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Carry Kill, Propagate, Generate conditions (1)
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Carry Skip Adder 3 Young W. Lim
(5A)



Carry Kill, Propagate, Generate conditions (2)
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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)
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1. Cases when FA1 is in the K mode
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2. Cases when FA1l is in the P mode

PK1
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PP1 1 0 1 0
P \ P
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3. Cases when FA1l is in the G mode
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CasesforCoui =1
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CasesforCoui =0
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FA with P & G

Half Adder
s=p®dc < C
Half Adder
p AC CC p=a®b | a
C,=0+tpAcC
g=aAb ¢ 7
A\ b
Half Adder
Half Adder 5 g gg p S=za®b — a
S=a®b 0 1 0 1
— 1 0 0 1 ¢
C=anab T 11 1 o g C=aAb—C b

https://en.wikipedia.org/wiki/Carry-skip_adder

Full adder with additional generate and propagate signals.
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Ripple Carry Adder

p=a®b, C; =9, TPy A G

gi:ai/\bi C2:g1+p1/\C1
C,=0g,+pP, A 02
C,= 9, + Py A

generated carry 4J Q propagated carry
a, b, a, b, a, b, a, b,
C4 C3 CZ Cl C0
Co.+—  FA <« - FA = FA = FA = ~-cC
S3 SZ Sl SO

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

% b, % b, 4 b, % D, Half Adder
p=a®b
g=aAb

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

“ “ © “ % Half Adder
P; P, P, Py s, = p ®Dc
S3 SZ Sl S0

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 D, 1 O 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, AP A po=p[3:0] P, a,
=(a, ® b)) _ | b,
A (a, ® b)) > = PPPib, _C P, a,
A(a, ®Db) b,
A (2, ® b)) | P a,
https://en.wikipedia.org/wiki/Carry-skip_adder b0
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Carry Skip Adder

— Ps a,b a b a b a b
r—_ p 3 73 2 T2 1 71 0 "0
/'{ - "% PA <5 FA < FA <l FA « c
Cout - # # # ¢
c. P, S, P, S, P, Sy Po So

=
A

The n-bit Carry Skip Adder consists of

a n-bit carry-ripple-chain,
a n-input AND-gate and
one multiplexer.

a multiplexer switches
either the last carry-bit c_or the carry-in c,
to the carry-out signal c_,

S TPy AP, AP AD =P

whens=1,c C
ou 0

t
otherwise, internally generated carries

can be propagatedtoc_, ~ c,

https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

3 3 2 2 8_‘1 b_1 0 0
1 A O O N
o<—Q“- FA <= FA +=2 FA <= FA «1— G, o
a i
Con ot T
c p3 Sa pz Sz pl Sl po So
i
— P
— Bf S = p,p,P,P,
— P, C
Si
https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

The critical path of a Carry Skip Adder begins at the first full adder,
passes through all adders and ends at the sum bit sn4

Since a single n-bit Carry Skip Adder has no real speed benefit
compared to a n1-bit Ripple Carry Adder

TCSA(n) = TRCA(n)

Trea(N)

TCSA(n) Cout

|—¢ EZ S = P3P,P,P,
1
Po

https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

the skip logic consists of a k-input AND gate and one MUX

TSKl = TAND(k) + TMUX delay path through the AND gate

TSKZ = TMUX delay path from the ripple carry ... the critical path

c C, latesignal
0 —2=  Tgxo —C_OQ_
late signal
Cout <— out
n Ko _(_— C,
— P : .
_C_ DT 2 input multiplexer S
SK1 A
— pl _
early signal
— P, y Sig B o
—C_ P early signal
I pl
https://en.wikipedia.org/wiki/Carry-skip_adder B pO
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Carry Skip Adder

. _ The critical path in a Carry Skip Adder
As the propagate S'gnals p=a®b consists of ripple carry path and
are computed in parallel and mux path for ripple carry (Ts)

are early available,

the critical path for the skip logic in a Carry Skip Adder Tesx skip logic delay in the critical path
consists of the delay imposed by the multiplexer (conditional skip)

Tesk = Tskz = Tmux = 2D

D D
a, b, a, b, a, b, a, b,
_C4
‘. L 2 4 c A\ A 4 ‘. A\ 2 4 ‘. —L_oq_
< FA - FA |+ FA Ci
N R — C
Vool
p2 S2 pl S1 pO S0
_C— C,
S = P;P,P,P,
2 input multiplexer S
https://en.wikipedia.org/wiki/Carry-skip_adder
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Block Carry Skip Adder

Block carry skip adders are composed of a number of carry skip adders
There are two types of block carry skip adders

The two operands A = (an-1, an, ... a1, a) and B = (bn.1, bn-2, ... b1, bo)
are split in k blocks of (Mg, Mic1, ... Mz, my) bits

* Why are block carry skip adders used
* Should the block size be constant or variable?
* Fixed block size vs. variable block size

Oklobdzija: High-Speed VLSI arithmetic units : adders and multipliers
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Fixed-size Block Carry Skip Adder

Fixed-size block CSA

Carry Skip Adders are chained to reduce the overall critical path, (FCSA)
(Block Carry Skip Adders)
number of blocks
Fixed size block Carry Skip Adders (FCSA) split the n bits of the input bits bits per block
Into blocks of k bits each, resulting in R = n / k blocks. T block size
= R-k
R blocks
Kk bits k bits k bits K bits
[(R)k-1 ... (R-1)K] [(r+1)k-1 ... (NK] [(2)k-1 . (1)k] [(1)k-1 . (O)k]
= [N-1 ... N-k-1] = [2k-1 . = [k-1.

Po So

S @ﬁ @Hﬁ @ﬂh

S =P;PPiPy = PaP2PiPo

ES R
yppv
5P$ﬁ

PsP,P.Py

FPF“

= PsP,P,Py

Www.cs.tufts.edu
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Carry Skip Adder

the critical path X Y .
0 0 | K Kil(=pPG)
0 1 P Propagate
the longest carry path must be 1 0 P  Propagate
e generate in the first block 1 1 G  Generate
* terminated in the last block
» propagated in the blocks between the first and the last
R groups
Fixed-size block CSA k bits
the last block (R-2) blocks the first block

carry terminated in carry generated in
the last FA the first FA

0 FA FA FA FA
Ps Sy P, S, P, S, Py Sy c Py Sy [P P S, Py Sy PsS; [ Py Sy Py Sy
1

3

S = P3P,P,P,

LA R

S = PyP,PiPy

SRR

S = PyPoP,P,

-

PP r

https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

Fixed-size block CSA

The critical path consists of (FCSA)
* the ripple path and the skip element of the first block R groups
Tera(K) + Tesk Tcrajo:cout(K) K bits
 the skip paths that are enclosed between the first and the last block n=R-k
(R-Z)TCSK

« finally the ripple path of the last block

Tera(K)
the last block (R-2) blocks the first block
TCRA(k) Tesk Tesk Tesk TCRA(k)

0
!
¢ Ps Sy P, S, P, S, Py Sy

=

o - g -l < B et b
. PaS P, s, P, s, Po So . PaS P S, P, S Po So P. S, (DA Po S,

P3 S,

1 1 1

d 3

S = P3P,P,P,

PP r

S = PyP,P,P,

SRR

S = P3P,P,P,

SRR

S = P;P,P,P,

PP r

https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

Consider a n bit adder, where n is a multiple of 4. Fixed-size block CSA

(FCSA)
Each set of 4 neighboring stages can be considered R groups
a block that can generate, propagate, or absorb a carry. Kk bits
Divide the adder into n/4 such blocks and, n=R-k
for each block, add a 4-input AND gate
to produce a group propagate signal.
— P
A carry signal entering a certain block can be propagated - pz
past the block without waiting for the signal to propagate — P,
through the 4 individual stages of the block. — Py
1. K — n : total number of bits
https://en.wikipedia.org/wiki/Carry-skip_adder 2. b < K : block size in bits
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Carry Skip Adder

If all n/4 blocks propagate, a carry entering the least significant stage
will pass to the most significant carry-out in time n/4 times the delay
through the carry-skip unit.

® [ [ @
A.QF:A‘j
[ P, S, Po So

S = PsP.P,P,

the last block

carry terminated in
the last FA

o o

FA [j.:lj [1,:1] [1,:1]
. Ps S, P, S, P S, Po Sy

S = P;P,P,P,

PP r

(-

S = P3P,P,P,

FPPP

Fixed-size block CSA
(FCSA)

R groups
K bits

n=R-k

S

%

S = PsP;P,Py

5995

(R-2) blocks

S = P3P,P,P,

https://en.wikipedia.org/wiki/Carry-skip_adder
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T

+

S = P3P,P,P,

J’.F’:PE’

the first block
carry generated in
the first FA
Uy L
“ FA FA FA FA = A
ﬁﬂ*% ToTon
D, b,
& S = P3PP,Py & S=pp,p,p,
Py Po
1. K < n: total number of bits

2.b k block size in bits
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Carry Skip Adder

Fixed-size block CSA

If any block generates a carry, that carry will propagate
.. (FCSA)
through the remaining stages of the block,
and then through the carry-skip gates to the final block, R groups
where it may have to propagate through 3 stages Kk bits
to reach the most significant adder.
n=R-k

C, C. C. C. C, C, C. C, C. C,
o FA EF%] [EP %%] o FA FA FA FA ____L_
. PS PS RS, o P PS PiS RS,
1 1
3 2
B s=pepp, =p.p.0p, B sTRARR
P, P

= P3P,P,Py

9va
ypsﬁ

1. K — N : total number of bits
https://en.wikipedia.org/wiki/Carry-skip_adder 2.b < K : block size in bits
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Variable size Block Carry Skip Adder (3)

el s i H #{ﬁ ol el
] . !pzs P, s, P, P L p,s, P, s, P, S, | ] M | p. P, s, Py sﬂ:
e | i
n . S ! - :
Sj S = P.P,P,P, g $=p,p,p,p, S =P,p.P,P, 1 S=p,p,p,p, I
[ | -
| | :
| | :
| | -
| | -
| | :
| | :
| | -
| 1 :
| | :
| | -
| | -
| ) . 1 :
: Path 1 from bit 0 to bit n-1 : I
¢ i :
| | :
| | :
| | -
: Path 2 from bit k, to bit n-1 ! |
i I :
1 1 -
| 1 :
! ' -
. Path 3 from bit 0 to bit n-k.-1 ! |
I ]
1 I :
I ' ]
I : i
1. K — N : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Variable size Block Carry Skip Adder (3)

ks bits k2 bits k1 bits Ko bits
A B A

e J Tk Bkz A ke If3|<1 Jo i
N L LN LN VS LU CHRNR L |
o X o *

G2
i SNt

G I

Path 1 from bit 0 to bit n-1

| i Path 2 from bit k, to bit n-1
A 3
| Path 3 from bit 0 to bit n-ks:-1
<
1. K — N : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Carry Skip Adder

The longest delay path begins with a carry generated in stage 0 Fixed-size block CSA

: g FCSA
in the least significant block, propagates through 3 stages ( )
in that block, then through the OR gate, R groups
then through n - 2 carry-skip units, k bits
and then through 3 of the 4 stages in the most significant block,
to the c.1 signal. We can generalize these results n=R-k
for a block size of R in a n bit adder as follows:
1. K — N : total number of bits
https://en.wikipedia.org/wiki/Carry-skip_adder 2. b < K : block size in bits
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Carry Skip Adder

Tp is the time to propagate a carry through one stage of the adder Fixed-size block CSA

: ) FCSA

(from c; to ci.1 ), and Ts is the delay through one carry-skip stage ( )
R groups
Recall that Tp = 2D in the standard ripple-carry adder k bits
based on two half- adders.
n=R-k
The delay Ts = 2D since there is an AND gate and an OR gate in
series in the carry-skip unit.
1. K — N : total number of bits
https://en.wikipedia.org/wiki/Carry-skip_adder 2. b < K : block size in bits
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4-bit Full Adder with P and G

3 3 2 2 1 1 0 0 k bltS

| I
S3 Sz Sl SO
‘—’L—J L—J‘—J L—J4—J L—J4—J Tera(k) = 2Dk
D D D D D D D D

https://upload.wikimedia.org/wikiversity/en/1/18/
RCA.Note.H.1.20151215.pdf
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Critical Path Delay

Fixed-size block CSA
The critical path consists of (FCSA)

 the ripple path and the skip element of the first block  Tcra(K) + Tesk
 the skip paths that are enclosed between the first and the last block (R-2)Tcs«
« finally the ripple path of the last block Tcra(k)

Tecsa(n) = Tera(k) + Tesk + (R-2)Tesk + Tera(K) R groups
=k 2D + 2D + (R-2)2D + k2D k bits
= k2D + 2D + (R-1)2D - 2D + k2D
= k2D + (R-1)2D + k2D n=R-k
= 2k2D + (R-1)2D
= (2k+R)2D
=(2k+n/k)2D

=k 2D + 3D + (R-1)2D + (k+2)2D
= 3D + k2D + R2D - 2D + k2D + 4D
= (2k+R)2D + 5D
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Optimal block size k

Fixed-size block CSA

Tecsa(n) = Tera(k) + Tesk + (R-2)Tesk + Tera(K) (FCSA)
= (2k+R)2D
= (2k+n/k)2D 2k +% 2D R groups
k bits
The optimal block size k for a given adder width n
n=R-k
dTrcsa(n) /dk =0 d]"%_;?(n) =0
(2-n(1/k?) =0
2 = n/k? k=3
k2=n/2

kopt = \/

NS

k =+vn/2

5.6 =V64/2 n = 64bits -~ k=6
4 =+32/2 n = 32bits - k=4

https://en.wikipedia.org/wiki/Carry-skip_adder
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Examples of Optimal Block Sizes

n
TFCSA,opt(“) = |2k +E 2D

Tresa(32) = (2k+32/k)2D

(2k+32/K)
70
60
50
40
30
20
10
0
VeSS ON DR P
k
4 =3272 s = (™
n = 32bits
L k=4

https://en.wikipedia.org/wiki/Carry-skip_adder
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TFCSA,opt(n) = 2D

2k+ﬂ
k

Trcsa(64) = (2k+64/k)2D

(2k+64/K)
140
120
100
80
60
40
20
0
MO D Py APPSO
5.6 = V64/2 o = |
n = 64bits
— k =6

35

Fixed-size block CSA
(FCSA)

R groups
Kk bits

n=R-k
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Asymptotic Analysis

Fixed-size block CSA

Tecsa(n) = (2k+n/k)2D (FCSA)
The optimal block size k for a given adder width n R groups
k=vn/2 K bits
Trcsa, opt (n) = (2@ +n/'\/m)2D r‘=R.l(
= (\/@ + \/ﬁ/ (n/2)) 2D Tera(n) = 2D-0
= (*/2”_”’ \/2n)2D Trcsaopt(N) = 2D-(2sqrt(2n))
= (2v2n)2D
70
60 _
ripple carry adder
Tresaope(N) = (2 ni2+——|2D 50
Vn/?2 B 0
= (2v/2n)2D when Kk, = \/g zz —

10
fixed block carry skip adder

YOO DR PR YRR PSS

n
https://en.wikipedia.org/wiki/Carry-skip_adder
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Carry Skip Adder

If an arbitrary block generated a carry by itself,
the carry will always propagate to the next block

however, if the second block generates a carry itself,
or kill the carry, then that is the end of the critical path

K P P P P P P
A&gcgcgc ££%
AT n L__@%*—F%ﬂ

Ps
S=pomp, ri pple LCE E S=PPP, ri pp|e

:[i:m

S =PsP,P.Py

P
B eneen ripple : ripple
3T, 3T,

https::/electronics.stackexchange.com/questions/21251/critical-path-for-carry-skip-adder
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Carry Skip Adder

If the second block propagates the carry,
then we see the advantage of the CSA architecture

P P P P P P P G
c iFAi ] C Iglii c IE'ii c i % ‘Ch[:ﬁ Cn
] A P; Sy P, S, P, S, Po So ] c P; S, P, s, P, S, Py S,

PeEE
PePP

S=pp,p,p, Ski p = PPPPo ri p p le

https::/electronics.stackexchange.com/questions/21251/critical-path-for-carry-skip-adder
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Critical Carry Path (1)

Ts < 3T,
For longest carry path, if any block generates a carry,
that carry will propagate through the remaining 3 FA's of that block
* * Least Significant Block
G
: +
1 I e Cn=1or 0
carry delay path starts from this FA ——
and then through the carry skip gates to the final block,
Middle Blocks
- -
since all FA’s are in the propagate mode, skip path is taken - no ripple delay
More Fast Adders, Ivor Page, University of Texas at Dallas
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Critical Carry Path (2)

At the final block, it may have to propagate through 3 FA's
to reach the most significant adder Cases for the Most Significant Block

0 «— === 1 the propagated carry

must be terminated
at the most significant
adder

the new carry

1 can be generated
at the most significant
adder

]l =

a new path starts here carry delay path stops at this FA

Otherwise,
the whole block
1l == 1 ‘@~——, 1 Iisto be skipped

smaller delay than
ripple delay

T.<3T,

cannot be a critical path  since all FA’s are propagate mode, skip path is taken

More Fast Adders, Ivor Page, University of Texas at Dallas
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Critical Carry Path (3)

T.< 3T,

Cases for the Least Significant Block

—— 1/0

no carry out

no carry propagation

— 1/0

generated carry can be
propagated to other blocks

T.<3T,

| \

cannot be a critical path  since all FA’s are propagate mode, skip path is taken — no ripple delay

More Fast Adders, Ivor Page, University of Texas at Dallas
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Critical Carry Path (4)

P P P

Cout—l

Ts

Cou=

S = PyP,P,Py

Cou=1

Cout=

S= PP, ski p
Ts
C:=1
K P P P
LR
[

P P P

P; S,

@###ﬁ

S = PyP,P,P,

;c‘c-a-u

skip
Ts

S = PyP,P,P,

c, c c €
FA
o P P, s, P, s, Po So
1
5

o PiS P, s, Py S, Po S
1

Py

P, S=Pp,P.P,

L

__###ﬁ

P P P

S = PyP,P,P,

skip
Ts

PPSP:F‘

P P P

Cin=1

S = PyP,P,P,

PRPP

skip
Ts

ﬂ###ﬁ

S = PyP,P,P,

skip

Ts

P P P

Cin=1

S = PyP,P,P,y

C:=1

###ﬁ

S = PyP,P,P,

PF‘FZP

skip
Ts

P P P

Cin=0/1

A

S = P3P,P,P,

C.=1

ripple
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Carry Skip Adder

Fixed-size block CSA

The longest delay path from c; to ¢, (FCSA)
begins with a carry generated in FAO in the least significant block 0O, R groups
propagates through FA3 in block 0, k bits
then through the skip element (MUX can be replaced with OR gate), = R-k
then through carry skip units of (R-2) blocks, n=rK
and then through fa0, fal, fa2 in the most significant block (R-1),
to the c,.1 signal
the most significant block (R-2) blocks the least significant block
Block 3 Block 2 Block 1 Block 0

— —
P, s, P, s, Po So Ps Sy P, S, P. S, Py Sy
C, 1l C,
1
= PyP.P,P, \[:CE

IPrrr

S = PyP.P,P,

=
PeEE |
y??ﬁ

S = PyP.P,P,

More Fast Adders, Ivor Page, University of Texas at Dallas
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Carry Skip Adder

Fixed-size block CSA

The longest delay path from c; to ¢, (FCSA)
(K-DTp + T + (n/k-2)Ts + (k-1) T, R groups

K bits
T, is the time to propagate a carry n=R-k

through one stage of the full adder
(from c; to Ci1)

Ts is the delay through one carry-skip stage

C3=1
K P P P P P P P P P
o e e oo
S=pppp, ri pple E; S=ppp,p, ski p ’% SEPPPR, ski P ri P ple
3T Ts Ts 3T,
More Fast Adders, Ivor Page, University of Texas at Dallas
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Carry Skip Adder

Fixed-size block CSA

The longest delay path from c; to ¢, (FCSA)
(K-DTp+ T + (n/k-2)Ts + (k-1) Ty R groups

k bits
Carry Skip Adder is faster than RCA at the expense n=R-k

of a few relatively simple modifications.

The delay is still linearly dependent on the size of the adder N,
however this linear dependence is reduced by a factor of 1/k

Tfixed= (b - )To+ D + (k/b = 2)Ts + (b - )T,

The original formula in the literature

N : total number of bits

1.k —
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Carry Skip Adder

Fixed-size block CSA
T, is the time to propagate a carry (FCSA)

through one stage of the adder (from c; to ci.1 ), and

R groups
Ts is the delay through one carry-skip stage k bits

Recall that T, = 2D in the standard ripple-carry adder n=R-k
based on two half-adders.

The delay Ts = 2D since there is an AND gate and an OR gate
In series in the carry-skip unit.

(K-1)Tp + T + (N/k-2)Ts + (k-1) T,

= (k-1)2D + D + (n/k-2)2D + (k-1) 2D
= 2kD -2D + D + 2Dn/k -4D +2kD -2D
= 4kD + 2Dn/k -7D

Tfixea = 4Dk + 2nD/k — 7D

1. K — n : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Carry Skip Adder

Fixed-size block CSA

The optimum block size, b°?t, is found (FCSA)
by differentiating the right-hand side
with respect to b and equating the result to zero. R groups
Kk bits
Tixeda = 4Dk + 2nD/k — 7D
n=R-k
d Tixea / d k =d (4Dk + 2nD/k -7D) / d k
=4D -2nD/k? =0
4D = 2nD/k?
k? =n/2
kert= vn/2
1. K — N : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
—— 00 00v0&©m 0000 0 0 0m0m0m0m 0 B
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Carry Skip Adder

Fixed-size block CSA

The corresponding adder delay is: (FCSA)
TP%ea = 4DK% + 2nD/k° — 7D kort=vn/2 Rl
= 4DVn/2 + 2nDVn/2 - 7D K bits
= (4DVn)V2 + 2v2nD/Vn) — 7D - R-k
= (4V2Dvn + 2v2DVn) -7D h=R-

= (4N2 + 2v2) DVn - 7D
=(2Vv2 + 2v2) DVn - 7D
=4v2DVn - 7D

=5.66 DVn-7D

For example, in a n = 32 bit adder,
kort = V/32/2 = V16 = 4 and

the delay is approximately 25D.
5.66 V32 -7 =25.0

Compare this value with the delay of a ripple-carry system, 64D. 1. K < n : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Carry Skip Adder

L o Fixed-size block CSA
In a n = 64 bit adder, k°°t=+vn/2 = V32 = 5.657. (FCSA)

If we use k = 4, the delay is 41D.
4Dk + 2nD/k = 7D =16D + 2*64/4 D — 7D = (16+32-7)D = 41D k bits

n=R-k

If k = 8 the delay is again 41D.
4Dk + 2nD/k = 7D =32D + 2*64/8 D — 7D = (32+16-7)D = 41D

An in-between solution is possible with k = 6.
4Dk + 2nD/k = 7D = 24D + 2*60/6 D — 7D = (24+20-7)D = 37D

Then there are 10 blocks of 6 and 1 block of 4 (k-1)T + T + (WVk-2)Ts + (k-1) T,

64 =610 + 4 = (6-1)2D + D + (10-2)2D + (4-1) 2D
(at the most significant end). =(10+1+16+6)D
= 33D

The corresponding delay is 35D. - (33D)
(6-1)2D - (4-1)2D : -4D

The 64 bit ripple-carry adder has delay 128D. 37D -4D = 33D

1. K — n : total number of bits
More Fast Adders, Ivor Page, University of Texas at Dallas 2. b < K : block size in bits
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Carry Skip Adder

A carry signal centering a certain block #ﬁ
can be propagated past the block _ﬂ

without waiting for the signal to propagate

through the 4 individual stages of the block

S = P3P,P,P,

syyﬁ

If all n/4 blocks propagate, a carry entering the least significant stage
will pass to the most significant carry-out
in time n/4 times the delay through the carry-skip unit

P P P P P P P P P P PP P

Cout= 1 Cin=1
i @w @ﬁ A
LCE S=pp,p,p, S kl p S =p,p,p,Pp, s kl p '—(:E ;ES S =Pp.p,PP, Skl p

Ts Ts Ts Ts

FrE®E
?PPU
SoE®

S=P,PP.P, S k| p

Cs=1

More Fast Adders, Ivor Page, University of Texas at Dallas
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