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TIMED COLORED PETRI NET GENERATING ARRAYS
S. VAITHYASUBRAMANIAN1 , D. LALITHA2 , M. I. MARY METILDA2 , §
Abstract. Motivated by Interval Timed Colored Petri Net and two dimensional Array
generating Petri nets, this paper defines an Array Generating Timed Colored Petri Net.
In this paper time has been associated with the tokens of the net. Time associated with
tokens will delay its availability as a resource. The introduction of time as an attribute
of the token has an additional control over the firing sequence of the net. The focus of
this paper is on the array language generated by such timed colored Petri net model.
Keywords: Array Language, Catenation, Colored token, Timed Petri net, Token Attributes.
AMS Subject Classification: 68Q45, 03D05, 03D99.

1. Introduction
Petri nets are used to model distributed systems [1]. The components of many such
systems exhibit concurrency and parallelism. The net modeling complex systems could be
extremely large. Tokens generally represent the resources required for activities to take
place. All the tokens in a basic Petri net are black dots. In a complex system the resources
may have different attributes. It is not possible to represent the various attributes of the
resources by black tokens. Hence basic Petri nets are not suitable to model such systems.
Since it is essential to have different types of tokens, in Colored Petri Net (CPN), each
token carries a value [2, 4, 3]. The functional programming language SML is used to define
the data types and to declare variables. Multi-sets can be used in the places of CPN.
Time is an important aspect in all discrete dynamic systems. Timed Petri Net (TPN)
was introduced to model such systems [5, 6, 7, 8, 9, 10]. Time and time delay can be
introduced in certain activities of the net. In certain models time is associated with the
transition. When an enabled transition fires, the tokens are removed from the input places
but are retained for some time before they reach the output places. This delay in firing the
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transition is called the firing delay. Wong introduced a model in which time is attached
with the place [9]. The tokens coming into that place is not available as a resource for
some time period. Some authors mix and associate time with both enabling transition
and firing of transitions. When time is introduced in certain activities of the net, the
type of delay of these activities will also have to be identified. The delays could be fixed,
stochastic or chosen from an interval.
In Interval Timed Colored Petri Net (ITCPN) time is attached to tokens as one of its attributes and it is called the timestamp [11, 12, 13]. If a transition has several input places
with tokens, then the transition is enabled to fire only when the built in clock reaches the
maximum of all the timestamps of the tokens to be removed. The transition with the least
enabling time will be fired first. If more than one transition has the same enabling time
then any one of them will be non-deterministically chosen to fire.
Transitions can be labeled by characters of an alphabet. Then any sequence of transitions
which takes the initial marking to final marking gives a word over the alphabet. Thus
a string language can be generated by a Petri net. The language generated can be used
in investigating the properties of the net. Motivated by this, Petri net models have been
introduced to generate rectangular and hexagonal array languages [14, 15, 16, 17, 18]. In
such Petri net models inhibitor arcs can be used to bring in more control in the generation
of array languages [16]. A complex Petri net may be required to generate certain array
languages. Hence higher level Petri net can be used to reduce the complexity of the net.
String generating Petri nets have been motivation for these array generating Petri nets.
In this paper we use the concept of time and color in generating arrays. Different types
of tokens can be used. But in this paper only rectangular arrays made up of a given set
of characters are used as token. Positive integers can be used as tokens to have a count
on the number of times a transition fires. Application of these arrays generation can be
found in [19, 20].
This paper is organized as follows. The second section gives all the basic definitions of
array generating Petri nets. Some of the concepts have been taken from the existing literature. Some of them have been introduced here for the first time. The section also defines
an Array Generating Timed Colored Petri Net and explains it with example.

2. Timed Colored Petri Net
Preliminary Concepts: In this section all the basic notations required to understand
Array Generating Petri nets are given. Then an array generating timed colored Petri net
is defined. ITCPN has been defined for its application in logistics [13]. We first recall the
definition of ITCPN. Any token in an ITCPN has four attributes. A token is represented
by < i, p, v, x > a distinct positive integer i, the identification of the token. Distinct tokens
will have distinct identification. p is the place in which the token resides. v is the color/
value/ data type of the token and x is a non-negative integer which is the timestamp or
the time at which the token will be made available as a resource. If the timestamp is
zero, then the token is available as soon as it reaches the output place. Other than this
time stamp, transitions are associated with an interval of time. This interval specifies the
delay in the token reaching the output place. On firing any transition the timestamp of
the token coming into the output place will depend on both the timestamp of the token
in the input place as well as the interval associated with the transition fired.
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Figure 1. Before Firing
2.1. Notations Used in Array Languages. Two arrays can be joined column-wise if
they have the same number of rows or row-wise if they have the same number of columns.
This operation is called catenation. If A and B are two arrays having same number of
columns, then A ⊗ B denotes the array which is got by joining the two arrays row-wise.
If A and B are two arrays having same number of rows, then A ⊕ B denotes the array
which is got by joining the two arrays column-wise. In formal language theory am denotes
a column of m a0 s and an denotes a row of n a0 s. In general if the array A has m rows
and n columns, A ⊗ bn denotes joining a row of b0 s to the array A after its last row and
bn ⊗ A denotes joining a row of b0 s to the array A before its first row. Similarly A ⊕ bm
denotes joining a column of b0 s to the array A, after its last column and bm ⊕ A denotes
joining a column of b0 s to the array A, before its first column.
2.2. Notations Used in Array Generating Petri Nets. In array generating Petri
nets the effect of firing transitions will depend on the existence of label. All transitions
of the net need not be labeled. A transition without label just moves the array in the
input place to the output places. Labels are defined as a partial function on T , the set of
transitions. ϕ(t) could be a catenation rule. A catenation rule takes the form A ⊗ B (or)
A ⊕ B. In this rule the array A is the array coming from the input place. B is an array
language. An array language is an infinite set of arrays having a either a fixed number
of rows or fixed number of columns. If B is involved in a row catenation then, B will
have fixed number of rows but the number of columns of B will take the same value as
the number of columns of A. Similarly if B is involved in a column catenation then, B
will have fixed number of columns but the number of rows of B will take the same value
as the number of rows of A. Example 1 shows how on firing a transition t the array A
in the input place is joined with another array B and put in the output place. B is an
array language and the number of columns in B will depend on the number of columns
of A. So the resultant square array of size 3 is put in the output place. Figure 1 shows
the net structure before firing t and figure 2 shows the net structure after firing t. Figure 3 shows the catenation rule associated with the transition and also the arrays involved.
Example 2.1. Petri net models have been used to generate array languages. Sometimes
the basic Petri net could be very complex and hence unwieldy. Using the ideas of ITCPN
a new model called Array Generating Timed Color Petri Net [AGTCPN] is defined in this
section. This model generates rectangular arrays made over a given alphabet. In this new
model, time is added as a component in the attribute of the token. Adding time gives more
control on the arrays that gets generated. Every token has four attributes.
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Figure 2. After Firing

Figure 3. Arrays of the net
(i)
(ii)
(iii)
(iv)

Its identity, referred to as its id, a name which is unique for every token
Its position, the place where it resides
Its value, initial value of the token is known
Timestamp, TS, is a non-negative number.

The attributes of the token takes the form < id, P, A, T S > . Firing a transition can
change any of the attributes of the token it consumes. Its identity, position, value and
timestamp could be changed or retained. If the timestamp of the token is 0, then the token
will be immediately available on reaching the output place. If the timestamp of the token
is 10, then the token will not be immediately available on reaching the output place. Only
after 10 units of time it can be used as an input token. A function ϕ(t) is defined for
every transition t of the net. It defines the changes that are made in the attributes of the
tokens consumed. In this model any place of the net carries the same type of token and
it is declared along the place. In the net diagram, the label of each place shows the color
of the token it can hold. First a sample net is given to explain how the tokens work with
time.
Example 2.2. This example is given to show how the time component is used in releasing
tokens.
P The colors involved in this sample are two dimensional arrays. P = {P1 , P2 }, T =
{t1 },
= {a, b} the arrays A and B are placed as the initial marking in P1 . T A is the
token attributes.
T A = {< A, P1 , A, 0 >, < B, P1 , B, 5 >}
ϕt1 (< A, P1 , A, 0 >, < B, P1 , B, 5 >) = [< C, P2 , A ⊗ bm , : C, 5 >] if id ==0 A0
ϕt1 (< B, P3 , B, 5 >) = [< D, P2 , B ⊗ an , : D, 0 >]
b b b
a a
b b b
a a
,B=
,C=
,D= b b b
a a
b b b
a a
a a a
In this sample P1 has two arrays A and B as tokens. Token A is immediately available but
B is available only after 5 units of time. Since the transition t1 is ready to fire whenever
A=
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Figure 4. Tokens With Time

Figure 5. Token with lesser timestamp released first
a token becomes available in P1 , t1 fires. A column of b0 s is added to the array A and
put in P2 . This catenation takes place only if the id of the token which is consumed is
‘A0 . The new array is stored as C with id ‘C 0 and the timestamp of this token is 5. This
means that the token C is available for firing only after 5 units of time. When the built
in clock reaches 5 units of time, the token B can be used for firing t1 again. The token
with id A has already been used up before 5 units of time. Hence only one token is left for
firing t1 . Thus B has to be used in the second round of firing t1 . When t1 fires second
time a row of a0 s is added to the array B and put in P2 . This array is stored as D with id
‘D0 and has no time delay. The position of token before t1 fires is shown in figure 4. The
result of firing the transition t1 first time is shown in figure 5. The advantage of using
the attributes of the token can be clearly seen in example 2. In the basic Petri net, when
two tokens are available for firing, one of them will be chosen non-deterministically. Even
in a colored Petri net, if many tokens are available in a place, the token will be removed
non-deterministically. The output on firing a transition, can be controlled by using the
guard functions. The model introduced in this paper has effectively used the timestamps to
control the token to be used in order. The array generating timed colored Petri net model
is now defined and it is also explained with an example. The timestamp has been used
effectively in getting a control over the arrays generated.
P
Definition 2.1. An AGTCPN to generate arrays is defined as a nine tuple (C, P, ,
T, I, O, T A, φ, F ), where C the color set, the data type, P is the set of places of thePnet,
P
is a subset of printable characters
T and the arrays will be made of elements from , T
is the set of transitions such that P T is empty, I is the input function from T to bags of
places, O is the output function from T to set of places, T A is the initial Token Attributes
which is a four tuple of the form < i, p, v, x > where i is the identity of the token, p the
place wherein the token lies, v the value, which is the main attribute of the token and x is
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Figure 6. Timed Petri Net

the timestamp, φ is a function, defined as follows: for all t ∈ T , φt is a partial function
from a set of attributes to a set of attributes. It actually describes the attributes of the
tokens that are put in the output place, when the transition t fires and F is a subset of P,
the final set of places.
Definition 2.2. The array language generated by AGTCPN is the set of all arrays that
reach the final set of places. This language is denoted by Timed Colored Petri Net Array
Language [TCPNAL].
Example 2.3. The tokens used in this example are
P all two dimensional arrays. Every
token is a rectangular array made of the alphabet . Since all the places can carry only
arrays, the data type of the token is not declared along with the name of the place. The
language generated by the net in figure 6, can also be generated by an ordinary Petri net.
But it would be a veryPlarge Petri net and hence would be unwieldy. As far as our model
is concerned we used
= {a, b} which can be extended for different input alphabets and
of any size.
P
AGTCPN1 = (C, P, , T, I, O, T A, φ, F
P) where C is two dimensional arrays, P =
{P1 , P2 , P3 , P4 , P5 }, T = {t1 , t2 , ..., t8 },
= {a, b}. The array A defined in figure 6 is
in P1 as the initial marking of the net. I(t1 ) = {P1 }, I(t2 ) = {P1 }, I(t3 ) = {P1 }, I(t4 ) =
{P3 }, I(t5 ) = {P3 }, I(t6 ) = {P2 , P2 }, I(t7 ) = {P2 , P2 , P2 , P2 }, I(t8 ) = {P4 , P4 }, O(t1 ) =
{P1 }, O(t2 ) = {P1 }, O(t3 ) = {P2 , P2 , P3 }, O(t4 ) = {P3 }, O(t5 ) = {P2 , P2 , }, O(t6 ) =
{P2 , P2 , } O(t7 ) = {P4 , P4 }, O(t8 ) = {P5 }. The weight of the arrow is shown by repeating the name of the place in the output / input function that many times. T A = {<
A, P1 , A, 0 >}. The function φ shows the attributes of the tokens released after consuming the tokens from the input places. F = P5 .
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Figure 7. One of the arrays generated
ϕt1 (< A, P1 , A, 0 >)
ϕt2 (< A, P1 , A, 0 >)
ϕt3 (< A, P1 , A, 0 >)
ϕt4 (< B, P3 , B, 0 >)
ϕt5 (< B, P3 , B, 0 >)
ϕt6 (T wo T okens)

=
=
=
=
=
=

[< A, P1 , A ⊕ am , : A, 0 >]
[< A, P1 , A ⊗ an , : A, 0 >]
[< A, P2 , A, 20 >, < C, P2 , A : C, 20 >, < B, P3 , A : B, 0 >]
[< B, P3 , B ⊗ an , : B, 0 >]
[< B, P2 , B, 0 >, < D, P2 , B : D, 0 >]
[< C, P2 , C ⊗ am , : C, 0 >, < D, P2 , D ⊗ am , : D, 0 >]
if id == ”C” && id == ”D”

ϕt7 (F our T okens) = [< AB, P4 , A ⊗ bn ⊗ B : M, 0 >, < CD, P4 , C ⊗ bn ⊗ D : N, 0 >]
ϕt8 (T wo T okens) = [< ABCD, P4 , M ⊕ bm ⊕ N : L, 0 >]
Firing t1 adds a column of a0 s. Firing t2 adds a row of a0 s. The transitions t1 and t2 can
fire any number of times and they put the array back in P1 without any delay. The result
of firing these two transitions would give a rectangular array made of a0 s . The transition
t3 can fire without firing t1 or t2 . The number written on any arc denotes the number of
tokens consumed or generated. When t3 fires, two copies of the rectangular array are put
in the place P2 . One of it is stored as A and the other is stored as C. One more copy of
the array is stored as B in P3 . The token in place P3 is immediately available but the two
tokens A and C in P2 are available only after a delay of 20 units of time. The tokens A
and C wait for B and D to reach the place before t6 can fire. When the transition t5 fire,
one token is consumed and two tokens are put in the place P2 . Two copies of the same
array are put as B and D in P2 . The transition t6 takes two tokens from P2 and puts them
back there after adding a column in both provided the tokens are having the id \C” and
\D”. If the tokens removed are having any other id, then t6 does not fire. The transition
t7 consumes all four tokens A, B, C and D from P2 . It joins A and B row wise with a
row of b0 s in between them. It joins C and D row wise with a row of b0 s in between them.
These two new arrays are called M and N are put in P4 . The transition t8 consumes the
tokens M and N from P4 joins them column wise with a column of b0 s in between them.
This new array which is put in P5 is stored as L. The firing sequence is t21 t2 t3 t4 t5 t6 t7 t8
generates the array in figure 7.
The language generated by the net in example 3 TCPNAL1 is the set of all arrays made
of the letter \a” in which one column (neither the last nor the first) and one row (neither
the last nor the first) are made of \b”. This kind of language can be generated by a basic
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Petri net, but it will be huge net with some inhibitor arcs used. Without using inhibitor
arcs this control cannot be achieved. As an application, these types of generated arrays
can be utilized as array type Password to improve the security of Password-Authentication
process.
3. Conclusion
Petri net has been used to generate rectangular or hexagonal arrays. Huge Petri net
may be required to generate certain array languages. Colored Petri net can also be used
to generate arrays. In this paper time is taken as one of the four attributes of tokens.
Function over the set of transitions is defined to describe the changes that are made in
the attributes of the token, when firing a transition. All these additional characteristics
introduced in the model are used effectively to generate arrays with minimum number of
transitions and places. In the future, comparisons can be made between modules where
time is an attribute of a transition and token. This Petri net and Colored Petri net models
can be extended to do certain comparison in the generative capacity of various models.
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