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Observation

* The co-evolution problem arises everywhere
* In all phases of the software life-cycle
* In and between all levels of abstraction
* In and between all layers of modelling

* We need generic techniques for managing co-
evolution

" Inconsistency management

" Impact analysis, change propagation, traceability
= Versioning, differencing, merging

= Refactoring, restructuring

Tom Mens, 21 september 2010



Research context

= ARC Research project (2008-2012) on

= Model-Driven Software Evolution

" Focus on different techniques to evolve software models

= Model refactoring
= Model inconsistency management

= Study and develop tools and techniques to support these
activities

Tom Mens, 21 september 2010



Overview of the talk

* Introduction to model inconsistency
management

* Generic techniques for managing model
Inconsistencies

= Using description logics

= Using graph transformation

= Using logic programming

= Using automated planning

Tom Mens, 21 september 2010



Model inconsistency management
Motivating example

ReceiptPrinter Display
+printReceipt(cardNum:int, serialNum:int, desc:String, +requestCard()
amount:int, balance:int, atm:ATM) +requestPIN()

1 +displayMenu(whatToChoose:String,
/]\ numitems:int, items:String[])
& 1 +requestAmountEntry()

PrintingATM +requreé_t0ﬁpos¥E:;g!|opZ(L lanation:Strin
+issueRgceipt(cardNum:im. serialNum:int, desc:String, I::gﬁestgeézﬁeI?PlN(l)w (exp lon:String)
amount:int, balance:int) +reportCardRetained()

42 +requestTargetAccount()

1
= B 1\ 7 1 1

+getPIN() 1
+getMenuChoice(whatToChoose:String, Keyboard
numlitems:int, items:String[]) 1 TTeadPIN{echoOn boolean)
+getAmountEniry() ; @®———=>| ireadMenuChoice(numitems:int)
+g!\eckIfc?:sh,t:‘\;allable(gmc))unt.lnt) 1 | +readAmountEntry(echoOn:boolean)
+dispenseCash(amount:int -
+acceptEnvelope() +readTargetAccount(echoOn:boolean)

+reEnterPIN()
+reportTransactionFailure(explanation:String)

+ejectCard() 1 CardReader
+retainCard() 3 — +ejectCard()
+getTargetAccount() 1 | +retainCard()
+verifyAccount{cardNum:int. PIN:int) +checklfCardinserted()
1@ T ’
\l/ 1 CashDispenser

+setCash(initialCash:int)
EnvelopeAcceptor +dispenseCash(amount:int)
+acceptEnvelope() +currentCash()
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Model inconsistency management
Motivating examRIe

aCashDispenser: aCardReader: anATM:ATM
I&mml | CardReader i ___Session |
' , ! 1: checklfCashAvailable() —
2: currentCash() L
bt - m e == ————————— e SRR TP . >
- i ' 3: dispenseCash
- 4: dispenseCash() . \ > A TM
; TS eieciGaray T JAN
' 6: ejectCard()
N \'T e > '<
. ~| PINEntry | [VaId PIN] erifyAccount();[ VerifyAccount
- . l Balance
[not valid PIN] checklfCaghAvailable()
Returning GiveCash |< dispenseCash() ) VerifyATM
Card - Balance . .
= PrintingATM
issueRegeipt()
ejectCard()
PrintReceipt !
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Model inconsistency management
Introduction

Many potential sources of inconsistencies
= Poorly understood models
= Unclear, ambiguous, underspecified, incomplete models

= due to poorly specified requirements
= due to use of natural language
= ill-specified semantics of modeling language

= Complexity of models with many interdependencies
= Distributed, collaborative, parallel development

= Continuous evolution of models

Université de Mons  Tom Mens, 21 september 2010




Model inconsistency management
Introduction

Many different types of inconsistencies

= |exical, structural or behavioural inconsistencies

= visual problems

" non-conformance to standards and design conventions
= design smells, bad practices, antipatterns

" incomplete models

" redundant models

Tom Mens, 21 september 2010



Overview of the talk

Generic techniques for managing model
Inconsistencies

= Using description logics

= Using graph transformation

= Using logic programming

= Using automated planning

Tom Mens, 21 september 2010



Model inconsistency management
Using Description Logics

Ragnhild Van Der Straeten et al. (VUB and

Umons, Belgium)

= PhD “Inconsistency management in model-driven engineering:
an approach using description logics”, 2005

= UML 2003: Using description logics to maintain consistency
between UML models

Tom Mens, 21 september 2010



Model inconsistency management
Tool support

000 Move Operation Example - Poseidon for UML Professi
BEEBRI®LT S ¢ X d i BEEERERE
"D piagram Centric .~ [ Main ATM diagram __ Session sequence diagram "
" Diagram Centric LY |DI_’I"DI_":'::I_'I’;"' | Oor AcOco @
! m%.?ﬁiw Diagra | ZCashDispenser I |M| | CustomerConsole | | s:Session |

> éa Class Diagram
» I, Collaboration
‘?5 Deployment C
v T4 Sequence Dia
> & ATM Shutd
> T& ATM Startt
> Ts ATM startt
> T Deposit
> T Inquiry
> T4 Session se
> T Transfer
> ?s Withdrawa

2‘.]:1 4 cash:zreadAmour|t1)
-~
> & State Diagram

’.‘C, Usecase Diagr - .

Q?s Diagram ‘ &

1

11 Withdrawai(s, aCard
’ ‘Withdrawal
: 2 performTransaction()

1
2}.1 : getCustomerSpecifics( )|

I
2.1.1:accnumber;=getAccountNbr() | |
1

= <+ -
! Source code = Constraints Tagged Values  Inconsistency-Manager  Inconsistency-Manager Configuration L&}
*M* (Select inconsistency check) Inconsistency check application results:
- ['F % Spedimication BEnaviour INCOMpatidiil_" T3rices when a stimulus or
P | Inherited Cyclic Composition event references an
15 1 » | Dangling Type Reference operation that does not Dangling Feature Reference
: ¥ [ Instance Specification Missing exist in the The following ocurrences of this consistency
Y Classless Instances corresponding class (or problem were found in the current model:
A = its ancestors) The class CustomerConsole does not know the
v [] Classless Statechart - operation readAccountNbr, which is currently
| )< » _ Dangling (Inherited) Feature Refe « defined on stimulusM2111.

- Dangling (Inherited) Association | ¥

Ve e 100% C )y« »




Model inconsistency management

Using Description Logics

Decidable 2-variable fragment of first-order

predicate logic

— Tool support:
RACER

Construct Name | Syntax Semantics

atomic concept A A=A

universal concept| T T

atomic role R R Cc AT x AT

transitive role  |[R € R4 RE¥ =(R*)*

conjunction cnp CE B

disjunction cub GG ubD: S
negation -C AT\ ¢t

exists restriction | 3R.C {z | 3y{z,y) € Rt andye€ CI}

value restriction | VR.C | {z | Yy.{z,y) € R” implies y € C*}
role hierarchy RLCS R-C §* H
inverse role R {{z,y) | {y,x) € "} z
number 2nR {z | #H{v{z,v) € B"} 2 n} A
restrictions <nR {z | #H{y-{z,v) € B*} < n}
gﬁi‘ﬁ:ﬂg >nR.C (2 | byiz,v) € RT and y € C7} 2 n}|
restrictions SnR.C {z | Hy {9 € R* and ¥ € CI} < n}




Model inconsistency management
Using Description Logics

Class diagrams

(instance
(instance
(instance
(instance
(instance
(instance

atm class)

printingatm class)
asciiprintingatm class)
genl generalization)
gen2 generalization)
controls association)

Sequence diagrams

(define-concept ml
(and (all op checkIfCashAvailable)
(exactly 1 op)))
(define-concept m2
(and (all op ejectCard)
(exactly 1 op))))

(instance atmend property)

(instance asciiend property)

(related atm genl generalization)

(related printingatm genl generalization)

(related printingatm gen2 generalization)

(related asciiprintingatm gen2
generalization)

(related atm printingatm direct-superclas

(related printingatm asciiprintingatm
direct-superclass)

(related genl atm general)

(related gen2 printingatm general)

(related atm asciiend ownedAttribute)

Statemachine diagrams

(define-concept tl
(and (all op verifyAccount)
(exactly 1 op)))

(define-concept t2
(and (all op checkIfCashAvailable)
(exactly 1 op)))
(define-concept t3
(and (all op dispensecash)
(exactly 1 op)))
(define-concept t4
(and (all op ejectCard)
(exactly 1 op)))
(equivalent (and (some valid PIN) t1)
(some r t2)))
(equivalent t2 (some r t3))
(equivalent t3 (some r t4))




Overview of the talk

Generic techniques for managing model
Inconsistencies

= Using description logics

= Using graph transformation

= Using logic programming

= Using automated planning

Tom Mens, 21 september 2010



Model inconsistency management

using graph transformation
Mens et al. (UMONS, Belgium)

= WADT 2006: Incremental resolution of model inconsistencies

= MoDELS 2006: Detecting and resolving model inconsistencies using transformation
dependency analysis

—
~ M}
inconsistency inconsistency
detection rules resolution rules
— | ? ? |=
— > ——
UML Y y
model detect select choose apply
g [ inconsistencies —"linconsistencies —» inconsistency »nconsistency
@/vgp in UML model to be resolved resolution strategy resolutions
~ N

annotate model with inconsistencies found

modify model by selected resolution rules (may give rise to new inconsistencies)

Université de Mons  Tom Mens, 21 september 2010



Model inconsistency management
using graph transformation

Use graph transformations to

= Specify model inconsistencies

= Automate the detection of inconsistencies

= Specify inconsistency resolution rules
" Interactively support the resolution of inconsistencies

" Formally analyse transformations rules

= Detect sequential dependencies and parallel conflicts between resolution
rules

= Remove redundancy between resolution rules
= Provide “optimal” resolution strategies

Université de Mons  Tom Mens, 21 september 2010




Tool support

SIRP tool

— “Simple Iterative
Resolution Process”

— An interactive tool for
selecting and resolving
model inconsistencies

— Implemented on top of
AGG graph
transformation tool

e 06 Simple Iterative Resolution Process

File name W [ Reload file )
3:'/ Open a model ... 9

Internal name  SimplifiedincMgmt

File reading...

TypeGraph name SimplifiedTypegraph ( ShowinAGG.. )

StartGraph name simplifiedGraph £ Properties ...

Defect detection result

Found defects

Defect Name Concerned Artifact Informatio
abstract object InstanceSpecification (unnamed)
nameless instance InstanceSpecification (unnamed)
nameless instance InstanceSpecification (unnamed)

Available resolution rules

Rule Name PopularityA
AbstractObject-Resl 1
AbstractObject-Res2 (n) -1
AbstractObject-Res3 -1
AbstractObject-Res4 (n) -1

<4 Apply the chosen resolution

-~

Resolution history | Detailed view

# | Resultl:2removed /0 added --> 4 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"
v Result 5 : 1 removed / O added --> 2 left defects.
Removed : classless instance for InstanceSpecification (unnamed)
v Result 6 : 1 removed / 0 added --> 1 left defects.
Removed : abstract operation in concrete subclass for Operation 'n" v




Tool support

SIRP tool in action

= Before detecting any inconsistency

InstanceSpecification instanceOf > mT gen ;mT‘ _ Class
game isAbstract=true[” = ~ _ _ _ tgen_ — — — ~ " |isAbstract=true gen [
. ‘%tains '/contains contains containx l contains
Operation
mame="n" v Operation Operation
visibility="public" name="b" Attribute name="m" name='n"
nuOfPars=0 aggregationKind ="composite" name="a" —Visibility="public"| |visibility="public"
isAbstract=true aggregationKind="none"|updates nuOfPars=1 nuOfPars=0
multiplicit% R — isAbstract=false | |isAbstract=true
Aains \mulnplncny l FiisParain
- - MultiplicityElement order=1
MBI N0ASH e Tion lower=1 Association MultiplicityElement
e upper=1000 name="BcontainsA" lower=1 Parameter
upper=1 name="p

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After detecting all inconsistencies

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

InstanceSpecification instanceOf CIBSS— = Class— Class
T P name="8 ;name= A - —— 4 dmame=A
isAbstract=true" = ~ — _  tgen. — = ~ ~ 7 |isAbstract=true tge & Abst_r aciabibn
: contains contains contains contains contains l onflict ____
Operation description="instanceless class"
name="n" Atribute Operation Operation
visibility="public" name="b" Attribute ngfng{‘mi’ | |name="n"
puOfPars=0 aggregationKind="composite” name="a" L g— Visibility="public visibility="public"
isAbstract=true aggregationKind="none"|updates puOfPars=1 nuOfPars=0
multipli dty s isAbstract=false isAbstract=true \
AN multiplicity hasParam Confiict
MultiplicityElement order=1 a e W —
nstan ification - — b, escription="abstract operation
Insta EE"SDEC catio lower=1 Association MultiplicityElement -
name= upper=1000 name="BcontainsA” lower=1 Parameter Conflict
/ upper=1 name="p" description="undefined parameter type"

onflict

Conflict C
description="classless instance" ||description="nameless instance”

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After resolving “duplicate class name”

= Two occurrences of same inconsistency removed
= Class renamed from “A” to “C”

[Conﬂict ”Conﬂict | [Conﬂict

description="abstract object"||description="nameless instance” description="instanceless class" description="instanceless class"

[Conflict J

InstanceSpecification instanceOf Clas,s— gen Class— Class
name="" P name="B u ‘_; name="A € - — e
i = s R o i ract=tr ,
isAbstract=true ~ _ _tgen_ isAbstract=true tgen  |isAbstract="false
- contains contains contains contain\s\‘ contains l
Operation
name="n" Attribute Operation Operation
visibility="public" name="b" Attribute name="m" name="n"
nuOfPars=0 aggregationKind="composite" name="a" e—— Visibility="public"| |visibility="public
isAbstract=true aggregationKind="none"|updates nuOfPars=1 nuOfPars=0
multip"cit:,/ — =1 isAbstract=false isAbstract=true
S i multiplicity hasParam ¢
— MultiplicityElement order=1 |Conflict
Instanc$§pec1ﬂcatlon lower=1 Association MultiplicityElement description="abstract operation”
name= \pper= 1000 name="BcontainsA" lower=1 Parameter
upper=1 name=p
Conflict Chnflict ¢
description="classless instance”| |fescription="nameless instance” Confiict
[description="undefined parameter type"]

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After resolving “classless instance”

= One occurrence of “classless instance” removed

urrence of “instanceless class” removed

Conflict donflict Conflict
description="abstract object" qescription="nameless instance” description="instanceless class"
tgen *
InstanceSpecification ipstanceOf Cass [ - - =a plCRss Class
name="" P name="8 name="A € - e e
— isAbstract=tr isAbstract=tr : 5
/. sAbstract=true sAbstract=true tgen |isAbstract="false
ToNtains
Operation : contains con(ainx‘ contains l
o contains
name="n Operation 0O i
visibility="public" Attribute : pe o peratlyr:
nuOfPars=0 name="b" Atribute ol e T I Lo O
isAbstract=true aggregationKind="composite" name="a" — visibility="public"| - |visibility="public
aggregationKind="none" | updates [nuOfPars=1 nuOfPars=0
inst multiplicit:/ — isAbstract=false isAbstract=true
i multiplicity hasParam
Ins(ancE”Speciﬁca(ion MultiplicityElement order=1
name= lower=1 Association MultiplicityElement .
‘ upper=1000 name="BcontainsA" lower=1 Parameter | |Conflict
upper=1 name="p"| |description="abstract operation”
Conflict *
description="nameless instance"

Conflict
description="undefined parameter type"

Tom Mens, 21 september 2010



Tool support
SIRP tool in action

= After resolving “abstract object”
= One occurrence of “abstract object” removed
= One occurrence of “nameless instance” removed

= Induced inco “instanceless class” !

Conflict > Conflict
description="instanceless class description="instanceless class"
: . 1
Class [ AR Class Class
name="B" name="A" € - —— — =
> : name="C
isAbstract=true isAbstract=true gen |
e isAbstract=false
Operau?r: - contains containx‘ contains l
name="n contains
visibility="public" Attribute Operation Operation
nuOfPars=0 name="b" Atribute name='m" | |name="n"
isAbstract=true g of |aggregationKind="composite" name="a" L g— Visibility="public visibility="public"
e aggregationKind="none" |updates |nuOfPars=1 nuOfPars=0
multiplicit:l/ . isAbstract=false isAbstract=true
contains multiplicity hasParam ™
MultiplicityElement order=1 [Conflict
InstanceSpecification| |lower=1 Association MultiplicityElement description="abstract operation”
name="" upper=1000 name="BcontainsA" lower=1 Parameter
¢ upper=1 name="p

[Conﬂict ] [C —

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

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After disabling the “instanceless class” rule

= Two occurrences of “instanceless class” ignored

tgen
Class | v T s Class o —
name="B" name="A" s e ————
> : name="C
isAbstract=true isAbstract=true tgen  |isAbstract="false
- contains i =
Operat|.+ ¢ contains contains C?Iam;%_\
name="n contains
visibility="public" Attribute Operati?n“ peration
ofare=y name="5" Attrbute e s (e
isAbstract=true instandbof |aggregationkind="composite” name="a" Lg— Visibility="public visibility="public
aggregationKind="none"|updates puOfPars=1 nuOfPars=0
multipli cit:/ N— isAbstract=false isAbstract=true
. multiplicity
MultiplicityElement
InstanceSpecification| [lower=1 Association MultiplicityElement 5 Conflict
name="" upper=1000 name="BcontainsA lower=1 rarameter| |\ | qescription="abstract operation”

: upper-1 i a ——
tCoanict ] *

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

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After resolving “abstract operation”

= One occurrence of “abstract operation” removed

Cass | - -~ RS Cass Class
name="B" name="A" € — —— _ | ———
. : name="C
isAbstract=true isAbstract=true gen |
e isAbstract=false
Operation : contains contain& contains l
name="n contains
visibility="public" Attribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" name="n"
isAbstract=true instandbof |29gregationkind="composite” name="a" g—Visibility="public"| |visibility="public"
aggregationKind="none"|updates | nuOfPars=1 nuOfPars=0
isAbstract=false isAbstract=false

multiplicity

MultiplicityElement

InstanceSpecification

o

name=

lower=1
upper=1000

v

Conflict

description="nameless instance"

contains multiplici
contains i

Association

name="BcontainsA"

MultiplicityElement

lower=1

upper=1

"]

hasParam

Parameter

name="p

¥

onflict

C
[description="und efined parameter type"
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Tool support

SIRP tool in action

= After resolving “undefined parameter type”

= One occurrence of “undefined parameter type” removed

tgen
Class | o T MRS Class s
il gen e e || el
isAbstract=true isAbstract=true gen |
o isAbstract=false
Oper. ation i contains containk‘ contains l
name="n contains
visibility="public" Attribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" | |name="n"
isAbstract=true instandbof |aggregationkind="composite" name="a" g—Visibility="public"| |visibility="public"
aggregationKind="none" | updates [nuOfPars=1 nuOfPars=0
multipli cit% e isAbstract=false isAbstract=false
contains & hasParam
MultiplicityElement order=1
InstanceSpecification \ lower=1 Association MultiplicityElement
name="" \upper=1000 name="BcontainsA" lower=1 Parameter
+ upper=1 name=1p

Conflict
description="nameless instance"”

Tom Mens, 21 september 2010



Tool support

SIRP tool in action

= After resolving “nameless instance”

= One occurrence of “nameless instance” removed
= No more remaining inconsistencies !

tgen
Class | e =T immesins. o |Ching Class
name="B" name="A" - —— _ =
isAbstract=true gen isAbstract=true tgen D
o isAbstract=false
Opefaﬂf’f: y contains contain& contains l
name="n contains
visibility="public" Attribute Operation Operation
nuOfPars=0 name="b" Attribute name="m" name="n"
isAbstract=true ; aggregationKind="composite” name='a" —{Visibility="public"| [|visibility="public"
instangeOf aggregationKind="none" |updates |nuOfPars=1 nuOfPars=0
multipli cil:/ il isAbstract=false isAbstract=false
contains o hasParam
MultiplicityElement order=1
InstanceSpecification| [lower=1 Association MultiplicityElement
name="0bjA" upper=1000 name="BcontainsA" lower=1 Parameter

upper=1 name="p"

Tom Mens, 21 september 2010



Tool support

We used AGG in the following way

= specify the UML metamodel as a type graph
= specify the models as graphs

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

= analyse mutual exclusion relationships and sequential

dependencies between inconsistency resolutions by means of
critical pair analysis

Tom Mens, 21 september 2010
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Tool subpport - AGG

AGG V1.5.0

File Edit Mode Transform Parser Analyzer Preferences Help

9 DefectResolution
%* [Emm]UMLmetamodel
%* UMLmodel
UndefinedParameterType
Classlessinstance
AbstractObject
AbstractOperation
Namelessinstance
InstancelessClass
DuplicateClassName
TernaryAssociation
UndefinedParameterType-Res 1
UndefinedParameterType-Res2
UndefinedParameterType-Res3
Classlessinstance-Res1
Classlessinstance-Res?2
Classlessinstance-Res3
AbstractObject-Res1
AbstractObject-Res2
AbstractObject-Res3
AbstractObject-Res4
AbstractOperation-Res 1
AbstractOperation-Res2
AbstractOperation-Res3
AbstractOperation-Res4
AbstractOperation-Res5
AbstractOperation-Res6
AbstractOperation-Res 7
Namelessinstance-Res1
Namelessinstance-Res2
InstancelessClass-Res1
InstancelessClass-Res?2
DuplicateClassName-Res 1
ey <>

AbstractObject-Res2 of DefectResolution

instanceOf

— hasConflict

|2 InstanceSpecification |

tgen
1:Class Conflict 1:Class - SN A A -:\:‘Iaanise—name
isAbstract=true| |description="abstract object” isAbstract=true| gen : 3
—- 2 isAbstract=false

1 instanceOf T

|2 InstanceSpecification [

O W

v

Class

b

Vil = B P (= ) <>
UMLmodel of DefectResolution

Conflict Conflict Conflict Conflict

description="duplicate class name"||description="instanceless class"||description="duplicate class name"| |description="instanceless class"

-7 Y s
D

name="A" S - description="abstract operation”
isAbstract=truefq_ ~ ~ — — %8 — _ _ _ _ _ | 1:Class g 2
name="A" -
rontains isAbstract="false ‘\ 2:Operation
" Ry . [name="n
Class Operation visibility="public"
A 4 name="B" contains |name="n" nuOfPars=0
Operation isAbstract=true visibility="public"| [isAbstract=true
name="m" updates|Attribute Jcontains nuOfPars=0
visibility="public" P name="a" - isAbstract=true
nuOfPars=1 aggregationKind="none" | [Attribute _ cOf :
isAbstract=false name="b" S ’lgo”ﬂ"‘[[' T
et multipjicity aggregationKind="composite Instancs?pecnﬁcanon escription= nameless instance
ey contajins \multiplicity pames N
MultiplicityElement ‘COHHIC[ ]
Parameter lower=1 Association MultiplicityElement InstanceSpecification| |description="abstract object”
name="p" upper=1 name='BcontainsA'| |lower=1 name=""
upper=1000 / \
Conflict ’ Conflict Conflict
description="yndefned pammerer Hpe description="nameless instance”| |description="classless instance"’




Specify the metamodel

AGG type graph

™o
STATECHART mm@
StateMachine " |—

_|Parameter
String name

hasParam
int order

AIPYY..._hasConflict | gen 1
"~ behaviour tgen |
L 2PicClass *

String name
boolean isAbstract

instanceOf

contaips

|[Operation
String name

MessageOccSpec” 'r,
U1 : role
receivebvent INTERACTION DIAGRAM
ype: N\
0.1\ % *
- contains Message *] connection - 1
Interaction

- Connector "
. |String expr| *

0.1

String visibility
int nuOfPars
boolean isAbstract

... CLASS DIAGRAM

X * *

contains

B

Attribute
String name
String aggregationKind

2.*
contains
0.1

Association -

—y

String name

MultiplicityElement
int lower

int upper




Specify model inconsistencies

Dangling operation reference

— Graph transformation rule for detection

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

NoContainingCla.. DanglingOperationke.
6:behaviour 6:behaviour
[1:StateMachine [I:StateMachine}
: i 7:contains
Conflict
- . description="dangling operation in statemachine”
8:contains AhasConﬂict

contains 9:referredOperation

e} speraton]
A 4

. 9:referredOperati .
S:Operationl 1
v

4:Transition




Specify inconsistency resolutions

Dangling operation reference

— Graph transformation rule for resolution

DanglingOperationRef-Res2

8:behaviour 13:contains 8:behaviour 13:contain
[1:5tateMachine]—> 2:Class —®{7:Operation D [l:StateMachine]—> 2:Class 7:Operation
9:coptains 9:cgntains
Conflict
3:Region description="dangling operation in statemachine”
10:cintains sconflict

f .
|4:Transition M‘ 5:0peration A

5:0peration

DanglingOperationRef-Res3

— 7:behaviour
[I:StateMachme]—> 2:Class

8:coptains
Conflict
3:Region description="dangling operation in statemachine”

. i ‘
9.cc*tams hasConflict

referredOperatj b
& Transition————— $|5-Operation] :

2:Class

5:0peration




Analyse mutually conflicting
resolutions

Some resolution rules cannot be jointly applied
(parallel conflict!)

— Conflict graph can be generated by means of critical pair

analysis

AbstractOperation-Resl

AbstractOperation-Res3

DanglingOperationRef-Res1

AbstractOperation-Res7

DanglingOperationRef-Res2

AbstractOperation-Res5

AbstractStateMachine-Res2

DanglingOperationRef-Res3

AbstractOperation-Res2

AbstractStateMachine-Res1

DanglingOperationRef-Res4

N\
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—
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Analyse sequential dependencies

Induced inconsistencies

— Some resolution rules may
give rise to new model
Inconsistencies

— Can be detected by
analysing the
dependency graph

Classlessinstance-Res3

AbstractObject

Classlessinstance-Res?2

AbstractOperation-Res3

AbstractObject-Res3

el ADSTractStateMachine

AbstractObject-Res2

1 Classlessinstance

AbstractObject-Resl

DanglingOperationRef-Res1

— AbstractOperation

AbstractStateMachine-Res3

AbstractStateMachine-Res2

e

rDanglingOperationRef—ResZ

AbstractOperation-Res4

AbstractOperation-Res5

DanglingOperationRef

AbstractOperation-Resb

AbstractOperation-Res7




Analyse sequential dependencies

Use the dependency graph to detect potential cycles in the

resolution process

AbstraciStateMachine P AbstraciStateMachine-Res2 »| DanglingOperationRef

_

/ I

&

d AbstraciStateMachine-Res3 DanglingOpe rationRef-Reslb

AbstractOperation-Res3 &

- ©

AbstractOperation

ﬂ AbstractOperaton-Res4

AbstractObject >

AbstractObject-Resl

Cycles should be avoided, since this implies that the resolution
process may continue forever...
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Model inconsistency management
Using Logic Programming

Xavier Blanc et al. (LIP6, Paris)

ICSE 2008 : Detecting model inconsistency through operation-
based model construction.

CAISE 2009 : Incremental detection of model inconsistencies
based on model operations.

CAISE 2010 : Towards Automated Inconsistency Handling in
Design Models.

LWI1 2010 : Inconsistency Detection in Distributed Model Driven
Software Engineering Environments.

Université de Mons  Tom Mens, 21 september 2010




Model inconsistency management
Using Logic Programming

*Tool architecture
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General idea

Express models and model transformations in a

uniform and metamodel-independent way
= As a sequence of elementary operations

Express constraints over a model and its
evolution as a logic query over this sequence

I” I”

= Both “structural” and “temporal” constraints can be expressed

in this way

Provide efficient and incremental tool support
= for checking inconsistencies
" For resolving inconsistencies

Tom Mens, 21 september 2010



Praxis

an operation-based representation of models
and their construction/evolution

create(me,mc) setProperty(me,p,Values)

. , assignment of a set of Values to property p of model
creation of a model element instance me of the meta- clement me

class mc

Preconditions:
Preconditions: —  me exists in the model
— me does not exist in the model — me is an instance of meta-class mc
Postconditions: — p is defined in (an ancestor of) mc

— me exists in the model; does not own values; does — p and Values have same signature

not refer to another model element

delete(me) setReference(me,r,References)

deletion of the model element instance me .
assignment of References to reference r of model

Preconditions:
econditions o element me
— me exists in the model »
_ Preconditions:
— me 1s not referenced by another model element .
— me exists in the model

Postconditions: — me is an instance of meta-class mc

— me does not exist in the model — r1is defined in (an ancestor of) mc

— rand References have same signature

— All References exist in the model
-~



Example

model PetStore

Customer

Create eBasket

Buy eBasket

Cancel eBasket

1

/

"
%

represented as

01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
I,
12.

/|

create(cl,Class)
setProperty(cl,name,
create(ucl,UseCase)

{‘'PetStore’})

metamodel

ModelElement| *
+name : String

ZF

+ownedElement

+OWNE

dUseCase

Class Model
/\
+useCase
UseCase l [ Actor

*

setProperty(ucl,name, {‘Buy eBasket’}))

create(uc2,UseCase)

setProperty(uc2,name, { ‘Create eBasket’})

create(uc3,UseCase)

setProperty(uc3,name, { ‘Cancel eBasket’})

setReference(cl,ownedUseCase, {ucl,uc2,uc3})

create(al,Actor)
setProperty(al,name,

setReference(al, usecase, {ucl,uc2,uc3})

{‘Customer’})

Tom Mens, 21 september 2010

representation as a
sequence of elementary
construction operations

constrained by information
in the metamodel




Model inconsistency management
Using Logic Programming

Example of a structural inconsistency

— an actor should not own a use case

Example of a temporal inconsistency

— Never unassign d use Case name

— Assign a name just after the creation of a use case
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Model inconsistency management
Using Automated Planning

Pinna Puissant et al. (UMons, Belgium)

LWI 2010: Resolving model inconsistencies with automated
planning.

Tom Mens, 21 september 2010



Automated planning

General idea

* given an initial state and a specific predefined goal, we can
create a plan (a sequence of primitive actions) leading to the
goal

In our case:

* |nitial state = inconsistent model
* Goal = consistent model
* Plan = set of actions needed to make the model consistent

Tom Mens, 21 september 2010



Automated Planning
Example

Model with 4 inconsistencies

* Cyclic composition: 2 occurrences |
* Cyclic inhertance: 2 occurrences i

>
3
5
3

Aircraft Bicycle Motorcycle Boat Car

—— A7

. . Amphibious
Helicopter Airplane Vehicle 1.*

&

Generated resolution plan
1. delete generalisation Vehicle 2 AmphibiousVehicle

2. modify multiplicity of AmphibiousVehicle association end
from1..*to0..*

Tom Mens, 21 september 2010



Automated planning

Different planning approaches and tools exist

* Languages: PDDL, STRIPS, ADL, ...
* Tools: FF, ...

* Techniques
* Translation to a satisfiability problem (model checking)

* Generating and traversing a search space
* Progression planning (forward search)
* Regression planning (backward search)

Scalability for model inconsistency resolution

* Tests are disappointing: search space explosion
* Dedicated, customised, planners should perform better

Tom Mens, 21 september 2010
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Generic techniques for managing model
Inconsistencies

= Using description logics

= Using graph transformation

= Using logic programming

= Using automated planning

= Other possibilities?
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Model inconsistency management
Other possibilities?

= Use of model checkers (e.g., SPIN, Promela, NuSMV) and model
finders (e.q., Alloy Analyzer, Kodkod) to resolve model
inconsistencies
= Van Der Straeten et al. (VUB & UMons, Belgium)
= Work in progress (submitted for publication)

= Search-Based Software Engineering (SBSE) seems to be
particularly useful for model inconsistency management. A
wide variety of different techniques could be used:
= metaheuristics
= |ocal search algorithms
= automated learning
= genetic algorithms

Université de Mons  Tom Mens, 21 september 2010




Conclusion
There is still a l¢




