© 2022 JETIR September 2022, Volume 9, Issue 9

www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNDLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

IMPLEMENTATION OF HIGH-SPEED
WALLACE TREE MULTIPLIER USING
PARALLEL PREFIX ADDERS

ID.Sivakumar, °K.Dhanumjaya
PG Scholar, 2Professor,Dept. of E.C.E
L2audisankara College of Engineering and Technology(Autonomous), Gudur,
SPSR Nellore(dt.) A.P

ABSTRACT:

The design of high-performance adders has
experienced a renewed interest in the last few
years, among high performance schemes,
parallel prefix adders constitute an important
class. They require a logarithmic number of
stages and are typically realized using AND-
Orl ogic, moreover with the emergence of
new device technologies based on majority
logic, new and improved adder designs are
possible. However, the best existing majority
gate-based prefix adder incurs
adelayof2log2(n-1) (due to the nth carry);
this is only marginally better than a design
using only AND-OR gates (the latter design
has a 2log2(n-1) gate delay). This initially
shows that delay is caused by the output
carry equation in majority gate-based adders
that is still largely defined in terms of AND-
OR gates. In this, two new majority gate-
based recursive techniques are proposed.
The first technique is based on a novel
formulation of the majority gate-based
equations in the employed group generate
and group propagate hardware, which results
in a new definition for the output carry,
resulting in a reduction in latency. The
second contribution of this publication
reduces the circuit complexity of prefix
adder designs by utilising the recursive
features of majority gates (via a novel
operator). Overall, the proposed

methodologies result in the determination of
an n-bit adder's output carry with just a log2
majority gate delay (n- 1).

I.LINTRODUCTION

The design of high-performance multi-bit
adders has been an active research topic for
many years, schemes have been developed
with the predominant goal of reducing the
worst-case delay under a possible CMOS
implementation. Existing multi-bit adders
reduce the worst-case delay based on
strategies such as unrolling the carry
recurrence, and calculating the results prior
to each possible carry input. Based on these
strategies, several high-performance designs
have been proposed in the literature. Among
them, prefix adders constitute an important
class, because they yield high-performance
at a relatively small fan-out and hardware
requirements. Prefix adders have been
extensively used specially on critical paths
due to a compact yet fast implementation.
Traditional prefix addition (as well as other
schemes, such as carry look ahead) are based
on generate and propagate signals derived
using AND-OR logic. An n-bit prefix adder
requires only O(log2(n)) stages for the
calculation of the delay. In terms of AND-
OR ogates, the Kogge-Stone and Ladner-
Fischer adders incur a delay of (2log2(n-1)
gates. Alternatives to AND-OR logic have
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also been considered for arithmetic circuit
designs. In particular, majority logic has
been of, interest fromtheearlyl960s. The
realization of a one-bit adder using three
majority gates and two inverters hasbeen
proposed as well as techniques based on
decomposition and  rearrangement to
majority  element-based  synthesis  of
networks with limited fan-in components. It
has presented a geometric method that
utilizes Veitch diagrams for synthesis using
I-input majority gates fora variety of n-
argument switching functions. An approach
based on Logically Passive Self-Dual
(LPSD) has been presented in an extension
to this work has been presented in interest in
majority logic has been revived recently in
the context of digital design for several
emerging nanotechnologies (such as domain
wall nano magnets , resonant tunnelling
diodes and quantum dot cellular automata
(QCA) . A few multi-bit adder designs in
QCA have been reported. However, the best
existing majority gate-based n-bit adder
design still incurs a delay of 2log2(n)-1 for
the nth carry, so only slightly better than
using merely AND-ORgates. A close
examination of this design reveals the cause
for this limitation, i.e., the AND-ORlogic has
been primarily used to derive the majority
gate-based designs. The goal of this project
is to first redefine the output carry of an n-bit
adder in terms of only majority gates for
delay reduction; the proposed formulations
are useful for parallel adders not for
synthesizing general majority gate circuits.
This project provides two contributions to
adder design using majority logic by which
new  majority  gate-based  recursive
techniques are proposed. The first
contribution is based on a new definition for
the majority gate equations of the group
generate and group propagate signals, such
that the output carry is generated at a reduced
delay. The second contribution is based
nonoperator that exploits novel recursive
properties of majority logic to achieve saving
in circuit complexity (as given by the number
of majority gates required in a design) for
prefix adders. Overall, the proposed
formulation results in calculating the output
carry of an n-bit adder with a reduced
majority gate delay of log2(n -1). Moreover,

the proposed approach leads to a reduction of
40 percent in normalized delay and 30
percent in circuit complexity (in terms of
required majority gates) for multi-bit
addition compared to the best existing
design.

ILEXISTING MULTIPLIER:

A multiplier is an important building piece in
the construction of digital systems. Several
algorithms ~ for  implementing  rapid
multipliers have been documented in the
literature. Another approach for creating an
efficient multiplier is to use the VEDIC
multiplication algorithm. The VEDIC
multiplier is discussed in this paper. In
VEDIC mathematics, there are three ways to
implement multiplication. Only one way is
generic and may be applied to all cases,
while the other two are for specific cases.
Urdhva Triyakbhyam is the main algorithm
of Vedic multiplication. It is a generic
multiplication formula that applies to all
multiplication situations. The VEDIC
multiplier is an excellent alternative to
existing rapid multiplicative technigues.
When compared to other techniques, VEDIC
multipliers reduce both hardware and delay.
Figure 1 depicts a 2-bit multiplier.
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Figure 1: VEDIC multiplier for 2-bit data
width

Drawbacks of Vedic multipliers are
1. Consuming more power.
2. Large delay.

3. Required more area to design.

II.TRADITIONAL WALLACE TREE
MULTIPLIER

Most extensively used multiplier design in
many processors and memory units is

JETIR2209181 ‘ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ‘ b663


http://www.jetir.org/

© 2022 JETIR September 2022, Volume 9, Issue 9

www.jetir.org (ISSN-2349-5162)

Wallace tree structure [4]. The Wallace tree
multiplication process majorly has two
phases. In phase 1, the input numbers are
applied to AND gate to produce partial
products. These partial products are added in
step-by-step process by using half and full
adders in phase 2 to obtain final product
output. In detailed multiplication process of
Wallace tree multiplier is explained through
Fig.1 for input size of 4-bits. The phase 1
comprises of generation of partial products
through multiplying every bit of given input
numbers with each other. Four rows of
partial products are generated as the size of
input is 4- bits. The phase 2 comprises of
many sub phases of addition of the partial
products obtained in phase. The addition
operation is carried out using half and full
adders. Initially in phase 2, the addition
operation is performed on first three rows of
partial products generated in phase 1 which
generates result of two rows having sum
terms in first row and carry terms in second
row. Then, the last row of partial products of
phase 1 result is added with the sum and
carry row which again result two rows
comprising of one sum row and one carry
row. To acquire final product, the sum and
carry row are added. The addition process is
very important in the multiplication process.
Carry must be propagated quickly to perform
fast addition. [8] designed a Wallace tree
multiplier with a Carry select adder.
However, the carry propagation delay is
greater in this existing methodology, which
is the major disadvantage. To overcome this
limitation, parallel prefix adders are used in
place of half and full adders in the final stage
of addition in phase 2 of this multiplier. The
main motivation for this proposed design is
to achieve Wallace tree multiplier
architecture at a faster rate than existing
designs.

IV.PROPOSED
MULTIPLIER

WALLACE TREE

A. Parallel Prefix adders:

In this paper, Wallace tree multiplier
structure is modified by using parallel prefix
adders to add partial products in final phase
addition process to obtain final product. The
reason behind to use PPA in place of full

adders is to improve the speed of operation.
In PPA, the carry input for the next bits is
generated at a time with the help of parallel
prefix carry tree which consists of black cells
and grey cells. There are many types of PPAs
are present whose basic design idea is
originated from carry look ahead adder. The
PPA consists of three main blocks as shown
in fig 2.

In first block which is also called as pre-
processing  block, propagate(Pi) and
generate(Gi)signals are generated by

Propagate and generate signal generation block

F

Parallel carry generation tree

Y

Sum generation block

Fig. 2. Parallel prefix adder block diagram
V.COMPARISON TABLE:

S.No ADDERS Area (No. Time Power(W) Speed
of LUT?s) |  delay(ns)

Kogge Stone 23 11.059 0.203 4.68

Sklansky 17 12.134 0.203 3.80

Brent Kung 22 10.465 0.203 5.03

Ladner Fischer 16 9.900 0.203 4.07

w| o= o= s -

Han Carlson 23 11.059 0.203 4.68

As shown in the above table total five
multipliers were designed by using different
adders i.e., kogge Stone Adder, Sklansky
Adder, Brent Kung Adder, Ladner Fischer
Adder and Han Carlson the proposed
multipliers using PPAs are synthesized using
Xilinx XST synthesizer. The synthesis report
consists of area details in terms of number of
LUTSs occupied and delay in terms of nano
seconds. From table it can be seen that
Wallace tree multiplier using Ladner Fischer
adder is having least delay and low number
of LUTs occupied when compared to other
structures.
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VI.SIMULATION RESULTS

Kogge Stone Adder Simulation:

Fig 3: Simulated And Synthesized Result of
kogge-stone adder

Sklansky adder Simulation:

Fig 4: Simulated And Synthesized Result of
Sklansky adder

Brent Kung Adder :

Fig 5 : Simulated And Synthesized Result of
Brent Kung Adder

Ladner Fischer Simulation :

Fig 6 : Simulated And Synthesized Result of
Ladner Fischer Adder

VII.CONCLUSION

A new majority gate-based approach for high
performance adder design has been
presented. The two contributions of this
manuscript (the formulation of the carry
output and the recursive prefix operator for
majority logic) have resulted in a reduction
in circuit complexity (as requiring a lower
number of majority gates in an adder design)
as well as lower propagation delay for the
leading carry. The proposed strategy has
been applied to various prefix adders
including the Kogge-Stone, Ladner-Fischer
and Brent-Kung adders. Itis observed that
these new results achieve a reduction in
delay of at least [log2n] over the bestexisting
majority gate-based adders found in the
technical literature. Specifically, reductions
of 40 percent in delay and 30 percent in
circuit complexity (in terms of the number
of majority gates) has been accomplished for
multibit adder schemes. As shown in Table,
Is(n) remains constant and for very large
values of n, Ic(n) and the normalized delay
d(n) show considerable reductions, for
example a nearly 50 percent for d(n) for the
three prefix adders considered in this
manuscript. Current research deals with the
applications of these findings to emerging
technologies and in particular, the
implications on different  applications
requiring fast arithmetic processing.
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