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EXECUTIVE SUMMARY

1. Purpose

= This study aims to establish multiple prediction models with
various Al algorithms in order to provide the high-quality
forecasting information service for shipping market
conditions, allowing shipping companies and the

government to make data-based decisions.

- Since its first publication of "'KMI Weekly Shipping Market Focu
sy on July 22, 201349, the Maritime Big-data Analysis Center of
the Korea Maritime Institute has been providing information
pertaining to shipping market conditions for various market
players such as the government, shipping industry and financial

area for more than 8 years.

4) KMl Homepage)Periodic publications)Trend information)KMI Weekly Shipping
Market Focus, Based on posting date

Xi



(Progress status of Al-based model development studies (2018~Present))

Progress status of Al-based model development studies(2019~)

\ o 2019(1st Year) 2020(2nd Year) — 2021(3rd Year)
S8 Al-basedforecasting Al-based forecasting Al-based forecasting study on
s 2 study on oceanfrightrate studyonoceanfrightrate oceanfrightrate
Establishmentof Establishmentof Establishmentof short-term
e DNN-based model LSTM-based model forecasting system
o O o e e
Not satisfied
i | ~ 2019.Jan~ — 2020. May~ — 2020. Dec~ person 3%
RONE\BIDIS Starting aninformation Starting aninformation Conductinga
i " service hased onthe service based onthe surveytargeting
results of Almodels results oftime series models subscribers of
= Presenting weekly Presentingweekly weeklypublications
= Ef forecasting results forecasting results

Those responded with ‘notsatisfied”
ontheforecasting service accounted
foramere 3%(No. of respondents:136)

Source: Prepared by the author

- The weekly publication began to provide the result of
subsequent week's freight rate prediction model based on DNN,
which was developed through the 1st year study conducted in
January of 2019.

- Since May 2020, the weekly publication has included the result
of the VAR/VECM model, the traditional quantitative analysis
method, which was established in the 2020 research.
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EXECUTIVE SUMMARY

(The status of restricting the "KM| Weekly Shipping Market Focus, service)

(a) Existing service (b) Starting the DNN model-  (c) Starting the quantitative
(2013.7~) based service (2019.1~) model service (2020.5~)

KMI Z2IH AR A — i =uzevs
1, & 4 %
- ez 1
A |

ey ol

HEaH0

Source: Prepared by the author

= This study aims to improve the quality of the existing models
by establishing new models with various Al algorithms, to
improve the prediction capability by introducing a new
methodology, and to provide the high-quality service by

lowering dependency on a single model.

- New models were developed by utilizing DDN, LSTM and GRU,

the representative Al algorithms.

- Given that the weekly publication is currently providing freight
rate forecasts by classifying them into the rise and fall, this study
intended to verify if the prediction capability of new models was
improved compared to that of the existing models by

establishing all models as classification models.
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= This study aims to enhance the applicability of information
from the perspective of users such as the government and
shipping companies, by extending the prediction period of

models up to the quarter.

2. Methodology and Feature

1) Establishing multiple models utilizing various algorithms

= Models were established basically in the classification form
by using DDN, LSTM and GRU, the representative Al

algorithms.

(Type of deep-learning algorithms used by suggested models)

Category o
[tem Characteristics
Common features Concept
sl TSSO ot
DNN pie fay algorithms to
. excludes the concept of
* A representative recurrent cOme across
deep-learning
algorithm In the form of recurrent

neural network, this
model utilizes
information at the prior

LSTM | ° The algorithm
structure consists

of input layer, time * The structure is
output layer and a — ) designed to learn
number of hidden | Similar to LSTM, but this |  time—series data
layers. model is more suitable
GRU for actual utilization due
to improved performance
in calculation

Source: Prepared by the author
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EXECUTIVE SUMMARY

2) Adding the variability analysis to the data preprocessing
process.

= Data preprocessing refers to the process of processing data
into an appropriate format prior to analysis and is the
essential step to improve the data analysis performance of
models through the process of filtering missing values and

abnormalities, etc.50)

= Since data is not present as a standardized format even in
the process of establishing Al models, it is essential to carry
out the data preprocessing work which filters data such as

abnormalities and missing values and unifies formats.

= Al algorithms adjust the weight of variables and the size of
bias to reduce the margin of error between actual values and
predicted values, and in this process the algorithms fail to

extract or analyze the features of data.

= This study aims to enhance the predictability of models by
introducing a new methodology called the variability analysis
to the process of extracting the features of data in the data
preprocessing process.

- With such operation method of the algorithms considered in all

the models developed since 2019, the step of extracting the
features of data was added to the data preprocessing process.
5) Lee Woo-sung, Oh Seong-Jun, Ahn Deok-Ho (2018). pp. 27.

6) Yang Hyun-Sik, Im Yoo-Bin, Lee Jin-Young, Kim Dong-Hyo, Kim Se-Jung, Kim
Hying-Joo (2019), (pp. 438-439.)
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= While our existing models extracted the features of data by

the technical analysis method, this study newly introduced
the variability analysis with a focus on the high variability

of the dry bulk shipping market.

{Preprecessing process in detail of suggested models)

colli):ggon > LearningJ Verification} L Test ‘

[ Data <{ Data ){ Data }
input p

\4
Model } Model - Model }>{ Model

structure L bt o
design learning verification prediction

reprocessing ~ | partitioning

ke
Data -Missingvalue
combine -Normalization

Data_ Variability | /Techniqal
analysis analysis analysis

K= M A

Classification Time-Series

(Differentiation of data preprocessing)

Data Preprocessing

Technical Analysis Variability Analysis

Decomposition

Log returns, Period,
Moving average, D§|Iy \_/arlablll_ty, ,
. Historical variability,
MACD, Signal, Width of fl .
Oscillator, Momentum, | - - Id-t © u_ctuatlon,
’ > | Time—series data | Variable ratio,

Change rate, Relative > ©
strength index, decomposition | Probability of

Methodology SLow%K. Slow%D trend, cycle, moving within the
Percentilé Recess‘ion seasonality, range of variability,
coefficient, Log random Ejg‘?uitigrt
returns, Standard Probability densit
deviation, Williams %R DIty density

function, Basis,
Spread, Williams %R
2019 Freight rate -
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EXECUTIVE SUMMARY

Data Preprocessing

Classification . . Time-Series
Technical Analysis .
Decomposition

2020 Freight rate -
2021 - Freight rate, FFA

Variability Analysis

Source: Prepared by the author

3) Improving the applicability of the FFA data

= As another approach to improve the predictive performance
of models, this study sought to improve the prediction
capability when predicting freight rates for the subsequent
week and extending the prediction period, by significantly

enhancing the applicability of the FFA data.

- The FFA price is useful data to analyze the change of shipping
market players expectations for the future market.

- Looking at changes in the FFA price trend of Capesize ships
presented as an example, it can be found that the price changed
immediately both at the time of the Brazil dam collapse accident
in January, 2019 and at the time of the spread of the COVID-19

pandemic in December of the same year.

= This study added the Basis and Spread analysis which can
utilize the features of FFA in the data preprocessing method,

and extracted the features through the variability analysis.

- In the existing models, the data preprocessing method such as

the technical analysis was applied only to freight rates.
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(FFA price trend of Capesize ships for the following month contracts
(2019~2021))

(a) Trend of FFA weekly average price change after one month

70000 2019 2020 2021
60000
50000
40000
30000
20000
10000

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 48 49 52

(b) Trend of daily price change of FFA monthly contract at a specific point
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Source: Prepared by the author
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EXECUTIVE SUMMARY

3) Utilizing various verification methods to verify the stability
of model prediction results

= This study finally selected the models in which the stability
of results was secured via recall, precision and F1 as well

as accuracy.

= This study verified the performance of models once again
with additional untapped test-set data, other than the
learning, verification and test-set data used in the process
of establishing models to prevent both overfitting and

underfitting in advance.

- Since the verification of models is generally completed by
evaluating the performance of the established models with the
verification and test set, when used in practice, the predictive

performance of models may be deteriorated.

- This study sought to secure the quality of prediction results to
a certain level in the process of predicting and servicing freight
rates with the actual models by carrying out the verification

process once again.

2. Results

1) Summary

= This study established and provided multiple models with the

extended predictive performance and periods.
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It established the subsequent week's freight rate prediction
models using DNN, LSTM and GRU. Specifically, DDN showed
the higher prediction capability than the models developed in
the 1styear.

With 80.0% for Capesize ships and 86.67% for Panamax
ships, the proposed prediction models were shown to have
their predictive performance improved, compared to the

existing models.

The accuracy of the 1¥-year models was 70.9% for Capesize

ships and 72.3% for Panamax ships.

It was also analyzed that introducing the new data preprocessing
method called the variability analysis and expanding the
utilization of the FFA price led to the improvement of predictive

performance.

This study determined that DDN is appropriate when
establishing models with present and multiple variables in

the process of establishing models using various algorithms.

It was determined that DNN, which adjusted the size of weight
by variables via the iterative learning of given data, played a
role in reducing the dimension of variables among multiple

variables due to its operation method.

On the other hand, it was analyzed that the time-series
algorithm had a relatively low speed by learning the given input
variables in its operation method and its prediction results were
lower than those of DDN as the weight of the same size was

applied by the number of learning times.



EXECUTIVE SUMMARY

= In this study, the freight rate prediction period was extended
to 12 weeks through the DNN-based model.

- When predicting freight rates after 12 weeks for Capesize ships,
the accuracy of the established models was shown to be 60.67%,
and 82.22% as for Panamax ships.

- As a result of evaluation with the performance indicators of
overall models, including accuracy, the accuracy of the
Panamax model was shown to be high at 82.22%, but additional
supplementation is required for such accuracy to be realized

as actual service.

= Higher accuracy and stable prediction results were created

when the prediction period was extended up to 7 weeks.

(Research progress status after 2018 and differentiation of this year’s
suggested models)

Classification 1%'Year 2" Year 3" Year
(2019) (2020) (2021)
An ocean freight | An ocean freight _ )
rate prediction rate prediction Al base(iljrrlwulhple
Development model  model using DNN | model using LSTM models
oo ) (Classification
(Classification (Regression
model)
model) model)
Eonséruitta mgdell Establish a model | @ Develop
ased on technica by utilizing multiple models
analysis by utilizing |, .
Model time-series @ Extend
the fact that h stics of o
shipping data is characteristics o prediction
Features shipping data period

highly vulnerable
* Utilize price data (unit: day)

Data * Spot: freight rates, chartered frights,
Futures: FFA price

* FFA price + add 2
months contract
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Classification

Preproces
sing

Algorithm

Significance

Limitation

Utilization

1°'Year

(2019)

Utilize freight rates
for technical
analysis

DNN(Deep Neural
Network)

Develop
Al-applied models
to ocean freight
rate forecasting
and provide the
results

* A single model

* Provide the
service after
adding weekly
forecasting
section in
existing weekly
publications

2" Year
(2020)

Utilize freight rates
for technical
analysis and
time-series
decomposition

( Extract
characteristics
by decomposing
the components
of time series of
freight rates

LSTM(Long-Short
Term Memory)

Develop and add to
the model by
utilizing time series
characteristics of
shipping data

* Al-based model
but it contains
limitations of
time-series
model

* Forecasting
results have
been provided
since May of
2020 generated

from two models

(Al and time
series) but there
were cases of
showing
different

prediction results

3 Year
(2021)

Introduce
variability analysis

(® Extract data
variability

® Extract
characteristics
of data for FFA
through
variability
analysis

DNN, LSTM, GRU

Boost the
predictability
based on multiple
models and extend
the period

* Supplement the
limitations
(difference in
results,
prediction period)
arising in the
process of
construction and
service of the
model

*The
establishment of
multiple models
can make up for
the potential
issues resulting
from distortion
from a single
model.



EXECUTIVE SUMMARY

1°'Year 2" Year 3 Year
(2019) (2020) (2021)

* Extend the
prediction period

* Add ‘prediction’
section in
existing quarterly
reports in the
future

Classification

Source: Prepared by the author

2) Policy suggestions

= Prediction models introducing various methodologies

- When the actual models are applied and utilized for prediction,
it is not uncommon that their predictive performance becomes

significantly lower than what is shown in the experiment.

- It is required to verify the predictive performance by securing
the large number of models based on the conventional
methodologies along with the latest techniques, and to make

continuous effort to improve the performance of the models.

= Differentiation of methodology application with the point of

forecast time

- It is required to establish multiple models appropriate for the
point of forecast time which reflects actual situations more,
depending on the data creation cycle, the algorithms of Al and
conventional methodologies and the pros and cons of their

operation methods.
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Promoting industry-academia-institute joint researches

Given that active communication with the government and
shipping companies has been difficult due to the COVID-19
pandemic, it is required to prepare a system to identify the needs

of the government and shipping companies in various forms.

It is required to promote joint researches which could provide
opportunities to share specialized knowledge in theoretical
areas such as new technologies being developed and the
conventional methodologies being improved, along with voice
from the field.
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sheo] ALk HE71E0] A2 EACE metsir
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sz S| OfF 50| Pl G 09 00| 26 O}y e

OPEX& Sfé,%e el

T 7HK| WS Aot FMIE FEot A2 FMIE st

o D|HE =

HetH (smoothing) Yot HEE A7| flolf BiE
FM|, ARY, 7 1H 2

=8 (Decomposition) T =3, T , 212t
T

ZM|2l4f (extrapolation)

ZH (Filters)

XI7131H (Autoregressive) | GIEX|7t 27 AH|ze) MEXSIOZ HAIR
o
=

dd =HE XMelok=s #Al

2l 71E X713 HARMA
BEAR|Z|ADE St ENPAETE )2
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24714 FQEY
Cts3) SHHSE OIS0 | 2ol 8t 7HX| 0149 AEH2 F-E B
=) Al
o
HZH 2 SHUSE 0)5517| U5t ST HANAY
>z 24 THRAEM 58 FHot AEHHES OIS
DRy CHE 7FYOR 0|5RI0| PiZt4e 24
4. BEEN
gz ig@@ﬂm%mg?rgg% Lot | f[ot SHEEAO0| At
o O
A= O AERE TH2AN S, YAS 2 H(2015), BIBAL p 878

|
=

1. =Y 7|8

=2
ik
Ho

Beenstock and Vergottis(1989)5)= ﬂ—r % o7 ?_3}04 F2A A
X]—_J H]—.O_Q_ EA4—}7] HOH __,,.%L _Q_k] lﬂ]/ﬂ %‘
DES A5t ARA BskE Tﬂro%}ﬂ st Eﬂ?—’tfé’i} A& A
St B HHEGRSLS)0S o8l RS FHsIATE

24 A8 o2 S0, A% 3T 8FE olgsle] g e

$83 M = K*(FR/apPB)Y @Y

o714,

M E-utd $=Q(demand for ton-miles)

5) Beenstock & Vergottis(1989), pp. 265-280.
6) Beenstock & Vergottis(1989), p. 270.
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FRE 2-YU(freight rates)
P

o
= Aeko] thQJH|-8(Unit voyage costs)S Lottt

T K = K(1—\)— 8T+ COM

K= 324 AEH(anker fleet)
= A H]&(proportion of tankers laid up)
ST= 24 -4 tankers in storage)

COME F-E&X(combined carriers)S Lot}

Beenstock, and Vergottis(1989)7)= 2>UAI% ¢]oj
A AR ot T2 S S0 ZES 501 A

QENIEEEF 10% 271, A2-87F 25% AFS)of| w2 J3ke =&3}ct.

Luo, Fan, and Liu(2009)8+= ZIHo]H & d&st7] floff &% 5
9 I 7t TAE ol8sto] thEat T2 78S Aottt g ol
59 B3t A 29T 2% 8, HA 7149 R AR, U
o} Q= A Zholli= &fol7h WAggict. T3t 7hA Q] Wish= 4299 T
upet HE3teh o]t 7S ZAR AlA Aoy Ao gt Wg 4]
I} =g Hsto] w2 2919 BiskE £7gsl] fIgt 2709 WA A ofet
2ol A5t

InM, = 0.947+ In K, + 0.31 X In (FR/ PB),

In(\/(1—)\)), =3.673—1.435 < In (FR/ TQ),
—2.096 X In(FR/TQ), — 1

7) Beenstock & Vergottis(1989), pp. 263-280.
8) Luo, Fan, & Liu(2009), pp. 507-523.
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A2 fwol7] ga) 1980495 E 20081714 ZElold A% AEES 3
| 2|24 FH(BSLS: three stage least squares) 2 & A3} o] ®

EGuse} oAl JUBAV Yeld o) B H5E 0]83) o]
BASHE 297 HAAEET AR 7 oA AuuAs 19
23 3]A(SUR: seemingly unrelated regression)7} T4 A WHE
oz 24 Av Sact 2949 90% oS AHT & k.

D,

o

rlo

ol m.% r_v;

fr

AXy =P, Y, g—nc, Xy g —nc,OIL, 5+ ey,

=P oY, g ae Xy g~ ase,OIL, g+ ey,

AP, =0AY, = 0pAX, T ey =AY, — as A X, ey

of7]A,

Y : fElojd % 8

P : TEUG A% &4

X @ ZAgoly FF(AHD)

OIL : ¥A 714

0 @ &L Q=AY Aol Wit

Beenstock and Vergottis(1989)9¢} Luo, Fan, and Liu(2009)100
T B5F 3TA HAAGHE ARERET ol 284 HAaAlEHE 7|Hre
T Qi 29 AR Bt MgE ol8e 4 Rkl ol WA
Aol A7 QAT JHEAE 7HAHA olF siEasty] fIsh AR
ok= Wolnt. siollAe 789} a2 ol&dl U= ASsh=t v

3} o] 4 W47k vk g,

9) Beenstock & Vergottis(1989), pp. 263-280.
10) Luo, Fan, & Liu(2009), pp. 507-523.
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9 Q'=oyto, Praxte!

TF Q=4 +8Pt+e

N

w1914 H LA (2009)11>% ol -3+ Aol ot TEFl B
73 7HEox F3E A
=0} 714 ¥W4E= WA (endogeniety)S ZHA| Hokal Awsict,

=

glAZdo] WA Wt 9l e 2ol A waeel oxje) 7 AT
TAZE GAT, WA #igets 24 wof =4#4=(1V: instrumental
variable)E 0|83 43t 4= Qlt. 284 HAAFHS 24517 YaiA
£ 19AE W40l Q& 7HE BSE SEHUSLE of A4 1Y
W 2E sl gt SjHA R 243ttt 19A oA 344 P A
PV 37 mdoA PE PE thAIste] OLSE F43ith

2. NAE 22 Jdt ol &

1) MAIERaHY

HBE- 77122201912, 0]4-8(2020)139] CE:rLoﬂ Ae EA=E(Y)

FAGET), =ZHEHE0), AZHTHEO), EFIHTHEED=

_l

wofste] dSste AAE aaEdEE o8l 2Ue dSokith 19
2 FEA-23(2019)2 21 A3 © LY SFREE 2AAET} A
USRS Hafotal o2 viFo R 7] di5g Algste Y RdS
2gstit
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r

FAIEE

AES 2=3517] Yol s=F-TYAFE e (Hodrick-Prescott

filter)& AtEATH TE-2H AR Geie o £49 AEths 4t

She 77 2 AXSHS Mol Agto] 248 FBAo] AXY Fe4E

ANAEG ARt GABH] EH @S S5 2E, 2019).14) o] H¥ o
2 2A(T)9} <350 T3l

ARG AAERRE FACRIES 75 T DS ARSI
=

on 7oA YEUYA 2 Woke EAHEEELR

(J% 2-1) BDI #&X|2] AAE QA 8HH HEA1K1999.11~2018.10)

s A

a g , s Vv

i N

o] T
ER Ww“ T

g g ’MJ\/\/"’\/ A Voo Vad - \ [\f n ”\“’“’r‘ b\ﬂul \ "”Nb W

T T T T
2000 2005 200 2015

NE: YEE-REH-EE(019), p.722

14) 48z -2F7-22(2019), p. 720.
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olF HPIPUOE FHT FALTHRC] ADAFYES Hstn
ARIMAZ 749t E7FasdES Hotd d50] 7hssith. 48+ 7+
Z1-28(2019)9 A+ o F2 23E =&

22U o= BE2 0=

(d7 2-2) 20139 52FE 20184 427tX|Q| BDI Al=2S 228t Y= Zut 6jA|

2) ARIMA

£4171(1995)19), 259(2010)1602 ARIMA 2ES o] &3] 12 29
= &3 & 2E2 AAEAE ol WAlEe] = §4= ol&st
Hrao g 27]5|fHR(AR: Autoregressive Model)t ] B MA:
Moving Average)2 Z3(Intergrated)st FEfoItHEA7], 1995).

15) £A17|(1995), pp.197~212.
16) 242(2013), pp. 67~76.
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AAL ARE 8] FeAte R 71 714o] MaEolof sher] X
A, B8 e 4Y RUS e S, Auie) oE KMo B
4 oAb A ABTAZL QT A, AAG AR B RE Y
Qgstet. WA, @A1ee] WS 00]n AT BAkS 25 A= EgAql
ATBES mEL o} WM oxjetushE, ol ]9 F4T t+171Y
%70] Az EYHoleis oujolt},

AAQo] BT AS & g
regression) BAH WA 7HsAo] ot o] AHHE ABoF 3
oh AuAOE TRAFS o] g AR YL Seldk. T A4
I A HAAS e, o) Ae e Adtit. et BAEL

o
7HAAL Q1= AAIgelH oFfe] ARMA EEE &-8sto] BT 4= qlrt.

jiAL)
i
o
i
g,
e
>
r‘i
0
N
ox,
toly
-
@)
o}
=
=
&

d
Ay, = Ay, — Ay,
p

q
=Y a A%, A+ Y 0N, =(1-DB)Y,
i=1 j=1" ‘

ARIMA(p,d,q) :a,(B)(1—B)"y, = 0,+6,(B)f,
O|ZAQ017NINL A4 f,= Hato] 00]aL EAko] 051 WAz
ol 0= FAESTE 00tk FA|EF7F AAE 13} AHES] 38 AAE
Ame AR AAE AR 2,9 FAFHE UEidtha A9t

17) OIXHZ(2017), p. 314.
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_ 1 L
Yy = (1_B> lAyt = (ﬁ)z} = k:Z]ooZt

ARIMAR oA X485 gAlsty Z2HEH HAFS oty 2
e dl&3Itt. £4471(1995)189] AolA= ARIMA(1,1,0)°] 29

welz S glon Ba(2010)192 3742] ARIMARE} 2749 4
-ARIMARES A83) 292 I3 sieict

3) HEIXP |22/ HE X +H A

Chen and Meersman(2012)20), o]AS-2t71%(2018)2D), AA=E-7A
71(2011)22= opHzF AAE wrEER] HEA|S|HEE(VAR: Vector
Autoregressive)o|Ht HIE| QA=A E(VECM: vector error correction

models) o183 e 2US =3I,

HE} 47| S| RS A7 SR DAR)S THAEO R BgAI7] BEE 2
A olge] WS BHWSIE WAMSES IA e ol§le] mY
SRTHEIIA - H WA, 201423, ]2 S40% EAG Thet Pt

ARy, = ayy, 4+ oYy — g Tt ayy, Ty

p
VAR :y, = Y, Ay, +u,

m=1

18) 2471(1995), pp. 197~212.

19) 242(2013), pp. 67~76.

20) Chen & Meersman(2012), pp. 498-537.
21) 0|4 K- 017|H(2018), pp. 546~554.

22) M- 247((2011), pp. 217~240.

23) DIQIA- £TM(2009), p. 165.
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VAROIA 4,2 kAU A% krk Bo] Hn] = kihelo] walge
o EltkolA44, 201720, M| S| n s} WE QA uEo] n
A theat 2

A, AR WAE B ¥ 2 weksio] RAgT B4, ARo)
w-l 2 Slsh] 49 994% A4S AN 0|5 B3 gES 2

s

1r
Tz
@?
a=)
v
]
r&
m

=
EVVM%’JE%‘E 7=
TRE)E Ao v e AN AR = S8 442 v

et

ol/d&-A71%8(2018)5)02 HEl, T& 5 AAGA et 28971
oF 2 BAH S489, ¥FF ol dokeA 2R dF= A
the 282 AAIBH.

Chen et al(2012)& Alo|x, miypatA Sxat alt)Alo] tfsh A5 g+
2 293} 3 AAAAIENEY APA)E AL 2A5IA}

24) 0|XHZ4(2017), p. 399.
25) 0| 42-9t7|H(2018), pp. 546-554.
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(d% 2-3) VAR/VECM E2MA

Data Transformation
(Natural Log)

Data Exploration

Stationary at first

Stationary at
difference [I(1)]

level [I{0)]

High No

Correla-
tion Test

A
. ]
VAR First
S-VAR | VAR Level ] ICointugratlon Rank Difference |
L-term [ t-term [ S-term
—b{ Innovation Accounting: IRF & FEVD |q_

Xt&: Ascarya (2017), p. 512

rok

RI2% QIBRISON T[8He HARY OfF

o,
o,
X
fo
>
3]
S
3
8
iy
)
ol
!
e,

26) OFOFAIE} EFZHRA, &lEd %(2017), MIOIH. pp. 1~224.
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A AT £ Qe SR Fojo] 4, Sk 717, HiA] Ale] = 5 tgst
o}, 29 Al = HASR ST gt AAgEe] Zjolg FASloHA ThEE B

g W9 miieE = Bolth olE Yol AP H(gradient
descent)& ARSI 39AI= EFoR(dropout) 2 & HIAE A9 A}
7F Edlolyd Ao m|2]A] Koh= 43 EAE didsoks wroltt

Uz 9 AL Tztola Al uhHoa EX 723
o s Y1g%E7} st dutshrt 7Essict 494l HEE 314x(Epoch)
g 2 327l AR F25to] 8 7lsAo] A BlAE Alo] &4
BN ﬁ% A 2= 9tk webd] FA3 vk 3142 xSk AHo] 235}

o 5P diSsARgvte ﬂ%“%} zde] 452 BB AsiAe o

o,
OEE
i
rlo
rlo

ﬂi

A74EH2021)27L duHAH 02 MAPE(Mean Absolute Percentage Err
or), RMSE(E(Root Mean Squared Error), MAE(Mean Absolute Error)
S TRt S ol&sitial Asith

Uyara Ilhana, and 1lhan(2016)28), ¥Hl<=-43%1(2017)292 AsH=
?15H RNN(Recurrent Neural Networks)< ©]-&3tt.
RNN E%‘S ‘EQQL Aol oigh © o] Hojup FAY A7 o]
&9 al&st=tl AFgET & ZE %"’Lﬂmﬂr FE2= FARRY 4
S 283 Afolo] Hloly 457t &8k A E(loop)E 7ML A=
E40] Sl

RNN 2&2 sh5dl= oA ALY FRE 7]dst= SAlof 2419
tolg2 JEE BAE = A HAk &, 29AS(hidden layer)©]

27) AA&K2021), pp. 1~120.
28) Uyara, llhana & 1lhan(2016), pp. 642-647.
29) 214=-RM%I(2017), pp. 50~53.
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F9 Wi AEE sl S= Aol ol ofefiet Zo] 4oz yERd
ARHRA 91, 2020).30

> ru9

X2 47 9(2020), p.37
y,= tanh (h,_; W+ X, W,+b)

o171A,

t= AIZE

1

o

e Y TRt

i

Lyridis er a/(2004)30= €G- 48, Adl=, L& A 9445 714,
BAw, AXA7Y Sa47E BA /71 A7 5 WeE 285t QIF

JY(ANN: Artificial Neural Networks) 2@ &85 VLCC &%
Oﬂéﬁﬂ‘g drstant. 17h4, 3/, o7, oY, 127hd & APl
gk S AlEsto] oS 7|7to] 7|35 ASo] EQHsiAl=
g HojEr}

i,

Li et al(200632-& ANN 79k §:24 &9 o5 d
2l AAE BEQl ARMA BH3} 1 46-g wastolct. 1 ZAx W)
ASol= AAL o] Lot 59 7|3te] Zojda= ANN 7%

30) &% 2(2020), p. 37.
31) Lyridis et a/(2004), pp. 93-108.
32) Li et a/(1997), pp. 9-30.
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o] ARMA Rzt v]is) dlZEo] $4sithe 22S A,

(2010392 thA® HEE TAdwF Hdo] o ek
I HUT BDIE Aok #gs0] BDI AR AlRkE il
AL 22 truEE Aol xmsq;q ]E(ARIMA)Et J)r

L ¢
e —"F%’a}"’ ol& E‘%_H ‘Qa‘tﬂ*i 283 Ae Uittt

LT 2L SVMES ARE§lor, vl ZEF VAR, ARMA &
t} nEl7l vy A3t slo|Halsd SYM RElo] o|&Ao)

Zeng et al(201639& S| He|=9 BDI % R /fdsigict. of
A Seluel=gol dlofe] HAe] FYx EMDE ©l-83) BDI Hl]
542 F5500] 2 omw A e ﬂ%}ii **ﬂlﬂ =g

Bao, Pan, and Xie(2016)30%= SVM~7]¥F BDI o= gL s}y
HE B9E NN2DS AN 5 5 29 452 vlusigct. 1 A
1719 % BDI ol%°] svMe] Agsicks 23t Attt

Shynkevich et a/(2017)37% 71X H} HAIYY 7|HES 8ot +

33
34
35
36

2221(2010), pp. 222~233.

Han et a/(2014), pp. 1-12.

Zeng et a(2016), pp. 192-210.
Bao, Pan, & Xie(2016), pp. 65-69.

NSNS NGNS
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Eslami er a/(2017)382 o] AJ|gt slo|EElE RElvh= ot HL
HAlS Bof] B9 o8-S wo|1x} . iR slo]EE|E do]
glo]g HAje]o] 2L = ™, o] rdl2 -7} darE|&o]
EAE o] &9 g SSE FAadlelo] ol ot WHAlS -85kt

A

R -
olg Bl T} At Thh AL HshL BE B9 25 A4S
A

5
1723
filo
e
_}l_‘
38
o

0]9-41(2017)392 AT F7HA4= HRH

O} AU decision tree), A|EXE HIE

Aol 7le2 24 A

VM: Support Vector

Sl

2 &

e
Moo B v

—~
)]

Machine), J5AFY d1E&S A3t = H| W5} B Ao
Me AR, DY, Wk, A&ol58dt 5 7|ed ANEE &8

Sto] 75%9] HHE=E EAT

Yang and Mehmed(2019)40%= ANNZ o]&a}o] mhupatix 9]
FE 5ol 222 /ool o] BEl2 FFAE ARESto] HlofE Fi&
M= 7]& eyt AEAYS ZFESHUT HolH e JUTAA UA
o} FFA & 7HA1E ol-&3l o, o AXZet 2= 7|E2& F /)
Fo7 FESH & ANN RdS =31t

)

g

AAE Tk EAXG A A3} Zol o] g3t 1F-S Y
37) Shynkevich et a/.(2017), pp. 71-88.

38) Eslami et a/(2017), pp. 538-550.

39) 0[241(2017), pp. 287~295.

40) Yang & Mehmed(2019), pp. 390-414.
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2 5h= ANN mdofm, Fabs shistad 297159} FRA T 711
YYMSR B ANN Bdojtt, £ mdle] 4352 ulwste] AXI5}3
FFA 7172 Qeldis® o83 ANN 299 )2 40| 92t

22 AN

Zhang et al(2019)4D% 3fo]H=3 BDI & ZdS A5t
DFN< &-&3f dlojg] AA2] #goA 2 wlole7t 71 e B
T B8 FEE AAs REdS A5t 542 4=t DFN&
g-gsto] BDIOA F:Al, 3714, A} 52 &5}l o5 ANNY|| A&
sto] mele st AHE o R DINS &85 &9 o] =S AATt
299 d&go] 7]& ANNECTH 9<55lthe TS AASH

o o O 1

g,
2

2. MAFE
shed dEolE BES T35 A5 AFAS YUES Bl
o]

AE0] @77 S 9t 53] Hol slolney
2 ARk 77k Solta ek

7=
ol A= HlolH AA ] FA oA 71E9] A7AREC] S =ofollA]
AHESHA] R WEA B4 WS =YFon E5] FFA 714 s &
HSLE A(siste] @88kt Aol = Afol7th it

41) Zhang et a/(2019), pp. 499-516.
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* IH|H: Forecasting Tanker

Market Using Artificial
Neural Networks

* APXHEE): Lyridis 2|
(2004)

o it=A: 0l
ot E47 AT

L ]

=
=
0%
]
Y

C

24 B

HESIOPN

AT=E: 7|leX
dEMTIHES &
3 0%
M| YH: Forecasting price
movements using
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length

HTXHEE): Shynkevich
21(2017)
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IHH|H: Forecasting price
movements using
technical indicators:
Investigating the impact
of varying input window
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° HAXKAE): Shynkevich
2l(2017)

c 2N J|SNX(EY} HAl | BN 28 JHRlE 2 JHe
2d 71gS g8t Fot e
dHE

* 4 - BDI _

* ZHHI: A new approach for | H|C<)DIE1 e
Baltic Dry Index OlE] 1'99292 1T1|:“J ] EMDYHE &&3H BDIE
forecasting based on °"="E1 201‘:;3 ’I'IED_J HI|1Z=MIQE AL, IMF(ZL
empirical mode ;9;'779“ = e | ooCsta)z 2l
decomposition and neural | Y= . o ANNO|| Q2iHAZ 21235}
networks otol=si=s 0f BDIS OlS3te 2ES

* IXKIE): Qingcheng | * EMDEEH ZEE | 742t o)1= 510|22/=30)
Zeng 2 (2016) oll, Empirical Mode | 2} &t

o OITBX: 510|=22|S3 BDI Decomposition)# |, EMD-ANNZ 20| 0= A

= 2 MSXE 20N | L oaste =
§E5H7 =13 — [ _O A%}_E
O1| = HE 7HHEPEJ 7|§°.:! [S) |—|—‘|‘ = 0:15
* Ui :BDI
) _ _ o M|0|E] A2 DEOIA Al

° HH|H: Forecasting Dry | * GIO[E2|=H ili.l)\j ;lﬁ* Liifﬂiﬂllal
Bulk Freight Index with  « elagmaz 90|22l ;;jéi ;DISEO—?—E}EHTE
Improved SVM (Wavelet)O 2 23 1S 22517 0|2 Q21

* APXHEE): Qiangian Han |« 215451 742 0j2iA =gt
g 2 UBH YWY, sp0)cia)= 5 SuMmo)
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47) Han et a/(2014), pp. 1-12.
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Wavelet transform

Determine the decomposition
scale

Denoising processmg in each layer The choice of wavelet functiorw

Signal reconstruction

Low frequency BDI dal%|

At=2: Han et a/(2014), p.8

Zeng er al (201648 tole] MA ] I AT E HA st HAZ
e BH(EMD, Empirical Mode Decomposition)S 7Fste] Ast
A LUATE dSshe s 7551 F94 BE EoiiE ol&
3 A=A SJAFE (IF 3-3)T Zo] WA 2= S==(IMF, Intrinsi
¢ Mode Function) 3} ZkAH41 % (Residual) 522 &3ffsto] ol&
o] g o]gsle] FF FUATE Stk ZES A

48) Zeng et a/(2016), pp. 192-210.
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ANM ANN, - ANN,, ANN, ANN "
\l/ J___ﬂ_p-"”"
Step3
Prediction results
Xt&: Zeng et a/(2016), p.197
&+, GEAA%R, 2ENAE 5

e dase maE T3

Shynkevich et a/(2017)49L ol
71X #E ol-&sto] F7H 1

122 A=A c(E 3-4) Z3).

< 1074
o558 o
(3% 3-4) 7laRM2 225 HO|E S5 55
10 Machine Prediction
Technical =9 Learning |—J| Validation =P &
Indicators Technique Evaluation

t=: Shynkevich et a/.(2017), p.76
Zhang et al(2019)502 A3 glo|E] &4
ATt 714

2 23S A JuE TS 9

49) Shynkevich et a/(2017), pp. 71-88
50) Zhang et a/(2019), pp. 499-516.
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Heg Sh8ols BES F5ohs WS (O™ 3-5)8F 2ol Ajteraitt.

(72l 3-5) DFNZ &5} H|0|E| EX ==

MMW D

Return series
e oy 4_ R()

Fluctuation state
'.51]524315331} -_

sequence S(t)

Moving window

e {1uctuation mode

< | matrix
TN
Target
node
DFN (Dynamic

¢ flue

tuation network)

: ¢ E t fl i
ES: {SZ}Z{SJS]S.]S]SA} xtrac uctuation

features set £S5

XtZ: Zhang et a/.(2019), p.503

019412017550 F7t0] 29} HES ekl ATAEAS, 2
9, WSIE AR 59 7SRAAES B83lo] W% TAH FAH% of

51) 0|241(2017), pp. 287~295.
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20| "Hrf= 482 &I
(H 3-2) HI0|E] MXZ|0f| At2St 7|SEMX|E AA|
T= LHE
AT XA o 371 AS0 612t 7t 0|F2 H|wots BHIE @A0[E(momentum
oscillator)
DRI o Rt MG olHC = 2R I S I Lk M0l AtEol= 242(0|H

° AIE T} 1,2t X015 HIWSHH 71 FA1Q] B HA|

(En;r, 1= 1a2337 ) n)
A== 0158 | « F4 FA|(trend) THet Y 7|& A™ L0 717+ CIOIEOl| 7HESR] 204

b N=Vl
o' - =
Ol=mF Al | Y71 0|58t 27| 0|t WA AIHOAS| 7t S5 Tfef

XIR: 0|241(2017), p.2892 LIRS HIEIO R X{X} &t

L Z3E AN

52) Z¥E-RFE-25(2019), pp. 715~731.
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T T T
2000 20055 2010 2015

Atz A™E 2/(2019), p.721
314 9201959 7S4S Holg Axe) 7o) Z7helo] Azt

& Ade] FRd 9= dScke REe TEsHlen, Sl 95202

050 71S8AT AAY ZoEe 89 A2 Holeo) E4g &5

53) 2314 2/(2019), pp. 1~81
54) &7l 2/(2020), pp. 1~65.
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H H | Techmieal | H Technical Step3-2. Teaming rabe
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2d e 442 di54s0l 9F2 vAe S8 84 F sholH,

56) Zhang et a/(2019), pp. 499-516.

56) Han et al.(2014), pp. 1-12.

57) Zeng et a/(2016), pp. 192-210.

58) UEZ 2(2019), pp.7156~731; &=%=Zl 2/(2020), pp. 1~65.

59) Shynkevich et a/(2017),pp. 71-88; 0|241(2017), pp. 287~295; 3|4 2/(2019), pp. 1~81;
2%l 2/(2020), pp. 1~65.
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1. GIOIE] 7HR

U= dlSste BES Al fl5)

, (H 3-DolA He= AAY, HdS 75517 Yo AFE

T 8As, SAJXEAZ(FFA, Forward Freight Agreement)E o
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TES FE5ske o ARSEE dolEQ 7|k 201149 5 10¥9+H
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H 3-4) Hl0Jg} 29

b Ao =5 £l
; ELEES
Mg 2 AO|Z=M 5TC, THLIAM ATC (Clarkson) $/day
Cl7|RA 2| =)
2Mz CHI2MI671Y)  AHo|=AM 188 dwt Soia $/day
A712MdzGE) DLAM 7.5K dwt =
AHO|EM SHEZ, +12S, 2282 ZEIGHR A
MAAM S22 +1898, 2882 (Baltic Exchange)

7 0| I RT7IRMRE 20144 79 4ULE 182 DWTS AIB3HT OFH HOE(= 178 DWTE AR
RE: B, 2222021, 7. 1)2) MBS HIZOR XA By

AR HloTH o 7128 A B3t Y82 (& 3-5)2F (& 3-6)°0A Al
AJSFA.

(B 3-5) A0|ZM 7|=5H Q%

Tl 2/

sz A2 FFA gu=
7 (6TC) g2 +HE +2HE eHE b
E|Agt 198 1,748 2382 3432 4250 9875
5191 26% 6,801 7119 7984 8800 11,625 14,500
EXiAs 12120 12,269 12,865 12550 16,000 15,750
4% 25% 18540 18646 18,063 17,417 21,750 17375
|t 44817 45750 44,646 42,286 42,000 25,000
B 13790 13,744 13,948 13932 17,200 16,076
HEHA} 8487 7838 7082 6559 7122 3279

R Ee, 3222021, 7. 1) KBS HIHOZ HA 4y
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HEMEL 4,397 4,184 4171 3,927 3,915 1,887
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ol Ha-Ho FsF HE HHES ARSI
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9 HlolHel 29, FRA, SHR0) EAL 25| o) WEH BA
2 dlojg) AXel W] F7kstec

¥5 4 (Volatility) e 97 71700 712 Wiste] Hwg 44515 A
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e R AR 719 A2t wrEo] AR e dioR tet)
w0 A714%e W] 9% 4ue Beune)

A

=

o) 39 ekl & SA4E WA JPAN L TS Beme
FR3 YER U7 FFA HEHS FESIL PUS B8o], A8 4

3g A4
1 2IO40E In(X,)—1In(X,_,)
1 n
2 712t YEHEY Mn(x,/x,_,)
(n_l)t:
AP IS 2 )
: (12 BsK) (\/(nl)tl(ln(Xf/Xf1> w
Uzt S e
4 2
(5 etgs) (\/(n—ntzl(ln(Xt/Xw) p” P vm

62) LEF(2013), 'FSAY HSHE2 F7| 6152, BOK ZHST H2013-19, p. 1.
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Aol A= Tt dargige] 7R a2 5351710 oA ko]

A ARgshe datE|Eel Bl AAAe] drstalat .

gl 5o Aol gaEE2 45 AEDDNN, Deep Neural
Network), AA7|H 22 AFHLSTM, Long Short Term Memory),
Alo1E <A F(GRU, Gated Recurrent Unit) & Al 7FA]o]t}. of7]
A DNN#} LSTM2 41737 A€ol ti#E Farg&oln, 53] LSTME A
AL dolEE E48k= o 885k, GRU= 7I& LSTM Hlalsto]

FE ARt deor FEEA Qe dalEselh

1. DNN

DNN=2 <19 3-18)3 go] A5, 853 + 7l ool 2452z
0
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oo, & UETEE JHd U4BA
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(Input layer)® £3Z(Output layer) 18|12 F 79 24YS(hidden
layer) 0.2 FAE w<egt £29] DNN Zdo|tt, b ZolAM Al 719 ¢
H3(0)Z ot HFH o R 2719 EE3 (D)= Atetes A= UL
o, 29 Q¥E|L Zhy} 2HLE o] /s wraty sl Yukzoa
yaE AbEchs oA J=tol 7HSAE 53 § W 4= toked
(I8 3-18)0ll= HFE B eoutt.

DNN 2i2&2 Ygd HolHE AfE7t ¥E2og skssto] 715
2ot WS Ak & AfEe TE it ohE 79 HE
A5 AMESHe] @& dEetal 1 2FE Fold AET Hlwshs
HHEgtT) o] IA & Aol ol HHC] Aol7t 7t A i
FEnds ety g8 W&k DNNO| 728} ol 4|02 HHs}
W ofgiet At

(J% 3-18) DNN Z&e| 2=

Input 15t hidden 2nd hidden Output
layer layer layer layer

y=r [Zx,-w.-] y.=r (Zx ,-wj-] V=1 [Zx*wa

Xt&E: Sandra Vieira.,etc(2017), p. 61
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2. LSTM

LSTMZ AAIE HolHE A2 st7] flsf 23k 32

0

9 =
AoH, olF A

Ho]E(Cell state)tal F-2rt.
LSTM AAEo]E= Y=(Input Gate)
E

AH Fof| 583 ARE Fdst] 11 AVE

= A%
ot HIEHAE SrE ARSI

(& 3-19) LSTM MAH|O|E(Cell state)2| X

3ZHForget Gate), =370]
E(Output Gate) Al 9] 842 A= 0] 9lom, IA}F A9 JF

S 275, A7]= AlTR9|

X2
I R e
sigmoid ‘sigmoid tanh| |sigmoid — jx) (Recall
fa I2 l\("Iz 02+
e "g: ‘tanh
h1 + Input Forget
[i\ua!e + Gate i
C1 b b Cs
(Remaove)
At&: 0124 - Z&(2021), p. 97
AHAIEE A A tollA YdHH R (x)E ALEC|E §<rof @
2 A3 )T oA Al 249500 AFE AH(h,_ )E BIHHE

2y 75

03

As LaLFEo]
o, S22 o]Fo1A Sltk= HolA DNN 2. ’hd (1d 3-19)
oF Zo] 2930l Aojgkz 7S] AR 719 E3to] Atk ol Ao
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o& AlZLHO|E 9k
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FAACIEE oA AlF 4Bl A= AW HHo 7HAE 2
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HEc}69
gf - U(wf[ht—pxt])
7] A,
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w = 7FSAE e
SYACIE: £F IH= E4k(h,)& 275k DAlelH, AlT1Ro|E
42 olgatnl, Aoz EASHY ofzjet Zrh70
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] 2" 1= 03
go = U(wo[ht—l’xt])
o]7]A],
g,= EY7A0IE
w,= 7FAE EEth
ol9jol o] T Hug 71O Flolska o] AuE A,
ol &9l 7I1&7I7t &AFote BAIE Attt ol 408 HHSHH of
ohst 2.7
Ct = 9r4Cr—1 +9;.¢
¢; = tanh (w lh,_ ,z,))
h, = go.,ttanh(ct)
o714

L =
Ct‘f_‘ ‘7;@

AR tolA AXHPOIE gt

c, o1 AAHO|E(cell state)E L3t}

021.12.25))
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g, 49, YZolgk= Al 7HA] Al°|ERE o|Fo|A QUthH, GRU= o]
E ypdate) Al°|EQ} 2Al(Reset) AlO|EQ} Zo| FZ7} thed] Sh<55t ut
SHEE E0150L S SIS FAOPAA LSTMI ARt &9 4

2 Holth GRUS| F2E (1% 3-200% 2t}

o] F719Ed wAlol tiet shaF o= AAE LSTM2 55%t 122 &
o

(d™ 3-20) LSTMt GRU 22 2 H|ul

LSTM GRU

cell state reset gate

forget gate

input gate output gate update gate

® ® 8 o K+

sigmoid tanh pointwise pointwise vector
multiplication addition concatenation

A& 0|0 A(HAY: 2021. 9.15.)

X

o714 A AlP|E FT2 o Al IA HEeF A A 4
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O O
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72 Wt 04

H
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H[PT
iy

"HAEL)E ol B 452 U Wrkela 1 AiE 3
JATSHATE HIAE 2+ 20219 2¥€ 1995H 20214 6€¥ 30¥7HA &
907H(L &9, 195 &<t dlol8 Alg L83 BdS AFsla 1 20E
ot ol A AAskAT

oh. ol AFollAE 71E HIAE dojg o]efdf FofA A= HolE
A

ﬂi

EREO] S5 (E 4-1D Zo] Bd oS Ay} AA g
S5 H(Confusion Matrix)= A& At &, ol& 7H9] H|ES

ol-&3l B7IRttt. FREHA St AA| FH o]XeE EH5HH,
34 (Positive) 1, F8(Negative)> 0°]th

EE
Positive (1) Negative (0)
o= Positive (1) P FP
A Negative (0) FN N
X2 KX R

o714,
TP(True Positive)= oS A} AA Ago] 34H2x UX]
TN(True Negative)> S AT} AA| Ado] FHo= U
FP(False Positive)= 9% Zit= 34olu A4 A9 774
FN(False Negative)< oll& dif= B0l AA g2 FHoz I

AoHA] Y= P55 T
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3.

HI

F2E g5 YHE

32l ERnd J5 7 EE Z¥ % (accuracy), AEE(recall),

A= (Precision)®t F1-AF0J(F1-Score)7} Ut}

1) Hate

Aetee 2dy AAIge] dXshs A=l Ble2 ol8sta] Algket
A folu, o]2 Aog FFsH o2 Pk
TP+ TN

A —
CeUracy = P T Nt FP+ TN

== A oE 1Y dEX]et AA| Holg YA o
Ack= 3ol AR, AA] HlolE9] gho] 0 B 18 HyH 4
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A ¥ol|H, 4o

TP

Precision = 5 P

= -
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I JEAE B S ol
— ocore =
1 1

Precision  Recall

—9 % Precision X Recall
Precision + Recall
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7F Hebt. 2493 271014 90t 1001 Bl f BIAE 19] & Hek=
7} 91.02%= 7P =7 Uehg e, HIAE 29 oS A2 ee 76.67%AH.
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Hig 5t HAE 1  HAE?2 iy HAE1  HAE?2

70-30 | 9733 | 8898 7111 9863 & 89.80 | 7556
80-20 | 9904 9080 7111 9875 9284  80.00
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(B 4-3) A0|Z=M RHo| SFHH
A A

A 6'-:.:'_} N 6|»E_|,}
Lo A5 28 37 e S8 77 10 37
STUsR 12 M 53 ST 8 45 | 53

40 50 3% 55

(a) 245 27}, HIE 90:10 HIAE 241t (b) 245 371, HIE 80:202] HIAE? Z1t

PR SINE SN

TS TRt A EE FrIet AIE (R 4-4)°) FEetHeh. FErzof
A (b) EEo] 80.00%% (a) HA(76.67%)3 H|WotAS W 50l &
2 Z0= Yehtoy, b G5ARAE (a) LYo 2P} &2 2o
2 Yeht (b) REET PYHRl AHE A&t

B 4-4) ¥SX|E |2

Erol: o
gSXE (a) (b)
H&tc(accuracy) 76.67 80.00
X&iE(recall) 75.68 72.97
MU (Precision) 40.58 37.50
F1-AZ0(F1-Score) 52.83 49.54

XE: R} Y
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< A5 g 2o HAELY A5 A== 90.20%, HAE29]
g5 e 86.67%= 249350 2Y HEG 24350] 3/4L o 24
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Y

H 4-5) DNN7[¥t BHS 283 ILIZAM R 2910| Y5t
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euz 21 7
SEEHAE L 5. gaE1  HAEY | se HAE|  HAE?
HlE
70-30 | 9785 8950 | 7778 9824 8895 | 81.11

80-20 97.67 89.16 76.67 96.98 87.73 84.44
90-10 97.82 91.02 73.33 98.53 90.20 86.67

FHAE 12 Z2OHA0M ZHS FE0L| Aol =i H0[E| S0l 22S ASok| Aol & 20
M HM|2IE CIOIEE 2olH, HAE 2= A5 HHS CiA| o ZIE FooP| flofl F0IM 22 O

OlEIS S2i9 HIAE1Q 7} LS /M 2% MElEl DS 225 0SHES 57| s ARRBICH
R KA 5

A HHEE B IS450] £ RES HHI 2
£ (X 4-6)7 Zo] B5Y
sfol cloret AER W

=1 =— =
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o5 | of o485 | o
o 8813 20 33 2 As 24 9 33
ST 0 57 57 g2 & 3 54 | 57
13 77 27 | 63
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Hlaet Ak (& 4-7)00A Ao Hee g vt dAAd A
3l (b) ZEo] (a) HEHT F2 52 Hole ZE] Ae=w

T %
ok (a) (b)
M= (accuracy) 77.78 86.67
THSiE(recall) 39.39 72.73
MU= (Precision) 18.57 30.77
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