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Abstract

This study evaluates the performance of the fifteen semiconductor packaging and
testing firms in Taiwan, employing the Data Envelopment Analysis (DEA) method to analyze
three issues in these firms from the year 2000,through 2003. Firg, of all the packaging/testing
firms are continuously changing every yéar in terms of managerial performance. Secondly,
there exists considerable difference between four-year improvements and one-year
improvement by the MPI analysis for-any-company.: Lastly, our test rejected the hypothesis
that the yearly manageria performance of the 15 packaging/testing firms and the revenue of
whole semiconductor manufacturing industry are correlated.

From this study, one would realize the keen competitions among packaging/testing
firms. Through the anaysis, the performance of each firm is reflecting the manageria
decisions. We use five indices for performance assessments. revenue, growth rate,
profitability rate, output value by employee, and liability rate. The results of this research
would enable banker, enterpriser, stockholder, stakeholder, and investor to evaluate the fifteen

firms.

Keywords: Data Envelopment Anaysis; DEA; MALMQUIST; Semiconductor Packaging and
Testing; Ranking
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1. Introduction

Semiconductor manufacturing has emerged as one of the most important industriesin
the global economy. However, tremendous capital investment is required to build and equip
a production line (exceeding $2.8 billion for 300 mm wafer (Andersen et a., 1993)).
According to Efficiency analysis (Banker and Morey, 1986), the industry reinvested 23% of
total revenue into capital expenses in 1996, with about 60%~70% of that going into tool
purchases. Against this backdrop, te semiconductor manufacturing requires short order
lead times with a fair degree of flexibility in the product mix and a significant periodical
increase in productivity to achieve competitive prices and adequate return on the investment.
Performance is not only decided its development, but also impact stockholders, loaners,
employees, suppliers, customers, stakeholders, and to-be-hired employees. This research
provides the performance comparison .among firms. Therefore, firms could utilize the
results for their improvement.

The am of this paper =is ‘to evaluate the jperformance of the fifteen magor
semiconductor packaging and testing ‘firms in" Taiwan. We employ the Data Envel opment
Anaysis (DEA) method to analyze three issues in these firms from the year 2000 through
2003. The firms have considerable significant economic impact. The first issue we examine
is each year’ s performance ranking. Second, we analyze the productivity change over the
four years. Finally, we evauate the relationship between these fifteen firms and the entire
semiconductor-related industry from 2000 to 2003.

As aresult of the rapid recovery for global economy, many industries are climbing out
of the business cycle valley to achieve soaring levels of growth (Paradi et a., 2002). During
these prosperous periods, semiconductor-related industries in Taiwan are not only reaching
100% facility utilization, but are also using large amounts of capital to expand the facilities
layout and purchase new equipment. Based on the “ITIS 2003 Semiconductor Report”
(Industrial Technology Research Institute 2004), the global semiconductor industry will

grow continuously, especially in the Pacific Asia area. The Pacific Asiaarea’ s market value
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is estimated to have the highest growth rate in the world. Furthermore, the market value of
packaging and testing in the IC industry is estimated to be up to 20% of the market value for
IC industry in Taiwan. The total sales from the top 5 packaging firms account for over 70%
of total sales, and the total revenue of the top 5 testing firms account for over 60% of the
total revenue (Industrial Technology Research Institute 2004). All fifteen firms analyzed in
this study were from the Top 1000 Manufacturing Firms listed in Common Wealth
Magazine.

Data envelopment analysis (DEA) (Banker and Morey, 1986) has become one of the
special  optimization methodologies for measuring the relative efficiency of many
homogenous entities (i.e. decision-making units (DMUs)). To face competitor price-cutting
challenges and reduce profit nargins, maintaining competitive advantages by increasing
operational efficiencies and reducing,operational costs is critica. DEA is a linear
programming method that considers multiple inputs and outputs simultaneously to measure
the relative efficiencies of evaluated entities. Unlike the traditional univariate financial
analysis that considers only two. activity dimensions, represented by a numerator and
denominator, DEA considers multidimensiona entities performance aspects. The DEA
model does not require the assignment of predetermined weights to the input and output
factors. In contract to the parametric approach, DEA does not require any assumptions
about the model. The results can be easily understood and interpreted by practitioners
because this method conforms better to evaluating and comparing performance using
standard specifications.

This paper is organized as follows. Section Il illustrates the literatures review for the
DEA related applications. Section 111 describes the DEA methodologies used in this
research. Section IV details the empirical study and illustrates the results about an actual
case study. Section V discusses the characteristic of DEA methodologies. Section VI gives

remarks and concludes this paper.



2. Literature Review

The DEA model was developed by Charnes et a. (Charnes et al., 1978), called the
Charnes-Cooper-Rhodes (CCR) model, to produce an efficiency frontier based on the
Pareto optimum concept. For computation convenience and examining the slack variables,
the original CCR model was solved as a dual problem using the Banker-Charnes-Cooper
(BCC) model developed by Banker et a. (Banker et al., 1984). To date, numerous research
papers on efficiency measurement of various entities in different applications using DEA
have been conducted. DEA has been applied empirically in various public and private
organizations, such as schools (Cakanyildirim and Roundy, 2002), superior courts (Lewin,
et al., 1982), hospitals (Mei and Patrick, 2002), pharmaceutical firms (Parad et a., 2002),
vehicle maintenance sections (Clarke, 1992), and branch network of a bank (Drake and
Howcroft, 1994).

Huang (2003) chose 18 IC+design:house, 6 foundry and 8 assembly & test firms. It
picked out fixed asset per capita, common shares per capita, operation expense per capita,
R&D expense per capita and average salary as input-variables and sales and ROA as output
variables. And use DEA to analyze output” efficiency and apply MPI to investigate the
interactions between productivity and efficiency spanning several periods. The result shows
as below: (@) Inefficiency in overal industry, IC assembly & test and IC design mainly
comes from lack of economics scales so that firms have to allocate their capacity for best
scale. (b) IC makers suffer imbalance between resource input and output so that they don’ t
utilize technical efficiency well. (c) MPI shows decrease of efficiency variation in overall
semiconductor industry. 1C assembly & test owns highest DEA in single time horizon but
performs worst in MPI.

Feng (2002) dealed with the operationa efficiency of semiconductor industry, and
materials from 1997 to 2000. Moreover, the materials of 18 firms of IC designing, 11
firms of IC producing and 12 firms of 1C packaging are included in my thesis. It shows,

from 1997 to 2000, scale efficiency has been slowly rising and the average of every year is
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higher than that of pure technical efficiency. As a result, the industry of semiconductor as
a whole serves as an evidence that inefficiency of variable scale is higher than constant
scale. In other words, the prime reason of inefficient production is owing to the
inefficiency of variable returns to scale.

Chen (2004) employed DEA-based Mamquist productivity index measures the
productivity change over time. The index can be decomposed into two components. one
measuring the technical change and the other measuring the frortier shift. The proposed
new approach not only reveals patterns of productivity change and presents a new
interpretation along with the managerial implication of each Mamaquist component, but also
identifies the strategy shifts of individual DMUs based upon isoquant changes.

Carbone (2000) applied the DEA methodology to measure the efficiencies of
semiconductor manufacturing operationssin terms of multiple inputs and multiple outputs.
The inputs included the mean time between failures; scrap rate, cycle time and down time,
whereas the outputs included the wafer move, overall equipment efficiencies and activity
ratio. It was shown that the DEA analysis provided @ measure to compare various fab areas
and goals for individual areas to achieve to become more efficient with respect to the model

results.



3. DEA Model and Malmquist index

3.1 DEA modd

Let R be the reference set of DMUSs used to assess the relative performance of a DMU,
caled DMU-k. Modd (Pl) is a modified DEA model, a CCR output-oriented model
(Charnes et al., 1978). The right side of the objective function, equation (1), is the relative
efficiency of DMU-K. The ratio of virtual input to virtual output is maximized, as the
decision variables are determined. Yet the relative efficiency of every reference DMU-j is
constrained as equation (2). The decision variables are constrained to greater than a very
small positive number.

To avoid setting the unknown as the infinitesmally small number e, we use the

two-phase method to compute the efficiency score and slacks, such as excess (s ) and

shortfalls(s,”,s,”, s, s, ).
Phase-one
Solve the linear program (P1)-to get'the optimal solutiors qk*, also called

CCR-O efficiency.
(PD) Max g,

o
st X,-a Xl ;30
iR

qkyrk-éerIjEO,r:1~4
IR
q, freeinsign; 1,30, iTR

Phase-two

Enter the coefficients of qk* into model (P2) to compute the slacks.

(P2) Max (s +5 +s +s; +s,)

o] | -
st axl;+s =X
iR



avil,-s =a Vir=1~4

iR
1,20, )l R s 20, 5 20,r=1~4

In model (P2), adding one constraints equation, é =1 iT R, changes the model

iR
into model (P6). This is the BCC-O model (Banker et al. 1984). To avoid setting the

unknown as the infinitesimally small number e, we use the two-phase method to compute

the efficiency score and slacks, such as excess (s ) and shortfalls (s,",s,",s,",s,"). q,

obtained from (P3) is the optimal solution.

Phase-one

(P3)  Max q

o
st. a Xl 53 Xy
iR

Yk - é. Vol i 210pm=1~4

iR

q, freein'signy-520, |1 R

Phase-two

(P4  Max (s +5 +5, +s; +s,")

o] | -
st. - axl;+s =X
iR

avil,-s =a Yr=1-~4

iR

1,20,jT R s 20 s 20r=1~4
3.2 Malmquist productivity index
Suppose we have a production function in time period t as well as period t+1.

Mamaquist index calculation requires two single period and two mixed period measures.
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The two single period measures can be obtained by using the CCR DEA model (Charnes et
al., 1978).
(P5) D'(x% Y =min g,
st. x4,q,” - a xyl; 20

LYy % Yo r=1,2234

1

Qo>

j

dl A 20, g 20
(P6) D'(x*, y*L)=min q,”
st. X]t.;lqk a le i 0

Lye 2 Ve r=1,22314

1

Qo>

j

al A 30, g3
(P7) D" (x'k, Yi) = min: q,°

st. x,q,° - a X ¥ 20

Lyt 2 Y r=1,23,4

1

Qo>

j

dl A 20, g°20
(P8) D" (x'"*, y*™H) =min g,°
st. xiq,” - a x;'h, 30

Loyt 2 v r=1,234

1

Qo>

j

dl A #0, 20

Now we can define Malmquist productivity index by equations (P5) ~ (P8):
g

-y
D'(x. ™, v D™ (% y, U
u C
ag

D' (Xk 1 Y 9 DHl(th’ th) ¢!

| o]

€D 9
(P9) M| =é = &k
k A é:lk



4. lllustration
4.1 Data collectionand index description
In recent years, many packaging and testing firms have been founded and their sales
value has increased rapidly. This study uses the data published in the popular business
magazine, Common Wealth, to analyze their relative performance over the past four years.
The profile of the firms in the recent four years is listed in Table 1 and Table 2.

Table 1. The profile of the firms in the recent four years

2000 2001 2002 2003

Revenue ($100 million US dollars) 3319 2538 3152 3821
Total assets ($100 million USdollars) 76.13 74.12 74.20 82.00
Capital ($100 million US dollars) 27.17 3223 3255 34.62
Liability ($100 million US dollars) 14.08 1355 14.33 15.39
Number of employees 34,106 31,055 34,149 42,228

Table2. Base data from 2000 to 2003

Index Net profit .- Profitability Output value by Liability
Growth rate” '/ after tax ratio employee ratio
DMU  Firm (%) ($100 million
NT dollarg) (%) ($million/people) (%)
Y1 Yo Y3 Ya X1
Y ear 2000

1 ASE 145.86 98.37 122.87 3.50 38.26
2 SIPIN 158.16 72.21 117.09 3.56 32.84
3 OSE 146.85 41.04 100.73 2.19 31.12
4  ChipMos 128.82 55.39 118.71 411 33.80
5 KYEC 239.66 51.78 128.17 1.41 43.37
6 ASE Chung Li 284.76 55.90 121.02 347 50.90
7 Sharpin Taiwan 157.53 58.19 135.43 331 28.55
8 Greatek 154.48 45.25 114.15 2.68 44.83
9 Lingsen 153.12 43.38 110.27 2.07 26.09
10 PowerTech 344.42 42.50 118.85 1.46 56.07
11 UTC 136.54 49.02 125.65 4.49 23.01
12 KingPak 200.28 38.75 98.05 22.27 53.41
13 Hi-Sincerity 100.75 40.25 101.68 12.37 38.89
14  Formosa 143.13 41.77 110.24 2.37 58.83
15 Sigurd 135.29 41.50 114.49 1.98 32.05

Year 2001
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16 ASE 80.35 18.57 89.55 3.40 41.46
17 SIPIN 87.71 28.17 92.84 2.50 38.11
18 OSE 75.04 8.10 70.14 1.98 56.19
19 ChipMos 65.79 24.91 72.58 3.24 31.91
20 KYEC 92.71 32.08 79.57 1.44 53.48
21 ASE Chung Li 64.80 40.57 101.16 2.66 38.12
22 Sharp in Taiwan 78.55 37.60 94.05 2.75 25.01
23 Greatek 89.43 42.48 107.48 2.74 41.80
24 Lingsen 71.17 41.25 105.34 1.87 20.73
25 PowerTech 234.47 41.73 105.56 3.57 43.30
26 UTC 38.25 31.10 33.83 2.43 24.64
27 KingPak 33.53 39.17 96.14 7.68 48.35
28 Hi-Sincerity 70.15 40.21 102.02 11.32 37.24
29 Formosa 59.51 41.22 111.86 1.76 58.27
30 Sigurd 82.70 40.08 100.93 1.91 26.29
Y ear 2002
31 ASE 125.00 41.29 100.50 4.20 42.50
32 SIPIN 134.90 44.25 101.91 2.79 43.28
33 OSE 119.56 7.00 74.16 2.65 64.18
34 ChipMos 118.57 27.92 81.49 321 44.48
35 KYEC 137.94 36.97 94.33 1.76 49.08
36 ASE Chung Li 105.22 43.66 107.09 2.29 30.66
37 Sharp in Taiwan 118.37 37.99 95.79 2.74 3212
38 Greatek 134.67 46.34 114.19 3.36 36.48
39 Lingsen 125.40 36.33 87.51 2.13 25.67
40 PowerTech 90.74 41.87 106.63 2.80 34.86
41 UTC 159.26 36.73 84.73 3.17 22.31
42 KingPak 98.79 38.87 94.68 4.38 54.26
43 Hi-Sincerity 96.83 39:64 96.43 11.59 39.12
44 Formosa 162.59 40.92 105.50 2.51 55.16
45 Sigurd 143.22 42.38 120.12 2.31 43.77
Y ear 2003
46 ASE 122.85 67.43 108.71 311 41.08
47 SIPIN 122.80 68.39 110.37 2.99 45.06
48 OSE 105.91 5.64 74.60 2.72 66.88
49 ChipMos 129.77 48.61 110.17 3.36 39.43
50 KYEC 126.91 47.73 111.39 2.38 33.89
51 ASE Chung Li 116.65 41.83 103.04 2.08 34.23
52  Sharp in Taiwan 140.26 51.91 117.79 2.68 34.58
53 Greatek 116.10 49.27 117.88 3.42 35.63
54 Lingsen 133.22 43.69 109.43 243 30.28
55 PowerTech 155.44 50.40 123.72 321 45.67
56 UTC 107.53 39.92 99.63 2.93 19.95
57 KingPak 59.82 40.94 107.40 2.87 44.82
58 Hi-Sincerity 101.98 39.35 93.68 11.05 40.29
59 Formosa 122.77 41.91 109.30 2.90 54.62
60 Sigurd 149.37 44.18 123.66 2.47 34.16

The following notations are used to represent the above data:
Xi; represents the data of DMU-j of the index X;.
Yi represents the data of DMU-j of the index Y,.

9



In this paper, each row of Table 2 is treated as a decision- making unit (DMU). DMUs

1~15, 16~30, 31~45 and 46~60 are the firms performances in 2000, 2001, 2002 and 2003,

respectively. The twelve indices used by Common Wealth Magazine (2004) are depicted in

Table 3. As recommended by Golany and Roll(1989), the number of DMUs should be at

least twice the total number of input and output factors. The total number of DMUs is 15, i.e.

the number of performance measures should not be larger than 7. We deleted some of the

highly positive correlated indices by correlation analysis illustrated in Table 4 ~ Table 7.

Among those indices, 7 correlation coefficients are higher than 0.9 as well as very close

each other. Thus, these 7 performance indices will be deleted in the following section. The

remaining five indices were retained for performance assessment: growth ratio, net profit

after tax, profitability ratio, output value by employee, and liability ratio.

Table 3. Index:deseriptions

No I ndex Description

A |Total assets Total assets, ~including buildings, equipment, inventory,
($100 million NT dollars) |eapital and accounts receivable. Represents business scale.

B |Capital Capitdl for this year.

C |Liahility rate (%) If therate of liability is acceptable, businesses can apply

capital performance by finance level. If liability istoo high,
the interest will be higher.

Liability rate= total liability
total assets
D |Number of employees The actual number of employees at the end of the year.
E |Revenue Net operating income for products and services for the whole
($200 million NT dollars) |year. It excludes nonoperating income, such as interest and
grants.
F |Growth rate (%) Compares operating income gowth ratio of this year to last
year.
G |Net profit after tax Deducts business tax from income.
($100 million NT dollars)
H |Stockholder s equity stockholder' s equity = total assets - total liability

($200 million NT dollars)

Profitability ratio (%)

net profit after tax

Profitability ratio =

Revenue

10




Rate of assets return (%)

Rate of assets return =

net profit after tax

total assets

Rate of stockholder’ s
equity (%)

Rate of stockholder' s equity =

net profit after tax

stockholder' s equity

Output value by employee
($million/people)

output value by employee =

revenue

number of employee

Table 4. Correlation Analysis for year 2000 (underline indicate over 0.9)

A B (© O B (B © H O I K L
(A) 1 098 -022 093 097 -014 090 099 022 015 0.12 -0.22
(B) 098 1 -021 088 0.96 -019 0.90 0.98 0.16 0.12 0.09 -0.17
(© -022 -021 1 -024 -019 058 -019 -0.27 -0.24 -0.32 -0.08 0.24
(D) 093 088 -024 1 092 -008 0712 0.88 0.10 0.07 0.07 -0.32
(E) 097 096 -019 092 1 -015 084 095 0.07 0.06 0.03 -0.06
(F) -0.14 -0.19 058 -008 -015 1 -008 -0.17 023 0.08 025 -0.11
(©)) 090 090 -019 0.71 084 -008 1 094 049 044 039 -0.22
H) 099 098 -0.27 088 095 -=047 094 1 029 021 016 -0.21
)] 022 016 -0.24%010 007023 049 029 1 085 0.77 -055
J 0.15 012 -0.32 0.07 006 .008. 044 021 08 1 0.96 -0.63
(K) 012 009 -0.08 007, 003 025 039 016 077 09 1 -0.66
(L) -0.22 -0.17 0.24.-0.32,-0.06-:0.11'-0.22 -0.21 -055 -0.63 -066 1
Table 5. Correlation Analysis for year 2001 (underline indicate over 0.9)

A B © O B (B © H O O K L
(A) 1 099 016 091 0.98 -0.02 -0.72 0.99 -0.19 -0.32 -0.35 -0.20
(B) 099 1 013 088 097 -004 -0.72 098 -0.20 -0.32 -0.34 -0.17
(& 016 013 1 02 017 011 -026 005 0.16 001 -0.09 0.03
(D) 091 088 026 1 09 003 -0.77 087 -0.17 -0.35 -044 -0.31
(E) 098 097 017 095 1 004 -070 097 -011 -0.27 -0.32 -0.18
(F) -002 -004 011 003 004 1 015 -003 031 040 035 -011
(G -072 -072 -026 -0.77 -0.70 015 1 -066 058 077 084 021
(H) 09 098 005 087 097 -003-066 1 -0.18 -0.29 -0.30 -0.19
) -0.19 -020 016 -0.17 -011 031 058 -018 1 092 083 0.17
@) -032 -032 001 -035 -0.27 040 0.77 -029 092 1 097 014
(K) -035 -034 -009 -044 -032 035 084 -030 083 097 1 014
(L) -020 -017 003 -031 -0.18 -011 021 -019 017 014 014 1
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Table 6. Correlation Analysis for year 2002 (underline indicate over 0.9)

A B © O B B G H O O K L
(A) 1 098 019 091 098 008 -009 099 -0.13 -0.13 -0.16 -011
(B) 098 1 017 08 096 006 -012 097 -0.15 -0.15 -0.18 -0.06
(C) 019 017 1 026 022 001 -049 006 -0.15 -0.22 -0.37 -0.01
(D) 091 08 026 1 095 008 -0.18 0.87 -0.16 -0.16 -0.23 -0.23
() 098 09 022 095 1 004 -011 09 -011 -011 -0.17 -0.10
(F) 008 006 001 008 004 1 007 008 008 014 019 -041
(G) -009 -012 -049 -018 -011 007 1 004 079 079 090 009
(H 099 097 006 087 096 008 004 1 -006 -0.05 -0.05 -0.10
() -013 -015 -0.15 -0.16 -011 008 079 -006 1 097 093 -04
(J -013 -015 -022 -0.16 -011 014 079 -005 097 1 0.96 -0.08
(K) -016 -018 -0.37 -023 -017 019 090 -0.06 093 096 1 -0.05
(L) -011 -0.06 -0.01 -0.23 -0.10 -0.41 009 -0.10 -0.04 -0.08 -0.05 1

Table 7. Correlation Analysis for.year.2003 (underline indicate over 0.9)

A B ©bd B EBH -G H O O K O
(A) 1 098 022 098 099 007 045 099 -0.12 -0.18 -0.18 -0.18
(8) 098 1 020 094 095 002 040 097 -017 -022 -0.21 -0.15
(C) 022 020 1 '026.025-017 -041 0.12 -0.43 -0.37 -0.39 0.04
(D) 098 094 026 1 099 009 042 097 -0.14 -0.18 -0.18 -0.22
(E) 099 095 025 099 1 008 046 097 -011 -0.15 -0.15 -0.17
(F) 007 002 -017 009 008 1 032 009 055 055 052 -0.23
(G) 045 040 -041 042 046 032 1 052 070 060 065 -0.07
(H) 099 097 012 097 097 009 052 1 -0.06 -013 -0.13 -0.18
() -012 -017 -043 -0.14 -011 055 070 -006 1 097 098 -0.29
(J -018 -022 -0.37 -0.18 -0.15 055 060 -013 097 1 099 -0.32
(K) -018 -021-0.39 -0.18 -0.15 052 065 -0.13 098 099 1 -0.28
(L) -018 -0.15 004 -0.22 -0.17 -0.23 -0.07 -0.18 -0.29 -0.32 -0.28 1




4.2 Performance ranking in each year

Super-efficiency DEA models are very useful (Mel and Patrick, 2002). To compute
each DMU’ s relative super-efficiency in 2000, 2001, 2002, and 2003, the reference set R of
models (P3) and (P4) are composed by the DMUs listed in Table 2: {1, 2, ..., 15}, {16,
17, ..., 30}, {31, 32, ..., 45}, and {46, 47, ..., 60}. According to the method presented by

Andersen and Petersen (1993), the objective DMU-k (the firm) is excluded from the

reference st R The solutions q, (2000), q, (2001), q, (2002), and q, (2003) are

listed in Table 8.
Table 8. Performance measuremert
PMUG) — ObjectName 1 “2000) g, (200) g, (2002 g (2009
1 ASE 1.3623 0.8368 0.9329 1.0556
2 SIPIN 1.0014 0.8666 0.9718 1.0149
3 OSE 0.8040 0.6430 0.7651 0.7018
4 ChipMos 0.9020 0.6911 0.7971 0.9400
5 KYEC 1.0011 0.7582 0.8842 0.9463
6 ASE Chung Li 1.0142 0.9608 1.0490 0.8593
7 Sharp in Taiwan 1.0756 0.9122 0.8999 1.0261
8 Greatek 0.8562 1.0188 1.0832 1.0050
9 Lingsen 0.9821 3.7011 0.9336 0.9806
10 PowerTech 1.2095 2.6095 0.9502 1.0800
11 uTC 2.4653 0.7547 1.7163 1.8301
12 KingPak 1.8506 0.9536 0.8646 0.8717
13 Hi-Sincerity 0.9098 2.1179 2.8790 3.2310
14 Formosa 0.8228 1.0407 1.0645 0.8853
15 Sigurd 0.8467 0.9654 1.0550 1.0702

As shown in Table 9, the top three DMUs in the packaging and testing industry are
completely different each year. Some firms, however, display improvement every year, such

as Hi-Sincerity and Sigurd. The stockholder, employees, and customers of OSE are

disappointed in the past years.
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Table 9. Performance measurement ranking of the evaluated firms

DMU(K) Object Name 2000 2001 2002 2003
1 ASE 3 11 10 5
2 SIPIN 7 10 7 7
3 OSE 15 15 15 15
4 ChipMos 11 14 14 11
5 KYEC 8 12 12 10
6 ASE Chung Li 6 7 6 14
7 Sharp in Taiwan 5 9 11 6
8 Greatek 12 5 3 8
9 Lingsen 9 1 9 9
10 PowerTech 4 2 8 3
11 uTC 1 13 2 2
12 KingPak 2 8 13 13
13 Hi-Sincerity 10 3 1 1
14 Formosa 14 4 4 12
15 Sigurd 13 6 5 4

4.3 Productivity change over thefour years

The Mamquist productivity index can be decomposed into two components
measuring the change in the technology frontier and technical efficiency( Chen and Ali,
2004). In this section, we further examine the two components to reveal sources and
patterns of productivity change that are obscured by the aggregated nature of the Mamquist
index. It is shown that more information can be derived from the individual Mamquist
components. Our proposed new approach not only reveals patterns of productivity change
and presents a new interpretation along with the managerial implication of each Mamquist
component, but dso identifies the strategy shifts of individual DMUs in a particular time
period. We can make judgments on whether or not such strategy shifts are favorable and

promising.
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We compute Mamquist Productivity Index by (P5)~(P9), as below.

Table 10. Efficiency score definition

Models  Efficiency Objective firmKs Set Rin (P8) model is composed by
scores Xik ad yk are
extracted from
a 0.° in year t All DMUs in year t
k
b q b in year t firmk inyear t and all firmsin year t+1
k
C 0 inyear t+1 All DMUs inyear t+1
k
d q d inyear t+1 firmk at year t+1 and al firmsin year t
k

To compute the Malmquist coefficient-of firm-2 between 2000 and 2001, M,*,

substitute t by 2000 and substitute’k by 2 in Table 10. Then, for example, to compute qu,
take the data from the DMU-2 row in Table 2 and use them for the yik, Yok, Yak, Yak, ad Xik.
The reference set R is composed of DMUs{ 2, 16, 17, ..., 30}.

The solutions are shown in Table 11. Using the same process, we obtained the
Mamaquist coefficients of years (2001, 2002) and (2002, 2003), shown in Table 12 and
Table 13, respectively.

Table 11. Malmquist Productivity Analysis of (2000, 2001)

DMU (k)  Object Name o O i O’ M,
1 ASE 1 1 0.8368 0.6780 0.9001
2 SIPIN 1 1 0.8666 0.6887 0.8915
3 OSE 0.8040 1 0.6430 0.5215 1.0044
4 ChipMos 0.9020 1 0.6911 0.5562 0.9447
5 KYEC 1 1 0.7582 0.5876 0.8804
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6 ASE Chung Li 1 1 0.9608 0.7495 0.8832
7 Sharp in Taiwar 1 1 0.9122 0.7280 0.8934
8 Greatek 0.8562 1 1 0.7951 0.9636
9 Lingser 0.9821 1 1 1 1.0091
10 PowerTecl 1 1 1 0.9181 0.9582
11 uTC 1 1 0.7547 0.5728 0.8712
12 KingPak 1 1 0.9536 0.7839 0.9066
13 Hi-Sincerity 0.9098 1 1 0.8989 0.9940
14 Formosa 0.8228 1 1 0.8259 1.0019
15 Siqurd 0.8467 1 0.9654 0.7679 0.9693

Aggregate the data from Tables 11 and compute the mean and the variance of the Malmquist
coefficients in the three consecutive years. We ranked the firms according to the ratio of

mean and standard deviations. The data are displayed in Table 12.

Table 12. Ranking according to'the Mamquist coefficients

2000 2001 2002

Firmk  Object Name M, M M, HMy)  s(Mk)  p(Mg)/s(My) Rank
1 ASE 0.9001 0.9940 0.9694 0.9545 0.0487 19.60 9
2 SIPIN 0.8915 0.9769 0.9540 0.9408 0.0442 21.27
3 OSE 1.0044 09172 1.0091 0.9769 0.0517 18.88 10
4 ChipMos 0.9447 0.9913 1.0298 0.9886 0.0426 23.20 7
5 KYEC 0.8804 0.9558 1.0299 0.9553 0.0748 12.78 13
6 ASE Chung Li  0.8832 0.9581 1.0040 0.9484 0.0610 15.55 12
7 Sharp in Taiwar 0.8934 1.0555 0.9784 0.9758 0.0811 12.03 14
8 Greatek 0.9636 0.9654 0.9826 0.9705 0.0105 92.42
9 Lingser 1.0091 1.0349 1.0451 1.0297 0.0186 55.37
10  PowerTeclk 0.9582 1.0259 0.9689 0.9843 0.0364 27.05 6
11 UTC 0.8712 1.0336 1.0000 0.9683 0.0858 11.29 15
12 KingPak 0.9066 1.0218 1.0017 0.9767 0.0615 15.88 1
13 Hi-Sincerity 0.9940 1.0000 1.0000 0.9980 0.0035 287.93 1
14  Formosa 1.0019 0.9631 1.0304 0.9985 0.0338 29.58 5
15 Siqurd 0.9693 1.0178 0.9854 0.9908 0.0247 40.12 4
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For Table 12, the MPI best firms are Hi-Sincerity, Greatek and Lingsen The small scale
firm Hi-Sincerity, and median scale firms Greatek and Lingsen are well known for their
efficient performance. UTC, Sharp in Taiwan and KYEC are the MPI worst firms. UTC
and Sharp in Taiwanare fall out of market competition

4.4 Relationship between the fifteen firms and the entire semiconductor-related
industry

The entire semiconductor-related industry’ s revenue from 2000 to 2003 was $7,144,
$5,269, $6,529, and $8,166, respectively, in hundred million Taiwan (NT) dollars (ITRI,
2004). Their yearly revenue in decedent order is years: 2003, 2000, 2002, and 2001. We
explored the relationship between the fifteen firms and the entire semiconductor-related
industry by calculating the relative efficiencies of firms in the following pairs of years:
(2000, 2001), (2000, 2002), (2000, 2003), (2001, 2002), (2001, 2003), and (2002, 2003).

To evaluate the performance of years (2000, 2001), set R in models (P3) and (P4) are
composed of DMUs 1, 2, 3,...30 from Table 2. Solve (P3) and (P4), then rank the 30 DMUs
according to their efficiency scores. Thefirst 15 DMUS rankings are listed in the second
row of Table 13. The next 15 DMUs are listed in thethird row.

If the order of the data has more than two of the same order, the average order will be
calculated. For example, the second through fifth order have the same efficiency score, so
we calculate the average order, which is (2+3+4+5)/4 = 14/4 = 3.5. The summation of the
second row is represented by S. T is the value computed according to the
WilcoxonMann-Whitney equation (Lehmann, 1977). m and n denote the amount of data in
groups 1 and 2, respectively. In this example, n=15 and m=15. The two tails tolerance of

t-test ais set to 0.05.

_ S- m(m+n+1)/2
Jmn(m+n+1)/12

Therefore, S=138, T=-3.92, and t5>,=1.96.
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The test hypothesis is (Performance of 2000) = (Performance of 2001). If T

T

ta2, the hypothesis is accepted.

-tz OF

The results for (2000, 2002), (2000, 2003), (2001, 2002), (2001, 2003), and (2002,

2003) are depicted in Tables 13 and 14.

Table 13. Ranking firms in each pair years comparison

Firmk 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
year 2000 3 71913 8 6 515 9 4 2 1 12 18 16
year 2001 26 25 30 29 27 23 24 20 10 11 28 21 14 17 22
year 2000 3 92012 8 7 61510 4 2 1 11 18 17
year 2002 25 24 30 29 28 21 27 16 23 22 5 26 14 19 13
year 2000 2 727 14 8 6 518 9 3 4 1 13 23 20
year 2003 19 17 30 22 24 29 16 15 25 11 10 28 21 26 12
year 2001 24 23 30 28 27 20 18 13 3 2 25 15 6 10 14
year2002 16 9 29 26:22 8419 5 17 11 1 21 4 12 7
year 2001 25 24 3027 28]/23.19.20 8 2 26 17 3 16 15
year 2003 7 10 28,15 17 18 9 14 12 8 2 26 5 21 6
year 2002 23 21 29 2812417 .26 14 20 18 1 27 3 7 12
year 2003 6 9 30 161525~ 811 13 4 2 22 10 19 5
Table 14. Summary of performance analysis
Hypothesis(Hp) DMUsinset R Svalue Tvdue Reject/Accept conclusion
P2ooo = P2oo1 1~15, 16~30 138 -3.92 Reject P2ooo < Paoo1
Poooo = Paoo2 1~15, 31~45 143 -3.71 Reject P2000 < P2002
P2ooo = P2oo3 1~15, 46~60 160 -3.01 Reject P2ooo < Paoos
Pooo1r = Pagoz 16~30, 31~45 258 1.06 Accept Pooo1 = Pogoz
Pooo1 = Pa2oos 16~30, 46~60 283 2.09 Reject P2oo1 > Paoos
Poooe = Pogos 31"'45, 46~60 270 1.56 Accept Poooe = Pogos

From Table 14, we can conclude the performance in decedent order is. 2002, 2001,

2003, and 2000. The yearly revenue in decedent order is: 2003, 2000, 2002, and 2001.

Apparently, the performance rankings and the revenue rankings are not consistent in years.
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5. Conclusion

In this study, the concluson will be illustrated as follows. Firstly, the
packaging/testing firms are continuously changing every year in terms of manageria
performance. Secondly, there exists considerable difference between four-year
improvements and only one-year improvement by the MPI analysis for any one firm
Lastly, the trend of managerial performance of these 15 packaging/testing firms is not
completely consistent with the trend of sales in semiconductor manufacturing industry.

In the semiconductor manufacturing industries, the back-end is much more varied
than the front-end. The threshold for establishing a packaging and testing firm is
considerably low and specialist back-end firms tend to end up as turnkey contractors.
Obvioudly, the competition between back-end firms is becoming increasingly intense.
Performance measurement is not only influeneed by the net profit after tax and profitability,
but by many other indices, such_ as growth rate,.value created by employees, and liability
ratio. One may apply these findings not only to packaging and testing firms, but aso to

other businesses, such as |C manufacturing, spinning.and weaving, and car manufacturing.
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