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Full Adder

e Sum
— 5; = x; YD
e Carry-out
0) 0) 0) 0) 0)
Xi Vi 0 0 1 1 0
l o 1 o0 1 0
0) 1 1 0) 1
1 0) 0) 1 0)
Ciy1 € FA <+ C;
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Full Adder

 Delay computation
— Assume two-level logic inimization
- si=x @YD) =@y -+ yi-c) =x- i GHYi-c)+ X
i GHyi-c)=xyi-c+x -y CG+X Y G+ Vi
— Ciy1 =X Yt X G+ Y G
— Delay for s;: 2 -Ag
— Delay for c;;1: 2 -Ag




Ripple-Carry Adder (RCA)

* n-bit ripple-carry adder
— Delay of a FA: Apy4

Xi, Vi) Co: 0
C1,So: Ay
C2, Sl: ZAFA

Cn—1,Sn—2: (M — 1) - Apy

Cn»Sp—1:M - Apy

Xn-1 Yn-1 Xn-2 Yn-2
| | v
chne FA | FA  [—
Cn—l Cn—2
v v
Sn—-1 Sn-2

X2 Y2

v

— FA
C3

v

S2

A

X1 Y1 X0 Yo
v V¥
FA | FA —Co
1
v v
S1 So




Carry-Lookahead Adder (CLA)

e 1-level CLA

Civ1 =X Vi + ¢ - (G +y) =G +c¢ - P
G; = x; - y;: Generated carry (the carry is always generated)
P; = x; + y;: Propagated carry (the incoming carry c; is propagated)

T Vi
G;
. C;
Cl+1 < Pi . ¢ L
FA




Carry-Lookahead Adder (CLA)

e 1-level CLA

Civ1 =X Vi + ¢ - (G +y) =G +c¢ - P
G; = x; - y;: Generated carry (the carry is always generated)
P; = x; + y;: Propagated carry (the incoming carry c; is propagated)

C1:Go+P0'CO
Cz:Gl‘l‘Pl‘Cl:G1+P1'(Go+P0'C0):Gl‘l‘Pl'Go‘l‘Pl'Po'CO
C3=Gy+Py-G,+Py P -Gy+Py P, -Py-cy
Ca=Gs+Ps-Gy+Ps-Py-G+Ps-Py-P-Gg+Ps-Py- Py Py-cy

Delay

Gi' Pi: AG

C1,Cy, C3,Ca: Mg + 2A, (@assuming two-level logic minimization)
So: 2A¢

S1,S2,S3: Ag + 2A; + 2/




Carry-Lookahead Adder (CLA)

1-level CLA
C1:Go+P0'
szGl‘l‘Pl'
C3:Gz+P2
C4:G3+P3
C5:G4+P4'
C6:Gs+P5'
C7:G6+P6'
C8:G7+P7'

GO+P1.
'G1+P2'
'G2+P3'

G4+P5'
G5+P6'
G6+P7'

'G0+P2'
'Gl+P3'

'G4+P6'
'Gs+P7'

.CO
'G0+P3‘P2'P1‘P0'CO

'C4
'G4+P7'P6'P5‘P4'C4




Carry-Lookahead Adder (CLA)

e n-bit 1-level CLA

i it 0 0000
\\ \ N\
Gy, P; Ag
C, Cg Cy G 2Mg
(’18 C7 Cgq C'5 ZAG
CTl:ITl—3 ZAG
Sn-1m-4 20,
Delay
A + 206 - (3) + 286=|(5 +3) Ag

CIFA




Carry-Lookahead Adder (CLA)

2-level CLA

c1 =Gy + Py -y

co =Gy +P;-Gy+P;-Py-c

c3=G,+ Py, -Gy + P, P;-Gy+ P, -P;-Py-cy

cy =|G3+P3-Gy+P3-Py-Gy+ P3Py -Py-Gol+| P3Py Py Pyl ¢
G3.0 P3.g

cs =G4 +Py-cy

Ce = Gg + Pg -Gy +Ps-Py-cCy

C; =Gg+ Pg-Gs+ Pg-Ps-Gyu+ Pg-Pg-Py-cCy

cg =|G7 + P; - Gg+ Py - Pg -G+ Py - Pg - Ps - Gy|+ P7 - Pg - Ps - Pyl Cy
G7:4 P7:4

Cg = Gg + Pg - cg

C10:Gg+P9 G8+P9 P8 C8
€11 = G190+ P1o G+ Pyg Py Gg+ Py Py Pg-cg

C12 =|G11 + P11 - Gyg + Pyq - Pyg - Go + Py1 - Py - Po - Gg|+|P11 - P1g - Py - Pgl-

Gi13

+ Py5.12 - P11:g * P7.a - P30 * Co

P18

C16 = Gy5.12 + Pi5.12 - G11.8 + Pis.ap * Pry;g * G4 + Pis.1p - Pi1g - P7.a - G3yo




Carry-Lookahead Adder (CLA)

e 2-level CLA

€4 = G390 + P30 " Co
g = G7.4 + P74 - G390+ P74 - P3o - ¢
C12 = G11.8 + P11.g - G7.4 + P11.g - P74 - G390 + P11.g - P7.a - P3yo - ¢

C16 = G1s:12 + Pi512 - G11.8 + Pisi12 - Pi1:g - G7.a + Pisia2 - Pi1g - Praa - Gy
+ Py5.12 - P11:g * P7.a - P30 * Co




Carry-Lookahead Adder (CLA)

e 16-bit 2-level CLA

15 14 13 12 7 6 5 4 3 2 1 O
NN HENEREN I
Level 1—> | | G;, P; | | Ag
v v v
Level 2 — Gis:12, P1s:12 Gi1.8 P11:8 G7.4, P74 G3.0, P30 2A¢
v v v v
C16 . C12 . Cg . Cy | 2A¢
v v v v
C15:13 C11:9 C7:5 C3.1 24
v v v v
S15:12 S11:8 S7:4 S3:0 20

Delay: 9A.

CIFA




Carry-Lookahead Adder (CLA)

e k-level CLA

€4 = G390 + P30 Co

Cg = Gy.4 + P74 - G3.0 + P74 - P39 - C

C12 = Gy1.8 + P11.g - G7:4 + Pr1:g - Py - G3.0 + Pr1:g » Pry - P3yo* G

C16 = Gi5:12 + Pis:12 - Gi1:8 + Pis:a2 * Piig - G7.4 + Pisi12 - Pi1:g - Pra - Gayg
+ Pis:12 - Pr11:g - P74 - P30 * Co

C20 = f20(619:16' P19:16r C16)

C24 = f24(623:201 619:16' P23:201 P19:16' C16)

C28 = f28(627:241 623:201 G19:16J P27:24-i P23:201 P19;16; C16)

C32 = f32(631:281 627:241 G23:20' G19;16; P31:28' P27:24' P23:20' P19:16r C16)




Carry-Lookahead Adder (CLA)

* n-bit k-level CLA

n-1n-2 n-3 n-4 7 6 5 4 3 2 1 O
HENEREN I
Level 1—> | G;, P; | | Ag
v v v
Level 2 —» Gn—1;n—4; Pn—|1:n—4 | G7:4: P7:4 G3:0;P3:0 2AG
v v
Level 3—> Gn-1n-16 Pn—1n-16 G15:0, P15:0 24
y }
Cg Cq 246
Cnin—3 C7:5 C?;':l ZAG
s v v v
n—-1n-4 S7:4_ S3:0 ZAG
Delay

Ac + 20; - (logan — 1) + 2A; + 205 + 20,=

(2log,n + 5)A;

CIFA




Carry-Lookahead Adder (CLA)

60
Oo0O0o0O0O0O0O0O0O00O0O00O00O0O0O0000O00O00O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O00O0O00O0O00O0O00O0O0O00O0O00O0O0O0O0O0O0O0O00oO

64-bit CLA

56

52

48

44

40

36

32

CIFA

28 24 20 16 12 8 4 0

Gi (x; -y, P (x; +y;) Ag

l 11 11 11 11 11 11 11 11 11 11 11 11 11 11 <]
G63:60! P63:60 GS9:56! P59:56 ZAG 611:8' P11:8 G7:4-r P7:4- G3:0f P3:0
C1,Co, C3

l 11 11 11 11 11 11 11 11 11 11 11 11 | | < I

G63:481 P63:48 G47:32, P47:32 031:16' P31:16 615:0) P15:0
2Ag C4,C8,C12
| 11 11 11 ]| 11 11 11 ]| 11 11 11 d[EEc<E][s«< [« I
Ges.0, Pgs.
63:02 L'63:0 2A¢ C16) C32, Cag
=] < | d[E=<=<]| <] | <] | << =] =1 d[=<< 11 I I
C17,C18,C19

2A¢ Cea

Exxalcx=zalex=al  Jex=zsolexsalex=al  [ex=alesx=ale==al 1 ] [ ]

2A¢

Delay
13A,

2A¢

E wSF H:\‘,'_)

STA 7
o Tz )

1690

sy



Conditional Sum Adder

* n-bit conditional sum adder
— Delay: log(n)

Xk-1:0 Yk-1:0

¢ v

C .
k k-bit adder —0
1Sk—-1:0
Xk—1:0 Yk-1:0
y y
“k k-bit adder  |[—1
v lf v ;;Sk—l:()

k-bit multiplexer «—Ci

I !

Ck Sk—1:0




Conditional Sum Adder
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