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Abstract: Most of the recent research initiatives have focused on
development of formal estimation models to improve estimation accuracy.
Formal estimation models have been developed to measure lines of code
or size of software projects. But, most of the models have failed to improve
estimation accuracy. This paper focuses on the reusability in software
development effort estimation in early stage of development based on ANN.
Software reuse saves the software effort and improves productivity. This
paper has proposed a new model called REBEE (Reusability Based Effort
Estimation) for better effort estimation accuracy and reliability. This proposed
model’s accuracy is more improved with the help of ANN Enhanced Back
Propagation algorithm. To evaluate the performance of the proposed model
a set of projects compared with the existing COCOMO Il model by MRE,
MMRE and PRED for evaluation of software cost estimation. The final results
show that the use of proposed REBEE model effort estimation is reliable,
accurate and predictable in the early stage of development of project.
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1. Introduction

A survey on software effort estimation revealed that most of the projects
were failed due to effort overrun and exceeding its original estimates. It also
stated that 60-80 percent of software projects encounter effort overruns [1].
Effort overruns usually lead to cost overruns and missed project deadline.
This would cause lack of productivity or loss of business. Software effort
estimation is one of the most critical and complex task in software
engineering, but it is an inevitable activity in the software development
processes. Over the last three decades, a growing trend has been observed
in using variety of software effort estimation models in diversified software
development processes. Along with this tremendous growth, itis also realized
that the essentiality of all these models in estimating the software
development costs and preparing the schedules more quickly and easily in
the anticipated environments.

Although a great amount of research time and money have been invested
to improve the accuracy of the various estimation models. Due to the inherent
uncertainty in software development projects such as complex and dynamic
interaction factors, change of requirements, intrinsic software complexity,
pressure on standardization and lack of software data, it is unrealistic to
expect very accurate effort estimation of software development processes[2].

Software reuse has been given great importance in software development
for decades. Software reuse has benefits such as reduced effort, improved
productivity, decreased time-to-market and decreased cost. This research
work addresses the significance of reusability in effort estimation and
formulates new metrics for reusability to determine the reliable and accurate
effort estimates.

Predictable and reliable effort estimation is the challenging task in
software project management. In research there are numbers of attempts
to develop accurate cost estimation models based on various techniques.
However, the evaluation of accuracy and reliability of the model shows its
advantages and weaknesses. Selecting an appropriate model for a specific
project is an issue in project management. The appropriate model which
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provides minimum relative error has to be considered as the best fit for
effort estimation. In last decades, various methods for cost and effort
estimation have been proposed in the following three categories:

* Expert Judgment (EJ)

* Algorithmic Models (AM)

% Machine Learning (ML)

Software reuse has been given great importance in software development
for decades. Software reuse has benefits such as reduced effort, improved
productivity, decreased time-to-market and decreased cost. This research
work addresses the significance of reusability in effort estimation and
formulates new metrics for reusability to determine the reliable and accurate
effort estimates. This paper proposed a new model called REBEE. The
accuracy of the proposed model has been improved with the help of ANN
Enhanced Resilient Backpropagation (ERPROP) algorithm.

2. Proposed Model - REBEE

The major goal of this proposed model is estimating more accuracy
and reliable software effort with the help of software reusability concept. To
implement ANN model, COREANN effort estimation Equation 1 should be
transform from non linear model to linear model by applying natural logarithm
on both sides. ANN is implemented with Enhanced RPROP.
A simple DNN i is as shown in Fig. 1.
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A simple structure of the DNN is shown in Fig. 2.1 given below.

DNU

Neural

outputs

Neural

inputs

Fig. 2.2 ASimple DNN Structure

IN(PM) = In(A) + 0.91 * In(SIZE) + SF, *0.01 * In(SIZE) + .... + SF_ * 0.01 *
IN(SIZE) + IN(EM,) + IN(EM,) + ......... +In(EM,) — 1

[ Linear Equation ]

OP_ =WT,+ WT *IP, + WT, *IP, + ..+ WT *IP,+ WT_*IP_+..+ WT,,
*1P,, 2 [ANN Based Model For Effort Estimation]

Where
OP_, = In(PM)
IP,=0.91*In(SIZE)

IP,= SF, * In(SIZE),.......... , IP_= SF_* In(SIZE)
IP,=IN(EM,),......... JIP,, = In(EM,,)

WT, = In(A)

WT, = 1,0, L WT,,= 1

IP,to IP,, => Inputs

OP_, => Output

WT, => Bias

WT, ...... WT,, => Weights (Initial Value is 1)

Actual observed effortis compared with this estimated effort. The differences
between these values are the error in the effort. It should be minimized.
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3. Learning Algorithm

The basic principle of ERPROP is to eliminate the harmful influence of
the size of the partial derivative on the weight step. Initially, the Enhanced
RPROP algorithm is declared the following parameters :

() The increase factor valueis n*=1.2

(i) The decrease factor valueisn =0.5
(iii) The initial update-value is “, = 0.1 (“ij =)
(iv) The values of “ _ <50and*“ > le®

for all weights and biases (i,j=1,2,......., N)
{

. 0E _1yx OE

|f((3Wij (t-1) aw, (t)>0)then

{
Ajj(t)=minimum (A ;(t-1)*n ", A .)

e OE * A
Awy(t)= S|gn((3Wij () *A (L)
Wij(t+l):wij(t)+Awij(t)

OE (t—l): 0E (t)
oW jj oW ;
Awi(t=1) = Awy;(t)
}

.., OE . OE
elself((3Wij (t-1) awy (t)<0)then
{

Ajj(t)=maximum (A;(t-1)*n ", A )
dE B

aw ) (t)=0

}

.., OE . OE B
elself((3Wij (t-1) awy (t)=0)then
{

i oE *
Awg(t)= S|gn((3Wij () *a(t)
Wi (t+1)=w;(t)+ Aw;(t)
0E 0E
AR R el O
Awg(t=1) = Awy(t)

}
}
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4. Performance Measures

Company database containing 20 projects is used to test the proposed
COREANN model. The following evaluation criterion is used to assess and
compare the performance of the proposed model with existing COCOMO Il
Model.

A common criterion for the evaluation of cost estimation model is the
magnitude of relative error (MRE), and mean magnitude of relative error
(MMRE). MRE is defined as

MRE:|ActuaIEffort—PredlctedEffort| %100 3
ActualEffort

And Mean Magnitude of Relative Error (MMRE) for N projects is defined
as[11]

Next to calculate the PRED (p) value. If lower MRE & MMRE and higher
PRED(25), the software estimation model effort is more accurate and
predictable than other models .

PRED(p):E—*IOO——S

where K is the number of projects where MRE is less than or equal to
p ( normally p value is 25%).

5. Results

Out of the 25 project dataset, to forecast an effort of the proposed model.
The estimated effort is comparing with existing COCOMO Il and Actual
effort of the project. This results are shown as Table — 1 and comparison
graph also provided as below:
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Table — 1 shows that the result for Effort Comparison of the proposed
model with existing COCOMO 1.

Project_Id Actual _Effort COCOMO_Effort REBEE_Effort

P1 144 112.6 148
P2 173 141 175
P3 288 235 290
P4 209 173 207
PS5 314 345.7 319
P6 317 349 322
P7 420 365 400
P8 206 165 201
P9 12 28 23
P10 21 46 26
P11 50 29 44
P12 56 37 49
P13 36 23 34
P14 215 178.5 213
P15 219 185.6 217
P16 125 95.6 128
P17 195 158 196
P18 205 176 202
P19 81 65 79
P20 35 235 33
P21 11 29 22
P22 121 104 124
P23 14 28 23
P24 a7 27 42
P25 25 35 28
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Comparison of Effort Estimation

450
400
350
300
250
200
150
100

50

Person-Months

P1|P2 P3|P4|P5|P6|P7|P8PAP1PLIP12P13P14P15P16P17P18P1P20P21P22P23P24P25
== Act_Effort 14|17|28|20/31({31|42|20|12|21|50(56|36|21|21|12|19|20|81|35(11|12(14|47|25

—@—COCOMO_Effort |11(14/23(17 34(34|36/16(28|46|29|37|23|17|18|96|15|17|65|24|29|10|28|27|35
—fr— REBEE_Effort 14(17|29(20|31|32|40|20(23|26|44|49(34|21|21(12|19|20|79|33|22|12|23 (42|28

B ngosta1s
E 250 Test Data= 6
= 200
£ 150
= 100
= 50
0
P3 P8 P14 P18 P22 P11
B Effort(Actual) 288 206 215 205 121 50
M Effort(Test Data)| 307 232 214 225 118 46
B Effort(Trg. Data) | 290 201 213 202 124 44

6. Conclusion and Future work

In software engineering, itis extremely difficult to select appropriate model
for estimation effort estimation due to the availability of number of models.
Software reuse has become a major factor in development. Hence, effort
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estimation for reuse must accurate for the successful project execution.
This paper primarily concentrated on the computation of accurate effort
with software reusability as the main focus. While comparing performance
results of REBEE and COCOMO I, it clearly shows that the proposed
REBEE works better than COCOMO II. In the future we would like to further
investigate the performance of REBEE over different project types and study
its responses.
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