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Organizational Computing Technologies for Supporting Organizational Activities

Frederick H. Lochovsky
University of Science and Technology, Hong Kong

Abstract i

Technologies for supporting organizational activities are becoming increasingly important as a means for organizations
to achieve their business goals. Such technologies allow organizations to model, execute, and control work processes
that typically involve multiple people. While much progress has been made in introducing standalone technologies into
organizations, we are stilla long way from providing integrated support for organizational activities. Many approaches have
been proposed for supporting organizational activities ranging from simple form-based systems to intelligent, knowledge-
based information systems. We review the major approaches proposed to date and outline some research directions which

may further improve support for organizational activities.

1 Introduction

Organizational computing is concerned with the applica-
tion of computer technology in organizations. As such, it
encompasses support for organizational activities which,
broadly defined, are any functions that help to achieve
some business goal of the organization. These activities
can range from those of a mostly routine and repetitive
nature, such as order processing, to those of a more com-
plex and one-time nature, such as making a decision on
a merger. Technologies for supporting organizational ac-
tivities are becoming increasingly important as a means
for organizations to improve their productivity and com-
petitiveness. By automating and re-enginecring business
functions, such systems offer organizations the ability to
model, execute, and control organizational activities that
typically involve multiple people in collaboration.

Support for organizational activities has been the sub-
ject of much research, particularly in the last ten years or
so and is known by a variety of terms such as office au-
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tomation, CSCW (computer-supported cooperative work),
groupware, computer-supported coordination technology,
among others[38]. In line with its many names, the re-
search has covered a wide spectrum from complete au-
tomation to providing intelligent support. This research is
driven both by technological advances and by a percep-
tion that organizations are not as productive as they could
be and that computer-based support can help in increasing
productivity [28, 40, 39]. Whether increased productivity
can be achieved or not, there is no doubt that computers
have affected and will continue to affect how activities in
organizations are carried out.

In this paper we will survey some major approaches
that have been proposed for supporting organizational ac-
tivities. Our focus is on understanding the underlying tech-
nologies and how they support organizational activities and
not on the human processes involved in such activities. In
order to guide our understanding of the various approaches
and how they are related to each other, we first outline
a modelling framework within which various research ef-



forts and approaches can be described. Then we discuss
in more detail one of the components of the framework
(activity modelling) and some of the major technologies
that have been proposed to support this component. Next
we present an approach for integrating some of the tech-
nologies proposed for supporting organizational activities.
Finally, we conclude the paper by outlining some areas for
further research.

2 An Organizational Computing Modelling
Framework

Research in organizational computing has grown rapidly
over the last few years with researchers from many related,
and relevant, disciplines taking part. As a consequence,
there are many different perspectives on what constitutes
organizational computing. In this section we identify and
discuss four of these perspectives.

Organization modelling

Organization modelling is concerned with describing the

structural aspects of an organization. It describes the dif-

ferent parts of an organization, how these parts are related

to each other and their properties. Important entities that

are used in such a description include:

o (organization) units
These are subsets of the organization which can be ei-
ther permanent (e.g., marketing division, sales depart-
ment) or temporary (¢.g., projects, committees, €tc.).
Organizational units can be composed of other orga-
nizational units in a variety of ways (e.g., hierarchy,
matrix, etc.).
e positions

These are the staffing units within an organization.
They are “abstract employees” in that positions are usu-
ally “filled” by people, but they can exist independent
of any people to fill them [42]. (Positions could also
be filled by appropriate software entities—sece below.)
Positions have responsibility and authority associated
with them. For example, they are the “agents” that
carry out activities.

Resource modeliing
Resource modelling describes the working materials, work
objects and tools that are available to an organization to
achicve its goals and mission [42]. Resource entities in-
clude: '
o physical facilities
For organizational computing, the physical facilitics
of interest are the hardware and software resources.
Modelling such resources can be useful in determin-
ing if the required resources exist for accomplishing
some organizational goal or for matching appropriate
physical resources with organizational activities.
e agents
The resources within an organization that are capa-
ble of carrying out “independent” actions (i.e., people,
some forms of software) are modelled as agents. (Soft-
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ware agents have also been known by other terms such
as “actors” [1, 13, 51.) Agents can be a combination
of human and software entities. Agents have certain
capabilities associated with them and either hold (hu-
man agents) or are associated with (software agents)
positions in an organization.

Data/knowledge modelling

Datalknowledge modelling describes the data and knowi-
edge that are created by and used within an organiza-
tion. From an organizational computing perspective, the
data/knowledge entities include:

e messages
In organizations, data appear as messages of various
kinds. These messages can be characterized as struc-
tured (records, forms, etc.) or unstructured (letters,
reports, etc.). They may be created and/or used by
various resources available to the organization.

¢ regulations
In organizations, knowledge often appears as regula-
tions of various kinds. These govern the behaviour of
the organization and determine some of the constraints
under which it operates [14]. Regulations can be in the
form of internal policies or external laws that must be
adhered to. Regulations can usually be expressed as
constraints (rules) on data and activities.

Activity modelling
Activity modelling captures the dynamic aspects of organi-
zations in that activities usually effect changes on the other
modelling entities (¢.g., messages, units, etc.). While there
is certainly a great deal of activity that happens in an organi-
zation that is based on individual effort, when we consider
the activities of an organization as whole, we soon realize
that these activities are mainly cooperative or collaborative
in nature. That is, many pcople are involved, usually in a
coordinated manner, in accomplishing a given activity.
One way to model a cooperative activity is to decom-
pose it in terms of the different agents that are involved
in the activity and the work that they contribute to it. For
example, a purchasing activity could involve the actual end-
user of the item to be purchased (who initiates the activity),
a clerk who prepares the purchase order, the user’s man-
agcr who may need to authorize the purchase, a clerk in the
finance office who checks availability of funds, a purchas-
ing agent who places the order with an outside supplier,
etc. Each of these agents play a certain role, have cer-
tain responsibilities, and perform certain well-defined sub-
activities (perhaps more than one) in the overall purchasing
activity. This view of organizational activities leads us to
model them by a distributed environment made up of vari-
ous agents through which messages flow and are processed.
In this view of organizational activities there are two
aspects of an activity that need to be modelled:

o tasks
Tasks define the processing (operations) done by agents
involved in an activity. They can be performed by a
single agent (e.g., filling out a form, sending a lettcr,
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etc.) or by a collection of agents exhibiting depen-
dency relationships such that a “dependent” task can-
not be worked on until the “precedent” task has been
completed. Tasks provide a context through which
the interactions between data/knowledge and resources
are defined. Tasks can be nested to multiple levels
(sub-tasks), and may execute sequentially or concur-
rently [3, 29].
o workflows

Workflows specify the flow among the agents of the

messages being processed. Workflows represent a

complementary aspect of tasks in that they define the

order of task invocation, task synchronization, and
data-flow. In a distributed environment, workflows
also define the paths or routes that messages take as
they move among the various agents of the organiza-

tion [9].

These two aspects of activity modelling, while not inde-
pendent of each other, can be considered independently for
purposes of modelling and specification’.

All four perspectives of organizational computing are
important, and necessary, for supporting organizational ac-
tivities [17, 20, 24, 26, 34, 35, 43, 50]. Nevertheless, by
far the most research effort has been devoted to the last
perspective, at least in the Computer Science community.
Accordingly, in the following two sections we elaborate
further on the two aspects of this perspective.

3 Tasks

As discussed in the previous section, organizational activ-
ities are composed of a number of tasks performed by one
or more agents. Tasks in organizations have often been
characterized as consisting of what has been called Type I
and Type II tasks [41]. Type I tasks (also known as struc-
tured or procedural tasks) are of a routine nature for which
a prescribed step-by-step solution is known. Theoretically,
to support Type T tasks, we only need to encode the step-
by-step solution in a computer program. Participation by
agents in a Type I task, if necessary, is generally limited to
supplying well-defined inputs. Type II tasks (also known as
unstructured or problem-solving tasks), on the other hand,
are novel and non-repetitive, and must be solved with cre-
ativity, initiative and originality[10, 41]. To support Type
IT tasks, precise goals and strategies to be used must be
available. In addition, participation by human agents in
Type 1I tasks is essential because it is not possible to cap-
ture all the required goals and strategies at once or, perhaps
to ever capture all of them due to the open-ended nature of
organizations [6, 13]. .

This distinction between Type I and Type II tasks is,
obviously, an ideal characterization. Most tasks fall on a
spectrum between Type I and Type II tasks, with the Type
II end of the spectrum being open-ended. That is, an orga-
nizational activity may consist of either Type I, Type Il or a
mixture of both Type I and Type 11 tasks. In addition, tasks
may be further decomposed into a number of sub-tasks.

This leads to the view of an organizational activity as being
composed of a hierarchy of related tasks (and sub-tasks).
While the entire activity may be some combination of Type
I and Type II tasks, each atomic (sub-)task is either Type I
(structured) or Type II (unstructured). For example, in the
purchasing activity outlined earlier, the sub-task of check-
ing whether sufficient funds are available is a Type I task.
The sub-task of deciding on which item to purchase (i.e.,
evaluating different possible alternatives) is, on the other
hand, generally a Type II task. Overall, the purchasing
activity is a combination of Type I and Type II tasks.

This Type I, Type II characterization of tasks is useful
because it allows them to be placed on a task spectrum
and thus to determine to what degree and perhaps how the
related organizational activities can be supported by com-
puterization. In general, organizations try to force tasks
towards the Type I end of the task spectrum. In this way,
their outcome is more predictable and it is possible to per-
form the task more efficiently (since Type I tasks eliminate,
to a large extent, unnecessary searches for the appropriate
actions to perform).

It is possible that a Type I task enters a situation where
there is no a priori set of procedures to handle the task. In
this case, the task has to be handled as a Type I task. On the
other hand, people learn from experience and as they know

‘more about some particular Type II task, it may evolve to

be very routine and structured. In this case, the task should
be handled as a Type I task. Thus, in general, support for
organizational activities should allow the associated tasks
to move on the task spectrum between the Type I and Type
II end as required. '

In the rest of this section, we outline some of the ap-
proaches that have been proposed for dealing with the pro-
cessing of tasks. We begin with approaches for handling
Type I tasks and move toward the Type II end of the spec-
trum.

Tasks as form-based processing

In form-based task processing, the messages that are pro-
cesscd by each agent are highly structured and represented
as forms. Forms consist of a set of attributes and attribute
values and can usually be stored and managed by a database
system [11,24, 30,46, 52]. While individual forms can cir-
culate among agents, they are usually collected into folders
(possibly along with other types of messages) for circula-
tion (Figure 1) [8, 20].

The forms themsclves may be passive or active. A
passive form is one that is just deposited with an agent and
waits for the agent to use it in some task. Active forms, on
the other hand, cause some task to be triggered automati-
cally on their arrival at an agent 8, 16].

The tasks that process forms can be specified using
a programming language. However, this makes the task
specification unavailable to most people. One approach
that has been proposed to address this problem is to use
the forms themselves 1o specify tasks [16]. In this way, the
same interface through which an agent enters and retrieves

VIn fact, technologies used to support the one can also be used to support the other.
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Figure 1. Form-based task processing.

information (a form) is used to specify the tasks that pro-
cess the forms. However, this approach may limit the type
of processing that can be specified.

Tasks as rule-based processing

Form-based task processing can be made more flexible
in two ways. First, the messages can carry unstructured
data (i.e., arbitrary text) in addition to the structured at-
tributes of forms. Such messages have been called semi-
structured [26, 32]. The messages can be further arranged
in an inheritance lattice and classified according to their
purpose (i.e., speech act—see Section 4). This allows the
system to suggest a possible course of action to the user for
the type of message received.

Second, the processing can be specified by means of
production rules rather than algorithmic procedures. Such
an approach is lcss structured than form-based processing
since rules can be added to tasks in an incremental fash-
ion. Rules can be grouped into tasks by the messages to
which they are applicable and multiple levels of reason-
ing are also possible using rules. In the Information Lens,
semi-structured messages and rules are used to filter and to
classify received messages and to help users find messages
that are not addressed to them [32].

Tasks as tool-based processing

At the most flexible end of Type I task processing (and
where it starts to encroach on Type II task processing)
is tool-based task processing [3, 21, 36, 37]. Many tasks
in organizations are already tool-based (i.e., supported by
software tools such as email, calendars, editors, etc.). How-
ever, it is the user that has the knowledge of what tools to
use in a given situation. To provide greater support, one
can provide a high-level description of a task consisting
of the sub-tasks, the goals for each sub-task and, possibly,
a tool to implement the sub-task. Such a high-level task
description provides tool independence and links use of
different tools to accomplish a task (Figure 2). Thus, the
tools can change, but the high-level descriptions remain
invariant (like data independence in database management
systems); only the mapping need change. Note that the
tools that are used can perform form-based, rule-based or
any other kind of structured task processing.

“
b

Support system

Tasks

Figure 2. Tool-based task processing.

Such a tool-based approach, in effect, provides to the user
an intelligent assistant who can recognize what task cur-
rently needs to be done and can suggest or invoke tools to
assist in doing the task [21]. This combines the efficiency
of Type I task processing with some of the flexibility of
Type II task processing. However, since there is no general
problem-solving mechanism, this approach is not classi-
fied as Type 1I task processing. Human agents do all the
problem-solving. The systcm merely tracks the progress
of a task invoking tools to assist/accomplish a sub-task
where appropriate and, otherwise, reminding the user that
a sub-task needs to be done before a task can proceed [3].

Tasks as problem-solving processing

In problem-solving task processing, goals and actions are
used as an alternative to the procedural Type I task pro-
cessing approach [1, 2,4, 27, 31, 47]. However, traditional
Al problem-solving (i.e., the state-operator paradigm) is
generally not applicable to most organizational problem-
solving situations as it is often not clear what the ini-
tial or goal states are[1]. The state-operator paradigm is
more suited to a fact-centered deduction system. Object-
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Figure 3. Problem-solving in the organizational context

centered systems seem to be more natural for organizational
problem-solving. In supporting organizational problem-
solving, we usually leave difficult problem-solving tasks to
the user and simple problem-solving and algorithmic tasks
to the computer. Problem solving is thus a cooperative ef-
fort between the user and the computer (i.e., the computer
does not do it all by itself—see Figure 3).

At the heart of the problem-solving approach is a way
for generating and executing plans. Plans are generated
from descriptions of (sub)tasks which specify how a task is
carried out, which things are affected by the task, and the
goal of the task. These descriptions are used by a planner
to generate a sequence of actions that should achieve the
overall goal of the task.

The basic execution cycle of the Polymer planner is
typical of the approach used [4]:

1. The user (through an application) posts a goal.

2. The planner generates-a plan to achieve the goal using
some planning technique (hierarchical planning in the
case of Polymer). The planning result is a specifica-
tion of the sequence of actions required to achieve the
goal. Plans usually depend heavily on constraints pro-
vided by user actions (e.g., form-filling provides values
for attributes). Plans thus, in gencral, will be partial.
(The minimal requirement for the Polymer planner is
to generate a set of expectations for the next step in the
plan.)

3. The execution monitor selects an action for execution.
This action may be executed directly by the system or
may require input from the user. Assumptions behind
planning decisions usually are recorded to allow for
backtracking.

4. The execution monitor compares the actual action
taken (and its result) with the expected action. If
the action is O.K., then the execution monitor goes
to step 2; else, it records the occurrence of an excep-
tion. Exceptions are caused by the open-ended nature
of organizations (e.g., due to an inaccurate or incom-
plete plan description) and generally cause the system
toreplan the execution taking into account the changed

‘eircumstances.
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4 Workflows

In the same way in which we characterized tasks as Type
I and Type II, we can also characterize workflows as Type
I (structured) and Type II (unstructured). A Type I work-
flow is one in which the agents to which the messages will
go are known a priori and can thus be specified. A Type
II workflow is one for which the agents to which a mes-
sage will go are not known beforehand, but are determined
dynamically as the message is processed. In the most open-
ended case, a workflow can be completely impromptu as is
the case where email messages, sent among agents, result
in the accomplishment of perhaps a new activity for the
organization.

Again, as for tasks, workflows fall on a spectrum from
Type I to Type II, with the Type II end of the spectrum
being open-ended. In the following sections, we discuss
different approaches to specifying workflows starting with
Type I and moving to Type IL It should be noted that, in
general, research on workflows is less developed than that
for tasks.

Workflow as message routing _

For many organizational activities, the paths or routes
that messages take through the organization often can be
specificd a priori as they are fixed and usually do not
change [19, 20, 34, 43]. Such routing is usually speci-
ficd for a class of messages so that the same routing applies
to all instances of the class. However, just because the
routing is specified a priori for a class does not mean that
all instances of that class will follow exactly the same path
through the organization. This is because the routing is
not necessarily deterministic. For instance, the routing can
depend on such factors as values in a message, load on an
agent, etc. The routing also could be time dependent. That
is, if a message has been with an agent more than a given
amount of time it could be taken away from that agent and
sent to another agent.

To allow for exceptional or unforeseen circumstances,
there is usually a capability to “step outside” the pre-
specified routing and to send messages to agents either not
part of the original routing or in a diffcrent order than that
specified in the routing. This introduces some degree of
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flexibility into the routing specification. However, undoing
a message routing is a difficult problem and may involve
the use of compensating tasks [19].

Changing and distributing the routing for messages
can pose a challenging problem. If the routing information
travels with the messages, then there is no problem as each
instance carries its own routing specification. However,
" this may be very wasteful of network bandwidth and of
storage. On the other hand, keeping the routing informa-
tion with each agent, while saving bandwidth and possibly
storage, requires a mechanism for distributing the routing
information to all relevant agents and applying it only to
appropriate messages (i.e., those created after the routing
was updated).

Workflow as language/action

While pre-specified message routing is obviously the most
efficient, it leaves much to be desired in terms of flexibility
and the handling of ad hoc situations. In addition, there
arc many messages that flow through an organization that
are not structured or for which the routing is determined
only as the messages are processed by each agent (e.g.,
email messages or other informal communication). A ma-
jor problem faced by organizations is the tracking of the
tasks that are initiated by such messages [7, 35].

The language/action approach to workflow attempts
to address this problem. In this approach, spcech acts
are used to define and control the routing of messages.
Message routing is not determined a priori, but is deter-
mined dynamically as the activity procecds. The activity
does not even have to be defined beforehand, but can also
be determined dynamically as messages are scnt and re-
ceived. However, at any point in the activity, the possible
next messages and/or routings of a message are partially or
completely predetermined by the speech act of the reccived
message.

The basic premise of the language/action approach is
that speaking (communicating) and acting are synonymous.
That is, when we say something, we also conduct a speech
act which either requires the hearer to carry out some ac-
tion or commits the speaker to perform some action. Thus,

speech acts specify the “meaning” of what we say. They
can be aggregated to form a conversation which is a sus-
tained stretch of related speech acts. Conversations exhibit
systematic regularities that can be used to control both the
messages that can be formed and their routing.

The useful speech acts for forming conversations for
workflows are [7, 48]: '

o directives — which get the hearer to do something (e.g.,
request, suggest, beg, invite, warn, advise);

e commissives — which commit the speaker to some
future course of action (e.g., promise, offer, permit,
refuse).

These speech acts are useful for workflows because they
result in the formation of commitments which bind the fu-
ture behaviour of all parties and pledge them to certain
activities/expectations [22].

The basic workflow loop (conversation) of proposing,
agreeing, performing and satisfactorily completing an ac-
tivity is shown in Figure 4 [35]. The conversation here is
between two agents (customer and performer). For exam-
ple, a customer (manager) might send a purchase order to
a performer (purchasing agent). This results in a proposal
(request) being issued by the customer to which there can be
two possible replies on the part of the performer: agreement
to the request (i.e., a promise to carry it out) which leads to
its performance and, possibly, satisfactory completion or
declining of the request (i.c., a refusal to do it). Agreement
to carry out the request can lead to further requests being
madc by the performer (now playing the role of customer)
resulting in the formation of further workflow loops for the
purchase order. These (sub-)conversations can be tracked,
their status queried, etc. [7]. It should be noted that the
language/action approach can also be used to specify the
processing that should be done by each agent[17, 18].

Workflow as intelligent messages

Our view of workflow so far has been that of passive
messages circulating among the agents in an organization.
However, there is no need for messages Lo be passive. They
can be active in the sense that they can encode tasks and
thus can do some processing themselves based on input re-
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ceived from an agent or on the nature of their environment.
They can thus dynamically determine their routing and even
possibly change their processing capabilities (tasks) as they
travel around an organization [15, 45, 49]. This approach
to workflows, while intriguing, has not been extensively
explored to date.

§ Technology Integration

Up to this point we have discussed various technologies
that have been used to support tasks and workflows. Each
of these technologies, while useful in its own right, sup-
ports only part of the range of activities that occur in or-
ganizations. In this section, we describe an architecture
that integrates some of the task and workflow technologics
discussed so far.

- Since our goal is to support the activities that occur
within an organization, it seems reasonable to assume that
the structure of a system that supports organizational ac-
tivities would parallel that of the organization in which it
is embedded [5]. To this end, it has often been observed
that organizations behave much like a society (i.e., they are
composed of many, perhaps specialized, (sub)units which
each operate semi-autonomously, but often cooperatively,

to accomplish some goal) [14, 23]. Therefore, in the in-
tegrating architecture, organizations are viewed as a com-
position of many units. Each one of these units is called
a micro-organization because it behaves much like an or-
ganization except that it only contains a small domain of
organizational knowledge. Similar to a society, organi-
zational activities result from what happens inside micro-
organizations as well as the interactions between them.

Assuming that we are given the structure of an orga-
nization in terms of micro-organizations?, we can embed
an activity support system within the organization by as-
signing an activity processor to perform all or part of the
functions of all or some of the micro-organizations. An ac-
tivity processor, in addition to coordinating the execution
of the entities within itself, can communicate with other
micro-organizations when it is necessary to do so. Figure 5
shows the system architecture of a micro-organization ac-
tivity processor (MOAP). Although the architecture is the
same for all the MOAPs, the knowledge between any two
of them can be different and/or inconsistent.

As shown in Figure 5, there are six different types of
entitiesin a MOAP: data repository, procedural knowledge,
problem-solving knowledge, workspace, activity agent,
and activity controller. Each one of them plays a distinct
role in supporting organizational activities. Details on cach

In terms of our modeling framework, micro-organizations correspond to units and positions.
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unit MOAPs

agent MOAPs

Marketing

Organization

Figure 6. An example knowledge inheritance hierarchy of agent and unit MOAPs

| of these types of entities can be found in [S1, 50]; here we
only describe them briefly.

« The data repository stores persistent information. The
major criteria for data to qualify for storage in the
data repository is that it be reliable, factual data that is
amenable to structured storage and retrieval operations
and that must be kept for some period of time.

¢ The procedural knowledge contains the well-thought-
out, well-organized, well-tested, and well-adapted or-
ganizational knowledge. In the MOAP architecture,
procedural knowledge is described in terms of tasks
which can be broken down into a hierarchy of sub-
tasks. Some of these subtasks can reside within other
MOAPs in the organization (shown using the dotted
arrows in Figure 5).

e The problem-solving knowledge describes strategies
and serves as advice to the activity controller (i.e., it
provides assistance to the activity controller when the
procedural knowledge is insufficient to perform a task).

o The workspace serves as the communication medium
for the active entities (i.c., procedural knowledge, ac-
tivity agents, and the activity controller) in that infor-
mation put into the workspace can be picked up by
other active cntities at a later time. In addition, activity
agents from other MOAPs can access the workspace
(through the activity controller).

o The activity agent is a representative of a MOAP
which specializes in communicating with and collect-
ing information from other MOAP:s (i.e., external com-
munication).

¢ The activity controller controls the execution of tasks
and activity agents, and the use of problem-solving
knowledge within its micro-organization jurisdiction.
It also responds to inquiries from other MOAPs (ei-

ther directly or via activity agents). In general, the
bias of the activity controller is to try to use procedu-
ral knowledge whenever possible since it is generally
more efficient to do so. The activity controller also
provides facilities for interacting with the user.

As mentioned above, one MOAP can be assigned to each
of the micro-organizations in an organization. Because
each MOAP contains some organizational knowledge, the
MOAP architecture explicitly partitions and distributes or-
ganizational knowledge among different MOAPs. Thus,
the MOAP architecture can support private and, possibly,
conflicting knowledge [13] within each MOAP. In addi-
tion, it can share (common) knowledge among the entities
in an organization by means of a knowledge inheritance
hierarchy. This hierarchy categorizes the knowledge con-
tained in MOAPS into agent MOAPs and unit MOAPS [29]
and relates these two types of knowledge in an inheritance
hierarchy according to the structure of the organization
(Figure 6).

Conceptually, an agent MOAP inherits all the procedu-
ral knowledge in the unit MOAPs with which it is associ-
ated. However, the owner of the agent MOAP can modify
this procedural knowledge provided that the constraints set
by the unit MOAPs are satisfied. In gencral, the knowl-
edge between any two MOAPS can be inconsistent. How-
ever, knowledge among a unit MOAP and its associated
unit/agent MOAPs is always consistent. This is because of
the knowledge inheritance hierarchy. Thus, every MOAP
is always internally consistent. However, MOAPs may be
externally inconsistent. That is, if two MOAPs are not on
the same path from the root in the knowledge hicrarchy,
then they may contain (some) inconsistent knowledge.
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Supporting tasks

In the MOARP architecture, if a task is very structured and
well understood (i.e., a Type I task), then it is encoded as
procedural knowledge im which case it can be executed by
the activity controller without the aid of problem-solving
knowledge. For tasks for which no procedural knowl-
edge exists, the activity controller first attempts to use the
problem-solving knowledge available to it. If this is insuf-
ficient, it attempts to use activity agents to either acquire the
needed knowledge or to request another MOAP to perform
the task. If all these fail, then the activity controller con-
sults the human agent to which the MOAP is assigned for
assistance. Note that there is a smooth transition between
Type I tasks and Type II tasks in this approach.

It is possible that a task that is initially a Type II
task becomes quite structured and routine. In this case,
it can migrate from problem-solving knowledge to proce-
dural knowledge [29]. Conversely, if a Type I task encoun-
ters difficulty, then the activity controller can attempt to
use problem-solving knowledge, activity agents, and ulti-
mately a human agent to handle the task.

Supporting workflows

The MOAP architecture supports both pre-specified and
ad hoc workflows. Pre-specified workflows are encoded as
part of the procedural knowledge. For example, a MOAP
can “make a call” to another MOAP, of which it is aware,
to ask it to carry out some task on its behalf (dotted arrow
from procedural knowledge to other MOAPs in Figure 5
and dotted arrows in Figure 6). These types of calls are
equivalent to the workflows discussed in Section 4.

_ For ad hoc workflow, the activity controller can send
out activity agents to interact with other MOAPs. Activity
agents can either be sent to specific MOAPs or they can be
sent to-an arbitrary MOAP and thereafter determine their
own routing through the organization. The interaction can
be guided by speech acts [49].

6 Summary

In this paper we reviewed several approaches and technolo-
gices for supporting organizational activities. These were
discussed within a modelling framework that views the ac-
tivities in an organization as being composcd of tasks that
arcinitiated by agents in an organization and the (work)flow
of messages among the agents. As well, an architecture that
integrates task and workflow technologies was outlined.
While many of the technologics that have been pro-
posed for supporting organizational activities are proving
to be useful, lack of integration among them will prove to
be a major barrier to improved support in the future. Thus,
further research on integrating models and architectures is
needed.
Additional technologies and issues that require further
investigation include: )
« facilities for migrating tasks between Type I and Type
1. Most research has addressed the support of eithcr
Type I or Type I tasks without much regard to the fact
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that a Type I task can require Type II support or that a
Type II task can evolve into a Type I task.

o development of appropriate building blocks for con-
structing activity support systems. To date, research
efforts have used whatever implementation technolo-
gies were at hand. Malone has shown that a few con-
structs may be sufficient for building a wide variety of
activity support systems [33].

e tools which allow the agents to see the context within
which their tasks take place (i.e., to be able to see
what tasks have already taken place and what tasks are
likely to take place subsequently). Such tools would
be a first step towards allowing tasks to be executed
in a “what if” manner to determine their effect before
actually executing them [44].

o facilities (user interfaces) for knowledge acquisition.
Since organizational activities occur in an open-ended
environment, knowledge about tasks and workflows is
likely to be constantly changing. These changes need
to be captured and incorporated into activities as they
occur.

o support for negotiation activities. Organizational ac-
tivities do not always occur in a cooperative environ-
ment. Often there is conflict (e.g., when determining
budgets of organizational units) and a need for negoti-
ation to arrive at a solution acceptable to all [25].

o facilities to help support the redesign of business pro-
cesses. The introduction of new technology should
be used as an opportunity to examine the business pro-
cesses that will be supported to determine whether they
should be redesigned to achieve the full benefits of the
new technology [12).
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Editor’s Notes

As editor, I have increasingly felt the need for a sounding
board to test ideas and to critique the way things are going.
Although email communication with the editorial board
and other members of the SACJ team meets this need to
some extent, it is not quite the same as having someone in
the immediate vicinity with whom one can discuss issues of
the moment. For this reason, the editorial board has agreed
that Prof Lucas Introna at Pretoria University should take
over the task of the Information Systems subeditor of the
journal. Lucas replaces Prof John Shochot who has ably
handled the task for the past few years. I would like to
thank John for his work to date, and to welcome Lucas
onto the SACJ tcam. IS contributions to SACJ should be
forwarded directly to the ncw IS subeditor whose address
appears on the front inside cover.

Apart from the normal editions of SACJ, two further
special editions are planned for the future. The first will
be published early in 1995, and will present material cov-
ered at the WOFACS workshop in July this year. Although
this material is somewhat specialised, it has been found
to be particularly useful to those who teach and research
in formal aspects of Computer Science. Furthermore, it
comes with no extra cost to subscribers. The second spe-
cial edition will deal with the very topical issue of IT and
development. Several experts in the field are being invited
to submit articles, and a call for contributions will be found
in this edition. This initiative is the brainchild of the new
IS subeditor, and will be co-ordinated by him.

Derrick Kourie
Editor

SACIJ is produced with kind support from
Mosaic Software (Pty) Ltd.
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