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METHOD AND Cl RCUI TRY FOR DI G TAL SYSTEM MULTI PLI CATI ON FI ELD OF TI-E sz(ﬁ%‘& .
| N\VENTI ON The present invention pertains to the field of nmultiplicatronT '
a digital 5 system Mre particularly, this invention relates to nethods
and circuitry for inproving multiplicatign.in a digital system BACKGROUND
OF THE | NVENTION Prior digital systens, including digital conputers, have’
used various algorithnms for sMEBHOBNANDGIRGIWTRY FOR nul tiplication. -
Fig.1 illustrates a 10 si mRIGIEARSYSTEK MULTBIPIACATIONAry nul ti pIicatiog,.

A binary multiplicand_is multiplied by a binary multiplier. A series of
shifted partim-ﬂmd, given that the only possible val ues of
the multiplier digi : i "Rﬁﬁ .2l Sseare

t hen added, resul t:Thg Ra'ﬁg%'{‘gf'g?{ﬂ@ﬁ : %é%ﬂ&ﬁlhﬁ%{k? %\?/I\Dr él@%ﬁrf%ﬁ%@lby an
M bi t wor dg i ngaeidintll MY e?é’iﬁaﬂ& iGis WAveritiRAlblategtd athisds dhd Cirbgitr)of bi t s
i n | engt h%Tths,tga fourr- It rrulrt'#pl icand times a four-bit multipl irgl;f

resul ts in anjmp@vingmultiplicdtion in adigitabepstem.Fig. 1. In sinple binary

mul tiplication, partial products are forned by using one-bit of the
mul tiplier atB#A INMENIGUNCast significant bit of the

P ThC e SRS oA P bl 7
techni que, an #«ﬁ@@rg@?h&%@hb&%@nli%ﬁé‘&biﬂa%&!l}@gcﬁ&éuﬁ 1 ifidsifes a

approaches have I'ng te ues to're e nunber of parti al
product s. edyghpe éiﬁn%ﬂf&l@:’ﬁd@fanmnégahumr:mlm A tiharg sniltigticandiisr  of
additions that need to be performed. Reducing the 25 nunber of additions
in turn reducesultipiechbyiachinafy mubttipher: yA Isedes ot shiftad\partial psodugts are

| tiplication. On i h dified Booth's. ith i
encod! ng & cch AR VeRHAL Ehe RBVRARSIEe SAIURS A 158 MRNGE EgMSEB A R 1 |
ding t echiPERe VPt _
"nio. substri g, THE el Buplproalieee tngh eslBy, @sukihathd poGuC,

In gne prior aNRBAMHN-BiRoRPIETRGNiBIidd by an MibitOwoR in-a Aigitansydemgtieabl e is
use . e

15 resulting product will be N+M bits in Ieng‘fh. ‘Thus, a four-bit multiplicand
times a four-bit multiplier results in an eiq_ht-bit product, as shown in Fig. 1. -
In simple binary multiplication, pariial products are 16rmed by using
one-bit of the muitiplier at a time, staning'_'With_:the least significant bit of the
multiplier. The simplest way to gen.arate__ partial products is to use AND
'20 -gates as bit-by-bit -fﬁultipliers. Using this siﬁ\ple multiplication technique, an

N-bit multiplier generates N partial products. |

Prior -appfo’abhes have used encoding techniques to reduce the
number of partial products. Reducing the number of partial products
reduces the number of additions that need to be performed. Reducing the

25 number of additions in turn reduces the number of clock cycles necessary
. for binary multiplication. One prior approach uses a modified Booth's
algorithm as an encoding technique to reduce the number of partial

products by one-half.

In a modified version of Booth's algorithm, each multiplier is divided

30 into substrings of three-bits, with adjacent groups sharing a common bit. In

~ one prior approach, the common bitis a prior bit. An encoding table is u_sed



-2- to set forth the nultiplication operation to be used for each of the
ei ght 'pernutations of the three nultiplier bits. Booth's algorithmcan be
used with either unsigned or two'.s conpl nt nunbers. | n past approaches,
mul ti pkiers have been padded 5 with oné “©rf nore zeroes to the right if
necessary to f dosettonh tbeengftiplication bpetation it be s1sed dor. eaph afdha eighth unsi gned -
nunberg,- the multipliers have al so E,e n padded with one or two zeroes to

the left. Once Wﬁ%@"ﬁ&fﬂ!eﬂ"ﬁﬁw pﬁgf&}se formed, they nust be added

t oget her. Sever al téﬁaﬁggfa?%%Wrﬁr&hcﬂPﬁs £ 5@9%%‘, ventional 10

two-i nput adder is carry propagate a e carry

pr opagat e addercoﬁg}ﬂéménﬁhkﬁﬂwéfst. Jh padt é?pr%%wes/@ﬁlﬁlﬁpliér@ have been paddedi nal
sum A CPA is a type of full adder. A full adder has three inputs -and two

out put s. Angt hewitht gpe opoaal deres 10 theerightiif peceasarydad derm ¢oraglate groops.oful | 15
adders and CSA half adders exist. A_.half adder has ong two i nputs, and it

produces a sumthree-bit§ 3ch, LT work withunsigned numkars, theanuitipkers hane@1sa,| i pl e
additions are perfor : rry-save adder ave. the carry propagation until
all the additi %%grmcﬁb?éﬂ?fw B?f@eﬁz%ﬁ"ealﬁﬁ‘r oach, a carry propagate
adder is then used oy ' e carry
propagation for all ?(?%%ed%iggﬁpgﬁia\ Bﬁ?ﬁﬁ%i'ﬁﬁ%ﬂ‘%ﬁg@hﬁgﬁ@e nunmber s
has been handl qggbthef.0Devbtdl hpes dfusbpweniionad adtisrstexists Onegbavemionabr m | f
a nunber is posi ?i ve, the two's conplenent of that nunber is the nunber
itsel f. |f 19 nuwoeinpit addards caliednicasry propagate’ adden FiGRARNThe Caly s 2exp(n)
- [err], wherein nis the nunber of bits in a stor%?q% | ocati on an{j Xis
I es\-:/t han zer o.PrPpagale agder rgds a sy veglor Jo pcarny veciardg PZ%‘i'ﬁenQ% inglhen the
| ef¥—nost bit of a ne Iy i ' S t -
addi tion i's t nes¥ind GEAKE HREBFiuy BBk Wi Suilias HihaTnpRRERE
prior multipli eg P'HJ}?ti plies eight-bits per clock cycle using straight
mul tiplication. klg ght carry-save adders are used in that prior nmultiplier.
Another type of adder is the carry-save adder ("CSA"). CSA {ull
15 adders and CSA half adders exist. A half adder has only two inputs, and it
produces a sum and carry output. Carry-save adders are useful when
multiple additions are performed.
Carry-save adders save the carry propagation until all the additions
are completed. In one past approach, a carry propagate adder is then used
20 during a final clock cycle to complete the carry propag_ation for all the
additions.
The multiplication of negative numbers has been handled by
convenilig a number into its two's complement form. If a number is positive,
the two's complement of that number is the number itself. If a number X is
25 negative, the two's complement of X is 2exp(n) - |X|, wherein n is the
number of bits in a storage location and X is less than zero. [f the absolute
Qalue of X is less than 2exp(n-1), then the left-most bit of a negative number
is always a one. Two's complement addition is the same as the addition of
two positive numbers.
30 One pribr mUltipliér multiplies eight-bits per clock cycle using straight

multiplication. Eight carry-save adders are used in that prior multiplier.



-3- In another prior approach, Booth's algorithmis used in generating
partial products, and stages of carry-save adders, plus a carry propagate
adder at a final stage, are used to obtain a fi naI product. Muiltiplication
is one of several floating-point operatizons. fl oati ng- poi nt nunber.

i ncl udes a nantis t, he sign of
the manti ssa. For?ﬁlﬁgg{h énggfgﬁémﬁg’?ﬁ? @qtﬁ%g‘qoﬁ] "“%gg%é%gg %’gﬁgée adde

and the mant ingepa p’%@uéib"éﬂ@bia@és omarry%%vb ladbérs! bm &earg ;srésébatEl 9. 7
il lustrates exanples of floating-point nunbers. Single precision

f1 oating- poi mddépat adinabistage, argmushdtta2bbtain $-fiinhl HpeRAIt port i On 23, and
a 23-bit mantissa portion 21. Doubl e precision floating-point nunber 12
i ncl udes a sign biMultiplicatian is ope ©f éewabmatmrnmmmmaum A 52-bit

Dt 30, ab15 RG:ppI Ainbss indlisfee.S mahusad) an axpoRant andia sGRBKIER oca 55
The J-bit 15 sy ngaaee@ X0tk it ok Rl ol AR RS e P01 TC 1 2

fl oati ng- poi Seen ove I ' ng- pol s yield

relatively | @xpoRBAfsidré addbd ahd thel mantissfrare Thitisiled. EThd fsult islthaint al
conputer using the floating-point formats, the performance of the conputers

mul tiplicati cvor@@lized.r cui t ry becorres a key factor in the conputers overall
fl oati ng- poi nt perfor nmance SUMVARY AND OBJECTS THE 1 NVENTI ON | n
vi ew of knovvn syst éﬂ%zﬂwét'ﬁ\?ﬂﬁi‘é@m%@ figatingrpoin numbers s Single pregisia’ ent

e L T L N R SR
for multi pl I @é-b@mnam.saa%aidrﬁm SDBUBIB préEigieh fivallfig pdmmt Humiterof2 o
includes a sign bit 31, an 11-bit exponent portion 29, and a §2-bit mantissa
portion 27. Extended precision floating-point 14 includes a sign bit 39, a .
15-bit exponent portion 37, a J-bit 35, and a 63-bit mantissé 33. The J-bit
15  corresponds to the bit to the left of the decimal point in a floating-point
number. |
As seen above, the floating-point formats yield relatively long
mantissas to be multiplied. Therefore, for a digital computer using the
fioating-point formats, the performance of the computer's multiplication
20 circuitry becomes a key 'faclor in the compufer'_s overall floating-point

performance.



(a) having a partial product generator generates a first multibit output
and a first carry-in output; (b) having a carry-save adder add: (1) the
first nmultibit output fromthe partial generator, (2) a sumapplied as a
suminput into the carry-save adder, and X3 = a carry applied as a carry
Il nput into the carry-save adder; (c) latching a sum output of the
carry-gave adder into a sunllatch (d) latching a carry output of the
carry-save adder into a sequence of - b|t p05|t|ons of the carry latch,

oﬁosmlons is of a next

hi ghest order AT 1 0 (e) latching the first
carry-in output of the partlal product gener at or |nto the | east significant

bit position of the cargy J;féﬁhof(khoﬁﬂdspgtéia); aha h\%%hbd%' grara‘e.l (‘cﬁ"ttﬂ_e
bits of the sumfromifhe su €§ é-%n %ast i g ific t%ts
of the carry ORI VRS F’?I & HPrEH 'f'S)mXeP o (h §tsag ° ml F’reolii
wherein T - performPpice toF emalt Hpricainn siwra mgmmSﬁe@m ficant
carry bit fromthe addition of the least significant T sumbits fromthe

sum latch and the least significant T carry bits fromthe carry latch;
This and other objects of the invention are

provided for a method for multiplication in a digital
system, comprising the steps of:

(a) having a partial product generator generates
a first multibit output and a first carry-in output;

- (b) ‘having a carry-save adder add:
(1) the first multibit output from the
partial generator, _ -
(2) a sum applied as a sum input into the
carry-save adder, and
(3) a carry applled as a carry input into
the carry-save adder;

(c¢) latching a sum output of the carry-save
adder into a sum latch;

(d) latching a carry output of the carry-save
adder into a sequence of bit positions of the carry
latch, wherein the first position of the sequence of bit

L positions is of a next highest order from a least
~ significant bit position;

(e) latching the first carry-in output of the
partial product generator into the least significant bit
position of the carry latch;

(£f) adding

(1) the least significant T bits of the sum
from the sum latch, | '

(2) the least significant T blts of the
carry from the carry latch, and '

(3) a final stage carry-in bit, wherein T



(h) truncating the least significant T sumbits fromthe sumlatch and
storing the result; (i) truncating the least significant T carry bits from:
the carry latch and storing the result; (j) repeating steps (a) through

(1), the first multibit output of thé “partial product generator
becom ng a second nultibit output of the partial product generator, the
first carry-in output of the partial product generator becom ng a secuyd
carry-in ouipua pbsibtvpainhtabeproduct generator, the truncated sum

becom ng a sum appl i he ¢ ave add |
truncated carry becéﬁ? %&5§3§#£;éapg# g %&g 1% ?%9%|ﬁﬂﬁrXC)%ﬁe Egpry save
adder, and the gdﬂmiqmsofsmgm fleast sdognifiiicantr din skh; alali:ltm éwounf the

| east signifhgandund JUECH Sn@"Enk CREAYEDidiyNIGULNRI fﬁhecatf | p3tage

carry-in bit. Al so accordlng to the present |nvent|on t here | provi ded
circuitry fSFomuEREpFRERYi dAtFRia digital system conprising: (a) a partial

product generator tMﬁo geancatinga thd t16ast OligHifa6ant CRr&uymi Biedt put;
(b) a carry.save der t a%& dds: %&é t.he It|b|t gutput fromthe partial

pr oduct gengrgFoF & 3BSI régga S eRBAE? i nto the carry-save
adder; and (3) a camny &rphicatting atharrﬂeasputsngnafubantarmy sareyadder ;

(c) a SUH}L’tEt o ‘i:hba%:%?&-gg 1%t%ﬁ”‘aﬂﬁwﬁ%r%gt RReCRentave adder;
(d) a carry atc aV|n osi t1ons
(3 repeatlng steps (a) through (i), the first

multibit output of the partial product generator
becoming a second multibit output of the partial product .
generator, the first carry-in output of the partial o/
product generator becoming a second carry-in output of
the partial product generator,  the truncated sum
becoming a sum applied as a sum :i.nput' to the carry-save
adder, the truncated carry becoming a carry applied as a
carry input to the carry-save adder, and the stored most
significant carry bit from the addition of the 1least
significant T sum bits and T carry bits becoming the
final stage carry-in bit.

Also according to the present invention there is
provided circuitry for multiplication in a digital
system, comprising: _

(a) a partial product generator that generates a
multibit output and a carry-in output;

(b) a carry-save adder that adds:

(1) the multibit output frbm_ the partial
product generator;
' (2) a sum applied as a sum input into the
carry-save adder; and

(3) a carry applied as a carry input into
the carry-save adder; )

(c) a sum latch for latching a sum output of
the carry-save adder;



(i). a carry output of the carry-save adder is latched into a sequence of
bit positions in the carry latch,- wherein the first position of the
sequence ‘of bit positions is a. next hi ghest order from a | east
significant bit position, and (ii) the carry-in output of the parti al
product generator is latched into the |east significant bit p05|t|on of the’

At ch d
the Sum 1romt pe 3L€HS?Zh3;§§§§2rzfééét*E?ah i PG PO YREEELS, |
n

from the carry(tht &, CaREY( Sheg Ry ysave brddeghdi datcheda
positive integknto(fd sehaenbefl wf sbdti ngoé:bﬁ@i@ét in othé | Garrycala¥chit

f h dd h h I d
Lhebnce oy BBz Ein' TenkenR Bk beeeth > kRe! (RBhERR! bbby

for truncatipgsitions is coat peyhif |h:laal‘testT crdedbi t frofw oma t beassum
latch and f0§1§a9fiasni:h%irtes J;é;tiﬁ); C'a'h?i”'{ ). thkO" aréj-%ﬂ%ash{ag% the

| east significan carry hits romt e'carry ch and st’ori ng
result; (i) co®plithe ni’éﬁé: aﬂorPﬁ%@P?Fn@QW%%céﬁedl%m%% imteuntheput

to the carry- SB&Ssﬁddanlfh):aﬁﬁuﬁhtnﬁogﬁﬁﬂén b8r tABPEALPY 1Rechs uncated
carry as a carry input g ﬁarry save adder (k) coupling neans for
applying the nost sik§ |Ff‘c§ eLafPY BAHIPEom the addition of the |east

significant T sum bits and(I)cahey Yeadst asighificawt Tt ddescaf yehe Hiuhk.
from the sum latch,
(2) the 1least significant T bits of the
W ' carry from the carry latch, and _
(3) a final stage carry-in bit, wherein T is
~a positive integer; _

(f) a 1latch for storing the ‘most significant
carry bit from the addition of the least significant sum
bits from the sum latch and the 1least significant T
carry bits from the carry latch; :

(g) circuitry for truncating the least
significant T sum bits from the sum 1latch and for
storing the result; ' '

(h) circuitry ~for truncating the least
significant T carry bits from the carry 1atch and for
storing the result;

./ _ (i) coupling means for applying the truncated
sum as a sum input to the carry-save adder;

(j) coupling means for applying the truncated
carry as a carry input to the carry-save adder;

(k) coupling means for . applying the most
significant carry bit from the addition of the least
significant T sum bits and T carry bits as the final
stage carry-in bit.



-7- BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated
by way of exanple and not limtation in the figures of the acconpanying
drawings in which like references indicate simlar elenents and in which: 5
Fig. 1 illustrates an exanple of prlor ar-t7b-rnary mul tiplication; Fig. 2
I I lustrates exagpies : DR A oating-poi nt numbers; Fig. 3
Is a block diagram of the archltecture of a floatin -point unit of a v
m croprocessor; 10 The presem \@yentm isriliustratashbywiay ® axemo!ﬁkam agt am of

| ustrates the intetnal rmat of a

t f | tipl
1(‘:: {)g?: n[:;ypgl n? iiagn L"g{éﬁ E&'gqsné th?@fcﬁ pMpaRying drawings "Bwhfcl at.es

exanpl es of startl n I [ f the m croprocessor;
15 w Fi g ﬁq%f:ggfﬁ%g gg‘? (?t'{}ggitﬁ!c#rd@hl rfﬁlof t he nul t:opl ier :
Fig. 8 "'U%fat es epRmglifisid edaaﬁdkéraplésafbnwah% Ihdiiplicationf the

m cr oprocessor; Fig. ‘g s a b? ock di agram of the i éf*‘ement ation of Booth's
recodi ng techni que bFig Rellustratespexaemples6t prior art iorrﬁat; oflbatmg-poinbgl c table
for the Booth algorithmfor the nultiplier; Fig. 11 illustrates circuitry
for one bit fornambars.i al product generator of the multiplier; Fig. 12

of the multiplier: obw.31sabiogk adias oo Senfeskior s IR 00y e
adder of the mu 14 is atimng diagramfor the nmultiplier.

- 8- DETAI LED DEECQW{% g° 3 is a block diagramof the architecture of
floating-pojgt unit Ffgs 4A and 4B comprise a block diagram of circuitry of a muttiplier;

Fig. 5 illustrates the intemnal format of a floating-point number used by U :
the microprocessor,
-Fig. 6 illustrates examples of starting poinis used by the multiplier of
the microprocessor; |
15 Fig. 7 illu_stratés zero detect circuitry of the multiplier;
~ Fig. 8 illustrates examples 6f padding psed by the multiplier of the
microprocessor; '
Fig. 9 is a block diagram of the implementation of Booth's recoding
technique by the multiplier;
20 " Fig. 101s a logic table for the Booth algorithm for the muttiplier;
Fig. 11 illustrates circuitry for one bit for a partial product generator of o
the multiplier;
| Fig. 12 illustrates circuitry for the carry-in bit of a partial product
generator of the multiplier;
25 -Fig. 13 illustrates circuitry of a carty-sai)e adder of the multiplier;

Fig. 14 is a timing diagram for the multiplier.



Fl oating-point unit 78 is concerned with the execution of basic arithnetic
fl oati ng-poi nt operations and floating-point unit 78 is part of a 5

m croprocessor. Floating-point unit 78 contains the:logic to execute the
floating-point instruction set associated wt 8h-the nicroprocessor.

Fl oati ng- poi nt unRETALERCDESERIBTIONI cated mantissa nultiplier 113 capable -
of mulyJg plying 8-bits per cl ocko‘%c[ e. Mantissa nultiplier 113 is described
in more detail bel ow Fig. 3is a blogkgiagram afthe afchijectute-of finatingpeint unit 78.

carried oot byt nERIGRAnEGN 78S, pBhoarb@T wiBI8 Fpbuiad o baac ARPREN o n
unit 78 as an ext %atsaquggtnm%uahss%a flofihg-peiri B @nerp% foffgr the

m croprocessor. R bus bus 140 are part o e mai n data path for

t he m croprocegsomicaiplocessor! Fivalihg-poimintd78 coritaing the ogiotdbxabiité thed-
Fl oating-point unit 78 sends data to and receives data fromthe

m croprocessor ovdoatngpeint dstauction/setigssorinted withrthe mrictoprocessar.i s

ible f ' ta bet R 38 ad M bus 140, and (2
ki Soa | at ch 104 and FARBGRAN Wil 78 inshded;a BAegien marissa MULPHRICE i
101 | d be fl oatj.ng:noj eal . . t ' f
those 1 oati ng- porAPEPRCp! myfBing &pie AP Elkic e, WRRHRA miRkberi 8 1
manti ssa portions dfschibéed th fopabibiafl-taddwit real nunmbers are latched into

manti ssa | atch 104. Exponent latch 102 is coupled to exponent EXA bus 182.

Mantissa | at chol04 i s Gthepinstiudtipnndetodss addiass chfdulativh, and contrdhfunttions ssa
data path is shown on the right side of Fig. 3. The nmantissa data path
conpri ses accunul deofioating-poiatinsisections @se cauied i dydhe posignseidhe 109 (which

e S R ek adeee? Bl ot atob S 18 R b REC
T o Cot Pt g Reld e R Al fidtBropgsee RBASOMIAMR,
ég?hghd EXA bus 1840 mobértsonhu&naxardawﬁath%hxﬁehﬁic@?bé&%ar.m &% e Nt
15 coupled to floating-point unit 78. Floating-point unit 78 sends data to and
receives data from the microprocessor over R bus 138 and M bus 140.
Interface unit 101""-'55-}esponsible for moving data between (1) R bus 138 anddM
bus 140, and (2) mantissa latich 104 and exponent latch 102.
Incoming data to interface unit 101 could be floating-point real
. 20 numbers. The exponent portions of those floating-point real numbers are
latched into exponent laich 102. The mantissa portions of those
floating-point real numbers are latched into mantissa latch 104.' Exponent
latcﬁ 102is coupled to exponent EXA bus 182. Mantissa latch 104 is
coupled to mantissa Abds 146. |
25 The mantissa data path is shown on the right side of Fig. 3. The
mantissa data path comprises accumulator 105, mantissa adder 107,
operand registers 109 (which includes register OPA 209), shifter 111
(which includes register SREG 211), mantissa multiplier 113, and mantissa

ROM 115. Control for the mantissa data path comes from contro! logic 119.



The exponent data path is shown on the left side of Fig. 3 and 5 conprises
exponent adder 123, nultipl exer 125, operand regi ster- EXA 127, operand

regi ster EXB 129, and exponent ROM 131. The exponent data path al so-

i ncl udes EXA bus 182 and EXB bus 192. AFI9 eontrol and random |l ogic for the

exponent data path &k Ul f0Rbolding Aidtets foRRinG d'Blabic 1 8fack UrPI0GI ©

circuitry 121 includes latches, bus drivers, pefipheral 10 random | og{g,

and user Vi si btsupledtsbethsAbus1t46 dnd EXA bos i1 82) andisthus partiot botinithea st at us
word register. Control logic 119 receives mcroinstructions on |ines 87
from the ni cr omastissa and gxponentPaths. pr ovi.des control for floating- poi nt

Cont 3:8' |1§°”f ogi ¢ 1148 pxpansTiite pelhie sHovn BBiine o de 31T sianel 150" T
o Ao ! o ] Y

Cont ol 1ot o SBeHiged B0 dBaali s, moldBlexFa2s, Soqiiid redist B He7,
logic 119 is ab?@rdh@%b%i’ertl!’qugg. EMB&??nénlhaMﬁdﬂ.”ﬁ@aéY&naﬁi gath s a

bl ock di agram of dedi cated nmantissa nultiplier 113 of 20 Tl oating-point

unit 78. Fig. path slsoiihtiudées BXAOUSREER 8nd EXBIBUs 198 #llcconfdband random
detection circuitry 214, and three-to-one nultiplexer 216. Regi ster SREG
211 i s | ocat edlagic farithe @xpanent data pathhis gontained in-eontrol lagie uait A18pbus 146.

Regi ster OPA 209 is_part of operand,.r.egi ster nit 109, and is.coypled to
- Pbds 196, Start de; TEAH e BT 158k b8 StehER, s e RerPbREIE, 21625
are | ocategain ' N} - ; d [ i oB 1l I : odi ng
circuitry g? mﬁé}iﬁp ﬁ%?'a'ﬁ@d \i'}%ér Y‘%{H!aés*e%gé&%d&& s??@l Eﬁgbg‘fwgébé%ﬁfﬂ ed to
t hree-t 0- one mahHiPstaisy waddregisterl i nes 281, 283, and 285. Register OPA 209 .
is coupled to register 219 of nmultiplier unit 113 via Abus 146. The two
manti ssas to be nul Caonttiottbgic/ 1 1S nedeives microinstnictions od iesBMfoomtbea

mantissa nultipljicand and a mantissa nultiplier. The mantissa - 10
mul ti plicand i SnisFaRreepssAr apd in fynprayides gontreldorHeatingspoint unit 8. er i s

stored |0 0l Sl ey, 4 14'sohis ol bl:éy?EndolrbP bighBbrifiths' 42, BB
15 logic 119 is coupled to trap circuitry 121 via lines 180. Control logic 119 is
coupled to shift count value ("SCVAL") bus 160. Control logic 119 is
coupled to accumulator 105 via lines 172. Control logic 119 is also
coupled o loop counter 117 via lines 176. )
Fig 4. is a block diagram of dedicated mantissa multiplier 113 of
20 floating-point-unit 78. Fig. 4 also iliustrates SREG 211 . OPA register 209,
start detection circuitry 214, and three-to-one multiplexer 216. Register
SREG 211 is located in shifter unit 111, and is coupled to mantissa Abus
146. .R'egis'ter OPA 209 is part of operand registers unit 109, and is coupled
to Abus 146. Start detection circuitry 214 and three-_to-one multiplexer 216
25 are located in shifter unit 111. Mu'ltip_lexer is coupled to Booth recoding
- circuitry of multiplier 113 via lines 287. Register SREG 211 is coupled to
three-to-one multiplexer 216 via lines 281, 283, and 285. Register OPA
209 is coupled to register 219 of muttiplier unit 113 via Abus 146.
The two inantissas to be muItipﬁed by mantissa multiplier 113

30 comprise a mantissa multiplicand and a mantissa multiplier. ' The mantissa



the m croprocessor over Mbus 140 (if the floating point nunber has a width
5 of 32-bits or less) or over Mbus 140 and R bus 138 (if the floating
poi nt nunbéer has a width greater than 32-bit gb_ The mantissa mul tiplicand
can al so cone froma stack within floating pdifnt unit 78 or froma previous

result stored w t puniglicand iisgtopsd mom\irb?izﬁr259.oahbrrﬁéfms'satmmnpmu§stofed
floatingspoint unit 78 have the fornmat of 10 fl oating-point nunber 16

shown in Fig. 5. W egisteySBEG@Ihunber 16 has a sign-bit 45, a 17-bit
exponent portion 43, aﬂ_hl-bit i Ssa or f{action

. 55, J-bit 5 63-bit .
o 40 G ohar s by ng manisss mdiglicand ghd thimantssa epglier Gan ComRIramy;

53 corresponds to ol f ' ' ' .

fl oati ng- poi nt nu%%&'&Pb[)#c[%sg??\}eegr'Jégg%t‘@&ﬁﬂ%&ﬁ“ﬂ%%ﬂ?%%&%ﬁ.a wg'r d
15 bit 51, ros'”d_obtsﬁ-lﬂt%oraw@b)%r!oﬁhvwws%ﬁ@ﬂ%ﬁﬁﬁh&%b_bﬁn@ﬁoim _
floating-point unit 78 for rounding purposes and for information regarding
preci sion, and ar equniserhasta witth gréatenthah@2:bits). The nemtissa multiplicand can
Guard bit 51, round bit 49, and sticky bit 47 can be stored in registers
OPA 209 and SReg =2isp came fiommstack within floating paint unit 78 o1 remaa preyious result

mul tiplicands of those nynbers.that. are sent over M bus 140 and/or R bus
138, interface uni5f°'fgi""th""ﬁpﬁt.'"%p?'ﬁfﬁ?fézg'si gn bit 45 and 17-bit exponent

portion 43 in exponent ) f -boituni ' it 55,
J-bit 53, and 63-bit gﬁ%@@aﬁ%ﬁ’r?q'ﬂ%&%ﬁ atify-boinfinif 18 Ralid g fotmar o1 (5

| atch 104 thuggst qrating-poltitinimbi? 16 shown inl Fig.L 8. NBloatihg-poift nuhibler 48thasa

I nvol ves addi ng exponents and nultiplying nmanti ssas. e exponent data path
referred to above sign bit &&, arti?-pibienponerntponidna4s) ant kbit 85,0 d<ditt 83, & 63-bit

mul }‘r’pl i cand fl oating-point nunber and the nmultiplier floating-point,
nunber. The manti JBARLSSAOIFAPRIRCEIPHET.Ag¥ard it Sy @i ropnd it 48; and gosticky

The, mnt sa Mgl kf 2l uT S LAl eEihe R oL oM i,

e oo o oo 16 M P BrBaF, BERS8 rhso b i 85f of iy g o

mul tiplier stqged pins1 asuntidit £RERPsticky bitat7sareriseddntomally by floating-point
unit 78 for rounding purposes and for information regarding precision, and
are not sent to or from the user of the microprocessor. Guard bit 51, round
bit 49, and sticky bit 47 can be stored in registers OPA 209 and SReg 211,
for example. |

20 - - For multipliers and multiplicands of those numbers that are sent over
M bus 140 and/or R bus 138, interface unit 101 of 'Fig. 3 latches sign bit 45
and 17-bit exponent portion 43 in exponent latch 102. Interface unit 101
also latches I-bit 55, J-bit 53, and 63-bit mantissa portion 41, in mantissa
latch 104. Mantissa latch 104 thus stores 65 bits.

25 ' Floating-point multiplication involves adding exponents and
multiplying mantissas. The exponent data path referred to above of
ﬂoating-poi'nt unit 78 adds the exponents of the multiplicand floating-point
number and the multiplier floating-point number. The mantissas are
muttiplied by mantissa muttiplier 113.

30 The mantissa multiplicand is stored in OPA register 209. The

mantissa multiplier is stored in register SREG 211.



bit plus the bits of higher significance than the starting point bit then 5
becone the only bits of the mantissa nultiplier that are nmultiplied tines

the nultiplicand stored in register OPA 209. The bits of |ower signi.ficance
than the starting point bit are ignored. dnithe preferred enbodi nent of,the

present invention, | i 1S i 1he [ si.de the _ _
manti ssa, and hi gher %gglégﬁf%ﬂbg%fgélfrg?ggﬁﬁ@régﬁ 6@?%"&3'%%?‘%”&3@, I n
. other words, then Fy. Hadesused toltbidih @ lophinur ukiphédti ' it i =

i gnored. As set f(f?t h above, regi s'_t er RE&J; Z?i‘ﬁconttgﬁ%sﬁghakomt&@@qg?

zero, a J-bit 5bitsofée mantissamulipliensionedim refiste:SBEG 21t hi Thédtatingpoim bi t
49, and a stickxﬂbit 47. The .1-bit 55, quard bit 51, round bit 49 and
sticky bit 47 ait Rlus the bits ofhighgr significapce dhan thestarting pointbitdhemus t he

PS8 B M o o ki b o )
T . Ry ot : i Bbi ek .0k eqi SREG
The SLert 0 PO RarboloEnagHr PPAY T o A Syl i

circuitry 214 dahewstartifg pbinEbivRre igndiedt! Ih it h@@é:’tm:ﬁeoqinﬁn%qhasbrfwni‘t by
| ooking for a string of trailing zeroes in the the manti'ssa nultiplier
stored in regi stinvergidRCiower orgerhitsdreside wmn thatright side of tiee atantissayfandt art

det ection circui t'éﬁ/ 21 nd three-to one nultiplexer 216. Binary nunber 401
is an exanpl e ofM@NerATAPLRILS feside; on the lett sigp of themaatissa: dn otherwards, the G ven

h d bi - . “Dj . ‘Dhi.t 47, d 1-bit 55 ,
Ehg; glrjgr no'?btper | n‘éﬁ&‘e ?@Witgé%fai@%@'éﬁ&gﬂ@l'ﬁﬁrfd‘ogni gnorlaf:l). glr ﬁa?iro :
e O i, oMY | 9R¥ls@ttoft abbie. Tagitie? SR 211 enthins™d1-bn Bs'of 2ara ! O

will hereinafter be referred to sinply -as the nmantissa nu plier.

ri ght nost bit ofdebib &8y a63Aiitman(idsa portior 411 caguard bin51 | & adlindbit 49f aritpat i ssa
portion 41. The |leftmost hit, which is J-bit 53, is the nost 30
si gnificant bit SiCky Rt 4fanthebhit 5 guardibit:Sts rounstbit A9 ang sticky bRl
I-O o ;?t | OL;I’IE and zter}g for tﬂgtmnxﬁi?ﬁlielr in SREG 21" 1?%%'(1?%; t?netpr;%ir{een? grcttolf \t/hee r?dn?tlvetr
15 ‘storedin SREG 211 for this description is the 63-bit mantissa portion 41 plus

J-bit 53 (i.e., a total of 64 bits). The starting point bit for the mantissa
multiplier stored in register SREG 211 is always somewhere to the left of
guard bit 51. '

Start detection circuitry 214 determines the optimum multiplication

20 starting point by looking for a string of trailing zeroes in the the mantissa -

- muttiplier stored in register SREG 211. | o
Fig. 6 illustrates the operation of start detection circuitry 214 and :
three-to one multiplexer 216. Binary number 401 is an example of a
mantissa multiplier stored in register SREG 211. (Given that guard bit 51,

25 round bit 49, sticky bit 47, and I-bit 55 are zero, they are not pertinent to this.
discussion and will be ignored). Binary number 401 is comprised
of 63-bit mantissa portion 41 and J-bit 53, which will hereinafter
be referred to simply as the mantissa multiplier. The rightmost
bit ofbinary number 401 is the least significant bit of mantissa
portion 41. The leftmost bit, which is J-bit 53, is the most :

30 significant bit of the mantissa multiplier stored in register . .
SREG 211. '



between bit 11 and bit 18 of the mantissa nultiplier in register SREG 21 1.
Li nes 281 conprise 8 lines coupled between the mantissa multiplier in
regi ster SREG 211 and mul ti pl exer 216. The-rli3ghtnmost. line of lines 281 is 5

coupl ed' between bit 40 of the. nmantissa rrulé[gfl i er and-the multiplexer 216.
The | eftnost | i ndingand tesrightingst lieg am eovnied e respedtivefi-bit posiians i ssa
mul tipller 211 and .t | $4 I f_the. ot i | nes
281 between the P%?W%?Q'EB“I ﬁn&%ﬁg 19 f??é%rq ﬁ%ﬁﬁﬁamv‘pﬁl@ql@?@#ﬁf)§§%‘?g
respective bit betweenRi ' el b

mul t-i pl exer 216. 10 "Lk 216'&?53%(525? #sﬁ&#gﬁ:ﬁﬂgﬁﬂgg?%ﬁ F\m(aa'sr&%fa?ﬁg'pgg‘g of
lines 281, 283, aindregidter SREGE11cahdmultiplexen2tB.f The eghtnsastline of lines 281 isi t
of the mantissa multiplier in register SREG 211 and the three-to one

nul tipl exer 256. coupled bpiween bit#Q of thecmastissaaultiplier angi the muftipipxar 2186. a

t of start detgcti Lrcuitry 214 of shif it..1 fl oati ng-poi nt
ini t 78, zoro 15 Thesinestipgi et 28t R eplac Gimapn biys? ofthamarioed 151 |
th h 480 and || : i 4 A
coupl 80 bot ween | TRPIAG 217 Afe i mligaah 2R6C R ol 'GP KRG dheg 27

transi stors 441 tBguedn the leffest linesandthe Fighfnss WRb 9€lcbgpiad 46 afras 2ﬁ° bit

respective bit of the mantissa nmultiplier stored in register SRE
Transi stor 441, fbetwa@n bit4Gapd bjt 470f the quantissomultiplier and multiplexer @16t he
mantissa nultiplier stored in regipster SREG 211. The next transistor

transistor 440 has itShymeachelherghtmost lines ¢fthe set pllines281, 28B.and 288 i n
I st SREG 211, f le. T f t I. 451 i l.ed. t
L??;Tzoe(r)f the s SIS BtRisEn 2 Bfipfi iefing SRS he Hoansta WitfpIRY id °
T t 452 t ' ' Ay S h$ -t hat
ramsistors H@g@gﬁ%ﬁgﬂgmgﬁe fﬁ@@%‘d’ ohé ﬁ'ﬁm;p[@@? p§gOrs-that are

coupl ed between |1 Each respective gate of

transi stors 452 t hr ougRigd ZGliustrates thecdrd detectiioficot30that isepatt of start
consecutive bit of the mantissa multiplier stored in register SREG 211,

starting with bi t detectianeirewitty2] deftshifiaruniidl 1130 floating-pointiunds78432emand 432
of “bits 0 to Ht Sgtact ogie 430 da Setorthed o (U5, St ptord 4t Sroued 45 s Tires
‘431 and 432. CMOS transistors 441 through 451 are coupled between line

431 and ground. The eleven transistors that comprise transis_tors 441
through 451 each has n§ gate coupled to a different respective bit of the
mantissa multiplier stored in register SREG 211. Transistor 441—. for |

20 example, has a gate coupled to bit zero of the mantissa multiplier stored in
register SREG 211. The next transistor, transistor 442.- has its gate coupled
to bit 1 of the mantissa multiplier in register SREG 211, for example. The
gate of transistor 451 is coupled to bit 10 of the mantissa multiplier in register

~ SREG 211, |

25 Transistors 452 through 480 comprise twenty-nine transistors that are
coupled between line 432 and ground. Each respective gate of CMOS
transistors 452 through 480 is coupled 1o a different respéctive consecutive
bit of the mantissa multiplier stored in register SREG 211, starting with bit 11
and ending with bit 39. ) |

30 Lines 431 and 432 ére initially precharged to a positive voltage Vcc.
If each and every bit of bits 0 to bit 10 is a logical 0, then line 431 will stay



Referring to Fig. 6, zero detect circuitry of start detection unit 214
| ooks for a string of consecutive zeroes starting with the | east
significant bit of the mantissa nmultiplier. If no such string of »
consecutive zeroes exists, then the Iea‘silZS'i'gnificant bit (which is the,

Tt 'ssa bit of o fglerd ) Figs 64 bfedt ey of bt et aiit 04

multiplication. In a preferréed enbodi ment o he present 1 nvention, two,

ot her bit posicoksier &stingeof donsequtive zerseszstaning withethedeast sigrifidant bitehald as
possible starti.ng points for nultiplication. In a preferred enbodi nent of
the present iotthetmantissafaultiplere o such giring of congpCutiverzerops existhe thert

position zero, bjt 1Q ..position. 11, .and bjt pasiiaon 40 erejn bit

posi tion zer ofhes'leﬁﬁés'PP'SE?'ﬁ&é&(ng“i‘ i3the Wé“ﬁ%ﬁﬁpf?@et\”ﬁﬁf o) }/smeysed]%@l@ three
starting in | s - having lines 281, 283, and 285 coupl ed
bet ween r(Fagg;i s%%m@%ﬁ%ﬁgﬂﬁﬁ?%%fto one mul tiplexer 216. Start detection
unit 214 and nul ti IHs?eéfe&&@emdmémdnhqsbtefsbﬁﬁnvsmton,lwﬁoom&%n Start
detection circuitry 214 sends a control signal to the three-to one

nul ti pl exer 2p6sitioas besidss ditPposiioaizese areestablishediadiorehadd asrpbsdie i s
conprised of eight individual |ines, one per bit 8osition. The ri ght nost

line of |inessStagting points for Multiplicalion, Ipia prefareed,embedimsnt of thepre

Itipli in, i.St ey EG 21 ' ' .t d,,. d i ck
bi'ts. "The 1 ef Inkdkio; fhe 1hfes Rossioie BRIng B Bructiianl BhBion 2R, o he
The | of rrid - PBSYER 117 shd SitBesliondawhblein it bsiion 78t & g righumostiie et voen

respective bi of Bwsiriantissdmulipher. Ftieseahoe(stirting pofis aieeétablishet byl 1) and
bit 7 of the 25 mantissa nultiplier in register SREG 211. |linesS 283 arau/
conprised of bayimg linasc281; 283] and B85 woupledibetween registenSREG) 21t ¢randn

regi ster SREG 211 and the nultiplexer 216. The rightnost |line of |ines 283
i s coupl ed bethi@@rione Multigiexph&€18mnti ssa multiplier in register SREG 211

betueon bit 16 of ST ARIAEHEL R BT Byt rhoipRcer ¥ TR SS R URy (e
‘three-to pge Ryh! i Sl tectibh cirblitry®@14 S6iisd crithst SighaBid thie tRRb-fo kel f t DSt
multiplexer 216 via lines 279.

Each set of lines 281, 283, and 285 is comprised of' eight individual

lines, one per bit position. )
| The rightmost line of lines 285 is coupled between bit zero of the
20 mantissa multiplier in register SREG 211, ignoring the guard, round, and
sticky bits. The leftmost line of lines 285 is coupled to bit position 7 of the

mantissa mult’ipli_er'in register SREG 211. Each of the other 6 lines between
the lefimost line and the rightmost line of lines 285 is coupled to a respective
bit position _betw_a.et_\ bit zero {the least significant bit) and bit 7 of the

25 mantissa multiplier in register SREG 211.

Lines 283 are comprised' of eight lines coupled between the mantissa
munipliér in register SREG 211 and the multiplexer 216. The rightmost line of
lines 283 is coupled between bit 11 of the mantissa multiplier in register
SREG 211 and the multiplexer 216. Tﬁe leftmost line of lines 283 is coupled

30 between bit 18 of the mantissa multiplier in register SREG 211 and the

three-to one multiblex'er 216. The 6 lines of lines 283 between the leftmost



-15-"trailing zeroes in bits O through bit 10. This would al so indicate
that one of the bits of bits 1 1 through 39 was a |ogical one. Bit 11 would
be used as*the starting point.-of nmultiplicat ilgn_ of: the mantissa nultiplier
in regirster SREG 211. An exanple of this situation is shown by binary

nunber 402 in Fig. sdilingerSes inbilda throughosit 16.0Fhish@sid afsodnditatentiat'she off

consec-\l{give trailing zéros between bit 0 and bit 10. Bit 11 is used as
starting poi nt 414hé bits bEbitsytbthrawghoda wasaiogicaf ore. aBit 18 swordd bewsed s the r y
214 finds that line 431 does not retajn its precharge voltage of Vcc for a
respective manti ss&taming ppint ef muRiplicajiostof thesmantissa multipkarin pegister SREG211.
mantissa nultiplier,in 10  regi.ster SREG 211 l.d be used . tgrting
point for rmultipli &;ﬂ?mp‘ﬂrﬁ% 'I‘%"O(S‘f'stsﬁﬂ’nwt Y O™ réﬁé\”ﬁup‘&?%bﬁ{%ry
nunber 401 in Fgg. | 0, [ 0 anseGutive zeroes for..t.he

| east significant l??rt‘%rﬂ}ﬁn B%]]i. z‘g?yth%%%b%’?%%?, n%ofzgt %ﬁ’ WH@%‘EW& tyailing

| ocated at bit zer gervsibetweenyhit ¢hand g WhcuBiti illaks used Rsosmrdingpoint0414.
through 10 was a |logical one. A starting point of bit 0 15 nmeans t hat
conbi national 1ogic of dJfthetcombinatianahlogic efistant detattionoincuitry 2114 finds thatdinet o

the three-to one nmultiplexer 216 via lines 279 to -‘W}S’ the bits on |ines
285 to Booth recodi4?] €Pec0Ptrelain & prechargp yoltage of or a{@sparlive mantissa

mul ti pl exer 216 contrgll . i inl .G Wi er.nes

Whi ch”starting po MPuRBiGan H4SeF SRESFPER. hER pEb{Sighe katSis AELBIRIRTS

point) is sent 4y i hil8 Wet Ah¥ isfardin : IiHIIBR AR E,

if the starti n&bdeﬁgggs?%ﬂgﬁéiegcﬂ?t‘?gmglfz Lf:lgeétd (?aags nghﬁggadt‘?]d;ﬁgeg r"?ﬁgp of
consecutive zeroes gxgmpledhthis bitdationds shown by binarp nambet 40t irzFigo6s There ist s

hi ghest order zero in the bit position 9, then bit position 0 (the |east
significant bit) ishastring=nfconsecutiveizerapsdor the least significant bitsderbinaty mmker 401,
manti ssa 25 multiplier, in r,&gi St er SRE‘S 2&1. | f, ?n I he, .ot her, hand,, ?s‘t art
det ection circui t r yS®8$taning LRIt 41&is lecated at bit zaro. JFhis. situationwanld pecyriif a1,

zeroes exist and t 8 t Mes i]i . d &S
hi ghest order zer ohiéésg&gal 6*%‘*8?{%‘,‘#‘?2@ Q&tha'\rﬁ?y%ﬁ Rg%teagﬁéé)ﬁéwgﬁp%'{réequal
to 10, then bitygll ingan§ Mwhatdonibifdtdnkl Gicey stant defectibn cirliirg Z14avound sbhca
mantissa nultiplier in register 30 SREG 211. But if start detection
circuitry 214 det ersignaktotthe three4o ohe ghultiplexen 216 .via inest 228 toi sandabe &ils 08xi st
and that the string of consecutive trailing, .

lines 285 10 Booth recoding circuitry 217 via lines 287.

Thus, the three-to one multiplexer 216 controlied by start detection
circuitry 214 determines which starting point (plus the 7 bits to the left of the

20 starting point) is sent to Booth recoding circuitry 217 via lines 287.

To summarize, if the starting detection circuitry 214 determines that a
string of consecutive zeroes exist and that the string of consecutive zeroes
has its highest order zero in the bit position 9, then bit position 0 (the least
significant bit) is used as the starting point for multiplication of the mantissa

25 multiplier in register SREG 211. If, on the other hand, start detection
" circuitry 214 determines that a string of consecutive trailing zeroes exist and
that the string of consecutive trailing zeroes has its highest order zero in a
bit position less than 38 but greater than or equal to 10, then bit 11 is used
as a starting point for muttiplication of the mantissa multiplier in register
30 SREG 211. But if start detection circuitry 214 determines that a string of

consecutive trailing zeroes exist and that the string of consecutive trailing



-14- precharged to positive voltage Vcc. But if any one of the bits 0O
through 10 is a logical one, then the transistor associated with that bit
will be turned on, resulting in a path to ground for line 431. Thus-Iline
431 will lose its precharge voltage if anf/ one of the bits 0 through bit 10

Is a logical o L Nald; ) Ol e. -
Cor r espondi ngl y, BF argé@ﬁ&gﬁgiﬁgggrﬁgé%gngc%f B{thlgﬁgf t% g\efﬂ‘f{xﬂggﬁgﬂheggpﬁgg KS: a

| ogi cal zero, ti§enograhosethen e transsiof assveidte withhaY it Withe furmation, 280
will stay turned off. Thus, line 432 would retain its precharge voltage of

Vcc. But if anyesultingfin aipativio grounddon lineg#3139Thus line 43 willloem#s t hen the 10
o ound for |1 neabaae vasaas  an et ohihe s uhrelsnsL1n & 8 odealage"Vee i 1
T start  dePoct TR WPt MR i ndund el 000 T hee 431 and
for a given mant! ssaon T crg i dadd STBIGIE Gnd of 16 g I AGKHNEEC, or e

i s a consecuti vig Flogical zefo, then bactpand every one dfithe transistory @52hthiough of the
mantissa nultiplier in register SREG 211. In other words, each and every
bit of bits 0 t#8®wihstaytucedail.l Thus: line 432 wouidhretaintitscprecharge aoltagiofect i on
circuitry 214 uld_sepnd a signa t he, three-t.o qne 20 nul t i pl exer 216
Co send the. bi t UenER faey ae-gdhebil 11 Twbial 33 i€ abdicalgne, ent | nes
287. In ot ' . ' ' h Rhi L& ' r SREG 211
woul d be urs]g:l ;\géﬁ%tog? %??l?\tgap%{hﬁ‘[h ol? mrrﬁ% ?up')lﬁé:gh @{c}w tcﬁ'r#’ g%grﬁr{p e of a

case of a stri ngro%hdqeﬂﬁﬁ@%ﬁ.\/fﬂﬂ@w@ﬁmhm thus fos@ itspragBargai voltdfe Vecihown by
bi nary nunber 403 in Fig. 6. Fig. 6 shows starting point 416 at bit 25 AQ#

with a string oényoneafthe bits 1¢through 89ti$1a logicaltonef the starting point. |f
t he conbinational logic of start detection circyitry 214 instead finds that

line 431 retains a pleesampinasiona! logic; in;siant detection cirewitry 244 detects thee 432
ciroutry il Beemen s 437 "Gl i BrbdBs £33 hd 852 Rl eodiaddd 0.
i rcui try 20 VPP Uehdle VOSIGre Gl manifdh Nipker IIRBRSTSTESE N ng of
consecutive that means that there is a consecutive string of trailing zeroes in bits 0
through bit 39 of thé mantissa multiplier in register SREG 211. In other
words, each and every bit of bits 0 through bit 33 would be a zero. In that
case, start detection circuitry 214 would send a signal to the three-to one
20 mutltiplexer 216 to send the bits on lines 281 to Booth recoding circuitry 217
via lines 287. In other words, bit 40 of the mantissa multiplier in register
SREG 211 would be used as the starting point for multiplication. "An
example of a éase ofa Stdng of consecutive zeroes in bits 0 through bit 39 is
shown by binary 'humber 403 in.Fig. 6. Fig. 6 shows starting point 416 at bit
25 40, with a string of consecutive zeroes 10 the right of the starting point. .
If the combinational logic of start detection circuitry 214 instead finds
that line 431 retains a precharge of a positive voltage Vcc and that line 432
“loses its voltage of Vcc and has a zero vbltage, then the start detection
circuitry will send a signal to the mulfiplexe’r 216 via lines 279 to have
30 - multiplexer 216 transfer the bits on lines 283 to Booth recoding circuitry 217

via lines 287. In this situation, there would be a string of consecutive



In alternative enbodi ments of the present invention, bits other than bits
0, 11, and 40 could be used as starting points.. Multiplexer 216 of Fig. 4
extracts 8-bits fromone of three starting p0|;1ts in the manti ssa

nmul tiplier to send to Booth recoding circuitry’ 217 vi:a 5 | i nes 287. Unes

287 consi st of eight pqha%{fﬁat#hﬁ?m?ﬂs% ftﬁgptl ts{‘ff@aﬁ% 'bﬁg'oﬁ'leé)?"éltr\%%

Boot h r%;odl ng circuitry er o rommil ti

to Booth recoding bits 8, 1,rahd?40’ could besussaicds staAing poims.of every cl ock cycle.
The bits of the mantissa nultiplier starting wwth the starting point bit 10

and going to the |eft Multiplaxee2d® ofikig- 9mmsm:bﬁatm onec@dhmg sariogi try
217 because in each Rha.s li.er

| t
regi ster SREG 211 PQnts) ﬁpﬁd“?’? GH?W@ §°" Sbmi' | Fujtrg 2t1\?d"%f

Boot h T ecodi ng i rUTHS 7972585, 78 et i il Féﬁiléﬂtnﬁgrvﬁﬂ&e Béftgaﬁéﬁia M ng
point bit and the g E%thﬂiﬂ Booth reéBHnﬁq cnPétﬁmPQ?? STHb tlansfa? Of B-Bif
circuitry 217. As tRAe mantissa multiplier I'n register SREG 211 elng

shifted right, zermultipiexeara16nei Boptheécodimg Cireuitry 217 ocegrisseanh ﬂﬂ?@t@bbf For
exanple, if a starting point of bit 11 Is chosen by starting detection
circuitry 214, theewfﬂaﬁlogk(ﬂmle@f ei ght bits passed to Booth recodi ng

' e zero, bits to the left

oi Che most < gni 1 cant 108 Bt pfthe mentsck munipiBE shrincl G 115 stRrkd Al o417

i ncl udes latc [ th
recodi ng ci rczﬁfry cag%ﬂ‘gemb ga?rag%ag%ggﬁféla ﬁergltg%%ih%&%éﬁﬁuﬁg 2
nul tiplier 113 useseead’sdomtemmageelwhm gRck elbl m&ﬁunmaﬁm&bgmr
parf\val products. Binary nultiplication Involves t formation of parti al
products and t he aSfEG @11ds$ shiftediright by 8dhitst sThulsnlncmmy phaseyvzoteveryelockal
products, nultiplier C|rCU|try 113 includes Booth recaoding circuitry 217,

| at ches 231, 232, Syele. Byllipjaxer 216,5engs afifierent u@@neqfeﬁ-la'ﬁ%wzbeothza iDg 3,
AT R N P e o P A TR
fe“XJ't L 'ng'e'r g; ;;?s NC b bit(ehe set'o BbAMGRCOinG irblitry 249, adders (with sign
As the mantissa multiplier in register SREG 211 is being shifted right,
zero bits are being left shifted into register SREG 211. For example, if a
starting point of bit 11 is chosen by starting detection ci.rcuitry 214, the final
group of eight bits passed to Booth recoding circuitry 217 via multiplexer
20 216 will include zero bits to the left of the most significant bit (i.e., bit 63).
Booth recoding circuitry 217 includes latches to keep information
needed for a giveh clock cycle. Booth recoding circuitry can use bits from
a previous clock cycle. |
Mantissa multiplier 113 uses a 2-bit Booth recoding aigorithm in
25 generating partial products. Binary multiplication involves the formation of
partial products and the addition of partial products. in orderto genérate
partial products, multiplier circuitry 113 includes Booth recoding circuitry
217, latches 231, 232, 233, and 234, partial product generators 241, 242,
243, and 244, carry-in lines 345, 34'7. 349, 351, sum latch 251, and carry
30 latch 253. In order 10 add the partial products generated, mantissa multiplier

113 includes (1) four stages of carry-save addérs {with sign extenders) 221,



- 16 - zeroes has its highest order zero in a bit position having an order
greater than or equal to 39, then bit position 40 is used as a starting
point for multiplication of the mantissa nmultiplier in register SREG 211.
If the multiplier is all zeroes, no multiplication is performed. The

trol logic will pl . 5 ul £2ih accumul ator 105 (of Fig. 3).
OO 1001 e Eh e udP er R bl oSt P a2
SReG 213, et o MR SFEduRP 38 théifoipolifin B8 K Lonfad'Y sldding Bhigt fhsi ' S o
mul tiplication mbttiplitatioevef the manisenmatipRerdn regisen SRECLEEII3 AR multiplier is

rting

floating-point nmultiplier being stored in register SREG 211. A sta
poi nt of bit 1lalt2ercespommultipicationisipesformed: Jhercdntrobiogitowiliplade aweto ssa

multiplier heing stored in register, SREG 211. Mreover, a starting point of
bit 40 corrgspcfgaght"baﬁcw'h@i 1%491 é‘ﬂom-f | oati ng-poi nt manti ssa bei ng
stored in register " usi.ng,starting.points of bit 11
and bit 40, multipl ﬁfﬁ?isg'#gi?'o‘é?‘58%1"8§°g%eﬁ st tpnbi zard ik used as & ght nost
string of consegHkingepdiftibt MtBiphEAtRRf W ; 8T t he
rest of mantissa rrulbtqi) 6I I er cil C%P?? Tﬁl)%mb%‘ﬁagﬁﬂf" Il%négﬂg{ag ng poi nt
-saves five cloc&irycles for a single 20 preci sion nunber for multiplier

113. Using bit 11 as a starting point for a double precision floating-point
mantissa in regi'st erRRABIIOFIGL6,doean be searsthaha starting pointfor. But if the

doubl e precision punber has .a string of trailing zerges frombit zero

t hr ough bi t1939, R'@ﬂ&‘f%@%‘?@&@%@&%@ﬁﬂw §x\eaded peasision fipstingrpaint

mul tiplication ' ol =14 cl 5 cvcl.es uld be ._
saved for an ex@é% eﬁ;%‘?ﬁﬁ@f@%&n‘ﬁﬁ%g?'%@ﬂﬂd @%"ﬁﬂ@'é‘ﬁ%ﬂ‘r‘\gﬁ ing \J
consecutive zer@fespdatsith adoudié pmb@ﬂ@ain&mnmahﬁésadhﬂrfgﬁiﬁbéiﬁg' ling
consecutive zeroes frombit zero through bit "10, then one cl b0ck cycTe would
be saved in a sstheadiinsegistariSREGI214t iMorebyenalstartihg pointl 483hit! 40 dofrespetisanded
preci si on nunber, had a s riqr;%tof trailing consecutive zeroes from 30 bi t

I . ! N
0 through bit 3¥nglerRracision fiaatingpoint Fantissy baing:stenedriniregjstes SREQR2114 i ve
clock cycl g% woul d gy 3@ing%idMhg Buintd B b1 &hd bit 40, multiplication clock
cycles can be saved because the rightmost string‘ of consecutive trailing

zeroes do not need to be run through the rest of mantissa multiplier circuitry
113. | | i
Using bit 40 as a starting point saves five clock cycles for a single
20 precision number for multiplier 113. Using bit 11 as a starting point for a
double precision floating-point mantissa in register SREG 211 at worst W
saves one clock cycle. But if the double precision number has a string of
trailing zeroes from bit zero through bit 39, then five clock cycles can be
saved from a subsequent multiplication by mantissa mhltiplier 113. No clock
25 cycles would be saved for an extended precision number tﬁat did not have
any tra_iling éonsecutive zeroes. But if an extended precision number did
have trailing consecutive zeroes from bit zero through bit 10, then one clock
cycle would be saved in a subsequent multiplication by multiplier 113. If the
extended precision number had a string of trailing consecutive zeroes from
30  bit O through bit 39, then bit 40 could be used as a starting point and five

clock cycles would be saved for multiplier 113.



19 cycle, Booth recoding circuitry 217 receives either a single precision
manti ssa, a doubl e precision mantissa, or an extended precision mantissa.
Paddi ng is ‘done by Booth recoding circuitryg2l7 to.opti.m ze the nunber of
mul tipltcation clock cycles perfornmed by nultiplier 113 in order to 5 '

achi eve .a resul t. cfclelBboth tetomimddsirbultyy U rdceiveosithes acsingle progisithy t o
achieve a positive integer multiple of eight because nultiplier 113
processes a N ni mmangissai @ doulde pregision marndissa,aran extandad piecisian maptissa.

represents a single precision nunber after bejng .padde Boot h _r.ecodi ng
i routtry 217 Too bt Eagainods BORS By spas reqpinibeifcity 2 1 o, apimie1he 5 o
the single precisi pqy%h; : ":5@“1 ' %@.}E l,ef t
of doubl e precisitll)‘ﬁ rggﬁﬁdmtlé/'\b ! éﬁgﬁéyg?gbég egi %ﬁ%@“ﬁgsgsﬁbyﬁréﬁded
preci sion nunbgr atRievBPidsule FAUMBeLis sddet byBooth récodiitisirdUitP 217 to
received to the right. The paddi ng done by Booth recoding circuitry 217 on
the right is doneachie¥d a posifiveintegenumditiple tof #ight becaussestaltipliet 1131t eger
mul tiple of eight for a given mantissa sent to Booth recoding circuitry 217

and padded with tREoeasses @ominimumatieight bitspeselack cyelengl e preci sion 501 is

padded with six-bits 521 to the right of ntissa 515.. .The resul ting nunmber
501 has & toral of 32 BNRY WADe5S8! rapiesERl s Snae AELFIR puATR Senben gnt

and thus is a posilLi. it | ; y P it G '

mul tiplier 501 co Pﬁggﬁoﬁé r%%"%ﬂ@cﬁgg"ﬁr g@‘e’ﬁ‘é?@nq?o%dagpégéh%bec es
by nul tiplierq1@l3.of Aeartisea 51801 thedsingle présdision MRAibep.ORikewisea tWie Bite 514 are
right wwth zero 523 by Booth recoding circuitry 217 prior to being

rrulnwl i ed. W t hopaddid tathe |eficifidoybomecisioni 5Tt and tweebits Sthhary paddddto

nu 502 woul d be conprised of only 55 bits, The nunber 55, of course, is
not a positive inttgdalt ai®xendad precision aumbRIS1S: ght . The snal | est positive

e P o U gl 247 By B AU Rt el i °
RESEISEY (%, Co b BRASNT U B Bod Rty 217 bl tho A il 1113
' 15 achieve a number that is the smallest integer multiple of eight for a given
mantissa sent to Booth recoding circuitry 217 and padded with two bits to
the left. _ _
For example, single precision 501 is padded with six-bits 521 to the
right of mantissa 515. The resulting number 501 has a total of 32 bits. The
20 number 32 is equal to four times eight and thus is a positive integer that is a
multiple of eight. Binary multiplier 501 comprised of 32 bits wouild be
processed in four clock cycles by multiplier 113.
| Double precision binary number 502 is padded on the right with zero
523 by Booth recoding circuitry 217 prior to beirig multiplied. Without the
25 padding 523 to right of mantissa 517, the number 502 would be comprised
of only 55 bits. The number 55, of course, is not a positive integer multiple
of the number eight. The smallest positive integer multiple of the number
eight greater than the number fifty-five is of course the number fifty-six.
Therefore, only one padding bit 523 is necessary for double precision
30 number 502. Given that multip.li,ex' 113 processes 8 bits per clock cyi:le.
| and that double precision number 502 has fifty-six bits including padding, it



and that doubl e precision nunber 502 has fifty-six bits Including padding,
It - 18 - 222, 223, and 224, (2) sumlatch 251 and carry latch 253, (3)
truncation and register units 255 and 257, (4) 8-bit carry propagate adder
262 and (5) 68-bit carry propagate mantj gga adder 107 (shown in Fig. 3).

are o e ToR2AeE e EFIR ity YA Hd AR Buc B 3] ol Uil

by nul tiplier gddJegisétMiis OBS dnadsY, (9 8-Bf cabr p%uﬁgmﬁ Enﬁ'?éf

Reduci ng t he nurrber ‘of partial prodicts reduc addltlons
t hat needs tosadmpmrfy)pmpdgawmahtlssaaddemommmmithEignG)xber of clock

cycl es necessary for mantissa nultiplication. The Booth al gorithm
used by Booth recoMLﬁ!Pl'@l' 1 t3usey aBooth se@silmlu@mm sothatpertialsa nul tiplier
bits receiyed circuitr rom EG 211 in

gr oups of be %‘S&q'ﬂ?gaiﬁ%q ?"%P@ fh g%%f’i"f’ﬁ‘ Three bits

ieultry 2'1‘35%@@%@%%9%““@@% *13*5897%%@%2‘%@% iRy FEARASY
present pair ghelNalfS médliciny mmﬂnwoffpaaraugh ik cﬁfr&dgéﬁﬂhebhﬁm rdfhe next

| ower-order pair of bits. I'n effect, the bit of each pair is

exam ned tw caddfioRethdt needsdo bg peiformed,rwhich ih tufih eeducesthe gumbet of pl et s
starts with the |eftnost bit of the previous eight bits received by Booth
recodi ng ci r cGlock\Cysles, negessandos mantissa nutiplisation.owar ds hi gher order bits.

ciroui try1917 or 3&8%@3&9%%@@8@9 o SRR AEBB AL LB Bt s
mul Ui pli er 113505 4bmahidgs pier by n W’ecflgpﬁéoottw&ng(?’r gl i er 113

processes four pairs per c cyc hrec ircuit Ry .

217 pads the partfici tedgitler SHEG 21 Vin broupsws-b’n’fé arB <ividéd mlzéuury}o&dsse Boot h
algorithmto the mantissa nultiplier. Padding refers to addi ng ones or

zeroes to the (Lef pairs). 'Three biss (ie. binplntga auesbamnem timechowever, by rcui try
217 incl udes Iatches conblnatl nal and control circuitry in order

| 0
to perform t h&ooth W%ﬂf‘?‘l’&% 16r Eap I‘@h’é‘ﬁlﬁt iR,Comprigechet2-Bity HpMm hm
' 15 the present pair of bits plus a third bit from the high’ order bit of the next

lower-order pair of bits. In effect, the high order bit of each pair is examined
twice by Booth recoding circuitry 217. The scanning of triplets starts with
the leftmost bit of the previous eight bits recelved by Booth recodmg
circuitry 217, and proceeds to the left towards hlgher order bits.

200  In multiplier 113, eight bits are sent to Booth recoding circuitry 217 for
each phase two of every clock cycle because mantissa multiplier 113 uses
four stages of carry-_save adders. Tﬁus, multiplier 113 processes four 2-bit
Booth pairs per clock cycle.

Booth recdding circuitry 217 pads the mantissa multiplier with zeroes

25 ° before applying the Booth algorithm to the mantissa multipliér. Padding
refers to adding ones or zeroes to the left or right of a binary number. Booth
recoding circuitry 217 includes latches, combinational logic, and control
circuitry in order to perform the proper padding before implementing the
Booth algorithm. - .

30 | Fig. 8 illustrates the three types of padding done by Booth recoding

circuitry 217." In groups of eight bits for every phase two of every clock



30 Fig. 8 illustrates the three types of paddi ng done by Booth
recoding circuitry 217. In groups-of eight bits:for every phase two of
every. cl ock’ - 21 - extended precision nunber 503 and zero bits were
padded to the right, it would take nine cl otRlcycl es :to process extended
preci si on nunber W®&8ndadtpretisiontnumberS63 @nddzeto bits Wete patited talthai rightj it s
padded to the right, it still takes nine clock cycles to process extended
preci si on nunber Yeyld jpke-ping clock cysles; o Procss extandad precisiomnumber 503.

5228‘]'%2?; " (%;1 © 0 el LR o P A, R BOGRR0E, >
o1 eci 3 on il {1 pl 1A A A BroERa ekendad fdcilon shfper 63 phh

one zero bit tg tlhe7eitstiongnd (3) an extended precision nunber woul d be

padded with eight zero bits to the |left and no zeroes or ones to the right.
In an al ternative enbodh@pralteoiativa@emhosiraent ofithe présant invention, arsalternative

"ot t b 15 the miadoEiGsEhare ool 56 head whafein Hhea siola pracision.unelel oo be
dded with-a z i Ni 1. Lti i

et et b £ o Sl B3 Halipe Jith digfl 310 bST {08 168 Bnfy i ¥erfls b nesiBibe

is nultiplied usingkoBy a’ddible &%tshbrailngﬂggié ijeSpadded with

d usl ighht, na 2étoibitsdo
smal l'est positive I'nteger that is a nulti ehg? 8 that wll ylMg!fd an

i nteger L of 300r thedelt and ohé zBrobintosthll right,cand)(3) ad ®xtendedeprecision mubes
made equal to one and L is given a value equal to D m nus N mnus one, or,
in @ther words, tHsoyidbep gtwwé\/@ahtmﬁ%bﬂsm_twgﬁ apd ngi zespesAr enaso the
nunbef. But if Dmnus Nis an even nunber, then Ris nmade equal to zero.
After properly paoflﬁ g the multiplier bit. Booth recoding circuitry then 25

generates control signg %“tm}"%{"gséﬁ@déﬁ’ﬁmﬁr‘héﬁb%%?%hﬁgﬁrbfﬁm’%h@#é 241, -

242, 243, and 244, as s ownin ( n ) “phas a
cl ock cycl e, Boot r‘Iniiﬂii@l?é’l' W68 'bePédded with/a $612'1h eCH lof LtUittﬁoshforth KRt gisa

multiplier three bits at a tinme according to
15 the most significant bit position. The multiplier would also be padded with a
zero in each-of R bit positions to the right of the least significant bit position
of the first number. For an N-bit multiplier that is muttiplied using four 2-bit
Booth algorithm pairs, L= D- N. D is a smallest positive integer that is a
multiple of 8 that will yield an integer L of 2 or greater. if D minus N is an odd
20 number, then R is made equal 1o one and L is given a value equal to D
U o minus N minus one, or, in other words, tba next lowest e_ven_number. L must
be given an even number. Butif D minus N is an even number, then R is
madé equal to zero. o
After properly padding the multiplier bit, Booth recoding circuitry then
25 generates control signals that are sent to partial product generators 241,
242, 243, and 244, as shown in Figs. 9 and 10.
in every-phase two of a clock cycle, Booth recoding circuitry 217
scans eight bits of the mantissa multiplier three bits at a time according to
the scanning method described above. Eight bit positions 601 of the
30 mantissa multiplier are shown.in Fig. 8. Bit trip.lets 611,612,613, and 614

are scanned by Booth recoding circuitry 217. The bit minus one of



t he scanni ng net hod descri bed above. Eight bit positions 601 of the 30
mantissa nultiplier are shown in Fig. 9. Bit triplets 611, 612, 613, and
614 are scanned by Booth recodi ng ci rcui_t@y 217. The bit m nus one of
-20- therefore takes seven clock cycles fOr nultiplier 113 to process

doubl e preci si ' 3 ' h: | L X zeroes .
525 to {ho ri ofieraiire Bkes eushbiod c5ERe smChipat {1315 PrbckBE Sodis W inou
the six bit pagﬂmﬁnumrsbz ri ght, extended precision nunber 503 d
only be conprised of 66 bits (i.e., a 64-bit mantissa plus two-bit padding
to the left). The nBottbrrecading Cincuitryi2pd pads six ze10e5)525 taithei gight obf t he
nunber eight. The next highest positjve integer multiple of eight is the
nunber sevent y“ﬁ%,ss%&%sgﬂﬁe%“é&)ﬂieﬁ@'% aupher 503, Witheit dhe six bit padding  he

right for tepded precisi . er, 5 L el.di a total of bits.
G ven t hat Sl 1 8 B4 3es BrecisHRGhbethla W Gricd cbifbrsed L.66, ¢

ext ended preci gig I ' 0 A 4 N - haak ddi ng
the single preéiltés)pbdqﬁ', g%ﬁﬁ%’%@ﬂ@%%ﬁ%&&%ﬁ&é'ﬁﬁegﬁéﬁ{o@nﬂ ers with
two bits to thp hdtfd peeiive inegeemuttiple/ofths ndiviber eight Thé netthighied Six bits
to the right also serves to reduce the nunber of clock cycteS required for
processi ng t hepdsitivé integarangltiple of wight is the numbar sevantyyteoeso Boothexanpl e, i f
doubl e precision nunber 502 V\ire i nstead padded with eight bits to the left
and three bit sTQGOANGCIFGUIAL 21 5 Pads fix Pits tathe nghlior pxteaded PEerisioR s, then it

woul d take,gig | C |ltni0) i E4: 113 1 .0CEe3S.a. 20 the
doubl e prel: Si Bh"ﬁ&ﬁ%ﬁ?' ﬁgﬂdﬁia%g%ar%ﬁ '!g{shc 'Vé%ﬁbi}ﬁ?‘_@{@}aé?ﬁ?iﬂsﬂ?%&ﬁﬁer S
Fotal of 56 bi P SR Hel IR . 72kt Sitindid roBBonhimbet 508" 133" 5 'S
process doubl epméys'sadcm ninsioloek cpflds. Wt h the paddi ng schene shown in Fig.
8, no clock cycles are 25 gained or |ost i.n conparison with a padding
sc?emgI gaddi ng ei ghParUrgm tgg;!ﬂﬁﬁ_e pcﬁOJsmm'lrdosb_!?pe_qaicfmimdoon;tamr ﬁgl aggl
%Seg ag degr \?viCIt f?lré)qulﬁag nyﬁ{bfgrst with tv% bﬁé ?onﬁeel’eft .Iandstleg ec?iv I;es%l gilts? rtlmg li:it. o

15  and six bits to the right also serves to reduce the number of clock cycles
required for processing the double precision number by one clock cycle.
For example, if double precision number 502 were instead pédded with
eight bits to the left and three bits to the right to form a number comprised of
64 bits, then it would take eight ciock ¢ycles for multiplier 113 to process a

20 the double precision humber s0 paddéd. But since a double precision
number is padded with only twq ﬁits to the 'left and only one bit tq the right v
(for a total of 56 bits), it takes only 7 clock cycles for multiplier 113 to
process double precision. number 502. :

With thé_ padding scheme shown in Fig. 8, no clock cycles are

25 gained or lost in comparison with a padding scheme padding eight bits to
the left for single precision number 501 and extended precision number 503.
For example.'if's’ihgh precision nﬁmb'er’ 501 was padded with eight bits to
the left and no bits to the right, it would take four clock cycles to process
number 501. But by padding'nUmb'er.sm with 2 bits to the left and with

30 6 bits to the ri_ght'.' four cloék cycles are still necessary to process single
precisio'n number 501. In addition, if eight bits v\fere padded to the left for



the left and no bits to the right, it would take four clock cycles to
process nunmber 501. But by paddi ng nunmber 501 with 2 bits to the left and
wi'th 30 6 bits to the right, four clock cygles are’still necessary to
process’singl e precision nunber 501. In addi4lion, if eight bits were padded

to the left for - G,—J.t{ﬁu}(ﬁﬁﬁée F@grr Hgféoﬂxﬁ{neﬂs;gigg o i“'ﬂ%7§§ﬁaétﬁer

shown iQe:Fig. 9, together w ntr encodi n ene of Bodot

recodi ng circuitrywitk e cohtrél edtolling schemecdt Bobth Adcddi dirduRnC2TTRI BAS bPbit!
|l ogic 631 via lines 621. The conbinational |ogic 631 acts according to
tabl e 701 to sendtripiat 63drare senttostambinational logie:63 6 ¥ia lines@2Jh B, Only one
of lines 641 through 645 cr]m'ta,i @ a logical_ one at a qi ven time for bit
triplet 611. For emhipationaliogic831acts feeording 1 dabla S01 tpsend ol cantel ¢ o

Fogi ster 219, corbhal oy el Rar tRileh 8857 008, ne e BT blaUBn 687G, " o
if the two 10 ri gisla Qh;g?l ?ﬁe h{h%@n fhd 16 tﬂgpersflﬂd the leftnost bit

is a zero, then conblnatio ogl c 1 sends out ogl cal one only on

line 643. Lines 641 thFergianiple, ifbits ﬁantamhnlzbrm.mmoﬁmq to'table POF, 641
t hrough 645 are coupl ed between conbi national |logic 631 and latch 231. A
signal sent on |ithespatial praductghogidsbe zerodimes:thei mukipicandtin 2egisteni®g a 15
phase one of the ¢lock cycle. Gé conbj nati on

Bi i pl 1, | ic 631,
T nos aa1 t e Cogbnaional loolerihen seBus dodealianeipn b $41-cButl Hhtvo

carry-save adger i [ A i ' i ' j - , 3. and
634 each irrpl‘{-, mnﬁgﬂ‘ﬁ'eoggg%% ﬁ“é’ﬁ!%gﬁn 'g@hé%g"%ﬁ%tlgﬁ’ﬁé%é%ﬁgﬂh?& et 612
is 20 coupl ed tocsmBiNaliahalapgit 631%endain\d Bgich!'@l?a 8R)g-or e 643 | onal

| ogix” 632 sends out a control signal on one of |ines 651 through 655 to be
| atched in [atch 232. Hnes 641 phrough 525ard partrdfiines 293 of Figodi difs3®B4t e t hus
associ ated with second stage carry-save adder 222. Lines 651 through 655

are part of |inesthroeghf4fiage _OQ'.JP'%-Q between combinatippaldegic £31 anc: lalgh 231.t o
combinatt onal |90 629 e hES o8 CRWARTL Ll 38 A o

ou
15 phase one of the clock cycle. Bit triplet 611, combinational logic 631, and

lines 641 through 645 are thus associated with the first stage carry-save
adder 221. | _

Similarly, combination logic circuits 632, 633, and 634 each
implement the Booth encoding scheme of table 701. Bit triplet 612 is

20 coupled to combinational logic 632 via lines 622. Combinational logic 632

W, | - sends out a control signal on one of lines 651 through 655 to be latched in
latch 232. Bit triplet 612 and combinational |ogic.632 are thus associated
'with second stage carry-save adder 222. Lines 651 through 655 are part of
lines 293 of Fig. 4.

25 Bit triplet 613 is coupled to combinational logic 633 via lines 623.
Combinational 'logic 633 sends a control signal out on one of lines 661
through 665 to be latched in latch 233. Lines 661 through 665 are part of
lines 293. Bit triplet 613 and combinational logic 633 is thus associated with
third stage carry-save adder 223. .

30 - Bittriple 614 is sent to combinational logic 634 via -Iines 624.

Combinational logic 634 sends out a control signal on one of lines 671



t hrough 665 to be latched in latch 233. lines 661 through 665 are part of
lines 293. Bit triplet 613 and conbinational |ogic 633 is thus associ ated
with third stage carry-save adder 223. 30y _ Bit triple 614 is sent to
conbi national logic 634 via |lines 624. Conbi national |ogic 634 sends out a

control signal : [ - timli Dits. represents
the | eftnost bi ééi i&? Rg£ Spg\?:é%&gzéféﬁ héh°ﬁ'£é‘e%@§£‘8€u%§'ﬁ&'}secodi ng™:
circuitry 217. rddeived By IBdoth réddisg einsgifty 247t abl e 701 of the eight pos¥ible
pernutations of the three nmultiplier bits for the Booth al gorithm Col umms

711 5 and 712 ar eFigerlOtillustrates encoding table 701 otthe@ightrposgible shows the hi gh
order bit fromthe Pr,evi 0 air. For bit triplet 61 colum 711
woul d repr esenPefTR

possi bl o b1 s P12 83pe arprbaf) el of b FRULMEL7 (G pnciiti G 0ERT B 11
woul o repr esont T DIEUEs 2 pait) For B vinkkt et E8fin 741 boukleliEReft°

previ ous grouptied bits Ini the tir ereepesitibnbof 1R AiantisecMiit E‘E‘%“Eﬂw BREL 2¢11d

received fromthe mantissa nmultiplier in register Col um 714

represent s whafFopititriplet f1 docalumn 1@ wauld eepresent théd podsible bitsrin bitl pr oduct
hase one of the clock cycle. Colum

?;ZEQﬁé&éSwﬁfi9533%%33%38&5%3%Zt‘{eo@pmmnweéamgmwas Ak nat 1 or
’s 1o be oMo FoRERRE { ot M Wil repBlert b e6dunly His R le 7o 0 955"
and 723. the pagfirhast tif PELIGHSE ofthe ﬁaﬁbugﬁrogpgé%iwoe&%% By'BodtH! Li pl i cand

in register 219. For row 724, the partia uct 1s to be t'wo ti1nmes the\/
nul tiplicand strecading circaitry 213 aril@ceived fromthé2mahtissapmiltiphér infregiser is to

be mnus two tines the nmultiplicand of register 219. For rows 726 and 727,
the parti al prtﬁﬁﬁﬁa‘é-to. be mns one tines the nultiplicand in register
2rraI9t i glolr c;(r)\\élv |7§8r étgi l@%ﬁ?ﬂ? reBFeosggtCst w. gt pta?tia %régurgssarzesto bezf%:'rgeé iI:vymas the
" 15 partial product generators 241 through 244 in the next phase one of the
clock cycle. Column 714 shdws which partial products are to formed for
each of the combination of bits set forth in rows 721 through 728.
For row 721, the pahial product is to be zero times the muttiplicand
stored in register 219. For rows 722 and 723, the partial products are each
20 to be one times the multiplicand in register 219. For row 724, the partial
product is to be two times the multiplicand stored in register 219. For row
725 the partial product is to be minus two times the muttiplicand of register
219. For rows 726 ad 727, the partial prodict is to be mirus ane times the
multiplicand in register 219. For row 728, the partial pfoducl is to be minus
25 zero times the multiplicand in register 219, _

- Column 715 shows on which control line a logical one is to appear
for each of the different partial products in column 714. Equivalent partia!
products have logical ones sentout on the same control lines. For
example, the partial products in row;s 721 and 728 are logically equivalent,

30 sofor 'eithe'r of ‘those partial products a logical one is sent on the same

controt line.
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Col urm 715 shows on which control line a | ogi cal: one is to appear for each
of the different partial products in colum 714. Equivalent partial
pr oducts have | ogi cal ones sent out on the sane control lines. For exanple,

the partial products in rows 721 and 728 aré& |l ogically equival ent, 30 SO
for either of thand dqurnt iesultobthectarnesavegaddifiorsnarei thes datchadhin phassctwo
control ] i ne. -25- and carry results of the carry-save additions are
then | atched in phake clogh @Fléhe clock cycle. Partial products are

accor ding to {he Boor Fanelarpidh abk e HRsa e oY ihlbBaeCy
that there are fLgi\éﬁefgt“seéfmh&ﬁ@ﬁ24?facﬁﬁfﬁtri:gado thb BORH algomitith ‘enebding
ng 0 of the

control signal b sent r ea diffferent partial products. If

control signal Chable 7DA0NtTdble 70t Bhoivs it thevet are lfive diftbrenttypesiof partials 241
t hrough 244 from Booth recoding circuitry 217 via |atches 231 through 234,
then partial proguoducisnadifiecent coairot sigoaldieingisentdetieanh ofthe differentapartial ng

ignal's. Control signal C A that, th ti duct. j s to_ b

1 e the mul t1 piAreduis; froaneLpgnatic inselith salh o i gatial fenice® ar o) 5o
tial duct ' - by i . . | ]

Deroes 16 car ry- BRTBrahipALIyBGR 262 R Bobi{seBaRyEtlinh oYY ViaetcRes ®l

sends out a_ 71- biggWni6udH's%E théeR PaFiaF Brodiict gbheratdts 23¢tRbigh R4a3a8end-GLav e

adder 222 via |lines glg Parti al product generator 243 sends out a 73-bit

wi de nunber q@NPrihedslicwingisignais: cBonttal signal €. Aomeansithat thzopartiakproduetds $1.3.
Partial product generator 244 sends out a 75-bit w de nunber conprised of
al | . zeroes to carbezeratimesithermoliplicand iniregisten219. Ajzerg limesany;numbaris - save

U 13 Fo o S i) R AR .
needed A an ot Subblsddh 4 ke FChinsRPBEREr 0 GRoRe AtbTANEl
Lot he necessi Ty T B s B o By imber o n.
15 zeroes to carry-save adder 222 via lines 312. Partial product generator
243 sends out a 73-bit wide number comprised of all zeroes to carry-save
adder 223 via lines 313. . Partial product generator 244 sends out a 75-bit
wide number comprised of all zeroes to carry-save adder 224 via lines 314.
Sixty-nine-bit carry-save adder 221 is 2-bits wider than the 67-bit
20 multiplicand stored in register 219 for two reasons. One bit of the two bits of
extra width is needed as an extra bit for a left shift in order to create a partial
product of minus one times the multiplicand and a partial product of minus
two tirﬁes the multiplicand. The other bit of the extra two bit width is due to
the necessity for a sign extension bit given that binary numbers in
25 two's-complement form are used. For example, if the.base ten number
negative ten were converted to two's-complement form, the binary result
would have to be expressed by the five bits 10110 to show that the two's
complement number represented a negative number. The extra left bit is
thus necessary for sign extension purpbses. _
30 . Seventy-one bit carry-save adder 222 is 2-bits wider than €9-bit
carry-save adder 221 because the partiai product is shifted left by two bits



25 two's-conplenent formare used. For exanple, if the base ten nunber
negative ten were converted to two' s-conplenment form the binary result
woul d have to be expressed by the five bifgs.10110 to show that the:two's
conpl ement nunber represented a negative nunber. The extra left bit is-thus

Adder 225 i 5 2MPpaR h7Rdp bEaRNRB I Ren 24 1 e ppCiER ABGR ek X 97

partial produc agBWJgs'ﬁlehﬁa& 1§78 e i &f lines 28%: a.w@\afmﬁ?a‘i.dto be™

| atched in latcC 4in ne phase ‘one of the clock cycle. Lines 671

through 675 ar gofidinativhal logics620are fhus assogiated witlhvfounth stagbicarysavel | ogi c
634 are thus associated with fourth stage carry-save adder 224. 5
Latches 231, 2agdep224. and 234 each receive data from Booth recoding

Sh%iii' TOLZ iﬁ?t he- cl batches 4: 335 2R 289338 each Reei %%?éiasy%%leoﬁbﬁzggy?ﬁﬁi !
146.
T(; e le t : 3?@'%%8%%?&?%%@"&?%%5 0 par %o?ﬁct erators

241, 242, 243, smadingthsel ghé b{’]ﬁngbﬁtChes 231, 232, .233, and 234 are
each a f|ve bit latch. Only one of the five bits for each of | atches 231

through 234 is a | ognphasbiope oftheclockeycle/the @7-bit muiltiplicasd is lateheddntoai n a
| ogi cal zero. The bit positions correspond to 1 5 the control I|ines
referred to inlatch @9 fram registes QA 209 via Abys 146l e 701 of Fig. 10. Latches

oy oy o7 o5 ienb e AR Aol Abludag 16 BRI shodiR ORI 007
pr oduct gener atgyfy éé%%rké er‘redﬁpgsa%ﬁde\gesdg nes corresponds-to one of the .

Booth control ITn In colum 715 of table 701. Thus, .
lines 301 correspond dighds 28F 232] 288 anti2sH4fe ety fivetitiafithe mywm | at ch

232 to partial product generator 242 The five lines 302 correspond to
lines 651 t hrouaftthé3ive bits for each of latches 231 through 234 is a logical high at a time;
the other bit posmons contain a logical zero. The bit positions correspond to
15 the control lines referred io in column 715 of Booth 'alQOrithm table 701 of
Fig. 10. Latches 231 through 234 thus store the Booth control signals from
combinational logic circuits 631 through 634. |
Five lines 301 couple latch 231 to pamal product ganerator 241.
Each of the five lines comresponds to one of the Booth control lines teferred
20 toin eolumn 715 of table 701. Thus, lines 301 correspond to kines -
641 through 645. U
Five lines 302 couple latich 232 fo partial product generator 242.
The five lines 302 correspond to lines 651 through 655.
.' Lines 303 couple latch 233 to partial product generator 243.
25 ' The lines 303 correspond to lines 661 through 665.
Five lines 304 couple latch 234 to pamal product generator 244,
The lines 304 correspond to lines 671 through 675.
In mantissa multiplier 113, Booth recoding discussed above occurs
during phase two of the clock cycle.. Then in phase one of the clock cycle;
| 30 partial products are gerieratéd by partial product genefators 241 through.
244, and adde& togethér by carry-save adders 221 through 224. The sum



| i nes 303 couple latch 233 to partial product generator 243. 25 The lines
303 correspond to lines 661 through 665. Five lines 304 couple latch 234 to
partial product generator 244. The | i nes 20gy correspond to lines 671

t hrough- 675. In mantissa multiplier 113, Booth recodi-ng di scussed above
occurs during phaseshifted left bytwodbitsogivery thae theTinaltiplicatiohds beingecarfied bet fof ock
cycle, %0 partial products are generated by partial product generators 241
t hrough™244, and adWedPis#hati®. by carry-save adders’ 221 through 224. The

el 52 L el S e L A .
equired by +ows 7300 SUIIERAY teckyS Mg PuyBiIEdIRTRLARe BF 1PRE TR arB YL

mul tiplicand bysa psftablevio2vequire mulliplicatiorc ofhtheahultipipant by £ positiee atmbenm
Booth recoding circuitry 217 to ga'rtiaéﬂgr.oduct generators 241 through 244,
then the follow ng si gndf thegantigesignal C.oC s/ semtdrosm Bopth reseding circyitty&1dttor s

241 Lrough 244, ConL kel rsuEPlareriot 201 Bk S0 hes s e e
bl 1 et on Of Syt AR tarl Mt Gl nd S 4 loded CoRfar Y.

generator 241 takesgigha GUS froR] tabR 70T mwa%s&gm bAuar st tAgdimeyhezer 0 to

the right and one zefo to the left resulting in 69 bits. The 69 bits are
transferred fra@ pamultiplicandstoced igenagistear@192 Multiplickfion of arbiyaryanusnbsat dyrtwd?2 1
via lines 311. Partial product generator 242 takes the nultiplicand, of
register 219 and adkiEPhhrequires that the)hinapenymbefibeshiftedhto Q‘@r‘@f b) onRdY of t

conorat of 252" o’ calterbiin balalirodls dAARIbERLF (s 0h RRshEpa i bister
243 k L Qb | '

Leroeson the right 2% anddalte Be 28Rfichp e ahd by Bl BIna AP recllifa e

bi ts are transferr egitd, "'PRe B9 bits re frarstefbd HBRCHAIAN prédictigeneritbr24ptee adder

223 via lines 73. Partial product generator 244 takes the nultiplicand of
regi ster 15 carry-save adder 221 via lines 311. Partial product generator 242 takes the
multiplicand of register 219 and adds three zeroes on the right and one zero
on the left, resulting in 71 bits. The 71 bits are transferr’_ed from partial
product generator 242 to carry save adder 222 via lines 312. Partial
product generator 243 takes the multiplicand of register 219 and adds five
20 zerceson the right and one zero on the left, resulting in 73 bits. The 73 bits
are transferred from partial product generator 243 to carry-save adder 223
via lines 73. Partial product generator 244:takes the muttiplicand of register
219 and adds seven zeroes on the right and one zero on the left resulting in
75-bits. The 75-bit number is then transferred from partial product generator
25 244 1o carry-save adder 224. | |
| Control signals C_D and C_E each require the generation of a partial
product that is a n'eg'ative number. The partiat product for control signal
C_D is negative two times the mutltiplicand in register 219. The pani_al
product for control signél C_E is negative one times the multiplicand in

30 register 219.



219 and adds seven zeroes on the right and one zero on the left resulting
in 75-bits. The 75-bit nunber is then transferred from partial product
generator 25 244 to carry-save adder 224. Control signals CD and. CE
each require the generation of a partiaT;%rbduct that is a negative nunber.

The parti al p#iQQH?ﬁatftRé nﬁﬂﬁﬁlkﬂii%ﬁs%@h? g?meh%gma%%ta% timdles the

mul tiplicand Tn register 219. The part product for control signal €CE is
negative one Sinikstly, Beventy-threbibitwilld cardpsave addert223 1B bits widéthagi vart
that the nultiplication is being carried out for twp bits at a tine.

Sinilarly, seUthitycaryrsavenaddari2i2 begause dhe pagial produgtis shiftedialtbyi der t han

71-bit carry-save, adder 2 b he, partial .product .i hifted left b
(o bi ts g1 vt A SRR thaioe FtEabor 1550 farnBa B0F fas vl ohe st aliee.ci s ot
atinm. 5g : NkYa & ' I C -5 ) : by 2-bit
wi der thar"fS cg/ﬁpﬁg‘@?as@?@rﬁg&@h\@? g:]ésaé& %@""p%‘ﬁr‘ﬁ‘a'ﬁ% \;;irgozéilggfwégé%bﬁ ted : efS t
by two bits gixshiradibe2a bbédideciel grittialpro@ictds SHeH feh By twb Ritst wo bi t s
at a tinme. If control signal CBis sent fromBooth recoding circuitry 217
to partial prgiventthatehe multiplicafidn is beiog garrivdout forawotbits dtal timei ng si gnal s

are 10 sent by those partial product qenerators to carry-save adders 221
t hrough 223. Cont r ficopirglsignat (2 B jsisent feom Bopthy feceding cirguitty 237 tne ti nes

th I tipli d, i | st 19.. Patctial t t or .241 adds t
seros to {he patial Brodifeasnemiars 241 thinuth F44 e tS g sidials 8585 ana
sends the, 89 hj ] 4 LN : [ duct
gener at or 1 @42 ggétcsibs} ?g)%? \%@%iﬁggg@ﬁ%@%%{oaﬁrW%ﬁ%rg??c gﬁ}(? u§¥1 o
register 219 apd, @ortroksighal GOBIndicstes laoparial pro@ilidt of bnb itme¥thei pl i cand of
regi ster 219, for a total of 71-bits. The 71-bits are sent frompartial \J/

product gener adliplizagd inragistey2t9y Pasial prodie generatar243 ids twoazardsito
product generator 243 a zero bits to the left of nultiplicand of

regi ster 219 #ilef géh%g%iittﬁ%mez@”@mﬁ ot fepister _ 19randengls the ke bits
TPl 20 B Bl Pt i ettt Pank plickits mibORR Bii 200,
11 nes 31345Panib Jord¥sB4Ab IHFSG itiikna Ui régitter 219ahl fsol idstol ef L of
' zeroes to the right of the multiplicand of register 218, for a total of 71-bits.
The 71-bits are sent from 'panial prddUct' generator 242 to carry-save.adder
222 via lines 312. Partial product genérator_’ 243 adds two zero bits to the
left of multiplicand of register 219 and also adds four zero bits on the right of
20 the multiplicand of register 219, for a total of 73 bits. Tho_se 73 bits are
transferred from partial product generator 243 1o carry-save adder 223 via
lines 313. Partial product generator 244 add two zero bits to the left of the
multip-licand of register 219 and also adds six zero bits on the right of the
multiplicand of register 219; for a total of 75 bits. Those 75 bits are then
25 transferred from partial product generator 244 to carty-séve- adder 224.
Extra bits are added as described above to the left of the muttiplicand
in register 219 by partial product generator 241 ahd to the left and right of
the multiplicand in register 219 by partial product generators 242 through
244 for the same reasons sta_ted above with regard to the sizes of the
30 carry-save adders 221 thiough 224; The multiplicands are thus widened by

partial product generators 241 through 244 because the partial product is



mul tiplicand of register 219 and al so adds six zero bits on the right of
the nultiplicand of register 219, for a total.-of 75 bits. Those 75 bits are
then 25 transferred frompartial product generator 244 to carry-save adder
224. Extra bits are added as descri bed abSve? to t he | eft of the

ot ner ght "o s BHA? fufRel. gt g s AGEH U AR, "

generators 242 tmapqggh@gdag‘r?éﬂle same reasons stated: above with regard to
the sizes of the 30 carry-save adders 221 through 224. The multi plicands

are thus w dened by p#&artiall producl genemtor242 takes thalmuhiplicand 8¥rbglaterriee t he
partial product is  , - 29 two's-conpl enent nunber, a |ogical one is sent
on carry-in |ine aM5nyests gach bit.and alse adds three pae bitsionthedight agd acnethit 242
t akes the nul ki pl | f ' ~and inverts each bit, and al so adds
three one bit or#'f@gq??g ngh%&@ﬁ%ﬁiet%ﬁ?\”"?“ Isfransierred 1q caryssave.adderi ng 71
bit nunber is tr f Nvizt Bre ek J

generator 242 vi ?z?lfﬁéeﬁsﬁ%ﬁa ﬁrgdq%?ﬁ]ﬁ?%é&%ggé'%%%ws?gg% ehﬁ'gél%gﬁgérber,

partial product gwo'srcomplefédt alimbers @atiial product generafsr242 als@'sehdsa 347 to
carry-save adder 223. Partial product generator 243 inverts each bit of the

mul tiplicand of Xaryringans bit online 34T tockiasryrsave agdes 228. t he ri ght and a one
bit on the left. The resulting 73-bit nu is transferred fromparti al

product generator 243 Ragialareduct gepecator, 433{23345! aa¢h hit of thesmultipfieang of

d - It .t - der 224
D a1 ne” 301 Oy rediiter 21 iR B foeieznifle Mol ahd o et A BOHE; 305! rac
L S hart | alresuithy 78-BXméas tréfdteh@d fom PanialGroduEgieraR paglo ! N
mul t7plica t

nd of register 219. and adds seven one bits on erig and a
one bit on the | efarry-skive addan228nda e B13.nPartial product geadeitére243 also
carry-save adder 224 from partial product generator 244 via |lines 314.
Partial product (ReRES & earmzinong bibloearmssaveadder-224 viadingidd9oThis isdtodil t o

carry latch 253. 20 rry-in . lines, 345 347, and 349 are each
connected to the UGS %qg%‘iyeﬁﬁmabp{gdeuﬁ I813Red. | espect i ve carry- save

adders 22, 248, and 23%nial product generator 244 forms the one's-complement of the
multiplicand of register 219, and adds seven one bits on the right and a one
bit on the left. The resulting 71 bit number is transferred to carmy-save adder
224 from partial product generator 244 via lines 31 4. Partial product
generator 244 also sends a carry-in one bit on line 351 to carry latch 253.
20 Carry-in lines 345, 347, and 349 are each connected to the least
Y significant bits of their respective carry-save adders 22, 223, and 224.
- Carry-in line 351 is connected to the least significant bit of carry latch 253.
The signals generated by partial product generators 241 through 244
for control signal C_E from Booth recoding circuitry 217 are as follows.
25 Partial product generator takes the multiplicand of register 219 and inverts
each bit, and two one bits are added to the left of the multiplicand. The
| resulting 69 bit number is transferred to carry-save adder 221 from partial
product generator 241 via lines 311. In'order to form a negative two's
complement number, partial product generator 241 sends a logical one

30 carry-in to carry-save adder 222 on line 345.



Carry-in line 351 is connected to the |east significant bit of carry latch
253. The signals generated by partial product generators 241 through 244

for control signal CE fromBooth recadpgg circuitry 217 are as foliows. 25 -

Partial product generator takes the multiplicand of register 219 and
inverts each bit, and two one bits are added to the left of the /_\
mul tiplicand. TheMultipfiericguiby i3 usesivweis-camplemest Bumbers iv order farsav

Form anegar OO PaREs aBfHRERvPRATRARIE 8 HhotdsBleit i adbhbet . or 501
sends a | 0gi GRkiRB thedwolsibdniplomenPorif NufBas Mélely thé huniber itSei. 35

-28- Multiplier circuitry 113 uses two' s-conpl enent "nunbers in order for

bot h positi va mndbaeisaegativelhbwever! multipliercptretuired thatfthe nunber is
positive, the two' s-conpl ement of that nunber is nerely the nunber itself.

| f a nunb8r icnelsscemplement dadaken ohihetnumbas; and thancyingical 1tbitbe atided

one' s-conpl enent be takeq. of, the nunber, and then a |ogical 1 bit be added
to the |east feﬂmﬁir@ﬁ&&ﬁf‘ﬂ&?ﬁf“ B'Pdc'ﬁg %ﬁé“%"-’ﬁﬂﬂ‘ﬁ'ﬁ@hﬁﬁ‘ml’ﬂgnger. A
one' s- conpl enent [ el v i . i..0f the
nunber. In O{Eﬁ' rs'%mglg%ﬁ%raoﬁ'mﬁgs B}eédgﬁ{mé@lﬁﬁék%&gﬂtg%ﬂe woul d
be changed t Gygngét Gn omir.words.aIeerémmﬁnﬁedﬁaatdﬂ, aRB@Hg s, partial
product generator 241 takes the one's-conpl enent of the correspondi ng

posi tive par twalldbeocharigeddod géraces the result in the carry-save adder

that is in the same stage as the partial product generator. The | ogical
one, howd®er, thatToiesm mrgalive eartiad pradiicts, padial prgdushoanenatnriddl takesidded at

2t the sane-dhasbedr ey el S8 5 AR heeing ptgsEpestal PloBith. 289 e nummet
adder. %o aed e feRai Gt HhnRave'dddel inat i BAM BbYREHE 7
Then each of o ry B B O e oL P 1 pea. I ogi c
one. Thi s corthe anels-complemeant aumbar iscadded atdhe next higherstage of C B,
15  carry-save adder or carry latch, rather than at the same stage of the
carry-save adder. This approach reduces the number of carry-save adders
required by multipliier 113 by one carry-save half adder, as described
below. Therefore, if control signals C_D or
C_E are sent to the each of the partial product generators 241 through 244,
20 then each of the c_a'rry-iné on lines 345 , 347, 349, and 351 will be a logic
one. . This co_mras_tS with the situation of control signal C_A, C_B, | W
and C_C being sent to each of the partial product generators 241 through
244. In the latter ¢ase'. carry-ins 345, 347, 349, and 351 would all be a
logic zero. B
25 The si_gna__ls generated by partial product generators 241 through 244
for control signal C_D are as follows. Partial product generator 241 iakes
the multiplicand of register 219 and inverts each of its bits (thus forming its
one’s complement), and adds a one bit to the right and a one bit to the left.
The resulting 69 bit number js transferred from partial product generator 241

30 to carry-save adder 221 via lines 311. In order to form the negative
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and CC being sent to each of the partial product generators 241 through
244. In the latter case, carry-ins.345, 347,.:349, and 351 would all be a
| bgi ¢ zero.” 25 The signal s generated 'hy_par‘tial product generators
241 through 244 for control signal CD are as follows. Partial product

generator 241 takes th | 1 I'E@ f Lster 21 g, gyg of
its bitig, (thus form ngela?& %’@% g%gl?éﬁéﬁ?jé sﬁh‘d‘%a‘gﬂyga%ennégéér? 0 '?he
right and a one bijhed @2bhund! ifff darryVig lin6S 8BS CArgSaNEladder2ep sehds ite8aiPlo" €d
frompartial product generator 241 30 to carry-save adder 221 via lines

311. In order to farnpgdve atepai228evia lines 323 anditsroarmyavia linds @332 Varspsaee i t S
sumto carry-save adder 222 via lines 322 and its carry via |lines 332.

Carry-save adder Rgdes2aasendsits sm o cazy-sgvesiies 2 wia LinessR% iapd itsrmery323
dit [ I [ . La p dder, .223 | t t
Corry- save addbr  MABORS, 394, LSS 3p2 34 T TS Slipf ing Y arel 7. 8HTWIAR. and 1),
" de. L ! o e !
M de. Unes 332" af SbB 324 s 78 s Wial; Lingt 352 ord 1) bits Wile b5 drd P2 bl |

are 74 bits wide. WifePaisfiné B34 afe THditsiwiek cycl e, the sum out put of
carry-save adder 224 1s latched into sumlatch 251 via 75 bit wde |ines

341. The carry out put 10 phase two of theatlackaCyble, the sumsoltputblechrnnsavecadder
| at ch 253 in phase two of the clock c¥|cl e via _ 74-bit wide lines 343. The

Icar r K in input on 3241i§§31f9!39_‘:] info FHF‘( latg a&;@h"i§§§ l’:itsWiQPsRﬂeFé’ﬂ&h&hq ‘Fﬁ'g U4put,
253 i - \ Dy 2 '

carry propagald aciaAryesavespder 324 1§ kb inkiRaBible 2oy it phest of e

coupled to Abus d & c@g vid 74-bit Vie finds F&.mﬂnggghy%ﬁ%n@a ot ffesLogPIed to

sumMf uncati on an register unit 255 via l[ines . "Carry latch 253 1s
coupled to carry [ggRREHE25 ikcalse ftcNedinto cay Ritéh 258 idphasétws vf th clbcik53

is also coupled to B bus 268 via lines 359. 20 Carry latch 253 is al so
coupled to carry teyoteati on and register unit 257 via |ines 359.
Sum latch 251 is codpled to carry propagate adder 262 via lines 357
15 and 363. Sum latch 251 is coupled to Abus driver 266 via lines 357. Sum
latch 251 Is also coupled to sum truncation and register unit 255 via lines
357.
Carry latch 253 is coupled to carry propagate adder 262 via lines
359 and 361. Carry laich 253 is also coupled to B bus 268 via lines 359.
20 Carry latch 253 is alsq coupled to carry truncation and register unit 257 via
Y | lines 359.
. Multiplier 113 performs a loop addition thrdugh carry-save adders
-221 through 224. The loop addition is performed (N/8) +1 times, wherein N
is the size of the mantissa multiplier. This loop is performed once per clock
25 cycle.

After each performance of the loop, register SREG 211 is shifted
another 8-bits to the right during phase two of the clock cycle. During the
subsequent phase one of the clock cycle, the new Booth control bits are
latched into latches 231 through 234: New partial products are generated,

30 and the carry-save adders 221 through 224 add the partial products. The

sum is placed in sum latch 251 and the carry is placed in carry latch 253 in



Mul tiplier 113 perforns a | oop addition through carry-save adders 221

t hrough 224. The | oop addition is perfornmed (N8) +1 tinmes, wherein Nis
the size of the mantissa nmultiplier. This loop is perforned once per clock
25 cycle. After each performance of the 30oep, register SREG 211 is shifted
another 8-bits to the right during phase two of the clock cycle. During the
subsequent phase onpParfal plotiuct generatoe 242 takes thevnbtiphdandwttregistepi2is are:

| atched into latches 231 through 234. New partial products are generat®d,
30 and the caBpginvernts eachdit apd rdds two @nehits anihetright siderand twer@RRict s. The

sumis placed {n sumlatch.251 and the Sy is placed in rry lLatch 253
in -30- Par bﬂ%f’"gﬁ’%%‘dﬁe‘tﬁ? ﬁ%ﬁ“@@%’gﬁ%@?ﬁéqmﬁ%ﬁf@nﬁaﬁﬁa regi st er
219 and invert L ]  bsson. Lhe rj i t wo
one bits on thénfogﬁlggh%’g?&%ezqrg%ﬁg}r‘{gr@ﬁ%?gzhu Edr%ritg ra%s"ﬁa ra?\ér% from
partial praglucw@sesmplémhemhuniborca idgicat ang birds trangiérred!frond titpartial f orm a
negative 5 two's .conpl ement nunber, a |logical one bit is transferred from
the partial prpraduct generator242tcary-save adden 223 vidccarfRin linee34arry-in |ine
347. Partial product ég_enerat or 243 takes the nultiplijcand of register 219
“and forns the one' sPaBiabpeacdust geperaior24@itakes the multiplicand-efireaistes 23R bit)
and two one bits _qn the |eft a ur | D he right. The. resulting
736t 100" nangdprme tha G Paelediin 37 Bach bR (6., by invarits eadnBiy) 83K neo
73 Trom part| awwgoRehs dAYE e fid fed onb Bite oA he Highd, OTHB AsRing 73t

two' s-conpl enent nunber, partial product generatol 243 sends |'ogi ¢ one
signal to t@rrnuarbee isthéartrahdferredtoccarryysave addee 223%a aes V3 lfropt paltial
generator 244 inverts each bit of the nultiplicand of 15 register 219, and
adds two one bipredust generateridd43ain order torferm ia:rpgative hwo'sicgmplenredt r esul ti Rg/

75 bit mber is then tr.ansf d t Ly- dder 224 f I al
or oduct gener afUmESiipaal oAb Gereratp 26y 5855 o ok ona iAo

two' s- conpl ene%ggmradﬁgrz*thha%ﬁg_gﬁt“ng% ator also sends a | ogic one
T ne 200 T

to carry latch on-carry-in 1 _ Al t hough the above
description refers Paniprédieegeherafiri24d invérts@ach bit of the multiplicand of

15 register 219, and adds two one bits on the left and six one bits on the right.

The resulting 75'bit number is then t_ransfelrred to carry-save adder 224 from
partiai product generator 244 via lines 314. In order to form a negative
two's-oomplement' number, partial product generator also sends a logic one
to carry latch 253 on carry-in line 351.

20 Although the a_bové descripti_on refers to one type of control signal
(e.g., C_C) being serit to all the partial product géner'ators'24’1 through 244 o
at once, it is to be .appreciated that each partial product generator of
generators 241 th’rodgh 244 could for a given phase one of a clock cycle
be sent dif.férent.combinations of control signals. For example, partial |

25 'product generatof 241 could receive a C_A control signal, while generator

- 242 Qets a C__D control signal. Qe'nerator 243 gets a C_E control signal, and
generator 24 4 gets a C_B control signal.
The carry-save adders (with sign extenders) 221 through 224 add
their variohs_ sum and carry inputs to generate sum and carry outputs. Thus,

30 carry-save adders 221 through 224 serve 10 add the partial products

generated by partial product generators 241 thfough'244.
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(e.g., C O being sent to all the partial product generators 241 through
244 at once, it is to be appreciated that each partial product generator of
génerators 241 through 244 could for a gi v_eg'p_hase-.qne of a clock cycle be
sent different conbinations of control signals. For exanple, partial 25

product -gener ator 241Ano0tHed reasor carmaldiéh 2563 icanibesusethiollowing eargesaveat or
242 getgza C_D control signal, generator 243 gets a C E control signal, and

generator 244 geedder 224isthat camy propagale auider 282rsprvesie addithescaryrinirom gn
extenders) 221 thro 224 -add, thej.r_vario um and carry .i.n to

gener ate sum and E’&%%&S 18 3?5&351 sigpificantsym B@ammmﬂ#ge%?ﬂ%g h
224 serve to add ' : had iDL .
generators 241 tm%ﬁ\a%f‘éyzﬁcaﬂ{&%&fﬂgﬁgﬁ ﬁ%?aﬁgg)sb(f)ﬁrgrhgy&ggﬁ%ﬁ%@tcan be
used fol | owi ng cgufybitsEARd tiRasPEignificaritleitjht eafry biter opagat e adder 262
serves to add the carry-in fromline 351 to the | east significant sumbit.

Carry propagat e adder Digingshemest phasenena okthgraldckaeycte, sany trumidatioh unih 25%

addition of the |east significant_ ei ght, 5 ,SL%m bi ts_and th% | east
si gni fi cant ei ghfrupgates tg?t'%a.St significgnt ight-Rits:rqm the-757kis op ling 857} RUMcycl e,

75-bi 1 on |1 ne Swpcatan bpifaReaihenes yEdled Inkam iEe fOrd b b aphe s L
to the right. by §ndh koringftfle 67k RE0K 8 rddiSlePifr dtif28gSul L 11 a register in

unit 255. 10 runcation and r ster unit 255 also includes sign

extension cigguitry tiSimadedsation and register onit 255 aRd ihcludiée sigafdxtarisidgne
truncated sumto get the proper sign. The resulting 69-bit sumis then

applied as a sumcinspity that adds githesvpes orzeroes 1o thedeft iofithe teancatechsum to get

truneation and register unit 257 trunpcates the eight | gwest order 1.5
8 bits frominedhepIORRIEIRN.oTBa reswiingBS b sy isihasARAed as @ sum nput o

carry to the rigfamy R ol SEEvIedddy, 10 (16T bt restlt ina
G an ext ensi on i 1 oui (8 B e S e
truncated cansy tgbigsfronhlings 358and stores the result in a register in carry truncation
unit 257. Carnry truncation unit 257 truncates by shifting the carmy to the right
by 8 bits, and then storing the 67-bit result in a register in unit 257. Carry
truncation unit and register 257 also includes sign extension circuitry that
adds either ones or zeroes 1o the left of the truncated carry to bet the proper
20 sign. The 69-bit carry is then applied as a carry input to carry-save adder
221 via lines 331. '
Given that sum lines 321 and carry lines 331 loop back to carry save
adder .221 from sum truncation unit 255 and carry truncation unit 257, it can
be seen that a loop is formed. For each repetition of the loop, truncated
25 sums and cafries are sent back to carry-save adder 221.
| Moreover, for each repetition of the loop, sums and carries build up in
sum latch 251 and carry latch 253, and on sum lines 357 and carry lines
359. |
. The repetitidn of the loops end when all the padded mantissa bits
30 have been used up by Booth recoding circuitry 217. At that point, the 67

sum bits on lines 357 are sent to a first input of mantissa adder 107 (see Fig.



20 sign. The 69-bit carry is then applied as a carry input to carry-save
adder 221 via lines 331. Gven that sumlines 321 and carry lines 331 | oop
back to carry save adder 221 from sumtruncation unit 255 and carry:
truncation unit 257, it can be seen that- 3 lkoop is forned. For each .
repetition of ,the |00 ruUnNc d ; ns _and carries are se k to ..
carry-save ad¥s 5'2‘2&9“%8& Bﬁ%%a{,ﬁ? Bfgga%%é‘? gﬁ&’i h ‘gﬁ WY SN 5%:8&@%%@(1
carries buil dghppuik $o'iH thdlstim kitdh 2651 andthe ch@y Hickkds3, and on sum | i nes 357
and carry Iineas 559.@|I'he repetition of the Io@%s_eng when all the padded

manti ssa bits 30 Foaeacheydelofdhe igop)cafy propagate ddder 262 adds the Rast At
that point, the 67 sumbits on lines 357 are sent to a first input of '

manti ssa addesigrificant 8ebitsigf the sum bits storeddn sumdatehs! toithe leasho of the
OIS e oS e o
dd 262 adds,. ' = i - | d i
"atch 251 to M SuIEPRaR MeVasim findt 857 Gia b S8 thel et 11 °C, T\ S

| atch 253. Theyjddificdnt vighlichiyaiNe dte 3birievedtrBini finedf 259 Viingy 3811 nawad i nes
357 via lines 3. The Teast significant eight carry bits are retrieved
fromlines 25863 arel éightbiiowide| and ara 6Gnractedtopthe ibastsignificant bitdines of
connected to the |least significant bit |ines of |lines 357. Lines 357 are 75

Fi ts wide. ]I?i tines 57. Jdnes3e? é][QgH bBFf‘@d%'3@"55%3%&%639%6&%8&&9@% o the
i gnificant ei ] ines, 359.. li 59 75 bi i de.
Carry pr odBoaiate sanbRcies o Yie Bash sEBMcAR siablaiRCerimes 358, Lingt 38 #16™, ¢ he

ei ght | east sigj .Wd?‘ carry bits, and places the result in sticky bit
| ogi c 260 viaﬁ]h{éés 3/1. In addition, the nost significant bit of the \/

carry generated 15 Cdryy pfopagate addur@620auds the ¢ight deast Significafit sumbltsts and
the 8 carry bits is stored in latch 264 via line 367. On the next

nul ti pl i cati orthecaight lsast significant sarmy bitsy and places dhe resultastickybit logiais a
carry-in | nputzstoovi%q{nre% %?pt%ga%}dﬁio%?ﬂ% m%gtzéigr-iriggasrit b?tagfrtx_e carry generated
15 by the carry propagate addition of the 8 sum bits 'and'the 8 canry bits is
stored in latch 264 via line 367. | |
On the next muttiplication loop, the output of carry latch 264 is then
applied as a carry-in input {0 carry propagate adder 262. Thus, carry
propagate adder 262 adds the eights bits on lines 263, the eight bits on
20 lines 361, and the one carry bit that is on line 369.
‘ Carry propagate adder 262 together with latch 264 is thus used to o
retain the carry for each loop of mantissa multiplier 113.
The least significant bit on lines 359 is the carry-in bit supplied to
carry latch 253 on line 351. ‘It follows that the Ieaét significant bit on line 361
25 which runs into carry propagate adder 262 is also the carry-in input 351 1o
carry latch 253, Therefoie, the carry-in 351 1o carry latch 253 is included
in each a&diﬁon by carry propagate adder 262.
One of the reasons carry latch 253 can be used to store carry-i_n 351
following latch cariy latch 224 is that -the carry input into carry latch 253 via
30 lines 343 is shifted left by one bit because it is a carry. Therefore, there is
an opening in the rightmost bit of latch 253 for a éarry-in ihput. '



propagat e adder 262 adds the erghts bits on |ines 263, the eight bits on 20
lines 361, and the one carry bit that is on line 369. Carry propagate adder
262 togethér with latch 264 is thus used to feiain the carry for each | oop
of mantissa multiplier 113, The | east significant bit on lines 359 is the

carry-in bit suppligfly c8rréspdnds!teicohtrdbihe®1E ohEombihatibhalfiogit @81, Lif 8338
| east significant bit on line 361 25 which runs into carry propagate adder

262 is al so the carthe carry-inpoutpaiing coupled 10 tarnein IN@3345Totneftestage t he
carry-in 351 to carry latch 253 'ié i ncluded. in each“additi-on by carry
propagat e adder 262C2y8a¥e addar 2€2sons carry |atch 253 can be used to

nto carry. | atch 253 vi o Bo 13|k s e ey b vt e B oty
LTS acarty. @erghdd addéfzz; shd idBoRBALid S CRIOS RahdistBlaTB] tibigtPhgs.a! ch

253 for a carry-in 1 nput. - 811 corresponds to control line ClE o

conbi nati onal | ogi cCasd.inplndindBB9 cortdsponds toyearty inpitpliie 3321 SamLinpetdBE7
carry-in line 345 of next-stage carry-save adder 222. Fig. 13 illustrates
carry-save add cir cGPURSPIBIS o Sumvinpubline 332. cine B6§ correspendsiiodhe pantial and

I's conprised of CMOS transis s 871 through 6. Carry . .input |ine 869 '
corresponds to carr?’?éﬂﬁ?’"?bﬁé- f??ﬂy %Wﬂﬁ}?ﬁﬁrwpgﬁﬁgﬁﬂ@ypwp%ﬁ?? nput -
line 322. Line 865 r ' ' Carry
e, 322 Li ne 805 S il ind 862 RAHGRhOR IO ol RTnd s 1Y )
corresponds-to $gm out pufid. i1agiudtrdtes'Ptiming diagrindor Aantisdd/Multipliest 18.t 1 mi ng
diagramfor mantissa nultiplier 113. Wave-form 902 represents phase two of
t he cl ock cycl e, an¥Wawe+tdrov 90D Epresents phagestwoholithe clockadycld) @andl waefarpc 8@1

At proxi mately point 912 on the phase two waveform the mantissa
nul tiplier is witt&PpPieseatsphgseoae afthacloch cyelemAtapproxirpateiypeint 91200 the

OO o o S gk S 82 o i 4 SR o P SRERS ™
b ot o o) PR g M ocicy b kiR b4 i
15 912 and 913. In phase one waveform 801, at approximately point 814,
latches 231 and 234 are latched. Approximately between points 814 and
916 data is acted upon by partial product generators 241 through 244 and
carry-save adders 221 through 224, i
- Data is fatched into sum latch 251 and carry latch 253 at
20 approximately point 918. At approximately point 914 in the phase one
| W . waveform, (1) sum and cerry units 255 and 257 shift right by eight bits and
then perform a sign exiend and (2) the carry bit from carry-propagate adder
262 is latched into latch 264. '
Returning to Fig. 4, the partitioning of Ibgic of muttiplier 113 is such
25 that propagation through the four carry-stage adder stages does not remain

~ a critical timing path.



carry-save adders 221 through 224. Data is latched into sumlatch 251 and
carry latch 253 at 20 approxi mately point 918. At approximtely point 914
in the phase one waveform (1) sumand carry units 255 and 257 shift right
by eight bits and then performa sign exggnd and (2) the carry bit from

carry-propagat e, add o h ' A 26 | wdhel. 4,
the partitioni ﬁbv%f Rqsuogg&(?:vdé? shuaﬂtnf[& Y) |§e?£é;1@aéld§&?&éﬁt g‘??bﬁ?g%ﬂ%srfog%gg?@n

through the f gérr?flihés’3§9%fﬂ€s&€id_ﬂra Sécapdsnplads mutisseaoder t07vialB bus  tFni ng
pat h. 30 - 34-"3) via Abus driver 266 and Abus 146. In addition, at that
poi nt the 67 bidriven268 andB bus252.389 that poindnhoweres, thecany-out ®icaty nanti ssa

adder 107 via B bus driver 268 and B bus 252, At {hat  poin ver, the
carry-out of camgeqmaagqt%ﬁ%@@mEbe-'cﬁgvg%mpwe}@aeﬁmfﬁ M8 of

b opagat e ddeling @8 T cary:Af oty oV B Briaadhp af ke RIng IR | o e
addi tion of thgfletin E2AY o i 618 Trorh 1B E&&iﬁb@&f thi Hight Thdst synifieanei ght

nost significant® carry s on l1nes 305'3. This final eight bit addition
occurs for the guasbitseonlihedB52 toothet dightradsiasignificant earsy bits on lihese859.1 0
‘Manti ssa adder 107 is a 68-bit adder, that yields a 68-bit wide final sum
on lines 148. THhs finalreightrbit asditionroopurs fos dhe lagtieightibits efithenadded: o i ncl ude
any final carry-out inits final sum The final sumis sent via |lines 148
to accunul at or mManfissaBUPIRY sumis then | atched into mantissa |atch 104

Croomont 1 38en 002" Wikfilss8 BoRBY 167 ROBFALICAR Rat iBids™) BEA Wb TindP
Inputs (i.e., %Jdabﬁtlinhaﬁua., The SR8 Dhel bifBiimaritidsa adéér 107 alidws'iblet ) and a

single output. Fig. 11 illustrates the circuitry of partial product

generator 241 dnclpdednydinal earngout ibiits finlal sura. Tihetfinal sumrisl seotovia lineés
o T hati omal | tAR 1o sesumigaat 145. The final surh is than latched into manticsa Iaich *'
104 via Abus 146. The result of any exponeni addition is latched into
15 exponent latch 102.
Mantissa adder 107 is a full adder that has three inputs (i.e., a first
input, a second input, and a carry-in input) and a single output.
Fig. 11 illustrates the circuitry of pénial product generator 241
coupled to a single bit of the _multiplicand stored in register 219. Control line
20 771 corresponds to control line CI1 E of combinational logic 631. Control
line 772 corresponds to control line C1B of combinational logic 631. o
Control line 773 corresponds to control line C1D of combinational logic 631.
Control line 774 corresponds to control line C1C of combinational logic 631.
Control line 775 corresponds to controt line ciA of combinational logic 631.
25 CMOS transistors 757, 759, 761, 763, and 765 comprise a
five-to-one multiplexer. Line 752 is coupled via inverter 799 to a bit N of the
multiplicand stored in register 219, wherein N is one of the 67-bits of the
multiplicand. Line 790 is coupled to bit N - 1 of the multiplicand.
Fig. 12 shows carry-in circuitd 800 which is the carry-in circuitry for
30 partial product generator 241 of multiplier 113. Control line 812

corresponds to control line C1D of combinational logic 631. Control line



l'ine 772 corresponds to control I|ne C1 B of conbi national |ogic 631.

Control line 773 corresponds to control |ine :ClD of conbinational |ogic
631. Control line 774 corresponds to contrq 2 | i ne C1C of conbi nati onal
| ogic 631. Control line 775 corresponds to tonirol |ine CLA of

conbi national |ogic 631. 25 ~ CMOS transistors 757, 759, 761, 763, and °
765 conpri se a ddatnd on@iiberUisi padded. wiithe & SZers . muaheﬂ \Gifa thiey efwa+

799 toA bit N,of, the | i;can t'qr r Qi st: 1 kel one
of the 67-bits bo‘rﬁﬁ@#ﬁ??b% i canghgl ﬁ'nzt%ng ‘?-_9, Lﬁ%‘é ?3g§,ﬂ%i§ap't al:t he
mul tiplicand. Magititonhe& ther yseoondr cmmbgr80crhm| eecopdt haushery-is

circuitry for g%on wigh 8ol 1H°RER! B e Q2 o itorlsl %o Gayk T 0!

line 812 corre to contro i ne D of c |nat|onal

Control line 918‘7 of s%n%ﬁ%ﬁb%*g?%fm%cp% tPPSition ‘Pg '@RPF%?°¥¢|6
t\rf]\o bi t pgSltlnbméﬁ.L he kept a-ofmtrlz wﬁreg.lrﬂmfﬂs:@tsﬂmllmllbd@ﬁu@é )
the second nunper cond_nu zer eac t he
Cbit positionssBeIFE ﬁ‘@ﬁt 181 ar Ay ﬁéglsl? 5% % Si ?arﬁq‘% i?n}%?l %*ei%
second nunber. £ & ﬂzat(i\bzmtlnéneraem[brsaapesmtimthntmerve Thne efjirst hat
is amultiple 2 i a i I
: p05| tive integ (Ca%{mﬁ?%r 11 1%' lé%dfg’y?/m Tl g‘c’iﬁg “ﬁgeget&%ﬁ' i\aﬁnig%air)}sug ng
B 2-bit Booth aB%ththﬁrgpallf—bmof pRirs cﬂfthetseesn&hﬁumor&rnwm BSE| e.
- 36- The prese@;[o@ppéggggl on is divided out of our co-pending

application 9003352. 3 in which there is described and clained a
method and circuitry for optimzing a speed of .a subsequent nantissa

\/



multiplication in a digital systemof a first nunber by a second nunber,
wherein the second nunber has bit positions including (1) a bit position
of order X, which is a’l east significaQy3 it position of the second nunber, =
(2) a_bit position of order Y, and (3) a™bit position of order Z wherein X
is less than Y, and Y is less than Z, wherein the second nunber includes a
manti ssa portion of one of (1) a single precision floating pointer nqﬁﬁer,

(2) a doubl e preci si I ' pPQ apd e nd recT’si on
fl oating point nunb%rqtﬁémhg?%%%g%h?ﬂsaelcion nd‘rrbf"e“rQ o&n yiﬁlhcl )étc‘i‘gs %ﬂe%r‘r%nt | ssa
portion of oR@~BPNAENG he 3PRALEabieni si &B | 02003358e8nt nimber Whizh t he
doubl e preci ghetef | Dot ideddidibdd naficloladidd 33 ilethdd CaH&U IR %G,
floating poi rﬁlt nunbe*i whfrei n_t he nmant i ssg portion, of the,si g‘%l!‘ preci si on
floating poi APEnuMRTBI4IRE o HPSRY 8L { idn Subpegnentec r,
wher ei n t he mudtipdd qadritaroninfat dégdbabl system sifora f £bastngumbent &y

nunber startg a bi t.. Ltio t ec, ; enheln t _
mant i ssa port§i o%eg %Fhehggggr%dedahrggg?"s’li,gghél oa%?ong B%ﬁl’?b%punbrgréjstﬂa}% s at
&Un‘o%r. -

the bit posi Priblams tincluding npesitienpefdongdexpX,i shiahm GB
2262637  (aksoadi Viedt OwWigiifRaH03Hit 3pddidiivn S gfes AHdederdHd hod

o0 UL a0 810 Ll ot Lo Ol ez il

of N-bits uspogiBidn [ &odeh 2|, gwherednpd ris dfeds tthaf ¥heandcandisiunber

POk, YT MR 0 SR | | i gl 5L

M S * mantissa " portion of one of (1) a single precision _
floating pointer number, (2) a double precision floating \/
point numbef, and (3) an extended precision floating
point number, wherein the second number oniy includes
the mantissa portion of one of (1) the single precision
floating point number, (2) the double precision floating
point number, and (3) the extended precision floating
point number, wherein the mantissa portion of the single
precision floating point number starts at the bit
position Z of the second number, wherein the mantissa
portion of the double precision floating poin-ter number
starts at the bit position ¥ of the second number,
wherein the mantissa portion of the extended precision
floating point number starts at the bit position X of
the second number.

c L

In our co-pending application GB_2262637 (also
divided out of GB 9003352.3) there is described a method
and circuitry for optimizing multiplication clock cycles
in a digital system. Prior to multiplying a first number
by a second number comprised of N-bits using B 2- bit
Booth algorithm pairs of bits of the second ‘number per
clock cycle, wherein B is a positive integer and N is a
positive integer, the following steps are performed. The



bItS fromthe sumlatch and storlng the result; (i) 7 truncating the |east
significant T carry bits fromthe carry latch . and st orli l] W
repeating 'steps (a) through (i), the first 3{gul_tlbm outzﬂm mlum HIII I
product generator becom ng a second nul tibit™ out put of: tHe partiat product

generator, the first carry-in output of the partial prioduct generator
becom ng a secduid:sczﬁrro;nithe)tmnutlaﬁclt'lmud)agﬁdﬁlnqarmmm@ﬂlﬁr ator, the

truncat™d sum beconi ng Sum Wﬂ@a‘%@fgaatﬁé'm | ’gﬁ’aca”y'ﬁ ﬁaeﬁr&’ ]
P t he

adder, the truncated ca ry becom ng a rry ap
carry-save addéitsaframdhs qanridatal gnd |S;teqnlngar‘hiae metsuf]rlb'm t he

addi tion of the |east signi f | q@gea‘lgﬂgn idps 3 tHx@ugh b(IJ:[)S ReEPE L he

final stage car Jn. bit. nmet had of claim™ fo

mul tiplication™ ith qqﬁ?‘b"er%fr é’t"{%r?%tit% RHHGM% tg%\ﬁrﬁftc”aﬁt?‘i%ng

S carry-in outputa ofsébenaar wlﬂjtiwimjucﬁugp@erabw |§h¢govp5f}edamy Ppricdudt t
Booth al gorithm

T f 2 f t
a multiplicand gltegmemttl ofl teig’eg?% ¥ ck?g;nlnt hgﬁ%‘& I‘% go‘? ?Iﬁnrﬁﬁf\glerel "
applied to thepngadugh |9eneaatiomhmqmslgeps carcondr czapry+in apatpapeactﬁad

tNiuza Jr;al E: ﬁ?er%%&ﬁaﬁyﬁ% oef %Paal m '3 e tr 1'llgl&cat |ng%m£ n}}r nT

_is two. 5. a §WE ARRILqDasnA tSYR i RV EQ rﬂ%f- d?agqrtmsax%t%#ﬁer: the
conpri sing: (akruncated té-&r;pm&wu@reer@dx&r tawlﬁalewt@&:a}fwlitﬂﬂﬁ
output and a C%rrytl'llep gg}'gy-éa\ge adder,Car Eav%t%cli:_d%r Iutmhst 51gdn1f1cant
carry bit from the addition of the least significant T
sum bits and T carry bits becoming the final stage carry-

in bit.

—

2. The method of claim 1 for multipiication, wherein
the generation of the multibit output and the carry-in
output of the partial product generator is governed by a
two-bit Booth algorithm.

3. The method of claim 2 for multiplication, wherein
a multiplicand is multiplied by a multiplier, the Booth
algorithm being applied to the multiplier, and wherein
steps (a) through (i) are repeated N/2 +1 times, wherein

\ N represents the number of bits comprising the
multip;ier.

4. The method of Claim 3 for multiplication, wherein
T is two.

S. Circuitry for multiplication in a digital systenm,
comprising:

(a) a partial product generator that generates
a multibit output and a carry-in output;

(b) a carry-save adder that adds:
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1. A nmethod for nmultiplication in a digital system conprising the
steps of: (a) havi ng a parti al froduct Al 1 ate a
first multibit output and a first carry-+& out putl Inﬂﬂmm“"fﬁiﬂar ry-save
adder add: (1) the first nultibit output fromthe*partial produe .
generator, (2) a sumapplied as a suminput into the carry-save adderg:;nd

(3) a carry applied as a carry input ChAMShe carry-save adder; (c)
| at ching a sum out put of the carry-save adder into a sumlatch; (d)

| atching a carry ouyfut of the carry-save adder into a sequence of bit

positi ons oflthe car?ymehhed forcmuiltipddcation dosia iddgitfal heyseemence of

bit positiorcompriding exé stapeséeorder froma least significant bit

posi tion;
gener at or

adding (1) tdenerate sagfiinstanmultibit otitphe wd f&Oomikae SeHBhALDH,
the | east sigpiddgant T bits of the carry fromthe carry latch, and (3) a
final stage carry-i1n bit, wherein Tis a positive integer; (g) storing the
nost significant carf®) havingpm carry-save adder add:

(1) the first multibit output from the
partial product generator,

(2) a sum applied as a sum input into the
carry-~-save adder, and

(3) a carry applied as a carry input into
the carry-save adder;

(c) latching a sum output of the carry-savé
adder into a sum latch; _

(d) latching a carry output of the carry-save
adder into a sequence of bit positions of the carry
latch, wherein the first position of the sequénce of bit
positions is of a next highest order from a 1least
significant bit position;

(e) latching the first carry-in output of the
partial product generator into the least significant bit
position of the carry latch;

(f) adding

(1) the least significant T bits of the sum
from the sum latch,

| (2) the least significant T bits of the
carry from the carry latch, and

(3) a final stage carry-in bit; wherein T
is a positive-integer; _ |

(g) storing the most significant carry bit from
the addition of the -least significant T sum bits from
the sum latch and the least significant T carry bits
from the carry latch; -

(h) truncating the 1least significant T sum
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- 40 - (1) the nultibit output fromthe par#Pat product generator; (2) a
sum applied as a suminput into the carry-save adder; and (3) a carry
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first position of the u Qf _bi.t positions is a next highest order
froma | east siﬁﬁFF¥c§§§2b§?3§6giFﬁgn, and (ii) the carry-in output of the

partial product generator is |d83hadcarny tappliesstasiagncarcyninput into

position of the r LGl el .an adder for adding (1) the |east
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T bits of the carry froffdhe carSpm akatch ofigr( Iptghingaa HSumecutpny- P
b!t,_mherein T {ﬁeacaQQnggeeigaggeg; () a latch for storing the nost
significant (d) a carry latch having bit positions;
wherein (i) a carry output of the carry-save adder is
latched into a sequence of bit positions in the carry
latch wherein the first position of the sequence of bit
positions is a next highest order from a least
significant bit position, and (ii) the carry-in output of
the partial product generator is latched into the least
significant bit position of the carry latch;

(e) an adder for adding

(1) the least significant T bits of the
sum from the sum latch,

(2) the least significant T bits of the
carry from the carry latch, and

(3) a final stage carry-in bit, wherein T
is a positive integer;

(£f) a latch for storing the most significant
carry bit from the addition of the least significant sum
bits from the sum latch and the least significant T carry
bits from the cariy latch;

(9) circuitry for truncating the least
significant T sum bits from the sum latch and for storing
the result;

(h)  circuitry for truncating the least
significant T carry bits from the carry latch and for
storing the result; -

(i) coupling means for applying the truncated
sum as a sum input to the carry save adder;

(3) coupling means for applying the truncated



carry bit fromthe addition of the |east significan%—suﬁrﬁrfgﬂFFd”f;e sum
| atch and the least significant T carry bits fromt “ﬁ\ ““
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stage carry-in bit. he circuitry of claim5 for multiplication in
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carry-in output of the parti al product generator is governed by a Booth
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generator is governed by a Booth algorithm.
7. A method for multiplication in a digital system,
. substantially as hereinbefore described with reference to
o/ the accompanYing drawings.
8. Circuitty for multiplication in a digital system,

substantially as hereinbefore described with reference to
the accompanying drawings.




