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.esAbstra
t. This paper is based on two general ideas. The �rst one isthe integration paradigm for data type and pro
ess modeling te
hniquesdeveloped by the �rst two authors within the last �ve years. The se
ondone is a transformation-based 
omponent framework for system mod-eling presented at ETAPS 2002 in Grenoble. The aim of this paper isto join both ideas leading to a 
omponent framework for a generi
 in-tegrated modeling te
hnique. This 
omponent framework is based ontransformations and is espe
ially useful to be instantiated by graph- andnet-based te
hniques. The main 
on
epts are a self-
ontained semanti
sand internal 
orre
tness of 
omponents, based on a new idea of high-level
onstraints. Two main results 
on
erning 
ompositionality show that se-manti
s and 
orre
tness for a system 
an be inferred from that of its
omponents. The 
on
epts are illustrated by a running example on mod-eling Java threads by high-level nets.1 Introdu
tionIn order to build up large software systems from smaller parts, a 
exible 
ompo-nent 
on
ept for software systems and infrastru
tures is highly important (seee.g. [29, 21, 14℄). On the other hand, the integration of di�erent kinds of datatype and pro
ess modeling te
hniques is most important for software systemspe
i�
ation in 
omputer s
ien
e and all kinds of appli
ations. In our papers[9, 10℄ we have presented a 
on
eptual and a formal model for an integrationparadigm for this kind of modeling te
hniques. For a large variety of basi
 andintegrated te
hniques (see [3, 17, 4, 20, 22, 24, 26, 28℄) we have shown already howthey 
an be interpreted and 
lassi�ed within this integration paradigm.1.1 A Generi
 Component Framework for System ModelingThe aim of our paper [11℄ has been to present a generi
 
omponent frameworkfor system modeling that 
ould support the development of the kind of systems



2 H. Ehrig, F. Orejas, et al.mentioned above. In this sense, we have de�ned a framework that 
an be usedfor a large 
lass of semi-formal and formal modeling te
hniques. More pre
isely,we present a 
omponent 
on
ept based on a very general notion of spe
i�
ation.A

ording to this 
on
ept, a 
omponent 
onsists of a body and of an import andan export interfa
e. An import and an export 
onne
tion relate these spe
i�
a-tions. These 
onne
tions are again generi
, to allow a great variety of instanti-ations. We only require having suitable notions of in
lusion and transformation(e.g. re�nement) between spe
i�
ations, su
h that the import 
onne
tion de�nesan in
lusion from the import interfa
e to the body, and the export 
onne
tionde�nes a suitable transformation from the export interfa
e to the body. Theseimport and export 
onne
tions represent the intradependen
ies between di�erentparts of a single 
omponent. The interdependen
ies between import and exportof di�erent 
omponents are represented by 
onne
tors. Again, we only require
onne
tors to de�ne a suitable transformation. Consequently, our framework isalso generi
 
on
erning the 
onne
tion of 
omponents. One of the key 
on
epts ofour framework is a generi
 notion of transformations of spe
i�
ations, espe
iallymotivated by - but not limited to - rule based transformations in the sense ofgraph transformation and high-level repla
ement systems [12, 7, 26℄.A

ording to the general requirement that 
omponents are self 
ontainedunits not only on the synta
ti
al but also on the semanti
al level, we are able tode�ne the semanti
s of ea
h 
omponent independently of other 
omponents inthe system. This semanti
s is also given in terms of transformations. It must bepointed out that this semanti
s 
an be used to give meaning to 
omponents basednot only on a formal, but also on a semi-formal modeling te
hnique. Moreover,this semanti
s is shown to be 
ompositional. More pre
isely, we are able to showthat the semanti
s of a system 
an be inferred from that of its 
omponents.1.2 Main Con
epts and Results of this PaperIn our 
omponent framework for system modeling in [11℄ we have not dis
ussedthe aspe
t that systems should be des
ribed from di�erent views (data view,pro
ess view, . . . ). But this aspe
t has been widely dis
ussed in several otherpapers leading to the 
on
eptual and formal model for integrated data type andpro
ess modeling te
hniques in [10℄. It is the main aim of this paper to join this
on
ept with our 
omponent framework in [11℄.This leads to a transformation-based 
omponent framework for a generi
 inte-grated modeling te
hnique whi
h is espe
ially useful to be instantiated by graph-and net-based te
hniques. In this paper we review the generi
 
omponent 
on
eptand also the integration paradigm, we pay spe
ial attention to the instantiationof our 
omponent framework in the 
ontext of this paradigm. Being spe
i�
, weintrodu
e a notion of high-level 
onstraints that allow us to present, in a uni�edway, spe
i�
ations 
orresponding to any arbitrary modelling te
hnique that 
anbe integrated in our paradigm. Then, using this kind of spe
i�
ations we areable to de�ne 
omponents over these spe
i�
ations, formulating a property ofinternal 
orre
tness, whi
h is shown to be preserved under 
omposition.



Component Framework for Integerated Modeling Te
hnique 3Finally, we brie
y review how the various 
on
epts 
an be instantiated toseveral modeling te
hniques. More spe
i�
ally, we present a small 
ase studyusing Petri nets to model Java threads [16℄, whi
h is used as a running examplealso to illustrate an instantiation of our integration paradigm. For another, moredetailed 
ase study 
on
erning a telephone servi
e 
enter we refer to [25℄, wherethe 
omponent 
on
ept for Petri nets in [25℄ 
an be 
onsidered as an instantiationof our generi
 framework.1.3 Related WorkAs mentioned above the generi
 integrated modeling te
hnique is based on theintegration paradigm in the papers [9, 10℄. The generi
 
omponent 
on
ept in [11℄has been mainly motivated by the ideas in [21℄ for a 
omponent 
on
ept in theGerman BMBF proje
t \Continuous Software Engineering" and by the module
on
epts for graph transformation systems in [27℄ and for Petri nets in [25℄. In
ontrast to these 
on
epts and that for UML [5℄ an important new aspe
t in ourframework is the fa
t that we are able to give a self-
ontained, 
ompositionalsemanti
s for ea
h 
omponent. The synta
ti
al level of the approa
hes in [27,25℄ is partly motivated by algebrai
 module spe
i�
ations in [8℄. The semanti
sof algebrai
 module spe
i�
ations is based on free 
onstru
tions between importand body part. This 
onstru
tor-based semanti
s has been dropped in [25, 27℄for graph- and net-based modules, where the key 
on
epts are now re�nementsbetween export and body parts. This leads dire
tly to our transformation-based
omponent framework, where transformations in
lude re�nements and abstra
-tions.Although we mainly fo
us on our new 
omponent framework in this paper,we think that the 
on
epts introdu
ed here are a good basis for other interestingar
hite
tural issues. In this sense, we think that the papers [13, 32, 33, 1℄ 
ouldbe 
onsidered 
omplementary to ours. In parti
ular, the use of graph trans-formation te
hniques proposed by Fiadeiro in [32℄ and also by L�owe in [19℄ forar
hite
ture re
on�guration seems to be most promising, in view of a 
omponent
on
ept for 
ontinuous software engineering, in
luding software re
on�gurationand evolutionary software development in the sense of [21℄.1.4 Organization of the PaperThe paper is organized as follows. In Se
t. 2 we present some main requirementsfor a generi
 
omponent framework whi
h have guided our proposal in [9{11℄and in this paper. Se
tion 3 presents the main ideas of the basi
 frameworkin [11℄, introdu
ing the 
omponent 
on
ept, its transformation semanti
s anda 
omposition operation, showing the 
ompositionality of semanti
s. Se
tion 4reviews the 
ase-study of [11℄ that is used in the paper as a running example.Se
tion 5 des
ribes brie
y our integration paradigm. Then, in Se
t. 6, we studythe instantiation of our 
omponent framework to integrated modeling te
hniques.Se
tion 7 dis
usses the instantiation of the framework in the 
ontext of somespe
i�
 modeling approa
hes. Finally, in Se
t. 8, we present some 
on
lusions,



4 H. Ehrig, F. Orejas, et al.dis
ussing up to whi
h point our framework meets the requirements presentedin Se
t. 2.2 Main Requirements for a Generi
 ComponentFrameworkIn this se
tion we present the requirements that, in our opinion, a 
omponentapproa
h for integrated modeling te
hniques should satisfy.2.1 A

ordan
e with Current Component Te
hnologyFirst of all, it should be 
lear that the proposed framework should be in a

or-dan
e with the standard 
onstru
tions used in 
urrent 
omponent te
hnologyfor software development, enhan
ing the reusability of software and supportingsystem evolution ([29, 21℄). This means that the proposed notion of 
omponent
on
ept should make a 
lear distin
tion between the interfa
e, that states how agiven 
omponent is 
onne
ted and used, and the body, where the servi
es pro-vided by the 
omponent are implemented. On the other hand, the frameworkshould provide 
omposition operations that allow us to put together 
omponentsas it is done in standard software ar
hite
tures.2.2 Support of View-Oriented Semiformal and Formal ModelingTe
hniquesSe
ondly, the fa
t that the proposed framework should address the modelingphase poses some additional requirements. The key issue is that, in the model-ing phase, we would typi
ally want to be able to analyze and to reason aboutthe single 
omponents and about the 
omponent-based systems. This means, inthe �rst pla
e, that we need to have a suÆ
iently pre
ise semanti
s of the 
om-ponents and of the 
orresponding systems. However, we believe that di�erentdegrees of formality may be needed when modeling a 
ertain system. In parti
-ular, when des
ribing 
riti
al aspe
ts of a system a formal te
hnique is needed.But, when des
ribing some less 
riti
al 
omponent, a semiformal approa
h 
ouldbe suÆ
ient. In this situation, the semanti
s of a 
omponent should be as pre
iseas the 
omponent is. This means that a formal 
omponent should have a formalsemanti
s. But, it should be possible to de�ne some semiformal semanti
s fora 
omponent based on a semiformal modeling te
hnique. We also believe thatsystems (and single 
omponents) are better modeled by, independently, des
rib-ing them from di�erent views (stati
, dynami
, behavior, . . . ). In this sense,the 
omponent framework should support this kind of view-oriented approa
h.Lastly, de�ning the semanti
s of a system 
ompositionally, in terms of the se-manti
s of the in
luded 
omponents, would probably help in reasoning aboutthe given system. In this sense, if a notion of internal 
orre
tness is de�ned for
omponents, this property should be preserved by 
omponent 
omposition.



Component Framework for Integerated Modeling Te
hnique 52.3 Di�erent Roles of Generi
ityFinally, we think that generi
ity plays a fundamental role in a 
omponent frame-work. Generi
ity should be present in the framework in various senses. The mostobvious one is that 
omponents must des
ribe generi
 software units. The sepa-ration between the body and the interfa
es in a 
omponent, dis
ussed above, isthe basis for this kind of generi
ity. Then, the 
omponent 
on
ept itself must begeneri
, in the sense that it should be possible to use it in 
onne
tion with di�er-ent modeling te
hniques, by means of an adequate \instantiation". The reason isthat 
omponent-based systems are often heterogeneous, i.e. in
lude 
omponentsbased on di�erent modeling formalisms (or programming languages). Hen
e, us-ing a uniform notion of 
omponent, independently of the heterogeneity of thedi�erent 
ontents, should simplify analyzing and reasoning about the system.Moreover, these tasks may be even more simpli�ed if the semanti
s of a 
ompo-nent is also generi
, in the sense of being based on a number of basi
 
on
epts or
onstru
ts having a pre
ise de�nition or instantiation on the modeling te
hniques
onsidered.3 Main Con
epts for a Generi
 Component FrameworkIn this se
tion, we present the main 
on
epts for our generi
 
omponent frame-work and show already, on a general level, how to satisfy the main requirementsstated in the previous se
tion. A simpli�ed version without 
onstraints has beengiven already in our paper [11℄. In the following se
tions we give more detail howthe basi
 notions of our framework 
an be interpreted in view of our integrationparadigm. We start with some general assumptions 
on
erning our modelingte
hnique, whi
h is one of the key generi
 
on
epts in our framework.3.1 Generi
 Modeling Te
hniques with ConstraintsWe assume that a generi
 modeling te
hnique is a general framework for de-s
ribing systems. These des
riptions have a synta
ti
al part, 
onsisting of sig-natures SIG and spe
i�
ations SPEC, and a semanti
al part, 
onsisting ofbehaviour or models M of the 
orresponding signature or spe
i�
ation, denotedM 2 Mod(SIG) or M 2 Mod(SPEC), respe
tively. Moreover, it should bepossible to deal with spe
i�
 modeling approa
hes as 
on
rete instan
es of thegeneri
 te
hnique.In order to express properties of models, we assume that we have a 
onstraintlanguage, whi
h allows us to formulate 
onstraints in an informal way, using di-agrams or natural language, or in a formal way, based in some logi
al formalism.We distinguish between loose and tight 
onstraints. Loose 
onstraints are de�n-ing a 
lass of models, while tight 
onstraints are de�ning a unique model up toisomorphism. Typi
al examples of loose 
onstraints are predi
ate or temporallogi
 formulas. On the other hand, we show in Se
t. 6 how a Petri net 
an be
onsidered as a tight 
onstraint in an integrated modeling te
hnique.



6 H. Ehrig, F. Orejas, et al.A generi
 modeling te
hnique in our framework allows us to formulate dif-ferent types of tight and loose 
onstraints. A signature SIG together witha single 
onstraint or a 
lass of 
onstraints Constr is 
alled a spe
i�
ationSPEC = (SIG;Constr). We assume to have a notion of satisfa
tion for ea
hkind of 
onstraint, whereM j= Constr means thatM satis�es Constr. The 
lassMod(SPEC) 
onsists of all models M 2 Mod(SIG) su
h that M satis�es the
onstraints in Constr.For veri�
ation purposes, a formal modeling te
hnique should also have asuitable dedu
tion 
al
ulus for 
onstraints. From the software engineering pointof view, we also require to have suitable horizontal and verti
al stru
turing te
h-niques, espe
ially a notion of re�nement or transformation of spe
i�
ations.3.2 A Generi
 Component Con
eptComponents are self-
ontained modeling units with a 
lear separation betweenthe interfa
e of the 
omponent and the body. Moreover, the interfa
e 
an bedivided into two parts: the import interfa
e, des
ribing what the 
omponentassumes about the environment, and the export interfa
e, des
ribing the servi
esprovided by the 
omponent itself.In this sense, given a generi
 modeling te
hnique with model spe
i�
ationsin the sense of 3.1, we are now able to de�ne our generi
 
omponent 
on
ept. A
omponent spe
i�
ation, in short 
omponent,COMP = (IMP;EXP;BOD; imp; exp)
onsists of model spe
i�
ations and 
onne
tions:{ IMP , 
alled import interfa
e,{ EXP , 
alled export interfa
e,{ BOD, 
alled body,{ imp: IMP ! BOD, 
alled import 
onne
tion,{ exp:EXP ! BOD, 
alled export 
onne
tion.In order to be generi
, we do not require any spe
i�
 type of 
onne
tionsbetween interfa
es and body. We only require that ea
h export 
onne
tion,exp:EXP ! BOD, uniquely de�nes a transformation of model spe
i�
ations(see 3.3), exp:EXP ) BOD, 
alled export transformation, whi
h is a re�ne-ment des
ribing how the elements presented in the export interfa
e are imple-mented by the body.With respe
t to the import 
onne
tion, we may assume that the body of a
omponent is an extension of the import interfa
e, in the sense that the fun
tion-ality de�ned in the body is built upon the elements of the import interfa
e. As a
onsequen
e, for the sake of simpli
ity, we assume that ea
h import 
onne
tion,imp: IMP ! BOD, de�nes an in
lusion imp: IMP � BOD, of the 
orrespond-ing spe
i�
ations. We 
ould have been slightly more general, by asking only foran in
lusion of the import signature into the body signature, but not ne
essarilyasking for the in
lusion of the 
orresponding 
onstraints. However, we feel that,dealing with this more general 
ase, although te
hni
ally not diÆ
ult, wouldslightly 
ompli
ate the rest of the paper.
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hnique 73.3 A Generi
 Transformation Con
eptWe need a generi
 transformation 
on
ept in order to formulate properties ofexport 
onne
tions (see 3.2) and of 
onne
tors between import and export inter-fa
es of di�erent 
omponents (see 3.5, below). Again, we will try to be as generalas possible.A generi
 transformation trafo:SPEC1 ) SPEC2 between two modelspe
i�
ations SPECi = (SIGi; Constri)(i = 1; 2) 
onsists of transformationstrafoSIG:SIG1 ) SIG2 of the signatures and trafoCons:Constr1 ) Constr2of the 
onstraints.We assume that a transformation framework T 
onsists of a 
lass of trans-formations, whi
h in
ludes identi
al transformations, is 
losed under 
ompo-sition and satis�es the following extension property : For ea
h transformationtrafo:SPEC1 ) SPEC2, and ea
h in
lusion i1:SPEC1 � SPEC 01 there is asele
ted transformation trafo0:SPEC 01 ) SPEC 02, with in
lusion i2:SPEC2 �SPEC 02, 
alled the extension of trafo with respe
t to i1, leading to the extensiondiagram in Fig. 1. SPEC1 trafoi1 SPEC2i2SPEC01 trafo0 SPEC02Fig. 1. Extension diagram for the extension propertyIt must be pointed out that, in a given framework, given trafo and i1 asabove, there may be several trafo0 and i2, that 
ould satisfy this extensionproperty. However, our assumption means that, in the given framework T onlyone su
h trafo0 and one in
lusion i2 are 
hosen, in some well-de�ned way, as theextension of trafo with respe
t to i1.The extension property is 
alled 
ompositional, if the (
hosen) 
orrespondingextension diagrams are 
losed under horizontal and verti
al 
omposition. This isvery similar { and in some instantiations equal { to the well-known 
ompositionproperty of pushouts in 
ategory theory.The idea underlying this extension property is to ask a transformation frame-work to satisfy, what we may 
all, a lo
ality assumption: if one 
an apply atransformation on a 
ertain spe
i�
ation, then it should be possible to applythe \same" transformation on a larger spe
i�
ation. This assumption has beenformulated, in a more pre
ise way in [23℄. In this paper, for the sake of simpli
ity,we have avoided the te
hni
al details.We 
ould have also required that these extensions would only exist when thegiven trafo is 
onsistent with i1 in a spe
i�
 sense. For instan
e, in the 
ase ofgraph transformations, the extension property 
orresponds to the embedding ofa transformation into a larger 
ontext. The 
orresponding embedding theorem



8 H. Ehrig, F. Orejas, et al.in [12℄ requires that the \boundary" of i1 has to be preserved by trafo. Again,for the sake of simpli
ity, in this paper we drop this 
onsisten
y 
ondition.3.4 Transformation Semanti
s of ComponentsA

ording to the general requirements, 
omponents are self-
ontained units, withrespe
t to syntax and semanti
s. Hen
e, it is ne
essary to have a semanti
s forea
h single 
omponent. Moreover, the semanti
s of 
omposite 
omponents (and,eventually, the entire system) must be inferred from that of single 
omponents.The main idea proposed in [11℄ is a semanti
s that takes into a

ount theenvironment of a 
omponent, in a similar way as the 
ontinuation semanti
s ofa programming language assigns the meaning of a program statement in termsof the environment of the statement. Here, the idea is to think that, what 
har-a
terizes the import interfa
e of a 
omponent is not its 
lass of models, butthe possible re�nements or transformations of this interfa
e that we 
an �ndin the environment of the 
omponent. In this sense, it is natural to 
onsiderthat the semanti
al e�e
t of a 
omponent is the 
ombination of ea
h possibleimport transformation, trafo: IMP ) SPEC, with the export transformationexp:EXP ) BOD of the 
omponent. Sin
e IMP is in
luded in BOD, we haveto extend the import transformation from IMP to BOD in order to be able to
ompose both transformations. Due to the extension property for transforma-tions, we obtain trafo0:) SPEC 0, as shown in Fig. 2.EXP exp BOD trafo0 SPEC0IMP trafoimp SPECimp0Fig. 2. Transformation semanti
sLet us 
all the 
lass of all transformations trafo: IMP ) SPEC from IMPto some spe
i�
ation SPEC the transformation semanti
s of IMP , denoted byTrafo(IMP ), and similar for EXP . A

ording to Fig. 2 the transformationsemanti
s of the 
omponent COMP 
an be 
onsidered as a fun
tionTrafoSem(COMP ):Trafo(IMP )! Trafo(EXP )de�ned for all trafo 2 Trafo(IMP ), by TrafoSem(COMP )(trafo) = trafo0 Æexp 2 Trafo(EXP ).3.5 Composition of ComponentsSeveral di�erent operations on 
omponents 
an be 
onsidered in our generi
framework. Depending on the underlying ar
hite
ture intended for a given sys-tem, some spe
i�
 operations may be needed. For instan
e, in a hierar
hi
al
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hnique 9system one 
ould need an operation to 
ompose 
omponents by mat
hing theimport of one (or more) 
omponents with the export of other 
omponent(s). Onthe 
ontrary, in a non-hierar
hi
al system one may need an operation of 
ir
ular
omposition, where the import of one 
omponent is the export of another 
ompo-nent and vi
e versa. In the following, for the sake of simpli
ity, we only 
onsiderone basi
 operation, whi
h allows one to 
ompose 
omponents COMP1 andCOMP2 by providing a 
onne
tor, 
onne
t: IMP1 ! EXP2, from the importinterfa
e IMP1 of COMP1 to the export interfa
e EXP2 of COMP2. Similarto an export 
onne
tion, we only require that the 
onne
tor uniquely de�nes atransformation 
onne
t: IMP1 ) EXP2.Di�erent generalisations and variations of this operation, for instan
e by al-lowing to 
ompose (simultaneously) several 
omponents, would not pose toomany diÆ
ulties, only some additional te
hni
al 
ompli
ation. Cir
ular 
ompo-sition and 
onne
tors in the sense of [1℄ may be more diÆ
ult to handle, howeverprevious experien
e in dealing with module operations (see e.g. [8℄) would pro-vide good guidelines.Now, we are able to de�ne the 
ompositionCOMP3 = COMP1 Æ
onne
t COMP2as follows. Let x
onne
t = exp2 Æ 
onne
t. The extension property implies aunique extension x
onne
t0:BOD1 ) BOD3, with in
lusion imp01:BOD2 �BOD3 in Fig. 3. The 
omposition COMP3 is now de�ned byCOMP3 = (IMP3; EXP3; BOD3; imp3; exp3)with imp3 = imp01 Æ imp2 and exp3 = x
onne
t0 Æ exp1. Sin
e we have IMP3 =IMP2 and EXP3 = EXP1, this means espe
ially that the result of the 
ompo-sition 
on
erning the interfa
es is independent of the body parts.EXP3 = EXP1exp1 BOD1 x
onne
t0 BOD3IMP1imp1 
onne
t EXP2 exp2 BOD2imp01IMP3 = IMP2imp2Fig. 3. Composition of ComponentsNote, that ea
h 
onne
tor 
onne
t: IMP1 ! EXP2 
an also be 
onsideredas a seperate 
omponent COMP12 with exp12 = 
onne
t and imp12 = idEXP2 .This allows to 
onsider COMP3 in Fig. 3 as the 
omposition of three 
omponentsCOMP1, COMP12 and COMP2, where all 
onne
tors are identities.



10 H. Ehrig, F. Orejas, et al.3.6 Compositionality of Transformation Semanti
sGiven a 
onne
tor, 
onne
t: IMP1 ! EXP2, between IMP1 of COMP1 andEXP2 of COMP2, the 
omposition COMP3 of these 
omponents via 
onne
tis well-de�ned, and we have the following 
ompositionality result:The transformation semanti
s of the 
omposition COMP3 
an be obtained byfun
tional 
omposition of the transformation semanti
s of COMP1 and COMP2with a most simple intermediate fun
tionTrafo(
onne
t):Trafo(EXP2)! Trafo(IMP1)where Trafo(
onne
t)(trafo) = trafo Æ 
onne
t.Theorem 1 (Compositionality of Transformation Semanti
s). Given a
omposition of 
omponentsCOMP3 = COMP1 Æ
onne
t COMP2as shown in Fig. 3 then we haveTrafoSem(COMP3) =TrafoSem(COMP1) Æ Trafo(
onne
t) Æ TrafoSem(COMP2)provided that the extension property is 
ompositional.Proof. Given a transformation trafo3: IMP3 ) SPEC3 we 
onsider Fig. 4,where extension diagram (1) is given by de�nition of COMP3 in Fig. 3, diagram(3) by extension of trafo3 w.r.t. imp2 and diagram (2) by extension of trafo2w.r.t. imp01.EXP3 = EXP1exp1 BOD1 x
onne
t0(1) BOD3 trafo1(2) SPEC1IMP1imp1 
onne
t EXP2 exp2 BOD2imp01 trafo2(3) SPEC2IMP3 = IMP2imp2 trafo3 SPEC3Fig. 4. Compositionality of Transformation Semanti
sCompositionality of the extension property implies that also the horizontal
omposition (1)+(2) and the verti
al 
omposition (2)+(3) are (
hosen) extensiondiagrams.We have to showTrafoSem(COMP3)(trafo3)= TrafoSem(COMP1) Æ Trafo(
onne
t) Æ TrafoSem(COMP2)(trafo3) :(4)
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hnique 11Using imp3 = imp01 Æ imp2, exp3 = x
onne
t0 Æ exp1 and extension diagram(2)+(3) we haveTrafoSem(COMP3)(trafo3) = trafo1 Æ x
onne
t0 Æ exp1 : (5)Con
erning the right hand side of (4) we haveTrafoSem(COMP2)(trafo3) = trafo2 Æ exp2and hen
eTrafoSem(COMP1) Æ Trafo(
onne
t) Æ TrafoSem(COMP2)(trafo3)= TrafoSem(COMP1) Æ Trafo(
onne
t)(trafo2 Æ exp2)= TrafoSem(COMP1)(trafo2 Æ exp2 Æ 
onne
t)= trafo1 Æ x
onne
t0 Æ exp1 ; (6)where the last step uses extension diagram (1)+(2).Now (4) follows immediately from (5) and (6). utIn Se
t. 6 we give a generi
 notion of internal 
orre
tness of 
omponents basedon properties of 
onstraints, su
h that the internal 
orre
tness is preserved bythe 
omposition operation.4 Modeling Java Threads with Components in theFramework of High-Level NetsAs a small 
ase study and running example we will model a few aspe
ts of thebehaviour of threads in the programming language Java with algebrai
 high-levelPetri nets presented already in [11℄. An overview referen
e for Java threads isgiven in [16℄.We use a notation where an algebrai
 high-level net N 
onsists of an algebrai
signature �N = (S;OP;X), a �N -algebra AN and a Petri net, where ea
h pla
epl has a type type(pl) 2 S, the in- and outgoing ar
s of a transition tr areins
ribed with multisets of terms and a transition tr itself is ins
ribed with aset of equations over �N . In our example, however, we do not use equations fortransitions.We use a transformation 
on
ept similar to [24℄ based on rules and doublepushouts in a suitable 
ategory of high-level nets. In our example we dire
tlypresent the 
orresponding high-level net transformations. The extension propertyis satis�ed be
ause the redex of a rule applied to a net is preserved by thein
lusion into another net. The appli
ation of the rule to the larger net yieldsthe extended transformation.4.1 Implementation of the run-MethodIn the �rst 
omponent COMP1, we de�ne a rough model of the life
y
le of athread in the export, and re�ne it in the body by adding a run-transition that
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ution of the thread. This step 
orresponds to the extensionof the Thread-
lass by a 
lass implementing a run-method.The export signature �EXP1 
onsists of one sort Thread and two 
onstantsymbols thread1:! Thread and thread2:! Thread representing two di�erentthreads of 
ontrol. The net stru
ture of the export interfa
e is shown in Fig. 5.The type of all pla
es is Thread and all ar
s are ins
ribed with the variable t ofsort Thread.new t start t runnable t stop t deadFig. 5. EXP1The export interfa
e 
orresponds to the fa
t that the 
lass Thread has astart-method whi
h makes a newly 
reated thread runnable and a stop-methodwhi
h kills a runnable thread:publi
 
lass Thread {publi
 void start() { ... }publi
 void stop() { ... }...} The export transformation exp1:EXP1 ) BOD1 re�nes the signature byadding a sort RunState representing the states that 
an o

ur during the exe
u-tion of run, a sort Obje
t representing the states an arbitrary obje
t 
an be in,operations st:ThreadObje
t! RunState and 
on:! Obje
t and an operationdo:Obje
t ! Obje
t representing the run-time 
hanges to the obje
t. The netstru
ture is re�ned by removing the stop-transition and adding pla
es startedand finished of type RunState and transitions run and exit. The details 
an befound in Fig. 6. We have repla
ed the stop-transition by an exit-transition be-
ause now the thread 
an exit normally by 
ompleting its task. This is modeledby the run-transition that transfers the RunState from started to finished.new t start tst(t;
on) runnable tt exit t deadstarted st(t;o) run st(t;do(o))t finishedst(t;o)Fig. 6. BOD1The addition of the run-transition 
orresponds to the implementation of therun-method and the Obje
t in the 
onstru
tor st of RunState to the existen
eof an attribute obje
t that is 
hanged by the run-method:
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lass MyThread extends Thread {Obje
t anObje
t;publi
 void run() { ... }} In the import interfa
e (Fig. 7) only the run-transition and the adja
entpla
es are kept, be
ause this transition is useful to be further re�ned.runnabletstarted st(t;o) run st(t;do(o))t finishedFig. 7. IMP1 = EXP24.2 Further Re�nement of the MethodIn the se
ond 
omponent COMP2 the run-transition is re�ned by a model withtwo phases. The export interfa
e EXP2 is the same net as the import interfa
eIMP1 of COMP1. The export transformation exp2:EXP2 ) BOD2 adds twonew operations do1; do2:Obje
t! Obje
t to the signature. The run-transition isremoved and repla
ed by two new transitions a
t1 and a
t2 with an intermediatepla
e working (see Fig. 8). We assume that the algebra ABOD2 satis�es theequation do2(do1(o)) = do(o) be
ause sequential �ring of a
t1 and a
t2 shouldstill produ
e the same result as before.runnablet tstarted st(t;o) a
t1 st(t;do1(o))t working st(t;o) a
t2 st(t;do2(o))t finishedFig. 8. BOD2This repla
ement 
orresponds to a further extension of MyThread, where therun-method is overwritten with a method that does the same by 
alling twosequential a
tions:
lass MyThread2 extends MyThread {publi
 void run() {a
t1();
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t2();}private void a
t1() { ... }private void a
t2() { ... }} The import interfa
e IMP2 
ould 
onsist of the whole body, if both transi-tions should be re�ned further, but to make it more interesting, we assume thata
t1 is already an atomi
 a
tion and only a
t2 shall be re�ned. This leads to animport (Fig. 9) with only the transition a
t2 and the adja
ent pla
es.runnabletworking st(t;o) a
t2 st(t;do2(o))t finishedFig. 9. IMP24.3 Composition of the ComponentsThe 
omposition of the two 
omponents COMP1 and COMP2 presented abovewith identi
al 
onne
tion from IMP1 to EXP2 yields a 
omponent COMP3with EXP3 = EXP1, IMP3 = IMP2 and a body BOD3 (Fig. 10) resultingfrom appli
ation of the rule underlying exp2 to the net BOD1, repla
ing thetransition run by a
t1 and a
t2.new t start tst(t;
on) runnable tt t exit t deadstarted st(t;o) a
t1 st(t;do1(o))t working st(t;o) a
t2 st(t;do2(o))t finishedst(t;o)Fig. 10. BOD35 The Integration ParadigmIn this se
tion we present some ideas about the integration paradigm, introdu
edin [9, 10℄ to provide a uniform framework to deal with and integrate di�erentdata type and pro
ess modeling te
hniques. This paradigm is based on the use
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hnique 15of a spe
i�
 kind of integrated model that 
an be used to give semanti
s to thedi�erent modeling te
hniques.5.1 Con
eptual Ideas of the Integration ParadigmThe aim of this semanti
 integration is to provide the basis for the integrationof the tools and 
on
epts asso
iated to these te
hniques.Integrated models 
an be seen as a semanti
 bottom-up des
ription of givensystems. This des
ription is presented in four layers. The �rst one is the datatype layer: we 
onsider that the most basi
 elements of a system are the valuespro
essed, together with the basi
 operations de�ned over them. The se
ond layerdes
ribes the data states and the intended state transformations. The intuitionhere is to model the internal states of the given system (or a system 
omponent)and the basi
 operations 
onsidered for their transformation. The third layer, thepro
ess layer, des
ribes the intended rea
tive behaviour of a system. Finally, thefourth layer is the ar
hite
ture layer, whi
h des
ribes the existing 
ompositionoperations 
onsidered for building a system out of its 
omponents. A
tually, theaim of this paper is to provide adequate 
on
epts for the de�nition of this fourthlayer. In this sense, in the rest of the se
tion, we will mainly 
on
entrate onthe des
ription of the �rst three layers, and how a given modeling te
hnique ismapped into them.A typi
al data type modeling approa
h, like algebrai
 spe
i�
ation or Z, willprobably de�ne integrated models in
luding the �rst two layers (the pro
ess sig-nature and the 
orresponding pro
ess semanti
s will probably be empty). Con-versely, a typi
al (low level) pro
ess modeling approa
h, like CCS or pla
e/transi-tion nets, will have very simple 
omponents 
orresponding to the �rst and,perhaps, the se
ond layer. Below we present in Fig. 11 very brie
y how var-ious modeling formalisms 
an be mapped into our integrated model. In [10℄we have shown how some well-known formal modeling te
hniques, like CCS,pla
e/transition nets, algebrai
 high-level nets, graph transformations and at-tributed graph transformations, 
an be seen as 
on
eptual and formal instan
esof our paradigm.5.2 Formal Con
epts of the Basi
 LayersLet us now introdu
e, in some more detail, the formal 
on
epts for the basi
three layers of our integration paradigm a

ording to our paper [10℄.1. The �rst layer, as said above in
ludes the basi
 values and asso
iated opera-tions and relations used in a given system. This is represented by a signature�0, on the synta
ti
al side, and a (partial) data value �0-algebra A0, on thesemanti
al side.2. In our framework, data states are seen as algebras extending the basi
 datavalue algebra. This generalizes the 
ases where data states are tuples orsome other kind of stru
tured obje
ts, like attributed graphs or labeled trees.This means that the se
ond layer in
ludes, on the one hand, a signature �,
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i�
ation Layer 1 Layer 2 Layer 3 Layer 4Te
hnique Data Types Data States & Pro
esses SystemTransformations Ar
hite
tureAlgebrai
 data tokens and marking of parameterization,High-Level algebras de�ned pla
es by data net net trans-Nets by algebrai
 tokens & �ring pro
esses formationsspe
i�
ation of transitions union / fusionAttributed attributes and attributed parameterization,Graph algebras de�ned graphs and graph graph 
omposition,Trans- by algebrai
 transformation pro
esses modularizationformation spe
i�
ationtype data states and state
hart�SZ de�nition operations pro
esses 
on�gurationsin Z s
hemas in Zbasi
 data obje
t-UML types de�ned 
lasses, orientedby 
lass attributes state
harts pa
kagesdiagrams & methods & sequen
ediagramsFig. 11. Integrated data type and pro
ess formalismsextending �0, providing a synta
ti
 des
ription of the attributes to a

ess thevalues in
luded in a given state, and a 
lass of partial �-algebrasDS de�ningthe allowable data states of the given system. On the other hand, the se
ondlayer also in
ludes a des
ription of the state transformations available inthe given system. We 
onsider that transformations are mappings that havesome (expli
it) input parameters and are applied to data states (that a
t asimpli
it input parameters). The result provided by a transformation is a newstate together with some output data values. This implies that this se
ondlayer in
ludes a transformation signature:T = fTv;wg(v;w)2S��S�where S is the set of sorts of the data state signature�. If t is in Ts1:::sn;s01:::s0mthis means that t is the name of a transformation with input parameters ofsorts s1 : : : sn and output parameters of sorts s01 : : : s0m.The semanti
s of a state transformation is represented by means of a datastate transition system GDSTS whi
h in
ludes all the possible transforma-tions among all the possible states of the given system. In parti
ular, GDSTSis a graph whose nodes are labeled by data states and whose edges are la-beled by transformation expressions, where a transformation expression isa term of the form tA;B(a; b), where t 2 Ts1:::sn;s01:::s0m , a = (a1; : : : ; an) 2As1 � : : : � Asn and b = (b1; : : : ; bm) 2 Bs01 � : : : � Bs0m . In parti
ular, ifGDSTS in
ludes an edge from state A to state B with label tA;B(a; b) thismeans that the transformation t with input parameters a 
an be applied toA yielding as a result the state B and output parameters b.3. Similarly to transformations, we assume that pro
esses may have input andoutput parameters. This means that, in our models, pro
esses are represented
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ti
ally by a pro
ess signature:P = fPv;wg(v;w)2S��S�On the other hand, semanti
ally, the behavior of a pro
ess is representedby means of a rea
tive state transition system GRSTS(p), whi
h is mappedby a partial graph morphism h(p)(a; b):GRSTS(p) ! GDSTS into the datastate transition system GDSTS where a and b are sutiable input and outputpro
esses of pro
ess p.5.3 Integrated Signatures and ModelsSummarizing, integrated models 
onsist of a synta
ti
 part, the integrated signa-ture M -SIG, and a semanti
 part M -MOD. M -SIG 
onsists of the basi
 datatype signature �0, the state signature �, the transformation signature T and thepro
ess signature P . On the other hand,M -MOD 
onsists of the basi
 data typealgebra A0, the 
lass of data states DS, the data state transition system GDSTS ,and the pro
esses semanti
s, 
onsisting, for ea
h pro
ess p, of the rea
tive statetransition system GRSTS(p), the initial and �nal sets of nodes I(p) and F (p)and the families of morphisms h(p). Given a model (M -SIG;M -MOD), with a
ertain abuse of terminology, we will often say that M -MOD is an integratedM -SIG-model, denoted M -MOD 2Mod(M -SIG).As said above, our integration model 
an be used to give semanti
s to alarge variety of data type or pro
ess spe
i�
ation or modeling formalisms, in-
luding the possibility of integrating some of them. The basi
 idea is that agiven formalism 
an be seen as de�ning, for ea
h spe
i�
ation, a 
ertain inte-grated signature M -SIG, therefore de�ning a 
orresponding 
lass of integrationmodels, Mod(M -SIG). Then, the given spe
i�
ation (or, rather, the semanti
des
ription in
luded) 
an be seen as restri
ting the 
orresponding 
lass to theintended semanti
s of the spe
i�
ation.5.4 Example of High-Level Nets in the Integration ParadigmWe take the algebrai
 high-level net BOD1 from our example in Se
t. 4. It 
on-sists of an algebrai
 signature �BOD1 , a BOD1-algebra ABOD1 , pla
es P lBOD1 ,transitions TrBOD1 and a type-fun
tion for pla
es as well as a pre- and a post-fun
tion for transitions.The data value signature of the integrated model of BOD1 is the signature�0 = �BOD1 of the net shown below. On the semanti
al side the data algebrais A0 = ABOD1 .�0 = sorts: Thread;RunState; Obje
topns: thread1; thread2:! Threadst:ThreadObje
t! RunState
om:! Obje
tdo:Obje
t! Obje
t



18 H. Ehrig, F. Orejas, et al.The data state signature� = �0+ opns: new; runnable; dead:! mult(Thread)started; finished:! mult(RunState)extends �0 by one 
onstant symbol for ea
h pla
e pl. The domain of this 
on-stant is the multiset of the sort type(pl). The data states DS are all �-algebrasextending A0. These states are isomorphi
 to the markings of the net be
ausethe interpretation of the 
onstant symbols in the DS-algebras models the tokenson the 
orresponding pla
e.The transformation signatureT = trafos: start:Thread;�run; exit:ThreadObje
t;�
onsists of one transformation symbol for ea
h of the three transitions tr. Thesorts of the input parameters are the types of the variables in pre(tr), the sortsof the output parameters are the types of the remaining variables in post(tr).In our example none of the transformation symbols has output parameters. Inthe data state transition system there is an edge A tr! B if the transition tr isa
tivated in the marking 
orreponding to state A and the result of the �ring isthe marking that 
orresponds to B, thus GDSTS is isomorphi
 to the markinggraph of the net in Fig. 6.For simpli
ity we do not examine pro
esses of the net here but they are
onsidered in [10℄. Therefore the pro
ess signature is empty and there are norea
tive state transition systems.6 A Component Framework for a Generi
 IntegratedModeling Te
hniqueIn this se
tion we 
ome ba
k to the main aim of this paper to 
ombine the
on
epts for the generi
 
omponent framework, presented in Se
t. 3, with theintegration paradigm, introdu
ed in Se
t. 5. We introdu
e the new 
on
ept ofhigh-level 
onstraints for integrated model signatures, whi
h provides a frame-work for presenting, in a uniform way, several kinds of integrated model spe
i�-
ations. This is the basis for the instantiation of our generi
 
omponent 
on
eptto this kind of integrated spe
i�
ations, and allows us to de�ne a notion of in-ternal 
orre
tness of a 
omponent. Then, we prove that internal 
orre
tness ispreserved under 
omponent 
omposition.In this se
tion, for the sake of simpli
ity, we restri
t ourselves to deal with\tight" modeling te
hniques, i.e. approa
hes where a given spe
i�
ation de�nes aunique model (up to isomorphism). This is the 
ase of many modeling te
hniques,like Z, state
harts or Petri nets. As a 
onsequen
e, we do not 
urrently deal with\loose" approa
hes, like temporal logi
 spe
i�
ations, where a given spe
i�
ationmay have many (non-isomorphi
) models. Nevertheless, it must be said that the
onstraints approa
h 
onsidered would also have allowed us to deal with thesete
hniques in a uniform way, making use of the notion of loose 
onstraints.
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hnique 196.1 High-Level ConstraintsLet HL be a 
lass of high-level stru
tures, like a 
lass of Petri nets or state
harts,together with an interpretation in the integration paradigm. This means that wehave, for ea
h high-level stru
ture HL 2 HL, a signature Sig(HL) and a modelMod(HL), su
h that Sig(HL) is an integrated model signature M -SIG andMod(HL) is an integrated model M 2 Mod(M -SIG). Now, for ea
h modelsignature M -SIG, we de�ne the 
lass of high level 
onstraints for this signatureby: HL-Constr(M -SIG) = fHL jHL 2 HL and Sig(HL) =M -SIGgFor ea
h integrated modelM 2Mod(M -SIG) and ea
h high-level 
onstraintHL 2 HL-Constr(M -SIG), we say that M satis�es HL, written M j= HL, ifthe model Mod(HL) is isomorphi
 to M , i.e.M j= HL()Mod(HL) �=MWe 
ould be slightly more general by allowing M 2 Mod(M -SIG0) andde�ning: M j= HL()Mod(HL) �= RESTR(M)where RESTR(M) is the restri
tion of M with respe
t to M -SIG. But, forthe sake of simpli
ity, we only 
onsider the simpler 
ase in this paper. How-ever, the more general 
ase is important in view of the general requirement ofsystem modeling with heterogeneous 
omponents based on di�erent modelingte
hniques. In parti
ular, let HL1 and HL2 be two di�erent 
lasses of high-level stru
tures, like, for instan
e, Petri nets and State
harts. Then, we 
ouldhave high level 
onstraints HL1 2 HL1 for M -SIG1, and HL2 2 HL2 for M -SIG2, whereM -SIG1 andM -SIG2 are both in
luded inM -SIG. Then, a modelM 2 Mod(M -SIG) would satisfy the high-level 
onstraints HL1 and HL2 si-multaneously, if the restri
tionsM1 of M to M -SIG1 and M2 of M to M -SIG2would be isomorphi
 to the models Mod(HL1) and Mod(HL2), respe
tively.This means that the subparts M1 and M2 of M are 
onstrained by di�erentmodeling te
hniques.6.2 Integrated Model Spe
i�
ations with High-Level Constraintsand Generi
 TransformationsAn integrated model spe
i�
ation M -SPEC = (M -SIG;HL), with a high-level
onstraint HL 2 HL-Constr(M -SIG) 
an be 
onsidered now as a spe
ial 
aseof a model spe
i�
ation, in the sense of Se
t. 3.1. Let us have a 
loser look atthe generi
 transformation 
on
ept and the 
orresponding extension property(see 3.3) in this spe
ial 
ase. A generi
 transformation trafo:M -SPEC1 )M -SPEC2, in this 
ase, 
onsists of the transformations trafoSIG:M -SIG1 )M � SIG2, and trafoCons:HL1 ) HL2, su
h that Sig(HL1) = M -SIG1and Sig(HL2) = M -SIG2. An in
lusion i:M -SPEC1 � M -SPEC2 
onsists of
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lusion of signatures, and iCons:HL1 � HL2,an in
lusion of HL-stru
tures.The extension property means now that we have separate extension proper-ties for integrated model signatures andHL-stru
tures, as shown in Fig. 12. Theyare, however, 
ompatible in the sense that the 
orresponding pairs in ea
h 
ornerare integrated model spe
i�
ations. This is espe
ially valid forM -SPEC 02 = (M -SIG02; HL02), whi
h means that the signature Sig(HL02) is equal to M -SIG02.M -SIG1 trafoSIGi1;SIG M -SIG2i2;SIG HL1 trafoConsi1;Cons HL2i2;ConsM -SIG01 trafo0SIG M -SIG02 HL01 trafo0Cons HL02Fig. 12. Extension diagrams for integrated model spe
i�
ations6.3 Internal Corre
tness of ComponentsThe 
omponent framework of Se
t. 3 
an now be applied to integrated modelspe
i�
ations with high-level 
onstraints. This means that we have all the 
on-stru
tions and results for 
omponents available in an even more sophisti
atedframework.A 
omponent COMP = (IMP;EXP;BOD; imp; exp) 
onsists now of in-tegrated model spe
i�
ations IMP , EXP and BOD and import and export
onne
tions, de�ning an in
lusion imp: IMP � BOD and a transformationexp:EXP ) BOD.This means, for the 
orresponding high-level 
onstraints HLIMP , HLBODand HLEXP , that we have the following properties, 
alled internal 
orre
tnessof the 
omponent:1. HLIMP � HLBOD2. exp(HLEXP ) = HLBODwhere exp(HLEXP ) is the result of the transformation expCons:HLEXP )HLBOD of HL-stru
tures.As remarked at the end of Se
t. 3.2, we 
ould have relaxed the assumptionthat the import 
onne
tion is an in
lusion of spe
i�
ations, asking to have only anin
lusion of signatures. This may be espe
ially the 
ase when the body is a tightspe
i�
ation, for instan
e a Petri net, and the import is a loose one, for instan
e
onsisting of a set of temporal logi
 formulas. In this situation we 
an also relaxthe internal 
orre
tness 
ondition: We 
an just ask that the (transformed) export
onstraints should be implied by the import and the body 
onstraints. Formally,(imp(ConstrIMP ) + ConstrBOD)! exp(ConstrEXP ).
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hnique 216.4 Internal Corre
tness Preserved under CompositionIn Se
t. 3.5 we have de�ned the 
omposition COMP3 of 
omponents COMP1and COMP2, using a 
onne
tor 
onne
t: IMP1 ! EXP2. We have also assumedthat the 
onne
tor uniquely de�nes a transformation 
onne
t: IMP1 ) EXP2.In the 
ase of integrated model spe
i�
ations with high-level 
onstraints, thismeans espe
ially that we have a transformation of HL-
onstraints 
onne
tConssu
h that 
onne
t(HLIMP1) = HLEXP2 .We want to show that internal 
orre
tness of COMP1 and COMP2 impliesthat of the 
omposition COMP3.Theorem 2. Given internal 
orre
t 
omponents COMP1 and COMP2 and the
omposition COMP3 = COMP1 Æ
onne
tCOMP2 then also COMP3 is internal
orre
t.Proof. We have to showHLIMP3 � HLBOD3 and exp3(HLEXP3) = HLBOD3 : (7)The extension property in the 
ase of HL-
onstraints for the 
omposition of
omponents, in Fig. 3, means that, if we haveHLIMP1 � HLBOD1 and x
onne
t(HLIMP1) = HLBOD2 ; (8)then we have alsoHLBOD2 � HLBOD3 and x
onne
t0(HLBOD1) = HLBOD3 : (9)Now, by internal 
orre
tness of COMP1 and COMP2, we haveHLIMP1 � HLBOD1 andx
onne
t(HLIMP1) = exp2 Æ 
onne
t(HLIMP1) = exp2(HLEXP2) = HLBOD2 ;whi
h implies (8). Hen
e, we have also (9) and 
an end the proof of (7) as follows:HLIMP3 = HLIMP2 � HLBOD2 � HLBOD3 andexp3(HLEXP3) = x
onne
t0(exp1(HLEXP1)) = x
onne
t0(HLBOD1) = HLBOD3 :ut6.5 Example of Components in the Framework of Integrated ModelSpe
i�
ationsAs an example we will transform the 
omponent COMP1 from our runningexample in Se
t. 4 into the framework of integrated model spe
i�
ations.The export interfa
e now is a model spe
i�
ation EXP 
ontaining a modelsignature M -SIGEXP and the algebrai
 high-level net HLEXP = EXP1 fromSe
t. 4.1 as 
onstraint. The signature M -SIGEXP is 
onstru
ted as shown inSe
t. 5.4. The spe
i�
ations BOD and IMP are a
hieved 
orrespondingly.
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onsists of two transfor-mations expSIG:M -SIGEXP )M -SIGBOD and expCons:HLEXP ) HLBOD.The latter is the same transformation as exp1 from Se
t. 4.1, while the formerjust does the 
orresponding transformations on the synta
ti
al side, i. e. removesthe transformation stop from TEXP and adds the sorts RunState and Obje
tand the operations st, 
on and do to �0, the 
onstants started and finished to� and the transformations run and exit to T .The import in
lusion imp 
onsists of impCons:HLIMP � HLBOD, whi
h isthe same in
lusion as imp1 from Se
t. 4.1, and the 
orresponding in
lusion onthe synta
ti
al side impSIG:M -SIGIMP �M -SIGBOD.The resulting 
omponent is internally 
orre
t sin
e HLIMP � HLBOD bythe in
lusion impHL and exp(HLEXP ) = HLBOD.7 Instantiations of the Generi
 Component FrameworkOur 
omponent framework is generi
 with respe
t to several aspe
ts. First of all,it is generi
 with respe
t to the te
hnique used for system modeling, in
ludingespe
ially the 
ase of integrated modeling te
hniques. This is re
e
ted by ourgeneri
 notion of integrated model signatures and models. Se
ondly, it is generi
with respe
t to the semanti
s of 
omponents and with respe
t to the 
ompositionoperation, using a generi
 notion of 
onne
tor, where the semanti
s and the 
on-ne
tors are based on a generi
 notion of transformation. Finally, the frameworkis generi
 with respe
t to the kind of 
onstraints used for modeling te
hniques,allowing us to formulate internal 
orre
tness of 
omponents.In this se
tion, we will brie
y review some examples of instantiations forall these generi
 aspe
ts, i.e., for integrated model signatures, transformationsand 
onstraints. Moreover, we dis
uss instantiations of the generi
 
omponentframework leading to existing and new 
omponent 
on
epts for spe
i�
 inte-grated modeling te
hniques. This in
ludes 
omponent 
on
epts for Petri nets,graph transformations and some ideas for other visual modeling te
hniques, likeUML.7.1 Instantiations of Integrated Modeling SignaturesIn Se
t. 5, we have reviewed our integration paradigm, in
luding 
on
eptualand formal instantiation for several data type and pro
ess modeling te
hniques.Espe
ially, formal instantiations have been given in our paper [10℄ for CCS,pla
e/transition nets, algebrai
 high-level nets, graph transformations and at-tributed graph transformations. Moreover, 
on
eptual instantiations have beendis
ussed for �SZ, state
harts, UML 
lass diagrams and others in [9℄.7.2 Instantiations of TransformationsTransformation and re�nement 
on
epts have been developed for a great varietyof data type and pro
ess modeling te
hniques in the literature. In the following,
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hnique 23we will fo
us on algebrai
 graph transformation 
on
epts and transformation ofhigh-level stru
tures [12, 7℄. The extension property for transformations formu-lated in Se
t. 3 is well-known, as an embedding theorem, in the 
ase of algebrai
graph transformations based on the double pushout approa
h. This approa
hhas been generalized to the 
ategori
al framework of high-level stru
tures, in-
luding algebrai
 spe
i�
ations and algebrai
 high-level nets. Several 
on
eptsand results for algebrai
 graph transformations have been generalized to the 
at-egori
al framework of high-level stru
tures and repla
ement systems, in
ludinga basi
 version of the embedding theorem. At least, the horizontal and verti
al
omposition property, required in 3.6, still has to be formulated for high-levelrepla
ement systems and instantiated for Petri nets and other modeling te
h-niques. Expli
it examples of transformations in the 
ase of algebrai
 high-levelnets are given in Se
t. 4.7.3 Instantiations of High-Level ConstraintsAs dis
ussed in Se
t. 6.1, high-level 
onstraints 
an be formulated for any kindof integrated modeling te
hnique, whi
h 
an be instantiated in the integrationparadigm. This has been done for all the formal integrated modeling te
hniquesdis
ussed in 7.1. On the other hand, in order to be able to instantiate ourgeneri
 
omponent framework for these modeling te
hniques transformations ofhigh-level 
onstraints satisfying the extension property need to be de�ned (see6.2). This means that we 
an apply our framework to all the formal integratedmodeling te
hniques, whi
h have not only an interpretation in the integrationparadigm, but whi
h are also instan
es of high-level repla
ement systems as dis-
ussed in subse
tion 7.2. Espe
ially, this has been done for di�erent kinds ofPetri nets and algebrai
 spe
i�
ations.7.4 Component Con
epts for Petri NetsAs dis
ussed above, Petri nets have been interpreted in the formal model ofour integration paradigm. Moreover, rule-based transformations of Petri nets,in the sense of graph transformations and high-level repla
ement systems, 
anbe used as instantiation of transformations in the generi
 
omponent 
on
ept ofSe
t. 3. In fa
t, two di�erent kinds of Petri nets have been 
onsidered for theformal instantiation: pla
e/transition nets and algebrai
 high-level nets. But,also, other kinds of low-level and high-level nets are suitable. A spe
i�
 exampleof 
omponents, in the 
ase of algebrai
 high-level nets, has been given in Se
t.4, in
luding 
omposition of 
omponents. This 
omponent 
on
ept for Petri netsis 
losely related to the 
omponent 
on
epts for Petri nets presented in [25℄. Infa
t, re�nements of transitions, in the sense of [25℄, are 
losely related to rule-based transformations of Petri nets, where the left-hand side of the rule 
onsistsof a single transition only. Espe
ially, it seems to be possible to 
onsider the
ase study in [25℄, in the appli
ation domain of telephone servi
es, also as a 
asestudy of our 
omponent 
on
ept.
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epts for Graph Transformation SystemsSimilar to the 
ase of Petri nets dis
ussed above, also graph transformationsystems have been interpreted in the formal model of our integration paradigm.M. Simeoni ([27℄) has 
onsidered a notion of re�nement for graph transformationsystems, whi
h is used as export 
onne
tion between the graph transformationsystems in the export and in the body part. It should be pointed out thata re�nement of graph transformation systems is 
on
eptually di�erent from are�nement or transformation of graphs.A
tually, the stru
tures to be re�ned or transformed in the �rst 
ase are graphtransformation systems, i.e., a set of graph produ
tions, while the stru
turesare graphs in the se
ond 
ase. In fa
t the re�nements of graph transformationsystems, in the sense of [27℄, 
an be 
onsidered as transformations in the sense of3.3, be
ause they are shown to satisfy the extension property. More pre
isely, itis shown in [27℄ that the 
orresponding 
ategory of re�nements has pushouts, ifat least one morphism is an in
lusion. This property is shown for typed algebrai
graph transformation systems ([15℄) and lo
al a
tion systems in the sense of [18℄.In both 
ases this means that the extension diagram is a spe
ial kind of pushout
onsidered in [27℄. As pointed out in the introdu
tion the synta
ti
al 
on
eptof the module 
on
ept for graph transformation systems in [27℄ is the same asthat of our 
omponent 
on
ept in Se
t. 3, instantiated for graph transformationsystems. In [10℄ we dis
ussed already an extension towards attributed graphtransformations ([20℄) whi
h leads now to a new 
omponent 
on
ept for this
ase.7.6 Towards a Component Con
ept for Visual Modeling Te
hniquesAs shown by R. Bardohl [2℄, a large number of visual modeling te
hniques 
anbe formulated in the framework of GenGEd, based on attributed graph trans-formations ([20℄). In [10℄, we have dis
ussed already how attributed graph trans-formations 
an be interpreted in our integration paradigm. Moreover, in [2℄, itis shown how attributed graph transformations 
an be used to de�ne transfor-mations of visual senten
es for di�erent visual modeling te
hniques. This seemsto be a good basis to de�ne a 
omponent 
on
ept for visual modeling te
hniquesas instantiations of the general framework presented in this paper. This appliesespe
ially to the di�erent diagram formalisms of the UML ([30℄), where at leastsimpli�ed versions of 
lass diagrams and state
harts have been 
onsidered in theframework of GenGEd.More dire
tly, there are already suitable re�nement and transformation 
on-
epts for di�erent kinds of UML te
hniques, whi
h might be used as transforma-tions in the sense of our generi
 
omponent 
on
ept. However, it remains openwhi
h of these transformation 
on
epts satisfy our extension property in order toobtain other interesting instantiations of our 
omponent 
on
ept. In parti
ular,in [6℄, a transformation 
on
ept for state
harts has been introdu
ed, whi
h 
anbe 
onsidered as an instantiation of transformations for high-level repla
ementsystems, as dis
ussed in 7.2. This seems to be a good basis for a 
omponent
on
ept for state
harts.
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hnique 258 Con
lusionWe have presented a transformation-based 
omponent framework for systemmodeling. More pre
isely the main aim of this paper is a 
omponent frameworkfor a generi
 integrated modeling te
hnique 
ombining the integration paradigmin [9, 10℄ with the generi
 
omponent framework in [11℄. This framework is basedon a generi
 transformation 
on
ept, whi
h is used to express intra- and inter-dependen
ies of interfa
es and bodies of 
omponents given by integrated modelspe
i�
ations. We have introdu
ed a new type of 
onstraints for integrated spe
-i�
ations, 
alled high-level 
onstraints, whi
h allows us to use high-level Petrinets or other kinds of high-level stru
tures as 
onstraints.Finally let us dis
uss in whi
h way our generi
 
omponent framework meetsthe main requirements stated in Se
t. 2. Our proposed framework meets to a largeextent the �rst requirement to be in a

ordan
e with standard 
onstru
tionsused in 
urrent 
omponent te
hnology as dis
ussed in 2.1. However, partly dueto la
k of spa
e, in this paper we just study a simple operation of (hierar
hi
al)
omposition of 
omponents. However, we have also studied a union operation for
omponents and our experien
e on algebrai
 spe
i�
ation modules provides goodguidelines to de�ne other more 
omplex operations like, for instan
e, 
ir
ular
omposition. Moreover, it remains open to extend our framework to ar
hite
turalissues in the sense of [13, 32, 19℄ dis
ussed in the introdu
tion.Con
erning the requirements in 2.2 we have de�ned 
omponents not only assynta
ti
al, but also as self 
ontained semanti
al units. We have shown as twobasi
 results that our semanti
s based on transformations is 
ompositional andthat internal 
orre
tness of the system model 
an be inferred from its 
ompo-nents.The generi
ity requirements in 2.3 have been the main guidelines for ourgeneri
 framework. Espe
ially we have shown in Se
t. 7 how to instantiate all thegeneri
 parameters. Further exploration of the new idea of high-level 
onstraintsshould be espe
ially useful for system modeling with heterogeneous 
omponents,based on di�erent modeling te
hniques. However, presently, it remains open howto 
ombine in our framework di�erent kinds of high-level 
onstraints and well-known examples of loose 
onstraints, like formulas in predi
ate or temporal logi
.Finally let us point out again that our generi
 framework is suitable notonly for formal modeling te
hniques mainly dis
ussed in this paper, but alsofor semiformal te
hniques. However, it remains open to tailor our frameworkto spe
i�
 requirements for visual modeling te
hniques in
luding UML and torelate it to existing 
apsulation, pa
kage and 
omponent 
on
epts for some ofthese te
hniques ([5℄).A
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