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Graphics & Event Library
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Event queues Graphics objects &

actions
Canonical events Logical coordinates Device-independent
Driver-specific data Memory addresses Device dependent
Device drivers Graphics hardware

RWTH

3 Prof. Dr. Jan Borchers: Designing Interactive Systems 2



Graphics Models

RasterOp Model Vector Model
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e Acanvasis a
memory area with a coordinate system and memory-to-pixel mapping

e Different formats

G

——

XY Format
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Graphics Library Objects: Output Objects

AN fl

Elementary Objects Complex Objects

e | | RWTHAACHEN
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o State of the (virtual) graphics processor

 Goal: reduce parameters to pass when calling

Attribute Value
graphics operations Font Gill Sans
Font size 24 pt

—ont color (0,0,0)
_Ine width 2 PX

drawString(x, y, “Turtle”);
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Graphics Library: Drawing

Command-Buffered Direct Data-Buffered
Drawing Drawing Drawing

setFillColor(green);
fillPath(treePath);
setFillColor(orange);
fillPath(deerPath);

e

Backup Memory

8.
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Damage Repair

 Mouse cursor is always drawn by GEL .
(performance)

* Restoring contents that were occluded
by mouse cursor needed

Becion | . | RWTHAACHEN
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10

Type Movement
Value (0,2)
Timestamp 13:37:12.203

Type Mouse Down
Value Left
Timestamp 13:37:12.271

Type Mouse Up
Value Left
Timestamp 13:37:12.289

Type Movement
Value (12,2)
Timestamp 13:37:12.416

Button 1 0
Button 2 0
Button 3 0
X 0
Y 1
Wheel 0

Timestamp 31267

Button 1 1
Button 2 0)
Button 3 0)
X 0)
Y 0)
Wheel 0)

Timestamp 31335

Button 1
Button 2
Button 3
X

Y

Wheel 0
Timestamp 31421

OO O O O O

Button 1
Button 2
Button 3
X

Y

Wheel 0
Timestamp 31634

- O O O O
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 Most systems: Not accessible to application developer
 GEL as library: extensible only with access to source code (X11)

 GEL access via interpreted language: extensible at runtime (NeWS)

* NeWS example: Download PostScript code into GEL to draw triangles,
gridlines, patterns,...

RWTH
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Event queues Graphics objects &

actions
Canonical events Logical coordinates Device-independent
Driver-specific data Memory addresses Device dependent
Device drivers Graphics hardware
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Base Window System
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 Core of the Window System
 Provides WS-wide data structures and operations
 Manages shared resources to ensure consistency

 Base window: |logical canvases that include
the on-screen windows and / or widgets

* In general:
1 WS — k terminals, m applications, n objects per application (windows, fonts)

RWTH
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Dialog input,
State messaging

Requests, output,
changes

Addressing

Access control

Canvas

Event library
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Graphics library

Connection
management

Resource operations

Synchronization

Elementary
operations

Objects
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0

Window & Canvas Events Graphics Context

Color Tables Fonts
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Components

 Owning application

* Using applications

e Size, depth, border, origin

o State variables (only for windows)

Operations
 Drawing in local coordinate system

e State changes

RWTH
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Components
 Event type
 Timestamp
O * Type-specific data
k e Location
 Window
* Application

Operations

e Read, write and filter events
R\WNTH
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Demultiplex

Order Events by Timestamp

Multiplex

19 Prof. Dr. Jan Borchers: Designing Interactive Systems 2



Components
 Owner app, user apps

* Graphics attributes (line thickness, color index, copy
function,...)

e Text attributes (color, skew, direction, copy
function,...)

e Color table reference

RWTH
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Components
 Owner app, user apps

» Data fields for each color entry
« RGB, HSV, YIQ,...

Operations
e Provide default color

* Find close replacements of colors
(fault tolerance)

RWTH
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Components
 Owner app, user apps

e Name, measurements
(font size, kerning, ligatures,...)

 One data field per character

RWTH
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* Trees are used to manage the window collection in the BWS
e All child windows are inside their parent window

» Simplifies event routing or setting visibility

RWTH
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Base Window Management

Exercise
Determine a valid tree structure for the window arrangement shown above.
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Base Window Management

RWTHAACHEN
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 Reasons for sharing resources: Scarcity, collaboration

* Problems: Competition, consistency

RWTH
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 Reasons for sharing resources: Scarcity, collaboration
* Problems: Competition, consistency

 Synchronization needed
At BWS entrance

* Or on individual objects

RWTH
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Base Window System: 0S Integration

Single address space

Apps
UITK
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Base Window System: 0S Integration

Single address space User address space

Apps /

N\

Kernel address space
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User address space

/N

GEL
HW

GEL
HW
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Dialog input,
State messaging

Requests, output,
changes

Addressing

Access control

Canvas

Event library
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Graphics library

Connection
management

Resource operations

Synchronization

Elementary
operations

Objects
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Window Manager
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* Allow users to control |

1 September 12, 2018

~ Wednesday Lisbon, Portugal

1 v d
: . ter
" e e e August 22, 2017, 12:30:13 AM - 557 of 581 N | Edit
 Provide Look & Feel for | e s*'@
4 )

Summer Trip

7% Scheduled Submit vacation request

FaceTime with grandma Photos b

culars

B .
OR
. . . 9:41 AM @ £») Memories _,
I n t e raCt I O n W I t h t h e WS ' | Coffee with Edward Philz CoffsSill @ Favorites = | i
f - : X biration date
foiM @) Imports . RN '

2 People

? Places

Lunch with Travis
Kokkari Estiatorio 200 Jackson St, S

———
Albums : ‘

v [ ] Media Types
(¢ Videos
3PM | (@ Selfies
Leadership Conference
© Live Photos
@ Portrait
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» [ | My Albums ' ?
i Projects Y
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» [ ] My Projects
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MacBook
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Application-independent
user interface

Behavior (“Feel”)

Fetch events

Appearance (“Look™)

Request position change

Events
Window positions
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Request
drawing

Look & Feel

Techniques

Communicate
with BWS
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Screen Management

e \What is rendered where on screen?

 Where is empty space? Which apps are iconified?

RWTH
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Screen Management

e \What is rendered where on screen?

 Where is empty space? Which apps are iconified?

Session Management

* Provide consistent ways to perform standard tasks

 Move window, start app, iconify window

RWTH
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Session Management

Menu Techniques
Fixed Menu Bar
@ Xcode File Edit | /-, Find Navigate Editor Product Debug Source Control Window Help

Standard Editor
Assistant Editor
Version Editor

Navigators Show Project Navigator ggq | Cascading Menu

Debug Area Show Source Control Navigator 362
Inspectors Show Symbol Navigator 33

Libraries Show Find Navigator #4

_ Show Issue Navigator 385
H!de Toolbar Show Test Navigator 366
Hide Tab Bar Show Debug Navigator 367
Show All Tabs 136\ Show Breakpoint Navigator 368

Enter Full Screen ~A3eF Show Report Navigator

Hide Navigator
Filter in Navigator

Pull-Down Menu Customize Touch Bar...

RWTHAACHEN
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Session Management

Window Decorations

Windows 7

Windows 10 macOS

RWTHAACHEN
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Session Management

Layout Policy ——
< @_%) ®

9:41 AM

Allison Brennan o :
Design Transitions Animations
Econ study group:
Assemble!

Hey! Here's a chart | put
together from
yesterday'’s lecture.
(You're welcome. )

CONTRIBUTION TO GDP GRowTH

%0 25 0 25 %0 39 N

NS / Oh, wow. Thanks so
much!

@ This is great.Q'
Allison

Yeah, no kidding. You
were seriously paying
attention in class
yesterday?
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Session Management

Direct manipulation
Icon technique
Input focus

Look & Feel
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* WM accompanies the session o0 <o B "

» changing window positions
Accentcolor: @ @ @ @ © O O ©

® Changing app appearance Highlight color: Green 2

Sidebar icon size: Medium d

Automatically hide and show the menu bar

Show scroll bars: @) Automatically based on mouse or trackpad
When scrolling
Always

Click in the scroll bar to: @) Jump to the next page
Jump to the spot that’s clicked

Default web browser: & Safari T

Ask to keep changes when closing documents
Close windows when quitting an app

When selected, open documents and windows will not be restored
when you re-open an app.

Recent items: 10 ﬁ Documents, Apps, and Servers

Allow Handoff between this Mac and your iCloud devices

Use font smoothing when available

RWTH
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* WM accompanies the session o0 <o B "

» changing window positions
Accentcolo: @ @ @ @ © ©O O ©

® Changing app appearance Highlight color: Green 2

Sidebar icon size: Medium T

Automatically hide and show the menu bar

Show scroll bars: ) Automatically based on mouse or trackpad

e | evels of late refinement

Always

Click in the scroll bar to: @) Jump to the next page

* Per session or application

Default web browser: & Safari v

e Per launch, user or for all users

t2 Ask to keep changes when closing documents
£ Close windows when quitting an app

When selected, open documents and windows will not be restored
when you re-open an app.

Recent items: 10 1% Documents, Apps, and Servers

£2 Allow Handoff between this Mac and your iCloud devices

£2 Use font smoothing when available

RWTH
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WM accompanies the session
* changing window positions

* changing app appearance

Levels of late refinement
 Per session or application

e Per launch, user or for all users

Implementation with table files, internal
database, or delta technique

Prof. Dr. Jan Borchers: Designing Interactive Systems 2

Appearance:

Accent color

Highlight color:

Sidebar icon size:

Show scroll bars: ©

Click in the scroll bar to:

Default web browser:

Recent items:

General Q

— u

Light Dark

- 900000000

Green v

Medium g

Automatically hide and show the menu bar

' Automatically based on mouse or trackpad
When scrolling
Always

© Jump to the next page
Jump to the spot that's clicked

& Safari T

t2 Ask to keep changes when closing documents
£ Close windows when quitting an app

When selected, open documents and windows will not be restored
when you re-open an app.

10 % Documents, Apps, and Servers

£2 Allow Handoff between this Mac and your iCloud devices

t2 Use font smoothing when available

RWTH



<?xml version="1.0" encoding="UTF-8"7>
<!DOCTYPE plist PUBLIC "-//Apple/DTD PLIST 1.0//EN"
"http://www.apple.com/DTDs/PropertyList-1.0.dtd">
<plist ="1.0">
<dict>
<key>GuestEnabled</key>
<false/>
<key>lastUser</key>
<string>loggedIn</string>
<key>lastUserName</key>
<string>borchers</string>
<key>retriesUntilHint</key>
<integer>3</integer>
</dict>
</plist>
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Window Manager: Location

BWS
GEL

Upper part of BWS
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Window Manager: Location

WM

BWS
GEL

BWS
GEL

Upper part of BWS Separate server
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Window Manager: Location

WM WM

BWS
GEL

BWS
GEL

BWS
GEL

Upper part of BWS Separate server Separate user process
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00000

RWTHAACHEN

J1101
011
1

49 Prof. Dr. Jan Borchers: Designing Interactive Systems 2

UNIVERSITY

J1
00000



WM leads from system- to user-centered view of WS
 Provide different levels of consistency
 Accompanies user during session

* Potentially exchangeable

WM requires Ul Toolkit to implement same Look & Feel across applications

RWTH
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Application-independent
user interface

Behavior (“Feel”)

Fetch events

Appearance (“Look™)

Request position change

Events
Window positions

o Prof. Dr. Jan Borchers: Designing Interactive Systems 2

Request
drawing

Look & Feel

Techniques

Communicate
with BWS
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User Interface Toolkit
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UIDS / UIDL

Basic Widgets

Events Actions
Position Drawing requests

RWTH
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UITK: Components

Widget Set User Interface Design System

d Datei  Bearbeiten  Ansicht Projekt  Erstellen Debuggen Design Format Extras  Erweiterungen  Fenster Hilfe  Visual Studio durchsuchen (Strg+Q) 2 WpfAppl Anmelden R, - (] X
© Debug ~ AnyCPU ~ P Starten ~ _ s
Projektmappen-Explorer i i MainWindow.xaml.cs Appxaml ~ | Eigenschaften i
dE- o-seam /N - Name | CloseButton
: N 160 80 0 80 160 240 320 400 o
. Projektmappen-Explorer durchsuchen (Strg+i 2 ~ %3 130 Typ  Button
R Projektmappe "WpfApp1" (Projekt 1) £ P
4 [c¥] WpfApp1 Q Anordnen nach: Kategorie ~
b M Properties . . 4 Pinsel o
b e Verweise s MainWindow
us utton : Backgound [ ]
¢ App.config $ -
4 ) Appxaml P BorderBrush Kein Pinsel L]
) Appaaml.cs 4 Foreground | -
4 D ;‘i“m"dw-“’“l ®4 OpacityMask Kein Pinsel o
MainWindow.xaml.cs
— F m[H |
Editor ™ Farbressourcen
M R o
8 G 159
P Butt v | e
opup Button — :
Projektma... Objekte Zustinde Trigger Daten Projekt <> Decorator [ DockPanel <> DocumentPageView -
4 St lem... 33 < i i
i s < [ 53 euerelem. . DocumentReference @) DocumentViewer O Ellipse I
“II’ 101
(Kein Storyboard gedffnet) ¥ X + - l ® Expander <> FixedPage < \l;!owDo:umentPage H el IO Wo rI d . _ & S #FFOD9FEA
o R Panels n lewer v
A [Windo
/—\ . [Window] b Daten 1 o ;Iov;Document o \F/!owDocumentScloll ] Frame .
( \ @ a & | . eader iewer 4 Layout
euerelem... - e .
a Io u 0 n 4 O [Window] s <> Glyphs rid €[> GridSplitter Width 120 Zm
- 4 3 [Grid] & o e &l GridViewColumn o GridViewHeaderRow o GridViewRow Height 40 o
Einfache S... 26 Header Presenter Presenter
| [@ HelloLabel @ o0 - Zindex 0 o
e Verhalt 2t HeaderedConten Headeredl
[ <& iStackPanel] @)l o | B &l Control © Control MinWidth 0 o
a e & [Button] "Hello!" s Effekte 2 & Image 19 InkCanvas InkPresenter MinHeight 0 o
. seE‘-utton - Medien <> ItemsControl <> ItemsPresenter A Label | HorizontalAli... o
3 o == . S
4 Kategorien 3 EE ListBox @] ListBoxitem LE I Hello' VerticalAlign... o
& ListViewltem MediaElement 1 Menu
4 Daten 1 Margin
<
Steverele... 8 B3 Menultem PageContent [#] PasswordBox o
= = .
Panels " %E Popup ProgressBar ® RadioButton -
—n . [ I “n - oA
v
200% v (x| B R (98] < » 4 Text
J C h e C k B OX G Entwurf 1 B XAML nE= A T 3= =
[] Button (CloseButton) ~ [S]Button (CloseButton) - Segoe Ul -m 12px ~o
1 El<Window x:Class="WpfAppl.MainWindow" = Bo|slo
2 xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation” -
S t 1 S t 2 S t 3 3 http://schemas.microsoft.com/winfx/2006/xaml" v
egmen egmen egmen :
g g g 5 "http://schemas.openxmlformats.org/markup-compatibility/2006" glbacteling
6 al="clr-namespace:WpfAppl" Opacity 100% o
7 mc:Ignorable="d" Visibility Visible v|jo
8 Title="MainWindow" Height="300" Width="400">
9 B <Grid> —  Effect [Neu |o
1e <TextBlock x:Name="HellolLabel" HorizontalAlignment="Center" Margin="@" TextWrapping="Wrap" Text="Hello World!" VerticalAlignment="Center" FontSize="18"/> v
11 =] <StackPanel HorizontalAlignment="Right" Margin="1@" VerticalAlignment="Bottom" Orientation="Horizontal"> 4 Al .
12 <Button Content="Hello!" Width="128" Heigh "0,0,10,8" Click="Button_Click"/> gemein
13 <Button x:Name="CloseButton” Content="Close" Background="#FF@@IFEA" Width="120" Height="40" IsDefault="True" Click="Button_Click" BorderBrush="{x:Null}"/> Command o
14 </StackPanel> CommandPar. o
15 <Path Data="M56,102.5 C200.5,80 416.49954,76.000936 302.49968,50.501794 188.49983,25.802652 331.39797,-55.162223 187.99998,24.002707" Fill="#FFCBE80Q" Horizonta
16 </Grid> Content Close L]
i; </Window> IsCancel O o
— - IsDefault -
= . —— . .
& Macintosh HD > B8 Applications 2.
m DataContext ED
IsEnabled o
v v v
= 100% ~ @ Keine Probleme gefunden 4 » Eigenschaften = Ressourcen Team Explorer

Visual Studio Blend

| . . RWTHAACHEN
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e Composition
* Reusability
 Communication

e Separation from app logic

RWTH
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<W=(wj..wr), G=(g;1...21), A=(aj...am), I=(1]...1,)>

RWTH
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UITK: Defining Widgets

Exercise
What are the typical components <W, G, A, I> of a button?
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UITK: Basic Widgets

Push Button Check Box

" ) Radio Button

Menu ltem 2
Menu ltem 3
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UITK: Creating Complex Widgets

=10)

o — Minimal Button

Opacity

. 100%

. » 800 _BEECOE
ame.|c | (0]

[ U T | e o | o [ o | o T e T |

Composition Refinement
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Dynamic Widget Hierarchy

What’s new in this release?

- » We fixed a major issue that caused the app to
- crash when saving

i * We also added a new button in the main menu

~ Remind Me Later = Update Now | |

60  Prof. Dr. Jan Borchers: Designing Interactive Systems 2 RWNTHAACHEN
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NSTextField

/\
JAN
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Late Refinement of Widgets

02

UITK
Developer

\

Message
Send
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I\/Iessage

| Send.

App
Developer

User
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()
=
o
1=
-
O
(),
(9
©
T
()
et
=

Macintosh Human

@ Flle Edit View Label Special
»

mHoeoon ¥ m¥
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Language oriented (UIDL)

o Compiler implements style guidelines by checking constructs

Interactive

 Complex drawing programs to define look of Ul

* Via lines connecting user input (7) to actions (A) (allowed by style guide)

Automatic

* Create Ul automatically from spec of app logic (research)

RWTH
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User Interface Description Languages

<?xml version="1.0"7>
<?xXml-stylesheet href="chrome://global/skin/" type="text/css"?>
<window 1d="findfile-window"
title="Find Files"
orient="horizontal"
xmlns="http://www.mozilla.org/keymaster/gatekeeper/
there.1is.only.xul">

<pbutton label="Normal"/>
<button label="Disabled" disabled="true"/>

(v IR=)=0= )
</window> Normal
Disabled
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Xy

Xy

A VPR

006

| JON NI o

B M =2 Q A O

v @ Temperature Converter

v Temperature Converter

2 AppDelegate.swift

s ViewController.swift

| Assets.xcassets
Main.storyboard
Info.plist

A Temperature Converter > HE My Mac

@ Temperature Converter > Te...er>

[C1 Temperature_Converter.entitlements

» . Products

Push Button - For use in window content areas. Use text, not images.

Textured Rounded Button - For use in window frame areas: title bar, tool
bar, or bottom bar.

Gradient Button - For direct interaction with a source list or other view. Use
images, not text.

Pop Up Button - A pop-up or a pull-down menu from which a user can
select an item.

Check Box Button - Switch a state between on and off.

Radio Button - For a single choice among mutually exclusive options.

Dasimed Dand Disddnam Faviinn im acacma bhava and calasad £lléac vaiin

Finished running Temperature Converter : Temperature Converter

M..rd )+ M..e) ) & Vi..ne) @ Vi..ler) [I%] view ) “® convert

Action Segue
Modal
Popover
Sheet

Show
Custom

Received Actions
convertTemperatureWithSender:
dismissController:

©)
/

Temperature

<placeholder> °C

Convert O 9

<placeholder> °F

®© ] View as: Light Appearance

@ B o <

L] 2 [

O @ @ U B © 58 @

Button
Style

Type

Push

Momentary Push In

Visual £2 Bordered

State

Behavior |

Title
Alternate
Alignment

Font

Image

Alternate

Position

Scaling
Tint
Sound

Key Equivalent

Control

Line Break

| Transparent

Off

| Allows Mixed State

Spring Loaded

Convert

q

System Regular

~ Image Hugs Title

— No Image

Proportionally Down

_— Default

Word Wrap

o) )

B

CHolloloM <1< I

o>

Truncates Last Visible Line

State 2 Enabled

Tooltips B

Text Direction

Continuous
Refuses First Responder

Allows Expansion Tooltips

Natural
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UIDS / UIDL

Basic Widgets

Events Actions
Position Drawing requests

RWTH
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