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MOAM(bMKaU,Mﬂ MuUKponporpamMmmMmHoro aBTomarta ¢ onepaumMOHHbIM aBTOMAaTOM
nepexonoB u 3aMeHOMN BXOAHbIX nepemMeHHbIX

IpemnoxeHo HOBOE CTPYKTYPHOE PEIIeHHE, CIIOCOOCTBYIOINIEE CHIDKEHUIO allapaTypHBIX 3aTpaT B JJOTHYECKON CXeMe MUKPOIIPOrPaMMHOTO
aBTOMATa C ONEPAIIOHHBIM aBTOMATOM Iepexoj10B. Hapsiiy ¢ MeTomoM 3aMeHBI BXOAHBIX IIEPEMEHHBIX UCIOIB3YETCs] METO], COTTOCTABIICHHS
omepanuii IepexoioB COCTOSIHHUSIM aBTOMATa, YTO MO3BOJIIET JOOUTHCS OMHOBPEMEHHOTO CHIDKEHUS allllapaTypHBIX 3aTpaT B ONEPALIOHHOM
aBTOMATe IIePEXOI0B U cxeMe (hOpMUPOBaHIS KOJOB oneparmii. OnpeeneHo ycnore 3 ¢eKTHBHOCTH IPEUIOKEHHOH CTPYKTYpBI aBTOMaTa
B CPaBHEHHH CO CTPYKTYPaMH-IPOTOTUIIAMH.

KitioueBble cj10Ba: MUKPOIIPOrpaMMHBIN aBTOMAT, ONIEPAMOHHBII aBTOMAT IIEPEXO0B, 3aMEHa BXOIHBIX NEPEMEHHBIX, allapaTypHbIE 3a-
TpaTkL.

3anporioHOBaHO HOBE CTPYKTYpHE PIlLlleHHS, SIKE CIPHSIE 3HIDKCHHIO anapaTypHHUX BHTPAT Y JIOTi4HIN cXeMi MiKpOIPOIpaMHOro aBToMara 3
orepariiHiM aBTOMaTOM TiepexoiB. [lopsia 3 MeTooM 3aMiHM BXiTHUX 3MiHHUX BUKOPHCTOBYETHCS METOI 3iCTABJICHHS OEpaliiil IepexoiiB
CTaHaM aBTOMATa, 10 JO3BOJISIE€ TOMOTTUCS OAHOYACHOTO 3HIKEHHS arapaTypHUX BUTPAT B OIEPaliifHOMY aBTOMATi IEPEXOIiB 1 cxemi pop-
MyBaHHS KOAIB omepariii. Bu3zHaueHo yMmMOBY e(eKTHBHOCTI 3alpOIIOHOBAaHOI CTPYKTYpH aBTOMAaTa B IOPIBHSHHI 31 CTPYKTypamu-
HPOTOTUIIAMHL.

KurodoBi ciioBa: MikpornporpaMHuii aBTOMAT, ONepaLiiiHUi aBTOMAT IePexo/IiB, 3aMiHa BXiJHIX 3MIHHHUX, allapaTypHi BUTPATH.

Beenenne. CylecTBEHHBIH CTPYKTYpHBIN Dile-
MEHT COBPEMEHHBIX BBIYUCIHUTEIbHBIX CHUCTEM —
YCTPOMCTBO yNpaBIECHUs, OAHOM M3 MHTEpIpeTa-
LU KOTOPOTO SIBISETCS MHUKPOIPOTPAMMHBIN aB-
tomat (MIIA) [1, 2]. IIpu cuntese cxemsr MITA
OJIHOM M3 aKTyalbHbIX HAy4YHBIX IPOOJIEM €CTh
MUHUMU3aLUs allapaTypHbIX 3aTpaT, pelaemas
myTeM pa3pabOTKH UX HOBBIX CTPYKTYpP M METO-
JIOB cUHTe3a [3].

B MIIA ¢ynkuus nepexonoB MOXKET ObITb Ipei-
CTaBJieHa B BHJI€ MHOYKECTBA YAaCTUYHBIX (DyHK-
LI1i{, 4TO MPUBOJIUT K CTPYKTYPE MHUKPONPOrpaMM-
HOT'O aBTOMAaTa ¢ OIEpPAallMOHHBIM aBTOMATOM IIepe-
xozn0B (MIIA ¢ OAII) [4, 5]. IIpu 3Tom cxema me-
PEXO/I0B aBTOMATa MpeACTaBIsieTcs B Buae Habopa
(YHKUIMOHAJIBHBIX Y3J10B, aliapaTypHbIE 3aTPaThl B
KaXJIOM M3 KOTOPBIX HE 3aBHCAT WM 3aBUCST He-
3HAYUTENIbHO OT KOJIMYECTBA aBTOMATHBIX IMEPEXo-
JIOB, PEATIM3YEMBIX 3TUM Y3JI0M. JTO JIENAET CXEMY
¢dopmupoBanus nepexooB MIIA cTpykTypHO cXo-
KEHU ¢ ONEpalMOHHBIM aBTOMATOM, B KOTOPOM BbI-
60p oneparuu nepexoaos (OI1), BeimonHsIeMOi Hat
KOJIOM TEKYILEro COCTOSHHSI, MOXKET 3aBUCETh Kak
OT CaMoro KojAa TEKYIIEro COCTOSIHHS, Tak U OT
BXOJ/IHBIX CUTHAJIOB aBTOMATa.
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B cratbe mpennaraercst HoBasi CTPYKTypHast MO-
mdukarus MITA ¢ OAIL B KOTOpPO# TIPUHIIMIT CO-
MOCTABIICHUSI OMepaluil MEePexX00B COCTOSHHUIM
aBTOMAaTa COYETAeTCsd C METOJIOM 3aMEHbI BXOJI-
HBIX TIepeMeHHbIX. Llenb npeanaraemMoro pemeHus
— JIOTIOJIHUTENBHOE CHUKEHHE amlmnapaTypHBIX 3a-
TpaT B CPABHEHUH CO CTPYKTYPaMU—TIPOTOTHIIAMH.

CTpyKTypHBIE MOJEJM MHKPONPOrPaAMMHO-
ro aBTOMATA C ONEPALMOHHBIM aBTOMATOM Ile-
pexonoB

bazoBas crpykrypa MIIA ¢ OAIl, o603Ha4eH-
Has B paMKax JaHHOH ctatbu cumBosioM Uj, mo-
Ka3zaHa Ha puc. 1 [4].
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Puc. 1. Ctpyxrypa U,

brox OAII B cTpyKkType mpeacTaBisieT coOoi
OTIEpPAIIMOHHBIN aBTOMAT, BBIMOIHSIONIMIA MPE00-
pa3oBaHME KOAAa TEKYyLIEro COCTOSIHUSA I W MHO-
YKECTBAa BXOAHBIX CUTHAJIOB X MO/ yIpaBJICHUEM
KoJia Z, B COOTBETCTBHUU C BhIpakeHuem (1).
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r=T7(T. X, 2), (1)
rne I'={T,...T,}, X=1{x,...x,}, Z= {zl,...,zRZ}.

Kon onepauuu Z popmupyercs Z-noacxemMon B
COOTBETCTBUHU C BBIpaKECHHEM (2) W ompenemseT
omepaluio nepexonoB, BeinmonHsemyo OAIl B
Ka)KJIOM TakTe paboThl yCTPONCTBA.

Z2=7(T,X). (2)

Cxema ¢opmupoBanusi Mukpoornepaiuii (COMO)
peanusyeT GyHKIHUIO BBIXOJ0B aBTOMarta, (GOpMH-
pys MHOXKE€CTBO MUKpOOIEpaluid Y B COOTBETCT-
BUHU C BbIpakeHueM (3) B cimyyae aBTomara Mumu
u (4) B ciayuyae aBromata Mypa. Takum oOpasom,
Hanuuue B ctpyktype MIIA ¢ OAII cBa3u, noka-
3aHHOM Ha puC. | MyHKTUPOM, MO3BOJIET CUUTATh
JAHHYIO CTPYKTYypy aBTOMaroM Muiu, OTCYTCTBUE
CBs3U — aBTOMAaTOM Mypa.

Y=Y(T, X). 3)
Y=Y(D). 4)

[Tpunnun ¢ynxnuonuposanus MITA ¢ OAII u
€ro MaTeMaThyecKkas MOJIelb U3JI0KEHBI B pado-
Tax [4] u [5] cOOTBETCTBEHHO.

B pabore [6] mnpemnokeHa MoAMQpUKALIMI
CTpyKTypbl Uj, MO3BOJSIONIAs CONOCTABIATh OIle-
palyio Nepexo0B OTAECTbHOMY COCTOSIHHIO aBTO-
MmaTa (puc. 2). OcoOEHHOCTb JaHHON CTPYKTYpbI
(0603Hauaemoii B cratbe cuMBosioM U,) — OTCYT-
CTBUE BXOJIHBIX CHTHAJIOB aBTOMara Ha BXoje Z-
MOJICXeMbI, YTO TO3BOJISICT CHHU3UThH amnmaparyp-
Hbl€ 3aTpaTbl B Z-NIOJCXEME B CpPaBHEHUU CO
cTpyktypoit U,.
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Puc. 2. Ctpykrypa U,

B ctpykrype U, Z-noacxema peanusyeT QpyHK-
105010}
Z=Z2(D), (6))
B COOTBETCTBUM C KOTOPOH KaKJIOMY COCTOSIHUIO
aBToMaTta MoaxoauT Toibko onHa OII, peanu-
3ylomiasi BCe MEpPeXo/bl U3 AAHHOTO COCTOSIHHUSA.
[TockonbKy curHaiabl X OTCYTCTBYIOT B CIHCKE
apryMeHToB (QyHKUuH (5), BO3MOXHOCTH COIOC-
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TaBUTh ONEPALUIO OT/IEIbHOMY aBTOMATHOMY Iie-
pexoly OTCYTCTBYET.

B [7] npennoxxena momudukanus CTPYKTYpPHI
Ui, Takxe NO3BOJISAIONIAS CHU3UTH CIOXHOCTb
Z-TIOACXEMBI ITyTEM YMEHBIIEHHUS YHUClIa BXOJOB
Z-noacxemsel. JlaHHasg CTpyKTypa IOKa3aHa Ha
puc. 3 u o6o3HaUeHa cUMBOJIOM Us.

M z OAIl » COMO —» Y
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Puc. 3. Ctpyxrypa Us

B crpykrype U; ncnonb3oBaH U3BECTHBIA Me-
TOJI 3aMEHBbl BXOJHBIX MEPEMEHHBIX, 3aKIJII0YaI0-
miicst B crnenyromeM [3]. Ecnu mo6oii mepexon
3aBUCHUT He Oosiee 4eM OT G BXOJHBIX CUTHAJIOB,
MHO>KECTBO BXOJHBIX CHUTHAJIOB X MOXET OBbITh 3a-
MEHEHO MHOXKECTBOM P ={p,, ..., p.}, a B CIpyK-

Typy aBTOMara J00aBIIsIeTCs crieruanbHas M-1oa-
CXCMa, CUHTC3UpyCMas B 62131/ICC MYJIBTUILIIICKCO-
POB U BBITIOJHAOIIAS TIPEOOpa30oBaHUe
P=P(X,T). (6)
IIpu 3TOM BBIUIPHII B anmapaTypHbIX 3aTpa-
Tax gocturaercsa npu G << L [3, 7].

Moanpurkanuas MIIA ¢ OAIl n 3ameHoit
BXO/IHBIX NepeMeHHbIX

O6beauaM ocobeHHocTu cTpykTyp U, u Us B
OJTHOM CTpyKType. B pe3ynbpTare momyduM CTpyK-
Typy MITA ¢ OAII ¢ 3ameHoli BXOJIHBIX ITE€pEMEH-
HBIX W COIIOCTABJICHUEM OIEPAIUN MEPEX00B CO-
cTostHUsIM aBToMara (puc. 4). O603HaYuM JaHHYIO
CTPYKTYpy cUMBOJIOM Uj.

M — z > OAIl » COMO —» Y
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Puc. 4. Ctpyxrypa U,

B crpykrype Us Ha BXOJ Z-1IOACXEMBI I10JAET-
CA TOJBKO KOJ TEKYIIETrO COCTOSHUS aBTomara 7,
B PE3yJIbTATE YEro KOJ OMNEpalMH MEePeXOoJoB Z
(opmMHupyeTcsi B COOTBETCTBUU C BBIpakeHUEM (5)
10 aHAJIOTUU co CTpyKTypoi U,. ITockonbky Bxoa-
HBIE CUTHAJIBI OTCYTCTBYIOT Ha BXOJI€ Z-TIOJCXEMBI,
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UCIOJIb30BaHNE M-TIOJCXEMBI B JAHHOU CTPYKType
HE MO03BOJISIET YMEHBIINTD CJIOXKHOCTb Z-TI0OJCXEMBI,
Kak 370 ObLIO B cTpyKType Us. B To 3xe Bpems cur-
Haibl P, opmupyemble M-MOICXEMOM, OCTYHal0T
Ha Bxoz OAIL npuBozs K cieyomemy.

I[Tycts HekoTopas rpad-cxema anropurma (I'CA)
I, orMmedeHHas COCTOSHMSAMHU aBTomata Mypa,
COJCPXKHUT (hparMeHT, H300paXKeHHbIN Ha puc. 5.

Puc. 5. ®parment 'CA I”

[Ipeanonoxxum, 4TO OOIIEE KOJUYECTBO CO-
crosiauii 'CA /'TakoBO, 4TO [ UX KOJAUPOBAHUS
TpeOyeTcsi MUHUMYM R =4 JBOMYHBIX pa3psja.
3aKoIMpyeM COCTOSIHHSI TakK, KaKk MOKa3aHO B Tal-
JIAIIE.

a; a, a as ay das ag ar
Kfa) | 1 6 5 11 8 10 7
Kg(a;) | 0001 | 0110 | 0101 | 1011 | 1000 | 1010 | O111

W3 tabmunpl cnenyer, uto K;(a;) — IpoMexy-
TOYHBIN KOJl COCTOSIHUS @;, SABJISIOIIMICS CKasp-
HOHM BenuuMHOM, K(a;) — CTPYKTypHBII KOA CO-
CTOSIHUSL @;, SIBIIAIOIIMICS JIBOMYHBIM MPECTaB-
nenueM koxa K, (a;) B (opmare menoro uucia

0e3 3Haka [8].

OtmeTuM, uTO ecii ObI BO BCEX YCIOBHBIX BEp-
muHax 3ananHoro ¢parmenra ['CA OpL10 3ammca-
HO OJHO W TO ke Jorudeckoe ycnoBue (JIY) (Ha-
pUMeED, X1), TO BCE TIEPEXOIbI B paMKax JaHHOTO
¢parmenTa Moy OBbITh PEaTU30BaHBI IIyTEM CO-
TIOCTABJICHUSI COCTOSHUSIM @) —d3  CIEIYIOIIEH
OTepalny MepexoI0B:

O K (a") = K, (a") +5,ecnnx, =0, o
K, (a")/2 +5,ecux, =1,

CXEeMHasl peaju3alys KOTOPOH COOTBETCTBYET

puc. 6. I'paduueckn naHHas BO3MOXHOCTH IMOKa-
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3aHa Ha puc. 6, e OJIOK R; BBINOJIHSAET omepa-
IUI0 JIOTHYECKOIrO CJIBHMra Ha | pas3ps BIPaBo,
yTO IJIA 6633HaKOBI>IX YHUCCJI 3KBUBAJICHTHO OIIC-
pamuu JejeHus Ha 2.

4 4
K(a") » R >

4
MX—~—» +5 = » Kg(a'")

\ 4

L

X1

Puc. 6. dyHk1MOHANBHAS cXxeMa Jyis oneparuu (7)

Tor ¢akt, 94To Ha pHC. 5 B KAXKIOH yCIOBHOM
BepluIMHe 3anucanbl pasueie JIY, B cayuae MIIA
Co CTpyKTypoil U, HE MO3BOJSET COMNOCTABUTH
onepanuio O; coctosaHusIM ap U as. Jlannas OII
MOJKET OBITh COIIOCTABJICHA TOJILKO COCTOSTHUIO ¢/,
TOTJ]a KaK JJIsl COCTOSIHUS @) IOJDKHA OBITh 3a/laHa
otnenbHas OIl O,, ucnomne3ytomiasi B cBoei ¢op-
MyJi€ JIOTHYECKOE YCIOBUE X, A a3 — OIl Os,
ucnone3ytomast JIY x;. Jlanasie OIl MoryT OBITH
3a/1aHbl BEIPAKCHUAMU, TI0100HBIMH (7):

O K.(a")= K,(a") +5,ecmux, =0; ®)
K, (a")/2 +5,ecmnx, =1,

e | K (@) +5, ecimx, =0;
05 K, (a"y=1 """ ©)
K,(a')/2 +5,ecnmnx, =1.

110=0001,

‘ 810=1000, ‘af ‘ 10,6=1010, ‘ as ‘ 7100111, ‘m

~ A~ A~ A~

Puc. 7. I'paduueckoe npeacTaBieHne OnepaloHHON peaan3aui
nepexo1oB Bo ¢parmente ['CA /7c MOMOIIBIO OMEepaIiuu
(6) mpu UCTIONB30BAHUM BO BCEX YCJIOBHBIX BEPILMHAX JIO-
THYECKOTO YCIOBHS X

HecMoTpss Ha 0OIIyI0 CXOXKECTh BBIPAKEHUI
(8) u (9) c BopaxxenueM (7), B cxeme OAII co
cTpyktypoit U, nanubsiM OIl 6ynyT cooTBeTCTBO-
BaThb OT/EJbHbIE KOMOMHALIMOHHBIE CXEMBI, IO-
nobusie cxeme OIl O; (puc. 6), HO UCHONIB3YIO-
e pasnuyHsle curHaiel JIY mis ynpasineHus
mynbtursiekcopom (MX). IIpu stom kaxmas OIT
OyJeT UMETh YHUKAaJIbHBIA KO, YUUTHIBAIOLIUIICS
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IPpU TOCTPOEHUU MYJIBTUILIIEKCOpPA B OINEparioH-
Hoit yactu OAII [4]. ®parmeHT QyHKIMOHAIBHON
cxembl OAII, cOOTBETCTBYIOIIUNA ONEpausM Ie-
pexonoB O; — O3, IpUBEJIEH Ha puc. 8.

B cnyuae MIIA co crpykrypoit Us nepemeH-
HbIE X]— X3 B paMkax (pparmenta I'CA Ha puc. 5
3aMEHSIOTCSI IEPEMEHHOM pi. DTO MO3BOJISET MO-
ayuuTh pe3yapTaTsl cuHTe3a MIIA ¢ OAII, npu-
BEJICHHbIE Ha pHC. 7, MPU HUCHOJIb30BAaHUHU €IUH-
cteennou OIl Buma

K,(a") +5, eciu p, =0,
K, (a")/2 +5,ecnup, =1.

Cxemnas peanuzanus nanHoit OIl coorBetcT-
BYET puc. 6, HO BMECTO CHUTHaJla X| Ha YIPaBJIsio-
umid Bxoa MX nomaercsi curHai pj. ITockonbky
JAHHOE OTJIMYME HE BIUSET Ha anmaparypHbIe 3a-
TpaThl B KOMOMHAIIMOHHOM cXxeme JUisl Omnepanuu
O, cpaBHeHUE pUC. 6 U 8 TIO3BOJISIET YTBEPKIATD,
yTo JuIsi paccmarpuBaeMoro ¢parmenta ['CA 3a-
Tpatsl annapatypsl B MITA OAII co cTpykrypoi
U, 6ynyt Hmxke, ueM B ciydae MITA co cTpykry-
poit Us.

Kx(”’)

Oy K, (a"") = (10)

K@ K@)

Ks(a"™")
Puc. 8. ®parment dynxrmonansHoit cxembl OAIT MITA co cTpykTy-
poit U,, cooTBeTCTBYOIIMIA oneparism nepexoaos (7) — (9)

OtmeTHM, 4TO eciu B npouecce cunreza MITA
o ['CA [ onepanust O, Oblia COMOCTaBJICHA TOJb-
KO COCTOSIHMIO @2 U HUKAKOMY JIPyrOMY, a omepa-
uusi O3 — TOJIBKO COCTOSIHHUIO 3, TO 3aMEHa Kax-
ot u3 OIl O, u Oz onepauueit O4 NpUBEIET K
YMEHBIIIEHHIO OOIIEro KOJIMYECTBA OINepalui Ie-
pexonoB B OAIIL Ecnu ymeHbllIeHHE KOIMUYECTBA
OII conpoBOXaaeTCss YMEHBIIEHUEM Pa3psAIHOCTH
R; xona omepauuu, To B Z-nmoacxeme u OAIIL
AMEIOT MECTO TAKUE N3MCHEHUA
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® YMEHBIIAETCSl YHCJIO BBIXOJOB Z-NIOACXEMBI,
YTO IPUBOJUT K CHW)KCHMIO amlapaTypHBIX 3a-
TpaT B Z-II0JICXEME.

® YMEHBIIAETCSI YUCIO BXOA0B MYJbTUILIEKCO-
pa pesynbrara OAII, yTO NIPUBOAUT K JOIOJIHH-
TEIbHOMY CHW)KEHHIO allapaTypHbIX 3aTpar B
cxeme OAIL

Takum oOpa3om, B cTpykType Us B CpaBHEHUU
co crpykrypamu U, n Uz BO3MOXHBI KaK IPUPOCT
anmnapaTypHbIX 3aTpaTr U3-3a M-NOJACXEMBI, TaK U
ux yMmenbuienue B Z-noacxeme u OAIL Cocra-
BUB, TI0 aHAJOTUU C [7], HEPaBEHCTBO, MPHU BbI-
IIOJIHEHUU KOTOporo jorudeckas cxema MIIA co
cTpyktypoil Us Oyner MMeTbh MEHbIINME amnapa-
TypHBIE 3aTpaThl B CPABHEHUU CO CXEMOU DKBHBA-
nentHoro MIIA co crpykrypamu U, u Us:

HY <min(H", H"), (11)
e H”>, H" u HY* — unucneHHO BBIpaKCHHBIE

anmapatrypHble 3aTpaTbl B COOTBETCTBYIOIIUX
ctpykrypax MIIA ¢ OAII, onpenensemsle ciie-
JYIOLIMMH BbIPaKEHUSIMMU:

HUZ:H52+H32H+HgéMoa (12)
H%=H +Hy + Hopyt Hegyoo  (13)
HY=H +H}+H +Ho o (14)

Kaxmoe cnaraemoe B mpaBoil yacTu BbIpaxke-
Huii (12) — (14) — 4UCIIEHHO BBIpaKCHHBIC arlma-
paTypHble 3aTpaThl B OJIOKaX, OMpeIeNsieMbIX
HUOKHUMH UHAEKCaMU, IPUHAICKAIINX CTPYKTY-
pam MITA ¢ OAII, onpenensieMbIM BEpXHUM HH-
nexkcoM. [Ipu ucnonszoBannu 6a3uca [IJIMC Tumna
FPGA enununeil n3MepeHus ammnapaTypHbIX 3a-
TpaT MOTYT ObITb LUT-31€MEHTHI, SBIISIFOITUECS
peryiasipHbIME  (DYHKIMOHANBHBIMHA y3JIaMH JIaH-
veix IIJIUC [9, 10].

3akmouenue. B cratbe mpesiokeHa HOBas
ctpykrypa MITA ¢ OAIIL B Heil coBMelIeHbI JBa
M3BECTHBIX MOJX0Ja K ONTHMH3AIMK anmnaparyp-
HBIX 3aTpaT B JIOTMYECKOW cXeMe aBTOMara: Co-
IIOCTABJIEHUE ONEpalil NIEPEX0/I0B OTAEIBHBIM CO-
CTOSIHUSIM U 3aMEHa BXOJIHBIX MepeMeHHbIX. B 00-
eM BuJie 3(h(HEKTUBHOCTD TpeIaraeMoi CTPYKTY-
PBI [0 KPUTEPHIO ammapaTypHbIX 3aTpaT B CpaB-
HEHHH CO CTPYKTYpPaMH—IIPOTOTHIIAMH OIpEeisi-
ercst HepaBeHcTBOM (11). IIpu 3TOM yCroBUs BBI-

ISSN 0130-5395, YCuM, 2017, Ne 6



MIOJTHEHHUS TAHHOTO HEPaBEHCTBA HE OYCBH/IHBI M3 nurenbHas Texnuka: CO6. Haydn. Tpynos JlonHTY. —
crpykryp U,— Us W TmipeanoaraioT MpOBEICHUE 2016. ~ 1(22). - C. 54-57.

o 6. babakos P.M., SApow U.B. ®opmupoBaHue KOJIOB OIle-
OTZIETBbHBIX UccienoBanuil. [IpakTnueckoe ucnosb- .
pauuii mepexoioB B MHKPOIPOIPaMMHOM aBTOMAaTe ¢

30BaHUE MPEJUIOKCHHOM CTPYKTYphI TpeOyeT pas- OTIEPAIMOHHEBIM aBTOMATOM TMEPEXOM0B. — TaM ke, —
paboTku (OpMaTH30BAHHBIX METOJOB CTPYKTYP- 2015.-1(20). - C. 11-16.
HOI0O CHMHTE€3a NAaHHOI'0 THIIA aBTOMATOB, OPHCH- 7. babaxos P.M. Using of method of replacement of in-

put variables in microprogram finite-state machine with
datapath of transitions // TexHomormdeckwii ayauT
pe3epBsI pom3BoacTBa. — 2017. —36, Ne 4/2. — C. 18-23.

TUPOBAHHLIX Ha HCIHOJbB30BAHUC COBPCMEHHOI'O
dJIEMEHTHOTO Oasmca MporpaMMHUpyCMBIX JIO'H4C-

CKHX YyCTPOUCTB. 8. Babaxos P.M. TIpomexxyTouHas anredpa IepexoioB B
MHKPOIIPOTpaMMHOM aBToMmare // PagunoTexHuka, WH-

1. I'nywxoe B.M. CuHTe3 1UGpOBBIX aBTOMATOB. — M.: dopmaruka, ynpasnenue. —2016. — Ne 1. — C. 64-73.
duzmatrus, 1962. — 476 c. 9. I'pyweuyxuii P.U., Mypcaes A.X., Yepromos E.II. TIpo-

2. bapanoe C.H. CuHTE3 MHKPONPOTPaMMHBIX aBTOMa- EKTHPOBAaHHE CHCTEM Ha MHUKpOCXeMaxX HpOrpaMMU-
ToB. — JI.: DHeprus, 1979. — 232 c. pyemoii toruku. — BXB-ITerepOypr, 2002. — 608 c.

3. bapxanos A.A. CunTe3 yCTpOWCTB yNpaBleHHs Ha Mpo- 10. Makcguno K. Ipoexruposanue Ha [IJIMC. Kypc mo-
IPaMMHUPYEMBIX JIOTHYECKUX YCTPOMCTBax. — JIOHEIIK, nogoro Ookina. — M.: Msparensckuii gom «Jloadka-
JonHTY, 2002. — 262 c. XXI», 2007. — 408 c.

4. babakos P.M., bapranos A.A. Pearmmzanus QyHKIMN
MepexoJ0B MHUKPOIIPOIPaMMHOTO aBTOMaTa Ha Oase Ioctynuna 02.112017
onepanmoHHOro aBromara // YCuM. — 2015. — Ne 5. — Ten. nuist cipaBok: +48 68 328-2693 (Bunnuua,
C.22-29. 3enenas ['ypa, Ilosbiua)

5. babaxos P.M. MaremaTideckasi MOJEIh MHKPOIPO- E-mail: r.babakov@donnu.edu.ua, cpld@mail.ru,

a.barkalov@imei.uz.zgora.pl

aMMHOT'O aBTOMaTa C OIEpPalMOHHLIM aBTOMAaTOM
P p © P.M. babaxos, A.A. bapkanos, 2017

nepexoqoB. — MHpopMaTrka, KHOEpPHETHKA U BBIYKC-

UDC 004.2

Roman Babakov1, Alexander Barkalov®

'PhD in Techn.Sciences, Associate Professor, Vasyl’ Stus Donetsk National University, 600-richa str., 21, Vinnitsya,
21021, Ukraine, r.babakov@donnu.edu.ua

2 Doctor in Techn. Sciences, Professor, University of Zielona Gora, Podgorna str., 50, Zielona Gora, 65246, Poland,
a.barkalov@imei.uz.zgora.pl

Microprogram Finite State Machine Modification with the Datapath of Transitions and Replacement of the
Input Variables
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Introduction. The object of research is the microprogram finite state machine with datapath of transitions. In digital devices,
microprogram finite state machine performs the functions of control unit and coordinates the work of other units of the system. One
of the topical scientific and practical problems is the reduction of hardware expenses in the logical circuit of the microprogram final-
state machine. One way to solve this problem is to develop new microprogram final-state machine structures and methods for their
synthesis. One of such structures is a microprogram final-state machine with datapath of transitions. In this structure, the transition
formation circuit is implemented in the form of an datapath consisting of the separate operational blocks. Each operational block
implements its own law of converting the state codes and input signals, realizing a disjoint subset of microprogram 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 microprogram final-state machine transitions in the form
of an datapath, is called the operational realization of the transition function of the finite state machine.

Purpose. The purpose of this article is to research a new way for hardware expenses optimization in logical circuit of fi-
nite state machine with datapath of transitions.

Methods. It is proposed to use in one structure of finite state machine simultaneously two known methods for hardware expenses
optimization. The method of comparing the codes of transition operations to the FSM states makes it possible to reduce the complexity
of the circuit of the operation codes formation by reducing the number of input signals. The method of replacement of input variables
makes it possible to reduce the complexity of the datapath of transitions by reducing the number of functional blocks.
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Results. A new modification of the microprogram finite state machine structure with datapath of transitions and replace-
ment of input variables is proposed. The peculiarity of this structure is the lower hardware expenses in the logical circuit of
finite state machine in comparison with the prototype structures. The general condition of the effectiveness of this structure
by the criterion of hardware expenses is determined.

Conclusion. Reduction of hardware expenses in the logical circuit of a microprogram finite state machine with datapath
of transitions is possible due to the joint use of the several known methods of optimization of hardware expenses. For practi-
cal application of the researched structure, it is necessary to develop a synthesis method, which is a combination of synthesis
methods of prototype structures. To determine the appropriateness of using the proposed structure, it is required to determine
the area of its effective using, which is expressed as a set of values and ranges of the parameters of the finite state machine.
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