a

. Booth’s Algorithm

« Thereis more than one way to do multiplication
« An ALU can add or subtract

— We can have: 6 =-2 +8
« A multiplication (A*B) can be performed as

— A*(C-D); where B=C-D

— Assume A=2 and B=6 (C=8 and D=2)

2*(8-2)=12
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| Booth’s Algorithm (cont’d)

0010

01 1 0

Two

Two

0 0 0 O
0 010
0 010
0 0 0O

shift
add
add

shift

0001100O0

Ttwo

EE334



3

| Booth’s Algorithm (cont’d)

0 010

Two

01 1 0

Two

0 0 00 shift (0)
0 010 sub (first 1)
0 0 0 O shift (string of 1s)
0 0 1 0 add (last 1 in string)

0001100®0

Two
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Booth’s Algorithm (cont’d)

0010 ..
0110 ..
Two's 5
complement ; 0 0 0 0 shift (0)
T~1 11110 sub  (first 1)
0 0 0 O shift (string of 1s)
0 0 1 0 add (last 1 in string)
0001100 .
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Booth’s Algorithm (cont’d)

Middle of run

End ofrun| o | 1

1

1

1

1

Beginning of run

EE334



"
Using Booth’s algorithm

_ I

Check current bit and previous bit

« 0 O Middle of string of Os, NO ARITHMETIC OPERATION
« 0 1 ENndof string of 1s, ADD THE MULTIPLICAND
« 1 0 Beginning of string of 1s, SUBTRACT THE MULTIPLICAND

« 1 1 Middle of string of 1s, NO ARITHMETIC OPERATION

Shift product to right (1 bit)
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Booth’s algorithm example

N

2 X -3 0010 x 1101

Multiplicand Multiplier

C t bi
product urren Ii

Previous bit

l

0000110 1

0

multiplier
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Booth’s algorithm example

_

2 X -3 0010 x 1101
Multiplicand Multiplier

I
000011010
-1 1 1 0 [ Beginning of string of 1s

SUBTRACT MULTIPLICAND

111011010

Sﬁ\\\g\\\}

EE334



5
Booth’s algorithm example

_ —

2 X -3 0010 x 1101
Multiplicand Multiplier

|
1111011 0|1
.0 010 | End ofstring of 1s

ADD MULTIPLICAND

0001011 0|1

Shift -

@000510110
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Booth’s algorithm example

_ —

2 X -3 0010 x 1101

Multiplicand Multiplier

0000101 1

0

1110
111010110
Shift >

1

@11150101

I Beginning of string of 1s

SUBSTRACT MULTIPLICAND
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Booth’s algorithm example

N

2 X -3 0010 x 1101

Multiplicand Multiplier

1111010 1

1

I Middle of string of 1s

Shift > (last shift)

NO ARITHMETIC OPERATION

11111010
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Booth’s algorithm example

_ RARE——
11111010

Two’s complement

00000101
1

00000110
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8-bit multiplication

Multiplicand: 352 0010001 1
Multiplier: 79 > 01001111

00000000%0100111(10}

1717011101

11011101%010011110
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" Multiplicand: 35 > 001000 1 1
i Multiplier: 79 > 01001111
(1) Shift >
1110111010100111/1
(2) Shift >
11110111§o1o1oo1\11j
(3) Shift >
11111011’1010100\13

(4) Shift 2>
11111101§110101001

EE334
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" Multiplicand: 35 >

0010001 1

g Multiplier: 7950100111 1
1111110111010100|1
00100011
0010000011010100|1
(5) shift >
0001000001101010[0
(6) shift >
000010000011

010\19
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" Multiplicand: 35 > 001000 1 1
j Multiplier: 79 501001111
oooo1ooo§oo11o1o\10}

1717011101

1110010100110101|0

(7) shift >
1111001010011010

=
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" Multiplicand: 35 > 001000 1 1
j Multiplier: 79 501001111
11110010%1001101@3

00100011

000101011001101 0|1

(8) shift >
oooo;o1o§11oo11o

N T

2048 + 512 + 128 + 64 +8 + 4 + 1 = 2765
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