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Abstract—Multipliers have a significant role in the digital 

signal processing of Engineering and medical image applications. 

The performance and the efficiency of the processors are 

determined by the speed and execution time of the multiplication 

processin the VLSI circits.The important parameters such as 

Latency and Throughput are associated with the multiplication 

algorithm. The development of low power and high speed 

multiplier circuits are needed for the processors and it can be  

accomplished with the advancement of VLSI technology. In this 

paper the high speed compressor multiplier circuit has been 

designed using Urdhva Tiryagbhyam(Vedic Multiplication) 

which offers the enhanced capabilities for the compression of 

medical images.The multipliers with compressors enhances the 

speed of the processors not like the vedic multipliers with carry 

save adders. The 4:2 compressor and 3:2 compressor are 

integrated in this type of multipliers. Thus it reduces the space by 

1%. 

Index Terms— Vedic Multiplier,Compressor,Urdhva 

Tiryagbhyam Sutra 

I. INTRODUCTION  

Multipliers play a vital role in the digital signal and image  

processing applications in the field of medicine [1]. With the 

advancement and development of the VLSI technology many 

multiplication techniques have been developed  to  meet the 

required constraints such as high speed, low power 

consumption and reduced area [9]. To perform the 

multiplication and accumulation processes many DSP 

algorithms have been developed [1]. Thus the demand arises 

for the emerging of high speed multipliers. The performance of 

the computation process is affected by the speed of the process. 

Thus there is a thirst for high speed multipliers which increases 

the signal processing applications.Thus the multipliers  

development become a subject of interest over a decade of 

years [2].  

Nowadays conventional multipliers such as Booth type of 

multiplier and array multiplier are very  common for 

multiplication process. Although these algorithms have its  

own drawbacks with many  intermediate stages in the 

multiplication process,there is high processing  speed in Booth 

algorithm, but the area consumption is more[3].The more area 

consumption drawback is overcome in the vedic type of 

multipliers.In the Vedic multiplier the multiplication process is 

performed vertical and crosswise method and there is a parallel 

process of partial products generation and the summation of 

those obtained partial products[4]. The existing Vedic 

Multiplier consists of full adders and half adder for performing 

the summation of the multiplication process. Using the 

compressors in Vedic multiplier increases  the performance of 

the system. This paper proves the increased efficiency of the 

multipliers by using compressors rather than the adder circuits 

which reduces  the circuit area.  

 

II.VEDIC MULTIPLICATION 

The name Veda means Knowledge. Vedic Mathematics is 

an ancient system used for mathematical calculation. It was 

rediscovered by Sri Bharati Krishna Tirthaji Maharaj (1884-

1960). He framed 16 sutras (formulae) and 16 Upa sutras (sub 

formulae). These formulae deliberately explains the easiest 

method of calculations. Vedic mathematics  consists of basic 

and complex method of mathematical operations. It explains 

several mathematical structures, including arithmetic, 

algebraic, geometry, trigonometry, factorization, calculus and 

applied mathematics [5]. Amongst these sutras, Urdhva 

Tiryagbhyam sutra is the one which is predominantly used for 

the multiplication process. It means Vertical and Crosswise. 

The splendid nature of this vedic mathematics is that it 

reduces the number of stages in the multiplication process.It 

also proves that the time consumption is less for performing the 

calculations. Many researches have developed the multiplier 
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circuits using vedic mathematics inorder to improve the 

performance.  

 

A. Multiplication Using Urdhva Tiryagbhyam 

The Sanskrit word Urdhva Tiryagbhyam is one of those 16 

sutras which means “Vertical and Crosswise” [11]. The 

multiplication is performed  by means of the partial products 

generation with the concurrent addition of these partial 

products [4]. The partial products and their addition done 

parallelly using vertical and crosswise multiplication.It is 

explained in Fig.1 

To illustrate this multiplication consider two decimal 

numbers (526 * 749) [1]. Initially the LSB of the numbers is 

multiplied and the answer is added to the previous carry..This 

generates one of the bits of the result and a carry [1]. In the 

next step the LSB and the bit next to LSB are multiplied in a 

crosswise manner and the previous carry is added to  it [1].The 

same process of vertical and crosswise multiplication is 

repeated to get the final answer. Initially the carry is taken to be 

zero [1].Any number of bits can be multiplied with this process 

with less number of time not like that of  the conventional 

multiplication .  

The multiplicand and multiplier of 4 bits are grouped as 2 

bits each. Consider A=A3A2A1A0 and B=B3B2B1B0 are 

divided into two parts such as A3A2 & A1A0 and for B it is 

B3B2 & B1B0 respectively. The representation for 

multiplication process is shown in Fig.2. It shows that the 

design of the higher bit multiplier is possible with the lower bit 

multipliers. Similarly NxN multiplication can be possible with 

N/2 x N/2 multipliers 

 

 
 

Fig.1 Vedic  Multiplication of two numbers 

 

 
 

Fig .2 Vedic Multiplication representation of  4 bit numbers 

   

B. Structure of 4x 4Vedic Multiplier 

 

In 2 bit Vedic multiplication structural diagram there are 4 

AND gates and 2 Half Adders are used which is shown in Fig 

3. For 2x2 multiplier the efficiency and the performance  is 

same as that of the usual multiplier. The performamce 

improvement is not significant[8]. Since only two half adders 

are used and the delay is also not reduced. So it leads to the 

design of 4x4 and 8x8 Vedic multiplier in which the 

performance is noticebly increased when compared to the 

available conventional array multiplier. In 4x4 multipliers thre 

are 4 individual 2x2 vedic multipliers are used which 

eventually reduces the area.The output of the 2x2 vedic 

multipliers are added with the help of carry save adders.  In the 

digital circuits the design of multiplier using Vedic 

mathematics had been implemented using AND gates. It 

ultimately improves the speed of the circuit and reduce the 

memory area occupation of the multiplier [9]. The 4x4 

multiplier [10] has shown in Fig.4. 
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Fig.3 2 bit Vedic Multiplier 

 

 

 

 
Fig.4 Structure of 4 bit Vedic multiplier 

III .COMPRESSOR CIRCUIT 

 

Though the vedic multiplier is implemented for high speed 

operation still the performance of the multiplier is enhanced sti 

with the help of compressors.Compressor is a type of adder 

circuit which reduces the operands of the multiplier. In this 

type of multiplication 4 or more bits are added simultaneously 

so as to increase the speed. It replaces the other adder circuits 

like half adder and full adder [6].Extensive research work has 

been undergoing in using the compressors for multipliers [8]. 

Generally XOR/XNOR gates and multiplexers are used for its 

design.The XOR-XNOR circuits are fundamental building 

blocks in a variety of circuits namely arithmetic circuits 

(adders & multipliers), compressors, comparators, parity 

checkers, code converters, error-detecting or error-correcting 

codes and phase detector. The designers try to save the power 

which is one of the very important parameter in designing a 

system. Power dissipation rely on the switching activity, node 

capacitances (made up of gate, diffusion, and wire 

capacitances), and control circuit size. 

The compressor circuits are developed with the  half adders 

and full adders. Wide range of  research have been undergone 

in developing the compressor circuits [7]. The 3:2 compressor 

is the circuit which is usually used with 3 inputs and two 

outputs.It is same as that of the full adder. The structural 

diagram of 3:2 compressor circuit is shown in fig.5 

 
Fig.5 3:2 Compressor 

 
Fig.6 4:2 Compressor 

 

In 4:2 compressor addition of 4 bits is possible 

simultaneously. It comprises one carry bit and 3 output bits are 

produced. The structure of 4:2 comporessor is shown in fig 6.In 

this diagram we consider  A, B, C, D and Cin as input bits. The 

Sum, carry and Cout are the outputs generated.From the 

previous lower significant compressor bit the input Cin is the 

carry bit generated and Cout is the carry output of the 

compressor circuit.  

The propagation for full adder  is found to be 2tp and the  

half adder has a propagation delay of tp. Thus the total 

propagation delay of 4:2 compressor using half adder and full 

adder is found to be 5tp.But  the compressor using XOR gates 

3 tp is the  total propagation delay.Thus there is 66.6% increase 

in speed can be obtained [6]. 

The more number of bits can also be added by using 5:2, 

6:2 and 7:2 compressors. The higher end compressors can be 

designed with the help of lower end compressors like 3:2 

compressors. In this paper 4:2 compressors are used to increase 

the speed of the multiplier circuit.The structure of compressor 

circuit in fig.7.In this architecture the XOR gate is used to 

produce the sum output and the multipliexer is used for 

producing the carry output. 
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Fig.7 4:2 Compressor Structure 

 

 
 

Fig.8 4x4 Vedic Multiplier using compressor 

 

.  IV. MULTIPLIER USING COMPRESSOR  

 

The Urdhva Tiryagbhyam multiplier requires  half adder, 

full adder and carry save adder for the summation of the 

partial products generated in the multiplication process[12]. 

Thus the propagation delay increase due to the increase in use 

of adder circuits. This paper  deals with the  new method of 

multiplication process which  decreases the gate delay and 

increases the performance of the multiplier. The use of 

compressor circuit in the Vedic multiplier is the extended. 

version of the vedic multiplier which is used to increase the 

speed.  

The compressor based Vedic multiplier is implemented for 

the multiplication of 4 bit numbers. It is shown in the fig.8.It is 

evident that there is reduction in the number of stages of 

multiplication when compared with conventional type. It 

ultimately reduces the computation time and increases the 

speed of the multiplier.  XOR/XNOR gates are used to design 

the compressor circuit which greatly reduces the area. Using 

XOR gates the complexity of the compressor circuit is reduced. 

 

TABLE I PARAMETER COMPARISON OF MULTIPLIERS 

 

Parameter 
Booth 

Multiplier 

Vedic 

Multiplier 

Compressor 

Vedic 

Multiplier 

Speed Less High 
High(no of 

devices 

reduced) 

Delay More Less Very less 

Area Greater Less  
Very less 

area 

V. RESULTS AND DISCUSSION 

 The comparison of various multipliers are listed in the 

table in which the compressor based multiplier shows its 

highest performance. The output is experimented with Xilinx 

Spartan 3e series.The table I shows the comparison between 

the various available multipliers with the compressor type of 

vedic multiplier which proves its improvement in 

speed,reduction in delay and less area occupation. 

 

The use of 4:2 compressors have reduced the number of 

computational stages with less number of gates in the 

multiplier circuits. There is 1% of reduction in area when 

compared to the conventional vedic multiplier.The 

comparisons of different multipliers are shown in terms of 

speed ,area and time delay. 

The speed of the compressor based vedic multiplier is 

69.15MHZ and thus there is 10% increase in its speed.The 

Booth multiplier and the vedic multiplier are found to be only 

32.8MHZ and 61.86MHZ. The area occupied for the proposed 

multiplier is only 8% .But the Booth multiplier is found to be 

only 2% though it is less the performance is low when 

compared to the compressor type multiplier.The time delay is 

only 14.41ns.Hence this is proved that the proposed vedic 

multiplier is fast in computation. 

VI. CONCLUSION 

In summary the vedic multiplier using compressor circuit 

proved to provide better results. The speed constraint is the 

 
Fig.9.Comparison of speed in various multipliers 
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Fig.10.Comparison of Area in various multipliers 

 

 
Fig.11.Comparison of Time delay in various multipliers 

 

important factor in designing the multiplier circuit for the 

compression of the medical image. Thus it is attained by the 

design of high speed Vedic multipliers using compressors.Not 

only the speed is increased ,area and time delay are also 

reduced. The overall performance of the circuit is improved 

and the compressor based Vedic multiplier becomes the 

dominating multiplier of all the available multipliers in the 

medical image compression applications. 
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