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1. INTRODUCTION

The InterCriteria Analysis (ICrA; see [6, 7, 8]) was introduced in 2014 as a new
Data Mining tool. It is similar to, but different from the correlation analyses [1, 10,
11, 12]. In the present paper, we construct a Generalized Net (GN, see [3, 4]) model
of functioning and results of the work of the ICrA.

2. SHORT REMARK ON INTERCRITERIA ANALYSIS

Let us have an Index Matrix (IM, see [2, 5, 6]

O, ... Oy ... O ... O,
Cl acy,01 PN acy,0y e acy,0, e acy,0,
Ci | ac,0, --- Qc,0. --- GC,0, --- GC,0,
A= ) . . . ,
Cj acj701 e acjpk cee acj,ol cen a(jﬁon
Cm ac,,,0, --- @Cp0, --- GCpHO --- GCp,0p

where for every p,q, (1 <p<m,1<q<n):
e C), is a criterion,
e O, is an object,
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® ac, 0, 1s a real number or another object, that is comparable about relation
R with the other a-objects, so that for each i,j,k: R(ac,, 0,5 ac,,0;) is de-
fined. Let R be the dual relation of R in the sense that if R is satified, then
R is not satisfied and vice versa. For example, if “R” is the relation “<”,

then R is the relation “>”, and vice versa.

If all numbers ac, o, € [0, 1], then we can use the intercriteria analysis to detect
relations between the criteria, as well as of the relations between objects. But,
when there are numbers ac, 0, € [0,1], it is difficult to apply intercriteria analysis
in both directions. The intercriteria analysis can be used without restriction to
search relations between the criteria, because the method compares homogenious
data. But, it cannot be applied to searching of relations between objects.

Now, we can transform all data related to each criterion Cp, for which ac, 0, &
[0, 1], using the following procedure.

(1) Determine the minimal element of the set {ac, 0,/1 < ¢ < n}. Let it be
Amin,p-

(2) Determine the maximal element of the set {ac, 0,/1 < ¢ < n}. Let it be
Amax,p-

(3) Change ac, 0, for all 1 < ¢ < n with

b ac,,0q4 — Amin,p
Cp,Oq — 4 1 -
P Amax,p - Amin,p

Of course, we suppose that
Amax’p > Amin,p > 0.

In the opposite case, all numbers ac, o, will coincide.
Therefore, we obtain the IM

O -+ O - 0 o O,
Ql beror o bevo, o bevo; ot beyo,

B_ Ck bc,;,ol ... bc,;oi ... bCki,Oj ... bCki,On 7
Q bcli,o1 o bc{,oi S bc,i,oj s bcli,on
Chn bcr:b,o1 - bc;.,oi e bcwi,o]- S bcwi,on

where bc, 0, € [0,1] for 1 < ¢ < n.

Now, we must mention that there are different algorithms for the cases when the
a-elements are different. So, we discuss the following cases.

Case 1: the a-elements are natural numbers or in a particular case, elements of
set {0,1}.

Let S;:’l be the number of cases is which R(ac, 0,, ac,,0,) and R(ac,0,,ac,,0,) are
simultaneously satisfied; let Sy, be the number of cases is which R(acy,0;.acy,0;)
and R(ac,,0,,a¢,,0,) are simultaneously satisfied, where R € {<,=,>} and R € {<
,>1

Case 2: the a-elements are rational, real or complex numbers, or in a particular
case, elements of interval [0, 1].
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Let S;:J be the number of cases is which R(ac, 0,,ac,,0;) and R(ac, 0, ac,,0,) are

simultaneously satisfied; let SZJ be the number of cases is which R(ac,,0;, aCk,O,-)
and R(ac, 0, ac,;,0,) are simultaneously satisfied, where R, Re{<,>}.

In Case 2, we do not discuss the situation when the relation between two objects
acy,0; and ac, o,, evaluated by real numbers, was a relation of equality (=) with
the degree of uncertainty. The reason is that if we work by the first digit after
decimal point and if both objects are evaluated, e.g., as 2.1, then we can adopt
them as equal, but if we work with two digits after decimal ponit and if the first
object has an estimation 2.15, then the probability of the second object to have the
same estimation is only 10 %.

We must note that if we have real numbers in fixed-point format, i.e. precision
of k digits after the decimal point, we can multiply all numbers by 10* and then all
a-arguments will be integers.

In the general case for the real numbers in floating-point format we may assume
some precision ¢ and two numbers ¢; and ¢ coinside if |¢; — co| < e.

Case 3: the a-elements are propositions or predicates. In this case we must
have an evaluation function V' that changdes the a-element ac, o, with V(acp)o 0 =
bc,.0, € {0, 1}, after which we go to Case 2.

Case4: the a-elements are IFPs.

Let Sy, be the number of cases in which

(acy,04 Bey,0:) < (acy,05, Bey.0;)

and

(acy,0; Bcy,0:) < {ac,0;:Bc,,.0;)s
or

(acy,0:5 Boy,0:) > (ac,,0;5 Bc,,0;)
and

<aclxoi7 5Cl;01‘> > <acl,0j7 /BCZ,Oj>
are simultaneously satisfied.
Let S, be the number of cases in which

<aCk,Oi ’ ﬂck70i> < <C¥Ck7oj 3 /BCk,O]->

and

(ac,,0:: Bey0:) < {ac,0;:B01,0;)s
or

(acy,0:5 Boy,0:) > (ac,,0;5 Bc,.,0;)
and

(acy,0:5 Bey0;) < {ac,0;5Bcr.0;)
are simultaneously satisfied.

The next steps of the ICrA-algorithm for the first four cases are similar, while for
the fifth case they are different. By this reason, we will discuss the fifth case later,
while here, we continue with the algorithm for the first four cases.

Obviously,

n(n—1)
5

In [9], the pair (a,b) for which a,b,a + b € [0, 1] is called an Intuitionistic Fuzzy

Pair (IFP).

n
Ska+ Sk <
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Now, for every k,I, such that 1 < k <1 < m and for n > 2, we define

s
Hey,,C n(n — 1)7

, St
Yok = BTy

Therefore, (uc, ¢, Ve, c,) is an IFP. Now, we can construct the IM

‘ C . Cnm
1 <NC17CUV01701> s <NC17Cmv VCl,Cm>
. . . b
Cr | (BCrsC1s VCm,C1) -+ (HCo G VCr O )

that determines the degrees of correspondence between criteria C1, ..., Cy,.
Using the above values for pairs (M¢, ¢,, Nc, ¢,), we can construct the final form
of the IM that determines the degrees of correspondence between criteria Ci, ..., Cp,:

| Cy . Crm
1 <MC1,01’ N01,01> cee <M01,Cma NCl,Cm>
Cm | (Mc,,.c1s Ney,cr) -+ (Mc,, 0 NCw,C)

Let o, 8 € [0,1] be given, so that o + 8 < 1. We call that criteria Cy, and Cj are
in

e (a, B)-positive consonance, if

pe,,c; > o and vo, o < B;

e («, B)-negative consonance, if

poy,c, < B and poy.cp > o

e (a, B)-dissonance, otherwise.

Analogically, we can compare the objects, determining which of them are in (o, 3)-
positive or («, 8)-negative consonance, or in («, 3)-dissonance.

If we know which criteria are more complex, or that their evaluation is more
expensive, or it needs longer time, then we can omit these criteria keeping the
simpler, cheaper or those requiring less time.

3. ON TWO GEOMETRICAL INTERPRETATIONS OF THE RESULTS OF ICRA

In [7], a geometrical interpretation of the results of ICrA is given in the form from
Fig. 1.

Now, a new geometrical interpretation of the results of ICrA will given (see Fig.
2).
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4. GENERALIZED NET MODEL OF INTERCRITERIA ANALYSIS PROCESS

The constructted here GN is reduced one. Its transitions and places do not have
any priorities, while tokens 8 and 7 will have higher priorities than the a-tokens.
Tts places and arcs have infinite capacities (but at each time-moment, in them only
finite number of tokens will stay or will be transfered through them), transitions will
be activated in each time-moment with duration of the active state one elementary
time-step (¢°), tokens will keep their history and the global time-parameters will be
T =0 and t* = oo, but for each concrete simulation t* will be a finite number.
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In place Iy, the token o, » enters with the initial characteristic
“IM with elements being evaluations of n objects by m criteria and these elements have

the form of natural/{0, 1}-/rational/real numbers or IFPs”.

The GN contains 12 transitions and 27 places that have the following forms (see
Fig. 5.1).

l l l l
1= ({h} Al b L s l W?z Wi3 W;l4 W?5 )

where

Wi = “the IM-elements are in the form of natural numbers or elements of set
(0,11,

Wi 3 = “the IM-elements are in the form of rational/real numners”,

Wi 4 = “the IM-elements are in the form of logical or linguistic variables, or predi-
cates”,

W15 = “the IM-elements are in the form of intuitionistic fuzzy pairs”.

In places [y or Is, if this is necessity for the current data, token cy, ., obtains the
characteristic

“normalization of the IM-elements, following the algorithm from Section 5.17.

Token o, ,» does not obtain any characteristic in places l4 and Is.
Let variables k and [ are defined so that 1 < k <1 <m.

For s =2,3,5:
| lasys los+a
Zs = ({ls, lastat, {losys, lasat, s false true ),
los+4 | Wasta2s43 Wasta 2614
where

Waosia2s43 = “6 <m”,
W2s+4725+4 =Y <m.

Initially, token au, ., from place [ enters place los44 without any characteristic
and after this, step-by-step it splits to two tokens — the same token oy, ,, that stays
in place l2s+4 and the tokens oy 1,012,...,Q1,m,®22,...,%n_1,m that enter place
las+3. On the time-moment, when the predicate Was 42414 is false, but the predicate
Wosta,2s43 is true, the token o, ., also enters place lo,3.

Entering place lgs13, token ay; (for 1 <k <1 < m) receives the characteristic

Oy aCy,01+ACy,055 - - -1 01,0, )s (Cly 001,01 01,055 - -+ 501,00 )5 Sy = Sy = 07
The token (3 enters the GN from place lg with initial characteristic
“numerical function V for evaluation of the linguistic variables being elements of initial
am,m-token’s characteristic”.
When s = 4, the transition Z4 has the form
| ln l1o
ly | false  true
Zy = ({4, 16,1 1,1
4= ({la,l6, 112}, {111, l12}, lo | False Weis )s

lig | Wizq1 Wiz
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where

We,12 = “the IM-elements are in the form of logical or linguistic variables, or predi-
cates”,

Wig11 = “i <m”,

Wis 12 = “1 < m.

As in the three previous cases, initially, the token a;, ,,, from place l4 enters place
l12 without any characteristic, but in difference with the previous cases, it unites
with token (8 that enters first this place, because it has a higher priority. After
this, step-by-step the token a, ,, splits to two tokens — the same token a;, ;, that
stays in place l2,14 and the tokens oy 1,a12,...,01,m,®22,...,%n—1,, that enter
place los13. On the time-moment, when the predicate Was14,24+4 is false, but the
predicate Wos1 42543 is true, the token oy, ., also enters place los13.

l7 l1s

)

O

Z3 Z7
\V4 \V4
I3 ly li7
e o &
l1o l1g Z11
\V4
l24 las
OO
l23
4’O—>
Z4 Zs l2g
\V4 \V4
lg 111 lig
OO O
N l20

Fig. 5.1.
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The «y, j-token’s characteristic in place Iq7 is:
“Ck, V(acy,0,),V(ac,,0.)5- -5 Viac,0.))s (C1,V(ac,0,),V(ac,0,),---,V(ac,0,)),
S,’:J = S,’:J =0".

Now, for s = 2, 3,4, 5, the transitions Zg, Z7, Zs and Zg have the form:

| lsynn las+12
Zsia = ({l2s13,last12}, {los+11, last12}, l2s43 false true )s
lasy12 | Wast12.26411 Wasyi12,25412
where
Wast12,2¢+11 = “first projection of the current a-token is smaller or equal to m”,
Wost12,26412 = “first projection of the current a-token is smaller to m”.

Each one of tokens oy from place la543 enters place lasy12, where it obtains as a
characteristic with the form:
L(<p7 u, ’U>”,
where p = 1,2,...,m corresponds to the time-steps of the current a-token staying
in place l2s4+12 and variables u and v increase step-by-step by the formulas from
Section 5.1 for Sgk,cl and S¢, ¢, respectively. So, in the last time-moment, when
the oy j-token leaves place lasy12 and enters place lo,111 it characteristic is

QM v ”
SC'k,Cz’SCkVCl :

l1s
Z10 = ({l15, 117, Lo, l21 }, {l23}, 17 | true ).
lig | true
lo1 | true
In place l23, token ay; obtains the characteristic

”

Suey.crnvene)”s
where, as is described in Section 5.1,

I v
P 25cc . - 2o,
R p(n—1)" TR n(n—1)
From the beginning of the GN-functioning, token  stays in place ly4 with initial
characteristic
“IM with row- and column-indices C1, Cs, ..., C,, and without elements;

constants «, 3 € [0, 1] described in Section 5.17.

| s l2g

l [ t
o = s B, 2| 0 )

log | Wag,25 Wag,26

where
Wag 25 = “all a-tokens in the net merge with the y-token”,
Wag 26 = = Wag 25
and —P is the negation of predicate P.
The token + has highest priority and by this reason, it first enters place log.
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Tokens a1, 1,2, ..., um,m enter sequentially place log and each one of them unites
with token ~y that step-by-step obtains its elements, so, when the predicate Wag 25
obtains value true, the token - enters place lo5 with the final characteristic

e . o
« Ch <:u01701 ) l/cl7cl> s </U*Cl70mv VCl,Cm>
. . . b)
Cm <l’l’ Cm ;Cl Y VC"L 701 > e <p’ Cm ;Cm ? VC?IL ;Cm >

lists of the elements that are in positive consonance, of the negative consonance
and of dissonance”.

5. CONCLUSION

In all research on ICrA by the moment, the evaluations of objects by criteria are
homogeneous, i.e. they are from only one of the above discussed four types. In future
research, we will discuss a GN in which the evaluations of the object by criteria to
be simultaneously from more than one type, i.e., from two, three or four types. Also,
evaluations can have IVIF-forms, while the IM can be not only 2-dimensional, but
n-dimensional, for n > 3.
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