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USE OF TABLEAU ALGORITHM
FOR BUSINESS PROCESS VERIFICATION

ABSTRACT. The aim ofthis work is to develop the verification method ofa business-
process model applying the description logic instrument. The task ofverification is to determine
the presence ofinconsistencies in the models, which can lead to unreachable actions. The
article considersfive main types Ofinconsistencies that arisefrom a businessprocess modeling
due to incorrect business-process representation and modification ofaformalization method
ofthe businessprocess diagrams in BPMNand UML Activity notations as most widely-used.
Limitations ofexisting approachesfor verification are given, in particular the instrument of
Petri Nets. The new method ofverification with the help ofonly description logicformalism
is suggested. The special software forming the knowledge base in OWL was developedfor
testing the above method. The tableaux algorithm was used as the instrumentfor reasoning
and model inconsistencies detection. Examples oftest models ofdifferent classes depending
on their dimension and results ofmethod testing are presented.

KEY WORDS. Simulation modeling, description logic, verification, business-process,
BPMN, UMLActivity.

Introduction

Verification of business process models helps to determine at hardware stages
various syntax errors or irrelevances of model behavior to its business process. The
successful verification of business process model makes it possible to proceed with
the model analysis of the process.

The relevance of this work is determined by the fact that building business
processes models is an integral task of information systems design and business
reengineering [6]. The paper discusses the most popular notations and methodologies
Ofbusiness process modeling, such as BPMN [7], and UMLActivity [8].

The approach Ofbusiness processes verification, proposed in this paper, helps to
determine design flaws, unrelated to non-compliance with the syntax rules of design
notation, and errors caused by incorrect display ofbusiness process in the construction
ofthe model. In the first case it is sufficient enough to check the validity of design
notation syntax rules, but in the second case it may not be enough, because the detection
of such errors requires the simulation ofbusiness process to compare the behavior of
the model and the process itself. It should be noted that the identification ofthe above-
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mentioned errors without the application ofinformation technologies is hampered by
the growth of business process model size (number of elements), because notation
and methodology, which this work is devoted to, contain more than a dozen possible
syntactic constructions (having greater expressive power) that occur in real object-
oriented models more than one hundred times. Thus, we can conclude that the
simulation of models aimed at detecting irregular projection process by means of
mental simulation (mental experiment) is practically impossible due to limited human
abilities (short-term memory, attention, etc.).

Over the last years, different methods for the formalization of business process
models have been worked out with the aim to apply logical apparatus to the verification
of these models [14-27], which attests to the absence of a perfect and irrefutable
method Ofbusiness process model presentation in any formal system and algorithms
for this model verification. All these facts make the studied subject of great current
interest.

It may be added that at the moment there is a method of identifying syntactic
design errors using description logic [23-27] and identifying errors related to the
mismatch ofthe behavioral aspects ofthe modeled business process of its projection
with the application of Petri nets algorithms. The idea ofthe method is to create a test
chart for errors of any kind with the use of only formal description logics without
Petri nets algorithms, thus dropping the need to construct models in several formal
systems, taking into account the characteristics of each one.

The aim ofthis paper is to develop an alternative approach to the verification of
business processes using the apparatus of description logics, which will promote the
development of a flexible tool for models verification.

Statement of the problem and solutions review

The task ofbusiness processes verification is to identify the errors in the models,
which may lead to inaccessibility of certain actions. W. Sadiq and M. Orlowska
distinguish 5 types of possible errors in data streams models [5]:

1. incorrectusage—synchronization of object with only one input stream;

2. deadlock—synchronization oftwo mutually exclusive flows;

3. livelock—circling, without the possibility of interruption;

4. unintentional multiple execution—merger of two parallel streams;

5. active termination—parallel streams lead to more than one final task.

By now, the most widely used approach for the verification of the models is the
tool of Petri nets [6, 3]. This approach is applicable in cases where the elements of
the constructed model may be clearly displayed in Petri network elements, wherein
the algorithm simulates the execution oftasks by moving the markers in the network,
corresponding to the business process. Petri nets approach is used to verify the models
described with the most popular notations: EPC [3], BPMN [7], and UMLActivity
[8]. However, algorithms using Petri nets are characterized by several drawbacks,
among which it is worth noting first of all that they belong to the NP class (having
non-polynomial computational complexity), which can significantly reduce the time
of algorithm execution at the increase of elements quantity in the models. Another
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disadvantage is inflexibility of data algorithms, which means that identification of a
new error type will lead to the improvement (or total processing) of implemented
algorithm.
Solution

BPMN notation is used as a notation for describing business process models, since
it provides ample opportunities for the description of any possible cases in business
processes [13]. Moreover, it is one of the most popular notations used in the
development ofinformation systems [29]. In order to identify the errors in the models
the authors apply formal description logics [9] and tabular algorithm [10], which is
used for logical induction and search of errors in the models.

Slight example, displayed in Fig. 1, shows the specifics of the design errors and
ambiguity oftheir identification.

Fig. 1. Non-loopable process in BPMN notation

Figure 1 shows a diagram of a business process, which is a loop passing through
the elements tl, gl and t3. However, due to the fact that gl is an exclusive gateway,
the process can be completed during the passage through the elements e1,11, g1, t2,
and e2. Therefore, the process is not considered loopable ifin any ofits interpretations
it reaches its end.

To use description logics [30] and table algorithm we formalize the elements of
BPMN notation, using a modified approach of R. Dijkman, M. Dumas and C. Ouyang
[71], but confine ourselves to the task entries, to incorporating and exclusive gateways,
starting and terminal events, and to the control flows, considering the fact that most
models can be constructed without other elements. We denote T as the task set, G—the
set of all gateways, Ge—sets of exclusive and incorporating gateways (Gl), so that
Gen Gl= 0, GeU Gl = G, s being an initial event and e—the final event. The set of
all chart objects we denote as O =G U T U {s} U {e}. By ratio oftransfer control R
we denote the set of pairs (01, 02) (O 0 O), featuring all the arrows in the BPMN
diagram. To carry out the tasks of logical induction, we use SROIQ logic, which
allows the use of standard operations logic ALC [9], broadened by individuals and
reverse roles.

The test of models will result in the construction of ontology, the compatibility
ofwhich will determine the presence oferrors in the model. To construct the ontology
we define the function f, displaying the elements in the set O into the elements ABox
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A ontology, described in description logic language, as well as the ratio of L,
establishing connections between the elements A:

each elementt T will be displayed in individual yj A, fit.) =y.;

each element g. Gf will be displayed in individual h.  A,fig.) = hi;

each element p. Gl will be displayed in individual kj A,4p.) = ki

element {s} will be displayed in an individual d A, f(s) = d;

element {e} will be displayed in individual r A, f(e) =r;

L (f(s), f(0j)) = {CF}, forany oj O suchthat (s, 0})) R;

L f(o.), f(e)) = {CF}, forany oj O suchthat (0j, ) R;

L (f(t.), f(oj)) = {CF}, forany o. O suchthat (t, 0})) R;

L (f(gi), f(0))) = {CF}, foranyo. O, suchthat (g.,jo) R;

L (f(0j), f(0j)) = {-CF}, forany o O;

For the elements o. we define axiom f(0.) £ (VRC. {-,¢(ol))}), for ol O with (g.,
o) R;

For the elements gj we define C . concept, interpretation ofwhich they belong to
, while Cg. = (U(3CF. {f(0j)}[1VCF=C.)) forany oj O with (g., 0j) R, ok O with
(ok, gi) R, concept Cj is only ofthose individuals f(oh), for which (g., oh) R and
oh # o0.; the axiom {g.} £ C .will be added to a set ofaxioms TBox T;

For each ofthe g. elements we add to T axiom {g,}N3RC.{t} [13RC.{tk} C L,
for all different t and tk, with (t, g) Rand(t,g) Ror(g,t) R and(git)
R;

For each ofthe p. elements, we define the axiom {f(p.)} [1 3CF. (Jo)} £ ([13RF.
{Cok)}), forany o O with (p.,,0) R, ok O with (ok g) R;

To define the reachability of terminal process , we should add the axiom f(s) £
(N3CF.{(0j)}), foranyo. O;

To check livelock errors it is important to exclude step 11 ofthis formalization
and to add the axiom of transitivity of CF function. To check the consistency of
ontology we will use the standard tabular algorithm logic SROIQ, implemented in
the system HermiT [11]. The verification procedure will returnfalse value, if the
model has no loopable actions, otherwise the procedure returns true value.
Formalization ofthe algorithm is presented in Listing 1.

Listing 1. Checking for livelock errors.

There is a cycle procedure (Diagram B)

1. OWL ontology O = Convert diagram (B);

2. To remove axioms f(0.)E(VRC.{=(/(o[))}) from ontology O;

3. Add axiom of CF transitivity role to ontology O.

4. Check the correlation of ontology O;

5. If O is correlated, then returnfalse, otherwise return true:,

The procedure Convert chart converts model in terms of OWL in accordance with
the above rules.

To determine infeasible actions it is necessary to check the correlation of ontology
built by these rules. 1fsuch knowledge base is nonsatisfiable, the end ofthe process
will be unattainable. We can determine the reachability of any process by checking
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the availability of the elementJ(t) in any interpretation ofthe knowledge base. The
procedure for determining infeasible actions is presented in Listing 2.

Listing 2. Checking for deadlock errors.

Infeasible Actions Procedure (Diagram B).

1. OWL ontology O = Convert diagram (B);

4 . Check the correlation of O;

5. IfO is uncorrelated, then return true;

6. Return false;

Fault finding procedures were divided into two different algorithms, so that the
process of models verification could help to distinguish each type oferror.

Despite the fact that originally the task of business process models verification
was set in BPMN notation, this approach was found to be able to support the
verification ofmodels built in UMLActivity notation. In [ 12] we can see the templates
for the translation of business process diagrams from one to another, built in BPMN
and UMLActivity notations. Thus, many syntactic BPMN diagrams can be represented
by syntactic constructions and UMLActivity charts, despite the fact that they are
characterized by different graphical presentation, i.e. one and the same business
process may be equally mapped both in BPMN notation, and UMLActivity notation.
For example, the process shown in Fig. 1 as a BPMN diagram can be represented as
UMVLACctivity chart displayed in Fig. 2.

Fig. 2. Non-loopable process in UMLActivity notation

With the ability to provide consistent elements of the process in BPMN and
UMLACctivity notations the proposed verification approach to business process is
applicable in both cases.

Results

Test ofthe proposed method required the development of BPMN2OWL software,
which forms the knowledge base in OWL language from XML extensible markup
language file describing the model that is designed in a software product Eclipse
Modeling Tools, which uses the tools for constructing BPMN2-Modeler and the
Papyrus [27]. To determine the fixation processes the system of logical induction
HermiT [11] was used, which is provided together with the construction tool for
Protege ontologies.
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Models ofthree classes, depending on their size, were applied (number ofgraphical
elements in diagrams):

* Class A—from 10 to 35 elements;

* Class B—from 36 to 100 elements;

* Class C—from 101 to 300 elements.

In addition, diagrams of three options were designed for each of the model
classes:

« containing no errors;

« containing livelock errors;

« containing errors associated with infeasibility ofany action.

Thus, a positive assessment test of our approach is identification of all models
containing errors and setting of all perfectly-built business process models with the
use of tableau algorithm regardless of the applicable notation (BPMN or
UMLACctivity).

Due to the limited space in Figs. 3-6, the examples of test models of class A
business processes are given.

Fig. 3. Class A test process containing no errors in BPMN notation

Registration of security rights

Apply for registration

Fig. 4. Class A test process containing no errors in UMLActivity notation

Figures 3 and 4 show an example of Class A test process, containing no design
errors. The diagram displays the process of property registration of a mortgaged
apartment, purchased after one reference to Registration Chamber. The main objectives
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of the process are applying for cancellation of registration of mortgage and applying
for property rights registration. Moreover, these objectives cannot be executed at once,
but they both have to be performed to achieve the goals. Ifyou perform only one of
them, then mortgage registration can be cancelled or property registration can be refused
due to the fact that it is impossible to register ownership ofthe pledged property.

Fig. 5. Class A test process containing error of infeasibility of any action in BPMN notation

Fig. 6. Class A test process containing error of infeasibility of any action
in UMLActivity notation

Figures 5 and 6 show an example of class A test process that contains an error of
any action infeasibility. The given diagram depicts the process of table production.
Within this process, all the raw material is sent to the manufacturing stage with a
single production cycle. Moreover, all the raw material is sent to the production of
either a set oftable legs, or to the production of tabletops of one out of two shapes,
but the production ofatable requires both the manufacturing oftable legs and tabletops
at once. As aresult, there comes the infeasibility ofthe action ‘Assemble awork-piece’
because it requires simultaneous completion ofall paths in the logical operator ‘and’
which can never be reached.

Testing was carried out on a computer with the following configuration
characteristics: CPU: 2.2 GHz, RAM: 1024 Mb with the operating system Windows
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XP Professional 64bit. The results of models testing with the use oftableau algorithm
are shown in the table below.

Table
Results of method testing

. Containing Containing Containing
Model size . . . -
no errors livelock errors  infeasible actions
Class A 1.76 2.09 0.721
Class B 2.579 1.402 1.632
Class C 60.406 10.281 12.109

The results of system testing (Table) showed that the developed method detected
the error in all models containing errors and found no errors in perfectly-built models,
displayed in the form of BPMN and UMLActivity diagrams. Moreover, the results
showed that error detection testing takes time, acceptable for models verification.

Conclusion

The given work analyzed syntactic constructions of BPMN and UMLActivity
notations, and developed:

» method to identify OWL ontology from the business process diagram, built in
BPMN and UMLActivity notations;

» axiomatic assertions of description logic, allowing to determine the errors in
models of data streams, built in BPMN and UMLACctivity notations;

« software BPMN20WL which forms the knowledge base in the language OWL
from XML file, built in BPMN and UMLActivity notations diagrams.

The research was performed under the project Methodology ofmanaged enterprise
architecture design, based on ontological representation of information systems as
specified in the instructions ofthe Ministry of Education and Science ofthe Russian
Federation for 2013.
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