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Abstract

Drawing from the challenges organizations are faced with today, there is a growing understan-

ding that future market success, and long-term survival of enterprises will increasingly be

related to the effectiveness of information technology utilization. This, however, requires to

intertwine much more seriously organizational theory and research in information processing as

it has been done before.

Within this paper, we approached this aim from the perspective of radically decentralized,

computerized enterprises. We further assume that organizations are increasingly process-

oriented, rather than applying to structuring organizations based on task decomposition and

assignment. This scenario reveals that, due to the inherent autonomy of organizational units,

the coordination of decentralized organizational activities (workflows, processes) necessitates

a cooperative style of problem solving. On this basis, the paper introduces into the research

area of cooperative knowledge processing, with a particular focus on multi-agent decision

support systems, and human computer cooperative work. Finally, several important

organizational applications of cooperative knowledge processing are presented that

demonstrate how future enterprises can take great advantage from these new technologies.
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1 Introduction

Global competition, dynamic markets, and rapidly decreasing cycles of technological innova-

tions provide important challenges for organizations today. Worldwide (just in time) availabi-

lity of information, and permanent changes in their cultural, social, and political settings require

enterprises to dramatically improve their flexibility, and their self organization capabilities. Two

main organizational strategies have been developed, by which enterprises do address these

challenges today: radical decentralization of hierarchical structures, and customer orientation

through enterprise-wide business process (re-)engineering.

Both strategies, decentralization and business process orientation, apply to an organizational

model that is increasingly penetrated through modern information technologies. More and

more, organizational activities are going to be implemented by computational entities instead

of involving human employees, and organizational processes perform increasingly on a pure

computational basis. It has further been argued that modern information technologies cause

organizational disintegration. This has given rise to the idea of computerized, information-

integrated enterprises as the model of future organizations.

Decentralization enforces the autonomy of organizational subunits. As a consequence, local

decision procedures as well as the behavior of those organizational subunits turn out to be

under decentralized control. This calls for a bottom up approach to coordination. On the other

hand, business process orientation requires a more centralized approach, or at least a global

view from which a top down approach to business process (re-)engineering can be developed.

As a result, any approach resolving the conflict between these two organizational strategies

requires to sustain the autonomy of the organizational units involved. This, in turn, calls for a

pluralistic, cooperative, knowledge-based approach to coordination and conflict resolution.

Drawing from these requirements  —   computerization, fractalization, process orientation  —

the paper argues that Cooperative Knowledge Processing is a key technology for compute-

rized, process-driven organizations. For this purpose, we first review how the role of informa-

tion technology in organization theory has changed in the past. Then, we study fractalization,

and business process orientation in order to work out the inherent conflict that exists between

these strategies. Next, we present an agent-oriented approach to business process orientation,

together with a basic model of computerized organizations. We then introduce into the

approach, and subfields, of cooperative knowledge processing. On this basis, some applications

of cooperative knowledge processing in business, organization, and management are

presented. Finally, the last section summarizes the results of the paper.
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2 Organizational Paradigms: Evolving Role of Information Technology

Organizational design requires to shape organizational structures so that the resulting body can

pursue the aims and objectives formally introduced, negotiated and decided upon by the

owners of the organization, its members and participants. Thus, the description, analysis, and

explanation of organizations is one of the most important areas in management science. Since

long, a diversity of organizational models has been developed, each with a particular focus, and

with distinct applicability to theoretical and real-world problems. Out of these, we have

selected four models in order to demonstrate how the integration of information technology

into organizational research has changed over the past 50 to 70 years. They are: (1) the black

box model originating from traditional macroeconomis, (2) the production-oriented orga-

nizational model of Gutenberg, (3) the decision-oriented approach to modeling organizations,

and (4) the organizational model originating from the Management of the 1990's Research Pro-

gram which has been conducted by the Massachusetts Institute of Technology (MIT). While

the first two models introduce the historical roots, models (3) and (4) originate from

contemporary organizational research that considers information technology a constitutive

component of modern organizations.

2.1 Early Work

The black box-model emerged from traditional macroeconomics; it considers organizations

single atomic entities. This model is not concerned with why an organization behaves as it

does, nor does it relate internal structures and activities of an enterprise to its success on the

market. Thus, there is no need and even no means to investigate how organizational informa-

tion processing should be operated in order to improve the behavior of an enterprise, or to

contribute to the integration of the organization with its environment.

The production-oriented model has been developed as a part of Gutenberg's production theory

(Gutenberg, 1951). Gutenberg distinguished two subsystems of an enterprise, namely the

physical subsystem (that is, the physical place of production) and the administrative subsystem

that involves decision making, planning, organization, and the management of information. In

that view, enterprises have an organization. Organization is the tool by which the results of

planning can be set in place. The important contribution of Gutenberg was to reveal that the

internal organizational structure affects the outcome of production. However, his model

involves two important shortcomings: production workers are considered as machine-like

components of manufacturing systems, a concept that draws from the theory of scientific

management (Taylor, 1919). Further, the model does not investigate how the management and

processing of information can actively contribute to organizational aims and objectives.
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2.2 Decision-Oriented Organization Theory

The next important step in organization theory turned the focus of interest to decision making.

It had been recognized that any economic activity presupposes decision making which, in turn,

requires extensive information processing capabilities (March and Simon, 1958; Huber and

McDaniel, 1986). By this way, the human factor and models of decision making have been

introduced into the organizational model. As a result, three distinct organizational subsystems

have been identified that together constitute the decision-oriented organizational model. They

are:

1. The subsystem of organizational aims and objectives integrates the aims and objectives of

the persons, groups, and organizational bodies that are related to the organization.

2. The information processing subsystem stores, retrieves, and processes data, information

and knowledge in order to enable decisions that fit with the organizational aims and objec-

tives. The information processing subsystem may, or may not involve information

processing technology.

3. In general, decision making involves more than one person. Thus, the result of decision

making also depends upon the social subsystem of an organization, e.g. the social relation-

ships, the balance of power, the availability of information, etc.

Together, these three subsystems constitute organizations as goal-driven socio-technical

entities that acquire and process information. Enterprises are organizations involving humans

who collaborate in order to produce commodities and services. The effectiveness of organiza-

tional processes depends directly upon the capability of decision making. Information techno-

logy adds to decision making in that it speeds up decision processes, and in that it improves the

quality of decisions by involving more actual, and even more relevant information as before. In

that view, information technology is a tool that facilitates the storage, accessibility, main-

tenance, and manipulation of data. Software systems are assumed to being more or less passive

technical components that are not capable to apply to organizational roles. Thus, the decision-

oriented approach may involve quite similar shortcomings than the production-oriented model,

which considered the organization being a tool to implement decisions, and which involved a

far too restrictive model of production workers.
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2.3 Management of the 1990's Research Program

The Management of the 1990's program was charged with the task of investigating the impact

of the new information technologies on organizations in order to find out how the organi-

zations of the 1990's  —  and beyond  —  will differ from those of today (Thurow, 1991). To

this purpose, the program used a very broad definition of information technology including all

types of hardware, communication networks, and software. It also addressed the impact of

rapidly increasing availability of computing power, and the growing importance of information

technology integration.

From our perspective, four implications from this research are particularly relevant (Morton,

1991, p. 11-21):

1. Information technology is enabling fundamental changes in the way work is done.

 The degree to which a person can be affected by changes in information technology depends

on how much of the work is based on information. Morton writes that information

technology will be able to radically change cost structures  —  production work, coor-

dinative work, and management work  —  of at least 50 per cent of the members of an

organization. Information technology will affect the economics and functionality of the

coordination process in three ways:

a) Distance can be shrunk to zero. Thus, the location of work can be re-examined, as

can potential partners.

b) Time can be shrunk toward zero or, at least, be significantly reduced.

c) The accessibility and, thus, the role of organizational memory will change radically,

as will the definition and maintenance of organizational knowledge.

2. Information technology causes a disintegration of traditional organizational forms.

The Management of the 1990's research program "… has shown that information techno-

logy is a critical enabler of the re-creation (redefinition) of the organization" (Morton, 1991,

p. 17). It affects the distribution of power, function, and control, the definition of orga-

nizational aims and objectives, and organizational culture. In that view, information tech-

nology facilitates adhocracies, organizational networking, the creation of virtual enterprises,

and other new forms of getting work more effectively done as it is possible today. In such

organizational settings, horizontal and vertical structures can be created and modified within
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and across organizational borders, just depending on the current task, the availability of

resources, and the actual situation on world-wide markets.

3. Information technology is enabling the integration of business functions at all levels within 

and between organizations.

Due to the continuing expansion of electronic networks and their integration into global net-

works, the ability to flexibly interconnect tasks and people is increasingly available and

affordable. Recent successes of standardization efforts in information technology enable

companies to easily exchange tasks, and even to exchange capabilities within and across

enterprises. This enables enterprises to electronically integrate their structures and processes

in four different forms: within the value chain, by creating end-to-end links between value

chains of different organizations, through value chain substitution via subcontract or

alliance, and through electronic markets. Thus, the relevance of the membership-criteria will

dramatically be reduced, intra- and interorganizational structures will be intertwined, and

organizational boundaries will become more permeable as they are today. In consequence,

organizational strategies will no longer be defined in isolation within single organizational

units only (Figure 1).

However, one should note that organizations must have the right information technology

infrastructure, e.g. communication networks, application programs, interconnecting soft-

ware, and educated and empowered users before they can fully exploit any of these four

forms of electronic integration.
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Figure 1: Framework of the Management of the 1990's Program (Morton, 1991)

4. Information technology presents new strategic opportunities for organizations that 

reassess their missions and operations.

According to Morton, the shifting competitive climate together with new ways getting work

done and the increased electronic integration requires organizations to step back and rethink

their missions and the way they are going to conduct their operations. Here, two major

stages need to be considered. Within the automate stage information technology

applications are designed to take the cost out of "production" (Morton, 1991, p. 16).

Automation often generates new information as a by-product. This involves the informate

stage (Zuboff, 1988). Its distinguished characteristic is that this new sort of information can

require the persons concerned, to change their skills and management practices if this new

information is to be used successfully in order to improve the performance of an

organization. In other words: the "doer", or machine minder will become an "analyzer" who

understands the overall process rather than just looking at the local task (Morton, 1991, p.

17).

From the Management of the 1990's program we learn that computer technology does not only

provide an infrastructure for communication and data management, but that it enables the

implementation of new organizational strategies, and that it even initiates the development of

completely new organizational solutions. This has already changed the internal structures of

many existing enterprises, and has resulted in major modifications of worldwide market

relationships (Morton, 1991), too.
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2.4 Organizational Integration of Human and Machine-Based Problem Solving

The above discussion reveals that information technology is more and more penetrating our

models, and our understanding of organizations. This requires us to rethink the organizational

approach. In future, we will see an increasing number of organizations that turn out to be pure

computational entities collaborating in virtual environments in order to make monies for their

owners (e.g., Levitt et.al., 1994; de Greef, 1994; Bocionek, 1994). Such computational

organizations have emerged recently in the financial services industry, where a significant

portion of today's business at the capital markets is already operated by self-contained trading

agents.

It thus has been recognized that it is quite unsatisfying to study such artificial enterprises from

a traditional organization theory perspective (Kirn et.al., 1994; Carley & Prietula, 1994). The

only link left to traditional organization theory is that of humans are the owners of such

computational organizations. The methods and tools provided by traditional organization

theory are not suitable to deal with such computational organizations. Therefore, organization

theory needs to be extended in that it can also be involved into describing, analyzing,

explaining, and designing computerized, information integrated enterprises of the future. This

raises the problem of how autonomous, self-contained computational agents (and, accordingly,

computational organizations) can be incorporated into the organizational model.

These issues have been addressed by research in the recently emerged discipline of

computational organization theory (e.g., Masuch, 1990; Carley & Prietula, 1994; special issue

of this journal in December 1993). Further work has been conducted in related disciplines such

as operations research (Matsuda, 1992), computer supported cooperative work (Steiner et.al.,

1990), coordination theory (Malone and Crowston, 1993; Kirn, 1994; Kirn and O'Hare, 1995)

3 New Organizational Strategies: A Brief Review

In the past, a great deal of work has been devoted to develop new strategies by which organi-

zations can meet the challenges of dynamic, and sometimes even unpredictable environments,

rapidly decreasing cycles of innovation, and worldwide competition. Two different strategies

can be identified: re-engineering the processes of an organization, and radical decentralization

(fractalization) of the structure of organizations. However, current approaches of business

process orientation are, at least partially, incompatible with the strategy of radical decentraliza-

tion. Applying to the Management of the 1990's research program we suggest to resolve this

inherent conflict through modern information technologies.
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3.1 Business Process Orientation

According to Davenport a process may be defined as a structured, measured set of activities

designed to produce a well-specified output for a single customer or market. Process orienta-

tion puts strong emphasis on how work is getting done, in contrast to a more product-oriented

focus on what. Thus, business process orientation represents a revolutionary change in per-

spective: it turns the organization on its head, or at least on its side (Davenport, 1993, p. 5).

The structure of business processes can clearly be distinguished from the more hierarchical

forms of structure within an organization. While the latter is typically a snapshot that shows

how responsibilities, resources, communication channels, and information flow are distributed

across an organization, the former provides a dynamic view of how the organization delivers

value. Further, while structures cannot be assessed or improved directly, processes involve

cost, time, output quality and customer satisfaction, they relate to well-known triggering

events and they result in well-defined final states. Thus, whenever one reduces cost or

increases customer satisfaction processes are improved, and not the organizational hierarchy.

The key issues of process orientation can be summarized in five points (Davenport, 1993, pp.

299-303):

1. Processes are the key elements to be addressed in order to transform organizations and to

improve their performance.

2. An explicit − and holistic − approach to process orientation is necessary. This involves the

description and analysis as well as the formal representation and the information

technology-based management of business processes as the key factors for success.

3. Information technology provides a powerful tool for enabling and implementing processes.

4. How an enterprise approaches organization and human resources is critical to the enable-

ment and implementation of smart business processes.

5. Process orientation must occur within a strategic context and must be guided by a vision of

the future process states.

Since the pioneering work of Porter (Porter, 1985), business process orientation has received

an overwhelming attention by both academia and practitioners (Scheer, 1994). Its most impor-

tant contribution is that it provides for a systematic, intelligible approach to the modeling and

(re-)engineering of organizations. Thus, for the rest of the paper we assume that the design of
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future organizations will focus on processes. That is, we will primarily be concerned with the

modeling, management, and control of processes rather than applying to task decomposition,

and to the modeling of static organizational structures.

3.2 Fractalization

The enterprise of the future will be radically decentralized, in order to meet the challenges of

the increasing complexity of their environment, and the dynamics of world-wide competition.

Decentralization involves the allocation of autonomy, resources, and responsibilities to deeper

levels of the organizational hierarchy (Tapscott and Caston, 1993; Warnecke, 1991). This

requires enterprises to replace the traditional approach of hierarchical planning by more decen-

tralized concepts of coordination. In turn, autonomous organizational subunits need to exhibit

a much greater degree of intelligence and self-referencing skills than they do today. This has

given rise to the notion of organizational fractals (Warnecke, 1991). These are equipped with

self-organization skills thus enabling them not only to recursively form complex, highly

organized entities but also to modify these entities, for instance with respect to dynamic

environments or changing customer demands. Organizational fractals are provided with

operational definitions of their local goals, and are capable to cooperatively creating global

hierarchies of aims and objectives. They exhibit intelligent local and global coordination skills,

and a benevolent style of cooperation. Accordingly, fractalization permits large organizations

to exhibit greater flexibility and adaptivity, and it also provides to them a medium through

which they can effectively refresh their learning capabilities (Warnecke, 1991).

3.3 Fractalization versus Business Process Orientation: Conflicting Strategies?

Organizational fractals involve a maximum degree of local autonomy, self-control, and self-

organization skills. Aiming to maximize their local utility (for instance, in terms of profit),

organizational fractals decide on their own whether they are willing to cooperate, or to colla-

borate with other organizational units. There is no direct means, even not for the top manage-

ment of an enterprise, by which fractals can be compelled to behave in a certain manner. The

single acceptable way to control their behavior is through designing a globally consistent

system of aims and objectives (Warnecke, 1991).

However, due to bounded rationality, organizations are not able in most cases to establish

consistent goal hierarchies. Instead, the different goals that exist within an organization are

more or less inconsistent, the knowledge about goals and relationships between them remains
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necessarily incomplete, uncertain, fuzzy, and sometimes even false. Additional goal conflicts

may arise between the goals of an organization and the preferences of its customers, between

different organizations that wish to cooperate, and between the customers of distinct organiza-

tions that wish to pursue their aims in close cooperation.

On the other hand, current approaches to business process orientation presuppose that organi-

zations have the time, knowledge and skills to precisely describe, analyze, and design enter-

prise-wide business processes. They further suppose that, through an iterative (not necessarily

algorithmic) procedure of refinement, these descriptions can be augmented, or instantiated to

more detailed descriptions of (partial) processes and fully expanded specifications of the

respective workflows. This requires a centralized approach to business process engineering, or,

at least, a global perspective (Hammer and Champy, 1991) which, by definition, cannot exist

within fractalized enterprises. Instead, organizational fractals must cooperate whenever they

aim to create (bottom up!) an enterprise-wide business process. A similar conflict exists

between the local autonomy of organizational fractals, and the need to tie them to an existing

business process. These conflicts are directly related to the degree of autonomy of the fractals

involved.

As a consequence, it is very difficult or may be even impossible in general to resolve these con-

flicts by standardized rules and decision criteria. Whenever one aims to introduce business pro-

cess orientation into a system of organizational fractals one needs to apply to decentralized,

cooperation-based concepts of process modeling and control (Kirn et.al., 1994). Any coordina-

tion concept must sustain the individual autonomy of each single fractal, and it must provide

appropriate knowledge processing techniques in order to cope with the epistemological issues

of incompleteness, uncertainty, and fuzziness.

These challenges can be addressed by recent advances in cooperative knowledge processing

technology (Warnecke, 1991; Kirn et.al., 1994). This work aims to integrate decentralized but

autonomously operating data and knowledge sources, and it involves standard techniques from

Artificial Intelligence in order to cope with the epistemological issues mentioned above. These

techniques can help to bridge boundaries within and across organizations, and to flexibly

exchange tasks, know how, and geographically distributed resources between distinct organi-

zational units (Hastings, 1993). By this way, they are quite well suited to re-integrate disinte-

grated organizational structures that have been replaced through "electronic" arm's-length

relationships (Morton, 1991; Hastings, 1993).
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4 Redesigning Business Processes: Towards A Model of Computerized
Organizations

4.1 Requirements

The above discussion demonstrates that to resolve the conflict between decentralization and

process orientation requires us to rethink the conceptual approach of modeling processes. The

basic assumptions on which such work should be built are:

1. No longer do organizations involve human members only. Instead, future organizations will

also comprise artificial, software-based members on their own right. We thus adopt an

agent-oriented approach to modeling organizations, that is, an agent represents either a

human or an artificial, software-based member of an organization.

2. In contrast to traditional organization theory, members of an organization are regarded as

script-providers who are able to autonomously operate more or less complex scripts. This

affects the modeling of processes, which, now, is primarily concerned with customization of

processes, rather than with creating them from scratch (Kirn et.al., 1994).

3. The distinction between members of an organization and entire organizational units is

becoming more permeable: In one case a single agent may provide an appropriate script to

solve a problem, while in another situation the same task may be tackled by a cooperative

process, for instance created and operated by an adhocracy that involves agents from two or

more organizational units.

4. In the past, organizational structures have been created top down, thus representing funda-

mental decisions about the division of labor across an organization. A quite similar approach

has been employed in business process orientation, where global processes are transformed

into subprocesses, workflows, and activities. However, process design in decentralized

organizational settings needs to put much more emphasis on the bottom up perspective.

Drawing from the capabilities of humans, computational agents, and organizational fractals

the task of designing organizations will primarily be concerned with creating workflows and

processes bottom up.

Though, still much more important, the bottom up approach to business process engineering

enables organizations to gain strategic advantages by improving their capability to create new

products based upon already available capabilities, by applying their competencies much more
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efficiently to the market than before, and, thus, by significantly improving their responsiveness

to dynamic market environments.

4.2 Basic Organizational Model

Referring to the requirements described above, our organizational model grounds on inter-

acting organizational processes that perform within an arbitrary organizational structure. This

approach focuses on process modeling and control, rather than dealing with the description

and design of organizational hierarchies. Thus, the organizational structure may be a functional

hierarchy, an adhocracy, a strategic partnership, or anything else. We also note that this

perspective excludes some issues that are important in organization theory in general (e.g.

organizational behavior, interactions between organizations and their environment, etc.), but,

for the moment, it facilitates concentrating on process modeling, management, and control.

The organizational structure builds on four different types of agents: (single) agents  —

(informal) social groups  —  (formal) organizational units  —  enterprise. On this basis, (at

least) four different organizational layers can be identified (Figure 2). Additional layers can

easily be introduced, e.g. if organizational units (recursively) include one or more other organi-

zational units. Within Figure 2 the enterprise can be viewed as an embodiment of a hierarchy

and inter-agent activities.
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Figure 2: Symbolic Representation of a 4-Layered Organization

We now turn our interest to the modeling of organizational processes. Four distinct types of

processes can be identified which refer to the four organizational layers mentioned above:
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1. (Individual) scripts: Sequences of atomic operations performed by one individual agent.

That is, human and computational agents are script providers. We assume that agents

primarily contribute complex scripts instead of performing atomic activities only.

2. Workflows: Networks of individual scripts on the level of groups thus involving the work of

at least two individual agents. From the perspective of the organization groups are "work-

flow providers".

3. Processes: Networks of workflows (thus involving the work of one or more groups) and

scripts (thus involving the work of one or more individual agents) on the level of a single

organizational unit, which are assumed to be organizational  fractals. They are "process

providers". We further assume that any process represents exactly one single product or

service being provided by one single organizational fractal (Figure 3).

4. Business processes: Refer to enterprise-wide networks of processes, which involve at least

two organizational units working in close collaboration. Business processes are

implementing value chains. They are the tool through which customer orientation can be

implemented across whole organizations.
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Figure 3: Cooperating Organizational Units
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4.3 The Strategic, Tactical, and Operative Layer of Process Management

The definitions introduced above reveal that processes must be modelled on different levels of

abstraction. For instance, scripts represent very detailed information about single (atomic) acti-

vities, while, in general, representations of business processes need not to be operational at all.

In order to identify the appropriate levels of abstraction we apply to the discrimination into

strategic, tactical, and operative management. On the strategic layer, we are concerned with

lean management, business process (re-)engineering, and process innovation (Davenport,

1993). That is, the focus of strategic management is on business processes, in order to imple-

ment full customer orientation across the whole enterprise. Important tasks involve the

redesign of value chains, total quality management, process-oriented cost management, and, if

necessary, outsourcing of processes. On the tactical layer, management is concerned with the

modeling, analysis, and reorganization of processes. One of the most important issues here is

to raise the flexibility of organizations. This is particular important in the services industry,

where a direct relationship exists between a supplier's ability to meet the preferences of indivi-

dual customers, and its success on the market. Finally, on the operative layer we are concerned

with the modeling, analysis, implementation, and control of (parameterized) workflows. This

task can be supported by workflow management systems that are well suited to create and

maintain formal representations of workflows, and to trigger and control the operation of well-

organized, distributed activities.

Scripts, and workflows are part of the operative layer of an organization, processes refer to

the tactical layer, and business processes belong to the strategic layer of an enterprise. Thus,

whenever we are concerned with workflow management we refer to the operative layer. In

general, conventional software concepts are well suited to instantiate workflows according to

the requirements of a particular organizational situation. Moving to the tactical layer we learn

that knowledge-based techniques are required in order to create configurations of processes, to

cope with uncertainty and incomplete knowledge, and to resolve goal conflicts that may arise

between different organizational units cooperating together, or between an organization and its

customers. In other words: workflow management provides for automation rather than

supporting organizational flexibility, while process management primarily concentrates on the

flexibility of organizations rather than addressing the automation of processes.
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5 Cooperative Knowledge Processing

5.1 Overview

Modern information technologies cause a disintegration of enterprises, which requires us to

turn the attention to the (re-)integration of previously distributed organizational knowledge.

This task requires a collaborative, interdisciplinary effort of different scientific disciplines, as

there are traditional and computational organization theory, computer supported cooperative

work, human computer interaction, and information processing technology (Simoudis and

Adler, 1992). With respect to such work, Figure 4 depicts some important topics in

cooperative knowledge processing research. These are addressed by several ambitious research

programs, for instance within ESPRIT (Europe), the Intelligent Manufacturing Systems

initiative (Japan), and the DARPA Knowledge Sharing Effort (United States).

We have argued, that, due to the inherent autonomy of organizational units any approach to

coordinate decentralized activities supposes a cooperative style of problem solving. For this

purpose, and with respect to the number of humans and computational agents, six distinct

types of cooperation can be identified. Each cooperation type refers to a distinguished area of

research in cooperative knowledge processing (Table 1).
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Figure 4: The Challenges of Cooperative Knowledge Processing
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multiple computational

agents

Distributed Artificial

Intelligence

Multi-Agent Decision

Support Systems

Human Computer

Cooperative Work

one computational agent Personal Assistants

(Assisting Computers,

User Agents)

Groupware

no computational agent

involved

traditional

Organization Theory

no persons involved one person multiple persons

Table 1: Taxonomy of Cooperation Types in Computerized Organizations

As far as knowledge processing is concerned, traditional organization theory and groupware

address cooperation between humans. Thus, they both are concerned with supporting coopera-

tive knowledge processing, but they do not provide any cooperative knowledge processing

technology. Recent work in computational organization theory is concerned with applying

agent-oriented techniques to implementing, modeling and simulation of organizational

structures and processes (Carley & Prietula, 1994; Masuch 1990). Research in personal

assistants (Hoschka, 1991; Bocionek, 1994) aims to develop hardware platforms and software

agents in order to discharge humans from routine work. This has given rise to develop

concepts of cooperation between one human expert and its intelligent assistant (Stolze, 1991).

Distributed artificial intelligence, on the other hand, is concerned with cooperative knowledge

processing among pure computational entities, thus excluding humans from being involved

(Bond and Gasser, 1988). Multi-agent decision support systems, and human computer

cooperative work (Steiner et.al., 1990; Kirn, 1993) refer to cooperation scenarios where a

group of software agents either collaborate with one, or with several humans. Research in

these areas involves perspectives from distributed artificial intelligence, (intelligent) personal

assistants, organization theory, and social sciences.

Within this paper, we are mainly interested in those subfields of cooperative knowledge pro-

cessing, that involve two or more software agents, and at least one human expert. We further

suppose that cooperation takes place in an organizational context. That is, the members of

such human computer teams are supposed to join the same organizational body, for instance

the same company, organizational network, or virtual enterprise. We thus concentrate on

multi-agent decision support systems and human computer cooperative work, being primarily

interested in the theoretical foundations, and organizational applications of these areas of

cooperative knowledge processing.
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5.2 Multi-Agent Decision Support Systems (MA-DSS)

Up to now, multi-agent decision support systems are assumed being a subfield of distributed

artificial intelligence (Bond and Gasser, 1988). However, this classification is far too restrictive

if one applies to decision making in organizations, because of three reasons:

1. Main Research Interest: The main interest in doing research in multi-agent decision support

systems is on decision support. Thus, research in multi-agent decision support systems

addresses the integration of distributed expertise through information processing techno-

logy, in order to improve human decision making.

2. Research Perspectives: Research in multi-agent decision support systems involves three

distinct research perspectives:

a) The decision support perspective aims to improve (human) decision making through

the integration of distributed expertise while at the same time preserving the local

autonomy of "expertise-providers".

b) The organizational perspective assumes that decision making is performed in orga-

nizations. Thus, any research approach is required to involve organizational struc-

tures and processes, hierarchies of aims and objectives, organizational behavior, etc.

c) The technology perspective supposes information technology support for coopera-

tive knowledge processing. This involves a strong distributed artificial intelligence

perspective, supplemented through advanced human computer interaction

technology.

d) Thus, multi-agent decision support systems have three main roots those of decision

theory, organization theory, and distributed artificial intelligence. Further, the deve-

lopment of multi-agent decision support systems requires to involve deep knowledge

from the respective application domains (for instance, financial consulting).

3. Enabling Technology: The design of attention (and, subsequently, knowledge) focusing

capabilities of an organization is one of the hardest problems in organization theory in

general (Blanning et.al., 1992). From that perspective, distributed artificial intelligence is an

important enabling technology. However, it has been argued that distributed artificial

intelligence remains to be adapted more closely to the requirements of cooperation, and

coordination in (human) organizations (Kirn, 1994).
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Figure 5: Rationales of Multi-Agent Decision Support Systems

It is beyond the scope of this paper to fully develop a research agenda in multi-agent decision

support systems. Although, Figure 5 depicts some of the most important questions that are

currently approached by research in what one may call organizational distributed artificial

intelligence, and information technology-oriented organization theory. In the past, the major

problem was to involve distributed artificial intelligence technology into productive decision

support applications. This, however, may have already started to change. For instance, in 1992

a five years national research program has been launched in Germany that addresses distributed

information system applications in business and management (König et.al., 1995). The mission

of this research program is to provide solutions, that meet the urgent demand of industry for

information processing technology in order to support knowledge processing in loosely

coupled organizations such as adhocracies, virtual organizations, and strategic networks.

Within that program, eight out of 22 projects base their technical approach on distributed

artificial intelligence. However, in contrast to earlier research in distributed artificial

intelligence, these projects are strongly application-driven. Typically, the research teams

involve experts from management science and distributed artificial intelligence, and they are

working in close cooperation with industry.
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5.3 Human Computer Cooperative Work

Evolving from the United Kingdom's mid-eighties Alvey Initiatives Human-Computer Coope-

ration (HCC) project (Smyth and Clarke, 1990), the idea of integrating computational agents

with the human organization has gained great attention in literature (Steiner et.al., 1990; de

Greef et.al., 1991; Kirn et.al., 1994). The goal of the HCC project "… was to develop a single-

user cooperative mechanism where the generation of a satisfactory solution could be enhanced

by a machine having the ability to generate alternative and supplementary information based on

a solution proposed by the user" (Smyth, 1994, p. 7). While this early approach did never aim

to develop software agents, recent work on human computer cooperation is being applied to

scenarios that involve multiple humans cooperating with multiple software agents (Steiner

et.al., 1990). Within this context here, it seems fairly clear that the concept of human computer

cooperation is of great interest to any research on computerized organizations. However, a

brief review of recent work reveals important open problems, and it even identifies major

research areas that remain to be addressed.

Research on human computer cooperative work is carried out in numerous disciplines, such as

computer supported cooperative work, office information systems, intelligent user interfaces,

artificial intelligence, and, in particular, distributed artificial intelligence. There is a great

awareness, regarding the importance of doing interdisciplinary research across these

disciplines. However, only little work so far has addressed how to coordinate distinct research

approaches, and how to integrate results that emerge from different fields of interest.

As part of the ESPRIT II project Imagine, first steps have been undertaken developing towards

a framework of human computer cooperative work. By this work, human computer

cooperative work has been defined "… loosely as cooperative work involving many human

agents and many system agents" (de Greef et.al., 1991). It first reviewed the respective theore-

tical foundations such as organization theory (Mintzberg, 1979), human-computer interaction,

structured analysis (Yourdon, 1989), linguistic approaches (Cohen and Perrault, 1981; Levin

and Moore, 1977), mathematical game theory (Axelrod, 1984), and distributed artificial intelli-

gence (Bond and Gasser, 1988). On that basis, a set of research perspectives has been presen-

ted, as there are a task oriented perspective, a communicative and / or tool perspective, an eco-

logical perspective, a democratic perspective, and failure explanation and prevention. At the

end, the approach identified three orthogonal design dimensions that span a space in which any

system could be represented as a point (Figure 6).

The cooperation dimension refers to concepts of cooperation within software-based multi-

agent systems emerging from distributed artificial intelligence. This also involves the question

how appropriate user interfaces can be developed that fit with the interaction requirements
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imposed by a human computer cooperative work scenario. The supervisor dimension points to

the command and control agent(s) of a human computer cooperative work system. Finally, the

tool dimension can be associated with support for human-human cooperative work, like as in

the domain of computer supported cooperative work.

tool dimension
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Figure 6: Human Computer Cooperative Work Design Dimensions

There has been a great deal of work in different scientific disciplines addressing issues that, in

some way, relate to human computer cooperative work. Besides developing towards new

information processing technologies, the basic motivation in doing such work is mainly to

support humans being employed in more or less computerized enterprises. Among the most

active disciplines there are computer supported cooperative work, distributed artificial intelli-

gence, and human computer interaction. In contrast, there is only little (if any) work in organi-

zational research that addresses how computational (knowledge-based) agents could be incor-

porated, on a human-like level, into organization theory. A closer look reveals that software

agents are subsumed under the information processing system, which is assumed to be a black

box-like passive component of the organization. In the first view, this may be reasonable from

the perspective of organizations in that it keeps the focus of work on relations among humans.

However, this approach is a major drawback of current research, because it impedes

information processing technology to becoming closely connected with organizational

research.
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6 Organizational Applications

Applying to the emergent relevance of information-integrated enterprises we are now going to

discuss some applications of cooperative knowledge processing in computerized organizations.

Most organizational activities require to select, evaluate, and process individual and organiza-

tional knowledge. We thus apply to a decision-oriented approach (Kirn, 1992) in order to

classify knowledge processing activities according to the phases of decision making:

1. Problem Identification: The first phase requires organizations to focus their attention

towards the most important tasks, and problems.

2. Knowledge Discovery: The second phase involves to identify, and select those capabilities

that can effectively support solving the problem at hand.

3. Planning: The third phase develops an appropriate organizational problem solving strategy

(plan), allocates the resources required, and identifies potential coordination tasks. Planning

may be performed by one single member, or by a collaborative effort of several members of

the organization.

4. Plan Execution: This requires the members of organization to process their individual tasks

according to the plan to which they have applied.

5. Evaluation of Results: In the last phase, results are checked in order to terminate problem

solving, or to trigger a new problem solving procedure.

To varying degrees, all these phases involve cooperative knowledge processing. We, thus,

examine in more detail the relevance of cooperative knowledge processing to organizational

attention focusing capabilities, knowledge discovery, and process management. The latter inte-

grates the tasks of planning, and plan (process) execution. Finally, it is discussed how self

organization skills can be introduced into process oriented, computerized organizations.

6.1 Attention Focusing Capabilities

It has been argued that the real scarce organizational resource is the one of attention focusing

capabilities (Blanning et.al., 1992). The relevance of this problem is directly related to the

degree of decentralization, the acceleration of information flow, and the ever increasing dyna-

mics and complexity of the environment of organizations.
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The capability of an organization to focus its attention on the most important problems, and

events depends (1) upon the respective individual capabilities of its members, and (2) upon the

organizational capability to coordinate individual behavior towards global goals. The capability

of individuals to focus their attention involves two distinct issues:

1. Taxonomy of local goals: In an organizational context, individuals pursue informal

(private), and formal (organizational) goals. In general, it is assumed that individuals aim at

maximizing their local utility that is supposed to being positively correlated to the degree to

which they achieve their local goals. An important limitation has been identified that of

bounded rationality (March and Simon, 1958).

2. Information filtering: In order to approach their local goals individuals need to filter, and to

assess incoming information. Due to the increasing availability of electronic media, know-

ledge workers are suffering from information overload. Thus, information filtering

mechanisms are required through which the limited information processing capabilities of

humans can be allocated to the most important tasks and problems.

This has given rise to develop information filtering agents (ACM, 1994). These are capable to

evaluate information with respect to local goals, for instance through search for predefined

keywords, role descriptions, deadlines, contextual information, or with respect to deep models

of an application. Above all, information filtering agents relate to personal assistants.

In an organizational context, humans are cooperating, and collaborating with others of the

same, and of other enterprises. Thus, attention focusing capabilities also involve an enterprise-

wide perspective, which requires information filtering agents to collaborate in order to adapt

their filtering work to their organizational environment. This, in turn, requires them to coordi-

nate local goals towards global aims and objectives, to collaboratively identify important global

problems, and to draw appropriate conclusions for those filtering criteria they are applying on

their local level. In this view, cooperative information filtering agents either relate to multi-

agent decision support systems, or to human computer cooperative work.

6.2 Knowledge Discovery

The second phase of organizational problem solving requires to identify, and select those

pieces of knowledge that can help to solve the problem at hand. In general, a diversity of

knowledge sources will be able to contribute to a particular task. In our context here, know-

ledge sources are assumed to be under decentralized control, aiming to contribute to a maxi-

mum of global organizational productivity (benevolent agents).



- 26 -

This scenario inherently involves knowledge processing, and it necessarily requires a coopera-

tive style of problem solving. Since long, distributed artificial intelligence techniques have been

employed to approach the problem of knowledge discovery in decentralized environments

(Kirn, 1992). More recently, the rapidly increasing availability of information within the

internet has attracted people to develop knowledge discovery agents that browse the internet.

Again, these agents firstly relate to the area of personal assistants. However, due to the com-

plexity of the internet (and similar knowledge sources) future knowledge discovery agents will

perform their work in parallel, and cooperatively. This will transform the concept of

knowledge discovery agents into that of a multi-agent decision support system, where the

different knowledge discovery agents perform their search in close collaboration

6.3 Business Process Orientation

There is already a large body of literature originating from organization theory and manage-

ment science as well as from Distributed AI, which argues that numerous problems in business

and organizations could be quite naturally addressed by a multi-agent system approach. Some

prominent examples are the virtual enterprise (Davidow and Malone, 1992) and the fractaliza-

tion of organizations (Warnecke, 1991), the modeling and simulation of enterprises (Fox,

1981), the efforts towards an integrated coordination theory (Malone, 1987), support of busi-

ness processes and workflows (Malone et al, 1993), and enterprise integration (Petrie Jr.,

1992).

6.3.1 Overview

The organizational model presented above applied to a static, and a dynamic perspective. The

static organizational structure establishes durable relationships between humans, and computa-

tional members of an organization. The dynamic perspective is process-oriented, thus descri-

bing how humans and computational agents cooperate, and collaborate in order to achieve at

common goals. The question is, how this affects the concept of process orientation. With

respect to the type of agents involved, three different process scenarios can be identified:

1. Humans only are involved. This scenario refers to the current discussion in the literature.

Software systems may be involved also, supposed that they do not apply to an organi-

zational role (for instance text processors, electronic spreadsheets).

2. Humans and computational agents are involved. This provides for partially computerized

processes and workflows. It requires us to integrate human and computer-based problem
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solving (human computer cooperative work), to design intelligent user interfaces in order to

enable humans collaborating with computational agents, and to provide coordination

mechanisms being able to cope with interactions between humans and self-contained

software agents.

3. Computational agents only are involved. Thus, processes and workflows are fully compute-

rized. The main concern, thus, is on representation, management, and control of software-

based processes (Kirn et.al., 1994).

Referring to Table 1, the first point is a subfield of traditional organization theory. Due to the

dominant role of human computer interfaces, the second point relates primarily to the field of

personal assistants. Further research topics may relate either to multi-agent decision support

systems, or to human computer cooperative work. Finally, the third point refers to distributed

artificial intelligence. This area is of increasing relevance because of the evolving compu-

terization of organizations. Two questions arise:

1. How can cooperation and collaboration between such computational agents be related to

process-oriented models of organizations?

2. How can distributed artificial intelligence contribute to adapt and create, coordinate, and

control computerized processes that are embedded into an organizational context?

We have argued elsewhere that the first problem can be approached by taking advantage from

the conceptual similarity between processes (and workflows), and multi-agent plans in distribu-

ted artificial intelligence (Kirn et.al., 1994). We are aware that, even on the conceptual level,

there are still some differences between these two concepts. Nevertheless, multi-agent planning

provides powerful techniques by which processes and workflows can be represented,

evaluated, and controlled.

The second point involves three distinct topics: customization of processes, coordination of

interacting processes, and organizational flexibility.

6.3.2 Customization of Processes

The basic idea behind the shift to business processes is that of enterprise-wide customer orien-

tation. Customer orientation firstly requires enterprises to classify their customers with respect

to the preferences they exhibit. Then, they shape new (or redesign existing) products so that

the preferences of a typical customer in such groups can best be addressed. Accordingly, the
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respective processes need to be (re-)designed with respect to the enterprises' aims and objec-

tives.

However, in order to survive on dynamic markets enterprises need being able to customize

their products, and, thus, their processes to new, or changing customer demands. Customi-

zation of a process can be achieved either by adapting a single process to the individual prefe-

rences of a particular customer, or by creating configurations of processes in order to meet

more complex preference portfolios. This, in turn, requires organizations to provide a set of

well-shaped processes representing elementary products (lean processes) together with a set of

powerful operators by which customized process configurations (smart process management)

can be provided. Further, process customization does also include to discover, evaluate and

resolve interactions between distinct processes that perform in parallel. Process customization

is performed on the operative layer of process management.

Figure 8 demonstrates the basic idea behind process customization: From a set of available

scripts, workflows and processes those are selected that can contribute to a task at hand. The

second step involves to create (and optimize) a process configuration that can efficiently

address a complex portfolio of preferences of a particular customer. The third step, then, is to

operate this process configuration. This, in turn, involves coordination in order to detect, and

to resolve inter- and intra-process relationships.
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Figure 8: Customization of Business Processes
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In contrast to traditional approaches (e.g., Gaitanides), process coordination is charged with

adapting scripts, workflows and processes to the preferences of (a group of) customers, rather

than dealing with interdependencies that exist between small subtasks being under the responsi-

bility of distinct organizational units. This requires organizational fractals to exhibit extensive

coordinative capabilities. Thus, going far beyond today's concept of workflow management,

future process management systems must be capable to efficiently support organizational

flexibility through a diversity of methods of process customization. It has been argued recently,

that this can efficiently be supported by methods of multi-agent planning. For more details, the

reader is referred to recently published work (Kirn et.al., 1994; v. Martial, 1992).

6.3.3 Coordination of Interacting Organizational Processes

Typically, within organizations a large number of processes are performing in parallel. Due to

interacting goals, conflicting resource allocations, and the like, these processes cannot be ope-

rated in isolation. Processes may further interact with their environments. Interactions between

processes, or between a process and its environment, can be classified through three distinct

dimensions:

First, process interactions may be classified with respect to the consequences that arise (v.

Martial, 1992):

1. Positive relationship: There exists a positive relationship between two processes A and B, if

and only if either the result of A, or the outcome of B, or the outcome of both processes is

being improved through the interaction of process A with process B.

2. Neutral relationship: There exists a neutral relationship between two processes A and B, if

and only if neither the result of A, nor the outcome of B, nor the outcome of both processes

in combination will be affected by the interaction of process A with process B.

3. Negative relationship: There exists a negative relationship between two processes A and B,

if and only if either the result of A, or the outcome of B, or the outcome of both processes

gets worse through the interaction of process A with process B.

Second, four distinct process interaction types can be identified:

1. Goal conflicts: Goal conflicts arise from local autonomy. Resolving goal conflicts requires

the agents (or organizational units) involved to apply sophisticated conflict resolution

mechanisms, for instance negotiation-based approaches (Kuwabara and Lesser, 1990), plan

coordination (v. Martial, 1992), or persuasion (Sycara, 1985).
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2. Shared objects: An object O is shared by two or more processes, if O is concurrently

accessed (read, write, delete) through these processes. Shared objects are assumed to be

non-consumable. However, they are bottle-necks within a system, in that they require to

sequentialize partial processes, workflows, and activities that are under decentralized

control.

3. Shared resources: Shared resources are consumable. Thus, whenever a shared resource is

accessed by a process, this process consumes a portion of that resource. As there is no

unlimited availability of resources, the order in which processes have access to shared

resources affects directly the efficiency of the whole system.

4. Environment: Each process is operated within a particular process environment. From the

perspective of a single process, some parts of this environment are static while others are

dynamic. It has been argued, that processes may also change their environments, which, in

turn, may affect their own behavior in subsequent periods.

Third, interactions can also being classified with respect to the time dimension involved:

1. Static process interactions, that are detected, and resolved before execution time.

2. Dynamic process interactions, that are detected before, and resolved at execution time.

3. Dynamic process interactions, that are detected, and resolved at execution time.

Evolving from recent work in distributed artificial intelligence, several coordination mechanis-

ms have been suggested which all apply to widespread decentralization of the whole system,

and which sustain the local autonomy of each agent involved. Examples are partial global plan-

ning (Decker and Lesser, 1992), plan coordination (v. Martial, 1992; Sycara, 1989), or

persuasion (Sycara, 1985). Each of these coordination mechanisms has the potential to resolve

the one, or the other of the interaction types described above.

6.4 Self Organization Skills

According to recent discussions in the literature (Warnecke, 1991), the ability to reorganize

structure, and behavior is one of the most important skills of future organizations.

The organizational model presented above was built upon the concepts of computerization, ra-

dical decentralization, and process orientation. We have already mentioned that self-contained
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organizational units are process providers. While process customization referred to the ability

of fractals to adapt their processes to changing customer demands, the ability of an enterprise

to reorganize its structures, and (business) processes refers to its ability to integrate processes

of different organizational units in order to (re-)design its enterprise-wide organizational capa-

bilities. Figure 9 demonstrates the basic idea that stands behind the idea of process integration.

Applying to computational agents, distributed artificial intelligence has already addressed a

great deal of work towards developing self organization skills of multi-agent systems (Corkill,

1982; Ishida, 1992; Sugawara and Lesser, 1993). This work was mainly concerned with self

organization on the level of single atomic activities and (re-)design of organizational structures.

Within our context, self organization primarily addresses processes, thus referring to the

tactical level of process management. It has been demonstrated recently, that self organization

of systems of computational agents can also be designed on the basis of processes (Kirn et.al.,

1994).
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Figure 9: Integration of Business Processes

7 Summary

There is a growing understanding that today's organizations are seriously challenged by just-in-

time availability of information, worldwide competition on dynamic markets and the ever

increasing complexity of political, social and ecological settings. In order to cope with these

challenges a variety of organizational strategies has been developed. Out of them, radical

decentralization and business process orientation are the most prominent ones. The implemen-
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tation of these strategies is accompanied by fundamental advances in information technology,

and, in particular, in information processing technology. The Management of the 1990's

program has revealed that these advances will have major impacts on the definition, structure,

function, and capabilities of future organizations.

Drawing from these understandings, the paper assumes that future organizations will be signifi-

cantly computerized, and widespread decentralized. On this basis, we first reviewed how the

integration of information processing into organization theory has evolved. This has revealed,

that we still lack a comprehensive integration of research in information processing and

organization theory. This impedes modern information processing technologies from efficiently

contributing to meet the challenges today's organizations are faced with.

Next, business process orientation has been addressed, which is perhaps the most important

organizational strategy today. An agent-oriented approach to business process orientation has

been presented, which firstly regarded each organizational entity (human or computational

agents, organizational units) as a provider of sequences of activities (scripts, workflows,

processes) rather than applying to an approach of task decomposition and allocation. In this

context we demonstrated that coordinating sequences of activities that are under decentralized,

(more or less) autonomous control necessitates cooperative styles of problem solving.

According to the number of agents, cooperative knowledge processing can be classified into

six distinct areas. Due to recent progress in network technologies, we have argued that multi-

agent decision support systems and human computer cooperative work are of particular

interest in organizational settings. Both fields utilize techniques developed within distributed

artificial intelligence, by which software agents are enabled to collaboratively work on common

problems in order to achieve at global aims.

Finally, several organizational applications of cooperative knowledge processing technology

have been discussed. These addressed important issues such as attention focusing capabilities

of organizations, knowledge discovery, customization of processes, coordination of interacting

processes, and self organization skills of process-oriented, computerized enterprises.

The discussion of this paper has demonstrated that cooperative knowledge processing techno-

logies exhibit quite a high potential for future organizations, for instance in that they enhance

intellectual organizational skills, improve the responsiveness of enterprises to their environ-

ments, and efficiently coordinate decentralized activities towards global organizational aims.
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