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ABSTRACT

In this thesis | am going to design 64-bit multiply and Accumulator using Vedic multiplier Technique based on
Urdhva Tiryagbhyam “-vertically and crosswise sutra. reduce partial product with help of adders during
multiplication operation. Vedic multiplier is higher speed compared to other multipliers. It is observe simulation
waveform and Compared delay, area and speed. Reduce the delay with help of adders and to improve speed of
hardware module.

Design of Vedic multiplier with help of adders | want to analysis of adders and comparison of delay between to
adders and which adders better for delay in observation of Simulation waveform in Xilinx Software and
implementation in FPGA kit. it is comparison of performance parameter like delay, area and speed. Finally design
of high speed MAC unit.
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1. INTRODUCTION

Multiply-Accumulate (MAC) unit is extensively used in microprocessors and digital signal processors for data-
intensive applications, such as filtering, convolution, FFT transform and inner products. [10] Because they are
basically accomplished by repetitive application of multiplication and addition, the speed of the multiplication and
addition determines the execution speed and performance of the entire computation. As the multiplier exhibits
inherently long delay among the basic operational blocks in digital system, the multiplier determines the critical
path.

In order to improve the speed of the MAC unit, there are two major bottlenecks. The first is the partial products
reduction network that is used in the multiplication block and the second is the accumulator. Both of these stages
require addition of large operands that involve long paths for carry propagation. The main key to the proposed
architecture is using the Vedic multiplier to design the MAC unit and compare the performance with the
conventional MAC units Using Booth Multiplier, Wallace Multiplier in terms of area, speed and number of
resources.

The Vedic multiplier uses “Urdhva Tiryagbhyam” algorithm. The authors in use Vedic multiplier based on the
ancient algorithms (sutras) for multiplication.[10]

1.1 Multiply and accumulator

Multiplication Accumulation is an important part of real-time digital signal processing (DSP) with applications
ranging from digital filtering to image processing. Multiply and accumulate is a very common basic-level operation
seen in many DSP designs/algorithms. Two numbers are multiplied together, and added into an accumulator
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register. the basic MAC unit consists of multiplier, adder and accumulator. In general MAC unit uses the
conventional multiplier unit, which consists of multiplication of multiplier and multiplicand based on adding the
generated partial products and to compute the final multiplication. This results to adding the partial products.[10]
The key to the proposed MAC unit is to enhance the performance of MAC using Vedic Multiplier and to compare
the Vedic, Booth and Wallace tree multiplier in terms of computation required to generate the partial products and
add the generated partial products to get the final result of the multiplication.[10]

11
]

ACCUMULATOR

Fig -1: Architecture of MAC unit

1.2 Vedic Multiplier

The main purpose of Vedic Mathematics is to be able to solve complex calculations by simple techniques. The
formula being very short makes them practically simple in implementation. Urdhva-tiryagbhyam (Vertically and
crosswise) sutra is general formula applicable to multiplication operation. The Vedic multiplier using Urdhva-
Tiryakbhyam sutra of width NxN will generate the 2N-1 cross products of different widths which when combined
forms (log2N + 1) partial products. The partial products are obtained by vertical and crosswise operations using the
Sutra. Hence the delay is equal to adder delay. Critical path would consist of adders adding the maximum number of
bits in cross product. In all cases it will be the cross product in which all bits of multipliers are considered.[10] The
strategy applied for developing a 64 x 64-bit Vedic multiplier is to design a 2 x 2- bit Vedic multiplier as a basic
building module for the system. In the next stage of development a 4 x 4-bit multiplier is designed using 2 x 2-bit
Vedic multiplier. Further in same manner 8 x 8, 16 x 16 and32 x 32- bit Vedic multiplier is designed. For the partial
product addition for all stages of development a fast adders is used.Multiplier plays an very important role in today's
digital circuits. The multiplier is based on an algorithm Urdhva Tiryagbhyam (Vertical and crosswise ).This sutras
shows how to handle multiplication of larger number (N X N bits) by breaking it into smaller sizes.[5] For
multiplier, first the basic blocks, that 2x2 multiplier are made and then, 4x4 block , 88 block and 16x16 block have
been made A 4x4 multiplication is simplified into 4,22 multiplication that can be performed in parallel. This
reduces the number of stages of logic and thus reduces the delay of the multiplier. This example illustrates a better
and parallel implementation style of Urdhva Tiryagbhyam sutra.
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Fig -2: Multiplication of 44 bit Vedic multiplier

1.3 Comparison of different multiplier

PARAMETER | WALLACE BOOTH VEDIC
Family 4x4Bit 4-4Bit 4x4Bit
spartan3device
Area 49 287 75
Delay 15.325ns NA 18.66ns
Speed 65.2Mhz 53.5Mhz

Fig -3: Comparison of different multiplier

2. Carry save Adder
ba bas bsa ba ba ha bha b

Fig -4: 8 bit carry save adder

In this design 128 bit carry save adder [6] is used since the output of the multiplier is 128 bits (2N). The carry save
adder minirnize the addition from 3 numbers to 2 numbers. The propagation delay is 3 gates despite of the number
of bits. The carry save adder contains n full adders, computing a single sum and carries bit based mainly on the
respective bits of the three input numbers. The entire sum can be calculated by shifting the carry sequence left by
one place and then appending a 0 to most significant bit of the partial sumsequence. Now the partial sum sequence
is added with ripple carry unit resulting in n + 1 bit value. The ripple carry unit refers to the process where the
carryout of one stage is fed directly to the carry in of the next stage. This process is continued without adding any
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intermediate carry propagation. Since the representation of 128 bit carry save adder is infeasible , hence a typical 8
bit carry save adder is shown in the figure 3[6].Here we are computing the sum of two 128 bit binary numbers, then
128 half adders at the first stage instead of 128 full adder. Therefore , carry save unit comprises of 128 half adders,
each of which computes single sumand carry bit based only on the corresponding bits of the two input numbers. If x
and y are supposed to be two 128 bit numbers then it produces the partial products and carry as S and C respectively.
Si=x Nvyi

Ci=x &vyi

During the addition of two numbers using a half adder, two ripple carry adder is used. This is due the fact that ripple
carry adder cannot compute a sum bit without waiting for the previous carry bit to be produced, and hence the delay
will be equal to that of n full adders. However a carry-save adder produces all the output values in parallel, resulting
in the total computation time less than ripple carry adders. So, Parallel In Parallel Out (PIPO) is used as an
accumulator in the final stage.

3. Results

X1: 2,000,000 ps

Fig -5: 64X64 bit simulation waveform

MAC_UNIT

Fig -6: 64X64 bit RTL synthesis
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PARAMETER | WALLACE BOOTH VEDIC
Family 4x4Bit 4x4Bit 4x4Bit
spartan3device
Area 49 287 75
Delay 15.325ns NA 18.66ns
speed 65.2Mhz 53.5Mhz

Table 1: Comparison of different multiplier

4. CONCLUSIONS

Vedic multiplier is faster than other multiplier. The carry save adder vedic mathematics based MAC unit proves to
be highly efficient in terms of speed and area. The area needed for vedic multiplier is very small as compared to
other multiplier architecture.
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