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Abstract—Modeling Business Processes has become a challeng-
ing issue of todays’ Knowledge Management. As such it is a core
activity of Knowledge Engineering. There are two principal ap-
proaches to modeling such processes: Business Process Modeling
and Notation (BPMN) and Business Rules (BR). Both of them are
to certain degree complementary. In this paper, we investigate
how to build a logical model of BPMN using logic programming
and rules. The main focus in on logical reconstruction of BPMN
model in Prolog and defining some formal requirements on model
correctness enabling formal verification of such models.

I. INTRODUCTION

K
NOWLEDGE has become a valuable and critical re-
source of contemporary organizations. In fact, posses-

sion of valid, most complete, up-to-date and essential knowl-
edge has become a decisive factor of success in the so
competitive market.

Unfortunately—or no—human possession and processing
of knowledge turns out to be fairly inefficient for a num-
ber of reasons. Some most obvious ones include difficul-
ties with knowledge sharing, storage, and efficient execution.
Hence, Knowledge Management (KM) must be supported with
tools and techniques coming from Software Engineering and
Knowledge Engineering universe [1], [2].

Development and analysis of complex business processes
require advanced methods and tools. Two approaches used
for this purpose, Business Process Modeling and Notation

(BPMN) [3] and Business Rules (BR) [4], [5], have recently
gained wider popularity.

BPMN can be considered as procedural knowledge rep-

resentation; a BPMN diagram represents in fact a set of
interconnected procedures. On the other hand, such workflow
diagram due to lack of formal model semantics makes attempts
at more rigorous analysis problematic. Further, even relatively
simple inference requires a lot of space for representation;
there is no easy way to specify declarative knowledge, e.g. in
the form of rules [6].

Business Rules (BR), also promoted by OMG [7], [8], offer
an approach to specification of knowledge in a declarative

manner [9]. The way the rules are applied is left over to the
user when it comes to rule execution. Hence, rules can be
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considered as declarative knowledge specification; inference
control is normally not covered by basic rules [10].

Note that rules can fulfill different roles in the system [7].
Some three most important ones cover: declarative knowledge

specification for inference of new facts, integrity constraints

for preserving consistency of the knowledge base, and meta-

rules i.e. rules defining how to use another rules; this may
include partial control knowledge specification for improving
efficiency of inference process.

Rules, especially when grouped into decision modules
(such as decision tables), are easier to analyze, however, the
possibility of analysis depends on the accepted knowledge

representation language, and in fact – the logic in use [11].
These two approaches are to certain degree complementary:

Business Rules provide declarative specification of domain
knowledge, which can be encoded into a BPMN model. On the
other hand, a careful analysis of a BPMN diagram allows to
extract certain rules governing the business. However, there is
no consistent study on possibility of mutual conversion. The
main problems seem to consist in lack of formal specification
of KR language and some ambiguities of BPMN.

The main common problem of BPMN is lack of a formal

declarative model defining precisely the semantics and logic
behind the diagram. Hence, defining and analyzing correctness
of BPMN diagrams (e.g. in terms of termination or determin-
ism) is a hard task. In the papers undertaking the issues of
analysis and verification of BPMN diagrams, e.g. [12], [13],
the analysis is performed mostly at the structural level and
does not take into account the semantics of dataflow and
control knowledge. BPMN diagrams still wait for solving the
issues of formal verification, an approach such as the one
presented in [14], [15] in the context of rule-based systems.

In this paper we follow the ideas initially presented in [16].
We pass from logical analysis of BPMN component to their
logical models, properties and representation in PROLOG.
Some prototyped procedures for checking correct data flow
are also presented. The model is aimed at enabling definition
and further analysis of selected formal properties of a class of
restricted BPMN diagrams. The analysis should take into ac-
count properties constituting reasonable criteria of correctness.
The focus is on development of a formal, declarative model of
BPMN components and its overall structure. In fact, a com-
bination of recent approaches to development and verification
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of rule-based systems [17], [18], [19] seems to have potential
influence on BPMN analysis.

II. A BASIC STRUCTURAL MODEL FOR BPMN

A simplified structural model of BPMN diagram consti-
tutes a restricted abstraction of crucial intrinsic workflow
components [16]. We take into account such elements as
events (start S and termination E events), activities (or tasks
T), gateways (split G and merge M operations), as well as
workflow sequence (modeled as directed links F ⊆ O × O,
where O = S ∪ E ∪ T ∪G ∪M). The splits and joins depend
on logical conditions assigned to particular branches. It is
assumed that there is defined a partial function Cond : F → C

assigning logical formulae to links. In particular, the function
is defined for links belonging to G×O∪O×M, i.e. outgoing
links of split nodes and incoming links of merge nodes. The
conditions are responsible for workflow control. For intuition,
a simple BPMN diagram is presented in Fig. 1.

In order to assure correct structure of diagrams a set of
restrictions on the overall diagram structure is typically de-
fined; they determine the so-called well-formed diagram [13].
Note however, that a well-formed diagram does not assure
that for any input knowledge the process can be executed
leading to a (unique) solution. This further depends on the
particular input data, its transformation during processing,
correct work of particular objects, and correct control defined
by the branching/merging conditions assigned to links.

III. AN EXAMPLE OF BPMN DIAGRAM WITH RULES

We illustrate our theoretical considerations with an exem-
plary process, which goal is to establish the temperature for
a thermostat system [20]. The temperature selection depends
on several aspects, such as season, whether it is a working
day or not, and the time of the day. The system consists of
18 declarative inference rules (production rules) specifying the
process, e.g.

Rule 1: aDD ∈ {monday, tuesday,wednesday, thursday, friday}
−→ aTD = wd.

Rule 2: aDD ∈ {saturday, sunday} −→ aTD = wk.
Rule 3: ...

Rule 18: aSE = win ∧ aOP = ndbh −→ aTHS = 14.

The rules mentioned above are explained in [16]; thus let
us here briefly explain only the first two rules. These rules
define if we have today (aTD) a workday (wd) or a weekend
day (wk) based on the day of the week. Such set of rules is
flat and no control knowledge is provided.

Visually, such knowledge base can be depicted using busi-
ness processes, as in Fig. 1, which shows a top-level specifica-
tion of the thermostat system. In the diagram, the lower control
flow first determines whether the day (aDD) is a workday
(aTD = wd) or a weekend day (aTD = wk) and specifies
the value of today (aTD ; specification provided with rules 1
and 2). Such subset of rules operating in the same context can
be modeled on the lower level as a subprocess, as in Fig. 2.

Even in such a simple example, there are several open
issues, such as data flow correctness, split consistency, merge

consistency, termination/completeness or determinism [16].

Determining
season

Determining
workday

Determining
operat ion hours

Determining
thermostat

sett ings

Fig. 1. An example of a top-level specification of the thermostat system

day in {mon,tue,wed,thu,fri}

day in {sat,sun}

set today
to workday

set today
to weekend

Fig. 2. An example of a detailed specification of determining the day task

IV. LOGICAL ANALYSIS OF BPMN DIAGRAMS

A BPMN diagram can model quite complex processes.
Apart from external consistency validation an important issue
is the internal consistency requirement for correct structure

of the diagram and correct workflow specification. The first
one refers to static specification of components and their
connections. The second one consists in correct work of the
structure for all admissible input data specification.

Even having correct structure, the process can gone wrong
due to unserved data or wrong workflow control, for example.
There are some minimal requirements for a process, such as (i)
correct work of process components (tasks), (ii) assuring data
flow, (iii) correct work of splits, (iv) correct work of merge
nodes, and finally—(v) termination of the overall process.

A more complex issue consists in verification of internal
workflow correctness. The analysis must take into account, at
least the following aspects:

1) Local correctness requirements: correct specification and
work of process components performing activities, cor-
rect specification of data flow, correct specification and
work of splits, correct specification and work of joins.

2) Global correctness requirements: no deadlocks (the sys-
tem must work for all admissible input data), termination
(the system must terminate work within a finite period
of time), determinism (the results should be repeatable
for repeated input data).

V. BPMN MODEL IN PROLOG

In this section a Prolog model for the example BPMN dia-
gram is presented. It enables logical analysis of the diagram.

A BPMN diagram is represented as a complex graph with
different types of nodes. Each specific component of BPMN
is mapped into a Prolog fact. In order to model the structure
of a BPMN diagram in a declarative way it is proposed to use
a set of PROLOG facts. A generic form can be as follows:
component_type(<id>,

<input_node>,<input-formula>,

<output_node>,<output-formula>).

In practice, such facts can be of different structure for
different components. The thermostat example presented in
Fig. 3 is defined with the Prolog code in Listing 1.

932 PROCEEDINGS OF THE FEDCSIS. WROCŁAW, 2012



Fig. 3. An example of a top-level specification of thermostat system with
the additional Prolog annotations

Algorithm 1 BPMN example coding in Prolog

%%%%% BPMN Knowledge Base %%%%%

%%% S t a r t & end nodes d e c l a r a t i o n

i n i t _ n o d e ( s t a r t ) .
end_node ( end ) .
nodes ( [ n1 , n2 , n3 , n4 , n5 , n6 ] ) .
%%% Tasks

% t a s k (< id >,< i n p u t _ n o d e > ,

% <i n p u t _ f o r m u l a > ,

% <ou tpu t_node > ,

% <o u t p u t _ f o r m u l a > ) .

t a s k ( ds , n1
[ [ mspr ] , [ msum ] , [ maut ] , [ mwin ] ] ,
n3 , [ [ s p r ] , [ sum ] , [ a u t ] , [ win ] ] ) .

t a s k ( dw , n2 , [ [ d15 ] , [ d67 ] ] , n4 ,
[ [ twr ] , [ twe ] ] ) .

t a s k ( do , n4 , [ [ twr , t 1 8 ] , [ twr , t 8 ] ,
[ twr , t 9 17 ] , [ twe ] ] , n5 ,
[ [ n o n b i z ] , [ b i z ] ] ) .

t a s k ( dt , n6 , [ [ nonbiz , s p r ] , [ nonbiz , sum ] ,
[ nonbiz , a u t ] , [ nonbiz , win ] ,
[ b iz , s p r ] , [ b iz , sum ] , [ b iz , a u t ] ,
[ b iz , win ] ] , end ,
[ [ t 1 4 ] , [ t 1 5 ] , [ t 1 6 ] , [ t 1 8 ] , [ t 2 0 ] ,
[ t 2 4 ] , [ t 2 7 ] ] ) .

% s p l i t 2 (< id >,< s p l i t _ t y p e > ,

% <i n p u t _ n o d e > ,

% (< ou tpu t_node > ,

% < l o g i c a l _ c o n d i t i o n >) ,

% (< ou tpu t_node > ,

% < l o g i c a l _ c o n d i t i o n > ) ) .

s p l i t 2 ( s1 , and , s t a r t , ( n1 , t rue ) ,
( n2 , t rue ) ) .

% merge2 (< id >,< merge_type > ,

% <i n p u t _ n o d e > ,

% <i n p u t _ n o d e > ,

% <ou tpu t_node > ) .

merge2 (m1 , and , n3 , n5 , n6 ) .

There are four tasks defined: define season (ds), define

workday (dw), define operation (do), define temperature (dt).
There are also one split node and one merge node.

As an example of analysis let us present a code for verifi-
cation of data flow (the funnel condition) between tasks dw

and do; the intuition behind is that any output generated by dw

should be accepted and further processed by do (see Listing 2).
After calling the funnel check [16] for the internal node n4

the system proves that the output formula of task dw implies
the input formula of task do. The output of the program,
confirming the result of the check is given below:
?- funnel(n4).

dw-->n4-->do

true

Other static checks for data flow have been implemented
and tested as well.

Algorithm 2 BPMN example coding in Prolog: funnel be-
tween tasks

%%% Funnel c o n d i t i o n c h e c k i n g f o r

%%% nodes among t a s k s

f u n n e l (N) :−
t a s k ( IDOUT , _ , _ , N, FOUT) ,
t a s k ( IDIN , N, FIN , _ , _ ) ,
i m p l i e s (FOUT, FIN ) ,
w r i t e ( IDOUT ) , w r i t e ( ’−−>’ ) , w r i t e (N) ,
w r i t e ( ’−−>’ ) , w r i t e ( IDIN ) , nl .

%%% D e f i n i t i o n o f i m p l i c a t i o n

%%% f o r two DNF

i m p l i e s ( true , _ ) :− ! .
i m p l i e s ( [ ] , _ ) :− ! .
i m p l i e s ( [ MIN | T ] ,DNF) :−

imply (MIN, DNF) ,
i m p l i e s ( T , DNF ) .

%%% D e f i n i t i o n o f i m p l i c a t i o n

%%% DNF |= MIN

imply ( [ ] , _ ) :− ! .
imply (MIN, DNF) :−

member (M, DNF) , s u b s e t (M, MIN) , ! .
imply (MIN, DNF) :−

f i n d _ s u b s e t s (DNF, SDNF) ,
r e d u c e (SDNF, RSDNF) ,
member (M, RSDNF) ,
s u b s e t (M, MIN ) .

f i n d _ s u b s e t s ( [ ] , [ ] ) :− ! .
f i n d _ s u b s e t s ( [G | T ] , [G | T2 ]) : −

f i n d _ s u b s e t s ( T , T2 ) .
f i n d _ s u b s e t s ( [ _ | T ] , T2):−

f i n d _ s u b s e t s ( T , T2 ) .

VI. RELATED WORKS

To the best of our knowledge, apart from [21], there are no
related works defining BPMN model in PROLOG. Andročec
used Prolog for specification of business processes; however,
he used it to assess the cost and time of running a process and
to identify potential problems with resources. Thus, he defined
the model for simulation purposes.

Similar attempts to formalization of BPMN models were
carried out by Lam [22], Andersson et al. [23], Wong and
Gibbons [24] as well as Dijkman and Van Gorp [25]. Other
attempts to formalization of process models, however not
concerning BPMN, were carried out by Gruhn and Laue [26].

The BPMN model defined by Lam in [22] was used to check
the diagrams against the properties specified by a user for
a particular model [27]. In our case, the properties, which are
correctness requirements, can be used for any BPMN model.

Paper [23] introduced the notion of activity dependency
model which identifies, classifies, and relates activities needed
for executing and coordinating value transfers. In this model,
relations between activities can be specified in terms of notions
like resource flow, trust, coordination, and reciprocity. These
types of dependencies which can be identified are not a part
of the BPMN style, thus the model is not completely BPMN
compliant and has another goals then ours.

Dijkman and Van Gorp [25] formalized the BPMN model
using graph rewrite rules. However, their goal was also
different than ours. They focused on execution semantics.
Thus, their approach is suitable for simulation, animation and
execution of BPMN models.
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Wong and Gibbons [24] defined the semantics of BPMN
models using Communicating Sequential Processes, in which a
process is a pattern of behavior. They provide only verification
of such issues as: hierarchical refinement, partial refinement
and hierarchical independence.

VII. CONCLUDING REMARKS

Our work is a part of an approach in the area of of business
processes and rules integration [28]. It constitutes an attempt
at providing a logical, declarative model for well-defined
BPMN diagram [16]. The model is aimed at defining formal
semantics of diagram components and the workflow operation.
The main focus is on specification of correct components and
correct dataflow. Global termination conditions are specified
in a recursive way. We formulated a formal model for a subset
of BPMN, defined local and global correctness requirements,
and specified the detailed logic that stems from the diagram.

The original contribution of our work consists in:
• presenting open issues corresponding to the BPMN dia-

grams, such as consistency of elements,
• specifying a BPMN model in the declarative Prolog

language, which helps to check the defined correctness
requirements.

The logical analysis can be performed off-line, on the base
of logical requirements of data. However, if such specifications
are data-dependant the analysis may be possible only in on-

line form, separately for any admissible input data.
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