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Summary
The research program Societies of Computation (SoC) at the IDE depart-
ment of HK/R has been in operation since more than one year [ 11, [2].
The SoC framework takes a Multi Agent System (MAS) approach when
addressing issues in open distributed computing. The results so far are
very promising and will shortly be outlined below.

Assessment of those results combined by results and ideas from the in-
ternational research society as well as needs from enterprises are back-
ground material for our next phase. The goals and expected results from
this phase is briefly discussed in following sections.

The research group, performing activities in the SoC framework, has
been formed during the first phase of the project, and has at present the
following active members:

Rune Gustavsson, professor and principal investigator,
Hans Akkermans, professor at Twente University and guest researcher,
Eric Astor, Ph.D., University of Lund,
Olle Lindeberg, Ph.L., HK/R,
Staffan Hagg, Ph.L., HK/R,
Fredrik Ygge, MSc.,  HK/R and Sydkraft,
Barcin Kozbe, M.Sc.,  Ericsson Infocom
Christer Lundberg, M.Sc,  University College of Kalmar,
Bengt Carlsson, M.Sc.,  University of Lund

Occasionally also other researchers at IDE are involved in shorter R&D
activities conducted under the SoC umbrella. Applications developed in
SoC have also been sources for several projects performed by undergra-
duate students, during the fiscal year of 1994-95 about 12 person years,
from several undergraduate programs. Those activities of the SoC pro-
gram have mainly been performed within the center SIKT. SIKT, Society
Information and Knowledge Technologies, is a recently formed center at
HK/R.

The key industrial partner up to this point has been Sydkraft AB. The
project Intelligent Distribution Automation (IDA) at Sydkraft has been a
valuable partner for developing applications and assessing results. Ronne-
by Energi AB (REAB) and Affarsverken  i Karlskrona AB are also ac-
tively supporting our R&D.

The project Communication and Distributed Computing for Efficient
Management of Energy Systems, supported by governmental agencies,
has been instrumental for introducing and assessing MAS technologies in
the Swedish research society as well as to Swedish industry.
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Multi Agent Systems as Information Systems for
Flexible Business Applications
Information systems supporting tomorrow’s flexible business operations
have to be flexible and still reliable and robust in order to meet ever
changing information needs of the future enterprise. Multi Agent System
(MAS) approaches to open system design have in this respect several ad-
vantages.

Multi Agent Systems (MAS) as an instrument to address challenges in open
distributed systems, adaptive human-system interaction and intelligent in-
formation retrievers have attracted a lot of interest during recent years,
c.f. [9] and [lo].

In a very concrete way, the technology is on the brink of delivering useful
real world applications, especially in the areas of intelligent assistants for
HMI and information retrieval and filtering. A first wave of agent-oriented
products, aiming at enhancing access to and interaction with software, is
going to be marked by companies such as Apple, Microsoft, IBM and HP.

The more innovative use of MAS technology as an enabling technology for
design of open distributed systems is still, however, in its infancy. It is our
belief that MAS in this area is a key technology to meet the expectations
inspired by the rapid developments and use of Communication & Compu-
ting, as witnessed by e.g. the rapid expansion of Internet based services.

However, in order for MAS to achieve industry maturity as a design para-
digm, we have to advance research and development addressing important
questions such as methodologies and tools for Agent Oriented Software
Engineering, [3]. Furthermore, we have to identify and tackle a set of basic
research issues concerning a proper design of interaction between agents in
order to achieve a desired emergent behavior of the agent society, c.f. [ 1 l]
and [ 121.  This in turn implies that the MAS community has to take part in,
and evaluate, real world problems, where MAS views on system design
seems to have a potential to emerge as very powerful methodology, sup-
ported by appropiate technologies and tools.

A witness of ever increasing applications utilizing MAS technologies are
the different families of information brokers appearing on the Internet
arena. Another emerging family of agent technology products is digital
personal assistants. Among the first products of the latter kind are the
Magic Link personal Communicator from Sony and the Persona Link ser-
vices provided by AT&T, utilizing a product line, around Telescript,
from General Magic.
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System integration
There are several views on how to integrate heterogeneous information
systems. In principle we have the following architecture based paradigms.

1. Case-based integration
2. Database integration
3. Client-server architectures
4. Communication based architectures

In the following we highlight the basic principles behind those viewpoints
and their pro and cons.

Case-based integration
This is the ad-hoc solution to the problem of integrating existing infor-
mation system in order to allow access of data belonging to one system to
services in another system.

This type of solutions typically arises when we have systems developed in
different languages and/or on different platforms. Since we do not have a
common principle and technology for integration we have to make case-
based ad-hoc solutions for any particular case.

We only mention this type of integration because it is very common and
often lead to systems that evolve to become unwieldy and difficult to
maintain and use.

Database oriented architectures
In a data based architecture we have in principle the integration via a data
base server. The server stores and retrieves data that can be used by seve-
ral applications in one or several systems.

The database integration architecture has been widely uses since very effi-
cient relation based servers have been developed during the last decade.
Of course, those data bases also meet other local needs of an information
system such as easy mechanisms for storage and access, handling of tran-
sactions, backup, recovery and re-organization.

Common database handling supports systematic sharing of data between
different information systems. This covers the static aspect of integration
between systems. The aspect of dynamic integration, i.e. the correspon-
dence between activation of a functionality in one system and a func-
tionality in another system is not treated in a uniform way, if at all, in a
traditional data base integration.
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Client-server architectures
In a client-server architecture we have a separation between two types of
systems; clients which can perform a function, but need service support
from a server. This informal definition can be interpreted in several
ways, but the most common is that clients provide a user with functio-
nality to define necessary transactions, while a server provides the means
of execution of the transactions.

State-of-the-art client-server technologies meets, by and large, present
day organizations requirements on information systems.

A client-server solution, however tends to emerge into a two-level hier-
archy, where a set of clients cooperate with one specific server. This fact,
together with the difficulty of establishing integration between servers,
easily builds in an inflexibility of the information systems that can pro-
hibit future demands of a more flexible organization on its information
support.

Communication-based architectures
In a communication oriented architecture we have software components
that can communicate with each other in a symmetric way. Those compo-
nents are often referred to as (software) agents. Systems designed in this
way are corn-monly referred to as Multi Agent Systems (MAS). An ad-
vantage of a MAS architecture is that we can avoid the disadvantage of
the division of components in clients and servers in a client-server archi-
tecture. That is, during the design phase, we do not need to commit our-
selves to fixed communication channels between software components.

The most important design criteria when designing information systems is
to allow for future extensions and changes. Design decisions that prohibit
or make it difficult to change the supporting information system could
easily endanger necessary adaptations of business processes and hence the
future of whole companies. On the contrary, flexible information systems
might be the competitive advantage of the companies of the future. This is
one reason why MAS has catched on a considerable interest, both in aca-
demia and in companies in different business areas, during the last few
years.

Multi Agent Systems
As mentioned above, a communication oriented (MAS) approach of in-
formation system design has several advantages. As a matter of fact a
MAS approach is most naturally viewed as a high level, and hence imple-
mentation independent, design view of the whole system. The following
equation captures this design view
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Application = Agents + Communication (1)

As mentioned above, and emphasized in equation (1) above, a communi-
cation oriented approach entails that the application at hand is realized as
semi-autonomous components that co-operate. Each component has a
defined functionality. Applications, such as e.g. user support, is realized
by local computations and communication of questions and answers in
order to solve common goals.

In order to realize those general ideas, several design approaches of MAS
have been advocated and evaluated in real applications. In principle an
software agent is an embedded software component realizing a well-
defined functionality of the application. The functionality of agents are
identified during the business application analysis. The communication
between agents are hence expressed in application oriented terms, and not
in terms of communication protocols or other implementation oriented
technologies.

Implementations of MAS have been done on existing communication and
computing architectures such as LonWorks, TCP/IP and CORBA.

The following list summarizes some of the advantages of a MAS approach
to open distributed systems

l Flexibility in terms of where the system functionality is executed, in
terms of on which processor in a network the agent is executed. C.f.
mobile agents such as Telescript agents.

l Knowledge sharing between application specific agents, in terms of
that they can communicate with common service-agents.

l No technical limitations on possible combinations of functionality
due to the fact that all agents can communicate with each other
utilizing a agreed-upon communication language. Cf. the pro-
grammable Model of Interaction (MOI) of the SoC DAAL language,
WI.

l The design of the MAS is implementation independent. That means
that the cooperation is defined on the semantic (ontology) level,
meaning that the agents can be replaced or re-programmed without
any change of the system behavior.

l The MAS is an open system as long as the agents respects the
semantics (ontology) of the communication language.
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l Software of type COTS (Commercial Off The Shelf) can be
embedded as agents and hence shamelessly integrated in the MAS.

The last point is important, since it allows ordinary commercial databases
(DBMS), as agents in an MAS architecture. In that sense we have all the
advantages which follows the usage of commercial DBMS.

The SoC Framework
As mentioned above, the SoC framework addresses open distributed sys-
tems from a Multi Agent System point of view. The R&D in SoC is con-
ducted in three interrelated strands, [2]:

l Theoretical foundations
l Applications
l Methodologies and tools

During the first phase, 1993-1995, most activities has been application
driven. Below, we shortly summarize the results obtained so far in the
SoC framework.

Summary of Achievements
Applications
In co-operation with the IDA project at Sydkraft we have addressed issues
in Distribution Automation and Home Electronics, [4] and [5].

Applications in Home Electronics have been developed on top of Echelon
LonWorks. Most of those applications have been integrated as projects of
the undergraduate programs at HK/R.

Methodologies and tools
An experimental testbed for agent oriented programming has also been
developed, [4] and [7]. An outline of a methodology for design of Multi
Agent Systems is given in [3].

Theoretical foundations
The most important theoretical contribution has been a programmable
model of interaction between agents, [6] and [7]. Our model realizes the
concept of semantic addressing, where equal capabilities are addressed by
the contents of the messages.

Academic degrees
Staffan Hagg and Fredrik Ygge defended their Ph.L. thesis [7] in May
1995. Opponent was Dr. Michael Huhns from MCC Austin, USA.
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National and International research co-operation
At present MAS research in Sweden is mainly concentrated to SoC at
HK/R. Theoretical research in the area can be found at DSV, Stockholm
University. Swedish Institute of Computer Science (SICS) is building up
competence in the area and are interested in co-operation with the SoC
program.

Several members of the SoC research group are invited to special interna-
tional workshops in the area. Active co-operation exists with researchers
at the universities of Twente and Amsterdam. This has been manifested in
the joint EU proposal, [8]: HOMEBOTS: Knowledge Sharing and Nego-
tiation among Agents Providing Demand-Saving Home Services.

Research Agenda for 199598
Agent based computing is becoming a focal point for several research
programs and enterprise involvement world-wide. A snapshot of citations
from the press expresses both the hype and the excitement regarding
agent technologies. Examples:

” the next significant breakthrough in software development”
(The Guardian, 1992)

” the new revolution in software”
(Ovum Report 1994)

” future computing will be 100% driven by delegating to, rather than
manipulating computers”

(Negroponte, director MIT
Media Lab)

The SoC program focuses on gradual development of agent technologies
based on assessments of real world applications. Below follows a short
description of planned activities in the three strands of SoC.

Overall goals
By the end of 1998 R&D within the frameworks of SoC and application
areas of PowerNet and PowerTalk (see Appendix), have produced the
following results.

l At least 2 Ph.D. and 3 Ph.L.
l Several Master Thesis
. Fielded Applications within DA/DSM/HA
l Extensive international co-operation
l Spin-off companies

In the following sections, some ongoing and planned actions aiming at
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fulfillment of those goals are indicated. For full details we refer to
specific work plans. The SoC Research Agenda is annually updated, in
order to reflect the current status of progress and selection of topics.

Applications
Most of the applications are part of a general framework PowerNet, see
Appendix, of collaboration between utility companies, such as EnerSearch
AB and academia. EnerSearch AI3 is a company jointly owned by Syd-
kraft AI3 and IBM Utilities.

Homebots
A first tread of applications is based on the HOMEBOTS report [8]. In
short, the above mentioned consortium will, in co-operation with Ener-
Search , develop intelligent home applications. These applications are
based on implementing agent societies on top of Echelon agents and the
LonWork  communication network. The following activities and mile-
stones are identified.

1. A software simulation. Demonstrated and implemented by mid
1996.

2. A implemented testbench. Implemented and tested by end of 1996.
3. Deployed and fielded systems by end of 1997.

Main investigator: Fredrik Ygge.

This application will have great impact on the activities of the other two
strands of the SoC program. At least one Ph.D. and a couple of Ph.L.s
are expected to result from these activities.

Real world agents embedded in Virtual Reality
Another tread of application is integrating the Real World into a Virtual
World. Applications range from training and maintenance to advanced
decision support systems. This research area is currently under planning
by Sydkraft AB, Preussen Electra, VTT Finland, MCC Austin and SICS.
Only the first activity is at present identified.

1. Integrating agent information based on Echelon agent networks into
the Distributed Interactive Virtual Environment (DIVE) developed

by SICS. Design, implementation and test by September 1995.

Main investigator (first phase): Rune Gustavsson.

Robust Automation
Robust Automation and manufacturing is an application area, where MAS
technologies combined with advances in multi sensoring and adaptive
control seems to be a very promising design approach. The University
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College of Kalmar plans to set up an research program based on among
these concepts.

Main investigator: Christer Lundberg.

Theoretical foundations
An often cited advantage of an agent oriented approach to the design of
open distributed systems is the naturalness of the high level design para-
digm captured by equation (1) above (and below)

Application = Agents + Communication (1)

Equation (1) expresses the fact that in an agent oriented approach to sys-
tem design both programs (agents) and the communication are first class
citizens of the design. This is in contrast to present day software metho-
dologies which have their main emphasis on the programs (objects) and
treat communication as add-ons.

In the first the first phase of the SoC project we focused on the commu-
nication part of the equation (1). The testbed which have been developed
is going to be used for different experiments of agent coordination.

Agent Coordination
In order to coordinate a set of largely autonomous agents, we usually seek
mechanisms that:

l Produce globally desirable results.
l Avoid central coordination.
l Impose minimal communication requirements.

In addition, as engineers of such systems, we also prefer mechanisms that:

l Are ameable to theoretical and empirical analysis.

In human societies, advocates of market economies argue that price sys-
tems fulfil1 the above mentioned criteria. Especially the last criterion is a
compelling motivation for exploring economic coordination mechanisms
in a computational setting. The phenomena surrounding social decision
making have been studied in other social science disciplines as well, but
economics is distinguished by its focus on:

l Resource allocation
l Rationality abstraction suitable for a knowledge level analysis
l Decentralization.
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Computable market models, microeconomics, as models for coordination
in MAS, and general distributed systems have successfully been investi-
gated lately. Testing market models and development of corresponding
ontologies is an integral part of the Homebots project.

Principal investigator: Fredrik Ygge

Our trust in a power distribution system consisting of individual agents
with conflicting goals and without central control, depends to a large ex-
tent on how well we can model and implement a desirable societal beha-
vior.

In the Biological sciences, evolutionary models are used to model beha-
vior of biological systems. Evolutionary models highlight that agents will
cooperate when it is in their own interest to do so. One such model is an
ESS, evolutionary stable strategy, which under the influence of natural
selection, will force the society of agents to get a higher degree of stabi-
lization and robustness, but not necessarily of higher optimization.

One strand of our research will focus on adopting biological or evolutio-
nary models on societies of agents in order to get more robust systems
with desirable emergent behaviors.

Principal investigator: Bengt Carlsson

Adaptive Multi Agent Systems
An essential property of a Multi-Agent System the ability to adapt to
changes. Examples of changes that a MAS might be able to cope with are
reconfigurations  of tasks, faults, modified agent competence, and changes
in services that agents provide. In all these situations it is of vital impor-
tance to maintain the system’s overall functionality or, if this is not pos-
sible, to change the functionality in a controlled manner.

Adaptations of MAS is an area which has so far been investigated to a less
extent, but never the less considered to be of great importance. A special
workshop is for instance going to be held at the 14th International Joint
Conference on Artificial Intelligence (IJCAI) in Montreal, August 1995.
Staffan Hagg is invited to participate at that workshop.

Two major sources of influence are considered in our approach: First,
the well-established concepts of learning and planning are extended
through cooperation mechanisms to multi-agent learning and planning.
Hereby, agents must be able to model other agents. As communication is
introduced (with a non-zero delay and the possibility of faults) the MAS
must also deal with the problem of inconsistency between parts of the to-
tal system, requiring other methods than used in single-agent systems.
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Second, communicating systems, studied in the areas of computer net-
working and distributed systems, often show an adaptive behavior in
response to certain changes in the environment. These threads are both
followed and extended in our approach towards adaptive agents.

Principal investigator: Staffan Hagg

The activities in the theoretical strand are, as said before, integral parts of
activities in other strands. The expected results from this strand, during
phase II, are one Ph.D. and two Ph.L.s.

Methodologies and tools
The MAS approach of system design will have industrial impact only if it
is supported by a well-founded methodology and appropriate tools. In [3]

@- )‘-&-y Design

Libraries
of
reusable
compo-
nents
(Design
patterns)

Figure 1. Main components in a design work flow for MAS

we outline a short agenda for achieving those goals. The main ingredients
is given in Figure 1, above.

We will adapt ideas from state-of-the art methodologies, such as Com-
monKads  and Taligents Frameworks, towards a methodology for MAS.

1. Modeling societies developed in the HOMEBOTS application areas
in order to develop ontologies and test CommonKads methods.
Assessments by end of 1996.

2. Adaptation of CommonKads towards a methodology for MAS.
Guidelines by end of 1997.

Principal investigator: Rune Gustavsson
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PowerTalk
Development and testing of high level communication languages which
can be efficiently implemented are of high priority of SoC. Assessments
of state-of-the art technologies in object orientation are one approach of
PowerTalk.
Object Oriented Programming (OOP) is a sophisticated, widely used, me-
thodology for software engineering. However, for implementing agents,
as described in this paper, some properties not traditionally supported by
OOP are required. The most important is methods for modelling of com-
munication as a first class citizen of the problem solving architecture, cf.
equation (1) above.

In standard OOP, communication patterns are mixed with the method co-
de with no or little support for reuse as a consequence. Thus we argue for
abstractions of communication, like our DA-SoC model of interaction or
the Contract Net protocol. This in accordance with the high level state
abstractions for agents such as, beliefs, goals, desires and intentions sup-
porting MAS design. Powerful mechanisms, such as layered objects, de-
veloped at HK/R by Jan Bosch, are extended to support efficient imple-
mentations of different versions of PowerTalk.

Those extensions to traditional OOP and support for use and reuse of
these in programming tools are referred to Agent Oriented Programming
(AOP), cf. [3].

Principal investigator: Fredrik Ygge
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Appendix

PowerNet for Business Processes
The goal of the PowerNet  project is to develop the enabling technologies for a single,
integrated and “universal” service net of future utilities and their customers. The
PowerNet aims at supporting the information flow and knowledge processing of future
business processes of utilities, i.e. within the areas of DA/DSM/HA.

The goal is to provide high level concepts and protocols that allow users to access and
create information through interfaces that hide unimportant details, and provide ways to
navigate and manage the “information space” in a consistent and unified way.

The Information Bus and Services
The crucial sub goal of the PowerNet project is to define and implement an Znfomtion
Bus that ties together (intelligent) sensors/actuators with information sources, services,

users of inTormation. -and

Customer support

‘Ib

I Agent engines
I

Decision
support tools

I \
Services

p0

Agent engines

Information Bus: High level communication (migrating agents)
PowerTalk

Middle ware l Translation
l Management
l Communication

Physical communication net

Information Sources Sensors/Actuators

Figure. Conceptual architecture of PowerNet

The Information Bus constitutes the common software base, Middle ware, that enables
high-level communication between components attached to the Information Bus. The
figure above visualizes the conceptual architecture of PowerNet.

We believe that a sophisticated and utility-specific Information Bus can greatly simplify
the job of service providers and interface writers, and hence be a key component of the
PowerNet. We note that while the Infor-mation Bus can serve as a standard for
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interconnection of for utility re-lated businesses, our interest is not to engage in the
political activities that are typical of industrial standard settings. Rather, we aim to
develop a conceptual model and architecture that will inform such commercial standard
setting efforts. Of particular interest to us are developments such as Echelon-related
standards, OMG CORBA, DCE, and efforts by Microsoft and IBM aiming at the Middle
ware segment.

Activities around the Information Bus
Decision support systems
Utilizing the LiveWorks electronic blackboard, the Distributed Virtual Environment
(DIVE) ported to PC-platforms, our embedded Echelon agents into DIVE, it is rather
straight forward to visualize a very powerful decision support system. Added
functionality based on ongoing work on SGML-BasisPlus would also give access to
hyper linked documents as well as to Internet WWW-services. The LiveWorks also
allows incorpo-ration of more standard video conferece  systems.

Digital Personal Assistants
We are currently assessing the usefulness of the General Magic Telescript technologies
for migrating agents. Sony hand held communicators and AT&T Persona Link services
are key components in our tests.

HOMEBOTS
The HOMEBOT project aims at developing customer side services. An still open question
is the design and support of those services. Possibilities of customer designed agents
(scripts) supporting individual needs, have to be investigated into greater detail.

The HOMEBOTS project builds on results from the projects SAFI and SAFT-II.

Dynamic Load Management
Dynamic Load Management (DLM) is our test application at the DA level. A project plan
is under development. The DLM project is going to be conducted in an distributed
manner using among other tools the LiveWorks electronic blackboard.


