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Abstract 
A formal computational model for distributed systems and in particular for distributed multimedia 

applications derived frorn the Reference Model on Open Distributed Processing is defined and presented. 
The formal definition is based on the standardized formal description technique LOTOS introducing the 
LOTOS sub-language approach. This approach is applied to the ODP computationsllanguage yielding a 
sub-language LOTOScomp. In this context, the capability of (standard) LOTOS to model Quality of Ser
vice is discussed and compared with approaches based on LOTOS extensions. 

1. lntroduction 
Distributed multimedia applications, e.g. video conferencing systems, on-demand services or multi

media mail, are now available. However, they seem to be mostly ad-hoc solutions implemented in a par
ticular environment This paper aims a more general approach: distributed multimedia applications are 
derived from standardized framework, the Reference Model on Open Distributed Processing (ODP). The 
suitability of the RM ODP for distributed multimedia applications was already seen, e.g. in the multime
dia oriented extension of ANSAware [3] or in the 7buring Machine [1], a software platform for distributed 
multimedia application based on an ODP oriented architecture. However, these approaches are providing 
implementation platforms but not a formal framework. Here, such a framework is presented using the 
standardized formsl description technique LOTOS [5]. 

ODP has been characterized by Keny Raymond in her tutorial [8] given at the F"II'St Internationsl 
Conference on ODP as follows: "Advances in computer networking have been allowed computer systems 
across the world to be interconnected. Despite this, heterogeneity in interaction models prevents inter
working between systems. Open Distributed Processing describes systems that support heterogeneous 
distributed processing both within and between 011fanizations through the use of a common interaction 
modeL ISO and mi-T (/ormerly CC11T) are developing a Basic Reference Model ofOpen Distributed 
Processing (RM ODP) to provide a coonlinating Jrameworlc for the standmrlization of ODP by creating 
an architecture which supports distribution, intemetworlcing, interoperability and portability." 

The main concept of the RM ODP is the viewpoint. A viewpoint is an abstraction, focused on parts 
of an ODP system determined by a particular interest. There are five viewpoints, enterprise, information, 
computationsl, engineering, technology. The concepts, rules, and structures appropriate to the specifica
non of an ODP system are given by corresponding description languages, e.g. computational language 
for the computational viewpoint. The semantics of an ODP infraslructure are defined by ODP functions. 

2. Fonnal computational model 

The idea of the LOTOS sub-language approach is to define given properties of a class of specifica
tions, e.g. concepts and structures, within the sub-language. Obviously, this approach is different frorn the 
simple l"e!iuction of oper:ators as e.g. in the case of Baaic LOTOS. 
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One reason for the sub-language approach is that the ODP description languages detine a class of the 
specification which can not be defined by one specification (in difference to SDL-92 which provides the 
necessary genericity) but can be by a sub-language. Another reason is that the sub-language approach 
provides scalability of prescription, which allows for examples to be so prescriptive to provide interoper
ability on the specification level. 

For ODP's computational viewpoint, the sub-language LOTOScomp has been defined [9]. The sub
language definition includes first the mapping of concepts of the computational language, e.g. computa
tional object or operational interface, in LOTOS templates, e.g. predefined LOTOS processes. Second, the 
rules of the computationallanguage which detine the relationships between the concepts, e.g. a computa
tional object contains one or more computational interfaces are expressed by syntactical constraints of the 
sub-language. Third, it contains LOTOS specifications of predefined objects which are specified within 
the Reference Model on ODP, e.g. the trader and the binding-object and specifications of the computa
tional ~nfras1ructure and the so called stream object to provide a completely executable computational 
model . The same approach has been applied to information and engineering language [10]. The partic
ular suitability for multimedia application is given by the full support of the ODP stream interfaces and 
according binding mechanisms. Additionally, the modeling of quality of service is investigated in the fol
lowing section. 

3. Modeling of quality of service 

The modeling of quality of service is seen in different abstraction levels: (i) specification of QoS 
parameters, and (ii) specification of behavior depending on QoS parameters. 

The considered QoS parameters cover rather than only those of communication protocols also the 
ones detennined by operating systems, file servers, and human end-users. An overview of the different 
types of QoS parameters are given by Kerherve et al. [6]. In general, two type of parameters can be dis
tinguished, rime-independent parameters, eg. loss of cells in a communication network, and rime
dependent parameters, e.g. end-to-end delay in a communication network. The specification of QoS 
parameters can be done straight forward by mapping onto data types inel. a special interpretation, e.g. nat
ural numbers (microseconds). 

To model QoS-dependent behavior, LOTOS has no quantitative time concept. However, different 
approaches has been investigated to express quantitative time. On the one hand, there are approaches 
using standard LOTOS, e.g. introducing processes modeling cloclcs [4]. On the other hand, there are 
approaches extending LOTOS with a time calculus, e.g. as given by Quemada and Fernandez [7]. Within 
the Tempo project [2], the capability of fonnal description techniques and in particular LOTOS and its 
time extensions for multimedia applications has been investigated, leading to a so-called bilingual 
approach: The idea is to use LOTOS to specify functional behavior and a temporal logic for the nonfunc
tional behavior, to provide a common semantical basis for both languages. 

When considering QoS for distributed multimedia application [6] we identified the delay (caused by 
file-servers, communication, and operating systems) as the basic time-depended QoS parameter frorn 
which other parameters, e.g. jitter, can be concluded and which determine synchronization protocols. 
Delay is related tO'data and subject of change when data is processed. This interpretation allows to attach 
a delay parameter to the data unit which is processed and this parameter can be changed (nondetenninis
ticly) by ~e processing object, e.g. the communication network. This idea has been applied to different 
examples . 

In our opinion, the cited and presented approaches are equivalent in respect to their expression 
power. However, they differ in the level of abstractions. Consequently, the evaluation of the approaches 
depends on the type of application, the required analysis and validation, available tools, and taste of the 
specifier. Our approach seems to have its advantage in its simplicity: using the tool and methodological 
support provided for standard LOTOS. The main disadvantage is seen in the mixing of functional and 
nonfunctional behavior. This problem wss already discussed by Bowmann et al. [2] under the title "1Fme 

* The complete language definitioo, lbe specificatioo of pre-defined objects, examplea arul olber details can be obtained 
trough 1be author's html home-page: http://www.dstc.edu.aulpublic/staff/andreas-vogel.html. 
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vs. Abstraction" and consequently the bilingual approach was proposed. However, limitations of this 
approach are seen in the common semantics which is only defined for Basic LOO'OS, and in the lacking of 
integrated tool support for the temporal logic portion. Finally, LOO'OS time extensions seem to be 'over
sized' for the specification of QoS, i.e. functionality is provided which is not necessary for QoS specifica
tion. 

4. Conclusion and further work 

First, a formal computational model for distributed applications was defined and its suitability for 
distributed multimedia applications was shown. The advantages and distinguishing characteristics of this 
approach are seen in the application of a standardized framework and standardized description technique, 
introducing of mathematical semantics on the language level of LOO'OS, providing executable models, 
and applicability of already developed analysis, test and verification techniques and accompanying tools. 
The model has been applied within a CITR (Canadian Institute of Telecommunication Research) project 
on 'Broadband Services'. 

Second, the modeling of QoS using LOO'OS has been reviewed, our own approach has been pre
sented. Consequence of the discussion is that considerations on QoS modeling are not yet mature and 
future work is required, in particular in the framework of ODP. 
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