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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' lhe nticroprogram control unit

bu,serl on vertical rf graph - schemes of olgorithm is rffired. Thus the contpatihility oJ'all

microoperation,s is ochieved and the task oJ optimum coding of an opercttional port of lhe

rnicrocomnrond becomes sirnpler. The cmalytical evaluations rtf an olfered methocl and

nrethocl oJ'coding rf fietds of compatible ntic:rooperations are reduced, the area oJ effeclive

application of the rffired method is defned.

B coepelreHHbrx uu$poesrx ynpal.ttrnulrlx chcreMax urupoKo ucnonb3ylorcq

MHKpoilpolpaMMble .vcrpoiicrea )'IpaB,reHLIx (MVY) Ha EI4C c uarpnuHoii

crpyxrypoii. Crouuocrs MVY B 3HarrureJrnnoir creneHu onpene"il-sercq crouMocrblo

rrocrorHHbrx 3anoMuHarour[x ,vcrpoiicrn (ll3y), xpaHqtuux MlrKponporpaMMbl, I'I

cror{Mocrbro Ma'fpuqHux Etr4C (nnM. ilrTI4C) B roruqecKori cxeue. B pa6ore 11]
npeAJrafaerc-tr Mero.q orrrnN{u3auuu n3y. ocuoeaHHblii Ha npeo6pa:oBaHr4rI

ucxo.{nofi fCA, npl{ KoropoM Bblrlo-tlHqercq ycnoBze

Cn. 'rr  -  Y, (1)

fge C,.,.,"* - MaKcl{Mar'Itnrtii KJIacc co BMecrI{MocrH MlIKpoo n epaquii'

B uparruxe NrirKpolpofpaMMupoBaHAfl [pI4H.[To Ha3blBarb "neprl4Ka,TsHoi't"

Mr4KporrporpaMM.v. KaxAar MHKpoKoMauaa (MK) r<oropofi coAepllo4T ne 6o:rture

o:tnofi MrrKpoofiepaqnn (MO). llo ananonau 6yAernl Ha3blBarb BeprnKanbnofi fCA f

(B|CA) rpa$-cxenry arrropurr'ta f, e roropoii Anll Ka)I(Aofi eepuruult bo € D

BblnojrHteTcfl ycnoBIIe :

I Y(bq) I < 1. (2)
rae Y(bo)- MrrKpoKoMaHAa, 3ailr4caHHas n nepuruue bq, lAl-uraclo 3JreMeHroB B

MHo)r(ecrBe A. 3nar " < " o3Ha.raer, qro n fCA Mory/T 6snt oneparopHble BepIxI'{HbI

c N{r.{KpoKoMaHAaMI4 Yo: 0.

Muxpoonepar\vv yn, yni€Y Ha3blBalorcq coBMecrI4MbIMH, ecJILI

Y(y") n Y(y.) : A. rre Y(yt):{Y,l YieYt} (i:tt,...,m). Mar<cI{MiIrIbHblM KrlaccoM

coBMecrlrMocru C,,,o, Ha3blBaercq MaKcIIMaJrbHoe rlo MouIHocrH MHo)I{ecrBo nolapHo

coBMccrHMsrx  MO .

OqeeuAHo, e BfCA Bce MO flBrrrorcq coBMecrIrMbIMI4, To ecrb

cnpaBeAnr{eo (1) u, rro3ToMy, cyulecrByer eArrHcrBenHstfr BapI4aHT pelileHuq 3ana'+u

orrruMr{3auuu lI3V MeroAoM U, xoroprrii n -rrsrqercq orruMalrbHblM. flpu :rov nce

MO y,,e Y o6'seAunqlorcfl n $opuare MK s oAHo IIoJIe pa3p.sAHocru R

2 int flogu 0{+1)]. llapauerp R onpe4enqer pa3pqAHocrb orlepauuoHHoi 'Iacrz

ynpaBnrlorql{x cJIoB, xpaHqrqfixcs e lI3Y.

"Pacurenus" Bepilrr.rHr,r boe D Ha nq: lY(bq)l BepIILIH bu' ,....bqnt, AJrs Koropblx

cnpaBeAnneo (2), rpoll3Botlbnyto fCA f uoxtno npeo6pasoBarb B B|CA V(f). llpu

3TOM AOIXHO BblIlOJrH flTlDgfl, ycnoBHe :



Y(bo' ) :  Y(bq)  (bo e D) ; Y (bq ' )  1 :  1  ( i : 1 ,n0 ) ;

Y ( b q ' ) n Y ( b , r r ) : 0  ( i  + j  ; i .  j . { 1 , . . . , n 0 } ) .

llpoqecc npeo6pa:oBaHrl.fl f-+ V(f) 6yaev Ha3brBarb BepruKanusarlueii fCA
f. Bepruxa-nu3arrLrfl fCA I- cBoAlrrcr K nocneAoBarenbrroMy npeo6pa:oBaHr.rro
oneparopHbrx BepurrrH b., e D , yAoBJrerBopqrcueM,v (3). llpu :rou neo6xonr{N{o .qnt
Bcex Bepunu bo e D erruorHurb cneAyror{yrc rporleAypy:

1) ecnz lY(bq)l { I, ro uepeiiru x rt. 7;
2) ucx:tour4Tb Lr3 E 4yrz (b,,bq ) rr BKJrroqHTb Ayrr{ (b, ,bq' ),
3)  nxnrouum e E.ayru (bo ' ,bq ' - '  ) ,  rae i :1 , . . . ,  oq -1,

4) ncxmourrb u3 E ayry (b, ,bq ) H erurrcuurb ryry (bono , b,, );
5) ucxruovu'r'b n3 D nepuruu.v b' rE nxlrcvurb Bepur4Hr,r b..,' (i:1 .. . .. nq ),
6 )  pac rpe - te , rH rb  MO y , ,  e  Y tbo  )no  BepLUHHar r  bn '  ( i : 1 .  . .  nq  ) co r - racHo  (3 ) .
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Puc. 1. @paruenr fCA f Ao (a) rr roc,re (6) nepruraJrrr3arrurr

7) npeo6pa:oBaHrre Beprrr{Hbr b.., :axoHveHo.
Hanpunrep, rrocre [prrMeHeHr{s :roii rpouerypbr K BepuruHe b: fCA fl

(puc.1. a) no,ryueu $pan'reur B|CA V(fr)  (puc.1.6).  Ornerurvr.  Ln'o e nepuruuy br-

.qo6aereH cHfHa,T y0 , sa3saqeHrre Koropofo paccMarpHBaerctr HecKo,[bKo no3xe.
llpe.1:roNeHnrrfi \,rero.q uMeer cyruecrneHuslii HeAocraroK - BpeMr t1

BLIIIoJIHeHI4.I anropr4TNra, [peAcraBneHHofo fCA f, rar npaBl{no. N{eHblrre, LreM

BpeMrr t2 BbrnonHeH[q auopurMa. npe,qcraBreHHofo fcA v(f). 2 f;rn ,v.neHrmeHr4.[
3roro He.qocrarxa npe.qxafaercq crp,vKr,vpa ofiepaqlroHHoro ycrpoficrna (puc.2).

rfyuxuuonupyrouero creryroilIuN{ o6pa3oN{. Ilycrs no nsrpa6ar;rnaeN{oM}'

reHeparoporvl fl4 crrHarr)' CI4r Myy nepexorur B cocrosHr4e. coorBercrBylouee
Beprrir4He bq' BfCA. flpn 3ro\'r B perucrp Nrr.rKpoKoMasa (PMK) :-auocurc.s MO

Ytbn l t .  [1o  c , re :1 rorue . \ r \  cHrHa- r )  C t4 ;  e  PMK raHoo i rc r  MO Ytb , ,2 )  H r .  : .  [1pr . r

nepexoAe Myy B cocroqHue. coorBercrBylouee BepttruHe b..," o4HonpeMeHHo c MO

Y(bq") $opuup-vercr curHa-rr yo. Sror crirHarr 3anycKaer oguonu6parop (OB),

nupa6arrmaroruni.r cr{rHa-rr C\h.. nur.rqr.rup-vrorquil BbrrroJ'IHeHue orrepauHoHHt'IM

aBroMaroM (OA) MK H 3ailperuaer nocrvn-reHl4e HMrr)'nbcoB CI4r Ha cHHXpoBXoI
Myy. floc.rre Bbrfro.rrHeHus oneparluoHHbrNr aBro\,raroN{ MK Y(bq) o6uy,uercs PMK
14 no,q .qeficreuell Cn r N,'Iyy repexorur B cne.il,vrcuee cocroqHue. Cxeva

Qynxqr.rourlpyer aHarorurrHbrNr o6pa:onr Ao nepexora Myy B cocroqHue.
coorBercrByrouee xoue.ruofi BeprrnHe V(f).

fCA f co.qep)Kur B cpeAHeNr k MO, ro rrprd rrcrro:rb3oBanuu B|CA V(f) ua
raxrAsrfi qunn OA B cxeMe (pHc.2) rpuxo.{rrrc.s k quKroe Myy. Tor.qa napaverpsr t1

ri t2 oilpenerf,rorcq cneAvlouuu o6parou:



r l  -

t f  -

n(t3 +tu );
n(t3 +k tu ).

Puc. 2. Crpyxrypa orepaqlroHHoro Ycrporicrna

Kax npanu,'to. t3 > t4 . Il\crb t3 : rn !. Onpeee,rlu\I orHorrIeHLIe BpeN{eHLI t1 K

BpeN{eHr{ tz :
t 1  n ( n l L + 1 1 )  m +  i

(4)

KO\{nO3HUHOHHOfOAits

t 2  n (mta+k t r )  m*k
BfCA rpe.qxafaercq crpyKrypa

N{HKporpofpaMMHofo .vcrpoficrBa yrrpaBireHrrr (KMYY) U2 t2] (puc.3). Koropaq
lpencraBnqer co6oii KoMno3nunro aBroMaroB S I c ")KecrKoii" norllKoii.
peaxr{3oBaHHofo Ha flJlM u perucrpe naMqrH (Pll). u 52 c rlpofpaN{N{I4pyeMoil

JrorHKoiA, peanu3oBaHHofo Ha AByx 6:roxax lI3Y, cuerrruKe-perucrpe a4peca MK

(PAMK-CT), cuerunxe aApeca MO (C[{AMO) u perucrpe MK (PMK). B ll3yr

xpaHqrcs aApeca nepBbrx MO yn MK Yt (bu ) .B f l3y2 - MO,un.
KMyy tJ2 fiyHxuuoHlrpyer cne.qyrcurrM o6pa:ou. llycrr aBroMar Sr

nepetuen B cocroqHue, coorBercrByrou{ee BepIxLIHe bq B|CA. flpu :rou e PAMK-

CT saHocHrcq a.qpec MK Y ( bu ) I4: fl3Yr no IaHHoMy aApecy ntt6upaerc.a n

CL{AMO ailpec nepnoii MO 1',,e Y, (b.,l1. Brr6paHHa.q u: fl3Vr MO y" 3anucbrBaercq B

PMK. CTIAMO yBenr.rLruBaerc.fl Ha eruHuu)'. aApecyq crretyloru.yro MO MK Y {borl.
flpn nepexo.qe KMyy B cocroqHue. coorBercrBylouee BepuHHe bu"o ,
o/IHoBpeMeHHo c N{O Y(b0"") cf oprrupl,ercr crrrHar y1, xoroprli 3anperqaer
yBenur{eHr.re CI{AMO u r PAMK-CT npu6aBr.ser eAuHnuy. arpec,vs cneryrotqy}o

MK. Ecma s PAMK-CT co5epxurcq aApec Bbrxo.qa OJIU, ro esrpa6arblBaercs

cr.rfHarr yr. no KoropoNr)r aBToNfar S1 rrepexotrr.rr B cnen,Yloillee cocroqHHe. flpouecc

rrporonx{aercs aHarorHLrHo .qo lepexoJa KMyy B KoHeqHoe cocro.sHHe.

OrleHunr qe:recoo6pa3Hocrb rrpuN{eHeHHq Nrerona BepruKa-Ilt3ar]r4Lr no

cpaBHeHHlo c \,leToAoM Ko;lupoBaHus no:reri coBMecrr4Msrx MO. I{cl]o"[b3]'elrrINl s Ul

rrprr HHrepnperaur{r{ B|CA. Er'rxocrr n3y Ui panHa l1]:
Q ' r : k l D l l l o g r ( N + 1 ) 1 ,

rAe k - cpenuee KoJrrrqecrno MO a MK;
lD] - xo:ruuecrBo oneparopHbrx BepuruH.
N - xo.nuqecrso MO.
ll3yl utsU2co-qepxur lDl c:roe pa3pqAHocru ] log zf' [, a fl3Y: - Tx c:roe

pa3pqAHocru ] log (N+2) [. C"ueaosarerbHo:



Q , t ' : l  D l l l o g 2 T [ ;
T-xo;ruqecreo MK.

Oqesu.qHo. npeAnoxeHHa.s

Q r '  l D l l l o g 2 T

Qrt :Tk I log (N+2)f.

crpyKrypa KMyy U2 :$$exrr.rBHee U I, ec,ru

[ + x T ] l o g : ( N + 2 ) [
< 1 .

K  D l l l o g r ( N { l ) [

+ P ' 1 .
l l o g T 2 [

B :
n I l o g 2 N + i ) [

Puc.3. Crpymrypa KMYY U2 B|CA

r : r e p : T / l D

llapauerpu x Lr p, lpe.qcraBnqror co6oir npr43HaKLI fCA. BbInereHHbIe

MeroAoM 3KcrreprHbrx oueHoK . Brr6opo.rHsrii Merol HccneAoBaHux (o6reu

eu6opxr.r 60 fCA) rro3BoJrser npr{Hsrb runore3br o HopMarbHoM 3aKoHe
pacrpeAeneHr{s 3Tr.rx rrpH3HaKoB ua 5Yo ypoBHe 3HaquMocrH [3] llo npurepuro

flupcoua t4] HHrepBa-[bHbre oueHKu \{arel,rarr{rrecKr.rx oxtuilauui.r n oueHKfl

craHnaprHsrx ouru6ox ua 5oA ),poBHe 3Har{u\,{ocru paBHbr:

2.87 < Bl < i .8q: k -  cpe-fHee Lr i4cro NruKpooreparlui i  e oauoi i  MK.

1.09 < 82 < 1.13 - p - orHoIrIeHHe qHc-IIa oneparopHblx BeprtruH K Llucny

MI{KpoKoMaH.{ .  Ser  :  2 .01 :  Ssz  -  0 .15 .

3Haqeuuq B npune.qeurr Ha pHC. 4. v: Koroporo cireryer. LIro

:S$exrunHocrr npe,qJoxeHHoro Nrerora re\r Bbrrlre, qel'r 6o,'Irtrre MO coAeplKr4T

['CA (ver,r 6o:mnre N). uer'r 6o:rsure MO co.repxurcq B cpenHeM e MK fCA (ueu

6o.usure K) H qeM 6o-urrue orHolreHr{e rrucJa oneparopHllx BepmuH K qucny

MnKpoKoMaHn. tr4ccre.qoeanuq. trpoBeneHHbre Ha.q t'CA pea,rsHoli cno)r(Hocrlr,

roKa3arrr{, qro B cpeAHeM p : 0.48.
Orsouresue BpeMeHr4 HHrepnperaurru fCA K BpeMeHLI IrHrepnperaul4x

BeprrrKanbnsrx fCA 11(m) npueeneHa ua puc. 5.

PAN{K-CT

CLIAMO



14: rpaQuxa 3aBucnMocru 1(m) creAyer, Lrro LreM 6o,urrue 6ucrpogei.rcrB!{e
Myy ilo orHorxeHzro K 6srcrpo,xeilcrBr{ro OA (ueu 6o,urue m) u ueu MeHbilre MO s
cpenHeM coAepxrrr Ka)KAa-s MK fCA f (vev ueusrue k). reM MeHb[re yBenur{eHue
BpeMeHu BbrrrolrHeHrrq anfopurMa 3a cqer BepruKa-ltl3awv I'CA.
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Puc.,1. S$SenrrrnHocrL, N{ero-f a BeprrrKa.rltr:aunlr f CA

flpone.qeuusre uccrenoBaHuq floKa3a-Ilu, rrro npe.q"[oxeHHLre NleroAbr
Beprr4KaJr{3arJHH fCA u opfaHu3auuu OA no3Bo.r'rrror n 6o,,rsuruHcrBe cJr,vqaeB
yMeHbur{rb eN{Kocrb ll3Y npu He3Har{ureJrbHoM yBenr4LreH[u BpeMeHH BbrrorHeHuq
alfopr{TN{4.
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Puc. 5. fpa$lrx orHorxeHrrfl BpeMeHrr rrHTeprrperauull fCA f
K BpeMeHH rrHreprrperaurrn B|CA V(f)
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