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ABSTRACT

This paper outlines a new model of computer message systems based on a user-
oriented rather than a communications perspective. Most network users spend their
time working with various types of ‘composite documents’' such as mail messages,
news, reports, or entries in directories of names. They perform operations that are
alded by a logically centralized but physically distributed world-wide information
storage and retrieval system. Their concerns should be with creating, filing, submit-
ting, searching, and retrieving decuments, not with routing or transmission matters.

Computer networks are rapidly proliferating. Their number and size are increas-
ing, and interconnection is commonplace. High volume applications like mail and
news transmission are well established in offices, large corporations, and governmen-
tally supported internets. Computer conferencing and directory assistance services are
continuing to evolve. Standards for message formats, transmission protocels, and
name /address directories have been recommended by DARPA, NBS, and CCITT.

Research in document modeling, distributing databases, and retrieving text
objects is being adapted to improve the functionality of computer message systems,
Advanced techniques for text analysis, automatic indexing, query construction,
description of comprehensive interest profiles, and retrospective or current awareness
retrieval can simplify and improve the effectiveness of user agent software. Initial
experimentation has shown the value of recognizing the structure of com posite docu-
ments,

Current work with the CSNET name server database, and with a collection of
messages extracted from AlIList digests distributed over the DARPA Internet, indi-
cates that the proposed model accomodates mail, news, and directory assistance.
Other work with book passage retrieval suggests that large files can be processed too.
It i1s hoped that integration of these services, along with conferencing and database
handling, will occur, as a new network for the Virginia Center for [nnovative Technol-
ogy is proposed and eventually im plemented.
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1. INTRODUCTION

As telecommunication services become more and more available to users of com-
puter systems, improved techniques are needed to provide access to the growing logi-
cal store of global information. This paper outlines a new user-oriented model aimed
at describing and satisfying these requirements. The model deals with the creation,
analysis, storage, and retrieval of composite documents in the world network.

1.1. PROLIFERATION OF NETWORKS

A rapid proliferation of computer networks is now taking place around the world.
Individuals with terminals or microcomputers are frequently allowed to connect to
other computers besides those locally available. Packet switched data networks, ideal
for transferring mail and news messages, began with the ARPANET in the late sixties
and have now led to global internetworking including North America, Western
Europe, and Southeast Asia [10]. Sophisticated systems using distributed processing
have simplified communication within some large corporations, where basic issues of
naming, authentication, and locating have been resolved [6]. Lower bandwidth, less
formal networks have evolved from common software packages; more than 2000
machines intercommunicate using a program called UUCP and more than 500 of those
share news and messages through the loosely coupled USENET [25]. Many North
American universities have joined BITNET in an effort to simplify exchange of mes-
sages, text files, and programs [34], and that network is being extended to Europe as
well. CSNET, the computer science network, is a logical network spanning a variety
of physical networks such as the DARPA Internet, Telenet, Uninet, and Phonenet
[13]. Many other networks are being developed to meet the needs of industry, educa-
tional institutions, and governments.

1.2. UTTILIZATION OF NETWORKS

In the office environment, where small local networks abound, users are ‘gen-
erally pleased with new capabilities for handling electronic transmission of mail and
other items [4]. Use of computers and communications is becoming a key element of
office operations [59]. The creation, transmission, receipt, reading, and filing of mail
requires a good deal of the time of modern day office workers, and so their experi-
ences must be considered in the development of new electronic aids [9].

In addition to mail handling, networks are useful for less private communica-
tions. Some com puter users prefer to receive news electronically [33]. Public bulletin
boards are also available for sharing information and comments among participants in
various interest groups [39]. Computer conferencing systems provide even better
organization and reduce the amount and complexity of work required by each user
[58]. Some systems are for special purposes [20]. Others are for general use and are
becoming more readily available [55].

To facilitate network utilization, various aids are provided to help identify remote
systems or users of those systems. For example, during the evolution of the
ARPANET, a name server had to be developed to keep track of the large number of
computers attached [56]. For BITNET and CSNET, name servers handle the names
of individuals as well as of computers.



1.3. STANDARDIZATION

The transmission of mail and other electronic messages frequently requires
cooperation between a number of computer and telecommunication systems. Stan-
dardization of message formats, transmission protocols, and of names and addresses
has become essential.

In the DARPA Internet, a text based meme format is utilized {17]. The U.S.
National Bureau of Standards called for the design of a message format standard with
a somewhat different orientation {24] which has led to a Federal Standard [52]. More
recently, NBS proposed standards for message transfer [53].

For global communications, the need for standardization is also urgent [49].
Development by the CCITT has let to draft recommendations for message handling
systems [11] that are appropriate for the various PTTs around the world [50]. In
Canada, for example, the EAN system has been implemented along CCITT guidelines
[54]. ISO standardization has followed the blueprint laid out by CCITT.

The related problem of global directory assistance is also being considered by
standards organizations. It is important to separate out the separate notions of nam-
ing, addressing, and routing [44]. A consistent model and conceptual framework for
these efforts is essential [57]. The DARPA Internet has developed a domain naming
scheme for its host computers [47], but that has been rather difficult to develop and
implement. The National Bureau of Standards has broadened the issue to handle
names and addresses of computer users in another proposed standard [7]. IFIP Work-
ing Group 6.5 has considered the related problems of naming and directory assistance,
and has distributed papers dealing with required services [40] and naming conventions
[41]. "CCITT has likewise inaugurated a study of this important problem.

1.4. RELATED INVESTIGATIONS

A variety of research investigations have been undertaken to deal with the many
important problems relating to messaging in the global network. Efforts in the areas
of office information systems, information storage and retrieval, document modeling,
database management, and computer messaging are of particular interest.

In offices, handling of mail and other correspondence is crucial. Croft has
developed several experimental test collections for manipulating text in offices [18].
He has considered how information storage and retrieval methods can be applied to
office tasks [19]. Integration of these methods with those of database management
systems is clearly needed to handle the enormous variety of objects found in offices.

In 1979 Dattola described one of the first systems combining information
retrieval and database methods [21]. Naffah advanced a scheme for modeling and
manipulating complex objects with text, graphics, and voice components [51]. Various
proposals have been made to extend the relational model to support text and retrieval
applications {26]. The entity-relationship model could likewise be extended to handle
documents [12]. Special architectures for an integrated retrieval and database system
have also been proposed [3,5]. Distributed systems of this type are certainly needed
for resolving global addressing and directory assistance requirements [35].

Modeling of large, complex text objects has been considered. As manuscript
preparation and submission using elecironic means becomes more popular, standards
for tagging of the variety of types of information are essential [43]. Kimura has sug-
gested a hierarchical model for such objects, where the structure and content are
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distinguished and separately manipulable [45].

A variety of tools have been provided for handling mail. SENDMAIL is a
comprehensive tool for resolving addressing and distribution problems [1]. MS {16]
and MH [8] are two popular packages that serve as user agents, connecting individuals
with the mail transport system. More comprehensive systems such as HERMES pro-
vide users with powerful editing and searching capabilities [48].

Experimental systems for mail handling are based on more general models than
that of memo-based systems. EDMAS utilizes capabilities for mailboxes of originators
and recipients and maintains chains to describe interrelationships among messages [2].
DRAGONMAIL [14] has been developed to manipulate ‘conversations’ [15] rather
than mail or conferences. In this model, graph theory [37] can be employed to
describe not only the connectivity of computers and their users, but also to deseribe
the relationship among mail items that are physically distributed but could logically be
considered as part of a global information store.

- 2. COMPOSITE DOCUMENT MODEL

In order to model the variety of information manipulated by users of computer
message systems, it is necessary to describe the items that users are interested in, at
the proper level. Access to these information items, which will be called composite
documents, can be viewed as the responsibility of an information storage and retrieval
system that deals with a global information store. Issues relating to the design and
implementation of such a system can be understood in the light of eforts to devise
some of the parts essential to the overall scheme. Experimental studies are necessary
for validating these ideas.

2.1. COMPOSITE DOCUMENTS

A composite document will be defined as an entity containing at least some tex-
tual information, that has a particular structure. Creation, storage, location, and mani-
pulation of composite documents therefore requires the ability to deal with both struc-
tures and arbitrary amounts of text.

There are many examples of composite documents found in computer message
systems. Mail, memorandum, articles, reports, manuscripts, news releases, entries in
conferences or conversations, listings in directories or name servers, and parts of data-
bases are all composite documents.

What is important in considering composite documents is the set of operations
defined on those objects. In addition to the operations characteristic of database
management systems {eg., creation, update, deletion), it is necessary to be able to
(recursively) access all components of documents. Furthermore, inexact matching
between composite documents must be well defined, so that a similarity in the range
of zero to one is produced. Whereas inexact matching of strings has been extensively
studied [36], and there are a variety of techniques for matching possibly misspelled
names [22], matching of more complex items is problematic. Database systems, In
their normal processing of queries, sometimes allow matching of entities that include
both data and text, but similarity values are always binary. Some experimental
retrieval systems can compute a real-valued similarity, but cannot easily specify
separate handling of different types of data or components of a composite object.



This author has proposed extending the vector space model of information
retrieval so that an entity can be viewed as made up of various types of data [20]. A
special query notation is employed to allow access to each type of data, using an
extended form of Boolean logic {29], where the logical operators are given a ‘soft’
interpretation. Several collections have been gathered to allow experimentation with
this model {31]. An experimental retrieval system has been devised to allow search of
these collections. Real valued similarities are produced, based on matches among the
various types of data {30].

2.2. INFORMATION STORAGE AND RETRIEVAL

One can represent the various objects that are handled by computer message sys-
tems as composite documents. From the perspective of users of such systems, the
global computer network can be considered as a large, logical information storage and
retrieval system. Users of information retrieval systems can add to collections, search
collections, or be notified of interesting items when the system carries our current
awareness or selective dissemination of information (SDI) operations based on pre-
defined profiles. Matching can be based on factual information {eg., recipient name,
date of distribution), subject information (eg., topic, words in message body), or
interrelationship information (eg., citation of previous message).

Mail handling is easily modeled by these operations. Message submission is
equivalent to addition of a composite document to the global store. Receipt of mail is
the same as examining the results of SDI operations where the profile selects items
with the current user as recipient. Replying is similar to submission, where the new
item includes interrelationship information (much like a citation in a paper) connecting
it to an earlier message.

Bulletin boards and news services can be modeled using either factual or subject
information components of the compesite documents. Those components of a docu-
ment would identify the news group or groups which should receive that document.
Members of groups would have a component in their SDI profiles to select any item
connected with the group. The same scheme can be employed for computer confer-
ences, where messages and profiles could both refer to conferences, Since composite
documents can have an arbitrary number of components, there is no problem with
dynamically creating or terminating conferences. Since interrelationship information
of arbitrary complexity is allowed in profiles and documents, conversation-based mail
systems can also be implemented using the proposed model.

The global directory that describes computer systems and users of those systems
is also easily modecled. Entries in that directory are composite documents, which may
include descriptive elements, and can be searched using exact match techniques or
other approaches. Groups or distribution lists are simply retrievable sets defined over
the global store. Finding a user is equivalent to carrying out a distributed search.
Added flexibility arises due to the handling of inexact matching of queries and direc-
tory entries.

It is clear that this information storage and retrieval perspective allows modeling
of many of the uses of computer message systems. What is unique about this model,
however, is that in addition to handling the typical messaging situations, there are
many new possibilities. Profiles can be made up using any combination of factual,
subject, and interrelationship information. Messages from particular users or groups



can be automatically selected or rejected. Messages that are urgent can be ranked as
more similar to a profile and hence retrieved more rapidly. A variety of profiles can
be created by a user, and can operate disjunctively, allowing ready separation into
categories. Searches for information can be initiated at will, so that old messages can
be viewed in addition to new ones.

While this model is sufficiently general to encompass other proposed message
handling schemes, convenient implementations are not presently available. The fol-
lowing sections describe initial efforts to design, implement, and test various aspects of
this model.

-2.3. DESIGN, IMPLEMENTATION, TESTING

The proposed model calls for a distributed system combining features of informa-
tion storage and retrieval, database management, and computer messaging systems.
While current work addresses the development of such a facility, previous work has
dealt with various components of the overall scheme. Since the information storage
and retrieval model for computer messaging has evolved out of the need to accomo-
date bibliographic searching of composite documents, it is important to consider the
approach and results obtained in that dom ain.

The SMART experimental information retrieval system has been redesigned and
implemented to allow manipulation of composite documents [30]. The vector space
- model incorporated in earlier versions of SMART allowed documents to be

represented by a list of attributes, along with im portance weights for each attribute. In
the new version of SMART, documents are viewed as having attributes of various
types. Similarity computations are based upon the effects of matches of attributes dis-
tributed among each of the several types.

Two collections of bibliographic items, one dealing with computer science and the
other with information science, have been gathered for testing of the composite docu-
ment model [31]. The first collection has author, journal, volume, number, title,
abstract, keywords assigned, classification categories, citations to other articles, cita-
tions from other articles, and measures of both cocitation and bibliographic coupling
strengths with other articles. The second has similar entries, but lacks the direct cita-
tions and the bibliographic coupling data. Tests on both collections have been run
using a variety of questions. Search results are best when a combined similarity meas-
ure is used, counting all types of information in proper proportion [28].

In addition to searching collections of distinct composite documents, it is im por-
tant to find component composite documents embedded in large text objects. Several
books published by the Baha'i Publishing Trust have been obtained in machine read-
able form. One book, Gleanings from the Writings of Baha'u’'llak, with 185 sections and
345 pages, has 707 paragraphs. A set of 52 queries have been organized in several
different forms. The original query terms are present in one set, those terms and
related terms (eg., from thesaurus categories) in another, and terms plus pages
(obtained from the back of book index) in yet another. Comparison of the
effectiveness of searches for paragraphs, pages, or sections, using each of the query
forms constructed, is now in process. Insight into handling of large text objects, with
various types of information present, should result and help validate proposed models
for composite documents with multiple levels of structure.



Based on the initial success with composite documents containing bibliographic
information, and with retrieval of passages in large text objects, adaptation of those
methods to computer networks has begun. Two separate activities, one with the
CSNET name server database, and another with the archives from the ARPANET dig-
est, AlList, are underway.

The CSNET name server is implemented as a centralized database manager with
distributed local agents. Entries from the name server database are being analyzed to
investigate the usefulness of clustering, based on various similarity measures, for the
purpose of identifying distributed ‘invisible colleges.’ Refinement of the storage and
retrieval component of the name server is also being considered, to facilitate more
flexible searching of this network directory.

AlList is mailed a few times each week as a digest including a number of mes-
sages of widely different types dealing with current concerns of people studying
artificial intelligence. Digests are one type of composite document, as are messages.
Manual analysis of several years of archives is underway as a prelude to development
of automatic text analysis methods. Using the Prolog language, an analyzer similar in
some ways to FRUMP [23] will be devised to classify and separate out key informa-
tion items in preparation for automatic indexing. Since unrestricted text in a variety of
formats is involved, very flexible pattern based methods are needed [38]. The output
of such an analysis will include frames linked together to represent the content and
structure of messages [46]. Eventually, students at Virginia Tech will use microcom-
puter based software [32] to search old archives or filter incoming messages. Further
refinement, especially of the user interface for handling messages and profiles, will
also draw on previous related work [42].

As these various efforts continue, it is hoped that the informatien storage and
retrieval model of handling composite documents will be further developed and find
clear application in the domain of handling com puter messaging in the evolving global
network.

3. SUMMARY AND FUTURE

In light of the rapid proliferation of computer networks, the success of many
different standards organizations, and the interest of research workers in various
fields, a new model for handling global message requirements has been proposed.
Based on manipulation of composite documents, which represent any one of the vari-
ous entities handled by such systems, a user oriented perspective has been followed.
Viewing the global information store as a logical whole that is physically distributed,
access to that store involves information storage and retrieval operations. Computer
mail, bulletin boards, conferences, conversations, directory assistance, and other types
of systems can be modeled by such an approach.

Research to date has suggested that proper handling of composite documents
requires a more complete model than that commonly considered. Studies of passage
retrieval from books, clustering of CSNET name server entries, and analysis and
retrieval of Allist digest messages are now underway. A study is beginning of the
needs for the Virginia Center for Innovative Technology, where it is essential to
integrate computer mail, news, conferencing, and database access in a new logical net-
work to serve educational, industrial, and governmental institutions in the



Commonwealth, It is hoped that as these investigations continue, the role of compo-
site documents in networking will become better defined and serve as a conceptual
and practical tool for implementing services according to the user-oriented information
storage and retrieval model.
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