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ABSTRACT

In this paper, an attempt to implement an optimal complex multiplier using the “Urdhva Tiryakbhyam” Sutra of
the ancient Indian Vedic Mathematics is presented. Signal Processing is based on mathematical analysis of complex
numbers. Many DSP operations are based on complex operations like Fast Fourier Transform, z-transform, linear systems,
multimedia applications, and telecommunications. The multiplier determines system performance as it is the slowest
element and generally occupies a large area. Due to such conflicting constraints designing a complex multiplier has always
been a challenge with significant tradeoffs. The proposed 16-bit Complex Multiplier using Vedic Multiplication is coded in
VHDL, simulated and synthesized in Xilinx Vivado 2016 Software and compared to a standard Booth Complex multiplier.
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1. INTRODUCTION

The advancement in technology and switch from
analog to digital has made Digital Signal Processing a
unique need. The signals for digital processing are
expressed as complex numbers; hence, operations on
complex numbers are an essential part of DSP operations.
Multipliers consume a large area and are usually the
slowest elements in a circuit. They are also the power-
consuming aspect of the device. Hence an optimal design
of a multiplier is always a challenge. Complex
Transformation is the heart of Digital Signal Processing.
Signal Processing is based on mathematical analysis of
complex numbers. Many DSP operations are based on
complex operations like Fast Fourier Transform, z-
transform, linear systems, multimedia applications, and
telecommunications. Multiplication is the fundamental
core of such complex operations. The multiplier
determines system performance as it is the slowest
element and generally occupies a large area. Due to such
conflicting constraints designing a complex multiplier has
always been a challenge with significant tradeoffs. Power
consumption is also a critical factor as growing technology
demands more computation capacity

Vedic Mathematics [11], [12] is a set of rules for
enhancing the speed of time-consuming arithmetic
operations like addition, subtraction, multiplication,
squaring, cubing. Multiplication is carried out by three
Sutras, namely Nikhilam Navatascaraman Dasatah,
Ekadhikena Purvena, and Urdhva Tiryakbhyam. Urdhva
Tiryakbhyam which means vertical and crosswise is a
general formula which can be applied to all cases of
multiplication.

2. VEDIC MULTIPLICATION

Consider a0al and b0Ob1 as two 2 bit numbers to
be multiplied (Figure-1). First, the LSB of the two
numbers is multiplied (s0). Then crosswise product alb0 is
added to the crosswise product aObl, and the carry is
carried over (s1). Then the MSB of the two numbers are
multiplied, and any carryover is added to it (c2s2)

a, a, agp ag
by b, by bo
€252 = ¢ + a by c151 = arby + apby sp = aghyp

Figure-1. 2-bit Vedic multiplication.

It can be implemented using AND gates and two
half adders, as shown in Figure-2. Using 2X2
multiplication block, we can build higher units like 4x4
and using 4x4 we can build 8x8 so on.

a, by ag by a, by ay by

IR A = e

AND

=0 (1bit)= a0b0

=1 (1bit)=a0bl +alb0

z2cl=blal+c2

Half Adder

Product=c2s2=1s0
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Figure-2. Gate level implementation of 2-bit Vedic
multiplier.

3. IMPLEMENTATION OF COMPLEX
MULTIPLIER USING VEDIC
MULTIPLIER
Complex number multiplication requires four real
multiplications and two additions/subtractions, which can
limit the overall speed.

X+jY=(A+]jB)(C+jD)=(AC-BD)+j(AD + BC)
Real part: (AC) - (BD)
Imaginary part: (AD) + (BC)

The real multiplication is achieved by using
Vedic Multiplication techniques as well as Booth’s
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Multiplication algorithm for comparison purpose.
Multiplication process involves generation of partial
products, reduction of the formed partial products and
final addition to generate result.

The addition and subtraction are performed using
carry-save adder to reduce time, and also we can add more
than two bits at a time.

3.1 The architecture of Complex Multiplier using
Vedic Multiplier
We can build a complex multiplier unit (Figure-
3) using four Vedic Multiplier Blocks. The results are
added using an adder block and subtracted using a
subtractor block to get the real and imaginary parts.

P =ab = (ar +jai). (br + jbi)
Pr = arbr - aibi
Pi = arbi + aibr

s TN
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multiplier
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Figure-3. Architecture of complex multiplier using
Vedic multiplier.

3.2 The architecture of Complex Multiplier using
Booths Algorithm

The real multiplication is carried out using
Booth's Algorithm (Figure-4) by encoding the multiplier
bits. Here 3-bit recoding is used that is we add a zero to
the LSB of the multiplier and separate the multiplier into
bits of three. Once the bits are formed, the partial product
generator generates partial products according to the 3
bits. The partial products are added using CSA adder.
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Figure-4. Architecture of booth multiplier.

4. SIMULATION AND RESULTS

The proposed 16-bit Complex Multiplier using
Vedic Multiplication is coded in VHDL, simulated and
synthesized in Xilinx Vivado 2016 Software. A 16-bit
Complex Multiplier using Booth algorithm is also coded

and synthesized for comparison purposes. The results are
shown in the Table-1. Simulation waveforms for both
Vedic (Figure-5) and Booth Complex multipliers (Figure-
6) are also shown.
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Figure-5. Simulation results of 16-bit Vedic based complex multiplier.

Table-1. Performance of 16 BIT VM and booth complex multiplier.

Models
Parameters
VM Booth
Slice Units 2501 3683
Max Delay(ns) 29.347 30.685
Power(mwW) 144.33 177

newbooth_16.vhd X | & boothcomp_16.vhd X | & boothcomp_16th.vhd X | BB Untitled 2* X

Figure-6. Simulation results of 16-bit Booth based Complex Multiplier.

(2]

5. CONCLUSIONS

Complex multiplication is an essential component
for achieving high-performance DSP applications.
However, it comes at the price of the increased area,
power, and delay. So the challenge is to design an efficient
complex multiplier that can achieve higher speed with less
area requirement. In this thesis, a complex multiplier is
designed using Urdhva Tiryakbhyam sutra from ancient
Indian Vedic Mathematics to achieve a faster computation
time with minimum area and power.
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