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PaccmarpuBarorcss 3amaun Ha rpadax, HMEION[ME NPUIOKEHHE ‘B TPOCKTHPOBAHUU TUCKPETHBIX YCTPOMCTB
ynpasienust. Jlaetcs 0030p METOJOB U alrOPUTMOB PEUICHHs JTHX 3a4ad. [IpUBOAATCS MPUMEPHI MCIOIb30BAHUS
rpadOBbIX MOAENEH IS pEIICHNUS 33124 JJOTUUECKOTO IPOSKTHPOBAHHSI.

KiawueBsble ci1oBa: IOrHUeCKOe IPOCKTUPOBAHKE; packpacka rpada; moaHbId moarpad; 1By1oapHbIH moarpad.

BBEJIEHWE

OOBEKTHO-OpPUEHTHPOBAHHEBIN IOIXOA K PEHICHHFO
npoOeM JIOTHYECKOTO TPOCKTUPOBAHHS IAUCKPETHBIX
YCTPOUCTB MpeArnoiaraeT MOCTpoeHue O0a3bl 3HAHUM.
baza  3HaHui COZIEPKUT CTPYKTYPHUPOBAHHYIO
MH(POPMAIUIO U TIPaBUJIa BBIBOJA, KOTOPBIC MOKPBIBAIOT
OMOIMOTEUYHBIMU  DIIEMEHTaMH | JaHHYI0 ~ o0nacTh
3HAHUMH. IIpun JIOTHYECKOM IIPOCKTUPOBAHUU
JIUCKPETHBIX YCTPOWCTB TAaKUMHU JJIEMEHTAMU MOTYT
CIIY’)KUTH JIOTUKO-KOMOWHATOPHBIE 337]a4H M aITOPUTMBI
UX penieHui, copMyImpoBaHHEIE B TEPMHUHAX TCOPUU

rpadoB.

Mertonsl Teopur rpad)oB MIUPOKO NPHMEHSIOTCS B
JIOTHYECKOM NPOEKTUPOBAHUH JIMCKPETHBIX
YIPABJISIIONIMX U BBIYUCIHMTENBHBIX ycTpoiicTB. O
NPUIIOKEHUAX = Teopud rpadoB B JIOTHYECKOM
NPOCKTUPOBAaHMM U ONM3KMX K HeMy o00nacTsx
HAIMCAaHO JIOBOJBHO MHOTO paboT, MepeYrCInTh
KOTOpbIe OBbLIO OBl CJIOXHO, TO3TOMY OTPaHHYUMCS
TOJIFKO YKa3aHWEM HEKOTOPHIX MOHOTpaduii [Mennxos,
1971], [MenuxoB u ap., 1974], [Heuenypenko u jp.,
1990] u o630pHBIX crareil [3akpeBckuid u np., 1986],
[[TorTocun, 2001].

Ha  orame  sormueckoro MIPOEKTUPOBAHUS
JUCKPETHBIX ~ YCTPOMCTB  YIpaBJCHHS  BO3HHKAIOT
pasHOOOpa3HBle  JIOTHKO-KOMOMHATOpHBIE  3a/la4yd
[AruGanos, 1981], [3akpesckmiti wu ap., 2007],
[[Torrocun, 2011], perleHne KOTOPHIX TIPUBOIUT K
ONITUMAJBHBIM BapHaHTaM JIOTHYECKOro IpoekTa. B
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HacTosIel paboTe mpeuaraeTcsi KpaTkuii o030p Tex
3a7a4 U METO/IOB Teopuu rpad)oB, KOTOPBIE HAXOMIST
MIMPOKOE MPUMEHEHNE B JIOTHYECKOM IPOSKTHPOBAHUH.

B paccmarpuBaeMbIX 3amadax IOHATHE rpada
UCTIONIB3YETCsl B pa3HBIX MHTepHpeTanusx. Yaiue Bcero
3T0  rpaduyeckoe  NPEACTABICHHE  OMHAPHOTO
OTHOLICHHs THUIIAa COBMECTHMOCTH, T.€. OTHOLICHUS,
obnajmaromero  coiicTBaMu  peIIEeKCUBHOCTH U
CUMMETPHYHOCTH. Takoe OTHOIIEHHE MNpPEeICTaBISETCS
NPOM3BOJIbHBIM ~ HEOPHEHTHPOBaHHBIM  rpadom. B
HEKOTOPBIX Cilydyasx rpad NpelncTaBiseT OTHOLICHHUE
KBasumopsAaka HWJIW OTHOMICHUE CJICAOBAHUA MEKIY
HEKOTOPhIMH COOBITHAMHU. B OTmenbHBIX 3amadax rpad
NpeJCTaBIsIeT JOTHYECKYI ceTh. PaccMmarpuBaemble B
9TUX CITy4asix rpadbl ABISIOTCS OPUEHTUPOBAHHBIMU.

1. Packpacka rpaga

3HauNTENLHOE MECTO B JIOTM4ECKOM
MPOCKTUPOBAHUM 3aHUMaET 3ajlaua PacKpacku rpada.
Packpacka rtpada MokeT OBITH HCIONB30BAHA TIPH
peIIeHny 3a1addl JACKOMIIO3UIHNU OYIEeBBIX (DYHKITHHA
[Perkowski, 1995], [3akpeBckuii, 2000], [Bubwuio,
1987], 3aHuMaromeil BakKHOE MECTO B CHHTE3C
KOMOHMHAIIMOHHBIX CXeM B 0a3uce CBepXOOIbIIUX
unrerpanbHeix  cxem (CBUC). W3  Bcex 3amau
JIOTHYECKOTO MPOSKTHPOBAHUS, OXKAITYH, UIMCHHO OHa
HauOoJIee YacTo CBOAUTCS K packpacke rpada.

OnmHa ¥3 TIOCTAaHOBOK 33J[a4d  JIEKOMITO3UIINU
dopmynupyercss  cuemyromuMm — obpazoM.  3amaHa
cuctemMa OyneBbIX (YHKIIMH Kak BeKTOpHas OyieBa



¢Gyukmus Yy =f(X), u 3amaHBl  BEKTOPHBIE OYIEBBI
NepeMeHHbIe W W Z, COCTABJIICHHBIC W3 KOMITOHCHT
BEKTOpHOH TiepeMeHHOW x. Heobxomumo mpencTaBUTh
3aganHyto cuctemy B Buae f(X) = h(w, 9(z)). @yakuun
h u g momxkub! 661TH O0stee mpocThimMu, YeM f. B nanHOM
CITy4ae 3TO O3HAYACT, YTO YHUCIIO S KOMIIOHCHT BEKTOPA Z
M CyMMa dYKcell KOMIIOHEHT BEKTOpoB W u U =((z)
MeHbiie n. OOBIYHO CTPEeMATCS MOMYYUTh MHHHMYM
3TOU CYMMBI.

OO0umii  Meron — pemieHWs — JaHHOH — 3agadu
mpeAnonaraeT noctpoerne Trpada G, BepmmHAMHA
KOTOpOTO  SIBISIIOTCA ~ 3HAU€HHWs  Z*  BEKTOPHOH
MEPEMEHHOH Z, a pedpa ONpEeAeiAIoTCsS CIECAYIOINM
obpazom. Ilyete  X*i 3HaY€HHE  BEKTOPHOU
MepeMEeHHOH X, a z* W W* — 3Ha4YeHUs BEKTOPHBIX
MEepeMEHHBIX Z W W COOTBETCTBEHHO, HpPHUYEM
KOMITIOHEHTHl X* COBMaJalOT C COOTBETCTBYIOLIMMH
KOMITIOHEHTaMH z*; u W*. Bepiunsl z* u z*; rpada G
CBsI3aHBI peOpoM, eciu HaiieTcs 3HaueHHe W* BEKTOpa
W  Takoe, 4YTo 3HaueHus QyHkuun [ mpm
COOTBETCTBYIOIIHNX X*j U X*j pa3JINIHEL.

Jlerko TOKas3bIBAETCSA, YTO 3aJAHHYIO BEKTOPHYIO
¢dyukimoo MoxHo mpeactaButh B Buae f(X) = h(w, u),
I7ie BEKTOPHBIN apTyMEHT # MMeeT K KOMITIOHEHT, Tor/a
M TOJIBKO TOTIa, KOTJa XpoMarhudeckoe uucio rpapa G
He npesocxoaut 2.

Jns momydeHusT — OKOHYATEJIBHOIO — PELUCHUS
JIOCTaTOYHO MOJyYUTh MHHUMAJIBHYIO PacKpacky rpada
G u 3akogupoBarh IOJyYEHHBIE IIBETa OYyJIEeBBIMHU
BEKTOpaMH, KOTOpPbIE NPECTAaBST 3HaYCHHUs (QYHKLIUH (
IIPY COOTBETCTBYIOIIUX 3HAYEHUSIX BEKTOPA Z.

BBuay Toro, 4to 3aaua packpacku rpada sBIsieTcs
NP-TpynHO#i ¥ TO4YHOE ee pelieHne He BCEraa
MPaKTHIECKH JTOCTHKNUMO, B paboTe [3aKpeBCKuid u Jp.,
2007] mpeanaraercst 3BPUCTHYECKHHA METOJ, KOTOPBIH
MO3BOJISIET IOJTydYaTh PacKpacKy, JOBOJBHO OIM3KYIO K
MHUHUMAJBHOW 32 TPAaKTUUECKH IPHEMIIEMOE BpeMs.
AnTopuTM, peanu3yronuil JaHHBIA METO/, TO3BOJISIET B
OTAETBHBIX CIy4asX II0 XapaKTepy ero BBITOIHEHUS
MOKa3bIBaTh, UYTO IIONyYEHHOE PEIICHUE SBIAETCS
TOYHBIM.

2. KonupoBauue rpaga. /IByno1bHbIe
noarpagbl

Kak ObUIO CKa3aHO BbINIE, NPH JEKOMIO3UIHMU
Oy/leBbIX (YHKIMIT B KOHEYHOM cueTe Tpedyercs
3aKO/IUPOBaTh OyJIE€BBHIMU WM TPOWYHBIMH BEKTOPaMH
I[BeTa, MOJIyYeHHBIE NOCiIe packpacku rpada. [laHHble
BEKTOPbI  CYMTAIOTCS ~ 3HAUYEHHUSIMH  BEKTOPHOM
MEePeMEeHHON u, oOmajgaronieii TeM CBOWCTBOM, HYTO
KaxaoMy pebpy rpada AODKHA COOTBETCTBOBATh €€
KOMIIOHEHTa,  MPUHUMAIOIIAs  IIPOTHBOIOJIOKHbIE
3HaueHus (0 m 1) Ha KoHmax 3Toro pebpa. Taxwmm
00pa3oM, KaJOH KOMIIOHEHTE BEKTOpa U MOXKHO
MOCTaBUTh B COOTBETCTBHME JIBYJOJIbHBIH moAarpad
paccmarpuBaeMoro rpada, a JaHHYI0 3agady MOXKHO
paccMaTpuBaTh  Kak  3aJady HOKpbITUS  Tpada
JBYIOJILHBIMU noarpadamu. Takoi Moaxos K pemeHnio
3aJauu JEKOMIIO3MLMK OyneBbIX (YHKIMH ONHCAaH B
paborax [3akpeBckuii, 2000], [Bubmio, 1987].
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3amada MTOKPBITHUS rpada JIBYIOJTbHBIMHU
noarpagaMy BO3HUKAET HPU MOUCKE ONTHMAIBHOTO
KOAMPOBaHHUsI COCTOSIHMM CHHXPOHHOTO — aBTOMAra,

omicaHHOM B pabore [3akpeBckuit u ap., 2007].
[Tpennonaraercs 3agaHue BXoJa M BBIXOJa aBTOMaTa B
CTPYKTYpHOM aindasurte. Takas Mojenb Ha3BaHa B
pabote [3akpeBckuii, 1981] aBToOMaTOM ¢ aOCTPaKTHBIM
COCTOSIHHEM. ABTOMAr IPEACTABISETCS B BUAE IBYX
tponunbix Marpun U u V. Cronbnam wmarpuist U

COOTBETCTBYIOT ~ BXOJHbIC  OyJeBbI  IEPEMEHHbBIE
X1, X2, ... , Xn, CTONMOIAM MaTpuipl V — BEIXOAHBIC
OyneBbl TepeMeHHbIE Y1, Y2, ..., Ym. CTpoxm obenx

MaTpHUI NOMEYEHBl COCTOSHHSAMH aBTOMaTa TaK, YTO
mapa WX OJHOMMEHHBIX CTPOK INPEACTAaBISIET NEPEXO.
U3 COCTOSIHUS, SIBIISIOINErOCsI METKOM CTPOKH MaTpUIIbI
U, B apyroe COCTOSIHUE, SIBIISIOLICECS METKOH CTPOKH
marpunpl V. Crpoka marpunsl U npencrasnser npu
9TOM YCJIOBHE IIepexoja, ‘a CTpoka Marpuisl V
JIBOWYHBIE BHIXOJHBIE CUTHAJIBI, COTTPOBOXAAIOIINE ITOT
Hepexo.

Metox  3akmtouaercss B - caeayromem. s
HEKOTOpOTo cToibma y; Marpuusl V crpourcs rpad G,
BEpIIMHAM . KOTOPOTO  COOTBETCTBYIOT ~ COCTOSIHHUS
3aJaHHOTO aBTOMara. B  JaHHOM  cronOme i

OTBICKHBAIOTCS TIAPBI 2JIEMEHTOB C MPOTHBOMOJIOKHBIMA
3HaueHMSIMA (0 # 1), KOTOPBIM COOTBETCTBYIOT IapHI
HEOPTOTOHAIBHBIX CTPOK Marpuibl U. Bepiuuel rpada
G, COOTBETCTBYIOIIME METKaM CTPOK BCSKOW TaKoif
Mmaphbl, CBA3BIBAIOTCS PEOPOM U 3aTE€M KOAMPYIOTCS, Kak
MoKa3aHo Bbimie. [lodydeHHBIC KOIBI MEPCHOCATCS B
Matpuiibl U 1 V B BuJe 3HAUE€HUN BHOBbH BBEJCHHBIX
BHYTPCHHUX MEPEMEHHBIX Z1, Z2, ... , Zk. DTa TPOIEAypa
MOBTOPSICTCA Ml KaXIOTOo CTONIOma MaTpuisl V,
mpudeM  KaXABIH  pa3  BeIOMpaeTcs  cTomoOeln ¢
MUHUMAJIbHBIM YHCJIOM Tap YKa3aHHBIX 3JICMEHTOB.
Korma rpap G mma kaxmoro croiliia OKasbIBaeTCs
MyCTBIM (TIOCJIe BBEJCHUS HOBBIX IEPEMEHHBIX CTPOKH

CTaHOBATCA OpPTOTOHAILHBIMH), rporecc
3aKaHYMBAETCs, a mpeoOpazoBaHHble MaTpunkl U u V
IIPECTaBIISIIOT CUCTEMY OymeBbIX (hyHKIHH,

OIMMCBIBAIOIIYIO KOM6I/IHaL[I/IOHHyIO YacTh JIOTUYECKOH
CeTH, peajusyrolled 3ajaHHbld aBromar. Hekoropsle
COBMECTUMBIC COCTOSITHU L OKa3bIBAOTCA
3aKOJPOBAaHHBIMH HEOPTOTOHAJBHBIMH WIIH  JTaXKe
OMHAKOBEIMH KogamH. B 3ToM ciydae dakTmueckoe

YHUCIIO COCTOSTHUH aBTOMara OKa3bIBacTCA
YMEHBIIICHHBIM.

B pabGore [[lorrocmn, 1985] ommcan weronq
BBIIENICHUsT B 3amaHHOM Tpape G OCHOBHOTO
NIByIOJbHOTO Tmonarpada (T.e. Takoro moarpada,
MHOXKECTBO ~ BEpIIMH  KOTOPOTO  COBMaAaeT ¢
MHOXKECTBOM  BEPIIWH  3aJaHHOro  rpada) ¢

MHOXECTBaMU BEPIIMH V% u V! u makcuManbHbIM
qucIoM pebep. ANTOPUTM, OCHOBAaHHBIA HAa JAHHOM
METOJIe, COCTOUT M3 JByX 3TamoB. Ha mepBoM sTarme
HaXOJSITCS BCE IMKJIBI HEYETHOW IJIMHBI, HA BTOPOM

JTame  pemiaercss 3ajada  IMOKPBITHS  MHOXKECTBa
MONYyYeHHBIX  LMKJIOB pebpamm  rpada. PeOpa,
COCTaBJSIIOIME  HAIJICHHOE  IIOKPBITHE,  3aTeM

YIOQISIOTCS, B PE3yjbTaTe Yero MoJy4daeTcsi UCKOMBIN
nmonarpad. B 3aBUCHMOCTH OT KOHKPETHOH pean3aiuu



JaHHOTO ME€TOAa PEHICHHUEC MOXKCET OBITh Kak TOYHBIM,
TaK U HpI/I6J'II/I)KCHHI>IM.

OBpPUCTHYECKHA METOA peIIeHHUsT J3TOW 3amadu
npeaniokeH B pabore [bubumo, 1987] u yrouHeH B
crarbe [3akpeBckuii, 2000]. CormacHO 5TOMy METOLY
HavajbHOe 3HaYeHUE A NPE/ICTABIISET
O/IHODJIEMEHTHOE MHOXkecTBO, a V! comepxur Bce
OCTaJIbHblE BEPIIMHBI. 3aTeM BEPIIUHBI M3 MHOXKECTBA
V! nocnenoBarensHo nepeHocsrcs B MHoxkecTBo VO 1o
TeX TOp, MOKa HE MEePeCTaHeT YBEIWIHBATHCS YHCIIO
pebep, cBA3bIBAIOMIUX BepUHbL 13 V © ¢ BepuHamMu u3
Vi

3. He3aBucumble MHOkecTBa. [los1HbIE
noarpagsl

3a)1aq1/1 JIOTUYCCKOT'O IMMPOCKTUPOBAHUA,
dbopMmymupyeMble Kak 3aJadd  pa3OHCHUS 3aJaHHOTO
MHOXCCTBA Ha COBMCCTHMBIE B HEKOTOPOM CMBICJIC
MOJIMHOXKECTBA, YIAeTCs CBECTH K packpacke rpada,

€Clin HOHapHOﬁ COBMECCTHUMOCTH OJIEMCHTOB
INOAMHOXECTBA  AOCTATOYHO JIA  HUX prHHOBOﬁ
COBMECTHMOCTH. B MNPOTHUBHOM CJIyda€¢ MNPHUXOAUTCA
BBOJIUTH KaKHE-TO JOIIOJTHUTCIIbHBIC ycCiaoBuAa

OHOLBETHOCTH BepIuuH. JIpyroil moaxon K PEIICHHIO
TaKUX 3a7a4 IPEAIOIaracT HaXOXKICHHE B 3aJaHHOM
rpade HamOONBIIET0 HE3aBHCHMOIO MHOXECTBa, T.C.
MHOXECTBA MOMAPHO HECMEXHBIX BEPIIMH, a 3aTeM
TPYNIUPOBAHUE OKOJIO HHUX OCTAJIbHBIX BEPIIUH
3alaHHOTO rpada.

C moMoOIIbI0 3TOTO TOAXOAa MOXKHO pelllaTh TaKHe
3a7a4d, KaK MHUHHMM3alMs JUIMHBL KOJA COCTOSHWMH
ACHHXPOHHOTO aBTOMaTa, C)KaTHe TaONHIBI TepEeXOI0B
aBTOoMaTa (IO CTPOKaM M CTOJIOIaM), MapajuiesbHas
JNEKOMITO3UIMSI ~ aBTOMATa,  YIPOUICHHE  CHUCTEMBI
OyJeBBIX (DYHKIIMA, OMICHIBAIOIIUX aCHHXPOHHBIN
aBTOMaT. OTOT TMpHeM OCOOCHHO _IMOOXOAWT IS
pelIeHrs TakuX 3ajad abCTPaKTHOTO CHHTE3a aBTOMAaTa,
KaKk MHHHMH3AIMS YUCJIAa COCTOSHHHA CHHXPOHHOTO
aBTOMara M €ero JAEKOMIIO3MIMA. B dTHX 3amayax
HCKOMasi COBOKYIHOCTh COBMECTHUMBIX ITOJMHOKECTB
JIOJKHA 00JajaTh CBOMCTBOM 3aMKHYTOCTH, KOTOPOE
3aKIIOYAETCS B TOM, 4YTO HaJHM4YMe KaKUX-TU0O
SJIEMEHTOB B/ OJHOM COBMECTHMOM IIOJMHO)ECTBE
TpeOyeT BKIFOYCHHS HEKOTOPBIX NIPYTUX 3JIEMEHTOB B
JPYroe COBMECTHMOC TOJIMHOXXECTBO M3 MOJIYYaeMOM
COBOKYIHOCTH. JIBOMCTBEHHO 3a7a4eil 10 OTHOLLIEHUIO
K < 3ajJa4e HAXOXKIEHUS HE3aBHUCUMBIX MHOXECTB
SIBIISICTCS 3aJIada HAXOXJICHUS TMOJHBIX TOATPadoB,

MOCKONIBKY TONHBIA moarpad HekoTtoporo rpada
MOPOXK/IAETCST  HE3aBUCHMBIM ~ MHOXXECTBOM  €r0
JOTIOJIHCHHSL.

Jliist nosy4yeHus: BCeX MaKCUMaJIbHBIX HE3aBHCHUMBIX
MHOXKECTB MOXKHO C yCIIEXOM HNPUMEHSTh KIIaCCHYEeCKUI
METOJ INomna-Anrepa MOCTPOCHUS BCEX
MaKCHUMaJbHBIX COBMECTHMBIX MHOXECTB COCTOSHHH
aBTOMara. AJITOPUTM, OCHOBaHHBIH Ha 3TOM METOJE,
OolmMcaH B TEpPMHHaX Teopuu rpadoB B padore
[3akperckuit u ap., 2007]. B Hem ucnonb3yeTcs npHeMm,
Ipyd  KOTOPOM 3ajaHHbIi Tpad pasmaraercss Ha
HOCJIEOBATEILHOCT NOArpadoB M pEIICHHE JAHHON
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3amaun s Tpenpiayiero moarpada mpeodpasyercs B
pelieHue sl mocienyromero noarpada. B atux ke

paboTax  OmMHMCaH  AJTOPUTM  TOJYYCHUS  BCEX
MaKCHMaJIbHBIX HE3aBUCHUMBIX MHOXECTB,
HCTIONIB3YIOIIUH JICKCUKOTrpaduIeckuii mepedop.
4. KonupoBaHue COCTOSIHHIA aBTOMAaTa.
ITosnb1ii OyJieB rpag

B Teopunm OymeBrIx (yHKOHH  HCIOIB3YETCS

mpezcTaBiIeHne OyiieBa IpOCTpaHCTBA B Buze rpada, B
KOTOPOM BEpIIMHAMH SBIISIOTCS BCCBO3MOXHBIE OYJICBBI
BEKTOpa 3aJaHHON pa3sMepHOCTH (dIEeMEHTHI OyrneBa
MIPOCTPAHCTBA) U JIBE BEPIIMHBI CBA3aHBI PEOpOM TOTHIA
U TOJBKO TOTHNA, KOTZA COOTBETCTBYIOIIHE BEKTOPHI
OTIIMYAIOTCSl JIpYr OT JApyra 3Ha4€HWEM TOJBKO OJHOMN
KOMIIOHEHTEL. B Teopum rpadoB  Takoil rpad
Ha3bIBACTCsI MOJHBIM OYyJIeBBIM rpadoM U 0003HAYACTCS
cumBosioM Qy, rae K — pasMepHOCTh COOTBETCTBYIOIIETO
OyneBa MpOCTPaHCTRA.

JlanHas MoJenb UCTIONb3YeTCs I PELEHHs 3a1a4l
KOJAWPOBaHUs ~BHYTPEHHHX COCTOSHUH IUCKPETHOTO
aBroMara. - OJTO HEOOXOHMMO MJsI Tepexoja  oT
MOBEJCHYECKON MOJENH aBTOMaTra K €ro CTPyKTypHOH
Mojemd. To  ecTb KaXI0oe COCTOSHHE AaBTOMATa,
IpPEeACTaBICHHOE aOCTpaKTHBIM CHMBOJIOM B
HOBEJCHUCCKOH MOJAENY, JOKHO OBITH 3aMEHEHO
OyJ€BBIM BEKTOPOM, KOTOpPBIH, B CBOIO OYepenb,
MpeJICTaBIsIeT HA0Op COCTOSIHUI JIBOMYHBIX JJIEMEHTOB
NaMsATU B JIOTMYECKOH CXEMe, pealu3yolled IaHHBIN
aBToMaT. Kputepuem ontumuszanyu Ipu KOIUPOBAHUU
COCTOSIHMHI aBTOMAaTa CHY)KHT IIJIOIIaJb KPUCTAJUIA, Ha
KOTOPOM Pa3MEIIaeTCsl CXEMa, MM OLEHKAa BEIUYMHBI
SHEPTHH, KOTOPYIO MOXKET HOTPEOJISITh MPOSKTUpyeMoe
YCTPOMCTBO.

B  pabore  [3akpeBckuii, 2005]  mporecc
KOJMPOBAHUS COCTOSHHIA aBTOMATa MPEICTABIACTCS KaK
pa3MelieHre COCTOSIHUH B OyJI€BOM IPOCTPAHCTBE.
DTOT e MpollecCc OMKcaH B padoTe [3akpeBCKUil U Jp.,
2007] xak mocrpoenue monHoro OyineBa rpada Q,
HaIllOMUHalol11ee cOopky HEKOTOPO MPOCTOU
MEXaHUYECKON KOHCTPYKLIUH.

Ilyctp 3amaH aBTOMAT, MHOXXECTBO COCTOSIHUH
kotoporo Q ={q1, 02, ..., 0;}. Bepmmusr rpada Qx,
SIBJISIIOLIIMECS] TIEPBOHAYANIbHO BEPIIMHAMU HEKOTOPOTO
myctoro rpada (0e3 pedep), 3apaHee MOCTaBICHBI B
COOTBETCTBHE COCTOSIHHSM aBToMmara. Ha mapax 3Tux
BepmuH (Qi, Qj) 3a7aHa (QYHKIHMS LEIOYUCICHHAS Wij,
KOTOpasi ~ omlpejensercs B 3aBUCHUMOCTH  OT
MPUMEHIEMOTO KpUTEpUs ONTHUMH3anuu. Eciou Hamo
MOJIYYHTh MHHUMYM IUIOMIAU KPUCTAIUIA, TO (QYHKIUSI
Wjj ompezensercs kak B padore [Armstrong, 1962], u
cocrosiuusi B rpade Qx IOIDKHBI pacroyiararbCsi TeM
Ommwke, uyem Oompine BenmuuHAa Wi Ecim  Hamo
MOJYYUTh MHHUMYM MOTpeOIsieMOil dHEprum, TO
3HaYeHHEe (QYHKIMH Wi JJOIDKHO OBITH CBSA3aHO C
YaCTOTOU MEePEXOJ0B MEXIY COCTOSHUAMHU (i U (.

IMocrpoenue rpada Q, KOTOPBI B TeOpHH OYIeBBIX
GyHKUMHA ~ Ha3piBaeTCs  K-MEpHBIM  THUIEPKyOOM,
NpeCTaBIsIeTCs KaK MocienoBarenbHocTh K maros. Ha



P-M MIare pacCMaTpHBaeTCss MHOXECTBO (P — 1)-MepHBIX
runepky6oB (rpadoB Q,_1), OHH OOBETHHSIOTCS B
Mapel, U U3 KaXIOW Mapbl MOMy4aeTcsl OJUH P-MEpPHBIN
runepky6 (rpad  Qp) TmyTeM COOTBETCTBYIOLIETO
nobasneHust pebdep. [Ipu 3TOM MO BO3MOXKHOCTH IS
coeMHEeHUs] pedpamMH BBIOMPAIOTCS T€ Tapbl BEpILMH,
KOTOPBIM ~ COOTBETCTBYIOT ~ HauOOJbIINE 3HAYCHUS
BeJIMUMHBI Wij. Beprmmuam momydenHoro rpada Qx
OPHUITUCHIBAIOTCS K-KOMIOHEHTHBIC OYJIE€BBI BEKTOPBI C
CoOITIOIeHIEM OTHOIIICHHS COCE/ICTBA,
npeacTaBiIeHHoro pedpamu rpaga Q.

5. 3apaum Ha rpadax B CHHTe3€e CTPYKTYP
CBUC

JIOBONIBHO 3HAuUUTENBHOE MHOrooOpasue 3ajad Ha
rpadax BCTpeYaeTcsi NpU ONTUMH3ALMHU CTPYKTYP
CBUC. 3anmaun ontumuzanuu ctpykryp CBUC nexar
Ha CTBIKE OJTaloOB JIOTUYECKOTO U TEXHHYECKOTO
npoekTupoBaHus. [Ipuw  onTHUMH3aIMM  CTPYKTYpPHI
nporpaMMupyeMoil Jjormdeckoit marpunel (IVIM) —
omHoit m3 cTpykryp CBUC — ocoboe MecTo 3aHMMaeT
3amgaya ceptku [IJIM, xoTopas 3akmodaercs B
UCIIONB30BAaHUM  OJHOM W TOW ke  JIMHUH
(TOpHU30HTaIPHON WM BEPTHKAIbHOW) AL YKIIaJKH
pasNMYHBIX ~ NPOBOJHHWKOB,  YTO  INPUBOOUT K
COKpAlLICHUIO  IUIOIAAM  KPHUCTala, 3aHUMaeMOil
IIPOEKTUPYEMOM CXEMOM.

K packpacke rpada B pabore [bubumo, 1992]
CBOJIUTCS IOJNydYeHUE MHOrokparHoil cseprku I1JIM,
Npu KOTOPOH Ha OJHOW JIMHUM YKJIaJbIBaeTcsi Oosee

YeM [Ba IIPOBOJHMKA, a BHEIIHHE COEJUHEHUS
nepeHocsaTcs B "Tperbe u3MepeHue". BeplunHbl
paccMaTpuBaeMoro rpada COOTBETCTBYIOT

MPOBOJHHKAM, U JIBE BEPIINHA CBA3aHBI peOPOM, €CiIH U
TOJIBKO €CII COOTBETCTBYIOIME MPOBOJHUKNA HE MOTYT
ObITH yIOXXKeHBI Ha OnHOM JuHUM. Packpacka rpacda
YKa3bIBaeT CIIOCO0 YKIIaJKU MPOBOTHIKOB.

IIpu 3amaHHOM pa30MEHUH  MHOXXECTBAa BHEIIHHX
CHTHAJOB Ha JiBa IIOJIMHOXXECTBA, COOTBETCTBYIOIINE
curHaigam, noasoauMbiM K IIJIM ¢ pa3HbIX CTOpPOH,
3aada HaXOXKJICHUS MaKCHMaJIbHOTO yHucna
CBEPTHIBAEMBIX IIap CBOOUTCA K 3ajade HaXOXKICHUS
MaKCHUMaJbHOTO [apOCOYETaHusl B JIBYJOJBHOM Tpade
[bubuno, 1992]. Mdomu 3toro rpaga COOTBETCTBYIOT
YIIOMSIHYTHIM - TIOIMHOXKECTBaM, W JIB€ BEpIIMHBI U3
pasHbIX Joaeu CBSI3aHBI pebpom, ecnu
COOTBETCTBYIOIME CUT'HAJIBI 00pa3yIoT Mapy CBEPTKH.

[Ipu cBepThIBaHMM TOPU3OHTANbHBIX JuHMNA T1JIM
TaKXKe pemaercs 3aJada pa3MbIKaHUS KOHTYpOB B
JIBYIOIBHOM oprpade, IOocCie Yero Halo JOJKHBIM
00pa3oM yHoOpsAAOYNTh BEPTHUKAIbHBIE IIHHBL. OTO
YHOPSIOYCHNE CBOAWTCS K 3a/ade TOIOJIOTHYECKOM
COPTHPOBKHM  BepIIMH  OeckoHTypHOTO  oprpada
[bubmno, 1992]. Pemienwem 3TO¥ 3ama4d  SBISETCSI
MOCIIEI0BAaTENIbHOCTh BEPIINH, B KOTOPOH I KaXKJOU
Jyrd BEpIIMHA, SBIAIOMIAsCS KOHLIOM J3TOW JyrH,

pacmoiokeHa 1O0CJI€  BEPHIMHBIL, ﬂBJISIIOHIeﬁCSI €
Ha4daJIOM.
B IMOCJICAHEE BpEMs MPOCKTUPOBIIUKHN

BHeKTpOHHOI‘/'I TCXHUKN W HMCCICOAOBATCIN B obnactu
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MPOEKTUPOBAHUS ~ AMCKPETHBIX  YCTPOHCTB  CTallK
VOENATh MHOTO BHHMAHHUS COKpAIICHHIO pacxoja
SHEPTWH  TPU  OIKCIUTyaTallil  MPOEKTHUPYEMOTO
ycrpoiictBa.  JTO  OOYCJOBIEHO  CTpEeMIICHHEM

YBEJIMYUTh BpeMs MAEHCTBHS HCTOUHUKA DSHEPrUM B
MOPTAaTUBHBIX INPHOOpaxX, a TaKkKe CHHU3UTh OCTPOTY
mpobneMbl OTBOJA Temjia MpU IMPOEKTUPOBAHHUU
CBEpXOOJBIINX MHTETPANbHBIX cXeM. [loaToMy oaHUM
U3  OCHOBHBIX  KPUTEpUEB  ONTUMM3ALMU  IpHU
MPOECKTUPOBAHUN JWUCKPETHBIX YCTPOWCTB SIBISIETCS
BEJINYMHA oTpednseMoit SHEPTUH CXEMBI.
[MorpebmsiemMast MOITHOCTH CXEMBI, TOCTPOSHHOH Ha
OCHOBE KMOII-texHOMOTHH, [IPONOPLIMOHAJIbHA
WHTEHCHBHOCTH IEPEKIIOUCHNI Y3JI0B CXEMBL. DTO JaeT
BO3MOYXHOCTh YaCTUYHO pellarh JaHHYI0 IpodieMy Ha

YPOBHE JIOTUYECKOTO HNPOCKTUPOBAHMA. Eciu He
YUUTBIBATh 3aICPIKKY CHUT'HAJIOB B JIOTUYCCKHX
OJICMCHTAX, TO TIOBJIUATH Ha HNHTCHCHUBHOCTDH

MEPEKIIOYCHUN B (DUKCHPOBAHHON CXEME HEBO3MOXKHO,
HO UCIIOJNB30BaTh 3Ty BEIWYMHY [UI1 CHMXKCHHUSA
moTpeOsicHre SHEPTUH. MOXXKHO TPU IOKPHITHH €€
OubnmoTeyHpIMU dreMeHTaMu. [IoKpEIBaTP HAmoO Tak,
9TOOBI Y3JIBI CXEMBI C HAaMOOJBIICH WHTCHCHBHOCTHIO
MEPEKITIOYeHN 1O BO3MOXKHOCTH OKa3allMCh BHYTPH
OMOIMOTEIHBIX AIIEMEHTOB. JeiicTBUTENHHO,
COKpAIIeHUE JUIMHBI COCANHUTEIHHBIX MPOBOAHUKOB B
cxeMe BeIeT K YMEHBIICHHIO Mapa3UTHBIX E€MKOCTeH
CXeMBI, Ha - Iepe3apsAiKy KOTOpPBIX B IIpolecce
HepeKIIOYeHUH pacxomyeTcs OJHeprus mnuTaHud. B
crarbe  [Ilortocun, 2011] mnpeamaraercs MeTOx
MOKPBITHSL ~ JIOTHYECKOH  CXeMbl  OMONIMOTEYHBIMHU
JJIEMEHTAaMH1, OCHOBAaHHBIN Ha CBEJCHUM JaHHOU 3a7aqn
K U30MOP(HOMY BIOKEHUIO TPpadoB.

3akarouenue

IIpuBeneHHbIM 0030p HE OXBATHIBAET
MHOTOUYHCIIEHHBIX PAa0OT M0 MPUIOKEHHSIM TEOpHU
rpadoB Ha BcexX JrTamax MPOEKTHPOBAHUS JUCKPETHBIX
YCTPOMCTB, HO ITOKa3bIBAET, HACKOJIBKO IIUPOKO METOBI
Teopud TrpadoB MOTYT OBITh HCIIOJNB30BAHBI JUIS
pelleHus 3agad  HAa BCEX CTaAMAX JIOTHYECKOTO
HMPOEKTUPOBaHUs. BONBIIMHCTBO M3 PacCMOTPEHHBIX
3a1ad  Teopud TpadoB TPEACTABICHO B  Kypce
JUCKPETHOM MaTeMaTHKH AN CTyAeHTOB bemopycckoro
TOCYAapCTBEHHOTO YHHMBEpCHTETa WH()OpPMATHKH U
PaIuodIEKTPOHUKH, CHELUATU3UPYIOIIUXCS B 00nacTu
IIPOEKTUPOBAHUS JUCKPETHBIX YCTPOICTB.
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The problems on graphs are considered, which have
applications in the design of discrete control devices. A
review of methods and algorithms for solving these
problems is given. Examples of applications of graph
models for solving logical design problems are given.

INTRODUCTION

The object-oriented approach to solving the
problems of logical design of discrete devices supposes
constructing a knowledge base. It contains structured
information and inference rules that cover a given
knowledge area by library elements. In logical design of
discrete devices, such elements may be logical
combinatorial problems and algorithms to solve them
that are formulated in graph theory terms.

Graph theory methods are widely used in logical
design of discrete control and computation devices.
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There are many works on applications graph theory in
logical design and areas close to it, that are difficult to
be enumerated. Therefore, we are restricted to mention
some monographs [Menuxos, 1971], [Menuxos u ap.,
1974], [Heuenypeuko wu ap., 1990] and reviews
[3akperckuit u ap., 1986], [[Torrocun, 2001].

At the stage of logical design of discrete devices,
various logical combinatorial  problems arise
[Arubanos, 1981], [3akpeBckuit wu ap., 2007],
[[orrocun, 2011], whose solutions lead to optimal
variants of logical projects. In this paper, we give a
brief review of the methods and problems of graph
theory that have wide application in logical design.

The concept of graph in the considered problems is
used in different interpretations. A graph is often a
graphic representation of a binary relation of
compatibility, i.e. a relation having the properties of
reflexivity and symmetry. Such a relation is represented
by an undirected graph. In some cases, a graph
represents a quasi-order relation or a consecution
relation between some events. In some problems, a
graph represents a logic network. The graphs are
directed in these cases.

MAIN PART

The problem of graph coloring takes a considerable
place in logical design. The graph coloring can be used
in solving the problem of decomposition of Boolean
functions that takes an important place in the synthesis
of combinational circuits in VLSI basis. The problem of
decomposition of Boolean functions may be set as
follows. Given a system of Boolean functions as a
vector function y = f(x), and Boolean vector variables w
and z composed of the components of vector variable x.
The given system of Boolean functions must be
represented as f(x) = h(w, g(z)). A method to solve this
problem supposes constructing graph G whose vertices
are values z* of z, and there is an edge between z*; and
z*; if and only if function f has different values at the
same value of w. It is proved that f can be represented
as f(x) = h(w, u) where u has k components if and only
if the chromatic number of G is at most 2,

As it was said above, to solve the problem of
decomposition of Boolean functions, one should encode
the obtained colors by Boolean or ternary vectors. These
vectors are the values of vector variable u that has the
property that each edge of the graph must correspond to
a component of u having opposite values (0 and 1) at the
ends of the edge. So, a bipartite subgraph can be put in
correspondence to each component of u, and the
problem can be considered as the problem of covering a
graph by bipartite subgraphs. This problem arises in the
search for optimal state assignment of a synchronous
automaton. The specification of input and output is
assumed to be in the structural alphabet. This model is
called automaton with abstract state. An automaton is
given by two ternary matrices, U and V. The columns of
U correspond to input Boolean variables Xi, X2, ... , Xn
and the columns of V binary output signals yi, ya, ... , Ym.
The rows of both matrices are marked by the states of
the automaton so that a pair of their rows of the same



name represents transition from the state, which is the
mark of the row of U, to the state, which is the mark of
the row of V. At that, the row of U represents the
transition condition, and the row of V shows the output
signals accompanying this transition. The method is
following. Graph G is constructed for some column y; of
V. The vertices of G correspond to the states of the
given automaton. Pairs of elements with opposite values
(0 and 1) are looked for in column y; that correspond to
pairs non-orthogonal rows of U. The vertices of G
corresponding to the marks of the rows of any such pair
are connected with an edge and than are encoded as it is
shown above. The obtained codes are put in the matrices
U and V as the values of the introduced internal
variables zi, 2, ..., z«. This procedure is repeated for
every column of V and each time a column with
minimum of pairs of mentioned elements is selected.
When the graph G is empty (after introducing new
variables the rows of U become orthogonal), the process
finishes and the transformed matrices U and V give the
system of Boolean functions describing the
combinational part of the logical circuit that implements
the given automaton. Some compatible states can be
encoded by non-orthogonal or the same codes. In this
case the number of states of the automaton becomes
reduced.

The problems of logical design formulated as
problems of partitioning a given set into compatible
subsets in a certain sense can be reduced to graph
coloring if pair-wise compatibility of the set elements is
enough for their group compatibility. Otherwise, one
should introduce some additional conditions for the
elements to be of the same color. Another approach to
solving such problems assumes finding in a given graph
the largest independent set, i.e. the largest set of pair-
wise nonadjacent vertices, and then grouping at them
the rest of vertices of the graph. This approach can be
used to solve such problems as minimization of code
length of states of an asynchronous automaton,
compaction of the flow table of an/automaton (by rows
and columns), parallel decomposition of an automaton,
simplification of the system of Boolean functions
describing an asynchronous automaton. This technique
suits especially for solving such problems of abstract
synthesis of automata as state minimization and
decomposition of -a synchronous automaton. In these
problems, the desired family of compatible sets must be
closed, i.e. existence of some elements in a compatible
subset demands including some other elements in
another compatible subset belonging the same family.
Finding complete subgraphs is a dual problem with
respect to finding independent sets, because a complete
subgraph of a graph is induced by an independent set of
the complement of the graph. To find all maximal
independent sets the classical Paull-Unger method for
finding all maximal compatible sets of states of an
automaton can de used. It uses a technique where the
given graph is decomposed into the sequence of
subgraphs, and the solution for preceding subgraph is
transformed into the solution for the next subgraph.
Another algorithm for finding all maximal independent
sets is suggested that uses the lexicographical search.

The model of complete Boolean graph Qx is used to
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solve the problem of state assignment of discrete
automata that must be solved to transit from behavior
description of an automaton to structural one. The
optimization criterion is the chip area or power
consumption. The process of state assignment can be
considered as assembling a graph Qk whose vertices are
Boolean vectors (elements of Boolean space). The
process of constructing the graph Qx, which is called k-
dimensional hyper-cube, is a sequence of k steps. At the
p-th step, the set of (p—1)-dimensional hyper-cubes
(graphs Qp-1) is considered. They are joint in pairs, and
adding edges transforms each pair into one p-
dimensional hyper-cube (graph Qp). At that, as far as it
is possible, those pairs of vertices are chosen for
connecting with edges, which maximal values of some
integral function w; determined at the pairs of states
correspond to. The vertices of the obtained graph Qy are
assigned k-component Boolean = vectors keeping
neighbor relation between the vertices represented by
the edges of graph Q.

Rather considerable variety of graph problems is in
optimization of the structures of very large scale
integration (VLSI). The problems of optimization of
VLSI structures are at the turn of logical and
technological designs. In the process of optimization of
the structure of a programmable logical array (PLA),
which is one of VLSI structures, the problem of folding
PLA, i.e. using the same line (horizontal or vertical) to
embed different wires. This results in reducing the chip
area. In [bubwumo, 1992], finding a multiple folding of a
PLA, when more than two wires are embedded on the
same line and outer connection is carried to “the third
dimension”, is reduced to graph coloring. The vertices
of the graph correspond to the wires and two vertices
are adjacent if and only if the correspondent wires
cannot be embedded on the same line. The graph
coloring indicates the way of wire embedding. Given a
partition of the set of external signals into two subsets
corresponding to the signals supplied to the PLA from
different sides, the problem of finding the maximal
number of folded pairs is reduced to the problem of
finding the maximal matching in a bipartite graph. The
parts of this graph correspond to the mentioned subsets,
and there is an edge between two vertices of different
parts if the corresponded signals form a pair of folding.

CONCLUSION

This review does not include many works on
applications of graph theory at all the stages of
designing digital devices, but it shows how wide the
graph theory methods can be used in logical design. The
majority of the considered problems are present in the
course of discrete mathematics for students of
Byelorussian State University of Informatics and Radio-
Electronics.





