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MDA = Meta-Model + Model Transformation (+ ...)
 Model Transformation p Graph Transformation

* Types of Graph Transformations [1]

— Unordered Graph Rewrting: non-deterministic, run till no more
— Ordered Graph Rewriting: explicit (partial) ordering

— Event-driven Graph Rewriting: external ordering

* Ordered Graph Rewriting can be generalized to
Programmed Graph Rewriting

[1] Blostein D., Fahmy H., Grbavec A., Practical Use of Graph Rewriting, Technical Report No. 95-373, 1995. 4
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IN THE CONTEXT

. graphical representation of the flow, using arrows

e Textual: imperative programming language constructs

while (match)
if Rulel

match = Rule2;
elif Rule2
match = Rulel || Rule2;
elif Rule3
match = Rule3;
else
match = Rulel || Rule2 || Rule3;
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IN THE CONTEXT

— Sequencing, Branching, Looping

— Parallelism

— Hierarchy

— Time
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= Existing Programmed Graph Rewriting Systems

Modelled and Modular Timed Graph Transformation

(MoTif): Mimic AToM?3 and beyond

Conclusion and Future Work
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EXISTING PROGRAMMED GRAPH
REWRITING SYSTEMS

Albert Ziindorf

University of Adachen, Germany
1988-1999

[2] Blostein D., Schiirr A., Computing with graphs and graph rewriting, Proceedings in Informatics, pp. 1-21, 1999.
[3] Schiirr A., Winter A.J., Ziindorf A., Graph grammar engineering with progres, Proceedings of ESEC, pp. 219-234, 1995. 8
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PROGRES

FerryMan: PROGRES-View—1 (¥ 9.4)

| -

transaction ProcessInput

production LoadFerry (* Puls one cargo intoe the ferry

*)

(¢ If the ferry is on the same side *)

(% and emply.

1 : CARGO :
on :
Withoutcargo :
. at \ :
' *?2 : RIVER_SIDE 4: ‘3 : Ferry .
femEEEEEEEEEEEEEEEEEEEEEEEEEEEsEEEEEEsEEE s Enm.-——
. In
N e
: At
' 2 = 2 (: 3* = *3
femmessssssssssssssssssssssssssssssssssssssssssssns

condition *1.Hin > Payment;
transfer 1’.Expenditures :=
3’ . Income =

*1.Expenditures + Payment;
*3.Income + Payment;
end;

*)

ReadScannerQutput  (* Figure 14: a = b
& BuildPhase (* Figure 14: b= ¢
& ConstrainPhase (* Figure 14: c = d
& Parge (* Figure 14: d > f
(* The Parse transaction is shown below.
end;

transaction Parse =

ReduceSymbols (* letters, digits,... - terms *)
& loop
ReduceFactors (* terms — factors #)

—

& ReduceExpressions
* transaction is shown below.
t Figure 14: e 5 f ¥)

—

& ReduceFractionLines
end

—_—

end;

transaction ReduceExpressions =
ReduceSingleFactor
& loop
ReduceMultiply
end

(* Implied multiplication: A B *#)

& ...
& loop
ReducePlusMinus (* The ReducePlusMinus rule is shown in
(* Figure 15. It reduces expressions
(* 1nvolving addition and subtraction.

end

end;

* factors — exprs. The ReduceExpressions

*

- =+

Rl
— e e

-+

*)
*)
*)
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PROGRES

v’ Branching (choose)

v' Looping (Loop)

v’ Hierarchy (encapsulation of rules)
— Parallelism

— Time
+ Transactions
+ Backtracking
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EXISTING PROGRAMMED GRAPH

REWRITING SYSTEMS

has =

! 5’ yiy ;]v 4

oigfintegd
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iz & enterElevatar ) ; ‘u’l;lidT " IIW Iy
o1 & gotoElevator § ; Woid
TI'I 1

0.1
& leaveElevator (O W oid

University of Kassel, Germany

Since 1998

[4] Nickel U., Niere J., Ziindorf A. Tool demonstration: The FUJABA environment, Proceedings of ICSE, ACM Press, pp. 742-745, 2000.
[5] Fischer T. et al. Story Diagrams: an new graph grammar language based on UML and JAVA, Proceedings of ESEC, LNCS 1764, pp. 1-21, 200{)1.
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FUJABA

IT

= Fujaba [The famous elevator example] - elevator,fpr.oz

File Edit Diagrams Class Diagram Importf/Export Tools Options Help

DEd o~ § DEBB

iy Class diagrams : """"""" StateChartFlattener:transitionFrominner (): Boolean
Ta ElevatorDemo :

| &
Y Activity diagrams oo J
| &

@ £y Elevator
sc ‘StateChart + < statechart this

@ ] internal
qg allPersonsLeawveElevator
¥ elgments [ failure ] @
«destroy» -
or :OrState < source * target filis

Ta move
«destroy» Mwl destioy, | AState

| Bl

@ Y House ==
@ [ internal :

Ta createCbjects =

@ £y Lewel [ Juccess ]
® (7] internal &) V

Ta allPersonsEnterElevator | e
@ £y Person :

@ [ internal =3
T enterElevator :

Ta pressButton

Ta gotoElevator

[ each ti%’

A shurce A target
«create» «createx»

A superState «create»
er :Transi

> innerToA :Transition

label ==orToA.getLabel() -

< source

inner :State

=N " label :=orToA getLabel()
LI 3 action = orToA getAction()

@ &y Place [ end ]
@ [ internal :
Ta removeAllPersons : @

{ maybe inner==2a }

ML true

|We|n:n:|me to Fujaba. Just draw it 9 MByte of 17 MEByte allocated

12
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FUJABA

equencing (success-fail transition
v’ Branching (i f-else guard on transition)
v Looping (for-all pattern)
— Hierarchy

— Parallelism
— Time
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EXISTING PROGRAMMED GRAPH
REWRITING SYSTEMS

University of Darmstadt, Germany

Since 2004

[6] Amelunxen C. et al. Moflon: A standard compliant metamodeling framework with graph transformations, Proceedings of MDA -
Foundations and Applications, LNCS 4066, pp. 361-375, 2006.
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createModule
zrreates

AndModel {n: String)

MOFLON

zrreates

zcreates

m1 :Module

name i=n g

{/ rel :ModuleRealizedByModel ‘\f

zcreates

gcreates

i

-

m2 :Model

name i=n 5

addTopRequirementAndTopSubsystem (n: String)

m3 :Module

{ re2 :ModuleRealizedByModel \}

N

m4 :Model

s

«Cr
zCreates

eates

r1 :Requirement

«creates

«Create

b2
zcreates

qcreate}{ re3:RequirementRealizedBySubsystem b screates |

heading:=n =

™,

s1 :Subsystem

A

name:=n g

addnestedRequirementAndSubsystem (n: String)

r2 :Requirement

4( r4 :RequirementRealizedBySubsystem P
~ 7

s2:Subsystem

atreates
zCreates

«Creates

r3 :Requirement

““3“53193’(’ t5 :RequirementRealizedBySubsystem }@'”EE"E"

¢Creales

gCreates

T

<

heading:=n =

s3 :Subsvystem

name:=n g
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MOFLON

* TGGs are compiled to Story Diagrams
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EXISTING PROGRAMMED GRAPH
REWRITING SYSTEMS

Tihamér Levendovszky Laszlo Lengyel

Budapest University of Technology and Economics, Hungary

Since 2004

[10] Lengyel L. et al., Control flow support in meta-model based model trasnformation frameworks, Proceedings of EUROCON, pp. 595-598, 2005.
[11] Lengyel L. et al., Model transformation with a visual control flow language, 1JCS 1, pp. 45-53, 2006. 17



]
’FrOgra e =] o s 0 0
Parsom_Company_Step2
Add ¥
Addiife J
Person_Company Sfepl
Add Parson
®

AddFerson

Persom_Companyp_Sfep3

Remove Work Fdpe _W

RemovelWorkEdge

Company Corpany 1.1 11 Parzeon

Company Campany wark Farzond,

lhz Company.MatchedNode->forone (1hsDD: lhs Company. MetaType)
i
war pi:Person:=new rhs Personl.MetaType:
war o piwork:=new rhs work.MetaType:

p.namwe = 'Persond';
p.age = 30;
c_p.Left := lh=sDD;

c_p.Right:=p;

rhz Personl.CreatedNlode+=p;
rhz work.CreatedEdge+=c_p

¥

| k. I Cancel Jﬂ
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VMTS

v’ Sequencing (link steps)

v’ Branching (OCL condition)

v" Looping (link steps and OCL condition)

v' Hierarchy (composition of primitive steps)

— Parallelism
— Time
+ Pivot Information
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EXISTING PROGRAMMED GRAPH
REWRITING SYSTEMS

Gabor Karsai Aditya Agrawal

Vanderbilt University, Nashville (TN), USA
Since 2001

[7] Vizhanyo A. et al., Towards generation of high-performance transformations, Proceedings of GPCE, LNCS 3286 pp. 298-396, 2004.
[8] Agrawal A., Metamodel based model transformation language, Proceedings of OOPSLA, ACM Press pp. 386-397, 2003.
[9] Agrawal A., The design of a language for model transformations, SoSym 5, pp. 261-288, 2005.
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GREAT

Aftribute Attribute
old : String new : Sinng

AttributeMapping

StateNew
An. ' J

fr - )
cCc
.’ |
oR

\P Rule1 Rule2 3

21
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GREAT

equencing (connection of Inports and Outports
v Branching (Test-Case rules)
v’ Looping (recursion)
v’ Hierarchy (forblock)

v’ Parallelism (one-to-many connection)
— Time
+ Pivot Information
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OVERVIEW

= AToM?>’s graph rewriting engine by example

Modelled and Modular Timed Graph Transformation

(MoTif): Mimic AToM?3 and beyond

Conclusion and Future Work
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BUILDING EXAMPLE WITH ATOM?

Your score 0

[12] de Lara J., Vangheluwe H., AToM3: A tool for multi-formalism and meta-modelling, LNCS (2002), 174-188
[ 13] Heckel R., Graph Transformation in a nutshell, ENTCS (2006), 187-198
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BUILDING EXAMPLE WITH ATOM?

[ pacLinkVd T TR

ScoreBoard Muttiolicities Multiplicities: Multiplicities:

Attributes: Plcitles. . - To gridiodeCenter: 0ta M - To pacLinky3: O ta M
o [ - To gridiodeCenter: 0to 1 - From pacrany'3: 0 to M

ﬁ:c?i%?s - nteger - From gridiodeCenter; 0to 1 ' :

= Create

i

Y Multiplicities:
gridModeCenter - To gridiodeCenter: 0 to M

- From pacFoody3 0to N

Multiplicities: MAultiplicities:

- To gridiodeCenter, 0 to 1 W - EO QridBSEOFtTtWV%%t%Tt\J . K ’
- From griddodeCenter: 0 to 1 - Prom gridootomty o U To
- From pacLinky'3; 0 to M paquq@W
- From foodLinky3: 0to M Multiplicities: _ _[“::,
S| - FromscoreLink¥3 0to N _To foodLinkV3: 0to N

-To gridLefty3: 0to N

- From gridLeftV3: Oto M

- To gridRighty'3: Oto M

- From gridRighty3: Oto M
- TogridTopya: Oto M
-From gridTopWa3: Oto M

- From ghostLink'3: Oto M

chostLink V3
Multiplicities:

- To gridModeCenter: 0o M
- From ghosty3: Oto M

ghostV3 { e - ’A

Multiplicities:
- To ghostLinkV3: Oto M

£
Multiplicities:
- To gridiodeCenter: 0 ta 1
- From gridklodeCenter: 0 to 1

Multiplicities:
- To gridModeCenter: 0 to 1
- From gridModeCenter; 0 to 1

25




74 AToM3 v0.3 using: pacManV3 + TransformationToolbar

pacManV3 TransformationToolbar

{'?.é Editing GraphGrammarEdit

Mew Edltl Mew Helpl Mew gndNodeEenterl Mew pacmany'3 | Mew pacFoody3| Mew ScoreBoard [ Mew ghostVSl [ [ [ [ [ [ [ [

=J=)es

| WARNING: Name must use Python variable syntax

Name IpacGrammalS core
Iritiakction | I Enabled?

Rules

Finalecion | T Enabled?

Load GG

pachie

M ame [Python wariable syntax required)
Order 1
TimeDelay 2

Subtypes Matching (if rule matches & then it also matches B if B has all attributes in &) T

Condition Edit
Action Edit

[~ Enabled?
[~ Enabled?

pacManV3

| pacManV'3 |
- MHew Editl Hew Helpl MHew gridNndeEenterl New pacmanVBl MHew paann- MHew Ed\tl New Helpl Mew gridNndeEEnterl MHew pacman\f'3| Mew pac

< | | |

| i

Save GG

Generate latex document from GG

Generate GG code

Execute GG code

oK | Cancel |

1 5 4
2
=

-
KN — B T — i
Editing Nonamed' (modified) [Editing transf. Nonamed' (nat modified[Editing ‘Nonamed' (modified) |E:iilgha\s(.ﬂmmﬂ!‘(nﬂnuxill
4| | |

ok | Cancel

-

| |

[Editing ‘Nonamed' (not modified)

[pacGrammarScore_GG_mdl.py'

26
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BUILDING EXAMPLE WITH ATOM?

foodLink
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BUILDING EXAMPLE WITH ATOM?

28
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* Capture a trace of execution

— Keep log of used rules

Used
PacManUp
Eat
PacManLeft
Eat
PacManDown
Eat
PacManDown
Eat
GhostRight

GhostDown
Kill
GhostUp
GhostLeft
GhostUp
GhostLeft
GhostRight

e === =gy Y.

b=t B mn mm mn oEE oER oEE

>
>
>
>
>
>
>
»1
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OVERVIEW

=  Conclusion and Future Work
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OVERVIEW OF THE DEVS FORMALISM

* Design, performance analysis and

implementation
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@ McGill

OVERVIEW OF THE DEVS FORMALISM

State

declarations: string
functions: string

— Atomic

— Coupled

* Port:
— Inport

— Outport
* Event

* Global time

AtomicBlock

externalTransition(Event): State
internalTransition(State): State
outputFunction({State): Event

timeAdvace(State): Real

inports

Inport

CoupledBlock
selectFunction(list of Block): Block

name: string

.A.‘%

Atomiclnport

N

Outport

name: string

inports

Coupledinport

1

outports

AtomicOutport

CoupledOutport

outports

32
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OVERVIEW OF THE DEVS FORMALISM

— Internal Transition
—External Transition

>
] ATOMIC
>




Programmed Graph Rewriting: MoTif _—

OVERVIEW OF THE DEVS FORMALISM
.Fu
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OVERVIEW OF THE DEVS FORMALISM
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OVERVIEW OF THE DEVS FORMALISM

return self.state
def intTransition (self):
return self.state

def outputFnc (self):

self.poke(self.out, Y)

def timeAdvance (self):

return 1
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MOTIF

— Inport: recieve the host graph

— Outport(s): send the transformed graph
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MOTIF META-MODEL

Controlinformation

name: siring
creale(): Graph

declaratiof | AtomicBlock |
functions: string externalTransition(Event): State selectFunction(list of Block): Block

internalTransition(State): State
oufputFunction(State): Event
timeAdvace(State): Real

wei Real

name: string

execute(Graph, Pivot): Graph

McGill
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MOTIF MODELLING ENVIRONMENT

EIEIEJEIEIH

GEN CODE

Dif| Pacmanm p [#| GhostMove |p»
| Y
AS =
iﬁynchroniz h
Yv--
39
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MOTIF




McGill
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MOTIF
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MOTIF

Non-determinism:
Randomize select function
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MOTIF

From each root, perform an incremental DFS that finds the nodes (path) one by one
When path is complete, build M={label:node} of matched nodes

If M is incomplete: FAIL

RHS application

Remove nodes from the in/out-connections and from the graph dictionary

Create new nodes in the graph dictionary and connect them

Modify attributes

SUCCESS

3.
4.
5.
>
6.
7.
8.
9.
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Name [Python vaible syniax required)
ider —
TimeDelay
Sublypes Matching [f e malches & then it s maiches B if B has dll atibutes in &) 1~

class Pacmandie:

TransformationToolbar

Condtion Edit I~ Enabled?
Action E’ I~ Enabled? m =I m [ ] rm = n
e e 2 = 2 m r='=" r—4 o)
New Ecit| New Help| Hew aridhiodsCerter| New pacmarv3| New pacFDl NewEdit| New Help| New giidodeC: — = — m
] ] o 1 Ji=l | 9 ——
=]

1 5 4
2
=

MaTif_META

q | 3 | o —
:i«:iung “Nonamed (modified) [Editing transf. Nenamed (not modified[Editing Nonamed" (modified) \Ez?ii-gm “Nonamed" (not lmj | 8 Al i Y _Z& _!
S| | B [l ] VL ' .ﬂ e o
0K Cancel : = Block - -
v ’ T

Y| = M V| V| ol

P 1
=4 Editing ARule — S
name | Kl -
e |Pacmandie
weight | 1.0
4 P
QK Cancel
1 3 i

|Edﬂ:i=ng ‘Monamed’ (modified) Editing transf. Monamed
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MOTIF

4. For each Coupled block,
Keep information of the block (select, inports, outports)
5. For each Coupled block,
Open the submodel and goto 3
Call the DEVSGenerator with its information
» DEVS to code: Command Pattern
6. Atomic block code generator
7. Coupled block code generator
8. Special blocks code generator
9

. Use of predefined constants



Programmed Graph Rewriting: MoTif —

MOTIF

:u----h-—l :thh

——
o Bt R e e L B
-

1

| T ——
s |
.-....]_.q._,....._]._._.. j=s

class pacDie:
def execute(graph):

self.ztate = KiltState{'pacie?
self.graph_im = self addinport}
self.success_out = self.addGutPort

dad axtTransdtien]):
graph = self.paa k(s graph_in}
g = sl stlabenile axaculaigraph)
return self. state

dad InfTramsitiani]:

ded cutputFrc)

If {seitstate lsMatched):
self.poke|sel. success_out, self.stato.graph)

died tirnwAdvance]):
return self stafe.weig
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MOTIF

g_succeed
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MOTIF
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MOTIF
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MOTIF




Programmed Graph Rewriting: MoTif —

OVERVIEW

= Modelled and Modular Timed Graph Transformation

(MoTif): Mimic AToM?3 and beyond
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SUMMARY

v'Hierarchy + Modularity

v Parallelism
v Time
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CONCLUSION AND FUTURE WORK
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IN COMPLETION FUTURE WORK

 Simulation...
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COMPLETED FUTURE WORK

» Web-based pacman game

— AJAX
— SVG

— Real-time
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FUTURE WORK

* Replace python code by... Statechart?

Modelica? Kermeta?
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http://vmts.aut.bme.hu/

Programmed Graph Rewriting: MoTif —

ontral_in |




