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Abstract

Strunilin V.N. The optimization of microprogram control units with vertical graph-
schemes of algorithms. The method of optimization of the microprogram control unit
based on vertical of graph - schemes of algorithm is offered. Thus the compatibility of all
microoperations is achieved and the task of optimum coding of an operational part of the
microcommand becomes simpler. The analytical evaluations of an offered method and
method of coding of fields of compatible microoperations are reduced, the area of effective
application of the offered method is defined.

B coBpeMeHHBIX TUPPOBBIX YNPAG.IAIOWUX CUCTEMAX UTHPOKO HCIONB3YIOTCS
MHUKpPOIIpOrpamMmble  yerporcTa yrpasienns (MVYVY)  ma BUC ¢ marpuuron
crpykrypoit. Cronmocts MYV B 3HaYHTENIBHOM CTETICHH OTPEIEIISLTCA CTOUMOCTRIO
MOCTOSHHBIX 3anomuHatoumx yerpoicts (113Y), Xpansammx MHKPOTIPOIPaMMEL, U
croumocTbio MaTpuunelx BUC (TTJIM, TUTMC) B nornueckoit cxeme. B pabote [1]
npeanaractcs  Metod ontuMuzauun [I3Y. ocnopamnplii mHa npeoOpa3oBaHHH
ucxojuoi I'CA, py KOTOPOM BBIIOJIHAETCA YCIIOBUC

Cmax = Y«, (1)
rae Cpmax - MAKCHMATBHBIH KITACC COBMECTUMOCTH MHKPOOIIEPALIHH.

B mpakTike MUKPOIMPOrPAMMHUPOBAHHMS IIPUHATO HA3LIBATH "'BEPTUKAILHOH"
MHKpOIporpamMmmy, Kaxjaas muxkpokomanza (MK) xoTopoil cojaepxur He Ooibuie
onro#t Mukpoonepanuu (MO). Tlo ananoruu 6yaeM HaszpiBaTh BepTHKaIbHOH ['CA T
(BI'CA) rpad-cxemy amropurma I', B KOTOpoW JUIs KakIo# Bepmmnbl by € D
BBITOJTHSIETCS YCIIOBHE:

| Y(bg) | < 1. 2)

rie Y(bg)- MHKPOKOMAHMa, 3alMCaHHas B BEPIIMHE by, [Al-4MCIO IEMEHTOB B
MHOkecTBe A. 3Hak " <" osmauaet, uTo B ['CA MOryT OBITH OIIEPATOPHEIE BEPIIMHBI
¢ MHKpoKkomanamMu Yo = 0.

Mukpoonepalud Yo, Ym€Y HA3BIBAIOTCS ~ COBMECTHMBIMH,  €CIH
Y(yn) N Y(ym) = &, rne Y(y)={Y{ yieY} (i=n,...,m). MakcuMaJbHbIM KIJaCCOM
cOBMECTUMOCTH Cax HA3BIBACTCS MAKCHMAIBHOE 110 MOLUIHOCTH MHOXKECTBO MOIMAPHO
coBMecTUMBIX MO .

OYeBUIHO, B BI'CA Bce MO 4aBusioTCS COBMECTHUMBIMH, TO €CThb
cripaBeUiBo (1) U, M0ITOMY, CYHIECTBYET CAMHCTBEHHBIA BAPUAHT PEIICHUS 3371auK
ontummzarm [13Y metonom U, KOTOPHIA u siBiseTcst onTUMaIbHbIM. [Ipu sTOM Bee
MO y,eY obbennnsitores B popmate MK B 0j1HO 11057€ pa3psiIHOCTH R
> int [loga (N+1)]. [Mapamerp R ompenensier pa3psaHOCTh ONEPAIHOHHOW YacTH
YIPaBJISIOMKX CIIOB, XpaHsmuxced B [13V.

1 n
"Pacmenus” Bepumns! bgeD Ha ng= |Y(bg)| Bepmmn by ,....bq 4. 1S KOTOPBIX

cnpaseuBo (2), npoussoisHyio I'CA I' MoxHO n1peodpasosars B BI'CA V(I'). Ilpn
9TOM JIOJDKHO BBUTOJIHATHCS YCIIOBHE:



ng
}j} Y(bg')=Y(by)  (bgeD); | Y(bg') | =1 (i=1.ny); (3)

Y(by) MY(bNH=0 (i#j:i je{l,....n)

[Tponiecc mpeodpazosanust = V(I') Oyaem HaswiBarh BepTukanuzanueit ['CA
I'. Beptukamzamus ['CA [' cBoauTcs K mnociegoBaTelbHOMY MPeoOpa30oBaHHIO
OIIEpaTOPHBIX BepUIMH by € D | ynosiersopsitommemy (3). Ipu 3ToM HeodXoaumo s
BCEX BEPUIUH by € D BBIIOIHUTE CIEAYIOIIYIO IPOLENYPY:

1) ecnmu |Y(by)| <1, To mepeditu k 1. 7;

2) nckmounth u3 E nyru (by,bg ) u Bxmounts myru (b ,bq‘ );

3) Bkmounth B E iyrut (by' by ). rte i=1,.... ng -1;

4) ncxmounts U3 E qyry (b .bg ) 1 BKIIIOUNTE TyTY (bqnq , by )

5) ncxmountb 13 D BepiuHy by ¥ BKIIOUHTH BEPIINHBI bql (1=1.....nq )
6) pacrpeenuts MO y, € Y(by ) o Bepumuam by (i=1..... nq ) coraacuo (3).
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Puc. 1. ®parmenT I'CA T 10 (a) u mocJie (0) BepTUKAIN3ALUH

7) npeobpazoBaHue BEpPIIUHBI by 3aKOHUYEHO.

Hanpumep, nocie nmpuMeHEHHs 3TOH mpoueaypbl K BepmmHe by ['CA T
(puc.1, a) nonyuen ¢pparment BI'CA V(I')) (puc.1, 6). OTMeTHM, 4TO B BEPIIMHY bs’
JI00aBIJIeH CUTHAI Yy , Ha3HAYCHUE KOTOPOTO paccMaTpHUBaeTCs HECKOJIBKO TO3KE.

IIpennoxkeHHBbI METO HMEET CYIIECTBEHHBIM HEJI0CTATOK - BpeMs 1
BBINIOJIHEHUSL anroputMa, npejactaBieHHoro ['CA [, kak MOpaBHIIO, MEHbIIE, YeM
BpeMs t» BBINMOJHEHUs airopurMa, npeacrasiennoro 'CA V(I). 2 Jlis yveHblieHHs
3TOT0 HEAOCTATKa MperIaraeTcst CTPYKTypa ONEpallMOHHOrO yCTpoicrBa (puc.2).
(GYHKOHOHUPYIOIIETO  CIeayromuaM — oOpasom. IlycTe 1o BhIpadaTbiBaEMOMY
reaeparopoM ['M curgany CH; MYV nepexoauT B cOCTOsiHHE, COOTBETCTBYIOLIEE
BEPLIMHE bql BI'CA. Ilpu stom B peructp mukpoxomana (PMK) zanocures MO
Y(bql). [To cnenyromemy curnaty CH, B PMK 3anocurcs MO Y(qu) u 1. a. [lpu
nepexoe MYV B cocTosiHue. COOTBETCTBYIOLIEE Bepiuune b, ogHOBpemerHO ¢ MO
Y(by") dopmupyeTcst curnan yg. DTOT CHruan 3amyckaer oaHoBHOpatop (OB),
BhIpabarbiBatolinit curHan CH,, WHULMHUPYIOWMN BBIIOJIHEHHE OINEPALMOHHBIM
aBTomaroM (OA) MK u 3anpemaer nocryisienue umiyisco CHy Ha cHHXpOBXOI
MVYV. Tlocne BeimonHeHus onepainonHeiM asToMatom MK Y(b,) o6nynserca PMK
u noa gedcteuem Cu; MVYY nepexoauT B cieayrouiee coctosHue. (Cxema
(GYHKIIMOHUpYET aHajlOrMYHbIM oOpazoMm 0 nepexoga MVYY B cocrosnue,
COOTBETCTBYIONIEE KOHEUHOU BepiuHe V(I).

I'CA T comepxur B cpendeM k MO, to nipu ucnonszoannu BI'CA V(I') Ha
Kax /e Uk OA B cxeme (puc.2) npuxonures k nukinos MYVY. Torna napamerpsl t
U 1y OIPEIETISIIOTCS CICAYIOUMM 06pazom:
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Puc. 2. CTpykTypa onepaiHoHHOI0 yCTpoiicTBa

Kax npaBuno, t3 >ty . mycTh t3 = m ty. OnpeaeinM OTHOUICHHE BPEMEHH 1] K
BpPEMCHHU 17 :

t] n(mty + ty) m-+ 1

n = = - 4)
ts n(mt;+kty) m+k

st BI'CA npearaeTcs CTPYKTYypa KOMIIO3HIIMOHHOTO

MHKPOIIPOTpaMMHOr0 yeTpoiicTBa ynpasienus (KMVYVY) U2 [2] (puc.3), xoropas
MPeACTARISIET CcOo0OM  KOMIIO3HUIIMIO  aBTOMAaToB S; ¢ ")KeCTKOH" JIOIMKOH,
peacinzoBanHoro Ha I1JIM u pernctpe namsitu (PID), u S, ¢ nmporpammupyemMon
JOTUKOU, peain30BaHHOTO Ha AByX Onokax I3V, cyerumke-perucrpe anpeca MK
(PAMK-CT), cuetunke aapeca MO (CHAMO) u perucrpe MK (PMK). B II3V;
xpansTes aapeca nepseix MO y, MK Y, (by ). BII3Y; - MO ;.

KMYY U2 ¢ysxiuuonupyet cieayiomuM obpazom. Ilyers aBTomar S
Iepelest B COCTOsiHUE, cooTBeTcTBytomee BepimnHe by BI'CA. TIpn stom B PAMK-
CT 3anocutcst agpec MK Y ( by ). W3 TI3V, no mannomy ampecy BbIOMpaercs B
CYAMO aapec nepsort MO y,e Y, (bql). Briopaunast uz 113V MO y, 3anuceiBaercs B
PMK. CHAMO yBenuuuBaeTcst Ha eAUHULY, aapecys creaytomyro MO MK'Y (qu).
[Ipn mepexome KMVV B cocTosiHHe, COOTBETCTBYHOIIEE —BepiiuHe by
onsoBpemenao ¢ MO Y(b™) dopyupyercs curHan yg. KOTOpBIH 3ampernaer
yeennuenue CYHAMO u k PAMK-CT npubasister euHuily, ajgpecys CIeIyIolylo
MK. Ecmu B PAMK-CT conepxutest aapec Bbixoga OJILl, To BripabaTbiBaeTCH
CHTHAJ Y., 10 KOTOPOMY aBTOMAT S| IEepexoJuT B cieaytolee coctosuue. [Iponecce
IPOAOIKAETCs aHA10rMUHO Jio nepexoda KMYY B konedHoe cocTosHue.

Ouenum 1enaecoo0pa3HOCTh  IIPUMEHEHUS METO/a BEpTHKAIU3ALUH 10
CPaBHEHHIO ¢ METOIOM KOJMpOoBaHus rnoieil copmectumbix MO, uenone3zyembim B Ul
npu uHTepnperannu BI'CA. Emkocts [13Y Ul paBhna [1]:

Q2 =k[D|]logs (N+1) .
rie k- cpennee xonuuecteo MO B MK

|D| - KOMUYECTBO ONIepaTOPHBIX BEPILMH,

N - xonudectBo MO.

113V, st U2 conepsxkut |D| cinos pazpsinnoctu | log, T [, a I3V, - Tk cios
paspsitHoctH | log (N+2) [. CrnenoBareibHo:



5

Q" =D |[]log:Tl: Q2" =Tk ]log (N+2).
rae T-komuyectro MK.
OueBuHO, IpeoKennas crpykrypa KMYY U2 addexturnee Ul, eciu
2

Qx ID]]logp T[+xT]log,(N+2){

B = = < 1.
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Puc. 3. Crpykrypa KMYY U2 BI'CA

rmep=T/D|.

[Tapamerpel Kk W p, OpeiactaBisdiorT codoit mnpusHaku ['CA, BbLICICHHBIE
METOJIOM OJKCHEPTHBIX OIeHOK .  BrIOOpOuUHBIH MeTO)l HccienoBaHus (00BeM
BeIOOpKH 60 ['CA) T1O3BONSET TPHUHATHL THIOTE3bl O HOPMAJIbHOM 3aKOHE
pacripeieieHuss 3TUX MPU3HAKoB Ha 5% ypoBHe 3HaummocTu [3]. Ilo kpuTepHio
ITupcona [4] wuHTepBajibHbIE OIIEHKH MaTeMaTUYECKHMX OXKWJIAHHUH H OLECHKH
CTaHJapTHBIX OMUOOK Ha 5% YPOBHE 3HAUUMOCTH PABHBL:

2.87 <Bl1 <3.89= k -cpeanee ync1o MUKpooriepanuit B onHoit MK.

1.09 < B2 < 1.13 = p - OTHOUIEHHE YHUCIA ONEPATOPHBIX BEPILIUH K YUC/LY
MukpokoMmana, Sg; = 2.01: Sg» = 0.15.

3naueHuss [p npuBeAeHBl Ha  puc. 4, M3 KOTOPOTO CIeAyeT, HTO
YO PEKTHBHOCTH TIPETOKEHHOrO MeToAa TeM BhIe, ueM 0ombie MO conepKuT
I'CA (uem Gonere N), yem donsiie MO coaepxutes B cpeadeM B MK T'CA (uem
oonpiie K) u dem 0ojbllle  OTHOLIEHHE YHCI1a ONEPATOPHBIX BEPIIMH K YMCIY
mukpokoman. HWccnenoBanusi, mnpoBeieHHble Hal ['CA  peajlbHOH CIIOXKHOCTH,
nokasajy, uto B cpeiHeM 3 = 0.48.

OtHomieHue BpemeHH HHTeprperaund ['CA K BpeMEHH HWHTCPIIPETAlUH

BepTUKaibHbIX ['CA  m(m) npusenena Ha puc. 5.



N3 rpaduxa 3aBucumMocT n(m) cleAyeT, uTo 4eM Oouibiie ObICTPOAeHCTBYE
MVYV 1o ornomenuio x 6sictponercteuro OA (dem Ooiblie m) ¥ yeM MeHbine MO B
cpeaseM conepxkut Kaxiaast MK I'CA T (yem menbiie k), TeM MeHbIle yBEIMYEHUE
BPEMEHH BBINIOJIHEHHS aIrOpuT™a 3a c4eT Beprtukamusaiuu ' CA.,

B
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Puc. 4. DppexrusHoCcThL MeToAa BepTuRamm3auun 'CA

IIpoBe/ieHHBIE  MCCIIETOBAHUS  IOKA3aIM, UTO TIPENOKEHHBIE METOJbI
BepTukaiMzauun ['CA u opranmszanun OA 103BOASIOT B OONBUIMHCTBE CIIY4aeB
YMEHBUIUTH eMKOCTh [I3Y mpu He3HAUNTENbHOM YBENHUEHUH BPEMEHH BBINOTHEHHS

aIropuT™Ma.
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Puc. 5. I'padux orHomenuss spevenn nnrepnperauuu ['CA T’
k Bpemenu unrepuperanun BI'CA V(I)
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