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A Study on the Forecasting of Shanghai Containerized
Index Using Artificial Neural Network

Cho, Sang Ho

Department of Shipping Management

The Graduate School of Korea Maritime and Ocean University

Abstract

In the global container shipping market, the market imbalance is worsening due to
the market imbalance caused by the increase in excess fleet and the reorganization
of the alliance, which shows the form of oligopoly. In addition, the container freight
rate index SCFI, which is representative of the container shipping industry, has
repeatedly fluctuated and reflects the volatility of the freight market. As such, the
imbalance and uncertainty of the container shipping market are gradually increasing,
and studies on forecasting are needed to prepare for countermeasures against market
changes and crises.

This study predicts SCFI from October, 2018 to January, 2019 through an artificial
neural network (ANN) model using the time series data of SCFI which is

representative container freight index from October, 2009 to September, 2018. In
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addition, the change trends were identified by comparing SCFI predictions and

measured values.

For the construction of the artificial neural network prediction model, HRCI, Bunker
380CST Index, U.S. Dollar Index was used. In order to construct an optimal artificial
neural network prediction model, trial and error method which adjusts various hyper

parameters and experimentally reduces error is used.

Predicted results were a slight uptrend of a maximum of 1,010 points, a minimum
of 992 points, but an overall slowdown. In this study, SCFI measured and predicted
between the first week of October, 2018 and the second week of December, 2018
were compared. There is a difference in relative value but it shows the same
declining trend. The results of the forecast analysis are expected to indicate the
deteriorating market conditions, even if the freight rate increase due to the high
season in the third quarter, which is a traditional characteristic of the container

shipping market, and the increase in freight volume before the Lunar New Year.

Keyword : Container, SCFI, Liner, Artificial neural network, Multilayer perceptron
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Table 1 AlA HelolyAd M FE AEFE 50](1997d ~ 2017d)

(&9] - ATED)

100- | 3,000- | 6,000- | 8000- | 12,000- | P-Pmax | _ 78
A= & A

2999 | 5999 | 7,999 | 11,999 | 14999 | 15000+ %)
1997 | 20300 | 1,2485 | 206 | - - - 133001 | 134
1998 | 22683 | 14703 | 508 | 193 | - - 38086 151
1999 | 24665 | 1,636.2 | 1026 & 563 | - - 42617 | 119
2000 | 25573 17235 | 1026 | 948 | - - 44783 | 51
2001 | 26850 19538 | 1539 | 1333 | - - 149260 | 100
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2002 | 2,830.0 | 223.5 317.5 143.0 - - 9,513.9 11.9
2003 | 2,946.9 | 2,498.3 | 466.3 178.5 - - 6,089.9 104
2004 | 3,086.3 | 2,727.9 | 592.0 221.7 - - 66,339. 8.9
2005 | 3,219.9 | 3,046.9 | 661.6 352.3 - - 7,280.7 9.7
2006 | 3,438.8 | 3,418.2 | 738.3 641.1 - - 8,236.3 13.1
2007 | 3,742.5 | 3,761.7 | 893.0 | 1,147.3 - 334 | 95779 16.3
2008 | 4,067.0 | 4,214.7 | 1,076.9 | 1,441.1 7 1179 | 10917.7 | 14.0
2009 | 4,356.2 | 4,651.1 | 1,262.4 | 1,913.4 13.8 135.7 | 12,3325 | 13.0
2010 | 4,298.9 | 4,941.8 | 1,401.5 | 2,192.5 81.7 135.7 | 13,052.1 5.8
2011 | 4,329.4 | 5,298.1 | 1,573.2 | 2,527.4 | 420.4 135.7 | 14,284.2 9.4
2012 | 4,339.3 | 5,457.1 | 1,675.2 | 2,922.9 | 883.3 135.7 | 15,413.6 7.9
2013 | 4,188.9 | 5,573.6 | 1,729.5 | 3,244.8 | 1,439.3 | 151.8 | 16,327.9 2.9
2014 | 4,084.1 | 5,561.8 | 1,822.6 | 3,676.4 | 1,814.5 | 256.9 | 17,216.3 5.4
2015 | 4,010.8 | 5,543.0 | 1,855.5 | 4,218.5 | 2,180.0 | 547.1 | 18,354.7 6.6
2016 | 4,014.1 | 5,532.7 | 1,876.0 | 4,922.3 | 2,448.4 | 1,021.5 | 19,815.0 8.0
2017 | 3,942.3 | 5,113.3 | 1,811.9 | 5,250.9 | 2,676.6 | 1,267.0 | 20,061.9 1.2
Z+% @ Clarkson Shipping Review Database(2018)
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A5 : Clarkson Shipping Review Database(2018) Hl® O = 24

Fig. 2 AlA| AElolyd d&E&F FA41(1997d ~ 2017)
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Table 2 A|A &1 Aelold AAL EFAAEF

(20183 49 71

o O O A2
s A} 2 TEU HAfE T—rﬂ'e&;-
9 (%) TEU A
1 APM-Maersk 763 4,150,731 18.9 146,782 15
2 MSC 513 3,226,407 14.7 332,052 18
3 CMA CGM 498 2,527,286 115 277,552 20
4 COSCO 353 1,906,118 8.7 443,799 25
5 Hapag-Lloyd 220 1,578,966 7.2 - -
6 ONE 235 1,506,507 6.9 125,766 9
7 Evergreen Line 196 1,088,509 5.0 482,330 45
8 0OOCL 100 690,376 3.2 - -
9 Yang Ming 108 646,382 2.9 70,000 5
10 PIL 134 408,511 1.9 72,738 8
11 Zim 87 373,171 1.7 - -
12 Hyundai M.M 64 341,495 1.6 22,020 2
13 Wan Hai Lines 92 241,648 1.1 - -
14 X-press Feeders 93 142,961 0.7 - -
15 KMTC 60 126,848 0.6 16,200
16 Antong Holdings 102 126,119 0.6 34,564 23
17 Zhonggu Logi 97 124,310 0.6 29,074 13
18 SITC 76 104,071 0.5 15,666 10
19 IRISL. Group 46 96,383 0.4 58,000 4
20 Arkas Line/EMES 42 72,7117 0.3 12,400 4
21 TS Lines 34 72,544 0.3 5,616 4
22 Sinotrans 39 61,925 0.3 - -
23 Sinokor 45 55,990 0.3 - -
24 Salam Pasific 54 53,712 0.2 700 1
25 SM Line 14 53,542 0.2 - -
35l 2570 AF Al 4,056 19,777,229 90.3 | 2,145,259 214
A A 10070 AF A 5,203 21,130,816 96.4 | 2,217,037 253

& : Alphaliner, =453 20183 | AEAR

2.1.2 A AH oY EFF FA

AHCIY =%
o ey &%
2017 71 A

< HH oY deAFe] 25 et 8% a9l
=k

2k o

o
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Table 3 AlA ZAE|olH =%

219994 ~ 2017)

A= G | EEREA L wzo
1999 544 5,909 9.2
2000 609 6,347 9.6
2001 641 6,391 10.0
2002 693 6,572 10.5
2003 802 6,943 11.6
2004 911 7,424 12.3
2005 1,002 7,786 12.9
2006 1,092 8,136 134
2007 1,215 8,479 14.3
2008 b 0ol 3,684 14.6
2009 1,134 8,343 13.6
2010 1,291 9,120 14.2
2011 1,411 9,517 14.8
2012 1,458 9,917 14.7
2013 1,532 10,257 14.9
2014 1,622 10,607 15.3
2015 1,660 10,823 15.3
2016 1,734 11,150 15.6
2017 1,829 11,587 15.8

-

= A7y
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Fig. 3 Global Alliance 7§
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Fig. 4 AlA 24 M&A F31A &

AA 19 AARD M=zl 20189 287] &2 699152009+ (¢F 728100
DE 715, A tivl 255% STkt W oA - AlF - ATHEA A o] (EBITDA)
< 876005 EH ol A 62740052 2 (oF 76009 D= 23% FHASEATH 2018 AdRE7]
EBITDA S A] 15.1% ZF43F 11995500922 (¢F 1230004 D)E 7] F3tA

Ao 2018 2&7] FHoldo] 2094 o g2 Hd F7] -123791d vl A=
Zo] gttt +#ol9 A -24199 ¥ 20017dE Z2 717k -18659 ¢ uiu] =}
7} A& & HA] 1218540 E Hd 1x23249 A% vlws) 3.8% AT

s

2018 Awkr] wiE HA] 2x2590 o= Hd the] 9.1% A om ol
-3856 o2 Ayl ALH W, ol Hd tiH] of 460091 JHAAE -41649

DERMET 18
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Table 5 8 HH | HAIAL 2018

w7 94A

a4 wea | L0 gy | LN geq | AEH
“Bhe' | sooowme | 5% | qaomwe | P% | 260w | CH
CMA COM | 5790 @l | 74% | 6700%ske | -858% | 3300%kee | -85%
Hapage | oerew | 19% | 3500us | 579% | -6700ws | A
Brergeen | oftigy | % | gquuy | dd | aoge | de
YagMing | g | L% | gy | e | owas | s
diad | S ssw | 2ometn | JN | 2w | 20
00CL | goghurcrey | 4% A - i} _
Zim Line 320%?%3% (7NN P e S - B = e
ONE | ggdorrsrel |-~ | - Loowwe |

Z : Maersk Line2] %g<¢iolel-& EBITDA(CCIA, AZ, 2742
A& ¢ http:/fwww.ksg.co.kr/

= C
=

Sko] A2k

A o], wolge 1A 47

Table 6 8 EIC]UHA 2018 JrE7] FA A=A

a4 wea | 9 ggery | A2 gaq | AEH
e | sotomba | 3% | ssoomua | 5% | guombe | e
VA COM | | yggmrtre) | 1% | ssopumar | % | amT | da
Hapage | ourmey | 20% | 800RWRE | -21% | -l = | g
COSCO | ourit mer | 1% | pgmmeer | Ta1% | TURET H
Brergieen | yliigy | % | gase | de | gwaw | e
YangMing | g | 18% | gwae | s | doede | s
A | gedE o | 0% | -dseeldl | A -aleetw | 2

00CL | 4 oihey | 96% - - - -
zim Line | PH 0T 11y 000w ey | T emsomme | 7

%+ Maersk Line®] 3310192 EBITDAGIA, A, 27137k A o|o), wolol& Zaad A%

A& ¢ http:/fwww.ksg.co.kr/
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2.2 AH Y A #E AF

2.2.1 AH oY seAF 2dAT =Y WA

A HEl oY dATFE LTRED P Bol FEHE Age T
9 4~(Shanghai Shipping Exchange)ell 4] 7kgk SCFI(Shanghai containerized Freight
Index)¢} CCFI(China containerized Frieght Index)7} 1t}

ol

Mo

)

StAIRE AA sl A A FEH LUAFE AsME AR FAIUT. AA HdEEA
Aol AR 7 MEE AL A EA B (Freight Forward Agreement)’} =<
H Zo] wiAe] HAH. sl d=AdrE &Y AL o SN BEHEG.
1970 ~ 2006372l AA s d=F S oF 39 FS7FekA T oj9f 22 & WA=
el & B=aE #steE WHOoRE A vk, FEd, 7IHEA, &
718k 1‘41*4) stAY ZA7]AIHCOA B)< 3t Adle 583 o] fluth
HEd, 489, 2012)

TS S dxaa e AT AdAAdFDerivatives) o] =% o] OJE%;%%EJ_ &
7122 HUnderlying asset)o] €Wk &3 22 &3 AA7F gls 89 olyzt A%
g = gl Avlzgies Fog I8 AGES ] ofelE WE EA1%lol EAEA
t}.(Alizadeh&Nomikos, 2009)

ol#gt Aol A 19823 w=F AR~ HFEAHLoNA Value-Line AFS thios
St AEe AFoE A7l AEAHLZAA S&P500 A4+ AdEo] = AT
ANZH AT o] 2 FUIRFAEA N = wet oAM= A=A 7hsst
A He AZIZF Ao AFeg AAG fdddEAd s 19859 549 1Ll =4
¥ BIFFEXe]t}. oA fF2ul(Euronet LIFFE)] d¥-<l A A(London Commodity
Exchange)oll Al A=tk Z8lar o] AeelA 7]xA4HUnderlying asset) BFI(Baltic
Freight Index) A oh.(Z el Y, A&7, 2012)
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Aol #d A2 A SUAF, EABRASF, 7IBAFE Yol & F 3
o AA, AT FsFdunygart @d7ksta gle SCFI(Shanghai containerized
Freight Index)¢} CCFI(China containerized Frieght Index)o] ti&Zo]w Hlw 2 H&
¥ WCIThe World Container Index)®} Drewry”’} 233t Drewry Freight rate
Benchmark 7} 1t}

=4, 848 AFes I FRIE Wl afE ARSI AEARY TxAto R
e = HlalA A8 Aee ARY FES Fdodsied FE 2851 e AL
2 gtdan(FHd, AER, 2012) &4 A== HRIC(Howe Robinson
Containership Index), &H =23 A¥lB 273 3| (Hamburg shipbroker’ s Association)”}
¥H7Fsl+= Contex(Containership time charter assessment Index), Z1&]3 F=AH B2 7

3] AFel Braemar Seascope Ltd.)7} ¥3Fél+= Braemar BOXi Index S©] St}

AR, 718t A2 gEFIE 2UF st @A (Transpacific Stablilzation Agreement)

Ell
o] Hk7kst =0 x)4=¢l TSA’ s revenue index”’} Uth

Table 7 AA AH oA A 28 B4 A

T# A5 e W3t 3
= SCFI(Shanghai containerized Freight Index) ol o I TS P
= CCFI(China containerized Freight Index) o G
oo Drewry <}
e WCI(The World Container Index) 2011.07. Cleartrade
Exchange 3%}
= Drewry Freight rate Benchmark - Drewry
=  HRCI(Howe Robinson Containership Index) | 1977.01. Howe Robinson
. . . Hamburg
£X418 | = Cotex(Containership time  Charter .
2009.02 shipbroker’ s
R 4= assessment Index) o
Association
= Braemar BOXi Index -
71e} Braemar
= TSA’ s revenue Index 2008.06
R = Seascope Ltd.
AS : QEY, FEY, 2012, AN AR 7MARA S S A A g A5A-S vhg o2 AR

_15_
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2.2.2 SCFI(Shanghai containerized Freight Index) 3 OCF((hina containerized Frieght Index)

SCFI= 20091 10¥ 58 233k Ao = Aafjds 71&st= AAF 15704 2 170 &
o XU ERE HolHE st &3t dFEZHQ HAAEE m2=zagkl(Maersk
line), CMA CGM, Z23(Cosco Container Lines), NYK % OOCL &°] Ath FHzx 2005
d o129 7o E¥xbe A Eloy W8S ulolEstd A= SCFIE 20099 10€¢

(=1,000 71&)%8 Exska o

+2 209 E 9 409 E AH oY Z]FolH, wiF FTHFEUATE A= o] A
e YT FOds 235, FEY JIEolth mEtA deE 8 d27)
Z3En xR FEEE 74, A, = A Bl= F< HEA O S5
FARE, Aotz 7t dolz gl ol g7l AYE, FYE, FEokAlo S, it
2 T3 5 157 2oty 249 Y& Agy AAGle] 4EH +YolH, /7S
B 5 4= 2y &9 %3y THC, Herd=S(security surcharge), WH&4 8
(inland on-carriage surcharge) 52 A€t}

% SCFI®} mi7tA 2 S8 5 24
Jo] ek =8 71H-e th(Dalian), ®1x
(Tianjin), th<2(Qingdao), *F3}e](Shanghai), 1 (Nanjing), 4 X(Ningbo), AF#(Xiamen),
A 9-(Fuzhou), A #A(Shenzhen) 2 & #-$-(Guangzhou) 5 107§ &wto|t}. SCFIet = o}
E AL SCF7E AEAH ] 7x2A4e 2 &85 v W), CCFle 1%4 ¥te 4
Ith(Aed, 887, 2012)
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Fig. 6 CCFl(China containerized Frieght Index) F=©]
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2.2.3 WCI(The World Container Index)

2011d 5¢ 5¥¢ WRE A|F3 WCI(World Container Index)= ZAE|o|HA SAE=R
(oFAlo}, Hu], F8 Do tig LA Folth 1] F8 F=2 dig :LAFE T
=3}

A5 wF wEAT 1) F2E 20108 7)E % 5P| o 37008 TEU
L Fe YRR B 5 A dEIRE FA/EHE, ZHsH, dsA =k A
wolal, ASILA, LAVES), Aall/ns, FS/2H =S 2H 2R/ S, LA/ZHEY, 2

¢

WCIE= Drewry$} Cleartrade Exchange’} 505008 Zxpete] A€g3 WO
Marketing Services’ oA ®zkgT) o] A= HEH oYX UFAAAY A E-8FH,
23k SHolA SCHIg wizt7kA] 715& doa & + Atk &9 &2 SCFlet o
& Z9o] Atk SCFl= THCZ7F 235 A ot WCe 23 o577 F=2vith o

T 4% Fads E%‘?‘S}ﬂ, WEeE07 2FHA e A
2 SCFI¢} 71Ezxo=z 2o a3y Fode 9 SCFI7} dl= 3wH EAR
n| =0l ALHEE YR 5 X F(Automated Manifest Fee)S A 9] s}

1l

(Documentation fee)<}
 AsH, olEE A WCeE Aol At s = 4 Ak ®E=3JF SCFl= 7= A%t
2 T F2 A 2H/FEU 7leola UMz 2= 2e/TEUCIY Wil =e 3
27} 2¥/FEU 7Eolth.(deg e, B8w, 2012)

Table 8 WCI(The World Container Index)

Weekly
(-OCT-18 | 11-OCI-18 | 18-OCI-18 | Z-CCT-18
Trend
Composite Index 1668.47 1635.87 1666.15 1666.1 -0.06
) UsD/
Shanghai-Rotterdam 1433 1424 1427 1427 0
FEU
| USD/
Rotterdam-Shanghai 808 653 578 578 0
FEU

— 18 —
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) UsD/
Shanghai-Genoa 1456 1391 1392 1378 -14
FEU
) UsD/
Genoa-Shanghai 0 0 0 0
FEU
) UsD/
Shanghai-LosAngeles 2382 2375 2590 2621 31
FEU
| UsD/
LosAngeles-Shanghai 505 505 518 505 -13
FEU
) UsD/
Shanghai-NewYork 3569 3534 3386 3348 -38
FEU
USD/
LosAngeles-Rotterdam 0 0 0 0
FEU
UsD/
Rotterdam-LosAngeles 0 0 0 0
FEU
UsD/
NewYork-Rotterdam 562 561 567 558 -9
FEU
UsD/
Rotterdam-NewYork FEU 2009 2037 1970 1956 -14

- 19 -




Rt isor

fin a n S 1 O 1 1

=i =i Dt

Z+& : http://www.worldcontainerindex.com

Fig. 7 Shanghai <> Genoa WCI(The World Container Index) F©]

Rty Shngh <ot Fe oty Aot angh

=i =i Dt

Z+& @ http://www.worldcontainerindex.com

Fig. 8 Rotterdam <> Shanghai WCI(The World Container Index) =°]
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in ] A fin ] I fin i

= e B = et

Z+& : http://www.worldcontainerindex.com

Fig. 9 Rotterdam <> New York WCI(The World Container Index) o]
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Fig. 10 Shanghai <> Los Angeles WCI(The World Container Index) 3=©]
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Rty L Al oot A o - Lt e

M
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VA A O 0 1 T T T 1

={{nclu = ffnt!

A% http://www.worldcontainerindex.com

Fig. 11 Rotterdam <> Los Angeles WCI(The World Container Index) 3=°]

2.2.4 HRCI(Howe Robinson Containership index)

HRCIE 9= @d 2272 Howe Robinson & Co. Ltd.7} #ztsle Aol &4
T A golt}. 510TEU~4,300TEUS] 147 F8 tiE Aoz o]Fojx lon, 19974 1
€=1,000< 7|Fo 2 3}

1997~1999'd ofAlo} F§917], elAlel & Hekd A 7)ol e AA AAHAR
247} gl on, 19999 29 HRCIE 71& AFRT}F 40% 31eHst 505.3ZQEE 7|2
Aok B, 20009 9€ 209 AFE 9531 TAEE I HFP o} 20012002 HRClE
OA AAAZE A1, 20029 19 169 4514 EQES 7|23 2ga 3 Za}
UE7] ARG 20031 o] F FsAlE Holthrl 2008 F 89171 o)F HI7A W

'6'
S2e FAST JThEHY, 2T, 2012)
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HRCI{Howe Robinson Containership Index)

e R o o5 o o o o e
o o W R e : = :
g i
+ + " 5 +# A+ e 4 #

A& ¢ Loy’ s listS #lgo g A74

Fig. 12 HRCI(Howe Robinson Containership Index)3=©]
Table 9 HRCI®] t& A3 2 7FFA

T TEU DWT Q22 &Y (=E) | 7EA%)
o2
Class 1 510 6500 No 15.0 2.5
Class 2 520 5500 Yes 15.5 2.5
Class 3 650 9500 Yes 15.0 5.0
Class 4 1000 12000 Yes 17.5 2.5
Class 5 1000 13750 No 19.0 7.5
Class 6 1000 18500 Yes 19.0 7.5
Class 7 1200 17000 No 19.0 10.0
Class 8 1600 25000 No 18.0 12.5
Class 9 1700 24000 Yes 19.5 12.5
Class 10 2080 30000 No 21.5 7.5
Class 11 2500 34000 Yes 22.0 10.0
Class 12 2800 35000 No 22.0 10.0
Class 13 3500 45000 No 22.5 5.0
Class 14 4300 55000 No 24.0 5.0

A5 AU, AR, 012 AU AF HAAF EGT A% ARE AP ASAE HFoE A
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2.2.5 Contex(Containership time charter assessment Index)

Contexe= ¢ R =3 xutv 27 g3 (Hamburg Shipbrokers Association: VHSS)7}
A7helal e SAE Aotk o] A&E 2007 10€ 11Y 1,0008 Vo= Al AHE
At o] AFe 27] I AF g &8 FEE HEE AFA=d, 2010d 5
2 11¥9%H 2,700TEU, 3,500TEU, 4,250TEU & 37) A &o] FrlEo] ¥ 67) A3

2 749 A7k FxHD UATh o] d Ao 4AHAHol= 60 B AR =AY 3
ostal Ae AR Ay BESY 2 5, dintd, d5, ¥~ T 0
sttt (A e, A8, 2012)

1100 - 2500 TEU - All Time 1100 - 2500 TEU - Last 6 Months

e —
- SR
— 2500 TEU 24 Months — 1700 TEU 1‘27 Months —1100 TEU 12 Months ~—2500 TEU 24 Months — 1700 TEU 12‘ Months — 1100 TEU 12 Months
A& : Hamburg Shipbrokers Association
Fig. 13 Contex(1,100 ~ 2,5500 TEU) All time/Last 6 Months F=°]
2700 - 4250 TEU - All Time 2700 - 4250 TEU - Last 6 Months

({\ =
/
Ry
j;)
Alr

Trges
~— 4250 TEU 24 Months — 3500 TEU 24 Months —2700 TEU 24 Months

~— 4250 TEU 24 Months — 3500 TEU 24 Months — 2700 TEU 24 Months

A& : Hamburg Shipbrokers Association

Fig. 14 Contex(2,700 ~ 4,2500 TEU) All time/Last 6 Months o]
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Table 10 =& AYA+F Agof

B4 e

A

o

(2013)

o]

o 9 12002)

(2014)

20

Bunker 380 CST, Clarkson Index, Time

HRCI, Time Charter Index, Bunker 380
charter Index

CST, Orderbook, CNTRSHIP Fleet

_25_

€]

o B 2}7] 3] 7 &
A

(2017)
(2017)

A
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7‘{
=
e FEPPAA T AR BAL stgh v 7R
o F& 998 A, Fo-FFAAEEYT AEF W), B4, MY 82 2
Aol B AAbe] JFY HAER] FARD), AA, SLAF A7
1 =

H), A, 372 Z1etalCg el s H, dnt 24 a]he]

*S Fol AFLTIS 9 Fr

Btdn, 248 AAATE 458 2¥o] CCFle) EREE AdE st & 5 o
M, BA4E4E 5% Fs Fd% Pl fEd 322, AF7HEH0Y] SdusEe]
A A-&A(CCFN3 A4 o) Aolth E3

Gouvernal et al.(2012) = ZIH|oly &l &t |
Hol Al s, AA T
AF B4E A o] F, YT 33 FEIF A Aol ddIBAC o &
A A2 ATl AREE 20074, 2008, 20093 <+ AE F 2007 A= RO
=3 FEO A} sl £ BR¥or, 20084, 20099 A&
< AEEATE e A

Fad 9 29120142 HR X
HAE 845 g AFEAS FIdsAT o
Charter A9 =2 fFAM°] A= A, 31417k HR A4, Time Charter #4=%}
FOBAE B v A, AzAdA kR HR A4, Time Charter Ao+ ()9 #A|
7F dE HE By F0.

N
=
=)
D
(@)
=
)
5
D
=
A
re i
ojf
o
N
r>«
2
oy
Mo
juies
=2
of
oot
filo

= 2(2017)= SCFI 9 A4, HRCIL, Time Charter Index, Bunker 380CST,
Orderbook, CNTRSHIP Fleete] €7F AAIE A&5E @9 AAFL HEAVIARY |,

ZAMSEA, 2o BUENE o) 4F BALS stk 4F BY 2y T59
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T SCFI TgA s &S vAe F3 ¥ "S5 Orderbooke] 2.7573%, Time
charter Index”} 1.5598%, CNTRSHIP Fleeto] 1.1603%, HRCIZ} 0.8356%, Bunker7}
0.0594% 2 Jehsth. SCFl TdA 59 Fea ks disted 7 & vEe A
A 3k= WeE=0rderbook W2 Ve

AAE01NS A7 AdEleld AAES sided 2Ad FFe VA 8dE

B B AT 2AE MPOE WSS YL 4 BFER B ATE A5t £
A8 AA Aol e Aole ARBAN hF B STk AT AT A

& A5E¥ Bunker W83 &4¥§ A<l Clarkson index®} Time Charter
indexste] HBAB/AE HAHAFE= 24ES HHINA E39Th. HZ HEHOY HAE
o] 29 AAo| mAE 2910 7= Bunker Bl &3 &4u&o] 1L XA FE HF
o] dujAow FA AUt= ASE UEHTH
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3.2.1 ARIMA(Auto-regressive Integrated Moving Average)

ANAE EAA 71 ol #E8EHI e B A7]3H ol 5H H(ARIMA
Auto-regressive Integrated Moving Average) =& nd Jenkins(1976)el] 2J3] o] &
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Stationary Series Non-Stationary Series

2 - - 4
E oo (M 3 o
— 2 | n _— 1 'ﬁfru,v""f
0 250 SO0 7S50 1000 0 250 S00 TS50 1000
Time Time
Non-Stationary Series Non-Stationary Series
= L. ."",.,!..._._m.- = 1 . =
0 250 800 TS0 1000 0 250 S00 750 1000
Time Time
Non-Stationary Series Meon-Stationary Series
|
w 0.5 |25,
3 A O o8 L1 |
0 250 S00 TS0 2000 @ 250 500 750 1000
Time Time

A& https://stats.stackexchange.com/questions/182764/stationarity-tests-in-r-checking-mean-variance-and-
covariance

Fig. 15 kA2 AAE 2 HIA 2 AAL
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A WYPS ukE Ap(differencing)& ©]

WHAE, vhE A Wl viE d 2] HeE wEo2M Jhssith o
o= AL 7t = aZt-l+e(d, e AN azt 1ok %<ldl, avt
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SlFgA AW mE<lX(pattern  recognition), A o}(control),  3hHA 2l(image
okl A 7]1ESY WHELSEMN sAdsr] oHUE FiEE
Al FAY AHE AXAI|= MEE 7IHOE Z43S wta gtk JAFAATe] =4
= FAZJAT HZ oo gk A+7F F¢

A8 Tt JAFAATL mdEo] FANAT. HIdeE AF
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Table 11 =35t ANAWH AFAAEE 7484 Hw
A ESHA N AZA A%
Al 3 A ==(Node)
T/¢&7](Dendrite) = (Input)
Z2HAxon) <2 (Output)
A 2 7}& X (Weight)
A= EWA, 20160 ks HEd e 2 913417 BHArtificial Neural Network)E Zz3sho] A 2H4d
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Fig. 18 Processing Unit 3} Neuron H]al 1
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Feedforward2 9485, 2495, 2493574 A =Z AlLlskes ¥ olal, Backpropagaion
< #olEd g5 o] 1% 7HA L Aol &9FS 7HA = Feedforward 217845 S5
AN o AHEEE dE38 A =G daglFelth. & Forward Phase + Backward Phase
olm AHZNA 24 %, SYI7HA SAUHE AA, bA SHIA 24T, dEFe=
EoPHEA THEAE AL o A AL vHESH TP & AAE =5 9
ot}

Forward phase®t U SolA =85 A= EAsebEA 2 wd9o 719 &4
S5 A 83l= ZolW, Backward Phase®t Forward PhasesollA AA® Ay 43 &
Train dlolele] AA| =3 @3 vlasta, e =2 Aot Ha) ghe] Aozl v AAL
317" (Gradient Descent) & o] g8t FEzke] 71EXS WA sI= Aotk

AASZPEol AUl 0aE Fole WHOR X WANY] AP 2o
A wE FAN Whs SEEelth o|@F $e AXUN A7 Aslgte] e

ok

Starting
/ Paint

Iteration 3

L

f {x)h M

Iteratiomn <4

Conwvergence

A5 ¢ https://ko.wikipedia.org/

Fig. 21 74 A}817 ¥ (Gradient Descent Method)
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Fig. 2114 x& 7t&A], {0 2o W& xolth & 7hsA&
7b HAavb HES FE 2Asoksts ol ol ARshE R0l BARHIRolt: A
SHS FAstHA SgE(Learning rate)olghe Alde] AMEEHEH F5EC] U
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Y ﬂl%(Hldden Layer)ol oid 24 S e A MHg4de Agsied 3
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1+e 7
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3 2 0 2 4

A5 ¢ https://ko.wikipedia.org/

Fig. 22 74 1517+ R (Gradient Descent Method)
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Singe-layer-ANN2 wH o2 o]Foixl layer7} sty ¥ AS T3 25=
Single-layer-ANN®| F+2& Ho|Fm Z}zhe] & shvhe] wdl, stdsie wio] 94

o] 9182 Uehith ol Zhzke] Aol weight7h otk

Input layer Output layer

A5 ¢ https://ko.wikipedia.org/

Fig. 25 Single-layer-ANN

Fig. 257 o] 2719 layer7} &A13H=d o|21& ANNE Single-layerg} 3= ol &
Input lyaere] 74 ©<=3] Fo13 x& U2 dgstes vt =337 wEo|t. w
gt Fig. 25014 AA w0 ® o] Fo%l layer= Output layer s} # o]t}

Ak o2 ANNo|A &= shte] 792 binary classs /3% AAET & w4
9] Output y+= {0.1}¢] #& ZEAY [0,1] Atole] #s =& AAdEn. oeba K9
class7} ZA) 3= classification &A415 7] 9s41+= ANNe] Output layero] K7/Hel ¥
ds 2= E AA ok gt

Single-layer ANN<S E#o]d3st7] 93 Sum of squared error®efe] cost funchtion

Ce o #43 2k

- 42 -

Collection @ kmou



N

! 2_1N K
C=g 21 =yl 5=5 25 2,0t —u)’

n=1
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. Class |

© Class2

(2)
A& ;. https://ko.wikipedia.org/
Fig. 26 dlo]¥ ®$¥ Classification

Multi-layer-ANN& w1 0.& o] Fojzl Jayers 27 o] &
Fig. 272} #zo] Multi-layer-ANN-2 Qutput layerE #2]3F &
Y1

a3l g

Y2

YK,

Output layer

Hidden layer

Hidden layer

Input layer

https://ko.wikipedia.org/
Fig. 27 Multi-layer-ANN
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Multi-layer-ANN-2 Output layer2} 9 3}A Cost functione A 2jste] o] A3 s}
= WA og Efeld & F ok wtx &4 e AaRoE FE, Cost
function® 2 Sum of squared errorgE A& 749 Output layerg +4 T“r
g Update rule o} =213 2t} olw] L& ANNS T3+ layere] FolH, wij)%
1A layer2 FAsHE AR FA jwA weight, o), Ve Az idA T
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oc —
wit = wi) RO wy + 2_3 t, =y (L =y )y

(L _ 0 oc .y Wiy o) )
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A FEEACT 28y 2959 4§ labelo] E=A31A] 7] wj&ol Cost functions
Ao 4+ glgs EAIZPe] EAst. g3y <3 e F([Back propagation algorithm)-&
olg g EAIE 3lAste] Multi-layer-ANN-S Egold &}7] 93] 1A AT A}
718221 w28 Fig. 289 2| Output layere] Output¥ Cost functionS Z HE AAk
B AHtel yol AeDE 2HYFTOoE JXHetE Zo|th
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yKL

Input layer Hidden layer l—llclden layer Output layer

A5 ¢ https://ko.wikipedia.org/
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3.2.4 o|ZA A3 Holt-Winters =3

Holt-Winters =& -& Holt9] olF B AFHIHES AR YHo 74]7,‘—_11‘63 A A
g o Sl AHEEE 2 ©
o] HA3t He AHol o F&sitt BEFL Do A-FIIE 1HT EIFOEA
21 DAlA Y, & 23T tAHY goE AFFIIE seta 8, L tARY 79
P& ol

21 @9 T,&= t AR FAY BE Aol A QA S+ tAFe Ad B84
TE Yugth. o, 5 FEH FA g Beoln 4= Al B 2ot

A D F = h AR Foll AZ3 gte grdoh

L =alYy,—8_,)+ Q=a)L,_,+T,_,) o))
T, = B(Ly= Lyoy) +(= )T, @

S, = WY=Ly =+ (1=~)S,_, (3
Fooy=L+T,Xh+S,,,_, 4)

o]ZF AAAL L3 AAEY Holt-Winters 282 2 (5)9} 2t 24 (6), 4 (DL A
A F7] s5,,5,2 ABGFE tAH-AA S0 D2 HolHth

Li=a(Y,=S_,—D,_ )+0—a)l, + T, ) )
T,=p(L,— L)+ 0=p)T,_, ©)
S, =4(Y,~L,—D,_ ) +(1—=7)S,_ D
D, =6(Y,—L—5,_,)+0=86D,_ ®)
Foypy =L+ T, Xh+8,y + Dy )
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o] AlE ¥ Holt-Winters =829 2713k 2 (100 F3she] AAHAT

L=t -ty a0
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A2 HBAA hAH o]F9 d=3e F ..o AAR v, 2 AF3 SSE7F H A7)
=2

A& =9 a,6,7,09 271%S 0.0012 AR Feor w5 FHS AFD L,

L
W
=

= 2= a,8,v,69 S 2F

7 mge] FAAE 0001 ~ AR wEa e Fahel 1000'e]) 2 25 F
2

h

n

SSE =
t
n—h

= (}/t+h_(Lt+ﬂxh+5t+hfsz))2

t

(}/t+h_Ft+h)2 (11)

\g

L
=~ =

Il
—

Taylor(2003)= A9 o]EAd & Holt-winters =& A|¢k3} At Taylor(2003)&
2apzre] A ABoAE nEE 2o 2A 71Z o]FAAF Holt-Winters =3
2 ADEFE F & 2 133 Zo] ¥yste] Ao ot

L}o

:—Zan%Z 12)

o S14=1 ?
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2 s 2 S.

1 51 1 1 5 2

S1 t=s,+1 t=1 So t=s,4, t=1
Sl = Yl_le’ ’Ss’l = Ysl_le
Dl = YI_LSZ’ ’Dsz = Ysz_LSZ
Frop=Li+T,Xh+5 ., +D

17 Sy

+o h[Yt_Lt71_ irt*l_Stfsl_Dt*sz]

o © 13 ZoAF 24E& Yelle #o2 3 EF o,6,7,0,0

13)

1z d &5

ANA ¢ o]FAHE Holt-winters =& 7K 2 2 2kA4 ¥ 3Sum of Squared

error ; SSE)S FH 43 ele HAH LS £t AgtETH
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4.1.1 SCFI(Shanghai containerized Freight Index)

A7 4 Aol A tixA o2 SCFI(Shanghai containerized Freight Index)<}
CCFI(China containerized Frieght Index)7} 1th. SCFI$} CCFI9] zfold& Awrd
SCFl= et o =271 3EHH dxdd FEE2= 4, A8, vl A<, A
= ¢, HEAE, 5 - wAME, Aofze]7l, Holxzelzl, dolHelzl, ALE, F
dE, FdotAol, =, dint 8 33 T 157 FEo|th

Wk CCFle] A +dA=E &ste 78 d=2= W =14, SCFIg 22 o
T FHH oH, HEAo, vt 8l

E L TE Y0y F8 gl A F=ol A
A dve 54 01 Itk SCRIsH ® th& A2 SCEZF AEAY ] 7zAto s &85
= d Hhel, CCFle 234 ¥ths Holth(REe, 881, 2012) =3 SCFle 4% A
AT A Bl FEH glon o9 AFAAE SCFIVF AMste 73kl %
ABl2=E AFse AAL SCRIE ol 83 4% AYANEF 54 5 1‘417% o= CCHl

[

Hlal AAAQ FagRE IS Yor AEAYS F2ALoR BT B
B Aol AT 714 LAXF dZe] AT YA BT

Table 12 SCFI A& 7] 254 24

713k A8 T Hazk Ho gk EEUA B
2009. 10.16
45071 400.43 1583.18 254.95 979.80
~ 2018. 9.31
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SCFI

201 1- 10k

2013- Uy 16 J20015-10-1

A5 s & Y & (http://www.sse.net.cn/home) S a1 she] 2|4
Fig. 29 SCFI 3-0](2009.10 ~ 2018.9)

4.1.2 HRCI(Howe Robinson Containership index)

HRCIE= 9=¢] sjedde @ Ha7 gAel  ‘Howe Robinson C. 17 A} Hzx
1997¢ 1€ 159 AFE 1,000 7€ = w3t @hoj® st Al e oAl
S8 AFelth. AFE ol 7HA HHeld A9 73t 84

Table 13 HRCI A5 7] Z=$A &4

717 A8 F HAzk ol gk EFUA S
2009. 10.16
450 329.4 916.1 139.19 563.24
~ 2018. 9.31
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HRCI

A W A el T e e
N o N o " % N
F A O A A

A5 s & Y & (http://www.sse.net.cn/home)S Farste] A4

Fig. 30 HRCI °](2009.10 ~ 2018.9)

4.1.3 Bunker 380CST Index

Al o] IS HAE FLG 89 F StUE 95 JHHolth. ddAdoe=

Aboll Al A& 9 QA FFES FAO HXY. B4
)=o) 30%= Bunker B0 2 AH|slE H7IAALY] ¢ Bunker 714 &ehe nHl&
HA7rs AASAAR B2 &9ty 845 stehs Al Rt olol et

2015\ ol 23 SCFI A2 w&he] ) & stuz A&sdnh.(ihs=, 2017

o
el
=
D
=~
N
L
i
ol

ol

1
rlo
=

Ul 2 Bunker H]-§ A5 a4
= OA AEF7HE Y dse
2 ojod + Utk
metA] B AFoA F83 EUAF 28Rl ddste] F AMASH T/RQ
380CST 7l=22 671 A9 167) ¥9te] s+ Bunker 7FA<] Bunker 380CST Index&
g3t 71 45 g2 A< Bunkering §5He] HH#71A S AESt=E A RO 8

Bunkering @%tel 54 #%o BE/hAe BEete o] Hrt F=d YL In
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Table 14 Bunker 380CST Index ali@d 8 vk

A9 et

Asia&Oceania Kaohsiung

Singapore

Caribbean & C. America Maracaibo

Antwerp

Istanbul

Europe
Piraeus

Rotterdam

Fujairah

Middle East & Africa Istanbul

Las Palmas

Houston
North America

New Orleans

Maracaibo

South America Rio de Janeiro

Santos

2+ & http://www.bunkerindex.com< Zrrste] 224

Table 15 Bunker 380CST Index AE 7| ZEA FEA]
713+ A8 F AL Ho gk EFHA B
2009. 10.16
450 193.14 757.63 151.86 497.97
~ 2018. 9.31
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Bunker 380cst Index(5/MT)
B0O0

700
600
500
400
300
200
100

0
20058-10-16  2010-10-16  2011-10-16  2012-10-16 ° 2043-10-16 = 2014-10-126 . 2015-10-16  2016-10-16  2017-10-16

Z+& : http://www.bunkerindex.com& Zarabe] A 2HA

Fig. 31 Bunker 380CST Index 3=©|

4.1.4 U.S. Dollar Index

F37EA7E HlaAd A ARJ Fo 6707 T3 i vl= 2o JHAE AFEE
Aoz Fa=e] sty 71A din] 2 7FX e A IS Hofstr] fldte e A
Folt}. Bz o7 Zojx  ‘USDXUS. Dollar Index)’ & 3t} 670 E3ole= F
dE A, F= Fo2"Ed, Aud 28, 29" a2u, 292 Zio] xgHEn
19733 3€& 7|E=HA00)Lo.2 3te] vls AWEnH] 93] FRB(Federal Reserve Board
of Governors)ollA] WE St "ok o] x| F=Xx]7} 1100|® 29 71x|7}F 2 671
= 3td| 7hA R 19739 349 Ml oF 10% Fedles v

rr

67150 BAHXE HEHFS ol gakel AN ol AFAEL 74 Fe] AAFE
se vFTe] muF %% Ao gtk 0174 J1E AFAE FE 57.6%
dE A 13.6%, F==2EH 11.9%, Ayt @8 9.1%, =299 24 4.2%, =292 =
@ Swelth LN WA BT B2 A T A A weke
U.S. Dollar Index: 164.70.2 1985 1€ gt”olmlg]zlol A FA 4717F HAF S vfo]
o, 7F worg wi&= US. Dollar Index 70.69 20081 d E|HAMENZ 22897171 A4
e wholck.
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&3k US. Dollar Indexe] 7% Asian Financial Crisis, Russian Debt Default % 2008
Financial Crisis & Quantitative Easing & AA A 23S g3t Aok ey 3|
AT eV A% S A o VE Y =] 2EEss &8ss
WetE o US. Dollar IndexE &8ss Zo] B% AT Zolgt A3t

USDOLLAR INDEX 1967-2015

180 +

Lasin American
diebt crizis

Asiarr Financial Crisis

Russian Debe Defauls

Dot Com Burst

100 +

Agrecment broken
Srock

80 T T T AMarker
WLrash af
] . e 1387
Source: Stoog.com Flinacial Crisis
& (huntitative Emﬂn;

.\H._q?: nf q"‘ q"' \n?‘ 4 ,@“‘{‘,.p' llf‘ & r.a"‘ v

R L T Iy T S .
ol 3 R .

.
a l G o
Ul I i o \" G '-. by
" o - w e " S wa o O o O s o " . nl " "
R ol .;i'* L R, N S R, N, R, i, g.“' \C' Il Bl gl ol gl

A= ¢ https://en.wikipedia.org

Fig. 32 US. Dollar Index Z°]

Table 16 U.S. Dollar Index A5 7| ZEA =ZHEA
713+ A8 F AL Hoizk EFHA B
2009. 10.16
450 73.11 103 8.22 86.93
~ 2018. 9.31
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Collection @ kmou



42 9% 89 43 4

¥ X (Correlation analysis)> S&&3 SATAA F ®WF3tol] oH A2 AA
= 7R QA B W T HEE AR SHFA IANAY AHE H
AY & ey o F WY #AAY FEE FHAA(Correlation, Correlation

coefficient)g}sl™ JAdA o] AEE Fetst= A S(Correlation coefficient)2} g+t

¥
o

F=3] T e Mgt o= AR e Al deThE S8ske g3 @A (simple
correlation analysis), 37 ©]’e] WMEEZLe] AAA U =& = %
o] Ut TFdHEN A 2 HFEFAY] BAE 1L F
ZEE YegE AL AN B 24 (partial correlation analysis)o|2tal gch ojw) A
A7 0o <+1 o] Fo] A, -1=<p<0 °o]H 9 H, p=00|d FFFolzta gt
SEAIRE 01 ¢ o] fltke Aol okt Ad o) AdaA7) oideh= Zloltt.

O

rr

B AFdAE R oR A8EE 3ojE A Als(Pearson correlation coefficient
Pearson’s & &3t o] A5 X& Y7 3 W= A=/Xe Y7 242 |

A AL 4 dom Aol a2 r #2 X 2 Y 71 438 sYsid +1, A
5 O 29 0, dhyger 4As| FHH -1 & 7M. AAA S (coefficient of
determination) &= r'2 & A4St o]A2 X ZHE Y& =5 F+ J& A=E v

o dRbA o= rgke] 73t whe §fi 42 Table 173 2.

Table 17 rgt 3ol @& a8

r#k 73 2a8A Y
-1.0% 0.7 Aol 23 =3 AZEAA
-0.73% 0.3 A}o] FE =3 AFaA
-0.3% -0.1 Ate] oFgk 2 A A
-0.1% +0.1 Ate] 7 FAE e AZ8A
+0.13%} +0.3 A}l oFgk 2 A A
+0.33% +0.7 Aol TS 44 AF A
+0.77} +1.0 Aol e ¢ AR AA
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2 AT A

380 CST Index <zt

[9low FZ3+= W
@B #A = Table 183 Zt}

Wm0
T

FE 4 2=0)
FTEHFU

SCFI, HRCI, US Dollar Index, Bunker
1 SCFI9} E=gwH<=2l

s A9 FAE F e AFIAAE ey, TH5HESFA SCRFIe 5¢€d
HRCI=} US Dollar Indexztell= F3 g =2 AFBAE Yebdth
Table 18 &= Q<1 A#AAA £ A3
US Dollar Bunker
SCFI HRCI
Index 380CST Index
SCFI 1.0000 -0.0627 -0.6256 0.6024
HRCI -0.0627 1.0000 -0.0679 0.1243
US Dollar
-0.6256 -0.0679 1.0000 -0.8533
Index
Bunker
0.6024 0.1243 -0.8533 1.0000
380CST Index
A A AAAPS dolR = 4AHH 59 4 -¢ Fig.333 2t}

S5CFI

HRCI

uUS Dollar Index

Bunker 280CST Index

Fig. 33 o528 4=
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43 HH ATARY 4F 23 7=

431 F3 UAFAAE dF =¥ 75 #A

1. Data &H| » 4 HIAE
Data IO AlIE] 212 Data AlE!
v v
Data 33} of|= =3
. v v
i o A=t AS H|D
- v v
AE Data
ME 74 QX ALY =
2. ABAUFY 2 4 4 AN BY MY

3 2

3.%& 5.01&
23 Data Al 23 Data A€
5"11(2%&) 1
Data AlE] o=
v v
sha 28K Jgiz =2
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o3 edws T4 A9 1~ g 293w 4 ~ 12719 eYe=g 4y

A A 5@ B RS e TS ekt

B7} 7132& A AFg= 2xHRoot Mean Square Error ; RMSE), B+ |
(Mean Square Error ; MSE), Ad] 2x}%+#(Mean Absolute Error ; MAE) ¥ #H+ A
ul B1) © xH(Mean absolute percentage error ; MAPE)S #8353t

843342 = A3 (Linear function), Sigmoid, tanh &t

Tl AL Signoid F5E BEAAT. EFFe] BT A

T sl EAsH & <
[e)
o

AEdrE AHESE

=t o= EHWs ghol FFEA AriE JHAE 39 REe FHs] #Eelth
L2pe) 73 FA1 % & (Sum of Squared Errors ; SSE)E &-&3tom 34174

w5

7FA &= €82 o™ wKResilient backpropagation)S &-8-3} T}

Table 19 JAEAEH A5 BF 523

AZANEE 45 =¥ 523 7}
RMSE 0.136
Hidden Layer : 1 MSE 0.018
Hidden Node : 4 MAFE 0.116
MAPE 0.272

HRCI

Bunker SCFI

uDi
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RMSE 0.1861
Hidden Layer : 1 MSE 0.0346
Hidden Node : 6 MAE 0.1665
MAPE 0.4263
HRCI
Bunker SCFI
uDi
RMSE 0.2011
Hidden Layer : 1 MSE 0.0404
Hidden Node : 12 MAE 0.1892
0.4455

HRCI

Bunker

ubDi

— 59 —
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RMSE 0.2089
Hidden Layer : 2 MSE 0.0436
Hidden Node : 4 X 4 MAE 0.1924
0.4378
HRCI

Bunker

uDI

SCFI
0.2169
Hidden Layer : 2 MSE 0.0470
Hidden Node : 6 X 6 MAE 0.1989
0.4491
HRCI

Bunker

ubi

—
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RMSE 0.2169
Hidden Layer : 2 MSE 0.0470
Hidden Node : 12 X 12 MAE 0.1989
MAPE 0.4491
HRCI
Bunker SCFH
ubDi
0.1854
Hidden Layer : 2 MSE 0.0343
Hidden Node : 4 X 6 MAE 0.1705
0.3968
HRCI
Bunker SCFHI
uDlI

- 0l -




RMSE 0.2046

Hidden Layer : 2 MSE 0.0418
Hidden Node : 4 X 12 MAE 0.1867
MAPE 0.4254

HRCI

9. \Virg¥:!
A (}:‘g:

Bunker ‘.“;‘S‘(‘E}:«g’ SCFI
uDI
0.2280
Hidden Layer : 2 MSE 0.0520
Hidden Node : 6 X 12 MAE 0.2096
0.4727
HRCI
Bunker SCEFI

- 02 -




HA AFAAY 28 HAAE 98] the Hyper-Parametersg F4d3ste] 2o =

oz Table 209} -t

Table 20 =2 JAFAEH =28 T

o,

Hyper-parameters A JAFAAT 74
Normalization Method Min-Max [0, 1]
Train set/Test set 7:3
Hidden Layers 1
Hidden Node 4
Activation Function Sigmoid
Error Function SSE
Learning Rate 0.01
Learning Algorithm Resilient back propagation
Threshold 0.01
RMSE 0.136
Evaluation MSE 0.018
MAE 0.116
MAPE 0.272

HRCI

Bunker

uDI

SCEFI

Collection @ kmou
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1500

SCFI
1000

500
|

0] 50 100 150
|7k
Fig. 35 ¥ & <321 74% wda SCFl A=zk vla 18i=

432 3 AFAAYL ¥ E3 o= 43
A4g cﬂola o= Ty =9

i STA SCFIE o =3}t Al
5]

Aok & Oﬂ?“’ﬂ/‘ﬂ“ A d= 23s Fsl 20189 10¥

B AFgAE HAE AAD dZAAY 23S Jjdio g 20189 10¥€ AAF 7=

e o] me 2R

ARNF 1= 5 15

¢ SCHE dZFatdth. dE S0 geA o5 2 S9==7F mfold, 37

t-n+12E @At AHAR nle) A HolE ME (G, ., -

mter)E _6 t+1

FE t+rm A-Q dolE ME(z,_, T pio =T, 1) S THHO o ShT)

Zep1 = F 0 Xe—1) s Xe—n+1) Reym = f Oy -1,

E1—F3
=T ° ° ° ) o

Al HIOIH

r Xe-n+1)

e - o ooe

Fig. 36 t}&A <& =3 Multi-step ahead forecasting)
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Ui JE5H oz ZAH oy s &AA A5 AlZIdd= E3ta
d 109 82E 20199 1€97F AW 101029 E, A 9920 ER IAA
E Ye AT dakx o2 sl FAE YER T

g3t 2018 10
AR 20199 1€0d5

oF eUNEA A R 2 A BF

(=]
o |
i
g
o
(=]
(=
(=]
_ 8
O
o (=]
g |
(=]
g .
w
(=]
g .
g
I I T T T
60 80 100 120 140 160
712
2 ooghe A4 olF Wb Y =sh FF 155 SCFl ol S3kS ey
Fig. 37 097l o] =82 53 SCFI 135k2018¢ 102 ~ 20199 19)
= Avg weom 20189 109 AAFRE 20189 129 EAF 71A AA SCFI
gt vlaslE Az AUE £Xe) Aols EASG A HAshe FAT FAE

R AT

_65_

Collection @ kmou



\\\\\\\\\\

e AR T ~ 2018 129 =AF)

@B A3

=

et

i
(15432

N
)
N

\

Fig. 38 SCFI 4
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A5® 2E

51 47283 & AAA

AH ol A §4% S wstet g FAZ - A4 adEE A8 B
Aol Ak FulEla . olgd AU s AlEE tiEstE SCFIE 20161 3¢9
189 400302 HAE 7 Holy sleAge 23

1%
A3 AR WEHLS WIHa ok
!

=
[‘4_, \:H

—

i%
i
%

= spefslx) o olo] the AT thS
e heis SacE 209d BY B A4S EU AA97IAE okt
B3l @ Aolth. mebd olfd e WASK 7] AL Adold den
o FF A WSk oS3 ojo] 3 AT Sy npHo] Basteh

=

_;

B A= AZA s AIFS HEYS= YAl SCFIE QlFal 4w
(Artificial Neural Network : ANN) RE& &8sla] &3 2QAx]4 HIE o =330
= o

o)
SCFId] 43S mxe =YHE2E= fgfE4¢ Agoly &4 4=¢1  HRCI(Howe
o+

ohi

N\

Robinson Containership Index), 8 A1¥A & 7FA ¢l Bunker
380CST Index % &3}7FA17}F vl A b2 F2 67l=¢] F3} thel vl= 229 7}
A& A& US. Dollar IndexE &3ttt Aol &8 A5+ SCFl &7 Al
ZkE 20099 10€RE 20183 9€71A] A 45079 AAE ARE EESIAHY. T
He42 A3 HRCI, Bunker 380CST Index ¥ U.S. Dollar Index T3+ SCFIe} &
71Zre] A8 E FHEl 2o Z-&ATH

Hz JdeAE% 2l HAE fs 2495 74, <darelsE, 24, Learning Rate
%ttt Hyper-ParametersE ZA4ste] 23 s FqdUte AlgFH LS
AbEetE T JIFAAY B2l Prt JEe W Al 23HRoot Mean Square
Error ; RMSE), ## Al¥ <2xHMean Square Error ; MSE), At} <2x2}%F(Mean
Absolute Error ; MAE) % 3+ AulwjEnH] 2x}(Mean absolute percentage error ;
MAPE)E Z&3stith & A& HAAHE AdFAAEEe A5 Uhe] 2933 4719 &
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==& 7HAM &A% e Sigmoiddtss, ¥i18]E-2 Resilient back propagation<
A& AT AFAAT dEFnde Hss Fristr] g 71+ RMSE = 0.136, MSE
= 0.018, MAE = 0.116, MAPE = 0.272= H7} =

Hyper-Parmeters 24& 53 AgPRogor w9 FHZF <FAA =]

SCFI &< st om HEA dH oy sfeAde] 54 3487 87 olF
A A R FE A ETE TR AT 24T @ ARE gostr] Hs
1553H2018'd 10€ ~ 2019 1€) 7|3HA &3ttt A2 Ao
1,010 2IE HA IRIJER A A LT FSAE UERAR Aty og &3
ol 3FAE YeElfs Ao 2 =5t =3 SCH o =X 9} A=) FAHLE $
3 2018 10€ AAFHH 20183 129 =R F7tA AA SCFl a3 vlws|E A3 4
ARl 29 Apol= EAEY HAF stgsle L7 FAE UERAS
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o
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o
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