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ABSTRACT

The given work is devoted to the use of the Pedti n
approach for the construction of formal modelsgirtted

as the basis for development of logical structuréene
bound call centers. As a formal model for a speaifon

of agents' scenarios we take a formalism calleigtsnet
that belongs to a class of high level Petri ndtss Em-
phasized that scripts describing real-world scesaare
usually extremely complicated and require some mean
of modularization. In this paper we suggest theemxt
sion of high level nets called high level macronats
tended for specification situations which are akyoc
nous to normal processing of scripts. The model is
shown to be a compact notation of high level nete-w
out macroplaces and a corresponding transformation
procedure is presented. Some examples are uskalsto i
trate the power of the formalism.

1. Introduction

This paper addresses the application of high-lBetti
nets to design an architecture and software package
inbound call centers (ICC) that is a typical angdtssti-
cated CTl-application [10].

Inbound call centers consist of a set of operataled
agents, who receive and process inbound calls fieiem
mote clients. Apart from using a telephone, caticpss-

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

The behaviour of an agent processing the call &vihe
regulated by a scenario referred to as “scriptthesuch
specification being specially designed for spedifiges
of calls by the experts in telemarketing. It shobkl
noted that an agent must not be a specialist immiter
of the call being processed, he or she simplyveithe
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 thatapewith
this problem one needs special tools supporting pho-
cess: language and underlying formal model capgurin
all features of scripts and especially the aspécom-
munication.

In [2] we suggested a formal model called “Scrigs-S
tem” intended for the design of the model of ICGaset

of disjointed scrip-nets, their tokens represenénas
who can communicate with each other by message send
ing. Here, a script net is a formal representatbra
script. The model is based on cooperative netsriepo

in [9] that have been slightly extended and modifie
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Figure 1. Call-Center structure

particular, we have added a transition merging reehe
of communication between objects, allowed one bella
transitions by a set of action expressions, andpegd
nets with Merlin's time constraints.

At this point, we should note that scripts desompieal-
world scenarios are usually extremely complicated t
work with and therefore require some means of modu-
larization. In this paper we consider the problem o
structural representation of script nets. In théspect,
we can point out two techniques for modularization
Petri net based models we would like to employ ef-hi
archical transitions and macroplaces. The firdinegue

is well elaborated within the framework of high-éév
Petri nets, e.g. see [3]. Generally, it consistsepfre-
senting a hierarchical net as a set of disjointnstg
with links between transitions and subnets forming
hierarchical structure. Firing of such a hierarehtcan-
sition causes an execution of its internal net toasists
of the firing of a transition (or step) sequenaanfrini-
tial marking to terminal one. So using this teclugiqve
can represent script net as a set of hierarchigalnized
script subnets.

At the same time in call processing we can faagasit
tions which are asynchronous to normal processing,

a reaction to such events should also be specified.
example, there may be situations when, during the d
logue between agent and client, the telephone ikne
disconnected (e.g. suddenly client puts down aivege
as well as more sophisticated situations when toe-p
essing of current calls is interrupted and the adgen
forwarded to process new calls with higher priority
Moreover, processing of such broken calls couldese
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commenced upon available agents. To specify such
situations in script nets, special constructs aeded.

To accomplish this, we suggest using the concept of
macronets reported in [1] and generalized on héykel|
Petri nets.

2. Structur e of inbound call-center

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

Typically, a system operates with a set of resairce
These are: equipment (e.g. phones, fax machines,
switches, a local area network, etc), software asmp
nents (data base, text editor, etc) and personmelvied

in system operation (agents, administration). Aline
munications of the system is accessed through tleese
sources. Typical Call-Center environment is shown o
Figure 1.

At higher level, the system can be perceived adllace
tion of communicating objects, see Figure 2, wfaim
the application level of the system.
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Figure 2: Structure of application level

We will divide all objects of the application leviglto
two types: resource objects and call objects. Dheér
represents objects corresponding physical resafrite
system while the latter represents objects interfded
call processing. In Figure 2, we can see two dgtats

Of and OF and four recourse object®;, Of, O},

OhLg. corresponding to telephone, fax machine, agent

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

that the objectOS can use a fax machin®f, data base

Opbg. enlist an agent0, and create a new call object
o)y

The behaviour of each object is regulated by aaten
specification, called ‘script’. There may be seVesh-
jects working in accordance with one and the same
script. For example, for a script describing thiedxéour

of a telephone, there may be several objects qones

ing to actual telephones in the system. On therothe
hand, for a script specifying the call processitigre
may be several objects processing different cdllithe
same type.

We will assume that each script is identified hydque
name within the system. Moreover, we associate with
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object within the script. This addressing schenienal
us to uniquely identify objects within the wholestgm.

3. Script-netsand script-systems

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

In the following we will assume the familiarity Wwitthe
main concepts of Petri nets and high-level nete bé&-
sic definitions are presented in Appendix A.

A Script system will be thought of as a construtti@av-
ing the following components:

1. A set of disjointed subnets called script-nE&ch net
is annotated with standards for high-level insaipsg

allowing manipulation of data. Each script net with
the system is identified by a unique name.

2. A marking of a script-system is formed by a niagk
of script nets. Each marking of script net defineset of
objects. To accomplish this, each token has ancbbje
identifier.

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

a) sending the command{scrip( V. COI(I\/ vn)) ,
where scrip(\) points out a target object,

corr(vl,... ,vn) is a command with parameters.



b) receiving the command’.(con(vl,...,vn)) , that
gives the command with parameters;

c) creation of a new object(scrip( VRV ,vn) ,
where thescrip( V) identifies a creating object and
Vy,...,V, itsinitial parameters.

4. Each transition is associated with a pair of nean-
bers (tmin.tmax) 9iVing a time interval enabling the tran-

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

According to this definition one and the same titdors
can have several sending, receiving and creatipresx
sions simultaneously.

At the application level of the system, we will wsé&ran-
sition fusion scheme as the semantics for sendirdy a
receiving. Note, that for more detailed levels, whthe
distributed nature of the system is taken into mera-
tion we will use more sophisticated schemes of symc
nization between transitions, e.g. “client-servprbto-
col.

Example 1: Script-net for catalogue sales.

In this section we build a script-net correspondiag
script for processing a call for catalogue salesfithe
area retail services, see [5, p.5-24]. A custonabe-t
phone a call center wishing to find out about azility
of items in a catalogue, status of an order, defiop-
tions, etc. All simple calls can be processedomatti-
cally by voice processing system. Other callseeisly
those corresponding to dealing with new customére w
need special assistance, are requested to be pedceg
the operator. In the Figure 3, we present a so@ptor-
responding to processing this type of call.

In entering the call into a script (a token appears
head placey), the system plays a greeting to a calling
customer and gives a choice: to press “1”, “2", {#ie
transitiont;) that corresponds to call concerning avail-
ability of items, status of the order or other tyé calls,
respectively. In the first two cases (“1” and “2he call

is processed automatically (hierarchical transgtion
andt,). The third case needs the intervention of an op-
erator, who is captured by the expressdmagent (),
capt (id,y)). Hereagent is the name of the script-
net for resources corresponding to operatoept the
name of capturing commandgd 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/hauredts
and his/her address is placed in the varigbleAfter
which the call is transferred and the operator warkh

the customer (hierarchical transition). At the end of
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the conversation, the operator is releafieg. If there
are no free operatoi($;;) the system then plays the file
with apologizes.

4. Macronets

In this section we introduce Petri nets with mataops
and then on its base high-level macronets. In dHevi-

ing we will assume the familiarity with the mainnco
cepts of Petri nets [7,8] and high-level nets B.4The
basic definitions we need in this paper are preskirt
Appendix A.

4.1. Petri nets with macroplaces

Notions of macronets and macroplaces have beeo-intr
duced in [1] for specification of such situationsexe
execution of one procedure may be interrupted ast-st
ing the execution of another procedure. Syntadiical
macronet is defined similar to nets with hierarahic
transitions, however we use macroplaces insteachiof
sitions. In other words, a macronet could be peetktas

a set of Petri nets equipped with hierarchicaldiokthe
type "placer net" A place for which the functiornp

is defined will be referred to as a macroplace.ef cor-
responding to a macroplace will be called an irdaérn
net. For each internal net we will distinguish aqa
called a head place that points out the initialestd the
net.

More concisely, a macro net is defined as a tuple
MN =(Rp) where

1. R:{ Ny, Ny,--, Nn} is a set of disjointed Petri nets
N; =(S.T.F) such that§n §=Tn T=0
foralli#j.We denoteS:LJi S.

2. p :S- Ris a partial function that for each mac-
roplace assigns an internal net. The functjonn-

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

(so, Nl)( ¢ Nz)...( £t N‘) such thats OS and

0 DSk) and, second, eacl; is an internal net of
only one macroplace.

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



Figure 4: Example of a macronet.

On the Figure 4 (i) an example of a macronet isvsho
This macronet is defined by two nets, one of theran
internal net of the macroplasg

The firing rules of macronets are as folldws

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

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

e 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
transitionts is enabled while a token is &, S, S; Of Sy,

in this case the macroplasg is always marked. The
firing of ts results in removing a token from an internal
net, i.e. from the place, S, 3 or & Then firing of a
transitionts adds a token into the head plage

It is clear that the concept of a macroplace isfaefor
representing various situations where an interompis
involved.

It should be noted that a macronet can be transdrm
into an equivalent net without macroplaces, thiswh
ever, could result in an extremely bulky net. Irstbase,

a macronet is nothing more than a compact and etenve
ient notation of conventional Petri nets.

Let us consider the transformation procedure inamor
detail. From a graphical point of view, this progeelis

Y In order to not overburden the paper, we consider a
simplified case where internal nets belong to s<laf
state-machine nets
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to remove circles corresponding to macroplacest-spl
ting output transitions and drawing some additional
arcs. Let m be a macroplace and p(m)=

N =(Sm T Fy its internal net with the head place
s, O0S,. Then each outgoing transition of the macro-

place tOm" is split into the set of transitions

{ts|sD %} , each copyt® corresponding to each place

s S, of the internal net and a new a(r!;, ts) connect-

ing a place with a corresponding copy of transition
Other arcs adjacent to the transition are inhetiyeds

copies. Each incoming transitiond"m remains the
same and connected with the head pRaaf the inter-
nal net, i.e. the art,m) is a substitute byt,s,). On
Figure 4(ii) an example of a transformation proceds
presented. The transitidg has been split into four cop-
ies t3, t2, t2 and t2 corresponding to places, s,
ands, respectively. The transition is connected witl th
head places;. From this example we can see that trans-
formed nets behave absolutely like its initial nuosert
and can serve as semantics for the macronet. At the
same time, it is clear that macronet notation iseno
compact and well-structured and therefore its stinec
and behaviour can be more easily understood.

4.2. High level macronets

Using standard possibilities of high-level netsgemer-
alize a notion of macroplaces that will allow usspec-
ify more general constructions. First, we will Heeato
build constructions where execution of internal ot
be interrupted only in some specified regions. 8dco
we can specify a head place of internal nets dyoaliyi
that will help us to inject a token into any dedipdace.

/
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Figure 5: Macroplace and internal net
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Figure 6: Splitting of an output transition

Let m be a macroplace andil,, :(sm, T Fn) be its macroplacem, the corresponding item of the tuple is
internal subnet. For an internal net we introduckata stated in a suitable manner. For instance, if égsal to
type type, with a domain equal to a set of internal a.places .D%Fhe.addlng of ‘? token to macroplam
places: Dom(type,) = §={ S r# Let us add to the will result in injecting a token intg of the internal net.

Apart from a constant, we can write a variable haf t
type type, that allows us to determine the incoming
place dynamically. Specifically, we can place aetok
back to where it had been initially, see Figure 5.

token internal net an item of typgpe,, the value of the
item is exactly equal to the place where the tokesitu-
ated. This can be easily implemented by assigning t
tuples of incoming arcs with corresponding valuesnf

Sw see Figure 5. Then we add to this a precondifon Similar to conventional macronets, high level maets

outgoing transitiont Om" an expression of the type can be transformed into equivalent high level méth-
v, US, where S'01 §,. Firing of the transitiort re- out macroplaces. This also will lead to the splgtiof
sults in removing a token from a place $f. Note that transitions adjacent to macroplaces including irtpan-
we can ‘remember’ the actual place where the tokas sitions. On Figure 6 the example of splitting otitpan-
before it has been removed. For an arc incomintpéo sition is depicted. Her&' :{ S, §} and the transitiots

Figure 7: Splitting of an input transition
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with a preconditionv OS' can interrupt only execution
of a script in place, or s;. It is clear that the precondi-

tions of transitionst? and t2 are always ‘true’ but for

transition t2, the precondition is always ‘false’ and this
transition can be painlessly removed, see Figure 6.

On Figure 7 the example of transformation of higvel
macroplaces with input transitions is given. Simila
the first case, the transitidg is split into three copies

t3, t2, andt3. Here, however, for each new transition

tL we add new preconditiov=s that forwards the
token into a desired place.

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

« Interruption of a script execution (naturally wiim
apology to a client) at any stage with subsequent r
turn to an initial state. In this case the procepsif
the interrupted call is cancelled S(= §,,

§ = $Wwheres, is a head place of an internal net.)

» Interruption of a script execution only if it is Bpe-
cial regions of the scripfS' 0 §,) .

« Interruption of a script execution while noting eth
place of interruption and possible current parame-
ters of the call processing. This information can b
used for future recommencing of the processing of
the call ('O S,, in a variablev, we document the

place of interruption and a tuple of incoming ascs
equipped with the variable.)
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5. Examples

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

First, imagine that for some reason an agent ireebin
call processing presses a button “not ready” arhie
telephone and become unavailable. This event ie-cor
sponded to firing of the transitions After that the
script tries to find another agertis}. If such available
agent exists, the control of the script is returtedhe
same place where script was interrupted and calt-pr
essing is continued.

Second, imagine that a client suddenly hang on-a re
ceiver. This event is corresponded to firing of ttansi-
tion tyo. Firing of this transition ‘disrupts’ the executio

of the script including the construction definecbady
releases its agent (if any) and then terminatescétle
processing.

6. Conclusion

In this paper we generalize a notion of macroptate

a class of high-level Petri nets. It allows design®
specify situations which are asynchronous to a mbrm
execution of systems. In the nearest future we pdan
insert this construction into a GUI-based languéme
script specification.
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Figure 8: Script net with macroplaces
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A Basic notions

AnetisatupleN =(S T, P whereS={s, s,..., &
is a set of placesT ={t, t,, ..., t;} is a set of transitions

such thatSn T=0, FOSx TO Tx Ss a flow rela-
tion.

For eacht OT define its a pre-set of places as
‘t={9(s 0P and a post-set” ={3(t 9 O R.
Analogously,"s={{(t 9 0 Band s ={{(s)UB.



A marking of a neN is a functionM : S - {012...} .
Place/transition net or Petri net is a tules (N, M)
whereN is a net and, is an initial marking.
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