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Abstract

We present an instruction on demand
system with its underlying multimedia
database support. The system is used in the
realization of several computer science
related courses in our university. Preliminary
experience shows that, with the availability
of our multimedia database management
system, instructors can design, organize, and
reuse courses efficiently.

Keywords: Multimedia Database
Management System, Object Reuse,
Instruction on Demand .

1. Introduction

Multimedia computing and networking
can improve our education facility. With the
assistant of multimedia computers and
Internet, lectures, assignments, and tests can
be stored by instructors and retrieved by

students for the purpose of distance education.

Through Internet, multimedia presentations
are broadcasted as instruction on demand. In
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order to support the production of
multimedia applications, the management of
multimedia resources (e.g., video clips,
pictures, sound files) is important. For
instance, multimedia presentations can be
designed as building blocks whichk can be
reused. To facilitate multimedia application
design, many articles indicate the need of a
multimedia database [1, 5]. A multimedia
database is different from a' traditional
relational database in that the former is object
oriented while the latter relies on entity
relations. Moreover, a multimedia database
needs to support binary resource types of
large and variable sizes. Due to the amount of
binary information that need to be processed,
the performance requirement of a multimedia
database is high. Clustering and indexing
mechanisms support multimedia databases

are thus important. In this paper, a
multimedia  database architecture  for
instruction on demand applications is
proposed.

The paper organized as the following.. A
distributed instruction demand system is
discussed in section2. A multimedia database
hierarchy supports the instruction system is
proposed in section 3. Finally, we give some
conclusion in section4.

2. System Architecture
Distance learning or so called remote

classroom relies on network and multimedia
facilities and provides teachers an instruction

.environment, either via analog or digital

transmission, such that the instructor and
his/her students can join the class in different
locations. On the other hand, with the
availability of high performance network,
Video on Demand (VOD) systems provide




customers to access digital video randomly
and remotely. In this paper, we propose a
system which combines functions of the
above two types of systems, namely an
Instruction on Demand System. The proposed
system supports instructors to design course
materials, including lectures, homework, and
tests. Students and the instructor in a class
communicate with each other through the
help of the system. Our research focuses
contain several software levels. Issues
include: Dlinstruction on demand
applications, 2)Multimedia documentation
database, 3)Multimedia information
networking system, 4)Disk accessing control
mechanism, 5)Quality of service and media
synchronization.

In order to realize different levels of
research focuses, the software architecture is
divided into four levels. The user interface
layer in the architecture has a number of
applications, including a multimedia lecture
design system. Since a multimedia lecture is
essentially a multimedia presentation, our
lecture design system aims to provide a
lecture design and playback facility. An
instruction administrator will keep the
information of which students are enrolled in
the class. The white board subsystem
provides an environment for the students and
the instructor to discuss either in verbal or
text form.

The second layer of the architecture is a
multimedia database management system
(MDBMS). The purpose of this MDBMS is
to support many instruction on demand
applications. Lectures, assignments, tests,
and other course materials will be stored in
the MDBMS via the help of an underlying
multimedia networking and disk accessing
system. The hierarchy of this MDBMS is to
fit the need of instructions, which consists of
five layers. An object oriented approach is
used to facilitate the design. Therefore, one
of the focuses of this MDBMS is on its
instruction reusability. While instruction
objects of various types are stored in the
MDBMS hierarchy, the system also supports
a dynamic type checking scheme allowing

object composition/decomposition.  Type
constructors and converters based on the
concepts of time and space are also provided.

The third layer is a multimedia
information g library, which is based on
Message Passing Interface (MPI). MPI is a
standard of communication mechanism
designed for parallel machines, especially for
those incorporated with distributed memory.
We: aim to provide a solution to the
communication facility of the multimedia
instruction on demand system. We
investigated MPI functions and source code
provided by a vendor. Our objective is to
realize the communication standard not only
on the Unix machine (as is the source code
provided), but also on the windowing
systems by Microsoft. On the top of MPI
functions, we design and implement an
encapsulation layer which will be accessed
by our multimedia database management
system. For the sake of performance
efficiency, we also extend MPI functions via
enhancing its underlying disk accessing
mechanism suitable for our database
architecture.

The last layer of our system design is a
distributed disk accessing system, which is
built on the top of Windows and Unix. In
order to achieve Quality of Service, disk
scheduling mechanisms of our system relies
on the logic block read/write statements of
SCSI to access local disk data. Also, disk
buffers are used for remote disk access.

A control daemon is designed to control
system status, which includes database
accessing  parameters, communication
parameters, synchronization parameters, and
disk accessing parameters. The control
daemon is installed in the instructor
workstation with a status buffer shared by all
workstations.

3. The Database Hierarchy

In order to support the instruction on
demand system, an in-house-designed
multimedia database management system is
used. The database hierarchy is designed for




storing  multimedia lectures, student
homework, and tests. These multimedia
presentations are compound objects consist
of various level of materials. The hierarchy of
the MDBMS has five levels:1)Database layer,
2)Course layer, 3)Lecture layer, 4)Scene layer,
5)Resource layer.

The MDBMS allows multiple databases.
There are two types of databases: the
instruction database (i.e., InstDatabase) and
the class database (i.e., ClassDatabase).
Each instruction database contains one or
more courses. Related courses can be
grouped. This course group (ie., CG),
through a declaration, can become a course
object class (i.e., COC) in a class database. A
COC is a reusable component. It can be
instantiated to another course group with
alternative properties. The purpose of object
reuse include information sharing and
prototyping. Information sharing, in this
circumstance, means that a COC and other
COCs can share the same lecture object class
(ie., LOC). Prototyping means that the
internal structure of a course is intact in an
instantiation process, before the object group
is confirmed to some new properties. In the
same way, a course has one or more lectures.
A lecture group can be declared as a lecture
object class for reuse. A lecture can be a
lecture presentation, a homework, or a test. A
lecture can be designed in our presentation
design interface, or designed by using other
commercial multimedia presentation
software. A lecture can also be attached with
a script. If so, the script keeps a sequence of
interactions produced by the user who
navigates through the lecture. This lecture
can be played back if necessary. A lecture is
a collection of windows, called scenes in our
system. Scenes can be reused as well. A
scene object can inherit properties from other
scenes. A scene send out navigation message
(issued by the user) to scenes (including the
origin scene) in order to control navigation
sequences. Similarly, scene object class (i.e.,
SOC) can be reused. Finally, a scene contains
a number of presentation resources. A
presentation resource may have a

synchronization requirement to another
presentation resource. And, two resources
may have an co-existence relation, or a
similarity relation. The resource layer is the
last layer of the database hierarchy. Binary
Large OBjects (BLOBs) in this layer can be
shared by object groups or object classes.
Note that, the object class hierarchy of a class
database is different from the one of an
instruction database. Course, lecture, and
scene object classses can be the top level
objects in the hierarchy. In this way, the three
types of object classes can be identified for
reuse at the top level. r

3.1 Database Operations

Our database server handles database
operations from the user's program by means
of application program interface (API)
functions. Some of these functions came
from traditional database systems, whereas
others are new for handling multimedia
resources. These database commands are
implemented as C ++ classes and methods.

3.2 Object Reuse in the Database

When we design our database hierarchy,
reusibility is a focus. It is the advantage of an
object-oriented database system that allows
the reuse of classes. Moreover, the hierarchy
of our database allows information sharing of
multimedia BLOBs.

There are three levels of objects in the
database hierarchy that can be reused:
courses, lectures, and scenes. The basic block
to be reused is an object group. A singular
object can be bound in a group for reuse as
well. An object group, can be declared as an
object class. The object class can be
instantiated to another object group for reuse.

The declaration of object class involves a
creation of database space for the new class.

Since a course group uses a number of

lecture groups, the declaration of a course
object class enforces the declarations of the
used lecture object classes as well. The
instantiation process is the reverse of a




declaration process. In general, we treat
object groups and object classes as separated
entities in the database so that a modification
of one will not affect the content of the other.
Object reuse in the lecture layer is similar to
the one in the course layer. However, reuse in
the scene layer is different. Since a scene is
essentially a window, the navigation among
windows are implemented by message
passing. Moreover, a scene can inherit
information from another scene by means of
an inheritance link. Therefore, the declaration
and instantiation of a scene object class and a
scene group need to manipulate usage links
and inheritance links. These two types of
links can be internal or external. An internal
link has its source and destination scenes
both lay within an object group (or an object
class). An external link of an object group or
class has either the source or the destination
of the link outside the object group or class.

Whether it is an object group or an object
class hierarchy, the last level of objects are
multimedia resources. Resources are shared
among groups and classes, or between a
group and a class. The update of a resource
will change the multimedia instruction
content of the entire database.

We implement the database server on a
distributed environment. The concurrent
access control is centralized by means of a
locking mechanism. In an object-oriented
database, locking depends on the granularity
of the objects in an object hierarchy in two
ways: object composition and class
inheritance. Object composition needs to
maintain the locking of objects at different
levels so that locking on a component still
leave a free space for the containing object.
But, locking on a compound object at a
higher level enforces locking on its
descendent objects. Similarly, in a class
hierarchy, when a user is about to change a
parent class, its child classes can not be
changed by another user. Therefore we have
defined an object locking compatibility table.
In general, if a container has a read lock by a
user, its components (and itself) can have the
read access by another user, but not the write

access. However, the parent objects of the
container can have both read and write access
by another user.

4 Conclusions

In this paper, we discussed research
issues of distributed multimedia databases.
We also proposed a MDBMS to support our
instruction on demand system. We implement
our system on Windows/95. We hope that,
the proposed database hierarchy will ease the
design and reuse of multimedia presentations.
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