Opérateurs Arithmétigues

Adders



Outline

[ Digital CMOS design

[ Arithmetic operators

(Q Adders

(9 Comparators
(Q Shifters

(9 Multipliers

i p
\ L Pirouz Bazargan Sabet Digital Design February 2010 ‘

Adders

Adding two natural numbers

Let consider two natural numbers 4 and B
coded on 8 bits using Natural Binary Code
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Adders

Adding two natural numbers

At each stage, I need to sum 3 single bit numbers 3 bl- -

The carry out of the stage i is the input carry of the next stage

C-+1Ci
3 t s; and ¢, are Boolean

functions of 3 bi -
i

5i
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Adders

Adding two natural numbers

@ o 1 10]a;b s;=a.bug * i'lzi‘ci +
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Adders

Adding two natural numbers

aib' 00 01 11 10

[
°lolo|/1]|o

Hola @

Cl'+1 = al'.bl + al.Cl-+ bl-.Cl-
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Adders

Adding two natural numbers

C7 Cg C5 C4 Cz Cy C
g\j&jg\j 1\;@ +
7 W6 115 W4 W3 W2 Wi

S7 56 55 54 53 52 51 SO

Adders
Adding two natural numbers
Si = ale bl @ Cf Cf*'l = al'bl + af'cf + bluCl'
Cf*'l = al . (bl+cl) + bi'cf
3
b; by
i 5; i
S a;
bl Cirt
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Adders
Adding two natural numbers
5]‘= al(-B bl(-BCl Ci+1= al'bl+al'cl+ bi'cf

Cl‘+1 = al . (bl+cl) + bluCl'
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Adders

Adding two natural numbers
Si = ale bl @ C]‘ Cf*'l = al'b] + a]uCl' + b]uCl'
Civ1 = Apbj+ @p*by) .
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Adders

Adding two natural numbers

0 1 3 0 1 3
0|0 00| 1
1110 111
bi 3,®b; bi 3+b;

artb;=a@ by +a; by

Adders

Adding two natural numbers
5]‘ = al(-B b] ('B Cl' Cl‘+1 = a]'bl + al'.C]‘ + bl'.C]‘
Cieq = b+ @prby) . ¢
Cjyq = a]b +(a®b; +a;.b)) . ¢
.. ,+1 =a;b +(a© ,) G
1

b.
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Adders

Adding two natural numbers

The circuit generating s; and ¢, is called a Full Adder (FA)

C.
1
b by
i S; 3
i c
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Adders

Adding two natural numbers

At each stage, I need to sum 3 single bit numbers 3 bl- G

The carry out of the stage i is the input carry of the next stage

b7 az bé a4 b1 a1 bO a0
57 56 51 50

O .
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Adders

Adding two natural numbers
Ripple Carry Adder (RCA)

Area o< n Delay o< n

by a7 bg 3 by 31 bg a0

Timing should be improved

Adders

Adding two natural numbers

Acceleration technics

either 0 or 1

brtos 37tod bPrics 7to4 5t00 33t00
| L1 | © | |
C4 CO

Adder J Adder J Adder —
I [ [
|\/’—,7 53t00
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i Tto4 Carry Select Adder (CSLA)
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Adders

Adding two natural numbers
Carry Select Adder (CSLA)

Area o< 308® = plos@) = 1385 Delay o< log (n)

by4 a7_4 bs 5 az5 brag boa
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Adders

Adding two natural numbers
Acceleration technics

1

08,01 14 10 |3; b 0 o 11 10]3b
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111 =l2] 5|2
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<o | g S| ©
< a, on a
carry out depends
on carry in
carry out does not
@) depend on carry in
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Adders
Adding two natural numbers
Acceleration technics
00 o1 11 10]a; b 0 o 11 10]ab
— = =
“lojol1lo AEREE
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lol1]|1]1 G; =a;b; & o é o
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Ciag =G+ P
si =Pi®g;

Adders

Adding two natural numbers
Acceleration technics
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Adders

Adding two natural numbers
Acceleration technics
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Adders

Adding two natural numbers
Acceleration technics

lTM Aj+1 le alf

Gi1=a1bur G =ajh

Pisg=aj®bjug Py =2;®b;

1 |
L Gy, i = Giag + GpPiag

o I

Pirt, i =Pi- Pist
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Adders
Adding two natural numbers (summary)
Area Delay
Ripple Carry (RCA) n n
Carry Select (CSLA) 3 log (n) log (n)
Carry Lookahead (CLA) n log (n) log (n)
I
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Opérateurs Arithmétigues

Comparators



Outline

[ Digital CMOS design

[ Arithmetic operators

(Q Adders

(Q Comparators
(Q Shifters

(9 Multipliers
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Comparators

Comparing a natural number to a constant : =

Let consider a natural number 4 coded on 8
bits using Natural Binary Code

d7 3¢ a5 34 az A A Ap
=9

0O0000O0O0O

|

0/1

Comparators

Comparing a natural number to zero : =

Boolean function

Null =1if

T.%. 753473393130~ 1

Null=a7+a5+as+az+az+ay+ar+ag
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Comparators

Comparing a natural number to zero : =

Implementation

Null=az+as+as+az+az+az+ar+ap

a2
Null

a0
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Comparators

Comparing a natural number to zero : =

Implementation

Area o< n Delay o< n

]
2 Null

ao

Comparators
Comparing a natural number to zero : =
Implementation improvement

ay Null=a7+ag+as+az+az+az+ag+ap
a6
35
a3
a2
3

Ip
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Comparators

Comparing a natural number to zero : =

Implementation improvement
37 Areac< n Delay o< log(n)
6
35

ay j: Null

as
ay

a1
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Comparators

Comparing two natural numbers : =

Let consider two natural numbers 4 and B
coded on 8 bits using Natural Binary Code

d7 dg a5 A4 Az Ax A1 Ao
=7
by bg bs by bs by by bg

|

0/1
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Comparators

Comparing two natural numbers : =

Boolean function

AEqual B if : a7=b; and ag=bg and ... and ag=b

AEqual B if : (a;®b). ... .(ap®bp) =1
Equal = a,®by) + ... +(ap®bp)
Equal=( e; )+ ... +( ey )
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Comparators

Comparing two natural numbers : =

Implementation
Areao< n  Delay o< log(n)

bs a6
a5 4
b3 4
az 2.
b’I a2

Comparators

Comparing two natural numbers : <

Let consider two natural numbers 4and B
coded on 8 bits using Natural Binary Code

d7 dg a5 A4 Az Ax A1 Ao
<?
by bg bs by bs by by b

|

0/1
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Comparators

Comparing two natural numbers : <

Boolean function

A<B if: a7<b7 or (a7=b7 and (34¢bg or (ag=bg and ... )))

d7 dg a5 A4 Az Ax A1 Ao
<?
by bg bs by bs by by bg

|

0/1
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Comparators

Comparing two natural numbers : <

Boolean function
A<Bif : 37¢b; or (a;=b; and (34¢bg or (ag=bg and ... )))

A<Bif: azby+ ((a7®by) . (aghg + ((ag®bg). ... )
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Comparators

Comparing two natural numbers : <

Implementation

Areaoc n  Delay o< n

31,b1 i \\\\\\
i )

ao,bo

as.bs~
aé,bé

Comparators

Comparing two natural numbers : <

Implementation Improvement
A<Bif: a7<b7 or (a7=b7 and (34¢bg or (ag=bg and ... )))
ABif: azb7+ ((a7@by) . (agbg * ((3®bg). ... )
@Q @f@@‘f

Propagation

O
II a7,b7
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Comparators

Comparing two natural numbers : <

Implementation Improvement

bi 3 Pisg I'GM P; I'Gi

Pi Gf PG
I I T T
i G Pisg i Gieq

Givg, i = Giag + GioPjag

G; =a;b
Pp = ®b; Piet,i = Pi- Praq
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Comparators

bya; bgag bsas bgay bzaz brap bray  bpag
L] [pa] [ [Pa] [pa] [Pa] [P6] [P

-
Qess= G+ P.D
O —_—

=0 Areac< n Delay o< log(n)
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Comparators

bya; bgag bsas bgay bzaz brap bray  bpag
L6 [pa] [ [Pa] [pa] [Pa] 26 [P

V Qess G+PD

l,=1  —— aLessOrEqualb

\ I Pirouz Bazargan Sabet Digital Design February 2010 ‘




Opérateurs Arithmétigues

Shifters



Outline

[ Digital CMOS design

[ Arithmetic operators

(Q Adders

(Q Comparators
(Q Shifters

(9 Multipliers

i p
\ L Pirouz Bazargan Sabet Digital Design February 2010 ‘

Shifters

Shifting a value

Let consider a value A coded on 8 bits
A can be shifted to the left by n positions (0 <n < 8)

d7 d¢ 35 A4 dAz Ap a1 dp

d7 344 a5 A4 43 dp a1 dp

Shifters

Shifting a value

Let consider a value 4 coded on 8 bits
A can be shifted to the right by n positions (0 <n < 8)
logic

d7 44 a5 34 43 A7 A1 dp

d7 dg a5 d4 dz 47 A dp

Li p For a natural number, shift left is a multiplication by 2"
\
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i p For a natural number, shift right is a division by 2"
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Shifters

Shifting a value

Let consider a value A4 coded on 8 bits

A can be shifted to the right by n positions (0 <n < 8)
arithmetic

d7 44 a5 34 43 47 A1 dp

d7 a7 a7 3¢ a5 d4 a3z Ay

i p For a relative number, shift right is a division by 2"
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Shifters

Shifting a value

Let consider a value 4 coded on 8 bits
A can be rotated to the left by n positions (0 <n < 8)

d7 d¢ 35 A4 dAz Ap A1 dp

Ve

a7 3 a5 a4 a3 a5 31 A
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Shifters

Shifting a value

Let consider a value 4 coded on 8 bits
A can be rotated to the right by n positions (0 <n < 8)

d7 d¢ 35 A4 dAz Ap A1 dp

a7 3 a5 a4 a3 3y 31 A

Shifters

Shifting a value

Implementation (left shifter)

B (gives the shift amount)

log(n) bits
&
S
A —— '§ — 9
(value to be shifted) g}Q n bits

n bits N

i p
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Shifters

Shifting a value by 1 position to the left

Boolean function

B coded on 1 bit

If by=0
Si = a;
else

S; = a;_q assuming a_; =0

s;=by-a;_1 +by-a; =>> 2-input Multiplexer
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Shifters

Shifting a value by 1 position to the left

Implementation

B A Y Az a3y 2P 0
A il el I Bl

ao

57 56 55 S, 4 53 52 51 SO
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Shifters

Shifting a value to the left
az a4 a5 a4 az a a1 a0

Q
DA DT —Po

? 19
N AN N NV AN NV N R

4 R4 NNV ANV A4 N4 R

February 2010 ‘

Shifters

Shifting a value by B positions to the left

B may be 000
001
010
011
100
101
110
111

0
1
2
3
4
5
6
7

A combination of 22, 21,

20
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Shifters

Rotate a value to the left
az a4 a5 a4 az a a1 a0

I O AN DN N AN AN R

I\/I\/I\/l\/l\/l\/l\/l\/l— bs

N l\/l\/l\/l\/l\/l\/l\/l— ba
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[

shift-left

1
"

Shifters

Shift / Rotate a value to the left
az a4 a5 a4 a3z a El| a0

R e vara =t

N4 N N N4 4 4 N P

Shifters

Shifting a value

Implementation (right shifter)

B (gives the shift amount)

,/ log(n) bits

g
-
Q
~

ne
A) 7
A
\
A—dl K |—s
(value to be shifted) l{ \ n bits
. ’ \
n bits O Y

N AN NV AN NV N N
o DDA MDA b2
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Shifters
Shifting a value
Rotate left by 2 6=-2
Rotat H ht by 6 —
oHe ey 110 =010 +1
d7 3 a5 A4 343 37 a1 Ap
e
\\\
i
7 36 95 34 33 a2 31 A0
]
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Shifters

Shifting a value
Rotate right by B
Rotate 1=eft by -B

Rotate left by (B+1)

Rotate left by B followed by a 1 position rotate
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Shifters

Rotate a value to the right
a7 ETS a5 a4 Az a a1 a0

N N4 N NN NN N4 N4 N S

A AN N NN NN N4 RN NN )

N2 RN NN AN R NNV N4 NN et

\I-I 9 RN T TN TN A0

4 )
Shifters

Rotate a value to the left / right
az a4 a5 a4 a3z a El| a0

I N NN AN N N N N N

I\/l\/l\/l\/l\/l\/l\/l\/l—* by

I\/I\/I\/I\/K I\/I\/I\/I—' b2

P E T T T T T T T e o

Shifters

Shift logic a value to the right
az a4 a5 a4 az a a1 a0

Fo T T TN T T T T e bo

DT DT b

DD DT DN ek

\I-I P T T T T T T A o

Shifters
Shlft / Rotate a value to the right

a4 a5 a4 az a a1

e r_,og I\/I\/I\/I\/I\/I\/I\/K

Ghift-r-ari . a; +
shift-r-ari . az)

I\/I\/I\/l\/l\/l\/l\/l\/l—* b

—————— \

B S—
I

N l\/l\/l\/l\/l\/l\/l\/l—’ b2

P A AT A o



Shifters

Shift / Rotate a value to the left / right
az a4 a5 a4 a3z a El| a0

Al N N N A A A N

DDA T AN b

\ o DA NN b

\ O E T T T T T T T te o

Shifters

Shift / Rotate a value to the left / right
az a4 a5 a4 a3z a El| a0

N N A N N N N

I\/l\/l\/l\/l\/l\/l\/l\/l—* by

Shifters

Shift / Rotate a value to the left / right

az a4 a5 a4 az a a1 a0
L*f*f— N\

B e pea e

I I N AN N R N N

I N AN N NN AN R Wi m g

N AN AN AN R NV NV NV i

Shifters

Shift / Rotate a value to the left / right
az a4 a5 a4 az a a1 a0

I I N N N R N NN g

E T T T T T e b

AN NV N S

R4 1 5 A WA R
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Shifters

Shift / Rotate a value to the left / right optimized
az a4 a5 a4 a3z a El| a0

~4 A A A A A A 0

Fo T T T T T T T e bo

I N R AN NN NN N N mgd

A N i AV AN A e




