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Abstract- Multipliers are the fundamental components in many 

digital signal processing systems. Many important signal 

processing systems are designed on VLSI platform as the 

integration growing rapidly. The signal processing systems & 

applications requires large computational capability, hence takes 

considerable amount of energy. In the VLSI system design 

performance, area and power consumption are three important 

parameters, of which power consumption is the gets prime 

importance. In today’s world, power consumption is very 

important factor. The largest contribution to the power 

consumption in multiplier is due to generation and reduction of 

partial products. So it is very much important to know the 

efficiency of different multipliers. This paper represents a 

detailed comparison between array multiplier, Wallace 

multiplier, Dadda multiplier, modified array multiplier on the 

basis of speed, area, power consumption using verilog 

simulation. 

Keywords- Multiplier, Array, Wallace, Dadda, Modified Array, 

Verilog. 

I. INTRODUCTION 

ultiplier is one of the basic functional unit in digital 

signal processor (DSP). Most of the high performance 

DSP systems rely on hardware multiplication to achieve high 

data throughput [5]. and since, multiplication dominates the 

execution time of most DSP algorithms, therefore high-speed 

multiplier is much desired[8]. Currently, multiplication time is 

still the dominant factor in determining the instruction cycle 

time of a DSP chip.  

         Multiplication is a fundamental operation in most signal 

processing algorithms. Multipliers have large area, long 

latency and consume considerable power. Therefore low-

power multiplier design has been an important part in low- 

power VLSI system design. 

Fast multipliers are essential parts of digital signal processing 

systems. The speed of multiplier operation is of great 

importance in digital signal processing as well as in the 

general purpose processors today [6]. 

         In recent years, several power reduction techniques have 

been proposed for low-power digital design, including the 

reduction of supply voltage, multi threshold logic and clock 

speed, the use of signed magnitude arithmetic and differential 

data encoding, the parallelization or pipelining of operations, 

and the tuning of input bit-patterns to reduce switching 

activity. 

       A basic multiplier can be divided into three parts i) partial 

product generation ii) partial product addition and iii) final 

addition [5]. 

       There are number of techniques that to perform binary 

multiplication. In general, the choice is based upon factors 

such as latency, throughput, area, and design complexity. 

More efficient parallel approach uses some sort of array or 

tree of full adders to sum partial products. Array multiplier, 

booth multiplier, Wallace Tree multipliers are some of the 

standard approaches to have hardware implementation of 

binary multiplier which are suitable for VLSI implementation 

at CMOS level .This paper represents Array multiplier(using 

ripple carry adder),Array multiplier(using ripple carry adder 

& carry save adder),Array multiplier(using carry save adder & 

carry look ahead adder) ,Baugh-wooley multiplier, Wallace 

tree, Dadda tree multiplier, Modified array multiplier and 

compare their efficiency. 

II. OBJECTIVE 

The objective of good multiplier to provide a physically 

compact high speed and low power consumption unit. Being a 

core part of arithmetic processing unit multipliers are in 

extremely high demand on its speed and low power 

consumption. 

To find the most efficient timing characteristics and area 

report generated by the Xilinx tool for various multipliers will 

be compared and analyzed. 

III. METHODS AND PERFORMANCES 

 There are number of techniques that to perform binary 

multiplication. In general, the choice is based upon factors 

such as speed, throughput, area, and design complexity power 

consumption. More efficient parallel approach uses some sort 

of array or tree of full adders to sum partial products. Array 

multiplier, Wallace Tree multiplier, Dadda multipliers are 

most common standard multipliers. 

A. Array Multiplier 

M 
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Array multiplier is an efficient layout of a combinational 

multiplier. In array multiplier, an array of identical cells 

generates new partial product & accumulate of it at the same 

time. One advantage of array multiplier comes from its 

regular structure .Since it is regular, it is easy to layout and 

circuit complexity is less. The design time of array multiplier 

is less than tree multiplier. The second advantage of array 

multiplier is its ease of design for pipeline architecture. 

The main disadvantage of array multiplier is that it requires 

large number of gates, because of which area is increased. 

Power consumption is more as more logic gates are needed. 

Due to this reason array multiplier is less economic. Another 

disadvantage of array multiplier is the worst-case delay of the 

multiplier is proportional to the width of the multiplier. The 

speed will be slow for wide multiplier. 

In array multiplier, consider two binary numbers A and B, of 

m and n bits. There are (m×n) product terms and that are 

produced in parallel by a set of (m×n) AND gates. A n×n 

array multiplier requires {n(n-2)} full adders, n half-adders 

and (n×n) AND gates. Also, in array multiplier worst case 

delay would be (2n+1)×td where td is the gate delay.[8]  

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Array multiplier 

Array multiplication can be classified into two types. These 

are unsigned & signed. Unsigned multiplication can be done 

by three types - array multiplication using ripple carry adder, 

array multiplication using ripple carry adder & carry save 

adder, array multiplication using carry save adder, carry look 

ahead adder. Baugh-wooley multiplication is signed 

multiplication. 

1.1. Array Multiplier (Using RCA) 

Fig.2 Array multiplier using ripple carry adder 

1.2. Array Multiplier (Using RCA&CSA) 

 

            Fig.3 Array multiplier using ripple carry adder & carry save adder 

 

1.3. Array Multiplier (Using CSA&CLA) 

 

            Fig.4 Array multiplier using carry save adder & carry look ahead 

adder 

 

Delay in array multiplier is very high using ripple carry adder. 

Delay can be reduced if carry look ahead adder used instead 

of ripple carry adder in the final stage. Using these 3 methods 

only unsigned numbers can multiply. 

 

1.4. Array Multiplier (Signed)/Baugh-Wooley Multiplier 

The array multiplier Baugh-Wooley is an efficient way for 

multiplying both signed and unsigned numbers. Baugh-

Wooley algorithm is used in High Performance Multiplier 

(HPM) tree, which inherits regular and repeating structure of 

the array multiplier. Baugh-Wooley multiplier exhibits less 

delay, low power dissipation and the area occupied is also 

small compared to other array multipliers. The architecture of 

Baugh-Wooley multiplier is based on carry save algorithm[3]. 
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Fig.5 Baugh-wooley multiplier 

 

B. Wallace Tree Multiplier 

A fast process for multiplication of two numbers was 

developed by Wallace. Using this method, a three step process 

is used to multiply two numbers; the bit products are formed, 

the bit product matrix is reduced to a two row matrix where 

sum of the row equals the sum of bit products, and the two 

resulting rows are summed with a fast adder to produce a final 

product [2]. 

In the Wallace multiplier the multiplicand-multipliers are 

summed up in parallel by means of a tree of carry save adders. 

A carry save adder sums up three binary numbers and 

produces two binary numbers. 

One advantage of Wallace tree is it has small delay. The 

number of logic levels required to perform summation can be 

reduced with Wallace tree, as a result power consumption is 

less. The main disadvantage of Wallace tree is complex layout 

and irregular wires.  

A dot diagram for an 4 by 4 Wallace multiplier is shown in 

fig4.This architecture requires 5 fulladder, 3 halfadder to sum 

the 16 partial products.The Wallace tree multiplier requires a 

carry look ahead adder which is only 4 bit wide[1]. 

C. Dadda Tree Multiplier 

In a parallel multiplier the partial products are generated by 

using array of AND gates. The main problem is the 

summation of the partial products, and it is the time taken to 

perform this summation which determines the maximum 

speed at which a multiplier may operate.  

The advantage of dada multiplier is that in the Wallace 

method, the partial products are reduced as soon as possible, 

in contrast, dadda method does the minimum reduction 

necessary at each level to perform the reduction in the same 

number of levels as required by the Wallace method resulting 

in a design with fewer full adders and half adders. So power 

consumption is less. The disadvantage of dadda method is that 

it requires a slightly wider, fast CPA and has a less regular 

structure than Wallace tree. 

The number of Halfadder and Fulladder required for Dadda 

multiplier depends on N, number of bits of the operands. 

Number of Fulladder = N^2-4.N+3 

Number of Halfadder = N-1 

Carry lookahead adder length = 2.N-2 [9]. 

A dot diagram for an 4 by 4 Dadda multiplier is shown in 

fig6. This architecture requires 3 Fulladder,3 Halfadder to 

sum the 16 partial products.The Wallace tree multiplier 

requires a carry look ahead adder which is 6 bit wide[1]. 

 

 
                         Fig.8 A 4×4 8 Dadda tree algorithm 

                                          Fig.7 Wallace multiplier 

                              Fig.6 A 4×4 Wallace tree algorithm. 
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D. Modified Array Multiplier 

Modified array multiplier eliminates the drawback of array 

multiplier. The combinational path delay in modified array 

multiplier is less than other unsigned array multipliers. 

Moreover less number of logic gates are required. So it does 

not have area problem. And power consumption is least in 

modified array multiplier. Due to its regular structure it is 

very much economic [10]. 

 

                    Fig.9 modified array multiplier. 

 

IV. EXPERIMENTAL RESULT 

In order to examine efficiency of multipliers we have 

implement & simulate all of these multipliers (4×4) in 

XILINX using verilog simulation discussed above. 

 

A.  Array Multiplier(Using RCA) 

TABLE I 

Different inputs to output path delay for the array multiplier using all RCA 

Simulation result shows maximum combinational path delay 

obtained to be 15.607 ns. 

 

     B. Array Multiplier (Using CSA & RCA) 

TABLE II 

Different inputs to output path delay for the array multiplier using CSA and 

finally RCA 

 

 

 

 

 

 

 

 

 

 

 

 

 

Simulation result shows maximum combinational path delay 
is obtained to be 14.344 ns. 
 

      C. Array Multiplier (Using CSA & CLA) 

  TABLE III 

Different inputs to output path delay for the array multiplier using CSA and 

finally CLA. 

Simulation result shows maximum combinational path delay 
is obtained to be 13.231 ns. 

 

       D. Baugh-Wooley Multiplier 

TABLE IV 

Different inputs to output path delay for Baugh-Wooley multiplier.  
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Simulation result shows maximum combinational path delay 
is obtained to be 12.340 ns. 

 

         E. Wallace Multiplier 

TABLE V 

Different inputs to output path delay for the Wallace Tree multiplier using 

CLA at end 

      

Simulation result shows maximum combinational path delay 
is obtained to be 14.204 ns. 

  

     F. Dadda Multiplier 

TABLE VI 

Different inputs to output path delay for the Dadda multiplier using CLA at 

end 

Simulation result shows maximum combinational path delay 
is obtained to be 14.537 ns. 

 

    G. Modified Array Multiplier 

TABLE VII 

Different inputs to output path delay for the Modified Array multiplier  

Simulation result shows maximum combinational path delay 
is obtained to be 13.305 ns. 

 

                   V. COMPARISON & DISCUSSION 

Different parameters obtained from simulation that is useful 

for determining the efficiency of the multiplier includes power 

consumed, number of slices used, Look up tables involved, 

number of bonded IOBS. Their simulated values for the 

considered multipliers are tabulated in Table 8 for 

comparison. 

 TABLE VIII 

comparison between different multipliers on the basis of delay, number of 

slices, no of 4 input LUTS, no of IOBS, power consumption 

 

 

FPGA implementation shows that array multiplier using 

ripple carry adder is efficient layout design, but its 

combinational path delay is very high. If array multiplier is 

designed using carry save adder, ripple carry adder 

combination path delay reduces, circuit becomes fast. But it 

requires more number of fulladders, So area will increase, so 

power consumption is high. Reduction of more delay is 

possible if array multiplier is designed using carry save adder, 

carry look ahead adder, but area will increase more. But using 

Multipliers Delay(n

s) 

numb

er of 

slices 

Numb

er of 

4- 

input 

LUTS 

Numb

er of 

bonde

d 

IOBS 

Power 

consumpti

on 

Array 

multiplier(usi

ng RCA) 

15.607 16 30 16 
more 

Array 

multiplier(usi

ng RCA & 

CSA) 

14.344 17 30 17 
more 

Array 

multiplier(usi

ng CSA & 

CLA) 

13.231 18 34 18 
most 

Baugh-

wooley 

multiplier 

12.340 18 32 18 
more 

Wallace 

multiplier 

14.204 17 29 17 
less 

Dadda 

multiplier 

14.537 16 28 17 
less 

Modified 

array 

multiplier 

13.305 16 27 17 least 
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these 3 techniques only unsigned numbers can multiply. 

Using baugh-wooley both signed & unsigned numbers can 

multiply. Another advantage of baugh-wooley is it exhibits 

less delay, area occupied is also small compare to other array 

multipliers. Using Wallace tree it is possible to reduce number 

of logic levels required to perform summation. Delay will be 

small in Wallace tree as it uses smaller carry look ahead adder 

compare to dadda tree, but area is more in Wallace tree 

compare to dadda tree. In dadda tree, less number of half 

adders & fulladders required. So area is smaller than Wallace, 

but delay is slightly higher than Wallace as carry look ahead 

adder is more bit wide. But dadda multiplier is less regular 

than Wallace. But dadda tree has less power consumption. 

Finally this paper represents simulation of modified array 

multiplier. Out of all multipliers modified array multiplier is 

efficient because the combinational path delay in modified 

array multiplier is less than other unsigned array multipliers. 

Moreover less number of logic gates are required. So it does 

not have area problem. And power consumption is least in 

modified array multiplier. Due to its regular structure it is 

very much economic. 

                              VI. CONCLUSION 

It can be concluded that modified array multiplier is superior 

in all respects like speed, delay, area, complexity. However 

array multiplier (using RCA) has more power consumption & 

large number of logic gates required, delay for this multiplier 

is larger than other array multipliers. But baugh-wooley 

multiplier is high speed multiplier and both signed , unsigned 

numbers can multiply, but it also requires large area & power 

consumption is very much matter of concern in this multiplier. 

Using Wallace and dadda tree power consumption, area, delay 

can be minimized little bit but these structures are irregular 

than array multiplier. So comparing efficiency of all the 

multipliers discussed above we can say, the modified array 

multiplier is superior than others in every respect. 
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