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Abstract

Multimedia database system technologies provide an overview of architectures for multimedia database
management. In this report we discuss different dimensions in the following aspects: firstly, we give an
explanation of requirements engineering and analyses in the context of software engineering; this covers such
topics as requirements gathering testing and SOLID principles. Next, there is an introduction to requirements
analysis for multimedia data management. Finally, we discuss multimedia database management architectures,
models, and functions, which include query processing, metadata management, and storage management.

There is too much to write about multimedia data management and an effort has been made to provide as much
information as possible. This is because, in the fields of e-commerce, news, television programs, conversation
and social media, multimedia databases exist and the amount of information they store can only increase.

We discuss various multimedia database management technologies, which include architectures, data modeling,
query processing, metadata management, storage management, and data distribution. Essentially, we examine
the functions of database systems and discuss the impact of managing multimedia data. Recent progress in
multimedia database systems management, and associated commercial database system products are also
discussed.

Keywords: Multimedia data management. Multimedia data security. Multimedia Data
storage.

Multimedia database architecture. Requirements engineering, Requirements analysis,

Secure distributed multimedia data management

Introduction

Multimedia databases are a very popular topic of research. Their use in multimedia,
geographical information systems, and digital libraries demand special requirements with
respect to their database schema and particular instances (Ramakrishnan & Gehrke, 2000) as
they may need schema different from traditional columns and rows. Furthermore, multimedia
databases rapidly accumulate data in their respective domains of use and the challenge of
managing the data is the focal point of multimedia database research especially when it
concerns multimedia information collation and retrieval.

Requirements Analysis in Software engineering has as its primary purpose and design the
service of the user. This involves the combination of practice and theory. These incorporate
guantitative thinking, an evaluation of alternatives in the compilation of requirements for any
software project and management of risk for the project.

The need to understand the customer who may be the primary user by a practitioner of
software engineering lays an emphasis on domain analysis, requirements gathering and
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requirements validation, use case analysis and usability is the priority of the software
engineer.

Software engineering is based on the development on SOLID principles and reusable
technology and encompasses the following features:

Single-responsibility principle, whereby a class should only have a single responsibility, that
is, only changes to one part of the software's specification should be able to affect the
specification of the class.

Open-—closed principle whereby software entities should not be modified, but may be
extended.

Liskov substitution principle whereby objects can should be replaced with those of sub
classes without affecting the correctness of that program.

Interface segregation principle whereby specific interfaces are to be preferred to a single all-
purpose interface.

Dependency inversion principle where abstractions are to be preferred over concretions
Finally, it is necessary for emphasis to be placed on an understanding of design principles in
conjunction with a thorough grasp of suitable technology for a successful project. Visual
models are one method of software engineering, and many modelling tools and diagrams are
available, one popular variant of which is UML.

Software metrics are an integral part of project implementation and should be incorporated as
a means for practitioners to think quantitatively, while emphasis also should be made on the
use of iterative and agile development using requirements analysis, design and
implementation.

Requirements engineering also involves software design, quality assurance, and iterative
changes especially with advanced features, and may inculcate test-first development, and
effective use of templates for each document specification. Risk management is important in
all software engineering activities. These include cost evaluation, and risk evaluation,
avoidance of unnecessary or unworthy work, and the evolution of plans with more access to
information.

The use of techniques such as interviewing, brainstorming, use case analysis and prototyping
for effective gathering result in a document which:

ensures the anticipated benefit of each requirement outweighs its cost, each featured
requirement contributes to the solution of the problem, each requirement is unambiguous,
consistent with its complementary requirements, contributes to a system, is affordable in line
with the resources available, is verifiable, uniquely identifiable, does not represent too much
of a constraint on the design of the system, ensures the proper organization of the
requirements document, gives a clear rationale for requirements which need careful analysis
or may prove to be controversial and obtains an agreement from all stakeholders for the
requirements document.

Requirements engineering also includes the principles of testing and involves the following:
Firstly, testing should be treated like detective work, be effective and efficient with suspicion
towards every new feature, be divided into equivalence classes based on inputs, and should
be based on whether inputs cause variance in the resultant code for execution.

Secondly, tests done in each equivalence class together with boundary classes should meet
standards for unit and integration testing.
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Finally, testing should be for all categories of defects: algorithmic defects, timing and co-
ordination defects, defects in handling unusual situations, and defects in documentation

The relationship between data, information and knowledge

In knowledge management the relationship between knowledge, information and data is
important, and often misunderstood. This misunderstanding often leads to problems in
information system design. Knowledge should neither be confused with data nor information,
though it bears a relationship to both, while the differences between these terms are often a
matter of degree.

The confusion about the meaning of data, information, and knowledge: how they differ, has
resulted in enormous expenditure on technological initiatives with the resultant inability to
deliver on the expenditure for an effective Return on Investment (ROI).

Elimination of the present confusion occurs if a better understanding of the ways in which
information and knowledge are both similar and different is had, leading to a resultant costly
and dangerous mistake in database software and computing. The widespread but largely
unconscious assumption that information is equal to knowledge is wrong.

The idea that knowledge is more than information is intuitive and has led many authors to
make distinctions between raw data, information and knowledge. At first, these concepts look
almost obvious to common sense, and yet they have been a constant source of confusion.

Data can be described as symbols which have not yet been interpreted, information is the
application of logic to data with meaning, and knowledge is what enables people assign
meaning and thereby generate information. Another description allows data to be simple
observations of states of the world, information is data endowed with relevance and purpose,
while knowledge is valuable information. Yet another description holds information as
meaningless symbolic statements, which become meaningful knowledge when interpreted.
Finally, information consists of facts or data that is organized to describe a particular
situation or condition whereas knowledge consists of truths and beliefs, perspectives and
concepts, judgments and expectations, methodologies and know-how based on the available
information.

All these underlying models of knowledge as a “higher form of information” hold the general
idea that information has to be extracted from its raw materials, with meaning added to them.
Multimedia Data Formats

Multimedia data should be stored and transmitted in compressed form because of the large
number of bytes required to represent it. For image data, the most widely used format is
JPEG, named after the standards body that created it, the Joint Picture Experts Group. Video
data may also be stored by encoding each frame of video in JPEG format, but such an
encoding is wasteful, since successive frames of a video are often nearly the same.

The MPEG series of standards for encoding video and audio data developed by the Moving
Picture Experts Group has developed these encodings to exploit commonalities among a
sequence of frames to achieve a greater degree of compression. The MPEG-1 standard stores
a minute of 30-frame-per-second video and audio in approximately 12.5 megabytes
(compared to approximately 75 megabytes for video in only JPEG). However, loss of quality
is to be expected for MPEG-1 encoding techniques, introduces some loss of video quality,
resulting in output of a level roughly comparable to that of VHS videotape.
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The MPEG-2 standard, designed for digital broadcast systems and digital video disks
(DVDs); results in a negligible loss of video quality. MPEG-2 encoding techniques compress
1 minute of video and audio to approximately 17 megabytes. MPEG-4 provides techniques
for further compression of video, with variable bandwidth to support delivery of video data
over networks with a wide range of bandwidths. Several competing standards are used for
audio encoding, including MP3, which stands for MPEG-1 Layer 3, RealAudio, Windows
Media Audio, and other formats.

Continuous-Media Data

Video and audio data are the most important types of continuous-media data. Continuous-
media systems are characterized by their real-time information-delivery requirements:

The speed of data delivery must be sufficient so that no gaps in the audio or video result.

The rate of data delivery must be such that there is no overflow of system buffers.

There must be synchronization among distinct data streams, and example being when the
video of a person singing is not synchronous with the audio of the song being sung.

To supply data predictably at the right time to a large number of consumers of the data, the
fetching of data from disk must be carefully coordinated. This involves data being fetched in
periodic cycles, say of n seconds, n seconds worth of data being fetched for each consumer
and stored in memory buffers, while the data fetched in the previous cycle is being sent to the
consumers from the memory buffers. The cycle period is a compromise whereby short period
sutilize less memory but requires more disk-arm movement, leading to a waste of resources,
while a long period reduces disk-arm movement but result in more memory utilization and
may result in a delay in data delivery. On the arrival of a new request, admission control
comes into play: That is, the system checks if the request can be satisfied with the available
resources (in each period); if so, it is admitted; otherwise, it is rejected.

Several vendors offer video-on-demand servers with current systems being based on file
systems, because existing database systems do not provide the real-time response that these
applications need. The basic architecture of a video-on-demand system comprises:

Video server: Multimedia data are stored on several disks (usually in a RAID configuration).
Systems containing a large volume of data may use tertiary storage for less frequently
accessed data.

Terminals: People view multimedia data through various devices, collectively referred to as
terminals. Examples are personal computers and televisions attached to a small, inexpensive
computer called a set-top box.

Network: Transmission of multimedia data from a server to multiple terminals requires a
high-capacity network.

Video-on-demand service over cable networks is available in many places today, and has
become ubiquitous, because of their usage in cable and broadcast television today.
Similarity-Based Retrieval

In many multimedia applications, data are described only approximately in the database.

The notion of similarity in database systems is often subjective and user specific. However,
similarity testing is often more successful than speech or handwriting recognition, because
the input can be compared to data already in the system and, thus, the set of choices available
to the system is limited.

Several algorithms exist for finding the best matches to a given input by similarity testing.
Some systems, including a dial-by-name, voice-activated telephone system have been
deployed commercially.
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Examples of similarity-based retrieval include:

Pictorial data: Two pictures or images that are slightly different as represented in the database
may be considered the same by a user. For instance, a database may store trademark designs.
When a new trademark is to be registered, the system may need first to identify all similar
trademarks that were registered previously.

Audio data: Speech-based user interfaces are being developed that allow the user to give a
command or identify a data item by speaking. The input from the user must then be tested for
similarity to those commands or data items stored in the system.

Handwritten data: Handwritten input can be used to identify a handwritten data item or
command stored in the database. Here again, similarity testing is required.

Multimedia systems have a variety of information sources — including text, voice, image,
audio, animation, and video — which are delivered synchronously or asynchronously through
multiple devices. The important characteristic of such systems is the combination of different
media into a single unit one single unit, all controlled by a computer. Normally, multimedia
systems require the management and delivery of extremely large bodies of data at very high
rates using high speed Content Delivery Networks (CDN) and may require the delivery
within real-time constraints. A major constraint exists for every multimedia system which is
how to synchronize the various data types from distributed data sources for multimedia
presentations. Moreover, considerable semantic heterogeneity may exist among the users of
multimedia data due to the differences in their perceived interpretation or intended use of the
data as the data is often spread across geographical regions or time zones and as such must
not be stale when received. Semantic heterogeneity has been a difficult problem in
conventional databases.

Conventional relational models lack facilities for the management of spatio-temporal tables
and schema and do not cover all features required for multimedia database retrieval. The
limitations of the relational model are also obvious when semantic modeling of time-
dependent multimedia data (video or audio) is considered. From an integration point of view,
this means that conventional data modeling techniques lack the ability to manage the
composition of multimedia objects in a heterogeneous multimedia database environment.
This is because, for a large number of multimedia applications, it may be required to integrate
the various types of data semantically. In traditional database management systems
(DBMSS), such as relational database systems, only textual and numerical data is stored and
managed in the database and there is no need to consider the synchronicity among media.
Retrieving data, based on simple comparisons of text or numerical values, is therefore no
longer adequate for the multimedia data. The relational data model also has the drawback of
losing semantics, which can cause erroneous interpretation of multimedia data. Finally, the
relational data model has limited capabilities in modeling the structural and behavioral
properties of real-world objects since the complex objects are not directly modeled and the
behavioral properties of the objects are not explicitly specified in terms of meaningful
operations and applicable knowledge rules.

Since a BLOB is treated as a single entity in its entirety, although some relational DBMSs
have started the support for the access to multimedia objects in the forms of pointers to binary
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large objects (BLOBs), they are incapable of interactively accessing various portions of
objects.

The definition of a composite object which is an object consisting of other objects provides
the capability to handle the structural complexity of the data it contains. In object-oriented
database systems, the object-oriented data models offer a number of powerful features such
as inheritance, polymorphism, encapsulation and abstraction mechanisms, in addition to the
inclusion of image data formats. The object-oriented data models have been proposed as a
data model that provides a system with better facilities for managing the multimedia data.
This is because the object-orientation encapsulates data with a set of operations that are
applicable to the data removing the need to worry about the heterogeneity of operations
caused by different types of data for the purpose of manipulating data. However, the core of
the object-oriented data models lacks facilities for the management of spatio-temporal
relations though it provides a system with operational transparency and enables the definition
of the part-of-relationship among objects which may often take on an arbitrary structure. In
other words, the object-relational DBMS still is not designed to support multimedia
information. Therefore, multimedia extension is needed to handle the mismatch between
multimedia data and the conventional object-oriented database management systems. The
purpose of the design and development of a multimedia database management system
(MDBMS) is to efficiently organize, store, manage, and retrieve multimedia information
from the underlying multimedia databases. Due to the heterogeneous nature of multimedia
data and their characteristics, it is very unlikely that the design of an MDBMS can follow the
footsteps of the design of a traditional DBMS since the MDBMS must have considerably
more capabilities than conventional information-management systems.

Some of the important characteristics of multimedia objects are listed as follows

1. Multimedia objects are complex and therefore less than completely captured in an
MDBMS.

2. Multimedia objects are audiovisual in nature and are amenable to multiple
interpretations.

3. Multimedia objects are context sensitive.

4. Queries looking for multimedia objects are likely to use subjective descriptors that are
at best fuzzy in their interpretation.

5. Multimedia objects may be included in fuzzy classes.

Hence, it is suggested that MDBMSs be developed as libraries from which only the minimum
required functionalities can be compiled to meet the needs of an application.
Furthermore, in the authors define ten requirements for modeling multimedia data. These ten
requirements are:

1. Incomplete information should be specified.

2. If an individual document definition extends beyond its type/class, it should be
specified.
Integration of data from various databases should be uniformly done.
Information should be structured and described appropriately.
Internal modeling and external objects should be distinguished when presented.
There is the need for data sharing to be enabled among multiple documents.
There should be version controlling across databases for document uniformity.
Operations allowable by the database should be specified.
There is a need to handle concurrent access control operations like transactions and
locks.

©ooN O~ W
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10. Context-free and context-sensitive references should be handled in a semantic
manner.

The multimedia environment ideally consists of a multimedia presentation system and a
multimedia database system and so an ideal multimedia environment not only displays media
streams to users but allows two-way communication between users and the multimedia
system. The absence of a database system and only a presentation system results in a system
like a VCR or a TV as there is no feedback from the user. This is because users cannot
specify queries for information from the system. The information may be relative to text data
as well as image or video content. The combination of a multimedia presentation and
multimedia database system allows users specify queries for useful information they wish to
receive.

The architectures being examined to design and develop a multimedia database management
system (MM-DBMS)fall under different categories, and various types.

One architecture type involves integrating multimedia data with the database system. This
system has two approaches. The first one, known as the loose coupling approach, is where the
multimedia data is managed by the file system, while the database system manages the
metadata. In the other, also known as the tight coupling approach, the multimedia data is
managed by the database system. In the loose coupling approach, the DBMS is used to
manage only the metadata, and a multimedia file manager is used to manage the multimedia
data. Then there is a module for integrating the DBMS and the multimedia file manager. The
advantage of the loose coupling approach is that one can use various multimedia file systems
to manage the multimedia data.

Another type of architecture is schema architecture. Here, the three-schema and n-tier
architectures apply for a multimedia database system.

A third type of architecture is functional architecture, which describes the functions of a
multimedia database system.

A fourth type of architecture is whether a multimedia database system extends a traditional
database system. This is what we call system architecture.

A fifth type of architecture is a distributed architecture, where a multimedia database is
distributed.

Finally, multimedia databases may be heterogeneous in nature and need to be integrated. The
architecture for integrating heterogeneous databases is known as interoperable architecture.
Functional Architectures

Functions of a multimedia database system include data representation, browsing and editing,
quality of service processing, real-time scheduling, metadata management, storage
management, distribution, query/update processing and security/integrity management.

A more detailed description of functional architecture has major modules as follows: the
presentation layer which presents various media types to the user, the query manager which
performs query processing, the storage manager which accesses the multimedia database and
the metadata manager which manages the metadata.

In the early to mid-1990s, there was much debate as to which models would be appropriate
for multimedia databases. The competing models were object and relational models. After
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much discussion, there is the feeling that both objects as well as relationships are needed to
capture the complex data types and the relationships between them. In addition, rule-based
models are useful to specify the timing constraints between objects. Therefore, a combination
of objects, relations, and rules is needed.

Multimedia data has several features which have to be supported. First of all, there has to be
some way to capture the complex data types and all the relationships between the data.
Various temporal constructs such as play-before, play-after, and play-together must also be
captured.

Furthermore. an appropriate data model is critical for representing a multimedia database.
Relational, object-oriented, and object-relational data models have been examined to
represent multimedia data. In an object-oriented data model, each object corresponds to an
object in the object model and the attributes of each object may be represented as object
variables which should include time interval, frames, and content description.

There should also be a means of creating extensions to link to existing data models to support
complex relationships for multimedia data. These extensions/relationships may include
temporal relationships between objects.

As mentioned earlier, object models are better than relational models for multimedia
databases because object-oriented models can represent complex data types. However, both
types of models have to be extended to capture the temporal constructs and other special
features. Both data models are associated with a query language. The language should
support the constructs needed to manipulate the multimedia database if constructed using
either a relational or object-relational model. For example, one may need a query to play a
range of frames of a video script. Languages such as SQL, while being standard, are being
extended for MM-DBMSs.

Metadata means many things to many people, within our context it means a data dictionary or
schema. Initially, a three-schema architecture was proposed for centralized databases. Then,
for distributed databases, the schema architecture was extended to five layers or an n-tier.
Then came the Internet and the Web, and metadata has expanded to include information
about usage patterns, policies, and procedures as well as administration information.

For multimedia databases, metadata plays a key role. Metadata may include information
about the multimedia databases, such as text, image, audio, video data and annotations for
text, images, audio, and video.

Metadata may also include combinations of data types such as audio and video or text and
video. Metadata could also be characterized by its semantic meaning. An example, in the case
of text metadata, being content-dependent metadata including information that depends on
the content, i.e., keywords. Content-independent metadata may include information such as,
“This is a fruit tree”. Metadata may be extracted or independent of multimedia data but
ideally should have the same semantics with multimedia data.

Metadata for text should include information about the text. Content-independent metadata
for text should include the type of text, the number of pages of text, formatting, chapters and
paragraphs. Content-dependent metadata may include meaning and keywords.

SGML (standard generalized markup language), which became a standard in the 1980s has
contributed a lot to development for text data.
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SGML allows for textual data to be tagged for easy extraction of metadata. Also possible is
the extraction of keywords from the tags and the development of appropriate tags is essential
to this process. SGML has a subset called extensible markup language or XML With the
advent of the World Wide Web, XML heavily utilized inmodeling metadata is an important
part of the world wide web. XML tags can be placed in a relational database, or an object
model to represent the metadata. Special XML based database models may even be
developed for information retrieval since those systems may be utilized for text data and the
text linked to multimedia data in turn. . For example, metadata for text may be placed in
relational databases, and then those relational databases can be mined.

Text may also be annotated; large volumes of text may be annotated so that only essential
information is included in the annotations. Especially with Web-based systems, one can
follow the links and get the annotations for the particular text being reviewed. Annotations
can be compared to footnotes. Annotations can also be regarded as a type of metadata.
Metadata for Multimedia

Metadata for images may include text data describing the images, or the metadata may be
stored in relational databases describing various properties of the images.

For example, consider a picture illustrating an ocean with palm trees and beach homes. The
text metadata for this picture may be, “the picture A describes a farm in a forest with palm
trees.”

As in the case of text, metadata for images may be described as annotations.

For example, when one browses the Web, annotations about the images may be available
when one clicks on the images. That is, images may be used to describe the metadata. Images
may be tagged and subsequently metadata extracted from the tags. The extracted metadata
may be analyzed to understand the images. This is a development known as Image mining.
Image metadata may also be content-independent or content-dependent. An example of
content-dependent image metadata is, “the image is empty”. Content-independent metadata
may include information such as resolution and the number of pixels.

Audio data is essentially speech data. While the speech itself is audio data and is stored in
audio databases, the text that describes this audio such as, “Audio data frames 1 to 200
contain speech on audio data” is the metadata.

Audio metadata may not only be text but may also include audio clips, for example, samples
of speech. In that case, the samples of speech are the metadata.

Video data, like audio data, is continuous media, unlike text and images which are still or
non-continuous data. With respect to metadata, video and audio data are handled in a similar
manner.

Video metadata may not just be text but can be images as well as video frames. Images may
be extracted from video clips and stored as part of the metadata and later used for video
retrieval. An example would be, “find the portion of the video where P is throwing a ball
t0Q.” The metadata may have images of P and Q. Parts of the video can also be used as the
metadata.

Typically, the modules for managing metadata include extracting, querying, updating,
indexing, and maintaining the security and integrity of the metadata. Metadata should
interface the database system as well the user. In fact, metadata should be usable by the
database system user.

In addition, there may be complex metadata, and therefore query, update, and indexing
strategies may be more complex in multimedia systems.
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Multimedia Query Processing

All multimedia DBMS must support the basic DBMS functions. These include data
representation, data manipulation (which includes query processing, editing, browsing,
filtering, transaction management, and update processing), metadata management, storage
management, and maintaining security and integrity.

All of the database functions for an MM-DBMS are more complex because the data may
either be structured or unstructured for multimedia databases. Furthermore, handling various
data types such as audio and video is complex. An MM-DBMS must also support real-time
processing to synchronize multimedia data types such as audio and video. Quality of service
IS an important aspect for an MM-DBMS. Special user interfaces and multi-modal interfaces
are also needed to support different media.

Object Editing

In a multimedia DBMS, two objects may be merged to form a third object. One object can
project an object to form a smaller object and objects may be merged based on time intervals,
while an object may also be projected based on time intervals. Objects may also be updated
in whole or in part. Browsing multimedia data is essentially carried out by a hypermedia
database management system.

Filtering is the process of removing unnecessary material from data. This occurs quite often
in video data where inappropriate material is removed from a video clip. This means that the
filtered data is displayed.

Transaction management also is possible in an MM-DBMS, with the associated features of
transaction management, concurrency control and recovery. Here we specify the transaction
models, the presence of any special concurrency control and recovery mechanisms?

Update processing is usually considered part of query processing or transaction management.
Update processing is essentially updating the multimedia data and is often a single user
update.

Query operation is usually the most commonly used function in a database system.

First, It should be possible for users to query the database and obtain answers to their queries.
There are several aspects to query processing. First, a good query language is needed.
Languages such as SQL (structured query language) are popular for relational databases and
are being extended for other types of databases.

The second aspect is the availability of techniques for query processing. Numerous
algorithms have been proposed for query processing in general. Also, different strategies are
possible to execute a particular query, but when the costs for the various strategies are
computed, and the one with the least cost is usually selected for processing, this process is
called query optimization.

In general, rules used in the transformation process include the factoring of common sub-
expressions and pushing selections and projections down in the query tree as much as
possible. Cost is generally determined by disk access. The goal is to minimize disk access in
processing a query. When users pose a query using a language, the constructs of the language
have to be transformed into the constructs understood by the database system. This process is
called query transformation. Query transformation is carried out in stages based on the
various schemas. For example, a query based on external schema is transformed into a query
on conceptual schema. This is then transformed into a query on physical schema. If selections
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and projections are performed before the joins, then the cost of the joins can be considerably
reduced.

The modules in query processing include the user interface manager which accepts queries,
parses the queries, and then gives them to the query transformer. The query transformer and
query optimizer communicate with each other to produce an execution strategy. The database
is accessed through the storage manager. The response manager gives responses to the user.
All of the modules for query processing are needed for multimedia databases. That is, the
query transformer will take the query request and transform it into requests that can be
understood by the system. The query optimizer will then optimize the query.

The query may be “find all the objects that have a common map of America in their content
and display them with all objects with a map of Africa.” Then, with the object relational
representation, one could examine the contents of the objects and join those objects where
their content has a map of Africa.

In a query language for multimedia database systems, the user poses the query in a language
that is appropriate for an MM-DBMS. The user interface manager then performs various
functions and gives the query to the query processor as responses. The assembled responses
are then presented to the user. The complexity of multimedia data means there is the need for
interfaces for the different media types. For example, the interface for text may be quite
different than the interface for video. Nevertheless, a common language to express queries is
highly desirable.

Since SQL is a standard query language for databases, various extensions to SQL are being
proposed for multimedia databases also. A query language should support all these
constructs.

SQL for Multimedia Queries

Various languages to manipulate relations have been proposed. Notable among these
languages is the ANSI (American National Standards Institute) standard SQL. This language
is used to access and manipulate data in relational databases. SQL is widely accepted among
database management system vendors and users. It supports schema definition, retrieval, data
manipulation, schema manipulation, transaction management, integrity, and security. Other
languages include the relational calculus first proposed in the Ingres project at University of
California at Berkeley though recent vendors now incorporate this in their MM-DBMS
products making it indistinguishable from SQL in their offerings.

SQL is a data manipulation and data definition language and is used to define the schemas
and tables as well as manipulate the data for retrieval from the MM-DBMS. The operations
for data definition include create, delete, and insert. The operations for data manipulation
include statements of the form, “select x from table where some condition for x is specified.”
This select statement is used to retrieve data using just one relation or multiple relations.

With multimedia data, one may use SQL for selecting elements from an object-relation. For
example, to retrieve the content portion of the multimedia object described in the previous
section, an SQL statement would look as follows:

Select X from Table where Content = ??7?

Here, X is the data, table is the relation name and content is the string ???. However, with
image and video data, we need to extend the language to support image and video content.
That is, we need a way to specify the image, such as the U.S. map, or video, such as a
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particular film script. One possibility is to express the content with a string and then store the
information that is the content in the metadata. That is, the string is the name of the frame,
while the actual content may be the film. But there has to be a way to differentiate ??? and its
content. Therefore, we need additional constructs, such as content in XXX. That is, the query
may be of the following form:

Select from Table

WHERE CONTENT = IN ???

We also need constructs to play-together, play-after and play-before. That is, to play video
and audio data together, we may need a statement of the following form:

PLAY A AND B

WHERE A =

SELECT - - -

AND B =

SELECT - - -

That is, we need to play A and B together. To get A and B, we need select statements. The
above are just examples. A lot of work is going on to not only extend SQL but also to
develop new multimedia query languages.

Note that SQL/MM contains the extensions that the standards groups have proposed for
multimedia databases.

User Interface Issues

In a MM-DBMS, a good user interface is needed to process the queries. These queries could
be expressed via SQL, forms, pictures, and graphics. An ideal user interface should support
multi-modal interfaces. Of recent research into user interfaces and database management is
proceeding almost independently and visualization tools have been integrated with database
management systems. For multi-media database management, a variety of interfaces should
include interfaces for communicating with video, audio, and text databases. In addition,
interfaces to support SQL extensions for multimedia data as well as ODMG standards should
be provided.

Multimedia Storage Management

Efficient storage management techniques for retrieving data are needed in a MM-DBMS so
that users can get their responses in a timely manner. This is because as a user interacts with
the multimedia system through queries, it is critical that the queries are processed efficiently.
In an example, a single video clip may consume gigabytes of data. This means that special
techniques are needed for the efficient access of multimedia data as standard techniques for
relational database management are not sufficient for multimedia databases.

Access methods and indexing are also closely related to storage management. This is because
efficient access may need the data to be indexed.

Access Methods and Indexing

By using an appropriate indexing mechanism, the query processing algorithms may not have
to search the entire database. Instead, the data to be retrieved could be accessed directly.
Consequently, the retrieval algorithms are more efficient. The storage manager is responsible
for accessing the database. To improve the efficiency of query and update algorithms,
appropriate access methods and index strategies have to be enforced. That is, in generating
strategies for executing query and update requests, the access methods and index strategies
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that is used need to be taken into consideration. The access methods used to access the
database depend on the indexing methods. Therefore, creating and maintaining appropriate
index files is a major issue in database management systems.

Developing special index methods and access strategies for multimedia data types are the
major issues in storage management for multimedia databases because of the following:
Content-based data access is important for many multimedia applications.

Efficient storage is tied to the development of indexes for the annotations. Since the
annotations describe information about the multimedia data, if one can access the
annotations, one can get the multimedia data.

Storage Methods

In MM-DBMS systems there are two main storage methods, the single method and the
multiple method. In the single disk storage method, all of the multimedia data are stored on
one disk, that is, the multimedia database has text, image, video, and audio data.

In the single storage method, the data may be stored contiguously (side-by-side) to save
space, or it may be scattered randomly. In the multiple disk storage method, objects are
distributed across disks. Text data, image data, video data and audio data are stored on
separate disks. In another type of multiple disk storage method, the multimedia data are
distributed. Another form of multiple storage is disk striping, where the multimedia objects
are stored on more than one disk. That is, objects of different type formats are distributed
across multiple disks.

For each of the techniques for disk storage, efficient access methods and index strategies are
necessary to efficiently access the data. For the case of the single disk strategy, all of the
objects are on one disk. This means that the system does not need to access multiple disks to
answer a query, but the system needs to locate each object within the disk for display. If
audio data is stored on one disk and video data on another, scheduling techniques are needed
for synchronized display of the data. In the case of disk striping, for instance on redundant
array of inexpensive disk (RAID) systems, the system needs to scan multiple disks to
compose the object.

Materials and methods

The present study was carried out to know the theory and practice regarding the use of
multimedia databases. The method of Literature Review (LR) is used as a tool to construct a
base of further research questions in multimedia databases which are formulated from the
identification of factors revealed via analysis of the literature in the aforementioned topics

Results
The results of the research can be summarized in a table listing the requirements for
multimedia databases.

Characteristic Yes/No
Rows and columns No
Additional schema Yes
Support for only SQL No
Support for SQL with extensions Yes
Open closed principle Yes
Single Responsibility Principle Yes
Very Large Data Yes
Liskov Substitution Principle Yes
Interface Segregation Principle Yes
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Dependency Inversion Principle Yes
Inputs cause variance Yes
Heterogeneous multimedia Yes
Similarity based retrieval Yes
spatio-temporal tables and schema Yes
Support for BLOB Yes
Feedback mechanism for interaction Yes
Multi architectural design Yes
Metadata support Yes

Table 1: Requirements analysis for multimedia databases

Discussion

The various types of architectures for multimedia database systems include loose/tight
integration architecture, schema architecture, system architecture, functional architecture,
distributed architecture, interoperability architecture, and hypermedia architecture. These
architectures for database systems have an impact on multimedia data management on these
architectures. We have also examined various aspects including architectures for integrated
heterogeneous databases, architectures based on object request brokers, client-server-based
architectures, three-tier architectures, and component-based architectures. There is the
understanding that component-based architectures will gain popularity as more and more
applications deal with complex data such as voice, text, video, and images. There is no ideal
architecture for a multimedia database system. The architecture selected will depend on the
user needs and the application in question. Therefore, before building a multimedia database
system, it is important for one to carry out an architecture study and select the most
appropriate architecture.

Data and information modeling for multimedia databases and applications is also critical. An
overview of data models includes object-oriented data models, object-relational data models,
and hypersemantic data models. Information modeling is also critical as good data model is
critical for multimedia applications. The data model should not only capture the complex data
types but also the temporal relationships between the data objects.

Metadata plays a key role in multimedia databases. Metadata may include information about
a multimedia database, including text, image, audio, and video data. This information could
be of the form, “Frames 2000 to 3000 contain information about the professor’s speech.” The
data here is the president’s speech. Metadata may also contain annotations for text, images,
audio, and video.

Metadata exists for text, images, audio, and video. Both content-dependent as well as
content-independent metadata exist. We also discussed annotations for multimedia data, and
how to extract metadata from the data for text, video, audio, and images.

Five disparate topics pertaining to metadata exist. One dealt with metadata for combinations
of data types, the second with ontologies, the third with annotations, the fourth with pedigree,
and the fifth with XML for multimedia data. As mentioned earlier, XML is an increasingly
important development for specifying multimedia documents. Also discussed are issues
regarding metadata management, specifically, issues on querying the metadata, carrying out
transactions on metadata, and distributing the metadata. Often, for multimedia databases, the
metadata can be quite large, therefore, efficient techniques are needed for managing the
metadata.
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Multimedia query processing. First, data manipulation issues, in particular, browsing, editing,
transaction processing, querying, and updating have been discussed. We then discussed query
processing at some length.

Examples were given of performing joins in multimedia databases, and we then discussed
query language issues for multimedia database systems.

Much of the work on multimedia database systems has focused on query processing and data
modeling, the need for a good data model and query language as well as strategies for query
processing.

Finally, we describe access methods, indexing, and storage strategies for multimedia
databases. As mentioned earlier, a lot of work remains to be done for efficient query
processing, and some key issues addressed. We began with a discussion of indexing for
multimedia databases and explain how we can index data with keywords, or we can use
multimedia data such as images for indexing. Next, we discussed caching as well as
synchronizing the output/display

of multimedia data. We discussed storage strategies for multimedia data, i.e., single disk
storage as well as multiple disk storage.

Multimedia databases consume a lot of space. Therefore, access techniques developed for
relational and even object database systems are not sufficient for multimedia database
systems. Special techniques are needed not only for text, images, video, and audio data, but
also for combinations of data types.
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