
KOM n O3r qro H H bt E M 14 KPOn PO rPAM M H bt E yCTPO ]4CTBA
vn PABfl EHV1fl C MAKC 14 MAn b H bt M 1(OEt4 PO BAH 14 E M

M14KPOKOMAHA

Eapranoe A.A. ,  Crpyuunux B.H.

Ka$e4pa 3BM loHl-TY
vstru n@cs. dgtu.  donetsk.  ua

Abstract
Burculov A.A., Strunilin V.ltt. The cohtposition microprogrom control units with muximum
coding of microcommunds. The microprogrum control tmits ( MCL) ) fincl v,icle upplic'otirn ut
reulizution of various digilal ,sy.\/ems [ | J. The conposilion nricrctprctgrcrnt control tnit.y ( C'MCL

) are one o/'c:lctsse.s ctJ.sinilur device,s [2,3 ] In lhis v,ork there are proposecl methods, enahling tr,t
optimize hordv,are co.sts in C:MCU by trse oJ ntarimttm cotling of micrctcomntctnds. There are
propo.sed of tu,o- ancl three-level .structtrres CMCU tvilh muxintum coding of microc'r,trnmands on
progrctmnting logic cu'rays ( PLA ) and read-only memory devices ( ROM ). Algorithrns o.f
synthesis o/' olJbred .\tuclLtre,s C'MCU qre indicatecl. The optimol coding ulgorithm o.f
microcomntand.s ,set is describer{ v'ilh u mininntm length of a coding v,ord.

Mnxponporpa\r \ rHbrc, rcrpoi rcrea \ rpaBneHHf l  (MYy) Haxolqr  uLlpoKoe rphN,reHeHHe npH
pearH3arlu14 pa3rHLrHbrx uucf poerrx cHcrer\'r t l ] Kor,rno:nuaoHHbre N,rHKponporpaNr\rbre

1'crpoilcrna ynpaBneHr.iq (KMyy) rrBr.r.qrcrcr o.tHHN{ H3 K.qaccoB noro6Hrrx ycrpoiicre f2.3]. B

.qauuori pa6ore npeAnararcTcr NreroAbr, rro3Bonrrcurne orrrnrvrH3upoBarb atlf laparyprrbre 3arparbl B
KMyy npH Hcrronb3oBaHuu r\,raKcHNra,'rbHoro Ko.lHpoBaHuq N,rHKpoKoNraug. flpe,qrararorcr ABVX- fl
TpexypoBHeBbre crpyKTypbr KMyy c Nraxcrl\ 'ra.rbHbr\r Ko.qHpoBaHHeNr t\{HKpoKoN{aHA Ha
rporpaN,rvrupye\,rbrx ,rorHLrecKHX 1'crpoiicrear (f lJ1M) H rocrorHHbrx 3arroMHHarcuIux
y'crpoiicreax (fl3V). [IpHeerleHnr a-tropnrNlbr cHHre3a rpe,qxarae\{brx crp}rKrvp KMVY. OnucaH
anfopHT\r ofrTHMzLIIbHolo Ko,ilHpoBaHHr NrHo)necTBa \,rrrKpoKoN,raHI npH NnrHlrN,ra-ruHoli fnHHe
KOlr.lpyrouef o cJroBa.

I43secrHo KMyy l2l. npelcraBneHHoe KoMrrosr{UHer{ aBTor\,rara S1, BblnonHrroulefo
npl4H)AHrenbHyro aApecauuFo r\{HKpoKoMaH/x (MK) npu nepexoAax N{e)r(Ay pa3nHLrHbrMh

oneparopHbrnru ,rnHeiiubrMH rlenqN,rur (OIL{), n aerouara S2, pea-rlH3yrouero ecrecrBeHH}'ro
axpecaqnrc MK npu repexorlax B nperenax ,rro6oii O,rl lJ. O6o:HaLrHNr ero U0. Aaronrar 51
pea,ru3oBaH Ha Il,[M H per-Hcrpe rraNrflru (Pfl), a aBToMar 52 - Ha cr]erqnKe alpeca N{uKpoKoN,raH!
(Ct{AMK). NrilKponporparnrHoi.i naNrflrH (MflD, pea,ru:yer,rofr Ha n3y. n ,qeurHQparope
Nr4Kpoonepauui i  (DC).  Pa:pr .qHocrs CL{AMK Z: l log2l  [ ,  r ,q .  I :  In l  -  r roulHocrb ] \ {Ho)r iecrBa
oileparopHbrx Beprxr.rH ncxo.tuorl rpaQ-cxenrrr anfopurMa (fCA). Parpr.lHocrs PfI R-] logl M [.
r,qe M - N{ourHocrb r\,rHo)KecrBa cocroflr-tLtit aerouara S1.

AnnaparypHrte 3arparbr a KMVV Nro)r(Ho vNreHbur4Tb ucnonb3yr \ 'raKcHN,rarbHoe

KoIHpoBaFIHe MK. CyulHocrr 3roro NreroAa 3aKnrolraercq B cnelyoule\r: naxloir MK Y, e Y
( t : 1 . . . . .  T ) .  r - qe  Y : ( y0 . . . . . ) r )  -  N rHoxec rBo  Nrnxpoonepau rz i r  (MO)  c raB l . r r c r  B  coo rBe rc rBue
Ko.,q K(Y,) pa3pflAHocrn rl: ] logz T [. .:e T - xo.'rn.rccrso MK. B :rornr cn-]-qae N,ro)KHo
npoN.IHHHMH3HpoBarb arrapar),pHbre 3arparbr B cxervre $opuupoeaurar nruripoonepaqHfi.
Oco6eHuo 3Ta 3anaqa aKTVanbHa rrpn r.rcrro-lb3oBaH]rn B KaqecrBe cxeMbr $opmupoeaHnq MO
(COMO) craHAaprHbrx fl,r lM.

B :rou cnylrae npelnaraercq IB),x)'poBHeBar crpyKrypa KMyy U I c marccnN,ra,'rbHbrNr
KorHpoBaHnen'r  MK (puc.1) .  n  xoropoir  Qyuxuuu COMO BbrnoJrHrer  t lJTMt,  peaxH3vrcuar CB@
(l) .  B ocHoBe cHHTe3a KMyy HaxolnTcf l  QopnHpoeaHne MHo)KecrBa orrepa' fopHbrx , rauei lusrr

uenei i  (OJlU) C:{o,  , . . . ,u*}  HHreprrperHpyeuoir  I -CA n ecrecrBeHHoi i  agpecaqnr. {  B r rpe.qenax
rcax,qoii fCA.

Ilpe,l,roxeuuoe KMYY Ul OyHrcrlnoHHpyer cneAyrcqnN,r o6pa:onr fl-vcrs anronrar S1

nepeuen B cocrorHue a,,,€ A H 3aHec e CTIAMK ailpec.j-ro BXoAa I.r OrIU cx,,. Ec,rrl ?Tor a.qpec
He CoB[aAaeT c aApecoM Bbrxo] la  Oq .  ro nIM2 olHoBper\ reHHo c $opuupoeauHeu



CLTAMK

Puc.  1.  le1 'x1 'poeHeBar crpvKrypa KMy\r  L j l

ua6opa Y, esrpa6arblBaer MO yn ̂  yBenr.rLru.rBaroulyrc coAep)Kr,rNroe CHAMK Ha err.rHnuy 14
3atlpeuarcu])'ro rrocrynneHue HMrryJrbcoB cHHXpoHH3auzrl Ha Pfl. Taxurr o6paaonr aApecyerct

cne.qyrcuar MK nraxponpofpaMN{br Ec,rn e CqAMK 3arucaH a,qpec Bbrxoga OIIJ, cru, ro

aBTON.{ar s2 ue $opnrHpyer Mo yo . B c,reqyrouleM TaKTe aBToMaT S1 nepexo.{nr B cocrorHue a\:

6(a, , , .  X ' ) .  rge 5 -  $yuxr tur  nepexoAa aBroMara .  X ' -  :uaqeune ua6opa -nolHLrecKHx yc- loeni i  ( , r1Y)

B  \ ro \ reHr  Bpe \ reH i l  t  .  l l p r z  1 ro \ r  B  CL IAMK 3aHoch l c f l  a l pec  Bxo . l a  1 , , ,  O - -1  l {  u , ,  .  a  xo ropu r i r  ec rs

repexon e I-CA H3 Beprxr.rHbr b,,, cooreercreyrculeii Bbrxory OIL{ uo, not .qeficraHer,r HaSopa X' .

@yHrcrlnoHHpoBaHne KMyy Ul npo,ronxaercr onacaHHbrM crroco6onr j lo nepexo.qa aerouara 51
B KOHeqHOe COCTOTHUe  .

A,rropurl,r cHHre3a KMyy U 1 cogepxrar cneAyroult{e 3rarrbr :
1 .  @opuupoBaHue N,rHo)KecrBa OII {  n nocrpoeHue npeo6pa:oeaHsoi i  fCA f  r  .
2 .  3alauae 3aKoHa Q1'urcuuounpoBaHHr aerorrara S1.
3.  Cnure: l  , rorHqecnol . i  crp) 'Kr) 'pbr  anrorrara S1 .
4.  OopnrupoBaHue CBO MO .

5.  Cuure:  COMO anror ' rara 52.
Meroru pe[reHar sa.qaq l-3 paccrrorpeHbr B l2l. f lnx perxeHnfl 3ailalru 4 npeg,raraercr

cne.qyrouar \{eToAHKa .
1. Onpege,rurb \rHo)KecrBo axpecoB A(Y,), co.qepxau{ux MK Y, ;

coorBercrBHe VA,e A(Y,)  noul roHxquro BuJa :
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2. C$opnupoearu CE(D MO yn € Y (n :  0,  . . .
Bbrpa)KeHHbtx a !H(D B Bfi ,qe :

N) ra,laHusrx ua MHo)I(ecrBe r u

I

Yn:  V  Cn ,  A ,  ,
t - l

rAe Cnt:1, ecrn H ToJ'rbKo ec,rn MO yn € Y BXoIHT e MK Y, e Y, oflpeAexqeN,ryrc aApecoM
A , e  A ( Y , ) .

3.  f lpunecru AHO CBO MO (2) rc rcparuairureMv BHJ)' .
Paccvorpru rpuMeHeHue l,reroilr4Kll Ha rpuNrepe cnHre3a COMO KMyy U I l,rrr fCA f r

(pnc .2) .  N , r r  naxgo i i  MK Y,  e  {Y1, . . . ,  Ys}  onpeAen} rN, r  agpec  A, (  t - I ,  . . .  B)  pa :pr luocru  R
:3. CooreercrBne A,rs rcaxlof i  MK Yt :ua, lenHi i  pa3prloB alpeca A, ua vuoxrecrae srz,qa ( l )
f rpHBe- leHo B I  aSnHue.

A( Y , ) T r t Yn

000 T 1  T r  T j Y 1 Y ; . Y r
0 0 1 T r  T "  T r Y: Y o , Y r  . Y : . Y . +
0 r 0 a '  aa  t , Y; Yo .Y :

0 l t r l r . r Y:
00 t r  t l  t r Y < Y o . Y r

0 l Tr  T l  T , Y6

t 0 T 1 t , Yr Yo .Y; .Yr
l l T1 L . I S Y 1

(2)

Haqa,To

Yr Y: .  Yr

Pnc.2 . I -paS-cxeua anropHrMa f  1



Az ra6tuuur HMeeN,r CE<D Qopvrr.rpoBaHut MO y" {

Yu :  T rT - : t ,  V  t , t , t ,  V  t , t : t - ;  V  t , t , t : .

y r  :  T 1 T 2 T 3  V  T r T : T ;  V  T r T : T : .

Yo' Y + l

:  T 1 T 2 T 3 .

:  T 1 T 2 T 3  V  T r T : T r  V  T r T : T r  V  T r T : T :  V  T , T , T , ,

Y+ 
:  T l , 2T3  V  T rT :T :  V  T ,T ]T ,  V  T1T :T ;  .

f lpuseseurze [H@ CBO (3) Qopmrapoeauur MO x rcparvaiirueN{y BHAy
oAHHM ras cnoco6oei rpeAno)KeHuurx e [ 3 ] .

3agavn, Bo3HHKaroxlne Ha erane 5 cBo.il lrcq K 3aAalre pezl'ru3arrn14

rcparvaiiuero BH.qa. .qns pettleHHr xoropoii pa:pa6oraurr :$$ercrHeHbre N{erorbr

NeyxypoeueBar crp lKrypa KMVY tJ1 npuueun\ra.  ec, ' ru

ocyu{ecTBnreTct

Ha fl,rlM CB@

l t l

R <  s
( 1 )

f lpn euno,rHeHun (4) nruuurra,qbHoe Lrnc,ro 6l4C nrTM (s.t .q) aerouara S1 COMO KMyy
U 1 uoxuo onpelenuTb cnexvroull4\r oSpa:orr [ 1 ] :

-  I  \ - ' l
r r l :  r r o X  (  I  

-  
t  . l  

-  
t  ) .

q t

K ueJocrarrcaNr rrperJoxeHuoii crp)Krvpbr KMyy U I rroxHo orHecru c.re,t)rouee :

l . V e e " , r r i . r e u H e q H c J a r e p N r o B e l H @ c f o p r r u p o e a n u q M O ) , , c Y  3 a  c L r e r r o r o . t r r o e C B @

(2) ucnorr:vercq He xolu MK Y, e Y. a HX arpeca. r{To vBeJrHqHBaer quc,ro repN{oB no

cpaBHeHr.rrc c K-laccuqecKnrvr r\,rero-lo\r NraKcil]\r i lJbHofo KorHpoBaHHfl MK I I ].
2. Heeo:Mo;'i(Ho ucrro.'rb3oBarb onrr.rNrarbHoe KorupoBaHae MK. TaK KaK aJpeca Qaxrnuecrcu

otrpereneHbr 3aKoHoivr Qy'uxqnouHpoBaHL.rfl aeroHrara S1.
E,c,rH r,rq HeKoroporo aBToN,rara ycnoBfie (t1) He BbrnoJrHrercr, To !ln.q ero petuz3aunlr

Heo6xo,quuu c[euHalbHbre Nrerorbr [ 1 ]. nprzaoArulue K N{HoroypoBHeBbrN,r cxe\,rai\,r. .{,rl cnure:a
raKHX aBroN{aroB rpeAnar-aercfl r4crrorrb3oBarb rpexypoBHeByro crp}'Krypy KMyy U2 c
MaKcuN{arrbHbrN,r Kor:tHpoBaHHeM MK (pac.3). s noropoii aBro\,rar S1 peanH3oBan na fl,r lMr n PfI.

a aBroNlar S2 - Ha C[{AMK. fl3Y, co.qep)KaueM MaKcHN{a!.rbHbre Ko.qbr MK. n flJ1Mt .

locroHucreona crpyKTypbr U2 rB,rrercrr B03r\,ro)KHocrb npHNreHer{Hrr orrrnN{a!.rbHbrx
zLrropHTN{oB KoAHpoBaHHq MK. Lrro rro3Bo,r}4T r\,ru.rHHr\,rH3HpoBarb qucJo EI4C nIM tlo cpaBHeHhro
c U I . Heclrorpr Ha tlpLrc.vuue crpvKTvpe U2 HerocrarKh- yr\, leHbuerrue 6srcrpoAeficreLrq
aBToNrara H rorroJrHHTeJrbHoe ll3Y !,rq xpaHeHHr Ko,loB MK - rrpu[,reHeHHe oflTaMar'rbHoro
Ko,qhpoBaHuq MK e 6o,'rrrur.rHcrBe rrpaKTHqecKHX cnyqaeB [o3Borrer yNreHbrrHTb cyMMapHbre
annaparYpHbre 3arparbr e KMYV .

A,rropuru cHHTe3a KMyy U2 ex,rrcqaer cne.q\'rcurne STarrbr:
1.  @opuupoBaHue MHo)r(ecrBa OII {  u nocrpoeHHe npeo6pa:onauuofr  fCA f  .

2 .3ag.aeue 3aKoHa QyurcquouHpoBaHHr aeto l rara S1 .
3.  Cuure:  , roruqecroi r  c \e\ lb l  aero l rara S,  .

4 .  Onrunra,rbHoe Koi luposaHhe MK .

5.  PacnpegeJreHue KoloB MK s n3Y.
6.  @opunpoBaHHe CE@ Nr lO.

7. Cnsre: ,roruqecxoii COMO anrol,rara S1 .
Mero,xur petrleHlrr :anaq 1 - 3 u 6.7 aua-loruqHbr N{eroral\4 ,qnr perxeHnr 3a,qalr 1- 5 npu

cHHTe3e KMyy U1.3ala. ra 4 onrurranuHofo Ko. t r {poBaHur r \ rHoxecrBa MK Y npr . {  NruHHNra,rsuoi l

r n n H e K o r q H p v r c r u e l o c . q o B a Z : l l o g l T I c o c r o u T  B n p n c B o e H u n  Y , e  Y  ^ l B o h l r H o r o K o l a
K(Y,)  raxnn o6pa:or , r .  qro6ur CBO Y,( t )  QoprvrupoeaHnq MO Y, ,eY (n-0.  . . . .  N)  uue;a 5sr
uau6o,ree nparuaiiruyro AHO. no,ryueuuoii npH ,rrc6ou ApyroNr Ko.qHpoBaHHu MK. 3ro no:eo,rzr
pea!'rr{3oBarr COMO KMyy U2 e 6asHce ll,[M c MHHHMzLTbHbTM rlncroNr EI4C .

B pe:v,rurare peanLr3auur.r KMVV Anr pflAa fCA pea-lrHoii c,roxuocrn Ha craHAaprHbrx
llr lM 6u,ro orrpeAeneHo, qro onrr.rMzL'rbHoe Ko,qrzpoBaHr,re MK qe,recoo6pa:uo, ec,ru

(3)Yz
Y:
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T.e. Kor.qa ocHoBHbre 3arparbr o6opy'rronauur cBfl3aHbr c rrhcJ'roNI TepMoB s l [{@ CEO MO.

C,re,qosare,TbHo. B 3ToN{ cMbrc,re N,r lrrHNrH:laur4fl  Lrncna El4C npH peanH3auHU COMO rra f l IM

cBoruTbcr  K  MHHHMH3auHH qr lcJ ' ra  repMoB e  CE@ MO y '  c  Y .

3ra :aAaqa rBrqercf i  pa3HoBrlgHocrbro 3aAaLrH o HaxoxAeHHH KparLlafrruefi  AHO, To ecrb

NHO c MHHr4MuL.rbHo Bo3N,roxHbrM qHcr'roN,r repMoB, H N,rox(er 6urrs perueHa c Hcrlo"qb3oBaHUeM

anfopr.rrMa 3KoHoN{HrrHofo KoAHpoeaHrEr [ 3 ] .

Puc. 3. TpexyposueBas crp,vKrl 'pa KMVV U2

i l ls frpr4N{epa v3 ra6.lHur,r rroKaiKe\r. KaK \rHo)riecrBo MK Y { Y,. ... . Ys }
Ko,qHpyercr  orr r l4Nta-rbHbr\ r  N,rHo)I iecrBo\r  Ko. foB K:  I  k(  Y r ) , . . . .k(  Yr  )  ]  pa:parHocrn l t t :3  no

MeroA) '  n :  [3 ] .
1.  Ha ocHoBaHHH aHa,. ru3a \ rHor iecrBa MK Y i foprrupyercr  coBoK) 'nHocru K -

M H o ; K e c r B  K : { k 0 , . . . , k 1 } . r i a x . t o e u 3 K o r o p b r x  c o o r B e r c r B y e r  M O  y " : { } ' 0 . . . . , y +  }  L 1

orrpeAenrercr reN{H MK Yt - { Y, . ... . Ys I.:.rq Koropbr\ \ ' ,, Yt. MO H3 np}.tN,Iepa ropo)KAarcr

cne,lyrouHe K - MFIoNecrea :
K o  :  {  Y , .  Y i . Y . . Y -  } : K r  = f  Y : . Y r . Y s | ,  K r  { Y ,  l
K:  {  Y ' .  Y, .  Y: .  Y, , .  Y-  }  :  Kr  I  Y, .Y: .  Yo.  Y,  }

2.  @opuupy'ercr  cr rHCoK P1 e3eeLUeuHbrx nap MK. f lapa MK(Yi ,  Y,  )  exogr l r  B cr tHcoK

P1, ec.itu 3Ta napa BKJrroqeHa rorq 6rr B o.fHo K - nruoxecreo. Bec tlapbr paBeH uzc"uy K -

MHO)r(eCTB, BKnrcqarOUIHX ee.

P1 :  {  (Y:  .Y:  )2,  (Yr  ,Y5 )2.  (Y2 ,Y,  )3,  (Y:  ,Y:  ) ,  (Y:  ,Yt  )2.  (Yt  ,Y '  ) ,  (Y:  ,Yt  ) ,
(Y , ,Ys  ) ,  (Y ,  ,Y : ) ,  (Y r  ,Y r  ) .  (Y r  ,Yo  )2 ,  (Yu  ,Y t )2 ,  (Y ,  ,Y ,  ) 2 ,  (Y , ,Yu  )2 ,  (Y : ,  Yo  )  ) .

3 . C r p o u r c r  M a r p H u a  - c r p o K a  D i  -  d  l l  ( i = 0 , . . . . 1 ) .  e  r c o r o p o f i  K o . q b r  M K

npercraBnqrorcr coorBercrByrouIHMH recflTlrLIHbrMH qHcrar\'{H or 0 ,co 1 . ?ra 3a.1aLta

CTIAMK

K(Y,)



3aK,'froqaercs B ToM. qro6br Hair'tt4 Mecro Ka)K.qoii MK e crpolie D c vqeroNr cnucxa Pl

B3BeueHHbrx )Ke,qaeNrbrx cocercrB ( nap ) MK.

Ilo,lpo6Hoe oflr.rcaHne zLrrropaTi\ 'ra rrpHBeAeHo B [3] !rr paccvrarpnBaeMoro npnr\4epa
0 1 2 . 3 4 5 6 1

D o :  (  Y :  , Y ;  , Y r  , Y o , Y :  , Y  s , Y s , Y +  )  .
f loc,re rlepey[oprAolreHnq 3neN{eHToB e D c coxpaHeHHeM paHee [ocrpoeHHofo

pa:6neuur tlonyqHM
0 1 2 3 4 5 6 1

D r  :  (  Y : , Y i  , Y o , Y r  , Y s , Y : , Y s , Y 4  )  .
4. Ha ocHoeaHuH D rtorrvrtnNr KoAupyroqyro ra6,rrzUv MK

5. K - rrHoxecrBa peaxH3)rorcr c.-1e.1)'rouu\rH Ko.laNrH :

K o :  + 0 x ,  K r :  * * 0 .  K r :  l l 1 .  K r :  * x 1  V  0 * 0 .  K + : 0 x * .

C,re.qoeare",rrHo. CE@ MO npn Hcnorrb3oBaHHH orrru\ra:rbHbrx Ko.qoB MK Hiueer eur:

) ' o  T : ,  Y r  T r ,  ) ' :  T 1 - ! r f . q ;  ) ' :  t r  V  t t t : .  ) ' +  r 1

( ) )

f lpu peanu3auuu CBO MO (  5 )  Ha nIM( 3.5.3 )  norpe6r ' rcrcr  see I I IM.  ra6nvua

npo[pa\{ \.r HpoBaH Hf KoTopbrx }.r 1\,reeT c.qe.qyrc u lH ir e HJ

! l

0

0
I

- -
I- l

- l

t l
I- l

0

1
I

_

J

I

.l
NJIMI

tlJ'lM2

Kax4an u3 rpeAnox(eHHblx crpyKr)'p KMYV uN,{eer cBoH AocroHHcrBa H He.locrarKu.

IIp" nu6ope Nrerora peuurH3arrHlr KMyy c-rer)'er pyKoBoitcrBoBarbc.q orpe,qeneHHbrM

KpHTepheN,r onrr4r\rh3auuH. E,c,ru Heo6xoJa\ro o6ecnequrs MaKcHN{a,qbHoe 6urc-rpoleiicrBue

KMyy u Z > s npn ms)n1, uenecoo6pa3Ho Hcrto.qb3oBarb crpyKrypy U0 c vHl{rapHbtN'l

Ko.qupoBaHhenr MK, uuaqe -  U1.
Ec;ru xpnrepueM onrr.{N,ra-rbHocrn rB..rqro-rcfl ]\rHHHi\,rzt, 'rbHbre anrapar]'pHbre 3arparbr.To :

I ) ec,ru
2) ectu
3) ecrn

Z>  s ' )&  (  m  <  s  ) .  pea " lH : r ' e l cq  U0  :
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