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REPRESENTATION
OF INTERFACES VIA
FUZZY SET APPARATUS

Summary

This contribution deals with interface problems applied for communication between
appropriate application programs. When considering theoretical aspects, the contri-
bution describes a structure and features of such interfaces which is being interpreted
via fuzzy sets apparatus, which a linguistic approach is applied for these purposes. As
for implementation aspects, the contribution contains an appropriate example and

describes principles related to algorithm concerned to design of such interface type.
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INTRODUCTION

Any information or knowledge based sys-
tem contains less or more application pro-
grams which are required to communicate
properly. In most of cases, outputs generated
by one application program usually repre-
sent inputs for another one; however a con-
tent of output sets related to one application
program is not usually identical with content
of input sets related to another one. As a re-
sult of that an appropriate component has to
be inserted between both of them. This com-
ponent is called Interface. The term “Inter-
face - Intf” may be explained as a mechanism
by which a user interacts with a given system
or an application program and a mechanism
that facilitates a user providing input to
and/or receiving output from a system. That
surface defines a boundary between two ap-
plication programs as for instance. However,
the mechanism supports, facilitates and en-
forces the syntax, grammar, conversational
context, sequence of operations, and seman-
tics rules of the dialog between the parties
[5] in the dialog as well. There are more ap-
proaches to design and implementation of
such interfaces, however a lot of them are
usually on J2EE or XML technology applied
within web oriented presentation layers [8]
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where three dimensional interfaces play a
role of great importance. Three dimensions
and virtual environments intuitively make
sense for a wide range of applications, be-
cause of the characteristics of the tasks and
their match with the characteristics of these
environments. Immersion is the feeling of
“being there” (replacing the physical envi-
ronment with the virtual one), which makes
sense for applications such as training and
simulation. If a user is immersed and can in-
teract using natural skills, then the applica-
tion can take advantage of the fact that the
user already has a great deal of knowledge
about the world. The immediacy characteris-
tic refers to the fact that there is a short “dis-
tance” between a user’s action and the sys-
tem’s feedback that shows the result of that
action. This can allow users to build up com-
plex mental models of how a simulation
works, as for instance [2]. In principle two
application programs may also communicate
among each other via interface which con-
tains output data set Pg; generated by the
first application program and several supple-
mentary data Py which makes a complete
structure of input data set so that the second
application program operates properly. The
input data set for the second application



program proper functionality is denoted as
Po,. Therefore there exists an appropriate
probability that several Poq and Pgy, set ele-
ments create an integral part of an interface
which provides inputs for a proper communi-
cation between both of the above-mentioned
application programs. As a result of that, a
fuzzy set apparatus may be applied, when pro-
viding a quantitative description of the Intf in-
terface. On the other hand, requirements
which the set Intf shall meet in order to pro-
vide a proper communication between both
of the above-mentioned application programs
are postulated via logical sentences in a natu-
ral language, while the sentences contain thee
types of special terms: Principal terms - Pet
terms, relating terms Ret -terms and terms to
be explained - Tbe terms [0, 7]. This create
basis for using of a linguistic approach with
the use of fuzzy set apparatus [3, 4, 8].

The contribution deals with theoretical
aspects of such approach to interface design
and implementation and contains an exam-
ple such interface structure together with
discussion concerned to appropriate imple-
mentation aspects.

1 AN INTERFACE - A PRINCIPAL
TOOL FOR COMMUNICATION
AMONG APPLICATION
PROGRAMS

1.1 APPLICATION PROGRAM INTERFACE
- STRUCTURE & FEATURES

Information or knowledge based sys-
tems contain a set of application programs

which have to communicate among each
other properly, while each of the applica-
tion programs provides a conversion of in-
putdatainto outputdata with the use of ad-
equate internal functions. However, there
are very few cases when outputs gener-
ated by one application program may be
processed at input of other application
program directly. As result of that, a sup-
plementary component has to be inserted
between both of application programs.
This componentis called and Interface and
has an adequate structure containing the
above mentioned outputs generated by
one application program and a set of sup-
plementary elements which represent
further necessary criteria X (e.g. selec-
tion criteria) and elements representing
operands or statistic functions X,. How-
ever, there may be further supplementary
elements closely related to interface secu-
rity as well (see also section 3.1). A struc-
ture of suchinterface (Int) is shown in Fig.
1 and its position between application pro-
grams P, (1) & P,(2) is shown in Fig.2. In
order to provide a quantitative description
of such interface alinguistic approach was
chosen together with an appropriate fuzzy
set apparatus.

Fig 1 A structure of Intf interface
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1.2 QUANTITATIVE REPRESENTATION
OF INTERFACE STRUCTURE AND
FEATURES VIA FUZZY SET APPARATUS

When considering interface structure
and features a linguistic approach to inter-
face interpretation was selected and its
quantitative representation is based on
fuzzy set apparatus, while the following con-
siderations are applied for these purposes:

Consideration no.1 - formulation of require-
ments which shall provide the application
programs P,(1) & PA(2)

Let us consider two application programs
P,(1) and P,(2) and appropriate require-
ments which they shall provide, while
the requirements are represented by sen-
tences postulated in a natural language (see
also formulas (1 and 2).

P,(1) = Reql {(V(1,1), v(1,2)..V(1,m] (1)
P,(2) = Req2 {(V(2,1), V(2,2)...V(2,m5)] (2)
Each of the above-mentioned sentences

consists of adequate terms (Tbe, Pet and Ret
[6]) postulated via formulas (3, 4).

VV(,i e Req1 3 Pety (1, 1), Rety (1, 1) =

=-Petg (1, i), Retg (1, i) =Tbeg (1, i) 3)
for i=1,.. m;

VV(Q,i e Req2 3 Pety (2, 1), Retg (2, 1) =

Petg (2, 1), Retg (2, 1) = Tbeyg (2, 1) “@
fori’=1,.. my

On the other hand, the P,(1) program op-
erates with inputs represented by Pet (1, i)
terms and executes functions represented
by Ret (1, i’). As a result of that, a set of new
values may be created represented by items
closely related to Tbe! (1, i), Pet’ (1, i) and
Ret’ (1, i) terms?. The P,(2) program oper-
ates with inputs Pet (2, j) and executes func-
tions represented by Ret (2, j). As a result
of that, a set of new values may be created
represented by items closely related to Tbe3
(2, ), Pet’ (2, j) and Ret’ (2, j) terms (for j =
1... my). In most of cases the P,(1) pro-
gram outputs do not correspond to P,(1)
program inputs precisely and an appropriate
interface shall be inserted between them in
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order to provide an adequate communica-
tion between them (see also Fig.1). As aresult
of that, an adequate interface structure shall
be defined. Therefore, there is a principle
question:” How such interface structure
should look like?” In order to answer this
question correctly the next consideration
(consideration no.2) shall be postulated.

Consideration No.2 - an interface which
plays a role of the principal facility for com-
munication between application program
P,(1) and P,(2)

Let us consider an application program
P,(1) which provides a conversion of input
data (represented by Pet (1, i) terms into Tbhe
(1, 1), Pet’ (1,i) and Ret’ (1, i) terms with use of
application program P,(1) internal functions
represented by adequate Ret (1, i) terms. An
application program P, (2) provides similar
functions; while its input data are represented
by Pet (2, i) terms (see also Consideration
no.1l). A proper communication between both
of the above-mentioned application programs
may be represented by formula (5).

P,(1).Int = P,(2) 3)
Consideration No.3

Let us consider two application programs
P,; and P,, which shall communicate
among each other. Each of the application
programs provides appropriate functions
which enable converting pre-defined inputs
into adequate outputs. This fact may be
quantified as follows:

VP, (i) 3 fpaGi, ), In(i,k) & Out (i,1) =

In(i,k) fpa(i, ) = Out (i,
fori=1...n(n=2), j=1..mq, k=1..m,,
1= 1m3 my ES my ES ms

Ga)

When looking at Fig.1, we can see a com-
munication of two application programs P,
and P,, via an appropriate interface Intf,
while a set denoted as Out (2,1) consists of
two subsets Out; (1,1) and Out, (1,1) and the
set Out; (1,1) C Intf and Out, (1,) ¢ Intf.
However, a condition Intf = In(2, k) shall be
respected as well. Before searching a solu-
tion of a situation represented by formula

Tbe terms represent results received based on the operation e.g. Tbe(1,i) = Pet (1,i) Ret(1,i) Pet (1,i+1)
The Pet’ (1, i) and Ret’ (1, i) terms represent output values of the input items denoted as Pet (1,i) and Ret terms.

A Ret term may be represented in form of an appropriate query, as for instance. See also example.

3
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Tbe terms represent results received based on the operation e.g. Thbe(2,j))= Pet (2,j) Ret(2,j) Pet (2,j+1)



(5), the following auxiliary consideration
plays a role of great importance:

Consideration No.4

Let us consider a universal class which is not
described strictly and which contains elements
closely related to a context represented by
functionality of application programs P, ; and
P> As a result of that, a set of generic ele-
ments K may be defined which is called “a nu-
clear space”, while the set K consists of two
subsets K; and K,. The set K; contains ele-
ments closely related to functionality of appli-
cation program P, ; and the set K, contains el-
ements closely related to functionality of
application program P,, However, these sets
create a semantic space Eg closely related to
both of the above-mentioned application pro-
grams, as well and the following relations may
be postulated:

K; CK 6)
K, CK @))
Ex € K, (8
Ex, C K, €
E, €K (10)

The elements contained in the sets K; and
K, represent the terms in a natural language
2Tep guag
postulated as follows:

Ex; € Ky = [ Tbe! (D), Pet! (j), Ret! ()] (11)
Eiz C K, = [ Tbe? (i), Pet? (j), Ret?(k)] (12)

Where Tbe - means - terms to be explained, Pet -
Principal terms and Ret means Relating terms [8].

Consideration No. 5

Let us consider a set 7 {Pet (1, 1)}
(i=1...m1)}, while a formula (13) may be
postulated
7 = (Pet (1, D}p-1™! = {In(1, kK)} (o™ (13)

Further, let us consider a set p {Ret
(1, iD}p=1™!, while both of the above-
mentioned sets t and r are considered to be
fuzzy sets defined with respect of relations
(6) up to (12). According to assumptions
postulated within Consideration no.2, the
P,; application program functionality may
be represented via semantic relation (14).

{Pet (1, D}p=1™! x {Ret (1, D}p-1™! = 5 (14)
where is represented by relation (15, 16)

o= {Tbe(1, D} ® {Pet’'(1, D}} @ {Ret'(1, )}} (15)
o=TXp (16)
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Now, let us look for an appropriate rela-
tion between s and In (2, k) (see also Fig.2).
With respect o formulas (5, 15 and 16) and
Fig.1 a relation (17) may be postulated

ox i =In(2, k) a7
where Tbe(l, i) terms may represent results of com-
putation, as for instance, Pet’ (1, i) terms repre-
sent output values in form of unchanged Pet
terms, it means Pet (1,1) = Pet’ (1,1) and Ret’ (1, 1)
terms may represent operands or program
functions which enable further processing of
Tbe(1, i) and Pet’ (1, i) terms e.g. query parame-
ters, statistic functions, etc.

Let us have a look at formula (15) and try
to transform it. In order to achieve that we
have to postulate the following formulas:

& = {Tbe(1, D} ® {Pet’(1,D}}  (18)
¥ = (Ret’(1, D}) a9
o=Exy (20)

With respect of an assumption that the re-
sult represented by s is not usually suffi-
cient for a proper communication between
application programs P,; and P,, aset A=
= {A(D))};y-1;™! shall be defined and the set con-
tains supplementary elements for a proper
functionality of P, (2) application program.

With respect of relation (5) and assump-
tions postulated via formulas (21, 22)

Y Tbe(l, i), Pet’'(1, "), Ret’'(1,i") I {A(i)};p—y™
= 0 x (A({) }p-1™! = In(2, k) QD

and

V¥ Tbe(l, ), Pet'(1, "), Ret' (L") 3 (A( i)}, ™!
= In(1,k) . Int = In(2,k) (22)

the following descriptive fuzzy set may be
defined:

D(Int) = U o <&, A>/y (23)

and this set is called: Descriptive fuzzy set of
the interface Int. and the procedure for de-
sign of such interface is called Descriptive
fuzzy set procedure.



2 DESIGN

AND IMPLEMENTATION
OF INTERFACES VIA FUZZY
SET APPARATUS

2.1 DESIGN OF INTERFACE WITH
THE USE OF DESCRIPTIVE FUZZY
SET PROCEDURE

Algorithm related to design of interface
Int with the use of Descriptive fuzzy set pro-
cedure -

Example

Let us consider two application programs
Po(1) and P,(2). The program PA(2) shall
generate an overview concerned to products
produced per month, and quarter of year,
while the overview shall show a quantity
(pieces) of products per month and a quarter
of year related to types of products (e.g. dis-
plays, processors, keyboards..., etc). The pro-
gram P, (1) generates product sums of pieces
product total prices per day based on the fol-
lowing inputs (denoted as Pet terms):

Pet (1, 1) = [v_id, hv_dr (e.g. display)]

Pet (1, 2) = [v_id, hv_id (e.g. 23456)]

Pet (1, 3) = [v_nz, hv_nz (e.g. display ABCD)]
Pet (1, 4) = [v_mj, hv_mj (e.g. ks)]

Pet (1, 5) = [v_jc, hv_jc (e.g. 2750)]
Pet (1, 6) = [v_jcm, hv_jcm (e.g. SKK)]
Pet (1, 7) = [v_mn, hv_mn (e.g. 150)]
Pet (1, 8) = [v_dtm, hv_dtm (e.g. 22.8.2007)]
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Ret (1, 1) = Pet (1, 5) x Pet (1, 7) (25)

Pet’ (1, 1) = [v_dr, hv_dr (e.g. display)]

Pet’ (1, 2) = [v_id, hv_id (e.g. 23456)]

Pet’ (1, 3) = [v_nz, hv_nz (e.g. display ABCD)]
Pet’ (1, 4) = [v_mj, hv_mj (e.g. ks)]

Pet’ (1, 5) = [v_jc, hv_jc (e.g. 2750)]

Pet’ (1, 6) = [v_jcm, hv_jcm (e.g. SKK)](26)
Pet’ (1, 7) = [v_mn, hv_mn (e.g. 150)]

Tbe (1, 1) = hgec (1, 19

Pet’ (1, 8) = [v_dtm, hv_dtm (e.g. 22.8.2007)]

X (1, 1) = [v_drl, hv_dr (e.g display)]

X (1, 2) = [v_dtmla, hv_dtmla (e.g. 1.7.2007)]

X (1, 3) = [v_dtmlb,hv_dtmlb(eg 1.82007)1(27)
X (1, 4) = [v_dtmlc, hv_dtmlc(e.g. 31.8.2007)]
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X (1, 5) = [v_dtm1d, hv_dtm1d (e.g. 30.9.2007)]

Ret’(1,1) = {select [x(1,1D] & [X (1,3)] &
[X(1,4)] & SUM (Pet’(1,7)] & SUM (Tbe (1,1))
Ret’(1,2) = {select [x(1,1)] & [X (1, 2)] &
[X(1,5)] & SUM (Pet’(1,7)] & SUM (Tbe (1,1))

The Int interface consists of three data
groups Y1 = Y1 {[Pet’ (1, 1)... Pet’ (1, 7]},
Y2=Y2 {[Tbe (1,1), Pet’ (1,8)]}, Y3=Y3
{([X(1,D....X(1,5)]}, Y4= Y4{[Ret(1,1), Ret
(1,2)}.

Int = Int (Y1, Y2, Y3, Y4) (29)

Any of the above-mentioned groups may
have the following security values:

Any of the above-mentioned groups may
have the following security values:

Visible / Invisible
Public / Private
Protected/Unprotected

However, these levels may be combined as
well, e.g. V,Pu, Unpro. In the case no of the
security values are written after interface
group parameters a combination V,Pu,
Unpro is valid and is considered to be a de-
fault value.

Int = Int { [Y1 (s1, s2, s3, s4)],

[Y2 (s1, s2, s3, s4)], [Y3 (s1, s2, s3, s4)],
[Y4 (s1, 82, s3,s4)]}

Int = Int {[Y; (s;)]} forj=1..4 and i=1..n (31)

PA(DInt = Po(2) (32)

30)

2.2 IMPLEMENTATION ASPECTS
OF INTERFACES DESIGNED WITH
THE USE FUZZY SETS

Implementation aspects of interfaces de-
signed with the use of fuzzy sets are derived
based on a Descriptive fuzzy set procedure.
At the beginning of this procedure is a set of
requirements denoted as Req which con-
tains sentences represented in a natural lan-
guage. Each of the sentences consists of Tbe,
Pet and Ret term defined according to for-
mulas postulated in the section 2.2. In this al-
gorithm, there is a function which enables
decomposing of the sentences into adequate
Tbeg, Petg and Retg terms. On the other
hand, the P,(1) application program con-
tains an adequate input data represented by
Pet (1, 1) terms and internal functions repre-
sented by appropriate Ret (1, i) terms which



Fig.3 Basic principles of Descriptive fuzzy set procedure
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D(Int) = U %%/,

©

enable providing operations according to and create the first data set which is an inte-
formula (25), as for instance and receiving gral part of the interface Int which enables a
results in form of Tbe (1, 1) terms and Pet’(1, proper communication between program
i). These results are called “Output results” P,(1) and P,(2) (see also formula (32)). In




order to provide a proper functionality of
the P,(2) program, it is necessary to assure
an adequate structure of inputs denoted as
In(2,k) and a semantic analyses of V(2, i) sen-
tences may help to do it. The Pet (2,i) a Ret
(2, i) terms are considered to the principal
results of the above-mentioned analysis and
create bases for subsets X; (i) and X, (i) I'1
(i), while the subset X; (i) is closely related
to adequate selection and presentation cri-
teria and the subset X, (i) is closely related
to operands and appropriate statistic func-
tions. With respect of these considerations
the following formula may be postulated
A = X1 () N X3 (33)
After that, the description fuzzy set which
contains elements closely related to formulas
(18,19, 20 and 23) may be determined. An ex-
ample of Descriptive fuzzy set procedure is
described in section 3.1 and the basic princi-
ples of the procedure are shown in Fig.3.

CONCLUSION

In this contribution, there are discussed
these interface problems which enable
a proper communication among actual appli-
cation programs. Any application program
provides a generation of outputs based on ap-
propriate inputs. However, not always a
structure of outputs generated by the first
program is sufficient for a proper functional-
ity of another application program. There-
fore, an adequate interface shall be inserted
between them. This contribution contains
a structure description related to such inter-
face which is being quantified with the use
fuzzy set apparatus. However, there is de-
scribed the interface example together with
design and implementation aspects closely
related to this type of interface, as well. Sev-
eral concrete approaches may be postu-
lated which are closely related application
of appropriate packaged application soft-

ware supporting a system integration.
With respect of these approaches, the
Biography:

terials for university students

following methodologies may be postulated:
MDIS (Multidimensional methodology for in-
formation system design and implementa-
tion with the use of appropriate packaged
software), ASAP (Methodology concerned to
implementation of SAP products) or TISTAS
(Methodology for information design and im-
plementation based on adequate packaged
software).

The matters described in this contribu-
tion create basis for a program development
which might enable generating an interface
structure elements based on pre-postulated
requirements.
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