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YMEHBIIEHHE MAKCHMA/IBHOI'O KO/IHYECTBA
CYIIECTBEHHDBIX BXO/AHDbIX INEPEMEHHDbIX

B MHKPOIITPOI'PAMMHOM ABTOMATE

C OIIEPAIIHOHHDbBIM ABTOMATOM IIEPEXOA0OB

IIpednoncero ucnonb306anue U36eCMHO20 MEMOOA YMEHbUEHUS MAKCUCMABHOZ0 KOAUYECMBA CYUICCMBEHHbIX 6X00HbIX nepe-
MEHHbIX ON51 CHUMCEHUSI ANNAPAMYPHBIX 3AMPam 8 102UHECKOll cxeme MUKPONpOSPAMMHO20 A8MOMAMA ¢ ONePaAUUOHHbIM A6~

momamom nepexo006 U 3ameHol 6X00HbIX NePEMEHHbIX.

Karoueevie caosa: MquOHpOZpaMMHbHJ asmomam, onepaquHHth”t asmomam nepexodos, 3aMeHa 8X00HbIX nepemMeHHblX, anna-

pamypHble 3ampameul.
BBeaenue

YcTpoiicTBO ympaBieHUsT — OAWH M3 OCHOBHBIX
0JIOKOB COBPEMEHHBIX BBIUMCIMTEIbHBIX CUCTEM
[1]. Peanuzaius ycTpoiCTBa yIpaBIeHUSI B BUIE
MUKponporpamMmmHoro aBromata (MIIA) cnoco6-
CTBYET YBEJIMUYECHHUIO OBICTPOINEHCTBUS CXEMBI
YCTPOMCTBA TIPU OTHOCHUTEIHLHO BBICOKMX alllla-
paTypHbIX 3aTpaTax [2]. B cBs3u ¢ HabI0maeMbIM
CEroJiHsI yBEIMYEHUEM CIOXHOCTU UMILIEMEHTU-
pyembix MITA anropuTmMoB yIpaBieHUSI aKTy-
aJbHa 3aJaya MUHUMU3ALMUU anmnapaTypHbIX 3a-
Tpat B Jiorndeckoii cxeme MITA. OnHo u3 pelie-
HUS JaHHOM 3amayn — pa3paboTKa HOBBIX CTPYK-
Typ MIIA ¢ onTUMMU3UPOBAHHBIMU 3aTpaTaMu
ammapatypsl [3, 4]. K TakuMm CTpyKTypamM OTHO-
CUTCsI, B YaCTHOCTH, MUKPOIIPOTPaMMHBIN aBTO-
MaT ¢ OIlepallMOHHBIM aBTOMAaTOM IEPEXOI0B
(MIIA ¢ OAII), B xoTopoM cxema (PopMHUpPOBa-

HUS TIEPEXOI0B pean3yeTcs B BUOE ONepaIlioH-
HOro aBToMara [5].

[ToMuUMO CTPYKTYpHBIX pelleHUH, CYIIEeCTBYeT
Pl MOAXOAOB K YMEHBUIEHUWIO ammapaTypHbIX
3aTpar, He MPUBOASIINUX K MOAU(DUKALIMU CTPYK-
Typbl aBTOMaTa [2, 3]. BO3MOXHOCTh M 1iejieco-
00pa3HOCTh WX UCIIOJIb30BaHUS B CTPYKTYpe
MIIA ¢ OAII Kk HacTOsIIIEMy MOMEHTY OCTaeTCs
HeHMCCIeT0BaHHOM.

AHaaH3 NOCAEAHHX
HCCIEAOBAHHA H NMyOAHKaIHA

B pabGote [5] mpemnoxeHa crtpykrypa MIIA c
OAII, B KoTOpOIi (DYyHKIIMSI IIEPEXOIOB peann3y-
eTCsI COBMECTHOM paboOTOi OIepallMOHHOTO aB-
ToMaTa mepexonoB U Z-momcxeMbl. OAIl mpen-
CTaBjIsIeT CcOOOIl ONepallMOHHBINA aBTOMAT, BBI-
MOJHSIONINI Hal KOJOM TEKYIIETO COCTOSIHUSI 1
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BXOJHBIMU CUTHaJIaMU OAHY M3 OIlepalvii mepe-
xoznoB (OIl), onpenensieMyio Koaom Z:
I=TWXT, Z). (1)

Kaxmnas OII peanusyeTr HEKOTOpOE€ ITOIMHO-
XKECTBO IepeX0J0B aBTOMAaTa B COOTBETCTBUU C
pa3doueHueM (yHKIIMU NePeXoa0B Ha MHOXECTBO
yacTMUHBIX (GyHKuMii [6]. Kom Ttexkymero co-
CTOSTHUSI aBTOMAaTa XpaHUTCS B PETMCTpe MaMsITU
(PIT), xotopsiit B OAII ecTb 0OMHOBpEMEHHO pe-
TUCTPOM MCXOOHBIX OAHHBIX W PETUCTPOM pe-
3yJibTaTa.

Kon Z popmupyercs oTnebHbIM OJIOKOM, Ha-
3bIBaéMbIM Z-moacxemMoil. B 3aBucuMoctd oT
BXOMHBIX cUTrHaJIOB otaeibHas OIl MoxeT OBITH
COIOCTaB/IeHa TUOO KaXIOMY COCTOSIHHIO, JIUOO
KaxaoMmy mnepexomy aBroMara. B mepBoM ciydae
Ha BXOJA Z-MOJCXEeMBbI MOAaeTcsl TOJbKO KOJ Te-
KYILEro COCTOSIHUSI, BO BTOPOM — KOJ TEKYIIETro
COCTOSTHUST I MHOXKECTBO BXOJIHBIX CUTHAIOB [7].

Taxxe B ctpykrype MIIA ¢ OAII nmpucyrcTByeT
cxeMa (popmupoBaHust Mukpoornepanuii (COMO),
KoTopast hOpMUPYET MHOXKECTBO BBIXOJHBIX CUT-
HaJIOB aBTOMAaTa M CUHTE3MPYETCSI MO CUCTEMeE
Oy/eBbIX ypaBHEHUI KaAHOHWYECKUM CIIOCOOOM
[2, 5, 6].

B pabore [8] paccmoTpeHbl MoaudbUKaIUU
ctpykryp MIITA ¢ OAII, B KOTOPBIX MCITOJIb30BaH
METOJ, 3aMEHBl BXOIHBIX MepeMEHHBIX. JlaHHBI
METOJ 3aKJII0YaeTcss B TOM, UYTO MHOXECTBO
BXOJIHBIX MEPEMEHHBIX X ¢ TTOMOIIBIO CITEINATb-
HO#t M-miopcxeMBl Ipeodpas3yeTcss BO MHOXECTBO
MPOMEXYTOUHBIX TMepeMeHHbIX P Takum obpa-
30M, 4TO | X | <<| P|. DTO MO3BOJISIET YMEHBIIUTh
KOJIMYECTBO CUTHAJIOB Ha BXOAaX Z-TIOACXEMBbI,
OAIl u COMO, cHM3UB TaKUM 00pa30oM 3aTpaThl
anmnapaTypbl Ha peaju3aluio JaHHbIX 0J10K0B. Me-
TOJ 3aMEHbI BXOAHBIX MepeMEeHHBIX 3(DDeKTUBEH
B TOM CJIy4ae, €ClI YMEHBIIEeHWEe armnapaTypHbIX
3aTtpat B Z-moacxeMme, OAIT u COMO mnpeBsbIlia-
€T 3aTpaThl Ha peain3aluio M-ToACXeMBbI.

YMeHbIICeHHE MaKCHMAAbHOI'O
KOMHY€CTBa CYIl€CTBE€HHDbIX
BXOAHDIX NE€PE€ME€HHDbIX

OnHuM U3 crnocoboB 3agaHusgs MITA ciyXur
rpad-cxema anroputma (I'CA) [2]. CeroagHs u3-
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BECTEH DPSJ METOJOB ONTHMMU3ALIMU JIOTUYECKOW
cxeMbl MITA, B OCHOBE KOTOpBIX JiexKaT JOMyC-
TUMbIe mpeoOpazoBaHus ucxomHou I'CA. Ilpu-
Mep Takux Mmpeobpa3oBaHUii — BBelE€HUE B MC-
xomHylo ['CA IONOMHUTEIBHBIX COCTOSIHHIA [9,
10]. JanHOe HEMCTBHE COIPOBOXKIAETCS YBEIU-
YeHHEeM BPEMEHU BBITIOJIHEHUSI aJlrOpUTMa, a TaK-
K€ BO3MOXHBIM POCTOM amapaTypHbIX 3aTpart,
BbI3BAHHBIM YBEJIMYEHUEM DPa3psIHOCTA KoOna
cocTosiHuA. Ecau mociienctsrs BBEIEHMS JIOTIOJ-
HUTEJIbHBIX COCTOSIHWM HE MPOTUBOPEYAT KpUTe-
pUsIM TIPOEKTUPOBAHUS, NAHHBIU MOAXOA MOXET
ObITh MCMOJIB30BaH JJISI CHUXXEHUS 3aTpaT arlfa-
paTypbl B CXeMeé MUKPOIPOrpaMMHOTO aBToMaTa
C omnepallMOHHBIM aBTOMAaTOM Iepexoa0B.

[Tycts G — MakcuMaJlbHOE KOJUYECTBO BXOJI-
HBIX MEPEMEHHBIX aBTOMaTa, CYIIECTBEHHO BJIM-
SIIOLIMX HA aBTOMAaTHBIE TMepexXoibl. DTO 3HAYMT,
YTO HMU TIPU OJHOM aBTOMATHOM II€pEXOAe He
aHanu3upyercsl Oosnee G JTOTMYECKUX YCIOBMIA.
HanbHeiilllee CHUXXEeHWE anmapaTypHbIX 3aTpaT B
paccMmaTpuBaeMbiX CTpykTtypax MIIA ¢ OAII,
BO3MOXHO TMyTeM YMEHbIICHUSI BeIWYUHbI G.
st 3Toro Moxet ObITh MCITOJIb30BaH U3BECTHBIN
MOJXOJI, 3aKJIovalonyiics B ciaenytomem [10]:

e [IycTasi onepatopHasi BepIIMHA MOXET ObITh
Jno0aBjieHa B JIIOOYIO BETBb, COCAUHSIONIYIO BbI-
XOO OOHOM YCJIOBHOWM BEPILIMHBI CO BXOAOM IpY-
TOU YCJIOBHOM BEPILMHBI.

o KonnuecTBo 100aBisieMbIX BEPUIMH AOJKHO
ObITh MMHUMAJIbHO TOCTaTOYHBIM JIJISI CHUKEHMUS
BeJIMYUHBI G 10 TpeOyeMOro 3HaUeHUsI.

B npenenbHoM ciiydae G MOXET ObITh paBHO
€VHUIIE, T.€. JIIOOOW aBTOMATHBINA MEpeXon 3a-
BUCUT He 0oJjiee YeM OT OIHOTO JIOTUYECKOTO YC-
JIOBUS.

PaccMmoTpuM npuMeHeHMWe TaHHOTrOo Moaxoaa K
MIIA ¢ OAII ¢ 3aMeHoli BXOTHBIX IIepeEMEHHBIX [8].
[Tycte MIIA 3aman I'CA 7, oTMEUEHHOI COCTOSIHU-
sIMU aBTOMaTta Musu, (hparMeHT KOTOpOt MpuBe-
JIEH Ha puc. | 1 onpeaensieT nepexoapl U3 COCTOs-
HUN a, — a,. BBIOJTHUM 3aMeHY BXONHBIX Tepe-
MEHHBIX 10 MeToauKe, u3jaoxeHHoi B [10], B co-
OTBeTCTBMU € TaOi. 1. Tlocne 3aMeHbI JIOTMUECKUX
ycnoBuii pparment I'CA 7/ ipumeT Buz puc. 2.

WUcnonp3oBanune crpykrypel MIIA, paccmot-
peHHOIl B pabote [8], MO3BOJISIET COIMOCTABISATH
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Puc. 1. Dparmenr 'CA I”

Tabauya 1. 3amena BxomHbIX nepeMeHHbIX ((hparvent ['CA 7)

a; D 12! DPs
a4 X X X
4P X X
a, — — —
a, X

Puc. 2. ®parment ['CA 7" mocjie 3aMeHbI BXOIHBIX TTepe-
MEHHBIX

omnepalyy IMepexoloB OTACIbHBIM COCTOSTHUSIM
aBTomara. Ha puc.2 mepexoabl U3 COCTOSIHUI
a, — a, 3aBUCAT OT Pa3HOTO KOJIMYECTBA BXOMHBIX
TepeMeHHBIX. DTO He TO3BOJISIET B paMKax IaH-
HOTo (pparMeHTa CONOCTaBUTh OOHY U Ty Xe OIl
0ojiee YeM OJHOMY COCTOSIHMIO: COCTOSIHUIO 4
JoJKHA ObITh conocTapiieHa OI1, ucnosb3yonias
B KauecTBe apryMEHTOB TPU MEPEMEHHBIX p; — ps,
cocTosiHMIo @, — OII, ucrnonb3yolas nBe nepe-
MEHHBIX p; U p;, cocrosgHuw a; — OII, He uc-
TTOJIB3YIOIIasl BXOMAHBIC TEepEeMEHHBIE B KaueCTBE
apryMeHTOB, cocTosHmio a, — OIl, ncmonb3yio-

11asi OHY MepeMeHHylo p, . Takum ob6pa3om, Bce
yeTbipe OIl OyayT pa3jiMyHbLIMU HE3aBUCHUMO OT
TOro, KakuM o0pa3oM OyaeT MPOMCXOAUTh 3aMe-
Ha IlepeMeHHbBIX X IepeMeHHbIMU P.

IIpeodpasyem dparmenT I'CA, n3o0pakeHHBII
Ha puc. 1, TakuM oOpa3oM, YTOOHI J11000I1 mepe-
X0/l B paMKax (pparMeHTa 3aBUcCeJl He Oojiee ueM
OT OJHOTIO JOornyeckoro yciaoBusi. Jist aToro no-
0aBMM NYCThI€ OMEPaTOPHbIC BEPIIMHBI B KaX-
JIY10 BETBb, COCIMHSIONIYIO YCIOBHbBIE BEPIIMHBI,
YTO TIPUBEIET K TMOSBICHUIO TPEX MOTOJIHUTEIb-
HBIX COCTOSIHMH @,y — @;, . 3aMeHa BXOIHBIX TIe-
pPEMEHHBIX B TOJYIeHHOM (pparMeHTe IIPUBOIUT
K TOMY, 94TO B KaXXIOI YCIOBHOI BepIIUHE OymeT
3arucaHa nepemMeHHas p, (puc. 3).

[IpoBeneHHbie TIpeoOpa3oBaHus malOT Gop-
MaJIbHYI0 BO3MOXHOCTb COMOCTaBUTb COCTOSIHU-
sIM, BBIXOJbI KOTOPBIX COECAUHEHBI C BXOIOM YyC-
JIOBHOM BEpIIMHBI (COCTOSIHUSIM 4, @y, 44, Gy,
a,,, a,, ) OIHY U Ty e OIepaInio IepexonoB, UC-
TIOJTB3YIOIIYIO B KaUeCTBE apIryMEHTOB KOI TeKY-
IIETO COCTOSTHUS M 3HAaYeHHWE IIepeMEHHOM p,.
[Ip1 3TOM COCTOSIHMIO @; MO-TMPEXHEMY TOJIKHA
ObITh comocTaBiieHa oTaenbHas OIl, peanusyio-
masi 6e3ycHOBHBINM IepexoN, He 3aBUCSIIMN OT
p; . TakuMm 00pa3zoM, MUHUMAJIBHO TOMYCTUMOE
koaudectBo OII mist gaHHOro (pparMeHTa paBHO
IBYM.

PaccmoTtpumM mmpuMep, TeMOHCTPUPYIOITUI BO3-
MOXHOCTB MCITOTb30BaHms aByx OIl mrsa peanu-
3allMM BCEX IMepexoJ0B B paMKax (pparmeHTa,
U300paXkeHHOTO Ha puc. 3, colepXKallero Tpu
TUMA TepPexXoqoB: Oe3yCHOBHBINM TEpexol, mepe-
X0 Mo ycioBuio p; =0 M Mepexoi Mo YCJIOBUIO
p, = 1. B abcTpakTHOM aBTOMAaTe 3TU II€PEXOMIbI
BBITIOJTHSIIOTCSI TIOJ BO3MEWCTBUEM aOCTPAKTHBIX
BXOIHBIX CUTHAJOB Z,— %, , CTPYKTYPHBIC KOIBI
KOTOPBIX OIPEAEIIAIOTCS 3HAYCHUSIMU TTepeMeH-
Hoit p,. Ilycts K (z)=<->, K (z,)=<0>,
Ki(z))=<1>.

IIpoBenem cuHre3 mnsa dparmeHra 'CA Ha
puc. 3. 3aganuM 1Be aOCTPaKTHBIX MOAAITeOpPbI
MEePEX0J0B, OMNpeAe/IsieMbIX BbhIpaXKeHUsIMU (2) U
(3), mepBas U3 KOTOPBIX peaan3yeT Bo (pparMeHTe
BCE YCIIOBHBIE TIepEXONbl, BTOpas — €IUHCTBEH-
HBII OE€3YyCJIOBHBIM IIepeXod M3 COCTOSIHUS a; B
COCTOSIHUE 4.
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G6l =<A5,s FS] > =<{A61,ZSl 1A, 1>

45 ={a, .., a,};
Zal ={z, &}
S, ={<a, 2, a,> <a, 2,, a,>,
<Gy, 2y, Gy >y <y, Ly, Gy > (2)

<a10’ Zl’ all >’ <a10’ ZZ’ a3 >’
<y 3y G5 >, <y Ty, G4 >
<l s Gy =5 <y, 35, ;>
<a,, 3, 4, >, <a,, 2,, G, >}.

Gy, =<A;, F, > <{4,Z; },{5,} >
45 ={a;, a,};

Zs, ={z,};

$, ={<a, z,, a, >}.

3)

B cucreme (2) G ; — aberpakTHast monanre6pa
TepPexoI0B, HOCUTENb A, KOTOpoi 00pasoBaH
MHOXECTBOM COCTOSIHUIA A, ¥ MHOXECTBOM
abCTPaKTHBIX BXOJHbBIX CUTHAJIOB Z81 , 4 CUTHa-
Typa F81 oOpa3oBaHa €AMHCTBEHHOM YaCTUYHON
(dyHkuueit nepexonos d, [7]. yHkuus 3, mpea-
CTaBlieHa  MHOXECTBOM  BEKTOPOB  BMIa
<a, ,, a; >, K&XIbIil U3 KOTOPBIX COOTBETCTBY-
T TIepeXoy M3 COCTOSIHUS ¢, B COCTOSIHHE 4,
07 BO3IEMCTBMEM aOCTPAKTHOTO BXOJHOIO CHUT-
Hala z, . AHaJOIMYHBIM OOpa3oM OpraHMU30BaHa
abctpakTHas monanrebpa G ; , 3amaBaemasi Bbl-
paxenueM (3).

ChopmurpyeM MpoOMeXXyTOUHYIO ajiredpy nepe-
XOJIOB G,l , 13oMopdHYyI0 noxanredpe G 5 - IIpo-
MEXYTOUHbIE KOIbl COCTOSIHUI BbIOEpEM U3
MHOXECTBa HaTypaJlbHbIX YMCEN, MPOMEXYTOY-
HbI€ KOIIbI BXOIHBIX CUTHAJIOB OylIeM MHTepIIpe-
TUPOBaTh KaK JIOTMYECKUE BEJIMYMHBI, 3ajaBae-
mbie Ha MHOXecTBe {UICTUHA, JIOXDb}. Ilycth
K, (z))= =JIOXb, K, (z,)=MCTHUHA.

ITpennonoxum, 4to OOllEe KOJUYECTBO CO-
crosHuit B 'CA [ TakoBO, YTO MMHMMAaJbHO
JIOCTaTOYHasi Pa3psiAHOCTh CTPYKTYPHOIO Koja
cocTosiHUsT R = 5. 3amaguM MpOMeXyTOUYHbIE KO-
IIbl cocTosiHUI B auamna3oHe [0; 31] Tak, Kak I1o-
Ka3aHo B TabJ1. 2.

ConocTaBUM COCTOSHUSIM @, @y, Ay, dig, 11, 12
cinenyromryio OIT:
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(K, (a') 10100, +2,)) mod 32,

" eciu p, =0;
0: K, (@)= , b 4)
: (K, (a")®10100, +5,,) mod 32,
ecm p, =1.

Puc. 3. IIpeobpazoBanHsblii pparmeHt 'CA I

Tabauya 2. KonupoBanue coctosinuii (pparmeHt I'CA 7)

a; K(a) a; K(a)
a, 21 a; 8
a, 6 ag 5
a, 28 aq 20
a, 18 ay, 3
as 15 a, 25
ag 11 a, 23

B naHHoO MHTepBaabHON (PYHKIIMU IIPOMEXKY-
TOYHBINA KO TEKYIIEro COCTOSTHMS K / (d') cHa-

yajia MpUBOAMTCA K (popMe MITUPa3psSIHOIO ABO-
MYHOTO BEKTOpa, Hal KOTOPBHIM BBIMOJTHSIETCS
ropaspsiiHas orepanms CIOXEeHUs M0 MOIYIIO 2
¢ BekTopoM—KoHcTaHToil 10100,. IToayyeHHBI
pe3yJbTaT MHTEPIPETUPYETCs KaK ABOMYHOE lie-
Jioe 6e3 3HaKa U CYMMUpPYETCSI ¢ LIeJOUUCIeHHON
KOHCTaHTOI, 3HaUeHWe KOTOPOIi 3aBUCUT OT 3Ha-
yeHus repeMeHHo p,. Hax pe3ynbratoM ciioxe-
HUS BBINIOJIHSIETCS onepanus «mod 32», mpuBo-
nmsas pe3yabrar OIl k nuanaszony [0; 31].
Omnepanus O, TIO3BOJISIET peain30BaTh BCE IIe-
pexXonbl U3 COCTOSIHUM a,, a,, a4, Ay, 4y, A1y TIPU
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YCJIOBUM UCITOJIb30BaHUS MPOMEXYTOUHBIX KOJIOB
COCTOSIHMIT M3 Taoi. 2. Hampumep, mepexonm u3
COCTOSIHUS @y TI0 YCJIOBUIO p; = (0 BBIMOJHSETCS
CIIEOYIOIINM 00pa3oM:

* K, (a,)=3,=00011,;

¢ 00011, ® 10100, =101115;

¢ 10111, =23,;

e 23 +2=25;

*25mod32=25= K, (a,) .

C yuyeToM Ta0i1. 2 u BeipaxeHus (4), IIpoMexy-
TOYHas ajireobpa G ;, €CTb CIICIYIOLIast CUCTeMa:

G, =<A,, F, >= <{K, (4;), K, (Z, 1,10} >

A, ={3,5,6,8,11, 15, 18,20, 21,23, 25, 28};

Z, ={JI0Xb, UCTUHA}

0, ={<21,JJ0Xb,3>, <21, UCTUHA,6 >,
<6,JJ0OKb,20>, <6,UICTUHA,23>,  (5)
<3,JI0Kb,25>, <3, UCTUHA,28 >,
<25,JI0XKb,15>, <25,UCTUHA, 18 >,
<23,JI0Xb,5>, <23, UICTUHA,8 >,
<18,710Xb,8>, <18, ICTUHA,11>}.

Takas curHarypa anreopoel G ;, TPeICTaBiIeHa

eIMHCTBEHHON omepauueil mepexonoB O;, obpa-
30BaHHOM BekTopamu BuUga <K 5 (a),K i (z,),

K I (@;) >, Kax/blil U3 KOTOPBIX MOXET ObITh MO~

CTaBJeH B COOTBETCTBME OJIHOMY M3 BEKTOPOB
YaCTUYHOU aOCTpaKTHOI (DYHKIIMU MEPEXOI0B O, .

CdopMupyeM CTpyKTypHYIO oganreopy nepe-
xomoB G 4> n3zomopdHyto anredpam (2) u (5) [11,
12]. g 2TO 3amagviM COCTOSIHUSIM M3 MHOXe-
cTBa A; CTIPYKTypHBIC KOIbl, SKBHMBAJICHTHbIC

MATUPA3PSTHOMY TBOMYHOMY MPEACTABICHUIO CO-
OTBETCTBYIOIINX IMPOMEXYTOUHBIX KOIOB U3 MHO-

KectBa A ;- Ilonyyaemass B pesyabTaTe CTPYK-

TypHas rofanredpa nmeeT BUL (6).
B nanHoi1 cucteMe d; — 4yacTU4YHAsI CTPYKTYp-
Hag (QYHKUMUSI TIepexoioB, IIpeAcTaBisiemMast

MHOXECTBOM BeKTOopoB Buia < K(a,), K (z,),
K (a;)>, KaxIplii 13 KOTOPBIX MOXET OBITh T10-
CTaBJIeH B COOTBETCTBME OZHOMY M3 BEKTOPOB

YaCTUYHOI aOCTPaKTHOM (PYHKIIUU MEPEXOIOB J,.
Taxkum o6pazoM, MOXKHO TOBOPUTH O CYILIECTBOBA-

HUM B3aUMHOTO u3oMopdpusma G ; <> G, <G, .

Ero cytb cocTouT B TOM, UTO BCE aBTOMAaTHbIE
Mepexoibl, ornpeaessieMble aOCTpakTHOW (hyHK-
LIMel TepexoaoB &;, pacCMaTPUBAIOTC Kak Tpe-
00pa30BaHMsI CKAISIPHBIX BEIUYMH (LIEJBIX YM-
cen) ¢ nomouisio OIT O, u B cTpyKTypHOM (IBO-
WYHOM) BUJE PEaM3yIOTCs MO 3aKOHY, OIlpee-
JIsIeMOMY CTPYKTYPHOI (DyHKIIME TepexonaoB d,.

G, =<A,, F, > <{Ks(A,),K(Z,)}{d}>;

Ks(4,)={K (@), ..., Ko(a,)}=

={00011, 00101, 00110, 01000, 01011, 01111,
10010, 10100, 10101, 10111, 11001, 11100};

K (Z,)={Ks(z)), Ks(z,)}={0, 1};

d ={<10101, 0, 00011>, <10101, 1,00110>, (6)
<00110, 0, 10100>, <00110, 1, 10111 >,
<00011, 0, 11001 >, <00011, 1, 11100 >,
<11001, 0, 01111>, <11001, 1, 10010>,
<10111, 0, 00101 >, <10111, 1, 01000 >,
<10010, 0, 01000 >, <10010, 1, 01011>}.

CdopMupyeM IpOMEXYyTOUHYIO alreopy nepe-
xomoB G 5o n3omopdHylo nomanreope G 5, - Io-
ckonbky A; ={a;, a,} C A; , CTPYKTYpHbIC KOZIbI
K (a,) m K (a,) B mnonmanredbpe G 4, AOJIKHBI
COBITaZaTh C COOTBETCTBYIOIIMMM CTPYKTYPHBIMH
Kojgamu B mopanrebope G g - 3Has CTPYKTypHBIC
KOIBI COCTOSTHUM W BXOTHBIX CUTHAJIOB, MOXKHO
HeMemJIeHHO c(OopMHMpOBaTh CTPYKTYPHYIO IIO-
Janredpy G a9 n3zomopdHyto nomanreope (3):

G, =<A,, F, ><{Ky(4,), K (Z, )} 1d,}>;
Ko(4,)={K (@), K(a,)}={11100, 01000};
KS(Zdz):{KS(ZO)}:{_};

d, ={<11100, —, 01000>}.

OTMeTUM, YTO B paccMaTpUBacMOM IIpUMepe
npeobpasoBanue K(a,) =111008 K (a,) = 01000,

oIpeneisieMoe YaCTUYHON CTPYKTYPHOI (DYHK-
uei nepexoaoB MYHKUMEN d,, MOXET OBITh pea-
JIN30BAHO MYTEM BBITIOJTHEHUSI TTOPA3PSIAHON Orle-

paluy clIoXeHus o Monyimo 2 xoga K (a,) ¢
IBOMYHBIM BekTopoM 10100. DT0 mo3BoJseT 3a-
IaTh orepaunio O, TPOMEXYTOUYHON anreGpsl
G, BCnenyoweM Buze:

(7)
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0y K, (a’”):l(,2 (a") ©10100,. (8)
Hcxons u3 (8), mpoMexXyTOuHble KOIbI COCTOSI-
HUM, oOpa3yroure Hocutelb K I A 82) anredpnl
G, , ecTb IBONYHBIE BEKTOPBI, COBIA/IAIOIIIE CO

CTPYKTYPHBIMM KOJZaMU COOTBETCTBYIOIIMX CO-
crogHuii  moganreopel  (7): K . (a;)=11100,

K I, (a,)=01000 . ITocKOJIBKY CUTHAJI gy HE y4acT-

ByeT KaKUM-100 obOpa3om B orepauuu O,, s
IIPOMEXYTOUYHOU anreopel G ;, OH (opManbHbII

u K . z 82):Z 5, ={z,}. Tenepp mpomexyrou-
Hast anrebpa nepexofoB G, MOXeT ObITh 3a1aHa

clIenyIolIel CUCTEMOIA:

G,=<A,,F >=
:<{K12(A52)9 sz(Zsz)}7{02}>;
K, (4,)={11100, 01000}; )

K12(Zaz)=Zaz ={Z0};
0, ={<11100, 7,, 01000 > }.

OTMeTHM, 4YTO MpPOMEXyTouHas anredpa (9)
n3oMmopdHa mnopmanredbpam (3) u (9). Cyme-
CTBOBaHME U30MOPPU3MOB G ; <> G, > G, U

G; < G, < G, noarBepxnacT BOSMOXHOCTb

peanu3anuu Beex repexogoB Bo ¢parmeHte 'CA
Ha puc. 3 ¢ y4eTOM BBIOpPAHHBIX OIlepaluii Imepe-
xonoB [11, 12]. I'pacdmyecku 3TO MoOKa3aHO Ha
puc.4, rme B KaXIOil onepaTopHOil BepllMHE
yKa3aHbl NTPOMEXYTOUHbIE U CTPYKTYpPHbIE (JBO-
WYHbIE) KOJbl COCTOSIHMSI, CJIEMyIOIIero 3a JaH-
HOI BepIIMHOM, a KaXnmas ayra rpada orMedeHa
orepaument, peaJi3yIolieii JaHHBIN TTEPEXO/I.
Takum 006pa3oM, yMeHbIlIEHUE MaKCUMaJIbHO-
o KOJIMYEeCTBA CYIIECTBEHHBIX BXOMHBIX Tlepe-
MEHHBIX IIPU UCMOJb30BaHUM CTPYKTYpbl MIIA ¢
OAII u 3aMeHOl BXOAHBIX MTEPEMEHHBIX MOXET B
HEKOTOPBIX CIydasix MPUBOIUTH K YMEHBIIEHUIO
KoiamyecTBa ucnonbdyembix OIl. CrnencrBuem
3TOTO €CTh YMEHBIIEHNE KOJIMYeCTBa KOMOMHA-
LIMOHHBIX cxeM B orepaunoHHoil yactu OAII,
MPUBOSILIEe K CHUXKEHUIO arnapaTypHbIX 3aTpaT
B cxeme aBTomata [13]. B Tex ciydasix, Korma
yMmeHblieHre konuuectBa OIl compoBoxngaeTcs
yMeHbllleHueM paspsigiHocTu koga OII, umeer
MECTO IOIOJTHUTEIbHOE CHIMKEHME armapaTyp-
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2110= 10101,

2510=11001,

an

Puc. 4. 'padndeckoe npeacTaBIeHNE pe3yIbTaTOB CHHTE-
3a (¢pparment 'CA 1)

S
<
>~

Puc. 5. ®parMeHT GYHKIIMOHAIBHOW CXeMBbI OIepaIluOH-
Hoii yact OAIl, COOTBETCTBYIOLIMIA ONepaLMsIM Mepexo-
1oB O, u 0,

HeIx 3aTpar B cxeme OAIl myrem ympolieHus
MYJIBTUILIEKCOpa pe3yjibTaTa, a TakKKe B Z-TOMI-
CXeMe 3a CUeT yMEHBbILeHUS YMCia BBIXOIO0B.
HTak, oTMETHM, UTO omepalus Iopa3psigHOro
cloXeHMs o Moaymio 2 ¢ KoHctaHtoit 10100,,
SBJISIIOIIAsiCSl B BhIpaXeHUM (4) BHYTpeHHeEH
¢ynkuueit o otHoeHuto K OIT O, , B TouHOCTH
copnagaet ¢ OIl O, , onpenenseMoii BoIpaxkKeHU-
eM (8). DTo 1o3BOJIIET CUHTE3MPOBAaTh KOMOMHA-
MOHHBIE cxeMBbI JaHHBIX OI Tak, Kak Imoka3aHo
Ha puc. 5. B maHHOl cxeMe BCce JIMHUM CBSI3U, 3a
HUCKITIOUEHUEM OTHOPA3PSAHOM JIMHUU, TI0 KOTO-
poii MojaeTcsl CUTHAN p,, MSATUPA3PSIIHBIE, a B
KayecTBe KOHCTaHT 2;, 1 5,y Ha BXOJIbl MYJIbTUII-
Jekcopa MX mofaloTcsl uX JBOUYHBIE LIeJIOYUC-
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JneHHble popmbl 00010, 1 00101, COOTBETCTBEHHO.
B pesynbrate koMOrHanoHHast cxema KC 4 » bea-

musyomas OIT 0,, — JacTh KOMOMHALIMOHHOM
CXEMBI KCdl , peanusytoueii onepauuo O,. bes-

YCJIIOBHO, JAHHYIO OCOOEHHOCTb CJenyeT pac-
CMaTpMBaTh KakK Cyrybo 4acTHBII cliydaii, OqHaKO
MOJ00OHbBIE CUTYallMM HEOOXOAMMO BCeraa UMETh
B BUAY TPU ONTUMU3ALUM JIOTMYECKON CXEMBI
OIIepPaIIMOHHOTO aBTOMATa IePEX0I0B.

IToMuMoO CcHUXXEHUS amrmapaTypHBIX 3aTpaT B
cxeme OAII, ymeHbllIeHHE KOJUYECTBA BXOIHBIX
MepeMEeHHBbIX, CYIIECTBEHHO BJMSIOIIMX Ha aB-
TOMaTHbIE TEepexoibl, B ciiydyae aBroMara Muiu
MPUBOIUT K JAOMOJHUTEILHOMY YMEHBIIEHUIO
yucia BxogoB Oyoka COMO. OTMeTUM Takxe,
yTo npu ucnoiab3oBaHuu B MIIA ¢ OAII metona
YMEHBIIEHNST KOJIMYECTBa CYIIECTBEHHBIX BXOM-
HBIX TIEPEMEHHBIX CJIEAYeT IIOMHUTD, YTO YMEHb-
1IeHe BeJIUYUHbI G HeM30eXXKHO COMPOBOXIAET-
csl yBeJIMUEHMEM UMClia COCTOSIHUM aBTOMaTa U B
HEKOTOPbIX CIIyYasiXx MOXET MPUBOIUTH K YBEJIU-
YEHMIO Pa3psIHOCTU R KoJa COCTOSIHUS. YBeJU-
yeHre R MPUBOIMUT K POCTY amrapaTypHBIX 3a-
TpaT BO BcexX OJIoKax Jiornueckoir cxembl MITA
HE3aBUCUMO OT €T0 CTPYKTYPHOI OpraHM3alllH.

CITMCOK JIMUTEPATYPHI

3aKaro4vYeHue

B cratbe mnpenjaraercss croco0 ONTUMU3ALUU
arnmnapaTypHbIX 3aTpat B cTpykType MIIA ¢ OAIl
M 3aMEHOI BXOAHBIX mepeMeHHBIX. Crocob 3a-
kimovaercs B nmpuMeHeHnnn K MITA ¢ OAII us-
BECTHOTO METO/Ia YMEHbILIEeHUSI KOJUYEeCTBa Cy-
IIECTBEHHBIX BXOJHbBIX TNepeMeHHbIX. JlaHHBINI
MOJXO/ HE TMPUBOIUT K UBMEHEHUSIM B CTPYKTYpe
aBTOMaTa, OHAKO IMO3BOJISIET B HEKOTOPBIX CJTy-
qasgx MTOOUTHCS YMEHBIIIEHHUsT KOJIMYECTBa orepa-
i, ucnoab3dyembix B OAII, a Takke CHU3UTh
armnapatypHble 3aTpaThl B 6j10ke COMO aBTOMa-
Ta Munu.

BmecTte ¢ TeM, yucieHHble MoKa3aTeau 3¢P-
(beKTMBHOCTU UCIOJB30BaHUS TAaHHOTO TOIX0-
Ja He SBJSIIOTCS OYEBUAHBIMU M3 CTPYKTYPbI
MIIA ¥ UMOJIEMEHTUPYEMOIO MM ajJropuTMa
yIpaBJIeHUs], U TPeOYIOT NIPOBEACHUST JOTIOJIHH-
TeJbHBIX MccienoBaHuil. [lpakTuieckoe mpume-
HEeHHe PacCMOTPEHHOTO TToaxXoaa TpedyeT pas3pa-
OOTKM COOTBETCTBYIOIIMX (hOpMaIN30BAHHBIX
meTon0B cuHTe3a MITA ¢ OAIl, opueHTHpOBaH-
HbIX Ha WUCIIOJb30BaHUE COBPEMEHHOTO 3Jie-
MEHTHOro ©0asuca IporpaMMUpPYEMbIX HWHTe-
rpajbHBIX cxeM [14].
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REDUCTION OF THE MAXIMUM MUMBER OF SIGNIFICANT INPUT VARIABLES
INTHE MICROPROGRAM FINITE STATE MACHINE WITH DATAPATH OF TRANSITIONS

Introduction. The object of research is the microprogram finite state machine with datapath of transitions with the input
variables replacement. In digital devices, microprogram finite state machine performs the functions of control unit and
coordinates the functionality of other system blocks. One of the current scientific and practical problems is the reduction
of hardware expenses in the logic circuit of the microprogram finite state machine. One way to solve this problem is the
development of new microprogram structures and methods for their synthesis. One of such structures is a microprogram
finite state machine with datapath of transitions. In this structure, the transition formation circuit is implemented in the
form of datapath consisting of a separate operational blocks. Each operational block implements the individual law of con-
verting state codes and input signals, realizing a disjoint subset of microprogram transitions. Herewith, the hardware ex-
penses in the operational block do not depend or depend insignificantly on the number of microprogram transitions it
implements. This allows to achieve the reducing of hardware expenses in comparison with the implementation of transi-
tion function of the finite state machine by the canonical method using the system of Boolean equations. The approach,
consisting of the circuit representation forming the transitions of the microprogram finite sate machine in the form of
datapath, is called the operational realization of the transition function of the finite state machine. The use of the input
variables replacement method makes it possible to further reduce the the hardware expenses in some blocks of the finite
state machine.

Purpose. The purpose of this article is to research a new way for optimization of the hardware expenses in logical cir-
cuit of finite state machine with datapath of the input variables transitions and replacement.

ISSN 0130-5395, YCuM, 2018, N° 2 49



P.M. babakos, A.A. bapkanos

Methods. It is proposed to use the known method of decreasing the maximum number of significant input variables.
The method consists of adding new states, which leads to a decrease in the number of input signals analyzed in one state
machine transition.

Results. The proposed approach does not lead to a change in the structure of the microprogram finite state machine
with datapath of the input variables transitions and replacement. It can be achieved by reducing the number of transition
operations used. It is also possible to cut hardware expenses simultaneously in other structure blocks by reducing the num-
ber of intermediate signals replacing the finite state machine input signals.

Conclusion. The reduction of the maximum number of significant input variables allows, under certain conditions, to
cut the amount of hardware expenses in the logic circuit of the microprogram finite state machine with datapath of transi-
tions and the input variables replacement. The disadvantage of this approach is the increase in the execution time of the
algorithm, interpreted by the finite state machine.

Keywords: microprogram finite state machine, datapath of transitions, replacement of input variables, hardware expenses.
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3MEHIIEHHSI MAKCUMAJIbHOI KJTBKOCTI CYTTEBUX BXITHUX
B MIKPOITPOITPAMHOMY ABTOMATI 3 OIIEPALIIMHUM ABTOMATOM INEPEXO/1B

Beryn. In this article, the object of research is the microprogram finite state machine with datapath of transitions with
replacement of input variables. In digital devices, microprogram finite state machine performs the functions of control
unit and coordinates the functionality of other blocks of the system. One of the topical scientific and practical problems is
the reduction of hardware expenses in the logic circuit of the microprogram finite state machine. One way to solve this
problem is the development of new microprogram finite state machine structures and methods for their synthesis. One of
such structures is a microprogram finite state machine with datapath of transitions. In this structure, the transition forma-
tion circuit is implemented in the form of an datapath consisting of a number of separate operational blocks. Each opera-
tional block implements individual law of converting state codes and input signals, realizing a disjoint subset of micropro-
gram transitions. Herewith, the hardware expenses in the operational block do not depend or depend insignificantly on the
number of microprogram transitions it implements. This allows under certain conditions to achieve reducing of hardware
expenses in comparison with the implementation of transition function of the finite state machine by the canonical
method using the system of Boolean equations. The approach, consisting in the representation of the circuit for forming
the transitions of the microprogram final-state machine in the form of an datapath, was called the operational realization
of the transition function of the finite state machine. The use of the method of replacement of input variables in this struc-
ture makes it possible to further reduce the hardware expenses in some blocks of the finite state machine.

Meta. The purpose of this article is to research a new way for optimization of hardware expenses in logical circuit of
finite state machine with datapath of transitions and replacement of input variables.

Metomu. It is proposed to use the known method of decreasing the maximum number of significant input variables.
The method consists in adding new states, which leads to a decrease in the number of input signals analyzed in one state
machine transition.

Pesyabrat. The proposed approach does not lead to a change in the structure of the microprogram finite state ma-
chine with datapath of transitions and the replacement of input variables. Reducing the hardware expenses in the datapath
of transitions can be achieved by reducing the number of transition operations used. It is also possible to simultaneously
reduce hardware expnses in other blocks of the structure by reducing the number of intermediate signals replacing the in-
put signals of the finite state machine.

BucnoBku. Reduction of the maximum number of significant input variables allows under certain conditions to re-
duce the amount of hardware expenses in the logic circuit of the microprogram finite state machine with datapath of tran-
sitions and the replacement of input variables. The disadvantage of this approach is the increase in the execution time of
the algorithm, interpreted by the finite state machine.

Karouoei caosa: mikponpoepamuuii agmomam, onepayiiHuii agmomam nepexooie, 3amina 6XiOHUX 3MIHHUX, anapamypHi eu-
mpamu.
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