
)J:?SO/,f.lj 

c. r .Bam1.JlaA3e' Kao ,ll,aK XbeH 

CODfilllBHMR 
OfibBAMHBHHOriJ 

MHCTMTYT8 
RABPHbiX 

MCCJIBADB8HMM 

AYfiHa 

o/t-J'.t 
13-82-146 

BYCTPO,ll,EHCTBYIDmHE CXEMY YMHO~EHHH 

HA OCHOBE CYMMATOPOB 
qACTHqHYX OPOH3BE,ll,EHHA 

1982 



BBE.[IEHI'IE 

HacTOH~aH pa6oTa nocsR~eHa paccMoTpeH~~ cnoco6os nocTpoe
H~H 6WCTPOAe~CTBy~~~X YMHOm~Tene~, ~rpa~~~X samHy~ ponb B 
ycTpo~cTsax ~~$poso~ o6pa6oTK~ c~rHanos. KaK noKaawsaeT cTa
T~CT~4ecKaH o6pa6oTKa 6onbworo Kon~4ecTsa pac4eTos, 20-30% 
~3 o6~ero Kon~4ecTsa onepa~~~ np~XOA~TCH Ha YMHo~eH~e. no3-
TOMY COKpa~eH~e speMeHH BWnOnHeH~A YMHOli<eHHA

1 
Aame ~eHo~ yc

nomHeHHH nor~4eCKO~ CX8MW 1 n03BOnAeT cy~eCTBeHHO nOBWCHTb 
06~ee 6WCTPOA6~CTB~e ~H$pOBWX ycTpO~CTB. 3Ha4~TenbHWe ycnex~ 
s C03AaH~H ~HTerpanbHWX cxeM nocTOAHHoro aanoM~Ha~~ero YCTpo~
CTBa /n3Y/ AOCTaT04HO 6onbWO~ eMKOCTH H CO Bee MeHbW~M H MeHb
WHM speMeHeM q~Kna o6pa~eH~A noasonA~T pean~aosaTb MaTeMaTH-
4ecKwe onepaqw~ Ha ocHose MeTOAa Ta6nH4Horo nowcKa. l'lcnonbao
saHwe n3Y s cxeMax qH¢poswx ycTpo~cTs np~sneKaTenbHO cso~M 
6WCTPOAe~CTBHeM, nOCKOnbKY 3a OAHH ~HKn o6pa~eHHA nony4aeTCR 
Hy>:<Hoe peweHHe. 

GnaroAapA TaK~M cxeMaM H 6wCTPOAe~cTBY~~~M aHanoro-q~¢po
BbiM npeo6pa30BaTenRM MOli<HO npOH3BOAHTb ~~~~¢posy~ $HnbTpa~H~ 
Ha nHHHI-1 11 B 3KCnep~M6HTaX 8 $H3HKe BbiCOKHX 3HeprH~ /1·5/, 6biCT
poe npeo6paaosaH~e $ypbe /5n¢/, a TaKme co3AaBaTb cneqHan~a~
posaHHWe ycTpo~CTBa qH¢poso~ o6pa6oTK~ AnA aHanwaa pe4eswx 
~ paAHOnOKaqHOHHbiX CH rHanos 16"121 H T. A. 

npocTe~W~M cnoco60M BWnOnHeHHA YMHOli<CHHR RBnHeTCH M6TOA 
11 CnomeH~H-CABHra". 3TOT MeTOA nocneAOBaTenbHOrO YMHOmeHHR pea
nH3yeTCR C nOMO~b~ CYMMaTopa H CAB~rOBOrO perHCTpa H BnOnHe 
npHeMneM AnA np~nomeHH~ npH H~3KHX CKOpOCTHX, 

.[InA AOCTHli<eHHR BWCOK~X CKOpOCTe~ He06XOAHMO np0~3BOAHTb 
YMHOmeHHe no KOM6HHaqHOHHOMy MeTOAY, 6narOAaPA HCnOnb30BaHH~ 
KOTOporo OAHOBpeMeHHO $OpM~py~TCR 4JCTH4HW6 npOH3B6AeH~fl, a 
3aTeM OH~ CYMMHPY~TCR 8 OAHO~ onepaqHH. 3Ha4eHHe Kali<AOrO 04e
peAHOrO pa3pRAa 4aCTH4HOro npOH3BeACHHR onpeAenAeTCA C nOMOU\b~ 
onepaqHH 11

1-1
11 HaA 04epeAHbiM 6HTOM MHOlt<HMOro H OAHHM 6HTOM ~IHO

lliHTenA, a CABHr ocy~eCTBnAeTCH 6narOAapA COOTB6TCTBy~~eMy coe
AHH6HH~ CYMMaTopos, ~CnOnb3YCMWX AnA CyMMHposaH~H 4aCT~4HWX 

npo~3BeAeHvH1. 

KoM6HHaqHOHHble YMHOli<HTenH s o6~eM cny4ae npeACTaBnH~T co6o~ 
CYMiolaTOpbl MHOrHX 4Hcen, bbiCTPOAe~CTBHe HX 3aBI-1CHT OT npHH.ATO~ 

npoqeAYPW YM6HbWeHHH 4HCna 4aCTH4HWX npOH3B6A6HH~ H CBeA6HHR 
HX B KOH64HOM HTore K ABYM cnaraeMWM. 
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Paan~4a~T o6w4HO MaTp~4HWe ~ APeBoB~AHWe cxeMw nocTpOeH~H 
KOM6~Ha4~0HHWX YMHOm~Tene~. np~ MaTp~4HOM nOCTpOeH~~ Tpe6yeT
CH (m-1) yposHe~ napannenbHbiX n-paapHAHbiX cyMMaTopos, rAe n, 
m - 4~cna pa3PHAOB MHOm~MOrO ~ MHOm~TenH COOTBeTCTBeHHO, B 

3TOM cny4ae OT OAHOrO YPOBHH K APYrOMY 4~Cno CTpOK MaTp~4bl 
4aCT~4HWX npo~3BeAeH~~ yMeHbWaeTCH Ha eA~H~4Y· np~ gpeBOB~AHOM 
nocTpoeH~~ Tpe6yeTcH L ~ flogznl * yposHe~ napannenbHblx cyMMaTo
pos. B 3TOM cny4ae np~ ~~nonb30BaH~~ cyMMaTopos c ycKopeHHWM 
nepeHOCOM /eM. pa3Aen 2/ 4~CnO CTPOK OT YPOBHH K YPOBH~ yMeHb
waeTCH Ha -1/3. Y MaTp~4HWX KOM6~Ha4~0HHWX YMHOm~TeneR np~ 
6onbW~X 3Ha4eH~HX m CKOpOCT~ MeHbWe, 4eM y APeBOB~AHWX, OAHa
KO OH~ o6naAa~T 6onbWeR CTeneHb~ perynHpHOCT~ ~ 6onee YA06HW 
AnH MOAYnbHo-pa3pHAHOro ceK4~0H~posaH~H. 

1. MATPH4H~E YMHOIHTEflH 

B MaTp~4Hwx YMHom~TenHx ~cnonb3Y~T paan~4Hwe cnoco6w BKn~-
4eH~R 6aaoswx H4eeK: rop~aoHTanbHwR nepeHoc, A~aroHanbHwA nepe
Hoc, CYMM~pOBaH~e C nponyCKOM CTpOK, ~CnOnb30BaH~e CXeM CO 
CKB03HWM nepeHOCOM. B 3aB~C~MOCT~ OT cnoco6a BKn~4eH~R Onpe
AenR~TCH cneAY~~~e noKaaaTen~: 4~cno T~nos 6aaoswx H4eeK, pery
nRpHoCTb CBH3eA, 6WCTPOAeACTB~e. 0CHOBHWM T~nOM 6a30BWX H4eeK 
MaTp~4HOro YMHOm~TenH RBnHeTCH nOnHWA OAHOpa3pHAHWA CYMMaTOp 
4aCT~4HOro npo~3BeAeH~H xi.yj c CYMMOA npeAwecTBy~~~x 4aCT~4-

HbiX np0~3BeAeH~~ 8 BX ~ BXOAHbiM nepeHOCOM C BX . Ha BbiXOAaX 
R4eAKH ~OPM~PY~TCH HOBaH CYMMa 4aCTH4HWX npOH3BeAeHH~ 8 8b~ 
H nepeHoc CBbiX: 

8 Bb~, = X i . y j ED 8 BX. ED C BX . ' 

CBbiX':" Xi· Yj · <8 sx.+ C nx) + Ssx: Csx. · 

5WCTPOAe~CTBHe H4eAKH eCTb 3aAepmKa pacnpocTpaHeH~R c~rHa
nos 4epea nor~4eCKHe BeHT~n~ /aa eAHHH4Y np~HHTa aaAepmKa Ha 
OA~H BeHT~nb/. CnomHOCTb cxeMbl H MO~HOCTb, pacceHsaeMaR H4e~
KoA, npHMO onpeAenR~TCR o6~~M KOnH4eCTBOM BeHT~neA. 06W4HO 
3aAepmKa nepeHoca r0 =2, 3aAepmKa cyMMbl ;:s =4, a HX OTHowe
HHe r c I r 8 = 1/2. KamAaH H4eAKa COAepm~T 1 0 seHTHneA. 

YMHom~Ten~ c ropH30HTanbHbiM nep.eHocoM. Ha pHc. 1 noKaaaH 
npHMep nocTpoeH~H CXeMW yMHOmHTenR C rop~30HTanbHWM nepeHOCOM 
AnH ABYX 6-paapRAHbiX X ~ 5-paapRAHbiX Y 4~cen. ,[lnH 3ToA cxeMbl 

* r Dl - Ha~MeHbWee 4enoe 4~cno' 6onbwee ~nH paBHOe D. 
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PHc.l. CxeMa yMHo~eHHH c ropH30HTannHb~ nepeHocoM. 

BL+ As 83 A~ Bt As 81 A~ Bo a1 X o 'Ya 
' . . . ' . ' -~ ~ 

So 

PHc.2. CxeMa yMHo~eHHH c AHaroHannHb~ nepeHocoM. 

CKOpOCTb YMHOmeH~H onpeAenReTCH 3aAepmKon caMO~ AflHHHOA nHHHH 
pacnpocTpaHeH~R cHrHanos /nyHKT~pHaR nHHHH Ha p~c.1/. 3Ta 4e
no4Ka COCTOHT ~3 (m-1) CXeM CYMM~pOBaHHH H (n+(m-2)) CXeM nepe
HOca; e~e OAHa seHT~nbHaR aaAepmKa CBR3aHa c ~opM~posaH~eM 
4aCT~4HWX npOH3BeAeHHA. 06~ee 4~CnO 3aAepmeK COCTaBnReT 

Tnxm=(m-1)r 5 +ln+(m-2)lr 0 +1. /1a/ 

B o6~ee KOnH4ecTso seHTHne~ BXOAHT n xm seHT~ne~ H, Hcnonb
ayeMbiX AnR ~opM~posaHHR 4aCTH4HbiX npo~aBeAeHHA, ~ n x(m-1) 6a
aoawx H4eeK. TaK~M o6paaoM, o6~ee KOnH4eCTBO BeHT~ne~ yMHOmM-
TenH C ropH30HTanbHWM nepeHOCOM 

N n x m = n x m + n x (m - 1) x 10. /16/ 
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YMHom~Ten~ c A~aroHanbHbiM nepeHocoM. Ha p~c.2 np~BeAeH 
np~Mep cxeM~ YMHom~TenR c A~aroHanbH~M nepeHocoM, KOTop~~ 

Tpe6yeT oco6~x COeA~HeH~~ AnR H~mHe~ CTpOK~ CYMMaTopos. KaK 
noKa3aHO Ha 3TOM p~CYHKe, OH n03BOnReT noB~CHTb 6~CTPOAe~CT
BHe np~ $opM~poaaH~H OKOH4aTenbHoro npo~3BeAeH~R. An~TenbHOCTb 
$opMHposaHHR npoH3BeAeHHR /npH r 8 > r c /s cxeMe c AHaroHanb
H~M nepeHOCOM paSHa 

Tnxm=(n-1)(rc +rs) +1. /2a/ 

06~ee KOnH4eCTSO SeHTHne~ 3TOrO YMHOm~TenR COCTaSnReT 

N n xm = n x .m + (n- 1) x m x 10. /26/ 

CyMMHposaH~e c nponycKoM cTpoK no3sonReT s~pasHRTb 3aAepm
K~ pacnpocTpaHeHHR nepeHoca H CYMMHposaH~R s cxeMe c AHaro
HanbH~M nepeHOCOM H A06~TbCR ny4Wero 6~CTPOAe~CTSHR YMHOmMTenR. 
0AHaKO 8 3TO~ CXeMe CTPYKTypa MeHee perynRpHa ~ 3aSHC~T OT pa3-
PRAHOCTM onepaHAOS, a TaKme OTHOWeH~R 3aAepmeK $OpMHpOBaHHR 
cyMM~ ~ nepeHoca r

8
/rc s 6a3oso~ R4e~Ke yMHOmHTenR. Ha 

PHC.3 npeACTasneHa CXeMa YMHomeHMR AnR OTHOWeHMR 3aAepmeK, 
pasHoro 2. B 3TO~ cxeMe nonHoe npOH3SeAeHHe $OPMHpyeTCR s non
Tepa pa3a 6biCTpee /np~ r 8 = 4, r c = 2 I, 4eM s npeAbiAY~e~: 

T nxm = (n- 1) (r c + r/ r c) + 1 . /3/ 

B~nonHeHHe onepa~HH YMHomeHHR 3Ha4HTenbHO aaMeAnReTCR M3-3a 
3aAepmeK pacnpocTpaHeHMR cMrHanos nepeHoca 4epe3 cyMMaTopbr 
HHmHe~ cTpOKH. AnR yMeHbWeH~R 3TMX 3aAepmeK 4acTo npHMeHReTCR 
cnoco6 CKS03Horo nepeHoca. nocneAHH~ Tpe6yeT cyw-laTopos cooT
seTcTsy~~ero TMna Ha HHmHe~ CTpoKe. KaK B~AHO H3 pHc.4, o6~aR 
::!_aAeP>KKa HaM6onee AnHHHoro nyTH pacnpocTpaHeHHR /nyHKT~pHaR 
n~HHR/ CKnaAbiSaeTCR M3 cneAy~~HX COCTaSnR~~MX: OAHO~ BeHTHnb
HO~ 3aAepm~M $opMHpOBaHHR 4aCTH4H~X npOM3SeAeHH~, 3aAepmKH 
(m-2) cyMMaTopos /no 4eTbrpe seHTHnbHble 3aAepmK~ s KamAOM/ ~ 3a
AeP>KKH KacKaAOB co CKS03HbiM nepeHocoM 2(2 flog 

4
n 1 + 1) 1131 • TaKHM 

o6pa3oM, o6~aR 3aAepmKa 3Toro YMHOmHTenR pasHa 

T n X m = (rn - 2) T s + 2(2 r log 4 n 1 + 1) + 1 . /4a/ 

KonH4ecTso seHTHne~ onpeAenReTCR no ¢opMyne 

Nnxm=nxm +n(rn-2) x10+fn/4lx30. jLr6/ 

3AeCb n(m-2)- KOnH4eCTSO 6a30SbiX R4eeK; f n/ 41 - 4~CnO CYMMaTo
pos CO CKS03H~M nepeHOCOM, no 30 seHTHne~ S KamAOM. 

4 

B4 As B3 A'4 SaAaS1 A1 Bo XoYo 
~~ M 

0 .'f: 
S1 So 

Pnc.3. CxeMa YMHO~eHHH c cyMMHpoBaHHeM c nponycKOM 
CTpOK, 

PHc. 4. CxeMa YMHmKeHHfl co CKB03HbiM nepeHocoM. 

2. APEBOBHAHWE YMHOIHTEflH 

5biCTPOAe~CTSHe YMHOmHTenR MOmHO nOBbiCHTb nyTeM KCnOnb30Ba
HHR "Aepesa" Yonneca 1141 (Wallace's tree). MaTp~~a 4aCTH4HbiX 
npoH3SeAeH~~ COAepmHT CTOn6~~, S KamAOM H3 KOTOp~x HaXOARTCR 
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PHc.S. ITocne~oBaTenbHOCTb 
MaKCHManbHblX Bb!COT, CBO~HMbJX 

C TIOMO~biD CyMMaTopa C YCKOpeH

HbJM nepeHOCOM. 

8~~~ 
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Do. D· D· o.1:11:1o. l:l[J .... lJlJ. lJ . 

·oooooooooooo· . . . . . . . . . . . . . 
. . . . . . . . . . . . PHc. 6. CBe~eHHe MaTpHI.J;bi qac

THqHbix 11pOH3B8~8HHH ~mi YMH0-

*8HHfl 8x8 Ha OCHOB8 M8TO~a 
"~epeBa" Yonneca. [ . . . . . . . . . . . . . . . ·j . . . . . . . . . . . . . . . 

cnaraeM~e O.QHoro seca /pa3pR.Qa/. MaKcHManbHaR s~coTa cTon6~a 
cocTasnReT m 6HT. CTon6e~ pa3,QenReTcR Ha rpynn~ no TPH 6HTa, 
KOTOp~e CYMMHPY~TCR C nOMO~b~ CYMMaTopa C YCKOpeHH~M nepeHo
COM. B pe3ynbTaTe nony4aeTcR 2-pa3pR.QHaR cyMMa, nocne 4ero 
CTOn6e~ HMeeT SbiCOTy f 2/3m 1. HOSbli:i CTOn6e~ CHOSa pa3,QenReTCR 
Ha rpynnbl H3 Tpex 6HT, H npo~ecc npo,QonmaeTCR AO Tex nop, noKa 
S~COTa MaTpH~~ He nOHH3HTCR ,QO ,QSyX. 0603Ha4HM nocne,QHHi:i ypo
SeHb 4epea L, npH 3ToM MaTpH~a HMeeT s~coTy hL =2. Haxo,QHM 
SbiCOTY MaTpH~bl, COQTBeTCTSY~l!.IY~ npe,Qbi.QYU1eMy (L-1) ypoSH~: hL_

1
=3. 

~13 hL_1 =3 CHOSa HaXO,QHM hL_2 =4· H T.,Q. /eM. PHC.5, r,Qe t<am
,Qbli:i 6HT npe,QcTasneH T04Koi:i/. Cne,QosaTenbHO, SbiCOTa ( f -1)-ypos
Hesoi:i MaTpH~~ I e - TeKyUjHi:i yposeHb/ paSHa 

he_ 1 = l he I 2 J 3 + he mod (2) • /51 

Ha YPOSHe f B~COTa CSO,QHMOi:i MaTpH~~, 3aBHCRUjaR OT 4HCna m pa3-
pR,QOB MHO>KHTenR, ecTb (2/3)f m. nocne,QHHi:i L -yposeHb onpe,QenR-
eTCR YCflOBHeM (2/3)L m = 2 HflH· 

L = flog 312 m/21 = f lg(m/2)/lg3/21. /6/ 

6 

~\\ 
~)J 

) 

Ha pHc.6 /Kam,Qoe cnaraeMoe npe,QcTasneHo T04Koi:i/ ,QaHo cse
,QeHHe MaTpH~bl 4aCTH4HbiX npOH3Be,QeHHi:i ,QilR YMHO>KeHHR 8x8 Ha 
ocHose MeTo,Qa ".Qepesa" Yonneca. 3,Qecb HymHo TO!lbKO L =4 ypos
HR CYMMaTOpOB ,QilR CSe,QeHHR B~COT~ MaTpH~~ 4aCTH4H~X npOH3Be
,Q8HHi:i K ABYM CTPOKaM /no cpasHeHH~ C 6-ypOBHRMH Ha PHC.4/. 
B o6ll\eM cnyLJae aa,QepmKa pacnpocTpaHeHHn cxeMbl ,QpesoBH.QHoro 
YMHOH<HTenR CKfla,QbiBaeTCR H3 cne,QY~li\HX COCTaBnR~li\HX: O,QHOi:i BeH
THilbHOi:i 3a,Qep>KKH ¢opMHpOBaHHR 4aCTH4H~X npOH3Be,QeHHi:i, 3a,Qepm
KH L cyMMaTopos c ycKopeHH~M nepeHocoM /no 4eT~pe seHTHnbH~e 
3a,Qep>KKH 8 Ka>K,QOM/, 3a,Qep>KKH KaCKa,QOB C YCKOpeHH~M nepeHo
COM - HTOro: 

T n X m= r log 3/2 (m/2) 14 + 2(2 r log 4 2n 1 + 1) + 1 /?a/ 

npH paBeHCTBe 4HC!la pa3pR,QOB MHO>KHMOrO H MHO>KHTenR Ill =n· ,QflR 
CBe,QeHHR B~COT~ MaTpH~~ K ,QBYM CTpOKaM Tpe6yeTCR KO!lH4eCTBO 
CYMMaTOPOB C YCKOpeHH~M nepeHOCOM, paBHOe 

NcBe,[l.=ln/3]*(ln/3l+1)+ ~ lhp/3][2(n-hy)+lhe/3]+1] 
f= 1 . 

TaKHM o6paaoM, o6ll1ee 4Hcno seHTHnei:i onpe,QenReTCR no ¢opMyne 

N = n 2 + N X 10 + r 2n I 41 X 30 . 
CB8A·· /76/ 

3. MOAH¢HUHPOBAHHWR AflrOPHTM 5YTA 

CyUjeCTBYeT ell\e O,QHH CnOC06 nOB~WeHHR CKOpOCTM YMHO>KeHMR -
MO,QM¢M~HpOBaHH~~ anropMTM 5yTa 1151 /MA5/, Bneps~e npHMeHeHH~i:i 
s "cMcTeMe 360" ¢MpMbl IBM. no cyll\eCTBY, anropMTM FiyTa noaso
nReT npH BblnOflHeHMM onepa~MI>t YMHO>KeHMR 11 nepecKaKMBaTb 11 4epe3 
n~6y~ ~en04Ky cnnOWH~X CMe>KH~X e,QMHM~ HilM HyneR MHO>KMTenR 
BMeCTO Toro, 4T06~ ¢0PMMpOBaTb 4aCTH4HOe npOM3Be,QeHMe ,QflR Kam
,QOro 6HTa. nepeCKaKHBaHHe 4epe3 ~eno4KY HyneR He B~3~BaeT 
3aTpy,QHeHMR, a npH nepecKaKMSaHMM 4epe3 ~en04Ky e,QMHM~ MCnonb
ayeTCR CI18,QY~ll\ee CBORCTSO ,QSOH4H~X 4MCen: 3Ha4eHHe ~en04KH e,QH
HH~ MO>KeT 6~Tb B~4MCI18HO nyTeM S~4HTaHHR Beca CaMOR npasoi:i 
e,QJ.1HI-1~bl 1-13 MO,QYilR /MO.QYilb n -6HTOSOrO CilOSa eCTb 2 n, a sec n~-
6oro n -ro 6MTa ecTb 2 n-l , ecnH C4MTaTb cnpasa Haneso/. HanpH
Mep, 3Ha4eHHe ,QSOH4HOrO 4HCna 111 00 MOlKHO Sbi4HCflHTb KaK 25 -2 2= 
= 28. npH annapaTHoR peanH3a~HH 3Toro anropMTMa Kam,Q~i:i MHomH
Tenb pa36HsaeTCR Ha no,Q~eno4KH no 3 6HTa, npH4eM coce,QHI-1e rpyn
n~ MMe~T O,QMH d6ll\i-1i:'i 6HT /CM. PMC.]/. 

* lDJ - HaH6onbwee ~enoe 4Hcno, MeHbwee HnM pasHoe D. 
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29 611T 3HaKa 
/ 

26 

~ I74 0 

5e I 0 I 
--
754 0 I l 

o6o3Ha4eHI-1e 
onepalll-11-1 

611T 3HaKa 

• 0 I I I 0 I 

( -2)( -IX) ( +2X) 

-2X I I I I I 0 0 0 I I 0 
-IX I I I I 0 0 0 I I 
t2X 0 I I I 0 I 0 

0 I 0 I I I I 0 0 I 0 
t J 

6HT 3HaKa npoH3se,qeHI-1e 

Prrc.7. ilpHMep peaJIH3aJJ;HH YMHOJKBHHJI Ha OCHOBB anropHT
Ma ByTa. 

TaKI-1M o6pa3oM, MA5 - 3To cxeMa yMHomeHHR, KoTopaR npe,qycMaT
pHsaeT nOCTORHHWA CABHr Ha ,qsa 6HTa 3a TaKT /npH OAHOBpeMBHHOM 
aHallH3B Tpex 6HTOB MH0)1(1-1TB11R/ H o6pa3yeT (n + 2)/2 4aCTI-14HbiX 
npOH3Be,qeHI-1A BMeCTO n. Bee B03MO)I(HWe KOM6!-1Hal\HI-1 Tpex aHalll-131-1-
pyeMWX 6HTOB MHO*HTellR, KaK noKa3WBaeT Ta6n.l, o6pa3ymT KOMaH
,qw, npe,qOTBpa~a~~He HeHy)I(HWe BW4HC11BHHR AllR HYllBBWX 4aCTH4HWX 
npOH3Be,qeHHA. 

Ta6JIHJJ;a I 

2 i+ 1 2i 2 i-1 
06o3Ha<Ienue 

Yi+ 1 Yi y i-1 orrepaJJ;I-m OrrepaJJ;wi 
-

0 0 0 0 IIpu6aBnenue nynn 
0 0 I +IX IIpu6aBnenue MHOJKHMoro 
0 I 0 +IX - II 

0 I I +2X IIpu6aBnenue ygBoennoro 
MHOJKHMOro 

0 0 -2X Bbr'!HTanue ygBoeHr-wro 
MHOJKHMOrO 

0 I -IX BbNHTanue MHOJKHMoro 
0 -IX - II 

0 Bbi'lHTaHue HYJIH 

He,qOCTaTOK TaKoro MOAH¢1-1lii-1POBaHHOrO anrop!-1TMa, KaK BHAHO 
H3 Ta611Hl\W, COCTOHT B TOM, 4TO OH Tpe6yeT BW41-1TaHI-1H. Onepal\HR 
BW4HTaHHR peanH3YBTCR nyTeM np1-16aB11eHHH Ko,qa ,qOnOJlHBHI-1R AO 2. 
Ta6n.l noKa3wsaeT, 4TO scer,qa MOmHo np1-16asnRTb 61-1T Yi+ 1 K Mna,q
weMy pa3pR,qy 4aCTI-14Horo npoH3Be,qeH!-1R. Ecn~--1 61-1T Yi+l=O, HI-1KaKo-
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Puc.8. CxeMa YMHOJKBHHH Ha OCHOBe MOgH~HJJ;HpoBaHHOro 
anropHTMa ByTa. 

Yt 

ro BW4HTaHHR He Tpe6yeTCH H npH6aBJleHHe HYllR HH4ero He MeHR
eT. C ,qpyroA CTOpOHW, BClll-1 61-'lT Yi+l =1, TO ¢OPMHPOB8HHe Hym
HOrO ,qOnOJlHHTBllbHOrO ABOI-14HOro KO,qa o6ecne4HBaeTCR nyTeM npH-
6asneHHR 3ToA e,qHHHl\W K Mna,qweMy pa3pR,qy. EcTeCTBeHHO, 4To 
Ko,q ,qononHeHHR ,qo 2 Tpe6yeT ,qo6asneHHR 3HaKoswx 61-'lTOB A

9
,B

9
,_, 

/eM. pHc.8a/ ,qo nonHoA A1111HW KOHB4Horo PB3YllbTaTa. 

CxeMa MA5 npMBe,qeHa Ha p1-1c.86. 06~aR 3a,qepmKa cocTOHT H3 
3a,qepmeK ABYX BBHTHlleA ABWH¢paTopa 3-pa3pR,qHOA KOMaH,qw YMHO
)I(HTBllR, 3a,qepmKH ABYX BBHTI-'llleA AllR BW6opa X 1111H 2X,3a,qepmKI1 
f(rn+2)/21-3 CyMMaTOpOB C YCKOpeHHbiM nepeHOCOM H 3a,qepmKH 
f (n+rn)/41 CYMMaTOpOB CO CKB03HbiM nepeHOCOM, 4TO ,qaeT B CYMMe 

T n X m = 4 + I r (rn + 2) /21 - 3 14 + r (n + m) I 41 X 3 • 18! 

npH n=m=8 ~X~22.CxeMa /pHc.86/ COCTOHT 113 5 ,qewH¢paTopoB, 
32 MYllbTHnneKCOPOB, 40 CYMMaTopos C ycKopeHHbiM nepeHOCOM (CSA) 
H 3 CYMMaTopos CO CKB03HWM nepeHOCOM (CLA), TO BCTb o6~ee K0-
11114BCTBO BBHTHllBii NSXS = /5x5/+/32x5/+/40x1 0/+/3x30/= 675. 
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B Ta6n.2 npHBeAeH~ cpaBHHTenbH~e AaHH~e no 6~CTPOAeAcTBH~, 
a TaKme KOnH4eCTBY BeHTHneA B YMHOmHTenHX 4HCen pa3nH4HOA pa3-
PHAHOCTH, peanH30BaHH~X no OnHCaHH~M B~We anropHTMaM. 

KpoMe cxeM~ MA6, see cxeM~ Hcnonb3Y~T OAHY H TY me npo~eAy
PY reHepHposaHHH cnaraeM~x. BpeMH, Tpe6yeMoe AnH 3ToA npo~eAy
P~. paBHO 3aAeP*Ke pacnpocTpaHeHHH cHrHanos 4epe3 OAHH norH4e
CKHA BeHTHnb "11" . .[\nR nepeMHomeHHH ABYX n -pa3pHAHbiX 4Hcen B 
AaHHoA npo~eAYPe Tpe6yeTCH n 2 seHTHneA "11". B cxeMe MA6 4Hc
no CTPOK cnaraeMbiX yMeHbWaeTCH AO (n +2/2), 0AHaKO AnH reHe
PHPOBaHHH Tpe6yeTCH BpeMH, paBHOe 3aAepmKe 4eT~pex BeHTHneA. 

0CHOBHOe pa3nH4He MemAY paCCMaTpHBaeM~MH CXeMaMH 3aKn~4aeT
CH B npo~ecce yMeHbWeHHH 4HCna cnaraeM~X MaTpH~~. npOAOnmH
TenbHOCTb KOTOporo nponop~HOHanbHa 4MCny YPOBHeA, He06XOAHMbiX 
AnR CHHmeHHH KOnH4eCTBa CTpOK AO ABYX . .[\nMTenbHOCTb onepa~MH 
YMeHbWeHHH Ha KamAOM YPOBHe COOTBeTCTByeT eAHHH4HOA 3aAepmKe 
pacnpocTpaHeHHH CHrHana 4epe3 nonH~A cyMMaTop. B nepBoM npH6nH
meHHH AnH cxeMa Yonneca /sapHaHT 5 a Ta6n.2/ 4Hcno yposHeA 
B03pacTaeT npHMepHo nponop~HOHanhHO norapH¢My n /eM. ¢opM./6//. 
B YMHOmHTene c ycKopeHH~M nepeHOCOM - sapMaHT 4 a Ta6n.2, a 
TaKme B YMHOmHTenHx no sapHaHTaM 1 ,2,3 /eM. Ta6n.2/ 4Hcno ypos
HeA paBHHeTCH ~-1).3aTpaT~ BpeMeHH Ha cnomeHHe ABYX nocneAHHX 
4MCen B YMHOmHTene Yonneca TaKHe me, KaK H B YMHOmHTene CO 
CKB03HbiM nepeHOCOM /sapHaHT 4 B Ta6n.2/ H paBHHeTCH 2 (2log

4
n+l), 

TaKHM o6pa3oM, no 6~CTPOAeAcTBH~ cxeMa Yonneca HMeeT npeHMy
~eCTBo nepeA CXeMaMH, COOTBeTCTBY~~HMH BapHaHTaM 1 ,2,3,4, oco-
6eHHO KOrAa MMeeTCH 6onbWOe 4HCno pa3pHAOB. B TO me BpeMH pa3-
HH~a B 4HCne BeHTHneA BO BCeX 3THX CXeMax He3Ha4HTenbHa. npH 
n;:: 12 cxeMa ~1A6 6onee 6biCTpaH, 4eM cxeMa Yonneca, Ho oHa co

CTOHT H3 6onbworo 4Mcna seHTHneA. 

B 3aKn~4eHHe asTop~ B~pama~T 6narOAaPHOCTb n.K.MaHbHKOBy, 
A.n.KpH4Ko, A.H.nap¢eHosy 3a none3Hble o6cymAeHHH H n.r.5ynae
soA 3a noMo~b npM o¢opMneHHH pyKOnHCH. 
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6ac~naA3e c.r., Kao ~aK XbeH 
6~CTPOAeHCTByO~~e CXeM~ YMHO~eH~R Ha OCHOBe CyMMaTOPOB 
4aCT~4H~X np0~3BeAeH~H 

13-82-146 

PaCCMOTpeH~ CXeM~ MaTp~4H~X YMHO~~TeneH,APeBOB~AH~X YMHO~~TeneH, a TaK
~e cxeM~ YMHO~eHHA, C03AaHH~e Ha OCHOBe MOA~~~4~POBaHHOrO anrop~TMa 6yTa. 
npeAnO~eH~ ~pMyn~ AnA onpeAeneH~A BpeMeH~ B~nOnHeHHA onepa~~~ YMHO~CH~A, 
He05XOA~MOro 4~Cna BeHT~neH /TO eCTb o5~eH pacce~eaeMOH MO~HOCT~/ C Y4CTOM 
3aAep~K~ H MO~HOCT~ pacce~BaH~A OAHOrO BeHTHnR ~ CAenaH~ KOn~4CCTBeHH~C 
04eHKH yKa3aHH~X xapaKTCPHCTHK YMHO~HTeneH AnA 3THX CxeM. 6~CTPOAeHCTBy~

~He YMHO~HTCOH HaXOAAT WHPOKOe npHMeHeHHe B C~CTCMax ~H~POBOH 05pa50TKH 
CHrHanoe B peanbHOM BpeMeHH, a TaK~e B Cne40P04eCCOpax, HCOOnb3yeM~X B ~H-
3HKC B~COK~X 3HeprHH. 

Pa5oTa B~nonHeHa B na6opaTOpHH B~COKHX 3HeprHA OHRH. 

C~eHHe 05~eAHHeHHOrO HHCTHTYTa AAePH~X HCCneAOB8HHH. Ay6Ha 1982 

Basiladze S.G., Cao Dac Hien 13-82-146 
Fast Multlpl iers on The Basis of Adders for Partial Products 

Schemes of the matrix multiplier~, multi pi ler~ on the basis of Wal
lace's tree and multipliers usi11g modlflc:i Booth'u olgorlthm are considered. 
The expressions for determining speed of multiplication (gate delays) and 
power dissipation (total gate count) Me suggested. The qu.1ntlty comparison 
characteristics of indicated miJitipl lrrs are olso nlvcn. The fast ~ultl-
pl iers are widely applied for real-time digit.! I signal processing and in 
systems of data preparation for event selcct,on hllr<lwarc processors in 
high energy physic experiments. 

The investigation ha~ been p~rfornod al the Laboratory of High 
Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Oubna 1982 

nepeBOA O.C.BHHOrpaAOBOH. 


