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A Study on the Design of Parallel Multiplier Array
for the Multiplication Speed Up

Kang Hyeon Rhee!

ABSTRACT

In this paper, a new parallel multiplier array is propesed to reduce the multiplication time by
modifying CSA{carry select adder) cell structure used in the conventional parallel multiplier array.
It is named MCSA(modified CSA) that assignes the addend and augend to the inputs of CSA
faster than Ci(carry input). Also the designed DCSA(doubled inverted input CSA) is appended
after the last product term for the carry propagation adder. The proposed scheme is designed with
MCSA and DCSA, and simulated. It is verified that the circuit size is increased about 13% com-
pared with the conventional multiplier array with CSA cell but ithe operation time is reduced

about 52%.
1. Introduction

There are many kinds of multiplication
schemes which has been developed.

The basic schemes of multiplier include
modified Booth’s algorithm[1], Wallace tree
[2], Dadda’s scheme[3] and multiplier array
[4]. The multiplier array can be implemented
with modifled Booth’s algorithm or multi-bit
recording techniques[5,6]7 which can reduce
the number of product terms. The array mul-
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tiplication scheme is widely used in high
speed ALU because of its simplicity and reg-
ularity[ 7, 8].

In this paper, we designed the modified
CSA(called MCSA) in order to reduce the
operating time of conventional CSA. Also we
designed DCSA(double inverted CSA) in
order to reduce the operating time of the
carry propagation adder. Here, MCSA 1s used
in the multiplication term of designed multi-
plier array, DCSA is used as the carry prop-
agation adder. In Section 2, it is described
the operations of multiplier array with the
conventional CSA and the multiplier array is
designed with MCSA and DCSA in Section 3.
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Then the operation of proposed multiplier
array is evaluated and simulated in Section

4, and conclusions are drawn in Section 5.

2. Multiplier array with CSA

The operation of a CSA is same as a ful
adder. The characteristics of a full adder is
described in {(Table 1, 2). In (Table 2}, we
will assign the inputs of augend and addend
as A and B. And the circuit of a full adder
according to these tables can be designed in
(Fig. 1).

{Table 1) Carry propagation characteristics of a ful

adder
bit pair characteristics about
addend | augend carry propagation :
0 0 carry generated (value=0) :

0 1 carrv in is propagated io carry oufT
1 0 carry in is propagated o carry out !
1 1 carry generated (value=1) i

{Table 2) Sum generation characteristics of a full

array. So, the inputs of every CSA in CSA
array are assigned with only one value at
the inilial time of mulliplication. The other 2
inputs of CSA are assigned when the opera-
tions of previous CSA array is finished.

Let’s assume that the propagation delay of
every gate in CSA of (Fig. 2) 1s same as 14
t. I the 3
simultaneously assigned then the operation
delay of CSA can be sald as 24 In this
case, 1/t is exhausted by an XOR gate and
1/t is exhausted by an 2.1 multiplexor.

inputs of a CSA are

In this case, the operation time of CSA
takes 24t. The multiplier array uses CSA to
generate the sum of the product terms and a
carrv propagation adder Lo generate the final
results. The basic configuration of convention-
al multiplier array with CSA is shown in
(Fig. 2). As the number of bits to multiply
is increased, the portion of the multiplication
time used by CSA array is more increased
than the time used by an early propagation
adder.

adder
carry Lemporary final sum |
0 _ . S = 8T
1 ST = AQB 5= 8T

% ' A and B indicate the inputs of augend and
addend.
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(Fig. 1) The schematic circuit diagram of a full adder

A CSA has 3 inpuis. In the conventional
array multiplier, an input of CSA is assigned
with a bit among the product terms. These
product terms are generated by the logical
AND of multiplier and multiplicand. The
other 2 inputs of CSA are assigned with the
sum and Co from the previous row of CSA

P [

(Fig. 2) The schematic diagram of conventional multi-
plier array with CSA

3. Design of the multiplier array
In the configuration of CSA into the multi-

plier array, the augend and addend 1s as-
signed to the inputs which is connected to




XOR gate of a CSA faster than the Ci about
14, the operation time of each row of CSA
array can be reduced to 14. This is the
basic idea how to reduce the operation time
of CSA array.

In order to assign 2 inputs of XOR gate in
CSA faster than 14 compared with Ci of
CSA, Co from the previous row of CSA
array is assigned to the one of the inputs of
an XOR gates of a CSA in the next raw.
Because the other input of XOR is assigned
to a bit from the product terms, all inputs of
an XOR gate are assigned faster than 14
compared with the Ci and each CSA in CSA
array 1s completely operated within 1.

Te reduce the delay from Ci to sum of
CSA, CSA cell is redesigned in (Fig. 3) and
it is named MCSA(modified CSA). MCSA
has an inverted input and an inverted Co.
For the carry propagation adder, we designed
the named DCSA (double inverted inputs of
C5A) in (Fig. 4). DCSA is due to the fact
that two inverted Co is generated from the
two previous MCSA rows.

The designed multiplier array is configured
using the proposed scheme of MCSA and
DCSA in (Fig. 5).
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(Fig. 3) MCSA having an inverted input and an in-
verted Co
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4. Performance evaluation and simula-
tion

The multiplication time exhausted by the
conventional and proposed scheme of multipl-
er array can be represented by (1) and (2)
respectively in the case of n by n bits multi-

plication.
teow = {n — 1) x tega + tepa (1)
trro = T X tucsa + teea (2)
Where

teon - multiplication time by the conventional
scheme

tpro - multiplication time by the proposed
scheme

n :the bit size of operands
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(Fig. 4) DCSA having two inverted inputs and an in-
verted Co
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MCSA : CSA with an Inverted Input and an Inverted Co
DCSA : CSA with two inveried Inputs

{Fig. 5) The configuration of the multiplier array with
the proposed scherme
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Lse - & CSA operation time in the conven-
tional CSA array scheme
luce: -8 CSA operation time in the pro
posed CSA array scheme
leps - Operation time of a carry propagation
adder
If the operation delay of every gate cell is
supposed in a CSA as 14, it can be sup
posed that 1CSA is 24 and tMCSA is 14
form Egq. (1) and (2). (Table 3) shows the
comparison of operation time between the
conventional and the proposed scheme with =&
several size of operands.

(Table 3) The compared operation time between the
conventional and proposed scherme

= = of operands '
upe of 4bits 8bits ' 18pns
multipler array
conventional 84 174 354
proposed 44 84 174

The proposed multiplier array in (Fig. 5)
is designed on INTERGRAPH Aceplus 100l
with Generic library and simulated on
Advansim tool. The simulated resulis is

shown In (Fig. 8). Here, we confirmed that |

A unit time is about 6ns and the proposed

a 100 200 300 00 SO0 600
L Operalon delay lime @ E4bis, BhBoits, i 1Goits
(Fig. 8) The simulated operaration time with proposed

scherme

scheme can speed up the multiplication time
about twice. Thus, it 15 proved that the abili-
tv of proposed scheme through the simulation.

The muluplication time of multiplier array
is composed of the operation time of CSA
array and the operation time of the carry
propagation adder. But the portion of the
carry propagation addition time compared to
CSA arrav operation time became smaller as
the size of the operands 15 increased.

This configuration have some disadvantages
over the conventional scheme. In the proposed
scheme, the circuit size Is increased about 13
% and has a complexity routing and a worse
conventional

regularity compared to the

scheme.

5. Conclusion

Many of studies about the structure of the
rmultiplier array were concentrated to reduced
the number of product terms. Some of the
major study of reducing the number of prod-
uct lerms could be the techniques which are
called the modified Booth's algorithm and the
multi-bit recording techniques. But in this
paper, the modified configuration of conven-
tional CSA array which can reduce the oper-
ation time of CSA array about half. The pro-
posed scheme of CSA array can be used in
the most scheme of multiplier array which re-
duce the number of product terms.

The proposed scheme may have disadvan.
tage over the conventional scheme. Tt requires
a little more gates because of the Co is
transferred to the second below of CSA
array, and so it needs more effort for rout-
ing. But the author can speed up the multi-
plication time of multiplier array about twice
and its performance can be increased as
large as the size of operands to multiply.

In this paper, the author have not verified



the efficiency of the suggested scheme at the
physical situation., This can be done by VLSI
layout and its implementation.
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