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GXL - Example

v1 : Function

File Edit G5Search Preferences
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10 - v4 : Function v5 : Function
11 eb: islnput e8 : islnpu
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}; - €9 : isOutput e10 : isOutput
16 3} :r v6 : Variable V7 : Variable
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GXL - Example

< ?xml version ="1.0" 7>
<IDOCTYPE gyl SYSTEM "gul did" >

== |
""-..Hﬁl..-"'

<graph id = "simpleGraph"
edgeids = "true" >
<type xlink:href = "schema.gx!|" />
<nodeid = "v1" >
<type xlink:href =
"achema.gxl#Function”/>
<attr name = "name” >
<string>main</string >
</attr>
<nodeid="v2" >
<type xlink href =
"achema.gxl#FunctionCall*/ >
</node>>
<node id = "v3" >
<type xlinkhref =
"aschema.gxl#FunctionCall"/>
</node>
<node id = "v4" >
<type xlinkhref =
"schema.gxl#Function”/>
<attr name = "name" >
< string >max< /string>
<fattr>
</node>

ist]

<node id ="v5" >
{t‘,fpe xlink:href =

P s~ INE] e Tl

"schema. H:’kl#FUI wction' >
< attr name = "name" >
< string>min</string>
< jattr>
< /node>>
<node id ="vE" >
<type xlink href =
"achema.gxl#Variable"/>>
<attr name = "name" >
< string>a</string >

1 e ol

S fd LT~
</node>
<node id ="v7" >
<type xlink href =
"achema.gxl#Variable"/>
< attr name = "name" >
< string>b</string>
< /attr>
</node>
<edge id = "e1"
from = "v2"to =v1"/>
<type xlink href =
"schema.gxl#sCaller'/ >
< attr name ="ling" >
<int>8</int>
< /attr>
</edge>
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<edge id = "s2"
from="v3"to=v1"/>

B T T E e et
"‘-.I.,'F': ANRNre =

"aschema.gxl#isCaller/>
<attr name = "line" >
<int>19</int>

< jattr>

</edge>>

<edge id = "&3
from = "v4"to =v2"/>
<type xlink href =
"schema.gxl#isCallee" >

g-}
naid = "e9"

</e

<edge
from = "v6" to = v2"
<type xlink href =
"schema.gxl#isOutput"/>

</edge>

<edge id = "e5"

from = "vB" to = v2"

toorder ="1"/>

<type xlink href =

"schema.gxl#isinput'/> </graph>
</gxl>

<ledge>
<edge id = "e6"
from = "v7" to = v2"
toorder = "2"/>
<type xlink href =
"schema.gxl#islnput'/>
<ledge>
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<edge id ="e7"
from = "vB" to = v3"
toorder ="2"/=

<type xlink:href =
"‘schema .gxl#isinput'/>
<ledge>
<edge id ="e8"
from ="v7" to = v3"
toorder = "1"/>
<type xlink href =
"schema.gxl#isinput"/>
{fedge}
HE{'.:'QE io="e58"
from = "vB" to = v2"
<type xlink href =
"schema.gxl#sOutp s
<ledge>>
<edge id ="e10"
from ="v7" to = v
<type :(Imk.hraf ;
"schema. gx s CIlE
<ledge>




ist]
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Requirements of Exchange Formats

Independence

o application independence
o language independence
o C/C++, Cobol, Java, JCL, SQL, multi-language, ...
o abstraction level independence
o AST, "middle level”, Architecture, ...

o aspect independence
o data flow, control flow, code structure, ...

o tool independence

o data structure independence

o syntax trees, various types of graphs,
relational databases, object oriented databases,
file and directory structures, ...
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Requirements of Exchange Formats

Efficiency

o efficiency in time

o efficiency in space

o efficiency in "building tools"
Extensibility

o extensible for further applications

o (graph transformation tools, CASE tools,
visualization tools, etc)

Universality
o used by others
o standardized format

Universitat Koblenz-Landau October 8, 2002
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GXL Objective

Exchanged Data
o instance data
o schemas data

Mathematical Model
o typed, attributed, ordered, directed graphs

o expanded by
o hypergraphs and hierarchical graphs

Notation

o eXtensible Markup Language (XML)
o Unified Modeling Language (UML)
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GXL Graph Model graph part
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GXL Document Type Definition (1.0)

<IENTITY % *-extension "" >
<IENTITY % *-attr-extension "" >
<IELEMENT gxI (graph* %gxl-extension; ) >

<IATTLIST gxl xmins:xlink CDATA #FIXED
"www.w3.0rg/1999/xlink"
%gx|-attr-extension>

<IELEMENT type EMPTY>
<IATTLIST type xlink:type (simple) #FIXED "simple"
xlink:href ~ CDATA #REQUIRED>

<IELEMENT graph (type?, attr*, ( node | edge | rel )*
%graph-extension; ) >

<IATTLIST graph id ID #REQUIRED
role NMTOKEN #IMPLIED
edgeids ( true | false ) "false"

hypergraph ( true | false ) "false"
edgemode ( directed | undirected |
defaultdirected | defaultundirected) "directed"
%graph-attr-extension; >
<I!IELEMENT node (type?, attr*, graph* %node-extension; ) >
<IATTLIST node id ID #REQUIRED
%node-attr-extension; >

<I!ELEMENT edge (type?, attr*, graph* edge-extension; ) >

<IATTLIST edge id ID #IMPLIED
from IDREF #REQUIRED
to IDREF #REQUIRED
fromorder CDATA  #IMPLIED
toorder CDATA  #IMPLIED
isdirected ( true | false ) #IMPLIED

%edge-attr-extension; >
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ist]

<I!ELEMENT rel (type?, attr*, graph*, relend*
%rel-extension;) >
<IATTLIST rel id ID #IMPLIED
isdirected ( true | false ) #IMPLIED
%rel-attr-extension; >
<I!ELEMENT relend (attr* %relend-extension; ) >
<IATTLIST relend target IDREF #REQUIRED
role NMTOKEN #IMPLIED
direction (in | out | none ) #IMPLIED
startorder CDATA #IMPLIED
endorder CDATA #IMPLIED
%relend-attr-extension; >
<!ELEMENT attr (type?, attr*, (%val;)) >
<IATTLIST attr id IDREF #IMPLIED
name NMTOKEN #REQUIRED
kind NMTOKEN #IMPLIED >
% val " locator | bool | int | float | string | en
seq | set | bag |tup %value-extension; ">
<!ELEMENT locator EMPTY >
<IATTLIST locator xlink:type (simple) #FIXED "si
xlink:href CDATA #IMPLIED >
<IELEMENT bool |int | float | string (#PCDATA) >
<!ELEMENT enum (#PCDATA) >

<!ELEMENT seq | set | bag | tup (%val;)* >

<IENTITY
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Exchangingraphs with GXL

Graph types supported by GXL:

o)
o)
o)
o)
o)
o)

o)

ist]

Typed Graphs
Attributed Graphs
Directed Graphs
Undirected Graphs
Ordered Graphs
Hypergraphs
Hierarchical Graphs
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Directed Gréphs

<node id = "v1">

vl:
el: </node>
Y <node id = "v2">
ve o
& </node>
afb - <node id = "v7">

</node>
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<edge id = "el"
from = "v1"
o = V2 s

</edge>

<edge id = "e6
from = "v7"
to = "v2">

</edge>
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Directed Typed Graphs

w] - Function
el :isCaller
¥
w2 - FuncticnCall
A
eb tislnput

<node id = "v1">
<type xlink:href =s.gxl
#Function" />

< /attr>
</node>

<node id = "v2">
<type xlink:href ="s.gxl|
#FunctionCall" />
</node>

<node id = "v7">
<type xlink:href ="s.gx|#

Variable" />

</node>
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<edge id = "el"
from = "v1"
to = "v2">

<type xlink:href =s.gxl
#isCaller" />

</attr>
</edge>
<edge id = "e6
from = "v7"
to = "v2">

<type xlink:href =s.gxl|
#islnput” />
</edge>
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Typed, Attl‘ibl;l.ed, Directed Graphs

<node id = "v1">
vl - Function <type xlink:href =s.gxl

#Function” /> <edge lfd ="el"
<attr name = “name"> rom“: “\/]
<string>main</string> to = v2'™>

<type xlink:href =s.gxl|
el :isCaller | | </<n/oal(§ter>> #isCaller" />

line =8 <attr name = "line">

<int>8</int>

L J <node id = "v2"> "
|JE - Functiore "\ <type xlink:href ="s.gxl <{;|a r>
< #FunctionCall" /> </edge>
< >
(o <edge id = "e6
eb :isln FlIJ‘t <n0de |d _ "V7“> froin"=2|:'v7u
<type xlink:href ="s.gx|# to = "v2">
Variable" /> = B
<attr name = "name"> <type ;!ITk'hrE.!.f =s.gx|
<string>b</string> ; isinput” />
@ < /attr> </e ge>
</node>
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Typed, Attributed, Directed, Ordered Graphs

¥1 : Function

nam= = "main"

a1 :isCaller

ab : islnput

ist]
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<node id = "v1">
<type xlink:href =s.gxl

#Function" /> =edge Ifd § e1" "
<attr name = "name"> rom“= ..V]
to = v2">

. . i >
<string>main</string <type xlink:href =s.gxl

</attr> | 1
</node> #lsCaIIe: | />"
<attr name = "line">
<node id = "v2"> Jatt <>|nt>8</|nt>
<type xlink:href ="s.gxI </< da r>
#FunctionCall" /> edge
>
</node At
<n0de Id _ II\/7||> from"= II|'V7“
to = "v2

<type xlink:href ="s.gx|#

Variable" />
<attr name = "name">

toorder = "2">
<type xlink:href =s.gxl|

<string>b</string> - >#'5|HDUt />
</attr> </edge
</node>
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Exchangingchemas with GXL

GXL Approach:

o Defining Graph-Structured (Graph Schemas)
by UML Class Diagrams

o Representing UML Class Diagrams by Graphs
(Schema Graphs)

o Exchanging Schemas Graphs by
GXL Documents
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Graph Schenﬁas

n --I-
u . -+
Function Call Jordarad]
0~ 0.~
IsCallee | & IsCaller|a Isinput|a A
1 0.* 1
Functlon 1 Varable
nama : sking ,": nama : siring
IsCaller
line :inl

ist]
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21 : |sCaller

e3; Iscalleel‘

IsOutput

.

¥v1 : Functlion

nama = “main™

e2 ; IsCaller

v3 : FunctionCall

¥5 : Function

name ="min"

210 : [eQutput

¥4 ; Function
name = "max™
ed : IsOutput
6 : Varable M7 : Varlable
nams ="a" name ="b"
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a.*
a.*
Function Call {arde red}
0. a.*

mam= = "Schema’
] - Ta ey iy,
ii comtains R isCalles | & isCaller|a islnput |& alisOutput
I ", | FunctionCall:
DLW N ] Pt : 5 -
: ; \“‘i—. 1"'\-\-.'“ Fungction 1 Varlable
! !. . name : =iring -'l name : =trin
I} H‘a, T, :
i = rnge, ¥

2l a3 to a5 1o a1l o isCallar

lirmibs = {0 1) imis =(0.-1) . lirmits = {0 1) - limits = {0.-1) =

igrdered ={als= isCrdered = oz y " jsisrderad = fakes line : int

212 : fram

limits = {1,1)
isorder=d = faks=

limits = {0~ 1)

== fom V7. AttibuteClass
firmts = {1.1) nama="ln="
19 rdered - {als= s ered - fals=
a8 : hasDomain
v Int Vatishle
24 from
lirmabs = { 1.1) - rams ="Vaabls [ ¥
isCOrdened = faks w10 String imfhshact = fiss
211 : hasDomain

24 ; hasAttrbute > w8 AthbuleClass - 210 ; hasAtl buts
MamE = me
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GXL MetascHema (Graph Part

RelationEndClass

directedTo : (relation, target, undirected)
role : string

AngregationClass

agoregate : (from, to)

7

CompositionClass

hasAttnbute
O.n 0.n
AttributedElementClass 1 AttributeClass
= name : string
1 COMEInG 0 - relatesTo
N
& =] GraphElementCi 1
Sl rap, e.men 355 0
= name : string 7
name . stning Wisﬂxhstract - bool
0.n 0.1
o A 1 from
hasAsCamponentGraph - 1“n
role : string 1.
% 0.n
relatesTo ‘
!lmlTS snt xint RelationClass ModeClass EdgeClass
isOrdered : bool isDirected ; boal
]
1 0..n
hasRelationEnd
0.n
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el Metaschema
“ersion 1a
(graph part)
13.08.2001 (AW

==graph==
EF4N

GraphClass GxL
composes all
concepts

to

relatesTo
limits : int ¥ int
iz0rdered ; bool

"

upper bounds
defining infinty ("
in UML, "n" in
Rose) are encoded
by "-1" [cf. XM
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GXL Metaschema - GXL Document

<?xml version="1.0"?> <node id = "GraphClassElement'>
<IDOCTYPE gx| SYSTEM "gxl.dtd"> <type xlink:href =
<gxl> "gxl.gx|#NodeClass" />
<graph id = "gx|"> <attr name = "name">
<type xlink:href ="gxl.gxl#gx|"/> <string>GraphClassElement</string>
</attr>
<node id = "NodeClass"> <attr name = "isAbstract">
<type xlink:href = <bool>true</bool>
"gxl.gx|#NodeClass"/ > </attr>
<attr name = "name"> </node>
<string>NodeClass</string> e
</attr> <edge
<attr name = "isAbstract"> from = "NodeClass"
<bool>false</bool> to = "GraphClassElement'>
</attr> <type xlink:href =
</node> "gx|.gxl#isA" />
</edge>
</gx|>
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GXL - Current Status

GXL Usage

o Software Reengineering
o Graph Transformation Systems (GTXL)

GXL Current Activities

o Development of GXL Tools

o Definition of GXL Reference Schemas for
Reverse-Engineering

o Collection of Change Requests for GXL 1.1

GXL Mailinglist
o 87 Members

© Institut fur Softwaretechnik GraBaTs 2002, Barcelona
Universitat Koblenz-Landau October 8, 2002



GXL Tools ad Applications

Filter/Converter

o

ist]

Bauhaus Resource
Graphs (Univ. Stuttgart)

FAMIX (Nokia)

GralLab (Univ. Koblenz)
Progres (RWTH Aachen)
RPA (Philips, Eindhoven)
RSF (Univ. Victoria)

TA (Univ. Waterloo)

XMI (Univ. BW Munchen)

© Institut fur Softwaretechnik
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Reverse Engineering Tools
o Bauhaus

(Univ. Stuttgart)
Columbus (Univ. Szeged)

CPPX (Univ. Kingston,
Univ. Waterloo)

GUPRO (Univ. Koblenz)
Missing Link (Merlin,
Karlsruhe)

Rigi (Univ. Victoria)
PBS/Swagkit (Univ. Water
TKSee/SN (Univ. Ottawa)
Venice (Univ. Helsinki, N
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GXL Tools éd Applications

Graph Transformation Graph Visualizer
Systems o Graph Tool
o AGG (TU Berlin) (Univ. Durham)
o DiaGen (Univ. Erlangen) o Shrimp (Univ. Victoria)
o Fujaba (Univ. Paderborn) ° Touch Graph

o Genset (Univ. Oregon) (Alex Shapiro)
o Progres (RWTH Aachen) o yFiles (Univ. Tubingen)

Software Engineering Tools ° JGraph (Zurich)
o Chi-Bel (Univ. Toronto) Graph Databases

o Edinbourgh Concurrency ° Gras (RWTH Aachen)
Workbench
(Univ. Edinbourgh)

o Upgrade (RWTH Aachen)
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GXL Refer;ne Schemas

C++ Reference Schema
o Rudi Ferenc, Tibor Gyimothy (Univ. Szeged)
o Ric Holt, Andrew Malton (Univ. Waterloo)

Dagstuhl Middle Level Model

Tim Lethbridge, Sergei Marchenko (Univ. Ottawa)
Panos Linos (Butler Univ. Indianapolis )

o

o)

o)

o)

Erhard Plodereder (Univ. Stuttgart)
Sander Tichelar (Univ. Bern)

Data Reverse Engineering Reference-Schema

Jens Jahnke (Univ. Victoria)

Jean Luc Hainault, Jean Henrard (Univ. Namur)

John Mylopoulos (Univ. Toronto)
Jorg Wadsack (Univ. Paderborn)
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GXL Changr Requests

XML Schema Superfluous Aspects

© more powerful schemas o schema related data in
Packages instance graphs

o attributes - structure (GXL) - o attributes of attributes

GTXL - GraphML ... Document Information

Hierarchical Graphs o header information about

o graph valued attributes GXL-Version, used tools, etc.

o references to graphs Additional features
Additional Attribute Types o implicit nodes, defined by by

o free type attributes edges

o structs o classification of attributes

(derived,frozen)

o explicitly defined ordering of
graph elements

o support for partial graphs

o support to express undefined
values and infinity

References to GXL Schemas

0 textual attributes instead of
XLINK-references

Namespaces

0 better usage of GXL within
other XML documents
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Next Steps

August 1, 2002
o Deadline for GXL Change Request

December, 2002
o Release of GXL 1.1 alpha

January, 2003
o Request for Comments for GXL 1.1 alpha

February 14, 2003
o GXL 2nd Birthday
o Release of GXL 1.1
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Conclusion

GXL: uniform language for
o exchanging graphs
o exchanging graph schemas
GXL: ratified as standard exchange format

o Software Reengineering community
(Dagstuhl, January 26. 2001)

o Usage within GTXL Graph Transformationsystems
Exchange Language (APPLIGRAPH Subgroup Meeting,
Bremen, March, 1.-2., 2001)

more information
o http: www.gupro .de/GXL
o mailto: gxI @ni - koblenz .de
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