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Abstract

The The sports betting industry has proven to be one of the most influential
areas in the service sector. Despite its significance, the Korean sports betting
industry has been neglected which calls for research scrutiny. This research
applies machine learning algorithms (Logistic Regression, Random Forest,
AdaBoost, GradientBoost, Light—GBM, Multi—Layer Perceptron, Extra
GradientBoost) to predict the results of Keirin competition along with sports
betting methods. All of the race data generated in 'Gwangmyeong Speedome,
from 2016 to 2022 were collected and preprocessed for empirical analysis using
Python. The results imply that the Logistic Regression had the highest accuracy
performance among the machine learning algorithms, with an accuracy of 61.18%
for the win prediction, 78.51% for perfecta, 42.37% for the quinella, 31.33% for
the exacta, 31.63% for the trio, 22.10% for quinella place, and 14.30% for
trifecta bet. Light—GBM and GradientBoost demonstrated the second—highest
performance among the machine learning algorithms. In conclusion, this research
provides an analysis of the machine learning application of Keirin competition
based on sports betting methods. We believe this attempt may contribute to the
service management research domain by providing actual prediction results of the

sports game to consumers that may to sports betting industry expansion.

Keywords : machine learning, sports analytics, sports prediction, sports betting,
sports service management
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Yang, 2020; Zhang, Kim, Mastromartino, Qian, & Nauright, 2018). ~¥ =4t
NN FANTE FHY AL 2EZ Aus A ) Y SRk A wE o
o ahtel =¥ =" (Sports Betting) #ofelth. FAlA 0w H AA X =wE
o FEE 20224 7)1E 9,3609 @ElE Husa glow, uid 10% Hgre A4S
71=3ta YTH(Grand View Research, 2022; Lopez—Gonzalez & Griffiths, 2018;
Lopez—Gonzalez, Guerrero—Solé, Estévez, & Griffiths, 2018; Vantage Market
Research, 2022).
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w3 #AE SEAAT 5 ok, 57 59 HlolA Ax= FRAAE HAl
= B3 A71ZAFHY dFel i ArF v e wHREo]l gom(HHE,
A, 2R F, o] A8, 2020; Alonso & Babac, 2022; Baboota & Kaur, 2019; Xie,
& Nie, 2016), HZelle vhds wAlYd daelF3t stely devEE
g3 A 5 FFY dS5o] JteRtH (A, o)™, 2023 AHx, o)A
=, 2022). b, AX =u|E Fopel Aol mAled A& qrHe] Hidom <lE
o, HLo Aok wAlHFY A& 7hs/dol gk =97}
AZE Qe (A4, o83, WAt 2023; Borowski & Chlebus, 2021; Bunker &
Susnjak, 2022). #AE HI7HA 9 AFE @ F2 A7 F/H A 4=
(Hubacek, Sourek, & Zelezny, 2019; Wilkens, 2021)3 wWHZE(Kollar, 2021;
Sullivan, Myers, Harman, & Srivastava, 2023)°¢] 3 =92 FAloz Hsxn,
T8 FEo072E ZF(Knoll & Stiubinger, 2020; Stiibinger, Mangold, & Knoll,
2019), 7AmF(Borowski & Chlebus, 2021; Chung, Chang, & Ko, 2017; Min, Lee,
Park, & Lee, 2021), HY2(Wilkens, 2021) 522 Fzld 4 9o}

APAFoNAE HAeEds ~x=udge A&t 7|E T 2x =g B
AR F-AAQ wuk olm Ay FR A Adtd ¢ dvke SHolA e #A
S gysta Ax= AR[A Ao R WY T AR IYshe AvREe
SRS T9o=2A AvbAQl 2x=ud Abgel B =g& = F dva 2o
(o] AE, ¥, &A%, FEF, 2020). HZ olgldt e AAS FRAFNSTITE
2 giso] A WAog Ax =gy AHS Mu~E 24 1S vfEr] §
3 =7ke] #e ot i AT AAE dS5cta ol 8 F e WHs v
S FFetal WS A FeAge dia) IR FvASITTES A&
THAA HAHYE T3 A71AF 53 A Ao AujastE dmax =
AeA T 97 EAH o2 AMed sto] EAggtoaN A2 A= 4b]le] 4%
S vtdsGlt . ddEy, oF teket FH o= ghael Wl dis) A tshar
AE AR IAACHAMYE, 2023). F, 2Ex2WY FH AAE s o]
gk Aul=E Agetes A MRS AHlE ARSs PSRN It AAldd T
dHol adE VA= AL BE, s qA7tE 4 F dE AEAE F4E F
A= S 2 ouE Ad)

ojelgh AW 275 A7) flEA A EojoF st A T Stk AH]2=9
7Igko] H= 7l awske)l sHEA HFoldtal E o4 vk HE oled s S
st Aol A FuldlA e HAlYdS A&ste] ~2x=mE e ETEQ] AE 9
E A5 A7 FAE vk AL S 9, 2023). 2x= ojdEEH e HEE
A= 87HA Ml dagFe] deg vlaste] AE AT AAE ASFoEHN ~
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=Y Aujs st e Ao AE A7 ok AT el ojupA g up YA
oo g =S o] &g AA vAEY] Ax=uY dEd dgg AlFF Sl 7
7HA SAS T8 WA EdE dAE Adn) 2 s A2 Ao A
of ~xzuy W AnAEY oAtAA Y] AAAN =S T d8 AE AT
o AA WgwAs a2 HE3 walyd EAS ASToEN EFHAS AAEE
AE HHoR s} olF & ~x=wgy AdE gixdd FTEo ud AE
AT 2016WdFY 2022 A7|7E5E &8st ATEAE A, A wE o] o]Fo
A= 49 dF A s Arstazr oh 2o AP R JYHJdE FAE O
SAAY, 2X2E 39, WY XY2E ootf X 2E | Light—GBM, XG F+2E &
AP Fe AREste] 20161 5-E 202207449 8F53E AFU S-S vlE o R 20229
BFE7F 7ie SAE o5& Jdgstazt st

o3 AlEi= MH|A Ao mAlo] AF =y Fofo] x A F& Fo] el
Aa BATE AA A4S dA5se AEAHQ AT w=gomA Y Fofd o] &4
o8 st wprb Atk Bk AFAORE AnAtEe] T AX=WE Y] BAA
oA & gyatil Ax =S oldfsta Foste H Ego] Hie AHAE AAR
AT 7 v 7I2ARE AASTHE FAAE o7t dvkar & & Qv v ut
o= wadE A& 2x= ofdElg el AFAQl HolH B4 FHEAS
A= A AE F5S 7hselA FOoEM Ax = AH|A ARG kel Wb JEk
S v Aoz Er

1. o]&4 A7

2.1 2 =Y A9

A AAR R Ax=uy Abgie] &AdstE i sk Aol e, =Wl Sk
g e AAAR] Ry A5 Holl A o} AT (global standard)ell VXA X%
g AFolty. 2z =wde] mEfolghe FAACL Q1Mo <l WE HoiAsk 5
Well A o] EEA Xate AS A B97Iu 2x =g d) SR xzte] i H o
Atk Aol EAFT. olHg olFE A Ax=Wge Al Aozt
1 gHH, TRAT2A $REH AHOE oJEo] mAYS w} Al How m=uf
of wAZE H= Aol Axz=wge] Fuihs | Frh B3, A% w3l Aldt
AR ] A, ZEfar wi"gAE olsfe] daet, Fojatge] =Hstm Qe x|
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WS shbe] §sk Ao wolsola A sst= Wkl didh st
He= AAZS 3E3E d2A(Killick & Griffiths, 2022; Vlastakis,
Markellos, 2009), =] tt}ge] ¥ =Wy A= Zubolu), B ApA
S B FA Ao vk HelA wule] ~x =Y ake] A
SHo FAE I F Y=, A, ol T, 2012; v
, 2014; F59, 2010). WA, 2X=uY Aglo] AR o &
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2018).
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2:3%E& o 5st7lel Adg waled &ag &3
o AE Al 1-2:3% oju] Y Ths e EEete A 9T Ao dAdekA
Yol A2 BRste AR HddA 7 (Calssification) ‘j%’% A -gst7]ell A
dstth, A #9Eg 7S AT 9], 2023) 0= 2A2Y 39, dd 2
2E ooty RAE Fo] AFE £HE d5slrld AAdg dagFoR yEsion,
FH XG Boost®} Light—GBM %9 Gradient Boosting 7|¥+re] dug]&a tf=417
W Rdo] ZbE dlolE A tis|e} 4§ EofellA o &go] Hojutal vt HE
aEate] olE FIlslth wekA, HETAom A 2E 34, A LY 2E, oot
BB OfUAdE B2E| Light-GBM, t54174 %, XG Boost 7712 2E& Alg
st AS ). 04‘?01]/\1 AbEE WAleY dargEe thed 2

2.3.1 X228 3]¥(Logistic Regression)

2428 3= dx9 TAA D.R.Cox7t 19589 #ekst oHa mUlz Sy
ol Ay AFS o]gsle] AL B NeAS dSsteE A ZHolt Sy
A8 Ad3s Bt TEHEHET AAE AYstaxt st BHAA AE 3 A A
3 fASY, FEUE BEY doHE daew an dF Anst 54 BR=
TEE] wjie dFe BERF JHoer: B F . dWtdow sy 39E
FEUETL T A o)g Aol A FHAFA T o) ool vha mAad

=]

3] ¥ (multinomial logistic regression) =& 3} ZX]2~E 3|7 (polytomous logistic
regression) @il 3t} (Hosmer, Lemeshow, & Sturdivant, 2013). ¥ A= “1
21 ool 4T, 291 olul 4T, U391 oWl AT ARE 77 13 0o ® FiEste
0]d} Zx~€ 37 X (binomial logistic regression)S A&stPt <18 1>& &2
A28 379 NdA REYPS HoFErh
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<18 1> 22X 2" 379 /Nd& =3 (Osborne, 2014)

0.5

2.3.2 WY EF AE(Random Forest)

Ay Y AEE ALZE A YT (Decision Tree)E 7|Hle g 3= EF <y
stfoltt, oAFAA U9 A3t FAE sl dsty] 918 Ao
TEHS 3835t FARR AES FESIY e A7 AES
ExE®] MZd (Bootstrap Sampling) ¥ 7} oA A G U9 EAS F29=2 49
= Rz EA Ae(Random Feature Selection)S Z g3ty AAdE Z+ A4
UFs A2 S5P80=2 g%stal oS58ty oS 2o A4S HE 4

2 T ANE B8
3o} (Brieman, 2001; Migliorati, 2020). <13 2>+ WY XY AEQ /i34 =y
o

<8 2> WY EYAEQ /NP A 2 (Janitza et al., 2012)

Sample data
using bootstrap draws

Out-of-bag (OOB) }

Train data ]

D ta te timate th f th
Data set to ger the single trees. R o il

grown tree.

Repeat until

|
[
(

Feature sela:tlcm
Random selection of mtry Repeat until
pledic!ors criteria for
stopping
tree growth
are fulfilled

number
of trees is
obtained

Groaw tree
Split data using the best predictors

Estimate OOB error
by applying the tree to the OOB

data

Random forest
as collection of all trees

2.3.3 dlo]t} B AE (AdaBoost)

Mu) 27983 A xi247 w25 20234 69 167



dlojt} BAEx oF4E(Ensemble) 7] sty olg 79 d BHVE AF
st A £771E wEe Vet BE Sl e UheAE d9eta o5
g ngor mgel QapE Aitste] earh vk AEe] WE TtEAE HaA
713 A7t w2 A A9 FEAE SRR ol Fd v BRI &
=iE AEe] T8RS wo] SaE A 9 A wEste] HFHow mE
w=i7lel daE ddeta b Rl vheAE adste AT Cd5 ddE =Ed
o A2 e L3 S heAE E7] adshy] wied HelHAES] =ity
TAE HAT F dovt ol (Outlier) o] WAsHA WHatar F345 w0 B A Eo
A 328 (Overfitting) $#7F A3 <28 3> oot} RAES] Jdz w3y
& HofFE

2.3.4 1949

A
= 7]
= &
=3 =
e uj
S o}
(Arik Zt}

A 28 (Boehmke & Greenwell, 2020)

iy

<I¥ 4> THYYJE FAEQ] J%
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2.3.5 Light—GBM

Light—-GBMe ZL#t]QE RrEg w7 duzZe] shpz dgude px
ES ]l &% HolHAEMdA Y HX A stz 98l 71Ee] gaelE
t2A EfE AlEstste] 22 HolEAMECdA w2 5 ¢ dEs AAEU
th ol Ed e zzatE o] g5te] A2 EF Y2} E](Shadow Tree)
E =95t anpg oz ALES A etk mek W™ ALle] st A E o] o
|F HolHAMENAE W st&o] 7hssit. vk, 22 Els AT 7HsAdol A
7] el #AE ol dom Holy el Ewdo] Agk AS A5 Adeol AstE
T HH(Ke et al, 2017). <71 5>& Light-GBM®] 7I'd94 =¥

l>

<% 5> Light—GBM9] 7Id4 23 (Daoud, 2019)

® ® @
com)eo o™ o o™
°e0 o0
LY

OS54 d-e 91F217 d(Artificial Neural Network)e] 7122 ¢l &

243 (hidden layer)& 7Fd A3 A Woltt, 7z S o

(neuron)oi T ¥ J=€S(nput layer)ellA =85 dHeolHe 24958 AA =
Z(out layer) 2.2 HAEE o] oF ZiE &3t o214 d9 s HAHLS

—

Mu) 27983 A xi247 w25 20234 69 169



ARG Aole A4sa] 9da 7HEA (weight) S ¢ vlo] =3}
Aolth. olu] oA sk(Backpropagation) FiEE ARgeke] 7 jrelo]Ae
At olg Jtow AEAE QuoEdT. GEAAEE JAF Falo
% 913111 ageld &4 Fol e delne) A A e
21 ol A3 EAI7}

a2 Ay
alik, 2014). <717 6>L GEAARe) AdA wEe oz

> 2ot dgomy
2o
O e gl fe

™ oo

e
=

XG Boost= ZHHAE FAEE WAAZ & b dugFos oF Aso| =
L AR f13o] Aol d&F dloly et 1Ak deolE o At vlad Hdua =
4= Adth. XG Booste] Al ofeltjo]= BEEE Haglely EdE FAske Aolth
olwf EFE 7 wY|HA tE Sz dolE 7t Ao e AEE Tk o]

HAGNA g 715S ARESTE & 5o, Edo] YN B As oet
duksl ATS Hoj277] 98] Regularization©] 2l 752 ARE3tH 9]
Tree Pruning, Custom Loss Function %5 TF3l 7| 5S AFE3sle] walEd
TABT) ol 3 V|TER Q& G E JdFS By HHst 58

T Rom 1o HF ¢ dF Aes BT I 5 ok FoklA de
35+ da8F T shubolth(Ramraj, Uzir, Sunil, & Banerjee, 2016). <13 7>
XG Boost®] 7% EES HoFT

& g
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<% 7> XGBoost9 /N¥2& =& (XGBoost, 2022)

Like the computer game X

Input: age, gender, occupation, ...

prediction score in each leaf
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ZF mAled Rdol Aes AUkshr] fldte] e Ag ke, HAE Ak, H Al
o @ AHRMSE), A& A (R—squared), B %= (Precision), A& & (Recall), F1 A
T (F1-Score)& &3t}

B BEds H@riehr] 9 AbgHe Ao, AdE, AdE, Fl da5e <a1d
9>¢] #d¥ Confusion Matrixs &3 E=F%t}. Confusion Matrixs~= AA| True&
True® & =(TP), AA| False¢! AL True® 4 =(FP), A A TrueZE FalseZ o=
(FN), AA False?l AL FalseE d=(TN)9 Y] 7IAH &2 F&EHAT ASEE=E Truesdt
False®} #AIgle] AE35HA =3 v|&= TP + TN / TP + FN + FP +TNej| 3}
F3ch, AU%= TP / TP + FPE Rdo] Truedtx E73 A 5 24| Truedl A

o] "l ot AFEL TP / TP + FENOZ AA Truel A F Hdlo] Truez o=

gk Bl ol AYULel AL 1o 7T E Rd dso] Fuia B F dou
Zb2b @A S 7HAM A2 RkeEetes AEke] Q. ol& Heketr] 93 BHE =
A& 2P AS AMEstE F1 A7 38t = F Ax2E o3 JA g
st Rdo] oS HAAHo=r Hrte 4 e Aotk

s gt H2E A== 77 gatolH et HAEHCHE A8 30S 1
o] FgxF ongitt. mdo] stEdoly o] AUpA Al A3t o] Fulo]E e o)
Ae =2 AgESs 2R & dolHAEZE FoXS W Ayee] dojxe S
A grolgtar ghrt. sk AS =t HAE Ao zolrt & Afols Rdo] 34
& HATL E 5 Sk o] S5357] fleke] A fdel AE daugss AE
stAY stolm Feinly 2GS F8l dukst Ao &S A= E S

Bt Aw Ake AARAIGE F2 ARG Ass Hrketr] el AREEA
o2 Aol e A AFe YA FEES dS5sh] Wil ARSI fAE 540
Atk webA AAGA G} Hit Al SAHE A gete] Edle] Awye s Priyt.
o Aw eake AAGI d5% Al Fds 7k MSES AlEow oF
AZE AAGT AR G2 e M S A Tk oS5 REe Aol £
S5 Wt AlwS &Y e At ARAG = Edo] HeolHE dnb B
Al AR 5 UevhE HdHeR A Ao 0olA 1 Akelo gha 7HAH
10] 771 &4E ddo] At #ddhth(Haghighi, Jasemi, Hessabi, & Zolanvari,

2018; Liang, 2022).
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4.1 MY dF 2l &

o,
ofr
N
=5

0 MAYY GagEs &8sty dapdE 1-2:39] olul YA AAFE CdSEe
6370 WAaled o5 2dS At 72 At e gFdolyE SEA &
202230 AT FHolst AyEe AT AHRE STt ofglel AAE <k 6>
o MIF-E <3 14>7kA]= 63719 waleld EHle] dhFHolE A8 e HAEolH
A& RMSE, 2AAG, A¥E A&, Fl scoreE YET 2 5 Juf. 24
¢ 3R] 14 2 19] oWl 4 AAF dSF BFE S AT BE EYPA H=
E Aot 7 A vetsow 2dudE FAE9 Light—GBMeo] 1 & ©|U
o BEo Hes THHOE Hrtety] fste]l nEH = AAATe F1 Hae 24
28 3|7 Edo] B BEYoA 7HE A =EEH AT

1:2:392F 257 19 o5 EFelA 29 ol 4 o5 =F, 39 ol 4 o
oS Ryor W7t SHETE HAE Jdh= stestARt, AR Al Eol
R et Fl A Assiith. a8 HAE A=+ 29 2 19 #, 3d
2} s=ollom 29 A HAE ASEE 3Y Ao vE] 1.46~4.62% AXE =9kt
<3 6> 19 A 19] olu] ¥4 oF o= 23 37F A%

1 HAE )
ga= | s RMSE | 2445 | A¥x= | AdE | F1 d5
=X 37 89.43% | 89.30% 0.33 0.13 0.73 0.40 0.52
WG T~ E 100.00% | 88.81% | 0.33 0.09 0.79 0.30 0.43
ojthi-AE 88.82% | 88.66% | 0.34 0.07 0.74 0.32 0.45
JYUAERAE | 90.03% | 89.38% | 0.33 0.13 0.76 0.38 0.50
Light—GBM 93.34% | 89.10% | 0.33 0.11 0.72 0.39 0.51
= e s 91.34% | 87.87% 0.35 0.01 0.61 0.41 0.49
XG Boost 95.22% | 88.62% | 0.34 0.07 0.69 0.37 0.48
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<E 7> 19 A 29 ol P AR A5 =Y B A%
5 H2E 3
a9 | goe RMSE | 2445 | 42= | AdE | F1 A5
2229 34 82.66% | 81.94% 0.42 0.12 0.75 0.55 0.64
Ay TYAE 100.00% | 81.44% | 0.43 0.09 0.75 0.52 0.62
oojt} RAE 81.66% | 80.45% | 0.44 0.04 0.72 0.52 0.60
JYYAE BAE | 83.46% | 81.44% 0.43 0.09 0.75 0.52 0.62
Light—GBM 87.47% | 81.15% | 0.43 0.08 0.74 0.52 0.61
= s 85.10% | 80.49% | 0.44 0.04 0.69 0.58 0.63
XG Boost 90.27% | 81.37% | 0.43 0.09 0.73 0.56 0.63
<E 8> 19 7 39 o] Y oI 45 2Y F7h A%
FE | HSE pvsE | 2aae | gus | ads |F1oas
A= | Ag= T o
2229 319 78.28% | 77.25% 0.48 0.07 0.77 0.67 0.72
Ay THPAE 100.00% | 76.73% | 0.48 0.05 0.76 0.67 0.71
oojt} RLAE 76.68% | 75.42% | 0.50 0.00 0.75 0.64 0.69
IYPUAE B 2E | 78.74% | 76.73% 0.48 0.05 0.77 0.65 0.71
Light—GBM 83.05% | 76.14% | 0.49 0.03 0.76 0.65 0.70
= R RS 80.25% | 75.68% 0.49 0.01 0.74 0.67 0.70
XG Boost 86.27% | 75.81% | 0.49 0.01 0.75 0.65 0.70
<3t 9> 2 A 19 oWl P o oS BE HUF Ak
HE IS pvise | 2aas | gus | e | FoAs
A= | Ag= T o
222~ 3|7 89.78% | 89.74% | 0.32 0.16 0.71 0.47 0.57
Ay THPAE 100.00% | 89.03% | 0.33 0.10 0.73 0.36 0.49
ojojt} RLAE 89.21% | 89.27% | 0.33 0.12 0.71 0.42 0.53
IYPUAE BEAE | 90.30% | 89.34% 0.33 0.13 0.71 0.43 0.54
Light—GBM 93.97% | 89.73% | 0.32 0.16 0.70 0.48 0.57
o7 91.76% | 87.67% 0.35 —-0.01 0.59 0.46 0.52
XG Boost 95.88% | 89.38% | 0.33 0.13 0.69 0.47 0.56
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U HLA- 0|4
<E 10> 29 A 29 oyl P AR A5 =Y FF A%
= H== RMSE | 24744 | Au% | Ad% | F1 A%
Xé §—:,]'E Xé §—:,]'E o /AT o == aF A=hu
2229 34 83.69% | 82.82% 0.41 0.16 0.74 0.61 0.67
Ay TYAE 100.00% | 82.29% | 0.42 0.13 0.76 0.56 0.64
oojt} RAE 82.41% | 81.39% | 0.43 0.09 0.73 0.56 0.63
IYPUAE B 2E | 84.28% | 82.25% 0.42 0.13 0.75 0.57 0.65
Light—GBM 88.09% | 82.29% | 0.42 0.13 0.75 0.58 0.65
= s 85.93% | 81.32% | 0.43 0.08 0.70 0.60 0.65
XG Boost 91.32% | 81.83% | 0.43 0.11 0.73 0.57 0.64
<E 11> 29 # 39 ol Y& AF dF 2E HUt A%
sk HAE RMSE | 22745 | Aaw | aae | F1 A
Xj —z]'ln:_ Xj —z]'ln:_ o AT o = dE (=0n
2228 37 78.18% | 77.64% | 0.47 0.09 0.78 0.67 0.72
Ay THPAE 100.00% | 76.54% | 0.48 0.04 0.76 0.66 0.71
oojt} RLAE 76.76% | 76.23% | 0.49 0.03 0.75 0.66 0.70
IYPYAE B 2E | 79.00% | 76.90% 0.48 0.06 0.77 0.65 0.71
Light—GBM 83.12% | 76.52% | 0.48 0.04 0.77 0.65 0.70
= R RS 81.21% | 76.12% | 0.49 0.02 0.75 0.67 0.71
XG Boost 87.56% | 75.95% | 0.49 0.02 0.76 0.64 0.70
<3 12> 3Y9 # 19 o] YA AR dF BE AUt Az SAYE
sk HAE RMSE | 22745 | Anw | aae | F1 A
Xj —z]'ln:_ Xj —z]'ln:_ o AT o =1 dE (=0n
2228 37 87.64% | 88.03% | 0.35 0.02 0.67 0.32 0.44
Ay THPAE 100.00% | 87.48% | 0.35 —-0.02 0.72 0.20 0.32
ojojt} RLAE 86.95% | 87.23% | 0.36 —-0.04 0.65 0.23 0.34
YU AE B AE | 88.23% | 87.86% 0.35 0.01 0.69 0.28 0.39
Light—GBM 92.18% | 87.71% | 0.35 0.00 0.65 0.30 0.41
o7 90.28% | 86.15% 0.37 -0.13 0.52 0.33 0.41
XG Boost 93.66% | 87.92% | 0.35 0.01 0.64 0.35 0.45
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5 H2E 3

s | s RMSE | 244 | A4d%= | AdS | F1 dAF
2A29 39 79.60% | 80.26% | 0.44 0.03 0.72 0.51 0.60
Ay TYAE 100.00% | 79.18% | 0.46 —-0.02 0.73 0.44 0.55
oojt} RAE 77.69% | 78.17% | 0.47 —-0.07 0.69 0.42 0.53
IYPYAE B 2E | 80.02% | 79.26% 0.46 —-0.02 0.72 0.45 0.56
Light—GBM 84.89% | 79.88% | 0.45 0.01 0.71 0.50 0.59
= s 82.84% | 78.10% | 0.47 —-0.07 0.65 0.51 0.57
XG Boost 87.98% | 79.67% | 0.45 0.00 0.70 0.51 0.59

<3 14> 3 A 39 ol 4 o o5 B HUF A%

sk HAE RMSE | 22745 | Aaw | aae | F1 A

13—21'11:_ 13—21'11:_ o AT o = dE (=0n
22 2~¥ 3] 73.78% | 74.01% | 0.51 —-0.06 0.74 0.61 0.67
Ay THPAE 100.00% | 72.74% | 0.52 -0.11 0.73 0.58 0.65
oojt} RLAE 71.67% | 71.88% | 0.53 -0.15 0.71 0.58 0.64
IYPUAE B2E | 74.27% | 72.28% 0.52 -0.11 0.72 0.59 0.65
Light—GBM 79.95% | 73.14% | 0.52 —-0.10 0.72 0.61 0.66
= R RS 77.04% | 71.88% 0.53 —-0.15 0.71 0.59 0.64
XG Boost 83.72% | 72.57% | 0.52 —-0.12 0.71 0.61 0.66
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<3 15> A4 o5 AgE (1)
=9/52 22 2¥ 3 Ay FP2E ooty FAE | ZHYHAE H 28
12 A4 61.18% 58.45% 58.67% 59.92%
2% A 36.70% 33.80% 33.02% 34.92%
3z A 26.13% 25.26% 22.75% 25.26%
52 61.18% 58.45% 58.67% 59.92%
A5 78.51% 76.60% 76.43% 78.21%
A 42.37% 40.16% 37.82% 40.68%
AHE 54 31.33% 30.46% 28.47% 30.72%
B2 31.63% 29.42% 27.51% 29.90%
ARaE] 22.10% 21.27% 19.15% 21.14%
A 14.30% 14.08% 11.53% 13.60%

1-2:32 M50 thate] 61.18%, 36.70%, 26.13% FEZ <
aa 954 61.18%, G52 78.51%, EH2A 42.37%, AEEA

A 31.63%, BE52 22.10%, 23524 14.30%% e $2dA4 770
HalYy dagE T M =& dF5 GRS BT dY XY sEE 74 $249
el w52 58.45%, ASA 76.60%, E52 40.61%, AHESA 30.46%, FE2
29.42%, BES2 21.27%, 2852 14.08%= Ao Aastdon BE52 3 4
AsAe TN daElE T A AR F dSeksith o 14 F2EE 77H4] S (3
2, A, 552, AESA, A5, AESA, sl diste] 717} 58.67%,
76.43%, 37.82%, 28.47%, 27.51%, 19.15%, 11.53%2] o= AILS Bt 18
OAE RAEE 771X éﬂoﬂ tete] 59.52%, 78.21%, 40.68%, 30.72%, 29.90%,
21.14%, 13.60%°] <5 AdrE =Favh. A2 52 A= 22 2Y 34
5oz £ o5 P%u‘%— Bolom ymx] F2d giatol= 770 walyd &ag
Z 5 A wARE AZeA =8k

+9/54) Light—GBM o527 XG Boost
12 A4 59.97% 53.12% 58.06%
22 M 34.84% 31.33% 34.62%
3% M 25.04% 23.44% 24.35%
Al 59.97% 53.12% 58.06%
A5 77.90% 72.57% 76.47%
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552 40.08% 37.18% 40.42%
AHE54 30.85% 28.55% 30.07%
B2 29.98% 25.13% 29.46%
BES 2 20.80% 17.68% 19.93%
e 13.43% 11.27% 12.09%

Light—GBM &1g]&e 7714 244 thate] 59.97%, 77.90%, 40.08%, 30.85%,
29.98%, 20.80%, 13.43%2] AHAI=Z dFath. @527 AES2, B
2A~E 39 gHoR & ogFaon A Al MAR 52 odF 48g%
£ B3tk USA4 YT XG BoostE 7|HEo R G o F R 771A] Sl A 7}
7t A AW 53.12%, 72.57%, 37.18%, 28.55%, 25.13%, 17.68%, 11.27%, XG
Boost 58.06%, 76.47%, 40.42%, 30.07%, 29.46%, 19.93%, 12.09%9] <= Agx
2 =&Y F oAed gdudde v gudFe v diHew o3 I
7} e Ao &3

2A 2 3R] BE il O
Slom Light—GBM¥} 2 TJE FAE 7|0k Rdlo] H& o]

2 A 2x2WY A R E] AE AT o9 2 $AS Halyds
gg3te] dFsdtt. AE AF 2o dS5e 2o wet A7 193E 397HA
2 77HA Ao m oEsitteE Ao ErAx=e] T "' Ay v Ay
THE dSste AR A o B9 FHE AUt ogg o f=2 AE A
Zof] #ek A} o]y ofojr]jo]E Ax = AH| 2 AbQle] A EetaiAt A|EdE =
He Yo E wEsta Fotny] FEva & ¢ vk & Ae Ve AYAS
7 WAE SdAES FESL Ax=wE A WS =RE] ) dA AE A
o] wWgo] = AR FARGE HAow wilyy dagEs A&ste] SAE
A5E Algsigitte Aol 1 o7t vk wdl A AFE AHE ASEAn 2
ATl Ag&H 77k WAlYd dags FolA 229 AV MY =& s
Holx= ZAow yelyon w52 59%, A2 77.90%, 52 40.08%, AHE52)
30.85%, 52 29.98%, AEF2 20.80%, 252 13.73%2 A= AYLS HY
=3

B ATE e 22 o224 AXMES Ad AA, 5 H2E AR AT &
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