Lecture9

Basic Dividers

Required Reading

Parhami,

Chapter 13 Basic Division Schemes

Notation
z Dividend Zy1Zon - - - Lo 2y Zg
d Divisor de10ep ... dydy
q Quotient Ok-10k-2 - - - G1 %
s Remainder Se1S2- SIS

(s=2-dq)




Basic Equations of Division

z=dq +s
Is|<|d]

sign(s) = sign(z)

z>0 z<0
0<s<]|d| -]d|<s<0

Unsigned Integer Division Overflow
Condition for no overflow:

z=qgqd+s<(2-1)d+d=d2¢

z=z7,2%+z7 <d2¢

z,<d

Sequential Integer Division
Basic Equations

D=z
=25 -q, (2d)

sW=2ks




Sequential Integer Division
Justification

D=22z-q., (2kd)
SA=2(22- Gy (240)) - g (24d)
$9=2(2(22- gy (24d)) - G (2¢d)) - G5 (2d)

=2 2222 Gy (2 0) - Gep (2 D) - Gz (240 ..
- Gp(2¢d) =
=247 (2d) (Oq 2T + G p 2P+ Qg 2%+ ... +Qp20) =
=2kz-(2d)yq=2(z-dg)=2¢s

Fig. 13.2 Examples of sequential division with integer
and fractional operands.

Integer division Fractional division
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St 01110101 &0 01110101

2gl0) o1110901 2% 01110101

~qg 2% 1010 {ga=1] =g d 1010 fg.4=1)

1 0100 101 &0 0100101

2gl) 0100101 2 01001 01

~ggp 2% 0000 {5:=0] —ggtf 0000 g =0
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2g13) 10010 1 2 100101

-y 2% 1010 {g,=1) -qaff 1010{g.5=1)

3 1000 1 3 1000 1

2503 10001 263 1. 0001

~gp 2*d 1010 {g5=1) =qqd 1010 ig_=1)

s 0111 st 0111

s 0111 g, 0.00000111

q 1011 e 1011 s

Unsigned Fractional Division

Z;»c Dividend Z4Z;y . ZnyZaok
d;,. Divisor dad, . deg) dy
O Quotient Q1095 - - - Oe1) G

Srac REMainder  .000...0S .y - - - k1) Sk
k bits




Integer vs. Fractional Division
For Integers:

z=qd+s L2

z2%=(q2%) (d24) +s(2%)
For Fractions:

Zirae = Gtrac dfrac + Strac

where
Zyrg = 222 Grac = 0 2"

dff& = d 2-k Sfrac =S 2-2k

Unsigned Fractional Division Overflow

Condition for no overflow:

Zfrac < dfrac

1

Sequential Fractional Division
Basic Equations

9=z,
S0 =250 - q-j dfrac
2 Strac = W

Strac = 2. s




Sequential Fractional Division
Justification

=2 Zrae = O O
S = 2(2 Zrg - Ay Gired) - U2 Dy
3 = 2(2(2 Zyge - Oy Airae) - Ao Oira) - Aoz G

S0 =2(. .. 22(2 Ziro - g Gra) = A2 Grrac) = g iy - - -
- Ok dfrac =
=2 Ziree - dfrac (ql 21 + Q.2 22+ A3 23+ L+ q-kzo) =
= Zk Z‘frac - dfrac 2k (ql 21+ q-2 2_2 + q-3 2_3+ -t q-kz_k) =
=2 Ziree - (2k dfra‘) Ofrac = 2 (Zfrac b dfrac qfra‘) =2 sfrzﬁ

Restoring Unsigned Integer Division

e D

for j=1tok
if 28iD-2kd>0
q.=1
s =2400-2d
else
q=0

K sy =2 0-D /
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Fig. 13.5 Shift/subtract sequential restoring divider.

Shift

Trial difference —=F o
L [omena }5
-------- K Qu q i
LIP Load }

;‘“{ Partial remaimerls‘"(inual value ) |".'__f =

s T e :

! Shift -j i

1 '

) MSBof | dag
« 28" selector




Fig. 13.6 Example of restoring unsigned division.

11 010 1 Nooverflow, since:
10 (0111)40 < (1010}
10

0 1 Positive, so setgy=1
1

Negative, so set g,=0
and restore

1 Positive, so set g4=1

Positive, so set ;=1
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Restoring Signed I nteger Division

z d

lz| |d| sign(z)  sign(d)

Unsigned @

division Sgn(S = Sign(2)
lal-1sl sghg= | | ST@Tse@
\\)/ - sign(z) # sign(d)

q i S 7

Non-Restoring Unsigned Integer Division

/ s = 724 \
for j=2tok

if si-D>0

G = 1
sy =2¢0-2kd
else

Gy =0
=24+ 2kd
end for
if sW>0
Q=
else if sk<0

Q=0 Correction step %




Fig. 13.7 Example of nonrestoring unsigned division.

No overflow, since
(0111)uyo <(1010)guo

Positive,
so subtract

Positive, so set g3=1
and subtract

Negative, so set ¢,=0
and add

Positive, so set g;=1
and subtract

Positive, so set gp=1
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Fig. 13.8 Partial remainder variations for restoring and
nonrestoring division.

Example
(0111 010 1o/ (101 0)two
(117hen / {10}en

S =16s|

Partial remainder
Partial re mainder

\
b
3 Erne:
£ i

{a) Restoring (5) Nonrestoning
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Non-Restoring Unsigned Integer Division
Justification

Restoring division

sh =2 &0-D

=280 2=
=42k g

Non-Restoring division

=281 2d
S0 = 20+ 2l =

=2@D-2kd)+2kd=
=42k
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Non-Restoring Signed I nteger Division
Correction step

z=qd+s

z=(o-1) d+(std) z=(q+1) d+(sd)

z=q d+s z=q' d+¢

Fig. 13.10 Shift-subtract sequential nonrestoring divider.
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Non-Restoring Signed I nteger Division

o p

for j=1tok
if sign(si-) ==sign(d)
Gq=1 )
sV =2¢D-2kd=25D-qy; (2€d)
else
G =-1 .
s=2810+2kd=251D-q; (2¢d)
Correction_step

Q: BSD_2's comp_conversion(q); /
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Fig. 13.9 Example of nonrestoring signed division.

Dividend = (33),y,
DHviser = (=Tl

10 00

00 00 signisi™) « signic)
1001 50 8ol gy =1 and add

01 001

10 01 signist™) = signic)

50 82t g, =1 &nd sub

= signizy
o subtraction

s

BSD — 2's Complement Conversion

Q= (U1 Oz - - - G dodesp =

= (El Py2---P1Po 1)2‘scomplement

where Example:
a | p Ussp 1-111
110 p 1011
1|1

02 scomp 00111=0111

=4

nooverflow if P, = Pea (Ghea # )




