UNIT-5

UNIT-V SOFTWARE QUALITY AND METRICS 9
Need of Object Oriented Software Estimation — Lorenz and Kidd Estimation -
Use Case Points Method - Class Point Method - Object Oriented Function
Point - Risk Management - Software Quality Models - Analyzing the Metric
Data - Metrics for Measuring Size and Structure - Measuring Software Quality
- Object Oriented Metrics




UNIT-5 PART-A(2 Marks)

1. An application consists of 15 scenario scripts and requires 15 person
days to implement each class. Determine the effort of the given
application
Soln:-
Number of classes = 17 x Scenario scripts =17 x 15 =255
Effort= 255 x 15 =3825 person days
2.Consider the database application project with the following
characteristics: 1. The application has 45 key classes 2. A graphical user
interface is required Calculate the effort to develop such a project given
20 person days.
Soln:-
Number of key classes =45
Number of support classes = Number of key classes x Multiplier =
45x2.5=112.5
Total number of classes = Number of key classes + Number of support classes
=112.5+45=157.5
3. What is the difference between verification and validation?
Verification refers to the set of activities that ensure that software correctly
implementse a specific function. Verification: "Are we building the product
right?" Validation refers to a different set of activities that ensure that the
software that hase been built is traceable to customer requirements.
Validation: "Are we building the right product?”
4. List out the different approaches to size of the software.
Soln:-
1.LOC-computing the line of code
2.FP-computing function point of the program.
5.What are the factors thatlead to Risk?
Soln:-
The factors that lead to Risk are:

e Estimation errors.

¢ Planningassumptions.

e Businessrisks.




6.List down few process and product metrics.
Soln:-

1. Size metrics-It is used for measuring the size of the software.(local based
metric,FP based metric)

2. Complexity metric- A software module can be described by a control flow
graph.(cyclomatic complexity, McCabe complexity)

3. Quality metric- (Defects, reliability metric, Maintainability)

7.Dinguish between direct & indirect measures of metrics.

Soln:- Direct metrics is directly measurable attribute(lines of code execution
speed, size of memory. Indirect metrics: these are the aspects that are not
immediately measurable.(functionality, reliability, maintainability)

8. Differentiate between size oriented and function oriented metrics?
Soln:-

Size oriented metrics - it considers the size of the software that has been
produced. The software organization maintains simple records in tabular
form. Table entries are LOC, effort, defects, and project name.

Function oriented metrics - it measures the functionality delivered by
software. Function point based on software information domain and
Complexity.

9. Advantages of Use-Case Points

« UCPs are based on use cases and can be measured very early in the
project life cycle.

« UCP (size estimate) will be independent of the size, skill, and experience
of the team that implements the project.

« UCP based estimates are found to be close to actuals when estimation is
performed by experienced people.

« UCP s easy to use and does not call for additional analysis.

« Use cases are being used vastly as a method of choice to describe
requirements. In such cases, UCP is the best suitable estimation
technique.




10. Disadvantages of Use-Case Points

« UCP can be used only when requirements are written in the form of use
cases.

« Dependent on goal-oriented, well-written use cases. If the use cases are
not well or uniformly structured, the resulting UCP may not be
accurate.

« Technical and environmental factors have a high impact on UCP. Care
needs to be taken while assigning values to the technical and
environmental factors.

« UCP is useful for initial estimate of overall project size but they are
much less useful in driving the iteration-to-iteration work of a team.

11. Define Software Quality

Soln:-

The Institute of Electrical and Electronics Engineers (IEEE) defines quality as:
1. The degree to which a system, component, or process meets specific
requirements.

2. The degree to which a system, component, or process meets customer or
user needs or expectations.

In terms of software quality, the software must conform to both functional
and non-functional requirements specified by the customer or user.




UNIT-5 PART-B & PART-C(13 AND 15 Marks)

1. What is the need of object oriented software estimation? (5)
Soln:-

Traditional software estimations include lines of source code and function
point analysis for size estimation: COCOMO 81, COCOMO II and Putnam
resource allocation model for cost estimation. However, as the paradigm is
shifting towards object-oriented software. It is a similar activity but the key
parameters (for example size) to do an estimation change in the case of
object-oriented software. Object-oriented software engineering uses unified
modelling language for creating models.

The use case diagram may be used to predict the size and hence the effort of
the software at an early stage of software development. Classes are also an
important element for measuring size in object-oriented software. Figure 4.1
shows the framework for estimating an object-oriented software.
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Figure 4.1 Framework of object-oriented sofltware estimation.

The functionality of an object-oriented software can be depicted using use
cases and these use cases are transformed using classes. Thus, the effort can
be estimated using the size measures computed for object-oriented products.

2. Explain Lorenz and Kidd Estimation Techniques in detail (6)
Soln:-

The Lorenz and Kidd method for estimation of size and effort is one of the
earliest methods developed in 1994 (Lorenz and Kidd, 1994). The results of
this method are based on the study of 5-8 projects developed in C++ and
Smalltalk. Lorenz and Kidd provided two methods for estimation of a number
of classes:




1. Use of scenario scripts: The number of scenario scripts (same as use
cases) may be used to estimate size of classes. Number of classes = 17 x
number of scenario scripts This method for determining the number of classes
can be used in early phases of software development life cycle, i.e. before the
classes have been identified.

2. Use of key and support classes: After elaborating the design phase, the
number of classes can be determined. Lorenz and Kidd differentiated between
key classes and support classes. Key classes are specific to business
applications and are ranked with higher priority by the customer. These
classes also involve many scenarios. Support classes are common for many
applications. These classes include user interface, back end classes and
communications. The following are used to determine the support classes:

Interface rype Multiplier
Mo GLUI 2.0
Text-based user interface 225
Ciraphical user interface 25
Complex graphical user interface 3.0

Support classes can be calculated as: Support classes = Number of key classes
x Multiplier Finally, the total number of classes is obtained by adding key
classes and support classes. Total number of classes = Key classes + Support
classes According to Lorenz and Kidd, each class requires 10 to 20 person
days for implementation. Thus, effort can be calculated as: Effort = Total
number of classes x (10 to 20 person days) This method is easy and simple to
understand.

3.Write in detail about Use-Case Points method with neat
diagrams in detail (15)
Soln:-

v" The use case points method was developed by Gaustav Karner of Objectory
(currently known as IBM Rational Software) in 1993 (Karner, 1993).

v' The method is used for estimating size and effort of object-oriented

projects using use cases.




v The use case points method measures the functionality of the software
based on the use case counts. The use case model is a very popular technique
for requirements gathering and can be used at early phases of software
development in order to provide estimations of the project. Figure 4.2 shows
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[ s |_.|'h.[_' mosde | == T
1 ¥ ' +

] ] ] Techmical Emv ORI il ]

Mt rse cases Facbor S——
1 1 + i

A esipn weiphis Iransac rion = TLFE ECF
[N analyeis clasaes

9

U=e case point { LICE) Hiaars: per use case (H)

I T |

LAY Linadjustied nctar weight
LI Ulnsdjusted use c: "
TCF; Technical complexiiy fox
CF
LI

;. Emvimommeental complexity foctor
- : FF WP
[l | II.||||I.'\-I-\.'\-\.| BR[O Effiet = LICE El

Figure 4.2 Use case points methoc.

to calculate use case points using the use case points method. Thus, the
following steps are used in the use case points method:

1. Classification of actors and use cases: In this step, the complexity levels
of the actors and use cases are identified and their weighted sum is computed.
2. Computing unadjusted use case points: The estimates of unadjusted use
case points are made.

3. Calculating technical complexity factors: In this step, we identify the
degree of influence of technical factors on the project.

4. Calculating environmental complexity factors: In this step, the
environmental complexity factors are classified.

5. Calculating use case points: In the final step, the use case points are
calculated on the basis of values obtained from steps 1, 2 and 3.




1. Classification of Actors and Use Cases:- The first step involved in the
calculation of use case points is the classification of actors and use cases. The
actors are ranked according to their complexity, i.e. simple, average or
complex. The criteria for classifying an actor as simple, average or complex
are given in Table 4.1.

Tahle 4.1 Actors with weighiing factors

Aclor complexiky Descripiion Weighting Factor

Simple Represents another system with a defined |
applicabion programming imlerface (APL.

(=

Averape Represents interaction wilh another sysiem
through a prtoool such as TCPIP or a
human imeraction with a line terminal.

Complex Represents imeraction through a graphical 3
user inleriace.

The unadjusted actor weight (UAW) is the weighted sum of actors.
Mathematically,
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where n is the number of actors, ai is the ith actor and wj is the value of
weighting factor of the ith actor. The use cases are ranked according to their
complexity: simple, average or complex. The criteria for classifying a use case
are given in Table 4.2. There are two methods for classifying use case
complexity:

1. A use case may be classified as simple, average or complex based on the
number of transactions.

Tahle 4.2 Use cases with weighting factors

Use case complexity Description Weighting factor

Smple Mumber of tramsactions = 3 ]
Analyss ohjects = 5

Average Number of tramsactions =3 and <7 1]
Analyss ohjects »5 and <10

Complex Number of tramsactions 2 7

Analyss ohjects 2 10




A transaction can be defined as a collection of activities that are counted by
counting the use case steps.

2. The other method to classify the use case is counting the analysis objects
which are counted by determining the number of objects that we will need to
implementa use case

Each use case is multiplied by its corresponding weighting factors and this
sum is added to get unadjusted use case weight (UUCW). Mathematically,

-
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where m is the number of use cases and ui is the ith use case.
2.Computing Unadjusted Use Case Points After classifying actors and use
cases, the resultant unadjusted use case points (UUCP) are computed by
adding UAW and UUCW as shown in mathematical form below:

UUCP =UAW + UUCW
The procedure for calculating UUCP is given in Table 4.3

Table 4.3 Calculating unadjusted wse case points

Unitx Complexily coum Totak
k -
Ll | | weighting Factar
|:| ® weighting facior
Use cases |:| = weighting facior
|:| ® weighting Facior
Toal wnadjusted wse case poinls |:|

3. Calculating Technical Complexity Factors(TCF):-Technical complexity
factor assesses the functionality of the software. TCFs are similar to the ones
in function point analysis except some factors are added and some deleted.
The criterion for technical factor is defined by Symons (1988) as

“A system requirement other than those concerned with information
content intrinsic to and affecting the size of the task, but not arising from
the project environment.”




TCFs vary depending on the difficulty level of the system. Each factor is rated
on the scale of 0 to 5 as shown in Figure 4.3. Table 4.4 shows the weights
assigned to the contributing technical factors.

il 2 3 ! k]

Imelevanl  Incidental  Moderae Averape  Signilicanl  Essential

Figure 4.3 Measurement scale for TCF.

Table 4.4 Weighting factors for TCF

Factor (F) Contributing Facirs W,

Dristributed systems 2
2 Application performance, objectives in l
gither response or throughput
End wser efficiency 1
4 Complex internal pricesking 1

Beusahility of soure code l

il Imstallation ease 5
7 Ease of usability 5
g Fortability

9 Exsie 1o change

10 Ciomcurrency

11 Special secunly issues

2 Drirecd acoess for thind parties

e = I — T —1

Special cuslomes training provided

TCF is obtained by using the following relationship:
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4. Calculating Environmental Complexity Factors:-

Environmental complexity factor (ECF) helps in estimating the efficiency of
the project. This factor is calculated based on the early estimations in the
project based on the interviews carried out in objectory projects. Figure 4.4
classifies the ECF on the measurement scale from 0 to 5, 0 being irrelevant
factor and 5 being essential factor. Table 4.5 shows the weights assigned to
the contributing environmental factors.
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Figure 44 Measurement seale for ECF.

Table 4.5 Weighting factors for ECF

Factar (F) Contributing Factors Wi
I Familiarsty with abpectoryprocess 15
2 Application experence (.5
3 Amalyst capablity (.3
4 Object-onented experience I
3 Motivation I
b Part-ime workers I
1 Programming bnguage difficulty I
B Mahle requirements .

The ECF 1s obtained by using the following relationship:

]
ECF =14 4(-003) Y F xw,

5. Calculating Use Case Points :-

The final number of use case points is calculated by multiplying UUCP by TCF
and ECF.

UCP = UUCP x TCF x ECF

Duration can be measured 20 person hours per use case point. The use case
points method can be used in early phases of software development in order
to estimate the size and effort.




4.Consider an airline reservation system where the following
information is available: Number of actors: 05 Number of use cases: 10
Assume all complexity factors are average. Compute the use case points
for the project (8)
Soln:-

]

LAWY = T o = wy

UAW =5x2=10
i

UUCW = ¥ g
]

=10x10 =100
UUCP = UAW + UUCW
=104100 =110

TCF =06+001 Y F x
=]

=064000 % (3243l 43xl43x]43x143x035
3505432432431 43014314320
=0.6+001 %42 =1.02

ECF=144(009) ¥ Fxw

jal
= A4 (00031 543x054 32054 3x]
$3nl43x-1432-143x])
= (.093
UCP = UUCP « TCF % ECF
= 110 1.02 x 0,993
= 111.639




5. The following information is available for an application:

2 simple actors, 2 average actors, 1 complex actor, 2 use cases with the
number of transactions 3, 4 use cases with the number of transactions 5
and 2 use cases with the number of transactions 15. In addition to the
above information, the system requires:

(i) Significant user efficiency
(ii) Essential ease to change
(iii) Moderate concurrency
(iv) Essential application experience
(v) Significant object-oriented experience
(vi) Essential stable requirements Other technical and
environment.
And and calculate the effort for the given application (15)
Soln:-
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1. Consider the following use case model of result management system

O
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Studentfaculty
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>

W e il 1

The number of transactions required for each use case is given as follows:

Use cases MNumber of ransaclions
Maintain student details 7
Maintain course details 10
Maintain resull ditails 5
(ienerale reports 3
View results 2
Login 4

Assume all complexity factors are average. Compute the use case points and effort for the

project.
Solution
Llse cases Complexity

Muinlain student details 15
Muinlain course details 15
Muintzin result details 1l
Cienerale reparts 5
View resulls 5
Ligin 10

(Cantd.)




(Congd)
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im]

=06400] (324314351435 1431 +3 054305
+ 32430243 4361 4+3x143%])
=064 001 %42 = 1.02

ECF =144 (-003) Y F xw,
iml

=144 (0= (3x1543x0543%05
+3x 1432043 6-143x-14+3x3)
= 0995
UCP = UUCP = TCF = ECF
= iy o 102 % 01.993
= 0698

Effort = 20 » 66.98 = 1339.67 person hours

2. Discuss Class Point method in detail (13)
Soln:-

v' This method is used to provide the system level size estimation of the
object-oriented software.

v" The class point method was given by Costagliola and Tortora (2005).

v" This method primarily focuses on classes for the estimation of size. The
complexity of a class is analysed through determining the number of
methods in a class, the number of attributes in a class and the
interaction of a class with other classes.

v This method can be used for estimation during requirement and design
phase of software developmentlife cycle.

v" The steps required for the estimation of size are given as follows:




1. Identification of classes

2. Determination of complexity of classes

3.Calculation of unadjusted class point

4. Calculation of technical complexity factor

5. Calculation of class point
1. Identification of Classes:-
In the class point method, four types of classes are identified. The types of
system components are given in Table 4.6

Table 4.6 Class type with description

Class type Description Example (library
mandgemenl syslem)

Problem domain type (FOT)  Represents real-workd entities in the Studind, Book
application domain.

Human inlerfaee type (HIT)  Satishes the need for visualizing information LoginForm, Book DetailForm
and human-compuler interaction
Diata maragement type (DMT) Inclodes claswes which incorporale data Login

storage and retrieval.
Task management type (TMT) Inchodes dasses which are responsshle for BookDetailsContraller,
fsks StudentDiailsController

2. Classifying Class Complexity
In the class point method, two measures CP1 and CP2 are used. In CP1,
the initial estimate of size is made and CP2 provides detailed estimate of
size. The following measures are used in the calculation of CP1 and CP2
measures:
1. Number of external methods (NEM): It measures the size of class in
terms of methods. It counts the number of public methods in a class.
2. Number of service requested (NSR): It measures the interaction
between system components. It counts the number of services
requested by other classes.
3. Number of attributes (NOA): It measures the complexity of a class. It
counts the number of data members in a class.
In the CP1 measure NEM and NSR are used to classify complexity of a class.
Table 4.7 shows the complexity for CP1 measure.




Tahle 4.7 Class complexity for CP,

0-4 NEM S-B MEM 29 NEM

0-1 NER Lo Lorw Average
2-3 MSR Lo Average High
= 4 NSR Average Hegh High

In the CP2 measure, NOA is also considered; thus, a detailed insight into the
estimate of size is obtained. Tables 4.8 to 4.10 show the details for classifying
class complexity for CP2 measure on the basis of NEM, NSR and NOA.

Tahle 4.8 Class complexity for CP,

MNOA
-2 NSR 0-5 60 z 10
-4 Loy L Average
NEM 5-8 Lova: Averape High
=9 Averge High High
Tahle 4.9 Class complexity for CP,
MOA
3-4 NSR 0-4 5-B =
03 Lora Lira Average
NEM 4-7 L e Average High
=R Average High High
Tahle 4.10 Class complexity for CP;
NOA
Z5NSR 03 4=7 2B
D=2 Lo Lo Average
MNEM I Low Average High
z7 Average High High

4.4.3 Calculating Unadjusted Class Points

The total unadjusted class point (TUCP) is calculated by assigning complexity weights based on
the classifications made as given in Tahle 4.11.

Tahle 4.11 Complexity weights for each class type

Class pype Description Complexity weight
Low Average High
POT Problem domain type 3 6 10
HIT Human mierface type 4 7 12
DMT Diata mamagement 1y 5 ] 13
TMT Task managemenl type 4 L1 9

After classifying the complexity level of classes, the TUCP is calculated as follows:

TUCF = i 2 Wy, % X




where w;is complexity weights j ( 7 is low, average, high) assigned to class type L. x;; is the number
of classes of type i (i is type of class problem domain, human interface, data management and
task management).

4.4.4 Calculating Technical Complexity Factor

The factors F-F; are the degree of influeence (DI) as shown in Figure 4.5. Each DI is rated
on the scale of 0-5. DI is used to determine technical complexity factor (TCF). The TCF is
determined by the following mathematical formula:
13
TCF = 055 + 001 Y K
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F, Description F, Description

1 Data communication 10 | Reusabilaty

2 Distributed functivns 11 Ease of installation

3 Performance 12 | Ease of operation

4 High used configuration 13 Multiple users

5 Transaction rate 14 | Facilitation of change

6 Online data entry 15 Adapiability by user

7 End.user efficiency 16 Rapid prototyping

8 Online update 17 | Multiuser interaction

9 Compiler processing I8 Multiple interfaces

Figure 4.5 Computing technical complexity factor.

4.4.5 Calculating Class Point and Effort

The final class point is cakulated by multiplying total unadjusted class point values with
technical factor. The procedure for calculating adjusted class point (CP) is given as:

CP =TUCP x TCF
Costagliola and Tortora (2003) used data from 40 systems developed in Java language in order to
predict the effort during two successive semesters of graduate courses of software engineering.
They used ordinary least-square (OLS) regression analysis for deriving the effort model. The
cffort is defined in terms of person hours for both CP; and CP; measures as:

Effort = (.843 x CP; + 241.85
Effort = 0912 x CP, + 23975

Two measures CP1 and CP2 have been described. The CP1 measure can be
used in early phases of software development and the CP2 measure can be
used when the number of attributes is available.




3. Discuss about Object Oriented Function Point methods in detail (13)
Soln:-

v' The traditional function point method can be mapped to obtain object
points. The object point sizing method is also known as object-oriented
function point method as it is very similar to the function point method.

v The object point method does not require much experience, requires
less effort for computation and can be calculated quickly. It better suites
for object-oriented systems and is easier to calculate as compared to the
traditional function point method.

v' The object point method involves counting of classes and methods
(services). All this information is obtained from the object model of
object-oriented design. In this approach, the function point concepts are
mapped to object-oriented concepts and the ambiguities present in the
function point method are removed

4. Discuss about Risk Management Process in detail (8)
Soln:-

A risk is a probable problem; it might happen, or it might not. There are main

two characteristics of risk.

« Uncertainty: the risk may or may not happen which means there are no
100% risks.

« Loss: If the risk occurs in reality, undesirable results or losses will occur.

The risk management process

Risk management is a sequence of steps that help a software team to
understand, analyze, and manage uncertainty. Risk management process
consists of

« Risks Identification.

« Risk Assessment.

« Risks Planning.

« Risk Monitoring




RISK MAMNAGENMENT PROCESS

Risk ldentificaticorn Risk Assessment

Risk MMonitoring ‘ ‘ Risk Planning

\ /

Risk Identification

Risk identification refers to the systematic process of recognizing and
evaluating potential threats or hazards that could negatively impact an
organization, its operations, or its workforce. This involves identifying
various types of risks, ranging from IT security threats like viruses and
phishing attacks to unforeseen events such as equipment failures and
extreme weather conditions.

Risk analysis

Risk analysis is the process of evaluating and understanding the potential
impact and likelihood of identified risks on an organization. It helps
determine how serious a risk is and how to best manage or mitigate it. Risk
Analysis involves evaluating each risk’s probability and potential
consequences to prioritize and manage them effectively.

Risk Planning

Risk planning involves developing strategies and actions to manage and
mitigate identified risks effectively. It outlines how to respond to potential
risks, including prevention, mitigation, and contingency measures, to protect
the organization’s objectives and assets.

Risk Monitoring

Risk monitoring involves continuously tracking and overseeing identified
risks to assess their status, changes, and effectiveness of mitigation
strategies. It ensures that risks are regularly reviewed and managed to
maintain alignment with organizational objectives and adapt to new
developments or challenges.




5. Explain the steps in constructing a CPM network model for estimating
Risk Based on Schedule with an example. Explain the importance of
critical path. (13)

Soln:-

v' If the activities of the project take longer than expected, they will most
likely cause risk of delay in the completion of the project.

v The importance of identifying critical path activities and uncertainties is
that these have high risk for causing delay in the projects.

v" Critical path method (CPM) and program evaluation review technique
(PERT) are two well-known methods for identifying critical activities
and estimating uncertainties of meeting dates. Both of the techniques
are used for visualizing the projects where activities are represented as
arrows joining circles or nodes.

v" Critical Path Method The CPM shows the activities that are crucial to the
end date of the project. In the CPM, arrows represent activities that take
time to execute and circles represent events.

v The events represented by the circles are divided into four
quadrants:

e Event number: It shows the event number, i.e. the order in which the
activities must be executed in the project.

e Earlieststartdate: The earliest date by which the event mustoccur.

e Latest date: The latest date by which the event mustoccur.

e Slack: Slack is a measure that calculates how much an activity may be
delayed without affecting the finish date of the project. The node for the CPM
chart is shown in Figure 4.1

—

Event
nurnber

Figure 4.11 Node of CPM.

The estimated durations of activities given in Table 4.23 are used to illustrate
the construction of networks by the CPM.




Table 4.23 An example application

Activity Description Required predecessor Duration (months)
A Market research - 5
B Product analysis - 1
C Product design A 2
D Product model A 3
E Sales brochure A 2
(Contd.)

Table 4.23  An example application (Conrd.)

Activity Description Required predecessor  Duration (months)
F Cost analysis C 3
G Implementation D -
H Testing B. E 2
1 Training H l
1 Project report F G. 1 1

Forward Pass:-

In the forward pass, the earliest date of the event is calculated. The forward
pass of the example given in Table 4.23 is shown in Figure 4.12.

Using Figure 4.12 and Table 4.24, the forward pass is carried outas follows:

1. Activities A and B may start immediately, so the earliest start date for both
the eventsis 0.

2. Activity A will take 5 months to complete, hence the earliest end date is 5
for this activity.

3. Activity B will take 1 month to complete, hence the earliest end date is 1 for
activity B.

4. Activity C must begin after the completion of activity A, hence the earliest
start date for activity C is 5 months and the earliest end date is 7 months
(duration of activity C is 2 months). 5. Activity D must also begin after the
completion of activity A. The earliest start date is 5 months and the earliest
end date is 8 months.

6. Similarly, the start date and the end date are calculated for all the other
activities




Figure 4.12 Forward pass.

Table 4.24 Table after forward pass

Activity  Duration (months) Earliest start date  Earliest end date

A 5 0 5
B 1 0
. 2 5 7
D 3 5 &
L 2 5 7
3 7 10
G - g 12
H 2 i) 0
I 1 9 10
] 1 12 13

Backward Pass Now, we follow the backward pass in order to compute the
latest dates till when the project must be started and finished without any
delay in the project. Figure 4.13 and Table 4.25 show the calculation of the
latest date for each event of the project




Figure 4.13 Backward pass.

The backward pass is carried out as follows:

1. The latest completion date for activity ] is assumed to be 13 months.

2. Activity ] must therefore latest start at 12 (13 -1) months and latest end at
month 3.

3. The latest end dates for activities F, G and I are at 12 months at which
activity ] must start. They have the latest start date months 9 (12 - 3),8 (12 -
4)and 11 (12 - 1), respectively.

4. Activity H must be started at 9 (11-2) month and completed by 11 month.
Similarly activity E must begin at month 7 and end at month 9. Activity E must
begin at month 7 and end at month 9.

5. Activities C and D must start at month 7 (9 - 2) and month 5 (8 - 3),
respectively. They mustend at months 9 and 8, respectively.

6. Activity B must be completed by month 9 (the latest start date for activity
H). Activity A must finish at month 5 (the latest start date for activity D).

7. The latest start date for the project is zero. The backward pass rule states
that when there is more than one activity following an activity, then we take
the earliest of the latest start date for these activities. For example, there are
three activities C, D and E with latest start dates 7, 5 and 7, respectively.
TThus, the latest finish date for activity A is 5.




Table 4.25 Table after backward pass

Activity Duration (months) Earliest start date Earliest end date Latest start date  Latest end date

A 5 0 5 0 5
B 1 0 l B 9
C 2 5 7 7 9
D 3 5 B 5 B
E 2 5 7 7 9

3 7 10 9 12
G - B 12 b 12
H 2 7 0 9 1
1 1 0 10 11 12
1 1 12 13 12 13

Calculation of Slack and Identification of Critical Path

The slack of the events is calculated by computing the difference between the earliest date and
the end date. The critical path is identified as the path with the slack value equal o zero. The
critical path identifies those activities which are crucial and cannot be delayed. The final CPM
chart with activities having slack value zero shown in dotted lines 15 given in Figure 4.14.

Figure 4.14 Final pass.

After identifying the critical path, the activities with slack value zero are identified to be risky
and critical and are cause of concer

6.How can PERT be used in risk analysis? How can we identify
uncertainties in activities using the PERT chart?

Soln:-

Program Evaluation Review Technique (PERT) PERT can be used to measure the uncertainty in
activity durations. The PERT was developed for high-risk, expensive and large-sized project.
Thus, the environment was similar of today’s software project. The PERT is based on the CPM
technique and requires the following estimates: 1. Most likely time (m): The expected time taken
by a project in ordinary conditions.




2. Optimistic time (a): The expected shortest time taken by a project
3. Pessimistic time (b): The worst possible time that a project may take

The PERT calculates the total estimated time by using the above three estimates as

a+4m+b
i

Table 4.30 shows the additional time estimates for project taken in Table 4.23.

Table 4.30  Table with time estimates

Activity Optimistic (¢) Most likely (m) Pessimistic (b)

A 4 5 7
B 0.5 1 2
C I 2 2
D 2 3 3

E 1 2 3

F | 3 4
G 3 4 [
H 1 2 3

I 0.5 1 2

1 1 1 1.5

The nodes in the PERT network are divided into four quadrants as shown in Figure 4.21.

Evenl number = Target
date
Expected date a——— ————— Standard
deviation

Figure 4.21 PERT node.

In the forward pass, we calculate the expected duration as shown in Figure 4.22. Table 4.31
shows the expected time of the project. Unlike the CPM technigue, the PERT is based on the
expected date insiead of the earliest date by which the project must be completed. Thus, the
PERT deals with the uncertainties involved in durations. The three estimators put emphasis on
the fact that we are uncertain about the future happenings and thus the approximate estimate of
the durations is taken.




The SD for event 2 15 0.5 as it depends only on activity 1. For event 3, there are two
possibilities (A + E or B). Thus, the total 8D is given by

(0.5) +(0.33)" =/0.25+ 0.1089 = 0.6

Similarly, the SD for each of the events is calculated.
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Figure 4,23 Standard deviation.

The PERT uses the following steps to compute the probability of meeting the target durations:

o (alculate the Z value for each event corresponding to its target date.
o Convert the Z values to probabilities of meeting or missing the targets.

The Z value for each event is calculated by using the following formula:

zzll—r
5D

where TT 1s target time.
If we want to complete the event 5 in 9 months, the Z value for event 5 is:

L= H =1.886

0.53

By seeing the table of normal distribution, we conclude that there s 0.89 probability of meeting
the target date. Thus, there 15 11% risk of not meeting the target date at the end of month 9.
After calculating the probabilities of meeting the target dates, we can rank the risk by their risk
percentage. Using these rankings, we can find out which activity 18 more uncertain and a cause

of concern.




Figure 4.22 First pass of PERT.

Table 4.31 Expected time and standard deviation for PERT

Activity a m b ! SD
- 5 7 517 0.5
B 0.5 I 2 1.08 0.25
C 1 2 2 1.83 0.17
D 2 3 3 2.83 0.17
E 1 2 3 2 0.33
F 1 3 4 283 0.5
G 3 4 6 417 0.5
H 1 2 3 2 0.33
I 0.5 1 2 1.08 0.25
J 1 | 1.5 1.08 0.08

The degree of uncertainty can be measured by the calculation of standard deviation (SD)
which is calculated by using the following formula:

_b-a
6

SD

The SD is proportional to the difference between pessimistic and optimistic activity durations.
This measure can be used to rank the activities by calculating the probability of uncertainty of
meeting the target date. Figure 4.23 shows the SD of the project. Two standard deviations cannot
be added: thus, they are calculated as follows:

.f(su, ) +(SD,)*




7.List out software quality attributes and explain in details

Soln:-

Software Quality Attributes Software quality can be measured in terms of
attributes. The attribute domains that are required to define for a given
software are as follows:

1. Functionality

2. Usability

3. Testability

4. Reliability

5. Maintainability

6. Adaptability

These attribute domains can be further divided into attributes that are related
to software quality and are given in Figure 8.1. The details of software quality
attributes are given in Table 8.1.

Functionality Usability Testability

Learnability

~— Completeness Ver fahili

e ferifiability
) - o  Operability -
+— Correctness

——— [Jser-friendliness

Validatable

Efficiency

- Installability
Traceability tl B

. -—— Satisfaction o
Security software
quality

attributes

Agility

=——  Robustness L
=—— Modifiability

Readability
Flexibility

Portability

=——  Recoverability .
) Interoperability

Reliability Maintainability Adaptability

Figure 8.1 Software quality attributes.

Table 8.1 Software quality attributes

Functionality: The degree to which the purpose of the software is satisfied.

1 Completeness The degree to which the software is complete.
2 Correctness The degree to which the software is correct.
3 Efficiency The degree to which the software requires resources to perform a

software function.

4 Traceability The degree to which requirement is traceable to the software
design and source code.

5 Security The degree to which the software is able to prevent unauthorized
access to the program data.

Usability: The degree to which the software is easy to use.

1 Learnability The degree to which the software is easy to learn.
2 Operability The degree to which the software is easy to operate.
3 User-friendliness The degree to which the interfaces of the software are easy to use

and understand.
(Contd.)




Table 8.1 Software quality attributes (Contd.)

4 Installability The degree to which the software is easy to install.
5 Satisfaction The degree to which the user feels satisfied with the software.
Testability: The ease with which the software can be tested to demonstrate the faunlts,

I Verifiability The degree to which the software deliverable meets the specified
standards, procedures and process.

2 Validatable The ease with which the software can be executed to demonstrate
whether the established testing criterion is met.

Reliability: The degree to which the software performs failure-free functions.

I Robustness The degree to which the software performs reasonably under
unexpected circumstances.

2 Recoverability The speed with which the software recovers after the occurrence
of a failure.

Maintainability: The ease with which the faults can be located and fixed, quality of the
software can be improved or software can be modified in the maintenance phase,

I Agility The degree to which the software is quick to change or modify.

2 Muodifiability The degree to which the software is easy to implement, modify
and test in the maintenance phase.

3 Readability The degree to which the software documents and programs are
gasy to understand so that the faults can be easily located and
fixed in the maintenance phase.

4 Flexihility The ease with which changes can be made in the software in the
maintenance phase.

Adaptability: The degree to which the software is adaptable to different technologies and

platforms.
I Portability The ease with which the software can be transferred from one
platform to another platform.
2 Interoperability The degree to which the system is compatible with other systems.

8. Discuss about the various software quality models in detail (13)
Soln:- Many quality models are available in literature. Some popular models
are given below.
1 McCall’s Software Quality Model
v The aim of this software quality model is to reduce the gap between
users and the developers.
v" The model is divided into two levels of quality attributes: quality factors
and quality criteria.




v' The model covers quality factors from three levels of perspective:
product operation (operation characteristics of the software), product
revision (the extent to which the software can be modified), and
product transition (the quality of the software to adapt to new
environment) as shown in Figure 8.5

Correctness

Efficiency
Integrity
Reliability
Usability

Figure 8.5

operation

Maintainability
Flexibility
Testability

Product Product

revision

Portability
Reusability
Interoperability

MecCall's software guality factors.

v The quality of product operation depends upon correctness, efficiency,
integrity, reliability, and usability.

v Productrevision includes maintainability, flexibility and testability.

v Product transition includes portability, reusability and interoperability.
Most of the quality factors are explained in Table 8.1.

v The remaining quality factors are summarized in Table 8.5

Table 8.5 Additional software gquality factors

5. No.

Quality factors

Purpose

[E*]

‘wd

Integrity

Flexibility
Reusability

Interoperability

The extent to which access to software or
data by the unauthorized persons can be
controlled.

The effort required to modify an operational
program.

The extent to which a program can be
reused in other applications.

The effort required o couple one system
with another.




v The second level of quality attributes is known as quality criteria and is
shown in Figure 8.6.

v' McCall software quality management consists of 11 quality factors
which are mapped into 23 quality criteria. However, users and
developers are concerned with the quality factors only.

v The quality criteria provide insight into the quality attributes of the
system. The quality metrics can be used to capture the aspects of the
quality criteria.

v" The subjective assessment of the quality criteria can be made by rating
them on a scale from 0 (very bad) to 10 (very good). However, the use of
such assessment is difficult as different people may rate the same
criterion differently. This makes correct quality assessment almost
impossible.

2.Boehm’s Software Quality Model
The second basic software quality model is given by Barry W. Boehm in
1978 (Boehm, 1978). It is similar to McCall’s software quality model in the
sense that it also presents software quality attributes in the form of
hierarchy: primitive characteristics, intermediate-level characteristics and
high-level characteristics.
The levels of characteristics are shown in Figure 8.7. The high-level
characteristics represent primary use of the system.
The following primary level factors are addressed by the high-level
characteristics:
¢ As a utility: The ease with which the software can be used in its present
form.
e Maintainability: The ease with which the software can be understood,
modified and tested.
e Portability: The ease with which the software can be used by changing it
from one platform to another platform
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Figure 8.7 Bochm's software quality model

3.ISO0 9000:-

v' The International Organization for Standardization (ISO) made different
attempts to improve the quality with ISO 9000 series. It is a well-known
and widely used series.

v The ISO 9000 series of standards is not only for software, but it is a
series of five related standards that are applicable to a wide range of
applications such as industrial tasks including design, production,
installation and servicing.

v IS0 9001 is the standard that is applicable to software quality.

v" The aim of ISO 9001 is to define, understand, document, implement,
maintain, monitor, improve and control the following processes:

1. Managementresponsibility

2. Quality system

3. Contract review

4 Design control

5. Document control

6. Purchasing

7.Purchaser-supplied product
8.Productidentification and traceability




9. Process control

10. Inspection and testing

11.Inspection, measuring and test equipment

12.Inspection and test status

13. Control of nonconforming product

14. Corrective action

15. Handling, storage, packaging and delivery

16. Quality records

17.Internal quality audits

18. Training

19.Servicing

20. Statistical techniques
In order to obtain ISO certification, a formal audit on the above 20 clauses is to
be done and the result of the audit should be positive for all the 20 clauses.
The failure of software companies during initial audit ranges from 60% to
70%.
4.1S0 9126:-
ISO 9126 is an international standard that is guided by ISO/IEC. It consists of
six characteristics given below and shown in Figure 8.8:
1. Functionality: It is an essential feature of any software product that
achieves the basic purpose for which the software is developed. For example,
the LMS should be able to maintain book details, maintain member details,
issue book, return book, reserve book, etc. Functionality includes the essential
features that a product must have. It includes suitability, accuracy,
interoperability and security.
2. Reliability: Once the functionality of the software has been completed, the
reliability is defined as the capability of defect-free operation of software for a
specified period of time and given conditions. One of the important features of
reliability is fault tolerance. For example, if the system crashes, then when it
recovers the system should be able to continue its normal functioning. Other
features of reliability are maturity and recoverability.
3. Usability: The ease with which the software can be used for each specified
function is another attribute of ISO 9126. The ability to learn, understand and
operate the system is the sub-characteristics of usability. For example, the




ease with which the operation of cash withdrawal function of an ATM system
can be learned is a part of usability attribute.

4. Efficiency: This characteristic concerns with performance of the software
and resources used by the software under specified conditions. For example, if
a system takes 15 minutes to respond, then the system is not efficient.
Efficiency includes time behaviour and resource behaviour.

5. Maintainability: The ability to detect and correct faults in the maintenance
phase is known as maintainability. Maintainability is affected by the
readability, understandability and modifiability of the source code. The ability
to diagnose the system for identification of cause of failures (analysability),
the effort required to test a software (testability) and the risk of unexpected
effect of modifications (stability) are the sub-characteristics of
maintainability.

6. Portability: This characteristic refers to the ability to transfer the software
from one platform or environment to another platform or environment.

Functionality

Porability Reliability

Maincninabiliny Lisahiluny

Firure 8.8 [S0 9136 model.

5.Capability Maturity Model:-

v" The CMM provides a framework which defines the key elements of an
effective and efficient software process.

v The CMM defines the growth path of an organization from an
undisciplined, immature approach to a disciplined, mature approach.
The CMM covers key practices that help to plan, improve and manage
software development life cycle activities. These software development
practices, when followed by organizations, improve the resource
utilization and quality of the software.

v' The CMM is categorized into five maturity levels as shown in Figure
8.9:1initial, repeatable, defined, managed and optimizing.
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Figure 8.9 Levels of CHMM.

Maturity Level 1: Initial:-

v" This is the lowest level and at this level, organizations do not have a
stable environment for following software engineering and
management practices.

v' At this level, everything is carried out on an ad hoc basis. The success of
a project depends on a competent manager and a good software project
team. The absence of sound management principles cannot even be
covered by strong engineering principles.

v' Maturity Level 2: Repeatable :-At level 2, procedures and policies for
managing the software product are established. Planning and managing
of new software projects are not ad hoc rather they are based on the
past similar software projects.

v' Maturity Level 3: Defined :-At maturity level 3, the established
processes are documented. Software processes established at this level
are used by project managers and technical staff to improve the
performance more effectively. These are known as standard software
processes. The maturity level of a process at level 3 can be described as
standard and completed.

v' Maturity Level 4: Managed At this level, goals for quality of the
software product are set. The organization’s measurement program
measures the quality of the software process and standards. Hence, the
software processes and standards are evaluated using measures and




this helps in giving indication of the trends of quality in processes and
standards followed in the organization.

v Maturity Level 5: Optimizing At level 5, the focus of the organization is
on continuous improvement of the software processes. The software
projects identify the causes of the software defects and evaluate
software processed to prevent defects from reoccurring. The process
maturity at level 5 can be defined as ‘continuously improving'.
Improvement occurs due to advances in existing processes and
innovations using new technologies.

9.  Discuss Object Oriented Metrics in detail (13)
Soln:-

v’ Object-oriented systems are rapidly increasing in the market. Object-
oriented software engineering leads to better design, higher quality and
maintainable software.

v As the object oriented development is growing, the need for object-
oriented metrics that can be used across the software industry is also
increasing.

v" The traditional metrics, although applicable to object-oriented systems,
do not measure object-oriented constructs such as inheritance and
polymorphis. This need has led to the development of object-oriented
metrics.

1.Coupling Metrics:-

v' The degree of interdependence between classes is defined by coupling.
During object-oriented analysis and design phases, coupling is
measured by counting the relationship a class has with other classes or
systems.

v' Coupling increases complexity and decreases maintainability,
reusability and understandability. Hence, coupling should be reduced
amongst classes and the classes should be designed with the aim of
weak coupling.

v Chidamber and Kemerer (1994) defined coupling as:

“Two classes are coupled when methods declared in one class use
methods or instance variables of the other classes.”




For example, consider Figure 8.25. Two variables of other classes (class
B and class C) are used in class A; hence, the value of CBO for class A is
2. Similarly, for class B and class C, the value of CBO is zero Object-
oriented systems are rapidly increasing in the market. Object-oriented
software engineering leads to better design, higher quality and
maintainable software. As the objectoriented development is growing,
the need for object-oriented metrics that can be used across the
software industry is also increasing. The traditional metrics, although
applicable to object-oriented systems, do not measure object-oriented
constructs such as inheritance and polymorphism. This need has led to
the development of object-oriented metrics. In the following
subsections, we define coupling, cohesion, inheritance, reuse and size
metrics for object-oriented systems. 8.7.1 Coupling Metrics The degree
of interdependence between classes is defined by coupling. During
object-oriented analysis and design phases, coupling is measured by
counting the relationship a class has with other classes or systems.
Coupling increases complexity and decreases maintainability,
reusability and understandability. Hence, coupling should be reduced
amongst classes and the classes should be designed with the aim of
weak coupling. The developer’s goal should be to eliminate extraneous
coupling (Henderson-Sellers, 1996). Chidamber and Kemerer (1994)
defined coupling as: Two classes are coupled when methods declared in
one class use methods or instance variables of the other classes. This
definition also includes coupling based on inheritance. In 1994,
Chidamber and Kemerer defined coupling between objects (CBO). In
their paper, they defined CBO as the count of the number of other
classes to which a class is coupled. The CBO definition given in 1994
includes inheritance-based coupling. For example, consider Figure 8.25.
Two variables of other classes (class B and class C) are used in class A;
hence, the value of CBO for class A is 2. Similarly, for class B and class C,
the value of CBOis zero
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Figure 8.25 Values of CBO melric for a small program.

Li and Henry defined data abstraction coupling (DAC) as: DAC = Number of
ADTs defined in a class In Figure 8.25, class A has two ADTs (i.e. two non-
simple attributes) objB and objC. Li and Henry defined another coupling
metric known as message passing coupling (MPC) as “the number of unique
sent statements in a class”. Hence, if four different methods in class A access
the same method in class B, then MPC is 4 as shown in Figure 8.26

Class B Class A

[

L |

Figure 58.26 Example of MPC metric.




Sri Muthukumaran Institute of Technology
Chikkarayapuram, Near Mangadu, Chennai — 600 069.
Academic Year 2024 — 2025/ ODD Semester
MODEL EXAMINATION NOVEMBER 2024

Branch/Sem : I MCA /| Semester Date
:07.01.2024
MC4102 -OBJECT ORIENTED SOFTWARE ENGINEERING \

PART-A(2 Marks)

Define OOSE
Distinguish between method and message in object.
How object oriented system developments is carried out?
Define Use case.
What is the UML?
An SRS is traceable ?comment?
How to create an instance?
List the characteristics of good SRS?
What are the advantages of Factory objects?
10 Define Modular Design.
11.What are the types of static testing tools?
12.Distinguish between method and message in object.
13.How to Choosing the Initial Domain Object?
14.What are the types of software maintenance?
15.What are the objectives of testing?
16.Will exhaustive testing guarantee that the program is 100% correct?
17.Differentiate between size oriented and function oriented metrics?
18.List down few process and product metrics.
19.Distinguish between direct & indirect measures of metrics.
20.List out the different approaches to size of the software.
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PART-B(13 Marks)

1. Explain Prototype and Spiral model with neat diagrams in detail (13)
2. (1) Compare Component Based Development and Aspect Oriented Software
Development Model (6)
(i).Elaborate the various testing methods of Agile Process model in detail (7)
3. (i). Discuss the various concept of Object Orientation in detail (6)
(i1). Explain about the classical life cycle model (7)
4. Discuss about Software development, methodologies and activities in detail (13)
5. Discuss elaborately the COAD and Yourdan method. (13)
6. (i).Explain Hierarchical Object Oriented Design (HOOD) in detail (6)
(i).Discuss Requirement Elicitation Techniques in detail (7)

7. Discuss in brief the different steps used in constructing object modelling analysis
phase of OMT technology. (13)




8. Identify entity ,interface and Control classes and relationship, attributes and
operations amongst classes for return book use case in Library Management

System (13)
9. (i).Discuss about Static and Dynamic object Modelling of Software Design in detail
(6)
(i).Define Event, State and Transition and discuss preparation of State chart
diagram with example? (7)
10. (i) Discuss about various types of Design patterns in detail. (5)
(ilDesigning the Use-Case Realizations with GoF Design Patterns. (8)
11.Explain GRASP: Patterns of General Principles in Assigning Responsibilities  (13)
12.Explain about the various design principles of software design in detail (13)
13.(i).Consider a program for determining the Previous date. Ilts input is a triple of day,
month and year with the values in the range (7)
1<=month<=12
1<=day<=31

1900<=year<=2025
The possible outputs would be Previous date or invalid input date. (i). Design the
boundary value test cases

(i1). Design the test cases using decision table based testing. (6)
14.(i). Difference between Static and Dynamic Testing tools (6)

(i1). Discuss about Path testing in detail (7)
15.Write in detail about Use-Case Points method in detail (23)

16..(i). Consider an airline reservation system where the following information is
available:
Number of actors  :05
Number of usecases:10
Assume all complexity factors are average. Compute the use case points for the
project. (8)
(i)Discuss Object Oriented Metrics in detail (5)

17.Consider a simple program to classify a triangle. Its inputs is a triple of positive
integers (say X, Yy, z) and the date type for input parameters ensures that these will
be integers greater than 0 and less than or equal to 100. The program output may
be one of the following words: [Scalene; Isosceles; Equilateral; Not a
triangle].Design the boundary value test cases and worst cases test inputs for two

variables. (13)
18.(i). Discuss about various activities of software maintenance (6)
(ii). Brief Notes on Regression Testing (7)
19.Discuss about classification of risk and various activities of Risk Management in
detail (13)
20. (i) Explain Lorenz and Kidd Estimation Techniques in detail (6)
(i1).Discuss about the various software quality models in detatil (7)

PART-C(15 Marks)
1. Explain the various workflow (Discipline) of Unified Process in detail (15)




2. (i). Consider a program to multiply and divide two numbers. The inputs may be two
valid integers(say a and b) in the range of [0,100].Generate boundary value analysis
test cases. (7)

(i) Draw a use case diagram for a ticket distributor for a train system. The system
includes two actors: a traveler, who purchases different types of tickets, and a central
computer system, which maintains a reference database for the tariff. Use cases should
include: BuyOneWayTicket, BuyWeeklyCard, BuyMonthlyCard, UpdateTariff. Also
include the following exceptional cases: Time-Out (i.e., traveler took too long to insert
the right amount), TransactionAborted (i.e., traveler selected the cancel button without
completing the transaction), DistributorOutOfChange, and DistributorOutOfPaper. (8)

3. The following information is available for an application:
2 simple actors, 2 average actors, 1 complex actor, 2 use cases with the number of
transactions 3, 4 use cases with the number of transactions 5 and 2 use cases with the
number of transactions 15. In addition to the above information, the system requires:

® Significant user efficiency

(i) Essential ease to change

(i)  Moderate concurrency

(iv)  Essential application experience

v) Significant object-oriented experience

(Vi) Essential stable requirements Other technical and environment.

And and calculate the effort for the given application (15)
4. Case Studies on SRS document for Library Management System (15)
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