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Abstract— with the advent of new technology in the fields 

of VLSI and communication, there is also an ever growing 

demand for high speed processing. It is also a well-known 

fact that the multiplier unit forms an integral part of 

processor design. Due to this regard, high speed multiplier 

architectures become the need of the day. In this paper, a 

novel architecture to perform high speed multiplication 

using ancient Vedic maths technique is introduced. Upon 

comparison, the vedic maths multiplier introduced in this 

paper is faster than the popular conventional methods of 

multiplication. First vedic maths based binary multiplication 

is introduced and then the same technique is extended to 

IEEE754 single and double precision floating point 

multiplication. The design and experiments were carried out 

on a Xilinx Virtex 5 series of FPGA and the simulation and 

synthesis results of the design have been compared. 

Key words:  High Speed Multiplier, Vedic Maths Multiplier, 

IEEE754 Floating Point         

I. INTRODUCTION 

The speed of a processor greatly depends on its multiplier‟s 

performance. This in turn increases the demand for high 

speed multipliers [1]. Over the past few decades, several 

new architectures of multipliers have been designed and 

explored. Multipliers based on the Booth‟s [2] and modified 

Booth‟s algorithm [3] is quite popular in moder n VLSI 

design but come along with their own set of disadvantages. 

In these algorithms, the multiplication process, involves 

several intermediate operations before arriving at the final 

answer.  

The intermediate stages include several 

comparisons, additions and subtractions which reduce the 

speed exponentially with the total number of bits present in 

the multiplier and the multiplicand [4]. Since speed is our 

major concern, utilizing such type of architectures is not a 

feasible approach since it involves several time consuming 

operations.  

In order to address the disadvantages with respect 

to speed of the above mentioned methods, [5] and [6] 

explored a new approach to multiplier design based on 

ancient Vedic Mathematics. Vedic Mathematics is an 

ancient and eminent approach which acts as a foundation to 

solve several mathematical challenges encountered in the 

current day scenario. Vedic Mathematics existed in ancient 

India and was rediscovered by a popular mathematician, Sri 

Bharati Krishna Tirthaji [7]. He bifurcated Vedic 

mathematics into 16 simple sutras (formulae). These Sutras 

deal with Arithmetic, Algebra, Geometry, Trigonometry, 

Analytical Geometry etc.The simplicity in the Vedic 

mathematics sutras paves way for its application in several 

prominent domains of engineering like Signal Processing, 

Control Engineering and VLSI [8]. One of the highlights of 

the Vedic maths approach is that the calculation of all the 

partial products required for multiplication, are obtained 

well in advance, much before the actual operations of 

multiplication begin. These partial products are then added 

based on the Vedic maths algorithm to obtain the final 

product. This in turn leads to a very high speed approach to 

perform multiplication [9]. Section II delas with binary shift 

and add multiplication. Section III deals with the Urdhwa 

Tiryakbhyam method of multiplication using Vedic maths in 

detail. Section IV describes Introduction to floating point 

multiplication. Section V describes IEEE754 Single 

precision  32bit floating point representation. Section VI 

describes IEEE754 Double precision  64bit floating point 

representation. 

Section VII describes general floating point 

multiplication. Section VIII deals with floating point 

multiplication using shift and add multiplication method. 

Section IX describes IEEE754 Single precision 32bit 

floating point multiplication and section X describes 

IEEE754 Double precision 64bit floating point 

multiplication using vedic maths multiplication method. 

Section XI compares the results of conventional and 

proposed vedic maths method.     

II. SHIFTAND ADD MULTIPLICATION (ELEMENTARY SCHOOL 

MULTIPLICATION) 

Binary shift and add multiplication followed commonly. 

This multiplication method is followed extensively in many 

applications which is also a conventional method like Booth 

and modified Booth‟s algorithm. 

These conventinal methods involves many number 

of shifting operations, many stages and partial product 

generation,accumulation terms.  

In the next section, the novel vedic maths technique 

is described to overcome the disadvantages found in the 

conventional methods. 

Consider 8x8 mutiplication, 

 
Fig. 1: Shift and Add Multiplication 

III. VEDIC MATHS - URDHWA TIRYAKBHYAM SUTRA 

(VERTICALLY AND CROSSWISE) 

As mentioned earlier, Vedic Mathematics can be divided 

into 16 different sutras to perform mathematical 

calculations. Among these the Urdhwa Tiryakbhyam Sutra 

is one of the most highly preferred algorithms for 

performing multiplication.The algorithm is competent 
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enough to be employed for the multiplication of integers as 

well as binary numbers. The term "Urdhwa Tiryakbhyam” 

originated from 2 Sanskrit words Urdhwa and Tiryakbhyam 

which mean  “vertically” and “crosswise” respectively [7].  

The main advantage of utilizing this algorithm in 

comparison with the existing multiplication techniques, is 

the fact that it utilizes only logical “AND” operations, half 

adders and full adders to complete the multiplication 

operation. Also, the partial products required for 

multiplication are generated in parallel and prior to the 

actual addition thus saving a lot of processing time.  

Hardware architecture of 2x2, 4x4, 8x8 vedic 

maths multiplier mentioned below describes the working of 

the urdhwa triyakbhyam method. The same technique is 

used to build the higher order bits multiplication. 

Fig. 2: 2x2 Multiplication Using Vedic Maths Method 

Fig. 3: 2x2 Vedic Maths Hardware Architecture 

 
Fig. 4: 4x4 Vedic Maths Hardware Architecture 

 

 
Fig. 5: 8x8 Vedic Maths Hardware Architecture 

Similarly the same technique is extended upto 

64x64 multiplication and the performances are compared 

with conventional shift and add binary multiplier.In the 

upcoming sections the same shift-add mutiplier and vedic 

maths multiplier techniques described earlier are used to 

perform IEEE-754 32bit, 64bit floating point multiplication 

are explained. 

IV. INTRODUCTION TO FLOATING POINT                

MULTIPLICATION 

Floating    Point    arithmetic    is  by  far   the most   used 

way    of  approximating    real number  arithmetic  for 

performing numerical calculations  on  modern  computers.  

The advantage   of   floating-point   representation over 

fixed-point and integer representation is that it can support a 

much wider range of values. Floating point multiplication is 

a most widely used operation in DSP/Math processors, 

robots, air traffic controller, field of banking, tax 

calculation, currency conversion, and other financial areas 

including broadcast, musical  instruments,  conferencing,  

and  professional  audio digital computers,FIR/IIR Filters, 

Microprocessors,scientific and areas of research.  Because  

of  its  vast  areas  of  application,  the  main  emphasis  is  

on  the  implementing  it  effectively  such  that  it  uses  less 

combinational delay with high Speed. IEEE 754 is the 

standard developed by Institute for Electrical and 

Electronics Engineers for the representation of real numbers 

in abinary format[10] 

IEEE 754 Single Precision – 32bit Binary representation. 

[11] 

IEEE 754 Double Precision – 64bit Binary representation. 

[12] 

V. IEEE 754 SINGLE PRECISION – 32 BIT BINARY 

REPRESENTATION 

The single precision floating point number is of 32 bit. 

Starting from MSB it has  

1) A 1 bit sign (S) – 31st bit,  

2) An 8 bit exponent (E) - 30th to 23rd bit,  

3) And a 23 bit mantissa (M) – 22nd to 0th bit. 

 
Fig. 6: Single Precision Floating Point Representation 
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Expansion  of  the  exponent  component  in  

floating  point leads  to  achieve  this  greater  range.The 

sign bit  signifies  whether  the  number  is  positive  or 

negative.  Sign bit=‟1‟  indicates  negative  number  and  

sign bit=‟0‟  indicates positive number. 8 bit exponent 

provides the exponent range from E (min) =-126 to E (max) 

=127.Twenty three bit mantissa signifies the  fractional  part  

of  a  number. Adding 1 in the MSB of the mantissais said to 

be a normalized number; in this case the real number is 

represented by,  

Z = (-1)
s
 * 2 

(E – Bias)
*(1. M)    

 S = Sign bit  

 M = m22  2
-1

+ m21  2
-2

+ m20  2
-3

+…+ m1  2
-22

+m0 2
-23

; 

 Bias = E =127 

A. Conversion of Decimal to 32 bit Floating point number 

Example: 

1) Step 1:  Suppose  a  decimal  number  129.85  is  

taken. 

2) Step 2:  Convert  it  into  binary  number  of  24  

bits Binary of 129 = 1000 0001(8 bits) 

Binary of fraction  0.85= 1101 1001 1001 1001 (16 

bits) 

i.e. 1000 0001. 1101 1001 1001 1001 ( 24 bits).  

3) Step 3:  Shift the radix point to the left such that 

there will be only one bit which is left of the radix 

point and this bit must be1. This bit is known as 

hidden bit.  

4) Step 4:  Count the number of times radix points  is  

shifted  to the left say „x‟. The number which is 

formed after shifting of radix point is  

1.00000011101100110011001.  Here  x=7. 

5) Step 5:  The  number  which  is  after  the  radix  

point  is  called mantissa which is of 23 bits and the 

whole number including hidden bit is called 

significand(mantissa) which is of 24 

bits(Normalized number).  

0001 1101 1001 1001 1001 

6) Step 6: The value „x‟ must be added to 127 to get 

the original exponent  value  which  is  127  + „x‟.  

In  this  case  exponent  is 127 + 7 = 134 which is 

10000110(8 bits).  

7) Step 7:  Number  is  +ve  hence  MSB  of  number  

is  0. 

8) Step 8: Now assemble result of 129.85 into 32 bit 

format in  the form of sign, exponent and mantissa 

0 10000110 11101100110011000 

VI. IEEE 754 DOUBLE PRECISION – 64 BIT BINARY 

REPRESENTATION 

The double precision floating point number is of 64 bit. 

Starting from MSB it has  

1) a 1 bit sign (S) – 63
rd

  bit,  

2) an 11 bit exponent (E) – 62
nd

  to 52
nd

  bit,  

3) and a 52 bit mantissa (M) – 51
st
  to 0

th
 bit. 

 
Fig. 7: Double Precision Floating Point Representation 

Similar to IEEE – 754 32 bit, the sign bit  signifies  

whether the  number  is  positive  or negative.  Sign bit=‟1‟  

indicates  negative  number  and  sign bit=‟0‟  indicates +ve 

number. 11 bit exponent provides the exponent range from 

E(min) = -1022 to E (max) =1023. Fifty two bit mantissa 

signifies the  fractional  part  of  a  number. Adding 1 in the 

MSB of the mantissa is said to be a normalized number; in 

this case the real number is represented by 

Z = (-1)
s
 * 2 

(E – Bias)
*(1. M)    

 S = Sign bit  

 M = m51  2
-1

+ m50  2
-2

+ m49  2
-3

+…+ m1  2
-51

+m0 2
-52

; 

 Bias = E =1023 

A. Conversion of  Decimal to 64 bit Floating point number: 

Example: 

1) Step 1:  Suppose  a  decimal  number  129.85  is  

taken. 

2) Step 2:  Convert  it  into  binary  number  of  53  

bits Binary of 129 = 10000001(8 bits) 

Binary of fraction  0.85= 1101 1001 1001 1001 

1001 1001 1001 1001 1001 1001 1001 1(45 bits) 

i.e. 

10000001.110110011001100110011001100110011

001100 

110011.  

3) Step 3:  Shift the radix point to the left such that 

there will be only one bit which is left of the radix 

point and this bit must be1. This bit is known as 

hidden bit.  

4) Step 4:  Count  the  number  of  times  radix  points  

is  shifted  to the left say „x‟. The number which is 

formed after shifting of  radix  point  is 

1.0000001110110011001100110011001100110011

001100110011.  Here  x=7. 

5) Step 5:  The  number  which  is  after  the  radix  

point  is  called mantissa which is of 52 bits and the 

whole number including hidden bit is called 

significand(mantissa) which is of 53 

bits(Normalized number).  

6) Step 6: The value „x‟ must be added to 1023 to get 

the original exponent  value  which  is  127  + „x‟.  

In  this  case  exponent  is 1023 + 7 = 1030 which 

is 10000000110(11 bits).  

7) Step 7:  Number is +ve hence MSB of number is 0. 

8) Step 8: Now assemble result 129.85 into 64 bit 

format in  the form of sign, exponent and mantissa  

0 10000000110 
00000011101100110011001100110 

01100110011001100110011 

VII. GENERAL FLOATING POINT MULTIPLICATION 

ALGORITHM 

Multiplying two numbers in floating point format is done 

by,  

1) Adding the exponent of the two numbers then        

subtracting the bias from their result. 

2) Multiplying the significand of the two numbers. 

3) Calculating the sign by XORing the sign of the two    

numbers. 

In  order  to  represent  the  multiplication  result  

as a normalized  number  there  should  be  1  in  the  MSB 

of the result (leading one). [12] 
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The following steps are necessary to multiply two 

floating point numbers. 

1) Multiplying the significand i.e.  (1.M1  * 1.M2)  

2) Placing the decimal point in the result.  

3) Adding the exponents  i.e.  (E1 +  E2 - Bias)  

4) Obtaining the  sign i.e. Sl  xor  S2  

5) Normalizing the result i.e. obtaining 1 at the MSB 

of the results "significand"  

6) Rounding the result to fit in the  available bits  

7) Checking for underflow/overflow occurrence 

 
Fig. 8: Floating Point Multiplier Block Diagram 

VIII. FLOATING POINT MULTIPLICATION BY SHIFT AND ADD 

MULTIPLICATION METHOD 

All the steps are similar to steps described in section VII 

except mutiplying the significand (Step1). That  is 

mutiplying the significand is done by conventional shift and 

add method. 

 
Fig. 9: 32x32 Floating Point Multiplication Using 

Conventional Shift and Add Multiplication 

 
Fig. 10: 64x64 Floating Point Multiplication Using 

Conventional Shift and Add Multiplication 

IX. IEEE 754 SINGLE PRECISION – 32 BIT MULTIPLICATION 

USING URDHWA TRIYAKBHAYAM(VEDIC MATHS METHOD) 

The  Proposed Urdhwa triyakbhyam algorithm  can  be  

better  explained  byconsidering the multiplication of two 32 

bit floating point numbers.A and B as an example. Let‟s 

consider A= -17.85, B=12.57. 

 

               The  IEEE754  standard  format  representation  of  

the  two operands  A  and  B  are  given  in  Table-1  in  

view  of  single precision format. Here MSB of the operand 

shows the sign bit, the  next  8  bit  represent  exponent,  and  

the  mantissa  is represented  by  rest  23bit. 

Operand A 

Decimal Value -17.85 

Sign 1 

Exponent 10000011 

Mantissa 11101100110011000000 

Operand B 

Decimal Value 12.57 

Sign 0 

Exponent 10000010 

Mantissa 10010010001111000000000 

Table 1: IEEE754 Standard 32bit Representation of the Two 

Operands 

  By computing the XOR operation on sign bit of 

operands A and B, we obtain the sign bit of output. Here 

sign bit of output is SA XOR SB. In this case sign bit get 

hold of is “1”.For resultant exponent, the addition operation 

is used to add exponent of both the operands. In this 

implementation 8 bit adder is used for addition of EA and 

EB. After addition the result is again biased to decimal 127. 

For this purpose 127 is subtracted from the addition result of 

EA and EB. So the final resultant is ER=EA+EB-127. 

Where, EA and EB are the exponents of operand A and B 

respectively. ER is the  final  resultant  exponent.  For  this  

typical  example,  ER=10000110. Mantissa multiplication is 

done by using 24x24 bit proposed vedic maths 

multiplier.Before multiplicationthe 23 bit mantissa is 

normalized to 24 bit  by  adding  1  at MSB. In this 

illustration the normalized mantissas are  

MA=100011101100110011001101 

MB=110010010001111010111000 

The above two 24 bit normalized mantissa are 

multiplied by using vedic maths  multiplier and the acquired 

result will be of 48 bit as 

011100000010111111101111100110000011100101011000 

                   Now normalizing the resultant 48 bit into 23 bit 

mantissa is  done  by  simply  ignoring  the  MSB  and  

hence  the  final mantissa, RM= 

11000000101111111011111. After combining the three 

results of sign, exponent and mantissa components, the final 

obtained result is shown in Table 2. 

Decimal 

Value 

Sig

n 

Expone

nt 
Mantissa 

-224.3748 1 
1000011

0 

1100000010111110000

000 

Table 2: Results of Sign, Exponent and Mantissa 

Component 
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The below mentioned figure explains the hardware 

implementation of above mentioned steps. 

Fig. 11: 32x32 Floating Point Multiplication Using 

Proposed Vedic Maths Multiplier 

X. IEEE 754 DOUBLE PRECISION – 64 BIT MULTIPLICATION 

USING URDHWA TRIYAKBHAYAM(VEDIC MATHS METHOD) 

The  Proposed Urdhwa triyakbhyam algorithm  can  be  

better  explained  byconsidering the multiplication of two 64 

bit floating point numbers.A and B as an example. Let‟s 

consider A= -17.85, B=12.57. 

The  IEEE754  standard  format  representation[14]  

of  the  two operands  A  and  B  are  given  in  Table-3  in  

view  of  double precision format. Here MSB of the operand 

shows the sign bit, the  next  11  bit  represent  exponent,  

and  the  mantissa  is represented  by  rest  52 bit.  

By computing the XOR operation on sign bit of 

OUTPUT RESULT 

Decimal -224.3748 

Sign 1 

Exponent 10000000110 

Mantissa 
110000001011111110111110011 

1011011001000101101000100 

Operands A and B, we obtain the sign bit of output. 

Here sign bit of output is SA XOR SB. In this case sign bit 

get hold of is “1”.For resultant exponent, the addition 

operation is used to add exponent of both the operands.  

In this implementation 11 bit adder is used for 

addition of EA and EB. After addition the result is again 

biased to decimal 1023. For this purpose 1023 is subtracted 

from the addition result of EA and EB. So the final resultant 

is ER=EA+EB-1023. Where, EA and EB are the exponents 

of operand A and B respectively. ER is the  final  resultant  

exponent.  For  this  typical  example,  ER=10000000110. 

Mantissa multiplication is done by using 53x53 bit proposed 

vedic maths multiplier. 

Operand A 

Decimal -17.85 

Sign 1 

Expnt 10000000011 

Mantissa 
0001110110011001100110011001 

100110011001100110011010 

Operand B 

Decimal 12.57 

Sign 0 

Expnt 10000000010 

Mantissa 
1001001000111101011100001010001 

111010111000010100100 

Table 3: IEEE754 Standard 64bit Representation of the Two 

Operands 

Before multiplication the 52 bit mantissa is 

normalized to 53 bit by adding 1 at MSB. In this illustration 

the normalized mantissas are  

MA=10001110110011001100110011001100110011001100

11  0011010 

MB=11001001000111101011100001010001111010111000

010100100 

The above two 53 bit normalized mantissa are 

multiplied by using vedic maths multiplier and the acquired 

result will be of 106 bit as 

011100000010111111101111100111011011001000101101

000100011001000001100010010011011101001011110001

1010101000 

Now normalizing the resultant 106 bit into 52 bit 

mantissa is  done  by  simply  ignoring  the  MSB  and  

hence  the  final mantissa, 

RM=11000000101111111011111001110110110010001011

01000100. 

After combining the three results of sign, exponent 

and mantissa components, the final obtained result is shown 

in Table 4. 

Table 4: Results of Sign, Exponent and Mantissa 

Component 

The below mentioned figure explains the hardware 

implementation of above mentioned steps. 

 
Fig. 12: 64x64 Floating Point Multiplication Using 

Proposed Vedic Maths Multiplier 

XI. SYNTHESIS AND SIMULATION RESULTS 

The  Verilog  code  for 2X2, 4X4, 8X8, 16X16, 32X32, 

64X64 was designed, synthesized and simulated using 

conventional shift-add multiplier (binary multiplier), vedic 

maths multiplier and the speed was compared. In addition to 

binary mutiplication, IEEE 754 single precision (32 bit) and 

double precision (64 bit) floating point multiplier was 

designed using both conventional and proposed method then 

synthesized, simulated  and  speed was compared. 

SIMULATION TOOL USED: Modelsim Altera 6.3g 

SYNTHESIS TOOL USED: XILINX 13.3 

FAMILY: Virtex 5 
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DEVICE: XC5VLX20T 

PACKAGE: FF323 

SPEED: -2 

 
Fig. 13: 64x64 Bit Binary Multiplication 

 
Fig. 14:  64x64 Bit Decimal Multiplication 

 
Fig. 15: 64x64 Bit Hexadecimal Multiplication 

 
Fig. 16: IEEE 754 32 Bit Single Precision Multiplication 

Using Shift-Add Method 

 
Fig. 17: IEEE 754 64 Bit Double Precision Multiplication 

Using Shift-Add Method 

 
Fig. 18: IEEE 754 32 Bit Single Precision Multiplication 

Using Vedic Maths Method 

 
Fig. 19: IEEE 754 64 Bit Double Precision Multiplication 

Using Vedic Maths Method 

Implementation of simple 8x8 prototype of  64x64 mutiplier 

using Xilinx Virtex 2P(XC2VP2-6FG256) is shown below. 

1) 11111111*11111111 = 1111111000000001 

 
2) 00111001*00011001 = 0000010110010001 
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The timing results for binary mutiplication are compared  

below in the table 4. 

ALGORITHM FREQ(MHZ) TIME(ns) 

2X2 
Shift-Add 257.67 3.881 

Vedic Mult. 257.40 3.885 

4X4 
Shift-Add 149.03 6.71 

Vedic Mult. 129.94 7.696 

8X8 
Shift-Add 69.09 14.473 

Vedic Mult. 94.39 10.594 

16X16 
Shift-Add 37.97 26.334 

Vedic Mult. 67.59 14.796 

32X32 
Shift-Add 19.63 50.93 

Vedic Mult. 54.42 18.377 

64X64 
Shift-Add 9.99 100.122 

Vedic Mult. 43.16 23.17 

Table 4: Timing Comparison for Binary Multiplication 

Timing results for IEEE 754 single and double 

precision floating point multiplication are compared below 

in table 5. 

ALGORITHM FREQ(MHZ) TIME(ns) 

32X32                                            

Single 

Precision 

Shift-Add 25.03 39.959 

Vedic Mult. 51.96 19.244 

64X64                         

Double 

Precision 

Shift-Add 11.72 85.338 

Vedic Mult. 41.73 23.964 

Table 5: Timing Comparison for IEEE 754 Multiplications 

XII. CONCLUSION 

From the results it is found that the novel vedic maths based 

Urdhwa Triyakbhyam multiplier is faster than the 

conventional multiplier in both binary as well as floating 

point multiplication. It can be used in the areas where speed 

is the major concern. 
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