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.frAbstra
tTrading is a key fun
tion in the 
ontext of dis-tributed appli
ations: It allows runtime dis
over-ing of available resour
es. In order to standard-ize this fun
tion, the Open Distributed Pro
essing(ODP) and Obje
t Management Group (OMG) havespe
i�ed a trading servi
e for CORBA obje
ts: TheCosTrading. This spe
i�
ation has two main draw-ba
ks: First, this servi
e is 
omplex to use from ap-pli
ations and se
ond, it does not o�er type 
he
k-ing of trading requests at 
ompilation time. Both aredis
ussed in this paper. The main goal of our TraderOriented Request Broker Ar
hite
ture (TORBA) isto provide a trading framework and its asso
iatedtools, whi
h tend to o�er typed trading operationsthat are simple to use from appli
ations and 
he
kedat 
ompilation time. In that, we de�ne the 
on
eptof Trading Contra
ts, written with the TORBADe�nition Language (TDL). Su
h 
ontra
ts are then
ompiled to generate trading proxies o�ering simple-to-use interfa
es. These interfa
es 
ompletely hidethe 
omplexity of the ODP/OMG CosTrading APIs.In the meantime, TDL 
ontra
ts 
ould be dynami-
ally used through a generi
 graphi
al 
onsole ex-ploiting a 
ontra
t repository. The example used inthis paper, 
learly states the advantages brought bythe TDL trading 
ontra
ts: type 
he
king at 
ompi-lation time, simple to use, and providing a powerfulframework for CORBA obje
t trading.1 Introdu
tionNowadays, building, deploying, and running dis-tributed appli
ations rely on a set of ser-

vi
es/fun
tions o�ered by standard middleware likethe Common Obje
t Request Broker Ar
hite
ture[19℄ (CORBA) of the Obje
t Management Group(OMG), the Distributed Component Obje
t Model[8℄ (DCOM) of Mi
rosoft, and more re
ently theJava Remote Method Invo
ation [24℄ (RMI) of SunMi
rosystems. The main fun
tions of su
h mid-dleware solutions are syn
hronous 
ommuni
ationusing operation invo
ation, asyn
hronous 
ommu-ni
ation through message or event passing, trans-a
tion monitors, se
urity, persisten
e, and resour
etrading. This paper proposes an innovative frame-work named Trader Oriented Request Broker Ar
hi-te
ture (TORBA) to trade distributed obje
ts overCORBA.A middleware trading fun
tion tends to providea means to dis
over resour
es available in a dis-tributed system, in order to dynami
ally inter
on-ne
t at runtime the various 
omponents of an appli-
ation. For example, it allows a 
lient to �nd ba
kits asso
iated server. Su
h a sear
h may be basedupon various 
riteria, like the physi
al lo
ation ofthe resour
e (e.g. to �nd the printer servi
e of thethird 
oor), the symboli
 name of the resour
e (e.g.to �nd the BestPrint printer), or the 
hara
teriza-tion of the resour
e using its properties (e.g. �nd a
olor printer faster than ten pages per minute). The
on
eptual 
ontribution of this paper is to de�ne the
on
ept of trading 
ontra
t in order to 
hara
terizeboth the resour
e properties, and the sear
h opera-tions used by 
lient appli
ations.The trading fun
tion has been studied both ina
ademi
 proje
ts and industrial produ
ts. Someproje
ts have fo
ussed on the interest of using su
ha fun
tion in a large s
ale 
ontext in order to shareresour
es [16℄. In 1993, the ANSA 
onsortium hasdis
ussed what the trading fun
tion should be [7℄.



More re
ently, Sun Mi
rosystems has de�ned a trad-ing fun
tion, in
luded in the Jini environment [1℄.Based on the easiness with Java to serialize obje
ts,this trading fun
tion allows appli
ations to retrieveserialized obje
ts (like network stubs or 
ompleteservi
es). Other resear
h works have fo
ussed ontraders federations [5℄, performan
e [6℄, and s
ala-bility [26℄. In the 
ontext of obje
t trading, the �rstte
hni
al 
ontribution of this paper is an innovativeapproa
h that simpli�es and types the use of a trad-ing fun
tion.In order to standardize middleware trading fun
-tion, the International Standardization Organiza-tion (ISO) in its Open Distributed Pro
essing [11℄(ODP) a
tivity and the Obje
t Management Group(OMG) have de�ned a spe
i�
ation of the fun
tionalinterfa
es of su
h a fun
tion [17℄ using the OMG In-terfa
e De�nition Language (OMG IDL). This spe
-i�
ation is mainly based on the work previously per-formed by the ANSA 
onsortium [7℄ and the DSTC[28℄. It de�nes a set of generi
 APIs for appli
ationsto export and sear
h CORBA obje
t referen
es in astandard and portable way, whatever the underly-ing implementation. Unfortunately, these APIs arequite 
omplex to use and very te
hni
al. Moreover,using these APIs does not provide trading requesttype 
he
king at 
ompilation time, but only at run-time. Thus, the se
ond te
hni
al 
ontribution ofthis paper is to perform trading request type 
he
k-ing at 
ompilation time, improving software qualityand reliability.The obje
tive of our work is to de�ne and to of-fer a typed trading environment being easy to usefrom CORBA appli
ations. In that, we have de-�ned the trading 
ontra
t 
on
ept used to des
ribetyped properties (obje
t 
hara
terizations) as wellas query operations to be used by appli
ations. TheTORBA De�nition Language (TDL) is used to de-�ne these 
ontra
ts. Then, it is 
ompiled to gener-ate trading proxies o�ering simple spe
ialized inter-fa
es to be used from 
lient appli
ations. The useof these interfa
es is 
he
ked at 
ompilation time,based on their types (i.e. operation synopsis). Fur-thermore, these proxy implementations 
ompletelyhide the te
hni
al 
omplexity of the ODP/OMGtrader interfa
es. In the meantime, TDL 
ontra
ts
ould be stored in a TDL repository, like OMG IDLde�nitions are stored in CORBA's Interfa
e Repos-itory. Then, this repository 
ould be used dynami-
ally from a graphi
al 
onsole to dis
over availabletrading o�ers and to use de�ned query operations.

Se
tion 2 of this paper presents an overview of theODP/OMG CosTrading servi
e. This overview fo-
uses on trading o�er typing and use of the queryoperation, in order to outline their drawba
ks: te
h-ni
al 
omplexity and la
k of type 
he
king. Se
-tion 3 dis
usses the trading 
ontra
t 
on
ept, theTDL language, the proxy generation and exe
utionpro
ess, as well as the dynami
 approa
h. It alsopresents the implementation of TORBA, using aprinter servi
e as example to underline the bene-�ts of our approa
h. Sin
e TORBA use has onlybeen performed using simple examples, se
tion 4presents some empiri
al results. Se
tion 5 dis
ussesthe related work in middleware that are used inTORBA: the proxy 
on
ept, the stru
ture of ORBs,and the 
omponent-oriented approa
h. Finally, se
-tion 6 summarizes this paper, in progress, as well asfore-
oming work dire
tions.2 The CosTrading Servi
e2.1 OverviewThe ODP/OMG CosTrading servi
e is similar toa sear
h engine for CORBA obje
t servi
e refer-en
es. Figure 1 presents the CosTrading standarduse, 
omposed of four steps. (1) Servi
e designersde�ne their servi
e o�er types (see se
tion 2.2). (2)Servi
e providers or appli
ation servers 
hara
ter-ize and export their servi
e o�ers using propertiesdes
ribing the servi
e. (3) Servi
e users or 
lientappli
ations sear
h servi
e referen
es using 
riteriades
ribing their requirements. (4) On
e referen
eshave been retrieved, 
lients invoke operations onthe servi
es. All these requests|de�nition, export,lookup, and use|are 
arried by CORBA.
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Figure 1: The ODP/OMG CosTrading Servi
e Use.The CosTrading servi
e provides three main in-



terfa
es for appli
ations. The Servi
eType-Repository interfa
e is used to de�ne and man-age servi
e o�er types. The Register interfa
e isused to export servi
e o�ers. Finally, the Lookupinterfa
e is used to sear
h exported servi
e o�ers.Other interfa
es are also available for administra-tion purposes, like to set the behavior of the traderand its sear
h operation, as well as to build traderfederations|o�ering a potentially large-s
aled anduni�ed trading servi
e [2℄.2.2 Servi
e O�er TypesIn the CosTrading, servi
e o�ers are strongly typed.Any export operation is based on the use of an of-fer type, similarly lookup operations are performedupon a given type. Typed o�ers bring two mainadvantages. First, appli
ations 
annot export orsear
h weird o�ers, but only o�ers de�ned at designtime. Se
ond, a CosTrading implementation maytake advantage of types to improve performan
e,only sear
hing in o�ers of a given type instead ofin all the o�ers. This be
omes vital when severalthousand of o�ers have been exported. Part of theCosTrading servi
e, the Servi
e Type Reposi-tory stores the various servi
e o�er types. It alsoprovides type 
he
king when exporting or sear
h-ing o�ers. In this repository, a servi
e o�er type is
hara
terized using four elements:� a name, whi
h is a unique global identi�er ina trader federation and used to de�ne, export,and sear
h servi
e o�ers,� some inherited super types, used with par-ti
ular rules for rede�nition whi
h are not dis-
ussed here,� an OMG IDL interfa
e to whi
h exportedservi
e referen
es have to 
onform, and� some servi
e properties 
hara
terizing theexported servi
e.Ea
h servi
e property is 
hara
terized using:� a name, whi
h is also a unique identi�er in aservi
e type,� an OMG IDL type whi
h 
hara
terizes thetype of the property values, and

� a using mode, whi
h has to be set to:{ normal: Giving a value to su
h a propertyis optional at 
reation time. If a valueis given, it 
ould be modi�ed or removedduring exe
ution by the servi
e provider.{ readonly : It is not required to give a valueto su
h a property, but if so the value 
an-not be modi�ed.{ mandatory : The servi
e provider has togive a value to su
h a property at expor-tation time.{ mandatory readonly : The provider has togive a value to the property, whi
h 
annot
hange during the exe
ution.Figure 2 presents the OMG IDL interfa
e of aprinter servi
e. This servi
e is used in this paperto illustrate various aspe
ts of the trading servi
eand our TORBA proposal.interfa
e PrinterServer {void print (in string filename) ;};Figure 2: OMG IDL of a Simple Printer Servi
e.The related servi
e o�er type is Printer, whi
h is
hara
terized by the four properties presented in Ta-ble 1. The 
olor property spe
i�es if a printer 
ouldprint in 
olor or only in B&W. The 
ost per pageproperty 
ontains the 
ost to print a sheet of paperfor this printer. The number of pages per minutea printer 
an produ
e is 
ontained in the ppm prop-erty. Finally, the queue property is the name of theprinter queue.name type mode
olor boolean normal
ost per page 
oat normalppm unsigned short normalqueue string normalTable 1: Printer Servi
e O�er Properties.As stated earlier, it is important to have typedo�ers. However, dealing with software qual-ity, the CosTrading servi
e la
ks a standard lan-guage to des
ribe o�er types. The only availablemeans is to use the add type() operation of theServi
eTypeRepository interfa
e provided by theCosTrading servi
e. Se
tion 3.2 dis
usses how the



module CosTrading {interfa
e Lookup : TraderComponents,SupportAttributes,ImportAttributes {void query (in Servi
eTypeName type,in Constraint 
onstr,in Preferen
e pref,in Poli
ySeq poli
ies,in Spe
ifiedProps desired_props,in unsigned long how_many,out OfferSeq offers,out OfferIterator offer_itr,out Poli
yNameSeq limits_applied) raises (IllegalServi
eType,UnknownServi
eType,IllegalConstraint,IllegalPreferen
e,IllegalPoli
yName,Poli
yTypeMismat
h,InvalidPoli
yValue,IllegalPropertyName,Dupli
atePropertyName,Dupli
atePoli
yName);};};Figure 3: The Lookup Interfa
e to Sear
h O�ers.TORBA De�nition Language (TDL) addresses thisproblem.2.3 Sear
hing Servi
e O�ersAs this paper fo
uses on the sear
h pro
ess, thedrawba
ks of the export pro
ess are not dis
ussedhere. However, these drawba
ks are similar to thosepresented in this se
tion.On
e o�ers have been exported by servers, theirreferen
es and properties 
ould be retrieved usingthe CosTrading sear
h operation. Figure 3 presentsits Lookup interfa
e used to perform sear
hes. Thequery operation allows 
lients to �nd ba
k servi
esfrom the set of exported o�ers. The argument num-ber of this operation is quite high. This is due tothe generi
ity required by the operation in order tobe usable in a wide number of appli
ations.The type parameter de�nes the o�er type requiredby the 
lient appli
ation. The 
onstr parameter


ontains a 
onstraint to be mat
hed by the prop-erties of sele
ted o�ers. This 
onstraint is a string
ontaining a boolean expression written using theOMG Constraint Language (OCL). The pref pa-rameter spe
i�es the returned o�er order in OCL.The poli
ies parameter spe
i�es the strategies tobe used during the sear
h. The desired props ar-gument 
ontains the properties to be returned forea
h o�er to the 
lient: none, all, or only spe
i�
ones. As there may be a huge number of mat
hingo�ers, the how many argument �xes the maximumnumber of o�ers to be returned. Following o�ers
ould be retrieved later on using the offer itr it-erator provided by the operation. Finally, the twolast out parameters 
ontain, after pro
essing, theresult (offers) and the limits e�e
tively applied tothe sear
h poli
y (limits applied).Furthermore, when providing wrong parameter val-ues, the query operation raises one of the ten listedex
eptions. Su
h ex
eptions mean a misuse of theCosTrading servi
e related to sear
h strategies orto its type model, like an illegal or unknown typename, a badly expressed preferen
e or 
onstraint, oran unknown property name. Thus, the CosTradingservi
e only 
he
ks requests at runtime, while type
he
king 
ould be performed at appli
ation 
ompila-tion time, improving both software quality and ser-vi
e performan
e|avoiding runtime type 
he
king.At the moment, TORBA, as dis
ussed in the follow-ing, mainly addresses type 
he
king at appli
ation
ompilation time.Figure 4 presents how an appli
ation, written inOMG IDLs
ript1 [21℄, may retrieve o�ers about
olor printers faster than two pages per minute. Theoffers, iter et limits variables are initialized tore
eive the query() operation results. The o�ertype, property 
onstraints, and the result order areprovided as strings. Thus, it is up to the CosTrad-ing server to 
he
k and to evaluate these strings inorder to perform the sear
h, implying type errors tobe only dis
overed at runtime.The simpli
ity of this ex
erpt relies on the use of theOMG IDLs
ript language. However, a real appli
a-tion has to set the sear
h strategy, 
at
h and pro
essthe potential ex
eptions, and pro
ess the returnedresults. The latter in
ludes the offers sequen
epro
essing, and potentially the use of the iter it-erator to pro
ess the following o�ers. Thus, about�fty lines of Java or C++ are required only to ob-1IDLs
ript is the CORBA 3.0 s
ripting language, 
ontri-bution and spe
i�
ation of our proje
t CorbaS
ript [4, 13, 14℄.



# variables to re
eive answers# using the out modeoffers = Holder() # returned offersiter = Holder() # next offers iteratorlimits = Holder() # limits appliedtrader.query ("Printer", # offer type required# OCL for offer 
onstraint"
olor == TRUE and ppm > 2","first", # answer order# use default strategyCosTrading.Poli
ySeq(),# properties to be returnedCosTrading.Lookup.Spe
ifiedProps (CosTrading.Lookup.HowManyProps.some,["queue", "
olor","
ost_per_page", "ppm"℄),# max number and out params100, offers, iter, limits) Figure 4: Sear
hing o�ers using IDLs
ript.tain the list of 
olor printers faster than two pagesper minute. In that, we 
laim that the query oper-ation is 
omplex and very te
hni
al to use. More-over, the huge use of this operation for
es appli-
ations to build, invoke, and pro
ess many tradingrequests, introdu
ing 
ode 
omplexity and potentialruntime errors. Se
tion 3.3 dis
usses how TORBAautomates this trading related te
hni
al 
ode pro-du
tion to simplify appli
ation 
ode.2.4 ReviewMore than presenting the main operations providedby the ODP/OMG CosTrading servi
e to type andsear
h o�ers, this se
tion outline the drawba
ksof these fun
tions. First, the CosTrading servi
edoes not provide a de�nition language to de�ne of-fer types. Su
h a language is mentioned in theCosTrading spe
i�
ation, however only for an illus-trative purpose. The servi
e only relies on the useof a type repository used at runtime. Then, thete
hni
ity and 
omplexity of this servi
e have beendis
ussed. In order to bene�t from the CosTradingservi
e, it is ne
essary to master the use of oper-ations like query and data stru
tures provided bythe servi
e. Finally, using strings to manipulateproperties implies runtime type 
he
king and forbidstype 
he
king at 
ompilation time. This redu
es theeasiness to produ
e reliable appli
ations in an eÆ-


ient way. To summarize, as any CORBA servi
e,the CosTrading servi
e only o�ers a set of 
ompleteOMG IDL interfa
es. This brings the following fourquestions.� How to simplify the use of the CosTrading ser-vi
e?� How to provide type 
he
king at 
ompilationtime?� Whi
h language should be used in order to de-�ne o�er types?� Whi
h framework should be applied to trading?Looking at today's software industry, three answersarise. First, a GUI 
ould be provided to use thetrading servi
e easily. This solution is already avail-able for many trading servi
e produ
ts. Neverthe-less, this 
hoi
e does not address the use of the trad-ing servi
e from an appli
ation. Then, a library mayhide the trading servi
e 
omplexity. However, pro-viding su
h a library is a huge task: It would beeasy to su�er the same drawba
ks as the CosTrad-ing interfa
es. Moreover, it would only de�ne a pro-gramming framework, but no design method, norlanguage to spe
ify o�er types. Finally, a tradingfun
tion, to be spe
ialized to ea
h appli
ation needs,
ould be de�ned using the 
on
ept of trading 
on-tra
t as dis
ussed in the following se
tion.3 The TORBA Proposal3.1 The Trading Contra
t Approa
hThe obje
tive of TORBA is to provide a simpleand strongly typed trading fa
ility for CORBA ap-pli
ations. In that, TORBA is based upon theODP/OMG CosTrading servi
e, taking full advan-tage of its fun
tionalities like available implementa-tions, 
omplex lookup algorithms, o�er persisten
e,large-s
aled trader federations.Then, the 
on
eptual bene�t of TORBA is to de�nethe 
on
ept of trading 
ontra
ts. Su
h a 
ontra
t isde�ned at appli
ation design time like OMG IDLinterfa
e 
ontra
ts are de�ned [9℄. These 
ontra
tstake into a

ount o�er provider needs as well as
lient appli
ation ones: This results in the de�nition



of trading o�er types. First, o�er types 
learly iden-tify and group together properties (i.e. name andtype of the values) 
hara
terizing exported CORBAobje
ts 
onform to a given OMG IDL interfa
e. Se
-ond, o�er types also 
ontain a list of query oper-ations 
ommonly used in 
lient appli
ations. Su
hoperation is 
hara
terized through a synopsis (nameand parameters), as well as a boolean 
onstraint tobe applied on both parameters and the propertiesof the asso
iated type. O�er types may be 
lassi-�ed using multiple inheritan
e. Su
h a 
lassi�
ationpermits designers to de�ne abstra
t types, like a de-vi
e, that 
ould be spe
ialized to 
on
rete types, likea s
anner and a printer. Moreover, 
on
rete types
an also be inherited to de�ne new query operationsexa
tly meeting requirements of 
lient appli
ations.Using multiple inheritan
e improves the reusenessof properties and query operations.The te
hni
al bene�t of TORBA is to provide a
omplete generation and exe
ution environment touse trading 
ontra
ts. O�er types are de�ned us-ing the TORBA De�nition Language (TDL). Su
hde�nitions are then 
ompiled to generate tradingproxies o�ering to appli
ations easy-to-use OMGIDL interfa
es. The use of these spe
ialized in-terfa
es is thus 
he
ked at appli
ation 
ompilationtime. Moreover, proxy implementations fully hidethe ODP/OMG CosTrading te
hni
ity. Su
h im-plementation is generated for several programminglanguages: OMG IDLs
ript, Java, and C++ lateron. In the meantime, trading 
ontra
ts 
ould also beused dynami
ally through a generi
 graphi
al 
on-sole. Trading 
ontra
ts are stored into a repositoryand browsed by the 
onsole whi
h 
an also invokequery operations de�ned for the given type.3.2 The TORBA De�nition LanguageThe TORBA De�nition Language (TDL) is the for-malism to de�ne TORBA trading 
ontra
ts. Usingsimple typed 
onstru
tions, it des
ribes o�er types,their inheritan
e relation, their properties (nameand type), as well as query operations (name, pa-rameters, and 
onstraints). Property and parame-ter types rely upon the OMG IDL type model. Con-straints are de�ned using the OMG Constraint Lan-guage (OCL) extended to take into a

ount queryoperation parameters as well as to o�er 
ompositionof query operations. TDL is de�ned as two lan-guages: an XML DTD and a BNF grammar. Thispaper only des
ribes the se
ond one, being more

abstra
t offer Devi
e {property string name ;query all () is TRUE ;};offer Printer : Devi
e {interfa
e PrintServi
e ;property boolean 
olor ;property float 
ost_per_page ;property unsigned short ppm ;query 
olors () is 
olor == TRUE ;query faster (in unsigned short s)is ppm > s ;query faster_
olors (in unsigned short s)is 
olors () and faster (s) ;};Figure 5: Trading O�er Type De�nition using TDL.
on
ise and quite familiar to CORBA users. Fig-ure 5 presents an example of o�er type de�nitions.A trading o�er type is de�ned using the offer key-word followed by the type name, and possibly thelist of inherited super-types. Basi
ally, a type is
on
rete: provider 
ould export o�ers using thistype. Then, it has to in
lude an interfa
e en-try de�ning the base interfa
e to be supported byexported obje
ts. The abstra
t keyword de�nes atype as being abstra
t, no o�er may be exportedfor this type. It will be inherited to de�ne 
on
retetypes. The TDL 
ontra
t of Figure 5 de�nes twoo�er types related to the printer example of this pa-per: The Printer 
on
rete type inherits from theDevi
e abstra
t type, and spe
i�es o�ers for obje
tsimplementing the PrintServi
e interfa
e (or one ofits sub-interfa
es). Properties are de�ned using theproperty keyword followed by an optional a

essmode, an OMG IDL type, and a formal name. Ifunde�ned the a

ess mode is normal (see se
tion2.2).The Printer o�er in
ludes the four following prop-erties: the name string inherited from Devi
e, the
olor boolean, the 
ost per page 
oat, and theppm unsigned short. Sear
h operations are de�nedusing the query keyword followed by a name, po-tentially a list of arguments (de�ned as for OMGIDL operations), and a 
onstraint. The 
onstraintis based upon the properties of the o�er type (e.g.the 
olors() query), the properties and the param-eters (e.g. the faster() query), or a 
omposition ofquery operations (e.g. the faster 
olors() query).The all() query is de�ned with TRUE as 
onstraint



in order to retrieve all the available o�ers for thePrinter type. Query operation inheritan
e has thefollowing semanti
: The 
onstraint is kept, how-ever it does not apply on the super-type, but onthe inherited type. The operation implementationis impli
itly overloaded in generated proxies. Whenapplied to the Devi
e type, the all() operation re-turns all the available devi
e o�ers. When appliedto the Printer type, it only returns the availableprinter o�ers.De�ning spe
i�
 queries for given values of proper-ties should not be misused. The point is not to de-�ne a query for any potential property value, butto de�ne the most 
ommonly used queries. Forqueries that may appear from time to time only, thegeneri
 query operation available with all types hasto be used (see se
tion 3.3.1). Nevertheless, usingthe generi
 query() generated by TORBA alreadybrings type 
he
king and redu
es the te
hni
ity ofthe lookup me
hanism.Two 
onstraints are implied by the use of TDL 
on-tra
ts. First, like OMG IDL 
ontra
ts, TDL 
on-tra
ts have to be globally known to 
lients. More-over, the type hierar
hy of TDL may be extendedbut has to stay 
onsistent, i.e. no TDL 
ontra
tshould be removed nor modi�ed. Se
ond, ea
h TDL
ontra
t has to be de�ned using an identi�er beingunique in the whole system. Here too, like OMGIDL de�nition it is important for designers to de-�ne their TDL 
ontra
ts using modules in order toavoid name 
ollisions.This se
tion has presented the se
ond TDL formal-ism (BNF grammar), being simple to learn. Thisbasis will be extended a

ording to the need aris-ing from our experiments. As an example, dynami
properties spe
i�
ation, whose values are 
omputedat runtime and not stati
ally set at exportationtime, seems an interesting extension. However, itis important for this language not to be
ome too
omplex and underused due to this 
omplexity.3.3 Trading Proxy GenerationOn
e trading 
ontra
ts have been de�ned usingTDL, they may be 
ompiled to generate tradingproxies for appli
ations, as depi
ted in Figure 6.The TDL 
ompiler 
he
ks both the syntax andthe semanti
 of TDL de�nitions. Semanti
 
he
k-

OMG
IDL

Proxy

TDL
Compiler

TDL

Figure 6: TDL Language Compilation Pro
ess.ing 
ontrols OMG IDL type 
orre
tness, TDL typenames and properties, as well as OCL 
onstraintsin order to ensure no type related problem 
ouldarise at runtime. Proxy OMG IDL interfa
es areprodu
ed by the TDL 
ompiler, as well as their im-plementation for a given language|IDLs
ript andJava for the moment, C++ later on. For porta-bility purpose, the TDL 
ompiler is written in theJava language, based on the lexi
al and synta
ti
analyzer generated using JavaCC [15℄.3.3.1 Generated OMG IDL Interfa
esEa
h de�nition of trading o�er type is mapped toan OMG IDL module named as the o�er type and
ontaining the �ve following de�nitions.� The Offer stru
ture represents a trading o�er.It 
ontains the exported obje
t referen
e and a�eld for ea
h property de�ned in the o�er typeor its super-types. Field types are those of theservi
e interfa
e and property types as de�nedin the TDL o�er.� The OfferSeq sequen
e is used by query oper-ations to return mat
hing o�ers.� OfferType, Export, and Lookup interfa
es re-spe
tively des
ribe the Servi
e Type Reposi-tory a

ess, the export and the lookup proxies.The latter inherits from the TORBA::Lookupinterfa
e and 
ontains an operation for ea
hquery de�nition. Its also 
ontains a generi
 butnonetheless typed query operation.Figure 7 presents an ex
erpt (the lookup proxy in-terfa
e) of the OMG IDL de�nitions generated forthe Printer trading 
ontra
t as de�ned in Figure 5.



#in
lude <TORBA.idl>module Printer {stru
t Offer {PrintServi
e servi
e ;string name ;boolean 
olor ;float 
ost_per_page ;unsigned short ppm ;};typedef sequen
e<Offer> OfferSeq ;interfa
e Lookup : TORBA::Lookup {OfferSeq query_all () ;OfferSeq query_
olors () ;OfferSeq query_faster(in unsigned short s) ;OfferSeq query_faster_
olors(in unsigned short s) ;OfferSeq query (in TORBA::Query q)raises (TORBA::IllegalConstraint) ;};// interfa
es for type definition// and exportation};Figure 7: OMG IDL Module Generated from thePrinter TDL Contra
t (ex
erpt)The Printer o�er type is mapped to the PrinterOMG IDL module. The Offer stru
ture rep-resents a printer o�er. It 
ontains a �eld forthe exported print servi
e, as well as for thename, 
olor, 
ost per page, and ppm properties.The lookup proxy query all(), query 
olors(),query faster(), and query faster 
olors() op-erations represent the queries de�ned in thePrinter 
ontra
t. Parameters are the same asthose de�ned in the 
ontra
t, while their returntype is a printer o�er sequen
e (i.e. OfferSeq).The last query() operation allows appli
ations toperform sear
hes not de�ned in the TDL 
ontra
t.The TORBA::IllegalConstraint ex
eption may beraised at runtime if the 
onstraint is malformed.Experiments have been performed using generationrules presented here, validating these 
hoi
es. Asan example, the Offer stru
ture is a good meansto perform 
he
king of export and lookup opera-tions at 
ompilation time. However, we also intendto experiment the use of valuetypes2 instead of thestru
ture, as well as using a typed iterator interfa
einstead of the sequen
e.2Sin
e CORBA 2.3, valuetypes permit argument obje
tsto be passed by value instead of by referen
e.

# File `PrinterProxies.
s'import TORBArt
lass Lookup (TORBArt.LookupBase) {pro
 __Lookup__ (self) {self.__LookupBase__ ("Printer",Printer.Lookup)}pro
 query (self, 
onstraint) {answers = [℄for offer inself.generi
_query (
onstraint) {answers.append (Printer.Offer (offer["servi
e"℄,offer["name"℄, offer["
olor"℄,offer["
ost_per_page"℄,offer["ppm"℄) )}return answers}pro
 query_faster (self, s) {return self.query ("ppm >= " +s._toString())}pro
 query_all (self) {return self.query ("TRUE")}# other query operations}Figure 8: OMG IDLs
ript implementation of thePrinter lookup proxy (ex
erpt)3.3.2 Generated Proxy ImplementationThe generation of proxy implementations dependson the 
onstru
tions of a given language. However,using an obje
t-oriented language, ea
h OMG IDLinterfa
e is implemented by a 
lass inheriting from abase 
lass provided by the TORBA runtime. These
lasses fully hide the ODP/OMG CosTrading te
h-ni
ity: use of the servi
e interfa
es and data stru
-tures, as well as ex
eption handling. Su
h runtime
lasses provide generi
 operations used from proxyimplementations. Figure 8 presents an ex
erpt ofthe lookup proxy implementation for the Printero�er type, generated for the OMG IDLs
ript lan-guage.The Lookup 
lass inherits from theTORBArt.LookupBase 
lass provided by theTORBA runtime. The Lookup 
onstru
torinvokes the super-
lass 
onstru
tor providing theTDL type name (i.e. Printer), as well as the im-



lookup = PrinterProxies.Lookup()offers1 = lookup.query_faster_
olors (2)offers2 = lookup.query ("
olor == FALSEand 
ost_per_page < 0.05 and ppm > 10")Figure 9: Printer Sear
h Proxy Use.plemented interfa
e type (i.e. Printer::Lookup).The generi
 query operation is invoked by the queryoperation providing the 
onstraint to apply. Then,the result is translated to a printer o�er sequen
e(i.e. Printer::OfferSeq). The implementa-tion of query operations, like query faster andquery all, only 
onsists of 
reating the asso
iated
onstraint and invoking the query operation.3.4 Using TORBA ProxiesFigure 9 presents, in OMG IDLs
ript, the use oflookup proxy presented in the previous se
tion. The�rst line instantiates the lookup proxy 
lass. These
ond line invokes the query operation to �nd 
olorprinters faster than two pages per minute. This op-eration realizes the same sear
h pro
essing as theone presented in Figure 4. Simpli
ity brought upby TORBA be
omes 
lear. The appli
ation de-veloper does not bother with the trader te
hni
ity,he/she 
an fo
us on the use of the trading 
ontra
tonly. Moreover, the operation exe
ution 
annot failas types have been 
he
ked by the TDL 
ompiler.It 
an only return an empty sequen
e if no o�ermat
hes the sear
h. The third line illustrates theoption of using a sear
h operation not de�ned in thetrading 
ontra
t: Sear
hing o�ers related to B&Wprinters faster than ten pages per minute, for a 
ostless than �ve 
ents a page. Nevertheless, even if theuse of this operation is provided, software engineer-ing quality is improved when all the sear
h requestsare de�ned in the trading 
ontra
t.3.5 Exe
ution of TORBA ProxiesFigure 10 presents the set of obje
ts involved dur-ing the exe
ution of a query operation. Thelookup proxy obje
t and its CORBA stub are 
o-lo
ated with the appli
ation. This latter invokesthe proxy operations through its OMG IDL inter-fa
e. The proxy operation implementation invokesthe TORBA runtime 
lass providing the appropri-

ate 
onstraint. Then, this 
lass invokes the CORBAstub providing a

ess to the ODP/OMG CosTrad-ing servi
e. As a result, the runtime 
lass 
at
hesthe ex
eptions and the proxy 
lass translates datafrom its CosTrading representation to the represen-tation de�ned in the trading 
ontra
t. One futurework is to measure the overhead of lookup proxiesand to optimize their implementations in order to be
lose to native CosTrading performan
e (see se
tion4).
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ution Pro
ess of Lookup Proxy Op-erations.3.6 The TORBA Dynami
 Approa
hPrevious se
tions have presented the 
on
eptualbene�ts of TDL 
ontra
ts, as well as the te
hni
alones brought by generation and exe
ution of relatedproxies. In the meantime, the TORBA environmento�ers a dynami
 approa
h to use trading 
ontra
tsas depi
ted in Figure 11. This approa
h permitsone to build appli
ations without stati
 knowledge,at design time, about used trading 
ontra
ts. Thisknowledge will be learnt at runtime.The dynami
 approa
h in TORBA relies on a trad-ing 
ontra
t repository. This repository, 
urrentlywritten in OMG IDLs
ript, stores TDL 
ontra
tsas a graph of CORBA obje
ts. Ea
h obje
t of thegraph represents at runtime a semanti
 
onstru
-tion of the TDL language. Thus, offer, property,and query 
onstru
tions are mapped to OfferDef,PropertyDef, and QueryDef interfa
es de�ned inthe TORBA module. These interfa
es provide oper-ations to 
reate and browse obje
ts of the graph,
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Figure 11: The TORBA Dynami
 Approa
h.providing TDL information at runtime. Creationoperations are used by a spe
i�
 version of the TDL
ompiler in order to feed the repository. Other oper-ations are used by any TORBA appli
ation requir-ing dynami
 dis
overing of available trading 
on-tra
ts. In order to validate this approa
h, we haverealized in JavaIDLs
ript3 a �rst dynami
 appli
a-tion: the TORBA explorer, illustrated in Figure 12.Through a GUI written using Java Swing, theTORBA explorer allows users to browse availabletrading 
ontra
ts, to sele
t a 
ontra
t, to 
onsultasso
iated o�ers, and to perform prede�ned or spe-
i�
 query operations. The explorer implementationdoes not rely on any trading 
ontra
t: Graphi
alinterfa
es are dynami
ally built at runtime a

ord-ing to trading 
ontra
ts dis
overed into the TORBArepository. Thus, the TORBA explorer providesa trading GUI dedi
ated to the 
ontra
ts used byappli
ations, unlike GUI in
luded with CosTradingimplementations. Finally, this explorer is a generi
and graphi
al proof of the relevan
e and strength ofthe trading 
ontra
t 
on
ept presented in this pa-per.4 Empiri
al ResultsTORBA introdu
es extra pro
essing while sendingrequests to the CosTrading. This implies an over-head. However, in the 
ontext of distributed ap-pli
ations, there are two levels in the evaluation ofoverhead. First, there are remote method invo
a-tions whi
h overhead is potentially high. Se
ond,there are lo
al method invo
ations whi
h overheadis most of the time insigni�
ant 
ompared to re-mote method one. In the 
ontext of TORBA, the3JavaIDLs
ript is our se
ond implementation of the OMGIDLs
ript language o�ering a

ess to CORBA and Java ob-je
ts in the meantime.

overhead is introdu
ed by the use of a lo
al library,whi
h means lo
al invo
ations only : Three lo
al in-vo
ations are added for ea
h trading request. Thus,it just in
reases lo
al pro
essing time and keepsthe number of remote method invo
ations identi
al,
ompared to the standard use of the CosTrading.Then, based on early test performed using the OR-Ba
us Trader, the overhead introdu
ed by TORBAis, without any ORB spe
i�
 optimizations in pro-du
ing TORBA proxies, less than 5%.There are few ways to improve performan
e relatedto trading using TORBA. First, if the only useof the trader is performed through TORBA, thenmost of the trader 
he
ks (like type 
he
king) 
anbe removed sin
e already performed by the proxies.Thus, the overhead brought up by the proxy wouldbe balan
ed. Se
ond, proxies 
ould be lo
ated 
loseto the trading server and not 
lose to the 
lient.Then, the number of network requests 
ould be op-timized, improving global performan
e. Third, us-ing smart proxies, lo
al to the 
lient, to perform
a
hing of trading results, the global performan
e
ould be optimized. Finally, a 
omposition of thethree aspe
ts will bring the best results. Points twoand three are not in
ompatible as proxies would besplit between the trading server and the 
lient ap-pli
ation. Client side proxies would perform 
a
hingwhile server side ones would be dedi
ated to type
he
king and network optimization.5 Comparison and Sour
e of Inspira-tionDuring the 80's, the ODP 
ommunity has de�ned atype management system for the ODP trading fun
-tion [10℄. This resear
h result has been partly inte-grated in the ODP / OMG CosTrading spe
i�
a-tion. However, to our knowledge, no similar worksto our TORBA proposal have been performed toredu
e the CosTrading 
omplexity and to in
reasereliability of trading based appli
ations. The trad-ing aspe
ts of ODL (Obje
t De�nition Language)de�ned by the TINA 
onsortium [22℄ were only re-lated to de�ning trading properties of obje
ts. This
ould only be seen as basi
 trading 
ontra
ts : at-tributes are inevitably strings and ODL do not per-mit to de�ne typed queries. Thus, the 
omplexityof the trader's use is not redu
ed a
tually. In themeantime, our original work relies on the use of well-known me
hanisms of distributed obje
t 
omputing



Figure 12: The TORBA Explorer.middleware: the proxy prin
iple, the ORB stru
-ture, and the 
omponent approa
h.The proxy prin
iple has been de�ned in [23℄ as astru
tural 
on
ept to build distributed appli
ations,a
ting on the behalf of a remote obje
t. This prin-
iple extends the RPC (Remote Pro
edure Call)me
hanism as de�ned in [3℄ in order to use it in anobje
t-oriented 
ontext (i.e. Remote Method Invo-
ation). At the 
ommuni
ation level, a proxy (a.k.a.stub) serializes invo
ations to remote obje
ts like inCORBA [19℄, DCOM [8℄, and Java RMI [24℄ envi-ronments. Su
h a proxy implementation fully hidesthe te
hni
ity related to the serialization pro
ess:marshalling of parameters into a network message,
are taking of heterogeneity, network layer and er-ror management, and �nally unmarshalling the net-work reply to appli
ation data. These proxies aregenerated based on 
ommuni
ation 
ontra
ts writ-ten using an interfa
e de�nition language (IDL).These IDL des
riptions simplify and bring automa-tion to produ
e the implementation of 
ommuni
a-tion means, in
reasing the reliability of appli
ations.In the 
ontext of TORBA, the 
ommuni
ation 
on-tra
t 
on
ept, the IDL language, and 
ommuni
a-tion proxies are transposed to trading 
ontra
ts, theTDL language, and trading proxies. Thus, TDL de-s
riptions simplify and bring automation to produ
e


ode related to trading, in
reasing appli
ation reli-ability.Compared to smart proxies used in the Qualityof Obje
ts (QuO) middleware [30℄, or as imple-mentation of meta-programming me
hanism [29℄,TORBA proxies 
annot be labeled as smart. Inthese two examples, smart proxies are proxies thatpotentially perform more pro
essing|like logging,
a
hing, QoS 
ontrol, or meta-programming|in atransparent way from the 
lient point of view. Ex-tra pro
essing is added to the standard one, with-out modifying the proxy interfa
e. In the 
ontext ofTORBA, proxies have an expli
it interfa
e whi
h isdi�erent from the 
lassi
al interfa
e of the CosTrad-ing. Moreover, smart proxies tend to o�er dynami
me
hanism for re
on�guration while TORBA prox-ies are quite stati
, and 
ould not be 
hanged dy-nami
ally at runtime.TORBA is 
lose to CORBA. The OMG IDL lan-guage permits designers to des
ribe interfa
e 
on-tra
ts for CORBA obje
ts, while the TDL lan-guage permits them to de�ne trading 
ontra
ts. TheOMG IDL language is 
ompiled to produ
e 
ommu-ni
ation stubs, or to feed the Interfa
e Repository.Similarly, the TDL language is 
ompiled to gener-ate trading proxies, or to feed the trading 
ontra
t



repository. CORBA stubs rely on an ORB run-time, en
apsulating the GIOP/IIOP proto
ol, whileTORBA proxies rely on the TORBA runtime hidingthe CosTrading servi
e, as well as the ORB.The 
omponent-oriented approa
h is the last sour
eof inspiration of the TORBA proposal. As an ex-ample, the CORBA Component Model [18℄ de�nesa 
omponent as being a software entity providingmultiple interfa
es (or fa
ets). Ea
h fa
et is a pointof view on the 
omponent, whi
h logi
ally de�nes aset of operations. In that, TORBA provides a

essto the generi
 ODP/OMG trading servi
e throughfa
ets dedi
ated to appli
ation requirements. Ea
hlookup proxy generated is a dedi
ated fa
et being apoint of view on the trading servi
e as depi
ted inFigure 13.
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Figure 13: TORBA, towards a `
omponentized'trading servi
e.6 Con
lusionFirst, this paper has reviewed the ODP/OMGCosTrading servi
e. This review has presented theuse of the servi
e as being very te
hni
al and 
om-plex due to the la
k of a stru
tured approa
h. Thevarious drawba
ks brought up by the la
k of type-
he
king at 
ompilation time have been underlined.Then, the la
k of formalism to de�ne o�er types andsear
h operations has been presented as being oneof the reasons of the servi
e 
omplexity.Then, TORBA has been presented as a frame-work stru
turing the ODP/OMG trading servi
euse. The 
on
eptual 
ontribution of this paper re-lies on the de�nition of the trading 
ontra
t 
on
eptas a paradigm to stru
ture the trading a
tivity. Thebene�ts of the TDL formalism use and its asso
iatedtools have been dis
ussed. Using an example, thebene�ts of TORBA have been illustrated in termsof type 
he
king, simpli
ity, produ
tivity, and relia-

bility of appli
ations.All the elements depi
ted in this paper have beenprototyped and experiments have been performedusing IDLs
ript and Java languages, as well as theORBa
us trading servi
e [20℄: TDL 
ompilers (BNFand XML versions), proxy generators (OMG IDL,OMG IDLs
ript, and Java), runtime environmentsfor IDLs
ript and Java, the trading 
ontra
t reposi-tory, as well as the TORBA explorer are already op-erational. The next step is to �nalize the TORBAenvironment in order to release it, and to obtainexperiment/use feedba
k from end-users.From now on, we have lots of work in view aroundTORBA: (1) support of C++ appli
ations, (2) ex-periments over other CosTrading implementations,(3) measure of the overhead implied by TORBAproxies, (4) experiments of iterators, dynami
 prop-erties, and lookup strategies, (5) extension towardsasyn
hronous trading (noti�
ation to appli
ations ofnewly exported o�ers), and (6) use of the TORBAapproa
h in the 
ontext of Jini, trading serializedobje
ts and not only referen
es.In the meantime, TORBA is part of our a
tual re-sear
h work. We intend to use TORBA in order toexperiment the 
on
ept of Component OrientedTrading (COT) [27℄. In that, TORBA would be-
ome the basis of TOSCA (Trading Oriented Systemfor Component-based Appli
ations), whose goal isto provide an environment to deploy and to adminis-trate distributed 
omponent based appli
ations [12℄.Finally, in a more ambitious vision, we intendto 
onsider the bene�ts of a language to performqueries and to a
t upon distributed obje
ts. Thegoal would be to unify sear
h operations on trad-ing servi
es, obje
t-oriented databases, and obje
tenvironments �a la JavaSpa
es [25℄. This language
ould be named TORBA Query Language, rely-ing upon the following equation:TQL = TDL+OCL+OQL+ IDLs
riptReferen
es[1℄ K. Arnorld and al. The Jini Spe
i�
ation.Addison-Westley, �rst edition, June 1999.ISBN: 0-201-61634-3.[2℄ D. Belaid, N. Provenzano, and C. Ta
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