1011 M (Multiplicand) 11
1101 © (Multiplier) 13

1011

0000
1011
1011 +

10001111 A (Product) 143

Binary Integer Multiplication (unsigned)



R ——

Multiplicand (M)

Shift left

\ 2n-bits
A4

2n-bit <
ALU

l

Product (A)
Write

2n-bits

M*Q = A

—_—

Multiplier (Q)
Shift right

n-bits

/

Multiplication Hardware (ver.1)



A «0
0
Multiplicand (M) Q[o]
Shift left [«
2n-bits
— v
;{It / Multiplier (Q) A M+A
ALU Shift right ¢
n-bits
Product (A) ’\77 ||
Write Control YPRYPPE
2n-bits
Q«Q>>1

M*Q =A

n-th No

repetition?

Multiplication Algorithm (ver.1)



Multiplicand (M)

n-bits

—_—

Multiplier (Q)

Product (A)

Shift right
Write

1

2n-bits

M*Q = A

Shift right

n-bits

N

Multiplication Hardware (ver.2)



Multiplicand (M)

n-bits

24
ALU

—_

Y

—_—

v

Multiplier (Q)
Shift right

A

Product (A)

2n-bits

M*Q = A

n-bits

A[2n-n] « M + A[2n-n]

A

A—A>>1

Q«Q>>1

n-th

repetition?

Multiplication Algorithm (ver.2)



Multiplicand (M)

\ n-bits

Shift right <—{/
Write|¢&—

2n-bits T

Product A (Multiplier 0|Q ) Control

M*Q =A

Multiplication Hardware (ver.3)



Multiplicand (M)

Control

n-bits
N
n-bit /
ALU
—
Product A (Multiplier 0|Q )Sh'ﬁvr\'/?ift‘é
2n-bits
* —
M*Q =A

{ Start }

A«<0]Q

Al0]

A[2n-n] « M + A[2n-n]

A—A>>1

n-th No

repetition?

Multiplication Algorithm (ver.3)



1111 (15) 0011 (3)
+M 11110000
>A 01111000
+M 101101000
>A 10110100
>A 01011010
>A 00101101 (45)

Watch out for Carry Out during partial additions



{ Start }

A«<0]Q
Al-1]< 0

. 1 01
no operation —0@
/ \ ~ ofo !

1 I

A[2n..n] < A[2n..n] - M A2n..n] < A[2n..n] + M

.001]111711[1000/000. . [2n..n] < A2n..n] [2n.n] < Al2n.n] +
I I A<—A >; 1 ‘iarithm.)

|
add M subtract M A[0] — A[-1]

!

n-th No

repetition?

Binary Integer Multiplication (signed) - Booth's Algorithm



n—1..k+1 ,_/k\ k—
Q="111...111°0 ap_qay

1...0
_2...&1&6 (1)

Q=—2""142"24  FoF4a 12T 442" (2)
2n—1_2k-|—1

Q= _2k+1 -+ gk_]_Qk_l + ...+ aOQOj (3)

beginning part guaranteedvto be expressed

IOft the by additions and subtractions
as

all-ones
block

Representation of negative multiplier Q (2's C)
by additions and subtractions for all-ones blocks



Divisor
(11)

00001101

1011 10010011

* %k k%

- 1011
001110
- _ 1011

v

4

00001111

* % % %

- 1011

00000100

Quotient (13)
Dividend
(147)

Remainder (4)

Binary Integer Division (unsigned)



—_

Divisor (M) | O
Shift right

\ 2n-bits

R —

Dividend (Q) ( Remainder - 0|R)
Write

2n-bits

Quotient (A)
Shift left

n-bits

T

Control

Q/ M=A+R

Division Hardware (ver.1)




Divisor (M)

n-bitow

h

Quotient (A)
Shift left

n-bits

Dividend (Q) Shift left 4—(//0_\

(Remainder - R|0) Writele ontrol
2n-bits

Q/M=A+R

Division Hardware (ver.2)



Divisor (M)

n-bits

Shift right

) Shift left Control
Write

Dividend (Q)
(Remainder R | Quotient A

2n-bits

Q/M=A+R

Division Hardware (ver.3)



(  Start )

Q[2n..n] « Q[2n..n] - M

Divisor (M)
n-bits R>0 @ R<0
37
AU ] v
PN Q« Q<<1 Q[2n..n] < Q[2n..n] +M
ift rightl Q[O]=A[0]=1 Q«—Q<<1
ividen sh fF ght
(DReriair?d(g)R | Quotient A)Sh'f\;\}rﬁ;@ Q[0]=A[O]=0
2n-bits 1
Q/M=A+R
n-th No

repetition?

( Stop (Q =

Rm)>

Division Algorithm (ver.3)



