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Abstract:Decision making rules an intelligent agent is applying for deriving suppliers’ service quality dimensions
are investigated in this paper.
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1 Introduction

In order to further improve the efficiency of a ship-
building process we propose use of an automated de-
cision support system. Most automated decision sup-
port systems are based on binary logic, i.e. a responce
is either positive or negative. One of their disadvan-
tages is that they do not treat incomplete or inconsis-
tent information. Application of many-valued logic
allows the system to handle situations with inconsis-
tent and/or incomplete input. In this paper we present
decision making rules an intelligent agent is applying
for evaluating a ship designer’s reliability.

The rest of the paper is organized as follows. Re-
lated work and statements from many-valued logic
may be found in Section 2 and Section 3 respectively.
The main results of the paper are placed in Section 4.
The system architecture is described in Section 5. The
conclusion is placed in Section 6.

2 Background

Lukasiewicz has devised a three-valued calculus
whose third value,1

2
, is attached to propositions re-

ferring to future contingencies [12]. The third truth
value can be construed as ’intermediate’ or ’neutral’
or ’indeterminate’ [15], [13], and [14].

The semantic characterization of a four-valued
logic for expressing practical deductive processes is
presented in [2]. In most information systems the
management of databases is not considered to include
neither explicit nor hidden inconsistencies. In real life
situation information often come from different con-
tradicting sources. Thus different sources can provide
inconsistent data while deductive reasoning may re-
sult in hidden inconsistencies. The idea in Belnap’s
approach is to develop a logic that is not that depend-

able of inconsistencies. The Belnap’s logic has four
truth values ’T, F, Both, None’. The meaning of these
values can be described as follows:

• an atomic sentence is stated to be true only (T),

• an atomic sentence is stated to be false only (F),

• an atomic sentence is stated to be both true and
false, for instance, by different sources, or in dif-
ferent points of time (Both), and

• an atomic sentences status is unknown. That is,
neither true, nor false (None).

The four truth values are arranged in a logical lattice
[2] in Fig. 1. A logical conjunction and logical
disjunction are related to the meet operation and to
the join operation respectively.

Extensions of Belnap’s logic are discussed in [5]
and [11].

Logic in preference modeling is discussed in [3],
[10], and [13]. In [6] it is shown that additional rea-
soning power can be obtained without sacrificing per-
formance, by building a prototype software model-
checker using Belnap logic.

Python applications are known for increasing
overall efficiency in the maritime industry [8].

3 Preliminaries

A lattice is a partially ordered set, closed under least
upper and greatest lower bounds:

• the least upper bound ofα andβ is called the join
of α andβ, and is sometimes written asα+ β,
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Figure 1: Logical lattice

• the greatest lower bound is called the meet and is
sometimes written asαβ̇.

A billatice is a set equipped with two partial or-
derings≤t and≤k.

• Thet partial ordering≤t means that if two truth
valuesφ,ψ are related asφ ≤t ψ thenψ is at
least as trueφ.

• Thek partial ordering≤k means that if two truth
valuesφ,ψ are related asφ ≤k ψ thenψ labels a
sentence about which we have more knowledge
than a sentence labeled withφ.

4 Application

Quarries via Web services are sent to two independent
databases about a ship designer reliability. What an
agent should recommend if the responses are like
’reliable (r), unreliable (ur)’ or ’reliable, no answer
(na)’ ?

Our proposal:

• – Input responses→ {r, r}.

– Agent’s output→ recommended.

• – Input responses→ {r, na}.

– Agent’s output→ consult a third database.

• – Input responses→ {r, ur}.

– Agent’s output→ inquire about the reasons
in the database with a negative response
and consult a third database.

• – Input responses→ {na, na}.

– Agent’s output→ consult new databases.

• – Input responses→ {ur, na}.

– Agent’s output→ consult a third database
and then conclude.

• – Input responses→ {ur, ur}.

– Agent’s output→ find another ship de-
signer.

5 System Architecture

A communication framework based on JSON re-
mote procedure call (JSON-RPC) written in Python
is used to connect the Web server middleware and
the Web application server together. JSON stands
for JavaScript Object Notation and it is a lightweight
data-interchange format. It is more compact then
XML without sacrificing expressiveness. JSON struc-
ture is perfect for packaging and sending data in RPC
request and reply messages.

The application server provides search and intel-
ligent evaluation services to the Web server. The sepa-
ration of these two units made it possible to modularly
design and implement the system as loosely coupled
independent sub-systems. The purpose of the search
agent is to search for different reviews from indepen-
dent reviewers about a particular ship designer. This
process will eventually build a database of ship de-
signers’ capabilities and reliability reviewed by dif-
ferent reviewers.

By providing a client Web interface, the system
invites reviewers to submit their reviews of ship de-
signers they have had experience working with. The
user authenticator and user profiler modules play an
important role in controlling every particular user,
client or administrator authenticity. Only valid re-
viewers can submit reviews. The administrator can
approve the results of a search agent before the data is
submitted to the database.

The purpose of the intelligent evaluator is to rank
the ship designers’ capability and reliability at any one
time in response to users’ queries.

6 Conclusion
Many-valued logic has been used to support a deci-
sion making process. Such systems can evaluate the
key points in the process of shipbuilding - dimensions,
hydrodynamic performance, speed, stability, seakeep-
ing, cargo carrying capacity, propulsion systems, pas-
sengers and environment safety standards, and fuel
consumption.

6th WSEAS Int. Conference on Computational Intelligence, Man-Machine Systems and Cybernetics, Tenerife, Spain, December 14-16, 2007     339



References:

[1] Belnap, N.J.: How a computer should think. In
Contemporary Aspects of Philosophy. Proceed-
ings of the Oxford International Symposia, Ox-
ford, GB, (1975) 30–56

[2] Belnap, N.J.: A useful four.valued logic,Mod-
ern uses of multiple-valued logic, J.M. Dunn and
G. Epstain (eds), D. Reidel Publishing Co., Dor-
drecht (1977) 8–37

[3] Briges D. S. and Mehta, G. B.: Representations
of preference orderings. Springer-Verlag, Berlin,
(1995)

[4] Davey, B. A. and Priestley, H. A.: Introduction
to lattices and order. Cambridge University Press,
Cambridge (2005)

[5] Font, J.M., Moussavi, M.: Note on a six valued
extension of three valued logics, Journal of Ap-
plied Non-Classical Logics,3, (1993) 173–187

[6] Gurfinkel, A. and Chechik, M.:Yasm: Model-
Checking Software with Belnap Logic. Technical
Report 470, University of Toronto, April (2005)

[7] http://java.sun.com/products/jsp/

[8] http://www.python.org/about/success/tribon/

[9] http://www-306.ibm.com/software/websphere/

[10] Kacprzyk, J. and Roubens, M.: Non Conven-
tional Preference Relations in Decision Making.
Springer Verlag, Lecture Notes in Economics and
Mathematical Systems (LNMES)301, Berlin,
(1988)

[11] Kaluzhny Y., Muravitsky A.Y.: A knowledge
representation based on the Belnap’s four valued
logic, Journal of Applied Non-Classical Logics,
3, (1993) 189–203

[12] Lukasiewicz, J.: On Three-Valued Logic. Ruch
Filozoficzny, 5, (1920), English translation in
Borkowski, L. (ed.) 1970. Jan Lukasiewicz: Se-
lected Works. Amsterdam: North Holland, (1920)

[13] Perny, P. and A. Tsoukias, A.: On the continu-
ous extension of a four valued logic for preference
modelling. In Proceedings of the Information Pro-
cessing and Management of Uncertainty (IPMU)
conference, Paris, (1998) 302–309

[14] Priest, G., An Introduction to Non-Classical
Logic, Cambridge, (2001)

[15] Sim, K.M.: Bilattices and Reasoning in Artifi-
cial Intelligence: Concepts and Foundations. Arti-
ficial Intelligence Review,15(3), (2001) 219–240

6th WSEAS Int. Conference on Computational Intelligence, Man-Machine Systems and Cybernetics, Tenerife, Spain, December 14-16, 2007     340


