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Pospinenns MaTpuui Tepmin opu peamizaunil cXeMs KoMIo3uNiiiHoro MiKkponporpaMuo-
F0 OPHCTPOi0 KCPYBAHHA i3 3arajdbHOI0 HaM’ATTIO. Y PoGoTi 3anponoHOBaHi CTpYKTYpH
KOMIO3HUIHHOrO MIKDORPOIrPaMHOrO MPUCTPOIO KEPYBAHHS i3 3AraNbHOI0 1AM’ SITTIO, IO HO-
3BOJISIIOTD 3MCHINNTH CKI/HICTE MATPUIHOT peaiizamiil cCXeMH KOMIIOIMUIHHOrO IPUCTPOIO.
3anpononoBanmii  Meroy OasyeTsCs Ha BHKOpHCTaHHI JBOX JoKepel  KOIiB  Kiacis
nicestoeksisanentaux OJUJL, M0 OPU3BOAUTH [0 PO3MOALICHHS MATpHL TEPMIB CXeMU
aapecanii MiKpOKOMaH Ha [Bi YacTHHH.

KMIIK, OJL, 3arannaa naM'aTh, MATPUYHA PEATi3aNis, 3aMoOBHA MaTPHIA

A.A. Barkalov, LY .Zeleneva, S.A. Tsololo, H.Biayrek
Donetsk National Technical University

Scparation of Term Matrix in the Scheme of Compositional Microprogram Contro! Unit
with Shared Memory. The structures of compositional microprogram control unit with
shared memory are proposed. Structures allow reducing the complexity of the matrix
realization in the device’s circuit. The proposed method is based on using two codes sources
of classes pseudoequivalent OLC, which leads to the decomposition of the matrix terms in
microinstruction addressing scheme into two parts.

CMCU, OLC, shared memory, matrix realization, gate array
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PACITO3HABAHWE TPA®A MO3AWYHOM CTPYKTYPEI
KOJUIEKTUBOM ATEHTOB

Paccmorpena upoGiemMa aHadW3a JUCKPETHRIX CTYPYKTYP, IPEACTABICHHMERIX rpadom
CHICUMAJIBHOTO BUA. B 9aCTHOCTH, PACCMOTPEHA 3a1a9d OIMCAHMS CTPYKTYDPH Tpada Ha oc-
HoBe uudopManmy, NoNydesHoN npH 06xoxe ero mo rpanne. OUMCaH ANTOPUTM PEmICHAS
3a/1a9H, PUBEIICHB! OLCHKHY €ro0 BpEMEHHOM H EMKOCTHOH CIIOXKHOCTH.

ABTOMAT, ATEHT, IPad, ANropuT™M

Bgedenue _ ,

B nannoii pabote paccMarpuBacICa TEMaTHKA, CBA3aHHAA C aBTOMATHBIM
aHATN30M FeOMeTPUIecKHX cpejt, rpadoB, U APYTHX IUCKPETHBIX CTPYKTYp [1].
Onxoit w3 3a51a4 JaHHOH TEeMATHKH, ABIACTCA 3a]]a4a ONHCAHUA CTPYKTYPh! 00b-
eKTa Ha oCHOBe HHAOPMAUMM NIONYYeHHO# npH. o6Xode rpada 1o ero rpaHuie.
HogoGrbie 3aj1a1 BO3HUKAIOT B POOOTOTCXHHKE, MOICKYIAPHON Qu3mKe: Mo~
CTPOEHHE MOAETH KapTHl cpe/Isl, MoAeiH obLekTa [2].

Hssecten pag pabotr (cM.. HanpuMep [3]) nocBAMEHHBIX 3alade Pacmo-
3HABAHMA CTPYKTYPHl OOBCKTA, B KOTOPHIX pacCMATpHBalics ciay4ad pemeHus
TIOXOOHBTX 3189 ¢ HCHONIB30BAHUEM OHOTO aBTOMATA (fJanee areHTa).

B macrosmeif paboTe npeanaraercs aarOpHTM PeHICHUS 3aiaddl pacIo-
3HABAHMS C UCIIOJNIL3OBAHUEM JIBYX arcHTOB. B kasectBe Mozenu obbekra uc-
TONB3yeTCs HeopHeHTHpoBanHeli rpad. Tleperlii arent-uccnenoBarenn (AU)
BBRIIONHAET NepeMeNIeHHs 0 HCXOTHOMY Tpady U mepefiady HHQOpMalHK BTO-
pOMy areHTy-sKcrepumenTatopy (AD). Bropoli arenT mo nomydeHso# undop-
MalHH1 OUUCHIBAET CTPYKTYPY rpada.

OcHoeHble onpedeneHuss U 0603HaveHUs!

B namvoit pabore paccMmaTpuBacTcs HcOpHeHTHpOBaHHGIM rpag G Ge3
ABIp, TeTenb ¥ KpaTHBIX pebGep. ma rpada G(V,E), rue V — MHOXKeCTBO Bep-
umH, E ={(vi,vj))] (viVj)€ V} — MHOXecTBO pebep, 3aJaHkl TAKHS OFPAaAMICHHA,
OTHCHIRAOIHE Er0 MO3AWYHYIO CTPYKTYPY:
1) ang Bcex veV sumonnsercs cooTHomenne 1<deg(v)<6;
2) Ans BceX BHYTPEHHMX BEPOIMH BRIMOMHAETCA deg(v)=6 M cymecTBYrOT
HIECTh MapUIPYTOB AIMHE 3 M3 V B V, BKIIIOYAIOIUE BCEBO3MOXKHBIC
Haps COCeIHMX pebep;

© Hlamoxuna H K., llamoxun ITA., 2011
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3) mmmna Beex pebep e=(v;,v,)eE HOCTOsIHHA, [e| = const.

I'pa¢ HaskIBaeTCS CHILHO CBASHEIM, eCIH 1§ MHOBEX IOBYX V, W €ro Bep-
IHH CYINECTRYET MApUIPYT (V,v}),(V1,V2),...,( Vi 1,W), CBSI3HIBAOIIME 3TH BeEp-
HIHHEL

O603HaYUM MHOXKECTBO HMHIMAEHTHBIX pebep BepmmHEI v gepes
E(v)={e,, ...}, [E(v)| <6. Ha E(V) onpenemim bymxumio q: E(v)—>H={ab,c-a -
b,-c}. Muoxectso H omuchisaet MeTku HHIOBICHTHEIX pebep BepLUMHEKL ;I,’pac’-
CTARIIAR MX CMEXHEIM pedpaM B TIOPAIKE OBOPOTA HA Yrox 60Y nporue gaco-
BOH CTPEJTKH OTHOCHTENBHO HEKOTOPOTO CIY9aliHo B3ATOTO pebpa. 3HaK «» me-
PCA 2 03HAYAET, UTO PeOPO ABILIETCA THAMCTPATHHO IPOTHBOIOMOKHBIM g)e6py
a;SMO)KHO TaKxe HHTeprpetHpoBath H kax MHOXecTBO {X, X', X2, x*, %
X"}, creneHs GyKB 0603HAYAET KOMMYECTBO TIOBOPOTOB IIPOTHB 9aCOROI c1pen-’
K}:IS Ha y+r40n PPYQT‘I-I(:;:HTCHLHO pebpa x. B 3ToM ciydae mmeem clienyroniee:
X7EXX X, xT=XC Kak BHAHM, QYHKIHIO g MOXHO HHTECPIPETUPOBATH KAK
HAlpaBNICHUE, TaK ¥ YOI IOBOPOTA OTHOCHTENBHO HEKOTOPOTO pebpa.

Yreepaaenne 1. Tio6omy MapIpyTy M=(vi,v2),(V2,V3),.. ..( Vg, Vni{) B3a-
:IMHO OAHOSHAYHO COOTBETCTBYET CTPOKA HANPARNCHUH S(V1,Vy, ...,Vai1)=S;S;. ..

ne

Hoxasarenncrso. Vreepxkaenue CIICAYET W3 omperesncHus dyHKuuW q ,
IpHYEM §; 8, ... §,= q(V1,V2) q(V2,V3) ...q( Va, Vpii).

Hanee 6ynem paccmarpurars MapIIpYyTEl 1O FPaHULaM rpadia, B KOTOPBIX
TOpANOK HpocMoTpa peGep 6yAeT NPOH3BOAUTLCS MPOTHE YACOROH CTPEIKH.

Mapmpyr naskIBacTCA BEIMYKIEM, eclH s TEOGBIX IBYX HOCHcHOBa-
TENBLHEIX BEKTOPoB X° X ' Brimomasercs yeropne 0<l;,,-1i<2.

Herpyauo coobpasnts, uto pasHocT lj;-l; onenmpaer, kaxoe no cueTy u3
H B3sTo HanpaBneHue otHOCHTeNBHO X;" B KauecTBe CIIeAyIonlero BEKTopa, 1T
CKOITEKO 110BOPOTOB Ha 60Y cocTaBnser BHemauit yron MEXY IBYMA 3THMH
BEKTOPaMH.

I'pad nasmBaercs BRIyKIBIM, eciu MapiIpyT 110 rPaHHYHLIM BEPLIHHAM
ARIIAETCS BRITYKITRIM.

MapmpyT maseiBaercst BOrHyTEIM, €CIH Hal{JieTcs XoTa OBl ofiHA Mapa
nozpAn cnexyompMx cBoGoxubx BektopoB X xM! s KOTOPBIX BRIMOIHAETCH
ycaosue l1-1>4, a rpad cooTReTcTBEHHO — BOTHYTHM. Bepnmina, HanunenTHas
3THM peOpaM, HasbIBAETCS BEpPIIHHOMN neperu6a.

ba3soenie Mo3auku

Paccmarpunaembie B nanmoit paGore Tpathl HMEIOT MO3aMYHYIO CTPYK-
TYPY, COCTOSIIYIO H3 NPABMIILHEIX TPEYTONLHAKOB. PaccMOTpHM gacTHEIE ciIy-
9aH TaKHX [PadioB, KOTOPEIE ByIEM HA3HIBATE GA30REIMIL

PaBRHOCTOpOHHNI TpeyroabREK, 310 OpocTeHmnAl ciiygaif  Mozaukwy.
MapmpyTy mo rpannunnv pebpam mosauxu B HaTpaBJICHHH TPOTHR YACOBOIL
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CTPENKH COOTBETCTBYET CTpOKa Hanpanienmii S=x x*2 x™, a 1o wacosoit cTpen-
ke — S= x x** x*2. B obmem cryuae — S(k)=kx kx'? kx** nmu S(k)=kx kx"*kx*?
COOTBETCTBEHHO, FJic TapaMeTp k — HaTypalsHOe YHCII0 PABHOE KOIUIECTBY pe-
Gep, pacnookeHHRX BAONH OAHOH CTOPOHH TPEYTOJILHUKA.

Ilycrs BROIH CTOPOHEI TPEYrONBHHKA pacnojaraercs / BepmmH (/-1 peb-
po), Toraa obiee KOJHYECTBO BEPUIHH B MO3aHKe BuIpaxaercs Kak n=I(/+1)/2,
KONHYECTBO BHYTPEHHUX BepiuuH kak m=[(/+1)/2 — 3(/ — 1), u nepumerp p
(xomudecTBO  mIarOB  0o0Xoma MO TpaHWIle) — OHCHHBACTCH  Kak

3n>p>3(v1+81n-3)/2.

TapaineiorpaMM — 3T0 Tpad), COCTOSHIMH M3 ABYX PaBHOCTOPOHHHX
TPEYroMLHAKOB, MMEIOMMX O6mIyo cTopoHy. Ecnu mepBoe M BTOpoe pebpo
MapHIpyTa COCTAB/ISIOT TYHOH Yroil, TO MAapIIpyTy MO IPaHHYHEIM pebpaM Mo-
3aMKH B HATIPABJICHHH TOPOTHB YacOBOH CTPENTKH COOTBETCTBYET CTpOKA Ha-
npasnenwii S=xx"'xx", a no wacosoii crpemke - S=x x"* x” x"'. B ofmem
ciygae umeem crpoku - Sk 1, ko= kix kox kyx™ kox ™ mim S(k 1, kp)=kix kx*
kix"? kx*!, rne mapamerprt k; k, — komaruecTRo peGep BAONL CTOPOR MO3AMKH.

Ecnu e nepBoe 4 BTopoe pebpo MapuipyTa COCTABAAIOT OCTPEIH YTOI, TO
MapiuipyTy HpOTHB 4acoBOil CTPENKH COOTBETCTBYET CTpOKAa HAipaBieHHMi
S=xx"*x"x" (mna obmero ciywas — ctpoxa S(k 1, ko)= kix koxkx Pkx ), a
JUIsS MapHIPYTa N0 4acoBol cTpenke - S=xx“x “x'? (B ofiem cryyae — cTpoka
S(k 1, ka)=kix kox "l x Pkox ). , :

B I‘Iapmenorp_aMM,_’pnonL CTOPOH KOTOPOTO pacmonaraercs /) i /, Bepiny,

) L1, ecml 20,1, #0;
uMeeT obilee KONMYECTBO BEPMIHH 7= , KOIMYECTBO
l,ecmul, =0;
: _ (171, -2(, +1,-2), ecau l, # 0,1, # 0;
BHYTPEHHUX BEPIIMH - m= , KOIHYECTBO

0,ecnul, =0

maror 00Xoa p o IpaHUIE OIIEHHBAETCH KaK 4(\/;) 2p<2n

Tpanenus COCTOHT U3 TPEX PaBHOCTOPOHHUX TPEYTONBHHKOB, HMEFOIHX
o6iuylo BepumHy U j1Ba 06X peGpa. Crpoxa S=x x''xx™ onucwBaer map-
HIPYT OPOTHR YacoBOH CTPENKH [0 I'paHHUIE Mo3auku. B o0uieM ciydae 3ToT
MapuIpyT ormchiBaeT crpoka S(k 1, ko)=kix kox'! kix'? (ki + ky)x™, rae k; — xo-
muecTBO pebep BAOML GOKOBOM CTOPOHBI, k; — BIONE MEHBINEr0 OCHOBAHHA
Mo3aukH. Crpoka S=x x"x"x"™? onHCHIBaET MAPIIPYT 110 YACOBOM CTPENKE IO
rpaHule MO3aHKH, cooTBeTCTBeHHO ctpoka S(k |, ko)= kix (ki+ kp) x™ kx™
Kkox*? — MapmpyT B 06meM cirydae.

YkazaHHas [UIS TPaNeOMH CTPOKA MMCET MECTO, KOTAA MOCICA0BATENb-
HOCTH pefep paccMaTPMBAETCA, HadUHaA ¢ TIpaBoi GOKOBOM cTopoHEL. Bee Bo3-
MOXHBIE Tpaleuuu (MX BCEro YeTHIpEe N0 YHCIY YTIOB), TOPOKAAIOTCA UAKIH~
4ecKol NepecTaHoBKOH MPHBENCHHOH NOCHEeXOBATENBHOCTH, OJHAKO OHH BHI-
paxaroTcs KOMOMHAIMMEH TpeyrolbHAKa H TapalulesorpaMMa

Tparnemus ¢ KoIHYecTBOM BEPIIHK /;Ha O0K0BOH cTOpOHE U [, BEpIIMH Ha
nenxHeil CTonoOHe TMeeT obniee xonudectTro Renmiva =n=2.{( 1. +21L, -1V?2 nuvVi=
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PEHHUX BepmMH — m= [,(/;=7)/2 + |}, - 21|+5 U xomM4ecTRBO maros p Ipu 00x0z€

110 rpaHuNe IPH YCNoBAY, 9To ki =k, i k=0, Gyxer S(M - 1] <p<n
: < <p<2n.

IllecTayronnHAk npejcrasuser coboif Ipag, CoCTOSANMI 13 BIECTH Tpe-
YTOJBHHKOB € ONHOH 000Iel BepIIMHOM H IIeCThio oBIHMU cTopoHamu. Map-
mpyTyfogpe}L}smHeJr?{osam TIPOTHR J4COBOH CTPENKH COOTBETCTBYET CTPOKa
S=xx" x"x"x"x" , o waconoii crpenxe - S= x x** x"xx % s mpous-
B?SJIBH?{O cquaﬂ MapuipyThl onuceiBatorca crpokamu S(k)= kix kox™ k;x'? k,
XKsx "kex " (npoTuB 4acosoi ctpenkn) 1 S(k)= kix kx* kx*kx ™ kx' kx ! (mo
4acoBoif crpenke), rae ki=ks, ks=k,, ky=k¢ um ki=ky, ks=ks, k,=ks.

HlecTHYroMbHUK ¢ PaBHEIM KONMYECTBOM BEpIIHH Ha BceX OOKOBLIX CTO-
poHax / uMecT obImee KomuuecTBO Bepmy n= 31 -3/+1, BHYTpeHHHX BepuH
m=3F -9/+7 W KoIHIECTBO MaTOB P Tip# 06Xo/Ie 1O IPaHMIIE IPH YCIOBHH, YTO
ki=ko=k; unu k,=0, 6yper Vizn-3-3< p<2n ’

Baenem o6o3nadenus i crpo, TIOPOXIAEMEIX NpH 00x07e 5a30BbIX
CTPYKTYP B HanPaBJIeHHH TIPOTHR 4acoBol CTpestku: +T(k) — crpoka rampasne-
HHH, COOTBETCTBYIONIAS TPEYTONBHUKY C JTHHON CTOPOHH K, +HIT(v k) k) ~
1I3paIIENIOrpaMMy ¢ MEPBLIM TylLM yriom, +ITo(v, ky, ky) - 13paIIeNIorpaMmy
C NepBLIM OCTPEIM yrioM, +Tp(v, ki, k;) - Tpanenun, Ik kp k3. kg ks ke) —
IeCTHYroMLHNKY. CTPOKH, MOpOXIaeMbIc IPH 06X0/e 6a30BbIX CTPYKTYD B Ha-
TIPaBICHUH IO YACOBOH CTPETIKe, GyaeM 0603HAYATE CO SHAKOM «=5, IMockonsky
COOTBETCTBHE MEXNY Ga30BBIMM CTPYKTYPaMH H CTPOKAMH B3aHMMHOOJHOZHAY-
HO, TO 3TH 0G03HAYEHHS ABJIAIOTCH M ONUCATENIMH Ga30BEIX 1 06paTHBIX Gazo-
BLIX CTPYKTYD.

Herpymro 3ametuts, yro Mapmpytsr no TpaHHUaM 6a3oBLIX (uryp, mo-
CTPOCHHEIC PYKOBOACTBYSACH IPAaBHIOM «II0 YaCOBOH CTpENKe», SRIAIOTCH BEI-
TTYKITLIMH, 2 HPABUJIOM TIPOTHB YaCOBOH CTPENKI ~ BOTHYTHIMA.

BoruyTsiit MapuipyT nns Tpeyronsamnka COIEPKUT OJHY TOUKY TIEpernfa,
AL TIapalieorpaMma, Tparieud  —~ JiBe TOYKH meperua, a ais THECTHYTOJTbHH-
Ka — [IAT5.

- Ceolicmea azenmose

YCTaHORIICHHRIN B HEKOTOPYIO BepumHy 1rpada, AU Moxker 11015308aTh-
C# HEKOTOPO# JoKaNbHOM WH(pOPMamuei o Bepimine —~ e¢ cremneHso. On MOXET
BITIOJTHATE TIOBOPOTH Ha 60T Ti0 wacoBoif W MPoTHR Tacoroit CTPEITKH, a TaKKe
MOXET NEpeMeIAThCS W3 BEPIUHHEL B BEPIIMHY o pebpaM u ONPEAETATL Ha-
MPaBJICHWE CBOETO MepPEMEIIIEHH.

AU BHIIONHAET cenyIONnMe [eiHCTRAS. IlepByto BcTpeuennyro rpanuy-
Hyto Bepmuny AW merut. [lpu nepemsukenmn mo TpaHHLC OH (HKCHPYeT
CTPOKY 6YKB, COOTBETCTBYIOMUX BLIOPaHHEIM HAIIPARICHUAM U nepenaer 3ty
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cTpoky AD. AreHT nmpekpamaeT paboTy, KaKk TONBKO BCIPETHT paHec OTMEUEH-
HYIO BEPUIUHY.

AreHT AD npuUHHMMACT Ha KaXJOM nlare cooOmenus ot AU, u omucusa-
T npeAcTaBleHue rpada B CHMBOJIBHOM BHJIE — B BHIE (POPMYIIBI, OTpaxarouicii
COCTaB HCXOIHOTO rpatha Kak KOMOMHAIIO Ga30BBIX CTPYKTYP.

MNMocmanoska 3adayu

Tpebyetca paspabotath Takue alropHTMbI NepeaBmKerns aredta AU no
ucxoxgoMy rpady G ¢ mepenadeit wHdopMalmy 06 3TOM, ¥ BOCCTAHOBJICHHS
rpada areHToM A 10 ONYyIeHHBIM JaHHEIM B BUIE (opmysl, uto AU 3a ko-
HEYHOE YHCIIO ITaroB HE3aBHCUMO OT HAYaBHOTO pa3MellieHHs 000HAeT 4acTh
BHYTPCHHHX BepniH G M Bee TPaHMIHEIC BEPITHHEL, HOMIAroBO TiepeaBas HH-
dopmaiio, 110 KOTOpoH AD depe3 KOHEUHOE HMCIO mIAroB omumer rpad P,

uzoMopdueIi nexoauoMy rpady G.
Ceolicmea cucmemMbi nepeMeleHuil.

Joboe nepememienne AU no moSoMy pebpy (onepauuio nepeMenieHus)
MOXHO TIPEACTAaBUTE CBOOOMHBIM BEKTOPOM, MMEIOTIMM Hagano - B HEKOTOpOit
BepUIMAE V, KOHEI — B BEpIIHHE W, 3 X= q(V,W) 34Jl4eT HAIp4BICHUE CBOGOI-
HOTO BekTopa. JpyriMH clioBaMM MeKAy cBOOOAHBEIMH BEKTOPaMM W HaIlpaB-
JNCHWUAMH, oNpelenseMblMH (YHKIMEH q, UMEET MECTO B3aWMHO OXHO3HAYHOE
COOTBETCTBHE, TOITOMY JAHHKIH BEKTOp OyJeM 0003Ha9aTh GYKBOM X.

B kauecTBe HyJICBOTO BEKTOPa, OyAem paccMaTpiBaTh BEKTOp, Y KOTOPO-
TO Ha4Yasio ¥ KOHEI COBIagaroT, Toraa X-+0=x.

JU1s BeKTOpOB ONIpefieficHR! IIPaBuiia CIOKCHHS M YMHOXKEHUS Ha AciCT-
BHTCIBHEIC 9dcHa. YURTHBag cneluduky Mozauku rpada, OyaeM NpUMeHATH
CHHOXKEHHE BEKTOPOB T10 IPABHITY TPCYTOJILHEKOB, HATIpEMED: X+X 2 =X ",

Jig KaXaoro BEKTOpa X uMeeTcsd OGpaTHBIA BeKTOp X, CyMMa KOTODEIX
paBHa HyneBoMy BeKTOpY. B aHHOM Clyuae, HanprMep x+x = x+X=0.

OnpenennM pesynbTaT CIOXKCHHA BEKTOpa ¢ CaMHM cO0O0H KaK yMHOXe-
HHE HA YUCIOBOH K03(QOHIHEHT: x+x= 2 X, OCTalbHbIC BAPHAHTE CIOXKEHHUA
BEKTOPOB NPE/ICTaBICHEI B BH/C TabnuLinl Kamu.

Tabmuna 1 — Tabnuna Kann

X X+T XTZ x+3 x*‘ﬁ x+5
X 2x XX * 0 X"~ XX
x+l xx+l 2 x+ 1 x+2x+ 1 x-f»Z 0 X
xIxt [xTx™ 12x™ [xPxT IR 0

Tabmiua | (mpogomxeHue)

I x+3 m ET ix+2 X+3J 2 x+3 IXM X+3 l XM l
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+ 3.+ T T

x* [x° |0 X" xx7 [2x [xPx
T

x” [xx” |x 0 T Ix%° [2x°

Kak BHIHM, faHHAA ollepalus YIOBICTBOPAET CBOHCTBOM IEpeCcTAHOBOY-
HocTH. HeTpyaHO NMoKa3aTh, YTO BHITOJNHACTCS ACCOLMATHBHOCTH CIOXCHHS. A
MOCKONBKY AL KaXA0T0 BEKTOpa X MMceeTCsl 0OpaTHEE BEKTOp X', TO BBEEHHAA
ofIepanns ONpeAcieT KOMMYTaTHBHYIO FPyHny.

BaxHbIM CROHCTBOM KOMMYTaTHRHOM TPYIINILI SRIAETCA (aKT, ITO CyMMa
moboro 9Hcaa HIEMEHTOB B KOMMYTATHBHOH I'DYIIie HE 3aBUCHT OT MX MOPAT-
Ka.

Onepanuel nepeMenicHHs W3 BepIIMHBL v 110 pebpy e= (V,w) OyaeM ua-
3bIRaTh Hapy (v.e), rae veV, e=(v,w)eE . VuurhBad ¢yHKIMIO ¢, HMeeM
(v,e)=(v, q(e)), rae q(e) oImMcEIBaeT HanpaBleHHE EPEMEIICHHA U3 BEPIIHHKL V.
Takum obpaszomM, onepanns NepeMelieHHA TO3BONAET 3aaTh (QyHKUIHO f
(E(v), q(v,w))—V Tak, ato f(v, q (v,w)}=w, Tae (v,w) pedpo ¢ MeTKo# g(v,w).

JlabupuaTom L=(G, t, q, f) HaswIBaeTcs rpad G, Ha KOTOPOM ompecicHa
t — pasMeTKa BepIuH,  — pa3MeTka pedep U f — QyHKUUS epeMeICHuS.

Yreepxaenne 2. JlroOoMy 3aMKHYTOMY MapIopyTy B Tpade MO3aHIHOM
CTPYKTYPSI COOTBETCTBYET JIMHCIHHO 3aBHCHMas KOMOMHAUMS CBOGONHEIX Bek-
TOpPOB, T.¢. paBHas (.

JcicTBHTEABHO MOGOMY MapIIpyTy COOTBETCTBYET HMOCIENOBATENBHOCTD
cBOOOAHBIX BEKTOPOB, A1 KOTOPOH Hayamo CIEAYIOMEr0 BEKTOPA, COBMAAET C
KOHHOM MNpeastyiero. Eciau COBOKYIMHOCTh 3THX BEKTOPOB COCTABINSAET 33aMK-
HYTHIA MapIlpyT, To cyMMa ux pasxa 0. Uto tpebosanocs jokasath.

CrenyeTr 3aMeTHTh, YTO BHIICONUCAHHOMY NOCJCIOBATCILHOMY MIPHME-
HEHWIO ONepaluy NepeMelleHns mo pebpaM rpada cooTBETCTBYeT HocaedoBa~
TEIBHOCTE CBOGOAHEIX BEKTOPOBR, HAYaJi0 KOTOPBIX COBHIANAET C IOCHENOBa-
TENLHOCTHIO MPOHIEHHARIX BEPIIAH H HAMPABRICHUSME BEKTOPOB, ¥ KaK paHHEES
YCTAHOBICHO, 3aJaHHAIMM CTpOKO¥ HampasleHHBh  S(Vi,V2,V3,...,Vne1)
81,82, -»Sn, KKALIHA CHMBO §; KOTOPOH onmpcaeNseTcs NepecTaHOBKaMH MHOKE-
crBa H.

TaxkuM 06pa3oM, MEXIY MOCICAOBATEILHOCTHI0 PUMEHEHHS ONEpaudy
NepPEeMEIIeHHs, TOCNEN0BaTENbHOCTLIO CBOOOHBIX BEKTOPOB, H CTPOKOH UX Ha-
TpaBJICHHH CYINCCTBYET B3aHMHO OHO3HA9HOE COOTBETCTBHC.

TIpencraBnennem 6a3oB0# cTpykTypst M B G HaszoBer cTpoky M(v.k, ...),
IJle v — HeKoTopas BepmuHa rpada, a M(k, ...) — onucarens 6a30Boif cTpykTy-
phl. :

I'pannunyio BepiinHy v gance OyneM Ha3bIBaTh ONOPHOH BepmMHON Oa-
30BOH CTPYKTYDHL. ;

Vreepxaenue 3. MuHoxecTBa BEKTOPOB, COOTBETCTBYIOIIUE 0a30BEIM H
00paTHLIM 0a30BBIM CTPYKTYpaM, JIMHEHHO 3aBHCHMEI, T.€. UIX CyMMa paBHa Hy-~
0.

VTrepkacuHue 3 ABIAETCA CHEJCTBUCM YTBEPKACHEA 2.
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3mauur, Hanpumep +T(v,k)=S(k)= kx kx™ kx"*={@} cooTBeTcTBYyIOMAN
CTpOKa HanpasieHui mycra.

B CBA3M C TEM, 9TO 3TH CTPOKH OJHO3HAYHO TEHEPHPYIOTCA TIPH 0bXosie
rpadoB, aanee ux oboznageHus OyAeM Ha3BIBATE KOpOde 6a30BBIMH ¥ 00paT-
HEIMM 6a30BEIMH CTPYKTYpaMH.

Wnentuduxaropom 6asosoii crpykrypst M(K,...) Ha3biBacTCA MOACTPOKa

idM(k,...), norydennas u3 S(k,...) IyTeM YHaICHHS IOCICIHETO CHMBON2 C

yTIeTOM COOTBETCTBYIOMEro Koo(dHIHeHTa, T.C. M(k,...)=idM(k,...) kx®, rae d
_ crenens nocneanero cumsoma B M(k). Hepes M(vk,...) 6ynem 0603Ha9aTh
daxT pacnonoXeHus UIEHTUQUKATOPA B CTPOKE MapIIPyTa.

Kak 1 parce GyaeM 0603HaYaTh 3HAKAMU « 1), «-» Hnenmtbnxamp:l BH-
NYKIIbIX ¥ BOTHYTHIX 0a30BbX cTpykTyp. Hanpumep, +HdlI(v,k)= kx kx kx
kx" kx "~ HnewTHdHKATOp MECTHYTONLHHKA.

BRezieM OnepalH COKPAIUEHHA Ha MOJICTPOKAX, HCTIONE3YS ONPCACTCHIE

eHTHHKATOPA:
et P a+idM(v,k) b=akX’b
a-idM(v,k) b=akX'b.

B o6omx cIygasX MPOUCXOMHUT COKpANIEHHE CTPOKH 6yks. JleiicTBUTENb-
Ho, noGasue nmocne +idM(v,k) cTpoKy kX! = @, u neperpynmMpoBas MOA-
CTPOKH, HONYUHM: .

i e a+HdM(v,K) b =a (+idM(v.k) kx'=@)kX'b = a kX’ b.

Auanoruyso u 1us -idM(v,k): _

a -idM(v,k) b =a (idM(v,k) kX' =)kX'b=a kX b.

3meck k,r — CTeneHH MNOCIHEAHMX CHMBOIOE B aacHTHdHKaTOPAX
+idM(v k), -idM(v,k) cOOTBETCTBEHHO. '

HazoBeM HanpaslIcHHOH I'PAHBI0 (v,kx") Mmapupyr M= (v1,v2), (vz,vz),
, (Vn.1, Vn), COCTOSILMEA 13 k ofMHAKOBO HampaBJeHHEIX pebep: q(Vi,Vi: =X Ans
Bcex pebep (vi,vir1) M.

Hanpasnennyio rpatib (v, kx®) HasoBeM TpaHbio OTCEHEHHA rpada
G(V.E), ec CcymeCTBYeT IBa moarpadba Gi(V,E1), Gz (V2,Ey), yaosneTso-
PIOLIME CICAYOUIMM CBOMCTBAM: \

V= VUV, V; NV, = £V, W1 W, Wi,V W), wWom R W ). Wi
1=f(Wi2), V=i(Wi1)};

E= E\UE,, En E = { (v, W), (W,wa),o.;(Wie,V) 15 9V, W)=
q(w,wW2)=.. -:‘I(Wk-hv')zxa

|Ey |23, |E2[23,[Vi[>3, Vo23. )
re X° — HampasJiesue peGep OT rPaHUYHOM BEPITHHE! V K IPaHHYHOH BCPITUHC
V', Wi,W2,...,Wk.| — BHYTPEHHHE BEPIIHHEL rpata, k —X KOJIHIECTBO.

HarmparneHHyo rpass (v, kj 'k x*... ky x™) Ha30BeM TPaHBIO IPHCOE-
munenus k rpady Gi(V,E), rpada Gy (V2,Ez), ecli BRIIOMHACTCA CICIYIOUMC
CBOMCTBA:
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VinV, = {v, wi,wy,..., Wi 1,V wi=H(V),w=f(w)),...,. Wi =f(Wi.2), V'=f(W .
0} -
EImEz:{(V’ W]), (WI,WZ)y""(Wk—IaV,) }s CI(V: W[)= xala Q(Wlaw2): xazr-'
=q(Wi, V' )=x"".

ali E |23, |E; []23,|V|23, Vqj23.
TAE X" X"... X — HalpaBleHHe pebep OT rPaHNIHOM BEPIIMEL V K TpaHHIHOH
’
BepmiHHe V', B>\ E; B TOM wHcrie w0 wy,w,,.. -sWi.| — HECYINECTBYIOIIME BEPIIHHEL
rpada, ki+k, +...+k, —ux xomriecTso.

B cootsercrBuy ¢ onmepanusmu COKpAUICHUs B [ICPBOM CIIy4ae B rpade
TIPOUCXOANT OTCeIeHUE 6a30Boi CTPYKTYpHI {(+M(V,k) mprHamIexKuT HCXOIHO-
My rpady), oTcedeHHe IPOUCXOTUT BIOND Hanpasnerus kx| Hagmmag ¢ Tpa-
HMHOH BEPINMHE! v. Bo BTOpOM ciyuae npoucxonnt npucoeamnenue -M(v k)
Tax, 4T0 M3 BEPUIHHEI V Jajice 3aQUKCHPYETCS TEpEMEHICHNAE M0 Hecymect~
BYIOIIMM TDaHHYHLIM BepiUUHaMm rpada G (-M(v,k) HECYIEeCTRYIOMAA 9acTh
rpada).

/>
] YTBepxkuenne 4. Onepaius upHcoeMHEHAS HOITIONIAET TOUKH TEPEr-
a.

Hoxkaszarenscrso. Visepxnenue CIENYET U3 OMPERCICHNS 00paTHLIX Ga-
30BRIX CTPYKTYP, COrNIACHO KOTOPRIM MX peGpa 06pa3yioT Toukn nieperuba.

OTHM YTBEDXIEHHEM  BOCHONB3yeMcS Juis HpeoOpa3oBaHH CHARHO
CBSI3HOTO MOArpaa MPOH3BOILHOMN CTPYKTYPHI, HMEIONICIO TOUKH neperu6a, K
BEITYKIOMY BHJLY.

YTeepxaenne 5. OnopHEMH Toukamm HICHTHQUKATOPOB 6a30BHIX
CTPYKTYP SBIAHOTCH IPaHUYHBIC BEPUIMHE Tpada.

Hokazarenscrso crenyer u3 omnpefencHUi Tpakeil NpucoeaUHenus 1 oT-
CCHCHHA, B KOTOPRIX TpaHHYHAs BEPIIMHA V B CTydac OGa30BhIX CIDYKTYp # AB-
TAETCA ONOPHOH TOYKOIA.

Pacnosnaearue 2pagha

Ilponecc pacmosnasanms cocrour 3 ABYX anropurmoB. Ilepmeri amro-
put™ «OG6Xom» ommckBaeT NepeMemenue AU o HEH3BECTHOMY Ipady G u re-
Hepaino- HiudopMatmu it AD. Bropoit IMOPHTM «BoccTaHoBIeHHE», Hpe-
craBmier coboll aHann3 nomyueHHoiH MH(DOPMALMH, Ha OCHOBAHMM KOTODOM
C03AaC1CA CHMBOTRHOE OHCaHKe rpada P, usomopduore ucxoguomy G.

Anzopumm «06x00» paboms: AU

Hpexnonaraercs, uto arent ciygaiinnm 00pa3oM MOXET GHITE IIOMeIEeH
B mobylo BeplurHy rpada, [IOSTOMY aNTOpUTM COCTOMT U3 ABYX 9Tamos. Ha
TIEPBOM STane, €Ci HeohX0auMo AW BLIXOWT Ha rpaHuLy, a Ha BTOPOM 3Tarne
AU o6xomuT rpad nporHB uacosoii CTPCAKM 10 TpaHMYHBEIM pebpaM go Tex
TOp, 110K4 He BOSBPATHTCH B BEPUIMHY BRIXONA HA [DaHHLY.
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Anroput™ AU BHIXOAa Ha IPaHANy. ATEHT, IOMELCHHEIH B IPOH3ROIb-
HYIO BEPIIMHY V, OTIPEACIACT €e CTeNcHb, SCIIH 9TO BHYTPCHHAA BEpIIHHA, T.C.
deg(v)=6, To nepeMemnacTcs N0 THAMETPATILHO IPOTHBOMONOKHOMY peOpy oT-
HOCHTEIILHO IEPBOTO BCIPEUeHHOro pedpa 1o ciacxyromeil BepuiaLl. ITy mpo-
Henypy IOBTOPAET IO TeX IIOp, oKa He HalIeT TPaHHYHYI0 BEPIUHY, BRIOHpa-
€T TIEPBOC IpaHHYHOE peOpo HyTeM MOBOPOTA HPOTHB YacOBOH CTPENKH, KOTO-
po€ OMCYAET MaPKCPOM.

Anropnt™ 06xoaa rpada o rpaHHIHBIM BepmmHaM. JansHe#mee nepe-
MeIIeHHe areHTa MPOXCXOINT TI0 TpaHuLe rpada B HanpaBIeHWH NTPOTHB 9aco-
BOW CTpellkH, HauHHAaA W3 HakieHdoll BepoiMHEl ¥ pebpa. ATEHT mepeMenaercs
K cleAyrouieil BepliiHe 110 REIOpanHoMy pedpy, bukcupys O6yKRy-HalparieHae
cBoero nepeMenieHus. Jamee AU nposepser, SBisercd M MOMEYEHHBIM Map-
KepoM BriGpanHoe pedpo. Eci oHo He loMedeHo, oH mepechulaet 6ykBy AD u
MPONOILKAET ABUKCHUE, B IPOTHBHOM ciiygae AU 3aBepmraet cBoio pabory.

AuroputM «O6x01» cocToHT NBYX yacteil. IlepBas gacts MoXkeT OTCYT-
CTBOBATb. . a

Jlemma 1. Ecin B Mo3anysoM rpade n BeplIMH, TO MaKCUMAITLHEIA ITyTh
110 BHYTPCHHHM BepIIHHAM Ipada B BHIOpaHHOM HanpaBCHHM HE MPEBOCXOANT
BeJIH4MHEI /=(n-1)/3, g , :

Jlemma 2. JroGoit MapupyT 1o BHYTpeHHMM BepliHHaMm rpada B Bul-
OpaHHOM HAIpaBICHUH IIEPEMEIICHUA ABIICTCS HE3AMKHYTHIM.

Hcxoamniii rpag G MoXeT HMETh Gonlee CIOXKHYK CTPYKTYpY, HeM 6azo-
Bad CTPYKTYpa, IJI9 KOTOpOH BHIONHAETCA CileAyoMce.

Jlemma 3. Jimna Mapmpyra p 10 TpaHMYHBIM RepomHaM G

m _3-3< p<3n.
Ipu noscyere BpeMEHHOM CIOXHOCTH BMEET MECTO:
—JUId BHIXOJIa Ha rpaHuny rpada cornacHo nemme 1 rtpedyercs (n-1)/3
mara, T.e. O(n); -
—~coryiacHo JemMMe 3 00xo] 10 TpaHWIC HE IPEBOCXORUT BEIHWAHEL 3n
IIaroB, 3HAYUT OlleHHBaeTcs kax O(n) maros.
EMxocTHas cioxHOCTh E(n) oTcyTcTByeT, T.K. areHTy HA4Yero He Tpeby-
€TCS COXPAHATE.

Anzopumm «BoccmanoeneHue» pabomsi A9

B anropmTMe aHama3MpyeTcs CTpPOKa HAIPaBIEHHI, CICHEPUPORAHHAA H
epeaaHHas AU.
Brauane npou3BOZUTCA IIOMCK To4ek mepernOa. Ecimu Touku umerorcs, TO
olpeAensercs HACHTUGHKATOP oOpaTHOil 6a30BOM CIPYKTYPHI, CONEpIKAIMH
ovepeIByI0 TOYKY Nepernfa, B KadeCcTBe BTOPOH BepiIMMEI MapmipyTa. Ecmu

e e e ———— e ———— e
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CTPOKM, HapallHBaHWE CYETIHKOB BHYTpeHEMX C4 BB # rpanmyneix Cda_rm
BEPIIHH, IPUCOCAHHEHUE NAHHOW CTPYKTYpH K rpady, 9ro ¢HKCHpyeTcs Io-
OaBncHueM B JOPMyTY €O 3HAKOM «-» COOTBETCTRYIOIEro ¢pparMenTa. B mpo-
THBHOM Cly4ae HPOU3BOAMTCA TOMCK MAECHTHUKATOPOB 0a30BBIX CIPYKTYD,
PacHONOXeHHERIX JI0 TOTKH mepernda, moka He MOTTOTHTCA 3Ta ToYKa.

anee BHOBb NpocMaTpUBaeTC CHA4alla CTPOKA N IIOHCKAa HICHTH(HKa~
Topos 0a30BBIX CTPYKTYp. Kakzwli pas, Koraa HaxXOMHTCA HACHTH(HKATOp,
[IPOU3BOIUTCA YIATCHHE U3 CTPOKH COOTBETCTBYIOIIEH MONCTPOKH, YMEHBIIE-
Hue 3HadeHusa Cu BB ¥ C4_IB, OTAENCHHe JaHHOH CTPYKTYpH OT Tpada, U J0-
6aBnenue B hopMysy O 3HaKOM «H» COOTBETCTBYIOMIETO (parMeHTa.

B anropur™Me pacno3HaBaHHA OCYNICCTBIAETCA JBA MPOCMOTPA HCXOAHOMN
CTPOKH.

Ecnm uMeeTcs XoTa OBl OfHa TOUKa Ieperuda, To B rpat JXoOaBmsmoTCs
COOTBETCTBYIOIIEE 6a3080H CTPYKTYpe KONHYESCTBO BEPIIAH H YCTAHABINBACTCH
HesaBHas Hymepauns u: V(GUG)—- V(HU G'), rae G’ rpad BkrodeHHOR 9ac-
ti. Hymepauns u(v)=Cu_BB uwmm u(v)=Cu_re, s Becex ve G'. Dra HyMepamus
ABjIseTca OueKuuei, T.K. Jo6aBneHHe 6a30BRIX CTPYKTYp BBIUIOIHAETCA B3aHMHO
OAHO3HAYHO B COOTBETCTBUM C HX UICHTH(HKATOPAMH.

Tlpu BoImONHEHHH omepailmd oridencHus B rpade H cosnaerca HeamHas
uymepaius d: V(G')— V(H) eepninn rpada G B repnmns: rpacda H, tex sep-
HIHH, KOTOpBie codepxkarcs B otaenseMol 0azoBod cTpykType. ITpn atoM pa-
BeHcTBO  d(v)=t, T t=Cu_pB mm t=Cu_rn. JTa HyMepaIps TAKXKe FBILIETCA

Ouekueil, T.K. yaarcHue 6a30BEIX CTPYKTYp BBIIOJHICTCS B3aHMHO OJHO3HAY~"

HO B COOTBETCTBMH ¢ UX HAEHTH(HKaTOpaMH. TeM caMbiM foKa3zaHa clneayronas
TEOPEMA.

Teapema 1. BrinojHsg alropuTMsl pacrio3HaBaHHsi, areHTHl paclio3HAI0T
mo6oit rpad G ¢ TouHoCTHIO A0 H30MOpdHIMAa.

IIpu moacyere BpeMEHHOH CIOKHOCTH alropdTMa paboTel AD y4uTHIBa-
€TCA, UTO. PACIIO3HABAHNE CTPYKTYPH rpada BEIIOIHACTCA 32 CUCT JABYKPATHOTO
OpOCMOTPAa WCXOIHOH CTPOKM, [UIMHA KOTOPOH HEe MOXET IPEBOCXOIMTH 2nh
OyKB, T.¢. BpcMeHHas CN0KHOCTL OLCHHBaeTCA clcayromum obpasom. [Iponece
HpHCOeqUHEHHS 0A30BEIX CTPYKTYp BRUIONHAETCS He ojee 4EM BO3MOKHOE KO~
JTAYCCTBO TOUCK NEperuoa, a 3To He Oonee gyeM 3a n/2 marop. Iponece oTceue-
HHUs 0a30BEIX CTPYKTYp BHIITONHSETCH He HoNee JeM BO3MOXKHOE KOTHYECTRO yT-
J0B B rpade, T.¢. iie Oonee, 4eM 3a n/2 maros. Bropoli mpocMoTp CTPOKM BbI-
noxHAzeTcA He foaee yeM 3a 2n maros. CreAoBaTelbHO, CyMMapHas BpeMeHHas
CIIOKHOCTE olleHnBaeTcs kak T(n)=0O(n).

TaxuM o6pazoM, coBMecTHas pabota AU u AD oneHusaeTcs kak O(n).

EMKkocTHas croxHocts E(n) ompeaensercs CIOXHOCTLIO CHUCKOB CTpO-
KU HanpaBneHwi S, MHOXECTBa TPaHUYHKIX BeplH V'CV, U cTpoku bopMyl
F, cnoxHocTs KoTOpEIX onpenengercs semuauaaMu O(n), O(n), O(n).

B cBa3u ¢ orpaHHIeHUSIMH Ha 00BeM NMOAPOOHBIE ONHCAHHA AMMOPUTMOB
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Bbigalb!

B pafoTe NpPEANOXeH ANTOPHTM BOCCTAHOBICHHA CTpyKTypHI Tpada B
sie GOpMyBL, OTPaXKAOMIEH COCTAR HCXOIHOTO rpaa kax koMOGuHaLHIO Oa-
30BBIX CTPYKTYp. Jlajee mpenonaraercs paccMOTPETR rpadmvx, coCTOANINE H3
CHJTBHO CBA3HBIX MOArpadoB, COCAUHEHHEIX MOCTaMH, NiepeiicHKaMu 1 rpadsi ¢

JbIpaMH.
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Jepxapuuil yHIBEPCHTET iHopMaTHKH 1 WTYy4HOTO IHTENEKTY, Jloncupkii HAIOHAIbHUH
TexHi4HHH YHIBEPCHTET : .
Po3mizaaBaHus rpaga Mo3aluHoi CTPYKTYpH KOJIEKTHBOM  areHTIB. Po3rianyTo
npoGiieMy aHanmi3y AHCKPETHHX CTPYKTYD, TIPENCTaBIEHAX rpg(bom crielaIbHOro BU7Y.
3okpema, pO3IVLAHYTO 3a1aTy OUCY CTPYKTYpH rpada Ha OCHOBI m(;)opmaun, OTpUMAaHOi I
obxoni Horo no rpaHuii. OuECaHO anropuT™ po3B'M3aHHs 3aadi, HABCACHI OUIHKH HOIO
4acoBOT T& EMHICHOT CKIATHOCTI.
aBTOMAT, aTeHT, rpad, aNropaT™
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‘gz:(lgniﬁon of Mosaic Graph by a Collective of Agents.. Wg consider ttlle problem of ap:!—
ysis of discrete structures, represented as a graph of special lqnd In ;.)amcula?, we consider
the problem of describing the structure of the graph based on 1nf(?nnanop obtained d}lrmg 1ts
traversal of the boundary. The algorithm of solving the problem is described; we estimate its
time and space complexity.

automaton, agent, graph, algorithm



