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Abstract— Design of High Performance 4:2 Compressor
Based Multiplier is proposed, In new technology of VLSI
and communication, there is a vast demand of designing
high processing speed and low area. Using multiplier unit
design the integral part of processor can be form, Due to this
high speed multiplier architectures become the need of the
day. In this project, introduces compressor based multiplier
architecture based on 4:2 compressor design. In addition to
that by using Vedic mathematics high speed multiplication
operation and low area design can be achieve. By
minimizing the number of half adders used in a multiplier
will reduces the complexity of the system.
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. INTRODUCTION

Digital signal processing have to perform operations like
frequency domain filtering (FIR, 1IR) and frequency
transformation. Multiplication is an essential hardware
component for this opration. Performance of the multiplier
is hart of element in determining the performance of the
entire system. In this system the multiplier is the slowest
and most time consuming element. Thus the optimization of
the multiplier speed and area is a major challenge for the
system designers. This challenge and drawbacks can be
successfully overcome by the use of compressor based
multiplier.

The proposed multiplier incorporate a compressor
based technique to increase the speed of Vedic mathematics
based Multiplier by changing Full adder and Half adder and
using Compressor. Compressor can add more than three bits
at a time and computes the operation with fewer numbers of
gates and has higher speed as compared to full adder.
Since the compressor uses few gates so area of
compressor reduces in comparison to equivalent full adder
circuit. Area optimization, less power consumption and
performance of Multiplier is themain domain of concern in
the field of VLSI Design . The speed of processor depends
on the performance of Multiplier.

Il. VEDIC MATHEMATICS

Swami Bharati Krishna Tirthaji (1884-1960), rediscovered
aset of 16 Sutras (aphorisms) and 13 Sub - Sutras
(corollaries) from the Atharva Veda. He developed unique
methods and techniques for amplifying the principles
contained in the sutras and their sub-sutras, and coined the
term Vedic Mathematics. The Sutras apply to and cover
almost all operations in Mathematics. Even we can apply to
get the solution for large number of mathematical
operations. Benefits of the Sutras saves a lot of time and
effort in solving the problems. In Vedic mathematics, two
sutras are dedicatedly used for multiplication functions. One
is Nikhilam Navatascaramam Dasatah sutra and other is
Urdhva — Tiryagbhyam sutra. Our focus is only on the

Urdhva - tiryagbhyam sutra as in the Nikhilam
Navatascaramam Dasatah sutra, multiplier and multiplicand
both are required to be nearer to bases of 10, 100,1000 that
is increased powers of 10. The sixteen sutras of Vedic

mathematics and their meaning are listed in Table 1 [11].

Ekadhikena Purvena By one
more than the

Ekadhikena Purvena By
one more than the

Nikhilam Navatascaramam
Dasatah

All from 9 and last from 10
(Multiplication)

Urdhva — Tiryagbhyam

Vertically and crosswise
(Multiplication)

Parvartya Yojayet

Transpose and adjust
(Division of polynomial
equation)

Sunyam Samyasamuccaye

When the sum is the same
that sum is zero

(Anurupye) Sunyamanyat

If one is in ratio, the other
is zero

Sankalana yavakalanabhyam

By addition and by
subtraction

By the completion or non-

Puranapuranabhyam completion

Whatever the extent of its
Yavadunam .
deficiency
Vyastisamastih Part and Whole
Sesanyankena The remainders by the last
Caramena digit

Sopantyadvayamantyam The ultimate a_md twice the

penultimate

By one less than the

Ekanyunena Purvena .
previous one

The product of the sum is
equal to the sum of the
product

Gunitasamuccayah

The factors of the sum is
equal to the sum of the
factors

Gunakasamuccayah

Table 1. Sixteen sutras of Vedic mathematics [11].

A. Urdhwa Tiryakbhyam Sutra

Vedic Mathematics can be divided into 16 different sutras to
perform mathematical calculations. Among these the
Urdhwa Tiryakbhyam Sutra is one of the most highly
preferred algorithms for performing multiplication. The
algorithm is competent enough to be employed for the
multiplication of integers as well as binary numbers. The
term "Urdhwa Tiryakbhyam” originated from 2 Sanskrit
words Urdhwa and Tiryakbhyam which mean “vertically”
and “crosswise” respectively [1]. The main advantage of
utilizing this algorithm in comparison with the existing
multiplication techniques, is the fact that it utilizes only
logical “AND” operations, half adders and full adders to
complete the multiplication operation and saving a lot of
processing time.[2]
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The important steps in Urdhwa Tiryagbhyam sutra are:

— Step 1: Start form right and multiply vertically from
right only

—  Step 2: Multiply cross only bit by bit from right to left
and them along with carry form previous step

— Step 3: Finally multiply vertically from left only and

add the previous carry
STEP 1 STEP2 STEP3
4 3 3 4 3
[ 4>< |
6 8 6 8 6 8

1_8
S 2
2 4 <
'S ¥ -4

Fig. 1: Multiplication Of Two Decimal Numbers
Urdhawa Tirayakbhyam Sutra
The line diagram for multiplying two 4 bit numbers say
a3a2ala0 (multiplicand) and b3b2b1b0 (multiplier) using
Urdhwa Tiryakbyam method-is shown-in figure2.

ajalalal ajalalal ajalalal
b3 b2 bl b0 b3 b2 bl bl b3b2 bl b0
ajalalal ajalalal ajalalal
b3 b2 bl b0 b3 b2 bl bl b3b2 bl b0
ajalalal
b3 b2 bl b0

Fig. 2: Line diagram for 4X4 bit Urdhwa Tiryakbyam
method of Multiplication [13]

The equations (1) to (8) representing the line diagram are as
below,

PO =a0b0 (1)

C1 P1=alb0+a0bl (2)

C2 P2 = a2b0+albl+a0b2+C1 (3)

C3 P3 = a3b0+a2bl+alb2+a0b3+C2 (4)

C4 P4 = a3bl+a2b2+alb3+C3 (5)

C5 P5 = a3b2+a2b3+C4 (6)

C6 P6 = a3b3+C5(7)

P7 =C6 (8)

P= P7P6P5P4P3P2P1P0 being the final product.
These equations are implemented using number of Half
adders and Full adders in conventional Vedic multiplier.
But, from equations (1) to (8), it is clear that few equations
require more than 3 bits to be added at the same time to
generate partial products, which is not possible by full
adder. This idea invents a new kind of hardware architecture
which can add more than 3 bits at a time also with increased
efficiency in terms of speed.[13]

B. Performance Comparison Of Different Multipliers With
Vedic Multiplier

Vedic
Multiplier
Array Wallace Booth (L_erhwa
. Tree X Tiryagbh
Multipl S~ | Multipl
Parameter : Multiplie - yam
ier ier L
r Multiplier
)
Operating . . .
Speed Less High Higher Highest
Delay More Less Less Very Less
Power Consum | Consume | Consum | Consume
Consumpti | e more more e Less Less
on power power power power
Greater | Medium Minimum
Area Area Minimu Area
Area (many | (computat (Least
: m Area
adders | ion stages number of
used) reduced) adders)
Structure Regular | Irregular Irre?ula Regular
Less
Less More More Complex
Complexity | Comple Comple (Least
Complex
X X number of
adders)
Logic Less than Increase Reduced
g More Array to great
Levels S
structure extent
Unsigne | Unsigned | Unsigne .
Types of dand and d and Un5|_gned
operand - . . and signed
signed signed signed
ImFIF;an':\nta SR - Efl\;li?:isetzn M
ption cy Less | Efficient ¢ Efficient

Table 2. Performance comparison of different multipliers
with Vedic Multiplier [13]

I11. COMPRESSOR TREE

A. Compressor 4:2

The 4:2 compressor has 4 input bits and produces 2 sum
output bits (out0 and outl ), it also has a carry-in (cin) and a
carry-out (cout) bit (thus, the total nhumber of input/output
bits are 5 and 3); All input bits, including cin, have rank
0;the two output bits have ranks 0 and 1 respectively, while
cout has rank 1 as well. Thus, the output of the 4:2
compressor is a redundant number; for example, outl = 0
and cout = 1 is equivalent to outl = 1 and cout = 0 in all

cases[1].
& B i i
" Cout < Cin

1

Carry Sum
Fig. 6: Basic diagram of Compressor 4:2
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Fig. 7: Logical Diagram of 4:2 Compressor [3]
Equations :-
Sum = W2 xor Cin
Carry = (W2 and Cin) Or (Not W2 And In3)
Cout = (W0 And In2) Or (Not WO And In0)

IV. RIPLLE CARRY ADDER

Arithmetic  operations  like  addition,  subtraction,
multiplication,  division are basic. operations to be
implemented in digital computers using basic gates likr
AND;-OR,-NOR; -NAND-etc.- Among all the arithmetic
operations if we can implement addition then it is easy to
perform multiplication (by repeated addition), subtraction
(by negating one operand) or division (repeated subtraction).
Half Adders can be used to add two one bit binary numbers.
It is also possible to create a logical circuit using multiple
full adders to add N-bit binary numbers. Each full adder
inputs a Cin, which is the Cout of the previous adder. This
kind of adder is a Ripple Carry Adder, since each carry bit
"ripples” to the next full adder. The first (and only the first)
full adder may be replaced by a half adder.

B3 A3 B2 A2 B1 Al T‘ AD
B A B A B A B A
1 u i co
fa Cin fa  Cin Fa Cin Fo Cinp=10
Cout 5 Cout 5 Cout % Cout §
3 o2 ‘ cl
G 3 a2 51 50

Fig. 8: 4 Bitripple carry adder

The layout of ripple carry adder is simple, which allows for
fast design time however, the ripple carry adder is relatively
slow, since each full adder must wait for the carry bit to be
calculated from the previous full adder. The gate delay can
easily be calculated by inspection of the full adder circuit.
Each full adder requires three levels of logic in a 32-bit
[ripple carry] adder, there are 32 full adders, so the critical
path (worst case) delay is 31 * 2(for carry propagation) +
3(for sum) = 65 gate delays [4].

CIN o

D oe

couT

Fig. 9: Logical diagram of Ripple carry adder

V. CONCLUSION

Design of High Performance 4:2 Compressor Based
Multiplier is proposed offers high performance multiplier
based on compressor, Improve the Speed of multiplication
and addition such as Vedic multiplier, reconfigurable
multiplier comparison with other existing multiplier it can
be concluded that proposes multiplier is best in speed of
multiplier.

ACKNOWLEDGEMENT

I would like to express my sincere gratitude to my guide
Asst. Prof. Miss.R.W. Jasutkar for the continuous support
of my Paper related research, for his patience, motivation,
and immense knowledge. Her guidance helped me in all the
time of research and writing of this paper. | could not have
imagined having a better advisor and mentor for my Project
study.

REFERENCES

[1] Rajasekhar and Dr.T.Shanmuganantham “ A
Modified Novel Compressor based Urdhwa
Tiryakbhyam  Multiplier” 2014 International
Conference on Computer Communication and
Informatics (ICCCI — 2014), Jan. 03 — 05, 2014,
Coimbatore, INDIA

[2] B. Barul,  Deepak Kurmi  “High Speed 16 Bit
Digital Multiplier Architecture  Using Urdhwa
Tiryakbhyam and Compressors” International
Journal of Advanced Research in
Electrical Electronics  and Instrumentation
Engineering vol. 4, Issue 3, March 2015

[3] Riya Garg, Suman Nehra, B. P. Singh “Low Power 4-
2 Compressor for Arithmetic Circuits”International
Journal  of Recent Technology and Engineering
(IJRTE) ISSN: 2277-3878, Volume-2, Issue-1, March
2013

[4] http://csel0-iitkgp.virtual labs.ac.in/rca_design.html

[5] G. Eason, B. Noble, and IN. Sneddon, “On certain
integrals of Lipschitz-Hankel type involving products
of Bessel functions,” Phil. Trans. Roy. Soc. London,
vol. A247, pp. 529-551, April 1955.

[6] I.S. Jacobs and C.P. Bean, “Fine particles, thin films
and exchange anisotropy,” in Magnetism, vol. III, G.T.
Rado and H. Suhl, Eds. New York: Academic, 1963,
pp. 271-350.

[7] J. Clerk Maxwell, A Treatise on Electricity and
Magnetism, 3rd ed., vol.2. Oxford: Clarendon, 1892,
pp.68-73

[8] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa,
“Electron spectroscopy studies on magneto-optical

All rights reserved by www.ijsrd.com 862


http://cse10-iitkgp.virtual/

Design of High Performance 4:2 Compressor Based Multiplier
(IJSRD/Vol. 3/1ssue 12/2015/224)

media and plastic substrate interface,” IEEE Transl. J.
Magn. Japan, vol. 2, pp. 740-741, August 1987
[Digests 9" Annual Conf. Magnetics Japan, p. 301,
1982]

[9] P. Harish Kumarl S.Krithiga “ Novel High Speed
Vedic Maths ultiplier”IJSRD - International Journal for
Scientific Research & Development| Vol. 3, Issue 02,
2015 | ISSN (online): 2321-061

[10]Hsiao, Shen -Fu, Ming-Roun Jiang, and Jia - Sien
Yeh, "Design of High speed low- power 3-2 counter
and 4-2 compressor for fast Multipliers,” IEEE
Electronics Letters, vol. 34, no.4, pp. 341-343, Feb.
1998

[11] S.P.Pohokar, R.S.Sisal, K.M.Gaikwad, M.M.Patil,
Rushikesh Borse “Design and Implementation of 16 X
16 Multiplier Using Vedic = Mathematics” 2015
International Conference on Industrial Instrumentation
and Control (ICIC) College of Engineering Pune,
India. May,28-30,2015

[12] Anju “ Performance Comparison of Vedic Multiplier
and Booth Multiplier” International Journal of
Engineering and Advanced Technology (IJEAT)
ISSN: 2249 — 8958, Volume-2, Issue-5, June 2013

[13]Amruta Inglel , Dr. Shruti Oza2 FPGA
Implementation of Novel HighSpeed Vedic Multiplier
International Journal of Advanced Research in
Electrical, Electronics and Instrumentation
Engineering.

All rights reserved by www.ijsrd.com 863



