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Abstract

A Study on the Management Performance
of Global Container Shipping Companies

JEONG, BONG SOO

Department of Port Logistics
The Graduate School of

Korea Maritime University

The purpose of this study is to evaluate the management performances
of global container shipping companies using DEA(Data Envelopment
Analysis).

Even though there have been a few studies relating to the domestic
shipping companies, the management performance analysis of global
container shipping companies has not been conducted. Applying mathematical
programming techniques, DEA enables the relative performances ratings to
be derived within a set of analysed units. Thus it does not require the
development of standard against which performances are measured. Such

standards can be incorporated in the DEA analysis. The efficiency of units

_Vi_



are compared with an ’efficiency envelop’ that contains the most
efficient units in the group. DEA does not require any assumption for
functional form and calculates a maximal efficiency measure for all
Decision Making Units(DMUs).

DEA has been used to measure the efficiency of organizations such
as banks, Insurance companies, universities, airlines, container terminal
and hospitals. This study is the first attempt to apply DEA to measure
management performances of the global shipping companies including
Maersk Line, MSC, CMA CGM, Evergreen, Hanjin, and Hyundai etc..

This paper investigates the performances employing DEA-CCR
Model and DEA-BCC Model on data for 20 global container shipping
companies for the period of 2004-2006. It also investigates the change
in the performance employing EMS program over a 3-year period
from 2004 to 2006. The input data used for analysis include the asset,
capital, and space(teu), and sales, operating profit and net profit are
chosen to be used as the output variables.

According to the data analysis it was found that the management
performances of Korean two shipping companies(Hanjin & Hyundai) are
not efficient during the 3-year period from 2004 to 2006 comparing with
other global shipping companies including NYK, MOL, K Line(Japanese
Big 3) and evermore China shipping(China).

To be more efficient and moreover to compete with other global
companies of the higher performances it is necessary inefficient shipping
companies including Hanjin, Hyundai to investigate closely those of them
using the effective analysis software such as DEA(Data Envelopment
Analysis) and adjust constantly their own business strategies to the

competitive shipping markets of the survival of the fittest.
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T % BT s 7k& =5 a3
(N TFTEU) (%) (M TTEU) (%)
2003 316.8 14.2 91.9 14.7
2004 363.7 154 105.4 14.7
2005 400.6 10.1 115.9 9.7
2006 441.9 10.3 127.7 10.2
Z+& : 1) Drewry shipping consultants Ltd, Annual Container Market

Review and Forecast, 2006/07, 2006. 9.
2) Clarkson, Container Intelligence Monthly Z <.

2) AA AdEYAD AEF

AA AdeldAd A

o 27E %89 n

’
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(&9 + A TEU, %)

2005 2006
T8
A et T A E Tt THE
Drewry 8,117 13.3 9,376 155
Clarkson 8,100 13.1 9,400 16.4
A& ¢ 1) Drewry shipping consultants Ltd, Annual Container Market

Review and Forecast, 2006/07, 2006. 9.

2) Clarkson, Container Intelligence Monthly 2} 3.
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9 AYE 25T ZoR qaET, Hr A9 dd oib 81%F7He
51919 TEU, A3 A9 79% T7Hs 8908 TEUE 7158 Ao =
Helth Ed FHH(214%), Adobrlob(12.4%), oF=Z#7H12.0%), T &
(10.7%), Ao}y 0}(10.4%) A He] 10% ol & AFAE 7=
Aoz oidrt

<& 2-3> A 9¥ AHoY Ag=eF Fol H AW

2006 2007

2w e 7 R =718
(I TEU) (%) (I TEU) (%)
5 W 48,005 8.5 51,914 8.1
A E 82,540 7.5 89,081 7.9
5o} 158,372 13.0 175,999 11.1
5o} 58,469 6.6 63,159 8.0
> & 25,073 10.9 27,763 10.7
R 30,085 10.1 32,660 8.6
LA elyo} 7,886 5.0 8,706 104
Ao} A of 10,697 13.3 12,027 124
o} 3 g] 7} 15,490 16.6 17,346 12.0
T 5,271 18.9 6,397 214
A A 441,889 10.3 485,053 9.8

A& 1) Drewry shipping consultants Ltd, Annual Container Market

Review and Forecast, 2006/07, 2006. 9.
2) Clarkson, Container Intelligence Monthly 2} 3.
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<E 2-4> 2007 AA el AEF A
(&9 + H TEU, %)

2006 2007
TR
B R Z7he L Z7He
Drewry 9,376 155 10,634 135
Clarkson 9,400 16.4 10,800 14.2
A& ¢ 1) Drewry shipping consultants Ltd, Annual Container Market

Review and Forecast, 2006/07, 2006. 9.
2) Clarkson, Container Intelligence Monthly Z} &
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<E 2-5> A9 Ax Adolvad sEatE AW

(&9 H TEU)

A Aox A=
S 5 7

(2006.7) | ‘063871 | 2007 | 2008 | 2009 | 2010
50001 3} 137 1 2 1 0 0 4
500-999 502 46 53 37 7 4 147
1,000-1,499 660 50 59 67 5 0 181
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3,000-3,999 1,013 34 105 52 33 0 224
4,000-4,999 1,401 90 227 287 127 17 748
5,000-5,999 1,161 48 118 177 42 20 405
6,000-6,999 582 85 91 215 118 32 541
7,000-7,999 324 14 36 0 0 0 50
8,0000) 4 679 202 389 419 270 29 [ 12309
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T 02006 7Y =Y.
A& Drewry Shipping Consultants Ltd, Annual Container Market Review
and Forecast, 2006/07, 2006. 9.
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1 thH] 95% S7Fek 21889 2,000TEU @& Aoz o
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G F2 dHolY FFEETE Fo

= 1. O
(&9 - d TEU)

T 2003 2004 2005 2006 2007
=59 9,864 11,406 12,905 14,417 15,818

T3 = (E/B)
=7 | 9.9% 15.6% 13.1% 11.7% 9.7%
E5 9| 4,399 4707 5119 5,568 6,001

A8 g = (W/B)
=7FH& | 11.3% 7.0% 8.8% 8.8% 7.8%
=5 9| 14,263 16,113 18,024 19,985 21,819

4 A

=7k | 10.3% 13.0% 11.9% 10.9% 9.2%

F 12007 & KMIA "4,

%=1

and Forecast, 2006/07, 2006. 9.

<& 2-T> FQ 7)de] ofAol/EHFE H Y

. Drewry shipping consultants Ltd, Annual Container Market Review
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M

Global Insingt

Drewry

06

07

06

07

E/B

10.1%

9.6%

11.7%

10%

9.7%

W/B

5.6%

5.1%

8.8%

8.3%

7.8%

=

20074

Review and Forecast, 2006/07, 2006. 9.
2) Containerisation International Zt%, Global Insight ™ A1 £&.

o

e
u] 119% 5712 Aolth,
M 11.8% Z7b@ 1,967% 3000TEU, A &3F=(W/B)7F A o]
3 9

o 7}

$%59e 35417 3000TEUS

= o~ e o 5
g2 FEsEE 5

&= (E/B)7}

1) Drewry Shipping Consultants Ltd, Annual Container Market
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(&9 : HTEU)

T 2003 2004 2005 2006 2007

FE&59 | 11,981 | 13,705 | 15705 | 17,597 | 19,673

s F3d=(E/B)
7t 13.0% | 14.4% | 14.6% | 12.0% | 11.8%
FE59 | 9408 | 10,839 | 12,488 | 14,053 | 15,739

A 3= (W/B)
7t 13.7% | 15.2% | 15.2% | 12.5% | 12.0%
&Y | 21,389 | 24,544 | 28193 | 31,650 | 35413

|

7t 13.3% | 14.8% | 14.9% | 12.3% | 11.9%

T 020079 FE Y > KMIAHA 4.
2% : Drewry Shipping Consultants Ltd, Annual Container Market Review
and Forecast, 2006/07, 2006. 9.
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(2) 7832
20079 9 F=o HHoY FFEeFE dAd uH 94% ke
1,281%F 4000TEUS 7|5 Aoz A¥HY, FF=E/MB)c Ad
H] 7.3% S 7FeF 4467 2,000TEU, 12]i MFIF2=(W/B)= A tid]
10.5% < 7Fg 8357t 1,000TEUE 7|=& dwelrt. 20079 =%
Ado] ®lef &% ZAd Aow Woluy 2005d Hue

N
-

=¥ ol
N

Drewry+= 2007d FadFol dd dinl 102% <7k 1,200 TEUC
g9 Aom s 2 =FHS IFF=EMB)IZE Ad dib] 86%
S 7kek 4519 4000TEU, A33=(W/B)7F Ad tiH] 11% < 7kgk 839wt
5,000TEU°] t}.

<% 2-10> 9= AHNY sF=edF Fol H A%

(¢4 : A TEU)

T+ = 2003 2004 2005 2006 2007
o E%#| 3255 3,701 3,860 4,158 4,462
=33l 72 (E/B)
Z7FS | 9.0% 13.7% 4.3% 7.7% 7.3%
o E%5 | 5206 6,064 6,690 7,560 8.351
X &8 2 (W/B)
Z7v& | 175% | 165% | 10.3% | 13.0% | 10.5%
g 7 %% 8461 9,765 10,550 | 11,718 | 12,814
ko)
h Z7vE | 14.0% | 15.4% 8.0% 11.1% 9.4%

A& : Drewry Shipping Consultants Ltd, Annual Container Market Review
and Forecast, 2006/07, 2006. 9.

E 2-11> 38 /1% F9GE Aol F5EFF 318 A%

Eae Global Insingt Drewry KMI
06 07 06 ‘07 ‘07

E/B 6.7% 6.2% 7.7% 8.6% 7.3%

W/B 12.2% 9.7% 13.0% 11.0% 10.5%

A& 1) Drewry Shipping Consultants Ltd, Annual Container Market
Review and Forecast, 2006/07, 2006. 9.
2) Containerisation International Z} %, Global Insight A7 #]o1-&-.
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20079 frHFE il 13.8% < 7hgk 1773wt
2000TEUE 7153 Zo= D @REE FIFE(E/B)V
Bl 125% F7kg 7819 1,000TEU, A 3at=(W/B)7F dd tiH] 14.9%
< 7Fgk 992%F 2000TEU® ¢ & o= o Fdrh

Fol 2 Ay

(9]
2003 2004 2005

z TEU)
2006

offt
ol
ok
i
ofy
olr
)L

2007
4,534 | 5,345

6,142 | 6,943

ol\
N
o

7,811
8.0%

17.9% | 14.9% | 13.0%

x
ol
ok
fu
i
ofy
olr
B

12.5%

5681 | 6,538 | 7,505 | 8,635
[eJe] (W/B )

o|\

N
»
o

9,922
7.8%

17.1%

14.8% | 15.1%

?_‘('
n

14.9%
54 | 10,115

11,883 | 13,647 | 15,578
F 7

19%45 1788

17,732

14.8%
F 120079 & KMIA A

14.1% | 13.8%
Zt& : Drewry shipping consultants Ltd, Annual Container Market Review
and Forecast, 2006/07, 2006. 9.
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<H 2-13> oA}/ FHFE g Fo] E AW
(&9 : A TEU)
T = 2003 2004 2005 2006 2007
ANF&E
3,255 3,701 3,860 4 158 4,462
o
=3t e | A7 SE
= 4534 5,345 6,142 6,943 7,811
(E/B) =9
3t
71.8% 69.2% 62.8% 59.9% 57.1%
AN E
ANFE
5,206 6,064 6,690 7,560 8.351
o
A=z | A SE
= 5,681 6,538 7,505 8,635 9,922
(W/B) =9
o3t
93.3% 92.8% 89.1% 87.6% 84.2%
2N E
ANF=
8,461 9,765 10,550 11,718 12,814
o
AT
s A _ 10,115 11,883 13,647 15,578 17,732
o 9
o 3t
83.6% 82.2% 77.3% 75.2% 72.3%
2N E

F 120079 > KMIA %],
5 ! Drewry shipping consultants Ltd, Annual Container Market Review

and Forecast, 2006/07, 2006. 9.
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nhrE R G 28 977 ASHAS BRE ofygt 3770 =
H =717 Zefiatd A &ds87 54 @97 Wi Aos dadn
<3 2-19> HRZAH YA FF&A A4 F0](1997d 149=1,000)
T A [ 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
19 [1,0000| 8309 | 6142 | 709.0 | 7896 | 456.3 | 629.0 |1,130.0|1,911.3|1,2686
29 | 9832 | 8293 | 5953 | 7517 | 7977 | 4714 | 6759 |1,250.7 | 1,972.2 | 1,229.7
39 | 9665 | 8301 | 6033 | 7785 | 7925 | 494.8 | 7446 | 1,361.1|2,028.1|1,217.6
49 | 9497 | 8238 | 6247 | 8607 | 8202 | 524.1 | 837.1 |1,452.4 | 2,0489 | 1,263.7
59 | 9219 | 7853 | 6466 | 9184 | 8227 | 557.8 | 9186 | 1516.0 | 2,083.1|1,327.6
6 | 8879 | 7765 | 6624 | 9471 | 7854 | 5859 | 9738 |1,550.4 | 2,081.1 | 1,353.4
7Y | 880.3 | 7465 | 691.3 | 937.7 | 7446 | 6036 |1,012.6 | 1,5734 | 2,023.0 | 1,343.6
8Y | 8792 | 7032 | 7209 | 941.0 | 6952 | 624.0 | 1,069.8 | 15937 | 1,897.1 | 1,321.2
9Y | 8741 | 699.7 | 7553 | 950.8 | 6583 | 644.4 | 1,096.4 | 1,666.8 | 1,771.0 | 1,265.8
109 | 8694 | 6923 | 757.0 | 9365 | 5949 | 6558 | 1,136.3|1,717.7 | 15579 | 1,182.1
11¥ | 8723 | 6549 | 7334 | 8831 | 5214 | 6663 |1,107.8 | 1,768.3 | 1,334.6 | 1,114.8
129 | 8561 | 6298 | 696.8 | 8021 | 4726 | 6374 |1,083.1|1,863.0(1291.4| -
A | 9117 | 7502 | 6751 | 8681 | 7079 | 5768 | 9404 |1,537.0 | 1,833.3|1,2625
A& : Howe Robinson Container Index.
<y 2-2> ZAH YA FFEHAFHREF S A F)F 0]

2

1
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S
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unq
hay
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000

500

000

500

A= ¢ L.L.P/HRCL
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A2 AAA AeAFY &7 W)
1 2uq A4 533 A A5

AA 19 ARl MAERSK®] #HE oo MSC(2%1)9F CMA CGM(3
el Mol B AES Ht 7AF g o @ St A 714 s A
ol Al AA-AFES AS o7k dow, o Mo oz dxA
191 MAERSK<®}e] A% AolEs £ vrtxz Q. A AA &

9] MAERSKE S #:Eet AAJANT P&O Hl=2ol=g AFFH e
T A oEFE A Ak

G714 AEAE AFATE FH HE B A (AXS-LIol AL 2
el 9)skd MSC 2007d 1€ &4 1039 TEUS] A5& Bf8 A%
e 98%E FAGL UTHKE 2-200F%). FAY A FHHFELS
2000 19 4.4%, 20061 19 85% =2 A&H el AAS d o1 gt} o
A 7d Fetk oF 360%9] S7HE olmEt. H1E olo] CMA CGMY
EEF MSCAH 7aE F718 HoFa ed A4 A
Ak A Fob 460% S 7bske] 122,848TEUC A1 685,000TEU <]
Fol 1291014 3919 AZARFES A Jdom 20074
HAH&E 65%0th. MAERSK®] 4% 1,760,000TEU<] 4

rlr
e
o[}]
N

o
=

td
rr

-

2
e
tlo
Jot
fz
ol

H
e
[“8{.'4
=
>
o3l

) AT GHAT HBAE, AR, A 2ALL Fa2 A
AXS Alphaliner TOP 100 Operated Fleets as 14 February 2007.
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<E 2-20> 2007 AE7IE AE o]y AL &9

(2007

q 1¢
E RERE
ol 29 | 29 | =9 o] g
on)| ©8) | 03 | o1 e HRAED] g | A A
N (TED) | H=+
.
1 1 1 1 WA 1,759,619|550, 55% | 537,608 | 109
2 2 2 2 MSC 1,026,251(321] 37% | 327,321 | 43
3 3 5 5 CMA CGM 685,054 289 62% | 366,781 63
4 4 3 3 EVERGREEN 547,576 161 37% | 107,418 | 24
5 5 17 16 HAPAG LLOYD 458,161 137 47% | 87,250 11
6 6 10 11 CSCL 399,821 |134) 47% | 125,522 29
7 9 9 9 COSCO 387,690 [129 45% | 156,018 | 24
8 8 7 6 HANJIN 348,235 | 88| 72% | 128,776 23
9 7 6 7 APL (NOL ) 339,036 [107] 62% |164,702| 34
10 10 8 8 NYK 329,324 122 46% | 221,228 | 40
11 11 14 13 MOL 281,807 | 93| 54% | 156,750 24
12 12 11 14 00CL 281,113 | 70| 40% | 114,642 20
13 14 12 10 K LINE 275,634 | 87| 45% | 113,632 21
14 13 15 17 CSAV 250,452 | 85| 92% | 6,541 1
15 15 13 15 ZIM 241,951 | 98| 48% | 168,272 29
16 16 18 19 YANG MING LINE 240,305 | 81| 34% | 94,831 20
17 17 19 18 HAMBURG SUD 204,960 | 92| 59% | 86,839 25
18 18 20 20 HYUNDAI 164,700 | 39| 73% [151,896| 23
19 19 21 21 PACIFIC INT'L LINES | 145,500 |105 36% | 43,416 19
20 20 22 22 WAN HAI LINES 115,009 | 70| 27% | 46,376 10
21 21 23 23 UASC 86,608 | 35| 27% | 54,400 8
22 22 25 25 IRIS LINES 59,900 | 57| 18% | 75,320 23
23 25 28 27 MISC 58,013 | 24| 34% | 7,943 1
24 24 27 26 GRIMALDI 56,668 | 65| 19% | 6,660 5
25 23 26 28 RCL 46,466 | 39| 17%
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26 29 33 31 CCNI 41,471 19 |100%
27 28 32 36 SEA CONSORTIUM 40,580 | 61 |100%
28 30 41 49 |SHANDONG YANTAI INT'L| 36,705 | 34 | 91% | 4,172
29 27 30 30 CHINA NAVIGATION CO | 35,951 | 37 | 60%
30 26 29 29 COSTA C.L. 35,947 | 27 | 80% | 17,754
31 37 39 46 MATSON 33,018 | 18 4%
32 34 37 41 KMTC 28,081 | 28 | 42%
33 33 34 32 HORIZON LINES 27,246 | 16 0%
34 38 48 48 SEABOARD MARINE 27,144 | 39 | 74%
35 36 42 39 CLAN + MARUBA 26,835 16 | 90%
36 41 44 44 UNIFEEDER 26,713 | 42 |100%
37 45 43 43 SCHOLLER GROUP 26,579 | 22 | 96%
38 49 58 76 TS LINES 26,114 | 19 |100%
39 42 40 34 MESSINA 25,263 | 18 2%
40 35 38 33 SAMUDERA 24,923 | 30 | 96%
41 06 = AR AR MIRATES SHIPPING 24,645 | 8 |100%
42 54 65 54 S.C.INDIA 24,460 | 10 | 77% | 8,600
43 39 47 47 RICKMERS LINIE 21,454 | 17 | 21%
44 (HI)FINN LINE DELPHIS NV / TEAM 20,882 | 33 |[100%| 3,948
45 43 49 53 SITC 19,935 | 29 | 68% | 7,256
46 46 46 52 CHIPOLBROK 19,762 | 18 0% | 7,400
47 44 45 37 HEUNG-A 19,761 | 25 | 63%
48 32 31 35 SINOTRANS 18,272 | 28 | 89% | 1,814
49 65 59 56 SINOKOR 18,066 | 24 | 49%
CROWLEY LINER
50 48 50 50 16,881 | 27 | 59%
SERVICES
A& : AXS-Alphaliner TOP 100 Operated Fleets as 14 February 2007.
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2. A7 AFe A= A3

20061 o] deAl el vEhd W3t T4 stue &5 "W (Shipping
Conference)o] &A= a2, 9 wAolt} AAe 35 BAdA 3FE9
FEHel d% AsE7] AlAdAvdes Aotk w=md E Ry I FE
o] &5 USSEC(US South Europe Conference)”} 20061 2€ 13
dHE A HAdow, 120d Aol AAY Fy/EF/mHdA= &

AELA (Australia/New Zealand to Europe Liner Association)”} 2006

ro

939 4URE $9de Fadd o W FuI olxest YFe
2 A BN FA-Fobz gt ALF el 20069 109 31
2E $9e Fudh

%ol % ool AANE Qe WMaz Hde] AAYAD PO
MERe=AE Q4 §¥E Aol 744 T WA o] folv], AELAY
A% AeEW $94F 5%E ALd $9 P&O WEZo| =g 3
Udes &9 Whrsod, BSECARS AU ) T

Aol GO AEFHL FAD gV FARY] wEolu.
AeFe vFe] 19843 LW AW o] F I s%o] A kel
4

-
on, A2 FYATEDS A AROE HEEBE FA5E Ao] o

A A Hw, 2008 109 o] FHEE o] AHE +Fote ﬁ;\}%% EU
BN AEE WA Hol 9k

8 A7ZIAA 3= AVIA s HA ditoew AR s
(Information Exchange) AAE AF o} 3552 o]o sl wih
gHe i Aot FHAFY AHEEW HAA= 2 g 7|dte =
B HAY AT I dAFS v H Ao e

ECE dl&5w A4 F4¢ AYshaA b drtlE 5 eg A

g
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o
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2+3}7] 93l Banker, Chanes and Cooper(1984)= If
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A4% DEA 2 23

A1 7 g A4 2 DEA &= E9 o

H7bodel AL AAE A Flo]A Aol 5% Annual
Financial Report(&=<A4bA] & tiabdix3) % AXS-AlphalinerAlel]l <
) 4 FEH ‘AXS-Alphaliner TOP 100 Operated fleets as at 14 February
2007 e AAE AE(TEU 75)s 7I€o® vt 15 AlA 2
AL MSC(29],2922), CMA CGM(39],Z2%2), HAPAG LLOYD(GH,
=d), COSCO(79],% =) 52 Financial ReportE AAF Z 3 o] Ao Wi
skA] ol DMU A Aol A A 9] ¥ At}

AARE 2078 AAbe 20079 249 A E(TEU) 7l 9% Maersk (19,1
ul3), Evergreen(4$],t1%h), CSCL(6%1,5 ), SH3138]+(89,3=), APL(94,
A71E), NYK(109],4 &), OOCL(119,5-%), MOL(12%],4+), K Line(13%],
A ) Yang Ming Line(14%,dj"h), CSAV(IBH,Z‘E‘-EH), ZIM(lG-‘H,OliE]r%‘),
HYUNDAI M.M.(18%],8k=1), Wan Hai Lines(20%,91 %), UASC(21¢,0}5 ol
vy o] EAF), RCL(25%],El =), CCNI(269,2#), HORIZON Lines(34%,"]
=), KMTC(3991,8=), Heung-A Shipping(479],3t=) SolH, o]& 3AIZ
#HF o2 AAse] DEA-CCR, DEA-BCC 4F=7]+ 2o 2 RA3AT

DEA 7[H & A% 2z Ef o= oy F/7F 7idso] Q).

e AZEoZ = DEA-Solver-Pro, Frontier Analyst, OnFront,
Warwick DEA &So] glom HEAYHE LZEYo=Z+ DEA Excel
Solver, DEAP, EMS(Efficiency Measurement System), PIONEER2 &
o] Art. Azt AZE ol wet ALE WHIY A Thed 2y 9 A4
FHgrel 254 "dE2vdes 540 AUtk

2 =rolAe HAYE AZES o DEA-SOLVERS EMSE Al&

sho] 49

_43_



0

~g

o}
<
G20
N

<

G0
on

]

A24d =

= a4

B el A Fu dA

)

i

1o Global AA}

0] o
2

T
= M

}d

)

A 7R

oA+ o

ATE

ki3

°] ¥

sk At

A

-
R

Z.E
<
el
or

%

0

=

~
o

el
oy
o
-
T

oy

pE
o

qr

To
<)
.
o

—

~H

e

o 7]

A

=
=

Be A% 4%

Hl = uj&d tfu] 2%l A

i

ol
o
=
el
=

o

Z.E
<

or

0o
5

(e}

(TEU) ¢

AR

i
=

5}

H4=(0) 370

(TEU)=

\ao
r

T

)

A

’

2A A3 A, A

b9 ok,

)

TO)E A7

—_

o — ©
F| T
) Wy Ma A
A E o W
<A
AT - H._ | ~
= | LT
— K X e
o al
7

Al
2

ohej o

F DMU9 =

3
pul

24

Banker(1996)°] w 2w DEA #4] A

3 e,

_44_



7= max { wexs, 3(m+ $)}
m=FY4=E9 F

s = AEE9

n =A% DMUY

rr

A<
T

F 20 912 DMU 7
= st
&4 Aol ASE 200497 E]

2006 714 o] B4 4w @3S ERd Ao]t)

N

s1e] Aol wel ®Ao] AgE DMUS
Aol uret ko] ALgEE DMUS %
<H 4-2>, <3F 4-3>, <F 449>+ =
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<E 4-2> 20043 EEA BA 2w

(&9 © 100%+USD, TEU)

DMU oA | AR | OAR |0)mF <OO>]°ic""j gﬁ;]
Maersk 33227 | 18,784 | 920,051 | 26490 | 4,923 4,690
Evergreen 4245 | 1744 | 454,834 | 4,084 492 420
CSCL 3027 | 1735 191,953 | 2,701 617 486
Hanjin 4832 | 1479 | 284,937 | 5946 786 619
NOL(APL) 4369 | 2,195 | 277,684 | 6544 935 948
NYK 13,746 | 4252 251322 14955 | 1,503 664
00CL 3838 | 1,817 | 183,173 | 4,140 703 670
MOL 11475 | 2778 {188,723 | 10925 | 1,600 915
K Line 5637 [ 1774 | 203753 | 7714 | 1,006 557
CSAV Group | 1,608 | 746 |149322| 2,685 395 205
Zim 1502 | 450 |176985| 25528 176 172
Yang Ming Line 2,435 1,372 140,998 | 2,455 189 307
Hyundai 3,849 | 809 /129,548 | 4,906 532 410
Wan Hai Lines | 1,613 | 814 | 90753 | 1,439 130 212
UASC 1407 | 1235 | 71239 | 982 183 128
R%I(;St‘aei%ie‘f;al 541 | 277 | 39358 | 444 122 87
CCNI 155 | 67 | 29884 | 5% 39 17
HORIZON LINES | 938 | 325 | 28274 | 980 52 14
KMTC 308 | 83 | 22407 | 425 12 18
Heung-A Shipping| 271 53 | 23752 | 458 19 2%

A48 ¢ 2+ HAAF FHo]A Annual Financial Report @ AXS-Alphaliner Top
100 Operated Fleets as 14 Feburary 2007.
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<3E 4-3> 20059 E&A4 W

4 Aa

(&4 @ 100%+USD, TEU)

DMU A | OAR | 0a% | ©mE (o>]:°g gj;]
Maersk 45152 | 19,620 |1,444574| 34843 | 5894 | 13,389
Evergreen 3,929 | 1,946 | 443,938 | 4,250 507 377
CSCL 3594 | 2,060 | 276506 | 3465 | 578 438
Hanjin 4738 | 1913 | 283664 | 5903 | 565 477
APL 4815 | 2,626 | 310745 | 7271 | 89 812
NYK 15982 | 5204 | 278.893 | 16424 | 1,196 784
00CL 4815 | 2,293 | 218,140 | 4,696 | 745 651
MOL 12,521 | 4,195 | 199558 | 11,635 | 1473 968
K Line 6,445 | 2,290 | 207,584 | 8,009 | 749 531
CSAV Group 1810 | 170 | 199,118 | 3894 | 167 131
Zim 1669 | 530 | 202472 | 2884 | 191 187
Yang Ming Line | 2,784 | 1445181594 | 3047 | 329 289
Hyundai 4752 | 1406 | 148681 | 4783 | 460 381
Wan Hai Lines | 1,694 | 928 | 94,066 | 1554 75 170
UASC 1444 | 991 | 73764 | 1,044 | 180 116
RCLRegional 724 | 368 | 45175 | 532 152 118
CCNI 178 | 92 | 29208| 60 39 35
HORIZON LINES | 927 | 152 | 27246 | 1,096 47 18
KMTC 307 | 110 | 22597 | 459 2% 2%
Heung-A Shipping 305 69 19,481 520 9 17

A=

z} A Ab E#H oA Annual Financial Report 2

100 Operated Fleets as 14 Feburary 2007.
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<3 4-4> 2006 EE&A F

4 Aa

(&9 @ 1009+USD, TEU)

DMU DA | AR | DA |(O)E “?loio‘i gf;]

Maersk 55400 | 24,148 | 1,665272 | 44518 | 6423 | 27723
Evergreen 3767 | 1873 | 477911 | 4607 5 2
CSCL 3994 | 2153 | 346493 | 3962 | 217 112
Hanjin 6378 | 2628 | 328794 | 6510 | 160 452
APL 4271 | 2142 | 331437 | 7264 | 407 373
NYK 18089 | 5936 | 302213 | 18334 | 889 551
00CL 5600 | 2,740 | 234,141 | 4609 | 621 531

MOL 13892 | 5260 | 241,282 | 13286 | 1424 | 1,024
K Line 7628 | 3029 | 227872 | 9196 | 520 436
CSAV Group 1,701 | 748 | 234002 | 3839 | 236 58
Zim 2194 | 585 | 201432 | 2991 | 113 80
Yang Ming Line | 2889| 1208 | 188206 | 3222 | 43 35
Hyundai 5963 | 2255 | 147989 | 5003 | 105 132
Wan Hai Lines 1,630 897 114,346 1,567 -16 96
UASC 796 | 404 | 74004 | 1184 | 90 80
REL(Regional 733 | 420 | 48604 | 534 9% 70
CONI 62 5 | 3379 | 658 | -31 ~20
HORIZON LINES | 945 | 434 | 27246 | 1157 | 9 7
KMTC 201 | 127 | 27130 | 486 9 10
Heung-A Shipping 320 70 20,888 537 -8 -2

A=

_48_

Z+y A} &7 0o]A Annual Financial Report @ AXS-Alphaliner Top
100 Operated Fleets as 14 Feburary 2007.




20064 71F A A2 |EEAEAN AnHE APHW <E 45>
g} 2.
<E 4-5> 2006 EAxE 7 EBAH
3= 245k A% |HE(TEU)| wW% | 9gole | soY
A gk 55,409 24,148 1,665,272 44 518 6,423 2723
H A7k 62 5 20,888 486 -31 -58
3 +F 6,827.6 2,857.6 263,653.05 6,677.7 569.95 337.45
¥E=HA | 12,0274 5138.37 | 345,123.67 | 9,764.71 1,388.88 609.41
= 20 20 20 20 20 20
<E 46> £9 2 A9 i A@HA ENANES AA G2 o)
<E 4-6> 20060 A E VE FY @ NEFasce] AndA B A
24k 2} 1 e Wz | ol | wol
A} Ak 1.000 0.996 0.933 0.992 0.978 0.967
PR 0.996 0.953 0.982 0.988 0.971
A= 0.933 0.953 0.923 0.933 0.895
uj] & 0.992 0.982 0.923 00 0.957 0.956
o ¢ o] ¢ 0.978 0.988 0.933 0.957 1.000 0.972
<= o] ¢ 0.967 0.971 0.895 0.956 0.972 1.000
A3d DEA-CCR 2389 93 g&4 4
2 Aol A= DEA-CCREZ L o] 438 &84 B4 ARZ AN
gk = 20043 52 E 20069744 A How AN AMAGozR 7}
A W2 82 Aol naeAe HAE R 5 A @

A=)
2%

5 04, 5% Aes FEo
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o aEg g4 BAARANE 42N OMUE EATE o,
Mg 47 871 Astel B ol 7 DMUS B HAE Ed
5317} @k, o= DEA-BCC 2423l A% st

DMU1 Maersk DMU11 CSAV
DMU2 Evergreen DMU12 ZIM
DMU3 CSCL DMU13 Hyundai
DMU4 Hanjin DMU14 Wan Hai
DMU5 APL DMU15 UASC
DMU6 NYK DMU16 RCL
DMU7 OOCL DMU17 CCNI
DMU8 MOL DMU18 HORIZON
DMU9 K Line DMU19 KMTC
DMU10 Yang Ming DMUZ20 Heung-A

1. 20049 2 &A &4 24

2004 %= 2070 kel &4 423, DMUl(Maersk), DMUS(APL),
DMU6(NYK), DMU9(K-Line), DMUS(MOL), DMU10(Yang Ming),
DMU14(Wan Hai), DMU16(RCL), DMU17(CCNI) o] &&%49 AA=
LHEFRE T

oA o2 DMU2(Evergreen), DMU3(CSCL), DMU4(Hanjin),
DMU7(O0OCL), DMUI1(CSAV), DMUI12(ZIM), DMU14(Wan Hai),
DMUI15(UASC), DMUI8(HORIZON), DMUI9(KMTC) 5= HaE &4 S
Holx 9lom DMU2(Evergreen)’} 05830 % 717 HlE&A S Hola

= S o) 2=
A= As & g Stk
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<Y 4-1> 20043 %= E&A B4 ZAI(CCR)

11

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
L ___ o 08 T
10 0.953 0.960

foT T 1) R ) N B A O I I 1 I B I e | [ ows
07 I . . . . . . . . ~ 0679 I . B
06 - B — — — — — — — — — — — — — — ] —
oIT I S 6 S S B B B e R B R R R N B N R N RN e e N

GRS I I I I S R S N R R AR N S R N R

2.20059% 284 £4 AH

2006 2070 AARY =84 A 23, DMUXAPL), DMUG(NYK),
DMU7(OOCL), DMUS, DMU10(Yang Ming), DMUI16(RCL), DMU17(CCNI),
DMUI8(HORIZON), DMU20(Heung-A) 592 AAF &84 HAFZ YERSTH

Aidez  DMUI(Maersk), DMU2(Evergreen), DMU3(CSCL), DMU4(Hanjin),
DMUI11(CSAV), DMUI12(ZIM), DMU13(Hyundai), DMU14(Wan Hai), DMUI5(UASC),
DMUIY(KMTC) & H|E&4dS HojFal 9lom, 53] DMU2(Evergreen)+ 06162

2 7 RlEEA]] e Bojsar vk

o,

N
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<29 4-2> 20059 % E&4 B4 ZAI(CCR)

09 0877 - - - - - N | - - - I -

08 - _ 0776 - - - - - - [ [ | [ - - gkt -

o7 bt B P BB BTS2 eeo I LR L] T

L N R R R N N S A N S R R R N N N N A
W N R R R AR N S A N S R R R N N N N A

oI N A R R R N N S A N S e R R R N N N N A

3. 20060 284 A 4%

20069 207 XAkl &84 A Ayl DMUI(Maersk), DMUS(APL), DMUG(NYK),
DMU7(OOCL), DMUS(MOL), DMUI0(Yang Ming), DMU11(CSAV), DMUIS(UASC),
DMUI16(RCL), DMU17(CCNI), DMUIS(HORIZON) <] AA7F 28421 AAZ
EpsiT)

AtA o2 DMU2(Evergreen), DMUS3(CSCL), DMU4(Hanjin), DMUY(K
Line), DMUI12(ZIM), DMU13(Hyundai), DMU14(Wan Hai), DMU19(KMTC),
DMU20(Heung-A) &< Bl a&&4S HolFal 9lom 53], DMU2(Evergreen)
= 06160% HAdx FAdsH 7 vlEE&AQ @S HolFal it
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<O¥ 4-3> 20069 % &84 4] 23(CCR)

4. 2006034 CCR

jze]

o
od

mﬂ
b

3

I8 ZE&4

A

o ¢
o] o},

20061 DEA-CCR &4
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Sen FEP -Gt

4-8>
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ebul
— 53 —

[e)

=



<HE 4-8> 20060 = =99 FE2HF(CCREY)
=9l DMU | &A% AT - HH
1 DMU1 1.000 DMU1-1.000
1 DMU5 1.000 DMU5-1.000
1 DMU6 1.000 DMU6-1.000
1 DMU7 1.000 DMU7-1.000
1 DMUS 1.000 DMUS8-1.000
1 DMU10 1.000 DMU10-1.000
1 DMU11 1.000 DMU11-1.000
1 DMU15 1.000 DMU15-1.000
1 DMU16 1.000 DMU16-1.000
1 DMU17 1.000 DMU17-1.000
1 DMU18 1.000 DMU18-1.000
12 DMU20 0.998 DMU6-0.008, DMU8-0.004, DMU17-0.520
DMU6-0.106, DMU8-0.162, DMU17-1.780
DM 982 - ’ '
13 Ud 0N DMU18-3.546
14 DMU4 0.883 DMUS8-0.227, DMU11-0.123, DMU15-3.368
DMU5-0.028, DMU8-0.002, DMU17-0.411,
15 DMU19 0.752 F o gmimng B
16 DMU13 0.736 DMU6-0.295, DMU17-1.270, DMU18-0.589
17 DMU14 0.643 DMU5-0.280, DMU7-0.066, DMU15-0.082
18 DMU12 0.590 DMU6-0.080, DMU17-3.826, DMU18-1.274
DMU5-0.508, DMU10-0.555, DMU17-0.712,
19 DMU3 0.542 DMU18-0.885
DMU5-0.052, DMU10-0.174, DMU17-10.198,
20 DMU2 0.420 DMULS-2.775
<E 48>0 E&A ol 1o e A4 EEAClA 1HY A
ol Uy A9 nagdoelgta Hrieg 6 A Ay g&H o=
71E = QA= 11 gAo ot
ZF dAls olyd HEHFHTS wlAvkA (benchmarking)] A=
6) CCR Edo] a&40] H7| Y= T&A o] 19 FAd ZE SH(FUY

0ofofof gt}



2 088 & ke
Al Qe 1 A E

S} fA A o] Erha

iz
i

R =N W W | OO0 3|00
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<3 4-10> 2006 CCR E& 9 T84 /MAL g3 FA}
F /A= TEA Rk FAF 2} o] %
DMU1 1.000
A}k 55,409 55,409 0 0.00%
A2 24,148 24,148 0 0.00%
A5 1,665,272 1,665,272 0 0.00%
v & 44,518 44,518 0 0.00%
g el 6,423 6,423 0 0.00%
ol 9 2,723 2,723 0 0.00%
DMU?2 0.420
A4k 3,767 3,767 0 0.00%
A2 1,873 1,494.178 -378.822 -20.23%
A E 477911 477911 0 0.00%
o) & 4,607 10,958.109 | 6,351.109 137.86%
g 4ol 5 11.893 6.893 137.86%
o] 9 2 4757 2.757 137.86%
DMUS3 0.542
ARk 3,994 3,994 0 0.00%
A} 32 2,153 1,890.875 -262.125 -12.17%
A E 346,493 346,493 0 0.00%
o) & 3,962 7,313.865 | 3,351.865 84.60%
g 4ol 217 400.583 183.583 84.60%
ol 9 112 206.752 94.752 84.60%
DMU4 0.883
A}k 6,378 6,107.415 -270.585 -4.24%
A2 2,628 2,628 0 0.00%
A5 328,794 328,794 0 0.00%
v & 6,510 7,374.281 864.281 13.28%
g el 160 640.647 480.647 300.40%
ol 9 452 512.008 60.008 13.28%
DMU5 1.000
A4k 4,271 4,271 0 0.00%
A2 2,142 2,142 0 0.00%
A5 331,437 331,437 0 0.00%
v & 7,264 7,264 0 0.00%
el 407 407 0 0.00%
ol 9 373 373 0 0.00%
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A= ek A A} o] %
DMU6 1.000
A2k 18,089 18,089 0 0.00%
AR 5,936 5,936 0 0.00%
A 302,213 302,213 0 0.00%
) & 18,334 18,334 0 0.00%
o]y 889 889 0 0.00%
ol ¢ 551 551 0 0.00%
DMU7 1.000
A2k 5,600 5,600 0 0.00%
A 2,740 2,740 0 0.00%
A 234,141 234,141 0 0.00%
) = 4,609 4,609 0 0.00%
o]y 621 621 0 0.00%
ol ¢ 581 581 0 0.00%
DMUS8 1.000
s 13,892 13,892 0 0.00%
A} 5,260 5,260 0 0.00%
A 241,282 241,282 0 0.00%
) & 13,286 13,286 0 0.00%
ol 1,424 1,424 0 0.00%
ol ¢ 1,024 1,024 0 0.00%
DMU9 0.982
s 7,628 7,628 0 0.00%
A 3,029 3,029 0 0.00%
A 227,872 227,872 0 0.00%
) = 9,196 9,368.018 172.018 1.87%
o]y 520 610.330 90.330 17.37%
o] 9 436 444.156 8.156 1.87%
DMU10 1.000
s 1,701 1,701 0 0.00%
A 748 748 0 0.00%
A 234,002 234,002 0 0.00%
) & 3,839 3,839 0 0.00%
ol 236 236 0 0.00%
o] 9 -58 -58 0 0.00%
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FA/ = - RN FA A} o] %
DMU11 1.000
22k 2,194 2,194 0 0.00%
A 585 585 0 0.00%
A 201,432 201,432 0 0.00%
) = 2,991 2,991 0 0.00%
g ol 113 113 0 0.00%
ol 9 80 80 0 0.00%
DMU12 0.590
s 2,889 2,889 0 0.00%
Ap 1,298 1,047.125 -250.875 -19.33%
LR 188,206 188,206 0 0.00%
| = 3,222 5,458.820 2,236.820 69.42%
ddold 43 74.842 31.842 74.05%
ol 9 35 59.298 24.298 69.42%
DMUI13 0.736
22k 5,963 5,963 0 0.00%
A 2,255 2,010.245 -244.755 -10.85%
A 147,989 147,989 0 0.00%
| = 5,093 6,917.079 1,824.079 35.82%
ddoly 105 278.987 173.987 165.70%
o] ¢ 132 179.276 47.276 35.82%
DMU14 0.643
s 1,630 1,630 0 0.00%
Ap 897 813.378 -83.622 -9.32%
LR 114,346 114,346 0 0.00%
) = 1,567 2,436.019 869.019 55.46%
ol -16 162.214 178.214 999.90%
ol 9 96 149.239 53.239 55.46%
DMU15 1.000
22k 796 796 0 0.00%
A} 404 404 0 0.00%
LR 74,004 74,004 0 0.00%
| = 1,184 1,184 0 0.00%
ddoly 90 90 0 0.00%
ol ¢ 30 30 0 0.00%
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FA/ = - RN FA A} o] %
DMU16 1.000
A}k 733 733 0 0.00%
A 420 420 0 0.00%
A 48,604 48,604 0 0.00%
| = 534 534 0 0.00%
ddoly 96 96 0 0.00%
ol ¢ 70 70 0 0.00%
DMU17 1.000
A}k 62 62 0 0.00%
A} 5 5 0 0.00%
SR 33,799 33,799 0 0.00%
| = 658 653 0 0.00%
ddoly -31 =31 0 0.00%
ol 9 -20 -20 0 0.00%
DMU18 1.000
s 945 945 0 0.00%
A} 434 434 0 0.00%
A 27,246 27,246 0 0.00%
| = 1,157 1,157 0 0.00%
ddoly 96 96 0 0.00%
ol 9 (2 " 0 0.00%
DMU19 0.752
s 291 291 0 0.00%
A} 127 127 0 0.00%
A 27,130 27,130 0 0.00%
| = 486 645.985 159.985 32.92%
ol 9 13.500 4.500 50.00%
ol 9 10 13.292 3.292 32.92%
DMU20 0.998
s 320 229.113 -90.887 -28.40%
A} 70 70 0 0.00%
A 20,888 20,888 0 0.00%
| = 537 538.302 1.302 0.24%
ol -8 -3.483 4517 56.46%
ol 9 -2 -2.005 0 0.00%
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6. EMS A

Solver T2 1#do] EL4AL 12 H7E 3 EMS T2 1382 F
42 dAlE FAAE THE Yo s 5AS 7FA2 T
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A B =9 2 EMS "A+9 Solver #
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<3 4-11> 20061 CCR E 39 EMS E&4 «4

=4 DMU EMS &<

1 DMU17 5.83%

2 DMUS8 60.19%
3 DMU10 66.83%
4 DMU7 81.53%
5 DMU6 85.11%
6 DMU16 87.97%
7 DMU11 89.55%
8 DMU15 91.72%
9 DMU18 92.56%
10 DMU5 93.26%
11 DMU1 94.79%
12 DMU20 100.24%
13 DMU9 101.87%
14 DMU4 113.28%
15 DMU19 132.92%
16 DMU13 135.82%
17 DMU14 155.46%
18 DMUI12 169.42%
19 DMU3 184.60%
20 DMU?2 237.86%




7. Solver®t EMS & &4 3 v

EMS H¢ Solver A5 WlwstH <3 4-12>¢F 2o W3 do+=
100 / EMS% A 52 Axksto] Ul om 1 wagto] Solver 429} 2
e s 4 5 Ut
<E 4-12> 200611 CCR B3 =E&A % vl

=9 DMU Solver W34 4 Solver %<

1 DMU17 17.153 1.000
2 DMUS 1.661 1.000
3 DMU10 1.496 1.000
4 DMU7 1.227 1.000
5 DMU6 1.175 1.000
6 DMU16 1.137 1.000
7 DMUI11 1.117 1.000
8 DMU15 1.090 1.000
9 DMUIS 1.080 1.000
10 DMUS5 1.072 1.000
11 DMU1 1.055 1.000
12 DMU20 0.998 0.998
13 DMU9 0.982 0.982
14 DMU4 0.883 0.883
15 DMU19 0.752 0.752
15 DMU13 0.736 0.736
17 DMU14 0.643 0.643
18 DMU12 0.590 0.590
19 DMU3 0.542 0.542
20 DMU2 0.420 0.420

T 1 EMS A9 Solver ®& 4 = 100 / EMS %% 5.
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A44 DEA-BCC R3] o8& a4 24

DEA-BCC #A A= DEA-CRR 4] Az tha Aolgt A
Hola gith

i

1. 20043 2&4 &4 2%

20049 %= 2070 Akl EE&EA #A4 A3, DMUl(Maersk), DMU5
(APL), DMU6(NYK), DMU7(OOCL), DMUSMOL), DMU9(K-Line),
DMU10(Yang Ming), DMU11(CSAV), DMU13 (Hyundai), DMU16(RCL),
DMU17(CCNI), DMU18(HORIZON), DMUIY(KMTC), DMU20(Heung-A)
ol AE&AQd AALR dERs T

oA 6.2 DMU2(Evergreen), DMU3(CSCL), DMU4(Hanjin), DMU12(ZIM),
DMU14(Wan Hai), DMUI5(UASC) &< Hl&E&4S Holi 9low, DMU2 7}

066102 7HF HEsAds Hela e As & 5 Utk

1.100
1000 |- T 0653 T - - » " -

0900 - - - - = = — > = o i — - - -
0800 [~ - - - - - - c IR - — - - -
0700 0.661 - - - - - — - R - -0.664 —| |- - - -
0600 - -1 | - - - - - [~ - - - - - -1 | - - -

RILTI S (S B B I O B O R B S R B R B S Y S R R B
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2.20054 & 4 2

i)

2005 % 2070 AdAbe] e A 23, DMUl(Maersk), DMUS (APL),
DMU6(NYK), DMU7(OOCL), DMUS(MOL), DMU9(K-Line), DMU10(Yang
Ming), DMU16(RCL), DMU17(CCNI), DMU18 (HORIZON), DMUIY(KMTC),
DMU20(Heung-A) ¢ AAE &4 AARR YEbst

A 6= DMU2(Evergreen), DMU3(CSCL), DMU4(Hanjin), DMU11(CSAV),
DMU12(ZIM), DMU13(Hyundai), DMU14(Wan Hai), DMUIS(UASC) 5 H|&E&
e BolFal 9o 53] DMUI(Maersk)= 0.6H4= 7HE v E&42 & B

FaL 3t

<29 4-5> 20059 % E&A B4 ZAI(BCC)

1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.996 1.000 1.000 1.000 1.000 1.000
0 BREE BE o wm B R

09 -~ 0.855 0869 B - ¥ & B e - - - -
08 o - i 1 3 i 3 i i - - - -

0.701 0.694 0.699
(OIS B S I S ) O O S I I Sl B 1 St | ST o Il IR ) B O B

N N N R R N N N RS R R N R N N

e N N N R N N N N RS R R N R N
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3200608 &2&A A4 A

i)

20061 %= 2070 Ao &84 w4 A3, DMUI(Maersk), DMU5S(APL),
DMU6(NYK), DMU7(OOCL), DMUS(MOL), DMU9(K-Line), DMU10(Yang
Ming), DMUI11(CSAV), DMUI5S(UASC), DMUI6(RCL), DMU17(CCNI),
DMUIY(KMTC), DMU20(Heung-A) 59 AA7F &84 ¢ AALZ ey,

A o2 DMU2(Evergreen), DMUO3(CSCL), DMU4(Hanjin), DMUI12(ZIM),
DMU13(Hyundai), DMU14(Wan Hai), 52 HIE&AS HoFal glom, 53],
DMU3(CSCL)¥= 05752 7Hd vl a2&42] A& Ho5a Qlrh

W
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0 B EE R R m
o9 [ A EhERERE T

o8 i R RN EE

8w MR BN mE 0619

06 F | | 0575 = L . - = _ 2y . - L = = = = =

o B O R B S R R N Y N
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<FE 4-13> 2006 = =9 ok FEHF(BCCEE)

=9 DMU ek 2R - B

1 DMUI 1.000 | DMU1-1.000

1 DMU5 1.000 DMU5-1.000

1 DMU6 1.000 DMU6-1.000

1 DMU7 1.000 DMU7-1.000

1 DMUS 1.000 DMUS8-1.000

1 DMU9 1.000 DMU9-1.000

1 DMUI10 1.000 DMU10-1.000

1 DMU11 1.000 | DMU11-1.000

1 DMUI5 1.000 DMU15-1.000

1 DMUI16 1.000 DMU16-1.000

1 DMU17 1.000 | DMU17-1.000

1 DMUISB 1.000 DMU18-1.000

1 DMUI9 1.000 DMU19-1.000

1 DMUZ20 1.000 DMUZ20-1.000

5 | DMU4 0.904 B%g%%ﬁggé DMU7-0.028, DMU8-0.334,
16 DMUI13 0.748 DMU6-0.192, DMU9-0.323, DMU17-0.485

17 DMU2 0.699 DMU5-0.804, DMU10-0.196

18 DMUI2 0697 B%g&;?g%gg DMU9-0.162, DMU10-0.114,
19 DMU14 0.649 B%g%—g?olgges DMU7-0.031, DMU15-0.517,
20 DMU3 0.575 | DMU5-0.892, DMU10-0.108

20061 BCC ®A4oA g&4oz ArEE dAE F 1471 Aoz

Ha&doz Hrts = AA7E 671 dAlolth 200606d CCR 4] 3 W] L]
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N F71skch o] A4S BCC 4 A R =

3
Z7F48 94 A= DMU9(K-Line), DMU19 (KMTC),

z
c
(@)
== = = = DD W W W W ||

I
=
=

oX

MAE 4

o
el

5, 3 & A}

BCC B3 oA a8 7/IAE 913 FAH9 ol DMU2(Evergreen)-
4 NMASE Y8 AEE 4376 7USD, AES 165581 TEUS 7+H7t
ol mjEdE& 1985.327WRIUSD, Yol 3684659 wHUSD, 40| 9

286477 WFUSD wbE WA A 71 Ba A o] ®
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DMU3(CSCL)2 &&A 7/IAde 9 AdsS 161248 USD, A&
<= 25058TEUE =°li, wi&S 2932.846M7HUSD, Aol 171.569
WRIUSD, 0] %S 2145469 WHUSDE 22t S7F AlACF &40 HAL
FE o dvs A4S BojFa s
DMU4(Hanjin)®] 74-¢ A& 115007TEUE =°li, "i&E 683.724
WRIUSD, < 1ol ¢ 488.364 = t

7F A7 &9 7

N

123
o
i=
G
wn
o)
)
19
N
~
o0
—
©
=
=
()
w2
)
|
=)
_1\1
ol\

ol
=]
DMUI13(Hyundai)®] 7% #AE5& 135625 7tUSD w5 o], vf
=5 1,713.034W7tUSD, el 218467WTtUSD, o

WUSD whE ZhzE S7hA 71 e A A 2S5 4 Tk
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<#E 4-15> 20061 BCC B39 a&4 /MAS ¢ FAF
/= aEA T A 2} o] %
DMU1 1.000
AR 55,409 55,409 0 0.00%
AR 24,148 24,148 0 0.00%
M 1,665,272 1,665,272 0 0.00%
) & 44,518 44,518 0 0.00%
g ¢ el 6,423 6,423 0 0.00%
+=o] 9 2,723 2,723 0 0.00%
DMU2 0.699
A2k 3,767 3,767 0 0.00%
A} B 1,873 1,368.624 -4.376 -0.23%
8 477911 | 312,329.125 |-165,581.875| -34.65%
o) & 4,607 6,592.327 | 1,985.327 43.09%
ol 5 373.465 368.465 999.90%
=09 2 288.477 286.477 999.90%
DMU3 0.575
A2k 3,994 3,994 0 0.00%
AR 2,153 1,991.752 | -161.248 ~7.49%
A 346,493 | 320,935.251 | —25,557.749 -7.38%
v & 3,962 6,894.846 | 2,932.846 74.02%
g9 el 217 388.569 171.569 79.06%
+=o] 9 112 326.546 214546 191.56%
DMU4 0.904
A2k 6,378 6,378 0 0.00%
A} B 2,628 2,628 0 0.00%
8 328794 | 213,787.306 [-115,006.694| -34.98%
o) & 6,510 7,198.724 638.724 10.58%
ol 160 648.364 488.364 305.23%
+=o] 9 452 499.819 47.819 10.58%
DMU5 1.000
A2k 4,271 4,271 0 0.00%
AP R 2,142 2,142 0 0.00%
A 331,437 331,437 0 0.00%
j & 7,264 7,264 0 0.00%
ol 407 407 0 0.00%
0] 9 373 373 0 0.00%
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U= ek A A} o] %
DMU6 1.000
ARk 18,089 18,089 0 0.00%
AR 5,936 5,936 0 0.00%
A& 302,213 302,213 0 0.00%
= 18,334 18,334 0 0.00%
3ol <] 889 389 0 0.00%
o] 9 551 551 0 0.00%
DMU7 1.000
ARk 5,600 5,600 0 0.00%
A} 2,740 2,740 0 0.00%
AL 234,141 234,141 0 0.00%
) = 4,609 4,609 0 0.00%
%ol 621 621 0 0.00%
ol ¢ 581 581 0 0.00%
DMUS8 1.000
AR 13,892 13,892 0 0.00%
A} 5,260 5,260 0 0.00%
AL 241,282 241,282 0 0.00%
) & 13,286 13,286 0 0.00%
%ol 1,424 1,424 0 0.00%
ol 9 1,024 1,024 0 0.00%
DMU9 1.000
AR 7,628 7,628 0 0.00%
A} 3,029 3,029 0 0.00%
A5 227,872 227,872 0 0.00%
) & 9,196 9,196 0 0.00%
%ol 520 520 0 0.00%
ol Y 436 436 0 0.00%
DMU10 1.000
AR 1,701 1,701 0 0.00%
AR 748 748 0 0.00%
A5 234,002 234,002 0 0.00%
o & 3,839 3,839 0 0.00%
3ol <] 236 236 0 0.00%
ol Y -58 -58 0 0.00%
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FYd/Ab= EEA FAF 2} o] %
DMUI11 1.000
A}t 2,194 2,194 0 0.00%
A} 585 585 0 0.00%
A5 201,432 201,432 0 0.00%
| & 2,991 2,991 0 0.00%
g ol 113 113 0 0.00%
ol 80 80 0 0.00%
DMU12 0.697
A2k 2,889 2,889 0 0.00%
A} 1,298 1,298 0 0.00%
A5 188,206 188,206 0 0.00%
| & 3,222 4,624.938 1,402.938 43.54%
el 43 235.981 192.981 448.79%
ol 9 35 181.671 146.671 419.06%
DMU13 0.748
A2k 5,963 5,963 0 0.00%
A} - 2,255 2,119.375 -135.625 -6.01%
A5 147,989 147,989 0 0.00%
| & 5,093 6,806.034 1,713.034 33.64%
el 105 323.467 218.467 208.06%
ol 132 236.869 104.869 79.45%
DMU14 0.649
A2k 1,630 1,630 0 0.00%
A} - 897 807.202 -89.798 -10.01%
AL 114,346 114,346 0 0.00%
| & 1,567 2,412.668 845.668 53.97%
el -16 166.925 182.925 999.90%
ol 9 147.809 51.809 53.97%
DMU15 1.000
A2k 796 796 0 0.00%
A} - 404 404 0 0.00%
AL 74,004 74,004 0 0.00%
) & 1,184 1,184 0 0.00%
el ) 90 0 0.00%
ol 80 80 0 0.00%

_70_




%

733

0.00%

420

0.00%

48,604

0.00%

534

0.00%

96

0.00%

70

O|lo|o|Io|o| O

0.00%

1.000

62

62

0.00%

0.00%

33,799

33,799

0.00%

658

653

0.00%

-31

-31

0.00%

-20

-20

(o) Fol Hel Rol Rej R

0.00%

1.000

945

945

0.00%

434

434

0.00%

27,246

27,246

0.00%

1,157

1,157

0.00%

96

0.00%

(e

el el el Rol Rel Ne)

0.00%

291

0.00%

127

0.00%

27,130

0.00%

486

0.00%

0.00%

O|lo|o|Io|o| O

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

(o) Fol Hel Rol Rej R

0.00%
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<IE 4-16> 2006 BCC 2389 EMS &44 +9

9 DMU EMS A

1 DMU17 big

1 DMU20 big

3 DMU1 22.17%
4 DMU18 34.70%
5 DMU19 43.70%
6 DMUS 51.24%
7 DMU10 66.09%
8 DMU5 71.65%
9 DMU7 76.76%
10 DMU16 77.21%
11 DMU6 78.56%
12 DMUI15 82.56%
13 DMU11 85.09%
14 DMU9 95.36%
15 DMU4 110.58%
16 DMUI13 133.64%
17 DMU2 143.09%
18 DMUI12 143.54%
19 DMU14 153.97%
20 DMU3 174.02%

7. Solver®s EMS & &4 % v

20060 BCC E3 <9 EMS A9 Solver A& Hluwstd <x%
4-17>3 2tk W3k A4E 100/ EMS% A2 AAtstod byglow 1
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Hl L gko]l 1 o]3kel A% Solver A9 Aot AS & 4 9t

<E 4-17> 20061 BCC 23 T &A 3 v

=9 DMU Solver ¥ 34 4 Solver 4
1 DMU17 big 1.000
1 DMU20 big 1.000
3 DMU1 4511 1.000
4 DMU18 2.882 1.000
5 DMU19 2.288 1.000
6 DMUS8 1.952 1.000
7 DMU10 1.513 1.000
8 DMU5S 1.396 1.000
9 DMU?7 1.303 1.000
10 DMU16 129 1.000
n DMU6 1273 1.000
12 DMUI15 1211 1.000
13 DMUI11 1.175 1.000
14 DMU9 1049 1.000
15 DMU4 0.904 0.904
16 DMU13 0.748 0.748
17 DMU2 0.699 0.699
18 DMU12 0.697 0.697
19 DMU14 0.649 0.649
%0 DMU3 0575 0575
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A54 CCR¥} BCCEEA Hlx 3B 129 &4

DMU® CCR &&A3 BCC g4 z4zt O6F

al
u, 77529 &84 (Scale Efficiency)S th33 & 2o wal F4 E}.

At o2 CCR &4 BCC E&A4RT AAY 27 "o X2
T84 94 12T FAY 2o =9 CCR 2842 29 a4 &

SHA] 7] wiEo] 7]% 2 &4 (technical efficiency : TE)o]gtal 3= b
W, BCC &AL Rl td sdriis 7HAgsy] diel ¢ s

& & A (pure technical efficiency : PTE)e]&ka @t} o]gfdt EAS %3

£84E otlel 43t el AEE W VAR oY A v
224 990 MEEAY 290 T AAA FEE AT AT 33
o N AAA FLE b BRSO AAAE BT F A

20061 A GAEY] TREEAS TS H o] At oy <2
g 4-7>0l4 YElgdE ZAx¥ DMUI, DMU5, DMO06, DMU7, DMUS,
DMU10, DMU11, DMU15, DMUI16, DMU17, DMU18 % 117§ A A}7}
CCREA 7 BCCHEA F 7HA B5F Z8&4 @ FEEZE&4 ol 124

A AYFE st o, FRE AdE o]&sta vk & F Ut
Hkd o] DMU9, DMU19, DMU20E BCC &84 gol 19olx &3}
aoFEe) &4 ghol ZhzE 0982, 0.752, 0.998% TFE9 = A 9T}
A ARE R o) vEgAdo] RejX i
2 gFEE Qe B A3 vt & 5 Uk
T3 DMU39 %% CCR &&4 % BCC &840 05 AF o=

o

)
lo
fu
o
o2
mlo
P‘L'
k1
%2,

o mfmr
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. DMU13¢] 4 %% CCR &&4 % BCC E&4

o] 7+7z} (.736, 0.748 Aol &=
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<Y 4-7> 2006 TFTEEEA

oo

ECCROBCC BH=584 |

U.

DMU19

o0
o0

——

111 e — 5

DMU12

oo OO © oo
SO OO0 (G OO
OO OO T O
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DMU2
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<E 4-18>3 <F 4-19>% 2003\ F-E 200597441 ] DEA-Solver L&
O AMS Al &4 ARy EMS T2 Anghs wag gl

<3 4-18> Solver = ARG Al F&4 7 B 2L(2004~2006%)

CCR BCC

No DMU

2004 | 2005 | 2006 | 2004 | 2005 | 2006
2 DMU2 0.583 | 0616 | 0.420 | 0.661 | 0.732 | 0.699
3 DMU3 0.953 | 0.776 | 0542 | 0.953 | 0.855 | 0.575
4 DMU4 0.960 | 0.817 | 0.883 | 0.995 | 0.869 | 0.904
5
6
7
8
9
10
11
12
13
14
15
16
17
18
;
z
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<% 4-19> EMS Z =219 A8 A @84 g v 1(2004~200613)

CCR BCC

No DMU
2003 2004 2005 2003 2004 2005

114.06%

2 | DMU2 | 171.64% | 162.33% |237.86% |151.31% | 136.61% | 143.09%

1 DMU1

3 | DMU3 | 104.90% | 128.79% |184.60% |104.89% | 116.92% | 174.02%

4 | DMU4 | 104.19% | 122.38% |113.28% | 100.52% | 115.02% | 110.58%

5 | DMUS

6 | DMU6

7 | DMU7 | 101.55%

8 | DMUS
9 | DMU9
10 | DMU10
11 | DMU11 118 % | 108.38%

. Qi O . (6]
12 | DMU12 259% | 14 1169.429 | 145. 142.69% | 143.54%
13 | DMUI13 00.5 5,820 100.45% | 133.64%

14 | DMU14 | 152.48% | 151.47% | 155.46% | 136.95% | 144.00% | 153.97%

15 | DMUI5 | 151.65% | 143.21% 150.56% | 142.99%

16 | DMU16

17 | DMU17

18 | DMUIS8 | 121.96%

19 | DMUI19 | 130.19% | 127.23% |132.92%

20 | DMU20 100.24%
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) 20049, 20054, 2006 B 2 & A9 AALE U EY T

U 19 A DMUA(ERI81¢)9] 7% DEA-CCR 23 % DEA-BCC
BE ORE 20049, 2005, 2006 2F M@ A AALE U glow,
=W 29 AR DMUIS(-A4) e 744 DEA-CCR 2% 9 4% 20061

of &4 Ftol 0.736L.2 tHE Global AAlel] wvla] tha G&%o]x] K3
Ao UEten ol ThE Aol A9 20034 o F A%HE £9A%
o = R @A

o aeHom YAFA Ha Aoz motd
_]

DMU13(A thArA)e] 9o+ 20061 DEA-CCR &4 % DEA-BCC
a8 ol Z+7F 0736, 0.748 Yol = Bt FERIEEAS 09842 YERG
o ]

2 wol £ WAL vEgH 7303% st AW FEE 2 ol

gatn Q= Aew A4 B 4 Atk
g 39 dAFI DMU6G(NYK), DMUSMOL), DMU9(K-Line)¢] 7 ¢

DEA-CCR =&l Slol 2006 DMU9(K*Line)9] BE&A Fho] 0.982%

)] 20061 DEA-BCC T &4 #4d o Z&24< AA}
7] Y& FzxaoF & MALZ DMUSMOL), DMUIS(UASC), DMUS(APL),
DMU7(OOCL) o] ¢t} DMUI3(d A 4)2] 20061 DEA-BCC &&4 o
4 o &4 A =7 98 #Fxsor 8 MALE DMUIT(CCNID),
DMU9(K-Line), DMU6(NYK) &°] Slth. DMUL3(&tHd4) o 239 At o
7rst Wol A DMU6(NYK)®} frAbgh AFd 725 7HA AL glo] DMU69] A4
g 2 AAE AEsA As woEA v E&A AxE H7 A% A
S Aoz Atz
o] AbH E wie} o] YU E dxstE ¢ -(DMUL) T d o)
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Tha 5 doxes AoR mof Hi gtk ole FF AU A el

A AAS-YE Aelr] YsidE MEGA-CARRIER7F FE38+ M&AS

o] [e) 2~
FHEFS S
A



~ ~ ~u
23 b DT W ZTOEWP
T OH o 5 = &= o o oy 2 o
5 PE e g
R *% s EmBETY 5w g
i T — M 2 ET N I 4 T T -
WX s X =y D ) . % %0 oy .w
1 B ﬂe 17#! ©) :i ‘Ul I Lt Y o -
9 e T ®e T o © 2 o 3 = O R
Wr. pox o L on £ rr o} m T o ks
7ﬁ_%%%a1 S = 5mﬂald% o oE M om
W T ow R F g mm@woﬂ% m T
) — ; o o )
A I - S g P i
v w2 KW Tl SaziEc R
X = " o ) _IT | 15} \ul S W = ,UI X ﬂ” ,UI
=~ F o om %o £ G a2
N o I B W TR 1 X o e s
oy X r = 8\ ol 1 < 7 ij 0 ol
OE ,ﬂ o ﬂw‘_ ﬂ_mo N OC © W.I & & —~ 5 ‘__mwﬁ = =~
o iee 11_.0 o 3 [) = M w == o © 1: ] ~X e N
L e N S N T T of
OW <0 — =0 B° a zi 5 = ) bt ~ pr—
~ X = s ,HL ~o o —,ﬁ 5 )
= = of) W [ In MN ™ T aE e e = WY g B
o T = dlL X OﬁU o) ~ =5 = _ZT o ,.Lu.._ To EE
®ORK o c JJJ = i ® o T M_ML oo o B
23 EE f 2 o IR RER SzETe
Mo = T o i o - Sa. MO oo idﬂﬂd.
R L <5 y o k2 b
— N o ~ ) — ﬁL o T < i p
< e ] - S M = L M =R
- = K oS Koo T . X %% i
s Zw T A GanalE o A N
J._u ﬂv_AH < ‘__%. — S ~ RS 10_| = _E W o= o0 o o] Og
S = = X X ' CIRCE R -
No Yo N s F oo e o ™ = = o
i w0 & X a,_mhvﬂpr?xiﬁwn
R - S $ 2X = B% CC o
AT R o = S%ﬂ%%ﬂi%ﬂ oo
=T 3 % e =3 % o S-S
o T o 8§ X X 1) U T K - % B o=
oW _ Q [N ‘m..._ Lt o _LL_I o i~y Og xX ™ Bo Og T _,A,
ww " : ) T X m A W ESIC I th oty o ot =)
RREL s ® @Lﬂm.owrmAmmoar ¢ &
) 0
< o) F M o N n T ) m a N M
< - o = &
W oo = &3 xR
o o o e
to R ORT R o

- 80 -



)
o

7Fell

3

Rz

A

J

iy

SRR=ES

)
=
[

of

u}
A1
A

5}

ZE ol
o

—(:5_]:
o

o] &
ki3

, 2005, pp. 221-239.

e

317, 1225-598X, #1394 1

1o}

g

s

R

2005, pp.21-38.

©,

T, Al47

B

n

;OL
o)

o]
H

]

, 2003, pp. 63-90.

A AElE S

A205] A2

M, Selvel A o) e

@ AN AR Fas

o] &

=
=

<% “DEA

<

A7 A2

o

o)

;00

, 2004, pp.35-52.

<

AsE A

Tor

AL
o°

o

o

Tor
e
o

ol

or

Tor

ﬂnﬂo

ﬂl

puzel

) 227 o)

s
3], 2006. 11, pp. 93-107.

0]%—‘5‘

o] o
==

Ak DEAR

44
=7 9 7

“
R IR
”»
7},

A

13
of

ki3

r

pp.49-78.

o, 2006. 12,

A2248 A4

W%, SEuY FARTEETAY

?_J b

[o}
T

AFBES) 3= B 2007

_81_



1
=
Z.E

!

Tor

AL
OO

Vol.19, No.1, 2004, pp.47-69.

Business Fesearch,

_82_



e
et

2. 9=

Abbott, M., C. Doucouliagos, “The Efficiency of Australian Universities :
A Data Envelopment Analysis,” Zconomucs of Education Review,
21(2), 2002.

Banker, R. D., A. Charnesand, W. W., Cooper, ‘Some Models for
Estimating Technical and Scale Inefficiencies in Data Envelopment
Analysis,” Management Science, 30, 1984, pp.29-40.

Barros, C. P., ‘Incentive Regulation and Efficiency of Portuguese Port Authoritie
s, | Maritime Feononucs & Logistics, 2003, pp.A29-444.

. “A Benchmark Analysis of Italian Seaports Using Data
Envelopment Analysis,” Maritime FEcononucs & Logistics, 2006, pp.
347-365.

Charnes, A., W. W., Cooper, and E., Rodes, “Measuring the efficiency of
decision making units,” Zwropean Journal of Operational Research,
2, 1978, pp.429-444.

Cullinane K., Song, D. W., and Gray, R., “A Stochastic Frontier
Model of the Efficiency of Major Container Terminals in Asia:
assessing the Influence of Administrative and Ownership
Structures,” Zransport Research Part A, 2002, pp.743-762.

Dowd, T. J., Leschine, T. M., “Container Terminal Productivity: A Perspective,
" Maritime Policvand Maragerment. Vol.17, 1990, pp.107-112.

Hayuth, Y., Roll, Y. “Port Performance Comparison Applying Data
Envelopment Analysis(DEA),” Maritime Policy and Management.
Vol.2, No.20, 1993, pp.153-161.

Rios, L. R., Macada, A. C. G., “Analysing the Relative Efficiency of
Container Terminals of Mercosur using DEA,” Maritime FEconornucs
& Logistics, 2006, pp.331-346.

Martinez, E., Diaz, R., Navavro, M., and Ravelo T. “A Study of the

Efficiency of Spanish Port Authorities using Data Envelopment

_83_



Analysis,” Znternational Journal of Transport Fconomics, Vol.2,
1999, pp.237-253.

Miller, S., Noulas, M., “The Technical Efficiency of Large Bank
Production, = Jowrnal of Barking and Finance 20, 1996, pp.495-509.

Notteboom, T., Coeck, C. and Van den Broeck J., “Measuring and
Explaining the relative Efficiency of Container Terminals by means
of Bayesian Stochastic Frontier Models, =~ Jowrnal of Maritime
Lconomics & Logistics, Vol.2, 2000, pp.83-106.

Park, R. K, De P., “An Alternative Approach to Efficiency Measurement of
Seaports, = Maritime Fconomucs & Logistics, 5, 2004, pp.53-69.
Tongzon, J., “Efficiency Measurement of Selected Australian and

other International Ports using Data Envelopment Analysis,

Transportation Fesearch, Part A 35, 2001, pp.107-122.

_84_



O 2004 CCR 2@ ¢ EMS &8&4 24

=9 DMU EMS 4 | Solver W33 Solver &4
1 DMU17 49.71% 2.012 1.000
2 DMUS 64.83% 1.542 1.000
3 DMU13 76.32% 1.310 1.000
4 DMUS 79.08% 1.265 1.000
5 DMU20 79.60% 1.256 1.000
6 DMUI1 80.64% 1.240 1.000
7 DMU9 89.62% 1.116 1.000
] DMU11 90.88% 1.100 1.000
9 DMU6 91.08% 1.098 1.000
0 | DMUI6 99.30% 1.007 1.000
1 DMU7 101.55% 0.985 0.985
12 DMU4 104.19% 0.960 0.960
13 DMU3 104.90% 0.953 0.953
14 | DMUIl | 11052% 0.905 0.905
15 DMU18 121.96% 0.820 0.820
16 DMU19 130.19% 0.768 0.768
17 | DMUIZ | 147.25% 0.679 0.679
18 DMU15 151.65% 0.659 0.659
19 | DMUI4 | 152.48% 0.656 0.656
20 DMU2 171.64% 0.583 0.583
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O 2005 CCR 289 EMS &4 B4

=9 DMU EMS A4 | Solver W33 4 Solver 4
1 DMU10 30.59% 3.269 1.000
2 DMU17 56.26% 1.777 1.000
3 DMUS 57.98% 1.725 1.000
4 DMU18 76.03% 1.315 1.000
5 DMU16 84.26% 1.187 1.000
6 DMUS 87.01% 1.149 1.000
7 DMU6 93.22% 1.073 1.000
] DMUZ20 96.57% 1.036 1.000
9 DMU7 98.00% 1.020 1.000
10 DMU9 98.26% 1.018 1.000
11 DMU13 100.57% 0.994 0.994
12 | DMUI 114.06% 0.877 0.877
13 DMU11 118.46% 0.844 0.844
14 | DMU4 | 122.38% 0.817 0.817
5 | DMUI9 | 127.23% 0.786 0.786
16 DMU3 128.79% 0.776 0.776
17 DMU15 143.21% 0.698 0.698
18 | DMUI2 | 146.07% 0.685 0.685
19 | DMUI4 | 151.47% 0.660 0.660
20 DMU2 162.33% 0.616 0.616
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O 2004 BCC 232 EMS &84 ¥4

=9 DMU EMS <4 | Solver WH3d 4 Solver <
1 DMU17 big big 1.000
1 DMU19 big big 1.000
1 DMU20 big big 1.000
4 DMU1 20.15% 4.963 1.000
5 DMUS 63.51% 1.575 1.000
6 DMU13 71.909% 1.391 1.000
7 DMU5S 73.63% 1.358 1.000
] DMU16 77.77% 1.286 1.000
9 DMU18 81.37% 1.229 1.000
10 DMU6 81.96% 1.220 1.000
11 DMU10 85.49%% 1.170 1.000
12 DMU9 88.87% 1.125 1.000
13 DMUI11 89.01%% 1.123 1.000
14 DMU7 99.009% 1.010 1.000
15 DMU4 100.52% 0.995 0.995
16 DMU3 104.89% 0.953 0.953
17 DMU14 136.95% 0.730 0.730
18 DMU12 145.40% 0.688 0.688
19 DMU15 150.56% 0.664 0.664
20 DMU2 151.31% 0.661 0.661
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O 2005 BCC 2 &9 EMS &&4 24

+9 DMU EMS A4 | Solver WH3-A 4 Solver A4
1 DMU17 big big 1.000
1 DMU20 big big 1.000
3 DMU1 24.99% 4.002 1.000
4 DMU10 27.71% 3.609 1.000
5 DMUS 57.15% 1.750 1.000
6 DMU5S 71.749% 1.394 1.000
7 DMU16 75.55% 1.324 1.000
8 DMU18 75.69% 1.321 1.000
9 DMUG6 79.84% 1.253 1.000
10 DMU19 88.87% 1.125 1.000
11 DMU9 94.20%% 1.062 1.000
12 DMU7 97.95% 1.021 1.000
13 DMU13 100.45% 0.996 0.996
14 DMUI11 108.38% 0.923 0.923
15 DMU4 115.02% 0.869 0.869
16 DMU3 116.92% 0.855 0.855
17 DMU2 136.61% 0.732 0.732
18 DMU12 142.69% 0.701 0.701
19 DMU15 142.99% 0.699 0.699
20 DMU14 144.00% 0.694 0.694
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