# 安裝R套件
install.packages("formatR")
install.packages("highlight")
install.packages("xtable")
install.packages("ggplot2")
install.packages("dplyr")
install.packages("MASS")
install.packages("ElemStatLearn")
install.packages("HSAUR3")

require(formatR)
require(highlight)
require(xtable)
require(ggplot2)
require(dplyr)
require(MASS)
require(ElemStatLearn)
require(HSAUR3)


# 設定工作目錄
setwd("C:/RData")


# Loads specified data sets, or list the available data sets 由套件HSAUR3裝資料集 heptathlon
data("heptathlon", package = "HSAUR3")

# 印出七項全能heptathlon這個data frame 的第一部分(前6筆)
head(heptathlon)
[image: ]
[image: ]

# transform values consistent 將數值轉換(一般跳高跳遠數字愈大表現愈好, 但跑步類, 是數字愈小表現愈好)

heptathlon$hurdles <- max(heptathlon$hurdles) - heptathlon$hurdles

heptathlon$run200m <- max(heptathlon$run200m) - heptathlon$run200m

heptathlon$run800m <- max(heptathlon$run800m) - heptathlon$run800m


# 找出行變數名稱是score的是哪一行
score <- which(colnames(heptathlon) == "score")
[image: ]

# 去掉第8行(score=8), heptathlon[ , -score]
將heptathlon剩下的變數兩兩相關係數矩陣算出, cor(heptathlon[ , -score])
並只取到小數點第2位, round(cor(heptathlon[ , -score]), 2)

round(cor(heptathlon[ , -score]), 2)
[image: ]


# pair scatter plot # heptathlonPair 畫兩兩散佈圖矩陣

plot(heptathlon[,-score])
[image: ]
# 由圖中發現有一個離群值

# remove outlier 移除離群值PNG(Papua New Guinea巴布亞新幾內亞)
# grep 是Pattern Matching and Replacement
# 找出heptathlon的列名稱為PNG的有哪些列
[image: ]
#將heptathlon的第25列移除
heptathlon <- heptathlon[-grep("PNG", rownames(heptathlon)),]
[image: ]
# 再重新計算相關係數矩陣
round(cor(heptathlon[ , -score]), 2)
[image: ]

# 下面這指令可有可無
score <- which(colnames(heptathlon) == "score")


#再畫移除離群值的散佈圖矩陣
# pair scatter plot (remove outlier) # heptathlonPair2

plot(heptathlon[,-score])
[image: ]
# 離群值已不在


# PCA 主成分分析做完存到heptathlon_pca裡
# a logical value indicating whether the variables should be scaled to have unit variance before the analysis takes place
# scale=TRUE代表需要在分析前將變數尺度轉換, 使得變異數為1
heptathlon_pca <- prcomp(heptathlon[,-score], scale=TRUE)

# 將主成分分析結果(含每個主成分的標準差與負荷量)印出
print(heptathlon_pca)
[image: ]
#第一個主成分
C1=-0.4503876X1-0.3145115X2-0.4024884X3-0.4270860X4-0.4509639X5-0.2423079X6-0.3029068X7

# 摘要主成分分析結果(含每個主成分的標準差, 可解釋變異比例與累積可解釋變異比例)
summary(heptathlon_pca)
[image: ]
# 兩個主成分累積可解釋74%的樣本變異

# loading coeff將主成分分析結果的負荷量(係數)印出
[image: ]

# 將第一個主成分分析結果的負荷量(係數)印出
a1 <- heptathlon_pca$rotation[,1]
a1
[image: ]
# 由係數可知每一項運動的權重都差不多
  所以可將第一個主成分命名為一般運動技能

# 計算每個主成分的估計值
predict(heptathlon_pca)
[image: ]

# 計算第一個主成分的估計值
predict(heptathlon_pca)[,1]
[image: ]

# heptathlon[1,] 第一位選手7項運動分數
                    hurdles highjump shot run200m longjump javelin run800m score
Joyner-Kersee (USA)    3.73     1.86   15.8    4.05     7.27   45.66   34.92  7291
帶入主成分公式中
-35.27347=-0.4503876*(3.73)-0.3145115*(1.86)-0.4024884*(15.8)-0.4270860*(4.05)-0.4509639*(7.27)-0.2423079*(45.66)-0.3029068*(34.92)
???


# 第一個主成分的估計值heptathlon_pca$x[,1]
  實際7項運動的大會計分heptathlon$score
  [image: ]
求兩者相關係數
cor(heptathlon$score,heptathlon_pca$x[,1])
[image: ]
高度負的線性相關

# 摘要主成分分析結果(含每個主成分的標準差, 可解釋樣本變異比例與累積可解釋變異比例)
summary(heptathlon_pca)
[image: ]
# 第一個主成分可解釋61.77%總樣本變異
# 第二個主成分可解釋12.84%總樣本變異
# 兩個主成分累積可解釋74%的樣本變異

# scree plot 陡坡圖(畫出每個主成分可解釋樣本變異比例)
plot(heptathlon_pca, main = "Scree Plot")
[image: ]


# Score vs C1
# 第一個主成分的估計值heptathlon_pca$x[,1]
  實際7項運動的大會計分heptathlon$score
# 畫兩者的散佈圖(x軸大會計分, y軸第一個主成分的估計值)
plot(heptathlon$score, heptathlon_pca$x[,1],
     pch=16, cex=1.5,
     xlab="score",
     ylab="C1")
title(main="Scatter plot")
[image: ]




# 第二個主成分的負荷量(係數)
heptathlon_pca$rotation[,2]

# 第三個主成分的負荷量(係數)
heptathlon_pca$rotation[,3]

[image: ]
# 第二個主成分在跳高與800公尺的權重較大, 
  可以命名為??
# 第三個主成分在標槍的權重較大, 
  可以命名為??

# Biplot: Plot C1 and C2
# a generalization of the simple two-variable scatterplot
biplot(heptathlon_pca, col=c("gray","black"))
[image: ]
biplot(heptathlon_pca, col=c("blue","red"))
[image: ]

cbind(heptathlon_pca$rotation[,1],heptathlon_pca$rotation[,2])
[image: ]
plot(heptathlon_pca$rotation[,1],heptathlon_pca$rotation[,2],
 xlim=c(-1,1), ylim=c(-1, 1))	
[image: ]

cbind(heptathlon_pca$x[,1],heptathlon_pca$x[,2])
[image: ]
plot(heptathlon_pca$x[,1],heptathlon_pca$x[,2])
[image: ]
plot(heptathlon_pca$x[,1],heptathlon_pca$x[,2])
text(heptathlon_pca$x[,1],heptathlon_pca$x[,2], labels=rownames(heptathlon))
[bookmark: _GoBack][image: ]
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> heptathlon
hurdles highjump

Joyner—Kkersee (usa)  3.73  1.86
30hn (GDR) 357 180
Behmer (GDR) 322 183
sablovskaite (LRS) ~ 2.81  1.80
choubenkova_(URS) 2.01 174
schulz (GDR) 2.67  1.83
Fleming (aus) 304 180
Greiner (Usa) 2.87 1.8
Lajbnerova (CZE) 2.79 183
Bouraga (URS) 317 177
wijnsma (HoL) 267 1.86
pimitrova (sUL) 318 180
Scheider (Swr) 257 1.86
Braun (FRG) 271 183
Ruotsalainen (FIN) ~ 2.63  1.80
Yuping (CHN) 2.49 186
Hagger (GB) 2.5 1.8
Brown (usa) 2.35 183
MuTTiner (GB) 2.03 171
Hautenauve (BEL) 2.38 177
Kytola (FIN) 211 177
Geremias (BRA) 219 171
Hui-Tng (TAT) 157 168
Jeong-Mi (KOR) 1.8 171
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> round(cor (heptathlon[ ,
hurdles highjump

hurdles  1.00
highjump  0.58
shot 0.77
run200m  0.83
Tongjump  0.89
javelin  0.33
Fungoom  0.56
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> print(heptathlon_pca)

standard deviations:

[1] 2.0793370 0.9481532 0.9109016 0.6831967 0.5461888 0.3374549 0.2620420
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> summary (heptathlon_pca)
Importance of components:

PC1  PC2  PC3  PCA  PCS  BC6  PCT
standard deviation  2.0793 0.9482 0.9109 0.68320 0.54619 0.33745 0.26204
Proportion of variance 0.6177 0.1284 0.1185 0.06668 0.04262 0.01627 0.00981
cumulative proportion 0.6177 0.7461 0.8646 0.93131 0.97392 0.99019 1.00000
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> heptathlon_pcajrotation
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> al <- heptathlon_pcajrotationl[,1]}

hurdles  highjump shot  run200m  Tongjump  javelin  rungoom
503876 -0.3145115 -0.4024884 —0.4270860 -0.4509639 -0.2423079 -0.3029068
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> predict(heptathlon_pca)
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John (GDR)

Behmer (GDR)
sablovskaite (URS)
choubenkova_(URS)
schulz (GDR)
Fleming (AUS)
Greiner (Usa)
Lajbnerova (Cze)
Bouraga (URS)
wijnsma (HoL)
pimitrova (sUL)
scheider (swr)
Braun (FRG)
Ruotsalainen (FIN)
Yuping (CHN)
Hagger (GB)

Brown (USA)
Mulliner (GB)
Hautenauve (BEL)
Kytola (FIN)
Geremias (8RA)
Hui-Ing (TAD)
Jeong-Mi (KOR)

=t

757530189
.147943402
. 926184760
288135516
-503450904
. 958467101
. 953445060
. 633230267
381571974
. 522322004
. 217701500
.075984276
. 003014986
100183759
. 208868056
. 232507119
. 650520046
. 756854602
880932819
- 828170404
.118203163
.770706272
- 901166920
896847898

pc2

13086143
. 94859020
. 69524239

17900713

. 96177329

35121643

49982537
37592017
. 71213450
. 77688861
. 23369645
. 51552098
.44688825
-63595645
. 68866173
- 95099641
08775813
£04292201
91530324
. 72629699
39921397
03463584
.20175472
. 36656804

pc3

. 006040526
. 243919842
. 622203440
. 250632380
780588549
. 413086366
. 265135015
.140338504
. 068395353
481071429
.154221444
312458252
582739069
460577204
.152140223
-541230813
-796500771
. 451506018
350311801
.048640439
190158154
170274969
. 943677497
. 390599321

pca

. 293416339
. 540171385
. 554744912
. 637174187
784035325
.113546938
140202490
142558348
087212735
. 283745608
- 260128609
127032432
.254415325
. 362580442
112914470
. 598325122
182375000
476926314
. 799619004
. 711793161
. 788445056
-385562494
002420122
152299968

pcs

. 36183307
75364464
19035037
60362153
. 58069949
. 71483887
. 86581530
. 20807431
. 67727618
.18784299
37497195
. 91992020
. 20526249
14712208
31539746
17451428
. 05104049
38154294
06042055
14092347
41815113
. 28541366
. 67080776
42524426

Pce

. 27050283
37770017
. 25780287
. 21575716
08014332
. 25436056
03691813
14236240
. 25014881
39881271
. 20267731
. 26727067
17597425
. 26134199
18351622
. 50175724
55058471
. 26606429
73259727
. 06033542
03363651
. 38083979
. 52756760
37250885

pc7

47587527
05172711
11054960
. 53075152
30081842
03838796
23005043
. 06374657
35555639
19712215
17459647
. 21111846
030915701
01334416
14127555
04999374
46388534
11099445
31281502
07548638
.12143219
34574480
09436975
41055719




image15.png
> predict(heptathlon_pca)[,1]

Joyner-Kersee (USA)
-4.757530189
schulz (GDR)
~0.958467101

wijnsma_(HoL)
-0.217701500
yuping (CHN)
0.232507119
Kytola (FIN)
2.118203163

John (GDR)
-3.147943402
Fleming (AUS)
-0.953445060
pimitrova (suL)
-1.075984276
Hagger (GB)
0.659520046
Geremias (8RA)
2.770706272

sehmer (GDR)
-2.926184760
Greiner (usa)
-0.633239267
scheider (swr)
0.003014986
Brown (USA)
0.756854602
Hui-Ing (TAT)
3.001166920

sablovskaite (URS)
-1.288135516
Lajbnerova (cze)
-0.381571074

Braun (FRG)
0.109183759
mulliner (GB)
1.880032819
Jeong-mi (KOR)

3. 896847898

choubenkova (URS)
-1.503450094
Bouraga (URS)

-0. 522322004
Ruotsalainen (FIN)
0.208868056
Hautenauve (BEL)
1.828170404
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> cbind(heptathlon$score, heptathlon_pca$x[,1])

%3] .21
Joyner —Kersee (Usa) 7201 -4.757530189
30hn_(GDR) 6807 -3.147043402
Behmer (GDR) 6858 -2.926184760

sablovskaite (URS) 6540 -1.288135516
Choubenkova (URS) 6540 -1.503450994

schulz (GDR) 6411 -0.958467101
Fleming (aus) 6351 -0.953445060
Greiner (Usa) 6297 -0.633239267
Lajbnerova (CZE) ~ 6252 -0.381571974
Bouraga (URS) 6252 -0. 522322004
wijnsma (HoL) 6205 -0.217701500
pimitrova (8UL) 6171 -1.075984276
Scheider (Swr) 6137 0.003014986
Braun (FRG) 6109 0.100183759
Ruotsalainen (FIN) 6101 0.208868056
Yuping (CHN) 6087 0.232507119
Hagger (GB) 5075 0.659520046
Brown (usa) 5072 0.756854602
MuTTiner (GB) 5746 1.880932819
Hautenauve (BEL) 5734 1.828170404
Kytola (FIN) 5686 2.118203163
Geremias (8RA) 5508 2.770706272
Hui-Tng (TAT) 5290 3.901166920
Jeong-Mi (KOR) 5280 3.806847898
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> cor (heptathlon$score, heptathlon_pcasx[,1])
[1] -0.9931168
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> heptathlon_pcasrotation[,2]

hurdles  highjump shot  run200m  Tongjump  javelin  runsoom
0.05772161 -0.65133162 -0.02202088 0.18502783 -0.02492486 -0.32572229 0.65650503
> heptathlon_pcasrotation[,3]

hurdles  highjump shot  run200m  Tongjump  javelin  rungoom
-0.1739345 -0.2088272 -0.1534709 0.1301287 -0.2697589 0.8806995 0.1930020
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image23.png
> cbind(heptathlon_pca$rotation[,1],heptathlon_pca$rotation[,2])
[,1]1 [,21

hurdles -0.4503876 0.05772161

highjump -0.3145115 -0.65133162

shot  -0.4024884 -0.02202088

run200m -0.4270860 0.18502783

Tongjump -0.4509639 -0.02492486

javelin -0.2423079 -0.32572229

Fun80Om  -0.3029068 0.65650503
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> cbind(heptathlon_pca$x[,1],heptathlon_pca$x[,2])

[,1] [,2]
Joyner-Kersee (USA) -4.757530189 -0.13986143
John (GDR) -3.147943402 0.94850029
Behmer (GDR) -2.926184760 0.69534239
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Hagger (GB) 0.659520046 -0. 08775813

Brown (UsA) 0756854602 -2. 04202201

Mulliner (GB) 1.880932819 0.91530324
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> grep("PNG", rownames(heptathlon))
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