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Abstract

In Generalized Nets with tokens duration of life (GNTDL), as defined in [2],

some or all of the tokens have initial characteristic a number corresponding

to the duration of time for which the token stays in the net. When such token

reaches its limit of lifetime it leaves the net and all of its characteristics

are lost. We propose different strategies to preserve these characteristics

by selecting a token successor for every token with duration of life which

reaches its limit of lifetime.

Keywords: Generalized nets

1 Introduction

In a Generalized net with tokens duration of life (GNTDL) some or all of the

tokens possess an initial characteristic which corresponds to the number of ele-

mentary time steps for which the token can stay in the net (see Atanassov [2]). It

is proved that ΣTDL - the class of all GNTDL - is a conservative extension of

Σ - the class of the standard GNs. It will be useful to give a formal definition of

GNTDL where the duration of life of the tokens is given by a function . GNTDL

is the ordered four-tuple

E = 〈〈A, πA, πL, c, f, θ1, θ2〉, 〈K,πK , θK , θ∗〉, 〈T, t0, t∗〉, 〈X,Φ, b〉〉 ,
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where all other components except θ∗ are in the sense of ordinary GN. The new

component θ∗ : K 7→ N gives the duration of life of the tokens. Here N =
{0, 1, 2, . . . } ∪ {∞}. Obviously, if K1 is the set of all tokens which do not have

duration of life, as it is in the case of ordinary GN, then for every α ∈ K1,

θ∗(α) = “∞“.

A token α at an input place l
′

i of a transition of a GNTDL will be transferred

to an output place l
′′

j if:

• the corresponding predicate ri,j of the index matrix r is true;

• the output place l
′′

j is not full;

• the current capacity of the arc between the input place and the output place is

not 0;

• TIME − θK(α) < θ∗(α), where TIME denotes the current time-moment;

When TIME − θK(α) ≥ θ∗(α) the token leaves the net with final characteristic

equal to the last characteristic which it has obtained.

2 Preserving the characteristics of the tokens

in GNTDL

Let K2 be the set of all tokens which have duration of life. When a token α ∈ K2

leaves the net all of its characteristics are lost. Sometimes we need to keep those

characteristics. One way to do this is to use a GN with global memory (Atanassov

[1]). Here we shall discuss other possible ways of preserving the characteristics of

the tokens with duration of life without changing the type of the net. The idea is

to look for other tokens with duration of life which can inherit the characteristics

of the tokens that leave the net.

First, we should examine the trivial case when the token with duration of life

is at input place for the whole net and its only characteristic is the initial. In this

case we do not need to look for successor of the token because it does not carry

any new information and its initial characteristic is determined by the function X .

The other possibility is that of a token αi ∈ K2 , 1 ≤ i ≤ |K2| in a place l
′

i

which is input for transition Z ′ (see Fig. 1) and output for some other transition

Z when TIME − θK(αi) = θ∗(αi).
In this case we look for other tokens with duration of life which are in the

same input place l′i. To determine the successor of α we follow one of the two

scenarios:

(A) the successor is the token with the highest priority in the place;

(B) the successor is the token with greatest duration of life in the place;

If there are no tokens with duration of life in the place, then the successor can
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be selected among the tokens with duration of life in the input places of Zi.
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l′i l -
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′
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l′′
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l′′jl-

l′′nl-

Fig. 1.

2.1 Preserving the characteristics with direct contact between the to-

kens

If there are other tokens with duration of life in the input places of Zi which can

be transferred to output place at the current time moment, then we choose the

successor of the token α following either rule A or B. First we look for possible

successors in the place l
′

i and if there are no tokens with duration of life in this

place then we look for successors among all other input places of the transition. If

we follow rule A, then we choose for successor the token with the highest priority

in the input places by order of their priorities. In case we follow rule B, the

successor will be the token with greatest duration of life among all tokens in all

input places. Let αs be the token which suceeds the token α. Then as it enters the

output place l
′′

j it will obtain the characteristic

〈′′α′′, xαcur, l
′′

j 〉

where xαcu is the current characteristic of the token with duration of life α and l
′′

j

gives information about the place where the succession takes place.

2.2 Preserving the characteristics with virtual contact

If there are no other tokens with duration of life in the place l
′

i that can be trans-

ferred at the current time moment, we look for such tokens in all other input places

of the transition. If we cannot find a token which can succeed the token α at the

current time step, then the characteristics of the token will be lost on the next step.

One way to prevent this is to use some token as a mediator. The mediator token

will obtain the characteristics of the token α and when another token with duration
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of life makes transfer from input to output place of the transition it will receive

the characteristics of the mediator. In order to accomplish this, to every transition

Zi = 〈L′, L′′, t1, t2, r,M, 〉,

of a GNTDL we add a place l∗i . The mediator token stays at place l∗i of the

transition with no initial characteristic. We denote by Z∗
i the new transition.

Z∗
i = 〈L′∗, L′′∗, t1, t2, r

∗,M∗,
∗
〉,

(see Fig. 2) where t1 and t2 are as above and

L′∗ = L′ ∪ {l∗i },

L′′∗ = L′′ ∪ {l∗i },
∗
= .

...

...

...

...

l′
1 l -

l′i l -

l′m l -

r∗

?

...

...

...

...

l′′
1l-

l′′jl-

l′′nl-

l∗il--

Fig. 2.

If

r = pr5Zi = [L′, L′′, {rli,lj}]

is the index matrix of the transition’s conditions, then

r∗ = pr5Z
∗
i = [L′ ∪ {l∗i }, L

′′ ∪ {l∗i }, {r
∗
li,lj

}],

where

(∀li ∈ L′)(∀lj ∈ L′′)(r∗li,lj = rli,lj ),

and

(∀li ∈ L′)(∀lj ∈ L′′)(r∗li,l∗i = rl∗i ,lj = “false”),

4
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r∗l∗i ,l
∗

i
=“there is a token α at an input place of the transition for which TIME −

θK(α) = θ∗(α)”. When the mediator token enters place l∗i it obtains as charac-

teristic the name and the characteristics of the token with duration of life α. If

M = pr6Zi = [L′, L′′, {mli,lj}]

is the index matrix of the capacities of the arcs, then

M∗ = pr6Z
∗
i = [L′ ∪ {l∗i }, L

′′ ∪ {l∗i }, {m
∗
li,lj

}],

where

(∀li ∈ L′)(∀lj ∈ L′′)(m∗
li,lj

= mli,lj ),

(∀li ∈ L′)(∀lj ∈ L′′)(m∗
li,l

∗

i
= ml∗i ,lj

= 0),

m∗
l∗i ,l

∗

i
= 1

π∗
Li

= πL ∪ π{l∗i |Zi∈A},

where function π{l∗i |Zi∈A} determines the priorities of the new places, that are ele-

ments of the set {l∗i |Zi ∈ A} and the priorities of the l∗i places for every transition

Zi ∈ A are smaller than the priorities of all other places of the transition Zi.

c∗L = c ∪ c{l∗i |Zi∈A},

where the function c{l∗i |Zi∈A} is defined as

c{l∗i |Zi∈A}(l
∗
i ) = 1

for all place l∗i .

Let

E∗ = 〈〈A∗, πA, π
∗
L, c, f, θ1, θ2〉, 〈K

∗, π∗
K , θ∗K〉, 〈T, t0, t∗〉, 〈X,Φ∗, b〉〉,

where

K∗ = K ∪l∗i
Kl∗i

)

Here Kl∗i
is the set of the mediator tokens that enter the net through the places l∗i .

θ∗K = θK ∪ θ{l∗i |Zi∈A},

where function θ{l∗i |Zi∈A} determines that each mediator token α∗
i stays in the

initial time-moment T in its place.
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Φ∗ = Φ ∪ Φ{l∗i |Zi∈A},

where function Φ{l∗i |Zi∈A} determines the characteristics of the mediator tokens

α∗
i in the form

Φ{l∗i |Zi∈A}(l
∗
i ) = 〈′′α′′, xαcur, l

′

i, 〉

where xαcu is the current characteristic of the token with duration of life α. The

time components of E∗ remain the same as in E.

The problem of choosing successors for tokens with duration of life will be

discussed in the next section. In this framework we suppose that the successor of

the token α is a token αs which enters some input place for the transition Zi. If

this input place is the same place where the token α left the net, then it obtains

the characterics of the token α which are preserved in the second component of

the mediator token α∗
i . If the successor of α is in some other input place of the

transition, then it will obtain the characteristics preserved in α∗
i when it transfers

to some output place l
′′

j .

3 Generalized Net that determines the successors of the

tokens with duration of life

For a given GNTDL

E∗ = 〈〈A, πA, πL, c, f, θ1, θ2〉, 〈K,πK , θK , θ∗〉, 〈T, t0, t∗〉, 〈X,Φ, b〉〉 ,

we construct an ordinary GN E that determines which of the tokens will inherit

the characteristics of the tokens with duration of life.

Let the tokens from the set K2 of E∗ be denoted by αi, where 1 ≤ i ≤ n

and n = |K2|. We denote the tokens of the net E by β1, β2, ..., βn. Every token

βj ∈ pr1pr2E corresponds to a token αj ∈ K2. The tokens βj enter GN E at

place l1 with initial characteristics xβio
=< θ∗(αj), lj > where lj denotes the

input place in which the corresponding αj token enters E∗.
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Fig.3 Generalized net that selects the successor tokens

Z1 = 〈{l1, l3, l7, l8, l10}, {l2, l3},

l2 l3
l1 false true

l3 W3,2 W3,3

l7 false true

l8 false true

l10 false true

〉,

where

W3,2 =”there is a token αi ∈ K2 for which TIME − θK(αi) = θ∗(αi)”
When truth-value of the predicate W3,2 = true the i-th token βi enters place l2
without obtaining new characteristic.

W3,3 = ¬W3,2

At place L3 every token βi obtains as characteristic the current position of the

corresponding token αi and its remaining duration of life θ∗ − TIME + θK(αi).

Z2 = 〈{l2}, {l4, l5, l6},
l4 l5 l6

l2 W2,4 W2,5 W2,6
〉,
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where

W2,4 =”there are tokens with duration of life at the current place of the token αi

which can be transferred to output place at the current time step”

W2,5 = ¬W2,4&”there are tokens with duration of life in the other input places

of the same transition”

W2,6 = ¬W2,4&¬W2,5

At place l4 the token βi obtains as characteristic the label of the place where the

corresponding token αi is at the current time moment. At place l5 the token βi
obtains as characteristic the labels of the input places of the transition where the

corresponding token αi is at the current time moment.

Z3 = 〈{l4, l5}, {l7, l8},
l7 l8

l4 W4,7 W4,8

l5 W5,7 W5,8

〉,

where

W4,7 = “the successor should be determined by rule A ”

W4,8 =“the successor should be determined by rule B ”

W5,7 = “the successor should be determined by rule A ”

W5,8 =“the successor should be determined by rule B ”

At place l7 the tokens obtain as characteristic the label of the token with the

highest priority among the places in the last characteristic of βi. At place l8 the

tokens obtain as characteristic the label of the token with the greatest remaining

duration of life among the places in the last characteristic of βi.

Z4 = 〈{l6, l11}, {l9, l10, l11},
l9 l10 W11

l6 W6,9 false W6,11

l11 false W11,10 W11,11

〉,

where

W6,9 =”there is no mediator token in the current transition”

W6,11 = ¬W6,9

W11,10=”there is a token with duration of life at the input places of the transition

where the corresponding token αi is at the current time moment”

W11,11 = ¬W11,10& “TIME < T + t∗”

W11,9 = ¬W11,11&¬W11,10

In place l9 the token obtains the characteristic “there is no successor for the token”.

In place l11 it does not obtain any characteristic and in place l10 it obtains as

characteristic the label of the place where the token with duration of life is at the

current time moment.

8
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