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ABSTRACT: Currently the speed of the multipliers is limited by the speed of the adders used for partial product
addition. In this paper, we proposed an 8-bit multiplier using a Vedic Mathematics (Urdhva Tiryagbhyam sutra) for
generating the partial products. The partial product addition in Vedic multiplier is realized using carry-skip technique.
An 8-bit multiplier is realized using a 4-bit multiplier and modified ripple carry adders. In the proposed design we have
reduced the number of logic levels, thus reducing the logic delay. Simulation of the architecture is carried out using
Xilinx 1SIM and synthesized using Xilinx XST. Results indicate 13.65% increase in the speed when compared to
normal Vedic multiplier.
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I. INTRODUCTION

Multiplication [3] is the most important arithmetic operation in signal processing applications. All the signal and data
processing operations involve multiplication. As speed is always a constraint in the multiplication operation, increase in
speed can be achieved by reducing the number of steps in the computation process. The speed of multiplier determines
the efficiency of such a system. In any system design, the three main constraints which determine the performance of
the system are speed, area and power requirement.

Vedic mathematics [1] was reconstructed from the ancient Indian scriptures (Vedas) by Swami Bharati Krishna
Tirthaji Maharaja (1884-1960) after his eight years of research on Vedas. Vedic mathematics is mainly based on
sixteen principles or word-formulae which are termed as sutras. This is a very interesting field and presents some
effective algorithms which can be applied to various branches of engineering such as computing and digital signal
processing. Integrating multiplication with Vedic Mathematics techniques would result in the saving of computational
time.

Thus, integrating Vedic mathematics for the multiplier design will enhance the speed of multiplication operation.
The multiplier architecture is based on Urdhva Tiryagbhyam [4] (vertical and cross-wise algorithm) sutra. An
illustration of Urdhva Tiryagbhyam sutra is shown in Figure 1.
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Figure 1. lllustration of Urdhva Tiryagbhyam sutra.

The 4x4 multiplication has been done in a single line in Urdhva Tiryagbhyam sutra [1], whereas in shift and add
(conventional) method, four partial products have to be added to get the result. Thus, by using Urdhva Tiryagbhyam
Sutra in binary multiplication, the number of steps required calculating the final product will be reduced and hence
there is a reduction in computational time and increase in speed of the multiplier.
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Consider two 4-bit binary numbers asa,a;ay and bsh,b;bo. The partial products [5] (P;PsPsP4PsP2P1Po) generated are
given by the following equations:
i Po= aobo
ii. P= aobl + a1b0
iii. P, = aobz + albl + a2b0+ P,
iv. Ps= aob3 + a1b2 + a2b1 + agb0+ P,

V. P, = albg + a2b2 + a3b1 + P3

Vi. Ps = albz + azbl +P,

vii. Pg = a3b3 + Ps

viii. P;=carry of Pg 1)

Il. PROPOSED 8X8 MULTIPLIER

The 8-bit multiplier is designed using four 4x4 Vedic multipliers which employ Urdhva Tiryagbhyam sutra and carry-
skip technique for partial product addition. The output of these Vedic multipliers is added by modifying the logic levels
of ripple carry adder. Block diagram of the proposed 8x8 multiplier is illustrated in figure 2.
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Figure 2. Block diagram of proposed 8x8 multiplier.

The 8-bit input sequence is divided into two 4-bit numbers and given as inputs to the 4-bit multiplier blocks (a[7:4]
& b[7:4], a[3:0] & b[7:4], a[7:4] & b[3:0], a[3:0] & b[3:0]). The four multipliers used (in figure 2) are similar and give
8-bit intermediate products which are added using overlapping logic with the help of three modified parallel adders
(ADDER-1, ADDER-2 and ADDER-3), explained in subsequent section. The partial products obtained from the four
multipliers are demarcated into four regions as in figure 3. The four LSB product bits P[3:0] are directly obtained from
one of the multipliers. The output of the second and third multiplier block is added directly using ADDER-1 as the
second and third region is overlapping. Then the higher order bit of first multiplier block is added to the overlapping
sum using ADDER-2 which gives the product P[7:4]. Finally, MSB bits P[15:8] are obtained by adding the fourth
multiplier output to the carry from ADDER-1 (added at the fifth bit position) and higher order bits (acts as lower nibble
of addend) of ADDER-3.
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Figure 3. Separation of the partial products

A. Design of 4x4 Multiplier

The 4-bit Vedic multiplier is designed using Urdhva Tiryagbhyam sutra and carry-skip technique for partial product
addition. In a normal Vedic multiplier, the carry from each partial product addition is given to the next partial product

bit calculation.

In the proposed architecture (Figure 4), the carries are not only rippled to the next partial product bit

calculations but also to the subsequent bits using carry skip technique so as to reduce the carry propagation delay.
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Figure 4. Proposed 4-bit Vedic multiplier using Urdhva Tiryagbhyam sutra and carry-skip technique.

The Vedic multiplier equations given in equation 1 are modified in the proposed multiplier as follows:

i.
ii.
iii.
iv.
V.
Vi.
Vii.
viii.

Po = agho

Py = abg + agh;

P, =apbg + a1b; + agh, + agabgh;

P = aghg + asb; + a3b, + aghs + carry from P,

P, = agh; + asb, + a3bs + carry from P, + carry from P;

Ps = ash, + a,b3 + carry from P, + carry from P;

Ps = agb3 + a1a2b1b2+ carry from P4

P; = carry from Pg @

The products Py, P;, Pz and P; in equation 2 are same as in equation 1 but the other equations have been modified
to incorporate carry skip technique in the adder blocks of figure 2. In P, a new term aghga;b; is added so that all the four
terms are ready for addition at the same time to reduce the delay in waiting for carry from the previous stage. In P4 and
Ps the carry from two previous stages are added thus carry propagation time is reduced. For example if all four terms of
P,are 1, the carry is directly transferred to P,. Similarly Py is modified by adding carry from P, and term a;a,b;b,.
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The gate level description of modified Vedic multiplier is shown in figure 5. The design methodology combines
Urdhva Tiryagbhyam sutra [1] of Vedic mathematics with carry skip or carry by pass technique. The figure 5 gives
detailed description of how each partial product is obtained in the multiplication process. If any stage produces a two

bit carry, then the immediate stage is skipped and the carry is given to the subsequent stages after the immediate stage
thus increasing the speed. It uses only half adders and the input bits are added using carry save method.
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Figure 5. Gate Level description of modified 4-bit multiplier.

I11. ADDER DESIGN

The multiplier in the proposed design uses three adders. The ADDER-1 in figure 6 adds the 8-bit outputs from the
second and third multiplier blocks and uses one half adder followed by seven full adders which are connected in ripple
carry adder form.
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Figure 6. Block Diagram of ADDER1.

The ADDER-2 in figure 7 adds the higher nibble of the first multiplier with the sum output of ADDER-1. It consist of
four half adders, three full adders and a XOR gate. The lower nibble of ADDER-2 forms a part of the final product (p
[7:4]).
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Figure 7. Block Diagram of ADDER-2
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The ADDER-3 in figure 8 adds 8-bit word and a 5-bit word. It performs addition on the 8-bit output of the fourth
multiplier, the higher nibble of the second adder and carry from the first adder (carry forms the MSB of the augend).

The ADDER-3 consists of three half adders, four full adders and a XOR gate. The 8-bit output of the third adder forms
the higher byte of the final product. (p[15:8]).
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Figure 8. Block Diagram of ADDER-3
IV. RESULT AND DISCUSSION

The proposed 8-bit multiplier is coded in Verilog HDL, simulated using Xilinx 1Sim simulator, synthesized using
Xilinx XST for Spartan 6: xc6sIx4-3tqgl44 FPGA and verified for possible inputs given below. Inputs are generated
using Verilog HDL test bench. The simulation result for 8-bit multiplier is shown in the Figure 9.
CASE - 1: Inputsa=“11111111",b=*11101101"
Product p=“1110110000010011"
CASE-2:  Inputsa=“10001001", b=“01001001"
Product p =“0010011100010001"
CASE - 3: Inputs a=“01010110", b =“01000000"
Product p =“0001010110000000”

Figure 9. Simulation results for various input combinations

Comparison with Various Architectures

The 8-bit multiplier designed is compared with various architectures in terms of total delay, logic delay, route delay and
number of logic levels. The results obtained are tabulated in Table I. From table I, it is evident that there is a reduction
in both total delay and logic levels. The routing delay is found to be 9.424 ns, the logic delay is 5.626 ns; thus, giving a
total delay of 15.050 ns. The number of logic levels is 11. Thus, it is clear that the proposed design outperforms the
other popular multiplier architectures. The proposed architecture can be used to develop a high speed complex number
multiplier with reduced delay.

Table I. Comparison between proposed and other architectures
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Multiplier Proposed Normal 8-bit array 8-bit
Type 8-hit 8-bit Vedic multiplier | Wallace tree
multiplier multiplier using CSA multiplier
Total Delay 15.050 17.430 17.533 15.969
(ns)
Logic 5.626 6.030 6.026 5.823
Delay (ns)
Route 9.424 11.400 11.507 10.146
Delay (ns)
Logic 11 13 13 12
Levels

From table I, it is evident that there is a reduction in both total delay and logic levels. The routing delay is found to be
9.424 ns, the logic delay is 5.626 ns; thus, giving a total delay of 15.050 ns. The number of logic levels is 11. Thus, it is
clear that the proposed design outperforms the other popular multiplier architectures. The proposed architecture can be
used to develop a high speed complex number multiplier with reduced delay.

VI. CONCLUSION

This paper presents a novel way of realizing a high speed multiplier [2] using Urdhva Tiryagbhyam sutra and carry skip
addition technique. A 4-bit modified multiplier is designed. The 8-bit multiplier is realized using four 4-bit Vedic
multipliers and modified ripple carry adders. Ripple carry adders are modified because not all bits have same weight
and hardware can be reduced by reducing the number of full adders used. Though the number of gates used is fairly
high, the increase in speed compensates for the increase in area. The proposed 8-bit multiplier gives a total delay of
15.050 ns which is less when compared to the total delay of any other renowned multiplier architecture. Results also
indicate a 13.65% increase in the speed when compared to normal VVedic multiplier without carry-skip technique. Our
design outshines all other designs.
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