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1 Introduction

A lot of colleagues already assert that the Expert Systems (ESs) are dying. The author supports
the idea that they will live their “Renaissance”, obtaining a special place in the instrumentation
of Data Mining (DM). Preserving their basic purpose to generate new knowledge by answering
hypotheses, we can essentially extend the area of their capabilities. When some unclear situation
arises in a process controlled by DM-tools, and when some hypotheses for its future development
are generated, then the new type of ESs can help.

In a series of papers collected in [3], the author described the basic steps of the process of the
functioning and the results of work of ESs. There, nine Generalized Nets (GN, see [1,5]) models
of Expert Systems (ESs) are described. In Section 2, we discuss the GN-model that describes the

46



functioning and the results of the work of an arbitrary ES. It will be the basis of a new GN-models,
describing in Sections 3 and 4.

We must mention also that in [10, 11], the functioning and the results of the work of relational
databases, uncertain data and knowledge engineering processes are described by GNs.

The first of the models from [3] shows how a GN-model of a given ES can be constructed.
This model contains information about the separate ES components (Data Base (DB),
Knowledge Base (KB) hypotheses), which are represented by GN—transitions, places, tokens and
token characteristics. It shows that we can construct one GN-model for any ES. In the second and
third GN-models from [3], a part of the GN-components that correspond to the ES-components
are changed only by token characteristics. In the second GN-model, the DB is represented by a
characteristic of a specially constructed token, while in the third GN-model the same is done for
the KB.

Therefore, the second and the third GN-models are already independent of the concrete DB
and the concrete KB of a given ES, being modelled by the GN. Hence, the third GN-model is
universal for the class of all standard ESs.

The fourth GN-model is an extension of the third one, but with the possibility to represent KB
rules containing the operation “negation” in their antecedents. The remaining five GN-models,
described in [3], are devoted to extensions of the concept of an ES. The new ESs contain new
components, which can be represented by the GN-tools. Of course, these new components are not
all of those necessary for modelling concrete expert processes, but they illustrate the possibility
for extending the ES-structures, and in separate cases they can be useful.

The fifth GN-model represents the functioning and the results of the work of an ES, with
priorities of the data within its DB. The data have now a specific priority. At the time of the
ES functioning (within the context of a GN-model), new data (represented by GN-tokens) can
enter the DB changing the existing information in it (if the new data are in contradiction with the
data already existing, and if the priority of the new data is greater than the priority of the old),
or confirm it. There are special tools, described by GN-subnets, which can check the correctness
of the new data and this information will enter the DB only if it is not in contradiction with the
existing rules of the ES’s KB.

The seventh GN-model is devoted to an analogous extension of the ES, but now related to its
KB. The rules there have priorities and they can be changed or confirmed as in the previous case.
Now, there are GN-subnets that check the correctness of the new rules and they will enter the DB
only if they are not in contradiction with the existing rules of the ES’s KB and with the existing
data in the ES’s DB.

The sixth GN describes an ES that contains “metafacts”. This new concept is similar to DB
facts and simultaneously to the KB rules. In practice, the metafacts can be interpreted as facts
about the DB-facts, as well as, as simple KB-rules.

The concept of an Intuitionistic Fuzzy ES (IFES) was introduced in [2] as an extension of
fuzzy ESs. The estimations of the truth-values of the facts there have the form (m,n), where
m,n € [0,1] and m +n < 1. Numbers m and n correspond to the degree of validity and the
degree of non-validity of the fact. In this case, there possibly exists a degree of uncertainty p, for
which p = 1 —m — n > 0. The three components of the Intuitionistic Fuzzy Set (IFS) [4] and
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its derivatives (intuitionistic fuzzy logics, intuitionistic fuzzy graphs, intuitionistic fuzzy abstract
systems, intuitionistic fuzzy ESs, and so on), give greater possibilities for the real processes
modelling than ordinary fuzzy objects. The eighth GN-model describes the functioning and the
results of the work of an IFES.

On the basis of the modal types of operators defined over IFSs, the eighth GN-model was
constructed so that it represents the functioning and the results of an ES using modal logic
operations.

Here, we must mention that in [2], the concept of an Intuitionistic Fuzzy ES (IFES) was
introduced. It was essentially extended in [3, 10, 11]. In these ESs, each fact F' has [F-estimations
(u(F),v(F)), determining its degrees of validity and non-validity. So, the answer whether a
given hypothesis is valid or not, obtains essentially more exact evaluation. In near future, we will
introduce an extension of the IFES whose facts will have the IVIF-estimations (M (F'), N(F)),
where M (F'), N(F) C [0, 1] and sup M (z) + sup N(x) < 1. So, we will define Interval Valued
IFES (IVIFES). A next step of the extensions will be introducing of facts that contain moments
of time, when they started to be valid, and moments in which they ceased being valid (a sequence
of time-moments 1, t5, ..., t,,). Then (cf. [3]), on the one hand we can answer to questions related
to the time (“at the moment”, “once”’, “sometimes”, “for long/short time”, “often”, “rarely”,
“for a short period”, “for a long period”, etc. ). On the other hand, the IVIFES rules can have
essentially more complex forms, containing different logical operations (conjunction, disjunction,
implication, negation,...), quantifiers (“for existence” and “for all”’) and modal operators in their
antecedents (see [9]). In addition, the facts and the rules can have priorities that determine whether
a given fact or a given rule can remain in the DB or must be changed with another one.

Finally, the ninth GN-model, described in [3], represents the functioning and the results of
the work of an ES with rules, related to a fixed time-scale, which is given as characteristics of a
special GN-token. In this way, we can construct a temporal ES using temporal logic operators.

2 A GN-model of a standard ES

As was mentioned above, the first two GN-models from [3] depend on the forms (DB and KB) of
the described ESs, while the GN-model that will be given below (it is the third model from [3]),
is the first one that is fully independent from the forms of the ESs whose functioning and results
of work represents. It is shown in Figure 1.

For the sake of clarity, the places are marked by three different symbols: a, b and ¢, such that:

e the token « together with its descendants of all generations obtained after splitting will go
to the a-places;

o the token 5 will go on b-places;

e the token v will go on c-places.

Below, the tokens characteristics will be ordered tuples whose first component is in turn a vec-
tor with components natural numbers. At every step where tokens will split, they will be marked
with the number of the current split, keeping the previous numeration, i.e., if the first component
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of a token characteristic is (s1, Sa, ..., Sp_1) (k > 0, 81, Sa, ..., S,_1 being natural numbers), then
its next characteristic will be (s1, so, ..., Sk_1, Sk ), Where the natural number s, will correspond to
the number of the tokens’s current splitting.

Let A be the DB of a given ES. Let a token « enter place a; of the GN with an initial
characteristic z§ = “(p, H)”, where p is the current number of the a-token which enters place a;
and H is a hypothesis.

Let a token /3 enter place b; with an initial characteristic zj = “A”.

Let the token 7 enter the place ¢; with an initial characteristic x; = “R”, where R =
{R1, ..., R,} is the list of the rules. Each rule R; has the form (1 <1i < n):

Ri = <CZ7 Ai,la ceey Ai,8i>7

or
R, = “Ai,h ”'7Ai,si : —Cz'”7

where C; is the consequent and A; 1, ..., A; 5, are the elements of the conjunction which forms the
antecedent, x; denotes the i-th characteristic of the a-token with the highest priority in a given
place.

The transitions of the GN are given in the following Figure 1. The first transition has the form:

Zl = <{a’17 b17 b97 C1, 07}7 {a27 as, b27 b37 Co, 63}7 1, M17 |:|1>7

where (for index matrices see [6]):

as as bg bg Co C3
r =

a1 | Tayas Taras Jalse false false false
by | false false 1Ty, p, Tops false false
by | false false Toop, Thops false false
c1 | false false false false 71¢cy  Teicq
c7 | false false false false 7o ey  Teres

where

o =r =r =r =r —“er“gZ:cﬁ”

ar,az = Tbiba = Thobe = Teruer = Tereo =  Pl2Zyg 0 >
® Tai,a3 = Taj,azs

® Thiby = Thobs = Teres = Teres = Taya, & “there are no new a-tokens before place a;”,
where — P is the negation of predicate P,

and
M, = az az by b3 3 c3
a|loo oo 0 0 0 O
b1 0 0 1 1 0 O
by | O 0O 1 1 0 O
a0 0 0 0 1 1
c;| 0O 0 0 O 1 1
and

Dl = /\(al, \/(bl, bg), \/(Cl, 67)).
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The tokens obtain the characteristic “(pr, =, ! pry z§)
any characteristic in the other output places.
The second transition has the form:

Z2 - <{a'27 ayq, Ay, b27 62}7 {CL4, as, ag, ar, b47 b57 Cyq, 05}7 T2, M27 |:|2>7
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Figure 1. A GN-model of a standard ES

in place a3, and they do not obtain



where

ay as ag ar by bs C4 Cs
a2 | Tagay Tasas Tasas Jalse false false false false
To =
a4 | Tayaq Tasas Jalse 7To,q, false false false false
a9 | Tag.as Tagas Tagas Tasar Jalse false false false
by | false false false false 71y,p, T4, false false
co | false false false false false false 7Teye,  Tepes
where
. i _ _ o« Y ”
b Taz,as = Tag,as = Tag,aaTaz,as = Tag,aa = Tag,as = wqul Lo, Pra I;)Zzst) > Il_C(CL4, a) + 1
& _'Ta4,a7’
_ _ o« 94 ”
L4 Tag,a5 — ra4,a5 - Tag,a5 - M(pﬁ xO? pI’2 xlcrzst) > E(CM, 05) & _‘ra4,a7a
_ .« Y _n”
L4 rag,ag — Tag,a(; - M(prl ‘TOJ prQ Ilo(ézgt) - 0 & _‘Ta4,zz7a

® Ta,ar = Taga; = the current a-token has pv(pv(pr; 7f,,,))-kin in at least one of the places
ai1, @14 OF ay5”,

where the functions numb, nc and pv mean the following:

o numb(Y y) is the number of the occurrences of the element y in the ordered set Y,

o nc(l, «) is the number of cycles of the token « in place [,

o m((slas% "'7Sk—1ask>) = <Sl7827 "'7Sk—1>;

and
M, = as as ag ay by bs c4 cs
asloo oo oo 0 0 0O 0 O
ag|loo oo 0 oo 0O O O O
ag oo o0 oo oo 0O 0 0 O
bo 0O 0 O O 1 1 0 O
cc| 0 0 0O 0 0 0 1 1
and

The tokens obtain the characteristics

“<<pr1 x%st;g(lﬁl? a) + 1))7{/41’ s Ai|<pr2 $?¢lzstv {Alv s AZ}) < l'g
is appearing for a nc(ly, @) + 1) — step} — . )

b}

in place a5 and “(pry x,, =l pry 2y ,)” in place ag, and they do not obtain any characteristic in
the other output places.
We must note that the output place priorities must satisfy the following inequality:

7TL(G7) > 7TL(6L6) > 7TL(CL5) > 7TL(CL4).

The third transition has the form:
Z3 - <{(l5, a8}7 {a87 Qag, 410, all}a rs, M37 \/(CL5, a8)>7
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where

as Q9 10 11
rs =
as | Tas,as  Tas,ag  Tas,ai0  Tas,ann
ag | Tag,as  Tas,ag  Tas,aio false
where
J— —Y « )
® Tasas — Tag,as — M(pI‘Q xlagt) > Il_C(CLg, Oé) +1 &_|7’<CL5, alO)a
— —1 « W
d ra57a9 - Tas,tlg - m(pTZ mlast) > Il_C(CLg, Oé) &_'Tas,aw’
® Tu.a0 = Tas.ary = 1N the places ag, a2 or a3 resides a token which is a last-kin of the

token with the highest priority” ,

N _ (e} — b
® Tas.a11 = Tag,ann = m(xlasﬁ =0 &_|T(157(110’

and
‘as g Q10 0Aa11

M3:
as [ O OO OO o

ag| oo oo oo 0

The tokens do not obtain any characteristic in places ag and a;( and they obtain the character-
istics
“((pry af s nc(ls, ) + 1)), (nc(ls, ) + 1)-th element of the set pry, zj, ;)"

in place ag and “(pr, x§.,, ! pryxf,)” in place ai;.
We must note that the output place priorities must satisfy the following inequality:

mr(ar1) > wp(ale) > mp(ag) > mp(as).
The fourth transition has the form:
Zy = ({ae}, {a12, a13}, 74, My, V(as)),

where
‘ a2 ai3

T4y = )

ag ‘ T067a12 ra67a13
where

® 74,4, = there are tokens outside places a4, ais,..., @137,

® Tag,a13 = Tag,a1z

and
ayp a
M, = 12 413
ag | o0 00
The tokens do not obtain any characteristic in place a;5. They obtain the characteristic
“(pr, zf o, 7! pry z§)” in place aq3.
The fifth transition has the form:

Z5 - <{CL11, aiq4,Aa17, b47 b7}7 {a147 a5, A16, bﬁ? b7}7 Ts, M57 D5>7
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where

and

and

- a14 ais Q16 be bz
5 pu—
11 | Tarr,a1s  Tarr,ais Tasn,aie false false

a4 | Targars Tarsars Tawwae Jolse  false
17 | Tarz,a1a Tarr,ais Tair,aie false false
by | false false false 7o, b5  Tosbs
by | false false false 7Th, b5  Torps

where

JE— P . &c . .
® Toa1s = Tawas = Taman = all last homogeneous kins of the token are in places

ay, as, ag, ag, a1y or a4 and there are no last homogeneous kins in places ag, a2 or a;3”,
Tariais = Tais,ais = Tarr.ars =  the token does not have last homogeneous kins”,

J— _ 13 o .

Tairai6 = Tawas = Tarr.ag =  the token has last homogeneous kins in places ag, a2 or
2
ais

Thebs = Tbrbs =  all interior a-places, with the possible exception of places a5 and a;7 are
empty”,

Tby,by = Tor,br = Ty b

M, = ayy ais aw bg by
a1 loo oo oo 0 0
a0 oo oo 0 0
a; | oo oo oo 0 0

by | O 0 0 1 1
b1 0 0 0 1 1

Os = A(V(a11, a14, ar7), V(ba, b7)).

All last kins merge in place a4 and the resulting token obtains no characteristic; the tokens ob-

tain the characteristics “(pv(pv(pr; #f,,,)), ! pry 23,,,_5))” in place a;5 and “pp) U{praal ., o}

in place b; and they do not obtain any characteristic in places a4 and bg.

We must note that the S-token obtains the above mentioned characteristic in place b; which
symbolises that the new (local) fact is added to the DB, only if this extension of the DB is possible.
Otherwise, the 5-token will not obtain any characteristic in place b.

Zg = <{a157b6704}, {a177a187687 59706707}77’6, M, /\(CL15756,C4)>7

where
‘ ai7 a1 bs by Ce Cr
15 | Taysair Tasas Jalse  false  false false
o= bg | false false rpps  Toep, false false
cy | false false false false 7T co  Teyen
where
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® Tais.a1r = The,be = Tea,er = Tars,aisy

_ _ 14 (6% _ fe'221
® Taisais = Tbebs = Teacs = Pl g = P12

and

a7 aig bg by cs c7
Mg =

ais | oo oo 0 0 0 O
b¢ | 0O 0 o0 oo 0 O
cy | O 0O 0 0 oo o

The tokens do not obtain any characteristic in places [,,., bs, by, cg, c; and they obtain the

air
characteristic “(z{,,! pry z§)” in place l,,.

The GN described here has the following universal property: it does not depend on the
particular modelled production system. The only constraint posed on it is the above-mentioned
conditon concerning the type of the rule — namely, that the members of the antecedents of the

ES-rules must be conjunctions of positive variables.

3 A GN-model of an ES with priorities of its facts

The GN described below (in [3] it is called as Fifth GN-model) will be considered as an extension
of the above net. All notations from there are kept here so that to allow the reader to trace the
development of the idea of the GN-modelling of ESs.

On the other hand, we introduce a new idea related to the ESs, based on the GN-description
capabilities. The main difference is that now we will couple each rule with a priority. Therefore,
every fact will have the form (“fact”, “its priority”) or, more formally, (A, p4), where A € A is
a fact and p4 is a natural number — its priority.

Now two facts can be compared by their priorities. This possibility is very useful in the
particular cases when the two facts coincide or when they are controversial.

Let us assign to every fact A of the DB A a natural number p 4 that corresponds to the priority
of A. Let a new fact B with a priority ;1 be generated in some way at a certain time-moment
of the ES functioning. If both facts are not related, then the new fact can enter the DB. In the
ordinary ESs, the new fact B substitutes the old fact A, when B coincides with, or contradicts to
A. Now the ES will function in another way, based on the new component. When the facts A
and B coincide, their representative (A or B) remains in the DB A, but with a new priority — the
maximum of p, and pg.

On the other hand, when the facts A and B are in a contradiction, the fact with the maximum
priority between p4 and pp remains in the DB.

The GN constructed here (see Figure 2) represents the ESs with data priorities in the above
sense.

In this form of the GN-model there is a danger of accepting facts which will violate the correct
functioning of the ES’s process. For this reason, another modification of the above GN-model is
discussed in [3] which avert conflicts on a logical level.

The Fifth GN-model from [3] contains as a subnet Third GN-model (described above).
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Let token « enter place a;, token S enter place b; and token ~y enter place c; of the GN with
initial characteristics as above.

The difference between this and the previous net is in the new type of tokens which enter the
net during its functioning.

Let these tokens be 1, ds, ..., 05 (s > 0) and let them enter place d; with initial characteristics

YV R4

xgw _ <¢<newfact , Cits pr‘l'O}"l'ty>;>)7

where, here and below, “cu” symbolizes the current number of the J-type token which enters the
GN.

Zo Zs3
\V4 " \V4 . %
% as dy a4 @
O———
a as aio ais arr
O-O— ~O O
as a1l a16 aig
~O ~O———0 O
Y1
by | dy Za
dy d3 ag a2
dy ar ais
O O
5
b4 b6 b8
- S0
5 7 6
a®) —»%)
9
~O—
Cyq Cr
)
)
Cs
T

Figure 2. A GN-model of an ES with priorities of its facts

The essentially new transitions in the GN are described below. We will also describe these of
the transitions from the previous GN which have some modifications, keeping, where appropriate,
the notation from the Third GN-model.

The new transitions (those which do not have analogues in the previous nets) will be named
Y] and Y5. For the needs of the subsequent GN-models later in this chapter, we must mention that
these two transitions constitute a separate subnet of the present GN-model.
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}/1 = <{bla b97 d17 dg}, {an d37 d47 d57 d67 d7}7 Ty, MYU |:|Yl>7

where
dz dg d4 d5 d6 d?
. —
" bi | false false false false false true
by | false false false false false true
dl Tdy,de Tdids Tdidy Tdids Tdi,de false
dg | false false false false false true
where
o Ty gy = “Dryadt € xp) & pryadt > Q(pry x3)”, where Q(A) is the priority of fact

A of the point of view of the present status of the DB, i.e.,

: B
pa, ifA€az,,

QA) = as
(4) { 0, otherwise

« e 9 0. e Ocu \»
® T4dy = PI1ITy" € mlﬁast &“pry xp < Q(pry v5™)”,
o rg 4, = “mpryad € xl P& pryale > Q(—pr, z0)”, where, as usual, —P is the
negation of the fact P,
3 eu 30 ¢ Oeu e\
® Tdyds — ‘_'prl Tyt € ‘/Elﬁas; & ‘pl"g Ty" < Q(_' pry xy )’ )
« cu 9 0. deu )
hd le,dG = prl xO g xlﬁast & _|p1'2 xO g x?u ’
and
d2 dg d4 d5 d6 d?
My, =
by|0 0O 0O O 0 1
by |0 0O O 0 O 1
d/1 1 1 1 1 0
dg| 0 0O O O 0 1

and
Oy, = V(b1, by, A(dr, V (b, bg,dy))).

The tokens obtain the characteristic

( “(xf = {(pryzd, Q(pry x0))}) U {zd}”,  if the token 4, is in place d

* if the token ¢, is either in ds3 or d5

bl

“(xf {(pr 2, Q(—pry 25))}) U {xd+}”, if the token d,, is in place d,

last

\ sl U {ade ) if the token J,,, is in place dg

in place d, and they do not obtain any characteristic in the other output places.

Yy = <{d7}7 {dS’ dg}v Tyy, MY27 \/(d7)>7

where
| s dy

dr ‘ T'46,47 746,48

T’YZ—

Y

where
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[ ] Td7,d8 = “E(dl,TIME) = O”,
o 744, = “Cldy, TIME) > 07,

where ¢(I, TI M E) is the number of the tokens in place [ at the current time-moment 7T/ M E.
Moreover, T'I M E can denote the current step of the functioning of the GN-models and

ds dg
MY2 =
d, 11 1
The tokens do not obtain any characteristic in places dg and dg. The next transition has the
form:
Zy = <{a1,017C7,ds}, {a2,a3,b27b3702,03},T1,M1,D1>7
where
Qo as b2 bg Co C3
e a1 | Tayas Taras Jalse false false false
c1 | false false false false 7ccy  Teics
c7 | false false false false 7Tecy  Teres
ds | false false 7ragp, Tagp, false false
where
® Taras = Terez = Terea = Tdg b = ¢ pry Ig g Ig”’
® Tay,a3 = Tag,azs

® Tl = Teres = Tdsbs = Tay,a,& “there are no new a-tokens before place a;”,

and
M, = as by by co c3 f 1
apl 1 0 0 0 0 1
cc| 0 0O O 1 1 0
c;|0 0 0 1 1 0
dg| 0 1 1 0 0 0
and

|:|1 - /\<a17 d87 \/(Cl, C7))'

The tokens obtain the characteristic “(pr; x§, ! pry 2§)” in place as and they do not obtain any
characteristic in the other output places.

ZZ = <{CL2, ag, b?a 02}7 {Cl5, b4a b57 Cyq, 65}7 T2, M27 |:|2>7

where
as by bs C4 Cs
2= as | true false false false false
ag | true false false false false
by | false Tpyp, Teops false false
co | false false false 7Teyep  Teges
where
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® Ty, b, = Tey e, = iD places ag or ag of the subnet £’ there are a-tokens”,

® Toybs = Teaes = Thobas

and
M2 _ as b4 b5 Cq4 Ch
a1l 0 0 0 O
a1l 0 0 0 O
b0 1 1 0 O
2|0 0 0 1 1
and

DQ = /\(V(CLQ, CLg), b27 02)‘

The tokens do not obtain any characteristic in those output places of transition Z, which are
not F’-places.

The transitions Z3 and Z, are components of the subnet £’ while transitions Z5 and Zg belong
to both the set of the present GN’s transitions and the set of the transitions of the subnet £’. They
have the form of the corresponding transitions from Third GN-model and for this reason we do
not discuss them.

The sixth GN-model of an ES, described in [3] is similar, but related to the rules with priori-
ties. Its form is similar. Of course, we construct directly a new GN that is a union of both (fifth
and sixth) GN-models.

In [3], a GN-model of an IFES is given, too.

4 A new (Tenth) GN-model of ESs

The GN-models, described in [3], are extended here to a new — Tenth, GN-model with means for
taking into account temporal parameters of the facts.

Here, we shall construct a new GN-model that includes as a partial case the Fifth, Sixth,
Eighth and Ninth GN-models from [3]. The most important characteristic of the new model is
that the new facts enter the ES at the time of its functioning and the moments of their addition to
the database are recorded. Thus, it will be possible to answer questions related to some temporal
logical operators. While in the Ninth GN-model there are only two of the four basic temporal
logic operators: “always” A and “once” O and two additional temporal operators — “sometimes”
S and “at the currently” C, which do not have analogues in the temporal logic, here we shall
increase these operators essentially.

Let 7' be a fixed set of real numbers which we shall call “time-scale” and it is strictly oriented
by the relation “<”.

Let p be a proposition and V' be a truth-value function, which maps the ordered pair:

Vip,t) = (u(p,t),v(p,t))

to the proposition p and to the time-moment ¢ € 7.
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As it is mentioned in Section 1.1, we note that proposition p with intuitionistic fuzzy values
(a, b) is called an “Intuitionistic Fuzzy Tautology” (IFT), if and only if a > b.

Let x € F be a fixed proposition and A C F, where here and below F is a set of propositions.
Firstly, we shall introduce one new (for the IFS theory) operator as follows:

TA(T), ) = {t | pale,t) > va(z,t) &t € T}

Obviously, for all x € E:
0 cr(AT),z)CT.
For x we can assert that it is “Intuitionistic Fuzzy Valid” (IFV) in time-moment ¢, if and only
if
pa(z,t) > va(x,t). (%)
Numbers p14(x,t) and va(x,t) can be respectively interpreted as a “degree of validity” and a
“degree of non-validity”.
Let us assume that in F for each element x there exists an element —x and let for it be valid:

T(A(T), —z) = {t | valz,t) > pa(z,t) &t € T}.

Therefore, the predicate ¢(x) = “z has always been true” will be IFV, if (*) holds for all
t € T. Obviously, ¢ coincide with the above mentioned operator A.
By similarity, we can define the following predicates, too:

Y(x) = “x has sometime been true, but not always”
x(x) = “once x was true”,
w(x) = “z has never been true”.

Obviously, x coincide with the above mentioned operator O. It can be easily seen that:

o(z) = 1,ifand only if 7(A(T),z) =T,
Y(x) =1, if and only if ) # 7(A(T),z) # T, and

(Ft1,t2 € T(A(T), x)) 3tz € T — 7(A(T), ) (t1 < t3 < ta),
x(xz) =1,ifand only if O # 7(A(T),z) # T, and

(Vty,ta € T(A(T),x))(=Fts € T — 7(A(T), x))(t1 < t3 < ta),
w(z) = 1, if and only if 7(A(T), x) = 0.

All the above predicates ¢, 1, x,w have values in set {0,1}. Now, we can construct their
IFVs.

Let below card(X) be the cardinality of set X. Therefore, for the fixed elements z € X we
can define the couple

~card(7(A(X),z) card(T(A(X), ~x)
pl) = card(T') ’ card(T')

).
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It is an intuitionistic fuzzy couple, because

card(7(A(X),z) card(r(A(X), —x) <1
card(T) card(T) -

The second inequality will become an equality, if there was no time moment when for z :
pa(x,t) = va(z,t). The set of all time-moments for which the later equality is not valid (let us
denote it by A,) determines the “degree of uncertainty” for x, and of course,

card(7(A(X),z) = card(r(A(X), —x) A,

card(T') card(T') * card(T") =1

We can define the following two new predicates

¢(x) = 1, if and only if p(z) is an IFT,
o(x) =1, if and only if p(—z) is an IFT.

These predicates can be interpreted as follows:

&(x) =“x is often true”,

o(x) =“x is rarely true”.

These two predicates can be generalized. For example, we can use the two real numbers
A, p € [0, 1] and we can define that (A, ) is (A, p)-IFT if and only if « > X\ and b < p. Then

£ (x) = “xis (A, u)-often true”,
o

*(z) = “@is (\, p)-rarely true”.
For them there will hold

€*(x) is (A, p)-often if and only if u(p(z)) > A & v(p(z)) < p,
o*(x) is (A, p)-rarely if and only if u(p(—x)) > A & v(p(—x)) < p.

Now, we shall return to the GN-model. We must note that the present model can be used as a
basis for an extension of the Eighth GN-model from [3], where ESs are endowed with elements
of intuitionistic fuzzy logic.

Our remarks concerning the way of modifying the DB of the ES modelled by the fifth GN,
described in the previous section still hold here.

Let the new GN have a special transition {2 having only one (which is both an input and an
output) place o where there is only one token w. Let w have an initial characteristic I, the time
moment when the GN starts its functioning and let the characteristic function related to this place
®,, be defined in such a way that it gives the value: “zy , + t°”, where ¢ is the elementary time
step in the GN-model. In some cases it is convenient to assume that t° = 1.

Let the token « enter place a;, the token 3 enter place b; and the token -y enter place ¢; of the
GN with initial characteristics as in the Third GN-model mentioned above.
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Unlike all models so far, the facts of DB A at the initial moment of the GN functioning will
have the form:

(“fact”, “its priority” , ((T, %), %)),

or more formally:
<A7pA7 <<T7 *>7 *>>7

where A € A is a fact and py is a natural number corresponding to its priority.

The last (third) component contains one or more ordered pairs. The first component of each
pair is the time moment when the fact was stored in the DB (for this reason, the facts of the initial
DB have a T' component — such facts will be called “active”) and the second component of each
pair is the time-moment of its deletion from the DB — now the fact is called “passive”) . The
second pair (if it exists) corresponds to the case when the fact enters the DB for a second time,
etc. In this way we can trace the intervals of the facts’ existence in the DB.

Let tokens d1, da, ..., d5 (s > 0) enter place d; with initial characteristics

<Acu7 PA,cu, HK(écu» )

where A is a fact, p4 is its priority (a natural number), “cu” symbolises the current number of the
d-type token which enters the GN and f is the function which determines the time-moments at
which the tokens enter the net.

In some cases it is appropriate to define the values of the function 0 with respect to the
internal GN-time.

With the aim of allowing the -tokens to obtain as a third component of their characteristic the
time-moment of their entrance, we shall define that transition €2 has the highest priority among
all GN-transitions. Thus, token w will be the first one that will obtain a new characteristic among
all other GN-tokens; moreover, all other tokens which must obtain the current time-moment as a
current characteristic, will obtain it, using the newly obtained w’s characteristic.

The new GN (see Figure 3) will contain transitions Y; and Y5, coinciding with their coun-
terparts from the Fifth GN-model of ESs, described above and representing here by subnet Ey-.
The subnet £/ corresponds to the set of transitions in the Sixth GN-model of ESs that, as was
mentioned above, is similar to Fy. The only differences will be in the form of the characteristic
functions.

Here the tokens obtain the characteristics:

( (P = {{pry 26, Qory 2), S(pry 75))})
U{(pry o zo™, S(pry 25™)) }7, if the token J,,, is in place dy

*, if d,,, is in either ds or dx

(s — LTy 2, Q(=pry ), S(=pry 25 ) })

U{<pr1,27 xng <S(xgcuv <x7jzst7 *>>7 <_' pry xgw> Q(_' Pry xgcu)a

(LS(—pr, x?f“), (pr; RS(—pr, mgcu), 2 N if 4., is in place d,
B

«
xlast

L U {pr; 5 zde (z% 6} if the token o, is in place dg
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Figure 3. Tenth GN-model of ESs

in place d7, and they do not obtain any characteristic in the other output places. In these places
(we assume that A is an ordered triple of the above form):

S(A) = prg A, if A € pry 'rlﬁast
] o, otherwise
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where * stands for the empty value, and

LS(‘A) - prl,2,...,3—l S<A)a

RS(A) = pr, S(A),

if S(A) is an s-dimensional vector.

We must note that it is possible that some §-tokens split and enter two output d-places. This
situation corresponds to the case when fact pr; xgw (or its negation) is currently active in the DB
and at the same time, its negation (or its positive form, respectively), is now passive but had been
active in the DB at some previous moment.

Transitions Z; and Z3 also coincide with their counterparts from the Third and the Fifth GN-
models. However now there are minor changes in some predicates and tokens characteristics.

For transition 7, the changes are in the forms of the following predicates:

Tarae = Teves = Terea = Tdse = (P 2§ & Pry2g)” V “(RS(pry ag) # “*7)”
and for transition Z5 the change is in the characteristic that the tokens receive in place ag:

2

“((pry @i nc(as, @) + 1)), pry Tigq mc(as, o) + 1], S(pry v, [nc(as, @) +1)]))7,

where X [k] is the k-th element of the set X.
The transition Z, now has the form:

Z4 = <{CL7, ill}; {a127 CL13}, T4, M47 v(a77 7:11))7

where
‘ a2 a13
rqy = )
ar | Taz,a12  Tarais
L1 | Tiy,a1e Tirnans
where
13 : 2
® T4 a1, = Tiya, = there are tokens outside places a4, ass, ..., a1g”,
® Tarais = Tit,ais = Tar,aiz
and
‘ aiz2 Ai3
M, =
ar | o0 0
111 | 0O 00

The tokens do not obtain any characteristic in place a2 and they obtain the characteristic

2

“(pry 7§, =1 pry 25)

in place a;3.
Up to now we only considered simple variables in the hypotheses, i.e., not prefixed by signs.
Now we assume that variables may be prefixed by one of the signs p, 1, x,w, &, 0, " and o*.
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We must note, that if we would like to use temporal operators £* and o*, we must have their

temporal parameters A and . Let us assume that they are fixed for a concrete ES, or that they are

given as a characteristic of a-token in place ag, as follows (cf. the above a-characteristic):

“({pry Tjpees A, i nc(ag, o) + 1)), pry 2y, [nc(ag, a) + 1)], S(pry 24, [nc(ag, o) + 1)]))".

The new transitions are two described as follows.

Tl = <{CL9}, {ila 2.27 i3a i4a 7:57 i67 Z.77 iSa i9}a T, MTla \/(CLg)),
where

i i iy i iy i dr g

)

7"T1 =

where

® 1., = ‘the variable pr, z{. , is prefixed by the ¢ operator”,
® 1., = ‘the variable pr, zf., is prefixed by the 1) operator”,
® 14, = ‘the variable pr, 7., is prefixed by the y operator”,
Taeis = the variable pr, 2. ., is prefixed by the w operator”,
e 1, = ‘the variable pr, z. , is prefixed by the & operator”,
® 14, = ‘the variable pr, zf. , is prefixed by the o operator”,
® 1, ;. = “the variable pr, zf. , is prefixed by the £* operator”,
o 7., = ‘the variable pr, 2. , is prefixed by the o* operator”,

and all elements of M, are equal to oo.
The tokens obtain the characteristics, respectively:

Tag,is = _'Tagﬂ'l&_'Tlls),iz&_'Tag,is&_'Tag7i4&_'ra9,i5&_'Tag,i6&_'ra97i7&_'Ta9,is

gy ‘ Tagyit  Tagiz Tagis Tagis Tagis Tagic Tagyir Tagyis Tag,ig

e in place 7;:
14 79 3 S N
('pry o, Pros Thhg) " if pry RS(pry 2f,,) = 2§ and pry RS(pry 2f,,,) = *
“(=lpry a7, DIy s 7fh,)", otherwise
e in place 75:
13 7 : 6
(' pry g, Pros Thase) ", if DIy Thhgy € DTy 2504
“(=lpry f, Pro 3 Thy)”, otherwise
e in place i3:
“(I'pry af o, Prosxiy)”,  if (3s > 2)(Fuy, u us € N)(T < pr, pr,, S(pry 25s))
*PT1 Ligst) P 2,3 “last/ > - 1, W2, .-y Us =~ pryp uyl PI1 Zigs
7
< prypry, S(pr1 ‘r%st) <..<prpr, S(prl x%st)
“(=lpry a7, Prys 7fh,)", otherwise
e in place i4:

« 1o a \» : «a _
<| Pr1 g5 pr2,3 xlast) ) if Pro RS(prl xlast) =*

[44 (0% (07 by :
(=!pry Tit oy DT 3 x )", otherwise
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e in place 75:

“<! prl xlaz[zsﬁ pr2,3 x?zézsty’? lf (38 2 2)(E|U1, Ug, ..., Us € N)(<T S prl prul S(prl xlofzst)
Iy Pry, S(PTy Tage) < oo < Prypry, S(Pry 2j,,))

<p
& (. 1(prz pry, S(Pry Tig) — Pry pry, S(pry )
K3

Y

v

51
;(prl pry, , S(pry 2fe) — Propry,, S(pry 20,4)))

Y

13 (0% (0% 7 1
| “(2lpry 2y, Pros )", otherwise

e in place i4:
“<! prl 'rlozézsﬁ pr2,3 'T?zézsty’? lf (38 2 2)(E|U1, Ug, ..., Us € N)(<T S prl prul S(prl xlofzst)
< prypr,, S(pry ¥je) < ... < prypry, S(pry ¥5,.))

(

(pry pr,, S(pry f) — Pry Pry,, S(Pry 77,))

< > (pry pry,,, S(Pry zj) — praopry, S(pry )"

Y

13 (0% (0% 7 1
| “(2lpry 2y, Pros o), otherwise

e in place i7:

( [44 o (e} 7 b (0%

<' Pr1 Tygets pr2,3 xlast) ) if (38 Z 2)(E|U1, Ug, ..., Us € N)((T S Pry pry, S(prl xlast)
S Pro prul S<pr1 xﬁézst) S S pry prus S(prl x?:zst))
& (- (prapr,, S(pry 2f,) — prypry, S(pry 2,,)) > A

=1
s—1
& Zl(prl pr,,,., S(pry o) — Prapr,, S(pry ¥4 y) < p1))”

)

[44 o o ) b
[ (! pry g, Prog 2h,y) ", otherwise

e in place 7g:

( 13 (6% (6% b 1 «

<' Py Tigsts pr2,3 zlast) ) if (33 Z 2)(3“1, Uz, ..., Us € N)((T S pry pl"u1 S(prl xlast)
S Pro prul S<pr1 x?([zst) S S pry prus S(prl x?:zst))
& (32 (prypry, S(pry Tjg) — Pr1Pry, S(Pry Zng)) < A

=1
s—1
& Zl(prl pr,,,., S(pry o) — Prapr,, S(Pry 73 g) > 11))”

)

[44 (6% (6% Y 1
[ (! pry g, Prog 2l,y) ", otherwise

e and in place ¢y they do not obtain any characteristic.

We must note that there are the following two possibilities for the characteristic of the token
in place i3 about pr, pr, S(pr; z{,,,): (a) itis = * or (b) itis = 7, where 7" < 7 < T+ ¢*. Both
cases can be interpreted as validity of the fact at the present time-moment. If there exists at least
one previous time-moment in which the fact has been valid, the conditions of the operator ¢/ will
be satisfied.

T2 - <{Zla 12,13,14, 15,16, 17, 18, 29}7 {2107 111}7 Ty, MTQ? \/(Zlu 12,13,14, 15, 16,17, 18, Z9)>7
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where

= Tigi11 = Tizyinn = Tigyin

110 i11
', = —.
| Vo Tivsin
12 | Tigizg  Tigyin
i3 Tizito  Tisyin
o Tigiio  Tiasinn
U5 | Tigizg  Tisyin
U6 | Tigizo Tigyin
17 | Tiging  Tiryin
i3 Tigsi1o  Tigyin
19 | Tigizg  Tigyin
i5 | true false
where
® Tiriio = Tigsiio = Tisito = Tiaio = Tisito
continue”,
® Tirinn = Tigsinn = Tigyinn = Tiginn = Tisyin
and
10 11
Mz, = i1 oo oo
o | 0O 00
13| 00 00
14 | 0O 00
15 | 0O 00
g | 0O 00
17| 00 00
ig oo o0
ig 0,9) 0

Transitions Z5 and Zg have the same forms as in the Third GN-model.

5 Conclusion

Briefly, generalized net models of expert systems:

= Tigino = Tirito = Tig,ino =  the procedure must

= Ty,

contain different logical operations (conjunction, disjunction, implication, negation, etc.),

quantifiers (“for existence” and “for all”’) and modal operators in the hypotheses and in the

antecedents of the ES-rules,

can be self-modifying at the time of their functioning,

can have priorities of the facts and rules,

can have metafacts and metarules,

can have intuitionistic fuzzy values of the aspects of estimations of facts and rules (see

[2,4]),
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e can answer questions related to the time (“‘at the moment”, “once’’, “sometimes”, “for a

99 ¢ 29 ¢

long/short time”, “often”, “rarely”, etc.),

e can be a combination of all of the above types.

Similar directions for extensions of DBs, data warehouses, OLAP-structures, etc. can be
realized. The first steps for GN-modelling of these structures have been discussed in [10, 11].

We assume that solving each of the above problems or, of course, all of them, will promote not
only the theory and application of GNs, but also the research in the area of DM, too (cf. [7,8,12]).

Bearing in mind all of the above, we think that it is clear that GNs can really make a claim for
a place within DM. How central is this place? That will depend on how successfully the problems
above can be solved.
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