Multibit Data Addition; 4Dbit
Carry Ripple Adder

o AAAA, +B,B.B,B, =Co45,5:5,S,

A, B, A, B, A, B, A, B,
! ! ! !
COl COZ CO,S
- FA [—=— FA ~— FA = — C

Cl’l (=C,2) (=C,3) (=C,4) FA 0

' ' ' '

S; S, S, S,
A
B D_ ﬁD—S Adder Delay tyqyo,=?

_ - :)_41}(: Ladder = (N'l)tCarry + lsum

C, ° Can’t we make this faster?

Any other structures than tree adders?
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Carry Lookahead Adder

* For each stage k,
Cox =AB + C (ADBy)

- If we define P, and G, at k" stage,
P =ADB,, G =AB,,
Cox = G+ PCyi

* Thus,

Co1=6G1+P,C1=Cy;

Co2=6G,+P,C 1 =C3 =G, +Py(G, +P,C,,)

CO,S = GS + PSCI,Z = C|,4 = Gg + P3(Gz + I:)2(:|,2)

=G5+ P3G, + P3P,Gy + P3P,P.Cy
Co4=Gy+ PyG3 + PP3G, + PP3P,Gy + Py PPP,Cyy



Four 4bit Adders for 16 Bit Addition

1 P41=0,Co4=Gyy

A4:1 B4:1 A8:5 BS:S A12:9 BlZ:9 A16:13 B16:13
y y | 2 | Yy i

Cial 4bit |Cos| 4bit |Cos| abit [Cos abit [Cous

} Adder Adder Adder Adder
Co,4 v v v v

S4:1 S8:5 S12:9 S16:13

JULC

If Py, =1, Cos=C1



Revisit MUX

> Y

>

1

2

3

/ff f o $,5=00> Y=
A A elif $5,=01>Y=1,

S1S0 elif S,S,=10=> VY =1,
S, elif S,S,=11=>Y=1,

J U LH .




MUX Implementation of
Carry Lookahead Adder

)
}),4
A4:1 B4:1 A8:5 B8:5 A12:9 B12:9

Aty

FA

Con

'S,

G,
Y

A, B
I

FA

vS,

- FA

vS;

I} 1 I} 3
S abit [Cos|  abit  [Cos
Adder Adder
v v
S4:1 S8:5

Ai6:13 Big1a

I I
abit  |Coz|  4bit [Cous
Adder Adder
v v
S12:9 S16:13



Carry Skip Adder

Al Bl A2 BZ A3 BB A4 B4 P1P2P3P4
! ! ' ! I\L
Gl
Cl, \
FA Egl FA Gt FA e FA Gt 0 Co
’ P,G P,G, P,G —>
'S, Is, IS, Is, .
16bit Adder Implementation:

Az By Ags Bgs Ai2.9 Biog Ase:13 B3
v R vl R |
P&G Setup | P&G Setup P&G Setup P&G Setup
= - == == ==
Carry Carry Carry | Carry
Propagation Propagation ‘ Propagation ‘ Propagation

> >
& L & ¥ T
Ss1 Sg:s5 Sisg S16:13




Critical Path Comparison

e Carry lookahead adder:

tadder = l‘sen.qr.‘n + Mrcarry + (N/M —1 )tbypass + (M -

1)tcany + tsum

- O-s

D

A4:l B4:1 A8:5 BS:S A12:9 B12:9 A16:13 B16:13
A / ¥ A / A /
P&G Setup | PaG Setup | PaG Setup | P&G Setup |
C, = = = > = > R =~
—l| Carry Carry " | I camry Carry
Propagation Propagation Propagation Propagation
¥ I
Sy Se:s Sisg S16:13
e Carry ripple adder
As1 By Ags Bgs Aiz.9 Biog A16:13 Bz FA:
' 3 ‘y 3 Yy |2 | A D
C - C - C : C : C
11l 4bit o4 4bit | 08| 4bit “o12l  4bit | ~0,16 _—>_
Adder Adder Adder Adder c
|
v v v v
Sa1 Sg:5 Si2:9 Si6:13 tagder = (N=T)lcary * Tsum



Carry Select Adder

“0"—>

“1”_»

A4:1 B4:1
R

P&G Setup

0-C

Propagation

1-Carry

Progagation

C0’4:‘ lCO’4:1

C1—

4

S4:1

“0”_»

“1”_»

C0’8:5v lC058:5

A8:5 B8:5
(R

P&G Setup

==

0-Carry
Propagation

1-Carry

Proglagation

Coa

Can you specify the critical path?

tadd = 1:setup + (N/M)t

4

S8:5

“0” >

“1”_»

A12:9 B12:9
R

P&G Setup
= =

0-Carry
Propagation

1-Carry
Progagation

C0’12:’ lC0’12:9

carry

“0”_»

“q1”—

A16:13 B16:13

A

P&G Setup

= -

0-Carry
Propagation

1-Carry
Progagation

Corteu1al, lCO’16:13

o e NI

CO,8

4

S12:9

+ Mt Tt

mux

CO,12

sum

‘ Coi6

S16:13



Gradual Bit-Length
Carry Select Adder

A1 By As3 Bss Ags B Az10  Baaio
Vo Vo 4 } y {
P&G P&G P&G P&G
= - = = Sl= ———=
0!!_> O'Carry n:ou_> O-Cal'l'y ‘sow_> O'Carry “ou_.. O-Cal’l'y
Prop Prop Prop Praop
wqpre| 1-CAMTY | g | 1-Carry | wqn_l 1tCarry TN -Carry
rop Prop 2rop Prop
CO’Z:l lCO’2:1 C0’5:3 4 lc0’5:3 CO’Q:G' lCO’Q:G CO’ 14:1¢ lCO’ 14:10
Cl,l"\_/_R—/_> N — S —

1 Co. l Cos ‘ Coo ‘ Co.14

S2:1 S5:3 S9:6 S14:10



Checkpoints

v'Carry skip (bypass) adder
v'Carry select adder



