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A Research of Delayed Entry Container Ships

Using Bayesian Network Model

Student : Chia-Hsuan Yeh Advisor : Ming-Jyu Huang

Department of Transportation and Logistics Management

National Yang Ming Chiao Tung University

Abstract

In recent years, there are few domestic and foreign research literatures relating to the
delayed entry ships. To solve the problem of delayed entry containerships in the situation of
multiple carriers, multiple ports and multiple terminals, the Bayesian network model is used in
this study. The research data is in-port ship lists of Keelung Port, Taipei Port, Taichung Port,
and Kaohsiung Port. Two types of models are built through the Bayesian network. Finally, the
cross-validation is used to evaluate the accuracy and predictive ability of the model. The results
show that the Bayesian network model can effectively predict the possibility of the entry delays
and the delay level. The entry delays of the container ships are mainly related to the “carriers”
of the container ships and the entry “week”. According to this study, port units can re-examine
the entry procedures of container ships. In addition, achieving the optimal time planning and
space utilization in the port.

Keywords : Container Ships, Entry Delay, Bayesian Network, Delay Prediction, Cross
Validation
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R e
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* e False Negative True Negative
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#7748 GeNle Modeler ® &7 B S e | duz % > A difly 2 ¥ oh 4Ly H’é%@ts@ﬁ &
%-#c (Parameters ) fo4z $-#c (Hyperparameters) Heh bR w3 &I 4 4p
P S FTERALDERETHE  PEd RS GE N EE > B2 TRE
AL FBR] R IR R hlicE > had ﬁ-il'lﬂi‘"v" AR By A T B
RiZFpd PR ARV EBTREEN R F P F AT > LB EF RORHRAS
BEendcld o AFFY R SR Tl Aot 8977 0 R A X Btk e i 50 TR B agk
R hR NG BEA FATHET B % Bk 25 200 0 BR|R-E AR E 17 200 k0 HiE B
FMBAF SR T R AEA R AR TS 75 TR MR R R LB AL 2
T el TR 0T A J“ﬁpﬁ’?'uff“ﬁﬂ”* B4 3F (FPERFBIE A5 3600 FHCL
ST % 3 (T Py B AT E 3600 ) pF o B T H L g osneitdl o B2 o ST o

T,

7 BK RO
No Type Carrier Goal Time Week
1 Container K2 Both | Early_Evening Wed
Season Wharf Previous_Port | GT Delay Level | Arrival_Type
Winter CT 6 Other B None On_Time

A it
RS i d 5
LR d 200
*~#k (%) 75
BAEERERT (F)) 3600

42 FHBUEELANILE

AP AL B < PiRET 22 iR AR D SRR R AT
e GoenR T o [ R R R DT i M 2 B AR R EDTER] 0 BN LR A
P RIEEL NI R F A hifd GHREEP WL DI ?‘ RPNl ANE S
WF o2 ERTAADTLERRF oo FHFUFEAAFE PIRTEOF LB IR
AFEPF o AN SRR SR A G BT ik i (Arrival Type) &2 2 242 &
(Delay Level ) 12:& 7 $3] efz 8 o
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42.1 B iRimEBR G

PR R R 2 b SRR S R AR LA B e B T
hiatBied (Delay) 2 pries (On Time) 11T %/ R ARE £ 4% - 4
PBR BB B R AR o F A T LRARIB L RIS RE
AR 0 doBl 15 “0n 0 BY hpRR A @B A F1F Rl IO & 8L A4 R
3 B EREEL AT TR 3 MRS BTS2 RS8R 4
@&

ERE BRI S A SR G o B REL SR Bl e B TR

& 2L o
Season Wharf

A ‘?.‘

/

Precious_

Port

Arrival_Type

B 15 Atk p ek ki LSRR IFEHR
TR KR AP ER

ot

ARG L R L R Flo W 16 97 o L SRR E RS L e
29T o AR [ IR BB BRI WA TR A ik
w0k WA A ] L 72,696 (Delay) £ 27.496 (On_Time)» & § ke - & Lk
AR RO S e s NILH - BABE T RRBED Y R ABEZ [
AT Bk

=

)
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Season
Fall  26%|[

@]

Spring 26%
Summer 26% [
Winter 22% |

4
) Week
Fri 13%]]
Mon 14%
Sat 13%

Sun 13%
Thur 15%
Tue 17%
\Wed 15%
A

Cfuml 1 1 1

Time

(@]

Afternoon 4%]|
Early_Evening 5%

Early_Morning 15% [

Late_Evening 2% |
Late_Morning 44%
Mid_Morming 11%[]

Night 17%| o

O Wharf Q Route
e s PNear_Sea  93% L
= [@) Goal | _—W|Ocean_Going 7% =
Both 97% [
Discharging 2%
Loading 1% | =
Y o ot
[@] Carrier A 5%
KL_1 12% B 5%
KL_10 7% L (SIR:ETY |
a2l |0
I E 36%|[Jl]
F 7% o
KL 7 11%
=
() Precious_Port
cn39% [ \
HK 3% () Arival_Type
10/ |-
»P 20% i *Delay 3% ||
o
IR On_Time 27% =
KR11%|]
TC17%|[] =

Bl 16 A IEi iRk fh 2 b oL R s 5 R

AL KR

Y EE

% 0 ARk RmEERkEl T BF 4
[y 8 AR ¥
dp4a F1 A&

Previous_Port CN: " R 0.387
- WREET | HK: 4% 0.033
JP:p A 0.199
KH: 3 % 0.105
KR : i & 0.105
TC: ¢ & 0.169
GT A : 60,000 w12 ¢+ 0.048
4y dg e B : 43t 40,000 & 59,999 = 0.048
C: 4>+ 20,000 £ 39,999 = 0.076
D : 4+t 10,000 & 19,999 = 0.401
E: 4>+ 5,000 % 99,999 =g 0.362
F: 4+ 3,000 2 4,999 = 0.065
Carrier KL 1:ARKELEAEE 0.118
RELN KL 2: ARk 25 ~8EHE 0.146
KL 3: ARk 3I5AIEE 0.208
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KL 4: ARk 45 8T 0.132
KLS5: Ak S ~RmEE 0.096
KL_6: Ak 65 ~mEH 0.043
KL_7: Ak 75 REH 0.105
KL 8: Ak 85 ™E 0.059
KL O: Ak I ~mEE 0.019
KL_10 : A& 10 5L 2 0.074
Route Near_Sea : i ¥4 0.934
SR Ocean_Going : ig /F#aift 0.066
BT FE
Wharf E: L FrmEEg 0.541
% A5 EF W& 7265 0.459
Goal Both : % f 0.970
kP Discharging : # i 0.015
Loading : % f 0.015
PR ] &
Season Spring:3 "% ~4%" ~57 0.263
% & Summer:6 % ~7 % ~8* 0.261
Fall: 9 * ~10* ~11* 0.257
Winter : 12 # ~1 % ~2 7" 0.219
Week Mon © % # - 0.135
5 gy Tue : & # = 0.168
Wed : % # = 0.152
Thur: & = 0.150
Fri: 287 0.132
Sat : & # -~ 0.132
Sun: & #pp 0.131
Time Early Morning : 4 »* 5:00 = 8:59 0.149
PR B Mid_Morning : 4 ** 9:00 3 10:59 0.111
Late_Morning @ 4 ** 11:00 3 12:59 0.444
Afternoon : 4 »* 13:00 £ 16:59 0.044
Early_Evening : 4 ** 17:00 = 19:59 0.054
Late_Evening: 4 »% 20:00 = 22:59 0.023
Night: 4 ** 23:00 & 4:49 0.174
Arrival_Type Delay : zf & i& % 0.726
A S On_Time : B itk & w2k 0.274

FH AR AP ER
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T AAEREEL VRERFEREPBIRACR 17 2B 18 rr 0 TR S Lok
10 #757 » ¥ amit bt B enE B S 4 6] 5 73.49 (Delay) £ 26.6% (On_Time) > @ 4y
AP RIEFE BB A TF TR AP EFRERY § P Bk gk

Time Route

Season Goal

B 17 £ 4% Bk i Lo R
TR KR AT ER

2zl

(@] Time
Afternoon 13% (O Whar
Early_Evening 6% O Route N_331%|[]
Early_Norning 33%| [l {N_430%
Late_Evening 3%|| > [Near_sea  91% I -
Late_Moming 26%|[Jj Ocean_Soing_ 9% ] N_G 16%::
Mid_Morning 4% 1 — o
Night 15%
(O Precious_Port
O oT CN19%
A17%|[] HK 4%
C34% P 30% [l
S T | D47%| Il KH 15%
Mon 18% = 2%| it ) QE:D
Sat 15%|[| — C
Sun 10%|]
Thur 11%|]

Tue 8%

Wed 16%

@] Carrier
77 o2
TP 238% =

|

\
O Season
Goal

Fal  20%[] /O - O Anival_Type
Spring  25% pf " o6 I »Dclay  73%

o Discharging 1% oy ol
Surnmer 25%| [l Loadi - On_Time 27% m
Winter 21% ] -

B 18 & A4k p ik 2 PN R TR
FTHRKR: 2P R
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7 10 £k e E R EZ En iS4
in A R
4546 F] &
Previous_Port CN: " R 0.191
- WA ET | HK: 4% 0.038
JP:p A 0.303
KH: % & 0.147
KR : 55 K 0.091
TC: 4 ¢ % 0.230
GT A : 60,000 g2 0.172
Ay e C: 4+ 20,000 3 39,999 =g 0.336
D : 4+t 10,000 & 19,999 w 0.473
E: 435,000 % 99,999 g 0.018
Carrier TP 1: 44k 15 ~REH 0.625
RELk- TP 2: £ 4% 25~ 0.375
Route Near_Sea : iT ¥4 0.912
SRR Ocean_Going : if /&4t 0.088
BT FE
Wharf N 3: A 35 0.312
L %23 N_4: A4 4 5555 0.305
N 5: # A 58 0.225
N_6: # A 6 5455 0.158
Goal Both : & | 0.982
B P h Discharging : #- 0.009
Loading : % 0.009
PR ] &
Season Spring:3 % ~4% ~517 0.250
% & Summer:6 * ~7 % ~81* 0.249
Fall:9* ~10* ~11°* 0.288
Winter : 12 # ~1 7% 27 0.213
Week Mon : % #Hp - 0.178
5 g Tue : 2 8 = 0.080
Wed : % 8 = 0.162
Thur: & #pw 0.113
Fri: 287 0.214
Sat : & #F~ 0.147
Sun: & # p 0.105
Time Early_Morning : 4 »* 5:00 = 8:59 0.328
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P R B Mid_Morning : 4+ 9:00 = 10:59 0.037
Late_Morning : 4 ** 11:00 = 12:59 0.264
Afternoon : /i >+ 13:00 £ 16:59 0.134
Early_Evening : 4 ** 17:00 £ 19:59 0.058
Late_Evening: 4 *% 20:00 = 22:59 0.034
Night: 4 *+ 23:00 & 4:49 0.145
EREES Y
Arrival_Type Delay : zf ¥&i& k& 0.734
LA - E R On_Time : HpF:gik & 4 ik 0.266

TR &R ATy FR

7B TR e BRE L CRERFEREE T BAcR 195 F 20 fron 0 PSR
T FApacd 11900 o W47 B P RKBE R EREA L FHER I RET S
WL > VarBERAHE R I L B L 74.49% (Delay) £ 25.6% (On_Time)» @
Wi s RIER BEP N FFRREED Y ERBENL Y B2 P IRBAT
EEE o

m\ _‘_Tg"g

&

Carrier

Arrival_Type
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O Week I Carrier
Fri 129 TC_118%|[l]
Mon 13% TC 213%
Sat 119 _|TC_3 7%||
Sun 18% TC_425%| [
Thur 20% (O Precious_Port 1C_518%)
Tue 129 (&t 5%I TC_614% D
Wed 150 3 20 c7 % @
kH40% [ I
KL 38% [
TP 16%|[J] o
4
O- Time
Afternoon 16%||f
Early Evening 9% [@) Goal
Early_Morning 36% [ - Bath 100% [
Late_Evening 11% Discharging 0%
Late_Morning  5%|| Loading 0% =
Mid_Morning 6% I]
Night 1%l &
A
O Season Y Q A
Fall 26% O Route C10% ll O Arrival_Type
SN 2 Near_sea 100%)| [ [P Delay  74% R |
" 0
Summer 26% Ocean_Gong 0% E36% Il On_Time 26% =
Winter 23% F 7% =

B 20 47 B P REEE R G2 b RS TE
FALKR AT R

3011 49 R PR E R L e 4

i A T
Ay da T &
Previous_Port CN:* ® 0.047
T- @R |HK: 48 0.022
KH: 3 & 0.397
KL: AR’k 0.376
TP : 4 4% 0.158
GT C: 4 *+ 20,000 & 39,999 w 0.104
4 dg S e D : 4 *t 10,000 = 19,999 0.475
E: 435000 % 99,999 =g 0.356
F: #i»+ 3,000 & 4,999 = 0.065
Carrier TC1: 47 B 15 R 0.177
LN TC2: 47 25 2R 0.127
TC3: 47 B35 R 0.070
TCA4: 47 B A5 2R 0.253
TC5: 47 55 AR 0.179
TC6: 47 B 6HIAER 0.142
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TC 7: 4% B T7TH~EH 0.054
Route Near_Sea : i ¥4 0.997
SR Ocean_Going : ig /F#aif 0.003
BT FE
Goal Both : % § 0.997
) Discharging = # b’ 0.001
Loading : # b 0.002
PR %
Season Spring:3 % ~4%" ~57 0.261
% & Summer:6 * ~7 % ~8* 0.255
Fall: 9 * ~10* ~11* 0.257
Winter : 12 * ~1 % ~2 0.227
Week Mon © % # - 0.133
5 gy Tue @ & # = 0.120
Wed : & 8 = 0.145
Thur: & = 0.196
Fri: 287 0.116
Sat @ & # » 0.106
Sun - & #pp 0.184
Time Early _Morning : 4 »* 5:00 = 8:59 0.356
PR B Mid_Morning : 4 ** 9:00 3 10:59 0.055
Late_Morning : 4 »* 11:00 = 12:59 0.054
Afternoon : 4 »* 13:00 £ 16:59 0.161
Early_Evening : 4 ** 17:00 £ 19:59 0.093
Late_Evening: 4 »% 20:00 & 22:59 0.105
Night: 4 ** 23:00 3 4:49 0.176
Arrival_Type Delay : zf #& & k& 0.744
et On_Time : #pFig s & o &8 0.256

TR KR D AT L

% A?/ﬁ%‘ g R R R S
iaﬂﬁkﬁ—? z\ 4 -&Fz\
B U SR G T B R AT AR

ﬁ%'f" - i j:,‘/}é v

“%

12 #7157

k2 P kAT RER -
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F%@Jﬁ%ﬁ%m@gﬁﬁﬂ,

AR s Blho W] 215 W] 22 97 0 B X
AR - 4 %
% 71.7% (Delay) £ 28.3% (On_Tim
AR R IR "ﬁfaﬁ“F‘ BRI EAEREE D €




Season Wharf

P
/‘ Yl ;
Route ( ‘
‘
Time
Precious_ ‘
Port
Week ¥ Arrival_Type
N Ao N 54 B2 A
Bl 21 %k %’ LR RG-S IR ﬁkﬁ’é#f#—@
FH AR AE AR
IO Wharf
[@) Season CT_1 7%
Fal  27%]] CT_229%
Spring  24% -CT_3 9%|]
Summer 24%| [ / CT_417%
witer 25%ll 5 O Route CT_524% F 7%
CT_614%
Near_sea  90%|[R) 6 14%] G 4%|| —
Ocean_Going 10% -
O Time
Afternoon 13%][]
Eariy_Evening 6%
Earty_Morning 26% o |Both 86%
Late_Evening 11% o Discharging 6%
Late_Morning 16% Loading 9% I =
Mid_Moming 5%
. | J
Night 2%l \
e
() Precious_Port E'—:: ] 230,6:]“
- 70
KH_222%
KH_314%
Y KH_415%][]
Q Week KH 5 8%
Fri 13%|J KH 610% y
f L
MO“M-"I KH_7 8% J  TT—alO)  Amival Type
Sat 14%
-
Sun 13%| Delay  72% | |
Thur 16%]]] Ll Iv]
Tue 13%|[|
Wed 17%||l] 7

Bl 22 % 2208 fRI B G2 L L BB
PR AR AT AR
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£ 12 3B Repes ki T BT 4

A AR ook
4540 F %
Previous_Port CN: " R 0.362
w- FRSEr (HK: 4% 0.150
KL: A% 0.073
TC: %% & 0.183
TP:  #& 0.089
VN : 43 0.142
GT A 1 60,000 w2 0.160
S e B : 4> 40,000 & 59,999 =g 0.060
C: 4+ 20,000 3 39,999 =g 0.185
D : 4> 10,000 2 19,999 = 0.348
E: 45000 % 99,999 = 0.140
F: 43,000 % 4,999 =g 0.068
G 2,999 w11 T 0.039
Carrier KH_1: gz 15~ H 0.235
REA KH_2: %28 2 8L N 3L 3 0.217
KH_ 3: 32k 35~ 12H 0.138
KH4: 3z 45 2 F 0.155
KHS5: 328 55 " 12H 0.080
KH_ 6: 32k 65 32 0.097
KH_7: 3z 75 2% 0.079
Route Near_Sea : 1T i¥ £ 0.900
R Ocean_Going : if i 4 0.100
BT Tk
Wharf CT 1:15.p thrgeg 0.067
i g e CT 2:2%5.p th#g e 0.286
CT 3:35.p thrg g 0.092
CT 4: 45 p thrgsef 0.175
CT 5:55 ) th#g e 0.235
CT 6:65 p thg e 0.144
Goal Both : & | 0.857
B P e Discharging = #7 b’ 0.057
Loading : % § 0.086
P R ) &
Season Spring:3 % ~47% ~51 0.244
% & Summer : 6 % ~7 * ~8 7 0.237
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Fall : 9% ~10 % ~11* 0.269
Winter : 12 #» ~1 % ~2 7" 0.250
Week Mon @ % # - 0.137
5 ¥y Tue : % #p = 0.132
Wed : % #F = 0.172
Thur: 5w 0.163
Fri: 281 0.133
Sat @ & ¥ 0.137
Sun: % # p 0.126
Time Early_Morning : 4 »* 5:00 = 8:59 0.261
PR B Mid_Morning : 4 ** 9:00 3 10:59 0.050
Late_Morning : 4 ** 11:00 = 12:59 0.162
Afternoon : /i **+ 13:00 1 16:59 0.130
Early_Evening : 4 ** 17:00 £ 19:59 0.059
Late_Evening: 4 »% 20:00 = 22:59 0.108
Night: 4 *+ 23:00 & 4:49 0.230
EREES 1Y
Arrival_Type Delay : zf #& & & 0.717
Bk ut On_Time : B itk & e w2k 0.283

FAL KR AR I

422 § iRkt BIRR

AL AR R D N RRACA ST AT RGBT BB T R
BEBEDPFREAREFTIRR O BEE T A S e 1w & (Critical))~ # & 22 (Medium ) ~
#E ke (Slight) &2 mae &2 (None) ™ HORIFF 2 M F1 R e bt & i d
ERE =8

APEiE 2 p iR Eu BAR R DOV R R HCT A BIA-B] 23 A1 0 Bl Y SOER; &
BN A TR R BRI SR LT E 0 B RS R BT FE 0 R 4 R
EBEIEEF G 2 M E RS B BEARRE R LR A FERT D
B0k > ER i REhs R E R p e B F NS EE o AR iR 2B B
AR B VRS T BB 24 r7 o B N RRTEE I LA 13 4t o 1R AKE
i BB 2 FHRR - BIRET ORI L T ARBUEBER DT WP IS
L] % 25.6% (Critical ) ~ 25.09¢ (Medium) ~ 23.8% (Slight) ¥2 25.6% (None) > @ *32
Bow- bR AR FRUEAFRLAEEY  BLAFEPPE ABBL [
Wit AR R o
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Precious

Bl 23 AMEp ke s BER2 L

Both

Discharging 0%

100%

TR kR AT AT

Time

[@]

Afternoon 4%||
Early_Evening 5%

Early_Morning 15% [

e

Late_Evening 2%

[@)

Fall

Season
30%

GT

A 4%

o7 ]

%

Loading 0%
(@] Rout
Near_Sea
Ocean_Going 3%
y
O Wharf

E 54%
W46%

HK 3%
JP 20%
KH11%|]]
KR11%]

TC17%|f]| =

Spring 25%
Summer 21%

O Carrier

KL_1 12%|]
KL_10 7%
KL_2 15%
KL_3

21%

>
Winter 24%
(O Precious_Port
CN38% .]
»

7%|]
D42% [l
E37%| [l

F 6% =

Fri 13%
Mon 13%

-KL_4

13%|li
10%l]
4%||

KL_5
KL_6
KL 7 10%
KL_8  6%]||
KL_9 2%]|

X

@) Delay Level

Critical 26% ]

=

Bl 24 Ak p B rueBEEr2 b

T kR R R
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Medium25%
None  26%| [

Slight  24%

[¥]




% 13 ARk b ke Rz FoF 4
in A R
4546 F] &
Previous_Port CN: " R 0.384
- FBREEr (HK: 3% 0.035
JP:p A 0.200
KH: % & 0.106
KR : 55 K 0.106
TC: 4 ¢ % 0.170
GT A : 60,000 g2 0.041
Ay e B : 4> 40,000 & 59,999 =g 0.038
C: 4+ 20,000 3 39,999 =g 0.070
D : 4+t 10,000 & 19,999 w 0.424
E: 435,000 % 99,999 g 0.369
F: 433,000 2 4,999 = 0.057
Carrier KL 1: KB 15 EERH 0.118
REA KL2: kM 25hmy 0.147
KL 3: Kk 35 KRERH 0.208
KL 4: A58 45L 80 0.133
KL 5: fkFai# 550 ILp 0.102
KL_6: fhFi% 655 3L 0.042
KL 7: fhFaiB 7508 3Lp 0.105
KL 8: fhrsi% 8 5L N ILp 0.057
KL 9: AKiE 95 RIERH 0.016
KL_10: &M% 10 5L 0.073
Route Near_Sea : i i¥£4nat 0.972
R Ocean_Going : if i 44 0.028
BT FE
Wharf E: « AmEp 0.541
% f g 5 W A75Ef 0.459
Goal Both : & | 0.999
kP Discharging = #7 b’ 0.001
Loading : % § 0.000
P R ) &
Season Spring:3 7% ~4%" ~517 0.248
% & Summer : 6 * ~7 "% ~8"* 0.213
Fall:9* ~10* ~11°* 0.296
Winter : 12 # ~1 7% ~2 7" 0.243
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Time Early_Morning @ 4 »* 5:00 = 8:59 0.150
PR B Mid_Morning : 4 ** 9:00 3 10:59 0.111
Late_Morning : 4 ** 11:00 = 12:59 0.444
Afternoon : /i >+ 13:00 £ 16:59 0.043
Early_Evening : 4 ** 17:00 £ 19:59 0.054
Late_Evening: 4 *% 20:00 = 22:59 0.022
Night: 4 *+ 23:00 & 4:49 0.175
EREES Y
Delay Level Critical : 10 -] pF 12 ¢ 0.256
BT R Medium : /i3t 3 ] pF1 9 ] FF59 & 45 | 0.250
Slight : 3 /] pF12 = 0.238
None : & zf & 0.256

TR kR

AL R RRR L N RERFERE T BB 25K 26 47 0 RX
PREDPEI AL 14970 0 Ripd AR R B R AL BRI RS
THWE L Ve B onE B % 0w % 23.99% (Critical )~ 25.19 ( Medium ) ~ 24.1
% (Slight) 22 26.8% (None) » @ f i - Biib v SR 7o RILFE  FF BB PR

AP OETR

BaspepFerdr bl fRmrutEEELER -

Carrier

Precious_

Bl 25 £ 46 h M b B R 2§ N RERF

FOR kR AT AT
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I Week .
Precious_Port
Fi 21%])] & i
Mon 18%
Sat 15%|[] .
Sun 10% I
hur 11% ] \O‘ GT
o,
Tue 8%|| A16% |l o
wed16%|ll [ e
D46% (N
E 2% o O wharf
N_331%|Jli
o Time N_431%
Afernoon 13%|l] N_522%|[
Early _Bvening &% N_616% =
Early_Morning 33%| [l
Late_Evening 3%
o l @) Route
Late_Moming 26% .
Mid_Moming  4%|| Near_Sea  92%|[I
Might 15%'] Ocean_Going 8% =
(@] Goal
Both 99% |
Discharging 0% 5 Del:; =
O  Camier | T latng 0% Critical 24%[[]
TP_163% -:| P Medium 25%
TP_237% =

Bl 26 L4k pRmEEEBRA 2L RRB TR
FH KR AL R

[®)

Fall 29%
Spring 25%
Summer 25% .
winter 21% ]

2 14 2B BmERERER 2 FVHIL
& e AR ¥
dpda F1 &
Previous_Port CN:* & 0.167
- WRrET [HK: 3% 0.038
JP:p A 0.308
KH: %8 0.162
KR : i & 0.087
TC: ¢ & 0.238
GT A 160,000 wg 12 F 0.164
A dg e C: 43+ 20,000 & 39,999 g 0.347
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D : 410,000 & 19,999 #¢ 0.465
E: /15,000 % 99,999 wg 0.025
Carrier TP 1: &4k 15 AEH 0.633
RELA] TP 2: &4k 25 "2 0.367
Route Near_Sea : i ¥4 0.921
SR Ocean_Going : ig /F#aif 0.079
BT FE
Wharf N_3: A 35 0.313
% LA Ep N 4: # A 45558 5f 0.307
N 5: A58 mep 0.224
N_6: # A 6 5 ep 0.156
Goal Both : ¥ § 0.994
kP Discharging : # i 0.003
Loading : % f 0.003
PR ] &
Week Mon © % # - 0.178
5 4y Tue : & = 0.080
Wed : % # = 0.162
Thur: 2 #p o 0.113
Fri: 287 0.214
Sat : & # =~ 0.147
Sun: & #pp 0.105
Time Early Morning : 4 »* 5:00 = 8:59 0.328
PR B Mid_Morning : 4 ** 9:00 2 10:59 0.037
Late_Morning : 4 »* 11:00 = 12:59 0.264
Afternoon : 4 »+ 13:00 £ 16:59 0.134
Early_Evening : 4 ** 17:00 £ 19:59 0.058
Late_Evening: 4 »* 20:00 & 22:59 0.034
Night: 4 ** 23:00 3 4:49 0.145
ELEE Y
Delay Level Critical : 10 /] pF 12 ¢ 0.239
AT R Medium : /it 3 31 9] FF 59 ~ 48 | 0.251
Slight : 3 /] pF1u ™ 0.241
None : & 2f & 0.268

TR kR A IR
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FPOR PR BRI B L VRREERR - B RCR 27 2B 28 77 0 B
REREFVHFADAcL 159t o R34 Y B R BB A2 F R B FR
BEREIL S VB ko B S A u % 25.19 (Critical) ~ 24.99% ( Medium) ~
25.0% (Slight) 22 25.09 (None) > @ § fk#h+ - BB v SR 7o NIEF 5 Tig ik
B~ dpdafei e B L P b2 [ AR EARA -

Precious_

Bl 27 7 B p bt B R 2 P PR
DAY OER

O Time

Afternoon 16%
Early_Evening 9%
Early_Morning 36%
Late_Evening 11%
Late_Morning 5%
Mid_Morning 6%
Night 18%

TC_118%
TC_213%
[¥]

(@] Week

Fri 12%
Mon 13%
Sat 11%
Sun 18%
Thur 20%
Tue 12%
Wed 15%

Carrier

TC_3 7%
TC_425%
TC_518%
TC_614%
TC_7 5%

(@] Route

»
Near_Sea 100% [
Ocean_Going 0% ™
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KH_7: 3z 75 A 12H 0.066
Route Near_Sea : i ¥4 0.905
SR Ocean_Going : ig /F4aift 0.095
BT FE
Wharf CT_1: 15 p hrgeg 0.067
% 3G Ep CT 2:2%5.p th#g e 0.288
CT 3:35.ph thrg e 0.094
CT 4: 45§ h#ef 0.174
CT 5:55 . g ep 0.232
CT 6:65.p the5ep 0.145
Goal Both : % f 0.919
kP Discharging : # & 0.025
Loading : % & 0.056
PR ] &
Season Spring:3 "% ~4%" ~57 0.244
% & Summer:6 % ~7 % ~8* 0.237
Fall: 9 * ~10* ~11* 0.269
Winter : 12 # ~1 % ~2 7 0.250
Week Mon © % # - 0.137
5 gy Tue : & # = 0.132
Wed : % # = 0.172
Thur: & = 0.163
Fri: 287 0.133
Sat : & # -~ 0.137
Sun: & #pp 0.126
Time Early Morning : 4 »* 5:00 = 8:59 0.262
PR B Mid_Morning : 4 ** 9:00 3 10:59 0.050
Late_Morning : 4 »* 11:00 3 12:59 0.162
Afternoon : 4 »* 13:00 £ 16:59 0.130
Early_Evening : 4 ** 17:00 £ 19:59 0.059
Late_Evening: 4 »% 20:00 = 22:59 0.108
Night: 4 ** 23:00 = 4:49 0.230
Delay Level Critical : 10 /] pF 12 ¢ 0.246
4 B AT R Medium : /it 3 ] 31 9/ FF 59 ~ 48 | 0.248

46




Slight : 3 /] pF12 ™ 0.251
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ACC | 0.804 | 0.744 | 0.830 | 0.754 | 0.753 | 0.723 | 0.759 | 0.730

PPV 0.829 | 0.761 | 0.885 | 0.769 | 0.760 | 0.739 | 0.774 | 0.756

TPR 0.930 | 0.834 | 0.888 | 0.730 | 0.981 | 0.963 | 0.957 | 0.921

F1 | 0877 | 0.796 | 0.887 | 0.749 | 0.856 | 0.836 | 0.856 | 0.831
FH KR AR

r] 31 .J.}%‘] 34 F‘ r/ﬁri% ﬁm‘azﬁ#,’i&g &ﬁ’(ﬁ: Al = ‘5\‘5@‘:}119 ’ ”'Li‘%u‘-;g: A
ROC # # ( Receiver Operating Characteristic Curve, 7 fi&ic B4k (T4 fcd ) B> # &
A SN ERACA A RET SRR & ROC & ARl X fh i 1R B et Y
M2 BEHEEF Y R EBESF > B RREZ G TS0 BT 5 i (Area under
Curve, AUC) AUC cniic B g1 & T & 7 i 3 &6 2R E-d BP 74 LB v 2 AUC
By 206t WEFAGE G FF ORE T IR E ERaIER e

ROCh 4 ROC e &2
Arrival_Type = Delay (AUC=0.797713) Arrival Type = Delay (AUC=0.789713)
0.9 0.5
0.8 0.84
0.7 0.74
E— 06 -E- 0.6
M s 5 05
M lic3
$ 0.4 g; 0.44
0.3 0
02 02
0 01 o0z 03 04 0S 06 07 08 09 1 0 01 02 ©03 04 05 06 07 08 09 1
LTS LTS
(1) HrFH (2) FHFH

Bl 31 Ak b ek Rk i ROC & 5tE
TR KR AP R

50



Fi o SRy

Arrival_Type = Delay ( AUC=0.856406 )
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ACC 0.747 0.720 0.776 0.774 0.735 0.767
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ROCH# 4

09
08
o7

ﬁ_ns

05

Delay Level = Medium ( AUC=0.761962)

01 02 03 04 05 06 07 08 09
e

(1) Bt & —Si 71

ROC# 4

o1 02 03 04 05 06 07 08 09

el i %
(3) ¥ RuB—RETH

ROC th 42

Delay Level = Slight ( AUC=0.797686 )

H 1 SRk

01 0.2 03 04 05 06 07 08 09

B By T

(5) #= et @_5617;’5‘_?‘#_'

ROC #h 4

Delay Level = Critical ( AUC=0.634261)

Delay Level = Medium ( AUC=0.624178 )

01 02 03 04 05 06 07 08 08

B R i

(2) E&ﬁiﬁj@-;g;mﬁﬁi

ROCH# &4

ROCdh &

Delay Level = Slight ( AUC=0.668119)

01 02 03 04 05 06 07 08 09

[E xS

(6) #=fipas & —37p) T

B 40 £ 4% [ R E42 A ROC & 5L

T KR AP R

H



e e

ROC ¢ 42

Delay Level = Critical ( AUC=0.693268 )

Delay Level = Medium ( AUC=0.597571)

01 02 03 04 05 08 07 08

M5 b

(1) Befue sk —S%m T

ROCh 4

08

H

0 01 02 03 0.4 0s 06 07 08

e xS
(3) ¢ RatB—S%EFH

ROC ¢ &

Delay Level = Slight ( AUC=0.655736)

09

01 02 03 04 05 06 07 08

B[k 3

(5) #= et @_5617;’5‘_?‘#_'

ROCdh 4

Delay Level = Critical ( AUC=0.631939)

e e S

ROCdh &2

Fi 1 S o

01 02 03 04 0s 08 07 08

R L F
(4) @ Rt B—ippl T

ROCuh 42

08

Delay Level = Slight ( AUC=0.589478 )

01 02 03 04 05 08 07 08
BRI

(6) #=fipas & —37p) T

B 41 £ 7 % [ fiiaE42 A ROC ¢ 5L
TALKR AT Y I

60




e o S

R 2 o

Delay Level =

ROC # 4
Critical (AUC=0.673173)

Delay Level

01 02 03 04 05 06 o7 0s 09 1

fRr A

(1) Bt 1 —sg@ 7oA

ROCdh &1
=Medium ( AUC=0.564998 )

[X] 02 03 04 05 06 07 08 09

R
(3) ¢ RatB—S%EFH

ROC#h &

Delay Level = Slight ( AUC=0.642254 )

09

08

07

08

05

04

0.3

02

[}

o1 02 03 0.4 0s 08 0T 08 09 1
T

(5) ditcie B —sk g 7oA

ROC ¢ 4
Delay Level = Critical (AUC=0.621886)
E 06
Fi% 0.5
i3
$ 04
03
ek By bk 5
(2) Bt ut B —3gpl
ROCdh &
Delay Level = Medium ( AUC=0.562205)
0E
E‘ DE
]1% 05
T
F o
02
01 02 03 04 0s 08 o7 08 08 1
(A Qs
(4) » RwtifE—Fp R FA
ROC ¢h &
Delay Level = Slight (AUC=0.592142 )
g‘ 0.6
F% 0.5
i3
F o
0.3
G s

(6) #pcat & —3F R 74

Bl 42 %k b Hihu &4z R ROC & 5F
L S L

TR kR

61




B Y

T b 2 % ol

A% iE #h 4% Delay Level = Critical

A2 ik ¢ 4% Delay Level = Critical

08 08
08 08
o7 27
0 s
F
05 ﬁi“
0.4 E!A
03 23
a2 02
o1 04
01 02 03 04 05 08 07 0B 09 1 0 01 02 03 04 05 06 07 08 08
FARMEM TR A
(1) Jef w B —%@FH _
(2) et e B3R FH
A% JE # 4 Delay Level = Medium AE dh &% Delay Level = Medium
0.8 08
08 08
07 07
06 K o
[&
05 ,1%:05
0.4 $oa
: 14
03 03
02 02
o 0.1
or 0z 03 0e 0E 080T 08 08 01 02 03 04 05 08 07 08 08
TR EE FE B4 A
(3) ¥ RuB—BETH B
(4) * & us B —3F iRl F AL
A% JE- ¢ 2 Delay Level = Slight A% iE #h & Delay Level = Slight
09 0.8
08 0.8
o7 0.7
06 B o5
[EIZ%
s i o5
0.4 E:‘Dl
03 0.3
02 02
0 041
of 0z 02 04 0S5 08 07 0B 03 01 02 03 04 05 08 07 05 09

A

SR A

B 43 Ak b e R R ¥ AR
TR KR AP R

62



R o g R e

i H 28 S

# ik d 4 Delay Level = Critical

T T T T T T T T T
01 02 03 04 05 06 o7 0s 08 1

TR EAE
(1) gt B —SKHm T AL

# ik dh 4 Delay Level = Medium

09

08

07

0.6

0.5

04

0.3

02

01

01 0.2 03 0.4 0s 06 0.7 08 09 1

ARG

4% JE dh & Delay_Level = Slight

o1 02 03 04 0s 06 o7 08 0s 1

i EEE

(5) hefcnt B — i@ F A

e iEdh 4 Delay Level = Critical

B i 3 5 o

01 02 03 04 05 06 07 08

TR M

09

4% iE 4% Delay Level = Medium

01 02 03 04 0s 08 07 08

AR R
(4) ° B asdk—3gip Fx‘f

4% L dh & Delay_Level = Slight

08

FL

01 02 03 04 05 06 07 08

TR M

(6) ﬁfxl"nf(ﬁfx/i—ﬁﬁz? ?‘}

B 44 £ 4% [ iR B R D ¢ SRR
AP ER

FH kR

63

08

1

H



A% E 4% Delay Level = Critical

Y e SR

¥ i 2E SR

0.1

02

03

04 0s 06 07 o0g 0s 1

BAlAEE

(1) Bt @S

% E #h 4 Delay Level = Medium

01

02

03

04 0s 06 07 08 08

TR F

(3) ¥ BRutiE—sh 7o

#% iC # 42 Delay Level = Slight

¥ i e

01

02

03

04 0s 06 07 e 0s

bRk R

(5) ditcie B —sk g 7oA

Bl 45 4 ¢ % F phas BAr R e

FARKR D AT FE

b dh 4 Delay Level = Critical

=R

0.2
01

01 02 03 04 0s 08 o7 08 08

AR R AE

(2) et B—FRITH

# iE dh 4 Delay Level = Medium

1

o i B oy

0.3
02

01 02 03 04 05 08 o7 08

TR RE
(4) 7 BatE—3f /?J?‘}

B dh £ Delay_Level = Slight

[

1

64

01 02 03 04 05 06 07 08

TR M F A

(6) de ficns & —3F ip| AL
W 4R

0 IS

1



o i 2 5

¥ i 3E TR o

#2iE dh 4 Delay_Level = Critical

01 0z 03 04 05 06 07 08 09

TARA EE

(1) Bt w BB F

4% iE h £ Delay Level = Medium

_J“ﬂUIrgAggg*

01 02 03 04 05 08 07 08 09 1

FAR A

4% IE ol 4% Delay_Level = Slight

0.1 02 03 04 05 06 07 0.8 09 1

TARE A

(5) 5 ficts B — % BT AL
Fl 46

TR kR

1% ik ¢ 4% Delay Level = Critical

e 3 S

01 02 03 04 05 08 or 08

TR A e R R

(2) Bt 18 B —TplF A

GIS

#i JE #h 4% Delay Level = Medium

0.1 02 03 04 05 06 07 08

TAR M
(4) 7 BatE—3f /?J?’f

4% iE o 4 Delay_Level = Slight

09

0.9-

0.8-

07

0.6

0.5

0.4

ki 3 TR =y

0.3

0.2

01

Bk R EARR KD
L S L

65

01 02 03 04 05 06 07 08

TRR& R HE

(6) dmjicre & —3F ) F o2
)

08




53 | %

MR BB T 2 PRF ARG IER T A D
R A 2 B R ?ﬁ;ﬁx*“‘.m ﬂ'%
5—% &% T li\ iﬁ— N -’u ’ ‘]’%Eé /i\ r ’l'J

fARIRIE B 2 B S BT PR
SR EEVEFOT U 2 MRS Ao
P A3 uf BB T TERIE § W

EA T H S

R AT R 2 R SRR DEM SR R RO B LR RT MR
RTHLEMERT 05 050 RANIH 7 e B Bk Lol RREE =X
s RIER R E R L R R AR 0 FlAF R A B VR B B R AR Y
# o iR %%”ﬂﬂm%&éi%%’*gﬁﬁﬂm¢%5$f«wg,m¢,@@%
Jfg—w J ;g ‘%ﬁ'{ﬂ/ i—hﬁiﬂﬁi}im@ )’w}b -4 }'g,r"] f{fﬂfﬂa’ﬁ%\ﬁ:ﬂ']éﬁé&ﬁ
|5 ﬁﬂo

66



¥R RBELR

iiﬁﬁﬁ# FrHifbhid e L [ HBEr ERE RNy B 5K
B TREL VRS HEERNEERER S BEETATEITR SN 5 0 B
%i%%ﬁéﬁ%# Bk el ERe e kS o RO AP A kT L

2 ERE T
. 4l
6.1 lazsaﬁ

ipféﬂ%%ﬁﬁ‘%ﬁri%ﬁﬁTﬁgﬁ%&@@%ﬁﬁu1mmEEZMS
Eﬁi%?ﬁ%@%ﬂ%%ﬁép{?ﬂ’%WE%? WA S4B R T b
BEAGEFEREERFEB TS Ty ﬁ@m%?l“%ﬁﬁf—ikﬁ +
B EP B FRE

PRI FHEELEENFIZ /A ZZ AHFA ARIFERFZ T FEEC 7
oA A AP LaFHRBE S 0 BB N RREEE NS A PR 2
Fpolrig ko LBk B2 L SRR B R 2 P LR B T SRR
Poi r LT 2R S A BEE N RRIRIE S S R S BB R B AR R &
Mg RpEAF RN Y L f}f‘.ﬁiﬂ HEMEE R 0 A B L e B
BT RBTAREYRE ST R A ALV RRACR S & #2019 &
TR e EL AL TLRETH S UL B HREE I OB mAR E RN A RS
TR MR RS E LR ST

1 AR B2 LV RREA T o BT O e A LT R R ey
AP s RIEE S REP TR TER A G M A IR AT E AR &
ﬁ*?ﬁ%ﬁ—%i%r&@?;@ﬂﬁ~ﬁ£¢ﬁ&wma*ﬁ%ogggwmmg
Ao BHmAEER G S FA BRSO N ERERE] > P RB N IEE FFREE Y
Hory ko vy LA ”Kmr?%‘ P B R FIEE NEF O AR 0 R
BRI Z e BEFRE G L8 A 2B 2 P PR ER T L B ke k-
Pl EREEERESEBARRAES ERPE RHHIATHRES ST T K
kAL B VR DERE T A %ﬁm&ﬂﬁ&75«kvrﬂm%mm
RAAET RA 3 FHATFH P e B EE eI aASEagR - P SR RLG T

A E BN CH A g e ﬁ%%yww%wﬁ@/’¢&P”“%%F%ﬂiUm
FARE OBITA R R Flt AT R R A R e < R T 2 ffdpde 0 139
Hig bt Bk i B BT A 78R d B 57 @I;LE e B ] AR 5o 4
WA 0 R TR BT 2 R Bk 12 B2 R BARR E 4 T 0 &

R AR Bl G N TR T #ﬁ@ﬁ%&&*’% Z25{nE

67



62 F3ER

P F PN A A BRI LN RER S EAE TR AT 2 Ak AR
AELEWET DR BRHEETHIAZ LRI TEEESE S Sl RS
T H EB e R T A TR H R R o H AR R ?v/v\vﬁ w g A R
B ofe L fEAR

f“’gi'j'f’_%] Bom T AR PTE R 2B A EIE R = g B4 3w 9 drdy dg csg B
b BB F TR G AR B L FITA S ITERR TV A A4 R
B RERTRES G OB R L BEEPFRF NI IRHBE LD LB GRILA 7
PR E BB SRR L EonF auB (AR R0 Tl e A i S B
AR R EATR R IR A o Y b L TR AT R 0 EATHAR L
AR FZ AP IR LT BT FEaRNe > TR L R AR S T
CERE SR L SRR L L LN R S At kb T I
PRI - R R AR i B S R AL BB S R Ak e
o T iRREE S ARPRRG TE B AR A SR E 0 WA R e |
FALBEEARIE ARETF R R OB PE PIEG BN R B
i B AN R AR R A da iR LA g 4 TR R BB AR A B AR T B
T S IE TN L

qui#:)é; BORF o ERE T R AL MG AH L e L P BT R u;gfg
BACAEE A mﬁfmxa,ﬁiﬁx&w,ﬁj Wk T v}“?jjj:r.,}ér' g Z R, BLEHBBEN m
WH - A BRFIA CHERYE - PREAETFET N URAFEA S5 ERE > nE PR
FIifERREEERERE 2P a Kfﬁlw s T A AL PR BN kS JR
Fhih B B 28T B R eni@ B BAR R > U F PR 2 5 g R A e
PE R AR FRER o e PR AT R RIS > BT 2 LAY
M oA 2R A ERERERN DR R AT T o

6.3 H %k wgracy

PEUBHEEuEnFZ RS 2 T phl r]% BERHEES LG PR A
AR ZAPM T LR FR FABARGG L miﬁ?;}éf&ﬂl’iﬁﬁ 3

ToATiE Y 2PN R ﬁ‘:“']vi p\)x;é}i;];’;,ﬁ.x;ﬁ @4 % ,P?j;z_;?g,?q‘]%g\;jg@(ﬂ%
v HEA P igi%tﬁ' ERA A R o RE AN AR ERE AR b S A

&iwwg#’%ﬁaﬁ%@ﬁw24¢ﬁaﬁﬂﬁa$%mﬁ@%&@¢%$’ﬁﬁ
YUREE S~ SR RATE Vo R IR s a4 o
Feho AP TR BRERR P RIp LB L RRBEFEE > Ft 0 H - fg:
A 4 fﬁzﬁ‘"m% WhiE T B 7 IR0 @ 7 ARk f_‘“‘/ﬁ‘ %azﬁ“’}’
68



BoARTHET PRBHLGTESAE AT R 28 S BE - B N S
LAY 5 5 R T T R 2 L SRR T MR R S S e
WER AR R AMBRE  REAIT g Ao pEr > FREL 2

W A dg cnt JEIE Pk S o

69



24 TR

A (R109) o B B NI PAFIU EHIT c WA i A F %ﬁ%&@ﬁ%}%;ﬁ
BRMALILH o

Afenyo, M., Khan, F., Veitch, B., &Yang, M. (2017). Arctic shipping accident scenario
analysis using Bayesian Network approach. Ocean Engineering, 133(August 2016),
224-230.

BayesFusion, L. L. C. (2017). GeNle modeler. BayesFusion, LLC, Pittsburgh, PA, accessed
Nov, 30, 2017.

Bielza, C., Li, G., & Larranaga, P. (2011). Multi-dimensional classification with Bayesian
networks. International Journal of Approximate Reasoning, 52(6), 705-727.

Canbulat, O., Aymelek, M., Turan, O., & Boulougouris, E. (2018). A Bayesian belief network
model for integrated energy efficiency of shipping. In Trends and Challenges in
Maritime Energy Management (pp. 257-273). Springer, Cham.

Canbulat, O., Aymelek, M., Turan, O., & Boulougouris, E. (2019). An application of BBNs
on the integrated energy efficiency of ship—port interface: a dry bulk shipping case.
Maritime Policy & Management, 46(7), 845-865.

Cawley, G. C., & Talbot, N. L. (2010). On over-fitting in model selection and subsequent
selection bias in performance evaluation. The Journal of Machine Learning Research,
11, 2079-2107.

DiPietro, L., Guglielmetti Mugion, R., Musella, F., Renzi, M. F., &Vicard, P. (2017).
Monitoring an airport check-in process by using Bayesian networks. Transportation
Research Part A: Policy and Practice, 106(July), 235-247.

Fancello, G., Pani, C., Pisano, M., Serra, P., Zuddas, P., & Fadda, P. (2011). Prediction of
arrival times and human resources allocation for container terminal. Maritime Economics
& Logistics, 13(2), 142-173.

Friedman, N., Geiger, D., & Goldszmidt, M. (1997). Bayesian network classifiers. Machine
learning, 29(2), 131-163.

Gupal, A. M., &Vagis, A. A. (2002). Learning on Bayesian networks. Journal of Automation
and Information Sciences, 34(5-8), 29-33.

Hasheminia, H., &Jiang, C. (2017). Strategic trade-off between vessel delay and schedule
recovery: an empirical analysis of container liner shipping. Maritime Policy and
Management, 44(4), 458-473.

Heckerman, D., Geiger, D., & Chickering, D. M. (1995). Learning Bayesian networks: the
combination of knowledge and statistical data. Machine learning, 20(3), 197-243.
70



Holmes, D. E. (Ed.). (2008). Innovations in Bayesian networks: theory and applications (\Vol.
156). Springer.

Jiang, C., Wan, Y., &Zhang, A. (2017). Internalization of port congestion: strategic effect
behind shipping line delays and implications for terminal charges and investment.
Maritime Policy and Management, 44(1), 112-130.

Khakzad, N., Khan, F., &Amyotte, P. (2011). Safety analysis in process facilities: comparison
of fault tree and Bayesian network approaches. Reliability Engineering and System
Safety, 96(8), 925-932.

Kim, S., Kim, H., & Park, Y. (2017). Early detection of vessel delays using combined
historical and real-time information. Journal of the operational research society, 68(2),
182-191.

Ku, L. P, Chew, E. P., Lee, L. H., & Tan, K. C. (2012). A novel approach to yard planning
under vessel arrival uncertainty. Flexible Services and Manufacturing Journal, 24(3),
274-293.

Li, C., Qi, X,, &Song, D. (2016). Real-time schedule recovery in liner shipping service with
regular uncertainties and disruption events. Transportation Research Part B:
Methodological, 93, 762-788.

Marcot, B. G. (2012). Metrics for evaluating performance and uncertainty of Bayesian
network models. Ecological modelling, 230, 50-62.

Notteboom, T. E. (2006). The time factor in liner shipping services. Maritime Economics &
Logistics, 8(1), 19-39.

Pani, C., Vanelslander, T., Fancello, G., & Cannas, M. (2015). Prediction of late/early arrivals
in container terminals-a qualitative approach. European Journal of Transport and
Infrastructure Research, 15(4), 536-550.

Pant, R., Barker, K., Ramirez-Marquez, J. E., & Rocco, C. M. (2014). Stochastic measures of
resilience and their application to container terminals. Computers & Industrial
Engineering, 70, 183-194.

Rodriguez, J. D., Perez, A., & Lozano, J. A. (2009). Sensitivity analysis of k-fold cross
validation in prediction error estimation. IEEE transactions on pattern analysis and
machine intelligence, 32(3), 569-575.

Rodriguez-Sanz, A ., Comendador, F. G., Valdés, R. A., Pérez-Castén, J., Montes, R. B.,
&Serrano, S. C. (2019). Assessment of airport arrival congestion and delay: prediction
and reliability. Transportation Research Part C: Emerging Technologies, 98(December
2018), 255-283.

Santos, M. S., Soares, J. P., Abreu, P. H., Araujo, H., & Santos, J. (2018). Cross-validation for

imbalanced datasets: avoiding overoptimistic and overfitting approaches [research
71



frontier]. ieee ComputatioNal iNtelligeNCe magaziNe, 13(4), 59-76.

Song, R., Huang, L., Cui, W., 0 skarsdéttir, M., &Vanthienen, J. (2020). Fraud detection of
bulk cargo theft in port using Bayesian network models. Applied Sciences (Switzerland),
10(3), 1-22.

Sutrisnowati, R. A., Bae, H., &Song, M. (2015). Bayesian network construction from event
log for lateness analysis in port logistics. Computers and Industrial Engineering, 89, 53—
66.

Vehtari, A., & Lampinen, J. (2002). Bayesian model assessment and comparison using cross-
validation predictive densities. Neural computation, 14(10), 2439-2468.

Wang, Z., &Guo, C. (2018). Minimizing the risk of seaport operations efficiency reduction
affected by vessel arrival delay. Industrial Management and Data Systems, 118(7),
1498-1509.

Wu, C. L., &Law, K. (2019). Modelling the delay propagation effects of multiple resource
connections in an airline network using a Bayesian network model. Transportation
Research Part E: Logistics and Transportation Review, 122(December 2018), 62—-77.

Wu, P. P. Y., Pitchforth, J., &Mengersen, K. (2014). A hybrid queue-based Bayesian network
framework for passenger facilitation modelling. Transportation Research Part C:
Emerging Technologies, 46, 247-260.

Xie, J., & Qiu, Z. (2007). The effect of imbalanced data sets on LDA: a theoretical and
empirical analysis. Pattern recognition, 40(2), 557-562.

72



