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Abstract: For designing of complex number multiplier basic idea is adopted from designing of multiplier. An ancient Indian
mathematics "Vedas" is used for designing the multiplier unit. There are 16 sutra in Vedas, from that the Urdhva Tiryakb-
hyamsutra (method) was selected for implementation complex multiplication and basically Urdhva Tiryakbhyam sutra appli-
cable to all cases of multiplication. Any multi-bit multip lication can be reduced down to single bit multiplication and addition
by using Urdhva Tiryakbhyam sutra is performed by vertically and crosswise. The partial products and sums are generated in
single step which reduces the carry propagation from LSB to MSB by using these formulas. In this paper simulation result for
4bit complex no. multiplication using Booth’s algorithm and using Vedic sutra are illustrated. The implementation of the
Vedic mathematics and their application to the complex multiplier was checked parameter like propagation delay.

I INTRODUCTION

Important components of many high performance systems
such as FIR filters, microprocessor, digital signal processor,
etc. are multipliers. Complex number multiplication is im-
portant in digital single processing, especially in DIT-FFT
twiddle factor multiplied with input is complex number.
Four real number multiplication and two additions or sub-
tractions are involve in complex number multiplication
.Carry needs to be diffused from the least significant bit
(LSB) to most significant bit (MSB) when binary partial
products are added in real number multiplication. After bi-
nary multiplication, the overall speed is limit by the addition
and subtraction [4] [5].

Vedic Mathematics is based on 16-sutras and 16-sub su-
tras invented in (1884-1960).In Vedic mathematics there are
three sutras Nikhilam Navatascaraman Dasatah, Ekadhikena
Purvena and Urdhva Tiryakbhyam used for multiplication
[1]. The targeted Vedic sutra (algorithm) which is suitable
for all cases of multiplication is Urdhva Tiryakbhyam. The
Array multiplication and Booths algorithm are the most
common multiplication algorithms. The Booth algo-
rithm was invented by Andrew_Donald_Booth in 1950, that
mu ltip lies two binary numbers. These Booth algorithms are
used for multi-bit and exponential operations that require
large partial results and carry registers [3], and takes compa-
rable computational time [10]. This paper presents which
mu ltiplication algorithm is efficient for digital signal

processing. The framework of this multiplication algorithm
is based on Urdhva Tiryakbhyam sutra of Vedic mathemat-
ics.
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This paper is organized as follows. Design of complex num-
ber multiplication using Booth-Wallace algorithm, Urdhva
Tiryakbhyam sutra of Vedic mathematics is explained with
examples. Compare the result in both algorithms in term of
delays. Results obtained for 4-bit complex multiplication are
presented. Concluding remarks are presented.

I IMPLEMENTATION

For implementing complex number multiplication, require
real part and imaginary part.

R+jl=(A+jB)(C+jD) @
(A +j B) is first complex number,
(C +j D) is second complexnumber,

Gauss’s algorithm for complex number multiplication gives
two separate final results to calculate real and imaginary
part. From equation (1) the real part of the output can be
computed using (AC - BD), and the imaginary part of the
result can be computed using (BC + AD). Thus four separate
mu ltip lications and addition/subtraction are required to pro-
duce the real as well as imaginary part numbers [9] [10].

A. Complex number multiplication using conventional
modified Booth Wallace multiplier

Multiplication process is the critical part for any complex
number multiplier design. There are three major steps in-
volved for multiplication. Partial products are generated in
first step. In second step partial product reduction to one row
of final sums and carries is done. Third and final stage adds
the final sums and carries to give the result. Since the Radix-


http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Andrew_Donald_Booth
http://en.wikipedia.org/wiki/Base_2

4 modified Booth algorithm is capable to reduced the num-
ber of partial products by nearly equal to half, this algorithm
is used in the first step of implementation of complex num-
ber multip lication using Booth’s method. In the second step
Wallace tree structure is used to rapidly reduce the partial
product rows to the final two rows giving sums and carries.
The multiplication design based on Radix-4 modified Booth
algorithm consists of two main blocks known as MBE
(Modified Booth Encoding) and partial product generator as
shown in Fig. 2. Wallace Tree CSA structures have been
used to sum the partial products in reduced time. In this re-
gard, combining both algorithms in one multiplier, we can
expect a significant reduction in computing multiplications

[11].
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Fig.1. Block diagram of complex number multiplier

Example 1: multiplication of 3 and 4 using Booth’s Method.

Stepl: convert numbers into binary form ie.
3=0011(multiplicand) and 4=0100(mu Itiplier).
Step 2: According to Booth concentrate on multiplier

a) Copy LSB as it is

b) Go from right to left

i) If 00/11 then answer is 0,

ii) Ifgo from 0to 1then answeris -1,

iii) If go from 1to 0 then answer is 1.

0 1 0 O

i

1 -1 0 0
Step 3: Now multiply (0011) and (1-100)
Step 4: Multiplication is done by simple way, but by multip-
lying by -1 to any multiplicand take 2’s complement of
That multiplicand ie.by multiplying “-1” with 0011 then
take 2’s complement of 0011 as a result.

Final Result of multiplication is 00001100=12.

B. Vedic multiplication method

The Vedic Mathematics is an ancient mathematic invented
by Jagadguru Shankaracharya Bharati Krishna Teerthaji
Mabharaja. The proposed complex number multiplier is based
on the Urdhva Tiryakbhyam sutra. For the multiplication of
two numbers in decimal number system, these sutras have
been traditionally used. In this work the same ideas are ap-
plied to binary number system, to make the proposed algo-
rithm compatib le with the digital hardware.

C. Urdhva Tiryak bhyam sutra

The basic meaning of Sanskrit word is “Vertically and
crosswise”. It is applicable to all multiplication. The vertical
and crosswise multiplication can be implemented starting
either from left hand side or from right hand side [7][8].

Meaning of vertically is straight above multiplication and
meaning of crosswise is diagonal multiplication and adds
them.General multiplication procedure using “Urdhva Ti-
ryakbhyamsutra” is illustrated below.

- v ® -
STEP 13 | STEP 2 | STEP 3

a3 a2 al a0 a3 a2 al a0 a3 a2 al a0

" X i

b3 b2 bl bO b3 b2 bl bO b3 b2 bl bO

Fstepr 39 | sTep 5 | STEP 6
a3 a2 al a0
N A
\x/
I I AR
b3 b2 b1 bO b3 b2 b1l bO

a3 a2 al a0 a3 a2 al a0
= >

NG

& N
b3 b2 bl bO

STEP 7
a3 a2 al a0
A
i

b3 b2 bl bLO

Fig2: Vertically Crosswise multiplication of binary numbers [2]

The above figure shows multiplication of 4 bit  number,
performance is starting from right hand side. Corresponding
expression as follows:

R0=a3b3 Q)
C1R1=a2bh3+a3h2 )
C2R2=Cl+a3b1+a2b2+alb3 3)
C3R3=C2+a3b0+a2bl+alb2+a0b3 @)
C4R4=C3+a2b0+albl+alb?2 (5)
C5R5=C4+alb0+albl (6)
C6R6=C5+a0b0 @)

Final product is being with C6R6R5R4R3R1R0 [3][4][7].

Example 2: Multiplication of 423 and 114

Stepl: Start working from left to right, the first thing we will
do is multiply both the left-hand side vertically.
1 x4=4.. . write ‘4> down.
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423
114

4

Step 2: Next crosswise multiply and add these result i.e.
Ix4)+(1x2)=6.

423
114

46

Step3: We are going to cross multiply (4 x 4) and (1 x 3),
and multiply the middle term vertically (2 x 1). Add these
three numbers together...16 + 3 + 2 = 21. We put down the
’l", and carry the ’2' over. The second term now becomes
8...(6+2).

423
114

481

Step 4: Now continue with the cross multip lication, this time
multiplying (2 x 4) and (3 x 1). Add these two numbers to-
gether...8 + 3 = 11.Now write down the 1’ as the fourth
term, and carry the 1. Add this 1’ to our third term
(’1")...but this now equals 2'.

423
114

4821

Step 5: Finally multiply the right-hand side vertically. (3 x
4) = 12. Write down the ’2’, and carry the *1’. Add the ’1’ to
our fourth term (’1”) to give us 2’, write that down in the
fourth spot.

423

114

48222
Result of multiplication 423 * 114 = 48222.

111 COMPLEX MULTIPLIER
Complex multiplier design by using multiplier, adder and
subtractors.Fig.3 shows the implementation of Complex
number Multiplier.

Multiplication Algorithm: (Ar+jBi) and (Cr+jDi) =R+jl

<Input>:
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(Ar+jBi) and (Cr+jDi) both are complex number, Ar
and Cr represents real number input; and Bi and Di
represents imaginary number input

<Output>:
R and I are the real and imaginary part of complex
number.

8 bit Subtractor

foroutput (Real
8 bit Adder for Part)
multiplied output

(Imaginary Part) « Full Adder are

used in 2's

« Full Adder are complement form

complex
Multiplicatio
n

Fig 3: Method for complex number Multiplication

IV DISCUSSION

By using VHDL, 4 bit complex number multiplier using
Vedic mathematic (Urdhva Tiryakbham) and Booth’s algo-
rithm is implemented.

The functional verification of the code through simulation
is carried out by Xilinx ISE simulator. The complete code is
synthesized using Xilinx synthesis tool (XST). Table 1 indi-
cates the device utilization summary, comparison between
architecture in term of propagation delay of the Vedic com-
plex and Booth’s complex multiplier. Figure 4 shows the
comparative chart of device utilization and figure 5 & 7,
figure 6 & 8 shows the RTL schematic and synthesis report
of 4-bit complex multiplier using Booth’s and Vedic algo-
rithm respectively. Since the methodology used for the im-
plementation of complex multiplier in both case is quite
same, but in case of Vedic algorithm is less compared to
Booth’s algorithm.

TABLEI DEevice UTILIZATION SUMMARY

Algorithm [ NO. of | NO. of 4 | NO. | Delay
Slices input of in nS.

Slices 10’s

Vedic

complex 84 147 33 | 1841

Booth’s

complex 100 174 33 | 19.66
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Fig.8.Synthesis report of 4-bit complex multiplier (Vedic)
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The work presented in this paper was implemented using
eI VHDL and logic simulation was done using Xilinx ISE si-
15.86709 (9. 53503 logic, 57300 rouel mu lator. The obtained results are presented in table I, and

waveforms for 4-bit complex multiplication using Urdhva
Tiryakbhyam and Booth’s algorithm is shown in figure 9 &
10 respectively. The device utilization in case of Vedic
complex is less (No. of Slices: 84 out of 1920 - 4%, Number
Fig.6.Synthesis report of 4-bit complex multiplier (Booth’s) of 4 input LUTs: 147 out of 3840 - 3%, compared to Booth’s
complex (No. of Slices: 100 out of 1920 - 5%, Number of 4
input LUTs: 174 out of 3840 - 4 %,). The delay required by
Vedic complex multiplier is 18.39 ns, while it is 19.96 ns for
Booth’s complex.
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Fig. 9. Simulation waveforms for 4-bit complex multiplication
(Vedic)

Fig. 10: Simulation waveforms for 4-bit complex multiplication
(Booth’s)

VI CONCLUSION

In many DSP applications numbers of complex multiplica-
tions are involved, in which high speed performance is a
prime target. However, achieving this may be done at the
expense of area, power dissipation, propagation delay and
accuracy. So efforts have to be made by decrease the number
of multipliers and by increase their speed. A high speed com-
plex number multiplier design using ancient Indian Vedic
Mathematics (Urdhva Tiryakbhyam sutra) is implemented
using VHDL. This sutra is applicable to all cases of multipli-
cation. The results show that Urdhva Tiryakbhyam sutra used
to implement high speed complex multiplier efficiently in
digital signal processing algorithms by decreasing propaga-
tion delay (ns).
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