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4-bit Kogge-Stone Adder 

a0 b0

Gi = ai⋅bi

P i = ai+bi

a1 b1a2 b2a3 b3

P 0 , G0P 1 , G1P 2 , G2P 3 , G3

P 0 , G0P 1 , G1P 2 , G2P 3 , G3

P 0 , G0P 1 , G1P 2 , G2P 3 , G3

P i = P i⋅Pi−1
Gi = Pi⋅Gi−1+G i

P i = P i⋅Pi−2
Gi = Pi⋅Gi−2+Gi

P i = P i
Gi = G i

P i = P i
Gi = G i

Level 0

Level 1

Level 2

stride=1

stride=2
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G & P at the leaf level

Generate

Propagate

a i bi

cici+1

S i

1 1

a i bi

cici+1

S i

1 0
0 1

ai⋅bi a i+bi

Gi = a i⋅bi

P i = a i+bi

cout = Gi + P i ci

Generate Propagateci+1 ci
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G & P at the non-leaf nodes

P  G P  G

stride s

0  G

1  G

P  0

P  1

P = P i⋅Pi−s
G = Pi⋅Gi−s+Gi

P i , Gi P i−s , G i−s P i , Gi P i−s , G i−s

P = P i
G = G i

P=1

P=0

G=1

G=0

11

1

1
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Computing G & P at the non-leaf nodes

P  G

Pi  Gi Pi
prev

  Gi
prev

P  G

Pi  Gi Pi
prev

  Gi
prev

P  G

Pi  Gi Pi
prev

  Gi
prev

P  G

Pi  Gi Pi
prev

  Gi
prev

P  G

Pi  Gi Pi
prev

  Gi
prev

level i

level i+1

level i

level i+1

level i

level i+1
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1 1 1 0 1 1 1 0

0 1 0 0 0 1 1 0

1 0 0 1 1 1 0 0

0 0 1 1 0 1 0 0

1

1 1 1 0 1 1 1 0

0 1 0 0 0 1 1 0

1 0 0 1 1 1 0 0

1 0 1 0 1 0 0 0

1

0 0 1 1 0 1 0 0

1 0 0 1 1 1 0 01

C

A

B

S

C

A

B

P

C

S

1 0 1 0 1 0 0 0P

0 1 0 0 0 1 1 0G

Gi = a i⋅bi

P i = a i+bi

cout = Gi + P i ci

S i = Pi+ci

Example 1: G & P at the leaf level
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1 0 1 0 1 0 0 0P0

1 1 1 0 1 1 1 0

0 1 0 0 0 1 1 0

1 0 0 1 1 1 0 0

1 0 1 0 1 0 0 0

1

0 0 1 1 0 1 0 0

1 0 0 1 1 1 0 01

C

A

B

P

C

S

0  0  0  0  p1

0    0    P2

0        P3

1 0 0 1 1 1 0 01C

0 0 1 1 0 1 0 0S

G1

G2

G3

Example 1: Computing (C
8
, S

7
)

G0

L0

L1

L2

L3

P i = P i⋅Pi−s
Gi = Pi⋅Gi−s+Gi

C i+1 = Gi
S i = P0i⋅C i
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1 0 1 0 1 0 0 0P

  0  0  0  P1

  0    0  P2

  0      P3

1 0 1 1 1 0 01C

0 0 1 1 0 1 0 0S

G1

G2

G3

1 0 1 0 1 0 0 0P

 0  0  0  0P1

 0    0   P2

 0       P3

0 0 1 1 1 0 01C

0 1 1 0 1 0 0S

G1

G2

G3

G0G0

Example 1: Computing (C
7
, S

6
) & (C

6
, S

5
)

1

0

0
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        P0

    P1

  P2

1P3

P = Pi ▪ Pi
prev

1 1 1 1 1 1 1 1

1 1 1 1

1 1

1

P = Pi ▪ Pi
prev

“P=1” at the root 
means its every 
children has "P=1"

P=1 at the root 
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G = Pi ▪ Gi
prev

 + Gi

    

1 X

X

1 1 X X

1 X

X

G=1 at the root 

X X X X

X X

X

G = Pi ▪ Gi
prev

 + Gi
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1 1 1 1 1 1 1 1P0

1 1 1 1P1

1 1P2

1P3

G1

G2

G3

P = Pi ▪ Pi
prev

G, P=1 at the root example

G0

1 1 1 1 1 1 1 1

1 1 1 1

1 1

1
P = Pi ▪ Pi

prev
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1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

0 1 1 1 1 1 1 0

1 1 0 0 0 0 0 0

0

1 0 1 1 1 1 1 0

1 1 0 0 0 0 0 0

0 1 1 1 1 1 1 00

C

A

B

S P

C

S

1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

0 1 1 1 1 1 1 00C

A

B

Gi = a i⋅bi

P i = a i+bi

0 0 0 0 0 0 0 1G

1 0 1 1 1 1 1 0P
cout = Gi + P i ci

S i = Pi+ci

Example 2: G & P at the leaf level
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1 0 1 1 1 1 1 0P0

  1  1  0  P1

  1    0  P2

  0      P3

0 1 1 1 1 1 00C

1 1 0 0 0 0 0S

G1

G2

G3

1 0 1 1 1 1 1 0P0

 0 1  1 0P1

 0    0   P2

 0       P3

1 1 1 1 1 1 00C

1 0 0 0 0 0 0S

G1

G2

G3

Example 2: Computing (C
7
, S

6
) & (C

6
, S

5
)

1

0

0

1

G0G0
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1 0 1 1 1 1 1 0P0

0  1  1  0  P1

0    0    P2

0        P3

0 1 1 1 1 1 1 00C

1 1 0 0 0 0 0 0S

G1

G2

G3

1 0 1 1 1 1 1 0

1 1 0 0 0 0 0 0

0 1 1 1 1 1 1 00

P

C

S

1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

0 1 1 1 1 1 1 00C

A

B

Example 2: Computing (C
8
, S

7
)

G0
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1 0 1 1 1 1 1 0P

0 0 1 1 1 1 0 0P0

0 0 1 1 0 0 0 0P2

0 0 0 0 0 0 0 0P3

0 1 1 1 1 1 1 00C

1 1 0 0 0 0 0 0S

G1

G2

G3

1 0 1 1 1 1 1 0

1 1 0 0 0 0 0 0

0 1 1 1 1 1 1 00

P

C

S

1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

0 1 1 1 1 1 1 00C

A

B

G0

Example 2: Computed Carries (C
8 
 ~ C

0
)
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0 1 1 0P

1 1 0 0

1 0 1 0

G

0 0 1 1P
G

Leaf Level G & P 

a

b
P = Pi ▪ Pi

prev

0 =  1 ▪  1
1 =  1 ▪  0
1 =  1 ▪  1
0 =  0 ▪  0

G = Pi ▪ Gi
prev

 + Gi

1 =  1 ▪  0 + 1
0 =  1 ▪  0 + 0
0 =  1 ▪  0 + 0
0 =  0 ▪  0 + 0

1 =  1 ▪  1 + 1
1 =  1 ▪  1 + 0
1 =  1 ▪  1 + 0
0 =  0 ▪  1 + 0

0 1 1 0P

1 1 0 0

1 0 1 0

G

a

b

not 
possible
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Non-Leaf Level G & P 

1 1 1 0

1 0

0 1 0 0

0 0

11111111 11111111 11111111 ???????? ???????? 11111111 ???????? ????????leaves leaves

1 1 1 0 0 1 0 0
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1 0 1 1 1 1 1 0

1 1 0 0 0 0 0 0

P

S

1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

0 1 1 1 1 1 1 00C

A

B

1 0 1 1 1 1 1 1

0 0 0 1 1 0 1 0

1 1 1 1 1 0 00

1 1 0 1 1 0 0 1

1 0 1 1 1 1 1 1

0 0 0 0 0 0 0 1

A

B

1 0 1 1 1 1 1 1

0 0 0 1 1 0 1 0

1 0 1 0 0 1 0 1

0 1 1 1 1 1 1 00C 1 1 1 1 1 0 00

P 0 P P P P P G P 0 P G G P G P

Leaf Level Carry Propagation
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Leaf Level G and P – (1)

1 00

1110,01 00

1

10,01

0

11

0

00

1 1 1 1

0 0 0

0 0 0

0

0

0

0

0

0

1

1

carry in

carry in

carry in
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Leaf Level G and P – (2) 

1 00

11 00

1

0

11

0

00

11 1 1

0 0 0

0 0 0

0

0

0

0

0

0

1

1

10,01

10,01 carry in

carry in

carry in



  
Young W. Lim
3/15/14

22Kogge-Stone 
Adder

Kogge-Stone Adder with Sparsity 4

4-bit RCA4-bit RCA4-bit RCA4-bit RCA



  
Young W. Lim
3/15/14

23Kogge-Stone 
Adder

Kogge-Stone Adder with Sparsity 4
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Kogge-Stone Adder with Sparsity 4



  

References

[1] en.wikipedia.org
[2] D.M. Harris, S. L. Harris, “Digital Design and Computer Architecture”
[3] http://www.aoki.ecei.tohoku.ac.jp/arith/mg/algorithm.html

Young W. Lim
3/15/14

25Kogge-Stone 
Adder


