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Abstract: 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 contradicting sources. Thus
different sources can provide inconsistent data while deductive reasoning may result in hidden inconsistencies. In
this paper we propose use of an automated decision support system facilitating assessment of company’s reliability
based on many-valued logic.
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1 Introduction

The world’s experience in shipbuilding suggests that
ships can be built to a very high standard in a cost-
effective manner, if shipbuilding companies concen-
trate on certain foundation key factors.

It is important for the customer that a shipbuilder
is capable of developing vessel designs that are tai-
lored to meet the customer’s specific requirements.
The shipbuilder should be able to modify and adapt
a ship during build and/or in service as required. The
start-up design is a critical phase and has a big influ-
ence on the likely success of the program. High-level
engineering skills are employed during this phase, and
they form a foundations set, for the later systems inte-
gration and test and evaluation processes.

In order to facilitate the shipbuilding process we
propose use of an automated decision support sys-
tems. Various automated decision support systems are
based on binary logic, i.e. a responce is either positive
or negative. One of their disadvantages is that they do
not treat incomplete or inconsistent information.

Application of many-valued logic allows the sys-
tem to handle situations with inconsistent and/or in-
complete input. In this paper we present decision
making rules an intelligent agent is applying for eval-
uating shipbuilding companies’ reliabilities.

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,
Section 5, and Section 6. The system architecture is
described in Section 7. The paper ends with a conclu-
sion in Section 8.

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

2
, is attached to propositions re-

ferring to future contingencies [17]. The third truth
value can be construed as ’intermediate’ or ’neutral’
or ’indeterminate’ [23], [19], and [20].

Another three-valued logic, known as Kleene’s
logic is developed in [16] and has three truth values,
truth, unknown and false, where unknown indicates a
state of partial vagueness. These truth values repre-
sent the states of a world that does not change.

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).
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Extensions of Belnap’s logic are discussed in [5] and
[15].

A brief overview of a six-valued logic, which is
a generalized Kleene’s logic, has been first presented
in [18]. The six-valued logic was described in more
detail in [12]. In [10] this logic is further developed
by assigning probability estimates to formulas instead
of non-classical truth values.

Two kinds of negation, weak and strong negation
are discussed in [24]. Weak negation or negation-as-
failure refers to cases when it cannot be proved that
a sentence is true. Strong negation or constructable
falsity is used when the falsity of a sentence is directly
established.

Logic in preference modeling is discussed in [3],
[14], and [19].

Python applications are known for increasing
overall efficiency in the maritime industry [13].

LAMP is a collective name for the tools of Linux,
Apache web server, MySQL database application,
PHP scripting language, Perl programming language,
and Python programming language. They have the
advantage of being freely available, easily configured,
and robust. They are a subject of constant develop-
ment and improvement and are well known to be eas-
ily deployed, fully configured, and maintained with
minimal efforts. The LAMP tools assist developers to
do creative work without being bothered by adminis-
trative details.

3 Preliminaries

A conceptis considered by itsextentand itsintent: the
extentconsists of all objects belonging to the concept
while theintentis the collection of all attributes shared
by the objects [4].

A contextis a triple (G,M, I) whereG andM
are sets andI ⊂ G × M . The elements ofG andM
are calledobjectsandattributesrespectively.

ForA ⊆ G andB ⊆ M , define

A′ = {m ∈ M | (∀g ∈ A) gIm}, }

B′ = {g ∈ G | (∀m ∈ B) gIm}

so A′ is the set of attributes common to all the
objects inA andB′ is the set of objects possessing
the attributes inB. Then aconceptof the context
(G,M, I) is defined to be a pair(A,B) whereA ⊆ G,
B ⊆ M , A′ = B andB′ = A. Theextentof the con-
cept(A,B) is A while its intent isB. A subsetA of
G is the extent of some concept if and only ifA′′ = A
in which case the unique concept of the whichA is

an extent is(A,A′). The corresponding statement ap-
plies to those subsetsB of M which are the intent of
some concept.

The set of all concepts of the context(G,M, I) is
denoted byB(G,M,I). 〈B(G,M,I);≤〉 is a com-
plete lattice and it is known as theconcept latticeof
the context(G,M, I).

For concepts (A1, B1) and (A2, B2) in
B(G,M,I) we write (A1, B1) ≤ (A2, B2), and
say that(A1, B1) is asubconceptof (A2, B2), or that
(A2, B2) is a superconceptof (A1, B1), if A1 ⊆ A2

which is equivalent toB1 ⊇ B2 (Lemma 1) [4].

Lemma 1 [4] Assume that(G,M, I) is a concept
and letA,Aj ⊆ G andB,Bj ⊆ M , for j ∈ J . Then
(i) A ⊆ A′′,
(ii) A1 ⊆ A2 =⇒ A′

1
⊇ A′

2

(iii) A′ = A′′′,

(iv)
(

⋃

j∈J Aj

)

′

=
⋂

j∈J A′

j ,

(i)′ B ⊆ B′′,
(ii) ′ B1 ⊆ B2 =⇒ B′

1
⊇ B′

2
,

(iii) ′ B′ = B′′′,

(iv)′
(

⋃

j∈J Bj

)

′

=
⋂

j∈J B′

j.

The fundamental theorem on concept lattices [6] is

Theorem 2 Let (G,M, I) be a context. Then
〈B(G,M,I);≤〉 is a complete lattice in which join
and meet are given by

∨

j∈J

(Aj , Bj) =









⋃

j∈J

Aj





′′

,
⋂

j∈J

Bj



 ,

∧

j∈J

(Aj , Bj) =





⋂

j∈J

Aj ,





⋃

j∈J

Bj





′′


 .

Conversely, ifL is a complete lattice thenL is
isomorphic to〈B(G,M,I);≤〉 if and only if there are
mappingsγ : G → L andµ : M → L such thatγ(G)
is join-dense inL, µ(M) is meet-dense inL, andgIm
is equivalent toγ(g) ≤ µ(M) for eachg ∈ G and
m ∈ M . In particular, L is isomorphic to〈B(L,L,≤
)〉 for every complete latticeL.

For describing six-valued logic we use notations
as in [11]. Thus

• true - it is possible to prove the truth of the for-
mula (but not its falsity)

• false - it is possible to prove the falsity of the
formula (but not its truth)
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truth

knowledge

[0, 1]

[0, 1/2] [1/2, 1]

[1/2, 1/2] [1, 1][0, 0]

Figure 1: Probability lattice

• unknown - it is not possible to prove the truth
or the falsity of the formula (there is not enough
information)

• unknownt - intermediate level of truth between
unknown and true

• unknownf - intermediate level of truth between
unknown and false

• contradiction - it is possible to prove both the
truth and the falsity of the formula

The six-valued logic distinguishes two types of
unknown knowledge values - permanently or eternally
unknown value⊤ and a value⊥ representing current
lack of knowledge about a state [11]. The epistemic
value of formula when it is known that the formula
may take on the truth valuet is denoted by⊥t and by
⊥f when it is known that the formula may take on the
truth valuef.

Assigning probability estimates to formulas in-
stead of non-classical truth values one obtains the
intervals [0, 0], [0, 1

2
], [0, 1], [1

2
, 1

2
], [1

2
, 1], [1, 1], corre-

sponding tof, ⊥f , ⊤, ⊥t, ⊤, t respectively. Relations
among them can be seen from the lattice on Fig. 1.

Let P be a non-empty ordered set. Ifsup{x, y}
andinf{x, y} exist for allx, y ∈ P , thenP is called
a lattice [4].

A lattice [4] showing a partial ordering of the
truth values by degree of knowledge is presented in
Fig. 2. The knowledge lattice illustrates how the truth
value of a formula that has a temporary truth value
can be changed as more knowledge becomes avail-
able. Suppose a sentence has a truth value⊥f at one
point of time andf at another. Its truth value is then
determined asf, i.e. the system allows belief revision
as long as the revision takes place in an incremental
knowledge fashion.

true

false

contradictory unknown

unknown t

unknown f

Figure 2: Partial ordering

4 Companies and Their Strong Sides
Suppose a potential customer wants to order a ship
and can choose among different companies. The pro-
cess of choosing the correct one can be considerably
improved if information, like the presented in this sec-
tion, is available.

For this scenario we consider five companies (ob-
jects) denotedC1, C2, C3, C4, C5 and their strong
sides (attributes) with the following notations:

• A1 - Capacity to undertake detailed vessels de-
sign

• A2 - Scale of demand

• A3 - Capability for stability and predictability of
demand

• A4 - Managing the production and integration of
a ship and ship systems

• A5 - Effective use of advanced design and pro-
duction technologies

• A6 - Access to intellectual property

• A7 - Capability for competitive bidding

• A8 - Ability to secure correct contracting envi-
ronment

• A9 - Positive attitude for taking the logic of al-
ternative vessel management forward

The relationships among objects and attributes are
shown in Table 1.
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Figure 3: Lattice for companies and their preferences
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Table 1: Relationships among objects and attributes
C1 C2 C3 C4 C5

A1 × ×
A2 × ×
A3 × × ×
A4 × ×
A5 × × ×
A6 × ×
A7 × ×
A8 × ×
A9 × × ×

The corresponding lattice is presented on Fig. 3.
All concepts are presented by the labels attached to
every node of the lattice. The meaning of the used
notations is as follows.

• Node number 1 has a labelI = {A5}, E =
{C1, C3, C5}. This means that only compa-
niesC1, C3, C5 can provide effective use of ad-
vanced design and production technologies.

• Node number 8 has a labelI = {A3, A5}, E =
{C3, C5}. This means that only companies
C3, C5 have the capability for stability and pre-
dictability of demand, and can provide effective
use of advanced design and production technolo-
gies.

• Node number 14 has a labelI =
{A3, A5, A6, A7, A8}, E = {C3}. This
means that only companiesC3 have the capa-
bility for stability and predictability of demand,
can provide effective use of advanced design and
production technologies, have access to intel-
lectual property, have capability for competitive
bidding, and ability to secure correct contracting
environment.

5 Quarries to Two Independent
Databases

An intelligent agent is sending quarries to two inde-
pendent databases about the reliability of a company
via Web services. What should the agent recommend
if the responses are f. ex.{reliable, unreliable} or
{reliable, no answer}?

We propose the following:

• The responses are{reliable, reliable}. The as-
signed truth-value ist. The company is recom-
mended.

• The responses are{reliable, no answer}. The as-
signed truth-value is⊥t. The agent should ask
the opinion of third database.

• The responses are{reliable, unreliable}. The as-
signed truth-value is⊤. The agent should inquire
about the reasons in the database with a nega-
tive response and then asks the opinion of third
database.

• No response from any of the two databases. The
assigned truth-value is⊥. The agent should find
two new databases and consider their responces.

• The responses are{unreliable, no answer}. The
assigned truth-value is⊥f . The agent should ask
the opinion of a third database and inquire about
the reasons in the database with a negative re-
sponse.

• The responses are{unreliable, unreliable}. The
assigned truth-value isf. The agent should rec-
ommend another company.

If at least one of the responces in the second round
is of the type{unreliable} or {no answer} the agent
starts sending inquiries about a new company.

6 Ordered Sources

So far we have been working with unordered sources
of information.

If the opinion of the first source has more weight
than the one of the second source we propose use of a
bilattice Fig. 4 for two-sources ordered reconciliation.
By more weight we mean that if the first source says
{reliable}, this opinion has more value than the same
opinion expressed by the second source.

The used notations have the following meaning -

• 1 denotes{reliable}

• O denotes{unreliable}

• U denotes{no information is available}

• ⊤ denotes{ contradiction}

Example 3 A shipowner wants to hire a company.
The shipowner’s preferences include - regular prac-
tice in the maritime business or (⊘) design of mod-
ern vessels and (⊙) interest in platform supply vessels.
Thus
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Regular practice in Design of Interest in platform
the maritime business modern vessels supply vessels

C1 1U O1 0U
C2 11 11 1U
C3 0U UO U1
C4 UO U1 11
C5 UU UU UU

The results for every tuple are

Regular practice in Regular practice in
the maritime business the maritime business

⊘ ⊘
Design of modern Design of modern

vessels vessels
⊙

Interest in platform supply vessels
C1 11 0U
C2 11 1U
C3 UU UU
C4 U1 U1
C5 UU UU

7 System Architecture

The system implementation uses the so-called
LAMP Web application infrastructure and deploy-
ment paradigm. It is a combination of free software
tools on a Linux operating system of an Apache Web
server, a database server and a programming environ-
ment using scripting language.

Implementers can choose and mix these tools
freely. This in contrast to commercial Web appli-
cation platforms like for example, WebSphere from
IBM, [9], JavaServer from Sun, [8], and ASP.net from
Microsoft [7].

Apache Web server is a robust and extend-
able Web server. In our implementation, the Web
server is extended with a Python interpreter by
using ’modpython’ module. A SQLite database
engine is a capable relational database engine. It
is comparable to MySql and PostgreSQL, but more
lightweight and zero administration cost. SQLite
does not administer its own user and access control,
it uses an operating system file protection mechanism.

The application server provides search and intel-
ligent evaluation services to the Web server (Fig. 5).
The separation of these two units made it possible
to modularly design and implement the system as
loosely coupled independent sub-systems.

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 Web server’s middleware and the application
server’s software agents can run in parallel, indepen-
dently of each other. As such, they can be situated
on different servers. The middleware implements the
Web user interface side of the system while the soft-
ware agents implement the evaluation side of decision
process. Each of the truth values of a response triggers
different rule-based reaction as discussed in Section 3.
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Figure 4: Bilattice for to-sources ordered reconciliation

Internet

Database

Users
 Authenticator

Users
Stack Profiler

Dynamic
Page

Publisher

Application middlewareWeb Server

Datastores

Web Clients

Software agents

Intelligent
Diagnostics

Intelligent
evaluation

XML-RPC

Figure 5: System architecture
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8 Conclusion
The world’s experience in shipbuilding suggests that
new ships can be built to a very high standard in a
cost-effective manner, if shipbuilding companies have
capacity to undertake new designs and apply modern
technologies. In order to facilitate the shipbuilding
process we propose use of an automated decision sup-
port systems. The decision making process is based
on the ability to design, develop, test and integrate
modern vessels.
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