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Abstract

Multimedia databases store large data objects with complex spatial and ternporal
relationships. For users to casilv and effectively aceess and make use of this large
information space, there is a need for an interactive user interface to act as an in-
termediary between the database and the user. Many existing multimedia systems
provide a hrowsing-hased nser interface for their users. However, with large infor-
mztion spaces. browsing does voi provide an efficient mechanism for accessing the
database.  Thus. there s a need for a query sacilite which cnables users to pose
gueries to the database. and. divectly. retrieve information of interest,

This research determines the user interface requiveirents of multimedia informa-
ton systems and provides o template solution. That is. it presents an casy and
cfficient way of accessing a multiniedia database. This is achieved throngh a visual
query facility which provides a rich visnal query interface as well as a browsing fa-
cility. The visnal query facility provides an interactive graphical interface. relieving
users from having to type complicated queries which can be difficult. The svstem also
provides users with the facility to custoniize svstem settings to suit their preferences
and needs.

The design and implementation of the visual query facility is targeted towards
a news-on-demand application which is a distributed multimedia news application
that allows its users/subscribers to remotely access maltimedia news articles inserted
in a distributed database over a broadband NTM network. However. the same de-
sign and implementation principles can be applied to other distributed multimedia

applications.
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Chapter 1

Introduction

1.1 Motivation

One of the major reasons for the recent popularity of multimedia information sys-
tems is the opportunities they provide for casier and more effective human-computer
interaction (HC). The significance of multimedia systems lie in enhancing the com-
munication between computers and human nsers [Ada93]. ‘Traditionally. text was
the primary medium for interacting with computer systems. thus limiting users to a
restricted framework for interaction. Today, multimedia systems incorporate and in-
tegrate information from diverse media sources, such as text. graphics. images. audio
and video. presenting the nsers with various channels for communication and infor-
mation delivery. thus allowing tor & broader and richer means for interaction. This
mereases system usability as human: communicate more effectively through various

channels [BDY2].

The media sources. incorporated in multimedia documents. involve large data ob-
jects with complex spatial and temporal relationships. This results in a large body
of information. with a need for an elfective means for managing and accessing it.

Traditional file systems fall short when trying to fullill this requirement as they leave

to the user/application the responsibility of properly formatting files for the multi-



media objects as well as the management of the data itself. The problem becomes
more complicated in the case of multi-user mnltimedia syvstems where concurrency
control. security, and application independence are vers important issues. Multime-
dia systems can benefit from database management svstem (DBMS) services such
as data abstraction. high-level aceess through query languages. application indepen-
dence, controlled multi-user access (concirreney control ). fault tolerance. and acress
control (security).  Multimedia systems are generally distributed. requiring multi-
ple servers for their storage requirements. Thus. distributed DBMS technology can
be nsed to efficiently and transparently manage data distribution. Object-Oriented
technigues should he nsed to provide encapsulation. abstraction. and extensible type
svstems. Therefores we proclaim the use of an object-oriented multimedia database

at the heart of multimedia information svstems (VOSENO 1,

A multimedia database efficiently stores nimltimedia objects and models the rela-
tionships between them. For a user 1o casily and effectively aceess and make use of
this large information space. there is a nced for an interactive user interface to act as
anintermediary hetween the database and the nser. This, a considerable portion of
achieving the nsability and effectiveness desived from ninltimedia svstems lies in be-

ing able to provide users with casy-to-use effective interfaces for accessing information.

Many multimedia information systems provide a browsing-hased user interface for
users. Perhaps. the most popular interfaces of this type are Mosaic are Netscape for
accessing the World Wide Web, However. with large information spaces. browsing
does not provide an ¢illcient mechanism for accessing the database. This research
focuses on adding a querving capahitiy that cnables users to retrieve information
of interest. Users can still hrowse through the retrieved information in the same
manner as in the hrowsing-hased systems. The novel aspects of this approach are the

following:

o Combining queryving and browsing to provide a richer interface.



e Relieving users from having to type complicated queries (which can be difficult)

by using a visual querying interface.

1.2 Thesis Scope and Organization

This thesis determines the user interface requirements of multimedia information
systems and provides an casy and efficient way of accessing a multimedia database.
This is achieved throagh a visual query facility which provides a rich visual interface
for querying the database as well as a browsing facility. The visual query facility
is not intended te provide a complete user interface that adequately covers all the
needed functionality for multimedia information systems. Instead, its main purpose
is to provide the users with an casy and cfficient way of accessing the multimedia
database. However, the thesis looks at the requirements of a user interface for such
systems even though the full interface is not implemented. The following aspects are

central to this rescarch:
e Studying the uscr interface requirements for multimedia information systems.

e Designing a visual query interface to relieve users from typing complex database

querics.
o Tightly integrating the interface with the multimedia database.

e Separating the logical document content from presentation to provide a com-

pletely customizable system.

The design and implementation of the visual query facility is targeted towards a
news-on-demand application. However, the same design and implementation princi-

ples can be applied to other distributed multimedia applications.

The news-on-demand application is described in detail in Chapter 3. 1t follows a
distributed client/server model. The client application environment includes the vi-

sual querying facility (the focus of this thesis), the synchronization routines [L(G94], a



quality-of-service negotiation component [VBD*93]. and the ObjectStore [LLOWYI]
database client [Vit93]. The clients are connected to a set of servers over a broad-
band ATM network. The servers are responsible for the storage and management
of multimedia documents. This rescarch is part of the Broadband networking ser-
vices project supported by the Canadian Institnte of Telecommunications Research
(CITR). Several other universities are involved in this project: University of Water-
loo, University of Ottawa. Université de Montréal. INRS Telecommunications. and

University of British Colimbia.

The rest of the thesis is organized as follows. Chapter 2 provides a discussion of
the approaches =« systems dealing with accessing niltimedia information spaces.
Chapter 3 describes the target application. news-on-demand. and the constraints it
imposes on the user interface and querving facility. Chapter | discusses the func-
tious provided by the system and the design principles followed to fulfill the system
functional requirements. Chapter 5 discusses the nser interface in detail. Chapter 6
describes the document tvpe system. Chapter 7deseribes the underlying querving of
the multimedia database. Chapter N discusses important aspects and choices regard-
ing the implementation. Chapter 9 summarizes the thesisc deseribing nnimplemented

features and possible enhancements and futnre developments.,



Chapter 2

Related Work

The design and specification of interfaces for information systems have gained the at-
tention of many rescarchers in a variety of ficlds including query languages, hypertext
systems, and user interfaces. This is due to the fact that the power of information
systems can only be realized when tools are provided for effective access to the stored
information. In this chapter. query languages are first discussed. followed by hyper-
text systems. Finally, systems that combine both to achieve better functionality are

highlighted.

Query langnages and database access tools provide users with the facility to ac-
cess stored information. Structural Query Langnate (SQL). being the most popular
query language in the relational database world. provides a variety of functions to
manipulate data [Eme89]. For simple data sets, relational databases and SQL provide
adequate functionality, but as the need arose to store and manipulate complex data
such as multimedia information, they fell short of providing the necessary functional-
ity. Object-oriented database ranagement systems (OODBMS) provide capabilitics
for modeling complex data. Some OODBMS query languages are SQL extensions
such as 02 [D*91] and ONTOS [Ont9l], while others are new langnages such as
GEMSTONE [MS87] and ORION [K*90]. ObjectStore provides a query facility by
defining C++ types and methods [OHMS92]. Some OODBMSs come with an ad-

ot



vanced graphical user interface for designing. browsing. and modifving the database
schema [ADE93]. However. their query lacilities are text-hased. To use these query
facilities, users have to learn the query language svntax and the data model. This
poses a problem to system users who do not possess a deep knowledge of computer
science. One approach to overcome this problem is to define graphical query lan-
guages that allow users to query information in the database graphicallv. rather than

by formal query languages. Some of these svstemns are:

o DOODLE (Draw an Object-Oricnted Database Languagl) is a visnal language
which allows nsers to query object-oriented databases using arbitary pictures.

DOODLE visual programs nse the same semantics as F-logic {Crn2].

o linage databases are often coupled with query by visnal example capabilities
which enable the user to retrieve images by providing rough sketches or dia-

grams. Examples of such systems are deseribed in [HR92, KEFS90].

In addition o visnal query languages. rescarcll work is heing done on query lan-
gunages supporting multimedia issues. namely the temporal and spatial aspect of in-
formation retrieval. In [DGY2L FVAL a4 query languace with noltimedia support. is

: | ) : .

described.

Hypertext systems promise to deliver information to users in new and uncon-
ventional ways, As early as the 195050 Doug Fngelbart was working on hypertext
concepts and office automated svstems. providing frameworks for hyperlinks and col-
laborative work. In 1967 and 1968, Andries Van Dam developed the first two working
hypertext systems known as: Hypertext Fditing Svstem and FRESS. Nine vears later.
in 1973, the first hypermedia system. Aspen Movie Map. was developed by the MIT
Architecture Machine Gronp [Nie90al. Today, many rescarchers are developing hy-
pertext and hypermedia systems. Literature provides reviews of a variety of systems
from different application demains which cmploy the concepts of navigating informa-

tion spaces and following links to related information. Many multimedia information



systems provide elaborate hypertext graphical user interfaces with limited scarch ca-
pabilities. Perhaps, the most popular interfaces of this type are Mosaic and Netscape
for accessing the World Wide Web. Akscyn [AMYSS] describes KMS (Knowledge
Management System), a distributed hypermedia system that supports organization-
wide collaboration. In addition to its browsing facility. KAS allows its users to search
for text strings in the hypertext nodes. In [Wil91]. a hypermedia system for on-line
technical documentation is presented. It provides its nsers with a browsing facility
as well as a limited kevword scarch facility. Examples of other hypermedia systems
are presented in [GT91, HRKRT92, Plagl. BDY2]. Along the same lines. a model for
hypertext-based information retrieval is presented in [Luc90].

The complexity of current multimedia applications raise more challenges to meet
the ease and efficiency requirement of user accessibility. Halasz [11al38] indicates that
providing scarch and query facilities is the number one issue in hypermedia systems
of the future. Rescarch has been conducted to develop systems which combine the
strengths of query languages and hypertext navigation. No standard specification for

the design and implementation of such systems has yet been reached.

One approach is to define systems that integrate a functional gnery language
with navigational facilitics. The users can retrieve information by following links
(navigation) or by querying the database using the query language. Examples of
such systems include:

e [rei [FFS91] describes a system which supports storage. retrieval as well as brows-
ing of multimedia information. These functions are achieved by providing hy-
perlinks between related information as well as a searching facility. Queries are
handled using a functional database query language (FQL*) which is extended

to include elementary similarity functions to allow for imprecise queries.

o MMIS is a multimedia information system developed at the University of Manch-

ester [GOC*92, O’D93]. It currently handles the storage and retrieval of text

-1



and raster images. Users can store media instances on the system’s server using
different editors. After storing o medinm instance. a moduls nust be activated
to interpret that instance producing sermantic nets which are subsequently used

for querying. Prolog queries can then he entered and processed asainst the
3 8 q £

St()l'(‘(l semantic nets.

Another research dircetion is nsing a graphical query language which manipu-
lates hypertext concepts. Andonoff [NCMZ91. ACMZ92] describes OHQL {Object
Hypertext Query Language) which uses hypertext concepts to query object-oriented
databases. The database is presented 1o the user in the shape of a hypergraph with
nodes representing classes anst links representing inheritanee and domain const raints.

Users formmlate queries by eraphicallv sclecting nodes and links on the hvperera sl
| RIS A ; ‘. 2

Other systems integrate query facilities together with hivpertext capabilities within
the same graphical nser interface to provide nsers with a uniforms way of accessing

multimedia information. Individnal svstems vare in the facilities they provide.

o Neim [KKEOL] deseribes a svstem where natuoral langrage captions are used
to describe the contents of multimedia data. Doricg retrieval, users express
iheir queries via a graphical wser interface using uatiral langnage to describe
the query constraints. The query is representedd araphically by a set of boxes
(representing sitaple constraints or subqueries) and connections between them
(to represent operators). The svstem allows users 1o define their queries in an
eremental fashion. The systeny then translates wser queries into a formal query

language (5QL) to exeente on the nuderlvine cutity-relationship data model.

o In [Ferd]. the KIM (Knowledge-based Information System) query svstem is
described. KIM provides users with homogencous access (o distributed. hetero-
geneous, multimedia databases. The system provides both iconic and diagram-
matic (entity-relavionship) interfaces to the database. Users select an entity

or icon and define filters in the retrieval process by defining the attributes of

o



interest and the selection conditions. Queries are associated with icons for later

usage or update. The system supports incremental development of queries.



Chapter 3

The News-On-Demand
Application

3.1 Overview

News-on-demand is an application that provides its subscribers/users with access to
multimedia news documents that are inserted into a distributed database.  Multi-
media documents are inserted into the database by news providers. Examples of
news providers are television networks. newspapers. magazines. and wire services.
Once inserted in the database. the multimedia news documents cannot be updated.
The subseribers. at different clicnt sites. aceess the news database. via a broadband
network. to retrieve and read articles according to their own interest. The cost of
this service to the users includes the cost of the information content as well as the
transmission and retrieval costs. The nsers can allect the cost they have to pay by
specitying quality-ol-service parameters for the system’s operations.

In this context, a multimedia document is < ned “as a structured collection of
pieees of information related to a particular subjcet” [\’()S].‘f.\l.‘)»l]. The information
units can include any media type such as test. iniage. audio and video. They can also
include combinations of different media. such as video synchronized with audio and

text captions. Documents often have links to other information (whether complete

10



documents or components of dociments). Examples of such links are more news cov-
crage, background information. and expert analvsis. The structure of the document
consists of two entities: the logical structure and the presentation structure. The logi-
cal structure is concerned with the logical organization of the document components.
For instance. logically. a news article is made up of a headline, a number of para-
graphs, figures, and so on. The presentation structure is concerned with the layout
of the document: in other words. how the document is actually displayed. Examples
of parameters of interest to presentation are font typeface. font sizes. the number of
columns in which text is displaved. etc.

The news-on-demand application suggests several issues of interest to the querying

facility and user interface:

e There is a need for a standard representation for the documents inserted in
the database. The standard chosen is SGML/HyTime [VOSEM94]. By follow-
ing a standard. the system provides a uniform document representation that

facilitates document entry . - news providers and access by nsers.

e Different subscribers/users are likely to customize their system view due to per-
sonal preferences and/or hardware constraint~ (e.g.. absence of a color graphics

display). The user interface should allow snuch customization.

e There is a nced for separating the logical structure of documents from the
presentation structnure when storing documents in the database. This separatiop
allows for a more customizable system where presentation issues can be decided

upon by the users without alfecting the documents” logical structure.

3.2 Application Scenario

The interaction between the user and the multinuedia news database is achieved by
posing queries to the database and receiving results. The visual querying interface

is responsible for translating the user’s requests into actual queries that are executed
p | |

11



on the databasc. The results obtained from the database are presented to the user
via the interface as well. The following example scenario illustrates the interaction

between the user and the svstem:

Typically. the nser wishes to view news articles on a specific subject.
Using the visual querving facility (as will be explained in more detail in
Chapter 5). the nser specifies the subjeet he/she is interested in. The
system returns a list of headlines of articles that meet the user’s reguest.
The user can then view the abstracts of anv of the returned articles. The
nser selects a particular article to view. The svstem retrieves the article
and displays it. The nser can read the article. view images. listen to
altached somnd recordines, plav video. or follow links to other information

of interest.

The above scenario is only an example of a possible interaction between the user
and the system. Users can perform many more 1vpes of queries. Examples of these

queries are:
o Return docmments whose media sonree a particnlar news provider.
e Return documents with a cortain location. date. and/or kevwords,
o Return documents written by a certain author.
o Return documents which contain text. but not video.
o Return documents with a particnlar text string within the text of the article.
e Return documents whose images. andio and/or video contain certain kevwords.
e Return the images which contain certain kevwords.
o Return the abstracts and/or paragraphs which contain a particular text string.

Currently, the query facility provides extensive support for scarching document

attributes (headline. location, date. author. media source. ete) and text elements
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(abstract, sections, paragraphs, quotes. ete).  RNeyword searches are provided for
other media types: images, audio and video. Apart from queries on documents
and/or document components, users can pose queries regarding user settings of the
system and/or presentation scttings. Queries for retrieving meta-information about

continuous media are another category of gueries to the database.

3.3 System Architecture

The news-on-demand application follows a distributed multiple server multiple client

model (Figure 1). The clients are connected to a set of servers over a broadband ATM

network. The servers are responsible for the storage and management of multimedia

documents. There are two kinds of servers. depending on the type of media they man-

age and store: the continuous media servers (('M servers), and the non-continuous



media servers (NCM servers). Continuons media refers to media with real-time con-
straints, such as audio and video. Non-continnons media include text and still 1mages
which do not have the real-time constraints of andio and video. Currently. the server
database intgrates the non-continuons media servers. bt not the continuons media
servers. Instead, the database stores meta-information about files stored on the CM
servers. The meta-information is nsed. by the client. to locate the file and then it
is accessed directly from the CM file server. Several svstem modules reside on the
client side. The client application environment inchides the visnal querying facility,
the synchronization routines [LGY1]. the qualitv-of-service negotiation component
[VBD*93]. and the database elient. The diztribution of the data amonge the servers is
transparent to the clients sinee all aceesses to the servers are done throngh the elient

DBMS and the other svstem modules.

The testbed environment for the svstem consists of elient machines which are IBM
RS6000/360°s with 128 Mbytes of memory. The server machines are RS6G0O00/360's
with 61 Mbytes of memory, The servers and elicnts are connected via a Newbridge
ATM switel '\ commercial object-oriented database manasement svstem. Object-

Store. s used as the database engine.

3.4 Requirements For the User Interface

The news-on-demand application sugeests several requirements for the user interface
of such a system. This section lirst discusses the general requirement s imposed on
multimedia user interface design. Then it foenses on the requirements specifically

cemerging from the news-on-demand application.

Since multimedia systems have a lot of potential in delivering information to the

"This testbed environmment is not exactly replicated at the University of Alberta where the client

and server machines are connected by an Ethernet network
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users. special attention should be given to the actual usabilility of these systems. A
svstem's usability is determined by how easily and effectively the users can communi-
cate with the system to achieve a desired task. Usability parameters for most systems
inchude ease of use. efficiency. case of remembering. and pleasaniness [Nie90a]. Some

general design requirements for usable multimedia user interfaces are [Hay93]:

e Simplicity: A multimedia user interface should be simple to use. requiring only
a minimal cognitive load from the user. Overwhelming the nser with complex
icons. too many choices. varions color patterns (as might be the trend in some of
the current multimedia interfaces) mayv not always help. Instead. such interfaces

will distract the user from the real purpose of the application.

e ('onsistency: Providing a consistent design thronghout the system makes it
casier and more predictable for the user to follow. This reduces the efforts that
the user puts in tryving to follow the interface and allows the user 1o concentrate

on the actual information presented.

o lingagement: Engagement is determined by the degree to which the user can
participate. affect and control the actions of the svstem. “Mualtimedia should
invile the user to participale™ [Hav93].  Interactive interfaces provide added

value by providing the user with the means to interact with the system.

¢« Depth: A multimedia interface should encourage users to explore the system
to a greater depth by making it easy to do so. However, it should not foree
the user to nnderstand the system to any greater depth than the nser wishes to

explore.

o 'un: Multimedia user interfaces should be fun. This will encourage more people
to use the system and cach person to use the svstem in more wayvs. Note that
the goal is not to encourage users to waste time nsing the svstem. The goal is

to encourage them to use the system in novel. but productive ways,

Ot



The above general design requirements apply to the news-on-demand application
as well as all multimedia applications. For any mnltimedia application. the user in-
terface should he simple. consistent. inviting for users to participate and explore. and
pleasant to use. However. there are more specifie requirements of news-on-demand
users. Users of news-on-demand are expected to use the svstem to achieve several
tasks related to the news. These tasks inclide analvsis of financial and political situ-
ations which can affect planning. regnlir follow-up of news. and aceess to background
and reference news material, The general hioh-level finetions regnired of the svstem

can be summarized as follows:

o Viewing/Browsing information: Users should he able 1o view multimedia doc-
wments, read text. look at tmaces. plav video, listen to andio. and follow links

to related imformation.

e Scarching for information: In addition to the hrowsing facility. users should be
able to search the multimedia database with a variety of eriteria such as date.
;llltlml'(s). catesory, location. ]\'l'_\'\\'ul"[\. ete. Searches on docnment content
shonld also be provided. The svstem shonld provide a fast and casy wayv for

scarchine,

o Customizing the svstem: Users should be able to detine and modify their own
settings of the svstem. Settinas caninelnder document= Tavont. window speci-

lications. quality-ol-service parameters and others,

o Other functions: These inelnde, but are not limited 1o, allowing users to add
thetr own annotations to news documents. providing nsers with additional nav-

tgational aids such as subject indeses and a history of the visited documents,

These requirements point to a customizable and casily extensible interface which
combines the browsing capability (fonnd in most existing multimedia interfaces) with
a querying capability (lacking in many of the same interfaces).  Furthermore. the

querying capability should be a visual one that merges scamlessly (is consistent)

16
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with the browsing facility and satisfies the other general usability requirements of a

multimedia user interface.



Chapter 4

System Design and Functionality

4.1 Design Principles

In the previous chapter. the varions design goals and requirements for multimedia user
interfaces in general and for the news-on-demand application in particular are exam-
ined. According to these requirements, the design principles chosen can categorized

into three major points:
o llvpermedia
e Query facility

o Input modality

4.1.1 Hypermedia

Hypertext/Hypermedia provides the user with a non-sequential means of freely brows-
ing information according to his/her needs by following links from one information
unit to another [Nie90a]. Links are maintained between related units of information,
providing users with several options to follow when reading a unit of information,
thus enriching the user interaction with the systen. Traditionally. hypertext net-

works link units of text together. In case of hypermedia systems, information units

IS



can contain text, graphics, images. audio and video. Hypertext/Hypermedia systems
can also provide navigational aids such as subject indexes. maps. tours, backtracking
facilities, graphical representation of the hypertext network, history of visited nodes,
etc. to facilitate browsing information. Note that not all multimedia systems use
sypermedia links [BD92] unless it is required as part of the application functionality.

In the news-on-demand application. multimedia news documents often have log-
ical links to other related information such as background information. more news
coverage. follow-ups. and expert analysis. Therefore. a hypermedia interface is a
good design choice as it provides the news readers with an casy and efficient way of

accessing and browsing related information.

4.1.2 Query Facility

A hypertext/hypermedia interface to a multimedia system may not always be suffi-
cient to provide all of the accessing mechanisms the user needs to obtain information
from a database. In many applications. such as news-on-demand, users need to
scarch for specific information based on partial knowledge. This must be achieved
more simply and quickly than is possible through the bhrowsing facilities of hyperme-
dia. Moreover. as the information increases in quantity and complexity, the browsing
facility of hypermedia becomes more and more inadequaie.  According to studies
[Nie91, Nie90b] of the usability of hypertext systems. users have often reported that
they become disoriented while navigating through hypertext systems and fail to reach
points of interest. This phenomenon was veported even when using the most popular
commercial hypertext systems. For the news-on-demand application, a querying fa-
cility that allows users to scarch and retrieve information directly from the database
is a good design choice. The user interface should provide an casy way for performing
queries and searches, as well as examining the results. A typical scenario is for the
user to first filter the list of documents in the database to include only relevant news
articles. The user then performs a scarch for documents and document components

that are of interest for specific topics and then browses this limited set. The design



must support this incremental process.

4.1.3 Input Modality

A “good™ user interface should provide the wser with appropriate interaction modes.
depending on the application and the types of input needed from the nser. The modes

of interaction can be categorized into three major categories [BD92);
e dircct manipulation of graphical objects on the sereen:
o the use of natural language:
o the use of formal langnages.

In the case of the news-on-demand application. as well as other multimedia ap-
plications. a graphical user interface with divect manipulation techniques is sufficient
to deal with user inpnt. Typicallv. users need 1o click onicons to follow links. choose
options from menus and lists. tvpe text. ete. .\ natural languagze interface would be
a great facility if provided with the eraphical interface. However, this is bevond the
scope of this rescarch. The need for using formal languages (in this case. a query
language) has been eliminated by desionine the visial query anterface to make the
system more nsable. especially by novice nsers. In other words, the visual query
interface is used as a front-end 1o the ObjectStore database management svstem's

query constructs,

4.2 System Functionality

The system’s functionality for the visual query facilitv falls under four main cate-
gories: viewing and browsing documents. filtering dociument s, scarching documents.

and systenn custonization.



4.2.1 Viewing/Browsing Documents

The system allows the users to view and browse multimedia documents. Users can
view a document’s abstract before fetching the whole document from the server. This
helps users decide the relevance of a document bhefore retrieving it. Once 2 document.
is viewed, users can read its text. look at images. play video. listen to -udio, and
follow links to releted information (although following hyperlinks is not implemented
in the current version of the system. it is stll recognized as a main function of the
system). Users can also view the document s editorial information. such as: author(s).

location, media source. date. ete.

4.2.2 Filtering Documents

Filtering is a search on document attributes. It is nsed to specify the scope of doc-

uments that the user views/browses. The result of a liltering operation is a set of

documents whose attributes match the ones specified by the user. A filtering opera-
tion is done by defining a filter object and applying it to the set of documents stored in
the database. Filters can be based on news category. keyword(s). location, headline,
media source, author(s). and/or date. The nser can also filter documents depending
on the type of media they include, so users can choose only to view documents which
contain certain media types and not others. This feature is used to answer queries
such as: “Return documents with teel and no audio”. Filter objects are stored in the
databasc in the user profile. Users can identify one filter to be the default filter which
is used during system startup. but filters can he applied to docament lists anytime.
The system also defines a set of filters to provide short euts for users. These include
filtering news documents published today (using svstem date) and filtering documents

OIl News cat(‘gory.



4.2.3 Searching Documents

The system provides users with the capability of searching doenments” content for spe-
cific information (in addition to searcling ou document attributes which is provided
through filtering). Users specify the text to search for (optionally using Boolean com-
binations of text strings). For completeness. both conjunetive and disjunctive normal
forms are supported as scarch expressions (explained in more detail in Chapter 5).
The media types to he searched and the scope of the search are also specified by the
user. The scope of the scareh can be all the docniments in the database. the documents
ina list. only the current document. or documents directlv linked 1o the enrrent docu-
ment. As mentioned before. the user specifies the media tvpes to be searched. In case
of text. the user can scleet all or anv number of text elements 1o be searched. These
include headline, abstracts. sections. paragraphs. quotes, cte. Documents” editorial
information (part of the docnment attribntesy <uch as category. location. kevword(s),
source. and anthor(s). can also be scarched. Tn case of other media types (images.
audio. and video). a kevword scarel ix performed. We are ultimately interested in
enhanced searching of images. andio. and video 1o provide content-hased scarching
and access techniques. The seareh faciline allows the user 1o query the database and
locate specific information directly as needed. This provides an casier and more offi-
cient way ol accessing data than nsing the navieation facility where exploration can
he very time-consuming,

The search facility returns a list of objects that mateh the query. The objects
returned can be text paragraphs (or any text clement i, images. video clips. audio
streams. or complete dociments. The ivpes of objects returns arve specitied by the

user during the search (they correspond to the media types to search for).

4.2.4 System Customization

Another important feature of the interface is allowing the users to customize the

system. Customization ranges over a variety of system parameters. such as defining



default settings for system startup. as well as presentation prelerences.

Style Sheets

Style sheets store user preferences with regards to presentation of documents. Infor-
mation stored in style sheets include defining the presentation of anchors (which are
the departure points to hyperlinks) within a document, attaching a font format (such
as italics, bold, reversed video, etc) to an emphasized text, and selecting a primary
font for the document. Users can define dilferent style sheets to render different pre-
sentations of the same document. The concept of separating the document’s logical
structure from the presentation structure makes this possible and casy to handle by
the system. Style sheets are stored in the database iu the user profile. Users identify
one style sheet to he the default style sheet for displaving documents. However, users

can apply style sheets to documents at any time.

Media Settings

Users can also define other presentation settings (apart from those in the style sheets)
to customize the system. These include defining immediate playing of a video when
the icon is clicked versus opening up a control panel (similar to a VCR) to allow
explicit activation of the video. Users can also define whether they want to open
windows for all of the media types contained in a document once the document is
viewed or whether they should be displayed explicitly when clicking on a specifie icon.
Also, when following links, users can cither choose to open every link destination in a
separate window or in the same window. These settings are called media settings as
they deal with the presentation of media types in the system. They are also saved as
part of the user profile. There is only one set of media settings per user (in contrast to
possibly several filters and sty sheets) as users are likely to want to keep a uniform

setting for presenting media irrespective of which document they are viewing.



User Profiles

User profiles contain all the nser preferences. In other words. they are the central
objects for system customization. Every user of the svstem has a user profile which
stores his/her preferences. User profiles contain a list of filters. a list of stvle sheets,
the default system filter. the default style sheet. and the media settings. User profiles
arc identified by user name. When a new user conneets to the svstem. a user profile
(with default settings) is antomatically created for him/her. Users can update their

profiles any time.

4.3 Generalizing the Design

The above system design and functionality. althoneh discussed in the framework of
the news-on-demand application. ix extendable aud applicable to other distributed
multimedia information systems. A desien which combines hypermedia browsing ca-
pabilities with a rich visual query facility in one eraphical user interface provides
ad~quate Tunctionality for nultimedia information svstems. Allowing users to cus-
tonaize the system according to their preferences is also a desirable design feature
inall software systems. Therefore, applications. where nsers need to search and
browse information stored in a large multimedia database. are good candidates for
such a design. Fathermore. these applications also require the same high-level system
functionality. described carlier for news-on-demand: namelyv: viewing/browsing doc-
uments. filtesing documents. scavching. and svstem customization. Althongh details
of cach function may vary depending on the specitic application targeted. the higher
level functions are still the same. For example. in most nmltimedia applications. fil-
tering documents is a desivable feature. However, the attributes on which documents
can be filtered will differ from one application to the other.

Examples of applications that can make use of this design are distant teaching

applications, online muscums. and multimedia library svstems.



Chapter 5

The User Interface

5.1 News-on-demand User Interface

This scction describes the user interface for the news-on-demand multimedia informa-
tion system (also called MMnunews in the interface windows). This discussion covers
the full functionality of the nser interface: a few of these features were not imple-

mented in the current version.

The user interface for the news-on-demand multimedia information system pro-
vides a number of fundamental functions:

e iniilate a quality-of-service negotiation:

e start a filtering operation in the database:

e perform a search;

o customize the system by delining media settings, style sheets, and filters;

e retrieve and display a document:

e display a list of visited documents.

o
h §
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Fignre 20 Multimedia News Startup Window

System Startup

When starting a multimedia news session. the startup window (Figure 2) is dis-
played. prompting the user to enter his/her usernaine and the news database file the
user wishes to conneet to. A nser can only connect to one news database file during
a session. However, different files can he used in different sessions. Once the user
chooses Connect to connect to the database and start the session. the system pro-
ceeds to feteh the user's profile. The username acts as an 1D for fetching the user
profile. In case of new users. the svstem antomatically creates a new profile. with
default settings. for the user in the specitied database. The svstem then displays the

MMnews launcher.

Application Launcher

"The MMnews launcher is the gateway to the news-on-demand application. Through
the Tauncher, the user can get to all the other services and functions provided by
the system. The launcher (Figure 3) provides a set of menus as well as some action
buttons. For an explanation of the launcher icons. refer to Figure 1. The launcher

menus provide users with a variety of services.
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Figure 3: MMnews Launcher
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Implementation Menu

Implementation menus are available in all the MMnews windows. They provide de-

bugging capabilities to the system implementors.

Show ObjectStore query Displays the ObjectStore queries that correspond to the
various functions performed in that window. Queries are
discussed in more detail in Chapter 7.

Inspect Inspeets the Smalltalk code of that particular window.

Document List Menu

All Documents Displays a list of document titles of all the documents in
the database,

Filtered Documents Displays a list of document titles of documents filtered
on the defanlt filter specified in the user profile.

Fmpty Opens a Docnment List window without any documents.

Tools Menu

Category Inder Displays a submenu of all the news categories in the sys-
tem. By selecting any item of the submenu, a document
list window containing the docnments belonging to that
category is displayved.

History Gives a history of all the doenments visited in this ses-
stotr. (Not nnplemented in this version)

Docunient Hotlist Opens the user’s document hotlist. The user can pro-
ceed by viewing any docnment in that list, ete. (Not
impleniented in this version)

News Today Displays a list of document titles of news articles pub-

lished today.



User Settings Menu

Filter Displays a submenu of all the filters in the user profile.
Users can edit any of these filters or create new ones.

QofS Displays a submenu of all the gnality-of-service param-
cters in the user profile. Quality-of-service is not linked
to the query facility in this version.

Media Scttings Opens the media settings window which allows the users

to define presentation preferences.

Help Menu

About MMnews Displays a general message abont the application.

About Launcher Displays help on the functions ol the MMnews launcher
window,.

Online Documentation Provides online help for all the system with browsing

capabilities. (Not implemented in this version)

Filter Window

As has been mentioned before. filtering is a scarch on document attributes. Its pur-
pose is to reduce the scope of the documents the user sees. thas facilitating further
scarching and browsing of this limited set. A filtering operation is done by defining a
filter object in the database and applying it to the docnments in the database to get
a reduced subset. Users can create and odit filters by means of the Filter Window
(Figure 5). The Filter window allows users to specify the attributes they wish to
search for. These include: kevword(s). location. category. source. headline, authors,
time period, and media content. In case of locations. category. and source, the user is
provided with a list of the items available in the database to reduce errors. The user
only needs to define the attributes he/she is interested in searching for: the others

can be left empty. Users can specify a {ilter to be the defanlt by checking the Save
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As Default checkbox. Every filter must have a name vhich is used as an 1D for
accessing the filter in the user profile.

In Figure 5, the user creates a filter to retricve news articles that were published
in the first five months of 1995 whose category is *(fanipus News™ and that include

images.

Media Settings Window

The Media Settings window (Iigure 6) allows the user to specily some presentation
settings concerned with the display of the various media types in the system. Users se-
lect their preterences by simply checking the corresponding checkboxes. Once the user
modifies the media settings. the new settings are applied to the system immediately.
For example, if, al any point of a session. the user chooses to view floating media
(images, audio, and video) immediately when fetching the document. the system will,
subsequently. display all the images. audio, and video included in a document once
this document is fetched. The user can go back and re-modily the media settings any-
time he/she wishes. Media settings can also be saved in the user profile to become

the system default.

Search Windows

Users can perform searches on documents” content for specific information through the
Search windows. Searches can be performed from the Application Launcher, from
a document list, or from within a document. The Search window (Figure 7) allows
users to specify the text string to scarch for, optionally using Boolean combinations
of strings. The algebraic operators provided by the system are AND and OR.
NOT is not provided because, in news-on-demand, the usual scenario is to search
for information of interest to users, rather than the exclusion of information. For
that reason, NOT was not provided. However, incorporating that facility is straight-
forward. The system supports both conjunctive and disjunctive normal forms for

search expressions:
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o ( ScarchTerm! OR SecarchTerm?2 ) AND ( ScarchTcrm3 OR SearchTermy )
o ( SearchTerm! AND ScarchTerm?2 ) OR ( SearchTerm:3 AND ScarchTermy )

where the SecarchTerms can be any textual substring surrounded by quotes (spaces
can be included in substrings). The algebraic operators (ANDs and ORs) are in-
serted when pressing the corresponding action buttons. Brackets are automatically
provided by the system once an expression is buill. The Search String is used to
build sub-queries and then add them to the complete Query string. Of course, users
can still build simpler queries consisting of one scarch term or two. Thus. the system
provides the facility for complicated as well as simple query expressious. The user also
specifies the media to be searched by checking the corresponding checkboxes for Text,
Images, Video, and Audio; at lecast one of the media types must be checked. The
text elements to search for should be specified by checking menu items in the Text
submenu (Figure 8). Text elements include abstracts. headlines. paragraphs. sections,
quotes, etc. The scope of the scarch can he all the documents in the databease, the doce-
uments in a list, the current document only. or the documents airectly linked to the
current document. IHowever, in case of the global scarch (initiated from the Appli-

cation Launcher - Figure 7), the scope is fixed to all the documents in the database.

The scarch facility returns a list of objects tha mateh the query (Figure 9).
The objects returned can be text paragraphs. images. andio streams. video clips, ete
or complete documents. The type of objects returned is dependent on the media
searched. and retrieved types specified (whether Documents or Components or
both). For example, if the user checked Video as the media scarched and Compo-
nents for retrieval, the search will return only video objeets, but not the complete
documents containing them. However. il the user also specified Documents, the
complete documents that contain video components will also be returned.

In Figures 7 - 9, the user is scarching for the words “Waterloo™ and “lidmonton”
in headlines, abstracts, images (figure captions). video, and audio (textutal descrip-

tions). Accordingly the search returns the matching items depending on the Retrieve
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options. In this case, articles. abstracts, and images are returned because the user

specified both Documents and Components {or retrieval.

Document List Window

The Document List window displayvs a list of document titles. This list can contain

all the documents in the database or documents matching a certain eriteria (a specifie

filter, news today, etc). Fignre 10 depicts a Document List window showing docu-
ments filtered using the IncludeImages filter (Figure 5). Users can perform several

actions from the Document List window:

3
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Search

Abstract

View

History

Hlp

Filter Menu

Allows the user to perform a search on the documents in
the list. the selected docnment. or all the document in
the database. The scarch window and the search result
are the same as those depicted in Figures 7 - 9.

Displays the abstract paragraph of the selected document
in the list (Fienre 11, Viewing a document abstract
helps users decide the relevance of the document before
retrieving it,

Fetehes and displayvs the sclected document (Figure 13).
The doenment is displayed according to the default media
settings and stvle sheer,

Displayvs a list of all the previousty visited documents
from that window Fienre 1250 The users can redisplay
the abstracts or the complete docimments again. This
facility helps nsers casilv locate information which was
previonsly viewed,

Displays help on the fnnctions of the Document List win-

(l()\\'.

Displays a submeni of all the filters in the user profile. Users can edit any of these

filters or create new ones. Filters can be applicd to the docnment list to chanee the
I 8

scope of the documents listed.

QofS Menu

Displays a submenu of all the quality-of-service parameters in the user profile. Quality-

ot-service is not linked to the query facility in this version.
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"Quality" is an important word to the new executive
members of the Federation of Students: guality of education,
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Document View Window

The Document View window (Figure 13) displays the different components of a
document. It provides a sct of menus and ac ion buttons that allows users to perform
several functions. For explanations of the different icons. refer to Figure 14, The text
portion of the document, if any. is displayed in the window's text view. Users can
perform a search from within a document v selecting the Scarch button. History

and fHelp are also provided. In addition. the menus provide the following functions:

Style Sheet Menu

Displays a submenu of all the style sheets in the user profile. Users can edit any of
these style sheets or create new ones. Style sheets can he applied to the document
view to alter the presentation of the document. The Style Sheet window (Iigure
15) will be opened when any of the style sheets in the menu is selected. The user can
then specify the anchor presentation (underlined. horderd. iconified. or plain). the font
format (bold, italics, or underline) attached to the emphasis elements. and the prinary
font ('Times, Courier. or Helvetica) nsed for the doenment. These settings as well as
the options given for each setting can he extended to allow for more presentation

countrol.

Annotate Menu

The Annotate menu allows the users to add. delcie. and cdi therr own annotations

on the news articles. This feature is not implemented in this version.

View Menu

Editorial Displays editorial information about the current docu-
ment (Figure 16).  Editorial information includes the
article’s headline. anthor(s), location, category, media

source, date. and kevword(s).
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Pak, Bilicic and Suska say that it is important “to hear from students" and
to do that "we need to go out of the office,” they say, something they plan to
do.

The new Federation office space in the Campus Centre should help as
well, they say. It will be more easily accessible and more visible than the old
space, especially when the “front doars” are put in place. The old space is
tucked away up some stairs from the Great Hall of the CC. The new space is
located just off the Great Hall with windows facing the ring road.

If all goes as planned, the Feds should be moving today, and the front
entrance should be ready for use by March 15.

Pak is currently a student counciller su she’s aware of the on-campus
and off-campus issues facing the current executive. She plans to continue to
work on those issues.

“I'm ecstatic that the referendum passed,” and UW is officially a member of
Ontario University Student Alliance, Pak says. She’ll also be involved with
CASA, the new Canadian Alliance of Student &ssociations.

The federal government has now said it will keep transfer payments to
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Images Displays a submenn of the names of images (if any) in-
chided in this article. The user can display any of these
images by clicking on its name in the images submenn.
Figure 17 shows a displaved image from the current doc-
ument.

Video Displays a submenu of the names of video clips (if any)
included in this article.

Audio similarly. displays a submenn of the names of audios (if

any) inchuded in this article,

5.2 Generalizing the Interface

Similar to the system design and functionality. the gencral features and strnetnre
of the user interface can be nsed for other multimedia information systems. In this
case, the menn items and window fields will be modified according to the specific
functionality of the target application. In the current implementation. menus are
built dynamically to make it casier to modify them according to the application.

oxamples of such modifications are:

The Tools menu will contain facilities which are related to the target applica-

tion. instead of the tools provided specilically for news-on-demand. In case of

online libraries, this can include subject index. periodicals index. et. .
e I'he Filter window will show the target application’s dociment attribnies.

o The Search windows will be modified to fit the target application. For exam-
ple, the Text elements menn will contain the text elements contained in the

application’s DTD (instead of those of news-on-demand).

e Similarly. the Style Sheet window and the Media Settings window will be

modified.
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Jane Pak, the president-elect, and Rose Bilicic, the vice-president-elect
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Chapter 6

The Multimedia Type System

This chapter smimmarizes the important features of the design of the mudtimedia tvpe
system for the news-on-demand application. A full deseription of the type svstem is
available in (Vit95]. Fonr major issues were considered when designing the multimedia

database:

o The different media components of the docnment (monomedia objeets) need to

he modeled and stored in the database.
e A\ representation of the docnment s logical structure is also needed.,

o Thespatial and temporal relationships hetween the different monomedia objects
need to be represented in the database. This information is needed for the

presentation of the multimedia documents.

e | he metasinformation needed for the operation of the different syvstem compo-

nents should also be stored in the database.

The logical design of the database uses an object-oriented approach. and follows
the SGML/HyTime document standard. SGML [1SO86] deals with textual docu-

ments whereas HyTime [1SO92] provides the hypermedia support.
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Figure 18: Atomic Types Hierarchy

6.1 Modeling of Monomedia Objects

6.1.1 Atomic Types

Instances of the atomic types hold the raw imono) media representation together
with other parameters. In case of non-continuous media (NCMType). such as text
and images. the actual data is stored in the database. In case of continuons media
(CMType). such as audio and video, only meta-information is stored in the database
whereas the actual data is stored on the continuous media file server. Other param-
cters related to the quality-of-service (QoS) and synchronization is also stored. The

type heravchy for the atomic types is shown in Figure 18.

6.1.2 Storage Model for Text

In the news documents, the text component of the article is richly structured, con-
sisting of many clements such as: paragraphs, sections, emphasis....cte. Instead of
fragmenting the text and storing it with cach of these clements (which affects perfor-
mance and poses several other problems). we store the entire text of a document as a
single string. Particular element instances are then associated with their text by stor-

ing the start and end positions of their text portion with respect to the document’s
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entire text string. These pairs of integers (positions) are called annotations. Fvery
document instance in the database has a base object which points to the document s
text string and the list o annotations on it. This approach allows for a fast and effi-
cient way for searching and displaving text. However, updates to the text content are
costly as they may require updating all the annotations. A\ solution to that problem
is to have the annotations relative to some strneture (such as a paragraph or section)

rather than to the start of the whole text string.

6.2 Modeling of Document Structure

6.2.1 SGML Markup and Elements

SGMLE s a Jangnage which deseribes the logical structure of a document by nsing
markups 1o mark the doenment’s logical elements, Hierarchics of elements can be
lormed. N Document Type Definition (DTD) mnst be specified 1o determine the
clement types in a docnment. the relationships between them. and the attributes
associated with them. In case of the news-on-demand application. a DTD for multi-
media news articles is defined. Exaniples of logical clements in the defined DTD are:

article, headline. anthor. datel paragr Sh. figure, fignre captions. ete.

Hypermedia support is provided by Hy Time which defines 69 special hyvpermedia
clements, called architcetural forms (A that can be used in DTDs. These AFs

define hinks: temporal relationships, evenis in time. ete.

6.2.2 Type System for Elements

The type svstem for the logical document elements is shown in Figure 19, 20. and 21,
Element is subtyped into TextElement. Structured. and HyEiement. The TextElement
is the supertype for all the textual elements in the DTD that have no subelements

(simple text elements). The Structured is the supertype for textual elements with
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complex content models. These usnally have subelements. The HyElement abstracts
all the HyTime elements. Al elements maintain a liuk 1o theiv parent element . as

well as a link to the article that contains them.

6.3 Modeling of Presentation Information

As has been mentioned carlier. the spatial and temporal relationships between the
document elements should he represented in the database. This information is used
by the svnchronization rontines to retrieve and present these related objects accord-
ing to a presentation scenario. The HyvTime standard is followed when defining this

representation,

To represent relatively simple spatial and temporal constraints between doenment
clements. the finie coordinate space (FCS) avchitectural form is nsed. A finite coor-
dinate space is a set of axes modeling space and time. The FOS we use has three
axes: two for space and the third for time. An extent on the FCS is a set of ranges
along the various axes defined. An ceent is modeled as an extent on the FCS. The

document instance associates a data object with an event. The semantics and the
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manner in which the events are rendered are defined by the application.

The HyTime elements in the type system are shown in Fignre 22, Cturrently.,

visual querving interface does not heavily interact with the HyTime elements

the

IFor

that reason, these elements are nou discussed here. For a detailed deseription of then,

please refer to [Vit95].




Chapter 7

Querying - Linking to the
Databace

Aunigue feature of the visnal gnery facility is it tight integration with the multimedia
database svstem. Fach user action results in one or more queries to be issued to the
underlying database which is managed by ObjectStore [OHNS92]. The visual query
facility. runming on client machines. issues Object Store queries o feteh the reguired
information from the server. The ObjectStore client then returns the matching objects
to the visual gunery facility, It is then the responsibility of the visual guery interface
to manipulate these objects depending on the task 1o be achieved.

This chapter first disensses ObjectStore queries in general. and then. speeificallv,
explains the categories of queries used in the news-on-demand application. Example

queries are given to clarify the disenssion.

7.1 ObjectStore Queries

OhjectStore provides query processing lacilities to make possible the associative ac-
cess of data objects which is needed by many applications [Obj9da. Obj9ib]. The
ObjectStore query oplimizer prodnces eflicient search strategies to minimize the num-
ber of objects examined in response to a query.
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A query is performed on a collection of data objects of tvpe os_Collection or any

ol its subtypes. Calls to the query function look as follows [Obj9 1h):

collection-expression.query (
element-type-name,
query-string,

schema-database)

where the collection-expression is the collection over which the query will execute.
The element-type-name is a string indicating the element type of the collection being
gueried. The query-string is an expression indicating the query selection eriterion. A
clement satisfies the selection criterion if the control expression evaluates to a nonzero
int: otherwise the element does not satisfy the criterion. Query strings can contain
any integer-valued C+4 expression as long as there are no variables which are not
data memberscand there are no function calls except to stremp. I'he schema-database
is the database in which the queried collection resides.

An example query that returns a collection of teenagers among the elements of

the set people can be performed as follows [Obj9.1h]:

os_database *people_database;

os_Set<person*> *people;

os_Set<person*> *teenagers =
people->query (
"person*",
"this->age >= 13 && this->age <= 19",

prople_database);

The above query() function returns a collection that is allocated on the heap. In

case 1o elements satisfy the selection eriteria, an empty collection is returned.

Two other types of ObjectStor~ «pries are worth mentioning here [Ohj9-1b):



o Single Element Queries
Some queries are intended to return one element, vather than a collection of
clements. The os_Collection::query_pick() is usced. in that case. to return a single
clement. This allows for more opportunities for query optimization. H more
than one clement satisfies the guery. one element will be chosen at random and

returned. Calls to query pick{) are similar to calls 10 query().

o lixistential Queries
Existential queries are nsed to determine whether there exists some clement
that satisfies the quers selection eriterion in the queried collection in cases
when there is no interest in the identity of sunch an element (or elements). The
os_Collection::exists() provides this functionality. Calls to exists() are similar to
calls to query() and query_pick(). However, it returns a nonzero int in case of

trive and 0 in case i false.

The above query netions ave used when the selection criterion is fixed and all the
values are known. Tn cases where this information changes or when string comparisons

are part of the selection eriterion. pre-analvzed queries must he nsed.

Pre-analyzed Queries

When a query is performed soveral times, perhaps witle different values or on different
collections. a pre-caaiy-o 1w ry should be nsed 1o rednee the query analyvsis cost by
only analyzing the query once instead of several times. To do this. an object of tvpe
os.coll_query is created. The query is analyzed once upon creation. Fvery time the
guery is performed. bindings for the free variables and the function calls. as well as
the collection over which the query will rin. should be provided. To create a pre-
analyvzed quesyv. one of the following member funetions i+ nsed: os_coll_query::create().
os_coll_query::create_pick() . and os_coll_query::create_exists(). These are equivalent to

the query types discussed carlier. The create funetions look as i+ llows [Obj91al:

const os_coll_query &create (
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element-type-name,
query-string,
schema-database,

cache_query=0)

The element-type-name. query-string. and schema-database follow the same rules as
parameters oxplained carlier. The query-string. in case of pre-analyzed queries. can

also include calls to non-overloaded global functions rrovided that:
o the return type of the function is explicitly specified by a cast,
¢ the function references are bound during query binding time. and

e all function calls involve zero. one. or two arguments. and in case of two argu-

ments. the first one is a pointer.

Variables can also be included in the query-string as long as thie tvpe o cach variable
(except data members) is explicitly defined by a cast. and bound during query binding.
The cache-query is an optional flag indicating whether the ginery object is created
persistently in the schema-database or trensiently allocated. I cache-query has zero
int value. the query object is created transiently (the default): otherwise., it is created
persistently.
An example for creating a pre-analyzed query for people in ¢ given age range is

as follows [Obj9-1b]:

censt os_coll_query &age_range_.uery =
c:_coll_query::create (
"personx',
"age >= (int) min_age && age <= (int) max_age",

people_database);

Subsegaently, anytime one needs to run this query, a bound qucry (os_bound_query)

is constructed to provide the necessary bindings for the pre-analyzed query:
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int teenage_min_age = 13, teenage_max_age = 19;
os_bound_query teenage_range_query (
age_range_query,
(

os_keyword_arg("min_age", teenage_min_age),

os_keyword_arg(''max_age', teenage_max_age)

Fhis ereates a hound qacry for finding iecnagers nsing the previously analyzed query
age range query. [he howcsd queryis then used 10 evalnate the query in the usnal
age. a g _q 3 RGO h nen s O CVelllle 1 II l. i ! Slid

Nienner:
peorle.query (tcerage_range_query) ;

in caseof fnetion cails in the query-string. bindines e also provided for the funetion

call a< well as its arguments (i any) i the bhound gquery.

7.2 The Type System and Queries

The multimedia type svsten, deseribed in the previous chapter. is implemented ns-
ing 4+ and ObjectStore. Fach tvpe corresponds to @ C4+4 class. Instances of
tvpes/elasses are made persistent nsing Object Store,

The extents o objects of cach type are maintained 1o allow queries (o search ol
lects ol a particular type. Type extents are implemented o+ persistent paraineterized
collections with the type as a parameter. Persistent names are given to the extents
to identify them as dafabasc rocts. 17 ¢ name for a type extent is given as the type
name. followed by the string "_exter.c root". Ior examble. the Article extent is
named "Article_extent _root". When an object of a particular tvpe is instantiated.
a reference to that objeet is also inserted in its tvpe's extent.,

In order to perform a query on objects of a particular type. the extent of this
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tyvpe must be fetched from the database. For example. to feteh the Article extent. the

application does the following:

os_typespec *Article_extent_type

= os_Set<Articlex>::get_os_typespe. );

os_Set<Ar _le *¥> *Article_extent

= (os_Set<Articlex>*) (db->find_root("Article_extent_root")

->get_value(Article_extent_type);

Subsequently. a query can be performed on the Article_extent. whicliis the collee-
tion of all articles in the database. to get a subset of that collection,

Due to the nature of the news-on-demand application which requires that gueries
he performed several times with different string valnes. pre-analyzed gqueries are cre-
ated. and bindings ave provided before the query is executed on some collection.

For example. to performy a query io feteh all the articles whose location (whicl is
an attribute of Article) is “LIdmonton™, a pre-amalvzed query to feteh all the articles
whose location matches a speeifie string is ereated persistently and a reference to the
query object s kept:

articlelocQuery = & os_coll_query::create (
"Articlex*x' |
"1strcmp (location, (char *) string)",

news_database, 1);

Subsequentls. to teteh all the articles whose location is the string “Edmonton™.

the following bomd query is provided and used to perform the query:

strcpy (loc_string, "Edmonten");

os_bound_query location_quary (

xarticleLocQuery, (
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os_keyword_arg ("string", loc_string)));

os_Set<Article*> *matching_articles

= Article_extent->query (location_query);

For any subscaguent gneries of the same tvpes (e on article location ). a different
binding needs to he provided hefore exeeuting the query.

An alternative 1o storing the query object persistently and subseqnently referene-
g it is to create it transiently every thine yon need to hind and execnte a guery.
Fither of these implementation choices can be followed, Tests 1o determine perfor
mance implications showed thai there is hardly any differenee iy performance hetwe

the two methods,

Extents for all the types iu the type system are maintained and queried in the

same fashion as will be explained in the followine seetion.

7.3 Classes of Queries

As has been mentioned carliers all user interactions witl the svaren are trans'
mto ObjectStore gneries that are exeented on the datahase 1o fetel the requested

resnlts, These queries can be classitied in three main cateeorios:

7.3.1 Queries on Articles® Attributes

Queries on articles™ attributes return collections of articles whose attribnies matel
the specified values. An example of this category of queries is querving articles whose
location string is “Fdmonton™ which was disenssed carlier.

Other article attributes include tislel category. source. anthors, kevwords. and
Bite TFor cach attribnte, a pre-analyzed query (similar to art.cleLocQuery) is cre-

ated. Bindings are provided before exeenting the query,
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These queries are used in filtering operations. Filters contain values which match
some or all the different aitributes of articles. A filtering operation involves going
over the different values in a filter and using these values to provide bindings for the
corresponding queries. The result is a collection of articles whose attributes match

the values specified in the filter.

7.3.2 Queries on User Profiles

As has been mentioned carlier, in addition to news articles. the mnltimedia database
stores the user profiles for users of the system. It is useful to refer to Appendix A for
a detailed desceription of the user profile attributes an nember functions.

The extent of user profiles is maintained and fetched in exactly the same fashion
as the Article’s extent explained earlier. Every user profile is uniquely identified by its
uscrname. One type ol query is performed on the extent of user profiles to return the
user profile whose username matches a given user. And since it is known that there
can be at most one user profile that matches the scarch eriteria. the query_pick() is

used to allow for more optimization. The pre-analyvzed query is defined as follows:

userProfileNamePi:% = & os_coll_query::create_pick (
"UserProfilex",
"!strcmp (userName, {char *) string)",

news-database, 1);

When starting a muoltimedia news session, the nuser enters his/her username and
the news datzabase file he/she wishes to conuneet to (Chapter 5). The system opens
the specified database file and proceeds to feteh the user’s profile. This is done by
binding the userProfileNamePick query using & bound query to the given username
as follows:

os_bound_query profile_pick {

userProtiieNamePick, (

os_keyword_arg("string", curventiserName)));



currentUserProfile = Profile_extent->query_pick (profile_pick);

If the querying operation returns NULL. it means that the profile with the speci-
ficd username does not exist. the system creates a new user profile for this new user.

After fetching the user profile, a referenee 1o it is kept throughout the session.

Subsequently during a session. two other types of queries can be executed on the
userStyleSheets collection and the userFilters collection which are data members
in the user profile. Fach style sheet and/or filter is identified by a unique name which
is nsed when querving the colleetions. The query seenario is similar to querving the

user profile extent disenssed above,

7.3.3 Search Queries

Search querics are queries focusing on content rather than att+ibutes, The svstem
allows nsers to scarch documents as well as document components such as: abstracts.
paragraphs. sections. quotes. images. andio. video, editoral information. ete. Users
also specily the scope of the scarvely which can be all the doenr: s in the database.
the docimentsin the cnrrent list. or the enrrent document. Also. the types of objects
returned by the search is specified by the nsers to be either complete docnments.

dociment components or hoth.

Searching Cemplete Documents

As has been mentioned in the previons chapter. the text string of anyv article is
stored as one string associated with cach Article instance in the database. I users
specily that they wish to scarch whole documents for a specitic string and get back
complete documents (and not components). the system performs pattern matching
on the text string of the article instead of searching all the individual components to

reduce unnecessary overhead. and returns the articles that centained the given string.
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This is done by iterating over the ArticlesToSearch collection using an ObjectStore
os_Cursor. Lach article in the collection is checked and the matching clements are
inserted in the returned collection of articles. No other query funetions are used in

this case.

Searching Text Elements

Text Elements (depicted in Chapter 6 Figures 20 and 21) include abstracts, para-
graphs. sections, headlines. quotes, emphasis elements, and editorial information.
Headlines and editorial information such as authors, kevwords, ete. are modeled
as attributes (data members) of Article. Therelore, they are scarched as has heen
explained carlier in Section 7.3.1.
Similar scenarios are followed when searching the other text elements. Therefore,
an example of scarching one text element will he given here. The others follow the

Sate way.,

Assume the user wants to scarch paragraphs. T'wo pre-analvzed gueries are needed
to make it possible to search for a particular string within instances of type Paragraph.
The first query is executed over the Paragraph_extent in the database and returns the

paragraphs whose text strings include the string the user is searching lor:

paragraphSearchQuery = & os_coll_query::create (
"Paragraph*",
"(int) includes ((char *)getStr(this), (char *)string",

news_database, 1);

The above guery returns all the imatching paragraphs in the database. Howe cor.
the user is only interested in the paragraphs which belong to the documents defived
in the search scope. For that reason. the colleetion returned by the first query is
used by the second query which returns a subset of this collection containing the

paragraphs that bclong to the articies of inicrest (according to the specified scarch
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scope). However, in case the scarch scope is all the documents in the database. the

second query is bypassed.

paragraphInArticleQuery = & os_coll_query::create (
"Paragraphx*",
"articleElement == (Article *) anArticle",

news_database, 1);

Ater looking at the query objects. it is useful to disenss the bindines which are
g | A J g

needed to perforns the search. The paragraphSearchQuery is hound as follows:

os_bound_query paragraph_query (
*paragraphSearchQuery, (
os_keyword_arg ("string", stringToSearchFor),
os_keyword_arg ('getStr", getParagraphStr),

os_keyword_arg ("includes", includes)));

os_Set<Paragraph*> matching_paragraphs

= Paragraph_extent->query (paragraph_query);

TWuwv;Wvl“w;ﬁunﬁhnnhhnhu:snndnnn'vuﬁuhh~hhn“ng.TWH-stringToSearchFor
ts the string the nser specitied during the search {optionallv inclnding Boolean corut;
nations). getParagraphStris a global function that returns the test of its paragraph
instance argument (nsing annotations). Finallv, includes is a elobal function which
takes two arguments the text of the paragraph and the stringToSearchFor and per-
forms pattern matching hetween o two arenments. taking into account the Boolean
combinations of strings which might he included in the stringToSearchFor. It re-
turns nonzero il there is a match, otherwise a 0 is returned. After providing the
bindings. the bound query is executed on the Paragraph_extent.

In case the search scope is not all the documents in the database (in which case
the matching paragraphs collection is returned by the search). the second query is

also bound and cxecuted as follows:



os_Cursor<Article*> aCursor(articlesToSearch);

Article *article;

for (article=aCursor.first(); article; article=aCursor.next()) {
os_bound_query paragraph_inArticle (
*paragraphInArticleQuery, (

os_keyword_arg ('anArticle", article)));

selected_paragraphs |[=
matching_paragraphs.query (paragraph_inArticle);
Y

The application iterates over the set of articlesToSearch which is determined
by the scarch scope.  Llach article instance in the collection is used as a binding
for the paragraphInArticleQuery to return a collection the paragraph instances
which belong to this article.  The returned collections are unioned to form the
selected_paragraphs. Thus. the matching paragraphs which helong to articles ont-
side the search scope are discarded. This has to be done this way hecause Object Store

doces not. provide a join facility which would allow for the joining of two collections.

Searching Other Media

Currently. a kevword scarch is nrovided to search images. audio, and video objects.
A textual description is associated with audio and video instances. In case of im-
ages. the figure caption is used as the description of the image. Textual deseriptions
and/or ligure captions are scarched the same way text elements are scarched, and the

matching objects are returned.

Ultimately, we are interested in providing more powerful search capabilities for

these media types, including content-based scarching and indexing of images.
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7.4 Implications of Using ObjectStore

The implementation of the queries is limited by the capabilities provided by Ob-
jectStore as well as the design of the type system (which is in tnrn also affected by
ObjectStore).

Queries are performed on collections of a particular type. For that reason. extents
ol all the different types in the type system (implemented as ObjectStore parameter-
ized collections) are maintained to allow for querving on a partienlar tvpe. A per-
sistent object/eollection in OhjectStore can be aceessed by navigation from another
object or through database entry points (dalabase rools). Therefore, 1vpe extents are
deflined as database entry points to allow them to be casilv fetched for snbsequent
queries.

ObjectStore does not support any pattern matching capabilitios except for streup.
The quers implementor has 1o implement rontines that emiploy anv other search
techniques to be used as a selection eriterion in queries. Anv such rontine must
he a free (global) function with at most two parameters and returing an int-value.
Bindings for cach mnetion need to be provided before exeenting the query, Therefore.
all the searcli rontines were implemented following these constraints.

Another disadvantage is the need 1o perform a lot of client procossing of per-
sistent collections or objects when performing certain tasks, For example, in case
ol searching text elements or continons media deseriptions, first the extents of the
tvpes to he scarched are gueried to ¢+t the mat e ohjects. The returned collection
contains the matehing objects of & certain type in 11 whole database. Further client
processtng must be performed to discard objects wich belong to articles outside the
scarch scope sinee ObjectSore does not provide the facilits to join two collections.
This processing involves iterating over the collection of artic 0 the search scope
and performing a query to determine the collection of objects w.. belong to that
article. The resulting collections are unioned together to get a collection of all objects
in the search scope (See example of searching paragraphs discussed in “he previous

seetion). This task involves a lot of client processing which cannot he optimized by
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the DBMS on the server side.

Furthermore, ObjectStore poses other problems for supporting multimedia appli-
cations as it does not provide any inherent multiniedia support such as support for
modeling spatial and femporal relationships or real time constraints on the delivery of
continuous data for synchronization. The current design of this project does not inte-
grate the continuous media file server with the database (Chapter 3). The database
only stores meta-information in the case of continnous media. and thus does not deal
with synchronization and real-time delivery issues. Therefore, these issues were not
investigated in the framework of ObjectStore. However, it is expected that Object-

Store's functionality cannot (vet) provide adequate solutions for these problems.



Chapter 8

Implementation Issues

The visual query facility ix made up of two components: a Smalltalk user interfa

and a C4++4 query agent both running on the same client machine 1 eure 231 A\
pipe is set up between these two components and they communice: ia a st
interface. The user interface is responsible for handling all interactions with the user.
Useractions are translated by the Smalltalk interface into string commands which are
nnderstood by the C++ query agent. Tt then communicates with the C4+4 program
which generates queries on the ObjectStore database. After exeenting the queries
and getting back the results from the server. the C4++ program returns the results
to the Smalltalk interface. It is again the interface’s responsibility 1o displav these

results to the user,

8.1 The Smalltalk User Interface

The Smalltalk user interface is implemented using Pavellace Smalltalk/Visual Works

release 2.0 [GRRS, ParGla. Par91b] for the IBM RS/6000 machines.

The interface can be divided into two main subsystems (Figure 21):

¢ User Interface Sulsystem
The user interface subsystem is responsible for all the user interactions. It con-
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Figure 23: Visual Query Components

tains all the application model classes which are responsible for the interface
windows. as well as the data model classes which are responable for model-
Ly ce .

.. Lilerent entities in the svstem such as documents. filters, style sheets, ete.
Usnally every instance of an application model class is associated with an in-
stance of a data model class which contains necessary information needed for
presentation and imteraction with the user. For example. a MMFilter object is

associated with each MUIFRilter object which handies the filter view.

Communication Suksystem
The communication subsystem is responsible for sending commands and receiv-

ing results from the C+4 program. It consists of fonr main classes:

— Session: is the class with which the user interface subsysten interacts
to send and receive information from the C4+4 program. Fvery news-on-
demand session uses one instance of that class which contains the global
settings of that session. These include the username, database filename,

the global media settings, and the connection which maintains the pipe.
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— Connection: handles the mteraction between the session and the under-
Iving communication classcs. namely the Converter and the Unix Pipe.

— Corverter: converts the Smallialk commands and objects into the corre-
sponding strings which are understood by the (“+4- program. For a list of
these strings, please refer to Appendix B.

— Unix Pipe: maintaius the pipe to the (44 program. During a news
session startup. the pipe is given the name of the C'4-F executable program.
It starts it as a process and maintains a pipe to it. The C4+4 pror am
onlyv exits when a quit command is sent frens the Smalltalk side through

the pipe.

8.2 The C++ Query Agent

The (44 query agent is implemented using the xIC product from IBN -0 O ot

Store on the TBM RS/6000 machines.

I+ consists of the fuilowing main classes (Igare 25):

e Pipe: is responsible for handling the input and output to Toe pipe connected
to Smalltalk. Curremtly. standard input a. ! output arve ased for this cominn-
nication. However. this class can be implemented nsing sockets or any other
communication protocol.

e Parser: parses the input data (cotnmands) sent by the Smalltalk interface artd
goncrates an action code accordingly. o list of valid commands are given i
Appendix B.

¢ DBmanager: is the main class responsible for interacting with the ObjectStore
database and returning vhe results via the pipe.

s Search: is a supporting ciass respensible {or performing scarches due to their

complex nature.
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e Query: maintams all the jpeszistent query objeets which weee discussed in the

previous chapters.

o Others: Other classes are vesponsible for maintaining aid handling specilic

tasks related to the database and are used by the DBmanager class.

When the Smalltalk interface starts ©p the query agent as a process on the same
machine. the main program listens to input from the pipe. Once a command de-
limiter is reached. this signals the ond of a ~ommand. The parser then parses the
command and generates an action ~ode. Accerding te it action code. the DB-
manager cxecites queries on the ObicotStore database. and then returns the results
to Sinalltalk via the pipe. In case of invalid commmant ©an v wving s sent 1o

Smalltall. After sending back the resalts, the progran <. o5 oo listen for input,

8.3 Alte natives for Implemeuntation

The reason for impicmenting the visual query dacilite this way is that the ObjectStore
database cannot be cecessed direetly fron, Smalltaii. 1t is necessary o access the Oh-
jeetStore database from a <4+ prograu. Attempts to link Smiallialk direct]y to the
C'++ program using the ¢ Connect inteiface (avaitable with ParePlace Smalltalk)

also fatled.

Theretore. the two comy its commmnicated via a string interface. An object-
oriented interface could have been provided. However, the entire type svstem would
have been duplicated on the Smalltalk side. Since there s no amaematic way to do
that, any change in the tvpe system on the O+ side would result in a modifica-
tion to the Smalltalk implementation which conld resalt in maintenance problems.
Frrthermore. this approach deleats the ObjectStore philosophy which fetehes objects
and components from the server to the client only when needed. For those reasons. a

string interface which hides specific implementation details of the type system from



the Smalltalk side and only sends needed iiformation for presentation and user in-
teraction purposes was chosen. .\ major advantage to this approach is that the 4+
program can be used with an interface that connnnmicates following the same for-

mat. Details of the underl g database design are comvictele traasparent to the

interface. Likewise, if 0 derlying database and the € = Leram change. there
is no need to chiange t - ser inferface as long as the string interface remains nn-

changed, A disadvanta. e s 11 overhead encountered from parsing input on both
stdes and fotehing additional information in come cases. Some work can he done to

optimize the communicat.on between the two components,

A completely different alternative to this approach is to aevelop the user interface
in C4+4 nsing the AIN Interface Composer. This alternative was not chosen due to
tizc constraints and the bivh learning curve of the NN interfce builder as compared

to the relatively casier Smalitalk interface builder.



Chapter 9

Conclusion and Future Work

9.1 Conclusion

This thesis deseribes a visual query facility. huilt on top of a distributed multine-
dia datefias © o allow users {o access the database T his facil'ty concentrates on
providine e rying capabilities which are neccssary o allow nsers to divectly and of-
ficiently retvicve needed information from the dataoase. Some browsing capabilitios
are also provided 1o allow users to browse through informar-on in e database. The
target appiization is news- on-demand. a distribated muitimedia news anplication.
However. the same design and implementation principles of the viena! query facility
can be easily extended and applied to other mnltimedia applications such as online
muscenms and multimedia library systems. Thus. the issnes investigated in this thesis

can contribut: o user interfaces of a variety of multimedia information svstems,
The identifving and novel features of this s ork are:
o The tight integration ol the user interface with a multimedia database.
o A rich querving lacility coupled with a browsing facility.

o A visual interface that relieves users from having to tvpe ObjectStore gueries

(which can be diflicult).
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o The separation of the logical document content from presentation (by making
nse of siy'e sheets) to provide a completely enstomizable svstem to the user.
ParcPlace Smalltalk/VisualWorks and ObjectStore were used for the implermnen-
tation of the system. ParePlace Smalltalk/VisnalWorks provided an ellective 100l
for building the graphical nser interface. 5 arototype of the svstem was built carly
on in the pioject. The system then evolved gradually from the initial prototyvpe as

requirements and specifications hecame clearer,

9.2 Unimplemented Features

Some of the features included in the desien of the user interface are not implemented
in this version. These featnres ap o«
o A hvpermedia browser which enables nsers 1o navizate from one news document

1o others,

e | <1 Snnotations which allow nse. add their own cotoments o the news
items they read and relate them to otiier itenns.,

o llothist which allows nsers to add articles of e <t 1o their hotlist for {astor
dUCeSS,
o Online Docnmentation: AMthoneli context-scusitive Lielp Tor all MM news win-

dowsis provided. an oniine hepertest belp document is not implemented in this

VOrsI0t,

9.3 Future Enhancements

This work is only an initial step in investigating the development of query languages.

access primitives. and visnal query facilities that allow for sophisticated querving of

multimedio databases. Thus, the visuai query facility can be enhanced i a variety

of ways:
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o A first step towards enhancement is to implement. the features discussed in the
previous section to provide a vicher more complete query interface for news-on-

demand users.

An interesting enhancement would be to previde the quersing facility through
commoniy used browsers such as Netscape. Due to the division of the query
facility into the Smalltalk user interface and the C4+4 query agent, it would be
casy to substitute the Smalltalk user interface with Netscape Jorms that can
then communicate with the query agent using the sanie string interface. There
would be us need to change anything o the query agent side. Other user
iinterfaces can also he used as long as they communnicate with the query agent

using the defined siving communication imterface (Appendis B,

(uerentiv the visual query facility allows users to aceess information stored in
Ster database file. Providing access to muitiple databases wonld

added value to he systenm Adamg this capability is very straight-
forward. The user interface would allow usce < 1o speeify multiple databases
which would be opened and maintained by the query agent. Fach string request

sent from the user interface will have to specify the terget database(s) to perform

the query on.

As it is now, fhe visnal query facility provides compiicated content searches for
text elements in a document. In case of other media types. only Timited key-
word scarches are provided. An interesting enhacement would be to provide
more sophisticated scarches for different media types. 'T'his inclades providing.

in the long run. content-hased indexing and guerving of images. Fxtensions to

video searching can include providing annotations for video scenes instead of

one taxtual deseription of the whole video clip. Searching audio can also be en-

tneed by providing textual seripts of the audio recordings (possibly generated

antomatically through speech recognition technology).

=1
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Ples e query facility ds tightly integratea with o specifie multimedia type
svstem [Vit93). generated from a specific DTD for news articles. As we go 1)
the meta level 1o provide corresponding tvpe svstems for different DTDs and
applications. parallel work can be done on the visnal piery facility to produce
an equivalent querving interface for the different 1vpe systems supported. Pro-
viding a querving interface that spans over nltiple D'TDs is: « ther interesting
step in this direction. However it poses several questions in terms of the een-

crality needed 1o achieve sueh a task.

Furthermore, the guerving facilities provided ave Jimited by the sapport pro-
vided by ObjectStore which is a closed D238 with no inherent support for mul-
timedia. Rescarch work is enrrently condneted at the Laboratore for Database
Svstems Research, University of Alberta, to develop an extensible OBNMS that

has inherent nnltimedia support. Tu the long e TIGUR AT will replace Oh-

JeetStores With the development of *7 Lo open svstem. investivating more so-

phisticated query facilities and laner 23 he possible.

Ik
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Appendix A

User Profile Class Definitions

“Jser Profile

Purpose

Handles all the = trines specified by the nser,
Attrikutes

userName String
userFilteis Set of filters

userStyleSheets
defaultFilter
dafaultStyleSheet
defaultMediaSettings

Tlethods

get.userName
get _defaultFilter

get_defaultStyleSheet

Set of style sheets
Reference to the default Filter
Reference to the default style sheet

Reference to the default media settings

Returns the user name
Returns a reference to the default filter

Returns a reference to the default style sheet

S



get_defaultMediaSettings

set.defaultMediaSettings

add_to_userFilters

add_to_userStyleSheets

Filter

Purpose

Handles document Lilters de

Attributes

name
keywords
location
category
source
headline
authors
fromDate
toDate
check Text
checklmages
checkVideo
checkAudio

Returns a reference to the default media

settings
Sets the defaultMediaSettings to the given

object

Adds the given filter to the set of
userFilters
Adds the given style sheet to the

userStyleSheets

fined by nsers

String
String
String
String
String
String
String
String
String
include, exclude, dontCare
include, exclude, dontCare

}
}
include, exclude, dontCare}
}

—_— A A A

include, exclude, dontCare



Methods

asString Returns the values of the filter attributes in
the form a =tring.

get_name Returns the name of the filter

get_keywords Returns the keywords string

get_location Returns the location string

get _category Returns the category string

get_source Returns the source string

get_headline Returns the headline string

ret_authors Returns the authors string

get _fromDate Returns the fromDate string

get_toDate Returns the toDate string

get_Textinclude Returns the checkText value

get_Imagesinclude Returns the checkImages value

get_Audiolnclude Returns the checkAudio value

get Videolnclude Returns the checkVideo value

Style Sheet

Purpose

C'ontains style sheet information specified by the nser. Style sheets are used to display

documents.

Attributes

name String

anchor {underlined, bordered, iconified, plain}

emphasisl {italic, bold, underline}

emphasis2

{italic, bold, underline}

56



y -

Y

font {times, courier, helvetica}
Methods
asString Returns the values of the style sheet

attributes in the form a string.

get_name Returns the name of the style sheet
get_anchor Returns the anchor value
get_emphasis(emphNo) Returns the emphasis value

get font Returns the font value

Media Settings

Purpose

Contatus the media settings spectfied hy the nser.

Attributes

viewFloatMedia {immediate, explicit}

linkAudioVideo [immediate, explicit}

view Textimage {inNewWindow, inSameWindow|}

Methods

asString Returns the values of the media settings
attributes in the form a string.

get viewFloatMedia Returns the viewFloatMedia value

get_linkAudioVideo Returns the linkAudioVideo value

get_viewTextImage Returns the viewTextImage value



Appendix B

Valid Command Strings

String commands ave sent from the Smalltalk mterface to the C4+ 4 engine, Any valid
String . t i the Smalltalk mterd to the 44 cne Aoy valid
command can be divided into three main parts:

e Command [ead: contains the name of the command. Ttmust prefixed hy MCL

and must helong to the set of valid commands listed Helow,

o Name Argument (optional): contains the name of a filter. stvle sheet or doci-
ment depending on the partienlar command. It s prefived hy MIN
e Data Areument (optional : contains information needed by the conmmand. Tor
examplesin case of saving a lilter. the values of the filter’s ficlds are sent o the
data argmment. It is prefixed by MD_.
Ficld delimiters are used hetween the different parts of the command and a com-
mand delimiter is nsed at the end of the command string. Thus, the general format

ol a command is as Tollows:

MC_CommandHcad; MN_Name; MDD _Detal

Notation:

In the list of commands.italicized words mean that they are a deseription of a par-

ticular string and that the actual string is used in the real implementation.
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o MO gt AllDockist!
Returns a list of docnrent entries i the database. cach of which follows 1he
format:

DaoclD: Headlin:

o MO grtCategoryvlList!

Returns a list of categories in the database.

o MO _ectDefanlt FilterName!

Returns the name of the defanlt filter in the enrrem aser profile.

o MU petDefanltStvleShect Narne!

Returns the name of the defanlt stvle sheet in the current aser protile.

e MO octDocAbstract: NIN . Doeli)!

Returns the abstract 1ext of the eiven document.,

o MO cotDocNnnotations: NN _ Do) !
Retnrns i list of annotations of the eiven docient. Fach anvotation is rep-
resented by two integerss the startine position and the end position of the
atmotation u|;jm‘|.
Frontmaller annotation
Number of scction annolations
Scetion annotation list
Nunither of paraqrapl annotations
Paragraph anuolalion list
Nuwmber of fiqure annolalions
Figure annolation list
Number of fiqure caplion annotations
Pegure caplion annolation list
Number of list annotations

List annotation list
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Nwmber of list item annolations
List dhem annolalion list

Nuwmber op conplasist annolalions
Fimphasist annotation List

Nuwmhe r of cimphasis2 annolalions
Fmphasisy annotation list
Number of quole annolations
Quote anrolalios list

Numbicr of link annolalions

Link annolation lis?

o MO eetDocAudioblist: NMIN_DoclD!

Returns a list of the names of the audio components of the given docnment.,

o MC _getDockidinfor MIN_DoclD)!
Retnrns a list of the editorial information of the given doctiment:
Headline
Localion
Souree
Calegory
Dal¢
Neywords

Authors

e MU' _getDoclmage; NIN_DoclD: NID _Tmage Namie !

Returns the size of the image. followed by the binary data of the actual image.

¢ MU _getDoclmageList: MN_DoclD'!

Returns a list of the names of the images of the given dociment.

o M getDocString: NN DoclD'!

Returns the text string of the given document.
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MO _getDoeVideoList: MIN_DoclD!

Retnrns a list of the names of the video components of the aiven docnment .

MO _getFilterDatas NIN_Filer Nawe !

Retnrns the filter {asString) with the given name. The tilter data follows this
format:

keywords, location. calcgory, soucee, headline, autliors, fromDate Lofdale . eheck-
Terl, ehecklnages, ehicekVidoo, eheckAudio

The cheekTert. choekimages, eheckVideo. check Audio return one of three strines:

imclude, excelude, dontCare,

MO octFilterDocliast: NIN _FterNane
Retirns o st oon docsiment entries Giltered on the eer with the given nanee.
Fontries follow this format:

Doclld: Headlin

MO eotFilterhist!

Returns a st of tilver names in the cnrrent nser profile.

MO vetlocation]ast!

Returns a ist of Tocations i the database.

MO oot MedialDara!

Returns the media settines {asString) in the current user profile in the following
format:

vicelloat Media, linkXudioVideo, vocwTortlimage

The fivst two lields return one of two strines: immediate or explicit, The last

ficld returns cither newWindow or sameWindow,

MO _getSeavchResulte MIN_FilterName-OR-Docl D NMID _que ryString, scareh Tert,
scarch AllTert, scarehllcadlines, scareh Xbstracts, scarehSeetions, scarchParagraphs.,
scarchlLists, scarchQuolos, scarchlbmphasis. scarch Authors, scarchCategory, scarchKNey

words, scarchLocation, scarchSourec, scarehlmages, scareh Audio. scarchVideo,



scarchScope. relvicve Documents, redviceComponents'!

The FilterName-OR-DoclD) is used to determine the scope of the scarch. In
case of searching all the database. this field is ignored. All the scarch and re-
trieve fields are either frue or false depending on whether the user wishes to
scarch/retrieve these object types or not.

Returns a list of objects which mateh the guery string. The tvpe ol the objects
returned is dependent on the search and retrieve fields, I the user is searching
all the media types and retrieving all the componenis. the following is returned:
Number of Articles

DoclD:Headline ™ list

Number of Headlines

Headlines list

Number of Abstracls

DoclD: Headline, Abstract summary’ list

Number of Scetions

DoclD): Headline, Sccetion summary ™ list

Number of Paragraphs

DoclD: Headline, Paragraph summary’ list

Number of Quoles

Docl): Quote Name: Headline, Quole summary” list

Number of Emphasis

DoclD: Headline, [Xmphasis summary’ list

Number of Authors

Authors list

Number of Categorics

Calcgory list

Number of Keywords

Keyword list

Number of locations
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Localion lis
Number of Souree
Source list
Number of hnages
DoclD: Invage Nanie: Heatline, Tnage Nawe, Summary™ list
Number of Audio
DoclD: VYudioNawe: Headline, XudioName, Sunimary” lisi
Number of Video

Docll): VideoName: Headline, VideoNawe. Summary list

o MO _eetSonrceljst!

2eturns a hist of media conrees 'nothe databise,

o MO getStvleSheet Datas NIN_Style Siveet N !
Retrarns the style sheet (asString) with the given name. The data follows this
format:
anchor, cuphasisi, cmphasi=2. font
The avehor stving can bhe: underlined. hordered. iconitied. or plain. The om-
)

plrasisland cinplasis 2 string can bes italie, bold, ar underline, The font string

can be: times, conrier, helverica,

o MO _eotStyleSheet List!

Returns a Dist of stvle sheet mames in the current user profile,

o MC _setlilterDatar NIN_FilterName: NID Leywords, location. cateqory. souree,
headline, authors. fromDate AoDate, clicck Tort, checklmages, chockVidoo, ¢heek-
Audio!

Retnrns a positive acknowledament or an error.

o MC . setMediaDatar MD_vicwFloat Media, linkAudioVideo, vieoToethnage !

Returns a positive acknowledgment or an error.
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o MCsetStyleSheetDatar MN_Style Shect Name: NID _anchor, cmphasist. « mpha-
ses2 font !

Returns a posttive acknowledanment or an error.

o MU' _quitProgram!

Returns a string indicating that the program is terminated,



Appendix C

Glossary

Vhstraction

Annotalion

Virihute

[Sronsing

C'onlinuous V-

o ia

Clustomizalion

Document

The abilite to cneapsulate and isolate desian and excention infor-
mation ol an obiject, [)I‘H\'i(“ll‘_’ nH]“\.' o=l Uf“[)"l'il”l)ll\ fo mterface
with this ohjee ZHHIWI:.

A pair ol inteeers definine the start and the end position of @ texi
clement with respect 1o its daciment s entive 1ext ~trine. Annota-
Hons are nsed to avoid fracmenting the vext with each element

A qualitier indicating & property ol an clement orher than its tepe
anchits content ler0 1 For instanee, the date of pnblication is an
attvibire of o news article,

Lookine throneh material oo casial manner: nsually 1o locate
imformation of interest for fither investivation.

Media tvpes with real-time constraint< such as andio and video.
Real-time constrains are needed for svuchronization and plavhack.
Aowine nsers to define their own settines of the svatem according
to their ]m'l't'rm'v.

A collection of related information nodes containing any combina-
tion of media types: text. images. audio or video. A multimedia

news article is a doenment according to this definition.
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DD

Filter

Inheritance

Hypermedia

Hypertert

HyTime

Mcdia Seltings

Monomedia

Navigalion

News Providers
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Document type definition. The definition of markup rules and
constraints defined for a given class of SGML documents [Her94].
To specify the scope of documents a user views. depending on cer-
tain criteria such as kevword(s). location, headline, ete. This is
done by defining filter objeets and applving them to the database.
The result is a set of documents whose attributes mateh the ones
specilied by the user in the filter. In other words, filtering is a
scarch on document attributes. rather than content.
The property of objects by which instances of a class can have
access to data and method definitions contained in a previonsly
defined class. without those definitions being restated [Bud9l].
Generalization of hypertext (see helow) where nodes may contain
any media type: text. images. audio. and video.
A nonssequential organization of text which presents several op-
tions for readers to follow. Picces of information (nodes) are linked
to other nodes containing related information.
The International Standard for Hypermedia and Time based sys-
tems. SO 107111992,
Store presentation settings concerned with the display of the vari-
ous media types in the system.
Objects containing only one media type. For example, text objects
or audio streams,
Traversing through information by following hypertext links from
one node to another.
Agencies responsible for producing multimedia news articles and
inserting them in the database. Ixamples od news providers are

television networks, newspapers, magazines. and wire services.
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Non-Conlinuous  Static media types that do not have any real-tinie requirements.
Media stch as text and images.
Pipe A connection between two processes that takes the ontput of one
process and pump it as input to the other.
Quality-of- Fnsures that a satisfactory quality-ol-service is provided 10 users

service manage- of multimediac especially with real-time delivery and quality of

menl continions media,

Query N request that is performed on the database to retrieve specilie
information matching i certain selection eriterion.

Searech Allows users to scarch documents” content for specifie information.
The scarch eciteria is delined by a scarch =trine, the scope of the
scarch. the media tvpes to be searched. and the returned types,

StOML The Standard Generalized Marknp Lanenaee, 1SO SST9. Defined
by the standard as =\ Tanenage for document representation thet
formalizes markup and frees it of svstem and processing dependen-
cies.” A abstract Taneuaece, with which an arbitvary number of
marknp langnages mav be defined Hlerd 1,

Stuyle Shedt Stores nser preferences with regards to presenation of documents,
This inclndes font formats presentation of anchors, indentation of
paragraphs. cte.

Type Systcm A hierarchy of tyvpes corresponding to the logical elements in the
svstent The tvpe svstem defines the 1ypes of objects and the refa-
tionships between them needed to model the target application.

[ser Profile Contains all user preferences. User profiles are used for svstem
customization. They contain filters. stvle sheets, media settings,

and svstem defanlts,



