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A Study on Analysis of Container Liner Service Routes
Pattern Using Social Network Analysis : Focused on

Busan Port

Ryu, Ki Jin

Department of Shipping Management

The Graduate School of Korea Maritime and Ocean University

Abstract

The shipping and port industry are the most important national industry for Korea's
export-oriented economy since most of our trades are done through shipping. Busan
Port, which handles 75% of domestic container freight volume, strives to attract more
freight volume through improvements such as opening automated terminal facility, in
Busan New Port, adjusting the berth from forming a new shipping alliance, and
establishing networks with shipping companies. Additionally, Busan Port, which has a
global network, is expected to become significantly important for container liner

routes and expand freight line services to secure more global freight volumes.

This study analyzes the pattern of container liner route pattern from January 2012
to December 2016 using social network analysis to determine centrality of world’s key

ports and examines maritime network’s infrastructure connected to Busan Port.
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Analysis of the port with high degree of centralization, close proximity, and
mediation center to Busan Port container terminal route network was Singapore Port.
Additionally, analysis of annual ranks of freight handling volume of key national ports

was different from Busan Port’s container liner route network centrality.

In conclusion, it was confirmed that the eastern port of China, which occupies a
high percentage of the volume of cargo handled by Busan Port, is not a hub port of
Busan Port when viewed on the Busan container terminal liner network. In addition,
even if the number of container liner services in Busan Port increases, it is estimated
that the vessels assigned to the liner services will be small to medium in size or that

Busan Port will become a feeder port for the Port of Singapore.

Keyword : Busan Port, Container, Liner, Shipping Route, Social Network
Analysis(SNA), Centrality
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o 5t 236 284 307 281 305 6.6% 1.6%
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% 246 257 257 228 230 | -17% 1.2%
A7t = 307 302 284 240 219 | -8.1% 1.1%
B4 276 263 255 229 199 | -7.9% 1.0%
i 3,097 3,112 3,550 3,892 3,741 4.8% | 19.2%
& 16,955 | 17,682 | 18,683 | 19,469 | 19,456 3.5% | 100.0%

Ve
kg

AH2017),

= Bl
Z 20169 7|FoF H|E A

FHE AR =T

Collection @ kmou
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Table 6 =u] =8 =71¥ WYTF

(&9 - w8
TE 2012d 20133 20143 20154 2016\
F= 215,107 228,922 235,370 227,374 211,413
o) = 101,866 103,564 115,568 113,857 109,678
dE 103,159 94,692 85,952 71,430 71,822
o E vt 21,665 28,263 30,342 37,576 45,126
ERE! 11,634 12,028 14,115 14,356 13,416
# Ao} 22,451 22,645 25,798 15,994 13,409
5 32,238 30,348 30,696 27,268 22,677
obgolm | EAFH 21,977 23,861 23,406 14,691 12,811
= 25,155 27,244 28,870 27,177 25,360
A= 18,843 17,556 18,057 16,270 15,786
EE 13,574 13,303 12,944 11,216 11,044
Q= Ao} 29,631 24,758 23,627 16,723 14,894
o 5 28,827 30,332 30,767 28,658 28,624
T o] Ao} 17,520 19,684 18,681 16,345 15,041
A7tEE 32,564 32,658 35,053 22,953 19,265
Bepd 16,371 15,261 13,829 9,554 7,901
3% 34,665 29,686 29,006 31,911 34,397
7€t 320,207 320,413 326,098 259,902 228,955
ZA 1,067,454 | 1,075,218 | 1,098,179 963,255 901,619
AR FTARIAQIN, Z F/1E FEUEA
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Fabgd s AdE T FEbE Aoy EFES AR 20169 71+ ®lZ(Tianjin)
o

&2 1,264,440 TEU, &+ 2(Qingdao)dt 922,811 TEU, “¢3tel(Shanghai)d} 795,611 TEU
o7 FAkgk Aeoly Ay =% FES AASL Jvh 53] A A(Shenzhen)dol
2012378 20163714 =5F S7Heo°l /M = YEwt
Table 7 #4H-5= Fo37H AHoY 5%
(2+¢] : TEU)
Kkls 2012a 20134 20144 2015 20163 7+
Tianjin 1,053,572 | 1,033,992 | 1,177,300 | 1,425,688 | 1,264,440 4.7%
Qingdao 811,001 881,634 909,863 948,797 922,811 3.3%
Shanghai 705,948 786,787 808,588 791,793 795,611 3.0%
Dalian 547,649 559,775 582,981 616,200 595,881 2.1%
Ningbo 288,100 356,992 362,185 335,488 350,426 5.0%
Shenzhen 176,528 177,397 211,004 233,537 281,207 | 12.3%
71 et 542,990 953,480 606,362 632,096 694,434 6.3%
A 4,125,787 | 4,350,056 | 4,658,283 | 4,983,599 | 4,904,808 4.4%

A% FAGL

(<3

B

74 5ol =
S+ dHolY AHg &

el i](Long Beach)&e] 2016'd 7]& 629,648 TEUS
ol ALY =A YERSET

E5HS A3 22AA 2~0os Angeles)d

b

41t F7F&0] 6.1%= A&

FAQOID, TG G

sh=

ERAZEAZH

Ao eyttt

=570l

st

Helsha
T3k 20143 0]75_7]]—7(] 7]_;%]_ oo
FAE Holw &

Table 8 H¥-4+at-w=k Fo3vtd Aoy E5F
(9] : TED)
3k 2012\d 2013 2014@ 2015 2016@ =71&
Longbeach 395,545 456,970 464,253 678,803 629,648 12.3%
Losangeles 600,852 522,302 533,281 461,670 467,816 -6.1%
Seattle 252,882 219,443 233,698 247,712 240,191 -1.3%
Savannah 244,163 253,192 285,507 328,157 297,542 5.1%
Newyork 191,444 203,143 195,893 218,000 191,525 0.0%
Oakland 175,206 170,720 159,649 178,514 173,993 -0.2%
71 568,482 599,030 655,522 698,704 833,772 10.0%
A 2,428, 572 ,424,798 2,527,803 2,811,559 2,834,487 3.9%
AE AT EAL, FAT FTEFARA =Y

Collection @ kmou
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AES Agole Fa I o] Vgl : we AH oY E5FES At A
t} o] & Ei(Tokyo)ﬂF’Jr L A7HOsaka) &2 Harz o2 Adely A &%l 7+
235t = A2 YElyy, sh7eHHakata), &3 3FvH(Yokohama) ¥ vbarek(Nagoya)
g Az S7F FAt

Table 9 FAF-AdE Fa3dvbd HHoOY E5F
(9] : TEU)
sk 20123 20133 20143 20153 20163 ZF7H&
Hakata 240,822 228,180 244,675 237,200 245,824 0.5%
Tokyo 247,038 262,206 243,279 215,827 210,235 -4.0%
Osaka 252,150 251,010 256,583 212,714 205,393 -5.0%
Yokohama 175,964 187,739 195,102 201,423 200,333 3.3%
Nagoya 139,265 166,446 167,887 183,071 171,252 5.3%
Kobe 125,996 140,620 146,897 155,795 128,002 0.4%
71e} 1,412,967 1,522,088 1,549,604 | 1,548,592 1,649,972 4.0%
fﬁ’ﬂ] 2,594,201 | 2,758,289 | 2,804,026 | 2,754,622 | 2,811,010 2.0%

AR RAGUFAL), FAG FUEFARA

Fakgre] 9 =7HE HEH oY s7heel M =4 U WMEFY A¢ o
FE9 #vto] & FUFES Rols Zo® Ueuth 3 X RI(Hochiminh)de] 73-¢-
2016 71¥ €& o FRHEET =& 321,443 TEUE A3

Table 10 F4Ha-HEd Fo33HE AH ol &5
(4] . TEU)
3k 20124 2013 20143 2015 201614 Z7H&

Hochiminh 199,265 228,280 253,197 272,983 321,443 12.7%

Haiphong 114,861 152,867 158,790 197,094 200,318 14.9%

Vungtau 1,569 4,041 10,673 8,904 9,203 | 55.6%
Catlai 3,547 3,563 6,795 8,165 6,336 15.6%
Danang 2,543 3,304 5,669 6,170 7,182 29.6%
Quinhon 274 595 550 2,469 690 26.0%
71 e} 98 245 62 41 45 | -17.7%
A 322, 157 392,895 435,736 495,825 545,218 14.1%
AR AU EAQL, FAT THERARA LT




A A 5 o) vbabd =(Manzanillo) &2 F-4Her HElolY A e EF &0l A&LKH o2 FUt
3t ot w3 PGAR7FE v~ (Lazarocardenas) & =53 =780 71 EA o
Elygton, WA ZEE #HA ZAE(Mexicocity) Y wl=¢] F & (Houston)7}A| 7178

Aol oldez el E5Fo] AHFAHoR 7D AL oFHA

Table 11 F4te-"A 2 Fa3vhE HH oY =&

(2] : TEU)

gt 2012\a 20133 20143 20153 201613 Z7)+&
Manzanillo 226,647 222,954 249,713 310,191 332,150 10.0%
Lazarocardenas 73,794 73,821 82,017 117,890 153,299 20.1%
Ensenada 33,998 24,791 30,776 37,680 48,421 9.2%
Mexicocity 6,530 3,064 5,637 1,406 371 | -51.2%
Progreso 2,138 1,197 1,494 1,423 1,107 | -15.2%
Mazatlan 807 1,001 775 1,416 1,596 18.6%

71 E} 4,768 3,891 6,252 3,046 4,345 -2.3%

A 348,682 330,719 376,664 473,052 541,289 11.6%

A% FAFWEALT), 4% FHEFARA2H
Z7F AA =25Fe] 95%E AdLFS Tl olHAL JdoH, YA AAY

T =
S deEolA FaAHA N fAstaL Ao, FotAof FAHA ol F AA o et

of Al we =FFol F7eke FAloIH. ol Ak = b dhd e oy
= RS

o L

Table 12 F4t-Ql= Fokd AE oY &5

(&4 : TEU)

iy 20124 20134 20144 20153 201614 =71
Jawaharlalnehru 162,508 170,791 154,361 165,317 168,444 0.9%
Chennai 86,058 90,622 99,095 91,576 119,887 8.6%
Mundra 6,911 6,652 7,186 13,930 25,873 39.1%
Pipavav 14,365 24,480 23,334 27,022 15,261 1.5%
Calcutta 9,814 11,466 15,162 13,053 14,077 9.4%

71 €} 28,356 26,860 27,391 23,055 38,601 8.0%

A 308,012 330,870 326,528 333,953 382,142 5.5%

AR FAGEZACL, TG FHE TR =T
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BA93 BF gute Aeely 2

T
I A=

FS AHRE 20163 7)E
bang)¥ 196,852 TEU, ‘ﬂol'vf,’—(Bangkok)‘C?} 148,348 TEU A glstR oy, A&
Ao et

2 2} 5K (Laemcha

&z o7 Z7let

(Surabaya)&t

=y

-

ol Esitt. 2016 7=
5T AY=E F o] o 9%s A= 2

=

Table 13 FAt-e= FowE AHolY E5%F

(&9 : TEU)

3 20123 2013 20143 20153 20169 | S7HE&
Laemchabang 156,050 176,320 184,873 167,688 196,852 6.0%
Bangkok 127,188 134,380 128,074 144,065 148,348 3.9%
Songkhla 2,089 1,722 1,544 1,282 1,538 | -7.4%
Latkrabang 8 358 808 105 134 | 102.3%
71 e 308 12 24 14 128 | -19.7%
A 285,643 312,792 315,323 313,154 347,000 5.0%

AR FAGNFAH01Y, FAT FUHEFARA 28
A= Alok= 1RF 7000709 Mo =& o3 7= AE e 3ts &5 T2 4
+E&s Tl olFAL YA AA

=4 F43-S A7t2E(akarta)@d Getakok
< At I=vAloF 3 AE ol
AOE e

_15_

Collection @ kmou

Table 14 Fatek-QI=v|Aof F2 W oY =53
(&$] : TEU)
gt 2012¢d 20139 2014 20159 2016 | S7HE
Jakarta 204,266 230,084 216,108 211,014 221,198 2.0%
Surabaya 44,728 51,228 54,057 59,474 92,593 | 19.9%
71k 30,623 23,770 23,747 27,670 30,669 0.0%
GA 279,617 305,082 293,912 298,158 344,459 5.4%
AR FAFVFAH0IT), T FUVEFHEA 2H
AtEee A AA Aol #HEFFo] b Be Agsts Fotolth aAw
Rokgsh A7tz e 2 AEold BERES ALHow rady e Aow yehy
Table 15 4tk A7t22 Fa ¢ Aoy =5
(9] : TEU)
uk 20124 20139 2014 2015 2016 | F71&
Singapore 306,983 301,487 283,572 239,258 218539 | -8.1%
7] e} - 212 - 830 12 -
A 306,983 301,699 283,572 240,083 218,551 | -8.1%
A8 FAGRFAN01Y), F43Y FERFAHRA2E



otk 7Fe w(Kaohsiung) &2 oA ols st IdRto =4 20124 o] & FAkg

o] HAHolY EF5% Aol AKHOE Fristn e, 2016d 7]F 185,560

TEUZS Agsts Aoz Vet 71 5Keelungde Z4stE A4S Hol:= wkbA g
=

ol W o](TaipeD = E=-

AW

(s8] : TEU)
&t 2012 2013 20143 20154 2016 | 37HE
Kaohsiung 144,294 180,187 186,450 153,166 185,560 6.5%
Keelung 55,072 60,260 68,037 50,022 43,277 | -5.8%
Taipei 14,804 20,717 26,700 39,759 43,276 | 30.8%
Taichung 21,342 22,070 22,091 28,735 33,133 | 11.6%
7| e} 263 347 3,382 9,408 9] -57.0%
A 235,775 283,581 306,660 281,090 305,254 6.6%
AR BAGUE AL, FAT FoEn A RA =H
AA F2 A T tx:HQl Zeo A oke] LEIF Y (Portklang) @} w-Fd 2 vk
(Tanjungpelepas)dt2 201233 5-H 201613741 & FA4H} HAH oY S5 Mg dFH 5
g FUbehe Ao® JeRth = A 27T (Pasirgudang @2 19.2%2 wS T
7HEE YEETL
Table 17 5-4+3 Z#o] Aok v Aol 25
(249 : TEU)
ks 2012d 2013d 20144 20159 2016} d | F7H&
Portklang 145,456 163,795 147,118 146,333 168,184 3.7%
Tanjungpelepas 41,043 60,312 93,258 41,149 41,572 0.3%
Penang 27,784 28,268 28,190 25,995 29,198 1.2%
Pasirgudang 14,168 12,846 14,366 21,244 28,967 | 19.2%
Kuantan 2,534 2,028 1,760 2,031 3,598 8.9%
Bintulu 1,849 2,823 2,171 1,728 3,208 | 14.8%
7] ek 4,070 3,329 2,229 2,536 2,384 | -12.5%
A 236,904 273,402 249,092 240,616 276,671 4.0%

28 - RAGRFARR017), FA4E FRHERAE A 2E

- 16 -
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(2 - 7N, %)

e

T G [Tl 5 | 5 | @ | 714 FAoH F& |[HEF| 71E | A

2012\ | 685 | 77 45 | 50.5 | 39 | 245 | 135 | 12 27 1 358
2013 | 71.5 | 85 | 425 | 57 | 335 | 30 11 | 115 | 25 1 368
20141 | 71 91 48 o7 41 29 12| 145 | 22 3.5 | 389
20154 | 79 105 | 62.5 | 65 46 | 325 | 95 | 255 | 26 4 | 455
2016 | 89 138 62 91 92 34 12 26 26 1 031

=4 10 33 | -0.5 | 26 6 1.5 2.5 0.5 0 -3 76

v & 168 | 26 | 11.7 | 17.1 | 9.8 6.4 2.3 4.9 4.9 0.2 | 100

A8 0 FAYREEAL A SAAA, R4 HEHolUstE A 2 £F A A 2(2012d~2016%)
F : LOOOTEU o]¢ A7 AAo] gle MAR ZIHAA 5 5 23/ '17d 14 7=

B Aoy AYA &2 d3S AyuEw 20123 358712 AHr)A &=271 2016
A L3N E 17370 &=27F S AES & Aoh 18 Fike F2o =rE 7ol

Y
i
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fru
o
o
o
4>
O,
32
&
o
rr
e
[
o
o

o |
%
e
r=
o
rlo
Hl
=
BN
=
lo
o
£
o
Av)
oo
o,
o
u
B3
oL
k)
o
vs
ot
N
2d
>
=
[
4
N
A
I

2 /M sAlel ZlelA 7HE B2 ARl &2 £5 Basta dd. 53
= F, AR g=2A 74, "Jul, $F, ddF, orzYIA 23dse R
o o
=

s A7iA F=7F oWE Ha doe A

_17_

Collection @ kmou



Coll

-
e

ctior

- 18 -

1@ Kmou

olg gt FA4H}) HH oY AV FEE ek AALEE Table 1994 2t 20174
¥ 7Eo®E B 71 AA dSEs BRE o SWAE, =54 38ALZ Y ERE T
Table 19 L I I s P e

«=d A A7 =3 «=9 AA =3
1 1S 28 CCNI Rk
2 1= o =) 29 MSC P

3 A8l & 30 Norasia
4 B9+ 31 MCC
5 A 32 PIL A7tz =E
6 H T3 & 33 X-press
7 el 34 ZIM SE]
8 HeA o kel =
9 =AY 35 CMA CGM(APL) Zef
10 A7 3l 36 NYK
11 Eff F A 37 MOL
12 SLEay3 =] 38 Koywa g
13 Ao dd 39 K-Line
14 Sols)-& 40 TCLC
15 SM7d-A 41 New Orient Line
16 Emirates Shipping UAE 42 COSCO
17 SWIRE TERE 43 CO-HEUNG
18 CNC 44 SITC
19 EVERGREEN 45 EAS Shipping =2
20 Yang Ming ok 46 Sinotrans N
21 Wan Hai 47 CCL
22 T.S. Line 48 G543
23 Maersk Line 49 TMSC LINE
24 FESCQ S 50 | Hapag-Lloyd(UASC) g
25 Sakhalin 51 Hamburg Sud
26 T3 52 ANL zF
27 Westwood w}s}het 53 OOCL =3

AR RAGUFA TG SAAA, TG A UEHE A L 5 SA016H)

FLOOTEU o4 Alel A 2 ANES A BRA 5L T8 =) /174 18 AE




2.2 APAT

221 A7 e BE APAT

ol &42000%E 1995 o) F MAbe] M&AS} xd% Af 5 A71Asl o] AR
° 3|

ABR(2003)2 AHUA S tEgste= st ZA(Economies of Scale)s T3k XA
= Fogse A7 AeAAae

AR 2N edTES A if\}%-‘ﬂ ‘H’&"é% L3y oF3tA7|AL va F

do
gg
"
™
i)
=
X0
o
gz
r>~

Fremont, AQ007)= =2 tiE AAS 2= @ A EA S &3 3H 9l A%
I wAg A7) A 7 1ol BA7) oS = 21

= 3
o] BT AM2E 98] Bashw TEsm ek

o

om@@omz sl eareiel ¢
AH & seithel Aulsgl e

OH
Al
>
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_L
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i
lo
o
fo
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ol
BN
ok
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o
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TJr 2843 Xﬂ/\lo}ﬁiﬁ}

Shuaian, Qiang & Zhuo(2013)& ZHolY H7|A = Mulx Fo 37 o] F
835 AHsta glon, V& APddT AR S EdE §F HE Z2a9W =¥
< 83t HF o HHolY A7 AR Uig FAIFE ZEIIHPoH olE T
g T

B71d ] Ao &F Bl ool & Aeolzt
o
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Wang, Liu & Meng(2015)> HEloly A7 &= F ofAol-F7H =9 4671
1A

A FHE AA
2.2.2 &

Ze

)
=

T2

0
B

X
i

=e)

B
)

oy

o

el

Aol mA= 9

i
o

0
o

o

%

Asl A BAe Beato] 200120124 F<b AA Ao

27k A

.

3T

2179} Bo}

3L

Xu, Shi & Jiang(2015)
I ol

5

&

ol

st fUlE A=

<

olES T

=
_20_

Asaan B

p—

R

o =8

, 471 E1(2000)

sh5ith.
20014 AN &

< AA

2

[<]

Collection @ kmou

Fo
A



=

=

?.

o

=

HES =

stk WEA B4

i

Rl

e o) o

& ef(space L and P)

.]

A
~

=

o 20061 78 2011'd7}HA]

[}
(QEA=, <A, w7l ofelAl

bof opAlol o
o ols) i

9

[¢)

o, B} &FUES IS} Zo] A

a
< °l&

= o]
LS|
X

e

=

)41 E9) Z(World Maritime Network :
5]

ez gatel o

dlol g
El

i

L=
= [e]
E4E

Rk

AsAA 2
A AA

d

[e)
3|
Z

fu

p—

SECERE R

U YES =
=]
=

BH
3

T=okaL, AN =R, T,

| 58014
EECEBR 0

A
A
&}

=
o
[e)

=

1 3]

AAFL 1971 AAke] 7]
T(i__
PS

=

)

H
B9l (Rich Club)

9

HEH=

al
9ga 7=
wlE]) 9}

0]

1

1h= (2012 Aol A= 2008

Yihong Hu & Daoli Z(2008)

PEE
ARE el A
A A
Rl

=

o) B W=
% 16° Mo
< R’ = W
LN b
"
a
H m_r_ o M
w5
B
Mo 70 i
B o o o
< -
*n g o
o_t 1o < \_1._‘._||#
i = 3
— Ot O .
.._,m,_ i £ o
~ —_ [oh _z_.E
R < S W
X >
R 5 %
IO o
T I 8
U.._ m OE
T T = T
o
W B
E#E io mwﬂ .m_ro
= o B
B
3,_ OC . ]_.chm o
T il (Y =
GO
W E Y
RIoWmog M
Wﬂ_ﬁ i el ‘(ﬁm X
w g of T
N
~ . . )
o HoF
0 — o (ot
0 ZT =5
R B~
T % o g

al

=

=

Yol

p—

te d2d8A A

o]

b

R O
R

285

B3 F4l4d(PageRank
A%

7o)

St

)

b AT

&
- 21 -

Z4) A (Bigenvector Centrality)2),

7HA AL A=A ol o

=

=

E

1

ool 24

Centrality)39]

bof ol® 7

S
A

Collection @ kmou

=]
w4



}= o] A
23
QA=

(=]
=
Fu

73

EECERY
T,

]

e

Zx
T

=

=

A
§ obAlo} o
Jehnglen, ol 7]

ok

0|

ISl 4

5

bof obAlol ) 7]
A

) o

st

<
[

o

=

&

B FAL

71

o

o

o] ojw
o

T

a4 At

9

—_1

Jeolglel opAlol Su AlAkel A

Ea

A A}

)

o Al

=
=

g AAE L Al Y EY A9

ol 4

L

A Ab

o

Hlo

.?_

H
=

=

1 YEY=

2o} oA E

. EZ A dofol]
EE =Edlen, @52 S5 bl i

[e)
O]

i

p

R

HAIL, Fh=ol A

]

o=z

[e]

=

o)

243 o)

°

=23}
azvle) #d 7]

=
5

==
T

[e]

R

=

o

g
a

|

9] 221(2016)
Aol of

fum
.

1

Fed 2 Alof, <

=27}

a

=
<

OBOR, Trade, Cooperation
[e)

(Eurasia Initiative)el 4]

<
3

%
o}

4
ol
0

o

o

=i
=

==]
=

o
el
T
i

oF

e

;o\_

—_—

z=9

1

;00

ol

o= Arold H7)4

]

<P
Nfo
o
;.OO

1

=l

1714 (2016)2 <

L
=
uj

=

R

W A= o

@ 2

.]

A
ai

B AsHoE YEYD
2

ANYE HES D

[e)

pu

A 1N EE A Re] AEAVER
§’_]__

[e]

e AAL R oY =5F <7t

RS

Qs
Bl

EER
o A A Bkt 2000~2004%, 2005~20091d, 2010~2014d A GAIZ

skl o,

&AL, ol43(2016)
[¢)

of #4

o)
N

—_—

AL

;.OO

B
_El
To°

o

oy

SR

]

[e]
+

e

1
R

SECIEE

o] &

He W,

s olAo} AR= T2 Y

S

5

=

o] E

Ess

S

48

17 F4 40 7P =7 JErtem, ofoll ulg)
— 22 —

11

oA glof ATz

o}l Ao} H|

T
w
=

L

AES, A9E, 4716(2016)
Feo.

Collection @ kmou

wrol mgozA Al ol
[e)

%



A3 ATEH

31 A3 dZAE 4 1L

Ar3] W E9] A(Social Network)w= 1954 & wh=(John A, Barnes, 1918~2010)7} A+
o8 AR BOlB=HA, BF Ee VIS 22 AAVE e fAdeld 4, 1% 53 2
< AEA HFE UedE NEES 26, 942 #AY ddE Yeidle 8o
3 3t THBarnes, J. A., 1954). A3 U EYIE %7] A7 A U EY IAA s}
of TheFe AEA AMAIESY VEY AR FH0] e Ut

g

_—

AHE MBS IE ARSA @e TASE YAAES mos R, AHEH B
€ A= F¥sks FxoH, ASdAT E4 ol W s votHa A HEr.
ALS] AAY B tigk o2 1930d T REl Ak g AT st oA Al ZE
Stabgel o A&z 0w WG

N

¢

of

Table 20 Ab3] AT Bxlo] SAA A

&
Jacob Morenoe &AL} AAQWEZZ RHHE A8 HEYA
1930 =2 2zr #A Y EYA(human networks)e] HFFy WIS ulobsi=t)
8
W= g AbSe HhARRl Harrison C. Whitel: WES A #she] 43
1960~70 | A< FAAR O =HE § O SAES EHE AS U EYAE

M=

67
it

By =zt UCINET 53 & A3|adAdn B =3 7, 3
1980~90 FE U‘ﬂ 7+ }3 < T 7

L=N{e}
) o
d =2 3 ddEs 3t A UEYA AT 243
53

A7 o] A2012), YIEY D B4

- 23 -

Collection @ kmou



Table 21 EA1A £ 93 Als|dAw B4 w¥Hol vl

e A4 £4 A ad% B4
AT | mAEs mae) A A3l W ES Z 9 MA} BA
BAUelE | AEA A 54 Held AAE 2] BA dole

w8} AA=E FE 3 AA = BEo] 3 oA

1 A=A A1)

]_
2 AAAE SYAHA BAE sk | A AAls = ke A
etz ezt A Fol 9% Fu W
WEARD ez AT wieE
AR HESRFe] FEA SA4S
A8k, AR FEAM U
WA e ARSlY dde det

A& o] /32012), HAA

olg gt AS|AAR AL I A8t RoldAE Bo] &&FI glor, AFdA
Aol th3k o] A4 ATt @ol MaAHI Jot AT, 2SS, TS AFAZE
= MAE 2o FHARAE FMA A} ARSI TR aFE
st W Eolgt AWsta YT EHT, 2ES, 44, 2014). AE5E 9 291 9F
& WEYI ABE TASE =S®ode)st ZF A 24 e BAE

o Z|(Edge) = Fol FAT A FEE A UEY A AWsta kA sE, H3
A, 43k 2014).

:‘_1‘

s

B DL oL JMOR i AAAT BHAM 2elze =ENode)E o
= A9 Falinks Yeide o= =

o2 vehte Pae BAE FIITIGA, 2012, ASAATeNA 24 o)
2o &, 2R &4, = H39 =

A9 38 ol e o]&s}oq
1
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=
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AAARE TAALY A4S ZEnte] dAAE FAAL FH=7E 7P wol €EA e
o, Aoy d4AE FALY A3 A4S T3 AUy dEARA=E AL s 7
& sl
3 G =& 9] degree d; ;

= n: YEYIL AA = & 1

AA o] 2 n—l( NES A9 | T) D
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lohn Shane
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1412* A FAPLE YEYI Y J?ﬂrﬂ]-‘ll WH(directed S AT # Y =2 E0]2

tEe —’F% UrE}lHU% e AAd FAAHL UEHLT U #A e Wekdirected)2
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At UES A Tl AEAE FH3=
£ ZHEE RAZHEFF, 2016).
Aol =g AL VEYZ U g2 =539 Ayt 7 #oa &

% = 9
glovl, matA 2H FAMY Ee wEE sbg we g8 wso 93 FAY

24 FAA Ae ARANEG g3l AvAn, At HeFF T 2
Aol Z4gkel A58 st Avh AAYE FAHIY vHE Hrge
A shsl, A4S AW RE wEsh A=} U W AUGOH ge A

Mike

Bob

Liz Allen Lisa

lohn Shane

Leah

Fig. 5 &34 %44 (Closeness Centrality)

R io dF & FAAE UEYI YolAd RE =(Ed i F=AEY
d; g T3 AAA(farness)®] A2 Addoiols4, 2012). o)zl AAAT}

A

#BE42 2 FAA e 34 Jehdoa 2 4 9t
%H%iEﬂﬂﬁ%k]‘l_[%H%iE?% 2= 47%34&31} g—1 @)
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Hg:AA wE & dnn) - wE QA AR A
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3.2.3 "7/} 414 (Betweenness Centrality)

=
ofy
>
o,
rlo
e
b
[t
N
i}
|t

-
[t
'S
ir)
(m
__&
U
T
-
4

sh= d o A F& o

g 9d& drty FP=UE SAse MdeR ) 98e TA LR AFE o

AHEETHES Y, 2008). e == 3t Hd A= ®@o] $-LFF Tl EokA
™

=
o, W7 TG0 =& = AR & , o ==7F AA=E

alll
2
i)
&
offt
2
1
tlo
N
N
N,

A5 WEND QA AdT 5Bl 2 JFe MR Brh ole@ wEo] EAE
E9zv} Ao & Adse drhe AL HEAIE SAW 250 FAHOR

25 A9 oAl e}

EEREL !

o
fz
it
e
,
o
gﬁ
Y
id
£
Il
o
Y
it

Aot e 5 A 9

R=)
=
ol

>
oX,
o
Xl
2
o
>
rlo
b
[
o
=)
=
ol
>
o
o,
H
2
T
o
a
i
D
o
=)
)
ofy
>
oX

S verlE P39 ) FU4, R LT Ao 58S o g3k EE(flow) WA F
Aol glom, o] F wo) WA FA4el /H Bol AgETh WA FAY A4EY

HE O kEoe HIAGRA T 2EE A FES AHsH At

AR (s e e s 20 )/

= = 5)
WA MER T E Aus lo=1—272] ®
Mike
Bob Emma
Liz Allen Lisa
@ @
John Shane
Leah
Fig. 6 w17} %44 (Betweenness Centrality)
5) gy @ = jok kB A A HRe|
gpnn,) =T jSt kS AFskE HUAR F wT jE AXE AR 5
Mg (n:)/ g1 - 2249 node pair®] HHA=Y T i} THD B FHY
j<k ’
(9= 1)(g—2)/2] : B EFFA W= BE == o] F0FFHo) gl VEYIS] 39)
- 98 -

Collection @ kmou



3.3 YIEQ A AZ3}

WEYZ9 Aztsk(Visualization = WEYAE Az oz mdses wiS Zaid,
7t o] ArgetE #E WHe adx 53 dhHolth gukdow Jgx BJL 2
2H4@D) M A eSS Wol ARESH, TR thaEFQl daelFol IRk 2z
X|(force-based graph layout) ¥i1g]Zo|th.

o] dugFS Tz & {tel
E Ao #53H sla, BAE0] ME mxetE AL HisletsE WAoE JY=ZES
I8 yzitth 7 s e H3E =5E Alold EXIsteE ﬁia(sprmg)oi
B, A Jezr) shue] E23 AlL"o

£ Bas ar

Easle 785
- 7HF ol ¢dHZ daEE
N AN 9A= e
Kamada&Kawai o 4o Azl= Zc] dz=7 2l Bl

- Kamada&Kawal &i2]&< /1A% A&, ¢ wWE
Al ARG S TS

- 2 = ol dis) st dAAZE Foj3]
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of aY=E 1Y

Stress Majorization

- Edge ¢18l£d FARHAIRE daglE9 FR&5=
Fruchterman&Reingold ge LR} HARHA dLE=S
7o owg
Ag o] 7H2012), HAA
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Fig. 8 Stress Majorization &1g]&

- 30 -

Collection @ kmou



Michael James

Fig. 9 Eades &1 gl&

. “ I -
Mchael @
James

Fig. 10 Fruchterman & Reingold &8 &
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B oA £4& 98t AtolgollAl JEg NetMiner AZE oIS AME3Th
NetMinere= =u 71&€=2 7/IgddE A AAT £4 2ZEOE dolE W, HESZa
B4, BAEA, vEYZ A48 75 58 FAskA &8t dd AHedAE Al
a3tk 20019 EA1E AZEL SR 2015¢ 4€ 7] A AA 50 JH= 60070 i}
gl A%, ARVIBANA AL Foln, AAHoR T ¢4 A AAY B a7
ZEdo 2 Frpta o
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Ak Aeold B4 &= HESAA BE 3 AZE AAZR UELA, oA

of %2 F= WESH, 3 UEHYHZ, FE HEHA I vludHF A= Table
233 2o
Table 23 WEY I D=9} A9 vl

HEHI R & | ¥H3 5| 9= A
Tk dHoly A7) 3=(2012) 283 1,051 0.013 4.194
Tk dHoly A7) 33=(2013) 283 1,074 0.013 4.367
AR Aoy 74 E(2014) 291 1,070 0.013 4.209
Ak Aoy 74 &E(2015) 304 1,236 0.013 4.097
Ak Aoy 74l &E(2016) 306 1,190 0.013 4.243
EAH U ES = % +#(2012~2016) 293 1,124 0.013 4.222
AA T Y ESHNZ H#(2006~2011) 506 9,962 0.011 5.570
ofAlo} ZFZ FE U ES]F(2015.10~2016.06) 250 545 0.009 2.180
T UESZ 3,883 27,051 0.004 3.483
A=t 587 19,603 0.114 2.16

AR AES AT, A71E2016), SNAE ©] &8 olAJof A Y A2 gFro] YEYT B A3 AF

4.3 A M EL I NG5
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A oly 71 WES =(2012'9)

3}

s

Fig. 11 #+
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Fig. 12 2413 7doly 714 W ES 2(2013)
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A oly 71 WES =(2014'3)

3}

s

Fig. 13 #4%
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Fig. 15 #4ta ZH oY A7 W EL=(2016'3)
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Table 24 F4+3 HH oY A7 HES A A2 E S48 4

QA= FHA
78 | &9 . : |
el In Degree Centrality | Out Degree Centrality
1 Busan 0.2482 0.2553
2 Singapore 0.0957 0.1135
3 Hongkong 0.0957 0.0993
4 Shanghai 0.0745 0.0780
5 Yokohama 0.0674 0.0709
6 Shenzhen 0.0638 0.0745
7 Suez 0.0567 0.0709
2012 8 Portklang 0.0674 0.0567
9 Gwangyang 0.0426 0.0816
10 Kaohsiung 0.0567 0.0567
11 Ningbo 0.0567 0.0532
12 Tokyo 0.0532 0.0390
13 Xiamen 0.0390 0.0532
14 Manzanillo 0.0426 0.0461
15 Panama 0.0426 0.0461
1 Busan 0.2518 0.2766
2 Singapore 0.0957 0.1064
3 Hongkong 0.0816 0.0957
4 Shenzhen 0.0674 0.0816
5 Suez 0.0674 0.0745
6 Portklang 0.0745 0.0567
7 Yokohama 0.0603 0.0709
2013 8 Shanghai 0.0638 0.0603
9 Manzanillo 0.0638 0.05632
10 Gwangyang 0.0426 0.0674
11 Ningbo 0.0567 0.049%
12 Tokyo 0.0567 0.0461
13 Qingdao 0.0532 0.049%
14 Kaohsiung 0.0426 0.0567
15 keelung 0.0461 0.0390
1 Busan 0.2310 0.2690
2 Singapore 0.0897 0.1069
3 Hongkong 0.0759 (0.1000
2014 4 Shenzher} 0.0724 0.0690
5 Shanghai 0.0621 0.0724
6 Yokohama 0.0517 0.0793
7 Portklang 0.0655 0.0552
8 Suez 0.0517 0.0655
— 41 —




AFAE T4
TE | < . . .
s In Degree Centrality | Out Degree Centrality

9 Manzanillo 0.0552 0.0552
10 Gwangyang 0.0483 0.0586
11 Kaohsiung 0.0517 0.0448
12 Qingdao 0.0552 0.0379
13 Tokyo 0.0448 0.0379
14 Tanjungpelepas 0.0345 0.0448
15 Ningbo 0.0414 0.0379
1 Busan 0.2310 0.2673
2 Singapore 0.1023 0.1023
3 Hongkong 0.0858 0.0858
4 Shanghai 0.0792 0.0924
5 Portklang 0.0858 0.0726
6 Suez 0.0627 0.0759
7 Shenzhen 0.0528 0.0858

2015 8 Yokohama 0.0660 0.0660
9 Kaohsiung 0.0594 0.0627
10 Tanjungpelepas 0.0594 0.0594
11 Gwangyang 0.049 0.0594
12 Manzanillo 0.0594 0.0495
13 Ningbo 0.0363 0.0561
14 Qingdao 0.0594 0.0330
15 Tokyo 0.0462 0.0429
1 Busan 0.2590 0.2590
2 Singapore 0.0852 0.0951
3 Shanghai 0.0918 0.0820
4 Portklang 0.0754 0.0787
5 Hongkong 0.0787 0.0656
6 Shenzhen 0.0426 0.0918
7 Suez 0.0656 0.0689

2016 8 Gwangyang 0.0623 0.0525
9 Yokohama 0.0525 0.0590
10 Tokyo 0.0525 0.0590
11 Manzanillo 0.0525 0.0557
12 Kaohsiung 0.0492 0.0590
13 Qingdao 0.0754 0.0295
14 Ningbo 0.0426 0.0557
15 Hochiminh 0.0426 0.0361

% warge] Aoy /14 d=s BASIAY] MEel Targe] S4g0] F9lol A
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Fig. 16 9424 = 244 24 Ax 223 9(20124)
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Fig. 17 dAAE TAAE &4 A3 2xzyg 9W(2013)
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Fig. 18 924 = T44 &4 23 === (20143)
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Fig. 19 4245
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Fig. 20 d2AAE FAAE &4 A3 2xzyg 9W(2016)
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L= = E—
QARE FAAH FASA AUE FAFTA 20069 S0l Yol 2T
AT 1 o Yugn Aeede 907 @elAm i w AsEe w907t
EolAx g AoE BAHL,

27 FA4Cl e Fue UEAIFAA Aol B Fukst ske Ael A
3k gl
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A= WolA 7HE SAAC EASE IS AR, #49,
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LS|
axi

Table 25 4t el oy A7AH UMEYD 24 T4

it

=2 | =9 _ 23 344
T gk In Closeness Centrality | Out Closeness Centrality

1 Busan 0.4097 0.4047
2 Hongkong 0.3640 0.3700
3 Singapore 0.3338 0.3797
4 Shenzhen 0.3469 0.3604
5 Ningbo 0.3487 0.3408
6 Kaohsiung 0.3396 0.3499
7 Shanghai 0.3527 0.3346

2012 8 Gwangyang 0.3426 0.3416
9 Dalian 0.3514 0.3326
10 Yokohama 0.3259 0.3416
11 Manila 0.3298 0.3326
12 Qingdao 0.3334 0.3240
13 Savannah 0.3310 0.3247
14 Tianjin 0.3400 0.3133
15 Panama 0.3294 0.3228
1 Busan 0.3989 0.3874
2 Hongkong 0.3522 0.3588
3 Shenzhen 0.3436 0.3552
4 Singapore 0.3182 0.3790
5 Kaohsiung 0.3369 0.3431
6 Ningbo 0.3365 0.3361
7 Dalian 0.3411 0.3294

2013 8 Manzanillo 0.3337 0.3322
9 Tianjin 0.3349 0.3302
10 Savannah 0.3237 0.3402
11 Shanghai 0.3406 0.3179
12 Qingdao 0.3306 0.3183
13 Gwangyang 0.3302 0.3165
14 Yokohama 0.3074 0.3325
15 Panama 0.3185 0.3205
1 Busan 0.3976 0.4149
2 Singapore 0.3653 0.3836
3 Hongkong 0.3502 0.3791

9014 4 Shenzhen 0.3502 0.3598
5 Kaohsiung 0.3409 0.3444
6 Shanghai 0.3422 0.3404
7 Ningbo 0.3367 0.3436
8 Qingdao 0.3358 0.3219

— 49 —




= |2a 23 4%
T 3wk In Closeness Centrality | Out Closeness Centrality
9 Gwangyang 0.3309 0.3258
10 Savannah 0.3065 0.3448
11 Panama 0.3090 0.3408
12 Manzanillo 0.3133 0.3345
13 Keelung 0.3218 0.3201
14 Xiamen 0.3215 0.3194
15 Portklang 0.3173 0.3215
1 Busan 0.4152 0.4197
2 Singapore 0.3763 0.3930
3 Hongkong 0.3611 0.3736
4 Shenzhen 0.3505 0.3764
5 Shanghai 0.3557 0.3629
6 Portklang (0.3348 0.3778
7 Kaohsiung 0.3531 0.3586
2015 8 Ningbo 0.3416 0.3515
9 Hochiminh 0.3425 0.3431
10 Gwangyang 0.3344 0.3378
11 Manila 0.3344 0.3370
12 Xiamen 0.3290 0.3397
13 Qingdao 0.3487 0.3098
14 Manzanillo 0.3279 0.3297
15 Tanjungpelepas 0.3238 0.3308
1 Busan 0.4089 0.4008
2 Singapore 0.3621 0.3782
3 Shenzhen 0.3331 0.3684
4 Manzanillo 0.3479 0.3472
5 Shanghai 0.3409 0.3508
6 Hongkong 0.3425 0.3488
7 Portklang 0.3078 0.3658
2016 8 Ningbo 0.3246 0.3425
9 Kaohsiung 0.3068 0.3476
10 Hochiminh 0.3217 0.3326
11 Suez 0.3224 0.3290
12 Qingdao 0.3442 0.3013
13 Tokyo 0.3221 0.3219
14 Panama 0.3210 0.3155
15 Gwangyang 0.3297 0.3053
F o Rae] AHeld A7 F2E EAsY] bl 2aRe] SaAel A9l e

. I
sH AT 1
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.\ .
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Fig. 22 <4 $44 &4 23 223 (013
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Fig. 23 :‘};](j %/‘\:]/KE} ‘E‘/}ji @3’4' Z:E% U3(2014L3)
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Fig. 24 :‘};](j %/‘\:]/KE} ‘E‘/}ji @34' .{::‘_—‘L_Eé "13(2015‘“3)
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WA FA4A4

TE | +9 T BC
15 Tauranga 0.0330
1 Busan 0.5101
2 Singapore 0.1976
3 Suez 0.1688
4 Hongkong 0.1020
5 Portklang 0.0905
6 Manzanillo 0.0813
7 Dalian 0.0800
2013 8 Santos 0.0763
9 Savannah 0.0701
10 Yokohama 0.0656
11 Shenzhen 0.0595
12 Kaohsiung 0.0517
13 Guam 0.0454
14 Noumea 0.0445
15 Tokyo 0.0386
1 Busan 0.4971
2 Singapore 0.2641
3 Suez 0.1381
4 Portklang 0.1123
5 Hongkong 0.1121
6 Manzanillo 0.0742
7 Yokohama 0.0715
2014 8 Kaohsiung 0.0586
9 Shenzhen 0.0582
10 Savannah 0.0531
11 Santos 0.0510
12 Shanghai 0.0505
13 Rotterdam 0.0432
14 Tanjungpelepas 0.0419
15 Jeddah 0.0306
1 Busan 0.4977
2 Singapore 0.2320
3 Portklang 0.1572
4 Suez 0.1108
2015 5 Manzanillo 0.0897
6 Santos 0.0781
7 Hongkong 0.0729
8 Yokohama 0.0665

_ollection @ kmo

_57_




WA FA4A4

TE | +9 T BC
9 Kaohsiung 0.0616
10 Shenzhen 0.0614
11 Tanjungpelepas 0.0610
12 Shanghai 0.0594
13 Savannah 0.0385
14 Portsaid 0.0368
15 Haifa 0.0320
1 Busan 0.5174
2 Singapore 0.2010
3 Suez 0.1664
4 Portklang 0.1413
5 Manzanillo 0.1036
6 Shenzhen 0.0743
7 Portsaid 0.0594

2016 8 Yokohama 0.0576
9 Shanghai 0.0568
10 Santos 0.0525
11 Hongkong 0.0509
12 Honiara 0.0499
13 Rotterdam 0.0452
14 Tokyo 0.0434
15 Tarawa 0.0398
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AEW Fo =7h A AY TEF 99 B4 Aelold AM I YES
FA4 B4 A9E 5 nnsdde W £97 dold Ao vt
s
=

g3 Fa F7h FwE Ahold Ael BEF ESldME FF 5

AL Mot Yout o= MEHAY FAH Adste o7t Ut Ao et
. & A4 Aelste Aoy BEUT WEHIY el dYYe TE Aoy B4
=

o= f&@ﬂ@i A

714
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Table 27 F4t¢ 8 =7 ¢ A S HEAD I <9 vl

4= | &9 E5E AEARAE T4 o FAA W7l 44
1 Tianjin Singapore Singapore Singapore
2 Qingdao Shanghai Shenzhen Dalian

2012 3 Shanghai Shenzhen Ningbo Yokohama
4 Losangeles Yokohama Kaohsiung Portklang
5 Dalian Portklang Shanghai Manzanillo
1 Tianjin Singapore Shenzhen Singapore
2 Qingdao Shenzhen Singapore Portklang

2013 3 Shanghai Yokohama Kaohsiung Manzanillo
4 Dalian Portklang Ningbo Dalian
5 Losangeles Shanghai Dalian Savannah
1 Tianjin Singapore Singapore Singapore
2 Qingdao Shenzhen Shenzhen Portklang

2014 3 Shanghai Shanghai Kaohsiung Manzanillo
4 Dalian Yokohama Shanghai Yokohama
5 Losangeles Portklang Ningbo Kaohsiung
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A= | +9 | B3I | 92A= AN | 2 FAY | A 34
1 Tianjin Singapore Singapore Singapore
2 Qingdao Shanghai Shenzhen Portklang
2015 3 Shanghai Portklang Shanghai Manzanillo
4 Longbeach Shenzhen Portklang Yokohama
5 Dalian Yokohama Kaohsiung Kaohsiung
1 Tianjin Singapore Singapore Singapore
2 Qingdao Shanghai Shenzhen Portklang
2016 3 Shanghai Portklang Manzanillo Manzanillo
4 Longbeach Shenzhen Shanghai Shenzhen
) Dalian Yokohama Portklang Yokohama
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