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GXL Objective

standard exchange language

- for interchanging data between
reengineering tools

mathematical model

- typed, attributed, directed graphs
notation

- eXtensible Markup Language (XML)

- Unified Modeling Language (UML)
application to other areas in software

engineering

- graph transformation

- graph drawing
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GXL Example

P : Proc

c : Call

Line =42

- Prog

File = "main.c"

1 : Ref
¥
¥V : Var
Ling = 225

Call

File = "test.c”

Line =316
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GXL Example
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Dimensions of Reengineering Data

Programming Languages
- single Languages (Ada, C, C++, Cobol, Java)
- multi-language systems
Level of Abstraction
- AST-level
- Architectural level
Relational Aspects

- Dataflow, Controlflow, ...
- Includes, Calls, Uses, ...
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Definition of GXL

Requirements for Exchange Formats

- independent from
. specific reengineering dimensions
. specific reengineering applications
- specific reengineering tools

- concrete enough to be interpreted by
different reengineering tools

GXL Approach

- exchanging /nstance data and schema data

GXL First Directive
Everything is a typed, attributed, directed graph
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GXL Idea

DataPart Graph
DataPart
Data <> <<instanceOf>>
\/
SchemaPart

SchemaPart

MO M1

| UML object diagrams

GXL Documents

Graph

Schema <<instanceOf>>

DataPart

Meta

Schemaé

Graph

SchemaPart

M2
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Definition of GXL

simple and compact representation of directed
and undirected graphs

suitable for a broad spectrum of graph models,
- including support for hypergraphs and

- support for hierarchical graphs

support for representation of

complex attribute values

extensibility of graph elements
and attribute types

uniform representation for graphs
and graph schemas
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GXL G

raph Model

Lefault multiplicities:

- source of composition: 1
- zource of association: 0.7
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GXL Attribute Model

St huted ke aent IO EEE T bool siing bag set
uri
float integear =20 up
tvoed Element i? i?
i Fhoric o 0 & e
value
Q..n
attrib ute
0.1 e
nam e i
kind 0..n
Crefault multipli cities:
-zource of composition: 1
- gource of aszociation: 0.7
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GXL Document Type Definition

automatic generation of GXL DTD

© follows MOF/XMI standard
® entity types and attributes are not distinguished

® blows up the number of XML elements
(GXL 0.7.2: 136/74 elements)

manual definition of GXL DTD

® manual work to do

© distinction between entity types and attributes
reflects design decisions

© small and simple DTD (23 elements)
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GXL Document Type Definition (0.99)

<IENTITY % *-extension " >
<IELEMENT gx| (%gxl-extension; graph*) >
<IATTLIST gxl xmlIns:xlink CDATA #FIXED
"www.w3.0rg/1999/xlink">
<IELEMENT type EMPTY>
<IATTLIST type xlink:type (simple) #FIXED "simple"
xlink:href CDATA #REQUIRED>
<IELEMENT graph (%graph-extension;
type? , attr*, ( node | edge | rel )*) >
<IATTLIST graph id ID #REQUIRED
role NMTOKEN #IMPLIED

edgeids (true | false ) "false"
hypergraph (true | false) "false"

orientation ( directed | undirected ) "directed">
<IELEMENT node (%node-extension; type? , attr*, graph*) >

<IATTLIST node id ID #REQUIRED>
<IELEMENT edge (%edge-extension; type?, attr*, graph*) >
<IATTLIST edge id ID #IMPLIED

from IDREF  #REQUIRED

to IDREF  #REQUIRED

fromorder CDATA #IMPLIED

toorder CDATA #IMPLIED

<IELEMENT rel (%rel-extension;
type? , attr*, graph*, link* ) >
<IATTLIST rel id ID #IMPLIED
orientation ( directed | undirected ) #IMPLIED >
<IELEMENT link %link-extension; attr*) >
<IATTLIST link ref IDREF #REQUIRED

role NMTOKEN #IMPLIED
direction (in | out | none) #IMPLIED

startorder CDATA  #IMPLIED
endorder CDATA  #IMPLIED >
<IELEMENT attr (type?, attr*, (%val;)) >
<IATTLIST attr id IDREF #IMPLIED

name NMTOKEN #REQUIRED
kind NMTOKEN #IMPLIED >

<IENTITY % val " %value-extension; locator | bool |int |
float | string | seq | set | bag [tup ">

<!ELEMENT locator EMPTY >

<IATTLIST locator xlink:type (simple) #FIXED "simple"
xlink:href CDATA #IMPLIED >

<IELEMENT bool |int | float | string (#PCDATA) >

orientation ( directed | undirected ) #IMPLIED> <!'ELEMENT seq | set | bag | tup (%val;)* >
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Exchanging Graphs with GXL

. Attributed, typed, directed Graphs
- Undirected Graphs

» Ordered Graphs

- Hypergraphs

- Hierarchical Graphs
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Typed, Attributed, Directed Graphs

typed attributed graph

p . Proc

file = "main.c"

e : refers
A 4
v . Var
line = 27

<?xml version="1.0"?>
<!DOCTYPE gxl SYSTEM '"gxl.dtd">
<gxl><graph>
<node id = "p">
<type xlink:href =
"schema.gxl#Proc"/>

<attr name = "file">
<string>main.c</string></attr>
</node>
<node id = "v">

<type xlink:href =
"schema.gxl#Var"/>
<attr name = "line">
<int>27</int></attr>

</node>

<edge id = "e"
from = "p" to = "v">
<type xlink:href =

"schema.gxl#refers"/>
</edge> Z;;7

<graph></gx1>

© Institut fur Softwaretechnik
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Attributed Edges

p : Proc
file = "main.c"
<edge id = "e"
from — "p" to — "v">
e : refers <type xlink:href =
"schema.gxl#refers"/>
. <attr name = "line">
line = 42 <int>42</int>
</attr>
</edge>
\ 4 7
v . Var
line = 27

Dagstuhl, Jan 21-26, 2001 (18)
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Undirected Graphs

D . Proc

file = "main.c"

e:
v . Var
line = 27

edges are always noted as directed
but can be interpreted as undirected

<graph
orientation = "undirected" >
<edge id = "e"
from — "p" to — "v">
</edge>
</graph>
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Undirected Graphs

edges are always noted as directed
p: Proc but can be interpreted as undirected

file = "main.c"

undirected edge
in directed graph

(SN
<graph
orientation = "directed" >
<edge id = "e"
i orientation = "undirected"
V. \/ar from = "p" to = "v">
</edge>
line = 27 </graph> 7
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GXL Documents (DTD)

<IELEMENT gxl (%gxl-extension; graph*) >

<IATTLIST gx|I xmlins:xlink CDATA #FIXED
"www.w3.0rg/1999/xlink">

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

id ID #REQUIRED
role NMTOKEN #REQUIRED
edgeids (true | false ) "false”

hypergraph ( true | false ) "false”
direction ( directed | undirected ) "directed" >
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Nodes and Edges (DTD)

<IELEMENT node (%node-extension;
type? , attr*, graph®) >
<IATTLIST node
id ID #REQUIRED >
<IELEMENT edge (%edge-extension;
type? , attr*, graph®)>
<IATTLIST edge

id ID #IMPLIED
from IDREF #REQUIRED
to IDREF #REQUIRED

fromorder CDATA #IMPLIED
toorder CDATA #IMPLIED
orientation (directed|undirected ) #IMPLIED>
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Attribute Types

p . PrOg <node 1d = "p">
<type xlink:href =
"schema.gxl#prog"/>
authOI’S — { <attr name = "authors">
. <set>
R| C y <string>Ric</string>
An d <string>Andy</string>
y! <string>Susan</string>
<string>Andreas</string>
Susan, PPt
Andreas } Ez
</node> 7

Dagstuhl, Jan 21-26, 2001 (23)
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Attribute Types

GXL supports
- set,
-sequence,
- bag,
-tuple

of
- bool,

- Int,
- float,
- string,

-references (URI),

-complex values

<node id = "p">
<type xlink:href =
"schema.gxl#prog"/>
<attr name = "authors">
<set>
<string>Ric</string>
<string>Andy</string>
<string>Susan</string>
<string>Andreas</string>
</set>
</attr>

</node> Z;77
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Attributes (DTD)

<IEN

1TY % val " %value-extension;
ocator |

ool | int | float | string |

seq | set | bag | tup ">

<IELEMENT attr (type?, attr*, (%val;)) >
<IATTLIST attr

ID IDREF #IMPLIED
name NMTOKEN #REQUIRED
kind NMTOKEN #IMPLIED >
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Attribute Values (DTD)

<IELEMENT locator EMPTY >
<IATTLIST locator

xlink:type (simple)
xlink:href CDATA

<!ELEMENT
<!ELEMENT
<IELEMENT
<!ELEMENT

<IELEMENT
<!ELEMENT
<IELEMENT
<!IELEMENT

bool
Int
float
string

seq
set

bag
tup

links to external

#FIXED “simple” gbjects

#IMPLIED >

(#PCDATA) >
(#PCDATA) >
(#PCDATA) >
(#PCDATA) >

(%val;)*
(%val;)*
(%val;)*
(%val;)*

V V. V V

simple attributes

complex attributes
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Ordering of Incidences

== g:

EKM}
{1}{2% {3}
B

<node id = "u" />
<node id = "v" />
<node id = "w" />
<edge id = "e"
from = "v" to =
fromorder = "1"
<edge id = "f"
from = "w" to =
toorder = "2"
<edge id = "g"
from = "v" to =
toorder = "3"
fromorder = "4"

"u"

/>

v"

/>

"v"

/>7
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Hypergraphs and n-ary Relations

directed v:V

theSecondU theV

{1}

u:u

{2}

theFirstU

<rel id = "xr"
orientation = "directed">
<link ref = "u"
role = "theFirstU"
direction = "out"
endorder = "2" />
<link ref = "u"
role = "theSecondU"
direction = "out"
endorder = "1" />
<link ref = "v"
role = "theV"
direction = "in" />
<link ref = "w"
role = "theW"

</rel>

direction = "none"/>lc;7
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Hypergraphs and n-ary Relations

undirected v:V
<rel id = "r"
theSecondu theV orientation = "undirected">
<link ref = "u"
role = "theFirstu" />
<link ref = "u"
LL;_LJ r: role = "theSecondU" />
— <link ref = "v"
role = "theV" />
. <link f = "w"
theFirstU Lhk e e
theW role = theW />
</rel>
w: W l
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Relations (DTD)

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

<IATTLIST rel
id ID #IMPLIED

orientation (directed | undirected) #IMPLIED>
<IELEMENT link (%link-extension; attr*) >
<IATTLIST link

ref IDREF #REQUIRED

role NMTOKEN #IMPLIED
direction (in | out | none) #IMPLIED
startorder CDATA #IMPLIED
endorder CDATA #IMPLIED >

© Institut fur Softwaretechnik Dagstuhl, Jan 21-26, 2001 (30)
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Support for Hierarchical Graphs

<node
<type

id = "t">
xlink:href =
"schema.gx1#T" />

</node>
<node
<edge

id = "u"/>
id = "f"
from = "t" to = "U"/>

y
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Support for Hierarchical Graphs

<node 1d = "t">
<type xlink:href =
"schema.gx1#T" />
<graph id = "g">
<type xlink:href =
"schema.gxl#GraphT"/>

<node id = "v"/>
<node id = "w"/>
<edge 1d = "e"
from = "v" to = "w"/>
</graph>
</node>
<node id = "u"/>
<edge id = "f"
from = "t" to = "u"/>

y
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GXL Extension

- by redefining entities
- by including GXL DTD (external entities)
- GXL offers extending

- GXL documents <!ENTITY % gxl-extension
_ "EFOO ,n >

graphs <!'ELEMENT FOO (#PCDATA)>
- nodes

<!ENTITY % basegxl SYSTEM

- edges "gxl.dtd">
- hyperedges (rel) obaseqgxl; o
- links
- values

© Institut fur Softwaretechnik Dagstuhl, Jan 21-26, 2001 (33)
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GXL Extension (DTD)

<IENTITY % gxl-extension
<IENTITY % graph-extension
<IENTITY % node-extension
<IENTITY % edge-extension
<IENTITY % rel-extension
<IENTITY % link-extension
<IENTITY % value-extension

vV V.V V V V V
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Summary: Exchanging Graphs

. Attributed, typed, directed Graphs
- Undirected Graphs

» Ordered Graphs

- Hypergraphs

- Hierarchical Graphs

© Institut flr Softwaretechnik Dagstuhl, Jan 21-26, 2001 (35)
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Exchanging Schemas with GXL

- Graph Schema Definition with
UML Class Diagrams

- attributed, typed, directed graphs

- hypergraphs

- hierarchical graphs

- GXL Representation of class diagrams

- GXL Metaschema

© Institut flr Softwaretechnik Dagstuhl, Jan 21-26, 2001 (36)
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Graph Schema -

Graphs

UML object diagram

p : Proc

file="main.c"

e : refers

line = 42

h 4

v . Var

line = 27

UML class diagram

Proc
file : string
refers
line : int
Var
line : int

© Institut fur Softwaretechnik
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Graph Schema - Notation

node att“/node class
dering
edge clas 4)
\ {ordered} direction
..................................... v4/ S
0..*

attributes
: attribute
attribute .
e
Name yp
z%\? c <~ ©Institut fur Softwaretechnik Dagstuhl, Jan 21-26, 2001 (38)
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Graph Schema - Hypergraphs

UML object diagram

v:V

theSecondU theV

{1}
u:u r:
{2}
theFirstU
theW
\ 4
w: W

UML class diagram

Vv

4 theSecondU

{ordered}

U 1

1

{ordered}

« theFirstU

0..1

v theV

Vthew

1.

W
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Graph Schema - Hierarchical Graphs

UML object diagram >treotpe

UML class diagram

\ 4
u:u
- © Institut fur Softwaretechnik Dagstuhl, Jan 21-26, 2001 (40)
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Graph Schema - Hierarchical Graphs

UML object diagram

\ 4

u:u

UML class diagram

e

Stereotype

Composition
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Graph Schema - Higher Constructs

Generalization 1.0

Stalement| .\ .5 avor

While

Assignment Loop <
isDefinitionIn VAN \
<>0 0.*\/0." Repeat

0 isConditionOf
1 1
1.7 isOpndin
isDefinedBy Expression P Ag g re g at I O N
1 i P
_ [
Variable Constant A plication </ . : Operator
ident value 0 ident
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Summary: Exchanging Schemas

- Graph Schema Definition with
UML Class Diagrams

- attributed, typed, directed graphs

- hypergraphs

- hierarchical graphs

- GXL Representation of class diagrams

- GXL Metaschema

© Institut fur Softwaretechnik Dagstuhl, Jan 21-26, 2001 (43)
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Representing Schemas

- Schemas (graph classes) are represented
as graphs as wel

- Schemas are exchanged as GXL documents
suiting a metaschema for graph classes

- only one common and simple DTD for
exchanging
- graphs matching different graph schemas
- graph classes matching a metaschema

© Institut flr Softwaretechnik Dagstuhl, Jan 21-26, 2001 (44)
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GXL Schema Representation

UML class
diagram

schema graph

Proc

file:string

refers

v

line : int

Var

line : int

:Nodeclass has . Attribute has . String
name="Proc" |Attribute| name_"fjle" | Domain
comesFrom
: EdgeClass has
" , Attribute
name="refers
- Attribute . Integer
s has
goesTo 5 — >
name:lllinell 0ma|n
: NodeClass
has
nhame="Var" Attribute

© Institut fur Softwaretechnik
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GXL Metaschema (Extract)

Attribute  |0..n 0.1 Domain < AtomicDomain
name : string rasDomain™
0.n ﬁf;
) [ [ |
RS Bool || String | [ Integer
0.1
Bl 1
_ GraphElementClass |&—  goesTo
5 hame : string 1 GraphClass GxL
IsAbstract @ baool camposes all
B H concepts
Z% comesFrom :
E-;':;rl-i c:c:grap:h:b::
ModeClass EdgeClass eril
IsDirected : boal e
0.1
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GXL Metaschema - Graph (Extract)

. String : Atlribute : NodeClass : EdgeClass
il
s : name = "name” F + = "Attribute" s name = "hasDomain”
- - name - T
hasDomain hasAllribute  |=0e" 78S comesFrom [T0e" =i
directed =true
&
:goesTo :goesTo
- Attribule : EdgeClass : NodeClass
name = "isAbstract’ . H name = "hasAttributa" name = "Doman®
M isAbstract = false isAbstract = true
directed = true
:comesFrom
:hasDomain dsA
. EdgeClass | 99ST0 I : NodeClass | -goesTo : NodeClass
name = "isA" name = name =
isAbstract = false —_— "GraphClassE lement” Mlf———————— “AtomicDomain’
directed = true ‘comesFrom isAbstract = tnie ZgOESTO |sAbstract‘: frue
: EdgeClass . EdgeClass
SElEA GraphClass 'S, name = "comesFrom" name = "goesTo"
name = "GXL" isAbstract = false isAbstract = false
directed =true directed =tnie
; :comesFrom ;
: : NodeClass . NodeClass |g1* lshA
1 rame = "NodeClass" name = "EdgeClass”
1 isAbstract = false isAbstract = false i}
connactad tol S :comesFrom
all :NodeClass-
Objects :hasAtiribute
- Bool -hasDomain - Alfribute : NodeClass : NodeClass : NodeClass
b < e oo name = "Bool" namse = "String" name = "Integer"
isAbstract = false isAbstract = false isAbstract = false
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GXL Metaschema - Graph (Extract)

: :goesTo

. EdgeClass oesTo o NodeClass Joes 19
name = "is4" Name =
isAbstract = false "GraphClassElement”
ARGl . EdgeClass
SAardpniAass

- - s name = "comesFrom"

name = "GXL isAbstract = false

connected 1o
all :NodeClass-
Objects

directed = true

. EdgeClass

name = "goesTo"
isAbstract = falze
directed = true

: NodeClass

: NodeClass

name = "ModeClass"
isAbstract = false

name = "EdgeClass"
isAbstract = falze

.
£

‘comeskFrom

‘comeskFrom
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GXL Metaschema - GXL Document

<?xml version="1.0"?2>
<!DOCTYPE gxl SYSTEM "gxl.dtd">
<gxl>
<graph id = "gxl1">
<type xlink:href =
"gx1l.gxl#gxl"/>

<node id = "NodeClass">
<type xlink:href =
"gxl.gx1l#NodeClass"/>

<attr name = "name">
<string>NodeClass</string>
</attr>
<attr name = "isAbstract">
<bool>false</bool>
</attr>
</node>

<node id = "GraphClassElement">
<type xlink:href =
"gxl.gx1l#NodeClass"/>

<attr name = "name">
<string>
GraphClassElement
</string>
</attr>
<attr name = "isAbstract">
<bool>true</bool>
</attr>
</node>
<edge
from = "NodeClass"
to = "GraphClassElement">

<type xlink:href =

"gxl.gxl#isA"/>
</edge>
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Concepts in GXL Class Diagrams

- Definition of NodeClasses, FdgeClasses,
and RelationClasses.

. Definition of (structured) Attributes.

- Definition of Orientation, Multiplicities,
Roles, and Ordering.

- Definition of Graph Hierarchy.
- Definition of Graphclasses.

- Definition of Generalization and
Aggregation.
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GXL Metaschema (Graph Part)
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© Institut flr Softwaretechnik Dagstuhl, Jan 21-26, 2001 (51)

Universitat Koblenz-Landau Interoperablity of Reengineering Tools



GXL Metaschema (Attribute Part)
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Conclusion

GXL offers

a language for describing graphs

- directed and undirected, typed,
attributed graphs

- hypergraphs and hierarchical graphs
a language for defining graph classes

a language for exchanging graphs

- instance graphs
- schema graphs

more information
- http://www.gupro.de/GXL
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