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Abstract—Different methods for effort estimation has been discovered and experimented. Some gives better result but
some failed. The basic goal is to find an estimation method with minimal gap between actual and estimated effort. One
of these methods is UCP. It is an OO as well as easy to implement. Different researchers experiment it with different
techniques to minimal the gap. In this paper, some of the core experiments are taken into account and are discusses to
point out the main observation.

Index Terms : Use case point, effort estimation, technical complexity factor, environment complexity factor

l. INTRODUCTION

Time and effort used up during the process of software testing regulates the excellence of the software. Effort estimation
concludes the required man power, time span to be required to complete the project successfully. The failures of Software
project have been a significant obstacle in the last few decades. However, this failure occurs usually during planning and
estimation steps. From 2002 to 2010, there are reported only 37% software project accomplished successfully. However, is the
lack of good planning that plays most crucial and largest role in projects failure of the project, which is about 39% [2].

There is need to software project planning for better result in the delivery of the software project. Hence accurate cost
estimation is become a challenge for IT industries. The methods and techniques had been put into practice to estimate the
software effort ranging from traditional modeling. In this paper, we have tried to compare various estimation methods that
have been introduced in the past two decades and how the accuracy of software estimation has been improved with these
techniques and by how much.

A brief introduction of various methods has been given in chronological order. First ever reliable methods used were
Function Point Analysis and Test Case Point Analysis. After Use Case Point method which gave us such reliable results. Since
then there have been many modifications introduced in UCP which have further improved the accuracy of our estimation. This
paper is basically an overview of accuracy level of different estimation methods.

A. USE-CASE POINTS

Use Case Points (UCP) is a software estimation technique which is used to determine the software size with help of use
cases. The quantity of UCPs in a depends on various factors —

— use cases present in the project system.

— actors present on the project system.

— Nonfunctional requirements.

—  The environment in which the project will be developed.

There are six major components which are important for determining the size of a project [21].

) Calculate Unadjusted Actor Weights (UAW):Firstly, the actor present in the system need to be identified and
classify as per the Tablel.
The UAW is calculated as:
UAW = # Simple Actors X 1+ # Avg Actors X 2
+# Complex Actors X 3

Table 1Actor Type, Weight and Explanation

Weight Factor Criteria / explanation
Simple e 1 Interaction occurs via API, as command prompt.
mediu 2 Interaction occurs via protocol, like TCP/IP.

- Comple 3 Interacts via an interface GUI)

v

o Determine Unadjusted Use Case Weights (UUCW): The use cases identified as mentioned in the Table 2.
Table 2 Use Cases Types, their Weight and Explanation
Wt type Wt. factor Criteria / Description
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Simple 005 Using < 03 transactions
Medium 010 Using 04-07 transactions
Complex 015 Using >07 transactions

The UUCW is calculated used formula given below:
UUCW = # Simple — use — cases X 5+
# Average — use — cases X 10
+# Complex — use — cases X 15

o Compute Unadjusted Use Case Points (UUCP) :
UUCP = UAW + UUCW

o Define Technical Environmental Factor (TEF)
There are about 13-17 factors in any project which are multiplied by their weights and their summation is called TFactor.
Table 3 Technical Complexity Factor

Factor Description Weight
T1 Distributed system 02
T2 Response or throughput Performance objectives 02
T3 End-user efficiency 01
T4 Complex internal Processing 01
T5 Reusable code 01
T6 Easy to install 0.5
T7 Easy use 0.5
T8 Portable 02
T9 Easy to change 01
T 10 Concurrent 01
T 11 Includes security Features 01
T 12 Provide access for third Parties 01
T 13 Special user training Facilities are required 01

Finally, the following formula is applied to calculate TCF:
TCF = 0.6 + (0.01 x TFactor)
A numerical value between 0-5 is usually assigned to all the factors of TCF as per their significance on the project.

) Calculate Environmental Complexity Factors (EFA)
There are about 8-10 environmental factors in any project which are multiplied by their weights and their summation is
called EFactor. Finally, to calculate EF:
ECF =14+ (—0.03 X EFactor)
A numerical value between 0-5 is usually assigned to all the factors of EFA as per their significance on the project.

Table 4 Environmental Complexity Factor

Factor Explanation V\t/eigh
E 1 Familiar with rational unified process 15
E 2 Application experience 0.5
E 3 Object oriented experience 1

E 4 Lead analyst capability 0.5
E 5 Motivation 0

E 6 Stable requirements 2

E 7 Part-time workers -1

E 8 Difficult programming language -1

e Calculate Adjusted Use Case Point (AUCP)

AUCP = UUCP x[0.65 + (0.01 x TEFactor)]

IJEDR1802032 \ International Journal of Engineering Development and Research (www.ijedr.org) 173



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© IJEDR 2018 | Volume 6, Issue 2 | ISSN: 2321-9939

e Compute final effort using a conversion factor.

Total Actual Ef fort = AUCP X CF

Il.  INTERACTIVE USE CASE POINT (I-UCP)
In the original UCP, three type of actor weights are used usually.. To reflect the interaction complexity, It identify six actor
weights [8,9].
Table 5 Actor Type, Weight and Description in i-UCP

Weight Factor wt Criteria / description

Simple_actor (system) 1 Interaction occurs via API, as command prompt.

Average_actor (system) Interaction occurs via protocol, like TCP/IP.

Complex_actor (system)

2

3 Communication occurs via a complex protocol or data store
Simple_actor (human) 3 User role supported

4

5

Average_actor (human) Supported by two or three user roles or one focal role

Complex_actor (human) Supported by >3 user roles or >1 focal role

B. Extended Use Case Point (e-UCP)

The extended use case point method (e-UCP) represents an altered version of the UCP method and was first projected by
Kasi Perivasamy and Aditi Ghade in 2009 [6, 7].

This method focuses on the interior particulars of a use case. And it does so by including use case narrative as an important
for effort calculation. The first step in this method is compute the of the system functionality via use case model called
Unadjusted e-Use Case Point (e-UUCP). .

Table 6 Actor Weight

Actor Weight Factor wt Actor Weight Factor wt
Very Simple 0.50 Complex 2.50
Simple 1.00 Very Complex 3.00
Less Avg. 1.50 Most Complex 3.50
Avg. 2.00

Once we are done with classification of actors and use case weight, next step is to assign the use case narrative weights to
the different parameters. The table 7 given below is the use case narrative weight classification
Table 7 Use Cases Weight

Use Cases Weight Factor wt

Simple 0.5

medium 1.0

Complex 2.0

Most Complex 3.0
Table 8 Use Cases Narrative weight classification
Use Case Narrative Parameter Factor
Input Parameter 0.10
Output Parameter 0.10
A Predict in Precondition 0.10
A Predict in Post-condition 0.10
An Action in Successful Scenario 0.20
An Exception 0.10

e-UCP = UUCP * TCF * EF

C. Re-USE CASE POINTS (Re-UCP) :
Re-UCP is a generic structure that adapts behavior for different projects with varying degree level of complexity and
futuristic order of scalability. Critical actors and critical use cases added in the actor types and use cases types. Table 9 and

Table 10 show the type assigned value for actor and use cases.
Table 9 Re-UCP Actor Weight

| Weight | Factor (weightage) | Count of Actors | Weight * Count |

IJEDR1802032 \ International Journal of Engineering Development and Research (www.ijedr.org) 174



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© IJEDR 2018 | Volume 6, Issue 2 | ISSN: 2321-9939

Simple 1.0 a 1.0xa
Medium 2.0 b 20xb
Complex 3.0 c 3.0xc
Critical 4.0 d 4.0xd

As per Table 9. And Table 10
Re —UAW =a +2b + 3c+4d
Re —UUCW = 5.0a + 10.0b + 15.0c + 20.0d
Table 10 calculation of use case points

Weight | No of Transactions | Weight | Use Case Count | Weight * Count
Simple <04 05.0 a 5.0xa
Medium 05-08 10.0 b 10.0xb
Complex 09-15 15.0 c 15.0xc¢
Critical >15 20.0 d 20.0 xd

First of all, calculation of total actors weight ant and total use cases weight is done.
Re —UUCP = Re— UAW + Re — UUCW

In Re-UCP, we use a total of 14 TCF parameters as compared to 13 as in case of UCP and e-UCP. The newly added 14™
parameter is termed as scalability and is labeled as T14. The Scalability of a system refers to the capability of the system by
which it maintains any sudden increased workloads without any further addition of new existing resources in the respective
system.

A numerical value between 0-5 is usually assigned to all the factors of TCF as per their significance on the project. The
numerical value of 0’ indicates that the parameter is irrelevant and numerical value of ‘1-5” indicates that the parameter is
relevant to system. Larger the number means higher the importance. The numerical value of ‘0’ indicates that the parameter is
treated as essential for system project.

TCF = 0.6 + (0.01 x TFactor)

In Re-UCP, we use a total of 9 TCF parameters in e-UCP The newly added 14™ parameter is termed as Project Methodology
which defines the expertise of the developer assigned to concerned project in the project methodology and is labeled as T14.

A numerical value between 0-5 is usually assigned to all the factors of EFA as per their significance on the project. The
numerical value of ‘0’ indicates that the developer assigned to the project has no previous experience in corresponding
parameter. The numerical value of ‘1-5” indicates the degree of developer experience

EF = 1.4 + (—0.03 x EFactor)

Calculation of the revised use case points is done as : :
Re —UCP = Re — UUCP XTCF X EF

Finally, effort is estimated by conversion of UUCP to Man-Hours.
Effort = UCP X PHper UCP
Where, PHper UCP is person-hours per UCP

D. Experimented on different data
Below, the example used in [22] has been taken into account in the calculation calculated below.
In this paper, Caroll calculated the average project size as 60 man-months using Use Case Point method. The team consisted
of 6-12 members in each project. 200 projects completed in the period of 5yrs.By using resources, it increased more than 250
projects due to changing customers and priorities continually. Table 11 and table 12 represents the actor weight and use cases
weight calculation.
Table 11 weighing actors for complexity

Actor Type Description Qnty Weight Factor Sub Total
Simple Defined API 03 1.0 30
Average Interaptive or Protocol 02 20 40

Driven Interface
Complex Graphic User Interface 01 3.0 3.0
Total UAW 10.0
Table 12weighing use cases for complexity

Use Case Type Description Qnty Weight Factor Sub Total
Simple 3 or fewer transaction 03 5.0 15.0
Average 4 — 7 Transaction 02 10.0 20.0
Complex Greater than 7 transactions 01 15.0 15.0
Total UCW 50.0
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UUCP =10.0 +50.0 =60.0

A total of 13 technical factors were selected with weightage assigned between 0-5 (Table 12) and 8 environmental factors

were calculated with weight factor (-1 to +2 ) (table 13).

Calculation of TCF :
TCF = 0.6 + (0.01 X TFactor)
= 0.6 + (0.01 x42) = 1.02

Table 13 weighing technical factors

Factor Weight Project Rating Sub Total
T1 2.0 5 10.0
T2 1.0 3 3.0
T3 1.0 5 5.0
T4 1.0 5 5.0
T5 1.0 5 5.0
T6 1.0 3 3.0
T7 0.5 3 15
T8 2.0 0 0.0
T9 1.0 5 5.0
T 10 1.0 0 0.0
T 11 1.0 5 5.0
T 12 1.0 0 0.0
T 13 1.0 3 3.0

TFactor 42.0
Table 14 weighing experience factors

Factor Weight Project Rating Sub Total
E 1 1.0 4 4.0
E 2 0.5 2 1.0
E 3 1.0 4 4.0
E 4 0.5 4 2.0
ES 0.0 4 0.0
E 6 2.0 2 4.0
E 7 -1.0 0 0.0
E 8 -1.0 3 -3.0
EFactor 12.0

Calculation of EF :
EF = 1.4 + (=0.03 x EFactor)
= 1.4+ (—-0.03 x12.0) = 1.04

Calculate UCP
UCP =UUCP XTCF X EF

= 60 x 1.02 x 1.04 = 63.648

Calculate man-hours
Total man — hours = ER X UCP
= 20 X 63.648 = 1272.96 man — hours
OR
= 28 X 63.648 = 1782.144 man — hours
E. Implementation Il

To introduce the graduation in assigned value of use case, triangular membership function has been applied. Fig. 2, fig.3

shows the 1/0 membership resp.16].
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Figure 1 Fuzzy Logic Input Membership Figure 2 Fuzzy Logic Output Membership
Table 15 Adjusted Weight of Use Cases
Use Case Transactions Karner’s Weight Adjusted Weight
1 Trans-action 5.00 5.00
2 Trans-actions 5.00 5.00
3 Trans-actions 5.00 6.45
4 Trans-actions 10.00 7.5.
5 Trans-actions 10.00 8.55
6 Trans-actions 10.00 10.00
7 Trans-actions 10.00 11.40
8 Trans-actions 15.00 12.50
9 Trans-actions 15.00 13.60
10 Trans-actions 15.00 15.00

Table 15 clearly shows the variations of the assigned value on the use cases after application of fuzzy logic. It is beneficial
to get an graduation rather than an fixed assigned value.

F. Evaluation
Karner, in his UCP model, did not pay any attention to the “extend” and “include” use cases. However, we have concluded
that the “extend” and “include” use cases play a crucial role in effort estimation of a project. It is essential to estimate the
software size. The use of fuzzy logic approach in effort estimation is calculated in 3 stages.

Firstly, the assessment of effort estimation was done on a 7 projects. In the UC model, there is not any very few
“include/exclude” use cases. In the second stage, five projects were assessed that contained at least between 15% to 25% of
“extend” and “include” use cases out of total. Finally, in the last stage, the assessment of effort estimation was done on a total
of eight projects. It contained at least more than 25% of “extend” and “include” use cases out of total.

The results obtained in 1st, 2nd and 3rd stage using fuzzy logic approach are given in table 16.

Table 16 result evaluation of three stages using fuzzy logic

S.NO STAGE RESULT
22% improvement in MMRE
st
! 1¥Stage 9% improvement in MMER
4% improvement in MMRE
nd
2 2" Stage 2% improvement in MMER
3 3 Stage Negative effect

The comparison karner and fuzzy logic approach is shown in Table 17.
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Table 17 Comparison of Karner's model and the Proposed Models

T Tl [ Tames | Tepete MR [WOE [ MER | MER | Eoe Tow
Size Estmacon Mode Fuzzy) | Kamer | Fumy Xamer | Puzzy | Kames Fuzzy
U Logic Logc | (Rarner- (Puazzy-
Acral) Acrml)
Project | 7244 128 96 10498 078 | 04 0ss | o3 | ses 32 34
Project 2 7433 128 54 108 85 073 | 046 042 Jo3z | 3432
Proyect 3 5550 5100 4870 oos o1 0o |o1s | 430 430
Project 4 6800 108 50 8340 0s0 | 036 037 |02 |s0% 2430
o 4§ 75 7438 6135 052 lox los Jox [ix 1250
owt® losso  [1e87s | 14400 0% Josz  fos [os |7axs 4950
Project 7250 108 41 9144 050 | os 033 |ox |3s9 19 94
Meas 037 1032 03¢ |03 [#H 2 R
Stanaard SLEE ¥
Dev
:mﬂ' -22% -
ement
Proyect § 96 80 §1.05 748 016 | 033 018 Jow |-157s 2198
Project § % 80 08 67 §4 54 03¢ | 00s 019 |oos |18 $ 74
Project 10 9150 11845 109 75 029 020 023 017 | 3693 1823
Poetll  Jssss | @02 6512 027 Joas o3z |om |.uw 2136
Project 1 15866 | 13254 12887 030 |oxn 042 | o4 |-se10 5997
~iean 02¢  |on 02 |02 |-os8 1608
Tanard 3567 3001
Davanon
:mﬁ' - -2
sment
Pojectl}  loass [ sess 4844 052 Josw lom oss |.aes 4592
Projct 13 | g5 4 5187 4553 040 | 0% 065 |oss | a5 4089
Proyect 15 1w |73 8234 032 o 057 |oms |-3566 4596
Project 16 oss | &2 1% 033 | 030 017 |oss |-5204 473
Project | 14480 | 8612 1483 040 | 048 068 |oo3 |-ssa 607
Poetlf | 1pp | 0w 7288 020 fox» fox |os |.0w 2699
Project 19 1960 | &4 5262 045 | 038 oss |13 | -s03 7198
Project 20 168 65 7289 8125 03> 084 131 173 | 9576 -107.40
v 0s0 |04 o2 |0 | 48 517
3 L) I ¥y
Devaanon
o - -25%
emenr

G. Implementation Il1

Fig 3 shows the mapping between uses cases and actors as input vector and UUCP as output vector.One hidden layer along
with Multi-Layer Perceptron was utilized as an approach to solve the problem. A total of thirteen input factors were
determined in which ten vectors represented use cases and three vectors represented actors. The algorithm used for training
purposes in this method was Levenberg-Marquardt back propagation (trainlm). After performing a series of experiments, he
number of neurons present in the hidden layer were evaluated.
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However, evaluation of neurons present in hidden layer can be done only via trial and error method [21]. A total of twelve
experiments were performed, with each one having a hidden layer with 14-25 neurons. However, the experiments having 20
neurons in hidden layer produed best results among all. The neural network was first trained using seven projects and in the
next step, testing and validation was done using another thirteen projects. In the next step, we describe the outcome of
application of the neural network approach.

H. Evaluation
A total of thirteen projects were evaluated and tested using neural model. The training process shows better results. The
neural network approach showed an improvement of 20% in the MMER.

Table 18 Comparison of Karner's method and Neural Network Approach
MRE MER Error SD
Karner 0.44 0.51 36.15 23.66
Neural Network 0.79 0.31 49.45 33.89
Improvement -35% 20%
Mean Error = 0.0215
Standard Deviation = 0.0616
e Implementation IV
The web based software considered for this experiment [21].
Table 19 Calculation of UAW
Actor Type No of Actor Weight Factor Sub Total
Simple 00 1.0 00
Average 32 2.0 64
Complex 00 3.0 00
Total UAW 64
Table 20 Calculation of UAW
Use Case Type Type Factor Sub-UUCW
Simple 02 5.0 10.0
Average 01 10.0 10.0
Complex 01 15.0 15.0
Very Complex 01 20.0 20.0
Total UUCW 55.0
UUCP = UAW + UUCW = 64+ 55.0 = 119
Table 20 Technical factors
Factor Assigned Value Weight Ex\t/e meee
alue
T1 5 3.0 15.0
T2 5 5.0 25.0
T3 2 1.0 2.0
T4 3 1.0 3.0
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T5 3 2.0 6.0
T6 4 4.0 16.0
T7 2 1.0 2.0
T8 4 2.0 8.0
T9 5 2.0 10.0

Total 87.0

e Calculation of AUCP
AUCP = UUCP % (0.65+0.01 X TEF)
=119 x (0.65+0.01 x 87.0) = 180.88

e Calculation of Final Effort
Final Effort = AUCP x Conversion Factor
= 180.88 x 13 =2351.4

o Efforts
Effort = Final Effort + Project Complexity
+management

15 10
. % Fi % Fi
:FmalEffort+—100 FmalEffort+—100 Final Effort

125 Fimal Effort = S22 x 23514
S p— S — ]
1og < Final Effort = 745

= 2939.304 = 367 man — days
Actual effort = 390 man days

e Magnitude of Relative Error

MMRE :|Actual Effort—Predicted Ef fort| +100

Actual Ef fort
1390-367|
> —

390

*100 =5.8%

Application of PSO on UCP :

By applying the particle optimization principle on UCP factors a total of 16 parameters values. Initially, 10 particles were
taken & the range is calculated by local and global best approach. Table 21 represents the initial values of some particles.

The initial efforts with 10 particles are calculated as 3633.50, 2359.50, 3633.50 and so on.

Table 21 Range Taken for Weights of Parameters

Parameters Range
Actor 01-03

Use Cases 05-20
Technical Factors 01 -05

A total of 50 iterations are considered in this experiment with local and global best position of the particle and also
updating in iteration. Get updated, and the swarm moves towards optimality.

Table 22 Particles’s Initial Value

Parameter 1% Particle 2" Particle | 3" Particle
SimpleActor 01 01 03
AverageActor 02 02 01
ComplexActor 03 02 03
SimpleUseCase 05 06 10
AverageUseCase 10 09 05
ComplexUseCase 15 14 07
VeryComplexUseCase 20 19 18
T1 03 01 03
T2 05 02 02
T3 01 03 04
T4 01 04 01
T5 02 05 05
T6 04 03 03
T7 01 04 04
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T8 02 02 01
T9 02 03 01

At the end, the estimation of total man hour will be needed is 3032 man hrs or 379 man days.

As per the definition of MMRE. Itis calculated as

MMRE:%uoo:z.S%

I.  CONCLUSION

The above experiment shows that the use case point is very effective on the effort estimation. This paper considered some
of the optimization techniques. And you can see the vast difference between the effort estimation. As we implement a
technique; it improves with a clear difference. It clearly give us an easy approach. Still, we can improve it further using the
new developed techniques.
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