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Chapter 1

£ 9 BME

% 9 BAAE R batia] 202645 A 15H 24:00
% 9 BELk 7 B : Thursday 14t May, 2026 17:18

1. EEAUIEEIELE (uscrime.csv) I E R 54T
AR 11 NMEER 50 MUWMMEA R, EFEMt T 1985 FFEE 50 MG FIETESE e —

R, BATMAHS 7 MR (X, ..

wmk 2?7 s,

- Xo) M RAE E R i, Bn AR b B AR R E L

R 11 REUEEEE RS L.

X, | land area | djHifnAd

X, | popu 1985 | 198541 N HI%

X5 | murder RSP

X, rape R

X5 robbery Sitx)

X5 assault N5t

X, | burglary | NEXG

Xg larceny fir s

Xy | autotheft | ARG
X10 region &[] % 0 By b i X
Xy | division | 3&HE &M TR

(a) [2 7] BEANIRGEHSE, SRBGUA T EE g 2.

[#2]
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BEANEHESE, $RHGE 3 2% 9 4 (Bl Xj,..., Xg, XM murder. rape. robbery. assault.
burglary. larceny. autotheft) #EE#ELE 27, 3L 50 17 7 5.

crime <- read.csv("uscrime.csv", row.names = 1)
dim(crime) # 50 x 11

names (crime) # check all variable names

# extract X3-X9

X <- crime[, c("murder","rape","robbery","assault",
"burglary","larceny","autotheft")]

dim(X) # 50 x7

head (X)

i 2 R

> dim(crime)
[1] 50 11

> dim(X)

[1] 50 7

> head (X)

murder rape robbery assault burglary larceny autotheft

ME 1.5 7.0 12.6 62 562 1055 146
NH 2.0 6.0 12.1 36 566 929 172
VT 1.3 10.3 7.6 55 731 969 124
MA 3.5 12.0 99.5 88 1134 15631 878
RI 3.2 3.6 78.3 120 1019 2186 859
CT 3.5 9.1 70.4 87 1084 1751 484

2 7] T ERSE 27 TR ENEIEREARRESR, WAV AR E, Kbl
R SRIL N &

(721

] scale) PREN 27 BEATHRMEN GREME. BRUSMEZR), [RbrdEEdRsE &, Hh
BHIMEN 00 TTZEN 1.

Y <- scale(X) # standardize: mean = 0, sd = 1

round (head(Y), 4)

i 2 2R

> round(head(Y), 4)
murder rape robbery assault burglary larceny autotheft

ME -1.3924 -1.1725 -0.9750 -1.0770 -1.0215 -1.2519 -1.1115




NH -1.2625 -1.3086 -0.9804 -1.4584 -1.0104 -1.4294 -0.9812
VT -1.4444 -0.7234 -1.0298 -1.1797 -0.5534 -1.3731 -1.2217
MA -0.8727 -0.4921 -0.0220 -0.6956 0.5628 -0.5813 2.56557
RI -0.9506 -1.6352 -0.2545 -0.2262 0.2443 0.3414 2.4605
CT -0.8727 -0.8867 -0.3411 -0.7103  0.4243 -0.2714 0.5818

2 o) WEAGESE @ WA T ERR 2, SRS 27 SRR 2 AT R

[#2]

SHRHE AR 2 TR T 2R 7, I ERGEEE 27 MR 2, Wi e A AEE
CREAENLASFE TG A D, X R PP HEA AR R 7 22 5T JR 4678 B A AH ¢ R 4L

S <= cov(Y) # sample covariance matrix of Y
R <- cor(X) # correlation matrix of X

round (S, 6)

round(R, 6)

all.equal(S, R) # verify S and R are equal

MR (v 5 2 %8 —280:

> round(R, 6)

murder rape robbery assault burglary larceny autotheft
murder 1.000000 0.519868 0.341058 0.812557 0.276724 0.064783 0.109829
rape 0.519868 1.000000 0.551439 0.695932 0.680154 0.600606 0.440703
robbery 0.341058 0.551439 1.000000 0.563203 0.622192 0.436181 0.617053
assault 0.812557 0.695932 0.563203 1.000000 0.520720 0.316700 0.330380
burglary 0.276724 0.680154 0.622192 0.520720 1.000000 0.801101 0.700100
larceny 0.064783 0.600606 0.436181 0.316700 0.801101 1.000000 0.554779

autotheft 0.109829 0.440703 0.617053 0.330380 0.700100 0.554779 1.000000
> all.equal(S, R)
[1] TRUE

IR, S =%, WEBETEME, SRKEXIREN 5.55 x 1071 (HLEAEEZEEND |
2 57| MARHE Z VRS Z# =T ATT, 4SRRI ERIEE .

[#2]

XAHRAERE Z M eigenO BMUGHATIE AR, ARVRHMEEAERE A = diag(Ay, ..., A7) FIRFER
BAERE T, Hob T ONIESCHERE, & 5000 AR A AR R &, RRAEE B R E) /N HES.

eig <- eigen(R)
Lambda <- diag(eig$values) # diagonal matrix of eigenvalues

Gamma <- eig$vectors # matrix of eigenvectors
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# flip sign of PC1 if all loadings are negative
if (all(Gammal[, 1] < 0)) Gammal[, 1] <- -Gammal, 1]

round(eig$values, 6) # eigenvalues

round(Gamma, 6) # eigenvectors

# verify: R_check should equal R
R_check <- Gamma %%’ Lambda %*% t(Gamma)

max (abs (R_check - R))

TR RRLER :
FHE(E CHIREND

A =4.0768, Ay =1.4316, A3 =0.6312, X, =0.3401, X5 =0.2484, MX¢=0.1397, A;=0.1322

FAEFRERFE T (BFIXSRL Ay, ... A7)

> round(eig$values, 6)

[1] 4.076779 1.431642 0.631169 0.340146 0.248395 0.139670 0.132198

> round(Gamma, 6)
PC1 PC2 PC3 PC4 PC5 PC6 PC7
.276102 -0.644479

|
o

murder .009512 -0.328660 -0.202982 0.100249 -0.590809

.421366 -0.116320

|
o

rape .360072 0.295788 0.759031 -0.065174 -0.106780

robbery .387459 0.045959 0.604141 0.645146 -0.189568 0.068970 -0.160844

burglary .436358 0.257153 -0.155373 -0.143573 -0.291594 -0.782918 -0.026886

.360361 0.400882 -0.508163 0.048057 -0.359894 0.560949 -0.068614

0

0

0
assault 0.388088 -0.456244 0.010739 -0.066876 -0.135881 0.100406 0.779805

0

larceny O

0.

autotheft 0.353856 0.366076 0.472002 -0.600736 0.337223 0.207943 0.012045

> max(abs(R_check - R))
[1] 8.88e-16

BAFLER: TATT 5 2 (R KR Z A 8.88 x 10716, FEHLISKE BEJulE N, B4 IE 7.

240 EEAE, AN LR TIRE RS A7 J 2 A LR RBTIRE LSS, # 3 A
F RS BT R % D

[#2]

HEBATHRE = M/ S, N BAUTTHREE N % TR 2 A,

lambda <~ eig$values

contrib  <- lambda / sum(lambda)



cum_contr <- cumsum(contrib)

result <- data.frame(
PC = pasteO("PC", 1:7),
lambda = round(lambda, 4),
rate = round(contrib * 100, 2),

cum_rate = round(cum_contr * 100, 2)
)

print(result)

# scree plot

par (mfrow = c(1, 2))

plot(1:7, lambda, type = "b", pch = 16, col = "steelblue",
xlab

"Principal Component", ylab = "Eigenvalue",
main = "Scree Plot (US Crime Data)")

abline(h = 1, col = "red", 1lty = 2)

barplot(contrib * 100, names.arg = pasteO("PC", 1:7),
col = "steelblue", ylim = c(0, 70),

xlab = "Principal Component", ylab = "Contribution Rate (%)",
main = "Contribution Rate")
lines(seq(0.7, by = 1.2, length.out = 7), cum_contr * 100,
type = "b", col = "red", pch = 16)

abline(h = 80, col = "gray", lty = 2)

BEMD TR :

PC lambda rate cum_rate

1 PC1 .0768 58.24 58.24

PC2 .4316 20.45 78.69

PC3 .6312 .02 87.71

PC4

PC5 .2484

9

.3401 4.86 92.57
3.55 96.12
2

PC6 .1397 .00 98.11

~N o o b W N
O O O O O +~ B

PC7 .1322 1.89 100.00
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Scree Plot (US Crime Date Contribution Rate
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Principal Component Principal Component
L1 EEUREIRENRAE (7 SmmEr B .
B P AR T

o 51 EMTTERE N 58.24%, 2 TR TTEREN 20.45%, 3 ERUITTEREA 9.02%,
JG VI FE R AT TTERAN . 13%.

o Al 2 MEMITHRRTTIER 78.69%.

o Al 3 NMEMTHIRATEER 87.71%.

o NIFAEMEL, A\ =4.08> Ny =143 > 1> )\3 =0.63, £ PC2 Z/5HBHE"#rL”, U
WRT 2 AN ER DA BRI G R



(f)

2 Jr] RS AR R AT LA AT 2 AN 32 R AR B A
[#%]
Wiy NRHEREFERE T BISE « 17756 § PUoes, Ay W88 j DMRMEE. WARE X, 55 § R
SRR R (B N
i =Y/

AR X, FTHAT 2 DS ER R (AR TOT R SRR A

2
hi2 = zgfj = %‘21)‘1 + ’7122)\2
j=1

# proportion of each variable explained by first 2 PCs (communality)
h2 <- Gammal[, 1]°2 * lambda[1] + Gammal[, 2]~2 * lambdal[2]
names (h2) <- colnames (X)

round (h2, 4)

i 2 R

> round(h2, 4)
murder rape robbery assault burglary larceny autotheft

0.9054 0.7432 0.6150 0.9120 0.8709 0.7595 0.7023

SRR HAET 2 N ER RG] GEFED K.
Bl murder  rape  robbery assault burglary larceny autotheft
h? 0.9054 0.7432  0.6150  0.9120  0.8709  0.7595  0.7023
Aok 90.54%  74.32%  61.50% 91.20%  87.09%  75.95% = 70.23%

AfLVEH, assault (91.20%)+ murder (90.54%) Al burglary (87.09%) #E#T 2 A~ i/ ik
(IR %, robbery (61.50%) 1 autotheft (70.23%) MIXRAR. BAKE, w2 DTN
P AL SRR L35 I 60%, MRS R T

2 57 FEARERALERT 2 A F s F i BB ], g REAT R

[#%]

DAEAS SR 2 NERD IR RE GEITD (L, o) NS, 1EZBEAE PCL-PC2 i L
B R RBAED .

# compute correlations between variables and first 2 PCs (loadings)
L <- matrix(NA, 7, 2)

for (j in 1:2) L[, jl <- Gamma[, j] * sqrt(lambdalj])

rownames (L) <- colnames(X)

colnames(L) <- c("PCi", "PC2")

round (L, 4)
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# correlation circle plot (variable scatter on PC1-PC2 plane)
plot (L[, 11, L[, 21,

xlim = c(-1.2, 1.2), ylim = c(-1.2, 1.2), asp = 1,

xlab = sprintf("PC1 (%.1£%%)", contrib[1]*100),

ylab = sprintf("PC2 (%.1£f%%)", contrib[2]*100),

main = "Variable Biplot on PC1-PC2 Plane")
arrows(0, 0, L[, 1], L[, 2], length = 0.1, col = 1:7, lwd = 2)
text (L, rownames(L), col = 1:7, pos = 4, cex = 0.9)
theta <- seq(0, 2*pi, length.out=200)
lines(cos(theta), sin(theta), col="gray")

abline(h = 0, v = 0, 1ty = 2)

i (BREESH 2 MERSTHEXFRED:

> round(L, 4)
PC1 PC2

murder .5575 -0.7711

rape .8508 -0.1392

robbery .7823 0.0550

burglary .8811 0.3077

L7276  0.4797

0

0

0
assault 0.7836 -0.5459

0

larceny O

0.

autotheft 7145 0.4380

Variable Biplot on PC1-PC2 Plane

PC2 (20.5%)
0.0

PC1 (58.2%)

Kl 1.2: EEFCIEEEE &R PC1-PC2 ~Fiil_ERIHUS K.

o B—EMS (PCL): FifiZRE PC1 LINEAHNIE (0.56 ~ 0.88), W PC1 AL
TR, TTHROA” A LTS, POL KSR B IU T3 .




o B_Fpk4 (PC2): burglary. larceny. autotheft £ PC2 L& NIE (W r=RI5E58),
M murder. assault /£ PC2 ERIEm M (FJRLTE) . Fitk PC2 KB 77 ~=U
B2 57 B JJ0E” Z AR EE G &

o murder Ml assault PAANAIE T AL (O TR RIR), UHPE & EIEMK; burglary.
larceny. autotheft = 7 AIAHIE (L7 T 25— R, BB = BYSCHE 2 8] & B AH 5.
(h) [2 77| FEREASIN IR AERT 2 A F P BSOS, sef A R E VI X AAEANF?
BMETE X AR X, $eft.
[#%])

RSN LR35y, L PCL. PC2 JAbR, 5 MIFTEIIX (Xy0) HARBIGARL, F
[N

# compute principal component scores
scores <- Y *J, Gamma # Y is standardized; Gamma is the eigenvector matrix

# note: if Gammal[,1] was flipped, scores[,1] is flipped accordingly

region <- crime$region
col_map <- c(Midwest = "blue", Northeast = "green",
South = "red", West = "purple")
pch_map <- c(Midwest = 16, Northeast = 15, South = 17, West = 18)

plot(scores[, 1], scores[, 2],

col = col_map[region], pch = pch_map[region],

xlab = sprintf("PC1 (%.1£%%)", contrib[1]*100),
ylab = sprintf("PC2 (%.1£f%%)", contrib[2]*100),
main = "Observations on PC1-PC2 Plane (by Region)")
text (scores[, 1], scores[, 2], rownames(crime),
col = col_map[region], cex = 0.6, pos = 4)
legend("topright", legend = names(col_map),
col = col_map, pch = c(16,15,17,18), cex = 0.9)

abline(h = 0, v = 0, 1ty = 2)
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Observations on PC1-PC2 Plane (by Region)
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PC1 (58.2%)

1.3: EEZLMAE PCL-PC2 Pl EHUSE (JRHXER) |

g
o MHI I HT AT H DU X A7 7E B 2 2 5
— Northeast (ZItLEB, F@): HH7E PC1 B/, PC2 BAKIXIR, AR Lt sk
IR E R, A= RUIEA R R (0 MAL RI [ autotheft B .
— Midwest (FREEER, @) LA PCL A (BIBFERBMAMD MIXER, HA
WAHFTAL, MO 151k e A0 58 22 52 5 (¥ 7 ).
— South (B8, 4 ®): ZETE PCL B/ GUBHERE) H PC2 BAK (FJJLHELLEY
D FIXEL, W FL. GAL SC %M, REIRMEAIUTE R, HERIURBERE.
— West (B}, E&): 1 PC1-PC2 Vil L%, AK. CA. NV ZEHI 4R 4L
w1, MT. ID MBI K.
o MI/MHLIXAE PC1-PC2 P LM/ A AEAE— 8 MU ME M R AL, Ui Wy U AT 2 /> E sy
X 7> B/ X 2 5, JEHZE South 5 Northeast (112 75 A .

(1) [2 7] BREHBELES 3 NEMRD?
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[#%]

# eigenvalue and contribution rate of the 3rd PC
cat (sprintf("lambda_3 = %.4f\n", lambdal[3]))
cat (sprintf ("PC3 contribution rate: %.2f%%\n", contrib[3]*100))

cat (sprintf ("Cumulative contribution of first 3 PCs: %.2f)%\n", cum_contr[3]*100))

lambda_3 = 0.6312
PC3 contribution rate: 9.02}

Cumulative contribution of first 3 PCs: 87.71%

50 WULR UM TR A T R 3 DN
o HFMEMECEN]: A3 = 0.6312 < 1, % Kaiser #ENINARERFAEME KT 1 FEMKS, # PC3 A
WARE.
o RFATTAREMEN: HT 2 N F R BATTIRE Ok 78.69%, i FAM 80% MIH: A
PC3 Jg RMTTHRE N 87.71%, &7t 9.02%.
o BAREEN: MWHAEKRE, £ PC2 )G iy, PC3 ZJEH TR

o LZEEFIMT: FHOoOH HERRE 80% U LKERE, WHLEHZES 3 NMERIS: X
78.69% MR E, HEEERRE, WA 2 DR DR, ERBENAT, BT
PC3 MITTRREACN 9.02%, HAHMEMENT 1, BETLEESE 3 MEMS.

2. ANMEEEEE (Breast Cancer Wisconsin Data.csv) 13853747

i 4E (Breast Cancer Wisconsin Data.csv) K H Wisconsin K= [ftJE8EEFt, H William H. Wolberg
Rt BEEd 11 MEER) 699 MUWIME A R, B h SR RKE LWE 77, FRATHH
) 9 MER (X, ..., Xio) HIEEERAE BT 7017

(a) [2 7] BAZHEEE" Breast Cancer Wisconsin Data.csv”, 4 Bl g X — AN R #1744
CREWHSRSC IR S R S ). AT A R BRI, &5 —MEE (X)) 270KEE, KHEW
R AR N 7. R BEYONEEN, EHERAREEEEP AR ESER, HEHZ AEE
A
[#%]

JRiG CSV 3Rk, BAJEFIns. BareNuclei FH &7 ARMAE A FHFE, HR
BUE N NEERL % Class ¥ NIAF (2=Benign, 4=Malignant), BareNuclei %I {8 777
CEORRAE, BN — 35 )

cancer <- read.csv("Breast Cancer Wisconsin Data.csv",
header = FALSE, stringsAsFactors = FALSE)

colnames(cancer) <- c("SampleCode","ClumpThickness",



12

CHAPTER 1. % 9 JE{E

R 1.2: FUBE R R AR R S

A Definition HaCE X
X, Sample code number FEAR AL Y 5
X, Clump Thickness i B JE
X5 | Uniformity of Cell Size | MoK/ — 3k
X, | Uniformity of Cell Shape | 4HHIHR M — it
X Marginal Adhesion NS FE M (TR A0 B 2 5 ] R 4 2 6 I RE )
X | Single Epithelial Cell Size | BAN_F B2 40K/
X Bare Nuclei PR 2 (1) 241 A%
Xs Bland Chromatin R G )5
X, Normal Nucleoli B A=
X10 Mitoses EEREA
X1 Class SR (2 R R, 4 RN

"CellSizeUniform","CellShapeUniform",

"MarginalAdhesion","SingleEpiCellSize",

"BareNuclei","BlandChromatin",

"NormalNucleoli","Mitoses","Class")

# check variable types

sapply(cancer, class)

# convert Class to factor

cancer$Class <- factor(cancer$Class, levels =

labels

table(cancer$Class)

c(2, 4),

c("Benign", "Malignant"))

ot 4

> sapply(cancer, class)

SampleCode ClumpThickness CellSizeUniform CellShapeUniform

"integer"

MarginalAdhesion SingleEpiCellSize

"integer" "integer"
NormalNucleoli Mitoses
"integer" "integer"

"integer"

"integer" "integer"
BareNuclei BlandChromatin
"character" "integer"
Class

"integer"
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> table(cancer$Class)
Benign Malignant
458 241

Note: Class is now a factor; statistics include missing rows

699 AWM, HA R (Benign) 458 5], &P (Malignant) 241 %1, HA 16 MEHRE
O (£ R —r] R 4b 3D . BareNuclei RI&” 7 B0/ A, HAREUEAS S5 08 A,

2 07 BARAE A 16 MRS A R SURME, REEREEREBIRETH 77 kKR K
NS SRR WA, K EIIAEARE PRIk, MR R 2R H0f i 20 5 2 vh SR AU &
(Xo, ..., Xo) WEUETH, BRI ATENE T 70 i R 4.

[#%]

BUREL 73R, H applyO MESHTRE R AT, RE) 16 /73R4 HH%, Bk 683 17. 2
JEHREL Xo- X0 FKF BareNuclei £ N3 .

# find rows with missing values (containing "7")
missing_rows <- which(apply(cancer, 1, function(x) any(x == "?")))
cat("Rows with missing values:", missing_rows, "\n")

cat ("Number of missing rows:", length(missing rows), "\n")

# remove rows with missing values
cancer_clean <- cancer[-missing_rows, ]

dim(cancer_clean) # 683 x 11

# extract X2-X10 and convert to numeric

X2 <- cancer_clean[, c("ClumpThickness","CellSizeUniform",
"CellShapeUniform","MarginalAdhesion",
"SingleEpiCellSize", "BareNuclei",
"BlandChromatin","NormalNucleoli", "Mitoses")]

X2$BareNuclei <- as.numeric(X2$BareNuclei)

dim(X2) # 683 x 9

head (X2)

i 2 R

> cat("Rows with missing values:", missing_rows, "\n")

Rows with missing values: 24 41 140 146 159 165 236 250 276 293 295 298 316 322 412 618

> cat("Number of missing rows:", length(missing_rows), "\n")

Number of missing rows: 16

> dim(cancer_clean)
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[1] 683 11

> dim(X2)
[1] 683 9

> head (X2)

ClumpThickness CellSizeUniform CellShapeUniform MarginalAdhesion

1 5 1 1 1
2 5 4 4 5
3 3 1 1 1
4 6 8 8 1
5 4 1 1 3
6 8 10 10 8

SingleEpiCellSize BareNuclei BlandChromatin NormalNucleoli Mitoses

1 2 1 3 1 1
2 7 10 3 2 1
3 2 2 3 1 1
4 3 4 3 7 1
5 2 1 3 1 1
6 7 10 © 7 1

LR 16 ATEH B (B 24, 41, 140 Z547), HIBRERIA 683 ANSE MM, SEEUKIHE T4
X UEPEH 683 x 9.

2 7] AR BN ER ST RRAEAL,  THEAR SR R IR 45 Hh 45 2R

[#%]

S 2 (683 47 9 41D Hl scaleO) BEATARMEAL, FRVFEAHSCHERE (SN T ARk B i
W7 EHERE)

Y2 <- scale(X2) # standardize
R2 <- cor(X2) # correlation matrix

round(R2, 4)

B AR CRIRAERE ) -

> round(R2, 4)
ClumpTh CellSize CellShape MargAdh EpiCell BareNuc BlandChr NormNuc
Mitoses
ClumpThickness 1.0000 0.6425 0.6535 0.4878 0.5236 0.5931 0.5537 0.5341
0.3510
CellSizeUniform 0.6425  1.0000 0.9072 0.7070 0.7535 0.6917 0.7556 0.7193
0.4608
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CellShapeUniform 0.6535 0.9072 1.0000 0.6859 0.7225 0.7139 0.7353 0.7180
0.4413

MarginalAdhesion 0.4878 0.7070 0.6859 1.0000 0.5945 0.6706 0.6686 0.6031
0.4189

SingleEpiCellSize 0.5236 0.7535 0.7225 0.5945 1.0000 0.5857 0.6181 0.6289
0.4806

BareNuclei 0.5931  0.6917 0.7139 0.6706 0.5857 1.0000 0.6806 0.5843
0.3392

BlandChromatin 0.5537  0.7556 0.7353 0.6686 0.6181 0.6806 1.0000 0.6656
0.3460

NormalNucleoli 0.5341  0.7193 0.7180 0.6031 0.6289 0.5843 0.6656 1.0000
0.4338

Mitoses 0.3510 0.4608 0.4413 0.4189 0.4806 0.3392 0.3460 0.4338
1.0000

A CHERE R I, CellSizeUniform 5 CellShapeUniform KA 2 EUEA 0.9072, % 840K
INGTEARI— B R A DG, K2 BB & 2 A ARG RETE 0.4-0.8 2 [A], B A 5 855 1 IE A
K, WX 9 MERHAREME, & ST RS2

2 7] AEARSGAERE R B 2%, 45 o iR 1 45 RO ERRIEIZ 5.

[##]

SHASRHRE %oy VEVE MR By = TATT, o A ARHEMXTARERE, T R IESCRHAE ] 5 A

eig2 <- eigen(R2)

Lambda2 <- diag(eig2$values)
Gamma2 <- eig2$vectors

rownames (Gamma2) <- colnames(X2)

colnames (Gamma2) <- pasteO("PC", 1:9)

round(eig2$values, 6) # eigenvalues
round(Gamma2, 6) # eigenvectors
# verify

R2_check <- Gamma2 %*J, Lambda2 %x*} t(Gamma2)
max (abs (R2_check - R2))

R

FAE(E CHREAND -

A1 =5.8995, Ay =0.7759, A3 =0.5393, Ay =0.4596, A5 = 0.3803

As = 0.3019, A\; =0.2944, Ag =0.2607, A9 = 0.0884
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> round(eig2$values, 6)

[1] 5.899499 0.775947 0.539252 0.459627 0.380276 0.301876 0.294403 0.260736 0.088383

> round(Gamma2, 6)
PC1 PC2 PC3 PC4 PC5 PC6 PC7
PC8 PC9

ClumpThickness 0.302063 0.140801 0.866372 0.107828 -0.080321 0.242518 -0.008516
0.247707 -0.002747

CellSizeUniform 0.380793 0.046640 -0.019938 -0.204255 0.145653 0.139032 -0.205434
-0.436300 -0.733211

CellShapeUniform 0.377583 0.082422 0.033511 -0.175866 0.108392 0.074527 -0.127209
-0.582727 0.667481

MarginalAdhesion 0.332724 0.052094 -0.412647 0.493173 0.019569 0.654629 0.123830
0.163434 0.046019

SingleEpiCell 0.336234 -0.164404 -0.087743 -0.427384 0.636693 -0.069309 0.211018
0.458669 0.066891

BareNuclei 0.335068 0.261261 0.000691 0.498618 0.124773 -0.609221 0.402790
-0.126653 -0.076510

BlandChromatin 0.345747 0.228077 -0.213072 0.013047 -0.227666 -0.298897 -0.700417
0.383719 0.062241

NormalNucleoli 0.335591 -0.033966 -0.134248 -0.417113 -0.690210 -0.021518 0.459783
0.074012 -0.022079

Mitoses 0.230206 -0.905557 0.080492 0.258988 -0.105042 -0.148345 -0.132117
-0.053537 0.007496

> max(abs(R2_check - R2))
[1] 2.66e-15

WAFZER: TATT 5 2, M KA5HRZEN 2.66 x 1071°, TENLAKEETCE N, 150 ER.

2 7] EEAE, RS R TR 2 7 5T 2 D ER R RTTEREE 2, 1T 3 A
TR I RBATTIR R S % /b
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lambda?2 <- eig2$values
contrib2 <- lambda2 / sum(lambda2)

cum_contr2 <- cumsum(contrib2)

result2 <- data.frame(
PC = pasteO("PC", 1:9),
lambda = round(lambda2, 4),
rate = round(contrib2 * 100, 2),

cum_rate = round(cum_contr2 * 100, 2)




print (result2)

# scree plot

par (mfrow

plot(1:9,

x1lab

main

= c(1, 2))

lambda2, type

= "b", pch = 16, col = "coral",

= "Principal Component", ylab = "Eigenvalue",

"Scree Plot (Breast Cancer Data)")

abline(h = 1, col = "red", 1ty = 2)

barplot(contrib2 * 100, names.arg = pasteO("PC", 1:9),

col = "coral", ylim

xlab =

main

c(0, 75),

"Principal Component", ylab = "Contribution Rate (%)",

"Contribution Rate")

lines(seq(0.7, by = 1.2, length.out = 9), cum_contr2 * 100,

type = "b", col = "red",

pch = 16)

abline(h = 80, col = "gray", lty = 2)
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B EMSTTIBRE :

PC lambda rate cum_rate
1 PC1 5.8995 65.55 65.55
2 PC2 0.7759 8.62 74.17
3 PC3 0.5393 5.99 80.16
4 PC4 0.4596 5.11 85.27
5 PC5 0.3803 4.23 89.50
6 PC6 0.3019 3.35 92.85
7 PC7T 0.2944 3.27 96.12
8 PC8 0.2607 2.90 99.02
9 PC9 0.0884 0.98 100.00
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Scree Plot (Breast Cancer Data) Contribution Rate
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Principal Component Principal Component

B 14 FUBREBEREMFEA R (L) SotiER Ch) .

FH P RO AT

o 1 EM/TTHRE FIL 65.55%, WAL TRy, S ESMAL: H 2 ERSTTEREN
8.62%, 5 3 LM TIRREN 5.99%, ZJ5 & TR kR ISET 6%.

o AT 2 DMEMITHIRRTTER 74.17%.

o Al 3 MEMITHIRITIIER 80.16%.

o AR PCL G M2 NI, PCL I KT HARKHEME (A = 5.90 > Ay = 0.78),
IR ) 25 BT RS 1 £y b

(f) [2 70 HEHEAIAA SR ST 2 S E R FAR REBOUTFS AR, 71 2 D E R XA BRI L

[PSE 24

[#%]

T X, 5B §AERSMHEXRE GRED N G =i/ T2 DMERSWEE X, FfE

BeELB] R AN A2 = 02, 4 2, = v2 M + 750,

# loading matrix (correlations between variables and first 2 PCs)
L2 <- matrix(NA, 9, 2)
for (j in 1:2) L2[, j] <- Gamma2[, j] * sqrt(lambda2[j])



rownames (L2) <- colnames (X2)
colnames(L2) <- c("PC1i", "PC2")
round (L2, 4)

# proportion of each variable explained by first 2 PCs (communality)
h2_2 <- Gamma2[, 1]°2 * lambda2[1] + Gamma2[, 2]°2 * lambda2[2]
names (h2_2) <- colnames(X2)

round(h2_2, 4)
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HqHEr (RLESH 2 MERTHIEXRED

> round (L2, 4)
PC1 PC2

ClumpThickness L7337 .1240

CellSizeUniform .9249 .0411

CellShapeUniform 0.9171 .0726

MarginalAdhesion 0.8081 .0459

BareNuclei .8138 0.2301

BlandChromatin .8398 0.2009

.8151 -0.0299

0

0

0

0
SingleEpiCell 0.8167 -0.1448

0

0

NormalNucleoli 0

0

Mitoses .5591 -0.7977

Bl 2 NMERDTENEEMRLES (HEEE)

> round(h2_2, 4)
ClumpThickness CellSizeUniform CellShapeUniform MarginalAdhesion SingleEpiCell
0.5537 0.8571 0.8464 0.6552 0.6879
BareNuclei BlandChromatin NormalNucleoli Mitoses

0.7153 0.7456 0.6653 0.9489
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A Ly (PC1EMT)  lyn (PC2 M)  h2 EBELHED
ClumpThickness 0.7337 0.1240 55.37%
CellSizeUniform 0.9249 0.0411 85.711%
CellShapeUniform 0.9171 0.0726 84.64%
MarginalAdhesion 0.8081 0.0459 65.52%
SingleEpiCell 0.8167 —0.1448 68.79%
BareNuclei 0.8138 0.2301 71.53%
BlandChromatin 0.8398 0.2009 74.56%
NormalNucleoli 0.8151 —0.0299 66.53%
Mitoses 0.5591 —0.7977 94.89%

Mitoses (F7£253%8) HET 2 A ER R LB R E (94.89%), Hrf PC2 MoTERI AR .
CellSizeUniform #I CellShapeUniform H PC1 R L5 m (,92%), 1 ClumpThickness
(P3[R A% (55.37%), ULEHIHSHET 2 A 3B B G AR X 55,

(g) [2 7] MEAREAERT 2 DRI BB, X 25 REAT R
[#]

AR 5T 2 AN FERA AR R (AT (6, be) N8R, 1ERRFE PC1-PC2 ~Fii £/
IR R B 1.

var_labels <- c("ClumpTh","CellSize","CellShape","MargAdh",
"EpiCell","BareNuc","BlandChr", "NormNuc","Mitoses")

plot(L2[, 11, L2[, 2],

xlim = c(-1.2, 1.2), ylim = c(-1.2, 1.2), asp = 1,

xlab = sprintf("PC1 (%.1£f%%)", contrib2[1]%*100),

ylab = sprintf("PC2 (%.1£%%)", contrib2[2]%100),

main = "Variable Biplot on PC1-PC2 Plane\n(Breast Cancer Data)")
arrows(0, 0, L2[, 1], L2[, 2], length = 0.1, col = 1:9, lwd = 2)
text (L2, var_labels, col = 1:9, pos = 4, cex = 0.85)
theta <- seq(0, 2xpi, length.out = 200)
lines(cos(theta), sin(theta), col = "gray")

abline(h = 0, v = 0, 1ty = 2)
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Variable Biplot on PC1-PC2 Plane
(Breast Cancer Data)

1.0

0.5

PC2 (8.6%)
0.0

GeBErenUc

-0.5
!

-1.0

T T f T T
-1.0 -0.5 0.0 0.5 1.0

PC1 (65.5%)

Bl 1.5: I EEE % B PC1-PC2 ~Fii BB K.

o B—EMS (PC1): FifF 9 MEEAE PC1 LHEAMHINIE (0.56 ~ 0.92), BB PC1 1R
TR BERRRE RFR, PCL 1550 s R G S 4R b3 ) 5 o P2 ik ey

o FEZEMHS (PC2): Mitoses (44154 £ PC2 LA —0.80, 1M BareNuclei
BlandChromatin £ PC2 L#fir A IE. Kt PC2 B Rk T 2250 Z4M%F T AR HE I B
FREE” AN B 3 FETE R L RS R A P .

o B Mitoses 7k, HAx 8 NMERIIFT LT LF—8 g M, PCLJrmD, BtBEAsk
Al AQR A0 5 R 255 R AIE. Mitoses #i3k 07 M 5 AR B B2, WA LSRA
EERCLERIEYE 598

e CellSizeUniform # CellShapeUniform M)k /L FEE (FM2 508 0.9249 A1 0.9171),
BE—BIAIE T Z AR s A S (r = 0.9072) .

(h) [2 /7] A& Class (X11) 20RAR, HAlxNT RESEE. EWNEGEERT 2 A3k Fi
EECRE, BEEE RIS SR IWATEA?

[#%]

TR AR ER31555, BLPCL. PC2 AAbR, F% Class (R%E/ &M A B AR R
i, TERE.

# compute principal component scores

scores2 <- Y2 Yx*J Gamma2

# color by class

class_vec <- cancer_clean$Class
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col_class <- ifelse(class_vec "Benign", "steelblue", "red")

pch_class <- ifelse(class_vec == "Benign", 1, 2)

plot(scores2[, 1], scores2[, 2],
col = col_class, pch = pch_class, cex = 0.7,
xlab = sprintf("PC1 (%.1£f%%)", contrib2[1]%*100),
ylab

sprintf ("PC2 (%.1£%/%)", contrib2[2]*100),
main = "Observations on PC1-PC2 Plane\n(Breast Cancer Data, by Class)")
legend ("topright",
legend = c("Benign (2)", "Malignant (4)"),
col = c("steelblue", "red"), pch = c(1, 2), cex = 0.9)
abline(h = 0, v = 0, 1ty = 2)

Observations on PC1-PC2 Plane
(Breast Cancer Data, by Class)

1
Z Benign (2) !
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A A A A 1
a
A 8 A Mo o °
A M A A 1
O -t TTmTmmTmmoommmmoos ‘3_% _________ B””AB__S_EQ____J_ -
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PC1 (65.5%)

Kl 1.6: FLIME S FEATE PCL-PC2 “FIil BB (et .

i
o NHUSEWLIEREMEH, R (Benign, WA L) 5% (Malignant, 2L =)
ATE PC1-PC2 Vil EAFEER RIS B
— RYMEFEATZEERE PCL K (FaBE) KXEAN, xR PCL kT n i) 54
I ER PCL IETT A 3RR & A0 ML 7 W AR LU CR AR AR
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— SBVEREAR NS PC1 BUN (S8R XM, SRI & i W AR bRk or
o PISEFEAALE PCL J5 A EMIX 73 i AW, PC2 J5 M X 7 B JAH X458
o X—ZEIREM, BT 2 NFTAS OLHEHZ PCL) BB SUife RIBHEME 2 M ES, HA
RUFRIHIRIGE ST, AIONJE SRR 72 It CAskI oA ) SEOtAEt.
(i) [2 7] REHLEFES 3 DERD?
(%]

cat (sprintf ("lambda_3 = %.4f\n", lambda2[3]))
cat (sprintf ("PC3 contribution rate: %.2f%%\n", contrib2[3]%100))

cat (sprintf ("Cumulative contribution of first 3 PCs: %.2f%%\n", cum_contr2[3]*100))

lambda_3 = 0.5393
PC3 contribution rate: 5.99%

Cumulative contribution of first 3 PCs: 80.16Y%

L5 LR U BELR G F T

o HEAEMELEN]: A\, =590 > 1, 1M Ay = 0.78 < 1, % Kaiser #fEMLARFE PC1 BIH]. #5 LUKE
IEERT 1 b, BEZRE PC2 ALY, ELHFHE A\ =0.54 < 1 ] PC3.

o EFATUEEMENM: 7T 2 M EXS I RHTTRAE DL 74.17%; A PC3 J54 80.16%, w1k
F)H AR 80% BIMH. 4 LA 80% NHIR, WAHBEFZER 3 TR

o FEAENEN: MAKEE PCL A NBEN, PC2 Z T FH, "#H87fF PC1 M PC2 2
], #E—2BUiH PC2 A PC3 X HE4R 7 2 iR sk A IR

o MAER: W (&) MMELSEF LA, PClL O&A B hIX /5 Kk 5%, PC2 1%
ST 22 5y ZLRRRRRAE RS (TTRRER 8.62%) . #H LA NFEHER, 7T 2 MERS O 2,
B3R 80% MRS, mFEIA PC3 (ClumpThickness 771, PC3 MI#A £3, = 0.87
B .

o ZAFINT: AERZHIENT, BT A\ <1 H PC3 {UHAMAR 5.99% (75 %, BERNE
FEEE 8 NEMS, VART 2 AN A HEAT 44 B AL i 75 oK. (HA AR R R TR R A B
80%, WIFTHAEHLIRE PC3.



