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Abstract 

 
This paper proposes a workflow instance classification framework that classifies a huge amount of 
workflow instances1 into a set of temporal ordered process control-paths in a corresponding workflow 
model. The proposed framework consists of two-phases: control-path analyzing phase and control-path 
filtering phase. The analyzing phase is to automatically build a set of control-path filters from a 
workflow model, each of which is modeled by the Process Control-Path Net defined in the paper. 
During the filtering phase, it classifies workflow instances into the analyzed process control-path 
filter-beds. Each of the control-path filters, which is modeled by the Work-case Control-Path Net 
defined in this paper, is transformed into a work-case vector along with the activity execution identifier. 
In this paper, we develop a control-path analyzing algorithm and a control-path filtering algorithm. 
Conclusively speaking, the concept of control-path filters must be an essential theory not only for 
realizing efficient and effective workflow rediscovery frameworks, but also for exploring hidden 
knowledge on process-aware enterprise big data.   
 
 
Keywords: Workflow intelligence and quality; Control-path Analysis; Control-path Filter; Work-case 
Classification; Process-Aware Enterprise Big Data 
 
 
 

                                                           
1 Note that the concept of workflow instances implies temporal arrangements of the workflow enactment event logs, 
and it is advanced toward the ultimate concept of process-aware enterprise big data. 
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               1. Introduction 

According for workflow design and 
automation technologies to swiftly grow and be 
increasingly used by both traditional and 
newly-formed process-aware enterprises, we 
need to dig out a knowledge discovery 
framework concerning about workflow 
intelligence[4][6][9][13] and quality[1][7]. 
According for workflow design and automation 
technologies to swiftly grow and be increasingly 
used by both traditional and newly-formed 
process-aware enterprises, we need to dig out a 
knowledge discovery framework concerning 
about workflow intelligence[4][6][9] and 
quality[1][7]. In particular, the basic concept of 
workflow intelligence is to explore various and 
valuable knowledge from workflow enactment 
event logs[7][10][11][17][18] by considering 
several perspectives on workflow models, such 
as control flow perspective[18], data flow 
perspective[16], workload perspective[20], and 
organizational resources—actors, roles, 
applications, and policies—perspective[16]. Out 
of those perspectives, we focus on the 
control-flow perspective. In particular, we go 
under the formal alias of a workflow process, and 
each of the possible execution sequences of the 
workflow process is defined as workflow 
control-path in this paper. 

The basic concept of the workflow 
control-path intelligence was firstly introduced 
in [9] by proposing a control-path oriented 
workflow intelligence analysis algorithm. The 
most essential ability in the control-path oriented 
workflow intelligence[14] is to devise a series of 
efficient workflow execution trace and 
rediscovery algorithms, the results of which are 
eventually applied to the redesigning and 
reengineering approaches[18][19][20] for 
maintaining the higher degree of quality on 
workflow models. The preliminary functionality 
of the workflow rediscovery algorithms is to 
classify workflow instances arranged from 
workflow execution traces and logs. This 
classification issue addressed in this paper is 
much more important because not only the 
workflows and business processes are becoming 
massively large-scaled and much more 
complicated, but also their deployments and 
operations are becoming extensively stretched 
over the whole of the enterprise-wide business 
affairs and services. In other words, the 

classification functionality in the workflow trace 
and rediscovery techniques is able to 
dramatically reduce the volume of the workflow 
enactment event logs collected on the runtime 
and diagnosis phases of the corresponding 
workflow models. It is no exaggeration to say 
that the level of efficiency of a workflow 
rediscovery algorithm is determined by its 
classification functionality. Therefore, this paper 
proposes a novel classification framework and its 
related algorithms using control-path filters that 
are built either from formally analyzing 
control-paths of a workflow model or from 
systematically exploring the workflow execution 
event logs collected from process-aware 
enterprise big data. 

The remainder of this paper is organized as 
follows. The next section describes the 
conceptual implications of control-paths in 
workflow build time as well as in workflow run 
time event logs. And in the next, we propose a 
classification framework supported by a 
control-path analysis algorithm with a formal 
representation and a classification algorithm 
with control-path filters. Finally, we briefly 
summarise related works, conclude out work, 
and discuss future works. 

 

2. Conceptual Implications of 
Workflow Control-Paths 

In this paper, our emphasis is placed on the 
classification of workflow instances 
(work-cases) using the concept of control-paths 
in a corresponding workflow model. We would 
differentiate the defined workflow model as it is 
built on modeling time from the enacted 
workflow model consisting of activity firing 
sequences (classified by control-paths) as it is 
actually executed on running time. Fig. 1 
illustrates two different groups of control-paths 
spawned at build-time and run-time of a same 
workflow model, respectively. The discrepancy, 
as you can easily imagine, between the 
build-time and the run-time is caused by the 
conjunctive (parallel) control-paths presented on 
the model. The number of disjunctive 
(alternative) control-paths on the model will 
effect on the number of mutually exclusive 
activity firing sequences, and the number of 
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activities in a same conjunctive construct will 
effect on the number of combinable activity 
firing sequences. 

In Fig. 1, the left-hand side shows the 
analyzed control-paths built on modeling time, 
and the right-hand side represents the 
rediscovered control-paths explored from 
running time traces and execution logs. We can 
expect that the workflow model in the figure has 
three groups of mutually exclusive activity firing 
sequences theoretically, whereas practically the 
third control-path having a constructive 
construct with three activities will be spawning 
six additional control-paths of combinable 
activity firing sequences. For example, after 

fetching a work-case from workflow logs, we 
need to know along which control-path (or firing 
sequence of activities) the work-case has 
followed or enacted. This might be very useful 
knowledge for workflow administrators and 
designers to redesign and re-estimate the quality 
of the workflow model after a specific amount of 
period. Fig. 2 shows a snap-shot of the 
control-path filter-beds, which may be possibly 
classified from the enactment event logs after a 
certain amount of time. Based upon the 
classification results, the corresponding 
workflow rediscovery algorithm can much more 
effectively rediscover its workflow model from 
workflow execution event logs on process-aware 
enterprise big data.  

 

 

Fig.  1. Control-paths in Build-time and Run-time of a Workflow Model 
 

 

 

Fig.  2. The Classified Work-cases using Control-path Filters and Their Aggregations 
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Fig.  3. The Planned Control-paths from an ICN-based Workflow Model 

 
3. Classification Framework Using 

Control-Paths 

As a matter of fact, the goal of this paper is to 
devise a feasible filter-driven classifier to be 
applied to the enterprise big data of very 
large-scale workflow-supported organizations. 
The core of the classifier is on how to generate 
the proper filters, and we use the concept of 
control-paths to make the classification filters. 
As shown in Fig. 1, the workflow control-paths 
can be automatically generated from the analysis 
activity and the rediscovery activity. The 
analysis activity takes in charge of analyzing 
control-paths in a workflow model, whereas the 
rediscovery activity is to explore control-paths 
from workflow execution event logs. Therefore, 
the main research scope of this paper is to 
develop algorithms that are able to automatically 
extract two types of proper 
control-paths—planned control-paths and 
enacted control-paths—from a workflow model 
and its enactment event logs, respectively. 

3.1 Extracting Planned Control-paths 

In this section, we give the complete 
description of a formal approach to extract 
planned control-paths from a workflow 
procedure modeled by the information control 
net (ICN) methodology[2][12]. We devise an 
analysis algorithm that is a straightforward way 
to analyze and produce a set of control-paths by 
traversing an ICN-based workflow model. 

Information Control Net. The planned 

control-paths and their analysis algorithm are 
based on the Information Control Net (ICN)[12] 
that is a typical workflow modeling methodology. 
We formally describe the ICN-based workflow 
model. An information control net captures all of 
the perspectives embedded in a workflow 
procedure, such as control flow, data flow, and 
various organizational perspectives, and defines 
all of the associations along with activities, 
precedences, roles, applications, performers, and 
repositories. In this paper, we focus on 
control-paths on a workflow procedure, which 
represents a predefined set of work steps, called 
activities, and their partial orderings, which is 
named as a workflow process in the previous 
section. A little more precisely speaking, 
activities can be related to each other by 
sequential logic, conjunctive logic (after activity 
A, do activities B and C in parallel) or by 
disjunctive logic (after activity A, do either 
activity B or C exclusively) with predicates 
attached. An activity is either a compound 
activity containing another process, or a basic 
unit of work called an elementary activity. An 
elementary activity can be executed in one of 
three modes: manual, automatic, or hybrid. In 
[Definition 1], we give the formal representation 
for the information control net of a workflow 
process. 

[Definition 1] Information Control Net (ICN) of 
a workflow process. A basic ICN is 4-tuple Γ = 
(δ, κ, I, O) over a set of, A, activities (including a 
set of group activities) and a set of, T, transition 
conditions, where 
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– I is a finite set of initial input repositories, 
assumed to be loaded with information by some 
external process before execution of the ICN; 

– O is a finite set of final output repositories, 
perhaps containing information used by some 
external process after execution of the ICN; 

– δ = δi ∪ δo 

where, δo : A → ℘(α ∈ A) is a multi-valued 
mapping function of an activity to its set of 
(immediate) successors, and δi : A → ℘(α ∈ A) 
is a multi-valued mapping function of an activity 
to its set of (immediate) predecessors; 

– κ = κi ∪ κo 

where κi(α) : sets of control-transition 
conditions, T, on each arc, (δi(α), α), α ∈ A; and 
κo(α) : sets of control-transition conditions, T, on 
each arc, (α, δo(α)), α ∈ A; where the set T = 
{default, or(conditions), and(conditions)}. 

Planned Control-path Nets. Fig. 3 illustrates 
the planned control-paths analyzed from an 
ICN-based workflow process, as an example. In 
the graphical notation of the information control 
net, circles represent activities, arcs (which may 
have transition conditions like reject and accept) 
represent the precedence partial order, hollow 
dots represent or-split and or-join in a pair of 
nodes, and filled dots represent and-split and 
and-join in a pair of nodes. [Definition 2] defines 
the formal representation of the planned 
control-paths in the name of planned 
control-path net. 

[Definition 2] Planned Control-path Net of an 
ICN-based workflow process. Let W be a CpN, a 
planned control-path net, that is formally defined 
as CpN=(, β, I, O) over a set of activities, Acp, 
and a set of transition-conditions, Tcp, where 

–  = i ∪o 

where, o(α): Acp → ℘(α ∈ Acp) is a 
multi-valued mapping of an activity to its set of 
(immediate) successors, and i(α): Acp → ℘(α ∈ 
Acp) is a single-valued mapping of is a 
multi-valued mapping function of an activity to 
its set of (immediate) predecessors; 

– β = βi ∪ βo 

where, βi(α): a set of control transition 
conditions, τ ∈ Tcp, on each arc, (βi(α), α); and 

βo(α): a set of control transition conditions, τ ∈ 
Tcp, on each arc, (α, βo(α)), where α ∈ Acp; 

– I is a finite set of initial input repositories of 
the corresponding ICN; 

– O is a finite set of final output repositories of 
the corresponding ICN; 

 

The Planned Control-path Net Extraction 
Algorithm. The algorithmic approach[14] for 
extracting a set of control-path nets from an 
ICN-based workflow process is a kind of graph 
traversing approach. That is, as shown in Fig. 3, 
there are three planned control-paths that are 
algorithmically produced by traversing the 
targeted information control net. A planned 
control-path is formally defined through the 
planned control-path net of [Definition 2]. The 
algorithm[14], PROCEDURE TRAVERSE(), is 
described as followings, and the time complexity 
of the algorithm is O(n), where n is the number of 
activities in an information control net, because 
the procedure, TRAVERSE(), is recursively 
traversing each activity in only once. 
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3.2 Constructing Control-path Filters 

By using the planned control-path nets 
extracted from an underlying workflow process, 
we are able to construct a set of control-path 
filters, each of which is corresponding to a 
planned control-path net. As illustrated in Fig. 4. 
we can see that the corresponding ICN-based 
workflow process model spawns three planned 
control-path nets, and each of them is used to 
construct a classification control-path filter 
represented by a list with 11 elements of the 
entire activities in the underlying workflow 
process model. The detailed constructions of the 
control-path filters are as followings: 

1. The first planned control-path net is a 
temporal ordered set of five activities, α1, α2, α4, 
α9, and α11, and it constructs a control-path filter, 
F1 (1,1,0,1,0,0,0,0,1,0,1). 

2. The second planned control-path net is a 
temporal ordered set of five activities, α1, α2, α5, 
α9, and α11, and it constructs a control-path filter, 
F2(1,1,0,0,1,0,0,0,1,0,1). 

3. The third planned control-path net is a 
temporal ordered set of seven activities, α1, α3, α6, 
α7, α8, α10, and α11, and it constructs a 
control-path filter, F3(1,0,1,0,0,1,1,1,0,1,1). 

 

Fig.  4. Constructing Workflow Control-path Filters 
 

3.3 A Classification Framework with 
Control-path Filters 

This paper proposes a workflow instance 
classification framework using the control-path 
filters. The framework supports the analysis 
phase and the classification phase in terms of 
dealing with the control-path filters. In the 
analysis phase, it is analyzing control-paths by 
generating a set of planned control-path nets 
from an ICN-based workflow process model, 
and constructing a workflow control-path filter 
pump that is comprised of all the control-path 
filters made by the planned control-path nets. In 
the classification phase, it is classifying the 
corresponding workflow instances (work-cases) 
from the workflow warehouse that is a 

three-dimensional cube of workflow runtime 
execution logs having three axes, such as 
workflow process model axis, workflow instance 
axis, and workflow activity axis. 

As shown in Fig. 5, the classification 
framework is for classifying the workflow 
instances from the examplified information 
control net, which is having eleven activities and 
three planned control-path nets, by using the 
workflow control-path filter pump with three 
control-path filters. As the result of the 
classification phase, the figure shows that almost 
all the workflow instances can be classified and 
fallen into three control-path filter-beds by 
filtrating them into the workflow control-path 
filter pump with the exclusive-OR bit-operator. 
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Fig.  5. The Classification Framework using Control-path Filters 
 

4. Conclusions 

So far, this paper has introduced the novel 
concept of control-path filters and described how 
to analyze and use them in the workflow instance 
classification framework. As an eventual result 
of the classification framework, we are able to 
devise a feasible filter-driven work-case 
classifier to be applied to the enterprise big data 
of very large-scale workflow-supported 
organizations. In particular, we developed the 
core functionality of the classifier, which is to 
generate the proper control-path filters formally 
and systematically. The classification framework 
proposed in this paper eventually will give us 
higher-level of efficiency in improving the 
quality of workflow rediscovery techniques and 
algorithms for process-aware enterprise big data. 
In recent, the literature needs various, advanced, 
and specialized workflow mining techniques and 
architectures for providing feed-backs of their 
analysis and rediscovery results to the redesign, 
reengineering, and restructuring phases of the 
existing workflow and business process models. 
We strongly believe that this work might be one 
of those impeccable attempts and pioneering 
contributions for improving and advancing the 
workflow knowledge discovery and rediscovery 

technologies on the process-aware enterprise big 
data. 
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