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Possible applications
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Abstract: Generalized Nets with Characteristics of the Places(GNCP) is a new conservative ex-
tension of the ordinary Generalized Nets(GNs). In a GNCP the places receive characteristics and
keep information about the modelled process. This property of GNCP can be used to construct
nets with simpler graphic structure or to collect data which is relevant to the place.
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1 Introduction

Generalized Nets with Characteristics of the Places(GNCP) is new a extension of the ordinary
Generalized Nets(GNs). It is introduced in [1] and again there it is proved that the class of all
GNCP ΣCP is conservative extension of the class Σ of the ordinary GNs. A GNCP E is the
ordered four-tuple

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

All other components except the characteristic functions Y and Ψ are the same as in the standard
GNs (see [2,3]). Here the characteristic function Ψ assigns characteristics to the places when
tokens enter them and Y assigns initial characteristics to the places. These characteristics can
be the number of tokens from each type in the place, the moments of time when they entered
the place or other data that is relevant to the place. So far characteristics have been assigned to
the places in the Intuitionistic Fuzzy Generalized Nets of type 2 (IFGN2) and type 4 (IFGN4).
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However, in IFGN2 and IFGN4 the tokens do not receive characteristics and they are regarded
as some quantities that flow into the net while in GNCP the tokens receive characteristics. The
connection between GNCP on one hand and IFGN1 and IFGN2 on the other, is studied in details
in [4]. Two new extensions of GNs that are closely related to GNCP IFGN1 and IFGN3 are
defined in [5]. These are Intuitionistic Fuzzy Generalized Nets with Characteristics of the Places
of type 1 (IFGNCP1) and Intuitionistic Fuzzy Generalized Nets with Characteristics of the Places
of type 3(IFGNCP3).

In this paper we propose some applications of GNCP which show how they can be used in the
modelling of real processes.

2 Possible applications of GNCP

As we mentioned GNCP are conservative extension of the GNs and the functioning and the results
of the work of every GNCP can be described by an ordinary GN. Therefore it is important to know
when it would be better to use a GNCP model instead of a GN model. The possibility of assigning
characteristics to the places in GNCP can be used to construct nets with simpler graphic structure
and less tokens. Also, we can evaluate the work of the places of the net in some sense based on
their characteristics.

2.1 Use of GNCP to simplify the graphical structure of the net

In many GN models one or more places are input and output for some transition. This is the case
with place lc for the transition Z in Fig.1.
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Figure 1.

In some models we have tokens that loop in such places and do not receive any characteristics.
Instead their initial characteristic gives some criteria or other data which is used in the model. In
other cases we have tokens that loop in this place and receive new characteristics but they are not
transferred to other output places for the transition. We can remove the place from the set of input
places of the transition and when tokens enter the place the characteristics of the tokens in lc will
be assigned to the place in the sense of GNCP. Let the components of the transition be

Z = 〈L′, L′′, t1, t2, r,M,�〉
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The restriction that no tokens can be tranferred from place lc to other output places may be given
by the index matrix r of the transition’s condition. For the definition of index matrix and the
transition’s components the reader can refer to [3, 7]. In such case we have

r = [L′, L′′, {rli,lj}]

where rli,lj is the predicate corresponding to the i-th input and j-th output place of the transition
and (∀lj ∈ L′′)(rlc,lj = “false”). We can substitute every such transition Z with a new transition
Z∗ (see Fig. 2) which has the same places as Z but lc is not input place for Z∗.
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Figure 2.

The characteristics that are assigned to the tokens in place lc of the original transition Z can be
assigned to the place lc in the sense of GNCP. We use two concentric circles to show that a place
can obtain characteristics. We will formally describe the effect of such change on the components
of the net. Let the original transition Z be a transition of an ordinary GN E. We assume that it is
the only transition with place that satisfy the above conditions. The case in which there are more
places of the same kind as lc is analogous.

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

Let G be a GNCP with components:

G = 〈〈A∗, πA, πL, c, f, θ1, θ2〉, 〈K∗, π∗K , θ∗K〉, 〈T, t0, t∗〉, 〈X∗, Y,Φ∗,Ψ, b∗〉〉

Here A∗ denotes that the set of transitions of G is obtained from the set of transitions of E
by substituting Z with Z∗. The set of tokens K∗ is obtained from K by removing the tokens
that stay in place lc in the initial time moment. The functions π∗K and θ∗K are restrictions over
K∗ of πK and θK . The characteristic function X∗ which assigns initial characteristics to the
tokens when they enter the net is restriction of X over K∗. The characteristic function Y assigns
to place lc the initial characteristic of the tokens(if there are such) which stay in place lc at the
initial time moment. The characteristic function Φ∗ coincides with Φ in all places except lc and
Φ∗lc(α) = ∅ for every token α that enters lc. Here Φlc calculates the characteristics that the tokens
receive in lc. Finally, the characteristic function Ψ assigns characteristics only to place lc and
these characteristics are the same as the characteristics that are assigned to the tokens of E in this
place. It is easy to prove that G describes the functioning and the results of the work of E.

In this way by using GNCP we can simplify the graphic structure of the net.
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2.2 Use of GNCP for evaluation of the places

The characteristic function Ψ in GNCP allows us to keep all data that is relevant to a particular
place in the form of characteristics of this place. If some of the characteristics which are assigned
to the tokens in a particular place are, according to some predefined criteria, good or bad then
we can evaluate the work of the place and its impact on the behaviour of the net. If we can
classify and evaluate the places, we can further proceed to solve various problems related to the
functioning of the net. Let ∆l′′j

be the set of bad characteristics that can be obtained by the tokens
in place l′′j which is output for some transition Z and Ξl′′j

be the set of the good characteristics.
We consider two cases. In the first case, all possible characteristics of the tokens in place l′′j are
either good or bad. Then we can evaluate the place using the characteristic function Ψ. When a
token enters the place Ψ assigns to the place l′′j the characteristics that the token has received in
this place and an ordered couple of non-negative real numbers 〈µj, νj〉. If we denote by Nj the
number of characteristics obtained by the tokens in place l′′j from the moment of time when the
net starts functioning to the end of the current time step and mj and nj be the number of good
and bad characteristics respectively, then

〈µj, νj〉 = 〈mj

Nj

,
nj

Nj

〉.

In this case µj , νj ∈ [0, 1], µj + νj = 1 and we have a fuzzy evaluation of the place l′′j .
In the second possible scenario we also have characteristics that are neither good nor bad.

Again the pair 〈µj, νj〉 is defined as in the first case but now µj + νj ≤ 1 and we have an
intuitionistic fuzzy evaluation of the place (see [6]). The number πj = 1 − µj − νj corresponds
to the degree of uncertainty.

3 GNCP model of the upper limb vascular system

A GN model of the upper limb vascular system is proposed in [8]. The graphical structure of the
net is presented in Fig. 3.

The GN model has 5 transitions and 23 places.

• Z1 represents the function of the Central Nervous System (CNS).

• Z2 represents the function of the Peripheral Nervous System (PNS) (sensory and motor
fibers of brachial plexus branches).

• Z3 represents the function of the striated muscles and tendons of the upper limb.

• Z4 represents the function of the joints and ligaments of the upper limb.

• Z5 represents the function of the circulatory system of the upper limb.

All details about this GN model can be found in [8]. Here we will construct a GNCP based on this
GN model and compare the graphic structure of the two nets. The GNCP in Fig. 4 is constructed
on the basis of the GN in Fig. 3.
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Figure 3. GN model of the upper limb including circulatory system
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Figure 4. GNCP model of the upper limb including circulatory system

We removed the arcs denoting that each of the places l3, l9, l14, l19 and l23 are input and output
for the transitions of the GN in Fig. 3. In the original GN model the current status of CNS, PNS,
striated muscles and tendons, joints and ligaments and the circulatory system of the upper limb is
presented by the characteristics of the tokens that loop in places l3, l9, l14, l19 and l23 respectively.
In the GNCP model these data is presented by characteristics are assigned to the places l1, l2, l3, l6
and l11. In the GN model there are five types of tokens while in the GNCP we have only one type.
Initially, tokens stay in the following places:

60



• In place l1 token with characteristic “initial status of the CNS”

• In place l2 token with characteristic “initial status of the PNS”

• In place l3 token with characteristic “initial status of the muscles”

• In place l4 token with characteristic “initial status of joints and ligaments”

• In place l5 token with characteristic “initial status of the circulatory system of the upper
limb”

In comparison to the original GN model the new one has two more transitions. The transitions
of the GNCP model have the following form:

Z1 = 〈{l5, l13}, {l1}, r1〉 ,

where

r1 =

l1

l5 true

l13 true

The tokens entering l1 from l13 and l5 unite and receive the characteristic “current status of
the CNS”. Place l1 receives the same characteristic. We use characteristics of the place to collect
data about the CNS.

Z2 = 〈{l1, l8, l9}, {l2}, r2〉 ,

where

r2 =

l2

l1 W1,2

l8 true

l9 true

and W1,2 =“efferent impulses from the CNS are necessary for the maintenance and regulation
of the muscles or efferent impulses from the autonomic nervous system are necessary for the
maintenance and regulation of the smooth muscle fibers in the blood vessels “.

The tokens that enter place l2 unite there and the place obtains the characteristic “current
status of the PNS”.

Z3 = 〈{l2, l14}, {l3, l4, l5}, r3〉 ,

where

r3 =

l3 l4 l5

l2 W2,3 W2,4 true

l14 true false false

and

• W2,3=“efferent impulse from CNS was transmitted via motor fibers of the PNS branches to
the muscles of the upper limb”.

• W2,4 =“efferent autonomic impulse was transmitted via sympathetic and parasympathetic
neuronal tracts to the circulatory system”.
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Depending on the truth values of the predicates the α token in place l2 splits into three tokens
α′, α′′ and α′′′ that enter respectively places l3, l4 and l5. In place l4 the tokens obtain character-
istic “autonomic impulse to the circulatory system”. The tokens in place l5 obtain characteristic
“afferent (sensory) impulse from the joints of the upper limb; afferent (sensory) impulse from the
ligaments of the upper limb”. The token that is transferred from place l14 to l3 unites there with
α′. Place l3 obtains characteristic “current status of the striated muscles and tendons”.

Z4 = 〈{l3, l12}, {l6, l7, l8}, r4〉 ,

where

r4 =

l6 l7 l8

l3 W3,6 true true

l12 true false false

and W3,6 =“there is involuntary muscular activation”.
When the truth value of the predicate W3,6 is “true” the token in place l3 splits into three

tokens that enter respectively places l6, l7 and l8. In place l6 the tokens coming from l3 and l12
unite. In place l7 the tokens obtain characteristic “outgoing blood from muscles via the veins of
the upper limb(current quantity, quality, composition etc.)”. Place l6 receives the characteristic
“current status of the joints and ligaments”.

Z5 = 〈{l6}, {l9, l10, }, r5〉 ,

where

r5 =
l9 l10

l6 true true

The token in place l6 splits into two identical tokens that enter places l9 and l10. In l9 the
tokens obtain characteristic “afferent impulse from the joints of the upper limb”. In place l10
the tokens obtain characteristic “outgoing blood from the joints and ligaments(current quantity,
quality, composition etc.)”.

Z6 = 〈{l4, l7, l10}, {l11}, r6〉 ,

where

r6 =

l11

l4 true

l7 true

l10 true

The tokens from places l4, l7 and l10 enter place l11 where they merge. Place l11 receives the
characteristic “current status of the circulatory system of the upper limb”.

Z7 = 〈{l11}, {l12, l13, l14}, r7〉 ,

where

r3 =
l13 l14 l15

l11 true true true
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The token in l11 splits into three identical tokens that enter respectively places l12, l13 and l14.
In place l12 the token obtains characteristic “outgoing blood to the joints”. In place l13 the tokens
obtain characteristic “afferent impulse to the CNS”. In place l14 the tokens obtain characteristic
“outgoing blood to the muscles”. The characteristics of place l11 can be used to obtain evaluation
of the functioning of the circulatory system of the upper limb.

The blood flow velocity and composition ensures normal metabolic and contractile activities
of the upper limb muscles. Their values can be kept as characteristics of place l11. Those values
which are normal standard values can be considered as good characteristics and those that dont
fall within the standard values can be considered as bad characteristics. On the basis of these
characteristics, the characteristic function of the places can assign to place l11 the characteristic
“current status of the circulatory system of the upper limb; 〈µ11, ν11〉”. Where the ordered couple
〈µ11, ν11〉 is evaluation of the place as suggested in the previous section. In the same way, an
evaluation of the work of the CNS, PNS, muscles, joints and ligaments can be obtained.

4 Conslusion

The characteristics of the places in GNCP can be used to keep data that is relevant to the place. It
can be used to obtain evaluation of the work of the place. GNCP can also be used to simplify the
graphical structure of the net. The GNCP model of the upper limb including circulatory system
proposed in this paper has simpler graphic structure than the original GN model. Partly this is
due to the fact that some of the places of the original transitions are merged. The characteristics
of the places allowed us to remove the cycles. Finally, it is easier to track the flow of the tokens
in the GNCP model.
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