Lab2 T o3 A AN 0 A

B0 1-3, #3243 1-6

1 FE ot
1.1 EARFE R T

SR TE R A3 BT A SR PR Bl 25 R0 B B 5% R EUE B LA L R B PCA, e RAA B 7 22 8l 52 230
ST A FEAEEE S E . B1E PCA I R /40 F

princomp(covmat=Sigma) #covmat: covariance/correlation matrix

[

5 1 (GRAG 8.4). HEMES B RS K.
log(W),x3 = log(H) BIhJ7 ZHFE R

i s o ale oy LWH, BT x = log(L),x, =

11.072 8.019 8.160
S=1073| 8.019 6.417 6.005 |.
8.160 6.005 6.773

> S = matrix(10~(-3)*c(11.072,8.019,8.160,8.019,6.417,6.005,8.160,6.005,6.773),3,3)
> mypca = princomp(covmat = S) # f8E N Z&-Wh I ZHFEANS

> summary (mypca,loading=T) #loading=T: #itt#if (Loadings) , BNSHIHHIE A &

Importance of components:

Comp.1 Comp.2 Comp.3

Standard deviation 0.1526548 0.02446816 0.01896889

Proportion of Variance 0.9604934 0.02467606 0.01483055

Cumulative Proportion 0.9604934 0.98516945 1.00000000

Loadings:

Comp.1 Comp.2 Comp.3
[1,] 0.683 -0.158 0.713
[2,] 0.510 -0.595 -0.621
[3,] 0.523 0.788 -0.326

o HiH 45 R Importance of components 43

AT NEAD TR HIbREZ: VA = 0.1526548, VA, = 0.02446816, VA5 = 0.01896889. &5 ..
AT T ZEAE SR LA DL AL, BE A /(A + Ay + A3) = 0.9604934 FE4E,

o M SR Loadings #4):
H—F5E v =(0.683,0.510,0.523) T, FTLAXHAEAT x = (x1,x0,x3)7, H—FE N
1 = v] x = 0.683x] +0.51x; + 0.523x3,
=AM /loading FF5AHHIA, T FLEUEESE . UrBlh ] DUOAK

1 1
~(x1 +x+x3)/ V3 =—=1Io Lx W x H) = —log(Volume
V1 & (%1 + X3+ x3) NG g ( V3 g( )



EREMRE ST 221 96.05%, AL v SUABULFEE TIEBEFLUAE x = (x),x0,x3)T BFIFTAELE, I
51, (8] A AR 72 53] S AR EILAE AR AN

23 1. EEE 11 WH 4LERDFENNR), KiEA R BFHKIEE ability.cov.

%3] 2. (Johnson and Wichern A 8.5). ATHEE 5 NAHF): Allied Chemical, du Pont, Union
Carbide, Exxon, Texaco HIBRENEZEIRX R, RIE 1975 F-1976 FHZFAIWEN BB ITHESEIR
ZAWEE (EXH: [(RAARKEN- EARKEN)/ LARKEN), 18 x1,...x5 FRE LR 5 FHERE
FIEWEER. EE5E 100 AXHFHNRIE, BIIHTESE x= (x,...,x5)7 BHEXREERER:
1 0.577 0.509 0.387 0.462
0.577 1 0.599 0.389 0322
R=] 0.509 0.599 1 0.436 0.426

0.387 0.389 0.436 1 0.523
0.462 0.322 0.426 0.523 1

R=c(1,0.577,0.509,0.387,0.462,0.577,1,0.599,0.389,0.322,0.509,0.599,
1,0.436,0.426,0.387,0.389,0.436,1,0.523,0.462,0.322,0.426,0.523,1)

R=matrix(R,5,5)

company=c("Allied Chem", "du Pont", "Union Carbide", "Exxon", "Texaco")

rownames (R)=colnames (R) =company

HRET 5 MNRENBEXRBIERE (R BE: cor), #1T PCA 21, MRER.

1.2 FEARERD T

Bk PCA BUERA R aaEHE, AR ESEMERKEMME (FRN pe 557 score), HASREHE XA .
A RIGEARFEARSS, WREE R MEARN pe 197 AR SR Z MK R (biplot).

T HRGEEIRAEE, R PR PCA MEFEZEAGMA: princomp, prcomp (GH R n<p
FIEE). A PCA B R 2 WIR

mypca = princomp(x,cor=F, ...) #x: data matrix, n>p;
mypca=prcomp(x,scale=F,...) #x: data matrix, n>p B{ n<p;
biplot (mypca) #X{FrE

PR PCA, WA R B4 FRAH R ((HEf AT BEAH 2 — M55 ). princomp #3K 1> p. precomp A fE
PSR PCA, HEEAHAEN p KRTFAN n MR CGENTHRES M svd, KTH svd fFE
o AT LG 248 J, IX BN 288 o I —MRAETERD n>p B, A princomp BREE A PCA B
FEAR PCA, RE n<p WA precomp Bi# svd.

princomp % H 19 3= 5% 73 FE Aaf 43 B FK N scores,loadings; precomp i H 1 3 A% 23 A1 R AT 2 A BR N
x,rotations. PIMERELIIEAE (default) 15 OLEE A 07 ZZH6 5. cor=T, scale=T #7245 & 5 FHAHK R %L
FERE ChREA B (W 7 22D

%33 EEEFE 120 2 (BONMKIBEHIR), BIBEA

read.table("http://staff.ustc.edu.cn/~ynyang/vector/data/temperature.csv",
head=T, row.name=1, sep=",") #row. name=135 E csvIHE—F|Rrowname
#or
read.csv("http://staff.ustc.edu.cn/~ynyang/vector/data/temperature.csv", head=T, row.name=1)



#3 4. R IZFE FactoMineR HIIEEE decathlon B& 2004 £ 8 B 23-24 HHBEEZSFEE 9 B
25-26 H#1THY Decastar BEF+IML gL RIS (B EHRERESMTXFAIAHE, FERHR L
RANEPRRABETRLEEE RS, SEEEEERIHEIT.

library(FactoMineR)
data(decathlon)

HIEENRE=%55 52 Rank (£Z)XX), Points (F4), Competition (3§ : OlympicG, Decastar,);
HIEEMNBHIATNMEERIBENKS:, +PMREWT (BEETERF):

% —A: 100m, long jump, shot put, high jump, 400m;

% — A: 110m hurdles, discus, pole vault, javelin, 1500m.
RRAFEARESHTIRSHITERS 547, EENEBMEIFEERRT:

1. AASANEEMBERGRENAR, EEfmEL (BMFEREXABEEMEHRITO ; EREE, BE
PC1, PC2 B9&X; Kk PC1, PC2 (princomp it score, 3% prcomp A x) SEahALLE
B4k (Points) BUREXZRL, WNERDAAAKREKR T EEIRRIKRER?

2. SHTNARE, RINAMLTE RBRGHFNERSENXE (EEF/IBMRE/LZRSFR)?

3. DHNARE, WAHBTAERRSGRE AR, ERANARTR—ELRE? BREfiimE (.
Ik, #510) REREBEX, BEAWLUAABTE—XIE? 1500m {EARFIESWA (&) I
BXFREY? HARER,

2 7o

KT R BRECN factanal (BRBISRTE), LUK princomp/preomp (5 ks £ KT 777%) . AT
R . FEREEFER MR factanal, KT e A% varimax, promax. W77 0T

S UNPE R T S ) W=y sl )

> myFA = factanal(covmat=my.cov, factors=2,n.obs=..)
#covmat: covariance/correlation matrix

#factors: number of factors

#n.obs: A4 HAEAE, WIEETP05 2/ 50 R B0HE FE AT AT S0k & 0 BE AL 6
# N an.obs, NIARETHE LSRR (A1)

#FEARR T (G TR 80E)

> myFA = factanal(x=my.data, factors=2, scores=...)

#use data.frame #scores: AT [1Till

> varimax (L)

#L: loadings obtained from factor analysis (princomp or factanal)
> promax (L) #non-orthogonal rotation

NPT SR SR T T (RVRAA P05 22 s R RBOE MR AIREAR T b (R
JFAGEE R

il 2. (AR 7041, Johnson and Wichern PRAE] 9.3) — Tl ] A A, 1 98 3 % — FhoBr B0 6 ™= i 1Y)
5 MEME ("Taste”, "Good buy”, "Flavor”, ”Suitabl for snack”, "Lots of energy”) AT T #N#T4 (1-7,
1 &A%, 7 rimeED, 5 NEMHERREAM I RE W



Attribute (Variable) 1 2 3 4 5

Taste 100 02 42 01

1
Good buy for money 2 .02 100 a3 7 (:)
Flavor 3 96 13 100 50 11
Suitable for snack 4 42 71 50 1.00

Provides lots of energy 5 01 8 11 .79 1.00

NI ZAE G REGERE AT B T A (RSO 2 o IR TRLRDE 5 MERERIIT S x =
(x1,%2,..0,x5)T RN
x=pu+LF+e=pu+11F  +1,F, +¢,

Hf p=E(x), F=(F,Fy)T ~ Ny(0,L,) fRREFWNMMASLIEH T, 14,1, 502 Fi, Fy MEAGL = (1;,1,) A
5x 2 HHHFE, € ~ N5(0,W) NFFRIH T (R2%), W = diag(y, ..., s) WATEN 5 MR 2. 7 E kit
MZHCA p, L, W, EFRX BRAVCG R RETEE, BTl p AR, XA LW #1651 LA A
TR AR . BRI R T

> R=matrix(c(1,0.02,0.96,0.42,0.01,0.02,1,0.13,0.71,0.85,0.96,0.13,
1,0.5,0.11,0.42,0.71,0.5,1,0.79,0.01,0.85,0.11,0.79,1),5,5)

> name=c("Taste","Good.buy","Flavor","Suitable.for.snack","Lots.of.energy")

> dimnames(R)=1ist (name,name)

> (myFA = factanal(covmat=R, factors=2)) # P[4 Hrisi
# RBIFRAIAHGER AR, MATEE n.obs, ML LA HILA R
Call:
factanal (factors = 2, covmat = R)

Uniquenesses:

Taste Good.buy Flavor Suitable.for.snack Lots.of.energy
0.028 0.237 0.040 0.168 0.052
Loadings:

Factorl Factor2

Taste 0.985

Good.buy 0.873

Flavor 0.131 0.971

Suitable.for.snack 0.817 0.405

Lots.of.energy 0.973

Factorl Factor2

S8 loadings 2.396 2.078
Proportion Var 0.479 0.416
Cumulative Var 0.479 0.895

The degrees of freedom for the model is 1 and the fit was 0.0233

W R E 22 W, LT, DA THEAR B 7 2 oTiERE, T

o Uniqueness CRRA T Z) W
5 NS ERANEER 772 (uniqueness, specific variance) 73054 0.028, 0.237, 0.040, 0.168, 0.052, H:
HH “good buy” Fl1”Suitable for snack” ) uniquenss fHZt KT 57 =4 &, XU I AN LA
TARAR R IX AN LR, WNAI—NHEYE, “Good buy” Fl “ Suitable for snack” P48
EAE NG PR T T REA ST E M, XA AL & “Lots of energy” 1 H AT



S AT AT BV X A CSE R DRz, (HEAR BRI R ¢ SEH T 0 A W
“Lots of energy” ¥#. MIX/MNAEE, Z G EG SR, v 7 B iF &5 25
/INP) uniqueness, FATAT ARG 740 GE B AT 1) H PRS2 E BRI E T, A%
uniqueness), WA HF %

B L AR B A

P0G 15 2 TP DR AR Y R -

X1 H1 0 0.985

X2 Ho 0.873 0

x3 |=| pu3 [+]| 0.131 [Fy+| 0.971 [F,+error
x4 1y 0.817 0.405

X5 Hs 0.973 0

HrpAr & 24,5 Bl Goog buy, Suitable for snack, Lots of energy £ F; %A {E 7 72 0.873,
0.817, 0.973, 1l Taste F1 Flavor FJ# 4L T 0 (4514 0, 0.131~ 0), B F; 5 Taste, flavor A
M, SHAMEEEMK. F—HFEM i Goog buy, Suitable for snack, Lots of energy, £ 24,
i Flavor Al Rg&H—RA T, F| & RO = s UM s SEF L [E & X, AT R R «
SEHME”, IR Lots of energy M ix K (0.973), XUt Z L AN R AL HMEEE LR NE
AT, HIOE Good buy({EAH) 1 “RARZIEA UE/NZ”, T Flavor 58P B
AN E (0.131).

AT F, £ Taste, Flavor, Suitable for snack R 73512 0.985, 0.971, 0.405 iX =M &
HE AR, XU Fy TRER HURE . Har i IUE Taste K, Flavor 2, XUtHIXT T H
BRI ST, Taste Jx B E, Flavor tHREE, [ Suitable for snack WAFAH 4 HE,

ek 7. =TTk
Communality (FEPE 5 22): frH &5 R A 5 H S AR E 3y 22 hi2 =1 -uniquess;,i = 1,...,5. H
7

P4 (K Re ik 7 22 ] TH A 3: (hE, 3,13, h3, h2) = (0.972,0.763,0.960,0.832,0.948). #i/~[H T AEfi
BAE 1, 3, 5 MHZER 90% UL, XA 2, 4 MABEENRZE, 252 76.3%,83.2%.

Ak, BITZEEN tr(R) = 5. Htha RIBEIECE 4 /745 T EFEE I 1, 2 FISFITAL (SS) 4y
Al 2.396, 2.078, FTLLVEAIMREETT Z R ELAR 578 2.396/5=0.479, 2.078/5=0.416 (it 45 F 1)
BIBCE 3 47), PIANET I RBUT ERRBELL By 0.895 (EIELEE 2 17D,

DR Tt B e e PR e 2 00 TS BISE A ROMERE, IR ASRE SO & R
PR factanal B TiEEE 715N rotation = "varimax” (WE¥; J5 (15 varimax f KD, Frbl Likgh
o A S BT B JEUUR IR AL A T IR e A B . NS promax e, #3200 Hr .

> promax(loadings (myFA))

Loadings:

Factorl Factor2

Taste 1.004
Good_buy 0.892 -0.103
Flavor 0.975
Suitable_for_snack 0.786 0.313
Lots_of_energy 0.997 -0.137

5 varimax RS R ARG L KER.



Bl 3. (FEARRKFHHT) S5 geopol A T 41 MEZMHLIX ) 10 Wi br /AZ B4, kW R
A ik
pop population
GDP Gross Internal Product per habitant
pop.inc  rate of increase of the population
urban rate of urban population
illiter rate of illiteracy in the population
student rate of students in the population
life expected lifetime of people
nutri rate of nutritional needs realized
magz number of newspapers and magazines per 1000 habitants
tv number of television per 1000 habitants

41 NMEZF A K LRGS0 -

PRAT AR 26504 geop

AFS South Africa DAN Denmark MAR Marocco
ALG Algeria EGY Egypt MEX Mexico
BRD Germany ESP Spain NOR Norway
GBR Great Britain FRA France PER Peru

ARS Saudi Arabia GAB Gabun POL Poland
ARG Argentine GRE Greece POR Portugal
AUS Australia HOK Hong Kong SUE Sweden
AUT Austria HON Hungary SuUT Switzerland
BEL Belgium IND India THA Tailand
CAM Cameroon 1IDO Indonesia URS USSR
CAN Canada ISR Israel USA USA

CHL Chile ITA Italia VEN Venezuela
CHN China JAP Japan YOU Yugoslavia
CUB Cuba KEN Kenia

ol TFHEATE] 10 ANEFR AT 7 Z2 M0 BRH 6 R BOERE, SR )a B A A A5 20 #r

OFEEFAR n.obs), WATEET R IGHE ERGHEAT 7204, P 45 RATA .

geopol= read.table(
R=cor(geopol)
#R=cov (geopol)
myfa =factanal(covm
myfa2=factanal (x

> myfa2

Call:
factanal(x
Uniquenesse
pop GDP
0.956 0.0
Loadings:
Factorl Fac
pop -0.
GDP 0.
pop.inc -0.
urban 0.
illiter -O.
student O
life 0
nutri 0
magz 0
tv 0

Factorl Fac
SS loadings

"http://staff.ustc.edu.cn/~ynyang/vector/data/geopol.txt" ,head=T)

at=R, factors=2, n.obs=41) # MAKRE-FHT
geopol, factors = 2) # FEARRK T

= geopol, factors = 2)

s:

pop.inc  urban illiter student life nutri magz tv
05 0.243 0.589 0.169 0.530 0.111 0.525 0.325 0.215
tor2

122 -0.170

276  0.959

770 -0.406

493  0.409

829 -0.379
.466  0.503
.807 0.488
.649 0.231
.391  0.722
.483 0.743

tor2

3.289 3.041



Proportion Var 0.329 0.304
Cumulative Var 0.329 0.633

Test of the hypothesis that 2 factors are sufficient.
The chi square statistic is 45.9 on 26 degrees of freedom.
The p-value is 0.00937

ARG AT R AR E S & (chi-square statistic)
W = ng{log(ILLT + W|/IR])},
i ng /& Bartlett FEIEFIFEAE ng=(n—-1-2p+4m+5)/6)~n, KkIp &

> W)

pvﬂueszﬁVmﬂwﬂﬂﬁ_

p K, MERRBE . AGINEIE p EEVN, UG AR, Ma 3 Bl

myfa3=factanal(x = geopol, factors = 3) # FEARRET/HT
Call:
factanal(x = geopol, factors = 3)

Uniquenesses:
pop GDP pop.inc urban illiter student life nutri magz tv
0.819 0.005 0.005 0.482 0.174 0.351 0.141 0.489 0.311 0.190

Loadings:

Factorl Factor2 Factor3

pop -0.420
GDP 0.271 0.908 0.311

pop.inc -0.910 -0.406
urban 0.383 0.282 0.541
illiter -0.7556 -0.282 -0.419

student 0.344 0.349 0.639
life 0.753 0.418 0.343
nutri 0.664 0.174 0.201
magz 0.413 0.698 0.175
tv 0.444 0.646 0.442

Factorl Factor2 Factor3

SS loadings 3.112 2.385 1.537
Proportion Var 0.311 0.239 0.154
Cumulative Var 0.311 0.550 0.703

Test of the hypothesis that 3 factors are sufficient.
The chi square statistic is 24.94 on 18 degrees of freedom.
The p-value is 0.127

WA A BRSEE, pH 0.127. B 1 2 MEGe 28, AHKE pop.ine MISCEZ illiter A2
FH, R T 1, 2 FORUXBIARAR A, KRR T ERRBEE (—MEVRRIEEE, —
MR SCHARIBARE ) o FRATTAT i AT B B AT 8%, RS & A B I R 74543 DA 5 S R
TR TS o CABIR AR 5], TR e A0 DR 745 40 S I«



loadings (myfa2)->L
plot(L,type="n")
text(L, rownames(L))

# K199 (score):

myfa2 = factanal(x=geopol, factors=2,scores ="Bartlett" )

s = myfa2$score
plot (s,type="n")
text (s, rownames(geopol))

#

255 THALT 112 N FH 6 UM (general: 474, picture: 238, blocks: 17K, maze: ¥ 5 reading:
)3, vocab: 1AL E) REGRITh T ERER (R BIEE ability.cov):

general picture blocks maze reading vocab
general 24.641 5.991 33.520 6.023 20.755 29.701
picture 5.991 6.700 18.137 1.782 4.936 7.204
blocks  33.520 18.137 149.831 19.424 31.430 50.753
maze 6.023 1.782 19.424 12.711 4.757 9.075
reading 20.755 4.936 31.430 4.757 52.604 66.762
vocab 29.701 7.204 50.753 9.075 66.762 135.292

KXNZBEHET o, AETEREZTERFUMSHIE? (R BRREN, BIZERERAIE

REYIEME) .

#>] 6. (Johnson and Wichern i£7K Table 9.12) —F AR HEERTHIHEE W EGFHIT T H, [FAT
TABEEHKRE —Me /LM R R THEBE MRS E R, ARMEIHET 50 ZEEAR, FHXA]
FI=MHERIMM 7T HETIEKRE, HERFRSR, MMBEANHEEERN. X=MRINESE
L 100 fEAF SR, HEHBESRMELF. Hib, X 50 A#EZT 4 DU, 2518 ai]sehE
71, ¥BHEIEEEST (mechanical reasoning), IMRIEIREES, FEFRES.

>sales= read.table("http://staff.ustc.edu.cn/~ynyang/vector/data/T9-12.DAT")

>dimnames (sales) [[2]]1=c("Sale.growth", "Sales. profitabiity", "NewAccount.sales",
"Creativity", "Manchanicl.reasoning.test", "Abstract.reasoning.test", "Math.test")
>sales

1. BAREERiEL GRENERH scale), K m=2 M m =3 MEEFHEF AR KIUAREE.
2. A (a) B9RR, K m =2 F1 m=3 MREREH LT, LLBAEREREHE, MERTHE
3. % m=23, HHA*FE. MEAENBIHE, URFREER R (LLT +W), RFET®EE m=2

TR m=37

4. HEBDMAMETFFS (factor score), HFEIHEFEIHHSE (BFHIIHE: RH factanal H

8 scores=“regression” T “Bartlett”).

fEn: ARNEZRNRKE SHEWSH XML,



