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Abstract—A process model is a model that is formed based on
user design or event logs. The process model is used as a guidance
for process performance analysis. In fact, there are several
problems that occur in the modeling processes from the event log.
One of them is detecting invisible prime tasks. An invisible prime
task is a task that does not exist in the event log, but it is required
in the process model to describe the actual processes. Many
research suggested methods for detecting invisible prime tasks.
However, none of them applied their method in the ontology.
This research proposes a method of indicating skip and redo
invisible prime tasks in ontology automatically. The method is
written in SWRL rule. The experiment shows that the method
can detect invisible prime tasks based on the event logs in BPMN
ontology as the process model. This method also becomes the
pioneer of invisible task detection in the ontology.

Keywords—BPMN; invisible prime task; process discovery;
ontology; SWRL

[. INTRODUCTION

Process models have been widely utilized by analysts in
assessing process performance and addressing various related
activity issues [1]. The areas of issues are fraud [2-3], business
[4], communication [5], and environment [6]. Process models
can be drawn manually by analysts or can be generated based
on the event logs. Many research already suggested methods
for depicting process model [1], [7-9].

During the implementation, there are several emerging
issues. Several of them are dynamic business processes and
invisible prime tasks. Invisible prime tasks are additional tasks
that are not represented in the event log, but they are added to
depict the processes clearly [9]. Those issues become
challenges in modeling business process model.

To deal with dynamic business processes, building process
model in ontology is chosen. It is because ontology is built in
domain concept and relations, so it is more flexible in handling
dynamic processes [10]. Many research proposed ontology
structure for representing business processes, such as [11] and
[12].

From various modeling process model methods, there are
several methods that focus on detecting invisible prime tasks.
Those methods are Alpha# [9], CHMM for Invisible Tasks [8],
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and Alpha$ [13]. Alpha# and Alpha$ methods detect invisible
prime tasks by several rules that utilized relation of activities.
CHMM for Invisible Tasks method detected invisible tasks
based on Coupled Hidden Markov Model of activity relations.
The similarities of those methods are the methods used static
process models and the methods did not implement on the
process ontology model.

This research proposed a method, namely Ontology with
Invisible Tasks method for updating the process ontology
model with invisible prime tasks automatically based on the
event log. Ontology with Invisible Tasks method forms several
SWRL rules and utilizes BPMN ontology and Public
Workflow Ontology. The method was evaluated in Student
Registration process ontology model. The main goal of the
evaluation is adding appropriate invisible prime tasks in the
process ontology model based on the event log on Student
Registration.

II. LITERATURE REVIEW

A. Invisible Prime Tasks

Several conditions of processes need additional tasks for
shows behavior of processes in process models. Those
conditions are skip, redo, and switch [9]. Skip condition occurs
when there is a relation of activities which jump over other
activities based on a process model. Redo condition occurs
when executed previous activities are implemented again as the
next activities of others. The switch condition occurs when
activities on one of the choice sequences have relationship with
activities in another choice sequence.

The additional tasks that help depiction of those conditions
in the process model are named invisible prime tasks or
invisible tasks [9]. The simple examples of invisible tasks that
used for depicting the conditions are shown in Fig. 1. The
black rectangles of Fig. 1 denote the invisible prime tasks.

B. BPMN Ontology

Business Process Model and Notation or BPMN is included
in standard types of process models. This standard type
facilitates process delineation using graphic forms [14]. Several
forms of BPMN that often used to build a process model are
Events, Activities, Gateways, and Sequence Flows.
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Condition Logs and Process Model

Skip [Ev1, Ev2, Ev3], [Ev1, Ev3]

.
O—{EVI]—{EVZHEVG]—'O

Redo [Ev1, Ev2, Ev3], [Ev], Ev2, Ev3, Evl, Ev2, Ev3]

-
Q—{EVI]—{EVZHEVBJ—’O

Switch

[Ev1, Ev2], [Ev3,Ev4], [Evl, Ev4]

Fig. 1 Simply examples of invisible tasks.

Several forms of the events are a start event and an end
event. Those are signified the beginning and the end of a
process. Both of them are denoted as circles. Subsequently,
activities are tasks or jobs that are implemented by resources in
the processes. Activities are denoted as boxes. Afterward,
gateways are starting gates or end gates of parallel processes.
There are several types of parallel processes, such as XOR
process, OR process, and AND process [1]. Gateways are
denoted as diamond and there are different diamonds for every
type of parallel processes. To connect activities, events or
gateways, BPMN presents sequence flows. The flows are
denoted by arrows.

With the rapid development of an ontology, [11] provides
BPMN ontology structure. The names of classes in this
ontology are adjusted with elements in Business Process Model
and Notation.

C. Publish Workflow Ontology

Publish Workflow Ontology is an ontology which
represents workflow of processes in ontology [15]. The
forerunner of the establishment of this ontology is to store the
journal publication processes.

During the implementation, this ontology undergoes some
renewal. One of the renewal 1is adding class
WorkflowExecution [16]. The goal of adding this class is
representing the event log along with the workflow in the
ontology. The general description of Publish Workflow
Ontology is shown in Fig. 2. The classes of this ontology are
denoted by rectangles and the object properties are denoted by
arcs.

Because this research used BPMN ontology to represent the
workflow of processes (process model), class Workflow and
class Step are ignored. Class Step was replaced by Class
Activities of BPMN Ontology.
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Fig. 2 Publish workflow ontology.

hasSon(?k, ?r), hasWife(?r, ?s) ->
hasDaughterInLaw(?k, ?s)

Fig. 3 SWRL rule for finding daughter in law.

D. SWRL

SWRL (Semantic Web Rule Language) is a group of
notations to build rules in the ontology [17]. This language
combines OWL DL with OWL Lite Sublanguages. The
principle of this language is cause and effect. If the cause is
right then the effect is right. The simple example of SWRL is
described in Fig. 3. hasSon() and hasWide() represents the
cause and hasDaughterInLaw() represents the effect. The
meaning of a rule in Fig. 3 is individual s is daughter in law of
individual k if individual r is the son of individual k and
individual s is the wife of individual r.

SWRL (Semantic Web Rule Language) consists of several
atoms that can be utilized in the rules, such as P(x)y), C(x),
DifferentForm(x,y), and SameAs(x,y). DifferentForm which is
used to distinguish between individuals is utilized in the
proposed method of this research.

III. PROPOSED METHOD

A goal of this research is adding skip or redo invisible tasks
in the process ontology model based on event logs using rules.
The method which is named Ontology with Invisible Tasks
Method for realizing the goal is consists of several steps. The
general steps of the method are shown in Fig. 4.

A. Providing Invisible Prime Tasks

The first step is providing invisible prime tasks which will
be used in SWRL rules for refining business process ontology
model. Those invisible tasks are defined as individuals of Class
Invisible Task and the connectors between the invisible tasks
and activities in process model are defined as individual of
Class BaseElement. Class Invisible Task is a class that is
added by this research in business process ontology model.
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object relations on
business process
ontology model

\
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Prime Tasks

i

Refining business
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Fig. 4 General steps of ontology with invisible tasks method.

TABLE L OBJECT PROPERTIES IN CLASS INVISIBLE_TASK
Domains Object Ranges Definition
Properties
Task, outgoing Base A task or an invisible task
Invisible Task Element as the end activity of a
relation has a connector.

Task, incoming Base A task or an invisible task
Invisible Task Element as the pioneer activity of

a  relation  has a
connector.

Invisible Task InvTaskof Task Invisible task is the
selected invisible task
when the relation of task

requires it.

A number of individuals in Class Invisible Task is same as
a number of activities in the business process model. The
object properties that are attached to each individual in Class
Invisible Task are described in Table I.

B. Determining Supporting Object Relations

To facilitate in determining relationships between activities
in a business process ontology model, several rules are
proposed. The rules are defined in Table II. The first rule is
used for determining sequence relation and other rules are used
for determining parallel relations. This research appended
hasStepPrevious as inverse object property of hasStepNext.

C. Refining Business Process Ontology Model with Invisible
Tasks

A way to refining business process ontology model with
Invisible Tasks is connecting corresponding invisible tasks
with activities in the process ontology model. The
corresponding invisible tasks are determined based on the
processes in the event log.

This research proposed a rule to refining the business
process ontology model. The result of the rules of a business
process ontology model and the invisible prime tasks in the
first step are utilized in this rule. The rule which is written in
SWRL format is defined in Fig. 5. This rule checks relations of
activities in the event log ontology that are not represented

TABLE II. RULES OF BUSINESS PROCESS ONTOLOGY MODEL

No. Rules

1 Task(?a), Task(?b), outgoing(?a, ?arc_go), outgoingTask(?arc_go,
?b) -> hasStepNext(?a, ?b)

2 Task(?a), Task(?b), ExclusiveGateway(?ig), incoming(?ig,

7arc_in), outgoing(?ig, ?arc_go), incomingTask(?arc_in, ?a),
outgoingTask(?arc_go, ?b) -> hasStepNext(?a, ?b)

3 Task(?a), Task(?b), InclusiveGateway(?ig), incoming(?ig,
?arc_in), outgoing(?ig, ?arc_go), incomingTask(?arc in, ?a),
outgoingTask(?arc_go, ?b) -> hasStepNext(?a, ?b)

4 Task(?a), Task(?b), ParallelGateway(?ig), outgoing(?ig, ?arc_go),
outgoingTask(?arc_go, 7a), outgoing(?ig, 7arc_gol),
outgoingTask(?arc_gol, ?b), DifferentFrom(?a,?b) ->
hasStepNext(?a, ?b)

WorkflowExecution(?case), involvesAction(?case, ?actl),
hasNextAction(?actl, ?act2), hasActivity(?actl,
?act_prev), hasStepNext(?act_prev, ?temp_act_next),
hasActivity(?act2, ?act_next), hasStepPrevious(?act_next,
?temp_act_prev), DifferentFrom (?act_prev,
?temp_act_prev), DifferentFrom (?act_next,
?temp_act_next), Invisible_Task(?inv), InvTaskof(?inv,
?act_prev), incoming(?inv, ?el), outgoing(?inv, ?e2) ->
incoming(?act_next, ?e2), outgoing(?act_prev, ?el)

Fig. 5 Rule of refining business process ontology model with invisible tasks.

in the business process ontology model and adds skip invisible
tasks or redo activity tasks to depict those relations. Connectors
between invisible tasks and those activities are depicted by
SEQ individuals of Class BaseElement, object properties
incoming and object properties outgoing.

IV. RESULT AND ANALYSIS

The experiment in this research used a registration process
model which was built in the ontology. Fig. 6 shows the
registration process model in BPMN format and Fig. 7 shows
the classes of the registration process ontology model. The
cases of the utilized event log ontology and the description of
relations of those activities are shown in Fig. 8 and Table II1.

Based on the Table III, the relations of activities in italic
form are not depicted in the process ontology model. The
addition of invisible tasks is needed to overcome this situation.
The rules in Ontology with Invisible Tasks method were built
in Protégé application and this experiment utilized Pellet
reasoner to relate appropriate Pellet reasoner to relate
appropriate invisible tasks with activities in the ontology
model.

The results of the rules in this experiment are shown in Fig.
9 and Fig. 11. The updated ontology model in BPMN model
format for all cases are described in Fig. 10. The results in Fig.
9 and Fig. 11 shows that the proposed rules can successfully
depict the relation of activities in the cases using invisible
prime tasks.
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Fig. 6 Registration process model in BPMN model format.

SEQ7T

End
Pre-Registration

Y- PreRegistrationl TABLE III. DESCRIPTION OF RELATIONS OF ACTIVITIES IN THE

_____ BaseElement REGISTRATION EVENT LOG ONTOLOGY

..... EPMNDia gram Case Relation of Activities

----- EndEvent 1 Check Student Achievement -> Print Student Verification.

""" ExclusiveGateway 2 Check Student Achievement -> Enter Field Achievement ->

..... InclusiveG ateway Enter Sport _Achi@vement -> Set Achievement Score -> Print

..... Invicible Tack Student Verification.

..... SeqguenceFlow 3 Check Student Achievement -> Enter Field Achievement ->
q Enter Academic Achievement -> Set Achievement Score ->

""" StartEvent Enter Field Achievement -> Enter Art Achievement -> Set

..... Task Achievement Score -> Print Student Verification.

Fig. 7 Classes of registration process ontology model.

& case_01_cCheckStudentAchievement
& case_01_PrintStudentVerification
& case_02_checkStudentAchievement
& case_02_EnterFieldAchievement

& case_D2_EnterSportAchievement
& case 02_PrintStudentVerification
& case 02_SetAchievementScore

& case_03_cCheckStudentAchievement
& case_03_EnterAcademicAchievement
& case_03_EnterArtAcademic

& case_03_EnterFieldAchievement

& case_03_EnterFieldAchievement_1
& case_03_PrintStudentVerification
& case_03_SetAchievementScore

& case_03_SetAchievementScore_1

Fig. 8 Cases in registration event log ontology.
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Fig. 9 Result of experiment using case 1 in protégé.
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Fig. 10 Registration process model with invisible prime tasks.

Property assertions: SetAchievementScore nsEE
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= outgoing SEQINV11

b
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Fig. 11 Result of experiment using case 3 in protégé.

V. CONCLUSION

This research refines the business process ontology model
with invisible tasks by Ontology with Invisible Tasks method.
The method consists of several SWRL rules and additional
individuals in Class Invisible Task. Ontology with Invisible

Enter Academic

Achievement SEQZ :
Choose SEQ18 A hfjom t
. chivemen
Achievement Score

Enter Art

Achievement pPEQZS

SEQ26
Enter Sport

Achievement

I

SEQ22
—

Student
Verification

Set Achievement
Score

SEQINV1
Print Student

Verification

SEQ7Y

End
Pre-Registration

Tasks method was tested using a few processes in real-event
log and Registration process ontology model.

The outputs in this experiment show that the rules in
Ontology with Invisible Tasks method can automatically
identify appropriate invisible prime tasks in the business
process ontology model. Moreover, the obtained invisible tasks
can simplify users and analysts to detect the changes of
processes in the business process ontology model. Ontology
with Invisible Tasks method is the pioneer method for
detecting invisible tasks in the process ontology model because
all of the other methods were applied in static process models,
such as Petri Net, YAWL or BPMN.

Rule of Ontology with Invisible Tasks method forms
excessive invisible tasks on parallel relations. Therefore,
further development of this research is minimizing the use of
invisible tasks on parallel relations. Moreover, applying the
rules in a huge real-event logs and converting process ontology
models to static process model can be the subject of future
research.
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