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Abstract—The XML Process Definition Language (XPDL) is a
widely used XML format for storing and exchanging business
process information from various workflow systems. In this
paper, we introduce the methodology to represent the run-time
proportional Information Control Net (pICN) discovered from
the business process event log by using XPDL format. More
precisely, we propose an approach and algorithm to export
pICN data from the graphical visualization model to XPDL
format (version 2.1) with several extended attributes to store
run-time proportional information of activities in the system.
By storing the discovered pICN in an XPDL format, we do
not have to rediscover it again in the next mining time since
using the information that has been recorded. With the popular
and widespread use of the XPDL format, we can use the
discovered pICN model in various business process management
and workflow systems.

Keywords: Process mining, XPDL format, pICN, Workflow
system, business process.

I. INTRODUCTION

The workflow system includes the execution and automation
of business processes. In particular, tasks, information, or doc-
uments transmitted from one person to another perform actions
according to a set of procedural rules set by the business. By
automation, business processes help coordinate tasks between
people, synchronize data between application systems with the
ultimate goal of improving performance, responsiveness, and
profitability. Using a workflow management system, which
helps to reduce work time, as well as reduce potential human
errors, make work processes more efficient, each step of
the business process is clearly defined, be monitored for
execution time, and optimized for maximum performance. By
optimizing processes, updating work every minute, managers
and employees can get activities done faster and make smarter
decisions [1][2]. One of the most widely used input formats
in worldwide workflow systems is XPDL [3]. XPDL is a
standard standardized by WfMC to help exchange business
processes between different workflow systems. In the defi-
nition of XPDL, an XML structure is described to specify
the declaration of a workflow process. XPDL is built to
support process information exchange, including the graphical
interface and semantics of a workflow business process system.
XPDL is one of the best formats supporting information
exchange in the business process model and notation (BPMN)
systems; It is designed to store all aspects in a BPMN diagram.
Beside, XPDL also includes elements to represent graphical
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information (e.g., X and Y position of nodes) as well as other
content that will be used to perform a process.

As we know, in the business process management life cycle,
there are 6 process phases, that are process identification,
process discovery, process analysis, process redesign, process
implementation, process monitoring and controlling. In the
process discovery phase, we discover the process model of
the information system through its operation event log. The
discovered model can be present in different types such as
Petri net [4], process model notation, information control net
(ICN) [5]. Furthermore, we can present the processes in the
form of proportional ICN (pICN). The pICN model describes
the ICN process model of the system and the proportional of
running one activity followed by the others in the discovered
model from the system event log history.

Discovering the pICN model from the log of the system
often requires us to read the information contained in the
log file, identify the components involved in the operation
of the system (e.g., activities, performers, times) as well
as implement the algorithms that will be applied to exploit
information. This activity usually takes time and not only
depends on the complexity of the log file but the size of
the data. Therefore, the discovered model should be stored
for later use to avoid re-mining the same knowledge. To
solve this problem, we propose an approach representing the
pICN model in XPDL format. Accordingly, the pICN model
explored graphically will be represented in XPDL version 2.1.
In the scope of this paper, assume that we have discovered the
pICN model already, and we concern about how to represent it
in XPDL format for later use in workflow systems. In terms of
organizing the paper content, in section II, we survey some of
the other research results related to the XPDL standard, pICN
model. The next section describes the proposed approach in
detail as well as the algorithm to represent pICN in the form
of XPDL. Finally, we summarize the content of the paper and
give some conclusions and future work.

II. RELATED WORK

In this section, we present summary of some research results
related to the XPDL standard as well as the pICN model.
In [6], Robert Shapiro conducted a comparison of XPDL,
BPML, and BPEL. Their primary objective was to clarify
the differences between the BPML, XPDL, and BPEL. In the
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paper, they compared these languages in several different cat-
egories such as block structure, specialized atomic activities,
activities and attributes, web services orchestration, transac-
tions and exception handlers, high-level constructs. The results
of their study are a good reference in selecting languages that
suit different scenarios.

In [7], Nicolas Guelfi et al. presented a systematic approach
generating XPDL specifications from UML activity diagrams.
Their approach operates in two steps. In the first step, they
mapped each UML activity element to a new XPDL element.
In the second step, they applied some optimization rules to
obtain an optimal XPDL specification. They also explained
how possible to reuse established property proofs on activity
diagrams in order to prove properties on the XPDL specifica-
tion.

In [8], Hye-Min Noh et al. proposed an approach to
generate an XPDL document from a business process model.
In their approach, the business process model is represented by
the extended UML activity diagram, and they also provided an
implementation for the approach. The main key idea of their
proposal is mapping elements between XPDL and the process
model (mapping state, activity, synchronization, decision, and
transition element).

In [9], Haiping Zha et al. introduced a methodology
for converting XPDL into Petri nets. Their study aimed to
automatically transform XPDL process models to Petri nets
with equivalent structure and behaviors. In the study, they
explained how to map from XPDL to Petri Nets through
activities, links, routing structure, and successfully applied the
solution to some sample processes.

In [10], Pingpeng Yuan et al. introduced a WorkFlow
Transformation tool between XPDL and BPEL (business pro-
cess execution language). The tool can automatically translate
workflow expressed in terms of XPDL onto BPEL, and vice
versa. In order to transfer information between XPDL and
BPEL, The tool first analyses the structures of process and gets
the result of a Map-like structure expressed with an adjacency
matrix. Then it scans the adjacency matrix and identifies the
structure of the block to generate XPDL or BPEL code.

In [11], Sang-Young Lee et al. conducted a survey of
UML based XPDL document for business process modeling.
In the paper, they also proposed an approach generating
XPDL file from a business process model represented by the
extended UML activity diagram. They described how to map
the business process model (BPM) to the XPDL document by
using a mapping table to map elements on both sides. Their
approach can generate an XPDL file successfully from BPM
presented by a UML activity diagram. However, their method
can not map all the modeling elements of the UML activity
diagram into corresponding XPDL entities.

In [12] [13] [14], Ahn et al. used the XPDL process not only
for discovering the performer-activity affiliation networking
knowledge but generating process entity hierarchies. They
implemented a workflow-supported organizational intelligence
system (wOIS-paan) for discovering the performer-activity
knowledge and proposed the XPDL-based process entity gen-
erator by using a useful hierarchy generator to perform analytic
of hierarchical properties among business process entities.
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Through some of the studies just mentioned, we can see
the significance as well as the popularity, importance, and
the effectiveness of using XPDL format to store and display
business process information. In the next section, we present
the solution to represent pICN in XPDL format.

III. REPRESENT THE RUN-TIME PICN USING EXTENDED
XPDL FORMAT

In this section, we explain the concept of run-time pICN
and describe the method and algorithm to represent pICN in
the XPDL format.

A. The Run-time Proportional Information Control Net (pICN)

To understand the pICN concept, first of all, we consider
the Information Control Net (ICN) [5]. There are four types of
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Fig. 1: The ICN Primitive Patterns

control-flow in the ICN-based process model. That is Sequen-
tial Control-flow (an activity follows activity by a sequential
order). OR Control-flow (an activity has a disjunctive (or
decision) transition follow by two or more activities. Only one
of the followed activities will be executed next). AND Control-
flow (an activity has a conjunctive (or parallel) transition
follow by two or more activities. All of the followed activities
will be executed at the next step). LOOP Control-flow (an
activity has a loop transition. The activities inside the loop
area will be executed repeatedly). Fig 1 illustrates the ICN
primitive patterns. The Run-time pICN is the discovered ICN
I" from the business process event log, and I' contains the
proportional € of activity followed by the other activity or
Control-flow gate. Fig 2 is one example of pICN discovered
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Fig. 2: Example of pICN Discovered from an Event Log

from an event log. In the figure, there are 5 activities (A,
B, C, D, E), and 5 proportional values describing the trans-
actions between activities (A—B:1.00, B—Or-Open:1.00,
Or-Open—C:0.60, Or-Open—D:0.40, C—Or-Close:0.60,
D——0r-Close:0.40, Or-Close—E:1.00). The occurrences of
activities A, B, C, D, E are 30, 30, 18, 12, 30 respectively.
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B. Method and Algorithm

For representing the activities of discovered pICN in XPDL,
we use the already defined structures in XPDL format. How-
ever, to represent the proportional of transactions and the
occurrences of activities, we have to extend attributes in
the XPDL output file. We name the extended attribute as
ProportionalAttribute and OccurrencesAttribute. It implies
the probability of activity followed by the other activity as
well as the occurrences of activities discovered from an event
log (Fig 3).

"ProporticnalAttribute":»

"true">
ne="FromActivity" [ype="xsd:string" use="regquired"/>
e="ToActivity" pe="xsd:string" "required"/:
E="Value" Lyf "xsd:decimal" />
!
"OccurrenceshAttribute">
wod="trua">
e="RoativityId" t "xed: string” "required"/>

me="Valua" Ly} "xad:int"/>

Fig. 3: Attribute Extension in XPDL Storing Transaction
Proportional and Activity Occurrences

Similarly, while representing pICN gate in XPDL, there is
no LoopGate in the XPDL format. To handle this problem, we
add gate name attribute "LoopGate” while using activities no-
tation to illustrate gates in pICN. An example of representing
LoopGate in XPDL is described in Fig 4.

"LoopGa
- I'ype="Execlusive" />

"Data® />
"Data" Ty; "Exclusive" >
i="LOOP=-OPENAARAP" />
i="LOOP-OPENAURAP" />

lor="#112233" Fill
"ExclusiveGateway" Widt
"750" Coordina *530" />

nggns

Fig. 4: An Example of Representing pICN LoopGate in XPDL
Format

To read the information from pICN and then transform it
to XPDL, we proceed as follows:

o Create Header for output XPDL file v

« Insert the open tag xpdl: WorkflowProcesses

« Insert tag xpdl:Activities

o Visit all w components in pICN I'. If w is an activity then
insert the tag xpdl: Activity and its properties. If w is a
Control-flow gate, then check under OrGate, AndGate,

r="#221133"

« Insert the close tag xpdl: WorkflowProcesses

In the Algorithm 1, we use pseudo code for describing how
to read information from discovered pICN as well as represent
its elements in XPDL in detail. The input data is the graph of
discovered pICN TI'; the output data is the XPDL file ~.

IV. CONCLUSION

In this paper, we have presented some concepts about
XPDL, ICN, and pICN. We also surveyed some other research
results related to the exploitation and use of XPDL data
standards in workflow management systems for managing and
exchanging business process information. Furthermore, we
have proposed an approach to represent the data of discovered
pICN, extracted from system process history, in XPDL format.
The interactive and performance discovered pICN would help
analyze information system processes in various workflow
systems supporting the XPDL format.

In the future work plan, we will proceed to build a complete
system, from discovering pICN to represent to XPDL format
to support the construction of a Process mining system.
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Algorithm 1: Represent pICN in XPDL format
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Input: Graph of activities in ICN model I"
Output: XPDL file format v of I"
Initialize v = )

/+ Insert header format of XPDL ver 2.

<xpdl:Pakage...>,
*/
~.InsertHeader()

1:

<xpdl:PackageHeader>, ...

/* Insert WorkflowProcesses attribute to 7y

~.InsertTagAttribute(”xpdl: WorkflowProcesses™)

/* Insert Activities attribute to vy

~.InsertTagAttribute(’xpdl: Activities™)

/* Read all node
transfer it to tag then add to v

for YV node n in I" do
/+ Insert Activity attribute to 7

~.InsertTagAttribute(”xpdl: Activity”)

(actvities or gates)

defaultShapeType, gateType=()

~.InsertAttribute(type=occurrence,
I'.n.GetOccurrence )
if currentNode is OrGate then
routeType = “Exclusive”
shapeType = “Exclusive Gateway”
gateName = “OrGate”

if currentNode is AndGate then

routeType = “Parallel”

shapeType = “Parallel Gateway”
gateName = ”AndGate”

if currentNode is LoopGate then

routeType = “Exclusive”

shapeType = “Exclusive Gateway”
gateName = “LoopGate”

if currentNode is OpenGate then
L gateType ="Split”

if currentNode is CloseGate then
L gateType ="Join”

routeType, shapeType, gateType )
/* Insert transition attribute to v
~.InsertTagAttribute(”xpdl: Transitions™)
for V edge 0 in T do

currentEdge = 6.GetEdgelnfo()

toActivityID = currentEdge.GetToID()
toActivityID)

~.InsertAttribute(type=proportional,
I'.0.GetTransctionProportional )

Return

currentNode = 7.GetCurrrentNodeInfo()
routeType = defaultRouteType, shapeType =

in T,

~.InsertTagAttribute(”OccurrencesAttribute’)

~.InsertAttribute(type=activity, currentNode,

fromActivityID = currentEdge.GetFromID()
~.InsertAttribute(type=transition, fromActivityID,

~.InsertTagAttribute(”Proportional Attribute™)

*/

*/

*/

«/
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