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Abstract—The paper deals with the study of numerical
techniques which are used for computing the approxiate
solutions of infinite integrals. These techniques ar software
oriented. It is necessary to develop a hardware anted solution
which asses the performance in terms of speed andrea.
Implementation of integrals have very lengthy critcal path
delays which restricts the throughput rates, this an be reduced
by architectural modifications in which the structure can be
operated at higher throughput rates and less areaomsumptions.
Here implementation of pipelining structure, fine gain pipelined
structure and parallel structure is carried out using trapezoidal
rule. The same is provides a high performance abilt In the
present study FPGA'’s are used as a implementationigtform.

Index Terms—FIR structure, Trapezoidal
Parallel structure, Fine-grain Pipelining etc.

rule, Pipelining,
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can be obtained by mapping the Trapezoidal ruletmma
worldwide FIR structure.These have been some haslwa
applications of NI by means of radix-2 encodinghtéques.
Although, these solutions have stretched compurtatidelays
and have huge non-recurring engineering (NRE) co¥ith
FIR jobs the complex arithmetic operations are iappin
terms of multiply and add operations only. The ipit
operation is the important computational bottleniecthe FIR
structure; it needs a high computation time .Thiekint
variety of approaches have been followed to spgethel FIR
filter structures. The Distributed arithmetic (DAgs been
used as an alternative over the expectable multgotyd
Accumulate (MAC) operations. This, however, leaglsiow
structures as in effect, bandwidth is being tradé#do save
resources. Constant coefficient multiplication ist yanother
method that has been used to design efficienttsires These
are based on using look-up tables and addition atip@is.

In many applications such as mathematics andiowever, the use of look-up tables has limitedrtiisage in

engineering there sometimes rise the circumstanbese it is
tricky to find an anti-derivative of an integrarsh often used
approach for obtaining approximate solutions forchsu
integrals is the Numerical Integration (NI) techmq It is the
approximate computation of an integral using nuozri
technique.

Its basic form, the definite integral is approxiethis:

[ vos = niy(0) + oy + X222 M

Substituting n = 1 in equation (1) results in thepezoidal
Rule for NI as:

b h
[ yooax = 1y0) + 2050 + -+ ym - 1) + y)]

A%y(0) + -

= ;y(n) +hy(n—1) + hy(n —2) +--- + hy(1)

+ hy(0) 2
Where, h=b-a
The generalized Finite Impulse Response (FIR) équé
Given by:
m—1
20 = Z @y =) = agy(m) + &y(n— 1) + a;y(n—2) + (3)

FIR process.

These expectable techniques have mainly focused on
getting a speed up by adjusting the discrete iddi
components of the FIR structure. This can be rexetdat by
introducing architectural changes at the systemellea
subsequent speed-up in the performance can bevadhi€his
involves operating the hidden concurrencies witlilre
algorithm to be realized. Pipelining and parallelqessing are
the methods that have been used at system levepeaoate
these concurrencies. The key issue here is findiugthe
amount of parallelism that can be exploited witham
algorithm.

The  Computational complexity and data
dependencies are communication bounds, filter lendtnite
arithmetic effects and so on. These are the fadtwas are
needed to be taken as consideration before usirg th
modifications.

Other major issue is the availability of a suitaplatform that
can support the hardware intensive processing wittient
FPGAs, the technology which provide bit-parallelltipliers
that can be used to develop different sorts of isecture.

FPGA's are therefore, being increasingly used for

Where a(0<k<M 1) are the coefficients needed to produce thQ:omputatmna”y intensive app||cat|0ns

necessary filtering response Equations (2) ana@8jce that
there is a one-to-one communication between thpekhaidal
rule and the FIR equation. Then a hardware strachor NI
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Il. OBJECTIVE OF THE PROJEC

The main objective of this project is to perforne
approximate solution for the NI by using Trapezbidae.
The objective is supported by testing the propasethod tha
is different types of structure which are obtained the
modification of basic @hitecture. The aim of the project is
study the different structure and their performanaeich
results in the better throughput.
The proposed method is using the Architectural rfication
by comparing the performance such as throughputiidé¢u of
Latency in the individual architecture, and to impgothis
evaluation parameter using the proposed me

M. IMPLEMENTATION OF THE PROJEC

1. The basic architecture

The basic architecture consists of delay
Multiplier, and the summer block. The di@ architecture i
designed based on the onestoe correspondence. This -
to-one correspondence exist in between equation Zafda
general FIR structure for the trapezoidal rule. Tlapezoida

rule is given below in the figure 3.1.
X1

!
"

Fig 3.1: Ardhitecture of FIR filter for Trapezoidal rt

The above architecture describes the FIR structiaore
Trapezoidal rule. In this structure the criticathpés limited to
one multiplication and N addition operations. Thitical path
computation time Tc is given by

Tc: TM+ NTA (4)
Where, Tm is the computation time for one multigtion
operation
TA is the computation time for addition opera
N is the numbers of taps in the filter.
Finally the sampling frequency or thleroughput of this basi
architecture is approximately given by

The sampling frequency and the critical p
frequency is a function of filter length N, withcirease ir
filter length the throughput or ¢h sampling frequenc
decreases. This critical pathway of the basic sireccan bt
minimized by transposing the structure. Where thagposei
structure is obtained by the interchanging the irgmd outpu
nodes and by changing the direction of datw.

2. Transposed and pipelining structure
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The next architecture is transposed structure.
interchanging the input and output nodes and byging the
direction of data flow on each link, the transpos#&dcture is

obtained. The transposed structurshown in the fig3.2
{0y

h_@
L

Fig 3.2: Architecture of Transposed FIR filter finapezoidal rul

The sampling frequency and the critical path of
transposed structure are restricted computatioa tifthe one
addition and the one Multiplication and also 1 are
independent of the filter lengt
The critical path computation timecr of the Transposed
structure is given by

Ter=Tu+Ta
the computation

(6)
Where Tis one
multiplication.

Ta is the computation time for one additi

The throughput or the sampling frequency of thedpmsec

structure is given by

time for

Now the data is being appear to all the multipliar
a time or simultaeously. This structure is also known as 1
Data Broadcast” structure.
The critical path which is appearing in this stuwet can b
further reduced by pipelining the structure. Thiancbe
achieved by placing the latches with the -forward cut sets
of the transposed structure.
3. Pipelining Structures

The pipelining can be done by placing the latc
with the feedforward cut sets of the transposed structt
The pipelining structure for trapezoidal rule isosim in
figure3.3

Fig 3.3: Structuregipeline for Trapezoidal ru

The pipelining structure inimizes the critical path to
Tm by making the slight incrise in latency. The critical Fora
pipelined structure is given by

Where,
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Twm is the computation time for one multiplicati
Then the throughput or sampling frequency of a Ipipd
structure is given by

The computation time of the multiplier unit limitise
critical path of thepipelined structure. For large input wol
lengths; the computation time taken by the mukiplis
significantly large. This factor limits the throyglt of the
overall structure. For large input words lengths, i$
advantageous to break the multiplioati unit into smalle
multiplication units. Then a pipeline register rroduced ir
between the two smaller units which will increadee
sampling rate, at the expense of an increasedchaterhis
kind of structure is known as fingrain pipelined striture.

4. Fine-Grain Pipelined Structure

By introducing the pipeline register is introduc
between the two smaller units to increase the sampates
by increasing the latency. This type of structiwwekmown as
Fine-grain structure. The fine-grain stture is shown i
figure3.4.

x(n)

Fig 3.4: Structure of fine grain pipeline for trapeal rule

5. Parallel Structures
Pipelining and parallel processing are duals edbhrpif the
structure is pipelined it caalso be processed in parallThe
representation of a trapezoidal rule for a Si- input Single-
output (SISO) system is given by the equat
Z(n) =

The SISO system wants to be converted t
multiple-input multiple- output (MIMO) to get aparallel
structure.
For example, the MIMO equations are representirgy 4-
parallel structure of above equation are

z(4k) =y (4k)+hy(4k1)+hy(4k+2)+... 1

z(4h+3)=
The each delay in the pglarallel structure is a bloc
delay of four clock cycles. The critical path oftstructure
does not change by parallel processing, sincealesample:
are processed in a singldock cycle. This increases t
overall throughput rate is four times the ori
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Fig 3.5: Paralleled structure for Trapezoidal

The major disadvantage of the parallel structur
that a lot of orehip resources are required due to
duplication é the hardware. However, the process is targ
for FPGA devices; the resources used for hardwerejaite
high. This high amount of fundamental logic can used
efficiently, so that area is not a major conc
For a 4parallel the critical path igiven by

The sampling fregency or throughput is given
foar sample= 4xfpip sample

V. RESULTS AND DISCUSSIOI

A. METHODOLOGY
The Trapezoidal rule for FIR structures
implemented by usin§PGA platform. The implementation
done for an 8ap filter which is having input word length of
bits. VHDL is used as an Initial design entry. XX ISE is
used for Design synthesis, mapping and translatiercarriec
out and throughput and area analyzed.
B. RESULTS

In the present work, implementation is done
different architecture that is Basic architectuf@anspose:
architecture, pipeline and F-grain architecture; these are
implemented by doing an architectural modificat
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Fig 4.1:Basic architecture outg

The above figure 4.1 shows that Basic architec
implementation. The basic architecture requires &
computation time because of the multiplication s
requires more time to compute when compare to AaditAs
the numbenf taps increases it results in the more delayha
filter length increases the through put will desesa Fo
every 4 clock cycle th ults will be obtair

Fig 4.2: Transposed architecture ou

The above figure 4.2 shows the output o
Transmsed structure. This is obtained by interchangimg
input and output nodes. In this the filter lengthisNremoved
So that compare to basic architecture the throughsplittle
high for the same latency of basic architecturehia also foi
every farr clock cycles results are obtained, thus
computational time is little faster.

Fig 4.3: pipelined architecture out

The figure 4.3 shows the output of a pipeli
structure.This will results in the reduction in ttwétical path.
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It takes the moréatency to produce the output but it's mt
faster compared to Transposed structure. Hereatbadies ar
used to activate the latches. It use-latency but the
throughput will be more compare to Transpa

Fig 4.4: Finegrain pipelined architectu output
The figure 4.4 shows the output of F-grain
Pipelined structure. This structure results in théuction of
critical path. It takes the 6 latency to activabe tlatches
Because of the architectural modification it wilb dhe
computation fastand throughput will be more because
performs the operatidoy parallel processin
Table 1: Throughput and Latency Comparison for Different
Architecture

Structure Throughput Latency Clock
(MHz) (No.of clock | period
cycles) (ns)
Basic FIR 122.69 4 10.89
structure
Transposed 169.49 4 7.804
FIR structure
Pipelined FIR 484.96 5 5.277
structure
Fine-grain 598.80( 6 2.581
pipelined FIR
structure

Thetable 1 shows that area comparison betweel
different architecture. The table 2 shows the ztion of are:
for 8-tap filter which is having 8 word input leng

Table 2: The area comparisons for different Architectire

Structure No. of No. of No. of
LUTs | occupied slices| 10Bs
Basic FIR 31 18 18
structure
Transposed 32 17 18
FIR structure
Pipelined FIR 32 19 18
structure
Fine-grain 32 24 18
pipelined FIR
structure
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