITHUX
Beixogax. Ilosromy KY He HyxXmaeTcss B OTHEIbHOM
IIPOBepKe Ha OTCYTCTBUE COCTSI3aHMIA.

B pesynbrare onvcaHHOI TIPOLIEAYPHI JIOTUYECKAsT
4yacTh OYJIET Mpe/icTaBlIeHa Kak coeIMHeHne (parMeH-
TOB, YK€ TIPOLIEIIITNX aHATU3.

[MocnenHuM 11aroM mpeajiaraeMoro MeTona Oymer
HepapXWIecKii aHaau3 CHavaja JIOTMYEeCKOM YacTH,
3aTeM IIEJIMKOM paccMaTprBaeMOro (pparMeHTa HITK-
HETO YPOBHSI.

MOXXHO 3aMeTHTh, YTO BBEIYMCIUTEIbHAS CIIOX-
HOCTb 3TOr0 METOJia TUHEHHO 3aBUCUT OT KOJUYECTBA
9JIEMEHTOB U MX B3aUMOCBsI3el. Takasi 3aBUCHMOCTb
He MTOPOXaAaeT TPOMO3AKUX BbluncieHuir Ha D BM pac-
CMaTpUBaeMOU JacTH 3a1aum.

PaccMoTpuM TIpuMep CXeMBI STYCHKU CABUTOBOTO
peructpa [18] (puc. 1). 3mech W gamee 3HAK «/\»
O3HauyaeT OTpMlIaHUE, 3HaK «V» — onepauuio UJIN,
OTCYTCTBUE 3HaKa — onepanuio U.
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=A(Y1VQ1)(D1VQ2VI2)(DaVQ1VIZ)(YaV(Q2)). (6)

3nech C' — ympaBISONINI cuTHaN, F — CUTHAaNI J0-
TTOJTHUTEJIBHOM OJIOKMPOBKMA.

B naHHOM ciydyae Bcsl cxema COCTaBJIsIeT JIorhye-
CKYIO YacTbh. AHaIM3 MHAWKAIIMY ITOKA3bIBAET, UTO BCE
ee 2JIeMEHTHI MHANIMpPYyIoTcs: (2)—(5) — Ha WHAWKAa-
TOpHOM BbIXone I1, mHBepTop (1) — Ha BeIXOHE Is.

Cxema pa3ouBaetcs Ha Tpu dparmenTa: bCA-1 —
sneMeHTHI (2) u (3), BCA-2 — saements (4) u (5) u
K4, B koTopyio Bxoasat unBeptop (1) u unaukarop (6).
Bce dparMeHTHI SIBISIIOTCS CAMOCHMHXPOHHBIMU, TakK
KaK MpPOILLIK 00IyI0 MPOBEPKY Ha MHAMIIUPOBAHUE.

IIpoBepka caMOCMHXPOHHOCTH BCeil CXeMBI OymeT
COCTOSITH B aHAJIN3¢ MEXKCOSTMHEHN (hparMEHTOB He-
papxudeckuM MetomoM [15, 16], mrsa yero tpedyercs
BBIYMCIUTD MTapaMeTphbl OJJOKUPOBKU He(ha30BbIX CUT-
HanoB Q1, QQ2, Y1, Y. 3nech Bxoabl u Bbixoasl bCS-1
1 He(a3oBBIe BXOIBI MHANKATOPa OJIOKUPYIOTCS B (paze
crieiicepa curHasioM C' ¢ 3aIepsKKoil. BXomel n BBIXO-
16l BCA-2 6nokupyroTcst B padboueii pase curHagom C'
TakKKe C 3aIepXKKOI U CUTHAJIOM E 0e3 3a1epKKU.

Orryckas ToapoOHOCTH, MOXKHO CHEJIaTh BEIBOJ, UTO
BCce coemMHEHUsSI (DparMEeHTOB KOPPEKTHBHI IO OTCYT-
cTBMIO cocTsizaHuit. CurHan E, BCIEACTBUE 3aAePKKU
onokupoBku bCS-2, ciaemyer moaxioyaTbh K CUTHa-
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HpOCKTI/IpOBaHI/IC CaMOCHUHXPOHHBIX CXEM: CTPYKTYPHBIC METO/IbI B UCPAPXNYECCKOM aHaIN3¢

ny Iy mocnenyomei s4eiku perucTpa, ecjiv TakoBast
MPEeTyCMOTPEHA.

4 CpaBHeHUE pe3yJIbTaTOB
MepapxXmuyecKoro u COObITUITHOTO
aHaJiu3a

Hna ananuza 6buta BeiOpaHa CC-cxema 8-OUTHO-
ro MEKpoInpoLeccopa «MUKpPOSAPO», paHee MOAPOOHO
MIpOoaHaJIM3UPOBAaHHAsI COOBITUITHBIMU MeTonaMu [19].
Bepxumuii ypoBeHb CXeMBI TTIOKa3aH Ha puc. 2 (Ha pH-
CYHKE He TI0OKa3aH YIIPaBIISIONMINI OJIOK, 3amarolluii
PEXUMHBIE KOHCTaHTBI U He MOJIEXAIIUi aHaI3y).

Hepapxmdeckast CTpyKTypa CXEMBI IO YPOBHSIM U
MMeHaM OJIOKOB BBIIJISIAUT CJenyloluM obpa3oMm (B
CKOOKax JaHbl pa3Mepbl 0JI0KOB B BEHTUJISIX).
MicroCore (892)

1 — ROM (81)
2 — GI2 (3), ROM_REG (28), PC_S (32),
ROM_DC (18)
| — DCF (11)

2 —INV (1), GI2 (3), ROREION (6), INV (1)
I — CLK_MC (123)
1 — MUL (448)
2 —GI2(3),INV (1), INV (1), GI2 (3), INV (1),
GI2 (3), GI3 (4), SSMULT (337)

3 — SSSM (12), MINUSA (33), SSSM (12),
SSSM (12), SSDC (48), SUM20 (23),

SSSM1 (6), SUM21 (19), SUM22 (22),
MULIND (51), PARTPO (17), PARTPI1 (34),
PARTP?2 (48)

2 — R1R10 (64)

3 — RIREI11 (6), RIRE1I (6), INV (1), GI4 (5),
INV2 (1), GI2 (3), GI3 (4), INV2 (1), INV (1),
RIREI11 (6), RIRE11 (6), RIRE1I (6),

RIREI11 (6), RIRE11 (6), RIRE11 (6)

2 — MX22 (25)

1 — ROT (152)

2 — R010 (4), R010 (4), R010 (4), R0O10 (4),

GI2 (3), GI2 (3), Gl14 (5), MX21R (17),
SHFT43_N (110)

3—GI3M (3),GI2(3), GI2 (3), INV (1), GI3 (4),
INV3 (2), MX21N (25), PPTR (13), PPTR (13),
PPTR (13), PPTR (13), MX310N (17)

1 — MX311 (29)

CyMMapHOe BpeMsi aHajiu3a BceX OJIOKOB CXEMBbl
nporpammoit TIMMAH (6e3 yueTa aitoBeIx omepa-
uuit) cocrasuio 0,84 c.

Wepapxuyeckuit aHanm3 B GyHKIIMOHAIbLHOM IO/~
XOJIe, KaK YKa3bIBaJIOCh paHee, 00ecIiedynBaeT ncuep-
MbIBAIOLIYIO MTOJTHOTY aHaau3a, T. €. YUYMThIBAIOTCS BCE
peajibHble HayaJlbHble COCTOSIHUSI U BCE BO3MOXHBIE

peasibHbIe cOYeTaHMS 3HAYeHUIi BXOIOB OJIOKOB M Tie-
PEXOJIOB MEXKTy HUMMU.

OnHOKpPaTHBINM aHAIN3 COOBITUITHBIM METOIOM 3TO-
TO X€ MUKpOIpoIleccopa ¢ OJHUM HadyalbHBIM CO-
CTOSTHMEM W OHOW M3 KOMOWHAIIMI BXOJHBIX 3HaYe-
Huii [12] 3aHumaet 7 c.

Jnsa obecnieyeHUsT HEOOXOAMMON TMOJHOTHI TPedy-
€TCS BBITIOJIHUTH JECSITKU THICSY TAKMX CEaHCOB aHa-
Jn3a.

[NpuBeneHHbIe TaHHBIE TTOKA3bIBAIOT, KAKUE TpaK-
TUYECKKME TPYAHOCTH BO3HUKAIOT IPH MPOCKTHPOBA-
Hun CC-cxeM KJaccuyecKUMU (COOBITUIMHBIMU) METO-
JaMU.

5 3axiiioueHue

CTpyKTYypHBIE METOJbI B UEPAPXUUECKOM aHan3e
CAaMOCHHXPOHHOCTHU CXEM COCTOSIT B TOM, UTO HCCJIe-
IIYIOTCSI HE ypaBHEHMSI 3JEMEHTOB, a MX B3aMMOCBSI-
3u. [lpuMeHeHUe 3THUX METOMOB 0Ka3aJ0Ch BO3MOX-
HbIM B paMKaxX (pyHKILIMOHAJABHOTO MOIX0Ja, KOoraa
paccMaTpuBalOTCsl pa30MKHYThIE CXeMBbI, paboTalole
10 TIPUHLIUITY YepeaoBaHus IBYX (a3.

DPHEeKTUBHOCTDL CTPYKTYPHBIX METOHOB CIIEAYET U3
TOTO, YTO WX BBIYMCJIMTEIbHAsI CJIOXHOCTb JIMHEWHO
3aBUCUT OT KOJIMUECTBA 2JIEMEHTOB/(ParMeHTOB U UX
B3aMMOCBSI3EH.

Ha Bcex ypoBHSIX nepapXmuueckKoro aHajau3a BhILIE
HUXKHETO POBEPKU OCYILECTBIISIIOTCS UCKITIOUUTETHEHO
CTPYKTYpHBIM MeTofoM. Tak, aHanu3 §-OUTHOTO siapa
MUKporipoleccopa «MUKpOSIApO» 3aHUMAaET AeCsThie
JIOJIU CEKYH/IbI.

Ha HuxHeM ypoBHE ogHa U3 ABYX IIPOBEPOK — OT-
CYTCTBHE COCTSI3aHUM — CBOAUTCS K TAKOMY K€ CTPYK-
TYPHOMY METO/y, UTO U aHAJIM3 Ha BEPXHUX YPOBHSIX.
Bropast mpoBepka — MHAULIMPOBAHUE — 3aKJTIOYAETCS
B [MOCJIEI0BATEIbHOM BBIYMCIEHUM JTIOTUYECKUX (DYHK-
uuit. Ha mpakTuke oHa 0OBIYHO HE BBI3LIBAET 3aTPY/I-
HEHUI, 0OCOOEHHO C YY4e€TOM TOTO, UTO pa3Mep ¢par-
MEHTa HMXXHETO YPOBHSI MOXET OBbITb BHIOpaH CaMUM
MOJIb30BaTEJIEM.

Takum oOpa3zoM, NMpUMeHEHUE CTPYKTYPHBIX Me-
TonoB B aHamm3e CC-cxeM MO3BOJIIET paauKalbHO
YMEHBIIUTD CJIOXKHOCTb BBIUMCIIEHUN 1 PEIINUTh IIPO0-
JIeMy aHajii3a cxXeM Jiio0oro pasmepa (He pelieHHYIO B
KJIaCCUYECKOM COOBITUITHOM MOAXOIE).
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MUL 14 MX311_13
2(1) A0 DB0 YO DBO
v Al DB1 Y1 DB1
3 A2 DB2 Y2 DB2
v A3 DB3 Y3 DB3
25 A4 NDBO YBO
Y A5 NDBI YBI
7 A6 NDB2 YB2
A7 NDB3 YB3
Q4
03 BO
Bl DB4
Qo6 B2 DB5
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NOA B3 DB6 op—
NBO DB7
NQ> NB1
NQ6 A A8
NQ7 NB2 SE—o
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MX1 IMX1 Mo M2
MUL
DROM 16 DCF 15
ROT ROT ROT FMM FMM
110 110 MUL MUL MUL FsM oM
INOP INOP IFLG B NE ?(I)FLG
11
DCF
ROM
BMX1 o phixi
IRGB
M2 @ [RG
M
B0
mOTHIROT Bl
B2
B3
NBO
NBI
NB2
NB3
CLK_MC
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Puc. 2 Bepxuwuii ypoBeHb MUKPOIIPOLIECCOPA «MUKPOSAPO»
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Abstract: Self-timed circuits have unique properties of the delay-independence and fail-safe. One of the ma-
jor problems of circuits design, self-timed analysis of large circuits, is considered. In the traditional approach, circuits
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are analyzed by event methods with elements switches.

experimental software.

Computational complexity in this approach increase
exponentially with the size and/or other circuit parameters, which does not allow analyzing the most practically
important circuits. The solution is proposed in the functional approach, without using switches, and in the
hierarchical description of circuits. In the hierarchical analysis along with the analysis of logical functions, the
author proposes to use structural methods, i. e., to study the interaction of elements and fragments. This method
allows reducing the complexity of calculations dramatically and thus solves one of the major problems of self-timed
circuits design — analysis of circuits of any size. Efficiency of the suggested methods is confirmed using the
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