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EXECUTIVE SUMMARY

AHVININNS

PP’ EXECUTIVE SUMMARY

A Study on Predictions of the Dry Bulk

Market based on Deep Learning

1. Purpose

» Market forecasting plays an important role in decision-making
within the shipping industry. Despite such significance, however,
there is a tendency to rely on intuition and experience rather
than utilizing a scientific approach. The primary purpose of this
study is to develop an artificial intelligence-based market
prediction model to support the decision-making processes of
shipping companies. Furthermore, it aims to prevent the
recurrence of shipping crisis by enhancing the accuracy of

policy decisions carried out by policy authorities.



2. Methodology and Feature

1) Methodology

Work flow Specific contents Study methods
U v i
) ) L Review of
. Study overview and differentiation in terms of .
Introduction preceding
contents .
studies
NI y !
Data explanation .

. . . Literature
Selecting Technical analysis methods review
Data and - Trend indicators, momentum indicators, L

: o Statistical
Variables other indicators analvsis
Technical statistical analysis Y
NI y !
Analysis of Overview of deep learning .
) Literature
Deep learning - Components and features of the model review
model Model structure and learning methods
NI y !
. Analysis results of deep learning model .
Analysis vl . ! P ) g Statistics
result Comparison of model functions analvsis
- Support Vector Machine, Random Forest Y
NI y !
Conclusion Conclusion -
2) Feature

» This study uses technical indicators that are able to understand
market trends and volatility as input variables, instead of
utilizing the existing demand-supply based quantitative method

in predicting shipping market conditions. Therefore, it applies

Vi



EXECUTIVE SUMMARY

an Al-based model, which has shown better performance in

areas like finance and resources.

AHVININNS

» Taking the availability and continuity of the data into
consideration, the study has narrowed its scope to bulk carriers
with three types of ships including Capesize, Panamax and

Supramax, forecasting the market direction on a weekly basis.

» Various assessment indicators are utilized to evaluate the

performance of the model. In addition, this study makes
comparisons with machine learning models used for solving a
variety of problems, presenting an objective performance of the

model.

3. Results

1) Summary

» The result of the correlation analysis between technical

indicators and the weekly volatility of market conditions shows
that there is a significant correlation between most of the

technical indicators and the volatility of market conditions.

» This study applies an ensemble model, which combines outputs

of the processes repeated around 20 times of parameter
estimation by type of ships including Capesize, Panamax and

Supramax.

» The results showed that the accuracy of the model varied slightly

Vii



in the different types of ships with Capesize having an accuracy
of 70.9%, Panamax having an accuracy of 72.3% while Supramax

recorded an accuracy of 79.7%.

» This study utilized the Support Ventor Machine and Random
Forest to compare the performance of the models. The accuracy
of these models in capsize were 61.5% and 64.2% respectively,
with Panamax showing an accuracy of 64.2% and 74.3% and

Supramax having an accuracy of 66.2% and 75.7%.

» A comprehensive analysis of the three types of vessels showed

that the performance of deep learning model was the best.

» Large carriers, which has small market volatility have a high
range of fluctuation in freight rates, while largely impacted by
the herd behaviors of short term supply and weather changes.
Therefore, a relative low accuracy of large carriers is in accord

with the intuition of market participants.

2) Contributions of the study

» This study verifies the validity of artificial intelligence model

tapping into technical indicators in predicting the short-term

direction of the shipping market.

- A number of studies have continued to conclude that artificial
intelligence-based models have showed more outstanding
performance than the existing quantitative analysis in various
areas such as finance and resources. In particular, this study

builds up a foundation on which quantitative analysis models

viii



EXECUTIVE SUMMARY

having difficulties in making mid-to-long term predictions can

be expanded to new Al-based forecasting methodologies.

AHVININNS

» By referring to shipping market forecasts in the decision-making

process of chartering or hiring of vessels, shipping companies
will be able to enhance the quality of their decision making,

and improve business results.

3) Following Studies

» The present study has narrowed its scope to short-term

predictions of market conditions of bulk carriers. This study can

be expanded further in three possible directions.

» First, the area of the study can be expanded to tankers and
containerships. Second, following studies can secure a variety
of input variables applicable to models. Third, the period of

the prediction study can be further extended.
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6) Ak 2/(2018), "Supramax Bulk Carrier Market Forecasting with Technical Indicators and Neural
Networks ;, "SI=SIHIR SIS, Vol. 42(6), pp.341-346



M1 g Mz

02 FO -

+re

HI

IHH|H: Forecasting Tanker
Market Using Artificial Neural
Networks

ARXNAE): Lyridis
2](2004)

A2 ABNHYS B

o
B E47 AT 0%

—o

IHH|E: 2010 BDIS 0= -
ARIMAE ST} HP7|HE 0|
2501

OFLRKSE): 24=24(2010)
RSN AAE 2SS EE
5t 2010 BDI 0=

THD: Gl
24| K|S 0/83t 3t
S DR
OFPRNRIE).0 124201
ATDH: TS XK E
d2M7|HS 2t

=20 -
S0l

=2
=
1l

|
70

TH|H: Forecasting price
movements using technical
indicators: Investigating the
impact of varying input window
length
HLXHHE):Shynkevich 2
(2017)

A=A J|sXMXR
H7|HE g8t 7t

= —
du=

ARIMA, HP Filter
(HP) 222 &
ot BDIOI=
CHHEH(BDI) L
Abgst AAE
205

S ES
MEEHE|TAL
olzAAYS &
25 =7} 0=
=
[ |
NUZEXS,
QulE, a8
AL

F2 GUE
4 2 HIMY AAS
o Mgfst els4lg
YS ESIH AHRY
=170, 371, 671
o, i, 12708)
Ol 7 20T} TS 0|
280 M2 ZEdyo
2 zXO| 0| 2 e
QISAZY T AIA
g 2E 0SS
ANAEZE(ARIMA,
IARIMA, HP)2 Edt
20104 2%+ BDI 0=
D oS4 H|W
414 20104 BDIZ2
312 & HIYSHA| Zot=
Z102 LIEfS

F719) FHY BEES L
Efh 715X XES bt
SEEESEEETE
29 3%

05 2ol 45 24

% 27}

JlEH KB il

S S 12302 % 7}

=

S 0% R JHY
Yo F IR
xg IRl RY Y
&, W, oY Ml ot
X 84X e 2y
e




HI

re
e

MaeTote] Xy
T o FQ Bl

NSl R
HH:  Supramax  Bulk SHOAR AZTxo| 2

Carrier Market Forecasting *USUBYE 05 aouin rux
with Technical Indicators and & &%t G5 2 " o 510
ol 7|§—| OT= %oorm
Neural Networks = HSA|ES o=
) _ ofl= = H=
HARK ) ek 2(2018) +g B & OI—:l—M;E” E;,Q sl
. = o [eXe) ==
APEEIIENAES o8 83K 91 0| SUCC ISR P2
AZOS SIR5F ADIOIA &K HA 82 °Ylo osT=
Loo=E o T=H="Z= ZE= T &S 7|-X|5E‘3' 7Ht”_
- _ =‘/lZ
=Y gd o= -
g HeE 2010 245t 718y 2M2
A= OO Yg=717t 2 Sl AZoS a5 A|ES 825t 4
O Hald 20| MESHR| ¢ O HEeh Ha AEA_'H TEEeE s
= = [=|
Ch= BVt RIS == 0|_.—v_;;74|:|r HFErO] De
LOL-_OO
= AFUMErEFRES (HelS JIU o ey
= < 5 SHT
ot 2Y HSUAM HOL 71 ATRY S ET'|*|E1‘—'L7_|“*ET’-P o=
= = = = o == =
S IS HOH Yz = ZRE S o HIT h
fSiAon 7185 #4285 o2 @asn ©°
of R2l0jet X|HE F&8  GISgs HlW




H2E HoE & Hey

H1ZE G0l

2 AFolM= Aok ASE A 4 B ds5S 98k
gl 32 A A(Baltic Exchange), E2<>(Clarkson)ol| 4] Al&5l=

IHspot+¥, 7I7HgAR, UM Z=AH(FFA; Forward Freight
Agreement) AH=E L85ttt Shso] AREH dHolEH 9 7|7k
2009¢ 949 10¥+E 20199 84 5U7IAo|H, AFEAY} UA
TAYE 4 ©HE 24727, EAEE = SR 518719 A EE &

St

H22 7= 24




4 24e e 374 7Hye By

1)
o%
<+

- K

=y
oji
il

8o

mhotsiA]

=
=

el

o

A o 359 |

(@)
=2

s 7] 2

5

Al g

=
T

."

wetd 714 g4l 4
ol ofm

i

= RHEE. 7]

- AAN
— ==

A BA, AL

re Aoleks 7148 7

gl

of mole A<

1
RN

7]
o

=

=

ol

7) John J. Murphy(1999), 241 #194(2000), p.25
10

8) John J. Murphy(1999), £/ H1%4(2000), p.26
9) John J. Murphy(1999), £[241 $1%4(2000), p.27




H2E HoE & Hey

1. 7IH X7

1) FMX|E

FA A= A FAQ BFEE E7] Yol AMHEskE Aol
ANASFA = A5FA, olEAl, JESFAZ IA UFo] & & A
ot tiEFQ FARAEZEZE  olFHa, MACD(Moving Average

Convergence Divergence)”} At}

o|EHFL 714 AT 7t 1Y g ALEHE A Z slo]
o ol F Bt A A YS W FAE AlREHAY S
= A9 ABE glstAY, A9 APTHYS glshe b AR
=2l

St 1A% ols¥wt, & B ols¥dE AT A FAE
B of wEA A2 E Yepdh sRIRE Aol A dAF o2
B 494 HalE FA R Tolsd = e A A+ W=
A7 o1 EBE2 A&HRA A0l et 425 & yErdh shARt
A Hdo] RS v NS S ZAshs o A o Agto] &
asttt wEhA 7 7HA] ol 5w ARG Hibke 7], @71
7HA olE & AREShe Aol Ale] Weke 2Aehe | -85t

7] olEHto] A7] olEHte ABstaL Ao Aol A5+
Aol &2 Sfuista 7] ole® ol 47 ols¥d= stejsky
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o
fr

Hr g 7] o]FBato] B7] olFBA= A
=t A=22(golden cross), Btdlz ©7] olFBto] A7
S 51 =9 o= AAMS U= 22 (dead cross)Ehal et

B4 Aol AeAlR AfEE A7l ey, gEaR

AAo] sleA R AeEE A7)0 trekdtt.

S
oft g

l>‘ ﬂll:l o
Ao #d

Hu

(a& 2-1) 70|Z 5TC, & - &7| 0|5 L=t

30000~

I N
mwoh\y»\l \J | btw\ V 'v\

2017 2018 2019
e

= 5TC == ci7| 0|52 7| olsER

Xt=: Clarkson, XAt ZH4

(2) MACD10)

AEE ofjd(Gerald Appel)ell 2Jal 7R MACD(Moving Average
Convergence and Divergence)= 7]7t0] ThE 27§9] o] 5Ht Afo]
o] BAA FAHS}F 4SS 2o #= X Ho|th MACD A HE o]
8w Aol= A4k MACDAIT MACDALS] ol&B8wdo s 4
= 23t Zo] EHH

10) John J. Murphy(1999), £/24 $1%4(2000), pp.274-278S R1I510] ZAlEl
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RI2 % GIOJE 2 M

MACD = short—long
Signal = MACD2] °]5H+t

short =7|0]&H+t, long ="F7]0]5H+

MACD A #+= o 5B vt v 2 B2 MACDAIC] 9 415
At WAE B 455 YeERdTE. MACD Alo] Al54-S AFwat
StH 542 E SlFualstd sl R s Et. dukAel o)
B P 2 F2 MACDE 041 7[&0.2 22y Holot,
0dezRE A7t €oiRE mf A AEALr yedth 53], 0
Ao gRE A7t di £ Aol nAFstH APGHSo] HAT A
74t Uehdich. #6t of et 02 71E0R 9] ol R wASh: 4

—

2 SR Ao WEkE EAY 4 9k

(33l 2-2) A 0|2 5TC, MACD, Signal
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Xt&: Clarkson, XAF2fA

MACDOA= HXAZEZ MACD Oscillators &-83517|% 3t}
MACD Oscillator= MACDAIZ}F 415419 2po]S vebdit MACD
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Oscillatore 0 7|22 flotd= &2]RIth o] A2 &3l MACD
A A2 9] 7440 WA AY FotAl= AlFE serd 4= it
MACD Oscillator A°] F2] fIA]oA 04E sl st off 55
Al7F koA ousta, BHE 9] XA 04 Tl o
o StetEA7E oFsiRE ou|eitt. o]F B3 04¥o] WA} o)A

A FA ASEE Bl mRofd 4= Qlo] 27] o|gAlSE nietste b
&85

(a8 2-3) A0|Z= 5TC, MACD Oscillator
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Xtz: Clarkson, XAt &4

2) DHIE X|E

R A #= 5AHAE o-8sto] F7F A9 Mg g
ol AMEE= ARE Quett. BHlY X #E= @A 7HE ) A 714
Aol &2 Bl &E A4t o]& &5 T_Xﬂ FA7E 7S E AL Y=A
AEEHD YR e 18] (Momentum), 3}
(Rate of Change), A7} EX]—’F—(RSI Relative Strength Index), €

_:_4
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H2E HoE & Hey

A %R(Williams %R), AENAE (Stochastic) S©°] tJEZA QI =l
g X 3ol

(1) DA HelE1)

HE (Momentum)} 7HARSH £ 28 ZHok= A[HEo|th KY
Hdg2 AX A7 KD A APG7HA L] Aol AAE '
Y A #= 02 710 E 9o QIoHA Asstd @A dsFAll
WS u|sty, 02 71E2 2 offfof o FEFAE BYS
olulgtct, ghoF ArgFAlo] | mElgo] 04 ) 7tAH

ol YH&wrt YT uiat,

S
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e
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(O™ 2-4) 70| 5TC, HHIE M} HoLS

nnnnn

nnnnn

5TC

nnnnn

nnnnn

2019

A= Clarkson, XXt 2

11) John J. Murphy(1999), £/84] #1%(2000), pp.250-2562 &1I510{ XA H
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(2) HHZE=X|5=(RSI)12)
AAAEA RS Relative Strength Index)= @A FAI19] A:

HEEE YEho] 4 WRAELE dSske H 87 AE=
g AHAEATe QA7IREY AR s FolA AT

0] wFoR Aol Am ASFACNA deit e A%
AR, Wz SiekeAlold et Z3e stebIxE Uehdic,

SR

O AEASE 08 S het P,

> 100

B
He
HAFEASE A A (Wilden 718202 A5 457
19T}, 71zko] H&4E AR W5}
WAL Ao A AA He, w YIkke] A48 W

= 9 ABHE 45

1

U
D = nzk A 5

e

PO
tlo
o)
ON

FAHdE=ATE 0014 100714 9] WiEE= JIHA =], 70~80¢
o i A, 20~30€ o B A E gt AddEAe
7} 204 SFFETE & oA 204 oA ARFSHA =H AL
g AgEHE A2E Yehdd, Btz A =Aa7F 804S 4
TRt & HA] 804de wASH] SkFsh FAI7E shE AgE=
A2E yEhdn

12) John J. Murphy(1999), #44 #H(2000), pp.260-2672 216 4=
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H2E HoE & Hey

(O3 2-5) 70| 5TC, HHB=X|s

30000

12018 42018 72018 102018 12019
Date

A= Clarkson, XXt 2

(3) 22|HA %R

A2 ]2 (Larry Williams)Q] %R F0Z 7|7F 52t 714H
s A ALY BAE S5k A ;olth LYIA %R UB
717k &%t 171} AR 714 AolE THAHELE Ui #holl HielY

AE Foto] A4t 402 E gt Zo] xdH

Williams% R—— —2— < 100
wltams /o i = mx

s AEe 2ENEE Slow_%K o 33| AR FHIE Elo
L7 18e 7]—%2& ALE=7] HiZol Aol adel 77k
09 g2, Aol Aol 77hed -1009] ghE 7HAA

13) John J. Murphy(1999), £/84] t14(2000), pp.270-272& E1I510{ XA E
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LY IA %Ro| -804 AFET S ARG
Aol 9= Ao g A5ty 204 stF=Eulshd stEhAAE
i

g 7ol e Ao #Hd & St

(121 2-6) H|0|Z 5TC, 2|UA %R

20000
8]

5T

10000

Williams %R

Date

Xt&: Clarkson, XXF 2F4

(4) AEFJAEN(Stochastic)14)

AEANAES AR 7HA0] dA7IXE 52t 7AW
A 720 A=AE HESE UElle ARE ARSEHT AR
AELE Fast %K', ‘Slow %K', ‘Slow %D’ 37HZ A=, ‘Slow
%K' e} ‘Slow %D F A= S5 A ReEA AeE et

A4 Fast %K' A2 vt 22 Aoz ALEE .

14) John J. Murphy(1999), £/24] #(2000), pp.268-2708 A11510] XM=

[=]
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H2E HoE & Hey

Fast K = m
C=3A7}, Hy=3 XY T 17}, Ly =3 XY T A7}
A4bE Fast %K' Al YU ol5HwZ B3l Slow %K' kol A4
=, A Slow %K' FhZ ZY o5 BH5HA =HH ‘Slow %D’ Fh=
W 5, oI5BT BB LSS 54 Slgte] B2 0]

AgREtE F B, 54 7\7k] A48 YA 21
SejstA Argt

(= 2-7) H0|Z 5TC, AEIHAE

30000

2019-07
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201801 2018-07
Date

— Slow_%K Slow_%D

Xtz: Clarkson, XAt &4

3) 7|E{X|E
(1) BHE2|(Percentile)
MEoL Futolq 54 RN 2L BEN HES ek
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£ gdolth. B ATl AE B UAS 71202 14 A71A 29
2 71FoR MRS Assst

29 A% 5L sV ASEE WESE 390, 1000 77t
AAA = BE Fghe @17t A F Ago] vtz 249l
oh wehd MRS 2ANEY) 4TS EASE o B8 4 9
ok SR, A, HA g9l &0 AAHE Aol WE

(I8 2-8) HI0|Z 5TC, 22
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L

— 5TC — Percentile

At=: Clarkson, XA} 2

(2) & HHA(Regression Beta)

S|FAIGE SARANA FHHUSE AYslr] Y SEHS
FMA= Al (coefficieny), &, 7171 gt & CH-TLOM% e
= 2098 Y 71E 29 HolHE &3t IAASFE A&

AART Pl A, HT 2099Y B Aol 4%

; *
St U WAs) 35 Aol N S8 Lo
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RI2 % GIOJE 2 M

Aol 45 Aol SR AR HE AR 27 &
olx7] Hlof LAG FAshe, with2 Aol sebAlolA AsAl=
AR ol AL FAU I ATPIA A 7]
WS 2712 B9 AF FAMS S5 TRT - Yk

(O3 2-9) #0|Z 5TC, 2|HAI+
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20000 -

ejag uoissalbiay
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0- --1000
2018-01 2018-07 2019-01 2019-07
Date

— ETC — Regression Beta

Xtz: Clarkson, XAt &4

(3) 21 #2=(Log-Return)

T8 BofolAE SYES AL [ AL HOE Ho =2
2 FAES ARRSH. 21 $E2 AA7HE Hl&o A=
= F3 AAtel =t ol 7HF0] 212 F5to] 11 AolE AAKE A
3} 5ottt

.

21 53 :ln(yyt )=1In(y,)—In(y, ), .= tAIH A% 7H4
t—k

B AdoME 2T 45 Hat 29 AR 45 HadedS

8ot 21 o0ES A4S 211 4989 o AR S

A9 ZF=E oJulshy @7]|7ke] ¥

A FFAE ofmlsie, 27
55 e AR A8 4 9k




(32 2-10) #0|Z 5TC, Log Return

2018-01 2018-07 2019-01 2019-07

— 5TC — LegReturn

Xtz: Clarkson, XXt &4
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H2E HoE & Hey

g

(a= 2-11) 70| 5TC, EFHX}
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Xtz: Clarkson, XAt &4

2T (spot) A2 SA A7t 7Hese EAGL = o8- A 2K
voyage charter), 1A} 717F&-Al(trip time charter)o] tHIEZ Q1 A
oFgHiolth. AGARE ©YIXF AFHEA F- 7]l 2A 3t
Ee % 52 8AStERE @] TRl ¥FE ot 7MY v
SHA ¥kttt A A4S EHlEo] 9l o A%9do] 7MY WA

15) Martin Stopford(2009), ¥&S 2| H(2015), p.218
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M23 HoH & Haid

(a™ 2-12) AH0|Z 5TC, &-H7| 8M=
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16) H=2L1(2015), p.128
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H2E HoE & Hey

1. 718y B U3

B Aol AHE 744 ¥4 HeuEE (& 2-1)0] A4
Q. 27 A &S 98] 34 @ mAld Seloe BYlRs
59, Y72 20292 Hetulg
28, 9E9A YRS JubHo

=iy | l
neE A g3t WEE HT 197k 29

au)
N,
)
>,
3
19
Mo o
N
oS
i
rE
ol
ox,
o
h=)

7S POV Tzl
s—1
Y
o 5j=0 ‘
OlsgrtlE = (s,0) =(5,20)
TZTC:&—i
i=0
15*1 1 -1
MACD =M TC, ,—DTC,
5ji=o0 S pert
. 1% (s:l,m) =(5,20,5)
Signal — Y MACD,_,
mi=o
AY0|H MACD— Signal
DO TC,—1C,
sl TC, k=5
Aslks TG,
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Slow %K

Slow %D

e|YA %R

HH

I:IOl
T

CIEIVPS

o1
U= max(7TC,_,—

TC_;_1:0)
i=0
D= Emax G i 1= TG, ;,0)
H,(k) =max(TC, 1, TC, 19 TC,)
Lt(k)zmin(TC; w1 TG A+2""’Tq)
Fust DK, 4TC L)
ast 7o 7H;(k‘)7[/t(k)
m—1
Slowh K, = 1 N Fust% K,
M=o
Slow% D= %ZSlow%Kt
H (k) - TC,
VADEIAD)
LS e = 16,
SZ’I(A)
E—1
S, (k) =Y (2, —2)(TC,_, — TC,(k))
i=0
T, =i+1
zm ;
L 0
log(7;) —log( 7, ;)
\/Z [ 17— k))z

24
U
U+D

(kym,n)

o2o|E

=(10,6,6)

Xt2: John J. Murphy(1999), 2[4 #H(2000) &1, KMAF KHZEHS
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RI2 % HOIE 2 B4M

=

2. 718 SA 24

B ATONE 291 BAR, FFA /1AL A 9HE B9 83
SYASEY) V|2 EATL (2D, (E 23, (&

(H2-2) A0|Z 7|&SA

R BA 129 YU B 3= Ang
5TC 1.985 7.060 11.425 13.659 17.674  47.498

oNg 84=  3.750 10.750 = 15375  16.250  20.000 = 41.000
b 8= 8.600 13.650 = 15500 = 16.097 18.750 = 28.000
FFAZEE 1.748 7.455 11.826  13.717 17.072 = 43.441
FFACQIE= 2.382 8.410 12832 13986 @ 17.616  40.805

-]
2M2 b 0.436 0.781 0.962 0.982 1.143 1.870
FFA-ATtHIEZ  0.282 1.089 1.225 1.293 1.440 3.127

&-517)

0.443 0.877 0.996 1.008 1.123 1.646

0|58 g

MACD -14.610 -1.340  -0.039 0.000 1.503 11.112

Signal -13.332  -1.283  -0.003  -0.001 1.471 10.801
4ol -4726  -0415 0.027 0.001 0.453 3.433
DO -17.723  -1343  -0.073  -0.004 1.408 11.820

Hsts 0.453 0.885 0.991 1.021 1.117 2.018
SUZEX== 0.000 0.215 0.489 0.482 0.737 1.000
2gA %R -1.000 -1.000 -0557  -0.526  -0.050 0.000

Slow %K 0.000 0.071 0.457 0.472 0.860 1.000
Slow %D 0.000 0.114 0.461 0.473 0.821 1.000
=2 0.004 0.232 0.5632 0.522 0.796 1.000

3| HA -1.630 @ -0.163  -0.002 0.000 0.197 1.506
21Y4E -0683 -0.104  -0.004 0.001 0.096 0.595
HEMHRL 0.095 0.915 1.539 2.075 2.784 10.321
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Ha ESE 129+ S gd  3E?+ EoHA
22 0|38+ 2.000 7.063 11.419  13.661 17.634 | 47.423
3¢ 0lsg# 2010 7.079 11.415  13.662 17697 | 47.308
49 0|58 2.012 7.089 11432 13.663 17603  47.161
M olsg# 2010 7.086 11.460  13.663 17574 47.041
62 0|87 2014 7.068 11.425  13.663 17.577 = 46.981
740|887 2024 7.092 11.429  13.663 17.591 46.945
8Y 0|s8E  2.033 7.063 11.398  13.663 17.589 | 46.906
9 O|lsEx  2.046 7.062 11.389  13.663 17.546 = 46.843
102 0|58 2.063 7.077 11.453  13.663 17.524 | 46.739
(H 2-3) A 7 |E S
tHa ESE 129 S gd  3Ef+ EoH
47C 2.260 6.360 8.738 9.304 11.994  27.329
elle 8Mz 4625 9.000 11.000 11728 = 13.750 = 31.500
b M= 7.550 9.850 11.750 11606 13225  19.375
FFAZE=E 2.515 6.415 8.930 9.412 11.840 = 26.939
FFAQIE= 2.595 6.961 9.375 9.800 12.209 = 27.886
&=l 0.597 0.821 1.007 0.988 1.120 1.651
Stz HlE ' ' ' ' ' '
FFA-ATtHIE  0.436 1.077 1.205 1.267 1.387 2.757
&=l 0.647 0.927 0.999 1.002 1.072 1.458
|58 bz ' ' ' ' '
MACD -3555  -0598  -0.007 -0.018 0.624 3.624
Signal -3425  -0583  -0.009 -0.019 0.599 3.569
430l -1.323  -0.178 0.009 0.002 0.179 1.238
2HIE -3.787  -0.603  -0.039 @ -0.016 0.551 3.480
Hats 0.677 0.932 0.995 1.005 1.068 1.601
SUZE=X=  0.000 0.141 0.504 0.491 0.828 1.000
e»A %R -1.000  -1.000 -0.543  -0.510 0.000 0.000
Slow %K 0.000 0.021 0.477 0.487 0.953 1.000
Slow %D 0.000 0.071 0.477 0.486 0.8%4 1.000
=2 0.004 0.256 0.584 0.545 0.836 1.000
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RI2 % HOIE 2 B4M

=

Ha Sk 129 SSu g 3Ef+ EoHA

3| HA -0.484  -0.079 0.000 -0.003 0.079 0.479
2I 295 -0.361 -0.060  -0.004 0.001 0.064 0.417
BEMHRL 0.081 0.393 0.644 0.759 0.963 2.900
29 0|38+ 2.260 6.364 8.732 9.306 11.976  27.321
3Y0|3EA  2.265 6.373 8.752 9.309 11.978 | 27.232
AA 0|38 2274 6.365 8.740 9.311 11.965 27181
5% 0|88  2.282 6.359 8.747 9.312 11.946 = 27.066
6 0|58  2.293 6.367 8.756 9.314 11.956 = 26.970
7L 0|38 2302 6.377 8.757 9.315 11.920 = 26.820
8¢ 0|58  2.313 6.397 8.767 9.316 11.932 = 26.636
9% 0lz8=  2.321 6.392 8.775 9.317 11.911 26.465
102 0|58 2.331 6.406 8.766 9.317 11.913 | 26.257

(& 2-4) sD2tA 715

R BA 129 YU B 329 AR
6TC 2.544 7.554 9.507 9.878 11.464 21.395

oNg 8485 4.250 9.500 11.500  11.739 | 13.750 = 26.500
b M= 7.250 9.594 11.000 = 11.152 12500  17.500
FFAZE=E 2.620 7.740 9.548 9.910 11423 21.89%
FFACQIE= 3.015 8.050 9.780 10.123 11.790 = 23.991

g7l 0548 0967 1045 1042 1125 1514
2MZ Hg
FFA-AZHHIE 0814  1.048 1167 1246 1360  2.441
B0
osmaug 0703 0960 1000 099 1039 1.9
MACD 2309 -0366 0002 -0.031 038  1.755
Signal 2230 -0370 0008 -0.033 0371 1.717
QAo -0.704 -0.088 0001 0003 0084 0805
=L 2546  -0295 0010 -0.014 0318  1.82%

Hsts 0.782 0.968 1.001 1.001 1.032 1.384
SUZEX== 0.000 0.088 0.508 0.506 0.925 1.000
Slow %K 0.000 0.004 0.552 0.512 0.996 1.000

31



e .
B &=

En 129+ S gd  3E?+ EoHA
Slow %D 0.000 0.037 0.538 0.510 0.969 1.000
2e|»¥A %R -1.000 -1.000 -0.466  -0.493 0.000 0.000
=2 0.004 0.228 0.540 0.536 0.844 1.000

3| HAI=% -0.302  -0.050 0.001 -0.004 0.049 0.234
2198 -023  -0.032 0.002 -0.001 0.030 0.297
HEHRL 0.038 0.202 0.369 0.453 0.611 1.790
29 0|38 2.549 7.546 9.511 9.880 11.463 = 21.379
3L 0|ZE 2569 7.554 9.513 9.882 11.462 = 21.368
48 0|38 2565 7.544 9.5156 9.883 11.471 21.360
5U 0|58 2575 7.551 9.518 9.884 11.466 = 21.346
6% OlzB+ 2586 7.541 9.515 9.886 11.481 21.325
79 0lzBA 2596 7.546 9.520 9.887 11469  21.300
8L 0|5 E 2.611 7.550 9.519 9.889 11479 | 21.267
9 0|5y 2.625 7.565 9.5624 9.891 11478 | 21.239
100|159 2.645 7.570 9.5622 9.893 11473 21.310

;

ETRIE

5 AFoA SEHFEE AF U9 A, ofE S o] &7t
HEAHS AmEY (OF 2-14), <I™ 2-15),
yepdtt, Aol opujakA sigiubAo] 12

HE ] 7] 101.8%, 60.1%, 38.4%% ebgth B

T A7]= 15.7%= Alo|ZAo] 7} o mhfutATL 8.4%, 4
metulasl 45%0) WEAS L Ao Uekhtt
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(O3 2-14) Ao|Z 2 HEM

T
00s

T
0of

T
ooe

Aouanbai4

T
ooz

T
00l

00 05

(d™ 2-15) oLt

-05

oos

T
009

T
00

Aouanbaiq

ooz

Q

(a3 2-16) =2zt

02

04

008

T
009

T
oy

Aouanbaiq

ooz

0.4

0.3

0.2

0.1

0.0

-01

-0.2
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Fl[0] k= LA SIZEA
Ha
R p—value R? p—value R? p— value
6TC —.152%** .000 —.102%** .000 -.055* .010
e EME -.087*** .000 .001 .955 -0.006 .770
b M= .030 160 .078*** .000 0.054* .01
FFATEE - 041 056 -022 203 -0.006 776
FFARE  -156 000 -115% 000 0113 000
e —.165%** .000 -.081*** .000 -0.092%** .000
SME HIg '
FFA-ATHH|E 144%xx% .000 .008 .709 =0.11%%* .000
87l -.616%** .000 —.623*** .000 -0.741%x .000
OlsYx Hig
MACD - 587¥** .000 - 585*** .000 -0.705*** .000
Signal -.396%** .000 —.364%** .000 —.b4b¥*¥ .000
QA 0l —.664%** .000 —.73b%** .000 —.B51*** .000
ZHE —.884¥** .000 —.915%** .000 —.036%** .000
Helg —.946%** .000 —.982*** .000 —.992%** .000
HUHEEX| —.B27%** .000 -.608*** .000 —.Bb5*** .000
22 HA %R =737 .000 = 750%** .000 = 731%%% .000
Slow %K —.630%** .000 —.646%** .000 —.B74%%* .000
Slow %D —.392%** .000 —.387%** .000 —.502%** .000
e 263%** .000 274%%% .000 .250%** .000
3| HAS = A47¥* .000 —.399%** .000 —.bE2*** .000
298 —.824%** .000 -.879%** .000 —.932%** .000
HZEHX} 74%%% .000 N el .000 .165%** .000
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M23 HoH & Haid

=

A0IZ I tapA PEIEIEIN
Gy 2 2 2

R p—wvalue R p—wvalue R p— value
2% 0|88 = 127%%* .000 -.081*** .000 -.039 .065
3Y 0|8 -.098*** .000 -.068** .006 -.023 .280
4 0|58+ -.067** .002 -.034 AN -.006 .762
5 0|5 HT -.036 .095 -.010 .641 .010 .641
6 0|5 = -.006 776 .013 .b39 .026 224
74 0|8 = .020 .353 .034 .108 .041 .053
8% 0|5 = .042% .049 .063* .013 .056** .009
oY O|5HE= .061** .004 .070** .001 .069** .001
108 0|58 078*** .000 .084*** .000 .081*** .000

*

=
IA
e
o
(@3

= A5o] 1,194,
1,1989 o=+ 1,2699,
71 = At

C*ip < 0.01, **:p < 0.001

45 29 4%, ste 558 A nE Aol
sfgtol 12739 ASich Thuhas 45
Smattal A% 12419 sket 1,226¥0]
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HhE "ad




502 ofd 7|Z2o% BHIAAS ST LA Aol A7
L wolA ot %S HolFrt1)

1. CEEHMES

oS HA EZ(MLP; Multilayer Perceptrons)2 2 &&= A& A7
W(Deep feedforward neural networks)> B&d9] 7]Eo] H&= &
dojtt,
2 ERQ] 7|EZ0] 221 (718 3-1)3} 7t} 3l ®/|H
=. O

= &85t 1719 52 7 HSHAEE 728 EF5H o

=

o Ztt.
W;:m',;xmy;flﬂ'%i] Z‘i].ipé
b, :m;x1 I i=1, -1

Z;= I/I/ihi—l—"_bi» Z:L "'als Oq7]/\1 hozl', hl )

o
7 FEELE ERogl B40o] 9YZ(hidden layers) AFE0] SUth
B0 2YUFA thF Fo2 JHE GIHo R HAdstr] o
AAY AL &&= 4435 g AR St

SUMERS 2UZ Ji% A, £U4 4o, B4 A5 A

17) OfOIA|E} EFZIRAI(2016), S A194(2017), p.6
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H3d HeASEE &4

(O3 3-1) HSHYEE 7=

Y Y
Input layer Hidden layers Output layer

RPN RS

1) &&lgt4(Loss functions)

SdgrE L9 a2 B9 92 HolE o A9k A b
E

rlo
b
il
o
4w
il
b
b
E
Eﬂ
rr
ol
ot
lo
Hu
g
ifp
fllo
(A
ok
_0|L
R
(i
Ko

o
f
rr
o,
M
2
i
°
=
g
o
;
52
i
H,
>
S

@

=1

3

2
X
%0,
A

(1) YW Mg XKMSE; Mean Squared Error)
B AlF s S5V ASFY W FYuISHA ARRE=
EATSTE O3 Zo] Ao

L) =+ 3,9

i=1
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W

F OAL 71 8AQ FARANATE QY BEH o] B4
= Ack, EHYEE Ddold B A
Wy, 5,9 Aol AA L

(2) 2 2A QAEZI|(Cross—Entropy)
TEHS7E KN HFE 7 o AR E= AEA JIEED = o
=1} ol Ao

Lly,y) =— —Z Zyulogy”

i=15=1

BOF Vb W kel Sk g, = {10Z R gre A g0

WA AT Fol RS W A MR £ BB 04 1A
olo] gk 7AW RE BE Fe Zyu-—l et

5 2AFEE 4,9 @0l 0Y Ao 0« log(y,) 02 5,7 ¥
A B4 09] g 7HAA ek W g, glo] 191 A9, = i
A MR A 1 - logly;) 9] E4o] WIS Hed] 4, o 0]

SR g g BolAx 1] FhesS £42 0o] Bk,
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2) M35} et(Activation functions)

o

ox

o

ek

j)

rr

>

o

1o

2]

o,

>

Hel

o

do

>

3

o

i

1A

18
s

2]

fol

rlr i
dE oo o
offft oM, oflt

el

¥ Q] FA3} gheR= A0 =(sigmoid), Sto]HES] &4
E(hyperbolic tangent), ReLU(Rectified Linear Unit), AZETA
(softmax)7} Utt.

AlIEo|E s thadl Zo| o
_ 1

1+e ™

& TS ARESHE 0014 1AR0]9] 32 &8st}
2 A 10, d84E 457} &Z A% 00l 7Pk g2 S5t o
O

L2 AGEE 4359 A7E 2Esich

f(z)

stol 2 BAE Tt YE ABE 1914 140l 2 ¥ A
Ak AZRo|E 4ot §AH UE AEvt 2 Aot 10,
AL 1] 7he e EYsto] g R

18) MO|E 117((2016), HS ZIERH(2017) p.75
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RelUL HlmA] 3 F2uke 343} 945x theat 2o gojert

f(z) =max(0,z)

A whe Aitel 7hst ol e,

(O3 3-2) gdsils

2

1

0.6 ek}
1

0.4

2
1
0.z

b =
fa -
a
[
wo

oo
-

{2} Linear

]
1.0 15 20 25 30
1 1 ]

05

i}
0.0

{b) Sigmoid

&
-~

o=
fa -
a -
[
.
[

X2: KX} EH
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3) xmt

52 Yol gA3H(backpropagation) &

Tor

o} A A3t

& SHAR FHE19)

50
0

A

1

un

_W_o
_x_._._._
K|0
ar
ol

K[0
il

IERZQE

2

il AAHgradient)

(S

2 [of

%)

%0

o

f H199(2017) p.43

2

Xt&: Deep Learning with R, Lewis(2016), 0|

(19 3-3)3 &t

ofo]t]o}iz

2yt 2

el

gl

<

]

iz
R

of BAK

§ #194(2017), p.43

=Y

19) Lewis(2016), 0|
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(O3 3-3) AHnt un2|E 7= e

=PRI RS

2. X SHOverfitting)20)

A Ho|HE & shs= &3 &9 Hlo]

glolgof disiA=

(training erron)E FHAsH= AS 3
problem)2tal gttt gEd-2 Aok} g &1
= Zlo] opd A5} @ Z(generalization error) B2 Al @ F(test
erron)E 7Hs e A TE= Aot

At o2 HulS Sh55l7] QsiA o7l HolH 9 JoFES
o) &9 Al(training set)¥ AlH Al(test set) 2.2 Y=t 52 5

Mg shsoto] d g 2FTT} F A A

)
i
e
2
&)
!
S,
N
8
=
=)

20) Goodfellow et al. (2016), pp.108-114 E150{ Y
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A3 Yeidey 2y

2L gt &9 @ R77F AohH BAH W (underfitting)o] EAYSHA H
o 83 T F77F FAA| 9 dhte}t @ 7ot 37] Apolrt E HS

SHAlEE Qs 0 058 S5k AFL HolA ek o] 9

5t7] SIgk choral e A8 & Stk Y Tk g e o
ol AHgHE dlol 48 5o 44| dolget fAH T A
oft}. SHAIE ol A7k I8, AR T AR AYHOE AHE
71 olgth E B2 o st sty Fo] BT Aotz ¥

83to] £9 2571 94 ol "ol g s ol o] 9
o= M=ol 7% Alvalidation set}d TE3to] B =ITto] A5t

>
e

7] Aof| st52 H=ok= Thg 27]1EH (early stopping), S5
B L2 AAsHE EEok(dropout) Wol dg] AMEE 1

%0,
=

(3% 3-4) 2L YL, LAXE
- —_—
Undarfitting Optimum Overfitting

&
Loss

Genearalization loss

Training loss

Model complexity

Xt=: Dive into Deep Learning(ZA4: 2019. 10. 3)
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A2W BUTE U sauH

1. ekSH0IH

S5l ARSE ElofEl= 2000 9Y 1045H 201949 8¢ 50‘77}11
247271 & BE W20t AR7ES3E 220572 TAE QT E ok o)
ofEl: wEl WIIE 95 £ A AY Ao e} TAsit
A AL 20094 9% 1023E 20189 129 3197H4] 2,05770, A®
ML 20199 1€ 19%8E 201949 8¥Y 5U7HA] 148702 +4 3ttt

A9 TR RelU BhE ARl 2

)
ol
[
=
13

1) HI0|E{ XF&Hnormalization)

2 A7) ALGEE YAUSSE 0~1 Ao]9] S AL Wi
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X-” 3 Xt DIE-II—IE

|'[j_|.
HII

9
. Helge Hes Astep] 1l B RS Yele 215
o ; 1 e g

=
2 7154 929 7 a5 9T 2

ol& i dsl7] YIelAl= Hlold ghgoldd WMeES Htst s
ofof gttt E AFoA= H7E A E] U= Ml AT
4=, Slow %K, Slow %D, |29, &AL %RZ ATt 2= ¥4
HAE -1, 112 FF3otr] sl ofeff 41 o]&3rt

22— (max —min)
max —min
maxe 5017 49 JM%L OJu]stH min F017 H4=9] F|
27 REEE P98 S AXA = BE e
Agt %H% 7HA A Eo] PO ko] A Hr

2) Ho]AE

B ATAAE 4 weE 71 X1“
o) Wabt 4 g o) LY AE
wet A9 Wbt 24 g A9 o
A A8 1 402 A9 HEE Haate 3] oA
A =, olo] wet sHsEA e Hlolelo] halA et oS
Asg 7Fs4eo] ek,

o] BAZ 27l A HolAH(pasting 71HE EEIATT




HojAag 7|2 &9 HolHE 72 HEY FE0ke g2 w
Eoto] o] Hx 8 Ale F40HL o8 &9 47] HE BEe
HEE e Tt Holay VHE E8ohd 4 REE2 S
glofelo] wh gfet fES shaot do. HIFHoE Ho|AaH
7IHe 9 A 9 LdES A= (ensemble)sto] 32

Bz AgTOEA YHHG BAS RAT + Ark.

3) DAsSkS

= "4—?011/‘1b zd “i‘%ﬂ] AHgE & Al !’1110151’5‘ e g
6

_,d
)
jsie)
1o
N
N
o
if“
:d
o
N
ol
(4,
Y%
o
o
=
o
o,
ox
)-Z:
E
2
)
j=)

) 5T ZOHJ_ . ] el TESHA *gxgla EES
T2 e 712 0R dole ke AXste] MASe] WS [,
& FUsA AAstEon, of i 2 4 3
stof T2 dlolE2 48T v o] WHES BRI HHEE AA
o
7 mESe A4 Holg Al 10,0004 §HE Shasigon o
|9k g o nho Al gz aRs dERYY BY HHES AL
F =

or

A —

]_

2

ol

pds

[©)

stoitt. S50l FRE ¥ ARA AERuS} nd FFwst 7MY
= mo] Hapg HE B B A A 29 ¥F oISE
a2 ZEatlnt
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X 4 R 2474}

=)
SRR
A1E g2y 2y sz
1. B HILX|E21)

2% mde 4EAE dd ok 1Y% we E59Y
(confusion matrix)& &3ttt S5PE2 A4 g} A& S =
Ao G 4-1)3 2ol AAEG

(B4-1) 258 44
HH =Y
0 1
22 0 True Positive(TP) False Positive(FP)
Al 1 False Negative(FN) True Negative(TN)

=PRI RS

21) Tistory 22 (AA2:2019. 9. 30) A1 =Y
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= BAE 9E &9 True, False' = A4 32 &
< 9u]skal Positive’, Negative'+= SIS ko] 091
oJujgttt, =, True Positive(TP= 0°0]2t1l JSF=T
AR ghol 01 -o]H, False Negative(FN)2 AlA| gho] 014 1
A&, False Positive(FP)= AA Fto] 1904 022 A%,
Negative(TN)= AA| gro] 1919 12 A& F9E Uehd

5L 9 Alo] ofd Al A& o]-8sto] AHgH

< Hgo g o] NEE B RdASS HrlsHA =
ol A EZE HZ%, F1 score, AUCZ} Uth.

A 14A]

o,

1) MU (Precision), X{3iZ(Recall), MEHr(Accuracy)

(o] =
o =HofA ARSET FULE rdo] 002 BRI A 5 AA
021 H] &= Positive AEEC|ZIE ST AL AA 02 A
Z 1do] 007 =3t v &2 U T (Sensitivity)2tale St} 4]

oL gt Zol AT 4 Ut

.. _ TP
(Precision) = TP+ 7P
TP
(Recall) = TPL N

FhEs 2 A Ade2 dA dFolM &= S+ A

v JhoF R O&E 028 SHA| W @& 10] HA
‘I_

S 2d grh= A7 Q710 FEEet Aldee A0 &)
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rr
O
ille
::l‘
N
9

HZ=Z 4o=

]

A= 02 002 12 12 &

epdt.
TP+ TN

(Accuracy) = —5 7w

HYwE g AnHos wdel A5S e & gl B
Folt}t, ofX|qt, AA| gro] H3K(bias)H o] At g #het =
2 I St A AW 29 gso] sotile T S ¢l
et U EE, JLeE I 8ol Hd 5= B

7t

of gtt}.
2) F1 score
F1 score A E+= ULl L] X3t HH O =2 AALET
(F1-score) =
9 ¢ 1 Precision X Recall
1 1 Precision+ Recall
Precision  Recall
=L A

AeA S o, 229 5=

F1 scorex= AA| gfo] &0 2
o

oA WA 4 U

3) ROC2t AUC

FPR(False Positive Rate)=
&3t HjE & EAX &S A

o},

AA| 191 dlo]g FojlA ZEo] goje}
o7 fA 07 = gyt go] 13

I
=l
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ROC(Receiver Operating Characteristic) =412 o8 AAG
(Threshold)}& 7122 TPRAIE &) FPRY] WSS A4Skt 541
o|tf. ROC HA2 y=x L ZE T} Ao JA|stal glofof o A
= Et—ﬂ/ﬂl—_o] 0] ;q o gkl &~ 011:]- g 7 Aglc—)_ H]_Tﬂ_ /\]oﬂLL—:
Hqro zo

ROC Z4o] 9Z 9] BA 9} /IE4E AL £
2 4 9k

Aoz gt

(% 4-1) ROC 3M

Onr L AE0 R SR 400 Gl LA R0 T 15K
False positdve rate

Xt=: Openkye Python Cookbook(ZAY: 2019. 9. 30)
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H4g 2420

ol X}F £ WA =L of

>~ il
ok
S,
1o
iy
>
Y
9,
N
i
i)
il
9,
i)
Hu)
)
Uﬂ
Mo
)
et
O
P>
:%
i,
ol

s

EEPT ]
_ Al A
g CES SR 2P
A4 mED 24 FEE AN mEc

model1 .255 745 .300 .678 .296 .706
model2 204 816 .260 729 .351 .650
model3 211 816 .263 .735 .380 510
model4 .238 J74 274 726 319 .650
model5 218 813 .289 .685 336 615
model6 228 .800 292 .698 301 734
model7 233 781 .302 .678 313 .706
model8 .246 764 282 716 329 671
model9 .308 643 327 .600 307 643
model10 212 .808 275 J11 311 .664
model11 233 77 312 .698 316 .650
model12 222 .785 276 713 320 .601
model13 .206 819 275 720 317 .664
model14 241 J73 .298 .663 .355 .687
model15 213 816 .300 .670 330 .608
model16 .200 .834 .267 .705 379 .587
model17 .239 784 .283 .696 325 671
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ol
i
bz

_ Al A
S CES SR P
A4 mED  2M FEE AN mEc

model18 241 .768 .266 724 .306 622
model19 .248 .766 .298 .696 .287 720
model20 .250 748 311 .667 313 .650
o 232 781 .288 .695 324 .646
Add= 218 .850 .268 738 290 .709

Atz KA 2

thEo g miabA 245 29 WRkd B4 Ad= ofef (H 4-
3} Zro] yepdtt. HolAyg 7S B8 2000 Y SAHIS &
A AR AL Al?é Aol A Z}7] 0.175, 0.229, 0.309% LrelEoH,

, 0.7082 YEEtth ofpatAAd o] Aol A
o] Lo} u}iy}ﬂi PYE At Hlo 1N=4 EEJ_EA nﬂ%xlit} =3

<

rﬂ‘\”/

o

=

S2 Ml
_ =T =R
g HX 53 A A M
2 Mae 2 S aM Hsc

model 148 .881 190 .834 426 713
model2 197 .826 241 759 311 692
model3 156 .860 .206 818 324 699
model4 .188 .833 229 .788 .256 762
model5 175 .843 .255 757 217 776
model6 .200 817 232 772 .260 748
model7 75 .841 .248 740 403 .608
model8 .168 .856 204 .832 .288 720
model9 72 .853 .238 775 327 .657
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A4y =420

Py _
S Bx 53 A 248 5 i
24 mET 28 mET 28 mEE
model10 164 .869 196 .821 217 797
model11 209 798 267 744 .296 713
model12 186 .829 253 742 334 650
model13 163 874 219 783 .340 657
model14 151 .883 243 770 347 720
model15 156 .859 202 794 327 671
model16 197 .832 209 .821 225 748
model17 185 .829 .248 770 225 776
model18 180 841 230 814 400 650
model19 170 851 .226 799 .367 678
model20 169 854 .251 742 .298 727
s 175 846 229 784 .309 708
WA= 163 879 211 810 271 723

INEHPSIN RS

OpAEtO 2 SpargpubA i}% A R Bl 2= o (7
4-4)F Zo] Uehdth. Ho|AY 7S B9 20/ B SAPHFS
A, A AL AIE A 2}7] 0.143, 0.188, 0.298% YEFFO.
™, J= 0.878, 0.828, 0.794Z Uepgtc) xetubs mdlo] 7
9 29 &4 AE E4o] g2 F Agd vlg| 2 Zols UEY
ngoﬂ 13:,1_ _q.q]x-‘l QF &= 01041-4. = ndn opiE A
77} wlojAy el HiEoh A Uehdon BiA EAE o

& fEdes &+ At

r+ov

CIE

=
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_ Al M
7 & R ag A
&4 g & e = gl
model1 151 873 195 .821 .363 .769
model2 47 .885 74 .862 422 762
model3 47 879 175 .851 272 811
model4 159 .860 202 .821 .237 818
modelb 143 876 207 .788 479 .755
model6 137 .881 .186 .825 225 .839
model7 134 879 190 .829 327 762
model8 135 .890 181 .825 227 797
model9 127 .893 162 .858 .396 .790
model10 143 .878 180 .838 212 .846
model11 135 .896 161 .856 210 832
model12 .180 .834 220 .796 271 .762
model13 47 .886 184 .825 276 .762
model14 132 .891 192 .829 315 .804
model15 148 .856 .186 818 329 797
model16 130 .889 199 .816 224 797
model17 138 .883 185 823 .290 790
model18 149 872 208 .832 232 811
model19 A77 .855 .208 .801 .395 .769
model20 123 .899 A7 .856 .254 811
(=TS 143 .878 .188 .828 .298 794
Ad= 133 .900 A77 .840 218 797
=PRI RN
e ZEdS VIRte R oF AF g dS2A0et dAENE
T SEPE S ot E o] FAHH.
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H4g 2420

u 4_5> 71|0|E _§_ESHE1

oco=2
Al Al
B2 4 e NP =
48 8t 45 B
g M& 767 136 903 g M5 B3 17 70
F 52 209 945 1,154 F o= 26 52 78

976 1,081 79 69
Rt XA} 2H
(E 4-6) TiLA =5AB

3
s21 4 A Al Al A
Abs 2t Abs
g2 o5 831 139 970 g M85 73 21 94
o5 131 956 1,087 7 s 20 34 54
962 1,095 93 5b

11— o=
| |
A M <A WNER <A
48 ot 48 ot
2 A& 906 102 1,008 2 AL 65 15 80
2 &= 131 918 1,049 7 &2 15 53 63
1,037 1,020 80 68
PNE=SPSIN RSS!

SEIES vgoE AgdE 14 YA EE Fo 74 ZEs
< Hlud] HAG A o] A3t HE VISoE ARE
AARH EH (E 4-8)3 T2 AE IS & U HE A
H7F emapgA 9] Adso] 7HY £Oow oJojx mpupubAs,
AolZ Lo YUETE E3N & Al AF Alox Z+ A RHE
9] zpo|7} fxmetur Aol 7Y ZA UEGET ol Xty
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(H4-8) UYE /IR

o Aol LREIES STaA
AE == NG R I |- B BN |-
S .786 671 .864 .785 874 812
Wik .849 757 .857 77 .899 812
SEl 832 .709 .869 723 .887 797
F1 Score 816 J11 .860 781 .886 812
AUC 915 784 944 797 .963 .880

R KK 5

HPE olEENE AER Uehhd (I 4. (AF 43,
O 4-H2 2ok WA LY PP oE At mE sl
WP, B Sjold WRoR BAE AAe ol 2wl v
A90l= 2202 FAA,

Aolmie] A9 Arjsoz golo] Mol A Leht ke 4%
o s} 9t A Wbt B3] Aol Pl gxloln 2 HJ
e 714w A% Skgat sket shgo] wISsiol olo] Hist Bt
S ) Q2SO 4 Ak ST Y] 2 W] e A
Fole Hus 29 WS oESe A %

- O™

Q.
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(O3 4-2) 70|12 G EZ1

n

o
9
o

]
T
&
nsag
=3

o
N
o

Date

UP + DOWN =+ FALSE . Down Probability

PN=RPRINESS]

20000~ -1.00

o
)
T

15000~

o
g
Aygegoid

IH
N
@

2017 2018 2019
Date

UP + DOWN =+ FALSE . Down Probability
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1. Hn =Y

2 ATANAE AFAFY AN o3 2D H52 B Sl
REHQ 7|4k BU AEE Wl AT} BY EYAES v
ELERE

1) MEE HE HL(SVM)

AZE WE WAI(SVM; Support Vector Machine)2 0%l g]o]
12tollA dlolEE 7MY & £ 5= 249 2B ¥ (hyperplane)
et 2HWHE 7SR VM 7R 24 HEY] TP T
o e WE|(support vector)2}il FE=T] o] A|ZE HE
ot 2 H Ato] 2 /ﬂﬂfﬂ«l ZHHE UW(margm)O]E}i g ARE
H_ﬂ

(hyperparameter)& =5t QA& o&st= H=E Z2H3At C
ol ALSE o5 A 5]-&oto] FojZ HojHo A HE==
EA7F st C & A ot FolA glojgo] HAHEE =

EA7E 9ol AP C ghe Mt Zlo] Fasth
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(1% 4-5) MZE HIE| 0{Al

Hard margin

Decision
o boundary

Decision
boundary -
-~

® Class1 () Support vector
@® Class 2 © Sample violating constraint

A= Medium S22(ZAY: 2019. 10. 6)

2) I HAE(Random Forest)

JAFE U (decision treeq= 2AHFER FAS UF F2E UE
Wy A dolgHE 2 /o) Jdoz ERske wWyolth 9AEF Y
e 9 gHoR At S5 JdEe A o
_/1\_ /J;}f 1'7@0] ohq. o]—X]UP 7Fst H]—lﬂ oz 9] OH o]
A sksHolE7E ofd A2 Hlo]
I gho] @A¥she @ol o

RO

+
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(O3 4-6) 2 ZYAE

Random Forest Simplified

Instance

Random Forest f,.f—-” f' R

"“*——h.

mmm

Tree-1 Tree-n

Class-A e lalss-B Class-B
| Majority-Voting | |
Final-Class |

A= Medium 222(2AM2: 2019. 10. 6)

2. 2RYSH|W Zit

/1

HEEYS GESHAEE 293 S5 dolad 71He
ste] 20719) LR AL o] F FAEl] ATE 29 5

Aol Aol A4 Ed Ao glojAE BREAAES 44 Aol
Zorom AXE WY M4, OEHAEE 02 ud Ao £
Acw tehgth A% A% Ale] delAe OEHAEES A8
3 A9 LE AEAA 7MY 2L wdlz vt 55 thEuAlE
£e 4 wd F FA AT A Ao xol7k g Akt of

Q.
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2
&
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HAEZo] vz & golgd Arjaet HA dE<S UErd
ot E3F ROC FAlE HE ol oS HAEEC] 7MY &2 4
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H4g 2420

(H 4-9) H0|Z= 22T}

oy UEmMEE REEFTIE AR AE
_— (MLP) (SVM) (RF)

Y R V- I TN
P .786 671 977 481 .998 .608
s .849 757 972 .704 1 .686
g .832 .709 .976 615 999 .642
F-score .816 AN .975 571 .999 .644
AUC 915 784 992 .561 1 712

Atz KA 2

(2 4-7) AO|Z ROC BN

075~

name

sensitivity

P

— swm

1.00 075 0.50 025

=PRI RN

shpetade) 24 Bdo) A9 AH Ao Ao mARTt B A
52 Uehfit AEEY glo] A5t T Aol i Aolx
9 upbAel ARE J1Ssgon, A AA: Fuzet

F-score A Ho|A ThEHAE ] ]~]_ 7/ﬂ = vehgt %1‘% z
Sl A5




B 4-10) DiL{2fA 24423}

oy UEmMEE AEEHE(DA PHEREHAE
X|E = (MLP) (SVM) (RF)
g8 HAE 3 HAE  2H  HAE

gUE 864 785 .983 .6b6 1 .656
xsig 857 777 975 744 1 910
pSiiie .869 723 .981 .642 1 743
F-score .860 781 .979 .697 1 .763
AUC .944 797 .995 .679 1 .812

Atz KA 2

(O3 4-8) mtatA ROC 54

name

sensitivity

P

sv

0.00

Sexeurs B4 A7k Ao|nAo] Avtel SUsH] Fad AA
L AYEAAET A Sgon, Y AAL TEHAEE
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A4y =420

B 4-11) 2T24UA A2}

L gy  UEmEEE MNEEHE|HA AHEHTHAE
_— (MLP) (SVM) (RF)
8  HAE  3¥  HAE 33  HAE
M 874 812 972 588 1 775
Mg 899 812 970 734 1 775
e .887 797 971 662 1 757
F-score 886 812 971 653 1 775
AUC 963 88 993 678 1 831

Atz KA 2

(1 4-9) $TajatA ROC TN

075~

name

sensitivity

— we

— swm

0.25-

1.00 075 050 025 0.00
specificity

Rz KX 5
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1 A3t Ao|Z Ao A e LT} 70.9%, FHEFA A= 72.3%,
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2. HuRH 2M ZHa}

-1 =2

HI

==

HaRdgls ARy 7JHo g guhs] -E T Qs AXE H
B HASVM)T dHY ZHAERF)7F AREE QT vz Eo] 7
o= gaid 2di} VAR Ho|AY 7O R HolHE &
of 20719 RS Akl ol YEE sto] e =&

Alo|ZAd 9] 4% SVMI} RFQ] a7t Z42F 61.5%, 64.2%C1 13
oy gajy Bdo] AL 70.9%% 7P =9tk shdtAo] 490
£ RFY A7t 743%= deld ZEET thh =9%tom SVMY
AHe 64.2%C1 1HT. S eparAl] ik Ao et npbA| 2
gdeid Zdo] 79.7%= 7P =3k REZF 75.7%, SVMO] 66.2%=
P @2 FIks B9

Al AP SeIA & o Jeld BE At 7Py £ 1 o
+°] RF, SVYM2] =ol3lth. SVMeu RF7F R1E4A14E Adel 2
Ho}p 955 475 HQl A7k Yoy o] At Had 2
o] 7t S Ao 2 UehET ol dERsY] 44Tt HolH
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WEY ge] et Fao] ot UL 5 ALS Yulsh oz
si4 et
22 ¢+9 710
o AL A WG oS0 et AFASRD A
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o4l T &4} 7|&4] B4 X #E o83t g IATF7FR] 4= HigHyg
dl& . Fet=do| g A a3 A 28.2, 2017: pp.287-295.

A 9], TSupramax Bulk Carrier Market Forecasting with Technical Indicators and
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