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Carry Kill, Propagate, Generate conditions (1)

XY

0O O K Kill (=PG)
0 1 P Propagate
1 0 P Propagate
1 1 G Generate

< X
+— <

Cout €!— FA <+—— Cin

n <+

https::/electronics.stackexchange.com/questions/21251/critical-path-for-carry-skip-adder
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Carry Kill, Propagate, Generate conditions (2)

killed carry 0 0
v v

killed carry 0 0
v v

0 «—3x

P =t X
O w—=

propagated carry 0 . propagated carry 0 !
P
1 € — 1 0
0 1
generated carry 1 1 generated carry 1 1
G G
1l ¢——np —<+—1 1l =—pulp —<+—— 0
1 0
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K, P, and G conditions in a 2-bit adder (1)

X Y

0O 0 K Kill (=PG)

0 1 P Propagate

1 0 P Propagate

1 1 G Generate
Xo Yo Xo Yo Unless the two FA's are in propagate mode,
+ + + + the transition of Cin does not affect

the transition of Cout
Cow €—— FAL <—— FAQ <+— G

Critical path — all FA's in propagate mode

+ + Broken paths for any FA in other mode
So So - kill mode, generate mode

https::/electronics.stackexchange.com/questions/21251/critical-path-for-carry-skip-adder
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K, P, and G conditions in a 2-bit adder (2)

vV vV

XY

0 0 K Kil(=PG) o FAl <—— FA0 <——C

0 1 P Propagate

1 0 P Propagate * *

1 1 G Generate
K K 0
K K 1
K P 0
K P 1
K G 0
K G 1
P K 0
P K 1
P P 0
P P 1
P G 0
P G 1
G K 0
G K 1
G P 0
G P 1
G G 0
G G 1
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1. Cases when FA1 is in the K mode

KP1 . : KPO

0
KG1 o o L KGO
v oy v oy
0o «—X h e 1 0o<+— 0
v y
L
7
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2. Cases when FA1l is in the P mode

0 1 0 1 0 1 0 1
PP1 1 0 1 0 PPO 1 0 1 0
P P
1 1 0
0 0 1
PG1 2 (1) 1 1 PGO 2 é 1 1
G P 1 G
+ 1 1 ‘ + — 0
1 1 0 0
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3. Cases when FA1l is in the G mode

GKO
GPO
GGO

GK1
GP1
GG1
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CasesforCoui =1

GX1 i i GX0 i i
G
1] ¢—— 4 + 1 14——8 - 4 0
0
0 1 0 1
PP1 1 0 1 0
P P
1 1
0 0
PG1 2 (1) 1 1 PGO 2 é 1 1
P 1 G
1 1 ) — 0
0 0
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CasesforCoui =0

o

PPO 1 0

KX0
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FA with P & G

Half Adder
s=pdc . c
Half Adder
P AC cC p=a®b . a
C,=0+tpAcC
g=aAb c /7
A\ b
Half Adder
Half Adder 5 g gg P S=za®b - a
S=a®hb 0 1 0 1
= 1 0 0 1 -
cmanb 1 1] 10 9 C:a’\b_C b

L | Full adder with additional generate and propagate signals.
https://en.wikipedia.org/wiki/Carry-skip_adder
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Ripple Carry Adder

=290 C;=G,+* Py A G

gi:ai/\bi C2:g1+p1/\C1
C,=0g,+pP, A c2
C,= 9, + Py A

generated carry 4J Q propagated carry
a, b, a, b, a, b, a, b,
C4 C3 CZ Cl C0
Cw4— FA =<-—— FA <-——— FA = FA <—¢C
S3 SZ S1 S0

https://en.wikipedia.org/wiki/Carry-skip_adder
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4-bit Full Adder with P and G

3 3 2 2 1 1 0 0 Half Adder
p=a®b
g=aAb

g, P, g, P, g, P, 9, P,
o % % “ % Half Adder
GC‘ m m | Cr = 9 T BAC
Ps P, Py Py s, =P, D G.
S, s, S, S,

https://upload.wikimedia.org/wikiversity/en/1/18/
RCA.Note.H.1.20151215.pdf
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C, propagation condition

a, b, a, b, a, b, a, b,
P, 1 O P, 1 0 P, 1 O o 1 O
0O 1 0O 1 0O 1 0O 1
out 1 1 1 CO
1<+— FA < — FA <  FA <+« — FA =—
0 0 0 0
C, can be propagated to c_, only whens =1 P a,
b3
S =P AP, ADPA pozp[3:01 P, a2
=(a, ® b)) _ | b,
A (@, ® b)) s=psp,piPo —(_ P, a,
A(a, ®Db) b,
A (2, ® b)) | P a,
https://en.wikipedia.org/wiki/Carry-skip_adder b0
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Propagated and Generated Carries

propagated carry

1 O 1 O
0o 1 " o 1 P 0 o
1<+ FA <1 0= FA < 0 0=« FA - ]

T i ;

0 1
generated carry generated carry
1 1 g 1 1 g j i
j<— FA-e—1 oe— FA = 1 | 0% FA =<0
gi i gi i
0
1 0
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Invert

Invert (C1, ® C1,) Cl=X+Y CleCO=XoY =P
P P CO=XY P G
G G G
P P'G’
G P'G’
PG’ P
PG G

PG P Cout, =
R s
; =
| |
| I
PG 1 G Cout. =0
1= _ 0=<%< + 1 + _
Y y
| |
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Variable Block

|| | || L
1= Cout Cin =0 Cout Cin =0

=
|
+ v
e
—qe . + O
|
=
e N )
e
—fe 4+ @
Il
=

= Cout 0 P Cin =0
= 1 i =1
|
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Variable Block

= Cout P Cin = Propagate
- 0 0 pag

Invert
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Variable Block

Cout Cin

)
— -+ 0
=
= 1O 11

Cout Cin

o
|
|

Ll [ =2 |

@& g Cin Z Invert
= 1
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Variable Block

< Coutx BTG Cin = Invert
1 g
= B 1

|
|| ||

PG j G in =

@ < Coutx . ¥ <« Cin a Invert
Y Y A
1)
1
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Variable Block

P Cin Propagate

= o
=
(I (= |

=
o
o
o

P Cin P Cin

=

= 1o 1l
=

Ll [ =2 |
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Carry Lookahead Adder

X(3) Y3 X(2) Y@ x(1)  y(@) x(0)  y(0)
GP GP GP GP
0@ pd)] 0] ) o] pw) OIES)
CGen C, <+«—— ((0)
v v ¥ y V ¥
CGen C, <
v v Y Y
CGen C, <
] v
CGen C, -
X(3)  yQ@) X(2) Y2 X(1) y@) x(0)  y(0)
a(4) l l a(3) l l a2) l l a(L) l l
Mod B Mod B Mod B Mod B
-~ Slim < Slim ‘ Slim Slim
z(3) z(2) z(1) z(0)
Synthesis of Arithmetic Circuits: FPGA, ASIC and Ebedded Systems, J-P Deschamps et al
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Carry Lookahead Adder

a, b,
GP
C;0 PO
c, Co
cGen |e——— cGen =—

Go+ Pycy = ¢

G, + P,Gy+ P, Pyc, = ¢,

G,+ P,G,+ P,P,G,+ P,P,P,c, = C;

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,

Synthesis of Arithmetic Circuits: FPGA, ASIC and Ebedded Systems, J-P Deschamps et al
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FA with P & G

Half Adder
s=pdc . c
Half Adder
P AC cC p=a®b . a
C,=0+tpAcC
g=aAb c /7
A\ b
Half Adder
Half Adder 5 8 gg P S=za®b - a
S=a®hb 0 1 0 1
= 1 0 0 1 -
cmanb 1 1] 10 9 C:a’\b_C b

L | Full adder with additional generate and propagate signals.
https://en.wikipedia.org/wiki/Carry-skip_adder
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4-bit Full Adder with P and G

> 3 ° 2 ! ! 0 0 Half Adder
p=a®b
g=aAb
g, P; 9, P, 9 P, 9 Py
Ci © 92 “ |~ Half Adder
<1C_‘ m m | Cr = 9 T BAC
Ps P, P, Po s, = p ®Dc
S3 SZ Sl SO

https://upload.wikimedia.org/wikiversity/en/1/18/
RCA.Note.H.1.20151215.pdf
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4-bit Full Adder with P and G

% " % " % °, % b, Half Adder
p=a®b
g=aAb

\/ \/ \/ \/

9, P, 9, P, g, P, 9 Py

€4 % % © % Half Adder

s, =p®c
| |
g3 SS SZ Sl SO
pggz gZ
P3P.9,; P29, i g
PsP,P, 9, P.P,Y, P19, pOCO
P.P,P,P,Co P,P,P,Co P,P,Co 0
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4-bit Full Adder with P and G

a, bz a, b1 a, bo
gi Py QT P, QT P, QT Py
_p3g2 _gz
—p,p,9, P,9, 9,
p3p2p1go _pzplgo — plgO g0
p3p2p1poco pzplpoco 5 plpOC0 pOCO
S, S So
Young W. Lim
Carry Lookahead 28 5/10/25
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Carry Equations into Gates (2)

Go+ Pocy = ¢

G, + P,G,+ P,P,c, = ¢,

G,+ P,G,+ P,P,Gy+ P,P,P,c, = ¢4

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,

G, ——— G,
€y Go P,G, PG,
PoCo C3 P,P,G, Cy P,P,G,
P,P,P,c, P,P,P,G,
G, P.P,P,P,c,
C, P,G,
Fan-in number: large
Py Py Stage number: small
Carry Lookahead 29 Young W. Lim
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Carry Equations

Cl+1 — Gl+ Plcl

Cq :@"'@Co Cq :@"'@Co
c; = Gy+ Pyc c; = Gy+ PGy + Pycy
C3:’6 +@ C, CBZ@"'@@"'@:@'F@CO

c, = G,+ P,c — .+ P Q @Q Q
4 \__7 N , 9/ 3 C 4 — \\\w }w + ‘\\7; /\- G ) + P 2 G + G + P C 0 -

Go+ Pycy = ¢

G, + PG+ P,Pyc, = ¢

G,+ P,G,+ P,P,Gy+ P,P,Pyc, = ¢4

G,+ P,G,+ P,P,G,+ P,P,P,G,+ P,P,P,P,c, = c,

Carry Lookahead 30 Young W. Lim
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Carry Equations into Gates (1)

Ci,p = G;+ Pic

c, = i; + “f/;?co c, = @} + @DCO
c; = Gy + Pyc, c; = Gy + Py[Gy+ Pyc
LGP o =G p[oe G BlG+ Bua]

Fan-in number: small
Stage number: large

Carry Lookahead 31 Young W. Lim
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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 = Cq
AND33, OR33 = Cq

Large number of fan-in : Impractical

High Radix Addition (2°g)
Multi-level Lookahead

Carry Lookahead 32 YoungSV\ll.OLizrg
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4-bit Carry Lookahead Logic — interface

All Gi's Pi's are computed

simultaneously from a; and b;

each ci's takes 2 gate delays

G, = a;b,
— L A A A A
P, = a;+b, c, c, C, Co
- p. - D - D - D
€4 )
4-bit Carry Lookahead Logic
Yl W. Li
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Adder (2A)



4-bit Carry Lookahead Logic — boolean equations

All Gi's Pi's are computed
simultaneously from a; and b;

each ci's takes 2 gate delays

G, = a;b,
P. = a+b, AC3 ACZ Acl ACO
' ' ' '
c c,|=  Carry Lookahead Logic ) @ + @Co Cy
&)= G +B,Gi +PPGy + PyPPyc
C= Gt PGyt PPIG,+ PUPLPGy+ PP, Puc,
Carry Lookahead 34 YoungS\//\ll.ol7i2r2
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4-bit Carry Lookahead Logic — POS

All G's Pi's are computed each ci's takes 2 gate delays

simultaneously from a; and b;

P- — Cli-l-:b A A A A
i i i C; c, C,q Co
/7 ,,,,,,‘\‘ /- ,,,,_\\ Y’ ,,,,_\\\‘ e /7\“ 7 /7“\“ “/ /ﬁ\\\‘ “/ ,,,,,_\\\‘ e — \“
Gy Py G, P, G, Py Gy Py
— G G, c
- €4 P3G, P,G, — G, 0
Cy ‘ P,P,G, C3 P,P,G, Gy PG, ¢ Co
} P,c,
‘ P,P,P,G, P,P,P,c, P,P,c,
P,P,P,P,c,
Carry Lookahead 35 Young W. Lim
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4-bit CLA

a, b, a, b, a, b, a, b,

e,

G; = ayb; G, = a,b, G, = a;'b, Gy, = ay'by, Ppartal

P, = a,+ b, P, = a,+b, P, = a,+b, P, = a,+b, Ful
Adder

<[4 } Co
S \i \J
3:0 GG PG
Carry Lookahead 36 YoungS\//\ll.O|7i2r2
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Multi-level Carry Lookahead

3 2 1
10987654321098765432109876543210

High Radix Addition (2°g)
Multi-level Lookahead
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Multi-level Carry Lookahead

Overlapping Ce ¢,
' - 6-bit Lookahead D
Contiguous
Cs : Cs i i
< 4-bit Lookahed « >
i i GG, PG,
Ciy _ Cqg
-~ -bit Lookah -«
5-bit Lookahead GG, PG,
Ci6 3-bit Ci3 i i
Lookahead GG, PG,
i i Group G's & P's
GG, PG
o Prbtdey
C C
Cis €y Cs noneed = < 4-pit Lookahed =
Carry Lookahead 38 Young W. Lim
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Contiguous Multi-level Carry Lookahead

C, C,
< 4-bit Lookahead =

c, '

8 4pi
<« 4-bit Lookahed <

GG, PG,
C12 : Cg i i
< | 4-bit Lookahead =—— GG. PG
1 1
C C
‘i 5-bit Lookahead 4712 (;(;2i iP G2
i i Group G's & P's
GG, PG
Lo bebarbi
C16 . Co
C, Cg €4 noneed ) < 4-bit Lookahed =
Carry Lookahead 39 Young W. Lim
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Group Carry Lookahead Logic

C, = @ +PG +@@CO

@ @@ @@@ @@@
Carry Lookahead 40 Young W. Lim
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GG and PG (1)

¢, = Go+ Pyc

c, = G, + P1:G0+ Poco]

c; = Gyt P2:G1+ Pl[GO-I- 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]
+ PS;G4+ P4{C4H
¢; = Gg+ Pg Gy + PS[G4+ P4[c4]H
cs = Go+ P,/ G+ Py|Gy+ PJ[G,+ P[c]]

¢y =|G,+ P,Gg+ P,P,G.+ P.P,P.G,I+ P7P6P5P4|c4 = |GG |+ [PG e,

Carry Lookahead 41 YoungSV\ll.OLizn;
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GG and PG (2)

Cqg = Gyt PB[C8]

Cip = Got Pg[Gs"' PS[CSH

Cii = Gio+ Py Go+ Py[Gy+ Pylcy]]] |
C, = G+ Py |G+ PylGy+ Py[Gy+ Pg[cg]]_]

cp, = |G+ PG+ P P yGg+ P P, PyGg|+|P, Py PyPgicg = GG, |PG,ylcg

Ciz3 = G+ P12:C12]

Cy = Gzt P13_:G12+ P12{C12H

Cis = G5+ P15_G13+ P13[612+ Pl?[clzm

Cig = Gyt P16_G15+ P15[Gl3+ P13[G12+ PlZ[ClZHH

Cig = |Gyt PG5t P PisGyyt PP PG+ P g Ps PyyPojcy = IGG3+ PGcy,
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Critical Path In the Carry Lookahead Logic

All Gi's Pi's are computed each ci's takes 2 gate delays
simultaneously from a; and b;

G, a;b,
P, a+b, Y Y Y Y

!
Py 1A
Vo ;

2SI R
27| e0 ¢°
Gy

c,|=  Carry Lookahead Logic Cy
\
2A
Carry Lookahead 43 Young W. Lim
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Critical Path in the 4-bit CLA

a, b, a, b,
PFA l l PFA l l
LA Gy = ayb, G, = a,b, Partial
1A P; = aztb, P, = a,+b, Full
Adder
1A S, =_P.+ S, = P,+c,
' A
S Y Y
G P ~ D
Gy By G, P, 1A
v Gy B ¢
Z
2A P ¢y Carry Lookahead Logic ¢,
- C2 rr @ >
s G. 2
c= [Got P.Gut PLPSGy
2 A
5310 PG 2A
Y W. Li
Carry Lookahead 44 oun95/10/|2r2
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Critical Path in the Group Carry Lookahead Logic

Cqy Cq ! c,
G, P, c, G, P, c, G, P, c, G,
Ci6 .. c, @ + @ ¢, C,
c; G, + + Py Poc,
c; = G, +P.G; + PPiGy + PPyPoc,
+— T T L@@ T OO T S
Carry Lookahead 45 YoungS\//\ll.ol7i2r!r5\
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Carry Skip Adder

(k=-1)A_, J

(R-2) ASKIP J L%

Oklobdzija: High-Speed VLSI arithmetic units : adders and multipliers
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