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The thesis in two parts TECHNISCHE

Is is possible to observe users in their day-to-day work on the Desktop
and
can this give new insights about their GUI usage behavior?

 Graphical Software Mining « GUI Usage Mining
— QObservation and capturing of - Discovery of frequent interaction
interactions between sequences: Interaction patterns
e users » Sequential Pattern Mining

« application softwares e Graph Mining S

—— * Process Mining

» N-Gram Based Mining
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Graphical Software Mining By TroHmische

9~ DARMSTADT

Problem Definition

Given a GUI environment, observe the user who works with some application
softwares. While the user triggers actions, the application softwares react to them.
Hence, record both side and collect the insights

in a database called interaction log.
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Graphical Software Mining C—
made possible by Accessibility technology g

DARMSTADT

» Dblind or visually impaired people

- screen reader

- Microsoft Active Accessibility (MSAA) [7]

- Microsoft Ul Automation (UIA) [8]

pixel based —

rendered to a pixel buffer — set of GUI elements with properties

throw information away
e Crawl
EJ - Window
« Name="
Button + Rectangle = (...)
CraW| - Button

* Name = 'Button'

* Rectangle = (...)

« Parent = Window
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Interaction Initiation 2 Technisch

UNIVERSITAT
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« Keyboard input device * Mouse input device
- no keylogger - combination of
- only shortcuts « mouse entity

- only down events » click style

{reft, middle, right , xbutton } X | click , doubleclick |

O OO0O0 OO0O0 OO0O0 OaE. ===

I I | L0 O
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C I T e e e et
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Program Identification

- PID

- volatile — persistent F_

 executable file

- program hash

Program Hash

A program hash is calculated by hashing the bytes of the executable file of an
application software. The used hash function is Secure Hash Algorithm (SHA)
with 512 Bits.

f.:(b;)L,»SHA 512, b,€Bytes

Markus Schréder | Discovery of Interaction Patterns with Graphical User Interface Usage Mining | 6



User Identification D e

DARMSTADT

The user ID is a hash of the following string concatenations:
« The CPU’s The disk dive’s

- unique ID, or if not available - model

- processor ID, or if not available )
- signature,

- name, or if not available
- total heads and

- manufacturer. « Machine name
. The BIOS’ - manufacturer.
_ identification code. « The video controller’s - for debug
- serial number and - driver version and — analysis in context
- manufacturer. - hame.

 The Mainboard’s

The network adapter’s

- model,
- mac address.

- name,

Th rsonal computer’
- serial number and € personal computer's

- manufacturer. - machine name.
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GUI Element of Interest 2 Duvenar

DARMSTADT

Element of Interest

The element of interest (EQOI) is a GUI element the user interacts with in a certain
moment.

For instance, an EOI is a clicked button, a text field the user enters text or a
hovered menu item.

M SimpleStyles

l—' Name Top Two  Top Three
|| I Sub One Chrl+L
Email Sub Twao (With an Icon) Chri+A
EU tton Sub Thres

Sub One
TE]_EI}hDIiE: Sub Five Sub Twao
.ﬂ'.lgE Sub Three
i

Markus Schréder | Discovery of Interaction Patterns with Graphical User Interface Usage Mining | 8



GUI Element of Interest B TecHNISCHE
(1) Keyboard {5\ UNIVERSITAT

DARMSTADT

N
* HasKeyboardFocus Property [6] frue ||;me
Email
- true whenever the element has false
Telephone

the keyboard focus

I:I EII:II:II:I EIEIEIEI EIEIEIEI OOo/E ===

| |
I:I:II:IEII:II:I:EI:II:II:II:I OO0 0O
lgll_ll_u_l I:|I I:|I I [
| |||||||_ID|‘| ||_

A_,e€Crawl HasKeyboardFocus(e)= true < e€ ElementOfinterest
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GUI Element of Interest
(2) Mouse

* two methods to determine the EOI with a library call

a=e=r<>acElementOfInterest

— (2.1) AccessibleObjectFromPoint [4] B 0= e a & ElemeniOf Interest

. > e=r e € ElementOfInterest

- (22) ElementFromPoint [5] a=r <> a € ElementOfInterest

. . . r=null < r € ElementOf Interest

* third auxiliary method (2.3) RankedFromPoint eZnull & e € ElementOf Interest

a=Znull < a € ElementO fInterest
- compensates errors of (2.1) and (2.2)

- Same:=n—-1thCrawlNn—-2thCrawl n-2th
Added :=n—1thCrawl\n -2thCrawl
Candidates := Same U Added
PossiblyClickedElements : ={e|e € Candidates A intersection (rectangle (e), cursor)}

- four criteria rank

— » n-1th - » nth

(a) rectangle area — more smaller, more likely EOI
(b) level — newer element, higher its level, more likely EOI
(c) menu item control type — menu items always on top

(d) foreground window belonging — distinguish elements from different windows

else if
else if
else if
else if
else if
else if

TECHNISCHE
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ElementOf Interest =
ElementOf Interest =
ElementOf Interest =
ElementOf Interest =
ElementOf Interest =0
ElementOf Interest =
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GUI Element Identification 0% TECHNISCHE

- Between Runtime e During Runtime Button [

- properties

- Runtime ID
* Name (string)

« LegacylAccessibleDescription (string) - if not available — generate

» AccessKey (string)

* LegacylAccessibleChildld (int) - detect dynamlc propertles

* Automationld (string) » cache hit - compared on identification

« ClassName (string) property level

e IT ' ) : :
ontrolType (int) . different — changed during runtime

* LocalizedControlType (string)

» LegacylAccessibleRole (int)

. HeloText (stri Runtime ID: 5 = Runtime ID: 5
elpText (string) Name ='VLC' =z Name ='VLC - Song01'

- tree structure (parent)

_ child index Name property is dynamic
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* mouse event forwarding

- GUI element

» disappear after being clicked

» other elements overlap

- intercept mouse event — determine the EOI — forward mouse event

« application software waiting

- accomplished state change PR

E | State A

« process — wait for input idle s

« interaction state of a window (responding, wait for input)

L Interaction

* hour glass cursor %
« clean crawling State A/B

L Crawl
State B -

- meantime another state change

- detected with simultaneous

« crawling state

 listening for new events

- new event appears while crawling is not finished — invalid crawl
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Privacy Issues @ TECHNISCHE

* censors keyboard events to password input fields

- IsPassword property [6]

JeeCrawl isPassword (e) AhasKeyboardFocus(e)= censor (keyboardEvent)

* privacy data expressed in GUI elements

- example — email subject

T k& Betreff oo \fon & Datum o CraWI
eBay-Passwort zurdcksetzen « eBay « 27.06.2014 17:00
Bestitigung, dass Ihr eBay-Pa.. « eBay « 27.06.2014 17:01 - Dataltem
Allgemeine Geschiftsbeding.. « Anmeldung@ebay.de «  27.06.2014 20:40
Herzlich willkommen bei cBay! - eBay . 27.06.2014 20:40 + Name = 'eBay-Passwort zurlicksetzen'
Thr Angebot Panasonic DVD-... +« eBay « 27.06.2014 21:08
Willkemmen bei eBay: Hieris... « eBay ) 29.06.2014 18:02 - Dataltem
Meue Artikel, die zu Threr Suc.. = eBay « 040720141333 « Name = 'Bestétigung, dass lhr eBay_
Herzlichen Glickwunsch, Thr... « eBay « 04.07.2014 21:08 Passwort geéndert wurde'
Ich werde die Bezahlung in H.. + eBay « 05.07.2014 21:34
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Result
Interaction Log

D Timestamp User Program Event Crawl | ValidCrawl
Type | Argl | Arg2 | Arg3 | Arg4 | Args
37701 | 16/10/2014 22:24:41 | Part.8 QOutlook.exe KeyboardEvent | RETURN True False False 53763 | 96CB... True
37702 | 16/10/2014 22:27:52 | Part.8 QOutlook.exe MouseEvent Left Click null null 24686 | ODSE... True
37703 | 16/10/2014 22:30:57 | Part.8 Outlook.exe KeyboardEvent VK_V True False False 53769 | ODSE... True
37704 | 16/10/2014 22:34:04 | Part.8 Outlook.exe MouseEvent Left Click null null 24687 | ODSE... True
37705 | 16/10/2014 22:37:17 | Part.8 Outlook.exe MouseEvent Left Click null | 146181 | 53763 | 50BC... True
37706 | 16/10/2014 22:40:46 | Part.8 Outlook.exe MouseEvent Left Click null | 196835 | 196681 | S8E91... True
37707 | 16/10/2014 22:41:07 | Part.8 Outlook.exe MouseEvent Left Click null null 25106 0000... True
37708 | 16/10/2014 22:41:27 | Part.8 | Outlook.exe MouseEvent Left Click null null null 0000... True
37709 | 16/10/2014 22:42:03 | Part.8 Outlook.exe MouseEvent Left Click null 53826 null 0000... True
37710 | 16/10/2014 22:42:24 | Part.8 Outlook.exe MouseEvent Left Click null null null 0000... True
37711 | 16/10/2014 22:42:45 | Part.8 Outlook.exe MouseEvent Left Click null null null 0000... True
37712 | 16/10/2014 22:43:06 | Part.8 Outlook.exe MouseEvent Left Click null null null 0000... True
37713 | 16/10/2014 22:43:42 | Part.8 | Outlook.exe MouseEvent Left Click null | 146181 null 0000.. . True
37714 | 16/10/2014 22:44:03 | Part.8 Outlook.exe MouseEvent Left Click null null null 0000... True
37715 | 16/10/2014 22:52:11 | Part.8 | Outlook.exe MouseEvent Left Click null 24659 null 4E18... True
37716 | 16/10/2014 22:58:39 | Part.8 Outlook.exe MouseEvent Left Click null | 196838 | 24978 | 4E18... True
37717 | 16/10/2014 23:03:49 | Part.8 | Outlook.exe MouseEvent Left Click null null 24670 | 3FF1... True
37718 | 16/10/2014 23:09:11 | Part.8 | Outlook.exe MouseEvent Left Click null | 196838 | 24953 | 3FFl... True
37719 | 16/10/2014 23:14:17 | Part.8 Outlook.exe MouseEvent Left Click null null 24670 3FF1... False
37720 | 16/10/2014 23:19:37 | Part.8 | Outlook.exe MouseEvent Left Click null 24670 24670 | 3FF1... True
37721 | 16/10/2014 23:19:58 | Part.8 Outlook.exe MouseEvent Left Click null null 24670 0000... False
37722 | 16/10/2014 23:20:34 | Part.8 Outlook.exe MouseEvent Left Click null 24670 null 0000... True
37723 | 16/10/2014 23:25:47 | Part.8 Outlook.exe MouseEvent Left Click null null null 3FF1... False
37724 | 16/10/2014 23:26:24 | Part.8 | Outlook.exe MouseEvent Left DoubleClick | null 24670 24670 | 0000... True
37725 | 16/10/2014 23:31:29 | Part.8 Outlook.exe MouseEvent Left Click null null null 3FF1... False
37726 | 16/10/2014 23:36:50 | Part.8 | Outlook.exe MouseEvent Left Click null 24670 24670 | 3FF1... False
37727 | 16/10/2014 23:42:09 | Part.8 | Outlook.exe MouseEvent Left Click null 24670 24670 | 3FF1... True
37728 | 16/10/2014 23:42:16 | Part.8 | TKTracker.exe MouseEvent Left Click null null null 0000... True
37729 | 16/10/2014 23:42:37 | Part.8 Outlook.exe MouseEvent Left Click null null 53761 0000... False
37730 | 16/10/2014 23:43:13 | Part.8 Outlook.exe MouseEvent Left DoubleClick | null 57039 null 0000... True
37731 | 16/10/2014 23:49:49 | Part.8 Outlook.exe MouseEvent Left Click null null null OFBA... True
37732 | 16/10/2014 23:50:25 | Part.8 | Outlook.exe MouseEvent Left Click null 24659 53846 | 0000... False
37733 | 16/10/2014 23:50:46 | Part.8 Outlook.exe KeyboardEvent VK_C True False False null 0000... True
37734 | 16/10/2014 23:51:07 | Part.8 Outlook.exe KeyboardEvent VK V True False False null 0000... True
37735 | 16/10/2014 23:57:24 | Part.8 | Outlook.exe MouseEvent Left Click null null null 48B8. .. True

TECHNISCHE
UNIVERSITAT
DARMSTADT

9 study participants

- 12 participant-PC pairs
70 days

17759 interactions

160 application softwares
- 105 distinct — version

247 user-program
relationships

230963 distinct GUI
elements

- 4620 interacted with

* 161 keyboard

¢ 4459 mouse

4863 crawls
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GUI Usage Mining -

4

... IS the automatic discovery of usage information from GUI interaction logs.
Desktop Functionality Usage Mining focuses on the functional aspect of the
desktop (e.g. GUI workflows, patterns and commands). In particular, both CLI and
GUI give access to functionality.

] Timestamp | User | Progeam rawl | ValldGranT
Type Argl Args
37701 | 16/10/201% 22:24:41 Oulookexe_| KeyboardEvent | RETURN | True | False | Fale | 53763 Trie
37702 | 16/10/2014 22:2752 Oulookexe | Mouschvent | Tek | Cick | null | _null | 24686 True
57703 | T6/10/2014 22:30:57 Outlook.exe | KeyboardBvent | VKV | True | Fabe | Fabe | 53769 e
37704 | 16/10/2014 2234:0% Oulookexe | Mousckvent | Tek | Clck | null | _null | 24687 True
37705 | 16/10/3014 7237.17 Oulookexe | Mousekvent | Lek | Clik | null | 146181 | 53763 e
37706 | 16/10/2014 72:40:46 Oulookexe | Mousekvent | LeR | Cick | mull | 196835 | 196681 True
3707 | 16/10/2014 224107 Oulookexe | Mousekvent | ek | Cick | mull | null | 25106 True
37708 | 16/10/2014 22:41:27 | Pan8 | Oulookene | Mousekvent | Lek | Cick | null | nul | nul True
37709 | T6/10/201 Oulookese | Mousebvent | Lek | Cick | null | 53826 | nal True
7710 | T6/10/2014 224224 Gulookexe | Mousebvent | Lek | Cick | null | ol | null True
7711 | T6/10/2014 22425 Oulookexe | Mousebvent | Tek | Cick | null | ol | null True
37712 | 16/10/2014 22:4306 Oulookexe | Mousekvent | Lek | Clck | null | nul | nul True
37713 | 16/10/2014 72:43:43 Gulookexe | Mousebvent | Lefi | Click | null | 146181 | nul True
37714 | 16/10/2014 72:44:08 Gulookiexe | Mousekvent | Left | Cick | null | nul | nul e
37715 | 16/10/2014 22:52:11 Oulookexe | Mousekvent | Lek | Cick | null | 24659 | nul e
37716 | 16/10/2014 225639 Gulookexe | Mousekvent | ek | Cick | null | 196939 | 39978 T
7717 | T6/10/2014 230349 Outlockexe | Mousebvent | LeR | Cick | aull | oull | 29670 True
57718 | 16/10/2014 23:09:11 Oulookexe | Mousekvent | Lek | Clck | null | 196838 | 2495 True
16/10/2014 231417 Oulookexe | Mousekvent | Lek | Cick | null | _oull | 24670 False
16/10/2014 7319:37 Oulookexe | Mousekvent | _Lek | Cick | null | 24670 | 34670 True
16/10/2014 7319:58 Oulookexe | Mousekvent | ek | Cick | mull | _null | 34670 Filse
T6/10/2014 73:20:3% Oulookexe | Mousekvent | Left | Cick | null | 24670 | nul Tue
16/10/2014 232547 ookese | Mousekvent | Lek | Click | null | nul | nul False
T6/10/2014 23:26:2% uilook.exe | Mousebvent | _Leh | DoubleCik | null | 24670 | 29670 T
16/10/2014 233129 ulockexe | MoueEvent | e | Cick | null | nul | oul Tale
16/10/2014 233650 ockexe | Mousevent | Lek | Clck | null | 24670 | 24670 False
T6/10/2014 134209 ockexe | Mousekvent | Lek | Clck | null | 24670 | 34670 True
16/10/3014 734716 | Pan8 | TRTrackerexe | Mousekvent | Tek | Click | null | oull | nul True
16/10/2014 734237 | Part8 | Oulookexe | Mowsekvent | Left | Cick | null | oull | 53761 False
T6/10/2014 254313 | Part8 | Oulookoxe | Mousekvent | et | DoubleCliok | null | 57039 | _nul e
16/10/2014 25:49:49 | Part | Oulookexe | Mousebvent | Te | Cick | null | nul | nul True
57732 | 16/10/2014 23:50:25 | Pt | Oulookene | Mousebvent | Lek | Cick | null | 24659 | 53846 [
37753 | 16/10/2014 25:50:46 | Parc8 | Oulookexe | ReyboardEvent | VKC | e | Fabe | Fabe | mul True
37734 | 16/10/2014 235107 | ParcB | Oulookene | KeybourdEvent | VKV | True | Fabe | Fabe | nul Tue
37735 | 16/10/2014 73:57:34 | Par8 | Oulookene | Mousebvent | Left | Cick | null | null | nul True

Problem Definition

Given a stream of interactions, made by one user with one application software,
determine frequently interesting reappearing sequences which are the product of
intentional actions (patterns).
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Pattern

A (graphical user interface interaction) pattern is a sequence of interactions
that reoccur among users to express an intentional action. Patterns are
caused by the GUI design of an application software: Users are forced to
perform certain sequences of interactions which represent tasks.

-

& Papierkorb

(¥ Postausga

In neuem Tab &ffnen

In neuem Fenster affnen

Ehachrichten suchen...

Meuer Unterordner..,

Kemprimieren
Ordner als gelesen markieren

Papierkorb leeren

Eavariten-Ordner

Eigenschaften

1 Papierkorb |

* |3'|:tsta|..|s.gan5I

In neuern Tab affnen
In neuem Fenster affnen

Machrichten suchen...
Meuer Unterordner...

Eormprimieren
Ordner als gelesen markieren

Papierkorb leeren

Eavariten-Crdner

Eigenschaften

TECHNISCHE

DARMSTADT

TAT

S

~

2

1. Right click on the trash
icon to open a context menu

2. Left click on the menu
item "empty trash"

3. Left click on the
button "yes" to
confirm the action
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Reference Patterns 74 TECHNISCHE

UNIVERSITAT
DARMSTADT

... are patterns which are annotated by experts.

Id | gg;p | Evert | EOI | GEOI | Crawl | Useri Program H

31512 [22.0... | Mouse Left Click Pane-137477 arid window : e — :

e ey  reproduce made interactions

31514 |22.09.. | Mouse Left Click Edit-137444

Eﬁ_éi'a_'%zz.ua... Mouse Left Click | Button-137494 Schiielien Schlielt das Fens... | Button-137494§ Why performed given sequences of interactions?
31516 |22.09.. | Mouse Left Click Tres-51199 Tres-51199

31517 |22.09... | Mouse Left Click | Pane-137380 grid window

%1518 !ZZDB Mouse Left DoubleClick !Pane—'IB_.-’?._?fEtfﬁi_rjﬁow ° give a name

31519 522.1}9... | Keyboard Cortrol + C Pane-137524 stowindow - -

131520 (22.09... | Mouse Left Click Pane-137320 grid window |81B72... | AL... |pgadmin3.exe paAdmin Il ..
122.09... Mouse Fight Click | Pane-137380 arid window TT29F... AL.. pgadmind.exe pgAdmin Il ..

4 Mouse Left Click enultem-51351 Daten anzeigen fMemtem—51351 2 . ;pgadnﬁniexepg.‘\dmin ...

1523 | 2209.. Mouse Leht Click  Menutem-51359 Die obersten (100) Zsilers .. Menultem-51359 . 9DED.. AL.. |pgadmind.exe pghdmin lll .. R TR T e

131524 |22.09... | Mouse Left Click | Window-137538 Daten editieren - Kraken.... |Window-137538 .. |SDED... |AL... |pgadmin3.exe poAdmin Il .. |

|31525 |22.09... | Mouse Left Click | Button-137554 Schiisien Schlielit das Fens... | Button-137554 5. | 81872... | AL... |pgadmind.exe paAdmin Il ... |

31526 :221]9 Mouse Left Click TitleBar-51202 Zeigt den Fenstemamen an... ! !B'I B72 . |AL... |pgadmind.exe pgAdmin Il _|

31527 |22.09. | Mouse Lef Cick Treekem-124331 device_registration devic... |Tree-51199 | 7729F... |AL.. |paadmin3.exe paAdmin Il . |

131528 (22.09... | Mouse Right Click Treettem-124331 device_regis | Name Suow Data TABLE

31525 |22.09... | Mouse Left Click | Pane-137617 grid window Context pgAdmin III - PostgreSQL Tools 1.18.1

31530 |22.08... | Mouse Left Click | Pane-137615 panel \ Problem The user wants to look at rows of a data table.

11531 2209, | Mouse Left Click | pa Solution (1) Mouse Right Click Treeltem-*, Mouse Left Click Menultem-51351 Daten anzeigen, Mouse Left Click
o . e PRI ipa Menultem-51360 Die letzten (100) Zeilen zeigen . .
31533 , 22.05... | Mouse Right Click i_T_ree - T / (2) Mouse Right Q1& Treeltem-*, M:nuse Lleﬁ Click Menultem-51351 Daten anzeigen, Mouse Left Click
31534 |2205.. | Mouse Lef Cck [ Meruhem 51351 Daten i Menultem-51360 Die oberen (100) Zeilen zeigen

21535 (2209 | Mouse Lot Clicke g1
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Preprocessing
1:1 relationship

* One user interacts with one application

1:1

TECHNISCHE
UNIVERSITAT
DARMSTADT

software (1:1)

- simplest and

QN

User A

Copans

most suitable for discovering patterns

- focus — one specific user working with one

specific application software

- patterns — depend on user & how
application softwares used

« every user evaluates his own discovered

patterns

Markus Schréder | Discovery of Interaction Patterns with Graphical User Interface
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Preprocessing
Generalized EOI

« EOI too specific — generalize

Specialization

TECHNISCHE
UNIVERSITAT
DARMSTADT

- (1) generalization not necessary

parent~_
=

Generalization

 Menultem, Button, Tab, Tree, Table, Document, ToolBar, Group, Window, Edit

- (2) generalization can bring a benefit

« Custom, Separator, Text, Image, Hyperlink
 more suitable element in the ancestors
- Menultem, Button, Tab, Tree, Table

- (3) items contained in specific containers

* Treeltem — Tree, Dataltem — Table, Tabltem — Tab

arent
Y > Button

Table

/N

parent

Dataltem
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Prepr9€:es§|ng e 7, TECHNISCHE
Classification ") UNIVERSITAT
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» control type of the generalized EOI — classification

» Structural (S) — layout, don’t visualize information nor call functions

- Menu, Window, Group, Pane, TitleBar, List, DataGrid, Header, MenuBar, Tab, Table, ToolBar, Tree
« Semi-Structural-Informative (Sl) — structure, but no container

- Separator
* Informative (I) — visualize information, not alterable

- Tabltee, Treeltem, Dataltem, Listltem, Text, Hyperlink, Image, Headerltem, ProgressBar, StatusBar, Thumb,
ToolTip

« Semi-Informative-Functional (IF) — visualize information, manipulate information, alterable
- Slider, Spinner, RadioButton, CheckBox, Calendar, Edit, Document, ScrollBar, ComboBox
* Functional (F) — invoke a function (or subroutine), visualize no information nor structure elements

- Button, Menultem (leafs)

- special case — keyboard shortcut
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Preprocessing
Transaction Identification

TECHNISCHE
UNIVERSITAT
DARMSTADT

— meaningful clusters found in the log data.
For creating a sequence database — a set of sequences.

* (TH) Functional Interaction split
- indicate the end of a task resp. pattern
* (TI2) Reference length

- either a navigation or a content — less time on navigation, more time on content

- cut-off time — guess of the percentage of navigation
« (TI3) Maximal forward reference

- backward reference — occurred earlier in history

- two clues — crawl or the generalized EOI
* (TI4) Time window

- in specified time interval
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@a@w\lw% R

- frequent sequential patterns — minimal frequency above a specified threshold minsup

Sequential Pattern Mining (S1) ) Tt

* interactions occur in sequence —
suitable for the problem

* sequential patterns

- closed sequential patterns — not included in another pattern having the same support

- maximal sequential patterns — closed pattern not included in another closed pattern

* maximality eliminates very similar patterns
* sequence database — item is generalized EOI ID

» Vertical mining of Maximal Sequential Patterns (VMSP) [1]

49483 -1 64819 -1 -2 ============= Algorithm VMSP - STATISTICS ==== 82419 -1 SUP: 2
49444 -1 49483 -1 64819 -1 -2 Total time ~ 267 ms 66206 -1 SUP: 3
49482 -1 82419 -1 -2 e 1356 49485 -1 SUP: 2
49482 -1 82419 -1 -2 minsup 1 49330 -1 SUP: 2
66206 ~1 49482 —1 -2 Intersection count 5416 49482 -1 82419 -1 SUP: 2
49485 -1 129693 -1 49330 -1 -2 =========s=sssssssssssssssssssssssssssssss 49483 -1 64819 -1 SUP: 2
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Graph Mining (S2) @ TECHNISCHE

* discover frequent subgraphs O S

- allow modeling branches and loops .o
* transformation to create a graph database

- element graph

* vertices — generalized EOI IDs

* edge — consecutive interaction

* graph-based Substructure pattern mining (gSpan) [2]

Button-144179 Weiter

Button-144180 Gegen den Uhrzeigersinn drehen
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Process Mining (S3) § ) ECHNISCHE

* extracts process models from a given event log S}

- spaghetti-like process models — abstractions

— abstractions of processes — patterns

* repeats: "similar regions (sequence of activities) common within a trace and/or
across a set of traces in an event log signifies some set of common functionality
accessed by the process” [3]

- repeat alphabet — set of activities occurring in the repeat

— abstraction — maximal elements of partial ordering of repeat alphabets

* interaction log — event log

1\

process mining workbench
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N-Gram Based Mining (S4)

* problems

- transaction identification difficult
short sequences which reappear in a slightly different way

- adjustable n — uncertainty of the pattern length

» skip-grams — k items can be skipped in between

« functional skip-grams — at least one functional interaction

- Equality
« functional — compared by ID of the (generalized) EOI
* non-functional — compared by classification

- classification equal — compared by control type

(1,2,...,

|0

@65 (S) Mit dEr Maus Rechis R]lck Tabel\e 2637

| 471 (S) Mit dEr Maus Rechts K]n:k Tabel\e 2637

4ED [S} Mit der Maus Rechts Klick Tabelle-2637
489 {S} Mlt der Maus Red‘vts K]u:k Tabel\e -2637
:5356 {S) Mll der Maus HEcHls Klick Tahelle -2637
59 1S} Mlt der Maus Hechts th:k Tabelle 2637
098 (5) Mt der Maus Riechts Kick Tebelle-2637
| 8054 (S} Mit der Maus Rad‘ds thk Tahelle -2637
| 3042 (5) Wit der Maus Rechts Kick Tabelle-2637
I 50 {S) Mit der Maus Rechts Klick Tabelle-2637
31 (5) Vit er Maus Rechts Kick Tabelle 2637
() Mit der Maus Rechts Kick Tabelle-2637
5434 (5) M der Maus Rechis Kick Tabelle-2637
9675 (5) Mt der Maus Rechts Kick Tabelle-2637
|78 © M der Maus Rechts Kick Tabelle-2637
9356 {S} Mit der Maus Raohts thk Tahelle -2637
:‘355\2 {S) Mit der Maus F!Echts Khdc Tahelle -2637
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|1

e T S Sl 18 (F) M1 der Maus Links Kick Menifem4249 Lschen |

(F) Mri de( Maus Links Klick Menuﬂem-ﬂ!ZdS Luschen

'472 3] Mn der Maus Links Klick Menu?temAZAB Lnsnhen

* n-gram — sequence with n contiguous items from a given sequen s s s ax ez |

.451 fF) Mn der Maus L|nks thk Menuhem-tiZdB Lcschen
:45'0 (3] Mn der Maus Llnks Kick Menu?temdld& Lnschen

475 (F} Mrt der Maus Llnks thk Menu?tem-«lZAE Luschen

| 5879 (3] Mll dEr Maus Llnks HKick Meﬂultem-4249 Los:hen

5921 (F) Mit der Maus Links Kick Menikem-4249 Lschen |
| 6102 () Uit der Maus Links Kick Menukem 4249 Loschen |
|B057 () Mit der Maus Links Kick Menitem 4245 Loschen |

'HMSH-'} Mit dEr Maus Llnks K]lck Menultam«lQ&B Lnschen 1
:5‘D5T (F) Mll dEr Maus Llnks }ﬂlck Meﬂultem-dZdE Luschen

8432 (F) Mt der Maus Links Kick Meniikem 4248 Lischen |
fm" [F} Mlt der Maus Llnks Kick Menultam-4249 Lns:hen 1
| 3485 (F) Mi der Maus Links Kick Meniltem-4249 Lsschen |
f&ssﬂ (F) Mit der Mavs Links Kick Meniitem 4249 Liachen 1
IBTD?lF} Mlt der Maus Llnks Kchk Menultem-dZ&Q Los:hen

:585’ [H Mit dar Maus Links K]lck Menultam-ﬂdﬁ 'schen 1
9893 (F) Mt der Maus Links Kick Meniitem—4249 Léschen |

0430 () Mt der Maus Rechts Kick Tabelle-26
[ 10432 (5) Mit der Maue Rechs Kick Tabells-263
11}455 (S) Mit der Maus Rechts Kick Tabelle-263°
10632 () Mit der Maus Rechis Kick Tabele-263
0648 (5) Mi der Maus Rechts Kick Tebelle 2637 | 10643 {F) it der Maus Links Kick Meniikem 4249 Lischan |
0656 (S) Mit der Maus Links Kick Tabelle2637 |
] Mit der Maus Rechts Klick Tabel

0433 {F} Mll der Maus Llnks Klick Manuham4249 Loschen |
0457 (F) Mit der Maus Links Klick Meniltem-4245 Léschen
0634 (F) Mit der Maus Links Klick Menalem-224% Loschen |

10658 LF) Mlt der Maus Lmks Kh:k MEnuItEm-AZd& Lnschan

11423 (S} Mit der Maus Rechts Klick Tabelle-2637 | 11442 (F) Mit der Maus Links Klick Menukem-4245 Loschen
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Evaluation Setup < e

DARMSTADT

e 25 promising user-program pairs — most distinct functional interactions

* patternscore € {-3,-2,-1,0,1,2,3}
"This recurring interaction pattern describes a task accomplishment”
- -3 — "doesn’t apply", 3 — "applies"

* optional name/description — "How would you name the task accomplishment?
Why did you perform these interactions?"

* special selection policy: clueless — score 0

[ieses immer

wiederkehrende Trifftnichtzu © © C & C  C Triffizu
Interaktionsmuster beschreibt

eine Aufgabenbewsltigung?

‘e wirdest du die
Aufgabenbewaltigung
nennen?

‘warum hast du diese
Interaktionen ausgefuhrt?
Speichern Speichern und Nachstes ]
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Evaluation Result =
Pattern Quantity { UNIVERSITAT

All

51
51T
S1TI2
S1TI3
S1Ti4

s2
52Tl
S2TI2
S2TI3
52T14

53
53T
S3TI2
S3TI3
53 T4

54
54 n=2 k=0
S4 n=3 k=0
S4 n=4 k=0
S4 n=2 k=1
54 n=3 k=1
S4 n=4 k=1
S4 n=2 k=2
S4 n=3 k=2
54 n=4 k=2

TECHNISCHE

DARMSTADT

1429

297

367

350 ' : ' '

300

250

200

546

150

100

Figure 13: Pattern score chart which shows the quantity of scores
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Evaluation Result
Pattern Score

51T
S1TI2
S1TI3
51 Ti4

52T
S2 Ti2
S2 TI3
S2 T4

3T
S3TI2
S3TI3
S3 T4

54 n=2 k=0
54 n=3 k=0
54 n=4 k=0
54 n=2 k=1
54 n=3 k=1
54 n=4 k=1
54 n=2 k=2
54 n=3 k=2
54 n=4 k=2

|0.211

|-0.212

| 0.047

|-0.327

|0.234

|0.791

10.279

| 0.243

|-0.078

| 0.424

0.275

| 0.556

|0.351

| 0.787

| 1.206

| -0.394

|-0.365

[-1.270

|-0.506

|-0.578

[-1.167

S1

n/k values

S1 with score of 3
$2 with score of 3
S3 with score of 3
54 with score of 3

52

25

29

S3 sS4

42

$1 with score of 2

[61

$2 with score of 2

90

53 with score of 2

|55

TECHNISCHE
UNIVERSITAT
DARMSTADT

Figure 18: Comparison of the four strategies with an error chart ignoring the transaction identification approaches and

54 with score of 2

128

20

40

60 80 100
Quantity

120
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Eval_uatlon Result _ W, TECHNISCHE
k-skip-n-gram analysis 7 DARMSTADT

n=4, k=0 1.206
n=3, k=0 0.787
n=2, k=0 0.351

n=3, k=1 -0.365

n=2, k=1 -0.394

-1.167
-1.270

-3 -2 -1 0 1 2 3
Average Pattern Score

Figure 14: Ordered average pattern score depending on n and k parameter of the k-skip-n-gram strategy (54)

Markus Schréder | Discovery of Interaction Patterns with Graphical User Interface Usage Mining | 30



TECHNISCHE
UNIVERSITAT
DARMSTADT

transaction identification

Patterns good abstraction

- too complex — sequential & time ordered - discovering meaningful segments is actually

- simpler associations the same as discovering patterns

* reference patterns good starting point - transactions malformed — discovery

- only 11 reference patterns of 3 annotators algorithm fails

1:1 relationship too few data points are used in the

- n:1 relationships more interesting evaluation
* generalized EOI - no significance could be argued
- matching errors — alienate generalized interaction - no strategy returned only acceptable
log patterns

* bottom line

- patterns exists & 104 very acceptable could be discovered

- best strategy unclear — insufficient data points

- however, first steps made
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Questions?
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* http://www.pdclipart.org/

« https://openclipart.org/

Markus Schréder | Discovery of Interaction Patterns with Graphical User Interface Usage Mining | 34



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34

