University of Grenoble ADELE Team
. 5 A
| IMAG
Y/

Meta-Model and Model co-evolution

Jean-Marie Favre
University of Grenoble

www -adele.imag.fr/~jmfavre




University of Grenoble ADELE Team

v
IMAG

OUTLINE

m Motivation and background : Industry

m Software in 3D ™ Meta Dimension
. . Representation
¢ D1: meta dimension - _ Dimension
¢ D2: engineering dimension i® -
. . . M@ AR Engme:erlng _F*rf:-duct
¢ D3: representation dimension Dimension
T R o

m Evolution: entering the 4th dimension...

m Conclusion

www -adele.imag.fr/~jmfavre ELISA, September 23, 2003, Amsterdam



University of Grenoble ADELE Team
T N
IMAG

-~

e

cae WL o

www -adele.imag.fr/~jmfavre ELISA, September 23, 2003, Amsterdam




University of Grenoble ADELE Team
v

IMAG

Historical mistakes in Software Engineering

m (1) Software is stable

m (2) Software is made of programs

Everything evolve in complex industrial contexts
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Architecture and Code co-evolution

Explicit vs. implicit architecture
Architecture and code both evolve
Horizontal impacts

Vertical impacts

Synchronization and conformance issues
Risks of erosion

Architecture-driven vs. code-driven

Grchitectu rD

_ Code >

A "well identified" phenomenon nowadays
m Initially neglected by academics
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Program / Language / Tool co-evolution

Language/Compiler
co-evolution

Program/Language
co-evolution /

— -
Ccompiter >

Program/Compiler
co-evolution
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Program / Language / Tool co-evolution

Program/Language

co-evolution Language/Compiler
co-evolution

program >
program )

Program/Compiler
co-evolution
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Model / Meta-Model / Tool co-evolution

 metamodel >

Model/Metamodel

co-evolution £ 1 ;," Metamodel/Tool

. o co-evolution
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model/ \tool

Model/Tool

co-evolution
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Schema Evolution

Conceptual
a

schem

Cean > (mvismentatn ™
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Background :
A 7-year case study

Collaboration with industry

S 2 A | ‘( DASSAULT
S SYSTEMES

m World leader in CAD/CAM

m 19 000 clients, 180 000 seats
m Clients: Boeing, Chrysler, ...
m Main software: CATIA
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CATIA: avery large
Software Product Line

1200+ software engineers
70 000+ classes C++

8 000+ components

5 000+ interfaces

3 000+ DLLs

800+ frameworks

Need to raise the levels of abstraction
m Architecture
m Metamodel
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Metaware
domain and
asset analysis

Metaware
requirement
analysis

Metaware
specification

Metaware
implementation

Metaware
execution

Metaware
evolution
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Metaware inventory
Meta-models recovery
Meta-models Integration
Meta-model clustering

Meta-model packaging

Meta-level actors identification
Meta-level use cases identification
Metaware assesment

Metaware Improvement analysis
Meta-level use cases description

Meta-model filtering and extension
Presentation specification
Metaware specification packaging

Extractors development and reuse
Viewers development and reuse
Extractors and Views integration

Execution

Evaluation
Feedback
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The 3D Software space

D1 NMeta Dimension

Representation

Dimension
mm Q) D3

Engineering Product
Dimension

D2
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The 3D Software space

D1 Meta

MMM eta-Meta-Model
p1 | MM Meta-Model

M Model
I Instance
IR
g Engineering Product
Dimension
& C O D2
D A R
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The 3D Software space

D2 Eng. Product
D1 Meta Dime

R Requirements

A Architecture

D Design

Implementation
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The 3D Software space

D3 Representation

IR |mplicit repr.

D1 Meta Dime AR Abstract repr
MMM () |

CR Concrete repr.

Engineering Product
Dimension

D2
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A taxonomy of software artefacts

D1 NMeta Dimension

Representation

Dimension
mm Q) D3

Engineering Product
Dimension

D2
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D1: The Meta dimension

D1 } Meta Dimension m The Meta-towers

m The Meta-pyramid
m The Meta actor pyramid

D3
IR
A
& P & D2
D A ]
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D1: The Meta-towers

Meta-meta-model * &4 MOF

!

Meta.grammar *g.0. BNF Meta-Model »&.0. UML meta-modsl
Grammar ‘ey Java Model +£.. a tlass diagram of

T T the ACME Banking app.

* B., JEVE program : +e.0 Ihe slale of the bank
Sentance ’ e Instance on Tue 24, Dee, 2pm
Languages UML/MDA

Data Madel

Schema

f

Data

ADELE Team

= &.g. Relational data model

» g.0. the schema of the
ACME Banking dalabase

= £.0. lhe data of the ACME
banks on Tue 24, Dec, 2pm

Databases
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D1.: The Meta-pyramid

ADELE Team

& Meta-Model

ML MM
Cobol MM S
JavaMM  EJEMM  Z MM

Software engineering

alternatives

Metaware
« known-how »

« Known-how »

Applications
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D1.: The Meta-pyramid

MMM @ \eta-Meta-Model

ML MM
Cobol MM bW

MM Q9 Meta-Model

alternatives
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D1.: The Meta-pyramid

MOF \
o T METAWARE

d Meta-Meta-Model
MMM
MM & Meta-Model peAHi
JavaMM  EJBMM  ZMM

alternatives
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D1.: The Meta-pyramid

9 Meta-Meta-Model MDF

ML MM
CH MM
MM & Mets-Model Cobol MM \ SOFTWARE
JavaMM  EJBMM  Z MM |

1 Real world

alternatives
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e D1 Metaware Metaware
_______ . E‘?_’_‘“*_‘?ti"_’_"‘_“_‘jf'_______ o Moownhony |\ erpers
Software engingering g ft. engineering

MM & Mela-Model ¢ known-how » 1 experts
B Software

M % Modsl ApplcElong evelopers
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D2: The Engineering Dimension

D1 m The Engineering-tower
MMM (O m The Engineering-pyramid
m The Engineering actor pyramid

mm D3
IR

m L Engineering Product
Dimension
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D2
R | Reguirements
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A | Architecture

D | Design

I | implementation
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Representation
- i . - Dimension
D1+D2. Meta + Engl neerlng " Z:gineeringproducl
________________________ e \ . . nDime;lsion
o Software

i
I
I
1
1
I
1
1
A Tue 24 Dec, 10pm T R1: all transfers must | ,II
% . | secured et
Tom wants to withdraw . : ~ R2: clients can transfer ,’/ :
R 100€ from the cash machine | ﬁ% money either via cash 7 |
tom : client located "12 rue de la : client machines and internet PR :
monnaie" at Bruxelles | /7 R3: withdraw requires Il [
1 il previous identifiication -7 !
____________________________ S b I
1 <_—\> !
H 1
The XB12 feature is | |
running on the cash : | <<tcpip>> !
machine. The cash _\; / ! Cash \ Bank /,:
machine is connected to I Machine \ . Server s :
A the ACME bank server | _,-ﬁ Pl |
executable XP23Servvia  ACME bank | - prad |
a secure connector. Senver : > &l/_f‘ i ’ !
____________________________ e e e pad |
1 /7 !
2231 : Account : ,/ :
tom : Client | [
‘ balance= 24600 | 1 * A
=" " . s
Lname = "tom" | \ : Client ot accounts | Account Ve !
1 -
22204 : Account : name : string balance : int pret :
D [halance=300 | ! \ L !
| - 1
1 ‘\ -7 [
____________________________ r____‘________________________ I
: class client implements Serializable { :
| private String name ; |
1 private Vector Accounts ; :
| public String getName( ) { |
! return this.name ; |
| J
| public void setName( String name ) { e
I | if (name == null) Il
: throws new NullPointerException() ; ///
E : this.name = name s
Java objects @—— References to objects | 000 -
il > D1
Instances Models Meta-models  Meta-meta Models
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ppliware execution

Tug 24 Dac, 10pm
Tom wanis o withdraw
100€ from the cash machine
[ozated *12 rue de fa
mennale’ at Bruxeles

The XB12 faalure is 5
rurining on the cash = = A

maching. The cash ‘K: 7_

machine is connected to

the ACME bank servar =

executable XP23Sery via m
S

3 SeCUTE Connector.

/// a231 : Account
i balance= 24800
name = “fom" K
22204 : Agcount
D‘ balance= 300
"Iom” 26400
~
| =

300
—a

& (i I/?{N

Java ohiscts @—— References to objects

|
Instances
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f Ri 2 ransfars must { Botor Uge nase — i i
| Becued | i {
| % R2. chents can lrensfer | I— i
! iFichey eifhar yia cash i |Punctional Bea.l. { i
i cliant miachines and mtamal | asciicn, Requirsment : I ot
R3; withdrew raguiras | i i )
/ provigus idarfication | Man Funct. Reg : | 7
Y. o T t .
q : Feature ! !
i i i |
| o <siepipe> s : : |
|| Cash e Bank | Host Executable . '
| -. 2 | L'\‘ :-.-a.:.- - | E :
B TR e | |
! 5 o . : ] Subaystem T | i
| }E:lér - " |components | R,
s St e I_,-
| / | Package e |
— | .t
! 1 - I ’4 ? | !
i Client i int i . | F s i
: clisnt  accounts : Clgss hssociation i Symbal :
| || name: string balance : int ! ? | | e
I ! : | ! ’
: IIII ! S i e
"i"'“—"'l‘““‘“'“"“"“'“—"“““‘i BTy g e !'
| class chent implements Serializabie | | |
| private String name ; | |
i private Vector Accounts ; i i
i public String gatMame] ) | i :
i return thisname | | '
| } : |
| public woid setNams{ String name ) | | !
, if (name == nuill) ! i
i throws new NullPointerException() © i i -
i fls.name = name : : =
| : |
F

MMM
Meta-meta Models

-
-
i
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1
class chent mplements Seriallzable |
private String name
private Vector Accounts |
publie String getNama( ) |

return this.name |

public wold setNama( String name | |
if (name == null)
fhrows new MNullPointerException() |
thizs.name = nams

: : Software
ppliware execution |
D 7 Appliware Metaware !
|
% Tue 24 Dee. 10pm /@ “;:‘;‘“’“ ks Actce Usscass|— | i A
R I;‘ﬂ“{*ﬂﬂh g % R2: dierils can tronsla [ ! : :
fram the cash machine muanay eifher uia assh Functional Req |- | i " 1
tamn  chanl Iocated "12 1ue de la cllent ﬁmsﬁﬂrhhnﬂjr machines and intamat - Req "l Requirament : ! ", :
mennais” &t Bruxalies R3: withcrow mouifes : | i
/ pravious idantfcation ft Funct Raq I | :
RS B iy i P e S P _______.__________._.._______i. f {
| 1 |
The XE12 featre |s (S Seiuad i | :
runnlng on thecash B8 2 = - -c-:tmmu I ! i
machine. The cash \\ / Cash : ! W
machine ks connectad (o A Machine i | |
A tha ACME bank servar s ! I :
sxecutnhi XP23Sery via | I |
| w |
i el I
________________________________________________________________________ ! l i
B |
| |
: o : |
D i 1 > :
| | |
i i |
| |
| I
i |
: |
| |
I J
I
|
|
|
:
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ppliware execution |

D : Appliware : Metaware s ;
“"___“"_"-_“".-""_"_“-"_ R1: all fransfers must | = __"__; ___________ | : [

Tue 24 Dec, YW0pm widthdraw cecured Aot Use case . | A

% % i | L

R Ii;ll;l:é“f;:nmmh "ﬂﬂm R2: clients can fransfer L i =4 {
. Al money either viacash | |Fungtianal Rea,|. i f o {

for -chant  located "12 e dels T transferMoney machines and intemet | Requirsment : ' afer !
monnais’ at Brzcelies R3: withdraw requires i Funcl quq ; i - i
e a previous identifiication | —F~— = 1 S 1 ¢ rr :

s ' i ! |

| Feature : . :

The J(EIEf&arh.rE 3 % 3 q | I . |

R1: all transfers must
secured
R2: clients can transfer

money either via cash
o I : machines and internet |

R3: withdraw requires |
previous identifiication |

public wold satName( Siring name-) |

| i i (name == null i 5 .
throws new NullPointerException]) i _ : .
i fhilz.name = name | i |
Java objscls ®—— Refarencesz o objacts i | | I
—"
| M MM MMM
Instances Models Meta-models  Meta-meta Models
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D2~ : Appliware Metaware
TE#EIGpm_;@iﬂmmw;_ her |—|Usscase 4 | |
% Tom wants ko withdeaw ! % R2: diimts oon Irnsfo: i [ | i |
100€ from the cash machins | frioney ot i cakl | : ' i ! -
§ fonzhent rDEmmld‘ut”é‘:ufmIilfzs i client bl i i | Ll " Reguitament I : t
mennais’ at Brue ! RY: withdimew rpime - |  Fonct Raq : :
f / ool identifieation : i ___: Ir
The X812 leafurs | ' q> . i |
& XH12 fg 5 . i |
g o O B > g i | |
aching. The cash | Cash X an = | :
Emhﬁmgﬂmm \\/ | Machlne \, Server I I
tha ACME bank server | Conneciors i i
A sxsoutabie XP23Sery vin (AGNE Dank i E? — I |
o el e F———
| | tee |
(o] |
D ! |
<<tcpip>> pammm | A
Cash \ Bank | |
Machine \ - Server | :
| N | i
P D1
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Tu= 24 Dec. 10pm * " i
Tom wanits o withdraw 2=
% 1€lﬂ£TrEm the cash machine CIient ] Account R |
client accounts L |

fom chenl  1ooated "12.1ue da la
mennale’ &t Brursles

R name : string balance : int

The X812 fealure s
running on (he-cash == =

machine. The cash \\ I

maching ks conmected to
tha ACME bank server
A sxecutab® XP23Sery via M

d° St e COTNEcion,

// ﬂmi Amjn! i /// i h
tom : Ciient , ;
- balance= 24600 | | i \ | |—9 T

e e et L S

name = “fam" | Client . Account | — I
K : client accounts | Clags Azsaciaton - Symbal 1
22204 : Accourit ||| name : string balance : int : ? - - :
D balace= 300 | | : ! : : !
: . hssocistionnd| | , |
e B T e T e it f L |
| | class chent implements Serializabia { | e ; : !
fom” 26400 : privats Sting nama ; { 2 | | E
=5 = : privats Vactor Accounts : . ! i !
2 : public String gatiame( ) | | |JovaFied| |Javahlethod E ' |
[l -~ | 300 : return this name | : | i |
o = | ) : 5 ! J

- : public void satName| Strng nams ) | | Statament : !

I : | if fnama == null) | | |

i throwa new NulPolnterException(] i : : E

i thla.nama = nama i Expression ! : S
Java objects @—— References o objedts | see ; e D1
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: ; Software
Appliware execution
D2~ Appliware Metaware
%T:{# pectom | o Cwimean) Felmeeens | [ | fussooels |00 |
Tmﬁ wants ko 'H'H'llkm ! % R2: giimts can Irinsha: I I— i i
100 from the cash maching ! money e iacasl | ! . | | -
R Kok ke located "12.1ue de-fa { Slnt |11nd1lrmﬁ nii infemnal | eiiadinibin "-I- Requirament : i -
— i at Brunalies | e e | : l
monnals’ 5t Brue | / ;mﬂmﬁzum : i Funet Req| | I,
The XB12 feature Is ! qﬂ ! I |
running on fhe cash o= = | <=fipips> e : | :
maching. Tha cash | Cash i) il : : :
machine ks connectad to \\/ | Maching 1\,1'1 w | [ :
tha ACME bank servar s : L { ! I
A suecutnhi XP23Sery vin  AGME bank : E - |:|__| B i : —
3 sediee connector, e } Q.E:lé-f' :I__l I E il |
a0  Acount | | ! | bee | |
. S -foolnt || | , | e
tom : E;ﬁtml / balance= 24800 | | ' - : | :
name = "lom x\ E Client St Acoounts Account E i p - i
32204 hegount | | ([ ame - string baiancs (it || | : !
D balance= 900 | | ! ! | |
- — class cI.|ent lmp!ements Serializable { | :
- ] private String name ; | !
Z] - private Vector Accounts ; ! E
= e public String getName( ) { ! !
| . return this.name : : !
L] } : |
ik S — P e pupllc void setName( String name ) { L
if (name == null) - D1
I throws new NullPointerException() ; MMM
Instances this.name = name ; Meta-meta Models
o000

www -adele.imag.fr/~jmfavre

S|

s e s e T e s e e el s s e e s e s e s e s e s L



S|

. : - Software

ppliware execution |
D _ Appliware | Metaware :
o _Cwingan) Famsens | Fager | Jlsosel |00 | A
i ; saeiree] i | : =
R Tom wants to withdraw ] R2: diimts oon Irnsfo: i B | :
1004 from the cash machine , Fanils morey st vacash ) \Egnohonal Reg : : i :
tom - chent |maiaq'j§t;:deli | R ! rianay :,“ﬂrm:idr::f:: i | Requirament : ; ;
] | ! | | | |
lees R | / ool identifieation ' ft Finct. Req) ; | |
R e e e e i |
| Featurs: : | :
The XBA2 feature is : : l |
running on the cash = o= = : <Ckpip>> - | I ! :
machine The cash K\_\ ! Cash - '!-_I;_l’l : i Fiost | ! £
maching is connscted (o ‘Maching l'k‘w'l Sef _'&-_-_' ! — [ : :
A tha ACME bank servar T r|:|__| )_‘\\_ : Conneciors i i i
executable XP23Serv via  ACME Bank st i : ] | e ! |
3 sacure connacior, | S BE:lé“' | Components : S | :

| ! |
e o . _ - e e e e e e e e s Ls |
| | = | |
| 1 | = I |
a231 _ coount / | Pk || e | !
tom : Client /// | : | :
— balance= 24800 ' : . ! A
name = "om® !m!“ i : - | :
- R . clignt Accounts : Class hesaciaton ' | Symbel | | |
42204 : Account namea : siring baiancs (it || | b =l :
| podtortre] j |
e e e e b e e s ) L R s ——— |- ——— 4 h |
i i : | :
class chent implements Serializabie | : . ! : .
T "om" 26400 private Sting name ; | 2t : i !
- privata Vector Acoounts ; i I | i :
= = public String pathiame( ) | 5 : | !
] 00 return this name | : | | |
= ) | | | ’

@ public; void sathama| String nama | | : [ I

| L if [name == null) : : i

o throws new NulPolnterException() - | | : |

fhis.nama = nama i | : s :
Java objects @—— Refersnces i objects | S | i I
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: : : Software
ppliware execution |
D Appliware _ Metaware !
|
% Tus 24 Dec. 10pm : /@ f;lfmmﬁfeﬁ s Actor Lise case — ! it
TIJI'H wants ko 'H'lH'Iltﬂl‘ ! % R2: gty oan [rengke: I_ i i
R 100€ trom the cash maching : - morey e viacant | Functonal RBq ; | - 1
tom ¢ chanl located "12 1ue da Ia | client : i s infermal " Requiement : . :
= monnals’ &t Brusalles | 3. it fetipm Nan Funct. Reg ; : :
| / [rmvieds idantifieatios Ir |
The XB12 | cos e Lo | = | i
g AB12 femlure | i |
running on thecash = <<fcpip>> — | i
machine. The cash \\ / m i Shnianie : e
machine ks connectad (o | |
Al e ACME bank server Connectors i |
sxecutahie XP23Sery vin [ 1 Subsystem Botss ] | :
e ] ] :
____________________________ | |
= ol |
Package Unes | | |
——? N
Class Association Symbal | | i
B L . f |
AssociationEnd i !
_______ oy coapanampedilara b - oot b ]
[ |- | |
class chent implements Serializabi | el : |
o private Sting namea | | :
= private Vector Accounts . i !
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—_— I %
2 Package context Class

inv i3 : isClass xor isInterface
et 5 inv i4 : isinterface implies superclass-=isEmpty
' 1 inv i5 : superclass->notEmpty implies

118 geter i 1 e Ui i insrmened
s, T T L e

e e superclass->isClass

BEN N s cohm Class inv i6 : c.interfaces->forall( i | i.isInterface )
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IESaalad e {22 &, name:gtes

name : String
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MEI_ e isClass : boolean
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name : String o

'T" I 15 - siape
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Clage [ 16t
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interfaces

Specification meta-model

narms | Stnng
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: -shortname : String
Ty -isClass : boolean g

i -wm:uslli.:erf‘scsu{}.ly!é ' - i
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-
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-retrievelnterfaces() : Lf;é% 5

-
- ——

oggllntﬂf&cﬂéﬂ ILlet
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-shortname : String
-isClass : boolean

&

post : result = shortName.concat(package.name)

| post : result = isCIassT

-retrievelnterfaces() : i}J’Ei{ "

+getName() : String -~

-

it
i1 e bt
Packegs context c.Class
Inw il a ol s Empl
name = . nEmasava
IESaalad I {22 & name:gtarteWiis g
"}. Arenmsty

| +isClass() : boolean e

i post : result = not isClass

-

+isinterface() : boolean =~

+getSuperclass() : Class -----|post : result = super

o

+getinterfaces() : List

+getPackage() : Package

class Class {

Pagkage
name : Strin I |3 taClas o |sing:
g I |4 2iaintaefacs fmph
"P | Inw 15 - euparclaza->not
Huperelags-
Ciane 18- nterfasss- st
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private String shortname

private boolean isClass ;

private Class super ;

private Vector retrievelnterfaces() { ... }

public String isClass() { return isClass ; }
public boolean isinterface() { return ! IsClass ; }
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ubiic Siring geiNamai) { ratn namesgetPeckage|) g2
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public Class getSuperclass() { return super ; }

public String getName() { return name+getPackage().getName(); }

éiass{] {..}
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Classifying Software Artefacts

m Using the 3D Framework to classify software artefacts
m Coordinates in the reverse order D3-D2-D1

D1 Meta Dimension m Examples :

. | m CR-A-MM
Representation
Dimension m AR-D-M
MM D3

Engineering Product
Dimension

D2

www -adele.imag.fr/~jmfavre ELISA, September 23, 2003, Amsterdam




University of Grenoble ADELE Team
v

IMAG

Classifying Software Transformations

m Transformations or processes as paths in 3D
m Useful to classify SE tools and methods

D1 Meta Dimension m Forward engineering

MMM . m Reverse engineering
) Representation _ _
7 imension m Evolution & co-evolution
MM C
M A Engineering Product
c Dimension
| D2
1 D A R
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Evolution :

Entering the fourth dimension...

e

cae WL o
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Evolution: Entering the Fourth Dimension (D4)

time

Evolution dimension D4
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Co-evolution along the engineering dimension
D2+D4

D2 Engineering dimension

RO [ Requirameants
evolution

Architecture

A avolution
| Cresign
Dy avolution

D4 implementation
evolution
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Co-evolution along the meta dimension
D1+D4

ela-meta-model
evoluticn

Meta-model
evolution

Model
evolution

D4

Instance
evolution
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Meta-model / model co-evolution at DS

m Incremental definition of a proprietary component technology
Incremental implementation of tools by the tool support team
m Production of component-based software at the same time

m Meta-models should be versionned

m Different variants of the meta-model used
¢ Dy different teams within DS
¢ by partner companies

m Co-evolution managed in ad-hoc way

m Manual or semi-automatic transformation
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Conclusion

Many academic issues related to meta-modeling / meta-programming

More issues coming from industry

Co-evolution of meta-models and models

Reverse engineering meta-models

Tool support is required

AR ﬂk,b

Supportlng evolution at \{arlous level -?.F ., [ ” ﬂ'_:‘
IS an important requirement

for the success of - ,-"O b

. My
model-driven approaches (e.g. MDA) ' >

Ly wl

Meta-model for evolution vs. evolution of meta-models
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