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Abstract - This paper presents the detailed study of four 

different multiplier architectures based on Vedic Multiplier, 

Booth encoded Wallace tree multiplier, Baugh Wooley 

multiplier and Braun multiplier. Here these architectures are 

implemented for 4, 8 bits. All the multipliers are coded in 

Verilog HDL and simulated in Model SIM and implemented on 

Xilinx Spartan 3E FPGA board. All multipliers are then 

compared for their performance based on LUTs and path 

delays. Furthermore, some modifications to speed up the 

overall multiplier architecture are also presented in this report. 

Results show that in case of signed multipliers Baugh Wooley 

gives better results as compared to Booth encoded Wallace tree. 

And in case of unsigned multipliers, Braun multiplier using 

carry skip adder shows better results than Vedic multiplier.   

Index terms- Vedic Multiplier, Booth encoded Wallace tree 

multiplier, Baugh Wooley multiplier, Braun multiplier 

 
I. INTRODUCTION 

Multiplication is the most crucial fundamental function in 

arithmetic operations. Multiplication is the basic building 

block for several DSP processors, Image processing and 

many others. Hence, a multiplier accounts to a fairly large 

block of a computing system. 

The demand for high speed processing has been increasing 

as a result of expanding signal processing applications. 
Higher throughput arithmetic operations are important to 

achieve the desired performance in many real-time signal 

and image processing applications. Reducing the time delay 

and power consumption are very essential requirements for 

many applications. Since multiplication dominates the 

execution time of most DSP algorithms, so there arises a 

need of high speed multiplier. The four different types of 

multipliers are presented in this report, each offering 

different advantages and having trade off in terms of speed, 

circuit complexity, area and power consumption. Particular 

multiplier architecture can be chosen based on the 
application. 

Multiplier architectures fall into two categories: “signed” 

and “unsigned” multipliers. 
 

 

Different multipliers are discussed in below sections.  

  

VEDIC MULTIPLIER 

 

The multiplier is based on an algorithm Urdhva 

Tiryakbhyam (Vertical & Crosswise) of ancient Indian 

Vedic Mathematics.[1] The algorithm can be generalized for 

n x n bit number. This algorithm shows how to handle 
multiplication of a larger number (N x N, of N bits each) by 

breaking it into smaller numbers of size (N/2 = n, say) and 

these smaller numbers can again be broken into smaller 

numbers (n/2 each) till 2 × 2 basic multiplier block. Hence, 

the whole multiplication process is simplified with ease.   

The basic building block of the Vedic multiplier architecture 

is as shown in figure 1. 

 
Fig.1: 2 x 2 Vedic Multiplier. 

 

The 2x2 blocks are instantiated in the design for 4 x 4 

multiplier (Fig. 2). The adders used in a 4x4 multiplier are 4 

bit and 6 bit adders. The partial product addition in Vedic 

multiplier is realized using ripple carry adder[8], carry select 

adder and carry skip adder technique to observe variations. 
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Fig.2: 4x4 Vedic Multiplier. 

 
The 4x4 multiplication is done in a single line in Urdhva 

Tiryagbhyam sutra, whereas in shift and add (conventional) 

method, four partial products have to be added to get the 

result. Thus, by using Urdhva Tiryagbhyam Sutra in binary 

multiplication, the number of steps required calculating the 

final product will be reduced and hence there is a reduction 

in computational time and increase in speed of the 

multiplier.    

Likewise, an 8x8 multiplier is designed using 4x4 blocks, 

8bit and 12bit adders. 

 

Modification in Vedic Multiplier 
 

A modification was done in the architecture where a 4x4 

multiplier was directly implemented using 9 full adders and 

a 5 bit input special adder. The architecture uses three stages 

of addition as shown.  

 

 
Fig.3: 4x4 Modified Vedic Multiplier. 

 

Adder Design 

The special Adder (Fig. 4) in the above architecture, has the 

following logic: 

  
Fig.4: 5 input adder 

 
 

 

  

 

 

The adder reduces the total number of full adders in the 

conventional 4 * 4 Vedic multiplier. Thus effectively 
reducing delay. 

 

BOOTH ENCODED WALLACE TREE 

MULTIPLIER 

 

The Booth Encoded Wallace Tree Multiplier[2] is the best 

known algorithm for signed as well as unsigned 

multiplication for multiplying large numbers. Multiplication 

involves two main steps:  the generation of partial 

products[3] and accumulation of all the partial products. 

Hence, the speed of multiplication can be increased by either 
deducting the number of partial products and/or speeding up 

the accumulation of partial products 

 In this paper, the number of partial products are reduced to 

(MD/2 -1) partial products using booth encoded 

algorithm[9], high speed computation is achieved using 

Wallace tree algorithm[4] and the final addition of the carry 

propagations is done using Ripple carry adder, carry skip 

adder and carry select adder.  

  
Fig.5: Booth Encoded Wallace Tree Multiplier 

 

BAUGH WOOLEY MULTIPLIER 

The Baugh-Wooley multiplication[5] is one of the efficient 

methods to handle the sign bits and is used effectively for 

multiplication of both signed and unsigned numbers. This 
approach has been developed in order to design regular 

multipliers used productively in digital filters. 

Baugh-Wooley Multiplication on signed operands makes 

sure that the signs of all partial products are positive using 

2’s complement representation. Thus each partial product 

has to be sign extended to the width of the final product in 

order to form a correct sum for the adder chain. Hence,  The  

Partial Products are adjusted such that negative sign moves 

to the last step, which in turn maximizes the regularity of the 

multiplication array.  
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Fig 6:  4x4 Baugh Wooley Multiplier 

The block representation of 4x4 Baugh Wooley 

multiplier[6] is as shown above. The white cells represent 

the positive bit multiplication whereas the grey cells 

represent negative bits representation. 

 

The structure of the white and grey cell is as shown below:- 

  
 

Fig 7:  Baugh-Wooley Cells 

 

However, the conventional Baugh Wooley architecture uses 

a ripple carry adder[8] in the final stage. A modified Baugh 
Wooley architecture is presented by replacing the ripple 

carry adder of the final stage by an N bit linear carry select 

and carry skip adder. 
 

BRAUNS MULTIPLIER 

 

Brauns multiplier is a parallel array multiplier, generally 

also called as carry save array multiplier. 

The basic structure consists of an array of AND gates and 

adders arranged in an iterative manner. An N*N bit Braun 

multiplier is constructed with n (n-1) adders, n2 AND gates 

and (n-1) rows of Carry Save Adder.  
The Braun Bypassing techniques[7] helps reducing the 

dynamic power than the array multiplier. 

In Row Bypassing multiplier, if the multiplier bit bj is zero, 

then the addition operations in the j-th row can be bypassed, 

thus directly providing (j-1)th row outputs directly to the 

(j+1)th row. In a column bypassing based Braun multiplier, 

if the multiplicand bit ai is zero, then the addition operations 

in (i+1)-th row can be bypassed.   

The row bypassing and column bypassing techniques not 

only reduce the critical path delay, but also substantially 

reduce the overall power dissipation as unrequited transition 
doesn’t take place. A low power multiplier with Row and 

Column bypassing can be obtained by merging the above 

two techniques and simplifying the full adder. This is shown 

in Fig. 8. 

 
 

 

  

 

 
Fig 8:  Braun Row and Column Bypassing Technique 

A modified Braun architecture is compared by using the 

ripple carry adder[8], carry select and carry skip adder in 
the final stage. 

 

RESULTS AND DISCUSSIONS 

 

Vedic Multiplier 
 

The comparison results for Vedic multiplier is shown in 

table 1 and table 2: 

 
 

Table 1:  Vedic 4x4 multiplier results 
 

 
 

 Table 2: Vedic 8x8 multiplier results 
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Table 3:  Vedic 16x16 multiplier results 

 
Results show that our modification on Vedic multiplier is 
efficient for higher bit multiplication. It increases the area 

but reduces the delay. 

 

Booth Encoded Wallace Tree Multiplier 

 

 
 

Table 4: 4x4 Booth Encoded Wallace Tree multiplier results 

 

 
 

Table 5: 8 x 8 Booth Encoded Wallace Tree multiplier results 
 

Results show that booth encoded Wallace tree using ripple 

carry adder gives the minimum delay as compared to other 

modifications. 
 

  

 

 

 

Baugh Wooley Multiplier 
 

 
 

 Table 6: 4 x 4 Baugh Wooley multiplier results 

 

 
 

Table 7: 8 x 8 Baugh Wooley multiplier results 

The results show that Baugh Wooley architecture using 

carry select adder gives the minimum delay with slight 
increase in area. 

 

Braun Multiplier 

 

 
 

Table 8:  Braun multiplier results 

 

The results show that column bypassing technique gives the 
minimum delay among all modifications. 
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CONCLUSION 
 

The results based on parameters area and delay has been 

observed for all the multipliers with various last stage 

adders. 

In case of signed multipliers 
1. Baugh Wooley multiplier gives better results as 

compared to booth encoded Wallace tree. 

2. Carry select adder reduces the delay. 

3. Ripple carry adder minimizes the area.  

 

Thus for faster computation, i.e. in encryption, Baugh 

Wooley multiplier with carry select adder in the last stage is 

preferred. 

 

In case of unsigned multipliers, 

1. As the number of input bits increases, Vedic using 
carry skip adder shows better results in terms of 

delay as compared to ripple carry adder and carry 

select adder. 

2. Our modification for small inputs is not successful, 

but as input bit size increases, delay reduces, but 

area increases significantly. 

3. Braun consumes less area and power. Delay of 

Vedic and Braun is almost equal. Thus for small 

inputs, we can prefer Braun multiplier. 

4. Braun using carry skip adder shows the best results 

amongst all. 
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