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ABSTRACT 

The given work is devoted to the use of the Petri net 
approach for the construction of formal models, intended 
as the basis for development of logical structure of in-
bound call centers. As a formal model for a specification 
of agents' scenarios we take a formalism called script-net 
that belongs to a class of high level Petri nets. It is em-
phasized that scripts describing real-world scenarios are 
usually extremely complicated and require some means 
of modularization. In this paper we suggest the exten-
sion of high level nets called high level macronets, in-
tended for specification situations which are asynchro-
nous to normal processing of scripts. The model is 
shown to be a compact notation of high level nets with-
out macroplaces and a corresponding transformation 
procedure is presented. Some examples are used to illus-
trate the power of the formalism. 

1. Introduction 

This paper addresses the application of high-level Petri 
nets to design an architecture and software package for 
inbound call centers (ICC) that is a typical and sophisti-
cated CTI-application [10].  

Inbound call centers consist of a set of operators, called 
agents, who receive and process inbound calls from re-
mote clients. Apart from using a telephone, call process-

ing may involve the employment of computer systems 
and other devises, like faxes, as well as communication 
with other agents (e.g. forwarding of the call to a more 
qualified agent). Typically, an ICC operates with calls of 
different natures and an agent can be switched from 
processing calls of one type to processing calls of an-
other type.  

The behaviour of an agent processing the call is heavily 
regulated by a scenario referred to as “script”, each such 
specification being specially designed for specific types 
of calls by the experts in telemarketing. It should be 
noted that an agent must not be a specialist in the matter 
of the call being processed, he or she simply follows the 
script with the aid of the computer display. 

One of the major problems here is the design and im-
plementation of such scripts. It is clear that to cope with 
this problem one needs special tools supporting this pro-
cess: language and underlying formal model capturing 
all features of scripts and especially the aspect of com-
munication. 

In [2] we suggested a formal model called “Script Sys-
tem” intended for the design of the model of ICC as a set 
of disjointed scrip-nets, their tokens represent agents 
who can communicate with each other by message send-
ing. Here, a script net is a formal representation of a 
script. The model is based on cooperative nets reported 
in [9] that have been slightly extended and modified. In 
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particular, we have added a transition merging scheme 
of communication between objects, allowed one to label 
transitions by a set of action expressions, and equipped 
nets with Merlin's time constraints. 

At this point, we should note that scripts describing real-
world scenarios are usually extremely complicated to 
work with and therefore require some means of modu-
larization. In this paper we consider the problem of 
structural representation of script nets. In this respect, 
we can point out two techniques for modularization in 
Petri net based models we would like to employ – hier-
archical transitions and macroplaces. The first technique 
is well elaborated within the framework of high-level 
Petri nets, e.g. see [3]. Generally, it consists of repre-
senting a hierarchical net as a set of disjoint subnets 
with links between transitions and subnets forming a 
hierarchical structure. Firing of such a hierarchical tran-
sition causes an execution of its internal net that consists 
of the firing of a transition (or step) sequence from ini-
tial marking to terminal one. So using this technique we 
can represent script net as a set of hierarchical organized 
script subnets. 

At the same time in call processing we can face situa-
tions which are asynchronous to normal processing, and 
a reaction to such events should also be specified. For 
example, there may be situations when, during the dia-
logue between agent and client, the telephone line is 
disconnected (e.g. suddenly client puts down a receiver); 
as well as more sophisticated situations when the proc-
essing of current calls is interrupted and the agent is 
forwarded to process new calls with higher priority. 
Moreover, processing of such broken calls could be re-

commenced upon available agents. To specify such 
situations in script nets, special constructs are needed. 
To accomplish this, we suggest using the concept of 
macronets reported in [1] and generalized on high level 
Petri nets. 

2. Structure of inbound call-center 

In this section we present an abstract model of a typical 
ICC that will serve as a subject for the formalization 
process. From now on, a ICC will be referred to as a 
“System”. 

Typically, a system operates with a set of resources. 
These are: equipment (e.g. phones, fax machines, 
switches, a local area network, etc), software compo-
nents (data base, text editor, etc) and personnel involved 
in system operation (agents, administration). All com-
munications of the system is accessed through these re-
sources. Typical Call-Center environment is shown on 
Figure 1. 

At higher level, the system can be perceived as a collec-
tion of communicating objects, see Figure 2, which form 
the application level of the system. 
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Figure 1. Call-Center structure 
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Figure 2: Structure of application level 

We will divide all objects of the application level into 
two types: resource objects and call objects. The former 
represents objects corresponding physical resource of the 
system while the latter represents objects intended for 
call processing. In Figure 2, we can see two call objects 

Oc
1  and Oc

2  and four recourse objects OT
r , OF

r , OA
r , 

ODB
r , corresponding to telephone, fax machine, agent 

and data base, respectively. Communications between 
objects are depicted by two-directed arcs. We also see 

that the object Oc
2  can use a fax machine OF

r , data base 

ODB
r , enlist an agent OA

r  and create a new call object 

Oc
1 . 

The behaviour of each object is regulated by a scenario 
specification, called ‘script’. There may be several ob-
jects working in accordance with one and the same 
script. For example, for a script describing the behaviour 
of a telephone, there may be several objects correspond-
ing to actual telephones in the system. On the other 
hand, for a script specifying the call processing, there 
may be several objects processing different calls of the 
same type. 

We will assume that each script is identified by a unique 
name within the system. Moreover, we associate with 

each script a domain of object names, to identify each 
object within the script. This addressing scheme allows 
us to uniquely identify objects within the whole system. 

3.  Script-nets and script-systems 

In this section we introduce a formal model comprising 
script-net and script-system [2] and based on object ori-
ented model known as cooperative nets [9] equipped 
with additional facilities like multilabelling, macrostruc-
ture, and time constraints. 

In the following we will assume the familiarity with the 
main concepts of Petri nets and high-level nets. The ba-
sic definitions are presented in Appendix A. 

A Script system will be thought of as a construction hav-
ing the following components: 

1. A set of disjointed subnets called script-nets. Each net 
is annotated with standards for high-level inscriptions 
allowing manipulation of data. Each script net within 
the system is identified by a unique name. 

2. A marking of a script-system is formed by a marking 
of script nets. Each marking of script net defines a set of 
objects. To accomplish this, each token has an object 
identifier. 

3. Each transition in the script net can be labelled by a 
set of expressions of the forms: 

a)  sending the command: ( ) ( )( )s script v com ,. , ,v vn1K  

where ( )script v  points out a target object, 

( )com v vn1, ,K  is a command with parameters. 
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Figure 3. Example of script-net 
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b)  receiving the command: ( )( )r v vncom 1, ,K , that 

gives the command with parameters;  

c)  creation of a new object: ( )( )c script v , , ,v vn1K , 

where the ( )script v  identifies a creating object and 

v vn1, ,K  its initial parameters.  

4. Each transition is associated with a pair of real num-
bers ( )t tmin max,  giving a time interval enabling the tran-

sition, similar to Merlin's timed nets [6]. 

According to this definition one and the same transition 
can have several sending, receiving and creation expres-
sions simultaneously.  

At the application level of the system, we will use a tran-
sition fusion scheme as the semantics for sending and 
receiving. Note, that for more detailed levels, where the 
distributed nature of the system is taken into considera-
tion we will use more sophisticated schemes of synchro-
nization between transitions, e.g. “client-server” proto-
col. 

Example 1: Script-net for catalogue sales. 
In this section we build a script-net corresponding to a 
script for processing a call for catalogue sales from the 
area retail services, see [5, p.5-24]. A customer tele-
phone a call center wishing to find out about availability 
of items in a catalogue, status of an order, delivery op-
tions, etc. All simple calls can be  processed  automati-
cally  by voice processing system. Other calls, especially 
those corresponding to dealing with new customers who 
need special assistance, are requested to be processed by 
the operator. In the Figure 3, we present a script net cor-
responding to processing this type of call. 

In entering the call into a script (a token appears in a 
head place s0), the system plays a greeting to a calling 
customer and gives a choice: to press “1”, “2”, “3” (the 
transition t1) that corresponds to call concerning avail-
ability of items, status of the order or other types of calls, 
respectively. In the first two cases (“1” and “2”) the call 
is processed automatically (hierarchical transitions t2 
and t4). The third case needs the intervention of an op-
erator, who is captured by the expression s(agent(), 
capt(id,y)). Here agent is the name of the script-
net for resources corresponding to operators, capt the 
name of capturing command, id an identifier of current 
object, y is the variable for the address of the operator. 
If in the system there is a free operator s/he is captured t8 
and his/her address is placed in the variable y. After 
which the call is transferred and the operator works with 
the customer (hierarchical transition t10). At the end of 

the conversation, the operator is released (t11). If there 
are no free operators (t12) the system then plays the file 
with apologizes. 

4.  Macronets 

In this section we introduce Petri nets with macroplaces 
and then on its base high-level macronets. In the follow-
ing we will assume the familiarity with the main con-
cepts of Petri nets [7,8] and high-level nets [3,4,9]. The 
basic definitions we need in this paper are presented in 
Appendix A.  

4.1. Petri nets with macroplaces 

Notions of macronets and macroplaces have been intro-
duced in [1] for specification of such situations where 
execution of one procedure may be interrupted by start-
ing the execution of another procedure. Syntactically, a 
macronet is defined similar to nets with hierarchical 
transitions, however we use macroplaces instead of tran-
sitions. In other words, a macronet could be perceived as 
a set of Petri nets equipped with hierarchical links of the 
type " place net"a . A place for which the function ρ  

is defined will be referred to as a macroplace. A net cor-
responding to a macroplace will be called an internal 
net. For each internal net we will distinguish a place 
called a head place that points out the initial state of the 
net. 

More concisely, a macro net is defined as a tuple 
MN R= ,ρ  where 

1. { }R N N Nn= 1 2, , ,L is a set of disjointed Petri nets 

N S T Fi i i i= , ,  such that S S T Ti j i j∩ = ∩ = ∅  

for all i j≠ . We denote S Sii
=U . 

2. ρ   : S R→  is a partial function that for each mac-

roplace assigns an internal net. The function ρ  in-

duces a tree structure, i.e., first, there are no recur-
sive links (there are no chains of the type 

( )( ) ( )s N s N s Nk k0 1 1 2 1, , ,K −  such that s Si i∈  and 

s Sk0 ∈ ) and, second, each Ni  is an internal net of 

only one macroplace. 

Graphically, a macronet can be represented as a set of 
included nets, each internal net being drawn within a 
circle of corresponding macroplace. The head place of 
an internal net is marked by an incoming extra arc. 
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Figure 4: Example of a macronet. 

On the Figure 4 (i) an example of a macronet is shown. 
This macronet is defined by two nets, one of them is an 
internal net of the macroplace s5.  

The firing rules of macronets are as follows1: 

• A macroplace is considered to have a token if its 
internal net also has a token; 

• adding a token to a macroplace results in adding a 
token to the head place of the internal net; 

• removing a token from a macroplace results in re-
moving a token from the internal net no matter 
what position it is in. 

Returning to the example on the Figure 4, note that the 
transition t5 is enabled while a token is in s1, s2, s3 or s4, 
in this case the macroplace s5 is always marked. The 
firing of t5 results in removing a token from an internal 
net, i.e. from the place s1, s2, s3 or s4. Then firing of a 
transition t6 adds a token into  the head place s1. 

It is clear that the concept of a macroplace is helpful for 
representing various situations where an interruption is 
involved. 

It should be noted that a macronet can be transformed 
into an equivalent net without macroplaces, this, how-
ever, could result in an extremely bulky net. In this case, 
a macronet is nothing more than a compact and conven-
ient notation of conventional Petri nets. 

Let us consider the transformation procedure in more 
detail. From a graphical point of view, this procedure is 

                                                        

1 In order to not overburden the paper, we consider a 
simplified case where internal nets belong to a class of 
state-machine nets 

to remove circles corresponding to macroplaces, split-
ting output transitions and drawing some additional 
arcs. Let m be a macroplace and ρ( )m = 

N S T Fm m m m= , ,  its internal net with the head place 

s Sh m∈ . Then each outgoing transition of the macro-

place t m∈ •  is split into the set of transitions 

{ }t s Ss
m| ∈ , each copy t s  corresponding to each place 

s Sm∈ of the internal net and a new arc ( )s ts,  connect-

ing a place with a corresponding copy of transition. 
Other arcs adjacent to the transition are inherited by its 

copies. Each incoming transition t m∈ •  remains the 
same and connected with the head place sh of the inter-
nal net, i.e. the arc (t,m) is a substitute by (t,sh). On 
Figure 4(ii) an example of a transformation procedure is 
presented. The transition t5 has been split into four cop-

ies t5
1 , t5

2 , t5
3  and t5

4 corresponding to places s1, s2, s3 

and s4, respectively. The transition is connected with the 
head place s1. From this example we can see that trans-
formed nets behave absolutely like its initial macronet 
and can serve as semantics for the macronet. At the 
same time, it is clear that macronet notation is more 
compact and well-structured and therefore its structure 
and behaviour can be more easily understood. 

4.2. High level macronets 

Using standard possibilities of high-level nets we gener-
alize a notion of macroplaces that will allow us to spec-
ify more general constructions. First, we will be able to 
build constructions where execution of internal net can 
be interrupted only in some specified regions. Second, 
we can specify a head place of internal nets dynamically 
that will help us to inject a token into any desired place. 

S1

S2

S4S3

<S2>

<S1>

<S4><S3>

...

vm vm

m

vmvm

vm∈S'

 

Figure 5: Macroplace and internal net  
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Let m be a macroplace and N S T Fm m m m= , ,   be its 

internal subnet. For an internal net we introduce a data 
type typem with a domain equal to a set of internal 
places: { }Dom type S s sm m n( ) , ,= = 1 K . Let us add to the 

token internal net an item of type typem, the value of the 
item is exactly equal to the place where the token is situ-
ated. This can be easily implemented by assigning to 
tuples of incoming arcs with corresponding values from 
Sm, see Figure 5. Then we add to this a precondition of 

outgoing transition t m∈ •  an expression of the type 
v Sm ∈ ′ , where ′ ⊆S Sm . Firing of the transition t re-

sults in removing a token from a place of ′S . Note that 
we can ‘remember’ the actual place where the token was 
before it has been removed. For an arc incoming to the 

macroplace m, the corresponding item of the tuple is 
stated in a suitable manner. For instance, if it is equal to 
a place s Si m∈ the adding of a token to macroplace m 

will result in injecting a token into si  of the internal net. 
Apart from a constant, we can write a variable of the 
type typem that allows us to determine the incoming 
place dynamically. Specifically, we can place a token 
back to where it had been initially, see Figure 5. 

Similar to conventional macronets, high level macronets 
can be transformed into equivalent high level nets with-
out macroplaces. This also will lead to the splitting of 
transitions adjacent to macroplaces including input tran-
sitions. On Figure 6 the example of splitting output tran-
sition is depicted. Here { }′ =S s s2 3,  and the transition t5 

t1

t2 t3

S1

S2

S3

vm

t4

t1

t2 t3

S1

S2

S3

t4

t1

t2 t3

S1

S2

S3

t5

t5
1

t5
2

t5
3

t5
2

t5
3

v

v

v

vm∈S'
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vm∈S'={S2, S3}

Figure 6: Splitting of an output transition 
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Figure 7: Splitting of an input transition 
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with a precondition v S∈ ′  can interrupt only execution 
of a script in place s2 or s3. It is clear that the precondi-

tions of transitions t5
2  and t5

3  are always ‘true’ but for 

transition t5
1 , the precondition is always ‘false’ and this 

transition can be painlessly removed, see Figure 6. 

On Figure 7 the example of transformation of high level 
macroplaces with input transitions is given. Similar to 
the first case, the transition t5 is split into three copies 

t5
1 , t5

2 ,  and t5
3 . Here, however, for each new transition 

t i
5  we add new precondition v si=  that forwards the 

token into a desired place. 

With the aid of a macroplace, we can easily specify the 
next situation in an agent's scenario:  

• Interruption of a script execution (naturally with an 
apology to a client) at any stage with subsequent re-
turn to an initial state. In this case the processing of 
the interrupted call is cancelled (′ =S Sm, 

s si = 0 where s0 is a head place of an internal net.) 

• Interruption of a script execution only if it is in spe-
cial regions of the script ( )′ ⊂S Sm . 

• Interruption of a script execution while noting  the 
place of interruption and possible current parame-
ters of the call processing. This information can be 
used for future recommencing of the processing of 
the call ( ′ ⊆S Sm , in a variable vm we document the 

place of  interruption and a tuple of incoming arcs is 
equipped with the variable.) 

5.  Examples 

In the next example we extend our script net shown on 
Figure 3 with macro constructions allowing us to specify 
two asynchronous procedure, see Figure 8. 

First, imagine that for some reason an agent involved in 
call processing presses a button “not ready”  on her/his 
telephone and become unavailable. This event is corre-
sponded to firing of the transition t14. After that the 
script tries to find another agent (t15). If such available 
agent exists, the control of the script is returned to the 
same place where script was interrupted and call proc-
essing is continued. 

Second, imagine that a client suddenly hang on a re-
ceiver. This event is corresponded to firing of the transi-
tion t19. Firing of this transition ‘disrupts’ the execution 
of the script including the construction defined above, 
releases its agent (if any) and then terminates the call 
processing. 

6. Conclusion 

In this paper we generalize a notion of macroplace onto 
a class of high-level Petri nets. It allows designers to 
specify situations which are asynchronous to a normal 
execution of systems. In the nearest future we plan to 
insert this construction into a GUI-based language for 
script specification. 
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A Basic notions 

A net is a tuple N S T F= , ,  where S s s sn= { , , , }1 2K  

is a set of places, T t t tm= { , , , }1 2 K  is a set of transitions 

such that S T∩ = ∅ , F S T T S⊆ × ∪ × is a flow rela-
tion. 

For each t T∈ define its a pre-set of places as 
• = ∈t s s t F{ |( , ) }  and a post-set t s t s F• = ∈{ |( , ) } . 

Analogously, • = ∈s t t s F{ |( , ) } and s t s t F• = ∈{ |( , ) } . 

SCRIPT
(see Fig.3)

"NOT READY" "CAPTURE" "OK"

"NOK" "SORRY"

"HANG-ON" "FREE"

v

t14 t15

t16

t17
t18

t19 t20

v v vv

 

Figure 8: Script net with macroplaces 



161 

A marking of a net N is a function M S  : { , , , }→ 0 12K . 

Place/transition net or Petri net is a tuple Σ = N M, 0  

where N is a net and M0 is an initial marking. 

 


