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Propagated and Generated Carries
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Carry Equations
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¢, = E;;i"' @J}CO ¢, = 1@"’ 1@%
W= G PG o= Gyr PG+ BiGy+ By[Gy + B
Go+ Pycy = ¢
G,+ P,G,+ P,P,c, = c,
G,+ P,G,+ P,P,G,+ P,P,P,c, = ¢,
G,+ pP,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,
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Carry Equations into Gates (1)
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Fan-in number: small
Stage number: large
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Carry Equations into Gates (2)

Go+ Pocy = ¢

G, + P,Gy+ P, Pycy, = ¢,

G,+ P,G,+ P,P,G,+ P,P,P,c, = ¢4

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,
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Full Carry Lookahead

AND2, OR2 G,+ P,c, = c,
AND3, OR3 G,+ P,G,+ P,P,c, = c,
AND4, OR4 G,+ P,G,+ P,P,G,+ P,P,P,c, = c;
AND5, OR5 G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = ¢,
AND32, OR32 = Cy

Large number of fan-in : Impractical

High Radix Addition (2°g)
Multi-level Lookahead
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4-bit Carry Lookahead Logic — interface

All G's P's are computed each c's takes 2 gate delays
simultaneously from a and b

G, = a;b,
P, = a+b, AC3 AC2 AC1 ACO
Gy ® G, P, G, Py Gy Py
Vo ' Vo '
G4 7_.j

4-bit Carry Lookahead Logic
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4-bit Carry Lookahead Logic — boolean equations

All G's P's are computed each c's takes 2 gate delays
simultaneously from a and b

G, = a;b,
Pi — a,‘?"bl AC3 AC2 ACl ACO
(Gf\ (11?; @f \Pﬁ @f/ (11; QGE (?
c Cc,|= Carry Lookahead Logic @ + /\co C,
cJ= Gy+ PG+ PiB,Gy+ P,PPGy+ PLBLPIPYC,
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4-bit Carry Lookahead Logic — POS

All G's P's are computed

simultaneously from a and b

each c's takes 2 gate delays

P. = a+b A A A
l ait b C3 ) ¢y Cy
‘/7 N (] ) \\ «/,/ﬁ\\ “//7\\‘\ "/ﬁ\\‘\ \‘///rm\\‘\ «/ﬁ\\ ﬁ\\
\ny \11 3 \(1 2 \11 2 \Gi \11 v Qi 0 sz
& = G G C
C4 ) Cy 2 3] 0
- Poco PG, PG, -
P,P,G, “ P,P,G, # c4
P,P,P,c, P.P,P.G,
P,P,P,Pc, '
Fan-in number: 5
Stage number: small
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4-bit CLA

G, = ayb; G, = a,b, G, = a;'b, Gy = ay'b, partal

P, = a3él:)b3 P, = a2<él:>b2 P, = alil,:)b1 P, = aoﬂél:)bo Full
Adder
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Multi-level Carry Lookahead
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High Radix Addition (2°g)
Multi-level Lookahead
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Multi-level Carry Lookahead

Overlapping Cq Co
. - 6-bit Lookahead -
Contiguous
PG 4-bit Lookahed < 3 i i
i i GG, PG,
Ciy . Cy
- -bit Lookah -
5-bit Lookahead GG, PG,
Cig 3-hit Ci3 i i
Lookahead GG, PG,
i i Group G's & P's
GG, PG
T LYYy
C C
Cu Co C¢ noneed = < Apit Lookahed <
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Contiguous Multi-level Carry Lookahead

Cy Co
< 4-bit Lookahead =
Cg . Cy i i
< | 4-bit Lookahed = GG PG
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< | 4-bit Lookahead = — GG, PG,
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Group Carry Lookahead Logic
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GG and PG (1)

¢, = Go+ Pyc

c, = G+ P1:G0+ Poco}

c; = Gy + P2:G1+ Pl[GO-l_ POCOH
¢, = Gy+ Py Gy+ Py|G, + Pi[Gy+ Pycy|

[ S

¢, =|Gy+ P.G,+ P,P,G,+ P,P,P,G,}|P.P,P,PJc, = |GGJ+|PG,c,

ce = G, + P4[C4]

ce = G.+ P5:G4+ P[]

. = Gov PG+ PGy Pl

¢y = Gy+ P;|Gy+ P |Gs+ PG, + P,[c)]]

co =|G,+ P,Gy+ P,P.Gy+ P,P.P.G,I+|P,P.P.Pfc, = [GG|+ PG e,
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GG and PG (2)

cg = Gg+ Ps[CB]
Cip = Gg+t Pg[GS"' P8[C8H
Cy = G+ Py Gg+ P9[G8+ PB[CS]H

c,, = G11+ P11 G10+ Plo[G9+ PQ[G8+ PS[CBHI

G+ P PyGg+ P, P, PyGyl+ [P, Py PyPgcg = GG,i+|PG,cg

;C12]
_Glz + P12[C12H

Gt P13[Glz + P12[C12]H

Cg = G16+ P16-G15+ P15[G13+ P13[G12+ P12[C12HH

Cig = |Gi6t P1sGist+ P PisGyyt PPy PG+ P Pis Py Pijc, = |GG3+ PG{cy,
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Critical Path in the Carry Lookahead Logic

All G's P's are computed each c's takes 2 gate delays
simultaneously from a and b

G, a;b,

A A A A
P, a+ b,

11 1l !
22| oo oo 9o -
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Cc,|= Carry Lookahead L(g)lc C,
= 0
v
2A
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Critical Path in the 4-bit CLA

IA G; = ayb; G, = ayb, G, = a;'b, G, =MDy  Ppartial
1A P; = as+ by P, = ay+b, P, = a;+b, P, =la,+b, ilél(lj
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Critical Path in the Group Carry Lookahead Logic

arry Lookahead Logic @ *
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