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ABSTRACT

With the changing world technology changes so speed is the utmost important in VLSI designs .In this paper
Vedic mathematics technique ‘Urdhava-triyakbhyam’ is used for 16 bit multiplier in english it is called as
vertically and crosswise method for multiplication and the results for each 32 bit resultant is added using
compressor adders. Compressor adders actually count the no of one’s and the partial products are generated

parallel so the delay is less. The design is coded using VHDL and the simulation is done using ISE 12.3
Keywords: Vedic Mathematics, Urdhava-Triyakbhyam Method, Compressor Adder.

I INTRODUCTION

Vedic mathematics is derived from ‘Vedas’ it provides us several approach for the simplified mathematics that
makes us easy to understand the complex problems. There are sixteen sutras that are enlisted below. These
sutras provide not only method for calculation but also ways to think of their applications.

The sixteen sutras along there meanings are given below:

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

2. Chalana-Kalanabyham — Differences and Similarities.

3. Ekadhikina Purvena — By one more than the previous One.

4. Ekanyunena Purvena — By one less than the previous one.

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

6. Gunitasamuchyah — The product of the sum is equal to the sum of the product.
7. Nikhilam Navatashcaramam Dashatah — All from 9 and last from 10.

8. Paraavartya Yojayet — Transpose and then adjust.

9. Puranapuranabyham — By the completion or non completion.

10. Sankalana- vyavakalanabhyam — By addition and subtraction.

11. Shesanyankena Charamena — The remainders of the last digit.

12. Shunyam Saamyasamuccaye — When the sum is the same that sum is zero.
13. Sopaantyadvayamantyam — The ultimate and twice the penultimate.

14. Urdhva-tiryagbhyam — Vertically and crosswise.

15. Vyashtisamanstih — Part and Whole.

16. Yaavadunam — Whatever the extent of its deficiency
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The application of these sutras increases the computational skills in wide area of problems, ensuring speed and
accuracy. The technique used in this paper ‘urdhava-triyakbhyam’ is universal method for multiplication it adds
binary numbers, digits vertically and crosswise and then adds them with the help of adder.The method has been
explained below for three bit digit multiplication.

Step 2
Step 1

219 Result = 2+9= 11
219 Result = 18 :

312 Prev Carry= 1
332 Prev Carry= 0
28 12
8 18
Step 3

2 I9 Result=27+1+4=32

312 Prev Carry= 1
328 33
2tep 4
Step 5
2,‘ 19 Result=2+3=
{ 219 Result = 6

312 Prev Carry=

12 Prev Carry= 0

8328 (
68328 6

Fig.1 Steps to perform urdhava-triyakbhyam method for three bit multiplication[1]
This paper compromises of four sections. Section | describes introduction. Section Il describes theory purposed

and compressor adders. Section 111 is implementation and equations. Section 1V conclusion and future scope.

1.1 Theory Purposed and Compressor Adder
The traditional designs of Vedic multiplier make use of half adder and full adders only for the partial products

that cause large delay so in this paper we design a Vedic multiplier of 16 bit with use of compressor adders.
The partial products are added using compressor adder. The 32 bit resulatant equations are calculated using

vertically and crosswise technique.

I COMPRESSOR ADDER
It takes five inputs at a time and three bit resultant is obtained. Maximum value 101 can be obtained. The

modified design of 5-3 uses three 4:1 multiplexers with this architecture we obtained lesser XOR operations and

this cause improvement in speed of the multiplier. Both traditional and modified design of 5-3 is given below:
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Fig.2 (a) Modified design for 5-3 compressor (b) 5-3 compressors with full adders and half-

adders [1]
Compressor Adder
It takes ten input at a time and four bit resultant can be obtained and maximum of 1010 resultant can be

obtained. Its circuitry consist of two 5-3 compressor adder, two full adders and a half adder.

XGXRXT X6 X% X4 X3 X2 X1 X0
[ 111 [[]]]
5-3 compressor 5-3 compressor
} ]
1 |
| | HA
FA FA S
]

Fig.3 10-4 compressor adder with the use of 5-3 compressor adder[1]
o8 o3 o2 o1
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Compressor Adder
In this fifteen input can be taken at one time and four bit resultant can be obtained and maximum resultant

can be of 1111. Its circuitry consists of two 5-3 compressor adders, five full adders and one 4 bit parallel

adder. As it is using modified design of 5-3 compressor adder so delay is less.

N A O i 1 A i A
[m ] [ ][] [ ] [
[ [ ‘—%—L

101 | T——

A3 A2 Al ’2) ﬂ B2 B1 BO

4 bit parallel adder

By

03 02 01 O0

Fig.4 15-4 compressor adder with the use of 5-3 compressor adder [1]

Compressor Adder
In this twenty inputs can be taken at one time and 5 bit resultant can be obtained and maximum resultant can be

obtained be of 10010. Its circuitry consists of one 15-4 compressor adder, one 5-3 compressor adder, two full
adders and two half adders.

KGXRXT NG X% X4 X3 X2 X1 X0

LI L L1

5-3 compressor 5-3 compressor
: ]
1 |
[ | HA
FA FA I
I

o8 o o 01
Fig.5 20-5 compressor adder with use of 15-4 and 5-3 compressor adder [1]

111 IMPLEMENTATION AND EQUATIONS

3.1 Equations For 32 Bit Resultant Of 16x16 Multiplier
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As we are doing 16 x16 bit multiplication so both numbers is 16 bit long. Let both numbers be ‘a’ and ‘b’
having inputs a= a;ga;4a1381281181089888785858483828139 b= b1gb14b13b12011b10bgbghbgbsbabsb,biby and their
product ‘r’ is 32 bit i.e. (r31-0) and carry signal will be c1 - cgg

Equations that are going to be implemented are as follow:

So= aobo
CS = aobl + albo
CiC,S,=C+ aobz + azbo
CsCyS3=Cr+ aobg + albz + a2b1 + agbo
C,CeS,=Cy+C3 + a0b4 + albg + azbz + a3b1 + a4bo
C10CyCsSs5 = Cg + Cs + aghs + a1bs + ahs + agh, + ashy + ashy
C13C12C1186 = Cg + C7 + aghs + asbs + a0, + aghs + ash, + asb; + aghy
C16C15C14S7 = Cya + Cq + aghy + a3bg + aybs + asb, + asbs + ash, + aghy + ashy
C19C18C17Sg = Cyp + Cyp + Cyy + agbg + ashy + @b + aghs + asbs + ashs + agh, + asby + aghy
C2C1Cp0Sq = Cy7 + Cy5 + Ci3 + aghg + a1bg + @507 + aghe + asbs + ash, + aghs + asb, + aghy + aghy
C25C24C3510 = Cop + Cyg + Cog + aghyg + a1bg + aybg + aghy + aybs + ashs + aghs + asbs + agh, + aghy + agehy
C28C27C26511 = Coz + Cyy + Cyg + aghyy + ashyg + @by + aghg + asby + asbg + aghs + asby + aghs +
agh, + ajohy + ay1bg
C32C31C30C20S12 = Cop + Cog + Cop + aghyp + a1byy + @h1g + ashg + a4bg + ashy + aghg + azbs + aghy +
agbs + ayob, + a310; + ashg
C36C35C34C33513 =Cag + Cy7 + Cys + Ay + a1b1p + a5b11 + aghyg + a4bg + asbg + agh; +
asbg + aghs + agh, + ayobs + ay;hy + ah; + asshy
C40C39C38C37S14 = Cag + Cyp + Cpg + Agh14 + 21013+ A2h1p + A3h11 + A4b1o + ashy + aghs +
azby + aghg + aghs + ajoh, + ay1bs + agsb; + a130b; + a31bg
C14C43C42Ca1S15 = Ca7 + Cys + Cyp + @ghys + 81014 + 85013+ 8301p+ asbys+ ashyo+ aghe+

azbg+ aghy + aghg + a10bs + a11by + a1ob3 + 8330, + ayabs+ 8500

C48C47C46C45S16 = Cap + Cas + Cazt agbis + aibia + o135+ aghyo + agbyy + ashqo + aghg +
azbg +aghy +aghe  + a1obs + by + 81203 + ay3b, + a14b1 + a1shg
Cs52C51C50Ca0S17 = bC45 + Cyp + Cyot Cygt ahyst aghia+ agbis+ ashio+ aghigt+ azhyo+ aghe+
agDg
+ay0b7+81106 + 81205 + 81304 + 81403 + A150,
Cs6Cs5C54Cs53S18 = Cag + Cug +Cyugt Cuot a3his+ agbis+ ashis+ aghio+ 87011+ aghyot aghe+
ai008
+a1107+81506 + 81305 + 81404 + 81503
Cg0Cs9Cs8Cs57S19= Crz + Csp +Cart Cagt aubist ashyat aghig+ azhiot aghyi+ aghig+ asghg
+a110g +a1o07+a1306 + 1405 + 1504
C63C62C61520= Cs7 + Css +Cs1+ Cyg+ a5y 5+ aghas + a7bi3+ aghypt aghay+ asphsg + ayibg +
arobg
+ ay3h7+a14bg + aisbs
Ce6C65C64521= Ce1 + Csg + Cost Cys + 8ghy 5+ azb1g + aghag+ aghio+ agghiy+ agibig+ agobg +
130 + ag4b7+a;5he
Ce9Cs8C67522= Csg + Csg + Coot Cga + 8gh1 5+ 87014 + 8gh1s+ agbio+ arehss+ aggbio + agobg +
A13Dg + 81407481506
C72C71C70S23= Cert+ Cgs + Cgat Coot aghy s+ Aghas + A30015+ 811010+ 815011+ Ag3hio +
ay4bg+ayshg
C75C74C73524= Crot Ceg + Cogt aghy s+ arhia + 811013+ a1ob1o+ a13b11+ @14b1o + a1shy
C78C77C16525= Crot+ Ceg + Cogt a10D1 5+ 11014 + 815013+ 813015+ 814011+ 815010

Cg1Cg0C79S26= Cre+ Crg + Crot+ @1101 5+ 1o014 + Q13013+ A14D10+ A15b1s
C35C33527= Crgt+ Co7 + Crst apoby s+ a13014 + A14b13+ assba,
Ce5C4S28= Cgot+ Cgo + Crgt 1301 5+ a14l14 + 15013
Cg7Cg6520= Cgst+ Cga + Cart a14b1 5+ a15his
CasS30= Cest Cgs + a15h1 5
CgoS31= Cggt Cgr
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As for these equations we require adders which can add 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19 bits at
same time so the compressor adders come into play. The structure of compressor adders has been given below

we have used 5-3, 10-4, 15-4 and 20-5 compressor adder.

IV CONCLUSION AND FUTURESCOPE
In this paper the Vedic multipliers design is made with use of vertically and crosswise technique with

compressor adders as with the use of multiplexers circuitry in compressor adders results in less delay count and
speed increases so the proposed theory or architecture can be used in where there are stringent demands of area,
speed and power. We can compare speed with various other multipliers like booth multipliers, Wallace tree and
array multipliers which uses traditional adders which clearly shows better performance of modified Vedic

multiplier. It can also be used in various digital signal processing designs.
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