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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 scholar multiplication
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‘ Multipliers I

multiplicand
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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 : sequential multiplier
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‘ Multipliers I

Implementation : sequential multiplier
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O0HOHOHOHOHOHIHOH1HO
AHHHHHHHHH
I I
2n bit adder

Slelele

L0 L0 L0 L1 L0 L1 ck |

0
AP A AP S AU
v vV VvV VvV VYV VY VY VY VvV VY VY VY VvV V¥

b bg bs by bz by by by

OHOHOHOHOHLHO[HO

ICTP November 2013




‘ Multipliers I
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‘ Multipliers I

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

OHOHOHOHLHOHIHOMHOHO
AHHHHHHHHH
I I
2n bit adder

Slelele

SRR o

0
AP AP SR
v vV VvV VvV VYV VY VY VY VvV VY VY VY VvV V¥

b bg bs by bz by by by

OHOHOHOHOHOHOH1

ICTP November 2013




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
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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

x €10,1§
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‘ Multipliers I

Implementation : parallel multiplier

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

_ . 2i
X = ;(x% + 4)621_+1 2xX  )x?2

2i+1

x=(x,+4x, —2x,) + x=(x,+0 -2x)) +
(x, +4x,-2x;)x 4+ (X, +x,-2x)x 4+

(x, +4x, - 2x)x16+--- (X, + X%, —2x)x 16 +---

ii IIE"
L Pirouz Bazargan Sabet November 2013




‘ 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 a4 a1 4o 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 in case of subtraction

b'5 if -1 or -2

b’> if -1 or -2
by

blé l
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Multipliers I

Implementation : parallel multiplier

» g a7 3 a5 34 333 A A

» g ay Ay a5 A4 3333 A

» 3'g a7 A 35 34 33 3 A AP
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‘ Multipliers I

Implementation : parallel multiplier

Each partial product
1s conditioned by the adder
corresponding Booth

encoded multiplicand
bit b’;

adder
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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)

[—> Redundant coding

use a 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

CSA

CSA

Adder
|

# of CSA layers = 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

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

2 =3 >4 »6 913 ~19-+28 42

The additional ‘rooms’ may 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=axb

How it works if b <O ?

p=axb=(-a)x(=b) =@+1)x(b +1)

xb+a+b+1
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Multipliers I

Multiply and add

p=axb+c

andif b<O
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