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1 AGH University of Science and Technology, Al. Mickiewicza 30, 30-059 Krakow, Poland,
bartlomiej.sniezynski@agh.edu.pl

2 Foundry Research Institute in Krakow, Zakopianska Street 73, Krakow, Poland

Abstract
This paper presents an idea of a multi-agent decision support system. Agent-based technology
allows for decentralized problem solving and creating complex decision support systems, mixing
various processing techniques, such as simulation, reasoning and machine learning and allows
for distributed knowledge. Our main contribution is an agent-based architecture for decision
support systems which is an agent-based implementation of a labeled deductive system. Such
approach allows to decompose an inference algorithm into separate modules and distribute
knowledge base into parts. The system is tested on a domain of material choice support for
casting.
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1 Introduction

Multi-agent systems are efficient architectures for decentralized problem solving [1]. Decision
support systems may be very complex. Therefore such architectures are applied in such systems
development [5, 6, 7, 8, 9]. An agent-based technology allows to mix various processing tech-
niques, such as simulation, reasoning and machine learning and allows to distribute processing.

Our main contribution is an agent-based architecture for decision support systems. Our
approach has a theoretical background: our system is an agent-based implementation of a
labeled deductive system in which agents are used to decompose the system simultaneously
in two orthogonal dimensions: knowledge distribution and processing. The first one allows
to create a system, in which a knowledge base is divided into parts. In this way a decision
support service may be provided without sharing the knowledge. The second dimensions allows
to decompose an inference algorithm into separate modules.

This work is a continuation of [3, 4] in which we presented LPR Intelligent Information Sys-
tem (LIIS) with a centralized architecture. We have chosen the same knowledge representation
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and reasoning formalism: the Logic of Plausible Reasoning (LPR) [2] and applied an agent-
based architecture. As a result, our implementation combines many knowledge manipulation
techniques during reasoning in a decentralized way. It also allows to integrate the machine
learning techniques in the reasoning algorithm. Execution of the learning algorithm is defined
as a complex inference rule executed in an inference chain if the reasoning process is not able
to continue classical reasoning. Training data consists of facts stored already in the knowledge
base. The new knowledge may be used in the same inference chain to derive a decision.

In the following sections related research is discussed, the agent-based model of the system
is presented. Next, LPR basics and the software are described. Results of experiments in a
domain of technology recommendation for casting conclude the work.

2 Related research

The main point of using decision support systems (DSS)[7] is to provide a user with the possibil-
ity to consult with an automated system while making decisions. The DSS, as a rule, includes a
set of procedures, starting from data determination and processing, and finishing by generation
and evaluation of alternatives. Thus, a typical DSS can be logically divided and represented
by three main modules or levels: the first one, responsible for data fusion and pre-processing,
the second, dedicated to a necessary calculations (modeling, data mining, etc.) and the third,
which executes simulation and manages a humancomputer interaction. Agent-based decision
support system (ADSS) architecture presented in the cited paper was developed in accordance
with the typical structure of a DSS. The system consists of three levels, the first is aimed
for meta-data creation, the second is responsible for hidden knowledge discovering, and the
third level provides a real-time decision. It is applied to support environmental health impact
decisions.

In paper [6] a framework for building decision support systems using an agent-based tech-
nology is proposed to support organizations characterized by physically distributed, enterprise-
wide, heterogeneous information systems. Intelligent agents have offered big potential in sup-
porting well-defined tasks such as information filtering, data mining and data conversion. This
paper proposes a taxonomy of agent characteristics that can be used to help to identify agents
providing different types of decision tasks. Development of agent-based DSS is proposed as be-
ing a process of putting together a coordinated workflow of collaborating agents that is able to
support a problem-solving process. Developing an agent-based DSS requires a new approach.
Two-tier approach is proposed to designing an agent-based DSS. The first tier is in essence
an assignment model that consists of searching, identifying and selecting the agent(s) that are
most appropriate to accomplish required tasks. The second aims at devising a coordination and
collaboration strategy for all the involved agents to work together (the last two phases of the
lifecycle). This phase consists of finding decision support requirements and devising a detailed
breakdown of all decision processes. Processes are sets of partially ordered steps intended to
reach a particular goal. Process steps are the most primitive, atomic processes.

The aim of [9] is to prepare an expert system based on intelligent softbots and prepare and
propose a portfolio of Information Systems (IS) that has the maximum alignment with the strat-
egy plan. Attaining such an issue, an expert system, which emerges through the implementation
of a credible methodology, is proposed. The fuzziness of such an expert system is embedded in
its data supply agent which prepares necessary information through an environmental survey.

In paper [5] a multi-agent architecture is proposed for an electric arc furnace steel making
processes. Adaptive neuro-fuzzy inference system is used to generate agents knowledge bases.
Contract net protocol is used as negotiation protocol in the proposed multi-agent system. The
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proposed multi-agent architecture is organized as a population of cognitive, autonomous, and
heterogeneous agents, the User agent, Ingot Casting (IC) agent, Vacuum Degassing (VD) agent,
Ladle Furnace (LF) agent, Electric Arc Furnace (EAF) agent, and Customer agent. Each agent
is responsible for locally executing the tasks of the resource in charge, and has the ability to
co-operate and communicate with other agents.

Integration of the machine learning and reasoning is a field of study of several researchers.
A system presented in [10] is based on Neural logic networks corresponding to three-valued
logic. System allows for adaptive learning of new rules from its experience. In [11] neural
network is applied to overcome brittleness of classical expert systems. It is used for choosing
the most appropriate questions for the current case. Description of user’s interaction with
system is collected as training data for the network. In [12] adaptive expert system is proposed
for aircraft maintenance. It recommends the most accurate action for symptoms reported by
user. Like in examples above, learning uses historical data (in this case repairs register) to
update association weights between symptoms and actions. Certainty of suggested diagnosis is
increased in case of successful prediction or decreased in the other case. Symptoms may be also
combined using generalization. In the solutions presented above machine learning algorithms
are not part of the formal reasoning system. Therefore the integration of machine learning and
reasoning is not complete.

In CoMES system [13] authors attempted to join many popular techniques from Artificial
Intelligence and Software Engineering. Machine learning is used for updating the knowledge
base, which can be accessed by few algorithms in parallel. The system uses an agent architecture
to integrate knowledge from human experts and other expert systems.

Logic of Plausible Reasoning (LPR) used in our system for knowledge representation was
proposed by Alan Collins and Richard Michalski [2]. The goal of that work was to identify
reasoning patterns used by humans and create a formal system, which would be able to represent
these patterns. The objective set by the creators has caused that LPR is significantly different
from other known knowledge representation methods: there are many inference rules in LPR
and many parameters are specified for representing the uncertainty of knowledge.

3 Agent-based Architecture for Decision Support Sys-
tems

In this section our agent-based architecture for decision support systems is introduced. At the
beginning general assumptions and agents are introduced. Next, a knowledge representation
applied and a distributed inference algorithm are presented. At the end, the most important
issues related to system implementation are discussed.

Agents The system is designed as a framework, which is based on the Knowledge Market
component and other agents with various responsibilities. All agents share a common API
for inter-agent communication. To join the system an agent needs only to know the host and
a TCP port of the Knowledge Market service. Using these parameters it can register in the
Knowledge Market and start serving or listening for requests. Each request contains its ID,
type (for example: reasoning, proof cost calculation request, search for a knowledge element)
and a map containing request data, which depend on the request type. The data form is not
verified by the framework. The receiver of the request determines the way how the data is
used. An agent can also subscribe to receive requests of all/selected types. It needs to define
a function for handling the subscribed requests. Knowledge Market component keeps a list of
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