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Abstract

Purpose – Facing the competition pressure of internationalization and diversification, the
semiconductor industry of Taiwan has to increase the activation/utilization rate of machines,
enhance flow speed and values, cut down delivery and reduce costs in an efficient way in reaction to a
shortening product life cycle and the global market requirements. As a result, introduction of ERP has
become a critical factor of enhancing competitiveness. The purpose of this study is establish a
systematic evaluation and improvement mechanism to locate the risk priority number (RPN) of
implementation items via failure mode and effects analysis (FMEA) for semiconductor related
industries in Taiwan while introducing ERP.

Design/methodology/approach – A standardized system introduced performance matrix based
on the performance evaluation matrix (PEM) will be established in accordance with the locations of
severity (S), occurrence (O) and detection (D) and the three RPN indices, in the PEM. Performance
levels will be assessed and the performance improvement strategy introduced by the system will be
formulated. Finally, items falling within the non-appropriate performance zone will be specified
through the quality function development (QFD) method.

Findings – From the results of the case study, the proposed systematic evaluation and improvement
on the performance of introducing ERP for the semiconductor industry in Taiwan can be conducted in
an efficient way.

Practical implications – All that the management needs to do is to correspond to the positions of
these RPN indices of implementation items on the performance matrix. Performance levels will be
assessed and the performance improvement strategy introduced by the system will be formulated.

Originality/value – The PEM is demonstrated to be suitable to define the best countermeasure can
be sought to serve as a reference for the semiconductor related industries in Taiwan to introduce ERP.

Keywords Manufacturing resource planning, Failure modes and effects analysis,
Performance management, Quality function deployment, Semiconductors, Taiwan

Paper type Research paper

1. Introduction
ERP, an abbreviation of enterprise resource planning has been promoted by the
American Production and Inventory Control Society (APICS) since 1970. After the
development of several decades, the operation system of MRP has extended to
marketing, finance and personnel. Meanwhile, it also turned out to be a production
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control system adopted by the manufacturing industry both in America and Taiwan.
However, as product-directed market has been transformed to a customer-oriented one
along with the popularity of the internet, the channel among enterprises, customers
and suppliers is reinforced and the traditional cooperative relationship between
enterprises and suppliers has also been changed. As the enterprises recognize that the
life cycle of products is getting shorter, customers’ requirements are diversifying and
the demand for service quality is increasing, they are in a hurry to throw away the old
information system and ERP is developed accordingly.

The overall resources of an enterprise can be planned, managed and integrated
through ERP. In generally, ERP can be applied to finance, human resources,
manufacturing and logistics, supply chain management and data analysis. Currently,
overseas and domestic ERP supplies include SAP, People-Soft, Baan, Oracle,
J.D. Edwards, Data Systems Consulting Co., Ltd. (DSC), FAST Technologies Inc. and
Proyoung Business Information System Co. Ltd., etc. ERP application modules vary
with system suppliers. A comparison among SAP, Oracle and several domestic ERP
system suppliers indicates that ERP modules can be divided into logistics module of
marketing and distribution, quality management module, enterprise solution module,
assets accounting module, material management module, plant maintenance module,
work flow module, cost control module, production planning module, human resource
module, project management module and financial accounting module. Concerning
previous research documents on ERP, Motwani et al. (2002) explored the keys to a
successful implementation of ERP and explained the implementation process via cases.
Hong and Kim (2002) investigated key success factors of introducing ERP successfully
from the perspective of organizational suitability.

The first transistor developed in Bell Lab in 1947 was a new page in the history of
electronic products because that was the beginning of a new century of lighter, thinner
and smaller electronic products has begun. The first integrated circuit (IC) was
successfully developed by Texas Instruments in 1958, which replaced the leading role
played by the transistor in the semiconductor industry. At the same time, IC also became
a major critical component part to a wide range of electronic product applications. By
1986, the semiconductor industry system around the world was based on the
manufacturing trade, including design/layout, manufacturing, testing, packaging and
marketing. The importance and necessity of introducing ERP are undeniable and the
semiconductor industry has occupied a large market share and advantages in Taiwan
for the past few years. Nevertheless, they also have to confront keen competitions among
a number of large-scaled enterprises. The application of FMEA to ERP introduction not
only helps increase in overall operation performance and external effects, but also
promotes substantial effect for semiconductor related industries in Taiwan.

To conclude, the main points of developing ERP consist of initial planning
suitability and adaptability of personnel and organization, system appropriateness,
education training, support system, consulting company, adjustment of each ERP
module and after-sales service. Consequently, satisfaction and difficulty of ERP action
items will be explored here in accordance with the aforesaid major points and
suggestions for improvement. Major benefits that are expected to be achieved in this
research plan are:

. An objective and convenient performance matrix to facilitate the evaluation of
overall performance of implementing ERP for semiconductor related industries
in Taiwan.
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. The utilization of three indices of FMEA to judge ERP performance level,
including performance of implementing each ERP module.

. The use of QFD to determine critical ERP implementation items in addition to
evaluating the strengths and weaknesses of semiconductor for the reference of
semiconductors related industries in Taiwan while establishing ERP objectives.
Accordingly, follow-up improvements in ERP may be adjusted and a systematic
evaluation on the performance of introducing ERP can be conducted.

It is expected that the direction of the above objectives will not only help promoting the
performance of implementing ERP but also provide a useful reference for domestic
semiconductor related industries introducing ERP.

2. FMEA methodology
Thanks to the upsurge of export trade for the past few years, companies have been
trying to enhance the reliability of their products to grasp such a good opportunity for
business development. The one and only way is prevention and failure elimination.
Therefore, failure mode and effects analysis (FMEA), was born. The so-called FMEA is
a preventive technology for reliability design and analysis by applying structured
systematic procedures and methods to locate the potential failure modes of products at
an early stage. Causes of failures and impacts of such failures upon the subsystem and
the system above are examined for adoption of proper preventive measures and
improvement proposals. It is usually performed in the beginning of a product life cycle
to increase the reliability of products or process and to reduce the costs for follow-up
corrective and improvement actions (Sharon, 1998).

In 1977, Ford Motor Company announced the operation standards of FMEA for
promotion and application in the education manual (Ford, 1988), which was adopted by
other motor companies one after another and further divided into Design FMEA and
Process FMEA. In addition to FMEA implemented inside a company, suppliers were
asked to conduct design and process FMEA for the parts they supplied. In 1985,
International Electronic Commission (IEC) published FMEA standards for system
reliability. IEC812 is the modified FMEA operational procedures based on
MIL-STD-1629A expounding FMEA for electronic, mechanical and hydraulic
equipment or parts. Besides, it also mentioned the applicability of FMEA to
software and personnel reliability analyses. The failure risk evaluation method in the
education manual of Ford Motor Company is the most traditional and has been
generally adopted by all walks of life currently. The data of risk priority number (RPN)
are based on risk assessment. The multiplied risk factor indices refer to Severity (S),
the outcome of a failure, Occurrence (O), the chance of a failure and Detection (D), the
chance of a failure is not detected by customers or the difficulty level of detection
(Tables I-III). A scale of ten-points is served to be a comparison table for the level and
grade of these three factors. RPN is the outcome of multiplying occurrence, detection
and severity and can be represented as Formula 1. For the decision factor number of
RPN, different decision factors and grades judgment principles can be formulated in
accordance with FMEA applications.

RPN ¼ S £ O £ D ð1Þ
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3. Performance evaluation matrix integrated with FMEA
3.1 Indices of PEM
Parasuraman et al. (1985, 1991) indicated that the service quality can be assessed by
customer’s feelings about implementing a certain service item (importance) and actual
feelings after service (satisfaction). Thus, three FMEA indices of Severity, Occurrence
and Detection were applied the to failure possibility of related items while introducing
ERP and their grading ranges from 1 to 10.

Severity level Grade

Customer may not pay attention 1
Customer is slightly troubled 2

3
Customer is not satisfied 4

5
6

Customer is tremendously unsatisfied 7
8

Life and safety of customer are affected 9
10

Table I.
Severity (S)

Chance of occurrence Grade Probability of occurrence

Almost impossible 1 0
Very low 2 1/20000

3 1/10000
Medium 4 1/2000

5 1/1000
6 1/200

High 7 1/100
8 1/20

Very high 9 1/10
10 1/2

Table II.
Occurrence (O)

Failure detection level Grade Probability of defects received by customer (%)

Almost impossible 1 0-5
Very low 2 6-15

3 16-25
Medium 4 26-35

5 36-45
6 46-55

High 7 56-65
8 66-75

Very high 9 76-85
10 86-100

Table III.
Detection (D)
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Lambert and Sharma (1990) proposed a performance evaluation matrix for
performance improvement. Hung et al. (2003) modified the ideas of PEM presented by
Lambert et al. (1990) and applied more than two indices to the performance matrix. The
index of importance is plotted as a Y-coordinate and that of satisfaction as the
X-coordinate. Both indices are within the range [0, 1]. Four thresholds [0.0, 1/3, 2/3, 1.0 ]
are adopted to define three levels of satisfaction – least satisfied [0.0, 1/3], moderately
satisfied [1/3, 2/3] and most satisfied [2/3, 1.0] and three levels of importance – least
important, moderately important and most important. The system-introduced
performance matrix is divided into nine Performance Zones that represent the
effectiveness of various system–introduced directive items. Bijði; j ¼ 1; 2; 3Þ is used to
represent the performance zones. Critical directive items must be identified and
requirements must be met with regard to cost. Therefore, a company needs to adopt the
management strategy of obtaining an “appropriate performance level”. Consequently,
an enterprise must define the “target zone” of the system-introduced performance matrix
as the “appropriate performance zone” in which satisfaction equals the importance
ði ¼ jÞ (B11, B22 and B33). The satisfaction exceeds the importance ði , jÞ in zones B12,
B13 and B23. Applied resources then should be decreased to reduce the cost of
introduction. Importance is higher than satisfaction ði . jÞ in zones B31, B32 and B21.
Applied resources should then be increased to enhance the performance.

The performance should be improved to the “target zones” in the direction of the
arrow (see Figure 1) The strategies for improvement in each performance zone are of
three types – increase resources to enhance satisfaction, decrease resources to reduce

Figure 1.
Appropriate performance
zone

IJQRM
23,3

302



the cost of introducing the system, and maintain the present situation. The
management needs only to determine the type of the performance matrix from the
position of the indices of importance and satisfaction of the directive items of interest.
Accordingly, the performance level of each directive item can be assessed and projects
and strategies for improvement used to be formulated. Thus, the performance matrix is
a simple and easy way to use graphic analysis tool and is quite helpful in evaluating
the performance of introducing a system.

3.2 Integration of performance matrix indices and definition of performance control
lines
When coordinates in the performance matrix model presented by Hung et al. (2003) fall
within or get very close to the appropriate performance zone (such as Q2, Q8, Q9), an
objective diagnosis on performance and a judgment of required improvements can’t be
made merely by these coordinates. Consequently, the area of a performance evaluation
matrix, Shewhart control chart (Montgomery, 2001) and the ideas of Taguchi method
were integrated to set up a control boundary model. To maintain the coordinates of the
indices within the appropriate performance zone, a performance control center line has
to be mapped. Upper and lower performance control limits were established in
accordance with the coordinates and the area. In this way, an objective diagnosis and a
judgment of any improvement requirement can be made.

Taguchi et al. (1989) considered that the quality traits of products should be close to
the target values as much as possible since a farther target value meant greater loss.
That is a bigger cost loss area stands for higher cost loss and vice versa (see Figure 2)

Different coordinates of performance indices form different areas. First, the
performance control line was defined via the Shewhart control chart and the target
value was set to 0. Based on heuristics, 99.73 percent of them fell ^3 times of standard
deviation, which meant a failure rate of about 0.27 percent. Whereas, 95.44 percent of
them landed within the standard deviation by ^2 times with a failure rate of 4.56
percent. About 68.26 percent falls within ^1 time of standard deviation, which
indicates a failure rate of about 31.74 percent. If ^3 and ^2 times of standard
deviations were applied in this study, unqualified question items would not be able to
locate since there were plenty of ERP items and the failure rate was extremely low.
Thus, according to rule 80/20 (80 percent of the problems concentrated on 20 percent of

Figure 2.
Taguchi quality loss curve
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items to be implemented), the standard deviation by ^1 time was used to establish the
upper control line (UCL) and the lower control line (LCL) as follows:

. upper control line ðUCL ¼ T þ sÞ;

. target value of center line ðT ¼ 0Þ; and

. lower control line ðLCL ¼ T 2 sÞ

The standard deviation may be adjusted in accordance with the requirements defined
by the company. In Figure 3, the scoring division of FMEA indices – Severity,
Occurrence and Detection is [0,10]. Therefore, the Y-coordinate and X-coordinate of the
performance matrix were changed to [1,10] and a square area of 10 £ 10 ¼ 100 was
obtained. If the target value of the diagonal center line is T ¼ 0, the performance
matrix can be divided into two regular triangles with an area of 50, respectively. When
the coordinates fall on E, an isosceles triangle (CDE) with an area of r can be formed by
extending it to the center line T ¼ 0.

According to Taguchi (1989), when the area r of abnormal coordinates outside UCL
(Zone A) is greater, it means Severity, Occurrence and Detection are extremely high
and the index needs to move towards the performance control boundary for
improvement. Consequently, resources to be invested need to increase in order to
reduce failure factors, which will result in a positive weighted value. On the contrary,
when the area r of abnormal coordinates outside LCL (Zone B) is greater, it means
severity, occurrence and detection have a very low failure. Such performance indices
should move toward the performance control boundary and resources to be invested
need to decrease to prevent wastage and support Zone A, which will result in a

Figure 3.
Improved weighted
indices
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negative weighted value. The smaller these three indices, the better the results as
shown in Figure 4.

Prior to calculating the area of the isosceles triangle (CDE), a modified value 2 was
given so that the formula of (base x height)/2 might be transformed to base x height.
The purpose of it was to maintain the area r above and under the center line within
1 , 100.

Area r can be calculated from Figure 3. First, the edge length of an Area r needs to
be known. Thus, suppose the area of the isosceles triangle (CDE) is r:

BE ¼ x;BF ¼ y;CE ¼ z

x ¼ 1 , 10

y ¼ 1 , 10

z ¼ 1 , 10

8>><
>>:

As x and y are known, z will be obtained through the equations leading to a trapezoid
BCFG ¼ DAFG2 DABC. The triangle formula as base x and height c will be
calculated as:

ðxþ zþ 10Þ £ y ¼ 100 2 ½ðxþ zÞ £ ð10 2 yÞ�

xyþ yzþ 10y ¼ 100 2 ½10xþ 10z2 xy2 yz�

z ¼ 10 2 x2 y

Suppose there are n coordinates of indices, which would result in area r of n isosceles
triangles ðDCDEÞ.

Then:

ri ¼ z2 ¼ ð10 2 xi 2 yjÞ
2

r ¼ 1 , 100

i ¼ 1 , n

j ¼ 1 , n

8>><
>>:

ð2Þ

Accordingly, different coordinates of performance indices form various areas. The
upper control line (UCL) and the lower control line (LCL) cannot be calculated until the
population mean m and the population standard deviation s of all areas ri are known.
Suppose each implementation item for an enterprise introducing a new system is
subject to normal distribution, m and s can be obtained as:

Figure 4.
Area r of performance

index coordinates
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m ¼

Xn
i¼1;j¼1

ð10 2 xi 2 yjÞ
2

n
ð3Þ

s ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut
ð4Þ

According to the upper and lower control lines defined above, equations 5 and 6 can be
derived as follows:

Upper control line:

UCL ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut
ð5Þ

Target value of center line: T ¼ 0
Lower control line:

LCL ¼ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut
ð6Þ

After getting the control line model, coordinates of UCL and LCL on the performance
matrix can be derived in a reverse way. UCL results in a performance area r.
Coordinates of UCL can be obtained through equation 4 as:

UCL ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut
¼ ð10 2 xi 2 yjÞ

2 ¼ .
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[

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

¼ 10 2 xi 2 yj

¼. 10 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

¼ xi þ yj

Based on the idea of two points forming a line, one of UCL coordinates can be derived
by setting x-coordinate as 10 as shown in equation 7; whereas, the other UCL
coordinates will be obtained by setting y-coordinate as 10 in equation 8.

10;2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

2
66666664

3
77777775

ð7Þ

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

; 10

2
66666664

3
77777775

ð8Þ

Likewise, LCL coordinates will be calculated in accordance with equations 9 and 10 as
follows:

LCL ¼ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut
¼ ð10 2 xi 2 y2

j ¼.

Applying FMEA
to ERP

introduction

307



[

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

¼ 10 2 xi 2 yj

¼. 10 þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

¼ xi þ yj

10 þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

; 0

2
66666664

3
77777775

ð9Þ

0; 10 þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1;j¼1

ð10 2 xi 2 yjÞ
4

n
2 m 2

vuuuut

0
BBBBB@

1
CCCCCA

1
2

2
66666664

3
77777775

ð10Þ

Upon establishing the performance control line model, map it in the performance
matrix. The management only complies with the items located outside the control lines
for improvement, which not only reduces time and cost but also serves to be an
extremely useful tool.

3.3 Model of integrating FMEA and performance matrix
FMEA determines the possibility of a failure through three indices – Severity (S),
Occurrence (O) and Detection (D). Accordingly, these three indices formed three
performance matrices in this article. Suppose there are n implementation items, which
means there are n different Severity, Occurrence and Detection indices for each
individual item as shown in Table IV. Map the three indices of n items into the
performance matrix and suppose the area of abnormal items is taken as e. If it falls in
Zone A outside the performance matrix boundary, resources have to be increased to
reduce the occurrence of system failures and a positive area weight ðþeÞ is resulted. If
it lands in Zone B outside the performance matrix boundary, resources invested need to
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be decreased and a negative area weight (-e) is given. If it falls within the boundary, an
appropriate performance and a weight of 0 ðe ¼ 0Þ is resulted. Coordinates of indices
are mapped in accordance with the indices (S, O, D,) of each item leading to three
performance matrix charts (as shows in Figure 5). Next, the area of abnormal indices of
n items in the three performance matrixes added with the total weight ðCiÞwill replace
the importance weight in QFD to specify the priority of system improvement
strategies. Consequently, the formula of adding the area formed by abnormal
coordinates of each item (see Table V) is as follows:

Ci ¼
X3

j¼1

eij for i ¼ 1 to n

Ci ¼ total weight of area formed by abnormal indices;

eij ¼ area of abnormal items;

n ¼ number of system implementation items.

4. TQFD model defined principles of improving implementation items
Quality function development (QFD) was developed in Japan in 1972 (Mizuno and
Akao, 1987). It has been applied to product development and design and stressed that
every stage during the production process has to take “consumers” wishes and
aspirations” into consideration, which is different from other numerous quality
methods. Practice of QFD increases the efficiency of product design and development
process significantly, including shortening product development time, improving
product quality, enhancing actions to cope with customers’ requirements and real time
handling of crucial problems on the production line.

Bossert (1990) claimed that QFD had to resort to House of Quality (HOQ), which
consisted of customer demand, engineering technology, evaluation of competitive
products, related matrixes, significance weight and absolute weight.

The extended QFD of Radharamanan and Godoy (1996) was referred to in this
article; however, only customer demand, engineering properties, related matrixes,
significance and absolute weights in HOQ were considered. Thus, the HOQ was
modified to Table VI and the formula of calculating HOQ weight is as follows:

Number of system implementation
items (i) Severity Occurrence Detection

Risk priority number
(RPN)

1 S1 O1 D1 RPN1

2 S2 O2 D2 RPN2
..
. ..

. ..
. ..

. ..
.

n Sn On Dn RPNn

Table IV.
Contrast table of FMEA

indices
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Figure 5.
Corresponding
performance matrix charts
of three indices of FMEA
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Tj ¼
Xn
i¼1

WiCi

Tj ¼ Absolute weight of column jð j ¼ l; . . . ;mÞ;

Ci ¼ Significance weight of customer demand in row iði ¼ l; . . . ; nÞ;

Wij ¼ Correlation weighted coefficient of related matrix ði ¼ l; . . . ; n; j ¼ l; . . . ;mÞ;

m ¼ Number of engineering technology developed;

n ¼ Number of customer demand.

In addition to locating area e of abnormal coordinates through the performance matrix,
strategic improvement in certain crucial items while introducing a new system needs to
be made. Therefore, crucial implementation items were located first via the KJ method
presented by Kawakita Jiro (2004). Area e of abnormal coordinates located through the
performance matrix would work with QFD for the development of related matrixes to
define the priority of critical improvement items as well as to serve as a reference for
the enterprises. The procedures of performance evaluation and definition of crucial
items for the semiconductor related industries in Taiwan while introducing ERP are
given in the following:

Significance
weight Number of engineering technology ð jÞ

Number of customers demand (I) 1 2 . . .. . .. . . m
C1 1 W 11 W 12 . . .. . .. . . W 1m

C2 2 W 21 W 22 . . .. . .. . . W 2m
..
. ..

. ..
. ..

.
Wij

..

.

Cn n Wn1 Wn2 . . .. . .. . . Wnm

Absolute weight ðTjÞ T1 T2 . . .. . .. . . Tm

Source: Radharamanan and Godoy (1996)

Table VI.
Table of quality function

development

Number of system
1st PM severity
vs occurrence

2nd PM
occurrence vs

detection

3rd PM
severity vs
detection

Total weight of area
of abnormal indices

implementation item (i ) 1 2 3 ðCiÞ

1 e11 e12 e13
i¼1;j¼1,3

P
eij

2 e21 e22 e23
i¼2;j¼1,3

P
eij

..

. ..
. ..

. ..
. ..

.

n en1 en2 en3
i¼n;j¼1,3

P
eij

Table V.
Corresponding table of

abnormal indices
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. Set up crucial items for implementing ERP. First, a documentary review and
interviews were conducted for an understanding of difficulties confronted by
semiconductor related industries while introducing ERP (e.g. personnel
cooperation, flow planning, cooperation of the consulting company and
introduction costs.) as well as potential severity, occurrence and detection of
each ERP module. In addition, 22 ERP implementation items were specified,
filled in Table IV and mapped in three performance matrixes defined in this
article.

. Define performance control lines. Areas r of 22 ERP implementation items were
calculated by formula 2 and the population mean m and the population standard
deviation s were calculated using equations 3 and 4. Next, mean m and standard
deviation s were brought into equations 5 and 6 for the upper control line (UCL)
and the lower control line (LCL). Coordinates of UCL in the performance matrix
could be defined through formulas 7 and 8 and those of LCL via equations 9 and
10, which would be mapped into three performance matrixes.

. Locate abnormal coordinates. After mapping into the performance control lines,
abnormal coordinates beyond UCL and LCL could be located. Each abnormal
coordinate had a corresponding performance area e. Compare it with Figure 4
and give either a positive or negative value to each corresponding e, which would
replace the significance/importance weight (Ci) in Table VI via formula 11.

. List crucial items for implementing ERP. Critical ERP implementation items
would replace the engineering technology (item j) in Table VI. Critical
improvement items were defined with the KJ method presented by Kawakita Jiro
(2004) and a documentary review. The KJ method refers to a card classification
approach; i.e. strategies and concepts in the previous documents that might
affect the promotion of the ERP system were mapped into cards and classified
after brainstorming and discussion with several specialists. There were 16
crucial items established that may achieve the objective successfully.

. Build correlation matrix between ERP and critical ERP implementation items. A
correlation development between ERP implementation items and critical
implementation target items was made. The opinions of experts would be
utilized to set up a correlation weighted coefficient in the overlapping matrix.
The correlation weighted coefficient ðWijÞ was measured by a five-point scale.
Point 5 stands for extremely strong correlation, 4 for strong correlation, 3 for
medium correlation, 2 for weak correlation and 1 for extremely weak correlation.
A higher weighted coefficient was given to a higher correlation and vice versa.
After this coefficient was determined, multiply it with e corresponding to the
abnormal index. The absolute weight ðTjÞ of critical ERP implementation target
items could be obtained via equation 12.

. Develop the priority of critical ERP implementation items. Upon completion of
QFD, crucial ERP implementation target items can be sorted and suggestions of
improving ERP performance can be made based on the absolute weight ðTjÞ.

5. Case discussion
For evaluation of ERP implementation performance, there were 22 action items,
including ten ERP implementation items and 12 ERP module implementation items.
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The performance evaluation matrix presented by Huang et al. (2003) was modified to
establish a standardized system-introduced performance matrix with target line and
upper and lower control lines. All that the management has to do is to calculate the
area formed by coordinates of three FMEA indices (S, O, D) and the target line in the
performance matrix for the evaluation of the performance level. At last, Taguchi’s
concept of quality loss and Shewhart control chart were integrated to define crucial
ERP implementation items and draw up performance improvement strategies by
developing the items within the “non-performance control boundary” through QFD.
Detailed performance evaluation procedures are described as follows:

. Set up ERP implementation items. A total of 22 ERP action items, including ten
ERP implementation items and 12 ERP module implementation items were
“established” from the opinions of scholars and interviews. Severity, occurrence
and detection of these 22 ERP action items were defined by experts’ opinions for
a reliable understanding of possible problems confronted by semiconductor
related industries in Taiwan while introducing the ERP system. Next, map these
three indices in Table I and mark them in the system-introduced performance
matrix defined in this article (see Table VII and Figure 6)

. Define performance control lines. Areas r of 22 ERP implementation items were
calculated by equation 2 and the population meanm and the population standard
deviation s were calculated using equations 3 and 4. Next, mean m and standard
deviation s were brought into equations 5 and 6 for the upper control line (UCL)
and the lower control line (LCL). Coordinates of UCL in the performance matrix
could be defined through equations 7 and 8 and those of LCL via equations 9 and
10, which would be mapped into three performance matrixes as shown in
Table VIII and Figure 6.

. Locate abnormal coordinates. After mapping unto the performance control lines,
abnormal coordinate beyond UCL and LCL could be located. Each abnormal
coordinates had a corresponding performance area e. Compare it with Figure 4
and give either a positive or negative value to each corresponding e, which would
replace the significance/importance weight (Ci) in Table VI via formula 11 as
shown in Table IX.

. List crucial items for implementing ERP. Critical ERP implementation items
would replace the engineering technology in the House of Quality. These critical
ERP implementation items were classified by a documentary review and the KJ
method in Table X and divided into organization, system supplier and consulting
company. Regarding the objective of the organization, it is expected to be smooth
the organization are flow be enhanced and education training of the organization
be promoted through organizational re-engineering for successful
implementation of the ERP system. Concerning the objective of the system
supplier, it is hoped that the quality and integration of the ERP system be
increased for successful implementation of the ERP system. As for the objective
of the consulting company, it is expected that professional service and
consultation be provided by setting up critical ERP action items. There were 16
critical ERP action items, including eight sub-items for the organization, which
were dominance and promotion of high-level management, adjustment of the
internal special organization, establishment of ERP implementation strategies,
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ERP Implementation
items vs SOD indices
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Marked performance

matrixes
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organization flow reengineering, increasing the quality of education training,
examining the rationality of implementation, target management and enhancing
personnel cooperation; five sub-items for the system supplier, which were
enhancing system module capability and reducing cost, providing system
flexibility ad expansibility, increasing compatibility between application
structure and database, promoting cross-department and cross-region
application and inspecting the service quality of the supplier and three
sub-items for the consulting company, which were examining the professional
expertise of the consulting company, communication between the consulting
company and the enterprise and inspecting the service quality of the consulting
company.

. Build correlation matrix between ERP implementation items and critical ERP
implementation items. A correlation development between ERP implementation
items and critical implementation target items was made. The opinions of
experts are utilized to set up a correlation weighted coefficient in the overlapping
matrix. The correlation weighted coefficient ðWijÞ was measured by a five-point
scale. The absolute weight of critical ERP implementation target items could be
obtained via equation 12 as shown in Table XI.

. Develop the priority of critical ERP implementation items. Upon completion of
QFD, priority can be sorted in accordance with the absolute weight in Table XI.
The order is: dominance and promotion of high-level management in item 1,
communication between the consulting company and the enterprise in item 15,
organization flow reengineering in item 4, providing system flexibility and
expansibility in item 10, establishment of ERP implementation strategies in item
3, inspecting the service quality of the consulting company in item 16,
adjustment of the internal special organization in item 2, target management in
item 7, examining the rationality of implementation in item 6, increasing the
quality of education training in item 5, enhancing system module capability and
reducing cost in item 9, promoting cross-department & cross-region application
in item 12, enhancing personnel cooperation in item 8, examining the
professional expertise of the consulting company in item 14, increasing
compatibility between application structure and database in item 11 and
inspecting the service quality of the supplier in Item 13. In the order as follows:
dominance and promotion of high-level management in item 1, communication
between the consulting company and the enterprise in item 15, organization flow
reengineering in item 4, providing system flexibility and expansibility in item 10,

Index and number/coordinates
of the performance matrix m s UCL LCL

Coordinates of
UCL

Coordinates of
LCL

1st performance matrix 27.36 27.24 27.24 227.24 [10, 25.2193] [15.2193, 0]
(severity vs. occurrence) [25.2193, 10] [0, 15.2193]
2nd performance matrix 11.36 10.86 10.86 210.86 [10, 23.2949] [13.2949, 0]
(occurrence vs. detection) [23.2949, 10] [0, 13.2949]
3rd performance matrix 16.36 14.74 14.74 214.74 [10, 23.8387] [13.8387, 0]
(severity vs. detection) [23.8387, 10] [0, 13.8387]

Table VIII.
Corresponding
coordinates and indices of
three performance
matrixes
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establishment of ERP implementation strategies in Item 3, inspecting the service
quality of the consulting company in Item 16, adjustment of the internal special
organization in Item 2, target management in Item 7, examining the rationality of
implementation in Item 6, increasing the quality of education training in Item 5,
enhancing system module capability and reducing cost in Item 9, promoting
cross-department and cross-region application in Item 12, enhancing personnel
cooperation in Item 8, examining the professional expertise of the consulting
company in Item 14, increasing compatibility between application structure and
database in Item 11 and inspecting the service quality of the supplier in Item 13.

6. Conclusion
The purpose of this article is to locate the risk priority number (RPN) of
implementation items via FMEA for semiconductor related industries in Taiwan while
introducing ERP. A standardized system-introduced performance matrix based on the
performance evaluation matrix is established in accordance with the locations of the
three RPN indices Severity (S), Occurrence (O) and Detection (D), in the PEM. All that
the management needs to do is to correspond to the positions of these RPN indices of
implementation items on the performance matrix for the assessment of performance

Level 1 Level 2 Critical ERP implementation item

Organization Increase overall adaptability to ERP
Promote a smooth flow in the
organization
Enhance education training

Dominance and promotion of high-level
management
Adjustment of the internal special
organization
Establishment of ERP implementation
strategies
Organization flow reengineering
Increasing the quality of education
training
Examining the rationality of
implementation
Target management
Enhancing personnel cooperation

Supplier Increase quality and integration of ERP
system

Enhancing system module capability
and reducing cost
Providing system flexibility and
expansibility
Increasing compatibility between
application structure and database
Promoting cross-department and
cross-region application
Inspecting the service quality of the
supplier

Consulting
company

Provide professional service and
consultation

Examining the professional expertise
of the consulting company
Communication between the consulting
company and the enterprise
Inspecting the service quality of the
consulting company

Table X.
Critical ERP

implementation items
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levels and the formulation of system-introduced performance improvement strategies.
Finally, the total weighted Ti of individual critical ERP action items falling within the
non-appropriate performance zone will be specified through the quality function
development (QFD) method for the determination of the priority and strategies for
improvement. According to the absolute weight Tj, critical ERP action items are
sorted. Accordingly, a systematic evaluation and improvement on the performance of
introducing ERP for the semiconductor industry in Taiwan can be conducted in an
efficient way. Upon completion of performance evaluation and QFD, the following were
made:

. A complete set of ERP countermeasures and a performance analysis model are
required for the high-level management to comply during the process of
implementing ERP. The high-level management needs to be active in dominating
the whole project and holds review meetings on a regular basis to increase the
overall efficiency of the plan.

. Consulting companies play an important part in introducing ERP. The enterprise
and the consulting company ought to make a flow plan at the beginning of
introduction. After that, both parties should discuss the problems encountered
regularly to improve or solve the potential difficulties during the process.

. Customization of the module provided by the system supplier is required to cope
with the demand of the enterprise, enhance the practicability of the system and to
reduce the costs required for resources to be invested.

. Organization flow reengineering in an enterprise has to be based on the
management capability, objectives and philosophy of the enterprise in addition
to the suggestions provided by the consulting company. If a system is introduced
without any justifiable reason, it is counted as a waste without any operational
effect.

. After ERP is put into practice, the objective should not be merely confined to a
computerized operation flow. Instead, the overall effects of ERP ought to be fully
developed and applied to the operation.
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