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Abstract— OFDM is multicarrier technique, which is 

efficient due to its orthogonality. It uses FFT/IFFT processors 

for modulation and demodulation purpose. FFT/IFFT is 

computationally complex with wide length data and time 

consuming task. So the processing time can be reduced which 

will result into increase in the throughput of the system. This 

paper reviews various multiplier techniques used for FFT 

processor. However by simulating different multipliers and 

analysing performance parameters of multipliers such as 

memory, delay and I/O buffers, Dadda multiplier is best 

suited for DSP applications. 
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I. INTRODUCTION 

Due to evolving electronics and telecommunication 

applications, dedicated FFT or IFFT architectures are 

necessary for baseband processing. At present multiplication 

of bits is a common process in any of the algorithms used for 

processing of systems. The functionality of any algorithm is 

greatly dependent on functional parameters such as delay, 

power and memory of multipliers. The selection of any 

multiplier plays an important role and speed of 

multiplier/system performance is limited to the no. of adders 

and no. of multipliers used for processing the data in 

processor. 

 The FFT is an adequate algorithm for computing 

DFT and require less number of computation than that 

required for direct evaluation of DFT. The DFT algorithm has 

O (n2) complexity and therefore is not useful for direct 

hardware realizations. Instead of DFT, Fast Fourier 

Transform algorithm is used. The computational complexity 

of FFT is given by complex multiplies N/2*Log N and 

complex additions N*Log N. The Discrete Fourier Transform 

(DFT) X(k) of N-point is given by, 

X(k) = ∑ x(n)WN
knN−1

n=0                             (1) 

Where, k=0 to N-1; 

n=0 to N-1; 

 WN
kn = e−j2πkn/N                                   (2) 

 Where X(k) and  x(n) are frequency domain 

sequence and time domain sequence instead of direct 

implementation of above equation, the FFT algorithm 

factorizes a large -point DFT recursively into many small -

point DFT in order to reduce overall operations. 

 IFFT is a speedy algorithm which perform Inverse 

Fourier Transform, which is processed under DFT. 

x(n)=
1

N
∗  ∑ X(k) ∗  ej2πk

n

NN−1
k=0                          (3) 

X(k)= Frequency Domain Samples 

x(n)= Time Domain Samples 

N= FFT size 

k= 0,1,2….N-1. 

 In this paper, 4-bit multiplier designs are 

implemented that will produce the fastest speed and has least 

area constraints and the most suitable multiplier for the type 

of DSP applications is determined. A performance 

comparison was done among Wallace and Dadda 

multiplier[1]. 

II. IMPLEMENTATION OF DIFFERENT MULTIPLIERS 

This section gives various methods of multiplier techniques 

for FFT processor. These methods are responsible for the 

good performance of FFT processor in consideration of 

parameter Maximum Combinational Path Delay. 

A. Dadda Multiplier 

The Dadda multiplier is a hardware multiplier introduced by 

computer scientist Luigi Dadda in 1965. It is similar to 

the Wallace multiplier, but it is slightly faster and requires 

less gates for all but the smallest operand sizes. The basic goal 

of dadda algorithm is to minimize the number of logical 

elements used [2]. 

 
Fig 1: Block Diagram of Dadda Multiplier 

 The Fig 1 shows the steps carried out for multiplying 

the inputs. Dadda multipliers/algorithm tries to minimize the 

number of gate count and input/output delay. Because of this, 

Dadda multipliers requires less expensive reduction phase, 

but the final output may be a few bits longer, thus requires 

bigger adders. 

 
Fig. 2: 4*4 bit Dot Diagram for Dadda Multiplier[2] 

 The algorithm is based on minimizing the maximum 

height of columns by the use of half adders to get the partial 

product arrangement as shown in the dot diagram in Fig 2[2]. 

The delay of Dadda multiplier is given by: 

Delay = Log(N) * Adder delay                         (4) 

https://en.wikipedia.org/wiki/Luigi_Dadda
https://en.wikipedia.org/wiki/Wallace_multiplier
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B. Wallace Multiplier 

This logarithmic increase in delay with respect to size of 

operand constitutes the major speed gain than array designs 

at the cost of more structural complexity. 

 
Fig. 3: Block Diagram of Wallace Multiplier 

From the Fig 3 Wallace tree involves three stages: 

1) Multiply (AND) each bit of one of the input, by each bit 

of the other input, yielding results. Depending on 

position of the multiplied bits, the wires carry different 

weights 

2) Reduce the number of partial products from three rows 

to two rows by layers of full and half adders. 

3) Group the wires in two numbers and add them with a 

conventional adder. The architecture with reduced 

complexity is given by: 

Delay = Log(N) * Adder delay                         (5) 

 
Fig. 4: 4*4 bit Dot Diagram of Wallace Multiplier[2] 

 The basic dot diagram describing the working of 

Wallace multiplier is shown in Fig 4. From the fig 4 it can be 

inferred that the partial products can be added and reduced to 

2 rows without carry propagate addition. A single carry 

propagate addition is only needed in last step to reduce the 

two numbers to a single product[2]. 

III. RESULTS & DISCUSSION 

A. Simulation & Synthesis Results for Dadda Multiplier 

The architecture of Dadda Multiplier is simulated and 

synthesized using Xilinx ISE 14.7. 

1) Simulation Results 

The simulation windows for 4 bit Dadda multiplier are shown 

in Fig 5. 

 
Fig. 5: Simulation Results for Dadda Multiplier 

2) RTL Schematic 

RTL schematic is used to determine the mapping of design. 

It shows all the connection and device used in the 

architecture. Fig 6 shows RTL schematic of Dadda Multiplier 

architecture. 

 
Fig. 6: RTL Schematic of Dadda Multiplier 

3) Synthesis Report 

Synthesis result provides the information regarding memory 

usage and combinational path delay. Fig 7 shows the 

synthesis report of critical path delay value for Dadda 

multiplier architecture. 

 
Fig. 7: Synthesis Report of Dadda Multiplier 

B. Simulation & Synthesis Results for Wallace Multiplier 

The architecture of Dadda Multiplier is simulated and 

synthesized using Xilinx ISE 14.7. 
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1) Simulated Results 

The simulation window for 4 bit Wallace multiplier is shown 

in Fig 8. 

 
Fig. 8: Simulation Results of Wallace Multiplier 

2) RTL Schematic 

RTL schematic is used to determine the mapping of design. 

It shows all the connection and device used in the 

architecture. Fig 9 shows RTL schematic of Wallace 

Multiplier architecture. 

 
Fig. 9: RTL Schematic of Wallace Multiplier 

3) Synthesis Report 

Synthesis result provides the information regarding memory 

usage and combinational path delay. Fig 10 shows the 

synthesis report of critical path delay value for Wallace 

Multiplier architecture. 

 
Fig. 10: Synthesis Report of Wallace Multiplier 

C. Comparison of Dadda & Wallace Multiplier 

The Table I shows the comparison of multipliers in terms of 

Memory, Delay and No. of IO Buffers. 

Parameters Dadda Multiplier Wallace Multiplier 

Memory (kB) 234772 235028 

Delay (ns) 6.638 7.708 

No. of IO buffers 16 16 

Table 1: Comparison of Different Multipliers 

 From Table I shows that Dadda multiplier is fast 

multiplier comparing with Wallace multiplier as memory and 

delay required by Dadda is less. 

IV. CONCLUSION 

From the Simulation Results it is clear that for 4bit 

multiplication, delay for Dadda multiplier is 6.638ns and for 

Wallace multiplier is 7.708ns. It shows that Dadda multiplier 

is superior to Wallace Multiplier. Due to the tree based 

reduction methodologies the Dadda multiplier technique is 

more efficient than the Wallace multiplier technique in terms 

of Processing Time. 
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