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1 Introduction

In a series of papers, collected in monographs [2, 5, 6], different types of Expert Systems
(ESs; see, e.g. [4, 7]) are described by in terms of Generalized Nets (GNs; see [1, 3]). Here,
we will construct a new GN-model of an ES, which is an extension of the standard ESs.

The hypotheses of each of the standard ESs are some variables. Here, we will discuss
the case, when the hypotheses have a complex form. Now, it is a Boolean expressions of
different variables, each of which can be interpreted as a separate hypothesis. For example,
the complex hypothesis can have the form A&((B — (C'V D)) — —F).

In the beginning, we will describe the GN that is universal for all ESs from production
type having Data Base (DB) of the facts and Knowledge Base (KB) of the rules.

2 GN that is universal for the ESs from production
type

In [2], it is constructed the first GN which is fully independent on the forms of the ESs whose
functioning and results of work are represented by this net. It is shown on Fig. 1.
For clarity, the places are marked by three different symbols: a, b and ¢, such that:
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e the token « together with its descendants from all generations after splitting will go
to the a-places;

e the token [ will move along transfer to b-places;
e the token ~ will move along transfer to c-places.

In the construction below, the tokens’ characteristics will be represented by ordered
tuples whose first component is in turn a vector of natural numbers. When tokens will split,
they will be marked with the number of the current split, keeping the previous numeration,
i.e., if the first component of a token characteristic is (sy, 2, ..., Sk—1) (K > 0; $1, S, ..., Sp—1 -
natural numbers), then its next characteristic will be (s1, S, ..., Sx_1, S}, where the natural
number s; will correspond to the number of the tokens’s current splitting.
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Fig. 1.

Let A be the DB of a given ES.
Let token « enter place a; of the GN with an initial characteristic

x5 = “p, H),

where p is the current number of the a-token which enters place a; and H is a hypothesis.
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Let token S enter place b; with an initial characteristic
NS

Let token v enter the place ¢; with an initial characteristic
x) = “R",

where R = {Ry, ..., R,} is the list of the rules in the KB. Each rule R; has the form (1 <i <
n):

Ri = <C’L7 Ai,la ceey Ai,8i>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 the following (see Fig. 1).

Zy = ({a1,b1,by, 1,7}, {ag, as, ba, bs, ca, c3},11),

where
a9 as bg bg Co C3
1| Tayay Taras false false false false
by | false false 1y, TH b, false false
rl — b K

by | false false Togp, Thops Jfalse false
c1 | false false false false 7ccy,  Tepe
c7 | false false false false 7Tecy, Teres

and

— R — J— _ 577
Tar,az = Tb1,ba = Thobe = Tereo = Teqier = pr2x8 € Lo
Tai,a3 = Tay,a2s

Tbibs = Tbg,bs = Teryes = Teres

”
ay ,

= g, .0, & “there are no new a-tokens that must enter place

where —P is a negation of predicate P.
The tokens obtain the characteristic

in place a3, and they do not obtain any characteristic in the other output places, where !F'

[44 (07 a\”
(prizg, \praxy)

denotes that fact F' is valid, while =!F denotes that it is not valid.

ZQ - <{a’27 Gy, Ag, b27 C2}7 {CL4, as, ag, a7, b47 b57 Cyq, 05}7 T2>7

where
Qg as Qg ay b4 b5 Cy Cr
a2 | Tagay Tasas Tasas Jalse false false false false
a4 | Tagay Tagas J0lSe Ta 4. false false false false
T2 e K b K
a9 | Tagas Tagas Tagas Taoar Jalse false false false
by | false false false false 7ry,p, 1o, false false
co | false false false false false false 7Teye, Tepes
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and

Taz,as = Tag,aa = Tag,aa = “w(prlxgvaZx%st> > M(CM, Oé) +17& Tay,azs

Tag,as = Tas,as = Tag,as = Thyby = Tegies = “M(Pﬁx&?rﬂ%sﬁ > M(alla Oé)” & Tagars

Tas,ae = Tag,ag = Thabs = Teayes = “M(prlxgapr2$?;5t) =07 & Tayg,ars

Tasar = Tagar = the current a-token has pv(pv(prixf,,,))-kin in at least one of the places

7
11, 0a14 OT Q15 ,
where the functions numb, nc and pv mean the following:

e numb(Y,y) is the number of the occurrences of the element y in the ordered set Y,
e nc(l, ) is the number of cycles of the token « in place [,
® pu((51,52, ., Sk—1,5k)) = (51,52, .-, Sp—1)-
The tokens obtain the characteristics
“Uprixg oy ne(ly, ) + 1)), { Ay, ..., Ail{proxy o { A1y -, Ai}) € 2 s

B8 >77

appearences for a nc(ly, ) + 1) — step} — ),

in place a5 and

7

« o @
<pT1xlast7 _'!pTQxlast>

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(a7) > 7TL(CL6) > 7I'L(Cl5) > ’/TL(CL4).

Z3 = <{a5) a8}7 {a87 g, A10, a11}7 T3)>,

where
‘ as ) aio ai
s = G5 | Tasas Tas,ao Tas,ai0 Tas,ain
as | Tagas Tasas Tagaro Jalse
where
— — « a )
Tas,as = Tag,ag — m(pT?:Elast) > M(a& Oz) +1 &_'T(a& alO),
J— Y d (6% 77&
Tas,a9 = Tag,ag = %(quxlast) > M(a& O‘) Tas,a10-
Tas.a10 = Tag,aro = 11 the places ag, ajz or ai3 resides a token which is a last-kin of the token
with the highest priority” ,
[13 97
Tas,a11 = m(x%st> =0 &_'Tas,lllo'

The tokens do not obtain any characteristic in places ag and ayy and they obtain the
characteristics

“((prixyse; ne(as, ) + 1)), (nc(as, o) + 1)-th element of the set prozy, )~

in place ag and
13 (0% (0% ”
<pr1xlast’ !pr2xlast>

in place aq;.
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We must note that the output place priorities must satisfy the following inequality:
7TL(CL11) > 7TL(CL10) > 7TL(CL9) > 7TL(0J8).

Zy = <{a6}7 {CL127 CL13}, 7‘4>,

where
‘ aiz ais
Ty =
Qe ‘ Tag,a12  Tag,a1s
where
Tag.a1n = there are tokens outside places a4, ass,..., ais”,
Tag,a13 = Tag,a12-

The tokens do not obtain any characteristic in place ai5. They obtain the characteristic

7

« @ «
(Pratiye, —'Prazg)

in place a;3.

Zs = ({a11, a1, a17, b4, b7}, {a14, ars, ase, bs, b7}, 75),

where
Q14 Q15 Q16 be by
11 | Tarv,ais Taras Tan,as Jalse false
rs = 14 | Tayg,a1s Tarsais  Tarsaie false false
a17 | Tayz,a1a Tarr,a1s Tair,aie false false
by | false false false To, b5  Thybr
by | false false false Ty, b5  Toops
where

Tarr.ars = Tarsais = Tarrars = - all last homogeneous kins of the token are in places aq, as, as, ag, a11
or a4 and there are no last homogeneous kins in places ag, a2 or a;3”,
Tar.ars = Tais,ais = Tarr.ars = the token does not have last homogeneous kins”,
Tariais = Tais,ais = Tair,ars = the token has last homogeneous kins in places ag, ajz or a;3”,
Thabe = Thrbg = all interior a-places, with the possible exception of places a5 and a;7 are
empty” )
Tbybr = Torby = Ty bg-

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

)

“(pu(pv(prizieg))s 'Pratips o))

in place a5 and

« B ey ”
Llast U {pr?xlasth}

in place b; and they do not obtain any characteristic in places a1 and bg.

We must note that the S-token obtains the above mentioned characteristic in place by
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 by.

ZG == <{(I15, b67 C4}a {CZ17, ais, b87 b97 Ce, 67}7 7a6>7
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where
‘ air ais bs by Ce Cr

15 | Tays.air  Tasars Jalse false false false

e = bg | false false rppy  Toen, false false
cs | false false false false 7T ce  Teyer
where
Tai5,a17 = Thgbg = Tes,er = Tais,aiss
Tay5,a18 = Thgbs = Teqcs = “prlxlofzst = prlmg”'

The tokens do not obtain any characteristic in places a7, bg, by, cg, c; and they obtain the
characteristic

Yo T2
in place a;g.

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 new GN model

The new GN, that we will construct, describes a (hypothetic) ES that can check the validity
of hypotheses, having the form of Boolean expressions. The new GN includes as a subnet
the above described GN, that we will denote by Fs.

Let, as above, a token « enter place p; of the new GN with an initial characteristic

x5 = “(p, H)",

where p is the current number of the a-token which enters place p; and H is a hypothesis,
that has the form of Boolean expressions.
The new GN (see Fig. 2) has two new transitions, that we will describe below.

Ty = ({p1,ps}, {a1,p2, 03}, 51)),

where
| a1 p ps
sy = p1| false true true
pa| true false Wig
where
Wy 3 = “the current part of the expression contains at least one variable”.

Token « from place p; splits to two tokens: «, that enters place ps with a characteristic
“list of the variables of the expression”

and w, that enters place ps without a new characteristic.
Token « from place p3 also splits to two tokens: o and €. Token « enters place a; with
a characteristic

“g-th member of the variables list of the expression”,
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where ¢ is the current number of the a-token which enters place a; and as we mentioned in
the beginning, the g-th member of the list is a hypothesis, that the GN FE3 will check.
Token € enters place ps with the initial a-characteristic, i.e, the original expression.

T a13
P1 ) ay _'O—>
O_’—’O—' B3 ag P4
OO0
_>O p5
Fig. 2.

T2 == <{CL13, a18>p27p5}7 {p4ap5}v 82>7

where
P4 DPs
aiz | false true
so = aig | false true

po | false true
b5 W5,4 Ws s

where

W54 = “all places of GN Ej are empty”,

Wss = —Ws4.

Token e from place py enters place ps without any characteristic. This token will unite
with each a token trom place a3 or a;5 and on the separate steps it will obtain as a charac-
teristic the final characteristic of the a-token. So, when the truth-values of all hypotheses,
represented as a-tokens, are checked, token e will collect all their values and after this
predicate W54 will obtain truth-value ¢rue. Then, token ¢ will enter place p, with final
characteristic

“truth-value of the initial (complex) hypothesis”.

We will illustrate the work of the present GN-model with the following very simple
example.

Let the hypothesis have the above mentioned form A&((B — (C'V D)) — —E).

Let the ES’s DB be {B, F, G} and the ES’s KB contain rules (written in logical form):

R, : B&G — C
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R,: C&F — D
R, : P&B — FE
R, :C&D — —A

Let no consequent be equal to —F.

The whole GN will start work when a token a enters with the above characteristic. It
will enter place ps and after this it will generate five tokens gy, s, ..., a5 that will have,
respectively, characteristics A, B,C,D,—-FE. The GN Ej3 will calculate the truth-values of
these hypotheses and will determine for them that:

e hypothesis A is not valid, i.e., it has truth-value false;
e hypothesis B is valid, because it is a fact from the DB, i.e., its truth-value is true;

e hypotheses C' and D are valid, because their validity follows from the validity of DB
facts and their truth-value is true;

e hypothesis —F is not valid, i.e., it has truth-value false, because it does not follow
from the KB-rules.

Token e will obtain these values in place ps; and after this in place py it will obtain as a
characteristic the expression

false & ((true — (true V true)) — false)

that has a final truth-value false.
On the other hand, if the initial (complex) hypothesis was =AV ((B — (C&D)) — —F)
then token € had to finish with the characteristic true.

4 Conclusion

The constructed here GN-model illustrates the possibilities of the generalized nets apparatus
to describe the functioning and the results of the work of expert systems. In a next research
we will do the next step, complicating the form of the initial hypotheses. So, the new
generalized nets will illustrate more adequately the possibility for describing data mining
processes by generalized nets tools.
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