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This methodology could assist companies to reengineer their
processes or activities based on the IT applications.
Meanwhile, a process support information system could be
analyzed and developed based on this approach.
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Abstract

To enhance the efficiency of the facility
management processes of campus, this study
applies the business process reengineering
philosophy for campus facility management
by adopting the Radio-Frequency
Identification (RFID) and GIS technologies.
New activities will be addressed for the
facility management process since the RFID
and GIS technologies provide new operation
methods. Therefore, once the RFID and GIS
technologies are adopted as the tools for
facility management, the related processes
will be driven to be reengineered. Moreover,
for facilitating the RFID/GIS-supported
facility management process, this study
integrates the RFID and GIS technologies to
develop the Campus Facility Management
Information System (CFMIS) based on the
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reengineered process. Accordingly, the match
of the facility management process and the
developed information system will be
ensured.

Keywords: business process re-engineering
(BPR), System analysis and system design
(SASD), Radio Frequency Identification
(RFID), geographic information system (GIS),
facility management
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ABSTRACT

Benchmarking philosophy was applied to construction management process reengineering so that
process managers can reengineer processes by learning the best-practice company’s process. For this
purpose, this paper addressed the process adaptability evaluation method to assist managers
determining the best-to-learn process from the best-practice companies. By using the proposed
method, the Adaptability Index (Al) can be calculated to represent the acceptance degree of each
best-practice process. Not only the process similarity but also the process communication ease was
considered as the primary factors to evaluate the Al value. The higher the Al is, the more suitable the
process is. Accordingly, the project team can determine the best-to-learn process in accordance with
the evaluated Al value.

KEYWORDS
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companies. However, not only redesigning a

1. INSTRUCTIONS process in a manner that relies upon a trial and

The phrase “business process reengineering”
(BPR) first appeared in 1990 which attempts to
achieve dramatic improvements in critical
measures of performance by using the power of
current information technology (IT) to rethink
and  redesign the  business  process
fundamentally and radically[1]. Referring to the
original BPR philosophy, the construction
management process reengineering (CMPR)
model was addressed by Cheng and Tsai [2] to
reengineer the critical processes of construction

error approach may be time consuming due to
lack of data and experience, but also the
effectiveness of the newly redesigned process’
cannot be insured because validation work can
begin only after implementation, process
reengineering is treated as a high risk solution
to business performance enhancement.
Accordingly, if a construction company can
redesign its processes based on the best-practice
companies’ process, the risk and duration of
process reengineering project may be decreased.
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Following this idea, a method applying the
benchmarking philosophy to construction
management process reengineering  was
proposed in this paper. Process managers can
redesign processes by learning the best-practice
process best suited to  benchmarking
companies[3][4].

Therefore, this study focuses on determining
the most suitable best-practice processes for a
benchmarking construction company. The most
suitable processes that would be learned by the
benchmarking company are defined as those
with characteristics similar to the reengineered
process, which should be implemented most
smoothly in the benchmarking company. That
is, the process similarity and the degree of
communication ease are two factors of best-
practice processes needing to be evaluated. The
higher process similarity is, the more similar
functions and information items the compared
processes have, and the lower degree of
communication ease the best-practice process
has, the more smoothly it would be
implemented in the benchmarking company.
Accordingly, a conceptual idea of process
adaptability evaluation method integrating the
semantic similarity and the trend model
methodologies to determine the process
similarity and communication ease of best-
practice processes respectively was proposed in
this paper.

The process adaptability evaluation method was
developed including process similarities
analysis, and process communication index
analysis. On the one hand process similarities
analysis is an approach applying the concepts of
semantic similarities analysis to find the
semantic-related objects between best-practice
processes and benchmarking process, on the
other hand process communication index
analysis developed based on the trend model
concept was applied to evaluate the degree of

communication ease for best-practice processes
once such are implemented in the
benchmarking company.

Summarily, to assist a process reengineering
project team to redesign a process based on the
most suitable best-practice process, this
research proposed a process reengineering
method combining with the benchmarking
philosophy. The concept of the process
adaptability evaluation method was addressed
as followings.

2. CONCEPTUAL ARCHITECTURE OF
PROCESS ADAPTABILITY
EVALUATION METHOD

The process adaptability evaluation method
encompasses four analysis phases; namely, (1)
business process modeling, (2) process
similarities analysis, (3) process communication
index analysis, and (4) process adaptability
calculation as shown in Figure 1. In the
business process modeling phase, a process
model providing formal representation of
characteristics of process from the best-practice
company and benchmarking company is
necessarily constructed to be the model
analyzed. Subsequently, the process semantic
similarities can be calculated during the process
similarity analysis. Then, the degree of
communication eases of best-practice process to
be performed in benchmarking company is
evaluated by process communication analysis.
Finally, an adaptability index that represents the
acceptance degrees of each best-practice
process for benchmarking company can be
summarized in the last phase.

Phase 1. Business Process Modeling: a process
model providing formal representation of
characteristics of processes is necessarily
constructed from the beginning of process
reengineering. Two process models need to be
created, namely, (1) graphic process model, and



(2) textual process model, for the next analysis
steps. The graphic process model is represented
with eEPC diagram of ARIS modeling
language [5]. The textual process model is
mapped from graphic model into four subsets,
namely, fl:{process name}, f2:{process input
data}, f3{process output data} and f4{activity
set} [6]. Meanwhile, each activity set is also
composed of its name, input and output subsets.
Based on the characteristics within the created
models, the process similarities and degree of
communication ease can then be evaluated.

Semantic Process Model

Phase I.
Business
Process
Modeling

E-EPC Diagram

Textual Process Model:
F1: Process Name
F2 : Input Data

F3 : Output Data

F4 : Activity Set

Semantic Hierarchy Creation Semantic Similarity Analysis

Data Semantic
Hierarchy
o1

Activity Semantic

Phase II. Hierarchy
o

Process
Similarity
Analysis

Semantic Similarity Analysis

Phase il
Process
Communication
Index
Analysis

Process Adaptability Evaluation Method

I Adaptability Index

Process Process Similarity
Adaptability Process
Calculation Information
Similarity
P Sim]

Process Communication

Process Functional Total Communication
Similarity Index
[PF Sim] (Tcn

Figure 1. Architecture of Process Adaptability
Evaluation

Phase Il. Process Similarity Analysis [6]:
Process similarity is one of the important
factors to be considered in this paper. Process
similarity ~ represents the  corresponding
relationship of data and activities between

benchmarking company and best-practice
company. The higher similarities of the
processes have, the more similar the

characteristics are. For the purpose, this study
applies semantic similarity analysis to evaluate
process information similarity (PISim) and
process function similarity (PFSim) between
benchmarking company process and best-
practice company process. Therefore, a

semantic hierarchy corresponding to the process
models is created to depict the concept
relationships of data and of activities entities, so
that the semantic distance between two entities
can be identified, and their semantic affinity
can then be calculated. Consequently, two
parameters, namely, name affinity and name set

affinity, are applied to evaluate process
similarity.

Phase Ill. Process Communication Index
Analysis:  Process communication index

analysis emphasizes on organization view of a
process and the main purpose is to evaluate the
degree of communication ease of best-practice
processes  into  benchmarking company
organization structure so that the success of
BPR implementation might be increased. By
applying a trend model methodology, the
degree of communication ease is evaluated. In
this phase, a questionnaire survey was
objectively conducted using the AHP method to
obtain the resistance coefficient (Ki) of a
process based on benchmarking organization
structure [7]. The resistance coefficient (Ki) is
used to evaluate the ease of communication for
solving disputes, conflicts, or coordination
problems between related parties in different
layers. Based on the resistance coefficient (Ki),
a Total Resistance Index (TRI) and Total
Communication Index (TCl) are analyzed.

Phase IV. Process Adaptability Calculation:
Process adaptability calculation summarized by
process similarity analysis and process
communication index analysis. The purpose of
process adaptability calculation is to create an
adaptability index that represents the
acceptance degrees of best-practice processes
for benchmarking company.

Following the concept of process adaptability
evaluation method, the most suitable best-
practice process can be determined in
accordance with not only the similar features



but also the degree of communication ease of
the evaluated processes, i.e. the process
similarity and the process communication index
are two most primary characteristics of best-
practice processes necessary to be evaluated.

3. PROCESS SIMILARITY INDEX

The purpose of process similarity index is to
illustrate the commonalities between the
benchmarking process and Dbest-practice
processes. In this paper, the degrees of process
information similarity (PISim) and process
functional similarity (PFSim) were proposed to
respectively present the similar information
characteristics and functions between processes.
For this purpose, this study followed the
semantic  similarity analysis methodology
addressed by Cheng and Tsai [6] to evaluate
PISim and PFSim between benchmarking
company and best-practice company processes.

3.1. Process Information Similarity

The process information similarity denoted by
PISim(P;,P;) is the measure of similarity of
input and output information sets corresponding
to two analyzed processes P; and P;. Equation
(1) shows the conceptual function of process
information similarity.

PISIm(R,P,)=> A(P.f,P,.f) (1)
fel

where A() is the affinity function of two entities;
the P; and P; are respectively the semantic
process model of process i and of process j; { =
{fin,fout ‘ fin = INPUT(Pk) of Pk 5 fout =
OUTPUT(Py) of Py}, and 0 = PISim(P;,P;) = 2.

To calculate the PISim of Pi and Pj processes,
the created process models in the phase | need
the capability presenting the input and output
information sets of the modelled processes.

3.2. Process Functional Similarity

The process functional similarity denoted by
PFSim(P;,P;) is the measure of similarity of
functional activities respectively within two
analyzed processes P; and Pj. For calculating
the PFSim(P;,P;) value, a microcosmic view
form activities of processes is necessary to
conduct advanced similarity analysis. Equation
(2) expresses the activity similarity function
denoted by ASim(Ani,Ay).

ASIM(A, . Ay) = NACA, AL+ AAIN AIN,) - (o)
+ A(AOUT,,, AOUT,,)

where NA() is the name affinity function of tow
names; the Ay, is the name of ht" activity of the
process i; Ay is the name of k™ activity of the
process j; ASim(Ai,, Aj) is activity similarity of
Ain and Aj; AlNi, is the input set of Ayi; AOUTj
is the output set of Ajk ,and 0 < ASim(Aih, Ajk)
=3.

In Equation (2), not only information similarity,
expressed by A(AINi, AINj) and A(AOUT;,
AOUTjy)), but functional similarity, expressed
by NA(Ain, Aj), is of concern. High activity
similarity expresses the idea that two activities
are similar in terms of work tasks. Thus, by
summarizing activities similarities as shown in
Equation (3), the Process Functional
Similarity of P; and Pj, denoted by
PFsim(P;,P;), can be calculated. Similar to
PISim(), a higher PFSim value indicates a
greater degree of similarity between the
activities of two discrete processes.

PFSim(P,P,) =
D Max(ASim(A, Ay)+ > Max(ASIm(A,, A) (3
b k=1-n =y h=1-m ( )

m+n
where VA € B;VA; €P,




4. PROCESS COMMUNICATION
INDEX

The primary purpose of process communication
index analysis is to evaluate the degree of
communication ease from  best-practice
processes that occur within the benchmarking
organization structure. The total communication
index (TCI) is proposed in this paper to express
the degree of communication ease exhibited by
best-practice  processes. The higher the
communication index of best-practice process,
the smoother the best-practice process can be
adopted by the benchmarking company. To
evaluate the communication index, the concept
of trend model methodology was applied in this

paper.

The trend model methodology [7] proposed a
proper method to evaluate the communication
resistance of a process within organization.
High process resistance implies low degree of
communication ease of a process. Accordingly,
the TCl of a process can be determined in
accordance with the process resistance value
evaluated by the trend model method.
Following this idea, a TCI evaluation procedure
including five steps; namely, (1) plotting
process network, (2) establishment of activity
relationship matrix (ARM), (3) developing
organizational  structure’s  communication
resistance matrix (CRM), (4) calculating total
resistance index (TRI) of the best-practice
process, and (5) Calculation of total
communication index (TCI) is proposed in this

paper.

With the application of the trend model, the
process network that represents best-practice
processes with the benchmarking department
units is created firstly. Subsequently, the
activity relationship matrix (ARM) is developed
to show the sequential activity relationship
between benchmarking department units in
best-practice processes. According to the result

of the ARM, a communication resistance matrix
(CRM) is generated to calculate the resistance
values between benchmarking department units.
Moreover, the total resistance index (TRI) of
best-practice processes when it is performed in
benchmarking company is calculated. Finally,
by converting the result of total resistance index
(TRI), the total communication index (TCI) can
be calculated to show the total communication
ease of benchmarking organizational structure
referring to best-practice processes. Based on
the TCIl resulted wvalues from the
aforementioned procedures, the best-practice
process which can be executed most smoothly
when it is adapted in benchmarking company
can be determined.

4.1.Plotting Process Network

The first step toward developing process
communication analysis is to create a process
network that describes the activity elements of a
process in a logical hierarchy. Moreover, to
evaluate the resistance values of best-practice
processes operated in the benchmarking
company, the department unit in the original
best-practice process model must be replaced
by the benchmarking department unit; i.e. the
analyser needs to assign department units
according to the organization structure of the
benchmarking company to the activities within
the best-practice process model. Accordingly,
based on the modified best-practice process
model, the TRl value of the best-practice
process can then be evaluated.

4.2. TRI Evaluation for Best-Practice Process

Based on the Trend Model methodology, the
department communication frequency and the
resistance coefficients between departments
within an organization structure are necessary
for best-practice process TRI evaluation. The
product of the department communication
frequency and the resistance coefficient



presents the total resistant value of a best-
practice process. According to this concept, the
activity relationship matrix (ARM), and the
organizational  structure’s  communication
resistance matrix (CRM) are proposed for TRI
calculation in this paper.

Activity Relationship Matrix (ARM): the
establishment of the ARM is to show the
communication  frequency  between the
departments as all activities of a process were
performed. Figure 2 shows an example of ARM
derived from the procurement process of a case
study. The wvalues in cells present the
communication times from the department unit
related to preceding activities to those related to
succeeding activities within the evaluated

Succeeding Activity Unit
Construction - .
Procurement | Administration
Management . L
S Division Division
Division
o Construction
E Management ) 3 O
2 Division
=
g Procurement 3 1
A Division -
Administration
E P () (0] 6]
Division

v
Communication frequency from procurement
division to construction management division

Figure 2. Example of Activity Relationship Matrix

Communication Resistance Matrix (CRM):
the CRM, represents as Ki, comprises
communication resistance values between two
departments of different layers within an
organizational structure. Resistance coefficient
Ki is the basic variable used to represent the
degree of communication ease in a project.
Figure 3 shows communication resistance of
the benchmarking organization structure related
to the procurement process. The values of Ki,
was surveyed via a questionnaire for division
managers of the benchmarking company. In
Figure 3, the process communication is
assumed to be transferred through the layer
structures. Therefore, messages passed from the

head of the Engineering Department to the head
of the Administration Department should be
routed through the president. Based on this
assumption, resistance can be expected to
accumulate. Figure 4 shows an example of
CRM derived from the benchmarking company
of a case study.

Overall

Value Priorities
KOl | 0053
- K02 0.024
) K07 0.036
K08 0.030
£ K09 0.050
K10 0.058
2 v v K11 0.119
‘ ‘ K12 | 0143
K19 0.049
1 A e | K20 | 0.049
3 K21 0.042
— K22 0.045
“_ K23 0.111
s K24 0.115
0o K27 0.038
1 K28 0.037

Figure 3. Communication Resistance of
Procurement Process in Benchmarking Organization

Structure
Succeeding Activity Unit
Construction Procurement | Administration
Management . .
L Division Division
Division
Construction
= K24+K27+
= M@ag;ment 0 K20+K07 KO24KO7
=) Division
-
5 | Procurement K24+K27+
5| Division K22+K09 0 K02+K09
g
@ |Administration| K22+K27+ | K20+K27+ 0
| Division KO2+K11 | K02+4K11

Figure 4. Example of CRM Derived from Figure 3

Once the ARM and CRM related to the same
process were established, the TRI can be
calculated by Equation (4). Figure 5 shows the
TRI

Total Resistance Index (TRI)= X Tpn )]
where Ty, = ARM (.) CRM



(.) :product symbol; and m,n
organizational structure.

4.3.TCI Calculation

After Total Resistance Index (TRI) for each
best-practice process to be performed in
benchmarking company has been calculated,
total communication index (TCl) can be
converted accordingly from the TRI to present
the total degree of communication ease. Based
on the TRI’s concept, TCl can be presented
mathematically as shown in Equation (5).

TCl=1-TRI* (5)

where: 0 < TCI < 1; TRI* represents normalized
TRI.

: members of project

The higher the communication index of best-
practice process, the smoother the best-practice
process can be adapted in the benchmarking
company, so that the feasibility for
implementing the best-practice processes might
be enhanced.

5. PROCESS ADAPTABILITY
CALCULATION

According to the evaluated process similarities
and TCl of best-practice processes, the
adaptability index (Al) for each best-practice
process can be calculated to represent the
acceptance degree of each best-practice process
for benchmarking company. The higher the Al
is, the more suitable the process to be adapted
in benchmarking company. Figure 5 shows the
hierarchy of Al.

The Al value of a best-practice process is the
sum of process similarity and TCI. The relative
weights (W1~W4) can be determined by
managers or questionary such as Analytic
Hierarchy Process (AHP).

Adaptability Index

(Al)
[ | |
Process Total
Similarity Communication Index
(W1) (W2)

[ |
Process Information Process Functional

Similarity (P Sim) Similarity (PF Sim)
(W3) (W4)

Figure 5. Hierarchy of Adaptability Index

Following to the relative weights that have been
quantified and range value are set to be zero to
one, the adaptability index of each best-practice
company can finally be calculated. The one
with the highest value is determined to be the
most suitable best-practice process to be
adapted in benchmarking company.

6. DISCUSSION

To apply the Benchmarking to construction
management process reengineering, this paper
proposed an idea to determine the best-learned
process from the best-practice companies. This
study assumed that the most suitable process

has most similar characteristics  with
benchmarking process resulting in its smooth
performing in  benchmarking company.
Accordingly, process similarity and total

communication index, were considered as two
primary factors for evaluating the matching
degree of the benchmarking company and best-
practice companies. Additionally, this study
assumed the best-practice process models had
been surveyed from the best-practice companies
preliminarily. However, this might be a difficult
task because the best-practice companies treat
their processes as confidential information.
Therefore, the strategy to be permitted to
retrieve the process information from best-
practice companies is naturally a critical issue
of benchmarking.
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