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Context Typical (?) Scenarios

Melba

« Abstraction Team Lead You

* Learning « We have this componentfrom

« Improvements -a-previeds-prejeet. open source component

We want to reuse it for your

Tool overview
Experiments project.
Conclusions « Can you look into it?

e Sure!
e What should | focus on?

 Most importantly, can we depend

on it?
o Carleton + Ok
UNIVERSITY Do we have a documentation?
Canada’s Capital University o We” - hmm nOt rea”y.

soft re ualty
nglnee ng laborato

"""""" || « But we have test cases!
« How were they created?

Carlet U\ve WO C d

e Well... hmm ... don’t know.
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Issues—Open Source Context

A study of open source software development projects (2003)

— Zhao L. and Elbaum S., “Quality assurance under the open
source development model,” Journal of Systems and Software,
vol. 66 (1), pp. 65-75, 2003.
Observations
— lack “attention to basic, accepted, and mature testing techniques

— resulting in low source code coverage (e.g., 30%)

Dependability?
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Issues—COTS (In-House or not)

Documentation (functionalities) for the COTS?
Test documentation?

Documentation practices
Personal turn over
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Reuse of in-
house code

Steps to ensure dependability?

Integration of
open source

Integration
of COTS

Evolution of
in-house code

Read documentation / read test cases / ask colleague
Execute existing test case and learn

Repeat steps 1 and 2 until sufficient understanding
While no sufficient dependability, repeat step 5

Add test cases

A

Notes:
During 1-2-3, one essentially tries to abstracts away from code/tests
(Domain information?)

1-2-3 and 4-5 could be concurrent
May need to iterate all these steps
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Domain Expert vs. Developer

Developer
— Has the expertise to read and execute code/test cases

— Does not necessarily have the necessary expertise about the
Domain

Domain expert
— Has the expertise of the Domain

— Does not necessarily have the technical expertise
» To read code and execute tests

Domain expert may be the best at identifying how to ensure
dependability (addition of interesting test cases)

Note: Domain expert may be a senior developer

— Lost track with current technology



Context Needs

Melba
e Abstraction Need
* Learning — to augment/refine a test suite to ensure sufficient dependability

* Improvements — to reduce a test suite to meet tight deadlines
Tool overview Who?

Experiments

— ldeally the domain expert

Solution
— Re-engineering test suite
— Black box (not tied to development technology)

Conclusions

rnEjCarleton * Re-engineering?

UNIVERSITY

Canada’s Capital University — similar to re-engineering source code
I — where code information is extracted,
ng?zf;e n's ".f;,;vml — abstracted from a design standpoint, and

WO Cd

— used to decide about design changes
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Melba (MachinE Learning based refinement of BIAck-box test
specification)

(5) Update
-1 Category-Partition

.

P (3) Analysis
" Abstract i
Category-Partition Test Suite of decision tree
(black-box) < 1
) ) (1) Abstraction: / '\ (2) Machine Learning
Test Suite ---- Abstract test cases (decision tree) y
v\\ \\ II,
« Decision
tree
-] (4) Update test
suite
automated

tool support (semi automated)

automated or not, depending on context—but this would be done anyway!



Context Melba (MachinE Learning based refinement of BIAck-box test
Melba Specification)

e Abstraction

» Learning

* Improvements
Tool overview

. — Abstract

Experiments Category-Partition Test Suite
: (black-box) |

Conclusions ;

~

’
/7

(1) Abstraction: }

Test Suite [------" Abstract test cases
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Black-Box Abstraction (Category-Partition)

Category-Partition
Black-box testing technique

Scales up well: function / component / sub-system / system
Functional and non-functional aspects
Based on equivalence class partitioning and boundary value

analysis

Relies on domain experts

Main steps

— Identify functions to test

Environment variable?

» Not a parameter of the function

* Variable of the environment of execution
that can impact function’s behaviour

|dentify parameters and environment variables
|ldentify main characteristics of parameters: categories
Class partitioning for characteristics: choices

Conditions on choices to prevent their CW
Derive test cases

 Combinations of choices

» Satisfy constraints

Application of boundary value analysis
and equivalence class partitioning.




SO Category-Partition—example 1
Melba
« Abstraction Consider the Unix cp command
. Learning cp [option] source dest
« Improvements Parameters:
Tool overview option source dest
Experiments Characteristics and choices for parameter source
Conclusions — File name format correct format
incorrect format
— File format binary
text ...

F""} Carleton _—

UNIVERSITY

canada's Capital University  ® ENvVironment variable?
,,,,,,, — “Destination disk”
,,;.gf;e nr; u.;;,gvmll — with characteristic “contents”
e — with choices “full” and “not full

11



Context Category-Partition—example 2
Melba

« Consider a search function
int search(char, string)
- Improvements to return the first occurrence of char in string
Tool overview e Characteristic of char
Experiments — position in string

Conclusions choices first position
last position

e Abstraction
e Learning

¢ Choices cannot be
combined
» Constraint to prevent it.

intermediate position
— number of occurrences in string

choices 0
o Carleton .
UNIVERSITY
Canada’s Capital University many times

Engineering Better Softwa I
soft re ualnty
nglnee ng borato

* If combining first/last/intermediate with 1
e (occurrence), do we need to combine
first/last/intermediate with “many times”?
12 » Constraint to prevent this.




Eﬂonlt;xt Category Partition—another example
eliba

The Triangle program
— Inputs characterize the length of triangle sides (a, b, ¢)

« Improvements — Output: whether these define an equilateral, isosceles, irregular
triangle, or not a triangle

e Abstraction
e Learning

Tool overview

Experiments Parameter a
Conclusions — Values for a a>0
a<0
— acomparedtob a=b
a+b
Fﬂ Carleton — acomparedtobandc a<b+c
UNIVERSITY a>b+C

Canada’s Capital University

soft re uaI ity
nglnee ng borato
rlet:

cn rwe WO C d
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CONEXt Abstraction with Category-Partition
Melba
e Test case » Abstract test.case o
e raw values category/choice combination
2 with (expected) output equivalence class
* Improvements
Tool O_VP'N'GW (a=2, b=3, c=3) (a<b+c, b=c, a>0, b>0, c>0, isosceles)
Experiments
Conclusions ) ) )
« Characterization of inputs and
outputs for a test case
* Abstraction considering what is
deemed important from a testing
F‘" Carleton point of view
UNIVERSITY
Canada’s Capital University . Note
~ uw Il — Output equivalence classes: isosceles, equilateral, ...

WO Cd

— But necessary in Melba
14

— Not part of Category-Partition



Context Melba (MachinE Learning based refinement of BIAck-box test
Melba Specification)

» Abstraction

e Learning

* Improvements
Tool overview

. Abstract
Experiments Test Suite
Conclusions
'{  (2) Machine Learning
(decision tree)
- \\ Decision
ﬂ Carleton e

UNIVERSITY

Canada’s Capital University

Engineering Better Softwa
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Context Machine Learning
Melba

« Abstraction Learning relationships between input characteristics and
output characteristics

— With a classification algorithm
el GREmE — With classification rules
Experiments — Based on heuristics and statistics
Conclusions Tool/Algorithm: Weka/C4.5

Expected output:
— A set of rules of the form
— If the value of parameter one is ...

m Carleton « And the value of parameter two is ...
UNIVERSITY .
— Then the output is ...

e Learning

* Improvements

Canada’s Capital University

soft re ualty
nglnee ng borato

WO Cd
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context Machine Learning—the Weather Example
Melba - .
. Outlook | Temperature | Humidity Windy Play Witten I. H. and Frank E., Data Mining: Practical Machine
» Abstraction sunny hot high false no Learning Tools and Techniques, Morgan Kaufman, 2nd
. sunny hot high true no Edition, 2005.
e Leamlng overcast [hot high false yes
. Improvements ra?ny mild high false yes
rainy cool normal false yes
Tool overview rainy cool normal true no
. overcast |cool normal true yes
Experlments sunny mild high false no ::> Weka/C4.5
Conclusions sunny cool normal false yes
rainy mild normal false yes
sunny mild normal true yes
overcast [mild high true yes
overcast [hot normal false yes
rainy mild high true

F&} Carleton

UNIVERSITY

Canada’s Capital University

[Engineering Better Software .
I If the outlook is sunny and
ng?‘n’fe‘e n'S “bil'r?éo the humidity is high, then do
Cale(cnumve s\tyouawa Ca ada not play outside

true

17 yes (2.0) yes (3.0) no(2.0)




Context Example—Triangle
Melba

« Abstraction . Test cases (with actual values for parameters)

e Learning . Test cases abstracted into Abstract test cases with the help
. Improvements of Category-Partition

Tool overview . Abstract test cases given as input to Weka
Experiments

Conclusions

If a!=b and c<=a+b and
.. then the output is
Isosceles

Canada’s Capital University

zzzzzzz I
soft re uaI ity
nglnee ng borato

Carlet U WO C d

(
| (c vs. a+b) = c<=a+b
| (a vs. b+c) = a<=b+c
& Carleton | || o e cie) - pesar
UNIVERSITY ‘ ‘ | | (b Vs C) _ b:c
.

a>0: Isosceles (22.0)

18 Number of (abstract) test

cases falling into this rule

Identification of categories
and choices




Context Example—Triangle
Melba

« Abstraction « What if we use raw test case data instead of abstractions?
« Learning Result (same test cases as previously):

* Improvements

(c) <= 1
. | (@) <= -1: null (1.0)
Experiments | () > -1: Equilateral (1.0)

Tool overview

If c<=1 and a>-1 then the

Conclusions () > 1
output is Equilateral

| () <=1
| (c) <= 2: lIsosceles (1.0)
| (c) > 2: Not_Triangle (2.0)

!
!

& Carleton : (b) > 1
!

Soinput a=2, b=3, c=1
defines an equilateral triangle!

S

UNIVERSITY | (@) <= 3: Irregular (2.0)
| (@) > 3: Isosceles (2.0)

Canada’s Capital University

soft re ualty
nglnee ng borato

Carlet U\ve WO C d
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Context Melba (MachinE Learning based refinement of BIAck-box test

Melba Specification)

» Abstraction

» Learning

« Improvements \

Tool overview (3) Analysis

Experiments [ of decision tree
o«

Conclusions

Decilsion

F&} Carleton tree

UNIVERSITY

Canada’s Capital University

Engineering Better Softwa
[ soft re ualn
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Context

Melba

» Abstraction
» Learning

e Improvements
Tool overview

Experiments

Conclusions

F&} Carleton

UNIVERSITY

Canada’s Capital University
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What can we Learn from a Decision Tree?

Recall:

Abstraction = what is deemed important from a testing point of view

What if ... ?

A choice of a category, or a category is missing!
— Missing test case?
An output equivalence class is missing!
— Missing test case?
Combination of choices is missing!
— Missing test case?
Zero (abstract) test case for rule!
— Missing test case?
Many, e.g., 100, (abstract) test cases for rule!
— Too many test case?



Context What can we Learn from a Decision Tree?

Melba

« Abstraction * Machine Learning algorithm provides additional data

« Learning  Arule can look like:

* Improvements (avs. b) = a=b

Tool overview
| | (a vs. b+c) =

| 1 | (cvs. atb)

Experiments

Conclusions

F&} Carleton

UNIVERSITY If a=b and b!=c and

Canada’s Capital University a<=b+c and c<=a+b then

the output is Isosceles

soft re ualty
nglnee ng borato

Corteton Univ tyO cu ‘\

| (b vs. ¢c) = bl=c

a<=b+c
c<=atb: Isosceles (24.0/2.0)

—

» 2 miss-classified (abstract) test cases
among 26 (abstract) test cases.

but have a different output class!
* a=2, b=2, c=0 = not a triangle

N

» 2 (abstract) test cases satisfy the conditions

7

—_—

22 Question the definition of categories/choices/output equivalence classes.
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Melba Improvement Process

Observations (problems)
from decision tree (rules)

Causes (potential) Remedies

Miss-classification

Missing category or
choice

Unused category,
choice, or output
equivalence class

. . N\
[ll-defined choice or
output equivalence

class

Refine Category-
Partition

J

specification

Useless category,
choice, or output
equivalence class

J

Missing combina-
tion of choices

Missing test case

Refine test suite

Too many test
cases for a rule

Redundant test
cases

Empty rule

llI-defined choice
constraints




Context Melba (MachinE Learning based refinement of BIAck-box test
Melba Specification)

e Abstraction

e Learning

{ (5) Update

* Improvements Category-Partition

Tool overview

Experiments o Abstract (3) Analysis
_ Category-Partition Test Suite of decision tree
Conclusions (black-box) - s
: [ (@) Abstraction: |/ 4 (2) Machine Learning
Test Suite ---- Abstract test cases (decision tree) y
V\\ . I,’
" T \\ Decision
r‘j CaﬂetOIl tree
UNIVERSITY \\
Canada’s Capital University e
) (4) Update test
suite

Engineering Better Softwa
sofz re ﬂaln
lene ng ora,to

Carleton U\ve tyouwac d
arleton.ca/squall

Tool support

24



Context Melba—Architecture
NrtBa

ABsiractin
Learhing
IFBFBVEMERtS

o8l sverview
EXPErIments

Conclusions

To automatically perform
-abstraction (on the fly evaluation
of Java expressions)

To read TTCN-3 e
test suite file

SVNEI

THox
.‘_.r—

C e
=2

Carleton

UNIVERSITY Machine learning

algorithm

Canada’s Capital Universit

[Engineering Better Software I
soft re quality
ngineefing laborato
I anada
rleton.ca/squall

Carleton University, Ottawa, C:
www.sce.carlete

25 ‘ﬁtics: to perform
some analyses




Context

NrBa
ABSHFact8A
LE2FRIRG
IFRBFBVEMERtS

Tesl verview

Melba Process—GUI

Category name,

Specify categories and
choices

.Melha ool - Taxi_Billing System

CP Specification - Input | Cp)Specification - Output

Choice name,
Choice
specification

E%Bgﬂmgn{g m::le Cateqaories and Chices for Input Params and Environmemt Yars (
Conclusions Parameter
\
Category 1 |Ar-.=_~a of destﬁ'?at@ / l
Choices
e —TToire 1.1 ~
O |
F&} Carleton | geser—— oo
UNIVERSITY C estinaticln.equals{"Paris"} [| destination. equals"Peripheral road") |
Canada’s Capital University i
Properties vl Single
ving Boter Softua I C Error s
Soft re uallty I [ ad & choices ][ Clear selected ]
nglnee ng laborato
o "M/q i #ack ko previous categary [ G0 ko next category ][ Add new category + ][ Save and validate categories ][ Remove category
26 . . . .
Predefined operations for specific Any Java expression (Boolean) can

types

be used by Janino




NRBa

L&arIRg
IMBrevements

Melba Tool - Taxi_Billing_ System
File Wiew Help

T68| Bverview

| (TP Specification - InpuGF‘ Specification - Cukput |

ﬁBg{FQEHBH Specify output equivalence classes

Context Melba Process—GUI

Step 2 of 2 - Please Provide EQU =55 for Output Params

EXPEHMERIS

Conclusions

Ctput Equivalence Classes

Chack ta A
i e EQUiIvalence Class 8

] |T|:|I:al cosk is between 0 and 5,80

Parameter Operakion Between and
|t<:r":a.'lf&st V| |exc.|us.i'.fe inkerval V| |IZI | |5.=3EI
F&} Carleton
UNIVERSITY £
Canada’s Capital University [ Add more Equivalence Classes ” Save and validate ][ Clear selected ]

[ «< Back ko parameters ]

| W

[

[

Engineering Better Softwa I
soft re ualnty
nglnee ng borato

Carlet U\ve wOawaC d
«cafsquall
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Decision tree
(rules)

Melba Process—GUI

Browsing through problems

Melba Tool - Decision Tree A nalysis |Z||§|fgl

Decision Tree

Summary | Misclassifications | Unused CP Elements | Empty Leaves || Unused Combinations of Chaices |

(
C5=~Ch?5.2
| C2=~rh2.2 L4 @confﬂrmities identified all Analyzed\
| | C3=7~rh3z2
| | | C4=~Ch 4.2 EC 1 (4.0/1.0) M1 Misclassifications 5 0
I | | Cd4==rh4.l: EC 2 (2.0)
| | C3=~Ch 3.3 EC 2 (6.0/1.0) M2 Unused CP Elements 1 0
| | C3=~"Ch3.1: EC 3 (2.0
| ©2z=Choz2.8 EC2 (6.0) Empty Leaves 2 u
: T 2 ; Ehf;; 1.2 Unused Combinations of Choices 135 a
| | | C4d=~"Ch4.2: EC 1 (2.0)
~| | | C4=~Ch 4.1 EC 2 (2.0) :‘ MNorconformibies Tokal 143 il
X | >/ j
doRTomaTTE —
Additional data
/== Confusion Matrix === 7_\
a b c £-- classified as
9 3 0] a=EC1
234 0] bh=EC2Z -
0 024 | c=ECS3
=== Detailed Accuracy By Class === b
" 2

Close

l
: - \ Summary of

Confusion matrix

problems
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* Rule with zero test

Melba Process—GUI

1B ielba Tool - Decision Tree Analysis.

Detailed analysis of
problems (rules with
zero test case)

case .
. . DeCsnmiiee | Summary | Misclassifications | Unused CP Elements ‘ Empty LW| Unused Combinations of Choices |
* But combination of 748 unpruned tree o) —~~———————
. . T B R ATraf with N
Ch0|ces Identlfled as / o Possible causes Relevant information \
H C3=~Ch3.1 mstance
unfeasible | C1=chL.1:ECL (2.0} ~ )
. | Cl1==cChl1.41 EC 2 {L.0 Unfeasible combination of choices Iirrestigate
»Nothing to do 3 el [ —
| C1l=¢cChl.2 Ch31d Unfeasible pairs)
— L C7=~Ch?7.3: EC1{2.0) Chlz2 (C1,Ch 1.2y (C 5,Ch 5.5) Selector: Ch 1.2 if (lnoChar
| | C7=~=Ch7.4 Wil
| | | C5=~Ch5.1: EC 1 (12.0/5.0) M1 e
| | | C5=~Ch 5.4; EC 4 (5.0/2.0) M2 Chss5
| | | ©&=~=ChS&.5: ECL {0.0)E1 \ ECL
: : E 7 = Ch7. It EC i EE Ei fi (;\Ez Unfeasible combination of choices Imvestigate
—  ||cz-ms2 v = " YT ] ;
. | o G\E3 TInfeasible cotnbination of choices Inwestigate
° Rule Wlth Zero test - Chl Contains Single or Error choice(s) already used:
Additional data Chiz (CTChTD
case === Confusion Matrix === ] Ch7.2
. . . C1
b Comblnatlon IS a thioien d e, <-- clazsified as
feaS|b|e 12 2 Vi Melba Tool - PackHexChar
> I t t 5 @ File Wiew Help
nves |ga e (] CP Specification - Input | Cp Specification - Output|
U0 Step 2 of 2 - Please Provide Categaries and Chaices For Input Params and Environment Yars

Hyperlinks allow to
go back and forth
between views

Parameter -

Category 7 |lengthof 5

Choices

m enseer  Choice 7.2

o o©

Operation Expression

|Salect Opperation V| |s.|ength() <rlen

Properties Selector

Single

i!noCharToPack

‘ Errar

[ Add mare chaices ][ Clear selected ]

E < Back to previous category Go ko next cakegory = Add new category +

Save and validate categories

Remove category << Back to parameters
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a &~ w0 NP

Melba Process—GUI

Melba has identified unused combinations of choices

Melba provides possible explanations
Melba can (sometimes) identify which explanation i

Melba allows the addition of a test case (hyperlink):

combination identified has been feasibl

Decision Tree

W

==y =
nonooon

| SR | 5]

— — Onn o f— — o
= 0w

w T
|4

J48 unpruned t

A

ore plausible

Melba lists the unused combinations of choices (hyperlinks to the choice definitions)

Additional data

Confusion

| Summary || Misclassifications | Unised CP Elements | Empty avei| Unused Combinations of Choices |]
™y . . Ly
GN[(C5.Ch5.2) (CAChRB(C1L.Ch L] GRS AU Invigtigate 3
E\ Invest_igate [narediisate
([(C5.Ch52)(C2Ch28)(C3.Ch32)(C4.Ch 45)1 IWlhssing test cases Feasible combination not used in the ATS
Ch52 CP Specification incomplete ASLILS) QU 415 4 8L ol ) 0 i R oy o)
h 28 [Click bo define new Test Case |
Chil —
Chd4.2
N J
E\ Itrvestigate Investigate
[fC5ChSN(CACh 2B (CICh3INTC4Cha13] | Mssing test cases Feasible combination not used in the ATS
Ch52 CP Specification incomplete Or Properties/Selectors missing in CF Spec
Ch28
Chi3z2
Chd4.1

™
GN[(C5ChSACACH

2B (C3Ch33]

Already used in the ATS

Inwvestigate
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Conclusions
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Experiments

PackHexChar

Space

Cab fee calculator

Description

Function of GhostScript:

Compacting information

Specifies the
configuration of an
array of antennas

Fee pattern in
Paris

Lines of code
(without comments)

54 (Java)

5,900 (C)

159 (Java)

Category- 11 categories 83 categories 5 categories
Partition 35 choices 582 choices 19 choices

Test suite size 19-31 3,585 72

Experiment With students Without students Without students
Faults (seeded) | 231 N/A 300

Melba Manual Manual Tool




» Abstraction
e Learning
* Improvements

Tool overview

Experiments
Conclusions

Experiment—PackHexChar

« Using
— a student Category-Patrtition specification
— astudent test suite

« Using
— an expert Category-Partition specification
— A student test suite

Results

F"tﬂ Carleton . A few iterations of Melba: typically 3

UNIVERSITY

Canada’s Capital University

soft re ualty
nglnee ng borato

* Improvements to both Category-Partition and test suite

» Level of quality that would be achieved by an expert

— Category-Partition specification equivalent to what the expert
could devise.

* Improved test suite: fault detection capability improved



Context

Melba

» Abstraction

e Learning

* Improvements

Tool overview

Experiments
Conclusions

F&} Carleton

UNIVERSITY

Canada’s Capital University

zzzzzzz I
soft re uaI ity
nglnee ng borato
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Experiment—Space

» Using the complete test suite
— Known to have redundancy

* Using a reduced test suite

Results:

« Identification of problems: miss-classifications, rule with too
many test cases (>1,000)

» Too expensive to apply Melba manually on such a large
problem!



Context
Melba
e Abstraction

e Learning

* Improvements

Tool overview

Experiments
Conclusions

Canada’s Capital University
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UNIVERSITY

soft re ualty
inge ng borato

0 C d

Experiment—Cab

Poor Category-Partition with test suite reaching good
structural coverage

Trying different test suite size...
— Does this matter for Melba to converge to something “good”?

Evaluation of different heuristics to add test cases

Results
F"" Carleton ° Improvements to Category-Partition

— Equivalent to what an expert would generate
Improvements to test suites

Initial test suite size and quality (e.g., structural coverage)
matters

— Effects still under investigation
Heuristics to add test cases have varying effects
— Effects still under investigation
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Need to re-engineer test suite to improve dependability
— test suite information
— IS extracted,

F‘" Carleton — abstracted,
UNIVERSITY — and used to make decisions (adding/removing test case)
Canada’s Capital University Melba process and tool support )
. Want to be part of it?
R I - Al thg automz.itab_le activities are auto.mz?lted Want to evaluate your
A1 ualnty I — Decision making is supported by heuristics own test suites?
"gmee Y — Very promising results on case studies

Carlet U WOawaC nada
cafsquall

Improvements to process and tool support ﬁrough additional case studies
35 — Academic case studies

[—
— Industrial case studies
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