FOCS Proc. INET ’94/JENC5 J.-P. Redlich

FOCS ffi A Toolkit For Flexible Telecommunication Systems

Jens-Peter Redlich ¡redlich@informatik.hu-berlin.de¿

Abstract

One peculiarity of todays telecommunication systems is their tremendous heterogeneity which is mainly owed to their historical, evolutionary development and perpetual introduction of new devices and technologies. This makes it hard for a programmer / system designer to integrate many (sub-) systems into one application and to provide Ψfiexible services˚ 1.

In this paper we will emphasize the necessity for a new telecommunication application framework that allows to integrate many different services and provides these applications with a mechanism allowing late / dynamic (re-) conffguration.

FOCS 2 is a recently started project that examines the applicability of object oriented design and implementation methods in the ffeld of telecommunications. As many service providers offer equivalent 3 services, it seams reasonable to introduce service abstractions and to design applications in a way that makes it possible to reference these service abstractions instead of the actual service providers.

I. Introduction

Todays telecommunication systems are characterized by a great variety of equipment connected through the network, many of them providing similar services. For example, the world wide public telephone network accommodates devices dating back to ancient times of telecommunications as well as modern digital ISDN devices.

At present time we can observe both the continuous output of new standards from standardization organizations and a perpetual change of the network itself (e.g. by adding new equipment or introducing new technologies).

For this reason the actual implementation of a particular service may be diverse (e.g. telephone: POTS, ISDN, or even videophone). Which of them we choose depends on things such as special requirements we may

1With Ψfiexible services˚ we mean services that are able to adapt to changing situations. How this adaptability can be achieved is one topic of this paper.

2ΨFOCS˚ = ΨFlexibility Oriented teleCommunication System˚. 3The term Ψequivalent service˚ makes only sense in respect to a certain (user-) viewpoint (what the user expects the service to do).

have, availability of special-purpose hardware or other resources (e.g. bandwidth), or service costs. Availability of resources may change over time relatively slowly (e.g. provision of a network access), less slowly (e.g. wait until purchase of new special-purpose hardware), or even comparatively fast (e.g. wait until the local router is running again or trafffc congestions are resolved).

From the user’s point of view, the different implementations of a particular service look all the same. It is the underlying mechanisms that changes (and that the user normally doesn’t want to care about). These underlying mechanisms often themselves rely on (sub-) services, the implementation of which can be manifold too. Consider for example a service providing data transportation: Depending on which data encoding algorithm we use (or if we use one at all) we will get different implementations of that service. They all rely on different sub-services (here the data encoding algorithm) but provide one and the same service to the user, namely data transportation.

For fiexible services it may be possible that the service is still available even if some sub-services are not (e.g. due to a lack of resources). However, the service has to change its form in this case (e.g. a videophone service might substitute its Ψcontinuous video˚ sub-service by a Ψslow motion video˚).

At Humboldt-University Berlin we are currently undertaking a project called FOCS which investigates the issue of building up complex telecommunication systems by using less complex components. These components correlate to the sub-services mentioned above and are used to obtain a maximum level of fiexibility. The choice of a particular component may, for instance, be made at runtime from a set of equivalent service providers. Simultaneously we investigate to which extend the appliance of object-oriented techniques can simplify and speed up the design and implementation of communication applications.

Although only recently started, this (object-oriented) approach has already proven essential at this stage of the project. To support the objectives of FOCS in the best possible way we introduced a new inter-object communication model which will be described later.

The ultimate aim of FOCS is to provide a framework for a seamless integration of many different services and their implementations. Once a service provider has been

211-1

Figure 1: A wants to send a message to B. A has the following technical equipment available: telephone, modem, fax, scanner and a computer with internet access and multimedia hardware. B owns: a telephone, a printer and also a computer with a multimedia extension. The question is: How can we get the message passed from A to B ?

implemented, it should be possible to reuse it under totally different circumstances.

FOCS’ general approach to meet these goals is presented in section II of this paper. Basic concepts are: object based / oriented system design, encapsulation, service abstraction (introduction of ServiceID), service market. An example is given to illustrate that there may exist several ways to realize a certain (abstract) service, none of which is universal because of its dependence on resources that are not available everywhere.

The FOCS-Toolkit is introduced in section III. It incorporates the basic concepts mentioned above. We explain what service providers (SP’s) are and how they establish a (local) service market. Brokers are presented as special SP’s, which are to locate appropriate providers of (abstract) services on the service market. The importance of a new inter object communication model is stressed, because it enables late conffguration as requested above (by completely avoiding explicit references to service providers).

Although the project has only recently started and is just about to get into shape, a brief list of future plans is given in section IV, which concludes this paper.

In what follows we demonstrate realizations of the service described in ffgure 1. Note that some of the resources needed are of a dynamic kind (their availability may change fast), while others are not:

1. Traditional Telephone Call

(a) Both A and B do have a telephone (static). (b) It is possible to get a telephone connection between A and B (dynamic).

(c) The line is not busy; i.e. B does not use its telephone (dynamic).

(d) B is at home (dynamic).

2. Fax

We cannot fax from A to B as B does not have a fax receiver (static). We may wish to scan the letter instead and have it delivered as a computer processable ffle.

(a) A has a scanner (static).

(b) File delivery is possible. B has no Internet access so we have to use the modems instead.

i. A and B do have a modem (static). ii. It is possible to get a telephone line from A to B (dynamic).

(c) B has the software to process, and a printer to print the ffle (static).

3. Computer Document

(a) The document can be created on A’s computer using an editor or the scanner (static).

(b) B has a computer and appropriate hardand/or software to present the ffle (static).

(c) File delivery is possible. As B has no Internet access, we have to use modems.

i. A and B do have a modem (static). ii. It is possible to get a telephone line from A to B (dynamic).

II. Basic Concepts

Modern telecommunication systems are highly computer based systems. Many of todays services are implemented in software. Therefore it is important to study

211-2

Figure 2: Example of a simple application, allowing simultaneous recording, transmission and presentation of audio and text data. Important: The components shown in the picture above are abstractions, which have to be substituted by concrete objects. Possibly there exists a choice between many implementations for some of them.

the applicability of modern software development methods, e.g. object orientation, for this ffeld.

This approach is further motivated by the phenomenon that especially telecommunication systems have to undergo many changes and extensions (because of modiffed user requirements, or introduction of new equipment and/or technologies). For practical reasons an evolutionary, continuity orientated, development is essential. OO-techniques promise to provide this.

II.A. The Object Based Model

Decreasing the complexity of large systems by structuring and decomposing them has already been investigated for a long time. The development of Ψstructured programming˚, of which Modula-2 is a typical example, can be seen as a milestone on this way.

The central idea of this approach is to split large systems into smaller components that are responsible for only parts of the systems functionality. If these components are still quite large, they are split again, until a suitable component size is reached.

The central issue in this process, known as Ψstepwise reffnement˚, is the independence of the components produced. If the programming language allows for access to internals of components and thus taking advantage of implementation details, software developers can seldom resist doing that. The result is that the obtained system is structured but not decomposed, because its components are not independent from each other and can only be understood by considering (and understanding) the entire system.

This lead to the idea of modelling components as Ψautonomous entities˚ (AE’s) which hide all details about their internal structure and protect themselves against access from outside, except through a well deffned (small) interface.

If this interface is based on sending and receiving messages, the AE is called an object. Systems build of objects are called object based systems. By correlating types to the objects and deffning an inheritance relation for these types we obtain an object oriented model.

Object based systems have the advantage to encourage modularization and decomposition. This increases chances for software reusability and exchangeability of an object’s implementation without affecting other parts of the system.

II.B. Objects as Service Providers

In object based systems the implementation details of a particular object become increasingly unimportant (perhaps this information is even not available any more). Instead the service provided by an object is emphasized. In this paper we see an object (-instance) essentially (only) as a service provider.

When specifying the appropriate object (that is needed for some purpose) there are basically two possibilities: Either we describe the object itself or the service it has to provide. The latter allows for dynamic selection of an appropriate implementation (i.e. object-type), while the former does not.

Objects can be composed of other objects which have to be speciffed using one of these methods. The former leads to a ffxed design while the latter allows for fiexible selection of appropriate sub-service providers. In this case we call the system conffgurable. Conffguration can take place at compile time, at the time the application is started or immediately before the service is to be provided. Composing objects by service 4 is introduced in [7] as Programming in Large Scale whereas the implementation of the various objects is called Programming in Small Scale.

It should be stressed that it makes sense to imple- 4This is to determine (select) an object by its (abstract) service, not by its implementation.

211-3

Figure 3: In Version 1 there are two reliable unidirectional carrier services available. So we can construct the desired bidirectional service by simply combining them.

Error-Control (Sender) Receiver error prone

reliable

DEMUX Receiver

Sender

Error-Control

Sender MUX

(Receiver) connection

connection

Figure 4: In Version 2 only the unidirectional service from B to A is reliable, while the service from A to B is error prone (e.g. because of the quality of the chosen transmission media). In consequence its service has to be improved by adding components providing error-detection and error-correction functionality (to be placed on both sides). By using the reliable service and two additional MUX / DEMUX components we establish 2 reliable channels from B to A, one for transmission of the original user data, the other for transmission of error-protocol data (e.g. data for retransmission indications or conffrmation of successfully received data blocks) which are to be send from B to A.

ment many different service providers (object types) for one particular service. This is especially the case if only few of the implementations are applicable in a speciffc situation (e.g. because required resources are not available).

Figures 3 and 4 show 2 versions of a bidirectional carrier service implementation 5, using two unidirectional carrier services having opposite direction. Ignoring the contents of the boxes, which symbolize the service provider, both versions look the same. Hence, a service user (who doesn’t know anything about the box’s contents / the service providers implementation) can not distinguish between them.

Conffguration allows to choose the version that is best suited for a speciffc environment (e.g. for which all required resources are available) and to integrate it into the application.

II.C. Service Market If there are many different service providers available at the time a system is conffgured (i.e. selecting concrete objects and deffning their interactional relations), a service market is established.

Conffguration can be done statically (while compiling or linking the program) or dynamically (at program start or directly before usage of the service) or it may be modiffed dynamically (dynamic reconffguration).

5A Ψcarrier service˚ provides data transportation.

When applying dynamic conffguration we need a mechanism allowing us to locate a certain service provider on the service market. It is clear that the application itself doesn’t know anything about the structure and maintenance of the service market.

Thus we assign a service identiffer (ServiceID) to every service we use. A ServiceID looks like a term with the functor indicating the service class and the term’s arguments specifying the service more detailed (e.g. parameters or additional requirements).

A broker can then be entrusted to deliver an appropriate service provider (object) using the ServiceID as the service speciffcation. Dynamically changing conditions in the environment (e.g. availability of resources) may affect the selection process.

It should be emphasized that there may exist many service providers for the same service (but usually differently implemented). On the other hand one single object may be able to provide various services (each having a different ServiceID associated).

III. FOCS

In section II we gave reasons for using an object-based approach when modelling and implementing complex communication systems. FOCS incorporates these concepts by means of a new, decoupled, inter-object communication mechanism that allows for:

211-4

ffl Temporal independenciesofsender andreceiver. ffl Easy replacement ofobjectsat runtime (dynamic(re-)con�guration).

ffl Many(competing)receivers forone message. ffl Explicit modelling of the �ow of data and basic synchronization.

ffl Concurrentobjectactivities.

III.A. Objects in FOCS InFOCS,thetermsobjectandserviceproviderareused interchangeably.Virtuallyeveryobject(thatcontributes to a piece of software) is a service provider. Exceptions are places and methods which are in some sense onlyauxiliaryobjects. Thereforewe willgoonanddescribe service providers having in mind that these are thefundamentalobjectsinFOCS.

Aserviceprovider(SP)isablackboxthatprovidesa certainserviceandhidesalldetailsaboutitsimplementation. There are channels attached to an SP through which messages (i.e. message objects) can be received and send, respectively. For maintainingits (local)state itisequippedwithlocalvariables(whichareneithervisiblenor accessible from outsidethe SP). A SP having nochannels attachediscalled anapplication. in1 in2 out

Internals

Local Variables

(hidden)

Figure 5: This picture shows an SP with 3 channels: in1,in2andout.Thechannelnamesarede�nedlocally (where they are unique).

We distinguishbasic and compound SP’s. A SP is called basic if it does not rely on any other SP. However, itcan useservices providedbynon-FOCSsystems (such as the underlyingoperating system). Because an SP hides its implementation anyhow and because its usageofnon-FOCSsystemshasnoimpactonanyother FOCS-object, there is no fundamental difference to an SPwhichprovidesitsservicecompletelybyitself.This is an essential aspect of FOCS as it allows to incorporate many of todays already existing communication systemsandbythat,softwarereusabilityinalargescale.

In oppositionto a basic SP a compound SP implementsonlypartofitsservice.Forthecompleteserviceit dependsonsub-services providedbyotherSP’s,which may themselves becompoundorbasic.

In �gure 6 we see a CommandTool-SP that provides an interactive command driven tool (e.g. a shell ormonitor). It depends on two sub-services: a textwindow and a so called evaluator, each having two channelsattachedtothem.Thetext-window-SPaccepts (string-)objectsononechannelandcommunicatesthem totheuser(e.g.bydisplayingtheminatextwindowon the screen), while words communicated from the user (e.g. typed in at the keyboard) will be sent as (string-) objectsthroughtheotherchannel. The evaluatorSPon the other side accepts (string-)objects at its �rst channel, evaluates them according to the rules of a speci�c language (and producing the desired side effects), and sends the result through the other channel (as output). TheCommandTool-SPonlyneedstoconnectthesetwo sub-SP’s.Doingsoitestablishesitsownservice, inthis case some interactiveCommandTool.

Text-

Evaluator

Window

CommandTool-SP

Text- Window

ServiceMarket:

CommandTool-SP needs:Evaluator,Text-Window

Evaluator

Figure 6: The compound SP shown above consists of an �Evaluator-SP� and an SP providing facilities for communicationbetweenahumanandthe machine.

AcompoundSPhidesitssub-SP’slikeallotherlocal details.Duringinitializationitrequestsitssub-services tobeestablished.Thetaskofgettingappropriateservice providersforthisisdonebya broker.

It lies in the very nature of FOCS (and any other object-based system that adheres to hiding of implementation details) that it is not known how services are implemented. But in FOCS this means even more: Oneandthesame service mightendupbeingprovided by totally different SP’s. In our example, the service �text window� mightbe providedby a vt100terminal, byan X-window,a NeXT-DPS window,or some other thingthatcancommunicatestringstoauser(i.e.display textsomehowsomewhere).Obviously,thechoiceofthe �right�serviceproviderdependsonseveralfactors,like availability of certain hardware or software (e.g. windowservers), preferences ofthe user and so forth.The CommandTool-SPdoesnotdependontheimplementa-tionof the text windowservice. Therefore one and the same(CommandTool-)SPworksondifferentplatforms (SUN or NeXT, withor withoutX server etc.) without theneedofadaptingit.

211-5

FOCS Proc.INET ’94/JENC5 J.-P. Redlich

III.B. Inter-Object Communication

Intheprevioussectiononecouldgetanideaofhowservice providers interact. This will be explained in more detailnow:

Every service providerhas a setof methodsthatact on its internal variables and may change its internal state just like in conventional object oriented systems. However,inthosesystemsamethodisusuallyinvoked bysendingamessage totheobject.Moreover, inmany cases this is done synchronously, i.e. the sender has to waituntilthereceiver ofthe message has �nishedrunning the appropriate method. In FOCS, every method has some inputplacesattached toit.A methodisinvokedwhenthereisatleastone(message-)objectoneach of the input places. The method then usually removes themessageobjectsfromitsinputplacesandeventually putssome(other)objectsonitsoutputplaceswhichare attached to it as well. Places are auxiliary objects that can storean unlimitedamountofmessage objects.

Notethata methodcan onlybe invoked(can �re) if there are objects on each of its input places. If this is the case, a method is said to be satis�ed. As a method may remove objects from its input places (which may inturnbeinputplaces ofanothermethodaswell)other methodsmayloosesatisfactionwhenthismethod�res. On the other hand a message may put objects on its output places which may cause other methods to be satis�ed.

Amethodhastohaveatleastoneinputplace(otherwise it wouldbe continuously�ring), but does notnecessarily have to have outputplaces. This model has a numberoffeaturesthatcannotbefoundinconventional objectorientedsystems:

ffl Inter-object communication is inherently decoupled and asynchronous. A method places a (message-) object on a place and goes ahead. It doesnothavetowaitforthereceivingserviceprovidertoprocess thismessage.

ffl Objectsusuallydonotknowtheircommunication partner. All they see are some places on which messagesappearand/oronwhichmessagestoput. That makes it easy to replace the actual object at runtime by a different object (that provides the same service andthushas thesame interface).All we have to do is to disconnect the object (which is to be removed) from the places it is connected to, create the new object and connect it back to the same places. Because all other SP’s reference onlyplaces(whichhaven’tchanged),theywillnot noticetherecon�guration.

ffl Many methods may �listen� to the same place(s). This may lead to one method not getting every messagebutonlyoneinawhile,thushavingmore timetoprocessone message. Thisallowsforeasy loadbalancing.

ffl Amethodmustnottake objectsfromotherplaces thanits inputplaces. Equally, no method may put objectsonplacesotherthanitsoutputplaces. This makes itquiteeasy tofollowthe �owofdata.

ffl Havingplacesandmethodsitispossibletoachieve synchronization or to model capacities of places similarlytowhatcan be modelledwithPetri-Nets (althoughFOCSisbynomeansaPetri-Netimple-mentation, infact that is about the only similarity toPetri-Nets).

ffl Themodelimpliesconcurrentobjectactivitiesbecause method �ring is done independently from otherobjects’activities.

Atruntimetheinputandoutputplacesofthevarious methods of a service provider are assigned to existing places in the system. Now itis clear what the channels of the service providers meant to be: These are the places of some methods of a service provider (similar to �public� methods in other systems) and need to be assigned to existing places in the system in order to communicate withthatobjectand (hence) bene�tform theservice providedbythatobject.

If we let circles denote places and bars denote methodswecan�draw�aserviceproviderinamannerthat expresses someofthefeatures explainedabove. Figure 7givesanexample.

Figure7:ThisisacompoundSP.Itcanbesuppliedwith audio and video on two independent channels. After synchronization of the incoming streams, presentation isdoneatnone, oneortwoterminals.

211-6

FOCS Proc.INET ’94/JENC5 J.-P. Redlich

Figure8:Hierarchicalbrokers(H-Brokers)entrustsub-brokers(H-BrokersorP-Brokers)tolookforserviceproviders, using various strategies. The P-Broker marked �Candidate�is the �rst one found, which offers the desired service. Allpreviously askedP-Brokers declined(crossed outinthepicture).

III.C. Brokers Before SP’s can be combined to higher level (compound) SP’s, some service providers (sub-SP’s) must befound.ForthisjobFOCSintegratestheconceptofa localservice broker.

Every object-type implemented in the local system provides one or more services (locally). It is possible thattherearemanyprovidersforthesameservicewhich may beimplemented quitedifferently. BypresentingaServiceID

6 to the object-type, a broker can Ψask˚ every (local) service provider whether it is able to provide the desired service. If not, the inquiry must be continued. This process either stops with an offer (of the service) or the service is not available at the local system. In the latter case the SP that asked for this service can now decide (autonomously) whether it is willing to lower its requirements (and restart the search, hoping that a lower quality service is available), or whether it can omit this particular service or whether the service was mandatory, so that it is not able to provide its own service (worst case).

For this reason a compound SP has to check for its resources (e.g. sub-SP’s) before it commits itself to offer a certain service.

The ServiceID has the form of a term with the functor entitling the service class. The management of service class names (i.e. ServiceID functors) is described later. The arguments of the term specify the desired service more precisely. But there exist no general rules for how a ServiceID has to look like or how its arguments have to be interpreted (semantics of a ServiceID). Only objects really providing a particular service know the service and its description given by the ServiceID. All other service providers can easily detect that they don’t know the service this ServiceID relates to (possibly by simply 6The ServiceID describes the service and the interface of an object which provides that service.

looking at the ServiceIDs functor). Because they will certainly not provide the desired service there is no need for them to understand the ServiceID.

Using ServiceID’s it is possible to deffne service classes and to introduce concepts like inheritance and polymorphism. This leads us to an object oriented model, the details of which are beyond the scope of this paper.

Let us now discuss how a broker works:

We distinguish two types of brokers: primitive brokers and hierarchical brokers.

A primitive broker is responsible for only one single SP-implementation (but knows everything about it). It is able to decide whether or not the SP-implementation it manages is able to provide a service required by a given ServiceID. If yes, it returns an acceptance, otherwise it declines.

Hierarchical Brokers on the other hand don’t know any SP-implementation. Instead, they know other brokers they can ask for service providers. There are several ways how to delegate the request to their sub-brokers: First, they can ask their sub-brokers sequentially (one after the other) or they can do it in parallel. Second, if there are more than one service-provider found, they have to select one. There are many strategies available how to do that: ffrst choice, best choice (requiring an effective assessment-function), alternative choice, conservative choice, and many more.

If a hierarchical broker found some object providing the service it looked for, the state of the broker is usually saved. If it turns out (at a later time) that the selected object is not a good choice (e.g. because it blocks resources needed for other services), the broker can than be reactivated in order to provide an alternative object (backtracking).

211-7

By combining brokers using different strategies it is possible to control how the broker observes the service market.

Note that in the paragraphs above we only discussed the local case which would hardly be sufffcient for a telecommunication system. Brokers are services providers. So, if we want to search for a service in a distributed market 7 we simply ask a local broker to supply a service provider that offers the service of brokering across the net.

III.D. Composition of Objects (Phases of Object Creation) From the above mentioned it is clear that the creation of new SP instances, especially if they are compound (i.e. they depend on services of other SP’s), may be a complex process.

First of all a ServiceID specifying the desired service is presented to a broker. The broker now inquires other brokers until a primitive broker is found that manages an appropriate SP-implementation. This broker is capable to decide whether or not it can deliver an object that is able to provide the speciffed service (respecting all parameters and additional requirements as indicated in the ServiceID’s arguments). The agreement notiffcation can be subject to withdrawal, because it may turn out at a later time that certain resources which are necessary for the service are not available (e.g. the human communication partner on the other side of the line). A SP in this state is called proposal. If a proposal is a compound SP a list of sub-services needed must be built and brokers must be entrusted with ffnding the corresponding service providers. If it is possible to ffnd an appropriate service-provider for every sub-service demanded, the (composed) SP is called candidate. If for some of the services speciffed in the demanded-subservices list, no service provider can be found the proposal has to decide whether to change the service requirements or to work without the unavailable services. If the latter is impossible, it has to declare itself unable to provide its service and the broker has to look for another service provider.

III.F. Call If a user wants to use a certain telecommunication application, he (or she) starts a call. As a result an SP is created at every participating node. This SP’s task is to control the call relation and to manage other SP’s needed for this particular application (by managing SP’s it manages real resources), including creation and termination of SP’s.

7distributed across a network, that is.

The structure of a call providing traditional services for voice and/or data transfer is quite static. The termination of one component usually results in termination of the entire call. It is also unusual for traditional calls to involve more than 2 parties in one single call.

In FOCS it is an explicit goal to modify a calls structure after it has been established. This includes adding and removing parties to resp. from the call and the creation and termination of SP’s on demand. Features allowing to modify an active SP should only be provided by the SP itself (encapsulation and autonomy of an SP).

FOCS distinguishes mandatory and optional SP’s. Mandatory SP’s are established and terminated together with the call, while optional SP’s can be created and terminated dynamically on demand at any time during the call. They don’t even have to be established at all. If an optional SP terminates because of errors, the SP that contains the terminating SP can decide whether to live without it, to restart, to replace it by an alternative service provider, or to terminate itself. Usually, this does not affect the existence of the call.

Because services usually act in a distributed manner, the existence of a powerful signalling system is tremendously important. It is hard to imagine how to provide the above mentioned dynamism of a call without separating call control and connection control (for further information refer to [6]). Signalling in FOCS is itself a service which can be provided by many (different) implementations.

III.G. Integration of Other Systems

In practice there exist already many service providers which can be used to construct new services. Typical examples are services providing data transport (e.g. TCP- IP, telephone), directory services (e.g. X500), but also services for human,computercommunication(e.g.X-

windows,multimediatoolkitsfromDECandNeXT,...). ItmustbepossibletointegratethesesystemsinFOCS, becauseotherwiseFOCSwouldbejustonemoresystem (oneofhundreds)toprovidecommunicationservices. To reach this goal SP’s can be designed that re�ect thefunctionalityofthesubsystemthatistobeintegrated inFOCS. Now itispossible forevery FOCS-customer to access this object in order to use the subsystems service (via the newly designed FOCS interface). Moreover it is possible to select between subsystems by lookingforappropriateSP’satthelocalservicemarket. It is understood that only SP’s offering access to highlyavailableservices(thesearerightnowespecially services provided by non-FOCS systems) are likely to toreach each potentialcommunicationpartnerbecause 211-8

FOCS Proc.INET ’94/JENC5 J.-P. Redlich

that partner may not have the FOCS software available but may have access to the subsystem used (e.g. telephone,fax, internet).

III.H. Globally Unique ServiceID’s

Selecting service providers satisfying various ServiceID’s and combining them to a (distributed) applicationcan workonlyif the namingconventionof the ServiceID used to specify the cooperating services is commontoallinstalledFOCSsystems.Because FOCS intendstodealwithglobalcommunication,thisunique understandingofServiceID’smustbe globaltoo.

This does not mean that a particular implementation of a service must be globally available. It is even quitepossible(and likely)thateverybody ownshis (or her)privateserviceimplementationofaservicetheServiceID ofwhich isone and the same. Hence itmustbe guaranteed that everybody associates the same service (includingservicesemanticsandserviceinterface)with a givenServiceID.

Forthisreasoneverybodywhowantstode�neanew service (for FOCS) has to provide a unique ServiceID for it (an additional detailed service description and a reference implementationwouldbeappreciated).

Developers of (new) telecommunication applicationscannowdecidewhethertheywanttousethisnewly de�nedservice.Providersofsimilarservicesmaycheck whether their objects can provide the same service (in orderto be selected by a brokerif users starttouse the new service).

ToguaranteeglobaluniqueServiceID’saglobalauthority is needed in order to administer the set of ServiceID’s already in use. To avoid this it is proposed thatevery institutionthat intendstode�ne new FOCSservices manages its own name space. The global uniqueServiceID can then beyieldedbyappendinga ‘@’ and the internet address of the institution to the local name. Using this mechanism it is easy to know whom toaskfordetailsortheimplementationifonlythename ofaserviceisgiven.Namesofnewservices(andashort abstractaboutwhattheydoandhowtheinterfaceisdesigned)maybe distributedvianews.

IV. Future Plans

The FOCS project, as presented in this paper, has just started.However,�rstprototypeimplementationsofthe frameworksystem and afew services are available.

Futureworkissupposedtointegratemanyoftodays (alreadyexisting)communicationsystemsandwillprovide us with even new services and applications. Special interest will be given to issues of multimedia data transportation and processing in heterogeneous environments.

Butfor now the major task is to implement a set of basic services, which can be used for writing sample applications.Theseserviceswillincludevariouscarrier services, signallingservices, broker services for distributed service markets, services for code transfer and remoteoperationservicesaswell(givingaccesstoSP’s availableatremote hostsonly).

For the future, access to �higher services� such as email,fax,telephone,videoandprocessingofmultimediadocumentsisplanned.

A related project dealing with management of FOCS’serviceprovidershasjuststarted.

Also,itisstillunderinvestigationwhattheconcrete relationships between service providers and their brokers are. In our opinion it as an major advantage of FOCS that service providers (or their P-Brokers) are asked if they can establish a speci�c service instead of agreeingona common(probablynotoptimal)notation for service description. However, this introduces the problem that there is possibly a large number of SP’s (brokers)to be asked. It wouldbe nice if the hierarchy thatisprovidedbyH-Brokerswouldlogicallycorrelate to a semantic structure of the service market which is yettobe established.

V. Conclusion

Westressedthenecessityforanew,generictelecommunicationapplicationframework thatallowstointegrate manydifferentservices intoone applicationandwhich bene�ts from the fact that some of these services can substituteeach other.

We showed that OO-technologies are applicable in the �eld of telecommunication and that they lead to well structured applications. Late con�guration allows for�exibleservices, i.e. serviceswhichare(mostlyautomatically)able to adapt to changing situationsin the network or terminal equipment. This is achieved by utilizationof brokers which locate appropriate service providersforacertaintaskonthe(local)servicemarket atruntime.

FOCS is a promising approach to implement these ideas inthe form ofa programmingtoolkit.Itincorporatesanew,powerfulinterobjectcommunicationmodel andallowstointegrateexisting(sub-)systems.

211-9

FOCS Proc.INET ’94/JENC5 J.-P. Redlich

VI. References

[1] Bertrand Meyer, �Objektorientierte Softwareentwicklung�,Hanser, M

�unchen/Wien, 1990.

[2] N.Wirth, �Programming in Modula-2�, Springer-

Verlag, New York1982.

[3] Andrew S. Tanenbaum. �Computer-Netzwerke�,

WolframsFachverlag, M

�unchen1991.

[4] Frank Bomarius, �Ein System f �ur die Programmierung verteilter objektorientierter Applikationen�, Dissertation am FB Informatik der Universit�atKaiserslautern, 1990.

[5] Ludwig Keller, �Vom Name-Server zum Trader

- Ein�Uberblick�uber Trading in verteilten Systemen�, PIK16,Heft3/1993Seite122ff.

[6] H. Ouibrahim, �Access Signalling Architecture

Based On An Object Oriented Service Description�, Workshop on Broadband Communications Estoril,20-22.January1992,Page 106-117.

[7] J�urgen Becher, �Kon�gurierung verteilter, heterogenerInformationsverarbeitungssysteme�,Dissertation am Institut f

�ur Telematik, Universit �at Karlsruhe,1993.

[8] Budd, �Little Smalltalk�, Prentice Hall, 1987,

ISBN0-201-10698-1.

Author Information

Jens-Peter Redlich works as an assistant at the Dept. of Computer Science at Humboldt University Berlin / Germany, wherehe received a diplomain1993. His research currently focuses on practical design methods for and implementation of telecommunication and multimedia applications. His previous activities have been centered around the unix operating system, X-windows, and practical implementation of tools for machine ,usercommunication.

211-10