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Abstract: The article presents the current state of de-
velopment of INFOCAST — an information decision sys-
tem supporting technological problems of the foundry
industry. Two aspects of the system are related: enrich-
ment of its information and knowledge resources and
changes in architecture, both oriented towards improve-
ment of its applicability. The reported stage of devel-
opment of INFOCAST is characterized by a close in-
tegration of its data and knowledge bases by means of
the agent-based technology. Due to decentralization, the
knowledge and information can be used not only in re-
search and design activities, but also in the exploitation
of technological processes.
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1. Introduction

The information resources available in the
databases currently operating within the IN-
FOCAST system [1, 2] are of great importance
for research work and projects, as well as for
production planning and marketing in the field
of the foundry industry. The information is the
property of the Foundry Research Institute in
Cracow, who make it available and keep it up-
to-date. The computer implementation of the
system has been developed by Department of
Computer Science of University of Mining and
Metallurgy, also in Cracow. The core of the IN-
FOCAST system consists of four currently oper-
ating and continually updated data and know-
ledge bases: SINTE, NORCAST, CASTSTOP
and CAST-EXPERT.

Computerization of the bases of the IN-
FOCAST system was carried out within the
framework of a research project sponsored by
KBN (State Committee of Scientific Research)
in the years 1997-2001, in two stages. Informa-
tion stored in its bases has been collected since
1977.

During the last stage, in 1999-2001, two
kinds of activities were carried out:

e One was oriented towards the implementation
of a new version of the INFOCAST system on
a supercomputer at ACK CYFRONET AGH
Centre, based on DBMS ORACLE. An imme-
diate effect of this activity is that the system is
easily available on the net and operates more
efficiently.

e The other was related to designing and build-
ing a decentralized version of INFOCAST,
based on the agent technology. There are
programming tools (an agent software plat-
form along with the relevant programmer’s
environment) designed specifically for the
construction of decentralized information de-
cision systems distributed over the net.

All the time, enrichment of INFOCAST’s
information resources has continued.

The decentralized version of the system (its
agents), like CASTEXPERT, takes advantage of
rule-based knowledge representation. Its imple-
mentation makes use of the JAVA language.

INFOCAST in its decentralized structure
is expected to offer direct (network) access to
foundry mills along with the possibility to utilize
information coming from the currently running
production processes.

The article is organised as follows. Section 2
is a recapitulation of the current state of re-
sources of INFOCAST and a brief introduction
to the system. Section 3 presents basic informa-
tion regarding the idea of a decentralized version
of the system. An outline of its overall archi-
tecture, designed according to the agent-based
technology, is given. Information about the gen-
eral structure of an agent and the inter-agent
communication platform completes the picture.

2. Utilitarian characteristic of
INFOCAST
2.1. Field of application

The system under consideration has been
designed to serve as a multi-purpose tool of
technical assistance, an aid in designing new
technologies and quality assurance for foundry
products. The following can be mentioned as
typical tasks solved by the system:

1. assistance in reference literature from the
field of foundry practice,

2. analyses in the field of manufacturing tech-
nologies,
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3. expertise in the field of casting defects dia-
gnosis,

4. analyses for casting products — a module of
knowledge to be designed in the future.

It is assumed that the services provided by
the system can cover the analyses ordered by:

e research and development centers and special-
ized laboratories,

e design and trade offices,

e production plants and supervising staff,

e potential users of produced castings.

The system, which is accessible! free of
charge to the domestic research institutions,
serves as a basis for many research projects,
including MSc and PhD theses. At present, it
is the only Internet source of information on
foundry practice in Poland.

2.2. Information and knowledge
resources

INFOCAST is composed of four data and
knowledge bases (SINTE, NORCAST, CAST-
STOP, CASTEXPERT) [1, 2]. They contain
a wide range of information of foreign and Polish
literature (the SINTE database), European, in-
ternational, Polish and EU standards (the NOR-
CAST database), standard grades of cast alloys
(the CASTSTOP database) and casting defects
with reasons of their occurrence (the CASTEX-
PERT system with its knowledge base). The
databases are relational.

SINTE thematically covers the following
foundry-related problems: metallurgy and metal
science of cast alloys; heat treatment of castings;
iron castings; steel castings; non-ferrous metals
castings; metal matrix composite castings; melt-
ing processes and melting installations; techno-
logical processes of moulding sand preparation;
mould and core making; casting technologies;
environmental protection; fettling and finishing
of castings; use of computers to aid foundry
production; foundry machines and equipment;
mechanization and automation; quality control
and quality systems; marketing; management;
organization and cost of production.

Information included in the database is
taken from all the leading Polish and in-
ternational (American, English, French, Ger-
man, Czech, Slovenian, Russian, Portuguese,
Swedish) journals issued in the years 1977-2001,

1. All the bases of INFOCAST system are available at
the following address: http://czapla.iod.krakow.pl/infocast/

available in the Library of the Foundry Research
Institute.

There are about 32000 records now, while
an average 1000 is added each year. Two spe-
cial ways of searching are available: according to
descriptors using the thesaurus or using a ded-
icated classification system.

NORCAST comprises 4058 records con-
taining up-to-date information on foundry
standards: Polish, European, international, and
foreign national from selected countries (UK,
Germany, France, Norway, Finland, Sweden,
Italy, USA), as well as information on PN, ISO
and EN standards related to a variety of prob-
lems concerning quality assurance systems, en-
vironmental management and certification.

Recorded aspects of the standards include:
general issues, charge materials, moulding ma-
terials and methods of their testing, auxiliary
materials, machines and equipment, castings,
examination of cast alloys and testing of cast-
ings, occupational health and safety, quality as-
surance systems and certification.

CASTSTOP database gives information
on Polish, European and foreign standard grades
of cast alloys, including their chemical com-
position, mechanical properties and heat treat-
ment, augmented whenever possible with some
additional information. At present, its 1098 re-
cords contain information taken from the in-
ternational standards (ISO), European stand-
ards (EN), French (NF), German (DIN), Nor-
wegian (NS), Swedish (SS, SIS), British (BS)
and Italian standards (UNT).

CASTEXPERT is an expert system for
diagnosing casting defects. Its user is aided by
a knowledge base in the form of decision rules
with an appropriate inference engine and a data-
base of photographs of castings defects, as an
exemplification. Based on the knowledge com-
prised (7200 rules) and information acquired
from process engineers (by way of dialogue),
CASTEXPERT supports identification of pos-
sible reasons of occurrence of defects in castings
with an indication of actions to be undertaken
to eliminate these defects in the future. The cur-
rent version of the system embraces defects of
castings made of grey iron, ductile iron and non-
ferrous metal alloys, as well as defects in steel
castings.

CASTEXPERT data may be also regarded
as an important source of information on casting
defects that may be used in quality control of
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castings, or as reference material for training
engineers and students.

3. Agent architecture of the
decentralized INFOCAST

Apparently, the idea of multi-agent sys-
tems [3-5] is an extension or modification of the
idea of decentralized systems, so that they may
be even regarded as synonymous.

A typical system of this kind is composed of
a set of subsystems/nodes (agents) that cooper-
ate with each other, linked to form an organ-
izational structure. The links are dependent on
the functional characteristics of subsystems and
can be created in a dynamic way in order to at-
tain a global goal (of the whole system). Because
agents are assumed to have some autonomy, the
process of searching for a solution is decentral-
ized. The potential of this system (its function-
ality) result from the functions of its individual
agents and a certain added value, which is cre-
ated in their cooperation.

The main nodes or subsystems of the de-
centralized version of INFOCAST are its com-
puterized information or knowledge sources. As-
suming the future development of INFOCAST,
it is possible to enumerate many possible types
of sources:

o Relational databases
Information is accessed using an appropriate
query language (SQL). Handling of informa-
tion (making a query) requires knowledge of
the database structure.

e Knowledge bases of reasoning systems
Expert systems contain fragments of the do-
main knowledge. In the case described here,
these are systems with rule-based knowledge
representation. Communication with systems
of this type consists in exchange of facts and
rules.

e Experts — humans
It is assumed that an expert is a source of
the domain knowledge. Communication is in
an off-line mode. Adequate understanding of
questions addressed to an expert should be
assured by the system.

e Other sources of information
It is allowed to use other sources of informa-
tion (e.g. other information systems or control
and measuring instruments). Including such
a source of information into the system re-
quires the creation of special communication
software.

In the solution described here, access to
the various types of knowledge and information
sources mentioned above is through agents as-
signed to these sources.

It should be mentioned here that the goal is
not to create a decentralized diagnostic system
from the very beginning, but to design a techno-
logy which would enable utilization of the exist-
ing information systems available via the inter-
net and their arrangement into a system capable
of solving complex tasks.

3.1. Agents and their functions

Given the above described application field
of INFOCAST and the idea of its operation
in a decentralized regime, the main functions
which are to be performed by agents, can be
defined as follows:

e reasoning based on local information re-
sources,

e communication with other agents,

e communication with humans acting
within the system (user, expert),

e making available various sources of knowledge
created using various technologies,

e creation of an information network through
identification of agents necessary to employ
to solve a specific problem,

e assuring the conformity of knowledge com-
ponents used in the diagnostic process,

e integration of information, synthesis and
propagation of results, and arbitrage in the
case of conflict.

A full set of agents proposed for the system
architecture is shown schematically in Figure 1.

AG-DB: an agent for a source of knowledge of
the database type — possesses a description of
the source of knowledge (definition of the data-
base, characteristic of the tables) and is cap-
able of translating the contents of KQML mes-
sages [6] into the corresponding phrases (quer-
ies) written in SQL. A majority of the sys-
tems of this type enable communication through
a JDBC/ODBC interface.

AG-SE: an agent for a source of knowledge of
the expert system type — both the expert system
and the agent use the same representation of
information (facts and rules written in the JESS
language [7]). Interactions consist in direct start
ups of the reasoning process and appropriate
data exchanges.
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Figure 1. General scheme of decentralised information system

AG-E: an agent for a source of knowledge of
the expert type — assists an expert in his commu-
nication with the system, receives messages in
KQML, generates their HTML forms and sends
them by electronic mail to the expert’s address.
When a replay comes, the contents is translated
back to KQML.

AG-U: the user’s agent — is responsible for
communication with the user from the mo-
ment an analysis is initiated, through genera-
tion of auxiliary queries, until results are presen-
ted. These functions can be executed via the
standard windows interface (based on a WWW
browser), or by means of electronic mail. In the
latter case, communication is carried out in the
same way as it is with an expert.

AG-M: an agent managing meta-knowledge.
This is also the agent allowing access to the
source of knowledge/information, but of special
functions in the system. There are:

e a database of the agents — information
about the system structure (identification, ad-
dresses, etc.),

e ontologies — sets of notions (facts) together
with relations between them which are used
by the agents; reasoning in the system is
made according to the relevant ontology (in

foundry technology, the ontology is based on
a thesaurus developed by the Foundry Re-
search Institute),

e a database of services offered individually
by the agents — information which can be
provided by the given source of knowledge
(the agent that operates it).

The system structure described above and
the organization of access to the sources of in-
formation enable the process of reasoning (pre-
paring an analysis) to be carried out irrespective
of the structure of a given source (a coherent
set of notions/facts, uniform methods of com-
munication). They also make it an open system
and create possibilities of easy adaptation of new
sources of knowledge (extension of the system
domain, new architectures of knowledge sources,
etc.).

3.2. Agent as an inference engine

A sketch of the internal structure of an
agent and its functional blocks are shown in
Figure 2. This is a general agent architecture in
that it involves all the modules (elements) which
can appear among the system agents, while in
specific cases some of them may be unnecessary
(restricted configuration is applied).
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Figure 2. General architecture of an agent

The agent’s core is an inference engine
that accepts a set of rules in the form of
premise — action and facts that can be di-
vided into several categories depending on what
these facts refer to [8]. This results in differ-
entiation of the functional blocks (modules) of
an agent. Each block consists of a sub-base of
rules/facts and an appropriate module, which
ensures communication with the environment
(i-e. with other agents or sources of know-
ledge). Communication among an agent’s func-
tional blocks is achieved through an instant-
aneous base of facts (an operational area or
agenda, in the terminology of rule-based sys-
tems). Appearance of new facts in this area ac-
tivates the rules for which the premises become
true. Thus, modifications are introduced into
the instantaneous base of facts, i.e. new facts
appear, which in turn activate the rules of other
modules. The appropriate communication mod-
ules are responsible for the exchange messages
with the environment [5, 9].

3.3. Agent communication platform

The main task of the platform is to provide
an appropriate communication infrastructure

and organize agents into a coherently function-
ing system.

The platform implementation uses the JAT-
Lite (Java Agent Template) [10] package of
software. JATLite offers a library, written in
Java, comprising classes which enable com-
munication at different levels of abstraction,
defined as communication layers and protocols
(including communication using the KQML pro-
tocol/language).

The JATLite software also serves as a simple
communication platform. Its services are rep-
resented by the specialized agent called AMR
(Agent Message Router). The main tasks of the
agent are given below:

e Managing the system structure (i.e. the name
space and communication addresses). Before
an individual agent starts functioning in the
system, it registers with AMR. Then, using
its name and password, the agent can connect
and disconnect with the system, and exchange
information with other agents operating on
different computers until it registers off the
platform. AMR stores and manages physical
addresses of agents.
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Figure 3. General concept of the agent communication platform

e Acting as an intermediate link between the
agents who participate in the system. The
agents do not communicate directly with each
other, but use AMR to this purpose. Using the
JATLite platform, each agent forms a single
connection to AMR and uses this connection
for exchanging messages with other registered
agents. If an agent is disconnected or damaged
(stops functioning), the messages sent to it are
stored by AMR until being re-connected.

General schematic presentation of the plat-
form functionality as well as types of messages
and their means of transportation are shown in
Figure 3.

4. Final remarks

The article describes information decision
system INFOCAST dedicated to aiding the
foundry technologies. The system has been in-
stalled on the ACK CYFRONET AGH super-
computer using an ORACLE data base man-
agement system and is available through the In-
ternet to users from Poland and abroad. It of-
fers the knowledge and information generated
and collected at the Foundry Research Institute
in Cracow. The system has proven its useful-
ness in many research, production planning and
marketing projects.

The decentralized version of INFOCAST
has been designed to semantically integrate the
resources of the Foundry Research Institute with
similar resources of other research centers and
the knowledge of individual experts and real
data collected by industrial enterprises. It is as-
sumed that, based on proper network infrastruc-
ture and appropriate computer tools, the system

makes it possible even for quite complex ana-
lyses to be done automatically without a deeper
intervention of the user.

Full capabilities of the system will be gained
when direct network connections with indus-
trial enterprises (and their appropriate depart-
ments) have been established. Such target situ-
ation should enable, on one hand, making local
analyses right on the spot, utilizing the gen-
eral knowledge collected in the INFOCAST sys-
tem. On the other hand, the communication
links should intensify further enrichment of this
knowledge through generalization of experience
acquired within the industry.

The idea of building a decentralized inform-
ation system using the agent-based technology is
straightforward and effective. Invention and ap-
plication of a unified architecture of the agents,
using rule-based representation of their beha-
vior, has given a similarly positive effect.
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Abstract: A new database containing 410 cases of nevi
pigmentosi, in four categories: benign nevus, blue nevus,
suspicious nevus and melanoma malignant, carefully
verified by histopathology, is described. The database
is entirely different from the base presented previously,
and can be readily used for research based on the so-
called constructive induction in machine learning. To
achieve this, the database features a different set of thir-
teen descriptive attributes, with a fourteenth additional
attribute computed by applying values of the remain-
ing thirteen attributes. In addition, a new program en-
vironment for the validation of computer-assisted dia-
gnosis of melanoma, is briefly discussed. Finally, res-
ults are presented on determining optimal coefficients
for the well-known ABCD formula, useful for melanoma
diagnosis.
Keywords: melanoma, TDS, machine learning in dia-
gnosis of
1. Introduction

In recent papers [1, 2], we have presented
the results of experiments on new samples relat-
ing to changes in skin melanoma, using machine
learning with the idea of generating a model
of learning to help identify and classify cases
of skin melanoma. Skin melanoma may be a
symptom of serious skin diseases, or even can-
cer, which has a high mortality rate. The num-
bers of victims of this type are rising because

of the high levels of ultraviolet radiation enter-
ing the atmosphere and the increasingly thin
ozone layer [3]. Anonymous data sets pertaining
to cases of skin cancer have been collected by the
Regional Dermatology Center in Rzeszow, Po-
land [4]. This data set of cases has been analyzed
and expert systems based upon it have been im-
plemented at the Department of Expert Systems
and Artificial Intelligence, University of Inform-
ation Technology and Management in Rzeszow,
Poland. The first version of the data set has
been analyzed in a paper presented at the INFO-
BAZY’99 conference [1, 2]. The actual produc-
tion version contains (i) new internal structures
and (ii) an increased number of registered cases
(from 250 to 410). Regarding (i), the data set
information is stored in 13 attributes that are
regularly used in dermatology for typical ana-
lysis of skin-based melanoma. In the context of
these attributes, we calculate the TDS (Total
Dermatoscopy Score) indicator [5]. The under-
lying idea of our experiments was to prepare our
sample in both Polish and English and use spe-
cialized software algorithms in the verification of
its accuracy, as well as generate learning mod-
els to help diagnose diseases. The data sets were
acquired in studies taking place simultaneously
in Rzeszow, Poland (University of Information
Technology and Management) and the United
States (University of Kansas, Lawrence, Kan-
sas). In the following sections, the data sets have
its statistical analysis and its machine learning
results discussed. An earlier version of this pa-
per was presented at the 3rd National Confer-
ence INFOBAZY’2002, Gdansk, Poland, June
24-26, 2002 [6].

2. Statistical analysis of the data
sets

The attributes used in deducing diagnoses
of melanoma have been broken down into
5 categories: (Asymmetry), (Border), (Color),
(Diversity) and (TDS). The (Asymmetry) para-
meter can have the following values: symmet-
rical, single-axis asymmetry and dual-axis asym-
metry. (Border) is a numerical attribute with
discrete values between 0 and 8. The next two
categories, (Color) and (Diversity), have sym-
bolic values. (Color) can have six allowed values:
black, blue, light brown, dark brown, red, and
white. Likewise, (Structure) has five possible
values: pigment dots, pigment globules, pig-
ment network, structureless areas and branched



