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OIITUMUM3BAINA CXEMBI AIPECALIUU KMYY C
QJEMEHTAPHBIMMU LHEIISIMHA

Ilpeonacaemcsa memoo ymenvuienus annapamypuvix sampam 8 cxeme KMYY ¢ snemenmapnvivu
yensamu, opueHmupogantulil Ha mexuono2uto FPGA. Memoo ocnosan na ucnonvzosanuu mpex uc-
MOYHUKOB KOO08 Klaccos ncegdosksusanenmuvix I0JIL] u mynvmuniexcopa, no3eonaouje2o 6ul-
bpamsv 00uUH U3 SMuUx UcCmouHuxKos. Taxou nooxoo nozeorum ymenvuwiums yucio LUT snemenmos 6
cxeme aodpecayuu KMYY. [lpuseoen npumep npumeHnenuss nNpeoiOHCEHHO20 Memooa.
Knwueevie cnosa: KMYY, I'CA, D0JI1], FPGA, nocuueckas cxema.

OO0uasi noCTaHOBKA NMPO0JIeMBbI

Kommno3unmonnsle MUKpoIporpaMMHblie yctpoiictBa ynpasieHus (KMVYY) sapastorcs 3¢-
(bEeKTHBHBIM CPEACTBOM peaM3allui JTUHEHHBIX alropuTMOB yrpasienus [ 1,2]. OgHoi u3 Moaenei
KMVYV gBnsercs Mmozens ¢ pa3aeaeHueM KoJoB [3], mo3BoJisiiomas Mpy ONpeIeIeHHbIX YCIOBUIX
YMEHBIINUTD anmnapaTypHble 3aTPaThl B CXeMe aJipecallii MUKpokoMmaHa. B HacTosiiee Bpemsi MUK-
pocxemsbl Tuna FPGA (field—programmable gate arrays) mupoko MCHOIB3YIOTCS IPU peanu3aluu
cxeM 1 poBbIX ycTpoicTB [4,5]. OcHoBy 31X CBUC npeacTaBisioT MakposTYeHKHA TaOIMIHOTO
tumna, Ha3biBaeMble LUT (look—up table). Kakx npaBuno, LUT-351eMeHTbl UMEIOT OTpaHUYEHHOE
gucyio BXonoB (4-6) [6]. dust ymenbmienus uncna LUT B cxeme KMYY Heo0X0auMO yMEHBIIUTH
YHUCJIO apTyMEHTOB W TEPMOB B cucTeMe (PyHKIMH ampecaruu MuUKpokomaHp [1,6]. B Hacrosmieit
paboTe mpejyiaraeTcsi OJUH U3 MOJIXOJ0B K PEIICHUIO 3TOM 3a/7ayi, OCHOBaHHBIN Ha MYJIbTUILIEK-
CHUpPOBAHUU TPEX UCTOYHUKOB KOJOB KJIACCOB ICEB/I03KBUBAJICHTHBIX 3JIEMEHTAPHBIX ONEPATOPHBIX
muHeiHbIx neneit (SOJIL). [Ipennaraemplii MeTO SBISETCS Pa3BUTUEM PE3YJIbTATOB, MOIYYEHHBIX
B paboTax [7,8].

[lesnp uccnegoBanus 3aKiatodaercs B yMeHbleHuu yrncia LUT-anementoB B cxeme KMVYY ¢
AJIEMEHTAapPHBIMU LIEMISIMU 32 CUET MYJbTUIUIEKCUPOBAHUSA TPEX MCTOYHHUKOB KOJIOB KJIACCOB IICEB-
noskBuBaIeHTHBIX DOJILI.

3amauet ucciaenoBaHus SBIAETCS pa3padboTka merona cuHTesa KMVYYVY ¢ anemeHTapHbIMU
LENsMU, TIO3BOJISIOLIEr0 ONITUMU3HUPOBATH [0 CXEMY a/Ipecallii MUKPOKOMAaHI.

AnroputMm yrpaBieHHs npejacTasiieH B Bujae rpad-cxemsl anroputma (I'CA) [6]. OTot BbI-
00p ormpeneneH HarIIHOCTbIO MOJOOHOTO MPEACTaBICHUS M IIMPOKUM IMPUMEHEHHEM allapara
I'CA B npakTuKe UHXKEHEPHOTO IPOEKTUPOBAHMSL.

Komnoznunonnoe MYY ¢ 3jieMeHTApHBIMH LHEeNAMHA

[Iycte I'CA T =I'(B,E) npencraBnena MHoxxecTBamMu BepiinH B u coepunstomux ux ayr E.
[Tycts B =by U bg U E; U E,, re by — Hauanbhas BepmnHa, by — KOHeuHas BepinHa, E; — MHOXe-
CTBO OIIEPATOPHBIX BepIIUH U E; — MHOKecTBO ycinoBHbIX BepuiH ['CA T
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B omneparopubix BepumHax b, € E; 3amuceiBarores Habopbl Mukpoonepauuii Y(b,) Y,
rae Y = {y] ,...,yN} — MHOKECTBO MHUKpooIepauuii. B ycinoBHbIX Bepumaax b, € E, 3anuceiBaior-

Csl AJIEMEHTBI MHOKECTBA JIOTUYECKHUX YCIOBUM X = { Xppeer Xq } BBenem psia onpeneneHuil, B3sSThIX
u3 [2].
Omnpenenenue 1. Oneparopuoit munernoi nenpio (OJIL) 'CA I' Ha3zpiBaeTcs KOHEUHAs TO-

CIICZI0BATEIBHOCTD ONEPATOPHBIX BEPIIMH 0, = <bg] N > TaKasi, 4To JJIs 000U maphl COCETHUX
g

KOMIIOHEHT b ;,b ., , I/le 1 — HOMEp KOMIIOHEHTBI KOPTEeXka 0., , CYIIECTBYET Jyra <b gsD gi+]> €E.

Omnpenenenue 2. Bepmmna bq e D, rme D® — mHOXkecTBO BepiiuH, Bxomammx B OJIL] (e

HasbiBaercst Bxogom OJIL[ o, eciu CylmecTByeT ayra <bt,bq> €E, roe b, ¢ D*. DnemenrapHas

OJILL (30OJIL) mmeeT TOIBKO OJMH BXO/I.
Omnpenenenne 3. Bepummna b, € D*, naspiBaercs Beixogom OJILI o, ecnn cymecTtByer nyra

<bq,bt> €E,rme b, ¢ D%.

Omnpenenenne 4. SOJII a;,0; HasbiBaroTes ncesnosksuBaneHTHbIME JOJIL, ecim ux BbI-

XOJIbI CBSI3aHBI CO BXOJIOM OJIHOM M TOM YK€ BEPIITUHBI b q € B.

ITycts g vekotopoit I'CA T' chopmuposano MHoxkectso DOJI C = {a,,...,a }, onpexe-
nsomee pasduenne Ha MHoxkectse By [3], u mycte |E,| =M. TlocTaBum B COOTBETCTBHE KaXAOH
Bepinne b, € E, mukpoxomanny MI, ¢ agpecom A(b, ), UMEIOMIUM pa3psAIHOCTD

R:!_log2 M—|. (1)

Iycrs F,_ =max(F,,..,F,) — MakcumanbHoe uncio xommonenT B DOJILI. 3akommpyem

kaxyro JOJIL a, € C IBOMYHBIM KOJIOM K(ag ), umeromuM R, paspsnos, rae

R, = ’_logz G—|' (2)
Jns onpenenenns mo6oi Bepumbbl b, € D* nocratouno R, paspsaios, NPECTABISIOMMX KOJ
K(b,) . IIpu 5ToM

R, = ’_logz Foax —| 3)
[Tycts g 'CA T BeITIONIHSIETCS CIIEYIONIEE YCIOBUE:
R, +R, =R. “4)

B srom ciydae mns peanusanuu anroputMma [T nenecooOpa3HO HCHOJIB30BATh MOJEIb
KMYVYV c snemenTapubivu nensimu (puc. 1).

B stoii Mmozenu i koguposanus DOJIL nenonab3yroTcs nepeMeHHsle T, € T, T1Ie |z'| =R,.

Hus xonupoBanus komnoHeHT DOJIL ucnonw3yrorea nepemensusie T €T, rae |T| =R, . Koasl

KOMIIOHEHT BBIOpAHBI TakK, YTOOBI BBIMIOIHSIACH €CTECTBEHHAs ajpecaruss MUkpokomany [1]. s
3TOTrO0 KOJl NepBoi KoMIoHeHThI J1t000# DOJIL] paBen 0, BTopoii — 1 u Tak ganee. EcrecTBeHHO, 4TO
3TH JIECATUYHBIC YHCTIa MPECTABIICHBI UX IBOUYHBIMU R)-pa3psaHBIMU SKBUBAJICHTAMH.
YcnosuMmces B nanpHeimeM ob6o3nadate KMVYYVY (puc. 1) cumBosiom Uj.
B KMVYVY U, cxema anpecanuun mukpokomans (CAM) peanusyer cuctemy GyHKIUNA BO3-
OyxneHus tpurrepa Pr

¥ =¥(r,X). (5)
IIpu sTom anpec Mmukpokomanasl MI mpencrasisiercs B Buze
A(bq): K(ag)*K(bq)’ (6)
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rae BepumHa b, Bxoaut B cocta JOJIL o, € C, * — 3HAK Olepalny KOHKATCHALUH.

Yo

UBN C+1l“ T | yopasmsio- | Yo

T »| IIasd ———>

X | Cxema Start Clock TlamsaTh Y
Anpecanun Fetch E VE

» MUKpOKO- N |
Pr ¢
_ S|TB
] t Yo Start R

Pucynoxk 1 — Ctpykrypnas cxema KMVYYVY ¢ aneMeHTapHBIMH LETISIMU

Komnosummonnoe MYV U; ¢pynkimonupyer cienyromum oopazom. [lo curnamy Start B Pr
u CT 3aHocuTCS HA4YaJBHBIN aJpec MUKPOIPOTpamMMbl, a Tpurrep Boioopku TB ycranasiuBaeTcs B
equHUYHOE cocTtostHue. [Ipu sTom Fetch = 1, uto pa3spemraer BRIOOPKY KOMaHA U3 YIPaBIISAIOMICH
namsatu (YII). Ecnu cuntanHas MUKpoKoMaHIa He cooTBeTcTByeT Bbixoay DOJIL, To omgHoBpe-
MeHHO ¢ Mukpoonepaiusamu Y(b,) dpopmupyercs curnan yo. Ecin yo = 1, To k conepxkumomy CT
npubaBisieTcss eIMHUIA U ajapecyeTcs cieayromas komnoHenta tekymiedt DOJIL. Ecau Bbixox
OJILL nocturayt, To yo = 0. IIpu stom aapec Bxoma cienyromeid DOJIL dbopmupyercs cxemoit
CAM. Tlpu 1OCTHKEHUU OKOHYAHUSI MUKPOIIpOrpaMMbl (hopMHUpyeTcsi CUTHal Yg, Tpurrep TB 00-
HYJIsI€TCsl, U BBIOOpKAa MUKPOKOMAH/T IPEKpaIaeTcs.

UYucno LUT-3nementoB B cxeme CAM 3aBHCHUT OT 4Mciia apryMEHTOB U TEPMOB B CUCTEME
(5). B nacrosmieit pabote npeyraraeTcs METO/I, MO3BOJISIONINN YMEHBIIUTH CJI0KHOCTh (DYHKITUH B
cucreme (5) u, clieZIoBaTeIbHO, YMEHBLIUTH annapaTypHble 3aTpaTbl B cxeme CAM.

OcHoBHas1 ujes MpelJIaraeMoro MeToaa

[Tyers DOJIL a, € C,, ecin O He cBsi3an ¢ KoHeuHo# BepumHoit 'CA T'. Haiinem pasoue-

uue I, = {B,,...,B,} MHOKecTBa C; Ha K1acchl nceBnodkBuBanenTHbXx JOJIL (ITDOJIL). Beimon-

HUM KomupoBaHue o, € C Tak, 4ToObl MaKCHMalbHO BO3MOXKHOE umCio KiaccoB B, eIl., rae

.| =1, npexcrapmsnock oaHMM 0GOOIEHHBIM HHTEPBANOM R-MepHOro GysieBa MPOCTPAaHCTEA.
[Iycth nj — yncno oOOOUIEHHBIX MHTEPBAJIOB, MpeACTaBIAOUIMX Kiacc. IIpencTtaBuM MHOKeCTBO
IT. BBuze II. =11, UII;. Ilpu sTom MHOkecTBa [1s 1 [ cTposiTes caeqyromuM oopasom:

(n,=1)>B, Il,, ™
(n, >1) > B, Il;.
Hcrounukom xonoB kiaccoB B, eIl, saBmgercs peructp Pr. Ilpm sTtoM kox Kiacca

B. eIl ompenensercs COOTBETCTBYIOIIMM UHTEPBAIOM R;-MepHOro OyneBa mpoCTpaHCTBA.

3akogupyeM kinaccel B, € I1; nBonuynsmvu kogamu C(B;) paspsaaHoctu
R, :’-logz(jHB|+l)-|. (8)
Hcnonbp3yem i koaupoBanus kinaccoB B, € I1, nepemenHble U3 MHOXKeCTBA Z = {z] seees ZR, } Jns

dbopmupoBanus kogoB C(B;) Heooxoanm 610k mpeobdpazoBarens koaoB (BIIK). DTot 610k peanu-
3yeT cucTeMy (PYHKIMMA
Z=171). 9)
CoBpemennbie MuKpocxeMbl FPGA nMeroT B cBoeM cocTaBe OJIOKM BCTPOCHHOW TMaMSITH
EMB (embedded memory block) [6,7]. OTu 010KM UMEIOT BO3MOXHOCTh PEKOH(UTypaIH, KOTO-
past CBOAUTCS K M3MEHEHHUIO YHCIIa BXOJIOB M BBIXO0B IIPpU (PUKCUPOBAHHOM eMKOCTHV
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vV, =2%-t,. (10)
B dopmyne (10), mepemenHas S o3Ha4yaeT 4KMCIIO BXOJOB, a tp yncio Beixog0B EMB. Kak
MPaBUJIIO0, BO3MOXKHBI clieayroniine koHpurypamuu coBpemeHHbix EMB [6,7]: 16Kx1, 8Kx2, 4Kx4,
2Kx8, 1Kx16, 512x32, 256x64 (6uT). DTO 3HAUUT, YTO MApaMeTPhl S U tp TPUHAMIEKAT CIICIYIO-
muM MHoxkectBam: S € {14,13,...8} u t. €{1,2,4,8,16,32,64}. IIpu ¢puxkcupoBaHHO! BeNUUYHHE tp
gyucio ssueek B EMB onpenensiercs cnenyromei popMyIno:
V=[V,/t.]. (11
s peanuzauuu YII noctatouno M stueek EMB, I1pu aTom 010K nMeeT ty BBIXOJOB:
ty =[ Vo/M] (12)
[Tycte quis Hekotopoit I'CA I' u mukpocxembl FPGA nmeer mecTo cienyroliee HEpaBeHCTBO:
N+3+R;>t, >N+3. (13)
B srom ciyuae AR =t,, —(N +3) pa3psanos kona K(Bi) nenecoo0pa3Ho GopMHpPOBATH HA CBO-
6onnbix Beixogax EMB (B; €Il ). OcraBmmeca R, — AR pa3spsanos koga GopMHPYIOTCS CXEMOM
BIIK. 310 paBHOCUIIFHO MPEACTAaBICHUIO MHOXKECTBA Z B CIIEYIOIIEM BH/IE:
72=7"07". (14)
[epemennsie Z, € Z' popmupyrorcs BIIK, a nepemennsie Z € Z° — VII. OueBUaHO, 4TO Mepece-

YCHHUEC 3TUX MHOXKECTB ITYCTO.
B sTom cimywae ans peanm3aliM CXEMBl YCTPOWMCTBA YIPABJICHUS MPEIaraeTcsi MOJACIb
KMVYYV U, (puc. 2).

Yo
MUK~ § >’ 2
N \Pz “0” +1 yH > Z
X2 cAM, > d
x [ Start $ $ Clock 2
a (¢ L S [T™M
_Xl 1 E Start R j
5 N
2 B > " -
—p 1 Start £ TF
a1
Ex |—> T_YO Fetc S _‘
7! [

Pucynok 2 — Crpykrypnas cxema KMVYY U,

Ota MoJienbs uMeeT pan otimuuid oT mojenu U;. Bo-niepBeix, 610k CAM pasjieneH Ha aBa
omoka. biiok CAM, peanm3yeT nepexoipl, onpeaensemMbie MHOXeCcTBOM [lp, a 6ok CAM; — MHO-
xecTBOM [1a. Mynbrumnnexcop MUK ciyxut ig BpiOOpa UCTOYHHKA KOJOB, UCIOJB3Ys IEPEMEH-
Hyto Ex. 3nauenue nepemenHoil Ex onpenensercs cocrosinuem tpurrepa TM, ymnpasisiemoro Jio-
MOJIHUTENIbHOW nepeMeHHOU yy. biiok BIIK sBnsieTcs MCTOYHMKOM KOJZIOB KJIAcCOB JUISI CXEMBbI
CAM,, popmupyst gactb 3T0oro koma. Mcrounukamu komoB isi cxembl CAM, sBIsi€TCS pEerucTp
Pr.

[Ipennaraemoe KMVYYVY ¢ynkunonupyer cineayromum oopasom. [lo curnamy Start B Pr u CT
3aHOCATCS HYJIEBBIE KOJIbI (azipec nmepBoit MUKpokoMaHsl), a Tpurrepa TF u TM ycranaBnuaroTcs
cootBercTBeHHO B “1” (Fetch=1) u “0” (Ex = 0). [loka agpec Bxona He JocTUTHYT, TO U, QyHK-
unonupyet kak Uy. Ilpu nocrmwkenun anpeca seixoga JOJII a, € B; moxer popmuposarsest me-

pemenHas ym = 1. B atom ciyqae Ex = 1 u agpec nepexona popmupyercst cxemoit CAM;. s ato-
ro opmupyercs cucrema pyHKIUHI:
¥ =v'(Z,X"). (15)
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Ecim B, €11, , To nepemennas ym He ¢popmupyercs. IIpu atom Ex =0 u anpec nepexona
onpenensiercs cxemoit CAM,. [lnst aToro dhopmupyercst cuctema QyHKIIHM:
¥ =¥ (r,X?). (16)
CootserctBytomue pyHkuuu nepenatorcss Ha Bbixoq MUK u tpebGyemsblil kon K(ag) 3a-

rpyxaercs B Pr. @yHKIIMOHUpOBaHUE IPOJOIKAETCS 0OBIYHBIM 00pa3oM 10 (popMHUpOBaHUS IEpe-
MEHHOM Yg (IOCTH)KEHHE OKOHYAHUS aIrOpUTMa YIIPABIICHNUS).

Takoif MoIX0/1 MO3BOJIIET YMEHBIIUTh YHCIO TEPMOB B cucTteMe (5) 10 aOCOIMIOTHOTO MH-
HuMyMma. [Ipy BeIONIHEHNUN YCIOBUS

R, <R, (17)

YMEHBIIIAETCS YUCIO0 apryMeHToB B cucteMe (10) mo cpaBHEHMIO ¢ COOTBETCTBYIOIIUMU (YHKIIMSI-
Mu U3 cucteMsl (5). Henocrarkamu panHoro nojxona siisiercs Hanuuue 010koB MUK u BIIK, mo-
TPeOISIOUIMMU HEKOTOPBIE peCcypChl KpHCTasula, U yBeiandeHue Ha 1 paspsaHoctu cioB YII. Onna-
ko, cxema MUK peanuzyercs 3a cueT UCHOJIb30BaHUS TPUCTAOMIIBHBIX BBIXOJOB MaKpOsS4eeK, I0-
sToMy onosiHuTeNnbHbIX LUT-31eMeHTOB He TpedyeTcs.

OueBUIHO, NPUMEHEHUE MPEAJIOKEHHOr0 MeToAa HMMeeT cMbici, ecau uyuciao LUT-
anemeHTOB B Osioke BIIK Oyner 3HaunTensHO MeHblIe napamerpa A .. [lapamerp A, onpexe-

nsiercs pasHocThio unciia LUT-anemenToB B 61oke CAM u 6;10kax CAM; u CAM,.
OcoOennoctu peanusanuu cxembl KMVYY U,.
B Hacrosmel padote npemiaraercs meros cuntresa KMVYY U,, BIoUarmuii caeayomme
JTAIIbIL:
. ®opmuposanue st [[CA I' muoxects C, Cy, u Ilc.
. OnTumansHoe koauposarue JOJIL o, € C, u koauposanre kommoneHt SOJILL.

. ®opmupoBanue MHOKeCTB [14 u I1p.

. Konuposanue kiaccoB B, € II; xomamu C(B;).

. @opmupoBanue TabIUIBI IEPEXOA0B LA KinaccoB B, 11, .
. @opmupoBanue TabNUIBI IEPEX0a0B i KnaccoB B, e I1;.
. @opMUpOBaHUE COJIEPKUMOTO YIIPABIIAIONIEH MaMSITH.

. ®opmupoBanue TadauIBl HICTUHHOCTH Ostoka BITK.

. Cunres cxembl KMVYYV B 3ananHoMm Oa3zuce.

Otanbl 1-4 BBITIONHSIOTCS 1O U3BECTHBIM MeToaukaMm [1-3]. Dtam 9 cBsi3zan ¢ pa3zpaboTkoit
VHDL-moneneit KMVYYVY u ncnonb3zoBaHuEM CTaHAAPTHBIX IPOMBIIIJIEHHBIX TakeToB [4]. OTH 3Ta-
bl HE MPEJCTABIIAIOT 0COOOro0 MHTEpeca A WuItocTpauuu cuHre3a cxembl KMVYY U,. B aroii
CBSI3M Mbl HE pacCMaTpUBAaEM JaHHbIE 3Tallbl B HAIlIEH CTaTheE.

[Tycts g mekotopoit I'CA I'y mosrygeno muoxecrso JOJIL C = {a.,,...,a,,} ¥ pa3OueHue

O 00 ~J N D A~ W N —

M. ={B,,...,B,}. Ilpu stom a,, ¢ C,, a kiaccel B, e [1. ompenensiorcs cieaylommm oGpasoM:
B, ={a,}, B, ={0a,,0;,0,}, By={o5,0.}, B,={a;050}, Bs={ag0,}, By={a,},
B, ={a,;,0,,0,5}. Utak, G=16,R; =4, 7 ={1,,...,7,}.

Onrumanpsroe koguposanue JOJIL o, € C, BBIIONHSETCS TaK, YTOOBI MAKCHMAIbHO BO3-

MOkHOe 4ucio knaccoB B, e I1. mpexacraBnsuiock oqHuM HHTEpBanoM Rj-mepHoro Oyiesa mpo-
ctparctBa [1]. OquH U3 BapuaHTOB KOJMPOBAHUS IIPEACTABIICH HA puUC. 3.

N3 xaptsl Kapho (puc. 3) MOKHO MOJIY4UTh CIEAYIOLINE HHTEPBAJIbI, ONPEIENSIIOIINE Kiac-
col B, eIl.. Knacc By onpenensercs unrepsanom 0000; xinacc B, — unrepsanamu 00*1 u 001%;
knacc B; — unTtepBanom 010*; xnacc B4 — untepBanamu 110* u 11*1; xinace Bs — unreppanom
011*; xmacc Bg — unTepBamom 1010; xmacc B; — untepBamamu 100* u 10*1. Takum o6pazom,
IT, = {B] ,B,,B;,B, }, rae K(B;) = 0000, K(B3) = 010*, K(Bs) =011* u K(Bg¢) = 1010. OueBugHo,
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I, = {BZ,B 4,B7} U JUIS UX KoAupoBaHus HeoOxomumo Rs =2 paspsma. Urak, Z = {z,,z;}. 3ako-
aupyeM knacesl B, € I, cnenyromum obpasom: C(B,) = 00, C(B4) =01, C(B7) = 10.
7374

00 01 11 10

AR
& |2l
11 @ Ealé
10 @ U 15)02

Pucynok 3 — Koaet D0JIL a, € C

7173

36 5/A
A

Tabnuia nepexonoB popMupyeTcst Ha OCHOBE 0000mEHHBIX popmyn riepexoioB [1]. ITycTs,
Hanpumep, u3 I'CA '} MOXKHO NOJTy4YuTh creayrouue GopMyJbl:

B, =»x,b; vxx,by vX,X,b,;

_ (18)

B, - x,b, vx,b,;.
Cron61pl TaOIUIIBI TIEPEXOJ0B BKIIOUAIOT CIASAYIONIYI0 HH(POPMAITUIO: UCXOHBINA Kiacc (CTONOeI]
Bi); xox xnacca (s I1a 310 xox K(Bi), a s Ilg — C(B;)); anpec nepexona (A(by)); morndeckue
ycioBus onpenenstomue nepexos (cronden Xp); GyHKUMH BO30YXKAEHUS TPUITEPOB peructpa Pr
(cronben W, misi g u W mns I1,); HoMep nepexoa (cTosben h).

ITycts A(bs) = 000100, A(bsg) =001000, A(biz)=010101, A(b;7) =110010. Torma ¢par-
MEHTBI Tabu1 nepexo1oB s popmy: (13) npusenens! B Tada. 1 u tabi. 2.

Tabimna 1
Tabimna nepexonos s kiacca B, e IT,
B, K(B;) A(b,) X, P! h
B, 0000 000100 X, D, 1
001000 X, X, D, 2
010101 X, X, D,D, 3
Tabmmna 2
Tabimna nepexonos s kiaceca B, € I1,
B, C(B,) A(b,) X, v h
B, 00 010101 X, D,Dy 1
110010 X, DD, 2

Cuctema (15) moxer ObITh MOMydeHa U3 TAOMUIBI epexonoB A kinaccoB B, e I1,. Tak,

u3 Tabi. 2 uMmeeM, Hanpumep D, =z,z,x, . Cucrema (16) MoxkeT ObITh NOITy4Y€HA U3 TaOIMILIBI IIe-

pexonoB ans knacco B, € I1, . Tak, u3 tabun. 1, umeem, vanpumep, D, =7,7,7,7,X,X, .
ITycTh M3 paccMaTpHUBAEMOToO TIpHMepa ciieayloT MHoxkectBa: Z' ={Z | u Z* ={Z,}. llpu

stoM BIIK peanuzyeT TobKO 4acTh Koga K(B : ) B nannom ciyyae peanusyercs TOIbKO pa3psia Z.

Tabnuua BIIK umeer crondusr: B;, K(B;);, C(B;), Zn, h. 3aecs K(B;); — kox knacca B;, coor-
BETCTBYIOIIMI OJHOMY U3 O0OOIIEHHBIX WHTEPBAIOB; Zy — paspsansl koga C(B;), mpuHumaromme
eAMHUYHOE 3HadeHue B h-it cTpoke Tabmuubl. JJis paccMarpuBaeMoro IMpuUMeEpa YHUCIO CTPOK
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Hpk = 6. OT0oT mapamerp onpezensercss CyMMapHbIM YUCJIOM WHTEPBAJIOB, MPEICTABISIONIINX KOJIbI
knaccoB B, € I1;. /lna paccmarpuBaemoro npumepa 010k BIIK npencrasnen B tabu. 3.

Tabmuma 3
Tabmuia 61oka mpeoOpazoBartens agpeca

B; K(B)); C(B)) N h
o [0 0 =)
=
o [ 0 el

W3 tabn. 3 nmeem cucremy (9): z, =1,7,7, v 7,7,7,. OTMETHM, 4TO JUIA MOJIX0JA, IPEIUIO-
xkenHoro B [8], BIIK momkeH peanus3oBaTs W ypaBHEHUE Z, =T,T,T, V 7,7,7,. lIpu peanuzanun

6moka VIT umerorcs crenyromue ocobennoctu. Yacts koma K(B,), onpenensemas MHOXeCTBOM

7%, nomemaercs B saeiiku Y11, ajzipeca KOTOPBIX COOTBETCTBYIOT BhixoaM OJILI.

BrIBOABI

[Ipennaraemsiii B padote Meton ontuMuzauuu KMVYY ocHOBaH Ha MyJIbTUIIIIEKCUPOBAHUU
TpeX UCTOYHHUKOB KOJOB KiaccoB nceBno3kBuBaieHTHbIX DOJIL. Takoii moaxoa mo3BojisieT rapaH-
THPOBAHHO YMEHBIIUTH YUCIO TEPMOB B cucTeMe (YHKIUH BO3OYKIEHHUS TPUITEPOB perucrpa u
CYEeTUMKa aJpecOB MUKPOKOMAaH] 10 MMUHMMAaJIbHOW BO3MOXHOM BenuuuHbl. Eciu KMVYV ¢ ae-
MEHTapHbIMHU LIETISIMU paccMaTpUBaTh Kak aBTomMar Mypa, TO mpeziaraeMblii MOJXOJ MO3BOJISIET
YMEHBIIUTh YUCIO TEPMOB J0 BEIMYMHBI 3TOTO MapaMmeTpa y SKBUBAJIEHTHOro aBToMara Mmuin.
Kpome Toro, ymensmaercs uucio LUT-3anemeHToB B cxeme npeoOpas3oBartesisi KOJOB, TaK Kak He
Bce azpeca BbixoaoB DOJIL momyexar npeodbpazoBaHUIO U HE BCE pa3psiibl KOJOB KJIACCOB (GOpMHU-
pytotes. IlpoBeneHHble aBTOpaMu HCCIEA0BaHUS MOKa3alH, YTO MPEAJIOKEHHbBIM METO/ O3BOJISET
10 42% ymenpmuTh unciao LUT-anemenToB mo otHomeHuio K ucxognomy KMVYYVY. Tlpu stom Bpe-
M mukiaa KMYY U, Bceraa 0buto Menbie, uem y KMVYVY Uj.

Hayuynas HOBH3HA NPEANI0KEHHOTO METOJIa 3aKJIF0YAeTCsl B MCIOJBb30BAHUM OCOOEHHOCTEN
KMVYYVY (manmume xmaccoB mnceBaodkBuBasieHTHbIX OOJIL) mns ymenwsmnenus uwmcia LUT-
aneMeHTOB B cxeme KMV'YV ¢ anemeHTapHBIMY LIETISIMHU.

[IpakTHyeckas 3HAUMMOCTb METOJAa 3aKIIOYAeTCsl B YMEHbBILIEHUU IUIOIIAIU KpHcTasia
FPGA, 3anmmaemoirt cxemoit KMVYYVY, 4ro mo3BojisieT MOJyduTh CXEMbI, 00JIaalomme MeHbIIen
CTOMMOCTBIO, YEM M3BECTHBIE U3 JIUTEPATYPhl aHAIOTH.
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0.0. bapkanos, K.M. Egimenxo, 1.A. 3enenvosa

Yuiseepcumem 3enenozypcokuii, /IBH3 «/[oneybkuil HayionanbHuil mexnHivHuil yHigepcument
Onmumizauia cxemu aopecauii KMIIK i3 enemenmapnuumu nanyrozamu. B pobomi 3anponono-
8ano memoo 3meHuienHs anapamyprux eumpam y cxemi KMIIK i3 enemenmapuumu nanyro2amu,
AKull opienmosano Ha mexnonozito FPGA. Memoo 3acnosano ma UKOPUCMAHHI MpboX Odceper
K00i8 Knacie ncesdoexgisarenmuux EOJII ma mynemunnexcopy, axuii 0036015€ ubpamu ooHe 3
yux ooxcepen. Taxuii nioxio odozeonums 3merwumu yucio LUT enemenmis y cxemi adpecayii
KMIIK. Hasedeno npuxkiad 6ukopucmaHnHs 3anponoHo8an020 Memooy.

Knrouoei cnosa: komnosuyitinutl mikponpoepamuui npucmpiti kepyeanns, 1’ CA, enemenmapruii onepa-
mopHiu ainitnul r1anyioe, FPGA, noeiuna cxema.

A.A. Barkalov, K.N. Yefimenko, 1.J. Zelenjova

University of Zielona, Donetsk National Technical University

Optimization of Addressing Circuit for CMCU with Elementary Chains. The article is devoted to
the development of synthesis and optimization methods of compositional microprogram control
units (CMCU) on FPGA (field-programmable logic arrays). Compositional microprogram control
unit, particularly the structure of CMCU with code sharing, is effective tool for application of li-
near control algorithm. For optimization of a system-on-a-chip resources, applied in realization of
the compositional microprogram control unit, the method of a structural reduction is used. A me-
thod for reducing the hardware amount in the circuit of CMCU with elementary chains oriented on
FPGA technology is proposed. This method is based on the usage of three sources of codes classes
of pseudoequivalent EOLC (elementary operational linear chains) and a multiplexer to choose one
of these sources. Main steps of proposed method include: forming and optimal encoding of EOLC;
definition of classes of pseudoequivalency; transforming of tne initial table of transitions and shar-
ing it by two parts according to the classes; forming of control memory content; definition of func-
tional expressions for the block of code transforming. Such an approach would reduce the number
of LUT (look-up table)-elements in the addressing circuit of CMCU. Application of the specified
method to the finite state machine of addressing CMCU, under its implementation with FPGA,
leads to reduction of the number of LUT-elements in the circuit of the control unit. Moreover, mod-
ern FPGA contains macrocells of embedded memory blocks (EMB). Such blocks can be reconfi-
gured towards changing of input’s and output’s number with saving of fixed square of EMB macro-
cell. This property allows to apply the combinational circuit for multiplexer of code source using
the tristable outputs of EMB. Proposed method uses this property for reducing the number of used
macrocells in the logic circuit of CMCU. Results of research of the developed structures, allowing
defining their efficiency and an area of optimum application, are discussed. And the example of the
application of proposed method is given.

Keywords: compositional microprogram control units, GSA, elementary operational linear chains,
FPGA, logic circuit.
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