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Abstract

In this paper we discuss our claim that the or-

ganization of information in databases, knowl-

edge bases, hypertexts and other integrated

structures depends on the processes for which

they are used. These processes can be highly

structured, completely ad hoc or anything in

between. Whether a standard procedure can

e�ectively and e�ciently be followed in the

process, however, depends on the quality of

the information available. The human actors

in the process need a mechanism to relate the

quality of the information and the quality of

the standard procedure to the goals of the

business activity. To express this relationship

between goals and information processing this

paper proposes the use of agent technology.

We argue that agent technology can be used

to bridge the gap between highly structured

situations with high quality data and ad hoc

situations where little information is available

or the information is not of the right quality.

1 Introduction

One might argue that ten years ago the most im-

portant electronically available information sources in
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companies were the (relational) databases. At that

time all information relevant to the processes of the

company would be modeled in these databases. Be-

sides these large databases there also existed some

small knowledge based systems that provided informa-

tion for a small amount of specialized processes that

needed more complex information.

This situation, however, has changed drastically

over the past few years. It is not so much that rela-

tional databases are not the standard for information

storage (they are still the most prominent means for

information storage), but many more forms of stor-

age, dissemination and processing of electronic infor-

mation have become available and are widely used in

practice. Not only are there other individual forms of

information processing, we also see a more integrated

approach to information system development. This

trend towards integrated information systems is illus-

trated by the attention for concepts like hypertext sys-

tems, Intranets, document management systems (e.g.

Saros, Documentum), groupware products (e.g. Notes,

Exchange), and workow management systems (e.g.

Sta�ware, Cosa).

While the software tools may be still using tradi-

tional database technology, the users perceive that the

tools enable them to use new ways of communication.

For the users the data and information is stored and

accessed in a completely di�erent way as before. This

has serious consequences for the way in which infor-

mation systems are developed.

The traditional perspective of data and informa-

tion processing does not cover the essential aspects of

modern integrated information systems. It is not suf-

�cient anymore to look only at a uniform language to

represent information in the traditional database and

knowledge base formats, but one should look at ways

to access many di�erent types of information intelli-
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gently. The key aspects are the integration of infor-

mation from di�erent sources, and the di�erences in

disclosure principles for information accessed through

di�erent tools:

� integrating information from di�erent sources im-

plies mixing information in di�erent technical for-

mats and with di�erent ways of handling by the

users;

� accessing information that needs to be accessed

through di�erent tools requires a close coopera-

tion between the tools and the need for a tool

that allows the users a transparent access.

In this paper we propose to tackle this problem

starting from the organizational point of view instead

of starting from a technological point of view. That is,

the starting point of describing the information should

be the humans that need the information to perform

some activity within an organization.

2 Quality Of Information

The human users of the information systems �gure

as the key actors in the processes of an organization.

When they perform their activities, they process data

and information retrieved from information systems.

Traditionally, the approach has been that the architec-

ture of the information system reects the data pro-

cessing aspects of some static business process: the

designer of an information system has designed the

system with a prescribed usage in mind. Therefore,

the user is actually guided by the information system

itself.

Nowadays much more unstructured information can

be stored through hypertext, document information

systems, etc. These systems are used as general knowl-

edge repositories and are not focused on one process.

This exibility also has its consequences on the actual

information processing. Besides this kind of exibility

information processing is also inuenced by the exi-

bility that businesses want to attach to their business

processes themselves: in this paper we will not elab-

orate on that issue, but assume that the reader is fa-

miliar with this desire to achieve increased exibility.

The consequence of the desire for exibility is that

the use of information is much more controlled by

people, as they are better in dynamically assessing

the value of information for a business activity. In a

large number of organizations knowledge workers need

mechanisms to deduce which type of information can

be used to perform a business activity. More than be-

fore, the knowledge worker must decide on the data to

be used, the sources where the data can be retrieved,

the format in which the data is retrieved, and the gen-

eral quality of the information produced. Because in-

formation is stored in many di�erent ways, an assess-

ment of its quality is necessary to determine its value

for a business activity.

The quality of information is determined by a num-

ber of properties. Some of these properties deal with

the functionality: \how (with which semantics) is

the information used?". Other important quality as-

pects include time (validity, availability), costs, and

resources (human, information). In the end the qual-

ity is related to the e�ectiveness and the e�ciency for

the activity at hand.

Essentially, the users lack knowledge:

� Data-knowledge. Knowledge about the quality

of information available within the organization:

in order to be able to use a truly integrated in-

formation system, users must possess knowledge

(meta-information) about the business informa-

tion; without knowing what the information is

worth, they cannot produce an optimal product

or service.

� Process-knowledge. Knowledge of the activities

and processes in which they use the information:

in the traditional dedicated information systems

the users/system interaction reects the intended

processes; in most of the modern practical cases

the processes have a goal of their own, not re-

ected in the speci�c information systems: in the

abstract integrated information systems it is left

to the knowledge worker to use the speci�c in-

formation systems in order to ful�ll the process

goals.

Traditionally, information system development has

focused on the data aspects and the quality of the

data for a prescribed purpose. The changes in the

way businesses are run imply that this does not su�ce

anymore.

3 Process Information

An approach that in the last years tries to support

knowledge workers in their grip on the processes that

play a role in the integrated information systems, is the

use of process models. Concepts like workowmanage-

ment, document management or product data man-

agement, start from a view on the information that

focuses more on the process, and less on the data.

Considering workow management (see [Geo95] for

an elegant introduction), we see that the information

processing in an organization is perceived as a logisti-

cal process. In this process the data or information is

simply considered as material that must be distributed
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among the right users. Moreover, the humans involved

are seen only as resources. This paradigm is generally

valid if the work processes are highly structured, and

produce end-products in high volumes. More and more

researchers and practitioners �nd that only in a small

number of cases these conditions hold, and that the

average process requires a di�erent approach.

There is another drawback. While the design of an

optimal logistical process contributes heavily to the

performance of the information processing, this ap-

proach alone does not quite acknowledge the problem

of using information from di�erent sources. The in-

formation used in the workow originates in di�erent

databases and knowledge bases, but also comes from

the less formal knowledge of the workers involved.

The knowledge of the workers includes information

on:

� the data and its accessibility

� the data and its role in the business process

� the process as it is being executed (the status of

the process)

� the applicability of a prede�ned process (proce-

dure) to the speci�c case on hand (how do the

data and process match with this speci�c case).

This last item, the applicability of the generic pro-

cesses to a speci�c case, is in our opinion essential in

the development of an adequate business process to-

gether with its supporting information system. As in

most situations things are not as structured as we have

been used to as information systems developers, we

need a di�erent approach. In ad hoc or less structured

situations knowledge workers feel a need to customize

the procedure to the actual needs of the speci�c case

(see for example [Kir94]). We argue that this type of

knowledge and insight is not acknowledged in workow

applications.

4 Customization Of Processes

The most characteristic aspect of the attention for less

structured processes is dealing with deviations from

the prede�ned standard process. In situations where

human o�ce workers remain a vital part of the process,

aspects like exceptions, inconsistencies and uncertain-

ties must be taken into account.

These deviations make that processes are cus-

tomized, which means that they are adapted to sat-

isfy the speci�c needs of the actual situation. In any

process that involves intelligent people making deci-

sions about the way in which work is done, this kind

of customization is vital.

The need for customization becomes even more

prominent, when the process involves people that com-

municate. Intelligent o�ce workers that communicate

with each other in order to produce a common deci-

sion, requires that the processes acknowledge the spe-

cial aspects of communicating people. Modern infor-

mation systems need to pay more attention to facili-

tate this communication: groupware, CSCW, etc. of-

fer ways to implement e�cient and e�ective exchange

of information among workers, but these facilities are

often not embedded elegantly in the integrated infor-

mation processing.

Information sharing and work activity coordination

should acknowledge the "o�ce memory": the implicit

and often informal mechanisms that are used by the

employees to communicate and coordinate. There are

virtually no o�ce processes that can work without it.

As in only a fraction of the cases it is feasible to make

the memory itself explicit, in the general case only the

use of the memory should be taken into account in the

model.

5 Integration Of Process And Data As-

pects

The integration of all relevant aspects can be tackled

bottom up from the databases and knowledge bases.

In the �rst two sections we have argued that there are

a number of di�culties in the bottom up use of in-

formation. Especially, it is rather di�cult to assess

the quality of the information used, with respect to

the activities on hand: \what does this information

contribute to the product or service that I am produc-

ing?".

In the previous section we have argued that the

top down approach suggested by the workow man-

agement paradigm, is not always the route to follow.

It does not acknowledge that the use of information re-

quires knowledge (meta-information) on the e�ective-

ness and e�ciency of using that information.

We feel that a combined approach is necessary

(in line with conclusions from [Abb94] and [She96]).

Speci�cally in cases where the processes are less struc-

tured, may be even ad hoc, and where the quality of

the information is an issue, we argue that an adequate

support of the knowledge worker is necessary. They

should have the knowledge to assess the combination

of procedure and information that is available and re-

late that to the goal of the activities to be performed.

By this we mean that the human actors have the means

to decide how an activity is actually performed, while

using their professional knowledge of the available data

and of the prescribed procedure as a suggestion for an

ideal process.

This approach uses a di�erent attitude towards the
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role that people play in business process and their in-

teraction with information systems. Instead of trying

to model and facilitate all exceptions, inconsistencies

etc. as being part of the explicit model of the infor-

mation system, we feel that these deviations must be

handled di�erently: the model must support these de-

viations by accepting that the explicit model only cap-

tures part of the story. The remainder is left implicit,

and the information system must be instructed to fa-

cilitate people in doing things implicitly within the

bounds of the explicit process. This applies especially

to the use of heterogeneous information sources.

We aim at using agent technology to assist the

users in navigating the di�erent information sources

rather than aiming at building a uniform interface to

all sources.

6 Agent Technology

In the context of this paper we do not elaborate further

on the motivation for studying integrated information

systems. This paper contains the characteristics of

our proposal for an approach to model and develop

information systems.

We suggest an agent-based approach as a basis to

support the work of persons in an organization. It

takes the persons as central entities in the workow

and models the workow through commitments (and

conversations) between the persons involved. Our ap-

proach involves the use of Action Workow [Med92],

where each task can be modeled through the following

cycle

1

:

customer performer

1. proposal 2. agreement

3. performance4. satisfaction

Goal

Figure 1: The model for a task (Action Workow)

In [Hou97] we described how the business processes

can be modeled using this approach. There are two im-

portant aspects in this approach. First we have given

1

Note that in the �gure we speak about performer and cus-

tomer. These names refer to the role that persons play in the

execution of an action. These names do not refer to the role

that an external client plays in a business process: the name

customer has nothing to do with the traditional role of customer

in a business process.

the persons who perform the work a more important

role than only that of resource of the process. Using

the above cycles makes clear in which context certain

tasks are performed. It indicates who is responsible in

case of exceptions to the process and also which per-

son has the initiative at every point in time. This is

important information in case additional information

has to be gathered for the execution of the task.

The second important aspect in this modeling ap-

proach is the explicit indication of the goal of the task.

Although there usually is some type of standard pro-

cedure to reach the goal of the task, most important

is that the goal of the task is reached. This makes it

possible to create alternative plans when the standard

procedure fails to reach the goal.

The third arc in this cycle indicates the step where

the actual work is performed. In principle the per-

former has to perform the following tasks to reach the

goal:

� First he assesses whether the standard procedure

is appropriate for the present task based on: the

goal, a (formal) description of the standard pro-

cedure and the quality of the available informa-

tion. This task acknowledges the fact that in the

average business process procedures are only ap-

plicable up to a certain level. Moreover, it assures

that the goal is considered the essential element,

not the activity itself.

� The second task of the performer is to collect

the necessary information from the heterogeneous

information sources. The information that is

needed depends on the procedure that is followed:

the standard procedure or an ad hoc solution that

is created for the task at hand. This second

task involves a global perspective on the common

knowledge.

� Finally the performer has to execute some actions

that will achieve the goal of the task at hand.

Once this is done he will inform the customer,

who will accept or reject the result.

In order to support the above steps we propose to

use a cooperative information agent as described in

[Ver97]. The idea to use agents to support the workers

in the performance of their tasks is motivated by the

fact that agents are a good platform to describe the

goal oriented performance of tasks. The cooperative

information agents that we propose to use have the

architecture of Figure 2.

The contracts form the basis of the tasks that the

agent places on its agenda. The contracts are formed

through requests and orders from other agents. These

can be seen to take place in the �rst two arcs from
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Communicat ion

Manager

Cont ract

Manager

Task

Manager

Service

Execut ion
Manager

Interpreter

Peer CIA

Peer CIA

Com municat ion

and negot iat ion

Peer CIA

Contracts

Agenda Tasks
knowledge

base
Lexicon

Figure 2: The architecture for cooperative agents

the Action Workow cycle. The contract contains the

goal of the task that is requested. The tasks are as-

sessed by the task manager and the service execution

manager. The latter keeps track which tasks can be

performed by the agent itself and which tasks have to

be requested from other agents. The contract manager

keeps track of the status of the contract, i.e. whether

the goal is already reached or it can still be reached,

whether exceptions occurred and which actions have

to be taken in that case. A more thorough description

of the agents can be found in [Ver97].

We distinguish two types of agents in the context

of work support. For each information resource type

there is an agent that can assist the user to access that

type of information. The agent that supports the task

of the user is called the user-agent, the other agents

are called resource-agents.

user-agent

DB WWW DIS

KQML

KB-agent

KB

user-agent

user-agent

DB-agent WWW-agent DIS-agent

Figure 3: User-agents and resource-agents

The architecture of the two types of agents is iden-

tical, but the user-agent contains knowledge about the

task it supports and the location and types of informa-

tion needed for that task. More speci�cally the agent

should have the following elements in its knowledge

base

2

to support the task of the user:

1. Formal description of the standard procedure: the

starting point,

2. Type and location of necessary information (in-

cluding persons),

3. Formal description of alternative steps to be

taken: the deviations,

4. Goal formation rules to plan the ad hoc proce-

dure, including an assessment of the di�erent pos-

sible procedures or alternatives.

The resource-agents contain knowledge about the

type of resource they maintain. Each agent contains

a meta-data model of the information. Also they can

translate the agent communication messages into the

language for that particular resource. Using an agent

communication language means that each agent only

needs one set of translation rules instead of rules be-

tween every pair of information sources. As agent com-

munication language we will use KQML. The same

approach has been taken in the Infomaster project

[Inf97], although the architecture of the agent is dif-

ferent internally.

Of course the translation rules of the agents are

quite complicated to develop. However, we expect to

build upon the work that has already been done in

the area of interoperable and cooperative information

systems (see e.g. [Pap92], [Bri92] and [Jam94]).

In practice the approach can imply that the agents

help the humans to decide on the procedure to be used.

While in some cases the agents can be developed to au-

tomatically assess the properties of the procedure and

information, in most cases the humans will act as the

users of the knowledge delivered by the agents. This

means that the humans are in control and they com-

bine their own professional expertise with the knowl-

edge from the agents to decide on the procedure to

follow in order to achieve the goal at hand.

7 Conclusion

The modern integrated information systems ask for a

new approach to develop information systems. By ac-

knowledging the role that human o�ce workers intel-

ligently play in communication and coordination, the

2

In this paper we cannot go into more details about the ac-

tual knowledge that is needed. For the purpose of this paper

it su�ces to know that the agents must be able to gather all

information concerning the decision which procedure is to be

executed.
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interplay between activities and goals can e�ectively

be handled. In this paper we have argued that there

is a need for a meta-model that facilitates the design

of integrated information systems by focusing on the

role that humans play within a business. The humans

make that the standard procedures are customized to

be valid for a speci�c case. As the quality of this cus-

tomization appears to be a measure for the success of

a business, we have studied the aspects involved in the

customization. We have found that the human actors

need to have knowledge about a number of aspects, in

order to be able to e�ectively choose the right proce-

dure for a case.

We have sketched here that agent technology can

support the humans in gathering the information that

they need to assess the procedure, the data involved,

the alternatives available and the rules to compose a

new procedure. With the use of agents we can model

the implicit parts of the processes e�ectively, thus pro-

ducing a more robust model of the entire business pro-

cess and its supporting information system.
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