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Objective

Define an extended graph metamodel
o graph visualization capability

o corresponding transformations for interoperability
between tools (Bridge like role)

Make the metamodel comprehensive enough
o support model-driven graph visualization software



Description of Domain

Graph Visualization is crucial

Graphs are useful data structures

o to capture the relations (represented by edges)
between the objects (represented by nodes).

It is widely used for modeling and simulating the
real world problems

o From network to data flow charts
o From bioinformatics to computer science etc.



‘ Application of Domain
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‘ Application of Domain
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Domain Analysis

Glossary

Q

Graph is a kind of data structure that consists of a set of nodes
and edges

Node is the basic unit of graph used to represent entities

Edge is the representation of a relation between the nodes in
graph terminology

Graph object is the entity that contains common properties of the
basic graph units (graph, node, edge)

Compound node is a special kind of node which can contain
other nodes thanks to having a graph in itself

Label is a special unit either text or image associated to a graph
object to show some related information



Domain Analysis

Glossary

o Node properties is a collection of properties to determine the
appearance of a node such as the shape, line width, background
and foreground color, etc.

o Edge properties is a collection of properties to determine the
appearance of an edge such as the line width, arrow type, color,
etc.

o Coloris simply an RGB representation of 3 color channels

o Point is the x-y coordinate representation to position various
elements in the model



DSIL. Grammar

GraphObject:: Label | Graph | Node | Edge

Label:: PointRef

PointRef:: Identifier

Graph:: {Node}* {CompoundNode}?

Node:: INEDGES OUTEDGES NodePropertiesRef PointRef
INEDGES:: {Edge}*

OUTEDGES:: {Edge}*

NodePropertiesRef:: Identifier

PointRef:: Identifier

Edge:: EdgePropertiesRef PointRef {PointRef}+
EdgePropertiesRef:: Identifier

CompoundNode:: Graph

NodeProperties:: FOREGROUND BACKGROUND
FOREGROUND:: ColorRef

BACKGROUND:: ColorRef

ColorRef:: Identifier

EdgeProperties:: ColorRef

LabelLink:: LabelRef GraphObjectRef PointRef {PointRef}+
LabelRef:: Identifier

GraphObjectRef:: Identifier



‘ Metamodel based on ECore
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Metamodel using UML profiling
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Static Semantics

(1) context Graph ERROR "Duplicate ncde names
detected!”
isRoot 7
noedesUnderGraph () .forfll (nln.withSameName (
nodesUnderGraph() ) ) true;

(2) context Graph ERROR "The reot graph must
not have an cwner " +

" compound node!™:

izRooct ? ownerMode == null true;
(3) context Ncde ERROR "Zerc length ncde name
not allowed!™

name.length > 0;

(4) context Node ERROR "Width and Height should
be greater than zerc "

+name

width > 0 && height > 0;

(5) context Node ERROR "Node Properties should
not be null!™:
this.properties !'= mull;

(6) context NcocdeProperties ERRCR
"BackgrcundCecler in NeodePreoperties should neot
be null!™:

this.backgrcundCeler !'= null;

(7) context NcodeProperties ERROR "BeorderCelor
in MedeProperties should nct be null!™:
this.borderColor !'= null;

(8) context NodeProperties ERRCR "TextColor in
HodeProperties should noct be null!™:
this.textColeor !'= null;

(9) context Coclocr ERROR "Red walus cof Color
should ke between 0 an 253!":
this.red »>= 0 && this.red <=235;

(10} context Color ERROR "Blus wvalus of Color
should ke kbetween 0 an 235!1":
thiz.blus >= 0 && this.blus <=235;

(11) context Color ERROR "Green wvalus of Color
should ke between 0 an 2551":
this.green >= 0 && this.green «=233;

(12) context CeompoundWNodse ERROR "No graph defined
for "+name
childGraph !'= null;

(13) context CempoundNede ERROR "Child graph's
cwner deoes not mateh "
+ " this compound ncde " + name + "
childGraph.cwnerNoede == this;

(14) context Edge ERRO
sheuld net ke null!™:
scurceNede !'= null & targetMNede != null;

"Scurce and target node

(15) context Edge ERROR "Edge Properties should
noct ke null!":
this.properties '= mull;

(16) context Edge ERRO

cf an edge cannct" +
" be same":
scurceNode != targetNode;

"Scurce and target node




Concrete Syntax

Interesting approach
Actual concrete syntax defined in M1 Level
Sample One:

Node 1

T Naode 2

Compound Node




Model-to-Text Transformation

Target Text Format : GraphML

Objective :
o validate the correctness of the metamodel
0 test the expressiveness power

CHISIO for visualization
openArchitectureWare:

o Check, Xtend, Xpand M
o WorkFlow
openArchitectureWare




M2T Example

RNA (Gosn)
B80S ribosome

(AmincacylRNA [..) = @ platform: fresource/Graphz0OT Models P akbway i
=

<= Graph roak
=< Compound Mode Cykaplasm
[=- <+ Mode Properties Rectangle

<= Colar 0

<= Colar 0

<+ Calor 255

4 Point 33

Graph
<= Compound Mode reEF14:GDP
<+ Compound MNode 805:Met
<4 Cormpound Mode 805:mRMA
<4 Mode Orthophosphate
< Mode 503 ribosome
<= Mode Hydralysis of reEF14

B80S ribosome

= B R R Y R

Cytoplasm

<graphm] xmlns="http: \Agraphml. graphdrawing. org/=mlns"=
<graph Ad="graphroot":>
<data key="margin">0</data>
<node id="Cytoplasm">
<data key="text">Cytoplasm< datax
<data kew="zhape">rRectangle<s/datax>
<graph id="graphCytoplasm"z>
<data key="margin":>10< data>
<node id="reerFla:cDP">

cagraphs
< /gqraphml =




Model-to-Model Transformation

Target Metamodel : DOT
o DOTtoText : Another M2T Transformation

Objective :

o Interoperability btw. Graph visualization tools
GraphViz & CHISIO

ATL (Atlas Transformation Language)

ATLC



‘ DOT Metamodel

GraphElement
- name : string
+label
[0-1] Graph
Shape +elemen - type : string
- height : float Label rnodes o

- width : float

+graph ~ [0-1]
Nodelike| [0°1]
+owner

[*]

tnodes

+fromllode

}

ArrowShape NodeShape Arc +toNode Node Subgraph
- clipping : string - constraint : bool - height : float
- isPlain : bool - width : float




'M2M Example
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Discussion and Lessons I.earned

Experience about the benefits of MDSD
o Interoperability
o Documentation-code sync

Metamodeling is hard
o Metathinking requires reflection

Metamodeling requires broader knowledge
M1 — M2 Level Discrimination

Metamodels expressive than Grammars
UML Profiling not as easy as it sounds



Discussion and Lessons l.earned

Model Transformations requires considerable
o source metamodel & target metamodel knowledge

Learned and Used new technologies

o EMF
Incubating, many internal problems

o TOPCASED plugin

o Openarchitectureware
Not comprehensive tutorials
Many different syntaxes

o ATL
Poor exception handling

Tools to improve as MDSD becomes popular



Conclusion & Future Work

Constructed Comprehensive and extended graph
metamodel
o Graph Visualization Capabilities

Performed Model Transformations
o validation and testing
o interoperability

MDSD steps applied successfully

Need reverse-engineering (Text-to-Model
Transformation) actual tool interoperability

MD-CHISIO

o customizable graph visualization tool
o next step of domain specific visualization software
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