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HA7IN e BHE H 0, B4 0?[E M2+ SEA B¥EE VA By AL A
Audde Fadshe F 2553 (Least-squares method)©] 717 wol AREH =4, ¥H&-
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F A g (Maximum likelihood estimator)o] Et}. dutd o g WAz 47 LS4 E uhg
Ase) WEe) oja 2ue| AW (R2)o] Folt whel, AW E7ls EBHel IS
$go] B mdlo] Be) Ane A 49 M4E duss AadE IRl ol A
SHT HeA" HELR wWol AITH B JFoA = aFA 7 Eo] AMREHE step-
wise regression= AR A W HEE 8172 3tk 53] 7]£9] stepwise regression 2T}
+ AIC(Akaike Information Criterion)gt& 3 4A3}3H= AIC stepwise regression- 2 AR2-3lC}
(Venables2} Ripley, 2002; Torgo, 2002). & 7oA £3] £H S ¥ -2 data visualization
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24 A3%LS s} (Breiman 5, 1984), 5 vjg] AR HF =9 7|8} 2L 429 Z}
27} dod o2 ¥elg FAVLh Ex) PYEL Wewss} oW SRSl w2 =
2] (classification tree) T = 3 EF(regression tree)E Yo X=d|, BF-FH7 HEY
A9l AL REum o] H1 A48l AL HIUYEo e 8D £ A 3
22 A%, HAF=rF EAEY O =0 3 9ol Hgo] Agzh(fitted value)©]
feh 2¢) YL R 245 i Eelsl 2ol o dFAA LA 23

ol Soh gol, E2lE A% e Ui E€9) 2717 AW ) 2718 2 &
AT 29 S I PR

4 Qu. 0l AR 2718 27 Ao @A A1E0] 9 & QAT 7 Bl
"‘]‘%5] + A2 8]&-5% 7]Eo|tH{cost-complexity criterion). ©] 7|&L ZA} AlFEa EE
27)(R% w29 2)9) A5A7E FehE AT Yo, o] 71 Had B EolS 3
A3E Egjgty 3t (Breiman &, 1984). Eg 422 28 A3z ol w=21, A% 2
FEE oS5 48 FAS) QAW 1 AZH TR HgH A T3 FHE 7R
2 4% Qich oAl e, S2le] A9l 2olA ok Wbl AVl 1 S FRE ofF o
£ AW} U £5 Uk of EABE AFet7] AA bagging PUE Sol AT B
T} (Hastie 5, 2003).
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ET(FH5E ), w.oFT: 325 (X5 &), DK&DKA: H93x AZ&AIE, Time: 229
O|AIZH( ), Def: 4] glul=, Off: &7 vt PTS: £4, year: 28 (2007-d1¥d
/d). 28]3 HES W4 Salary(AE)olt)h AA M4 dBET= 78 31 (a)8 B
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S50] £ AL W %#Olf/} U7 A% HEE B4to] 493 AN o Ho] ThE Wy
oF Ao AL sokm Bar] 42 Q2P 3.1 (b). SeE BE WEE Alolo 4%
=8 a8A WAl BASS A 18 31 (% ()8 HE & ¢ Ul 28%
ABIGe} ASISAololE ol 5& AHTAL ARAROM)), PHAAAR 325 453
Foh AT Aol S ofF & ABBA} AATHO.985). THETHAL rqam AN g
BAZ} & WSS BN zﬂsﬂa}s’aﬂ Jaxe Sert Agstes REF 24 399
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FTA, X2PA, X3PA, DK, DKA, Ast 5& 03537 23 oA ALFAurt. £ 19709 A=
FE BEF B3 E35A ths AYIARFEE Ja 2 2, 72 "B ATt
TR St I Al RZER of3dt7] oj5-2 Ho] Bt aeBE HFE3 £9
HPEE M5t 7] Y3 Al stepwise regression W H EL ARE-3lo] R AIS 319 )
Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -404.05246 1770.67538 -0.228 0.82011
time -0.14237 0.04296 -3.314 0.00141 x*x
FT 80.93310 47.61854 1.700 0.09329
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RPG 1752.15301 1048.23077 1.672 0.09873 .
APG 1990.83630 722.51477 2.755 0.00733 *x*
BS 198.39483 118.92227 1.668 0.09938 .
PPG 1301.26924 439.44916  2.961 0.00409 x*x*
year 756.32457 227.88224 3.319 0.00139 *x
Signif. codes: O ° =**xx 0.001 ° *x 0.01° % 0.05° .7 0.1°' ' 1

Residual standard error: 6245 on 76 degrees of freedom
Multiple R-Squared: 0.7927, Adjusted R-squared: 0.7736
F-statistic: 41.52 on 7 and 76 DF, p-value: < 2.2e-16

g}zgﬂ<3§g AﬂEﬂE]tﬂ

& BATUS. ARFATE, 2717 2hes, 4719 ol
~E, A7)% 53, BE5 2elw 3 57

~E, T Aotk o4 AL 37NN AL S5 U
o Aelth St da RS BRILL Bol DSl 470l 2A ol2 b e HAY

tj

F gtk ol Al yor AYR YA S whEAA gk 71N 4%
& B9 o) JBBAS ANL AAT FBATI 24 B2, £ HT A% 45 299 F
%7t AR Yobd] 18 HASH L 357 Gtk 448 & ik
9ot = 22 BYe A RS AEs) Btk ERYel 3

J AEAeT HBe o WrE AARA B 2 AEE Azanch £o
= A4 £e] 3718 Tk 7PEE ASE S AN, AR S 4rides Am
7t B4 o] obd HARGeINE E227]7} obF 2] G 3 Ao} 271E gt
%238 Folt o] 28] 0z Ajar] 2§ AUtk ERRPAE 9w
S0l 7bg 833, 1 el 4719 S4, e, FEAB R 485 W4}
itk 1 3.2). 71RH oz S4Fo| glm Ao

&
2t
D

o

&
4>

J 093
ot
r

° 2

o 4oy £ dn > om

=

>)i LA
O
—r

S oo
e )

-

o -

)

by
N ©

bl

rlo

re, di
ofr ﬂ
to ofn °
T

rir

rlr

ALEOHLJ A7l B2k B 7S WUt ol T2 EE e By o
itk 1A FEl= Bt 548 44 e 2y o2 HESULh BAE F
20065 AR 2007 A8 A ARE ARSSHTE B B B REE R
Zo 7 ABEE
gAY dEo] AtiAcR Tt F 8719 ©Hel doy 1 gL o2 2ol (a
Zd, c: A4, d: 33} e Al f: 7)o}, g LG, h

P

all

-4

22 to 0 ux
T2t i of

Mr

33

rlr
rlﬂ
2;1.
Jl
_\rj_,

9o,
&l

N H
nd
sk
Ay

g

3.2.1. E}A}

g zpzolA B 471 10018k B9 =
A

Ebgo] 58 o] 4l Efxie EAlolA A28}
T & 16799 BAES Ao ol%ﬁwc} :

Feol g7lel o) Se) e, Brgel 18



446 Cama
xXz2P ¥ 66.5
FT £« 14 PPG 4 13.75
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6612 9250 14450
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dHAst 2A oy -’F’%‘% T AAUTH E, HIAE ’\‘i—; ARBF Apes B} S02 &
Bl AL AV ER FA) %otx AAAHQ A ofF FHoJA Rpgelng ojH B
"ﬂqoﬂ/ﬂ{* AL st AR 3t "‘“’”ﬂ = q—iﬂr 2t AVG: B (St /B, R S

, BB: 24 HBP: A%, OPS: 238+ AEHS, SO APR 4= TPA: Bt GDP: ¥HAMer
HIT e, AB: B (Bl - AR -3 A3}, SB: =%, SH: g AE}, X2B: 25 ek, SF:
gl §Eeto], X3B: 3FE, FO/GO: Z8}o] OI'T/‘BJ’%O]T HR: €34, RBI: EFE4, SLG:
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Aol Rt ¥z U2 As AT 5 Stk x5 floA AL ¥y BREE 71
s3] ARY A ot E%E’_ 7=1]T7} =8 REE 7201, & A5 AeTt o)A kst
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Coefficients:
Estimate Std. Error t value Pr(>|ti{)

(Intercept) 755.76 1471.19 0.514 0.608173

TPA 119.05 29.87 3.986 0.000102 *x*x*

HIT -177.77 104.73 -1.697 0.091589 .

X3B -1817.25 463.47 -3.921 0.000131 *x*x

HBP -375.04 209.46 -1.791 0.075285 .

SO -202.87 53.16 -3.816 0.000194 x**x*

RC.27 39.12 18.71 2.091 0.038118 *

FA1 13750.25 1633.89 8.416 2.21e-14 **x

HF -471.98 129.10 -3.656 0.000349 *x*xx*

Signif. codes: O ‘ *%xx 0.001 ‘ *+’ 0.01 ' ¥ 0.06° . 0.1° " 1

Residual standard error: 6822 on 158 degrees of freedom

Multiple R-Squared: 0.6891, Adjusted R-squared: 0.6734
F-statistic: 43.78 on 8 and 158 DF, p-value: < 2.2e-16
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E8 240l ol SHSITh LSk ARMGE SRk Dok APP: S 3715 1D =0
. ERA: ¥}o]-8, WHIP: o|d % &% &85, WIN: &2, LOSE: sfd, HOLD: €=, POV:
?EyQSjﬁﬂbﬂufﬂﬂdﬂﬂqﬂﬂ-Q%F}$ﬂ7ﬂufﬂﬂéﬂﬂqﬂd-R'ﬂ@,E&JQ
AR, OAVG: H<HeRE, O0PS: 3&F8+3%ERE, TPA: AHiel. AB: Atiels=, HIT:
A?}E}, HR: 99, K: &431, BB: 84 5§, HBP: &l 5= ¥ 3-&. GDP: ¥ &E
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HIT 3 74.5
BB <14.5 FA:a
TPA + 80.5 sB « 0.5
1

- .
3337 6924 18010 Tﬁéﬂiggfg
5636 12670

BB <|53.5 Teami:abdh

SO «52.5

GDR = 7
10390
15100 26000

19 3.3 =RopT BAK (= 2H)

IRS: 71&FAF 54 8¢ H]&, FOGO: EFol% FEolR H)&, CAR: 78, FA: FAoQR,
FRGN: 252 A4 88 d5EExEs GolAet npdrtx 2 stge Ao EYET &4
2o 3shr] AT, A s dBol 7 w8 Holth EFAIRA F2 3
A== A3y st Sel 37w @A 74 oA, ol F2 AUFEFAA HE
Al & = Holth, 2B E AR vR e 548 (8 E s 2871 vk f8+e
ZE o} Mlo| B4 §ol 10E& Y= AFE vhielFekal 3k, 1 3ol 100]38H] A4 A
HESZ Ure HEE AoA BEAF o] &3ttt = B2 Haso] Mgk AR
£ oldd Hgte] Y] = ALV RERoBE HEFA A AR, AHAE, 5 e, JF
d, gk, BUs, Bo%e 35, YAH FEF, 7IEFA S3H & 52 AA B+
oldFE v oldd & WS E ARSI Stepwise regressiong ARE-3F tHE A 37

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 22953.07 4915.62 4.669 8.74e-06 x*x
APP -173.69 83.06 -2.091 0.038865 *
IP -512.93 339.37 -1.511 0.133606
HOLD 442.79 247 .46 1.789 0.076364 .



FHZEAZZ A4S 45 B4 449
SAVE 481.80 133.65  3.605 0.000474 *xx
TPA 142.64 83.68 1.705 0.091156 .
K.9IP 24392.25 11727.44  2.080 0.039899 x*
BB.9IP -48282.91 26685.50 -1.809 0.073181 .
CAR 750.58 185.06 4.056 9.46e-05 *x*
FAX -79563.58 2777.73 -2.863 0.005037 *x
FRGNX -13614.19 3564.42 -3.819 0.000224 x**x*
Signif. codes: O ' *xx 0.001 ° *x' 0.01° % 0.06° ." 0.1° ' 1

Residual standard error: 7284 on 108 degrees of freedom
Multiple R-Squared: 0.5792, Adjusted R-squared: 0.5402
F-statistic: 14.86 on 10 and 108 DF, p-value: 2.53be-16

FHFHoRZ A8d Hee F8RAE7IS(APP), Fold(IP), £E4(HOLD), AolEs
(SAVE), Aot (TPA), o' 9% A&, old% U, 48, AmAqds, A=AdAy
soltt. 19 ZFollA B 5 Kol Aol Zal, AFAAT, 542, o' BT,
ZE, AlolBa7t 22 5 A8 v & U7 WAY SRV Y FoldsTt B

U &3 7Fu T ATt 59U AL olslstr] o

Ago] 41, YEA47F AS £ ABo] £3, AFA 57t FRASRT, oY
S /RF oz Ao HI oYY

3.3. 2&d| W

Sl RS TUSY mRobT BA, 4o dEld 247 dEAFN AR SAE
PEgoz AYSL, A% AsAEe] AAD A%E YFsiAh. Fze) Az e
A 2749 28e AFSHALH, o] AL HEHINARYEH ARG 2
sttt BTV R B 7Y Hlus Yitd o2 e 7|2 E3HE-+= AT (goodness
of fit)9} 2R ors Bao] 4 E 52 BadE = R3] AT (model complexity) <]

lo
p)
Rl
ot
K
D)

7V go] ol 2t} AICY BIC7E tiE3Q dojth. $8+= UFAYPIARY A=
stepwise regressionHESZ HH3I HEAEH T HFRI S AAIFL, FAHAESRTY

AAE TP5e AAAE ASHAY. ERPNAE 27 FH5I A5 n e
7V BA gou® default sizeE ARRSIAUTE e F BEEY A€ v wi Cross-
Validation(CV) gk= ©]-&3}2A} 3tt}. Cross-validation®HH ol A= WALSE training setd}
test set 08 UojTE At Vil RPATE training set TS, BPF7h= test set TS Ab
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K.9IP < 9.258694

LOSH=<2.5 CAR|< 8.5

CARI< 9.5 ER.SIP < 0.0826972

F—‘ l CAR £ 10.5

3975 11800 ' © ' °OOPS < 0-736514(!100
10960 5208

FRGN:a HR.91P < §.0275657

TEAM abefg

26800

7777 14880 41600 20190

# 3.1: 23 10012} cross-validation 238 FF (22U XEHAD
Zgxy Z g2 op ElA} ZRopF B
=48 2 3 0.387(0.158) 0.401(0.114) 0.699(0.301)
Eg 2 0.604(0.227) 0.893(0.357) 1.188(0.515)

L3It} o|F A = olf e By o] AEE Y F ZEol7l= overfitting B o] AA vl
& AR/t 42w AYEsl Wz FA %) GRolh RHBAIE BEH ARAFA
7 (Normalized Mean Squared Error: NMSE)2 ARESIAT. 8+ 70%2 AEE training
set O F 30%2] A5 E test set 22 ARE3l] NMSEE A st =4, 259 A= o] g =
olmz % 100M& AN NMSES] Fas} 24 AL

Aol & 3104 & 5 X0l BE ol stepwise regression AR tHEAHI AR
P 237 o F£A vt I o759 st AR S| F7F BA] ¥olM EREYL 27
(HF ==4)7F 24| 947] wiFoltt. ol& &9 BB HF L7t 77o)d BEE 9
235 A% sl g Asloka Atk 1D Do lEA7L UL 4 Y DA
32 o) WA AE L =47} on Elmys) ARAEo) F /Aol Sk 3 Zzo}
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A Multivariate Analysis of Korean Professional Players

Salary*

Jongwoo Songh)

ABSTRACT

We analyzed Korean professional basketball and baseball players salary under the
assumption that it depends on the personal records and contribution to the team in the
previous year. We extensively used data visualization tools to check the relationship
among the variables, to find outliers and to do model diagnostics. We used multiple
linear regression and regression tree to fit the model and used cross-validation to find
an optimal model. We check the relationship between variables carefully and chose a
set of variables for the stepwise regression instead of using all variables. We found that
points per game, number of assists, number of free throw successes, career are important
variables for the basketball players. For the baseball pitchers, career, number of strike-
outs per 9 innings, ERA, number of homeruns are important variables. For the baseball

hitters, career, number of hits, FA are important variables.

Keywords: Protessional sports, salary, multiple linear regression, regression tree, model

optimization.
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