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The misson d an organizationisthe adievement of its businessobjedives. These objedives
are achieved by the exeaution d the organization's business processs. Hence, modeling and
simulation d the dynamic behavior of an organization's business processs is essential for
understanding the aurrent functionality of the organization, for discovering existing problems
and for propcsing and evaluating aternative solutions. These isaues are espedaly important in
the ntext of new processcentered management theories such as Business Process
Reengineering (see [Davenport, 1993], [Hammer and Champy, 1993] for an introduction).

A business process (BP) is a set of internal activities which are the basic BP building
elements and are exeauted in order to achieve abusinessobjedive which is usualy to dffer the
right product or serviceto a austomer with a high degreeof performance measured against cost,
longevity, service and quality [Jaabson, 199%. According to [Tsalgatidou & Junginger, 1993 a
BP model shoud encgpsulate information related to: (a) activities, (b) resources assgned to
adivities, i.e. obeds necessary for the exeaution d adivities, like adors, documents, data and
so on,(c) control of a BP which describes ‘when' and 'which' adivity will be exeaited, (d) the
flow of data in the processand (€) the organizational structure which consists of organizational
units, people, roles, competence and so on (see aso [Starke, 1994 for a more detailed
description d the dharaderistics of BP models). Consequently, BP modeling approaches shoud
enable the modeling of all these types of information while & the same time providing fadliti es
for tracing, simulating and graphical animating the constructed BP models.

Traditional BP modeling approadies either do nd pay any attention to the organization's
architedure and dynamics or, if they do, they do nd provide any means for simulatior/ animated
evauation d the nstructed models. Moreover, they suffer from increased complexity,
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presenting too coarse or too fine detail to people a different levels of the organization. See &so
[Tsalgatidou & Junginger, 1995] for a discussion of BP modeling approaches.

The gproach presented here ams to owercome these problems by acoommodating the
dynamics of an arganization and by deriving exeautable models amenable for formal as well as
graphicd dynamic analysis and \alidation while working at different levels of detal to
acommodate the complexity problem. Along these lines, the rest of the paper is organized as
follows: the following sedion presents an overview of the proposed approach for modeling and
simulating organizational dynamic behavior within a business improvement framework which
aims to identify existing problems and to propcse dternative solutions. This is followed by a
description d the underlying modeling formalism which is a Multi-level Modified Petri Net
(MPN) based on Petri Nets [Murata, 1989. The process for deriving MPN models is then
presented by using an example BP of a telecommunicaion aganization. The formal and
exeautable nature of MPN models enables the anployment of forma algorithms as well as
simulation, graphicd animation and statisticd analysis techniques for validation pupaoses. The
whole BP modeling and validation processis suppated by a software devel opment environment
cdled ERMISY, the functiondlity of which is demonstrated in the sedions related to the
derivation d MPN models and their vaidation. The alvantages of this approach are then
discussed and compared with related work and finally some conclusions are drawn.

Overview of the proposed approach

2. Information
Acquisition

5. Evaluation o
New BPs

3. Evaluation of
Existing BPs New BPs

1. Goal Definition BP Models to
Implement

Figure 1.Steps for developing a new BP model

4. Design of the

Business processmodeling is viewed here & a processtaking placein a larger context of a
business improvement effort, whereby increased efficiency of some BPs is ught. Figure 1
depicts the steps of the propased approad, the final result of which is a set of evaluated new BP
models which overcome the deficiencies of existing BPs. The derivation d the new BP models
is an iterative processwhich is terminated when the models satisfy the improvement goals. This
view of BP modeling is along the lines of the Business Process Management Systems (BPMYS)

W ERMIS is the Greek God o commerce ad of quick and efficient communication. He was quick-witted
to always find the right solution at the right time by exploiting the current situation.
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approach [Karagiannis, 1993. Thus, the first step is Goal Definition where the goals of the
improvement effort are defined (e.g. seledion d the BP(s) to be improved, definition o
improvement goals, metrics for assesgng the improvement result and so on). Thisisfollowed by
the Information Acquisition step where information pertinent to the BPs under study is aayuired
from al the people invalved in these BPs (managers, lower level employees, etc.) and the BP
models are gradually constructed. BP modeling is caried ou using MPNs which demonstrate
the flow of control and dita between the involved organizational units, as well as between the
various activities and the external environment

The following step is the Evaluation of Existing BPs where the cnstructed BP models are
evauated in order to reved the aurrent deficiencies. If some information is missng, the previous
step of information aaquisition is re-exeauted urtil the constructed BP models reflea the arrent
BP situation. The decompaosable nature of the underlying MPN formalism provides the means
for handling the BP model complexity. Furthermore, the exeautable and formal nature of MPNs
allows for the amployment of formal agorithms and simulation, graphicd animation and
statisticd anaysis techniques which fadlitate the vaidation o the BP modd and the
identification of problems in the current situation.

The next step, Design of New BPs, ams at designing new BP models which satisfy the
improvement goals defined in the beginning and remedy the problems identified in the previous
step. Depending on the results and exigencies of this gep, return to the information aaquisition
or evaluation d existing BPs gep may be necessary. Evaluation of new BPs is the last step of the
improvement process duing which the designed new BP models are evaluated (using again
simulation, animation a statisticd anaysis techniques) against the improvement goals. Again,
depending on the evaluation results, the previous geps (e.g. information aayuisition if some
informationis misgng, evaluation d the BP models, design o other solutions and so on) may be
re-exeauted until the improvement goals are readed. The result of using the proposed approad
is a set of Multi-level MPNs which model the seleded BPs (existing and poposed ores) at
various abstradion levels and which are described in the following sedion. It is worth to nde
here that all these steps are caried ou by the BP enginea with the help o the various involved
people

Multi-Level Modified Petri Net M odels

Multi-Level Modified Petri Nets (MPNSs) provide cnstructs for acoommodating all kinds of
BP related information enumerated in the introduction. Thus, BP activities are modeled as MPN
transitions. BP control information, resources and actors required for the exeaution d adivities
are modeled as objeds inscribing the MPN places. More spedficdly, control ojeds are ather
signals (representing messages among adivities) or events (representing occurrences of
incidents) and allow for the representation d control flow in the process Resource objeds are
data objeds used by the process such as invoices, etc. and alow for the representation d data
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flow in the process An ador represents a set of duties and resporsibiliti es in the organization a
an external participant. Actors are required in the inpu places of a given transition where the
presence of specific human participants is essential for its enactment.

MPNs model BPs at various levels of abstradion. Each abstradion level corresponds to the
adivities of the organizational units of one or more levels of the organizational hierarchy
invalved in the modeled processes. Decomposition d MPNs is based on the decomposition o
trangitions. Trangitions that are decomposed are cdled compound transitions, in contrast to
primitive transitions that do nd require decompasition. The highest abstradion level of a MPN
(cdled the top level MPN) contains just one transition which represents the behavior of the
organizational unit which is at the highest level of the part of the organizational hierarchy
invalved in the processunder study. Places represent control information and data coming from
or going to the BP' s external environment. As external environment we consider everything (e.g.
aperson, anather BP, ancther organizational unit, ancther organization, etc.) which is external to
the BP and it triggers ome adivities (by providing some information) or recaves me output
generated by the execution of the activities ofBRe

The top level MPN transition is decompaosed into a number of other transitions and daces.
Each resulting transition may be further decomposed into a number of other transitions and
places of lower level MPNs, again representing respedively adivities and the information
exchanged between them. Sub-adivities of a given adivity may be performed by organizational
units of the same level as thase performing the parent adivity and/or lower levels organizational
units if they are carried out by more specific organizational entities.

By carrying out a series of decompasitions, we arive a a set of MPNs of varying abstradion
levels well suited to hande the complexity problems of the BP analysis/ design process ealy
analysis phases are caried ou using high level MPNs, wheress in later phases of the
development process lower level MPNs are anployed. The mapping between dfferent MPN
levelsisbath formal and dred, ensuring that work on dfferent levels of detail can be caried ou
unobtrusively.

Formal Definition of Multi-levelModified Petri Nets (MPIN
A Modified Petri Net MPN is defined as a tuple
MPN =<P, T, F, N, Z, script, struct, SUbMPNs, My >

where:
e P isasetof places
* T is a set of transitions

« F O (PxT)O(TxP) is a set of arcs connecting places to transitions and transitions to places

* Nisafunctionthat maps ead arc of F to an integer number denating the multi pli city of this
arc, i.e., the number of tokens transferred acossthis arc eat time the transition at the one
end of the arc fires.

2 is the underlying structure of an MPN and has the brDobj, OrgStr>.
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» Dobj isthe objed domain of the MPN; it isanonempty set of objed types, i.e., anon
empty set of tuples of the form <ObjectName, SuperObjectName, Properties>.
Propertiesis a set of attributes pertaining to the objed. A common property owned by
al objed types is the Timestamp property containing its creaion time. This renders
MPNs cgpable for temporal modeling; spedficdly, a transition may introduce delays
by appropriate handliing of the Timestamp property of its output (creaed by the
transition) tokens. This alows for several kinds of statisticd analysis of temporal
aspeds of MPNs (seethe sedion onModel Validation). An ojed may be ather a
control objed, or a resource objed: the two oljed types differ only in what regards
their properties and nd in their treament as tokens in MPNs. For example, resource
objeds contain a Permissions property which is a list of permissons (creae, rea,
modify, delete) associated with ador classes, conwveying the nation that spedfic ador
classes are entitled to particular actions on the resource object at hand.

» OrgStr represents the part of the structure of the organization that is of interest to ws. It
has the formOrgStr = <OrgEntityStr, RoleStr, Actor Sr, EmployeeStr>.

» OrgEntityStr is the organization entities hierarchy, i.e. a nonempty set of
tuples of the formxOrganisational EntityName, Super EntityName>.

* RoleStr is the roles structure, whereby a role we designate a spedfic set of
adivities; RoleStr is congtituted by a nonrempty set of tuples of the form
<RoleName, RoleNames, Activities>, with Activities [1 T. Conceptualy, a role
is a related set of roles and activities that are carried out by an actor.

» ActorSr isthe ador classhierarchy, i.e. a nonempty set of tuples of the form
<ActorName, SuperActorName, Roles, Employees>. Conceptually, an ador is
resporsible for enading a set of roles. An ador may be ecternal, such as a
client, or internal. Since severa distinct employees may be gt for performing
the same set of roles, severa employees may be asciated with ore interna
ador class External adors are not associated with employees, hence their
Employees property is empty.

» EmployeeStr is a subset of the organization employees, i.e. a non empty set of
tuples of the form <EmployeeName, OrganisationEntityName, Diary>. An
employee has an associated dary with the adivities he/she has to perform
(which depend on his/her association with actor classes).

A meta-model of OrgStr using an Entity-Relationship schemeis iown in figure 2 (for
simplicity, hierarchy relationships are omitted from the figure).
e script is a mapping from transitions to scripts where ascript is the set of steps to be caried
out during the execution of a given activity.
» struct : P - Dobj O ActorSr isafunctionthat maps places to the underlying structure of the
MPN, and specifically tobject typesand actor classes.
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* SUbMPNs is a set of MPNs (which may be empty). For ead compoundtransition in MPN
there is a member in SUbMPNs. The inpu and ouput places of compound transitions are
shared between MPN and the rrespondng member of SUbMPNs. Spedficdly, a
decompasitionmapping from T to SO SUbMPNsisasfollows: S= <P, T, Fs, Ng, 25, SCripts,
structs, SUbBMPNs;, Mg, > isaModified Petri Net with the following properties: [ (p, t) O F O
(p, t') O Fsand Ng(p, t') = N(p, t), and O (t, p) O F O(t', p) O Fsand Ns(t', p) = N(t', p). In bah
cases, p is cdled an interface place Moreover, scripts is a mapping from Ts to scripts and
Uscripts(t') = script(t), that is, the behavior described by the transitions of Sis the behavior

t'OT,
described by the mmpoundtransitiont. Finally, 2= 2. It isimportant to nde that since Sis

an MPN it has its owSubMPN; set allowing for Multi-level decomposition hierarchies.
* My is the initial marking of the PetNet.

Consists_O
B 1(Om (1,m) (1,m)

- Role Activit
OrgEntity (0,m) Consists_O ’
(1,m) (1,m)
Belongs_Ir Has
e O,
| (1,m) Personifies | Om)
Employee L Actor
(1,1) (1,m)

Figure 2. The Organization Structure Meta-Model.
Derivation of MPN ModelsUsing ERMIS

In this sdion we shall provide some of the MPN models derived from ared-world example
of a business process concerning the Fault Repair process in the Gree&k Telecommunicaions
Company (OTE) described in the gpendix. The models have been derived using the ERMIS
development environment. The figures shown are screen dumps taken from red use instances of
ERMIS.

In the first step of the modeling processatop-level MPN is derived; figure 3 shows the top-
level MPN for the OTE example.
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ERMIS - Fault Repair Top Level MPN.
File Edit Underlying Structure Execution Analysis Help

OO —

" Compound
place Interface Place Transition Transition

Subscrib Telecommunication
ubzcrber Fault Repairs

Figure 3. The top-level MPN in the OTE example.

The Telecoommunicaion Fault Repairs compoundtransition requires decompasition in order
to be of use; an MPN resulting from a first decomposition is shown in figure 4.

ERMIS - Telecommunication Fault Hepairs
File Edit Underlying Structure Execution Analysis Help

Ol O |

o Compound
place Interface Place Transition Transition

Subszcriber
> Fault
Fault Announcement } ( )
Reception ®—
Employees

Figure 4. Decomposition of the Telecommunication Fault Repairs compound transition.

The Fault Annourcement and Fault Repair compoundtransitions are further decompased in
the MPNs shown in figures 5, 6 respectively..
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ERMIS - Fault Announcement
File Edit QUGG TLES G- Execution Analysis Help

Organization Departments
O Objects Hierarchy
Actor Classes Hierarchy Compound

BRoles Transition
Employees

Existence
Fault Input Check @

Subszcriber Form Filling Fault Report |
Data

Employee

Exiztence
Subscriber / Check
Employee
Find Fault
O— Reception Employee : :: Fault
Reception
Employees

Figure 5. Analysis of the Fault Announcement compound transition

ERMIS - Fault Repair
File Edit Underlying Structure Execution Analysis Help

O o Compound
place Interface Place Transition Transition

Rl Fault Check Fault Check
in Telephone | — A in Telephone

Exchange Apparatus

Technical
Support

Telephone Exchange Employees

Employees Fault F ault

Repair Report N K

Report ebwor

I-'I‘IE::I“mk Software
ardware Maintenance

H[E:::I:::i';gﬁ: Fault Check Fault Check Technicians
in Hardware in Software
Metwork Metwork

Maintenance Maintenance @
Fault Report

Figure 6. Analysis of the Fault Repair compound transition.

In figure 5, al transitions are primitive since they represent adivities in sufficient level of
detail. In figure 6, al transitions require further decompasition. For eamnamy of space na all
lower level MPNs are shown here; the MPN referring to the Fault Chedk in Telephore Exchange
compound transition is given in figure 11 in the Model Validation section.



492 SIMULATION & GAMING / December 1996

The processof MPN derivation includes the modeling of the organization herarchy (shown
in figure 7) and the creation of the actor class hierarchy (part of which is shown in figure 8).

Organization Structure
Edit Draw Help

b

Department | Sub Department| Employees

Telecommunication
Area

Commercial Technical
Departnment Departnment

Hetwork Construction Telephone S Hetwork
and HW Maintenance Exchange Maintenance

Technical
Support

Actor Class Hierarchy
Edit Draw Help

SubClass

Actor Class Relation Members

Software Network Hardware Metwork Telephone
M aintenance M aintenance Exchange
Technician Technician Employee

Subscriber

i i

Fault Reception

Software Metwork Hardware Hetwork Employee

M aintenance M aintenance
Manager Manager

Technical Support
Employee

Figure 8. The actors hierarchy of Fault Repair process.
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Moreover, roles are defined and ascribed to transitions as snown in figure 9 (correspondng to

the MPN model of figure 11). Actors are asciated to roles using the fadliti es provided by
ERMIS (as shown in figure 8).

= H E ol

Raole:

Fault Encounter in Telephone Exchange | E

Role Activities:

Fault Exiztence in Telephone Exg
Fault BRepair in Telephone Exchogi
Fault Repair Form Filling

|

Mew Activity

Del Activity

Mew Role Delete Role | Close

Figure 9. The role definition form

Also, the resource and control objeds hierarchy is developed; figure 10 shows the resource
object hierarchy in ERMIS for the OTE example.

, Hesource Object Hierarchy Hn
| Edit Draw Help

: Resource Object Aﬂn E% é :

Class Members

— ==

7

Fault Details _

Fault Repair
Report

=

Fault Repair
Details

Figure 10. The resource object hierarchy.

During decompasition, a spedal case, referring to conredions between adors and transitions
deserves sparate mention: a place ontaining internal adors is conneded to an ador seledion
transition, which describes the seledion method for the adors (transition Find Fault Reception
Employeein figure 5). The distributed seledion d appropriate adors is an advantage of this
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formulation. In esence duing exeaution (see the next sedion), when an ador seledion
trangition is firing, it finds adors to enable the ador claiming adivity. In this case, ERMIS
updates th®iary property of the selected actor.

Modd Validation

The process of deriving a model is an adivity that involves a grea ded of interadion
between the model devel opers and the people who are the experts of the red world situation. The
derived model shoud be validated in arder to ensure its consistency, completenessand acairacy
and in order to ensure that it refleds the red world situation and satisfies the users' needs. We
distinguish two kinds of validation of a derived model: static validation and dynamic validation.

Static Validation

Static vaidation refers to the study of the derived models using spedfic dgorithms and
anaysis approaches (not simulation). In the cae of ERMIS, MPNs comprise the underlying
formalism. The firing rule of MPNs is the same & in the cae of conventional Petri Nets;
therefore the relevant research that has been carried ou for generic Petri Nets applies equally
well (this was one of the requirements of our approadh). Spedficdly, a static analysis of the
derived MPN can examine such aspeds as its behavioral (marking dependent, i.e. readability,
bounddness liveness persistence, synchronic distance, fairness etc.) and structural (marking
independent, i.e. structural liveness structural bouncedness repetitiveness consistency, etc.)
properties. Analysis of such MPN properties, can be implemented using general techniques sich
as coverahility tree production a matrix-equation approach [Murata, 1989 and is suppated by
ERMIS.

Dynamic Validation

Dynamic validation refers to the study of the derived models by way of their dynamic
behavior. Smulation d the model spedficaion is one gproac for dynamic validation. When
simulation is combined with graphicd animation, the dynamic behavior of the modeled system
or processis clealy demonstrated and validation is grealy fadlitated. Moreover, smulation,
combined with graphicd animation, suppats and smplifies the ommunicaion ketween the BP
engineeas and the people invalved in the adual BP. Otherwisg, it is very difficult to ndice and
locdize erors that cause unexpeded or undesirable behavior by just looking at the simulation
code or static numerical output [Verbraeck, 1993].

In the cae of ERMIS, simulation is based on the formal definition d MPNs, whereas
animation is based on their graphicd representation. Places may contain resource, control or
signal objeds or adors, whose flow in the process is animated. Furthermore, eadh pace
computes ®vera statistics sich as the minimum, maximum, and average number of tokens and
the minimum, maximum and average time between token arrivals. Transitions hold statistics
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about the number of firings, the minimum, maximum and average firing time, the time between
successve firings, etc. Since dl tokens are time-stamped, the temporal aspeds of the process
may be studied.

The simulatiory animation may be caried ou automaticaly, by giving an initial marking and
observing the evolution d the processin the MPN at hand; the result is a visualy pleasing
animation sequence Alternatively, simulatiory animation may also be user-driven: the user may
spedfy breakpoints where simulation shoud be halted by giving condtions on the @ntents of
places or the state of transitions. Simulation may also be halted after a cetain number of
trangition firings, or after a cetain time limit. In any case, if the set of enabled transitions is
empty the simulation will stop. In a halted/ stopped simulation the user can examine places
contents, modify certain tokens and restart the simulation; details for spedfic transitions may
also be accesed and/or modified. Figure 11 shows a snapshat from a simulation sequence which
started with the marking shown in figure 5, followed by the firing of transitions Fault Inpu,
Existence Check and Fault Existence in Telephone Exchange.

ERMIS - Fault Check in Telephone Exchange
File Edit Underlying Structure QaSeiiL M Analysis Help

O : Simulation Parameters

place Interface Place

Fault Report

Fault Report Fault Existence

in Telephone Fault Details )
Exchgnqe Fault Repair
Details
Fault Repair

Tel. Exch. -
in Tel.
Checker Exchange

Find / Tel. Exch.

Checker Repair Employee Fault Repair

Find -
Tel. Exch ﬂ Form Filling
% Employee A
Tel. Exch. Report )
Tel. Exch. Employee Fault Repair

Employees Report

Figure 11. A snapshot from a simulation sequence in the OTE example

In figures 12, 13the place (respedively transition) form, whereby the user may examine
and/or modify place (transition) contents is shown.
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= Pl ace - || -

Place Hame: Token Class Tokens:

[Tel. Exch. Emplc] [#] [Telephone Exch | [Hil |
Mumber Of Tokens:

Current : Minimum : Mean : M aximum :

2 | |2 | |2 | |2

Time Between Token Amivals :

Minimum : Mean : Maximum :
|Unknuwn | |Unknuwn | |Unknuwn
(] Actor Place L] Interface Place
| Show Token Properties | Cloze

Figure 12. The place form.

= A 1 - e

Tranzition HName:

Fault Existence in Telephone Euchang IEI ] Compound

Mumber OF Firings: EI

Time Between Firings: Firing Duration:

Minimum: Mean: M aximum: Minimum: Mean: M aximum:

4 |+ |+ | [ |0 Jp |
| Script Editor | Cloze

Figure 13. The transition form.

The smulatior/ animation cgpabilities of ERMIS can be used to discover bottlenedks,
deadlocks and criticd paths and to deted errors in the propased solution before proceeling to its
implementation. The user can analyze severa “what-if” scenarios, define markings and olserve
the results (step 3 in figure 1). For example, the time resporse of an adivity can be measured
against the aldition a deletion d a cetain number of correspondng adors, while & the same
time observing the side-effeds on the other adivities. In the OTE example, the techniques
described above may be used for validating the modeled information and for assessng the
quality of the off ered services. They can also be used to estimate the mean exeaution time of the
process the number of faults which have been reported, repaired, which are still on hdd and so
on, every certain period d time (one hou, two hous, 24 hous and so on). Taking into acourt
the results of simulation and d the statisticd analysis as well as the st of employment of the
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existing and rew staff, the missng revenues lost due to delayed repair of faults and aher fadors
related to the offered service the BP may need to be redesigned in arder to be improved.
Redesign o the BP (step 4in figure 1) may result in amitting some unrecessary tasks, reauiting
new staff, and so on, apending on the type of the deteded problems and depending on the
results of the cost/benefit analysis.

Before procealing to the adua implementation d the redesigned process animation and
simulation can be used again to help in evaluating the viability of the proposed solution and in
ensuring that this stisfies the reengineaing goals (step 5in figure 1) . It is worth to nde here
that, the people invalved in the adual BP, participate in the simulation and graphicd animation
for the evduation o the proposed solution. The multi-level nature of MPNs enables the
participation d the involved people, orly in the evaluation d the MPNs at the level of detail
which is within their knowledge and interest and for which they are aithorized to comment or
take dedsions uponthe propased changes. Implementation o the proposed solution can orly
start if the evaluation results are the expeded ores. In any other case, the solution has to be
redesigned by making new changes or by colleding more information abou the process
analyzing it, redesigning and so on. This means that the modeling steps depicted in figure 1 are
repetitively executed until a satisfactory solution is proposed.

Advantages of the Approach & Related Work

The proposed approach views the dynamic behavior of an arganization in terms of the
dynamic behavior of its BPs. Multi-level Modified Petri Nets are used for the modeling of BPs at
various levels of abstradion. The way transitions are decomposed depicts the decomposition o a
BP to its sub-processs, adivities, sub-adivities, tasks and sub-tasks and demonstrates the
control and data flow between the diff erent organizational unitsinvolved in the BP. Furthermore,
the formal decompasition semantics ensure tracedility between low level spedficaions and
higher level concerns. Also, the formal, exeautable nature of the Petri Net model, combined with
the modeling of the BP at different abstradion levels, fadlit ates validation, as the BP enginee
may on the one hand employ formal validation algorithms and onthe other demonstrate to ead
individua (invoalved in the BP) the part of the model which is within hisgher own interests and
which can be evaluated by him/her.

Simulation and graphicd animation are used for analyzing the existing situation as well as for
evauating alternative solutions. Thus, people resporsible for taking dedsions abou changing
parts of the BP insped MPNs at the higher abstradion levels, while people exeauting the
everyday adivities ched only the part of the model which concerns their work. Furthermore, the
type of information demonstrated to ead user is different. Exeautive managers, for example,
formulate the businessobjedives. In order to doso, they nead an owerview of existing BPs; they
also nea information like aosts, quality of the offered services, exeaution time and so on. This
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type of information daes not concen employees at the lower levels of the organizational
hierarchy, therefore, information related to their tasks is the only information which is presented
to and evaluated by lower level employees.

The formality of the MPNs may be considered as a disadvantage of the gpproacd, which may
cause some problems until the BP analysts and designers are used to their use. However, our
view is that the tods offered by the ERMIS environment for the nstruction d the modd, its
analysis andalidationcan overcome this disadvantage.

Numerous approaches have been proposed in the literature for the modeling of dynamic
properties and kehavior of systems. In this dion we shall concern ouselves with the ones most
relevant to ou own approad, establishing the main dfferences and attempting a brief
comparison.

Two schemes that have been developed for modeling the dynamic properties of information
systems using variations of Colored Petri Nets (CPNs) are LOOPN [Lakos & Keen, 1993 and
LOOPN++ [Keen & Lakos, 1994. Both adopt an oljed-oriented phlosophy, modeling CPN
elements as objeds, athough some important differences exist. LOOPN uses two oljed
hierarchies, ore for token types and ore for subrets. Moduarization d CPNs is suppated via
subrets and the usua desirable properties of objet-orientation, pdymorphism, inheritance and
encgpsulation add to the model’s usability. LOOPN++ extends LOOPN by coll apsing the two
classhierarchies into ore and introducing a more integrated oljed-oriented language for CPN
modeling. Unfortunately, bah models fail to take into acourt important fadors in arganization
modeling such as organization structure and adivities enadment by adors; they are oriented
towards information systems and nd BP modeling. The two approadies are mmparable to RBNs
[Tsalgatidou et al., 1994] which are considered later in this section.

Design/CPN [Pinci & Shapiro, 199Q isa commercia tod for systems development based on
Hierarchicd Colored Petri Nets (HCPNs). The tod alows graphicd spedficaion o the
envisaged system and dfers graphicd simulation and statisticd analysis cgpabiliti es; moreover,
the resulting models may be aitomaticdly trandated to exeautable wde, and SADT and HOOD
spedficaions may be imported and automaticaly translated to HCPN models. Leveling and
moduarization d models is suppated by the underlying formalism, HCPN by substitution
transitions (where atransition is replacel by a detailled description) and fusion fdaces (where
multiple places are mnceptualy unified into a single placg. Design/ CPN is a mature software
product suppating cradle-to-grave systems development; however, it suffers from the same
defeds mentioned abowe in the antext of LOOPN/++. Spedficdly, its suppat for organization
process modeling is wanting due to the ladk of any representation d the organization structure
and ador participation. Moreover, it does not offer the usual advantages associated with more
object-oriented modeling approaches.

STATEMATE [Harel et a., 199Q is a “working environment for the development of
complex readive systems’. STATEMATE provides the means for modeling the structure (i.e.
the decompasition into comporents), the functiondlity (i.e. the adivities hierarchy) and the
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behavior (i.e. the control of the adivity hierarchy) of systems employing three orthogonal and
complementary visual formalisms. The most interesting among them, statecharts [Harel, 1989,
is used for modeling the dynamic behavior of systems and pesents sme analogies with
hierarchicd Petri Nets. STATEMATE is able to cary out static and dynamic cheds of the
constructed models, perform simulations and produce prototype exeautable wde in C or Ada
STATEMATE, however, presents the same limitations as the other approaches described above
as to what regards its suppat for modeling organization kehavior, since it is oriented towards
red time mmputer embedded systems. Furthermore, although static and dynamic chedks can be
caried ou, thisis no match to the wedth of properties cheding that can be caried ou in a Petri
Net model, where related research has been continuously caried out for atime span of more than
three decales; this is espedaly true in the cae of dynamic cheking where STATEMATE
employs a brute-force approach.

LEU [Dinkoff et a., 1994 is a workflow management environment that can be used for BP
modeling. LEU presents considerable dfinities with the work described in the present paper;
spedficdly, it allows for organization modeling, adivity modeling using a variant of high-level
Petri Nets cdled FUNSOFT nets [Grunn & Jegelka, 1993 and dbita modeling using an extended
Entity-Relationship scheme. One main dfference between ou approach and LEU is that LEU
allows only data objeds to be the tokens exchanged in a BP representation. Although data flow
is indisputably important in modeling BPs, control flow (via signals and events) is also crucidl;
our approach acommodates this exigency. A seaondmajor differenceis that LEU models adors
as external to the FUNSOFT nets used for process modeling; the only relationship being the
resporsibility of an ador to enad some adivities in a FUNSOFT net. In ou approadh, gaces in
Petri Nets can be inscribed with adors which are treaed as first-classobjeds like resource and
data objeds, making the integration among organization models and processmodels smooth and
tightly couded. Since places can aso be inscribed with resource objeds and control obeds, a
desirable integration between control flow, data flow and aganization models is attained.
Moreover, ador seledion transitions provide adistributed and locdized control of the human
resources in the organization which is missing in LEU.

The gproad described in the context of RBNs (Rule-Based Petri Nets) [Tsalgatidou et al.,
1994 and the VENUS suppating environment can be cnsidered as orthogonal to the one
presented here. RBNs are not suitable for modeling BPs sncethey ladk suppat for organization
models and they operate in a lower level of detail, but are used for the detailed modeling of
information systems using an Objed-oriented Rule-based Multi-level Petri Net formalism. RBNs
can be used after BP modeling has been caried ou with MPNs, in order to derive a oncrete
description of the information system required to support the processes modeled.

Another similar approad is the one presented in [Ferscha, 1994, where Generalized
Stochastic Petri Nets (GSPNs) are used for modeling and analyzing business workflows.
However, the gproad laks important fedures, like hierarchies of decomposed GSPNs and
explicit representation d data for modeling the data flow in the process The first deficiency is
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espedaly important since no handling of the cmplexity problem of modeling red world
processs is provided; this makes the employment of the gproach laborious in red world
contexts. Moreover, the temporal capabilities of GSPNs are restricted since they are ale to
represent only immediate and stochastic timed transitions; in MPNs, temporal modeling is
acommodated by appropriate handling of the Timestamp property in transiti ons thus permitting
representation of any kind of delay, temporal constraints, etc.

The present work can also be compared with work related to exeautable model spedfications
and to the use of simulation for improving the organizational efficiency. For example, PAISLey
[Zave, 199] is a language designed for red-time distributed systems and wses an operational
approadc for building a requirements edficaion, emphasizing the definition d processs as
the building blocks of the system. Our approach could be compared to Zave's approach in the
sense that they both redize the necessty of exeautable model spedficaions in the line of
thought of Kemmener [Kemmener, 1983, where it is gated that exeautable requirements
spedficaions must be tested ealy in the devel opment processto ensure that the spedfied system
can be implemented and operate in an effedive and efficient manner. Furthermore, simulation
and animation have been used by many other researchers as atechnique for model validation and
as an approach to improve communicaion between problem solvers and problem owners, seefor
example the work in [deVreade d al., 1993, [Grunn & Jegelka, 19992, [Karagiannis, 19%],
[Verbraeck & deVreede, 1993], [Tsalgatidou et al.,4]199

Conclusions

Organizations have usualy very complex processs, therefore the formalism used for the
organization's businessprocesses sioud suppat operational refinement in order to fadlit ate BP
analysis and redesign. This is offered by the formalism presented in this paper, in the form of
Multi-level Modified Petri Nets. MPNs are exeautable and can be simulated, graphicdly
animated and \alidated in dfferent abstradion levels. The ERMIS environment provides suppat
for al these tasks by offering tods for MPN construction, analysis and validation. People
invalved in the BP from various levels of the respedive organizational hierarchy can easily
participate in the evaluation processby watching the graphicd exeaution d the part of the model
which is relevant to their tasks. Thus, the proposed approach can be used for understanding the
current functionality of an organization and for redesigning BPs;, moreover, the existence of
formal, exeautable models of the organization's BPs fadlit ates adaptability to changes in the
external environment by quickly demonstrating their effeds on the internal workings of the
organization.

MPNs are &le to represent BPs at a sufficient level of detail; it would be desirable to coupe
MPN BPs representations with a lower level formalism allowing for the detailed spedfication
and design of the information systems implementing them. Such a formalism is offered by the
orthogonal approadh described in the context of RBNs [Tsagatidou et al., 1994; work is
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currently under way for an integration d ERMIS with VENUS so as to crede an integrated bah
up and low stream business/ systems modeling environment.

Our future work focuses on the relationship of our work and reseach in workflow
management systems suppating BPs in ared world organizational context. In particular, MPN
models constructed and validated in ERMIS represent the workflow and ador participation and
enaament; workflow management systems are @le to implement such representations in a
working environment. A future environment comprising ERMIS and an operational workflow
management system is under study, since the cnceptua infrastructure is aready present in the
form of adors, adivities, diaries, etc. This would dffer the advantages of workflow automation
couped with the analysis and validation advantages gained from the forma aspeds of Petri
Nets, lack of which is a major deficiency in present commercial workflow management tools.
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Appendix

Description of the Fault Repair business process
of the Greek Telecom-munications Company (OTE)

The organizational structure involved in the Fault Repair processis $iown in figure 3. When
atelecommunicaion fault occurs, a subscriber annources this fault by making aphore cdl to the
FAULT RECEPTION organizational unit and the whole business process deding with the
repairing of faults garts. The subscriber just reports the symptoms of the fault and then it is the
business process’ responsibility to discover the type and the source of the fault and to repair it

There ae threetypes of faults. faults related to the telephore exchange, faults related to the
telecommunicaion retwork and faults related to the telephore gparatus. In general, telephore
exchange faults are repaired by the TECHNICAL SUPPORT sedor of the respedive
TELEPHONE EXCHANGE department; network faults are repaired by the SOFTWARE
NETWORK MAINTENANCE department, unessthey are faults of the network wiring (e.g. an
excavator has cut a network wire) in which case they are repaired by the NETWORK
CONSTRUCTION AND HARDWARE MAINTENANCEdepartment.

A ‘fault annourcement’ isrecaved by an employeeof the FAULT RECEPTION sedor of the
respedive TELEPHONE EXCHANGE department who ndes the symptoms of the reported
fault and seaches the dready annourced faults in order to find ou if this fault has been arealy
reported. Then the amployeesends a ‘fault report’ to the respedive TELEPHONE EXCHANGE
department. In this department, an authorized employee dedks if the reported fault is due to a
fault of the telephore exchange, in which caseit isrepaired by this department and a ‘f ault repair
report’ is ent badk to the FAULT RECEPTION sedor. If the fault is not due to a telephore
exchange fault, the FAULT RECEPTION sedor sends the ‘fault report’ to the respedive
TECHNICAL SUPPORT sedor of the TELEPHONE EXCHANGE department, in order to
discover if the fault is due to the telephore network, or due to the telephore gparatus of the
subscriber. If thereis atelephore gparatus fault, thisis repaired by resporsible enployees of the
TECHNICAL SUPPORT sedor. If it is afault of the network then, thisis not repaired here. If
the fault was a telephore gparatus fault, a ‘fault repair report’ is ®nt bak to the FAULT
RECEPTION sedor, containing information abou the repaired fault, else the ‘fault report’ is
sent back.

Network faults are subsequently forwarded to the SOFTWARE NETWORK
MAINTENANCE department, where information abou the whole telephore network and abou
which part of the network services eat subscriber is held. The resporsible enployees of this
department, by using the receved ‘fault report’ from the FAULT RECEPTION sedor, insped
the status of the telephore network, technicians are sent to repair the discovered fault and the
information held abou the network status is updated. In case that the technicians discover that
it’s a network wiring fault (e.g. some wires have been cut by acadent), they just report to their



Tsalgatidou et al./PETRI NETS 503

manager and a ‘fault report’ is ent to the department of NETWORK CONSTRUCTION AND
HARDWARE MAINTENANCE as this is resporsible for repairing such faults. If the fault is
here, a ‘fault repair report’ isfill ed by the manager andis ent badk to the FAULT RECEPTION
sedor. After faults to the network wiring are repaired by the technicians, a ‘f ault repair report’ is
filled by their manager and is ®nt badk to the SOFTWARE NETWORK MAINTENANCE
department, in arder to updhte the information held abou the network. Finaly, the ‘fault repair
report’ is sent back to tHteAULT RECEPTIONsector.
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