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Abstract
Based on fast finite-impulse response (FIR) algorithms (FFAs), 
this paper proposes new parallel FIR filter structures, which are 
beneficial to symmetric coefficients in terms of the hardware cost, 
when the number of taps is a multiple of 2 or 3. The proposed 
parallel FIR structures exploit the inherent nature of symmetric 
coefficients reducing half the number of multipliers in sub filter 
section at the expense of additional adders in preprocessing and 
post processing blocks. Exchanging multipliers with adders is 
advantageous because adders weigh less than multipliers in terms 
of silicon area; in addition, the overhead from the additional adders 
in preprocessing and post processing blocks stay fixed and do 
not increase along with the length of the FIR filter, whereas the 
number of reduced multipliers increases along with the length 
of the FIR filter. For example, for a two-parallel 576-tap filter, 
the proposed structure saves 144 multipliers at the expense of 2 
adders still. Overall, the proposed parallel FIR structures can lead 
to significant hardware savings for symmetric convolutions from 
the existing FFA parallel FIR filter, especially when the length 
of the filter is large.
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I. Introduction
Today explosive growth of multimedia application, the demand for 
high-performance and low-power digital signal processing (DSP) is 
getting higher and higher. FIR filter is the fundamental device used 
in DSP to meet those requirements. Some applications need the 
FIR filter to operate at high frequencies such as video processing, 
whereas some other applications request high throughput with 
a low-power circuit such as multiple-input– multiple-output 
systems used in cellular wireless communication. Furthermore, 
when narrow transition band characteristics are required, the much 
higher order in the FIR filter is unavoidable. The main drawback 
of FIR filters is the amount of computation needed to process 
a signal through a FIR filter. The most expensive operators in 
terms of area, delay and power in a FIR filter structure are the 
multipliers.  
Furthermore, when narrow transition-band characteristics are 
required, the much higher order in the FIR filter is unavoidable. For 
example, a 576-tap digital filter is used in a video ghost canceller 
for broadcast television, which reduces the effect of multipath 
signal echoes. On the other hand, parallel and pipelining processing 
are two techniques used in DSP applications, which can both be 
exploited to reduce the power consumption. Pipelining shortens 
the critical path by interleaving pipelining latches along the data 
path, at the price of increasing the number of latches and the system 
latency, whereas parallel processing increase the sampling rate 
by replicating hardware so that multiple inputs can be processed 
in parallel and multiple outputs are generated at the same time, 
at the expense of increased area. Both techniques can reduce the 

power consumption by lowering the supply voltage, where the 
sampling speed does not increase.  Due to its linear increase in 
the hardware implementation cost brought by the increase of the 
block size L, the parallel processing technique loses its advantage 
in practical implementation. Polyphase decomposition is mainly 
manipulated to reduce the complexity of the parallel FIR filter 
, where the small-sized parallel FIR filter structures are derived 
first and then the larger block-sized ones can be constructed by 
cascading or iterating small-sized parallel FIR filtering blocks. 
Fast FIR algorithms (FFAs) introduced below shows that it can 
implement a parallel filter using approximately 2L-1 subfilter 
blocks, each of which is of length N/L . FFA structures successfully 
break the constraint that the hardware implementation cost of a 
parallel FIR filter has a linear increase along with the block size L. 
It reduces the required number of multipliers to 2N-N/L from L*N.  
The fast linear convolution is utilized to develop the small-sized 
filtering structures and then a long convolution is decomposed 
into several short convolutions, 

However, in both  method, when it comes to symmetric 
convolutions, the symmetry of coefficients has not been taken 
into consideration for the design of structures yet, which can 
lead to a good amount of saving in hardware cost.  In this paper, 
we provide new parallel FIR filter structures based on FFA 
consisting of advantageous poly phase decompositions, which 
can reduce amounts of multiplications in the sub filter section 
by exploiting the inherent nature of the symmetric coefficients, 
compared to the existing FFA fast parallel FIR filter structure.  
This paper is organized as follows. A brief introduction in section 
I, FFAs is given in Section II. In section III, the proposed parallel 
FIR filter structures are presented, investigates the complexity 
and comparisons. the description of hardware implementation 
and the experimental results are shown. Section IV gives the 
conclusion.

II. Overview of Fast FIR Algorithm
With the continuing trends to reduce the chip size and integrates 
multichip solution into a single chip solution it is important to 
limit the silicon area required to implement parallel FIR digital 
filter in VLSI implementation. The Need for high performance 
and low power digital signal processing is getting increased. Finite 
Impulse Response (FIR) filters are one of the most widely used 
fundamental devices performed in DSP system.

A. Traditional Algorithm
Assuming  {x (n)} is an infinite-length input sequence and {h 
(i)} are the length-N FIR filter coefficients and {h (i)} are  output 
sequence y(i)  N-tap FIR filter which can be expressed in the 
general form as

  (1)

Traditional L- parallel FIR filter can be derived using polyphase 
decomposition as
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 (2)

For p, q, r = 0, 1, 2, 3, ………., L-1. From this FIR filtering 
equation, it shows that the traditional FIR will require L^2 – FIR 
sub filter blocks of length N/L for implementation.

    (3)

Fig. 1: Traditional 2-Parallel FIR Filter

B. Two parallel Fast FIR Algorithm
A two- parallel FIR filter can be expressed as

 (4)

Fig. 2: Two-parallel FIR Filter Implementation Using FFA

For FFA with (4) require three FIR sub filter blocks of length N/2, 
one preprocessing and three post processing adders, and 3N/2 
multipliers and 3(N/2-1)+ 4 adders, which reduces approximately 
one fourth over the traditional two- parallel filter hardware cost 
from (3).

C. Three parallel Fast FIR Algorithm
A three-parallel FIR filter using FFA can be expressed as

 
  (5)

Above implementationrequires six length N/3 FIR sub-filter 
blocks, three preprocessing and seven post processing adders, 
and threeN multipliers and 2N+4 adders, which has reduced 
approximately one third over the traditional three-parallel filter 
hardware cost.

Fig. 3: Three-parallel FIR Filter Implementation Using FFA

The implementation obtained from (6) is shown in fig. 2.

III. Proposed FFA Structures for Symmetric Convolution
In the symmetry of coefficients the first and last coefficients are 
the same. In this half the number of multiplications in the single 
sub filter block can be reused for the multiplications of whole taps, 
which is similar to the fact that a set of symmetric coefficients 
would only require half the filter length of multiplications in a 
single FIR filter. So in N-tap L-parallel FIR filter the total amount 
of saved multipliers would be the number of sub filter blocks 
that contain symmetric coefficients times half the number of 
multiplications in a single block (N/2L).

A. Proposed Two parallel FFA Filter
Proposed Two-Parallel FIR Filter is derived by bellow equation

 (6)

Fig. 4: Proposed Two-Parallel FIR Filter Implementation

Example: - Consider a 576-tap FIR filter with a set of symmetric 
coefficients applying to the proposed two-parallel FIR filter.
{h(0),h(1),h(2),h(3),h(4),h(5),
  h(6),h(7),h(8),h(9),…,h(575)}

where h(0)=h(575), h(1)=h(574), h(2)=h(573), h(3)=h(572),h(4)
=h(571),h(5)=h(570),…,h(287)=h(288), applying to the proposed 
two-parallel FIT filter structure , and the top two subfilter blocks 
will be as
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From above equationswe get thatin the sub filter block only half 
the amount of multipliers required. As shown below

Fig. 5: Sub Filter Block Implementation With Symmetric 
Coefficients

B. Proposed Two parallel FFA Filter
Proposed Three-Parallel FIR Filter is derived by bellow 
equation

  (8)

From above equation we get that, for an N-tap three-parallel 
FIR filter, the proposed structure can save N/3 multipliers from 
the existing FFA structure with overhead of seven additional 
adders.

Fig. 6: Proposed Three-Parallel FIR Filter Implementation

Fig. 7: Comparison of Sub-Filter Blocks Between Existing FFA 
and the Proposed FFA Three-Parallel FIR

IV. Simulation Implementation

A. Hardware Description Language (HDL)
Two very popular HDLs are VHDL and VERILOG. In this 
text we use VHDL. VHDL is an acronym for VHSIC hardware 
description language; VHSIC in turn is an acronym for very high 
speed integrated circuit. The development of VHDL was funded 
by the U.S. Department of Defence (DOD) in the early 1980s. 
The syntax of VHDL is similar to that of programming language 
ADA; however, it has some significant differences from ADA. We 
present the important concepts of VHDL, especially the ones that 
are used in digital circuit design. VHDL can provide unambiguous 
representation of a design at different levels of abstraction as 
shown. Modern CAD (computer-aided design) tools can generate 
gate-level implementation of a design from its VHDL description. 
A behavioral VHDL description of a circuit describes the function 
of the circuit in terms of its inputs using the types of statements 
used in a high-level programming language. The objective is to 
describe the correct operation of a circuit to be designed without 
being concerned with redundant details. This description does not 
specify how the function is actually implemented; thus the same 
description may result in several implementations of a circuit. 
The register transfer level (RTL) description of a circuit specifies 
the flow of data from an input or a register to another register 
or the output of the circuit through combinational logic blocks. 
The RTL description is also known as data flow description. The 
structural level description specifies what components a circuit is 
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composed of and how these components are interconnected. This 
is similar to the logic schematic diagram of a circuit. The purpose 
of this tutorial is to describe the modeling language VHDL. VHDL 
includes facilities for describing logical structure and function of 
digital systems at a number of levels of abstraction, from system 
level down to the gate level. It is intended, among other things, as 
a modeling language for specification and simulation. We can also 
use it for hardware synthesis if we restrict ourselves to a subset
When an L-parallel FIR filter comes with a set of symmetric 
coefficients of length N-the number of required multipliers for 
the proposed parallel FIR filter structures.

B. Levels of Representation and Abstraction
A digital system can be represented at different levels of abstraction. 
This keeps the description and design of complex systems 
manageable. Fig. 1 shows different levels of abstraction.

Fig. 8: Behavioral, Structural and Physical 

C. Behavioral Level
The highest level of abstraction is the behavioral level that 
describes a system in terms of what it does (or how it behaves) 
rather than in terms of its components and interconnection between 
them. A behavioral description specifies the relationship between 
the input and output signals. This could be a Boolean expression 
or a more abstract description such as the Register Transfer or 
Algorithmic level.

D. Structural Level
The structural level, on the other hand, describes a system as a 
collection of gates and components that are interconnected to 
perform a desired function. A structural description could be 
compared to a schematic of interconnected logic gates. It is a 
representation that is usually closer to the physical realization of 
a system. For the example above, the structural representation 
is shown.

Fig. 9: Structural Representation of a “buzzer” Circuit

VHDL allows one to describe a digital system at the structural or 
the behavioral level. The behavioral level can be further divided 
into two kinds of styles: Data flow and Algorithmic. The dataflow 
representation describes how data moves through the system. This 
is typically done in terms of data flow between registers (Register 
Transfer level). The data flow model makes use of concurrent 
statements that are executed in parallel as soon as data arrives at 
the input. On the other hand, sequential statements are executed in 
the sequence that they are specified. VHDL allows both concurrent 
and sequential signal assignments that will determine the manner 
in which they are executed.

E. VERILOG
Verilog is one of the two major Hardware Description Languages 
(HDL) used by hardware designers in industry and academia 
Verilog is very C-like and liked by electrical and computer 
engineers as most learn the C language in college. Verilog was 
introduced in 1985 by Gateway Design System Corporation, now 
a part ofCadence Design Systems, Inc.’s Systems Division

V. Implementation and Experimental Results

A. Two Parallel 576-TapFIR Filter
Output:

B. Three Parallel 24-Tap FIR Filter
Output:

VI. Conclusion
In this paper, we have presented the newparallel FIR filter structures, 
which are beneficial to symmetric convolutions when the number 
of taps is the multiple of 2 or 3. Multipliers are the major portions in 
hardware consumption for the parallel FIR Filter implementation. 
The proposed new structure exploits the nature of even symmetric 
coefficients and save a significant amount of multipliers with the 
expense of few additional adders. As multipliers out weight adders 
in hardware cost, it is more profitable to exchange multipliers with 
adders. Moreover, the number of increased adders stays still when 
the length of FIR filter becomes large, whereas the number of 
reduced multipliers increases along with the length of FIR filter. 
Consequently, the larger the length of FIR filters is the more the 
proposed structures can save from the existing FFA structures, with 
respect to the hardware cost. So, the proposed structures have the 
symmetric convolutions dealing with advantageous poly-phase 
decompositions. It gives the better hardware consumption than 
the existing FFA structures.
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