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User interface modeling
Model-based Ul design

Background and
framework for classifying design representations

(Examples of) Models for development of Uls
Diamodl
ptui — ptolemy-based tool for development of Uls




Many models capture our knowledge
about the world
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Roles representations play

e Semantic
— accurately and completely capture knowledge
e Communicative
— support communication among designer and end-users
e Constructive
— stimulate, guide and constrain further design
e Analytic

— support interpretation and evaluation

* Engineers and designers focus on different roles




From informal
representations...

... to models

——

Mail folders

e

Publications Page Content Inventory LN
/¥ Other
Publications
/¥ Primary ;
Sections Links Pages Links
[ Background
(introduction,
instructions)
[ Publications » M See Also
List (sortable) Links
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/' Full-Site
Contents Links Publications Page Wire-Frame Schematic
Logo Other Publications Navigation
Left Blurh Notices
Navigation
Channel
. \
Safis f'tafwm —
Publications List
v =
See Also Links
‘-'-’k@ = General Novgation Links
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Mailbox >
Selection of leaf Selection of
from tree

Message|

element from
([ set

View message
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Canonical Abstract Prototypes
[Constantine] — semi-formal sketching

Publications Page Content Inventory By
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(introduction, - .
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V/F | B 1ssue conthnts |EIssue # ||E Ifsue Date |
ull-Site
Contents Links Publications Page Wire-Frame Schematic (much as priactical) |/‘_ Plck Issue |
Logo Other Publications Navigation /
Left Blurb otic Prior Issue Next Issue
Navigation / /
Chonnel |
Publications List | ‘ /
Corpo Fte I!/wsle r Back Issues
‘Priorl | #246 24 Mal 1999 ﬂ Next ’ Brofvse by issue #/date or essay title.
See Also Li

Author: Hirsch Freundlichkeit

Abstract: Arguably, asdhohej, as sdf eroi sdxcv aope. However,
Dirjaf dusu dsfuasd dru asduu. Or, as expressed asuufg aser df

Avninvimiaine and WAL and Gieaniiaek adE denacs SlendE T

— :I: Digital Epiphenomena Reconsidered !I Show Full Textl
General Novgation Links
4
-




What aspects of a UI do we want to capture?

e Structure
— hierarchical structure of interaction elements
e Information

— what information is accessible in which parts of the UI

— what is the relationsship between information in various parts of
the Ul

e Behavior
— when are the various interaction elements active
— how are changes in the Ul triggered by the user

e Style

— non-functional aspects, like layout, use of colors, fonts etc.




Four phases of MBDUI

I. Model and generate
— model your domain

— generate Ul from canned knowledge and pre-compiled rules

2. Computer-Aided Design of Ul

— abstract models/representations of Ul
— explicitly represent design knowledge
— model editors and tools for applying design knowledge

3. Task-based UI design
— can’t design usable interfaces without knowing the user and tasks

— base design of UI on task model (goals, structure and dependencies)

4. Contextualizing and adapting design models
— focus on context of use

— target multiple devices




Design representation
classification framework

formality

R
.

a~

problem vs. solution
abstract vs. concrete

level of detail

v

granularity

> perspective




Perspective and granularity dimensions

problem/requirements perspective solution/design
i} -
low A workflow/ . .
(business) goals application frame
sranularity
5 - task models/task  component pane
high cognitive models/  element widget
action

Figure 12. The level/granularity dimension interpreted across perspectives




Dutch [van der Veer] -
task models as activity charts

Goal Lane Book Seller Teacher Financial Administrator; EventLane
L 2
Choose a Book @
Get a book
Order Book
request
Maintain Budget
I aintain Budge Process Order Check Budget
- Receive Book Receive Bill

Register Purchase

I Keep Inventory

I Pay Bills

Pay Bill




ConcurTaskTrees [Paterno]| — task
hierarchies with temporal operators
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HotelReservati
/.///
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Selgcw Make%@vﬂlon\
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SelectSingleRoom SelectDoubleRoom ShowAvailability SelectRoom




Dialog graphs [Forbrig] —
Relating tasks to dialog

File Edit VYiew Help

&Dialoggrapheditor - mobile phone.xml*

=10l

Task model
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e

(=1 MobilePhone
= (L3 Connect to Network
: n Switch on
,= Display ‘Enter PIN'
m Enter PIN
=) Network Connection
R Wait Connection
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. ~,= Show Time-Battery-Connectvity
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B SelectList
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EnterName
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PressYes
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(3 Tools
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siXML [Vanderdonckt] — A family of
XML.-based notations for Ul elements

File Edit Source Refactor Diagram MNavigate Search Project Run  Generator Window Help
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Pet shop [Palanque] — Modeling safety
critical Uls with ICO PetriNets

L) PetShop#1 Lo | =) bl
file EdR View Execution Tools Window ?

Ba®EmaXbhede tﬂ_‘ﬁ@l@h@ @gjm s #A J«nnn|»m




Cameleon framework — targeting
multiple devices

Task-Oriented - Domain -\
-r - N
Specification [ Concepts
L
l Task Current run-time
asKs Configuration
Abstract User - Context of use -
Interface EEEE——
User
—
l | Platform Reconfiguration
>
Concrete User
Interface Environment
Ne—
-A ion -
l m\ New run-time
Evolution Configuration
Final Ul S
K Transition
(a) Design phase: Developing (b) Run-time phase: Ul
Ul versions for different targets Models used for both adapts to changes of the

the Design and Run-time phases Context of use




Lots of pragmatic approaches
(read: non-academic and useful)

XML-based formats for describing user interface layout and style
— XHTML (W3C) , XAML (Microsoft), JavaFX (Oracle), XUL (Mozilla)
— template languages for web pages

DSLs

— Ecore-based: Eclipse 4’s workbench model, Wazaabi
— Xtext-based: APPlause, MOBL, Agentry

Application modeling

— Esito’s Genova — business applications for the desktop and web
— WebRatio - business applications for the web

Standardization
— WebML
— IFML (in progress)
— Model-Based User Interfaces (MBUI) Working Group




IFML — Interaction Flow Modeling Language

d OMG RFP [XOR] GMAIL Top

| (D] [L) Messages

* Prop Osal by [XOR) MessageSearch
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Dialog modelling with DiaMODL

name = = =

Based on Pisa

1.1Interactor

interactors and decomposition

Interactor
description

Harel’s Statecharts or description
— Interactors, gates and
connections resources — — —

— hierarchical states

— transitions, events/actions,
conditions

Abstraction of 10 function
Composition in terms of

— Interactor structure
— state hierarchy (and, or)

interactors

(binary)
function

\ - /
\ connections S,

//
NN
/

Integer device

Presentation and
editing of an
integer

N\

/
N 4

b 1.2Interactor
device

Interactor
description




Generic 1nteractor abstraction

e Notation for generic input

0g output components Integer device
e Dataflow-oriented S
1 Presentation and
R .Interacto.r m§d1ates ﬂ cting of
information in two integer

directions:
— output: system to user /\
— 1input: user to system




Scalable notation

. . Integer device
e Specification of concrete
interaction object’s (e —
functionality Presentation and
j editing of an
— output and input interface Integer
e Description of construction
of concrete interaction l
objects
— composition of sub-interactors Integer device
— string input combined with ,
. . Integer2String String
parsing and unparsing
o] Py
Parsing and String
__— O ingof < device
e Same abstract description, ] g <<

many alternatives




More complex interaction objects

* Functionality defined in — S Ubset selection

terms of configuration of Object2 4D>
domain objects

Element 1

Element 2
Element 3
Element 4

Object1 H(]

e Utilise power of
domain modelling

Element N
language -
— Output: set
— Input: subset Fiter: |
Element 1 A Element 2
Alt ti Element 3
ernalive Element 5 | [Element 7

implementation | [Element 6

ElementN | ¥]




Configuration of larger elements

Selection 1 Selection 2

N
Mail folders | | > >

B Selection of leaf Selection of

from tree element from
(r set

VA=

View message

>

folder list mailbox content Single message

——rrre |
s mail \ E
_____ & in @ |EF who E7] Date |2 |4 Subject
-&F Out Babak Al Farshchi 11:19 26.08. 2 RE: I5-GR mate -l
{4 Trash €« Anne Marie Fenst: 20:44 26.08. 3 Re: Marit og Hallvard har faatt en_,
&z andres Hallvard Traetteberg 15:07 27.08. 2 InformaSJonsteknologlske emner
@ DION/ODIS 1 vimdin 1C.7C 0 No D I ;e AT ailem DE MO NONONC
SR R »
&z dnd —
&g HCling fTo: "Hallvard Traetteberg" <Hallvard. Traettgberg@idi.ntnu.no> =
g h‘:""°’ ” Subject: Re: Veterandagen
Infrowor
@ INSA-Toulouse Hei Hallvard!
&z |S-auppa
&g IT-RET Beklager en litt sen tilbakemelding, men jeg har vaert ute og reist (egentlig
g iava bortreist i dag ogsa i felge fravasrslisten var).




Papers and review relations
{1 Workshop papers

or)> -7 Paper 1 - Undecided (2 of 4)

-] Paper 2 - Undecided (3 of 4)

er 3 - Accepted (3 of 4)

review
summaries

)

review
reports

“re WGWS
s

Interactor-
based

GUI-builder

papers

evie®

8 Review 13 - Accept
{:l Rewviewer 11 - Accepk
: {:l Reviewer 14 - Reject
{:l Reviewer 5 - Accept

-] Papet 4 - Rejected (4 of 4)

[ Paper 5 - Accepted (3 of 43

Register paper data

Author: |Steven King

Title: The Professor Killings

Keywords: | Horror, murder

. Reviewers
reviews

or

set reviews

Arne Sglvberg
Terje Brasethvik s
John Krogstie

Views
Paper | Reviewers | Review

-«ﬁE!m

Guttorm Sindre
Babak Farshchian

or
- %
Classify

review summary
Review Classify review
summary ——(or}y Summary:jaccept K
Reviews: | Accept -

. Accept

Review A Reject

class Accept

Suggest class




Integrating domain and dialog modeling
e Eclipse-based editor [CADUI’06]

Mailbox
String: name
mailbox:
messages
- Eclipse Platform
*
¥ G- R Y | [(5Resource
[y select & String: from
i1 Marquee .
o String: to
= CapP . .
= CML - ] ineeract @view mailboxes J Z]view messages Strlng: SUbJEC‘l
nceractor
[ Conceptclass Variable vd’ﬁl e String: content
7 ‘ onnection |
< Generalisation : Mailbo]. / E s
_ D= Coxpputation N h
+* _+
= Association 5 Concdgt/class r a@u[ ]
+— Agagregation s " [ view message
+— Containment ; 2:;?:$:°“ [String|(mailbg:-meis
. » Edit me!
= Attribute = » I—Ebm
Element/instance B conceptjclass / /
E] ) G - | Mailbox: Inbox Message: messagel
— Link B B Mailoox:  |-EH:
= Association
+— Aggregation
Containment
Message: message2
me: es
= Diamod| m <
CAP design | Domain model_Biamod| diagram | Sample data Mailbox: Sent tems Message: message3




Prototyping with Diamodl

& Java - no. hal. diamodl.gmf. diagram.test/browser-example/browser.diamodl_diagram - Eclipse Platform

File Edit Diagram Mavigate Search Project Scripts Run Window Help

ok BB 0 -Q EBHEC- @G G- (2o Resource [ 3ava |
% Pa Tg Hie | ] Dia 22 = B ||§] browser.diamod|_diagram &2 47 library.diamod|_diagram & calcl.xswt =08
New Clear ~—— Palette b
= S6 events 2 textInteracthor<> i.i'h ;:Lel:t
07 «singleSelectionListInterz uri:URI textWidgettext é Note
b= singleSelectionListInteracl String 7
<~ =singleSelectionListInterz _ £ Gestures
== <singleSelectionListInterz String o State
b= singleSelectionListInterac! String->URI+ T
< »singleSelectionListInters
< <singleSelectionListInterz ; browserInteractor<: {7 Interactor
b= singleSelectionListInteracl goUriButton... - 8 [ variable
L3 browserwidget:bro... )
O suri#value ORI =)= Computation
O <uri#value 1= Connection
b= uri-> or _ [ widget
[ stextInteractor.or#0 b (= Devices
[ <textInteractor.ordvalue P=idget interactors
b=b textInteractor.or -3 text' -
O3 <textInteractor.textwidc bookmarks:URIL.. ] (= Widgets
09 <textInteractor.textwid (= Composites
07 stextInteractor.textwidc singleSelectionListinteractor < Typeit=Chject>
= uri->or . ¥t listwidget:list
[ =browserInteractor,or#C I
[ <browserInteractor.or#y addBookmarksButtan...
:‘D br'owserln.te'ractc!r.or. -t v #Tt =
< | 2> S
{2 Problems | @ Javadoc @) Declaration cfl Error Log | = Diamod| Runtime Xswt View &2 =] Properties | 4 Search Buld Run ~ T O
o= Outline 53 =3 ‘i‘ - O I Go! ] ’http:ﬂwww.idi.ntnu.nof ‘

http: fjwww.idi,

http:f fewww.ntr

Department of

B

- - 1 r -

Add bookmark | | <

| v




Prototyping with Diamodl

f.diagram.test/browser-example/browser.diamod|_diagram - Eclipse Platform

Diagram Scripts Run Window Help
P i B-Grif-H oo 2§

| L P =) Lo 3 1 2
) 7 A ) } = o Q5 .
B ] A 1 — v :gb. v oF ~ o2 v . E -

‘E browser.diamod|_diagram X3
‘Palette —— 4

[} Select
— (* Zoom
T http: fwoww.idi.ntnu.noj = Note .

textInteractor <Type:t=5tring>

url:URL

FTE & Gestures

String->URL+ O State
O State

— Transition

] Interactor

[ Variable

=p= Computation

= Connection

[ widget

(= Devices

(= Widget interactors
[~ Widgets

(= Composites

browserInteractor <>

URL

URL

bookmarks:URL[..]

singleSelectionListInteractor <Type:t=0bj...

E3Li| http: {fwww, ntnu.no,

s
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It 5
o




Application architecture

T

1]
1]

Domain data Interactors Widgets

events, bindings, actions &
activation logic

* The whole runtime state is captured as coordinated graphs of data
e The widget hierarchy is continuously rendered on a device




Rendering widgets

e Ecore model of toolkit, with instances rendered in Eclipse view

W) TN & builderapp

v @ platform:/resource/org.eclipse.gmt.emfacade.rwt.builder.test/examples/TabFolder.xmi
V <> Tab Folder
b <> Tab Item Text
¥ <> Tab Item Buttons
¥ <> Composite
< Button
< Button

4 Button
< Button
< Button
<4 Fill Layout HORIZONTAL
¥ <4 Tab Item Lists
b <> Composite
¥ <> Tab Item Browser
b <> Composite

' Properties 52 E = = ¥ = 08|[[Z problems | @ Javadoc ‘@ Declaration ‘ ] swt Emfacade View £3 E Console | ] Rwt Emfacade View Refresh ¥ = O
Property Value [ Text | Buttons | Lists = Browser
Arrow Style I=NONE
Border Style I=NONE
Button Style = CHECK
Enabled I=true
Image =
Parent i=
Selection I=true
Size =
Style I=33554464
Text = Check Box .
Text Orientation... 1=LEFT_TO_RIGHT egaisiet el & Check Box O Radio Button
Tool Tip Text =
Touch Enabled I=false
Visible I=true
«F - >




Rendering widgets across platforms
"ﬁ builderapp ﬁ'“ .

' @ TabFolder.xmi

| http://localhost:8082/rwt/builderapp

Text | Buttons Lists‘ Browser

Toggle Button Push Button v/ Check Box Radio Button

[21 Problems | @ Javadoc [@) Declaration | ] swt Emfacade View | El console ‘ 7 Rwt Emfacade View 53 N

Name:
Port:

builderapp
10010

(it RWT app ) ( Build with RWT )

Toggle Button

Push Button

{Text | Buttons | Lists  Browser

M Check Box () Radio Button




Moveable application
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Shareable application
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ol Distributed application
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ptul —
ptolemy-based tool for UI development

e Diamodl

— concepts are very close to Ptolemy’s
— interactors, computations and variables can all be modeled as actors
— its weakness, the (lack of) semantics, is Ptolemy’s strength

* Ptolemy can provide

— a(set of possible) semantics
— a solid runtime platform

e Ptolemy
— describes the behavior of a cyber-physical system, but
— has poor support for modeling user interaction

e Diamodl can provide
— an approach to integrating Ul elements

— runtime support for rendering widgets locally or in a browser




