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Class Materials

Roberto Tamassia, Editor

Handbook of Graph Drawing and Visualization, CRC Press, 2013
Chapters 1, 2, 5, 12, 13, 15

On-line: https://cs.brown.edu/~rt/gdhandbook/

loannis Tollis, Peter Eades, Giuseppe Di Battista, Roberto
Tamassia

Graph Drawing: Algorithms for the Visualization of Graphs
Prentice Hall, 1998

Plus original papers
Most (if not all) should be on-line, at least within CAU

https://ilearn.ps.informatik.uni-kiel.de/lecturer/courses/105
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Your Grade

Your grade is given by final (probably written) exam +
homework assignments

e Tentative exam date: Wed 20 July 2016, 10:00 — 12:00
 Need at least 50% in final exam to pass

 (Grade = max (final exam, 85% final exam + 15% homeworks)
* |n borderline cases, also consider participation in class
Allowed to take final exam Iif:

* Received at least 50% of homework assignment points
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Outline (Tentative)

Modeling Pragmatics, Terminology, Aesthetics
Tooling, usage of ELK and KIELER
Force-based drawing

Hierarchical graph drawing

Drawing trees

Planarization-based graph drawing

Labeling approaches



Modeling Pragmatics

 Goal: Better use of 1) designer’s time, 2) screen real estate
- State of Practice:

1. Modeler draws view of a model
(manual place & route — tedious!)

2. Tool infers model
- Our approach:
1. Modeler constructs model

2. Tool continuously updates view of a model,
with automatic layout and filtering
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file:/Applications/Ptolemy/ptil8.0.be. . .t/ TrafficLight.xml#TrafficLight.normal

File View Edit Graph Debug Help

=B =W =T

I ALIE JiedieiisIR 3

L] Utilities

] Directors _

G Actors SR Director The NormalC actor generates the control signals

Gl MoreLibraries - for the car stoplights under normal operating conditions.
Cal UserLibrary The NormalP actor reacts to these controls to generate

the control signals for the pedestrian lights.
Look inside each actor to see its implementation.

I

PedestrianLightNormal p(ed
Carl inhtNinrmal Pn. [p—

OO file:/Applications/Prolemy/ptll8.0.| be. .t/ TrafficLight. xmi#TrafficLight.errorR

File View Edit Graph Debug Help
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—=raee 8 Un-Pragmatic: Lack of overview,

S| tedious wmdow management
e Imagine google maps would

Om | force you to navigate like that ...

/4
L

10




Normal.CarLight

Pgo o
Sec -
’ Pstop_o

guard: Sec_isPresant

guard: Sec_isPresent output: Pgo_o=1

output: Pslop_o=1
Normal
Sec SR Director I
]

’ Pstop_o

PedestranLight

TRAFFIC_LIGHT

Sec_KIELERIO SR Director
[y},
Ox_KIELERIO

@ TrafficLight
.

Error_

I“l

ﬁ

KIELERIO

Sec
Ok

Error
Pgo i

Ps top 1|

»

guard: Ok_isPresent

Pgoo

E'ror Pslop o

guard: Ermor_|sPresent

11

Error.CarLight

2

guard: Sec_isPresent

guord: Soc_isPresont

Cyellow_off
1

Error

%

» |  Un-Pragmatic: High Manual Effort

g_n
Pstop_i
S

SR Director

Absent

PedeslrianLight

Pgo_o

Pstop_o

Error.PedestrianLight

Pred




2 o ﬂﬂ

i

——

g EEETT
i

i

i m.= i

... and Even Higher Manual Effort!

o y—w
il

I ._ ﬂ___ —_

.

Jai

12




KH_BAHNHOF

(weg(1)>=268weq(1]<=30]

/KL 5 [after(10 2ick)] [1]==28 5_&
[mode==0)/ [mode==2}/ ‘?éé—'\

ponts [32)=0. )
points [31)=0; €90
ponts [20)=0.
points [39]=1:

jweg[2]#=258mode~»3}idisatticnn2

lO,xld-t)}

lmodoa-sl

[weg[2]==238mode~=3]kirection=1;

[mode==2)/ "}

[weslmpi"”]

_LN_S

(weglll==21]  flweg1p=198wea(1]«=22

en:chack()

imodesso) PONTSEE
poines32]=1; pom ]
points31]=0,
points 20)=0;

[wegl{2]==1 3&mode~=3)direction=2, W :

i == =41
[d'&',’w_, 3 [moa..zy

=3 2=
(mode==08contacts[*}=1] 1 | [modes2stor();

[after(10 tick)]

ohiia |

points [28]=1;

poirks [28]=0: [contacts{38}>=1)

[drection==1&contact

weg(1}>=238weg(1 j<=25]

KICKING_HORSE

first_start = 1,
tail=1;
spaed = 45,
1 mode = O
2 suche(x

}

de==03contacts] [direction==13mode=
-b- -é- RO
[m_odouaoll : E‘ pan_o [weglstep)==3 |7‘
poinks 0= 1, 3 P T poirts{23}=0,

[weg1]==31)(weg[1]>=168weg(1]<=18)]

ds| T

poirts28]=1;
- points28]=0;

[direction==1&contacts|

" [drectione=2]
[contacts(40]=1] | | —
i [modews()
: part_1
fwealstepl==21Ypoints(42)=1,
e —— O
j 2l 2
ontact =
[wealstep}==22poirt={42)=0; oy 3L (contocts(35pa] "
[weg{stepl==20}point={43]=1,
[m.ode;(;]fo 4 [contacts{68)==1]
points [29]=0;

points [28]=0; 1mlﬁ3]n \
5 \
{ [comacts[53]>=1]

[veg[step]==30)/
point=[20]%0;

ZAN ST o
baits{345e0, part_2
poires{33])=0, A ¥

wed1 =198 wag|1 }«=22]

2]

[contacts|68]>=1]

[contacts{8a}>=1)



« scade functional vsw - SCADE - [[TEST_ACE_SCU _new/eq TEST ACE SCU new 1]]

ﬁ[)ECUS flapsystem * !@m ﬁl){cus_ﬂapsystem...![_:]m

Jnem Edt View Node Insert Layout Project Simustion Simulrk Tooks Browse Window Help Fle [dt Vew Smulstion Format Tools Help File Edt View Semndation
DB-.QOI Y ERX o oS ? *?;Hscade_lmcﬁm&e'p ﬂﬁéﬁt‘_ﬂ&ca VB &4 Dlﬁ'ﬂ@l b tce MR RCVRET o Mo Mol I T th‘atﬁ:csz -
[[#a 2 fees =] [Weskspace =||[e e |8 & e |[|& '

(2% % % ||| S Sl & s % I ¢ N
|| #8 Frordaa i |z e g eF R i SRS i
o= - el
x TT=“1 e 22 e g
% LF SOU_check_contoleal| | | 1. E — ' et
& b SOU_mocnor s - <8 0 R R -~ = gy X e = Eor T =
5 SCU_moritor_statuste £ | - L -ty T P ot |
7 6 SOU_monior_system: m | B e ":—*—U}
# {3 SCU_montor_wing -d; ' e oy e
@ {3 SCU_sel_poit_caicl_|| | 47 |
B SCU_subcommend — Y e, e
N SOJ_:ubcommmd_a 'ﬁ";:; lestogee o |
# {F SCU_subcommand_b e
d TR SOy eommand A ol = W1
= ) = A e F35% HEER T=34%2  oded Ztl2o%  EEER -3
[ ik
Un-Pragmatic =
-Pragmatic: —
—
Overloaded screen real-estate W :
. [l i
0 Cmd. Position (rad) ®
PPU1 (rad) ©
PPU 2 (rad) =
- 1or 1 PPU 3 (rad) »
3 PPU 4 (rad) *
5- -
=
ol | 83
00 05 1.0 15 20 25 30 35
= Design | Modules
-—»—Q&To—l
(
sl
s Log | Emoes | Find | Output
toggle window mode !Lﬂ—'-' ]I!-ll—' Ready

Bsat| 3@ . B

" scade_functional.vew - ... | % S5M Edkor - [Safestate... | 4\ MATLAB 7.4.0

7a) | Wh0ECOS flapsystem *

| Wi 0ECOS_flapsystemicra... |[ & DECOS Aerospace Gr... |« H9) 16:00




.» Palette

4 SyncChart h &~
@D State
ll _: & Transition
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| _
: Un-Pragmatic:
: Painful editing technology
l_ J
\

15



Are Textual DSLs the Answer?

—

M) | Resource - VERA/GA/WeichenkontrolleU mstelilZ.logic - MENGES IDE - /Users/chsch/menges-wor kspace -
i — * — - = E E = =g
2 : : - : .
s 56= /** Ein berechtigtes Kommando zum Hilfsumstellen ist eingetroffen. */ 2
o= 57 from grund
=] 58 if (hilfsUm()) then
[3_ 59 change to hUml;
{ 1)
Q1 ble /** Ein berechtigtes Kommando zum Einzelsumstellen ist eingetroffen. */
— 62 from grund
-— 63 if (IhilfsUm() && umEin()) then
=2 64 change to uml;
E_:J b5
bbb /** Ein berechtigtes Kommando zum Stellen nach Rechts durch Befahrpunkt ist eingetroffen. %/
67 from grund
68 if (hilfsUm() && !'umEin() && umBpR() && !'umBpL()) then
69 change to bPRe;
71 /** Ein berechtigtes Kommando zum Stellen nach Links durch Befahrpunkt ist eingetroffen. */
72 from grund
73 if (hilfsUm() && !'umEin() && umBplL() && !umBpR()) then
74 change to bPL1;
7’5
76 /** Ein berechtigtes Kommando zum Stellen nach Rechts durch Fahrweg ist eingetroffen. */
77 from grund .
78 if ('hilfsUm && !umEin && !umBpR && !'umBplL && umFwR && !umFwL) then .
79 change to fwli; v
| 0® Writable Insert 9:15 |

A

 Editing text much less tedious than editing graphics
e Revision control simpler

e Portable, tool independent



Still Want Graphical Views!

OO | Resource - VERA/GA/WeichenkontrolleUmstell12.logic - MENGES IDE - /Users/chsch/menges-workspace

= & || =l weichenkontrolleUmstell 12.logic 2

/** Ein berechtigtes Kommando zum Hilfsumstellen ist el
from grund
if (hilfsUm()) then

change to hUml;
bPRe
/** Ein berechtigtes Kommando zum Einzelsumstellen ist

from grund
if (IhilfsUm() && umEin()) then
change to uml;

/** Ein berechtigtes Kommando zum Stellen nach Rechts d
from grund
if (hilfsUm() && !'umEin() && umBpR() && !'umBpL()) the
change to bPRe;

/** Ein berechtigtes Kommando zum Stellen nach Links du
from grund
if (hilfsUm() && !'umEin() && umBpL() && !'umBpR()) the
change to bPL1;

/** Ein berechtigtes Kommando zum Stellen nach Rechts d
from grund A
if ('hilfsUm && !umEin && !umBpR && !'umBplL && umFwR & 4
change to fwli;

: E —— é

e Jext requires string matching to uncover structure
e Diagram makes structure obvious

 Unreachable state in model,emerges



Still Want Graphical Views!

HOO | Resource - de.menges.models.alister_2_0.topology/src/test.topo - Eclipse Platform . 7 4
Civ s & Ve v v Gy e . 03 L(oResource
*EsLIopo 3 -0 ,mt-m% e |
o 1 graph: .
tH 2 einbruchsknoten Gettorf 11

weicherknoten C abzweigend rechts |

connect spitze with Gettorf.ende |

y ~ -~
= : einbruchsknoten Stumpf
o w connect ende with C.abzweig '

weichorknoten A abzweigend lirnks
e g connect spitze with (.stomm
o weicherknoten B abzweigend links
1€ connect cbzweig with A.stomm
11 connect stamm with A abaweig
weicherknoten D abzweigend rechts
connect spitze with B.spitze
weicherknoten £ abzweigend links
connect cbzweig with D.cbzweig
connect stamm with D.stonm
weicherknoten F abzweigend links v

 Diagram uncovers specification tlaw
(upper right corner)
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Pragmatics-Aware Modeling

Free user of tedious mechanical work, such as . ..
* manual placing of graphical objects

* manual navigation in complex models

Focus on pragmatics:

* New interaction methodologies

* New analysis methodologies

* New ways to synthesize models

Our experimental platform: ( “ ‘ KI E L E R

Kiel Integrated Environment
for Layout Eclipse RichClient




Key to Pragmatics: The MVC Paradigm

A model represents knowledge.
A model could be a single object (rather uninteresting),
or it could be some structure of objects.

 Aview is a (visual) representation of its model.
It would ordinarily highlight certain attributes of the model
and suppress others.
It Is thus acting as a presentation filter.

A controller is the link between a user and the system.
It provides the user with input by arranging for relevant views
to present themselves in appropriate places on the screen.

A Trygve Reenskaug
m| Models - Views - Controllers
Xerox PARC technical note, 1979 5



Key to Pragmatics: The MVC Paradigm

The Model

Synthesis & Editing

The View

Representing the model

» Automatic layout
* Filtering (incl. label management)

» Focus & context, zooming, panning
* Morphing

« Data visualization

» Structure-based editing
» Synthesis
* Dual-modeling / Multi-modeling
» Textual modeling
+ Scaling
* Patterns
* Product lines

Pragmatics

The Controller

Interpreting the model

« Interfacing to other modeling tools
» Correctness check, static analysis
« Visual differencing

« Simulation engine

Fuhrmann, von Hanxleden
-m| On the Pragmatics of Model-Based Design
15th Monterey Workshop 2008, LNG$ 6028 (2010)




Overview

Pragmatics-Aware Modeling

e Definition and Motivation

« MVC a Key to Pragmatics!

Pragmatics/KIELER Spotlights

- KIELER Infrastructure for Meta Layout (KIML)
- An Experiment

Wrap-Up
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Diagram Editor View
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o Graphiti
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&) State

/Transition

KIELER Infrastructure for

Meta Layout

extract graph
_—

Diagram
Glue Cod

-+—
apply layout

KGraph

=20

transform graph

Algorithm
Glue Cod

e —

attach layout result

=

Layout Algorithm
AL

o (Graphviz (Dot, Neato, FDP, Twopi, Circo)

 Open Graph Drawing Framework (OGDF)
(Layer-based, Planarization, Force-
directed)

 Own Implementations
(Data flow diagrams)

Schulze, Spbnemann, v. Hanxleden
Drawing Layered Graphs with Port Constraints

JVLC'14
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file:/Users/cds/Development/Ptolemy/s.

. .nuous /demo/CarTracking/CarTracking.xml

alAlg > m

File View Edit Graph Debug Help
HoeaRa AP le = e
[ Utilities This model shows a simple adapti ‘ |
. Comtinuionst Difectis : ple adaptive cruise control system,
|| Directors e faultStartTime: 50.0 illustrating model-integrated control strategies. A leading
[ Actors -I o faultStopTime: 70.0 car model produces information that is observed with possible
(] MoreLibraries flaws by a following car. If the followfng car detects flaws.. it
(Gl UserLibrary uses a conservative strategy. Otherwise, it tracks the leading
CurrentTime ~ €ar closely. Simulate a car
Simulate a wireless that attempts
network that corrupts to detect faults
the data when the fault  in communication
RecordAssembler input is true. and adapt its
Grandma Simulator PeriodicSampler  NetworkModel behavior.
FollowingCar
_//_{ £nin p\ ketQOut u::mon
: Customize [
: Simulate a car -
Supulate the that matches DlscreteClock Documentation >
g':;;goi::e the desired speed Appearance
gy using feedback
; put is the control with a Simulate faul LlSten to ACtOI'
g"","'; y specified time g Dpen Actor
ST s e G Open Actor ;ance
o= e TimedPlotter Save Actor In Library
R = l | Set Breakpoints
Convert to Class
J

Author: Xiaoljun Liu and Edward A. Lee

»

S
0ors

ibraries
ibrary

CurrentTime2

Constant

(] utilities

Ptolemy (UC Berkeley)
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e initialPosition: 10.0 e timeConstant: 10.0

@ initialSpeed: 0.0
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Example: Component Clustering

testmpc 22 Sl o test.mpe 23 S Y= 0
MPC -
Produktentwickiung Produktion Vertrieb Endprodukt Nutzu

F B G
\J;
Christoph Blees

— Eine Methode zur Entwicklung modularer Produktfamilien
Bl Dissertation, TU Hamburg-Harburg, Schriftenreihe
Produktentwicklung una Konstruktion82t7echnik vol. 3, 2011

components
=Ta "Tank"™ 2
optional

?F “Filter” 1 ( b
standard Tank [€€] Ta.j

AV "Absperrventil" 2
standard

; Filter [€]

phases

PE "Produktentwicklung" ‘
module Ta F AV Abs pementil [€€]

module P

- Prod "Produktion”
module Ta F AV P

\
Pum IP:
~Ver “"Vertrieb” Al pe (&) S




Example: Net Lists

B3

=, Light-weght Dsagramn 3

y 11 00 o

jOw |
&

25,

K0

SEQUENCE

. - a Synchronizer :*Tl_’zt
Assignment % ‘D_Da_ IE K1

~~a ASSignment Kok

SEQUENCE

SEQUENCE
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Examp‘e entry

Control Flow Graph f_

entry

dep_g 3 igj* true
OZ= false




Example: Component Diagram

SwitchDriver
D83W2
Switch
_83W2
Switch
SwitchDriver _83w1
D83W1

CommandInterpreter
commandinterpreter
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Example: Component Diagram

SwitchDriver
D83W2
Switch
—— _83W2
—
—
—
>
Switch
SwitchDriver _83wW1
D83W1
—
-
-
-

CommandInterpreter
commandIinterpreter

31




xample: Component Diagram

SwitchDriver
D83w2
stantTum motoRunning Switch
left tmecut 83W2
nght posidon
m result
locked motoeft
motorRunning stantTum R
motorActive motorRight
gmecut
unlock
posidon
lock
Switch
SwitchDriver _83w1
D83w1
m result
stantTum motoRunning motoRunning stantTum :—
left gmecut mecut
nght posidon positon
locked motoeft
motorActve motorRight
unlock
lock

CommandInterpreter
commandIinterpreter

switchControl[3]_result switchControl[3]_tum

switchControl[2]_result switchControl[2]_tum
switchControl[ 1]_result switchControl[1]_tum
switchControl[0]_result switchControl[0]_tum
um

rggerCommand

32




Editing Efficiency: An Experiment

Task: Create diagram from textual specification

00:00 04:00 08:00 12:00 16:00  20:00
02:00 06:00 10:00 14:00 18:00

Manual
M Class
B Practical
Auto-Layout KIELER-Team

Structure-Based

Fuhrmann, v. Hanxleden

— Taming Graphical Modeling
=N Proceedings of the ACM/IEEE 13th International Conference on Model Driven Engineering
Languages and Systems (MoDELS’10), volume 6394 of LNCS, page 196-210, October 2010




Wrap-Up Modeling Pragmatics

The Problem: Lots of productivity wasted with drawing
diagrams manually

Our Approach: Pragmatics-aware modeling

* Let designer concentrate on model,
automatically synthesize views

 Employ filtering to synthesize views
customized to user stories

 Key enabler: automatic layout

34



Problem Set 1

e Due: Wed, 20 April

* Generally, you may write in German or English

Problem 1: Study [Fuhrmann, von Hanxleden MODELS’10]
and answer the following questions:

1.

What does focus & context mean? Give an example of where you used
this, or would have liked to use it.

. Give an example application of when you have used DND editing. In that

application, would alternatives have been useful/feasible?

3. What is view management? Give an example where you have used this.

=

Give another example where you would have liked to use it but could not
do so because of tool limitations.

Fuhrmann, v. Hanxleden

Taming Graphical Modeling

Proceedings of the ACM/IEEE 13th International Conference on Model Driven Engineering
Languages and Systems (MoDELS’10), volume 6394 of LNCS, page 196-210, October 2010



Problem Set 1

Problem 2: Study [Petre, CACM’95]
and answer the following questions:

1. Name an example of where you used secondary
notation in a visual language

2. What arguments do you see in the paper for/
against the usage of automatic layout

Marian Petre
m| Why Looking Isn't Always Seeing: Readership Skills and Graphical Programming

Communications of the ACM (CACM), June 1995, Vol. 38, No. 6, 33-44



