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Abstract. Whereas Business Process Management (BPM) systematically 
guides employee participation in business processes, there has been little 
support, use or development of user-friendly functions to improve the efficiency 
of those processes. To enhance business process efficiency, it is necessary to  
provide  automatic rational task allocation and work-item importance 
prioritization, so that task performers no longer need to be concerned with 
process performance. In the context of BPM, two different perspectives, the 
Process Engine Perspective (PEP) and the Task Performer Perspective (TPP), 
are considered. Accordingly, we developed a comprehensive method that 
considers those two perspectives, in combination rather than separately. We 
carried out simulation experiments to show the combinational effect of the two 
phases.  

Keywords: Business Process Management, User-Oriented Support, Process 
Efficiency, Theory of Constraints, Dispatching Rule. 

1   Introduction 

Companies have come to perceive the importance of the process perspective in 
managing intra-organizational resources and inter-organizational relationships 
[3][6][10][11]. The advent of BPM (Business Process Management) is enabling them 
to employ their processes as the main backbone of the management of their resources 
and, through the linking of heterogeneous processes, to enter into partnerships 
involving Business Process Outsourcing and M&A  [2][6][14].  
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Most notably, BPM enables even employees, as well as top executives, to easily 
trace the progress status of their business processes [15]. However, there has been 
little support, use or development of user-oriented functions in improving the 
efficiency of those processes. As explained in this paper, we devised a methodology 
for providing human-oriented features in the context of BPM. Such innovations 
ultimately lead to the improvement of process efficiency. 

Process execution efficiency has been dealt with according to two different 
perspectives: one is task allocation to participants, and the other, the priorities of the 
assigned tasks. However, it should be noted that in order to operate business processes 
efficiently, those two perspectives must be considered together. This paper proposes a 
comprehensive methodology of process efficiency that combines the two approaches.  

The paper is organized as follows. Section 2 explains process efficiency in the 
context of BPM. Section 3 discusses previous research on process efficiency.  
Sections 4 and 5 describe, from the BPM-engine- and user perspective, respectively, 
methodologies for efficient process execution. Section 6 provides an integrated 
methodology for business process efficiency. Section 7 offers the results of a 
simulation study to validate our overall concept.  

2   Process Efficiency 

As  BPM functions become more effective and the number of processes managed by 
BPM increases,  Business Process (BP) efficiency issues are beginning to attract more 
attention [1][17][19]. BP efficiency can be considered from two different 
perspectives: the Process Engine Perspective (PEP) and the Task Performer 
Perspective (TPP).  
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Fig. 1. Overall BP management procedure using BPM 

Figure 1 illustrates the overall procedures of BP execution in a BPM system, 
showing the two perspectives. First, the PEP is the task allocation of the BPM system 
engine, a core function of BPM. After process models are prepared, the engine starts a 



 A More Comprehensive Approach to Enhancing Business Process Efficiency 957 

process instance based on those models [2]. During process execution, the engine 
assigns tasks to proper users, using delicate rules [17], and these rules have a great 
influence on the efficiency of the processes [9]. For example, the FR task, which is 
assigned to John, can also be assigned to Bill. Once assigned, the FR task can start as 
early as time point 1, and thereby overall process efficiency, which is shown at the 
bottom-left of the chart, can be improved.  

Second, BP efficiency can vary depending on how a user executes tasks assigned 
to him. In dealing with the assigned tasks, the priority defined by a user can influence 
the efficiency of the whole process. The two charts at the bottom of Fig. 1 show the 
two results from applying two different priority rules in executing tasks on worklists. 
As can be seen, the user’s priority assignment affects overall efficiency by affecting 
the process completion time.  

With respect to BP efficiency, another important issue is the means by which 
efficiency is measured [2]. A proper strategy has to be considered according to the 
kind of efficiency desired. The left result in Fig. 1 is more efficient in process 
completion time. Alternatively, if due-date is the important measure, the right result is 
better.  

3   Related Work 

A lot of research has aimed at improving BP efficiency through the use of scheduling 
technologies, or of frameworks specifically designed for smooth process routing. 
Baggio et al. [1] has provided a method to minimize the number of late jobs in a 
workflow by applying scheduling techniques. Chang et al. [4] proposed the 
identification and analysis of critical paths to manage time and resources within a 
workflow process. Zhao et al. [19] introduced a concept to predict the turnaround 
time of a time-driven process and to allocate the expected processing time to each 
activity in the process. In Kumar’s study [12], a general framework was devised for 
efficient workflow management.  

More specific research on task distribution and priority setting has been conducted 
as well. Ha et al. [9] developed a process execution rule that enables the balancing of 
the workload of agents, each of whom has a worklist. Rhee et al. [16] developed a 
TOC (Theory of Constraints) -based process execution method that contributes to the 
enhancement of efficiency by controlling task allocation to an overloaded participant 
and synchronizing process instance release with his/her work pace. Kumar et al. [13] 
dealt with the problem of the trade-off between observing a deadline and offering 
work items to an overloaded participant at run-time, and proposed a systematic 
approach to dynamically creating a balance between quality and performance issues 
in workflow systems.  

Regarding priority setting, Eder et al. [7] employed a personal schedule that 
provides information on future work.  They showed that, with this information, both 
the turn-around time and time-constraint violation rate can be decreased. Rhee et al. 
[17] calculated the slack time of tasks in workflow processes. Slack time guides task 
performers in processing urgent tasks first, which eventually improves BP efficiency. 
Whereas the previous research has addressed either the PEP or the TPP, this research 
comprehends both perspectives.  
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4   Process Engine Perspective (PEP) 

As for the PEP, we adopted the TOC [8]-based process execution method developed 
by Rhee [16]. The TOC method is discussed in detail in the following sections. 

4.1   Drum 

We introduce BP-Drum, Buffer, and Rope (BP-DBR), modified from the original 
DBR in the TOC concept. Our method emphasizes the situation in which a specific 
resource is relatively limited and, therefore, can determine the performance of the 
entire system.  We define a Constraint Capacity Resource (CCR) as a task performer 
who has the largest workload on his worklist.  

First, the Drum is defined as the pace of the CCR. In order to calculate the Drum, 
two different cases are taken into account. The first case supposes that a CCR user 
(uCCR) belongs to a workgroup with k (k ≥ 0) users, and the workgroup processes a 
single task, ai, within an expected processing time of ETi. Since one agent can process 
1/ETi tasks per unit time, the Drum can be  

Drum (d) = 

iET

k  (task/time). (1) 

In the second case, uCCR can deal with multiple tasks in the respective processing 
times. To deal with this type of case, the concept of unit task was introduced. For 
example, suppose that a task a1 has the smallest process time of 1, and that a task a2’s 
processing time is 2. Then, processing of a2 corresponds to processing of two unit 
tasks. Therefore, for a BP-CCP responsible for J tasks, a unit task of ai can be 
determined as  

Unit number of task ai (UNi) =

minET

ETi . (2) 

ETi: Expected Time of ai, ETmin = min{ETi : j=1,2,…,J} 
Let Pi denote the probability that ai be assigned to uCCR; therefore, the Drum can be  

Drum (d) = 
i

i

J

i
i UN

ET
P ⋅⋅∑

=

1

1

(task/time). (3) 

4.2   Rope and Buffer 

The Rope is defined as a communication tool that controls the speed of input 
according to the Drum. A BPM engine plays a role as the Rope by controlling the 
release of a process instance into a system. The BPM engine synchronizes the process 
instance release rate (λ) with the Drum.  

λ  = d (task/time) (4) 

Figure 2 illustrates the function of the Rope. The Rope in the BPM engine controls 
the entrance of instances so that the process release rate, which can be the instance 
arrival rate, equals the pace of the CCR. 
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Fig. 2. The Function of the Rope 

In the TOC, the Buffer protects the CCR from work starvation, guaranteeing 
continuous operation of the entire process. In order to achieve maximum utilization in 
a TOC environment, a system requires a sufficient amount of Buffer, whereas it also 
tries to minimize inventories and operating cost. In this paper, we suggest a 
simulation method to determine the size of the Buffer. An overall BP-DBR procedure 
is presented in Fig. 3. 
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Fig. 3. BP-DBR Procedure 

The application of the BP-DBR involves the assignment of tasks to agents through 
the Drum, Buffer and Rope, with special attention devoted to the BP-CCR. The 
maximum and minimum workload bounds (WB) are introduced in order to control 
business processes: if a Buffer size is greater than the maximum workload bound 
(WBU), tasks are no longer assigned to the BP-CCR or are assigned to an alternative 
agent, if any, until the Buffer size falls below the WBU. The minimum workload 
bound (WBL) is also defined to maintain the minimum amount of Buffer. 

5   Task Performer Perspective (TPP) 

This chapter discusses BP efficiency from the TPP. In the present study, Rhee’s 
method [17], was employed to prioritize tasks assigned to a user, based on the 
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PERT/CPM method. It increases BP efficiency by enabling users to deal with an 
urgent task earlier. 

5.1   Slack Time Calculation 

In order to furnish urgent information for each task, a critical path should be found 
and slack time should be computed. Computation of the slack time of each task is 
based on the PERT/CPM method. Whereas a split in PERT/CPM networks always 
entails use of the AND semantic, BP structures have an alternative path (that is, an 
OR block is included). In a BP model, the AND parallel structure can be handled in 
exactly the same way as the PERT/CPM method. However, for the OR structure,   the 
multi-path is consolidated as a single path by a representative activity shown in Fig. 4.  
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Fig. 4. A representative activity of an OR structure 

Prior to finding the critical path and computing the slack time of tasks in an OR 
structure, the expectation time of each path is required. The expectation time is 
calculated for three representative types of OR structure; those calculations are 
summarized in Table 1.  

Table 1. Expected processing time of each OR type 

Type Expected processing time Pi (λi) 
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Pi: The probability that ri is chosen for 
execution 

With the representative activity of an OR structure, a slack time can be calculated for 
the structure, and each user prioritizes tasks according to this information. He first 
carries out an urgent task with the least slack time. We call this rule the Least Slack 
Time (LST) rule. More details on this rule can be found in [17]. 
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6   Combination of the Two Perspectives 

The two-phase perspectives, comprising the PEP and the TPP, have different target 
areas in improving process efficiency. Whereas the BP-DBR focuses on the engine’s 
function of allocating and distributing tasks, the LST concentrates on fulfilling the 
assigned tasks. Although each method has been proved to be effective in each phase, 
the effect of combining the two phases has not yet been considered.  The two-phase 
perspective covers an entire procedure from process launching to execution. We call 
the combined method Comprehensive Rule for Process Efficiency (CR4PE).  

Identify CCR Calculate Drum
Synchronize arrival rate of 

process instances with Drum

WLCCR: Workload of CCR

BS: Buffer Size of CCR

WLCCR <= BS

Calculate critical 
path and slack time 

using expected 
processing time

Recalculate slack time using 
actual processing time and 

identify CCR again

Put tasks into CCR’s worklist

until WLCCR reaches BS again 

Yes

Block CCR’s worklist

A certain task is completed?

Yes

No

Start

No

 

Fig. 5. Comprehensive Rule for Process Efficiency 

The overall procedures of the method are illustrated in Fig. 5. Before a process is 
started, the CCR, the critical path and the slack time of each activity are identified. 
The Drum is also calculated. Once a process instance is launched, the Rope starts 
controlling the release of instances. Buffer management is also executed considering 
the Buffer size of the CCR. The Buffer is controlled with regard to the CCR’s 
workload. In the course of executing a process instance, the completion of a certain 
task can result in changes to the CCR, the Drum, and the slack time. Whenever a 
certain task is finished, those data are recalculated in real time.  

7   Simulation Experiments 

7.1   Simulation Model and Experimental Environment 

The BP-DBR is known to be effective when a heavy workload is concentrated on a 
few activities [16]. By contrast, the LST rule is effective when there is a heavy 
workload for many activities in parallel relations [17]. For simulation experiments, we 
used the process model shown in Fig. 6, which model includes features of both 
perspectives. As illustrated in the Figure, each box represents an activity, and the 
value inside a box represents an expected time. Participants are marked above each 
activity. A colored box is an activity with the heaviest workload and the activity’s 
user, u25, is a CCR. 
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Fig. 6. Simulation Model 

The simulation model was implemented with Arena 6.0. Each experiment was 
warmed up for 500 minutes and run for 10,000 minutes. The arrival rate of process 
instances with a parameter of 40, and the processing time were assumed to be 
exponential. The Buffer size was set to 1,800. Finally, thirty simulation experiments 
were carried out for each the following four models.  

· I: Model with FIFO Rule · II: with TOC · III: with LST Rule · IV: with CR4PE 

7.2   Experimental Results 

We measured the Process Completion Time (PCT), the Number of Complete 
Instances (NCI) and the Number of Ongoing Process Instances (NOCI). The 
simulation results in Table 2 show that the CR4PE method is the most effective for 
the PCT and the NCI, which means that the combination of the TOC and the LST was 
more effective than the respective applications. However, the synergy effect was 
relatively less effective for the NCI, mainly because the TOC controls a number of 
instances by using the Drum and the Rope. As can be seen in  Table 2, the NOCI of 
Models II and IV are much smaller than those of Models I and III, which means that 
in Model IV, a smaller number of instances are assigned to each task performer, and 
the effectiveness of the LST is relatively limited.  We can still state, however, that 
Model IV is better than Model III, since in Model IV, each transaction can be 
completed in a shorter time.   

Table 2. Summary of BP efficiency results 

Model PCT NCI NOCI 

Model I 4223.30 58 108.27 
Model II 2995.95 77 28.04 
Model III 3780.85 80 96.66 
Model IV 2747.46 81 26.66 

7.3   Influence of Buffer Size 

As discussed in Section 7.2, the effectiveness of the LST can be limited by the 
number of job instances on participants’ worklists. To further study the effect of the 
Buffer, additional simulations were conducted with respect to different Buffer sizes.  
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Fig. 7. Influence of Buffer Size  

Figure 7 shows that, for PCT and NCI by Deadline, Model IV performs better 
than Model II as the Buffer size increases. The difference between the two models 
originates from the effectiveness of the LST Rule. Since a CCR has a greater 
number of job instances assigned with a larger Buffer size, the LST plays a more 
important role. The LST would be ineffective if a task performer had few jobs on 
his worklist. Therefore, the synergy effect becomes greater as the size of the Buffer 
increases.  

8   Conclusions 

Having perceived the absence of user-oriented support for BP efficiency, we devised 
a more comprehensive approach to enhancing it. Two different perspectives on BP 
efficiency, the PEP and the TPP, were identified. Based on our previous research in a 
single perspective, we combined both perspectives into an integrated model. 
According to the simulation results, the new methodology shows better performance 
than utilization of an individual perspective.  

Our research has raised issues for future study. First, more process model patterns 
can be considered in our CR4PE. Second, whereas this research adopted one rule for 
each perspective, it would be interesting to analyze various rules for each perspective. 
Finally, if the economic values of process efficiency improvement are measured [5], 
we can acquire insight into the extent of the benefits our integrated methodology can 
guarantee compared with single-handed administration.  
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