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Abstract: OnlineGN is a web-based environment for constructing and simulating Generalized
Net (GN) models. This paper presents its support for intuitionistic fuzzy transition predicates.
Rather than returning only a Boolean value, a predicate can be evaluated by separate degrees
of validity and non-validity. OnlineGN interprets this pair using one of seven token-transfer
conditions from the theory of intuitionistic fuzzy GNs. The evaluation condition is selected in the
interface, so the same model can be simulated under different transfer rules without rewriting its
predicates. The paper explains how intuitionistic fuzzy predicate evaluation is incorporated into
the existing OnlineGN simulation process. A simple example with the evaluation (0.4, 0.4) shows
how strict and non-strict comparison conditions can lead to different token-transfer decisions. The
accompanying figures illustrate the predicate configuration and simulation interface.
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1 Introduction

Atanassov’s Generalized Nets (GNs) extend Petri nets by introducing predicates that govern token
transfers and characteristics that can change as tokens move through the net [4]. A transition
therefore depends not only on the positions of its tokens but also on the conditions associated
with possible movements. This makes GNs suitable for processes that combine parallel activity
with conditional decisions.

The connection between Generalized Nets and fuzzy set theory was examined by Atanassov
in his 1985 paper on generalized nets and their fuzzings [1]. This earlier work provides historical
context for subsequent developments in intuitionistic fuzzy Generalized Nets.

As a model grows, keeping track of its predicates, token characteristics, and possible transfers
becomes increasingly cumbersome. OnlineGN provides a browser-based editor and simulator for
this purpose [2]. Users can construct a net, attach functions to its elements, and inspect token
movement step by step. An earlier application used OnlineGN to simulate a parallel formulation
of the Towers of Hanoi problem [8].

The conventional predicate evaluation in a GN is Boolean. That is enough for an unambiguous
condition, but it discards the distinction between support for a statement, support against it,
and the part that remains undetermined. Intuitionistic fuzzy sets retain this information through
separate membership and non-membership degrees [3,5]. Applying the same representation to a
transition predicate gives the simulator more information than a single true/false result.

The theory of intuitionistic fuzzy Generalized Nets (IFGNs) includes several ways to interpret
such evaluations. Atanassov, Dimitrov, and Atanassova specify seven conditions for deciding
whether a token may pass a predicate [6]. These conditions need not agree: an evaluation accepted
by one condition may be rejected by another.

This work concerns the predicate decision in OnlineGN, rather than the definition of a new
IFGN class. The implementation retains OnlineGN'’s existing handling of capacities, priorities,
and token movement, while adding a selectable interpretation of intuitionistic fuzzy predicate
evaluations. We first recall the seven transfer conditions, then explain their use in the simulator.
The final example compares conditions C,; and Cy using the OnlineGN interface. Figures 1, 2,
and 4 are screenshots of the application; the token-position diagram in Figure 3 is a schematic
representation.

2 Theoretical background

2.1 Intuitionistic fuzzy predicate evaluations

A classical predicate takes a Boolean value. For the intuitionistic fuzzy evaluation considered
here, a predicate p is assigned a pair

Vi(p) = (u(p),v(p)),

where 1(p) is its degree of validity and v(p) its degree of non-validity [3,5]. The values satisfy
the conditions:

0<ulp),vp) <1,  pulp)+vip) <1
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The remaining part,
m(p) =1 —p(p) —v(p),
is the degree of indeterminacy. For example, (0.6,0.2) leaves 0.2 undetermined. The pair

describes the evaluation of the predicate, but it does not by itself decide whether the corresponding
token transfer is allowed.

2.2 Predicates in Generalized Nets

A GN transition is described by the seven-tuple [4]
J = <L/7 L”, tl, tg, T, M, |:|>

Here L' and L” denote the input and output places, ¢; and ¢, specify timing, r is the predicate
matrix, M gives the arc capacities, and [J specifies the activation type. Each matrix entry r; ;
governs a potential transfer from input place /; to output place /7.

In the classical setting, f(r; ;) returns a Boolean result. With an intuitionistic fuzzy predicate,
the evaluation has the form

flrig) =pigivig),  0<pigvi; <1, pig+vi; <1

The simulator must reduce this pair to a transfer decision before applying the remaining movement
rules. IFGN theory also considers other forms of intuitionistic fuzziness, including evaluations of
token quantities and characteristics [6,7]. Those variants are outside the scope of this work: only
the transition predicates are evaluated as intuitionistic fuzzy pairs.

2.3 Seven conditions for token transfer

For a predicate evaluation (x; ;,7;;), the seven transfer conditions are given by Atanassov,
Dimitrov, and Atanassova [6]:

Ci: ;=1 v; =0,
Co: o iy > %,

Cy: iy >3,

Cy: o pij > Vi,

Cs: iy > Vi,

Ce: iy >0,

C7 : Vij < 1.

The seven conditions differ mainly in how they handle particular values. Condition C
requires complete validity, while C5 and C' differ in whether a validity degree of exactly 0.5
is accepted. Similarly, Cy and C'5 compare the degrees of validity and non-validity, with different
results when the two are equal. Conditions Cs and C'; are less restrictive, requiring only a positive
degree of validity or a non-validity degree below one, respectively.
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For example, (0.4, 0.35) passes conditions Cy and C5, but fails conditions C5 and C5. Let Dy,
denote the Boolean decision obtained by applying condition C}, to a predicate:

1, if (u; ;, v, ;) satisfies Cy,

Dk(ri,j> = ke {17 .. ,7}

0, otherwise,

A value of D;, = 1 indicates that the predicate is satisfied; it does not guarantee a movement.
Activation, capacities, token priorities, and splitting rules remain in force.

3 Implementation of intuitionistic fuzzy predicates in OnlineGN

3.1 OnlineGN architecture and modeling environment

OnlineGN uses Angular and TypeScript on the frontend, Node.js and Express on the backend,
and MongoDB for model storage. D3.js and Graphviz support the graphical presentation of nets.
The source code is available in the OnlineGN repository.

The model contains places, transitions, and tokens together with their properties. A place has
a capacity, priority, and characteristic functions; a connection in a transition has a predicate and
capacity; and a token carries characteristics that may change after movement. The editor exposes
these settings, while the simulator lets the user follow the execution step by step.

OnlineGN uses different components to manage the simulation. The page component controls
each simulation step, while the compiler service runs the functions defined by the user. The
movement service handles token transfers, and the graph service updates their positions in the
GN. The intuitionistic fuzzy predicate evaluation is added to the existing simulation process, so
no changes to the graphical representation are needed.

Figure 1 is a screenshot of the OnlineGN editor and simulation environment. It shows the
rendered GN alongside the global-function editor and simulation controls.

Edit positions Show all tokens Step logs
SONVRIN oo | coremuion | eered | coorions R svow i orns J sevnse J st on |

Simulation View Global Functions
Enter all shared functions and variables
this.globalObj = {
721 72 74 7 Zfinc tokens: this.tokenMover.tokens,
A 4 L 4 v A 4
pstart p12 p24 p45 p5fin getTokenByName: function (name) {
1 »l—»(0) 0 »(0)——>—>(O)——> return this.tokens.find((token) => token.name === name);
| p23 pa4 3
o) a
returnTrue: function () {
return true;
b
z firstSymbollsA: function (token) {
const word = token && token.chars && typeof token.chars.word === 'string’
pafin ? token.chars.word
p32
return word.lenath > 0 && wordl0] === "a"
Compile code

Figure 1. Screenshot of the OnlineGN editor and simulation interface,
showing a GN model and its global functions.
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3.2 Configuring intuitionistic fuzzy predicates

Each entry in a transition’s predicate matrix is associated with a user-defined function, which may
depend on the characteristics of the token being evaluated. In the original workflow, that function
produces a Boolean result used to permit or reject the corresponding transfer.

With the implemented extension, a predicate may return (u, v) instead of a Boolean value.
OnlineGN evaluates this pair using the condition C}, selected by the user. The resulting Boolean
decision is passed to the normal movement procedure. The evaluation condition is configured
through the interface, separately from the predicate function itself.

The interface offers both Boolean and intuitionistic fuzzy evaluation modes. In the latter, the
predicate configuration includes fields for the degrees of validity and non-validity and a selector
for the seven transfer conditions. Figure 2 is a screenshot of these controls in OnlineGN. In the
configuration shown, ¢+ = 0.4 and v = 0.4, giving an indeterminacy degree of 0.2, and condition
Cs is selected. Keeping the condition separate from the predicate also allows the same net to be
compared under different rules.

Transition: Z_4

Priority Split function
1 = 1 splitOnz4 v
Predicate matrix view
Predicate configuration
From p24 to p42
Predicate Capacity
firstSymbolsB v 1
Evaluation type
() Boolean (true / false) @ Intuitionistic fuzzy (u, v)
Degree of validity (u) Degree of non-validity (v)
H+Vvs1l

0.4 4 0.4

4»

n=1-py-v=0.2

Evaluation condition

ECS:uzv ']

Cl: p=1andv=0

C2: u>1/2

C3: u=1/2

C4:u>v

C5: uz2v v
Cé6: u>0

C7:v<1

Close

Figure 2. Screenshot from OnlineGN showing the transition predicate configuration, the
intuitionistic fuzzy evaluation fields, and the selection of condition Cs.
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3.3 Predicate evaluation during simulation

At each simulation step, OnlineGN processes transitions and tokens according to their priorities.
The method registerAllMoves () gathers candidate transfers, whilecanTokenContinue ()
checks the connection capacity, destination capacity, and predicate result. To obtain that result,
shouldTokenContinue () calls the user-defined predicate through CodeCompilerService.

For intuitionistic fuzzy predicates, the pair (u,v) is evaluated according to the selected
condition Cy. The result is a Boolean value Dy, which determines whether the predicate permits
token movement. The remaining rules of the simulation still apply. For example, a token cannot
move if the corresponding arc has reached its capacity or the destination place is full.

Once the eligible transfers have been identified, OnlineGN follows its existing procedure
for choosing and registering movements, including the rules for priorities and token splitting.
The movement service applies the selected transfers, the graph service displays the resulting
positions, and characteristic functions update tokens where appropriate. The added operation is
the interpretation of a predicate result, not a replacement for the GN execution procedure.

To show the effect of the condition selector, we consider a single transition in which the
predicate evaluation stays fixed.

4 Example and simulation views

Consider a transition Z with input place [y, output place /5, and a token « initially in /;. The
connection to [, is controlled by predicate . We use the intuitionistic fuzzy evaluation

F(r) = (0.4,0.4).

The associated indeterminacy is 0.2. In this comparison the transition is active, and the connection
and destination place have sufficient capacity. Thus, the two conditions are evaluated against the
same predicate pair; no other movement constraint is intended to distinguish the cases.

I Iy

(@) Cy @—* Z i»@ a stays in [y
I lo

(b) Cs ©—> Z L»@ o reaches Iy

Figure 3. Scheme of the token positions corresponding to the Cy and C'5 predicate decisions.
The diagram is drawn from the GN model; the interface screenshots are shown separately.

Under condition Cy, the test is p > v. It fails because 0.4 > 0.4 is false, so the predicate
blocks the transfer. Under condition C5, which permits equality, 0.4 > 0.4 is true and the
predicate permits the token to move to /. Table 1 compares the decisions, and Fig. 3 represents
the resulting token positions.
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Table 1. Predicate decisions for f(r) = (0.4, 0.4) under conditions C; and Cj.

Condition ‘ Predicate test ‘ Token movement

Cy 0.4 > 0.4 (false)
Cs 0.4 > 0.4 (true)

« remains in [y

« may move to [y

Figure 4 presents screenshots of the OnlineGN interface for these two configurations. Both
panels show the same predicate function, returning the degrees ¢ = 0.4 and v = 0.4. In the
C, view, the step-log display reports that the predicate test is false and no token movement is
registered. In the C'5 view, the test is true and the displayed transfer is « : [; — l5. The two
views illustrate how selecting a different evaluation condition changes the predicate decision

while preserving the model and its input evaluation.

(a) Condition C4: pu > v — transfer not permitted

Global Functions

Enter all shared functions and variables

intuitionisticPredicate: function (token) {
return { mu: 0.4, nu: 0.4};

(b) Condition C5: u > v — transfer permitted

Global Functions

intuitionisticPredicate: function (token) {

Enter all shared functions and variables
‘/ return { mu: 0.4, nu: 0.4};

Evaluation condition | 4. u>v % ]

Step Logs

Processing transition Z4

Evaluating predicate ‘intuitionisticPredicate’ for token a
- u=04,v=04

— Condition: C4 (1 > v)

— Result: false (0.4 > 0.4) — transfer not permitted

Evaluation condition | 5. uzv v ]

Step Logs

Processing transition Z4

Evaluating predicate ‘intuitionisticPredicate’ for token a
—->u=04,v=04

— Condition: C5 (u = v)

— Result: true (0.4 > 0.4) — transfer permitted

R0
I O

No token movement Registering move: a: [} = I,

Figure 4. Screenshots of the OnlineGN interface for conditions C4 and Cs,
showing the predicate function, selected evaluation condition,
and step-log displays of the corresponding transfer decisions.

5 Conclusion

OnlineGN supports intuitionistic fuzzy predicate evaluation through seven selectable transfer
conditions. The additional evaluation step converts a pair of validity and non-validity degrees
into the Boolean decision used by the existing token-transfer logic. Capacities, priorities, and the
normal movement procedure remain part of the simulation, while the condition can be changed
independently of the model’s predicates.

The example with (0.4,0.4) makes the difference between conditions C; and C5 concrete.
Strict comparison rejects the predicate; non-strict comparison accepts it. The included OnlineGN
screenshots show the configuration controls and the displayed decisions for these cases. Further
testing with larger nets, multiple eligible outputs, and capacity constraints would help characterize
the behavior of the extension in more involved simulations. Other forms of intuitionistic fuzzy
GNss, including fuzzy token characteristics and quantities, remain outside the present implementation.
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