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= 7R Qo] FAAeR R A7 A gk vy A8 327 AP A P

= Ho|A e SAe 77 "Eed FAEEAT e AU M ES T
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Al AN EAEY FAZEANANA 7€ sl M+ EAEE W Z 7] A

Box-Cox T B] *H 2H(Box-Cox contrast transformation}a ©]4% ME-E Fejo FA9
o]

WE AAZTE 2T AAARe] BAG 2o A8 S B4 Aitchison(1983) 0] A A]
e L EL SIS e
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1. ME
AQAEE 23 g2 FEFopollA dojA= B AREL 54 FHY opd
FAEQ P xR} AT #AHo] 9) E}(Coakleyg} Rust, 1968; Thompson, Esson 3}

Duncan, 1972; Carr, 1981). 7 8]-& 2} 3.(compositional data)+= JEE2] vl&& e
Ep/he] ¥ 82 31,30, ,2, S SRT ARE Y52 Fol 19] H= Ak 7HA
A Atk FAAN &R ] B oA A2 o et FEH o EAEE kAT B AR
o] 327 MAE A FeE Bol7] Wi B4 thiHIHEL] 8o AEA o
o= Ao &4 A D]-(Chayes 1960; Chayes} Kruscal, 1966; Gower, 1967).

ZAEA PN EARE AAAEA 7] 7] A8 st FEHY FAREAE AR
H wkrb At (Butler, 1976; Le Maitre, 1968; Webb3} Briggs, 1966; Aitchison, 1983). Le

Maitre(1968) 2} Butler(1976)¢] HA b e = ZAU &5 FEAPE S o) &51 9
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Stk e FERRE AT 9219 ;9 Ado] ek AR B FHREC] dojA A

H ot
= ohE 9 2 & Altchison(1982)+ T H-E AR E A o A & 71-4] W E(log-ratio trans-
formation) o] AHS-& A obet e F1Ad 71 shollA ApdE Z1E Y ES wEd
Azl A8 E g Slm= ®ol F uh Stk o] % AR Altchison(1983) W 74w
S5 AL 728 wdE Fee MEE FARAAY 25 S stoich 1
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g AAAEe) BAL oA A2 S RTE AR Mol & E ek 2H
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EAEY] MY Wo|FeHE ghebete dlole 3] ATFA YD utel ¢lth K8 Rayensst

Srinivasan(1991)-2- 2 71-1} W 3le] 4% Helz ]01] 3] Box-Cox ®HWE-2 A-83 ¢}
© o) mﬂﬂjwij_l - ,p— 18 a8 ste] AA xpgo] AL WS o o}
7495 988 8BRS RS ARA LR 00] SlE dEE A
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AA = M2 HE-E s8] of st

2 =FoAe BANEE A8 A2 AB7HE TYsta oo & %P S
AASL} 28] 3 AERAS Edto] 2 F-8AS gotR A} 3t} 274 of| A += Aitchison ©)
T Wte] gdH el 2 B 4= 3l Box-Cox 8] ¥ 3H(Box-Cox contrast transforma-
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23 35 EFA WHY F_AL dotH T 7]E9 Aitchisons) W 8522 1)
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2.1. Box-Cox [jb|tizl

AtgRA A Q7 7, SEAE, AT T 2L MEES 597 Y F
s Ao S AL At ojd 402 A|H HBAYHE FolA oy S_=do
A Z g A AHE5 = 2l o] Box-Cox ¥ ¥ #H(Box-Cox power transformation) ©] T}. Aitchison o]
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Al HHEE A8 A HE R BES AR 23854 Biks BA 7 2
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oz g gy el WEE FAu g5 BA-FEAE2 NE b= §a Oli Q15
OE FAEES 24 Ak ot o2 dee WS vyeor & B2t gk o2 Y
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Box-Cox T8 ¥ 3-8 o] 83t 7Au&A8] =4

3 W] (proportion)& WEFY = Mo &8 Mosteller®} Tukey (1977, pp. 92)2] A8l 9w
$(folded power transformation)= 3-8t} F4n&E5o AT 4+ = thi =z FeiY
WS v T
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HH] g e s d 2 AEet TS z;,5 £ p 2 2,0 O $ Box-Cox o] 8] ¥ #H(Box-
Cox contrast transformation)< b=} Z-o}] # 2} ic}.

if A\ and Ap #0

Thec (@5, Tp; Aj, Ap) = X log zp, ifA; #0and Ap =0

. (2.1)
log z; — w’”/\P_ , ifA;=0and A, #0

log z; —log z,, if A\j and A, =0
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AL 4= pbeo] el S5} Fdo] vk Wk Box-Cox thu] 2] 2 A% AL
pS|

(©] 8 Box-Cox thn] FAEEANL S A
(Bbe—mI)B; =0, i=1,---,p—1 (2.7)

o 2HE dolR L (p- VNAY mHaE 7122 A Bk A7) pE Bhe) AR 2F
Folm B,= old tieH = g E ot I o]f& Xl oFubA X (positive-semidefinite)
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3. 38
AREAQl e Ya éomﬂ 23l A Box-Cox H¥] £AAEEA4E AA A5} 2o 2}
o] 48L& Hokrh AAX = AFM A}£9} Panoche EYAEE Agelga 5
H =R 4y %*é%%é—*rél % 2 5304 Aitchison®] ¥4 WS AT

3.1. AFM A2
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3 3.1: AFM Ap=.of thst £ A4 da}
Box-Cox thy] A REEA Aitchison®] FA] B34
A WA T AR A WA = A
H AT -9 E aadE  IH9E
A 0.797 -0.178 -0.686 -0.444
F -0.244 0.779 -0.041 0.816
M -0.553 -0.601 0.812 -0.372
I 3.376 0.045 0.574 0.008
FA g 0.987 1.000 0.986 1.000
X X
Ao Al B o] A Box-Cox the] L2 ¢4 = 0.797 <%> —0.244 (%) -
1 2
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SAND

ST CLAY

1% 3.3: Panoche E FAFR 2] A7z ¥

3.2. Panoche & A2

o] PanocheX| 19| EFYH2AE 918l 207 T
2HE HE(sand), Y (silt), HE(clay)d &

dHEZ AT 36709 FHof AT AR
T ERCE A Pee BaS HolT
1

Panoche = %A% Nlelsen 5 (1973
G7] Az e dojo)x] AL T
S8 A0 anel e Y%

2o
ok 19 332 ARE AAFR EF

Pl

9ty Wam 4L Jmm:c ZAAR 27X = 1557, Ay = —0.847, A3 = 4.7308 &
%i“’ ol B ARE HBAZ vt BAE 3Tt
% 3.29) l‘i—d‘é"}ﬂ R el ds dojd A FAF duEe 47 99.9%,
82.9% % JEFET Box-Cox thy] =4l B o] Ajtchison?] AHU}= Ao Aljdom ¢
17% A= o Eoh= 2& & 5 oy 27 345 F 7] 2840 v e A 24
EHTES EX% AR (b)dAHe FHI AP FHd JHE Hols AT tRFe
2 (a)olM= B4l sidgs KAk mEka] o] -0 Aitchison®] HFo] Wole] &
Zhol] a0 7 YA 3R Zot= A Aok
Aitchison®] #FHE A A71E ¢ A& BA 9 e HAH A5 g ohAs
AL 7143 e BEFAEE 7128 FAFE FE29 7548 AAGT BEoT)
3.2 Panoche EYAtnd g 2447}
Box-Cox thy] A4 E 74 Aitchison®] FAEEA
A A= T A BIED + A
H e a1 E TEE  AFHE
Sand -0.433 -0.692 0.748 -0.327
Silt 0.816 -0.029 -0.657 -0.485
Clay -0.383 0.721 0.091 0.811
57k 1.047 0.001 0.304 0.063
FAE 0.999 1.000 0.829 1.000
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Box-Cox thuv] 3t
ARBAH
A4 A" Hs™ Tup Tomw Tw Tsw  Tus Tuk
o] v 2 ybe 0.653 0.102 0.010 0.962
ybe 0.232 0.035 0.035 0.980
ol 0.289 0.020 0.026 ) .
oA 0.450 0.063 0.068 1.119 -0.850
Aitchison®] W3}
AR EA
A7 AFR HL™ Tup Temw Tw  Tsw  Tums Tuk
o) v 2F yir 1.639* 0.240* 0.208* (.841*
gy 1.432* 0.242* 0.208* 0.895*
o] HH & 1.389 0.264 0.102 . )
T} 2 1.275 0.194 0.047 32.066* 3.901*
*: a = 0.05914 72
ok bc—”’?’—‘l—& Ir = logx; —1 i =1,2
Y= N . 0 Y T0ex; —logds, ) =4,
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Principal Component Analysis of Compositional Data

using Box-Cox Contrast Transformation
Byungjin Choi? Keeyoung Kim?

ABSTRACT

Compositional data found in many practical applications consist of non-negative
vectors of proportions with the constraint which the sum of the elements of each vector
is unity. It is well-known that the statistical analysis of compositional data suffers
from the unit-sum constraint. Moreover, the non-linear pattern frequently displayed
by the data does not facilitate the application of the linear multivariate techniques
such as principal component analysis. In this paper we develop new type of principal
component analysis for compositional data using Box-Cox contrast transformation.

Numerical illustrations are provided for comparative purpose.

Keywords: Compositional data; Box-Cox contrast transformation; Box-Cox contrast

principal component analysis.
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