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Objectives

- After this workshop you should be able to:

Create effective models to test n-wise

combinations of interdependent parameters
* Adequately identify input variable equivalent

partitions to avoid hard -coded inputs

* Apply the combinatorial testing technique in
the appropriate context
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Road Map

Lesson 1: Combinatorial testing overview
Scoping the problem
Identifying when to use a combinatorial test approach
Coverage array basics
Lesson 2: Defining input parameters and modeling inputs
Lesson 3: Verifying output
Lesson 4: Increasing coverage of highly probable values
Lesson 5: Testing complex interactions
Lesson 6: Empirical evaluation

Testing challenge

Design extremely small subset of tests
from all possibilities

Evaluate important attributes and
capabilities of the application under test

|dentify issues and other potential risks

Provide accurate information for informed
risk-assessment

* Within a limited amount of time

Provide a high degree of confidence for
the entire team
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A common testing problem

* Parameters with multiple interdependent
variables
are likely to cause bugs!
* Testing problem...
* 24 parameters

2 0 5 variable states
per parameter

* >500,000,000,000
* 1ltest/ms > 3300 years

* So, how would you choose the tests?

.

Microsoft

Combinatorial testing

* Functional testing technique
* Analyzes parameter interaction

Systematically produced subset of variable
combinations from all possible combinations

* Mathematical approach
* historical failure indicators, and
empirical fault models
* Helps reduce overall risk by
* High defect detection effectiveness
High levels of structural coverage

.

.
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Not effective when:

* Combinatorial =

Oplons | Test_| Fich Ten._ Embedded

fault model does not

Howaap

apply if parameters are [l
independent

* Mathematical formulas
BERENE - Scquential operations

= Jles Jl e J[ 2 [ v]
DI  : Ordered inputs
[1][ 23]

[ o Jl - Jl=

Combinatorial testing

* Testing the combinations of variable
states when :

Parameters are directly
interdependent

Parameters are
semi-coupled

Parameterinput is
unordered

L
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Systematically produced subset

* Coverage arrays (CA) T

Every variable combination |[SWEE.
for each n-wise parameter

Multiple pair combinations
Minimizes redundancy

Test
Bold

talc =
Underline no
ST o oo o [ves] o | no yesfyes] no [ves oo fves]yesfyesfyesh no

Warning about modeling

e

0 A Imbdels are wrong
somemodel s ar éG.Bosxef ul 0

* The output is based on a model of the input
parameters and variables

* The less you know about the feature, or if
you limit your model the greater the
probability of false positives
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Road Map

Lesson 1: Combinatorial testing overview

Lesson 2: Defining input parameters and modeling inputs
¢ |dentifying input parameters
¢+ Modeling input variables

Lesson 3: Verifying output

Lesson 4: Increasing coverage of highly probable values

Lesson 5: Testing complex interactions

Lesson 6: Empirical evaluation

Combinatorial analysis process

variables

. A binatorial
ded Input ( Tool

dify model

, O

Test
: The output of the tool is

basedont he t emput.e rt @iy a tool! | &
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Identify parameters

* Interdependent parameters that affect a
common output condition or state
* Fonts 5y o Do VN
Styles =
Colors (iack, white, red, green, blue, yellow) e

Size Rangeu 5163, including half sizes) |
Effects

* Total # of combinations 1,256,832

Microsoft

Model input variables

* Abstract behavior/functionality
* Create equivalent partitions of similar inputs
* Avoid hard-coding variables in a range

File Edit Format View Help

# Basic Model File for MyFontDialog w/ Abstract Groups (Use Random Number Generator) -
# Total Number of combinations = 3,072

Font: Arial, Tahoma, Brushscript, MonotypecCorsive

style: Bold, Italic, Bold/Italic, None

effects: strike, underline, strike/underline, None

colors: Black, white, Red, Green, Blue, Yellow

Size: small, smallHalf, Nominal, NominalHalf, Large, LargeHalf, XLarge, XLargeHalf

.

1-9 15695 10-18 1050185 19072 19.5072.5 7301638 73.581637.5
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Road Map

Lesson 1: Combinatorial testing overview

Lesson 2: Defining input parameters and modeling inputs

Lesson 3: Verifying output
¢ Refine model file
Rules for mutually exclusive con
¢ Alias equivalent values

aints

Lesson 4: Increasing coverage of highly probable values

Lesson 5: Testing complex interactions
Lesson 6: Empirical evaluation

Verify Output

* Always check output:
* Failure indicators

Custome
configurations

Mutually exclusive
combinations

* BrushScriptonly Italic
and Bold/Italic

MontypeCorsive only
None, Bold/Italic

.

© 2009 Microsoft Corporation. All rights reserved. Microsoft, Windows, Windows Vista and other product names are or may be re gistered trademarks and/or trademarks in the U.S. and/or other countries.

Microsoft Excel

adn

——

cad Test Team = @

A1 -

& basicout

£ | Font

B

&

E

i [Fort

Style

Effects

Size

Arial

Arial

Arial

Arial

arial

Arial

Arial

Arial

Arial

Arial

Arial

BrushScript

BrushScript

BrushScript

BrushScript

Brushscript

Brushscript

Brushscript

Brushscript

BrushScript

BrushScript

BrushScript

BrushScript

Brushscript

Brushscript

MonotypeCorsive

MonotypeCorsive

MonotypeCorsive

MonotypeCorsive
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Bold/Italic
None
Inalic
Inalic

Bold
None
None
Bold/Italic
None
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None
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Bold
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Bold
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Bold
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None
Italic
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Bold
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None

None

None

Swike

Underling
Stike
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Underline
Strike
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strike
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None
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Underline
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None
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Green
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Black
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XLargeHalf
Smallbalf
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Tweak the model

* Modify the model;
not the output!

* Constrain invalid
combination

Alias equivalent values

| ModelWithWeightedVariables - Notepad

ALy

5 Aial
Adial
Aial
Acial
Arial

0 Arial

1 Adial
Adial
sl
Acial

5 Asial

M B rushséript ™

8
Boid/Italic
None
Italic

Bokd

Italic

Bokd
Bold/italic
Italic
Bold/italic
None
None

c
Underline

None
Strike/Underline
Strike.

Strike.

Strike

None

None

Strike

Underline

Strike

SmaliHalf
Small

Large
XLargeHalf
Xarge
NorminalHalf
Smalialf
SmaliHalf
Nominal
Nominal
XLargeHalf

BrushScript
£ |Brushscript
18 |Beushcript

file Edit Format View Help
# Basic Model File for MyFontDialog w/ Conditional
# Alias Arial and Tahoma fonts because they are ed

Font: Arial | Tahoma, Brushscript, MonotypecCorsive
style: Bold, Italic, Bold/Italic, None

effects: strike, underline, strike/underline, Nong
colors: Black, white, Red, Green, Blue, Yellow

i small, Sma'I'IHa‘if, Nominal, NominalHalf|, Lar

if [Font] "Brushscript” then [style] in_{ "Italjy
if [Font] "Monotypecorsive" then [style] in { "N

MonotypeCorsive
MonotypeCorsive:
MonotypeCorsive
[MonotypeCorsive
[MonotypeCorsive
MonotypeCorsive
MonotypeCorsive
MonotypeCorsive
MonotypeCorsi

lln]

Italic
Bold/italic
Italic
Bold/Ialic
Boid/italic
Italic
Italic
halic
nalic
Bold/Itakic
None
None
None.
None.
None.
None.
Boid/itaic

None
None
Strike/Underline
Strike

Underline
Strike/Underline
strike
Strike/Underline
None
Strike/Underfine.
Strike

None

Underline
Underline

strike

Underline

None

Underline
Strike/Underline
Strike

Red
Red
Green
White
Red
Yefiow
Blue

XtargeHalf
NominalHalf
small

Large
XtargeHalf
Nominal
SmaliHalf
Xarge
LargeHalf
LorgeHalf
Nominal
Large
LargeHalf
Large

Small
LargeHalf
Nominal
NominalHalf
SmaliHalf
Xarge
XtargeHalf

Tahoma

|« [l

Tahoma

%

Tahoma
40 Tshoma
41 Tahoma

Course Road Map

Lesson 1: Combinatorial testing overview

42 Tahoma

Bold/itaic

4 <> ¥ outwithconstriants

Reaty

Lesson 2: Defining input parameters and modeling inputs

Lesson 3: Verifying output

Underline.
Underline
Strike/Underline
Strike
Underline
Underline

«

Countc0s [ CH @0 100% —

Lesson 4: Increasing coverage of highly probable values

¢ Weighting variables

+  Seeded input file
Lesson 5: Testing complex interactions
Lesson 6: Empirical evaluation
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Testing important values

Weighting o oy T T
increases probability FE—
of variable use, but HElEE=t-SENE .-

i ¢ boshscripisic  sukeundBlack Nominal Brushscrip BakitalicNone  Black | Largedalf
Brushserp tsic be  Black  Smalkilf 5 Buchscrigiabe  Swke Btk RargeHall
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Tahems Dol Swke  Block
= S Morotpetione  None  Black
10 Brushicrpsic S Monotype Bokdialc i/ UndBlue  Noemnalhsh
1 Monotype Hoes  Undering s Brahierigitale  Undorine B Sl
Boddfalic Hoo smalkialt 2 Tahoems swhe s Wonsl
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wma _ lshc e smal Monotypefiane  Wone Large
Wanotype Noe e Rt 5wl Bad Mowe Larpeal
Nominalklf Monctypefiane St Hargetall
7 il s/
Format_View Help Underine & * a Effec

# Basic Model File for MyFontDialog w/ cond]: . e et e

# Alias Arial and Tahoma fonts because they| & i oo | 2 e

# Add weighting values to color and size o ke Smalbil » Nome HarpeHal
Nome Nomeal

buerplate o 2 ehone oy

Font: Arial | Tahoma, BrushScript, MONOTYpe| i uomwmicno s Nominalia
style: Bold, Italic, Bold/Italic, None srial ok Sake s Bl Tabome ik bome

effects: strike, underline, strike/underldin| i ii™ "o o . Bloaccomt inkie
10), White, Red, Green, Blue, |Eil I s 3 sl Bod  SwkslUndred
3 1 a Bold Underline 30 Monotyps Nane None: Red

smallHalf, Nominal(10), Nomina [Emtns ooy o

2 MorctypeNove Uit 2 Underin ed

if [Font] "Brushscript” then [style] in_ {]  wowmetoe s sl Mone  Underne e

if [Font] “MonotypeCorsive" then [Style] Bl Undorio Whn Sl cUdorine Rod

1 yp y < stike  Whte  Nominal 35 Monon Stke  White

Nove Whte snal f? Underine
g 43

= Microsoft Excy —

@ | Inzart | Paga L Formud | Data | Review View | LosaT | Team | @

- £ | Arial
A B L= o E
O - 1 Font Style Effects Colors__Size
2 {Arml MNone None Black Neminal
3

Tahoma Bold/italic _Strike/Underl Black _ Nominal
T

4 Brushscript e Strike Groen  Xiarge I

0 0 ALl1O 5 brushseript Underiine Dleck | Lorse
& | Monorypecorive White  smallialf
7 ario Surikefunderine  White
s | Tahoma Undertine whive
- 9 Arial Strike. Black
C dl Tc I
13 Brushgeript weaic Surkefundertine  Red [
12 Tahoma bold Undertine l
13 Brushberipe e Bl XLargetalf
14 MonotypeCorsive  None Underfine Blue Xiarge M
15 Arial None Serike. Red XLargeHalf |
16 Monorpecorive  None SurikefUndertine Green Gl [
17 Tahoma Bola None Blue Nominalialf
18 MonotypeCorsive  Boldfitalic  Strike/Underine  White  XLargeHalf
15 Avial Bold/ieatic Blue  semaltialt
20 Tahoma Bold Surke Red  Lorge
J seed - Notepad 21 Brushseript Bold/italic  Underline Red Smalltialf
22 MonotypeCorsive  None Undertine Velow  Nominaltalf
. - . 23 vl teatc None Dlnck  Xlorge
File Edit Format View ﬂelp 24 Tahoma Bold None White  Xlarge
B b e Surke White  semal
Font  style Effects Colors Sigxes = o e o
Arial None Nohe Black NON 28 Tahoma Bold None Black  SmallHalf
2 vl Bold Surke Vellow  Nomina!
Tahoma None None Black NOM 30 ionorpecorsive  Boldfitaic  Strlke/Undertine  Yellow  Large
Arial  Bold/Italic strike/undd s pomrecess foe Sl e wE
| 55 Brushcrint Halic Undertine Red  Lorgenalt
34 BrushSeript Halic None Vellow  semal
35 BrushScript Bold/Italic Strike/Underline Yellow KLarge
36 MonotypeCorsive  Bold/Italic Undertine Yellow SmallHalf
< | 111 ] 37 monotvpecorsive  Bold/italic  none Yellow  Largeralf
38 monotvoeCorsive | None None e Loree
39 monotvoeCorsive  None suike Red |wiarse
| %0 monotvpecorsive  none Undertine e Nominal L
Reasy count: 10 i) L 100% |- +
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Road Map

Lesson 1: Combinatorial testing overview
Lesson 2: Defining input parameters and modeling inputs
Lesson 3: Verifying output
Lesson 4: Increasing coverage of highly probable values
Lesson 5: Improve coverage of complex interactions
+  Sub-models
+  Output set variants & increasing order
¢ Negative variables
Lesson 6: Empirical evaluation

Testing complex interactions

Groups parameters

* Each groups gets own
combinatory orders

Increasesthoroughness

Edit Fgrmat View Help
# Basic Mode]l File for MyFontDialog w/ Conditional const
# Alias Arial and Tahoma fonts because they are equivale
# add we1?ht1ng values to color and size
# submodel of style & effects

Font: Arial | Tahoma, BrushsScript, MonotypeCorsive

style: Bold, Italic, Bold/Italic, None

Effects: strike, underline, strike/underline, None

colors: Black(10), white, Red, Green, Blue, Yellow

size: small, smallHalf, Nominal(l0), NominalHalf(5), Large, LargeHalf, XLarge, XLarge

{ style, Effects } @ 2

if [Font]

"Brushscript” then [style] in { "Italic", "Bold/Italic" };
if [Font]

"MonotypecCorsive" then [Style] in { "None", "Bold/Italic" };
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