UNIT I1
ARITHMETIC OPERATIONS

Addition and subtraction of signed numbers - Design of fast adders -
Multiplication of positive numbers - Signed operand multiplication- fast

multiplication - Integer division - Floating point numbers and operations
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* Division is more complex than

multiplication.

» Example: Typical values in Pentium-

3 processor.

— Not easy to construct high-speed dividers.
* The ratios have not changed much in

later Pprocessors.
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The Process of Integer Division

In integer division, a divisor M and a dividend D are given.

*The objective is to find a third number Q, called the quotient,

such that D = Q X M + R where R is the remainder such that 0 <R < M.

*The relationship D = Q x M suggests that there is a close correspondence

between division and multiplication.

—Dividend, quotient and divisor correspond to product, multiplicand and multiplier,

respectively.
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Divisor M

digit-by-digit algorithm similar to that used in pencil-

and-paper methods.
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D=37=(100101),
M=6 =(110),
Quotient Q=6
RemainderR=1
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Quotient Q = Q.,0,0.0,

Dividend D = R,

Q.M (Does not go; @, = @)
R,

Q.27 M (Does go; @, = 1)

R;

Q,.27%. M (Does go; @, = 1)

Ry

Q.27 M (Does not go; @, = 0)

R, = Remainder R
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* One of the simplest division methods is the sequential




* Machine implementation:

— For hardware implementation, it is more convenient to shift the partial

remainder to the left relative to a fixed divisor; thus
Ri+1 = ZRI" QIM [inStead OfRi+1 = Ri- Qi.Z-i.M]

— The final partial remainder is the required remainder shifted to the

left, so that R = 2-3.R,
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INSTTUT,

D=37=(100101),
M=6 =(110),
Quotient Q=6
RemainderR=1
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Machine implementation

Quotient Q
Dividend = 2R,

Q.M 0

R
2R,
0, .M 01

R,
ZR,
Q,.M 011

R,
2R,
Q,.M 0110

R, = 2°.R
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ADD /
SUBTRACT
A

<

Dividend Q

Next quotient bit

Q and M are n-bit registers
A is an (n+1)-bit register

Add / Subtract

Divisor M

Control Unit

vi vy
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Basic Steps

Repeat the following steps n times:
a) Shift the dividend one bit at a time starting into register A.
b)Subtract the divisor M from this register A (trial subtraction).

c) If the result is negative (i.e. not going):

» Add the divisor M back into the register A (i.e. restoring back).
* Record 0 as the next quotient bit.

d)If the result is positive:

* Do not restore the intermediate result. M

* Record 1 as the next quotient bit.
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A =0; M =divisor;
Q = dividend; COUNT = n

Restoring Division

< . Quotientin Q
shift left A, Q * RemainderinA
A=A-M Trial subtraction A Q
M
No Yes
Q,=1 AQ-0A=-|(-)M N
- Restoration °
\L v Yes

COUNT = COUNT -1 COUNT = 0? STOP
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A Simple Example: 8/3 for 4-bit representatiun (n=4)

Initially: O00O00O0
00011

Shift: D001

Subtract:

Set Q,: (1110

Rastore: 00011
00001

Shift: 0090 1.0

Subtract:

Set Q,: @1111

Restora: 0011
00801 0

1

o

0

oo

o0
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Shift: 0 100 000 -
Subtract:
Set Q,: @ 0001
0O0DOOD ﬂ(:)
Shift: 00010 -
Subtract:
Set Q,: {:}1 i 1l X
Restore: 00011
00010 00 1()
Remainder Quotient
00010 =2 0010=2
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B

Perform the restoring division algorithm for the
number 11,, / 3,,
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Remalnder@
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Example:7 ;,/3 10

A Q M = 0011
0000 0111 Initial Value
0000 1110 Shift )

M Subtract
0000 1 Restore |

0001 1100 Shift

w Subtract >
0001 1 Restore J

0011 1000 Shift )
00 Subtract
0000 1 Set Q, =
0001 0010 Shift
0 Quotient SUbtraCt}
Restore

First
cycle

Seconc
cycle

Third
cycle

Fourtl
cycls

—
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——

e performance of restoring division algorithm can be improved by
exploiting the following observation.

In restoring division, what we do actually is:

—If A is positive, we shift it left and subtract M. That is, we

A < Q
compute 2A - M.
—If A is negative, we restore is by doing A+M, shift it left, and then M
subtract M. Shift left means
multiplying by 2.

* That is, we compute 2(A + M) - M = 2A + M.

* We can accordingly modify the basic division algorithm by

eliminatinpg the restoring step @ NON-RESTORING DIVISION.
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a)Start by initializing register A to 0, and repeat steps (b)-(d) n times.

b)If the value in register A is positive,

 Shift A and Q left by one bit position.

e Subtract M from A.

¢) If the value in register A is negative,

« Shift A and Q left by one bit position.
 Add M to A.

c)If A is positive, set Q,=1; else, set Q= 0.
d)If A is negative, add M to A as a final corrective step.
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Non-Restoring Division

>

A =0; M = divisor;

Q = dividend; COUNT = n

No Yes

Shift left A, Q
A=A-M

Shift left A, Q
A=A+M

v

v

No Yes
Q=1 [ Q=0

\—4 COUNT = COUNT - 1 A A=A+M

Correction
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Initially:

Shift:
Subtract:
Set Q.:
Shift:
Add:

Set Q,:
Shift:
Add:

Set Qg
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A Simple Example: 8/3 for n=4
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Shift: 00010 001 -
Subtract: - 0011
Sut 0. M1111 0010
Correction Add: Quotient
11131 0010 = 2
000211
00010
Remainder
00010=2
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Next quotient bit
An A < Q QO <
Q and M are n-bit registers A
is an (n+1)-bit register
E’ < | >
~
é = S Control Unit | °
2 1€ M N
Add / Subtract

T
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TEXT BOOK

Carl Hamacher, Zvonko Vranesic and Safwat Zaky, “Computer Organization”, McGraw-Hill, 6th
Edition 2012.
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