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Abstract- The multiplier and accumulator unit (MAC) is one of the integral units of ALU. With technological advancement 
in VLSI and communication fields, the demand for high speed processing and low area design grows. The high speed 
multiplier architecture is therefore necessary. Vedic mathematics is an ancient Indian mathematics technique discovered in 
early twentieth century. In this paper, a novel high speed 4-bit Vedic multiplier is proposed which can be extentened upto 
32bit. The design uses most efficient Urdhwa Tiryagbhyam method of Vedic multiplication. The novel high speed 4:2 
compressor based method of multiplication is used. Further improvement in speed can be done using pipelined architecture. 
Thus the hybrid approach of combing the compressor based Vedic multiplication with Pipelined architecture is proposed in 
this paper. 
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I. INTRODUCTION 
 
Today's all digital signal processing, image 
processing and real time applications require higher 
throughput of arithmetic circuits which in turn 
necessitates the high speed multiplier unit. But the 
same time, low area and low power consumption of 
multiplier must be keep in mind. 
Since last few decades, several new multiplier 
architectures including algorithms like Array, 
Booth[1], Modified Booth, Wallace Tress 
multipliers[2] etc have been designed and become 
popular. But they all come with several time 
consuming intermediate operations like calculations 
of partial products before reaching the final answer. 
This in turn reduces the speed of multiplier 
exponentially. 
 
To overcome this disadvantage, a new approach of 
multiplier based on Vedic mathematics is discussed 
in this paper. 
Vedic mathematics was used in ancient India for 
different arithmetic calculations which is then 
bifurcated by a popular mathematician, Shri. Barati 
Krishna Tirthaji  
 (1884-1960)[3] into 16 simple sutras (formulae). 
These sutras are the backbones of Vedic mathematics. 
The greatest advantage of Vedic maths is that it 
reduces the complex calculations in conventional 
mathematics into simple ones thereby optimizing 
processing time, area and delay. 
 
In this paper, Urdhwa Tiryakbhyam sutra of Vedic 
maths is used for multiplication. Also a novel hybrid 
approach to further enhance the speed of multiplier is 
discussed. This approach replaces the half adders and 
full adders in existing Vedic multiplier by compressor 
adders’ alongwith pipelined architecture [5]. In 
pipelined architecture the numbers of registers are 
inserted in between the stages but the care of 

minimum number of registers is taken to avoid area 
overhead. 
 
Section II in this paper deals with Urdhwa 
tiryakbhyam sutra of Vedic multiplier in detail. 
Section III describes 4:2 compressor adder 
architectures [4] and how this can be applied to 4bit 
Vedic multiplier. Section IV gives pipelining concept 
in detail to raise the speed of multiplier. And how it is 
combined with Urdhwa Tiryakbhyam method of 
Vedic multiplication with compressor adders. 
 
II. VEDIC MATHS- URDHWA 
TIRYAKNHYAM SUTRA 
 
As discussed earlier, Vedic mathematics is popular 
for rationality in its algorithm which is based on 
natural principles on which human mind works.  
Various Multiplication methods discussed in Vedic 
maths are: 
 
a) UrdhvaTiryagBhyam - vertically and crosswise  
b) Nikhilam navatashcharamam Dashatah: All from 
nine and last from ten  
c) Anurupyena: Proportionately Vinculum  
 
The important aspect of Vedic multiplication is that 
partial products required for multiplication are 
obtained in parallel and well in advance thus saving 
very important processing time. These partial 
products are then added based on algorithm used to 
obtain final products. 
 
Urdhwa Tiryakbyam is the method of multiplication 
applicable to all cases of multiplication. The term is 
derived from two Sanskrit words “Urdwa” and 
“Tiryakbhyam” which mean “Vertically” and 
“crosswise” respectively in English. This method is 
well explained with an example of two 3-digit 
decimal numbers multiplication shown below. 
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Example 1: 123x456=56088 

 
On similar lines, the line diagram for multiplying two 
4 bit numbers say a3a2a1a0 (multiplicand) and 
b3b2b1b0 (multiplier) using Urdhwa Tiryakbyam 
method is shown in figure 1 below.  

 
Figure1: Line diagram for multiplication of two 4-bit 
numbers using Urdhwa Tiryakbyam method 
This method is also be applied to binary numbers in 
the same way as decimal number system. 
 
The line diagram in figure1 is implemented in the 
form of equations [7] (1) to (8) as shown below, 
P0=a0b0      (1) 
C1P1=a1b0+a0b1    (2) 
C3C2P2= a2b0+a1b1+a0b2+C1                      (3) 
C5C4P3= a3b0+a2b1+a1b2+a0b3+C3C2  (4)      
C7C6P4=a3b1+a2b2+a1b3+C5C4                (5)  
C9C8P5=a3b2+a2b3+C7C6                           (6)                                                             
C11C10P6=a3b3+C9C8                                (7) 
P7= C11C10     (8) 
P= P7P6P5P4P3P2P1P0 being the final product. 
 
Steps in Urdhwa Tiryagbyam algorithm: 
Step1. The least significant bit (LSB) of the 
multiplier is multiplied with LSB of the multiplicand 
(vertical multiplication). This result forms the LSB of 
the product P0.  
 
Step2. Next the digits on both sides of line are 
multiplied crosswise; the partial products generated 
are added alongwith carry from previous steps. This 
gives bits of result Pn and a carry Cn. 

Step3. The carry is added with next step of 
multiplication each time and thus the process 
continues. 
Step4. The final product of multiplication is obtained 
by concatenating results from all previous stages. 
   
The hardware implementation of 4X4 multiplier 
using Urdhwa Tiryakbhyam sutra [7] is as shown in 
figure 2. 
 

 
Figure 2: 4X4 Urdhwa Tiryakbyam Vedic Multiplier  
In this hardware implementation, the partial products 
obtained in equations (1) to (8) are added by using 
AND gates, full adders and half adders. 
 
Also 8-bit multiplier can be implemented using 4-bit 
Multiplier blocks. In general it is possible to 
implement a 2n-bit multiplier by using n-bit blocks 
[8]. 
 
But from figure 2, it is clearly seen that few equations 
require more than 3 bits to be added at the same time, 
which is not possible by full adder. This leads to a 
new kind of hardware architecture which can add 
more than 3 bits at a time but with increased 
efficiency in terms of speed. 
 
III. COMPRESSOR ADDER 
 
A compressor adder is a combinational circuit 
capable of adding 4 or more bits at a time.   
Compressors can efficiently replace the combination 
of several half adders and full adders. Thus it mainly 
improves the computational speed of process and 
reduce the critical path delay during partial product 
addition stage thereby reducing the power 
consumption.  
The compressor adder used in this paper is a 4:2 
compressor adder [6]. This is explained below. 
 

A. 4:2 Compressor Adder 
 

 
Figure 3: Black box of 4:2 compressor adder 



IJEEDC, ISSN (P): 2320-2084, (O) 2321–2950, COE, Bharti Vidyapeeth, Deemed University, Pune, Special Issue-1 April-2015 

Novel High Speed Vedic Multiplier Using Compressors And Pipelining 
 

112 

Figure 3 shows a 4:2 compressor which adds four 
inputs (X0, X1, X2, X3) alongwith carry (Cin) and 
produce two outputs Sum (S) and Carry (C) alogwith 
Cout. 

It is called compressor as it compresses the 
four patial products into two. The input Cin is the 
output from the neighboring previous stage 
compressor whereas Cout is the output to the next 
stage compressor. 
The equivalent circuit of 4:2 compressor using full 
adders is as shown in figure 4.  
The compressor in the figure 4 consists of two full 
adders in series.  As we know the propagation delay 
of a full adder is 2tp, therefore the total propagation 
delay of above circuit is 4tp. 
An alternative of 4:2 compressor using XOR gates is 
shown in figure 5.  

 
Figure 4: 4:2 compressor using full adders 

 

 
Figure 5: 4:2 compressor using XOR gates 

 
This implementation shown in figure5 is better than 
in figure 4, as the propagation delay here is 3tp (i.e. 
critical path delay of 3 XORs). The carry output, 
Cout is connected to the carry input, Cin of the next 
4-2 compressor [8] [9]. Without propagating the carry 
to the higher bit, the 4:2 Compressor can add four 

partial products because the Cout does not depend on 
the Cin. This makes it a carry-free adder stage. 
 
The design of 4:2 compressor is based on modified 
set of equations for the Cout, Sum and Carry outputs 
as; 
Cout = (X0 ⨁ X1) X2+(X0 ⨁ X1) X0        (9)  
Sum = X0 ⨁ X1 ⨁ X2 ⨁ X3 ⨁ Cin         (10) 
Carry = (X0 ⨁ X1 ⨁ X2 ⨁ X3) Cin + 

(X0 ⨁ X1 ⨁ X2⨁ X3) X3                   (11) 
The overall equation for 4:2 Compressor is, 
 X0+X1+X2+X3+Cin=Sum+2*(Carry + Cout)     (12) 
 
The novel approach of combining Urdhwa 
Tiryagbyam method alonwith 4:2 compressor adder is 
as shown in figure 6. 

 
Figure 6: Block diagram of combining Urdhwa Tiryagbhyam 

method with 4:2 Compressor 
 
In this approach, there are mainly two operations. 

1. Generating product terms and  
2. Adding the terms.  

So this can be realized by using a series of AND 
gates and compressors. The compressor adder 
reduces ‘n’ no of words to two words.  Then the two 
words are added using an ordinary adder giving the 
final result of multiplication. 

Thus implementation of 4:2compressors 
alongwith 3:2 Compressor[11] as a replacement for 
full adder in multiplier of the figure2 reduces to 
figure 7[10] as shown below. 

 

 
Figure 6: 4:2 Compressor based Vedic multiplier 
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The further enhancement in the speed of Vedic 
multiplier is done by using a hybrid approach of 
combining Compressor based Urdhwa Tiryakbhyam 
Vedic multiplier with pipelining architecture. 
The high speed pipelined architecture is explained in 
next section. 
 
IV. PIPELINED ARCHITECTURE 
 
Pipelining is an important technique used to speed up 
the clock frequency in all Digital signal processors 
and current generation processors. The beauty of 
pipelining design is that new data is being processed 
before the processing of the prior data has finished. 
The performance of the proposed multiplier is 
advanced by the implementation of pipelined 
concept. 
 
Figure7 gives the pipelined architecture for the 
figure6. This pipeline architecture is divided into 7 
stages as shown below to illustrate the concept. 
 

 
Figure 7: pipelined architecture for Vedic multiplier 

 
From figure 6, the number of adders in each step is 
known and depending on number of adders’ 5-stages 
of pipeline operation is done to reduce the critical 
path delay. 
 
 
 

CONCLUSION 
 
In this paper, we have proposed a novel method of 
multiplication using 4:2 Compressor for 4-bit Vedic 
multiplier which uses Urdhwa Tiryagbhyam method 
of multiplication. This method can be extended upto 
32 bit also. In that case, 5:2[9] and 7:2[4] compressor 
adders can be designed and used in this architecture 
on the basis of 4:2 compressors. 
Also the pipelined architecture which is efficient in 
terms of speed is also introduced here. 
Thus combing the advantages of pipelining and 
Compressor adders with ancient Vedic mathematics 
methodology may serve our purpose of increasing 
speed of calculations while being area efficient. 
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