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£ Observation
mModel-driven software engineering approaches
do not adequately address software evolution
problems
™ Need better support (tools, formalisms) for

Change propagation

‘ Traceability managemeant 3 Inconsistency managemeant \
moael
‘ Version control repasiony Model refactoring \
‘ Reverse anginearing \ ‘ Code generation \
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' Goal of this talk @@@W@\f/ﬂ@

Stat dSmtItgtof
GWEE# ol MiEiling Tachniqus

Show how graph transformation theory can

help to
™ gain better understanding of ...
" improve tool support for ...

.. the following activities:
s, inconsistency management
s model refactoring
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Model Inconsistency Management
through Graph Transformation

An Experiment
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"NEE‘"\ m an ag e m e nt Syntactic and Semantic Integration of

Visual Modelling Techniques

2 Goal

™ Specify model inconsistencies and their resolution
strategies as
™ Use this formalisation to

s Automate the detection of inconsistencies
#|nteractively support the resolution of inconsistencies

™ Analyse transformation dependencies to this

process
#Detect sequential dependencies between resolution rules
»Detect parallel conflicts between resolution rules that cannot be
applied together
#Remove redundancy between resolution rules
»Provide “optimal” resolution strategies
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management

Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

A |terative inconsistency resolution process

< <datastore>>

< <datastore>>

Fact base of inconsistencies

Lses

o problems found]

Fact base of resolution rules

Lses

=%/ [problems found)] =

Lse

Propose resolution ru!es)

IIE [Detei:t all model Incﬂﬂ!’.ist!ﬂ{ii!s\ll
annptate
< <datastore>>
Model
create

[

[t}

Ul

o

.9(5:1.@:1 and load mudel)

Lupdate

W

Select and apply resolution ruIe.{s}D
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Syntactic and Semantic Integration of
Visual Modelling Techniques

llustration of the ripple effect
& | _et’s start with a simple of
an inconsistent mode

concrete syntax abstract syntax
C |— obi C:Class | instance of .
« instance of » Ll «concretes || 0:0Object

‘\

_ _ haviour
« behaviour » dangling operation Statemachine
reference

A o
myStateMachine Cont:?lns

op op:Operation |, Transition
Q_.Q «abstract» refers to
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. Example of inconsistenc /
LA .}e reS O I utl O n Syntactic and Semantic Integration of

Visual Modelling Techniques

llustration of the ripple effect
" Resolution leads to a new inconsistency

concrete syntax abstract syntax
C obi C:Class | instance of L
« instance of » Ll «concretex |- 0:0Object

op

haviour

« behaviour » contains abstract Statemachine
operation

myStateMachine Contfftlns

op op:Operation |, Transition
Q_.Q «abstract» refers to
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. Example of inconsistenc 1
. P Y SegraMvis
éﬂ reS O I utl O n Syntactic and Semantic Integration of

Visual Modelling Techniques

llustration of the ripple effect
s Resolution leads to 2 new inconsistencies

concrete syntax abstract syntax
: | < : t
« instance of » «abstract 0:0bjec
op abstract object
haviour
« belRaviour » contains abstract Statemachine
statemachine
myStateMachine v Contf?'ns
op op:Operation |, Transition
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. Example of inconsistenc 1
. P Y SegraMvis
éﬂ reS O I utl O n Syntactic and Semantic Integration of

Visual Modelling Techniques

llustration of the ripple effect
" Resolution removes 1 inconsistency

concrete SyntaX abstract SyntaX
: : : instance of
C [ obj c:Class | 9N D:Class'"® .
< LUElEs el «abstract» «concrete» SHElgEr

op

ehaviour

« beRaviour »

Statemachine

abstract
statemachine

contain

myStateMachine Contfftlns

op op:Operation |, Transition
Q_.Q «abstract» refers to
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. Example of inconsistenc /
LA .}e reS O I utl O n Syntactic and Semantic Integration of

Visual Modelling Techniques

#llustration of the ripple effect
" Resolution finally removes last remaining
Inconsistency

concrete syntax abstract syntax
C | f obj c:Class | 9" D:Class |n§tance of T
«Instance of » «abstract» «concrete» 0]
op
bw
« beRaviour » contain Statemachine
myStateMachine Contfftlns
op op:Operation |, Transition
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> Tool support
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%":tic and Semantic Integration of
sual Modelling Techniques

Simple lterative Resolution Process

IS I R P tOOI _é? Open an inconsistent model File name -wu.r.king ;‘r'rmphn’r'ledlnc- |_Reload file |

‘“ . . Internal name -SimphfIEdIncMgmt
& S I m p I e Ite ra.tlve File reading result ———
TypeGraph name SimplifiedTypegraph
ReSOIUtion ProceSS” StartGraph name simplifiedGraph £ Show more details

&An interactive tool Inconsistency detection result

Found inconsistencies

f I t d ‘Inconsistency Name “Concerned Artifact Information
O r S e e C I n g an undefined type Parameter [p] (7770560) n
classless instance InstanceSpecification [] (105695... )

abstract object InstanceSpecification [} (131696...

reSO |V| n g m O d e I abstract operation in concrete ... Operation [n] (15265612) vigibility="public”, nu...

Available resolution rules

Inconsistencies e

DanglingTypeReference-Resl

DanglingTypeReference-Res2 =1
DanglingTypeReference-Res3 (n, a) -1
o4 Apply the choosen resolution ¥ Fill the reguired parameters automatically (with default data
Resolution history Detailed ..
» | Initial detection : 6 detected Inconsistencies
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i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

» tool In action
™ Before detecting any inconsistency

i Class en
InstanceSpecification instanceaf name="8" 9 _mT‘ Class
name="" il -~ I s = T~ ~ qname="A"
isAbstract=true - - - - :
~ _ _tgen- isAbstract=true tgen |isAbstract=false
, contains contains contains ccmtainx contains
Operation
name="n" i Attribute Operation | |Operation
visibility="public" name="b" Attribute name="m" name="n"
nuOfPars=0 aggregationKind ="composite” name="a" r—visibility="public”| |visibility="public"
isAbstract=true aggregationKind="none" |updates _nquF‘ars=1 AuOfPars=0
multiplicir:/ e — isAbstract=false isAbstract=true
contains multiplicity hasParam
- - MultiplicityElement order=1
288 oSk iention lower=1 Association MultiplicityElement v
name= upper=1000 name="BcontainsA" lower=1 Parameter
upper=1 name="p
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: Tool support _ @@@W@\f/ﬂ@

yntactic and Semantic Integration of
/isual Modelling Techniques

£ S|RP tool In action
" After detecting all inconsistencies

Conflict Conflict Conflict Conflict Conflict
description="abstract object”| [description="nameless instance”| |description="duplicate class name"| |description="instanceless class”| [description="duplicate class name"

X e
— a
InstanceSpecification instanceOf _LM il L Class
name="" name= B u .-F- _name— A = —= = e
isAbstract=true| ~ -~ - _ __tgen - - = isAbstract=true tgen  |isAhstraci=falsa b
—
: contains contains contains contains contains Conflict
Operation 3 description="instanceless class”
el T Attribute Operation_ Operation
visibility="public name="b" Attribute name="m name="n"
MURNHA el aggregationKind = "composite” name="a" | visibility="public"} - visibility="public"
isAbstract=true aggregationKind="none"|updates _nuDI”Pars= 1 !’]quParﬁ: 0
mulnphcm’,ﬂ/ i B isAbstract=false isAbstract=true \\
 rtalins multiplicity hasParam —
MultiplicityElement order=1 |d T 0 —
! ! — escription="abstract operation
irktaiios spis e calion lower=1 Association MultiplicityElement v :
name= upper=1000 name="BcontainsA" ey Parameter Conflict
.{’ R upper=1 name="p" description="undefined parameter type"

Conflict Conflict
description="classless instance”||description="nameless instance”
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i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

s After resolving “duplicate class name”
#Two occurrences of same inconsistency removed
»Class renamed from “A” to “C”

|C0nf|ict HCoanict Conflict Conflict
description="abstract object’|{description="nameless instance” description="instanceless class" description="instanceless class”
t I I3 .
InstanceSpecification instanceOf _M gen __M Class
pp—— » name="B name="A € - —— e esC
— isAbstract=true|” — ~ — — — T 7isAbstract=true . o
~ . teen- 19en  |isabstract=false
: contains contains contains can[ain& contains
Operation 3
okl O Attribute Operation Operation
visibility="public name='b" Altribute name="m name="n"
_nquPars=G aggregationKind="composite" name="a" hg— visibility="public visibility="public
isAbstract=true aggregationKind="none" | updates nulfPars=1 nuOfPars=0
mulliplici[:/ ——— =1 isAbstract=false isAbstract=true
contains multiplicity hasParam \

- - MultiplicityElement order=1 |Conflict
|ﬂ5[ﬂﬂClE"5F39CIﬁCEUGH lower=1 Association MultiplicityElement Y description="abstract operation”
name= _ |upper=1000 name="BcontainsA” lower=1_ Parameter

Y upper=1 name=p
Conflict ||C0nrlict ‘ ¢

description="classless instance’

description="nameless instance” -
P |C0nfl|ct |

description="undefined parameter type"
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i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

" After resolving “classless instance”
20ne occurrence of “classless instance” removed
20ne occurrence of “Instanceless class” removed

‘Conrlict | Conflict Conflict
description="abstract object’|[description="nameless instance" description="instanceless class”
e tgen *
InstanceSpecification instance Of _M'— i i “EM Class
e » name="g name="A .- — o mesC
isAbstract=true IsAbstract=1true : =
: tgen  lisabstract=false
contains
Operation i contains cantainx contains
m Contains L J
visibility="public" Alttribute _ DDEHIIPH" Dperanf}r!
AuOfPars=0 name="h" Attribute name="m name="n
; : . - n— i isibility="public” visibility="public"
isAbstract=true aggregationKind="composite name=-a i
gareg p nuDfPars=1 nuOfPars=0
inst

aggregationKind="none" | updates|"
ceOf multiplicil:/ contains T isAbstract=false isAbstract=true
contains b ) hasParam \

InstanceSpecification| |MultiplicityElement order=1 \
nameE lower=1 Association MultiplicityElement y _ h |
# upper=1000 name="BcontainsA” lower=1 Parameter| |Conflict
u . name="p"| |descriptiocn="abstract operation”
. pper=1
Conflict | v

description="nameless instance” =
P Conflict

description="undefined parameter type"
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i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

s After resolving “abstract object” (first try)
»#0ne occurrence of “abstract object” removed
»#0ne occurrence of “abstract operation” added !

Conilict Conflict
description="nameless instance" description="instanceless class”

+ tgen +
InstanceSpecification instanceOf _M- e R ‘EM Class
name="" = name="E name="#A - —— o
isAbstract=false isAbstract=true tgen  [isAb [_ = fal
. contains isAbstract="false
DDEHUPV} _ contains contains contains
name="n contains 4
visibility="public" Altribute Operation Operation
nuOfPars=0 hame="b" Atrribute name="m" name="n"
isAbstract=true instandoOf |29aregationKind="composite” name="a" lg— visibility="public visibility="public
* aggregationKind ="none" | updates nuOfPars=1 nuOfPars=0
inlick : isAbstract=false i =
Conflict multlpllcm;/ contains e isAbstract=true
description="abstract operation” — contains P hasParam \
7 MultiplicityElement order=1 |Conflict
InstanceSpecification lower=1 Association MultiplicityElement k4 description="abstract operation”
name="" upper=1000 name="BcontainsA" lower=1 Parameter
¥ upper=1 name=:p

‘Ccnflict | v

description="nameless instance" Conflict
description="undefined parameter type"
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P e tool In action

s After resolving “abstract object” ( try)
»#0ne occurrence of “abstract object” removed
20ne occurrence of “nameless instance” removed
20ne occurrence of “Instanceless class” added

|C0nrl|;t mm | Conflict
description="instanceless class description="instanceless class"

tgen +
Class B “ Hamumas ,_ECIass o
name="B" name="A" | RIS T
y gen i name="C
isAbstract=true isAbstract=true tgen |;
— isAbstract=false
Operation ) contains ct}n[ainx contains
name="n contains Y
visibility="public” Altribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" name='n"
isAbstract=true s of |aggregationKind="composite” name="a" — visibility="public"| |visibility="public"
S o aggregationKind = "none” | updates nuOfPars=1 nuDfPars=0
mul[iplicil:/ . isAbstract=false isAbstract=true
Aﬂins bl e hasParam ‘}I
MultiplicityElement order=1 [Conflict
InstanceSpecification| (lower=1 Association MultiplicityElement . 4 description="abstract operation”
name="" upper=1000 name="BcontainsA" lower=1 Parameter
¢ upper=1 “ﬂmT P
Conflict

Conflict
description="nameless instance"

description="undefined parameter type"

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 18



i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

s After disabling the “instanceless class” rule
»#Two occurrences of “instanceless class” ignored

tgen
Class g T s o [Clags
name="g" tnarrwe:"ﬂ" - hCIass =
. z name="C
isAbstract=true isAbstract=true tgen |;
i isAbstract=false
Operation , contains camain.&< contains
name="n contains k4
visibility="public” Altribute Operation Operation
niGiEane=) name="0" Attribute name="m" | |name="n"
e e of |@9gregationkKind="composite" name="a" —visibility="public” visibility="public"
& aggregationKind="none" | updates |nuOfPars=1 nuOfPars=0
mulliplicib/ M isAbstract=false isAbstract=true
Aﬂins multiplicity hasParam ‘\\
MultiplicityElement order=1 i
InstanceSpecification| |lower=1 Association MultiplicityElement 4 Conflict
name="" upper=1000 name="BcontainsA lower=1 FRIBmEIE ||:Iescriptic>n=".1bstract operation”
¥ upper=1 name =B

Conflict | 4’

description="nameless instance" Conflict
description="undefined parameter type"

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 19



i* Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

™ After resolving “abstract operation”
»0ne occurrence of “abstract operation” removed

tgen

Class wimme e |l

name="g" t'rlamre="1l5\" . — —— _ _Class e

g 5 name="C

isAbstract=true isAbstract=true tgen  |isAbstract=fal

. G isAbstract="false
DDEYBIIPF} 3 contains contains contains
name="n contains v
visibility="public" Altribute Operation Operation
nuOfPars=0 name="o" Attribute name="m" name="n"
isAbstract=true of |2ggregationkind="composite" name="a" Lg—— visibility="public"| |visibility="public"
& updates |nuOfPars=1 nuOfPars=0

aggregationkind="none" f ,
mulliplicil:/ e T isAbstract=false isAbstract=false
A multiplicity hasParam

MultiplicityElement order=1
InstanceSpecification| |lower=1 Association MultiplicityElement : 4
name="' upper=1000 name="BcontainsA” lower=1_ Parameter
¥ upper=1 name=ip
Conflict - +
Conflict

description="nameless instance”

description="undefined parameter type"

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 20
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P e tool In action

" After resolving “undefined parameter type”
»#0ne occurrence of “undefined parameter type”
removed

Class T TR ,_tCIass T
name="g" gen name="A" o - —— e
isAbstract=true isAbstract=true t9en  |isAbstract=false
contains =
Operation / . i ct}nlaiﬂx contains
name="n contains Y
visibility="public" Atribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" name="n"
isAbstract=true _ aggregationKind ="composite” name="a" g— visibility="public”| |visibility="public"
instangeOf aggregationKind="none" | updates |nuOfPars=1 nuOfPars=0
multiplicit:/ — isAbstract=false isAbstract="false
contains multi y hasParam
MultiplicityElement order=1
InstanceSpecification| |lower=1 Association MultiplicityElement v
name="" upper=1000 name="BcontainsA” lower=1_ Parameter
¥ upper=1 nAme =P

Conflict
description="nameless instance"

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 21



Tool support Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

P e tool In action

After resolving “nameless instance”
»#0ne occurrence of “nameless instance” removed
»#No more remaining inconsistencies !

tgen
Class == T T = = - _ _ . |Class
name="B" tr'ien'ru:_=",»5h" y — —— _ _Class S
b gen ; name="C
isAbstract=true isAbstract=true igen  |;
contains isAbstract="false
Operation ; contains ct}ntainx contains
name="n contains L4
visibility="public" Altribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" name="n"
isAbstract=true e of |aggregationkind="composite" name='a" Lg—— visibility="public*| |visibility="public"
instanee aggregationKind="none" | updates |nuOfPars=1 nuOfPars=0
mul[iplicil:/ —— isAbstract=false isAbstract=false
contains s - hasParam
MultiplicityElement order=1
InstanceSpecification| |lower=1 Association MultiplicityElement s 4
name="objA" upper=1000 name="BrontainsA" Tower=1_ Parameter
upper=1 name=p
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Stat dSmtItgtof
GWEE# ol MiEiling Tachniqus

A This tool relies on the underlying

mechanism of graph transformation
s for detecting inconsistencies
for proposing resolution rules
s for analysing which of the proposed resolution
rules Is most appropriate

A But how does this all work?

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 23
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Tool support ‘g@@ﬁ'@\/]ﬁ@

e, N :tic and Semantic Integration of
INEE® sual Modelling Techniques

A The tool has been implemented on top of the AGG

engine (version 1.4)
®AGG Is a general-purpose graph transformation tool

M\WNe used AGG In the following way

~specify the UML metamodel as a type graph

s specify the models as graphs

s detect and resolve model inconsistencies by means of
graph transformation rules

manalyse mutual exclusion relationships and sequential
dependencies between inconsistency resolutions by
means of critical pair analysis

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 24



Step 1: Specify the @@@[‘f’@\’/ﬁ@

Qo
=
© ©
'f'e . .;'L" I I le al I IO e Syntactic and Semantic Integration of
'NEE® Visual Modelling Techniques
(Conflict ’]! TERE
|String description ligt d__/-f’"i B _______H
— v r_.i’n? !,i ' hasCenflict _ ﬁ’f gen -L
@'ATEMM:HIHE DI#GR}A}}\ P B e behavicur | 1
| 01 ) S Class
i : String name \

L+ |5tring name

Parameter 7_l/tﬂ’e/‘_nf_‘rbmlenn isAbstract \

hasParam
int order

#* | Operation

jon * |5tring name
String wisibility
int nuQfPars
boolean isAbstract

CLASS DIAGRAM containg

L ®

Attribute multiplicity [y iiplicityElement
String name = int lower

AL s o~ M ;_'__:__———,__ P,
— 3 i H - /
/ |'::E"”r"f':“'b'l‘fl':l'f”"'E"t }"“—lﬁllnstancESpecificntiDn* |
represents A
1

*

Bl

0.17%7

III * = g
| MessageOccSpec” [ : wr
| U1 ; role - String aggregationkind |1 1 |int upper
*
receiveEvent\, INTERACTION DIAGRAM ol PR /
vpe: . 0.1 s
0.1 + " s =
containg Message ~| connection ; Y Association ” fff
- *F String expr| « 0.1 \\\E'"l String name [
_____,_,_,-o-""' e ____,-o-"""—
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=
* £ Specify the UML model SEEraVvis
"" . \ Syntactic and Semantic Integration of
’NEE‘“‘ Visual Modelling Techniques
MExample of an |ncon3|stent —————————— gl UUOEREEIEY
boolean driveSelected
UML model .
_.--——-"bhehaviour selectDrive()
reach2ndSpeed()
- - reach3rdSpeed()
statemachine dlagram dropBelow2ndSpeed()
ScRem dropBelow3rdSpeed
.—D-| Heutral \'ﬁ It \ | Reverse P P ()
zelectDrive zelectSecond Chch ﬁ\\
selectFirst lr selectMevtral
7 Dangling Operation Reference Gear
i sl “selectReverse” is used in the :
@O rt ) s statemachine but is not defined | | !Nt noOfGears =3
dropBelowSecondSpeed . .
et in class AutomaticGear or any selectNeutral
7 of its ancestors selectFirst
selectFirst selectSecand selectSecond
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=2, Represent the UML model = o
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tic and Semantic Integration of
sual Modelling Techniques

A Automatic generation of the corresponding graph
representation for the UML state machine

. This graph conforms to the type graph specified before

source

Transition

-
B

acticn/event=""

target

target

Transition

source

action/event="selectReverse”

source

Transiticn

action/event="selectMeutral”

source

source

Transiticn

target

action/event="selectNeutral”

source

Transiticn

source |actien/event="selectDrive”

target

source

source

source

Transition
“laction/event="selectFirst”

Transiticn
action/event="selectSecond”

target

Transiticn

action/event=""

g

coptains

target

Transiticn

action/event="selectFirst”

Transition

coftaing - ~“tontains

Transition

H )
——— Cofains

action/event="dropBelowThirdSpeed”

< fcontains target

Transition

target

_|action/event="dropBelowSecondSpeed [driveSelected]

acticnfevent="selectSecond”

target

Nﬂce

Transiticn

target

Transition

acticn/event="reachSecondSpeed [drive Selected]”

acticn/event="reachThirdSpeed [driveSelected]”

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006
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=i, Step 2: Classify model
s inconsistencies

Segiavis

Syntactic and Semantic Integration of
Visual Modelling Techniques

Dangling Type
Reference

An operation has one or more parameters whose types are not
specified

Classless Instance

A model contains an instance specification that is not linked to a
class

Abstract Object

A model contains an instance specification that is an instance of an
abstract class that does not have any concrete subclasses.

Abstract Operation

An abstract operation is defined in a concrete class.

Abstract State
Machine

A state machine expresses the behaviour of an abstract class that
does not have any concrete subclasses.

Cyclic Composition

A class contains at least one instance of its subclasses through a
composition relationship that may lead to an infinite containment of
instances of the affected classes.

Dangling Operation
Reference

A state machine contains a transition that refers to an operation that
does not belong to any class (or that belongs to a different class
than the one whose behaviour is expressed by the state machine).

Transition Without
Operation

A transition does not have a referred operation attached to it.



.. Example of a model

/
o _ SEEIraVIS
> I n CO n S I Ste n Cy Syntactic and Semantic Integration of

Visual Modelling Techniques

»”
. Using graph representation

State
behaviour - name="Neutral”
Class < StateMachine Iy
name="AutomaticGear 4 contains source
isAbstract=false - contains —
) Region > Transition
contains
_ : target
Operation Operation erredOperati St‘t
_« . referre eration ate
name="selectDrive name="selectNeutral” P - -
name="Reverse
gen contains o -
eration Conflict
Class : / description="dangling operation reference”
=& " iption= [ |
name="Gear" name="selectReverse p gling op
isAbstract=false

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 29



s Step 31 S ecify model
P 2 =P Segravis
RS ° |[nconsistencies e e

#Using graph transformation
s Example: Dangling operation reference

negative application left-hand side right-hand side
condition (NAC) (LHS) (RHS)

NaCantainingﬂ Danglingﬂpera’tinni l i l

f B:behaviour f B:behaviour
7 contains.
Conflict

description="dangling cperation in statemachine”

&:contains &:contains A :
cantams 9:referredOperat ' 9:referredOperatio nasConflict
ClaEE 52 Dperatmn 5:0peration| 4 4:Transition
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2, Step 4: ldentify

Segiavis

Visual Modelling Techniques

e INnconsisten CYy reso lutions . ntegeation o

Dangling
Operation Ref.

Resl

Add the operation to the class (or one of its ancestor classes)
whose behaviour is described by the state machine.

Res?2

Let the transition refer to an existing operation belonging to the
class (or one of its ancestors) whose behaviour is described by
the state machine.

Res3

Remove the reference from the transition to the operation.

Res3

Remove the transition.

Classless
Instance

Resl

Remove the instance specification.

Res2

Link the instance specification to an existing class.

Res3

Link the instance specification to a new class.

Abstract Object

Resl

Change the abstract class into a concrete one.

Res?

Add a concrete descendant of the abstract class, and redirect
the outgoing instance-of relation of the instance specification to
this concrete descendant.

Res3

Remove the instance specification.




sz Step 51 Speci 4
:Z- P - pecity . ‘,,,,,@@ﬁ'@\’/ﬂ@
i INCONSISENCY resOlUtiONS st neouenc

4

#Using graph transformation
s Example: Dangling Operation Reference

DanglingOperationRef-Res2

8:behaviour 13:contai 8:behaviour 13:contain
[I;SIaIEMachine]—F 2:Class 7 Operation ﬂ [1;5tateh-1.achine]—> 2:Class 7 :Operation
9:coftains . . 9:cgntains
Conflict |
3:Region ﬁclEacriptiun="clangling operation in Statemachine"f . F:Region

10:cqgntains tﬁs[u}nrlict 10:cpntains

edUperation

eferredOperg

4:Transition 4:Transition

S5:0peration :

S5:0peration

DanglingOperationRef-Res3

— 7 :behaviour —. 7 :behaviour
[ILSIaIEMachmE]—b 2:Class | [1:5tatEMach|ne]—> 2:Class
&:contains . L 8:cpntains
Conflict |
3:Region mtlEscriptiun="tlangling operation in Statemathine"f . 3:Region

oA _ .
hasConflict S Contains
4:Transition
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,.. Step 6: Detect mutually = &

®
~
D
<&
%

-~ conflicting resolution rules & IS

sual Modelling Techniques

A Some resolution rules cannot be jointly applied

(parallel conflict!)
s Conflict graph can be generated by means of critical pair

analysis

AbstractOperation-Res]

AbstractOperation-Res3

-

AbstractstateMachine-Res2

AbstractStateMachine-Resl

AbstractStateMachine-Res3

R

DanglingOperationRef-Resl

“« .
AbstractOperation-Res5
DanglingOperationRef-Res? %‘l p
! AbstractOperation-Res2 .

AbstractOperation-Res?

DanglingTypeReference-Resl

DanglingOperationRef-Res3

DanglingOperationRef-Res4

o

< -

|

DanglingTypeReference-Res2

EONN

DanglingTypeReference-Res3

AbstractOperation-Res6

—

AbstractObject-Resl

AbstractOperation-Res4

AbstractObject-Res2 ‘I..:-""_

e ——

AbstractObject-Res3 ‘_______.———-"

AbstractObject-Res4

Classlessinstance-Resl

Classlessinstance-Res2

Classlessinstance-Res3

© Tom Mens, Invited Lecture, SegraVis Summer School, September 2006 33




s, Step 6: Detect mutuall /
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1.01'51;‘“-\*" CO nfl I Ctl n g reSO I utl O n ru I eS Syntactic and Semantic Integration of

Visual Modelling Techniques

Informal definition (parallel conflict)

T,and T, form a If
»they can both be applied to the same initial graph G
2applying T, prohibits application of T,

Tl
G 1 H

T2
G 1 H,
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s Step 6: Detect mgtually Segravis
-~ conflicting resolution rules

- Syntactic and Semantic Integration of
Visual Modelling Techniques

w3 M

# Example of a critical pair detecting a
parallel conflict between resolution rules
the resolution rules are not jointly applicable

e E ii (1)change-use-attr-conf OB i; Rule 1
. = i =
T:Class qllng 6-Class | AbstractObject-Resl
isAbstract=true isAbstract=false _ . ’]
9:contains 1.Class 3:Conflict 1:Class
) isAbstract=true | |description="abstract object” isAbstract=false
4:instanceOf 0 _ ; "
:Operation ; " - "
|2:InstanceSpecification|  |isAbstract=true 41'”5‘3”'55;” "5 :hasConflict T“‘-'”“‘*“"ED'
:' 5:hasConflict I 2:InstanceSpecification | _ | |2:Instancespecification
; : [ e o
‘E.Ecnflict ) & E e
[description="abstract object xﬁﬁ.has[unrlict AbstractOperation-Res4
3:Lopdt 10 11:tgen [T 11:tgen[;
[clEscripticn="ab5craa operation in concrete su Tt ass g — _ |B:Class 1:Class g [6:Class
isAbstract=true isAbstract="false isAbstract=true

isAbstract=false

+ 9:contains contains
10:hasCenflict 7:Operation
x

: 7:Operation
¢ isAbstract=true isAbstract=true
[8:Conflict |

(description="abstract operation in concrete subclass"‘ :
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5.. Step 7: Detect / analyse
«*¢ sequential dependencies

-

tic and Semantic Integration of

sual Modelling Techniques

A Some resolution rules may give rise to

opportunities for applying other resolution rules
. Graph of sequential dependencies generated by AGG

AbstractstateMachine-Res2

Classlessinstance-Res3

Classlessinstance-Res?

Classlessinstance-Resl

AbstractstateMachine-Resl

AbstractitateMachine-Res3

S

AbstractOperation-Res3

AbstractOperation-Resl

N\

AbstractOperation-Res2

AbstractOperation-Res4

AbstractOperation-Rest

AbstractOperation-Ress

I

AbstractObject-Res2

AbstractObject-Res3

AbstractObject-Resl

DanglingTypeReference-Res3

DanglingTypeReference-Resl

DanglingTypeReference-Res?

— |

AbstractOperation-Res7? F=W

Y

DanglingOperationRef-Res4

DanglingOperationRef-Res3

DanglingOperationRef-Res2

DanglingOperationRef-Resl




sz, Step 7: Detect / analyse 1
T 2P Y SegraVvis
1.01'51;‘“-\*" Se q u e n tl aI d e p e n d e n C I eS Syntactic and Semantic Integration of

Visual Modelling Techniques

Informal definition (sequential dependency)
T, on T, If
# T, can be applied to G but T, cannot
# applying T, triggers application of T,

T, T,
G 1 H, » X

50
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L7 D Y Segrevis
$G’EE.“\¢ Se q u e ntl aI d e pe n d e n C I eS : ‘Syntactic and Semantic Integration of

- Visual Modelling Techniques

# Example of a sequential dependency

representing an induced inconsistency
" resolution rule gives rise to a new inconsistency

JLN L P T .'.._ Ty -i"-"'.ri. o) - _I
_4__,'4 LLjCnange. N lule 1

AbstractObject-Res1
2:InstanceSpecification —
2:InstanceSpecification rasCorti :ﬂ| 2:InstanceSpecification
lB:instanceDf PLiﬂSlﬂﬂ[EDf S 'E[i *3;in5tance[}f
1:Class 1:Class Conflict ‘ i 1:Class
: isAbstract=true jon=" - iR E isAbstract=false
ISADstract=false | |description="abstract object’
L
f.mmaing 8eoe Wi Rule 2
AbstractOperation
4:Operation _
isAbstract=true Zik-mss r\l L-Cass [CE'””“:[
isAbstract=false isAbstract=false | |description="abstract operation in concrete

+5 :contains ) ,LS_cc:rtsairiz
4:0Operation

- L 4_ -
isAbstract=true : :Operation

haE.EanIiELT
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$°;EE_$\Q Se q u e ntl aI d e p e n d e n C I eS Syntactic and Semantic Integration of

Visual Modelling Techniques

Classlessinstance-Res3 AbstractObject

‘ Some reSOIUtlon rUIeS Classlessinstance-Res2
may glve I’ISG tO neW AbstractOperation-Res3 f——® AbstractitateMachine

model iInconsistencies AbstractObject-Res3
™ Can be detected by prommers S— LT

anaIySIr]g the dependencv AbstractObject-Res1 —

graph DanglingOperationRef-Resl p AbstractOperation

AbstractStateMachine-Res3

AbstractStateMachine-Res2

DanglingOperationRef-Res2

AbstractOperation-Res4

DanglingOperationRef

AbstractOperation-Res5

AbstractOperation-Res6

AbstractOperation-Res?
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e sequential dependencies | g oo

Step 7: Detect / analyse 4

M\\Ve can use the dependency graph to detect
potential cycles in the resolution process

AbstracthtateMachine D{ AbstractSiateMachine-Res2 } D-[ DanglingOperationRef
F \

d ﬁ.hsranﬁtatehﬂachine—ﬂeﬂ] @ [ Dang"agDperatimRef—Res.l@ l

AbstractOpe rat‘m—Reﬂ]ﬂ AbstractOperation D-[ AbstractOperation-Res4
® ‘
4
AbstraciObject » AbstraciObject-Resl

#Cycles should be avoided, since this implies that
the resolution process may continue forever...
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st Step 8: Tool
e SUpport revisited

8066

Simple terative Resolution Process

'z:ri' Open a model ...

File name .l”I'IE multine g' Reload ﬁlz_l

open graph and apply all
detection rules

list all found inconsistencies
(Conflict nodes in the graph)

list all resolution rules for
selected inconsistency

apply selected resolution
rule to the graph

display resolution
history

© Tom Mens, Invited Lecture, SegraVis Summer S

Internal name  SimplifiedincMgmt

e reading...

TypeCraph name SimplifiedTypegraph | { ShowinAGG.. )

StartGraph name _simplifiedﬂraph

& Properties ...

Defect detection result

Found defects

Concerned Artifact
InstanceSpecification (unnamed)
InstanceSpecification (unnamed)
InstanceSpecification (unnamed)

Defect Name
abstract object
nameless instance
nameless instance

Available resolution rules

Informatio

Ruﬁhnme
AbstractObject-Resl 1

AbstractObject-Res2 (n) -1
AbstractObject-Res3 -1
AbstractObject-Res4 (n) -1

4 Apply the chosen resolution

Resolution history | Detailed view

P | 0 Result 1:2 removed / 0 added --> & left defects.
Result 2 : 0 removed / 0 added --> 4 left defects.
Result 3 : 0 removed / 0 added --> 4 left defects.

v Result 4 : 1 removed / 0 added --> 3 left defects.

Removed : undefined type for Parameter "p”
¥ ResultS: 1 removed / 0 added --> 2 left defects.

Removed : classless instance for InstanceSpecification (unnamed)

¥ Resulte: 1l removed / 0 added --> 1 left defects.

Popularity

Y

Remowved : abstract operation In concrete subclass for Operation "'n” | »



s2om, Step 8: Tool /
s 21CP - Segravis
e SUPpoOIrt revisited e

Properties

M Detection or
resolution rules may o

Altribute

be disabled by the

u Se r Detection Rules defined in the Grammar

Rule
DanglingTypeReference (treats "undefin...
Classlessinstance (treats “classless insta...
AbstractObject (treats "abstract object” ...
AbstractOperation (treats "abstract oper...
Mamelessinstance (treats "nameless inst...

m
=
=
o
"
=8

( Enable All )

( Disable All )

MEI(EVEAES

Resolution Rules defined in the Grammar

m
3
]
|
=
(=%

Rule

FWFU WA el WUAT Ml (Ul WFdiaa
AbstractOperation-Res2 (treats "abst...
AbstractOperation-Res3 (treats “abst...
AbstractOperation-Res4 (treats "abst...
AbstractOperation-ResS (treats "abst...
AbstractOperation-Resb (treats "abst...
AbstractOperation-Res?7 (treats "abst...
Namelessinstance-Resl (treats "nam...
© Tom Mens, Invited Lecture, SegraVis Summer S  Namelessinstance-Res2 (treats “nam...

{ Enable All )

(" Disable All )

LY

 —

e

N EARERERERER
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(7 PP SeeraVvis
$G"EE‘“'¢P reVI S Ite d Syntactic and Semantic Integration of

Visual Modelling Techniques

A resolution rule may be parametrised
e.g. DanglingTypeRef-Res3(n,a)

DanglingTypeReference-Res3 of MyTransformationSystem

4:hasParam ™ 4:hasParam
Z:0peration —— ™ 1:Parameter 2:0peration —— M 1:Parameter

hasConflict /
Class Bype

isAbstract=a

-

" User needs to provide necessary input values

lransformation Parameters

Please, introduce the required parameters below :

Parameter name Parameter type Parameter value
a boolean true
n String w

. _.ﬁt.;:q:-i',.r resolution rule with given parameters |
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Visual Modelling Techniques

A A rule may have several possible matches

Classlessinstance-Res2 of MyTransformationSystem

Y
Conflict

b
hasConflict

instanceOf
[L-Instancespecification] | 1:InstanceSpecification

F F a1 i

Application selection

Several matches are available for applying the Class Class Class
transformation. Please, make the appropriate
choice in the list below :

name = “A” name = “B” name = “C”

Artifacts
Class C, InstanceSpecification (unnamed) ins of
Class B, InstanceSpecification (unnamed)
Class A, InstanceSpecification (unnamed)
nstance | c|5ssless instance
( Choose ) | |Specification
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. Step 3. Tool support @@@ﬁ'@\m@
e fevisited et s Sanan gt

A Future work

mDirect integration of interactive support in a UML
modeling environment

. Direct generation of type graph from the UML
metamodel

. Direct generation of inconsistency detection
rules from given metamodel

" User-friendly specification of resolution rules
using some UML representation (Fujaba-like?)

. Support for more complex (composite)
resolution rules
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# Optimality

A Expressiveness
# Completeness
# Compositionality
A Termination
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".4) Discussion topics SegraVvis

e, " \ Syntactic and Semantic Integration of
'NEE® Visual Modelling Techniques

»

Find an “optimal way” to resolve model
Inconsistencies

mHow can we define “optimality”?

mUse heuristics and resolution strategies, locally

as well as globally

»Avoid resolution rules that introduce too many new
Inconsistencies

#Prefer resolution rules that add new model elements
over rules that remove model elements

2 Take into account, and “learn”, resolution rules
preferred by the user

»0ther strategies?
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".4) Discussion topics SegraVvis

e, " \ Syntactic and Semantic Integration of
'NEE® Visual Modelling Techniques

»

™ Can all model inconsistencies be expressed?
»~\Which types of model inconsistency can be
expressed?
»Graphs are well-suited for detecting structural
problems
#Behavioural problems are more difficult to express
»#Possible solution: use other formalisms (e.g. based on

description logics) to detect behavioural problems
— Integrate both formalisms in a common tool for model
Inconsistency management

s Can all resolution rules be expressed?
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"orngee h e ntegration o
4
™ Are all possible model inconsistencies
expressed?

»Can they be generated automatically?
mAre all possible ways to resolve a particular

Inconsistency covered by the resolution rules?
»Can they be generated automatically?
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L Syntactic and Semantic Integration of
0’ \ = . =
NEe® Visual Modelling Techniques

»

s How to define resolution strategies as a

composition of primitive resolution rules?
» Using seguencing, branching, looping constructs

s How does this affect the conflict and
dependency analysis?
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L Syntactic and Semantic Integration of
0’ \ = . =
NEe® Visual Modelling Techniques

V &
™ Given a set of resolution rules, can we prove
that it will resolve all detected inconsistencies

and terminate in a finite amount of time?
» Rely on termination results of graph transformation
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£ Graph transformation seems to be a viable option
to support certain activities in model-driven
software engineering

But it is no “silver bullet”
Alternative mechanisms

and formalisms are
also needed
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