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TEST ORACLE

Test Case
7777777777777777 J e
Oracle | Run-time
. ; information from
Infor mation 1 executing GUI
Generator

Expected bUI State
Execution

Oracle | Actua
Procedure GUI State

Monitor
Oraclel

Verdict

Oracle Information Generator - Expected state
Execution Monitor - Actual state

Oracle Procedure compares actual and expected state 3

GUI TEST ORACLE

* Components

Oracle Information — Expected State

Oracle Procedure — Compare
Oracle Information Generator

Manual

Model Based — From Specifications

Execution Based

= Screen Scraping

= Execution Extraction <==

* Oracle Procedure
Actua Output <==> Oracle Information

May be a set of rules for checking actual output
May be an equality check
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CHALLENGES OF THIS WORK

Design GUI representation that can be tuned
to create multiple test oracles for GUIs

Design multiple oracle information for GUIs

Develop compatible oracle procedure for
GUIs

Develop metrics for comparing different types
of GUI test oracles

OUTLINE

* Related Work

e GUI State

* OQOracle Information
* Oracle Procedure

* Combining Oracle
Information and Procedure

* Experiments

* Tool support
* Fault seeding

® Results
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RELATED WORK

* TAOS: Testing and Analysis with Oracle
Support, D.J. Richardson, ISSTA 1994.

Manua

Specification based

* TOBAC: A Test Case Browser for Testing
Object-Oriented Software, E. Siepman and
A.R. Newton, ISSTA 1994,

Suggests 7 different oracles for object oriented
programs

OUTLINE

e GUI State
¢ QOracle Information
¢ QOracle Procedure

® Combining Oracle
Information and Procedure

* Experiments

* Tool support
* Fault seeding

* Results
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TEST CASE AND GUI STATE
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INITIAL STATE

T = GUI test case of length n
e =ith GUI event of test case

S = Initial State of the GUI

A GUI test case consists of GUI events
The state of the GUI changesas T is executed
Event g is executed on state S ; to yield state §

GUILSTATE

A GLIL\Window. i
Properties of

— —ﬂﬂ Color = “Grey”
Fredwhat  [T=d B “__*"_|I Height = 40
I Matchetinl word ory Gl i Width = 100
T Mafehgaes Text = “Cancel”
A WIDGET
State S= {(W;, p;, v )}
Where Snwp = { (“Cancel”, “ Color”, “ Grey”),
w? W (“ Cancel”, “Height”, 40),
p? P (“ Cancd” , “ Width” , “ 100"),
(“ Cancd” , “ Text” , “ Cancel”),

v? V
}

* State of the entire GUI is the union of all window states
* Multiple types of oracle information can be created by selecting subset
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OUTLINE

¢ Qracle Information
e QOracle Procedure

* Combining Oracle
Information and Procedure

* Experiments

* Tool support
* Fault seeding

e Results
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GUI TEST ORACLE

——————————— Test Gase -----------
v 1
Oracle 5 Run-time
I nformation i information from

executir’\g GUI

v

Verdict

* Oracle information for atest case is the expected state of the
GUI when the test case is executed




ORACLE INFORMATION

* GivenaTestCaseT =<5, e,6,..,6,>
S = Sate of GUI before executing T
e = it event of test case

* OracleInformation Ol =<S,,... §>
S = Sate of GUI after event e, is executed
S may be complete or partial state of GUI

By varying the information in S, different Levels of
Oracle Information (L Ol) can be created
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GUIrAFTER CANCEL
Wy 10 P1o Vi) | Wy 3, P10 V)
Wy 20 P Vy) || Wy 50 Py V)
W Pe V) [, P V)
T | (CANCEL, COLOR, GREY) || (wy , Py, Vy) [[(Wy P, Vy)
L L (CANCEL, HEIGHT, 40) (w;:, p; vi) (w:: ,p; vi)
(CANCEL, WIDTH, 100)
(CANCEL, TEXT, CANCEL)fl(wy_, . Vy) [0y, P,y vy)
TRIPLE FOR (We, s Py V) Wy o Py V) [[(Wy Py, vy)
CANCEL We_\ P vq) Wy s P2 Vy) [[Wy, s Do vg)
(Wems Psi V1) Wy o Py V1) | Wy o0 P2 V1)
— Window F Window X Window Y
Sape() = { (W, By, Vi) }

After exch event g, select triples for the active widget w, ;
w,; is the widget on which event g, is executed

1.4
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ACTIVE WINDOW - LOI2

match case | .. By, e,

sbols @*D}*Iﬁ@lﬁl

T=le e

COMPLETE STATE OF GUI AFTER MATCH CASE
ﬂ—l (Wep, Pys V) | Wy 10 Pyo V) Wy 1, Py, V)
Frd Fat (We 2, Pp V) Wy 20 P, Vy) Wy 5, Pay Vy)
= e P v) | G P |y v
Weo Py vy) | M PV || (wy, L Py, V)
Weo P V) | M P2 Ve) || (wy, Py V)
W V) |G P || o)
TRIPLEFOR | W Py vy) | (W Py V) (wy, Py, V)
FIND (We o Por V) | Wy s 2o V) [[(Wy , Do Vi)
WINDOW | e Pe, Vy) | (s Pu V2) || (Wy o P V1)
Window F Window X Window Y

Sapp(t) = { (W, Py, Vi)}
After each event e, select triplesfor the active window
The active window is W, on which event g, is executed
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VISIBLE WINDOWS - LOI3

] = T e Y M -

Joscasvat Hiw

8 S

- - o - _ = t‘HIAI_

B e 1 _I__

o e — e S

~- jsVisble=TRUE
|sV|5|bIe FALSE

FFQDFEFD N

Sape(t) = { (W, B, Vid}
After each event g, select triplesfor all the visible windows




ALL WINDOWS - LOI4

T=le e |..le ||
(s o o bols oL Rl ols ]

Sapp(t) = { (W, By, W)}
After each event e, select al triplesfor all the windows
All triples taken together is the complete state of the GUI
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OUTLINE

* Oracle Procedure




ORACLE PROCEDURE

* At specified times, while executing atest case,
compares the actual state of the executing GUI with
the Oracle Information (Ol), using some constraints.

AS = actual state Ol = expected state

Level of Oracle
Procedure

Different Levels of Oracle Procedure (L OP) are created by
constraining

the AS and Ol used for comparing,

the frequency of calling the Oracle Procedure

19
Ol = nformation

(Wi Py V) (| (W 30 Py V) {[ (W, Py, V) o b

(i Do) || Do) || (o o v P || B3

Wy P Vy) || (Wy s P Va) (Wz‘...:.ba' Vi) (WX“".,“p‘, v,) (Wv,...li..px' v,)

Wy Py Va) || Wy P V) || (W o Pyvy) D1 D,

(0, 3 ) “ v, ol | e

(Wi Pw V| Wy, Ry VNI (W, Py V) W ‘;.bu’ V) (WY““““py’ v,)

(Wx...' Py Vl) (Wv,...' P V1) (Wz‘...' y Wy Py vy |[W Py Vl)

. P Va) || (o PV P V) | e (| v

(W P 0) || (o0 P 0| (500 Per ) (W P Va) {[ (0P, )

Window X Window Y Window Z v Window X Window v

Verdict
After each event e, select triplesfrom AS and Ol for
the active widget w,,;

w,, ; isthe widget on which event e, is executed .

yav)
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ACTIVE WINDOW - LOP2

AS = Actua State Ol = Oracle Information

(Wy 11 Py, Va) (Wy 45 P1s Vy) (W 1, Py, V1) (w,
, : P ve) || (Wy 1 P V)
(Wy 5 P V1) || (Wy o0 P, V) (Wy 5, Py, V) (wi; p:, vi) (W:‘:, p:, vi)

(Wx...v ptv Vl) (Wv‘...v Pys V1) (Wz‘...v Pas V1) (me.,”pt, V1) (WY .‘“px’ V1)

(W s Py V) || (W s Py Ve) || (W, Py, V)

W, y , V. W, B , V.
Wy s Po Vy) || (Wy s Poy V) Wy, Py Vy) (Wi Py V)1 (s P V)

(Wy s Pos V) |[(Wy 2 P2 V)

(Wx...v Py Vl) ( Yo ’ V1) (Wz‘...v Py V1) (va _,.l.)u, vl) (WY,....'“py’ V1)

(W5 Py V) || (W s Py Ve) [T, P V)
(v ()0, Pd @ %‘jji SR e pi %
Wy Py V1) || Wy g0 Py V) || (W s P V) (W pv D | Wy o pz )
Window X Window Y Window Z Window X
Verdict

After each event e, select triples, from ASand Ol, for the active
window

Active Window is W on which event g is executed

Window Y
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AS=-Actual-ptat Ol = Oracle Information
(Wll pl’ Vl) (Wl' pl’ Vl) (W1V pl’ Vl)
(W, Py Vy) (W, Py Vy) (W, Py Vy) Exxﬂl’ gl’ zlg Ex‘“ zl’ xg
(W1v pnv V1) (Wl, pnv Vl) (W1' pnv V1) Xz"'z ' VVZ"'Z
(Wy_s PoVa) || (W, P Vi)
(W, Pys Vq) (W, Py, Vi) (W, Pys Vy)
W P Vy) | [ (WP V) || (W Pa Vi) gxx gv 51; Exv gv xg
(W Py VD) | | O o) Par V) L
(Wy s Py Va) || (W, s By, Vi)
(Wep, Py, Vy) (W Py, Vy) (Wi, Py VB
(W Por V) || (W P2 V) | (W P2 ) 0 % mx 21’ xlg Ew pl vﬁ
X..0 F2r YL Y,...0 M2y
(W pn 1) (Wm Pos Vl) (Wor P Vl)
(WX.n’ pv’ Vl) ( Y,0 pz )
Window W Window X Window Y v ) )
_VI_SIEIE_ _VI_SIE'e_ W Verdict WMAaow-X WInaow-¥

After each event e, select triples, from ASand Ol, for al visible
windows
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ALL WINDOWS - LOP4

AS = Actua State

(Wm* P1 Vl)
(Wy 20 Doy Vy)

(Wx...' P V1)

(Wy .., Py V)
(Wx...v P, Vy)

Wy Py V1)

(Wy o Py, V1)
(Wy .+ P2 V2)

(W)Qn‘ Py V)

Window X

(Wy 11 Py, V)
(Wy 5 P2y Vo)
(Wy .. P Va)
Wy, Py V)
Wy, .+ Pp V)
Wy Py, V1)
Wy, Py V)
Wy, .+ Pp V)
(Wy o1 P21 V1)
Window Y

(W, 1, Py, V)
(W, 5, Pay Vy)

Wy, Pay V1)

(W, .+ Py Vy)
Wy, P2 Vy)

Wy, Py V1)

(W,,_.» Py, Vy)
Wy, 2 P2 Vy)

(W 61 Pes V)

Window Z

o

Verdict

Ol = Oracle Information

(Wy 1 P VD) || Wy 10 Py Ve[| (W, 4, Py V)
(Wy 20 P2s Vy) (Wy 20 Pos V) || (W 50 Py Vy)
(Wx...v Py V) (Wv,...v Per Va) (Wz,,__x Par V1)
Wy P V) [[(Wy, Py V) [y Py, V)
(Wy s Pos Vq) [|(Wy s P2 V) Wy, Py Vy)
(Wx...v P V4) (Wv,...v Py, Vy) (Wz,...Y Py V4)
(WX" pl' Vl) (WY,...’ pl’ vl) (WZV___Y p]ﬁ vl)
Wy Pos Vy) [|(Wy s Po V) Wy, Py Vy)
Wy Pys V1) || (Wy 0 Py Va) || (Wy 60 Pes Vo)
Window X Window Y Window Z

After each event e, select all triples from ASand Ol for all
the windows
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Z

AS = Actual State
(Wy 1) Py Vy) (Wy 1, P1s Vy) (W 1, Pys Vy)
(Wy 20 P2s Vy) (Wy 5, Pyy Vy) (W5, 0 P2r Vy)
(Wx L PuVy) Wy P V) || Wy s Pa Vy)
(WX" pl’ Vl) (WY,. J pl Vl) (WZ,___V pl’ Vl)
Wy s Do Vo) || Wy Py V) | [(Wy, s Py Vy)
Wy Py V) || Wy, Py Ve) [ [(W,, s Py V)
(WX’ pl’ Vl) (WY,...' pl’ Vl) (WZ.. . pl’ Vl)
Wy .o P2 V1) [[(Wy, s Py V) || (W, Py, Vy)
Wy Pys V1) (| Wy g0 P V1) || (Wy 0 P V)
Window-X Window-Y WHRGOW-Z£

\4
Verdict

<

AL STATE - LOP5

Nl _— Oracla Ilnfarmatinn
(W1' P V1) (Wl’ Py, Vl) (le P Vl)
Wy, Pp Vy) || Wy P2 Vy) (Wy, Py, Vy)
Wy, P V4) || (W Py V) (W, Py V1)
(W, Py V) (| (W Py Vy) | | (W Py, V)
(W, Py, Vy) (W, Py, Vq) (W, Py, Vp)
(Wo P Vo) [ (W Py Va) | | (W, Py, Vi)
(Wm' P V1) (Wm’ P, V1) (Wm' P V1)
(Wm, Py, Vl) (Wm, P, V1) (Wm' P2, Vl)
Woys P V1) || Wens P Vi) | | (Weys P V1)
Window W || Window X || Window Y
—Visibtle—— Visible—— —nvisible——

After last event e, select al triples from ASand Ol
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OUTLINE

Combining Oracle
Information and Procedure

25
=Actual, State Ol = Oracle Information
(Wy, Py, vy) || (W, Py, V)| | (W, py, V) Wy, Pyy V) || (Wa P V) || (W Py V)
(Wy, pgy V) || (W1, Py Vo) (Wy, Por Vq) (Wy, Py Vy) || Wy, Py, V) (W, P,y Vy)
(W, Py V) || (W3, P Vi) || (Wy, Py V) (W ."L v | (wy, an vy) || (wy, pn’ vy)
(W, Py, V) (W, Py, Vi) (W, Py, V) (Wii Pu Vi) (W, Py, V) (W, Py, V)
(Wiv P, V1) (Wi| P2 V1) (Ww P2, Vl) (W‘, B%, VJI) (Wiv P2 V1) (Ww [ Vl)
W, VD) [| (W Pal_|| W,y v) Mo {[ v || v
Wiy Py Ve) [ | (W, Py, V) m\\ / &x/:"p 1\(}5 (Wi, Py Va) | | Wiy, P, Vy)
Wiy Poy V) || Wis P22 V1) || (Woys Py V) N v Wiy, P V1) || W Pos Vi) | | (Weys P2 V2)
(er pnr V1) (Wm’ pn' vl) (Wm' pn’ Vl) (Wmu.‘.:).nr V1) (Wrn’ pn‘ Vl) (Wm’ pn’ Vl)
Window W || Window X || Window Y v Window W || Window X || Window Y

~ Visible T Visible™ T Tnvisible Verdict —Visible—— —Visible—— —nvisible—
* LOP1 may beused with LOI1, LOI2, LOI3, LOI4
20
rav)
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TYPESIRESIRAC] ES

An oracle procedure may use less than available
oracle information (Ol)

The Ol can be generated before running the test case

Depending on resources available at Ol collection,
different Ol is created

Depending on resources available at test case
execution time, the oracle procedure may use a subset
of available Ol

The4 LOI and 5 LOP can be combined into 11 test
oracles

27

COMBINING LOI AND LOP

LOP1 [LOP2 |[LOP3 |LOP4 |[LOPS

LOI1 . X

LOI2 X

X
LOI3 | X X X
X

LOI4 X X X X

For the diagonal elements, all the Oracle Information
Is used by the Oracle Procedure

For the sub-diagonal elements, the Oracle Procedure
uses less than available Oracle Information 20

yae)
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OUTLINE

* Experiments
Tool support
Fault seeding

29

QUESTIONS

* What isthe cost incurred in using these
oracles ?

* Do different types of oracles detect different
number of faults for a given number of test
cases ?

* Length of test case versus oracle types.

20
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APPROACH

4 applications
Seeded 100 faults to create 100 mutants
Generated 600 test cases for each application

Reported results of 4 x 100 x 600 = 240,000
test case runs

31

PROCESS

* Generate test cases

* Run test case on correct application
Collect oracle information (LOI1-LOIl4)

* Run test case on mutants

Compare the actual state with stored oracle
information using different levels of oracle
procedure (LOP1-LOP5)

ols]

(o7
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SUBJECT APPLICATIONS

* Subject Applications
TerpOffice — 4 Java applications

Developed by students of undergraduate software
engineering (CMSC 435)

LOC Classes | Windows
TerpWord 1,747 9 8
TerpPresent 4,769 4 5
TerpPaint 9,287 42 8
TerpSpreadSheet 9,964 25 6
TOTAL 25,767 80 27

Fairly large programs

33

MUTANTS

» Seeded single fault in original code to create
one mutant

Single fault avoids fault interaction

Easier to identify afault when a mutant it
killed

» Seeded 100 faults for each application
* Total 400 mutants




KILL MUTANTS

A mutant is ‘killed’” when atest case
distinguishes it from the original application
Execute atest case on each mutant

Compare actua output, AS, of mutant with
expected output from Ol
Use different types of oracle for comparing

Using different oracles, a mutant may or may not
be killed for atest case

Execute 600 test cases for each application

35

TOGINSSRROR T

Manual process

Executing atest case with 20 events takes
minute

Observing and recording Oracle
Information is time consuming

Comparing actual state with expected state
IS time consuming

Automated the entire process

20
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TOOL SUPPORT

GUI

REPRESENTATION

APPLICATION

100
MUTANTS )

M

>
J GUI TEST

TEST CASES

ORACLE INFORMATION

REPORT

TESTING ARTIFACT ||| Intermediate data generated by tool

Testing tool from GUITAR 37

OUTLINE

Results

20

IO
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ORACLE INFORMATION
GENERATION TIME

14
12 1
10 oLoil
5 BLOI2
3 g
2 0LoI3
°§’ 61 0Lol4
=g M Final State
2 4
0 4

TerpPresent TerpWord TerpSpreadSheet TerpPaint

Final state required least time because only one state was queried
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ORACLE STORAGE SPACE

250

200
o
s | aLoin
g 1%0 #L02
@ 0OLoI3
€ 100 oLo4
(7] B Find date

50
0 T T J—
TerpPresent TerpWord TerpSpreadSheet TerpPaint

Space increases from LOI1 to LOI4
Storing the final state requires less space than LOI2-LOI4

A0\
U
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COMPARISON TIME

2001
100 1
0

TerpPresent

TerpWord

TerpSpreadSheet

TerpPaint

* Comparison time for LOPS is least for all applications

* Only thefinal state was obtained
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TYPESSEOFORACLES

LOPL |LOP2 |LOP3 | LOP4 | LOPS
Loz | x -+
Loz | x |[x-?
Loz || X X | xh°
Lol |, X X x | x4 | xLs

* Diagonal entrieslabeled asL1...L5
* Faults detected for sub-diagonal entries is same as diagonal entry
* The LOP uses subset of LOI

21



FRACTION OF FAULTS

100
0
g mL
3 60 EL2
2 oL3
2 0 oL4
3 WL5
"ol
0 . . ;
TerpPresent TerpWord TerpSpreadSheet TerpPaint
LOP LOP LOP LOP LOP
1 2 3 4 5
L3, L4, L5 found more faults than L1 [+ =
and L2 Loz | x X |xt
LOI4 X X X X X L5
43
6000
2
2 50007
8,0
g 4000 ——11
g —a— 2
& 3000 =13
B oo L4
Z 1000
[S
2
0
1 2 3 456 7 8 9 101112 13 14 15 16 17 18 19
Test Case Length
Defects found earlier with L3, L4
AA
A4
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NUMBER OF FAULTS DETECTED BY A

Number of Test cases

Larger number of test cases find faults using L3, L4, L5
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LESSONS LEARNED

e Different oracles have different cost and fault
detection ability
Use of “Final State’ is cost effective

L ess storage and generation time

Found almost as many fault as “Visible Window”
and “All Windows’

If short test cases are available
Use an “Visible Windows’ and “All Windows”

* “Final State” may miss faults that are masked,
by the time the last event is executed

23



CONTRIBUTIONS

Defined GUI state, so that is can be tuned to
create multiple test oracles

Developed GUI test oracles
Oracle information
Oracle procedure

Developed tools for experiment
Designed and conducted an experiment
Developed guidelines for GUI testing
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BROADER IMPACTS

Applied multiple test oracles for effective
regression testing (ICSM 2003)

Developed reverse engineering tool for GUIs
(WCRE 2003)

Compared multiple test oracles for GUI testing
(ASE 2003)

Collaborated with Hughes Network Systems
on developing testing tools

24



FUTURE WORK

* Metricsto evaluate and compare test oracles
* Use Windows applications as subjects

* Generate multiple types of test cases and
observe the effect of different oracles

49
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