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Presentation outline

O Test Suite Prioritization
= EXxercise: Prioritize a test suite

0 Test Suite Reduction
= EXxercise: Reduce a test suite using HGS

0O Discussion
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Test Suite Prioritization

O Test Suite Prioritization

= Problem: Given T, a test suitH,, the set of all test suites obtained by
permuting the tests of T, and f, a function frdéhto the set of real
numbers, the problem is to find € TT such thatv 7 °
e 1T ,f(7t)2f(7t” ). In this definition,TT refers to the possible
prioritizations of T and f is a function applieddggaluate the

orde"g "[‘

POS\:IFT} Convert the web logs to a |
——> user-session-based test suite.

@ requests N l

@ / The test suite is large!
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Case Study: Prioritizing User-session

based Test Suites

0 Methodology: Convert web logs to user-session-
based test suites, prioritize, and write to an XML
format.

O Algorithm: Efficiently prioritize by
combinatorial-based coverage for large test
suites

O Empirical Studies: Families of empirical studies
to analyze the effectiveness in relationto
characteristics of the applications and test suites
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Research Questions

o Can we improve the rate of fault detection for
user-session-based testing with new prioritization
criteria?

0o Which techniques are valuable In different
scenarios?

l.e.: tests have a high/low Fault Detection Density

l.e.: predicted distribution of faults (deemed from
prior versions of the software)

0o Can we fine tune the criteria?
l.e.. cost-based prioritization
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Prioritization Metrics

Test length based on number of base requests
order by the number of HTTP requests in a test case

Freqguency-based prioritization:

order such that test cases that cover most frélgumstessed pages/sequence
of pages are selected for execution before tastscthat exercise the less
frequently accessed pages/sequences of pages.

Unique coverage of parameter-values:
order tests to cover all unigue parameter-valgesan as possible

2-way parameter-value interaction coverage:

order tests to cover all pair-wise combinationparfameter-values between
pages as soon as possible

Test length based on number of parameter-value:
order by number of parameter-values used in s

Random:
randomly permute the order of tests
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Empirical Studies

TerpCalc, TerpPaint, Terp Spreadsheet, and TerpWord
Online Bookstore

Online Course Project Manager (CPM)

Online Conference Management System oemmmms

Fle Edt View Hglory Bookmarks Tools Help

SChOOI M ate @] = e @ | ‘@ ‘ l_‘ﬁ !|;| htﬂ:l:ﬂka\iﬂ.ga.sreEdEw.nEt:800ofcpiﬂfservlet.’NawsmedServl-

[ 7Mews | ) Mail | ) Finance |} Deals | J UMBC [ ) UD | J Maps | Weather | Libraries |7 Blogs

Online Music Store S mmm——
i Set up Schedul
M etaVISt (S po nSO red by U S DA) Seieup a\::::!e S::S fofhis ::.\mf

= Demo Name:l

,‘3 = N 5 s Start Date: [Febuary 7] [13 =] [2008 ]

& : |Il‘le 9 d ﬁ @ i Stop Date: [Febwary -] |13 -] [2008 7]
ooksto re Home Registration Shopping Cart Sign In Administration Start Time: lﬂ m

R Stop Time:[5 =] [pm =

& Hour

. Length of Demo: _
Enter login and password g € 30 minutes
o "= Web Page Address (Optional):

(Full address of web page containing |

O O O O 0o 0o d

Password | information about this demo)
IM Create Schedule I Clear I
guest/guest

admin/admin Main Menu |

Home Registration Shopping Cart Sign In Administration
This dynamic site was generated with CodeCharge 7




Results for an offine system for a Course
Project Manager and 890 Test Cases

No. of faults detected

40

35 +
30
25
20

15

10 {

G.Best — PV-LtoS
G.Worst PV-StoL --- _
Random -+ Action-LtoS —-

1-way Action-StoL —

2-way UnigWin —
50 100 150
Test no.

[1] R. Bryce, S. Sampath, A. Memon. Developing ag& Model and Test Prioritization
Strategies for Event-Driven Software, Transactmms$Software Engineering, (January 2011),

37(1):48-64.
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Sample results

% of No. of No. of PVs PVs

test M ost Requests Requests Long  Short

suite  frequent Longto Shortto to to 1-way 2-way Random

run requests short Tolgle short L ong
10 85.28 78.17 75.14 8358 16.38 83.Y9 83,72 48.63
20 88.52 80.34 7.7 88.7Y7 256 87.T8 90.8 97155
30 89.4 81.77 80.24 88.7Y 26.44 91.54 91,72 64.51
40 89.86 84.58 81.39 92./1 28./6 94| 95.64 69.19
20 91.04 85.58 8295 92./1 30.33 94| 95.64 73.03
60 91.58 87.14 84.44 94.26 34.04 94| 95.64 75.37
70 92.1 87.74 85.1p 94.26 39.15 94| 95.64 77.37
80 92.35 88.27 86.201 94.26 39.b8 94| 95.64 78.24
90 92.37 88.3 86.31l 94.26 42.18 94| 95.64 78.45
100 92.45 88.36 86.35 94.26 43,09 94 95.64 78.49




Test prioritization by interaction cover age

Attributes

File last zaved: Mot Available

Size on disk: Mot Available

R esaolution: 81 = 81 dotz per inch
Width: | EEE Height: |5Ei.'-" |
itz

) Inches ) Cm (*) Pixels
Colors

() Black and white (%) Colors

Drefault

Test suite prioritization
= GUI-based testing

12

10

10

400



Empirical Studies ler

Mational Institute of

O Traffic Collision Avoldance SY swnderes and teshasisay

0 GUI-based Testing
= Word processor

= Spreadsheet sofwaro dofect v

. [ IMatch case

= Paint

= Calculator

0 Web application Testing
= Bookstore
= Course Project Manager
= Conference Management Software 1

Find what:




Transfer of Work

Potential users that have
contacted NIST to use our
tool:

Logger _ _ AT&T

iﬁﬁ :nadnme} ) TR ot *BBC (for Winter Olympics
website)

*Booz Allen Hamilton
*Angel.com

test cases | *U.S. Army Test and
Evaluation Research

v Laboratory, Aberdeen
Proving Ground

Prioritized € Prioritization Engine *A2Z Research and

test ord
] Development

- ‘NASA IV&V

Log file

XML format

HE" Hationsl Bectibate of Sisndirde snd Tachnology
Inl et ke TorcPrnicepy Labsr ey 12
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Transfer of Work (Demo)

[&] c-PUT — — —
About
Start New Session | | COpen Test Suite (.2oml) Export Order {.txt)
Log Statistics Prioritization Reduction
Total Sessions: 96 2 Length (Gets/Posts) [ ] Reduce 2-way
Total URLS: 3504 ) Number of Parameters
Average # of Params: 183.45 @ 2 \Way (Combinatorial)

2 Random
1D 1000040, XML
I Time Elapsed: 1.215

| Number of Params: 685
Length {GetsiPosts): 139
2 \Way Score: 12383

Average Length{GetsiPosts): 36.50 Selected Session Statistics ﬂ

Test Suite
2 \Way Prioritized 1000040 XML Details (Mon-Unigue URLS)

1000040 XRL |~ ] =testSuite=

1000042 XML =session id="1000040 XML"=
1000008 XML i

1000041 XML
1000033 XML S

1000061 XML Wil

1000052, XML =request_type=POST=frequest_type=
1000024 XML =baseurl=/SchoolMatefindex php=/baseurl=

1000016 XML =<param=
1000068 XML =name=username=fname>=
1000054 XML =value=alpha1ii=falue=

1000051 XML

il ot IS =name=password=/name=>=
1000017 XML =value=beta22Z=value=
1000006, XML =Iparam=

1000066 XML =param=

1000046 XML =name=page</fname=
1000057 . XML =value=0=falue=

A CUNOUOCE A WAL

=request_type=GET=frequest_type:=
=baseurl=/SchoolMatefindex php=/baseurl=

=/param:=
=param=

[1] S. Sampath, R. Bryce, S. Jain, S. Manchestdrod for Combinatorial-based
Prioritization and Reduction of User-Session-Babest Suiteslnternational Conference on
Software Maintenance (ICSM) - Tool Demonstration Track, Williamsburg, VA, September
2011 13
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Next steps

0 Methodologies
= Examining issues with RIAs

0 Algorithms
= Hybrid techniques

0 Empirical Studies
= “Real” studies
= RIA studies
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Test Suite Reduction

0 Problem: Given T, a test suite with test cases {
1 1a Bgt ofttesting requirements, { 1, thatimust be
satisfied to provide the desired test coverage of the
program, and subsets { } of T, dpé,assbciated
with each of the s such that anyl.one of the tests
belonginﬁjto Ti satisfies . Find the Eninimal cardinality
subset of T that exercises all of the requirements
exercised by the original test suite T.

Original Test Suite Reduced Test Suite
(Too large for our budget) (Fits into budget)
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Reduction Example

Original Test Suite
{tit2,t3,14}

Requirements covered by the test suite
{rirz,rs,ra}

Problem: Reduce the test suite such that
It maintains coverage of these
requirements
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Test Suite Reduction Example

T | Requirement Ti |
In this example,

111 {t3ta} there are three
possible solutions.

2 )% {t4} We highlighted 1:
{t1, ta}

3|3 {11, t2, ts, ts}

4 14 {1, t2, t3}
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Test Suite Reduction Example

HGS Algorithm
‘ T ‘ Requirement ‘ Ti ‘ 3. T4 is of cardinality 2, there is
a tie between t3 and ts, SO we
‘ ¥ ‘ * ‘ trts] ‘ look at sets of size cardinality
—Ie-le—l-{-fg}_l- (m+1). We choose ts.
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Exercise

0 Reduce this test suite using the HGS
algorithm:

Requirement | Ti

{t1, t5}

{ts}
{t1, t2, t3}
{ts, te}

{t1, ta}

{t1, te}
{ts, t4, t7}
{t2, ts, ta, t7}

OINJIOJO|R~JWIN]|F]H
OIN|OJOR|WOIN]EF
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Test Suite Reduction Example

HGS Algorithm
‘ T ‘ Requirement ‘ Ti ‘ 3. T4 is of cardinality 2, there is
a tie between t3 and ts, SO we
‘ ¥ ‘ * ‘ trts] ‘ look at sets of size cardinality
—Ie-le—l-{-fg}_l- (m+1). We choose ts.
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