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A Life Cycle—Based Performance—Centric Business Process Management
Framework For Continuous Process Improvement
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Abstract

Many enterprises have recently been pursuing process innovation or improvement to attain
their performance goal. To comprehensively support business process execution, the concept of
business process management (BPM) has been widely adopted. A life cycle of BPM is composed
of process diagnosis, (re)design, and enactment. For aligning with enterprise strategies, all BPM
activities must be closely related to performance metrics because the metrics are the drivers and
evaluators of business process operations. The objective of this paper is to propose a life
cycle-based BPM framework integrated with the process-based performance measurement
model, in which business processes are systematically interrelated with key performance
indicators (KPIs) during an entire BPM life cycle. By using the proposed BPM framework,
company practitioners involved in process innovation projects can easily and efficiently find the
most influencing processes upon enterprise performance in the process diagnosis phase, evaluate
the performance of newly designed process in the process (re)design phase, monitor the KPIs
of new business process, and adjust business process activities in the process execution phase
through the BPM life cycle.

B keyword : | Business Process Management | Business Process Simulation | Process Improvement | Process
Mining | Business Performance Management |
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I, Introduction

Most enterprises are struggling to change their
existing business processes into agile, product- and
customer-oriented structures to survive in the
competitive and global business environment. In
today’s dynamic business environment, the ability to
improve performance is a critical requirement for
business organizations. Therefore, many enterprises
have recently been pursuing business process
mmnovation or reengineering to attain  their
performance goals[11[2].

A business process is defined as a sequence of
activities to achieve a complete business goal. To
comprehensively support business process execution,
the concept of business process management (BPM)
has been widely adopted in most enterprises.

BPM is defined as the identification, understanding,
and management of business processes linked with
people and systems and across organizations.

Over the last decade BPM has become a mature
discipline, with a well-established set of principles,
methods and tools that combine knowledge from
information technology, management sciences and
industrial engineering with the purpose of improving
business processes[3][4].

The BPM life cycle is composed of process
diagnosis, (re)design, and execution/monitoring phase.
In the diagnosis phase, the operational processes are
analysed for identifying problems and finding
bottlenecks the

(re)design phase, to-be processes are newly designed

for improvement. In process
and their performance is evaluated. In the execution
phase, business activities are monitored, coordinated
and controlled continuously for better performance.

BPM

activities must be closely related to performance

For aligning with enterprise strategies,

metrics because the metrics are the drivers and

evaluators of business processes. Since the metrics
indicate how well the business is doing relative to a
defined strategy, they help managers to derive better
business decisions.

Therefore, for effective BPM, it is imperative to
establish the relationship between business processes
and performance metrics, before deploying the BPM
system.

However, current measurement practices have not
clearly defined and managed the relationships
between business processes and key performance
(KPIs).

performance measurement model is needed to provide

indicators Therefore, a process—based
a systematic link between organizational strategy,

resources, and business processes.

Process
Diagnosis

Process
Execution/
Monitoring

Process
(Re)Design

Figure 1. Life cycle—based Performance— centric
BPM framework

The objective of this paper is to propose a life
cycle-based BPM framework, as shown in [Figure 1],
which is integrated with the
performance measurement model (PPMM), in which
all BPM activities are closely related and linked with
KPIs

performance management.

process—based

during an entire BPM cycle for better



46 SHRIEHIXSEHS|=2X| 17 Vol. 17 No. 7

Proposed framework is the integrated results of our
previous research[5-10].

The rest of this paper is organized as follows.
Section 2 describes related works. Section 3 reviews
the PPMM, which is an underlying scheme of
performance-centric BPM. Section 4 describes
procedure and method for implementing BPM system
based on PPMM. Finally, the last section summarizes
the results and suggests directions for further

research.

I, Related Works

Of the research related to the performance
measurement of an enterprise, Munehira et al
suggested that it is necessary to specify which
processes should be improved or created to achieve
the business performance goals described in BSC
(Balanced Score Card). For this purpose, they defined
the relations between BSC structure and business
model elements. Yet they did not implement their
proposed method to a real business casel[11].

Ariyachandraa and Frolick presented a framework
for BPM, and suggested the major critical success
factors that will influence the success of a BPM
initiative[12]. Kim and Shin proposed ISO 9001
Quality Management System based on BPM, and
implemented quality management system called
KQMS (KISTI Quality Management System)[13].

In the previous research, author of this paper
proposed the performance measurement framework
called PPMF  (Process—hased

Measurement Framework) comprised of three

Performance

sub—models as follows: a process model, a KPI model
and a K-P (KPI-Process) model[5]. By using above
proposed framework, the influencing impacts of

process/sub—process upon KPIs can be traced to, and

the contribution of tactical/ operational level KPIs on
strategic level KPIs can be easily calculated.

Author of this paper also proposed two-stage
business process analysis for the process
improvement, which covers diagnosis and (re)design
phase of BPM life cycle, based on PPMF and
business process simulation (BPS)[7].

In the diagnosis phase of BPM life cycle, for
discovering unknown process model and identifying
bottlenecks in an existing processes based on process
mining approach, Van der Aalst et al made a case
study which describes the application of process
mining, in order to evaluate the performance of
process and to identify  opportunities  for
improvement[14]. They applied process mining
approach using ProM software[15].

Garg and Agarwal applied some of the process
mining techniques with the help of Petri net on the
real time data of a private community hospital to get
meaningful information and knowledge about these
flow, for example discover paths followed by
particular groups of patients[16]. Choi et al. analyzed
repair processes of electronic devices using process
mining approach. In this research, the method for
finding major failure patterns is proposed by
multi-dimensional data analysis[17].

One of the key areas for applying simulation is
BPM in which the simulation method is applied to
analyze, improve, and redesign the processes and
increase productivity[18][19]. April et al suggested
the usefulness of simulation for the business process
re—engineering (BPR) by presenting the case study of
a personal claims process at an insurance
company[20]. the simulation method is applied to
analyze, improve, and redesign the processes and
increase productivity. Safari discussed and provided a
practical end-to-end process for business process

modeling and simulation in service industries on a
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detailed level[21].

Sahraeidolatkhaneh and Han proposed the BPM
framework to integrate the diagnosis and (re)design
phase of BPM life cycle by sharing automatically
generated process model and basic statistics in the
diagnosis phase based on the process mining
method[10].

In the area of business activity monitoring (BAM),
Broda et al. proposed key steps and critical success
factors to BAM implementation. The key steps are as
follows: define a vision, establish the data model,
build real-time data streams, and roll out operational
dash boards. They suggested that the critical success
factors are performance, heterogeneous data access,
and usability[22].

Jiang et al. developed a statistical process control
(SPC) framework to identify important changes
deserved in business activity monitoring. To model
and track thousands of diversified customer
behaviors, the proposed SPC system consists of
efficient and robust profiing methods to
accommodate different behavior patterns including
business changes, structural breakdowns, and
unnecessary errors[23].

Han and Kang identified critical success factors for
BAM system implementation, and developed BAM
system prototype for global automotive company[6].
Our previous research proposed BAM system design
framework integrated with the process—based
performance measurement model (PPMM), in which
KPIs are closely related with business processes[8].

For efficient BAM, author proposed an ECA rule
pattern to remedy current limitations of the ECA rule
for CEP (Complex Event Processing) and develop a
prototype system based on the proposed ECA rule
pattern[9].

As reviewed in the above, most research deal with

methods and approaches suitable for each phase of

BPM life cycle. So, in the BPM area, the integrated
approaches dealing with whole BPM life cycle

focused on performance have not been proposed.

Ill, Process—Based Performance
Measurement Model

The general objectives of enterprise performance
management system are as follows: measure
performance against key customer requirements,
make strategic objectives clear, focus on core
processes, focus on critical variables, signal where
performance is headed, identify which critical factors
require attention, and provide an unambiguous basis
for assessing and rewarding performance[24].

Especially, in terms of focus on the business
processes, the need for systematic performance
measurement based on business processes has been
steadily increasing. However, the proper correlation
scheme between business processes and KPIs (Key
Performance Indicators) is not clearly established in
the current measurement practices.

As a result, in the diagnosis phase of BPV] it is
difficult to decide which process should be improved
to achieve a specific performance goal, or which
performance index is influenced when a specific
business process is executed successfully. In the
execution phase, it is also difficult to decide which
KPIs or business processes are monitored and to
define the relationships between monitored KPI and
other  KPIs.

measurement model that is closely correlated to

Consequently, a  performance
business processes should be established to achieve
the goal of an enterprise.

The proposed PPMM (Process-based Performance
Measurement Model) consists of three sub-models, as

shown in [Figure 2]: KPI model, process model, and
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Figure 2. Process—based Performance Measurement Model

K-P model.

Firstly, KPIs are hierarchically classified into three
levels in the KPI model according to the following
management decision level: strategic level KPI (SLK),
tactical level KPI (TLK), and operational level KPI
(OLK). The contribution index having a 3-point scale,
which is a measure of the contribution of a specific
KPI to other same level or higher level KPI is
determined in the KPI model.

Secondly, business processes are classified into
three levels in the process model in accordance with
the size of the process span as follows: enterprise
level, process level, and sub-process level. Each
sub-process has a network composed of unit
activities.

The definition of process, sub—process and activity
in this paper is compliant with the definition of
workflow management coalition (WEMC)[25]. For
example, process model of Case Company S consists
of 14 main processes as follows: understand market

and customers, develop vision and strategy, research

and development, engineering, marketing and sales,
purchasing, production, customer satisfaction, manage
information, manage human resource, finance, execute
environmental ~management — program, —manage
external relationships, and manage changes. And total
number of sub-processes is 84.

Finally, the K-P model represents the relation
between KPI and business process. Enterprise,
process, and sub-process levels in the process model
correspond to SLK, TLK, and OLK in the KPI model,
respectively. The influence index having a 3-point
scale, which is a measure of the influence of a
business process on a specific KPI, is determined in
the K-P model.

[Figure 3] shows the integrated view of PPMM of
the Case Company S. In the left side of [Figure 3]
(K-P model), influence index of ‘production’ process
upon the ‘output quantity’ TLK (numbered as @) is
marked as 3, which means major influence. The
detailed systematic procedure to develop a PPMM in

an organization was previously addressed by author
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Figure 3.Integrated view

of this paper[5].

IV. Performance—Centric BPM Framework

1, Diagnosis Phase

The diagnosis of business processes conventionally
conducted by with

questionnaires, and direct observation of business

was interviews users,
processes.

If the event data exists within the application
system, the above tasks can be done efficiently and
rapidly. The application system of enterprises usually
records event data such as tasks that have been
executed, their order of execution, and the process
instance they belong to.

These event data can be used to extract knowledge

of PPMM (simplified)

about the process, and therefore they are especially
useful for the purpose of business process diagnosis.

Event data are analyzed using process mining
approaches such as the process discovery for
the

perspective to find relationships between performers,

discovering  control  flow, organizational
and the data perspective and performance perspective
to find bottlenecks[26-28].

Process mining as a bottom—up approach is recently
used in the diagnosis stage to find weak points for
making the
processes[11[101[17].

In parallel with the process mining approach,

Improvements in business

what-if analysis as a top-down perspective is
performed based on PPMM during the diagnosis
phase to determine which processes should be

executed successfully to achieve a target SLK.
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First of all, the TLKs with the greatest contribution
to the target SLK in the KPI model are identified, and
then the business processes that directly influence the
target TLK in the K-P model can be selected as
candidate business processes. If no process directly
influences the target TLK, we alternatively use a
target OLK with the greatest contribution to the
target TLK in the KPI model, and then identify a
sub—process that directly influences the selected
target OLK in the K-P model. Then the higher level
process of the identified sub—process can be selected
as a candidate process in the process model.

The use of PPMM enables another problem to be
addressed: determining which SLKs are influenced if
a target process or sub—process is innovated or
improved. To solve this problem, the TLK that is
influenced by the target process in the K-P model
should be identified, after which the SLKs that are
contributed by the selected TLK in the KPI model can
be determined.

At the sub—process level, we can also determine
firstly the OLK that is influenced by the target
sub-process in the K-P model, secondly the TLK that
is contributed by the selected OLK, and thirdly the
SLKs that are affected by the selected TLK in the
KPI model.

For example, in the Case company S, the problem
is to select process and sub-process we need to
improve for enhancing the ‘productivity’ SLK of
internal process perspective. By using the PPMM,
we identify that the major contributing TLK to the
‘productivity’ SLK is ‘output quantity’ in the KPI
model (arrow number @), as shown in Figure 3.
Then we determine that the major influencing process
on ‘output quantity’ TLK is ‘production’ process in the
K-P model (arrow number ).

To find the major influencing sub-process, we see
that the major contributing OLK to the ‘output

quantity’ TLK is ‘Mean time to repair (MTTR) in the
KPI model (arrow number ). This result indicates
that the major influencing sub—process on ‘MTTR’
OLK is ‘equipment maintenance’ sub-process in the
K-P model. Finally, we find that ‘equipment
maintenance’ is the sub-process of ‘Production’

process in the process model (arrow number @).

2. (Re)design Phase

In the (re)design phase, business performance is
measured for newly designed processes with respect
to metrics established in PPMM. Simulation method
is usually used for detailed business process analysis,
due to its ability to evaluate the impact of process
changes and new processes in a model environment.

After the what-if macro analysis in the diagnosis
phase, micro process analysis is performed. Micro
process analysis, which is a kind of quantitative
business process analysis using a simulation tool,
focuses on evaluating the ability to meet performance
requirements with respect to throughput time, service
level, and resource utilization, etc. OLKs are used as
metrics for (re)design phase, whereas SLKs and
TLKs are major concerns of the diagnosis phase.

After the target business process is selected for
mnovation or improvement in the diagnosis phase, the
performance of the as-is process is reviewed, after
which a to-be process is newly designed.

At the re(design) phase, the process simulation for
performance prediction of the newly designed process
is conducted as follows. Firstly, a process model is
built by using simulation software. Next, simulation
parameters such as processing time and other
experimental data for each activity of the business
process are prepared.

In this step, the statistics such as inter-arrival time
of cases and probability distribution of processing

time of each activity and discovered process model
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which represents the activity sequence and control
flow already built in the diagnosis phase based on the
process mining method is directly used.

During the

performance metrics are measured and compared with

simulation — execution,  various
the actual performances of existing process for
evaluating the to-be process.

As an example in the Case company S, we
addressed the problem of process improvement of
‘equipment maintenance’ sub—process for reducing
MTTR OLK identified in the diagnosis phase.

After reviewing the current performances of the
existing ‘equipment maintenance’ sub—process, the
to-be process is redesigned in a form of UML
(Unified Modelling Language) activity diagram as
shown in [Figure 4]. In the as-is sub-process, repair
man records each repair result after the task of “test”
and “replace”. These are duplicate tasks with “record
results” activity of clerk. Therefore, these activities

are omitted in the re-designed sub-process.

Clerk Repair Man

Registration

Record Results

Figure 4, New ‘equipment maintenance’ sub—process

This sub-process consists of six activities. 1)
register maintenance request, 2) categorize failure, 3)
repair, 4) test, 5) replace, 6) record results. The role
of clerk is performed by a single worker, and repair
operations are executed by a labour pool comprised of
8 workers.

For the performance prediction of the new process,
a simulation model is built using ExtendSim tool[29].

One month period, which has 160 hours with
additional 40 hours warming-up time, is simulated
and several performance metrics are measured. Core
performance indicator of equipment maintenance
sub-process is average throughput time from the
start of maintenance request registration to the end of
result recording.

The predicted average throughput time for new
process is 7.27 hours by simulation experiment. The
trend of throughput time is plotted versus simulation
time in [Figure 5], which shows stabilization of
average throughput time as simulation time proceeds.
The results indicate that the average throughput time
of new process is reduced by 12 %.

W mEe wen o naw e s maw  een wiw maw wne m

Figure 5. Average throughput time trends

3. Execution Phase

During the execution phase, a BAM (Business



52 SIFEHIXSIS|=2X| 17 Vol. 17 No. 7

Activity Monitoring), which is closely linked to KPIs
through the PPMM, is conducted for providing
real-time access to critical business performance
indicators to improve the speed and effectiveness of
business operations[8].

The goal of BAM is to provide real-time
information about the status and results of various
business operations, processes, and transactions.
Representative feature of BAM is that it monitors
many enterprise information systems simultaneously
and displays exceptional situation on the dashboard if
symptoms of problem are identified by pre-defined
rules[6].

During the execution phase of business process, the
impact of each unit task's performance on the
enterprise-level performance can be monitored and
measured in real-time, and the analysis result of
monitoring activities can be reflected to the business
process operations by integrating proposed PPMM
and the BAM system function.

For the successful BAM, first of all, monitoring
objects of which performance should be measured in
real-time are selected. Candidates for real-time
performance measurement in an enterprise are
categorized into two groups: One group is such KPIs
that are significant to attain an enterprise goal
through the real-time performance measurement.
Target KPIs for monitoring can be selected based on
KPI model of PPMM at any KPI level. The other
group is such business processes that should be
controlled and executed by the enterprise BPM
system. PPMM in this paper is used for determining
which processes should be executed without error to
achieve a target SLK.

For example, in the Case company S, ‘efficiency of
cooperation with venders’ of customer perspective is
selected as a target SLK for BAM.

Since SLK is enterprise level, it is too broad in

scope and difficult to calculate and monitor
comprehensively. Therefore, most contributing TLK
to selected SLK is the candidate KPI for monitoring.

Based on the PPMM, we identify that the most
contributing TLK to this SLK is ‘material supply
cooperation with vendor (MSC)’ in the KPI model.
The contributing OLKSs for this TLK can be found in
the KPI model. These are on-time collaborative
(OTCD),
emergency material order rate (EMO).

design on-time supply (OTS) and
As a result, ‘material supply cooperation with
vendor is selected as a monitoring object, and is
calculated by weighted average of 3 contributing
OLKs as mentioned abhove. Its formula is as follows:
MSC=3/7«OTCD+3/7+0TS+ 1/7+(100-EMO) (1)
In the equation (1), the weight of each OLK is the
amount of contributions to TLK, which is specified in
PPMM.
[Table 1] explains meaning of terms used in the

above equation

Table 1, Meaning of terms used in the equation(1)

Term Meaning calculation
. (monthly # of on-time
on—time ) ) )
OTCD collaborative collaborative design completion)
design / (monthly compl‘eted total # of
collaborative design) * 100
oTs on—time (monthly # of on—time supply /
supply monthly total # of supply) * 100
emergency monthly # of issued emergency
EMO material order | order) / (monthly total # of
rate purchase order)* 100
Material SupplyCooperation' TLK Trend

2009.8.25

2009, 8 Status of Material Supply Cooperation TLK

Menthly Trend of MSC

Figure 6. Display of KPI monitoring
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[Figure 6] shows dashboard for the monitoring of
‘material supply cooperation with vendor’ TLK trend.
The left part shows the status of certain month as a
bar chart: The upper bar represent current status of
‘material supply cooperation’ index by weighted
average of other three indexes as formulated above.
Lower three bars describe the current status of three
OLKs contributing to MSC SLK. The right part of
[Figure 6] shows monthly trend of MSC index as a
graph of broken line.

V. Conclusions

Whether the enterprise focuses on profitability,
earning per share or market share growth, hitting
such goals is becoming ever more challenging. To
cope with these challenges, companies must analyze,
(re)design, monitor and manage their processes to
align with business performance.

The paper proposes life cycle-based BPM
framework integrated with the process—based
performance measurement model, in which all BPM
activities are closely related and linked with KPIs
through the entire BPM life cycle for better
performance management.

By using the proposed performance-centric BPM
framework, company practitioners involved in the
process innovation projects can easily and efficiently
find the most influencing processes upon enterprise
performance in the process diagnosis phase, evaluate
the performance of newly designed process in the
process design phase, and monitor the KPIs of new
business process and the process itself during the
process enactment phase.

Currently, the implementation of BPM framework
in this paper is a stand-alone system since it is built
on an Excel sheet. In the near future, further research

will be required to develop an integrated information
system supporting the PPVIM.

Moreover, as well as the importance of business
process to an enterprise performance, knowledge is
also treated as a critical driving force for attaining
enterprise performance goals because knowledge
facilitates the better business decision makings in a
timely fashion.

Therefore, as a further research, development of
process—centered enterprise  structure integrating
process, performance and knowledge in a value chain

context is needed.
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