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Abstract

This paper provides some background on muttimedia systems
and ODA, and considers whether ODA can meet some needs of
multimedia database systems: multiple kinds of primitive data,
multiple presentation of data, multiple description of data,
extensibility of primitive data, muttiple structures imposed on data,
limited repetition of structure, efficient representation of data.
Features ang shoncomings of ODA for supponing multimedia
database systems are discussed.

I. Introduction

The EXPRES (EXPerimental Research in Electronic Submission)
project at Carnegie Mellon University was fundeg by the US
National Science Foundatian to promote the electronic
interchange ot multimedia documents among the scientiic
research community, To suppont electronic interchange of
documents, we found it necessary to create, manipuiate, extract,
combine, archive and retrieve multimedia documents created by
different systems using ditferent tormats. One of our initial tasks
has been to investigate how to exchange multimedia documents
between heterogeneous Systems. We decided to use the new
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Intemnational Standard “Otfice Document Architecture and
Interchange Format- (ODA) [ISO 9541] as the basis for our
exchange tacility [Rosenberg]. However, it is clear that another
task is 10 provide a way to integrate together muitimedia
documents that are Created during collaborative work: electronic
mail messages between investigators, diagrams and illustrations
of experiments, derivations of the mathematics being used to
Support an experiment, tables of data generated by preliminary
expariments, excerpts from previous reports, and so on.
Therefore, we are taced with a need for a multimedia database
System. Given that we are using ODA as our exchange medium,
the guestion arises *Is ODA appropriate as a database
representation?” This Paper considers the requirements of a
multimedia database system and evaluates ODA against those
requirements.

The paper is organized as follows: Section it discusses the
features and implementations of multimedia systems in general.
In section i1, we isolate specific features of multimegia documents
that would be used in Oatabase applications. Section |v provides
a brief explanation how ODA represents multimedia information.
In section V, we evaluate the features provided by ODA against
the needs for database systems. The last section summarnzes our
thoughts on the use of ODA for muitimedia dataﬁase
applications.

Seoul, Korea, April, 1989
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II. Background on Multimedia Systems

For purposes of this paper, we consider a mulimedia system as
one that manipulates documents that contan muRi-fomt text,
raster images, geometnc drawings, anenatons, equations, tables,
graphs and sound. An example fragment of a muiumedia
document is shown below. it describes Pascals Triangie with ds
equations, an animation showing how the tnangie is buik, and a
spreadsheet implementing the algonthm.

There are a substantial number of such systems. Some
experimental systems, such as the ARPA experimental
multimedia mail system {Reynokis] and MINOS [Christodoulakis)
have limited depioyment. Others, such as MULTOS, are targeted
for commercial use, but are in still in develooment [Bertino).
Some, such as the Diamond system trom BBN [Thomas) are

cially The Andrew Tookst and its associated
appilications (Palay, Borenstein) have a wide distnbution as part of
the MIT X Window System distnbution. The Andrew system

used by several thousand users at CMU who create muitimedia
docL for ci

1ge them as mail, and post
muttimedia bulietin board messages. The Andrew system at CMU
accepts one rew bulletin board message every 20 seconds to
one ol over 1700 bulletin boards, accumulating nearty 10
gigabytes each year.

-

As described so far, the need for a muitimedia database ts clear.
Searching through the mass of messages trying 10 locate some
desired information or trying to correlate informaton between a
. coliection of messages is exactly the province of databases.
However, the problem is complicated by the need to manpulate
documents created by dilterent muitimedia systems. For
example, a goat of the EXPRES project is to allow collaborahon
amongs hers using dit n Sy . Another EXPRES
grantee, the Center for information Technology integration at the
University of Michigan, uses the Diamond muttimedia system as
the basis of its document system. Therefore, users at Camegie

Melion University must be able to manipulate Diamond
documents and users at the University of Michigan must be able
to manipulate Andrew documents. Even within Camegie Mellon
University, a large number of documents are produced using the
Macintosh and DOS machines with a variety of programs.
Documents created outside of the Andrew system must be
integrated into the Andrew system in order to participate tully in
any muitimedia database system.

Thus we decided that a common, but general format should be
used to accomodate the need for heterogeneous systems to
communicate. As necessary, systems would transiate into and
out of that common format. Instead ot designing some private
format for use only in the EXPRES project, we decided to search
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’ Fiqure 1: Fragment of Mulimedia Document (from Andrew)
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for a representation that might be supported by industry outside
of the project as welt. We decided 1o use the new ODA standard
for importing and exporting documents. As we reported in
{Rosenberg], the use of ODA for this purpose seems

appropriate.

ilil. Use of Muitimedia Information In Databases

We characterize the difterences between conventional
databases and multimedia databases according to the following
criteria:

1. Kinds of data

2. Presentation of data

3. Dascnption of data

4. Extensiiity of primitive data
S. Structure imposed on data
6. Repetition ot structure

7. Represenation of data

Each of the characterizations is discussed beiow.

The first dtference is that conventional and muttimedia databasea
comain ditferent kinds of primitive data. A conventional database
system contains limited kinds ot primitive data, usually numbers
and words. Some database systems permg specialization of the
primtive data, such as delining some numbers as time and others
as a currency vaiue. However, the amount of information in each
datum is relative small. A multimedia database has a much richer
collection of primitive dalta, including severat kinds of graphical
data (raster, kine drawing, graphs, charts, video) and several kinds
of audio data (music, sound, voice). Therefore the database
system must be able to accomodate ways 10 store a variety of
primitive data. Further, the primitive operations available to the
database user must permit manipulation of each primitive kind of
data.

A second difference between a conventional and multimedia
database is the number of presentations of primitive data. In a
conventional database, a string or number usually has only one
presemation: the characters in the string or digits in the number.
Howaever, a list of numbers in a multimedia database could have
several presentations for the same data. For example, the list of
numbers might be monthly sales for a partscular region. However,
the presentation in a document could be a line graph for the
penod, a iable of numbers used in a spreadsheet-like medum, or
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a pie chart showing reiative values. Many muitimedia systems
aliow a presentation to change, and some, such as Andrew,
permit multiple presentations of data to be simuitaneousty
present in a document. Thus one might have to search not only
for somne primitive data, but for its presentation as wefi.

The use or lack of multiple presentations of data in a multimedia
database is a third difference. In addition to muitiple
presentations, a multimedia database system will frequently
provide multiple descriptions of some of its data. For example, a
figure in a document will typicaily have both a caption and the
actual picture. A request 1o find a particular picture might involve
searching both the picture for a particular structure, for example, a
“country® tag in a map, as well as the caption of a figure describing
the map. A conventional database system only provides a limited
kind ot data description through the use of a data dictionary. The
data dictionary describes ail data using a centain format howevaer,
and not particular instances of that data.

A lournth ditterence is the extensibility of primitive data. Most
database systems provide no way to extend the primitive data
available, except for some simple renaming. For exampie, one
might be able to specify a particular number to be a temperature
and another to be an employee (0, and a good database system
will even forbid adding temperatures and employee 1Ds.
However, conventional database systems do nol permit the user
10 define, say, a raster image as a new primitive datum. Multimedia
Systems are evolving towards allowing the users to create abitrary
kinds of new media. For example, the Andrew system has very
few media as part of the initial toolkit, but users have created
media for calendars, piano music, calculators, style sheet editors,
vanous programming languages, and graph-theoretic networks, A
multimedia database system woulkd have 1o be able to cope with
new kinds of media beyond its initial design.

A tifth differencae is the amount of structure imposed on data. In
general, muitimedia systems provide for multiple, hierarchical
relationships among their data. A relational system typically has
only one structure for the data — a table. in contrast, each
document can be structured in at least two ways: logically as a
collection of chapters, each of which has sections, each of which
has paragraphs (and so on). or physically as a sequence of pages
that resuit trom imaging the document. One needs to be able to
carry out searches exploiting any of the relationships. For



example, one might either search ait bidliographies for a
reference, or one might search al first pages for a parnticular
picture. Although, one can represent any structure as a collection
of tables, the resutting collection is not intutive and difficult to
search.

The sixth difference we discuss is that the amount of structure
repetition in a muitimed:a database afters from the amount in a
conventional database. For exampie, the cescnption of a record
in a data dictionary provides structure n a retabonal database. it is
not unusual to have several thousana recoras (rows) in a table.
Thus there is Iittle structure (one row) tat & hgnly repeated (mMany
rows). Database systems expiod the repettion of structure in
indexing and other optimizations for quenes. However, the
structure in a multimecia system may not be as repetitive. For
example, a document may have tewer than 30 chapters, each of
which has fewer than 20 sections. Further, differert documents
will have different structures. For exarmpee, one document that is a
textbook will be organzed around chapters, whue another
document for a homework assignment 1s organized around
questions to be answered. Thus there s much less repetition ot
structure within a multimecia catabase. and less opportunity to
optimize queries.

The final ditference we consiier is the representation of data in a
database. Conventional catabase systems use Simple
encodings, such as ASCII. Usuaily there s hardware suppon for
searching and companng these representations. in contrast,
multimedia documents usually have a complicated encoding for
the structure of the document, and muliDie representations tor
the primitive data. For example, the separanon of a document into
chapters is done by special codes withun the document tself. The
primitive data, such as the raster images, could be in one of
several representations t0 promote efficient storage. Multiple,
complex representations of structure and data make searching
difficult.

-
-

We do not intend our list of differences to be exhaustive, and
without more experience, we would hesitate to try to quantity
each of them. However, we feel that a design and implementation
of a multimedia database must address these concems.

IV. Use of ODA for Representing Muitimedia
Information

Given that we cannot use simpie tables or networks to represent
muitimedia information, we need a richer representation.
Although we could detine a special purpose representation, it
would not have wide support beyond our own eftort. Therefore,
we need to evaluate how some other representation might be
used. Since we have aiready begun work using ODA as an
interchange medium, it seems natural to evaluate ODA as a
database representation as well. In this section, we describe
enough of ODA 1o evaluate its applicability for use in a muitimedia
database system.

The ODA standard is quite large, and many of the details are
orthogonal to any decision about using it as a database
representation. However, there are several aspects of ODA that
should be considered. First, ODA separates the logical structure
of a document from its layout structure. Second, document
architecture is separated from the content architectures of media.
Third, one can define a generic structure that can constrain logical
and layout structures. Fourth, ODA uses a pairs of names and
values, called attnbutes, tor labelling pieces of a document with
information. Some of these attributes atfect the use of ODA as a
database representation. Fifth, attributes can be collecte& and
shared through the use of styles. Finally, ODA detines an
external (file) representation tor documents. Each uf these
features is briefly described below.

-353-



The fogical structure of a document within ODA consists of
composite- logical objects and basic logical objects that form a
tree, rooted at a composite object termed the “document logical
root” and with basic objects at the leaves. For example, a
composite object might be a chapter or a section, while a basic
object wouid refer 1o the text in a paragraph. The figure beiow
shows part of the logical structure for a document.

Root
AN
le Chapter Chapter
7~

Secton Figure

/ T
Text

Figure 2: Legicat Structure ot an ODA Document (partial)

OA does not define any particular kinds of composite or basic
objects. 1t cetines only a tree structure with internal nodes and
leal nodes. The labels ot "Chapter” and “Seclion® are for
ilustration only and not part of ODA.

The layout structure of an QDA document consists of pages onto
which the logical objects have been formatted. Adjacent pans of
the logical structure may be formatted in vastly diferent parts of
the layout stucture. For example, the logical structure can specify
that a cenain piece of text should be formatted in the table ot
content as weil as appeannq in the title of a chapter.

The separation of content architecture from document
archtecture atiows for difterent kinds of information to be present
for ddterent media. For example, a description that a content has
a cenain pael density only has meaning for a raster content, not
for text. Similarly, the specilication that paragraph indentation
shouid be 1 cm only has meaning when formatting text. Through
this separatvon, QDA allows a document structure to be detined
ndepenaently of the kind of content attached to the leaves of
edher logxcal or layout tree.
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As mantioned before, ODA does not detine any particular kinds
ol structures in the logical or layout besides intemal and leaf
nodes. However, ODA does permit the definition of generc
structures that can be used to constrain the way that documents
ére created and edited. For example, one can create a generic
book which contains chapters, sections, and an index. By
requiring the document production system to use the generic
description of a book, one can ensure that newly created
documents meet the specifications of the generic structurs.

The information that describes objects in ODA is comained in
attributes. For example, the selection o! margin settings can be
described with values for attributes. It is frequently the case that
one wishes to collect together some attributes that have a related
meaning. For example, one may want to descnbe the formatting
of a quotation as changing to an ialicized font, increasing the
margins on both sides and centering the line. Although one
could use the appropriate attributes everywhere a guotation is
desired, ODA provides the ability to coliect together these
attributes into a style that can be referenced by ail quotations in a
document. in addition to saving space, the use of a style provides
additional structure that can be used by database operations.

The most common external representation of QDA is cailed ODIF,
ODIF is used to stofe an ODA document in a tiie or to sent it over a
communications medium. ODIF is a context-sensive, binary
encoding of ODA structures based on the ASN.1 standard {ISO
8824). It is difticult to produce, parse and man:ppulate. The other
representation, called ODL, is not used anywhere to the authors’
knowledge.

V. Use of ODA for Database Opecrations

With the brief description of ODA above, we can begin lo
evaluate it for use in a multimedia database by examining each of
the factors listed in section lil.

The first issue was one ot sufficient number of primitive data
types. Because ODA separates content architecture from
document architecture, it permits a large number of media. A
current limitation in the standard is that only three mec:a types are
detined: character, raster graphics and geometnc graphics. There
is work underway (o expand the delined types 1o include



equations, tables and additional media types. Atthough not a
generous domain to work with, ODA provdes more than simple
taxt. AS we will 566 when GiSCusSINg expansion of prmitive types,
ODA can probably circumvent any probiem with meumal pramdive
types.

The second criterion was that muitipie presentations of data wers
needed. Unfortunately, ODA does not support multiple
presentations of data. At best, ODA can be sad 10 suppont a
“logical” and a “1ayout” view of the same data, but the taciity s
content independent and not extensibie.

There s a proposal to allow for altematve presentaions of data
that might satisfy this requirement. The current attnbutes focr
afternative presentations are qude pnmitive. In essense, they
ailow the substitution of a text stning for a content. The motvation
was that a comment, such as tigure showing gran sales”, could

be used if the content could not be processed. The two -

proposals for change are more general, but difer n wnere the
alternatives may exist. One atternative is that an entire content
portion may be exchanged for another. This wouid permd, for
example, a raster to be substituted for a geometnc graphic, of
teletext to be substituted for a muiutont text. The other proposal
generalizes the first: it permits entire subtrees of logical and
layout structure to be substituted tor each other. Although both
proposais support multipie presentations in a document, nerther
one addresses how more than one presentation could be
examined (formatted, imaged) at the same time.

Obviously, direct support for multiple presentations of ¢ata wouid
be useful in ODA. The group developing the tabie content
architecture is also developing a collection of changes 10 support
connections among various contents. The changes are intended
to support exactly the reiationships being discussed here.
However, the current proposal is modest in comparison to
state-of-the-art multimedia systems and is quds a ways from being
adopted.

A third requirement for multipie descriptions ol data has some
suppon in ODA, but not much. One possible 2pproach would be
10 use the same mechanism as {or Multipie representatons. This
approach has the sama probiem: only one descnpron would be
available at a time outside of the database appucaton. A second
approach would be 10 infer the necessary relationsmps between
parts of a document through the use “indrvisidtty,” “same layout
object™ and “binding" attnbutes. These atirutes are used in

-

concert 10 attach ttles 10 tigure, group related paragraphs, and
generate page numbers and table of contents. Untortunately,
ODAdelhosomymod\ansmaMnotanyusaonhemea\amsm.
Thus, one wouid need to establish a set of conventions that
wouid list how certain bindings would be used. Then a database
system couid expios this information.

A fourth concern was the need for expanaing the primitive data
types. The ODA standard has a provision for private content
architectures, that is, for content architectures that are not
defined in the standard. A private content architecture is one that
meets the requirements of a content architecture, that is, defines
coding attributes, presentation attributes, ODIF representation
mfomummmwiwakmmmmmmy
axpand the primitive contents in this way while staying within the
ODA standard. With this approach, one loses the ability to
exchange private contents with systems that cannot process the
_information in the private contents. but otherwise retains
compatibility with other contents. Further, the modularity of
private content architectures increases the opportunities for
adding any prvate contents to the ODA standard at a later date.
We have done some preliminary investigation with private content
architectures but & is 100 earty to draw any conclusions.

The fifth problem was access to a large amount of structure ina
document. Because ODA provides several structures describing
the data. it is suted for representing muitimedia data. Most of the
structures are herarchical; the suppon for arbitrary graphs is
provided only for generic structures. Howaever, the
representation has the same problems and advantages as
hierarchical databases: if you know wnere to tind something,
following links is fast, but ¥ you do not know, doing a grap a walk to
search for & can be expenswe.

The sixth concem was one of structure repliication. Probably no
single document will contain much repetition of structure.
Howaever, 1 is fikely that structure among multimedia documents
may be repeated. Such repetition can be captured in a generic
ODA structure, which might be preprocessed for efficient
searching of database requests. Another provision of the
standard, Document Appiication Protiles, also can lima the kinds
of structures that wil be used in a document. it may be the case
that a restinctive document applcation protile will be necessary to
efficiently implement searching of an QDA document.
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The ftinal concemn was one representation of data. The OOIF
representation for documents is nearly useless for database
apphcations. The encoding and low-level representation of
document information are difficult to parse. One feasible
approach is used by the MULTOS system: maintain a separate
Indexing structure for searches. Documents are preprocessed
belore being entered into the database. Searching tor
information is performed on non-ODA representations of the
document while retriaval of the document is done using ODIF.
Wae know of at least one other project that is pursuing the same
strategy. Although the approach exploits many features of ODA,
# has the severe problem that little sharing can be done among
database systems except at the most primitive level of complete
document exchange. There is no way to exchange inaexing or
preprocessing information. since if is unique to each system.
What is ctearty needed is some simple extemal representation of
ODA that database systems can use. Unfortunately, there does
not seem to be any such standard being developed.

VI. Conclusions

We beiieve that QDA provides some fundamental suppon for the
use of media besides simpie text, but ODA’s structural features
may be 100 genaeral to allow for efficient impiementation of search
in a multimedia database system. It might be possible to expiont
the generic structure ol documents 1o speed the search for
materiais, but such a hypothesis needs to be tested empincally,
Further, there is a clear need lor an alternative cocument
representation besides ODIF for file storage.

Because CDA provides a common way to interchange muttimedia
materials between systems, it is likely that it could be used as a
communications medium between a multimedia database system
and agents using the system.
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