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Regression lesting Is time consuming

1000 machine-hours to -exécute 30,000
test cases for a software product...

erarab et al. The effects of time constraints on test case prioritization:
A series of controlled experiments. Transac’uon on Software Engineering 2010




Test Cases Redundancy

Redundant

Reduce the Test Suite Size
Reduce the Test Suite Cost
Preserve the effectiveness
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Code coverage

Statement coverage
Block coverage

Program

1.
s

integer i, j, k
read i, j,
ifli<j)
¥G <k
i=k;
else
k=i;
endif
endif
print i, j,
end
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overage Criteria

Decision-To-Decision Graph
- All paths coverage
- All branches coverage

- All uses
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Model-Based coverage
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- Transition Tree
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Test Suite Optimization

Redundant Test Cases

Input:
- Program P ={e,e,,....e,}

- Test Cases covering parts of P
T={t,t,,...t.}

Problem:
Finding the minimal sub-set
T T suchthat LJt(p)::p

teT”




Test Suite Optimization

Redundant Test Cases

Input:
- Program P ={e,e,,....e,}

- Test Cases covering parts of P
T={t,t,,...t.}

Problem:
Finding the minimal sub-set

T T suchthat U t(P)=P

teT”

Hitting set

Input:
- Set P={e,e,,....e.}

- A collection of sub-sets of P
T ={t,t,,....t }

Problem:
Finding the minimal sub-set

T T such that U t =P

teT”




Test Suite Optimization

Redund Hitting set

Input:
- Program

- Jest Case

Problem:
Finding the minimal sub-set

T T suchthat U t(P)=P

teT”
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Search

100 Test Cases

N. of possible subsets 2100 ~ 1 26.103% >

4354+0.012 - 107 seconds ~ Age of the
Universe




Additional Greedy Algorithm

Greedy Algorithm (P T)

C <@ covered statements of P

S«  setofselected test cases
repeat
je max {Tj = (CNTj}
C=CUTj
Remove Tj from T
S=SU (T}
until C=P

1) Start with the test case
having the highest coverage

2) lteratively add the most
distant test case

3) Perform step 1-2 until max
coverage is reached



Additional Greedy Algorithm

Greedy Algorithm (P T)

C <@ covered statements of P

S«  setofselected test cases
repeat
je max {Tj = (CNTj}
C=CUTj
Remove Tj from T
S=SU (T}
until C=P

Start with the test case
having the highest coverage

lteratively add the most
distant test case

Perform step 1-2 until max
coverage is reached

Greedystep=T;—(C NT;) x (C UT;)-(C NT;) e Jaccard Distance

Greedy step is proportional to the Jaccard Distance



Additional Greedy Algorithm

|deal Problem
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Additional Greedy Algorithm

|deal Problem

Real Problem

Coveraggj';j,;' 3

Cost

17



What is the best search algorithm?

Achieving Scalable Model-Based Testing Through Test Case Diversity /I M O d e | D rlve n Te Stl n g
D At e ety Mo, ety O e - Model-based coverage
LIONEL BRIAND, Simula Research Loboratory, Norway and University of Oglo, Norway

- Abstract Test Cases

The incrense in size and complexity of modern soft
mated testing appraaches. Model-bused testing (M1

o eystems requires sealable, systematic,
.1 eysematic nd sutomated last e eneaticn

scale sysiems and is supparted by commercial
as in practice there are limits to the

teehnique, is bring suceessfully applied to verify industri
touls. However, scalability is still an open issus for |
sirial o

unt of tes

arformed

g the

resulting test suites generated by MBT techniques

system level testing on real deployment platform
que sheuld be flexible regarding the size of the ge od test suitos and should be Iy I .

fit resource and time constraints. Our approach is to select a subset of the generated test suite in such a 2 r‘ h A | rl h m

that it can be realistically executed amd analyzed within the lime and resource constraints, wmlupmumm,

the fault revealing power of the original test suite to a maximum extent. Tn this artiele, o address this

problem, we nkrodce  mily of similaity-hased st case selction techmiques or est st enerated .

Trom state machines, W ate 520 dfferent similarity-based selection technigues and ten rompare the

efoctiveness af the bast similarity hased selection technique with other common sclection tochniques in = G reed A | O rlth I

the lteraburs. e resulls based u bwo ndustral case s, i the dornain of onbedded systams, show

signifieant benefits and a ls

I
ind network facilities. Therefore, a sealuble ME

nprovement in performance when using a s 2
complement these analyses with furéher studies on the scalabiley of the techaique and the fcis of fflure N

rate an its effectivenass, We also propose & method (o identify optimal tradeoffi between (e number of lest = a n O I I e a rC O r | I '
cases to run and fault detection.

atega Subjeet Deger oving]: Softwara/Progrom Verifieation; D25

[Software Enginecring]: Testing and Debugging | | | Cl | bl ng
General Torms: Veri | I

Additional Key Words and Phrases: Test case selection, lest case minimigation, model-based testing, simi-
Jarity function, search based software engincering

- Evolutionary Algorithms

FHemmati, H., Arcuri, A,.m:l Briand, L. 2013, Achioving scalable model-based tosting through test case
diversity. ACM Trans., Safl
DOI = 10,11452430536.5

milarity-based approach, We

Vg, Mothodl. 2, 1, Artel 6 (Fubruary 2015), 4% pages
(0540 htip:Aidol acm. orgr10. 1 145/2490536.24:

Hemmati et al. TOSEM 2073 3)  Similarity functions
R — - Set d IStance

without fee provided that copies are not made or distributed for profit or commercial advantage and that
sitation. Copyrights for

S - Hamming distance

h
olish, 10 post. an server:
jrork in ollier works Foquires prior specifc pers
Publications Dept,, ACM, Ine,, 2 P .
S63.0481, or parmissions@acaong

(© 2013 AC TX2013002- ARTE §16.00

- Jaccard distance
- Clustering distance

n
it 701, New \’wk NY 101210701 USA, fax +1 (212)

18



What is the best search algorithm?
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tools. However, sealability i still an open issus for large systems, as in practice thers are limits to the
amount of testing that can be performed in industrial contexts. Even with standard eovarage criteriz, the
‘resulting tost suites genarated by MET toehniques ean bo very large and axpensive o excente, espeeially for
system level testing on real deployment platforms and network fcilities, Therefore, o scaluble MBT Lech-
nique should be flexible regarding the size of the generated test sultes and should be easily arcommaodated to
it resource and time constraints. Our approach is to select a subset of the generated test suite in such  way
Aaat it can be realistically exeeuted and analyzed within the time and resource constraints, while preserving
the fault revesling pawar of the original tost svite to » meximum oxtent. In this artiels, to address this
‘problem, we introduce a family of similarity-based Lest ease selection techniques for best snites generated
rem state machines. We evalunte 320 different similarity-bosad selection technigues and then eompara the
affectiveness of the best similarity-based sclection technique with other comman selection techniques in
e literature. The resulls based on two industrial case studies, in the damain of embedded systems, show
significant benefits and a large improvement in performance when using o similarity-based approach, We
complement these analyses with further studies on the sealability of the technique and the effects of failure
rale on its eflecliveness, We also propose o method Lo identify optimal tradeoffs batween the number of lest
eases to run and fanlt detection.
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Diversity in Evolutionary Algorithms
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Diversity in Evolutionary Algorithms
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Estimating the Evolution Direction of Populations

Orthogonal exploration

to Improve Genetic Algorithms

e R e ey e

Orthogonal Exploration of the Search Space in
Evolutionary Test Case Generation

Fitsum M. Kifetew
Fondazions Bruno Kessler

_ Trent, italy
eu

Annibale Panichella
University of Salerno

Ficianc (SA], haly

it

Andrea De Lucia Rocco Oliveto Paolo Tonella
i Salamo &mﬁy of Molise Fondazions Buna Kessier

Fw;g [

(S lmy Trenin, linky

misa.it

ABSTRACT

o

su

L INTRODUCTION

T b y
el e () an I ey (mpacedty il &,
abéty of suck

um:dmumu-tmlmrammpuu sain-
Hms. In such casos, tho starch incomos domenaied by 2 small sl
of simifar indtvickuals thal kead CiAS b comerge 10 3 sub-oplimal
sniustion. and to stagnaie, without rching tho desrad ohaciwe.
This probler & partcularty comman for hard-do-cowr program
branches, associaind wih 1 oxmmay e solsiicn

In this papor, we propom an approach 1o sobve this problem by
mingrating & meckanism for orfingonal expioratim of the serch

Soarch hused bom szcmssely applied to sov-
el amas of Saffwarm Enginoarizg ks genaral, axd Sofwarm Tosing,
I particutar [14] \muum 2 class of alporitbens knows 2s Fro-
gtosary Alporithms toonw ol wod o asiomasng fo

nedor T (SUTT) and their fmens (goncnoss) s masuns wits
nespoct In  giwen cierios, g, banch conmag. Evdlutisay
opEraton suck & wlectio, comoer and muim e fon s

space into standard G- The diversity in fie pope
by axdding individuak in orthoporal dimciions, hosce providing &
mare offcwe clplrllm of thn soistim To i st of
oo knawlndae, 0o prior work hos addwsed aoplicitly the s
dﬂ'dﬂlm n.mnicn besnd dhversification i the comiert of oro-
lutorary iesing. Resuls achiored on 17 lva clases indicake that
: el

thor pamnes, The prom s |s repeaied for soveral pezerations cthor
el he crtierion s stsfid o the foed search budget s Mmished
A particubarty popuar lavee of FA 23 Cionelic Algerims (GiAs)
198 0 il 2pid 1 et oy

oy much
iere 0 2sireraiin 1o sing proces. In pariicur, oifociy mos
(ooverage) was signicantly improvad in 475 of the sshjocts and
eficency (warch budget consermad) was improvad i %% of the
subjects m whick elfecthe ness Rmens e same.

Categories and Snlmcl Descrq)l.on

5 case poncration echnigues
mmmcmslnmmmmummn o
of thes faciors bs the kvl of dhorsity ameny the individaals i
the popetation, which dincily afficts i eploration abélty of f
sarch Indoed, g the fact Lt the search space 1s ussally ox-
tremuly arae, tio GA has o mntah an adgmk kel of dver-
sify In the popetation 1 oner 1o efbctety cxplon the sk
space axd kcak For aliermathve, poental sshibions. The hsic -

nz:
General Terms
Raliability, VeriScaiiom

Keywords
Search husod iesting; k5! G pomrHn; orthoponal ax ploratios;
Aemiic alperifins; g dril

an impporant s diversity
[13F eromsover Is pencraly considemd as a back groend operaiior to

mantats dhersity forxploration, whi stioctsos and muliEos 2
usad i expoil e oaTen schition bo And ety beiir ones [24]
Horwoer, lhoen operators eight nol sullicn by Lhensafvos In mn-

Depurdng e comnt
marc trgt md sy of oceon schonm n . s

comargisg o um sub-optimal skl Vo, i iy
of the suarch o expion mw amas of i sorch spaco s greatly
reducnd. Ths e 5 R o2 gt 437 1251

Evcisimary kst cs peerat lochigues (et erpioy GAs
Fermamer i mak mu-mwnxuwmn{umrw couid he syomly affociod by aemlic dnfl. Especlally for band o
el o o e e wis G covr 1L happ fhat mnarty i e candidai
[ p—— e g Comseguenly, gewiic -
--Im-x-akfulcmw-mh- Tocoy stemwie. o gragors smply rocombing gnetic Mkl aong s A 6

e dividipis, which

permimica
I3,y 1320,
cwwlummlm.mu:ﬁ slan

dims not achiowe the desimd ohjecthe. Honce, test data pemeration

Estimating the Evolution Direction of Populations
to Improve Genetic Algorithm. A. De Lucia , M.
Di Penta, R. Oliveto, A. Panichella

GECCO 2012

Orthogonal Exploration of the Search Space in
Evolutionary Test Case Generation F. M. Kifetew,
A. Panichella, A. De Lucia, R. Oliveto, P Tonella

ISSTA 2013

25



What is the evolution direction?

¥ P(t) = Population at
generation t

.0..006\' ?:~ xl
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What is the evolution direction?

P(t) = Population at
generation t

E'mi‘ S .
ol %‘:’; P(t+k) = Population
3 B after k generations
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What is the evolution direction?

X2

P(t) = Population at
generation t

P(t+k) = Population
after k generations

Fvolution Directions
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How?

The basic idea is that a population of solutions P provided by GA at generation t
can be viewed as a M X N matrix

Pis
P24

pm,l

P1,
P,

pm,2

Pn
P2,

Pm.n

Individual 7

Individual 2

Individual m
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How? Singual Value Decomposition

Each matrix P can be decomposed in the product of three different

' p-U 3V

mxn mxk kxk kxn



How? Singual Value Decomposition

Each matrix P can be decomposed in the product of three different
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Using SVD for Evolution Direction

Population at generation t

R=U 2V,

X2

* P(t)

Pt_|__t,; V4

e P(t+k)

Population at generation t + k

Pt+k — Ut+k °Zt+k V

t+k

The currect evolution
direction is related to

V:‘/t—{—k_‘/t

X E — Zt—i—k — Zt
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Using SVD for Evolution Direction

Generating new orthogonal individuals through the following
equation:

t+k t+k t+k + 2 t+k +V

e

Shifting Operator: Rotating Operator:
P/ . is Xshifted in P{., is rotated with

the search space respect to Py,p




Integration SVD with NSGA-I|

Initialize
population

* Non Dominated Sorting Algorithm
Selection * Crowding Distance
* Tournament Selection

Crossover Multi-points crossover

Mutation Bit-flip mutation

Terminate
?
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Initialize
population

Selection

Crossover

Mutation

Terminate
?

SVD + NSGA-II

Select best 50%
of individuals

Generate an orthogonal

sub-population

Replace the worst 50%
of individuals with new
sub-populations
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Empirical Evaluation




Case Study Design

RQs
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Metrics
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Results

RQ1l: To what extent does SVD-NSGA-II produce near optimal solutions,
compared to alternative techniques?
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compared to alternative techniques?
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Results

RQ2: What is the cost-effectiveness of SVD-NSGA-Il compared to
alternative techniques?

Fault Detection Rate
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Detected faults %

Results

RQ2: What is the cost-effectiveness of SVD-NSGA-II compared to the
alternative techniques?
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Summary

/‘ OO% optimality

effectiveness




Conclusion
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Summary

100%  optimaity

effectiveness
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