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Multipliers I

Two natural numbers 3 and b coded on n bits

the result of 3 X b is coded on 2n bits

Classic method as learned in primary school
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‘ Multipliers I

multiplicand

multiphet

™~

> d7 d¢g 45
d7 d4 45 44
d4 d5 dy4 4z
d5 d4 43 4)
d4 43 47 4
43 42 941 4o
— 47 44 4> d1 4dp

515 34 313 >0 °9 °8 37 36

L I Pirouz Bazargan Sabet Digital Design February 2010




‘ Multipliers I

Implementation : sequential multiplier
d7 dg 45 d4 43 47 41 4D

T

2n bit adder

R nittetetisti

AP IAIAIPAIA A
Yy vV VY Y Vv Y Y VY VY Y Vv VvV VvV V¥

b, bg bs by bz by by bp




‘ Multipliers I

Implementation : sequential multiplier
d7 dg 45 d4 43 47 41 4D

AHHHHHHHH

it adder

B

ool BRI BlRl o |

120 2 20 2 A 24 2 (2 24
Yy VvV vV VY VvV VvV VvV V¥

b, bg bs by bz by by bp

OHOHOHOH1{HO-OH1

Digital Design February 2010




‘ Multipliers I

Implementation : sequential multiplier
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‘ Multipliers I

Implementation : sequential multiplier
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‘ Multipliers I

Implementation : sequential multiplier
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Multipliers I

Implementation : parallel multiplier
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Multipliers I

Implementation : parallel multiplier

At each level the operand of
the adder 1s a partial product

(conditioned by the
corresponding b;)

adder

adder

adder

adder

adder

adder
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‘ Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products
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Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products
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Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products
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Multipliers I

Implementation : parallel multiplier

Improvement : Reduce the number of partial products
n/2-1
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‘ Multipliers I

Implementation : parallel multiplier

Improvement : Reduce the number of partial products
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‘ Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products
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Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products

a7 34 a1 40 multiplier
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Multipliers I

Implementation : parallel multiplier
Improvement : Reduce the number of partial products

An additional partial product 1s generated to take into
account the input carry 1n case of subtraction

b’ if -1 or -2
b’> if -1 or -2
b’y
blé l

v
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Multipliers I

Implementation : parallel multiplier
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Multipliers I

Implementation : parallel multiplier

Each partial product
1s conditioned by the adder
corresponding Booth

encoded multiplicand
bit b’;

adder

Vv b
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‘ Multipliers I

Implementation : fast parallel multiplier

Basically for a nxn multiplication,
we have to add n partial products
(2n-bit numbers)
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Multipliers I

Adding three natural numbers

v delay
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Multipliers I

Adding three natural numbers

51=3@ b @ ¢ Cir1 = ApDp A by

the expressions are symmetrical in regard of 3, b and ¢

A full adder creates 2
numbers from 3

1
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Multipliers I

Adding three natural numbers

Carry Save Adder (CSA)

\a4 bgjcy 3z bzcz ay by a1 by 3g bocp
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‘ Multipliers I

Implementation : fast parallel multiplier

Basically for a nxn multiplication,
we have to add n partial products
(2n-bit numbers)

[—> Use CSA (Carry Save Adder)
to reduce 3 partial products
into 2
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‘ Multipliers I

Implementation : fast parallel multiplier

8 partial products

CSA CSA

CSA CSA
I
|

CSA

CSA

Acfder # of CSA layers = log;,, (n/2)
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Multipliers I

Implementation : fast parallel multiplier

32x%32 bits multiplier 32—+22—+15—+10—+7—>5—-4—-3—>2

Using 4 —2 reduction leads to a more

regular hardware implementation

32x32 bits multiplier 32—16—8 -4 —2

# of CSA layers = 2 log (n/2)
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‘ Multipliers I

Implementation : fast parallel multiplier

32x32 bits multiplier 32—+-22-15-10-7-5-4—+-3—-2

42—+28—+19—+13+-9—+-6—+4—+3—2

The margin on the number of ‘partial products’ can be
used to extended the functionality of the multiplier
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Multipliers I

Two relative numbers 3 and b coded on n bits

p=aXxb
How it works if b < O ?

p=aXb=(—a)X(-b) —( +1)x(b +1)

axb+a+b+1
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Multipliers I

Multiply and add
p=aXb+c

if b<O

p=axb+c=(—a)X(=b)+c =(@+Dx((b+1)+c

—axb+a+b+1+c
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Multipliers I

Multiply and subtract
p=c—aXb

if b>0O

p=c—aXb=c+ax(=b) =c+ax(b +1)

—c+axXb +a
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