tim; 4-bit Carry Save Adder ~ S=gw,

A |&
FA |2 =2 |a F& |&

3BAS5, 13" Lecture, M. Manzke,Page: 1

T 5
13BAS.. 4-bit CSA-CLA s=aw,
FA |# Fa |= z.‘ a f‘-’.“n.'

Carry Lookeieadl|
Ader
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s =
}m&; Multiplication

4 Multiplication of an m-bit number X by and n-bit
number Y

& M>N

¢ To yield Z=XsY with m+n bits

4 This may be accomplished by forming n partial
products P, where:

% This requires m AND gates
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l-m-_ 4-Bit Partial Products
T Z=P,+ 2P+ 22 P, % 23 P,

X3 X2 Xl XO

* Y3 Y2 Yl YO
0200 1||[[0]] 05 XY, Yol X XoYo. o Po
D E30—""l0|| X5¥5 X,Y, X Y& xw—"1g | |P;
0 0 X3¥, X,¥, X;Y, Xg¥5 0 0 o P,
0 X3¥5 Xo¥5 X, Ys Xo¥s O 0 0 4P,
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A5

b8

Partial Products

4 We then weight each P, with 2! and sum them:

Z=Py+2eP +220

Pyt—F2nlls P ||

4 For example if m=56 and n=8 we use a Wallace tree
of six CSAs to reduce 8 partial products to 2 which are
complited by a single Carry Lookahead Adder.
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Wallace Tree Multiplier

. X Register — ¢ The CSA range
b AN AL A from 58-63 bits
R wide.
AND Array 4The CLA is 64
NI bits wide
iiilii vplvd‘vpl‘ vdzvdvpl’
A 1 A2

VVV

SA3 CLI4
| vV v

]
Y VvV
SSA6
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s =
13BAL,

Shift and Add Multiplication

23 10111 Multiplicand

14 10011 Multiplier
10111 - P,

10111 - Pl' 21

Q0000 - PZ, 22

00000 - Py 23

o =P, 24
437 110110101 Product
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1

= t. - t.
Hardware Multipl
13BAS., Hardware Multiplication

23 i Pl o
18 1o el gl bt
(K] it pariial presduct
12111 Al multelieand, aivos mtipdar BE B 1
Tt Enriml produs after add and baloes g
[l AR Earntal product ofter shik
niii Al gl czanad, sevs mllipsan il i1
[ £1] Pariml produc] sitar mdd andd belors svh™
1R 0T Bariml produst sfter shik
CADDa 10 Pl predos] afsr chiE
{ca} feili] [y ] Farinl produst aftar chi
1t Add mulbplizand, sirce mutipaer bt s 1
RIRLA L] Earal produc after aod and betoes s
447 [ RIFRTER ] Pkt after Dl shai

» a. Overflow temporarily occurred
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‘13BA5 _ Binary Multiplier Diagram

8- "7}

Lod | Fegver B |
Py [
.I_I-M—] G, Friebal arkhe
— } —
Comil LA, - ¥
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llm; Booth’s Algorithm

¢ This effectively halves the number of partial
products in a multiplication.

4 Principle:

Z=X*Y

k i
X =00111...100
X = 2K D]
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y = ]
Booth's Algorithm
19BAS.. g

k-j+1

& We may replace the k-j+1 non-zero partial products
with just two:

Pl:2k+1*Y
P,=-2%Y
Z =P, +P,
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G © Booth’s Algorithm
&
I_m;t Worst case

% Of course in general a multiplier will have more
than one such sequence of consecutive ONES.
#The most extrem case is that of alternating zero
and one.

4 Resulting in n/2

Worst case =01010101010101
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A

+ M& Booth's Algorithm
== sequences of three bits

% Thus to deted and generate all the appropriate
partial products we examine averlapping sequences of
three bits:

Xl+ll XI! Xl—l

Bits examined Previously Examined Bit
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