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Carry Equations
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(=GP e = Gt PG BIG+ BlG+ B
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G, + P,Gy+ P, Pycy, = c,
G,+ P,G,+ P,P,Gy+ P,P,P,cy, = c;
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Carry Equations into Gates (1)

c, = @ + (P/;,Cl c, = \G + \P}@y + e})co}
=Gt Bie o= G+ BG+ PG+ Bic|
WGP e = Gt PG+ PG+ BylGo+ Puci]

Fan-in number: small
Stage number: large

Carry Lookahead 5 Young W. Lim
Adder 11/13/15



Carry Equations into Gates (2)

Go+ Pocy = ¢

G,+ P,Gy+ P, Pycy, = ¢,

G,+ P,G,+ P,P,G,+ P,P,P,c, = ¢,

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = ¢,
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Py Pyc | Fan-in number: large
Stage number: small
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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, = ¢,
ANDS5, OR5 G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = 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

AllG'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, cl 02 c c,
P —~ P —~ P N ~
1Cy 7..7%
4-bit Carry Lookahead Logic
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4-bit Carry Lookahead Logic — boolean equations

AllG's P's are computed each c's takes 2 gate delays

simultaneously from a and b

G, = a;b,
P, = a+b, AC3 “C2 Acl ACO
Gy Py G By G & Gy Py
c c,|=  Carry Lookahead Logic @ + @co C

cJ= +@@+3\”‘”@®J+ @@ Co
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4-bit Carry Lookahead Logic — POS

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

G, = a;b,
P = +b A A A A
’ ag+ b, Cs ¢ ¢y Co
/4 /7\\\ / 3 \‘ ‘/ ~ \\‘ // > \\‘ e \\\‘ (/ ) \‘ “//7"‘\\ \\
\Gi 3 \11& Gf % @f \? Qf 11 0
Co ‘ G G C
C4 J Cy D) 3 0
- Poco P,G, P.G, “
P,P,G, “ P,P,G, b c4
G,
IRNRAENG P,P,P,G,
P.G, ‘ . '
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P,Pyc, Fan-in number: 5
Stage number: small
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4-bit CLA

a, b, a, b, a, b, a, b,
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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 Ce ¢,
i - 6-bit Lookahead D
Contiguous
< Abit Lookahed < 5 i i
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Cie 3-hit Ci3 i i
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Contiguous Multi-level Carry Lookahead
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Group Carry Lookahead Logic
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GG and PG (1)

¢, = Go+ Pyc

c, = G, + P1:G0+ POCO}

c; = Gyt P2:G1+ Pl[GO+ POCOH

c, = Gg+ P3_G2+ PZ[G1+ PI[GO+ Poco]

—

c, =|G;+ P,G,+ P,P,G,+ P,P,P,G,p+|P,P,P,PJc, = |GG4+|PGc,

+ P4[c4]
s + PS;G4+ P4{C4H
+ PG_Gs"' PS[G4+ P4[C4]H
cs = G, + P,/ G+ Py|Gy+ PJ[G,+ P[]

Co =|G,+ P,Gy+ P,P.Gy+ P,PP,G,I+|P,PP,Plc, = |GG+ |PG e,
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GG and PG (2)

Cqg = Gyt PB[CS]

Cip = Got Pg[Gs"' PS[CBH

¢, = G+ Py

c, = G+ Py,

Gy + Pg[GB"' PB[CS]H .
G, + Pm[G9+ Pg[Gs+ PB[C8H_]

cp, =G+ Py

G+ PP Gg+ PP, PyGgf+ P, PyPyPgcg = GG,r|PG,lcy

ci3 = G+ Py,
Ciy = Gi3+ Py

Cis = G+ Py

;C12]
__G12 + P12{C12H
_G13 + P13[G12 + P12[C12]H

C16 = G16+ P16_G15+ PlS[G13+ P13[G12+ PlZ[CIZHH

Cig = |Gyt PG5t P PisGyyt PP PG+ P g P s PyyPogcy = IGG3+ P Gicy,
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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,
\ Y Y
P, = a/+b, 1
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Critical Path in the 4-bit CLA

a, b, a, b, a, b, a, b,
PFA PFA PFA PFA
1A G, = ayb, G, = a,b, G, = a; b, Partial
1A P; = as+b, P, = a,+b, P, = a,+b, Full
Adder
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Critical Path in the Group Carry Lookahead Logic

Cio Cq ! C,
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