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Abstract

Although multimedia information systems have re-
ved much altention recently, methodologies for de-
igning applications which utilize such systems have
ceived little atiention. Somc proposals have been
ade for using Objeci-Oricnted Dala Base Manage-
i Systems (OODBMSs) for sloring and manag-
ng multimedia data since they seem more suitable for
dling large complex objecls such as sound, video,
mage, elc., and their combinations. In spite of the
otentials of such techniques, they do not sufficiently
apture all of the requirements of mullimedia appli-
ons. In this paper, we focus mainly on applying
he analysis phase of the Object Modeling Technique
OMT) for multimedia applications development. In
articular, the applicalion of the object model, dy-
amic model, and functional model. The object model
aptures the static aspects of an application; the dy-
mic model deals with time and changes aspects of
n .application; while the functional model generates
he methods by analyzing the object and dynamic mod-

Introduction

A multimedia information system provides for the
ient storage and manipulation of data represented
as text, images, voice, graphics and video. In addi-
tion, users can also periodically update the multime-
dia database so that inforination contained in it accu-
rately reflects the real-world. Some multimedia sys-
ms are being extended to provide the capability of
linking the various types of data in order to enable its
users to have access to large amounts of related infor-
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mation within a short space of time either by brows-
ing or querying the system. It has been found that
such systems are useful for variety of applications in-
cluding CAL, C'tAD/CAM, and air traffic control. Al-
though multimedia information systems have received
much attention recently, methodologies for designing
applications which utilize such systems have received
little attention. Some have proposed object-oriented
database management systems (OODBMS) for stor-
ing and managing multimedia data as they have been
found to be more suitable for handling large objects
and multimedia data such as sound and video (see
for example [1]). Although such systems show some
promise, they are not sufficient to capture all of the re-
quirements of multimedia applications. For example,
in many cases, voice and video data which may be
stored in objects have to be synchronized when dis-
played. The constraints for synchronization are not
specified in the object models.

Designing multimedia information systems applica-
tions involves:

1. analyzing the requirements of the application,

2. designing the database, the integrity constraints
to be enforced, and the transactions, and

3. designing the modules of the automated system
(which automates the slice of the real world of
interest).

The automated systemn may utilize a database man-
agement system to manage the database. Since much
of the focus to date has been on using CODBMSs for
managing multimedia data without paying much at-
tention to the unigue requirements of multimedia ap-
plications, a tremendous burden will be placed on the
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multimedia application designer when utilizing such a
systemn for the application. It is, therefore, imperative
that tools be developed to aid the designer in ana-
lyzing the requirements, designing the database, the
integrity constraints, the transactions, and designing
the modules of the automated system.

An approach for the multimedia information sys-
tem application design is as {ollows. The client, whose
goal is to automate some slice of the real world of inter-
est to him (such as a command and control application
which involves multimedia data ), defines the problem
and subsequently the requirements enginecer generates
the requirements. This initial specification of the ap-
plication is then given to the application designer who
designs the application. The design process could con-
sist. of multiple stages. For example, the first stage
could be to identify the entities of the application, the
next stage could be to represent the entities using some
notation, the subsequent stages could include analyz-
ing the representation for potential inconsistencies, de-
signing the multimedia database, and designing the
modules of the automated system. '[hroughout the
design process the application designer, the require-
ments engineer, and the client may interact with each
other until a satisfactory design is obtained. The de-
sign process 1s illustrated in Figure 1.

Client defines the prohlem e itind specitication
and the vequiresments enginees oo the application
grnriates the tequitements

Application designer deaigns the
application: defines the entitics,
teprezenls them uging an appropriate
mexde}: designs the database, and the
syxtem madules

desipned
application

Figure 1: An Approach to Application Design.

In designing a multimedia information system, first
of all, the entities must. be unambiguously represented
using an appropriate model. Tt is also hnportant to
capture the semantics as accurately and completely
as possible. The requirements must. then be analyzed
in order to detect possible inconsistencies. Therefore,
a design tool should ntilize the specification of the ap-
plication, and subsequently, conduct an analysis. The
desiguer should he informed of any potential problems.
In addition, a design tool must also consider the op-
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erational requirements. The tool must analyze the
various operational scenarios and determine whether
there could he potential inconsistencies. In order to
successfully design such a tool, we believe that a pow-
erful modeling and reasoning methodology is needed.
This paper describes how the OMT methodology de-
veloped in [2] could be utilized for this purpose.

We chose the OMT methodology because it was de-
veloped specifically for modeling and reasoning about
complex applications for information systems. OMT
is becoming one of the more popular methodologies for
designing various database applications. It is a soft-
ware engineering methodology and encompasses three
viewpoints: the object model, the dynamic model,
and the functional model. As stated in (2], the object
model describes the static structure of the objects in
an application and their relationships. The dynamic
model describes the aspects of the application that
change over time. It is used to specify and implement
the control aspects. The functional model describes
the data value transformation within an application.
OMT consists of an analysis phase during which the
application requirements are analyzed, a system de-
sign phase during which the database and the system
processes are generated, and an object design phase
during which the algorithms and the interfaces are
generated.

This paper focuses mainly on applying the analysis
phase of OMT for multimedia applications. In par-
ticular, the application of the object model, the dy-
namic model, and the functional model are discussed.
It also briefly discusses some of the essential points
of the other phases of OMT. The organization of this
paper is as follows. A brief overview of muitimedia
application requirements is given in section 2. Sec-
tion 3 describes the application of the object model,
dynamic model, and the functional mode]l of OMT.
Further considerations are discussed in section 4. The
paper concludes in section 5 with a discussion of future
work. It is assumed that the reader is familiar with the
essential points in object-oriented data models. For
a detailed understanding. we refer the reader to [2].
Some information on multimedia information systems
and applications is given in [1]. A discussion of ap-
plying OMT for secure database applications which
influenced some of the ideas presented in this paper is
given in [3].



. Multimedia Application Require-
ments ‘

i

:There are several requirements imposed on mul-
miedia information systems applications. These re-
rements can be grouped into various categories
cluding the data representation requirements and
ata manipulation requirements. Data representa-
yn requirements may include support for generaliza-
on/specialization hierarchy, attribute specification,
ecification of operations, support for composite ob-
fects, multimedia data sharing, versioning, constraints
r presentation (such as synchronization constraints),
and support for extensible data types. Data manipu-
tion requirements may include efficient data retrieval
nd update, concurrency control and recovery, effi-
lent data storage and access (such as indexing dif-
rent data types), support for the capture, storage,
nd presentation of various types of multimedia data,
nd schema and version management.

+. ' The requirements are specified in terms of a partic-
ular application. For example, a command and control
pplication may include a description of the aircraft,
mmanders, missions, and administrative informa-
on such as policies and procedures, and the activities
that pertain to a particular mission. Information on
& mission may include the mission name, type of the
ission, and possibly, a video script describing the de-
ils of the mission. Information about a commander
nay include data such as his qualifications, number of
rears of experience, etc. The application will also in-
e a description of the activities that could occur.
hese include a commander reserving an aircraft to
ecute a mission or a nission in progress.

Since the information to be represented in multime-
dia applications is complex, a powerful methodology
needed to capture the semantics. Furthermore, the
odel should also support reasoning capabilities, as
uch of the information may be derived information.
Aaintaining the integrity of the data as well as the op-
erations is critical. For example, information about a
nission must be accurate; otherwise, the consequences
ould be catastrophic.

. Application of OMT

In this section, we discuss the use of the object
odel, dynamic model, and functional models of OMT
or designing nuiltimedia information systems applica-
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3.1 The Object Model

The object model captures the static aspects of the
application. That is, it represents all of the entities of
the application, and the relationships between them
at a single moment in time. The object-oriented data
model of OMT has the inherent capability of modeling
the real world of interest naturally. It also provides an
intuitive graphical representational scheme which an
application designer could use to communicate with
the client. We use the term entities to represent not
only the objects of the object model, but also the
classes, associations, relationships, links, events, and
activities. The concepts of the object model include
objects, classes, attributes, operations and methods,
links and associations, composite objects, class hier-
archy and inheritance, metadata and constraints. We
only discuss the essential aspects in this paper.

As in most object models, objects with similar
properties are grouped into a class. The object in-
stances of the class inherit these properties. For ex-
ample, a group of aircraft could be represented by an
AIRCRAFT class while a group of missions c¢ould be
represented by a MISSION class. Missions PPP and
QQQ could be instances of the MISSION class while
aircraft AAA and BBB could be instances of the AIR-
CRAFT class. Figure 2 illustrates the notion of classes
and instances.

CLASSES INSTANCES

AIRC (AIRCRAFTY

BBB

TMISSIONY
PPP

(MISSION)
QQ

i
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Figure 2: Classes and Instances

Modeling classes and objects is less interesting if
one cannot model the properties of objects. Proper-
ties are specified as part of the class definition. These
properties are called attributes. Each class has ID as
an attribute. This is the identifier of an instance of
the class. For example, MISSION class may have at-
tributes 1D, name, mission-plan (whose value may be
a video script), etc. An operation is a transformation
that is applied to the objects of a class. The tmple-
mentation of an operation for a class is via a method.
In most object models, the objects interact with each
other by exchanging messages which will result in ex-



propriate nmethods. (We will discuss oper-

ing ap
ecuting . K
15 and methods again as part of the functional

tiot ! . .
at:)dPl )y Figure 3 illustrates the notion of attributes
model.
and values.

(MISSION)
D 1oan

Name: P

er PP
Mission-plan: Video-data

i Tyee Integ

Nane - Type: String.

M.iss'imvplm: Fype: Videe

Figure 3: Attributes and Values.

Links connect ol)jec.(- instances such as an aircraft
AAA takes part in lllIﬂSi().ll PPP. Links may also be

d to connect the multimedia data. For example,
use textual description of a mission plan and the video
tjhe ‘{>tion of the mission plan could be connected
desc.r] l,'h a link. Associations describe groups of links
throt ﬁ; an ATRCRATT takes part in a MISSION. In
Su.d‘] ':od("l. the associations are between classes while
t'.hls, .1 are between instances. With this view, associa-
h-nl‘z ;ould have attributes. For example, the assocl-
o hetweell ALRCRAFT and MISSION could have
a“OP} te frequency (for how often the aircraft takes
attn )u a. mission). Associations and links do not have
Pa'r}tomlillnit.ed to binary ones. They could be n-ary
t: >) 3). Figure 4 illustrates the notion of associations

= rvipure b illustrates the notion of links.
while Figure 21

takea part-in

Figure 4: Associations.

Likes-par -in

Figure 5: Links.

(;mmra.liza.l-ion is the relationship between a class
1(-]" refined versions of the class. These refined ver-
ar S .
s are called subclasses. The concept of gener-

siot . .
lts in a class hierarchy also referred to

alization rest
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as the IS-A hierarchy. - A class may have multiple
subclasses associated with it. If C1 is a subclass of
(©2, then C2 becomes a superclass of Cl. In gen-
eral, a class may also have multiple superclasses as-
sociated with it (although in some models it is lim-
ited to just one). For example, a subclass of MIS-
STON could be FRIENDLY-MISSION. In addition to
the attributes and methods of MISSION, FRIENDLY-
MISSION niight have additional ones. Inheritance is
the mechanism by which subclasses take properties of
their superclasses. Figure 6 illustrates inheritance.

MISSION

(Gieneralization

FRIENDLY-MISSION

Figure 6: Gieneralization.

_ Constraints include those which specify excep-
tional conditions, application-independent integrity
constraints, and application specific integrity con-
straints on the entities (such as objects, links,
etc.). Application-independent. integrity constraints
include constraints such as the primary key constraint.
Application-dependent integrity constraints include
constraints which synchronize the display of different
types of multimedia data. For example, video frame
XXX should be displayed with voice frame YYY or
video frame AAA must follow voice frame BBB.

3.2 Dynamic Model

The aspects of an application that deal with time
and changes are represented by the dynamic model.
That is, the changes to the objects and their relation-
ships are captured by this model. The sequence of
operations that must respond to events form the basis
of this model. An event is an individual stimulus from
one ohject to another. It results in a set of activities.
An example of an event is an aircraft being hit by a
bomb. Another use of the dynamic model is to ana-
lyze the activities and determine whether there could
he any potential inconsistencies.

Since the dynamic model represents the events, the
first question that must be answered is whether all
objects can cause events to occur. Since some ob-
jects such as commanders and missions are active and




ther objects such as mission-plans and aircrafis are
passive, OMT has grouped the objects into two cate-
gories: active objects (also called actors) and passive
.objects. The active objects may stimulate each other
r stimulate passive ob jects causing some changes to
cur. Passive objects do not stimulate any other ob-
.jects. In developing a dynamic model, the first step is
“to determine which objects are active and which ob-
jects are passive. Determining whether an object is
passive or active may not. be straightforward. For ex-
ample, a mission itself may be an active object while
~ the mission-plan may be a passive object.

Once the various types of objects have been identi-
fied, then the interactions between objects need to be
determined. - The active objects in the object model
may stimulate other objects (active or passive) and,
consequently, may cause changes in the states of the
objects being stimulated. Note that a state of an
object is described by its attribute values and links.
A stimulus from one object to another is an event.
Events could occur concurrently or an event could
follow another event. For example, the event "Com-
mander John is waiching the video script of mission-
plan AAA” could occur at the same time as the event
"Commander Paul is cxecuting the mission BBB”.
The event "commander John is watching the video
seripl of mission-plan. AAA™ must follow the event
"commander John is execuling the mission AAA".
OMT also uses objects and classes to represent events.
Once the various types of objects and events have
been identified, an event analysis is carried out for
each scenario using event trace diagrams. It is dur-
ing the event analysis that potential inconsistencies
are detected. An event trace diagram for the scenario
"Commander XXX reserves aircraft AAA to carry out
mission PPP” is illustrated in Figure 7.

Mission-plan
for PRP

Aircraft Mission

PP

feverve akcralt

Teaerved status

<Ty-cunt-mission

get-mission-details

mission-detaile

mirsion status

Figure 7: Event Trace Diagram.
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Other considerations with the dynamic model in-
clude concurrency of events and atomicity of events.
Concurrent events are not uncommon. For example,
a commander may view a video script while dictat-
ing notes. In certain cases, all of the events in a set
of events should occur or none of the events should
occur. That is, the atomicity property of the set of
events must be preserved. For example, the events
(i) Commander John is watching the video script of
mission-plan AAA and (i1) Commander John is exe-
cuting the the mission AAA could be atomic events.

3.3 Functional Model

The functional model generates the methods (i.e.,
the functions) of a class. It does this by examining the
object model, the dynamic model, and, subsequently,
performing a data-flow analysis. A data-flow connects
the output of an object or process to the input of an-
other object or process. Data-flow diagrams represent
the active objects that drive the application, the data-
stores which are the passive objects, and the various
arrows between the active objects, data-stores, and
requests. In generating the functions, issues such as
when or how the functions get executed are not taken
into consideration. What is genecrated are the func-
tions.

An example of data-flow analysis is as follows. Sup-
pose in the application under consideration, various
mission plans are documented in films and a film edi-
tor wishes to edit a film from a collection of films. The
data-stores could he INDEX FILES and FILMS. The
editor retrieves a particular film from the collection
and then requests to edit a specific portion of the film.
Then the index file maintained for the film may be up-
dated appropriately. The active object in this example
is the editor who initiates the operations. The meth-
ods that could result from this simple application are
SELECT and UPDATE. The SELECT method would
retrieve the specific film from FILMS. The UPDATE
method would modify the indez-file attribute of the
film. This is illustrated in Figure 8.

4 The Next Step

We now discuss the relationships between the three
phases of OMT for designing multimedia information
systems applications and the steps involved in design-
ing the data management component of the applica-
tion.



film
FILMS ~————> {—> INDEXFILES
modify index file
retum status
EDITOR
Figure 8: Data Flow Analysis.
4.1 The System and Object Design
Phases

As can be seen, the three models are related to one
another. Fach describes some aspect of the applica-
tion utilized by another. The object model describes
data structures. The dynamic model describes the
control structures of the objects and specifies the ac-
tivities. The functional model generates the functions
to be executed on the ohjects. The three models of
OMT will be used in the analysis phase of the appli-
cation design. The output of this phase will be the ob-
jects, classes, and the various types of associations; a
description of the events and the changes to the states
of the objects; and the functions which would imple-
ment the activities. At this time, the designer will be
alerted to the potential inconsistencies with the ap-
plication which he would rectify or limit, possibly, by
consulting with the client. The analysis phase would
be carried out independent of the implementation. For
example, for a multimedia information system appli-
cation, the analysis phase is not concerned whether
the database is relational or object-oriented, and also,
whether the systenn is general purpose or needs to be
specially constructed. The question is, is it necessary
to construct all three models for the design of a specific
application? This would depend on whai the client
wants. I only the database and the constraints are
to be designed then the object model would suffice. If
the system is to be designed also, then the dynamic
aspects of the application need to be analyzed. If in
addition, the trausactions are to be generated, then
the functional model comes into play. Therefore, the
level of detail depends on what the client expects from
the application designer.

Once the analysis phase is completed, what is the
next step? The subsequent phases are the system and
object design phases. During system design, the fo-
cus ou what needs to be done is shifted to how it is
done. For example, in the case of a multimedia in-
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formation system application, the steps in the system
design phase would include:

L. mapping the object model into a multimedia
database,

2. determining the integrity constraints to be en-
forced,

3. mapping the dynamic and functional models into
transactions,

4. designing the modules of the automated system.

While the analysis phase determines what the imple-
meuntation must do, and the system design phase de-
termines how it should he done, the details are deter-
mined by the object design phase. This will include
algorithms and interface specifications for the imple-
mentation. It is during this phase, that the implemen-
tation details as to the specific DBMS to be selected
and other packages to he used are determined. In [2]
the authors have developed various tools (for exam-
ple OMTool) for designing certain applications. Such
tools need to be adapted for multimedia information
systems applications.

4.2 Developing Multimedia Data Base
Management Systems

The scction describes the steps involved in design-
ing the data management component of the multi-
media information system application. This compo-
nent is the Multimedia Data Base Management Sys-
tem (M-DBMS) and is designed during the system de-
sign phase. The specific products to be used and the
implementation issues will be determined during the
ohject design phase. The steps include developing the
data model, storage structures, architecture, retrieval
algorithms, update/transaction processing, and meta-
data management. For a more detailed discussion of
the design issues, refer to [4, 5].

Data Model: During this step the data model for
the M-DBMS has to be designed. This data
model is derived from the object model of OMT.
Much of the earlier work on M-DBMSs focussed
on using an object-oriented data model for sup-
porting different data types. However, several
features such as synchronization mechanisms, re-
lationships between the objects, decomposition
and recombination of ob jects were not considered.
In addition to developing a conceptual model for
the representation of the objects, an appropriate
specification language to specify the relationships



raints needs to be developed. Finally,
ntegrate the constramt specification with
et specification needs to he examined so

ipedance mismatch can be minimized.

ructures: While the data model de-
the conceptual representation of the mul-
ia database, the storage structures describes
physical representation. That is, they are
to the physical implementation of the
e. Some efforts on storage management
witiimedia databases (such as the use of clus-
techniques) have been proposed. Mappings
n the storage structures and the concep-
al:data model have to be provided. Special in-
xing techniques for multimedia databases need
be developed.

ectures: Architectures will include system,
ma, and functional architectures for the M-
MS. Various types of system architectures are
ossible. For example, in a distributed environ-
ient, one could assume that each database has its
Jown data manager and these data managers are
interconnected using some distributed processing
_module. In some cases, the local data managers
~may not exist and therefore the Distributed M-
DBMS will have to perform the functions of the
local data managers. Schema architectures, such
as. the five-schema architecture, have been pro-
posed for distributed datahase systems. The suit-
ability of such architectures needs to he deter-
mined. Various data distribution schemes also
need to be examined. For example, one scheme
may not support the fragmentation of an ohject
while another schieme may support it.

Retrieval Algorithms: Based on the data model
which will specify the operations on the objects, a
retrieval language and, subsequently, the retrieval
algorithms for each operation have to be designed.
Support for content and context-based retrieval
has to be examined. In addition, query trans-
formation and optimization schemes have to be
developed for each operation.

Update/Transaction Algorithms: Update algo-
rithms should handle replicated data, concurrent
updates, and transaction processing. The notion
of a transaction needs to be revisited for multi-
media databases. In addition, techniques to sup-
port real-time constraints for transaction process-
ing needs to be developed.
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Metadata Management: The types of metadata
for multimedia databases need to be identified.
In many cases, the metadatabases may be quite
large. Efficient techniques for storing, accessing,
and maintaining metadata need to be developed.

5 Conclusions

This position paper has provided an overview of
the design process of multimedia information systems
applications, discussed the issues in such applications,
and described how OMT could be used for this pur-
pose. The ideas presented here are preliminary and
much remains to be done on this topic. First, we need
to identify the useful constructs of OMT and develop
an approach to represent and reason about multirne-
dia information systems applications. We also need
to identify the various types of constraints that may
be present in a realistic environment and investigate
ways of enforcing them. Then the ideas have to be
tested with real-world applications. Finally, the de-
tailed design and implementation of the tool need to
be carried out.
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