
285                                 Kyoungsook Kim et al.: A Conceptual Approach for Discovering the Proportions of Disjunctive Routing 
Patterns in a Business Process Model

A Conceptual Approach for Discovering the 
Proportions of Disjunctive Routing Patterns 

in a Business Process Model
Kyoungsook Kim1, Moonsuk Yeon1, Byeongsoo Jeong1 and Kwanghoon Pio Kim2*

1Department of Computer Engineering, Kyunghee University
1732, Deogyeong-daero, Giheung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea

[e-mail: {khmjmc, msyeon, jeong}@khu.ac.kr]
2Department of Computer Science, Kyonggi University

154-42 Gwangkyosan-ro, Youngtong-gu, Gyeonggi-do, 16227, Republic of Korea
[e-mail: kwang@kgu.ac.kr]

*Corresponding author: Kwanghoon Pio Kim

 
Abstract

The success of a business process management system stands or falls on the quality of the business 
processes put into it. Many experiments therefore have been devoting considerable attention to the 
modeling and analysis of business process models in the literature. One of those experiments with 
impeccable timing ought to be the stochastic modeling of business processes as an analytical 
performance evaluation approach for improving the quality of business processes and their enactments. 
There are three types of routing patterns, such as disjunctive, conjunctive, iterative routing patterns, in a 
business process model, into which the probability theory is applicable. This paper1 focuses on the 
proportions of the disjunctive routing pattern in particular, and so assume that those business process 
models only with the combinations of disjunctive routing patterns can be processed by the conceptual 
approach proposed in this paper. Finally, we define the formal definition of the proportional information 
control nets with the proportions of disjunctive routing patterns, which is discovered from the enactment 
event log of a corresponding business process model.

Keywords: Business Process; Workflow Process; Routing Patterns, Stochastic Information Control 
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1. Introduction

According for the workflow (or business 
process) automation technologies to swiftly 
grow and be increasingly used by many newly 
formed and web-based organizations, we need to 
analyze a new type of requirements and demands 
concerning about workflow intelligence and 
quality [1][2][4]. Especially, in order to improve 
the quality of workflows with the high, 
consistent and predictable efficiency, it is so 
important for the workflow knowledge to be 
discovered from runtime execution logs of 
workflow models. Note that there exist the 
various perspectives of the workflow knowledge, 
such as control-flow perspective, data-flow 
perspective, behavioral perspective, and 
organizational resource perspective in particular. 
Out of those perspectives, the main emphasis of 
this paper is on the control-flow perspective, and 
from which we are able to derive the answers to 
the following questions:

• How much is a business process model 
correctly reflecting the control-flow aspect of a 
business process in the real-world?

• How much is the difference quantitatively 
measured between the estimated on build-time 
and the observed on runtime of the 
corresponding business process model?

There are four types of routing patterns in the 
workflow control-flow perspective, such as 
sequential, disjunctive (alternative), conjunctive 
(parallel) and iterative (loop) routing patterns. 
We focus on the disjunctive routing pattern in 
particular, and try to measure the proportions of 
each branch by observing the enactment 
instances of a corresponding workflow model. In 
other words, we are especially interested in the 
logs (audit trail) of organizational business 
processes. By discovering the relative frequency 
of various alternative branches in such a log, we 
can assign occurrence probabilities to these 
alternative branches in a business process model. 
By assigning probabilities to the Exclusive-OR 
forks in the business process model, we can 
calculate the probability of every execution 
sequence of the model. Then we can compare 
these two probability distributions that are from 
the observed proportions and the estimated 
probabilities, respectively.

In this paper, we propose a conceptual 
approach for discovering the observed frequency 
(proportion) of each branch of the disjunctive 
routing patterns from the enactment event logs of 
a business process model. The conceptual 
approach is based upon the control-path oriented 
process knowledge analysis algorithm that was 
firstly introduced in [3]. The most essential issue 
in the control-path oriented process knowledge is 
to analyze all the possible execution sequences in 
a business process model, which will be 
eventually used to redesigning and reengineering 
with maintaining the higher degree of quality on 
the corresponding business process model.

2. The Conceptual Approach

In this paper, our emphasis is placed on the 
quality of business process model that is 
assumed to be especially built by a combination 
of disjunctive routing patterns. That is, we used 
to model a business process model by a 
combination of four types of routing patterns, 
such as sequential, disjunctive, conjunctive, and 
iterative routing patterns, in defining its 
control-flow perspective. The eventual goal of 
the conceptual approach is to discover a 
proportional business process model from the 
enactment event histories logged by executing all 
the four types of routing patterns. However, we 
confine the conceptual approach to the matter of 
the sequential and disjunctive routing patterns in 
this paper. We so assume that the enactment 
event log is only containing the execution 
histories of those business process models built 
by a combination of sequential and/or disjunctive 
routing patterns.

3.1 Formal Definition of p-ICN with 
Exclusive-OR Routing Patterns

Proportional Information Control Nets (which is 
abbreviated as p-ICN) using the terminology of 
graph theory for representing proportional 
business process models can be formally defined 
as follows. A p-ICN is a directed graph where 
every node (or vertice) has a unique ID number, a 
(not necessarily unique) label, and a type; every 
arc (or edge) is defined as an ordered pair <n1,
n2> of nodes, and has a proportion (in the (0,1] 
range) associated with it denoted pr<n1, n2>. 
Directed arcs connect nodes, and semantically 
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denote precedence. There are 5 node types 
defined: initiation (initial-node) event, 
termination (final-node) event, activity, OR-fork, 
and OR-join. Note that p-ICNs must be properly 
nested, and non-empty. Properly nested means 
that all control constructs must be entirely 
contained within other control constructs, and 
may not interleave nor have unstructured “GO 
TO” arcs.

Fig. 1. p-ICN Primitive: Exclusive-OR

Each activity node, na, has in-degree, din, of 
one, and out-degree, dout, of one. The 
exception is the one unique initial event-node, 
nI such that d in(nI) = 0; and the one unique 
final event-node, nF, such that dout(nF) = 0. 
Semantically, activity nodes denote activities, 
events or actions; and have at most a single 
predecessor node, npred, and at most a single 
successor node, nnext. Proportionally, 
pr<na,nnext> = 1.0.
Each Exclusive-OR fork node, nEOF, has 
in-degree, d in(nEOF) = 1, and out-degree, 
dout(nEOF) = m where m is an integer, m > 0. 
Semantically, Exclusive-OR forks denote 
exclusive choice or conditional branch control 
nodes. They have a single predecessor node, 
and more than one successor nodes, n1, n2, . . . , 
nm, of which only one can be chosen to execute 
next during any execution sequence (exclusive 
OR semantics.) Proportionally, pr<nEOF, nnext>
> 0.0 for all out-arcs, and the node is 
normalized if  pr<nEOF, nnext> = 1.0 where the
sum is from 1 to m.
Each Exclusive-OR join node, nEOJ, has 
out-degree, dout(nEOJ) = 1, and in-degree, 
d in(nEOJ) = m where m is an integer, m > 0. 
Proportionally, Exclusive-OR joins de- note 
control flow alternatives coming together. 
They have a single successor node, and more 
than one predecessor nodes, n1, n2, ..., nm. The 
completion of any one predecessor can trigger 
the execution of nEOJ during any execution 
sequence (exclusive OR semantics.) 
Proportionally, pr<nEOJ, nnext> = 1.0.

3.2 Workcase Model: Observed Routing 
Pattern Types

Each of the temporal workcases [6] is 
represented into a workcase model through a 
series of procedural transformations the 
conceptual approach. In the following 
[Definition 1], we formally define the workcase 
model, and also it can be graphically represented, 
too, as shown in Fig. 1. The primary reason we 
use the formal workcase model is that because it 
is surely convenient in conceiving an algorithm 
for discovering the proportional business process 
models.

[Definition 1] Workcase Model (WCM). A 
workcase model is formally defined through 

3-tuple W = ( , P, S) over an activity set A, 

where
P is a predecessor activity of some external 
workcase model, which is connected into the 
current workcase model;
S is a successor activity of some external 
workcase model, which is connected from the 
current workcase model;

= i o, where, o : A ( A) is a 

single-valued mapping function of an activity 
to its immediate successor in a temporal 

workcase, and i : A ( A) is a 

single-valued mapping function of an activity 
to its immediate predecessor in a temporal 
workcase.

As shown in the definition of temporal 
workcase [6], there are three types of temporal 
workcases differentiated from the temporal 
information (the event’s timestamp) logged 
when the corresponding activity’s workitem 
event was happened. Originally, in the business 
process enactment event log schema [5], the
events that are associated with the workitem are 
related to “Scheduled”, “Started” and 
“Completed” in order to form the types of 
temporal workcases to be used in the 
transformation phase of the conceptual approach.

[Definition 2] Business Process Enactment 
Event Log and Warehouse. Let I i = {c1

i, ..., cm
i }

be a set of completed business process instances 
(m is the number of the business process 
instances) that have been instantiated from a 
business process model, I i. A business process 
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warehouse consists of a set of business process 
logs, WL(I1), ..., WL(In), where WL(I i) = 

WT(ci I i), and n is the number of business 

process models managed in a system.

Based on these defined concepts, we are able 
to prepare the temporal workcases that become 
the input data of the rediscovery transformation 
phase proposed in the conceptual approach. 
Additionally, according to the types of temporal 
workcases, we can build three different types of 
business process enactment logs and their 
warehouses according to the temporal types like 
scheduled, started and completed times. 

Conclusively speaking, the conceptual 
approach may consider taking the temporal 
workcases coming from one of three business 
process warehouse types — Scheduled
Time-based Warehouse, StartedTime-based
Warehouse, and CompletedTime-based 
Warehouse. Also, the transformation function 
may simultaneously take two types of tem- poral 
information such as ScheduledTime /
CompletedTime or StartedTime /
CompletedTime to eventually discover the 
proportional business process models. In this 
case, the transformation function needs to take 
two types of the temporal workcases, each of 
which is belonged to its warehouse type, 
respectively. 

3. Conclusions

So far, this paper has introduced the conceptual 
approach of discovering the proportional 
business process model, and it has also described 
the formal analysis and its related algorithms for 
the proposed approach. Particularly, in this paper 
we newly conceived a concept of the 
proportional business process model, and its 
rediscovery framework with a serial of feasible 
solutions. The framework eventually gives us 
higher-level of efficiency in improving the 
quality of business process models. In recent, the 
literature needs various, advanced, and 
specialized process mining techniques and 
analysis approaches to redesign and reengineer 
the existing workflow and business process 
models. This situation is why the fidelity issue of 
business process models has been raised in the 
literature. Through the outcome of our work, we 
ought to be able to provide a novel approach to 

judge of over-fitting or under-fitting on a model 
and eventually to calculate fidelity of the model. 
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