相関係数行列による主成分分析
１．データの読み込み

下記のデータを変数 d に読み込む

   X.seq. X.a. X.b. X.c.

1       1    2    4    5

2       3    1    5    1

3       3    5    3    4

4       4    2    2    3

5       5    3    5    5

6       6    4    3    2

7       7    4    4    3

8       8    1    2    1

9       9    3    3    2

10     10    5    5    3

d<-read.table("C:/Book1.csv", header=TRUE, sep=",", na.strings="NA", strip.white=TRUE )

d
[image: image1.png]>d
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２．平均と標準偏差を使い，データdの基準値を求め，変数 norm に格納する
※　データは３列あることに注意

norm <- d

norm[,2] <- ( d[,2] - mean(d[,2]) ) / sd(d[,2])

norm[,3] <- ( d[,3] - mean(d[,3]) ) / sd(d[,3])

norm[,4] <- ( d[,4] - mean(d[,4]) ) / sd(d[,4])
[image: image2.png]norm <~ d
norn[,2] <= (d[,2] - mean(d[,2]) ) / sd(d[,2])
norn[,3] <- ( d[,8] - mean(d[,3]) ) / sd(d[,3])
norn[,4] <= (dl,4] - mean(d[,41) ) / sd(d[,4])
norm
X.sea, X.a. X.b. X.c.

1-0.6708204 0.3407771 1.44913767

3 -1.3416408 1.1927199 -1.31112456

3 1.3416408 -0.5111657 0.75907212

4 -0.6708204 -1.3631084 0.06900656

5 0.0000000 1.1927199 1.44913767

6 0.6708204 -0.5111657 -0.62105900

7 0.6708204 0.3407771 0.06900656

8 -1.3416408 -1.3631084 -1.31112456

9 0.0000000 -0.5111657 -0.62105900

10 1.3416408 1.1927199 0.06900656




３．相関係数行列を求める

※　主成分分析を行う手法としては，大きく分けて，相関係数行列による方法と，分散共分散行列による方法が知られる．

cor( d[,2:4] )

[image: image3.png]cor( norm[,2:41 )

.. b, X.c.
.0000000 0.1905002 0.3600411
.1805002 1.0000000 0.3004804

>

Ka.
Kb,
X.c. 0.3600417 0.3004804 1.0000000




· 注意！　http://aoki2.si.gunma-u.ac.jp/R/rank-cor.html　を見よ

４．相関係数行列の固有値と固有ベクトルを求める　

※　固有値の総和は３
$vectorsの各列が主成分．つまり，１番左の列が第一主成分

eigen( cor( norm[,2:4] ) )
[image: image4.png]



５．相関係数行列の固有ベクトルがなす行列から２列を選ぶ　
eigen( cor( norm[,2:4] ) )$vectors

eigen( cor( norm[,2:4] ) )$vectors[,c(1, 2)]

[image: image5.png]> eigenl cor(}norm[,?:ﬂ ) Jvectors

L1





６．主成分スコアを求める（５．で２列を選んだので，スコアは２個になる）

data.matrix( norm[,2:4] ) %*% eigen( cor( norm[,2:4] ) )$vectors[,c(1,2)]

[image: image6.png]1235150

) J3vectorsl,c





７．２次元の散布図（５．で２列を選んだので，グラフも２次元になる）

plot( data.matrix( norm[,2:4] ) %*% eigen( cor( norm[,2:4] ) )$vectors[,c(1,2)] )
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data.mat rix(nornl, 2:41) #x% eigen(cor(nornl, 2:41))$vectorsl, [,1]

c(1, 21,11




８、対照のため，princomp() 関数を使ってみる．

primcopm()関数では，「cor=TRUE」と指定する．これは，相関係数行列を使うという意味．
　→　６．と同等の結果が得られる

> PC <- princomp(~X.a.+X.b.+X.c., cor=TRUE, data=d)

> unclass(PC)
[image: image8.png]> PC <= princomo("X.a.+X.b.+X.c., cor=TRUE, data=d)
> unclass(PC)
$sdev

Comp. 1 Comp.2  Comp.3
1.2541347 0.9022241 0.7830312
$loadines
Loadines:

Comp. 1 Comp.2 Comp.3
X.a. 0.572 0.604 -0.555
X.b. 0.522 -0.790 -0.322
X.c. 0.633 0.106 0.767
Comp. 1 Comp.2 Comp. 3
85 loadings 1.000 1.000 1.000
Proportion Var 0.333 0.333 0.333
Cunulative Var 0.333 0.667 1.000

$eenter
K.a, A.b. X.c
3.0 3.6 2.9
$scale

X.a. X.b. X.c.
1.414214 1.113563 1.374773
$n.obs
(AN
$scores

Comp. 1 Comp. 2 Comp. 3

0.7504515 -0.

1 448045028
2 .680292693
3 .002448333
4 .1082693 0. .911383681
2 1.6234449 -0. . 766135674
7
8
9
1

0
67387 '}
8
-0.2916428 8.7837953 -0.72076585
0
0
0

34490

.9934160 -

0.6377176 0.1514662 -0.452435127
4333611 0. .188169398
6957621 0.3563693 -0.328343860
0 1.5107110 -0.1301962 -

$eal | .
princome(fornula = “X.a. + X.b. + K.c., data = d, cor = TRUE)

134344482

N




分散共分散行列による主成分分析
１．分散共分散行列による主成分分析

· 相関係数行列と冗長な説明は省く

eigen( cov( d[,2:4] ) )$vectors[,c(1,2)]

data.matrix( norm[,2:4] ) %*% eigen( cov( d[,2:4] ) )$vectors[,c(1,2)]

plot( data.matrix( norm[,2:4] ) %*% eigen( cov( d[,2:4] ) )$vectors[,c(1,2)] )

[image: image9.png]> el

[1,]1-0. 6769787 0.7275658
[2,7 -0.3200528 -0.4269684
¥

-0.6627715 -0.5369786
lata. mamx(]norm[ 22 4] ) %% eizen( cov( d[,2:4]1 ) Jvectors[,c(1,2)]

[1,] -0.6153827 '1.41172293
[2,] 1.3955049 -0.78133980
[3,]1 -1.2477536  0.78677803
[4,] 0.8448622 0.05688322
[5,] -1.3421805 -1.28740961
[6,] 0.1210891 1.03981294
[7,] -0.6089334 0.30550986
[8,] 2.2135049 0.30991812
[9,1 0.5752202 0.55174698
[10,] -1.3357312  0.429823

> plot( data.matrix( norm[ 2:47 ) %% eigen( cov( d[,2:41 ) $vectors[,c(1,2)] )
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data.mat rix(rornl, 2:41) %% eigen(cov(dl, 2:41))3vectors, c(1, [,1]
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２．対照のため，princomp() 関数を使ってみる．
今度は，「cor=FALSE」と指定する．これは，分散共分散行列を使うという意味．
d<-read.table("C:/Book1.csv", header=TRUE, sep=",", na.strings="NA", strip.white=TRUE )

PC <- princomp(~X.a.+X.b.+X.c., cor=FALSE, data=d)

PC

unclass(PC)

[image: image11.png]\; Eg <= princome("X.a.*X.b.#X.c., corzFALSE, data=d)

Call:
princomp(formula = “X.a. + X.b. + X.c., data = d, cor = FALSE)

Standard deviations:
Comp. 1 Comp.7”  Comp.3

1.1433718 0.9977713

3 variables and 10 observations.

> unclass(PC)

$sdev
Comp. 1 Comp.2  Comp.3
1.1438778 0.9977713
$loadines
Loadines:

Comp. 1 Comp.2 Comp.3
X.a. 0.877 0.728 -0.111
0.320 -0.427 -0.846
X.c. 0.663 -0.537 0.522

Comp. 1 Comp. 2 Comp 3
85 loadings 1.000 1.000 1.000
Proportion Var 0.333 0.333 0.333
Cunulative Var 0.333 0.667 1.000

$eenter
K.a, A.b. X.c
30 3.6 29
$scale
K.a, Ab, X.c

1 1 1
$n.obs
(AN
$scores

Comp. 1 Comp. 2 Comp. 3

1 0.8428625 -2.02600819 0.86883460
2 -2.1651493 -1. 01 -1.95340933
3 1.8909743 16 0.85929660
4 -1.1227861 9 1.51648445
5 1.8398940 -1. -0.08801930
6 -0.1115473 1.46702756 -0.07339842
7 0.8712770 0.50308056 -0.39722334
8 -3.1253077 0.24827722 0.58378943
9 -0.7885260 0.73946178 0.03772256
10 1.8683085 0.80367793 -1.35407724
$cal

princomp(formula = “X.a. + X.b. + X.c., data = d, cor = FALSE)




追加
http://home.a02.itscom.net/coffee/takoindex.html
に記載のデータでやってみよう．

Ａ．異なるアミノ態窒素組成培地で増殖した酵母菌体中の脂肪酸組成
	"amino-N"
	"f_day"
	"sfa"
	"C16"
	"C18"
	"C16=1"
	"C18=1"

	136
	3.5
	3
	18.9
	5.3
	23.6
	15

	136
	6.5
	1.9
	20.7
	7
	24
	15.8

	136
	18.5
	3
	28.9
	13.1
	27.8
	14.9

	210
	3.5
	3.7
	23.8
	5.8
	25
	14.4

	210
	6.5
	2.7
	26.8
	7.8
	22.6
	14.7

	210
	11.5
	4.4
	26
	9.2
	22.9
	12.9

	300
	3.5
	4.8
	23.3
	6
	22.6
	13.5

	300
	6.5
	3.1
	28.9
	8.1
	20.4
	13.3

	300
	9.5
	6.6
	29.1
	8.7
	21
	11.9

	352
	3.5
	3.3
	26.7
	8.5
	17.6
	11.5

	352
	6.5
	3.6
	26.8
	7.7
	20.5
	13.1

	352
	9.5
	6.5
	29.7
	8.5
	21.3
	11.7

	551
	3.5
	5.3
	26.1
	7
	20.8
	12.3

	551
	6.5
	5.3
	31.5
	8.2
	18
	11.2

	551
	8.5
	8.6
	32.2
	8.9
	18.2
	11.7

	表１　異なるアミノ態窒素組成培地で増殖した酵母菌体中の脂肪酸組成

	sfa:飽和脂肪酸。ラウリン酸＋ミリスチン酸合計量。　C16：パルミチン酸　　C18：ステアリン酸　　C16=1：パルミトオレイン酸　　C18=1：オレイン酸　　amino-N：アミノ態窒素（mg/l）　f-day：発酵日数　　合成培地：Wickerham培地（グルコース１７％）　　酵母：協会7号 

	出典：秋田修、醸造協会誌　Vol.84、#11(1989）"酵母による香気生成"


d<-read.table("C:/Book1.csv", header=TRUE, sep=",", na.strings="NA", strip.white=TRUE )
norm <- d

norm[,1] <- ( d[,1] - mean(d[,1]) ) / sd(d[,1])

norm[,2] <- ( d[,2] - mean(d[,2]) ) / sd(d[,2])

norm[,3] <- ( d[,3] - mean(d[,3]) ) / sd(d[,3])

norm[,4] <- ( d[,4] - mean(d[,4]) ) / sd(d[,4])
norm[,5] <- ( d[,5] - mean(d[,5]) ) / sd(d[,5])

norm[,6] <- ( d[,6] - mean(d[,6]) ) / sd(d[,6])

norm[,7] <- ( d[,7] - mean(d[,7]) ) / sd(d[,7])

data.matrix( norm[,1:7] ) %*% eigen( cor( norm[,1:7] ) )$vectors
	"A"
	"B"
	"C"
	"player"
	"recoder"
	"TV"
	"piano"
	"total"

	1
	0
	0
	1
	1
	1
	1
	3820000

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	3500000

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	88000

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	1
	1
	0

	0
	1
	0
	1
	1
	1
	0
	475000

	0
	1
	0
	1
	1
	1
	0
	580000

	0
	1
	0
	1
	1
	0
	0
	78000

	0
	1
	0
	1
	1
	1
	0
	387000

	0
	1
	0
	1
	0
	1
	0
	200000

	0
	1
	0
	1
	1
	0
	1
	195000

	0
	1
	0
	1
	1
	0
	1
	168000

	0
	1
	0
	0
	0
	0
	1
	165000

	0
	1
	0
	1
	0
	0
	1
	193000

	0
	1
	0
	1
	0
	0
	1
	199000

	0
	1
	0
	1
	0
	0
	1
	120000

	0
	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	1
	1
	0
	0
	40000

	0
	0
	1
	1
	0
	0
	0
	0

	0
	0
	1
	1
	0
	0
	0
	17000

	0
	0
	1
	1
	1
	0
	0
	37000

	0
	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	1
	0
	0
	0
	22000

	0
	0
	1
	0
	0
	0
	0
	0


d<-read.table("C:/Book1.csv", header=TRUE, sep=",", na.strings="NA", strip.white=TRUE )
norm <- d

norm[,1] <- ( d[,1] - mean(d[,1]) ) / sd(d[,1])

norm[,2] <- ( d[,2] - mean(d[,2]) ) / sd(d[,2])

norm[,3] <- ( d[,3] - mean(d[,3]) ) / sd(d[,3])

norm[,4] <- ( d[,4] - mean(d[,4]) ) / sd(d[,4])
norm[,5] <- ( d[,5] - mean(d[,5]) ) / sd(d[,5])

norm[,6] <- ( d[,6] - mean(d[,6]) ) / sd(d[,6])

norm[,7] <- ( d[,7] - mean(d[,7]) ) / sd(d[,7])

norm[,8] <- ( d[,8] - mean(d[,8]) ) / sd(d[,8])

eigen( cor( norm[,1:8] ) )
data.matrix( norm[,1:8] ) %*% eigen( cor( norm[,1:8] ) )$vectors
[image: image12.png], ra.strings="NA", strip.white=TRUE )




[image: image13.png]> e\gen( cor( norn[,1:81 ) )

$value:
[11s. 812156900 1.623474e+00 8.627634e-01 8.348954e-01 5.080463e-01 3.308305e-01 2.783468e-02 3.779168e-17
$vectors

[.2] [.3] [.4] [.5] [.6] [,7] .81
[1,] 0.424628414 'U 39419734 001917461 0.2435576 0.02651098 0.09050552 0.517293057 5.728220e-01
[2,] -0.004607592 0.77022287 0.10990701 -0.0682841 0. 05472788 -0. 5.863020e-01
[3,] -0.419912393 'U 39415091 -0.13166802 -0.1736666 -0. 5.728220e-01
[4,] 0.338598053 0.23649392 -0.40328023 -0.2762440 -0.64083804 0.005847876  1.644870e-16
[6,] 0.400893739 -0.03398381 -0.37520637 -0.2639322 0.0272598 -0.080381433 -1.127570e-17
[6,1 0.426034752 'U 13807286 -0.14805918 'U.W398600 0.59457951 70.485857849 8.105495¢-16
[7,] 0.371431444 0.06745121 0.34222525 0.5918368 -0.34380046 -0.503472215  9.300015e-16
[8,1 0.220253725 -0. 12374245 0.72647224 -0.6245433 -0.18327063 02427171 0.003107309  1.412173e-17





[image: image14.png]> da(a.matr\x(}norm[,\:S] ) %% eizen(_cor( norml,1:8] ) )$vgc(ors

. .2] [.3] [.4] . [,6] 8]
[1,] 3.0593948 -1.3349495 2.50475888 -1.8431666 -0.43596847 -0.04021250 0.03 16
[2,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 16
[3,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 16
[4,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 16
[6,] 2.9817187 -1.2910288 2.24690744 -1.6214934 -0.38866588 -0.03159759 0.031 16
[6,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 16
[7,] 2.1481664 -0.8227244 -0.50243346 0.7420966 0.11569806 0.06025891 0.01 16
[8,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 16
[9,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 . 16
[10,] 2.1266680 -0.8106462 -0.57334260 0.8030567 0.12870627 0.06262801 0.01 . 16
[11,] 0.6084784 1.4045407 -0.67864437 -1.3439624 1.10214716 0.01400140 -0.142465530 3.127204e-16
[12,] 0.6341299 1.3901292 -0.59403686 -1.4166990 1.08662600 0.01117463 -0.142103642 3.143651e-16
[13,] -0.3306754 1.7319661 -0.70586447 -0.7924802 -0.01450647 -0.78641987 0.816588452 -1.295756e-15
[14,] 0.5869800 1.4166189 -0.74955351 -1.2830023 1.11515538 0.01637050 -0.142768827 3.113420e-16
[15,] -0.2579176  1.5100345 -0.15223173 -0.6272922 1.08845311 1.59176470 0.016833440 3.308920e-16
[16,] 0.4290713 1.8486854 0.06208353 0.2915024 -0.70857336 -1.05671455 -0.174094347 5.367860e-16
[17,] 0.4224752 1.8523912 0.04032732 0.3102061 -0.70458220 -1. 1 5.363631e-16
[18,] -1.2206736 1.3316873 1.79007334 1.5262961 0.83719040 -0. 1.492258e-16
[19,] -0.3706308 1.9167094 0.80847567 0.8190577 -0.76262244 0. 5.592337e-16
[20,] -0.3691650 1.9158858 0.81331038 0.8149013 -0.76350937 0. 5.593277e-16
[21,] -0.3884648 1.9267288 0.74965331 0.8696269 -0.75183154 0. 5.580303e-16
[22,] -2.8662441 -1.1915057 0.48039074 0.2504919 0.61708728 -0.22974519 0.005353277 17
[23,] -1.2141562 -0.6758801 23954122 -0.9912291 -0.93015469 -0.74545533 -0.139945541 16
[24,] -2.0231418 -0.6026406 -0.52376894 -0.4373501 -0.97858658 0.82598140 0.020163369 16
[25,] -2.0189867 -0.6049738 -0.51007058 -0.4491265 -0.98109953 0.82552373 0.020221960 16
[26,] -1.2148891 -0.6754683 -1.24195857 -0.9891509 -0.92971122 -0.74537457 -0.139955881 16
[27,] -2.8662441 -1.1915057 0.48039074 0.2504919 0.61708728 -0.22974519 0.005353277 17
[28,] -2.8662441 -1.1915057 0.48039074 0.2504919 0.61708728 -0.22974519 0.005353277 17
[29,] -2.8662441 -1.1915057 0.48039074 0.2504919 0.61708728 -0.22974519 0.005353277 17
[30,] -2.0177672 -0.6056601 -0.50604165 -0.4525901 -0.98183864 0.82538912 0.020239193 16
[81,] -2.8662441 -1.1915057 0.48039074 0.2504919 0.61708728 -0.22974519 0.005353277 17





主要な主成分：　例えば，固有値１以上を選択





主要な主成分の構成に寄与する変数（ここでの閾値は０．４）





主要な主成分を含む計測値








