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Abstract
In this paper we show how an application in the domain of Office

Information Systems can be modelled so that a dynamically growing
database of hypertext documents is created and automatically ex-
tended, as well as easily searched. We propose a. method for analyzing
office applications which relies on a model based on statecharts to
record the flow of documents within the system. A prototype imple-
mentation is described of a hypertext system to support the creation,
storage and retrieval of documents associated to formal face to face
meetings. Special features to be incorporated into hypertext systems
aimed at supporting the storage and retrieval of office documents are
also identified.



1 Introduction
The authoring of texts in hypertext systems and the searching of information
in hypertext databases are activities which demand different skills and tools.
In most applications the authoring process is performed only once, after
which the hypertext document remains stable for long time periods, being
searched (navigated, browsed) by end users with a range of possibly varied
interests [1,2].

Existing hypertext systems provide support for creating text documents
organised as nodes containing fragments of the text — sometimes called arti-
cles or cards — and a set of links connecting nodes that contain related pieces
of text. Facilities are also provided for importing documents from external
sources, a. task which can be performed automatically if the text contains
special symbols from a. markup language. There are many ways to search
through a hypertext database, for example, through a document index, or
looking for particular keywords or yet browsing through a. chain of linked
document fragments [3]. Although in this paper we use the term hypertext
to denote documents with text-only nodes, the reasoning presented here may
be applied to similar applications dealing with nodes containing graphics or
other media information.

This work is primarily concerned with the automatic creation and update
of hypertext databases which grow regularly while being simultaneously used
for searches in the intervals between updates. When a new text is inserted a
potentially large number of new links must be established with the documents
already in the database, a. task which can hardly be performed manually.
We propose a. solution that takes advantage of the underlying hypertext
system to support the insertion of new information into the database. This
solution involves a static and a dynamic modelling of the documents within
the system, and we believe it can be generalised to any application that
requires the searching and insertion of information on expanding databases.

The" structure of this paper is as follows. In Section 2 automatic hyper—

text authoring is briefly discussed, and related work within this context is
reviewed. A method to analyse office information systems is proposed in
Section 3 aimed at organising documents in a non-linear form which can be
supported by hypertext systems and used to create and maintain a hypertext
database. An office information system application containing a constantly
growing database of interrelated text documents is described in Section 4.
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That section also shows how this example was modelled, and describes a pro-
totype system implemented according to the proposed model to support part
of the authoring activity and the searching of information. It uses a com‘
mercially available hypertext system, integrated to a subsystem designed to
act as a front end to the hypertext system and tailored to this specific appli-
cation. This experiment has led us to identify some useful extensions which
could be incorporated into hypertext systems in general. These are discussed
in Section 5, and some concluding remarks are presented in Section 6.

2 Hypertext Systems and Automatic Au-
thoring

Hypertext systems are receiving much attention as a new approach to organ-
ise on~line information, inspiring novel ways of accessing and using such infor-
mation. However, the creation of hypertexts or the conversion of linear texts
into hypertext. format are not simple processes, and neither is the searching
of information and navigation along the nodes of a document once it is cre-
ated or converted. These are critical problems which, if not properly treated,
can inhibit designers of considering the development of hypertext-based ap-
plications, and also discourage users of trying to benefit from non-linearly
organised texts provided by hypertext applications.

Research on authoring is concentrated on two main lines: automatic
construction o_f hypertexts, concerned with verifying which types of linear
texts can automatically or semiautomatically be converted into hypertext
and how this can be performed; and on the development of authoring tools
to support the authoring of new hypertext documents. Two scales of author—
ing have been perceived: small-scale authoring and authoring-in-the-large,
with the latter focusing on the development and long-term maintenance of
complex hypertext documents [4]

Furuta and others in [5] consider that a hypertext designer must carefully
identify those sources which are amenable to hypertext conversion. They
identified several rules to assess the viability of a conversion. These are
based on criteria such as the availability of a large amount of information
organised in many fragments; how much the fragments are related among
themselves; and whether the user will require only part of these fragments



at each access. They have studied how four different types of linear text
can be converted into hypertext. The main issue on these studies was to
discover the structure and the markers in the source documents. Documents
with markers and with an easily recognizable structure, as well as with a
repetition of structures, were more successfully converted than those not
presenting these characteristics.

Glushko in [6], and Nunn in [7], have also identified factors relevant to
a successful conversion, such as the existence of methods to characterise the
physical and logical structure of the conventional documents and to iden-
tify exceptions embedded within these structures. They also emphasise the
importance of analyzing how users retrieve the documents and which infor-
mation is most important to them, in order to create meaningful links which
will eventually prevent user disorientation. Following a similar line of work,
a conversion of a text book into hypertext format was reported by Rada, in
[8].

Other research projects draw on ideas from conceptual modelling and
knowledge representation to create environments to support the authoring-
in-the-large. process. Their aim is the authoring of hypertexts characterised
by databases containing complex documents, large amounts of information,
collaborative authoring and maintenance over large periods of time [4]. The
Concordia system is an example of an integrated environment for creating,
publishing and maintaining complex documentation. It was developed to
help the management of the Symbolics computer system’s documentation
[9]. One of its features related to hypertext technology is that links can be
of different types allowing, for example, the insertion of text inside another
piece of text and simple cross-reference.

ThyDoc is another environment developed to support hypertext docu-
ment creation with authoring-in-the‘large facilities. lts facilities include
support for the creation of authoring links which are not explicitly shown
to end users, defining underlying document structures e.g. composite nodes
that, although visualised as a continuous flow of text and graphics, are in-
ternally formed by several nodes [4].

Any of the hypertext systems available in the market will offer tools for
the authoring of hypertext documents. Usually these are small-scale author-
ing tools which include a text editor with an integrated spelling checker, a
drawing package for the preparation of figures and text file importers. More
advanced tools are ocasionally available, such as the automatic identification
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of dangling references which must be completed by the authors [10], or fa-
cilities to rename nodes with automatic update of all associated links, thus
minimising the problem caused by premature structuring [1 1]. Unfortunately
most commercial systems available today offer only part of these features,
and probably a system containing all of them cannot be designed within a
single model of hypertext.

Our work also draws on authoring tools and conceptual models, following
the same lines proposed by Stotts and Furuta, in [12], and Zheng and Pong, in
US]. The first authors use Petri-Nets as the underlying model of a hypertext
system. The body of research and results already developed for Petri Nets,
such as algorithms for node reachability, are thus readily available to be
used at the hypertext interface level. The latter authors suggest the use
of statecharts in a similar manner, exploiting their capabilities to model
hypertext structure and browsing semantics.

We propose a conceptual model based on statecharts for describing the
life cycle of documents to be inserted into a hypertext database. This model
allows automating the process of preparing a set of text fragments to be
imported by a hypertext system, thus providing for the automatic dynamic
growth of the database. It also fully supports the users during the process
of searching or browsing the database, offering meaningful paths which are
very close to the mental models they create when performing such searches
manually.

3 A Method for Eliciting the Structure of
Oflice Documents

OADM, the Office Analysis and Diagnosis Methodology [14], models an office
activity as a set of functions that manage and maintain resources related to
the goals of the organisation. Each function handles documents which convey

_

information about abstract entities (the resources) of an office and act in three
distinct phases, namely initialization, management and termination. The
initialization phase includes those procedures which create the documents
that in the management phase will move through the many areas of the
organisation, being assessed, authorised, printed, etc. until they are filed in
the termination phase.



We consider an office information system composed of two main sub-
systems: a front'end subsystem that handles day—to-day transactions corre-
sponding to OADM’s initialization and management phases, and a back-end
subsystem that handles the access to documents stored after the termination
phase. The first one is a proper office information system while the latter is

.

an associated system for information storage and retrieval which we believe
can greatly benefit from a non-linear storage organization. One may view
management functions and documents as belonging to orthogonal axis whose
intersection determines the procedures (in the functions axis) and the atomic
components they are applied to (in the documents axis).

The choice of a storage organisation to maximise posterior searches is
determined by the path followed by the office documents during their active
life and also by their relationships with other instances of similar documents.
We suggest an organised approach for analyzing an office information system
based on the documents handled by the system and their management func—

tions, in order to determine a suitable hypertext database organization for
storing the relevant information to be filed and eventually searched. Once
the system is modelled, it is possible to create a hypertext database in which
new links to documents already in the database are established automati-
cally. The method, comprised of four steps, is described in Sections 3.1 to
3.4.

Our approach draws on data modelling techniques and, as usual in that
area, we refer to types of documents. Later on, when referring to documents
stored in a database, these will be referred to as instances of documents.

3.1 Step 1: Understanding the Application Domain
We start by analyzing the environment where the application occurs. The
term application denotes the set of documents, functions and transforming
procedures that characterise a problem area. In this step a taxonomy for the
problem is organised as a list of relevant, domain specific terms within the
system scope and their definitions.

A description of the problem may be used to produce an initial list of
nouns which identify relevant actors in the system. One may follow, for ex-
ample, an object oriented approach such as the one suggested by Booch, in
[15], to identify the main terms related to the application. We are interested
in documents carrying information about the resources managed by the sys-
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tem; their originators and their consumers. Verbs are analysed to identify
procedures that change the state of documents.

It is also necessary to establish a distinction between documents which
are filed at. the end of their life cycle and those that are simply discharged
at some point. Documents which are filed at the end of their life cycle are
further analysed in step 2. Our interest is to elicit their structure and to
assess the viability of storing them as non-linear hypertext documents.

Temporary documents that do not persist between two consecutive sys-
tem activations (or persist only for a short period of time), being discharged
after originating some other (usually persistent) document, are seldom prone
to benefit from a. non-linear storage organisation, and are not further analysed
in step 2. However, they are important for the underlying office information
system that acts as a front-end to the storage and retrieval system, playing
a key role in the analysis process of the latter. The analysis and design ac-
tivities of the front-end system are out of the scope of this paper and we do
not detail this aspect any further.

3.2 Step 2: Specifying the Atomic Components of
Documents

Documents that are filed at the end of their life cycle are usually modified by
procedures that change their status and possibly place additional information
in the form of text or discrete data. It is possible to identify the atomic com-
ponents of documents by analyzing the procedures that manipulate them.
Each procedure changes some discrete data as well as unformatted text con-
tained in the document; this chunk of data is a potential atomic component.
Eventually, the identification of components may also be performed visu-
ally, as fragments of related data tend to appear grouped in visibly bounded
areas on the document. For example, Figure 1 (Section 4.1) shows a doc-
ument recording decisions of a meeting (minutes). Each topic discussed is
clearly marked through session numbers, headlines, indentation and other
visual clues; these topics are natural candidates to atomic components of the
minutes.

As a result of this analysis, a static model of the atomic units comprising
a document is produced, and for each of them a template is defined composed
of four basic attributes: subject, resource, decision and type.



o The Subject is a short title (a single name) describing the contents
of the text forming an atomic component. The name chosen to de-
scribe the subject should be related to the procedure that. changes the
document status and defines its life cycle (see next subsection).

0 Resource indicates the resource or set of resources the document
records information about. It is actually a meta attribute, composed
of an attribute name and a possible list of attribute values.

0 Decision is the final decision taken by the procedure applied to the
document, which determines its life cycle, i.e., the path it will follow
next.

0 Type. A single document may be used to record information about
distinct but similar procedures. The type attribute may be used to
record this situation, thus avoiding proliferation of similar management
functions. For example, a. function that manages a request made by a
graduate student to the office ofa University President is the same, but
for small exceptions, as the one that manages a similar request made
by an undergraduate student. It is preferable to state the differences
using an attribute attached to each atomic piece of document rather
than specifying different functions for each possible variation.

The contents of an atomic component or of a composition of atomic com-
ponents can be later implemented as articles in a hypertext-based application,
and the attributes provide the key for establishing desirable paths for navi-
gation. The decision on the links to be established is based on the generation
of a model for the life, cycles of the different types of documents, as described
in Steps 3 and 4.

3.3 Step 3: Identifying the Life Cycle of Documents
A dynamic model for each type of document is then developed, relating its
atomic components in a temporal order. The addition of atomic components
to documents is determined mainly by the decisions taken at each stage of
their life cycle by the functions in charge of managing them, which define
the path to be followed by the documents at each point in their life. Thus,



each document may originate several life cycles, depending on the number of
management functions related to it.

It is well accepted within office environments that most documents have
a main flow path they normally follow. Eventually, exceptional situations
may cause the early end of a. function managing the document or, alterna-
tively, may cause a detour in its main path, followed by a return to this
path after some exception behaviour. A dynamic model will not necessarily
contain labels corresponding to all the decisions allowed by the procedures
dealing with an atomic component, as a function may prematurely reach its
termination phase, after which it will not advance any further.

We suggest modelling the life cycle of documents using a modified version
of statechai'ts [16]. The life cycle of a document may be represented by a set of
statecharts where each atomic state corresponds to an atomic component of
the document. The labeled transitions from each state indicate the possible
paths that the document may follow from its current situation after a certain
decision is taken. A transition label t_ru_e indicates that any decision can lead
to that path. We retain the history construct defined for statecharts with
the same meaning of returning to the state configuration it was the last time
the history target superstate was visited.

Decomposition of states is allowed, but with a different meaning than that
in the original definition. XOR (exclusive QR) decomposition is used to cre—

ate more succinct diagrams, saving transitions. A composite state represents
a logical document (not necessarily corresponding to a physically existing
one), comprising the subset of document’s components represented by the
atomic states within the composite state. Composite states lend themselves
naturally to represent an interruption of the normal flow of processing. An
example is a final state that can be reached from a number of processes af-
ter the occurrence of an error or cancellation event. An AND (orthogonal)
decomposition indicates that the document’s components within the orthog-
onal states are created or dealt with at the the same time by two parallel
procedures. An illustration of such a diagram which refers to the application
described in Section 4 is presented in Figure 4 (Section 4.2).

'

Each statechart specifying the life cycle of atomic components of a doc-
ument provides a way of checking the consistency of every occurrence of an
atomic component. This allows the implementation of algorithms for the
automatic insertion of new documents in the database. As the components
of a document are modelled as states in the statecharts,'and decisions are
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modelled as transitions, we must know which component of a particular doc-
ument was the last one to be created and inserted in the database by the
underlying ofiice information system. Information about the instances of
each active function is maintained in an auxiliary database containing point-
ers to the components already in the database to which a new component
must be linked. It should be noticed that a. new decision is known before
the next atomic component related to the same function appears again to be
inserted in the database. This allows the diagram to be non deterministic as
we can always look backwards during insertion ofa new atomic component in
order to establish, from the set of possible decisions, which one was actually
taken.

3.4 Step 4: Identifying the Links for the Hypertext
Database

Based on the three previous steps it is possible to identify the links to be
established when the first version of the hypertext database is created. These
links will be automatically managed and updated each time the database
is extended. We propose three link organisations: a temporally sequenced
path (the natural path), and two sets of paths determined by the subject
and resource attributes.

The natural path is composed by all the documents ordered by insertion
date, and within each document, by a circular list of its atomic components.
Another set of paths links components which are instances of the same func-
tion and components with the same subject across diflerent instances of a
function (subjects). The third set of paths links instances of occurrences of
the same resource (resource type and /or resource values). The type attribute
provides ways to establish the level of granularity desired for the two sets of
non-linear paths, while the attribute decision is used mainly for integrity
checking purposes.

An important decision to be taken at this step concerns the level of gran-
ularity of the links. This is a trade off decision as a coarser granularity
will imply fewer paths to choose from and longer searches, whilst a finer
granularity will imply in more paths and more complex procedures for auto-
matically connecting the links. This decision must consider user needs and
the capabilities of the hypertext system available.
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As a final remark, we remind that other tasks follow the four steps de-
scribed above which were not discussed. These include the assemblement,
edition and maintainance of documents. We shall not dwell further on these
tasks, apart from mentioning that the latter one will be automatic if the
database is organised according to the approach proposed in this paper. We
shall illustrate the use of the above method by describing how an example
application can be modelled in order to be supported by a hypertext system
and database.

4 An Example Application Involving a Dy-
namically Growing Hypertext Database

Storage and retrieval of information (texts, letters, minutes, forms, etc.) re-
lated to meetings is one of the most time-consuming office activities for clerks
and knowledge workers. Many tools are used nowadays to support this activ-
ity, such as database management systems, report formatters and powerful
graphical and text editors. They can be used in a stand-alone fashion or can
be part of an integrated, comprehensive office information system. Hypertext
systems can also provide useful tools in this environment. Recent research
projects focus on collaborative work, i.e., providing support to groups of peo-
ple working together towards a common goal. In [17], hypertext is suggested
as a technology to help in the earlier stages of writing documents, and in [18]
it is also being investigated as a, tool to support face-to-face meetings for
the joint preparation of presentations and proposals.

4.1 Formal Face-to-face Meetings: Description
The application chosen to illustrate the use of the approach described in
Section 3 has been developed to support the difficult and time-consuming
process of retrieving information from a file containing minutes of the meet-
ings held by the Council of a School of Medicine which is part of a large
Brazilian University. This University isoomposed of several units (Schools
and Colleges), each of which has at least two Departments. Schools and
Colleges have a Dean who presides over a local Council in charge of defining
local policies and taking administrative decisions. Every School and College
has representatives in a Senate at the University level, which is responsible
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Minutes No. 542 Date 09/22/93
Time 8:30 a.m.

List of Participants: A.P. Shaw, H.A. Smith,...
Topics discussed:

1. Career Advancement - Proc. 93/005
Final Result Approval

Accepting the Jud ing Committee rec-
ommendation, P. ray was appointed
as new Professor of Heart Surgery.

M . Leave of Absence: Final report - Proc. 92/009
Interested: Prof. H. A. Smith

The report of activities presented by
Prof. H.A. Smith was approved by the
members present.

9. Election - Head of Department - Proc. 93/006

Prof. J. A. Maldon was elected the
new head of the Sur ery Department
for the period of 01 93 to 12/95.

Figure 1: Outline of a Minutes
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for the definition of global University policies, and is presided over by the
University President.

Unit Council meetings are held once a month, when its members delib-
erate about important matters regarding long terms policies and also decide
upon different types of request made by faculty members and students. These
are called formal face-to—face meetings, being characterised by a previously
issued and commonly agreed calendar of meetings, a. summons issued by the
chairman before each meeting containing the topics to be discussed; and a
detailed record of the decisions taken during each meeting. A hypothetical
example of a meeting minutes of the Council of the School of Medicine is pre-
sented in Figure 1. After being produced from tapes recording the meeting
they are distributed to the persons who attended the meeting and a copy is
filed (copies are sequentially bound in a book once a. year). Currently a. text
processor is used to generate the minutes. A summons contains the date and
time of the meeting it is calling for, and several topic headlines (that will
eventually appear in the corresponding minutes).

Some of the Council decisions require discussions which span over several
meetings and comprise several stages e.g. the opening of a. position to hire a
new lecturer requires an official announcement of the position, the assemble—
ment of a selection committee, the choice of one of the candidates amongst
those approved by the committee, etc. In many subjects of an administrative
nature, it is usual that the requests made are similar to others which have
already been analysed before, and the decision to be taken is better to agree
with the one arrived at previously.

Consultation about the current stage of an ongoing process or about
related decisions previously taken are the most common reasons for searching
the minutes which record previous meetings. These searches can be quite
complex due to the lack of a clear organisation of the recordings, apart from
a sequential order by meeting dates. The clerk in charge of the searches has
often only a. few clues of what to look for. For instance, the name of a faculty
member related to the subject; the type of request; or some vague idea about
the date when a meeting where a similar decision has been taken was held.

4.2 The Approach Applied Step by Step
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LTerm j Description i Observations
Session Any meeting of the Council Generates information to the

minutes.
Topic A particular problem or request the Council Determines the atomic compo

must. decide upon in a session nents of minutes
Summons Contains a list of topics and is issued before It is not filed

each session, serving as a reminder
and as a working document for members of
the Council

Minutes The record of a session, contains its It. is filed
corresponding summons and decisions taken
about each topic during the session

Process An abstract concept represented physi- Corresponds to the abstract
cally by a folder or file containing related concept of a function in OADM.
topics that appear in sessions spread lts atomic components are
over a certain period. managed by procedures

Meeting Synonym for session
Clerk The office worker in charge of preparing

the summons and the minutes

Figure 2: Taxonomy of terms related to the management of Council Sessions
in the Medicine College

Step 1 - Understanding the Application Domain
Analyzing the formal meetings held by the Council of the School of Medicine
we learned that at each meeting (also called a session), its members deliberate
about topics which are listed in the previously issued summons. The minutes
form a document derived from the summons after the session, which reports
on the discussions and decisions taken about each topic. Its contents must
be approved by the members of the Council in the next meeting.

A fact that emerged after a more detailed analysis of this domain was that
some topics appearing in several sessions and related by a common element
(the management of the same resource, for example) are collectively called
by the users a process, the same term being used to denote the folder where
documents related to the process are kept. These actually correspond to the
functions defined in OADM, i.e., they comprise the set of procedures that
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List of Processes:
Career Advancement
Leave of Absence
Election
Grants Received
Creation of Committees
Hiring a. New Faculty Member
Agreements
. Q .

Specification of the Process: Career Advancement

Subject. Announcement( of Professorship Position
Resource: Deegartment (department--nam e
Decision: To- e-modified, Approv-ed PP, dejected-PP
Type: Professor, Assistant Professor

Subject. Preliminary Analysis of Ap lications
Resource: Candidates (list- of- names
Decision: All--or- some acce t,ed All- rejected
Type: Professor, Assistant [Professor

Figure 3: Specification of Processes

collectively manage the resources the Council is responsible for. From now
on, we shall use the terms process and function as synonyms. In Figure 2
the taxonomy of terms for this example is listed.

It was decided that the system to support the creation, storage and re-
trieval of minutes of meetings held by the Council should handle two main
types of documents, namely summons and minutes, of which only the latter
are filed. Also, a topic in the minutes includes the headline which appears
in the summons and additional text reporting the discussions and decisions
taken during the Council session about that topic.

Step 2 - Specifying the Atomic Components of The Minutes
The different processes to be discussed in a session provide the key to deter—

mine the components of a session minutes. It has been seen that the atomic
components of the minutes are determined by the topics in the summons, and

15



that the resources managed by the minutes are e.g. faculty members, depart~
ments and committees. Each topic admits a set of plausible decisions, one of
which will be attached to the atomic component of the minutes correspond-
ing to that topic. Some of the processes handled by the Council are shown
in Figure 3, which also shows the specification of two atomic components for
the Career Advancement process. ,

Any instance of the Career Advancement Process having a decision
Rejected-PP when the Announcement of Professorship Position is discussed
by the Council is forever stopped in that state; the same happens for a
decision Accepted after a Request for Cancellation. An alternative design
would be to explicitly have an abnormal or premature final state, and some
events leading to it from some (super)states. The first solution was chosen
because it closely models the reality of this application.

Step 3 - Identifying the Life Cycle of the Minutes
A total of twenty-six processes related to the minutes were identified in step
2 and a statechart was built for each one of them. Most of the resulting
models — approximately 60 percent — were very simple, resulting in a flat,
conventional state machine not requiring any of the advanced features of
statecharts. In Figure 4 it is shown a statechart for the Career Advancement
process. The path with no exceptions is composed of the states (atomic
components) Announcement of Professorship Position, Preliminary Analysis
of Applications, Composition of Judging Committee and Final Result Ap-
proval. A Request for Cancellation, for example, if accepted by the Council,
prematurely interrupts the process; a rejection returns the process to its pre-
vious state. Consider also the transition labeled by the decisions Composed
and All-or-sorLe-accepted: after the decision of composing a judging com~
mittee has been taken and at least one candidate application was accepted,
either Modification of Committee Composition or Final Result Approval will
be accepted as new states for any instance of this process.

Step 4 - Identifying the Links for the Minutes Hypertext Database

Following the decision that a topic defines the atomic component for doc~
uments in this application we decided to represent each session minutes by
an initial node containing general information about the minutes and a'cir-

16
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cular list of topics. Other links are established according to the elicitation
method: we want to link, for example, the topics related to a single process;
topics with the same subject and topics related to a certain resource. We
also decided for an intermediate level of granularity, differentiating according
to process types and not linking instances of attribute values.

In Figure» 5 we depict a schematic representation of these links for some
hypothetical minutes. Note that not all the possible links are shown in the
Figure. It shows, for example, that the atomic components “Proc 93/006
Election” and “Proc 93/005 Career Advancement” are linked due to the
common resource Dept of Surgery, and also that all the atomic components
related to the process “93/005 Career Advancement” are linked. Comparing
Figure 5 with the statechart depicted in Figure 4 one may also verify that
the latter process was concluded with no exception behaviour. A user can
follow a path from the beginning, i.e., the most recently inserted article, and
proceed to older ones following the track established by the links, as well
as change to other paths whenever convenient. Additionally, a search by
keywords or by an index of topics, if-allowed by the hypertext system used,
can provide the starting point for the user to proceed forward following the
desired path.

4.3 Development of a Prototype of the Minutes Hy-
pertext Database

A prototype of the system specified in Section 4.1 has been developed [19].
The system architecture shown in Figure 6 is composed of four modules. Two
of them were developed specifically for this application and comprise a prepa-
ration subsystem, and two others support hypertext authoring and browsing
activities, being implemented by Hyperties [10]. The version of Hyperties
used could not resolve automatically any links of an imported document
with articles already in the database, only those within the document being
imported. Thus a program to help the user to semiautomatically convert
these cases was also developed.

The creation of summons and minutes is supported by the preparation
subsystem following the knowledge about the processes represented by the
statecharts stored in a database. This database contains the generic life
cycles of all processes, as identified in step 4 of the analysis method. An
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Figure 7: Top Level Organization of the Articles

auxiliary table maintains the identifiers of each active instance of process in
the database. In this way, when a new component is created all the links
established in step 4 can be automatically specified in the Hyperties markup
language and imported into the hypertext database. This subsystem also
performs integrity checking, generates paper versions of the summons and
minutes, and prepares the file with marked text to be automatically imported
by Hyperties. It also generates a file containing any unresolved cases, to be
handled by the user.

Searching and browsing are supported by the reading module of Hyper-
ties, where all the links established may be followed. The interface is organ-
ised as follows: an initial article describes the contents of the base and its
organisation, as well as instructions on how to conduct the searches. From
this article the user can choose to follow the minutes (natural) path or to
perform a search by subject or resource. Choosing resource leads to a choice
of attribute type, whilst subject leads to a choice of processes. The search
goes on until the actual topics start appearing as articles. Any links that can
be followed from an article appear as keywords highlighted in the text or as
special instructions at the bottom of the screen. The hierarchy of articles is
illustrated in the table shown in Figure 7.
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5 A Preliminary Evaluation of the Proposed
Method

The prototype described in Section 4.3 was tested by end users with a real
hypertext database containing several minutes, the testing being carefully
monitored by the system developers. The procedure of importing new min-
utes was thoroughly tested, and many searching and navigation sessions were
also conducted. These testing activities showed that the users approved the
new way of organising and searching the minutes and learned quickly how to
use the new system. However, several deficiencies of the prototype emerged,
the analysis of which allows an improved specification of the system described
in Section 4. We also found that some ideas adopted in this specific applica-
tion, as well as some solutions proposed to address the problems encountered
are applicable to hypertext systems in general.

With regards to the authoring subsystem two main points are worth com-
menting. First, the preparation subsystem is viewed by end users as a system
completely independent. from Hyperties, mainly because Hyperties (at least
in the version used) cannot automatically link the markers in an imported file
to articles already in the database. Secondly, users considered that the mod—

ule responsible for handling the statechart models should be more flexible
and let them specify which automatic links should be created, as well as the
level of granularity to use. Our first implementation lacked this flexibility, as
all the links identified in Section 4 are implemented compulsorily.

The development of the prototype also allowed us to evaluate the suit—

ability of the hypertext system used for this application. With regards to
the browsing subsystem, we felt that several features that could improve or
simplify the searches are missing in Hyperties. These features were usually
related to specificities of the minutes hypertext database. The possibility of
specifying composite nodes, using typed links as described in [4] would allow
users to see, when selecting the general node of a minutes, a continuous flow
of text very close to the linear paper version, with no need of navigating
through the minutes. Another useful feature would be the possibility of vi-
sualising the whole process from any one of its components. This could be
done in two levels: by showing first a map of articles and then allowing the
user to unfold any article.

The knowledge embedded within the statechart machines that model the
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hypertext database supports the authoring activity, as the construction of
the statecharts follows a detailed analysis of the documents to be inserted
into the database. The static modelling requires the identification of the
relevant information in the documents, and also indicates possible ways of
linking such information. Atomic units of information identifyed during this
phase will later correspond to states in the statechart models created for each
type of document, and later on will appear as nodes associated to instances
of documents contained in the hypertext system.

Moreover, the dynamic model represented by the statecharts support
the implementation of algorithms for answering many queries common to
database systems. These would be mostly queries looking for quantifiers,
such as: How many articles of a certain subject are there in the hypertext
database? How many times a certain attribute value appears as a link in the
database? The model also supports queries looking for the first appearance
of a subject and so on. More sophisticated queries could look for how many
functions are still incomplete or yet how many have reached a final state or
are stopped on a certain state. The statechart models also provide a valuable
tool for supporting the dynamic growing of the hypertext database, enabling
the authornatic linking of new nodes with nodes already in the database.

We believe that integrating the statechart machine model proposed in
Section 3 for controlling links into a hypertex system would make available
an extended system with greater power and potentially better usability. This
new hypertext machine would control all instances of active functions within
the system and support the statechart-based specification of document life
cycles. The specification process could make use of tools such as the STATE—
MATE system [16] and the graphical editor STATSIM [20]. The availability
of such a hypertext system, whose interface could be similar to the proto-
type one described by Stotts and Furuta [12], would greatly simplify the
implementation of dynamic hypertext databases such as the one discussed in
Section 4.

6 Concluding Remarks
We have shown how an office information system was modelled using a finite
state machine based approach, and how this model allowed us to design
a series of links in a hypertext database. We believe that the process of
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performing searches in this database is close to the mental model employed
by office workers to approach the activity of searching through a set of text
documents without a clear classification apart from a sequence by filing date
and some vague clues. Now the database is organised in a way that naturally
facilitates the search.

The proposed model offers a mental model for users to perform searches
that reduce the problems of disorientation they can experiment when search-
ing a hypertext database. We believe that a wide class of office information
systems based on the storage and retrieval of documents can benefit from
hypertext organised databases, such as the formal face-to-face meetings ap-
plication described in this paper.

Moreover, the statecharts provided a graphical way of visualising the flow
of the documents within the system which proved very useful for the under-
standing of the model. They were also essential for automatically establishing
the links within the database in a way that fully supports its growth, and
were also used to impose integrity restrictions in the input of information.
During the development of the prototype it was also verified that the dynamic
models realised through statecharts allow the detection of inconsistencies in
the static models and vice-versa, depending on which of them is developed
first. This is a. novel application of statecharts, in a different domain from
the one they were originally conceived for.

The availability of on-line information about the minutes has also changed
the behaviour of some users. Members of the Council had to await for the
minutes to be released, and would approve it (or not) at the beginning of
the next session. Now, they can look at the on-line database and print
the minutes only if necessary; they can also browse through different paths
when a topic is related to some topic appearing previously. Additionally,
the summons can now be distributed by electronic mail, and a range of new
possibilities for new office and computer technology exploitation is open.
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