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TexHuYyeckue cpencTBa MHOPMaTUKN

YK 681.234

A.A. bapkanos, C.A. Llonono

OnTuMusauua asTomara Mypa, peanusyemoro B 6asuce CPLD

Beenenne. Mojenp MUKPOIPOIPAMMHOIO aBTO-
mata (MITIA) Mypa [1] gyacTo ucnonb3yeTcs Npu
peanu3alii YCTPOHCTB yNpaBiIeHHUs LU(POBBIX
cucreM [2, 3]. Pa3BuTHe MUKPOIJIEKTPOHUKH 00Y-
CIIOBHJIO IIOSIBIEHHE Pa3JIMYHBIX IIPOrpaMMHUpYe-
MBIX JIOTHYECKUX YCTPOUCTB [4, 5], mpeacTaBuTe-
M KoTopeIX siBisitoress CPLD (Complex Pro-
grammable Logic Devices) [6, 7]. OcaoBa CPLD —
makposiueiiku PAL (Programmable Array Logic),
00BEIMHEHHBIE TPOrPaMMUPYEMBIMHA MaTPULIAMHU
MexcoequHeHui. OqHON U3 CyLIECTBEHHBIX IIPO-
OneM, BO3HMKapmUX npu cuHTese MIIA Ha
CPLD, siBnsieTCs MUHMMM3ALMs YUClIa MaKposiye-
€K B ero Jioruyeckod cxeme. OgHuUM U3 MyTeH
pelIeHus 3TON IPOOIEMBI SBIISIETCS ONTUMAIBHOE
KOAMpOBaHHE cocTosiHuM [8]. OnHaKo 3TOT MOA-
XOJl HE TI03BOJIIET ONTHUMH3HPOBATE CXeMy (op-
MUPOBaHHUS BBIXOAHBIX CUTHAJIOB. B Hacrosmen
CTaThe MPEANIOKEH METOJ ONTHMHU3AlLUH, OCHO-
BaHHBIM Ha yuere ocobeHHocTed kak MIIA My-
pa, Tak u CPLD. OcobenHoctu aBTomara Mypa —
HaJIMYHE T[ICEBJIO3KBUBAIICHTHBIX COCTOSHHUH W
3aBUCHMOCTb BBIXOJHBIX CHUTHAJIOB (MHKpOOIIe-
panui) TONBKO OT €ro BHYTPEHHHUX COCTOSIHUU.
Ocobennocteio CPLD siBrsieTcst O0OIBIIOE YUCIIO
BXOJOB Makposideek PAL, 4YTO MO3BOJISIET HC-
[10JIb30BaTh HECKOJIBKO HMCTOYHHKOB KOJOB CO-
crosHun MIIA [9]. ,
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[IpemiokeH METOJ ONTHMU3ALMHU aNlapaTypHbIX 3aTpaT B JOTMYECKOH cxeme aBTomaTa Mypa, peanusyemoro B 6asuce CPLD. Me-
TOJ OCHOBAH Ha ICEBIO3KBUBAJICHTHBIX COCTOSHUAX aBToMaTa Mypa u GonbiioM koahduuneHTe 00beIMHEHHS IO BXOLY MaKposiye-
ex PAL. ViccnenoBanus IIOKa3aiu, 9YTO PUMEHEHHE METO/Ia IPUBOIUT K YMEHBUICHHIO alllapaTypHBIX 3aTpaT A0 41%.

Suggested is a method of hardware amount optimization in the logical circuit of Moore automaton realized in the CPLD basis. This
method is based on pseudoeqivalent states of Moore FSN and wide fan-in of PAL macrocells. The carried out researches have shown
that the use of the method reduces the hardware expenses up to 41%.

3anponoHOBaHO METOJ ONTHMI3allii amapaTypHUX BHTPAT Y JIOri4Hii cxemi aBTomaTa Mypa npu peamizauii Ha CPLD. Meton 0a3y-
€ThCS Ha TICEBJOEKBIBAIEHTHUX CTaHAaX aBTOoMaTa Mypa i Benukomy koedilieHTi 00’ €qHaHHS 3a BXOIOM y Makpoocepenku PAL. [lo-
CIIi/DKEHHSI TI0Ka3aJIH, 1[0 METON 3MEHILIy€ anapaTypHi BUTpaTH /1o 41%.

OOurne MoI0KeHUsI M OCHOBHAsI M/Iesl Mpe/-
JlaraeMoro Merozia

IIycte aBTOMaT Mypa 3amgaH NpsAMOU CTPYK-
typHo# Tabmuueit (IICT) co cronbuamu [1]: @y,
K(an), as, K(as), X, @y, h. 30ech a,, — UICXOHOE
cocrosinue MIIA; K(a,,) — KOI COCTOSIHUA a,, € A
paspsgHocT R = log, M |, mist konupoBanus co-

CTOSIHMH MCIIOJB3YIOTCS BHYTPEHHHE IEpEeMEH-
Hele U3 MHOXecTBa I ={1,....,T:}; as, K(as) —
COOTBETCTBEHHO COCTOSIHHE IIEPEX0Ja U €ro Koi;
Xp — BXOOHOM CHUTHAJI, ONPEACIAIOUUNA IIEPEXOT
<@m,as>, U PaBHBIH KOHBIOHKIUH HEKOTOPBIX
3JIEMEHTOB (MJIM UX OTPHUIIAHMN) MHOXKECTBA JIO-
ruyeckux ycnoBud X ={x,,..,x,}; ®; — Habop
GbyHkmiA Bo30yxaeHus: TpurrepoB namstu MIIA,
NPUHUMAIOIIMX €AWHUYHOE 3HAYEHHE IS Iepe-
KirroueHus namata u3 K(a,) B K(ag), @< @ =
={¢,,....,0;}; h=1, ..., H — Homep mepexoza. B
crosdue ‘a, 3amuchiBaeTCs HabOp MHUKpOOIEpa-
uuil Y, , popMHUpyEMBIX B COCTOSIHUM a,, € A, Tlie
Y <Y={y,.¥yt> q¢=L...,0. Ora Tabnuua

SABJIAETCSI OCHOBOM Ui (DOPMHUPOBAHHS CHUCTEM
byHKIUH

Q=0(T,X), (1)
PEY (T, )
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3ajaronux jorudeckyro cxemy MIIA. Cucremsl
(1)~(2) ompepensitoT cTpyKTypHYyIo cxemy MIIA
Mypa U, (puc. 1).
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Puc. 1. CrpykrypHas cxema aBTomMata Mypa U,

B nanHO# cTpykType 010K QyHKUUN BO3OYX-
nenus mamata (BOIT) peammsyer cuctemy (1),
peructp RG CIy>XUT Il XpaHEHUs! KOJIOB COCTO-
aHuH, a 6510k Mukpoonepanui (BMO) peanusyer
cuctemy (2). Jnsd MUHMMHU3AIMH 4YHClIa MaKpo-
siueek PAL B BDII MOXXHO HCIIONB30BaTh METOX
ONTUMAJIFHOTO KOAMPOBaHUs COCTOAHUH [8], mo-
3BOJIAIOIIHN YMEHBIIHTh YHCIO TEPMOB B CHCTE-
Mme (1) mo Hy. 3necs Hy — YUCI0 NEPEXOAOB IKBHU-
BajleHTHOTrO aBToMara Muwmm. Onrumuzanus BMO
MOXKET OBITH BBINIOJIHEHA OJlarofaps YTOYHEHHO-
My KomupoBanuio coctosiuuil [10]. ITpu 3Tom umc-
JI0 MaKpOSYEEK MOXKET OBITh YMEHBIIEHO J0 N, 4TO
COOTBETCTBYET CUTyalUH, KOTJa KaXKAas QyHKIH
y, €Y peanusyercs Ha ogHOM Makposdenke. [l

ONTUMATBHOTO U YTOYHEHHOTO KOAWUPOBAHUS CO-
CTOSTHUM MOXXET OBITh HCIIOJIIB30BaH, HAIPUMED,
u3BecTHBIN anroput™ ESPRESSO [3]. Omnaxo
o0a meroga HE MOryT OBITH NPUMEHEHBI OJHO-
BpeMeHHO. [103TOMy KOIMpOBaHHE COCTOSHUH I10-
3BOJIIET ONTUMH3HPOBaTh b0 BAII, oo BMO.

B HacTosmiell craThe MpEeanoxkeH METOo.H, MOo-
3BOJISAIONINM ONTHMU3UPOBATH yucino PAL B cxe-
Max oboux 6moxkor MIIA Mypa.

Opnnoii u3 ocobennocreit MITA Mypa sBnser-
Cs HaJIW4YUE€ TCEBIO3KBHBAICHTHBIX COCTOSIHHUU
[8], T.e. COCTOSIHMI C OTUHAKOBBIMH NEPEXOTAMHU
O] AEWCTBUEM OJUHAKOBBIX BXOJHBIX CUTHAJIOB.
Takue cOCTOSIHMSI COOTBETCTBYIOT OIIEPATOPHBIM
BepmnHaM [1] agroputma ynpaBieHHSA, BBIXOIBI
KOTOPBIX CBSI3aHBI CO BXOJAOM OJHOM M TOW XKe
BepuinHbl anroputMa. Ilycrs I1, ={B,,...,B,} —

pa3bueHne MHOXeCTBa A Ha KJIACCHI TICEBI0IKBH-
BAJICHTHBIX COCTOSHMH. BBIIOTHUM YTOYHEHHOE
KOJIMPOBaHHE COCTOSAHMM W npenacrasuMm II, B
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Buzne 11, UII.. Ilpu stoM knacc B, €ll, , ecnu
’B,.l =1 nmm eciy KOAEI COCTOSIHMM a,, € B, Bxogsr

B OJMH 0000I1IeHHBII HHTEPBaT R-MepHOTro OyIte-

Ba MpOCTpaHcTBa. B npotuBHOM ciydae B, ell,

IIpUYEM IHCi:IC. 3akomupyeM knaccel B, ell,

JBOMYHBIMU KoflaMu K (B;) pa3psaHOCTH

R = l—logz (, +1ﬂ (3)
U UCTOJIB3yeM ISl TAKOTO KOJUPOBAHUS 3JIEMEH-
TBL MHOXeCTBa T={T,,...,Tz }. Ennnnna B (3)

no0aBsAeTCs I ydeTa KoJa Mpru3HakKa TOro, 4To
B gll..

Onnoit M3 ocobeHHOCTEH Makposiaeek PAL siB-
nsgeTcs 60JbIIOE YHUCIO BXOIOB S, JOCTUTAOIIEE
HECKOJIbKUX JeCATKOB [6, 7]. [IycTh my1s1 maHHOTO
aJirOpUTMa yNpaBJICHUS M JaHHOH MHKPOCXEMEI
CPLD BBINIONMHAETCS YCIIOBUE

Sl IR 4)

Torma aBromatr Mypa MOxeT ObITH peanuso-
BaH B BuJe Mozenu U, (puc. 2).
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Puc. 2. Crpyxrypras cxema MIIA Mypa U,

B MIIA U, 6mok mnpeoOpa3oBaTensi KOJOB
(BIIK) peanusyer cucteMy QyHKIIHIA

v=(T), 5)

T.€. BBINOJHAECT IpeoOpa3oBaHUE KOJOB COCTOS-

HUH a, € B, B konsl knaccoB B, €ll.. biok mu-

Kpoornepanui peanusyet cucremy (2), a bOII dop-
MUpPYeT QpyHKIHH

D=0(T,7,X)- (6)

Takod moaxonx MO3BOMAET YMEHBIIUTH YHCIO
TepMOB cucTeMbl Qpynkimit O 10 Hy 4 COKpaTHTh
yucno Makposiyeek PAL 8 BMO no N (ecnu xax-
Jlas MMKpoonepanus y, €Y peanusoBaHa Ha Of-
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