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   Abstract –The performance of the any processor will depend 

upon its power and delay. The power and delay should be less in 

order to get a effective processor. In processors the most 

commonly used architecture is multiplier. If the power and delay 

of the multiplier is reduced then the effective processor can be 

generated. In this paper Vedic Multiplier and Booth Multiplier 

are implemented on FPGA platform and comparative analysis is 

done. The comparison of these Architectures is carried out to 

know the best architecture for multiplication w. r. t. power and 

delay characteristics. The designs are implemented using VHDL 

in Modelsim 10.1 b and synthesis is done in  Xilinx 8.2i ISE.      
  

   Index Terms – Booth multiplier, Urdhva Tiryagbhyam, Vedic 

multiplier, Xilinx. 

I.  INTRODUCTION 

Multiplication is an important function in an ALU. Since, 

multiplication dominates the execution time of most DSP 

algorithms; therefore high speed multiplier is much desired 

[1]-[4]. Currently, multiplication time is still the dominant 

factor in determining the instruction cycle time of a DSP 

chip. With an ever-increasing quest for greater computing 

power on battery operated mobile devices, design emphasis 

has shifted from optimizing conventional delay, time,  area 

and size to minimizing power dissipation while still 

maintaining the high performance [5]-[7]. The low power 

and high speed VLSI can be implemented with different 

logic styles. The three important considerations for VLSI 
design are power, area and delay. We have applied  Urdhva 

Tiryabhyam sutra to binary multiplier using carry save 

adders.  

II. BOOTH MULTIPLIER 

Booth algorithm gives a procedure for multiplying       

binary integers in signed 2's complement representation on. 

It operates on the fact that strings of 0's in the multiplier 
require no addition but just shifting and a string of 1's in the 

multiplier from bit weight 2k to weight 2m can be treated as 

2
K+1

-2
m
.
 

Fig 1 shows the hardware implementation for 

Booth's algorithm. It consists of an n-bit adder, control logic 

and four registers A, B, Q and Q-1. Multiplier and      

Multiplicand are loaded into register Q and register B 

respectively Register A and Q-1 are initially set to 0.  

The n-bit adder performs addition, inputs of adders comes 

from multiplicand and content of register A. In case of 

addition, Add/Sub line is 0, therefore, Cin = 0 and 

multiplicand is directly applied as a second input to the n-bit 

adder. In case of subtraction, Add/sub line is 1, therefore Cin 
= 1 and multiplicand is complemented and then applied to 

the n-bit adder. As a result, the 2’s complement of the 

multiplicand is added to the contents of register A. 
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Fig. 1 Hardware implementation of signed binary 

multiplication for booth's algorithm 

   The control logic Scans bits Q0 and Q-1 one at a time and 

generates the control signals to perform the corresponding 

function. If the two bits are same (1 1 or 0 0), then all the 

bits of A, Q and Q-1 registers are shifted to right I-bit without 

addition or subtraction (Add/Subtract Enable = 0). If the two 

bits differ, then the multiplicand is added to or subtracted 

from the A register, depending on the status of bits. After 

addition or subtraction right shift occurs such that the left 

most bit of A (An–1) is not only shifted into An-2, but also 

remains in An-1. This is required to preserve the sign of the 
number in A and Q. 

The flow chart of Booth's algorithm for signed multiplication 

is shown in Fig 2. 
 

 
Fig. 2 Flow chart of Booth's algorithm for signed 

multiplication 
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Example-1  0101(5)  x  0100(4) 

 

Final Product 0101 x 0100 = 00010100 

 Here form the above example it can be proved that the 

addition/subtraction operation can be skipped if the 

successive bits in the multiplicand are same.  

III. URDHAVA MULTIPLIER 

   The use of Vedic mathematics lies in the fact that it 

reduces the typical calculations in conventional mathematics 

to very simple ones. This is so because the Vedic formulae 

are claimed to be based on the natural principles on which 

the human mind works [9]-[10]. Vedic Mathematics is a 

methodology of arithmetic rules that allow more efficient 

speed implementation [11]-[12].  

    UrdhvaTiryakbhyam Sutra is a general multiplication 

formula applicable to all cases of multiplication. It means 
“Vertically and Crosswise” [13]-[16]. The digits on the two 

ends of the line are multiplied and the result is added with 

the previous carry. When there are more lines in one step, all 

the results are added to the previous carry. The least 

significant digit of the number thus obtained acts as one of 

the result digits and the rest act as the carry for the next step. 

Initially the carry is taken to be as zero. The line diagram for 

multiplication of two 4-bit numbers is as shown in Fig 3. 

 
Fig.  3 Line diagram for multiplication of two 4-Bit 

Number 
 

    Now we will extend this Sutra to binary number system. 

For the multiplication algorithm, let us consider the 

multiplication of two 8 bit binary numbers                   
A7A6A5A4A3A2A1A0 and B7B6B5B4B3B2B1B0. As the result 

of this multiplication would be more than 8 bits, we 

express it as …R7R6R5R4R3R2R1R0. As in the last case, the 

digits on the both sides of the line are multiplied and added 

with the carry from the previous step. This generates one of 

the bits of the result and a carry. This carry is added in the 

next step and hence the process goes on. If more than one 

lines are there in one step, all the results are added to the 

previous carry. In each step, least significant bit acts as the 

result bit and all the other bits act as carry. For example, if in 

some intermediate step, we will get 011, then I will act as 

result bit and 01 as the carry. Thus we will get the following 

expressions [12]-[13]. 
 

R0=A0B0 

C1R1=A0B1+A1B0 

C2R2=C1+A0B2+A2B0+A1B1 

C3R3=C2+A3B0+A0B3+A1B2+A2B1 

C4R4=C3+A4B0+A0B4+A3B1+A1B3+A2B2 

C5R5=C4+A5B0+A0B5+A4B1+A1B4+A3B2+A2B3 

C6R6=C5+A6B0+A0B6+A5B1+A1B5+A4B2+A2B4 +A3B3 

C7R7=C6+A7B0+A0B7+A6B1+A1B6+A5B2+A2B5+A4B3+A3B4 

C8R8=C7+A7B1+A1B7+A6B2+A2B6+A5B3+A3B5+A4B4 

C9R9=C8+A7B2+A2B7+A6B3+A3B6+A5B4 +A4B5 

C10R10=C9+A7B3+A3B7+A6B4+A4B6+A5B5 

C11R11=C10+A7B4+A4B7+A6B5+A5B6 

C12R12=C11+A7B5+A5B7+A6B6 

C13R13=C12+A7B6+A6B7 

C14R14=C13+A7B7 

C14R14R13R12R11R10R9R8R7R6R5R4R3R2R1R0 being the final 

product [14]. Hence this is the general mathematical formula 

applicable to all cases of multiplication.  

IV. FPGA IMPLEMENTATION AND 

EXPERIMENTAL RESULTS 

     In this work, 8x8 bit Vedic multiplier and 8x8 bit Booth 

multiplier are designed in VHDL (very High speed 

Integrated Circuits Hardware Description Language). 

     Logic simulation was done in Modelsim 10.1 b. Table 1 

& 2 and Figs 4(a) & 5(b), show the synthesis and simulation 

results of 8x8 bit Booth multiplier and 8x8 bit Vedic 

multiplier respectively.  

When multiplicand, booth multiplier_8 bit/mplicand_in = 

11111111(225decimal) and multiplier, booth_multiplier_8 

bit/mplier_in=11111111 (225 decimal), we get the result 16-

bit output booth multiplier_8 bit/product = 111111100 
000001 (65025.) 

     For 8x8 bit Vedic multiplier when input multiplicand = 

10111111(191 decimal) and multiplier = 11111111 (225 

decimal). Product of 1011111 (191) x 11111111 (255) 

=1011111001000001 (48705) 
 

TABLE 1: Synthesis Result of 8x8 bit Vedic multiplier 

Device utilization Summary (estimated values) 

Logic utilization  used  Available  Utilization  

Number of Slices  174 192 90% 

Number of slice Flip Flop 133 384 34% 

Number of 4 input LUTs ; 326 384 84% 

Number of Bounded 10 Bs;  67 90 74% 

Number of GCLKs 1 4 25% 

TABLE 2: Synthesis Result of 8x8 bit Booth multiplier 

Device utilization Summary (estimated values) 

Logic utilization  used  Available  Utilization  

Number of Slices  49 192 25% 

Number of slice Flip Flop 48 384 12% 
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Number of 4 input LUTs ; 84 384 21% 

Number of Bounded 10 Bs;  34 90 37% 

Number of GCLKs 1 4 25% 

 
(a) 

 
(b) 

Fig 4 : Simulation results of 8×8 bit Vedic and Booth 

Multipliers 

V. EXPERIMENTAL RESULTS 

Table 3 compares the result of area, delay speed and power 

of Booth and Urdhava Tiryakbhyam multipliers. The result 

shows that Urdhava Tiryakbhyam multiplier is the best 

multiplier compare to Booth multiplier in terms of delay and 
power consumptions (Fig. 5) 

 
TABLE 3:  Result For 8x8 Multiplier 

FPGA 

Device 

Package 
XC2550 

TQ144 

Area in 

LUT's 

 

in % 

Delay 

(ns) 

Speed 

(MHz) 

Memory 

(Kb) 

Power 

(mW) 

Booth 

Multiplier  

21 11.176 89.477 156440 11.30 

Urdhava 

Multiplier  

84 8.460 118.203 166744 9.29 

 

 
Fig 5a: Area Comparison for (8x8) 

Area in LUTs (%) 

 

Fig. 5b  Delay Comparison for (8x8) 
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 Fig. 5c Speed Comparison for (8x8) 
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Fig. 5d  Power Comparison for (8x8)  

VI. CONCLUSION  

It can be concluded that Urdhava Multiplier is superior in   

respect of speed, delay and power consumption..The power 
of Vedic Mathematics can be explored to implement high 

performance multiplier in different VLSI applications.         
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