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Autoencoder-Driven Feature Extraction in Raman Spectroscopy Analysis for
Hydrocarbon Mixtures*

Seung Jee Yang, Woosuk Sohng’, Hoeil Chung’

Abstract

Recent studies have applied autoencoders (AEs) in Raman spectroscopic analysis,
demonstrating improved analytical performance, yet often without explaining the reasons
behind this enhancement. In this work, we experimentally investigated the underlying
reasons, focusing on the analysis of complex mixtures typical in industrial settings.
Specifically, we examined the effectiveness of AE-based feature extraction for compositional
analysis of 11 hydrocarbon mixtures and its potential application to vibrational spectroscopy
in the petroleum and petrochemical industries. The results showed that AE-based features
effectively capture highly overlapping or weak spectral signals, leading to enhanced accuracy
in concentration predictions. This approach offers significant potential for real-world

applications, improving the analysis of complex hydrocarbon mixtures in industrial contexts.

Keywords : Autoencoder, Feature extraction, Near-infrared spectroscopy, Compositional
analysis.

“This work was supported by the Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (2020R1A6A1A06046728).

'Postdoc, Department of Applied Statistics and Research Institute for Convergence of Basic Science,
Hanyang University, Seoul 04763, Korea.

E-mail: okseungji @hanyang.ac.kr

’Ph.D, Department of Chemistry and Research Institute for Convergence of Basic Science, Hanyang
University, Seoul 04763, Korea. E-mail: sohng@hanyang.ac.kr

3(Correspongding author) Professor, Department of Chemistry and Research Institute for Convergence of
Basic Science, Hanyang University, Seoul 04763, Korea.

E-mail: hoeil@hanyang.ac.kr



A AzAe] Hop

Proceedings of the Korean Data Analysis Society

December 5-6, 2024, pp. 3-3

X =) )

TR T o ME o AR T W Ne oF o)) o X % X
o L HT N H W E X R
30 ut,vt7 _ e 8 el h
[V — o~ R S o . . N N
oK TR N o WO oo =K jale o
o = = = f LA T ¥ R
J.E.ALXH‘_Of‘ALﬂq onmo;aﬂﬂo‘gv‘ﬂL = N HA_I L.AI
W EW RN T TS M%%ﬂ#ﬂ W % D
oS e T 2T ~ : a
%%%wh%ﬂﬁﬂmym%wwMi " 3 ¥
o h 5
ﬂodl‘_ﬂ 7ﬂ|H_E lﬂaﬂ%ﬁ%g gl = s T
o) mr T o 7T B2 - o WO W =~ ® ®
o < T = T & - N
T T o g BRI Mo
£ = B B Sl YIRS I T E
. TEL L m T 8 pe M oz %
MMJI Bo o N ;NAT and ﬂ, BN N MDﬂo ~ N Mo ﬂ- = ) o)
3 NN T ax X 5 % & R E do = R
5 g X Y S om
o ojo ﬂLdn%ﬂudequiEﬂMﬂw% - FE®E O
o 5 o p P o gge o Mar B
A cntwliwr 5L NG ST 32
i P E Db g, e T B dZp
" gy EalIHTER AT RE g FEx n
u - S FIEEIcMEL,REZTA s EREH
@ 5 4 2fslRidLnEicIf & BEE @
~ mu Mﬁmwﬁ%muﬂ%wﬁﬁmﬁ%Htmmr W TEw W
o o o — ) 0 RIS -
X T T S Ra i RES TITE 2
=y e W TR E L s T e T AT ST
T o o Ao = TR OT = = Eowai n
o —_— ,aﬁwﬁmﬂ v gy T e BE R T m . B do &
o Eﬂo_sﬂaﬂ]%mmc“ﬂu%ﬂﬂ? o M\uwm@ﬂom@m
o] T do LB = oF B° ~ B h o o) 8.9
ol ﬂa‘_ﬂ7mﬂ7dr.]1u{§m_no*io Lo 2
2 A o) W T X ® o °© <y o E 2
N T L By d e B ° o © Mo
! . W o= B | o Ly o ) B of mo — =o
T T E o PR gt % ~2 T g
iﬁ 0 o
LIW‘I v]iﬁdﬂ ATdJ.Q =
A N 2o o W o o ® %HE]@I:H oF Wi g
W Tl e Tpee - T L
o o) " o) B w,.f‘ B w2 I M e T & ofn "m%u
L R R o E
SR PRI MRS S Thudy
oz gbmlgxl T o
7 = ~ KT ope
R e PR o i e
) =
@.L&_MO@.LO
4,z.r|4
= =~
LS NCE S

, EloJE ALl

1

2] 5 A bl o] EjAte]
7]

3}
<]

=

el
2 1339, §h=3}

=
5

gl

9

Y PER ¢

e}

™

-mail: mk@Kkistep.re.kr

1. E

I
Al

7eFAlE AE7. E-mail: myhong@kistep.re.kr

02844 Mo 5EA AET BER 340 2,
12~ AE]. E-mail: hhjung@sungshin.ac.kr

YA AZN2T740 EHEE

9]



Proceedings of the Korean Data Analysis Society

December 5-6, 2024, pp. 5-9

e
™
olo
m_

P

o

!

s

N

o)
E

BN

)
e
=

)

X

shovpel wheh A3k a7 gebd 4

43

Al AL

% oy

¢

Hlo
=2

e

FRAY o8 o

o= o

= o
Tab

Az aEA A

7] da &

S

]

shivpell uwhel Aarh A

s of9A A

S

o) mE A

= o]

Abel Zol

gttt Ay E
AHII = QlTt

g

[e]
E—Z

&

2 7H )
§ e 25

i3
5

3]

SHAEAA 7]

3

of ¥

p
.

o <]

dl, Al 7bA] qto] TR 2 7}

e

AE A

=i
pun

HAE

3

A, B, C 3%lo] Iuk=xo] 2]

Aol FA dtge] AAS

2
it

il x1&st7]=

of 23

]

<
=0

2

A% i

i

ko] gy, o)

A=

|

A9 FlE

A7) A of =

=
=

JEzA}e of

E-mail: hjkim@wku.ac.kr

Ysta v ol e

43

o2kA] <fitth = 460,

154538 A&



N

foas

o

A

o ohaL, ®Afef F5re] <Folth(el

®

} 2k o714 A

E)
ojn

7 o

=

B

g Eo] ¥ BOtHU =x|vh AAHOR B

Wz B Aol theh
o] f =t} Atel tidt AEFAPNAE g Eo] v A7}t Hol

123
=

Al 3k

L
L

Aste) Bk FuA

vk, ol g )elvl, 2t 7y 7t

3}A}

3} 2rx

e 47t e

17| Fols
, 2k 2
(A3 e Apgte] 7}

r

Z

7+

7HA7F vtk Al a9 vk

&
-

3=

ol 1

i

57

at

=2
W

xsto] 7h

W

ol

P

ol
<

J
)

7V 711

ok
o

0
P

she

77 el

oM

Table 1. A 7}A] <ol tj

Table 2. 5 7}A] <Foll of

izl
70

x
=

¢

o
=

4«

e
oo

A

50%

25
30
55

50
100

150

=
o} 4}

30%

37%

A7)

i
70

X
e

¢

o
=

4«

e
oo

B

45%

45
13
58

100

T4
o} 4}

26%

50
150

39%

AA

6919 A3 A

Fr7EA ol o @

Table 3. 7

oF-

.

BT

o) jand

it
o

.
T

o T

it

o

)

n T
o T
it
oF-

)
T
o O

it

o
T oo
T o]
it
o

T

T o]

hit

TEE

T

oo

" K XK




539 44 2o Ba B weg 1 7

Table 4. 67}4] 7}53t A& Ao U3k A4S H&
AL g Al AE A3 A IS
A B C 20%
A C B 20%
B A C 7%
B C A 28%
C A B 5%
C B A 20%

, C FH9] A2 &o] 7+t 40%, 35%, 25% ekl shAh AnkAQl
oblel R 4%—3 . } FAE Aolth e o A FRE AEdE #AAA A
A weS AT o

Bs} C7F Fu dstE v vasw B7} Elr?c]_—riﬂ— zau}uq A—,—i 45%, BER 55% =X
2 BYR/F GAH, c7F ddFnst dow AT 47%, BSH 53% SRZ CFHIL ZAE
Hoh ANEIAE 485 AFols, 153 XA Fuk SEAP7} glorz 199 ATHS} 29
ol BRR 7} ANFHA gHiEo] AT H 45%, BFH 55%9 S5¥&2 BFR/ HF A7 € A
o]t

>
o

25. 7% 5(1902&A12] A9 (A Park (2012))

GAR7E Al e 2 A A, B, CE o] 9o, zH Akl Fwb ushtha shah A A

o) 7 Adwo] 417, BY o] 399, cAtto] 2010l dhH, wardt trd e ARG

o Fusb Y stk e 1REAE ASAThE, AgRe fRAE A @ EE A

Aete] TRA WA, g2 3 B BRW TR AAdol g colA dA el ik

BATE mR7H 2 & 2t A7) fdee] FHo, Ue & it AS AAsE L colA dx l7ﬂ
28y CHY f94E AR AAS O H3 BE AAE ok ¢

rr rﬂ

A7) At EReA Wxa, o2 3 g A3hE] ubg Lo
stk 2ew, AREe] FRE 414202 = 51E, BY
41439420 = 1003£7} ¥o], YA Ql 2oz cdte] FRIF FAHET T E} 2 ﬂ%x]?é
FR7 GAdEE 3ol H= otk

2014 11€ JTBCY <3|EA o>t TV ZRIaHoA <3|EA0] FEdHd>S Adhsta ok
72 Az s AR 1M 2R T S Ao I1ET 39S 30089 SAAEEd
el TR Btk WAASC] Z47e] mgdel s Hrshed, Rt mEe dria
AzbelH MES FEv WAolth BAAES AP F3d 93] 37 22 yylen, Z2a
AL 2F 29 Avs5xArt Ao JAE=EE 14S Aok F1 A3%e ot 2a, 1A
of wpg} B} 21, 69, 9wo] Aol W&



8 Ad 3

Table 6. 23 1159 5% 5

z 2237 A= 7k SE F
1 o] 4 3] 206
2 HHE Rl 269
A 3 718} (god) %
4 ol A (#H4) 147
5 o] A F(E) 271
B 6 23|(Z et Fr &71e)) 280
7 A 154
8 gl zlo} 165
9 o]5%k 237
C 10 B A (2 Al ) 149
11 Qo] 104

1o
—m
Rl
=
1o
ot
N
N
o
e
(n
i)
o
2
o
)
=l
%0,
&
>
o
o
o
:OL_l‘
™
ox
ot
2
2
=
™
rlo
)
dlo
=
m
(o
=
=2

b AlgAre] HlEo] A7 35%,
o] 87toll N&Edh= Aoz Agd Aolrh aHd whA

10%, 25%, 30%2t atAk. 121d AR ¥ CH
B A" BE 5 8% IEHS AHORE ot AlYAE 35%+10%=45%°17, BHO R o gt
AAAE 25%+30%=55%°1tt. E3 CH¥ DY F 8% HEHS CHO=E dis Adas=
35%+25%=60%°1", DRI o2 o 43 A= 10%+30%=40%°]t}. Wb 8 Axr} o€
2 9o BEY CHol 87 &= Aoz AS5E UAS Aok gk

el wEs 44 pgrseh 8

dusielel ey thed 2o @, @, @, @ FEE AH
A QA A WAL pars T Ao vlgo] Hed Wsel F wo] s7e] AFeh Wl

ARk o] WA= L77F AL, max(ptgrts) S max(ptrgts)oll $EoE 50l = FAKS]

E T
4 o5l wAYE A FAste] TR 2

N
o
>



E
E
G
H
Figure 1. 7 9=49] 1674 diX &
References

Park, B. S. (2012), http://navercast.naver.com/contents.nhn?rid=22&contents_id=7827
http://search.jtbc.co.kfsearch/replay?term= 3] =7 ] &type=vod&page=10
http://search.kbs.co.kr/main.html ?keyword=H] H}+¥ =


http://navercast.naver.com/contents.nhn?rid=22&contents_id=7827
http://search.kbs.co.kr/main.html?keyword=���+������

Proceedings of the Korean Data Analysis Society
December 5-6, 2024, pp. 11-11

Sparse Sufficient Dimension Reduction for Directional Regression

Gayun Kwor', Gijeong Nol, Kyongwon Kim’

Abstracttract

Sufficient dimension reduction has emerged as a powerful tool for -extracting
meaningful information within high-dimensional datasets over the past few decades. These
methods aim to reduce the complexity of data by focusing on its most informative
components and this allows us to avoid ‘curse of dimensionality’. However, many sufficient
dimension reduction methods have challenges because their outcome has the form of the
linear combinations of the original predictors. This can make the interpretation of the
extracted components quite difficult, particularly when working with a large number of
variables. To address this issue, we introduce a sparse sufficient dimension reduction method
for directional regression (Li and Wang, 2007). Our approach converts generalized
eigendecomposition to regression type optimization problem with LASSO constraint and this
promotes interpretability by generating sparse estimates. We demonstrate the efficacy of our
approach by comparing it against existing methods such as non-sparse directional regression,
sparse sliced inverse regression, and sliced average variance estimation through
comprehensive numerical experiments. We further apply our method to two real-world
datasets to present its practical value in extracting meaningful insights from complex data
structures.

Keywords : Sufficient dimension reduction, Directional regression, LASSO,
High-dimensional data, Multivariate analysis
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Angle-based Deep Hierarchical Classification via Label Embedding

Hyeyeon Kinl, Seung Jun Shirf

Abstract

Hierarchical classification problems frequently arise in various practical applications;
however, most existing methods fail to fully utilize the hierarchical relationships among class
labels. This study aims to enhance hierarchical classification accuracy by effectively
integrating hierarchical information. We employ the label embedding technique proposed by
Fan et al (2022)., which preserves hierarchical structures by embedding nodes into a
low-dimensional space limited to $n_{leaf} —1$ dimensions. Subsequently, we propose an
angle-based deep neural network classifier that leverages all available data features through a
top-down hierarchical classification approach. Experimental results on real-world datasets
demonstrate that our proposed method achieves superior computational -efficiency and
classification accuracy compared to linear models, even without feature screening. These
findings contribute to the development of scalable hierarchical classification models suitable
for large-scale datasets.

Keywords : Hierarchical Classification, Label Embedding, Neural Network.
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On an exhaustive SDR methods for a Large Scale Dataset

Chaehyun Ryil', Kyongwon Kint

Abstract

Directional regression is an effective dimension reduction approach for capturing
inherent characteristic in regression problems. We extend the idea of directional regression to
handle massive datasets. In particular, this paper adopts a “divide and conquer” strategy,
breaking down the dataset into manageable chunks, and subsequently merging the results
based on the proximity between dimension reduction subspaces. We further harness the
capabilities of capturing distance to significantly enhance computational efficiency and
optimize memory usage. We demonstrate the competitiveness of our approach through a
comprehensive numerical study as well as its application to a real world dataset. In both
simulation and application, R packages “foreach” and “bigmemory” are utilized for
optimizing the execution speed and managing memory when dealing with a massive dataset.
The comparison between the proposed methodology, BIG-DR, and existing methods, namely
BIG-SIR and BIG-SAVE, was conducted with a focus on computational speed and accuracy.
The application of BIG-DR to real datasets demonstrates its practical applicability and
versatility.

Keywords : Sufficient Dimension Reduction, massive dataset, parallel computing, sliced
average variance estimate, directional regression.
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Variable Selection for Individualized Quantile Treatment Effects”
Seohyeon Park, Minji Sung’, Sangbum Chor

Abstract

The primary objective of developing an optimal treatment policy is to ensure that
patients receive the most suitable treatment at the appropriate time. Traditionally, research in
this field has relied on mean-based models, such as linear regression and Cox models, to
create personalized treatment strategies that aim to maximize average responses. However, a
growing approach focuses on quantile-based methods, which prioritize maximizing conditional
quantiles rather than average outcomes. In this paper, we propose a weighted quantile
regression methodology to identify individualized treatment rules for observational studies.
Our method addresses the challenge of misspecifying either the outcome or propensity score
models, offering the advantage of double robustness. Additionally, we introduce an
‘Alternating direction method of multipliers (ADMM)’ algorithm tailored to high-dimensional
observational data, utilizing a Broken Adaptive Ridge (BAR) penalty to identify key factors
from extensive patient data. Through comprehensive simulation studies, we demonstrate the
accuracy of our method in estimating decision-related regression parameters. Finally, we
apply our methodology to data from the Prevention of Renal and Vascular End-stage
Disease (PREVEND) study, illustrating its practical utility.

Keywords : Alternating direction method of multipliers, Broken adaptive ridge, Causal
inference, Q-learning, Quantile regression.
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Figure 1. Box plots of meteorological variables Figure 2. Hierarchical binary classification model structure
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II.

Table 1. Three-fold cross-validation splits for temporal data spanning 2018-2020

Fold Train Validation
1 Fold 2018, 2019 2020
2 Fold 2018, 2020 2019
3 Fold 2019, 2020 2018

2. B9 A3 3 A3}

XGBoost®} LightGBM =2 Ztzko] 3] o] 2|9t * 4 K(Bayesian Optimization) 7|3 %]-8-3}¢]
HA el gepvE 23S SAGTh Table 29} o] @5 A& Ast U] A= 4
3} o] Fl score”} #ZaatAt Ald & (recall) o] F7He AS & 4 Stk ol A1F o SFelA F&
2 A (Gkm VRh e digh 92 sEo] FEEASS ov| gl Table 33 o] A
wele] HF 45 024904 051 Abolel CSI AFE 24T o] Table 4914 1T &
= 7]44 (korea meteorologlcal admnnstratlon)-J AR oS 2AdEY Hugds u AAY )
FrYde ¢ = 0239 CSI H5+9 UM-ADAM3
9] 041 CSI @-’F—E— J—E‘%ﬂ ‘ql 2+ A9 ”‘“0] 9t e dy 2dy vlalste] 83}
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Table 2. Comparison of F1, recall scores before and after optimization by region

Classification 1 Classification 2

Region pre_optimization post_optimization pre_optimization post_optimization

F1 recall F1 recall F1 recall F1 recall
Seoul 0.566 0.814 0.539 0.868
Incheon 0.716 0.787 0.706 0.875
Dajeon 0.6 0.686 0.595 0.824

Daegu 0.465 0.52 0.428 0.597 0966 0993 0966 0993
Gwangju 0.662 0.623 0.689 0.761
Busan 0.713 0.77 0.709 0.843

Table 3. Comparison of CSI and accuracy by region Table 4. KMA yellow dust and haze prediction models

Region CSI Accuracy

Seoul 0.359 0.915 KIM-ADAM3 UM-ADAM3

Incheon 0.243 0.878

Dajeon 0.401 0.926

Dacgu 0276 0.982 accuracy 096 098

Gwangju 0.511 0.946 sl 023 041

Busan 0.494 0.973 : :

4. AE
2 AFE T8 9 A FET sk A3 EAsn AA, A ol B A W

W Aol Ewd3 FYr BX EAE aydor @45ttt 3] 5km o] AR Ag
(class 2)5 WA 73 & Uz FPY2S PR H2lo] Aubhl o= Ae Ao 7|43t
Ak =4, wWolxt HAslE Fo Bd Fd oA diF-Ee A o)A Fl scores T A
o AAEo] A FFHSATE ol w2 Al Al digh §A] TEHol AAHASS vt
H, A4 £ FHAA 0 F&3A &8E 5 USS AR F(CSE 0.511)9F FAHCSE:
0.494) Ao A AH o =& o= AsS Hol vbH, 2AX(CSE 0.243)3} o +(CSI: 0.276) A4
M thh U2 ATs Bt olyd A g5 Aol 7 A9 AP A, 7Y 279
2234, ada qr|d #BE54 BX 5 UhFsE 29ld] 7iQldk Ao g EAMHr), B AfoA
el AW o & Bde 7]Ee] A Holy £ dr Bl dAE F53ta, #lEy V)
uko] A 2E- 7HsA S AAEHA T 53] XGBooste} LightGBMS] s Hte /i mde] 4
S Agtste] t% ok Hol A d =S bt Stk ol 1%, I, Ak okl ord
At o 84 Pl AIAHOE 7T £ S Ao UdEn FF AFdME 9 B
717 Mo 9 Al EAS e S gy BEe] A8 aglal HAAILE dF AlaEo
29 84 55 B Edo 45S ¢S AT 5 s ez JigEn.
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Visibility Prediction Model Using XGBoost and LightGBM

BongGyun Shin', Hyesun Sulf

Abstract

This study developed a visibility prediction model integrating meteorological
characteristics and air quality data. Using machine learning ensemble techniques based on
XGBoost (eXtreme Gradient Boosting) and LightGBM (Light Gradient Boosting Machine),
we comprehensively analyzed data from the Korea Meteorological Administration’s ASOS
(Automated Synoptic Observing System) and Air Korea’s ground-level air quality
measurements (2018-2021). The primary methodology was implemented on data from six
major cities: Seoul, Incheon, Daejeon, Gwangju, Daegu, and Busan. During data
preprocessing, missing values were addressed using linear interpolation and data from nearby
observation stations. Additional variables were reflected considering the difference between
ground and air temperatures, as well as time periodicity. Visibility distances were
categorized into three classes: O-lkm (class 0), 1-5km (class 1), and above Skm (class 2).
Considering the time series characteristics, data from 2018 to 2020 were used as training
data, while 2021 data served as test data. The final prediction model was constructed
through an ensemble of XGBoost and LightGBM models. The methodology incorporated
variable selection through permutation importance technique and implemented a hierarchical
binary classification model structure, optimized through Bayesian optimization. The final
model achieved CSI (Critical Success Index) scores ranging from 0.24 to 0.51 across
different regions, demonstrating the feasibility and potential of machine learning techniques
in visibility prediction.

Keywords : XGBoost, LightGBM, ASOS, air quality, Visibility Prediction.
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Bayesian Multiple Change-point Estimation for Hazard in Weibull
Distributions

Ah-Rim Joo', Sooyoung Cheort, Jachee Kint

Abstract

A Bayesian approach to the problem of hazard change with unknown multiple
change-points is developed using informative and noninformative priors for survival data.
Due to their flexibility, Weibull distributions are suitable for parametric modeling of
time-to-event data and they have been widely used in scientific applications such as in
survival analysis, reliability and industrial engineer-ing, hydrology and etc.. For the Weibull
distribution, piecewise constant hazard is considered with change-point estimation. The
two-parameter Weibull distribution is a particularly difficult with related prior distribution
because it requires a two-dimensional joint prior for Weibull parameters. The Stochastic
Gradient Langevin Dynamics is implemented for rapid and efficient search for change-points
with the posterior distributions. A major feature of the proposed approach is that there is no
necessity for the number of change-points resulting hazard function. The performance of the
proposed estimator is checked via simulation. As a real data application, Leukemia data and
Diabetic data are analyzed.

Keywords : weibull distribution; hazard” multiple change-point; SGLD; survival analysis.

'Department of Economics and Statics, Korea University.
Division of Big Data Science, Korea University.
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Role of Maternal Depression and Network Trajectories on Internet Addiction
in Korean Youth®

Juan Kinl, Sangjin Le¢’, Jinhyun Kin?, Min Jin Ha'

Abstract

Internet addiction (JA) in children and adolescents has become a growing concern,
particularly in South Korea, where internet usage rates are highest globally. Previous studies
have identified a relationship between parental mental health and IA in children, but the
long-term effects of maternal depression on IA have not been fully explored. This study
aims to investigate the association between maternal depression, both during the peripartum
period and in subsequent years, and IA in children using data from the Panel Study on
Korean Children (PSKC), a nationally representative longitudinal survey. The study also
examines how other family and child-related factors, such as parents’ employment status and
psychiatric symptoms, interact with maternal depression to influence IA. The analysis
included 652 participants from the PSKC. In PSKC, IA was assessed using the Korean
Internet Addiction Scale (K-scale), while maternal depression was measured using the
Kessler Psychological Distress Scale (K6). Data from 2008, 2017, and 2019 were analyzed
using longitudinal network modeling and generalized estimating equations (GEE). The results
showed that children of mothers who experienced peripartum depression had a higher risk of
developing IA compared to children whose mothers did not have peripartum depression.
Furthermore, children whose mothers were currently depressed also had a higher risk of IA.
Network modeling revealed that maternal depression and IA were interconnected over time,
with maternal depression in 2017 predicting higher IA in children by 2019. These findings
highlight the significant role of maternal mental health in shaping children’s behavioral
outcomes, particularly regarding their internet usage. The persistence of IA across years
suggests that early intervention for maternal depression could mitigate the long-term risk of
IA in children. This study emphasizes the importance of comprehensive mental health
assessments for both mothers and children to prevent the onset and progression of IA.

Keywords: Network modeling, Dependency network, longitudinal study.
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Ridge regression splines with knot selection via ¢, penalty”
Eun-Ji Leé', Jae-Hwan Jhong

Abstract

The Ridge regression model that considers the {,-norm penalty is a model that can
alleviate multicollinearity problems by slightly reducing all coefficients in high-dimensional
data. When the £,-norm penalty is considered in a linear regression model, variable selection
is explicitly performed to build a model using the fewest variables, and a sparse model is
created to facilitate interpretation and prevent overfitting. From a nonparametric regression
perspective, the knot selection problem can be solved using a norm penalty with a
regression model using a combined truncated power spline. We propose estimator based £,

-norm and {,-norm penalties. We estimate the coefficients of the regression model with a
coordinate descent algorithm. We evaluate the performance of {,-norm and £,-norm

penalty-based estimation through three simulations and we present numerical studies through
real data analysis.

Keywords : Best subset selection; coordinate descent algorithm; knot selection; ridge
penalty; truncated power splines.
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Zero inflated high dimensional compositional data with DeepInsight
Jeseok Lee', Byungwon Kint

Abstract

Through the Human Microbiome Project, research on human-associated microbiomes
has been conducted in various fields. New sequencing techniques such as Next Generation
Sequencing (NGS) and High-Throughput Sequencing (HTS) have enabled the inclusion of a
wide range of features of the microbiome. These advancements have also contributed to the
development of numerical proxies like Operational Taxonomic Units (OTUs) and Amplicon
Sequence Variants (ASVs). Studies involving such microbiome data often encounter
zero-inflated and high-dimensional problems. Based on the need to address these two issues
and the recent emphasis on compositional interpretation of microbiome data, we conducted
our research. To solve the zero-inflated problem in compositional microbiome data, we
transformed the data onto the surface of a hypersphere using a square root transformation.
Then, to solve the high-dimensional problem, we modified Deeplnsight, an image-generating
method using Convolutional Neural Networks (CNNs), to fit the hypersphere space.
Furthermore, to resolve the common issue of distinguishing between true zero values and
fake zero values in zero-inflated images, we added a very small value to the true zero
values. We validated our approach using pediatric inflammatory bowel disease (IBD) fecal
sample data and achieved an area under the receiver operating characteristic curve (AUC)
value of 0.847, which is higher than the previous study’s result of 0.83.

Keywords : Non-euclidean data, Deep Learning, Microbiome data.
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Prediction of Delisted Companies Using PSM-Based Machine Learning and
Deep Learning Models

Yeonju Kint, Byungwon Kinf

Abstract

The recent increase in delisted companies has raised concerns and caused losses for
investors, creating a growing need for more sophisticated models to predict delisted and
listed companies. However, domestic studies mainly rely on simple statistical methods, such
as logistic regression or t-tests, and often use artificial or random matching methods. These
approaches fail to ensure statistically meaningful matching and do not adequately address the
issue of data imbalance. This study moves beyond simple statistical analysis by applying
Propensity Score Matching (PSM) to achieve statistically significant matching, and leveraging
machine learning and deep learning models to improve the accuracy in predictions of
delisted companies. The analysis used financial data from companies delisted from the
KOSDAQ and KOSPI between 2005 and 2019, excluding voluntarily delisted firms. The
results show that the PSM-applied data achieves higher F1 scores compared to non-matched
data, and deep learning and some machine learning models outperformed traditional logistic
regression. This study demonstrates the potential for applying advanced techniques in
delisting prediction, allowing for more precise analysis of complex and imbalanced data.

Keywords : Financial data analysis, Propensity Score Matching, Delisting Prediction,
Deep learning, Machine learning.
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Development and evaluation of Artificial Intelligence Techniques to
Revolutionize the Marketing Strategies”

Minho Surt', Seung Woo Kimland', Jai Woo Leé

Artificial intelligence techniques are innovatively transforming the field of business,
attracting growing interest from researchers. In this study, we review marketing strategies
and develop artificial intelligence techniques to build large-scale data analysis for marketing
communications. We provide an overview of artificial intelligence techniques to process
large-scale marketing data, presenting flexible big data analytics with promising predictive
performance. An integrative analytic framework is devised to extract insights from
high-dimensional network data to represent inferential analyses. The aim of this study is to
build more accessible network analysis based on fundamental data requirements with large
business communication networks to validate network measures and theories in computation
that have been utilized in marketing studies. The proposed methods can be applied to
analyze complex and dynamic associations of marketing big data with various features.

Keywords : Attificial Intelligence, Big Data, Large-Scale Computing, Network Analysis,
Marketing.
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Applications of Response Dimension Reduction
in Large p-Small n Problems’

Minjee Kint, Jae Keun Yoo

Abstract

The goal of this paper is to show how multivariate regression analysis with
high-dimensional responses is facilitated by the response dimension reduction. Multivariate
regression, characterized by multi-dimensional response variables, is increasingly prevalent
across diverse fields such as repeated measures, longitudinal studies, and functional data
analysis. One of the key challenges in analyzing such data is managing the response
dimensions, which can complicate the analysis due to an exponential increase in the number
of parameters. Although response dimension reduction methods are developed, there is no
practically useful illustration for various types of data such as so-called large p-small n data.
This paper aims to fill this gap by showcasing how response dimension reduction can
enhance the analysis of high-dimensional response data, thereby providing significant
assistance to statistical practitioners and contributing to advancements in multiple scientific
domains.

Keywords : High-dimensional data analysis; Large p-small n data; Model-based
reduction; Multivariate regression; Response dimension reduction.
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Projective Resampling with the Minimum Average Variance Estimator:
Sufficiently Reducing Dimension with Multivariate Response

Seoyoung Kint, Jae Keun Yoo'

Abstract

This paper addresses the challenge of dimension reduction in datasets where both the
predictor and response variables are multivariate. We introduce a novel approach that
integrates the Minimum Average Variance Estimator (MAVE) with the Projective
Resampling (PR) method to render its applicability in multivariate response settings. By
applying MAVE within the framework of Projective Resampling, we achieve an efficient
dimension reduction, ensuring the exhaustive recovery of the central mean subspaces and
eradicating strong assumptions on the distribution of predictors. The proposed methodology is
validated through a series of simulations to evaluate its effectiveness and robustness in
various multivariate contexts. Further refinements were made to improve the computational
performance as well.

Keywords : Dimension Reduction , Multivariate nonlinear regression, Central mean
subspace, Average derivative estimation.
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Multivariate Response Directional Regression:
A Projective Resampling Approach

olobE!, AL’

Abstract

In high-dimensional data analysis, directional regression is a tool for implementing
linear sufficient dimension reduction by extracting core information while reducing data
complexity. However, extending sufficient dimension reduction techniques to handle
multivariate response data remains a relatively challenging task. Building upon the
framework proposed by Li et al. (2008), this paper introduces a novel approach that
integrates directional regression with a projective resampling method to tackle multivariate
response regression problem. Our proposed methodology not only enhances the accuracy of
recovering dimension reduction subspaces but also offers greater flexibility across diverse
datasets. We validate the effectiveness of our approach through extensive simulation studies
and real-world data analyses. This work provides a powerful alternative for multivariate
response dimension reduction, with broad applicability in fields requiring high-dimensional
data modeling.

Keywords : sufficient dimension reduction, directional regression, projective resampling,
high dimensional data analysis, multivariate analysis.
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Comparative Analysis of Likelihood-Based Dimension

Reduction Methods

Hyemin Yoo', Jae Keun Yoo'

Abstract

To overcome the limitations of widespread dimension reduction methods such as Sliced
Inverse Regression (SIR) and Sliced Average Variance Estimates (SAVE), many alternative
methods have been proposed. In this paper, we compare two such methods likelihood
acquired directions (LAD) and unstructured principal fitted components (UPFC)—both of
which are likelihood-based sufficient dimension reduction techniques. While LAD and UPFC
share foundational similarities in their approach to dimension reduction, they diverge
significantly in the specifics of their assumptions and implementation about the underlying
data structure.
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Applying quantile regression to determine the effects of household
characteristics on household saving rates in Vietham

Thanh Hoa Bui', Keunjae Leé

Abstract

Household savings are a crucial source of funding for investments that drive long-term
economic growth, particularly in developing countries like Vietnam. In Vietnam, which
consists of six distinct socio-economic regions, household savings also help buffer against
income fluctuations and provide financial security. To understand the factors influencing
household saving rates, the study employs a microeconomic approach using data from the
2018 Vietnam Household Living Standard Survey. Conditional quantile regression methods
are applied to identify the determinants of household saving rates across Vietnam’s six
socio-economic regions, exploring regional heterogeneity in saving behaviors. Key findings
show that household income positively affects saving rates in all regions, while education
level, household size, and location generally have negative effects. The influence of income
is strongest in the Northern Midlands and weakest in the Southeast. Wage income impacts
saving more than farm income in certain regions, and dependency ratios show varying
significance depending on region and saving level. Ethnic minority households tend to have
higher saving rates than Kinh households, except in the Southeast and Mekong River Delta.
These insights provide guidance for regional and national policymakers to design targeted
strategies that encourage household savings and support socioeconomic development in
Vietnam.

Keywords : Household saving rates, Vietnam, quantile regression, microeconomic
approach.
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A Comprehensive Software Reliability Growth Model Incorporating
Dependent Failures and Uncertain Operating Environments”

Onon-Ujin Otgonbayar', In Hong Chang, Kwang Yoon Song’, Youn Su Kint

Abstract

As the reliance on software systems continues to expand across various fields, the
demand for highly reliable software has become increasingly critical. In response to this,
numerous statistical models have been developed to estimate software reliability. This study
introduces a software reliability growth model that goes beyond traditional assumptions by
addressing the influence of dependent failures that emerge under uncertain operating
environments. Unlike previous approaches, which often presume that testing environments
closely resemble operating environments, this model recognizes the diverse and dynamic
settings in which software may ultimately be deployed. These environmental variations can
significantly impact software failure rates and, consequently, overall reliability. By
incorporating the effects of uncertain and varied conditions into the model, a more realistic
reliability estimation is achieved. Twelve criteria are assessed by aligning actual failure data
with the eleven models, which includes existing models and the one proposed in this study.
Consequently, the model introduced in this study demonstrates its strengths over traditional
approaches and its practical applicability in improving software reliability assessments.

Keywords : Software reliability growth model, Nonhomogeneous Poisson process,
Dependent failure, Uncertain operating environment.
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Revisit Forward Rate Unbiasedness Hypothesis using Smooth Time-Varying
Cointegration Regression Model with Unknown Structural Breaks

Xiaoyu Kang', Sung Y, Park

Abstract

A substantial body of prior research has focused on examining the fixed relationship
between spot and forward exchange rates in order to test the forward rate unbiasedness
hypothesis (FRUH). However, this assumption is quite strong, as there are numerous factors,
such as macroeconomic shocks, that have the potential to disrupt the fixed relationship over
the specified time horizon. This paper applies a smooth time-varying cointegration regression
model with unknow structural breaks for the purpose of analyzing the aforementioned
relationship across sixteen foreign exchange markets, including both advanced and emerging
countries. We propose a model in which the functional parameters are specified by a
well-known orthonormal series. Although cointegration theory is well-suited to elucidating
long-run dynamics, it is possible that structural breaks may occur even within a smooth
time-varying relationship. To address this issue, we have identified and tested the structural
breaks in the considered model. The results demonstrate that the relationships are indeed
time-varying and exhibit structural breaks. Furthermore, the FRUH, but also the foreign
premium, are maintained over specific periods. Additionally, the results differ between
countries, offering valuable insights for policymakers.

Keywords : Spot and Forward Exchange Rate; Forward Rate Unbiasedness Hypothesis;
Time-varying Cointegraion Regression; Structural break.
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hnic Minorities in Vietham: A Study of the Factors
InfluencingtheLivingStandards(Preliminary)

Nguyen Tuan Dat, KeunjaeLeé

Abstract

The authors use the Vietnamese Household Living Standards Survey 2020 dataset
(VHLSS) and model regression to study the factors affecting the living standards of ethnic
minorities in Vietham. Income is determined to have the greatest influence on ethnic
minorities’ living standards, while health insurance has the opposite effect. This conclusion
serves as the foundation for the authors to develop a number of recommendations and
solutions for stakeholders to ensure and improve the living conditions of ethnic minorities in
Vietnam.

Keywords : ethnic minorities; living standards; linear regression.
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Estimation of weather impacts on mosquito abundance using Bayesian
period-varying Poisson modeling with reduced-rank regression*

Jieun Lee', Myungjin Kim'?, Yongku Kin'?, Seung Yeop Yang”, Jun-Yeong Lee"*, Semin
OH', Seongjun Byun', Young Ho Kin?, Ye Eun Park

Abstract

Poisson regression models have been classical tools for estimating and predicting
species abundance. As the changes in weather conditions become more frequent and
dramatic, however, Poisson models that can reflect varying impacts of climate variables with
respect to time are in need. In this paper, we expand the application domain of Poisson
regression models by developing a period-varying Poisson regression framework that can
explain the varying impacts of covariates on the outcome over the course of time. The
framework of period-varying Poisson regression modeling uses the notion of reduced-rank
regression that improves the accuracy of statistical inference by allowing the regression
coefficient vectors to share information with each other. To enable statistical inference under
the low-rank constraint, we incorporate the weighted Bayesian bootstrap into our framework.
Results from a simulation study are provided to demonstrate the performance of our
proposed method. Finally, the period-varying Poisson regression model is applied to
investigate the varying climate effect on the mosquito population in a rural city in South

Korea.

Keywords : Bayesian inference, Climate impacts on ecosystems, Maximum A Posteriori
(MAP) estimation, Row-rank constraints, Weighted Bayesian bootstrap.
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Exploring Regression Associations in Multidimensional Contingency Tables
with an Ordinal Dependent Variable*

Saebom Jeon', Daeyoung Kint

Abstract

We present a data-analytic framework designed to reveal the associations within
firefighters” PTSD (Post-Traumatic Stress Disorder) survey data, structured in a
multidimensional contingency table. The primary aim of this study is to explore possible
regression relationships between firefighters’ PTSD levels, an ordinal response variable, and
a comprehensive set of categorical risk factors. These risk factors include demographic,
job-related, and mental health factors, which we analyze both in terms of their joint/marginal
relationships and conditional influences on PTSD patterns. To achieve these insights, our
approach makes use of two established data-driven methods: the newly developed
non-model-based regression association measure, CCRAM (Checkerboard Copula Regression
Association Measure), and resampling techniques such as bootstrap and permutation methods.
The empirical findings suggest that this framework is an effective exploratory tool for
identifying and exploring potential regression associations in complex, multidimensional
categorical data. It also provides a basis for identifying promising candidate hypotheses for
further confirmatory analysis.

Keywords : Multidimensional contingency tables, ordinal categorical variables, PTSD,
resampling methods.
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Developing a Carbon Emission Index:
A Framework Using ESG Reports and Text Mining

Sung Jae Kint, Youngbok Chof

Abstract

As the demand for corporate accountability in carbon emissions grows, the need for
standardized metrics to evaluate progress toward carbon neutrality has become critical. This
study aims to develop a comprehensive carbon emission index based on annual
Environmental, Social, and Governance (ESG) reports published by corporations. The
proposed index consists of seven key components, each assigned a reference score derived
through a systematic approach. Relevant sentences associated with each component are
extracted from ESG reports using Euclidean distance-based similarity measures. Sentiment
analysis is then applied to the extracted sentences to generate sentiment scores for each
component. These sentiment-driven scores, along with corporate ESG ratings, are utilized to
construct a predictive model for the carbon neutrality index. The study’s findings provide a
robust framework for measuring corporate efforts in achieving carbon neutrality, offering
insights into the alignment between ESG reporting and sustainable practices. This research
contributes to the development of standardized tools for assessing carbon emissions and
supports evidence-based policymaking for sustainable development.

Keywords : Carbon Emission Index, ESG Reports, Euclidean Distance, Sentiment
Analysis, Text Mining, Carbon Neutrality, Sustainability Metrics, Corporate ESG Ratings,
Sustainable Development, Predictive Modeling
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Model evaluation criterion for
anti-cancer drug sensitivity-specific gene network inference

2], w4

Abstract

The gene network analysis is essential for uncovering disease mechanisms, because the
complex mechanism involved in perturbation of molecular interplays rather than
abnormalities of a single gene. The linear regression model and the L1-type regularization
methods are commonly used to infer gene network, but it provides averaged results across
samples, failing to reveal the cell line-specific gene regulatory system. So, we consider the
varying coefficient model with the kernel-based L1-type regularization that enable us to
reveal cell line characteristic-specific gene networks. In the Ll-type regularized regression
modeling, the hyperparameter selection is crucial, because it strongly influences both results
of gene selection and network estimation. While Cross-Validation (CV) is widely used to
select hyperparameters, it leads to computationally expensive procedures, and provides an
averaged model evaluation result. To settle on this limitation, we propose a novel model
evaluation criterion, called sample-specific Generalized Cross-Validation (ss-GCV). We
demonstrate through Monte Carlo simulations that our strategy provides effectiveness results
for sample-specific gene network analysis. Our method also applied to cytarabine (i.e.,
anti-cancer drug of AML) sensitivity-specific gene network analysis and reveal the cytarabine
sensitivity-specific molecular interplays. We expect that our strategy will be a useful tool for
cell line-specific gene network analysis and provide crucial insights to precision anti-cancer
therapy.

Keywords : sample-specific Generalized Cross-Validation (ss-GCV), varying coefficient
model, gene network, cell line-specific analysis.
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A Deep Semi-supervised Learning Framework
using Learnable Data Augmentation technique
via Masked Autoencoders for tabular data

Jihye Lee', Dongha Kint

Abstract

Semi-supervised learning(SSL) is a method for learning a powerful prediction model by
leveraging both labeled and unlabeled data. The central idea of SSL is to propagate the
label information from labeled data to the unlabeled data, effectively increasing the amount
of labeled data as learning proceeds. To achieve this, data augmentation techniques, such as
rotation and reflection in image domains, are commonly used. These augmentations have
significantly enhanced performance in deep prediction models in SSL regime for image data.
However, in contrast to image data, effective and desirable augmentation techniques for
tabular data still remain limited, constraining the development of deep learning-based SSL
methods in this domain. In this study, we introduce a novel transformer-based framework for
SSL tasks in tabular data. Our method is an end-to-end type that integrates learnable data
augmentation techniques with a prediction model within a single architecture. We modify
masked autoencoders (MAE) by adding a prediction model to the encoder, creating a unified
structure. By combining reconstruction error and FixMatch-like loss function, our framework
implicitly generates augmented data while simultaneously achieving highly accurate prediction
model. To empirically validate the superiority of our method, we compare its performance to
other state-of-the-art competitors and also traditional machine learning approaches, and find
that our method achieves the highest test AUC scores over all evaluated tabular datasets,
even with a small amount of labels.

Keywords : Deep Semi-supervised Learning, Leanable Data Augmentation, Masked
Autoencoders.
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Improving Outlier Detection by Optimizing the Inlier-Memorization Effect in
Deep Generative Models

Seoyoung Cho', Jaeesung Hwang’, Kwan-Young Bak, Dongha Kim'

Abstract

Outlier detection (OD) identifies unusual data points, or outliers, by learning patterns
within typical observations, known as inliers. Recently, a robust unsupervised OD (UOD)
approach was introduced, leveraging the inlier-memorization (IM) effect, a phenomenon in
which deep generative models tend to memorize inliers before outliers during the early
stages of training. This study aims to enhance UOD by leveraging this effect. Observing that
the IM effect strengthens when fewer outliers are present, we propose a method that
excludes outliers from mini-batches during loss calculation. Our approach, Adaptive Loss
Truncation with Batch Increment (ALTBI), combines two techniques: gradually increasing
mini-batch size and applying an adaptive threshold for truncated loss. We theoretically
demonstrate that these strategies enhance the IM effect by filtering out outliers from the loss
function. Additionally, ALTBI incorporates an ensemble method and achieves state-of-the-art
performance across extensive datasets, all with lower computational demands. It also
maintains effectiveness when integrated with privacy-preserving techniques.

Keywords : Outlier Detection, Deep Generative Models, IM Effect
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functional Sequence Kernel Association Test (fSKAT) for Genetic Variant
identification in hippocampal radial distances”

Hyeonjeong Lini, Yoonseok Le¢’, Eunjee Lec’

Abstract

Imaging genetics has advanced to uncover genetic variants associated with imaging
phenotypes characterized by imaging data, which can be considered as objective phenotypes
of genetic diseases. We focus on the hippocampal radial distance of Alzheimer’s Disease
Neuroimaging Initiative (ADNI) subjects as an imaging phenotype. In this study, we propose
a novel approach, the functional sequence kernel association test (fSKAT), to test the effects
of genetic variants on an imaging phenotype that can be represented by functional data. As
a functional phenotype, we constructed hippocampal radial distance curves derived from
structural magnetic resonance imaging data, defined by the distances from the centroid of
the hippocampus to its surface at multiple radial points. Next, to address the infinite
dimensionality of the data and extract important features, we employed functional principal
component analysis for basis expansion of the functional phenotype. Finally, fSKAT was
used to incorporate sets of non-linear single-nucleotide polymorphism (SNP) effects on the
functional phenotypes, leveraging functional principal component scores. This study applied
the proposed method to genotypes in chromosome 19 of ADNI subjects, including
cognitively normal, mild cognitive impairment (MCI), and Alzheimer’s disease patients, to
identify significant genetic variants. Our results demonstrated superior statistical power and
computational efficiency compared to other competing approaches that do not account for
the functional nature of imaging data.

Keywords : functional data analysis, Imaging genetics, genetic variants, radial distances,
phenotypes, kernel machine regression.
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Improving Time Series Forecasting Accuracy with Increasing Weighted Loss
Functions for Further Prediction

Sumin Jeon', Jun Song’

Abstract

Time series forecasting is a crucial task in multivariate time series analysis. With the
recent demonstration of the superior performance of Transformer models in time series
forecasting, this study selects the PatchTST model, a Transformer variant specifically suited
for multivariate time series analysis. However, the loss function commonly employed in
traditional Transformers, Mean Squared Error (MSE), has limitations, particularly in its
tendency to exhibit larger discrepancies between predictions and actual values for more
recent time points. To address this, this paper proposes a Weighted Sum Loss Function to
enhance the predictive accuracy of time series analysis using Transformers. The proposed
loss function assigns progressively increasing weights to recent time points in various
functional forms, giving the highest weight to the most recent observations, thereby enabling
more precise time series forecasting. The proposed model was evaluated using simulation
data generated from stochastic processes and hourly measured ozone data from the United
States. Results demonstrate that the PatchTST model with the Weighted Sum Loss Function
outperforms existing models in predictive accuracy.

Keywords : Time series forcasting, PatchTST, Increasing Weighted Loss Functions.
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Automatic Seed Word Selection for Topic Modeling

Dahyun Jeong', Jeongin Hwang, Yamjin Chor, Yoon-Yeong Kint

Abstract

Topic modeling has emerged as a prominent technique for uncovering latent semantic
topics from a corpus. While fully unsupervised topic models have been widely employed in
topic modeling tasks, they often tend to identify common or dominant topics within
documents, potentially overlooking minor topics. Recently, seed-guided topic modeling has
gained attention by incorporating ‘seed words’ to help uncover both dominant and previously
overlooked minor topics. However, in most existing studies, seed words are chosen in
supervised settings, often using label-dependent metrics or manual selection. In real-world
applications, where data is typically unstructured, these methods are difficult to scale, and
reliance on domain expertise can introduce potential bias into the seed words. Notably, the
selection of seed words in unsupervised settings remains underexplored. To address these
limitations, we propose an automated seed word selection process that discovers sets of
words that are diverse and cohesive based on inter-word relationships. Next, we provide an
instantiation of the proposed process as an algorithm called SeedCapture, which utilizes
co-occurrence to capture meaningful associations. The proposed SeedCapture has several
benefits: it requires minimal parameters for tuning, making it efficient to use. In addition,
the algorithm is highly adaptable and can be seamlessly integrated into the seed word
selection process of traditional seed-guided topic models. Through quantitative and qualitative
analyses, we demonstrate the effectiveness of our process across various corpora and
seed-guided topic models.

keywords : seed-guided topic modeling, seed words, automatic seed word selection.
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BERT-based graph level anomaly detection for molecular graphs

Kione Kinl, Jong-June Jeor®

Abstract

In recent years, there has been a growing interest in graph level anomaly detection,
which is the detection of anomalous graphs that exhibit unusual features and topology
compared to the majority of normal graphs. In this paper, we present a BERT-based
learning framework for detecting local and global anomalies. Our approach uses BERT to
learn a latent vector and learns to minimize the difference between the reconstructed node
attributes based on the latent vector and the original node attributes. The difference between
the original and reconstructed node attributes and the distance between CLS tokens and
cluster centers can be utilized to compute an anomaly score to represent the degree of
anomaly in each graph. To evaluate the performance of our method, we conducted
experiments using the molecular graphs benchmark dataset to demonstrate its effectiveness in
detecting anomalous graphs.

keywords : Graph Anomaly Detection, BERT for Graph Representation, Molecular
Graphs.
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Low-Dimension Adaptive Neural Network Regression with Directional
Change Detection via Nuclear Norm Penalization

Yongku Kint, Jae-Hwan Jhong’, Ja-Yong Koo', Kwan-Young Bak

Abstract

This paper reports on our study of a regularized neural network regression method that
adapts to the low-dimensional directional structure of a function. The key innovation lies in
identifying direction vectors where the function exhibits significant variation and conducting
estimation within this reduced-dimensional space. This is achieved through a regularization
scheme that controls the nuclear norm of the weights matrix. The nuclear norm penalization
approach effectively reduces its rank and allows the model to discover the principal subspace
where the function varies. Additionally, an £, penalty is imposed to introduce node-level sparsity,
which further enhances dimension reduction and improves estimation efficiency. The combination
of the nuclear norm and ¢, norm penalties results in a low-dimensional network structure that
strikes a good balance in the bias-variance trade-off and improves estimator performance. An
efficient and stable implementation scheme is designed based on the alternating direction method
of multipliers and the Levenberg-Marquardt algorithm. The stability of the algorithm is enhanced
by using a B-spline activation function with compact support and and initialization strategy based
on model-based sliced inverse regression. Numerical experiments on simulated and benchmark
datasets demonstrate that our method outperforms several popular machine learning and neural
network regression techniques.

Keywords : Curse of dimensionality, Directional information, Multivariate regression,
Neural network, Nuclear norm penalization.
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Impact of Global Fertilizer Prices on Import Allocation

Joonsung Whangbo', Yeon Soo Nok, and Dong Hee Sulf

Abstract

Climate change and global political instability have increased fertilizer price volatility,
pushing prices to record highs in 2022. Rising global prices have driven up import costs,
resulting in higher farming costs, reduced farmer incomes, and weakened food security.
Given agriculture’s heavy reliance on imported fertilizers, these price surges may pose
significant threats to the sector. Addressing the lack of past studies on the economic impacts
of global fertilizer price fluctuations, this study examines the effects of global fertilizer price
hikes on import demand and provides insights for optimal import strategies by addressing
key risk and structural factors in the fertilizer market.

Keywords : fertilizer, nitrogen, import demand, price risk.
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Testing for Bubbles in the Korean won - US dollar Exchange Rate

Sunghoon Sint

Abstract

Our empirical findings from SADF and GSADF tests indicate that the explosive
behavior in the nominal won-dollar exchange rate can be attributed to the movements in
both the relative prices of traded and non-traded goods. Graphical results also show evidence
of three speculative bubbles. The first bubble is related to the Korean currency crisis in
1997, the second bubble coincides with the period of world financial crisis in 2008, and the
third bubble occurs around the year of 2022 from which period the interest disparity
between Korea the US started to expand.

Keywords : Exchange rate, traded goods, non-trade goods, GSADF test.
1. Introduction

Economic theory has postulated that exchange rates paly crucial roles in determining
international trade and, thus, economic growth. Financial theory posits that there is a nexus
between exchange rates, inflation and interest rate differentials, which contribute to the
direction of capital and asset flows between countries, and thus determine asset prices.
Therefore, the fact that exchange rates can freely float, no doubt, increases speculation in asset
prices, increasing volatility in the financial markets. The existence of rational bubbles suggests
that nominal exchange rate and prices are not related in the long run. Traditional theory
attributes fluctuations in real exchange rates to change in relative price of non-traded goods.
Following the breakdown of the Bretton-Woods system of fixed exchange rates in the early
1970s, major developed countries switched from a fixed into a floating exchange rate regime.
Korea also adopted fully free-floating exchange rate system after 1997 economic crisis. History
has witnessed many episodes of crises in the won-dollar exchange market, such as the 1997
Asian crisis, the 2008 financial crisis, and the strong depreciation in recent few years.
Dramatic depreciation of the won-dollar rate during these crisis periods has puzzled
practitioners as well as researchers. Some economists conjecture that speculative bubbles were

driving the market during these periods.

'Professor, Department of Economics, Pukyong National University, Yongso-ro 45, Nam-gu, Busan, Korea.
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Recently, various new tests have been developed to detect speculative bubbles in asset
prices. We employ the sequential unit root tests proposed by Phillips et al. (2011, 2015),
which are based on the type of indirect stationarity tests initiated by Diba and Grossman
(1984) and Hamilton and Whiteman (1985). These indirect tests have the advantage of
detecting speculative bubbles despite a potential misspecification of the market fundamental
process. With these backdrops, this paper explores the existence of multiple bubbles in Korean
won-US dollar.

2. Data and Empirical Results

The data used in this study consist of monthly bilateral exchange rates between Korea
and the United States from January 1995 through August 2023. The data on nominal exchange
rates were obtained from the Bank of Korea. The nominal exchange rate series were converted
to natural logarithms.

Following Engel (1999), the ratio of the exchange rate to the traded goods fundamental is
given by,

si'T=s,+log(PPI,) —log (PPI,), €))

where s, is the logarithms of won/dollar exchange rate, PPI is the producer price index and
the asterisk represents the foreign counterpart. Equation (1) measures the direct relative effect
of traded goods on exchange rate. On the other hand, equation (2) shows the effect of
non-traded goods on exchange rate.

si'N=s,+log(PPI,) —log (PPI,) +log (CPI,) — log (CPI,), )

where CPI is the consumer price index and the asterisk represents the foreign counterpart.

Table 1 displays the SADF and GSADF test statistics for the logarithm of nominal
exchange rate between Korea and the United States. The results of SADF and GSADF tests
show that the null hypothesis of no explosive behavior in the won-dollar exchange rate is
rejected at 1% significant level.

Table 1 also provides the results from SADF and GSADF procedures for exchange rate
relative price of non-traded goods ratio. The right-tailed ADF tests fail to reject the null of no
speculative bubbles in the relative prices non-traded goods at the 1% significant level.
Likewise, the results of Table 1 indicates that there exist the bubbles in the relative prices of
traded goods at the 1% significant level. In sum, our empirical results of SASF and GSADF
tests presents evidence of multiple bubbles in the nominal won-dollar exchange rate; driven by
both the relative prices of non-traded and traded goods between Korea and the United States.

Once we have established the existence of bubbles in the exchange rate series, the next

step is to identify the locations of bubble periods graphically using BSADF procedure. The
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graph (a) of Figure 1 plots the GSADF statistics for the nominal won-dollar exchange rate.
The figure shows evidence of multiple bubbles in the nominal exchange rate between Korea
and the US. The first bubble occurred in end of 1997. This period corresponds to the
currency crisis in Korea and to the period of managed floating exchange rate regime in Korea.
The second bubble occurred around the year of 2008 which period corresponds to the world
financial crisis and to the period of fully floating exchange rate regime in Korea. The third
bubble occurred in 2022 from which period the interest disparity between Korea and the US
started to largely increase.

Table 1. Results of right-tailed tests

. SADF GSADF
Variable - .
Test statistics Test statistics
s, 4.2071%%% 4.2071%%%
s;’N 4.3413*** 4.3413***
sp T 3915w 3.915
Critical values (%)
99 1.9580 2.6006
95 1.5116 2.0675
90 1.1636 1.9488
Note: " indicates 1% significance level.
Backwards SADF sequence (left axis) ~ | 76 [ . — Backwards SADF sequence (left axis) 78
6 ——— 95% critical value sequence (left axis) 74 ——— 95% critical value sequence (left axis) 7.6
Nominal exchange rate (right axis) —— Nontraded Goods (right axis)

(a) Nominal exchange rate (b) Non-traded goods
_— 76

— Backwards SADF sequence (left axis)

——— 95% critical value sequence (left axis) 7.4
Traded Goods (right axis) W\”‘
7.2

7.0

6.8

6.6

N R O Rk N oW s

9% 98 00 02 04 06 08 10 12 14 16 18 20 22
(c) Traded goods
Note: The solid (or blue) lines denote the backward SADF (BSADF) sequences (left axis basis) and the
dotted (or red) lines denote 95% critical value sequences (left axis basis). Top dashed (or green) lines
indicate the three exchange rates (right axis basis).

Figure 1. Results of the GSADF date-stamping procedure for exchange rates
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The graph (b) of Figure 1 displays graphically the results of the GSADF test for real
exchange rate of non-traded goods. The graph is similar to the GSADF result of nominal
exchange rate, showing the multiple bubbles with the additional bubble between 2005 and
2007. The graph (c) of Figure 1 also provides similar bubble pattern to the nominal exchange
rate with exception of another short bubble between 2015 and 2016.

3. Conclusion

In this paper we provide new evidence casting doubt on the bubble hypothesis in the
nominal won-dollar exchange rate by employing recent sequential ADF tests developed by
Phillips et al. (2011, 2015).

Our empirical findings from SADF and GSADF tests indicate that the explosive behavior
in the nominal won-dollar exchange rate can be attributed to the movements in both the
relative prices of traded and non-traded goods. This result is not consistent with the traditional
theories, which stresses that movements in relative price of non-traded goods alone are
responsible for the fluctuations in the nominal exchange rates. Graphical results also show
evidence of three speculative bubbles. The first bubble is related to the Korean currency crisis
in 1997, the second bubble coincides with the period of world financial crisis in 2008, and
the third bubble occurred around the year of 2022 from which period the interest disparity
between Korean and the US started to expand.

The results of this study underscore the important roles of underlying fundamentals in
determining rational bubbles in asset prices. The existence of rational bubble is likely lead to
the redistribution of wealth so that the investors also should be cognizant of the existence of
rational bubbles in won-dollar exchange rate. Moreover, asset bubbles can have negative
financial and real consequences. Thus, the policymakers need to be aware of the early warning
sings of speculative bubbles so that they can mitigate the reverse effect of bubbles by
implementing appropriate monetary and fiscal policies.
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= .05, A47489 95 ¥ WY 5 9fE HAsto] Ao e A4 BE FE ST
A3 16678010, GEES Leldte] F 20075 etk gE A T SHol BEFEdt
AY T2 5532 AYstn &= 19552 8 EAo o]&59t R ase 20244 4€ 1095
B 49 2597k A7tEaA AEAE ggste] o] FoHth

2 A A ES Table 13} 2t} A4 A
T6=1L6TASH thdAke] b Sl whE A AT
w4 At 74? EH(F—S , p=004), 37 ZPPEE ARSAIZNF6.255, p=002), 2PFEE ARE7|RE
(F=6411, p=.002), 2~PHEE ALE-52(F=3439, p=018)°] whe} TAH & Fofg Zo|7} USiTh

2 W] Sead), 2nhEE 3%, A AYE o) FA
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ntEZ FE(=414, p<001), THA A F(=387, p<.001) 7roll= Froldt A AdaAt AU
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E 53 A (=544, p<.001) FHl = o3 FA AAAAT ARk
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Table 1. Differences of Academic procrastination behavior by general characteristics (N-195)
.. . t or F(p)
Characteristics Categories n(%) or M(SD) M(SD) 7Sche ffo
Age(year) range 19-28 20.76£1.67
Male 33(16.9) 2.51(0.50) -2.017
Gender Female 162(83.1) 2.70(0.48) (050)
With familya 90(46.2) 2.60(0.49) 5.700*
Type of residence Living aloneb 41(21.0) 2.89(0.52) (.004)
Dormitoryc 64(32.8) 2.62(0.43) b>a
1-3hra 17(8.7) 2.69(0.39) 6.255%
Smartphone usage 3-5hrb 67(34.4) 2.50(0.53) (002)
time per day
More than Shrc 111(56.9) 2.77(0.46) c>b
Period of " 1-3yra 2(1.0) 2.79(0.00) 6.411%
eriod of use o
smartphone 3-5yrb 2(1.0) 1.47(0.00) (.002)
More than Syrc 191(98.0) 2.68(0.48) a,c>b
Search for informationa 10(5.1) 2.26(0.51)
. Interpersonal relationshipb 106(54.4) 2.74(0.46)
Purpose of using ; 3.439*
smartphone Watch the videoc 65(33.3) 2.63(0.47) (018)

Basic Features

(Call, text message)d 1402) 258(0.66)
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Table 2. Correlations among Academic burnout, Smartphone addiction and
Academic procrastination behavior (N=195)

Variables Academic burnout r(p) Smartphone addiction r(p) Acadeg: sa‘pl)lr()orcr:l(s;;n ation
Academic burnout 1
Smartphone addiction 44 1
(<.001)
Academic procrastination .387 414 1
bevavior (<.001) (<.001)

Table 4. Influencing Factors on Academic procrastination behavior (N=195)

Variables B SE yé) t p
1.544 0.19 8.20 <.001
Smartphone addiction 0.28 0.08 295 3.69 <.001
Academic burnout 0.16 0.68 .186 2.32 .002

Adj R2=.170, F=19.437, p<001
34 WAL iR AP Fol AFE vH= L2

ogAe] SaAAd B Gk
YAADE] Mg FoE A F

o7 YA (B.186, p=.002)¢] Ao Z LrEpyiTh

Table 37} 2l 2 AFol|A =kl g
MPEE FE(5=295 p<001)°]aL, I The

4. =9
2 d9e dEdEY] dad, AnEE F5  dgAdds 1 #AE Fetsta A
AgFel e AT 89S elsty] A8 AH Ut & A7 ARE EdE sy sl
B EaEiN , A Z FHA LR A AAE =0]7] 9
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A7) 2 FHe] nERK] hFa WAl AU olF Fke| wEWE WATFRI} F49)
Siuo} 2022 Fo GEEQA I ALOR 10008 W WolAiL, ol@A B s
YHEE A7) Ba) Ao s, AU Sl 29 ¥ AWsfol S o @
Ao HUtk dAEY A FHoRE 294 TFol dtgel W A Fog x3
B0, 5 ddel 7 e £ ZAAD AT & e A} 3H R e
A= o] [E] AF ol Qir) sk, istAle] AFe A A AFeE Ay AxsHA] gow,
o dege AF A9 A9 AUe FEE qeni, A3HGN A9uH FES 8
2 T 7HA SHA wrgH =, shus dietge] dedt dAse A9s 2A e, vE
st 3AE ek A Ao Ad tistds ekl Hske Zlolth webd tiEAe HdeAdE
W AGAE ] FEE HYEY HAPEARZ olod & Avk SA4F AY o w Qs 787
A AZFE Zta Ay AYs FAeke distEe]l AA o BopAa glom, WA AU v
A v, WA dxe EAE A ve FF El_}%j% st vk ol e =R g
S AYES st A A9 EAE ¥t JoH, o]Yd dFe EPMEC] A
ol A QFAolA] Jrsta iAol AP At ArAQl HHde AT gl

T AL QA FAHe] Asta TR} TE A9 A FEFe] Btk I 94 A
29 BZE 20229 55A9(519%)0] 7HE = ARAG24.6%)0] HE ol glom Ao =
A v 29 F P9 AAES TP THAAEDA E 385%, =9 F 2L #AY v

% o] womn FHANEHAN HIE 267%, =4 F YUY F
=

o
& 880%)°] 7V st Q4
0 & 852%) 3 FEAGEIA &
(Table 13x5).

1=}
B
4%, 9 T g4 HAY vE 844%) 9 =LA

vholgre] F5 AbY BF Azde] wEE oy ks gdel 18E 27 4L Oy
om @tk W W A4 AN BPYe] 1§ Mgl A FasT A 7% vedel O
587} Hada

g Ax R oAyA gE EoklA e SUHIY 294 A S vE
1 E9Ao] whd whol] 7H ‘%01 HAAT AT "wE1P(13.0%) 01 AL, AR E- 2

ZEO-ARI|E Mu 2 B8.7%), AAN(7T%), "F&L(13%) 5ol HE oItk 20228hd %
S Z2AA F wKTEN D AYEG1%)S 20213 E(6.0%)0] v AL ol Ao|th o]}
SHA A A EGA AYEE A LAY, 53] FE A Foke 20224 33%%E 59 1

12%2RQE shehgla, Qe 1A ok AME A8l 20221 3.0%= LEFSTHTable 2735%).

Table 1. 202210 &34 HP A9 2%
A
v &

2} Al 2022 =94 A 2022L4 =944 A4 = F 99 A4
v)& v &
T3 T8 AY 51.9% 38.5% 88.0%
T3 A5 AY 24.6% 25.4% 85.9%
T 5 A% 19.7% 26.7% 85.2%
T 55 A9 3.8% 9.4% 84.4%
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Table 2. 2018202213 A #d9 F4 A5 W 4

aqEd 2022\ 2021 202041 20194 20181 51d7ke] Wizt
WEY 13.0% 14.0% 17.0% 15.9% 14.9% -19%

2] %

H:ﬂ% 8.7% 9.2% 9.0% 8.9% 8.8% 0.1%
154 7.7% 8.6% 9.0% 8.9% 9.1% -1.4%
=84 73% 7.2% 7.5% 7.8% 8.1% 0.8%
AR=NER =]

G 6.8% 6.4% 6.2% 6.0% 6.0% 0.8%
oo

AAA 7| A 2 6.8% 6.2% 5.7% 5.7% 5.6% 12%
97 4 7tz

AH] 2= 6.0% 6.0% 59% 6.0% 6.2% 02%
O] A A E] &

H# };] e T 509 5.3% 5.1% 5.8% 5.5% 0.5%
LA, S Y 45% 4.6% 42% 4.6% 42% 0.3%
EuE 3.6% 3.8% 3.5% 3.4% 4.0% 0.4%
a7l # 3.0% 2.6% 2.4% 22% 1.6% 14%
"gﬂi}%ﬁ‘?ﬁ U0 .0/0 /0 o 0 .0/ /0
Z) A u] A 2 29% 2.6% 25% 24% 2.4% 0.5%
A A 2 2.7% 2.4% 2.1% 2.0% 1.8% 09%
+54 22% 2.3% 22% 2.4% 22% 0%
sl 2.1% 1.8% 1.8% 1.8% 1.9% 0.2%
SARITHZY 2.0% 1.7% 1.7% 1.9% 2.1% 0.1%

3 e AU g FEU 2

(1) W3zt 3 7ke] AH Wy

gere 43¢ A8y W kel e Adshs dAollw sm et dste A%
Adel Aoz 8 F T dSAAE B F EQAL Ade] A5 43 7 sl
FAR5eh F015710] Wt Al stash 4TS Adekin, Woke 2 FUW w5tm £
e st Aol v A4l v AWHoIm, el F3st AF] B Axel FaA]
2, 4Es AFERY A& YT JReA gom, Szt sy Qe A wiEsE 4
uE JlEdoxn sad fev, JRAent st Be@ aaE WEA %3 Fue]
wlo] gt sk Aolo] el wrle] EAlste] Syl Luke AL Aedshe o we
o] 94 gtk WA St stel o W7k L A%t AlFe wist @A ggeln 57,
F0) 9 5Ee TP YO FTH A4 dadE FASE G A8 4 Age A
Gl weh Ee AN e Aoz dstete] sust g4 7ol A wthFe] WS, S A
Bol o3 84l Qe B Wxe] $AA dge WA 5 9
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Aolmg St Agle] 878 F18 olstalor Ak et GuEA @REAE Aslsh 47
S BholA glov] St SEATs oo FAHL Qo ANWAL ANAE o2
A4 sol S84 A4 BS Bes, ek mabs AR oR Al 2ReA B, e
NEANE AAst FholA Fark ARH Baol met SAke] a7e] PHEE AT FYL
% glof shmst B4} kel AR HlY o] WABTE WA Bk S 2he] An nFo] B
Zalo] Saw sabel Bao wek AR AAE FHT 5 Yok of B Aolel Au wmFe o
gl AYel A JFL A e AF Hen 49 Ade EL Ao Fa

g aolt,

F, Wil we AA wH pzel ofs) AR et 7ol s wE B 57
glom, slale] ta A8le] 87 FHAIE AL BER wge] Ado] Brma wie F
2% BAZA ILF mEe A AAS W 5 gk wree] mEe wo A Aol
WES APEA TF WES WG TRk M FAL PPk o A 499 A7) ke
Ak 2l W L A4 G FoE Aa Auph ks A4S FRE melFne mge ¥
AR, w%e WA SE, W& AR £ 5L 2L dZsler s, Adel A8 AA BA FE
2 o= AR zualol ajm, ot E@ wie Aol Y 87 AlgolsE @k A2 9@
B e Uote] A3 Aol Agel a7sh i AA) SHE nelsA R P FGA
S 2FE A%l Qo we uEt 2¢4e] tad A4S AHn AW AY Age o3
shlsle] atae] Ay e} A9 due] FEol WA AT 44 AR AY Fool F
& % b JUE pelFid, shbs A8 4T HAN A AP A% faye ¥
F el U shbs A3 A4 v A4 THow AF vt i Hdold,
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Table 1. Efficiency comparison

Thy

Moo 0.1 02 03 0.4

Pn

0.1 1.5779 0.9662 0.7510 0.6564

0.3 2.8825 2.0469 1.6651 1.4641

0.1 0.5 2.7924 22424 1.9220 1.7209

0.7 2.1153 1.8798 1.7078 1.5786

0.9 1.3333 1.2871 1.2454 1.2076

0.1 1.2133 0.8016 0.6436 0.5739

0.3 1.8733 1.5120 1.3219 1.2208

02 0.5 1.7108 1.5434 1.4343 1.3653

0.7 1.3662 1.3118 1.2699 1.2385

0.9 1.0815 1.0725 1.0644 1.0570

4. A
2 =EolAE vlg uas zafoA Bde] Foz FAHo] QS w @ wzket A4
gt SRALEAAl AHAES 3 “dreta $HS AAREANAT FRHAERY S ASske] W
sk £AS 23 FAY ¢ de 23 AR 2AF FAAERYE S Aot a8 3
APRARE 2715 FRAREYo] 33 FHAEEEI} =3} Carr, Marascuilo.] R HE T} &84 0]
He 20 AAEeH, At T3 AgAE 2317 FHEERYe] m, #el AL o, el
2454+ % 23} Camr, Marascuilo.®] EH T} §&0] £/ YEES FAH2Z2 HYTh
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Comparison of algorithms for estimating regression splines
using lasso penalty”

Eun-Ji Leé', Jong-Beom Park, Dong-Young Lee’, Jae-Hwan Jhong'

Abstractct

The Lasso regression model is a penalization technique that facilitates variable selection
from high-dimensional data. When combined with a truncated power spline, Lasso regression
addresses the knot selection problem from a nonparametric regression perspective. We
compare the performance of three methods—coordinate descent, quadratic programming, and
the alternating direction method of multipliers—in fitting Lasso regression spline models.
Through simulations and analyses of two real datasets, we conduct numerical studies to
evaluate the performance of these methods. By comparing their performance under various
conditions, this study ultimately offers recommendations for the most suitable algorithm for
different scenarios.

Keywords : Alternating direction method of multipliers; Coordinate descent algorithm;
Knot selection; Lasso penalty.
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ﬂ%% ARt T8 ARAE 3P FEAE F2E S Bl xEZE S HAE XFS A
gtk DTWE & AAIE Amol 3 AR E wx e Ad7A] Aoz o2 AAE Aa
o diole ¥ 7HE 7k AlAE 23, 1 71ﬂ§— FAS fALRE 5

o Aol DTW #h& ®EstAU 34 gl A 8ste] AjF

2 o]'é‘ EEZTQ HAAZ BA AHEs7]2 gl & AFolA ALsE Scaled Dynamic
Time Warping (SDTW)<} Covariance-Dynamic Time Warping (CDTW) -+ 7} &
e F AEAR XEZYLS RYES vuste AFwA S Agsidth AS
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T CDTW7F & B5s Btk
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Robust Slope Estimation in Progress Data from AI-Driven ALEKS:
Application of Theil-Sen Estimator’
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Statistical Inference Methods for Two-Parameter Exponential Distribution in
Generalized Progressive Hybrid Censoring Schemes

Jihyeon Kint, Yeongeun Hwang’, Kyeongjun Lee’

Abstract

Hybrid censoring schemes are extensively utilized in life-testing experiments to reduce
experimental time and costs. The Type-II progressive hybrid censoring scheme(PHCS)
combines the features of both progressive Type-Il and Type-I censoring. This study
investigates the statistical inference for a two-parameter exponential distribution under the
generalized PHCS. Maximum likelihood estimates(MLEs) for the model parameters are
derived, along with their joint and marginal moment-generating functions. Using these exact
moments, bias-reduced estimators are proposed, and their distributions are carefully
examined. Confidence intervals for the model parameters are constructed based on exact and
asymptotic distributions of both the MLEs and bias-reduced estimators. The effectiveness of
point and interval estimation methods is compared and evaluated through exact calculations
and Monte Carlo simulations. Recommendations are made based on these analyses, and an
illustrative example is provided.

Keywords : Generalized Progressive Hybrid Censoring, Maximum Likelihood Estimation,
Two-Parameter Exponential Distribution, Bias-Reduced Estimators, Monte Carlo Simulations.
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Exponentiality Testing for Progressive Type-II Censored Data
with a Local Linear Regression Estimator of Kullback-Leibler Information

SangHeon Jeong', Kyeongjun Leé

Abstract

This article presents a new method for goodness-of-fit testing for Progressive Type-II
censorship data. The method leverages a new Kullback-Leibler information estimator based
on local linear regression. We explore the properties of the proposed test statistic in detail,
and a newly developed test statistic is applied to evaluate the exponential distribution using
Progressive Type-Il censorship data. In addition, a comprehensive simulation study
determines the threshold value of the test statistic, and its power is compared with several
existing test methods. Finally, two real-world data analysis cases are included to show the
practical application of the method.

Keywords : Critical points, Exponentiality test, Kullback-Leibler information, Local
linear regression, Monte Carlo simulation, Power study, Progressive Type-II censoring.

!Graduate student, Department of Mathematics, Kumoh National Institute of Technology, Gumi 39177,
Gyeongbuk, Korea. E-mail: jsh455437 @naver.com
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Investigating Meteorological and Environmental Effects on COVID-19

. . . *
Transmission in South Korea

Hyunmin Lee', Boseung Choi’

Abstract

This study comprehensively investigates the impact of meteorological and environmental
factors on the spread of COVID-19 across 17 regions in South Korea using a linear
regression model. Using the number of confirmed COVID-19 cases from January 2020 to
November 2021 as the dependent variable, key meteorological and environmental factors
such as average temperature, average relative humidity, nitrogen dioxide (NO), carbon
monoxide (CO), fine particulate matter (PM2.5), ozone (O), and ultraviolet (UV) index were
selected as explanatory variables to analyze their influence on the spread of COVID-19. To
enhance the reliability of the analysis, data from the influenza period, spanning from
September 2017 to August 2019, was analyzed using the same methodology in addition to
the COVID-19 data during the 2020 pandemic. This allowed for the confirmation that the
results from the COVID-19 analysis were not confined to a specific situation but could be
generalized. A heatmap analysis using t-values revealed that most meteorological and
environmental factors exhibited consistent directional influences across South Korea, with
statistically significant results. These findings indicated regional differences, with the eastern
regions of South Korea showing a more pronounced influence from meteorological and
environmental factors compared to the western regions. This analysis demonstrated that these
factors exert complex and multidirectional effects on the transmission of COVID-19.

keywords : COVID-19, Meteorological factors, Environmental factors, Influenza, Simple
linear regression.

"This research was supported by a grant of the project for The Government-wide R&D to Advance
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Diversity in Integrated Interventional Radiology Residency Program’
Myungji Kim', Jinseop Hyun’, Eunjee Lee’, Samir S. Jambhekar*

Abstract

Diversity in healthcare plays a crucial role in reducing racial health disparities and
enhancing patient satisfaction and outcomes. This study underscores the importance of
diversity by examining its status within integrated interventional radiology (IR) residency
programs and comparing it with other medical specialties. Using data from the American
Association of Medical Colleges Reports on Residents from 2018 to 2023, we analyzed
samples of women, Black, Hispanic, American Indian, Alaska Native, Native Hawaiian, and
Pacific Islander residents. The analysis, which employed statistical methods including
chi-square tests and between-group proportion tests, revealed that the proportion of women
in integrated IR programs was relatively lower compared to other medical specialties
(p-value<0.001). While the proportion of White individuals remained predominant in terms
of racial diversity, there was an increase in Hispanic and Black individuals across most
specialties(p-value<0.05). However, this upward trend was not observed within integrated IR
programs. Additionally, the proportion of graduates from international medical schools
decreased across most specialties(p-value<0.05). These findings underscore the imperative for
efforts to foster awareness and inclusivity within the field of radiology.

Keywords : Interventional Radiology Residency Programs, Diversity.
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Predictive modeling of maritime disasters: a comparison of neural networks,
random forest, support vector machine, XGBoost, and LASSO"

Xin Zanland, Jai Woo Leé

Abstract

Shipping accidentsare unexpectedevents, often resulting in severe loss of life and
property. In this study, weuse the Estonia maritime disaster dataset to compare the
performance of predictive models such as neural networks, random forest, support vector
nachine, XGBoost, and LASSO, on survival probability.These models include various factors
affecting survival probability toidentify the optimal algorithm. The selected model is further
validatedusing maritime disaster datasets. Predicting survival likelihood in maritime disasters
provides evidence to support emergency rescue efforts and policymaking. The research
findings not only suggestguidesfor data-driven decision-making but also devise
methodologiesfor optimization of predictive models.

Keywords : Machine Learning, Optimization, Survival Analysis, Decision Making,
Maritime Studies.
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Integrative Machine Learning Techniques for Modelling Complex Systems
in Alzheimer’s Disease

Juwon Kini, Sangjin Kim? and Jai Woo Leé

Abstract

The incidence of Alzheimer’s disease has beenincreasing over timewhile theeffective
therapiesremain elusive. Machine learning approaches hold the potential to reduce the
substantial time and cost involved in developing solutions for disease analysis. This study
utilizes data from 2,150 Alzheimer’s patients, incorporating a range of variables including
demographic information, lifestyle factors, medical history, clinical, cognitive function
assessments,  Alzheimer’s  diagnosis  status, and information from  attending
physicians.Assuming thatthe risk and incidence of Alzheimer’s increase with age,various
machine learning modelswith age-based groupings were applied.Random Forest model
resulted in the best predictive performance in analyzing Alzheimer’s patients. This model
leverages patient information to predict Alzheimer’s and examines the significanceof various
predictors affecting the disease status.By includingthesignificantvariables on a group-specific
analysis, the ultimateaimof this study isto propose therapeutic strategies and interventions for
Alzheimer’sdisease. This approach is expected to provide a novel contribution to Alzheimer’s
research, outperformingprevious approaches in terms of predictive performance.

Keywords : Machine Learning, Big data, Stratified Analysis, Clinical Information,
Disease Analysis.
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AlI-Driven approaches for Analysis of socio-Demographic and health-related
factors affecting Individual depression

Hyeonjun Nani, Donggeun Kinl and Jai Woo Leé

Abstract

The aim of this study is to analyze the effect of demographic features on individual
depression and develop depression measurement indicators which may have a significant
effect on individuals in society. Demographic features and individual depression experience
were extracted from the survey data in 2023. In the data preprocessing step, variables
related to education were curated after handling missing or irrelevant values in the analysis.
Based on the pre-processed data, a depression prediction model using demographic features
was developed using a boosting algorithm. It is expected that this study can contribute to
understanding the effect of individual experience related to depression and suggesting
effective measurement tools for mental health.

Keywords : Artificial Intelligence, Big Data, Pre-Processing, Demographic Features,
Mental Health.

“This article is financially supported by the 2024College of Public Policy at Korea University.
'Department of Big Data Science, Korea University, Sejong

*(Corresponding Author) Department of Big Data Science, Korea University, Sejong,

Email: jaiwoolee @korea.ac.kr



Proceedings of the Korean Data Analysis Society
December 5-6, 2024, pp. 207-207

Al-Based Recommendation SYSTEM APPLIED in Consumer Behavior
Analysis for a new automobile sales marketing model

Dongha Kint, Juyong Ko' and Jai Woo Lec

Abstract

With the development of advanced artificial intelligence technology after the COVID-19
pandemic, we have entered the era of hyper-personalization. These social changes have
highlighted the importance of personalization technology, and as a representative example,
companies such as YOUTUBE and NETFLIX are greatly adopting personalized
recommendation systems that provide personalized benefits based on individual preferences
and circumstances as a core marketing strategy. The aim of this study is to develop a
personalized consumer price prediction system and devise an artificial intelligence model that
predicts an appropriate price by analyzing the effect of features related to the car sales in
international automobile transaction data. It is expected that development of artificial
intelligence technology for automobile sales marketing can contribute to rational decision
making for both companies and consumers.

Keywords :A rtificial Intelligence, Recommendation Systems, Big Data, Marketing,
Automobile Sales.
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Prediction of future risk to suicidal ideation based on text data from social
media with a machine learning approach

Kin Lok Wong and Jai Woo Leé

Abstract

Thisstudyattempts to prevent the suicidal riskbyapplyingtext analysis tofilter the users
based on socio-demographic features. We can suggest the social media to spread out the
message and save peoplewho may be in suicidal risk.The dataset includes 110 Instagram
accounts of 102 adolescents activities created before 2022. Datasethas first been cleaned by
eliminating a number of incomplete or irrelevantdata points. In order to solidifythe analytical
process, conditions related to wusersithe personalization setting and data with product
sellingare considered to makeaccuratepredictions. Various artificial intelligence techniques
were applied to understand the associations of socio-demographic features related to social
media users and estimate the suicidal risk in different conditions.It is expected that the
development of prediction models based on text data can contribute to the detection of
future risk to suicidal ideation in society.

Keywords : Machine Learning, Optimization, Survival Analysis, Decision Making,
Maritime Studies.
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Classification of Tourist Movement Patterns Using Mobile
Communication Data”

Seongjae Nani, Hongjae Leé’, Boseung Chor

Abstract

This study aims to analyze the travel patterns of domestic travelers using travel log
data obtained from AI Hub, contributing to the development of a systematic travel route and
destination recommendation system. The research data includes a total of 2,560 travelers
visiting the Seoul metropolitan area, categorized into day-trippers, one-night two-day
travelers, and travelers staying for more than two nights and three days. Among them, the
analysis focuses on the travel coordinate data of 161 travelers who stayed for more than
two nights and three days. The original dataset contains location information recorded at
every moment. This data was preprocessed to extract travelers’ coordinates at 30-minute
intervals. Beyond analyzing simple travel routes, a clustering method incorporating temporal
sequences was applied to identify not only the travel patterns but also the order of
movements. This approach provides detailed insights by reflecting the sequence of visits,
enabling more precise recommendations for routes and destinations. Furthermore, frequently
visited areas in the metropolitan region, such as Gangnam-gu and Songpa-gu, were grouped
into a single range, and detailed travel logs were analyzed for travelers who stayed in this
area for more than two hours. This methodology is expected to offer a refined understanding
of travelers’ preferred routes and destinations, providing foundational data for the
development of personalized travel recommendation systems.

Keywords : Travel Log Data, Movement Pattern Analysis, Time-Series Clustering,
Travel Route Recommendation
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