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ABSTRACT

Multiplication is the most important operation among all the four arithmetic operations
during the last decade in various fields which is in the top list of research. Decimal
multiplication is gaining very high popularity in recent years in the fields like analysis of
finance, banking, income tax department, insurance and many more such fields. The
hardware implementation of this has become a very important and interesting topic of
research. There are a number of multipliers such as serial multiplier, parallel decimal
multiplier, booth multiplier, Wallace tree multiplier, combinational decimal multiplier,
sequential decimal multiplier, array multiplier and sequential multiplier. Each multiplier has
its own advantages and disadvantages. Among all these multipliers, the implementation of
parallel decimal multiplier is considered to be the hardest because of its high cost of area. The
processor industries have implemented a new version of multipliers which is sequential
decimal multipliers so as to reduce this high implementation cost. The problem with this
sequential decimal multiplier is its high latency. In the reported work, the focus is to generate
a sequential decimal multiplier with lowest possible area, delay and power consumption. The

BCD-8421 coding mechanism is used to generate easy multiples and partial products.
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CHAPTER-1

INTRODUCTION

The hardware implementation of decimal multiplier is continuously increasing at a rapid rate
during the last decade. This continuous growth of the decimal multiplier is due to its ability to
alternate the human capabilities which binary multiplier could not possibly perform well. A
decimal multiplier requires larger number of multiplicand multiples than a binary multiplier
which makes its designing more complicated. Binary multiplication is much simpler than the
decimal multiplication. The challenges are due to the complexity involved in the decimal

number system which comes into issue during hardware implementation.

In today’s DSP applications and internet-based applications, the role of multipliers is
quite significant. As the technology in advancing, the researchers are trying to develop
multipliers in which they can achieve at least one of the following design targets- low area,

low delay and low power consumption.

1.1 MOTIVATION
1.1.1 Higher Demand

Nowadays the IC technology is going more difficult in terms of designing and its
performance analysis. A design which is fast having comparatively lower power
consumption and also smaller area is best fit to the modern electrical and electronic
designs. Continuous advancements and developments in the microelectronic design
technology make suitable use of energy, encrypt the data carefully, communicate
relevant information with more resolute determination, etc. In particular sense, in
order to attain the basic demands and necessities of various applications, generally
portable applications, many of these technological application demands for lowest
possible power consumption. In such application systems, a multiplier unit is the most
basic and fundamental arithmetic unit which is widely used in circuits and for which
the process of multiplication should best optimized. Multipliers generally have large
latency, large area and consume significant amount of power. Hence designing a

multiplier with low power has become a crucial part in VLSI system design. Now

1



with the increase in technology, everyday new methods and approaches are being
grown to design low-power multipliers at various levels such as technical, circuit,
physical and logic levels. Since the multiplier is generally considered as one of the
slowest unit in any system, the performance of a system is ultimately determined by
the multiplier’s performance. Moreover, multipliers consume the most of the area in
any design. Therefore, to attain optimization between a multiplier’s area and speed is
a major and important designing problem in today’s scenario. Also, area and speed
are highly conflicting parameters thus if we improve speed of any unit it results in
greater areas and vice-versa. Also the parameters such as area and power consumption
of any circuit are linearly related and dependent on one another. So as to reduce
power and area a compromise has to be done with speed of the circuit.

A large number of computer arithmetic algorithms may be used to implement
a digital multiplier. Most of the techniques generate a set of partial products, and then
add them together, once they undergo shifting. The multiplier’s speed can be

increased on significant decrement in the generated of partial products.

1.2 MULTIPLIERS

Multipliers are one of the most important elements of many systems with high performance
such as microprocessors, FIR filter, DSP, etc. Multiplier is considered as the slowest element
thus it determines the overall performance of the system. Above all, it consumes high area.
Hence, major design issue is to obtain optimization between the multiplier’s speed and area.
Larger area is an effect of improvement in the speed, therefore making area and speed a

conflicting constraints.

With the increasing level of complexities and device integration of microelectronic

circuits, power dissipation reduction has also come up as a primary design goal.

1.3 TYPES OF MULTIPLIERS

There are a multiple type of multipliers discussed in this section. The most general
multiplication method is based on the “add and shift” algorithm. The various types of

multipliers are mentioned in the following points-
2



Serial multiplier

Parallel multiplier

Shift and Add multiplier

Combinational multiplier

Wallace multiplier

Modified Wallace multiplier

Array multiplier

Booth multiplier

Modified Booth multiplier

Sequential Decimal multiplier



Serial Multiplier

Parallel Multiplier

Shift and Add
Multiplier

Combinational
Multiplier

Types of .| Wallace multiplier

Multipliers Modified Wallace
Multiplier

Array Multiplier

Booth Multiplier

Modified Booth
Multiplier

Sequential Decimal
Multiplier

Fig.1.1: Types of Multipliers

1.3.1 Serial Multiplier

A serial multiplier is used in applications where the speed of the multiplication
operation is ignored and is not of prime concern. It is used where the main

concentration is on saving the area and power.

1.3.2 Parallel Multiplier

The parallel multiplier came up with the advantage of high speed. Most of the binary
multiplying units make use of parallel mechanism to build multiplier which thereafter
became popular for the decimal multiplication as well to scale performance. In a

parallel decimal multiplier the multiplier’s overall performance is determined by the
4



number of partial products which are about to get added. Various algorithms were
introduced to lower down the count of different partial products being added. The
biggest disadvantage of this type of multiplier is that it introduces complexity in the

hardware circuit, which thereafter increases the overall area cost.

1.3.3 Shift and Add Multiplier

A multiplicand value is added and then accumulated, depending upon the multiplier’s
LSB. After each clock the value of multiplier gets right shifted by one bit and the

generated bit is then tested. Asynchronous circuits use this type of multiplication.

1.3.4 Combinational Multiplier

A combinational multiplier is used to multiply two signed or unsigned binary
numbers. In this, the multiplicand (i.e. Y) is multiplied with each individual bit of the
multiplier (i.e. X), the product is associated with the bit position in the multiplier, and
to get the final result the obtained product terms are then added. Binary multiplication
has the advantage that it can be achieved easily. If the multiplier bit is 1, then the
result of the multiplication will simply be the shifted form of the multiplicand and if it
is 0, then the result will simply be 0. The main drawback of combinational multiplier

is that it takes large area and is slow.

1.3.5 Booth Multiplier

Multiplication of two binary numbers in the representation of signed-2’s complement
is given by a booth multiplier. Andrew Donald Booth did the invention of booth
multiplier algorithm in 1950 at Birkbeck College in London. It is highly used in the

study of computer architecture.

1.3.6 Modified Booth Multiplier

The drawbacks of the radix-2 booth multiplication operation were overcome by radix-
4 Booth’s algorithm, commonly known as modified booth algorithm, which scans
string of three. It was mainly used to overcome the problem of slow speed of the

previous multiplier on making the number of partial products into half. This can be
5



achieved by avoiding the continuous shift and add operations on each column of the
multiplier term and multiplying by 0 or 1, simply multiplying +1, £2, or 0 by taking
every second column to obtain the final result. Based on the multiplier bits, the radix-
4 booth encoder performs the encoding operation. An overlapping technique will be
involved for this encoding in which three bits are compared at a time.

1.3.7 Wallace multiplier

Partial product generator is used to obtain partial products by multiplying each
individual bit of the multiplier (i.e. X) with that of the multiplicand (i.e. Y). Both the
multiplier and the multiplicand is of 32-bit, thus generate a total of 32 partial
products. A Wallace tree structure is used to add these partial products of a number of
4:2 compressors which increases its speed of accumulation. A carry- propagate adder
normally known as carry-look-ahead adder is used at the final stage which has the

sum and carry.

1.3.8 Array Multiplier

An array multiplier is a multiplication process has a regular structure. it involves the
procedure of repeated addition and shifting operations. The partial products are
created by carrying multiplication of each single multiplier (i.e. X) digit with the
multiplicand (i.e. Y). Then according to their bit sequences, the partial products are
shifted and then summed up. A normal carry-propagation adder is used for the
addition operation. Array multiplier comes with the advantage of least complexity,
but its biggest disadvantage is that it consumes high power. More number of digital

gates is required by an array multiplier which thereby increases the area cost.

1.3.9 Sequential Decimal Multiplier

The operation of sequential multiplier will begin with the start pulse and operands
will be contained by the data bus in two consecutive clock pulses. The operands here
are A and B. As it receives data the multiplication operation is performed and the final

result i.e. the product is again send to the data bus. Sequential realization of the



multipliers was done to overcome the high area cost problem. The biggest limitation
with them is their high latency.

1.4 STAGES OF MULTIPLICATION

Multiplication consists of these basic three stages:

e Partial Product Generation

e Partial Product Accumulation

e Carry-propagate addition.

Decimal multiplication is considered as the most complex operation. Its complexity level is
mainly higher than the binary multiplication because of the following two reasons: the
decimal digits have higher range, which increases the number of multiples in the
multiplicand, thereby decreases the efficiency of decimal values represented in BCD-8421
coding mechanism, because only 9 out of the 16 possible 4-bit combinations can be
represented in BCD-8421 coding technique. Due to these reasons, the generation (i.e.

creation) and reduction (i.e. accumulation) of partial products is complicated.

1.4.1 Partial Product Generation

The partial products are generated easily by making use of the generated easy
multiples i.e. 2X, 4X, 5X. Easy multiples are generated so as to ignore the operation

on negative numbers.

1.4.2 Partial Product Accumulation

The direct approach of implementing the PPA is to join two of the partial products at
the same time, add them using an adder and repeat the process until the final result is
attained. If a single adder is used to perform all these operations, then this reduction
of partial product will consume only N- cycles which mean a total consumption of N-

mechanical delays if the relay adder is used.
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1.4.3 Carry Propagate Addition

The basic usage of a carry save adder is to accumulate the partial products resulting in
the final sum and carry. It improves the speed of accumulation of the partial product
as it saves the carry and passes it to the next level of carry select adder. Therefore, the
adders in the same layer become independent of each other and can be executed
simultaneously. Hence the time required for the addition operation is reduced. The
carry save adder tree uses a one’s compliment based radix-2 modified booth algorithm
for partial product generation and accumulation. Accumulation is combined with a

carry save adder tree to compress the partial products.

1.5 IMPORTANCE OF MULTIPLIERS

Multipliers have their importance in both practical as well as theoretical point of view. They
have many applications in various fields such as finance, business, digital signal processing,
VLSI applications and many more. Apart from these areas, multipliers are highly used in

business as well as economic sectors. The importance of multipliers is given below-

1.5.1 Public Investment

There is a great importance of multipliers in public investments. Public investments
are much beneficial in situations like depression and unemployment because their
main motive is not on the profit. By increasing the employment level, the multipliers

indicate the importance of public investments.

1.5.2 Trade Cycle Analysis

The importance of multipliers is also seen while analyzing the trade cycle. It becomes
very easier for the developer to analyze trade cycle based on multipliers. Multipliers
estimate the increment in income with the result of increment in investment. Thus,
multipliers are of high importance in developing and composing new rising and
progressive policies, so that it can bring positive changes in the growth of economy

with the right pace.



1.5.3 Importance in Investments

A very important factor of economy is investment which is highly considered by
theory of multipliers. The proportionate increment and decrement in the income level
and employment level is ultimately depends upon the multipliers. This clearly
indicates that the increment and decrement in the level of income and employment is
completely based on the increase and decrease of the level of investment.

1.5.4 Development of Economic Policies

Every economic policy is based on the agenda of creation of situations which are full
of employments in the economic level. Therefore multipliers are of great importance
and use for the policy makers to compose and formulate the economic policies of their
country. This increases the chances of creating the situation of full employment and
thereby leads to increment in the employment rate of the country which ultimately is

required for growth and development.

1.5.5 Equality between Saving and Investment

Multipliers are also important in maintaining equality between the saving and
investment. The increment or decrement in the investment directly affects the level of
income. Increase in the level of income will surely bring equality between the saving

and investment.

1.6 ORGANIZATION OF THESIS

The thesis is organized as follows:

Chapter 1 presents a brief overview of multipliers, their previous discoveries along with

their advantages and limitations.

Chapter 2 gives a brief description of the research that has been reported in literature in the

field of different types of multipliers and their related work.



Chapter 3 includes the basic concept of sequential decimal multiplier, its structure and basic
operation. It also describes its advantages over other multiplying units.

Chapter 4 presents the implementation of the sequential decimal multiplier along with its

simulated results.

Chapter 5 describes the proposed sequential decimal multiplier and the simulation results of
it have been presented. The results have been compared with the previous work available in

literature and compared on various aspects.

Chapter 6 concludes the report while also mentioning the future possibilities to carry

forward the research in this domain.
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CHAPTER-2

LITERATURE SURVEY

Many authors have presented their views on the related topics of the decimal multiplication
operation. Some of them are as follows-

2.1 INTRODUCTION TO DECIMAL MULTIPLICATION

M. S. Schmookler, et.al., 1971[3], have described a decimal adder of 8-bits which requires
less number of logic circuits as compared to the adders. The adders need involvement of
decimal correction. Decimal correction includes delay of two extra logic levels. A 32-bit
binary adder, of the same width, when used for comparison purpose, for the same number of
logic levels the decimal adder needs almost 18% extra circuitry. Further they have added that
although a 32-bit binary adder has the same cost as that of the decimal adder, but it can be
designed with a delay of only 5 logic levels. They have finally concluded that there are a

variety of other decimal adders that can be designed based on the different principles.

Mark A. Erle, et.al., 2003[8], have presented two different architectures for decimal
multiplication with fixed-point numbers. These designs make use of carry-save addition so as
to decrease the delay of the critical path. The first design presents a multiplier which saves a
reduced number of multiples of the multiplicand. The first design makes use of carry-save
adder also in some segments of the design. In this paper they have presented a justified
hardware description for decimal arithmetic and have also motivated for decimal
multiplication. They have given an opening stage design for a decimal multiplier. This design
introduces the concepts of decimal multiplication. It also mentions the issues related to the
decimal multiplication. The design is used to establish a fundamental baseline for the purpose
of comparison. Then they have analyzed and considered the limitations and disadvantages of
the initial design and have provided the best possible alternative solutions. They have also
shown another design of the decimal multiplier which has a number of notable and required
improvements to have an operating frequency which is significantly higher and which
ultimately has a lowered amount of worst-case delay. The design is such that it has (n + 1)

cycle of initial interval, where n is the multiplier operand’s significant number of digits. At

11



last, in order to reduce the average latency, several data dependent optimizations were also
described.

Kenney, R. D., et.al., 2004[9], have provided a motivation to implement decimal arithmetic
in hardware. They have presented a repetitive decimal multiplier. This decimal multiplier
works at relatively higher frequencies of clock. This type of multiplier is suitable for the
designs if the size of the operands is large. This multiplier makes use of a freshly new
representation for the intermediate products. This decimal representation is allowed for a very
high speed 2-stage multiplier design. An overloaded decimal representation is used to store
the intermediate products. This representation allows the use of BCD digits which invalid.
Decimal multipliers are implemented in Verilog language for a number of different digit
operands. The result of synthesis shows that the circuits work with the approximate frequency
of clock as 2 GHz if it is designed by making use of a 0.11 micron CMOS standard cell
library.

T. Lang, et.al, 2006[13], have presented a combinational multiplication unit for decimal
numbers which takes advantage of the pipelining technique so as to obtain the required
throughput. The implementation of the given multiplication unit was done in the standard
cell. This approach ultimately lower downs the number of pre-computations of the partial
products and also counters are used which discard the requirement of decimal equivalent
number. The implementation results clearly mentions that a combinational decimal
multiplication unit obtains high amount of optimization between delay and area as compared
to any other multiplication unit. Only multiplicand’s two and five multiples are required for
generation and creation of the partial products. Counters and radix-10 CSA was used for
accumulation purpose. Upon synthesis, the result of the overall delay caused by the operation
is 2.65 ns which can be easily pipelined so as to obtain the needed efficiency and throughput.
If compared to the radix-10 decimal sequential multiplication unit, it has lesser delay. The
proposed design is also compared to the double-precision multiplication unit for binary

numbers. It offers a delay double to that of binary multiplication unit with 50% greater area.

Michael J. Schulte, et.al, 2007[14], have presented a new design for multiplication of
decimal floating point numbers. This research work has provided a method to apply the

multiplication process on the floating-point decimal numbers which was earlier designed only
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for the fixed-point decimals. There are a number of improvements in the design which was
earlier used for multiplication of fixed-point numbers like generation of exponent, generation
of sticky bit, intermediate bit shifting, rounding-off techniques and to detect and handle
exception. The delay in the critical path is reduced using decimal CSA. In order to provide
the estimated delay and area Verilog RTL model was used.

Tsen, et.al., 2009[17], have presented a design which is a combination of both BID and BFP
multiplication units. The design of the multiplier is such that it either operates on 64*64
binary-encoded DFP or 64*64 BFP numbers. The hardware resources such as design bocks,
decoder, rounding method and the encoder can be reused. It allows the sharing of hardware. It
has a significant effect on the delay and area values. A common algorithm for BFP
multiplication and rounding-off is used in the main algorithm. The main objective of this
proposed work was to explore the sharing of hardware for IEEE 754-2008 multiplication for

floating-point numbers.

Bozdas, et.al., 2012[23], have proposed a technique to search for the boundary conditions on
each single column sum of the n-digit PDAM. This PDAM is a multiplication approach on
the basis of CDM. At first, the solutions for these boundaries were found. These solutions are
obtained using the genetic algorithm. These boundaries were further applied in the binary
adder. They are also used in the binary to BCD converters. The area requirements of this type
of multiplier are large because the design has the presence of digit multiplication units. The

performance in terms of delay is increased by 8%.

2.2 DECIMAL PARALLEL MULTIPLICATION

Mark A. Erle, et.al., 2005[11], have described a novel approachable method for decimal
multiplication for fixed-point decimal numbers. This approach utilizes limited and restricted
range of signed-digits in the entire process of the multiplication. The multiplication process
involves generation and accumulation i.e. reduction of the partial products in a systematic
and well organized manner. An extremely simple recoding method was adopted to achieve a
representation which is in signed-magnitude format for the operands so as to achieve the
restricted range. It was then later shown that how the generation of the partial product
involves the recoded digits usage. The range for these recoded digits is in the range of —510 to

+510. For input digits the products are obtained if a simple combinational logic is used. The
13



range for input digits is 210 to 510. They have also described the relevant steps required to take
care of the signs of the input operands. This paper also describes the steps needed to detect
and handle the different cases in which the input digit is either 0 or 1. It also describes the
coding of the results obtained from the generation i.e. creation of the partial products logic. A
signed-digit adder is used to add the final result to the accumulated previous partial products’
sum. All the original characteristics of this paper include: 1) the approach used for recoding
the digits to a format which is in signed-magnitude form; 2) the decimal partial product
generation design; and, 3) the recoding of the partial products prior to send them to the signed
digit adder.

Paolo Montuschi, et.al., 2007[15], have introduced various techniques for implementation of
parallel decimal multiplier. BCD-4221 encoding is used in the algorithm adopted for addition
i.e. PPR operation. The area and delay requirements are met using this approach. This
approach offers the combined multiplication to take place for both binary and decimal
numbers. Three different methods were presented to generate the partial products with high
speed and efficiency. The PPG method’s complexity is highly reduced. Moreover the
technique allows the further use of traditional parallel multiplier with radix-4. The results

show that the proposed multiplier has quite significant area-delay values.

Jaberipur, et.al., 2009[16], have examined the previous two solutions and the effect of PPR
method on the design of the parallel decimal multiplier and selected the best possible
approach. A complete new PPG approach was generated and CSA technique is used to lower
down the effect of PPR technique. The multiplicand’s 2, 5, 8 and 9 multiples are computed
directly using this proposed method which makes the computation quite fast. This PPR
approach is applied to both 16-bit as well as the 32-bit decimal multipliers. The delay
incurred due to this PPR approach is much low than compared to any other previous one. The
PPR result is represented in double-BCD format. This approach improves the speed by 16%

when compared to the previous design.

Vazquez, A., etal, 2010[18], have presented various suitable techniques for the
implementation of the decimal parallel multiplier. They have proposed two separate encoding
techniques for the multiplier. These approachable techniques were introduced to make the

design fast that involves parallel and easy generation and creation of partial products. In order
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to reduce the partial products, they have also developed and then introduced a decimal carry-
save algorithm. This algorithm is based on the different decimal encoding techniques such as
4221 and 5211 encoding techniques. The construction of decimal carry-save adder trees is
made possible with this approach. They have also proposed various architectures for decimal
radix-10 and radix-5 parallel multiplier. The area and latency values from a relative study
which includes traditional binary parallel multipliers show that our decimal radix-10
multiplier is an important and significant choice for high performance having average area.
To achieve high performance, the best option is the radix-5 design; in spite of both of the
designs have quite approximate values.

Young-Ho Seo, et.al., 2010[20], have composed a complete new architecture for large speed
arithmetic which are based on MAC unit. A MAC unit is efficiently used for a number of
DSP and multimedia information processing applications. The overall performance of the
multiplication unit is highly improved with the adoption of MAC structure. This new
technique is twice more efficient than the previous one as it involves the merging of separate
and slow accumulation process to that of the compression process i.e. CSA of the
multiplication. This elevates the performance of this multiplier. The CSA tree used in the
proposed design makes use of radix-2 MBA which is based on one’s complement approach.
This CSA tree also has a newly transformed array to extend the sign so as to improve the
operand’s density of bits. The ultimate adder will have decreased number of bits at the input.
The use of MAC unit improves the performance to a great extent by optimizing the pipeline
scheme. Four different types of processes based on the CMOS technology are used in this
reported data for the final synthesis and implementation. The results like pipelining scheme,
latency and number of hardware resources are analyzed on the basis of estimated theoretical
and practical values. Alpha power model of Sakurai was used to model the delay. Although
the delay was increased little when compared to the delay caused due to the earlier work,
overall performance was highly improved which allows it to be used in various applications
like DSP.

Amir Kaivani, et.al, 2011[21], have given a complete newly generated solution for parallel
decimal multiplication. They have also developed their own partial product generation (PPG)
method and used the carry propagating addition method. They have also proposed partial

product generation logic to directly compute multiples of the multiplicand such as 2, 5, 8 and
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9. It produces unsigned partial products in double-BCD format for all multiples which comes
out to be very fast. Accordingly, they have modified the previously developed PPR method
and applied it to 34-bit decimal multiplier and to the 16-bit decimal multiplier as well. They
have also improved the binary coded decimal-full adder which was developed earlier for high
speed and used it to reduce the proposed PPR tree cell. These modifications in the design lead
to comparatively lesser delay than all of those previous PPR approaches. To represent the
result of PPR they have made use of double- BCD encoding technique. The proposed
multiplier has to compromise with the area to achieve high speed. The Synopsis Design
Compiler is used to synthesize the proposed multiplier and it is based on the 0.13 um
standard CMOS technology.

Tso-Bing Juang, et.al., 2012[25], have proposed digit-serial and parallel implementations of
decimal adders with three operands which are efficient in terms of area. The proposed
decimal adders can do calculations easily with three operands by making use of designed
analyzer circuits. The obtained results clearly mention the area-efficient behavior of the
proposed decimal adders. The results also show that the power requirements are less. Besides
its parallel implementation, they simply improve the throughput, efficiency and frequency of
operation. It offers easy computations for additions, multiplications and divisions with

multiple operands.

2.3 SEQUENTIAL DECIMAL MULTIPLIER

Amir Kaivani, etal., 2012[24], have presented a high frequency sequential decimal
multiplication approach. The paper mentions multiplication process as the most difficult
process among all the four basic arithmetic operations in the processor. Due to this hardware
designing of multiplication unit is being in high demand by various designers. The paper
includes a sequential approach of designing a decimal multiplier unit as the hardware cost of
parallel decimal multipliers is quite high and also applied methods to reduce the high delay
incurred in the decimal multipliers. The cycle time of this multiplier is set by a decimal carry-

save adder.

Ko, Seok-Bum, et.al., 2014[30], have proposed that the large cost of parallel multiplication

units can be easily overcome by use of sequential architectures. They have also mentioned
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that besides the low area cost of sequential multipliers, the delay incurred by them is quite
large. The prime concern of this reported data is to lower down the high amount of latency
incurred by the sequential multiplication units but to maintain the lowest possible area cost.
In this work the cycle time of the multiplication unit is maintained to be equal to the sum of
delay caused due to binary half-adder and the delay caused due to decimal multiply-by-2
function. This delay is lower than the delay caused due to decimal CSA. In this work,
encoding scheme of 4-2-2-1 is used for the generation and creation of the partial products.
The proposed design takes advantage of the parallel designing methods so as to lower down
the high latency incurred in the previous design. The results of synthesis clearly show that the
frequency of clock for the proposed architecture is higher than the previous one. This

ultimately results in overall reduction in the latency of this multiplier.
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CHAPTER 3

MULTIPLIERS

Many of the systems which have high performance for example FIR filters, DSP,
microcontrollers and microprocessors, etc make use of multipliers as their key component.
The performance of the multiplier generally determines the performance of a system because
it is considered that a multiplier is generally considered as the slowest unit of the system. In
addition to this it is also observed that it is generally taken as the the most area consuming.
Therefore, the optimization of the area and speed of the multiplier is an important and major
concern during its designing. However, area and speed are generally the most conflicting
parameters that mean on improving the speed of the design results mostly in larger areas and
vice versa. As a result of this the complete spectrum of multipliers which has different speed-
area issues has been designed with a complete different and unique parallel designing
approach. The digit serial multipliers are also present in which single digits containing
multiple bits are operated upon. The performance of these multipliers was average in terms of
both the speed and the area. Thus, the recently designed digit serial multipliers have been
made difficult by the complicate switching systems and various imperfections in the design.
Radix 2" multipliers’ operation is done on the digits instead of bits in somehow parallel
manner. These multipliers take pipelining to the next level which thereby reduces most of the
above mentioned problems. In 1993, M. K. lbrahim introduced them. The nature of these
structures is iterative and interchangeable. The benefit of pipelining carried out at the digit
level is that it has constant operational speed without considering the multiplier size. The
speed of the clock is determined only by the size of the digit which is already a constant prior

to the implementation of the design.

In today’s digital signal processing applications and internet-based applications, the
role of multipliers is quite significant. As the technology is advancing, the researchers are
trying to develop multipliers in which they can achieve at least one of the following design

targets- low area, low delay and low power consumption.
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3.1 TYPES OF MULTIPLIERS

A multiplication algorithm is based on generation/ creation of the partial products first and
then their reduction i.e. accumulation. The most general multiplication method is based on
the “add and shift” algorithm. The various types of multipliers which are discussed in this

chapter are as follows-

Serial multiplier

e Parallel multiplier

e Shift and Add multiplier

e Array multiplier

e Wallace tree multiplier

e Decimal multiplier

e Sequential multiplier

e Combinational multiplier

3.1.1 Serial Multiplier

A serial multiplier is used in applications where the speed of the multiplication
operation is ignored and is not of prime concern. It is used where the main
concentration is on saving the area and power. Here is an example of this type of

multiplier which is clearly elaborated in the figure 3.1.

The figure 3.1 shows a multiplier in which an adder is used to add m*n partial

products. This figure is used for the values of both m and n as equal to 4. In order to
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get the correct results the arrangement of both multiplicand and multiplier inputs
should be in such a manner that they are completely in synchronization with the
behavior of the circuit. The length of the multiplicand and the multiplier will decide
the rate at which the inputs can be presented. This circuit uses two clocks. First clock
is for the reset and the second clock is used for the data input.

As shown in the figure 3.1 that each and every partial product is calculated
separately. First of all their addition is performed and then DFF is used to store the
intermediate values of their partial product addition. Afterwards the result is
circulated and then added to the next partial product. The process carries on like this
till all the partial products are added to achieve the final result.

d| 1.bit |9
0 _‘_H:III

Reset=0
1

L N

Serial Register

CLK CLE/N+1)

Figure 3.1: 4- bit Serial Multiplier

Serial multiplication cannot be used for larger values of m and n due to its high
latency. This is due to the fact that it requires larger cycle time and the complete

operation requires larger number of iterations.
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3.1.2 Parallel Multiplier

The parallel multiplier came up with the advantage of high speed. Most of the binary
multiplying units make use of parallel mechanism to build multiplier which thereafter
became popular for the decimal multiplication as well as to scale performance. In a
parallel decimal multiplier the overall multiplier’s performance is determined by the

number of partial products which are required to be added.

MSB X LSB
N
4
LSB
C M N *M
FULL ADDER
M A
MSB
N
k r
MSB P LSB

Figure 3.2: Parallel Multiplier

Various algorithms were introduced so that there could be some reduction in the
number of different partial products being added. The biggest disadvantage of this
type of multiplier is that it introduces complexity in the hardware circuit, which
thereafter increases the overall area cost. A general structure of a parallel multiplier is

shown in the figure 3.2.
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3.1.3 Shift and Add Multiplier

The basic structure of a shift and add multiplier is shown in the following figure. It
shows multiplier for a 32-bit multiplication. A multiplicand value is added and then
accumulated, depending upon the least significant bit (LSB) of the multiplier. After
each clock the value of multiplier gets right shifted by one bit and the generated bit is
then tested. If that bit comes out to be 0 then the value undergoes shift operation only,
but if that bit comes out to be 1 then first of all addition of multiplicand with the
accumulator is performed and then again the value undergoes right shift operation by
one bit. When at last all the bits of multiplier are tested, the accumulator will have the
final result i.e. the product. The size of the accumulator is 2n(m+n) and at first the
LSBs contain the multiplier. The maximum delay incurred is of N cycles.
Asynchronous circuits use this type of multiplication. Figures 3.3 describe the general
structure of a 32-bit shift and add multiplier.

3.1.4 Array Multiplier

Array multiplier is such a multiplication process unit which has a regular structure. It
involves the procedure of repeated addition and shifting operations. The partial
products are created by multiplying every bit of the multiplier to the multiplicand at
the partial product generator’s output. Then according to their bit sequences, the
partial products are shifted and then added using a 3:2 compressor based array
structure. The final sequence of sum and carry obtained from 3:2 compressor is then
added using a ripple carry adder. It is a normal carry propagation adder used for the
addition operation. The block diagram of 32- bit array multiplication unit is shown in
the figure 3.5.

3.1.5 Booth Multiplier

Multiplication of two binary numbers in signed-2’s complement representation is
given by a booth multiplier. Andrew Donald Booth did the invention of booth
multiplier algorithm in 1950 at Birkbeck College in London. It is highly used in the

study of computer architecture.
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Figure 3.3: Shift and Add Multiplier
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Figure 3.4: 4*4 bit Multiplication
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Figure 3.5: 32x32 Bit Array Multiplier

3.5.1.1 Booth Multiplication Algorithm for Radix-2

The procedure to multiply two binary numbers in signed-2’s complement form
is easily given by booth algorithm. The following steps illustrate the complete
procedure for multiplication of two binary integers using booth algorithm.
Example- (2)10 % (-4)10i.e. (0010)2 x (1100).
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Figure 3.6 Architecture of Booth Multiplier

STEP-1: Making Booth Table

The multiplicand and multipliers are decided such that the multiplier should be
the integer among the two which has the least difference among the series of
all consecutive numbers i.e., 0010 has two changes from 0 to 1 and then from
1 to 0 while 1100 has only one change from 1 to 0, so (-4)10 = (1100) is taken
as the multiplier and (2)10 = (0010)- is taken as the multiplicand.

e Let X= 1100 (i.e. multiplier) and Y= 0010 (i.e. multiplicand). After
that the two’s complement of the multiplicand i.e. Y is taken and called
itas—Y i.e., -Y =1110.

e The value of X is loaded in the booth table.
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The previous first least significant bit of the multiplier i.e., O is loaded
for X-1 value in the booth table.

The values for U and V are loaded as 0. At the end of the operation the
product of X and Y will be present in U and V.

The rows in the booth table are drawn depending upon the clock
cycles, which depend upon the number of bits in the multiplier and
multiplicand i.e., here it will be four.

STEP 2: Booth Algorithm

In this step the multiplier bits are examined and partial products are shifted.

Before performing shifting operation, the multiplicand is either added to the

partial product or subtracted from the partial product or it is left as it is in

previous case. This entire procedure depends on the following rule-

1.

Pick the first LSB of the multiplier X and the previous LSB of the
multiplier “X-17, if they are-

00 or 11 then shift operation will be performed

01 then add Y and U, and then shift

10 then add (-Y) and U, and then shift

By taking U and V together and shifting them arithmetically right
preserves the 2’s complement number’s sign bit. This ensures the

number is positive or negative.

Repeat the process for four clock cycles and the last row will have the final

product term i.e., (11111000). . The table 3.1 shows the complete process.
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U v X X-1
0000 0000 1100 0
0000 0000 0110 0
0000 0000 0011 0
1110 0000 0011 0
1111 0000 1001 1 Shiftonly
1111 1000 1100 1 X/ffff

Figure 3.7: Booth Algorithm Table

There were two main drawbacks of radix-2 booth algorithm, which are illustrated in

the following points-

1. There are variable number of add and subtract operations which creates
problem while parallel designing.

2. If there is presence of isolated 1s then the algorithm is inefficient.

3.1.6 Modified Booth Multiplier

The drawbacks of the radix-2 booth multiplier were overcome by radix-4 Booth’s
algorithm, commonly known as modified booth algorithm, which scans string of
three. It was mainly used to overcome the problem of slow speed of the previous
multiplier by reduction in the number of partial products by half. This could definitely
be achieved by avoiding the continuous shift and add operations on each of the
multiplier term’s column and multiplying it by 0 or 1, simply multiplying 1, +2, or 0
by taking every second column to obtain the final result. Based on the bits of the
multiplier, the radix-4 booth encoder performs the encoding operation. An

overlapping technique will be involved for this encoding in which three bits are
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compared at a time. The figure 3.7 shows this comparison using overlapping

technique.

111000110

Figure 3.8: 3 Bit Pairing using Overlap Technique

Pairing of the bits starts from the LSB such that the very first block makes use of only
the multiplier’s 2 bits, assuming a 0 for the next bit which is the third bit as shown in
the figure 3.8.

Table 3.1 shows the functional operation of modified booth algorithm. There
are different types of states. The main states are of eight types and while these states
the outcomes can be obtained, which is the multiplication process is followed with the

multiplicand and 0,-1 and -2 consecutively.
Radix-4 Booth algorithm is given below:

1. The sign bit have to be extended by one bit position so as to ensure the even

nature of the number.
2. A 0 must be appended to the multiplier LSB’s right.

3. Each and every partial product will come out to be 0, +Y, -Y, +2Y or -2Y,

depending upon the value of each vector.

2’s complement of Y is taken to obtain negative value of Y and CLA fast adders are
used to perform addition. The multiplicand i.e. Y is then multiplied by shifting Y
towards left by one bit. Therefore, in any case, to design parallel multipliers with n-

bits, partial products of only n/2 need to be generated, where n is the number of the
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Table 3.1: Recoding Table for Modified Booth Algorithm

Multiplier Bits Block Recorded 1-Bit Pair 2-Bit Booth
i+1 i i1 ir1 i Multiplier Partial

Value Product
0 0 0 0 0 0 Mx0
° 0 1 0 1 1 Mx1
° ! 0 1 -1 1 Mx1
0 1 1 1 0 2 Mx2
1 0 0 -1 0 2 Mx-2
1 0 1 -1 1 1 Mx-1
1 1 0 0 -1 1 Mx-1
' . 1 0 0 0 Mx0

multiplier bits. The advantage of this described method is that it halves the partial

products’ number. This is an important aspect in circuit designing as it is related to the

circuit’s the propagation delay, and the complexity and power consumed in the

implementation of the design.

The block diagram of the modified booth multiplier is shown in figure 3.9. 16

partial products are obtained with inputs of 32 bits. A 3:2 compressors’ array is used
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for the addition operation of these partial products. The complete series of sum and

carry results undergoes addition using a ripple carry adder

MULTIFLICAND
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ARFAY STRUCTURE WITH 3:2 COMPRESSORS

SUM CARRY

RIPPLE CARRY ADDER

l

FINAL PRODUCT (64- BITS)

Figure 3.9: 32x32 Bit Modified Booth Multiplier

3.1.7 Combinational Multiplier

A combinational multiplier is used to multiply two signed or unsigned binary
numbers. In this, the multiplicand (i.e. Y) is multiplied with each single bit of the
multiplier (i.e. X), the product is associated with the bit position in the multiplier, and
to get the final result the obtained product terms are then added. Binary multiplication
has the advantage that it can be achieved easily. If the multiplier bit is 1, then the

result of the multiplication will simply be the shifted form of the multiplicand and if it
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is 0, then the result will simply be 0. The main drawback of combinational multiplier
is that it takes large area and is slow.
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Figure 3.10: Combinational Multiplier Implementation

3.1.8 Wallace Multiplier

Partial product generator is used to obtain partial products by multiplying each single
bit of the multiplier (i.e. X) with the multiplicand (i.e. Y). Both the multiplier and the
multiplicand is of 32-bit, thus generate a total of 32 partial products. A Wallace tree
structure is used to add these partial products of a number of 4:2 compressors which

increases its speed of accumulation. A carry- propagate adder called CLA is used at
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the final stage which has the sum and carry. The block diagram of 32-bit Wallace tree

multiplier is shown in figure 3.11.
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Figure 3.11: 32x32 bit Wallace Tree multiplier’s Block diagram

3.1.9 Sequential Decimal Multiplier

Sequential multiplier is clearly described in its block diagram in figure 3.12. Its
operation will begin with the start pulse and operands will be contained by the data
bus in two consecutive clock pulses. The operands here are A and B. As it receives
data, the multiplication operation is performed and the final result i.e. the product is
again send to the data bus. Sequential realization of the multipliers was done to
overcome the high area cost problem. The biggest limitation with them is their high

latency. Figure 3.12 describes the block diagram of a sequential decimal multiplier.
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Figure 3.12: Block Diagram of Sequential Multiplier

3.2 STAGES OF MULTIPLICATION

A process of adding a number several times by itself is called multiplication. The
multiplicand (i.e. Y) is added to itself for a specified number of cycles or times which
depends upon the value of multiplier (i.e. X) to form the result. Multiplication operation

consists of these basic three stages:

1. Partial Products Generation

2. Partial Products Accumulation

3. Carry-propagate Addition

Decimal multiplication is considered as the most complex operation. Its complexity level is

mainly higher than the binary multiplication because of the following two reasons: the
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decimal digits have higher range, which increases the number of multiples of the
multiplicand, thereby decreases the efficiency of decimal values which are represented in
BCD-8421 coding mechanism, because only 9 out of the 16 possible 4—bit combinations can
be represented in BCD-8421 coding technique. Due to these issues and reasons the creation
(i.e. generation) and accumulation (i.e. reduction) of partial products is complicated.

3.2.1 Partial Product Generation

The partial products are generated with the help of easy multiples of X, 2X, 4X, 5X.
In order to avoid the operation with negative numbers, easy multiples are generated
using the flow graph as shown in the figure 3.13. In this figure, the partial product

generation mostly consists of wired shifts and various encoders.

3.2.2 Partial Product Accumulation

X (BCD)
3 bit left shift 4 BCD to 5-2-1-1| |BCD to 4-2-2-1
+ X recoder recoder
5-4-2-1 to 7
4-2-2-1 recoder 1 bit left shift
5X 4X 2X X
(4-2-2-1) (4-2-2-1) (4-2-2-1) (4-2-2-1)

Figure 3.13: Generation of easy Multiples

The straight and simply forward approach to implement the PPA is to adopt pairing of

the partial products two at the same time, summing them with the use of an adder and
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repeat the complete process until just the final result is left. If a single adder is used to
perform all these operations, then this partial product reduction technique will take N-
cycles which mean a grand total of N mechanical delays when the relay adder is used.

3.2.3 Carry Propagate Addition
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Figure 3.14: 3:2 Carry Save Adder Generic Scheme

A carry save adder is used to accumulate the partial products resulting in the final sum
and carry. It improves the speed of accumulation of the partial product as it saves the
carry and passes it to the next level of carry select adder. Therefore, the adders in the
same layer become independent of each other and can be executed simultaneously.
Hence the time required for the addition operation is reduced. The carry save adder
tree uses a one’s compliment based radix-2 modified booth algorithm for partial
product generation and accumulation. Accumulation is combined with a carry save

adder tree to compress the partial products.
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CHAPTER 4

RESEARCH METHODOLOGY AND STRUCTURE

The sequential decimal multiplier proposed in this paper is designed using the algorithm
discussed in the section 4.3. The easy multiples are generated using equations (4.1) to (4.8).
A parallel approach is used to obtain the partial product terms. The complete approach used
in the designing of the proposed sequential decimal multiplier is discussed in this chapter.

4.1 THE PROPOSED SEQUENTIAL DECIMAL MULTIPLIER

Multiplication is the most basic and fundamental operating function in most digital signal
processing algorithms. These algorithms are used for the performance of various operations
and functions like convolution, filtering and many more. According to the static reports it is
clearly shown that approximately 70-75% of the instructions are based on the operations like
addition and multiplication. These are widely used in most of the algorithms which include
microprocessor and DSP algorithms as well. That clearly mentions that most of the execution
time is consumed by these operations. In a system comprising of multiplier, the system
performance usually determined by the performance of the multiplier as it considered as the
slowest unit among all. Hence, optimization of the multiplier’s speed is an important and

major design constraint.

Multiplication process is simply divided into three basic steps, which are generation
of the partial products, reduction of the partial products and the last comes out to be addition
so as to obtain the final result i.e. product. The multiplication operation’s speed can be easily
improved by reducing the number of partial products being generated or by increasing the

accumulating speed of these easily generated partial products.

The main objective of a useful and robust multiplier is to provide a closely and neatly
packed application which has high speed of operation with relatively low power consumption
element. So as to obtain this objective, this reported work deals with the sequential decimal

multiplier.
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4.2 TOOL AND LANGUAGE USED

The proposed sequential decimal multiplier is designed on the ISE design suite tool and the
language used is VHDL.

Xilinx ISE is a system software tool which was actually produced by Xilinx for
synthesis and analysis of designs in HDL. This tool enables the developer and the user to
synthesize or compile their designs and perform analysis with timing constraints. It also
offers the developer to analyze and review the RTL diagrams and also simulate a reaction of
any design at various stimuli. It also allows the programmer to configure the device being
targeted.

Xilinx ISE is nothing but a design environment designed for the products in FPGA
from Xilinx, and is tightfisted to the defined architecture of such chips, and are not of use
with the FPGA products from other dealers or vendors. The Xilinx ISE is of prime concern in
the circuit synthesis and designing, while simulator used for system-level testing is ISIM or

the ModelSim logic simulator.

VHDL:

VHDL stands for VHSIC Hardware Description Language. The VHSIC stands for Very High
Speed Integrated Circuits. High throughput is a demand for many DSP applications. The
capability to handle/control and evaluate difficult algorithms is a major requirement by many

DSP designers, to hold the required concurrency level.

The VHDL language is used by these modeling needs at all the three levels i.e.
behavioral, implementation and structural. It gives a flexible and adaptable set of description
solutions for modeling the DSP circuits from the system to the gate level. VHDL includes
user-defined types. It also includes user-defined functions, procedures as well as packages.
VHDL is a very powerful, concurrent and high-level programming language from many

aspects. Hence it is used to design the proposed structure.
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4.3 ALGORITHM AND FLOWCHART OF THE PROPOSED SEQUENTIAL
DECIMAL MULTIPLIER

The complete approach used in this designing of this sequential decimal multiplier is given in
this section. This section includes the algorithm and flowchart of the proposed sequential

decimal multiplier.

4.3.1 Algorithm of the Proposed Sequential Decimal Multiplier

1. The algorithm for the proposed structure is given below.

2. Take two n-digit decimal numbers. Let X; and Y; be the two 8-digit decimal
numbers, where X; is the multiplicand and Y is the multiplier where both i

and jare 0 <.i<nand 0 <. j<n.

3. Represent each digit of both the multiplicand and the multiplier in BCD-
format i.e. in 8-4-2-1 binary-coded-decimal representation such that each digit

of X;j and Yiis represented as x®xi?x*x and yi®yi2yi'yi respectively.

4. Generate easy multiples like 2X;, 4X; and 5X; so as to make the complex
process of multiplication little easier. The following formulas are used for

generation of easy multiples.

2%;:

2} = xfx] +xjx; x] (4.1)
2x? = xfg+ xjx] + Exf (4.2)
2x}-1 = x}-ax? + Exfx_f + Jc}-2 le E 4.3)
fo = xf_i + x}?_l(le_i + xf'_ 1) (4.4)
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4X;:

4X; = 2 X 2X;

SA;:

53c}-3 = xf' (xf_i + x_f-_ijg-l_ 1) (4.5)
5x7 = x>, @ (xXxt, %)) (4.6)
5x}-1 = xj?_i fan (x}.l_ s xf'} 4.7
5xf' = xf’ + xj-l_ij (4.8)

. After obtaining the easy multiples, a selector is used to determine (on the basis
of the multiplier digit Y;) the required easy multiples to generate partial
products. The partial products are represented in the double-BCD format i.e.
WIi] = U[i] + V[i], where UJi] and V[i] are BCD numbers.

. The logical expressions which are used to generate the partial products are
described in the equations (4.9) and (4.10).

il = 41 -
I{J [1] 2‘5@}z + 4‘5{!}: (49)

U [ = X% 32 y21+ 4,102 +v30E @ 0] + 55,[02 +vH0E By

(4.10)
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7. After obtaining the complete range of partial products, they are added to
obtain the final result. As both U and V are generated in a parallel manner,
the latency decreases to a great extend.

4.3.2 Flowchart of the Proposed Sequential Decimal Multiplier

The flowchart for the proposed sequential decimal multiplier is given below. The
flowchart clearly shows the diagrammatical representation of the algorithm used in
the proposed sequential decimal multiplier. It mentions all the necessary steps
involved to generate the result of the multiplication of the multiplier (i.e. X) and the
multiplicand (i.e. Y). The sequence starts from the generation of easy multiples using
the equation (4.1) to equation (4.8) given in the section 4.3.1. Then partial products
are generated in parallel form using the equation (4.9) and equation (4.10). The final

result is obtained from the addition of generated partial products.
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Take 2 n-Digit Humbers J; and ¥:

whera 0 = L. j=n

!

FRepresent X; and Y; in BCD Format

(renerate Easy Multiplas 230, 430

and 5X;forevery 0 =. L j=n

Compute U[i] and V[j] in parallal formusing
formulas for every 0 <. L j=n

U ] = X007 o7 371+ 4507

ok Al . vi[] = 2xd + 4xp7
+ }1|.3::||~}1I.1' $ }'ll.n :]] + 5‘5::-'.[&}1'_2 E; 11 ¥

+ 37 (3 7]

l Y

Wil = U[i] + V[i] for everv 0 =. { j<n

Pli+1] = 0.1P[i] + W[i] for 0 = i j<n

sTOP

Fig. 4.1: Flowchart for the Proposed Sequential Decimal Multiplier
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CHAPTER 5

SIMULATION AND SYNTHESIS RESULTS

A 32*32 bit multiplier has been implemented in VHDL language by using Xilinx ISE tool.
Simulation and synthesis results for this multiplier are derived with the help of Xilinx ISE
tool. The complete details about the hardware used for the proposed multiplier
implementation is given by the synthesis report. The detailed synthesis report is given in
terms of number of LUTSs and slices. Number of slices and LUTSs are used in FPGA. FPGA
stands for field programmable gate array. The term “field programmable” is used because
FPGA is an integrated circuit which is designed and planned by the user or designer or
customer after manufacturing. The configuration of FPGA is normally described by the
hardware description language (HDL).

In Xilinx FPGAs, there are programmable logic blocks which are known as slices. A
slice is composed of LUTs and flip flops. In the digital logic, a lookup table of an n-bit can be
implemented by making use of a multiplexer in which the select lines of the multiplexer are
used as the input to the LUTs and whose input is maintained a fixed value. Any Boolean
logic function with n-input can be encoded by an n-bit LUT by representing these functions
in the form of truth tables. It results in a very efficient and reliable method to encode Boolean
functions and LUTs. Following are the synthesized and simulated results of the proposed

sequential decimal multiplier-

5.1 32-BIT SEQUENTIAL DECIMAL MULTIPLIER

In this a 32*32 multiplier is implemented. The various simulated and synthesis reports are

mentioned in this section.

5.1.1 Simulation Results

Simulation results are shown in fig.5.1. In this X and Y are taken as inputs with
values as 99999999 and 99999999 respectively.
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Objects +08x ;

Simulation Objects for bed_to_decimal

AR

ctName Value D~
IR 1001 Int 'J
46 1001 Int|
16 1001 i @
1 1001 Int| 1&
14 1001 Int Y
12 1001 Int
iR 1001 Int %
140 1001 Int
7 1001 Int| I
1¥6 1001 Int}
105 1001 Int
A 1001 Int
13 1001 Int] | AL
n 1001 Int) =
i 1001 Int
10 1001 Int
J i Loy
] 1000000000000000_ Int

Objects #08 X |

Simulation Objects for bed _to_decimal

Bl G810 @

ct Name Value Di ¢
Ry 1001 Int
%6 1001 nt|
[ %5 1001 Int] §
IR 1001 Int
13 1001 Int
12 1001 Int
ik 1001 Int
110 1001 Int
1y 1001 Int| I
1 Y6 1001 Int
hys 1001 Int

IR A 1001 Int
193 1001 Int/ | A
12 1001 Int| -
iy 1001 Int
Y0 1001 Int

fj clk1 1 Los

j f99 1000000000000000... Int

Figure 5.1 (b): Simulation Results
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The product term obtained by applying the described algorithm in chapter 4 and is
saved in f which is 9999999800000001.

5.1.2 Synthesis Report

Synthesis report is shown in figure 5.2. It can be seen from the figure that the number
of LUTs and flip flops consume 18% and 5% respectively of the total available
numbers, whereas the number of slices occupied from the total available number is

20% and the number of bonded input-output were consumed 198 out of available 232

bonds.
Device Utilization Summary

Logic Utilization Used Available Utilization Note(s)
Mumber of Slice Flip Flops 474 9,312 5%
Mumber of 4input LUTs 1,683 9,312 18%
Mumber of occupied Slices 967 4,656 20%

Mumber of Slices containing only related logic 967 97 100%

Mumber of Slices containing unrelated logic 0 967 0%
Total Number of 4input LUTs 1,703 9,312 18%

Mumber used as logic 1,683

Mumber used as a route-thru 0
Number of bonded [0Bs 193 3 35%
Mumber of BUFGMLUXs 1 24 4%
Average Fanout of Mon-Clock Nets 276

Fig.5.2: Synthesis Report

5.1.3 Power Consumption Report

Power consumption report is shown in figure 5.3. From the power consumption report
is clearly specified that the total power consumed is 81mW. It can be seen from the
power report in the figure that total power consumed is the sum of dynamic and
quiescent power in which the total share of dynamic power is zero. The entire power
is due to the quiescent power only. The quiescent power is also known as the static

power. It is the power consumed by the circuit when no power is switched on.
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View ] Device OnChip  Power(W)  Used Supply Summary Total Dynamic ~ Quiescent
- Defaut Activity Rates Family 1 —| —| Source  Votage  Cument (A) Cument (8) Cument (A)
a Patt 1689 5312 18] 1.200) 0.026 0.000 0.026
- Corfidence Levl Package 219 . . 2500 omsl  oom|  0oig
£ Detalls Temp Grade 193 2 8 3500 ool oom| 0o

- %o By Hierarchy Process
7} By Clock Domain Speed Grade Total Dynamic  Quiescent
= ‘E B Eesource Tive Environment ive TJA Max Ambient Junction Temp

B ;’gg:;ls Ambient Temp (C) Thema Propeties (/W) (C) (C)

s

- = Cortrol

! -~ Clock Enable

e Resel Y | [ —

Color Source PRODUCTION  v1.206-2309

] Estimated

] Defaut

[ ] Caleulated

| The Power Analysis is up to date.

Figure 5.3: Power Consumption Report

5.1.4 Timing Summary

From the report of timing it is illustrated that the minimum period for the proposed
multiplication is coming out to be 39.540ns, minimum input arrival time before clock

is 27.487ns and maximum output required time after clock is 4.283ns.

Timing Summary:

Speed Grade: -4

Minimum period: 358.540n=s (Maximum Frequency: 25.2%1MHZz)
Minimum input arrival time before clock: Z27.48Tns
Maximum output required time after clock: 4.2&83ns
Maximom combinational path delay: No path found

Figure 5.4: Timing Summary

5.1.5 Performance Report

The performance report is shown in the table 5.1 which contains the area, power

consumed and delay for the proposed 32-bit sequential decimal multiplier.
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Table 5.1: Performance Report Table

Number of slices 967
Number of LUTS 1703

Power Consumed (in mW) 81
Delay (in ns) 39.54
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CHAPTER 6

CONCLUSION AND FUTURE SCOPE
6.1 CONCLUDING REMARKS

The proposed sequential decimal multiplier is implemented in VHDL using Xilinx ISE tool.
The performance report table clearly shows the net area, delay and power consumed by the
multiplier. This multiplier consumes least possible power. The proposed multiplier is
applicable for unsigned decimal numbers only. This multiplier uses 8-4-2-1 BCCD coding
technique. The delay incurred in the proposed work is 39.54 ns with a power consumption of

81 mW. The total power is due to the quiescent power and its dynamic share is zero.

6.2 FUTURE SCOPE

As mentioned in the conclusion that the proposed decimal multiplier is applicable for only
unsigned numbers, it brings the chance to design a multiplier in future that can be applicable
for signed numbers as well. In this section coding technique used is 8-4-2-1 BCD. Besides
this work, it is still possible to make use of some other coding techniques such as decimal 4-

2-2-1 coding mechanism.
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