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d.ieAbstra
t. Mu
h of the obje
t-oriented software produ
ed today is writ-ten in programming languages where the 
lient requests servi
es fromspe
i�
 obje
ts. Important areas of software development su
h as aspe
t-oriented, pervasive and grid 
omputing require a more �exible model onhow aspe
ts or servi
es are found and used. In this position paper wedes
ribe an ar
hite
ture that separates 
lients, dispat
hers and multipleservi
e providers.1 MotivationThe most 
ommon model for obje
t-oriented software is that in whi
h a methodis implemented in the obje
t identi�ed by a parti
ular referen
e at the pointof 
all. This obje
t, 
alled the "target" of the 
all, provides an implementationto servi
e the message that it is sent. This 
ommon interpretation is break-ing down in the modern 
omputing environment, and we 
an see symptoms ofthis breakdown emerging in a wide spe
trum of variations, in
luding aspe
t-oriented software [7℄, pervasive 
omputing [1℄, servi
e-oriented software [2℄, andGrid 
omputing [3℄. These models all share at least one important di�eren
efrom the 
ommon obje
t oriented model - they interpose or presume a dispat
h-ing intelligen
e between the message-sending 
lient and the message-re
eivingservi
er. While the emergen
e of these new models 
learly highlights the needfor su
h a dispat
h intermediary, we 
an also see how its introdu
tion would helpto simplify the ongoing attempts to allow the separation of business logi
 from
ontextual 
on
erns.2 MalleabilityThe ability to rapidly adapt to 
hanging environments is important in all of thedomains from se
tion 1. There is a 
riti
al need to be able to use 
lients andservi
es from one sour
e in 
onjun
tion with those of others. Software in whi
h
lients are aware of the stru
ture of the servi
e providers is too brittle to beredeployed in this manner. Continual reorganisation is one of the motivators for



Fig. 1. Federated Servi
e Dispat
hthe growing popularity of both aspe
t-oriented te
hnologies and servi
e-orientedte
hnologies.A key aspe
t of the ability to write more malleable software, is redu
ingthe dependen
y of a 
lient on the way a servi
e is implemented. In the 
urrentobje
t-oriented model, a 
lient and server share an interfa
e. In Java, for exam-ple, the type 
he
ker enfor
es that a 
lient is 
ompiled with respe
t to the sameinterfa
e a 
lass is implementing. One step towards more �exibility, is allowing
lients and servers to intera
t as long as they adhere to an interfa
e that providesthe required fun
tionality even if the synta
ti
 arrangement is di�erent. To max-imise �exibility, we envision the dispat
her being fa
tored out of the language.In this way, dispat
h may be 
ontextualised by allowing de
larative spe
i�
a-tions of dispat
hing poli
ies. At invo
ation time, any servi
e-invo
ation may be
onne
ted to any aspe
t or servi
e implementation that is deemed appropriateby the dispat
her.3 Flexible Dispat
hFigure 1 illustrates the separation of 
lient, dispat
her and servi
es. The dis-pat
her must address both the sele
tion of appropriate aspe
ts of servi
es andthe 
o-ordination of those sele
ted.There may be many potentially suitable servi
ers and therefore, the dispat
h-ing problem be
omes a matter of �nding an appropriate 
andidate or 
andidatesthat will 
arry out the servi
e in an appropriate manner. Malleable softwaremust be 
apable of evolving to allow 
lients to make use of the most suitableservi
es available at the time of use.To address a 
lient's request it 
an be ne
essary to use more than one servi
eand the ordering of these servi
e 
alls may be important. This is not a typi
alelement of language spe
i�
ation but it is important here.Conventionally, the interfa
e guarantees all 
alls to the methods will su

eedbe
ause the parameter variables refer to obje
ts that implement the de
laredmethods. The assertion has two elements:1. the referen
e value provides assuran
e that the methods in its interfa
e 
anbe safely 
alled, and



2. implementations of the methods in its interfa
e are provided in the obje
treferen
edThe �rst is desirable, but the se
ond is not. We plan to develop a languagewith the �exibility to allow assuran
es and implementations to 
ome from anyparameter supplied by the 
lient and not ne
essarily the one that was expe
tedwhen the servi
e was written [4℄.4 Modes of Servi
e Intera
tionAs mentioned in the previous se
tion we have deliberately introdu
ed greater�exibility in the mat
hing of servi
es to 
lients. However, we now must reintro-du
e features that permeate the 
ombination and use of the most appropriateservi
es. We envision at least three ways of providing these 
apabilities: glossaryreferen
es, proto
ols, and (dispat
h) 
ombination spe
i�
ations.4.1 Glossary Referen
esThe software developer needs a te
hnique to dis
riminate between methods thatappear equivalent in terms of only names and signatures. We propose to add at-tributes to methods that 
ould be exploited to me
hani
ally dis
riminate meth-ods, and 
ould a
t as semanti
 annotations for the use of programmers. Forexample, a method may be annotated with a tag indi
ating that a log is beingupdated on invo
ation. The tag may be exploited to rule out dispat
hing tothis method if su
h behavior is undesired. This tag 
an be thought of as a linkbetween developed software and a do
umentary spe
i�
ation whether formal orinformal.The presen
e of su
h tags 
an give rise to method des
ription glossaries,or even ontologies that may then further be exploited to a
hieve some basi
reasoning by the dispat
hing me
hanism. For example, exploiting these tagsmay establish that the e�e
t of invoking a 
ertain servi
e may also be a
hievedby invoking two or three other servi
es in a parti
ular order.The glossary is also used to spe
ify intera
tion 
hara
teristi
s of aspe
ts orservi
es su
h as whether they are mutually supportive or 
on�i
ting and 
anindi
ate dependen
ies among those available.4.2 Proto
olsServi
e-oriented software [2℄ requires or
hestrating the parti
ipations of 
lientand servi
e a
tivities so that the methods are invoked in the 
orre
t order andsequen
e. An example of su
h an or
hestration languages is WSDL [5℄. We feelit is important to provide su
h fa
ilities in a manner that is integrated withthe program language so that it be
omes part of the mainstream software de-veloper's way of thinking. As it is, these languages are treated as a separatespe
i�
ation used only for spe
ialised environments su
h as web servi
es. Better



des
ription of the proto
ol for using provided servi
es should form the basis forbetter engineering of software in general, rather than being seen as a somethingto be used only in spe
ialised 
ir
umstan
es, like web servi
es.4.3 Combination Spe
i�
ationsAspe
t-oriented software [7℄ involves 
ombining separately developed aspe
tsor 
on
erns by weaving the separate spe
i�
ation of behavior at points wherethe 
on
erns 
ut a
ross ea
h other. Various aspe
t-oriented languages su
h asAspe
tJ [8℄ and HyperJ [6℄, spe
ify the 
ombination and ordering of logi
 fromdi�erent 
on
erns using terms like before, after and around, or by providingmore 
omplex ordering spe
i�
ations. The pervasive [1℄ 
omputing 
ommunityalso require the use of spe
i�
ation of 
omplex dispat
h. These spe
i�
ations areintended to fa
ilitate the in
lusion of 
ontext information to �nd the appropriateimplementation of servi
es. In separating the dispat
her from the programminglanguage we need to provide for dispat
h spe
i�
ation that addresses the needsof both of these 
ommunities.5 SummaryWe are developing a language to address 
ommon needs of several domains.This language separates 
lients, dispat
her and multiple servi
e providers. Su
h asystem requires the ability to spe
ify proto
ols for use of servi
es, better semanti
spe
i�
ation and their intera
tion, and spe
i�
ation of dispat
h strategies, likeprioritisation, for 
ombining servi
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