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PO'b’OlICI Matiplicas =

High Speed pawallel muitiplicss  awe bccomm9

one of the kKeys in  Rigce (Reduced iStauction Sct ‘

| Computcvs)J DSPg (Dt’cﬁtal signal {)"(OCCSSO"J’S) p gvaphics il

Qccelevators and So on- pawalel multfph'?'YS O:fc !Ir
| used in data PYocessovS QS el as digtal Signal
il F
| pYocessors- “

| For edtample, for maei- media appications (6 X16 |
| +ast mulkplicys Qye  needed - Fov Floating Point unit ‘
" using doublc - PYccision  Muttplication (Teee- 15y |
@ Standawd), the Mandissa data bas S2-bit- Thep SUXSY)
| Qare YCCZ(_H'YCd o7 Such as opc—fatlon The two added !F
" bits axc the Sign bit and the Quavd bit. In this |
Section ¢oc discuss Scueval pavallel  tultipiey G“JO""JC*‘W’S

hich haye been Gsed i ULsl - The veader Can |
consult  weference (7, g] for morc details on array l

Muttiplication  algovithms: E
i

| BYaun mu \tiplica :- |

Q|I Consder  two unsigned Numbers X = Xp-; - .- % Yo G0
“ V=t Yi Yo
| v - Ly
| = 2 S — D
=0
, v = t=0-1 .
j' =T e ) |
I s i
| |
| The pYoduct p - Poer_) e PP, Ohich wesuts from i
Ir| multtp‘g'ﬂg “thc mUH;(PhCOnd Y bg 'th(’_ muttip(fCYS (/) Cap
|
| be  covitten in e folloesing  Form,
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f':n'-l j:n__l |'+j
j. 5 ;
‘ f.‘:- (@] J'__O l l/J ) @
|I — EQCI’) of thc DG'{HQ\ D‘Yoduct +erMS PK = quj ic
!
 Called Summand-

J%Tﬁc SummmandS  awe  genevated 0 pavallel eorth |
| AMD  qates- |
-

7 The Bvaun's awvay maliplier, Such as muitiplicy of
XN . 7equives n(n-1) Qdders and p* AND gatcs:

'1:’*‘ Te Qdder can be implemented EFicrcotly by
Qv¥apging the awvvay ¥ov a Yeqular layout-

* The 7outing lince ave AlSo illust vated 10 ®
these Celis - /e (oSt cel wepresants a. full - adder ?I
compoging thc Hinal carvy propaqate added - The
maitipicy Qwray 1S wsig  hat (S Called <¢a¥¥y -Saue
Qddevs.

* The delay of Such @ muttiplicr (S dependent
Onh the delay ofF the Hull odder cell and the final

Qdded in the last voco- Tp the Muitiplicy @v7ay, an
| addev coith balanced Cawy and Sum dclays (S -

desivable becouse Sum and  €avyy Sigiaity e i |!

| the criHcal path - Thig [ diffevent than the casc of

a pavalel adder cobeve the cavry path should  be
| optimiged and Speed wp Compaved tO the Sum path.
' Fov lavge arvays, the Speed Qnd powe¥ of the

full - addev arve uewy mportant

i
| == T {final Qdder 0 the last Yow <€A6

usc  the -technigues PvcSented in Section.
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Q, paztial products of @ Xy unsigned (nkcqev

XB V'

mutetplic ation:

b, M; (Hpliev Qwvay-

Cin
A

C, Rl = adder Schematic
COL.rL’

N =

btk -1, P —3/2.6
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\d, ful addev cell
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|| Covty In)
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Ca'a"ﬂj o 1 |
Sum out ‘

* Baugh - cooley mulkiplie? :-
qﬁ The Baugh wooley technigue  €DASs deucloped

N B i
to dCSt'gr) 'a’Cgulcw dixect multtphcv’s for Lwos |

: ¢ S not
complement Numbevs. Thig dect app¥oach decs

- 1 Yorfisde |
need any twds complementing Opevations prICY |

Mmaltpll cation -
Let US  constdey too- numberS X and Y with the

follbwing FoTm,

n-1 f=0-2

® X = = Xqu? "'iﬁﬁ«l' —5

(=0 ;

-1 t=N-

v = - Vn_'_| ln + é (/,'QI ___9@

&
i=0 !

The product p= XY (S qiuen by the follocing

€guation, | !J
M0 -2 F=n-2 J=0-2 o
= = ]
P=Xy = Xn-1 an;)‘ + __5_ yl'vjl
¥ t.'.'_O j:o
r=nN-21 . T ia o 3
O+i-1 - (201" i)
= - Xgy & Y2 - -
L i=0 ‘ (/r)-l f}oxll “——>®
f
|.|
| S o i - = I
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| Th ovder 4o auoid the uSc ©f Subtvactoy CellS

l -
| Gnd  Usc only Qdde¥S, the feqatiuc tcams choud  be

- tvansFormed. SO,

(=h~2

using €90, the p*zroduc:f\pi becomes,

- _ an-2
P=xy = =2+, + 7, + Koo Vo) d
t=N-2 y=n-2 S (o Q2
| AE . I +] 0 -
3 = 2 iy 2 "‘(an Gt/ P R RV Z
.I J—-O { =0
| = - JRUR I
| Vf' =t ‘/Q - X! Qn—H ' ""';@
| "=0

Using the abouc Yelation Go NYn Mulkiplie?, Using
only Qddevs, Cap be implemented - The Schematic
Clyeuct d('cngam oF Q@ 4Yyy twdg complemamt mutﬂ'p(l'cr

based on Baugh - cooley's  algorithm:

So, for the cosc of n=y the a77ay 0cedS (5
Qdders.

= s type Of mutplicy S Suitable for Applications

cobeve opevands  with less than té bits  Qve to
be procesSed- Applications +ov Such Q@ makplicy ae,
for cxample, fov digital Lilteys cohcve Smdl opevands

Qve wused-

~> Fo¥ opevands cqual (ov) Qvcatc?  thap 16— bit | the

B’quh~ oolcy  Scheme becomesS too Quea - CDﬂSUming
and Slow.

11

| Nl -2 (=n-2
~ Yoy Z V2 = (‘—Q a-! o7 n+('-|) |
e Ko=) +2 4+ té V5t — @

= In this Scheme olns)+3 F Qddevs Q¥ eQuived
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Q, Uyy Baugh — wooley toos Complement Feqular

avvay (FA: full- adde)

)| . Suen 1
I, Y %
- N ¢ ~
A S | g _ B |
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|
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* The modified booth muttiphe -

For opevandS equal (07 Qreate? than 6 bitS

the modified  booth  algoxithm  haue been used ©
muitiphicss, Tt S based 00

| Qmost Al +the designed
ovdey

¥ecoding the 4wds complement  Opevand in
i 10 weduce the Number of pavtial products O be
Odded - This makes the muallfcz’ {aste” and UscsS
I‘ less  hawdeoare,

Fov edample,
l The modified @adia-2 alqow'rthm

; ; c
Pavtitioning -the Mutiplics Mto ouevlapping  Groups © @
ic  decoded o qepcvale the

is based oD

. 3-bits  and each group
l Convect pavtial products.

lee uS  @rite the mukiplic? g o -lwdg ,

Complement,
n-! 1=0-2
t‘/ = *V\‘).——\z 1y c L{IQ‘
=0
It can be (piitten Qs Selows O

i=0l2-1 ‘
V=g L+ g - 205,) 2% i Y=o
i=o

In this equation, the -tewms 0 byackets baye Vale
N +the Set {,l,a\,o, L, 2¢- The 'rccodin? of Yy, “5;09
the  modified  booth alqorithm, Qencrates  afothey Bumbey
ith the  folocoing five Signed  digits, ~2,-1,0,+1, +2
Each vecoded digic i the mattipliey pcdormg @

Cc¥tain  Dpevation on -the  Multiplicand o, @S (llustvasted
N toble 1-)

benit -y, P —%[2b
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T Coony t
i 14 7
o= | Coxzy b ) =
— outt Corvy
l h § oud
x -

. A

-

X ,'-—; ' m}'n o ;: sui'n o
) (¢) (53
el | Cel Cel)
Recoded ope¥aLion
Vao % i digit on 1L
0 O O O O %L
o o | - P |
© | © + 1 YL 5
0 | | +2 +2 %4 *
| °© ° -t -2 ®L
| @) I _ B |
o . -1 YL
) l | 0 o

So the bits of e Muitipicy  gwe  Padtitioned OO
Q¥oups  ©f oucwlapped 3-bits, cach group permits Qeneration

OF @ Cevtaiv  partial Pvoduct. The Liuc possibic  Muttigles

OF +the muttipiicand G adatiuely €asy to Qoocvate

folowing  the  eaplapatiod  Qiuen in -table T2 |

e Qenevated pavtial product s vclated to
the  Muitiplicand Sov  each yecoded  digit by the velationshipg
prcGented i —table 3. pp S e partial  product and
PPy s the Sign bit of -the partial product with =B

tdben o Qraiﬁtfog of the pastid  product (S pevioimed

Note that the pavtial peoduct (s vepresented 00 N bits

Gwit-t ) Pa = G oy




Kecoded digit opevation on oL :
0 Add O to -the Dawtial pvoélact
1 Add 4 +to the pawtial Product
-+ chict (efL Y ope pocition Qnd ad it
to the pawtial p¥oduct: |
= Add 1wds Complement OF L to the |

partial product:
-2 Tare twdg complement of L and shikt

left  one. POSTHON.

Toble T2 i~ pawiial pvoduct genevation process
?
R ope7ation on X Addéd +o
— ) TS
O PP =0 Jov (=0,- -1 o |
gl pp; =2 Jo¥ (=0, 0 0
t2 pp: =A;, Fov(=0,-..0 0
! pp; =X fori-0--—-n |
e PP - Vi, ot iz0,----0 1

To  clavify +this alqovitbm, 9P edample (& pYescnted b

! = . Te Yecoded
N .C{q 123 Llet X =loololo! and Y Otiorool

digies of Y G,
Oliolool —> +2 -1-2+! |
e bits cue quouped into  3-bit qvoupgj, ouerapped
by one bit and a bit corth a Uae oF ZC*a"o‘alSGti ;;{dcd
on tl;c Yight gide ot Y Qs §_, - SO the mottpic

tia
OF oo 8-bit Dumbe 7S QCnefatc’S ooy u Pav

. -{ﬁC il
products - e Oumber s theo ~educed by hat |
0 this Ccrample (S veprescmicd 0D Qb”_ﬁf

product's — Qddition, the Signs e |

partial product
For a €oxect pPartial

= === i — — _——— B R e N —

Uonik -1y Py —10/26
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| eatended Qs Sbown i —C\c] 1.23. 1ﬁ¢ sbopc ot Jchc

| the product- To +hisg sectlon e Wil

| addteional bits, PPyy and ppnw_
 bit of the pavtiad pYoduct

muttiplie is -hen ¥apezodal due 1o the 9gn &31epsion.

(-107) toolotol =X
[ +lo5) ,0tl01001 = ¢
|
(SN

1 o118
-z 00 !
— (ol ‘
+2 ot

| \o10looo0oU o) - N-HZBS)

L~ 8 bit booth muiplication edample  0siag wo
complement's  Dumbe?
> Ty ovder to Make -the da¥¥ay vectonqulay, and thep

move Yeqilaw fov ULS| itnplementation the prodlem of

extengion Mast be addressed. This problem (S MOTC

cohen the Opevand leagths At cide , where each
lcnqth of

i qn
C Tucial

partlal produck Must be Sign - edtended O the
not deal chth -the

’cechntqqcs +o Sowe the
i the

ic to use two cAt¥a bitS

For the -Q"J‘St PCl'd‘thll P‘ToduC{-_ +the tWo
ave CQual to the Slqn

Toe basic idea

paveial product -

PPrce = Phaet = PPn:

pavtial P?I”Oduct ‘e the JTivst partial
bits for

For +the Second
Pyoduct cwas posutruc +then the two additional

thic Second pa-fﬂal P'YOduct— ave Giuen by “the C:LWCSS!ODI

@boue | Othevedise @ baue oo Cases

PPhst = Pl = 1 W PR=0

|
It
1§
|




e e e e e e - — —

—

PPhen = PO =] 1€ pp,=!

So, it is Mowe (Ntcwegting to «Sec a thwd bit, &
05 a flag to indicate cohcthey theve s, from the
pYeuipug partial Q negative Sign  bit to  be

pTopagated. [ (6 the Flag gencvated by the fast

| partal pioduce to the next onc For the cArample |

Fo=0 {(no pp before the 76t onc) , and £ =6 =F=!-

partial product tHeTe is a Sgn
othevs: This Flag 76 ¢cdpressed

| So ¥or the fUYst
pYopaqation to all the
by the follocoing boolean cQuation,

| i iR EEIln; O

(-107) loololol = ¥
OVNOLo0l =
[ +109) O\ v

(S8 -
_ JC) Opevation  Bits F¢coded
e el e
[ 11 ool ol 0 S o0
Lot toloiio — \0D
|| MOO”O\O” -~} LO|
I 00000 = 5
“Olot lllOl PL_ngb) @

‘I
| | | pdditional bits to be Qenewvated [Sign catasion]

| 1) Additional bits qeewvatcd +>om the preuious S

| and thc pvesant Sign. |
| = ehere Mo @S the Sign bit of the fth pastial

product:
|i

| (et uS  Now See the implemestation OF thc HYN |
| Mmodifed  booth  tattipliey. Also it Qiues an (dea abeout

| the Floovplan of thiS Subgystem- Tt IS Composed Of

the -follocofnq blocks -

bnit -, Py — 12/ 26
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¥ The multipliey Q¥¥ay contaning  pavelal product's

qeneratovs aod (=it AddevS]
¥ Toe Booth encoder aod the S@gn e tension bits
LPPQH, PPn +(, ). The Booth encodes  QENCTALCs the

a A _ me .
five Signais (0, +X,t2x, —x, and _ 5y for cach VP l'

oF 3-bit of y; and
| % The final Stage addey Prviowms J0 bits aadition. l

=> For the Sake of Simplicity, we tFcat the casc OF
Q 6éx6 multipliey- All the cellg ‘degcribed 1D this
PS caample azc the basic cellc ©of Qhy mattiphe” Sige 'F
Y en-110> )
|
L |
'?goorth Pa'stl"al p-roduc’c C}Cﬂc‘a’of;m’
N ’ CﬂCOdCT{ . . B X r)
ﬂ and + Pddevs ar¥ay D= VAN
ua\_\:o Ql'qn bits Qddc? Den-1103
eAtension
©
Block diagvam N - bit odde” ,(,J J
of the NXD enutEiplics carty "
USl'nq modified booth /\t
algetithm- Pean-iin>

¥ Tour types of ccls Qwc aced plug the final adde?

Thece Cells Q7€
-2 The ADD Ccll eobich qcncmtcs o o7 - Tae Schematic

civeuie of this cel is Shown - Two impl ementations
Qve possible i one using Pass - tvansistors contYolled by

the e Signals debining the wccoded digit Codc, and the

— — =

Lonie by ?5‘ — 13 /ZL




anothey one (6 an  AMD2 qatc of  the tLD‘O_Slqmls
. 1Y and - 2%
* The pavtial pvoduct Mo (pp-MUX) hich ganevatcs thc

partial product: The Feedback PMOS, Pp i this H1gurc
(o0 in the one of -F'E]- Qre USed to Yestowe the bf?b
any DC Cu¥nt- his implementation

leuel 0 climinate
premits £ast Opevation and low - powed opcration.

5* “Bc PP-FA (pp-HA) ceus: They mevge the PP-MUX crfcuit
i

1

and a Ful-addewr (half - adder) ¥espectiely - CPL-(t'l’_C
éQddcr can be uti’zed fov fast Operation and (0D

[l

pocde - .

St’qnalé oy, Hix, +2¥, —{X, and -2X% - f~om the gvoup of

thvee bits of the muitiplicy ¢ - The additiena. Crcdts OF
i' the two bits PPhu and Pt of the [th PP Q% also
lustvated- Fy and &y GYe the {7 ctious and the et

£lags, vespectitely- ppp; & the Sign bt of the jth PP ootC

that £, 1S O.

Qlitches- The maip Yecason Lfov  Qlikches {s duc to

the “ace Conditton betcoeen  the Pnul&l"plt'cmd and the

touLEpliey due to the  booth cocode™ * The Powc?
qu’tchcs can be an

|
| dicgipation associated corth the
l' imnportant povtion of the ‘totd pocoey and hence it

? necds to be veduced by Some ‘ECChm'(zucg oF Ql'qnql

Synchronigation.

* The Boothb €ncode? (BE) \ Tt Qencvratcs the Hiue Control

. > e booth  multiplicy cabibits a lot of Unhecessay




®

A Schematic 0F @ ¢-bit bootb multiplics:

9 o N O: s du 3 S _f *o ' G T
~ _ | ma ﬂl_,r _Ix_f ‘I._rJ .|h|, jﬁ gl_.f _
y(@i-0 77 pp- pP- PP - PP- PP- pP- PP- [ ®op
Yo —1 (&) pUN MOY MUY MUY MUX MOX MUY .
U, o __\G_..Iu _ I | Do
PP+ Bo _.
4@9.,&\ D
O_| m._
: A T [P-] [ N y
Y (21-) 7~ pp- Dp- PP - - - = a >
Yy —f 1 () vIv | wa HA | HA HA 1 HA HA i 8 c
Yy o ¥ (2i+1) a ﬁ _ #. - &t s
. , llih|._ / A3 me .
Pl _
F |
y(a-1) ﬁ _ T Pp PP Pp
- Pp- 11 op- [T ] pp- %f - f - -1 |Aop
y L) 4 A FA o “
Ys PG
1°1°1
PPhaq J J
= 2yPu Bofio  Babq %8 Pe Bt % b.L {
6-bt adde? Daﬂ.\n
% 6 Pslii6 >
Bl OI»I: — |‘ ———————— — ————=

benit -y Py — 15T
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1
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@ 8X8 mutipliev: Fov th

¥ Wallace twee 21—

By Qpplying the
ic  balfed. Hoceued +OY

booth  alqoithum ,
ta¥qe
pavtial Droducts 9

multiplic?s, 32 _bits and OU

(g ouc? 6-bit - Id
o‘ffthm

¢ Of these MUl

products
oc the modified Rooth alg
evFovmanc

to impvouc the P .
’ tyec usng U-2 Compvts

the coallace

Adopt
‘ cpts U  numbcrs and @

CO\"DDTCSSO‘( Qacc

duce 2 Dumbe¥s and ca

Such Q ‘t¥cc oD
al Q'a’oductg QYT

them to PP
chocoe Qo csampte oF
of an  B8Y8 multiplicy - Bight pavH

produced - tsing  d-2 compresSors, o

(stages) avc needed - The Fina teoo Summa

nsing @& fast
the anvay. Thic <ramplc Sh
ot uced fn the last (St stage jump o

to be Combined ¢oith the ©Onee produccd by
c the a¥chitecturc of

l6~-bit GddcY - Some. ZC
oS that the bits ¢obich
the next

+the

COMPTESSOYS - £ig- 7290 Shoeo
e ftvse stage OF the tyee, U0
blocks, & and B, a7 ?’CCZUHCCI- e block A(B) OfF

h compYesSSoTs  Qroup the st Hou¥ ()a"rt\’a( prvoductS,

vespeetiuely,

q}?ﬂ\l

— Y

42 i L
L{Qi-l

Yoixn o N
Uai

Yar -3

c humbe? of

ey, the number ©F the pavtial

this case, the performance |
i lotted - One technigue
pliess , & to

covs- A U-2
carsy 0, and sums |
w7y euk rig 2 29(a)
pavtial productS

leucls oF additiong
nds avc added

oS ave added o

Qrc |

Onc

the

1K

B
|

M |

hnil--L )
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[:(q 128, LDC}.C Schetmatic oOf the bootb Cnéodc-f

cluding the Sign c3tension logic.
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Fiq T30 chocoe hoco the U-2 CompyessoT cao be

implemented by 2 —full- addexs (o¥) by Custom Static

Cros togic [Q]. d-bit Ti,---- T, ave added O preduce

92 cums S and C- Hance, U-bit oF the paxtial product

Cx(d COmP'fCSSCd to pyvoduce DO Neco  pavti@
| The Compresso? S implemepted using Cary ~Sauc odde
conctvuckion, by two <cascaded Full - addeys as Shocn in
e that cavyy out 2 1S Neuey Qencaated

p'afoducts .

{iq. 71-30(b). MOELC
ky ca¥dy in. fig -3 Shoeps that the U-2 compyessoy

civcut usSing @ Compact Structuoc OF MUpleALTs
e Stvucture (S -fasted than the Static complcmentary
teysion. Fg 132 chocpe  the inteycomnection OF the 4-2
| COMPTESSOYS fov blocy A oF the Clample OF +Qq 129 ¢,
{& connccted

1—7—"“-»,—._-'10
TR
Joleldlepeeees T =70
Ole|o|eloj0l®0|® X —> @it jurmping leuc]
oo|@0 000 ® —> portial pvoduct
0/0|0®|0 /@09 - —> git gencvotd by
0|0 'l'|° 20009 C oMpYESSOT
O|®|o|o|0|0@|60 G
olo|ojololoj0/0 iy
ole|o|®|elolel00 J
&
) S e Y |
olololotu-F{-|- - F - | 2™steqe
O e e A
8 il o 13 B

_____———.——— - %*XXI TeO summands

| +o bc added
Q, constvuction ©OF cdallace's twee for 8X8 OulEplEY

~veduction OF the 8pawtial Products @ith ¢-2 compresSovs
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(sf‘btaqc gu-2 COmprSGO?’S
(block A)

U3 pm‘f:iat product q:ncfam# o 1 A6 s ,11.;

Stekaqe| 8 u-2 cpmprcssorS

Ll (block 8)
W
Merage| U 4-2 Compaessovs |
(Blogk )
|
- l6-bit addc¥
Ty
] Jl P[c; \Ilpo
b, The  avdhitecturc ‘
I U INputs
] ) I i\ I.L 1—3 :‘:q
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qui' The adchitecturc  OF 32 X 32 modiLied booth

Mulkiplic  ¢oith - wallace t3CC

T Fuvrther enhance the @atlace ¥ {
Maltlplie?, the - Modtfed booth algovithm <Can be
used +o 7veduce the humber OF paztal p'mducts bg
hatr in @ ca¥y- Sauc addev awvay - Onc cxample ok

Such Combined congtruction (S the Qvchtecture ©OF
the 32%32 mutkplicy Shown D Hig-7.33. Tt Consists

of Houv {functiong -~
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pYoduct's genevatoy]
6y -bt adder -
stages (leucls).

K booth cncodew, the pavtid

+he compvesSsor blbctg) and -the -final

The callace tice 1S constructed coith 3

e Livet Stage has 4 blocks (A to D), with each block

Surming  “p Y pastial  products among (6 . The Sccond
Stage sums P the © nccw Qencvated partial products
fyom he Hrast Staqc: Hence, two blocks Qe nccded, ;
E and F - Finally block G OF the thivd Stage ot the

e Qencvaees  two othey fecy pavtial products to the

addev . Thig Q7chitecture eaxbibits Somc r'*ﬁa;umﬂ'f’
tt has @ Complr’cotcd iNtcvyconnection

final
in the layout Since
(j ceheme. Hence, the  tntevComncction Scheme . Henee, the

intevconnection CoiTCs  Qffect the Speed and PO

dissipation of the Gddev

H

HLLUl’cfPl@z's Compaison :-
“The basic a774y mutiplic7s, like Baugh - wodk

Scheme, Consume (0~ pococy  Qnd haue clatively

qood peatormance » Howeuc?, their asc can be  limited
opeyandS coith less than (6-bit - Fo7 l
6-bit Qnd OUCY, the modified booth ’
p'a’odu ct's oumbe?s by
giplie (S yeduced

4o pYocess
© opcvandS OF
algo¥ithm weduces the Pavtia
hatr. Tevefoxs, the Speed of the Mul
TG powey dissipation 1S compavable to the Baugh -
eoo0ey Multpiie” i =reduced . Tts Powey dissipation

avable to the Raugh tdooley muitplic > duc 1o
booth algoithm - Hocwetes;

o e e

{s Comp
the circutvy suevhead i the

Civeut techniques  Can cauce this Muitiplicy to haue (ow-

Pocoes  chavacteriStcs - The fastest muttiplievs  adopt
the allace tyec with  Modified booth CnCodth. A

coallace tvee would lead i Qencal, to (awger pocoer
dt'ssfpation and Qvca, duc to the MCYConnect C7es:

G —— = M
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| discusged 0 this Section Since they (ntoduce pYoblemg
| o contvol and timing - Hence  CALQ Qrea Qod Powcr

| dissipation Q¢ added to ~the dcsign.

. Tlo ports, @ Muitiplicy, an addey, @ magnitude Comparato”

Hence, & (s not vecommended Hov (ow- power

consumption Applications: Oynamic MUtEPicys ave nNot

Data path -
A ULsl chp can bc pavtitiond (n two parts |
the data path (o¥ cirecution tofe) Qnd the Contvol
aoit - Data pathg @z  Often  uscd in digital Signat
PYOcesgovs, NicaDprocessors and application SpecHc (Cg
(Acce)- Te data path consists OF @ ~ Combination oF
an Avithmetic togic unit (ALY, @ Ghifter, Qdile 'fcgigtC'T

and data busses  ctc. Tt performg  Many Ope7ations on j
the data W0 the TCqistey file, to ¢hich the vesuits
a Scnr back . Tre data busses Gre the Comwmunication
Meane for the data ransfer betcocen the ALy, shirecr, |
God ile ~vegistey, etc. These busses hauc a bheady load
(feed PF)- o cmos desiqn, duynamic techniQues  aoe ugcd

0 allow fast Opevation. ©ne Way to veducc the pocoes |
dissipation, d
G b
2 , duc to e precharging transistors, Is to
C Statte busses
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