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A Study on Selecting Principle Component Variables
Using Adaptive Correlation

Ko Myung-Sook’

ABSTRACT

A feature extraction method capable of reflecting features well while mainaining the properties of data is required in order to process
high-dimensional data. The principal component analysis method that converts high-level data into low-dimensional data and express
high-dimensional data with fewer variables than the original data is a representative method for feature extraction of data. In this study,
we propose a principal component analysis method based on adaptive correlation when selecting principal component variables in principal
component analysis for data feature extraction when the data is high-dimensional. The proposed method analyzes the principal components
of the data by adaptively reflecting the correlation based on the correlation between the input data. I want to exclude them from the
candidate list. It is intended to analyze the principal component hierarchy by the eigen-vector coefficient value, to prevent the selection
of the principal component with a low hierarchy, and to minimize the occurrence of data duplication inducing data bias through correlation
analysis. Through this, we propose a method of selecting a well-presented principal component variable that represents the characteristics

of actual data by reducing the influence of data bias when selecting the principal component variable.

Keywords : Principle Component Analysis, Correlation, Eigenvalue Graph, Eigenvector Coefficient

o = = 2 =]
A3H JUTE o8 FAE Ms 4 BF AT
1g s
2 o

ZABEA u o

T 1 o

TAAY HolEE Hsh] Al Hlolele] HuE AATAN S NGT & Uk B9 5 il wasith
T3kl elolEle] B3 ARG Ax}e] dolel2 Waste] 2 Hlolele] W Sk He o Wiz 1Y Holes B ¥ 4 ot Yoz

g
A dlolee] 5% %28 913 EAS Woltk. £ ATOIAE Holesl A AP Hlold 54 2L SIat FYE L4 Yol TR
W A4 A M9 ATES TNio® T 2R B4 e Aok, Akshs WS AE HlojEie) A WAS o AReE A9Ho
2 uigsto] golg o] FARS BARORA T2 olg) Wige] FEA0E ATEst B Uel TS fESHEY dTo] 4L WeE
FAE W5 T Al ASIAZITA Sk, TGUE A ghol ofst FHE S BAST AV e FHRo] e Aol H AL
S G AR 242 Bdto] golge] F5 wio] Yol WS FEshe 2L Haslel stk Sk, ol Fste] FAE W 44 Al Hlo]e)

ot

ot

WS IS FYoTM 4A dolel] 5L F ek FYE WSS AYSHE WS Astud

TS YR BN, M

o] Wo] ARZEHH1]. FAE E4(Principle Component

.M B

1499 dolelt: doje B
ohiet g ol Wmegt A
B8 Helohs BN 4US 23T 8
F317] 919) A HEH S SN TR 24

# o] =R 20209 SR EA S| EASEIRAIA H3H JREE
o] 83t R EAo] Bet A AEo® WEE =S T A

T 3 o st A wg
Manuscript Received : July 22 2020
Accepted : October 1, 2020

* Corresponding Author : Ko Myung-Sook(kms@bc.ac.kr)

dolelg 434 doje2 3
o 1Y B BEEY 3
AL ol gl BAoH B

HAA A2 AR 7HsAdo
2 PES A M9 A 3
OZA AY A@Ado] gl B4 7|6 MY FTHo R 9] A
AL Boto] FQHEES £02 5o AYg HEsit & o
A+ golgo] xZ3H HHO £AHE | Aadleto] 39
Hlolg| 2 Heith e HolE Y] ¥ AT ¥ &2 7
9] ME o]&5to] AA 1Y Hlo|HE ®ASH: W
olt}t. FAE(Principle Components, PO)ES 4% 9]
HE A2 5Y34S 7 gole7t Y2shs e 4%

Analysis; PCA)2 1141919
|
-

i

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



80 HEX|&S=2X|/ATEY N LU HojE 28t H10H H33(2021. 3)

zero °olth. Al
) F/gHolH, o
2 A1FAAECE AYEA] &3t dloje 9 B4
= Z"c‘l olm A2FAHE, A3FPE, A4F%
A A7 SRS A tﬂ"lﬂ"ﬂ gt 54
ZH1-5].
FAEE & S W JAV E2 F4E
9

4 gl ¥ Uehdomn 2AR W 4%
#

2l
ox
o)

o
of N Mz

O_L4 =

H1 ol o ok
(A

lo
u
do ob ox

rm O.L;
éﬁm
rlr
AL

o
—

_|
i3
4

>
Jo by
3o o

=N
0% ox

I fr (B oL Az

A S5k olEit G5 Aol fioiel 3
S A4 A A g A gl o

Haith. B4, o2 B3tel QA7 we FAHol
=

J
_<|?|_

N2 o

(E o fe

R

2
i of O
1-‘oll r.?ﬂ
b L

-lN
O.u
M
B Ho N

oAl ERE A B4 A9E

glolE <] z-f‘— o] o]

2
e
o

o ot @
Mr o O o 1o (E N & (B

é
>
Y
)

oX

o

fin)

) N
rlI. lO
OE i)
ok o
X

2, o
Az Jm == oo
dr ox 1o ok

Y

Az

ot

e

4>

fjn

e,

o

+

)
Ir

o

i3

filo

2,

)

_?L

R

>

5 L, S

r :::z T

w2
= of po A%

Xﬂ 31*01] Me JEEE 7Htew o

Sh= ol disl 71&Rteh Al 434
A KA updo] gist A Ay I BA

o =2d =

22 9 g5 AT Ao dis

Ir >
P

ATt F&

o T
o
=
2
n
oX
=2
>

1

=)
)
N
i)
ot
O

FAE B4 o2 A (p=2)Y FHHS(quantitative
variable)& Ato]9] EA-Z-EAL TAE o]-85t0] o] HEE9]
AFA3Hlinear Combmatlon)_.i FA|EE= FA4E (principal
component)& 211, o] FoA F8T k(<p)7N(EE 2~3
Mol 9702 HA Bls(variance)?] tHE-S Aot}
Sl thgREA o ok, EREA2 Ame] 890t Ay
A& Bt A4(dimension)& HFAAA d4E olotA
k=] &£2]o] ?loH(data reduction and interpretation),
FHESS AR o] gAY B 5HAQ 2L Bes
B2A FHO| EHo] HAIEET Rt HpE Alo]9] I
£ BAS| A= 2 FEARIE(covariance matrix)
E= AP H(correlation matrix)& AMESlo] 19
AZE 22H B 3R FAHE FHOoZ AMY(projection)

AlA AArd Fzte] 2 zg yetifo] AErt 2= B4
et 13 339 o] BEEE 7P & 2ok
139 B3 3<L‘:} = 7]’% A9Y o] 2 AER &
IR Eo] ol 2=,
) SHE elee =1)0]

= 7H & I
(px

1) ¥ éd L1y Ty Tgeee Ty = (p><1

AGALIEE, T FHEE SARLNA EFAY
2

20 2E g—a}% ] ]—Q-E] 7= 8l EREA(cluster
analysis) 53 22 E4H9] AHWLZA o] 87| g
t}. E35] QxR A(factor analysis)ollAE AAES FLot= 1

H F9 SHUE o8& & k. F8% FAHEEY A=
(scatter diagram) T+ Q-Q plot2 AA A4l o]&H
H, 857 g2 FAHAEEY] A EY Q-Q plot o3
(50139 "AMof o]-&T 4= UrH6-101.

FHE E4L HolHe E4Z Folvie 7P trEd
W F9 shEA 1Ak dHole Y AR &4S F4s)st
= AAHEY] FAAE H4E Soto] AA HolHE Edck= W
Holw BHLE0] TEA FES o o] Ay AP ol8s
o Argstarat ok 24 ot} ZEA FES 7P Eol A
o= Mg 2k WeE 48 (Principle Component)©|

I

2l sp HSEY Y 4 9 o4& Yol AR8StHI]
x& y9] FEAHcovariance) covi= Equation (1)3} Zo]
AHod 5= ot
cov(z,y) = El(x —m,)(y—m,)] = Elzy] - (1

@ mE x9 ¥, mye v9 ¥4, EllE 7[9HE

x9 BARZ xFE0] Bes SHoE iy oA 9l
=AE YR, <9 yo 24 x, yo] Eoldl F=7t
duit A& JEBAE 7HA L —201@ UEAE HERHH
TEAF Y (covariance matrix) CE= Hlo|E 9] HF A
Atol9] FRAF 2 YA R she PE=A HolE 9 il
A 3ot A 1o TEAN S BE 1Y jE dagew
sl YL W], o2 Ao 2 EHFH Equation (2)
o Ztt.

ruln o

Tinabd T4 D 2)
Y1 =apx taprt.tar, = alTJ:

o=lepmz,]

Y, = p1z1+az+ +appx —alz

C= Bz, —mg)(z,—m,;)] :nx n# 2

o, @i’ = (ali, a2i, -, api ), i = 1, -, p= B A7|7F 19

SeEEolt. %, Yt =1i=L..pRA 89 208
EeleE AAHh
@yl :z o] A40] AFAT 7Hd HP AR ZHet)
@ y2 © 1T FHEHC ov (yl, 92 ) = 0 )°JHA 29| €
29 APE% }% Al H#ARS ZEet
@ yi: yl-, yi — 13 FAFTO|HA 29] A4 AFAF

7te-d HEAE 2=tk = 1, 2,0, p)

A71A g1 ~ we= Tt 22 pZiY FHES Aulsi p



oz YAEAT FABLE
T volx7] ek

o dlojgo] Higt 54 1ty

y1 : A1FAAE(st principal component)
y2 . A2FAAE(2nd principal component)
yp © ApFAE(pth principal component)

FXE- 4 (principal component scores) aij= Th2I}
Zo] AFodr.

D @l AL 2 28 Mol hSEe 1RAE ot Pt
@ a2 FAAZ 2 19 ol TS EE 1GUE o0}
2.

& F AAIES f4= dlole9] B4 7Y & wrgot
Fol(ZLRHE el), ARAESIHSE e22 TS Equation
(3)1} Zo] Hojdrt.

CE; = e, (3)

e; © eigenvector of ¢

A, ¢ eigenvalue, e, FFO = 0] 4}
A == =0

ol5:2] sk ALdEshise 4
EEENS X}EA w5 Ashe ARSI 24
5 U goleo] et 54 ML wrky B 4 Yo,

U2l SOl 4ol o] #4285 Y
dlolelel thstel TAME] Aol g PCA B4 FE A
w5 8% Aol WA 4 STk 2 Bl Tlefel A1
2 A2 ol £ RS A G Lk

E@ ’\iﬂ &éE(scree plot)i BAEE= 797K ei-
genvalue) 1 IS A}Q3to] AE3} W 22 AAs

[1,2,11,12].

3. Y4BT 7|Et MZ2st He U

£ =RoAE A4 dolgo] tie 24
slel SRS TR el 242 v
oh ER W47 ATES

L]

He

md

Hc

b | — mb

1 T
o ;
T T T T T T

0 0.05 01 015 02 0.25 03 035

Ha

glojelo] gt EA4S & vI9E 4 e AR W4E 25
SFa1A} st
Alrehs WS TR £49 AR HR(EE AlEsh
) A7 Al A= (Correlarion)E HlolE IS &Y &
UEE 28kl AFHE A gl ot FHE A BAS
ot AdS Eole HlolE B4 wtgstaat g
WA, g BAE T & *JJ*E(Correlatlon) a3 gk
< 7|t R LTt & tolE MAE AAS uxith Al

B3l A4 5 AA517] Ydlo] 1% heigenvalue) 1=
£ ARgsto] AESE A= A0 A2 D-H JFS 77]7*‘

T U HFEY TS Hassh| ot AT w2
T2 AHE AAT = a4k 1T E HIFe=N ’5’] &
Ao g Al&Est "He4E 74 2740 wtgstaat gt

Fig. 1 87[<] W40l gk 100078 dlolE(H4ra~s
h, generatedata.com)oll tiate] W< 79| AH/TE ALt
gt Axtold, of7]ofA (b,d), (c.D), (b.g), (d.g), (f.g), (b.,h)
o] AHert #A UEhde & & Atk ATt 550=
Qlste] ol F/d= B9 AESHS7E HIFEA 24 H
= A= 97| st} el A et off Mt SEZHC
BHE7t 22 HE4E 5 (b.d), (b.g). (b.hygolA ¥4 bet
(b.g). (. g) (€, g) ol A ¥4 g7} A3t M= A7 Al HEE
T+ W bt g AA G E
LE_ A tﬂ olglo] thste] PCA IL-HHIH
A = -ﬁr— = dloly ¥zke] 1RHEE A Fhol
22 AL A= AAS Uzt

Fig. 2+ 87119] ®iZo] tigt PCA 731—]*‘ HojzEe Jdjx
olt}. oJ7]A eigen-vector AlG Fo| ¥ PC8, PC7 <°&
AlEet Bg(Rda, Hpe)E AlASH: WAICE Agith



82 FEA2[elE=2Al/AR

EQI0 ¥ Hloje I3t M103 HM35(2021. 3)

: T o
PCE
PC7 1 uh .
pCs ] fe °
= g !
= ooEs T
_— . N \o\
— b o
B Ea \ —
PCL o | ™~
-130E+00 -8.00E-01  -3.00E-01 2.00IE-01 7.00E-01  1.20E+00 1‘ 2‘ ;, 4 ; é, ;3 ;
Fig. 2. PCA of Input Data Fig. 3. Eigenvalue Graph of Input Data
Table 1. Correlation of Input-Data
Cor a b @ d e f g h
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c 0.02540530 0.08721985 1.00000000 0.11738195 0.04559758 0.32062510 0.17420436 0.16557232
d 0.04911064 0.21149036 0.11738195 1.00000000 0.01448669 0.16251003 0.29996837 0.12821601
e 0.13928146 0.12777402 0.04559758 0.01448669 1.00000000 0.03900155 0.04014108 0.12746063
f 0.02793495 0.11849164 0.32062510 0.16251003 0.03900155 1.00000000 0.26983426 0.14127926
g 0.07069212 0.22130311 0.17420436 0.29996837 0.04014108 0.26983426 1.00000000 0.12966124
h 0.09607586 0.2242330 0.16557232 0.12821601 0.12746063 0.14127926 0.12966124 1.00000000
ojg] HFHO JF= E017] sl of2] et FEACR 035 -
Ut £ Jo8 B4R WMLE ASHoE AARE
WS Ajkskt -
87ie] del ol ofstel A dlojejo] wid A By O .
A= Table 13 ZtHCor2 Correlations 9u|dl). 02 wd
WA, 87119] ®igof et PCA 25 HojF+= Fig. 2 1 015 mf
Aol oA ALFHE Al gho]l W2 PCY, PC8 &£o= .
AESE WSa0t WoeS A7 »mu} = o
FAE B4 439l PC1, PC2 59 FAE(HolE E%) 0.05
= FE A HAE 7R R AT #2 MesS A 04
A2 AAT F 87 W] tisto] Wad Rl Are bc 4 g b
AAs17] 9ste] 238 AP E(scree plot)E ©]&3tth m Fig. 4. Correlation of Reduced Input-Data
e 2745t floto] AL E o&otd jHAEH Hast
£ FAZF @t A Aol m=j-1S A¥ol=dl, 1/ A afgt 2Fzo] 7kt =R e (n-1)7HoA

(eigenvalue) I ZE TA|5HH Fig. 37 2t

JH oA AFAE 4 FEE9] it sgsiez
F/gEo] Ashs A 718 & & AUtk FAEE BA2
A3l #4429 Mg o] f8l LR THEE o8
Sto] 2L & Ut

IHgE A zOA 712717 St Al = aste FA17E
gt =) Fol n~m A Wl o7|M= 5~77HE o mEt

lo N

(m-1)7H0]IL Fig. 3 A ZojA= (5-1)7H~(7—1)7H7} HE
2 4N~67IE R AFE ST S+ U

Table 1258 183k A4 3ol ¥ PC8, PCT &2
A3t H4at Heed AAE 54 AF dojHol gt

I == Fig. 49 Zh

VREE A gho] ¥ soz AESH Hra, Wert
AAE 4 dolglo] gt A 4 AI= Table 29 &



Table 2. Pairs of High Correlation Value

Pair of variable Correlation Value
(b,d) 0.21149036
(e 0.32062510
(d.g 0.29996837
(b,g) 0.22130311
(t.e 0.26983426
(b,h) 0.23242330
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Fig. 5. Eigenvalue Graph of Reduced Input Data
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