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Design of the 16-bit Vedic Multiplier Based on
Compressor Adder

Harshit Swaroop®
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Abstract: This paper proposed the design of 16 bit Multiplier using the techniques of Ancient Indian Vedic Mathematics that
have been modified to improve performance. Vedic Mathematics is the ancient system of mathematics which has a unique
technique of calculations based on 16 Sutras. The work has proved the efficiency of Urdhva tiryakbhyam — Vedic method for
multiplication which strikes a difference in the actual process of multiplication itself. It enables parallel generation of
intermediate products, eliminates unwanted multiplication steps with zeros and scaled to higher bit levels. So the design
complexity gets reduced for inputs of larger no of bits and modularity gets increased. The adders used for partial product sum
generation are the major power consuming elements. In our design we can optimize the adder design for minimizing the power
consumption. We have proposed the low power adder design using compressor adders. The proposed Vedic multiplier is coded in
VHDL (Very High Speed Integrated Circuits Hardware Description Language), synthesized and simulated using EDA
(Electronic Design Automation) tool — Xilinx9.1.

Keywords: Vedic Multiplier, VHDL, sutras, Urdhva tiryakbhyam, multiplication, compressor adders

I.  INTRODUCTION
Vedic mathematics is the name given to the ancient system of mathematics, or, to be precise, a unique technique of calculations
based on simple rules and principles with which any mathematical problem can be solved — be it arithmetic, algebra, geometry or
trigonometry. The system is based on 16 Vedic sutras or aphorisms, which are actually word formulae describing natural ways of
solving a whole range of mathematical problems. Vedic mathematics was rediscovered from the ancient Indian scriptures between
1911 and 1918 by Sri Bharati Krishna Tirthaji (1884- 1960), a scholar of Sanskrit, mathematics, history and philosophy [1]. He
studied these ancient texts for years and, after careful investigation, was able to reconstruct a series of mathematical formulae called
sutras. Bharati Krishna Tirthaji, who was also the former Shankaracharya (major religious leader) of Puri, India, delved into the
ancient Vedic texts and established the techniques of this system in his pioneering work, Vedic Mathematics (1965), which is
considered the starting point for all work on Vedic mathematics. According to Mahesh Yogi, The sutras of Vedic Mathematics are
the software for the cosmic computer that runs this universe. A great deal of research is also being carried out on how to develop
more powerful and easy applications of the Vedic sutras in geometry, calculus and computing. Conventional mathematics is an
integral part of engineering education since most engineering system designs are based on various mathematical approaches. The
need for faster processing speed is continuously driving major improvements in processor technologies, as well as the search for
new algorithms. A multiplier is one of the key hardware blocks in most digital signal processing systems. With advances in
technology, many researchers have tried to design multipliers which offer either of the following- high speed, low power
consumption, regularity of layout and hence less area or even combination of them in multiplier. The Vedic mathematics approach
is totally different and considered very close to the way a human mind works. In this work, we try to present multiplication
operations and the implementation of these using both conventional, as well as Vedic mathematical methods in VHDL language [1].

Il. VEDIC MATHEMATICS

Vedic mathematics is part of four Vedas (books of wisdom). It is part of Sthapatya- Veda (book on civil engineering and
architecture), which is an upa-veda (supplement) of Atharva Veda. It gives explanation of several mathematical terms including
arithmetic, geometry (plane, co-ordinate), trigonometry, quadratic equations, factorization and even calculus.

His Holiness Jagadguru Shankaracharya Bharati Krishna Teerthaji Maharaja (1884- 1960) comprised all this work together and
gave its mathematical explanation while discussing it for various applications. Swamiji constructed 16 sutras (formulae) and 16 Up
sutras (sub formulae) after extensive research in Atharva Veda. Obviously these formulae are not to be found in present text of
Atharva Veda because these formulae were constructed by Swamiji himself. Vedic mathematics is not only a mathematical wonder
but also it is logical. That’s why it has such a degree of eminence which cannot be disapproved. Due these phenomenal

©IJRASET (UGC Approved Journal): All Rights are Reserved 3390




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor :6.887
Volume 6 Issue I, January 2018- Available at www.ijraset.com

characteristics, Vedic maths has already crossed the boundaries of India and has become an interesting topic of research abroad.
Vedic maths deals with several basic as well as complex mathematical operations. Especially, methods of basic arithmetic are
extremely simple and powerful. The word “Vedic” is derived from the word “Veda” which means the store-house of all knowledge.
Vedic mathematics is mainly based on 16 Sutras (or aphorisms) dealing with various branches of mathematics like arithmetic,
algebra, geometry etc. These Sutras along with their brief meanings are enlisted below alphabetically.

(Anurupye) Shunyamanyat — If one is in ratio, the other is zero.

Chalana-Kalanabyham — Differences and Similarities.

Ekadhikina Purvena — By one more than the previous One.

Ekanyunena Purvena — By one less than the previous one.

Gunakasamuchyah — The factors of the sum is equal to the sum of the factors.

Gunitasamuchyah — The product of the sum is equal to the sum of the product.

Nikhilam Navatashcaramam Dashatah — All from 9 and last from 10.

Paraavartya Yojayet — Transpose and adjust.

Puranapuranabyham — By the completion or noncompletion.

Sankalana- vyavakalanabhyam — By addition and by subtraction.

Shesanyankena Charamena — The remainders by the last digit.

Shunyam Saamyasamuccaye — When the sum is the same that sum is zero.

. Urdhva-tiryagbhyam — Vertically and crosswise.

Vyashtisamanstih — Part and Whole.

Yaavadunam — Whatever the extent of its Deficiency.
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11l.  CONVENTIONAL ADDERS DESIGN
A. Ripple Carry Adder

A3 B3 A2 B2 A1 B1 Al BO
Full Adder 4 Full Adder 3 Full Adder 2 Full Adder 1
€«—Cout Cin Cout Cin Cout Cin Cout Cin
53 2 S1 S0

Fig. 1 Ripple Carry adder logic design

Multiple full adder circuits can be cascaded in parallel to add an N-bit number. For an N- bit parallel adder, there must be N number
of full adder circuits. A ripple carry adder is a logic circuit in which the carry-out of each full adder is the carry in of the succeeding
next most significant full adder. It is called a ripple carry adder because each carry bit gets rippled into the next stage. In a ripple
carry adder the sum and carry out bits of any half adder stage is not valid until the carry in of that stage occurs. Propagation delay
inside the logic circuitry is the reason behind this. Propagation delay is time elapsed between the application of an input and
occurance of the corresponding output.

B. Carry Look Ahead adder
A carry- look ahead adder is a fast parallel adder as it reduces the propagation delay by more complex hardware, hence it is costlier.

In this design, the carry logic over fixed groups of bits of the adder is reduced to two-level logic, which is nothing but a
transformation of the ripple carry design. This method makes use of logic gates so as to look at the lower order bits of the augend
and addend to see whether a higher order carry is to be generated or not.
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Fig. 2 Carry Look Ahead adder logic design

IV. PROPOSED DESIGN

A. Compressor Adders Design

1) 5-3 Compressor:maximum value 101 is obtained. The circuit is reorganized in such away that only 3 XOR operations are used
instead of 5XOR operations (in case of conventional 5-3 compressor) and other two inputs (X3 and X4) acts as a control
signals.

2) 10-4 Compressor: lts circuitry takes ten inputs, adds the m and gives four bit output. The maximum resultant can be 1010. It
makes use of two 5-3 compressors, two full adders and a half adder at the required position. Because of the use of modified 5-3
compressor circuitry, this compressor shows lesser delay and gate counts making the multiplier fast.

3) 15-4 Compressor: Its circuitry contains two5-3 compressors, five full adders and one 4bit parallel adder. The inputs are given in
a group of three to the five full adders. Then the sum bits of all five full adder are added using one5-3 compressor and the carry
bits of the full adders are fed to another 5-3 compressor. \

4) 20-5 Compressor: In the proposed design we need to add 19 bits at the same time and so need to use a higher compressor adder
circuit. In 20-5 compressor circuit, it converts 20 partial products into five output bits having maximum value of 10010. This
makes use of one 15-4 compressor, one 5-3 compressor, two half-adders and two full adders.

16-bit Multiplier 16-bitMultiplicand

3 4

Formation of the partial
products using AND Gates

Adding the partial
products using
CompressorAadders

Forming partial Sum
generation from POto
P31

SF2-bit MultipLicamd

Fig.3 Flow Chart of the proposed algorithm

Multiplier: x31-x0
Multiplicand: y31 — y0

P0O=x0y0------------ (1)
P1=x1y0 + x0y1 (carry c1) --------- 2)
P2=x2y0 + x1y1 + x0y2 + c1 (carry ¢2, ¢3) -------- (3)
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P3= x3y0 + x2yl + x1y2 + x0y3 +c2 (carry c4, c5)--- (4)

P4=x4y0 + x3yl + x2y2 + x1y3 + x0y4 + ¢3 + c4 (Carry c6, c7) ----- (5)

P5=x5y0 + x4yl + x3y2 + x2y3 + x1y4 + x0y5 + ¢5 +c6 (carry c8, c9, c10) ----- (6)

P6=x6y0 + x5yl + x4y2 + x3y3 + x2y4 + x1y5 + x0y6 + c7 + c8 (carry c11, c12, ¢13) ------ (7

P7=x7y0 + x6y1 + x5y2 + x4y3 + x3y4 + x2y5 + x1y6 + x0y7 + c9 + c11 (Carry c14, c15, c16) ------ (8)

P8=x8y0 + X7yl + XBy2 + X5y3 + xdy4 + x3y5 + x2y6 + x1y7 + x0y8 + ¢10 + c12 + c14 (Carry c17,c18,c19) --(9)
P9=x9y0 + x8y1 + x7y2 + x6y3 + x5y4 + x4y5 + x3y6 + x2y7 + x1y8 + x0y9 + c13 + ¢15 + ¢17 (carry c20, c21, c22)

P11=x11y0 + x10y1 + x9y2 + x8y3 + X7y4 + X6Yy5 + X5y6 + x4y7 + x3y8 + x2y9 + x1y10 + x0y11 + ¢19 + c21 + c23 (carry 26,
c27, c28) ----- (12)

P12=x12y0 + x11yl + x10y2 + x9y3 + X8y4 + X7y5 + X6y6 + X5y7 + x4y8 + x3y9 + x2y10 + x1yll + x0y12 + c22 + c24 + 26
(carry c29, 30, 31, ¢32) -------- (13)

P16=x15yl + x14y2 + x13y3 + x12y4 + x11y5 + x10y6 + x9y7 + x8y8 + x7y9 + x6y10 + x5y11 + x4y12 + x3y13 + x2y14 + x1y15
+¢32 + ¢35 + ¢38 + c41 (carry c45,c46,c47,c48) ----- (17)

P17=x15y2 + x14y3 + x13y4 + x12y5 + x11y6 + x10y7 + x9y8 + x8y9 + x7y10 + x6yl1l + x5y12 + x4y13 +
x3yl4 + x2y15 + ¢36 + ¢39 + c42 + c45 (carry c49, ¢50, c51, c52) (18)

P18=x15y3 + x14y4 + x13y5 + x12y6 + x11y7 + x10y8 + x9y9 + x8y10 + x7y11 + x6y12 + x5y13 + x4y14 + x3y15 + c40 + c43 +
c46 + c49 (carry c53, ¢54, 55, ¢56) --- (19)

P19=x15y4 + x14y5 + x13y6 + x12y7 + x11y8 + x10y9 + x9y10 + x8y11 + x7y12 + x6y13 + x5y14 + x4y15 + c44 + c47 + c50 +
53 (carry 57, €58, ¢59, c60) ---- (20)

P20=x15y5 + x14y6 + x13y7 + x12y8 + x11y9 + x10y10 + x9y11 + x8y12 + x7y13 + x6yl4 + x5y15 + c48 + ¢51 + c54 + c57 (carry
61, c62, c63,) ---------- (21)

P21=x15y6 + x14y7 + x13y8 + x12y9 + x11y10 + x10y11 + x9y12 + x8y13 + x7y14 + x6yl15 + c52 + ¢55 + ¢58 + c61 (carry c64,
€65, c66) --------- (22)

P22=x15y7 + x14y8 + x13y9 + x12y10 + x11y11 + x10y12 + x9y13 + x8y14 + x7y15 + c56 + c59 + ¢62 + ¢64 (carry c67, c68, c69)

P23=x15y8 + x14y9 + x13y10 + x12y11 + x11y12 + x10y13 + x9y14 + x8y15 + c60 + c63 + c65 + c67 (carry c70, c71, ¢72) ----
(24)

P24= x15y9 + x14y10 + x13y11 + x12y12 + x11y13 + x10y14 + x9y15 + c66 + c68 + ¢70 (carry c73, c74, c75)
(25)

P25= x15y10 + x14y11 + x13y12 + x12y13 + x11y14 + x10y15 + c69 + c71 + c73 (carry c76, 77, ¢78) --- (26)
P26= x15y11 + x14y12 + x13y13 + x12y14 + x11y15 + C72 + C74 + c76 (carry ¢79, ¢80, C81) --------- 27)
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P27=x15y12 + x14y13 + x13y14 + x12y15 + ¢75 + ¢77 + ¢79 (carry c82, c83) ----------- (28)
P28=x15y13 + x14y14 + x13y15 + ¢78 + ¢80 + 82 (carry c84, c85) --- (29)

P29= x15y14 + x14y15 + ¢81 + ¢83 +c84 (carry c86) ---(30)

P30=x15y15 + ¢85 + c86 (carry c87) ------ (31)

P31=c87 ---------- (32)

V. RESULTS & DISCUSSIONS

a(15:0) data_out(31:0)

b(15:0)

Fig. 4 RTL structure of the proposed design

Figure 4 shows the RTL structure of the block of the proposed vedic multipler (16-bit). The RTL structure in the designed logic
represents 16-bit inputs a and b. Similarly, the output is 32 bit output data. The resultant is obtained by the multiplication process of
both the inputs.
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Fig. 5 Detailed RTL structure of the proposed design

Figure 5 shows the detailed RTL structure of the proposed design. The designed structure contains the 32 different sum products the
resultant bits. Each block represents the logic structure required for implementation of the Compressor

adders.

Figure 6, shows the simulation resultant of the proposed design.

a(15:0) = 0000000000000011

b(15:0) = 0000000000000011
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Fig. 6 Simulation result of the proposed design

A. Resultant:

Data_out(31:0) = 0000000000000000000000000001001
In case 2

Inputs:

a(15:0) = 0000000000000111

b(15:0) = 0000000000000011

Resultant:

Data_out(31:0) = 0000000000000000000000000010101

PowWer sSummary: I (md) P (mW)

Total estimated power consumption: =1

Veccint 1.20V: 15 19
Vccaux Z.50V: 15 38
VccoZS Z.50V: Q
Inputs: Q 1)
Logic: Q 1)
Cutputs:
Veocols Q 0
Signals: aQ a

Quiescent Vccint 1.20V: 15 19
Quiescent Vccaux I.50V: 15 38

Fig.7 Power consumption report
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Fig.8 Device utilization summary
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Here, in above figures 7 and 8 presents the power consumption and utilization summary of our design. The design has been

implemented with the Xilinx SPARTAN 35400 device.
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Vedic

Vedic Multiplier
Logical utilization Multiplier (proposed)
Number of Slices[10] 274 242
Number of 4 input
LUTs[10] 500 421
Number of bonded
I0Bs[10] 64 64
Time delay
In ns[10] 28.779 20.13
Power Consumption[11] 118mwW 81mw

Table 1. Comparison chart of proposed design

In table 1, we presented the comparison chart. Thus, here we found that the proposed design have lowered the delay, optimized the
utilization of the device. Thus, our delay has been reduced significantly and power consumption has been reduced significantly.

VI. CONCLUSION
Thus, in this work we have presented the design of the low power edic multiplier design using power efficient compressor adders
and delay reduction. We have thus presented the algorithm of the vedic multiplier and thus all the partial sum generated are being
added by the proposed compressor adders. Thus, our proposed design has been shown to work effectively generating multiplication
of two 16-bit numbers.
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