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Abstract. Process analysis is one of the important topics in manufacturing
industry. Recently process mining has been applied to analyze manufacturing
processes. In this paper we investigate the characteristics of event logs in make-to-
order production and propose a method to analyze manufacturing processes in
make-to-order production such as construction, shipbuilding and aviation by uti-
lizing and extending existing process mining techniques. Among three major
analysis perspectives in process mining such as process discovery, performance
analysis, and conformance checking, this paper focuses on the performance anal-
ysis including workload analysis and delay analysis. To validate the proposed
method, a case study with real data is conducted.

Keywords: Process mining � Manufacturing process analysis � Manufacturing
execution system

1 Introduction

Manufacturing process refers to a process that is composed of sequential activities to
transform raw materials into a finished product [23, 24]. To improve the quality of
products and reduce production cost and time, many companies have tried to analyze
complex manufacturing processes [4, 6]. Furthermore, many studies on manufacturing
process analysis have been performed from several perspectives, such as process
management [10], simulation [22], process modelling [7, 12], process performance
analysis [8], fault detection [18], etc. Along with the methods mentioned above, pro-
cess mining can be applied to analyze the manufacturing process. Process mining
attempts to extract meaningful process-related information from event logs [13, 20, 21].
Manufacturing process analysis using process mining is used to understand current
manufacturing processes by deriving process models, organizational models, social
networks, etc. [14].

In this paper, we propose a way to analyze manufacturing processes in make-to-
order industries. We investigate the characteristics of event logs in make-to-order
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production and propose a method to analyze manufacturing processes in make-to-order
production, such as construction, shipbuilding, and aviation by utilizing and extending
existing process mining techniques. Major characteristics of make-to-order production
are the existence of a plan of the manufacturing processes, several parallel activities,
and different levels of process granularity. By investigating the characteristics, several
issues in make-to-order production analysis are provided; these are performance
analysis considering plans, conformance checking considering activity relations, fre-
quency, resource, processing time and detailed parallel rules, process discovery that
synthesizes cases of different levels, etc. Among these issues, we propose a way to
analyze the performance of processes for make-to-order production in this paper. As a
method for performance analysis, workload analysis and delay analysis using event
logs are suggested. To validate the proposed method, a case study with real data is
conducted.

The paper is organized as follows. Section 2 explains related work, including
process mining and applications of process mining in the manufacturing industries. We
present characteristics of make-to-order production processes in Sect. 3. In Sect. 4, we
propose workload analysis and delay analysis. Section 5 conducts a case study to
validate the proposed method and Sect. 6 concludes the paper with future work.

2 Related Work

The purpose of process mining is to discover, monitor, and improve actual processes
from event logs recorded by Process-aware Information Systems (PAISs) such as
enterprise resource planning (ERP), workflow management (WFM), customer rela-
tionship management (CRM), supply chain management (SCM), and product data
management (PDM) systems [13, 20, 21]. Event logs are recorded by events in a
consecutive order, and each event has an activity related to a case. In addition, the event
can have a timestamp and resource [21]. Process mining is composed of discovery,
conformance checking, and enhancement. Discovery is to derive models from event
logs. The alpha algorithm, heuristic mining, fuzzy mining, etc. are examples of dis-
covery techniques. Conformance checking is to compare a given model with corre-
sponding event logs, and enhancement is to extend or improve a model using observed
behaviors [16, 19]. Likewise, process mining has many techniques applicable for
analyzing processes. Therefore, process mining has been applied in many domains,
such as healthcare, service, logistics, public administration, manufacturing, and so
forth. For example, Mans et al. provided insights for hospital processes by applying
various process mining techniques in a control-flow perspective, organizational per-
spective, and performance perspective [11]. Weerdt et al. proposed a framework for
actual process analysis in a multifaceted financial service industry using process mining
[3]. In addition, van der Aalst et al. applied process mining to the Dutch National
Public Works Department managing roads and bridges to analyze invoice processes
[21], Bozkaya et al. suggested a methodology for process diagnostic based on process
mining and applied it to processes of government agencies [2], and Jeon et al. proposed
a conceptual framework for identifying causes of inefficiency in port logistics using
process mining [9].
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There have been few studies in the manufacturing industries, except for Rozinat
et al. who studied the applicability of process mining in ASML, a leading wafer
scanner manufacturing company, and provided proposals for improvement [13]. In
addition to a shortage of application cases, previous studies are difficult to apply to the
make-to-order industries owing to the characteristics of their processes. Thus, this
paper proposes a method of manufacturing process analysis applying process mining
considering the major characteristics of the processes.

3 Characteristics of Make-to-Order Manufacturing
Processes

In this section, the characteristics of make-to-order manufacturing processes are dis-
cussed. First, there exists a detailed plan for manufacturing processes. In the case of the
make-to-order manufacturing industry, it is very important strictly to follow optimized
and planned processes, because meeting a deadline for the clients’ orders is considered
as the top priority [12]. Therefore, manufacturing process analysis needs to compare a
plan and an actual production (e.g., how much the actual process is being conducted as
planned). Moreover, it is important to compare resources and processing time as well as
the order of activities between the plan and the result.

Another characteristic of make-to-order manufacturing processes is that the man-
ufacturing processes have several parallel activities. Because the size of the products in
the make-to-order manufacturing industry is usually large, several activities happen
simultaneously. Furthermore, they sometimes strictly define the relationship between
event types, such as start and end between the parallel activities. For example, if there
are two activities in parallel, a rule can be that an activity must start before the other
starts and both activities have to end at the same time. Another rule can be that both
activities have to start simultaneously and an activity must end before the other ends.

The third characteristic is that manufacturing process models usually have different
levels of granularity [5]. In other words, an overall manufacturing process consists of
many different subprocesses. For example, in a project for an offshore plant production,
an offshore plant consists of some modules and each module consists of a number of
blocks. For each block, there is a corresponding manufacturing process that is com-
posed of various activities. These blocks build up to become a finished module. The
modules also have their individual manufacturing processes for completion after
combining blocks. Because the overall process has an intricate network among sub-
processes and unit activities, finding a proper case is difficult in applying process
mining.

In this paper, we propose a method to analyze performance of make-to-order
manufacturing processes. Considering one of the major characteristics mentioned
above, a different performance analysis from the traditional analysis is required. The
existing performance analysis in manufacturing processes has been measuring only the
results of the actual processes being conducted to compare with the criteria the business
sets as its goal [10]. Nonetheless, in the case of make-to-order manufacturing indus-
tries, there are not only the actual manufacturing processes but the planned manufac-
turing processes. Thus, it is required to conduct manufacturing process analysis on both
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the actual and planned processes to identify how well the actual processes are being
executed as planned. The planned processes are optimized considering the costs,
efforts, and time. This is why the more the actual processes conform to the planned
processes, the better the result becomes. Hence, our research tries to determine indi-
cators to measure quantitatively the performance based on the comparison of how the
actual processes deviate from the planned processes.

4 Analysis for Measuring Performance
on Manufacturing Processes

In order to conduct performance analysis of manufacturing processes, we first define an
event and an event log. As noted in Sect. 3, the structure of event logs for make-to-
order processes is different in that it includes attributes of result as well as plan. An
event and an event log are defined as follows.

Definition 1. (Event of manufacturing processes) Let A be a set of activities (e.g.,
tasks), Rplan and Rres be a set of resources (e.g., departments or workers) for plan and
result, STplan and STres be a set of start timestamps for plan and result, CTplan and CTres
be a set of complete timestamps for plan and result respectively. E ¼
A�Rplan �Rres � STplan � STres �CTplan �CTres is a set of events and pn is the value
of attribute n for an event e ¼ fa; rp; rr; stp; str; ctp; ctrg.
Definition 2. (Event log of manufacturing processes) Let C be a set of events corre-
sponding each case. L 2 BðCÞ is an event log and BðCÞ means all bags over C.

Table 1 shows an example of events. From the table, there are five events (E = {01,
02, 03, 04, 05}). There are three activities (A = {Act_1, Act_2, Act_3}) and four
resources (R = {R_a, R_b, R_c, R_d}). Start timestamps for plan and result
(STplan = {2015-01-25, 2015-02-04, 2015-02-06, 2015-02-27, 2015-03-26},
STres = {2015-01-26, 2015-02-04, 2015-02-06, 2015-02-27}) and complete timestamps
for plan and result (CTplan = {2015-03-01, 2015-02-15, 2015-02-14, 2015-02-27, 2015-
04-20}, CTres = {2015-03-01, 2015-02-14, 2015-02-15}) are also shown in the table.

Table 1. An example of events for manufacturing processes

CaseID EventID A Rplan Rres STplan CTplan STres CTres

BlockA 01 Act_1 R_a R_a 2015-
01-25

2015-
03-01

2015-
01-26

2015-
03-01

02 Act_2 R_b R_b 2015-
02-04

2015-
02-15

2015-
02-04

2015-
02-14

BlockB 03 Act_1 R_a R_a 2015-
02-06

2015-
02-14

2015-
02-06

2015-
02-15

04 Act_2 R_b R_b 2015-
02-27

2015-
02-27

2015-
02-27

–

05 Act_3 R_c R_d 2015-
03-26

2015-
04-20

– –
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We conduct workload analysis and delay analysis as performance analysis.
Workload analysis aims to find the degree of workload on resources by measuring and
analyzing the number of activities for the planned and the result using event logs. Delay
analysis attempts to understand the degree of delay on activities or resources.

4.1 Workload Analysis

Workload analysis measures the number of activities performed by each resource in a
certain period. Workload analysis shows the number of started activities, completed
activities, and activities in progress. Using activity frequencies, workload analysis
provides information on how much the workload of each resource is. It gives insights
on how to control the manufacturing processes based on the number of activities in
progress. The definitions of the number of start activities, end activities, and activities
in progress in a unit period are as follows.

Definition 3. (The number of activities ()) For e = (e0, e1, e2, …)∈L, aj 2 A,
rpk 2 Rplan, rrl 2 Rres, stpm 2 STplan, strn 2 STres; ctpo 2 CTplan and ctrp 2 CTres, the
number of activities:

• The number of started activities for plan ðaj; rpk; stpmÞ

¼
X

0� e\jLj

X

0� i\jej

1
if pa eið Þ ¼ ajV
prp eið Þ ¼ rpkV
pstp eið Þ ¼ stpm

0 otherwise

8
>><
>>:

ð1Þ

• The number of completed activities for plan ðaj; rpk; ctpoÞ

¼
X

0� e\jLj

X

0� i\jej

1
if pa eið Þ ¼ ajV
prp eið Þ ¼ rpkV
pctp eið Þ ¼ ctpo

0 otherwise

8
>><
>>:

ð2Þ

• The number of started activities for result ðaj; rrl; strnÞ

¼
X

0� e\jLj

X

0� i\jej

1
if pa eið Þ ¼ ajV
prr eið Þ ¼ rpkV
pstr eið Þ ¼ stpn

0 otherwise

8
>><
>>:

ð3Þ
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• The number of completed activities for result ðaj; rrl; ctrpÞ

¼
X

0� e\jLj

X

0� i\jej

1
if pa eið Þ ¼ ajV
prr eið Þ ¼ rpkV
pctr eið Þ ¼ ctpp

0 otherwise

8
>><
>>:

ð4Þ

• The number of activities in progress for plan ðaj; rpk; stpm; ctpoÞ

¼
X

Min aj;rpkð Þ� tl

The number of started activities for plan ðaj; rpk; stpmÞ

�
X

Min aj;rpkð Þ� tl

The number of completed activities for plan ðaj; rpk; ctpoÞ

whereMin aj; rpk
� � ¼ minð8ptfeijpa eið Þ ¼ aj ^ prp eið Þ ¼ rpkÞ:

ð5Þ

• The number of activities in progress for result ðaj; rrl; strn; ctrpÞ

¼
X

Min aj;rrið Þ� tl

The number of started activities for result ðaj; rrl; stroÞ

�
X

Min aj;rrlð Þ� tl

The number of completed activities for result ðaj; rrl; ctrpÞ

where Min aj; rrl
� � ¼ minð8ptfeijpa eið Þ ¼ aj ^ prr eið Þ ¼ rrlÞ:

ð6Þ

The visualization based on workload analysis is shown in Fig. 1. The figure shows
the number of started activities, completed activities, and activities in progress. The
blue line represents the number of started activities. The green line and the red line
represent the number of completed activities and activities in progress, respectively.
The red line shows that the number of started activities steadily rose until early June,
then decreased afterwards.

The workload analysis can be performed according to each resource or each
activity. In the case of workload analysis based on resources, it is possible to analyze
the number of activities of a particular resource in a certain period. The workload
analysis helps to find where the overload points are and which resource has piled the
activities in progress. Likewise, in the case of workload analysis based on activities, it
provides information on how much of the workload is assigned to a particular activity.

Comparison for workload analysis between the planned and the actual proceeds as
follows. First, workload analysis of the planned and the actual are performed indi-
vidually. Based on the results, we calculate the statistical measures for the activities in
progress and then compare them. The statistical measures include average, median,
maximum, and minimum values. If the measures of the actual are higher than the
planned values, we need to compare the values of the started and completed activities
as well. Through this comparison, we can detect problems such as where the activities
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are being overloaded and where the activities are not being completed in time. In
addition, it is possible to understand the current state of the manufacturing processes
and the diagnosis of problems through the workload analysis.

4.2 Delay Analysis

In make-to-order industries, delay is one of the factors causing the most common cost
problems [1]. Delay analysis is performed to identify delayed activities and resources
causing delays and to calculate the extent of delays. We define two measures, such as
the delay based on completion date of an activity and the delay based on processing
time. The delay is usually defined as an activity being completed later than the planned
completion date [17]. Definition 4 shows the delay based on completion date.

Definition 4. (Completion date-based Delaytime ()) For aq 2 A and e = (e0, e1, e2,…)∈L,
compeletion date-based Delaytime:

Completion date� based Delaytime ei; aq
� � ¼ pctr eið Þ � pctp eið Þ

where pctr eið Þ 6¼ null ^ pa eið Þ ¼ aq

The calculation of the delay based on the completion date is useful when meeting
deadline is the most important. However, it does not provide sufficient information,
because the delay on completion date might be caused by a late start. That is, if a
preceding activity is delayed, then following activities seem to be delayed though
processing times of activities are not delayed at all. Therefore, the delay based on the
processing time has to be measured as the second method. The calculation is measured
by how long the actual processing time of an activity is compared with the planned time.

Fig. 1. An example of workload analysis (Color figure online)
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Definition 5. (Processing time-based Delaytime ()) For ei = (e0, e1, e2,…)∈L and
aq 2 A, processing time-based Delaytime:

Processing time� based Delaytime ei; aq
� �

¼ pctr eið Þ � pstr eið Þð Þ � pctp eið Þ � pstp eið Þ� �
where pctr eið Þ 6¼ null ^ pa eið Þ ¼ aq

In conducting delay analysis, we first calculate the delays based on completion date
and processing time. Then, we set the criteria for dividing the extent of the delays from
discussion with the domain experts. Based on the results, we derive the ratios for each
groups that is divided by the criteria. By doing so, activities that are frequently delayed
can be detected. Likewise, it is possible to conduct the delay analysis from the resource
perspective as well.

5 Case Study

In this section, we discuss a case study performed to validate the proposed method. The
event logs are the offshore plant manufacturing process provided by Hyundai Heavy
Industries Co., one of the major shipbuilding companies in the world. The case study is
subdivided into data preparation, analysis, and discussion steps. In the data preparation,
we collected the event logs from the company and performed the data preprocessing.
Next, in the analysis, the performance analysis was conducted. Finally, the overall
results are discussed, including comments from the domain experts in the discussion
part.

5.1 Data Preparation

The event logs were collected from the information system in the company. This
contains event logs for four ongoing projects. The attributes of the collected data are
ProjectID, ModuleID, BlockID, ActivityCode, ActivityName, planned started and
completed dates, actual started and completed dates, DepartmentCode, and Depart-
mentName. Among the attributes, we used BlockID as a case, ActivityCode as an
activity, and DepartmentCode as a resource. The started and completed dates for plan
and started and completed dates for result are utilized as timestamps.

Data preprocessing was performed because the raw data are incomplete, incon-
sistent, and contain noise. In the data preprocessing, data cleansing, data transforma-
tion, and data conversion were conducted. Figure 2 shows the overall events of the logs
using a dotted chart [15]. In the chart, we recognized events that have null in the
resource attribute and filled in the proper values using the existing information.

Furthermore, we found that a start date of an activity was incorrect. Thus, data
cleansing was done by domain experts. Finally, the data were converted into data types
suitable for process mining (i.e., MXML, XES). As the result of the data preprocessing,
the event logs were generated as follows: approximately 700 blocks, 1400 activities,
200 activity types, and 12 departments.
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5.2 Workload Analysis

We conducted workload analysis to understand the degree of workload of each
department and each activity using the event logs.

Figure 3 is a result of the workload analysis on Department_a. The upper graph in
Fig. 3 visualizes the workload analysis result for the planned and the graph below is for
the actual. According to the planned, there are 21 concurrent activities on average.
However, the actual number of on-going activities is 39 on average. Furthermore, in the
case of the maximum number of activities, it is 64 on the planned while the actual is 95.

Fig. 2. An example of dotted chart results

Fig. 3. Workload analysis results: department a
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This shows that there were more concurrent on-going activities in practice than as
planned. A problem regarding the overload can be found through additional compar-
ison between the number of started and completed activities. The problem was caused
by the completed activities that did not terminate in time as the planned. This led to an
increase in the number of on-going activities. Even though the department started the
activities 40 days earlier than they were planned, the activities were delayed and
completed 20 days later. Figure 4 shows the workload analysis on the activities per-
formed by Department_a. Among the five activities, Activity 2, Activity 3, and
Activity 5 have the same problem shown in Fig. 3.

5.3 Delay Analysis

We performed the delay analysis to determine the degree of the delays on each activity
and each department using event logs. There are two criteria when measuring the
delays, completion date-based and processing time-based. As shown in Fig. 5, the
delay analysis was carried out for the top 10 most frequent activities out of 200.

Seven criteria were defined considering the extent of the delays. For instance, in
Fig. 5(a), activities with no delay were classified into Criterion 1. Activities with less
than five days of delay were classified into Criterion 2. Similarly, we classified
activities with less than 10 days of delay into Criterion 3, less than 40 days of delay into
Criterion 4, less than 50 days of delay into Criterion 5, less than 100 days of delay into
Criterion 6, and 100 days and more of delay into Criterion 7. In the same way, we

Fig. 4. Workload analysis results: activities of department a
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classified each activity by the processing time in Fig. 5(b). Afterwards, we calculated
the frequency ratios for each criterion and visualized them in Fig. 5. In Fig. 5(a), we
can identify that Activity_26 and Activity_27 were performed 90 % of the time with no
delay. In contrast, Activity_93 and Activity_92 were mostly delayed. To understand
the number of delays based on processing time, Fig. 5(b) is shown. Activity_93, which
was delayed over 90 % of the time in Fig. 5(a), was completed 65 % without any delay
in Fig. 5(b). The main reason why Activity_93 was more delayed in the completion
date-based scheme rather than the processing time-based scheme is the actual started
date itself was delayed from the planned date.

5.4 Discussion

The previous section showed that performance analysis including workload analysis
and delay analysis can be applied to real data. To evaluate the suggested method, we

(a) Completion date based

(b) Processing time-based

Fig. 5. Delay analysis results: Activity perspective
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had several meetings with domain experts. Through the discussions, we obtained
feedback on the results as follows.

A department located outside the factory can cause delays or overloads. In the
results of workload analysis and delay analysis, Department_a had problems.
According to the results of workload analysis, there were more activities in progress in
actual processes than in planned processes in Department_a. In addition, we found that
approximately 60 % of activities performed by Department_a were delayed from the
results of processing time-based delay analysis. Through the discussion, we discovered
that Department_a was located outside the factory, which makes it difficult to control
and manage compared with other departments.

In addition, we found that some reworked activities were delayed. If a product with
defects is found, reworks of activities are unavoidable to repair it. Once an activity is
reworked, it typically takes a few more weeks compared with the planned, thus
reworked activities may cause delays. For example, in the case of painting activities,
they had been delayed by frequent reworks because the activities have a high failure
rate.

Besides, there were other factors to bring about delays and overloads. Activities
performed in the rainy season were more frequently delayed than activities in other
seasons. About 37 % of delayed activities were performed in June to July, when the
rainy season starts in Korea. In addition, improper planning of activities may cause
overloads because low-priority activities would be delayed to deal with unexpected
conditions. For example, if the number of resources is significantly changed from the
plan or if raw materials do not arrive in time, the activity would not be completed at the
planned date and the number of activities in progress would pile up.

We introduced performance analyses to determine which activities or departments
have problems based on the results. Our study has an advantage in understanding the
current situation by comparing the actual processes with the planned processes. On the
other hand, it is difficult to identify exact causes of problems through the results. This
limitation can be overcome by discussion with domain experts, as presented above. In
addition, although most of the other analyses have the same issue, the results of the
suggested performance analyses are highly dependent on the quality of data because
event logs used in this research consist of planned data and actual data. For that reason,
this study needs well-structured data from MES to obtain meaningful information from
the obtained results.

6 Conclusion

This paper provided characteristics of manufacturing processes in make-to-order pro-
duction and proposed a method for performance analysis including workload analysis
and delay analysis. Workload analysis, which analyzes the degree of workload, and
delay analysis, which examines the degree of delay in the activity and the resource
perspectives, were proposed. In addition, a case study was conducted to validate the
proposed method. In the case study, we were able to understand the current situation
and detect the causes of the problems by comparing the planned with the actual
processes. As future work, we plan to analyze a method to make a plan for precisely
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processing time of activities considering the level of difficulty of an activity measured
by the results of performance analysis. At present, it is difficult to predict the processing
time of each activity because even if the activities are the same, the processing time of
an activity varies according to the level of difficulty. Therefore, reflecting the level of
difficulty in conducting activities can be a solution to design a proper plan. In addition,
we intend to develop an indicator that provides the degree of how much actual pro-
cesses deviate from planned processes. Although conformance checking detects and
quantifies inconsistency between event logs and models, it needs to be extended to deal
with the manufacturing processes in make-to-order production. After discussion with
the domain experts, we determined that not only activity relation and frequency but
also resource, processing time, and detailed parallel relations should be considered
when analyzing the conformance checking. Hence, we propose to study comprehensive
conformance checking analysis for manufacturing processes in make-to-order indus-
tries using process mining.

Acknowledgments. This research was supported by the Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the Ministry of Education,
Science and Technology (No. 2011-0010561).

References

1. Alkass, S., Mazerolle, M., Harris, F.: Construction delay analysis techniques. Constr.
Manag. Econ. 14, 375–394 (1996)

2. Bozkaya, M., Gabriels, J., Werf, J.: Process diagnostics: a method based on process mining.
In: International Conference on Information, Process, and Knowledge Management,
eKNOW 2009, pp. 22–27. IEEE (2009)

3. De Weerdt, J., Schupp, A., Vanderloock, A., Baesens, B.: Process mining for the multi-
faceted analysis of business processes—a case study in a financial services organization.
Comput. Ind. 64, 57–67 (2013)

4. Edgar, T.F., Butler, S.W., Campbell, W.J., Pfeiffer, C., Bode, C., Hwang, S.B.,
Balakrishnan, K., Hahn, J.: Automatic control in microelectronics manufacturing:
practices, challenges, and possibilities. Automatica 36, 1567–1603 (2000)

5. ElMaraghy, H.A.: Reconfigurable process plans for responsive manufacturing systems. In:
Cunha, P.F., Maropoulos, P.G. (eds.) Digital Enterprise Technology. Perspectives and
Future Challenges, pp. 35–44. Springer, Heidelberg (2007)

6. Harding, J., Shahbaz, M., Kusiak, A.: Data mining in manufacturing: a review. J. Manuf.
Sci. Eng. 128, 969–976 (2006)

7. Hernandez-Matias, J.-C., Vizán, A., Hidalgo, A., Ríos, J.: Evaluation of techniques for
manufacturing process analysis. J. Intell. Manuf. 17, 571–583 (2006)

8. Hornix, P.T.: Performance analysis of business processes through process mining. Master’s
thesis, Eindhoven University of Technology (2007)

9. Jeon, D., Yahya, B., Bae, H., Song, M., Sul, S., Sutrisnowati, R.: Conceptual framework for
container-handling process analytics. ICIC Express Lett. 7, 1919–1924 (2013)

10. Lin, H., Fan, Y., Newman, S.T.: Manufacturing process analysis with support of workflow
modelling and simulation. Int. J. Prod. Res. 47, 1773–1790 (2009)

150 M. Park et al.



11. Mans, R.S., Schonenberg, M.H., Song, M., van der Aalst, W.M.P., Bakker, P.J.M.:
Application of process mining in healthcare – a case study in a Dutch hospital. In: Fred, A.,
Filipe, J., Gamboa, H. (eds.) BIOSTEC 2008. CCIS, vol. 25, pp. 425–438. Springer,
Heidelberg (2009)

12. Mohamed, N., Khan, M.: Decomposition of manufacturing processes: a review. Int.
J. Automot. Mech. Eng. 5, 545–560 (2012)

13. Rozinat, A., de Jong, I.S., Gunther, C., van der Aalst, W.M.P.: Process mining applied to the
test process of wafer scanners in ASML. IEEE Trans. Syst. Man Cybern C Appl. Rev. 39,
474–479 (2009)

14. Son, S., Yahya, B., Song, M., Choi, S., Hyeon, J., Lee, B., Jang, Y., Sung, N.: Process
mining for manufacturing process analysis: a case study. In: Proceeding of 2nd Asia Pacific
Conference on Business Process Management, Brisbane, Australia (2014)

15. Song, M., van der Aalst, W.M.P.: Supporting process mining by showing events at a glance.
In: Proceedings of the 17th Annual Workshop on Information Technologies and Systems
(WITS), pp. 139–145 (2007)

16. Song, M., van der Aalst, W.M.P.: Towards comprehensive support for organizational
mining. Decis. Support Syst. 46, 300–317 (2008)

17. Talluri, S.: A benchmarking method for business-process reengineering and improvement.
Int. J. Flex. Manuf. Syst. 12, 291–304 (2000)

18. Tsung, F., Zhou, Z., Jiang, W.: Applying manufacturing batch techniques to fraud detection
with incomplete customer information. IIE Trans. 39, 671–680 (2007)

19. van der Aalst, W.M.P., Adriansyah, A., van Dongen, B.F.: Replaying history on process
models for conformance checking and performance analysis. Wiley Interdiscip. Rev. Data
Min. Knowl. Discov. 2, 182–192 (2012)

20. van der Aalst, W.M.P., Reijers, H.A., Weijters, A.J., van Dongen, B.F., de Alves Medeiros,
A., Song, M., Verbeek, H.: Business process mining: an industrial application. Inf. Syst. 32,
713–732 (2007)

21. van der Aalst, W.M.P., Schonenberg, M.H., Song, M.: Time prediction based on process
mining. Inf. Syst. 36, 450–475 (2011)

22. Vignat, F., Villeneuve, F.: Simulation of the manufacturing process, generation of a model
of the manufactured parts. digital enterprise technology. In: Cunha, P.F., Maropoulos, P.G.
(eds.) Digital Enterprise Technology, pp. 542–552. Springer, Heidelberg (2007)

23. Wang, Z., Du, P., Yu, Y.: An intelligent modeling and analysis method of manufacturing
process using the first-order predicate logic. Comput. Ind. Eng. 56, 1559–1565 (2009)

24. Wen, L., Tuffley, D.: Formalizing manufacturing process modeling using composition trees.
Adv. Mat. Res. 399, 1852–1855 (2012)

Workload and Delay Analysis in Manufacturing Process Using Process Mining 151


	Workload and Delay Analysis in Manufacturing Process Using Process Mining
	Abstract
	1 Introduction
	2 Related Work
	3 Characteristics of Make-to-Order Manufacturing Processes
	4 Analysis for Measuring Performance on Manufacturing Processes
	4.1 Workload Analysis
	4.2 Delay Analysis

	5 Case Study
	5.1 Data Preparation
	5.2 Workload Analysis
	5.3 Delay Analysis
	5.4 Discussion

	6 Conclusion
	Acknowledgments
	References


