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Abstract

A multiplier is one of the key hardware blocksniost digital and high performance systems sudhlBs
filters, digital signal processors and microprooes®tc. With advances in technology, many reseaschave tried
and are trying to design multipliers which offether of the following- high speed, low power congtion,
regularity of layout and hence less area or evenbimation of them in multiplier. Thus making themitable for
various high speed, low power, and compact VLSIlémentations. However area and speed are two congi
constraints. So improving speed results alwaysiigdr areas. So here we try to find out the basktioff solution
among the both of them.

Generally as we know multiplication goes in thimesic steps. Partial product generation, reduciuch
final stage is addition. Hence in this paper weehfst tried to design different adders and corapheir speed and
complexity of circuit i.e. the area occupied. Amert we have designed Wallace tree multiplier tt@lowed by
Conventional, proposed Wallace multipliers and hewmpared the speed and Power consumption in batiem.
While comparing the adders we found out that Rigpdery Adder had a smaller area while having lespeed, in
contrast to which sklansky Adders are high speatdplbsses a larger area. After designing and cdmpahe
adders we turned to multipliers. Initially we weot Parallel Multiplier and then Wallace Tree Mglter. In the
mean time we learned that delay amount was coraitiereduced when sklansky adder were used in \d&llaee

applications.

Keywords:

Introduction
Risc Processors

The trend in the past shows the RISC processors
clearly outsmarting the earlier CISC processor
architectures. The reasons have been the advantages
such as simplicity, flexibility. paves for highefock
speed, by eliminating the need for microprogramming
through fixed instruction format and hardwired coht
logic. The combined advantages of high speed, low
power, area efficient and operation-specific design
possibilities have made the RISC processor unilersa
The main feature of the RISC processor is its gbib
support single cycle operation, meaning that the
instruction is fetched from the instruction memaitythe
maximum speed from the memory.

RISC processors are designed to achieve this
by pipelining, where there is a possibility of ktaj of
clock cycles due to wrong instruction fetch whemgu
type instructions are encountered. This reduces the
efficiency of the processors. This paper descrébBsSC
architecture in which, single cycle operation igaited
without using a pipelined design. It averts possibl
stalling of clock cycles in effect. The developmerit
CMOS technology provides very high density and high
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performance integrated circuits. The performance
provided by the existing devices has created arneve
ending greed for increasingly better performingides.

This predicts the use of a whole RISC processoa as
basic device by the year 2020. However, as theityenis

IC increases, the power consumption becomes a major
threatening issue along with the complexity of the
circuits.

Basic Multipliers

The growing market for fast floating-point co-
processors, digital signal processing chips, amglycs
processors has created a demand for highspeed, area
efficient multipliers. Current architectures rangem
small, low-performance shift and add multipliers, t
large, high-performance array and tree multipliers.
Conventional linear array multipliers achieve high
performance in a regular structure, but requiregdar
amounts of silicon. Tree structures achieve evedri
performance than linear arrays but the tree
interconnection is more complex and less regular,
making them even larger than linear arrays. |dealhe
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would want the speed benefits of a tree structtire,
regularity of an array multiplier, and the smaltesiof a
shift and add multiplier.

This thesis presents a new tree multiplier
architecture which is smaller and faster than lirevaay
multipliers, and more regular than traditional riplier
trees. At the heart of the architecture is a neee tr
structure, the 4-2 tree. The regular structurehef 4-2
tree is the result of using a 4-2 adder as thecliasiding
block. A row of 4-2 adders can be used to reducg fo
inputs to two outputs. In contrast, the carry-sadders
used in Wallace trees reduce three inputs to twpubs.
The 240-1 reduction of the 4-2 adders producesarypi
tree structure which is much more regular than 3x-

2 structure found in Wallace trees. As such, 4e2drare
better suited for VLSI implementations than traatitl
multiplier trees.

Wallace Tree Multipler

Wallace tree reduces the number of partial
products to be added into 2 final intermediate ltgsu
The Wallace tree basically multiplies two unsigned
integers,A Wallace tree is an efficient hardware
implementation of a digital circuit that multipligsvo
integers, devised by an Australian Computer Saénti
Chris in 1964.

The Wallace tree has three steps:
1. Partial Product Generation Stage
2. Partial Product Reduction Stage
3. Partial Product Addition Stage
Partial Product Generation Stage:

Partial product generation is the very first step
in binary multiplier. These are the intermediatents
which are generated based on the value of multiplie
the multiplier bit is ‘0’, then partial product rois also
zero, and if it is ‘1", then the multiplicand ismied as it
is. From the 2nd bit multiplication onwards, eachtial
product row is shifted one unit to the left as shawthe
above mentioned example. In signed multiplicatite
sign bit is also extended to the left. Partial prid
generators for a conventional multiplier consist af
series of logic AND gates as shown in Figure.

X Xs Xs X X Xa X X
PPT PP6 PP5 PP4 PP3 PPz PP1 PPD

Figure3.1: Partial product selection logic for smple
multiplication.
The main operation in the process of
multiplication of two numbers is addition of therpal
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products. Therefore, the performance and speedheof t
multiplier depends on the performance of the addat
forms the core of the multiplier. To achieve higher
performance, the multiplier must be pipelined..

Partial Product Reduction Stage:

The design analysis starts with the analysis of
the elementary algorithm for multiplication by Waade
Tree multiplier. Figure 3.1 shows the algorithm 8sbits
X 8-bits multiplication performs by Wallace Tree
multiplier. There are five stages to go through, to
complete the multiplication process. Each stage séf
adders and full adders that are denoted by thesirekk
for the 1 bit half adder and the blue circle foe th-bit
full adder. Firstly, we have to reduce the pamiadducts
using half adders and full adders that are combiioed
build a carry-save adder (CSA) until there weré ju®
rows of partial products left. Next, we add the aémng
two rows by using a fast carry-propagate adder.tRisr
project, ripple-carry adder (RCA) is used, to drt final
product of the two operands multiplication. Secgniite
schematic of the conventional 8-bits x 8-bits hagleed
Wallace Tree multiplier is design by referring toet
algorithm. Figure 3.2 shows the block diagram foe t
conventional high speed 8-hits x 8-bits Wallace eTre
multiplier. Reduce the number of partial productgwo

by layers of full and half
adders.
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Fig3.2 8*8 Multipication

when the Verilog source code of the multiplier
has been design, we must simulate and check its
functionality. If it is functioning correctly, we otld
proceed to the next step, which is to determine the
maximum speed and time that the multiplier takes to
complete a single multiplication process.

Proposed Wallace Tree Multipler

The proposed architecture aims to reduce the
overall latency. This leads to increased speed and
reduced power consumption. The design makes use of
compressors in place of full adders, and the fozaty
propagate stage is replaced by a Sklansky tree.adde
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Figure depicts the first stage consisting of & ful
adder. In the second stage, two full adders hawmn be
grouped and implemented using a 4:2 compressor.
Similarly, the third stage consists of a 5:2 comspog,
which is a combination of 3 full adders and so lorthis
manner, the individual full adder blocks in thegimal
structure are grouped and implemented using
compressors. The number of interconnections isntake
care of, since they play a vital role in the flofvaarry
from one stage to the next in the tree.

we can see that the longest delay path of our
design is the one consisting of two 5:2 compressors
which produces a reduced latency of 8 (four per
compressor) only. The use of the Sklansky addehén
structure further results in a reduced latency ofith a
latency of 1 for the AND array. Hence, this novel
structure brings down the overall latency countlto
Thus, a significant latency reduction of 44.4% thhe
conventional counterpart is realized. The symbolic
arrangement of the proposed structure is depictddg.

13 for elaboration.
Partial Product Generation Stage:

The Wallace tree basically multiplies two
unsigned integers. The Proposed Wallace tree
multiplier  architecture comprises of an AN&ray
for computing the partial products, an adderadding
the partial products so obtained and a sklandklgrin
the final stage of addition.
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Compressorsfor Partial Product Reduction:
In the proposed architecture, partial product
reduction is accomplished by the use of 4:2, 5:2
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compressor structures and the final stage of anidis
performed by a Sklansky adder.

This multiplier architecture comprises of a
partial product generation stage, partial prodadtiction
stage and the final addition stage. The latencyhim
Wallace tree multiplier can be reduced by decregptie
number of adders in the partial products reducsimge.

In the proposed architecture, multi bit compressanes
used for realizing the reduction in the number aftigl
product addition stages. The combined factors @f lo
power, low transistor count and minimum delay makes
the 5:2 and 4:2compressors, the appropriate chdice.
these compressors, the outputs generated at &agh s
are efficiently used by replacing the XOR blockshwi
multiplexer blocks . The select bits to the mubigdrs
are available much ahead of the inputs so thatrikieal
path delay is minimized. The various adder strggtn

the conventional architecture are replaced by
COMpressors.

In high-speed designs, the Wallace tree
construction method is usually used to add theiglart
products in a tree-like fashion in order to prodiwe
rows of partial products that can be added in st |
stage. The Wallace tree is fast since the critjzath
delay is proportional to the logarithm of the numbé
bits in the multiplier. There exist a handful of ysato
construct the Wallace Tree. The prominent method
considers all the bits in each column at a time and
compresses them into two bits (a sum and a carry).

The Wallace tree is constructed by considering
all the bits in each fours row at a time and corsgirgy
them in an appropriate manner. Thus, compressons fo
the essential requirement of high speed multipliéie
speed, area and power consumption of the multiplier
will be in direct proportion to the efficiency ohe
compressors. Thus, in order to satisfy the requergnof
small area low power high throughput circuitrieBist
paper provides novel designs of 4:2 and 5:2 corspres
with  minimum number of transistors. The proposed
designs are highly efficient in terms of small atea
power.

4-2 Compressor :

The 4-2 compressor has 4 inputs X1, X2, X3
and X4 and 2 outputs Sum and Carry along with ayCar
in (Cin) and a Carry-out (Cout) as shown in Figrhe
input Cin is the output from the previous lower
significant compressor. The Cout is the output he t
compressor in the next significant stage.
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The standard implementation of the 4-2 compressor isdone
using 2 Full Adder cellsas shown in fig.
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FA | i
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v
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Thusreplfac\:ing some XOR blockswith mul't'iE)IexersreﬂJIts
in a significant improvement in delay below
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The equations gover ning the outputsin the proposed
architecture are shown below

Sum=(x12x2) e 3B x4+ (x1Bx2) o (3D xd) @ Cin +

(x1Dx2) e x3Bxd+(x1Dx2) o (x3Bx4) e Cin
Cout=(x1®x2) 8 3+(x1Ex2) 81
Carr=(x19x2Dx3Dx4) e Cint

(E2E3Dxd) e x4
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5-2 Compressor:

The 5-2 Compressor block has 5 inputsX1,X2,X3,X4,X5
and 2 outputs, Sum and Carry, along with 2 inputyca
bits (Cin1, Cin2) and 2 output carry bits (Coutly€)

as shown in Fig.a. The input carry bits are theotst
from the previous lesser significant compressorciblo
and the output carry are passed on to the nextehigh
significant compressor block.

Cout1 +— [#——Cin1 ==

Cout? +—— fe——Cin2

1 GEn =P COUTI

Xl XOR/ ] MUX- o] MU =] SUM
2 —eplNorR 6 ] 6 » VX —¢
X3 & [ ] A *
N2 T_
X4 =il XOR/ M- - )
X5 plxxorHP 16 To] MUX - CARRY
L
|-
P MUX = coUT2
CIN é > MUX COUT2

In the proposed architecture these outputs arézedil
efficiently by using multiplexers at select stagesthe

circuit. Also additional inverter stages are eliatid.

This in turn contributes to the reduction of delpgwer

consumption and transistor count (area). The egusti
governing the outputs are shown below.

SUM =X1@ X2® X3® X4® X5® CIN ® CIN 2
COUT1=(X1+X2)e X3+ X1e X2
COUT 2=(X4® X5)eCIN +(X4@® X5)e X4
CARRY =((X 1B X2@® X3)® (X 4D XS@ CIN)) » CIN 2 +
((X18 X2® X3)B(X4D X5 CIN)) «(X18 X268 X3)

Sklansky Tree Adder

To design fast adders, binary trees of "BK" cells
will first generate simultaneously all the carrigs The
"Sklansky's adder" builds recursively 2-bit addien 4-
bit adders, 8-bit adders, 16-bit adder and so on by
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abutting each time two smaller adders. The architec
is simple and regular, but suffers from fan-outhpems.
Besides in some cases it is possible to use leiss ¢8lls
with the same addition delay.
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The output bits ;s a Ab Ac. Now aAb ="1"if the
"HA" cell output equals'P'. Thus the "HA" cell
computes @A by and subsequently;is given by one
"XOR" gate. The "BK" cells that output the carrigs
never output the value 'P', consequently they can b
simplified. Those "BK" cells are in yellow.the Bkelt
architecture.

Architecture of Tree

Multiplier
Our proposed architecture aims to reduce the
overall latency. This leads to increased speed and
reduced power consumption. The design makes use of
compressors in place of full adders, and the fozaty
propagate stage is replaced by

Proposed Wallace

The first stage consisting of a full adder. In the

second stage, two full adders have been grouped and

implemented using a 4:2 compressor. Similarly,tte
stage consists of a 5:2 compressor, which is a
combination of 3 full adders and so on. In this mamn
the individual full adder blocks in the originarstture

are grouped and implemented using compressors. The

number of interconnections is taken care of, sithesy
play a vital role in the flow of carry from one géato the
http: // www.ijesrt.com

ISSN: 2277-9655
Impact Factor: 1.852

next in the tree. From Fig. 12, we can see thatahgest
delay path of our design is the one consistingnaf 5:2
compressors, which produces a reduced latency of 8
(four per compressor) only. The use of the Sklansky
adder in the structure further results in a reddagzhcy

of 6 with a latency of 1 for the AND array. Henckis
novel structure brings down the overall latency o

15. Thus, a significant latency reduction of 44.4%n

the conventional counterpart is realized. The syiobo
arrangement of the proposed structure is depictddg.

13 for elaboration.

Result Analysis
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Comparision of Conventional & Proposed Wallace
Tree Multipliers Power Comparision at Different
Frequencies
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Conclusion

In this paper, the implementation and analysis
of a novel Wallace tree architecture is proposede T
latency of existing Wallace tree multiplier whichfound
to be 27 has been reduced to 15.The comparisoft resu
also shows that a significant reduction of power is
achieved. At an operating frequency of 50 MHz &\3.
the power is found to be 1.436mW. It is a real@atof
4.57% of power reduction than the conventional Al
tree multiplier. At 400MHz, the power consumed is
found to be 11.402mW, which is a 6.36% reduction of
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that obtained from the existing architecture. Tasutts
prove that the proposed architecture is more effici
than the conventional one in terms of power congiomp
and latency.

The advantage of high speed becomes an
enhanced feature for multipliers having operand of
greater than 16 bits. For real-time signal procegsa
high speed and throughput Multipliers-Accumulator
(MAC) is always a key to achieve high performance i
the digital signal processing system.
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