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MEW MULTILEVEL SCHEME FOR FAST CARRY-SKIP ADDITION
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A method is described which nrovides a way to achieve a fast addition
of two binary numhers by using a multilevel carry-skip scheme optimally
divided to attain speed comparable to carry-lookahead yet much simpler
to implement and convenient for VLST implementation. This multilevel
carry-skip addition scheme, with the optimized division into the car-
ry=-skip groups, achieves speed comparable to the carry-lookahead
scheme. Yet, this scheme is much simpler than carry-lookahead to im-
plement and is uniform in fan-in and fan-out requirements. Therefore,
it is very convenient for VLSI implementations, &and we claim that it
makes much more sengse for VLSI than carry-lookahead scheme.

In certain fast carry-skip adders, the speed is achieved by div-
iding the carry chain into groups of bits over whf h carry signals
could skip. The sizes of the groups are chosen to minimize the maximum
delay that a carry signal can experience. The following shows that
further significant increases in speed can be achieved by dividing the
groups of bits into blocks and giving carry signals the ability to skip
over blocks, as well as groups. Morecver, how to choose the group and
block sizes optimally to minimize the maximum delay of a signal will be
set forth.

The following example shows how it 1s possible to increase the
speed of the adder by allowing signals to skip over bloucks of bits.
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NEW MULTILEVEL SCHEME FOR FAST CARRY-SKIP ADDITION - Continued
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Fig. la shows a carry chain of length 32 divided optimally into groups
by a predetermined algorithm. The maximum delay of a carry signal is 9
units. Fig. 1b shows the same chain with the bits divided optimally
into groups and blocks. The maximum delay is now 7 units. This in-
crease in speed can be achieved with a very small increase in the num-
ber of transisters used to build the adder.

The statement of the algorithm for dividing the carry chain into
groups and blocks is as follows.

Let N denote the number of bits in the adder.
Define Yi =i+ 1/2i + 1/412 + 1/8(1—(-1)1), i=1,2... . For each

positive integer M define kim} = 1/2m - 1/4(1—(~1)m). 2k(m) is the
largest integer < m.

Step 1. Define & to be the smallest positive integer such that

k(&)

N2y v+
=1

(1 -(- DY) Yay4re
Step 2. Given A and Yl’ Yoseeas Yk s construct the symmetric

+
array of squares shown in Fig. g. There(ggelA columns in this figure,
and the i~th column contains Y, squares,

i
A
i=1,...,k(A),k(8) + 1/2 (1-(~-1)7).
Step 3. By definition of A, the array contains at least N

squares. Beginning with the first row in the array, shade in squares,
row by row, until N squares are shaded in. Let Xi denote the number of
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NEU MULTILEVEL SCHEME FOR FAST CARRY-SKIP ADDITION - Continued

shaded squares in coiumn i, i=l,..., 4. Divide the carry chain into A

blocks of sizes Xl’""’ XA’ respectively.

Step 4. Divide the i-th block into A, = [(Z‘é__+ 514 - 2)) groups
as follows. (IR] denotes the greatest intéeger < R.

Let y,, = min{i + j, 2 + &, - 3}, jJ = 1,..., B;,. Comstruct a sym-
metric iﬂigure, similar to gig. 2, containing E’ columns with v,
squares in column j. This figure will contain at least X squareé?
Shade in X, squares, row by row, starting with the first row. let X,

denote the” number of shaded squares in the j-th column. Divide the
i-th block of the carry chain into Ai groups with Xij being the size of

the j-th group, j = l,....8,.

It can be verified that the minimum delay of a carry signal in a
carry chain, divided into blocks of groups of bits by the procedure
just described, is A.

Example. Consider the optimal division of a 54-bit carry chain.
This resuits in

Y, =2,Y, =4, Y, =7,%, =10, Y. = l4,... .

2 5

54 _<__2(Y1 Y, Yt Y4) * Y = 60

we have A = 9. It follows that

Xl = X9 = 2, X2 = X8 = 4, X3 = X7 =7, X4 w 10, X5 = Xﬁ = 9,
ard
Al = Ag = ], Az s A8 = 2, A3 = A7 = 3, A4 = A, = A6 = 4,

The sizes of the groups in blocks 1,2,3,4, and 5 are given by

Xy = 2%

Xpp T Xgp T 2

Xy3) T ¥g3 T 25 Xgy = 3

Xpp = Xy T L Kyy = Xy3 = 3
Xy = gy T Kgy = 2s Xgy = 3

respectively. The optinal carry chain is shown in Fig. 3. The maximum
delay of a carry signal in this chain is A = 3.
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