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Abstract {We present a methodology for managing information resoues by permitting ag-
gregations of mixed-media documents to be interactively ded, shared, and managed us-
ing relational database management technology in concerittvan extended object-oriented
data model. This hybrid approach, based on oysolymorphic object modelPOM), allows the
de nition and instantiation of new types of compound documets without requiring mod-

i cations to be made to the underlying database schema. Exiag documents and results
from database queries are dynamically organized into inddually meaningful categories as
objects using a predicate-based mechanism. Furthermoreg wleveloped a prototype doc-
ument management system based on the POM. Analysis indicatéhat gains in exibility
are traded for slightly increased amounts of meta-data magament overhead and document
retrieval latencies when compared to conventional DBMS thoology.
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1 Introduction

The shift toward client/server computing is contributing to the decentralization of the in-
formation management functions in many of today's globallgistributed corporations. Sim-
ilarly, as corporate, government, and academic computer merks become larger and more
widespread, increased numbers of heterogeneous mixed-im&uformation resources have be-
come available. The convenient availability of increasingmounts of electronic information
has created the need for a new generation of exible informiah management tools. These
new tools will be able to operate in a decentralized or globldistributed environment in
such a way as to provide individuals within an organizationte information necessary to
both monitor corporate progress and to collaborate with caderparts. This new generation
of information management tools will enable corporate infmation resources to be used in
ways which e ectively permit centralized management to beealized without requiring either
a corresponding corporate or management structure to be abtished.

In an era of global competition, substantial economic rewds often belong to the enter-
prise which is able to produce quality products tailored tohe needs of a target market in
a shorter amount of time than its competitors. This governig dynamic has forced many
forward-thinking enterprises to re-evaluate every aspeaf their product production pro-
cesses in order to increase overall e ciency. Part of this stamlining e ort has included
increasing the level of sharing of informational resourcegthin the enterprise.

Because databases are often created at the project or depaent level, the information
resources of an enterprise as a whole have rarely been corezkiand developed as part of
an enterprise-wide architecture. Consequently, enterfse-wide information resources can
be viewed as a federation, implemented on di erent platforsnand often with partially or
completely incompatible database products. A capabilityd access individual databases
and information resources within a federation is needed alg with an ability to combine
information from these separate sources into a single ersirment. In addition, there are
many examples such as the photographic library of a newspagaublisher or an insurance
company's document image library, where a signi cant infonation resource can exist in a
form which is external to a corporate database. Such resoes; often implemented using
devices such as optical jukeboxes, appear to the informatiananager as part of a local or
remote le system. An e ective information manager must be apable of accommodating
resources which exist both internal and external to legacyathbases. A separate challenge
arises once enterprise information resources become imgggd. A means of automatically
selecting relevant documents from the large available poisl required as well as a means of
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organizing such documents in ways unique to each individual

Our approach addresses these aforementioned requiremeoyspermitting:

The formation of composite objects with components internand external to a database,
automated selection and organization of documents into meagful categories, and

new data types to be created at run-time.

Because our approach provides the ability to create new datgpes during run-time, it is
possible to use our approach to provide the e ect of modifygqan existing database schema
without requiring a new schema de nition or its related appkation to be recompiled or
relinked. This action can occur without a ecting the existng database, its schema, or the
manner in which it functions.

The remainder of this paper is organized as follows: Secti@describes the context of
the research. Section 3 summarizes related work. Section ¥bygdes both an overview of
the functional elements of the POM as well as a detailed degation of the POM. Section 5
provides a summary of the prototype document manager. Seati 6 concludes the paper.

2 The Context: Shared-Data Investigative Work

We focus on application areas in which multimedia data are ahed as part of a collaborative
investigative process. Examples of such application areaxlude: law enforcement inves-
tigation, medical diagnosis, environmental analysis, ielligence analysis, and exploratory
seismology. In many respects the analytical processes @agrout by investigators in these
application areas resemble that of a detective solving a @sln each of these cases, the in-
vestigator often must assemble relevant information fromuecrent and historical sources. The
assembled information can then be analyzed from several peectives. The analysis process
can involve the collaborative e ort of a group of subject-m#er experts. The investigator
uses the observations of the group in conjunction with persal experiences to construct
supportable hypotheses. After a thorough review process)a hypotheses and ndings can
be reported as a nished product. We observe from Webb [9] théhe nature of this analysis
process cannot be characterized in such a way that a singlengentional database schema
could be constructed which would be suitable for all types @nalytical situations. Indeed



the investigator must frequently determine and re ne multple possible models of a given
real-world situation as that situation develops.

A common thread among these applications is that the infornten structure to be mod-
eled is either not clearly understood or frequently evolvesA challenge inherent in using
traditional databases (e.g., relational) to manage the iirmation needed to support these
applications is that the structures of most databases creadl with current technology are
resistant to change. More speci cally, a conventional dataase schema is designed based on
a well de ned model of a given real-world scenario. When theanario on which the model
is based subsequently changes, the corresponding databsg®eema may need to be modi ed
to re ect the changes. Conventional technology requires #t the database application be re-
bound (i.e., compiled and linked again) with the modi ed sckma. Since most investigators
are not adequately trained as database administrators, a ted for managing multimedia
data items is required which can accommodate dynamic strugtal adaptations.

The document manager must also be capable of dynamically argzing information into
categories that are meaningful to each investigator. It islso desirable that information that
has been registered with the document manager be indexed (@pss-referenced) in such a
way that appropriate information items can be retrieved whe a new or unforeseen devel-
opment arises. This process may involve the de nition of a meinformation category and
new criteria for information to be assigned to the new categp An aspect of photographic
images in this regard is that they are usually collected in der to satisfy a speci ¢ objective
which has been determined beforehand. When the image is cagd, it usually contains
additional information which, although not directly applicable to the current objective, can
be crucial to answering questions which arise long after tlimage was collected. An example
is an X-Ray image originally taken to verify a rib fracture wich unexpectedly reveals the
initial stages of a pulmonary infection. This characterist of sensor data (e.g., imagery,
video, audio) places a premium on the ability to dynamicallyassociate information about
the contents of the sensor data (meta-information) with thasensor data so that it can be
subsequently retrieved when new situations arise for whighis applicable.

We present a multimedia information management approach gable for application areas
where the information structure to be managed is either fed&ted in nature or is subject to
frequent structural changes. Both the Polymorphic Object Mdel (POM), and the prototype
Recon gurable Document Management System based on the POMalled Rache) were
developed during this research to address the need for a ble document management
system which satis es the requirements described above.



3 Related Work

The need for information management methodologies suitabfor modeling unstructured
or rapidly evolving situations has been documented by a nureb of investigators including
[3, 4, 5, 8]. Johnson et al. [5] describe a database of semametworks which can be
managed in applications where the organization of the data iunknown or is continually
changing. Tsuda et al. [8] describe an object-oriented aggach in which the structure of an
information object can be transformed upon receipt of a \strctural message.” Gesmann et
al. [3] describe a unique database system and query languagsigned to manage and access
molecular models whose structures can be dynamically modd. Each of these approaches
address in some way the need for information management ssits which can be dynamically
recon gured to meet the demands of new situations.

Gory et al. [4] describe a Virtual Notebook System based on gpermedia approach
which organizes multimedia information into loose colleins called notebooks. A signi cant
degree of exibility is provided in two areas: (1) Informaton items can be arbitrarily arranged
on the pages of a notebook and (2) Navigational paths betwegrages can be arbitrarily
complex. The system does not, however, provide the capatyilto create new aggregate
information types. The greatest drawback of hypermedia-ls&d approaches is that the links
between pages must be maintained manually. For large notetis, the process of modifying
links can become quite time consuming, particularly in sitations where the notebook must
be frequently updated.

Approaches to information management based on work ow motieg have been success-
fully employed by Franklin [2] in more structured and repetive processing environments
such as insurance o ces which process claims. The approachtiined by Franklin is not
suitable for the applications considered in this paper siecthe speci ¢ sources of information
which contribute to nished investigative reports can varyconsiderably. Furthermore, the
process used to create such products cannot be codi ed sirlbe ow of information accesses
is a largely a function of the thought processes of the invégator (or team of investigators).

Kenworthy [6] and others [13] have developed multimedia imfmation management sys-
tems for military purposes (e.g., battle eld information). Most of these systems have been
designed to operate in highly speci ¢c environments and thefore lack the degree of exibility
required to address the applications considered in this pap

We propose an approach which di ers from those described al®in several signi cant



ways: We present in this paper a prototype analytical tool wich enables multimedia infor-
mation to be dynamically organized and reorganized in sofipy so that the general process
of understanding the signi cance of the data can be facilited. The emphasis of this research
is on providing an enhanced means for organizing data to eratthe investigator to discover
patterns and derive additional information from existing ollections of data. Wurman [12]
uses the metaphor ohats (i.e., units of information) and hat racks(i.e., frameworks in which
to understand information) to describe this problem: Wurma describes \the visual hat
racks (maps, diagrams, charts, lists, and time lines) thatdip us understand how our world
is organized. Information hats can be hung on these racks dmt patterns, connections and
relationships formed from such adjacencies are revealed¥urman further states that there
are only six general ways to organize information: Alphabiet Time, Location, Continuum
or Magnitude, Category, and Hierarchy.

The general understanding process described metaphorigady Wurman resembles as-
pects of Webb's discussion [9] of the process of long-ternteifigence analysis which involves
juxtaposing information from disparate sources in order taiscover smaller patterns which
in turn support hypotheses for more signi cant assertions.Our approach is based on an
extended object-oriented data model which is described irethil in the following section.

4 The Polymorphic Object Model

In this section we introduce the Polymorphic Object Model omvhich our prototype document
manager is based. The POM itself is an extension of an objemtiented data model called @
[1, 7]. In order to provide a reference point for understandg the POM, Table 1 compares
several key aspects of the POM with the traditional Relatioal Data Model (RDM). Table
1 indicates that the POM provides interactive de nition at the tuple and collection levels
of organization. These two features provide the POM's abili to accommodate dynamic
creation of new data types.

4.1 Overview of the POM

The components of the POM are summarized graphically in Fige 1. In our model, infor-
mation objects are organized into three general levels. Thawest level is called thenative
level which consists of a set of early-bound data classes @hrepresent fundamental units
of data. Examples include: integers, items of text, sensolath les, reports, or graphical
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Figure 1. Summary of the Polymorphic Object Model

models. The native level is analogous to the set of primitigeused in a graphics system in
the sense that attributes of higher levels of organizatiomithe POM are fundamentally de-
termined by the properties of members of the native level. Ase shall see, native classes are
not restricted to consist of simple data entities but can reqgsent fundamental data retrieval
operations as well such as a database query. Instances ofivatclasses are called native
objects.

The second level consists of a set obmpositetypes each of which can be interactively
de ned (during run-time) by specifying an ordered set of nave classes. A composite data
type is similar to an empty knowledge framen the sense that a composite type represents
a pattern of pre-de ned slots (i.e., placeholders) in whictinformation items can be subse-
guently placed. A composite object is an instance of @mposite type A composite object
is a list of references to native objects. Each native objectferenced is called @omponent



of the composite object. It is not required that all compones in a composite object be
de ned in order for a composite object to exist. This conditn permits composite objects
to contain optional components.

At the third level, composite objects can be associated tatlper by the interactive forma-
tion of subject matter categories which are of interest to th investigator. Criteria for object
membership in a category can also be de ned interactively f@ach category. These criteria
are calledmembershipredicates. Objects whose components satisfy the membepstriteria
of a given category can be assigned to that category by an @agsnent operator de ned over
the set of categories and composite objects. The capability associate composite objects
with applicable categories represents an ability to form dyamic links between information
objects. When coupled with a display function, this capalitly is analogous to automatically
creating a set of cards (a card displays an individual compitss object) and the links for
navigating between cards. Categories can also contain cgteies.

In environments where new data objects are continually enieg the processing environ-
ment [10], a document manager based on the POM can repeatedlyply the membership
predicates of each category to incoming data objects upondin arrival. The investigator
can thereby automatically gain access to the most current fiormation which is speci cally
relevant to the current needs.

Table 1: Comparison of the Relational Model to the Polymorpils Object Model

Feature RDM POM
Lowest Level of Organization Data Element Dictionary Set of Native Classes
Tuple Level Organization Record Composite Object Type
Method of De ning a Tuple DDL Speci cation Composite Type De nition
(Fixed) (Dynamic)
Collection Level of Organization Relation Category
(Set of Records) (Set of Objects)
Method of De ning a Collection Manual Record Entry Membership Predicates
(Automatic Assignment)
Retrieval Method SQL Queries Predicates
Inter-Collection Organization Relations on Keys Many:Many Links Formed
(1:1, 1:Many, Many:Many)
Viewing Method Fixed Format Forms Generation | Multi-Format Forms Generation
Data Manipulation Language 4GL Currently Consists of Search
(DML) and View Functions




4.1.1 Dierences between O , and the POM

The Polymorphic Object Model described in this section is aaviation of the O, object-
oriented data model developed by Lecluse, Richard, and Vel¢7, 1]. In this section we
describe similarities and di erences between £and our proposed model.

The rst major di erence between O, and POM is in the implementation method. Lecluse
de nes three types of objectshasic objectstuple-structured objectsand set-structured objects
and indicates that objects de ned in Q are bound at run-time. In contrast, the POM de nes
two kinds of objects: Native , and Composite . Native objects incorporate the features of
both O, basic objects and tuple-structured objects, and are bound aun-time.

Our POM de nes a set of composite objects which closely resbla the O, set-structured
object which is a list of pointers to other objects. The majodi erence between these models
is that the POM de nes composite types and their instances i@t run-time (as in O,) but
during run-time, that is, both composite type de nitions and their instances are unbound.

Another departure from O, is in the area of composite functions. The POM de nes
functions on composite objects which are compositions ofdhfunctions of the composite
object's native members. In addition, the POM de nes a categyization operation not found
in O, which permits both native and composite objects to be clusted together in di erent
ways based on a set of dynamically de ned predicates assdewith each category.

Finally, O, does not permit members of any object to be named. The POM imduces
notation which permits an object or object component to be dggnated by either a name
or, in the case of composite objects, an ordinal value indibag the objects position in an
ordered set. In the following we provide de nitions for eaclttomponent of the POM.

In the remainder of this section we describe the elements dfet POM in greater detalil.

4.2 Native Classes

Native classes represent the basic kinds of data such as texaimber, date, time, image, and
sound. Native classes must contain in their de nition, all ,ethods necessary to implement the
Data Manipulation Language (DML). In this case the DML contans functions for locating
and viewing native objects. Native objects can be stored ietnally either in a local database
management system (DBMS) or externally using a locator (desbed later). An object-
oriented database can be used to provide persistence for racord-oriented native objects.
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Eventually native classes can also be de ned which are, incta queries to existing (legacy)
databases. A requirement for such a native class is that theigry result also be a member
of the set of native classes. This requirement ensures thdtet display method for any
composite object containing a database query as a componasta well-de ned function.
These are de ned formally as follows:

De nition 1  The set of native classeBl is de ned asN = fNy;Ny;:::N g where is the
cardinality of N (i.e., = jNj). EachN 2 N is a native class and consists of the ordered
pair N = (D;F), whereD 2 D is an ordered set of data members arfél 2 F is an ordered
set of native functions:

D = fd;dy;:dig;j = jDj

F=ffq;fofvg k= jFj:

Given several sets of native functionsH's), for every function,f 2 F, there must also
exist a matching function name which performs the same furion in every otherF de ned
for everyN 2 N . In other words, all de ned native classes must share a set pblymorphic
functions. More specically, if f; is a display function, then everyN 2 N , must have an
associated display function. This condition permits comsition functions to be constructed
as described in Theorem 1.

De nition 2 By De nition 1, each N; 2 N contains a set of data member®;. The
instancet of eachd 2 D; is called anative object and consists of an ordered pait = (v;I)
wherev is the value and is a unique identity.

4.3 Composite Types

Composite types are de ned interactively during run-time a combinations of members of the
set of native classes. Since composite types are in e ect unind, they are calledypesinstead
of classesn order to distinguish them from the early-boundnative classes An example of
a composite type is an object formed by the addition of metaformation to a scanned
image to permit the image to subsequently be sorted and catmiged. In this example the
investigator de nes a composite typeMylmagewhich has the following components:
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Creation Datewhich is an occurrence of the native clad3ate,
Creation Timewhich is an occurrence of the native clasBime,

Content Summaryvhich is an occurrence of the native claskext.

Composite types provide the investigator the needed capéiby to create new abstractions
which are unique to the scenario at hand. These are de ned foally as follows:

De nition 3 A set C of composite types is dened asC= fCy;Cy;:::C g where = |Cj.
Each C 2 C is itself an ordered set of references to either native cl&ssor composite types.
That is, for eachC 2 C, C = fry;ry;:ir g, where = jCj. Everyr 2 C is called a
component and is an ordered pai(C% R) whereC®is a component name andR 2 fN ;Cg

Because eaclC 2 C may contain a component which is a member d, this de nition
is recursive. Also, because nesting of composite types igmited and N can refer either
a composite type or a native class, each nested type must degmse tod's which are
members ofN in order to satisfy the de nition. Each C 2 C is de ned during run-time and
is implemented as an unbound object.

De nition 4 A composite object is de ned as an ordered set of instances of the native
classes contained in the corresponding composite type digéion.

The ordering of the composite object components forms a hifgon with the composite
type to which the object belongs. Component names within a owosite type must be
unique, however, because ea€ 2 C is an ordered set, component names are not necessary
to specify a uniquer 2 C since the ordinal digit representing the position of 2 C is
su cient for its identi cation.

Theorem 1 A composite function can be applied to any composite objéct2 C.

For example, a composite functiorF; applied to any C 2 C is in fact a composition of
the polymorphic member functionsf;, of eachr 2 C. This is true because each 2 C is an
ordered pair containing anR 2 fN ; Cgand eachR ultimately has a set of member functions.
If C = frq;r,;:ir gand eachr contains a (C% R) through recursion eachR refers to a native
class which consists of an ordered paiD¢ F ). Consequently,F, = f,, f,,, = fi,  where
n equals the nondegenerate number of native classes refeeghin the recursive de nition of
C.
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4.4 Association Manager

The association manager associates composite objects dase common features that are
speci ed interactively using a set of membership predicasefrom each category de nition.
The association manager provides the following capabikts:

Dynamic speci cation of the nature of objects to be assigne individual categories
(i.e., decides what kind of objects can belong to each categp

Management of a category hierarchy (i.e., permits a categoto belong to other cate-
gories).

Dynamic assignment of accessible data objects to approggacategories.

In a law enforcement context, for example, the investigatoran use the association man-
ager to automatically assign new data objects to the approjte cases and then browse
through located documents on a case-by-case basis.

De nition 5 A set of categories’ is de ned over the sets of native and composite objects
asC = fCf; C5; it Cog, whereu = jC°j. Eachcategory C7 is de ned by a set of predicates.
Each predicate is an ordered set of Horn clauses of the form:

component.operator.value.[conjunction];

A category is de ned by a name and a set of predicate€® = (Name;P) whereP =
fp.;p2;iiipvg and v = jPj.

A predicate p consists of:

Operands that are constants or composite object componemtenti ers.
Arithmetic comparison operators §; =;>).
Native class dependent operators such as \contains" fof = \Text."

The structural operator \Exists" which evaluates to true i the component has been
assigned a persistent value.
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Literal constants.

Logical conjunctions which, where necessary, separate legredicate into a series of
Horn clauses.

De nition 6  An object is assigned to a categoryB if its attributes match a condition
speci ed in one or more predicates inB. Assignment is denoted by the operation,(C)

on composite objectC 2 C. l.e., assignment occurs when each Horn clause in predicgie
evaluates to true.

A composite objectC 2 C can also be directly assigned to a category by an edict(O).
Thus, membership in a categoryC® 2 C° is granted i an ,(C) exists or an edict ¢(C)
exists:

M(C%C)= »(OQ_ <O

45 Event Filters

Considering that dates, times, and earth geo-coordinateartexist as either native or compos-
ite objects, categories can be de ned which actually represt potential spatial or temporal
events of interest to the investigator. Such categories cdre more accurately calleckvents
Events can be de ned and detected using lters constructedrdm predicates of the same
form used to de ne associations between objects and categst The event lters actually
permit the investigator to monitor or detect pre-de ned evats. Once a lter has detected
an event it could send an electronic-mail message to a pres@med list of investigators. The
message would indicate that data objects have been receiwgdich satisfy the criteria for a
designated event and request that the appropriate categes be browsed by investigators.

4.6 Component Locators

In order to satisfy the need for distributing a composite olgct's components over several
locations, a location speci cation called docator can be provided for each component of the
document as part of the object instantiation process. The t@ator permits each component
of a composite object to be retrieved from an appropriate soze.
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Figure 2: Provisions for Local and Remote Information Acces

The methodology for accessing object components which éxis known formats is to
de ne an appropriate native class with the method necessatyp accept the desired format.
An attractive alternative to this approach is to utilize an gppropriate inter-application com-
munication (IAC) mechanism (e.g., Dynamic Data Exchange (DE) in the PC environment
or ToolTalk in the Sun/Unix environment). This alternative approach would provide a
native class which implements a client capability for the gmpropriate IAC mechanism. A
POM-based document manager's access options are illustdtin Figure 2 and include the
following external information sources:

The document manager's local database management system.
SQL accessible databases.
Local or remotely networked les.

Documents accessible via an inter-application communigat (IAC) mechanism.
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5 A POM-Based Document Manager (Rachel)

In order to demonstrate the practical advantages of the POMye have developed a prototype
document management system called Rachel.

investigator
A
\
composite type
definitions
\
category definitions browser
A
\
| association manager > categories

A A

data sources

[
DBMS external data objects J

Figure 3: Components of the Rachel Document Management Sgst

Figure 3 illustrates the functional components of the Rachgrototype document man-
ager as well as the general relationships between the sulieyss. Details of the Rachel
architecture and software environment are not described tee(see reference [11]).

5.1 Dynamic Type Creation

The following native classes are provided by the prototypeShort Text, Article, Integer, BMP
(bit-mapped graphic), Image and Date. An interactive GUI is provided which permits the
investigator to de ne composite types which are tailored ta@urrent needs. Objects can then
be interactively created and appear as entries in the objecatalog.
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5.2 Predicate Formation

Category names can be interactively de ned as well as predies for each de ned category.
Predicates are created interactively using a Query by Exang (QBE) screen in which all
elements of a predicate (except literal values) can be sdkt from the GUI using a mouse.
The predicate creation screen also serves as an interactoygery processor. Predicates can
be created independent of a category and immediately appalido the entire collection of
objects. Search results appear as a list of objects. Each etyj selected by the predicate
can be viewed individually. This feature is useful for testig the validity or resolving power
of individual predicates. Once a predicate has been testedl this way it can be added as a
membership predicate to any existing category. At this poirthe investigator can invoke the
association manager which assigns all accessible objectgthte appropriate categories. The
result of the assignment process is a set of category-basefbimation packages which can
be browsed. Individual composite objects can be viewed bylesgting a category and then
clicking on the member object's name or identity.

5.3 Browsing

Once documents have been assigned to categories, they canviesved interactively by a
browsing mechanism which is brie y described here. Two br@wng or viewing styles are
provided on a per-category basis in the Rachel prototype. Ehrst style is sequentialin
which the objects are displayed in serial order. In the casé @ nested composite object (i.e.,
a composite type which contains composite types), the comgonding object is displayed at
the highest level rst. Lower level composite objects are siplayed as named icons at the
parent object level. The lower level composite object is wied by \double-clicking" its icon.
If an individual component is anything other than a text or numeric native class (e.g., image,
long text, sound le) that component rst appears as a named btton. The component itself
is viewed by pressing the button which calls the appropriatelisplay method (which was
de ned as part of the native class) which opens a window to gitay the appropriate object.
These \native" windows are tailored to the characteristicoof the native object itself.

The second viewing style isabularin which all objects of the same type within a category
are grouped into a tabular format. One table is created for ehA group of objects of the
same type. In a manner similar to that described for the seqoial viewing style, non-text
components such as images and sounds are iconi ed table &dr The iconi ed objects are
viewed by \double-clicking" the icon. The tabular viewing $yle provides a means of creating
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traditional tabular reports.

5.4 System Experience

Our prototype implements all of the basic aspects of the POMascribed previously. We
performed tests of Rachel by interactively creating and inantiating a number of composite
types. These included the typeCountry with components such as raster maps (accessed
from the local le system using a locator) and selected coumt statistics stored in Rachel's
local database. A set ofCountry objects were then populated in the Rachel database.
We created categories which selectgdountry objects with, for example, large populations
(large de ned by a predicate) or higher than average rainfal Our experiences generally
indicate that this approach is viable for the situations forwhich it was designed. More
rigorous testing is required, however, in order to charaatee Rachel's performance on very
large datasets and distributed-data environments. To thignd, we are seeking deployment
on a broader realm of data as o ered by the information resouaes available on the Internet.

6 Conclusion

An approach to multimedia document management has been pesged which addresses the
need to (1) accommodate a high degree of structural exibili in the data model, (2) provide
an automated method for locating and aggregating informatn items applicable to the needs
of individual investigators, and (3) provide an increase irthe e ectiveness of collaborative
investigative processes through reusable object categwriand data sharing.

POM-based approaches o er several advantages in applicatis where the structure of
the information model is unknown or changes frequently. Incenarios where the situation
being modeled has a well known structure which does not chanfrequently, POM-based
approaches do not appear to o er an advantage over convertial database approaches. The
high degree of exibility provided by this approach should ke accompanied by a policy that
provides guidelines for the creation of new types and categes in ways which facilitate the
long-term e ciency of the document management system.

We are investigating several extensions to this work:

1. In the area of additional native classes, the feasibilitpf adding IAC links to word
processor documents or spreadsheets is being investigatedrder to access documents
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in existing formats without requiring the document manageto have speci ¢ knowledge
of the formats themselves.

2. The performance of the category assignment operator ovarnetwork is uncharac-
terized at this time. The development of a database server wdh is capable of (a)
receiving individual packets each containing requests fonultiple database items and
(b) returning multiple items retrieved from the database wald be an important step
in determining the viability of this approach for very-large document collections.

3. The optimal amount of storage overhead required to maintathe control lists should be
characterized with attendant tradeo s. In the case of verydrge document collections,
the amount of control information can grow large enough to ftify its storage on a
separate server.
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