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BBE/'IEHit!F 

B p<JooTCJ II Gb!n nposeAeH cpaBHI1TenbHblill aHanl13 6b!CTPOAeillcT
syiOli\11X YM110)1(11TCnei:1, C03AaHHbiX Ha OCHOBe CYMMaTOpOB 4aCTI14HbiX 
npOI13BCACHI1i:1. noKa3aHO, 4TO nony4aeMaR Ha npaKTI1K8 CKOpOCTb 
YMHomeH11R ABYX n-pa3pRAH~X COMHOmi1Tenei:1 HaMHOiO M8HbWe CKO
POCTI1 c.nomeHI1R. Hanpi1Mep, np~ n"' 16 BpeMR CYMMI1pOBaHI1R CYMMa
TOp a CO CKB03HbiM nepeHOCOM pa BHO 2 ( 2f log 4 16 l * + 1) '= 10 8AI-1H~LI 

3aAcpmcK, a BP8MR 3aAepmKH YMHOmMTenR, peanM3YCMOiO no MeTOAY 

"Aepesa" Yonneca- 4flog3 ;2 1;l+2(2flog4 (16x2)l+1)+1~39 8A11H~L1 11 1. 

3TO OGbRCHReTCR nonomeHI1CM 5peHHaHal2/ 0 TOM, 4TO n106oe npeA
CTasnCHMe 4HCna n03BOnReT AOCTMrHyTb MaKC11ManbHO!Ii CKOPOCTI1 
TOnbKO AnR onepaLIM~ OAHOro BI1Aa. TaK, ABOI14HOe npCACTasneHMe 
411cen YA06Ho TOnbKO AnR cnomeHI1R. norapH~MH4ecKaR me nMHeii!Ka, 
C03AaHHaR Ha OCHOBC norapM~MI14eCKOiO npeACTasneHHR 4MCen, MQ
meT TOnbKO YMHOmi1Tb, HO He cnomi1Tb. 

PaccMaTpl1saeMbli1 s HacTORll\eill pa6oTe MeTOA Ta6nH4Horo noMc
Ka, peanH30BaHH~~ Ha OCHOBe nOCTORHH~X 3anOMHHaiOli\HX YCTpOii!CTB 
/n3Y I I ~. 41, AaeT B03MOlKHOCTb nony4eHI1R OA11HaKosoill cKopoCTI1 KaK 
AnR onepalii1H cnomeHHR H YMHomeHI1R, TaK ~ AnR APYri1X. 

PeweHHe 3aAa4H nos~weHI1R 6~CTPOAeillcTBHR cxeM KOM6HHaL1110H
Horo Yt~HOm8H11R OCYll\eCTBnReTCR no ABYM HanpasneHI1RM: C03AaHI1e 
MHOlKeCTB OAHOPOAH~X 3neMeHTOB, o6pa3yl0li\11X perynRpHyiO CeTbl5-9l 
/4aCTO Ha3biBaeTCR 11TepaTI1BHOH MaTPMLICH/, 11 reHepalii1R- CB8Ae
H11e MaTPI1LI 4aCTI14HbiX npoi13BeAeH11H I 10 -1 21 /ICM4n/ nyTeM ClKaTI1R 
noAnocneAOBaTenbHOCTI1 MaTP11LI C nOMOll\biO nceBAOCYMMI1POBaHI1R 
/cyMMI1posaHMR 6e3 nepeHoca/. CxcMa ICM4n, no cyT~ Aena, RBnR

eTcR MOA~~I1Kall~ew APesoB~AHoro MeToAa II, 131. CxeM~ 11TepaTI1s
H~x MBTP~LI, 6YAY4~ npi1BneKaTenbH~MI1 KOMnaKTHOCTbiO 11 OAHO
TI1nHOCTbiO /perynRpHOCTbiO/ OCHOBHOH 4en11, o6naAaiOT TeM HeAO
CTaTKOM, 4TO 11X 3aA8PlKKa ni1H8HHO B03pacTaeT C An~HO!Ii onepaHAa 
H AOsonbHO sen11Ka AnR 6onbWI-1X enos /eM. Ta6n. ljl91. 

B 3TOM OTHOWeH~I1 cxeMa ICM4n 11MeeT 3Ha411TenbHoe npei1MYll\eCT
so, oco6eHHO AnR 6onbw~x onepaHAOB, nocKOnbKy ee 3BAepmKa yse
ni1411BaeTCR nponOPL.1110HanbHO TOnbKO norap11~MY AnHH~ onepaHAOsi1V. 
Cyll\eCTBOBaH11e 11HTerpamHbiX CX8M/SN74S274-74S27lJI l5I,SN74284-74285/ 15/; 
n3Y 256x4, 256'<:8, ... I no3BOnReT C03AaTb 4BCTI1YHbiC npOH3BeAeH~R 

* r Dl - HaHM8Hbwee 1uc "-<VJ<-JJu, KUlupue uonbwe 11n11 pasHO D. . ··~ 
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L(nHHa 
orrepaH,o;a 

8x8 
12xl2 
16xl6 
24x24 

Ta6mu-1a I 

Kon-Bo BpeMH 
MHKpocxeM sa,o;ep~

KH /He/ 

8 150 
18 260 
32 350 
72 550 

H3 onepaHAOB, KOTOpWe HMe~T 

ArrHHY 6onbwe OAHoro 6HTa. Tor
Aa YMHamHTerrH THna ICM4n MoryT 
KOHKYPHPOBaTb CO CXeMO~ HTe
paTHBHWX MaTPH4 B KOMnaKTHO
CTH. HHme paccMoTpeHw npHH4Hn 
nOCTpOeHHR CXeM YMHOmeHHR 
rCM4n c 60JibWOH AJIHHO~ onepaH-
AOB H B03MO~HOCTH pearrH3a4HH 
TaKHX CXeM. 

1. CXEMA IEHEPAU~~-CBEAEH~R MATP~U 4ACT~4H~X nP0~3BEAEH~R 

TpaAH4HOHHaR $OpMa CXeM fCM4n CTpOHTCR Ha OCHOBe 3JieMeHTap
HbiX yMHOY.<HTene~ /3Y I mx m "' 1x 1 /MeTOA "gepesa" Yonneca /! 3/ /. 
npH 3TOM BWCOTa i -cTorr64a MaTPH4W 4aCTH4HWX npOH3BeAeHH~ 
ABYX n -paspRAHbiX 4HCerr /eM. pHC. 1, rAe Kamgoe 4aCTH4HOe npo
H3BegeHHe npegcTaBrrReTCR T04KOH/ pasHa 

{ 

i+ 1 
h· "' 1 

2n-1-i npH 

npH i"" O,l, ... ,n-1, 

/1/ i = n, ... , 2n-2, 

max (hi ) = H = n • 

YcKopeHHe gocTHraeTCR 6narogapR HcnonbsosaHH~ 3Y c m > 1. Ha 
pMC. 2 noKa3aHa npaBaR 4aCTb CHMMeTpH4HO~ MaTPH4bl 4aCTH4HbiX 
npOH3BegeHH~ CXeMbl YMHOmeHHR ABYX n -paspRgHbiX onepaHgOB nx n 
c 3Y mxm, npH4eM n KpaTHO m (-~ .. K). Torga BbiCOTa i -cTOJI64a 

m 

2n-2 2n-2-i n-I i 2 I 0 
T 
• 

2 

T T 
• • • • • • • • • • • • I 
• • • • • • • • • • 2 

• • • • • • • • • 3 

• • • • • • • hi,h2n-2-i 

• • • 
• • • 

• H 

PHc. I. MaTPHI..\a ti~CTHtiHhiX rrpoHsBegeHHH cxeMbi yMHo~eHHH 
C 3ITeMeHTapHbWH YMHO~TeiTHMH lxl, 

0 

I 

2 

p 

P-I 

p 

n-I i 2 I 0 

-m-
-m-

-m-
- m- n -----------------

n 
(n-Im) 

(n-2m)2 • 

(n-pm)2 

(n-(P-I)m)2 

(n-Pm)2 

PHC, 2, IlpaBafl tiaCTh CHMMeTpHtiHOH MaTPHI..\bl tiaCTH'lHbiX 
rrpoH3BegeHHH cxeMbi YMHO~eHHli nx n c sneMeHTapHbiMH 
YMHO~HTeiTHMH m X m , 

MaTPH4bl pasHa 

i j * 
{

1+2lm 
hi = .2n-1-i j 

1+2L-m-

npH i.::: n -1 , 

npH i>·n-1. 

/2/ 

BHAHO, 4TO 4Hcno cnaraeMwx p-napw cTpOK /cocTOR~HX H3 OAHHa
KOBoro 4HCrra cnaraeMbiX/ ecTb (n-pm) 2. 3Ha4eHHe Pmax"'p /HoMep 
nocnegHe~ napw cTpoK/ onpegenReTCR ycnosHeM 

n- Pm "'m , 
n-m 

P= --·"' K -1, m 

OTKYAa MaKCHMaJ1bHaR BWCOTa MaTpM4W eCTb 

H - 1 + 2P .. 2K -1. 

KoJ1M4eCTBO cnaraeMwx MaTpH4W pasHa 

N/2 .. n + (n-1m) 2 +(n -2m) 2 + ... + (n-pm) 2+ ... + (n-Pm) 2 .. 

p 

= n + 2nP - 2m 1 p • 
p 

~3 /3/ H }; p = ! (P+ 1) cneAyeT 
1 2 

/3/ 

/4/ 

*lDj - HaM60JibWee 4erroe 4MCJ10, KOTOpoe MeHbWe MJIM paBHO D. 
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N/2o: n + 2n (K-1)- n (K-1) ""nK 
1-'lnl-1 

N=:2nKoo2n2 /m. 

TaKI-1M o6pa3oM, np1-1 m>l I-1MeeM Ko3¢¢1-1~1-1eHT coKpa~eHI-1R 41-'lcen 
4aCTI-14HWX npOI-13BeAeHI-1~: 

TJ 
N(m=l) n 2 

"N"(;;;">T)' "' 2n 2 I m --' 2 

m 

/51 

/6! 

nay eMKOCTb~ 256x8 MomeT 6WTb 3anporpaMMI-1POBaHo AnH peanl-1-

3a~l-11-1 Ta6nl-1~bl YMHOmeHI-1H 4x4. npl-1 3TOM ABa onepat~Aa 1-1rpa~T ponb 

8-pa3pRAHWX aApeCHWX BXOAOB 1-1 I-1X 8-pa3pHAHWe npOI-13BeAeHI-1H RB

nR~TCR BbtXOAaMI-1. nay I-1Cnonb3Y~TCR TaKme AnR CBeAeHI-1R MaTpl-1~bl 
4aCTI-14HbiX npOI-13BeAeHI-1~. TaK' Hanpi-1Mep' nay 1Kx 4 MOmeT 6btTb 

3anporpaMMI-1pOBaHO AnR o6pa~eHI-1R K ABYM 5-pa3PRAHWM CTOn6~aM, 
HaXOAR~I-1MCH PHAOM, 1-1 BbtnOnHHTb WYHKL\1-1~ Ta6ni-14HOro 1101-'lCKa CyM

MW. Ha PI-1C.3 noKa3aH npi-1Mep I-1C!lOnb30BaHI-1R naY AnR YMHOmeHI-1H 

12x 12 61-1T. nepBbl~ ypoBeHb Ha PI-1CYHKe COOTBeTCTByeT I-1CnOnb30-

BaHI-110 3Y C m x 4, a nonHaH n 2 -MaTpl-1~a, COOTBeTCTBYIO~aR m .., 1, 
I-1MeeT BWCOTY 12 61-1T 1-1 COAepmi-1T B ce6e BABOe 6onbwe TepMOB 
/eM. !6!/. 

0 fl[J. :I·· lJ .. .,o·o··· . . . . . . . . 
: : : : I 

.lo·o· · . . . . . . . . 

Puc.3. llpnMep Hcrronb30BaHHH ll3Y AnH YMHo~eHHH 
J2xJ2 6HT. 

·J 

06o6~eHHwe C4eT41-1KI-1. ~aAAa/ID/ssen noHRTI-1e (c.~ -c4eT41-1Ka 

KaK KOM61-1Ha~I-10HHO~ CXeMbl, KOTOpaH nony4aeT Ha BXOAaX C 61-1T 

OAHOrO seca /pa3PHAa/ 1-1 ¢opMI-1PYeT Ha BWXOAax d -pa3pRAHYIO 
CYMMy. aHa4eHI-1e BWXOAa C4eT41-1Ka eCTb 

c-1 

v = i~ bj • /7a/ 

rAe b i- 3Ha4eH!-1e i -61-1Ta BXOAHO~ KOM61-1Ha~1-111; V - 3Ha4eHJ.1e 
d -pa3pRAHoro BbiXOAa. 

4 

(7,3) 

(5,5,4) 

(3,2) (2,2,2,3,5) (3,3,3,3,6) 

D r:-:---!:1 
~ 

Puc.4. 06o6~eHHwe cqeTqHKH rrpu d. 2+6. 

(7,3) 

(3,2) 

DDDDD L:JL.:JL:JL.:JL.:..._ 

(2,2,2,3,5) 

(5,5,4) 

DD·o·o· ...... . . . . . . . . . . . . . . . . . . 

(3,3,3,3,6) 

DD···u··· ........ 
. . . . . . . . [JD···o··· . . . . . . . . 

. ...... . 

Puc ._2. 3<i><iJeKT llPHMeHeHHH cqeTqHKoB K Ha6opaM BXOAHbiX 
KOJlOHOK MaTpllUbl qaCTHqHbiX rrpOH3BeAeHHH, 
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4Heno BWXOAHWX pa3pRgOB d gonmHO 6WTb TaKHM, 4T06~ 
d 

2 -1 ~'c. /8a/ 

06o6~eHH~M e4eT4HKOM AagAa/ffi/Haa~saeTeR e4eTYHK, KoTop~~ 
nonyYaeT Ha sxogax HeeKOJlbKO KonoHOK (k) noenegosaTeJlbHWX 
ABOHYHbiX pa3pRAOB (c) H ¢opMHpyeT HX d -pa3PRAHYIO eyMMY. Ta
KO~ e4eTYHK 0603Ha4aeTeR KaK ( Ck_ 1, Ck_2 , ... , CO , d), 3Ha4eHHe Bbi

XOga e4eTYHKa paBHO 
k-1 C• -1 

v "" }; :£ bl·J· 2i • /76/ 
i..O j,.() 

rge bij - 3Ha4eHHe j -6HTa s i -KonoHKe. Ha d HaKnagbiBaeTeR 

orpaHHYeHHe, aHanorHYHOe /8a/: 
k-1 

d . 
2 -1 ~ i~ Cj 2

1 
• /86/ 

npHMepbl TaKHX e4eTYHKOB npH d = 2 +6 noKa3aHbl Ha pHe. 4. 06-
BegeHHble paMKm1 TOYKH o603HaYaiOT BXOAHble KOJlOHKH. Bee nOKa3aH
Hble Ha pHe.4 eYeTYHKH /sa HeKJliOYeHHeM eYeT4HKa /3,3,3,3,6// 
o6eeneYHBaiOT nOJlHOe HenOJ1b30BaHHe pa3pRgHOeTH BbiXOAHOrO eJlOBa. 

3¢¢eKT npHMeHeHHR eYeTYHKOB K Ha6opaM BXOAH~X KOJ10HOK HJl
JliOeTpHpyeTeR Ha pHe.5. KamgaR gHarpaMMa noKaa~saeT sxogHyiO 
KOH$Hrypal\HIO eYe~B, pe3yJ1bTaTbl ge~eTBH~ eqeT4HKOB H 3KBH
saneHTHOe KOHeYHOe npegeTasneHHe 3THX pe3yJ1bTaTOB. BHAHO, YTO 
noenegoBaTeJlbHOeTb eYeTYHKOB /7,3/ MOmeT eseeTH MaTPHL\Y B~eo
TO~ 7 eTpOK K TpexeTpOYHO~, a noenegosaTeJlbHOeTb eYeTYHKOB 
/5,5,4/ eBOAHT MaTPHL\Y H3 nRTH eTpOK K gsyxeTp04HO~. B o6~eM 
enyYae YHeno eTpOK 'S BbiXOAHO~ MaTpHL\bl paBHReTeR r {- l· 

PerynRpH~e e4eTYHKH, see BXOAHWe KOJlOHKH KOTOp~X HMeiOT 
paBHYIO B~eoTy, HaH6onee none3HW npH esegeHHH perynRpHO~ YaeTH 
MaTpHL\~ YaeTH4H~X npOH3BegeHH~. nyeTb HMeiOTeR perynRpH~e eYeT-
4HKH, Ha BXOAbl KOTOpbiX noeTynaeT MaTpHL\a, eOeTOR~aR H3 k KOJlO

HOK H r eTpOK, TO eeTb r "' Ck-l "'Ck-Z , ... "' Co , 0603HaYHM ye
pe3 Vr MaKeHMaJlbHOe 3Ha4eHHe BXOAHO~ eTpOKH e4eT4HKa, a 4e
pe3 vo - MaKeHMaJlbHOe 3Ha4eHHe pesynbTaTa, Torga v r .. 2 k -1 

d 2 d 1 
H Vo =2 -1. 04eBHAHO, 4TO v

0 
>'rv , OTKyga r.< __ ;_, EenV1 d 
- r -· 2K-1 

n 

He KpaTHO k, TO B~XOgHaR MaTpHL\a eogepmV1T HeKOTOpWe npo6en~; 
TaKaR MaTpV1L\a, HanpHMep, BWXOgHaR MaTpV1L\a e4eT4V1Ka /3,3,3,3,6/, 
Haa~s~eTeR HeperynRpHo~. OnTHManbH~M RBJlReTeR perynRpH~~ e4eT- f 
4HK, KOTOp~~ ¢opMHpyeT peryJlRPHYIO B~XOAHYIO MaTPHL\Y· 3TO goeTV1- • 
raeTeR, eeJ1V1 d KpaTHO k, TO eeTb d ,.·sk. npV1 3TOM 

2d-1 2sk_1 (s-Ilk (s-2)k • 
r = k-- = -r--· "" 2 + 2 + ... + 1 • I 

2 -1 2 -1 

6 

B Ta6n.2 npegeTasneH~ xapaKTepHeTHKH onTHManbH~x e4eT4V1KOB 
AI1R Ma~Ha4eHH~ ·s,k. B HaeToR~ee speMR peanV~ayiOTeR e4eTYV1-
KV1 /3,2/, /7,3/, /5,5,4/ VI, B03MOmHo, /15,4/. BenV14HHa r 6~eT
po paeTeT npH sospacTaHV1V1 ·s HJ1V1 k, TaK YTO peanH3al\V1R c4efYV1-
Kos, OTJ1H4HWX OT s~wenepeYHeneHH~x, Hel\eneeoo6paaHa. 

Ta6rr11~a 2 

0ITTJ1MaJibHbie peryJIHpHble C'l!eT'l!HKH Ha OCHOBe Il3Y 

Bxop; BbiXO)J; KoH¢Hrypa~HH TI3Y 
CJIOBO X 6HT 

KorroHKH CTpOKH KorroHKH CTpOKH 

(k) (r) (d) (s) 

1 3 2 2 2 3 x2 * 

2 5 4 - 21°x4* 

3 9 6 - 2 27 x6 

I 7 3 3 27 x3* 

2 21 6 - 242 x6 

15 4 4 z 15x4* 

31 5 5 z31 x5 

* C'l!eTqHKH pearrH3Y!OTCH. 

4Hcno yposHe~ csegeHHR. Ha~geM 4Heno yposHe~, Heo6xogHMoe 
AJ1R esegeHHR B~COT~ MaTPHL\W YaeTHYHWX npOH3BegeHH~ K'S CTpOKaM. 
0603Ha4HM MaKCHMaJlbHYIO BbiCOTY e -yposHeBO~ MaTPHL\bl 4epe3 He , 
TOrga S RBJlReTCR B~eOTO~ MaTPHL\W, eOOTBeTCTBYIO~e~ noenegHeMy 
L-ypOBHIO(L=fmax). TO eeTbHL=S HHL-l""r. 04eBHAHO /eM.pHe.6/, 
4To, sHaH He, Mbl MomeM onpeAei1V1Tb Hf-1 no ¢opMyne 

H f-I .. r l ~ f j + ( H f ) mod s. 191 

nocnegOBaTeJlbHOCTb MaKCHMaJlbHWX BWeOT,eBOAHMWX C nOMO~biO e4eT-
4HKOB /3,2/ MaTPHL\, eCTb 2,3,4,6,8,11, 16, .. ,Ill; C nOMO!JibiO CYeT-
4HKOB /5,5,4/- 2,5,11 ,26,65, ... H C4eTYHKOB /7,3/- 3,7,15, 

79' .... 
B 06~eM CJ1y4ae nOCJleAOBaTeJlbHOCTb MaKCMMaJlbHWX BWeOT 6ygeT 

HMeTb npHMepHO CJlegyiO~H~ BHg: 

. ·(r) ·(r)2 (r)3 s , s "'8 , s 8 , s 8 - ..... 

no3TOMY 4HCJ10 YPOBHei1' Heo6xogHMOe AJlR CBe,qeHHR H -erp04HO~ 
MaTPHL\W K ·s-cTp04HOA MaTPHL\e, 
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L "' 
H I 

log I (-) · r s ·s /10/ 

$opMyna /10/ RBnReTCR 6onee o6~e~, 4eM COOTBeTCTBy~~aR ¢opMy
na a cny4ae ",qepesa 11 Yonneca. 

H2 

He :r-{0:> : /~ ::··f:H 
(5,5,~). l_jj 

He ~.~~ . . . .. 

:}- ~: : 
JU:}-___ ~ 

(7,3) 

PHc. 6. HaxolK,!l;eHHe nocJiep;oBilTeJibHOCTH MaKcHMaJihHbiX 
BhiCOT, CBO,ll;HMbiX c noMOIIIhiO cqeTqHKOB I 5, 5, 4 I H I 7, 3 I 
MaTpHIJ;. 

AnropHTM cse,qeHHR~ Hcnonb3YR o6o6~eHHWA C4eT4HK Aa,q,qa, aa
Topw pa6oTw/M/npHMO npHMeHHnH 3BpHCTH4eCKHA anrop14TM cae,qe
HHR MaTPI44bl C nOMO~b~ C4eT4HKOB /3,2/, npe,qnomeHHbiA a/10/,H K 
cny4a~ o6o6~eHHWX C4eT4HKOB. 

06o3Ha4HM 4epe3 H 14 T BbiCOTbl MaTPH4bl ,qo H nocne TeKy~ero 
ypOBHR CBe,qeHI4R COOTBeTCTBeHHO, h; ecTb TeKy~aR BWCOTa i -Ko
nOHKH MaTP144W. Anropi4TM cae,qeHHR cne,qy~~HA: 

1 I onpe,qeni4Tb Ha4anbHble 3Ha4eHI4R H, h. : 
a/ ecn14 m = 1 - no ¢opMynaM /i I; 1 

6/ ecn14 m;::2 -no ¢opMynaM /2/, /4/; 

2/ nonomHTb T paBHbiM Hal46onbweMy 4neHy a nocnegosaTenbHOCTI4 
cae,qeHI4H' KOTOpbiA MeHbWe H. TO ecTb T= He npl4 e TaKI4X' 4TO 
He < H M He- I.? H ; 

3/ ecnl4 H=- 2,3aaepwi4Tb npo4ecc. EcnH H>'2, BblnonHI4Tb war 3a 
,qnR i .. 0, ... , 2n-1: 

8 

a/ np14 h; .ST H144ero He npe,qnpi4H14MaTb j np14 hi ~ T BCTp014Tb 
B TOA T04Ke C4eT414K, nepeC4HTaTb BWCOTY KOJlOHOK 14 noBTo
P14Tb 3a ; 

6/ nepec4eT BWCOT KOnOHOK BWnOJlHReTCR no ¢0pMynaM 

hi+j "' 
{ 

max[ T, (hi+j - c i + 1)] 

hi+j + 1 

np14 

npH 

j = 0,1, .. , k-1, 

j .. k, ... ,d-1. 

J; 
r 

.) 

4/ nonmxi4Tb H= T 14 T paBHbiM cne,qy~~eMy 4JleHy nocne,qoaaTenbHo
CTI4 CBe,qeHHR /9/: 

T = s l _! J + ( T) mod r 
l' 

5/ nepeATH K wary 3. 

Ha pl4c.7 noKa3aH npi4Mep cae,qeHI4R npoi43Be,qeHI4R 32-pa3pR,qHwx 
COMH0}1(14TeJleC1 npl4 ffi== 4 14 14Cnonb30BaHHI4 C4eT414KOB /5,5,4/ BMec
Te c /3,2/. Ha4anbHaR MaTP144a 14MeeT 15 cTpoK, 14 nocne,qoaaTenb
HOCTb CBe,qeHI4R CYTb 6,3,2. 

.... 9]=ltTlT r n==1 =1 =r=1 :1 =1 TTT=l TT=PJ====·· .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . " ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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PHc. 7. Csep;eHHe MaTpHIJ;bi <Iac"TH'!Hb!X npoHsBep;eHHH ,ll;JI.H 
YMHOJKeHH.H p;ByX 32-pa3p.H,!J;Hb!X COMHOJKHTeJieH C HCTIOJib
SOBaHHeM C'leT'lHKOB /5,5,41 BHeCTe C /3,21, 

MeTo,q coKpa~eH14R 4Hcna H4eeK C4eT414KOB (ck ,d). 6naro,qapH 
CBOC1CTBy nepecTaHOB04HOCTH CYMMI4pOBaHHR MOmHO yMeHbWHTb 4~CJ10 
ni4WHI4X R4eeK c4eT4~KOB (ck ,d). Hanpi4Mep, 2 MomeT npe,qcTaanRTb 
co6o~ OAHY 143 cneAYID~HX 5 CYMM: 10 = 1+1+0+0==1+0+1+0==1+0+0+17 
0+1+1+0=0+1+0+1==0+0+1+1. TaKI4M o6pa3oM, s 3TOM cny4ae MomHo 
OCTaBI4Tb OAHY CyMMy 14 TeM CaMWM COKpaTI4Tb /5-l/, TO eCTb 4 
Jli4WHI4e H4e~KI4. 

B pa6oTe/l7/ pa3B14T MeTOA CYMMI4pOBaH14R Ha 6a3e nporpaMMHpye
MO~ norl44ecKoA MaTP144W /nflM/. Ha pl4c.8 noKa3aH c4eT414K /7,3/, 
co3,qaHHbiA no 3TOMy MeTo,qy. 3a,qep>I<Ka cxeMbl cocTOHT 143 3a,qepmeK 
3 aeHTI4neA 4-pa3pR,qHoro AeWI4¢paTopa, aeHT~JlR HflH, 3anoMI4HaiD~eA 
R4eAK14 14 awxo,qHoro aeHT~nR HflH, 4TO npi46Jli4314TenbHO paeHo 3a
,qepmKe C4eT414Ka /7,3/ Ha 6a3e n3Y. B TO me speMR 414CJ10 Heo6-
XO,qHMWX R4eeK yMeHbWaeTCR AO 5x12=60, a np14 HCnOnb30BaHI4H n3Y 
3TO 414Cno paaHo 27 x3==384. TaKI4M o6pa3oM, C4eT414K /7,3/, npe,q
CTaanR~~14A co6oA MO,q14$HKa4~~ CyMMaTopa Ha OCHOBe nnM, ,qaeT 
3Ha414T8JlbHWA BWI4rpww B MO~HOCTI4 pacceRHI4R. 
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Y- .QEWl-1¢PATOP 

Puc.B._ CtieT'!HK /7,3/, cosgaHHbiH Ha ocHoBe rrporpaMMH
pyeMoti JIOrHtieCKOH Ma TpH~bl. 

2. lltTBEPTbKB/\APAH14Hbl~ YMHOl:U1TEJ1b 

Y'?. 

r., 

V'o 

Jl11.n YHHomeHMR nx m npf1 !-1cnonb30BaHI-11-1 MeTo,qa Ta6nw~Horo no-
11CKa Hi'l 6aae n3Y He06XO}:I~1MOC 41-1CJ10 R4eeK naMlHI1 pa3HO 2(nl-nxh+m), 
Heo6xoA~MOCTb Hcnonb3oBaHHR TaKoro 6onbworo 4Mcna R4eeK naMR
n1 06"bRCHflCTCfl TeM, <no OAHO 11 TO lK€ np0113BeAeHHe MOlt<eT 3ano
MHHaTbCR 0 paSH~X R4eAKaX. HanpHMep, 6 MOmeT 3anOMHHaTbCA S 

4 paaH~x n4eAKax KaK 2x3, 3x2, 1x6 H 6x1. Mo~Ho 3Hi34HTenbHO 
COKpaTHTb KOJ1H4CCTBO HCnOJ1b3yeM~i A4CCK naMRTI-1 npM nOMO~M Me
TOAa aHanoroooro YMHomeHHn, s 4acTHOCTH, cnoco6a 4eTsepTbKBaA
paTH4Horo YMHOmCHM~: 

10 

(: 
( I 

II 

; 

t 
i 

/~·· 
\ ~. 

T. 

) 

X 
1 2 2 ; 

Y = 4 I ( X+ Y ) - ( X_ y) l 18, 19 ( 

HaAO cKasaTb, 4TO cy~ecTBY~T H APYrHe 
YMHOMCHHR. TaK, HanpHMep, 

HJ1H 

XY .. ~I(X+Y)2-x2_y2l/20/ 
2 

XY 
In X+ ln Y /21/ .. e 

/11/ 

sapHaHT~ aHanorosofo 

/12/ 

B sapHaHTe /12/ Tpe6yeTCR Ha OAHH KBi3APi3T 60J1bWe, 4CM B sa
pHaHTe /11/. EcnH nposecTH cpasHHTenbH~A aHanH3 no saTpaTaM 
Ha 060PYAOBaHHe, speMeHH H T04HOCTH B~4HCJ1eHHR /04eHKa T04HO
CTH B~4HCJ1eHHA npOBOAHTCH no cpeAHeKBaApaTH4HOA OWH6Ke a· /, 
TO OKa3~BaeTCH, 4TO OnTHMaJ1bH~M HBJ1ReTCH BapHaHT /11/. Ha 
PHC.9 npHBeAeHa $YHK4HOHi3J1bHaH CXeMa 4eTsepTbKBaApaTH4HOro 
YMHOMHTenH I AJ1R X , Y > 0 H X>-. Y I. BxoAHble apryMeHTbl X H Y 
nocTyna~T Ha ABa cyMMaTopa SM1 H 'SM2. ,l\nR nony4eHHH cyMMbl 
[X+(-Y)] Heo6xoAHMo apryMeHT Y noAaTb Ha BXOA cyMMaTopa SM2 
B AOnOJ1HHTCJ1bHOM KOAe. no3TOMY Y CHa4ana nocTynaeT Ha rpynny 
BXOAH~X HHBepTOpOB H B MJ1aAWHA pa3PHA CyMMaTopa nOAaCTCR 1. 
C B~XOAOM CyMMaTOpOB CHHMa~TCH TOJ1bKO CTapwHe D-1 pa3PHA~ -
TaK ocy~eCTBJ1ReTCR np04ecc AeneHHR CYMM (X+Y) H(X+(-Y)] Ha 
ABa. ,Qanee, n3Y1 nocne cyMMaTopos HcnonbSYeTcH AJ1H nony4eHHH 

X+Y 2 X y 2 
( --) H n3Y2 AaeT AOnOJ1HHTeJ1bHbiA KOA ( --=- ) . no cpaBHeHH~ 

2 2 
C MeTOAOM npoCTOro Ta6J1H4HOrO nOHCKa MeTOA 4eTBepTbKBaApaTH4-
HOrO yMHOMeHHH Ai3eT K03$$H4HeHT COKpa~eHHH 4HCJ1a HCnOJ1b3yeM~X 

H4eeK naMRTH: 
2n 

N 1 2 x2n 
c - --------------· = --N';·- 2~2n+2n x2 (n-1) 

~L 
3- .1. n 

/13/ 

rAe Nt 'Nz - 4HCJ1a HCnOJ1b3yeM~X H4eeK n3Y no MeTOAaM npocToro 
Ta6J1H4HOrO nOHCKa H 4eTBepTbKBaApaTH4HOrO COOTBeTCTBeHHO. Ha
npHMep, npH n= 8 MeTOA npocToro Ta6nH4Horo noHcKa Tpe6yeT 
n3Y eMKOCTb~ 64Kx16 pa3PHAOB, a MeTOA 4eTBepTbKBaApaTH4HOro 
YMHOX<eHHH Tpe6yeT 512x16 pasp. + 256x14 pasp. H C:::87.,[\J1H YMHo
meHHR ABYX 4HCeJ1 B AOnOJ1HHTeJ1bH~X KOAaX Tpe6yeTCR e~e OAHH pas-

PHc.9. ¢yHK~HOHaJibHan cxeMa 

tieTBepTbKBagpaTHtiHOrO YMHO~

TeJIH, 

(XYlzn 
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PRA AnR sanoM~HaH~R SHaKa oTp~~aTenbHWX 4~cen. B 3TOM cny4ae 

c .. 22nx2n n-2 
_2;-2-;.;r;2~--- = 2 

np~MeHeH~e 4eTBepTbKBaApaT~4HWX YMHOm~TeneR B Ka4eCTBe 
3Y 4x4 B CXeMe rCMn4 TOme AaeT SHa4~TenbHY~ 3KOHOM~~ R4eeK 
naMRT~. Hanp~Mep, np~ n"" 24 Tpe6y~TCR 72 n3Y eMKOCTb~ 32x8 
BMeCTO 36 n3Y eMKOCTb~ 256x8, TO eCTb B 4 pasa MeHbWe, 4eM 
s cny4ae, KOrAa ~cnonbSY~TCR o6w4Hwe cxeMw Ta6n~4Horo no~cKa. 
0AHaKo Ko speMeH~ saAepmK~ A06asnR~TCR saAepmK~ cxeMw cnome
H~R ~ CXeMbl nony4eH~R y B AOnOnH~TenbHOM KOAe. 

3. MOHOfl~TH~E YMHOm~TEfl~ 

5narOAapR ycosepweHCTBOBaH~~ anrop~TMOB ~ AOCT~meH~RM TeXHO
nor~~ ~SrOTOBneH~R 5~C B HaCTOR~ee BpeMR COSAaHW MOHOn~THWe 
YMHOm~Ten~, KOTOpble ~Me~T An~HY cnosa AO 24 6~yl23,24l. 8 Ta6n.3 
noKaSaHW XapaKTep~CT~K~ HeKOTOpWX MOHOn~THWX YMHOm~TeneR. 

DWCTPOAeRCTB~e MOHOn~THWX YMHOm~TeneR nem~T B A~anaSOHe 
OT 30 He AnR YMHom~TenR 2x4 AO 800 He AnR YMHom~TeneR 16x16, 
a MO~HOCT~ pacceRH~R - OT 200 MBT AO 5 BT COOTBeTCTBeHHO, 

H~me on~CWBa~TCR OCHOBHWe OC06eHHOCT~ HeKOTOpWX MOHOn~THWX 
YMHOl!<~Tenei1. MoHon~THaR cxeMa AMD25S05/BI RBnReTcR 3neMeH-
TapHoi1 R4eHKOH ~TepaT~BHWX YMHOm~Tenei1. Ha BXOAW TaKOH CXeMW 
noAa~TCR c~rHanbl X. Y + K, rAe K - c~rHanbl OT npeAWAY~ei1 cxeMbl. 
B 3T~x cxeMax pean~sosaH anrop~TM 5yTa. ~nR nocTpoeH~R ~Tepa
T~BHoro YMHOl!<~TenR 16x 16 6~T Tpe6yeTCR 32 CXeMbl :AMD25005, 
s pesynbTaTe saAepmKa YMHom~TenR T .. 150 He. 

CxeMa MMI 675581 241 npeACTasnReT co6oi1 YMHom~Tenb 8x8 6~T, 
~cnonbsy~~~R anrop~TM 5yTa. MoHon~THwi1 yMHOl!<~Tenb 4x4 T~na 
SN74S274 I 151 npeACTaBnReT co6oR n3Y Ta6n~4HOro no~cKa. Co4e
TaH~e cxeM ''Aepesa" Yonneca SN74S275, BblnonHeHHbiX 'Ha i
paspRAHbiX ceK~~Rx c YMHom~TenRM~ SN74S274 , nossonReT cosAaTb 
BbiCOKOCKOpOCTHble yMHOm~Ten~, 

~pyroi1 MOHOn~THWH YMHOm~Tenb 4x4 6~T COCTO~T ~S ABYX M~Kpo
CXeM SN74284 - SN74285 11 5/, nepsaR ~s H~x AaeT 4 MnaAw~x 
paspRAa npo~SBeAeH~R, a BTOpaR - ero 4 CTapW~X paSpRAa. 3TOT 
YMHOm~Tenb, RBnReTCR n3Y Ta6n~4Horo no~cKa. 

<!>~pMa TRW BblnycKaeT PRA yMHom~Tenei1 I 22,23/, He ~Me~~!'! X sos
MOmHOCT~ pacw~peH~R·~ np~MeHReMwx cne~~anbHO AnR ~~¢1posoi1 o6-
pa6oTK~ c~rHanos. 
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Ta6nm.~;a 3 

0co6eHHOCTH MOHOJlHTHbiX YMHO)!(HTeJleH 

MCI0287L 

:::;:: MC 101831 
......_ 
0\ ......_ 

f:r.. 

......_ 
co ......_ 

~ 

......_ 
Lf") 

......_ 
H 
H 

......_ 

"'" N ......_ 
H 

~ 

......_ 
N 
N ......_ 

~ 
H 

......_ 
Lf") 

N ......_ 
u 

~ 

F 100183DC 
9344FM 

AM 2505DC 
AM 25S05DC 
AM 25LSI4DC 
AM 25LS2516DC 

SN 74LS261N 
SN 74284J 
SN 74285J 
SN 74S274N 
SN 74S384N 

67558 
67516 

MPY 8AJ* 
MPY 12AJ* 
MPY 16AJ* 
MPY 24HJ 

TDC 1008J 
TDC 1009J 
TDC IOIOJ 

KoHqm- liHcno 
rypa
IJ;HH • 

lx2 

2x4 

2x8 
2x4 

2x4 
2x4 
lx8 
8x8 

2x4 
4x4 
4x4 
4x4 
lx8 

8x8 
16xl6 

8x8 
12xl2 
16xl6 
24x24 

8x8 
12xl2 
16x16 

BbiBO
,D;OB 

24 

24 
24 

40 

20 

40 

40 
64 
64 

BpeMH 
sap;ep)£(
KH /He/ 

8,5 

II ,0 

2,2 
30,0 

63,0 
37,0 
25,0 
57,0 

42,0 
60,0 
60,0 
95,0 

125,0 
800,0 

130,0 
150,0 
160,0 
200,0 

100,0 
135,0 
155,0 

PacceH-
Tmi BaeMaH 

MOll\
HOCTb 

An~o
PHTM 

3CJJ 
II 

II 

TTJJ 

II 

II 

II 

II 

" 
II 

II 

II 

II 

II 

II 

II 

II 

II 

" 
" 
" 

/BT/ 

0,400 

0,750 

0,880 
0,550 

0,725 

1-fTepa
THBHaH 
MaTpHIJ;a 

-"-

0,935 - 11
-

0,775 
2,000 

0,200 
0,650 I13Y Ta6-
0, 650 JlH<mord 
0,775 IIOHCKa 

0,750 MO,!J;HtiJHIJ;H-
1 , 000 poBaHHbiH 

anropHTM 
ByTa 

1,500 H-BeHTHJlH 
3,800 H cyMMa-
5,000 TOphl C yc-
4, 300 KOpeHHb!M 

I ,600 
3,200 
4,500 

rrepeHOCOM 

* B I 980 r. tiJHpMa TRW BbiiiYCK1l.Jla cepmo HJ MOHOJlHTHbiX YMHO)!(H
Teneii, o6nap;aiDll\YID ell\e 60J1bWHM 6biCTpOp;eifCTBHeM H MeHbWHMH MOll\
HOCTHMH /HarrpHMep, HPY-16HJ HMeeT T 3 -'100 He H P ,..3 BT/. 

B saKn~4eH~e aBTopw swpama~T 6naroAapHOCTb n.K.MaHbRKosy, 
A.n.KpR4Ko, A.H.nap¢1eHosy sa nonesHwe o6cymAeH~R ~ n.r.5y
naesoi1 sa noMO~b np~ o¢1opMneHM~ ·pyKonMcM. 
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TEMATH'IECKHE KATErOPHH llYBIIHKAUHR 

OB'bE,$1HEHHOrO HHCil1TYTA smEPHYX 

HCCJIE.Z.OBAHHR 

HHlleKc TeMaTJIKa 

1. 3KcnepHMeHTanbHaR ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpoHHaR ~3HKa 

4. TeopeTH4ecKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

7. ~3HKa TRMenwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H MHAKOCTeH 
RAepHWMM MeTOAaMM 

15. 3KcnepHMeHTanbHaR ~3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ¢M3HKa 3a~TW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~3H4eCKHX HCCneAOBaHHH 
8 CMeMHWX o6naCTRX HayKH H TeXHHKH 

19. 6HO~H3HKa 

a' 

6acHnaA3e c.r., Kao nat< XbeH 
~~C~POAe~CTBY~He CXeM~ YMHO~eHHR Ha OCHOBe MCTOA~ 
Ta6~H4HOrO ~OMCKa 

13-82-14 7 

PaCCMOTpeH~ YMHO~HTeflH Ha OCHOBP cxeM~ rcH~pa~HH - CBcArH;iR MCTPH~ 
4aCTM4H~X rpOM3BCAeHHH. npHBOAHTCR nOHRTHC 0606~CHHOrO C4(T4HK1, CflY*2~crO 

OCHOBOH anrOPHTMa CBeAeHHR. npeAnaraeTCR cnocoe Cl; KpCl~I " HAil Hf'•JUX 'AHMOrO 
4Hcna R4eeK naMRTH ~yTeM HCnOflb30BaHHR MeTOAJ clHanor"poro YMH().MCHHII. rpH
BOARTCR xapaKTepHCTHK!oi MOHOI'IoiTHbll< YMHO*HTCilCH HCK lTOP~X ldpy(Jc*I!">IX <!>HpM. 
6~CTPOACHCTBY~Ae YMHO*MTeflloi HaXOART WHPOt<Oe npHMC~tCHHC II C ll' ll 1~ · l<CC!:.OpclX, 
HCPOflb3yeMbiX B tjJH3MKe BbiCOKHX 3HeprHH, a raK*C Ll CHC Tf:M<lK 4>~i1Jr•OB •H Cupcl60T
KH CHrHaflOB B peanbHOM BpeMeHH. 

Pi'l60Ta BbtnonHeHa B na6opaTOO)HH BbiCOK•iX 3Hepr HH Cfl~.H 

C~eHHe 06DeAHHeHHOrO HHCTHTyTa RAePH~X MCCOCAOD~~~v.~. nyCHa 1982 

Basiladze S.G., Cao Dac Hier 
Fast Multiplier~ on the Basis of Lookup T1~l~ M~ Lhot 

The parallel multip~icatton sc~e~c 1 0f l~ 
of a 'lat•ix of partial-product terns .He ~on c. t J 
generalized COUPters used for reduction lllC)Or•th 
of reducing the 'lumber of ROM t:.its rqultd 
mu1tipl ication are described. Some- c l<r 
are al~o presented. Fast ~u:tipl iero; ar 
preparation for evert selection ha•dwar 
experiments, as well as for rcd l-tlm~ J 

The in~estiqation ha~ been pcr•orm 
E:'lergies, JINR. 
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