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Binary Multiplication

101010 N bits
10ﬁ1 M bits
101010 AND operation

Partial Products
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Shift-and-Add Multiplier

e Standard adder and shift-in the
multiplicand

e Shift the result as well and add
e N cycles

e Parallel adders add more hardware
(adders) instead.

UC Berkeley EE241 B. Nikalic, J. Rabaey




EE241

Array Multiplier
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MxN Array Multiplier
— Critical Path
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Adder Cells in Array
Multiplier
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Identical Delaysfor Carry and Sum
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Carry-Save Multiplier

Vector Merging Adder
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Multiplier Floorplan
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Multipliers

e Partial product generation
e Partial product accumulation
e Final summation
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Generating Partial Products

e All partial products: AND

X X X X X X XX
PP, PPy PPy PP, PP; PP, PP, PP,
e Booth's recoding — reduction of partial
product count
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Booth Recoding

e Instead of generating all the partial products

0*x=0 1*x=x x={0,1}
e Reduce the number of partial products

by grouping

00 0

01 1*

10 2* (shift)

11 3*  (or4*-1)

Booth’51
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Booth Recoding

Instead of using set {0, 1*Y, 2*Y, 3*Y}

Use {0, 1*Y, 2*Y, 4*Y, -Y}

Shifting and complementing

3*Y =4*Y - Y

Can be simplified by looking into three bits —
modified Booth recoding
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Modified Booth Recoding

Two bits and the MSB of previous two

XX % Add to partial
product
000 +HY
001 +1Y
010 +1Y
011 +2Y
100 -2Y
101 -1Y
110 -1Y
111 -0Y
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Accumulating Partial Products
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Wallace-Tree Multiplier
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Wallace-Tree Multiplier
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Wallace-Tree Multiplier

Wallace,
Trans on Comp. 2/64
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Tree Multipliers

e Time is proportional to log N

e Wiring is complicated

e Different wire lengths

e Optional pipelining

e Wallace tree: reduce the number of
operands at earliest opportunity

e Dadda tree: reduce the number of
operands with fewest adders
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Minimum Number of Stages

Number of bits in the multiplier Numbet of stages
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Generalized Counters
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Generalized Counters
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Generalized Counters

32x32b
using (5,5,4)
with (3,2) in
the last stage

O
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4.2 Counters (Compressors)
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4.2 Compressors

Built of CSAs
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Pipelined version compresses
8 partial products per cycle
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4.2 Compressors

w1 — o

Carmy=Dul

Interconnect can be more regular than in Wallace tree
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Three Dimensional Optimization
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Vertical Slices in TDM
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€= Horlzontal Prepagatian
Carry and Sum
Comnectian

ta the Final Adder

UC Berkeley EE241

B. Nikalic, J. Rabaey

14



EE241

Final Addition

Latesi-Fewest Cutput Profile For TDM PPRT

2 T E R AR REERERZER YN
(L]

UC Berkeley EE241

AR E R 3

B. Nikoalic, J. Rabaey

Final Addition

Optimal Uniform Lopat Adder
Hybrid Ripple-Carryf1-tevel Carry-Skip/Corry Schect

!

H
1

/_l.*

o 1 TR
—— R
LA
bt 1)
e s
L o]

[
e P L0V

= LA

e Tl Dhidiy

UC Berkeley EE241

B. Nikalic, J. Rabaey

15



EE241

Final Addition
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Example: CPL Multiplier
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Example: DPL Multiplier

54 bit &4 bit

108-b CLA Adder

¥ \
108 bit
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Example: DPL Multiplier

Booth encoder
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Example: DPL Multiplier

FA-based 4:2 Modified 4:2
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Example: DPL Multiplier
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Example: DPL Multiplier

Final adder

UC Berkeley EE241 B. Nikolic, J. Rabasy

Reqularly Structured Tree

4W: 4-2 compressor
3aW: 1-b full adder

®: Partial product-
bit generator
Goto, JSSC 9/92 ErRLeL
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Reqgularly Structured Tree
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Reqularly Structured Tree

= L

By g |Brrduy E-(U«u

[m [0 [T

[5'5-'-"] |5QJI -.‘BIJI IH.ﬂ‘

Whpdcacd

nmlﬁ-“-,'a.-. a7 |85 ﬂ
s Y 54

|
T [ 70 :'n-. e | hed 1]
]uw |1E.l:. [l:uﬂc- ||1 n .::J-: |'"

-fl

m-:\hhul

-.n,.-_u...
|_ B |:lm rn... 7= .' l'“ﬂ‘._
4 oy T
545,14 |Ea1d| Iu 11:|||-H 1-1: . |r'.ﬁ1.1,, (IR ILAE TR I | b
_[:IZI o i AP I i e i

_THI'!!__

T fs Wiw ke ¥

B i i, |nw. I_

|!|:'¢';. _MJ:I. .5!.|:|| |-{55.|:I|J_ i ___||2?.|:| ||:,z:ln| e J-:'|5.I:I| [{RE]
r ':rn. :|1-| = 1Des

o ) |5£.ial-,uzq -I-zau _____ _|_--mm|.1um e |Li!;]d1 ) '5

L T

ot e g

B

82.43| |u 'z |44q1

h-ﬂ1|l|2‘.4!l 148 |ui‘] [

= T s

Ll
|r|1 |-'Du T70ca |70t

e It
WFIWVJ—.‘I—

..Ll..l_l.l_l.r,,,,_,,

mm.am e

Taw, ].m, Toa,

(528 | 10,28)
I e B

TN 'l'l'l'q

i L) mmnl:-:-
FTT T M. "'"_—"' |"|I J:[aw-
I51|:|| el [LERY] REJ.'."I ;

'i

180

UC Berkeley EE241

T e |n'~ -
(370 @ [ (s

F'u: Fa

B.Nikalic, J. Rabaey

20



EE241

Reqgularly Structured Tree
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Reqularly Structured Tree
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Reqgularly Structured Tree
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