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High-level Outline

* Design of PATHS (Planning Assisted Tester
for grapHical user interface Systems)

* Implementation Status

* Overview of Planning & Test Case
Generation
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The GUI Testing Framework
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g What is a GUI Test Case ?

» Individual User Events

- NOT ENOUGH !
- Sequences of User Events lead to
Different States

* Test Case: Sequence of User Events
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Generating Test Case Sequences

Document - WordPad [ O] x] Document - WordPad [- O[]
File Edit “iew Insert Format Help File Edit ¥iew Insett Format Help
Dl 2l a &7 [8]] 3 D@ SR o] o7 [8]o] 3
ITimES Mew Fioman (Western) j |1D - ITlmes Mew Fioman (Western) j |1E =
B S R R S SRS R
.. Sequence .
This is the text. This is the text.
FaorHelp, press F1 l_ A FarHelp, press F1 ’_ A

Each Sequence Transforms the GUI State

* Randomly Choose Sequences
- Expert Chooses Sequences

* Generate Sequences from a
Description of the GUI
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g'i Novel Idea
- Automatically Generate Test Cases
for EXPECTED TASKS
& Document - WordPad [l E3 & Document - WordPad [H[=] E3

Eile Edit Miew Insert Format Help File Edit Y¥iew |nsert Format Help

NzlE] @iz al - lelo 2] o DlslE] Slin) a) ¢ lalo) 3

ITlmes Mew Foman (Western) j |1 0 - E ITimes MNew Roman (Westemn) j |1 ] -
. 3

x5 TMultiplef T T R
This is the text. Test [Thls is the text.

Far Help, press F1 l_l_ A Cqses FarHelp, press F1 ’_I_ A
Initial State e Goal State
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AT Planning and GUT Testing

- Recent Advances in AI Planning
Propositional Planners
- Very Fast

* Based on
- FIOW-Gr‘GphS [Koehler et al. '97]

-SAT Solving [Kautz & Selman '96]

» AT Planning, Especially Suitable for
- Generating Test Cases
- Automatically Generating Verification Information
- Regression Testing
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A Plan for a GUI Task
SelectText("This")  |SetFontSize(18)
a . T N 12 1
is the text. 1:
Initial State S 2 Goal State
This is the text. ThlS is the text

SelectText("text")

MouseClick(U)

This is the

— e
s
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Overview of Test Generation

Phase Step | Test Designer Automatic
Planning-based
System
Setup 1 Derive Planning
Operators
from GUI
2 |Code Preconditions

and Effects of
Operators

Test Case 3
Generation

Specify a Task
(Initial and Goal
States)

Generate Test
Cases
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Straightforward Approach
* Define One Operator for each User
Action
e e Operator :: CUT
File Edit View Ins Preconditions:
=T == isCurrent(Menu2).
Menul
Effects:
i e FORALL Obj in Objects
l_ il Selected(Obj)
; Copy Cl+C ADD inClipboard(Ob})
I=—— il DEL onScreen(Obj)
- Paste Spec DEL Selected(Ob})
Special... .
I Claar Del ADD isCurrent(Menul)
- DEL isCurrent(Menu?2).
Menu2

First Order Predicate Logic




Exploit the GUTI's Structure

* Reduce the Number of Operators
- System more Efficient
- Easier for the Test Designer
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Opening Modal Windows

English (Ireland) B
English (Jamaica)
English (Mew Zealand)

i Language [2]=]
<] Set Language
= . Mark selected text as:
Thesaurus... Shift+F7

Hyphenation. ..

English (South Africa)
English (Trinidad)
English (United Kingdorm
English (United States _

MIE SpETIET SN OTIer prao g e Automatically
usze dictionaries of the selected language, if

OK | Cancel | Default..,
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Opening Menus

| v Edit Wiew Insert Format Tools Table Window Help

O mew... Cir M

= Open... Cir+o
Close

E save Cir+s
Save As...

Sawve as HTML. ..

YWersions., ..

Page Setup...

@, Print Preyiew

&4 Print...

= Mail Recipient

Ciri+p Eouting Recipient. ..

%] Exchange Folder...

@ Fax Eecipient...

2% Microsoft PowerPoint
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Interacting with the
Underlying Software

Underlying
Software

i

E e

Inzert Fomat  Help

= Chl+2
Chil+
Chil+y
aste Special

Clear Del

Select &)l Chil+4

Find... Chl+F

|Firiel = F2

Replace Chil+H

LLirles:

biEst Pioperies: AlEnten

Hbject

24




25

Create Hierarchical Operators

Two Types of Abstractions

- Combine Buttons  Create System-
Interaction Operators

- Decompose GUT Hierarchically  Create
Abstract Operators

26

Create System-Interaction Operators

@ Edit Yiew Insert Format Tools Table Window Help

1 Mew... Cir+M . .
= cren. oo Sys-Interaction Operator:
Close File_SendTo_MailRecipient
IS == | = <File + SendTo +
Save AS.., . I
Sawve a5 HTML... MC“ |R€CIp|€nT >
WEFSIoNS...
Page Setup...
[& Print Preyiew = Mail Recipient
& Print... Ciri+p Rauting Recipient...

%) Exchangs Folder...

@3 Eax Recipient...

B Microsoft PowerPoint
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Create Abstract Operators

0 Language HE
t=d Set Language SE—
Thesaurus... Shift+F7 Engiih (reland) -
Hyphenation.. o) o
English (South Africa)
English (Trinidad)
English (nited Kingdom
STl‘GlghTfOI"WGr‘d l anoéummatica\ly
A ppr‘OGCh use dictionaries of the selected language, it
Main GUT's OK | Cancel | Default..
Operator Set
Using Abstraction
Set Language Language Window's
SelectFromList() Main GUT's Operator Set
Default Operator Set SelectFromList()
OK Default
Cancel Set Language OK
Cancel
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Create Abstract Operators

Language Window's
Operator Set
SelectFromList()
Default
OK
Cancel

Define
Abstraction

High
Level Plan| .. [ ->SetLanguage()--> ..
SelectFromList
Sub Plan (“English(US)")

SetlLanguage()

Abstract
Operator




Effects of Exploiting the
GUI's Structure

* Reduction in Planning Operators

- 325 operators 32 operators
- Ratio 10:1 for MS WordPad
- 20:1 for MS Word

- System Automatically Determines the

System-interaction and Abstract
Operators
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Initial
State

Goal

State ¢—— 5 —— 5 —
’_gThis is the text.

B Document - WordPad M=l E3
File Edit “iew Insert Format Help

Ne|E| Sl o L]T|&)w 3

ITimes Mew Roman (Western) j |1EI (=

SRR RO S R
This 1s the text.

ForHelp, press F1 i

File Edit “iew Insert Format Help

O] Sl o] {|0ao] &)

|Times MNew Roman MWestern) j |18 |-

Far Help, press F1 i
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Test Case

I Primitive Abstract Primitive Abstract G
N _ Operator Operator Operator Operator 0
I| selectText FormatFont _| SelectText o> FormatFont A
T (“This") ("This", 18pt) ("text") ("text", Underline) L
I
A
L

FormatFont p 18 > OK FormatFont p» Underline P OK




Format N Font

Mapping

Formet |—{Fort

Mapping

SelectText
("This")

—ﬁ Format H Font H 18 H OK }—)

SelectText
("text")

W H Font H Underline H OK ‘
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Alternative Test Case
YR
I Primitive Abstract \ Primitive Abstract G
N Operator ‘ Operator Operator Operator 0
I| SelectText o FormatFont SelectText FormatFont A
T ("This") ("This", 18pt) ("text") (“text", Underline)
I l P L
A cenrreeeeiinreeeeeafheeeeaenree e e et et e e e tatee e nateeeeeantateeeanaaeeeaannaeeeeanneeeeennnaeeeaeneeeeaans
L Primitive t Primitive l Primitive Abstract
e , Operator Operator Operator
SelectText SelectFromList | , | SelectText N FormatFont
("This") (18) || (text") (“text”, Underline)
-« __/
SelectText L) SelectFromList .| SelectText
("This") (18) T (text")

W Font H Underline H OK ‘
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Methods to Generate Alternative
Test Cases

- Different Results from Planner
- Abstract Operator Decompositions

- Linearizations of the Partial-order
Plan
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Experimental Results

Generating Test Cases and Deriving Verification Info.
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(Task) |Plan Sub Plan |Total
Plan |Time Time Time
No. |[(sec.) |[(sec.) |(sec.)
1 3.16 0 3.16
2 3.17 0 3.17
3 3.2 0.01 3.21
4 3.38 0.01 3.39
5 3.44 0.02 3.46
6 4.09 0.04 413
7 8.88 0.02 8.9
8 40.47 0.04 40.51
Single Level Hierarchical
Task No. |Plan Length |Time (sec.) [Plan Length |Time (sec.)
1 18 8.93 3 0.11
2 20 47.62 4 0.18
3 24 189.87 5 0.14
4 26 3312.72 6 7.18
5 - - 3 0.1
6 - - 4 13.01
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Experimental Results (contd...)

Executing Test Cases and Verifying Results

Time (sec.)

o - N w £ (¢,
I I I I |

1 6 11 16 21 26 31 36 41 46 51 56
Test-Case Length
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Test Oracles &
Regression Testing

» Exploiting Planning Algorithms to get
Expected Behavior of GUI

» Using Hierarchical GUT Model for
Efficient Regression Testing




Concluding Remarks

+ Overview of PATHS & Current Status
* Planning & Test Case Generation

- Automatic Generation of
Preconditions and Effects from GUI
Specifications
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