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Introduction

- foundations, history

Software design (continuation of 1G201)
- Statecharts, MVC, etc.
« Web user interfaces

User-centered design, human factors
 Principles, interviews, brainstorming, prototyping, evaluation
+ Perception/action, pointing, colors, ergonomical principles

Complements
+ Electronics prototyping with Arduino
- Emerging techniques
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Grading

- 50% exams and labs (will appear as IGR203a)
- 50% group project (as IGR203b)

Resources

- IGR203: https://perso.telecom-paristech.fr/elc/igr203/

- ecampus (IGR203a): https://ecampus.paris-saclay.fr/course/view.php?id=20444

- Team Project: htips://perso.telecom-paristech.fr/eagan/class/igr203/
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IGR & IGD

& C O perso.telecom-paristech.fr/~elc/igr/ a % (=]

Filiere IGR

3D et Systémes Interactifs

1GR ~igr201 + Igr202 - 1gr203 - Inf224 - el

+ Tamy Boubekeur et Eric Lecolinet - Télécom ParisTech, Université Paris-Saclay
URL : http://wwwtelecom-paristech.fr/~elc/igr/

Descriptif

ro vise & coer . Ell prépare les futurs
ingen interacts Teur donnant es b nécessaires & ' modélisation numériaue de ces
systémes.
Parmi s débouch: fiiéra, on pout cter (GAO), losjou vidéo, mabies, la
simulation, le design d'ineraction, fa réalté vinusle et la visualisation.

Tés & 1a ech props Master 2
i o ‘o IMA do FUPHMC),

Voir aussiles transparents de présentation de Ia filbre

Seconde année

+ Période 1 : UE IGR201 : Développement d'applications interactives 2D, 3D, Mobile et Web
+ Période 2: UE IGR202 ; Informatique Graphique 3D et Réaité Virtuelle

8 UE IGR203 : Interaction Homme-Machine
- Période 4 : UE IGR204 : Visualisation (en anglas) et UE G

inaire de projet

Voir aussi Ia page Synapses de Ia Fire IGR et do ses UE;

Option interne IGR

& other Masters IGD Master

Troisiéme année

Plusieurs possibilités :
« 1. Suivre le Master IGD (Interaction, Graphics & Design) de I'Institut Polytechnique de Paris
o L'entrée se fait alors au niveau M2
o Site IP Paris et inscriptions

¢ 2, Suivre I'Option interne IGR

« 3. Candidater a un M2 associé :
o M2 IMA : Image, Spécialité de la mention Informatique (Sorbonne Université)
o M2 HCI : Interaction, Human Computer Interaction (Université Paris Saclay), Mention Informatique
o M2 MVA : Parcours Mathématiques, Vision et Apprentissage (U. Paris Saclay), Mention Mathématiques et Applications

« 4, Suivre une formation équivalente a I'étranger :
o Voir cette page et contacter James Eagan responsable mobilité internationale de la filiere IGR

Il est également possible de choisir un cursus transverse (option entrepreneuriat) ou un des cursus alternatifs.
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IGD - Interaction, Graphics & Design Track

Master of Computer Science - IP Paris

« Projects + Schedule

Presentation

The IGD Master track is part of the Computer Science Master of Institut de Paris (IP Paris)

Please see the IGD IP Paris page for a p and for

Welcome Session

The Welcome Session will take place on Monday 7, 14:00-16:00 at Télécom Paris (room 0A214)

Courses & Schedules

» Full list of courses

+ Overall schedule

+ The list of choosen courses must first be validated by the student's tutor (see Policies & Procedures below).

« Course registration should be done in the institute offering the desired course (e.g. Télécom Paris for TP-xxx courses).

Institutional partners

The IGD Master offers a comprehensive range of courses which are held by the following institutes:
» TP = Télécom Paris
+ X = Ecole Polytechnique
. TSP om SudParis
+ ENSTA = Ecole Nationale Supérieure des
HCI = Master HCI - Université Paris-Saclay.

Avancées

All these institutes are located on Plateau de Saclay. Maps: IP Paris - Paris-Saclay

Policies & Procedures

<Oy

s a0

@
rds
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Note on Qt (for first labs)

Labs: http://www.telecom-paristech.fr/~elc/qt

Qt Web site: http://www.qt.io/

Documentation: http://doc.qt.io/qt-6/

Installation (Open Source Version): Download the Qt Online

 In https://www.gt.io/download-open-source

» click on "Download the Qt Online Installer"

» download Installer for your OS

+ Open Qt MaintenanceTool app
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Install (Maintenance ool

Installation de Qt

([ ]
®

Dossier d'installation

Qt State Machines needed!

Connexion Spécifiez le répertoire dans lequel Qt va étre installé.
Obligations open source
E B [Users/elc/Qt d
Welcome yo u r
Contribuer au développement d...
Installation personnalisée

P Packages que I'utilisateur peut sélectionner. Des restrictions de plateforme héte et de licence ¢
Sélectionner des composants

Contrat de licence D Design Tools
't Design Studio
Prét pour 'installation Qt Desig
Installation D Qt 6.5 pour le développement d environnement de bureau
. Bibliothéques Qt pour clang
Terminé

El Qt 6.5 pour développement mobile

Sélectionner v‘ ‘ Rechgrche

Qt Design Studio
Qt
Qt 6.5.3
WebAssemb'y (multi-threaded)
WebAsser 'y (single-threaded)
macOS
Android
Sources
i0S
Qt Quick 3D
Qt 5 Compatibility Modul¢
Qt Shader Tools
Additional Libraries
Qt Debug Information Files
Qt Quick Timeline
Qt 6.4.3
Qt 6.3.2
Qt6.2.4
Qt 5.15.2
Developer and Designer Tools
Qt Creator 11.0.3
[0 Qt Creator 11.0.3 Debug Symbols
[J Qt Creator 11.0.3 Plugin Development
[0 QtInstaller Framework 4.6
CMake 3.24.2
Ninja 1.10.2
Qt Maintenance Tool

Bibliothéques Qt pour Android et iOS - des restrictions de plateforme s'appliquent

O
O
O
O
O
O
O
O
O
O

Sélectionner Recherche

Qt Design Studio
Qt
Qt 6.5.3
Qt 6.4.3
Qt 6.3.2
Qt6.2.4
Qt 5.15.2
Developer and Designer Tools
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additional libraries

Additional Libraries

000000800000 0000O00008s 0800000

Qt 3D

Qt Charts

Qt Connectivity

Qt Data Visualization
Qt HTTP Server (TP)
Qt Image Formats

Qt Insight Tracker (TP)
Qt Language Server
Qt Location (TP)

Qt Lottie Animation

Qt Multimedia

Qt Network Authorization
Qt PDF

Qt Positioning

Qt Protobuf and Qt GRPC (TP)
Qt Quick Effect Maker
Qt Remote Objects

Qt Sensors

Qt Serial Bus

Qt Serial Port

Qt Speech

Qt State Machines

Qt Virtual Keyboard

Qt WebChannel

Qt WebEngine

Qt WebSockets

Qt WebView

Quick: 3D Physics
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Human-Computer Interaction

HCI =
- Design
- Implementation of interactive systems... used by human users!

- Evaluation

USER FRIENDLY by Illiad

Did you coll Mr, Niffle And the
about hes connection duognosis P
case of
/'“““' THE PEBKAC
PROBLEM...
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Human-Computer Interaction

Multi-disciplinary domain

Engineering
« computer science, software development, GUI toolkits, Al & machine learning...

» electronics, hardware, material science...

Psychology, ergonomics, design
« ergonomics, cognitive psychology, physiology...
* sociology...

« industrial design, graphic arts, typography...

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 9



Human-Computer Interaction

Goals
1) Usability: reliable and easy-to-use interactive systems

Efficient user interaction, user satisfaction

learning cost

. speed of execution
Criteria:

fatigue (cf. repetitive actions)

ability to use advanced functionalities

errors (especially for critical interfaces)

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Human-Computer Interaction

Goals
1) Usability: reliable and easy-to-use systems

Efficient user interaction, user satisfaction

2) Reasonable development cost

GUI development tends to take a huge amount of time!

Don't think system first!

=> Dedicated design methodologies, user-centric design

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Examples

il

4

il

ATM Machine
« Money then card?

- Card then money?

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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xamples

False Alarm in Hawaii Could Have Caused
Nuclear War (JDD - Jan. 15, 2018)

A €85 billion typo
at Samsung's brokerage
(les Echos - April 11, 2018)

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 13



Examples (critical interfaces)

Mont Saint Odile disaster

« Crash of an Airbus A-320 on January 20, 1992
- 87 dead, 9 survivors

- Charged in January 1997 for "homicide and involuntary injuries"
in relation to "the ergonomics of the descent mode of the aircraft"

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Examples (critical interfaces)

Mont Saint Odile disaster
- The pilot confused the selected descent mode

- He entered 33 believing he was in FPA mode, but he was in VS mode!

- FPA mode => descent angle
- VS mode => vertical speed

- 33 can mean 3.3° or 3300 fpm!

=> VSpeed = 3300 fpm (16.7 m/s) about 4 times the normal speed!

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Cockpit comparison

Boeing 747 (in the 90')

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

Airbus A330
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Cockpit comparison

- New type of cockpit: new possibilies involve new errors!

- No physical visual cues, different infos can be displayed at the same place

- Poor visibility of modes, no units (33 can mean 3.3° or 3300 fpm)

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Previous user knowledge

The user may understand something else!
I'm an IT specialist on a hotline and | get a call:

"Sir, just to be sure, if | put the seagull in the box, does
that mean | won't have to retype my password?"

... Seagull in the box = check the box

Why OK rather than Do It on dialog boxes?

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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| Microsoft Excel o ﬂ

0N bW N

11}
12|
13/

™

A B < D

Datato erase: :
| Delete

The contents of B2 have been deleted !
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Traditional design models

Tt cost
Dwtern e
- ‘ ‘ o
Requrerments ) e = by
' ‘ - Commnta a0
7 (ST puese—— User Accoptence e
) o N y A -
""" R et « - - asbaey " g —
Implementation —
~ A\ y 4
' Taataty === e SRS Qualitcaton
""" - =
e 8 2 Detaited Tracasts Uit and
| Design ¢ © integration Testing
S b " 4
_— "-':'nmn elopreant
Waterfall Vv Spiral

Traditional development models:
+ involve users at the beginning and the end of the design process

« =>can't take human factors into account effectively

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 19



User-centred design

___ -

Geénération d’idées

- iterative design, trial and error approach

- the users are the domain experts => active role in the design proces

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 20



User-centred design

jour

tache prévue

vendredi

vérification de I'état des features a tester

lundi

développement des taches de test de la semaine

mardi

reception du prototype.
pre-test en interne du proto pour en déterminer les limites

mercredi

test avec sujets
les responsables développeurs participent a 'obsercation

jeudi/ ven

analyse des tests, recommandations, synthéses

Example: Word 6 development

« over several months

+ 43 user testings / more than 250 participants

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Usabllity Labs

VR & !
Camery — A
o @ - BLE
Additional | ] Participant ‘l’ = P

Side

Table
v

l. — e

i
4
Observer Area E Observer Side
i
|
|
|

LUTIN Lab (La Villette)
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Usabllity Labs

Eric

Heat map

Physiological measures

LUTIN Lab (La Villette)
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INnteraction styles

Evolution systeme fenétres manipulation réalité
conversationnel (minitel!) directe virtuelle
(sheII) (W||V|P) (ou augmentéé)

l.llllll...llllIIIIIIIIIIIII.III’

. = - ‘©0 0 X| xterm
Conve rsatlonal Interactlon druwxr-xr-x 8 elc elc 272 May 4 2005 Music/
1ruxr-x--- 1elc elc 9 Feb 22 2006 PHOTOS@ -> Pictures/
1ruxr=x--- 1ele elc 34 Feb 22 2006 PRESENTATIONSE@ -> Desktop/Dem
ampus/Presentations
S t . d gr‘uxr—xr—x %g eic e{c ggg ﬂun fg 13(:)83 Eaper*s/ y
- - e =xr=x elc  elc ov apers,ex
ys em Impose drux-—---- 22 elc  elc 748 Jul 30 13:50 Piztures/

druxr-xr-x 9elc elc 306 May 4 2005 Public/
druwxr-xr-x 7elec elc 238 May 4 2005 Sites/

. drux------ 13 el 1 442 Jul 30 13:47 VYideos/

- Typical of command languages S lele cle 58 Hay 30 2006 ash
druxr-x--- 8 elc elc 272 Feb 14 2007 arch/
druxr-xr-x 18 elc elc 612 Sep 30 2005 bin/

. 1 1ruxr-x--- 1lelc elc 7 Jun 21 2005 desk@ -> Desktop
« eX: Unix Shell urr—  Telo elo 1211 Jun 3 2005 hosts,htnl

druxr-x--- 12 elc elc 408 May 12 2006 images/
—PWXP=XP=X 1 root wheel 960 Apr 14 2004 open-x11*
druxr-x--- 32 elc elc 1088 Sep 25 00:35 ubit/

- Only for expert users druxr=x--- Ddl elc elc 1394 Aug 18 00:02 ubit-5,0,0/
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INnteraction styles

Forms

- System-imposed, but with hints (labels)
- Limited interaction

- Web 1.0, Minitel...

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

I LES PAGES  LES PAGEi LES PAGES  wLESRUES  wLES PAGES »LES PAGES
JAUNES A WEB/

»BLANCHE

#fvec Web Tous les professionnels
le -

~Commengant pax

Amis Mon Statut

- Fab ParseError
- Bufford Molosse
Maurice Art&Co

Utunk Kefon

voir mes amis valider le statut [EYTTN
annuler CTITTN

Viens vite discuter
avec nous sur le

Actualités

- Bufford Molosse :
Dur retour de seoirée... La semaine va Etre difficile !

Ufunk Kefon :

Avudes s hots du prochain Windows 2.10!
Maurice Aft&Co :

Dimanche = Journée rela

page suivante [IIETIEEE
par UFUNK.net page précédente EETITEN

RECHERCHER. |
=

3615 FACEBOOK I —
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INnteraction styles

WIMP

Window, lcon, Menu, Pointer

Permanent representation (metaphors)

Direct manipulation:
fast, incremental, reversible operations

Immediate feedback

Goals

- Exploratory learning

- Transfer of experience by analogy

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

\ : Thémes :
-~ :
Bl [Aaty 0 |

Lignes et connecteurs >

] Rectangles >
ﬁ Formes de base >
| 4

ﬁp Fléeches pleines

® 00 (] /Users/elc/Documents/C
(<>] :: BIENER @1\
S ] incroitiv JEILErgo

[() Documents [ StateCharts J

,d.-\‘- Applications

}Sj Utilitaires 2] IntrolHM Rkl [ Ergo ]

E] Bureau o .
£ MM 8] ArchiLog JR0L StateCharts J
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INnteraction styles

Post-WIMP
- Mobile interaction
- Virtual / Augmented / Mixed Reality
- 3D interfaces
- Tangible interfaces
- Gestural / vocal / multimodal interaction
- Very large displays

- etc.
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Conferences and journals

—
Conferences C H I }’\

Hamburg, Germany | Hybrid

ACM CH I April 23-28, 2023

reCHInnecting

- CHI vidéos previews:
https://www.youtube.com/watch?v=owjYbVI9eGQ&ab_channel=ACMSIGCHI

ACM UIST

IHM (AFIHM: www.afihm.org)
- AVI

INTERACT

IEEE Visualization

Social Dlgltal Cyborgs: The Collaborative Design Process of the JIZAI ARMS
Social Dnltal Cyborgs: The Collaborative Design Process of the JIZAI ARMS

Journals > B ) 01723
ACM Interaction

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 28
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A brief history of HCI

§7 OEIE2D i o

4 3 86 5 e

{,‘“at’a iy ‘y 5 .
L B8 amann

ana
an

b

Scientists from the RAND Corporation bave created this model to illustrate bow a “bome computer” could look like in the
sear 2004, Homever the needed technologs will not be economicalls feasible for the average bome. Also the scientists readily
admit that the computer will require not yet invented technology to actually work. but 50 years from now scientific progress is
expected to solve these problems. With teletspe interface and the Fortran language, the computer will be easy to use.

1954 : A vision of the "home computer in 2004"

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

1956: a 5 Mb disk
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A brief history of HCI

1945: Memex (Vannevar Bush)
- idea of an "external memory"

- hypertext concept

« keywords, references,
indexing, links, annotation...

- tech not ready (microfilms!)

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

Memes im the Socmm of 4 desk would instantly bring fles amd material om any subipect 10 the operator’s Bingevtips. Slanting
trambucent viewiog soeens magndy supermborofdm fled by code nuambers. At ket 1s 4 mechanism which automatscally
potographa lovghand netes, prctures and letters, then (s them in the desk for fature reference WITE NI, po 129
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A brief history of HCI

1963: Sketchpad (Ilvan Sutherland MIT)

First drawing software with icons
- direct manipulation (optical pen)

- high resolution screen
(oscilloscope)

- OO programming

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 31



A brief history of HCI

&
-
-

-
o~
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A brief history of HCI

1962+ : Douglas Engelbart
- Invented the mouse!
- High resolution screen
- Word processing
- Hypertext and hypermedia
- Electronic messaging
- Videoconference

- Groupware

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

FIGURE 2—Underside of mouse
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A brief history of HCI

Xerox PARC (Palo Alto, CA)
- Research center founded in 1970

- Office automation...

Alain Kay
- One of the founders of the PARC
- Personal Computer concept in 1969

- Aradical vision compared to what
existed at that time!

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 34



A brief history of HCI

1981: Xerox Star

First commercial workstation

Advanced graphical environment

GUI, "desktop metaphor"

Very expensive, commercial failure

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 35



A brief history of HCI

1984: Apple Macintosh
- Inspired from PARC research
- Mature technology, open architecture
- WYSIWYG, laser printing
- "Reasonably" priced ($ 2500)

- Style guides (consistency

File/Print Eait Houx
Set Aside Everygthing
1 set Aside “Tablets™

Soave & Put Away “Tablets™
)

Open
Duplicate
Attributes
Tear OFf

Succesor of Lisa,
another commercial failure

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 36



A brief history of HCI

1985: X Window System (MIT) >

: . Main F
- For high-end workstations ain Frame

Multi-platform

Hardware and software independent A l/ PC
ni
Networked: client / server architecture

Serveur X

/é\\\\\\\\

Still used nowadays! (Linux)
v’

Machine locale

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 37



A brief history of HCI

1990/1991: World Wide Web (Tim Berners-Lee - CERN)

Networked hypertext model

WorldWideWeh

Internet + hypertext

-
 creation of URL/HTTP /HTML
: I : 3 it This is a new version of the NextStep WorldWideWeb application with
- Pa per refused at the pre sti gious : :v:%s"iﬁf?ﬁfﬁﬂﬂ{‘éﬁ'aﬁﬁﬁfﬁﬁ:ﬁﬁﬁ? st o Known suge n i web
A m“ o — :““ ‘:‘ : “ ahth * || This was the original prototype for the World-Wide Web. Many
AC M Hype rtext CO nfe re n Ce ! g ‘: P Sy : hrowers for ?therﬁl‘?\lﬁorrﬂ;pow el)‘(ISlt('Re?qd the web for?e;qlls). f:iter
; Al S h e ! al
thel U a it repeated|: \Ce Yol o al
ste the first lin} fallowe N

Small project that changed the world!

T

source: Wikipedia
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HCI Software
Development

Eric Lecolinet - Télécom ParisTech
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Components of a GUI

Components of a Graphical User Interface (GUI)

- Structure: relationships between graphical objects (e.g. HTML)
- Presentation: graphical attributes (e.g. CSS)
- Data (e.g. text, table content)

- Interaction: behavior of the GUI

« Most difficult part!

« Graphical toolkits provide limited help (e.g. callback functions)

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Specifying + encoding interaction

Specification

- How to specify the behavior in a concise and unambiguous manner?

Encoding

- How to implement it in a reliable and scalable way

src: M. Beaudoin Lafon

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 42



Table I. Summary of Some Useful UAN Symbols

. . Action Meaning
f 't ~ move the cursor
p e C I I C a I O n [X] the context of object X, the “handle” by which X is manipulated
~[X] move cursor into context of object X
~[x, ¥] move the cursor to (arbitrary) point x, y outside any object
~[x, yin A] move the cursor to (arbitrary) point within object A
~[X in Y] move to object X within object Y (e.g., [OK__icon in dialogue _box])
[X]~ move cursor out of context of object X
=g = v depress
Specification languages - release
Xv depress button, key, or switch called X
. . XA release button, key, or switch X
* UAN . User AC’[IOh NO’[atlonS Xav idiom for clicking button, key, or switch X
X" abc” enter literal string, abc, via device X
(R Hartson et al) X (xyz) enter value for variable xyz via device X
() grouping mechanism
* iterative closure, task is performed zero or more times
+ task is performed one or more times
{1} enclosed task is optional (performed zero or one time)
AB sequence; perform A, then B (same if A and B are on separate, but adjacent, lines)
OR disjunction, choice of tasks (used to show alternative ways to perform a task)
& order independence; connected tasks must all be performed, but relative order is
immaterial
< interleavability; performance of connected tasks can be interleaved in time

I concurrency; connected tasks can be performed simultaneously

task interrupt symbol; used to indicate that user may interrupt the current task at
this point (the effect of this interrupt is specified as well, otherwise it is
undefined, i.e., as though the user never performed the previous actions)

A4 for all

: separator between condition and action or feedback

Table 1: UAN specification of the task “select icon”

TASK: select file

USER ACTIONS INTERFACE FEEDBACK INTERFACE STATE
~[fileB] M" fileB® !

V fileB’' = fileB : fileB’' -!
Mv selected = file

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 43



Finite state machines (FSM)

Finite state machines

- Simple and effective for modeling behaviors Release / D

- Avoid "spaghettis" of callback functions B || emerc

- Compatible with event-driven management ‘Press_msidem > — =‘
Move / B

)O Press /A N Release @

Double benefit

- Graphical representation => GUI specification

- Can generate source code => GUI implementation

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 44



State machine example

Rubber banding

Accept the press for endpoint p1;
P2 = P1;
Draw line P1-P2;
Repeat
Erase line P1-P2;
P2 = current_position();
Draw line P1-P2;
Until release event;

Act on line input;

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

(adapted from Scott Hudson - CMU)

Problem?
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State machine example

Rubber banding

Accept the press for endpoint p1;
P2 = P1;
Draw line P1-P2;

Repeat
Erase line P1-P2;
P2 = current_position();
Draw line P1-P2;

Until release event;

Problem:

Act on line input; incompatible with event-driven management!

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 46



Event-driven management

User

Event

> O

Event loop

N

void paintEvent(QPaintEvent* e) {

Events are provided by the event loop

- We cannot "repeat an action”in a loop

- The event loop must not be blocked

- Other events should not be ignored

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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void callback(...)

47



State machine example

for endpoint p1;

P2 = P1;
Draw line P1-P2;

Erase line P1-P2;
P2 =
Draw line P1-P2;

();

event;

Act on line input;

Eric Lecolinet - Télécom ParisTech

P1

Move / B

)\ 4

G Press / A

- Managing the Interaction

Release / C

[
>

O
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States and transitions

States
- Circles

Move / B

G Press / A :QM /[ C :Q

Initial state

Transitions
- Arcs with an event / action label

- When the event occurs:
- 1) the state changes
-« 2) the action is executed

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

Final state

Mouse Dn / Draw_Line()

B
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Clicking on a button

(‘\ Release / E
A

Enter / C Leave /B

G Press-inside /A /7~

C

Limitations of this example

- No keyboard interaction

- Menu systems are more complex
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Qwx

m

highlight button
unhighlight button
highlight button

do nothing

File | Edit Window Help

[ new  Ctri+n

= Open  Ctrl+0O
Close

u Save  Ctrl4+S
Save As...

Exit
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FSM Implementation

Move / B

)O Press /A

State1l State?2 State3

state = start_state;

while (true) {

event = wait_for_event();
state = fsm(state, event);

}

Tools
- generally based on state/transitions tables

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

state fsm (state, event) {

switch (state) {

case StateZ2:

switch (event.kind) {
case MouseMove:
actionB ();
state = State2;

case MouseRelease:

actionC ()
state = State3;
}

case State1l:
switch (event.kind) {
case ...

}
}

return state;

}
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Limitations

FSM limitations
- Nice for simple examples

- But GUIs involve many interactive objects => combinatorial explosion!
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Statecharts

Statecharts

Hierarchical state machines (" s —— ) ¥ A4 ~N
0 __a S02 R o 52 ; 8
mgm / L entrylert () o 1 N Im{100) S22
=> subsystem decomposition . —
=> considerably reduce Lo enryiopentahe) ' i [,W\Oﬂ
the number of transitions \ \(,m,m,,:, B Pl
fsatupAction). 1:‘:’.:1.‘.:;- \l@
ey a1]isOk))) Q
preusicxisiu 3!:‘(’Cn1|5|.
Many tools £ e uters() imi@60)+cout
S1 ‘\ 'qumezuOc\:urrety
. . (=<0 [@>0)
= |nCIUd|ng UML { fiken(a) caon'aobvela
s 1 [1sDenet))
53
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Qt State Machines

Qt State Machine Framework

- Statecharts based on SCXML
- Alllow:
« grouped states : for hierarchies
- parallel states : to avoid combinatorial explosion

+ history states : to save and restore the state

« user-defined events

- Also useful for animations

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Qt State Machines ~p

Checked

Unchecked
initial state

States %

E button.clicked %
- The initial state must be specified

button.clicked

button.clicked

- Often GUIs have no final state

Actions
- Qt actions generally on states
« when entered s N
- when exited s3
o entered action
- Can also be on transitions exited action
« (slightly more complicated) “ o
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& rartial

Three state button

Unchecked
// creates the state machine .N 1 2
S i S
auto * mac = new QStateMachine(); E button.clicked a
QState *s1 = new QState( ); button.clicked button.clicked

QState *s2 = new QState();
QState *s3 = new QState();

mac->addState(s1);
mac->addState(s2); -

mac->addState(s3);

s1->addTransition(button, SIGNAL(clicked()), s2); // transition from s1 to s2 when bouton is clicked
s2->addTransition(button, SIGNAL(clicked()), s3);

s3->addTransition(button, SIGNAL(clicked()), s1);

QObject::connect(s3, SIGNAL(entered()), window, SLOT(showMaximized())); // actions are on states
QObject::connect(s3, SIGNAL(exited()), window, SLOT(showMinimized()));

mac->setinitialState(s1); // sets the initial state (don't forget!)
mac->start(); // starts the state machine
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Hierarchies

Substates and superstates

- Substates inherit transitions from their superstates

- They can be both entered

=> Less transitions: simpler diagrams

Example

- As previous example, but with quit
button that exits the application

- without a hierarchy
=> transition from each state to final state
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\

Initial

p

State 1 (Superstate)

Reqgion

State 2 (Substate)

State 3 (Substate)

sl

sll

button.clicked

sl2

W button.clicked

s13

quitButton.clicked
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Hierarchies

sl

QState *s1 = new QState();
mac->addState(s1);

// s11, 812, s13 are grouped in s1
QState *s11 = new QState(s1);
QState *s12 = new QState(s1);

sll

button.clicked

\Ccmd by

sl2

quitButton.clicked

QState *s13 = new QState(s1);

s11->addTransition(button, SIGNAL(clicked()), s12);
s12->addTransition(button, SIGNAL(clicked()), s13);
s13->addTransition(button, SIGNAL(clicked()), s11);

s1->setlnitialState(s11);

QFinalState *s2 = new QFinalState();
mac->addState(s2);

// s2 is a final state

®

// the children of s1 inherit the s1 -> s2 transition
s1->addTransition(quitButton, SIGNAL(clicked()), s2);

// the finished() signal is emitted when the final state is reached
connect(mac, SIGNAL(finished()), QApplication::instance( ), SLOT(quit()));

mac->setlnitialState(s1);
mac->start();
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Hierarchies

Second exemple

- 4 radio buttons => 4 exclusive states ﬁ e i |

- Transition needed between each couple of states _
text alignment

‘ Quite complex
Cl L R | .
, \ for such a simple case!
§
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Hierarchies

- A hierarchy makes it simple!
- Only 4 transitions, all inherited

- The superstate is always entered

flat diagram

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

4

o

Left clicked

Justify clicked

Right clicked

'/_l—\

8
Right

~—

R

10
Centre

;T_/.

Centre clicked

hierarchical diagram

%
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Parallel states (concurrency)

Exemple

- Two independant check boxes

- Each check box has two states (on/off) => all combinations must be considered

N

N
(clean, not moving)

|

(clean, moving) ]

cleaned soiled

f (dirty, not moving) )

|

started
Washing Machine
stopped — .
Moving
cleaned soiled -
Clean
(dirty, moving) ]
started
stopped
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Parallel states

QState *s1 = new QState(QState::ParallelStates);
QState *s11 = new QState(s1);
QState *s12 = new QState(s1)

Solution: parallel states

- several states are simultaneously entered

sl

sll

Ny -

; N - | ; dirt
| (clean, not moving) (clean, moving) ] clean soiled ry |
{ started | cleaned

stopped

cleaned soiled cleaned soiled

f (dirty, not moving) f (dirty, moving) | .N

started X .
not moving moving
started
stopped stopped
~ .

flat diagram

hierarchical diagram
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L a b Goal: implement the GUI and behavior of a microwave oven

TP3 on https://perso.telecom-paris.fr/elc/qt/
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Stop

Power

Defrost

Auto Menu

Dial

Start
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Lab

MaintenanceTool

Sélectionner des composants

Sélectionnez les composants a installer.Désélectionnez les composants installés pour les désinstaller.Les \i ‘

If poss i ble, use q m a ke (n ot C M ake !) composants déja installés ne seront pas mis & jour.

Bienvenue

With Qt6 the State Machine module

Sélectionner des composants

must be added epriCitely N Preview 1.01

Qt Design Studio
Qt 1.0.16

Nom du composant Version

O Qt6.5.0-beta3 [ Archive
O Qte.4.2 D LTS
O ate.3.2
« Add or remove components e at6.31 saq (@ Latest supported release
. . . [0 webAssembly (TP) 6.3.1-( 3 Preview
« Additional Libraries macos 6.3.1-G
Android 6.3.1-¢
Sources 6.3.1—(i
i0S 6.3.1-¢
Qt Quick 3D 63.1—({
Qt 5 Compatibility Module 6.3.1—({
. Qt Shader Tools 6.3.1-(
In the -pro flle add Additional Libraries 6‘3.1-(i

Qt 3D 6.3.1-C
Qt Charts 6.3.1-(}
Qt Connectivity 6.3.1-(i
Qt Data Visualization 6.3.1-C
Qt Image Formats 6.3.1-(i
Qt Language Server 6.341—(}
Qt Lottie Animation 6.3.1-(
Qt Multimedia 6.3.1—(1
Qt Network Authorization 6.3.1—(!

Qt PDF (TP) 6.3.1-(
Qt Positioning 6.3.1-(
Qt Remote Objects 6.3.1-(
Qt Sensors 6.3.1-(
Qt Serial Bus 6.3.1-(
Qt Serial Port 6.3.1-(
Qt State Machines 6.3.1-(

PRV o Anoaa
]

(o

QT += core gui widgets statemachine

TARGET = proj
TEMPLATE = app

SOURCES += main.cpp MainWindow.cpp

O
O
O
O
O
0O
O
O
O
O
O
O
O
O
O

HEADERS += MainWindow.h

]

FORMS += Ma.i. nW"L ndOW . u:L Recherche
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Timeouts

State transitions can also be fired by timers

- To execute an action after a delay:

QTimer * timer = new QTimer();
state1->addTransition(timer, SIGNAL(timeout()), state2);

timer->start(delay);

timer->stop();

Action on timeout

connect(timer, SIGNAL(timeout()), widget, SLOT(doSomething()));

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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IS the state entered?

Example void MainWindow::setClock(int value) {

- Clock displayed differently if (hour_state->active()) {

_ . setHour(value);
depending on the active state }
else if (min_state->active()) {

o @  clock setMin(value);
: }

}

05 09 27 == idle state
(only available in recent versions of Qt)

PP Note: no active state during the transition!

05 09 17 " set-hour state QSet<QAbstractState*>

config = machine->configuration();

©@0®® Clock if (config.contains(hour_state)) {

05 08 17 wn set-min state else if (config.contains(min_state)) {
_ y
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Transitions.h

Transitions.h header

* Provides a set of helper functions

* http://www.telecom-paris.fr/~elc/qt/Transitions.h

Allows

- Combining transitions and actions on signals

- But also on events, mouse events specifying buttons, and custom events

Qt:
state1->addTransition (button, SIGNAL(clicked()), state2);
QObject::connect (state2, SIGNAL(entered()), this, SLOT(dolt())); adds action on state

Transitions.h :
addTrans (state1, state2, button, S|GNAL(C|ICked( )), this, SLOT(dOlt( ))), adds action on transition
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Transitions on events

Events widget.Enter

addEventTrans (out, in, widget, QEvent::Enter); in m out

addEventTrans (in, out, widget, QEvent::Leave); \4_/

widget.Leave

MouseButtonPress

MouseMove

Mouse Events

MouseButtonRelease

from s1 to s2 when the left button is pressed
addMouseTrans (s1, s2, canvas, QEvent::MouseButtonPress, Ot::LeftButton, this, SLOT(newLine()));

addMouseTrans (s2, s2, canvas, QEvent::MouseMove, Ot::NoButton, this, SLOT(adjustLine()));

addMouseTrans (s2, s1, canvas, QEvent::MouseButtonRelease, Ot::LeftButton);
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Transitions on events

Modifiers shift + left or right button

addMouseTrans (s1, s2, canvas, QEvent::MouseButtonPress, Ot::LeftButton | Qt::RightButton)
->setModifierMask(Qt::ShiftModifier);

Mouse position

] updates mouse position
QPoint mousepos;

addMouseTrans (s2, s2, canvas, QEvent::MouseMove, Qt::NoButton, mousepos,
this, SLOT(adjustLine()) );

returns the mouse position
(slightly inaccurate on XWindows)

QPoint cursorPos(QWidget* w) {return w->mapFromGilobal(QCursor::pos());
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GGuards

Guards

- The transition is performed if a predicate is true

- Notation: predicate : event / action

button.enabled : PressMouse / DrawLine()

With Transitions.h
addTrans (guard, statel, state2, SIGNAL(clicked()));

addTrans (guard, statel, state2, SIGNAL(clicked()), this, SLOT(dolt()) );;

guard = bool or object that can be compared to a bool

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 70



Animations and properties

Properties
s1->assignProperty( label, "text", "In state s1" );

s1->assignProperty( button, "geometry", QRectF(0, 0, 50, 50) );

Especially useful for animations
s1->assignProperty( button, "geometry", QRectF(0, 0, 50, 50) );

s2->assignProperty( button, "geometry", QRectF(0, 0, 100, 100) );

the size of the button will change smoothly:

s1->addTransition( button, SIGNAL(clicked()), s2)

->addAnimation( new QPropertyAnimation( button, "geometry" ) );

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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Custom events

Custom Events

- The user can create her own events: QEvent(int type)

+ type = the type of the event (between QEvent::User et QEvent::MaxUser)

- postEvent(QEvent*) posts an event to a state machine

- postDelayedEvent(QEvent*, delay) posts with a delay

Transitions and events

addUserEventTrans(s, s_left, LEFT); /
addUserEventTrans(s, s_right, RIGHT); @ M

Justify Centre
mac.postEvent( new QEvent(LEFT) ); // triggers the transition \
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ransition filters

 Atransition can be made only if its eventlest( ) method is called and returns true

* Technique for implementing guards or user-defined behaviors

exemple: updates the mouse

class MouseTransition : public QMouseEventTransition { N -
position at each transition

QPoint& pos;

bool eventTest(QEvent * e) {
if (! QMouseEventTransition::eventTest(e)) return false;
QEvent* realEvent = static_cast<QStateMachine::WrappedEvent*>(e)->event( ); // get event
switch (realEvent->type()) {
case QEvent::MouseMove:
case QEvent::MouseButtonPress:
case QEvent::MouseButtonRelease:
pos = static_cast<QMouseEvent*>(realEvent)->pos( ); // update mouse position
}
return true; // true => the event triggers the transition
}
e
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Software architecture models

Task
sequencing

Arch Model
- Analogy with natural language

Interaction
Modality
dependent

components

Dialog Controller

Logical
Interaction

Domain
dependent
components

- three layers

Functional Core
Adaptor

Low Level
Interaction

Presentation (lexical view)
 Graphical objects and primitives

Functional Core

from Bastide et al.

Dialogue controller (syntax)

Ul logics

Functional core adapter (semantics)
- APl between Ul and functional core (the non Ul part)

75
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Dialogue control

Syntax examples

- object verb

- (object)* verb

- (object)* verb object

- verb object

- verb (objects)*

- verb object or (object)* verb
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Be| A% | A, |8YY | & | ANA - = ==

'1||'gw'1'|'2'I3|4ISISI7 8|9I10‘111I12‘

2 A AN A . | =]

o
0 0

© Controle du dialogue

(o O

® 00 ({1 /Users/elc/Documents/C
EI Y - B e e
e BT FED

@ Documents D

5/4\; Applications

37 utilitaires & Introlrim JEA Ergo )
[Z2] Bureau [7) )
£ mMm 2] ArchiLog J#L StateCharts J

Thémes

[
Lignes et connecteurs >

] Rectangles >
ﬁ Formes de base >
>

) Fleches pleines

o/
S v
D~

Surligner un ou plusieurs mots dans Word
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Dialogue control

Syntax examples SR Carurerel HEE
_ Object verb Eg'llll 1121 II'3I |14 I'S"IIGI 1171 I'ISI 1191 I'lq‘lll;ﬁ
O 0
" puttextin orange ° Controle du dialogue
. O 0
- (object)* verb
° de ‘tro everal file ® 00 C]/Users/elc{Documents/C
SHOY'S > Gl B=sws) slolh
- (object)* verb object e D €D
[} Documents B[ StateCharts ]
. . #% Applications
- drag multiple files % witares QD 9 €D
_ w2
- verb object -
- draw a single line B
i
= verb (ObIECtS)* I [&] Rectangles >
. . . ﬁ Formes de base | 2
- draw several lines (implies a mode) ) Fleches pleines >

verb object or (object)* verb |
- MSWord highlighter 4 AN (A lEEEE

Surligner un ou plusieurs mots dans Word
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Spatial modes

the effect of an action depends on where it is performed
examples :

 buttons, menus... -

— ¥

| | o=

Ax| | A - A i

Advantages
- visibility —
B8 =
- discovery
] Rectangles b
- memorization (always at the same place) 3 Formes de base -
@P Fleches pleines >
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Temporal modes

the effect of an action depends on when it is performed

often used for creating new objects

examples :

* drawing tool palettes
* modal dialog box

Drawbacks

* lack of visibility => risk of errors (what is the current state?)
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Temporal modes

Persistent modes

- remain activated
* e.g.: draw several lines in a row
- syntax: verb (objects)*

One shot

- takes effect only on the following action
- e.g.: draw a single line
+ syntax: object verb

Quasi modes

- automatically disabled at the end of the action

« Ctrl, Alt modifiers
« Drag and drop
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) . Themes :
3 Rectangles B
ﬁ Formes de base >
@; Fleches pleines >

e 00 (] /Users/elc/Documents/C

:: BEIRIENER % (0] D
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@t elc & introiiv JI Ergod

B Documents (B ArchiLog Y StateCharts
11;\; Applications

?}D Utilitaires ‘;m Bl Ergo
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£ mm 2] ArchiLog IO StateCharts J
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Multi-agent models

Vision: interactive system =

- set of agents Agent 006 (color, “red”) Agent 007
- react to / produce events
COlOr -
Agent = treatment system with: >

- memory 4

- states

- a "processor" Représentation Représentation
externe : interne :

- a set of event senders / receivers liste de données
proprietes +méthodes

Inspiration of various models
- XWindow, MVC, etc.
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MVC

Goals

- Better structure applications, reduce complexity:

« Clear separation between the data and the GUI

- EX: spreadsheet : data vs. graphical representation

 Allow managing multiple views

+ Help reusing source code

* Help team development

Eric Lecolinet - Télécom ParisTech - Managing the Interaction
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MVC

Original model
- Smalltalk GUI toolkit (1978)

Three components

- Model : data (and data logics)
- View : visual representation

- Controller : input management
and behavior of interactive system

variant with multiple views
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UPDATES

1

[ view |

MANIPULATES

CONTROLLER

Event is possed
to the Controller

Coniroller changes
Model or View(s)

Views get data
| View | -~ o om Model

\‘ ’l
- ”,
; m . - Model updates Views
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MVC variants
aa?::s' m \

Various flavors m

for graphical interfaces, Web development, etc.

ﬂ

‘!‘”
CID G
User
/—updates\
MODEL
( W MODEL CONTROLLER

Flequete http
Contréleur
UPDATES MANIPULATES Route
Obtention des

1 | T * donnees
VIEW CONTROLLER reads writes @
manipulates Réponse @ @
\\p (9/ VIEW ! Demande des
< d
t&‘ 9‘0 onnées

warns of a change
(e"f"t) [ } { Modéle
USER :

original model variant Web development
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Variants and other models

Variants

« model-view—adapter (MVA)

« model-view—presenter (MVP)

+ model-view—view model (MVVM)

+ hierarchical model-view—controller (HMVC)
+ etc.

PAC (J. Coutaz, LIG)

Each object has 3 facets:
- Presentation = View
- Abstraction = Model

- Control = Controller

Moreover, PAC is hierarchical
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/—updates\
MODEL CONTROLLER
|
t o
writes !
reads A !
manipulates :
|
VIEW '
warns of a change
(event)
|
|
€-——- |

supernistegramme

A P e ZeV e

| |

f v

mn=0
max = 350 S
valeur « 30 @_‘ e
histogramme
chaine
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MVC & Java Swing

Internal M+VC architecture

- aJComponent =
- a Model (for components managing data)
- a UlComponent

- a UlComponent (Ul Object) =
- Controller + View (mixed)

- The Model can be shared

Example

- JScrollBar and JSlider own a BoundedRangeModel
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JScrollBar
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MVC & Java Swing

In the JSlider API

public BoundedRangeModel getModel();
public void setModel(BoundedRangeModel);

Changing the JSlider model

JSlider slider = new JSlider();
BoundedRangeModel model =
new DefaultBoundedRangeModel( ) {
public void setValue(int n) {
System.out.printin(“SetValue: “+ n);
super.setValue(n);

};

slider.setModel(model);
scrollbar.setModel(model);

JScroliBar
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MVC & Java Swing

In the JSlider API

public BoundedRangeModel getModel();
public void setModel(BoundedRangeModel);

One can also ignore models

JSlider slider = new JSlider();
int value = slider.getValue();

Il coherent because:
public int getValue() {return getModel().getValue(); }

JScroliBar
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MVC & Java Swing

Pluggable Look and Feel
The UlManager changes the
ComponentUls dynamically

Java Metal:

public static void main(String[ ] args) {

try {
UlManager.setLookAndFeel(UIManager.getCrossPlatformLookAndFeelClassName());

} catch (Exception e) {}
}

Windows:

UlManager.setLookAndFeel( “com.sun.java.swing.plaf.windows.WindowsLookAndFeel” );

Erc Lecoinnet - 1eleColn raris 1ecr - idndaging e interacuor
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MVC & Java Swing

Internal M+VC architecture

- aJComponent =
- a Model
« a V+C UlComponent

MVC

- can be used in different ways

- at different levels of abstraction

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

Another point of view

- Controllers = Java Listeners

- Views = JComponents

- Models

(include low level Controllers)
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MVC & Qt

Some widgets have 2 implementations

- Standard widget implementation

- Model/View implementation

- Manage external data

- Make it easy to deal with multiple views

[*)

[E3 stylesheet

2= widgetmapper

| animations-architecture.svg
arthurplugin-demo.png
arthurplugin-demo.ui
boat.png

boat.sk

car.png s

-

car.sk =

|

[+

DN

QListWidget
QListView

Title Author
A Masterpicce Gabriel
Brilliance Jens
Outstanding Fredenk
4 »
QTableWidget
QTableView
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View
Data
standard
View
i Eethodal})
-4:-\':'-1!'.- b1 %94
Model
B Data
QTreeWidget
QTreeView

model / view
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MVC & Qt: example

Example
_ 1 2 3
- List of Persons
1 Jean Dupond 01 01
- Each Person has : 2 Alfred Einstein 0314
 afirst name o |
3 Deésiré Landru 66 66
* alast name

* a phone number

- The list is stored in a std::vector
struct Person {

std::string firstname, lastname, phonenumber;

h

std::vector<Person> persons;
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MVC & Qt: example

#include <QApplication> ; )
#include <QtWidgets/QTableView>

#include "mymodel.h" 1 Jean Dupond

0101

_ . 2 Alfred Einstein
int main (int argc, char *argvl]) |
{ 3 Désiré Landru

QApplication app (argc, argv);

MyModel model;
QTableView view; Note :

0314

66 66

view.setModel(&model); * objects can be created in the stack only in the main() function!

view.show(); * why?

return app.exec();
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mymodel.hpp 1 2 3
0101

] 1 Jean Dupond
#include <QAbstractTableModel>
_#include <string> 2 Alfred Einstein 0314
#include <vector> 3 Désiré Landru 66 66

class MyModel : public QAbstractTableModel {
Q_OBJECT

public:
MyModel (QObject *parent);

int rowCount(const QModellndex& = QModelindex()) const override { return persons.size(); }

int columnCount(const QModellndex& = QModellndex()) const override {return 3;}
reads / changes a cell in the model

QVariant data(const QModellndex& index, int role = Qt::DisplayRole) const override;

returns the number of rows and columns

bool setData(const QModellndex & index, const QVariant & value, int role);

Qt::ItemFlags flags(const QModellndex & index) const override; options

private:
struct Person {
std::string firstname, lastname, phonenumber;

e
std::vector<Person> persons;
e
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E

1 2 3

mymodel.cpp
2 Alfred Einstein 0314
3 Désiré Landru 66 66

#include "mymodel.h"

MyModel::MyModel(QObject *parent) : QAbstractTableModel(parent) {

persons = { {"Jean", "Dupond", "01 01"}, {"Alfred", "Einstein", "03 14"}, {"Désiré", "Landru”, "66 66"} };
}

QVariant MyModel::data(const QModellndex &index, int role) const { reads a cell in the model

if (role == Qt::DispIayRoIe) { display mode

switch (index.column()) {

case 0:
return QString( persons[index.row()].firstname.c_str() );
break;

case 1:
return QString( persons[index.row()].lasthame.c_str() );
break;

case 2:
return QString( persons[index.row()].phonenumber.c_str() );
break;

}
}

return QVariant();

}



mymodel.cpp (continued)

changes a
bool MyModel::setData(const QModellndex & index, const QVariant & value, int role) { cell in the
_ _ - model
if (role == Qt::EditRole) { edit mode
switch (index.column()) {
case 0:
persons[index.row()].firsthame = value.toString().toStdString();
break;
case 1:
persons[index.row()].lasthame = value.toString().toStdString();
break;
case 2:
persons[index.row()].phonenumber = value.toString().toStdString();
break;
}
emit dataChanged (index,index); signal that this cell was modified
}
}
Qt:ltemFlags MyModel:flags (const QModellndex &index) const { options: means that
return Qtz:ltemisEditable | QAbstractTableModel::flags(index); the table can be edited
}
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MVC & Qt

Synchronizing 2 views

- The selection can be synced

- Works also with other data types than text

- Other widgets can use models
(see QDataWidgetMapper)

not only text

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

MyModel * model = new MyModel;
QTableView * view1l = new QTableView;
QTableView * view2 = new QTableView;

view1->setModel (model);
view2->setModel (model);

two views
stardelegate X
Title Genre Artist Rating
1/Mass in B-Minor  Baroque J.S. Bach XX X X X
2 Three More Foxes Jazz ~ Maynard Ferguson & X X
3/Sex Bomb Pop Tom Jones ) D D =
4 Barbie Girl Pop Aqua XX X X X
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. ayout management

Manual layout
- Easy when using an IDE (by dragging and dropping widgets)

- Drawback: the Ul is not localizable (word sizes depend on languages)

B3| English ____ [CIESFN

Username:

Passwaord:

Connectl

1 |
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. ayout management

North
Automatic layout
North [
- Automatic calculation of positions and sizes o el west|  center  |ean
- Two approaches: e
South
- Layout managers Name: | |
- Java Swing, JavaFX, Qt, etc. E,:: : : “""""‘"“"‘":‘3‘“’ :
- Not as nice? S | ' P E— 'Ti‘ e —
- Constraints Spacir-g11z8nearest'ne;glso01
 Apple Xcode, etc. F1 waath i mgm:so .
(L] Height 284 v

« Can be somewhat complex

[} Aspect Ratio

Add 4 Constraints
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. ayout management

Automatic layout + CSS

Cascaded Style Sheets

Typical in Web interfaces

Flexibility, configurability

Many modern GUI toolkits
support CSS-like styles
(e.g. Qt, JavaFX, .NET)
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iright margin of 150px, a bottom margin of
100px, and a left margin of 80px.

This div element has a top margin of 100px, a

<!DOCTYPE html>

<html>

<head>

<style>

div {
border: 1lpx solid black;
margin-top: 100px;
margin-bottom: 100px;
margin-right: 150px;
margin-left: 80px;
background-color: lightblue;

}

</style>

</head>

<body>

<h2>Using individual margin properties</h2>

<div>This div element has a top margin of 100px,
margin of 150px, a bottom margin of 100px, and a left

margin of 80px.</div>

</body>
</html>
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| ocalization

Process of adapting a product's translation

to a specific country or region

- Language, numbers, dates, currency, etc.
- Beware of dates  10/09 vs 09/10
1,000.1 vs 1000, 1

 And numbers:

- Application "locale"

- Encoding of text

LLATE="fr_FR.UTF
LC_CTYPE="fr_FR.UTF-8
LC_

LC_MO ERREERELITES 8%
LC_NUMERIC="fr_FR.UTF-8"
LC_TIME="fr_FR.UTF-8"
LC_ALL=
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i Safari  Fichier Edition = Présentation  Historique  Signets Développement

v Toujours afficher la barre d'outils en plein écran
Personnaliser la barre d'outils...

Afficher la barre des Favoris 0B
Afficher la barre d'onglets
Afficher la barre d'état ®/

Afficher la barre latérale
Afficher la barre latérale des signets
Afficher la barre latérale de la liste de lecture

Afficher le lecteur
Consu Afficher I'apergu des onglets
le jour

Mars 2020 : le rover !
Perseverance s’est posé sur Mars

Arréter

% Recharger la page

o

= Traduction >
o Taille réell %A

! Beauvau de la sécuri gasice’e

ﬁ (EEEIERIONTET  Zoom avant 8=
& Zoom arriére ®-
m

P Encodage du texte >
. Activer le mode plein écran ~®F
©

-

CE PR LLL B

Au terme de la descente et ses fameuses « sept minutes de
terreur », le véhicule de la NASA a touché le sol de la Planéte
rouge, dans le cratére de Jezero. Objectif pour les années a

|
l
|
|
l

Fenétre

Personnaliser la Touch Bar... v Par défaut

Unicode (UTF-8)

Aide

Occidental (ISO Latin 1)
Occidental (Mac OS Roman)

Japonais (Shift JIS)
Japonais (ISO 2022-JP)
Japonais (EUC)

Japonais (Shift JIS X0213)

Chinois traditionnel (Big 5)
Chinois traditionnel (Big 5 HKSCS)

Chinois traditionnel (Windows, DOS)
Coréen (ISO 2022-KR) SERVI

Coréen (Mac 0S)
Coréen (Windows, DOS)

21:32

Arabe (ISO 8859-6) Algérie : Teb)
des élection

Arabe (Windows)

Hébreu (ISO 8859-8)
Hébreu (Windows)

Grec (ISO 8859-7)
Grec (Windows)

Cyrillique (ISO 8859-5)
Cyrillique (Mac OS)
Cyrillique (KOI8-R)
Cyrillique (Windows)
Ukrainien (KOI8-U)

Thailandais (Windows, DOS)

Chinois simplifié (GB 2312)
Chinois simplifié (HZ GB 2312)

Chinois (GB 18030) «Ne pa:
X son pays e

Europe centrale (SO Latin 2) .
E trale (Mac OS) expatri
urope centrale (| alétr
Europe centrale (Windows Latin 2) «i
Vietnamien (Windows) Depuis la fi
Frangais ré

Turc (ISO Latin 5) Union eur
Turc (Windows Latin 5) d’entrée sur
impérieux

Europe centrale (ISO Latin 4)
Balte (Windows)

c
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Unicode

Standard for consistent encoding, representation and handling of text

UTF8
- Web, Linux, Windows (partly) PS
- Variable length: one symbol = 1 to 4 bytes m

- Compatible with ASCII

UNICODE

UTF16
- Java, Qt, Windows (how moving to UTF8)

- Variable length: one symbol = 2 or 4 bytes

- Almost fixed in practice: 1 symbol = 2 bytes for most languages and ideographs

UTF32
- 1 symbol = 4 bytes
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Visual tools

IDEs and Interface Builders

- Many tools: Eclipse, Visual Studio, XCode,
NetBeans, QtCreator, etc.

Benefits
- Helpful for prototyping

- Importantly, can be used by non-programmers
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Bl Evl Jek owul Beview X v

£

o el el e e L = o

fNwEwpe e (B0 HEOE wéEEn@ AdR—ofE
ax

4
MarkPad 3T MarkPad-Debug ) M My Mac Running MarkPad + (B
8 < MainMenu.xib (en) =
[E MarkPad ) & cocoa ) & en.lproj ) ». MainMenu.xib ) ». MainMenu.xib (English) ) ) MarkPad <A>

¢

» ] M 9 &8 = MarkPad

h‘ MarkPad Editor
| 1 Show:  Desktop ~ Fingers  Grid et @ (i YO
Shorteut All Actions
action title
gl 1 mmand
L1y
Titl
LT
Box Me
S £ Snap to Guid
= x 3 > nap to Suides Touch starts
= w Ch O AdjustBoxes @ Align Boxes @  fromborder
- Touch opens.
» = Title (Alt-Press to move title) the menu
@ y C  CenterinBox  Align Titles @
v Details Close
5 %

= Do [
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Visual tools

Limitations

Mostly useful for creating static user interfaces
(menus, forms...)

Little support for controlling the interaction,
drag & drop, dynamic aspecis...

Layout not localizable if drag & drop is used

Restrictions on generated code: can't be edited freely
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Bl Evl Jek owul Beview X v £

S PR mE M
[ wizwpe e B0 HO0B ©4¢OE=E AFR—0RE ¥
d ry

Edor {Fom1 x|

MarkPad 3T MarkPad-Debug ) M My Mac Running MarkPad e + B
88 1< MainMenu.xib (en) =
[E MarkPad ) & cocoa ) & en.lproj ) ». MainMenu.xib ) ». MainMenu.xib (English) ) ) MarkPad <A>
g’# 50 :
MarkPad Editor
Show: | Desktop ~ Fingers ~ Grid Edit -] (i Je)
Shortcut All Actions
d
Favorite Actions mman
<. n Current:
Q’ [ Fie
Titl
#
Men
S £ Snap to Guid
= Zy £ Snap to Guides T
= w ZIh O AdjustBoxes @ AlignBoxes @
2 u Title (Alt-Press to move title)
E Ty T CenterinBox  Align Titles
v Details Close
-
0o B e @
» B ¢ 8 Iy Markpad @

104



Dedicated languages

User Interface Markup Languages
b) For building the structure
and specifying the interaction

- UIML, QML (Qt), etc.

a) For building the structure of the app (mostly)

- XAML (Microsoft), FXML (JavaFX),
XUL (Mozilla), etc.

« Compatible with visual tools

* Most of the interaction specified elsewhere

<?xml version="1.0"?>
<?xml-stylesheet href="chrome://global/skin/" type="text/css"?>

<window id="vbox example" title="Example 3...."
xmlns="http://www.mozilla.org/keymaster/gatekeeper/there.is.only.x
ul">
<layout>
<button id="yesl" label="Yes"/>
<button id="nol" label="No"/>
<button id="maybel" label="Maybe"/>
</layout>
</window>
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QML

QML (Qt Modeling Language)
- Declarative language for specifying GUls
- Allows inline JavaScript code

- Simplifies interactive aspects
and animations

Eric Lecolinet - Télécom ParisTech - Managing the Interaction

Rectangle {
id: canvas
width: 250
height: 200
color: "blue"

Image {
id: logo
source: "pics/logo.png"
anchors.centerIn: parent
x: canvas.height / 5

properties can reference
other properties
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Bindings

- Constraints that avoid writing callback functions
Rectangle {

- A property is automatically updated width: otherItem.width
when the value of another property changes height: otherItem.height

- Similar mechanism in other GUI toolkits (e.g. JavaFX)

Rectangle {
function calculateMyHeight() {
return Math.max(otherItem.height, thirdItem.height);

}

anchors.centerIn: parent
width: Math.min(otherItem.width, 10)
height: calculateMyHeight () calls method

color: width > 10 ? "blue” : "red” color changes when width changes
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States

Item {

Objects can have states id: myItem
width: 200; height: 200

Rectangle {

Example: id: myRect
_ width: 100; height: 100
- myRectis located at (0,0) color: "red"
}
* In the moved state, it is located states: |
at (50,50) State { state

name: "moved"

« Clicking within the mouse area PropertyChanges {
target: myRect

changes the state x: 50
y: 50

}
]

MouseArea {
anchors.fill: parent
onClicked: myItem.state = 'moved'

changes state
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Statecharts

{
id: stateMachine

. . // set the initial state
Can be drawn interactively InfiEilSiEtey i

// start the state machine
running: true

Example

- 3 state button i

// create a transition from s1 to s2 when the button is clicked
{
targetState: s2
signal: button.clicked

4 )

1 - 2 : :
E button.clicked 5 // do something when the state enters/exits
onEntered: console.log("s1 entered")

button.clicked onExited: console.log("s1 exited")

button.clicked

-
. ) e
// create a transition from s2 to s3 when the button is clicked
{
targetState: s3
signal: button.clicked
b
// do something when the state enters/exits

. ) o ) ) onEntered: console.log("s2 entered")
Eric Lecolinet - Téléecom ParisTech - Managing the Inte

onExited: console.log("s2 exited")




Animations

transitions: |

PI‘Operties can Transition {
be animated from: "*"

to: "moved"
NumberAnimation { properties: "x,y"; duration: 500 }

transition that triggers an animation

Rectangle {
id: rect
width: 120; height: 200

Image {
id: img
source: "pics/gt.png"
x: 60 - img.width/2
y: O

SequentialAnimation on y {
loops: Animation.Infinite
NumberAnimation { to: 200 - img.height; easing.type: Easing.OutBounce; duration: 2000 }
PauseAnimation { duration: 1000 }
NumberAnimation { to: 0; easing.type: Easing.OutQuad; duration: 1000 }



JavakFX

A GUIl is a Scene Graph

- Nodes :

+ widgets, 2D and 3D shapes,
images, medias, etc.

- States :

« geometric transforms,
visual effects, etc.

- Effects :

+ change the visual aspect
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JavaFX Application

Stages

Scenes

Scene Graphs

|
—
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JavakFX

Widgets

» Node 1 ] Yellow

¥ Node 2
; { H link
String mi | ‘ } &) Hperlin
» Node 3 ~ Blue Button

Similar to Swing widgets

Graphic Button

Row 1

- Styles can be specified using CSSs B
- The GUI can be written in FXML
 can contain small scripts ) O soth

Scroll Bar

SceneBuilder editing tool

Child Node 1
Some text Chitd Node 2 |

Graphic
Label

Text Feld
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JavakFX

Properties and binding

- Widgets have properties
- It's possible to observe when their value change

- They can be bound together => powerful synchronization mechanism

« Unidirectional binding:

« label.textProperty().bind(text.textProperty());

« Bidirectional binding (2 ways):

o text2.textProperty().bindBidirectional(text.textProperty())
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. Role Player - o IES

import javafx.application.;
import javafx.stage.x;

: . Character's Name: P I
import javafx.scene.x; Richard iii
import javafx.scene. layout.x;
import javafx.geometry.x; |

Actor's Name: Johnny Depp

import javafx.scene.control.x;

public class RolePlayer extends Application {
TextField character;
TextField actor;

The role of Richard iii will be played by Johnny Depp

source: dummies.com
@Override public void start(Stage primaryStage) {

character = new TextField();
actor = new TextField();:

// omitted details ...

new Label("The role of ");

new Label();

new Label(" will be played by ");
new Label();

Label rolel
Label role2
Label role3
Label role4

role2.textProperty().bind(character.textProperty());
roled.textProperty().bind(actor.textProperty());

Label scene = new Label(pane);
primaryStage.setScene(scene);
primaryStage.setTitle("Role Player");
primaryStage.show();

}

Eric Lecolinet - Télécom ParisTech - Managing the Interaction 114



