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Abstract -This paper sheds light upon the usage of 4:2
compressor in 4x4 and 8x8 Wallace tree multipliers. Usage of
compressors in multipliers improves the efficiency and
reduces the processing time. A modified 4:2 compressor
design is discussed and its performance is compared with the
conventional 4:2 compressor. The modified 4:2 compressor
uses a combination of XOR-XNOR and MUX* gates. The
concept of these compressors for improving the performance
of the multiplier is done on transistor level. The performance
of these different designs is compared and the observation is
that the usage of compressor makes the process more energy
efficient and faster as compared to the traditional methods.
In case of 4 bit multipliers usage of modified 4:2 compressors
reduced the delay by 38.2% and propagation delay product
by 34.7%. Similarly usage of 4:2 compressors in 8 bit
multipliers reduced the delay by 42% and propagation delay
product by 47%.

Keywords - adders,compressor,propagation delay, power
consumption,Wallace tree multiplier

I. INTRODUCTION

Multiplication has become an integral part of many
processing activities. It has become the most indispensible
operation of the modern processing equipment
[1,2,3,4,5,6,7,8,9]. Multiplication being a  complicated
process is time consuming and requires higher energy
requirements also[1,10,11,12,13]. So any improvement in
the multiplication process will in turn improve the speed of
the entire processing activity, reduce the power
consumption and also leakage power [1,14]. Technology
scaling is one traditional method that had been used to
improve the energy requirements, but this method has the
drawback that it does not have the ability to sustain
constant power density.

The multiplication process can be divided into three stages
namely the generation of partial product, reduction of the
partial product and the final addition
[1,2,3,4,5,6,7,8,15,16,17,18]. The first stage employs AND
gates for the generation of partial products followed by the
reduction of these products. This is the area where major
manipulations are done and the compressors are used to
improve the performance.

The Wallace tree structure consists of a combination of full
adders and half adders in the partial product generation
stage [1,5,6,15,17,18]. This structure is modified using the
compressor architecture which minimizes the use of
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components. This usage of compressor has shown a
commendable improvement in the multiplication process
on the whole [1,3,4,5,6,7,8,9,19,20,21]. The usage of a
final adder for the final addition stage improves the energy
efficiency of the multiplier.

Il. WALLACE TREE MULTIPLIER

Wallace tree method is used to design an efficient
multiplication structure using half adders and full adders
[1,5,6,14,16,17]. It gives an efficient hardware
implementation to the digital circuit multiplying two
numbers. Basically it involves the reduction of partial
products using two levels of half adders and full adders.
While making a Wallace tree design one must be aware
that one particular half adder or full adder can take in wires
of the same weight. In this paper we have used Wallace
tree 4 bit and 8 bit multiplier.

I11. 4:2 COMPRESSOR

The 4:2 compressor design reduces the complexity of the
Wallace tree structure for multiplication [1]. A 4:2
compressor has four inputs and two outputs i.e. the sum
and the carry apart from a carry in (cin) and carry out
(cout) [5,6,8,9,17,20]. Cin is the cout of the previous
compressor and cout becomes the cin of the next
compressor. The block structure for a 4:2 compressor can
be realized as shown in fig 1.

four inputs

R,

4:2 compressor

i

carry sum

cout =——| ~=— cin

Fig.1 4:2 compressor
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The standard governing equation for a 4:2
compressor can be considered as follows:

a0+al+a2+a3+ad+cin = sum+2*( carry + cout)

The 4:2 compressor design has been
implemented using following methods:

1. conventional method using two full adders as
shown in fig 2.

2. using XOR-XNOR and modified MUX 1i.e.
MUX* as shown in fig 3,4,5 [9].

Out of these methods the usage of 2 full adders is
considered to be the standard design for a 4:2
compressor.

Fig 2 shows the conventional 4:2 compressor
using two full adders. The first full adder has
three inputs a0, al ,a2 and its sum becomes one
of the three inputs of the second full adder with
cin and a4 being the other two inputs. Outputs of
the second full adder become the outputs sum
and carry of the 4:2 compressor and carry of the
first full adder becomes the cout of the
compressor.

a0 al a2 a3

R

full adder
—— cin
cout full adder
carry sum

Fig.2 Conventional 4:2 compressor
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Fig. 3 Modified MUX
a b
XOor - Xnor

K

XOR XNOR

Fig. 4 XOR-XNOR gate

Fig 3 and fig 4 show the methods used for
designing of MUX* and XOR-XNOR gates.
MUX* has one output more than the normal
MUX which is the complement of the usual
output of the conventional MUX gate. XOR-
XNOR gives the output of XOR and XNOR
operations in one block itself thus reducing the
delay. The use of more number of transistors
trades off the delay with area and power
consumption [9].

Fig 5 shows the modified compressor design
using the proposed XOR-XNOR and MUX*
method.

In the modified design [9] which had 72
transistors further optimization was done by
removing unnecessary not gates and reducedthe
number of transistors to 66, thus further reducing
the delay.
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Fig. 5 Modified 4:2 compressor

The outputs of the modified architecture are e ol
given by the following equations [9]: g ol

sum= (a0@al).(a2pa3) +(a0Pal).(a2a3).cin

+ (a0Pal).(a2Pal3)+(a0Pal).(a2pa3).cin

cout= (a0Pal).a2+(a0Ppal).a0

carry= (a0@alda2da3).cin+

(a0paldp2dpal).a3

Figb shows the Register Transfer Level
schematic of 4:2 compressor created using
Xilinx ISE RTL schematic.
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Fig. 6 RTL schematic of 4:2 compressor
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Fig. 7 Showing the transistor level schematic of a full adder
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IV. IMPLEMENTATION OF COMPRESSOR IN
MULTIPLIERS

First all the eight inputs are fed as input to the AND gates
which form sixteen products as shown in the fig 8 and form
a tree like structure. Then these inputs are further fed to
half adders, full adders and compressors to reduce the
partial products [22].

a3a2alad x bh3h2hlho

23b3 /a2b3|a1h3||a0h3|a0b2 [a0b2 a0b0
a3h2/|a2b2|lalh2|alblalb

a3b1|(a2b1|a2h0 e

8300 adder

010 0 0 full
0 adder

000 0 0 00 O 4

tmp

7 p6 p> ph p3 p2 pl o

Fig. 8 Reduction of partial products

In case of conventional 4 bit Wallace tree multipliers only
adders are used which can take a maximum of three inputs
whereas a 4:2 compressor which takes 4 inputs at a time
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V. SIMULATION AND RESULTS

The functionality of the compressors was verified using
Xilinx Design Suite 12.3 in gate level using Verilog
module and Verilog test bench. Apart from this, transistor
level analysis was done using cadence virtuoso from which
we could determine the propagation delay, propagation
delay product

and the power consumption.Propagation delay product is
the product of the time delay and power consumed.

Table 1 shows the performance comparison of the modified
and the conventional 4:2 compressor used. Table 2 shows
the propagation delay of the various multipliers simulated
using data flow Verilog modeling in Xilinx ISE Design
Suite 12.3. Transistor level analysis of 4 bit Wallace tree
and 8 bit Wallace tree multipliers with and without
compressor was done in Cadence Virtuoso. Length and
Width of transistors used was 250nm and 1.5um
respectively with an input voltage i.e. VVdd of 5v. Table 3
shows the results of the transistor level analysis.

Table 1Performance comparison between the conventional and modified
4:2 compressor.

4:2 compressor Propagation Power(mw) PDP(propagati
delay (ns) on delay
product) (10
" joule-sec)
Conventional 0.205 4.04 0.08
Modified 0.008 6.7 0.005

Table 2Propagation Delay found using XilinxISE Design Suite 12.3 for
various multipliers

reduces the usage of adders comprehensively. Sno Multiplier Delay(ns)

Same methodology is used to reduce 8 bit Wallace

multipliers with the cout of the compressors becoming the

. . 1 4x4 wallace tree 14.306

cin of the corresponding compressors.
2 4x4 using 2 full adders 13.987
4 4x4 using modified MUX 13.563
5 8x8 wallace tree 30.479
6 8x8 using conventional 4:2 23.648
7 8x8 using modified 4:2 22.976
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Table 3Cadence virtuoso results 14.5%. There was also a 34.7% decrease in propagation
Wallace tree Propagatio Power(mw) PDP(propagatio delay product in case of modified design whereas there was
Multiplier type n delay n delay product) 31.8% decrease in conventional one.
(ns) (10™ joule-sec) Similarly in 8 bit multiplier the use of modified 4:2
compressor reduced the delay by 42% and propagation
delay product by 47% whereas the conventional 4:2
T I8 765 TTa compressor reduced the delay and propagation delay
' ' ' product by 20% and 38% respectively.
Thus these results prove that the modified 4:2
4x4 using 0.3531 22.029 0.778 compressor deign has a better performance than the
conventional 4:2 conventional design.
compressor
4x4 using modified 0.255 25.400 0.745
4:2 cor?\pressor CONCLUSION
8x8 0.5546 1595 8.845 On our analysis of the circuits we observed that by
modifying the Wallace tree multiplier using compressors
8x8 using 0.4451 12357 5.500 we get a smaller critical path resulting in higher processing
conventional 4:2 speed. The use of 4:2 compressors results in lesser
compressor requirement of adders and hence reduces the complexity of
i _ the circuit and minimizes the time delay. The proposed
8x8 using modified 0.321 141 4713 modified design of 4:2 compressor reduces the propagation
4:2 compressor delay further and thus makes the Wallace tree multiplier
faster. Though there is a slight increase in the power

consumption but the subsequent decrease in power delay
product nullifies the power effect. These combinations of
results make the new compressor an efficient option for
using in high speed multiplier designs.

Transistor level analysis in table 3 shows that in case of 4
bit multipliers there is a reduction in delay by 38.2% using
the modified 4:2 compressor an improvement from
conventional 4:2 compressor which reduced the delay by

9 -

8 _

7 .

6 .

5 _

4 - .

H Conventional

37 ® Modified
2 .

1 .

O EEEE—— | T

Propagation delay (ns) Power(mw) PDP(propagation delay
product) (107 -13 joule-
sec)

Graph 1a Performance comparison between the conventional and the modified 4:2 compressor on the basis of propagation
delay, power consumed and propagation delay product.
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Graph 1b Variation in the propagation delay in the multipliers used.
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Graph 1d  Variation in the propagation delay product of the multipliers used.
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