@ Obligatory Reading

» Jazayeri Chap 3. If you have other books, read the lecture slides carefully and do the
exercise sheets

» T. Mens. On the Use of Graph Transformations for Model Refactorings. In GTTSE 2005,
Springer, LNCS 4143

e  http://www.springerlink.com/content/5742246115107431/

» F.Klar, A. Kbnigs, A. Schirr: "Model Transformation in the Large", Proceedings of the
the 6th joint meeting of the European software engineering conference and the ACM
SIGSOFT symposium on the foundations of software engineering, New York: ACM
Press, 2007; ACM Digital Library Proceedings, 285-294.
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Gl‘aph ReWI‘iting » www.fujaba.de www.moflon.org

» T. Fischer, J6rg Niere, L. Torunski, and Albert Ziindorf, 'Story Diagrams: A new Graph
Rewrite Language based on the Unified Modeling Language', in Proc. of the 6th
International Workshop on Theory and Application of Graph Transformation (TAGT),
Paderborn, Germany (G. Engels and G. Rozenberg, eds.), LNCS 1764, pp. 296--309,
Springer Verlag, November 1998. http://www.upb.de/cs/ag-schaefer/
Veroeffentlichungen/Quellen/Papers/1998/TAGT1998.pdf
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@ Problems

@ The Problem: How to Master Large Models

» Large models have large graphs » Question: How to Treat the Models of
a big Swiss Bank?
» They can be hard to understand

> 25 Mio LOC
» 170 terabyte databases f)’?
) . . ) » Question: How to Treat the Models of . -
» Figures taken from Goose Reengineering Tool, analysing a Java ; :
a big Operating System?
class system [Goose, FZI Karlsruhe] > 25 Mio LOC

» thousands of variants
» Requirements for Modelling in Requirements and Design
» We need automatic structuring methods
» We need help in restructuring by hand...
» Motivations for structuring
» Getting better overview
» Comprehensibility
» Validatability, Verifyability
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@ Answer: Simon's Law of Complexity

» H. Simon. The Architecture of Complexity. Proc. American
Philosophical Society 106 (1962), 467-482. Reprinted in:

» H. Simon, The Sciences of the Artificial. MIT Press. Cambridge, MA,
1969.

Hierarchical structure reduces complexity.
Herbert A. Simon, 1962
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Idea: Structure the Software Systems With Graph Rewrite Systems

D

Graph Rewrite Systems

D
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» Once, we do not only manipulate edges, but also nodes, we leave
the field of Edge Addition Rewrite Systems
» We arrive at general Graph Rewrite Systems (GRS)
» Transformation of complex structures to simple ones
» Structure complex models and systems
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GRS Example
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» A graph rewrite system G = (S) consists of
» A set of rewrite rules S
» A ruler = (L,R) consists of 2 graphs L and R (left and right hand side)
» Nodes of left and right hand side must be identified to each other
» L = “Mustergraphen” ; R = Ersetzungsgraph”
» An application algorithm A, that applies a rule to the manipulated graph
» There are many of those application algorithms...
» A graph rewrite problem P = (G,Z) consists of
» A graph rewrite system G
» A start graph Z
» One or several result graphs
» A derivation under P consists of a sequence of applications of rules (direct
derivations)
» GRS offer automatic graph rewriting

» A GRS applies a set of Graph rewrite rules until nothing changes anymore
(to the fixpoint, chaotic iteration)

» Problem: Termination and Uniqueness of solution not guaranteed
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Application of a Graph Rewrite Rule

O
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Rule

Redex in
manipulated
Graph G is
rewritten to H
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Match the left hand side: Look for a subgraph T of the
manipulated graph: look for a graph morphism g with g(L) =T
Evaluate side conditions
Evaluate right hand side

»> Delete all nodes and edges that are no longer mentioned in R

»> Allocate new nodes and edges from R, that do not occur in L
» Embedding: redirect certain edges from L to new nodes in R
» Resulting in S, the mapping of g(R)

YV V

rule

manipulated

Is replaced to Graph

Model Structurings 55?\52#2!?}\5
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PROGRES, the GRS tool from the IPSEN Project g

» PROGRES is a wonderful tool to model graph algorithms by graph
rewriting

» Textual and graphical editing
» Code generation in several languages

» http://www-i3.informatik.rwth-aachen.de/tikiwiki/tiki-index.php?
page_ref_id=213
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This example illusttates the possibilities of PROGRES 1o define parmetrized productions =
which must be instantiated (in the sehse of a procedute call) with actual atttibute values and
hexde types. Ih this way, a single production 1oy abstiact flom a set of ploductios which dif-
fer only with tespect o used attibute values and types of inatched ot cteated hodes. Th alimost

all cases, nede type patametets ate hot used for matching putposes, but ptovide conctete
1ypes for hew hodes of the tight-hand side.

produstics Createtodule ( Wiame !
wTyRe

string; IatertaceDescription : file;
type 12 wol )=

Nemo : ;
2 File := Iatertacebescription;
223

PIoduotion Deletetdodule ( Msde @ string ) =

223

Produotion ChasgetoduleType ( Mlame @ string: NedType ! type 13 MODULE ) =

emboaaing redirect -m uses->, -has->, f-coataias-,
2_usos-, <-v_uses- trom 'L to 1;

trasster 1/ Mavs :
1 File

o2a;

Fig. 12: Specification of basic gtaph ttansk
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query CoaststemtCoatiguratica( gut CName : string ) =

i* A configuraticn is consistent if:
i* 1) it contains a variant of the syster’s main rodile, ‘)

¢ 2) it contains a variant for any Dodrio WhACH 45 3]
i needed by another inci:ded variant, and 2]
i* 3) it doos not contain variants whiCh are not needed ‘)
i+ oy nooded wvariants. 3]

use Localllaze: string 8o
ContiguraticaWitMiaia( out Locallane )
=t

Coatiguratiomithidain( out CNawe @ strisg ) =

i
|

i

i

cmtaina s i

|

i

containa :

| 1t Cambin '—ﬂ T GRRIAT !

|

i

i

|

am (Ctlne? H

14
e (Qazmat dantaia
= =
= =
= =
=
=
=
=
proguticn IattCoatig(  CMame : strisg
Props : strisy (0:3];
out NeaProps ¢ string (0:3] )
i
|
|
H |
:
| arm (Cllicna
| e (@ama
smtusy  Mevereps i- mergec ReFzops, '4.Frops )i
e2a:
Fig. 14: Specification of additionally needed complex productions
TECHNISCHE
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@ Different Kinds of Graph Transformation Systems

@ Type Scheme of a Graph

Enmes‘n.) &mu,.ma L-u-.m,t ) (sm., ) » Automatic Graph Rewriting
|

\ ,J : ! : » Iteration of rules until tern-ﬂnation
¥ ¥ ¥ ¥ » Programmed Graph Rewriting
ST, — k% SRRLALT | | - | |comxm'rmr| » The rules are applied of a control flow program. This program
T ST Nl e an guarantees termination and selects one of several solutions
T e T > Examples: PROGRES from Aachen/Miinchen
|mmm'1'°;'—‘ s |”"-”‘:“°'"_|' ll;‘““ ey :mm | > Fujaba on UML class graphs, from Paderborn, Kassel www.fujaba.de
i Py— é-\‘ 7 T : » MOFLON from Darmstadt www.moflon.org

» Graph grammars
» Special variant of automatic graph rewrite systems
» Graph grammars contain in their rules and in their generated graphs

Symbols: o tvee o) stteitue b special nodes, so called non-terminals
itvee ot M _ > A result graph must not have non-terminals
—O attcibute type
inteinaie . . .
mimlaas ot Lficibute » In analogue to String grammars, derivations can be formed and

Eig. 5: The graph schema of MIL gtaphs (withoot detived telationships) derivation trees

« Boves with round comers teptesent hade types which ave connected to theit uhiquely
defined classes by means of dashed edges tepesenting “type is instahce of class” te-

lationshi ps; the type ADTModul e belongs fol instance 1o the class MODULE.
* Solid edges belweeh hode classes teplesent edge 1ype definitions; the edge type

v_uses is fol ihstahce a telatiohship betweeh VARIANT hodes and MODULE hedes TECHNISCHE TECHNISCHE
ahd m_us es edges cohhect MODULE  hedes with other MODULE hodes. UNIVERSITAT TU Dresden, Prof. U. ABmann Model Structurings a6 oS oHE
« Circles attached 1o hode classes reblesent atitibutes with theit hammes above or below DRESDEN DRESDEN

i ) Different Kinds of Transformation Systems: TRS and DAGRS @ MOFLON and Fujaba i
> Term rewriting replaces terms (ordered trees) » MOFLON and Fujaba embed graph rewrite rules into activity
> right and left hand sides are Terms diagrams (aka storyboards) _ N
> Ground term rewrite systems, GTRS: only ground terms in left > Arule set executes as an atomic activity
hand sides » Colors express actions

Sum::normalize (): Void

» A GTRS always works bottum-up on the leaves of a tree
» For GTRS there are very fast, linear algorithms l
» Variable term rewrite systeme, VTRS: terms with variables

> Replacement everywhere in the tree

> Dag rewrite systems (DAGRS) \
o «destroys
» If aterm contains a variable twice (non-linear), it specifies a dag @ ,“'—'s, — ol Dutbort
» Dag rewrite systems containt dags in left and right hand sides (non-linear / N retes S .
term rewriting) ST o~ T e

y 02:0utPort .&‘ I1:Line .& i4:InPort
i3:InPort er" e
I— creates ~ ccreate

s1:5um
TECHNISCHE

[Moflon homepage http://www.moflon.org]
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Storyboards are Refined Activity Diagrams

Analyzer:areAllincludesvalid (f: File): Boolean

[ eachtime ]

includes { success ]
/
end ]
[ [failure ]
true false
Model Structurings PECHIRSSHE
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Analyzer:isincludeStable (f: File): Boolean <*>

ailure |

end ]

@ @ [ success

true false

ABmann Model Structurings 22
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: MOFLON =
H
H
. .
» Works on graphs typed by metamodels, specified in MOF
3 Fujaba Tool Suite - MOFLON [MatlabMetaModel_moflon_new10] - C:\Dokumente und Einstellungenllegros\De...amode \MatlabMetaModel_moflon_ne... [= |[&][X]
File Edit Diagrams MOF 2.0 Diagram Import/Export Tools Options ‘Window Help
DRl@e & @ Xbo BRI o MR == -1 O BSS HUOEE:S o>
[ Projects
b oflo
nofon 1o jrofon - [DiX]
£ Global Data Types imports -
= Matlab > imports
-7 Analysis - — wmporty.
[ Datatypes L . A Simulink - qualifieds
=B [BUES Dataiypes (<=~ Kemel Analysis BlockTynes
5 ConnectableElement ts | om it
&<~ ConnectableElementRef
& - ConnectableElementRef StateFlow
# B Connector
#-[§ ConstraintElement
&[5 ContanerElement Kernel [MatlabMetaModel moflon_new10]
<~ ContainerElementContai
i> Datatypes Elementc
&[5 DrectecRelationship cieterences | qgitonaiproperies Representation
L representation backaroundColor : Color
i#-=- DirectedRelationshipRef from Datatypes. Elemgn{ReferencesRepresentation gsplayedText: String foregroundColor R
& [ Eemert Color
elemert : Element [0..1] =
#-- ElementContainsPropert; Dl
8= ElementReferencesRepr Color ”
-5 Representation Element p
@[ PrimitiveTypes B
#-E3 Smuink pe "] - Contatner 0.1
£ stateFlow container : ContainerElement [0..1]
B9 schemas incomingRelationship : DirectecRelationship [*]
Dirt ™
fualificeme : String DT
representation : Representation [*] 2 containedElement : Element [*]
fordered)
0 8 owreElemprttafasElement | foion ConectableEioment
ackage ‘Cmmm,,,e,,, b isourceConnector: Connector [*]
Property value e tiaRelationshipReferenced targetcanector : Connector [1] - v
set] 1 >
mportedlember [Float, Colr, i = = =
member (ConnectableEl @ [ v [ &remel ][ oatatypes
e el
| |54 MByte of 63 MByte allocated
TECHNISCHE
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Mapping graphs to other graphs
Specification of mappings with mapping rules
Incremental transformation
Traceability
14.3 ,SYNCHRONIZING"
MODELS WITH TRIPLE
GRAPH GRAMMARS




: @ Triple Graph Grammars - Moflon Example =
» A triple Graph Grammar (TGG) consists of rules with three areas"
e Left side: graph pattern 1 in graph 1
e Right side: graph pattern 2 in graph 2
e Middle: relational expression (net) relating graph pattern 1 and 2
I I
wsourcen I 0 ClazzToTable I targets
Clazz ¥ ] == Table
0-1 L ClazzToTable(n:String ) L o1
I I
I I
| |
I I
ib I
s | 0 AttributeToColumn | oo
Atrioe o1 | AttributeToColumn(n:String ) | o147 | Column
TU Dresden, Prof. U. ABmann Il S 25 @ ggIERESr:Ttg
sl ) Triple Graph Grammars - Moflon Example

> Relational metamodel (db, relational schema)

table table
TableContainsFKey TableContainsColumn
| Table
1 1

cols : Column [*]
FRASISIRTBNcd fheys  Fiey [
name : String

17 |pkey : Column [*] =

aprimitives

String

table 1

TahleReferencesColumn
fkeys | Freys

FKey

cols : Column [*]
reference : Tahle -

fleys FKeyReferendesColumn

phey *cols
cO
=y
. Column
name : String
type: String = TECHNISCHE
TU Dresden, Prof. U. A glevSEDREsr:TM

: @ Triple Graph Grammars - Moflon Example :
» Synchronize object-metamodel with a relational schema (ORM)
» Class diagram metamodel (CD)
ta_asspegsocToTarget
Association
name : String
src: Clazz
trg: Clazz =
Classifier
name : String - sre_assocs 1.7 «primitivexs
AssocToSoure
EL 1
Y trg 1
Clazz children
attrs : Attribute [1..%]
is_persistent : Bool
parent : Clazz [0..1]
clazz 1 ClassToClass
Attribute e ClassToATrS
is_primary : Bool 1=
name : String
type : Classifier [1..*] -
: ifl ) Triple Graph Grammars - Moflon Example :
» A TGG has a top rule (start rule) which describes the relationship
of the graphs on topmost level
«sourcen «targets
cd_metamodel db_metamodel
TU Dresden, Prof. U. ABmann Model Structurings 28 ééﬁgﬁ%ﬁﬁ




: @ Triple Graph Grammars - Moflon Example =
» From the top-rule, other TGG rules are ,called"
«sourcexs I 0 ClazzToTable I «targets
Clazz o i : i o == Table
ClazzToTable(n:String )
I 0 AttributeToColumn I

«sSourcexs odalget»

Attribut
= 01 I AttributeToColumn(n:String ) I o1 Coum

TU Dresden, Prof. U. ABmann Model Structurings 29 QEEV:E:]‘F‘IE%%%%
: sl ) Triple Graph Grammars - Moflon Example :
» TGG rules can be connected by Fujaba Storyboards
ClazzToTable::performForwardattributeyaluePropagation (): Boolean
[
true
false
[ guccess ] |faiure 1
- ¢l3¥T|azzClazzToTableAssociation L} » TableClazzToTableAssociafiahle bi2 :Tabl
obj1:Clazz objs:Table
name :=objl.getMame() =
TU Dresden, Prof. U. ABmann Model Structurings 31 éEE‘;s‘E:RIE%?;E
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@ Triple Graph Grammars - Moflon Example
> This rule connects a class in the Object Model to the Table in the
relational schema
zcreates «creates zCcreates
objl : Clazz < obj3: ClazzToTable
name :=n S —— name i=n

TECHNISCHE
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: él ) Triple Graph Grammars - Moflon Example
> Pairwise correspondance
obj4:Clazz = objé : ClazzToTable = obj5: Table
clazz I I table
ClassToAttr | | TableContainsCalumn
attrs I I
I I cols
) b Att - «creates «creates
g s - | obj3: AttributeToColumn 1 ——— = obj2: Column.
name :=n
I I name:=n
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= = = =
. . . .
= . - = . . . . . =
: Triple Graph Grammars - Moflon Example = : TGG Coupling Requirements Specification and Design :
. . = .
3 Fujaba Tool Suite - MOFLON [DoorsMatlabIntegration] E I =]
Eile MOF 2.0 Diagram Tools Options Window Help
Dla| o] & nlw| =
2 Projects BT =1olx|
= @@ DoorsMatlablntegration =
bj4 :Clazz obj6 :ClazzToTable @ E !eﬂab -
objd: - H - B3 boors
| clazz « ClazzClazzToTableAssociation » TableClazzToTableAssociation table obj5:Table e — resinn
-5 Requirement requirement
o= table B2 e || Requirement T
- | heading : String
i ¥ TeleCaar gEnmer (I B e
a nesting : Requirement
M) attibute g i ot I = (et String name : String
- - L AttributeAttribute ToColumnAssociation this olumnAttribute ToColumnAS48eation cols
obj1 :Attribute s obj2 :Column
£ Integration =|® x|
name :=objl.getName() =
- «imports
Model
[ faifure ] e | from Abstraction
[ guccess ] =
i
— «imports «imports
AttributeToColumn: :performForwardattributevaluePropagation (): Boolean E m"‘:"“ - _ ! | ST :.;.
false
true
& - & DoorsMatlabl... & Doors. ,W
Current Project = [null] [10 MByte of 18 MByte allocated
Model Structurings RGNS D Mt SRS TECHNISCHE
TU Dresden, Prof. U. ABmann 33 ggIEVSEDRESr:TAT TU Dresden, Prof. U. ABmann 34 E"E‘/S%'glﬂf
. . = .
= . = =
= = = . . . . =
s : ; e U s Other Software Engineering Applications
= = = =
: TGG Coupling Requirements Specification and Design : : 9 9 APP :
createModuleAndMadel (n: String) > Gra ph Structurings (See |ater)
«creates «Creates «creates .
L Modie g R p—— » Refactorings (see Course DPF)
R | i » Semantic refinements
» Round-Trip Engineering (RTE)
addTopRequirementandTopSubsystem (n: String)
m3:Module re2 :ModuleRealizedByModel
«creates (e «creates coredles «Creates
r1:Requirement ¢ re3:RequirementRealizedBySubsystem * | s1:5ubsystem
heading :=n h ’ name i=n
addhestedRequirementandSubsystem (n: String)
r2:Requirement ! r4:RequirementRealizedBySubsystem |52 :Subsystem
L 1 [ ]
«Creates create
create «creates reate
i «CIeales / r5:RequirementRealizedBySubsystem , “CTE&1E> LR
r3:Requirement T ~ $3:Subsystem
heading:=n 5 name :=n =
Model Structurings JHECHNES OHE Model Structurings TECHNISCHE
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@ The End: What Have We Learned

» Graph rewrite systems are tools to transform graph-based models
and graph-based program representations

» TGG enable to bidirectionally map models and synchronize them
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