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Abstract. A business process simulation is
used to assess the cost and time of running a
process and to identify potential problems with
resources. This article presents how Business
Process Management Notation (BPMN) models
can be reviewed before simulation execution and
consequently simulated using logic programming.
It also shows the description of a business process
model and its properties (semantic correctness and
modeling style) in Prolog. For this purpose, a
BPMN model of the e-payment process is shown,
described and simulated by means of Prolog and a
commercial business process modeling tool. Using
this speci�c model we demonstrate how the same
simulation results in terms of the total cost of
process execution are obtained either with logic
programming or specialized commercial tools like
IBM WebSphere Business Modeler. However,
using Prolog for BPMN simulation has bene�ts,
as buying expensive commercial software is not
required, while a complete control over the simula-
tion execution is maintained.
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1 Introduction

In order to design, redesign, understand and im-
prove business processes various methods and tech-
niques can be used. An e�ective way to analyze
complex business processes is modeling and simu-
lation [1]. Business process simulation is invaluable
due to its ability to perform a cost-bene�t analy-
sis and the analysis of alternative designs feasibil-
ity [2]. The simulation functionality is provided by

many business process modeling tools (e.g. IBM
WebSphere Business Modeler). These tools, based
on notations such as EPC or BPMN, o�er user in-
terfaces to specify simulation parameters such as
task execution time, cost, and resource availability.
They allow users to run simulations and get statisti-
cal results (e.g. total cost and time required for pro-
cess execution). BPMN (Business Process Model-
ing Notation) [3] is a widespread standard for busi-
ness process modeling maintained by OMG (Object
Management Group). According to BPMN speci�-
cation ([3]), the primary goal of BPMN is to pro-
vide a notation that is readily understandable by all
business users (i.e. business analysts, technical de-
velopers and business people). In this paper we will
show a BPMN model of e-payment and how it can
be simulated using the logic programming language
Prolog [4]. The business model of e-payment was
designed by means of the IBMWebSphere Business
Modeler tool. Although we shall not discuss this
BPMN model in detail, we use it because it con-
tains the key elements of BPMN (tasks, sequence
and message �ows, process input and output, roles,
repositories, service, business items, stop node) and
can be simulated using IBM WebSphere Business
Modeler. We will show how the same results are ob-
tained using the logic programming language Pro-
log. More speci�cally, for writing the source code
presented in this article we used the PIE (Prolog
Inference Engine) project from Visual Prolog 7.2
Personal Edition tool.

2 Related Work

There are numerous articles about simulating busi-
ness process models. Ren et al. [1] discuss the
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Figure 1: The e-payment BPMN model

Figure 2: Results of the simulation

con�ict between usability and �exibility of software
tools in the business process modeling and simula-
tion market. Melao and Pidd [5] show how compo-
nent technology can be used to develop a simulation
library for business process modeling. Experiences
and technical challenges related to building a Java
based simulation engine for BPMN models are de-
scribed in [6]. Whereas Jansen-Vullers and Netjes
[7] evaluate a number of business process simula-
tion tools, Bosilj-Vuksic et al. [8] propose criteria
for evaluation of such tools.

A great number of papers deal with discovering
model properties of UML class diagrams, structure
charts and �ow diagrams [for examples, see 9-12].
However, the literature on applying the ideas to
concrete business process models is fairly scarce.
Gruhn and Laue [13,14] have shown that logical
programming can be exploited for verifying and
�nding the properties of EPC (event driven process
chain) business process models, including semantic
(structural) correctness, modeling style, modeling
errors and consistency between models.

Plexousakis [2] describes an approach to analyz-
ing business processes using the high-level logic pro-

graming language GOLOG. This language is an ex-
tended version of the situation calculus and incor-
porates a formal theory of action. In this article
business processes are shown as actions that a�ect
the state. To our knowledge, using the logic pro-
gramming language Prolog for BPMN model sim-
ulation has so far not been described in literature.

3 De�ning BPMN Models in

Prolog

A logic programming language deals with logical
facts and logical rules. We can describe every
BPMN element by means of logical predicates, e.g.:

r o l e ( r1 ) .
roleName ( r1 , " account ing c l e r k " ) .
roleCostPerTimeUnit ( r1 , "1h " ) .
ro leCostValue ( r1 , 3 0 . 0 0 ) .
ro leCostValueCurrency ( r1 , "HRK" ) .

Here we de�ne the role r1 with the name account-
ing clerk and the cost of 30 HRK (kuna - Croatian
currency) per hour.
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task ( t3 ) .
taskName ( t3 , " F i l l e−HUB form " ) .
t a skDes c r i p t i on ( t3 , " F i l l e−HUB form " ) .
taskRoleRequirement ( t3 , r2 ) .
taskRoleSecondsRequired ( t3 , 2 0 ) .
taskExecut ionCost ( t3 , 0 ) .

Above we describe the task t3, its name and de-
scription using Prolog. This task requires the role
r2 for 20 seconds, and has not got a �xed execution
cost. All the other elements of the BPMN model
can be explained in a similar manner. We de�ne
connections between BPMN elements as:

connect ion ( con1 ) .
connect ionLink ( con1 , bp1 , t5 ) .
connect ionAssoc iatedData ( con1 , b i1 ) .

The connection con1 (referred to as sequence �ow in
BPMN speci�cation) is a link between the process
begin node bp1, task t5 and transfers business item
bi1.

4 Checking BPMN Model

Properties

Having de�ned BPMN elements, we need to list
some basic statements to describe the BPMN
model of e-payment (de�nition of negation, exis-
tence of connection between two speci�c BPMN
elements, element types, de�nition of successor).
Next we will show some useful Prolog queries for
�nding properties of the business process model.
For that purpose we will use the rules de�ned in
the BPMN speci�cation [3]. Every BPMN model
must satisfy the following rules:
1.A connection between process input and output

is not allowed.

ru l e 1 :−beg inProces s (X) , endProcess (Y) ,
not ( connect ionLink (_,X,Y) ) ,
not ( connect ionLink (_,Y,X) ) .

2. A connection between two stop events is not
allowed.

ru l e 2 :−stopNode (X) , stopNode (Y)
, not ( connect ionLink (_,X,Y) ) ,
not ( connect ionLink (_,Y,X) ) .

3. A connection between two start events is not
allowed.

ru l e 3 :− startNode (X) , startNode (Y) ,
not ( connect ionLink (_,X,Y) ) ,
not ( connect ionLink (_,Y,X) ) .

4. There must not exist a connection between a
start and an end event.

ru l e 4 :− startNode (X) , endNode (Y) ,
not ( connect ionLink (_,X,Y) ) ,
not ( connect ionLink (_,Y,X) ) .

5. A start event must be a source of a sequence
�ow.

ru l e 5 (X):− startNode (X) ,
connect ionLink (_,X,_) .

6. An end event must be a target of a sequence
�ow.

ru l e 6 (X):−endNode (X) ,
connect ionLink (_,_,X) .

7. An end event must not be a source of a
sequence �ow, there must not be an outgoing se-
quence �ow.

ru l e 7 (X):−endNode (X) ,
not ( connect ionLink (_,X,_) ) .

5 Reviewing Model before

Simulation

The IBM WebSphere Business Modeler tool can
simulate business process models. In its help �les
there are rules which must be satis�ed before sim-
ulation can be executed. According to [15], review-
ing the structure of the model is recommendable for
ensuring that its simulations and analyses produce
information as expected. The �rst rule is that all
possible process paths eventually need to reach a
terminate node. To check this, we must use some
auxiliary functions [16]:

member(X, [X|R ] ) .
member(X, [Y|R] ) :− member(X,R) .
t r a v e l (A,B,P , [ B|P ] ) :−
connect ionLink (_,A,B) .
t r a v e l (A,B, Vi s i t ed , Path ) :−
connect ionLink (_,A,C) ,
C\==B, not (member(C, V i s i t ed ) ) ,
t r a v e l (C,B , [C| V i s i t ed ] , Path ) .
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The �rst rule of the simulation review in the
aforementioned tool can be formulated as:

endEventNode (X):−
endProcess (X) ; stopNode (X) .
endEvent (X):−endEventNode (X) ,
noOutgoingConnection (X) .
getAl lPath (Path):− startNode (X) ,
endEvent (Y) , t r a v e l (X,Y, [X] , Path ) .
check1 :−getAl lPath ( [ F i r s t | Path ] ) ,
endEvent ( F i r s t ) .

The second rule describes the requirements for
loops if simulations are to be executed correctly
(every loop must contain a terminate node or ex-
pression de�ned for exiting the loop, loop condi-
tions must make reference only to input values).
As our sample model does not have loops, we did
not implement this rule. There are also additional
restrictions which apply if static process case anal-
yses are conducted on a model. In that case, the
model must not contain any of the following ele-
ments: repositories, noti�cation broadcasters, no-
ti�cation receivers, observers, timers and maps:

check2IsNotTrue :− r e p o s i t o r y (X) ;
n o t i f i c a t i o nB r o ad c a s t e r (X) ;
n o t i f i c a t i o nRe c e i v e r (X) ;
obse rver (X) ; t imer (X) ;map(X) .

Our e-payment model has repositories and does
therefore not need to comply with this rule.

6 BPMN Simulation with Pro-

log

In this section we will show that the same simu-
lation results in terms of the total cost of process
execution can be obtained by either using logic pro-
gramming or specialized commercial tools like IBM
WebSphere Business Modeler. Logical rules which
de�ne costs per tasks are:

taskCostRo leEx i s t s (T):−
taskRoleRequirement (T, R) ,
taskRoleSecondsRequired (T, _) .
d i v id e (X,Y,Z):−Z i s X/Y.
taskCostRolePerHour (T, Z):−
taskRoleRequirement (T, R) ,
ro leCostValue (R,V) ,
taskRoleSecondsRequired (T, X) ,
Z i s ( (X/3600)∗V) .

Above we compute the cost per hour of a speci�c
task depending on the required work time of a role
and its cost. We get all the costs of a relevant task
by summing all task role costs and �xed execution
costs (for example, the �xed cost of a timestamp
issue per e-payment transaction), if there are any:

taskAl lCost (T, Z):−
( taskCostRolePerHour (T,X) ,
taskExecut ionCost (T,Y) , Z i s X+Y) ;
( not ( task (T) ) , Z i s 0 ) .

Then we make logical rules for the point-to-point
cost calculation of the BPMN model:

travelComputeCost (A,B,P , [ B|P ] ) :−
connect ionLink (_,A,B) .
travelComputeCost (A,B, Vis i t ed , Path )
:− connect ionLink (_,A,C) , C\==B,
not (member(C, V i s i t ed ) ) ,
travelComputeCost (C,B,
[C| V i s i t ed ] , Path ) .

l i s tC o s tA l l ( [ ] , Cost , PastCost ):−
Cost i s PastCost .
l i s tC o s tA l l ( [ Head | Ta i l ] ,
Cost , PastCost )
:− taskAl lCost (Head , R) ,
NewCost i s PastCost+R,
T i s Tai l ,
l i s t C o s tA l l (T, Cost , NewCost ) .

Afterwards we can make queries in the Dialog win-
dow of PIE, e.g.:

l i s tC o s tA l l ( [ " stop1 " ," t1 " ," t2 " ," srv1 " ,
" t7 " ," t10 " ," t9 " ," t8 " ," t6 " ," t4 " ," t3 " ,
" t5 " ," bp1 " ] , Cost , 0 ) .
COST = 7 . 7 5 .

The result is the same as presented in Figure 2.
(IBM Websphere Business Modeler simulation re-
sults of the e-payment model).

7 Conclusion

Valid design of business processes is crucial to the
success of any business. Whereas business pro-
cess modeling enables a comprehensive analysis of
a business process, simulation is an e�ective way to
perform both cost-bene�t analysis and the analy-
sis of alternative designs feasibility. Although we
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can use commercial tools for business process mod-
eling and simulation, they do not allow access to
used methods and techniques which produce results
from simulation input parameters. The �exibility
to change this process is not provided either.
This paper deals with simulating a BPMN model

with the logic programming language Prolog. We
�rst show how to de�ne elements of BPMN dia-
gram (using example of e-payment BPMN model)
and then how to check its properties and review
the model before simulation. We believe that the
potential of the idea of using Prolog to simulate
business process models lies in the �exibility and
better control over the simulation execution that it
provides.
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