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Abstract

Over 5 million people participate in cycle racing betting and its revenue is more than 2 trillion won. This
study predicts the ranking of cycle racing using various statistical analyses and identifies important variables
which have influence on ranking. We propose competitive ranking prediction models using various classifi-
cation and regression methods. Our model can predict rankings with low misclassification rates most of the
time. We found that the ranking increases as the grade of a racer decreases and as overall scores increase.
Inversely, we can observe that the ranking decreases when the grade of a racer increases, race number four is
given, and the ranking of the last race of a racer decreases. We also found that prediction accuracy can be
improved when we use centered data per race instead of raw data. However, the real profit from the future
data was not high when we applied our prediction model because our model can predict only low-return
events well.

Keywords: cycle racing, linear regression, stepwise regression, logistic regression, random forest, general-
ized additive model, gradient boosting, ridge regression, lasso regression, principal components regression,

important variables
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Figure 1.1. Velodrome.
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Figure 2.1. Ranking for latest 3 games divided by total number of players.
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Figure 2.2. Ratio of the first, second, third rank by given number.

Table 2.1. Characteristic score according to each grade
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Table 2.2. Description of variables

Variable Description
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Table 3.1. The important variables of each logistic model
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Table 3.2. The important variables of each random forest model
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Table 3.3. The relative influence of each gradient boosting model
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Table 3.4. Average misclassification rates in validation data

Logistic  Logistic-AIC  Logistic-BIC GAM Random forest GBM

AR 0.3943 0.3934 0.3891 0.4050 0.4276 0.4133

o TAE (0.0119) (0.0127) (0.0123) (0.0127) (0.0158) (0.0143)
<91

wxm Ay 03818 0.3833 0.3798 0.3872 0.3914 0.3873

o8 A (0.0111) (0.0130) (0.0125) (0.0157) (0.0150) (0.0142)

AR 0.5916 0.5892 0.5897 0.5929 0.6347 0.6017

ey e (0.0130) (0.0122) (0.0122) (0.0149) (0.0141) (0.0141)
<92

wny gy 00833 0.5837 0.5887 0.5819 0.5946 0.5881

o8 A (0.0119) (0.0125) (0.0127) (0.0144) (0.0153) (0.0142)

. 0.6943 0.6930 0.6902 0.6925 0.7237 0.6928

o, A= (0.0127) (0.0115) (0.0109) (0.0132) (0.0140) (0.0151)

- wny gy 00880 0.6906 0.6893 0.6781 0.6932 0.6894

o8 A (0.0132) (0.0114) (0.0108) (0.0130) (0.0133) (0.0132)

A28 AL BolE A W] B A7 €9 ol37 W] e A7l £ o3 ¢
4 9onz o ngol O £ WTE ALAL FUT 5 Ak 2enE o Fe vpTAALE 2
A ~E3] 72} ARs7PH R Y BRE ARSSto] MidES 83 B A} st

3.2. Regression 2%

Regression I olAle B7123 ¢917F 44 A Au7}k 7] wj&el 4 IH2E SHEHTE AR
shltt. A Classification WHolA H2tg 9t HAH AR5 AHES 270 A s sigle of 24
H 7oA LEFEo] f W¥9t7] wlFol Regression B o= BAE AE TS o] &34 E4

o
Z8sitt. Regression WHE o] 8|4 A& X E 7381H Classification Wi oA &} 7 A2 9] <
Z27F 155 75749 A4R TEFHR gounz 3t A7) ol & ASX 7t 7 2 A
nS7H = 15, WA= 05 Fojsitt. I8 ths oA EF-FAZ EokebA & Bl A} updrtA]
Z A7) LEFEES FEIA R¥e] AU RE E-83kr). Regression W 2 2= All Subset, Ridge
(Hoerl¥} Kennard, 1970), Lasso (Tibshirani, 1996), A& 3]7] (Hastie 5, 2001), HE EH1EE
g3t
Regression WHE vpA7IA & 9o 932 vX< -5 A E 7] 93] All Subset3] 7| 23] A
WASES 51745 ool teh Ao WPAECO R Table 3500 Aestelch. N7AAZI 22 2
Bse] ol AQSS €90 gk A FopAA €917k Zopick AT 5 9
il | =5 IR 2 Adgol =275 €A% oA, W
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Table 3.5. The important variables of each linear model

AdE 95 (+) FEEEES
W3, 200M71 52, SFWHE(+), . . .
I W“ H°.“__L°_(+L7i " AAEFSS, TFHE(-), THSH2, ASFAL
L, AT 18 U R Hoas A4 gy, TeESh em ael) o HE
+491 . N _ . AN 5HS1, EAS5HEBI, A 5FS2,
HZ4A2, H 2 33 A5 EF S, Vo), _ = °
200, 22 18] A7) A% AN GFA2, 4HAH, $E2, AhE2
T 5 L ET
=912 WE, SFWEE(+), A2 A2 TEES(-), TEHEH2, due2
. o = Poul%, AASFSS, 4 A2, A FAL
A%, 200M71 52, S5 WE(+), sowE(L), 23=2, Asas1
H2 18 G o, H2 18 A R, o T e
4913 Haadn Ao 38 Aensas, 2o, SAEEBL AASES2 JuE (),
2572, o), A= 18 A7) Asq, | DATHEA BASIB2, AASFS3,
n}z2, 432 . AR, AASHA3, 715, $E2,
T Ath&2, AdAth&2, Jolgutds
Table 3.6. Average misclassification rates in validation data using regression models
All Subset Ridge Lasso PCR Random Forest
2o 0.3901 0.3934 0.3885 0.3910 0.3952
= (0.0147) (0.0137) (0.0144) (0.0141) (0.0133)
292 0.5880 0.5862 0.5906 0.5903 0.5893
= (0.0136) (0.0144) (0.0139) (0.0129) (0.0126)
903 0.6822 0.6848 0.6866 0.6854 0.6900
- (0.0137) (0.0141) (0.0121) (0.0147) (0.0121)

7 37 23S F3l validation datac|Ae] Bd LEFE(BETAANES AMS A7, €91
Lasso3 ARY, <92 232 Ridge3]ARY, <913 2F2 All Subsets AR o] 713
WA UERSTE (Table 3.6). zF 37 WHEE Xpo| 7} 2X] o] wf2ell 7P 2haetal sfAd o] 412 All
SubsetI]ARYP S HF RP O R At AT GA L} nprtA] o] {2 i v g E 482 BE
39 HHS ARSI gt

3.3. HIYE 018 Z2}

S E doAlA AT =9 ASEHES o] 8310 By H T A}ﬁﬁ}ﬂ %22 test data?l 20169 59¥
off FgollA AAE F 1687710l thated & A 7T 10,00044 AW E-E AAIBATE o] &2 Aﬂl
FA A FHo 2 16871 A7 3 F71E HEstA Oﬂifﬂ -t 10,0009 x (MHFE — 1), 5
ﬁ“ﬁx} %?& Ao+ —10,0009 08 Asbete] &S it <91, 2, 3 BHY test datacAle] &
Poz 13t & R Azt I SAQA B, B
£ Table 3.8 JERJ AT}

WY 23& 49Ld Uﬁi 91 BYoe LE87FE0] 7P WA et RS BEAE A5 E AN
A AIC 7|&o 2 W AEd 2128 3723, All Subset, Ridge, Lasso, PCR 20|11, k&
0.3571°]t}. &, 64 29%5 A& dSsh= A ]ﬂ—. o] % All Subset, Ridge, Lasso, PCR 232
ol fo] —16.92 7F Usith. thA] Z3) 168%Hd-S wl"siA] 1,511,000 JUJ%% A "o ¢
92 R A7) SREZo] 71 Y 232 All SubsetF A RF o] L EEL FHS 0.55950| Tk
747 91258 AE3A RFEe FEo] 44.05%< Aolth. B Al W f‘f& A3} o g0 7Hd AA
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Table 3.7. Misclassification rates in test data

=91 2y <92 23 =913 2y
Logistic 0.3690 0.6250 0.7202
Classification Logistic-AIC 0.3750 0.6250 0.7262
-4 = Logistic-BIC 0.3631 0.6190 0.7202
GAM 0.3810 0.6250 0.7083
Logistic 0.3631 0.5833 0.7262
Classification Logistic-AIC 0.3571 0.5893 0.7321
-HA"E A5 Logistic-BIC 0.3750 0.5833 0.7202
GAM 0.3690 0.5833 0.7500
All Subset 0.3571 0.5595 0.7262
Ridge 0.3571 0.5893 0.7202
Regression Lasso 0.3571 0.5714 0.7202
PCR 0.3571 0.5714 0.7321
Random Forest 0.3810 0.5714 0.7262
Table 3.8. Betting profits in test data
454 =254 AE5A Fole
Logistic -16.9 -30.7 —30.6 —78.2
Classification Logistic-AIC —23.0 -30.7 —35.6 —89.3
-4 = Logistic-BIC —-19.9 —23.0 —30.0 —-72.9
GAM —20.4 —34.5 —14.9 —69.8
Logistic —19.5 —20.5 —36.2 —76.2
Classification Logistic-AIC —18.2 —22.1 —36.8 —77.1
-HAE A5 Logistic-BIC —23.0 —6.4 —19.5 —48.9
GAM —-19.7 —17.6 —52.5 —89.8
All Subset —-16.9 —2.9 —-30.9 —50.7
Ridge —-16.9 —23.0 —21.6 —61.5
Regression Lasso —-16.9 —11.8 —21.6 —50.3
PCR —-16.9 —17.8 —33.6 —68.3
Random Forest —17.8 12.1 —28.8 —34.5

Uehd 282 e R0 78 2A vrehd All Subset3] 7 23 o] obd WY ZHAE(F]H])o]AL o
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Table 3.9. Dividend rate comparison of correct and incorrect predictions

SE 4719 B E X %E 2719 W3 E

= =

F168471 A% ww 9% A% @ 299
<91 73 All Subset 108 1.3991 1.2 60 7.4383 4.9
<92 73 Random Forest-3] 7| 74 2.4338 1.8 94 16.0160 7.9
<93 2y GAM-9=8 49 3.1245 2.4 119 29.0336 9.3

719 W B3 FARe] 200 ARA FoHAT R BE 2719 WFEel o Fobieh AN
BE 379 $7H TR FIEUA 115718 REUA At :

A g £l B 2 397t ok AYEAAE(3T)E AL A
et ARTHLE(EA)Y B9 BE AARYE 2
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o FOHAAE R B3 3719 WFEol B B Fow JSUL, BE A/ 5 Ax
119%37) 50k @43 47] oo 4] wgsigrkn ¥ 4 ek
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4. 72
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SEY F8 AT A E ST
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AIC, BIC 7|2 ©@AE AL S o] &35t EX2E 37, AU/ EY, dY 28 2E, a2y
E B2d B35 ALSgnh BIC 71 A2 A A9l S o83 2X29 FAE 53l 1) 570l
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A71E & A&t Aoletd MgES BP0 st g EE Eolv WHoR A8 A K
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