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Abstract—   Finite impulse response (FIR) filters are used in 

Digital Signal Processing applications. Accuracy in Filter 

Designing is based on the Multiplication and accumulation of 

filter coefficients. This paper describes an approach to the 

VLSI implementation of digital filter which is flexible and 

provides superior to traditional approaches, low power, and 

area efficient Discrete Wavelet Transform architecture. A 4-
tap finite impulse response (FIR) filter implemented by 4-2 

compressor based dada Multiplier. Computation intensive 

applications such as DSP, image processing, floating point 

processors and communication technologies today require 

efficient binary multiplication which usually is the most power 

and time consuming block. This paper proposes an efficient 

design for unsigned binary multiplication to reduce delay. A 

8x8 dadda multiplier has been designed which is based on 

Compressing arithmetic Units. It is optimized using adaptive 

and recursive approach combined with square-root carry-look 

ahead-adder. The designs have been coded in Verilog, 
synthesized in Xilinx Tool and physically verified with 

Spartan 3 XC 3S 200 tq 144 platform. 
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I. INTRODUCTION 

In signal processing, the filter is used to remove some 

unwanted component or feature from a signal thereby 

improving the quality of signal. It alters the amplitude and/ or 

phase characteristics of a signal in a desired manner with 

respect to frequency. The primary function of filter are – to 

confine a signal into a prescribed frequency band, to 

decompose a signal into two or more sub-bands, to modify the 

frequency spectrum of a signal and to model the input output 

relationship of a system. Filters are extensively used in signal 

processing and communication system in applications like 

noise reduction, echo cancellation, image enhancement, 

speech and waveform synthesis etc.  
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There are two main kind of filter: analog and digital filter. 

Analog filter has analog signal at both its input & output and 

are made up from components such as resistors, capacitors and 

op amps to produce the required filtering effect. Such filters 

are fast and simple to realize but are little stable, sensitive to 

temperature variations and expensive to realize in large 

amounts. Digital filter on the other hand uses digital processor 

to perform numerical calculations on sampled values of the 

signal and eliminate the problems associated with their 

classical analog counterparts, thus are preferably used in place 

of analog filter. Broadly, digital filters are classified as: Finite 

Impulse Response (FIR) and Infinite Impulse Response (IIR) 

filter. FIR filters have linear phase, stability, fewer finite 

precision errors, and efficient implementation hence preferred 

over IIR filter. This paper discusses the design and 

implementation of a FIR filter using dada Multiplier with 

other existing Multipliers. The results from the same have 

been obtained and observed separately. Further, the results 

have compared in terms of resource utilization, frequency of 

operation. As a result, it has been found that the Compressed 

dada multiplier performs the same operation by reducing the 

number of partial products obtained at each stage thereby 

simplifying the architecture in terms of delay, complexity 

parameters.  

II. FINITE IMPULSE RESPONSE FILTER 

  A finite impulse response filter is a digital filter whose 

impulse response is finite in nature. The output of the FIR 

filter depends only on the present and the past values of the 

input that is it is non-recursive in nature. Hence, no feedback 

element is required for the filter implementation. The transfer 

function for the filter can be easily computed by taking the z 

transform of the frequency response of the FIR filter. 

FIR filter transfer function can be expressed as: 

 

 
 

x[n] is the input signal, 

y[n] is the output signal, 

N is the filter order; 

 an Nth-order filter has N+1terms on the right-hand side. 
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The FIR filter consists of three basic blocks: an adder block, 

a multiplier and some delay elements. A D flip flop can serve 

the purpose of delay element. The adder performs the 

Proposed CSLA based BEC. The Karastuba multiplier block 

leads to maximum delay in the design and hence needs to be 

optimized. 

III. DADA MULTIPLIER 

The Dadda multiplier is a hardware binary multiplier design 

invented by computer scientist Luigi Dadda in 1965. It uses a 

selection of full and half adders to sum the partial products in 

stages (the Dadda tree or Dadda reduction) until two numbers 

are left. The design is similar to the Wallace multiplier, but the 

different reduction tree reduces the required number of gates 

(for all but the smallest operand sizes) and makes it slightly 

faster (for all operand sizes).We present four dual-quality 

reconfigurable approximate 4:2 compressors, which provide 

the ability of switching between the exact and approximate 

operating modes during the runtime. The compressors may be 

utilized in the architectures of dynamic quality configurable 

parallel multipliers.  The basic structures of the proposed 

compressors consist of two parts of approximate and 

supplementary. In the approximate mode, only the 

approximate part is active whereas in the exact operating 

mode, the supplementary part along with some components of 

the approximate part is invoked. 

 

 
Dadda Multiplier Using Proposed Designs 

 

 

IV. APPROXIMATE ADDER DESIGN 

Approximate Half Adder is performing Same Half adder 

Logic but The Sum XOR Operation is Performed as OR 

Operation. XOR gates tend to contribute to high  area and 

delay. For approximating half-adder, XOR gate of Sum is 

replaced with OR gate as given in bellow equations. This 

results in one error in the Sum computation as seen in the truth 

table of approximate half-adder in Table II. A tick mark 

denotes that approximate output matches with correct output 

and cross mark denotes mismatch. 

Sum = x1 + x2 

Carr y = x1 & x2 

 

 
A. APPROXIMATE FULL ADDER 

In the approximation of full-adder, one of the two XOR 

gates is replaced with OR gate in Sum calculation. This results 

in error in last two cases out of eight cases. Carr y is modified 

and introducing one error. This provides more simplification, 

while maintaining the difference between original and 

approximate value as one. The truth table of approximate full-

adder is given in Table 

W = (x1 + x2) 

Sum = W ⊕ x3 

Carr y = W & x3 

 
B. APPROXIMATE 4-2 COMPRESSOR 

In 4-2 compressor, three bits are required for the output 

only Sum computation, one out of three XOR gates is replaced 

with OR gate. Also, to make the Sum corresponding to the 

case where all inputs are ones as one, an additional circuit x1 · 

x2 · x3 · x4 is added to the Sum expression. This results in 

error in five out of 16 cases. Carr y is simplified. The 

corresponding truth table is given in Table 

W1 = x1 · x2 

W2 = x3 · x4 

Sum = (x1 ⊕ x2) + (x3 ⊕ x4) + W1 · W2 

Carr y = W1 + W2 
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V. SIMULATION AND SYNTHESIS RESULTS 

 

 
 

Dadda multiplier by 4-2 Compressor 

 

 
 

FIR Filter Based on Multiplier Compressor  

 

 
 

RTL View of Multiplier 

 

 
 

Technology View of Multiplier  

 

VI. COMPARISION AND ANALYSIS 

The Proposed FIR Filter designs are implemented using 

Verilog HDL, synthesized using Xilinx for different bit sizes 

and the delay and area have been analyzed for 

comparison.From Fig. 4, it is observed that Compressor based 

Dadda Multiplier has minimum delay and Area. it becomes 

lesser compared to Normal Dadda Multiplier. The results 

show that the use of Compressed adders for addition achieves 

overall minimum delay in the proposed multiplier at the 

expense of higher area and delay dissipation.  

 

 

 

 

Area Comparison 

 

 
 

Delay Comparison  
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VII. CONCLUSION          

Conventionally the FIR filters which have huge application 

in Digital Signal Processing were developed using traditional 

DSP algorithms. With the advancement in the technology, the 

FIR filters are being developed using VLSI technology. This 

leads to the extensive decrease in the area occupied on chip 

and power consumed by the filter. The FIR filter consists of 

three blocks: the multiplier, adder and the delay block. Out of 

all three, the multiplier is the slowest of all. The research work 

presented in this paper has achieved adequate results and has 

demonstrated the efficiency of high level optimization 

techniques. In this work, the FIR filter has been designed 

using Dadda Multiplier and CLA Adder. From this work, it is 

concluded that chip area of FIR filter designed using dada 

compressor multiplier is significantly reduced and thereby 

making the system faster.  A 8×8-bit multiplier has been 

proposed and designed to showcase the technique with the 

primary objective of minimizing the delay & area so that it can 

find application in DSP, Image Processing and computation 

intensive ASIPs. It is based on the Compressed dada 

Multiplier that generates lesser number of partial product 

terms. The algorithm is further optimized using adaptive 

concept for computation of the third product term to yield 

faster speed.  
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