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t. Re
ently, 
omponent models have re
eived mu
h attentionfrom the Software Engineering resear
h 
ommunity. The goal of ea
hof these models is to in
rease reuse and to simplify the implementationand 
omposition of new software. While all these models fo
us on thespe
i�
ation and pa
kaging of 
omponents, however, they provide al-most no support for their adaptation and 
omposition. This work stillhas to be done programmati
ally. In this paper we present Type BasedAdaptation, a novel adaptation te
hnique that uses the type informationavailable about a 
omponent. We also des
ribe the design and implemen-tation of our referen
e implementation thereby verifying the feasibilityof this approa
h.1 Introdu
tionToday's 
omponent models 
an be distinguished between server side 
omponentmodels and lo
al 
omponent models. Lo
al 
omponent models des
ribe pie
es ofsoftware similar to libraries that 
an be used by builder tools to 
reate an appli-
ation. Server side 
omponent models, however, des
ribe 
omponents similar toservi
es that 
an be a

essed by other 
omponents. In this arti
le, we will fo
uson server side 
omponent models.Most 
omponent models available today, su
h as the CORBA ComponentModel (CCM) [21{23℄, the JavaBeans 
omponent model [13℄, the EnterpriseJavaBeans (EJB) 
omponent model [5, 20℄, COM [6℄, or .NET, rely on bla
kbox 
omponents with well-de�ned and publi
ly available interfa
es. Based onthe knowledge of these interfa
es, the 
omponents 
an be 
omposed to intera
twith ea
h other. One 
omponent, for instan
e, might request a weather servi
efrom a naming or trading servi
e. If the interfa
e provided by the weather servi
emat
hes the interfa
e expe
ted by the requesting 
omponent intera
tion betweenthem is possible. Otherwise, there is 
urrently no means for the two 
omponents



to intera
t with ea
h other. We propose to address this problem using type-basedadaptation. In parti
ular, we are interested in Dynami
 Distributed Systems [12℄where the 
ommuni
ation patterns have not been de�ned a priori and thus theinterfa
es provided by a servi
e are not known to the 
lient until run-time.Type based adaptation builds on top of the interfa
e a 
omponent expe
tsand the interfa
e provided by a 
omponent, information provided by modern
omponent models. In 
ase of server side 
omponent models su
h as the CORBA
omponent model (CCM) or the Enterprise JavaBeans 
omponent model (EJB)the interfa
es provided by a 
omponent is the only type information available.We will show, how to extra
t information about the expe
ted interfa
es.Type-based adaptation does not rely on any additional des
ription of thesemanti
s of the 
omponent as 
ould be provided by a semanti
 des
riptionframework su
h as the DARPA Agent Markup Language (DAML) [4℄. Semanti
des
ription frameworks are not yet readily available and rely heavily on stan-dardization.The outline of this paper is as follows. In Se
tion 2 we present a runningexample of a sample appli
ation that 
an use type-based adaptation. Se
tion 3shows the model underlying our adaptation approa
h. Based on this, we dis
ussdesign issues in Se
tion 4 and des
ribe an implementation in Se
tion 5 along withits evaluation in Se
tion 6. Possible extension and future work are 
onsidered inSe
tion 7. In Se
tion 8 we present related work and we draw our 
on
lusions inSe
tion 9.2 MotivationIn a dynami
 distributed system the 
ommuni
ation patterns between its 
om-ponents are not determined a priori. This allows the system to adapt more easilyto the users' needs. For the implementation of su
h a system a middleware layersu
h as provided by CORBA or Enterprise JavaBeans (EJBs) is used. Whileboth CORBA and EJBs provide server side 
omponents they la
k the possibil-ity to adapt the 
omponents available. Thus, 
omponent a 
an only intera
t with
omponent b if b provides the interfa
e expe
ted by a. As shown by the followingexample, the 
exibility of a 
omponent model 
an be improved by the provisionof a transparent adaptation me
hanism su
h as type based adaptation.The use 
ase [7℄ in Figure 1 shows an Internet Superstore where the Userbrowses and sele
ts produ
ts available. After the User has sele
ted the produ
tshe wishes to buy, he sele
ts the shipping address from an Addressbook Servi
ewith whi
h the User manages his addresses. When the User wishes to pay forthe produ
ts, the payment is performed via a Payment Component that 
hargesthe User 's a

ount.Almost all of today's Internet stores have an internal addressbook servi
e.This, however, is in
onvenient be
ause the User has to manage a di�erent ad-dressbook for ea
h store he wishes to buy goods from. He would prefer to use anexternal addressbook servi
e to manage his addresses and simply instru
t theInternet Superstore to use the addressbook provided by that servi
e.
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Fig. 1. Internet Shopping Appli
ationAs long as the Addressbook Servi
e exa
tly implements the interfa
e expe
tedby the Internet Superstore this is possible today. If not, the 
omponents areunable to intera
t and the bene�ts of the above approa
h is lost. With multipleservi
e providers, however, it is unlikely that they all will implement the sameinterfa
e. This is where type based adaptation 
omes in. Type based adaptationallows for the transparent and automati
 adaptation of the interfa
e of oneservi
e (e.g., the Addressbook servi
e) to mat
h the interfa
e required by another(e.g., the Internet Superstore).3 Adaptation ModelServer-side 
omponents 
onsist of multiple interfa
es, ea
h represented by a dif-ferent obje
t [21℄. For a 
omponent using another 
omponent only the interfa
esprovided by the other 
omponent are important. Sin
e an interfa
e de�nes a
ontra
t that spe
i�es the behavior [18℄, type-based adaptation uses this typeinformation as the basis of whether a 
omponent 
an be substituted with an-other. The mapping information that de�ne how one interfa
e has to be mappedinto another, however, has to be provided by a human 
apable of understand-ing the di�erent interfa
es that need to be mapped. A human has to de
idewhether two interfa
es 
an be translated into ea
h other, and, if so, to spe
ifytheir translation.Only the presen
e of this information makes automated adaptation possible.To provide mapping information type based adaptation uses adapters. Theseadapters algorithmi
ally des
ribe how to translate di�erent interfa
es into ea
hother. The interfa
es provided and expe
ted by the 
omponents are the onlytype information required. The adapters themselves are written in typi
al pro-gramming languages su
h as C++ or Java. Finally, the adapters are stored in arepository with some meta-information about the adapters su
h as the interfa
esthey translate.



Our approa
h 
an be seen as an extension of the adapter pattern [9, 19℄.The di�eren
e, however, is that the adapters are �rst-
lass obje
ts des
ribed ontheir own and that an adapter repository exists having full knowledge about theadapters available and the transformations they des
ribe. The repository storesinformation su
h as the interfa
es the adapters translate, and optionally theirperforman
e 
hara
teristi
s or whether their translation is lossless. Based on thisinformation the adaptation-pro
ess 
an be automated.In 
ase of server side 
omponent models su
h as the CORBA 
omponentmodel (CCM) or the Enterprise JavaBeans 
omponent model (EJB) the type ofa 
omponent is represented by the interfa
es it implements. Thus, the implemen-tation of an adapter A that translates from an interfa
e Ifrom to an interfa
eIto is straightforward.In fa
t, 
ode as it needs to be written for these adapters exists already inmany of today's software systems in the form of wrappers or in the form of sub-
lasses, the basi
 form of wrapping. Unfortunately, in su
h 
ode espe
ially whensub
lassing is being used, the adapter is part of a bigger 
omponent and thus
annot exist on its own. To be used in 
ombination with the adapter repositorythis 
ode has to be fa
tored out into a separate 
lass, the adapter. Afterwards,it 
an be used in 
ombination with the adapter repository and thus 
an bereused automati
ally in other systems where similar interfa
e transformationsare ne
essary.
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Fig. 2. A Sample Adapter RepositoryAs shown by the sample adapter-repository in Figure 2, an adapter repos-itory forms a dire
ted graph G where the interfa
es are represented by theset of verti
es V (G) = fa; b; 
; d; e; fg and the adapters by the set of edgesE(G) = fad; da; ae; ea; b
; f
g between the interfa
es they 
an translate. In 
asean adapter required is missing adapters 
an be 
ombined. For instan
e da andae 
an be 
ombined to simulate an adapter de. To �nd a suitable 
ombinationof adapters a simple shortest path algorithm is suÆ
ient. Additionally, the al-gorithm 
an be tuned to prefer adapters of spe
i�
 
hara
teristi
s by applyingdi�erent weights to ea
h edge (adapter). For instan
e, if the user were interestedin a lossless adaptation, the weight of lossy adapters should be set to 1.



We propose to implement this algorithm in a separate adaptation 
omponentthat 
an be used by a 
lient or naming servi
e. Whenever it is ne
essary toperform an adaptation the adaptation 
omponent 
an be queried for an adapteror a 
ombination thereof to perform the required translation. This gives the userthe impression of having automati
 
omposition at hand. Only if no su
h adapterexists, the 
omposition of the 
omponents 
annot be performed automati
allyand the user has to provide a new adapter for the 
omposition to su

eed. Afterthe adapter has been provided, it 
an be added to the adapter repository andmade available to other users of the adaptation 
omponent.A di�erent approa
h to the adaptation problem is the use of a semanti
 de-s
ription framework that allows to des
ribe the interfa
e, its methods and datastru
tures using a 
ommon ontology. Su
h an approa
h might be implementedusing DAML [4℄. We 
laim, however, that this approa
h only adds another levelof indire
tion sin
e no 
ommonly a

epted ontology for the semanti
 des
riptionexists. Di�erent ontologies, however, will be unavoidable sin
e 
ompanies areunwilling to release any information about their produ
ts in their early develop-ment states. Su
h information, however, is 
ru
ial for the standardization of a
ommon ontology.4 Design IssuesIn a dynami
 distributed system, ea
h 
omponent implements a di�erent servi
eand 
an be exe
uted by a di�erent 
omputer as shown in Figure 3. Typi
ally,when one 
omponent needs a servi
e from another it queries a name server ortrader for the servi
e using a well known identi�er. The naming servi
e returns areferen
e whi
h the 
lient 
asts to a spe
i�
 interfa
e as shown in Figure 4. Now,the 
lient 
an intera
t with the servi
e returned by the naming servi
e. If theservi
e requested by the 
lient, however, does not mat
h the interfa
e expe
tedby the 
lient an ex
eption will be thrown and the 
lient will be unable to intera
twith the servi
e.
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Fig. 3. A

essing a Servi
e in a Distributed Component System



try {Context 
tx=getInitialContext();Obje
t dobj=
tx.lookup("CookieServer");CookieHome 
h=(CookieHome)PortableRemoteObje
t.narrow(dobj,CookieHome.
lass);Cookie 
=
h.
reate();System.out.println(
.getCookie());} 
at
h(Ex
eption e) {e.printSta
kTra
e();} Fig. 4. Typi
al Client Code in a Distributed Component SystemInstead of throwing an ex
eption it is better to use an adaptation 
omponentresponsible for the transparent instantiation of the adapters when ne
essary. Anideal lo
ation for this is the 
lient sin
e typi
ally the naming servi
e or the servi
eprovider do not know the interfa
e expe
ted by the 
lient. Still, it might makesense to add adaptation support to a trading servi
e if the query language allows
lients to request a 
omponent by its interfa
e.Sin
e an adaptation 
omponent has to be available to the 
lient and probablyto the naming servi
e, a straightforward approa
h would be to lo
ate an adapterrepository at both sites. While pla
ing an adaptation 
omponent at ea
h siteis �ne we re
ommend to use a 
entral adapter repository or better to link thevarious adapter repositories. Hen
e, the adapters have to be pie
es of mobile
ode [8℄ loaded on demand by the adaptation 
omponent.While this approa
h in
reases the number of adapters available and the num-ber of interfa
es that 
an be translated into ea
h other it has to be used in
ombination with mobile 
ode. The se
urity risks posed by mobile 
ode 
an besolved by the following two approa
hes. First, the adapters should be exe
utedwithin a safe sandbox environment. The Java Virtual Ma
hine [17℄, for instan
e,
an provide su
h an environment that does not allow the downloaded 
ode toexe
ute arbitrary instru
tions. Additionally, mu
h work exists in the 
ontext ofJava and Mobile Agents that 
an be reused for our approa
h [1, 10, 11, 15℄.Additionally, we have to determine where the adapters should be exe
uted.We re
ommend the adapters to be exe
uted by the party that wants the two
omponents to intera
t with ea
h other, typi
ally, the 
lient. This pushes these
urity risk and the adapter's resour
e 
onsumption to the party bene�ting fromthe 
omposition. Thus, the servi
e providers do not su�er any disadvantage.5 ImplementationTo evaluate the feasability of our approa
h, we have implemented type basedadaptation for the Enterprise JavaBeans (EJB) 
omponent model [5, 20℄. Mostof the implementation de
isions, however, 
an be applied to other 
omponent



models as well. EJB is a server side 
omponent model that provides supportfor se
urity, persisten
e, and transa
tion management allowing the developer tofo
us on the appli
ation logi
 [5℄.A typi
al Enterprise JavaBean 
onsists of a home interfa
e serving as the
omponent's fa
tory, a remote interfa
e spe
ifying the 
omponent's fun
tionalityand the 
omponent's implementation. After an EJB has been deployed in an EJBserver, the EJB server provides a 
ontainer for ea
h 
omponent that takes 
areof the 
omponent's life
y
le and the intera
tion with its 
lients. For a 
lient,however, an EJB 
omponent looks similar to an RMI servi
e. Figure 4 showsthe typi
al 
lient 
ode to obtain a referen
e to the home interfa
e, to 
reate anew instan
e of an EJB 
omponent and to invoke one of its method.Sin
e our referen
e implementation is based on Java whi
h simulates a ho-mogenous environment little additional support has to be provided to downloadthe adapters on demand from a 
entral repository. As dis
ussed in the previousse
tions the following items must be 
onsidered for an implementation of typebased adaptation:Adapter Repository This 
omponent is responsible to store the adapters andto provide lookup operations based on their meta-information.Adaptation Component This 
omponent is responsible to 
ompute an opti-mal 
hain of adapters.Adapter Des
ription Ea
h adapter 
omes with a des
ription of the interfa
esit 
an translate.Pa
kaging Ea
h adapter is stored in its own pa
kage along with the adaptersdes
ription.5.1 The Adapter RepositoryThe adapter repository itself is straightforward sin
e it only has to store theadapters and their des
riptions. Any data stru
ture that 
an store a graph withparallel edges (multiple edges 
onne
ting the same two nodes) is suÆ
ient. Sin
ethe graph, however, will 
onsist of a large number of blo
ks (independent 
om-ponents within the graph) of equivalent interfa
es, we have 
hosen to use anadja
en
y list that stores all the out-edges for a given vertex v. For the lookupof adapters we 
hose to use Dijkstra's shortest path algorithm whi
h has a 
om-plexity of O(jE(G)j) whi
h typi
ally is mu
h smaller than O(jV (G)j2) [3℄.5.2 The Adaptation ComponentThe 
ode in Figure 4 illustrates that the narrow operation (a system independent
ast operation) is the perfe
t pla
e for the adaptation 
omponent. At this pointof exe
ution the interfa
e provided by the server is available as part of the obje
treferen
e and the interfa
e expe
ted by the 
lient is passed as an argument tothe narrow operation. Additionally, it allows us to transparently plug type basedadaptation into an existing system by upgrading the middleware layer only.



Table 1. Methods Provided by the Adaptation ComponentObje
t getAdapter(Obje
t from, Class to)Instantiates an adapter that provides the interfa
e to to the 
lient and intera
tswith the servi
e represented by from. The obje
t returned is the adaptedobje
t.Adapter getAdapter(Class from, Class to)This method looks up an adapter or 
ombination of adapters that provide theinterfa
e to to its 
lients and intera
ts with a servi
e providing interfa
e from.The obje
t returned is a fa
tory that 
an be used to 
reate instan
es of theadapter.
The adaptation 
omponent only has to provide lookup operations as shownin Table 1 to be used by the middleware layer's narrow operation. While the �rstmethod returns an already instantiated adapter, the se
ond method returns anobje
t des
ribing a 
ombination of adapters. This obje
t provides methods thatwrap a servi
e with the a

ording adapter.Frequently, a trading servi
e also allows the 
lient to lookup a servi
e basedon some properties. For instan
e, a travel agent might request any 
omponentthat implements the at.a
.tuwien.Weather interfa
e to display weather infor-mation on its web site. If the naming servi
e supports type based adaptation,it 
an even return a di�erent 
omponent as long as it 
an be translated intoat.a
.tuwien.Weather. This is espe
ially of interest if no 
omponent imple-menting the interfa
e is registered at the naming servi
e.Table 2. Methods provided by the Naming Servi
eObje
t lookup(Class to)Lookup a servi
e that provides the interfa
e to to its 
lients or 
an be trans-lated to that interfa
e.
Sin
e the JBoss EJB Server [16℄ we used for the referen
e implementationdoes not provide su
h a naming servi
e we have implemented our own supportingthe lookup of a 
omponent based on the interfa
e it provides (Table 2). If multipleservers with the same interfa
e are registered they are returned in a round robinmanner.



5.3 Adapter Des
riptionThe des
ription of an adapter has to spe
ify the interfa
e the adapter translatesfrom and the interfa
e the adapter maps to. Additionally, it should be possibleto supply additional information about the adapter su
h as whether it performsa lossless translation, the adapter's performan
e 
omplexity or other properties.This des
ription 
ould be maintained by the adapter 
lass itself and 
ouldbe be a

essed using introspe
tion as it is used by the JavaBeans 
omponentmodel [13℄. Alternatively, it 
ould be stored externally using a 
on�guration �le.<?xml version="1.0"?><adapter name="SampleAdapter"><mapsfrom><interfa
e>
om.yahoo.AddressDatabase</interfa
e></mapsfrom><mapsto><interfa
e>
om.amazon.AddressBook</interfa
e></mapsto><implementation type="
lassname">at.a
.tuwien.infosys.tba.SampleAdapter</implementation><lossless>false</lossless></adapter> Fig. 5. Sample AdapterWe have de
ided to support both 
hoi
es. This allows us to keep the adapterssimple as well as to extend type based adaptation to other appli
ation domainswhere the use of introspe
tion might not be possible. For the 
on�guration �lewe have 
hosen to use XML [2, 14℄. Using XML has the advantage that existingtools 
an be used to parse the adapter spe
i�
ation. Only a do
ument typede�nition or XML S
hema has to be provided that des
ribes the syntax of theadapter's spe
i�
ation.A sample adapter des
ription is shown in Figure 5. The SampleAdapter
onverts from a �
titious 
om.yahoo.AddressDatabase interfa
e to a �
titious
om.amazon.AddressBook interfa
e. Additionally, the spe
i�
ation indi
ates thatthe transformation is not lossy and that the adapter's implementation is pro-vided by the 
lass at.a
.tuwien.infosys.tba.SampleAdapter. Thus, whenthe adapter is applied some information about an address might be lost.



5.4 Pa
kagingTo simplify the adapter's installation and transfer to another site we have de
idedto put all the 
lass and resour
e �les required for the adapter into a single ar
hive.In general, we re
ommend to use a format similar to the format already exploitedby one of the existing 
omponent models. Sin
e our implementation is based onJava, we have 
hosen to use a .jar -ar
hive for the referen
e implementation.In 
ase of the CORBA Component Model, we re
ommend to use a .zip-�le
ontaining the adapters and their spe
i�
ation �les.6 EvaluationWe implemented a weather servi
e and an addressbook servi
e that we used forexperimentations with our system. Both systems were implemented using En-terprise JavaBeans [5℄. For the weather servi
e we implemented a set of di�erentweather servi
es providing a

ess to weather information along with a set ofadapters able to 
onvert between them. Finally, we implemented a 
lient to seewhether our implementation was able to provide for a transparent adaptation ofthe di�erent weather servi
es.Our system was able to transparently adapt the di�erent weather 
ompo-nents. In some 
ases, however, the adapters were unable to provide some infor-mation expe
ted by the 
lient. This is due to the fa
t that the adapter 
annotgenerate information that is not provided by the 
omponent it adapts. Thisproblem, however, 
ould be solved by allowing the adapter to 
onta
t severaldi�erent servi
es to 
olle
t the required information.For the addressbook servi
e we downloaded and installed the petstore andebank web appli
ations from Sun's website. Both appli
ations were extended toallow the 
ustomer to spe
ify our external addressbook servi
e instead of havingto type in the shipping and mailing addresses over and over again. This extensionallows the user to spe
ify a lo
ation of an external addressbook servi
e to beused. After the user has spe
i�ed the external addressbook, the web appli
ation
onta
ts the user's addressbook servi
e and presents a list of the mailing andshipping addresses to the user.In this s
enario, however, the petstore appli
ation a
ts as a 
lient of theaddressbook servi
e and thus exe
utes the adapters. While the adaptation wasperformed as expe
ted, for se
urity reasons, however, we think that the adaptershould be exe
uted by the web browser. Otherwise, the web browser's user mightbe able to inje
t mali
ious 
ode on the petstore server provided it has a

essto the adapter repository. Additionally, exe
uting the adapter within the webbrowser would allow the user to 
ontrol what address data is transferred to theweb appli
ation and thus in
reases the user's priva
y. This issue, however, willbe atta
ked in future versions of our implementation.



7 Future WorkWhile we have only presented type-based adaptation in the 
ontext of dynami
distributed systems, it 
an be extended to other appli
ation domains as well.For instan
e, it 
ould be used in 
ombination with more traditional softwaredevelopment tools su
h as Integrated Development Environments (IDEs). In atypi
al IDE 
omponents are 
omposed by sele
ting an event a 
omponent 
angenerate and spe
ifying the method or 
onne
tor to be exe
uted. Usually, this
onne
tor has to be implemented by the Developer. Otherwise, the intera
tionbetween the 
omponents would be limited to the exe
ution of existing methodsmat
hing the event's signature [13℄.Type based adaptation eases this problem by allowing the user to reuse
onne
tors that have been written previously. It allows the IDE to understandthe purpose of the 
onne
tors and enables the IDE to present the Developerwith a set of 
onne
tors that 
an be reused for ea
h newly 
reated 
onne
tion.For instan
e, a 
onne
tor toggling a 
ertain property 
ould be reused fairlyfrequently. For instan
e in a drawing appli
ation to indi
ate whether the penis drawing or not.It might also be possible to use type based adaptation to integrate a 
om-ponent in di�erent 
omponent environments. To identify interfa
es a
ross di�er-ent 
omponents, however, a uniform type identi�er 
onsisting of the 
omponentmodel as well as the interfa
e would have to be introdu
ed. In this 
ase, theadapter would not only provide the 
ode for translating between the interfa
esbut also the bridge-
ode ne
essary to translate one proto
ol into the other. Be-fore we will be able to atta
k this problem, however, it is ne
essary to gain moreexperien
e with type based adaptation.One issue we have not resolved yet is the performan
e degredation if multipleadapters need to be 
ombined. We assume, however, that in a typi
al situationmost of the 
omputation takes pla
e within the 
omponents. Additionally, weexpe
t that typi
ally no more than two or three adapters will have to be 
om-bined. Thus, the inter
ommuni
ation between the 
omponents is less importantto be optimized.Even though performan
e is less important it should not be ignored entirely.If several adapters need to be 
ombined partial evaluation 
ould be used to fusethe adapters together. This inlines a large number of method 
alls and thuslowers the performan
e penalty if a large number of adapters are 
ombined.Additionally, 
onstants passed from one adapter to another 
an result in theelimination of a 
onsiderable number of redundant 
omputations.8 Related WorkThe interworking problem between di�erent 
omponents has already been iden-ti�ed by the Nimble [25℄ language whi
h is part of the Polylith [24℄ system andby the 
on
iliation approa
h presented in [27℄. Unlike 
on
iliation, Nimble doesnot take the obje
t-oriented view into a

ount and solely operates on a pro
e-dural level. Compared to type-based adaptation, however, their adaptation is



stati
 and their adaptations 
annot be 
hained. In dynami
 distributed systems,however, it is important that the adaptation is performed at run-time sin
e the
omponents that need to interoperate with ea
h other 
annot be known a-priori.Another approa
h using adapters is the 
omposite adapter design patternpresented in [26℄. While type based adaptation fo
uses on the adaptation of theinter
ommuni
ation between server side 
omponents, this pattern fo
uses moreon the software engineering side by trying to enable the independent developmentof an appli
ation and the framework model the appli
ation uses.The idea of the 
omposite adapter is to implement all wrapper 
lasses adapt-ing the appli
ation 
lasses to the framework as inner 
lass of a 
omposite adapter
lass. While the 
omposite adapter 
lass takes 
are of the instantiation of thewrapper 
lasses, the inner 
lasses only implement the adaptation 
ode. To sim-plify the implementation of the adapters, a new s
oping (adapter) 
onstru
t isproposed.Another interesting adaptation approa
h is used by Jini. Jini uses proxiesresponsible to intera
t with a given devi
e. Whenever, a 
lient wants to intera
twith a devi
e, it downloads the devi
e's Java proxy and intera
ts with it. Theproxy is responsible to shield the appli
ation from having to deal with the de-vi
e's wire proto
ol. This allows Jini to a

ess devi
es from di�erent 
omponentenvironments as long as an a

ording proxy exists. An ar
hite
tural overview ofJini 
an be found in [28℄.9 Con
lusionsThe 
ontribution of this paper is a simple but 
exible and powerful adaptationte
hnique that enables the automated adaptation of software 
omponents. Sin
ethe adapatation 
an be performed during run-time, as we have shown, it is theideal adaptation approa
h for server-side 
omponent models.Type based adaptation, the adaptation te
hnique presented in this paper,uses an adapter repository that stores prebuilt adapters. These adapters spe
ifyhow one interfa
e 
an be translated into another. Hen
e, the repository 
ontainsall the information ne
essary for an automati
 adaptation pro
ess. To some ex-tent the repository 
an be 
ompared to semanti
 des
ription frameworks [4℄ butusing an algorithmi
 approa
h to spe
ify the interfa
e's translation instead. Oneadvantage is that only the adapter repository needs to be standardized whereasfor semanti
 des
ription languages the terminology to des
ribe the semanti
 ofea
h appli
ation domain needs to be standardized. Another advantage is thatmultiple adapters 
an be 
ombined to build a more powerful one. Hen
e, it isnot ne
essary to provide adapters for all the di�erent 
ombinations.We have demonstrated the feasibility of type based adaptation in 
ombina-tion with dynami
 distributed 
omponent systems. Our results, however, indi
atethat it 
an be used in a variety of other appli
ation domains as well. We haveimplemented a prototype for dynami
 distributed 
omponent systems that op-erates on a per-interfa
e level and enables automati
 adaptation. As we haveshown with our examples automati
 adaptation is important for dynami
 dis-



tributed systems sin
e it allows servi
es as already available on the Internet togive more 
exibility to their 
ustomers by allowing them to de
ide what servi
esshould intera
t with ea
h other.A
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