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ABSTRACT: In the present generation, VLS systems and their design became so much important in the Electronic
Engineering. As the VLS design is the basis for electronic components, one should optimize the constraints. For good
performance systems, such as digital signal processors and microprocessors, Multiplier is the important hardware block.
In designing VLS systems, the key criteria of interest are high speed, low power, less area, minimal cost. Several
researchers have attempted and are attempting to design multipliers which give either of these, design targets-high
speed, low power consumption, regularity of layout and hence less area as well as combination of these in one
multiplier, thus making them suitable for various compact VLS implementations. Improving speed results always in
larger areas. S0, this paper provides the methods that optimize the area and increases the multiplication process.
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I INTRODUCTION

In the history of digital circuits the major areas of concern in the design of digital circuits were the
parameters like high speed, small areaand low cost. The recent advancementsin Very Large Scale Integration
(VLSI) technology have resulted in high performance, battery operated, system-on-chips (SOC) in the fields
of communication and computing and this has shifted the focus of the designers from traditional constraints
such as area, performance, cost and reliability to power consumption. Low power VLSI circuits have become
significant in energy efficient electronic designs for the high performance and portable devices.

The evolution of personal computing devices and wireless communication systems have made power
dissipation is another critical design parameter. In battery operated system, the amount of energy stored within
the battery is very limited. Therefore, power dissipation is important for portable systems as it defines the
average lifetime of the battery. Without low power design techniques, such applications generally suffer from
very short battery life. Also, packaging and cooling of those devices would be very difficult and this will lead
to unavoidable increase in the cost of the product. The limited power capacity systems had given rise to more
power aware designs by designers. With the advance of VLSI technology, multimedia processing and digital
communication have now realized to either speed up the operation or reduce the power consumption.

. ROLE OF MULTIPLIERS

Multiplication is a fundamental operation in modern electronics. Multiplication based functions such as
Multiply and Accumulate (MAC) and inner product are some freguently employed operations in several
Digital Signal Processing (DSP) applications. The ALU of microprocessors also makes use of multiplication
in most of its common operations. The rapid growth in computer and signal processing applications has
resulted in an increasing demand for high speed processing. Many real time signal and image processing
applications depend on higher throughput arithmetic operations to achieve better performance. One of the key
arithmetic operations in such applications is multiplication and the optimum design for amultiplier circuit has
been a subject of interest over decades.
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Digital multipliers are the core components of high performance systems such as Finite Impulse
Response (FIR) filters, microprocessors and digital signal processors. A system’s performance is generally
determined by the performance of the multiplier because the multiplier is generally the slowest element in the
system and the most area consuming. Hence, optimizing the speed and area of the multiplier isa major design
issue.

Multiplier is the main key structure for designing an energy efficient processor and a multiplier design
decides the efficiency of adigital signal processor. It forms to be one of the basic building blocks of Digital
Signal Processing applications. In many DSP agorithms, the multiplier lies in the critical delay path and
ultimately decides the performance of the algorithm. The speed of the multiplier is of greater importance in
DSP as well as in a genera processor. Thus, multiplier performance is the most critical factor in every
computational system. Due to the importance of digital multipliersin DSP, it has always been an active area
of research. So reducing the power of multipliers will reduce the power of digital signal processors.

. FUNDAMENTALSOF MULTIPLIERS
A simple multiplier contains three parts as shown in figurel:
i) Partia Product Generation
ii) Partial Product Accumulation and
iii) Final Additions.

101010 Multiplic ant
X 1011 Multiplier
101010
101010 Partial
product
0000O00D0

+ 101010

111901 1 110 Result

Fig 1: Structure of a Multiplier

A multiplier essentially consists of two operands, a multiplicand and a multiplier which produces a
product. In the first stage, the multiplier and the multiplicand are multiplied bit by bit to generate the partial
product. The second stage is the most important asit is the most complicated and determines the speed of the
overall multiplier to add these partial products to generate the product.

The simplest way to perform a multiplication is to use a single haf adder. For inputs that are M and N
bits wide the multiplication tasks M cycles using an N-bit adder. This shift-and-add algorithm for
multiplication adds together M partial products. Each partial product is generated by multiplying the
multiplicand with a bit of the multiplier and by shifting the result in the basis of the multiplier bit’s position.
Similar to the familiar long hand decimal multiplication, binary multiplication involves the addition of shifted
versions of the multiplicand based on the value and position of each of the multiplier bits. As a matter of fact,
it is much simpler to perform binary multiplication than decimal multiplication. The value of each digit of a
binary number can only be 0 or 1.Thus, depending on the value of the multiplier bit, the partial products can
only be a copy of the multiplicand or 0. In digital logic thisis simply an AND function.
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Multipliers are in fact complex adder arrays. This is an operation common to a large number of
applications, and the complexity of thisfunction has lead to alarge amount of research directed at speeding up
its execution. Multipliers can be implemented using different algorithms. Depending on the agorithm used,
the performance characteristics of the multipliers vary. In the implementation of digital multipliers binary
adders are an essential component. With the emergence of power as a design consideration, speed is not the
only criterion by which various implementations are judged. Designing multipliers with low power energy
efficient adders minimize the power consumption and delay of the multipliers.

V. SIGNIFICANCE OF LOW POWER MULTIPLIERS

Asthe scale of integration keeps growing, more and more sophisticated signal processing systems are
now being implemented on a VLS| chip. The majority of the signal processing applications not only demand
great computation capacity but also consume considerable amount of energy. Hence, power consumption has
become a critical aspect in today’s VLS| system design. The need for low-power circuits arises from two main
factors:

First, due to high operating frequency and processing capacity per chip, delivering of large currents, heat
emitted due to large power consumption and the need for proper cooling techniques.

Second, due to the limited battery life in portable electronic devices.

Low power design directly leads to prolonged operation time in these portable devices. Multiplication
isafundamental operation in most signal processing algorithms. Multipliers have large area, long latency and
consume considerable power. Therefore, design of low power multipliers play an important role in low power
VLSl system design.

V. NEED FOR RESEARCH IN LOW POWER MULTIPLIERS

Multiplier features as a crucia element of the digital signal processor and in several other applications.
The efficiency of the digital signal processor could be increased only based on the performance of the
multiplier. With innovations in technology severa researchers have attempted and are attempting to design
multipliers which provide either of the following design targets, high speed, low power consumption,
regularity of layout, less area and even mixture of these in a single multiplier. Hence making them ideal for
various high speed, low power and compact VLS| implementation. A multiplier is among the key hardware
blocks in many digital signal processing (DSP) systems. Typical DSP applications where a multiplier plays an
important role include digital filtering, digital communications and spectral analysis.

Many current DSP applications are targeted at portable battery operated systems so the power
dissipation becomes one of the primary design constraints. Since multipliers are rather complex circuits and
must typically operate at a high system clock rate, so reducing the delay of a multiplier is an essentia part of
satisfying the overall design. Moreover Application Specific Integrated Circuits (ASICs) rely on efficient
implementation of the arithmetic circuits required in the execution of the algorithms. Also, the upsurge in the
number of transistor effects in the increase in the complexity of the arithmetic circuits thus leading to more
power consumption.

Consequently, the design of low power multipliers is a necessity for the design and implementation of
efficient power aware devices. This serves as a motivation in the design of low power VLSI circuits. But,
reducing the power consumption and enhancing the circuit design pose challenges in the multiplication and
accumulation. Hence, the need for research on dynamic power reduction and static power reduction in the
design of circuits become evident. Researchers have recognized the importance of designing low power
multipliers. Some research has resulted in low power circuit designs formultipliers. This research has focused
on designing low power multipliers using four such circuit designs.
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VI. METHODS

Multiplication is a lot common operation than addition, and is needed for microprocessors, digita
signal processors and graphics engines. The most basic form of multiplication consists of forming the product
of two unsigned (+) numbers. Many different kinds of multipliers have been proposed with very different
hardware requirements, throughput and power dissipation. These include: serial multipliers, sequential
multipliers, array multipliers and tree multipliers.

Serial multipliers and sequential multipliers are rarely used in today’s high-performance CMOS circuits
because of their poor throughput, athough they are quite power-efficient. Array multipliers and tree
multipliers are two of the most popular kinds of multiplier. The basic principles of array and tree multipliers
are:

Generate partial products,

Add all the partial products together through several rows of carry-save adder (CSAS) using, for example,
3-2 (full) adders or 4-2 adders, finally obtaining one partial sum and one partial carry;

Send the partial sum and partial carry to a multi-bit carry-propagate adder to get the final resullt.

Array multipliers and tree multipliers are fast but expensive in terms of hardware and power
consumption. Iterative structures alow atrade-off between performance and hardware requirement. Pipelining
isusually used in iterative systemsto improve their performance.

There are a number of techniques that can be used to perform multiplication. In genera, the choice is
based up on factors such as latency, throughput, area, and design complexity. An obvious approach is to use
an M+1 — bit carry propagate adder (CPA) to add the first two partial products, then another CPA to add the
third partial product to the running sum, and so forth. Such an approach requires N-1 CPA's and is slow, even
if afast CPA is employed. More efficient parallel approaches use some sort of array or tree of full adders to
sum the partial products.

In early 1950°s, multiplier efficiency was considerably improved with the introduction of booth
multiplier and the growth of faster adders and memory components. Booth's method and the modified booth's
method don’t require a correction of the product when either (or both) of the operands is negative for two's
complement numbers. During the 1950's, adders designs moved away from the slow sequentia formation of
carried executed by ripple carry adders carry look ahead, carry select, and conditional some adders gave
speedy sums through the faster smultaneous or parallel generation of carriers.

In the 1960's two classes of paralel multipliers were described. The first class of parallel multipliers
uses a rectangular array of similar combinational cellsto make and sum the partial product bits. Multipliers of
this kind are called Array multipliers. They have a delay that’s generally proportional to the word length of the
multiplier input. Because of the regularity of their structures, array multipliers are carrying to layout and have
now been applied frequently. The second class of parallel multipliers reduces a matrix of partial product bits
to two words through the strategic application of counters or compressors. Both of these words are then
summed utilizing a fast carry-propagate adder to generate the product. This class of paralle multiplier is
called as Column compression multiplier. Because the delay is proportional to the logarithm of the multiplier,
word length they are aso the fastest multipliers.

In array multiplier, the two simple functions of partial product generation and summation are combined.
For unsigned N by N multiplication, N2+N-1 cells, where N2 contain an AND gate for partia product
generation and a full adder for summing and N-1 cells comprising a full adder, are connected to produce a
multiplier. The array generates N lower product bits directly and uses a Carry-propagate adder, in cases like
thisaripple carry adder, to form the upper N bits of the product.

In order to design an array multiplier for two's complement operands, Booth agorithm could be
employed. The implementation of a booth's algorithm array multiplier computes the partial products by
analyzing two multiplicand bits at a time. Except for enabling usage of two's complement operands, this
booth's algorithm array multiplier offers no performance or area gain when compared with the basic array
multiplier. Better delays, however may be achieved by implementing a higher radix modified booth agorithm.
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Y et another method for building an array multiplier that handles two's complement operands was presented by
Baugh and Wooley. This technique increases the maximum column height by two. This can lead to an
additional stage of partia product reduction, thus increasing overall delays.

A modified form of the Baugh and Wooley technique is more frequently used since it does not increase
the maximum column height. Column compression multiplier continued to be studied because of their high
speed performance. With total delays that are proportional to the logarithm of the operand word length,
column compression multipliers are quicker than array multipliers whose delay grows linearly with operand
word length.

According to Thomas Ko Callaway and Earl E. Swartzlander. Jr [1], column compression multipliers
are more power efficient than array multipliers. In 1964, Wallace presented a scheme for fast multiplication
based on summing the partial product bits on parallel using a tree of carry save adders which became
generally known as the Wallace tree.

Dadda later enhanced Wallace's method by defining a counter placement strategy that needed less
countersin the partial product reduction stage at the cost of alarger carry-propagate adder. For both methods,
the total delay is proportional to the logarithm of the operand word-length. Other partial product reduction
methods have now been proposed since the work of Wallace and Dadda. The reduced area and the Windsor
methods are based on strategic utilization of (3, 2) and (2, 2) counters to improve area and layout, while
maintaining the fast speed of the Wallace and Dadda designs.

Londono.S.M [11] proposed a new adaptive energy-aware system design methodology for a 32-bit
multiplier with16-bit and 32-bit precision; and variable performance. The configurable-reuse of point solution
method is described and evaluated. Results show up to 80% energy savings for 16-bit and up to 60% for 32-
bit operations over a static 32-bit multiplier and up to 22 % in average compare with a twin precision
multiplier (CMOS 65-nm technol ogy).

Ruan.A.W [10] traditionally, each time a new finite impulse response (FIR) filter is required to design,
a new dgorithm have to be developed specialy for the FIR filter and ALU based FIR filter hardware
architecture must be designed to meet the design specifications. Rather than multiplier-accumulator based
architecture used in conventional FIR, the proposed ALU architecture implements FIR (with 64-taps)
functions by using accumulators and shift-registers controlled by the instructions of ROM. TDMA technique
is employed to reduce chip size.

Ramanthan P [8] discusses the method, to investigate the area and power-delay performances of 8 hit
and 16 bit multiplier combining both Wallace tree and decomposition algorithm improves speed and reduces
power consumption by reducing the spurious transitions on internal nodes and analyzed area and power-delay
performances for adder structures using different logic families CMOS, HYBRID AND CPL.

Hussin.R [7] presents the design of an efficient multiplication architecture based on radix 4 booth
multiplier (with 2 enhancements). The first is to modify the Wen-Chang's modified booth encoder (MBE)
with the simplified sign extension (SSE) method. The 2nd part is to improve the delay of the carry signal in
the 4:2 compressor circuit. The Gajski rule 32 has been adopted in order to estimate the delay and size of the
circuit. The total transistor count for this new multiplier is being a dightly bigger. In this design the
propagation delay is reduced by 2 to7% from existing designs.

Cardarilli. G.C [5], proposed the use of signed digit (SD) arithmetic to better exploit the architectural
characteristics of FPGAs. The implementation of Radix-4 SD adders, multipliers and FIR filters has been
carried out to demonstrate that the use of this number system representation optimally fits the 6-input LUT
Logic Elements (LES) of the newest FPGAs architectures. From the results obtained based on 4/6 -input LUT
based FPGAS; Radix-4 SD arithmetic is very efficient.

Athow. J.L [6] presents a partition algorithm for large integer multipliers with speed as optimization
criteria and uses built-in high-speed arithmetic blocks available in the current generation of Xilinx FPGA
chip. The proposed technique reduces the delay more than 30% compared to both Xilinx Coregen and Xilinx
Synthesis models.

152 | B.Sudharani, Dr.G.Sreenivasulu



International Journal of Electronics, Electrical and Computational System

: IJEECS
/’Q":’)\ ISSN 2348-117X
,—-—-—m»'—--\ Volume 6, I ssue 7

Academic Science July 2017

Ngo. H.T [4], proposed a neighborhood dependent approach (NDA) for the design of a high
performance and low power radix-4 booth multiplier for kernel-based operations such as 2D convolution in
video processing applications to reduce dynamic power consumption by analyzing the bit patterns in the input
data to reduce switching activities. Specia values of the pixels in the video streams such as zero, repeated
values or repeated bit combinations are detected and data paths in the architecture design are disabled
appropriately to eliminate unnecessary switching in arithmetic units and data buses. Input pixels in the video
stream are partitioned into halves to increase the possibility of detecting specia values.

It is observed that the proposed scheme helps to reduce operations and switching activities in the 2D
convolution operations up to 46% of the switching activity rate which results in significant power reduction
with low hardware overhead.

VIl. CONCLUSIONS

Table 1 reveals the comparison of speed, complexity, layout, area, power and cost of varied types of
multiplier architectures.

Table1.COMPARISON OF MULTIPLIER ARCHITECTURES

Type Speed Complexity Layout Area Power Cost

Array Low Simple Regular | Smallest High Low
Carry Save Medium Simple Regular Smaller High Average
Booths High Medium Irregular | Medium | Medium | Medium
Wallace Tree Higher Medium Irregular | Medium | Medium | Average
Dadda Higher Medium Irregular | Medium High Average

From the literature review carried out on various multipliers, it is found that the multiplier architecture
basically consists of adders. Hence designing a high speed adder or high speed full adder enhances the
performances of multiplier architecture. The partia products computed by the adders in a multiplier and hence
placement and routing of adders shall also influence the area, power and delay variables of multipliers. From
the review it is found that Wallace tree multiplier is recommended and is adopted for numerous high speed
applications.
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