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Abstract /

/

Abstract

Population migration is defined as “a case where a person living in a certain area
moves their residence beyond the boundaries of an Eup, Myeon, or Dong,” and more
broadly, it is understood as “a change of residence crossing political or
administrative boundaries.” This is distinct from a simple “move” of housing; it
encompasses the concept of a long-term or permanent change in the living space
that forms the basis of life, exceeding a certain distance. Unlike birth or death,
population migration can occur repeatedly over a short period and is characterized
by its sensitivity to socio-economic factors such as policy changes and economic
conditions. In Korea, population migration statistics are periodically produced for
the purpose of national land management and medium-to-long-term planning.
However, since these statistics are compiled based on administrative districts, there
have been limitations in analyzing urban spatial patterns, such as changing
administrative boundaries, living spheres, and transportation networks. Furthermore,
the traditional Cohort-Component Method has had shortcomings in that it relies on
future scenario assumptions and fails to sufficiently reflect rapidly changing

socio-economic environments and non-linear factors.

To address these limitations, this study aims to develop an Al-based Policy-
oriented Spatio-temporal Prediction for Population Migration(AI-PriSM, tentative
name) model that combines 1km grid-based micro-spatial analysis with Artificial
Intelligence(Al). The goal is to precisely predict spatio-temporal patterns of
population migration and utilize them to support decision-making through policy

simulations.

The AI-PriSM(tentative name) framework was developed by distinguishing

between a Population Migration Prediction Model and a Previous Address Prediction

i3
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Model. First, the Population Migration Prediction Model incorporated settlement
conditions expected to have a high correlation with migration, such as commercial
information and transportation accessibility, along with the number of businesses
and employees. It underwent a grid redistribution process applying the concept of
Cellular Geography and was comparatively analyzed using XGBoost, Multilayer
Neural Networks(MLP), and Reinforcement Learning(RL). In the process of
integrating Al models, hyperparameter optimization was configured using various
heuristic methodologies such as Tabu-search and Genetic Algorithms(GA). For the
Previous Address Prediction Model, Spatio-temporal Graph Attention
Network(ST-GRAT), a hybrid deep learning model based on Graph Networks, was

utilized to learn patterns between multiple origins and destinations.

The analysis results confirmed that population size(total population, number of
households) itself is the most significant factor in population migration.
Additionally, rail and subway accessibility and business density were found to have a
major influence. These findings provide key evidence explaining the phenomenon
of population concentration in the Seoul metropolitan area compared to
non-metropolitan areas. While the Previous Address Prediction Model(ST-GRAT)
was effective in learning inter-regional movement patterns, it showed some
limitations in the quantitative prediction of migration volume, confirming the need

for future advancement.

This study holds technical significance in that it technically overcomes the
limitations of existing statistical methodologies by combining grid-based data in
conjunction with Al technology. It also presents an Explainable AI(XAI) prediction
framework capable of mitigating the “black box” problem often cited as a major
issue in common Al models. The developed model is expected to be utilized as a tool
to simulate population changes in advance according to policy interventions such as
transportation infrastructure expansion, housing land development, and industrial
complex creation. Through this, it is anticipated to contribute to reducing the risk of
policy failure, improving the efficiency of budget allocation, and establishing

strategies for responding to local extinction and balanced national development.

Future research will require enhancing utility through the advancement and

additional application of Al algorithms, as well as the refinement of policy scenarios.

s
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S-guet 7oA A F7H o R TRt Qe QTols JWAE A+ 5 FF+Y
Aol A= tAo2 AAH dTols B4 FolA she L AT 5 E4 B2 o] gty
A2 A, oA AR, 7HE Yol et =1
A3kl ek, @A =7hE o] e 7} ZﬂJ—o}
HOE JA Y, A& AR, old FAXA], 7}+ 34
=, ol 37 @ l= 5ttt S E= AFFEIS AL ] FE AAE A5l
2 g8/l 7]5keeH(elEj 2], 2010; o - XQ1A, 2023). =71 & AAFA]
g FHAE P D7t 712 FOERIR E8E o] gom, o]of wiet s BA Tt
7Hg Aotttz Ql4o] dRtalE|of gok(Eks-&, 2022; o] 274 2], 2022).

AT T L FAE FAE U ATTE Wolel FE A ATFAE 5 GEHT
o A UL SIS TR A9 o] AR gort, WTolet 3
ZH @9l W TR G857t 4] glot Mok AlUR B2 99 WA 2 oS
2490] 871 YTkl B 9, 2022). BBHOIF LEY, AN 5 5119 7154 2]
A gyTolehs B2 A9l 1 BEHY FHAA A 24U tehh k. FEo
2, FtEolE Aol 4 AZoHe BT B9 st AURE =5 YR E AW, 7
QPRI wBEA) g AL T RO AFTE UED Y EF 6% AT T
o9l WAS olgA BET A

ol% 9| Shety & 4+ 9ick. T YT AL 19H
B9 @97t ohet, 93 Wojel mek FEE A0RA g Srgolt @1 L Sof utet
29 % Qe B YR Ak ol2fat HolH PHTGLS FoE & FH Sgolt

o= T MR .I’_
HAE Ad

T, e BE EALE A QY 7 7124 Q] FA01AL, St A" e A” Y 7z A
HolER A AFHSFE dSdhz L2 "Wlf F]SH2E 24, 2016; °oFH -2 YA,

1) KOSIS Z7tSH 2 E . ZIHH|0|E A . (https://kosis.kr/index/index.do, 2025 7€ 31 &%)
2) OtO| 3 2|0 SEAMH|A. Z7tH|0|E{ X (https://mdis.kostat.go.kr/index.do, 2025H 7€ 312 &%)
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Hdde 2. =4, EF APAAGA = A9 74 AT S7HE A= =AAES
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H
L A A0S WIE AT, 2022). A, 71E FA B4 AT o5 4o FF ol
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(73 3-1] ALy Q1710|5 R
204] 30d] A0750d]
g o e :
i v BEs 2o Y i
" A
Haga ] L 'ESE] IS
! } 53 - ’ L e
3t ELl 452 e W
FBAME YES 01720|5 558 LIEH
EX: 012+¥(2018), p. 717
(17 3-2] 8- £ iy RHEE
Az Y |
2ot oima7t | | w2837t i - Aot a2t
B EE ARLHS 23!
~——————’ | HCL §E5 SR TE B
| | (=2, 3387, UMY,
HZ Y EEMHEIAS)
2lge| 43 HeeERL 7IE W =y 230
o T p
Z{OIAFBIQ}
agt 82 48 F0
7[S{0l| 4] AL SO AH|AQ)
T £712 23 7971 f
MHA AHia} 2JeH) S710) ol
2% A Eel A W S
FMZ2 A YR IS Zofet X0 0|X|= &8 -+5H 1S 0|(F™H, 2020. p. 30)
EX: Keeble(1967); G&H(2020), p. 300{1Af K21
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A3y | HYAFHE

(23 3-3] ATHYEL XHQ| QTS Atg|H QOIS 7| JaatHA|

]
70
0
s
ol
u
o
o~
® @ 0.0
500 -400 -300g o -200y 08 9_93_,_,}9& ...... %.0......30.0- 400" g 50.0
SR~ il A wolss
a8 7 ©
® -10.0
o] @
-15.0
EX: SAFKOSIS), FLISEHURITEA (2002, 2022H)

( ),
SAH(KOSIS), QIF0|SSA(AMUX}: 2023. 10. 11.)
SHHKOSIS), e-XIUR| R, HHXIEE SH(ZMUR}: 2023.10. 11)
BASXR(2023) 2022 =27 | 248 +5X HE

EX: 013 - £(2144(2023), p. 88 KIS

AT SAE olF 81lof At A= o AFEH AT, FES 47, LA 15 78],
FAH|, 4] A 8]lo] =8 A7 allo g Agsh=t, 59| = dish Aska HY 7187t
g 5 8lolgh= ol AFEATHEIRY, 2018; 4] 9, 2024). FFA(2020)2 118}
A7F Abdaz weto] WA wES-ste] d7 ] olE 7hs/dol Al AR vl Q1AL o] 4H
2[R14(2023)2 8 SHolA o4 =l &7 vSol 7 Uthts 3= =i olF
o] oot = Aolst, A Az TH ALFR FAE F8 YU At S8
S 1939 A9, B4 & A AL, = dng J24, FAH R 93} 5ol F8 olF
Aoz AAEoH, 1P S FAGE Hoi7t AR AFqoA 244 BIE THA=HE 4

T o] FojH}(o]3Hg, 2018).

M8 o

O

I g, A2 et FHuEd &5, FY 5, A uet 52 dFolEY 8%
274890 AFHEd, §99(2020)2 FHLEFH it FATEA 240] A+ 9
gl At S4AQ] A3 Euhal viEtEgteH, ol9(2018)3 4 2024 A=+
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o128 Que} AT §% A4S 99 FTo] FHHY Akt UeS HEsg. ol 2
NS 4T BYH O Mg, QFolFe Hen FEE AP FRU /MO Fel)

(12 3-4] 32 o 017 LEQU(R0|S: 1970-2014)

Q7 £015(1970 - 20141)
804,279 -1,065,406
543,172 J
2422474 32,467
e— —
2251202 \ )
D N o
1305747 o
 mw o
4&_ 1970- 1980-  1990-  2000- 2010
\ 199 199 1999 2008 2014 (4]
L B ] menR
myr maEy
L L] gy
mrEE @
200
oy ol5H 7291 PRI B B P
10094 £2p -[ L. L3 :ﬂ“
oy —_>192'551 -
D 400
< -y “m
«— swaos o
-800
1970-  1980-  1990-  2000-  2010-
1979 1989 1999 2009 2014 ()
saoni -4172,544
333828
1,069,655
-
493756
@
803,458
1,844
-2,466,781
8,954
148 9,083
1356 A 136,603
22168 /\mm,
e

EX: Hettl= 7A=Y
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A3E | HenE /
H 2 E TA|RX B39t 017 2T 23 o1

24 D A9 AT B} ol el et AL A AL A A Mzt Q10]F o
Aol whel 1 243 24 wpo] TherstA tholA St

19909t o] AHdst & A5t A]7]9] AFEL FE F200A ZAIZ, HeEH A S
o g9 HF I BAATHEIZY, 2018). o3t o] 52 FA ] UxtE e} AF HA} 3
{, 2016; oJE13], 2010), AZH 4
F25ATHOlFE, 2017; BFH, 2020).

FANRE w5 RYUL FW3AY
o
=

>.
[rt
1o
=
oM,
iN-z
)
N
1ol
m
-
N,
Ol
o>,
offt
-0,
0,
39,
o
A
to
rlo
s
I Hd

AAE, Christaller?] $4
|

Hu] 227} AT Baof 1

20009 o]Fofli= lF-olE FFo] FAadhs 7t A 1 Ewt@ o] o=
HA=, 200099 S +2d FYAE FetE oY, 2010
2 2 FFol AGSFeraleldd - HAA, 2023), A& &2
o 29| AEe Fdote 2, 471 A9 18719 Sk AT FUe SA5ke
kAl A ASHATHE T4 €, 2024). ¥FE v d A2 A FE23 F 5 o
AT FE ALYSP7E FAO ABFRIL 3ol AFEH AT - 24, 2023).

o9,
o of
)
i
I

N ol
iz

(o]

B

ox

rw

o})ﬁ

o>,

|o

fo

o =

lo o

l‘m Rl O{N
o & X

05 18

@
fbi)
1
h

FolAE Bd% olFo] YA, W 718, FAM] B, 49 A 5 BY

2919 RS W Ao UrhgThelRd, 2018; A4l 9, 2024). 53] o4 A
Z

r e
e

A BES 2otk A A ot ok & ,
me} 424, FA0] 95t So| F8 8910.F Uehgon], AR Ao
oj7} Ao} A o] FHH FaHL w ATk ZESIRCHEIR, 2018; FHA, 2020).

gz Wste) ol e, 1A AP o Fo] AT RYS FUAAL 5
Aok A HIE FHACK AT w, Aulag] F4

I AMY 3 JfEtol| O] IS T, At FH 3FT AL Qlue} &%) AT FUE =3t
L A3 Aae AAEJoHe)Fg, 2018; Y F@ A, 2020; HTAl 9], 2024).
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(23 3-5] Q17010 AT, ALSISHE TFETHQITOSU| OJ3t FBIM Oas 1X)

k1]
] L
+ 1 +
b 440 24 sl
°'E"=?" @z, c'an 2% §) e
| 282070
[ Y Amzn ] [ T zﬁwg ]
R 2 (o1 dg) Serennsd
"TJ o2 suy PIECES I
[ xlqan ] [smnmv ]
2| XWI p—t “'9' l 2O ZARR e .
SAsy ot (+21% Z7IE3H
[ uxtel e ] [ w% ] i
- A2 yizst
v V .
HEER
€reratnesnesssaesasr e sass R b s R s e Res R s s sasaesRes s taeneeael
LR A Hgoi AKX Qe 9ol MEREH 20l
2d ael a¢l 2¢l @E L ARTEY) | | IF L AB W

EX: 0|A& - £[21M4(2023), p. 91

A7 MPEE S04, 929 EA(2016)% 20004t o]F A £4E Fasto] x|
3 9170l Wt AT o)% AH RS AFA o RSk HTA] 9(2024)% 2010
E| o

dd S0 d7else] 71A T S-S Aot T3H4 v si4shs MIEAE 245 Ak
SHAAL, FZole ol - A718H2021), 0|27 £1(2022) 2 AolA Butd 7125 HoH,

ged
SGIS & &%+ HHoIHE &-83to] 1km AR E99] QI+ 34 -A52 Aok, 4824 2 E
22I¥(Cohort Component Method)’¥ H2/d(DL) 714t JAZAS 71HS Agsto] FH+
o BAE "ol A &9 A 7S BASHE AFE A% HF Qi

EATRE ok} QI 0| et A= AlHE ARS]-7AA T glolE 24 7] i
Aof whet &2 08 SEo| 2 Aoz SlHY ot A/ - FAE AT T8 AE
2 QAT o5 WS A B, St 7IRE Al QIFtolE SRy ANEe] A A 7
Foll T3 AAE S AT

8) "‘TSEQQIHOIZ QIFHSQIE(EY, AL, IF710|5) 0j2f &8 242 0SS &, FAHQ =
TL0Il S0t 2t &0|SAt == Hotdl, AIUA = s QT dUIA S M50 T2 of
AESH Lt QI SEA - (Z 7| 0|E A, %71|XA} SAE HE,
https://kostat.go.kr/board.es?mid=a10502010000&bid=3207 &tag=&act=view&list_no=161814&ref_b
id=, 20253 7€ 31 &)
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AR Watoh Q1T BE B A7 S 3, ATASANS TEI AT oS e
o 27 Sof 1Ao7 ALHI gtk ol AEH EAF 34 Falo] A4 F2A WA

(23 3-6] MASTOM H2E F2 Al 2 TAI8}

(a) Multi-Layer Perceptron(MLP) (b) Recurrent neural network(RNN)

L ® ® ® ® ®

Outputs W‘T W'T ‘"*T W'T W'T
- LG 0w —0e L 0 -, 0

— % W&B % % %

Input Layer Hidden Layer Output Layer t=1 t=2 t=3 t=n

(c) Long short-term memory(LSTM)

= -

Z£X: (a) Multi-Layer Perceptron Learning in Tensorflow,

https://www.geeksforgeeks.org/deep-learning/multi-layer-perceptron-learning-in-tensorflow/(2
0251 118 29 =)

(b) The Basics of Recurrent Neural Networks(RNNs),
https://pub.towardsai.net/whirlwind—tour-of-rnns—-a11effb7808f(2025A 118 292 X&)

(c) Long Short=Term Memory(LSTM),
https://medium.com/@saba99/long-short-term—memory-Istm-fffcbeaebfdc(2025 118 20 &)

(d) Understanding Gated Recurrent Unit(GRU) in Deep Learning,
https://medium.com/@anishnama20/understanding-gated-recurrent-unit-gru-in-deep-learning-
2e54923f3e2(2025'A 118 29Y &)
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=7Hd|olE{ 4 9] F 5 E Q 99 (Cohort Component Method)#} 22 A5 22l AF4| 7]
Hol QI+ &0 A FFE ]EL A BT o Ql=s Aol o] WS 7Rl &4
I AYZ Tlotal, AP HAES Aok Q4 ¥ HHAS iR ASH] AR A E

A&t 28 THIT(HERSE, 2022). 22y vlE 7ol &%= AA WA 2}
/gol A, Al & oo AAA oS S st AEet 57 & A7 ZX HgkE 495t
7] ofEtE @A7E Qe 53] 2290 7R eS 52 FETt EolA|aL, EXJolE
Sht AEd Wster 22 374 Wekg whdshA] Zoke eFdol A H A8, 2022; °]
7 9, 2022).

T e

A= ATHe &3 778, 2 S
S 7IASS 7I¥o] &&=l 2 FAHY 37 12 40 232 FAoH Al 53t
Hlol8 29 7Hsd& ASohithE FolA 5= §40] AUt o]0 A7 Aol = oS
HA EZ(Multilayer Perceptron, MLP), £33 (Recurrent neural network, RNN), %+
&) 719 (Long short-term memory, LSTM), Al°|E 43 W (Gated recurrent unit,
GRU) & H8'd 7|9t AIAE B3 2-85to] nlg Ql-sks 2y &3 A e A7 = et
(BF5-&, 2022). ol=3t HdlE2 vA Y sjga B9 4522 23T & Qlvke HollA A
4 AR i FEIEE Hoy, S&3] 11 AAE dlofE ghEet wa S0 o] &0l
AR A A=A

o,
05

O

[23 3-7] CNN-LSTM 7Z Z=A|3} 0f|A|

CNN LSTM MLP

Feature Maps Spatial Feature
., Feature
o
1D Convolution 1D Convolution Max Pooling Flatten
Input Layer Convolutional Convolutional Pooling Flatten LSTM Fully-Connected Output
Layer Layer Layer Layer Layer Layers
Feature Extraction Pattern Recognition Dense

£X: Eggebrecht, P. and Eva Lutkebohmert(2023), p. 599
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AeA Qs mdy} Al 71 o) A3l At sto|Be = HJE = A7HE AT #2020
27 2)(2022)°014 AA1gF GPAI(Gridded Population Forecast with Al) ZE2 FSE Q9
Hoj| 7Rkt A QI FAL} 5= - FARA - BAE 5 3 545 Shat Al BdS A
£ WA 02 AYste] 1km AR &9 A QI &2 E S tHESTHo] 7 €], 2022). ©] A
ToA Y IHAEZ Ql1e} 7 i 7 TAE 5313, CNN-LSTMY) Aoz &
7 549 WS o533t F, F 43S S9tto] Al @] SA9 AEAE Al aLskint. ol =gt
< OGBS0l 8 5 Q= S AR S AT AlsstH, 34 A

A e WY Agede 7He s Arke H FEHol

Ao Hole] g3, A% B9 It B AL, EXol§ Wst o3, V1T Hslet 2o 87
20| vy 5 wye] nEsb} AYS T Uk 53] YR} go] ATA FAVL AP o
vehd F7te) A2lE stsato] ge) ula) st e g

YA w5 &5 B Yot B AV A =EAL .

[©)

[13 3-8] AIE 288t Tkm ZXt Tl F2HQl7 61%(2025~2050)

[221] QlrHstSAIRHARHe| B2P B4 SIS D213 O 1EAlS 718 | [292] ol a5 MEQ0IS NS ASERYY |
—— ool 1 [1EiA]

T N
(1] 2R ) B
FU R Y U7 B 42N [2E]
| - ——
§ | [
| e ;
[ | e .
U ﬂgm
| ] —
L G [ = .
|| = . # ol ‘.L
AR "
1 o
E A
o
| % 8 Tl desy
| A v = 21 UMl E LT g FE
— 13E) #aes s ae — i |
(Ve M o By, ’ T4l
Privg! wy P [N e s e 0

| e THEHIE HESIO) NEEH FUAYTAAEHE 2 20 U

1 4 4 5 T4 05

a2
it
ma

1km ZXHCHS Z2fol HI5(2025E 20504)
Z£X: 0|2 F 2|(2022), p. 68

9) Convolutional neural network - Long short-term memory, CNN-LSTM
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Hag | 324 7|E BadA 2 Al GSEY Y

SUEA g Ha4A A Al HSES WY

2 ol A= A AAITE AL 74 Q1o IS H S 7iEe] /gyt AP Aol A Eelet =
2 WAE 3RS I, BT B4 JMoR & A4 %Y AS2F Al-PrsMOH,
Al-based Policy-oriented Spatio-temporal Prediction for Population Migration)2] A
At o] AE U8 AR o5 8l A5t S WEe ¥ AEE HlolE AA
o) B4e AA, ATo5T BlE A AAL Ak, ort A dloje) Tl 1A
(Exploratory Data Analysis, EDA)S 53l ¥ 7t QIITAE AS31AL, ol EUE HZ A
Yoo A& 4 A= ASEFS FASHAT. oS FL2 FET 5K ©99 AFtolE

A& 7o stof, A HEF A +H o HadS SHSkshe d L F40] Sl

H1ZE HolH +& A Hxi=

1. QIO =&

5 3Ry Al-PrisMOPY) /Mg Sl 917ol53
A EIE s WA, QolE Hake Belst] o
SOl H(#HEAH, MDIS) "I A AZ3E & H-F 691 97015 Hol €S gstsit.
s lolElol cheyst 44987t %Y 5401 glort, £ Aol Q17olF AA, AL AL,

E Ao A AAlSk= Al 7]5E Q150
A E4Z 9T & e TRt Hlo

A4 F44 5 297 0% BUE 4ue FHoE B45Y
EG, 24 99 AT F L 4 WA Tl HEEAF, SGI9)"2 1km A% F
T AAE 285t o] HolEE 200095 H 20239744 AFH, 2000~20159L 59 F

10) OI0|Z2H|0|E SEAHIA. Z7HH0IEX], https://mdis.kostat.go.kr/index.do(2025E 7€ 31
11) SGIS SEAXIZIHEMH|A . 27IH|0|E X, https://sgis.kostat.go.kr/view/index(20254 7€ 31
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A7 W Ws} R 1 B

A A&+

(H4-1) 2 AF0M 25 F2 HIOE &5 X HQ

T2  HolH g FQ 44 Aj2ZHE S H =X
QI70|5 HA, MY Ate, AH o
1 o101 K H S 2001~2024 = s MDIS
ol Xt TR MA 2 A ol
EXEs AR TR ZFES
4 Bt AR T Bt
EARA| 2000, 2005, 2010, X 27
5 aaxa | OMERIUERIESNM 015003 o kmAN SCS
O=%) e
SAH| = 11045
6 o —EE) A% HY BER 7IE SAYHS
AR Nz AR 2001~2024 Al 27HH|0|E{ %
8 AlAOfA A28 Al SMOf2 2001~2024 Azt =7HH[0]E X
235} AIZ AMEH = X|2lo] AT} _ _ K|t A
A e o= © = N M2 QXA i
P ST Tommuzemmmaoy o0 M BRWREE oppigog
10 c2 M2 2 MY
= == 2009~2024 = KTDB
1 KTXS M= KTXE %] FE

EX: ALY

12) K|S HOIS7IE|0IE, https://www.localdata.go.kr/(2025 72 31 F)
13) 27t EDB, https://www.ktdb.go.kr/(2025H 7€ 31 &EL)
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2. H|OJE X

19 £ AN A FL A B4k 45 42 DL A LU AP A
¥ 9912 AAE 910]5 Hlofel 24 IR MBSk 2105 FHL

G37] 919 A RAE(c-1) hl FHAE()2] FAT Holg AR, of7]0] ot AR

F, Al TR AR AL ) E A7) ket vl RSk ol el

B 172 A7 U912 TSk IOl AR A o e ¢ i

W A% ule e WA $% AT SAT S Arkes oA ARHUHIY 4-1 F2).

U i

o

(23 4-1] £ 20| S5 U 24} £19| Q170|S AL T3}

- - +
P(t) P(t-1) B(b) D(t)
% D(t) AM=IH4 CE
P QT
B AAS7t AHEA)
METE D AL AT
AL FOARE ol AR 7 e
F(o) t AlA

EX: MAH Y

A3 JE= A 7IREe & HAE A4 057 HlolE & E-85to] Az & 2= E
AbESHL, 0|5 0~1 W2 A tstoto] ARSIt AEY AR BEF7E 2170 A ERE 7]
= ‘7%:5}01 Ll ieiiis g

T2 HHY A5, 271a8DBY A3 (Polyline) HlolH 4 1Lgfsto] I ZolE&S
gttt E292 =E(node)?t FA(ink)E FAHEH HEYAE 7Hesta, AZ4F4HA
(Degree centrality)d} Ui 7154144 (Betweenness centrality)= AH&3St ] o] ZAAPH Habgk
o g Hesigith ddsAdS 7MY B2 JAY 4ol He kEE wisHEE . BE
Aol YA T =& 7T o] 5ol 523 dehE St= T E Qu[eith. AR ZEo|A F A H

7524 BT HAHo] ST HHT 5 AHAY 4-2 T2
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(O3 4-2] 222 0|22 HZSHH(a)2t IS HE(b) HE=

-ﬁ/jD

(a) (b)
: ()= HZASAM(degree centrality)2, (b)= Oi7HE A H(betweenness centrality)S EAls}
%: K|Xp ZHA

imKel

M X

ey

Aego] A HE A F2ET= JAE H2EE SHoE B4 7|& dtol b=
A KTX GAldE A= A4, d+59Y, Bg8H 5ol 83 I3 nAGEAY <,
2018; 93]- 19, 2024; spujgt- A<l 2024). olof wet KTDBAIA Algst= 713+ YA
£ 7|22 = 5km A HHE AH5to] &-&5t 1 9] I} o] BE A Ao v Esto] -85
=8
opR| et 2 ZF AAH Zh2 11 70| trFstr] w0 Min-Max Normalization 59 B
= &9 03} 1 Ate]Y Fte 2 A|gtsto] Ao g3ttt ofef= dutst A& HAT A=,
S4 X7t 159 HHAT 29k= B9 02 1 Abe]9] fHo & A e5HA H= 4ot

AT

X _ XﬁXmin

normali zation Xmax _ Xmin
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Ra% | BN Ol saMA Y A NSEE Y S
H2E Xt 7|8 27 YEYT 2

2 Ao A AASH= AL 715F QIFLolE IS EE AI-PriSMH)Z ARt 719ke] Z7 Y ES
s E—@.:‘?}‘:}% o] 71 997} et AI-PriSMOFY) F@2 184 & At Tobler(1979)7F
ellular Geography 7@ A-&5t3 o, o]= o|n] oot AP Ao A T &
HEYD 24 PHEC R &84 vt ke 9, 2022; Fa3t ¢, 2024).

r&"
O

Cellular Geography= A& &9 Al52t HlofE 9] JIIHAE FE517] fIs A8 &= ol&
o= A o] 4 A& G)7F A AA G- 53R BAE 7HAY 522 BAE
7H & Sl 7P © Yot olEdt 45442 ©d A9 IA dHlole &yt ofyzt
G(t-2), G(t-3), -, Glt-n)T} 22 A7) AALGY +4 o] 7|13 22 HgE7| e gt
E3E, §F AR A= oid AR AFA Q] Sk ofy 2t QI AR FAAQI YT A 5
Act. ofuf Q17 AR}o] F3F EFF 7| A WSHE oY} A AEH O R R H Y 4 Uk 2
Aol A= o] &2t Cellular Geography®] 7@l Y2tsta], /A AAFet A AE BAE SAl
5% 5= = Hlol" 2 E AASH] AU 5T 4 =S 7453l o] & Al-PriSM 23
of 8gto=2H, mdo] Qlto]E9] Al F7HA A&} F3t A5 A8 gt oA 22}

4
5 A=S PHRT

[12 4-3] Cellular Geography & £=AI5}

j
MODEL I
! L . u!
t ) N
LT 9/ glpat
MODEL I¥ -+ |
1 v! I gl;Al
i i
MODEL I / =
t + t+at
95 9, w!
-
MODEL I
G o G b |
MODEL ¥ u
] HH
t-2 t-1 t t+A +4
g’l gu g'l g’/ ‘ gf’:p./;a E gv’/ !

EX: Tobler(1979) pp. 379-380
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M3 B4 Yo Y FL oY TX 4

AT ZFolA thfzt HolH 9] 442 29 A& ko] F 4= Atk A2 A AR
octh. stAIEL, @AY A 7|02 FH 9 ol dSdlof gt FS 1T of v
gk dlo]8 9] &-goll= thFet AoFo] ¥ o] Qlnt AR P o= 59, A 54 A
9] q&3E F45t7] A3t F5 W (dependent variable)7h QLaL, o] SEWHP] FFS =
EYH(independent variable)7t Ut 01714 A Al SHHSE AojU7] A=

el SFUST} AL FAHAL, oh W @A) AFOR Y FLAS AN =T 5
UES 2PL Tkt BA AFoIA F5E FARFC] FolE 4D Holch. ThA] T
o, SYRETL GOl B8 S U S-S Tk BP9 AT TS A SY
% 0] ol = W gk Aol

shel 13 1A grehe, A0 S 4L vhero R Aelo) $4u4E 2L A9

She WA 02 mye FASHS Aol

ShETh LS Aol 28] AsiA SHHEsE ol
H

2020). A& AlFo] 77k vliof] Eshe A9 & Aol E8&staAt she A AlE el
9] 7s& aBste], dAl9] S 282 it fAshEA F A SHHF S 7

4 A
re

ToA AAISHE AFHelE S0l JloiA A Aol SEt 7MY §lo] 88 5 3=
Al &

ARE AEE Ashe AR AFol7] o], Al-PrisMEF)NAE B Ei 37 A4
Sgus 4RE vigo s njgle] Qlols ro} Bt ARE 2T & YuS THS A,

el
At et

N4 B3 o] 2 71%E91 2025~203049-2 7PESHL, BA% A4l dol8E Feste] ‘N
Fo o A% o 23 TASIIT 5, (29 Al 202297149 HRE 71z
202392 ASHES TASIGL, (29 Bl 202197H49) BB E 7|E02 29

023¥, [2Y Cl= 202097H419] AHEE 7|2l & 39 $21 2023¥s, (29 Dl=
20199714 RS 71202 4d 32, (L9 ElE 2018971K8 71202 58 35, whxjute
2 (29 FlE 201787009 3RS 71202 6| ¥4l 20238 oJ&s s TS,
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:Q—L
L

£
A
ol

o

s

o

l‘_04 —_

o L
o
o
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« 1 A(IE F 9l=): 2000E 5 20229 7H4] Hlolg —(gk<5) — 20234 9=
« 29 BQW F d%): 200095 2021E7HA golg —(3t5) — 20234 9=
- g C3Y F d|=): 2000937 E 202097H4] HlolH —(gh<5) — 20234 9=
« 13 D44 F d%): 20009+€ 201997H4] glolH —(8<5) — 20234 A=

« 13 E(5Y & 9=): 200095 2018W71A] HlolE —(8k5) — 20234 9=

« 13 F(6W & d]=): 20009 5E 2017@7H4] ol —(8k5) — 20234 9=

o3 3

n:1>

| B2 A Ak E Ao &AH o R A{HTt o 50, [2F Al 2023
w729 1| 1'3% 8ol 202492, (23 Bl 202397H4]9] HloHE &85 2025¢< 9
Sh= Aojtt. o]# gt =2t & (Rolling Forecast) A2 &3l AI-PriSM(7H)2 & 571
5~6d 7R 9] QIto| 5 A& = =T of7|HAF dA 63T

(¢]

ro l"_u.
Fll‘

[12 4-4] Al-PriSM(ZFE))2] =Q 8k 2 Of= HIAl CAI5}
Hyo] ks @A Hyo] & ¢4
E.fg t-n t-3 | t-2 t—l 'El'ﬂ E'Eg t_n t-3 | t-2 | t-1 %E.
A HH A [
B B
C C

EX: ALY

AYE F8 48 Fxo] mEtA 48 W 24 AR AT, M, FEE, AY9-dE
RIF, FAIGAS 9 SARE(HER), T2 H2A A5, e 9T 9%,

&, AARE Sol AHRET, Az AXpERE v g2 98 7o wEkA Cellular
Geography ¥4 0.2 F@Asto] ARSRITHIE 4-2 ).

EQE B Aol A AlASkE Al-PriSMOUHY) 22 A7-ols9] FF2 oS o=t 1 ¥

291 $4S BH02 % /b AR BP0 Fislel AAS AA), A AFolE =
£ o2k Q1F0lE o2 BY, 4, WY AR W8S dSets AR ASuY, AA,
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@?JXH A F2A(FHESE ASshe A-FLA AFEYo] 270/t Al By B+ 5L
3t Sk dlolE et dlS F2E VIRIe R 3}‘%, g s s SE¥7H 44 HE, of

B9 o ohict 01401

om
19
l-'O
A=)
i
2,
X
N
oft >
o &
)
o
U
e
1
sk
4
;l-ﬁ
Jh
_?L
o)

rulru r‘

(B 4-2) 2 H70|M 283 50 Ha e

= H ay DD
1 sol74 2} E9l9| 5017 2/24%}
2 £7174 2R} E9le) 57174 2t/
3 sxes 2R} E9le EFE4 /2%t
4 zQjoIR S 2Rt Aele SolT4r 2/24%}
5 AH FAK HH FAK|SRS) EVEEE
6 xEQIT S ZROIA HE D Q174 2/24%}
7 SARH BAR R 7IE ZA E910) SARA SAK 2/24%}
8 SARRIS R 71E 2R E910) A4 e
9 | ERYFIYRR oI DI ALY 711t F2Y Ko 0-1

10 JIRHAIGHES 9 7IX{SOZRE 8174 5km O|Lo| T3 Ojes /915
11 Ao B X/ Q1F AYOL /AT
12 ARt B X/ 17t AL /AT
13 yEER US R 4y Ha/FA

%o+ GHS Zu0t AN 07 B BARRE §FY HuY

i 40



Hag | 324 7|E BadA 2 Al GSEY Y

H4Z2 s giejs 74

of5EPol FTZL ALPSMOH)S] Y 842, 2% o3 Y53t 408 B 2
A B AT ALtk IelEe) 4wt A8e) a7EE AL 79 A Bt
3171 9190 Al S AR F8 T8 0YS AEslr, ofF 44 o 728 oz )
¥ Yo Y52 vl BAT 5, 5 Jeue} PYHS 12 SFoH A FTES A
ELTE3
1. o5 WHH O E 1=

T AFASAD) e T A AAH R A FehE 3 gon, e 88 Al

Ho

7} o] oA 1L Qlt}. 12y K& Fofof] 5 UL Al HFo] HEE= 31—% oy, Agolut A
E40 d= wAlHd (ML) 3= AgH 08 &8st= 20| gyt ot} mAlzd-E o5 4]
o gt A A E8r5(Supervised Learning), H|A|=85(Unsupervised Learning), &4

1

H1

e

St (Semi-supervised Learning), 181 735}5t5(Reinforcement Learning) 2.2

"ot

[1% 4-5] X|=8H&5(Supervised learning) HEE

Labeled Data

g 88 Machine ML Model Predictions

O D \ /_.@7 "o_ A Triangle
@—’ o —

Sbelso / A @ O Circle

Rectangle Circle

N O NO

Triangle Hexagon
Test Data

Z£X: Supervised Learning. Medium 13 Y2 XXt &4,
https://medium.com/@metehankozan/supervised-and-unsupervised-learning—an-int
uitive—approach—-cd8f8f64b644(20253 78 314 &%)

4



\ H2XtE 25-12-05

A=842 APo] HOlE BEGEA B Fo]B)S 7o, A dolelst Bkgt 1k
BAE Stotel AR Ao] et 2E FBHOE fFSHE PAo|T), M ESES TE
glo] o1 7] gre Afeol A dlolel 4A9) e ot ZHBIHAL EHL EE5H: o]
o, | So] FHALHNA SAE J¥ FHE £ o] FEHY FHEoEL AR dlo]

EASAL S 5 9 Hlole7t AR Aol A, 7122 ol HlolE R

z 0] o
27] 814g AW 5, vk ol o] |2 ghe Holshar o th] Sl Mgaks Aol
o mhRERo 2 Jaetae 54 BHoIA Foldl BEES DA 918, ool HE (agenn)} Ul

A9 A =gt WM, reward)S 53] 29 Y5 HEL SR Yol

[O12 4-6] H|X|=5H5(Unsupervised learning) 7HE =

Unlabelled Data Machine Results

D Gl oe
AOD — ’*%% 00

Z£X: Unsupervised Learning. Baoyu. 1% Y& XAt 4,
https://baoyu.io/translations/ai-reports/stanford—hai-ai-index-report-2024-chapter1-en
(2025 78 312 HL)

HANYMLS §FEE AR T EHL 71w, olo] ufet 2 mele] Fobd w3 Fois)
2 =

A FEE . dE £, AEgtE2 FAol vlsf A oR =2 L= (2 90% o1 DE
2Aote A7 Bk 70”5 of gitt. T1e|ut k<5 Il A HokA] 2 tlolElo] tsfiAl= ﬁHE]
Q140 Aufste] oS AJ5o] §2435] Dol &= Qlth= HAIE At} HI A E8k5-2 Abdof 53¢

Z(targetE FoJsHA] 2ol glojg 9] Exut ARt Hlolg e 7|§te = ;L@S’Kdustermg)

o] A
3h P4o] & o]Riw], AyHH BT 70~

U oA (outlier)o] thst WZHE7} Yo} o=

(robust)® 4= U= o]

2 dolol gt dolelel YA hreshold) 449
501331 0} Shgo] BHitt. ol dlolE o] o] A ) Aol A wake uit
A2 B2 go|o] EAo] Ante] HGES A7 HAFtn A AR ol E
27} dlo]8 9] ¥l o] A E0H BaTHover-fitting) 7Fs el AX ], AL o) 2
of A9 Azbo] Aol uhet 9 W97k BARE 4= glo] BehE 4 r. BBt 54 S

80% =0 HME2Aqt, Hlolg XK noise)
736&0] = dlojEo] deixE S A5t

]2 £ 5+40] AHHLS Al HpAl o

- O 71—

ol Fgote B¢ M2 FoleS

30,
.ﬂ

N

i
1‘3

N,
i

el DZT;
m L

f

_EL
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lin}

Ago] g AAEH, 849 doly X AP FES 7PAT A0 Ao gyt HA
(reward) HIAYUES 7[R0 2 £ HSLo} Q1A (robustness)S EolA|qt, ¥E 4to] of

iz

L 8 A7 A Agko] A7l ShEglo] Aol F4491 Aloko] YItt.

[d3 4-7] ZX|= 85 (Semi-supervised learning) ZHE &

ML Model
ae® aee
ecece 'S 000 000 see o)
eeee . a80 080 ggp
(1T XX ) ] ees see see :
eoee (Al O] TIEIIETL -
et0 SO0 S0W rNii=1
Small amount of ] eo0 200 S00
labeled dataset ML Model trained
o809 200 800 Pseudo-labeled dataset on labeled + pseudo-labeled
o000 200 200 pho s
TINTINTT
Large amountof @ @@ 288 00@
unlabeled dataset g 990 ooe oo
aee ao® aow
o8 200 200

Z£X: Semi-supervised Learning. Medium. 18 Y2 NX} &8,
https://medium.com/@gayatri_sharma/a—gentle-introduction-to—semi-supervised-learning

~7afab5539%eea(20253 72 31 <)

[13 4-8] Zstst&(Reinforcement learning) HEE

% Environment +
23]
Reward
Bt
Interpreter
Agent
ale '\_E'J Action

=X GeeksforGeeks, 12 UL XX}t +H,
https://www.geeksforgeeks. org/vvhat is—reinforcement-learning/(20253 7€ 31 &%)

SHH, g2 HAlYY 3 AHS ASctHA L o|u|A]-HIAE 5 H| Y dHlo|g A
sgo] Holt Fwoltt. M4l gy Jud BF 48 Aldl= siEdste = A9 84, Hol
B Xt EAS FFEF oz agd] ndE AAof sttt £35], fjo] 7} T3t A (linear)

d43
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T2Y A4S BT Al 719 JEoie a3t A A 4= 9o, B3 (nonlinear) +25
AL o & B oA BFH 4 2 (shock)T Eo] M7} HlH 3] 2881 BA| 7oA % 1|
A% o8 A2jo] 53t Bdlg A +&sh= 2o Zasith

vl g4 glold +2& Azlste b A4 A2
(Artificial Neural Network, ANN) 7]¥te] M4
ChatGPTF 22 tit 2 Aol &l Al A= 1
TAALL Q7t Ty 9] A1 As A HAS ZARE HA EE(Perceptron) 722, Y
(Input Layer)-2>49%(Hidden Layer)-&83(Output Layer)] 354 AZo2 /g€t
AZL 59 Fe(neuron)o& o|FojA|v, 7z} F&L old 9 thg AS9 FaI 715A
(weight)Z W72 AZEH} YP2oML 9Ho] thoFst AFE 20| Qe LaS Eaf 7t
A5t o]& 2y=o g B HAF3 2320 AFTE £H=0

sk MM E 2859 Exk(targen)ol THFHEE 7525 THEF 02 2510 29
Y ESF o}71d] z%(architecmre)— FAstet E3] 2952 YPSoA AgE ot A4S
- gt o Ao 2 Agshe 4 Oﬂ%}a ot , 24 30| oz BH
%

i
2
i
oL
44
B
m&"
>
30
i)

of
L)
S
39,
H
Ju
ol

O
2 sae w3 7 Aol G A BAS Yol BT v 4aY 4EeL
A o L
1 (o)

A5 o] ‘E#HdtA(black box) 2 & o|f7} 7= gt

AR AFoIA ZHFsHAl thFofl ¥ Q= LSTM, RNN B+ o] IFA418
o2 op7|E| A9 WPS 53l F8H Lo, ChatGPTY] Wit dojRH = o]
Atk AFAET 2P 9] 52 v FagH|, S H 29SS
7FEAE olBA thFEEA7E HilolH, oj ghEe] vl
3 WeA7F Lh] &4l 2 H|F 22 (critical) 2831

a4
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(23 4-9] 2ABUZYO| Ystxiol X

Dendrites

Nucleus

(2
wi
o Linear Activation
@ function function
(a) A MBS HFLL] 7|28

o 2l WM EZ(percentron) 7+& O Al

Input Hidden Output
Layer Layer Layer

EX: (a) Skyflow,

https://towardsdatascience.com/the-concept-of-artificial-neurons—perceptrons—in—-neural-n
etworks—fab22249cbfc/(2026E 78 314 &%)
(b) Almabetter 18 L& XXt 5,

https://www.almabetter.com/bytes/articles/artificial-neural-network(202563 7& 31 &%)

as
=

3. 75 WAl mE 78

SHE, Al SHL S1g AR ohet T B4 et B4 28 AN 5y, 25 719 23,
APAAY 72 B, AAE 5ot 2, £ 2P 5O.2 ART 5 A

AR, B4 718 2 9] ) # A 2= nE 3 X A4 (Markov Chain) 2@0] Qlt}. o] ¥4

l45
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O A A&de AR 2K FEZ AAISHA v dlScte A=, 1A mhet
off Lol EAIH siAo] det= Aol ot Iy 247 & A4t st bl ¥
otof dit i glold &30l a&/do] BolAle aA7E At

9 22 dlo|8 o =Y 7t FAS Zot SE5HTE FEShe WA oW, Hi 74
o2 dHY XY AE(Random Forest)?} Extreme Gradient Boosting(xGBoost) 5°] ATHL
4-10 2). F 71§ BF 32237 A 42 WHESte] ¥t 370 A Sh= /g ol ARt
xGBoost= #4HY AL 25 AEst7] diizo] ti+t i dlo]Hofl At o s g A Ut o=
O]Hoﬂ aA 07 A-go] 7ha3t Aol AR, o H7HA Y A (linear) 7|9t
teoll AMEEl HlolE 9] £Vt F75HA] FAY HAdH (non-linear)
o] A|gr& 3l gHAI7F .

_nzl

AAE E3t 2P0 =ZE LSTM(Long Short-Term Memory)e] d8] AREHT o=

RNN(Recurrent Neural Network)9] Asts 2o 2 IAEE AA7R 9 A/AFE el &

A& 07 st (batch learning)shdA] 2- Q3 W 2] ARE-S £0]1L A AE EAS fX5H=
g 7HA M 29| o7 [HA = JIFAIFF(ANN) 7R = = of it

s}

ol

(23 4-10] 27 7|8 22 IHE =

500 o @ Iteration 1 T
400 g ®
Y 300/ Q) ®e o
2000~ i o @
100 ®e®
700200 300 400 500
X
500 ® ©® lteration 2 T T2
400 i o ®
Ly, Cey
200 _?__f ______ o ° Yes No F Yes No
100 ®e e
100200 300400 500 [ e ] [ e ]] o | | o |
X
500 ® ® 4 Iteration 3
Yoole i ®Q i X < 150] Y <200 X > 450
200].C i — @ No + Yes No + Yes
100 ®g® !
700200 300 400 500 ° ] [ e | [ o e | | D
X
YTl SEHAT 7O O MEY Y S5 ZRE UIRXNOZ 2350 IS 2YE 7ot= &
EHR

Z£X: KDnuggets,
https://www.kdnuggets.com/wtf-is—the—difference-between-gbm-and-xgboost(2025F 7&
31U HE)
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IS AFY AL F8ol FsAAEA D Y(DD) So Bt e teFalA o] 2ol
= AL AR o AFAAYN N LYZ0 ag MEA o 27

7o) =(Deep) T5E otes 4T Hd A543 F(Multilayer Neural Network
%+ Deep Neural Network)©] it} T3 G AFAFT +2& 7HE5FHA] o]u]7] 59
gAd 31X AxE 5T 4 Qe E 719t F A1 (Convolutional Neural Network,
CNN), &85 A4 LSTMS 233 FHi2 CNN-LSTM 23 o] Ieh(1d 4-12, 1¢
4-13 Zx). 53] CNN-LSTMZ A=} ©919] FAg}= oA 33t &9 ek5oll f-2fsto] ow]
FARRE A& EAOA = SEF v Qlth(e] A 9], 2022; A gt €, 2024). €213 A|Eo =Y
2843 Ao AnEos H8d 4= Qs A0R A o, drhEo g Foiz] EAof A

He FE517] A% SRS i‘% /\1{4 AL Aol 407 QL E= HAZE AU
AEy Eﬂ‘oﬂfﬂ CPU" F41 02 o]Zoj e ALt W43k g Bt 4o Hlo]
EAEE atd oz F3sly| 93 GPU” 5 24+ A2da9] ool F5202 F-gelct
o] %D}(:L% 4-14 Z=).

(23 4-11] G2id QBN Yetxiol X

Multiple hidden layer
\ <
£ &
Z=: Q&S (input layer)- THE 245 (hidden layer) - £2&(output layen 22 AL T, ZH Z0f
&5t F8(neuron)2 AFE ST HEE HEY
EX: I1BM, 13 Y2 NAt 3, https://www.ibm.com/think/topics/neural-networks(20254 7€
31¢ L)

14) A X2|ZX|(Central Processing Unit)
15) 12iZ X 2|&X|(Graphic Processing Unit)
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(O3 4-12] EdE LZL(CNN)2| 2RI &

A Typical Convelutional Neural Network (CNN)
o Output
Convolution Pooling Convolution Paoling - l
- - - —
i 3 %
T E.""a.._
Kernel - l\‘
Input Image Featured Pooled Featured Pooled Flatten :
maps Featured maps maps Featured maps  layer
e * +—»
Feature Maps Fully connected layer
| | s
| Feature Extraction | | Classification | | Probabilistic
o s il L s |
distribution

Z: Z07 0|D|X|01|)\1 E3E FZ(feature extraction)dt= HAH0A= 0[0|X| Q| Ha= EF FE(featured maps) ¥
HIO|E{Q| RS EA8H= HAl(pooled fatured maps)E HHE3tH |, H|0|E{Q] XH0| ZE5| EHEH LIK5H
(flatten layer) *._|7<§%*01I YHot= FEZ AYE

£X: Almabetter, https://www.almabetter.com/bytes/articles/convolutional-neural-networks

(2025 78 312 HL)

[23 4-13] CNN-LSTM2| 2HIEQI 1

@7  One-hot Convolution Layers Flatten LSTM Fully  Dropout Output
11000 F= .
Ulolilolo H encoding wrapped by Layer Layer Connected Layer Layer
time-distributed layer Layer
0|0|1]|0 Y
0/0/0]1p] ‘;{‘ernel
ujoj1l]|0]|0 :T— siEe; F—— W |
0|0|O0|1F
. \\\ =
U[O0|1]|0]|0 =5 15} 2
1~ o b= -
oflofo[1H] = 3 5
1{0]0]|0 ~l o 3 =
ulol1ofof] 2 = 2
1]0/0]0 1 = @)
0jO0jO[1F— = E
: —
N rate=.5 unit=2
1 . 74 activation
olol1]o0 _: Ksei:;el e =softmax
0[{0[0]|1A (6x4 i
1100007 / filter=128, kernel size=(6,4) unit=100 unit=256
_ Vi padding=same, strides=(2,2) activation=
N[{O|O|O]|O ~ 0 // activation=relu relu
N|joJofofoql
N[o[o]o[o P4

input size=(164,4,1)

O IHEA s [T 4 12]01|)\1 HHE CNN AT SUHAH FE8 7, L1Z El(flatten layer) HIO|EIE
LSTME A|AE & t*t*71| oI52 Soll SEAUS &0l 0| Sok= YACE 1dE
ZX: Tasdelen and Baha(2021) p. 5
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[ 4-14] CPU2t GPU2| R10| =AI3} O]

CPU2I GPUZS| A&t

*CPUSGPUS 78 25

Control ALV ALU

ALU  ALU

Core?t £AROR SHIY 21t

Ci0| Core?} 3t B10I -2 X2|
Cache

l

DRAM DRAM

CPU GPU

il

GPUE CPUECH TSRS 24351 2101,
£ x{2) 2210 S31E EE JHX|D UL
mI2tA, AI210] B0| Zlal= Jahm &t S= GPUS2L CPUC| Al0|= T 0f £~0i] UL},

ECHHIE) 23 8 2 QUCE

=hostICT =hostICT

CPU2t GPUQ| F=F Xt0|= HEAIA F 7|4 XH22] Xt0|0)| Uz
X: 0|SAE |CT 34 221, https://webzero.tistory.com/3012(2025F 78 31 &%)

=x-
T
ESS
=

UM AHE AZAFYANN) F27F 9] S89HFE 58 4 3
Sh= Ao, 2] 71-y 4 2] dAE 223}01 " % 7] 1 AE
FE0H= WAlo) Sk Bk Qltt. th#A I of7F 1 o] E(Graph theory)& H=3 4]
g, AFAAY & HFSH FE Q) Graph Attention Networks(GATs)= E4 A-
Z7]-F4) = A 719 A (weight)E F5(attention)dto] Sh5SHo 244 11 Q1A of
S slote WAoo g2, tE(EE ) ofdld(attention) Sh5S B3l 7] -FHY AATA =
2o a3}4Ql Ao] EAo|tK(Velickovic et al., 2017. 719 4-15 Z=X).

tr9] 7]-3- FAVE AAL R olFo A Wl FEIe EYe 470 HE ok Park et al.,
20200904 =2 1F £k &S 93 Spatio-temporal Graph Attention Network
(ST-GRAT)Z &7l5k=H, 371} A7t o dlAdg F-5to] shegotal 71334 Hids 55t
SF55t Zo] EAoltt, WA, 37t o'l AL diffusion prior2t ¥ = (inflow/outflow) S

ol 1HE F2E NGt == A0 w5402 S ARTPAE 2T A7t ofddl
A2 RNN glo] 71 A A A9 IA FHof A5 HgIoto] §43t £k WSS A6t uhA|
10 & Spatial Sentinel WE&= o] & AH7} BH QS 0 7|& EXL FASIEE dlo] &
o 931 o el & W A|5F= Alo] ST-GRATS] A4 4 Q48 & 4= Ath(Park et al., 2020. 1
g 4-16 &2).
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(23 4-15] GAT) X5 WA A/}

softmax;

Wh, Wh;
FAHO YR HY O HAUSCR LB 2 OEIN(EE) A oS Zlbiohs 1gS LB, 2 E2H
o] 182 UB(ZEGEE) HEM HHUSLZ, 0IREE(hi~he)0fl oA BE HEIMS Abioks 2HEgS

LtEFEH
£X: Velickovic et al.(2017), p. 4

(22 4-16] ST-GATO| X5 4| E4J3}

Y
t

1
Pra
i

(a) (b)
ES ( )'— ST-GRATS| FEIMO| OF7 [EIXZ LIEtL= 202 72X O Transformer TAE 7HR xE2 AlZIS y
2 30| £~ LtEHH =0, Embedding — Spatial Attention — Temporal Attention — Feed Forward &f4|©
EI.J A [Start] EZOZ AEGHH Dlﬂﬁ ABEAE O|F0t= Y4 (by= S7HHEN HALESE LUEi= D82,
T X MY, HEM)E FE610 RAIELt Q1 HE (diffusion prior)S &216t1! sentinel HIE|S Saf
HHEHAE ljlfl’-c’f HosEE —’T‘—%éﬂi YAOR I._"?:*!
EX: Park et al.(2020), pp. 3-4
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™A 2(hyper parameter) £ X3}

HAHY 9 g 15 HollA 5F o2 Q5= ot A A S (hyper parameter)
7t =, 11 359 —7—7} “4"3}3}—1—’— A Zo] 4R ¢7] 2l F2jAE(heuristic) FLHA L=

ol et 4L 5 Aol7} WSS, ol EAAY TEE § A4S 42 I <
Y 1 bl meollA] oS FoE et cherdt M5 ERo] @4 B8ET U, B A
FANE wEAel Al HHg vng B A FYAS XIS RoWRe Tabu-

2F
search, Hill-climbing, S 8A¢ 1128 Z(genetic algorithm, GA)'Y 59 7|4 &850 Al
A& 1yl HHZS FMoh= A0 E HAASATHIY 4-17 =),

[212 4-17] Tabu-search(a)?} Hill-climbing(b), SMAIL12|E(c) JHE TAISH GA|

Objective Function

0s* ___— global maximum

New OS: Shoulder

EREEEA- AR

0s:

local maximum
“Flat” local maximum

Current State State Space

(a) (b)

A1 [0]/oofo[0|o]||Gene A1 [o]o]o]o]o]o0]

A2|[1]1]1]1]1]1]| | chromosome A2 [1|1]|1[1[1]1

A3 [1]o[1]0]1][1]

A5 [1]1]1]o]o]0]

A4 [1]1]0]1]1]0] |Population

As [o]ofJol1]1]1]

(0
2 (a) Tabu-search: Z/X9| X &S ZH= MPHUA HESH 23510| Ol 252 271(Tabu)dto] &N X80 -2 & 4

AEE 1Y
(b) Hill-climbing: Z/&2| X&& &7| oiA =XIEO R S B0 7tHA ZAot= Eal
£X: (a) fiveable, https://fiveable.me/combinatorial-optimization/unit-9/tabu-search/study-guide/grDB u3l
BmHF5VO Ya(2025' 3 11¢ 28Y &)
(b) GeeksforGeeks, https://www.geeksforgeeks.org/artificial-intelligence/introduction-hill-climbing-a
rtificial-intelligence/(2025'3 11€ 28 T<)
(c) JanBask Traning, https://www.janbasktraining.com/tutorials/genetic-algorithm/(202513 11& 28Y &%)

16) QX YT2IFL 01Z0| FSIHYS DU H2AAE M3} HRWAHOR e, S0 SO BHH4 T8t A
=2 S5 20| 24 TS HOIUE PAOICHRZ |4, ZM0): 9 UT2iZ)
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Hb5H os Za Y 45 835

o2 A3e] FUYTF FHHL AFHE AL AZRYY AL TP AT Ay 2

olt}. AI-PriSM(7HY) B2 tet dlolEE &8st A ol 11 A E Z&of
+ o F8% A 7HA AL QLo ofH_t AXTt 7ol E A oA A|AJsh= &4 FAIR| e 2
Apol7h AL A7 é‘:‘“fﬂol Aohd %D}% :@74]7} °‘EP UJrEW —“& TolAe 24 =4

L=k
Aol AR A FARLE Aoz, 2ol AT A 99 A% el
FAISIo] Y] Aol 2 MR AP, 1 M RUE AAPE oS /IS FA 0 59
ShAck. olul kA HOlR A%t ] AItolE WANAS 85 }Oﬂ OU% FAHE YRS F
FHol el FAXE Wgstel AT WEFLS
2A40] HEE B0, AF 2510 BHL kol BAL T A5 HE ALE S 22

AOR 7|Hett.

(23 4-18] 29| it X HFY IHEE

AR sy ZR Y oz Q=g g BHE AR Y

F797 =797 FALFEAT) e e
a|b|c|d % | % | % | % A|B |(C|D
e|f|lg|h % | % | % | % EF|F|G|H

r

i|g|K|[I % | % | % |% | G@|K |LU
m|nj|o|p % | % | % | % M| N[O |P
Z=a+b+c+d+ 2t H#Xyz EAHE FA T

e+f+g+h+i

+j+k+l+m=+

n+o+p

EX: ALY

Yol a3 T (Measure of Effectiveness, MoE)= 7| AlShy HofoA de] &8 =1 Q)
AT 5 YTAFTHAHRMSE)2E B A AH(MAE)E 83ttt 712 2Jd F44] o
2P0 theiA= Bt AlFLAHMSE)E &3ttt RMSE= ;S*%k(oﬂi 2023 AR} /IFt0]E,
I} 53 (9) Y 2ol E AlFoto] BF AR F, olF HA HE 4 nl & W oA Al
Fote B o2 AR E T ¥, MAE= & g4 Zpolof tigh @‘3“\ = PAlolaL o] & AA| 2
= UYro] A4ttt MSE= RMSE®F FARE FHIE 7HAARE, Alg2 285t DA 3
&Eo] RMSEX U= AHACE 11 WA= #4 TE5 <= Ao| S0t Al A/ # B 4ke] 0

s e
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H4% | ZZIEM 7|8t HAMA L Al GEZEY WY S

o 7tegsE dSEo] e Y UL vt

RMSES] 4L A%t 237t Jedow 84 s sirhs FolAw, 1 ulee] ol 4]
o7 E=7teln 7ol M 97t W A9 Axto] AlFAJo] Yobd 4= Qltii= 3HA|7} Qltt. MAE &
A Aol E3 A W AlSg AT DS 2 FAeol Lok, RMSESH §ARHA g
Rx 5] et 190 Aokg W S glek. webA el B vlng s F 7
oAl A% X FZ W] thztd o8 AESH= Ho] ”Q s},

ot

RMSE =

hqute 2 ulE &2 vt 9 A5 AwAQl vTE 3 7122 (baseline) F
7}stet. o] 7|ERd(baseline)e T ﬂﬂ%ﬁ(regression)% L5to] WAZA AAHL
S PO, WA AFE YRt FORE ASHY B AL /1Yo A A7
W B3gho] R%gto] M4t Bl H49] 8191418 E&3 F ARFIT 200083 202371
o] NAY ARE vlgroz H ZLEQ] 10,744702] AAPER 10,744719] FAAS £&3 F
20309744 F7g5te] AH&atect.
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H6XE H Qo U OIZE 2

H0] JFEet YT EAL AI-PriSMHY) A& 23 9] of4] 7Hs/d< ol A4
3 Stoltt. & AollAl= vl t4t B E F 5kl xGBooste] W $8& A 7152 &
oto], mdl o Zof gt 7t W40 7| = g FFH O R B 4= 9= SHapley Additive
exPlanations(SHAP) 7|, ¥ 8% 52 H&sto] &-8513t}. SHAP= = tlo]& o
A= 7HE dfSghol gt 4 BieE JFS ABH o2 AZsIE 4= qlo], Bt 129

o

o
F=4=]
LSTAT - i e o e e o
7—." RM .*-.-o.- v
il DIS - - - -
T CRIM - - i
~~
~ NOX + Ey
AL
PTRATIO - - T
7}
AGE - - o
B . il 3
TAX +‘ - 71
INDUS +
RAD 4
. $
CHAS
' Lo
§ . | . ’ . =]
=10 -5 0 5 10 15
SHAP value (R 22| Autof| O|X|= BEH)

B4 AT FF A Ao AA 3 S5 250 Qo] YA I AR B
249 Pt A e WA Q05 oSt YA Y 8910 1%
Q10| et A AHolLt A wjRY SA oS 2 b 7]ofE o /|Hy
T 242 53 54 W Wabt oS gl mlAs

O
30,
Yy
A
‘i“l
of

[(18 4-15]= SHAP 7§19 dA 7, x52 02 SHLE ASgS ST vAl= &
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ne
AN

Hag | 324 7E Had 2 Al QS2Y N

G 29 PO T, y2L FAEI} L SAE UEE H4E ojuaict e
FEMOR BAHL AL AT WAL B0 nH L GPo] FTHH M) Bl FAGF
24)0) QYL Auleti, 0 FHOE AHEE 0] Ui 2 HS BPoA B2 FEM4o] g
7} £94 EE(observation)E OJHIdT}. IS Sof, ALY Auto] AHe)E e R WA W4l
LSTATZES ROl 1 ZR57} 7P 582 ofujst], 892 o3 R20s BH 4
%9 oJult Bdo] 7Y 4Aag BRG] 1E GFo] Fouf, HeAo] AFE £

!

O+ I =
At E, x5S WA AZEE FHIZE ofd y= Wl R R A4 HE B2 E dT x
o] Ao A E4t€(abundant) BE5gke] £EE AP 4= Ut

QAo EHL L STATHOl BeHS 2R gho] JFS L Aoz 439 2 5
=
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/

5%t
Al7|dt 21510|F O &2

J|
ooll
R
OF
Elis
1z

H1ZE MR

-

& Aol A AARE AI-PriSMOY) 23S 7|He.2 3 /7ol oS g 24

CEL ENERRLT LR

b
A

A]

QATolE o2 B AR AF AT W AT AL 4T H, Gl YL % Yk AT
o5 oSS BPOR THSAL, Bt e Tkm AR ST £ A7ol4 A&

3t XGBoost, 33F5(Reinforcement Learning), TF13-417dW (Multilayer Neural Network)
S B AP0 Mefsto] B85ttt XGBoost £ 719He] ti4 9l HAl (ML) 2E &
Stk HollA 8=, 554 T2 B4 E Holeo E31= %3"‘ A AFAFT
(ANN) 29| t#Z 7Hth= ZofA A"E e}, npAeo g Foeks-2 7]&9] w4l g
EFolA 553 o WA Tt A58 UEidoheE FollA Al ;91— = Aol A8
of ALE-E| 31Tt

A
H
|

o]

23]
o
=

o

4 B2 2001 95H 20249714 SHE DR JAR HolHE 7 -8 &
T-ol5FH(flow)S 8H53F ST-GRAT 2P AME3IITE ST-GRAT 2¥L2 1
Shybrid) A9 Held B2, A F4X FHT Z2 o5 &
HEo g wkslo] 2 Al E40 &85 9t

-lN

TR
ri

o

s oo

[e)
#-g3t

N Ho
[k
-
|m

oS.'-L o,
oy
rlov

_IINI il

Skelgel]

1o
of
_ﬁ

4

2% AAE dolgE A U 1km ZAF F7Eo 2 AHTste] 7 2g 9] shgo SEEAL
RMSE, MAE, MSE & & A-olA A9st a4 =(MOE)E 7|5t & 23o] 5= it o
gk, & Aol 35kt sk AI-PriSM7HY) 9] |9l 2 HES] Al EAolgh= 3
< 12jote] 7 13 9] T2 JhoA Aot &85t om, AASE Y82 o] BP9 5
TG0 A ThA] 7|&5h7] 2 St
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Heg | AZ|EE QF0IS OIF 2 Al 24 /

M 22 glojE Hxie

1. 2110/ Ci|OJE]

1kmZA F 2 X ghe A FEO] AR 107,44270 2, ZF AR vtk AI-PriSMEFY)o A ot
TR} Sh= AR BAIA 1, 1, BEA] oY & SUA R HlEste] Ho|HA EE A5t
ek 2 ﬂoﬂfﬂL tﬂ 1'3*1 T NA 1T, 1E 5 R 7N HlofElTo] tisiA AEARl

[ 5-1]2 F8 =8 dFols HE T 9 3070 AF9S AdEsto] Akt WEog,
Ao e srgo s %‘Jwﬂ% 2 FARSILE, Ao w2 2fo]7p Hd A 0 = Y

ote Ae ET = At

[ 5-1] £ A=Y FQ Q170|5 I{E(Top 30 X|H) Al2tst
20124 20174 20224

EX: ALY

(O3 5-2] YE 2t A0 27HH M Al

— I
S R2007 ° R2008 ° R2009 - R2010 - K 011 - R2012 - R2013 ° R2014 ° R2015 ° R 06 ° R

(1150300601 0,0000000000 0. 93 0000000 100 0.000000000 0 0000000 0000000000 00000000000 0.00000( 00 0.000000000 0. 000000 O

0000000 100 0.000000000 0 000000C0 O 0 0.00000( 00 0000000000 0. 30000000 04

0000000 100 0.000000000 0 000000C
( 40080160 0.0000000000 0017331023 000000 00 0.000000000 O 0000000

00000 0000000C 00 00000000000 ( 1000000000 0.000000000 0 3 637 0 23672073

000C 0D 0000000000 ( )IDOO00D

D 00000000000 ¢ 00000
00 0000000000 ( 0000000
00 %000000C 00000000000 0.000000C (0 0.0030000000 ( X000000000 0.0000000000 00361111111 0031979 154

00 00000C 00000000000 0.000000C 00 0.0000000000 ( X000000000 00000000000 00111111111 009644 01

EX: ALY
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T, 2001958 201587 59 S92 A7 AR FEE 0] Qe FS Tl
o St A% 20029 FF 2004, 200655 20094, 201197E 201499 FE2 AT
Q=] fofelg B-5to] BZPY(interpolation)g o}8e BHG YUK LY 5-2 42

At 209] 9 F¢] 5HE FH ATolE HlolEolA gelE Fa e duEekt Y
Ao F8 A2 AEEEA FET doks, BAS, BE 37t 59 &A= FA=N2H,
A&Z AL A F A A A Fo2= 51090 FARGIA S Easol SRAEAH. 2
A& A= AY A9 fa IA H=Ae v 42584 S2F §5ks, 45, 2
T eo2 F8 JE A gl FRlFHd oY, ARG F Ba4go] 5109904 Aoz M
oj9] AjH oz AUt W& Y BT 1919k 2919] Ao]7} A &= of sig A1 Hf A
0] FEARES FAT & AHIH 5-3 D).

(12 5-3]Fo H

oo
oo
re
o
&
=
A
T
oo
re
O
S

E+HE L2 IvbE

65000 56000 66000 61500 71000 58000 64000 53000 55000 54000 52000 67000 63000 68000 57000 60000 51500 70000 69000 51000 5101"{

o

72 298

(@

75,000

o iy

¥t
o
+
IIIIIII.- "

(-]
65000 56000 58000 55000 61500 66000 64000 53000 71000 54000 52000 67000 63000 68000 57000 60000 51500 70000 69000 51000 510 T]
#2 89§

(b)

EX: Z/IH0[HX2| 21110|5 SAE HIE2 2 MAF Ay
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REE | ATIEH QIT0IS OfF BF AlY 24

AZ71H 0 2= 3] Qltolo] 7Y Wokd AR YehH, 1 o] $&2+= 24, 124, 49, 5
9 o2 A E3 A 2001 5-E 2024W7HA] 71 @2 QdFtolEo] A H A7
£ 2004902 FA = om, 2007d0] F WA, 20084, 20209 52 A= FA = AHL
5-4 IR). 8 AE AREE Y, A, 715 D 7[5 18 <02 JAEJoU FH, 4
A, VIE-718-1]]9] FHEo] qlt‘rT«l A& AR JAE A0 & njRo] & o QlFol s}
Hg E4 &elstr] gA] LHLE 5-5 F=2).

(23 5-4] 2|tk 10| E(a)t 2/t 21710|S A(b)

6,000,000
Wnnmm
n»

IW

2,000000

2006 2007 2008 2020 2009 2005 2010 2021 2011 2015 2014 2‘713 20‘9 2016 2012 2017 2013 2024 2022 2023 2003 2002 2004 2001
(a) (b)

EX: Z/IH0[HX2| 21110|5 SAE HIE2 2 MAF Aty

10,000,000

& a7ols

5,000,000

(23 5-5] 2 WS AR 21 A3}

| | [ | Ne
Sy W
Dhme =

El

orm
Ak
[Regn s}
ot it
o ol

EX: =7IHO0[HXQ 21110|5 SHE HIE2 2 XA Ay
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73 5-6] $2 H=H- AT 2I70|S Al2tst

20134 20154

20194
E£X: Z7HH0|HXY QIF10|5 SHE HIHLZ XMAt &4

19 5-612 9 AEE- A 9705 HHL EABE A0, vhban)d] 7 AL 7 A
£2 oJu|sie 2t uto] gEoR L g AEolH AT FAEATE S2HORE i A
2 A % AYQATFE thehlich, AR AZFE A0l Fof ol & Fol= 9o

Qpolserel 53 £ ekt 424 F49 <

1

Fol5 WEle FHeo] Shelat 5 9t
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Heg | AZ|EE QF0IS OIF 2 Al 24 /

2. 7|E} Ci|O]E]

AR1|7} ElolEloll A Belsh 245 ARIERE AAYRE Tkm 2R HEto] B3
Atk 55 WS /|20 AR FRE S, 20189 RE HZ/A choket Rt gl
o0, AR 20184 o4 Holelo] ajxi Belo] of2ie) R sk FYolA 3
T o 4489 ofeigol olEIh

[ 5-7] XILRI&7t HIOIE KAl: 212 =(a)2t SA1E(b)

EX: AYRIo|7t HO[EIE HIZ22 MA 2

29 9xje] 9 }5EY X)) Skm HHE AA3] 1km Ao] BT SE
A0 A9 Ao B4 AR} JaFe] Edwe AR Uehda, umd @ AolA
e ot Fuolut ZFE Ao 2 EREE ow L}EHdD}. 2010197} 202392 A2 0.
ML PEAAL T A BS SR v, s 2 AL 95 g 7
51 1 Bl of13] A Aol e ACE el

FlF HE,
M H

[e]

r* HU
o
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= Z flolg 9 o4 HYE 135t Min-Max Nor-
AZ T} Min-Max €ytsh {2 male g /ded 5 Al7[8t
EARAo: g 2= 4og Y golg HEo o]

upxEto g 2 AlM EA o)A
malizationg &gt 4yt

o 29 758 oot HE A
A0 2 AT 4= = tlole 9] HaFdH BHo] JaFS HAadlste] 4 Hloly E2E 1EH
Lureksh= Hl k. Min-Max @¥HShs AR 2 g2 058 1 Ato]9] e 1A |t

i3

X—X i
Xnormalizatizm - X -X
max min

i62



Heg | AZ|EE QF0IS OIF 2 Al 24 /

H3HE HuRzdz MY

R vl 9 #dZ A vl A RE2 AdEFoR RS WA 7|ERd
(baseline)2 t<& 17 A A HO 72 FAZMA] Alad ARV oz ALHT =
S 702 A - ARPE E310] R*gho] A ATt HE M9 3| HAlE BET FH AHES
At F HAZE xGBoost WH= &&=, & AW £49 A 43 HE ZHAE
(Random forest) YHEL 25 dlo|g g A3t sk Al7to] Q1L E o] Atz o ALt
£ 571 W2 xGBoost WS 83519} Al HA= 35tk (Reinforcement Learning) O
2, AEZ A (agent)E T 03}01 324700014 °F 600719 AAPE AlS3t &3S S50t s
T35t 107,44270 A9 g0 mhE HA(reward)= BRI A&t 749 A7 Ao
E =0 E/\c]-.g_ ;‘(]-o] 7} a_/'\i /\c]-T:H o 2u o E’\J’Q- 7}%1 2 0] A= q_/ﬂ o]-OfI 5] %3]-9&1;} o

Aato 2 rEQlFA1 Y (Multilayer Neural Network)< 28313t} 2529l Q3414
BolA A ubdol(backpropagation) ¥4 St AT F, 29 S(hidden layer)& 371
2 Ak [JES 1 - 2495 3 - 95 119 o opy|gXE Aot AT
(overfitting) RIS YA 20%2] Teto| g AZH(dropout)dt ti=F 20039 iteration S 2
relu @48} ot M-S B3t H A5 /5]l

HJ

014

r
IO J}L

U:

Bk 2

=

53], xGBoostol| A<= Tabu-search 43} W& &5 249 £7|d3 MED 5 2%
o 4 s SR, AeetsolA= &84 ©4 % Hill-climbings &% 2% ﬂl#‘ﬂ 2
Aoks Aottt BE BP9 Shgoll AME A= AU B L 2HMAE) o
oho] g HAsH dAlstal A €Y 4 k& 45

ru[ru
o|

AHFAA ELHPQ ST-GRATOA & FA% 1 EE(GA)S 53t 23 mtetuEE 34
2 T &35l 27 AFEE GAT 28L, AJ7F e LSTM 23S, Oﬂé %ﬁloﬂfﬂ— ot
Heistol TAIstaALt z7}§ 256 29 F410F 0.001 4E, 150
ot 4 LSTM ©A o4 = 38 F71(look-back interval)2] I}A T ]E1 5S &8
Sto] BP0 &0k

S}
=

r{n:
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H4H AH EM Hat

& 51T (19 5-91= ZH Arde 7 oj2uge] 452 vust Ade, st ojg ol
T40] wet B2 HlolH A EQ} B HolEAE 7te] QA2 HASAE wYo] o] 94
Stk & 2 9i}. o2 Eol, 203092 &3k 73 9} 201 2000~2017d 17 feleig

sho 2 6l 0]3¢l 20234S o &al e FAE WA
WS ool BEET 04t ST A dEA a%

o_>|:
EF

H5-1) 5 SEAT0| M2 2 Q170|8 HIZZYe| olF Zit Hlw
e WAHFMAYH XGBoost CHEQImAIZi) 2515t
T RMSE MAE RMSE MAE RMSE MAE RMSE MAE
20254 0| = 85.3671| 12.7682 0.1310 0.0621 0.1376 0.0671 0.2298  0.1446
20269 0= = 89.1269 13.3555 0.1313 0.0624 0.1379 0.0639| 0.5366  0.3196

20274 0| | 91.7444 13.8264 0.1339 0.0643 0.1395 0.0678 1.1347  0.6852
20284 0| 94.9971 14.3344 0.1365 0.0661 0.1419 0.0742,  0.4609  0.2481
20294 0=  100.2281  15.1339 0.1363 0.0668 0.1432 0.0790, 1.1078  0.4181

203041 0= 106.1129 16.0948 ~ 0.1368  0.0668 ~ 0.1387 ~ 0.0667 ~ 0.2590  0.1574
S ML A

S FHAEE ANE AR, AASA QG div] XGBoost, 515418, d3ehs
RM SEQ}L MAE A ¥ BFojA ¥53] 953 Aol EAH e} 3], XGBoost} thE<l
= 71 AL S FARHA ekt HA S dlofE o et thalE A gl AE vt
XGBoost®] RMSE?F MAE 2Ate FEAA g5 HA=H], ol= Cellular Geography &
og A% gloEE uigo g 7k nd ofy|elx o] 22 stE slo|wuetu]E Z3lo] H]AE
A AlSZE iRl @ QIF 2 E A0 7 Skt AT 455 & 4 vk B3 A7) d5Y
RMSE®F MAE RFo|A] AT Asl7t debt oy, 1 xjo|7F A= 2ot 733tk
BaselineQl IAEA|AAHE = L56F A2 Yell oL, 7[ek vl g2l XGBoost
15417870l HlsiA = 1 AT tha oA AJA Eo] e 3 E tha E9HY
Al ERl=o] -3t ghgo] o] Fof R A= Rt Ayt= A H

o,
OEI

ol Aol M= H 7H] sf4o] 7hs stttk AA, A7 0 L2 A& = AR vlE
o] ot Batak TH e AR Y= vIHE 7ol At Ty AR AR b= ]l et

7 BlulShAL AFE QA77E AHE F7h-aske B4 Holu, ole] net S TholA of
2 sfgio] gepAlt Qo] Uetong ojo] g F4 24o] Wi,



Heg | AZ|EE QF0IS OIF 2 Al 24 /

(12! 5-9] 2&E RMSERF MAE H|xt

12 120

100

4
o

80

&0

RISE/ MAE
o
o
Baseline RMSE/MAE

4
S

40

0.2 | I 20
[ a

opsdYgE Ry 2026 O % 2 20078 045 2 2028 Of 5 B 20204 0% 2 20309 05 2

XGBoust RMSE AGBoost MAE e Multilayer Neural Network RMSE wem Multilayer Neural Network MAE
e Reinforcement Learning RMSE  me Reinforcement Learming MAE  wweBaseline RMSE wpBaseling MAE

EXN: MY

QT A= A AR AFA R 7P S 837 2A7E He AL R YEhgEd], ¥
Ao|a ARHAQl v E {4 AR FEE ALt HE(group) WS WB-E§
QASFATHIH 5-10 F=X). ¥ UAEA 7H 2 ¥F-S Aol <
(T_POP)ZE &RI=SA, FE olo] F7F(FAM), A= E A5t @{LH(TRAIN) o
(HOUSE), =AY A}X}—’F(cp bem_007), 24 Y AF4AIZ(cp_bnu_000) &= 2& YA =
t}. £3], A7t BEFE(x-FNA 22F) AFolEo] 3ol FTHE2M)] o] 43t Ao
E UEHL, AS5Ex-F4 & OHLOPEA HAFEA) FFol ATt Ao E YEhytt
£3] JI5HT_POP) ¥4 ¢H ] dwﬂ(ﬂ T3 A= IFolE Sl SlojAl &4=9] QI+
I1Eo] Bl #AME = FF7HA] BIA I Qa2 UER AL it S7HE4=(FAM) E3F o] 9 FAL
o Y2 UEHl oW, 53] £ 7t @ 9jolA= ol E BAbE s 553 29 JFS E
ol Ao g Uelgrh

0;9—l>—l~lr?~—l>

Fx 2 Aok HY(TRAIN)OIA SHAPY] 41521 02 71502 B39 Al Jgat &
o] Jgo] FrBAA FEEE A, I Fx 9 Aokd BH A|Ztstof| A gld Azt o
S 9 AR AR 9 v A A] 749] Zpo|7F S oA RS vrEhdth AA A ARG A5
(cp_bnu_000)2t 33 SAF(cp_bem_003)7} 7]€} =0} Hith o] ks Hole AT &
E3td], ol AAHA AMdAISS FEEAAET F2 AQL5E Qlolso F= O] B
< uld], ZARZ JFEE o|&Fro] fEl S HojFes difolzt T & Qlth

=

e

sk
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i 66

[ 5-10] SHAP £=AIH2025H GISEY GAl, &

A2 207 H=r)

High
T_POP =
FAM - — e

TRAIN {*

HOUSE _’_.
cp_bem_007 -{—-.
cp_bnu_006 |—

Year . _i..
cp_bnu_003 o
cp_bnu 011 4—-—— . . N
cp_bnu_007 -JP_ - e 'E
[
cp_bem 003 ——*l— %
cp_bnu_010 = E————c . &
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