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Tutorial outline

vIntroduction
vGraph transformation theory
- Graph transformation experiments

« Conclusion
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Goal: provide graph transformation support for model
refactoring

dealing with conflicts and dependencies between refactorings
In AGG
Based on critical pair analysis
generating refactoring code from graph transformations
1. InFujaba ..
2. ..or CASE-tool independent
proving that refactorings preserve certain behavioural
properties
Formal approach
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GT Experiments Experiments

Conclusion

Comparison of graph transformation and
refactoring concepts

graph transformation refactoring

type graph and global graph | well-formedness constraints
constraints

negative application conditions | refactoring preconditions

graph production | refactoring transformation

programmed GT | composite refactoring

critical pair analysis and parallel | detecting refactoring conflicts
dependence

sequential dependence | causal dependencies between refactorings
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Refactoring dependencies

Experiment in AGG:
using critical pair analysis

(in collaboration with Gabriele Taentzer,
Technical University of Berlin)
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Refactoring dependencies Experiments

Conclusion

- About AGG (A‘r’rribu‘red Graph Grammar sys’rem)
- Algebraic approach to graph transformation
- Annotations are in Java
- Efficient graph parsing
- Parse grammar
* Critical pair analysis
- Easy integration with Java code
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- About AGG : Technological Spaces
grammarware graphware
Java ‘ Java programs }V\“\\{}’ZO/ graph transformation theory
T \\‘?f)\?@/”
v By

XML repr. of Java programs AGG
XML repr. of UML models

X /;\

K_/_/
AMI graphs and
MDA e — graph
UML M transformations
\_’/
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Refactoring dependencies Experiments

Conclusion

- Concrete Scenario: Suggest refactoring opportunities
- What are the alternatives of a selected refactoring?
- Which other refactorings need to be applied first in order to make
the selected refactoring applicable?
- Which other refactorings are still applicable after applying the
selected refactoring?

- Goal: Automate the detection of
- mutual exclusion relationships between refactorings
- sequential dependencies between refactorings
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nextNode Node Packet
send(FPacket p) { _ 77| Mode recelver
calls this.accept(p) ; L Mode sender
accesses nexthode } P 7
Workstation Frimﬁél:u:er L 3 FileServer |
originate() { 1 oFint() | *| save()
updates Packet.sender y | | accept(Packet p) { accept(Packet p) {
acceptiPacket p) { calls this.send(p) ; calis this.send(p) ;
calls this.send(p) ; calls this.print(); calls this.savel) ;
accesses Packet.sender } accesses Packetl.receiver } accesses Packetl.receiver }
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Refactoring dependencies

Introduction

GT theory

Experiments

Conclusion

- Refactoring opportunities
T1 Rename Method print in PrintServer to

process

T2 Rename Method save in FileServer to process
T3 Create Superclass Server for PrintServer and FileServer
T4 Pull Up Method accept from PrintServer and FileServer to Server

T5 Move Method accept from PrintServer
T6 Move Method accept from FileServer t
T7 Encapsulate Variable receiver in Packet

T8 Add Parameter p of type Packet to & odpriptimPrintServer
met

T9 Add Parameter p of type PackeY’¥o

to Packet
o Packet

rhEmE I e

calis this.accept(p) |

accesses nexiMode )

Packet

erver __=7| Node receiver

Mode sender

-

Workstation

-
-
-
#
- #
g ’ n
- _.-"
- Fl ]
-__.-" Fl i
7 T
#

PrintSérver

FileServer |

originate() {
updates Packet.sender }
accept(Packet p) {
calls this.send(p) :
accesses Packet.sender }

" pﬂ'n"r.{r]-

accept{Packst p) {
calis this.send(p) :
calls this.print{);
accesses Packet.recelver }

.| save()
accept{Packet p) {
calis this.send(p) ;
calls this.savel)
accesses Packel.receiver }
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Introduction

Refactoring dependencies E%EE%
T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8
T1 | X
T2 X
T3 X
T4 X X X
T5 X | X
T6 X X X
17 x critical pairs "
T8 (negative sequential dependencies) X X
T9 X
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Introduction
Refactoring dependencies E%E’E%
T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8
T1 | X >>
T2 % >>
T3 X
T4 X X X
T5 X X
T6 X X X
'|"7 X
T8 X X
>> critical pairs that can be serialised
T9 X
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Refactoring dependencies Experiments
Conclusion
T1 | T2 | T3 | T4 | TH | T6 | T7 | T8
T1 % = rename to process needed before
T2 5 <« | pull up of accept can be done N
T3 x| <
T4 X X X
T5 X | X
T6 X X X
'[7 X
T8 " . . X X
<— positive sequential dependencies
T9 X
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Conclusion
- Dependency graph
T7 Tb KI'Z T1
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Refactoring dependencies

Introduction

GT theory

Experiments

Conclusion

- Dependency graph (without self-cycles)
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Refactoring dependencies Experiments

Conclusion

- Approach: Use critical pair analysis in AGG

-T;and T, form a critical pair if
* they can both be applied to the same initial graph G but
» applying T, prohibits application of T, and/or vice versa
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Refactoring dependencies Experiments

Conclusion

Step 1: Express object-oriented metamodel as
(attributed) type graph

Type_Graph of Refactorings

tgen
aen
—:IE‘C|EEE ) Parameter
String name String name
" hasParam
contains contains int order
.1
Yorieble nesemes Igl'[lsitr?Ddr'lame 11 sentBy -
String name Ing name »Message
String visibility String visibility .
int nuGfPars
updates 1.7
sentTo
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GT theory
Experiments
Conclusion

Step 2: Express refactorings as (typed attributed)
graph transformations

NoSetterinAncestors EncapsulateVariable of Refactorings
Srre P 0 @ Method
855 Llass contains ="got"
t 2:Class Marme 5?'[ o .| hasParam
gen 2:Class _ visibility="public"| —/————
contains  |nuOfPars=1 order=1
contains Farameter
4:contains Method name="p"
. 4:contains Eidra_t% S name="get'+v
Method - P P visibility="public”
name=s -
ACrESSE nuOfPars=0
¥ ¥ =return "+
1 \ariable 1NMariable

et names=y 3.Class q names=y 3:Class

. visibility="public" visibility="private"

L T
{ - : I[ =R " I[ K|

: Attribute Context Current Attribute Customize 1
Parameters and Variables Conditions
In Handler Type Mame Expression K Expression

10

[

]

1

[

Java Expr 5tring W
Java Expr 5tring 5
Java Expr 5ring 1]

EI(EIIEIIPS

s.equalsi’set’+v)
g.equalsi’get”+v)
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Refactoring dependencies Experiments

Conclusion

Step 3: Statically detect critical pairs between

refactoring transformations
- Potential conflicts between refactorings

X007 criicalpairs s P
irst\ second 1: Mo 7 M. Pl 4 Pl 5 O 6, - Al 1 e % He.. 1R, 11; R..

tmovevariobie [N 6T I 0T e

Ay N

T Pulllyivariable [N -- --

e [ [ o0
R——

ﬁ:Enmsmmwrmm‘- -- --

7:AdiParameter | 0 | -- -]-

E:nemn.repammeter -_- -|-
I

10z Renameyariable

11: Renamehiethod




Refactoring dependencies

Introduction

GT theory

Experiments

Conclusion

Step 4: Analyse dependency graph

for class refactorings

Rename Create
class superclass
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° ° E 3 t
Refactoring dependencies ZRCTInCHIS
Step 4: Analyse dependency graph
‘ Rename Move Encapsulate ’
variable variable variable
Pull up
variable
for variable
refactorings

Rename Create
class superclass
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GT tl}eory
Refactoring dependencies SEpOTIments
Step 4: Analyse dependency graph
Rename Move Encapsulate ’ for method
variable variable variable )
refactorings

Pull up
variable

Add ’
parameter
Rename Create Rename Remove ’
class superclass method parameter
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Conclusion

Crnpeet

Step 5: Fine-tune critical pairs in context of concrete input graph
BeforeApplication of Refactorings

Variable contains Class Class

name="nextNode” — T nama="Nada" * ~ |name="FlaSarear

contains / coantains contains
BCCESSRE |

saniTo /
Method / DE' gentBy Method Method
name="sand" I." seage name="accepl’ | sentBy santTo. |MA@Me="save"

Ay
has,r’aram

Class

name="PrintSarvar

contains

Methaod
namea="print”

=entTo Class
name="Waorkstation”

Variable
name="recewvear

coantains

Method Method hasF‘ara
name="onginate” | [name="accept’ | BFRmSHer
acoesses

updates Wariable Class 24

: it —
name="sender’ . |name="Fackel
contains
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Refactoring dependencies EXpOriments

Conclusion

Step 5: Fine-tune critical pairs in context of concrete input graph

NOO @ Critical Pairs

first \ second 1: MoveV... 2: MoveM... 3: PullUp... 4: PullUp... 5: CreateS...6: Encaps... 7: AddPar... 8: Remov... 9: Renam... 10: Rena... 11: Rena...
L:Movevariable {3 Q{0 ( o N o N 2 J o N o N o J 2 J o J
2:MoveMethod (o N 3 J o N 4+ JN o N 2 J 2 (o N o N 2 J
3: PullUpVariable L0 D I o N o X 0 L0
4:PullupMethod (o J 4+ J o N 2 N 0 L3 (0 N 0
S:CreateSuperclass (o N o N o0 N o N o N o N o N o J 3 N o N 0 J
6: EncapsulateVariablel 2} 2 (o N o N o N o N o N o J
7:AddParameter (o N o M 0 N o N o N o N 0 ) (o N o N 0
8: RemoveParameter RSO0 0 00000 0 o N o N 0
:RenameClass [ o N o M o N o N 2 N o N o N o J 2 J o N o J
10: RenameVariable [ 2 _J 0 D GED (o X o N o J 2 N o J
11:RenameMethod 0 N 2 Q0 0 N 2 N 0 D i
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‘OO0 0 Critical Pair Analysis
Critical Pair Analysis
Left_of_MoveMethod Left_of_MoveMethod
4:contai Tcontai
1:Class 3 Method 5:.Class G:Method
name=m_ name=m
2:.Class H: 2:.Class i
v v
¢ <+ | [€ Yy
Nee ﬁ (Lr1Produces_... |0 O O {7 (2)rlDeletes_r... Tooo ﬁ (3)rlProduces._r...
containg ™ tai
2:Class t:ciass| M| [Ciass] —_[Methed Class T emod ) |
4. TTLETTT T m m
- Class contains Class

b:Class . Class

Method
name=x2

Yaln!l I ¥ )4 > ¢ R

|
|
|

( Click here to get next match ... :)l,i Click here to get next match ... ) ( Click here to get next match ... )
A P




Introduction
GT theory
Refactoring dependencies Bxpollinerts
Conclusion
Variable e contains gen N Eﬁj (1)r1Produces_... |
name="name" — - re |
containg
fgen 2:.Class 1:.Class
VEHEHIE '-I. . |RLT=L LN E=
name="nextNode" 7:contai
accegses ! To
contai sen 3:Method
name=x1
accegses Message | sentBy
sentT.
Method Parameter 5:Class
name="send" f.contains
n .
sentTo hasRaram
gen
sen{To : iy
Message Farmm Parameter Variabl M i
g name=xz :
tge names=' v
FParametar
sentBy f N Y 4| > .
co 3 '
[Memd Message Click here to get next match ... ) |
=II 1 1 .[ 1]
name= orginate Class contains _\\ 4 \\ L
tes name="Packet" _._‘-.-’arlable Method
contains . name="contents” - .
contgiris [name= accept]
Yariable contding
ntBy name="sender" accessEs
Message
4:cnntam& “resses
Method
name="print"
hasParam

contains



Refactoring dependencies

Introduction
GT theory
Experiments
Conclusion

- Step 6: Perform sequential dependency

analysis

To identify dependencies between
refactorings that are applicable

Not fully supported in AGG

= @ Refactorings

™ [Em] Iype_tiraph
% LANGraph
= Lo | My aniahle
&= [Loa=FE] Minsefdathod
& [T
@ [L=TE] Ml tvond
@= [L=E| CrealeSuperclass
@ |Le=E| Encapsulateyvariable
@ | L=t | AdhParanmeter
o= =Lt
= |L*=It| HenameClass
Lo HenarmeYanatibe
Lo HenarmeMethod
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Generating Refactoring Code

1. Experiment in Fujaba

(in collaboration with Pieter Van Gorp
and Niels Van Eetvelde, University of Antwerp)
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Generating refactoring code

Introduction

GT theory

Experiments

Conclusion

- About Fujaba (From UML to Java and Back

Again)

- Round trip engineering with UML, Java, and design

patterns

- Class, collaboration and activity diagrams for story

diagrams
* Dynamic behavior
- Automatic generation

- Reverse engineering
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Generating refactoring code

Introduction
GT theory
Experiments
Conclusion

- About Fujaba : Technological Spaces

grammarware %,
Java ‘ Java programs }v\,o/@

graphware

graph transformation theory

graph transformations
specified as story diagrams
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Generating refactoring code

Introduction

GT theory

Experiments

Conclusion

- About Fujaba : Technological Spaces

refactoring ‘ |
execution Java programs

refactoring
specification

graph transformations
specified as story diagrams
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Generating Refactoring Code

Introduction

GT theory

Experiments

Conclusion

- Experiment in Fujaba

- Specify refactorings as Fujaba graph transformations using

story diagram notation

- Generate refactoring code from these transformations

- Advantages

- easier to specify and understand refactorings (visual

notation)

- easier to implement refactorings (automatic code generation)

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal
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Conclusion

- Fujaba’s metamodel

A paramType

UMLType | 0.1 a.n UMLParam
* resuliType # name : String
| o arrayType
0.n
o.n |UMLArTay
UMLClass & param
A cyperclass » methods
D..I'I .1 T QWKLo
& attrTﬁ_.rpeE a4
¥ stereatypes -n UMLGeneralization o UML Method

¥ aftrs ¢ abstract: Boolean
¢ name ; String
o.n \V{ \V{ \v{ (ﬂ/‘
UMLS’tmEUt]m&} ASGElement
\llll]nn

LML Attr ¥ parseTree
@ name : String

PTNode Fa J  PTHodeReturn

» aypr POy ; " * childrenList @ image : String
PTNodeLoop '_,_4'/‘871" 011
H:1 & gxpressidhe PTHodeFlow
% % %nm
PTHodeFor PTHodeDoWhile| [PTNodelf
PTHodeld PTHodeAssign
PTHodeWhile i .
PTNodePrimarvExpr || o 1o - String ¢ assignType : Integer 34




Introduction
GT theory

Generating Refactoring Code i cuts

Conclusion

- Refactoring framework in Fujaba

e0e Fujaba [Plain Pattern Catalog] - Refactoring2.fpr.gz
Cile Edit Diagrams Class Diagram ImportExport Tools Options Help Window
3 = FulEs B
r
g

Y Class diagrams
T ASG
T Refactoring
=y Activity diagrams
2 B9 EncapsulateField
Ta checkPrecondition

=L Refactoring

Refactoring

& checkPrecondiion targetASGElement ) Booleah
& execite (targetASGElement ) Booleah -

Ta execute i)
@ 5 PulllpMethod Ml %
qa checkParametersMateh PullUpMethod
Ta checkPracondition N =
L evecute 3 & checkParametersMatch (method: UMLMethod, methodFromSC:UMLMethod 3 Boolean
= & checkPrecondition targetASGElement ) : Boolean
& execute targetASGElement ) Boolean -

|
EncapsulateField

& checkPrecondition fargetASGElement ) Boolean
& execute (targetASGElement 3 Boolean -

7= Refactoring

|We|¢l:-me to Fujaba Towol Suite! |11 hiByte of 123 MByte allocat
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Generating Refactoring Code i cuts

Introduction
GT theory

Conclusion

FulllpMethod: execute target: ASGElement): Yoid

!

superclass :.UMLClass

sChestes
v methods

method

& methods
gogstroys

& superclass

stub :UMLGeneralization

v supclass

container :UMLClass

[ iuc:n:ess ]

®)

Pull Up Method model refactoring
as Graph Transformation

Match method

> (Hidden) Cast target
Match container
> Link Navigation
Match stub

> Link Navigation
Match superclass
> Link Navigation
Remove method
from container

Add method

to superclass
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Generating Refactoring Code |[Frrerments oS

PullUpMethod::checkPrecondition (target: ASGElement): Boolean

!

PullUpMethod::equalParams (m1: UMLMethod, m2: UMLMethod): Boolean

superclass :UMLClass
A su;ierclass
stub :UML Generalization mil m2
v s{bclass ‘
<« methods - ¥ param ¥ param [p1.getindex()]
method := (UMLMQ"IOM container :UMLClass l
p1:UMLParam p2 :UMLParam
[ success |
¥ paramType ¥ paramType
superclass
v ,,.}ﬂm,s ( this.equalParams (method, methodFromSC) ) T
t1 :UMLType t2 :UMLType
methodFromSC:UMLMethod [ faildre]

name ==method.getName () -

[|fRilure |

® ® ® ® ®

false true
false true false
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Editor

=[%]5] FEme] [Ele = [
37 >
38 /7 bind stub : MLGeneralization
39 fujaba__IterContainerRevSubclassStub = container.iteratorOfRevSubclass () ;
49 while ( !(fujaba__Success) &% fujaba__IterContainerRevSubclassStub.hasNext () )
41 {
42 try
43 {
44 stub = (UMLGeneralization) fujaba__IterContainerRevSubclassStub.next () ;
45
46 /7 bind superclass : UMLClass
47 /7 sourceObjectName=stub, sourceObjectType=UMLGeneral ization, sourceRoleName=superclass, targetObjectName=superclass, tar
48 superclass = stub.getSuperclass () ;
49 JavaSDM.ensure ( superclass != null ) ; - o
50 superclass:UMLClass
51 /7 check tsomorphic binding
52 JavaSDM.ensure ( !(container.equals (superclass)) ) ;
53
54 /7 delete link
55 container.removeFromMethods (method): rclass
56
57 /7 create link
gg superclass.addToMethods (method); method stub:UMLGeneralization
6@ fujaba__Success = true ;
61 }
62 catch ( JavaSDMException fujaba__InternalException ) nclass
63 {
64 }
gz } 4 container:UMLClass
67 catch ( JavaSDMException fujaba__InternalException ) - -
68 { 3
69 fujaba__Success = false ; as
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Editor H - x
F =7 Rl EET e el k] (@) />\
56 BT W ...................... _ _ _ T3
63 Hpublic class P on extends AbstractAction| $Action 1d="doPUM" class="be. ac.ua. grammyuml. actions. oy
64 { <Mame »Pull Up Method< Mame >
E5 SEE, P ..... .......................... {TDD]—TIP }Pull U]_:l HEthDd{fTDDlTlP >
;‘i S F{Jubhc void actionPerformed (ActionEvent ey <Icon>de/uni_paderborn/fujabasapp/images/none. gif¢/Icon>
e Object source = event.getSource(); {fﬁctlnn}
i if (source instanceof Iterator) {PopupMern class="de. wni paderborn. fujaba. uml. UMLMethod" »
;; { Tterator iter = (Tterabor) source: <MermSection 1d="RefactorMermSection" >
26 if Citer.hasNextO)) ' {Mernu 1d="PUMMern" actionId="doRefactorSTUB"»
- { <Mame »Refactor < MHame »
78 source = iter.next(); <Icon»de/unl_paderhorn/fujaba/appinages none. gif<fTcons
79 } {MermSection 1d="PUMMermSection">
80 } Menultem actionId="doPUM" /3>
:; ¢ . e MenuSection?
o } {source instanceo ethod) < /Merm > |
84 UMLMethod m = (UMLMethod) source; </Mermsections

85 System.out.println"Pulling up " + m. {J"P':'PUPMEHH}

86 A/ TODO: make it all static or pass ModelElement to constructor of Refactoring
87 PullUpMethod pum= new PullUpMethod();
&8 if (pum.checkPrecondition(m)) {

89 pum . execute{m);

96 UMLProject.get().refreshDisplay();

91 FrameMain.get().createNewTreeltems(]);

97 } else {

93 JOptionPane . showMessageDialoglnull, /¢ not dependent on parent frame
94 "Unable to execute refactoring: Preconditions not met.");

95 ¥

96 1

97 } A executedction
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- Running Prototype

TUjaba [Refactor Demo] - refactorden 5000 § e
File Edit Diagrams Import/Export Tools Options Help File Edit Diagrams Class Diagram Import/Export Tools Options Help
e o Ziare]
J0SH - ~ DEENE /DS H - ~ PERhE °
C1 Class diagrams No diagram is selected in the project tree. [ Class diagrams | //E/I/ n
T Users/pvgorp/Document: interfacer
£ activity diagrams.
» (] ASCHDocument Address . . . B
- @ de.uni_paderborn.fujaba.app.FujabaApp = & 4 =l0lugged i Wed 9:57 PM
» (] ASCHPrintserver ® isDestinationFor (n:Node ) : Boolean - ~
8080 Open » (] BroadCastPacket T [GX:) Fujaba [fj-lan] - fi-lan.fpr.gz
» (] Document @9Jame BroadCas tPacket 1 rimtserver File Edit Diagrams Class Diagram Import/Export Tools Options Help
& - ERRYES e
lan b (] LANExample DM © o~ EABE « &
G.Nuag m4 @ BroadCastPacket (doc:Document ) F @ Printserver (name:String ) w7
» (] Node pY y @ Class diagrams. LANExampl Node
Name Date Modified Printserver (name:String, nextNode:Node & xample
b (1 NodeAddress. ASCIIPrintserver 9ohandle (o-Packet )- Void % Fln v ‘ name : String
vio Jun 11, 2003 9:15 PM > [ Packet 4 ¢ AsCllPrintserver (name:String ) 9 printASClIDocument (d:ASCliDocument )|} S A¢ e 2] [ ot e g
v2.0 Jun 11, 2003 11:35 PM » (] PostscriptDocument 4 ¢ ASCilPrintserver (name String, nextNode:Nade )| @ PrintPostscriptDocument (d:PostscriptDol || > £J AsCiDocument E fonode namesng )
v3.0 Jun 11, 2003 9:09 PM » (] PostscriptPrintserver 9 @ printASClIDocument (d:ASCliDocument ) : Void ] S— : ﬂs ”:’( e % :T&ii:nr:":f;!‘"? r\v/e;;Nnde Node )
» (] Princserver - Ep_addressee  Address 23 Documen 9 getName 0 : String
L b ] Traversalacke il ‘}:“‘": ® P?‘k“ ’S‘V‘"d] J@o contents : Document e g["wx " 3|  getNextNode ( : Node
» 1 WildCardAddress e it L@ originator : Node g Oy Laneample & 910 (p:Packet ) : Voi
n Document v & Node 9 originate (p:Packet ) : Void
»> & Warkstation T gethexthiode 99send (p:Packet ) - Void
o {B0_contents : String 4 Node 9 setName (name:String ) - Void
Format. : ‘?.Duwmm ) ee::gg:legs ) T accept 9 setNextNode (nextNode:Node ) : Void
@ getContents ( : String ocument Tz gethame
New 3 open S ] ( Cancel ) { Choose ) © printOn (printer Pintserver ) Void  bocament (contents:String ) Tg sewame
@ setContents (s: 5‘""9 ) : Veid nzpnnmwimsewer ): Void 5 T send Workstation Printserver
@ tostring 0 : Stri i T kg 5 s
setNextNode Work-* i Printserver (name:String )
OSE!Addlessee TaddresseeAddress ) : Void E « owork cate / Goto Method Body o Pintserver (nameString, nextNode:Node )
@ setContents (contents:Document ) : Void 3 originate o accer Sohandle (p-Packet ) : Void
9 setOriginator (originator Node ) - Void 1 donand  EditSelected Metho 9 printASCllDocument (dASClIDocument ) - Void
@ visit (n:Node ) : Void 2 ¥ (] Nodeaddress —— BiCreate/Edit Class — | @ printPostscriptDocument (d:PostscriptDocument ) : Void
» [ Packet E5 Create / Edit Attributes
» (] PostscriptDocument & Create / Edit Methods
[—— ] 4T .

Edit Stereotypes ASCIIPrintserver
Mark/Unmark as Type

» 3 PostscriptPriniserver

[ umL ‘ l umL ‘ P= 5 sl | > Copinserver

» () Traversalpacket
[Welcome to Foaba. st e 1 32 Wyt o121 Weyio atocatod | [Welcams to Fuaba. Just draw il 2wyt of 4 Wy akowaed | . ) widcardadaress

'@ AsCllPrintserver (name:String )
© ASClIPrintserver (name:String, nextNode:Node )
B EdiSours Coos 9 printASCiIDocument (dASCliDocument ) : Void

v ) Workstation
T accept
= worksaion & Cut Method 9 PostscriptPrintserver (name: s )
4 handle B2 Copy Method 9 postscrip

Import Java Sources | 2 Rearrange diagrams = - oo === |

1= Delete Class PostscriptPrintserver

E 9L GHTEON romoved 78 Wy of 36 Myt atocated
File Edit Diagrams Activity Diagram_Import/Export Tools Options Help
VD& © o~ LRRRE
(3 Class diagrams
2 Activity diagrams
» £ ASCliDocument
b 1 ASCHPrintserver
b (] BroadCastPacket
» () Document
> CJ LANExample
> CNode
b (] Nodeaddress
v & Packet
T packet

parse iy

’ €= parse this Method <P
L]
@ deuni_paderborn.fujaba.app.FujabaApp = (Y <> @ (i (Plugged n) Sun 4:53 PM
000 Fujaba [fj-lan] - fj-lan.fpr.gz

Packet:wisit (n: Node): Void

H B RO 88 0

oko]

4 regenerate

112

LWEHHH

T setContents
T3 getaddressee
& getoriginator
T seraddressee

5 seroriginator

Old Sources |- New Sources

b 21 TraversalPacket
» £ WidCardaddress

> (] Workstation
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Generating Refactoring Code

2. CASE-tool independent approach

(by Pieter Van Gorp and Hans Schippers, University of
Antwerp)

UMH




Introduction
GT theory

Generating refactoring code 2=

Conclusion

- Evaluation

- Fujaba experiment was successful
» Intuitive story diagram notation
* 6T can be used to express refactorings
* Refactoring code can be generated
* Refactoring plug-ins can be written

- But...

* Fujaba’s internal metamodel not MOF/UML compliant
- Generated code not reusable in other MDE tools

- Story diagram notation only available in Fujaba
- No commercial, industrial support
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Generating refactoring code

Introduction

GT theory

Experiments

Conclusion

. Solution

-Provide UML profile support for story diagram

hotation

- Make generated refactoring code CASE tool

independent
- using MOF, XMI, JMI, EMF, ..
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GT theory

Generating refactoring code 2=

Conclusion

- Proposed architecture

FullUpMethod::execute(target: ModelElement): Vaid

LML
Project

superclass: Class

method cccrpatens— [ stub: Generalization D
n M1 MOF

| ==destovm> | container: Class (NetBeans
Export / Store MDR)
as UML Profile
for Model
sucgess Transformation

v XMIReader / RepositoryPlugin

Code
Engine Generatar
{AndroMDA)

MetBeans Together

CODE CODE
MetBeans Together :

CODE CODE MDR Code [ o128 ZRUIOPMOEIO C e Code
MetBeans Together Templatas Templates

CODE CODE

(Velocity) (Welocity)

ﬁ_‘_‘_‘_‘_‘_‘_‘_‘_‘_‘—-—-_ = Lm
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GT theory 5 /A

Generating refactoring code - |[FEREImeniE o LRfe

Conclusion SNt

- Proposed architecture (continued)
e.g. NetBeans MDR

AndroMDA Codegenerator
e.g. Poseidon MOF Repaository L
CAgE M| Transformation Spec
) pte oy el -
tool P —]
L/ Yelocity Templates
metamodel
represented as UML Model to transform Generate transformation code

class diagram;
story diagram

notation as UML \"\ // L_q_______'ﬁ_]'r‘lha-l-k___
Trjnsform through TR L.

profile

n,

lava Transformation Code
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L L h
Generating refactoring code o
1 Conclusion
Fujaba versus JMI code
FullllpMethod: execute darget ASGEIement): Yoid , ind stub : UMLGeneralization
fqubq_prr'{'nnfninnrRmz(nhr]n(((fnh = rontainer itaratarOfRevSiheclace Y
J e C! ML |
o // delete link

superclass .UMl Class
zCleates
v methods 4 superclass

|\

method

stutﬁfMLG\eneralizatiun

4 methods v supclass

c:untaiﬂer UMLClass

[ Fuccess |

)

st method.setOwner(null)
// create link

«s method.setOwner(superclass);

~ensur = null ) ,

checl 7c binding
( !(container.equals (superclass)) ) ;

delete [ink
container.removeFromMethods (method);

create link
superclass.addToMethods (method);

fujaba__Success = true ;

catch ( JavaSDMException fujaba__InternalException )

{
}
}
}

catch ( JavaSDMException fujaba__InternalException )

{

fujaba__Success = false ;
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Generating refactoring code
Poseidon “proof of concept”

Introduction

GT theory

Experiments

Conclusion
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Generating refactoring code | S2itbeo

Experiments

Poseidon “pPOOf Of Concept” Conclusion

ml.

- Poseidon Plugin
- Extra menu item for +hreakovoid
launching refactoring
transformation
- generated from

transformation model Cabrio
+accelermte ool
+hreak(): Wertically b
Horizantally k
Size F
Whidth Cralw [
Hame |uw-'§ % _ut Ltrl-2 5
Owner Cabri -
|: Delete From Model Delete [—————
Accessed Attribute |
Wisibility (%) pu Move operationts) down in list ivate
hndifier me PulllpMethod e
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Generating refactoring code

Introduction

GT theory

Experiments

Conclusion

- CASE tool independent approach is feasible

- Using the proposed architecture

* UML profiles for story diagram notation
- Illustrated through Poseidon "proof of concept”
- Can be repeated for other case tools

* Magicdraw, Together, Objecteering, Poseidon, ...
- Can be compared to, or integrated with, other MDE

frameworks
» EMF support, ATL framework, ...
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Behaviour preservation of refactorings

formal experiment

(in collaboration with Dirk Janssens
and Serge Demeyer, University of Antwerp)

UMH




Introduction
Formal experiment i

Behaviour preservation Conclusion

- Case study: LAN simulation

L workstation 1
1. originate(p)

>.=

3. accept(p)

_ fileserver 1
workstation

2. send(p)

_ 4. send(p)
printer 1 workstation 2

I 5. accept(p)

8.print(p) —

7. accept(p) 6. send(p)

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal 55



Introduction 00‘"'" D”’;&
: GT theory | < L Z
Formal experiment T %ﬂ
° ° . L. .é.
Behaviour preservation Conclusion | "6, gge®
- UML class diagram
originator
Node Packet
nextNode name <—— | contents
accept(p:Packet)| addressee
send(p:Packet)
| |
Workstation PrintServer
originate(p:Packet) print(p:Packet)
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Introduction

Formal experiment GT theory

Experiments

Behaviour preservation Conclusion
- Java source code

public class Node ({ public class Packet {
public String name; public String contents;
public Node nextNode; public Node originator;
public void accept (Packet p) { public Node addressee;
this.send(p); } }

protected void send(Packet p) {
System.out.println (
name +
"sends to" +
nextNode.name) ;
nextNode.accept (p); }
}

public class Printserver extends Node ({ public class Workstation extends Node ({
public void print(Packet p) { public void originate (Packet p) {
System.out.println (p.contents); p.originator = this;
} this.send (p) ;
public void accept (Packet p) { }
if (p.addressee == this) public void accept (Packet p) {
this.print (p); if(p.originator == this)
else System.err.println ("no
super.accept (p) ; destination");
} else super.accept(p):
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: GT theory
Formal experiment Hxperiments
Behayviour preservation Conclusion
- Program structure
- Directed, labelled, typed graph
1y - F"ai;:;al_ﬂ' | ariginator ¥ |
e | — —
b printin & | l.:ﬂ | | l.:ﬂ VD |« contents V :|
= String € I r-.:.;j:_._T ) I addressas ¥
send M | = MD Hr VD VD ‘.
name ¥ | | ! . | i |‘. ¥ | 1 |
ampl " I . |:|r. =1 |I|}I'I- | | . rn |EF‘;ET | | |

[ | ariginats & J

i

{

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal

58



Introduction
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Formal experiment Experiments
Behaviour preservation conelusion
- Program behaviour (System outprintin(
_ . name+"sends to"+nextNode.name);
Behawour' Of CIGSS NO—d'e— nextNode.accept(p);}
MNode &
| i 4 /
w;r| VD _l_Hﬂ 4 Eﬂ'— {this.send(p);}J
4 ik II L8 !;J'__I. Tk
printin M |4 3 El ME [
| ¥ % f.e g
Ty II ! .E 1 1.
[ wa Ie Ell €
M | [y II P E 1 ™ |a
e e B el |
E 1 T
‘ String € ‘ = .
: < L |
-~ | nama ¥ |.¢_ | r.axlr'-.l::.dab’ - | sand M | ‘ accept M ‘
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Formal experiment
Behaviour preservation

Introduction

GT theory

Experiments

Conclusion

- Type graph
- Represents OO metamodel
- Expresses well-formedness

constraints on the graph model
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Formal experiment

Behaviour preservation

Introduction

GT theory

Experiments

Conclusion

- Forbidden subgraphs
- WF-1I: a class cannot define the same method twice
- WF-2: a method cannot refer to variables in

descendant classes

- WF-3: a method cannot refer to parameters of

other methods

m

/
WMD|ﬁ C [«<—MD
c m M I'm i* le*
S ue— [ Te
WF-1 WF-2
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Introduction

Formal experiment i

Behaviour preservation Conclusion

- Pull up method
- Replace similar methods in subclasses by common
superclass method

-Precondition
* Replaced method should not refer to methods in
subclasses
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Formal experiment

Behaviour preservation

Introduction 00*"' D”’x;“
GT theory | < Lz

Experimgnts <, o
Conclusion | &, ¥la®

- EncapsulateVariable encapsulates public variables and

provides accessor methods

public class Node ({
public String name;
public Node nextNode;
public void accept (Packet p) {
this.send(p); }
protected void send (Packet p) {
System.out.println (
name +
"sends to" +
nextNode.name) ;
nextNode.accept(p); }
}

public class Node ({

private String name;
private Node nextNode;
public String getName () {
return this.name; }
public void setName (String s) {
this.name = s; }
public Node getNextNode () ({
return this.nextNode; }
public void setNextNode (Node n) {
this.nextNode = n; }
public void accept (Packet p) {
this.send(p); }
protected void send(Packet p) {
System.out.println (
this.getName () +
"sends to" +
this.getNextNode () .getName ()) ;
this.getNextNode () .accept(p); }
}
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Introduction
: GT theory

Formal experiment Bxpariments
Behaviour preservation Conclusion

- EncapsulateVariable(var,getter,setter)
- Parameterised transformation
- Embedding mechanism

incoming edges outgoing edges
(t1) =2 (1), (p.2), (1.3)

var V * var V setter M ngetter M

1 | Z

P
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Formal experiment i

Behaviour preservation Conclusion

- EncapsulateVariable(var,getter,setter)
- Parameterised transformation
- Embedding mechanism

incoming edges outgoing edges
(al) > (c,3) (l1)~=>(2) (mO0)->(m0) (m4) (m>5)

] 3 e

- % h
Iﬂf:; ‘ E-Eltl-ElFHEJ "I_F:TI'(—LE _"'r_ﬂ'_l geﬂer.ﬂﬂ

d
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Formal experiment i

Behaviour preservation Conclusion

- Controlled graph rewriting is needed to
- Control the application order of productions
- Specify refactoring preconditions

4 N
preconditions
o for
EncapsulateVariable
\- J
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Formal experiment
Behaviour preservation

Introduction

GT theory

Experiments

Conclusion

- Use preconditions

- To satisfy wf-constraints

- to satisfy more specific constraints

* e.g. EncapsulateVariable should not introduce accessor

method names that exist in inheritance chain

- EXpress negative preconditions as forbidden

subgraphs

m

/
var VTP VD P C C 7

MD

/
<

getter M

/
var V™ VD[ C C 7

MD

/
<

getter M
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Behaviour preservation

Introduction

GT theory

Experiments

Conclusion

- Graph invariant
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Formal experiment
Behaviour preservation

Introduction

GT theory

Experiments

Conclusion

- Graph invariant
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Introduction

Formal experiment i

Behaviour preservation Conclusion

- Graph invariant
2% /
mOF—— mF—{mD)

- preserves call behaviour
- Trivially fulfilled for EncapsulateVariable

- all existing calls are preserved
- But: new calls are introduced for each variable
access/update!
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Introduction

Formal experiment i

Behaviour preservation Conclusion

- PullUpMethod(parent,child,name)
-affects all subclasses
- need controlled graph rewriting

parent C parent C [ parent C parent C

1 T 1 T 1 I
/ . i ) ]
/ /
child € child € C /Tc

ZTm e P m

Py b AN 3,
3T’ 3T’ OI

‘ hame M ‘ hame M name M hame M
Z g
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Introduction

Formal experiment Eﬁ;‘;ﬁ;";;i’ts

Behaviour preservation Conclusion

- PullUpMethod preserves calls, accesses, updates
- Only if we assume isomorphism between pulled up method
definitions in subclasses

parent C

i

nhame M

A
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Introduction
: GT theory

Formal experiment Bxpariments
Behaviour preservation Conclusion

- PullUpMethod preserves calls, accesses, updates
- Need tracking function to express method equivalence

parent C » parent €
1 .
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Introduction

Formal experiment i

Summa,ry Conclusion

- Initial results promising, but ...

- Need to understand what is
- behaviour
- behaviour preservation

- Different notions of behaviour require

different preservation properties

- real-time systems (fime constraints)
- embedded systems (power & memory consumption)
- safety critical systems (liveness, ...

- What are good program invariants ? How to express
them ?
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vIntroduction
vGraph transformation theory
vGraph transformation experiments

« Conclusion
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Introduction
GT theory

C OIlC]_U_S]_OI] Experiments

Conclusion

- This tutorial has
- Briefly introduced the theory of GT
-Presented two state-of-the-art GT tools
- Motivated the use of GT in software engineering
-Reported on three concrete experiments to apply
GT for model refactoring

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal 77



Introduction
GT theory

5 Rz
Conclusion Experiments |  %//ad

Conclusion SNt

- Graph transformation is useful for specifying

refactorings
- Language independent
- Visual, flexible, precise representation
- Verifying different kinds of behaviour
preservation
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GT theory

C OIlC]_U_S]_OI] Experiments

Conclusion

- Graph transformation is feasible for
specifying refactorings
-Powerful GT engines exist, with state-of-the-art
support for GT
- Critical pair analysis in AGG
- Story diagrams in Fujaba

- Initial experiments show that ideas can be made
independent of particular CASE tool
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Conclusion

Introduction
GT theory
Experiments
Conclusion

Graph Transformation

Refactoring

type graph, graph expressions

wf-constraints

graph invariants

behaviour preservavtion

negative application conditions
(NAC)

preconditions

parameterised tranformation with
embedding mechanism

refactoring transformation

attributes and attribute conditions

controlled graph rewriting (Fujaba)

To compose primitive
transformations and to control
their order of application

critical pair analysis (AGG)

to detect parallel evolution
conflicts
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GT theory | < 'z:
Experiments 3
Future work xperi % Yol

Conclusion (o)

- Apply GT ideas to other types of models
- sequence diagrams, statecharts, activity diagrams

- Compare theory of GT with other theories
and formalisms
- Description logics
- Model checking

- Support co-evolution between models (of all

kinds and at all levels) and source code
- inconsistency management, traceability, change
propagation, impact analysis
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- Increase efficiency and scalability of GT

tools
- Use relational database technology as underlying
engine for 6T
* Varré et al.
- Use logic fact base to store graphs, and logic
programming language to perform and reason about

GT

» JTransformer, Contract, Condor (based on Prolog)
- Guenter Kniesel, University of Bonn
* Description logics (e.g., RACER)
- Ragnhild Van Der Straeten, Vrije Universiteit Brussel

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal 82



Introduction
GT theory

FU_tuPe WOI‘k Experiments

Conclusion

Use graph transformation to assist with

other aspects of refactoring

- (de)composition of refactorings

- analyse complexity of refactorings

- triple graph grammars to deal with co-evolution of
refactorings at different levels

© Tom Mens, July 2005, GTTSE Summer School, Braga, Portugal 83



Introduction
GT theory

MOPe que Stl()ns Experiments

Conclusion

- How can we build more open refactoring tools?

- How can we determine where and why to refactor?

- Where does refactoring fit in the software development
process?

- How to assess the effect of refactoring on software quality?

- How is refactoring related to other techniques ?
- design patterns, application frameworks, aspect-oriented
programming, generative programming, ...
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- Handbook of Graph Grammars and Computing by
Graph Transformation, World Scientific, 1999

- Foundations
- Applications, Languages and Tools
- Concurrency, Parallelism, and Distribution

- Tutorial Introduction tfo Graph Transformation: A

Software Engineering Perspective
- L. Baresi, R. Heckel
Proc. 1st Intl. Conference on Graph Transformation (ICGT
2002), Barcelona, Spain
Springer LNCS 2505

- Bibliography website
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.- Journal articles

- A survey of software refactoring

* T. Mens, T. Tourwé

« IEEE Transactions on Software Engineering, February 2004
- Formalising refactorings with graph transformations

 T. Mens, N. Van Eetvelde, S. Demeyer, D. Janssens
« Journal of Software Maintenance and Evolution, July/August 2005

- A formal approach to model refactoring and model
refinement

- R. Van Der Straeten, T. Mens, V. Jonckers
- Software and System Modeling, July 2005. Conditionally accepted.

- Analysing refactoring dependencies using graph
transformations

- T. Mens, 6. Taentzer, O. Runge
- Software and System Modeling, July 2005. Conditionally accepted.
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- Book chapters

- Using Graph Transformation for Practical Model Driven

Software Engineering

* L. Grunske, L. Geiger, A. Ziindorf, N. Van Eetvelde, P. Van Gorp,

D. Varré

* Model-driven Software Development - Volume IT of Research
and Practice in Software Engineering, edited by Sami Beydeda

and Volker Gruhn, July 18, 2005. ISBN: 3-540-25613-X

- Websites

- www.planetmde.org

- "Everything you always wanted to know about MDE but were

afraid to ask...”
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- Conference articles
- Supporting model refactorings through behaviour inheritance
consistencies
- R. Van Der Straeten, V. Jonckers, T. Mens
 Proc. UML 2004, LNCS 3273
- Using description logics to maintain consistency between
UML models
« R. Van Der Straeten, T. Mens, J. Simmonds, V. Jonckers
* Proc. UML 2003, LNCS 2863
- Towards automating source consistent UML refactorings
- P. Van Gorp, H. Stenten, T. Mens, S. Demeyer
* Proc. UML 2003. LNCS 2863
- Formalising behaviour preserving program transformations

- T. Mens, S. Demeyer, D. Janssens
* Proc. ICGT 2002. LNCS 2505
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