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Interaction Architecture

What happens between the computer receives an
input and sends off an output?

1. Designer’s Perspective
— Interaction Models (UML, UAN,...)

2. User’s Perspective
— History and Interruption Management

3. Software Engineer’s Perspective
— Patterns for Interactive Software (MVC, DCl,...)



Designer’s Perspective g

INTERACTION MODELS
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Interaction Models

Why do we need to model interaction?

* to capture requirements (when the user does
this, then the system should do that)

to develop by

to evaluate against

* to build workflows for passing on interaction
knowledge and providing user guidance

* to automatically generate Uls



Types of Interaction Models

What is modeled?

* Extent: Single Action or whole Workflow

* Granularity: Concrete Events or General Task
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Types of Interaction Models

What is modeled?

* Extent: Single Action or whole Workflow

* Granularity: Concrete Events or General Task

How is it modeled?

* Diagrammatically: Sequence/Activity Diagram

* Symbolically: Notations



Diagrammatic Models (UML)

Activity Diagrams = EE= ~N
w[authenticated]

[op=exit]

[Salact operation

\]/ [op=withdraw]

* State/Transition Diagram

Image taken from Garcia et al. 2003

. Notify invalid u
* Models the |Og|ca| [ amount I = [ Sjlectamn nt] [aut=no]
. . [valid(amount)]
flow (of interaction) [n{,{t:a,imammm,] y \Il
Authorize
. e ey L withdrawal y
* Focus on which activities Vieviyes
can be performed in (" Show balance |
which order and under \ v V V
which constraints [...] ( Release | Release Invalidate
L identification y |dent|ﬁcat|nn 1dentiﬂ:ation
* QOverview character v

[ Dispense mune_‘,r

-> shows the whole flow
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Diagrammatic Models (UML)

Sequence Diagrams

* Lifeline Diagram ;% {ATM Bank
*  Models interaction :Account holder
between components o
ify
as event sequences >

Request authentication

* Each sequence can be

Provide authentication

seen as a path through =
the activity diagram Authenticate identity
* Detail character o Confim ently

-> shows one flow ' ! |

Image taken from Garcia et al. 2003
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Diagrammatic Mod

Interaction Overview
Diagrams

Nested/Compounded Diagram

Combines Activity and Sequence
Diagrams by embedding interaction
for each activity

Compartmentalization of
Sequence Diagram

Overview & Detail character
combined -> somewhat crowded

unds IHellnes

:Bank, :J\TM)

uilhenticate idenity

Confirm identity
- —
L L

els (UML)

Image taken from Garcia et al. 2003



Notations (Task Design Space)

Design Dimensions

WHY? GOAL

HOW?

WHAT?

WHERE?

adapted from Schulz et al. 2013

Exploratory Analysis
hypothesis generation
through undirected
search

Confirmatory Analysis
hypothesis testing
through directed search

Presentation
communication of
confirmed analysis
results
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Symbolic Models

Notations (Task Design Space)

S9210YD usdisaQ

Design Dimensions
* Navigation
« WHY? GOAL changes the scope or
granularity of the data
« HOW? | MEANS .
* (Re-)organization
o WHAT? adjusts the data by
reducing
« WHERE? : hine i
or enriching it
e Relation
puts data in context by
seeking similarities or
adapted from Schulz et al. 2013 d’fferences
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Symbolic Models

Notations (Task Design Space)

Design Dimensions

e WHY? GOAL * Low-level Characteristics
observations about data
* HOW? ~ MEANS objects and data values

—» visual literacy

WHAT? = CHARACTERISTICS

WHERE? * High-level Characteristics
complex patterns in the
data
— visual analysis

adapted from Schulz et al. 2013
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Symbolic Models

Notations (Task Design Space)

Design Dimensions

WHY? GOAL

HOW?  MEANS

WHAT?  CHARACTERISTICS

WHERE? TARGET

adapted from Schulz et al. 2013

e Attribute Relations
linking data objects to their
attribute values — in
particular:

 Temporal Relations
e Spatial Relations

S9210YD usdisaQ

e Structural Relations
linking data objects with
each other



Symbolic Models

Notations (Task Design Space)

Design Dimensions ~
wn
« WHY?  GOAL * Single Instance oq
for highlighting details >
« HOW?  MEANS @)
° 1 j
- WHAT?  CHARACTERISTICS Multiple Instances - O
for showing data in context -~
« WHERE? TARGET o

* AllInstances

CARDINALITY for getting a complete
overview

adapted from Schulz et al. 2013



Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

( 7 /7 7
Presentation _A_ Relation _A_ High-Level _A_ Structure _A_
Confirmation |  (Re-)organization |
Exploration | Navigation | Low-Level | Attributes |
GOAL MEANS CHARACTERISTICS TARGET
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Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

(exploration, y /
Presentation _A_ Relation _A_ High-Level _A_ Structure _A_
Confirmation |  (Re-)organization |
Exploration | Navigation | Low-Level | Attributes |
GOAL MEANS CHARACTERISTICS TARGET
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Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

(exploration, navigation(search), ,
Presentation _A_ Relation _A_ High-Level _A_ Structure _A_
Confirmation |  (Re-)organization |
Exploration | Navigation | Low-Level | Attributes |
GOAL MEANS  CHARACTERISTICS  TARGET
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Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

(exploration, navigation(search), high-level(trend),

Presentation _A_ Relation _A_ High-Level _A_ Structure _A_
Confirmation |  (Re-)organization |
Exploration | Navigation | Low-Level | Attributes |
GOAL MEANS CHARACTERISTICS TARGET
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Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

(exploration, navigation(search), high-level(trend), attribute(temperature), all)

Presentation _A_ Relation _A_ High-Level _A_ Structure _A_
Confirmation |  (Re-)organization |
Exploration | Navigation | Low-Level | Attributes |
GOAL MEANS CHARACTERISTICS TARGET
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Symbolic Models

Notations (Task Design Space)

Example: undirected search for a trend among all available temperature

attribute values

(exploration, navigation(search), high-level(trend), attribute(temperature), all)

Presentation _A_ Relation _A_ _High-Level f Structure _A_
Confirmation |  (Re-)organization |
Exploration Navigation Low-Level | Attributes
GOAL MEANS CHARACTERISTICS TARGET
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Symbolic Models

Notations (Task Design Space)

Domain-Specific Examples

task

compare variable distribution

find model input/output relati

gain overview of whole datas

analyze trends

visual (climate) model valida

visual data cleansing / find d4

analyze periodicities

analyze outliers

compare measurements with

present data for general audie

<TASK name = "find model input/output relations"=
<GOAL v0O = "exploratory analysis" vl = "confirmatory analysis"/>
=HEANS vO = "relate" vl = "search" v2 = "enrich"/=
<CHARACTERISTICS v0O = "trends" vl = "correlations"/=
<TARGET v0O = "attributes(input)" vl = "attributes(output)"/=
<CARDINALITY v0O = "all"/=

</TASK=

<TASK name = "compare variable distributions"=>
<GOAL vO = "confirmatory analysis"/=
<HEANS v0O = "search" vl = "compare" v2 = "navigate"/>
<CHARACTERISTICS vO = “"distributions" />
<TARGET vO = "attributes(1l)" vl = "attributes(2)"/>
=CARDINALITY vO = "all"/=

</TASK=

<TASK name "analyze trends"=>
<GODAL v0O = "confirmatory analysis" vl = "exploratory analysis"/>
<HEANS vO = "#"/>
<CHARACTERISTICS vO = "trends"/=>
=TARGET vO = "attributes(*])" vl = "attributes(time]"/=
<CARDINALITY w0 = "all"/>

</ TASK=

bute| )| attrib(attributez ), all)

ns, ffn'?'flbf *input )lf-‘f”'i:bf *currpi,rrj. EJ'”J

) attrib(*ime )| struct(*), all)

), all)

ill)

) |vl'J'”FT.btr’:‘sr'.rrmmn'rm )

k), multiple)

[Schulz et al. 2013]
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Symbolic Models

(X

Task Specification (4/5)

SimEny Visualization - Version 1.00

—Selecttask

Il Compare variable distributions

| % Show details

The selected task means that you are planning a confirmatory analysis. The
visualization should support the following means / interaction (s): compare, navigate
and search. The visualization should help to visualize the following data characteristics /

feature(s): distributions. Furthermore, the technique
(analysis target). Finally, the technique should work o

Analysis als
confirmatory analysis: analyze data for hypothesis testing

Analysis means

compare: compale two 01 mole aspects,
navigate: navigate thiough the data,

search: ssarch for a specific aspect of yow data

Analysis characteristics (features)
distributions: find distributions

Analysis target
attributes: attiibutes / variables of the dataset (both depender

Analysis cardinality
all: 1elate to all targets

[ Help ] [ Options ] [ Visualize Now! ] [ Set tasks ]

X Define task details k& ><
Goal Means Characteristics Target Cardinality
confirmatory anal clusters all
exploratory analy| | zprich correlations object/ record multiple
presentation extract directions structure one

filte r discrepancies two
navigate distributions
query frequencies
relate outliers
aEEmian| - tend
—Select/ Hide
(3¢ Neutral tasks [] Area-specific tasks [ ] Data-specific tasks
—Stored tasks
Compare variable distributions '| | Add |App|1.r| Delets | Rename
| Ok | | Cancel | ‘ Store tasks ‘ | Help |
&
25
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Symbolic Models

<Technique text = "2D Scalar Visualization (Avizo)">

<System text = "Avizo"/>

<File text = "Avizo_2D_ Scalar Visualization.hx"/>
<Icon text = "Avizo_2D_Scalar_Visualization.png"/>
<DevelopmentState text="PreRelease"/>
<DimensionsDescriptor>

~enatialThimancinnalitu~
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Symbolic Models

[ ﬁ (9] SimEny Visualization - Version 1.00 L) |

IR N
S AaT. S

Technigue Pametrization (5/5)

+ characteristics (outliers)

+ cardinality(all)

+ target(attributes)

3 Ty analysis )
+ cardinalityi all}
+ target(atrributas)

+ goal{exploratory analysis)
- characteristics (outliers)

+ cardinality(all)

+ target(attributes)

+ means(search)

+ characteristics (outliers)

+ cardinality(all)

+ target(attributes)

+ means(search)

+ goal(exploratory analysis)
+ cardinalityi all}

+ target(atrributas)

+ goal{exploratory analysis)
- characteristics (outliers)

+ cardinality(all)

+ target(attributes)

+ goal(exploratory analysis)
- characteristics (outliers)

Discrete pure color

Pure color 0.40

Colored discrete height field 0.25

Colored height field 0.14

Color bands 0.03

Pure izolines 0.03

—Technigue Parameterization

Discrete color mode - The values of a certain parameter are mapped to colors on a 2D
plane without interpolation,

[ Help ] [ Options ] [ < Back ] [ Visualize

[Schulz et al. 2013]
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Symbolic Models

Notations (UAN — User Action Notation)

K~ +
—

ACTION FEEDBACK

move cursor I
depress button “X” -1
release button “X” I-1

click button “X” (1-1)n
grouping of actions X>~
performed O or more times @Xx,y
performed 1 or more times display(X)
enclosed action is optional erase(X)
for all outline(X)

And some more...

highlight object
dehighlight object
blink object

blink object n times
object follows cursor
at point x,y

show object X

hide object X
outline object X

adapted from [Hartson et al. 1990]



Symbolic Models

Notations (UAN — User Action Notation)

TASK: move a file icon

USER ACTIONS  INTERFACE FEEDBACK INTERFACE STATE COMPUTATION

~[file icon] Mv file_icon-!: file_icon! selected = file
¥file_icon’!: file_icon‘-!

~[xy]* ~[x’y‘] outline(file_icon) >~
MA @x" y’ display(file_icon) location(file_icon) = x%y*

adapted from [Hartson et al. 1990]
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Combining the What and the How

We can use these diagrams ( ) on all

levels of granularity! =] (=] o) L’D"'“ =l =] L= ]

D s 1w 1)
, ¥
§ * StartShow r -‘,,
A - - B { L q
.|—~ Siop
1
1
L[

1A nt holder

—

! |
D(Jr‘.l::«mmlu\» l* * StopShow
ldentify T { -
— ]
I

Request authentication

T .,.}{T"?---__________
H

Image source Mark Belton 2006,
http://www.codeproject.com/Articles/13027/

Provide authentication E also E ible =
— i
Authenticate identity M Ortcusetrer i OrdcuseErter
L Confirm identity = '{ U E E E
= : : (Y'kkn:Lnlen E L()'ﬂ.bu Lo L
| | | ! ! i
pShow J— D
: L !
Image taken from Garcia et al. 2005 i [ o
=
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Combining the What and the How

Example 1: An Extended Infovis Pipeline

1]
rende@
{ u f ‘ r j
ursor —J scatterplot

1 2) 1

1
E E range E

3 I

1
mouse sensor v ﬁ
\ @ | ||—H data ) ‘\

Source: [Jansen + Dragicevic 2013]
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Combining the What and the How

Example 1: An Extended Infovis Pipeline

q

b , e q screen

L)
—J T scatterplot
1
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Example 2: Multilevel Interaction Model

Analyti

Identify uster

of affected factories ||
I

InteractionTechd

DetailTooltip

\[ Bureractiondcrion
Read operating
details

g

s~

2
brushing

3

Find cluster of

related factonies

|| Goal model | K Behavior model
S
——»| Force directed
| Ve Graph
I Interacriondction] /
| Encode the |
i factory network \{
| i N TnteractionOk;]
| ‘." ~--—»{ Factory nodes
! and logistics
| i &
/ ! -~
| / | | BueractionTech
! r.‘ //' B Overview
| /
| AnahricObjectivel | ',N__a Buteractiondction?
Uncover the key I.' | 7| Wiew all factorie:
| bottlenecks | f
| / N IteractionTe:
| _ _ 7| DynamicQuery
| Low productivity ond. /
a virtual factory Io {
| network e I'w_
|
|
|
|
|
|
1

Operation model )

| Click(Vislist)
GrapliOpen()

TDhaloz]

Dialog?
DoubleClick(window)
WindowAdapt()
GmphRender()
Dialogy
~a| Drag(range shder)
AttributeFilter{range);
NodeColorRender()
A,
k|
FirualRepracenration?
- ————» Colorofovals and
- lines

Dialozd
Click(factory)
RelateNodes(factory)
ShowCluster()
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Source: [Ren et al. 2013]
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Combining the What and the How

Example 2: Multilevel Interaction Model

AnahticObjactive?
Identify the cluster
of affected factonies

~ R -

Interactiondction

¥ Filter and explore

Interactionlech3

guestionable ones D‘i.-'ﬂaIIJiEQLIEI_'r'
— | 4 | 4 g
Tt FisHauspresentationd
Sl : MNode: oval
" Dﬂ.g(ﬁmgt slider) Edpe: kne
AttnbuteF Lter{range): MNodesize: progress of
NodeC olorP ender() factory orders
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User’s Perspective Moty Og
|~ll;]|e

HISTORY AND INTERRUPTION.. ~
MANAGEMENT
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History Management

Interaction History

“Keep a history of actions to support
undo, replay, and progressive refinement.”

-- Ben Shneiderman 1996
Three aspects:
1. Recording history (logging)
2. Utilizing the current history (undo/redo)

3. Utilizing a collection of histories (guidance)



History Management:
1. Recording Interaction History

Approaches differ in:

What is captured (actions vs. states)
-> states easier to log, actions allow more diverse use

How the information is aligned (linear vs. branching time)

Which and how many levels of detail are captured (low vs. mid vs. high)
-> highly problematic to discern when one action ends and the next begins
-> use of taxonomy/ontology can help to define actions more clearly

Scope (local vs. global)
-> from system-wide logging (e.g., Glass box by Cowley et al.)
to object-specific logging (e.g., per spreadsheet or per cell)

adapted from Heer et al. 2008



History Management:
2. Utilizing the Current History

Operations on the history:

» Reflect: passively show the history as it evolves alongside the visualization
* Replay: recap the history for presentation/validation purposes

* Retrace: undo/redo an action or reestablish a prior state

* Reuse: reapply a sequence of actions like a makro

* Reconfigure: selective undo/redo, reordering, refining, reparametrization

* Report: annotate, share



1 _history.avi

History Management

Example for History Management

walue operator

databato

arraLuhcaI operator Fle Vikw Prozms Setngs Vihdow Hep

Ak (B @B @77 %0 BERECIRIC | c B @R[«

wisual operator | coumtrieaty P L= 3 |

visual mapping DaaTaoe | Hipagram|

picture operator Cashres (110 [Lleray [Bamurt [0 [Belbrcle | Doslindls Ierul
e Obeds -1 | |

valuation exists —_—

parameterization

By L T

H
{ - Marccen
3 &gt
Langlsdesh
\ Daanda
23 daadans

Edit valuation | x|

Gioal propebes

corelation i & e
£28 there any coeslabions betwesn Quale € &
varables. vaues of spocid acas Rganik:

Uvereeve dzplay reveals conelation

i a

Ik overen hl |

1
| [l

. while geRing an averview aboud |
data and il's propetiss? 2.9
| v ST
—' —B—I o= Destirate
Global properties £
Gosls: most noma none femoy  Esdymor S0P sthzte  Deaveats  Utesr *%- &
otance ¢ & O 101 <0 wrcdn P % £ 280027
’E:nmm | PR o
Slrong conlabion between GDP and Brll :‘
? Pirhrate Gabvronl
108 1 2 a4 : g Slieracy

¥ ltis a knowledge discoverng result oy

Cancel l

Image source Kreuseler et al. 2004
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History Management:
3. Utilizing a Collection of Histories

Analyze/mine past histories to provide guidance:

* Guidance context: prior knowledge of the user
-> nothing, goal (desired final state), path (activity sequence), full

* Guidance domain: the matter on which guidance shall be provided
-> data, views, infrastructure, users

* Guidance target: how the aim or goal of the guidance is declared
-> direct (directed search), indirect (query by example), inverse indirect
(discover the unexpected)

* @Guidance degree: how much freedom to deviate is still allowed
-> orienteering -> steering -> storytelling -> animated animation

taken from Schulz et al. 2014



% & 2 cuidance.mp4

History Management

Example for Guidance:

N
)
)
%’“ 5
4
- &
! I
%..

Image source: Streit et al. 2012
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Interruption Management

Who interrupts whom?
L

user interrupts

computational task

— >
—

computational task
interrupts user

!
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Mixed-Initiative Interaction:
Who Starts/Leads the Communication?

H ©- = eyes.csv - Bxcel
’ HOME INSERT PAGE LAYOUT FORMUILAS DATA REVIEW VIEW

| B B DB g e B o 30 b F R Q@ H D

D~ -

[able Recommended Table Pictures Online Shapes SmartArt Screenshot .,M";\PPE . Bing People Recommended .‘ PivotChart Line Column Win/ Slicer Timeline Hyperlink  Text  Header
PivotTables Pictures - - ! Maps Graph Charts L RIS M Loss Box & Footer
Tables Ilustrations Apps Cha| Scatter Sparklines Filters Links

t2 \ fr o 25 A

070 e & 0oy -
MS Excel 2013 Charting Menu |, .
Mo
a%a
| Bubble

' ‘ |_ More Scatter Charts...

Interaction lead by the User
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Mixed-Initiative Interaction:
Who Starts/Leads the Communication?

Chart Wizard

Which figlds contain the data pou want for the chart?
Available Fields: Fields far Chart:

EETIE T
—_——
i ﬁ,‘; Chart Wizard |

Wwehat type of chart would pou like’?

Choosze a chart that will appropriately
dizplay the fields you have zelected.

3-D Column Chart

A 3-0 perspective column chart
compares data paoints along bwo axes,
showing variation over a period of
time or illustrates comparizons among
items.

Interaction lead by the Computer

A
ey [T

5

\
AL R :
SEME

Cancel | < Back I Hest I Einizh |

MS Access 2003 Charting Wizard



Interruption Management

Possible Interruption Responses

*  Oblivious dismissal
-> interruption goes unnoticed

*  Unintentional dismissal
-> interruption is noticed, but its significance w.r.t. the current task
not evaluated/understood

* Intentional dismissal
-> interruption is deemed less important than the ongoing task
-> interruption queued for later, ongoing task resumed

*  Preemptive integration
-> interruption is deemed more important than the ongoing task
-> remainder of ongoing task is queued, start work on interruption

* Intentional integration
-> interruption and ongoing task are subsequently worked on together

source: McFarlane + Latorella 2002



Interruption Management

Common Interruption Management Strategies

* Immediate interruption
-> e.g., error messages (BSOD, Browser 404,...)

* Negotiated interruption
-> modeled after human-human interruption strategies:
alert to interruption, but let the user accept, decline, or ignore it

*  Maediated interruption
-> aims to predict the user’s interruptability (e.g., by determining
the current cognitive load of the screen content) and time
interruptions accordingly

*  Scheduled interruption
-> the user specifies in advance which interruptions are permitted
—e.g., for the next 2 hours only interruptions that can be handled
within 1 minute are allowed

source: McFarlane + Latorella 2002



Software Engineer’s Perspective

PATTERNS FOR

INTERACTIVE

Vis Tutorial: Opening the Black Box of Interaction in Visua

SOFTWARE
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Patterns for Interactive Software

Functional: Decoupling into Model-View-Controller

—| —> + + ==

Logical: Decoupling into Data-Context-Interaction

| —> O+ 3+

Technical: Decoupling into Threads

3 —> O+ O+
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The Model-View-Controller Pattern

* invented by Trygve Reenskaug in 1978/79 at

Xerox PARC

* de-facto standard for implementing Uls

J
P Controller

e View

Sees

Ma,.
anI,OU/a teg

\
Lm

Model

* decoupling allows, for example, for syncing
multiple views via a single model




The Data-Context-Interaction Pattern

* invented by Trygve Reenskaug around 2006

* helps mainly to untangle the model into
* Data: the pure data with base functionality
*  Context: the processes/workflows in which the data is used

* Interaction: the roles the data plays in the processes
-> same data can assume different roles
-> for each, role-specific functionality is added to the data

* decouples data from behavior (roles)
-> data objects can play many roles over their lifetime
-> while roles persist only for the duration of the process



A Multi-Threaded Architecture
for Continuous Interaction

Discrete interaction = click, key stroke, etc.

Continuous interaction = drag slider/layout back and forth
-> must be sped-up to be interactive (10-20 frames/sec)

Bottleneck @ Retrieval/Computing: precompute affected
pixels/objects for each pixel of a slider [Tanin et al. 1996]

Bottleneck @ Networking/Rendering: progressive output with
constant refinement — e.g., progressive vis. [Stolper et al. 2014],
per-iteration vis. [Choo et al. 2014], online vis. [Angelini et al. 2014]

For both: limit distance the user is allowed to travel per time
interval w.r.t. available hardware [Chan et al. 2008]



A Multi-Threaded Architecture
for Continuous Interaction

Step 1: One Thread per View

* Separate Application thread [ /AppiicationThread

and Visualization thread(s) N\ invalidates R A
. . Partial Results
* Each View gets its own HEVZF’t
. . . andling
Visualization thread ‘\/ Changesfreuses
. . term e
* Visualization thread mr;ares‘ Visualization Thread ‘
i H modifies ts ' Layer 1
progressively refines sl—
. ol o o © ayer
the view until finished S —
or cancelled o . = N
@ yer n
= = ]
Parameters W accesses N’

* Use Early Thread
Termination
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A Multi-Threaded Architecture
for Continuous Interaction
Step 2: Multiple Threads per View by Layering

Common Layering Mechanisms (from Piringer et al.):

Semantic layers: background (map, grid,...), coordinate axes,
data items, labels,...
-> sort by decreasing relevance or increasing effort

Incremental layers: sampled data items — e.g., every 100th,
every 10th, and finally every item

Level-of-Detail layers: on data level — clusters, subclusters,...

on image level — first without anti-aliasing at low resolution, then
with anti-aliasing at high resolution

-> here: layers get replaced, not blended onto drawn ones



A Multi-Threaded Architecture
for Continuous Interaction

Step 2: Multiple Threads per View by Layering

Layered Visualizations allow for
reuse of already drawn elements

User Start Interaction A Interaction B Feedback for Interaction B

1 i i (complete image)
. , % Feedback for Start . ?
¢ : . g Feedback for Interaction A l
1
Threads : ! ' !
Event handling } Handle A Handle B
I lStOp : restart lStOp : restart
1 Y U r
Visualization Process | Process | Pro& Display Process Process Proces Display Process Process Display
Layer1 | Layer2 | Lay&, L1,L2 Layer 2 Layer 3 Layer&4.1,L2,L3 Layer 3 Layer 4 L1,L2,L3,L4 linvalidate
. skip L3,L4 skip L4
1
Layers L1 [ T | lvalidate
Validity (V) 2l - - - |
alidi .
AN T T T | 3 valid
L4 | T | [ invalid

Picture source: [Piringer et al. 2009]
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Interactive Visualization in Action

A short practical interlude:

5

Christian Tominski, University of Rostock, Germany
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