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5 8 = [OYIHREY (Regression Models)

% 9 B T =14#F (Variable Selection)
% 10 E BUBEFFEMNEF DR (Decomposition of Data Matrices by Factors)
% 11 8 £ 2t (Principal Components Analysis)
% 12 & EFF 2% (Factor Analysis)
% 13 & BEH7 (Cluster Analysis)
% 14 & #59#r (Discriminant Analysis)
2 15 B MM (Correspondence Analysis()
% 16 & HAIFE x24T (Canonical Correlation Analysis)
£ 17 B Z4EME A (Multidimensional Scaling)
% 18 E BXEMIZE 2 HT (Conjoint Measurement Analysis)
% 19 & £EmIgaIN A (Applications in Finance)
5 20 Z IHEZRERFE (Computationally Intensive Techniques)
£ 21 & BERE R (Locally Linear Embedding)
2 22 = FELRIEER N\ (Stochastic Neighborhood Embedding)
£ 23 B WY RIEMS 82 (Uniform Manifold Approximation and Projection)
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Fitting the n-Dimensional Point Cloud (f)l& mEE)
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Relations Between Subspaces (FZ=[8]H)x 2 )

Practical Computation (&%)
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library(plotly) /size = 3, # =R/

library(mclust) opacity = 0.8, # ERE
:t?tf);bnakr:gl‘e’;e) ;g line = list(width = 0.5, color = "black")
e T )) %>%

X <- banknote$Length Q .‘.-." a EEn
y <- banknote$Bottom IR f;:;:}-,’;.,.,. L | e e e L
z <- banknote$Diagonal -1 5 title = list(text = "P) EHIERIN=4H8U<E | plotly", x =
group <- banknote$Status S L 0.5, font = list(size = 15)),
df1 <- data.frame(x, y, z, group) o scene = list( # 5i—IRE 3 T ALIRERATR
p1 <- plot_ly(df1, e xaxis = list(title = "X"),

X = ~X, T—e— yaxis = list(title = "Y"),

y = ~y, zaxis = list(title = "Z")

Z=~z, ),

color = ~group, # A B E legend = list(title = list(text = "320"))

colors = c("#ff7f0e","#2ca02c"), ) %>%

type = "scatter3d", # {E=4EmE config(displaylogo = FALSE)

mode = "markers", # RETR&S P

marker = list(
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o HUEIEKE L, Xi X o o X,

(’xl 1 x12 °ec .xlp\
R” Xo1 X2ttt Xy
Lwor=1. . . Tl=0(n *» Xp))
° ] L4 ° A A —_ . . - E
\xnl xn2 ces xnp} / :I:*l-.ﬁjj x[]] E,J p Em\
X <- banknote$Bottom . e )) %>%
y <- banknote$Left S layout(
z <- banknote$Top SR ;f :' title = list(text = "¥PEHIREN D H=E=E | plotly",
group <- banknote$Status Q aie e AT x = 0.5, font = list(size = 15)),
df22<<- ollattal.frzge(x, Y,z group) = - . ,» at o scene = list( # H—igE 3 PRI B R
Pe<-P Ox_—y(~x ’ L ‘ xaxis = list(title = "X"),
L yaxis = list(title = "Y"),
S zaxis = list(title = "Z")
= ~z, \
— /\h
co:or _ gr"c;tﬁ,??b 4.;.# ":ff7f0 o legend = list(title = list(text = "432H"))
colors = ¢( ), ) %%

type = "scatter3d", # fF=4RE config(displaylogo = FALSE)

mode = "markers", # RETS p2
marker = list(
size = 3, # SR/

opacity = 0.8, # BEHAE
line = list(width = 0.5, color = "black")
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EFLX/E\ p éﬁﬁ&?}ﬁ,‘f—i (Fitting the p-Dimensional Point Cloud)

o 1 FFZ|g

> LRI R TR

x <-¢(-1.5, -0.5, 0.3, 1.2, 1.3, 2.5)
y <-¢(-0.4, -1.0,1.2,0.3, 1.5, 0.8)
plot(x, y, xlim = ¢(-2.5, 3.0), ylim = c(-2, 2), axes = FALSE, pch =8, cex=1,xlab=",ylab =", asp = 1)

arrows(0, 0,
arrows(0, 0
arrows(0, 0,
arrows(0, 0
arrows(0, O,

3.0, 0)

, 0, 2)

-2,-2)

, 0.5, 0.3, col ="red’, lwd = 2, length = 0.15)

1.3, 1.5, length = 0.15)

abline(coef = c¢(0, 0.6), col ='greend’, Ity = 2)

a <- array(0,
b <- array(0,

dim = length(x))
dim = length(x))

for (i in 1:length(x)) {

a[i] <- (10 *
b[i] <- 0.6 *

lines(c(x]i],

}

arrows(0, 0,

x[i] + 6 * y[i]) / 13.6
alil
afi]), c(ylil, b[i]), Ity=3)

a[5], b[5], length = 0.15)

nxp

(X1 Xpp
X1 A2
xnl xn2
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EHX E*S(TE,“\ (Fitting the p-Dimensional Point Cloud)
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EH«X/E\ p é&é&?}ﬁ,‘f—i (Fitting the p-Dimensional Point Cloud)

o 1 FZ|g]
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T
K4
Theorem 2.5 If o/ and B are symmetric and B > 0, then the maximum of ngg ~ is % = jp
xT%B x

given by the largest eigenvalues of B~'l. More generally,

Tg Ty —
max o X = A > Ay > > A = min e X = U
x xTBx Py xTB x

where A, 4, ..., lp denote the eigenvalues of B~'d. The vector

T

x
is the eigenvector of B~'d
xTAB x

which maximizes (minimizes)
which corresponds to the largest (smallest) eigenvalue of B~ 'd. If
x'%B x = 1, we get

max x"of x =2 > 2> >4, =min x"of x
X X
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EH«X/E\ p é&é&?}ﬁ,‘f—i (Fitting the p-Dimensional Point Cloud)
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EHX QE*S(TE,“\ (Fitting the p-Dimensional Point Cloud)
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EFLX% p éﬁﬁ&?}ﬁ,‘f—"—'\ (Fitting the p-Dimensional Point Cloud)

o 2 LT g

x <-¢(-1.5, -0.5, 0.3, 1.2, 1.3, 2.5)
y <-¢(-04, -1.0,1.2,0.3, 1.5, 0.8)
plot(x, y, xlim = ¢(-2.5, 3.0), ylim = ¢(-2, 2), axes = FALSE, pch=8,cex=1,xlab=",ylab=",asp=1)
arrows(0, 0, 3.0, O, length = 0.15)
arrows(0, 0, 0, 2, length = 0.15)
arrows(0, 0, -2, -2, length = 0.15)
arrows(0, 0, 0.5, 0.3, col ='red’, Iwd = 3, length = 0.15)
arrows(0, 0, -0.3, 0.5, col = 'red’, lwd = 3, length = 0.15)
arrows(0, 0, 1.3, 1.5, length = 0.15)
arrows(-2, -1.2, 3, 1.8, col ='green4’, length = 0.15)
arrows(1, -10/6, -1, 10/6, col = 'green4', length = 0.15)
# abline(coef = ¢(0, -10/6), col = 'green4’, Ity = 2)
a <- array(0, dim = length(x)); b <- array(0, dim = length(x))
c <- array(0, dim = length(x)); d <- array(0, dim = length(x))
for (i in 1:length(x)) {

ali] <- (10 * x[i] + 6 * y[i]) / 13.6; bJ[i] <- 0.6 * a[i]

c[i] <- ((6/10) * x[i] - y[i]) / (10/6 + 6/10); d[i] <- -(10/6) * c[i]
}
lines(c(x[5], a[5]), c(y[5], b[5]), Ity=3)
lines(c(x[5], c[5]), c(y[5], d[5]), Ity=3)
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EFLX/E\ p éﬁﬁ&?}ﬁ,‘f—i (Fitting the p-Dimensional Point Cloud)

® 2 fFFESE]

RP

Jun] =1 ] =1 =0




N e A s Decomposition of Data Matrices by Factors

EH«,{ E*S{TE,“\ (Fitting the p-Dimensional Point Cloud)
® 2 H{F=(g]
» BAIAIE u, BT THREAZERTINEREL F,.

> n TEIERT F, LHN%IRN 2, = Lu,.

Jduy

A %Q% (second factorial variable) EE% ’ETE_"; — A-F (second factor).
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EH«,{ QE*S(EI:E/“\ (Fitting the p-Dimensional Point Cloud)
e ¢ (¢q<p)HF=NH
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AR
> n NRRIESR k NEFH u LROBITERE k MEFER 5 = 2w, 4
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> _/|\j§ ﬂ'l'\— Zk <Zlk’ ZZk’ cees nk) %}J A,-I‘RE X[l]’ X[z], coo X[p] E’\]_/\é£
HHE, ZEEAESNARIES L TH= u, NTRS
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o 1 4F=q

x <-¢(-1.5, -0.5, 0.3, 1.2, 1.3, 2.5)
y <-¢(-04, -1.0,1.2,0.3, 1.5, 0.8)
plot(x, y, xlim = ¢(-2.5, 3.0), ylim = c(-2, 2), axes = FALSE, pch =8, cex =1,
xlab=",ylab=" asp =1)
arrows(0, 0, 3.0, O, length = 0.15)
arrows(0, 0, 0, 2, length = 0.15)
arrows(0, 0, -2, -2, length = 0.15)
arrows(0, 0, 0.5, 0.3, col ='red’, lwd = 2, length = 0.15)
arrows(0, 0, 1.3, 1.5, length = 0.15)
abline(coef = ¢(0, 0.6), col = 'greend’, Ity = 2)
a <- array(0, dim = length(x))
b <- array(0, dim = length(x))
for (i in 1:length(x)) {
ali] <- (10 * x[i]+ 6 *y[i]) / 13.6
b[i] <- 0.6 * a[i]
lines(c(x[i], a[i]), c(y[i], b[i]), Ity=3)
}
arrows(0, 0, a[5], b[5], length = 0.15)
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x <-c(-1.5,-0.5, 0.3, 1.2, 1.3, 2.5)
y <-c(-0.4,-1.0, 1.2, 0.3, 1.5, 0.8)
plot(x, y, xlim = ¢(-2.5, 3.0), ylim = ¢(-2, 2), axes = FALSE, pch = 16, cex = 1.5, xlab =", ylab =", asp = 1)
arrows(0, 0, 3.0, O, length = 0.15)
arrows(0, 0, 0, 2, length = 0.15)
arrows(0, 0, -2, -2, length = 0.15)
arrows(0, 0, 0.3, 0.18, col = 'red', lwd = 3, length = 0.15)
arrows(0, 0, -0.18, 0.3, col ='red', Iwd = 3, length = 0.15)
arrows(0, 0, 1.3, 1.5, length = 0.15)
arrows(-2, -1.2, 3, 1.8, col ='greend’, length = 0.15)
arrows(1, -10/6, -1, 10/6, col = 'green4', length = 0.15)
a <- array(0, dim = length(x))
b <- array(0, dim = length(x))
c <- array(0, dim = length(x))
d <- array(0, dim = length(x))
for (i in 1:length(x)) {
ali] <- (10 * x[i] + 6 * y[i]) / 13.6
b[i] <- 0.6 * a]i]
c[i] <- ((6/10) * x[i] - y[i]) / (10/6 + 6/10)
d[i] <- -(10/6) * ci]
}
lines(c(x[5], a[5]), c(y[5], b[5]), Ity=3)
lines(c(x[5], c[9]), c(y[5], d[5]), Ity=3)
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_7r§ |\E__|Z|\E__| EI’\]?&,% (Relations Between Subspaces)
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_7r§ |\E__|Z|\E__| EI’\]?&,% (Relations Between Subspaces)
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» HIE, ZE R BAHIEOE A

(X*X) u, = hwy, k < r =rank (%&”T> =rank (2') < min{p , n}
Multiplying by N 7 (272)

(227 (2uy) = 2 (2 w)

>\ XE—MEHEE A,
3 2TY B—TMHEIRE v, — (2u,) B 27" —MFEEE
» T E— D ESHIER 29" —NMSEE.
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_7F§ |\E__|Z|\E__| E"]?é,% (Relations Between Subspaces)
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(@) IREEXF e s Decomposition of Data Matrices by Factors
_7r§ |\E__|Z|\E__| EI’\J?&,% (Relations Between Subspaces)
o KREFTMANMMAEIEZEINXEXAR.

T 104 GHBXR)IE T MR r. X T hk<r, T 5 T 895 k NMFIE A, 18E,
NN AIFEEE (D3EH u, 5 v,) ZIEINXRUT

» OEE, u, My, MY T NEFFEDRE (SVD, singular value decomposition).

® Theorem 2.2 (Singular Value Decomposition)

Each matrix o ., with rank r can be decomposed as

nxp
d=TAAT
where I, and A, .. BothI' and A are column orthogonal, i.e.,
IMTr=ATA=1
and
A = diag (4%, )%, .., 4%) , 4> 0
the values A, A5, ..., A, are the none zero eigenvalues of the matrices AA" and

A A T and A consist of the corresponding r eigenvectors of these matrices.




H 2 X F (R s Decomposition of Data Matrices by Factors

_7F§ |\E__|Z|\E__| E"]?é,% (Relations Between Subspaces)
o AREMMANMMIAZERINEXAR.

T 104 GHBXR)IE T MR r. X T hk<r, T 5 T 895 k NMFIE A, 18E,
NN AIFEEE (D3EH u, 5 v,) ZIEINXRUT

> fi%z'\, u, Al V; MY X NEFFEDRE (SVD, singular value decomposition).

® Theorem 2.2 (Singular Value Decomposition)

Each matrix & ,,,, with rank r can be decomposed as

P A4 =T A AT
» % where T, and A, . Both" and A are column orthogonal, i.e.,
ITT=ATA=1I,
and
A A = diag (A%, A%, ..., 4) ,4>0
U — ( u 1 u2 *ee u r) the values Ay, Ay, ..., A, are the none zero eigenvalues of the matrices A" and

AT T and A consist of the corresponding r eigenvectors of these matrices.

V=(v, v, - ) - = I =vAlut
A=diag (4, 4, ... ,4,)

r
— 172
— Xl-j — Z /lk Vik u]k
k=1
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SLERITE

o RUTYMIBEE L > by > - > A REIRIHSEAE 1, 1y, ....u

>

BELE 7, = Tu, *F 2, = Lu, BWER, BIEEE n MU SE—NT

R9ZRIL.
NRFEIEINS

BITH w, =
JRCESE
R BTN

Decomposition of Data Matrices by Factors

D

I~

S=NEE, BATRIBARIN z; = Lu;.

CHELE

Vi, KT wy =/lu, NER, BIFRE p TEEE—

BEENAFETNEISITE £ > 30z, 5w, 528, 34, WWRTEHR

SliZ T

S=NERE, BATATRI w, = \/Lu,

/—

1T



@ TR il X5 (b 3 )serisapichi Decomposition of Data Matrices by Factors
== Y a
SLIRiTE

o LHEEN g WFTHHPRFETRREN—MITEREN

2«1+/12+”'+ﬂq
T = —> OST Sl

q
</11 TR I /1q> F A+ A

> —RREN, BOFRATER Y 'y Hy € R" XTFRAMIRE (nertia).

JJ

T ,,
» BN (') u=2u, = u' (U'X)w=Au'u; =1 = (fl'uj)

> Eit, 4 RE TEFEEETEANIRE.

> LHME ¢, BIREERIRET IR ¢ MNE TR,

> /11 + 12 + -t }*p E P /l\,_mEE/]/u\ F'\EE/]_/l\}g%

n P

14 14
2’1] H(21) = ZZ ;= Zx[Tj]x[j]
j=1

=1 j=1 i=1

.



(@) pARIRF LR Decomposition of Data Matrices by Factors
LRt HE
o {l: ARABFXHE (21, 31, 41785 1 zF) WEEXRE (ANF5oE =
MA, &G =EM, 238 = CA) NEmXHIE
> BAVRAKBHEMAREREREZSRERENEY. M HAXEHRSNE
LA, FrAIgEDS([o 8]
> HIES:

setwd("~/Desktop/2023 Applied Multivariate Statistical Analysis/R Codes with data/Data")
library(data.table)

X <- read.csv("food.csv", header = FALSE)

X

I-H

I
o)
>

&

Al

\%

X
V2 V3 V4 V5 Ve V7 V8
332 428 354 1437 526 247 427
293 559 388 1527 567 239 258
372 767 562 1948 927 235 433
406 563 341 1507 544 324 407
386 608 396 1501 558 319 363
438 843 689 2345 1148 243 341
534 660 367 1620 638 414 407
460 699 484 1856 762 400 416
385 789 621 2366 1149 304 282
10 655 776 423 1848 759 495 486
11 584 995 548 2056 893 518 319
12 515 1097 887 2630 1167 561 284

O oo NV WN B

I ————



(@) pARIRF LR Decomposition of Data Matrices by Factors
LRt HE
o fl: ARARFLEE (21, 31, 4178 5 M &F) WEERE (KA NF5ohE =
MA, &G =EM, 238 = CA) NEmXHIE
> AR, EXTHEEEYH, RRIKBFESX (ERNR—T"THERIHR
=).
> AL, BEA—TRENERES “SEBXE RUERATIER, MAZRSR
M (FHR) #1THER, XFEHEFREX.
> A, ERXNBERITHROMLE (RRRFBEE

X = X[, 2:ncol(x)]

N/

-
Tull}
(I

DR X))

n= nrow(x) > round(a, digits = 3)
B bread veget fruit meat poult milk wine
p = ncol(x) -114.667 -304 -151 -449.75 -277.167 -111.25 58.417

-153.667 -173 -117 -359.75 -236.167 -119.25 -110.583
-74.667 35 57 61.25 123.833 -123.25 64.417
-40.667 -169 -164 -379.75 -259.167 -34.25 38.417

1
a = x - matrix(apply(x, 2, mean), n, p, byrow = T) # substracts mean g
4
5 -60.667 -124 -109 -385.75 -245.167 -39.25 -5.583
6
7
8

round(a, digits = 3)

-8.667 111 184 458.25 344.833 -115.25 -27.583
87.333 -72 -138 -266.75 -165.167 55.75 38.417
13.333 -33 -21 -30.75 -41.167 41.75 47.417
9 -61.667 57 116 479.25 345.833 -54.25 -86.583
10 208.333 44  -82 -38.75 -44.167 136.75 117.417
11 137.333 263 43 169.25 89.833 159.75 -49.583
12 68.333 365 382 743.25 363.833 202.75 -84.583

— T



() A Ak R T R s Decomposition of Data Matrices by Factors

=7/ CHINA UNIVERSITY OF PETROLEUM -BELING AT KARAMAY

o {l: ARABFEHE 2 1. 31T, 4178 5 1N 4F) WEEZERRE ((KN561E =
MA, Ef =EM, 218 =CA) NEBmILEIE)

1
> [BlIF—FARORERER Z = 7, — ;lnlz. Altb, FATATAETA T ANEERAF

MU IR RN

one = matrix(1, n, n)
h = diag(1, n, n) - one/n # centering the matrix
round(h %*% as.matrix(x), digits = 3)

> one = matrix(1l, n, n)

> h = diag(1, n, n) - one/n # centering the matrix

> roundCh %*% as.matrix(x), digits = 3)

bread veget fruit meat poult milk wine

[1,] -114.667 -304 -151 -449.75 -277.167 -111.25 58.417
[2,] -153.667 -173 -117 -359.75 -236.167 -119.25 -110.583
[3,] -74.667 35 57 61.25 123.833 -123.25 64.417
[4,] -40.667 -169 -164 -379.75 -259.167 -34.25 38.417
[5,] -60.667 -124 -109 -385.75 -245.167 -39.25 -5.583
[6,] -8.667 111 184 458.25 344.833 -115.25 -27.583
[7,] 87.333 -72 -138 -266.75 -165.167 55.75 38.417
[8,] 13.333 -33 -21 -30.75 -41.167 41.75 47.417
[9,] -61.667 57 116 479.25 345.833 -54.25 -86.583
[10,] 208.333 44 -82 -38.75 -44.167 136.75 117.417
[11,] 137.333 263 43 169.25 89.833 159.75 -49.583
[12,] 68.333 365 382 743.25 363.833 202.75 -84.583

IIIIIIlllllIIIIlllII--"""-"'--llllllllllllllllllll



&) FR AR T LR s

& =/ CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

SLERITE

Decomposition of Data Matrices by Factors

o {l: ARABFEEHEZE 2 1. 3. 4178 5 M 4F) WEEZRRE ((KN56E1E =
MA, Ef =EM, 218 =CA) NEBmILEIE)

> IS, ATXCTEENBIREEERRK, BTE=EHITIVENCLIE,

MEEDHRETZL=REGHEEINE (EN0, HERNI).

> &fm, RAAERN, RATEERERER

cEE R TP L ERIELH.)

 EAEIRIEIERN 7, = —— # o 2, HE

d = diag(1/sqgrt(colSums(a”*2)/n))

Xxs = h %*% as.matrix(x) %*% d # standardized data
xs1 = xs/sqrt(n)

round(xs1, digits = 3)

n

> d = diag(1/sqrt(colSums(arz2)/n))
h %*% i %*% d # st

= s.ma
> xsl = xs/sqrt(n)

=
[T
N P

v
[ e e L e )
S WK NOOU A WNR ]

P N S gy o
T B i <
=1

' IR a

trix(x)

xsl, digits = 3
11 L2 031 L4 0,51 el [7]
-0.323 -0.485 -0.276 -0.343 -0.335 -0.286 0.245

aiNE=dh

TTEHRRA Vn =/12. (XRE

1 9 = diag (SXiXi>'



o) TR A K F (kA e Decomposition of Data Matrices by Factors

& =/ CHINA UNIVERSITY OF PETROLEUM - BEUING AT KARAMAY

SLPRT &

o i ARAFRFREE 2 1. 3. 417 51 ZF) WEERE (KH%EE =
MA, E5 = EM, 238 = CA) WEmHIE
> TEXERERN

xs2 = t(xs1) %*% xs1

round(xs2, digits = 2)

> Xxs2 = t(xsl) %*% xsl

> round(xs2, digits = 2) > round(cor(x), digits = 2)

bread veget fruit meat poult milk wine
L Lel L3 L4l L5 L6l L.7] bread 1.00 .59 0.20 .32 0.25

0.86 0.30
E;’% ;:gg ?:gg g:;g g:z; g:gg g:gg _g:gg veget ©.59 1.00 0.86 0.88 0.83 0.66 -0.36
31020 0.8 100 096 093035 015 fruit 0.20 0.86 1.00 0.96 0.93 0.33 -0.49
105 035 0.9 100 09303 044 meat ©.32 0.88 0.96 1.00 0.98 0.37 -0.44
S 100 083 093 098 1000 75 040 poult ©.25 ©.83 0.93 0.98 1.00 .23 -0.40
o108 0ce 033 037 023100 001 milk .86 0.66 0.3 0.37 0.231.00 0.01
21 030 -0 36 -0.49 -0 44 -0.42 0.01 1.00 wine 0.30 -0.36 -0.49 -0.44 -0.40 0.01 1.00

’ T — =

— "

> BATEFTUEE AN A MR EIRE 1S EIE KB

round(cor(x), digits = 2)



(@) pARIRF LR Decomposition of Data Matrices by Factors
LRt HE
o fl: ARARFLEE (21, 31, 4178 5 M &F) WEERE (KA NF5ohE =
EQ =EM, 23 = CA) NREXHIE
> HXIERERA

fruit
W

> Xs2 = t(xsl) %*% // > wine
2 ave

bread < > round(xs2, digits =
N0 L1 L2 [3] L

[,5] [,6e] [,7]

veget < [1,: 1.00 0.59 ©.20 0.32 0.25 0.86 .30
meat < z,: 0.59 1.00 0.86 0.88 0.83 0.66 -0.36
\\\\\\%3,: 0.20 0.86 1.00 0.96 0.93 0.33 -0.49
4,0.32 0.88 0.96 1.00 0.98)0.37 -0.44

5,1 0.25 .83 0.93 (0.98) 1.00 0.23 -0.40
po“””"\-"/%6,: 0.8 0.66 0.33 ©0.37 0.23 1.00 (0.01
[7,] 0.30 -0.36 -0.49 -0.44 -0.40(0.01) 1.00

/

> ELFARERENRE, BNTEHEEEMRRXIE?




(@) pARIRF LR Decomposition of Data Matrices by Factors
LRt HE
o fl: ARARFLEE (21, 31, 4178 5 M &F) WEERE (KA NF5ohE =
MA, &G =EM, 238 = CA) NEmXHIE
> HEXRIEFFRIFFEEMX N VLR = A

eig = eigen(xs2) # spectral decomposition
lambda = eig$values

o > round(lambda, digits = 2)
round(lambda, digits = 2) [1] 4.33 1.83 0.63 0.13 0.06 0.02 0.00
gamma = eig$vectors

round(gamma, digits = 2)

T — T

> round(gamma, digits = 2)

(,11 [,21 [,31 [,41 [,51 [,6] [,7]

\
(1 (433) [1,] -0.24 0.62 0.01 -0.54 -0.04 0.51 -0.02
A : [2,] -0.47 0.10 0.06 -0.02 0.81 -0.30 0.16
1.83 [3,] -0.45 -0.21 -0.15 ©.55 0.07 0.63 -0.20
A3 0.63 [4,] -0.46 -0.14 -0.21 -0.05 -0.41 -0.09 0.74
a=al=l013 [5.] -0.44 -0.20 -0.36 -0.32 -0.22 -0.35 -0.60
0.06 [6,] -0.28 0.52 0.44 0.45 -0.34 -0.33 -0.15
A5 : [7,] 0.21 0.48 -0.78 ©0.31 0.07 -0.14 0.04
o [o0z2]
.| 1000, \\\
"7 N A+
Ty = (0.8805039

T Ay A Ay s+ A+ A

> HENEAERXTEUES.




&) JALEXF e R e Decomposition of Data Matrices by Factors

o fll: HRABFREHE= 217, 31, 418 5 N 4F) WEEZRRE ((KN50E =
MA, Ef =EM, 218 =CA) NEBmILEIE)

> p=T11TREE—TFELBRWANEY w, = /Aju, KT w, =/lu, BIEK
REIRERT.
w = gamma * (matrix(sqrt(lambda), nrow = nrow(gamma), ncol = ncol(gamma), byrow = T)) # coordinates of food
w =w[, 1:2]

w = round(w, 3)
namew = c("bread", "veget", "fruit", "meat", "poult", "milk", "wine")

par(mfrow = c(2, 1))

plot(w[, 1], -w[, 2], type = "n", xlab = "W[,1]", ylab = "W[,2]", main = "Food", cex.axis = 1.2,
cex.lab = 1.2, cex.main = 1.6, xlim = ¢(-1.2, 0.5), ylim = c(-1, 0.5))

text(wl[, 1], -w[, 2], namew, xpd = NA)

abline(h=0,v=0, Iwd = 1.2)

for (iin 1:7) {
mtext(namew][i], side = 1, line =5 + i, at = -1.15)
mtext(toString(c(sprintf("%.3f", w[i, 1]))), side = 1, line =5 + i, at = -0.55)
mtext(toString(c(sprintf("%.3f", w[i, 2]))), side = 1, line =5 + i, at = 0)

}



(b)) T8 e X F (k3 s Decomposition of Data Matrices by Factors

s/ CHINA UNIVERSITY OF PETROLEUM -BEUING AT KARAMAY

 bread/wine component Food
(E B/ 40BET)
0 _
o
fpgtlt
meat
Q
o
_ veget
N
=
©
S -
milk
bread
S
r : I |
-1.0 -0.5 0.0 0.5
meat/fruit factor of consumption (/"“\W[ 1
(FE/FHREF) ’
bread
veget 0.133
fruit -0.278
meat -0.191
poult -0.266
milk 0.707
wine 0.648

—



&) JALEXF e R e Decomposition of Data Matrices by Factors

o {l: ARARFXEE (21, 31 418 5 TxF) WEEZRE (R 5E1E =

Eo = EM, 218 = CA) NEmXXHE

> n PEEERE—TTE LRI AIBE S 2, = Ju X T 72, = Lu, IR
SR

z1 =xs1 %*% gamma # coordinates of families

z2 = sqrt(n/p) * z1

z=2z2[,1:2]

z = round(z, 3)

namez = ¢("ma2", "em2", "ca2", "ma3", "em3", "ca3", "ma4", "em4", "ca4", "masd", "em&", "cad")

/

MA,

.

IR

graphics.off()
par(mfrow = c(2, 1))
plot(z[, 1], -z[, 2], type = "n", xlim = c(-2, 2), ylim = c(-1.1, 1), xlab = "Z[,1]",
ylab ="Z[,2]", main = "Famllles , cex.axis = 1.2, cex.lab = 1.2, cex.main = 1.6)
text(z[, 1], -z[, 2], namez, xpd = NA)
abline(h=0,v =0, Iwd = 1.2)

for (iin 1:12) {
mtext(namez][i], side = 1, line = 5 + i, at = -2)
mtext(toString(c(sprintf("%.3f", z[i, 1]))), side = 1, line =5 + i, at = -1)
mtext(toString(c(sprintf("%.3f", z[i, 2]))), side = 1, line = 5 + i, at = -0)
}



50 F) s X5 (kA stk Decomposition of Data Matrices by Factors

s/ CHINA UNIVERSITY OF PETROLEUM -BEUING AT KARAMAY

Families
o
cad em2
0 ca3
o
¢a2
ma2
~5 9 cab em3 (\
.~ O
N ma3
em4
0 emd
Q ma4
C
N mabd
T T T T
-2 -1 0 1 2
Z[1] |
— = .
B ERNREENTHERARNE
ma2 1.129 -0.144
em2 0.746 -0.708 1558 BR a1 84
ca2 0.047 -0.286
ma3 0.806 0.128
em3 0.669 -0.064
ca3 -0.669 -0.535
ma4 0.368 0.542
em4 0.100 0.250
ca4 -0.632 -0.685
mab5 -0.087 1.096
em>5 -0.770 0.447
cab -1.705 -0.040




() T8 A X F (k2 i Decomposition of Data Matrices by Factors

s/ CHINA UNIVERSITY OF PETROLEUM -BEUING AT KARAMAY

Families
o
cad em2
0 _ ca3
o
¢a2
ma2
E g _cab em3
N ma3
em4
0 | emd
Q ma4
e
N mab
| | |
-2 -1 0 1 2
Z[1]
ZAEREUTERNALA.
ma2 1.129 -0.144
em?2 0.746 -0.708
ca2 0.047 -0.286
ma3 0.806 0.128 -
em3 0.669 0.064 R N5 & T e G X EN = T
ca3 -0.669 -0.535
ma4 0.368 0.542
em4 0.100 0.250 EJ:% .
ca4 -0.63 -0.685
ma5 -0.087
em5 -0.770 0.447
cab -1.705 -0.040




() A AEXF R i Decomposition of Data Matrices by Factors

Food Families
To o
o -
froilit cad em2
meat ToN ca3
o
8 ga2
2
- veget 5 © cab em3 me
— e O
3 N ma3
éem4
v
Q@ 0 | em5
; < ma4
wine
milk
bread o
o - i
- - ' ma$p
' T T T T T T T
-1.0 -0.5 0.0 0.5 -2 -1 0 1 2
W[, 1] Z[ 1]

ored WF CAS (BANRFHAERE), HRFTEHEIALKERT. HRTFEE
vegd . o S i o B e S o o SV
il HEE, XERERALIREURKRFRTA R BRI,

poult -0.911 -0.266 em3 0.669 -0.064

milk -0.584 0.707 ca3 -0.669 -0.535

win 0 400 faW~Y Ko —al 0220 OcANn
2 1 B, BOBEFETAREER, FETERN\NRL

mab -0.06/ 17.096

emb -0.770 0.447

cab -1.705 -0.040

0 — —



