&5 AAT (2009)
22(4), 855-864

&= 5 ANE =
HiLIA~ JesAUs|o] MeSHQ013 ATl st
(=) - = AFDL & oL 7 = o
AL HEMA WA T2 AE|R BM9| S2-
HENE . HBAR . AINTE
"otSHIStTYSt MK AY, PRttt D SAEtR, PR attistn SH st
(20094 48 A=, 20094 52 X EY)
2 o
AR PB 5 (canonical correlation biplot)E AZAFA-EA (canonical correlation analysis)ollX ¥ W4 3
Tl M S48 chiF ARold W5 IS o] WA AASS BAE DA A% 249 oItk A
2o HejE3} 84 (2008)+= 200615 KLPGA A48 thioz A4 FEEE 53 /e dusad 3
AA2dNsTe) FANS ATET TURAS BE50] 2 M5B FHE AEaAY, s2aerEx B

2

A (Procrustes analysis)2 % 4 (shape)®) §AM4 S MILske B 85 Aotk & AL HUYA 2
A=sANIS) AFEHR QAL 472 dW5To) B BAAPE AT FYEE HE3o] 4RI
zaBAHz 4L Soe] RUE YANLE S3ch

3]

TRE0: YUY, WELTHBC, HiL|A THSSUUS], T2IHAER 24

A& WEE(canonical correlation biplot)E A&EAFHE A (canonical correlation analysis) ol A
F W Adel g S3E ohis Az oA He A 7o) AAL AXEY BAE Y] 9
3229 2golth ol Unkd oz 24 (2006, 179 3 W4 Ao FPBRg ) i GwrF
PE=E F A Fde) PEAsE FA% Aoz B 5 Yo

Tl Park¥} Huh (1996a, 1996b) 7} A ZA3BE Ao 33} Y (quantification method) &4
oA 22 T¥E A AT o]8 AFEAAR FE= son, A e I o)A AR B3
BAEZTEAY guBlE A=3A-

dtHo g PLx = B3t ol BA9) ARE B} GA et 5 Q7] wiEel] 2 o7 Rolo)
Al olell g e A7 FEo] o]FAA I Ytk FBEE Gabriel (1971)00 A ML=
Fufjell4d Choi (1991)7} 0] 29] AP AL ARsiAM Lo 470532, §H3 (1993, 53)7 =
Well A Biplotg #dsat A& B3t t2th) J 84 5 (2005a, 2005b) = ThA= B4R 134
A BEze] &8 AYT T8 E By H 84 5 (2005¢), Choi 5 (2005a) 28] Choi
S (2005b) = FE o i3t E8-of & Yt

F ol Choig} Kim (2008)2 w8 2150 #dx9 44 FARE IBS= o 2FJE4L &
|5 S AAEE T FEEa H 84 (2008)-2 2006 0% KLPGA A4 F A2 <9 A 503

2HAA R (609-735) BAMA] 2R ZAS 4130, A sty A48y, 24, E-mail: yschoi@pusan.

kr
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& ez A4 LSS Bol 7lesQusT VAR ANUST o) R4S AHET T
FEAE 2830 2 HEY & A=t

E dFoAME HUL 2A=EY A5 F 870 A& @A AFES vz 3E AREA PEx
E B3 EAR0(Z), BFA, #7)} 27129 (1st serve %, Aces, Double faults, Unforced errors,
Winning % on 1st Serve,Winning % on 2nd Serve, Winners (Including Service), Receiving points
won, Break point conversions %, Net approaches %, Total point won)2] Q4#A& 45K g g} of
& HEo] £ o), A7|ZEH(IE, GF7L F) JolFE ATl 28 A4 YBE
€ 270813 3oL AA £49 ol F Holux st} 48N E $EY ArjREY Hdxe
2 Aol vl NS 2 I 2E = BAE 843 o E Hojuat #tt

N
o
AN
0
el
02
g
Hl
hac]
I
HU
AT
jv-]
>
m
I
Ht
Jx
1o
o
W)

ol Ao e HEA (2006, 238) FDT BRAFTHEA READ PEEY Y4 W
8] 2 oFE7) = Bl

AZAAEANL £ WP (sets of variables) Alole] @AAE B8 chigkrdoldt. WA prije] A
29} gAY WHE olFolA T WEZ x = (z1,.,2,) Fy = W, u)TE AL BF px =
(Hors- o pian) Tty = (Byzs- o tia) "8 AT BEADE T,a, By, Boy = LS 7= B8
#Eo]t},

tho 2 9o AsHE ust vl o F ¥ 2o A33Y

)
r! a
riY
)

Zx = wiT1+ -+ U1z, = u' X, Zy=uvipi+ Ftuyg=v'y (21)

& A7 W 4 (21)9) F AR 2.2 Z, 9] A2

k(3
> Zaizy, T
i=1 T u Szyv

- VaTS,uy/vIS,, v

TZxZy = (2.2)

n K ,
IIERYDIE
i=1 i=1

oltt. oA 4] (2.1)90A ASLHE ugt v 4 (2.2)9 F AFEARY ABE Uk ¢SS
st 3 4 Qlok ATE s dnYELe Z,9 2,9 Bl 19 AekzA uTS..u = 17
vi8,v = 1€ $3 u'S,,vE Atk ASHE us vE 2= AR e} o] ¢uAEL A
EATHES A4S deF o2 AN AFehe vl A 2 g3l (singular value decomposition)

778,578,z = UD 5V (2.3)

£ o]839 Attt A7NH AN pxrFgxr FE U= (ur,...,u,) & V=(vi,...,v,) &
REAsHE agLgoln tABY D 5 = daig (VA ..., V) E VAL > - 2 VA > 09 B
E Zhe A A gho] RSN #RIa o8 YAHaAE o Yot

£3], k AR AEAT VAol tgshs AE2ASHE we gt vieE 4 (2.1)9) i YshE BEHES(cano-
nical variates) 2] 3t #&Ql Z. = ui x% Z,x = viyE 334 "Hrt

wetd T HLZ x = (21,..,2) &y = (y1,...,9) " ol theted $A% no) AEYEL A 2
717} n x pSk n x ¢ X9} Y2} 313 o] F43S o vkn b a3 W 4] (2.3)22RE i WA
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EE FEBAAYE 47
a; = s;z%ui, b; = s;y%v,», i=1,...,r (2.4)
olt}y. olgd 9JEiAH FAH BE FE2AABRATPEL A = (ay,...,a)% B = (by,..., b, )7} AT}
ol el SJFA A= 1R X}f—ﬂﬂa" Xof gt FE4d L= bﬂa}“ PE3 dF=E 33"“ 2
Rx =XAD_, Cx=ADj (2.5)
ol Hn, ARWY Yol & AEAT FE = FFx PL7} 938 PE2
Ry =YBD_;, Cy=BD (2.6)

o] A},

sAHA9 3T FE=E 4 (2.5)% (2.6)9 FHANA HZ 7 E& 22T FHFBR o] F A o]
sAHEe] A4 P ZARE GWHHoE 4] (23)228E dojAe AA BELRY AFU
oA s7h Y B4 AFk Fol A= vl o83t

2.2, T2IYHAE|X BM
Z2IH2E|= B (procrustes analysis) o2k 71812 F7HA oA PAHA (landmarks)ol]l 2JsiA e}
A AAEY AL 2R8I, Z1ests vmsts YEANA AL FANLE 7] A8 B A
£ T2 AN ZoE AFATE Pl (A843 B71F, 2006; Choi 5, 2005a, 2005b). Choi 5
(2005b)+= ojW] Aoz Z iR FAAE, oA 283 JK FE=] AW AE Sz o] EAHE A
23 vz} A}k weEkA] o] BA o) tist duelEe 7heks) AwE)z AL

X, 3 X, & AR F4€ dehls 2717k xmQ S48 Y4ELolet s W) 19} A
2 Rell AHA X9 138 A x,) 9 HEFE WEH Rx,) + tE L3R 289 X9 1A 3
xsq) 3 Rxry +t702 AFAT

k
> (xR — )" (xe@) Ry — t) 27)
=1

< A% 4 Atk 4 2.7)& H43) 3 R tE FE Aol F 34 X, F X7 & AFHEF
SHAISHE A EE AlFect. AA=Z u|AF X]—v—‘dﬂ (singular value decomposition) X7 X, = UAVT &
o83t R = VU3 £ = 08 AFLL 4 YT 0|8 0|43l F 349 AAYE F7lshe &
% (measure) 9l T2 IHXE|R FAZ

PS (X, X.) = tr (x?xr) +tr (xz‘ xs) — 2tr(A) (2.8)

& Qg 4 A0 4 (28)9 Z2aBAEZ BAF gkl 008 F ol ANV 3 4 Ak

3. HUA JACSEY M4o| SH0I 2T|Q01 B4
3.1. MHAI=2 vl
2404 2oF8 AEIVEA WASE S837) 9 A== A 4v) HUS TAELANS B5]0)

A (A& LE: www.australianopen.com, AE 2 =: www.rolandgarros.com, A% 2&: www.wimble
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1.0
0

Dim2
.0
Dim2
0.0

~1.0 ~0.% oo 08 10 ~1.0 -5 08 a5 AR

Dimt Dt
() A5 24 AU5T (b) A712AMSE
33 3.1, TAAZ0 e HEMs YEs

don.org, AU E: www.usopen.org, 2007))A AF3= 2007d% GAGY 8FEE ASHAA
A& 29759 £ 887 FES 542U B712dE AT Zolth. F3], & AFoAe
71(X1), BFA(X2), BA(X3) & EAHLIATR LR Ist serve %(Y1), Aces(Y2), Double faults(Y3),
Unforced errors(Y4), Winning % on 1st Serve(Y5), Winning % on 2nd Serve(Y6), Winners In-
cluding Service(Y7), Receiving points won(Y8), Break point conversions %(Y9), Net approaches
%(Y10), Total point won(Y11)€ A7l2A¥sF o w2sgct §3), AFL AL 24 A
£ HY2 F7A F28 AFdpoln 49 W7 AeEol vuA] ZtRojobg gaoln) e Aula
o o} F23 Yot} (FEE, 2005).

olv] ZEAT HAE 2000094 BU2s TAESY o8 A7RAL Sdon}, B71eAEE A=
SY0z ARRT Y 29 3ol& ARHAY 445429 F AW AR 371292 =9
A e QBEAL NS 5 FAHCE Oa BAHC) ARG

13 3.1(a)% (b)x AA AeAtzgd g3 242 7ee ddsEd F714A L AfsZ uid 2344
A4 PP FUEE 77.42%0)18 o] BojA Ul #Ex] APEr AAHOE 5%
93%°18t2 433 ' A AN BEFT] 0% #8452 Diml(A1F) e dqgezs
2Baihy GAR

39 3.1(a) AFHEAQEST dE FE4T FE A X2(HF), X3(RA)ol %459 Diml
(A1F)ol vhate] A% o] po o] ¥l Aol &1 2 AYE UehdS ¢ 5 AUk o &
A ARG uig} 2ol AL ANAWA AFEe] Avely S AFHESYS RT3 Yo XAl
)2 2 i F¥E e Atk AeE | tigk o] AL 3.249 SR vlu
AN 2 A Ao thd Az A A5 = P g xo) 3389 A7ZEE v
oM FIERE, FRIFIIE, AUIE 4 A A5 i F24H FERA hEtold 2348
HolBE o]& )R I 378 AuSR) e AW vl@sI2 Sk

2o g A7 AWUe e 249 AEATE FEE T9 3.1{b)oNA Yi{lst serve %), Y7(winners
including service), Y8(receiving points won), Y10(net approaches %), Y1i(total points won)+

P
o
e
ok
oxl
G
o
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1.0

05
!

Y8

o o P o
¥ g
- 8 @ Y5
$_ i gl‘ Y1t
Y2
2 e
T 7]
T T T T T T T
-10 05 00 05 1.0 -10 -05 00 05 10
Dim1 Dim1
2~ = A ‘ /‘\
(a) S8 A5 AR DELLEESE
03 3.2, SHY HIIQQUHS20 OIS HELD HBE

Dim1(A1%)o] thste] BZo] Folglol ST BAY W42 AT 5 gov) Aulad] BAY vn)
A ¥4 Y2(aces), Y3(double faults), Y4(unforced errors), Y5(winning % on 1st serve), Y6(winning
% on 2nd serve), Y9(break point conversions %)2H= A2 T Wl ¥4 9lo] Aol b ¥
2 & 24 9}

REA HE o2 W] bEE 7] A34E AR f9A 29 3.1(a) 9 (b)E Tl Bl B
o gk =, Diml(A12)o) it 23 3.1(a)9) Yoo 9= ALEH2 AWM X2(A2)T X3(F
)& 1% 3.1(b)e} SR AHP A712QAMS Y1(1st serve %), Y7(winners including service),
Y8(receiving points won), Y10(net approaches %), Y11(total points won)3} Z+-& #8ke] Fof §lof
N2 ATl 222 HAFT 53, AFS AL 2X Xe: HUA 37N 28 AFa%
ol 53 AAA A712ANAM ¥ Fhe U= A9 BF A5Eol BIEA] ZFoofd 249S
¢ 5 Urk olge wHiE I¥ 3.1(a)9] X1(A)H M|zl #AE Wed 29 3.1(b)2 Y2, Y3,
Y4, Y5, Y6, YO7} A2 ABA ol YSS HAFETh ol AFEAL AU Age] F712dM5 0
YA Au2E $P3e o $83 AFE vA L Y-S gudicth. AAE HEE (2005)2 2005 =
U i3 A HUA AFES ooz 3 dTolA] AFo] Mujad o F2% W ds A4
a3 uct.

3.2. Sul¥ |

2dws2H 372 A5zl
AT 32V FUTE £ Aol B2 4 28 220) SHT AT A () AT A
SAgo e A7 M5 Y FENE FL ol

S A AR ‘ZH?_ AE4T PEE 39 3.2(a)lA Diml(ﬂ]l%)oﬂ thste] Y1(Ist serve
%), Y5(winning % on lst serve), Y7(winners including service) %ol g ¢lo] Muj~g 7 Yo
o2 357 BN HeE HAY 5 gov ol WrhE FoIW YA WEE Y2(aces), Y3(double
faults), Y4(unforced errors), Y6(winning % on 2nd serve), Y8(receiving points won), Y10(net ap-

TRESARR AN SB A5 AaT A5 AR HE 4S5
2o :
Zo
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H 3.1, WY Yo EHUIDE Y8 TRIYAER EAY

AFEA R Aed

g o
@
=
2
[l
L
g ooy

proaches %), Y11(total points won), Y9(break point conversions %)}& An]2 g} g|lAjHo] FAE W
ot} &3], Y7(winners including service)©] ¥ oA, Y2(aces)2} Y11(total points won)?] L&
Zo Al ol HA 47 AFERASE SN (37, AF)% AT 44 @A) Y& HdFT
Ut

theo 2 st AeEvte] gl v FEA4F PE= 23 3.2(b)olA Diml(H1F)o] thaied]
Y1(1st serve %), Y8(receiving points won), Y9{break point conversions %), Y10{net approaches
%), Yll(total points won)t 91Zo] aigle] 22 2lAlns AW Wee ST 5 o of
b w2 oA UwR] M4= Y4(unforced errors), Y5(winning % on lst serve), Y6{winning
% on 2nd serve), Y7(winners including service) 2 F2 Aulagl FAE S Aot Y2(aces) S}
Y3(double faults) & 87 2AHol S0} o= Zox ABYE Aol REYE RAST. 3
Y1(1st serve %)o] o3& W} AgE42d 02 A3 AFo Tl ¢ 2 Fr|dHsY

& ¢+ g

So® 312 98 A4E4297 4720 Be FE4D HLEY ¥ vRE AP =2
aH2Elz FARE ATHT Avh £A4 2908 A5EL2F 24729 FEAD WEEE M2
A DA AL PAT A AR UEITD AR ol A BLE B4 AT )

27} I3}

3 H

2R=EPRE ) Gt AVREE A A SRE T3] Y 0D 357} HEIE, Pad)
& E, o] AIEE AR gt oo W A5 203 372 AFY 38
# HYEEE o HEIVIZ ;. Y 332 (a) F=ZE(HY] + AZ) (b) YFFAZE(AE) (o)
THRE(AQ) E A718dds7ol dst A& FE=E AFsta vk EE AeSA48 sy
e AT AL oAE 3.180A ddtukel 2ol 9Rd QA AFH BHol AR BN
°] ¥3, I WA= 77 T AL Bel: wgon).

WA Aug AT JR=SAYI) 9] =D E) 248 Mg A7 A¥F2 U F24F PEs
29 3.3(a)%A Dim1{#1Z)ol) tidtad Y1(ist serve %), Y5(winning % on 1st serve), Y7(winners
including service), Y8(receiving points won), Y11{total points won)¥ YFo] Foigle] AMulaE
F gol old FEF #Hd dsE AT £ glon olg N o UM M Y2(aces),
Y4(unforced errors), Y6(winning % on 2nd serve), Y9(break point conversions %), Y10(net ap-
proaches %)% Alu|29} 2|AlHo] #AH Wsolt)y. 53], Y3(double faults)E 98 20 glo] o
E3E ABEE Aol RETE HAFE

e FEATE(HEL YE/FIE)Y ZF718diee] 3243 F¥E 19 3.3(b)olA Diml
(A15)e)) hdbed Y1(Ist serve %), Y2({aces), Y6(winning % on 2nd serve), Y7(winners including
service), Y9(break point conversions %}, Y10(net approaches %), Y11(total points won)¥ Z9

of
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Dim2
00
2
B
oim
00
3
Dim2
R
S <

-0s
L

-05
2

vs o A

(2) F=RE(AN, AF) (b) ¥EAZE(RE) (c) IZE(AD)

02 3.3. REY HI|Q0

re
53
-
HJ
2
o
o
0
1
2

el
%
e
H

FcaE GEFNTE AYIE
Y5 : Winning % on 1st serve Y6 : Winning % on 2nd serve | Y11: Total points won
Y4 : Unforced errors Y1 : 1st serve % Y4 : Unforced errors
Y10: Net approaches % Y11: Total points won Y7 : Winners including service
Y6 : Winning % on 2nd serve Y3 : Double faults Y5 : Winning % on 1st serve
Y7 : Winners including service | Y10: Net approaches % Y9 : Break point conversions %
Y8 : Receiving points won

FASlo] AulaE F Yol o]Z FEF S AAY H5E HAY 4 glen olg Witz $9437
U] W= Y3(double faults), Y4(unforced errors), Y5(winning % on 1st serve), Y8(receiving
points won)2 2 7|9 Ao A#H WS ot

o JYIEQA MY JTR=SAYS| o] £ A5 A7 duiey JRAFE4d FEE 19
3.3(c)ollA Dim1(A1%)o] th3te] Y2(aces), Y6(winning % on 2nd serve), Y9(break point conver-
sions %), Y10(net approaches %), Y11(total points won)+ 9%l i glo] el FH i3t g
AWl Edo) BT Wz HAE 2 glon olgh MR ol UM WaEt Yi(lst serve %),
Y4(unforced errors), Y5{winning % on 1st serve), Y7(winners including service)- An|2& 2 W
o] o]d &3 F=F A Ao A=Y Hsoltk. E3], Y3(double faults)3} Y8(receiving points
won)Z YA A o] o= Fix (ﬂ“)f’“ S Aol E HE5TE Boagrh

ZAZ7HA A7)|TEE ALEA Qo WSZY ARE A7 odszd i A=A PP E AHE
Skth. B2 F71ZEE AEAT FERA AT o] Yt 718 AWFE Ao el B Aol
£ 3200 gwtdow YLAwolx WSS FRAL AP 2RE AAEE R EASE 4
Xﬂi A7 A5 2 o7 LA AN AFshs sdEed] BTk o] 3HEme] Do)z}

W] ZA ZEAXAE VERdh wEbA & 3.2904 o] it W PP A R
24017} 1 AEE ougict.

[e>

r

2 32004 WA F71DEYE ol & A A712AU4E BB A Yo H5SH AW (3
7, A%)7 ABAol w0 H=TES JUTEY Y4(Unforced errors)7h F A 33 Qe W5
d AL ¥ FEC) 50| PFs} TEMD HRTEe Bol MEtk: FE AT 0 H5E0] FF
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= FEF Zht) B ?r?} cigs
3= 0 0
=z} 1.322 0 4.678 0
Z) 1.426 1.022 0 12.811 13.597 0

HQ sk& FAE A AMo] g ZAor AzZtEr. tgoR JuTES} YFI TEY Y10(Net
approaches %)9] 3¢ Atigle] de] Fo B Bo] & uj WEEHJE A% JT o] B AL
2 FEANREAE UBUAT J=TEV} 1§ 93FHo) Qe Ao YEhd AL TESY S v =
7h 23 ¥R =" Bol a7 wRd ZEEA w2 AA A5EQ e claEde] $H4AU 2ER
IE AP Qg€ € 4 T ol TEEA ] AsEe] Eyolavtddx 43 vt 4z
"ot g JrREAE Bo] vl Fo] U1 wE FEEAC] o] 2 P} Al B¢ 2
JAEES AR A% AR A= g S o7t gon sou RvlEn) il Pyt dvtder
42 7] dlgoz ARHE. s=3FE2] Y8(Receiving point won)d} FJFEQ] Y9(Break point
conversions %)+ WhE FENA Se|srl s §3) eE3 77} Soo] AARAQ 4L ) WE
o 4zt AFYel = Acz A"y Zog Aulag B9 Y3(Double faults), Y5(Winning %
on 1st serve), Y6(Winning % on 2nd serve)2] A9 RE FEJA vehtn ;,l’? e HaeEL FE
o FA4 & 2 = 39 W3l g 4459 FdHo] 2etdel] mel A7l s dFF o] e
vria B 4 9l
2202 E 332 FEYH A4EALUN B712d i3 AR FEc YA E H3 =23
BAEH2 FAFIth WA Af-E 909 B9 S En Zo] FEAR YY) tishols BAE
A AAH Z2Y P AL 22 e 2 BAZ oM AR Tl SR ARE AE8E
T 9k oj9k= & 7‘1? A7189 &4 PErE g FF5 T=o T 4.67832 ) Ff=9) 7
Y] 12.8113} Jrje} ¢E7} 13.59 i‘:} oF 33) 7‘3‘: ;. ol AUEoR =9 YFEIF FTEY A
B3t AES Jehdohy g ARG }“ ¥A FEE FA0A ZYj2
E7IUmA & ZES TR AE Yol ReFe Ad #do] &S vt

o

4. 22

174 4v) Bus 2R=SANI A 1 A4ES) SHLAFTH BV AVFTLS BELT
VLEEE o)5 ST ABHE 2o r T Ba FYok 53], S8 BAdM s SHE WY
AAFToA BT AF A7 8 A AEFNM Y1(1st service %) 3 Q@A ol ot R Mulx g0
B 2L/ AL IS BARUY. A7|ZEE BAdA: =EIES FFERET} :T’.E*ézl.*& &
tiote] Wel F e o)z ¥ Fo] B e IITEL Eo] vRRE Fo R W IES
ol glo] F2 &2t A9 B¢ EAEE AN AT A8 A= I S o)t Léo} olet #dd
B71800] Wol] ZEFe ¢ 4 vk 28| o8 AojHL 2 IAEHR BAS o83 AEA
& FEEY FPNEOIME FAT BHE B 230

23
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A Study on the Relationship between Player
Characteristic Factors and Competitive Factors of
Tennis Grand Slams Competition Using Canonical

Correlation Biplot and Procrustes Analysis
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Abstract

Canonical correlation biplot is 2-dimensional plot for investigating the relationship between two sets of vari-
ables and the relationship between observations and variables in canonical correlation analysis graphically.
Recently, Choi and Choi (2008) suggested a method for investigating the relationship between skill and
competition score factors of KLPGA players using canonical correlation biplot and cluster analysis. analy-
sis. Procrustes analysis is very useful tool for comparing shape between configurations. Therefore, in this
study, we will provide a method for investigating the relationship between player characteristic factors and
competitive factors of tennis grand slams competition using Canonical correlation biplot and Procrustes
analysis.

Keywords: Canonical correlation analysis, biplot, tennis grand slams competition, Procrustes analysis.
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