INTEGER DIVISJON — SUBRTRAKTVE Atbor(TMER
e Innledning

o Divisjon kategoriseres etter hvilke verdier kvotient

bitene kan anta:

 Restoring divisjon: {0,1,2,...,r — 1}

« Nonrestoring divisjon: {~=0 =1, = =2),..., =1, +1,...,r — 2, — 1}
« SRT divisjon: {—1,0, 1

« Generalisert SRT divisjon: {-m,...,-1,0,1,...,m}
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Example 3.4

Let X = (0:100000); = 1/2 and D = (0.110); = 3/4. The dividend occupies a
double-length register. The condition X < D is clearly satisfied.

ro=2X 0 .1 0 0|0 0 O

2ro 0O 1 0 0 0|0 O setg; =1

Add —-D + 1 1 0 1 0

ri=2r9—D 0O 0 0 1 0(0 O

2r 0O .1 0 010 setgy =0
= 2r 0 .1 0 0]0

2r;p 0 1 0 0 0 setgz =1

Add —D + 1 1 0 1 0 :

ry = 2?’2 === 0 0 O 1 O

= com (mlw, foo & Mg WK ovdihe et ot R
Note that the generation of 2ry should not resuPt in an overflow indication (mul-
tiplying a positive number by 2 should result in a positive number), since the
quotient and remainder are within the proper range for the given dividend and
divisor. Hence, an extra bit position in the arithmetic unit is needed.
The final results are Q = (0.101); = 5/8 and R = r,2™™ = ;273 =

1/4 - 273 = 1/32. (The precise quotient is the infinite binary fraction 2/3 =
0.1010101 - - -.) The quotient and final remainder satisfy the equation X = Q- D +
R=5/8-3/4+1/32=16/32=1/2. O
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Example 3.5

We repeat the previous example with all operands and results being integers. In
this case the double-length dividend is X = 0100000, = 32, and the divisor is
D = 0110, = 6. The overflow condition X < 2""!D is tested by comparing
the most significant half of X, 0100, to D, 01 10. The results of the division are
Q =0101; = 5 and R = 0010; = 2. Observe that in the final step of the process
the true remainder R is generated and, as can be verified from equation (3.14),
there is no need to further multiply it by 2=¢-1D. O
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Figure 3.1

Restoring division.
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Figure 3.2 Nonrestoring division.

Example 3.6
Let X = (0.100); = 1/2, and D = (0.110); = 3/4, as in Example 3.4.

rp = X

2?‘0

Add -D +
T

2]‘1

Add -D +
)

2)’2

Add D +
r3

set g =1

O|l—= O

setgx =1

set g3 = 1

olo — == o o|—=—o
Ol = =|o = oloo -
e R =R
olocooloocojlooc o

The final remainder is the same as before, and the quotient is Q = 0.11
0.101, = 5/8.
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Example 3.7
Let X = (0.100); = 1/2 and D = (1.010), = —3/4.

rp = X

2)‘0 0
Add D 1
r 0
2)‘;

Add D +

ra

2!‘2

Add -D +

r

set q; '"—"-i

set g2 = 1

set g3 =1

OO = = O O~ —~ O
O~ ~ ~lo~ oloo -
el L= T
ocloo oo oloo o

Finally, 0 = 0.111 = 0.101 = —(0.101); = —5/8, or in two’s complement,
1.011. Note that the final remainder is 1/32 and has the same sign as the dividend
X. O
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Example 3.8
Let X =(0.101); = 5/8, and D = (0.110); = 3/4. Then
rj= X 0 .1 0 1
2rg 01 0 1 0 setg=1
Add —-D + 1 1 .0 1 0
r 0 .1 0 0
2r 01 0 0 O set g, =1
Add -D + 1 1 0 1 0
r 0O 0 1 0
2r 0 .1 0 0 setgz=1
Add —-D + 1 0 1 0
rs 1 .1 1 0

The final remainder is negative, while the dividend is positive. We must correct
the final remainder by adding D to r3, yielding 1.110 + 0.110 = 0.100, and then

correct the quotient: 7
Z Qcorrected = Q - ulp

where Q = 0.111 and therefore Q,orrecreq = 0.1 10, = E}Ai_' O
“_ >




Example 3.9

Let X = (1.101); = —3/8 and D = (0.110), = 3/4. The correct result of this

division is Q@ = —1/2 with a zero remainder.
ro=X 1 1 0 1
2ry 1 01 0 set gy = 1
Add D + 0 1 1 0
r 0 .0 0 0 zeroremainder
2r) 0 0O 0 0 setgx=1
Add -D + 1 0 1 0
r2 1 0 1 0
2r; 1 0 .1 0 0 setgz=1
Add D + 0 0 1 1 0
r3 1 0 1 0

Note that although the final remainder r3 and the dividend X”halve the_same sign, a
correction step is needed, since the quotient we getis Q = 0.111 = 0.101, = —3/8
instead of —1/2. We must therefore detect the occurrence of a zero intermediate

remainder and correct the final remainder (to obtain a zero remainder):

ra(corrected) = r3 + D = 1.010 + 0.110 = 0.000

We have to then correct the quotient Q = 0.111 = 0.101 by subtracting ulp,

yielding Qcorrecrea = 0.100; = —1/2.

a



Figure 7.1 Nonrestoring division with gi =0.

1 if 2?’,'_1 > D
0 if -D <2r, <D
L i 29y < =D
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Figure 7.2 SRT division.
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0 if |2r_] < 1/2
g = 1 if 2] > 12 & ri—1 and D have the same sign
1 if 2ri_y] > 1 /2 & ri_; and D have opposite signs
Example 7.1

Let the dividend X be equal to (0.0101); = 5/16 and the divisor D be (0.1100), =
3/4. Applying the SRT algorithm yields

rn=X 0 0 1 0 1

2rp 0 1 0 1 0 >1/2 setq, =1
Add-D + 1 0 1 0 0

ry 1 1 1 1 0

2ri =3 1 .1 1 0 0 >-1/2 setg,=0
2ro=n; I .1 0 0 0 >-1/2 setg3=0

2r3 1 00 0 0 <-1/2 setgy=1
Add D #* 0 J4 1 0 0

r4 1 .1 1 0 0 negative remainder & positive X
Add D + 0 1 1 0 0 correction

r4 0 .1 0 0 0 corrected final remainder

The quotient generated before the correction is Q = 0.1001. This is a minimal
representation of Q = 0.0111 in SD form. In other words, a minimal number of

add/subtract operations is performed. After correction, Q becomes 0.0111 — ulp
= 0.0110, = 3/8, and the final remainder is 1/2 -2 = 1/32. g



