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Abstract

This paper focuses measuring the efficiency of container yards on container terminals in
Busan (Gasungdae, Shinsundae, Gamman, New Gamman, Uam, Gamchon, PNC) and
Gwangyang(GICT, KEC, Dongbu, KIT) using Data Envelopment Analysis(DEA) approach.
Container terminals in Busan and Gwangyang play an important role in the region’s
economic development. The results show that Shinsundae was an efficient DMU during the
period of 2007 to 2009, while Gamman, New Gamman and PNC were efficient terminals in
2009. The very inefficient terminals were shown to be GICT, KEC, Dongbu and KIT.
GICT(2009), KEC(2009), Dongbu(2008-2009), KIT(2009) on Gwangf/ang Port were found to be
relatively the inefficient terminals in terms of the returns to scale. This study also finds that
the efficiency of Shinsundae terminal was so high as to be abel to keep its efficiency in spite
of the additional increase of the inputs from 2007 to 2009. Gamman terminal was in the
decreasing returns to scale in 2009, while the other terminals were in the increasing returns
to scale. It means that we are able to improve the efficiency of the Gamman terminal with
increasing returns to scale through enlarging the scale.
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J 9] (Decision Making Units : DMU)gtal F2t}. o5 23
2 DMU9 4tz 284S A= 7|H 2

DEAE EE DMUS duA 5&4S A2 Agste A& 7 %<& DMU%
Hlaste] vlEEAe] FH J=S W3] A AT DEAE v FYane) g
o FEFRAE B AT F dor T4 AEo] T FA #A sHge] 2
83814 gtk DMUE 153t 43 vlavt 7beste] £934 AdE8 450 244 be 5
A E 7Hd 5 e Aol slom 5 AoEN EARGS AT B9
g SN EAADG HF e o] ZolH e BejFErh a7 £ 9 At
Fo&N FAAY vEES] AEE ANt EEH 22| 57| e ds)of
g Bxgos B 2RI A4S SR O JHE A4S F AP

FY B AEan g7 Sk A w7 SUMge R HlEEHR] 9
AHAEEAEY] Bo] ofHrh webx WAag A gArAARe S BEEy] A £
EL 820 A Fo ds) AArEASEe ] e HAaF FYH AE 840 FF5

Charnes et., al.Dol] 93] A A= AT}

oEe MAY Fhdad X = (2,3, 2,;)" >0 & AHg3e] s A8

7 ¥my

Y, = (ylj: y2j;'“7y.sj)T >0 & Aikst= N7l DMU9 %9 - AEA 52 3F DMU
o] E8A4S 43t FEUAYEEY oY DEA R FJass} AEad o= RAS
Ael stz Mk FY X & (input oriented)Z 2FE A F(output oriented) o2 FEEH

o 9 AgAe e 2o

. _ T
Maximize W, = U Yy

Subject to vla, =1+« - -16]

1) A. Charnes, W. W. Cooper, and E. L. Rhodes, "Measuring the Efficiency of Decision
Making Units", European Journal of Operational Research 2, 1978 , pp.429-444.
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Minimize 2, =60 —elsT —els
Subject to iyj)\j —st =y, - - - - [u]
i= )
ka—]zlxj)\j—s:o- - e o]
)\j(j=1, - - -, m),s,5 =0
Ao R¥o] IFgRYPo R Eo= HAIAIEF oot dwrHo g JHg Wo| &8

p—

= XE3¥2 Charners, Cooper & Rhodes(1978)2¢] CCRE¥ I} Banker, Charnes &
Cooper(1984)3¢] BCCE. & o|t}.

2. CCR, BCC, =284 ¥

DEA R¥e 7|ERgog CCR BE JAHAH @959 Z479
o gt *}i% 7t FAS HlEol 18 2% & F gl 4 £
A5 0nth ke Bed AkzAstl kel tate] e
]’3‘HL74]°1] g AEE HEEAY RES HAEA 7t

(Fractional Linear Programming Model)¢|t}. CCRE & 24) T o] 715 AL 7
5 F(Virtual Input)®] HA3 e NF=EFY 7HFA] 7HE A& FH(virtual output)
°f Hujst defo] AFAIRI R AFxsieo] BEH. 7R g ByeEio|d
= AA A 2ol EEFHo] 7R BT 5% V& §EHS FwHA XSt

2) A. Charnes, W. W. Cooper, and E. L. Rhodes, op cit, pp.429-444.
3) R. D. Banker, A. Charnes, and W. W. Cooper, "Some Models Estimating Technical and

Scale Inefficiencies in Data Envelopment Analysis", Management Science 30, 1984,
pp-1078-1092.

4) A. Charnes, W. W. Cooper and E. Rhodes, ibid, pp.429-444.
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S m
Euym vazy —0
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%= A&/ 5 Y (Super Efficiency)d)> &&2Q DMUS Ho AFZHo=w 73517 9
S o R AAHAT. 2EEAHS HEEZQ] DMUCY &8 < DMU Alo]ol A
ST & Utk dRkF e E vaEZl DMUY Zfole a&4 S8 dukdQl
DEA 544 Aol QA3 X2 Holw Walst goh. 2au 1 oake] e A
&7 DMUEL 1ET ¢ =& FXE HolA Hrt}h

H ADATE G822 DMUE Alo]dlA o] &9 oA ok 28 84RF 2 H&
2o HA FowA FEAES o= AEE FYATIE WHOE #ASZAE &4
FEHEZ FAGH] f% FHE B AEEdA SUAMESE HESIE 2ot W
A 28842 FH3E7)&(The Best-Practice Reference Technology)Z H-E] AAtch
AE AAA FodA Z8E 5 Uthe

3. DEAS Window =&

DEAS] CCR, BCCE= IAdd #2445 AFE3s)
< DMU9| 4o &84 o7 s} o
A = gk wabA 7)7ke] Wale] wE g8Ae WalE A3 9y FEHF
A o 2 DEA/Window E41H-& o] &3},

<# 1> DEASQ| Window? &4

A= £ AT £+
2 A=l e DMUS DMU®| Fxd&4 %
14 DMU9] DMU® $xYE$ ExPL S £
247Kl Agel Ag: L
A s = ’
B " ‘. o k+1 1
4717 K)ol 7S B¢ — 3
THA £4°2 DEA/Window”|HE& o] &sto] osHde] 2l DEA 4%
FHFOE FI DMU= 7 717l wah M2 o DMUE 457 didd 9=
I AE=e] gl vis) DMUS| 7t 5 o) {8t HgAdS ke 4 & F

5) L. M. Seiford and ]. Zhu., “Infeasibility of Super-Efficiency Data Envelopment Analysis
Models", INFOR, Vol.37 N0.2, 1999, pp.175-176.

6) Holvad, T., “An Analysis of Efficiency Patterns for A Sample of Norwegian Bus
Companies”, Mimeo, 2001, p.282. (http://www.trg.dk/td/papers/ apers01/KO01-tra/ Holvad
1606.pdf).
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Hyuth(1993)7), Thanassoulis(1999)8), Tongzon(2005)9), Cullinane(2002)10), Barros(2004
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# 2> DEA 240 ALEE B

FUWST A dibn
CY(m),
AE A2 (C/OUF, PR
1= ﬂ PR O] PN o = ;1;( (¢}
Edl2H I (T/C)tl+,
oFEE B YR (Y/T)
<¥ 3> DEAZEE o[2% Eo|ld §8d =24 €1
HE DMU A= CCR BCC =AM TFEEEA FEFY

2007 0.1897 1 7(0.06) 0.1897 IRS
1 GICT 2008 0.1511 1 7(0.05) 0.1511 IRS
2009 0.0129 1 6(0.00) 0.0129 IRS
2007 04768 1 6(0.13) 04768 IRS
2 KEC 2008 0.6682 1 6(0.19) 0.6682 IRS
2009 0.0178 0.6562 6(0.01) 0.0272 IRS
2007 0.1385 1 7(0.02) 0.1385 IRS
3 T 2008 0.0318 0.8333 7(0.01) 0.0382 IRS
2009 0.0028 1 6(0.00) 0.0028 IRS
2007 0.2012 1 7(0.02) 0.2012 IRS
4 KIT 2008 0.1742 1 7(0.02) 0.1742 IRS
2009 0.0067 1 11(0.00) 0.0067 IRS
2007 0.7983 0.8380 6(0.11),7(0.60) 0.9526 IRS
5 A o 2008 0.8489 0.8828 7(0.71) 09615 IRS
2009 0.0686 03571 6(0.03) 8(0.07) 0.1922 IRS
2007 1 1 3 1 CRS
6 A 2008 1 1 2 1 CRS
2009 1 1 7 1 CRS
2007 1 1 8 1 CRS
7 ARl 2008 1 1 8 1 CRS
2009 0.9029 1 6(0.02) 8(1.89) 0.9029 DRS
2007 0.8118 1 6(0.03) 7(0.30) 0.8118 IRS
8 Az 2008 0.9106 1 6(0.03) 7(0.35) 0.9106 IRS
2009 1 1 4 1 IRS
2007 0.5836 1 7(0.17) 05836 IRS
9 - 2008 0.6837 1 7(0.20) 0.6837 IRS
2009 0.7048 1 6(0.11) 8(0.22) 0.7048 IRS
2007 0.6671 1 7(0.18) 0.6671 IRS
10 A 2008 0.6465 1 7(0.18) 0.6465 IRS
2009 0.1118 1 6(0.00) 8(0.27) 0.1118 IRS
2007 0.1623 0.2797 7(0.19) 0.5802 IRS
11 PNC 2008 04722 05177 7(0.54) 09122 IRS
2009 1 1 1 1 CRS
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B AellMe dAane] AEAS =017] S8l e o]y R-Tadel SR Wi
sh= 2007'd, 2008, 2009\ Hlal i AdolY Hude dkEAl AEE &Stk tee
2 A7) WHE 9] FQlea) Ul AR AT o83 ATEAS 7] s AR
AT E g o= Scheel(2000)2] EMS(Efficiency Measurement System)®} DEA SOLVER versl.0
< AH8STH
3. defjd EAD SEH &4

1) Aelolvend &4 23

Farelal gekare] AHCIUEIREE CCR 233 BCC ¥ o83l 84S =
It gk ojo] ERENEH o AAE olF & U= HulES vEh Fa vk
Wb <#3>2 Adoly ErdolA CCR¥}F BCCEE Y] E&4d0] 100%2 Jehd 713
2l Hujde Aol 2007, 20084, 2009d9]] 3dE<t Al&H o g 714 a84d0] e H
oo}, ZAke 2007\, 20080 &&A4J0] ¥kt A7k PNCE 200999 718 E84
xe.

TEELAHS CCR 2307 Hrle §84S BCCRE SR Hrld §840% Ve HlEE
4 HJek o] gro] 10 2HIFF HF el 7R oR i v FEFEH
(CRS)Q! Efmd 41212007\, 2008'd, 2009'd), 792007, 2008'), PNC(2009)EIR|E 2 3
7Ae] Erlge] ApAstal glk g Huld AJd 249 BYPRS A7) e HYd 849
FAE =3S W SFHETE] Atk FEFAAHDRY)Y EFEe K009 ErE
otk FESFAAZ(IRS)E PIE-S <¥#3>9)A GICT, KEC, &%, KIT, #Mddl, A7k, 9, 7H4,
PNC(2007'd, 2008 )2 B ojFa1 Qlck

CCR E40ll4 At (2008\), 7H7H2009), A17H9H2007'd, 2008 ) Bl de F-84J0] 08 ©]
doz wlwa =A JERdth wbdel, GICT(2009), KEC(2009%), 5%-(2008',2009'7),
KIT009) B r g2 a&7de] 01% WA F&f e a4 7 e o= Yehst
o) 25 gl s Huldoth

BCC =&2l &&AolME GICT(2007'd, 20084, 2009) KEC(2007d, 2008'd), F+-2007'd),
KIT(2007d, 2008»3, 2009»1) A4, 7 AzEh 9oh 720079, 20084, 20099),
PNCQR009)EHdo] a&/gde] 12 veht iAoz a8z Ao vehkt.  yhd
KEC(2009'), E«T(zoosbﬂ), ZA3TH(2007'd, 2008, 2009'd), PNC(2007'd, 2008%d) Efm|d-e 19
H XA Fehe 84S VeI

A A, 7WH2007'd, 2008'd), A17FRH2009), PNC(2009)EW]'de] 5.9
12 veht 38420 Ao® vt 2 rE(20099) 0] FRFYAZHDRY) S Aoz L
wom, Uz Bude FRFAASE AoR vehkth R A ke 940 284
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gxslEo ZHoO|L Eojd §8M B4 [ 4ER
S 9% Hfe] dasy, FRFGAS e RIS T E8A FS FHske A
o] a7+dth
<E 4> CCR 2% EAolA nctF2t
CCR(2007
Excess Excess Excess Excess Shortage
NO MU Cc/Y c/C T/C Y/T A

1 GICT 73630.38244 0 0.189769027 1.897690269 0
2 KEC 264151.3933 2.27973619 0 3.23351329 0
3 Dongbu 24800.59845 0460083871 1.038899064 0 0
4 KIT 0 1321645739 2211308289 422135985 0
5 A8 94633.19671 0.532245201 0 0 0
6 A5 0 0 0 0 0
7 EaR 0 0 0 0 0
8 A7 0 0635362244 0 1126032515 0
9 ¢ 35021.03823 0.416917122 0.583683971 0 0
10 A 9672.422598 0.59563342 0333554715 0 0
11 PNC 0 0139121355 5.193863925 13.30927631 0

CCR(2008)
1 GICT 58641.97807 0 0201518825 0302278237 0
2 KEC 370186.1675 3194860313 0 10.54512718 0
3 Dongbu 3780.726213 0.020047019 0.010220049 0 0
4 KIT 0 1.144486406 1.931544494 4751135748 0
5 A3 1527441003 1.194787117 1.341515359 0 0
6 A 0 0 0 0 0
7 Gkl 0 0 0 0 0
8 27 0 0.610652949 0 1.719097824 0
9 2o} 38596.04892 0.379882371 0.582486303 0 0
10 A 6202.377334 0478948057 0231491561 0 0
11 PNC 0 0404817143 1.012042858 1059271525 0

CCR(2009
1 GICT 58641.97807 0.008211088 0034815015 0 0
2 KEC 370186.1675 0034439822 0054378667 0 0
3 Dongbu 0 0010596045 0 0.007697982 0
4 KIT 0 0.040013451 0042737434 0.095598562 0
5 A8 152744.1003 0 0275097726 079503072 0
6 X 0 0 0 0 0
7 e 0 0 5125281 6151911441 0
8 A7 0 0 0 0 0
9 ¢ 38596.04892 0.275835595 1.775375018 0 0
10 A 6202.377334 0.059894802 0140161043 0 0
11 PNC 0 0 0 0 0

<H4>= FYF] A9EAN 74 FY

%S HoFh C/Y WEE 2007
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KEC, &%, 2007d5-E 2008d7FA] A4 df,

st gt

ZHsts| x| M26% M1 (2010. 3)

o
29,

Zdol mANse] FHBF o]

ottt wEbd C/Ye] WA o] Ak Ao ® yeigt. C/Co e GICT(20099),

KEC(2007%1, 2008, 20094), &+-(20073,20081,2009d), KIT(20073,2008'3,2009%
24t (2007, 2008'd), A17FRH2007'd, 2008+)
1, 200814, 2009%), PNC(2007d, 20083)7} F}ot

o
, 4

E o]l o
'l‘lz}e

<¥ 5> BCC g EAMoAM nClEQEE

il
il

q

(2007'3,2008'd,2009'd), 73 (2007
HoFa gl

BCC(2007)
Excess Excess Excess Excess Shortage
NO PMU C/Y C/C T/C Y/T A
1 GICT 394996.05 0 2.99997 14.99985 169442.4079
2 KEC 0 0 0 0 0
3 Dongbu 0 0 0 0 0
4 KIT 0 0.225988358 0 0 0
5 Ao 86502.69619 0 0 0 0
6 A 0 0 0 0 0
7 R 0 0 0 0 0
8 Az 0 0 0 0 0
9 + 5351122146 0 0 0 0
10 3 0 0 0 0 0
11 PNC 1605.349161 0 10.27224018 26.5756491 0
BCC(2008)
1 GICT 394996.05 0 2.99997 5.99994 16507.7328
2 KEC 0 0 0 0 0
3 Dongbu 68699.313 0 0 0.66666 224380.6154
4 KIT 0 0 0 0 0
5 A3 157135.7791 1.087194033 1.964556414 0 0
6 A 0 0 0 0 0
7 ks 0 0 0 0 0
8 Al 0 0 0 0 0
9 T+ 0 0 0 0 0
10 A 0 0 0 0 0
11 PNC 0 0 1.663192278 10.82735796 0
BCC(2009)
1 GICT 394996.05 0 0 0 522164.8499
2 KEC 349080.2592 0 0.2499975 0 285823.6096
3 Dongbu 0 0 0 0 0
4 KIT 0 0 0 0 0
5 Ao 16285.55143 0 0 2.571402857 2709564.181
6 A 0 0 0 0 0
7 Eals 0 0 0 0 0
8 A7t 0 0 0 0 0
9 o 0 0 0 0 0
10 A 0 0 0 0 0
11 PNC 0 0 0 0 0

12 -




gtx{stgo| 7ol Eold 584 24/ 4ER

T/C9 Wl4=& GICT(2007'd, 2008%d), KEC(2009), &%-(2007d, 20083), KIT(2007
|, 20089), A4t (2008'd, 2009'd), $-$H(2007d,2009'F), 73 (20073, 2008, 2009\d),
PNC(2007'd, 2008\ d)ol™ FdFATE Hola vk Y/TS e+ GICT9H KEC(2007
d,2008'd), KIT(2007d, 2009»3), 7HH20099), A17EH2007'3, 20081 3)E 34 &5 o
Hla) tha AostA 59 @ A ot

BCC RFoA <x5>= ATFAZFS &4 2345 vl o C/Y9] W32
GICT(2007'd, 2008'3,2009d), KEC(2009'd), A}/ tH(2007'd, 2008d, 2009d)ol| Zo} F
JH A C/Co tgE A4 (20073, 20083), T/C2l th4E GICT(2007'd, 2008),
KEC(2009L4) 23 (2008'd), PNC(2008'd)oll #etstA Fdd Aoz yewo. Y/T
9] 4% GICT(2007\3, 2008'd), &5(2008'd), A+ (20083), PNC(2007'd, 20083)7}
7L7L H9ey J,]_Q_E olo qu_r_]_ OHL]-

GICT(2007'd, 2008%3, 2009d), KEC(2009%), &%-(2008'd), A4 th(20093)+=
2ol mlste] AAE Q2R @HEFTFOl HFoth FSd] HujdY Fgole
Fguto] AL o7 EEo HFFog FQAAY AHY|Fo] SR dH=FF
o] FaF Aoz AdHETh wEhA ol A7k AFHQ] FrkEo] aFHT

< %—6‘14 CCREYeJY BCCR IS AHET 4% E&HA
=4, °] 4% DMUS &84 o] 1

<E 6> Y x4

DMU 2007 2008 2009
GICT 0.189769027 0.151139119 0.01297352
KEC 0.476807569 0.668206079 0.017899645
Dongbu 0.138519875 0.031839383 0.002898064
KIT 0.202156727 0.174279371 0.006770287
A o 0.798367801 0.848927688 0.068646201
Al 1.091880637 1.242368499 1.554463621
RS 1.404443605 1.212141169 0.902940027
Al kR 0.811836267 0.910694146 1.78210309
T 0.583683971 0.683788268 0.704874368
A 0.162308248 0.646579876 0.111835042
PNC 0.162308248 0.472286667 1.072008557

A= zHEEY0] o9A WIS AETIE <He>olA HoFa gk Add gHud
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< 20079 F-E 2009371A] AA] FAoio 2FS HA 158 ol 8 100%<]
528498 % A Qe Aoz Yewd GICT, 5%, KIT, A4d, #uteing, 23
Erlgd2 20087 200939l =& &S] grol X]*X*Qi ZelA 3 JeS ¢ & Aok
e E% 99 100% #4357 M FRReE A 5Y 9F7 U @ RS
o] m] gt}

4) FEH1d 5284 4

GICT, KEC, &%, KIT, #AH/ddl, AlAd, 75k, Al7s, ¢, 743, PNCs 1171 B 7]

dol  FAIEC ik AdHedERde  FEHH AZs&HS ®BA] Hskd
DEA/Window =822 CCR 84S ZAs9=d, AA 717+ 2007914 20093
7hA] 3deln, Y=g £ 307 4 olty. 1 EANAFHs}
<i#7> AAEH] St

iz
o ﬂJ
QL
R
H
o
b
o
o
&
rr
w
=

DMU i EFAAL LDP
GICT 0.08546475 0.090036383 0182176
KEC 0.29718632 0.3243362 0.650306
Dongbu 0.04293395 0.064938338 0.136935
KIT 0.09264246 0.098891794 0.194486
A3 o 0.41947832 0.41832524 0.750659
AATY 0.75865527 0473338729 0.951283
FARI SRS 0.71834945 0435975348 0.931984
A ZRH 0.67116525 0419139138 0.943643
TU¢FT 048590506 0.302957017 0.666891
FEl 035091825 0.319968773 0.625881
PNC 040119542 0429113925 0.968516

18) 7+ Hvde 9=9d 347t 84S Hd . LDP(Largest Difference Between Scores
Across the Entire Period)= A #4717 T 284 3 3 FA39 2ol



gxstZ e ZH 0| EO|

2]

o
-xT
o

o] 0.26

A

]

A
=

Hujdo] H 3

=]
3

=fe=Donghu
= Rh T3] %]

el EC
e [ [T

i

o

0} S
=

E7F gol on7t glow LDPE H
v &4 Wyl 7 Ay PNCe 4971 §849 Wyl 718 & ASE e

ot 2008d =0 dsdte EHolH,

o]

B

S

1

-

o

A
R

_]

o GICT, KEC, KIT

Al

el

o

)
)

A

o

"

el

"

]

K

o
il
o

B8
B
ol

g9 GICT, KEC, &

, PNCEvEe] Z11789] ZH ol

el

€]

DEA 28 =4 CCR &

3l

, A

oF
=

o

el

el
od
By

‘mo

d, 2008'd),
o7 e

), &(2008

7452007

)/

LS

o] 12 Yeh

Elud & GICT(2009'd), KEC(2009

2174 00(2007d, 2008, 2009

(2009%d), PNC(2009¥):= 7F

lo

1

L
pu—

Fea

o

- 15 -



(2010. 3)

3

st ar0LZ K| 5H5| K| H267] M1

el

155 ]
=

d, 20094d), KIT(2009'3)E |

et x| &H02 )

3

o Wt %5l

B

2 FaiAte] #7]

L=h

T

T

= 89

T2

g el o]y A g Hlg-ol

p—
L

2 o83

A%

S|

KN
L

(20099)1 Aoz yehton, vu = gud

e

o
=

(DRS)?! ElH|

A

wr
g

X

o
oF
ol

0

o}
o)
wAO
Bo
o
ol

0

Njo
"
or

&
=

RS

)
—
o

Lol

2 158 o]

KN
=

FEEY BAAA A4 e @9 Fleas) 23

% 100% 9]

o™ GICT, KEC,

2
=}

].

o] 0.260.2 7} AHx

3

vo‘—ﬁL }i‘%/‘

A

o))

BN

L: oﬂ Ay

o A1 2008

ox

B!
N

ofp
A
a3

o

I I e B e R

3]

8422 AA

5% Z

A9tk EA, Aol ofSoM LAFe Ao

PN
T

oW
el

i
NJo
il

ol

T
Jo

jjN

—_—
o

N

BN

(Capability)S HF =2

- 16 -



sixisigel #eo|Y Elojd BEM B4/ wEF

L 4% - ol $ - o4, =5t vt agAel U@ HmAT, TgEFunFAstEA,
A 247 Al43, 2008, pp.25-46.
2013 - AF7 - AP, - F - A 39 Fyk AAY vHw A, TFAAGAT, , A11w
A43%., 2008, pp.347-360.
3 BHH<Ql, “DEA B AlEd o] o3 AU mEe] &84 Hrte #dAF”, "FdHst
A 199A2%, , =4 92383, 2001.3, pp.77-97.
4. B, rSUEgRty 584 Z2A8s, A gubAAstE A, A24@ A4F, 2008,
pp-349-361.
5. 7%, “=dl A"HlY A& Hulde 284 Wl : DEARZ”, TlLEFAT, , Al 4735,
2005, pp.21-38.
6. A. Charnes, W. W. Cooper, and E. L. Rhodes, "Measuring the Efficiency of Decision
Making  Units", European Journal of Operational Research, 2, 1978 , pp.429-444.
7. Athanasios Ballis, John Golias.,, “Comparative Evaluation of Existing and Innovative
Rail-Road Freight Transport Terminals” Transportation Research Part A 36., 2002,
pp.593-611.
8. Barros, C.P. and Athanassiou, M., “Efficiency in European Seaports with DEA: Evidence
from Greece and Portugal”, Econ. Logistics, 2004, 6, pp.122-140.
9. Cullinane, K., “The Productivity and Efficiency of Ports and Terminals : Methods and
Applications”, The Handbook of Maritime Economics and Business, London:
LLP, 2002, pp.803-831.
10. Cullinane, K.P.B,, Song, D.-W. and Wang, T., “A Comparison of Mathematical
Programming Approaches to Estimating Container Port Production Efficiency”, J.
Prod. Anal, 2006, 24, pp.73-92.
11. Cullinane, K.P.B., and Wang, T., A “The Technical Efficiency of Container Ports:

Comparing Data Envelopment Analysis and Stochastic Frontier Analysis”,
Transpo ration Research Part A40, 2006, pp.354-374.

12. Holvad, T, An Analysis of Efficiency Patterns for A Sample of Norwegian Bus
Companies, Mimeo, 2001, p-282.

(http:/ /www.trg.dk/td/ papers/apers01/K01-tra/Holvad 606.pdf)
13. L. M. Seiford and J. Zhu, “Infeasibility of Super-Efficiency Data Envelopment Analysis
Models", INFOR, Vol.37 N0.2, 1999, pp.175-176.
14. Thanassoulis, E., "Data envelopment analysis and its use in banking”, Interface, Vol. 29
No. 3, 1999, pp.1-13.
15. Tone, K., "A Slack Based Measure of Efficiency in Data Envelopment Analysis", European
Journal of Operation Research, 103, 2001, pp.498-509.
16. Tongzon, ], Key Success Factors for Transshipment Hubs: The Case of the Port of
Singapore, in World Shipping and Port Development, edited by T.-W. Lee and
K.P.B. ullinane, 2005, pp.162-180, (Palgrave-Macmillan:
Basingstoke)
17. R. D. Banker, A. Charnes, and W. W. Cooper, "Some Models Estimating Technical and
Scale Inefficiencies in Data Envelopment Analysis", Management Science, 30,
1984, pp.107 8~192.
18. Roll, Y. and Hayuth, T., "Port Performance Comparison Applying Data Envelopment

- 17 -



=eaEH sts| x| M26% M1 (2010. 3)

o

Analysis", Maritime Policy and Management Vol.20, No.2, 1993, pp.153-161.

19. Wang., “The Efficiency of European Container Ports: A Cross-Sectional Data Envelopment
Analysis”, International Journal of Logistics: Research and Applications., Vol. 9,

No. 1, March 2006, pp.19-31.

- 18 -



sixisigel #eo|Y Elojd BEM B4/ wEF

g2 3129 AH Ve nd 84 4

Bujde] 29L& F7ket AAAA N JFS vk ¥k Fekake] 117) EvEdE GICT,
KEC, &+, KIT, Add, Ao, <, Az, ¢, 2%, PNC 884 245 9fste] ot
DEA(Data Envelopment Analysis)7|'HE< ©|&3}o 2434

AAd), 29H2007'd, 2008'd), A17HH2009d), PNC(2009 ) El v do] 72 &840 1= e
U 52842 Aoz Yelgth 53], 27y PNCe 200999 7HgE &4 =3t BUdae
GICT(2009), KEC(2009), &3(2008-2009), KIT(2009)Ejn|de e FEAS 7IXI e AL
bt Zhebe e (20091 d) 0] RS AZHDRS)! Ao vElgon UwA EHude #E

TFESFIAFA e FRIYE 53 284 e FHse Aol 27HY

AlAdd gHejde 2007932 20099 7HA] Al FALATE HA 154 o) 58 100% <
84S A & & Jde AeE Yeiyhy dAxd FEd 884 HilFols A= AS A
=3k ATt

O #Hol : 224, AdeolUHolY, HHESTY
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