
 35 

Tenth Int. Conf. on IFSs, Sofia, 28-29 Oct. 2006 
NIFS Vol. 12 (2006), No. 3, 35-40 

 
GENERALIZED NET MODEL OF A SELF-DEVELOPING EXPERT SYSTEM 

  
Krassimir Atanassov1, Panagiotis Chountas2, Boyan Kolev1, Evdokia Sotirova3 

 
1 CLBME – Bulgarian Academy of Sciences, Bl. 105, Sofia-1113, Bulgaria,  

e-mails: krat@bas.bg, bik@clbme.bas.bg 
 

2 University of Westminster-Health Care Computing Group, 
HSCS, Northwick Park, London, HA1 3TP, UK, e-mail: chountp@wmin.ac.uk 

 
3 “Prof. Asen Zlatarov” University, Bourgas 8000, Bulgaria, 

e-mail: sotirova@btu.bg 
 

 
1. Introduction 

 
Eleven Generalized Net (GN, see [3]) models were described in a series of papers, 

collected in [6]. These GN-models describe the way of functioning and the results of the work 
of different types of Expert Systems (ESs, see, e.g., [1, 5, 11, 12]).  Some types of these ESs 
are introduced for a first type as possible extensions of the ESs, which extensions can be 
described by the GNs and which can obtain real applications. The first four from the nine GN-
models describe ordinary ESs; the fifth and seventh - ESs with priorities of their Data base 
(DB) facts and Knowledge Base (KB) rules, so, the separate facts and/or rules can be changed 
at the time of the ES functioning. Sixth GN-model describes an ES containing not only facts, 
but also metafacts, that can be represented by rules, but in the present form they are more 
useful and more quickly applicable. Eighth GN-model represents Intuitionistic Fuzzy ES 
(IFES see [2]; for the intuitionistic fuzziness see [7]). On its base the Ninth GN-model is 
constructed so that it represents functioning of an ES working with temporal facts and 
answering to the temporal questions [4]. The tenth GN-model (see [8]) represents extension to 
the later ES. In [9] is described GN-model of ESs with Frame-Type Data Bases. In last nine 
from the ten GN-models the DBs and in last eight from the ten GN-models the KBs are 
represented by tokens. In all cases the question for the form of these tokens is not discussed in 
details. The new hierarchical GN-operator, introduced in [10] gives possibility to change the 
tokens, corresponding to DBs and/or KBs by whole GNs.  

Let every fact A of the ES’s DB has the form 
〈A, pA, µA, νA 〉, 

where: 
pA is a natural number which corresponds to the priority of A (as it is in the Fifth GN-model 
from [6]),  
µA and νA are the real numbers (as it is in the Eighth GN-model from [6]), for which 
µA, νA ∈[0, 1] and µA + νA ≤ 1. They corresponds to the IF-degrees of validity (correctness) 
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and non-validity (incorrectness) of the fact A.  
Let a new fact B with parameters pB, µB, νB be generated in some way at a certain 

time-moment of the ES functioning. If both facts A and B are not related, then the new fact 
enters the DB. In the ordinary ESs, the new fact B substitutes the old fact A when B coincides 
with, or contradicts A.  

In the Eighth GN-model from [6], when the new facts A and B coincide, a 
representative of them (A or B) remains in the DB, but with a new priority equal to  
max(pA, pB), and with new IF-degrees: max(µA, µB) and min(νA, νB).  

On the other hand, the fact with the greater priority among pA and pB remains in the 
DB when the facts A and B contradict each other and obtains the IF-degrees min(µA, µB) and 
max(νA, νB). 

In this paper is proposed a GN-model of an ES, during the work of which new facts 
are introduced. If there is/are fact(s) coinciding with the generated one, then it should be 
considered true. Its degree of truth can be determined on the basis of either the old one or the 
new information. The calculation of IF-degrees 〈µ, ν〉 for the fact can be done with various 
algorithms,  using, e.g., functions: 

• ϕ1 – maximal possible value, 
• ϕ2 – average possible value, 

etc. 
 

2. A GN-model 
 

The present GN-model is shown on Fig. 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: GN-model of a self-developing ES 
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In this paper we construct a new GN which represent the functioning and results of the 
work of a Intuitionistic Fuzzy ES (IFESs) with the IF degrees of validity and non-validity of 
the new facts and new rules. 

For clarity the places are marked by three different symbols: a, b and c, such that:  
• the token α together with its descendants of all generations obtained after splitting will go 

to the a-places; 
• the token β will go on b-places; 
• the token γ will go on c-places; 
• the token δ will go on d-places; 

Below, the tokens characteristics will be ordered tuples whose first component is in 
turn a vector 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 of a token characteristic is 〈s1, s2,…, sk-1〉 (k ≥ 0, s1, s2,…, sk-1 - natural 
numbers), then its next characteristic will be 〈s1, s2,…, sk-1, sk〉, where the natural number sk 
will correspond to the number of the tokens's current splitting. 

Let current α-token (αp) enters place a1 of the GN with an initial characteristic  
α
0x  = “H, p, *, *”, 

 where H is a hypothesis, p its priority and symbols “*, *” denote the absence of µ– and ν–
components of the initial α-characteristic. 

Let a token β enter place b1 with an initial characteristic 
β
0x = “∆”,  

where the ∆ is the DB of a given ES. 

Let the token γ enter the place c1 with an initial characteristic 
γ
0x = “R”, 

where R = {R1,…,Rn} is the list of the rules. Each rule Ri has the form (1 ≤ i ≤ n): 
Ri = 〈Ci; Ai,1,…,

itiA , ; R
ip ; R

iµ ; R
iν 〉, 

where Ci is the consequent and Ai,1,…,
itiA , are the elements of the conjunction which forms the 

antecedent, R
ip  is the R1‘s priority, R

iµ  and R
iν  are its IF-degrees of validity and non-validity, 

as we mentioned above.  

  Let the tokens sβ′β′β′ ,...,, 21  (s ≥ 0) enter sequentially place 1b′  with initial characteristics 
cuxβ′

0 = 〈”new fact”, 
cu

pβ′ , <
cuβ′µ , 

cuβ′ν >〉, 
where: 
“cu” symbolizes the current number of the β′-type token which enters the GN, 

cu
pβ′ is a natural number which corresponds to the priority of the fact, 

cuβ′µ  and 
cuβ′ν is the IF-degrees of validity and non-validity of the fact. 

 
The transitions of the GN are the following (see Fig. 1). 
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1Z ′  = 〈{ 1b′ }, { 2b′ }, 
21,1

2

bbWb
b

′′′
′

, ∧( 1b′ )〉, 

where 

21,bbW ′′ = “The current procedure for verification of the hypothesis is completed”. 

The β′ tokens do not obtain new characteristics in place 2b′ . 
 

Here the Eight GN model from [6] is marked by E′ in Figure 1. Place a2 corresponds 
to E′-output place for α-tokens, that in [6] is marked by a18. Following [6] we must note that 
the α-tokens obtain characteristic 

α
cux =  ”!H, 

cuαµ , 
cuαν ” or “¬!H, 

cuαµ , 
cuαν ” 

in place a2, 
where ”!H” denotes that hypothesis H is valid and the “¬!H” denotes that hypothesis H is not 
valid. 

In place b3 permanently stays β0-token with initial and current characteristic 
0

0
βx  = “∆”. 

 

Z2 = 〈{a2}, {a3, a4}, 
4232 ,,2

43

aaaa WWa
aa

, ∧( a2)〉, 

where 

32 ,aaW = “ α
cux  = ¬!H”, 

42 ,aaW = “ α
cux  =!H”. 

The α-tokens do not obtain any new characteristic in places a3 and a4. 
 
δ-token, entering the net through place d1, carries the algorithm for estimation of the degree of 
truth for the fact 〈

cuαµ , 
cuαν 〉 and has a characteristic, e.g: 

 
ϕ1(µ(α), ν(α), µ( 1β′ ), ν( 1β′ ),…, µ( sβ′ ), ν( sβ′ )) = 

 

= ( ) ( ))(min),(min,)(max),(max
11 isiisi

β′νανβ′µαµ
≤≤≤≤

, 

or  
 

ϕ2 (µ(α), ν(α), µ( 1β′ ), ν( 1β′ ),…, µ( sβ′ ), ν( sβ′ ))= 
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ect., where s is the number of the tokens with initial characteristic pr1

α
0x . 

 

Z3 = 〈{a4, a6, 1b′ , d1, d2}, {a5, a6, d2}, 

falsetruefalsed
truefalsefalsed
falsetruefalseb
falsefalsetruea
falseWfalsea
daa

aa

2

1

2

6

,4

265

64

′
, ∨( a4, a6, 1b′ , d1, d2)〉, 

where 

64 ,aaW  = “∃β′(stay(β′, 1b′ ) & (pr1
β′
0x ) = α

0x ”, 
where the function stay mean the following: 
 
 

 
 
The α-tokens do not obtain any new characteristic in places a5 and a6. 
 

3 Conclusion 
In the present paper we constructed a new GN-model in the area of ESs. It is extension 

of Third, Fifth and Eight GN-models from [6]. In this book there are some other GN-models 
of other ES-types, that also can be re-written in the form of the above extension. For example, 
we can construct GN-model of an intuitionistic fuzzy ES with the temporal components. All 
these models show that the concept of an ES can be extended, but in all these extensions it can 
be described by GNs. 

Some extensions of the above model will be presented in future. 
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