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PROGRAMME OUTCOMES (POs):
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Engincering knowledge: Apply the knowledge of mathematics, scbence, engineering
Fundasmentals, and ah engineering specalization Lo the solulion of comples engineering
problems

Problem analysis: |dentify, formulate, review research literature, and analyse complox
engineering problems reaching substantlated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutlons:Design  Solutlons for complex enginesring
problems and design system components or processes that meet the specified peeds
with appropriate consideration for the public health and safery, and the cultural,
societal and ervironmental considerations.

Conduct Investigations of complex problems: Use rescarch-based knowledge and
research methods including design of experiments, analysis and interpretation of data,
and synthesis of the information Lo provide valid conclusions

Maodern tool isage: Create, select, and apply appropriate technbjues, resourtes. and
modern engineering and IT tools inchuding prediction and modelling to complex
engineering act vittes with an understanding of the limirations.

The engineer and society: Apply reasoning informed by the contextual knowledge to

assess societal, health, safety, logal and oultural ssues and the conseguent
responsibiiities relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional
engineering soluthons in societ and environmental contexts, and demonstrate the
knowipdge of, and need for sustainabie development.

Exhics: Apply ethical principles and commit to professionad ethics and responsibilities
and norms of the engineering practice.

individual and tearn work: Function effectively as an individual, and ax a3 member or
leader in diverse teams, and in multidisciplinary sertings

Communication: Comemunicate efectively on complex enginsering activities with the
engineering community and with society ot large, such as, boing abke to comprehend
and write effective reports and design documentation, make effective presentations,
and give and receive clear instructions.

Project management and fNnance: Demopstrate kpewledpe and understanding of the
eagineering and management principles and apply these to one's own work, as &
member and leader in & team, to manage projects and in muoltidisciplinary
enviromments.

Life-long learning: Recognize the need for, and have the preparation and ability o
engage o independent and Hfe-bong learning n the brosdest contess of techmslogical
change.
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JAWAHARLAL SEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

C5615PE: (Professional Elective - 1)
SOFTWARE TESTING METHODOLOGIESIN Year B Tech, CSE I1-5em

LTPC
1003
Prerequisites
L A course on "Software Engineering”
Course Objectives
1. Ta provide knowledge of the concepts in software testing such as testing process,
criteria strateghes, and methodologies.

2. To develop skills in saftware tes! sautomation and management using latest tools.

Course Qutcomes:
Design and develop the bt test strategies in accordance to the development model.

UNIT -1

Introduction: Purpose of testing, Dichotomies, model for testing, consequences of bugs,
taxonomy of bugs Flow graphs and Path testing: Basics concepts of path testing, predicates,
path predicates and achievable paths, path sensitizing, path instrumentation, application of
path testing.

UNIT -1l

Transaction Flow Testing: trangaction flows, transaction flow testing techniques.

Dataflow testing:Basics of datallow testing, strategies in dataflow testing application of
dataflow testing.

Domain Testing:domains and paths, Nice & ugly domains, domain testing, domaing and
interfaces testing, domatn and interface testing, domains and testability,

UNIT - Il

Paths, Path products and Regular expressions: path products & path expression,
reduction procedure, applications, regular expressions & flow anomaly detection.

Logic Based Testing: overview, decision tables, path expressions, kv charts, specifications.

UNIT - IV
State, State Graphs and Transition testing: state graphs, good & bad state graphs, state
testing, Testahility tips.

UNIT-V

Graph Matrices and Application: Motivational overview, matrix of graph, relations, power
of 8 matrix, node reduction algorithm, bullding tools. (Student should be given an exposure
to a tool like [Meter or Win-runner),

Text Books:

1. Software Testing technigues - Baris Befzer, Dreamtech, second edition.
2. Software Testing Tools - Dr K V. K K. Prasad, Dreamitech.
References:

1. The craft of software testing - Brian Marick, Pearson Education.

2. Software Testing Technigques - SPD{Dreille)

3. Software Testing in the Real World - Edward Kit, I*ur:m

4. Effective methods of Software Testing, Perry, John Wiley. -

5_Art of Software Testing - Meyers, john Wiley i'?-
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SRIINDU INSTITUTE OF ENGINEERING AND TECHNOLOGY

Accredited by NAAC A+ Grade, Recognized under 2(0) of UGC At 1956,
iApgreved by ANCTE, New Dielli and AMBinted i JNTUH, Hyderahad)
Khabis Iheshinipaiaam, SherigudalV), Ibrabimpatnam{M], Rangs Reddy Dist., Tidangans
blips: st se.in’

Department of Computer Science and Engineering
2021-22; 2™ Semester

Course Quicomes

Course: Software Testing Methodologies {C324)  Class: 1Tl = I1 SEM = C - Section
After completing this course the student will be able to:

C324.1 Recognize the importance , purpose of testing and its applications in
software development life cycle. (Knowledge)

C324.2 List transaction flows Jtransaction flow technigues and Implementation
comments in software testing (Analysis)

C324.3 Emmmlﬂﬂ:mﬁﬂﬁ.umm
techruques. (Analysis)

C3244 Design reduction procedure and its applications | lists regular expressions
and data Now anomaly detection. (Synthesis)

(3245 Design and implement state graph, state testing, good state graph, bad state
graph and their testability tps. (Synthesis)

C324.6 Describe graph Matrices, matns propertics and nods reduction  algorithin
(knowledee)
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SRLEINIDU INSTITUTE OF ENGINEERING AND TECHMNOLAAMY

Acervdited by NAAC A+ Grade, Recognived under 2(0) of UG Act 1956,
{Apprreed by ANCTE, Mew Delhi and Aflisted o JNTUH, Hyderabail
kilimlia llerabdmpatnam, ShecigmladV), Thrahimpatsemid ), Bangs Heddy 1is Telangama
hetps:) sdigt ac.ia

Nepartment af Computer Science and Engineering
2021-22; 2™ Semester

L - PO J P50 Mapping lustification

Course: Software Testing Methodologies (C324)  Class: [1l - 11 SEM - C - Section

PROGRAMME OUTCOMES (POs):

POl

roz

PO3

PO7

PO12

Engineering knowledpe: Apply the knowledge of mathematics, science, englneering
fundamentals. and an engineering specialization to the solution of complex engineering
problems.
Problem analysis: Identify, formulate, review research lierature, and analyze complex
engincering proglems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences

t of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural,
societal, #nd environmenial considerations.
Conduct investigations of complex problems: Use research-based knowledge and

research methads including design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valld condusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern enginecring and IT tools including prediction and modeling to complex
engineering activites with an understanding of the limitations.

Environment and sustainabllity: Understand the impact of the professional
engineering tokitions ik societal and envirormental contextd, and demonstrite the
knowledge of, and reed for sustainable developmant.

Individual and team work: Function effectively as an individaal, and 22 3 member or
keader in diverse teams, and in multidisciplinary settings.

Life-long learning: Recognize the need for, and have the preparatson and ability o
engage in indeprndsnt and life-long lzarning in the broadest context of technological
change.

FROGRAM SFECIFIC GUTCOMES(PSOs):

F501

Professional Skllis: The ability o implement computer programs of vanying
complexity In the areas related to web design, cloud computing and networkang,

Problem-Solving Skifls: The zbility to develop quality preducts using open ended
programming environment.
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SEIEINDU INSTITUTE OF ENGINEERING AND TECHNOLOGY

Aceredited by NAAC A+ Grade, Recognized under 2f) of UGC Act 1956,
i Approved by AICTE: Mew Dhefhi and AR#iniald (o JNTUH, Hyderabad)
Khabin Thrnhimpammasm. Sheripudn V), Ihrahimpainami ), Bongs Beddy Thisi, T elamgana
Bt sbivl s dm’

Department of Computer Science and Engineering
2021-22; 2™ Semester

CO-P0 Mapping Justification

(3241 Recognizethe importance . purpose of testing and ils applications in
software development life cycle. (Knowledge)

Jostification

PO1 | Apply the kmowledge of testing .

POZ | Toidentify the types of testing ard its applications.

PO3 | Design solutions for the sofiware development life cycle.

PO4 | Use rescarch-based knowledge purpose of testing and ity

POS | Appropriste techniques are used to classify the bugs into different categories

P09 | Effectively as an individual work for the testing and understand the process of testing, |
PS01 | To implement computer program consequences and understand the Importance of
bugs.

C324.2 List transaction flows transaction flow technigues and Implementation
comments in software testing (Analysiz)

Justification
Apply the knowledge of transaction techmlgues.
To identify the types of transaction flow techniques.
Design solutions to identify the complications in a transaction flow testing method
and anomalles in data flow testing
Use research-based knowledge of commenits in software testing.
Apply appropriate techniques for data flow anomaly state graphs and control flow
graphs and represent the state of the data objects.

Fanctian effectively to analyse various strategies of data flow testing,

E 33 3 233

Compore domain testing snd path testing end explaing various domain
technigues. (Analysks) -
Justification

Apply the knowledge for concept of domain testing
identify the ugly and nice domains.
Design the domain testing sirategy for different dlmr_uli-nn domains.
l.,luﬂ-_-En:r_huulhnd.: various domaln rechniques.

Abdlity to implemem the mathematical laws (distributive, associative, commutative
eic)

Tnd:ulupd}umnu'nlﬂmvmnhuﬂid!nﬂhrﬂu path products, path sams and
path expresgions.
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CI2%4  Design reduction procedure and it applications | lets regular expressions and

| Justification ' |
Apply reduction procedure algorithm to a control low graph and simplify it into a
single path expression
Identily the probability of paths and understand the need for finding the
prababilities.

Design  complimentary operations such as PUSH / POP or GET / RETUEN are |
interpreted in a ffow graph.
Use research methods data flow anomaly detection.

The ability to calculate mean processing time of a routine of a given fiow graph.

32 3 3 z

C3Z4.5Design and implement state graph, state testing, good state graph, bad
state graph and their testability tps. (Synthesis)

Justification

PO1 | Apply the knowledge for graphical representation of state graphs,
P2 Analyse the Software implementation of sate praphs

PO3 | Design the state graph for good state graph and state graph.
P04 | Use research methods implement state graph,

C324.6  Describe graph Matrices, matrix properties and node reduction algorithm.
(Knowledge]

Justification

Apply the Knowledge of graph matrices, understanding testing theory
Implementation of node-reduction algorithms.

P03 | Design the graph matrices for node reduction algorithm.
P4 | Use research methods implement graph matrices and node reduction algorithm.
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SRI INDLU INSTITUTE OF ENGINEERING AMD TECHNODLOGY

Aceredited by NAAC A+ Grade, Recognised under 200 of DGO Act 1954,
(Approved by ANCTE, Sew Delld sod AT Esed o JNTUN, Hyderabaid
Khslis Irabimpaimam, Sherigadu V), Irshimpatnansd W), Kanga Hedily Dist._ 1 clsngans
hitp siiet.acin'

Department of Computer Science and Engineering
Z021-27; 2= Semestor

Course Tithe SOFTWARE TESTING METHODOLOGIES ]
Course Code C5615PE
Programme B.Tech -
Year & Semester I1-year Il-semester
Regulasion L1 L
Course Faculty Mrs ERUPA, Assisunt Professor, CSE
LESSON PLAN
S.NO | Lt TOPIC MNumber Teachmg REFERENCE
of method/ Aids
Sessions
| Planmed
1 Intraduction i Black Board Tl
2 Purpose of testing ] ‘Black Board Tl
3 Dichotomies [ Black Board T
4 moded for testing i Black Board T1
C  Tutoriall [ Dichotomies) b Hlack Board T
& ! CONSSqUENCes u!lhq: = 1 Hlnck Board Ti
T taxonamy of bugs Flow graphs ] Black Board Ti
5 | Path testing Introduction 1 Hlack Hoard T
¥ Basics concepts of path testing | Black Board Tl
19 Tutorial2{ Basics concepts of i I Black Board T
path testing] !
1 Predicates Examples 1 Hlack Board Ti
12 | path predicates and achievable 1 Alack Roard Ti
 paths
13 path sensitizing 1 Rlack Bonrd Ti
14 ' path instrumentation, | Hlack Hoasd T1
application of path testing.
Tutariald{ path sensitizing) %
s Transaction Flow  Testing 1 Hlack Board Tl
Iatrodiucton |




1 lneh; g

5;"“'| Wlmmllh

16 transaction Mows | | Black Board Tl
7 transaction  fow  testing 1 Black Board | Tl
techmigues N [Ny, —— - .
1% | | Dataflow testing I | Biack Boand | Ti
1% Tuterial4{transaction  flow | Black Board | Tl
lesting technigues)
2u Basics of dataflow testing | Blsck Board Ti
i1 | U [Srategies in dataflow testing | PFT Ti
7] application of dataflow testing | PPT Ti
7 Domain Testing Introduction | PIT Ti
L domains and paths 1 PFT TI
25 Tutorials{ application of| | | Black Board Ti
dataflow testing) -
26 Nice & ugly domains I PPT Ti
I domain testing i PFFT Ti
28 domains and interfaces testing [ PPT Ti
X domain and interface testing 1 PPT Tl
= d _1 i 'i"i
| testability) = ST
3 | Paths, Path products and 1 Black Board Ti
S e | Regular expressions
12 path  products & path| | | Black Board T
expression ; i eliin -
3 reductionprocedure, 1 Black Boarnd Ti
apphications
M regular expressions & flow 1 Black Board Tl
anomaly detection rrrer——— —
15 Tutorial 7 (regular expressions 1 Black Board Ti
& flow anomaly detection)
7 Logic  Based  Testing| 1 | Biack Board Ti
Introduction
kY] decision tables, path 1 | Black Board Ti
A | expregsions . - ¥
k- kv charts, specifications I Alsck Board T1
W State, State Graphs  and 1| Block Board | Tl
S Transition testing Introduckon | | | =
] TutorialT( Transition testing) [ Black Board | Tl
\
P s




41 | good & had state graphs | Black Board T
42 state testing | Black Hoard Tl
ER Testability tips | | Black Board | T
H good & bad state graphs| | | Black Boand | Ti

Exampdes 1 | |
a4 TutorialBiState Testing) . ] Hlack Board Ti
i M E Y T #
r s ey T | Bisck Board | i
4% relations, power of a matrix 1 Black Board Tl
49 node reduction algorithm 1 Black Boasd Ti
50 | Tuterial¥{node reduction 1 Black Board T

| algarithm) ,
building tools ] Black Board Ti

Text Hooks:

1. Software Testing techniques - Baris Beizer, Dreamtech, mndedlrtl:u:n.
Z. Software Testing Tools - Dr. K. V. K. K. Prasad, Dreamtech.

References:
1. The craft of software testing - Brian Marick, Pearson Education.

2. Software Testing Techniques - SPD{Oreille)

3. Software Testing in the Real World - Edward Kit, Pearson.
4, Effective methods of Software Testing. Perry, John Wiley.

5. Art of Software Testing - Meyers, John Wiley
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JAWAHARLAL NEHHU TECHNOLOGICAL UNIVERSITY HYDERABAD
B. Tech 111 Year 11 Semester Examinations, FebraaryMarch - 2002

SOFTWARE TESTING METHODOLOGIES
(Cmmmon is CSES IT)

QB el

Anywer uny five questions

All questions carry equal marks
la) Descuss lementation and application of path testmg.
b)  Descn and eendstization in trunsaction flow iesting. [B+T)
2a) Explain shout number of paths with suilable example.
bi  Discuss in detail ; [8+7]
3a)  Desenbe software implenffny ie graphs.
b)  Explain aboul partition alporhag : [8+7]
4.a) Bnefly explam about consequenc i
b} Discuss shout three and foor varishle Vi with examples. [B+7]
5a) What are dataflow anomalies? Explain gt anomaly siate graph.
by  Write and cxplain testabality tips of state ™ [&+7]
6a) Distinguish the following: i) Modutarty vs i i} jgn ve siructure
b} Describe motivational overview of graph mainices. ) [8+7]
Ta) Explain basic concepis of path products and path
bl [Discuss about node-reductson algorithm | T+K|
] Explain the followmng
a) Testing onc-dimendional domains
b) Cloding bags *

c) Identity clemcnts yé(‘
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Sri Indu Institute of Engineering & Technology

Sheriguda V], Ibrahimpatnam (M), RA Dist-501 510 PR -

| - Mid Examinations, MAY -2022  Set-1
Yoar & Branch: N-CSEIAB,C) Data: 5-5 -22(AN} i
Subject: SThA iisrks- 10 Tirmae: B miEn
Answet ary TWO Questions. A% Question Carry Egual Marks 2510 marks

{This guestion paper & prepaned with Course Duicome and BT s mapping)

Explain about taxonomy for bugs. [Comprehension [C324.1}(5M])
Discuss Path instrumentation with an example. (Knowledge)[C324.1)(5M)
Explain Nice and Ugly domains with an example.  [Comprehension){C324.2){5M)
Discuss Path products and path expressions with an example.

[ Knowledpe)(C324.3)[5M)
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Sri Indu Institute of Engineering & Technology

Sheriguda (V). ierahimpatnam (M), AR Dist-501 510

.-

I - Mid Examinations, MAY -2022 i;,,-.
¥oar B Branch: II-CSE[AB,C) Dete:SS-220AN)
Subject: STRA Idmarics: 10 Time: B0 min

ANSWER KEY PAPER
1. Explain about taxonomy for bugs. (Comprehension)(C324.1)(5M)

Ang :REQUIREMENTS, FEATURES AND FUNCTIONALITY BUGS: Various calngories in Hoguirements,
Festures and Funchoniiy bugs inchade:

1. Requirements and Specifications Bugs:
o Requirements and specifications developed from them can be
incomplete ambiguous, or self-contradictery. They can be misunderstood
or impossible to understand.

2. Feature Bugs:

o Specification problems usually create corresponding feature problems.

o A feature can be wrong missing or superfluous [serving no useful
purpose). A missing feature or case is casier to detect and correct. A

Wrong

feature could have deep design implications.

3. Feature Interaction Bugs:
ing correct, clear, implementable and testable feature
specifications is not enough.
o Features usually come in groups or related features. The features of each
group and the interaction of features with in the group are usually well

o Provid

tested.

« STRUCTURAL BUGS: Various categories in Structural bugs include:
1. Control and Sequence Bugs:

Control and sequence bugs include paths left out. unreachable
code, improper nesting of leops, loop-back or loop termination
criteria incorrect, missing process steps, duplicated processing,
Unnecessary processing rampaging GOTO's, Hl-conceived (not
properly planned) switches, sphagetti code, and worst of all,
pachinko code,

Z. Logic Bugs:

Bugs in loglc. especially those related to misundertanding how
casc statemenis and logic operators behave singly and
combinations

Also includes evaluation of boolean expressions in deeply
nested |F-THEN-ELSE constructs,

1 Processing Hugs:

Processing bugs include arithmetic bugs, algebroic,
mathemotical function evaluation, algorithm selection and
peneral processing

Examples of Processing bugs include: Incorrect conversion
from one data representation to other, ignoring overflow,
improper use of grater-than-or-cual etc

RN
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4. Initialization Bugs:
= [nktializatbon bugs are common. Initialization bugs can be
improper and superfluous.
= Superfluous bugs are generally kess harmful but can affect
performance.

DATA BUGS:

= Data baugs Include all bugs that arige from the specification of data objects, their
Formats, the number of such objects, and their initial values.

« [Data Bugs are atleast s common as bugs in code, but they are foten tréated as i
they didnot exiet at all.

s Dynamic Data Vs Static data;

o Dynamic data are transitory. Whatever their purpose their lifetime i
relatively short typically the processing time of one transaction. A
storage object may be used to hold dynamic data of different types, with
different formats, attributes and residues.

CODING BUGS:

» Coding errors of all kinds can create any of the other kind of bugs.
o Syntax errors are generally not important in the scheme of things if the source
language translator has adequate syntax checking,

INTERFACE, INTEGRATION, AND 5YSTEM BUGS:
Various categories of bugs in Interface, Integration, and System Bugs ame

= External Interfaces:

o The external interfaces are the means used to communicate with
the world,

o These include devices, aciuators, sensors. inpat terminals, printers,
and communication lines.

# Internal Interfaces:

o Infernal interfaces are In principle not different from external

interfaces but they are more controlled.
+ Hardware Architecture:

o Bugs related tw hardware architecture originate mostly from
misunderstanding how the hardware works.

o Examples of hardware architecture bugs: address generation error,
ifo device operation / instruction error, waiting too long for a
response, incorrect interrupt handiing ete.

= Operating System Bugs:

o Program bugs related to the operating systom are a combination of
hardware architecture and interface bugs mostly caused by a
misunderstanding of what it is the operating system does.

+ Software Architecture:
o Software architecture bugs are the kind that called - Interactive
« Control and Sequence Bugs (Systems Level):

o These bugs indode; lgnored timing, Assuming that events occur in a
specified sequence, Working on data before all the data have arrived
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from disc, Waiting for an impossible combination ol prerequisites,
Missing, wrong redundant or superfluous process steps.
& Resource Management Problems:

o Memory = subdivided inte dynamically allocated resources such as
buffer blocks, quease blocks, task contril blocks, and overlay buffers.

a  External mass storage units such as discs, are subdivided into memory
resource poocle.

¢ Integration Bugs:

o Integration bugs are bugs having to do with the integration of, and with
the interfaces between, working and bested components.

o These bugs results from inconsistencies or incompatibilities between
components.

* System Bugs:

o System bugs covering all kinds of bugs that cannot be ascribed to a
component or to their simple interactions, but result from the totality of
interactions between many components such as programs, data,
hardware, and the operating systems.

2. Discuss Path instrumentation with an example. (Knowledge){C3IZ24.1)(5M)

Ans: PATH INSTRUMENTATION:

« Path instrumentation is what we have to do to confirm that the outcome was
achieved by the intended path.

Co-incidental Correctness: The coincidental correctness stands for achieving the
desired outcome for wrong reason.
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Traversal Marker or Link Marker:

« Asimple and effective form of instrumentation s called 2 traversal marker or lnk
marker.

»  Name every link by a lower case letter,
Instrument the links so that the link's name is recorded when the link is executed.
The succession of letters produced in going from the routine’s entry to its exit
should, if there are no bugs, exactly correspond to the path name.

"""I kot A, B, ©

Single Link Markers aren't enough: Unfortunately, 3 single link marker may not do the
trick because links can be chewed by open bugs.

Two Link Marker Method:

= The solution to the problem of single link marker method is to implement two
markers per link: one at the beginning of each link and on at the end.

¢ The two link markers now specily the path name and confirm both the beginning and
end of the link
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Figure : Double Link Marker Instrumentation.
3. Explain Nice and Ugly domains with an example. [Comprehension)(C3Z4.2){5M)
ArsNICE DOMAINS:

« Domains are and will be defined by an imperfect iterative process aimed at achieving
(user, buyer, voter) satisfaction

« Some important properties of nice domains are: Linear, Complete, Systematic,
Orthogonal, Consistently closed, Convex and Simply connected.

Figure: Nice Two-Dimensional Domains.

« LINEAR AND NON LINEAR BOUNDARIES:

o Nice domain boundaries are defined by linear inequalities or equations.

o The impact on testing stems from the fact that it takes only two points to
determine a straight line and three points to determine a plane and in
peneral n+1 points to determine a n-dimensional kyper plane.

s COMPLETE BOUNDARIES:

s Nice domaln boundaries are complete in that they span the number
space [rom plus to minus infinity in all dimensions.

o Figure shows some incomplete boundaries. Boundaries A and E have
Rl

a Such boundaries can come about because the path that hypothetically
corresponds to them is unachievable, becawse inputs are constrained in
such 2 way that such values can't exist, because of compound predicates
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that define o single boundary, or because redundant predicales conwier
such boundary values into 2 mull set

Figure 4.4: Incomplete Domain Boundaries.

SYSTEMATIC BOUNDARIES:

« Systematic boundary means that boundary inequalities related by a simple

function such as a constant
In Figure for example, the domain boundaries for u and v differ only by a constant.
We want relations such as

SO0 v ey 0 f ) v ()
fit>eky A0 >=g20)

0k 05 e

wheere [y is an arbitrary linear function, X is the input vector, k and ¢ are constants,
and g(ic) is a decent function over | and ¢ that yields a constant, such as k + ie.

DORTHOGONAL BOUNDARIES:

Two boundary sets U and V' are sald to be orthogonal I every ineguality in ¥ is
perpendicular to every inequality in 1)
IF two boundary sets are orthogonal, then they can be tested (ndependently

we have six boundaries in U and four in V. We can confirm the boundary properties
in a number of tests proportional to 6 + 4 = 10 (O{n])). If we tlt the boundaries to
get Figure, we must now test the intersections. We've gone from a linear number of
cases to a quadratic: from Ofn} to O{n").
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Figure: Lincar, Non-orthogonal Domain Boundaries.
UGLY DOMAINS:

= Some domaine Bre bon ugly and some are ugified by bad soscSications

AMBIGUITIES AND CONTRADICTIONS:
= Domaln ambigiities are holeés in the input space.

The hales may He with in the domaing or in cracks between domaing
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SIMPLIFYING THE TOPDLODGY

¢ The programmer's and tester's reaction to complex domains is the same - simplify
« There are three generic cases: concavities, holes and disconnected pleces

i Filleg in e Hole

-

Figure : Simplifying the topology.
4. Discuss Path products and path expressions with an example.
(Knowledge) (C324.2)(5M)

Ang :
PATH PRODUCTS:

« Normally flow graphs used to denote only control flow connectivity,

o The simplest weight we can give to a link ks a name.

« Every link of a graph can be given @ name

« The link name will be denoted by lower case italic letters.

» For example, if you traverse links abc and d along some path, the name for that
path segment is abod, This path name is alto called a path product. Figure shows
sorme examphbes:

o Yl H:" J k
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Figure : Examples of paths,

=« PATH EXPRESSION:

1]

o

Consider a pair of nodes in a graph and the set of paths between those

node.
Denote that set of paths by Upper case letter such as XY. From Figure=x,
the members of the path set can be listed as follows:

ac, abc, abb, abbb, abbbbe.........
Alternatively, the same set of paths can be denoted by :

The + sign is understood to mean “or” between the two nodes of interest,
paths ac, or abe, or abbe, and s0 on can be taken.

Any expression that consists of path names and "0R"s and which denotes
a set of paths between two nodes is called a “Path Expression.”.

« PATH PRODUCTS;

-

The name of a path that consists of two successive path segmenis s
conveniently expressed by the concatenation or Path Product of the

segment names.
For example, if X and Y are deflined as X=abede Y=lghi|then the path

corresponding to X followed by Y is denoted by
XY=abodefghi)
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1, Discuss various Consequences of bugs 7 [Knowledge){C3Z4.1){5M]

Ans: CONSEQUENCES OF BUGS: The consequences of a bug can be measure in terms of
human rather than machine. Some consequences of a bug on a scale of one to ten are;

1. Mild: The symptoms of the bug offend us aesthetically (gently), a misspelled
output or a misaligned printout.

2. Moderate: Outputs are misleading or redundant. The bug impacts the system's
performance.

3. Apnoying: The system's behaviour because of the bug s
dehumanizing. Eg Names are truncated orarbitarily modified.

4. Disturbing: It refuses to handle legitimate [authorized / legal) transactions.
The ATM wont give yvou money. My credit card is declared invalid,

5. Serious: It loses track of it= transactions. Not just the transaction itself but the
fact that the transaction occurred. Accountability is lost.

6. Very Serious: The bug causes the system to do the wrong transactions. [nstead
of losing your paycheck, the system credits it to another account or converts
deposits to withdrawals.

7. Extreme: The problems arvn’t limited o a few users or o few transaction
types. They are frequent and arbitrary instead of sporadic infrequent) or for
unusual cases.

8, Intolerable: Long term unrecoversble corruption of the database occurs and
the corruption ks not casily discovered. Serious consideration is given to
shutting the system down

9, Catastrophic: The decision to shut down is taken out of our hands because the
system fails.

10. Infectbous: What can br worse than a failed system? One that corrupl other
systems even though it doegnot fall in ifsell ; that erodes the social physical
environment; that melts nuclear reactors and starts war.
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2.a) Explain various kinds of testing blindness with examples?
[Comprehension)(CI24.1)(2M)

Ang: TESTING BLINDNESS:

» Testing Blindness is a pathological (harmful) situation in which the desired path
iz achieved for the wrong reason.

= There are three types of Testing Blindness:

1) Assignment Blindness:

* Assignment blindness occurs when the buggy predicate appears to work
correctly because the specific value chosen for an assignment statement
works with bath the correct and incorrect predicate.

* For Example:
| Correct |  Buggy
Xa7 Xuf
if ¥ :-Tthm_ iinY:Fthm..‘

# [f the vest caze sots Y=1 the desived path Is taken in elther case, but there
Is still a bug.

Z) Equality Blindness:

» Eguality blindness occurs when the path selected by a prior predicate
results in a value that works both for the correct and buggy predicate,

= For Example;

| Correct | Bugy |

|ﬂr*r =Zthen  ifY=2then

XY Hﬂp o IFX> 1 then...

= The first predicate if y=2 forces the rest of the path, so that for any
positive value of x. the path taken at the second predicate will be the same
for the carrect and buggy version,

3) Self Blindness:

= Self blindness occurs when the bugey predicate 1s a multiple of the correct:
priodicate and as a result is indistinguishable along that path.

s For Example:

X=h X=A |

X1 >0 then . i X+A-2 > 0 then ...

s The assignment (x=a) makes the predicates multiples of each other, so the
direction taken Is the same for the correct snd buggy version.
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b) Explain various loops with an example? (Comprehension){C324.1)(3M)

Ans: There are three different kinds of loops. They are as follows

i) Nested loops

il)Concatenated loops

iiijHorribke loops

i) Nested loops:The nested loops are quite complicated (e a loop with In another loop
is kmown as nested loop. It is very expensive to test the path which contalns nested loop
because of its complexity. To overcome this complexity we have to follow some crucial steps. 1
a)Begin your test from the most internal loop.move towards the external fouter loop there
by keeping its valoe to be maximum.

ii} Concatenated Loops:

¢ Concatenated loops fall between single and nested loops with respect to
test cases. Two loops are concatenated if IU's possible to reach one after
exiting the other while still on a path from entrance to exdit.

o If the loops cannot be on the same path, then they are nol concatenated
and can be treated as individual loops.

fii) Horrible Loops:

o A horrible loop is a combination of nested loops, the use of code that
jumps into and out of loops, intersecting loops, hidden loops, and
cross connected loops.

o Makes iteration value selection for test cases an awesome and ugly
task, which |s another reason such structures should be avoided.
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1. How does Transaction flow occurs, llustrate with help of examples.
[Comprehension)C324.2){5M)

Ans: A transaction (s a unit of work seen from a system user's point of wiew.

» A transaction consists of a sequence of operations, same of which are performed
by a system, persans or devices that are outside of the system.

s Transaction begin with Birth-that is they are created as a result of some
external act.

s At the conclusion of the transaction’s processing, the transaction is no longer in
the system.

» Example of a transaction: A transaction for an online information retrieval
system might consist of the following steps or tasks:

Accept input [tentative birth)

Validate inpuat [birth)

Transmi: acknowledgement 1o requester
Do input processing

Search file

Request directions from user

Accept input

Validate input

Process request

Update file

Transmit outpat

Record transaction in log and clean up (death)

" = = E B W @ & E & @ L]

TRANSACTION FLOW GRAPHS:

+ Transaction flows are introduced as a representation of a system’s processing.

»  The methods that were applied to control flow graphs are then used for functional
resting.

« Transaction fows and transaction flow testing are to the independent system
tester what control flows are path testing are to the programmer,

s The rransaction flow graph is to create a behavioral model of the program that
beacls to functional testing.

» The transaction fowgraph is a model of the structure of the system's behavior
(functionality).



An example of a Transaction Flow is a8 follows:

Figure © An Exampie of a Transaction Flow

4. Discuss Path products and path expressions with an example.
[(Knowledge)(C324.3)(5M)
Ans: PATH PRODUCTS:

Normally Now graphs used to denote only control flow connectivity.

The simplest weight we can give to a link is a name.

Every link of a graph can be given a name.

The link name will be denoted by lower case ftalic letters.

For example, if you traverse links abc and d along some path, the name for that
path segment is abed. This path name is also called a path product. Figure shows

soma examples:

(D)
Figure : Examples of paths, :".
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« PATH EXPRESSHIN:

-]

Consider a pair of nodes in 3 graph and the set of paths botween those

node.
Denote that set of paths by Upper case letter such as XY From Figure:c,
the members of the path set can be listed as follows:

ac, abe, abbe, abbbe, abbbbe

Alternatively, the same set of paths can be denoted by :
ac+abceabbosabbbc+abbbbet. ...

The + sign is understood to mean “or” belween the two nodes of interest,
paths ag, or abe, or abbe, and 50 on can be taken

Any expression that consists of path names and "DR"s and which denotes
a set of paths between two nodes is called a "Path Expression.”.

« PATH PRODUCTS:

The name of a path that consists of two successive path segments Is
conveniently expressed by the concatenation or Path Product of the

segment namaes.

¢ For example, if X and ¥ are defined as X=abcde,Y=fghijthen the path

corresponding to X followed by Y is denoted by
XY =abrdefghij
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Assignment Questions-|

[Assignment Questions are mapped with CO’s, BT)

1.a) .Distinguizsh between different Dichotomics [EﬂE-l.l]El:umpnhI'l'ﬂilrnn]

b) Explain phases in Tester's mental life. [C324.1){Comprehension)
2 Explain about path instrumentation (C324.1)(Comprehension)
3 Explain the transaction flow testing with an example. (C324.2)(Comprehension)
4 Explain the basics of dat flow testing and the sirategies in data flow testing.

(€C324.2){Comprehension)

5.Explain each of the following (C324.3){Comprehension)

a) Path Expression

b} Path Product

] Path Sum

] Loops
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programmers and 4 eslgners i B
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Assignment Questions-Il
(Assignment Questions are mapped with CO's, BT)
1. Differentiate between good state graph and bad state graph.
Z, What |3 3 decision mble ? Discuss the role of decision table in a test case design.
3, Explain the rules of Boolean Algebra.
4, What are principles of state testing ?Explain its advantages and disadvantages,
5.Write an algorithm for Node Reduction algorithm.
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Tutorial Topics
Tutoriall: Dichotombes

Tutorial2: Basics concepts of path testing

Tutoriald: Path sensitizing

Tutoriakd: Transaction fow testing technigques

Tutorial5: Application of dataflow testing

Tutorials: Domalnsand testability

Tutorial?: Regular expressions & (low anomaly detection
Tutorlal: Transition testing

Tutorial®: State Testing
Tatoriall0: Node reduction algorithm
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UNITV
GRAPH MATRICES AND APPLICATIONS

Problem with Pictorial Graphs

Crraphs were infroduced as an sbitmaction of o fwarssinactusn,

Whenever a graph s wied ae 0 nuodel, sooner or later we trace paths through - 1o find o gt of
miqph,;ﬂﬂmﬂmhﬂimmhl#iﬂnqu-wlhh,
the processing tinne of the routine, the equathons thai defline the domain, or whether a simie is
reachable omotl.

Puth i noil casy, and i1°'s mabyiect bo error. You can euss-o Enk here s there o cover somie liaoks
IWhEE.

One solution to this problem is to represent the gaph as & matrx and (o use mstrs

el valent 1o puth tracang These methodi are moee methodical and mechenscal and don’t depersd
. yeur abality o s0¢ & path they are morerclable.

Tool Ruflding

If you baild st tocks or went to knmow how they work, sooncr of later you will be implementing
or invedligating mnalfysis rowtines based on thesemetbods.

b a8 hard to buaild algorithne over visosl graphs so the properties o graph malrces are
fusdamesdal so toadbsilding

Thllllatw

The basic ool kit connstssl

Marix muktiplication, which i3 ueed to get the path expeession from every node to every
A partitioning algorithm for comverting graphs with loops into loop free graphs or
oquivalence classes.

A collapsing process which gets the path expression from any node 1o any othemode.

The Mairix of a Graph

= A gruph matrix is a square smay with one row snd one column for every node in thegraph

*  Fach row-columm combmaton comesponds b0 a relatios berween the node comespoading to
the row wnd the sade comespanding b thecolumn

. xmmﬂnu&.mﬂhnmnmmmmjmmmwm

B

Bome of the thangs o boobsorved:

The size of the matrix equals the aumber of nodes.

There s i place 10 put every possible direst connection or link between any and any atbemsods,

The entry st a row and colwnn mbersection i ke link wesghe of the lmk thal conmects the two

nisdes m tatdsrection,

A connectbom from node § 80 | does not imply 8 conmection from node | 1o nodei.

L&m“m%mmmmmﬂm.mummm,ﬁ.

Hw

LI
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Some Graphs and their
Matrices A

® [ ® [
® 0
;

e 0

d] | |

A simple weight 2
B A simplest weight we can i i 10 note that there & of mn’t & conmection. Lt 1~ mean that therc

t% 5 copnection and =0 mesn that thersin's
I+]=1 ¥ =]
1+{i=] 1*0=d)
i eifl={} ==}
A rmiria defined 18 ihas s called comnestiosifstny
{Conmectian matris : T
B The connection metrx is obtainod by replacing esch ontry with | if #here in a link and O 1f there
(LTI
B Ax gl we don " ecivic dewn 0 enines to redoce thochtier




Cannection Matriy-cantinued
= Each row of & meit deactes the out lnks of the node conresponding 1o thatrow
s [Cach cobus denotes the s ks corresponding to thamode.
® A branch s a mode with more than one notizero endry in itsrow
* A juncticn id hoedde with more than ane sanzem entry in it cokann

® A zelf kop s an eniry along thediagonal

Cyelomatic Compleuiiy
*  The cyclomatic complexity obtained by subtracting | from the 1ol member of entrics in cach row
and aghoning rorws with no ontries, we obioin the agaivabonl mumbor of decizions fos each §ow

Adding these valuos and then adding 1 to the sum yiekds the graph’s cyclomamticeomplexity

i n
ﬂ"ﬁ'-.,u.ﬂ-ﬂrﬁt

o e TR




111 2-1=1

*"“i" S 1+1=2 (cyclomatic complexity)
|
[ T
Relathons
s A relation & & propenty that exists between fwo ohjects of mierest.
¢ Forexample,

s “Nade n is comnacied to node b” of sRb where “R” meams “m comneciedio”,

s “pr=b" of aflb whene "R meeans greater thas omagqual™.

» A graph conaists of ser of abstract objects calltad nodes and a relation R between thenodes.
s W aRb. which is to say that a has the relstion R to b, it is deooted by o link from a tob.

* For same relations we can assocuss properties called as linkwesghts.

Transitive Relations
= A relation m trapsitive if aRb and bRe impliceaRe.
s Mot relations used m testing areirsnnive.

= Fxamples of ransitive relations mnclade. s connected to, is grester than or equal (o, |4 lews than or
quihn.qur:lqlu:ﬂ'.unmlm.uﬂmimﬂu|mtimilm,hn¢md.
inchades, shadows, is the bossol

o  Exarnphes of isiransitive relations inclode i sequainted with, is a friend o, is & neighbor of, ks
lisd o, has @ du chabvbereeen

Reflexive Relations
# A relation B m reflexive if, for every a.aRa
« A reflexive relation = equavalent to o retf loop ot everynode.
s Examples of rellexive relations inclade cipasls, is acgoainted with. iv & relabveod.
. quhdmﬁ:hﬂﬂﬂﬂmhﬁh:mquhhlhﬂdﬁunm-ﬂw

Svmmertie Relatbons
s A rebation R is symmetric if for every n and b, aRtb implicsbRa
= A symmetric relation mean that if ihere & 2 link from & 4o b then there i also a link from b toa

s A graph whose relsbons &fe ack symmetnc are called direciedgraph




A pmph over & symmetnic relabion is called an ursdimectedigraph.

The mains of an undirected graph |8 symmmeins {a;=a;) for sl )

Antisvmmeiric Relatlons

A relacion B |5 entsymmetne i for every o and b, if aRb and bRa, them a=h, or they arc the same
clenmnils

Examples of antisymmetric relations: s grester than or equal 1o, i 8 subsct of time.

Exsmplex of nonsntigymmetne relations s consscted o, cun be reachsd fram, @ greater than, 2
& relstive of, is & fnendaf

wmm

Ll

An equivalence relation 13 a relstion that satssfies the reflexive, transtive, and symimetric
properiacs.

Esqualiry ia the most farmber example of an equvalencerelziion.

If a set of obyeces satisfy an equivalesce relation, we say tha they form an equivalence class over
thatrelation

The importance of equivalence classes and relations m thet sy member of the squivalonoe class
is, with respect it the relaton, equivalent io any other member of thatclsss.

T iddea behind partion esting sttslegses such as domain testing end path testing, s (hat we can
partitean the mput space mio equivelenceclnyses.
Testmp amy mamber of ibe equivalence class is as cifoctive as 1esting themall.

Partial Urdering Helations

A partial ordenmg relabion sstisfics the reflexive, iramsitive, end antivymmetricpropentics.

Parlial ardered graphs have soveral imporiant propernies: they are loop free, there m at least one
maimmum element, and there is 3% fenst coc menimzme kement.

The Powers of 8 Matrix

El;i-m?hﬂnmkmn expresses a relation between the pair of nodes that comesponds
w0 Cislentry

Sqmanng the matrix ysehds 2 new mainx that expresses the relation botween each pair of sodes
vin one intermedsatc nosdc under the sxsurmption (bat {he relation [stransitive.

The squars of the wwtria represenis all path segmenis rwo linkslong.

Thse therd power represents =1l path scgments Bree linksbong.

i
1%
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o
PRINCTFAL N

=i
Hmm_'ﬁ ﬂIE i ;nl. 0 :II:'I
E'..r:::_'ll.rl'.-'l: aigmponn M1




airix Powers ani Produocts
& Citven a wairis whose entries are aif, the sguare of that mairo: i obtsined by replacing every entrywith

o a~Loan,
LI
»  more generally, given two matrsoes A and B with estries aik and by, respoctively, thew product is 3 new matnx C, whose
entries are cij,where:
* B
v CrEash,

=i

A1, The Set of AllPaths

Cur main objective is i use matrix operations io obiaim the st of all paths berween all nodes or,
M.qm{ﬁuﬂuwmwﬁﬂjmulﬂﬂﬂpﬂhfmmﬂMnﬂ
wiher node, ming the sppropriate arithmetic nales. for such weights. The set of ol patha betereen all nodes
s casily expressed in berms of matria operations. I's given by the following infinite serics of matrx
powers:

Thets 15 an MHMMWIMIHMthm.m-hhm
of nodes. Let 15 entries comstel of multiphcative identity elements along the prancipal diagonal. For hink
names, this can be the mumber “1.” For other komds of weighss, it 18 the multiplicative identisy for thase
weights. The shove prodsct cen be re-plrased as:

All+A= A +A A" A7)
Bl ofien for relations, A + A=A, (A+TF = A" s A+A+1A"+ A+ | Fernhermare, for any
Findten, (A +TP=T+ A+ AT+ A" _ A"
Therefore, the origisl infinise sam can be replaced by

o
LA =AtAT"
=1
mHnmmmhmmummmmﬂmm
and now we have anby onc infisits product 1o contend with The shove Is valid whether af il here me
loops. I we resirict or imicrest Ter the momend 1o paths of length 8 — 1, where n o the mamber of nndes,
ihe st of ol such paths is grveniry

n=l
T A =AAH
=1

This i an interesting set of paihs because, with » nodes, no path con exooed n -~ | nodes withow
incorpurating somee pah segment that @ alresdy incorporsied in wome other path o path segment.
Phﬂﬂhﬂﬂﬂﬂhpﬂhﬂﬂﬂﬂlhﬂﬂilhuwmhﬂhm




prodiacts expliclily, The fllowing ahgorith leefective:

I. Fapeoss s — 1 s 5 bimsnysimhor

1. Take succesuive sguares of (A + I besding te (A < I, (A = 1% (A« 1), ol woon.

L Keep only those binary powens of (A + 1] thet eorrespond w s | valee in the beary representation of— 2,
4. The set of all paihs of logih o - | of o I obiained w0 the prodect of e meirices you goi in ssep 3

with the srynnal matro

Az 3n example, bt the graph have |6 nodes. We want the set of all paths of length |ess than or equal 1o 15,
The binary represendation af n — 2 {14) s 2" + 27 + 2. Corsoquendly, the set of paiks b given by

15
T A =AAH) A YA’

1=1

|1"-'I"'l"|" -
'I:l.ﬂ--"‘il:.ﬁ.nﬂ l,_:‘l..-
e ™ e
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Partitioning Algorithm

o  Comssder any graph over 3 iranasiive relstion. The graph may haveloops,

= We wouhd like to pastition the graph by groupeng nodes m such & way that every loap contained
withis ane group anasother

s Such a graph is partialiyordened.

o  There are many used for an alponthm thst doesthe:

»  We maght want i embed the loops within & subrouting so 23 10 have a resulting graph which is
loop free ot the loplevel

»  MWany graphs with loaps are easy 10 asalyze if you know where to break thedoops.

. Huﬁﬂ!—mmwnﬂmhm-hﬂhﬁhduphﬂ
# ilid slgorithm om which o hase thetool




Mmm-{ﬁuml}

g

The malrik powers usually tell us more than we woe o ksow about mosigraphs
In the context of lesting, we wsually mterested in establishing 3 relasion between two nodes-
typically the entry and eximodes.
I= & debapging combent i 1 umlekely that we woald want bo know the eapressaon belween
every node and every othar node. i
The sdvastage of matrx reduction method s thas 1 s more methadics! than the graphical method
called a8 node by node removalalporithm.
Sclect & node for removal; replace the node by equivalent limks that bypass thal sode and sdd
Ehesse Tioks fo (e links theyparablel.
Combene the paralled terms and semglify s yoncan,
Oserve boop termes and sdjust the out limks of every node thal had a self loop 10 accouns for the
effiect of theloop.
The rexult is a matrix whose size has been reduced by | Contimse until the o pades of
ieleresteniat \ 4

5 Indy Instituee of L
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*Node Reduction Algorithm*

Eliminating node 4 ... the parallel link is added up and serial
links muitiplied . . .

I |
(it e X {dthetbih®*g)
I
1 b

The final result yields to .

a(bfh*e)*(d + bc +bth * g)




BUILDING TOOLS
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