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Motivation
Short History of Statistical Usage Testing

“ ). A. Whittaker, J. H. Poore. Markov Analysis of Software Specications.
ACM Transactions on Software Engineering and Methodology, 1993.

» Reviewer Leo G. Egan, Jr.: The authors introduce a new method to analyze
software specifications before design and coding begin. They assume all
programmers and systems analysts are conversant with and comfortable with
Markov techniques and higher mathematical analyses in general, which
traditionally is not the case. | would not recommend this paper to all
programmers and analysts. | would make it known and available to systems
engineers who have the responsibility of designing systems that are
hardware-intensive and especially software-intensive.
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Motivation
Short History of Statistical Usage Testing (cont)

Stacy J. Prowell. Computations for Markov Chain Usage Models.
Technical report, Software Engineering Institute, Carnegie-Mellon
University, 2000.

.. result of yvears of work by many different people, and very few results are
original. James Whittaker, Michael Thomason, and Jesse Poore did the
original work on Markov chain usage models. Gwen Walton’s research
applied mathematical programming techniques to set model probabilities
under testing constraints . Jenny Morales and Dave Pearson investigated
combining information across tests to improve reliability measurements. Kirk
Sayre’s research provided many new and useful analytical results, and
provided a framework for simulation and partition testing . Walter Gutjahr
demonstrated how a Markov chain could be modified to bias test generation
toward low-use critical function, and how the bias could be removed in the
results .
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Motivation
Short History of Statistical Usage Testing (cont)

Stacy J. Prowell. Jumbl: A tool for model-based statistical testing. HICSS,
2003.

... The J Usage Model Builder Library (JUMBL) is a Java class library and set of
command-line tools for working with usage models ...

W. Dulz and F. Zhen. MaTelLo — Statistical Usage Testing by Annotated
Sequence Diagrams, Markov Chains and TTCN-3. IEEE QSIC, 2003.

... The main focus is on automatically generating a MCUM (Markov Chain
Usage Model) starting from an FDT (Formal Description Technique) in order to
derive TTCN-3 (ETSI Testing and Test Control Notation version 3) compatible
test case definitions ...
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Tool Environment
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Tool Environment

File Edit Source Navigate Search Project Run Window Help

R/Eclipse StatET

B-EEE  $-0-Q- 0/ @ kRRib-F-0era- £ [ ST =
F) Project Explorer 53N a i R TestPlayer.R Xi\‘-\ WP93.txt I statistics.bd ‘ = [m] EE QOutline 82N SSo =0
BS|e - Al elBE|Be XY

#2lgorithm testplayer.gui
P

25 TestPlayer 1.0 = call.testplayer(..

. O p e n SO u rce & diagrams ) l):fatplayer. gui=function ( callDebugmoe

(= diagrams.WP93 call.Model.nam

=% Documentation @ testplayer.gui) -

RN

1 1 I B fcons ## OK handler call.Nurvber.of.
SC rl pt In g a n g u a ge & models S call.testplayer=function(...) { call Profile.nam
=1 i=0 call.Generation.
. . & wp93 for (item in item.list){ i callHighlightin
or Stat | Stl Cca & weoz.gmi i=i+1 7 callSingle.metr
(= profiles argResult[[i]]=svalue (item) t call.Compare.r I
. =1 } ¢ call.Generation.| |
CO m p u tl n g a n d = WP93 svalue (GUI.Status_item)="Calculating” o window.title L
WP93.bxt testplayer ( o testplayer.windy i
. (= test_cases argResult o firstlevel
ra h |C S &1 ) Jil = modelfilelist
= Wpa3 svalue (GUI.Status_item)="Wait for OK/Quit" 4 o profilefilelist
} .
(& 100_no_sort_p o argOption
statistics.txt u argResult
B Packa ge poo to g $# debug mode handler i i
é WP93-100 o call.Debug.mode=function(h,...) { o iy Tt
d h b 4 (= 100_sort_c_p ¥ N o toolbar.list
eXte n t e a S I C (= 100_sort f_p < m | » ™| : »
(= 100_sort_I_p - = < — = = \
. . (= 100_sort_pa_p *: il . @TBS'(S‘ x R | Dll 55] ® B~ F‘j ¥ g
fu n Ct I O n a I Ity ) e . g . (= 100_sort_pm_p TestPlayer [R Console] R/ R (07.03.2011 10:40:22) . E:\StatET\workspace\TestPlayer 1.0  <idle>
[] TestPlayer.R -

Result

for GUI i . e

(@ Cmd History | [¥ Object Brows 52 k\\ = 8] E:/StatET/workspace/TestPlayer_l.0/test_cases/WP93/100_no_sort_p/WP93_100.tcl
‘ ‘ g v |[vas created! @

p rog ra m m i n g (1] .GlobalEnv (66/66) =

1 package:gWidgetsRGtk2 (3/316) 3
s@ addhandler: standardGeneric

Result

g ; Test case file
© as.gWidgetsRGtk2(widget, ... E:/StatET/workspace/TestPlayer_1.0/test_cases/WP93/100_sort_l p/WP93_100.tcl
@ gdfedit(items, name, container, ..., toc was created!

1 nackane:nWidnets (135/464) = %
<« [m » < »
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TestPlayer User Interface [

; Model name IWP93.ng lJ GUI status lWait for OK/Quit
Number of test cases 100 [V I
Te St P I aye r G U I (Gt k+) Start state IInvocation End state lTermination

Profile usage ® yes O no

. TO O I b a r Profile name |WP93.txt _ﬂ

Generation.strategy
{@ no O test suite O test cases O additional

’ < q U It > Coverage.strategy
® no O nodes O transitions
, < O k> Highlighting.strategy

® no O accumulated O single test case

Sorting.strategy

@® iunsorted: O frequency O length O p.mul O p.add O combination O all strategies

©  MCUM definition

Ono® ssPO ssVO KLO SSP.N QO SSV.NO KLN O SSP.T O SSV.T O KL.T O MCUM statistics

»  <Model name>

Compare.metrics
® noQ sSPQO ssV O KLO SSP.NQO SSV.N O SSP.T O SSV.T

Generation.of.graph.elements
® no O event names O probabilities O node names

»  <Number of test cases>

|
|
( ; :
|
|
|

‘ Closed.subgraph.elements
»  <Start state> ey
1

Zoom factor
»  <End state> L“J

Zoom offset =]
> <Profile u sage> Highiighting font size | L
»  <Profile name> oot o

| End number of test cases I L

Debug mode ® off O on
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TestPlayer User Interface |84

Model name IWP93.ng lJ GUI status lWait for OK/Quit
Number of test cases 100 ]V I
Te St P I aye r G U I (cont ) | Start state IInvocation End state lTermination

Profile usage ® yes O no

Profile name |WP93.txt _Ll
Generation.strategy
{@ no O test suite O test cases O additional l
1 Coverage.strategy
“  MCUM extensions i |
- . Highlighting.strategy
»  <Generation.of.graph. (© 100 sccmioied O sng et cos |
SOEHing S ey
e I e m e nts> {@ ‘unsortedO freq y O length O p.mul O p.add O combination O all strategies l
Single.metrics
(O no® SSPQ ssV O KLO SSP.N QO SSV.NO KLN O SSP.T O SSV.T O KL.T O MCUM statistics
- <node names> e
’ (@ no QO SSPO SSVO KL O SSP.N O SSV.NO SSP.T O SSV.T \

® no O event names O probabilities O node names

_ < ev e n t n a m e S > ‘ (Generaﬁon.of.graph.elemenm ‘“

e . |  Closed.subgraph.elements
- <probabilities> | ©m0 yes
Zoom factor —;
»  <Closed.subgraph. —
. . . ZoomoffsetL_}_I
elements> in hierarchical 7
Highlighting font size | [
mOdeIS | Start number of test cases L_t_]
1 10
| End number of test casesI Eraj

Debug mode ® off O on
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TestPlayer User Interface

Running example

= J. A. Whittaker, J. H. @

Poore. Markov

Analysis of Software @ Ceo)—esor)

icati )
Specications. ACM . q .

—P
Transactions on M(@ r
I .
Software Engineering nvocation @ > I
Termination

and Methodology, -

1993. @

Fig 5. Structural phase—Constructing the usage Markov chain
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TestPlayer User Interface

Uncomplete MCUM
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TestPlayer User Interface

Extended MCUM

e6
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TestPlayer User Interface

WPg3.tet.. | 0 [
Completed MCUM pre Beesen fami
p Ansicht 7
pl 1 -
p2 1/6
p3 1
pd 1
(7 |p5 1/2
||p6 1/12
p7 1/12
pé 1
P9 1
plo 1
pil 1/15
|| p12 1
pi3 1/3
pl4 1
pls 1/5
pl6 1
pi7 2/15
pis 1
pl9 1
20 4/15
e22,p22 321 1.{;6
€10,p10 EZZ 1

el1,p11 <
el2,p12

el3,p13

e3,p3

e20,p20

el4,p14

el15,p15 g
e16,pl6

el7,p17 -t
e18,p18

> J
>
- €19,p19

N
e5,p5 e21,p21
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TestPlayer User Interface

Open hierarchical MCUM
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TestPlayer User Interface

Closed hierarchical MCUM
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TestPlayer User Interface

Pruned hierarchical MCUM
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TestPlayer User Interface s
Model name [wPo3.gml lJ GUI status [Wait for OK/Quit

Number of test cases 100 [V I
Te St P I aye r G U I (cont ) | Start state IInvocation End state lTermination

Profile usage ® yes O no

Profile name |WP93.txt _ﬂ
‘ f@e":;ag";im sﬁ’:‘e’O test cases O additional |
©  Test case/suite generation S e H

Highlighting.strategy
® no O accumulated O single test case \

Sortmg strategy M

»  <Generation.strategy>

O frequency O length O p.mul O p.add O combination O all strategies

(
{
ok
s
|
|
|

»  <Coverage.strategy>

Ono® ssPQO ssV O KLO SSP.N QO SSV.NO KLN O SSP.T O SSV.T O KL.T O MCUM statistics

B <n0deS> CGOTSQS:HSSSVO KL O SSP.N O SSV.NO SSP.T O SSV.T \
. . Generation.of.graph.elements
- <t rans |t| on S> ®no O evengt ngmesO probabilities O node names ‘
Closed.subgraph.elements ‘
»  <Sorting.strategy> S s
N Zoom factor L._T_J
»  <Start.number> and 00
Zoom offset ] I
< E n d * n u m be r> Of Highlighting font size | L
generated test cases strt mber of e cases “
End number of test cases | _IIO_I I
Debug mode ® off O on H‘
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TestPlayer User Interface

4 = WPa3
. 4 [= 100_no_sort_p
Test case generation > @ node_coverage
statistics.bd
test_cases_for_node_coverage bt
WP93_100.tcl
WP93_100.tsm
. S . 4 = 100_sort_c_p
<Sortinge. > i statistics.bet
orting.strategy " Test case list sttt
WPS3_100 tsm

»  <unsorted> <Xyz> <aaa>.tcl 4 (5 100_s0rt £.p
> statistics.bet
<fre uency> . WP93_100.tcl
q y > <xyz>: model et
4 (=100 sort_|_
»  <length> >  <aaa>: number atiicstt
WP93_100.tcl
> <p.mul> of sorted test WP93 100 tsm
4 (= 100_sort_pa_p
cases [» [ node_coverage
> <p.add> statistics.bd
. . test_cases_for_node_coverage.bd
»  <combination> WP93_100 tcl

WP93_100 tsm

4 (= 100_sort_pm_p
statistics.bet
test_cases_for_node_coveragetd
WP93_100.tcl
WP93_100 tsm
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TestPlayer User Interface

Test case generation

———
ﬁmﬁms&jnrfnndeﬁmmge.m—mm _ * E@g
" P

-
| statistics.txt - Editor

Datei  Bearbeiten Format Ansicht 7

| -

Test cases for node coverage

Test case file:
Generation date:

F:/StateET/workspace/TestPlayer_1.0/test_cases/wWP93/100_no_sort_p/wP93_100.tcl
sat Mar 12 00:54:06 2011

Number of test cases:

3

TEST CASE[ 1 ]
(1=12 , pm= 0.00048 , pa= 7.8 , f=1)

Invocation

-> el
window

->  e2
Move

-> e3
DragMouse

- el3
Down

- ela
DragMouse

- el3
Down

- ela
DragMouse

- els
Left

- ele
DragMouse

- e20
window

>
Close

-> ela

Termination

END OF TEST CASE

TEST case[ 2 ]
(1= 18 , pm= 4.4e-07 , pa=11 , f=1 )

Invocation

- e
Window

-> ez
Move

-> 3
DragMouse
Left

- ele
DragMouse

-5
Down

- ela

Datei Bearbeiten Format Ansicht 7

Test suite characteristics

Test case file:
F:/StatET/workspace/TestPlayer_1.0/test_cases/WP93/100_no_sort_p/wWP93_100.tcl
Generation date:
Tue Mar 08 21:21:53 2011
Probabilities:

22=1
Number o? relevant nodes(non zero frequency):
Number of relevant transitions (non zero frequency):
22
source entropy of the profile:
0.1846
Total number of generated test cases for the test suite:
263
Number of unique test cases in the test suite:
100
Mean length of a test case for the profile:
9.6667
Mean length of a test case in the test suite:
10.1065
kullback/Leibler divergence between mcuM and test suite:
0.0111
Mean weighted transition deviation between MCUM and test suite:
0.1766
Number of test cases needed to cover all nodes:
3
Test cases that cover all nodes:
124
Number of test cases needed to cover all transitions:
3

Test cases that cover all transitions:
24
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TestPlayer User Interface

Test case visualization

e6
>
(
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TestPlayer User Interface

Test case visualization
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TestPlayer User Interface

Test case visualization
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TestPlayer User Interface

TEStPIayer G U I (cont.)

" Test suite evaluation

AN

>

<Single.metrics>

<SSP>

<SSv>

<KL>

<SSP.N>, <SSV.N>, <KL.N>
<SSP.T>, <SSV.T>, <KL.T>
<MCUM statistics>

» <Compare.metrics>

Winfried Dulz

4 <7

quit ok

Model name |WP93.ng

Number of test cases 100 [V I

| Start state IInvocation

S I GUI status IWait for OK/Quit

End state ITermination

Profile usage ® yes O no

Profile name ]WP93.txt v |
Generation.strategy
(@ no O test suite O test cases O additional ‘

|
Coverage.strategy
‘ (@ no O nodes O transitions ‘

Highlighting.strategy
® no O accumulated O single test case ‘

tegy
1.0 frequency O length O p.mul O p.add O combination O all strategies

Single.metrics ‘

Ono® ssPQ ssVQ KLO SSP.N QO SSV.NO KLN O SSP.T O SSV.T O KL.T O MCUM statistics

Compare.metrics
® noQ SSPO ssVO KLO SSP.N QO SSV.NO SSP.T O SSV.T

|
B
(

® no O event names O probabilities O node names

Closed.subgraph.el ts
® no O yes

Zoom factor

(Generation.of.graph.elemenm ‘

Zoom offset

1
LT
L]

12

Highlighting font size [

Start number of test cases

i
[

End number of test cases |

Debug mode ® off O on u
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Evaluation of Test Suites

SSP.txt - Editer
Datei Bearbeiten Format Ansicht 7
. SS P Accumulated state rates of the test suite
Invocation : rate[] = 263
wWindow : rate[] = 3546
Maximize : rate[] = 45
N oo, o I Minimize : rate[] = ;g I
Move : rate =
»  steady state probabilities
Close : rate[] = 263
DragMouse : rate = 700
Icon : rate = 47
Restore : rate = 47
(0] e VS. up i ratef] - 40
Down @ rate = 256
Left : rate[] = 121
ight rate[] = 92
state frequencies of the B ———
MCUM steady state probabilities
Test suite state probabilities (by transition frequencies)
. Test suite state probabilities (by state freguencies)
test Su Ite (| Invocation : p_MCUM[] = 0.0938 p_T5[] = 0.0900 rf_Ts[] = 0.0900
wWindow : p_MCUM 0.1875 p_TS 0.1869 rf_Ts 0.1869
Maximize : p_MCum 0.0156 p_Ts 0.0154 rf_Ts 0.0154
Minimize : p_MCuM 0.01586 p_Ts 0.0161 rf_Ts 0.0161
Move : p_MCum 0.0313 pP_TS 0.0329 rf_Ts 0.0329
Size : p_MCUM 0.0212 p_TS 0.03223 rf_Ts 0.0325
Close : p_MCum 0.0938 p_Ts 0.0900 rf_Ts 0.0900
DragMouse : p_mMcum 0.2344 p_Ts 0.2396 rf_Ts 0.239&
| Icon : p_MCum 0.0158 pP_TS 0.0161 rf_Ts 0.0161
i Restore : p_Mcum 0.0156 p_TS 0.01e1 rf_Ts 0.016l
Up @ p_MCUM 0.0156 p_Ts 0.0137 rf_Ts 0.0137
i Down @ p_MCum 0.0781 p_Ts 0.0876 rf_Ts 0.0876
Left : p_MCUM 0.0489 p_TS 0.0414 rf_Ts 0.0414
| I Iea n nL“ I I er O es Right @ p_McuM 0.0312 p_TS 0.0315 rf_Ts 0.0315
Termination : p_mMcuM[] = 0.0938 p_Ts[] = 0.0900 rf_Ts[] = 0.0900
M- MCUM transition probabilities
ca SeS to VISIt a State Once Test suite re'\at'vae transition freguencies
[Invocation,Invocation] : p_MCUM = 0.0000 f_Ts5[] = 0.0000
[Invocation,window] : p_MCUM = 1.0000 f_Ts 1.0000
. [Invocation,Maximize] : p_mMcum = 0.0000 f_Ts . 0000
I n the IVI CU IVI VS [Invocation,minimize] : p_McuM[] = 0.0000 f_Ts 0.0000
. [Invocation,Move] : p_MCUM = 0.0000 f_Ts 0. 0000
[Invocation,size] : p_MCUM = 0.0000 f_Ts 0. 0000
[Invocation,Close] : p_mMcum = 0.0000 f_Ts 0. 0000
[Invocation,DragMouse] p_Mcum = 0.0000 f_Ts 0. 0000
[Invocation,Icon] : p_MCUM = 0.0000 f_Ts 0. 0000
I I lea n n u I I l e r O es [Invocation,Restore] : p_MCUM[] = 0.0000 f_Ts 0.0000
[Invocation,up] : p_mMcum = 0.0000 f_Ts . 0000
[Invocation,Down] : p_Mcum = 0.0000 f_Ts 0. 0000
[Invocation,Left] : p_MCUM = 0.0000 f_Ts 0. 0000
M. [Invocation,Right] : p_MCUM[] = 0.0000 f_Ts 0.0000
cases to visit a state once Czavacation, Terminstion : pwcw ] 2 00000 #7111 2 020000
[window, Invocation] : p_Mcum = 0.0000 f_Ts 0. 0000
[window,window] : p_MCUM = 0.0000 f_Ts 0. 0000
[window,Maximize] : p_MCUM = 0.0833 f_Ts 0.0824
. . [window,mMinimize] : p_mcuM = 0.0832 f_1s[] = 0.0861
N the test su Ite [window,Move] - pMCUM[] — 0.1667 FITS[] - 0.1758
[window,size] : p_MCUM = 0.1667 f_Ts5[] = 0.1740
(|
[Termination,Right] : p_MCUM[] = 0.0000 f_Ts[] =
[Termination,Termination] : p_mcum[] = 0.0000 f_1s[] =
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Evaluation of Test Suites

MCUM steady state probabilities
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Evaluation of Test Suites

Mean number of test cases to visit a state once (MCUM)
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Mean number of test cases to visit a state once (test suite)
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Evaluation of Test Suites

“ KL
~  Kullback/Leibler KL(UT) = S - lo (uzj)
divergence (KL) between ( ) Sz: ng 78 ti
MCUM and test suite vs
mean weighted transition S (i — ta]l
deviation (MWT) between MWT(U,T) = i j .
MCUM and test suite max(ui,;) — min(u ;)

Ui, 5
K(U,T):SJmSJUz’,j'log(e_e.( - _))H._)
- P ; 1,7
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite

KL Divergence
4
]

o -
| T T T I |
o o o o o o
[aV] < (] [ce] ‘9
<Sorting.strategy>=<unsorted> Test case count
Mean weighted transition deviation between MCUM and test suite
C
S
T < o
>
[0
(m)] o -
o
2
S N
(48]
s _
C
®
0]
= o

80 —
100 -

| | |
o o o o
N < ©

Test case count
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite

KL Divergence
4
]

o —
| | | |
['e] o 'e] o
A - N
<Sorting.strategy>=<unsorted> Test case count <Zoom factor>=<5>
Mean weighted transition deviation between MCUM and test suite
c
g —
2 9
8 <
e —
2
5 9
2 3
g —
c
g o
= I

15
20

|
o o
=

Test case count
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite

15
]

KL Divergence
10
l

|
o
N

15 -

|
Yo} o
—

<Sorting.strategy>=<length> Test case count <Zoom factor>=<5>

Mean weighted transition deviation between MCUM and test suite

44 438
|

4.0

3.6
1

Mean Weighted Deviation

15 -
20

|
Ie} o
—

Test case count
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite
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Evaluation of Test Suites

Kullback/Leibler divergence between MCUM and test suite
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Final Remarks

“ Thank you for the attention
“ Further information:

www.testus.eu

Questions ?
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