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6.1 —JT&MmEY3
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6.1.1 HFEE

W — ARG I 4R Y 5 X R E R RFRIA.
Bl 6.1 W% Lheinseid, 644 7RE Y(ke/mm®) 54 FHALE X (%) A £.
AT TR X 4, RAEZPRET —EE (v,y),i=1,2,---,n, A4k
KAPBENAE 6.1

®6.1: SEHNBRESEETHRESLIER

Ay | BEEX  RBRAEAY | A7 | BEE X  RBRAY
1 0.10 42.0 7 0.16 49.0
2 0.11 43.5 8 0.17 53.0
3 0.12 45.0 9 0.18 50.0
4 0.13 45.5 10 0.20 55.0
5 0.14 45.0 11 0.21 55.0
6 0.15 475 12 0.23 60.0

HTEUWEN, TE—K GURE”, X BEARER, Y YR, %
WX (v yi) 9 X =Y BAREHE—D R, i=1,2,--,n, WA 6.1 Piix.

T T T T T T T
0.10 0.12 0.14 0.16 0.18 0.20 0.22

X

Bl 6.1: B RUR R S B2
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A, WERE ERB, n A EEARTE—FREARNE, AT EHASY Y
5 X WRAREAR LR, XRS5 HARN B HE —PIAsE R R
TR R . AT VR TR E

Y:ﬁo—i—BlX—l—g, (61)

Hrf, o+ 08X RRY B X gyt em s, < ZHVLIRE, B
oAt — VI & R 22 m iy SR, EARTDRI. EHEERE c ~ N0, 0°); R
B (X)) = 6o+ 01X F—JoRERIHEE, G MENEHER, 5 FEIHRE,
SERFREIASE. PR X HEIHBEASE (BEEIHFE ). R Y HEIEHEAS R (3
VAR ).

(1, 0), (T2, 2), - (T, yn) & (X,Y) B—ERME, W] —TCL B
H (the simple linear regression) AR/~ A

yi=PBo+ biri+e i=1,2,...n, (6.2)
HA E(g;) = 0,var(e;) = 0%, i =1,2,...n.

6.1.2 [EFISHHYEIT

RBRESEL Bo, B Bl Go, B BI—FHEDWAE R BRI 6.1 iy
(zi,y:) S5HZ EME (v, 0) FREB/NEST, XE §; = fo + S, By EEH
Sl A 1.

%
n

Q(Bo. 1) = > (yi — o — Brwi)*, (6.3)
=1
W o, B1 B FR/ NI fh T 2FE
Qo Br) = min Q(B, 1)

BGSL, Zt A
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Forf

n

_ 1 o
r = = Z L, Sxx = (xl - ZL’) )
n i=1

1
_ 1 ¢
Yy = E; Yi, Sxy =

R Go, B0 43510 Bo 5 61 BIB/N—FReAlit, Frorfe

(2

(i = T)(y: — 9)-

M-

=1

Y = 6o+ 51 X,
A—TCEHF RN (SFRELR FH TR ).
HHEX
n . . 2
Z <yi — o — 51%’)
~92 i=1
0° = — (6.5)

HBH 0 AR, (BFRY 0 MR AR, TRLEY 6 & 0 WM
fiiit, B E6* = o
XT o 15 AT

Var(8y) = o (ﬁ + Sm) ., Var(8) = g . (6.6)

W o® R, WH 0 B o, B3

~

1 z? ~ o
sd(Gy) =0 E—l—— 7

?
S{E"E

B sd(Bo), sd(Br) 42810 o 5 B HIbRHER.
6.1.3 EITHEHEZHLS

MEASER AT A (6.4) AT, TEHFAEBEFIHFA—EEZME Y 5 X
RGHEEMR KR, HMRAFEZXMRR, B2 RKEBHRETEZELE
X H, FEXERFEE TR, NGit B, 6 & BE(Y) X &iib
WARAE, 2 0 =0, W E(Y) 5Ebr EIAREE X fEEMEAR, X4 61 # 0 |,
E(Y) A X fELrtaetl, WAEX R —o&Em 7 BA A E L. FI R
5 M-

Hy: =0, H;: (1 #0.
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R =
(1) tREes. X4 Ho MoLR, it
A B
Sd(Bl) o
T4 1 B EEKE o, Kk RGN

~ t(n—2), (6.8)

|T| Z ta/g(’l’l, — 2)

(2) F ket X4 Hy MOLEE, SeitE

 B3S..

6-2

X4 i B E KT o, SR80y

F

~ F(l,n-2), (6.9)

F>F,(1,n—2).

Sxy > N
(3) MRAR¥KEE. L = N R NHEARMRRE, MTHE
H BEHAKT o, EHRABIEFER G ro(n — 2), WK RHEAEN

IR| > ra(n — 2). (6.10)

LHE4E Ho B, IANEAERNE T RE B E.

TE R K frp, GEEBAIACHREA: 1n(O . summary() . anova() ffl
predict O %%, ARG RN AHM A IE, &5 BS LI A
Bl 6.2 K4) 6.1 69 VE5 A, FAH4a ey 5 AL,

@ FUF R KAFE IO FTRAER 7[R 5 250 B, 51 FAEA R

FHRZH R KA R T
> x<-c(0.10, 0.11, 0.12, 0.13, 0.14, 0.15,
0.16, 0.17, 0.18, 0.20, 0.21, 0.23)
> y<-c(42.0, 43.5, 45.0, 45.5, 45.0, 47.5,
49.0, 53.0, 50.0, 55.0, 55.0, 60.0)
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> Im.sol<-1m(y ~ 1+x)
> summary (lm.sol)
Call:

Im(formula =y ~ 1 + x)

Residuals:
Min 1Q Median 3Q Max
-2.0431 -0.7056 0.1694 0.6633 2.2653

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept)  28.493 1.580 18.04 5.88e-09 **x
X 130.835 9.683 13.51 9.50e-08 x**x
Signif. codes: 0 ‘**x’ 0.001 ‘%%’ 0.01 ‘x’ 0.05 “.” 0.1 ¢ > 1

Residual standard error: 1.319 on 10 degrees of freedom
Multiple R-Squared: 0.9481, Adjusted R-squared: 0.9429
F-statistic: 182.6 on 1 and 10 DF, p-value: 9.505e-08

1E L, B—ATRMA BAR o, HEATRMARNZR y, H=1TE%
ImO FRRELMERA, HARAKX y © 1 FRER y = fo + bz + ¢, ST
PRI summary O FRIUVRA 51451

FEVH LA RIS —#R o (call) FiH T AHRAY [EHBRA I 25K, 56 ko
(Residuals:) FHHRFRZM B/ MEA. 1/4 ik, OB, 3/ 70 4 (i
R LA

AL RS =37 (Coefficients:) H!, Estimate F/REIIHFFES
Beaflit, BN fo, Bi. Std. Error ' FREHASKAIIER, B sd(5y), sd(5).

t value Nt {H, HJ
AN N N -

Csd(h) s fir e sy @

X H Std. Error R EAREZ, REFHEIR, TH

1o
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PrO>1tl) Fom P-{H, BIERME P{t > |T|}. A BEERC, HA oo SRR
M, o WHEERE, « WHRE, - WHAKEE, BAILTNAEE.

FEVF SIS RSB Y, Residual standard error FyRFRZEMIVIEZE,
A=K (6.5) HBy o, ZLH BN n—2. Multiple R-Squared JyAHRHREHITIT,
AP

2
po
Sz Syy
F-statistic &/, F g5itH, B
28
1Pzx
e

HHEBER (1,0 —2). p-value i P-{H, BIERME P{f > [F[}.
MAHSEER AT LR A7 Rl 1 [ A SRR e 5 6] A R a5,
P52 Y 5] 5 77 72

~

Y = 28.493 + 130.835.X.

6.1.4 2% 5 5 0 BWXEMT

ERF] By 5 6 WA 6o 5 61 )G, BBREBEENMKEMET, B 6 5
Gy FISE TR ] AL,

B — B;

ﬂz@@ﬁ ~ tn—2), i=0,1, (6.11)
XA EHEEKTE 1 — o, NH
B — Bi B »_
P { Sd(BZ) < ta/g(n_g)} =a, 1=0,1. (6.12)
Ei, 6 (i=0,1) WXEfEHH
prﬁﬂﬁﬂwﬂn—ﬂ,ﬁﬁﬁﬂﬁﬂwﬂn—ﬂ. (6.13)

FEE], AE R BUFH, SRR 10O A sumary O kTR
TIRREME, MBI AN AR, B, TR SR
(6.13) £ 1A X T (.

WEMAHIRE (FF4: beta.int.R), IEETER fn AN AG
.
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beta.int<-function(fm,alpha=0.05){
A<-summary (fm) $coefficients
df<-fm$df .residual
left<-A[,1]-A[,2]*qt(1-alpha/2, df)
right<-A[,1]+A[,2]*qt(1-alpha/2, df)
rowname<-dimnames (A) [[1]]
colname<-c("Estimate", "Left", "Right")
matrix(c(A[,1], left, right), ncol=3,
dimnames = list(rowname, colname ))

}

FERFH, summary SREEANE E, REME 5158, HHF $coefficients
Sl EIE AR tRAEZE. ¢ B P [EMRRRERE. & fo 2 1n HHEAEE] RIS
A, HoAp $df .residual MBI H HE. left fl right &%= (6.13) 4%
X[ 4 24 i A

PR IR BMELRE—RERE, HOTHRA O MAGTHENAN R XE M5, THE
—MF.

5] 6.3 K47 6.2 F 55 By A= /) R E4EIT (o = 0.05).

. EIFSEEEEAS (Im.sol), M B 4MKEL beta. int R, HLA]LATRE]

AHR A DX TR
> source("beta.int.R")

> beta.int(1lm.sol)

Estimate Left Right
(Intercept) 28.49282 24.97279 32.01285
x 130.83483 109.25892 152.41074

ot Left RAEITAYZX WAL,  Right JAGTHAYAT X ] ¥
AT AE H, FOTNMER UMM R BB, efbhds R

PR R BMEFETSY, BRI EamEE.

6.1.5 Fu

geitRte, AR R, PSRRI, K B T LA
HTRIRE, —REHETE X = no 0, RATEIE Blso) MR fHTILR A
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T 1 — o BIKEM, ZRMAE X =20 K yo = o+ izo FITHINE K EHY
BeE R 1 — o BT X .
T X =20, Y =yo WEFEDN 1 — o BIHINIXIE N

[QO _l7 g0+l]7 (614)

Hot

(Lf' — .]70)2

. 1
) :ta/2(n—2)a\/1+;+ wa . (615)

A
Pl{ijo—Il<yo<go+lil}=1-a.

FESEPRMIE R, SHEARAR n RKES, XTHE 2 LAY xo, WLAMREIRI{L
AT DX TE], JER (6.15) sSURAIRAGEMET 1 H tap(n —2) = Zop, THE wo
A EAR B 1 — o RO TSI DX TR1E (DA 55 T

[go - &Za/% ’gO + 62{1/2] (616)

Bl 6.4 K] 6.1 F X =20=0.16 Br4g L Y &94E A 0.95 45 TR R 5],

fi%: A R BMAFRY predict O A RAEH J5 (8K H B0 {55 75000 1X. ).

TG R AT LR
> new <- data.frame(x = 0.16)
> 1m.pred<-predict(lm.sol, new, interval="prediction", level=0.95)
> 1m.pred

fit lwr upr

[1,] 49.42639 46.36621 52.48657
F—ATRRMAT R 20 = 0.16, TR, AMES— A, BERMAEIRELS .
B ATHIREL predict O AN A TRM{E, S3 interval="prediction" 3£
7[RI 4 AR BB T X [], 250 1evel=0.95 KR A ARy 0.95. XA
ZRETUAT, FIOyEREBRERE 0.95.

F 545 SRAT 21 B0 55 40 52 A T 0 [XC 1]

A

V(0.16) = 49.43,  [46.37, 52.49).
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6.1.6 =8l

[m] 57 B T Tl WA Y SE— AR X [WE KM%
#, HERBTAEEEFR Y = 6+ 5X. Woh, MY € (y,v.) HFEEE
#, Mo X MEHIIEH2EENABUER 1 — o fHERIEEH? XfE R4
PRI, Forb y, g ESERIRRIEL A 2.

P T LA B Y 2 1, BRI Y FER— XA (y, va) WEBUE
WF, RIS X P lrEA 45 .

3 (6.16), HEAR%L

U— 0Zas IﬂAOﬂLﬂAﬂ—&Zap Yi
g + &Za/g = BO + BII + &Za/g < Yu

A%

(6.17)

AR (6.17) 53] v MBETEEIE ES] X 09 ETR. 8 TR IES SR
WHEAEES, vy My R e —y > 262,

6.1.7 tHEXZH

X B Forbes (48441, 4T R —JoE IR AT 2.
%] 6.5 Forbes ##&

ftuwteed, A+FR, ARZWEE K James D. Forbes, iX B gL /K89
FERBITERDE. BB R ETANFYRIETA TREERIE, &
BAAG, REAMK. AXZHEGREF, AR TAERDHEIRNGXEL. B
TAEH, SHEFRGREITHSEME, XJR TR FEAG DK W25
BH AR AT A RAE— APk 4B & B4 k.

Forbes T IR G2 B FA 2 E M. H W55, EKEMNE, TR
ERHE. R ERERAKRBAEGE, ARENZHFECESHFELRZE G
EFARBER R, HENEREBRIw. KRN 1857 Fyie L FPHRT n=17
AN 695, WAk 6.2 P, AATRZLHRER, HETTRIIARM&RGN
M, TERH R IATIKE 697 XA X 2 R IRAR 55 ? RAVET AR R E TR 2
JE? o RAE, AL AT ?

SHhidiE:

Forbes M1 IAN, EMMETEEMN, WM EENMNEU—EZ. ©
I, BC10 YRR R FR5E B, St S EIR R A R ER. BT
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® 6.2: FEFIREHNLRFGIEZMT 17 MAHR (OF) RRSE (FEHKRE) B

Forbes ##&
wpy | A R log 100 x log

(°F) (3R 42) (R JE) (%)
1 194.5 20.79 1.3179 131.79
2 194.3 20.79 1.3179 131.79
3 197.9 22.40 1.3502 135.02
4 198.4 22.67 1.3555 135.55
5 199.4 23.15 1.3646 136.46
6 199.9 23.35 1.3683 136.83
7 200.9 23.89 1.3782 137.82
8 201.1 23.99 1.3800 138.00
9 201.4 24.02 1.3806 138.06
10 201.3 24.01 1.3805 138.05
11 203.6 25.14 1.4004 140.04
12 204.6 26.57 1.4244 142.44
13 209.5 28.49 1.4547 145.47
14 208.6 27.76 1.4434 144.34
15 210.7 29.04 1.4630 146.30
16 211.9 29.88 1.4754 147.54
17 212.2 30.06 1.4780 147.80

R A B ABEE TR, AMEH 1.318, MiE KM 1.478, HIWK A S ER
MEAEFELL 100, 41 6.2 155 5 FFrR. SORANTUR B B E B B [RT B

SRR B RANDE Ve

KiFTE:

HPUATENAS T — DA RO, W — AR 5 — AR EUR A,
ERREH TRAREFER, WM TWHXMCRTEEANEHM. EBURE

X ROy EARR, XER Forbes Bty R,

100 x log(RJE).

Y Oy AR, X HY
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BNBAE, ELEHURE (BJF4:  exam0804.R).

X <- matrix(c(

194.5, 20.79, 1.3179, 131.79,

194.3, 20.79, 1.3179, 131.79,
197.9, 22.40, 1.3502, 135.02,
198.4, 22.67, 1.3555, 135.55,
199.4, 23.15, 1.3646, 136.46,
199.9, 23.35, 1.3683, 136.83,
200.9, 23.89, 1.3782, 137.82,
201.1, 23.99, 1.3800, 138.00,
201.4, 24.02, 1.3806, 138.06,
201.3, 24.01, 1.3805, 138.05,
203.6, 25.14, 1.4004, 140.04,
204.6, 26.57, 1.4244, 142.44,
209.5, 28.49, 1.4547, 145.47,
208.6, 27.76, 1.4434, 144 .34,
210.7, 29.04, 1.4630, 146.30,
211.9, 29.88, 1.4754, 147.54,
212.2, 30.06, 1.4780, 147.80),

ncol=4, byrow=T,
dimnames = 1list(1:17, c("F", "h", "log", "logl00")))

forbes<-as.data.frame(X)

plot (forbes$F, forbes$logl00)
Forbes AT HUS KR BTN 2, X EHAR b, HHAEHH, EiE—
SREZ . VEREIEZHT.
> 1m.sol <- 1m(loglO0 ~ F, data=forbes)
> summary (1m.sol)
=5
Call:
Im(formula = loglO0 ~ F, data = forbes)
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Residuals:
Min 1Q Median 3Q Max
-0.32261 -0.14530 -0.06750 0.02111 1.35924

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -42.13087 3.33895 -12.62 2.17e-09 *x*x*
F 0.89546 0.01645 54.45 < 2e-16 *x*x

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.3789 on 15 degrees of freedom
Multiple R-Squared: 0.995, Adjusted R-squared: 0.9946
F-statistic: 2965 on 1 and 15 DF, p-value: < 2.2e-16

Shp L e

By = —42.13087, [ = 0.89546, sd(f,) = 3.33895, sd(f;) = 0.01645.

X TR B P- 8 < 217 x 107°, BIE% BEm.
KT HRAKL, FREMIRER, 6 = 0.3789. HLREA I, R? = 0.995,
T F- AR Pl < 2.2 x 1071, wRdkH B3E/.
ZARE ¢ R PRk B, RO

y = —42.13087 4 0.89546z.
RITHEIIH EL FRREEBRE L.
> abline(1lm.sol)

PR B R B B2, anlE] 6.2 Frs.
THEOHERE. R

~

@:%—@:%—&—@%,ﬁﬂﬂwwn

P B VS W R0 53
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140 145
| !

forbes$log100

135
|

I I I I
195 200 205 210

forbes$F

€] 6.2: Forbes %4 il -5 [0l 4 HL 2%

FE R B, % residuals O W R REAYSRZE. H55%E, JFE
RTREMHOIE. W 6.3 Bk,

> y.res<-residuals(lm.sol) ;plot(y.res)
> text(12,y.res[12], labels=12,adj=1.2)

H text(12,y.res[12], labels=12,adj=1.2) ¥ 58 12 SR ZEEIRH.

WP 6.3 BTLAEE], 55 12 A TR, & RO R R 072
KB, B AR RS AT 0.35, THAREM ALY 13,
L, AR IR, S B MEBERER, SR o FRIH, &
% B2, TEMBCMEELT AT (IR W LA M
).

BCRAE AT, (R, SR 12 SRR

> i<-1:17; forbesl2<-as.data.frame(X[i!=12, 1)
> 1m12<-1m(logl00~F, data=forbesl2)

> summary (1m12)

Call:
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120
o |
—
7]
2 |
S o
o _| o © [oXNe] °
=} o
o © o o o
o o
o o
o
| T I
5 10 15
Index

] 6.3: Forbes (4 5% 22 1R B

lm(formula = loglO0 ~ F, data = forbesl12)

Residuals:
Min 1Q Median 3Q Max
-0.21175 -0.06194 0.01590 0.09077 0.13042

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -41.30180 1.00038 -41.29 5.01e-16 x*x*
F 0.89096 0.00493 180.73 < 2e-16 **x*

Signif. codes: O ’x*xx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.1133 on 14 degrees of freedom
Multiple R-Squared: 0.9996, Adjusted R-squared: 0.9995
F-statistic: 3.266e+04 on 1 and 14 DF, p-value: < 2.2e-16
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FEERSE 12 SRR, EHTRNRBBARKRWANL, HRBREZE
FIFRZEMARERZ AR, WA T4 3 A, MERH R WHER.

6.2 R RHEPELEREITKINRE

LT SRR R IR, N EZITREAT R, SRR A R
BRiEF, SRR CH RE, XA R O 2, e
M Z TR, Baw 2B

6.2.1 ERHHE
BN T 2 U MR AR B A R EOE 1In O, HiHHEAR

fitted.model <- 1lm(formula, data = data.frame)

Hrf formula MEEAI/ANF.  data.frame NEHAEHE. & BEE M EBARIZE A
N IERTE fitted. model H. 40

fm2 <- Im(y ~ x1 + x2, data = production)
T y T ol Ml 22 B2 ITEARA (BR& & aEE).
By
Im(formula, data, subset, weights, na.action,
method = "qr", model = TRUE, x = FALSE,
y = FALSE, qr = TRUE, singular.ok = TRUE,
contrasts = NULL, offset, ...)

Ht formula WA, data NEHEHE.  subset YRIIEFE[E, RS
HEy T4,  weights NA[ZEFEE, BARMESHAE. HARWAELT.

6.2.2 REVRENE B HYE HERE

Im(O) BREATR BHEFR LG RIS, AR EE— M EREREEE In 1Y
%3¢, 5 model . coeffcients . residuals ZEA. 1m(Q) AYZERIEHE RjEE,
AT HEEZHER, WTLUERAN InO X2 E R E R, XEH
A

add1 coef effects kappa predict residuals
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alias deviance family 1labels print step

anova dropl formula plot proj summary
INRG RS o e S GRS DR
(1) anova() PR%L.  anova() PREXHIME AN
anova(object,...)
it object ZH 1m 5 glm ARG, HaRk MMERBAIN I 25 B3k
(2) coefficients() BREL (RGN coef()). coefficients() BREL (2K
coef () PRX) HYM FIHE =N

coefficients(object, ...)
coef (object, ...)
At object JEHLAIM AAYXT R, HaR BIM{EEAAIH R AL
(3) deviance() pR%Y. deviance() PRELAIE AR N
deviance(object, ...)
A object JE LA A XTSR. HoR BME AR 5 22T J7 Al
(4) formula() pREL. formula() ERECAYRE AIAETY
formula(object, ...)
Forf object J& AR A XTR. IR MME R A
(5) plot O BE¥L. plot() ERECHE KK
plot(object, ...)
Hrf object i 1m MM SR, SHHE SR LMEDE, BREE. Ha
{EFI—2E 2 W I L.
(6) predict() PR%L. predict() pREHIRE AR
predict(object, newdata=data.frame)
At object JEH Im MARHIRXTR. newdata EFINAAIEIE, ©HEIEMER K
BN R EMECE I A T X 18]
(7) print ) %, print() EEWIHE AN
print(object, ...)
b object FHARM AR, HOREMER BB G 4R, —RAH
print () T EEHAEAXNRHZIRRER.
(8) residuals () PEE(. residuals() PREHIRE AN
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residuals(object,
type = c("working", "response", "deviance",

"pearson", "partial"),
H object &l 1m B8 aov MAIXTHR.  type iR BMEIZEAL. Hak BI{H &
BIRIR R 2. MR m 2N resid(object).
(9) step) PREL. stepO) PRELAIBE AR

step(object, ...)

He object ZH 1m 3{ glm MIRAIXTSE. HREMEZZAREIH, i AIC
(Akaike’s An Information Criterion) ) /IMEEFRALAY.

(10) summary () pREL. summary() PRECHIRE AN

summary (object, ...)

A object JEH Im MAYXTR. HaR BMER BR BN PRI G 4521

6.3 UMDY

FEVFZ SRR RSE A R AR B Y (9 B AR A EA L —A4, W B p 1
H T IS Tk i B T DR 35 Bl ol it e AL, i AU — e A B (H S s 1Y
PR — Ik AL

6.3.1 HFIEE
WARY H5&E X, Xy, -, X, [MFLMELR
Y=0+65Xi+ +06,X,+¢, (6.18)

ﬁ\:l:'j g~ N(Oa U2)a 507617 o '>ﬁp ﬂ] 02 %ﬂiiu%ﬁa p Z 27 %ﬁ@ (618) jﬁlg
JCEAE Bl A
B (i, Tigy -+ Tipy Yi)y 0= 1,2, n g (X0, Xo, oo, X, YY) HY n IRIRSZAE
MHE, M2 TR (6.18) AIZRRA
Yi = Bo+ Brra + -+ Bpryp + &5, i=1,2,-+1 0, (6.19)

Hrte; € N(0,0°), HASZ[F 3.
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NBEEIHE, HWRHBEEEX, £

Y1 Bo Iz 212 -0 Ty €1
Y2 B 1 w1 @oa -+ @y €9
y=| _|-P=1 |- X=1_ C =
_yn_ _6p_ L 1 Tp1 Ton - xnp_ _5n_

M Z e LA (6.19) RN
Y =XpG+e, (6.20)

HAd Y ZHm VAR RMEA n 4EmE, X Z2nx (p+1) BigiERE, 62
p+ 1 4Emi, @& ndEZmE, FHEE

E(e) =0, Var(e) =0’I,.
6.3.2 EIJIRHKEEIT
KT TR, RS B ETHE 5, BER B/ TR 3K
Q(B) = (y — XB)"(y — XP), (6.21)

pulE s ZAN DR =0
FTLAIERA B iy s/ D oAl

G=(XTx)" x"y. (6.22)
PN A] A5 225 [8] )3 757 8 A
Y =By + X1+ + 3, X,
Bré=y— X3 WEREME. EHIN
62 =¢Te/(n—p—1) (6.23)
K oo® WfliTt, WAKH o ByE/h sl ATLIER:

E&? = o2,
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ATDAIER B B J7 Z AT R
Var(3) = o*(X7X) ™"
MRL 5 HIbRUERE N
sd(3;) = 6+/cn, i=0,1,---,p, (6.24)
Hoft o, 2 O = (X7X) 7 MALKESE i AEE 2
6.3.3 EEFMERRE

B FAEL TN RN Ik B R BT E(Y) 25 Xi, X, -, X, 1
oAk, D R R B ARG U . R A P, — P I R R
wEMGR, MR, SEREENER X; MREETN 0. B— Mk
EET R PR R, A sid, R ik s 1 T AT R AR ]
H.

1. BRI EEHIETE

Hjozﬁjzov H]lﬂ]#(h jzoalv'”up’g

% Hjo LR, SEitE

B ‘
T, = - ~ tih—p—-1), j=0,1,---,p.
T

St ey B O = (XTX)~ A% L AT, MR RN BEAT o B
% Yy FH 4 35
|7}|Zta/2(n_p_1)7 .]:07177]9

2. @AFENEEERR

Hy: fo=p1=---=0,=0, Hi: Bo, b1, .0 "R O.

PRITERI, A o K& 6 B 0 IR, TIREM 0974, TH
CHEWHEBBAGIE S MRS, Hit T R ARG B s oL, FrRlXE 5O
0 JF4f, TH
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2 Hy BOLES, S

SSr/p
F= Fp,n—p—1),
SSp/(n—p—1) Byn=p 1)
Hr
SSk = Y Wi—-9* SSp = > (-,
i=1 i=1
_ 1 ) . )
y = EZ: Yi = Bo+ Pwa+ -+ Bpip.

HWHPE SSp FENIFITHM, B SSp FRERFITH.
X4 E R B E KT o, R g r R8I0y

F>F,(p, n—p-—1).

PSS GRS &)
SSkr

59,
ARG Y 5 X, Xs, -, X, ZAACR B YIRRE, b S5 h Mk
Jrfl, Bl SSr =3 (yi—9)° FHHEWR

i=1

R? =

SSr = SSg+ SSk.

5l 6.6 ARBELI, AAWE ZAAFHHEALT, £EGKELEY 54hE X, (T4£),
Fd Xy (98 AR WKET 134T To&E, Lk 63 AEEY £T
X1, Xo 69 &M )25 42,
. R M Ey ImO RIFEFTRIKE EE R, G kL.
THZE R AR
> blood<-data.frame(
X1=c(76.0, 91.5, 85.5, 82.5, 79.0, 80.5, 74.5,
79.0, 85.0, 76.5, 82.0, 95.0, 92.5),
X2=c(50, 20, 20, 30, 30, 50, 60, 50, 40, 55,
40, 40, 20),
Y= c(120, 141, 124, 126, 117, 125, 123, 125,
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& 6.3: HIER
A5 X4 X Y A5 Xy X Y

1 76.0 50 120 8 79.0 50 125
91.5 20 141 9 85.0 40 132
85.9 20 124 10 76.5 95 123
82.5 30 126 11 82.0 40 132
79.0 30 117 12 95.0 40 155
80.5 50 125 13 92.5 20 147

N O Ot e W N

74.5 60 123

132, 123, 132, 155, 147)
)
> 1m.sol<-1m(Y ~ X1+X2, data=blood)
> summary (1m.sol)
Call:
Im(formula = Y ~ X1 + X2, data = blood)

Residuals:
Min 1Q Median 3Q Max
-4.0404 -1.0183 0.4640 0.6908 4.3274

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -62.96336 16.99976 -3.704 0.004083 x*x*

X1 2.13656 0.17534 12.185 2.53e-07 *x*x
X2 0.40022 0.08321 4.810 0.000713 *x*x
Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 2.854 on 10 degrees of freedom
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Multiple R-Squared: 0.9461, Adjusted R-squared: 0.9354
F-statistic: 87.84 on 2 and 10 DF, p-value: 4.531e-07

M FgE R AT AAER], [|IHRECS B R RIS B ER, FiL, EIE7RE
A
Y = —62.96 + 2.136 X, + 0.4002.X.
6.3.4 =% 0 PWEXEET
5 —JeR ARl —FRE, X B8 2 o AR A 250 X a1,
H 8 BIg R ] A,
_Bi— B

Hig, 6 (i=0,1,---,p) BXEMETH
B = sd(Bi) taj2(n —p—1), Bi +5d(B) tajp(n —p—1)]. (6.26)

X B DT 95 N R X AT RRF, BT 28 2 F beta. int R
AR, TEX BARRF AL A.
Bl 6.7 KB 6.6 F 52 B 4R R (o =0.05).
. JAAFLT beta.int.R, RJEKME.
> source("beta.int.R")

> beta.int(1lm.sol)

Estimate Left Right
(Intercept) -62.9633591 -100.8411862 -25.0855320
x1 2.1365581 1.7458709  2.5272454
x2 0.4002162 0.2148077  0.5856246

6.3.5 Fu

Y2 A REES R EREY, HETE-1REEELRHN 0
B, B RRAET .
B X =1x0 = (To1, Toz, -+ Top) L, WHACARIT TR, 55

Yo = Bo + 31%1 +-+ Bprp-
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MF X =0, Y =90 WERFBERN 1 — o BTN XIE A
(Go =1, Go+1), (6.27)

Hot

l=tys(n—p— 1)&\/1 + 2T (XTX) ™ . (6.28)

B 6.8 K] 6.6 7 X =15 =(80,40)T B4a & YV ¢4t E A 0.95 ¢4 TR R 4.

i 5—JchH—#, R\ predict ) MECRZICEIF ML ER
T ER.

TR R AR
> new <- data.frame(xl = 80, x2 = 40)
> 1lm.pred<-predict(lm.sol, new, interval="prediction", level=0.95)
> 1m.pred

fit lwr upr
[1,] 123.9699 117.2889 130.6509

RS, Jo = 123.97, AERAH Y AOBEE A 0.95 BTSN X H] % [117.29, 130.65).
6.3.6 fEIEHIERE

TESERAE AR TH S, A e 75 BAR S SEPR R A 15 5, X ALREA 71 24 1)
BIE, Wsghgiy AR, Som AR Y RO EETIT 72 4.
1E R BAF, BR%L update O —AEEH 7 B IEALAA s %L, e %A LA
TEJFR A A B, A A B R R O E A AL BRI
new.model <- update(old.model, new.formula)

1E new.formula H, HAHMAYZFH A 7 A, FTRABAMERR “IHAER A
AR ER SN i,
fmb <- Im(y ~ x1 + x2 + x3 + x4 + x5, data = production)
fm6 <- update(fmb5, . ~ . + x6)
smf6 <- update(fm6, sqrt(.) ~ .)
SRR S T, B AIESUE production, B4 —HHIIHHVE, X
MER PR S SRR, WEAFBIRAL, FERA AR AR ] 1P R AR
e
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FAER, WA data= argument E—MOCT JRIHMAMRAMN G R, XAME
BRI G R E] update O FIERIFEZAZHAY.
ARy o ATREAEH ER RECT, HEAMMARGERE. fl
fmfull <- 1m(y ~ . , data = production)
WA — A, T B AR By AR PR AR AR RO 4R T A e AR
HERE, MHERZEHHERFIIAE add1 () . dropt ) il step(). EA]
(4 ARG R B X SR B0y H Y, X T S A B PR AT LAB FE L5 B

6.3.7 ItHEXZH

B 6.9 EXBFEFHELSLAT EAF0IcRFHRTY, ARRERLESL, NF
EAZRBESNIIREFTIZAS, RENNLEFTHT FHESEHENK, %
BNEZRGE 4, AT TRAE ATR N A 550 THES. Hu, HEKX
e RANKE T 30 NEERM (HNKERMA 4 B) A EFGT
FTHHEE, HENA. BAYGTEFRA, URAFARA T FEFRE T F6F
HBHHENH, ok 0.4 T RARBRIERBEE S —PDMEFER, 2T F
HEZEHAMREGX L, AFITNH RS ERN K REL SR

x®6.4: FEHEESHENE, I ERAFHIE

WE | nEAHE | AT EKF | OAZ | SERA | HEE
BAx | 4rds (L) | #0# (L) | (L) (a7 r) | (87 %)
1 3.85 3.80 —0.05 5.50 7.38
2 3.75 4.00 0.25 6.75 8.51
3 3.70 4.30 0.60 7.25 9.52
4 3.70 3.70 0.00 5.50 7.50
5 3.60 3.85 0.25 7.00 9.33
6 3.60 3.80 0.20 6.50 8.28
7 3.60 3.75 0.15 6.75 8.75
8 3.80 3.85 0.05 5.25 7.87
9 3.80 3.65 —0.15 5.25 7.10
10 3.85 4.00 0.15 6.00 8.00
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®6.4(%) - FEHEESHENSE. T SRHAFHE

WE | NAHE | AT EXTF | O E | SEER | HEZ
BA# | e (L) | 304 (L) () (87 x) | (B7X)
11 3.90 4.10 0.20 6.50 7.89
12 3.90 4.00 0.10 6.25 8.15
13 3.70 4.10 0.40 7.00 9.10
14 3.75 4.20 0.45 6.90 8.86
15 3.75 4.10 0.35 6.80 8.90
16 3.80 4.10 0.30 6.80 8.87
17 3.70 4.20 0.50 7.10 9.26
18 3.80 4.30 0.50 7.00 9.00
19 3.70 4.10 0.40 6.80 8.75
20 3.80 3.75 —0.05 6.50 7.95
21 3.80 3.75 —0.05 6.25 7.65
22 3.75 3.65 —0.10 6.00 7.27
23 3.70 3.90 0.20 6.50 8.00
24 3.55 3.65 0.10 7.00 8.50
25 3.60 4.10 0.50 6.80 8.75
26 3.65 4.25 0.60 6.80 9.21
27 3.70 3.65 -0.05 6.50 8.27
28 3.75 3.75 0.00 5.75 7.67
29 3.80 3.85 0.05 5.80 7.93
30 3.70 4.25 0.55 6.80 9.26
S

H TR LR, X TRSHUE AR, LM KR 287 i i 2 H i,
EZHEOAF MM MR MHEZE, MAZRENHNEARS. Hik, RS
ARG R, AR AR S BRI T E Y
Pt

REIRYE S 5K
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WWAEHERAN Y, IMEERN X1, AFINE /A Xo, RCEABA YLt
A
Y = 6o+ 51Xy + o Xo + .

BABEE, WA R KAHH InO RECRE, A sumary () B4
B (¥ 4%: exam0609.R).

> toothpaste<-data.frame(

X1=c(-0.05, 0.25,0.60,0, 0.25,0.20, 0.15,0.05,-0.15, 0.15,
0.20, 0.10,0.40,0.45,0.35,0.30, 0.50,0.50, 0.40,-0.05,
-0.05,-0.10,0.20,0.10,0.50,0.60,-0.05,0, 0.05, 0.55),

X2=c( 5.50,6.75,7.25,5.50,7.00,6.50,6.75,5.25,5.25,6.00,
6.50,6.25,7.00,6.90,6.80,6.80,7.10,7.00,6.80,6.50,
6.25,6.00,6.50,7.00,6.80,6.80,6.50,5.75,5.80,6.80),

Y =c( 7.38,8.51,9.52,7.50,9.33,8.28,8.75,7.87,7.10,8.00,
7.89,8.15,9.10,8.86,8.90,8.87,9.26,9.00,8.75,7.95,
7.65,7.27,8.00,8.50,8.75,9.21,8.27,7.67,7.93,9.26)

> 1m.so0l<-1m(Y~“X1+X2, data=toothpaste)

> summary (lm.sol)

Call:
Im(formula =Y ~ X1 + X2)

Residuals:
Min 1Q Median 3Q Max
-0.497785 -0.120312 -0.008672 0.110844 0.581059

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 4.4075 0.7223 6.102 1.62e-06 **x
X1 1.5883 0.2994 5.304 1.35e-05 *x*x
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X2 0.5635 0.1191 4.733 6.25e-05 *xx

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.2383 on 27 degrees of freedom
Multiple R-Squared: 0.886, Adjusted R-squared: 0.8776
F-statistic: 105 on 2 and 27 DF, p-value: 1.845e-13

AR B H R B A EE R, MR RS R S I EST
TR IAHIRRA

Y = 4.4075 + 1.5883.X; + 0.5635X.

RERHE—L 5

ARE—B AT AR, RATE S y 5 2o My 5 o BB AERE L
ALVEH, MTF v 5 o, HERMEESF. MXT y 5z, WA K G
4, W 6.4 FiR.

X1 X2

(a) @1~y (b) a3~y

Bl 6.4: 1,20 Fl y WIHCE EIFIPAA BH 22

2HKE 6.4 /) R AW
#t 2oo 5oy MEEEME A E %
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> attach(toothpaste)

> plot(Y"X1); abline(lm(Y~X1))

#H oo 5y IR A E T o &

> 1m2.s01<-1m(Y"X2+I(X272))

> x<-seq(min(X2), max(X2), len=200)

> y<-predict(lm2.sol, data.frame(X2=x))

> plot(Y™"X2); lines(x,y)

Forp T(x272) FRMEd X, (eFOr I, B XS
M 6.4 B, FEERREANCY

y = Bo+ B X1+ BoXo + B X2+ ¢

PR EH. BATIERE R [EH 74T,

> 1lm.new<-update(lm.sol, .7.+I(X272))

> summary (1lm.new)

Call:

Im(formula = Y ~ X1 + X2 + I(X2"2), data = toothpaste)

Residuals:
Min 1Q Median 3Q Max
-0.40330 -0.14509 -0.03035 0.15488 0.46602

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 17.3244 5.6415  3.071 0.004951 **

X1 1.3070 0.3036  4.305 0.000210 *x*x

X2 -3.6956 1.8503 -1.997 0.056355 .

I1(X2°2) 0.3486 0.1512  2.306 0.029341 *

Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.2213 on 26 degrees of freedom
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Multiple R-Squared: 0.9054, Adjusted R-squared: 0.8945
F-statistic: 82.94 on 3 and 26 DF, p-value: 1.944e-13

BeE, BATAH, WASRZWNIRHER o FHF MR, MXREW T R? ARr L
T, XU IE RS . (X B — AR, SRR T 6 ) P-1E
> 0.05. FEE—H0tr, 1F 5 HXEAGT

> source("beta.int.R")

> beta.int(1lm.new)

Estimate Left Right
(Intercept) 17.3243685 5.72818421 28.9205529
X1 1.3069887 0.68290927 1.9310682
X2 -3.6955867 -7.49886317 0.1076898
I1(X272) 0.3486117 0.03786354 0.6593598

Bo WX TE 112 [—7.49886317, 0.1076898], B & T 0, WAlEY, O RIER
AE& 0.
R Xy W—IKI, AT
> 1m2.new<-update(lm.new, .~.-X2)
> summary (1m2.new)
Call:
Im(formula = Y ~ X1 + I(X272), data = toothpaste)

Residuals:
Min 1Q Median 3Q Max
-0.485943 -0.114094 -0.004604 0.105342 0.559195

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 6.07667 0.35531 17.102 5.17e-16 **x*
X1 1.52498 0.29859 5.107 2.28e-05 **x*
I1(X2°2) 0.04720 0.00952  4.958 3.41e-05 *x*x

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1
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Residual standard error: 0.2332 on 27 degrees of freedom
Multiple R-Squared: 0.8909, Adjusted R-squared: 0.8828
F-statistic: 110.2 on 2 and 27 DF, p-value: 1.028e-13

WHR ERWES T F AR Tk, HS E—#EXWRE, ¢ b7, R
TR X JEMEAIR A B Z 4.
FEE—B2BIE, FE o 5z KEAER, RIFALDY

Y =60+ 51.X1 + B2 Xo + 53X22 + 81 X1 Xy + €.

> 1m3.new<-update(lm.new, .~ .+X1%X2)

> summary (1m3.new)

Call:

Im(formula = Y ~ X1 + X2 + I(X2"2) + X1:X2, data = toothpaste)

Residuals:
Min 1Q Median 3Q Max
-0.437250 -0.117540 0.004895 0.122634 0.384097

Coefficients:

Estimate Std. Error t value Pr(>|tl|)

(Intercept) 29.1133 7.4832  3.890 0.000656 x*x**

X1 11.1342 4.4459  2.504 0.019153 =*

X2 -7.6080 2.4691 -3.081 0.004963 **

I1(X272) 0.6712 0.2027  3.312 0.002824 *x

X1:X2 -1.4777 0.6672 -2.215 0.036105 *

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.2063 on 25 degrees of freedom
Multiple R-Squared: 0.9209, Adjusted R-squared: 0.9083
F-statistic: 72.78 on 4 and 25 DF, p-value: 2.107e-13
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BT ¢ R F A, JRH oo, RPN BB, BARELEN

Y =29.1133 + 11.1342X; — 7.6080X, + 0.6712X3 — 1.4777X, X, + ¢.

6.4 ZFFMmE3

6.4.1 “H\” EVAHIEAVIERF

FESEPR A, SN AR R y (R RIRZE, ANTRTRA N dkidess T A it
SEENETTRE, X S AR R PR A TR .

—ORYF, WURFE—AENAT R AR T Y FREREE HAR, Ba
P sy 7 Re b SEpR A BRI I B, (HAARERE 2, MARATIE, Rl
ISR Y AKRAL R, AR N SSp 89 H W BRI o
FEEIGOR, AT S {38 P [0 D9 7 RR VR T ARG B2 R DM 24 e e R AR Ha LA 5. —
A “E A BYENET AR T AT,

fradg “&It” EEFTFEYE ? XX A 2 AR R HEN], 7EA R R HE
M “Beflt” EAGREBATREARE. XEPHE “wit” 48 Nl sy pra 2
‘AT Y FBEEAR A RE IR, HAETRETAEX Y TRELHE
ARt

TE LARBEICY, AU ZSFITERRG “Bit” BIHITRE, W «—PI740E
L7, mrERET. JRBIET. BB EIEE . HAo @22 EIEE BT
SRR PRI, DRI {3 5 A o

6.4.2 ZFFEFITE

R KA T HON TR B RIH” TR stepO, ERM AIC FR
Gt ECOPHEN, EE R ER R/ AIC FESTHR, OlR B ER S inAE A B
Y.

step() PRELAIBE RN

step(object, scope, scale = 0,
direction = c("both", "backward", "forward"),

trace = 1, keep = NULL, steps = 1000, k = 2, ...)



6.4 ZY IR 329

Hrt object EEHBIAL.  scope BHIEB LRI, scale T AICH
1.  direction WAL R W, BE(EN "both" & “—VIFHERIH
157, "backward" ZJFIR{E”, "forward" J2& “Biiyfik”. HAMASEWLAELHB).
TEX BN BARAN H8 RS R LB 2 B A, T —
MEEREIEF, B R RASEERE S BHM R, ARG EE <&
> rRM E .
5] 6.10 XAP KR A B BEGRE Y (F /58) HREPwAPILE RS Xy,
Xo, X3, Xy A X, BLAIF 13 0 5HE, 4ok 0.5 i, HEATRBEEZEZNT
¥, 22 Y ATeNe&uajzy £

& 6.5: HIER
Fr X Xo X3 Xy Y [ AT X Xo X3 Xy Y

1 7 26 6 60 785 8 1 31 22 44 725
129 15 52 743 9 2 54 18 22 931
11 56 8 20 1043 | 10 21 47 4 26 1159
11 31 8 47 87.6 11 1 40 23 34 838
752 6 33 959 12 11 66 9 12 113.3
11 55 9 22 109.2 | 13 10 68 &8 12 1094
3 71 1r 6 1027

N O Ot e W

& BGEZ TR HTRE
> cement<-data.frame (
Xi=c( 7, 1, 11, 11, 7, 11, 3, 1, 2, 21, 1, 11, 10),
X2=c(26, 29, 56, 31, 52, 55, 71, 31, 54, 47, 40, 66, 68),
X3=c( 6, 15, 8, 8, 6, 9, 17, 22, 18, 4, 23, 9, 8),
X4=c(60, 52, 20, 47, 33, 22, 6, 44, 22, 26, 34, 12, 12),
Y =c(78.5, 74.3, 104.3, 87.6, 95.9, 109.2, 102.7, 72.5,
93.1,115.9, 83.8, 113.3, 109.4)
)
> 1m.sol<-1m(Y ~ X1+X2+X3+X4, data=cement)
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> summary (1m.sol)
Call:
Im(formula =Y ~ X1 + X2 + X3 + X4, data = cement)

Residuals:
Min 1Q Median 3Q Max
-3.1750 -1.6709 0.2508 1.3783 3.9254

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 62.4054 70.0710 0.891 0.3991

X1 1.5511 0.7448 2.083 0.0708 .

X2 0.5102 0.7238 0.705  0.5009

X3 0.1019 0.7547 0.135 0.8959

X4 -0.1441 0.7091 -0.203 0.8441

Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 2.446 on 8 degrees of freedom
Multiple R-Squared: 0.9824, Adjusted R-squared: 0.9736
F-statistic: 111.5 on 4 and 8 DF, p-value: 4.756e-07

MBSl UE S, iR AR E AR, OREAG .
S EVEWEEEDES Y etati i S e R T UL oL

N EREL stepO fEZELEIH.

> 1lm.step<-step(lm.sol)
Start: AIC= 26.94
Y " X1 + X2 + X3 + X4

Df Sum of Sq RSS AIC
- X3 1 0.109 47.973 24.974
- X4 1 0.247 48.111 25.011
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- X2 1 2.972 50.836 25.728
<none> 47.864 26.944
- X1 1 25.951 73.815 30.576

Step: AIC= 24.97
Y 7 X1 + X2 + X4

Df Sum of Sq RSS AIC

<none> 47 .97 24.97
- X4 1 9.93 57.90 25.42
- X2 1 26.79 T74.76 28.74

- X1 1 820.91 868.88 60.63

MREFZITERATLVES], MM RIERIF7RER,  AIC {50 26.94. #
PRERBIERGURR, ARERAR X, [EIEIEI RN ALC Eh 24.974.
AR ERAR Xy, [EIEIETRER AIC {50y 25.011. JFTEARHE. W T &AL
B X AJRAE AIC B3 5/D, B, R BRAFHSIERAR X, 57 TR

RS, ekl — 4R, AICH¥ TS, Bt R KL
1B, 33 <& #9EA77F.

PEA AT — AR, AR sumary O $2EHR(E R
> summary (lm.step)

Call:
Im(formula =Y ~ X1 + X2 + X4, data = cement)

Residuals:
Min 1Q Median 3Q Max
-3.0919 -1.8016 0.2562 1.2818 3.8982

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 71.6483 14.1424 5.066 0.000675 **x
X1 1.4519 0.1170 12.410 5.78e-07 *x*x*
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X2 0.4161 0.1856  2.242 0.051687 .
X4 -0.2365 0.1733 -1.365 0.205395
Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 2.309 on 9 degrees of freedom
Multiple R-Squared: 0.9823, Adjusted R-squared: 0.9764
F-statistic: 166.8 on 3 and 9 DF, p-value: 3.323e-08
HBRGERE ] EIHRBRE R BE AT AR, HER X, X,
AR g ) BE G, T Al A ERVE ?
FE R BRPEF, AP RET LUHRIEZ S EH. XA B0 add1O Al
drop1 O). EfiTAIE A
addl(object, scope, ...)
dropl(object, scope, ...)

addl(object, scope, scale=0, test=c("none", "Chisq"),

k=2, trace=FALSE, ...)
dropl(object, scope, scale=0, test=c("none", "Chisq"),
k=2, trace=FALSE, ...)

addl(object, scope, scale=0, test=c("none", "Chisq", "F"),
x=NULL, k=2, ...)
dropl(object, scope, scale=0, all.cols=TRUE,
test=c("none", "Chisq", "F"), k=2, ...)
o object JEHMAHAIM AT, scope JEMLALZ RS N E 25w U4
WA, scale M T C, WFRZERHITEIHE, SR E S 0 8¢ NULL. HAth
WAEEH: B
T A drop1 ) 4.
> dropl(1lm.step)

Single term deletions
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Model:
Y X1 + X2+ X4
Df Sum of Sq RSS AIC

<none> 47.97 24.97
X1 1 820.91 868.88 60.63
X2 1 26.79 T74.76 28.74
X4 1 9.93 b57.90 25.42

MIBTEERNRE, WRERALR vy, AIC (HEM 24.97 HIHNAY 25.42, 23N
MR, F358, B ALC HENISh, FRERT-I7 AR BHR EEZ ISR —,
MWEMARE, UEBIFAITRR, FRERN T MMEN. SRR Xy, 5RENTTT
BT 9.93, ki Ry L, WXMTEIRoRE, MixHRAELRR X,

> 1m.opt<-1m(Y ~ X1+X2, data=cement); summary(lm.opt)
Call:
Im(formula = Y ~ X1 + X2, data = cement)

Residuals:
Min 1Q Median 3Q Max
-2.893 -1.574 -1.302 1.362 4.048

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 52.57735 2.28617 23.00 5.46e-10 *x*x*

X1 1.46831 0.12130 12.11 2.69e-07 *x*x*
X2 0.66225 0.04585  14.44 5.03e-08 *xx
Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 2.406 on 10 degrees of freedom
Multiple R-Squared: 0.9787, Adjusted R-squared: 0.9744
F-statistic: 229.5 on 2 and 10 DF, p-value: 4.407e-09

XAGRB AR, BV AR R BE . BaRE “&it”
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Rt
sl

YWY
Y = 52.58 + 1.468X, + 0.6622X.

6.5 DTSl

6.5.1 {tazZmIisHy

TERTTH, FAIGH THRHZ S ERIEEX F AR Y ik B Em 5 2 &
PN RRR s, FHHIE R AR ALC i D 5 fth v DU fe 1 88 A 22 [l U A
AL HJEX 2 PR NI B AR 1 FORAFSY, TIRA N B A iy — e v A
—IIER, JFEERAEMR SRR R, 2EEn AR ESSEIA
BRI SRAGRE. I, A48 FriE B2 i (a8 (regression diagnostics),
HEENEH:

(1) RFIRZETEGN 2

(a) JhS7Es

(b) SJ7 1%

(c) IESHE.

(2) BBV E GG
(3) BRI HFEA?
(4) BIEHTEY 4 R A X A R BOE 2 & ud, EIEARALR 5 R4S

P e T ?

(5) BAARZ A EGRAAEmEAA? HUEGA ZHILL N ST ?

T HE A7 R T 2 W B
5] 6.11 EBYE B (Anscomber, 1973)

k6.6 Bwmm AREE, BHusdEkd 1148 (v,y) A%, MET
BEA PRl

Yi = Po + bz + &

RO AT eI B A2 F BT & )25 AR, F1 R B 5 AT 5w A4 KA.
& WNEEE, ERIESAT (FR)F4%:  exam0611.R).

Anscombe<-data.frame(
X=c(10.0, 8.0, 13.0, 9.0, 11.0, 14.0, 6.0, 4.0, 12.0, 7.0, 5.0),
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K 6.6: Anscomber &

¥ # w 5
&/

2 1-3 1 2 3 4 4

X Y Y Y X Y
1 10.0 8.04 9.14 7.46 8.0 6.58
2 8.0 6.95 8.14 6.77 8.0 5.76
3 13.0 7.58 8.74 12.74 8.0 7.71
4 9.0 8.81 8.77 7.11 8.0 8.84
) 11.0 8.33 9.26 7.81 8.0 8.47
6 14.0 9.96 8.10 8.84 8.0 7.04
7 6.0 7.24 6.13 6.08 8.0 5.25
8 4.0 4.26 3.10 5.39 19.0 12.50
9 12.0 10.84 9.13 8.15 8.0 5.56
10 7.0 4.82 7.26 6.44 8.0 7.91
11 5.0 5.68 4.74 5.73 8.0 6.89

Y1=c(8.04,6.95, 7.58,8.81,8.33,9.96,7.24,4.26,10.84,4.82,5.68),
Y2=c(9.14,8.14, 8.74,8.77,9.26,8.10,6.13,3.10, 9.13,7.26,4.74),
Y3=c(7.46,6.77,12.74,7.11,7.81,8.84,6.08,5.39, 8.15,6.44,5.73),

X4=c(rep(8,7), 19, rep(8,3)),

Y4=c(6.58,5.76,7.71,8.84,8.47,7.04,5.25,12.50, 5.56,7.91,6.89)

)

summary (1m(Y1~X, data=Anscombe))
summary (1m(Y2"X, data=Anscombe))
summary (1m(Y3~X, data=Anscombe))
summary (1m(Y4~X4,data=Anscombe) )

XPUARARR AR R 6.7 B (& 0.01 iRE). IR 6.7 fral4h
A, FTRAGER, XA R E 2 a i A AR I A R R . TR
BEEBR WS IR ERAF R, FHiL, RSN vENBIRE G T it

PR A SFRE A, (HFSEaIEat.
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& 6.7: MAKEHIHTEER

B3 e triEZ t {H P- g
B 3.0 1.125 2.67 0.026
B 0.5 0.118 4.24 0.0022

Jifg | =124, R* = 0.667, F =17.99, P =0.002

FATE Y H R BOR A 8 [EH B, mE 6.5 Fs. METER
A, XPUARE RS 2AF .

F— MRS, WK 6.5(a). GIRF LRI SENTE, X ER AT
WIEERWEIEES. K 6.5(b) KA _AMEEIREE, EAE—DARBLER,
BRI Ty B E AR W AT A IERR ), T —2oti ik, "lRe kB m=, ol
PARAEE/ N 7% A2 S 00 6 R0
> 1m2.s01<-1m(Y2"X+I(X"2), data=Anscombe); summary(lm2.sol)

Call:
Im(formula = Y2 ~ X + I(X"2), data = Anscombe)

Residuals:
Min 1Q Median 3Q Max
-0.0013287 -0.0011888 -0.0006294 0.0008741 0.0023776

Coefficients:
Estimate Std. Error t value Pr(>ltl|)
(Intercept) -5.9957343 0.0043299 -1385 <2e-16 **x

X 2.7808392 0.0010401 2674  <2e-16 *xx
I(X"2) -0.1267133 0.0000571  -2219 <2e-16 **x
Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.001672 on 8 degrees of freedom
Multiple R-Squared: 1, Adjusted R-squared: 1
F-statistic: 7.378e+06 on 2 and 8 DF, p-value: < 2.2e-16
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12

10

5 10 15 20 5 10 15 20

(a) dE 1 (b) ¥t 2

12

10

5 10 15 20 5 10 15 20

(c) %ddE 3 (d) % 4
& 6.5: Anscombe E{PE A HS K
I, EETREN
y = —5.9957343 4 2.7808392z — 0.126713322

HEH (W 6.6(a)).
Kl 6.5(c) Frw, faj B Im] A i i X TR e R IE A Y, (H— AR BE
WA EIHELRARZE. XFR K575 ER . R REFRENEER RS TR 55



338 FNE [RIH T

XA IR R RO REAS. WA FRZARGER THY 10 MEAEHUE.
> i<-1:11; Y31<-Anscombe$Y3[i!=3]; X3<-Anscombe$X[i!=3]

> 1m3.s01<-1m(Y317X3); summary(lm3.sol)

Call:

lm(formula = Y31 ~ X3)

Residuals:
Min 1Q Median 3Q Max
-0.0060173 -0.0012121 -0.0010173 -0.0008225 0.0140693

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 4.0106277 0.0057115 702.2 <2e-16 **x*
X3 0.3450433 0.0006262 551.0 <2e-16 **x

Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.006019 on 8 degrees of freedom
Multiple R-Squared: 1, Adjusted R-squared: 1
F-statistic: 3.036e+05 on 1 and 8 DF, p-value: < 2.2e-16

RN R 2L EF 777
y = 4.0106277 + 0.3450433z.

&l 6.6(b) 2 BIERIELITE.

RE—MNMEEES (W 6.5(d). BS ER=EAFRR, BE R BHE BRI
BHMEE RN ARSEEMHE 6 BARE L ys ENE. MRS 8 5
FEARIMER, WIARERETT 6, B, WOTREMERXN—NGEE0H, EXEA
FRAS G I AR

TE R BfF, TR

influence.measures rstandard rstudent dffits
cooks.distance dfbeta dfbetas covratio

hatvalues hat
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12
12

10
10

T T T T T T T T
5 10 15 20 5 10 15 20

(a) B 2, RH ZRWE (b) ¥ 3, Bpi— A
& 6.6: Anscombe E{HE1% 1E 5 1Y 8] )5 Hh 28

SEIHZEA R, RTRBHE AL, EHFFMEAER, FRERNA.

6.5.2 IKE

TEF I B/ — T JE F R [B] A B AR By, ook 22 5B b Rt T phoar e S &k
FIESME R, (EXSERR LR p+ 1 AMASER n HAEARZR IR R BEEA
HIFRZZ, G e X = MEFUGENIZ#HTINE. FETHeREN R R R/, &
SErhiesRZE.

1. T@FZRE

5 e TR

Y =Xf3+e, (6.29)
Hrr Y BHm VAR n dEineE, X & nx(p+1) PriditdElE, 62
p+ 1 4EmE, < &nERENE.

] 59 2R B A THE

f=(XTx)" X"y, (6.30)

MEHEY H
V= X6=X(XTX)" XTY = HY, (6.31)
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Hrt

H=X(X"X)" X7, (6.32)
PR H ONTETHERE 1. 5REHR

=Y -Y=(I-H)Y. (6.33)

RKAFAEY residuals() sREL (2 resid() s%0) $@ 4 MELAIRZ A ITEE, HAE
W W)

residuals(object, ...)
resid(object, ...)
HH object iy HAEAL.

EREIRES, MUMRERTRR, WESERRE.
Bl 6.12 245] 6.5(Forbes % 4%) 1321 & 22 R 2] 4958 Z1F W EA5MAL.
fi&: 1EIH5T5e] 6.5 AT, THSTHSRZE, A shapiro.test() B
(LB =% 3.2 7) MERENESMERE.
> y.res<-residuals(lm.sol)
> shapiro.test(y.res)
Shapiro-Wilk normality test
data: vy.res
W = 0.5465, p-value = 3.302e-06
B, FRzEA R ESER K.
TEERL 12 SHEA)E, FMNErE SR AR A R AT IE SR L.
> y12.res<-residuals(1lmi2)
> shapiro.test(yl2.res)
Shapiro-Wilk normality test

data: yl2.res
W = 0.9222, p-value = 0.1827

REMELIESVERR, I, XM 12 SRR CREHER.

2. Rt (RZREN) &E
E R Y B H AT, AR Y, HILE4
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HEME e )R, [

E(é) =0, Var(é)=0o*(I— H). (6.34)
JH-/n X‘j‘@:/l\ éi7 ﬁ R
gi

pyney el N(0,1), (6.35)

HAr by BHERE H X AL ERITER.

H (W= (6.23)) R o MifliitE, #&
€q
N
NIRERFR ZE (standardized residual), BiEFR N 2EE4FRZE (internally studen-
tized residual). XFH o BIfGHAH TGS « MESTEN 2 ESE. B

(6.35) WIH, PRUELLFRZE ri ILRURMARHEIE S A
R %4+, B rstandard ) 15 EIEBEBIAARUEL (PIFA4k) 5825, H
LaEk W)

rstandard(model, infl = 1lm.influence(model, do.coef = FALSE),

(6.36)

r, =

sd = sqrt(deviance(model)/df.residual (model)), ...)
HoA model & 1m B glm A=A XT4.  infl &H 1m. influence 1R [F{E15%]
TROMRZER.  sd RALAIRIRTEZ.
3. SPFEMFRE
AICMERES @ MEARZIEE, BAR T n— 1 MEABRR R EH 2By
By, t o HofliHE, A

1 < = 5 \?2
52 = Yi—Xﬂi> , 6.37
(0 n_p_Q; P (6.37)

H X; WM X W5 47, B

£
2i(60) = ———n 6.38
(@) V=T (6.38)

NFHALFRZE (studentized residual), SE TR A IR ZE (externally studen-
tized residual).

R 4, 3 rstudent O JELEFMAIR) (41 FAAbak2E, HARFHAE R
H
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rstudent (model, infl = 1m.influence(model, do.coef = FALSE),

res = infl$wt.res, ...)

HA model & 1m 5f glm AERAYXTS.  infl &H 1m.influence iR [B[{H155]
VM LER.  res JEALAIRRZE.

N2 SR R R R SR AR R T

6.5.3 REE

AR & APAERR, DAUGME g0 SO AR5 @ BB Wi i 6]
REABAR B BOS B S8 B AREO R 2. R ERIETARAIZ B EE T A,

1. BYHE v BRENKER

PRI T 2 T A R AR 7 A3, AL A Y SRR B
EISERT0. s R A Y 58k E e sUsRE (V,6), i=1,2,---,n),
B VI Y SRR ER LRI (Vi,r), i=1,2,---,n), HETETRES
HOB R =S (0 6.7 FTR).

FRE FRE BRE

(a) IEHTROL (b) T ZH L (c) AELHENF L
Bl 6.7: [IAME Y SikERHUSE

AT 6.7(a) AIEL, MREIIE Y #R/D, Mgk & (5 r) BAHIFR
O3, IR SRR WFE 6.7(b) Bt FRENEME Y AR
GIRERWANR/PAERR, HIFETZERBREA T T HE 6.7(c), FRnLk
BRAIAGIE, W% R AR LA

XTF R 6.7(a), AURKHR R R AT Y, 1 RGBS RSN,
XL R X LR FEAS, T REA 7 W (HATAE.

Bl 6.13 &F)] 6.6 L@K E GG EEAARELKZ R AE.



6.5 [EJ32Hr 343

fi%: 7EITSTH] 6.6 RYEIABLAL)S, @R EMARHEIL SR ZE, FFE tH A
WHTERE. R AL WT:
#i B 7k £ H
> y.res<-resid(lm.sol); y.fit<-predict(lm.sol)
> plot(y.res”y.fit)
#H BATEN IR E B
> y.rst<-rstandard(lm.sol)

> plot(y.rst7y.fit)
BB 6.8(a) . (b) PR

< -

y
Yy
-15 -10 -05 0.0 0.5 1.0 15

120 130 140 150 120 130 140 150

y.fit y.fit

(a) 7R ZEH (b) trnEfbFRZZ R
K] 6.8: fi] 6.6 H5RZEIEl

MK 6.8 FTLAE H, FRZEAMIF 8 B2 AR & R B2 1
FHFAIT, BIREMRMIEZS AT BB SOLET, PRAEALTR 22 R e AR A
PREIERS . RIBIESDAEPER, HRVER X ~ N(u, 0?), WH

P{p—20 < X < p+20}=0.954.

ok Eis, MTFARMEIREE, Ni%E 95% MEAR SUEFEIX ] [—2,2) H. B4,
FLER, IAHME YV S5k & AHEIS, BT SARMELTRE r, ro, -, m 1R
SEoOFRLA, WERLIMAE Vi AREARAR, o RAVRER, FRATE LA (Vi)
i=1,2,-,n KBUSTELESE R 4 AT || <2 (XM, BAREBUETE
. POXFIHER, SERAREAL TR IE, A SIS ] R B
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B, HERE 6.8(b), Ird SMTERE R 4 B7K - [r <2 9, HAR
PR, I, 4 6.6 AR 128G iE .
Bl 6.14 XNEAATAR Tt E W%, FERGHEERARTTALE. RY
HERRZTRGREAYBER S (B2 A), X AFXRAGRN (B2 1)
R O8LHRT BAKENESE REITILEHEMREZ=Y 5 X 6% 4 XL

& 6.8: X REAABASASEELE

A% | X(2) Y(R)| A5 | X(R) YR)| A | X(R) Y(R)
1 679 079 | 19 | 745 077 | 37 | 770 1.74
2 202 044 | 20 | 435 139 | 38 | 724  4.10
3 1012 056 | 21 540 056 | 39 | 808  3.94
4 493 079 | 22 | 874 156 | 40 | 790  0.96
5 582 270 | 23 | 1543 528 | 41 783 3.29
6 1156 3.64 | 24 | 1029 0.64 | 42 | 406  0.44
7 997 473 | 25 710 4.00 | 43 | 1242  3.24
8 | 2189 950 | 26 | 1434 031 | 44 | 658 214
9 1097 534 | 27 | 837 420 | 45 | 1746 571
10 | 2078  6.85 | 28 | 1748 488 | 46 | 468  0.64
11 | 1818 584 | 29 | 1381 348 | 47 | 1114  1.90
12 | 1700 521 | 30 | 1428 7.58 | 48 | 413 051
13 | 747 325 | 31 | 1255 263 | 49 | 1787  8.33
14 | 2030 443 | 32 | 1777 499 | 50 | 3560 14.94
15 | 1643 316 | 33 | 370 059 | 51 | 1495  5.11
16 | 414 050 | 34 | 2316 819 | 52 | 2221  3.85
17 | 354 017 | 35 | 1130 479 | 53 | 1526  3.93
18 | 1276  1.88 | 36 | 463  0.51

& W NEOE, ELRVERIEEE (¥4 exam0614.R)
X<-scan()
679 292 1012 493 582 1156 997 2189 1097 2078
1818 1700 747 2030 1643 414 354 1276 745 435
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540 874 1543 1029 710 1434 837 1748 1381 1428

1255 1777 370 2316 1130 463 770 724 808 790
783 406 1242 658 1746 468 1114 413 1787 3560
1495 2221 1526

Y<-scan()

0.79 0.44 0.56 0.79 2.70 3.64 4.73 9.50 5.34 6.85

5.84 5.21 3.256 4.43 3.16 0.50 0.17 1.88 0.77 1.39

0.56 1.56 5.28 0.64 4.00 0.31 4.20 4.88 3.48 7.58

2.63 4.99 0.59 8.19 4.79 0.51 1.74 4.10 3.94 0.96

3.29 0.44 3.24 2.14 5.71 0.64 1.90 0.51 8.33 14.94
5.11 3.85 3.93

1m.sol<-1m(Y"X); summary(lm.sol)

GEl

Call:
Im(formula = Y ~ X)
Residuals:

Min 1Q Median 3Q Max
-4.1399 -0.8275 -0.1934 1.2376 3.1522
Coefficients:

Estimate Std. Error t value Pr(>|tl)

(Intercept) -0.8313037 0.4416121 -1.882 0.0655 .
X 0.0036828 0.0003339 11.030 4.11e-15 s**x

Signif. codes: O ’x*xx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 1.577 on 51 degrees of freedom
Multiple R-Squared: 0.7046, Adjusted R-squared: 0.6988
F-statistic: 121.7 on 1 and 51 DF, p-value: 4.106e-15
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BE7F R ¢ R g A F oA, BTLA Y X X W —JcaRE AT RN
Y = —0.8313 + 0.003683X.
FHEENE2HW, AR R 22 BUR
y.rst<-rstandard(lm.sol); y.fit<-predict(lm.sol)

plot(y.rst”y.fit)
abline(0.1,0.5);abline(-0.1,-0.5)

HEE K 6.9(a) PR
o P o
. N
o
° ’ ° ” g0 o
o o - o 0o ®
- o = 00 O o o °
2 = o
> g — ° OOO (o) o
[ )
o 8 °
&
o
P A )
T T T T T T T T T T
0 2 4 6 8 10 12 1.0 15 2.0 25 3.0 3.5 4.0
y.fit yn.fit
(a) AT ZIEN (b) ZHJE IR L

& 6.9: 4] 6.6 FUFRIEILER 2Z A

B EESFE M, RERNZEMAZHBOT 2R, XERERNTTZAHE
SR —MEIE. HRXINARR Y /A, (EFT . MR R RFN

1lm.new<-update(lm.sol, sqrt(.)”.); coef(lm.new)

b update AR IEREL.  coef EIRIUEIHREL. THHERA

(Intercept) X
0.582225917 0.000952859
H R340 77 12

VY = 0.582225917 + 0.000952859X,
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3l

=

= (0.582225917 + 0.000952859.X )?
= (.338987 + 0.001109558 X + 9.079403 x 1077 X?2.

PR A i ) B A 5 2 TR

yn.rst<-rstandard(lm.new); yn.fit<-predict(lm.new)

plot(yn.rst”yn.fit)

HEDEHE 6.9(b) Frn. BUREIREHE B K UGE.

2. BREN Q-Q E

TEE=ZBNA T REIESS AN ITE —Q-Q Bl XEAUM Q-Q BmIE:
g 5% 22 ) TEASHE.

W ey BFRE & BRIFSHRE, i=1,2,---,n, %

1 —0.375
h=®"! =1.2.---
q() <n+025)7 ? )y &y y Ty

Hr (x) FIRMEIES A N(0,1) (MRS, o1 (x) REEL B ) M ép
I EE.

FIRLER, # &i(i = 1,2, n) BIEH EAMT BRI, WA (40, 20)
(= 1,2, n) e B . B, BREME Q-Q P ay i ks
R 2 4 b, U B PREER 150 A TE AL R A & B, Z50 AT
HIRZERIESYER R 5 PR .

M REMAFEIES Q-Q RERIEFRH, HFEF—1Tme

plot(model, 2)

. model EH 1m AEAIRTE.

3. LETZENHELIRIZRER

P X;5(1 <5 <p) (IS MUIME 2;(1 < i < n) HEBBETR, BILLE
AR AR AR E . SHIAH YV AR R R —RE, WEMRERE
K 6.7(a) ByZK TR, WREJE 23K 6.7(b) AUTEAR, NIEEHRZEESFE T £
FHRIEAEE. AEIE 6.7(c) FIBR, WIFBEERBSFEM X; fERI, X
TR Y AR
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B16.15 @4l 6.6 X T AL EARLIRGKEA.
% TEARSEREAREALE, sk, FrE R,
> y.res<-resid(lm.sol)

> plot(y.res”x1); plot(y.res~x2)

KIFE 4 6.10 Frs.
x1 X2
(a) BL Xy J9kgdedr (b) BA Xo WHHAEAR

& 6.10: ] 6.6 HYLL X1 . Xo WREARARAY TR ZE IR

M 6.10 ATLAEH, [ AR ASOR A Y.
1E R KA, plot O pRBCH] LAM Hi BRI R R 22 18], HoAH A% =
plot(x, which = 1:4,
caption = c("Residuals vs Fitted", "Normal Q-Q plot",
"Scale-Location plot", "Cook’s distance plot"),
panel = points,
sub.caption = deparse(x$call), main = "",
ask = prod(par("mfcol"))<length(which)&&dev.interactive(),

.« oy

id.n = 3, labels.id = names(residuals(x)), cex.id = 0.75)

Horp x BERMERIAMAA, which 2 1 £ 4 (EWEBEENFE, 1 RRETEK
ZHUGEMRER; 2 FREIES Q-Q RFER; 3 FnE R ZRIT
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I E5UEERNIRZER; 4 FaaE Cook GiitiE (TEFHANA) BIF5kZK]. caption
REBNE. HR WAL D).

6.5.4 RIS

PRl SE R o A R AL X A T 2R R e R B . e |3 o A Py — A4
HERBIE, AR e RE S, VAT, APl MR
WLME B SAERUAATT, (EARAM G TR ESEEE, XFBIFAFEL, filin
] 6.11 25 = BRI FE L.

IR HEARANENFARA, (HHARYIRE XA, MIPREHEA N
SRECIA S, (AR R EAR). SR AT — N E B B K X AR AR A KR

1. 183/ H B fATHE

B (6.31) 821, V= HY. JJLFT L, VR Y 7 X SRR T
SRR °, 3 ELIE A

oy,

oy,

B, ha BRNTIZERE § AL Y kb, EAR Y g%

V&I‘(ffi) = hiia27

hiiv

BRI, Ry SUSBE T EDSME Y @ 3.
PR (RS,

=1

BriA,  Hoaglin Al Welsch(1978) Z5 H —Fl AT 7 W AH R B I, AR

2p + 1
higiy > (p; ), (6.39)

MIFIAC S io HAIREASTEIBOR, FIRASE & HAHEN], 25 RJE AR HAIER.

o TR TR (SO H AX AR ERITR b (0= 1,2,---,n) BIRE
ZMSEIHE R, B R RAES HITHEE hatvaluesO) Al hat O, HAEH
X

SHIT H" = H, H?> = H, JTLAFR H REERE %
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hatvalues(model,infl=1m.influence(model,do.coef=FALSE), ...

hat (x,intercept=TRUE)
HoA model JE[MIFMEAL, x BRI X
2. DFFITS &N
Belsley, Kuh il Welsch (1980) %45 55 —FEN]. 54 &
hi &
1—hii o/T=hi
Horb o R o) ARG XETH ARER, IRA

1
IDi(o)] > 24/ 2,

n

D;(o) =

WRADY SR @ AHEA R LR, M EHEER.

R B4 T DFFITS #ERIE SR % dffits O, HAEHARKCY

dffits(model, infl = , res = )
HA model J& [H]JIARI.
5 6.16 A DFFITS #& N F|BT 4] 6.2 F 69 5% AR %

& fEiH i mEAEA S, A dffits O BREUEHINT.
> p<-1; n<-nrow(forbes); d<-dffits(lm.sol)
> cf<-1:n; cf[d>2*sqrt((p+1)/n)]

[1] 12

HI, 25 12 SEEAR SRR EEHA.
3. Cook &itE
Cook 7E 1977 4E42H T Cook 4titiz, Cook GFitExE X Hh

(8- Bu)"XTX(B - Buy)

D,; = -
(p+1)52

) Z:1727"'7n7

(6.40)

(6.41)

(6.42)

Ht o) WMBRE | MEABIREIATE, EATH n— L ARSI REH

BIHZRE. ZiadHES, Cook Gt UME N

Di: “ 2 ) — 1 2 e
p—'—l (1—}][7/7/) TZ’ Z 7 Y 7n7

(6.43)
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Forp oy RARHEIL SR 2.
R 24 H T 15 Cook FEil &R T REL cooks.distance(), HA¥
EWj
cooks.distance(model,infl=1m.influence (model,do.coef=FALSE),
res=weighted.residuals(model),

sd=sqrt(deviance(model)/df.residual (model)),
hat=infl$hat, ...)

Hrf model J2& A IH#LAL.

B E, Cook Seit#E D; MK &, BATREERFEA, [HES Cook 4t
THE— MU AR 75 A e A E SRR R YR, 728 EBE B T R A 32 PR
1H LT AE -

4. COVRATIO #1|

A xR [ 5 R B THE R P07 22 e 25028 0 MR [] )9 R Kl 1
EHT T 2R 3

Var(ﬁ) = 0’2 (XTX)_l s Var(ﬁ(i)) = 0’2 (Xg)X(i)>_1 5

B X & X GRS  1TRBI0ERE. 40l ¢ oy BREXFH oo AT
A B A [ R B RE B, BBy 28 T
det (5(2i)(X(j;)X(i))_1> (62, )Pt 1

(0 .
COVRATIO = = . —1.9 ... n.
det (62 (XTX) ) (@@t 1k, 00T

(6.44)

WRA — AP COVRATIO HEHF 1 #aE, NI AR A 0
K.

R {4 1 T3 COVRATIO {ERTH LR %L covratio O, HAE AN

covratio(model, infl = 1m.influence(model, do.coef = FALSE),

res = weighted.residuals(model))

A model JZ [ JHAHAYL.

5. IheE



352 F5F BEBENMT

BT T EFR AR R (REER) UL, SRONAEREIN SRS
SE R KR T EARIE BAAF tEAT Afr. X B T O7 5, R RO IR S
B—A R K
%5 0] 1728 K% —Reg_Diag(). 1E45 € BIAFAL)S, THEENEAAL R
Wk, el (WpAEtl) skZE. b EusR . TR AL BT R,
DFFITS &git#, Cook BEESHI COVRATIO Siiti, FFMRIEAS e br oL,
XA BE R SRR R REAR LS TARIE, T XX S AT AT A AR
THEMNE R BT (f2JF4%: Reg_Diag.R)
Reg_Diag<-function(fm){
n<-nrow(fm$model) ; df<-fm$df.residual
p<-n-df-1; s<-rep(" ", n);
res<-residuals(fm); si<-s; sl[abs(res)==max(abs(res))]<-"x*"
sta<-rstandard(fm); s2<-s; s2[abs(sta)>2]<-"x"
stu<-rstudent (fm) ; s3<-s; s3[abs(sta)>2]<-"*"
h<-hatvalues(fm); s4<-s; s4[h>2x(p+1)/n]<-"%"
d<-dffits(fm); sb<-s; sb5[abs(d)>2xsqrt((p+1)/n)]<-"x"
c<-cooks.distance(fm); s6<-s; s6[c==max(c)]<-"x"
co<-covratio(fm) ; abs_co<-abs(co-1)
s7<-s; s7[abs_co==max(abs_co)]<-"x*"
data.frame(residual=res, sl, standard=sta, s2,
student=stu, s3, hat_matrix=h, s4,
DFFITS=d, sb5,cooks_distance=c, s6,
COVRATIO=co, s7)

TR, R ERIRZGRE AR IT; X Rz o tE Ak 22
YXHERT 2 FIREARVERRIE; T hy > 2(p+1)/n BIFEAAERRIC; X [DFFITS|; >
2¢/(p + 1) /n BYREARFERRID; SRR Cooks FEEGHIREATE RIC; XTEE 1 HEhY
COVRATIO it &AL
Bl 6.17 & J MR

k6.9 RZFFFEMNRG 21 MLEdyicdk, £+ X ZILEHFE (WA A
BAx) Y RomEAME N AHR, @ BEE, KRNBESF HHE-FH TG X
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& 6.9: JLEE DMK
ey | X Y ey | X Y gy | X Y
1 15 95 8 11 100 15 11 102
2 26 71 9 8 104 16 10 100
3 10 83 10 20 94 17 12 105
4 9 91 11 7 113 18 42 o7
5 15 102 12 9 96 19 17 121
6 20 87 13 10 83 20 11 86
7 18 93 14 11 84 21 10 100
% WNEE (BORE), AR InO #7RME (¥4 exam0617.R).
intellect<-data.frame(
x=c(15, 26, 10, 9, 15, 20, 18, 11, 8, 20, 7,
9, 10, 11, 11, 10, 12, 42, 17, 11, 10),
y=c(95, 71, 83, 91, 102, 87, 93, 100, 104, 94, 113,
96, 83, 84, 102, 100, 105, 57, 121, 86, 100)

)

lm.sol<-1m(y~x, data=intellect)

summary (1lm.sol)

A4 R T
Call:

Im(formula = y ~ x, data = intellect)
Residuals:
Min 1Q Median 3Q Max

-15.604 -8.731 1.396 4.523 30.285

Coefficients:
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FonFE EEST

Estimate Std. Error t value Pr(>|tl|)
5.0678 21.681 7.31e-15 ***

(Intercept) 109.8738

X -1.1270 0.3102

Signif. codes: 0 7%%x’

-3.633 0.00177 *x

0.001 7xx’

0.01 ’%’

0.05 .

7 0.1

Residual standard error: 11.02 on 19 degrees of freedom

Multiple R-Squared: 0.41,

F-statistic:

A

Adjusted R-squared: 0.3789
13.2 on 1 and 19 DF,

p-value: 0.001769
HALES T Wl F Rk, B, EIETRN

Y =109.8738 — 1.1270.X

NEAEETZEr. A E 28R % Reg_Diag )

> source("Reg_Diag.R"); Reg_Diag(lm.sol)

residual si standard s2

1 2.0309931 0.18883222
2 -9.5721288 -0.94440639
3 -15.6039514 -1.46226437
4 -8.7309404 -0.82158155
5 9.0309931 0.83965939
6 -0.3340623 -0.03147039
7 3.4119599 0.31891861
8 2.5230375 0.23566531
9 3.1420707 0.29716139
10 6.6659377 0.62796572
11 11.0150818 1.04797524
12 -3.7309404 -0.35108151
13 -15.6039514 -1.46226437
14 -13.4769625 -1.25882099
156 4.5230375 0.42247610
16  1.3960486 0.13082533
17  8.6500264 0.80601240

student s3 hat_matrix s4
.18396849
.94158335
.51081192
.81426336
.83286292
.03063183
.31124676
.22971575
.28991014
.61766026
.05084716
.34283148
.51081192
.27977575
.41315320
.12739342
.79828114

0.
.15451323
.06281578
.07054521
.04792248
.07261896
.056798959
.05666993
.07985823
.07261896
.09075485
.07054521
.06281578
.056666993
.05666993
.06281578
.05210768

O O O O O O O O O O o o o o o o

04792248
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18
19
20
21

© 0 N O O b W N =

I S e N T T e T e
= O ©O© 0 N O O & W N = O

-5.5403062
30.2849710
-11.4769625
1.3960486

*

-0.85153932
2.82336807
-1.07201020
0.13082533

*

-0.84511086
3.60697972
-1.07648108
0.12739342

0.65160998

* 0.05305030

0.05666993
0.06281578

DFFITS s5 cooks_distance s6 COVRATIO s7

.041274036
.402520687
.391140045
.224328534
.186855984
.008571736
.077223953
.0566303487
.085407473
.172840518
.331996854
.094449643
.391140045
.313673908

0.101264129
0.032981383
0.187166128

-0.
0.

.155778731
.863737107
263846244
032981383

8.
.149796e-02
.165814e-02
.561596e-02
.774366e-02
.877627e-05
.130575e-03
.668209e-03
.831949e-03
.543952e-02
.481014e-02
.677623e-03
.165814e-02
.759781e-02
.361216e-03
.735845e-04
.785650e-02
.781120e-01
.232883e-01
.451889e-02
.735845e-04

a W N OO, o0 b N0, W, WWwWw s, NN

974064e-04

N = T S I e =« T o T = S S S T = = = T = T © T =S

.1658918
.1969990
.9363474
.1151027
.0850411
.2013200
.1701576
.1742373
.1996682
.1520913
.0878396
.1832616
.9363474
.9923313
.15690453
.1867369
.0964388
. 9586827
.3964316
.0425728
.1867369

*

N ERGERRE, 8 19 SR EREBRRIRK, HInEMRZEMIMEAL
FRZMAXHEM T 2, DFFITS Gt BB E IR 28 18 SHEA M hisas,
DFFITS 4tit &M COVRATIO Fit e titr, HHXMME Cook Fiti
BFREK. FHI, Ji_,n%TUQFFEtH 55 19 SREA 25X B AR BRI ECR,

%18 SR A B AR

SN
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FonFE EEST

7N

Residuals

Cook’s distance

N T REMSULRATRE, B INSRZ BN BT RO — 2RI b T T
AT, A PUIEEAE—skE L. EHEER R e, [EIGEEmE 6.11 fr

0 10 20 30

-20

0.6

0.4

0.2

0.0

Im(formula =y ~ X, data = intellect)

Residuals vs Fitted Scale-Location plot

190
— 1% S . |
T o
>
2 130
0
g o ] o 8 o)
— oo (e] 8 — [e) 00O
N (o]
°©o §o o o
S L _| o %
o 0 T o o ©
- o o I o
8 [} o
130 — O |
T T T T © T T T T
70 80 90 100 70 80 a0 100
Fitted values Fitted values
Cook’s distance plot
o
18 CF\|| — 190
_O
o O
§ ] o)
(@] o o
_ °)
- -1 O
o | P
9 [ee]
_ o
_.T|I|....||.||..| | . 8 180
T T T T | T T T
5 10 15 20 10 20 30 40
Obs. number X

B 6.11: 2 7 %5cbe i 5% 22 L A0 [ )5 [

opar <- par(mfrow = c(2, 2), oma = c(0, 0, 1.1, 0),
mar = c(4.1, 4.1, 2.1, 1.1))

plot(lm.sol, 1); plot(lm.sol, 3); plot(ilm.sol, 4)

attach(intellect)

plot(x, y); X<-x[18:19]; Y<-y[18:19]
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text (X, Y, labels=18:19, adj=1.2); abline(lm.sol)

par (opar)
1E LR, MH T par O sREL IZRBIEIE SR E R, HEMAERE
FI7 8 WAE LA ).

Bl 6.11 By —ik B R ZERUS B, NEDEE W, 8 19 SHEA S B e
A i B 6.11 By R IEL R AR e R Z B HME R TF sk 2R, 26 19 5
FEAR AR HEARER Z W F 7 KT 1.5, EBISE 19 SREA SAE 95% MTERE Ash. B
6.11 By =K EIFR/R A& Cook JEES, XEES 18 SHEAAMERK, EIH,
%18 SRR AR R (REER). A T Baatriygiil, Bl 6.11 i958
PUskE 25t T I ELMAEA S aUa B, 5 18 SRR BmA, 26 19 5
FEAS KB 2w L

YT ZoThAEA, BARIRATICIEE W EE 7 R SRR EDE, {Hadad F
H2Wr, ROTEZREW /4T B EER R BT TE, Blan, X8 s, 5 18
SHANERZEGANIE, M 19 SRR R E A 8, XWFEE
i 1 0L0I R

7E R W4, pR%C influence.measures() BJLIVEMRIFZHE) 845, BB
LS

influence.measures (model)

H At model 2 1m 8¢ glm A RAIATS. HaREMER—MFIER, FFRHE$E DF-
FITS %14, COVRATIO %4, Cooks FEEs4s.

6.5.5 ZEHLMH

= B ARG, AR AT REAR R AR, Al a8 & f T AR
A B AR SRRE, EERAS. BEERTR, TR ERRRECRA
SRR E BN, X — R R MOy 2tk s 2 B3k tt.

1. ta=RSEH &M

WRAFAERLEH I co, 01 1 co, (EFRERMESEK

Cle + CQXQ = Cp (645)

Xt TR TR R PR AR AL, TIPS B AR R X0 T X DuAS i L R
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TESEPRAR, MRSV RRAR R R, B, WRSEK (6.45) rRlhxs i
Bagmon, WAL —MEREARZ2EEN Xi 5§ X, MLt
BEMER, RENFEAMEREI T . BRILEHX YT ], = 1; JE53t
BHEX T iy = 0. % rf, BREHET 1, IRUEEMERR. @Y, RITLHEA
ST, % ol BOREE, AT Xy AT X, EILLRME.

YT p(>2) MEAE, WRFEFE co,c1,- -0, B

Cle —+ CQXQ + -t Cpo = (Cp (646)
UEAARL, WIFRTRIX p MR RAFEZ EILZM:.
2. ZEHLEMAD

¥ ray,ze), - xe 2BARE X, X, -, X, it OB RHELL 1S3 8 e
®’OIE X = (zay, 2@, 7)), BA R XTX F—MFIEE, o IXNARHE
mt, HRKER LH o"o=1 2 A=0, N

XX =X p=0.
ot Aok B, B3
" XTXp=Xo"p=A=0,

Br A

2l
Y121y + P22y + -+ PpTp) R 0, (6.47)

HAd o = (p1, 02, 0p)T. R (6.47) REH, [MHE 2, 22), -, Tp) ZHIRIAY

RMERFR, WU, MTEERE X1, X, -, Xy, f71E o, 01, -, ¢, AT (6.46)

WAL, B B AR (M 2 B L.
FRLBELGHEREN - NEERIREE XTX 505 |

Sy Ama(XTX
R(XTX) = [ X7X] - [(XTX) 7| = ﬁ

SRT R OAL SIRHEAL I IR HETE 8.2.1 THETEAI A 4



6.5 [EIHZWr 359

HoA Ao (XTX), A (X7 X) RRFHE XTX MR, B/MFIEE.

B E, ZAEEZIET XTX BFEEZE TR/, NSERR N #25 f
B, —fE k< 100, M ZEILLHERNRER/D; 4 100 < £ < 1000, A
R R B BRI 2 LM, 25 /> 1000, MG KR B 2 H L4
'Iﬂf-

e R A, % kappa O HHRERER AR, HEERHINE N

kappa(z, exact = FALSE, ...)
Hrr z BHME, exact ZBHAHE, 4 exact=TRUE WY, MHITHIALAMAEG A
iR (Yea =R S LS8
5 6.18 ZE—NANANEE A ESHILMEEEFA, REHKBEI AR 6.10 F.
REER 12 WY, RE—wI, BRE Xy, Xy, -, Xo 9 EA 11 BEEH
& 6.10: [FIG%1E

5 Y X Xo X3 Xy X5 X
1 10.006 ~ 8.000  1.000  1.000 1.000 0.541  —0.099
2 9.737  8.000 1.000 1.000 0.000 0.130 0.070
3 15.087  8.000 1.000  1.000 0.000 2.116 0.115
4 8.422  0.000 0.000  9.000 1.000 —2.397 0.252
5 8.625 0.000 0.000  9.000 1.000  —0.046 0.017
6 16.289  0.000  0.000  9.000 1.000 0.365 1.504
7 5.958  2.000  7.000  0.000 1.000 1.996  —0.865
8 9.313  2.000 7.000 0.000 1.000 0.228  —0.055
9 12.960  2.000  7.000  0.000 1.000 1.380 0.502
10 5.5641  0.000 0.000 0.000 10.000 —0.798  —0.399
11 8.756  0.000 0.000 0.000  10.000 0.257 0.101
12 10.937  0.000  0.000  0.000  10.000 0.440 0.432

REM £ 4
X1+ Xo + X3+ X, = 10,

RARIEELRHKG Tk, HSMBOT TR AL S TELMN.
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% MBARERIIIEMALGE, B EZRE X, Xy, -, Xo e OACRITRHEILAT
IR XTX A5 bk By ax 28 | AR i A A DGR RE, A kappa O BRECK
HEME XTX WAL H eigenO HREUCKHAE XX M5/ NFEEM AR
AURFIER . SKRAFMIER R BFW T (/¥4  exam0618.R).

collinear<-data.frame(

Y=c(10.006, 9.737, 15.087, 8.422, 8.625, 16.289,
5.958, 9.313, 12.960, 5.541, 8.756, 10.937),

X1=rep(c(8, 0, 2, 0), c(3, 3, 3, 3)),

X2=rep(c(1, 0, 7, 0), c(3, 3, 3, 3)),

X3=rep(c(1l, 9, 0), c(3, 3, 6)),

X4=rep(c(1, 0, 1, 10), c(1, 2, 6, 3)),

X5=c(0.541, 0.130, 2.116, -2.397, -0.046, 0.365,
1.996, 0.228, 1.38, -0.798, 0.257, 0.440),

X6=c(-0.099, 0.070, 0.115, 0.252, 0.017, 1.504,
-0.865, -0.055, 0.502, -0.399, 0.101, 0.432)

)

XX<-cor(collinear[2:7])

kappa (XX, exact=TRUE)

REIFAFLOUZ £ = 2195.908 > 1000, I HNA 7 HAT 2 EILLM.
HE—2, R AR R 2 ALY . TSR R A RE AR (AT AE B YRR AR [
"
> eigen(XX)
GE
Amin = 0.001106, ¢ = (0.4476,0.4211,0.5417,0.5734,0.006052, 0.002167)".
Ell

0.4476x(1) + 04211z + 0.5417x@ + 0.5734z)
+0.0060522( + 0.002167x6 =~ 0.

HT @), v AT REGTMA 0, HI, &

0.44761’(1) + 0.4211$(2) + 0.54171’(3) + 0.5734$(4) ~ 0, (6.48)
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T A EE Co, C1,C2,C3,C4 15
Cle + CQXQ + Cng + C4X4 = Cp.

XU R Xy, Xy, X3, Xy FFIEE S BN, SBHPEHERRMR .
EE: kappaO) BRECH AT LISREMAAAY SR FRL, (H5hs LR i 542
Xy, Xo, oo, X, Y RO FERY 2R AR, RD

kappa(lm.model) = x([X; X5 - - X,Y]).

6.6 J XMZkiEOIRE

I YRR (GLM) &% WIESLWARRIN BT, B RGE AT
AR BRCEE, FalEas, mEtEsdR. MR XENH B, tHEA
Y. BB s gt ot b, AEEEE X

IRV S5 Nelder F1 Wedderburn (1972) $2 1.  X SRR 2R i
A H BB o MR KO AR B, N RFE T 4tk B AR iy BAE. BT
RAERRIAT T B T R Sl R — R, K AR I
ST EMRR, UAAREZENS RS E —MRZERE. XEHE RIFFE4
PEBRI A IR BE R T — e (R AESPE A A, R ATHY B AR B AR i v
VER p NEZER 21, w96, -+ Tps, 1= 1,2, -+ 0 B RRECEE AR AL

XF] NERHBERN AT = MR £ —-REHEELRE, BERASE 4
M B AS BT E(y;) R &t B AR 0o MR T o, H s s —
B, BRRFSEWN (p+1) x 1 ok, FREESEIE. B2 EHRE, Bk
IV H AR B E(y:) BI26R, S TR, F==~RRERE, Bl
B A B 5 — R BENLE . FRATIR B R A B S Rk, (H2
FLADMAER R ZA R . 7T AR B iR PR — ME IR Z R 2L

72 6.11 45 T T MR DL R ORR ZZ R B, i, X FIE
LA, R v BRIESHAR, YER ol 6, RErE o2 WREINMEREZ v
J& Poisson FEALAE R, HEN exp(a] 3), FA15H] Poisson [H] AL

6.6.1 5 NE&MEEEEXH R XK
RRARM TG TR R AR R gln O, Han X
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& 6.11: FRHEZERBINRERE

HEREREL WO R (RIABA) | AR ZREL
fH5E | 270 = E(y) E(y)=2"p sEy il
XE | 278 =1nE(y) E(y) = exp(z”/) Poisson 4347
Logit | 278 = LogitE(y) | E(y) = lfgj(p(ﬂ)ﬁ) — 4T
o 2" 8= 5 E(y) = 313 Gamma 434

fitted.model <- glm(formula, family=family.generator,

data=data.frame)

HA formula BIAE AR, XEMNE X SLEMHEAIME, family BIMMAIE,
BRI SR E T LR AR RS, WER/ M. Poisson 40, X4 fi 4.
data JEEPEAE, XHEAE X SRR .

TR AR (family), 246 TN ERREL, Wk 6.12 Frr.
R 6.12: RS5AXEERE

oA (family) SC oS
binomial logit, probit, cloglog
gaussian identity
Gamma identity, inverse, log
inverse.gaussian 1/mu~2
poisson identity, log, sqrt
quasi logit, probit, cloglog, identity,
inverse, log, 1/mu"2, sqrt

AT X ATEANE LR R, BA TR A] 58 B B ) AR A B 1]
BN TS TS [ o AR TR AT A

6.6.2 IEZEHNFiE
B AR A 2
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fm <- glm(formula, family = gaussian(link = identity),
data = data.frame)
A link = identity FJRAAT, [HOyIEZS I A ik Y 34 52 o6 RO B H R 1E S
(identity). S5 b, HEABE family = gaussian WHLIAE, Ko A7k )6t
B IE A
MR 6.11 ATLAER H, IEASAARE) CRMARA SRR 5 2R AH ]

. AR,

fm <- glm(formula, family = gaussian, data = data.frame)
G

fm <- 1lm(formula, data = data.frame)

foe MR RER, ERCERARES.
6.6.3 ZIn4/Tnik

TEZTAARIER,  logistic Bl ISR Ay BB AARA.  FE BB [a] 19 [a] T,
M AR R RS 8, S RECE ), BE RN XX A S, IE SRR
BREANGTER, HNESIRERK Y —A 0-1 . FEXFFEL T, " H—F
HEEM LKA logistic [HIH.

MFmNAAR Y Fp MEEE (SHRERER), 18 X, X, -, X,
p NMEZRMER T HIBI B FMERIL R P = P{Y =1|X1, Xy, -, X}, B
24 logistic [E] B Ay

_ exp(fo + 1 X1 + Bo + - - + B, X))
14+exp(Bo+ 51 X1+ Pa+ -+ 5,X,)

FoA#r B0 W RO EREEE, #K 5162, -+, B, A logistic ALAL[E] I REL.
WA (6.49) FJRAFE H, logistic [AIJHARALE—ANFELPERIHAAL, HAR
B/ X;(=1,2,---,p) AILARELSAR, WALIEnRAE, SR (dummy
variable) Xf B2 i X, (EEHUE, B+ 5iXi+5Xo+ -+ 5,X, 7 —o0 F 400
AeEf, A3 (6.49) B HAESFE 0 3] 1 Z[E481k, XIEZMER P AU E X .
X2 (6.49) AF logit A8k, logistic [EIJHBIEI A RIAR R T 52 MIE

P
1-P

(6.49)

logit(P) = In ( ) = 0o+ 5 Xh + o Xo + - + B, X,. (6.50)
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M (6.50) FTLUE H, FRANTREMS [ ] etk [l AR SR TG . X2
logistic [H] JARLALJE T LR Y IR A

F R AT logistic [E ARG A3

fm <- glm(formula, family = binomial(link = logit),
data=data.frame)

A link = logit FAAE, HY logit J& I AR IER B EUR B BURE.

R glm() EREE logistic [IJABEAIRF, XFTFARX formula A B AT
5, —FITERR N BN R AR, 55— Fh R R ALE R B R A\ 7
%, KB T HEIER AN gln O R 5 7%,
5] 6.19 R. Norell 3255

AR &G R E Wk, R. Norell FE 6 v i 3 R 3% 5h 4 64 %%
W RAERBT, BRT Tk, (HRHFRE, 012345 % HKRFHL
=0T, HMIEE ST, BRENGRAFET. REELENEKR, HKFER
wbE 60 F. MERb&F, EEE — "HLE, XFHL, AAAER. &
6.13 FEEAEL BB R FRE 70 KX TR by ERE. Ky b H44

& 6.13: 7 L4436 MAEEERIIER /MY A6 A

iR (%) RIE KK v BLIR £ vl L 49 L A7)
0 70 0 0.000
1 70 9 0.129
2 70 21 0.300
3 70 47 0.671
4 70 60 0.857
5 70 63 0.900
%ok

B ABIRER SRR, HWEERE, —FUERT) (W) MRE, 5
—FERM (NEL) BIREL, ARG HEAE logistic |, HARFMT (FEJF4:
exam0619.R)

norell<-data.frame(
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x=0:5, n=rep(70,6), success=c(0,9,21,47,60,63)
)
norell$Ymat<-cbind(norell$success, norell$n-norell$success)
glm.sol<-glm(Ymat~™x, family=binomial, data=norell)

summary (glm.sol)
Hit g ®h
Call:

glm(formula = Ymat ~ x, family = binomial, data = norell)

Deviance Residuals:
1 2 3 4 5 6
-2.2507 0.3892 -0.1466 1.1080 0.3234 -1.6679

Coefficients:

Estimate Std. Error z value Pr(>|zl|)

(Intercept) -3.3010 0.3238 -10.20 <2e-16 *x*x
X 1.2459 0.1119 11.13 <2e-16 *x*x
Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 250.4866 on 5 degrees of freedom
Residual deviance: 9.3526 on 4 degrees of freedom

AIC: 34.093

Number of Fisher Scoring iterations: 4

B By = —3.3010, By = 1.2459. Ff HEIH7 ML ke, Kk, BIEEEY

~ exp(—3.3010 + 1.2459.X)
1+ exp(—3.3010 + 1.2459X)’

Horf X JREWIRE (AR 2%,
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GEME RN, 2RI, o] AEBE, Flam, e inmE
N 3.5 BNy, HRNVHARBER Y 2
> pre<-predict(glm.sol, data.frame(x=3.5))
> p<-exp(pre)/(1+exp(pre)); p
[1] 0.742642
Bl 74.26%.
LM, U 50% MR, HEMRE RS0 M P = 05 I,
In 25 = 0, FBL, X = —Ao/B.
> X<- - glm.sol$coefficients[[1]]/glm.sol$coefficients[[2]]
> X
2.649439
AP 2.65 2Ry RFEREE, FTRARE 50% B9 AR,
S B TR A 15 logistic FEITHIZRE. R SPHAIZE G AT, 55
I B & 6.12 F7R.

o
Q _|
o
o
© _]
o
>
@
©
] N |
< o
N
o
o
S (o]
T T T T T T
0 1 2 3 4 5
norell$x

Bl 6.12: ma i LAl e TR BE AT 2 logistic [B]IH 148

d<-seq(0, 5, len=100)
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pre<-predict(glm.sol, data.frame(x = d))

p<-exp(pre)/(1+exp(pre))

norell$y<-norell$success/norell$n

plot(norell$x, norell$y); lines(d, p)

FEREFFH,

d &4 Hi H R IRRY A,

pre JEiH S BIIME,

. F plot pRECH lines 25 Hi RIS FEIAIXE S A F573000 4%
B 6.20 50 1= Mtk Ctm ot & fe R R A, NG R IRAF T S 4 e 49 4w
Mk Xy (A /mm®); e ERIEAEE Xo(5H 0, 1, 2, 3%); BIZEH LAE
07 R FAAB G ). BRI RA EE
WH, AREEY =0 AFEAHRAE L RN, V=1 ARt g 15
KL FRE RT Xy, Xo, Xy o V@GR B, otk 6.14 7. KA Logistic
ERR RS ATRAL AR KadmEL X Xo, X; 69X 4.

BT Xa(“1” R H AR EIT,

& WAXRIE, HelmO RBOHE (RBP4

life<-data.frame(

exam0620.R).

X1=c(2.5, 173, 119, 10, 502, 4, 14.4, 2, 40, 6.6,

21.4, 2.8, 2.5, 6,
5.1, 2.4, 1.7, 1.1,

2, 8.5, 2, 2, 4.3,
X2=rep(c(0, 2,
0, 2,

c(1, 4,

1
X3=rep(c(0, 1
c(6, 1
Y=rep(c(0, 1

3

0
0
2
1, 1, 3,
0
3

3

s O: 1):

)

3.5, 62.2,
12.8,

244.8, 4, 5.1,
3 O, 2, O, 2)
, 0),

b 1, 5, 1, 33
c(15, 10, 15,

glm.sol<-glm(Y"X1+X2+X3, family=binomial,

summary (glm.sol)

HHRERWT:
Call:

10.8, 21.6, 2, 3.4,
1.2, 3.5, 39.7, 62.4, 2.4,
34.7, 28.4, 0.9, 30.6, 5.8, 6.1, 2.7, 4.7,

32, 1.4),

0, 2, 0, 2, O,

0, 1, 0, 1, 0,
7,1, 1, 3, 1,
10))

data=life)

P e AH BTN

128, 35,

2,

1),
1, 2, 9)),
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5% BESHH

F+ 6.14: 50 I AMEHE AR R RKRALEGTEHE

A5 X5 Xo X3 Y | AF X5 X Xy Y
1 2.5 0 0 0 26 1.2 2 0 0
2 173.0 2 0 0 27 3.5 0 0 0
3 119.0 2 0 0 28 39.7 0 0 0
4 10.0 2 0 0 29 62.4 0 0 0
o 502.0 2 0 0 30 24 0 0 0
6 4.0 0 0 0 31 34.7 0 0 0
7 14.4 0 1 0 32 28.4 2 0 0
8 2.0 2 0 0 33 0.9 0 1 0
9 40.0 2 0 0 34 30.6 2 0 0
10 6.6 0 0 0 35 0.8 0 1 0
11 214 2 1 0 36 6.1 0 1 0
12 2.8 0 0 0 37 2.7 2 1 0
13 2.5 0 0 0 38 4.7 0 0 0
14 6.0 0 0 0 39 128.0 2 1 0
15 3.5 0 1 0 40 35.0 0 0 0
16 62.2 0 0 1 41 2.0 0 0 1
17 10.8 0 1 1 42 8.5 0 1 1
18 21.6 0 1 1 43 2.0 2 1 1
19 2.0 0 1 1 44 2.0 0 1 1
20 3.4 2 1 1 45 4.3 0 1 1
21 5.1 0 1 1 46 244.8 2 1 1
22 24 0 0 1 47 4.0 0 1 1
23 1.7 0 1 1 48 5.1 0 1 1
24 1.1 0 1 1 49 32.0 0 1 1
25 12.8 0 1 1 50 1.4 0 1 1
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glm(formula = Y ~ X1 + X2 + X3, family = binomial, data

Deviance Residuals:

Min 1Q Median
-1.6960 -0.5842 -0.2829
Coefficients:

Estimate Std.

(Intercept) -1.696538 0.
X1 0.002326 O
X2 -0.792177 0.
X3 2.830373 O

Signif. codes: O

(Dispersion parameter for

67.301
46.567

Null deviance:
Residual deviance:

AIC: 54.567

Txkx? (.

3Q Max

0.7436 1.9292

Error z value Pr(>|z|)
658635 -2.576 0.010000 x*x*
.005683 0.409 0.682308
487262 -1.626 0.103998
.793406 3.567 0.000361 *x*xx
001 ’xx’ 0.01 ’*’ 0.05 ’.

binomial family taken to be 1)

on 49 degrees of freedom

on 46 degrees of freedom

Number of Fisher Scoring iterations: 5

RV YA Ty

> 0.1

life)

> 1

exp(—1.696538 + 0.002326.X; — 0.792177X5 + 2.830373 X3)

h 1 + exp(1.696538 4 0.002326 X, — 0.792177X, + 2.830373X3)’

F L [ AR, 5 — A AR ET P SR S8 PRI (E Y 21 = 5, 20 =
2, HICILENGTT (23 = 0), W 1 4L ERfAiS

> pre<-predict(glm.sol, data.frame(X1=5,X2=2,X3=0))

> p<-exp(pre)/(1+exp(pre)); p

[1] 0.03664087

A 3.66%. AT T ILEVETRYT (25 = 1), W 1 4FLL ERFFIEHER
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> pre<-predict(glm.sol, data.frame(X1=5,X2=2,X3=1))
> p<-exp(pre)/(1+exp(pre)); p
[1] 0.3920057

A 39.20%. WEAILERITHIRE T 10.699 £F.

Ebr b, R BT B AR A A — LRI, XA M TEAR 2] logistic
AR, 250 60 BoA R, P {E0 0.6823. ATRASUT 2o,
H stepO fRAZIRIIE.

> glm.new<-step(glm.sol)
Start: AIC= 54.57
Y 7 X1 + X2 + X3

Df Deviance AIC
- X1 1 46.718 52.718
<none> 46.567 54.567
- X2 1 49.502 55.502
- X3 1 63.475 69.475

Step: AIC= 52.72
Y ” X2 + X3

Df Deviance AIC
<none> 46.718 52.718
- X2 1 49.690 53.690
- X3 1 63.504 67.504

Call: glm(formula =Y ~ X2 + X3, family = binomial, data = life)
Coefficients:

(Intercept) X2 X3
-1.642 -0.707 2.784
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Degrees of Freedom: 49 Total (i.e. Null); 47 Residual
Null Deviance: 67.3
Residual Deviance: 46.72 AIC: 52.72

FEH summary O pRECE R4
> summary (glm.new)
Call:
glm(formula = Y ~ X2 + X3, family = binomial, data = life)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.6849 -0.5950 -0.3033 0.7442 1.9073

Coefficients:

Estimate Std. Error z value Pr(>|zl|)

(Intercept) -1.6419 0.6381 -2.573 0.010082 =*

X2 -0.7070 0.4282 -1.651 0.098750 .

X3 2.7844 0.7797  3.571 0.000355 **x*

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 67.301 on 49 degrees of freedom
Residual deviance: 46.718 on 47 degrees of freedom

AIC: 52.718
M REERATUFR 1, rA SN TR (o =0.1). PRy R EEA Dy

_ exp(—1.6419 — 0.7070.X, + 2.7844.X;3)
© 1+ exp(—1.6419 — 0.7070 X, + 2.7844X3)

FHAETIZAr
> pre<-predict(glm.new, data.frame(X2=2,X3=0))
> p<-exp(pre)/(1+exp(pre)); p
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[1] 0.04496518
> pre<-predict(glm.new, data.frame(X2=2,X3=1))
> p<-exp(pre)/(1+exp(pre)); p
[1] 0.4325522
P IL R 16T A ILERY T d s 1 9.619 5.
M EBBIFFTPUE, T SRR GLM, [F#Ea] AVRAR i, A
BIEFETAE. 2%, BATEFEREEH2HE
> source("Reg_Diag.R"); Reg_Diag(glm.sol)
LWL () BRERE 5 2. 119, 205, 435, 46 BHA
TRt —2 R
KFEALT LI influence.measures () {ERIFZWr, HAERI T

> influence.measures(glm.sol)

HZWi a2 55, 46 SHAREA .
6.6.4 Hftiofmik

X AR, Br T R PFRIRY logistic [EIIABERISN, A FoA AL,
a0 Poisson #AISE, XEBAFMANA T, REENA R KEF, gln(O KF
X BEARAY ) {5 F 7V

1. Poisson 4#fniEF03ll Poisson 4+%nj&

Poisson 43 A TGEFBLAIFIH Poisson Zr A B8 B 87 H ik &

fm <- glm(formula, family = poisson(link = log),
data = data.frame)
fm <- glm(formula, family = quasipoisson(link = log),
data = data.frame)
HE W22
In(E(Y))=pFo+ 51 X1 + -+ 5,X,.
R E,
E(Y)=-exp(fo+ 5 X1+ + 5,X,).

Poisson 7 A iEESRIAIHL Poisson 43 A j A A ME— 1 22 J1) 5t /&, Poisson 43

AR BR N W AR B Y 2%, A Poisson Zr AR ALAL N A X —BEK.
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A 1,
> x <= rnorm(100)
> y <- rpois(100, exp(1+x))
> glm(y “x, family=poisson)

Call: glm(formula = y ~ x, family = poisson)

Coefficients:
(Intercept) X
0.997 1.010

Degrees of Freedom: 99 Total (i.e. Null); 98 Residual
Null Deviance: 535.7
Residual Deviance: 106.2 AIC: 366.2

F—HZER 100 MREIES AT FENLEL, FFRES & o 55 AR 100
A~ Poisson RIBEALEL, HASE A = exp(1 +z); SPUARAET SCEAE [ AALAL,
Hor )2 Poisson, HHEERKXCN link=log, B NERREH, HAFTEEEL
KA.

2=TF Poisson 43 A AR AU Poisson Zp AR AR R R UL A identity,

sqgrt.

2. Gamma 9 fil&
Poisson 43 A7 i A iy A 7 i 02

fm <- glm(formula, family = gamma(link = inverse),

data = data.frame)

AR A

ﬁ:ﬁO“'/@le‘l’"""ﬁpo
L2,

B(Y) !

::ﬁ%'+1%}(14—"'+‘5bx%
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flan, B EIEL LR

0121

— 0,

B EE M —FIEX X

y=-

Brz1 + Baxo
Hrr 2y = 20/21, 0 = —1/a1, i = 1/01 F1 G2 = 0,/0,. RIXFATCFHE L%
PEaity, WATATAH @ T EJELrE=H

nlfit<-glm(y ~ x1 + x2 - 1,

+ €,

family = quasi(link=Gamma, data = data.frame)

3. quasi HFrkE
quasi 3 RERL A A 72

fm <- glm(formula,
family = quasi(link = link.fun, variance=var.val),

data = data.frame)

HoA link. fun FRREZEREL AU T RS logit, probit, cloglog, identity,
inverse, log, 1/mu"~2, sqrt, [fij var.val R/;n 7 Z{H, £ constant, mu, mu"2,
mu~3 Z%.
T quasi P AR R B, A IE BTSSR S R A AR
TR TH R R AR /Y. B,
nlfit <- glm(y ~ x1 + x2 - 1,
family = quasi(link=inverse, variance=constant),

data = data.frame)

5 Gamma 735 7R FH A 2 ]S AH 5] 6.

x <= rnorm(100)

y <= rpois(100, exp(1+x))

glm(y “x, family=quasi(var="mu", link="log"))
5 Poisson SRR N ARIFTFRAARIA. 2458, quasi S AAREEH ARG
Ji

glm(y “x, family=quasi(var="mu"2", link="log"))
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y <= rbinom(100, 1, plogis(x))
glm(y “x, family=quasi(var="mu(i-mu)", link="logit"),
start=c(0,1))
b bR AiiEsr, A quasibinomial 4pAfijE. inverse.gaussian R%.
X B AR T B R AL MR e T %, LERA——AT.

6.7 3JELLMERDIIIREY
HITH & W E B B R AL, B R AW TrER
Y =060+ B2y + Balo + - -+ Brly + &, (6.51)

Hop Z; AR EARAR Xy, Xo, -, X, FERRE. B (6.51) ATRARR
ARBZEARIZHRR () AR, HAEVFZ LRI T, XFEXR
BRAEAGER. BN, L|ATFSE TR TRV AR Z A HEER, X
P SR T F SRR A iR i AR 700 e i iR I, &I (6.51)
BIAGE T — M, PR E o0 Z R A AR LA, BUNXR FTRE AN & X
FRAPRLAL, TN AT BB B S PR Y A AL

T B2 A AR LR Y 4] 7
Y = exp(f) + 0ot® +¢), (6.52)
_ 0 —0at _ _—01t
Y = P (e ™) +e. (6.53)

AL (6.52) A1 (6.53) #ZLAFRLMERFEXBFTSE 00 M 0o, TEXFHE X
T, ENTERARRERA, HEMAEARR LA KA. — Al DR ERA,
X TR (6.52) WILECTEL, 5%

InY = 60; + 0yt + ¢, (6.54)

EEAHRA (6.51) WX, MSTSEREAMER. RETHRAMR (6.52) Ate, AT
DA 238 24 1) AR B sh AL O AL 1 AR VAR RR Oy N TE R IERY. SR, AR
AR (6.53) FEALBR T2 BRI R A TRERY. IXFRAVBRLALRR y A 7E R
ety BRI AT IS MR A e R S WA, (HGie i 28, B
RRARLNER.
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X NFEL IR, A% EEN BT A BB, T H AL Y AEL AR
RRAMENG T . ATV E RS RTENFEAR AR |, RAEH L] 1 rRBik
JEWAELAERT, (HBA TS X L4571 B G e SR gk A A =l SR O AL

6.7.1 ZIAEIRE

1. ZmXEY3

1B R M B AR B2 H AR BERY b IRZ I, R

i = Bo+ Bizi + B} + -+ Bk + &5, i=1,2,--1,n, (6.55)
Her e ~ N(0,02%). &
Zi1 = X4, 22 = l’?, cecy Rk — l’?,
N Z 1K B HAR (6.55) BER[ALEL & JCZRPERIIH
Vi = Po+ Brzin + Bazio + -+ Brzie + €4, 1=1,2,---.m, (6.56)

Her e, ~ N(0,07).

ST A8 (6.56) T PRI ko ) 4 v D PR A7 55
Bl 6.21 XM EAMP U EERIZ LS A5 B, BRI A #r, RILXAA
SRy ZA x BKAK y AR —RGKEL L, K 6.152F T —wmikB
HHE, AAZRAADPERSAT v 5y LEGX A,

& 6.15: EBRZFSWKRBIIXREIE
U L Yi i Z Yi i x; i

1 37.0 3.40 6 39.5 1.83 11 42.0 2.35

37.5 3.00 7 40.0 1.53 12 42.5 2.54
38.0 3.00 8 40.5 1.70 13 43.0 2.90
38.5 3.27 9 41.0 1.80
39.0 2.10 10 41.5 1.90

[ N
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% ol MEURMBOSE, WA 6.13 s, WERTW, v FFERETHEE « /)
WA, T o e EE, v XBE o w3 B, e PR v
5 o ZJE IR SHEIREA,  FFRseS il iRz R msL R, R

o
S
g w0 |
2 (qV]
©
o
2
o | o
- T T T T T T T
37 38 39 40 41 42 43
alloy$x

Bl 6.13: &g 2 15 ik R B s Bl S 106 i 2

MIESSrA N(0,02).

Yi = Bo + Brx; + Bor 4 g5, i=1,2,---,n.

M R R\ IX B (fF4:  exam0621.R)
> alloy<-data.frame(
x=c(37.0, 37.5, 38.0, 38.5, 39.0, 39.5, 40.0,
40.5, 41.0, 41.5, 42.0, 42.5, 43.0),
y=c(3.40, 3.00, 3.00, 3.27, 2.10, 1.83, 1.53,
1.70, 1.80, 1.90, 2.35, 2.54, 2.90)
)
> 1m.sol<-1m(y~1+x+I(x"2) ,data=alloy)

> summary (lm.sol)
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Call:
Im(formula =y ~ 1 + x + I(x"2), data = alloy)

Residuals:
Min 1Q Median 3Q Max
-0.33322 -0.14222 -0.07922 0.05275 0.84577

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 257.06961 47 .00295 5.469 0.000273 **x

X -12.62032 2.35377 -5.362 0.000318 *x*x
I(x"2) 0.15600 0.02942 5.303 0.000346 *x*x
Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.329 on 10 degrees of freedom
Multiple R-Squared: 0.7843, Adjusted R-squared: 0.7412
F-statistic: 18.18 on 2 and 10 DF, p-value: 0.0004668

B, BE y &F o @ 2R ENH T R
§ = 257.06961 — 12.62032z + 0.156002°.

FFH R T g F . HALGHZILE 6.13 Bros. AHMAY 2 Bl a4
T

> xfit<-seq(37,43,1en=200)

> yfit<-predict(lm.sol, data.frame(x=xfit))

> plot(alloy$x,alloy3$y)

> lines(xfit, yfit)

2. ExXZm= EY3

NETE R A, 20 EEA R LR FAEEME, (BT b5
L2 AAIRE b BB, w, 2%, - o8 BRERMEAESE. WIS A, X
SR IEN T RRR R AT R EME, PRI R ZE. NGt AE T, | oo, 22
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o o MPRETBOT AR X A FIESEASE, B (XTX) T MESREEK,
ERRE 0 WASTHER T ZRZRIRKR. B, seloX ik, MRHIERS
M CIPS]

Z 1R 3 [E] B (6.55), 5 R 1E 38 & 1 A AF A

Yi = Bo + Brpr(xi) + Bopal@s) + -+ Bepr(zi) + 8, 1=1,2,---,n, (6.57)
Zw](xl):(l ]:172a 'aka
— (6.58)

S oi@)egw) =0, jAg=1,2,-- k.

i=1
RTIERZH AT AXX BEHAHES T, XEAESE R KAFMITHRIE
KL TR AL poly O W7k, HAAEHRA N
poly(x, ..., degree = 1, coefs = NULL)
Hor x BEEIT R, degree FIERZIAMIIEL, J HEK degree<length(x).
KRR EMERE— R, FERERY #5508 25N (6.58) RYIEAC [ .

X 6.21 AYREETE IKIERSK

> poly(alloy$x, degree

[1,]
[(2,]
(3,]
[4,]
(5,]
(6,1]
(7,1
(8,]
[9,]
[10,]
[11,]
[12,]
[13,]

1

.447496e-01
.706247e-01
.964997e-01
.223748e-01
.482499e-01
.412493e-02
.645904e-17
.412493e-02
.482499e-01
.223748e-01
.964997e-01
.706247e-01
.447496e-01

= 2)
2

.49168917

0.24584459
0.04469902

.11174754
.22349508
.29054360
.31289311
.29054360
.22349508
.11174754
.04469902
.24584459
.49168917
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HASH S o1, BBR o, HWiER (6.58). #E—2, EfEREHBALAE.
Bl 6.22 A.ExX Z A FAH] 6.21 F 49545
&
> 1m.pol<-1m(y~1+poly(x,2) ,data=alloy)
> summary (1m.pol)
Call:
Im(formula =y ~ 1 + poly(x, 2), data = alloy)

Residuals:
Min 1Q Median 3Q Max
-0.33322 -0.14222 -0.07922 0.05275 0.84577

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 2.40923 0.09126 26.400 1.40e-10 **x*
poly(x, 2)1 -0.94435 0.32904 -2.870 0.016669 *
poly(x, 2)2 1.74505 0.32904 5.303 0.000346 *x*x*

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.329 on 10 degrees of freedom
Multiple R-Squared: 0.7843, Adjusted R-squared: 0.7412
F-statistic: 18.18 on 2 and 10 DF, p-value: 0.0004668

B, B2y &F o B R EH T R
§ = 2.40923 — 0.94435¢; + 1.74505¢,.

i IVA RTINS NS )
> xfit<-seq(37,43,1en=200)
> yfit<-predict(lm.pol, data.frame(x=xfit))

6.7.2 (A%E) JEZetEmm)ItRE
1. JEEMER/D R SMAMRERE
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AR ENHARA B A 1 B
Y:f(XlaXZa"'7Xp791a92a"'79k)+€7 (659)

HAr e ~ N(0,07).
& (%17%27"'7%;)72/@')7 1= 1727"'777'7?‘: (X17X27"'7Xp7Y) E/J n ﬁ'\ﬁijxmv
MME, WZeLtERA (6.59) AIRmR N

Yi = f(xilv'ri%'"7'1:1';07617927'”76/&7) _'_giu 1= 1727"'772'7 (660)

Hrt e; € N(0,0?), HIRSLR 5315
HIFER R, #X (6.60) 175 Ak

yi = f(XD,0) + ¢, (6.61)

yi“l:'j X(Z) - (xilaziQa Ty xip)Ta 9 = (ela 92) T ek)T
FRZSHL O WAbTHE, SR> 3R]

n
2

min Q(0) =Y (v — F(X9,0))". (6.62)
i=1
HAE 0 1EHSE 0 A,

FILGER, W3R e ~ N(0,020), 1] 0§/ " IRAb 2 0 BRI IR
TR p T B (AR R BT B A
1
(27T)n/2 on
BT, W5 o2 B4, T 0 BRBURMTH M TR il 8 (6.62)

2. JEL MRS KA —nls() FKEER

LTS 0 WATHE 0 B3TEE, SR b e 0 24 5 a1 S A R Al B,
X EEAEN AT, FREA . H—, R@EE (6.62) B FRIULITE,
SotRBAEEGTE; T, RORMHREE T E% Or B AR AL R R B R %K
EFATAT LA 7 8 A5 3 oAl .

R BRfFHE n1s O RET LUK ARGt/ D —SRIAIE (6.62), HA A&

L(0,0%) = exp (—Q(0)/20?).
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nls(formula, data = parent.frame(), start,

control = nls.control(),

algorithm = "default", trace = FALSE, subset,

weights, na.action, model = FALSE)
Hrf formula BEFFARMBAIELMEN S AKX, data BA[IEFFAHIRAE.
start BAIG A, FSIER (list) BAGH. HMSBIALHT .
Bl 6.23 AF LT HERALY, FRERFNFRH A EHEHELT ST
LIREA 050 HAKAAR. ChEHmPHRAEER G RRK T, &7F 55
FR P AR S AN, KAEETRMAZ 049. O THEBEEALTHFELE
BHGBE (W EET, LZREF) Bhi)s 8 ARG A LAY
H—FARRLTEW. ATAATERERZRL (1) BA T RZIRE?
(2) ATH B R R e 3E 2 o — B R AR % F 4 = A3 B 6 e b 6.16 T
. R IFRMEAER

Y =a+ (049 — a)exp(—F(X —8)) + ¢ (6.63)

RS X >3 HABTHANE Z. AA LR D ZRFTEHAT.
% BMAEEE, A nlsO K (B2/F¥4: exam0623.R)
> cl<-data.frame(
X=c(rep(2%4:21, c(2, 4, 4, 3, 3, 2, 3, 3, 3, 3, 2,
3, 2,1, 2,2,1, 1)),

Y=c(0.49, 0.49, 0.48, 0.47, 0.48, 0.47, 0.46, 0.46,
0.45, 0.43, 0.45, 0.43, 0.43, 0.44, 0.43, 0.43,
0.46, 0.45, 0.42, 0.42, 0.43, 0.41, 0.41, 0.40,
0.42, 0.40, 0.40, 0.41, 0.40, 0.41, 0.41, 0.40,
0.40, 0.40, 0.38, 0.41, 0.40, 0.40, 0.41, 0.38,
0.40, 0.40, 0.39, 0.39)

)
> nls.sol<-nls(Y"a+(0.49-a)*exp(-b*(X-8)), data=cl,
start = list( a= 0.1, b = 0.01 ))
> nls.sum<-summary(nls.sol); nls.sum

Formula: Y " a + (0.49 - a) * exp(-b * (X - 8))
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383

& 6.16: B mPHHESHELH

Fg | AFBHEE ARIAR | BT | EFBHHE  AXAR
1 8 0.49 23 22 0.41
2 8 0.49 24 22 0.40
3 10 0.48 25 24 0.42
4 10 0.47 26 24 0.40
5 10 0.48 27 24 0.40
6 10 0.47 28 26 0.41
7 12 0.46 29 26 0.40
8 12 0.46 30 26 0.41
9 12 0.45 31 28 0.41
10 12 0.43 32 28 0.40
11 14 0.45 33 30 0.40
12 14 0.43 34 30 0.40
13 14 0.43 35 30 0.38
14 16 0.44 36 32 0.41
15 16 0.43 37 32 0.40
16 16 0.43 38 34 0.40
17 18 0.46 39 36 0.41
18 18 0.45 40 36 0.38
19 20 0.42 41 38 0.40
20 20 0.42 42 38 0.40
21 20 0.43 43 40 0.39
22 22 0.41 44 42 0.39

Parameters:

Estimate Std. Error t value Pr(>|t|)
a 0.390140 0.005045 77.333
7.607 1.99e-09

b 0.101633 0.013360

< 2e-16

*okok

*okok
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Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.01091 on 42 degrees of freedom

Correlation of Parameter Estimates:
a

b 0.8879
I, HEALy

~

Y =0.39 + (0.49 — 0.39) exp(—0.10(X — 8)).

T R R RS B B R, R R, HEDE
6.14 FrR.

cl$y
0.44 0.46 0.48
| | |

0.42
|

0.40
|

0.38
|
[¢]
o

10 15 20 25 30 35 40

cl$X
B 6.14: SEEAEA TG il 265

> xfit<-seq(8,44,1en=200)
> yfit<-predict(nls.sol, data.frame(X=xfit))
> plot(cl$X, c1$Y); lines(xfit,yfit)
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R X T AR L B AR AL A SR AT T
LML SR W ZOR IR Z T 2 o? R, XAEHE S 4
[B] 5 —FE Y
A\ 2
e O L) Y (6.64)
n—=k n—=k n—=k
Hf 0 B2%0 0 MiHE. MR, 62 RE o AR, (1R
LRI, ERymER/D.
1E R B, A (6.64) 7157 o B9fiHE o, By R B4R M T ER
{E (summary () $sigma), @40, X4 6.23,
> nls.sum$sigma
[1] 0.01091273
T 6 =0.01091273.
UATHURIREIN L 25 ~ N(0,0%), TIREAEE n 7S5 KEF, W 6 fkEAs)
MAEIERS, H

n n

E(0) ~ 6. (6.65)

B, UREAR IO, SRR e/ TR A 0 S RS SR,
1 ELRTCAmE. 813 R RGP 7 220 e A H{E R

Var(d) = 62(D" D). (6.66)

H D BARERE /N G A 0 15 EI0 Jacobi ke 54 RENIEM A
Hih LR ZEMRANIER, D RUT X HEW At
filtn, X+F4 6.23,

f(X,a,0) =a+ (049 — a) exp(—5(X — 8)),

KAwFEAT 2]
g—i = 1—exp(—p(X —8)), (6.67)
g—é — (049 — a)(X — 8) exp(—B(X — 8)). (6.68)

RS ENS R RGP r E A R R L AR
(1) #IRA (6.67)-(6.68), 27’5 11511 H K %L
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> fn<-function(a, b, X){
f1 <- 1-exp(-b*(X-8))
f2 <= -(0.49-a)*(X-8) *exp (-b*(X-8))
cbind(f1,£2)
}
BRI 0 Fy AR [m] {2
(2) RASHFIAZ BRI X, R SEIE X &rE
> D<-fn(nls.sum$parameters[1,1],
nls.sum$parameters[2,1], c1$X)
PR B B i S RO PR S
(3) IR (6.66) HELH Var(d)
> theta.var<-nls.sum$sigma”2xsolve (t (D) %*%D)
(4) THBVAHM T4 2R
> theta.var
f1 2
f1 2.545130e-05 5.984318e-05
£2 5.984318e-05 1.784969e-04

AT A RBA 2, AT SIBH o, B 5HE &, 8 fRERE

sd(@&) = sqrt(theta.var[1,1]) = 0.005044928,

N

sd(8) = sqrt(theta.var[2,2]) = 0.01336027

FL b, BATADHAS MR HEZR, iR AELERIAN, e
HE, BETTE nls. sum$parameters[,2] H,
> nls.sum$parameters|,2]
a b
0.005044928 0.013360272

LR R HAEAL (6.61) PIRZTEMSLIES AR, MRFEARTT K,
WAL RIS
u ~ —k P — e k
Sd(éb) ttn—k), j=12,--- k. (6.69)
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o sd(0;) 77 0; WARES. B, XMEZEAW 0;, FR 1 - o BEXESE
R
[0; — tajo(n — K)sd(6;), 0; + tasz(n — k)sd(0;)]. (6.70)

TH& ISR TR, #F4:  paramet.int.R.

paramet.int<-function(fm, alpha=0.05){
paramet <- fm$parameters[,1]
df <- nls.sum$df [2]
left <- paramet-nls.sum$parameters[,2]
right <- paramet+nls.sum$parameters[,?2]
rowname <- dimnames(nls.sum$parameters) [[1]]
colname <- c("Estimate", "Left", "Right")
matrix(c(paramet,left, right), ncol=3,

dimnames = list(rowname, colname ))

}

Hot fm 2 H nlsO REAERINITHEIR.  alpha ZREWKT. REHR[E
R/, HEA SRS THEMAER R X A5
FE&%L paramet . int O 54 6.23 FHZRH X ki
> source("paramet.int.R"); paramet.int(nls.sol)
Estimate Left Right
a 0.3901401 0.38509514 0.3951850
b 0.1016328 0.08827257 0.1149931

3. FEMRENSHMAIT —nlm() REBVEH

1 R M, WA H RS nln O SRAFIELM R /DN M (6.62). nlm() fif
L iEa
nlm(f, p, hessian = FALSE,
typsize=rep(l, length(p)), fscale=1,
print.level = 0, ndigit=12, gradtol = le-6,
stepmax = max(1000 * sqrt(sum((p/typsize)~2)), 1000),
steptol = le-6, iterlim = 100,
check.analyticals = TRUE, ...)
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Hrr £ ZRB/MTEARRE, WiR £ WEHEEEHE (Cgradient’) EBEEE
(’gradient’) Fll Hesse %EFf (*hessian’), MIFE SR /INsh 25 B 42 F 2 86
8 Hesse 2E[F; HNABERNITERTE. p BSH (AL (6.61) 1y 0) /Y
¥ME. hessian JEBEAH, 24 hessian=TRUE B}, HZERZE H AN AT Hesse 55
W, 75 (FALSE BREMH), KiARiHoE Hesse FFE. HASEINE L WAELE ).
XA RECK A Newton BISEZSRR/D, eREIR BEHER—DAIZE, WEER/D
B, B/ DA E, /DB BEREE. Hesse HilE, DhRCRARFT T3 E AR EL
&,
TEFMER 4.1.2 A A nln O REWERAE, THHE A nlnO
WIE R, TR 4 b B ek B B
5] 6.24 F &2 nlm() 154 6.23 49 IE LM R =R AE1t.
% 5 HLARL R D TIRIEI H ARk XL, HA R B S (Pgradient’)
JEYE. %4 fn.R
fn<-function(p, X, Y){
f <= Y-p[1]1-(0.49-p[1])*exp(-p[2]*(X-8))
res<-sum(f~2)
f1<- -1+exp(-p[2]*(X-8))
£2<- (0.49-p[1])*exp (-p[2]*(X-8))*(X-8)
J<-cbind (f1,£2)
attr(res, "gradient") <- 2xt(J)%x*%f

res

}
ERACH, £ RREMR, res RRETHM. £1 7 £ 4 p KFHH
i, £2 )& £ X po KSHIERIME. T /& Jacobi HikE.
A nlm O pRECKAE
> out<-nlm(fn, p=c(0.1, 0.01), X=cl$X, Y=cl$Y, hessian=TRUE); out
$minimum
[1] 0.00500168
$estimate
[1] 0.3901400 0.1016327
$gradient
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[1] 7.954390e-07 -3.261297e-07
$hessian
[,1] [,2]
[1,] 44.20335 -14.799291
[2,] -14.79929  6.248565
$code
(11 1
$iterations
[1] 33
FE LA AEERST,  minimum 2 HARRBE RIS E B/ ME, BAELRSR
LRV M;  estimate EBFAMEIHE, B 6, 3; gradient & H IR B
RALHIREBE(E; hessian J& HARRBAER I FALHT Hesse RilE, BERLAER
DTD 3 fpfE; iterations JEiBfRUREL.
bR s AT LR St it 5T 62, 1 &, 0 7 2K
> n<-length(X); k<-2
> sigma2<-out$minimum/(n-k); sigma2
[1] 0.0001190876
> theta.var<-sigma2*solve(out$hessian); theta.var
[,1] [,2]
[1,] 1.301183e-05 3.081760e-05
[2,] 3.081760e-05 9.204775e-05

B}

6.1 A4kt LAE G B X TR e Yok, Aol it s —ARsE, A S
RAAERAE X GEFRRORY, MGG 10 F9 5Bk 0.17 FHF.

(1) RBAa By # e B, FB Y b X REALM £ 4,

(2) £ Y £F X ) —ALME 2542,

(3) X7 424 B H M A T

(4) ARBAF G HAR X = T R, 54500 A6 T M o dn 269
K 1453t (o = 0.05).
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& 6.17: 10 FPRANERESHFERERIKHE

A5 X(R) Y (A1) A5 X(R) Y (A7)
1 5.1 1907 6 7.8 3000
2 3.5 1287 7 4.5 1947
3 7.1 2700 8 5.6 2273
4 6.2 2373 9 8.0 3113
5 8.8 3260 10 6.4 2493

6.2 AR B —3RX L3EPTATAEBGEN, 1F58) 18 m#k ik 6.18 Frw.
P Xy ALBEAFTEAMBRRE, Xo AXENET KoCOs 5k 224
KAFGH IR, X3 ALENET KoCOsz iR mALTIR T 1AL M /KM 64 7 AL Bk

& 6.18: XX TRATETLEEHEMIER

Ay | Xo | Xo | X3 | Y | AT X0 | Xo | X3 | Y
1 0.4 52 158 | 64 10 12.6 o8 112 o1
2 0.4 23 163 | 60 11 10.9 37 111 76
3 3.1 19 37 71 12 23.1 46 114 96
4 0.6 34 157 | 61 13 23.1 50 134 77
3 4.7 24 99 o4 14 21.6 | 44 73 93
6 1.7 65 123 | 77 15 23.1 56 168 95
7 9.4 44 46 81 16 1.9 36 143 o4
8 10.1 31 117 | 93 17 26.8 58 202 | 168
9 11.6 29 173 | 93 18 29.9 o1 124 99

(1) REY £F X 69 5 AZAME 54,
(2) %7 A2 B M A B
(3) & 2 AFiZ T R 2547,

6.3 THade T4, BER 6.19 FTF.

(1) @ AR S E, KREEL y= 0+ fiz, ANBREELZLS A
# e A L,

(2) # T AeBoAn FAIsR Fillid,
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& 6.19: HIER
Fy | X Y | 7 | X Y By | X Y
1 1 06 11 4 3.5 21 8 17.5
2 1 1.6 12 4 4.1 22 8 13.4
3 1 05 13 4 5.1 23 8 4.5
4 1 1.2 14 5 5.7 24 9 304
5 2 20 15 6 3.4 25 11 124
6 2 13 16 6 9.7 26 12 134
7 2 25 17 6 8.6 27 12 262
8 3 22 18 7 4.0 28 12 7.4
9 3 24 19 7 5.5
10 3 1.2 20 7 105
(3) @BKE (LBKREFAFENKE) EFRNEGRER, STREERE
R FHEH;
(4) 2R, HeaEE Y EF5, BLR (1)-(3) ¢ 4%,
6.4 AT FHELKE BKBELIF) 6.9) FRGEERNERD LB, SR
HAREEZGR T AR ? MEKRKEERZAR L PR L, 2RE, M
FAFLMEE JAAE R GG F
6.5 LWTKIREAE (BELY) 6.10) R G H 15 TXEME, HA4TH] 6.10 F stepO
KR ERGEEZREEE.

6.6 AP —RBHF ARiLF. ALARR TAFLRZEAITX]) & DL
FRAGHBR 4750, & 6.20% BORXERIEZ B AEE, XA logistic

< 6.20: KERHITIEEIEIE

F R AT X s Bt e
HER AERE | ARE ARE
Rt | AAKRET 1 17 11 87
3 % A 0 2 0 0
FS KA BT 28 30 23
A x A 8 32 0
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BT R A AR AR AT IR, AR LA E £ L.
6.7 & 6.21 & 40 BHBRAAGELE TR, £F Xy AFLERHERN TS

< 6.21: 40 HITERANEFETE

A lXe Xo Xz Xo X5 VAT | X Xo X3 Xy X5 Y
1 0 64 5 1 1 1] 21 |60 37 13 1 1 0
2 60 63 9 1 1 0] 22 |9 54 12 1 0 1
3 70 65 11 1 1 0] 23 |50 52 8 1 0 1
4 40 69 10 1 1 0] 24 |70 5 7 1 0 1
5 40 63 58 1 1 0] 25 |20 65 21 1 O O
6 0 48 9 1 1 0] 26 |8 52 28 1 0 1
7 70 48 11 1 1 0] 27 |60 70 13 1 0 O
8 s0 63 4 2 1 O 28 |50 40 13 1 O O
9 60 63 14 2 1 0| 29 |70 36 22 2 0 O
10 |30 53 4 2 1 0] 30 |40 44 36 2 0 O
1 (8 43 12 2 1 0} 31 |30 54 9 2 0 O
12 140 55 2 2 1 0] 32 |30 59 8 2 0 O
13 |60 66 25 2 1 1| 33 [40 69 5 3 0 O
14 |40 67 23 2 1 0] 34 |60 50 22 3 0 O
15 120 61 19 3 1 0] 35 |8 62 4 3 0 0
6 |50 63 4 3 1 0} 36 |70 68 15 0 0 O
17 |50 66 16 O 1 0} 37 {30 39 4 0 0 O
18 140 68 12 0 1 0} 38 |60 49 11 0 0 O
19 (8 41 12 0 1 1} 3 |8 64 10 0 0 1
20 7 53 & 0O 1 1| 40 70 67 18 0 0 1

(1~100); Xy AFAAFE; Xz AFaB s sl ANAREE (F); X, &=
MBER (07 R, 1T RNEmMEE, 2 RMOE, 97 RXEMILRE)
X5 BFMAITT ik (417 RFH, 07 RABH ) Y R Al L 4R
(07 —AHWH L, BEARENT 200 X; “1” 272 ABHEK, L EH
BXFXFT 200 X).
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(1) 3= P(Y =1) 2 X| ~ X5 #) logistic EER | X, ~ X5 2 P(Y = 1)
e HRRERE? MEE TR T EZGH R £, REKFLMT? HHEZAA
A AR EXTHF 200 R 694 A5 1HA.

(2) Mg P RA2EERAE S, ERIMT? AFMEEET, HHERAALEHE
B X TFFT 200 X &y FAEit40, FBITHERE (1) PREEAMFRE, £Fd
T2 AR— AR 552,

6.8 —f2fk B A W5 AR RIS B BIRIE T 4 8 Bk B T E 5ok
WEEIRW XA, WEFT 1 REEREARE. X 14 REVEAZ LA,
TREE R A 2242 B 7y MARRAGL 6. M A RBEIE A E MK TR (X
Zodrh R4 N dmk) Bl 6 NF, FERMEASRIEMNEIEY. & 6.22 T+
69 % £ TiXIL & R 545,

& 6.22: HzEFERALEE SiinEsHE SR

i | BUnEE pEHEE | R | ENAKE  RHEE
1 0 508.1 8 3 697.5
2 0 498.4 9 4 755.3
3 1 568.2 10 4 758.9
4 1 577.3 11 5 787.6
5 2 651.7 12 5 792.1
6 2 657.0 13 6 841.4
7 3 713.4 14 6 831.8

(1) F&AMEE 2 EE R

(2) 4 2R X & AR

(3) B B 63,8 B Fo dia b v 4.
6.9 —EEREZAFBEZ—AREEE, HFHRHA BTG G KARTH
RBFFN. BEERZRPAERGREK (X), EEERAAEEE KK E 49
JASE (V) , IS BAEAK AT TG & AHAAF. Ak, AR T 15 A RAMNK
M, REBREINEE 623 F. BRBELBEAN, BAERG XK (X) s 154
(Y ) FRAAE AR

}Qz@oexp(91Xi)+5i, 1= 1727"'715‘
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(1) A e A o ikt L & AF £ 89 £ 1A
(2) RAE& M7k Mm1sO HiA nlmO HEk) 5 L &AL+
& 6.23: XITEHRANKE

AT | ERRE (X) FBRE (Y) | hT | ERAK (X) FUsiEs (V)
1 2 54 9 34 18
2 5 50 10 38 13
3 7 45 11 45 8
4 10 37 12 52 11
5 14 35 13 53
6 19 25 14 60 4
7 26 20 15 65
8 31 16




BtE HESH

FESERR TARA, S —fF g R EREH, AN R Sl & ik gk
WA R g 5 R . . AR R, REMEME, AFE
HIERIERLRE, BOAFRIBARTETRSE N P i i i, YRREFR AR, AR AN IF]
KHPEWIR/ANASE. T 2o W IRAT 5T — Tl e 2 b 3R A AR A 1 245 2R A L0
(R B E 0. NI B ik 6 2% (R B2 P 2 AR B — P iy R SE 107
5.

MRS % 2 2 B AR R A= 1, PERESERR O LINE. RE il (e
MR R, NRBARRESIE AR, —DEREATLRHAZ K. 15—
GuASer, FRAREH — RSN F A IE. 5 XA 7 A R P 22 07 T
AHELFRTT AR SR AR FIRE, PRAEHE RN (SAEHBY., &R,
AR RIS B AP B ARE R R A TSI R 2 8y, ARfEsR Rz, &
ST A S B A R N R B A S AR S D DA 9 AN [ 20 i Ay R 28280 B A
IR, FEXHARH BRI, WEEFRE SR RS W EERE, fF
RGEHHEWT R KR, R 2P i AR .

7.1 BERTESN

T N —AN S 15 B R R 3R O 22 4 B i R A TR
Bl 7.1 AR R A Ay Az Ay EF R AN, AT
AR Fvdok 71w Fl: WALARRS TAFGENFGRALREY Z

* 7.1: THESEE

CEaN cikE

Ay | 1600 1610 1650 1680 1700 1700 1780

Ay | 1500 1640 1400 1700 1750

As | 1640 1550 1600 1620 1640 1600 1740 1800

A, | 1510 1520 1530 1570 1640 1600

?

395
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PR A I C J7 2 S TR ) B A ey PR 3R, USR] B il D5 3R B 1A
RATHFRE, FOVTEFK, XARRIRER AR Y B R KPR, BahE
PErT A, AU FIELTT B4R A 7 B e A e AN, g ELIR] —Rd o5 T oo
AR A e A —HE. o AT R i Sl IR R £ Bk H P 5T

Ho—, TEFFERIECTT T o T A7 ﬁtgi R FAFREAR, Hit, 2
A B B T EREPLE R THBr s &R, BBAER —BLTT T TR 68 75 di
RigA —AEve LA (E, TSRy RE SR E A W B OV RESLIRE, iR
AR IE 2SS0 A

K=, EAFMES T, SHEFMEARAHEE, BESECNFHANTHREE
BRI AF.

P —iEN, il HAE —TMHEER AR, HEREHRALE. AR r
MK Ay, Ay, -, Ay TEKE Ay T g MSZUN, 153 iX00 fatrs R 4,
mFE 7.2 Prow.

® 7.2: BRRGFEShEE

K F M {E MO
Ay Z11 T12 s T1in, N(,Ul, 02)
Ay To1 T22 s Ton, N(m, 02)
Ar Tr1 Lyr2 e Irnr N(,um 02)

Horp 2y FRARFER R A W5 « KT TRIEE § KRR 45

711 HFRE

BT A THERBER 2, 2, -, zin, BIERES ¢ TIESERE X; ~
N (i 0%) FIREASRME, A i, o HRE, HEDNEE X MEMY, HRE
PEgE A
Tijg =i +ei, 1=1,2,...0r, J=1,2,...,n,,
{é?z‘j ~ N(O, 02) ﬂ*ﬁﬁﬁﬂia

ot pg B i ANREHEE, e RAENEIRRIRE.

(7.1)
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AR A 1) r ARSI B r SRR MeRER
Ho: pn=po="=py,  Hi: po,pig, -, RNEAHE (7.2)
i
p= %;nu n= ;n = Wi — H,
K p FRMIL, o WAT A SHERIRE, FAERIE 3 no; =0
B (7.1) UPTLAS 5 L _

xij:,u—i—ozi—i—éij, i:1,2,...,T, j:1,2,...,ni,
Eig ~ N(Oaaz) H.*E—_E‘LZE_\_[.’ (7‘3)

S o = 0.
PR (7.3) AR I 2T ECA A, B —FhZe .
7.1.2 FESHR
F Bk (7.2) FHhF
Hy: on=ap=-=a, =0, H: a0 FEKE. (7.4)

WA Ho $amds, NEHER A (KT 2 WA BENER; G0, 257
AE .

NT T Ho WRIRSEHTHR. Jr 2R V- J5 Mo A0 5 i BE 2 iy
b I, FEge R

W Sr BB T (SRR AR, ERIrAEIR v 58 THE » 28707
1, WL T Bra WL RO i B R . v ST DIERR 40 R P 5 Fn o g A =X

St = Sg + S4, (75)
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Forf

roon; 1 n;
— \2 _
SE = E E (ZL’Z']‘—ZL'Z'.), ;. — — E l’ij,
n; < 1
]:

i=1 j=1

Sa = ) Z(@ —z)’ =) (T - 1)
i=1 j=1 i=1

X Sp FR THHLIRZEM M. KRR TEEH i ik, WIHE 20, o,

s T, RRER—AEB B N(w, 0?) BREAR. BFIL, S 0 8% 5 R

BERLIRE RS, T ; (25 — T3.)% F3% n; NECRIESNTHIR, ERENZERA

/NEERL. R r ZLXRER ARSI RIAR I, SRR T Sp, WK Sp NIRETIT
A A F-I7 AL

Sa BRIE A KTV TFHIRRARES RTHEZ MM ZERZM, BRBIT r
NEEEZ R ZSR, Wh 2 5% N BRIHARE, 2w fofhiit, Bk
r AREIE s po, o e ZIERIZERBOR, XBEEARIE 21, 22, 7 Z[H]

T

225 bR, FI7 Al ;n(f —1)? IERXFER /DR, X n &

BT 55 0 AMHRREAR R ME TR S EAER. B S WIEE A BV A
BALFJ7 .

7~ (7.5) R, BFIM Sp R HSRIE B R sy, —H o 2Rz
Ji Sp, REHMEPLIRESER. A—HMRER AT M Sa, ZRHER A/
HKT-HI S5 R

HBREI R (7.2) 25T RS E(Sp) = (n—1r)o?, B Sp/(n—1)
# of t—AFAftiE, H

Se 4

2 X (n—r).
WERIR B Ho BOL, WA E(Sa) = (r—1)o?, BIEES Sa/(r — 1) B2 o® B7E
fftiit, H

IHH Sa 5 Sp MEMSL, HIY Hy SR,

. SA/(T— 1)

F= Sg/(n—r)

~F(r—1n-—r). (7.6)
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T2 F (B F ) fJUMERN Ho ifamasiti. X4 @i &K o, H
Folr —1,n—7r) FTm F i B o 08, 35 F > Fu(r—1,n—7r), NFEAF
ik, WARZR AW r KPR REER. WAl UR 5 P- [HE 5ok e
SERSE AR R B Ho. p HA p= P{F(r—1,n—r) > I}, BERRHEMR
MEBHER (r—1,n—7r) B F 2AAHEVZEBRIERT F iR 825, pE
INF a ST F > Fo(r— 1,n —r), BaRTEBEEKTE o TH/MERSMLE
T, XEWENZESFEREK Ho. 4 pE KT o i, WIGHEELRRERE, Bl
W2 R AR Ho.
WHE PTG RIREE 7.3 B, AT ESE.

® 7.3 BERTESMR

TERE | AWE | FIM ¥75 F it p {8
HEA r—1 Sa MS, = 24 P‘::%%%% »
£ n—r Sp MSy = S&

BOA n—1 St

7.1.3 AESHRNIE
RERAFH aov O smBARME T Z TRV, aovO REHIEHTE

P
aov(formula, data = NULL, projections = FALSE, qr = TRUE,
contrasts = NULL, ...)

Hrf formula B EMTHI AN, data BEHRME. HAth WAEZH BY.
75, FIA summary O 3 H7 Z0r RETFHEHE .
B 7.2 (Zif5] 7.1) B R &AM+ HA 7.1.
% FEIRERR A LR, A aov (O BB 207, H summary O
RO 2T E R (B8JF44:  exam0702.R)
> lamp<-data.frame(

X=c(1600, 1610, 1650, 1680, 1700, 1700, 1780, 1500, 1640,
1400, 1700, 1750, 1640, 1550, 1600, 1620, 1640, 1600,
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1740, 1800, 1510, 1520, 1530, 1570, 1640, 1600),
A=factor(c(rep(1,7),rep(2,5), rep(3,8), rep(4,6)))
)

> lamp.aov<-aov(X ~ A, data=lamp)
> summary (lamp.aov)

Df Sum Sq Mean Sq F value Pr(>F)
A 3 49212 16404 2.1659 0.1208
Residuals 22 166622 7574

FRE RS E AR 7.3 RN AR, HA Df RANE HEE, Sum Sq 3#
RFAI, Mean Sq #/RY¥, F value F#on F{H, B F Hb. PrOOF) £ P
fH, AMLZPFZE A, Residuals J£Fk%E, RliRZE.

M EBHREERATUER N, R EHM sumary (lamp. aov) #HE, BERAF
7 20432 7.3 e —17 (BAITT), X B4/ MEF (F2fF44: anova.tab.R),
PE—midudt, HtSmE R summary pRERE| R YA —4T-550 175K M,
REEAFTHIE.

anova.tab<-function(fm){

tab<-summary (fm)
k<-length(tab[[1]])-2
temp<-c(sum(tab[[1]][,1]), sum(tab[[1]][,2]), rep(NA,k))
tab[[1]] ["Total",]<-temp
tab
}

XAMEFH A —A HARZE S WA R KR A R 2 R A1
TSR H LB, wr AR e I Z otk

> source("anova.tab.R"); anova.tab(lamp.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 3 49212 16404 2.1659 0.1208
Residuals 22 166622 7574
Total 25 215835

FREREAE T Zathakd, |k 74 .
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® 7.4 THERRARNAENMMIE

FERE | BEE | CPOrM | By F It p {H
H&E A 3 49212 | 16404 | 2.1658 | 0.1208
® % 22 166622 | 7573
B 25 215835

M p {E (0.1208 > 0.05) AJRAE M, WA FTSBHUN Ho AIER, Wil
Ui, #Z Ho. VEHIIURAPRELE P B ol g T 3 T B ER 2 R

it plot O B KRR R R Z R, Ha T, FreEDEhE 7.1
F 7.
> plot(lamp$X~lamp$A)

1800

1700

_
'
éo 1
Q.S_ —
E 4
<
S | —
[Te)
—
o
g_ —
I I I I
1 2 3 4

lamp$A
B 7.1: JofFAF e g H AR 2 IR

MEFE L RTE S, AR A = B SR 7Y o 2 0 B8 2 7 1.
Bl 7.3 NARAEBEMNT SHLRRBRGHEAFREWEERKR 7.5 T .
TG R EH ARG P AERKAARE 2577
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= 7.5: ARAIEHEE
B A H EF B XKk

W N BB ES Y R  HE R, SHRRMER N ZAKT, B
TSRS TR B S EBAMBIA N (s, 02)(i = 1,2, 3) HIREATLIIL.
[R5 AR

Hy: o= po=ps;  Hy: o, po, ps ANEASE.

R A SRR 545 R (exam0703.R)

> mouse<-data.frame (
X=c( 2, 4, 3, 2,4, 7,7,2,2,5,4,5, 6,8,5, 10, 7,
12, 12, 6, 6, 7, 11, 6, 6, 7, 9, 5, 5, 10, 6, 3, 10),
A=factor(c(rep(1,11),rep(2,10), rep(3,12)))
)

> mouse.aov<-aov(X ~ A, data=mouse)
> source("anova.tab.R"); anova.tab(mouse.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 2 94.256 47.128 8.4837 0.001202 *x*

Residuals 30 166.653 5.555

Total 32 260.909

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

p {HZ/NF 0.01 iR RRBE, RIA D9/ AR =P A [ 1 AL Y 1 58
R G R B & 257

7.1.4 HENSZELR

R FRBEEARRIEA Ho, MEEANER A B r DAKPBNA B 2
5, WRLEU - MEZ WA BEER. HEXIFAEWE I ME NS FEE
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5, XA TETT XX py Ay fE—XF—Hy R, BIZE AL
ZHENWEWINEREZ, XEAGILAE A7
1. ZE t 8RFHE
X7 IEAS R LR B A BB EAT ¢ R, Rl 7 2= A R
R, WimE b EAR. Biiyd, ZHES 455 j 47395 Rk
H(]Z,U/Z‘:,U/j, ’l;éj, i,j:1,2,"',7’.
THERAPIES BAESEA ¢ e, BRIttt

tz.j:\/Mz(%;n%), i i =121 (7.7)
2 Hy OLEE,  tiy ~t(n—1). FFRA2Y
tis] > ta(n—7) (7.8)
B, UEH w5 opy ZRBE. € HNA P-1{E
pij = P{t(n—7) > |ty }, (7.9)

RPN E B n—r 89 ¢ ARIBENIAS R T [t;] ROMER. Eadmik B M T4
py <5 B, w5 u ZREE

ZH ¢ B INER IR AT, EAENENZERR S, AURERRK
V%, Tk R R TR, SRER M ¢ st KALE — R R T
K, rigsly “FREER WEEA—E .

2. P- {ERYEIE

N T FRZE ¢ R ITIEE A, ST ER MR E T2 AR Ik
B P-{H, B TRXEIIEY ARG AR, X B RARR AU . BT
THERZRRMS R 7.6.

R p- (HIAERECR p.adjust O, HAEIAELT:

p.adjust(p, method = p.adjust.methods, n = length(p))

p.adjust.methods

# c("holm", "hochberg", "hommel", "bonferroni",

IIBHH , I|BY|I s llfdrll s Ilnonell)
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& 7.6: P— {ERFRFE

PRI R BAFFHI SR
Bonferroni "bonferroni"
Holm (1979) "holm"
Hochberg (1988) "hochberg"
Hommel (1988) "hommel"
Benjamini & Hochberg (1995) "BH"

Benjamini & Yekutieli (2001) "BY"

Horbp JE i P- [EMEH AR, method BMBIETE, HRA(ER Holm Jiik, W
280 "holm". KT HAMINILRUE— SR, BN p.adjust O RAIFEL T BY.

3. HENSELLRIITE
R B FH#) pairvise.t.test ) PRAXFILAREIZEILE p H, HMEHT
E/ T

pairwise.t.test(x, g, p.adjust.method = p.adjust.methods,
pool.sd = TRUE, ...)
Hort x IR R g 2N F . p.adjust.method J& p (HAYIREE L, HIrik
HEEE p.adjust O 4, ZE{EHFE 7.6 Fr/n. W3R p.adjust.method="none"
s p- EHRHK (7.7) M (7.9) WA, AMEEMJTE, 545 {E% Holm J7
% ("holm") YEH%.
B 7.4 (B4 7.3) BT ES 1.5 F F ARk RIe% Hy, H— T AR

Ho:ui:uj, Z,]:1,2,3

i EGITEANEFESE, FHZE ¢ RRTEERR, Wi,
p- [EAEEfEE.  (FR/F4: exam0704.R)
H RS KT T Ay E
> attach(mouse)
> mu<-c(mean(X[A==1]), mean(X[A==2]), mean(X[A==3])); mu
[1] 3.818182 7.700000 7.083333



7.1 BRI EMT 405

#it EZE t BB

> pairwise.t.test(X, A, p.adjust.method = "none")
Pairwise comparisons using t tests with pooled SD
data: X and A
1 2
2 0.00072 -
3 0.00238 0.54576

P value adjustment method: none
B ERIINGR A, Wk 7.7 iR,
R 7.7 HESERRE p ER

7K ¥IE Dij
1 3.818 1.00000 0.00072 0.00238
2 7.700 0.00072 1.00000 0.54576
3 7.083 0.00238 0.54576 1.00000

WP R p- EHATEL,
> pairwise.t.test(X, A, p.adjust.method = "holm")
Pairwise comparisons using t tests with pooled SD
data: X and A
1 2
2 0.0021 -
3 0.0048 0.5458
P value adjustment method: holm
> pairwise.t.test(X, A, p.adjust.method = "bonferroni')
Pairwise comparisons using t tests with pooled SD
data: X and A
1 2
2 0.0021 -
3 0.0071 1.0000

P value adjustment method: bonferroni
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MXPHARIEFTLE L, HEER p- HSWK, E—ERE LEwikeE
t L g 7 A R

M EBHHREER (e BIHEER p- (EERVAER p-E) FI], w5 p,
5 s BEBEER, T pe 5 ps BWEBEZS. /M R =FAH
B A A FEAT B P 2 — T S e IR AR /D E R A RECE B & £ R e
PIFPZRA B

MFELE M AER HX gD, W 7.2 FR.

> plot (mouse$X~“mouse$A)

mouse$X

mouse$A

& 7.2: /DA BOF A E RB R A

7.1.5 FHERFFRERLE

BT ET, MR T =A%
(1) wohntk. RAEAE LA A AL, AL BN SRR Z T L&
ey, B
Tij = P+ o + €.

(2) MSZIEDSYE. RN 2 AR NIEZS A, T HAH B0 S7.
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(3) Fr&ESTIE. AFACIR M E 7 22— 8y, B e Bk

Hy: oi=o05="-=o0". (7.10)

T

X RIS, KERENE R DL E=AN . XA AN 2 &R
B, ATRASCREA TR AL B b AT 7 Z A
BIXTRIRLESR, IS B EAMRUr 2P A LR, JBLREAT R
1. IREMIESMERE
REMESER I A T LR SR ESERL. TR =51%8 W
Kol (shapiro.test() E¥) Jr X BRI EA MR R
B 7.5 A 71 QGBI ESMRAT.
f#: 5 shapiro.test() PR%L.
> attach(lamp)
> shapiro.test (X[A==1])
Shapiro-Wilk normality test
data: X[A == 1]
W = 0.9423, p-value = 0.6599

> shapiro.test (X[A==2])
Shapiro-Wilk normality test

data: X[A == 2]

W =0.9384, p-value = 0.6548

> shapiro.test(X[A==3])
Shapiro-Wilk normality test

data: X[A == 3]

W = 0.8886, p-value = 0.2271

> shapiro.test (X[A==4])
Shapiro-Wilk normality test

data: X[A == 4]

W =0.9177, p-value = 0.4888
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ELLERET, B 7.1 PRURAE AT R R R EAS Y.
2. HEFHILR

P EF RIS R K T Ty 28 A IR, Jr 25 A0 R
FIR 7SR Bartlett K. %42 b A KRB 20T, 4

ng

S? = ! Z(xij_jiv>2v

=1
1 T
2 - —1)8?
S n_r;(nl )SZ’
c = 1—1—; i(m‘—l)_l— (n_r)_l
3(r—1) | &< ’

n = n+ng+---+n,.

FEMRBE (7.10) BOLEY, SEiti

K2 — 23020 [(n e 53] (7.11)

C -
=1

MR E R r— 1 87 X 7046, 24
K*>2(r—1) #H P{*>K}<a

W, fH4E Ho, BN 20 A B BRI J7 ZASE, G, W R 2 7
ZFERIESK.
R 4+, bartlett.test() pREHRMLE Bartlett s, HAH HA N
bartlett.test(x, g, ...)
bartlett.test(formula, data, subset, na.action, ...)
Horb x SEH B R MR SE. g EH AR, 24 x ZFIRAE,
WITERL.  formula B ZHTHI A, data BERIE. Ha WAELH B
5 7.6 47 7.1 95 BEAE Bartlett 7 £ F- M4 T,
i
> bartlett.test(X"A, data=lamp)
Bartlett test of homogeneity of variances
data: X by A
Bartlett’s K-squared = 5.8056, df = 3, p-value = 0.1215
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P {H (0.1215)> 0.05, B2 R MR Ho, I\ N5 AR B BCH 2 5 T7 22 /Y.
A, L
bartlett.test(lamp$X, lamp$A)

HA MR ROR.

7.1.6 Kruskal-Wallis #0538

TEMTE T EAL TRME, FREABZEN. WA RRITR AN R
WX AR, SRR, B R AN A S BRANTBA T2
. RPIEAR BT — 1, A2l 8RR v Bgtit &, ROy RgE 2oy
fi G B RorAideoe, wLMRNL S AR R, FE P LL By SRR, 2
Y Kruskal-Wallis Bk, BRI P EREAET LR IES R K7
. ERLE, ERMHAR Wilcoxon JFIEFEL T PIAFEARTHHE .

G n ML s(s > 3) MBI SRR R0R B, BX n AMMRBEDLHE
51 s AL, S 0 AU ng A, IR ng MRS | RALED AR
(i=1,2,--,5), Jhf, > n=n. BIRWLEHIT, BEX n AMRMAE R

=1
A HRROR IS HE PR 225 B Bk, 10585 ¢ 48y n MR
RilaRi27"'7Riniv 7::1727"'75'

FHRMMEF T R, Bl Ry < Rip < -+ < Ry, (i =1,2,---,s). WA HAZE
FR PR IX Lo BRgE T R I R 1%

Hy : ST EASER T B #E 2 7
REAH2.

AT HEGENRES R, RARKRIEENMER, RN & BRI
HRWBH) T fE.  Kruskal-Wallis BR300 )& b WA —Fras Bk, BI&
TR A HUR A A 72 5, HZE 7 3 B BTE & 2 AR A A BESCR 1 B FAEL Y 47
&b BaE, AT BEER, WEZ& AR MR
Bzl — N, Rk MR R T BEUIME, oM
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R TRECRIE. T HE MRS RREMER RS’ 2
Ri1+Ri2+"'+Rini

R, = L i=1,2,---,8, (7.12)
n.

D) Wt (713
i=1 j=1
Hor Ry 56« MR BREFEME (i =1,2,-- -, 5), R, BRI THE. 587
BAFHIRzBAE B EES, HERERRBRE, W R.(i=1,2,---,5) fHEEZR
R kz, % Ho AE, HTSHARMEYLE, W& R.(i=1,2,---,5) ZFVE
N, H¥SEUE R. KL B, ATRAR (R. — R.)? MIMAURRE RS R 5 R.
R, &

s

K:ﬁzm (Ri.—n;1)2, (7.14)

i=1

PR K O Kruskal-Wallis g5t 5 Ho AR, W K AApEs, FHit, HE
it Xy
K >ec.

AR P i, 4 P— (PR BEHAT, NHELREER.
EAR R TTER Y Kruskal-Wallis #kAIH L.

R BARAE T Kruskal-Wallis BefiiReEs, HpKECH kruskal .test ),
BT

kruskal.test(x, g, ...)

kruskal.test(formula, data, subset, na.action, ...)

Horf x RlBERW A FRESR. ¢ R, 4 x BFIR,
WIiTERL.  formula JEFZMTHI A, data BEHEHE. Hop WAEZABD.
Bl 7.7 AT A BF — LA LR R B R AR, B 25 REKAMALLY A
j, HasAlk 8, 4R, TA&F6R, EAREHET. L. B, TRA &
RHAAERFAR, 12 Bl MG EIGmEdek 1.8 FTa. T a=0.05,
I EHGTAZXRIER B F £ 7.

& MEERE, JRERBH

Hy: SWERERBRLEEESR, i SHERIERECRAEREESR.
N, A kruskal.test() EREERTR (F2/¥4%: exam0707.R).
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& 7.8: 12 FlfF 25 HERWAEENE (B %)

% h £ 3% m A
¥ 164 190 203 205 206 214 228 257
@ 185 197 201 231
S 187 212 215 220 248 265 281
T 202 204 207 227 230 276
> food<-data.frame(
x=c(164, 190, 203, 205, 206, 214, 228, 257,
185, 197, 201, 231,
187, 212, 215, 220, 248, 265, 281,
202, 204, 207, 227, 230, 276),

g=factor(rep(1:4, c(8,4,7,6)))

)

> kruskal.test(x"g, data=food)

Kruskal-Wallis rank sum test

data: x by g
Kruskal-Wallis chi-squared = 4.213, df = 3, p-value = 0.2394

P—{H =0.2394 > 0.05, TILIEL R, NSRS BIEFRBCRITTEE 257
APFE L,

A AR E R AR R RCR
Xt bR AR I S g M 7 25 A 5

kruskal.test(food$x, food$g)

A<-c(164, 190, 203, 205, 206,

B<-c(185, 197, 201, 231)

C<-c (187, 212, 215, 220, 248,
D<-c (202, 204, 207, 227, 230,

kruskal.test(1list(A,B,C,D))

> attach(food)

214, 228, 257)

265, 281)
276)



412 FLE FEMT

> shapiro.test(x[g==1])
Shapiro-Wilk normality test

data: x[g == 1]

W = 0.9619, p-value = 0.828

> shapiro.test(x[g==2])
Shapiro-Wilk normality test

data: x[g == 2]

W =0.9084, p-value = 0.4741

> shapiro.test(x[g==3])
Shapiro-Wilk normality test

data: x[g == 3]

W = 0.9523, p-value = 0.7506

> shapiro.test(x[g==4])
Shapiro-Wilk normality test

data: x[g == 4]

W = 0.8182, p-value = 0.08516

> bartlett.test(x”g, data=food)
Bartlett test of homogeneity of variances
data: x by g
Bartlett’s K-squared = 0.9328, df = 3, p-value = 0.8175

SREE R, EI, R LRI 220

> source("anova.tab.R")
> anova.tab(aov(x~g, data=food))

Df Sum Sq Mean Sq F value Pr(>F)
g 3 3308.1 1102.7 1.378 0.2769
Residuals 21 16803.9 800.2
Total 24 20112.0
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HeeRAMRFR, BHAHEEBIEFICR B EZR.
7.1.7 Friedman #F0$238

TERCRA R, 2R E, MR TN S AEARER B BRI 2
FHEREIR, FIRA Friedman BRFIRLLS.

Friedman ke 30 i B4 AR 5 AT A A0 A28 (B 2B A R T
FENUAL RAERC R N Ty, T AL A AT, R AE#4T Friedman
BRI IR, 2o AT BB PORPRGR N/ INEI K Bk, 4n SR AH [R] A B0 BT
BRI, WA N AR, s MEEAKCOE, WA R BRA R BRIAS, ¥k 2
HOPHRK S BT BRI S, T L JiEﬁ%XJ‘r“?Fﬁml:éﬂmfré’Jﬁ
Zortr. B FEEA NG A AT L, PR TeA B A R k.

Friedman #8451 & Q #9i5HN
12N & 1 ?
ins(Sle)Z(R —2(5+1)) , (7.15)
=1

Horp X
N(Ril‘l’RiQ‘l’""l’RiN)a =125,
Rij ™5 i MCEAL j MEERERIK.
Friedman FAR: 56 # IR R A
Hy: S HERHAHSR L EEZR.
HA BRI BB TTIE R R PERCRAE A OR BE B T 1 s 25
Ho AEB, W Q FimKA&ESR, FILELSRATEA S

Q>c

SR P— E#TRE. LR GRIEHY Friedman BRAIKE.
& T, RE @ ML FERA, B

Ty=NRi=Ry+Ro+ -+ Ry, i=12-5

R, =

M Q X ATPAZRIR N

12 &
Q= Vo 7T ;W —3N(s+1). (7.16)
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2 (7.16) T T9LRR AL
R M4, pR%( friedman.test () &t T Friedman #Rfifes, HAd FH s
ps
friedman.test(y, ...)
friedman.test(y, groups, blocks, ...)
friedman.test(formula, data, subset, na.action, ...)

Horby BEAR A BB M, groups 25 y AFRFERER M, HAAER
™y BISENEDNL, blocks 5y FRIFERKERME, HNARR y K Hy
TEHRERT,  groups Fll blocks JoaK. HAE B 7k WL AE L5 BY.
Bl 7.8 2/ RREBERREAHSHA SARW, AR ad ey IR B2
B3 SAP LR 69 A, BRA—HE G, AFHEFFEEE, Rk 7.9
Frw. XA RBI G ST P 4944 5 2 F AR

R 7.9: REEARH/DEFETSREE (BA:  ug/e)

%5 (FBmw) | 1 2 3 4 5 6 7 8
AH A 1.00 1.0l 1.13 1.4 1.70 2.01 223 2.63
¥ B 096 123 154 196 294 368 559 6.96
A C 207 372 450 490 6.00 6.84 823 10.33

iR WAEHE, JHH friedman.test() A% (F2/¥4%: exam0708.R).
> X<-matrix(
c(1.00, 1.01, 1.13, 1.14, 1.70, 2.01, 2.23, 2.63,
0.96, 1.23, 1.54, 1.96, 2.94, 3.68, 5.59, 6.96,
2.07, 3.72, 4.50, 4.90, 6.00, 6.84, 8.23, 10.33),
ncol=3, dimnames=1ist(1:8, c("A", "B", "C"))
)
> friedman.test (X)
Friedman rank sum test
data: X
Friedman chi-squared = 14.25, df = 2, p-value = 0.0008047
P—{H = 0.0008047 < 0.05, faztJfifRi%, INAARFER/DNRIFFRSES
BEER.
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HWFEIL,

x<-c(1.00, 1.01, 1.13, 1.14, 1.70, 2.01, 2.23, 2.63,
0.96, 1.23, 1.54, 1.96, 2.94, 3.68, 5.59, 6.96,
2.07, 3.72, 4.50, 4.90, 6.00, 6.84, 8.23, 10.33)

g<-gl(3,8)

b<-gl(8,1,24)

friedman.test(x,g,b)

Al
mouse<-data.frame (
x=c(1.00, 1.01, 1.13, 1.14, 1.70, 2.01, 2.23, 2.63,
0.96, 1.23, 1.54, 1.96, 2.94, 3.68, 5.59, 6.96,
2.07, 3.72, 4.50, 4.90, 6.00, 6.84, 8.23, 10.33),
g=gl(3,8),
b=gl(8,1,24)
)
friedman.test(x"glb, data=mouse)
A AR E R R RCR.

7.2 BMEERHES

TERERLPREE Y, FEFEEWIAREIRENERZT—MEE. filn
TeAbs ik gn rh, JURPRR I &, B BB I, iR B8 s il S50 ml B el g 45 21,
A 2 R R RS ()8, A e X =5 i 07 22504
Bl 7.9 A—ARLIRBRT, H RO RE GAF T At A, Ay, As, Ay A2 =4
Bléyseher ik By, By, By 138 F & Mhek 710 T (42 kg). Ko ATAP
T E#IEN 2R AR E#HH?

XE—MNA KRG, AR AFF) FEANKE, BR BRE) F=1K
. AT T AR R 7 2 AR E A DL R

WH ABWHMEER, BE AR/ » MKF AL A, - Ay BEBA sH
IKF- By, Bs, - -+, Bs.
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BETE TEINMT

& 7.10: RViRIEHE

By By B3
Ay 325 292 316
Ay 317 310 318
As 310 320 318
Ay 330 370 365

7.2.1 AEEXEFH

1. HFRE
EHNER A, B WE—FMKFHE (A, B) T#T—RMLA 52 NE
Lij, 1= 1? 27 R A ] = ]-> 2a vy S }l%i%?muﬁ%ﬁu%‘%a ﬁn%‘?{ 7.11 ij/j_%-

® 7.11: TEEREHNERAES T EE

B B, o B,
Ay Z11 x12 ce L1s
Ay Z21 XL22 ce X2s
Ar Tr1 Lr2 tre Lrg

BE zij ~ N(pij,0%), i =1,2,--+,r, j = 1,2,---s. HE vy MEMSL. N
IR R BRI EARH, H R i A
Tij=p+o;+Bj+ey, t=1,2,---r, 7=1,2,---5,
Eij ~ N(U,UQ), H#% €ij AHE ST, (7'17)

ZO&Z' :0, Zﬁ] :0,
=1 Jj=1

1 r S
Hortp=—D > wy HETH, o WEE A NS AKTRBR, 5 KE
i=1 j=1

K B j AIKFHIRY.
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2. HESH

TELHAT (7.17) T, HESHEEESZ: RETER A FIEEK B
ARSI/, B, 7E4 € B MKF o T, RHEAFEHERE:
MFRR A R A XMRBHEIRALE FhT

Hy: ox=ay=---=a, =0.
XNFEE B, “B&R BXARISABE FihrT
Hyp: Bi=0s=--=0,=0.
XUR R J7 2004 5 BN R 2 iy gt JRBL A AR 7], )& 27 o7 fl oy

figt 3K
St = Sg + Sa+ Sg,

o
ST = Z (I‘Z‘j—f)2, T = T—lszz I‘Z‘j,

i=1 j=1 i=1 j=1

1 s
Sy = s T, —T)? T o= - 2, i=1,2-. 7
ho=s) @-3) DI
e - 1 ¢ 4
SB = r (ZL’.]‘—ZL’), T, = —Z Tij, ]:]_’2’...’5’
J= [
SE = Z (l’ij — X — Zi'.j + ZZ’)2,

Hrt Sy AREETHFM, Sp MRZETHM, SiBHER ABARFRKT-F]
BT (FRAHEER A @FM). 2504, Sp FRABEER B #y-Firfl.
ATRAUERA Y4 Hoy BSZET,

Sa/o?* ~ xi(r—1),
HYE5 Sp MHE ML,

Sp/o* ~ X*((r—1)(s = 1)).
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TR Ho BOLE,
_ Sa/(r—1)
Se/l(r—1)(s = 1)]
Feftists, 24 Hop BSLAY,
Fy— Sp/(s—1)
Sp/l(r—1)(s —1)]

Lk Fa, Fp Y824 Ho, Hoy WIS, KSR ETT 203k, sk
7.12 FrR.

Fy

~ F(r=1,(r—-1)(s—1)).

~ F(s=1,(r—=1)(s—1)).

=& 7.12: DEREFESNR

T R B B 7 ¥177 F i p{H
HZE A r—1 Sa MSy =24 | Fa=124 | pa
H= B s—1 Sgp MSp =22 FB:%—EE PB
i E | r-D-1| Sp |MSp==Ey
JEN rs—1 St

3. FESMRWITE

TR aov () BEGHETE RIT Z R 7.12 FRYE PR
Bl 7.10 (2] 7.9) MH) 7.9 S EBEAERE F o EH5AH, KA T HARR
TARLREHR?

& WmARdE, W aovO RECRME. SRHEFRITEMFE, summary(
Tokgs BT, XEAE AR anova.tabO) BEF EZHR (BIF4:
exam0710.R).

#ut FlBOEAE ) R N B3R
> agriculture<-data.frame(
Y=c(325, 292, 316, 317, 310, 318,
310, 320, 318, 330, 370, 365),
A=g1(4,3),
B=gl(3,1,12)
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# BN R T 2007
> agriculture.aov <- aov(Y ~ A+B, data=agriculture)
#### H F B 4% anova.tab(), Z it ELE R

> source("anova.tab.R"); anova.tab(agriculture.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 3 3824.2 1274.7 5.2262 0.04126 *

B 2 162.5 81.2 0.3331 0.72915

Residuals 6 1463.5 243.9

Total 11 5450.3

Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

ARG p (USR] i P P A R R, T A e 0 B ph U B S O 9
Xt P A R

oL EAEN AR (7.17) B, SAEE —FEE, BIRR A, B XMETREIRY
JerfLh &My, mHIAYHER A Bl R E, SR B 2KV
K, XEFBAFEHER A, B EFKTAE (A, B)) BIARS RIS
WA T X PR AE R 22 LR TAR RIS T M R EALR), X PR PR 9 58
FEV. X T T BT EE A e A [ L

7.2.2 EEXEEH

1. Brsppn
WAHWNER AM B, AR AR r MKF Ay, Ag, - A R BA s K
- By, By, - -+, By, BFKFAG (A, B;) TEEIRR ¢ K. 258 & IRETME
Tije, PERIEIESZR, R 7.13 Fis.
B
zie ~ N(wij,0%), i=1,2,....r; j=1,2,...,8 k=1,2,... ¢,
% Lijk MBS Fred, BERW AN
Tije = p+ i + 0 + 045 + €iji,
eije ~ N(0, o%), B4 eijr FHEMSL, (7.18)
1=1,2,---,r, j=1,2---/5, k=12 ...1,
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= 7.13: NEEEEAELHE

B B, o B,
Ay 1117112 * * - T11e T121T122 * * * T12¢ cr T151T1s2 * * - T1st
Ay T211T212 * * * T21¢ T221T222 * * * T22¢ cr T251T2s2 * * = T2st
Ar Tp11Tr12 ** * L1t Lp21Tr22 * * * Tpot tre Lps1Lps2 * * * Tt

Hort o ARR A WS« DKCFRIY, 8 MR B 5 j KRR
R A M By MR EY, HILA

1 r s r s r s
M:EZZ’MU’ ZO@IO, Zﬂjzo, 252]2252]:0
=1 j=1 i=1 j=1

i=1 j=1

2. FESH

BemFIWT R R A, B RIZH BV A0 B S TR T 5R K
Hy : g =ay=-=aq, =0,
Hyp:  pr=pr=---=p5 =0,

Hyy: 65;=0, i=12---r, j=12 s
EXMEOT, FEMTESRW T IERM, TR AK:
St =Sg+ 54+ Sp+ Saxs,

Hot

T s t 1 r s t
Seo= 3 0.0 (o =2 &= 53 D )
— £ (3 A rst = £ b
i=1 j=1 k=1 i=1 j=1 k=1
T s t
- 2
Sp = E E E(Iijk—xij.),
i=1 j=1 k=1
t
1

[i’ij. = ?E Z'ijk, z':1,2,---,7’, j:]_,Q,...,S,
k=1
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r s t
SA = StZ([i’Z —Zf')2, X;. = ézz Lijk, 1= 1,2,"',T,
1=1

=1 k=1

s r t
Sp = ’/‘t;(f.j,—j)2’ T, = %ZZ Tijk, §=1,2,---,8,

i=1 k=1

SAXB - tz Z(i’w - Lf‘l - i’.j. + 5)2,

i=1 j=1

Horpt St ARBEETIIM, Sp MRETHM, Sa WER AWFIHIAM, Sp A
W B 8 VA, Saxp FEENFIFAL FTRAER: 2 Ho SGLR,

Sa/(r—1)
Fy = m ~ F(r—1,rs(t—1)).
24 Hyp ALK,
——SB/(S_l) ~ F(s—1,rs(t—
Fy = gt ~ Fls = Lrs(t = 1)
24 Hoz BOLET,
Fag = 222/ = D6 =D o1y 2 1), ms(t — 1)),

Sg/[rs(t —1)]
AL Fa, Fp, Faxp 88 Ho, Ho, Hos MIREIRGETTHE, BRI EE RAI T 2
= 7.14: ERXEREBIBNAERAES R

yEwE | gaE T W97 P |P-f
wEa | et s | ousem | R | e
BE s—1 Sp MSp = 75 Fp=32 | ps

2R AT

R (1 1)(s 1) | Saus | MSaen = 452 | Facs = 2582 | pas

R rs(t—1) Sg MSp = =2

rs(t—1)

pE il rst —1 St

NTFR, WER 7.14 PR,
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B 7.11 FRRAAY 53324 F A AN A K G Hvh, A4 R 6 = AP B d AR 4Y
HAARFMNET R LB TR 7.15 e (312 om). Ay, Ay, Az RF =24

& 7.15: ZHRIRIAMIEZNEHE

By By B3 By

A, 23 25 21 20 17 11 16 19 13 20 21 18
14 15 26 21 16 24 27 24

A, 28 30 19 26 24 21 19 18 19 26 26 28
17 22 25 26 20 25 29 23

A 18 15 23 21 25 12 19 23 22 22 13 12
18 10 12 22 14 13 22 19

FI#AY, By, Ba, By, By 2 @O ARER. 8 —FR-Fwmd, #4747 5 KA
F, MR REAT T E A
& FAEHREAE LR, A aovO BEGTH, HIHA anova.tab()
BRER/R (F8JF4: exam0711.R).
> tree<-data.frame(
Y=c(23, 25, 21, 14, 15, 20, 17, 11, 26, 21,
16, 19, 13, 16, 24, 20, 21, 18, 27, 24,
28, 30, 19, 17, 22, 26, 24, 21, 25, 26,
19, 18, 19, 20, 25, 26, 26, 28, 29, 23,
18, 15, 23, 18, 10, 21, 25, 12, 12, 22,
19, 23, 22, 14, 13, 22, 13, 12, 22, 19),
A=g1(3,20,60),
B=gl(4,5,60)
)
> tree.aov <- aov(Y ~ A+B+A:B, data=tree)
> source("anova.tab.R"); anova.tab(tree.aov)
Df Sum Sq Mean Sq F value Pr(>F)
A 2 352.53 176.27 8.9589 0.000494 sx*x
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B 3 87.52
A:B 6 71.73
Residuals 48 944.40
Total 59 1456.18

Signif. codes: O 7%’

29.17 1.4827 0.231077
11.96 0.6077 0.722890
19.67

0.001 ’*x’ 0.01 ’x> 0.05 7.

A RAERF T o = 0.05 T, Wl (7) MR ERFER, miE (1)

R e S H Y FF AN B3

7.2.3 FESTHEREE

SRRRITZMTAR, XTI RT7 204, Bm iy 2 eSS Tr 2

FrERER.

B 7.12 8o 711 PHIEKBEAN TR E AR E BEALZREAN? LHEHR

Ti%"&éﬁ%/‘k')

& AR H W IESRREREIEAIESY:, M Bartlett R iufin jr 757

" (F2JF¥4%: exam0712.R).

> attach(tree)
> shapiro.test(Y[A==1])

Shapiro-Wilk normality test

data: Y[A == 1]

W = 0.9759, p-value = 0.8703

> shapiro.test(Y[A==2])

Shapiro-Wilk normality test

data: Y[A == 2]

W = 0.9439, p-value = 0.2837

> shapiro.test(Y[A==3])

Shapiro-Wilk normality test

data: Y[A == 3]

W =0.9106, p-value = 0.06552
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> shapiro.test(Y[B==1])
Shapiro-Wilk normality test

data: Y[B == 1]

W = 0.9835, p-value = 0.988

> shapiro.test(Y[B==2])
Shapiro-Wilk normality test

data: Y[B == 2]

W = 0.8537, p-value = 0.01963

> shapiro.test(Y[B==3])
Shapiro-Wilk normality test

data: Y[B == 3]

W = 0.9483, p-value = 0.4986

> shapiro.test(Y[B==4])
Shapiro-Wilk normality test

data: Y[B == 4]

W = 0.9452, p-value = 0.4521

> bartlett.test(Y"A, data=tree)

Bartlett test of homogeneity of variances
data: Y by A
Bartlett’s K-squared = 0.59, df = 2, p-value = 0.7445

> bartlett.test(Y"B, data=tree)
Bartlett test of homogeneity of variances
data: Y by B
Bartlett’s K-squared = 2.0436, df = 3, p-value = 0.5634

Bs AXTE R B A ZAACF AR R IESEESR, HARMHL; MTRR
A IR B ¥ 07 257 HEEEK.
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7.3 EXRARIXITEHZES

RIS 82— R RSP E R AR, B THERED, AT ARRB R
MR FTRER KT AL & ik, XFHoyemiRE. SRR, BRI L
{75 T SR T AT B 07 35 AT 2 T AR FH O B 9 07 20 A, (EDRAE SERR oA i
FBRFAR KBRS M. M= RKMAKFR I, A ARKFAEH
4° = 64 Ty, TEF—FAS KT K%, WHEEMR 64 K. MREBELHH
R LIKF, Ml R BT . RILAESERRM A, X T2 HE R M
AR AL, TR SRR RERE A — i Had i, X
HENRR BT IR S AR TR, HARXRREAL, (HIEBEE]
BRI

7.3.1 HIEZXFRLHRAE

ERFER— IR FER, BIRBEE—CS, W Ls(27), Ly(3%)
4R 716 FRMIBIERH Lg(27) MIERFE Lo(3Y). YA Lo(3Y) K, L FRIE

& 7.16: IE3X 3+
Ls(27) % Lo(3")
R ¥ 5 R ¥ 5
2 |1 2 3 4 5 6 7T 2 |11 2 3 4
1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2 2 1 2 2 2
3 11 2 2 1 1 2 2 311 3 3 3
4 2 1 2 3
4 1 2 2 2 2 1 1
5 2 2 3 1
5 2 1 2 1 2 1 2
6 2 3 1 2
6 2 1 2 2 1 2 1 . 5 1 3 9
7 2 2 1 1 2 2 1 8 3 2 1 3
8 2 2 1 2 1 1 2 9 3 3 2 1

R, 9 FRIERRIITH, RAFTERRKE. 4 ZIELRIIE, RR&®
FILAEHE R R AR 3 R RATRL, FomtaR il UL =K P8 i 5.
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MFE 716 T, Lo(3Y) A 94T, 43, FhlEFE 1,2 3 A, Ls(27)
H 847, T, FFEFH L, 2 AR
FIEA R LRI, R H B MK T 20D RIS TR R R/
R MRS IE SR, I 2641 i .
Bl 7.13 HRRGEALE F Bk (%), FEZATER £ RBE A(CC),
REEE B(min) AR &% C(%). %R ERRZAKFE, 4ok 717w 4o
R 717 FAEREERRKFERE

5 Ko R
1 2 3
R s ACC) 80 85 90
R KB B(min) 90 120 150
Rz C(%) 5 6 7

AT E AR AR AT B BT £ = 7 £ 0
. mARanmis, NWTRE 3° =27 Wik, AHHIERZRE Lo(3"), U 9
Wik, ¥=1ER A, B, CHHIIE Lo(3") #IMEE=%L, ¥ A, B, C 4
FIAES 1, 2, 3 5 E. ¥R A, B, C FrER=3IMEF 1, 2, 3 207 FAHMRY
HEAKTERE, 7 9RIRE TR YU ETAERIRLET. R 9 iRk
LSRRI T | (W3R 7.18),
TS TR RMAKF THACRAFE (RETT AR R, Eoh 7T
W, A R RAHTIH.
MEHEHEIE X N S AL BRI 1Y IE SR KR, FFT A R T R4
8 (FEJF4%: exam0713.R).
> rate<-data.frame(
A=gl(3,3),
B=g1(3,1,9),
C=factor(c(1,2,3,2,3,1,3,1,2)),
Y=c(31, 54, 38, 53, 49, 42, 57, 62, 64)
)
> K<-matrix(0, nrow=3, ncol=3, dimnames=1list(1:3, c("A","B","C")))

> for (j in 1:3)
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R 7.18: FEILEREHIESRR

Riws | RWVIRE A | RMEE B | #bHlEg C | BieE
1 80 (1) 90 (1) 5 (1) 31
2 80 (1) 120 (2) 6 (2) 54
3 80 (1) 150 (3) 7 (3) 38
4 85 (2) 90 (1) 6 (2) 53
5 85 (2) 120 (2) 7 (3) 49
6 85 (2) 150 (3) 5 (1) 42
7 90 (3) 90 (1) 7 (3) 57
8 90 (3) 120 (2) 5 (1) 62
9 90 (3) 150 (3) 6 (2) 64

for (i in 1:3)
K[i,jl<-mean(rate$Y[rate[jl==1i])
> K
A B C
1 41 47 45
2 48 b5 57
3 61 48 48
M A, B, C =FI§E K1, Ky, K3 {EEl, Ha4WT:
> plot(as.vector(K), axes=F, xlab="Level", ylab="Rate")
> xmark<-c(NA,"A1",6"A2" "A3","B1","B2","B3","C1","C2","C3",NA)
> axis(1,0:10,labels=xmark)
> axis(2,4%10:16)
> axis(3,0:10,labels=xmark)
> axis(4,4x10:16)
> lines(K[,"A"]); lines(4:6, K[,"B"]); lines(7:9,K[,"C"])
EIBIE 7.3 FR.
WA 7.3 TTLLA
(1) MR M H AL g, LA 90°C (As) Self, WVARRE iR,
(2) SBZFTRIEL 120 234 (Ba) Helb i s
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o _| L. O
© ©
o _| . ©
Te] Te]
N | L o
Q Te] Te]
@
o
0 _| .
< <
< L <
< <

Level

Bl 7.3: ZHERGHEIRRLRI

(3) FIBRELLA 6%(Co) FelbZ s,

LREER, AsBoCy MIRBREUFH TEH&M. B, AT TERMA
HFAENKREF, EREHFCEET LR, NITREXT A3B.C, FE
—WKiAE, RN AR (T4%), FESRAFAIRAE (5F 9 5id%, AsB;C,) it
FTHEL, ERFEARTY 64%, FrlA R AR GE H ) T 20 B a. mTRAIERA, 34
W R Z BB EAR I, X793 89 TR 2 2 i AR Y.

7.3.2 IEXRBRIAESH
XA 7.13 iR, MRFAZUAMATRRT 27 K, TERRE AT
9K, BAREN, X 9 WiIAKEERERMAE FRB 27 ik 45 3R 7 anlRae ek
XAt A2
BhREE=ABERZERASLEEH, 9 KIREAEERU y1,00, -,y R
&, RE RN ERE, BERT RN
Y1 = M+a1+b1+61+€1,
Y2 = p+ay+by+co+ e,
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ys = p+a;+bs+c3+es,
Ys = pFas+b+co+ey,
Ys = p+as+by+c3+es,
Yo = [+ az+bs+c+eq,
yr = p+as+b+c3+er,
Ys = M+ as+by+c+es,

Yo = M+a3+b3+02+89,

3
HF Y a=>b=>ca=02¢ ~ N0, (i=1,2,---,9), HAHEM.
i=1 j=1 k=1

X AR Y2 RGN T = iR 5 Ay A B )

3 3

Hy, : ap = ay =az =0,
Hyy : 51252253:07

H(]gi 01202203:0.

A Hoo BOL, MR R A B =K P8R ¢ AEn o 82257, JUi,
A Hoo (B Hos) BOL, WFRRER B(AR C) FI=AZKFXHER v RN TC B35
ZE5

RAUUTHERMWA R ITE, X T IESS AR w] PR A B A O 20 3R
(Bt 2 r] W HA St 55), HRE sk 7.19 Brw.

® 7.19: EXREIRITHAES R

T5 2R H SR ¥75 FH |P-fd
HE1 a—1 S MS) = 24 =g | m

B £ 2 a—1 Sy MSy = 52 Fy =42 | p

HZEm a—1 S MSm:% Fm:%—g’; DPm

B’ #Z n—ma—1)—1| Sg MSE:%

5O n—1 St
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e 719 1, n BB BIREL  m ARRANEL, o AEATRRATIARK
o AEAKFRIRIRIREL, Bl n = ra. P—{E5 T 7 220 =2 PRy R SO
HFEE, B2 p <o, MIAHHER @ HRBEER
Bl 7.14 (M) 7.13) A E KB AT 5 E AT

% HEH R ®MRE.
> rate.aov<-aov(Y“A+B+C, data=rate)

> source("anova.tab.R"); anova.tab(rate.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 2 618 309 34.3333 0.02830 =

B 2 114 57 6.3333 0.13636

C 2 234 117 13.0000 0.07143 .

Residuals 2 18 9

Total 8 984

Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

MR UERS, BRI TER AREE, FUBRR A KFHER
REE, HAEMHEER C e, FiL, HR C/KVFHERRIBEZ, FX BA
BF, BrPA T TR, WL ERR R BT, B, AR LA sE
AgBng.

7.3.3 AXEFRIRE
FEE R 2R J7 Z o i, PRI R Z MARBECAEN, X ERUE SRR 3L
HAEM. sEbr L, R B, AU R 2 WS AR B R .
32 P - B Tl
B 7.15 AR LG RBRG Y, ATREME, T =2ABE, EMEEH
AL dek 720 B, EABERTRA X ZAER. 20 —ARB 7 £
R mEBOrERS. XE-EEEWATIRAR, HIERSE L(27) s
B (W 7.16). XT Ls(27) A —DEFIRBP L EAE AR, Wk 7.21 s,

WRHs A TRAESR 1 51, B RAESR 2 4, #E5% 7.21 ;58 417 4T, R 27 4,
XA HIROR 3, RIS 3 SR T A x B. 1RHE A JES 3 51, B WUES 5 41,
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& 7.20: GREERIESLOMIRIERRAKTER

¥ * *
1 2
2 &5 (A) B d B =49
& x-F (B) 6 F % 10 %,
HHk g (O) 238 #% | 5 320 # /
*& 7.21: Ls(2") Z3EM R B AR
2l 5
e 2 3 4 5 6 7
1 3 2 5 4 7 6
2 1 6 7 4 )
3 7 6 5 4
4 1 2 3
5 2 3
6 1

R 721 37 A7 “5 B, XTWATEOE 6, Bl A x B 1E5 6 5. XHE— R T
fol 2R g AR Y.

WA, FOPE A BAES 15, B ES 2 51, N5 3 5158 A x B,
CIRAES 4 51, WEE 5 3IRR Ax C, % 6 FIFRIR B x C, 5 7 51E=5]. K5
PR 8 YA IR A RARZ R RORAE SR 8 51| I (W& 7.22).

o250, FEEREMAEDE, H aov(O REMBOUT 2517, F B %A R
anova.tab() FIH FESIFER (FB/F44: exam0715.R).
> cotton<-data.frame(

Y=c(0.30, 0.35, 0.20, 0.30, 0.15, 0.50, 0.15, 0.40),
A=gl1(2,4), B=gl(2,2,8), C=gl(2,1,8)
)
> cotton.aov<-aov(Y A+B+C+A:B+A:C+B:C, data=cotton)
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& 7.22: GRLERIESLIHNIBAIIER R

o5 | 1| 2 3 4 5 6 7 e
RIS | A | B | AxB | C | AxC | BxC | (%) | k¥
1 1| 1 1 1 1 1 1 0.30
2 1| 1 1 2 2 2 2 0.35
3 1| 2 2 1 1 2 2 0.20
4 1| 2 2 2 2 1 1 0.30
5 2 |1 2 1 2 1 2 0.15
6 2 |1 2 2 1 2 1 0.50
7 2 | 2 1 1 2 2 1 0.15
8 2 | 2 1 2 1 1 2 0.40

\4

source("anova.tab.R"); anova.tab(cotton.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 1 0.000313 0.000313 0.1111 0.7952
B 1 0.007812 0.007812 2.7778 0.3440
C 1 0.070313 0.070313 25.0000 0.1257
A:B 1 0.000312 0.000312 0.1111 0.7952
A:C 1 0.025313 0.025313 9.0000 0.2048
B:C 1 0.000313 0.000313 0.1111 0.7952
Residuals 1 0.002812 0.002812

Total 7 0.107188

M RZERAT AR 1, MRERBOS TR R A .3
BEE—ER . XTEE A BR ABMER B:C, EfW FERD,
PEARK, B, ENTEZmRaaBEREE (W, BRERNR). FrUE
SIHTALAL AR, OREX = AN R R
> cotton.new<-aov(Y“B+C+A:C, data=cotton)
> anova.tab(cotton.new)
Df Sum Sq Mean Sq F value Pr(>F)
1 0.007812 0.007812 6.8182 0.079605 .
1 0.070313 0.070313 61.3636 0.004332 *x*
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C:A 2 0.025625 0.012812 11.1818 0.040678 =*

Residuals 3 0.003437 0.001146

Total 7 0.107187

Signif. codes: O ’*¥x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

MERATUE H, RBENEER C, HIKEZERY. AxC, &JaHER B.
2PN TR RAE N B G A R ? R REV A NE R THE. o
I, FeaE— R, R R EA DL R
> ab<-function(x,y){

n<-length(x); z<-rep(0,n)

for (i in 1:n)

if (x[i]l==y[i]1){z[il<-1} else{z[il<-2}
factor(z)
}

> cotton$AC<-ab(cotton$A, cotton$C)

AR KA E.
> K<-matrix(0, nrow=2, ncol=4,
dimnames=1ist(1:2, c("A", "B", "C", "AC")))
> for (j in 2:5)
for (i in 1:2)
K[i,j-1]<-mean(cotton$Y[cotton[jl==1i])

A B C AC
1 0.2875 0.3250 0.2000 0.3500
2 0.3000 0.2625 0.3875 0.2375

FRHEE CHRBE, FrLEEBERE C ®HEE C A% 1 KT (B R
IR, R AxC IR, FrUEEENR AC, MiXZE% 2 K. |
THER C BEES 1 KT, FrBER A HEERSE 2 K (B8, X5H
BOEFENR A BFJER, XRRMRAREOCTHR AC ZEER, MTRH
R A BRAEZER, FIAENRR ACKRERENE). K5, @R B, MEF 2
MK BIREIRA Ao BoCr. RUBUFHI T Rk . SImEHAE E =i,
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e 10 T30 BAREE DY 238 8 / 4.
7.3.4 HEEAENGTES

RAAFTE I/, X F IR Bt 7] DL R A B A 5. X5
A — M F- Ui BH.
Bl 7.16 AH R eIAT G M2t K & BRI F RAEA 8GRI, HAT G I = KF,
RIZ ek 7.20 . KRR Lo(3Y) Exk, EXRXEXZHAR, 4aRK

& 7.23: X EESCRRERREMHIERFKFR

& K F
1 2 3
A 2% 4% 5%
B 0% 1% 2%
C 0% 1% 3%
D 0% 1% 3%

BAMTHK { RELRBRT, BB AW KE ERXRENRHLEA,
R FRATF R 77 E.
& H Lo(3") IEZRRINHEREL, IRk s REAERE &5
MBHREE R AR, FEITZ08r. RIE TR B R ARG OL T R IR 6 250
50% i {8 i [a] P-4 {E.
> mosquito<-data.frame(
A=gl(3, 12), B=gl(3,4,36),
C=factor(rep(c(1,2,3,2,3,1,3,1,2),rep(4,9))),
D=factor(rep(c(1,2,3,3,1,2,2,3,1),rep(4,9))),
Y=c( 9.41, 7.19, 10.73, 3.73, 11.91, 11.85, 11.00, 11.72,
10.67, 10.70, 10.91, 10.18, 3.87, 3.18, 3.80, 4.85,
4.20, b5.72, 4.58, 3.71, 4.29, 3.89, 3.88, 4.71,
7.62, T.01, 6.83, T.41, T7.79, 7T7.38, T7.56, 6.28,
8.09, 8.17, 8.14, 7.49)
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& 7.24: MAXTREFEFIAY 50% EHEEEEYIEHHIER

K#E | A B C D 50% wh i e /s
1 1 1 1 1 9.41 7.19 10.73 3.73
2 1 2 2 2 11.91 11.85 11.00 11.72
3 1 3 3 3 10.67 10.70 10.91 10.18
4 2 1 2 3 3.87 3.18 3.80 4.85
> 2 2 3 1 4.20 5.72 4.58 3.71
6 2 3 1 2 4.29 3.89 3.88 4.71
7 3 1 3 2 7.62 7.01 6.83 741
8 3 2 1 3 7.79 7.38 7.56 6.28
9 3 3 2 1 8.09 8.17 8.14 7.49

> mosquito.aov<-aov(Y~A+B+C+D, data=mosquito)

> source("anova.tab.R"); anova.tab(mosquito.aov)

Df Sum Sq Mean Sq F value Pr(>F)

A 2 201.310 100.655 77.4884 6.504e-12 *x*xx

B 2 15.920 7.960 6.1280 0.006393 *x*

C 2 13.297 6.648 5.1182 0.013042 =*

D 2 5.021 2.510 1.9326 0.164282

Residuals 27 35.072 1.299

Total 35 270.619

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

> K<-matrix(0, nrow=3, ncol=4,

dimnames=1ist(1:3, c("A", "B", "C", "D")))

> for (j in 1:4)
for (i in 1:3)

K[i,jl<-mean(mosquito$Y[mosquito[j]==1i])

A B

C

D

1 10.000000 6.302500 6.403333 6.763333
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2 4.223333 7.808333 7.839167 7.676667
3 7.480833 7.593333 7.461667 7.264167

KBGCRXTH R BEEEKRXERNR AL HR B, IR CMERD(HERD
). WIS TR ] (o e ar), FTRAE ), R a 75 02

AgBlchl.

B

71 EAZ] AFR—ARE. ARG F TRl |0 ERR], R
KR 58 B e 7.25 P,

= 7.25: LIS %R

= ® A E A

ki 115 116 98 83
& 103 107 118 116
S 73 89 85 97

(1) B ABAR T £ 0AT, FIMFZAT & 78 = Bt REREA SR L E £ 5,
(2) REAZ & F F S BAFR R 493948, 1E 4 B4R At (o = 0.05);
(3) B AT 5 AT,
T2 AwAtFah. Ai=1,2355ABRT. L., REAT] £ 78> 54%,
Ay BISNR R F 5. AL DRI 10, 6, 6 F= 2/~ 3tk 500 G BER L
Wik, FEAFE R 7.26 . BRE)] F kR EAFRAF 7 £4 25

® 7.26: BB AEKE
= NI
A |20 18 19 17 15 16 13 18 22 17
A |26 19 26 28 23 25
Ay |24 25 18 22 27 2
A |12 14
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5T

(1) RPN A FF R TRERL LR RHF 2577

(2) 6/ £%, HuE— T84 ) BRNFREEIFRAALEEER?
W) BRNET R FRA LB EE SR
T3 EFEAKRGRAEARET, MK XEGA o A=, AFEHEA 12 7K8
REATRARGHEE X(mg/6 d), KAk 7.27 v, RN ETHEEERA

& 7.27: BRRPERIENLHE
A & RaREARBEFTEARIATRAAHEZ (mg/6 d)
$—e | 30 27 35 35 29 33 32 36 26 41 33 31
$=m | 43 45 53 44 51 53 54 37T AT 57T A8 42

$=4 |82 66 66 8 56 52 76 8 72 73 59 53

IbFeo 7y £ F-MA TS,

7.4 A RANZ PR EFIFAAEREL (RNA) X mip ey 20 1ER, Rks
A HA G (AL K) | KE RNA 4848y & RNA 41, 5 5| F =4 ] B 452
H AT R 69 RAB — BEERESEE (FDP B8) 5 7), M Akdek 7.28 Fi-w. ) =A%

& 7.28: ZMAFLENESER
232 7 ik #H s % X
e 41 2.79 269 3.11 347 177 244 2.83 252

KJERNA 4 | 383 3.15 470 397 203 287 3.65 5.09
By/z RNA 40 | 5,41 347 492 4.07 218 3.13 3.77 4.26

TRI& 32 g5 GAER & B4 R ?

7.5 AARANEERRETHENEEZORLEBRETR 257, BRT §4H%
RE. ABBRIKET, BREABREERFHEEZE. Bk, WER-FE 4R
Bk 129 R T EXRAE AL TIX f AEERET ARG RAZTA. &K
Aa=005T, B RAELEBRKETAHZX [/ FAHEEGRENXEREHFZ
5.
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& 7.29: 4 HEEKENTRKMBEMTLE (Bf: mV)

T K A&
MRS
1 2 3 4 5 6 7 8

A 231 576 105 236 11.9 546 210 203
P 22.7 532 97 196 138 471 13.6 23.6
A 225 537 108 21.1 137 39.2 137 163
F# 226 531 83 21.6 133 370 148 148

T6 ATRGNUZ] FwfiE, TZTRARMRALBEERMEN GRS,
A 3% H e T KR

A: RERE (°C)H) 60 70 80

B: REEHN (AF) 2 25 3
BBA AB; AT HARRE, L5k 7.30 Frw.

+® 7.30: ABRHHE
A A As
B 4.6 4.3 6.1 6.5 6.8 6.4

By 6.3 6.7 3.4 3.8 4.0 3.8

B3 4.7 4.3 3.9 3.5 6.5 7.0

(1) 2%t 7 Zo4 (A BERZAER )

(2) RFAEMT-F34 7= 249 24k Fo R B 4T,

(3) % AB; &4 T -F3 7 &4 5 Erudk,
T ERMLEJAHTRERGZE, FRRBY R Fok 7.51 Fr. Rk
Lo(3") EX A ZHRE, BEAANG FEH (12 kg/100m?)

62.925 57.075 51.6 55.05 58.05 56.55 63.225 50.7 54.45

XA RIS ERBJATH EH0H, F4 B — 0BT &4
7.8 X ¥fxAR R AT B EAATIEE K (V) 8%k, HRBRYE ok 7.52
P, R Lg(27) EX A HERE, B W4T RZ4h (B2 A)
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& 7.31: KiFHIRERFAFR

5 K -+
1 2 3
o AP ForE 85 HHED Y Lotk 1l 5
BR 4.50 # /100m? | 3.75 4% /100m? | 3.00 #& /100m?
A% | 0.75 kg/100m? | 0.375 kg/100m? | 1.125 kg/100m>
86 95 91 94 91 96 83 88

R RIEERBT T EoH, HEE—0BITREHTE (FRBAXZMAR).

& 7.32: fTERFIRR XIS HEAI AR

+ 1 7K F :
BE (A) 5°C 10°C
4%.% (B) 0.5 5.0
HxE (O) 10% 30%
pH 14 (D) 6.0 8.0

7.9 X7 ATRERMNISE AR TR T LG LR ERR, £ R
QSRR AE, AR AT, BRB T A RE TR 793 REHF Ls(27) £

& 7.33: AFAKFER

& 1 K -F :
AL LR E (A) B & A S AETS
2 HRFEM R (B) TRt — MK ik
Z#% (mm) (C) 0.01 0.015

XA EHRT, AAKBIek 7.8 iw. A&h—KHT ez TR, @l
R RBERET T EHH, Hbh—a

T HER, RBLER Ik 7.35 Frx.
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& 7.34: WL

Fokinit B C
75 2 3 4 5
& 7.35: HISLE

R K B
1 1.5 1.7 1.3 1.5
2 1.0 1.2 1.0 1.0
3 2.5 2.2 3.2 2.0
4 2.5 2.5 1.5 2.8
5 1.5 1.8 1.7 1.5
6 1.0 2.5 1.3 1.5
7 1.8 1.5 1.8 2.2
8 1.9 2.6 2.3 2.0

BT =& A5 AHR.



ENE ERZTHH ()

Z It (multivariate analysis) JEZAABRMGE T, 2SI
NHATZH—NEES X, BT EBZMERBRSREHN AT, EEEL
FEENESHT. FFESHT. FIRaHr. M. EMA 0. Bl Hr A A A
RITHTEE.

BRENASH T ZA T NECEES AT, BLEETHH, EENFH
AT G REATHINE. XIS NEE — N IER R, RN AT 28
EWHEWA AR, HASRECTHZR, FFHEGINFHEARNTRTE T,
FIHIIGHEARTS B FR R EL, RMARMEEAR T2, MR EBEAFES
Z/ORMERT, WIEEFNPEFEA (Side8tr) #1758,

A BT B B HN AT R R A M ) B A R 5 ks, BEA BT A R
BRAE BB FI 0 53 BT FI SR 243 #

ETENBZITHIT RS NE — ERS 0. BT SR O
31T

8.1 Fl3l4#h

FUR 73 A2 F LA AR AR BT TR B PR Y — PR GE it 7k, B AR T 20 4D 30 4F
AR, RS E BB S0 KA T, 221 Z iR .

wan, FAFSAX — D AREH DIRET2HS, oTAR—A#3A Ot
JREIA, ML p NEIRETEERE, R ER—MEREA OIRA, RN
p AR E R, R X BB i S — A HU R R, R AR B A 1 A,
XX TR BTSN, RIS p EARIREE, B AR %L,
RAGFUNFFIr, ARG FE, BRI AT O 8 T D RER AR — R,
SRR T BA DIER AR — R, XAnES i, WA o= ARy HiT
FEHREH, FIWCRAYERTCH s FEREEHET, FEREM R G/, &
JEAEHE; EEYET, TR MY, PR TR B2
AT ITEAEARZSE R EH) 2.

HRITER Z 70, X B EZNRAE R BRI, R PIERAR Y
HFIRITIE.

441
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8.1.1 FEEFI5!

intEalbill l‘ﬂ;@, R 139 #E Euclid 22[\] RP X3 RS A A X3 Ry,
Ry, -+ R, B VR =0, R, =RP. Y2 €R;, i =12k, #HE 2 J&T
j=1 =1
SR X, i=1,2,- - k. FRA, %4 k=28, RPN EARA A5 RS
PEES A R A (AT B, DAY — PR ik, %7 ikaE T S AL AR f
FIRIZE, R AR T AW o A VA PR .
1. Mahalanobis FEESEYHLE;

AT E B REE Buclid BEg] (fPRERIREERS ). & =, y & RP M
ARl W 5y RN

d(z,y) = |z =yl = V(z —y)"(x —y).

EFEESSHH T 515, Euclid BEBAEM T, B—F FTErH -+ (WA 8.1).

0.4

0.35

0.25
02
0.15 /
0.1
o \\
-4 2
A

0.05 -

[o]

My Ho

Kl 8.1 AN[FJT 2R IERS /AT R

AR, HIE p=1MFL. & X ~N(0,1), Y ~ N(4,2%), ZH AN
ABER s E 2k, Wl 8.1 frm. HEETA A K, A R X B¥E =088
T, BY B9RME o = 4 BOE. HNEER AR, ORI, 23t
5, AR o B 1.66, b2, A KBS =0 %2 1.660y, 1 A REE po =4
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MAH 1170, FIG, WBER A0 A ERTE, Wiy A KB p EiE—5.
FrRh, Te XEEEE, BEHIBHEIAETEZNEER.

EX 8.1 & x,y RAMIEAN p, M £%H ¥ 65846 X PRIGER, N EK
X AR E x5 y 4y Mahalanobis S8 ( ARG KSES ) £ XA

d(z,y) = (z—y) TSz —y). (8.1)
XA v 5EAK X 49 Mahalanobis 363 A
(e, X) = /T — T — ). (82)

2. FIBIEN S50 %

FEIXE, FHEMAS BRBTEER, Sl PSR T ZZ R R A B T 22
REA R BB

BERVMR X0 A1 X BREEIEIIAN o 0 po, BT ZERER R X0 M g, &
A o, ZHIWr © R H W~ E .

HICH BB Xo X Wy I ZAME RS S, R

p1 7 p2, X =Yg =X

BRI « SRR TR — A BV, TEIFE o BISE Xy A1 Xy B9 Mahalanobis FEE§
E/JEIZ)‘?‘ d2(I7X1) 5‘:‘” dQ(ijz)’ ?ﬁ}ai&ﬁ?wﬁ3 ;—é: d2(I7X1) S d2(x7X2>’ ﬂu#“fﬁ
v JET Xy, BNFIE » RE Xo. i ICAFEN 40T H5 HEN:

Ri={z| @(x,X)) <P, X)), Ro={z|dx,X) > X)) (83)

BUESHEAR RBHIRER, FIE (2, X1) 5 ¢ (2, Xo) ZHBPXER, H

d(2,Xz) = d*(2,X1) = (v — )" 57 (@ — po) — (2 — ) "2 (@ — )
= (:L’TE_lx — 22Ty + ugE_lm)
— (xTZ_I:B — 2Ty + uipZ_l,ul)
= 20757 — p2) + (4 p2) "I (o — 1)

ot e\
= 2<$—T) S — o)

= 20z —1)"2 (1 — pa), (8.4)
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P12 g A o4 R T .

H 5

7=
A

w(@) = (v =) 57 (1 — pa2), (8.5)
P ow(x) PSRBT A HU R R, I HUIHEI (8.3) A2y

Ry ={z|w(x) >0}, Ry={x|w(x)<O0}. (8.6)
TESERRH B, SRR S LR R AR, I SRR Sty %
M B RE AR S Hh 7 2 ek 1% oD, e - el B E Mk X

A, 2P 2P 2l BRE MK Xy By ny AMVEEAR, MREARMHIME ST
LWEN

;i = x(z):;ng), 1=1,2, (8.7)

[\l
I
S
_|._
I |~
[\
|
[\
N
8
|
B
~—
~
&/‘\
|
B
—

=1 j=1
1
el — 5(51+52), (8.8)
Horr -
Si = xy) — 20 :Bg-i) —z® T, i=1,2. (8.9)
3~ (o) - ) (o) - )
XTPREMEEAS o, HFRECE X
W(z) = (z —2)TS (20 — 2@), (8.10)
Hr
_ W4 2@
T
3 o U g
Ry = {z | (z) >0}, Ro={z|uw(x)<0}. (8.11)

HHEWAEE Xo M X hr ZHEARIEN, B

pa F# p2, Y1 # Yo
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XFREA o, T ZREARBEL T, I Ry
w(z) = (2 — p2)" Sy (@ = p2) = (2 — )" 7 (2 — ). (8.12)

SHIHEHER B AR, EEPR A SRR ES T Z AR, [F
PERE AR ESFEA DI ZHRAUE. B, MFREAR o, H R %K
K& XN

w(z) = (z — 2SNz — 2@) — (2 — 2M)TE (2 — 20), (8.13)
Hor
= () ()
j=1
1 .
= % =12 (8.14)
HAAHENA =L (8.11),
3. R &%

BRI N AR ARSI R #2)7 (F2/¥4%: discriminiant.distance.R).
discriminiant.distance <- function

(TrnX1, TrnX2, TstX = NULL, var.equal = FALSE){

if (is.null(TstX) == TRUE) TstX <- rbind(TrnX1,TrnX2)

if (is.vector(TstX) == TRUE) TstX <- t(as.matrix(TstX))

else if (is.matrix(TstX) != TRUE)

TstX <- as.matrix(TstX)
if (is.matrix(TrnX1) '= TRUE) TrnXl <- as.matrix(TrnX1)
if (is.matrix(TrnX2) '= TRUE) TrnX2 <- as.matrix(TrnX2)

nx <- nrow(TstX)

blong <- matrix(rep(0, nx), nrow=1, byrow=TRUE,
dimnames=1list("blong", 1:nx))

mul <- colMeans(TrnX1); mu2 <- colMeans(TrnX2)

if (var.equal == TRUE || var.equal == T){
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S <- var(rbind(TrnX1,TrnX2))
w <- mahalanobis(TstX, mu2, S)
- mahalanobis(TstX, mul, S)

}
else{
S1 < -var(TrnX1); S2 <- var(TrnX2)
w <- mahalanobis(TstX, mu2, S2)
- mahalanobis(TstX, mul, S1)
}

for (i in 1:nx){
if (w[il > 0)
blong[i] <- 1
else
blong[i] <- 2
}
blong
}

TEREF, BN TroXl . TroX2 FoR X K. Xy RIIGHEA, HEaAEX
SERRME, BUERE (FEATZATRIN), AR TstX BAFEA, Hi A2
RARAE, s (BEAATRA), Ui (—MrREA). WRARA TstX (Bt
BIE), WRFEA AN GREEAZ AL, RIS GRRe A m AT 0. AR &
var.equal ;Z@HAH, var.equal=TRUE F/s NSRRI 7 ZEAHIE]; &
(BREME) AR, B R HRE “1” F1 “2” MRy — 4B/ RE,  “17 FoRfr
MEeAET Xo 2K, 2" RRFHEARRT X K.

TE_L#RFFH, H#F| Mahalanobis FE 2 pR %L mahalanobis (), X PRELH 5 A
AN

mahalanobis(x, center, cov, inverted=FALSE, ...)

b x R R EAR R S [ SRS (p 4E), center SYFEATHLL,  cov Nk
AR TT M. HAX

D* = (z—p)'S7 (@ —p).



8.1 FUi At

4477

4. FHI|LH1
Bl 8.1 AFRHERMWFAAF, & T LAEF. AR LA ARG 3 E T H
AlAnT 12 4Fe 23ANKER, AR AR 81 F, AP I EAFLRALE,
RmARALE. KEZIES A GG A B AR, FaeFRERAR 35 AFREAAT
HiR (BRI R RN BRATH L), SATEFER.

*® 8.1: [RIGSEHKIE

JIES

U5 g3l I L2 T3 Ly Ts Te L7
1 I 6.6 39 1.0 6.0 6 0.12 20
2 I 6.6 39 1.0 6.0 12 0.12 20
3 I 6.1 47 1.0 6.0 6 0.08 12
4 I 6.1 47 1.0 6.0 12 0.08 12
5 I 8.4 32 2.0 7.5 19 0.35 1)
6 I 7.2 6 1.0 7.0 28 0.30 30
7 I 8.4 113 3.5 6.0 18 0.15 75
8 I 7.5 02 1.0 6.0 12 0.16 40
9 I 7.5 02 3.5 7.5 6 0.16 40
10 I 8.3 113 0.0 7.5 35 0.12 180
12 I 7.8 172 1.5 3.0 15 0.21 45
13 II 8.4 32 1.0 5.0 4 0.35 75
14 II 8.4 32 2.0 9.0 10 0.35 75
15 II 8.4 32 2.5 4.0 10 0.35 1)
16 II 6.3 11 4.5 7.5 3 0.20 15
17 II 7.0 8 4.5 4.5 9 0.25 30
18 II 7.0 8 6.0 7.5 4 0.25 30
19 II 7.0 8 1.5 6.0 1 0.25 30
20 II 8.3 161 1.5 4.0 4 0.08 70
21 II 8.3 161 0.5 2.5 1 0.08 70
22 II 7.2 6 3.9 4.0 12 0.30 30
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= 8.1(%%): [FiAHEHE

U5 g3l I L2 T3 Ly Ts Te L7
23 II 7.2 6 1.0 3.0 3 0.30 30
24 II 7.2 6 1.0 6.0 5 0.30 30
25 II 5. 6 2.5 3.0 7 0.18 18
26 II 8.4 113 3.9 4.5 6 0.15 75
27 II 8.4 113 3.9 4.5 8 0.15 75
28 II 7.5 D2 1.0 6.0 6 0.16 40
29 II 7.5 D2 1.0 7.5 8 0.16 40
30 II 8.3 97 0.0 6.0 d 0.15 180
31 II 8.3 97 2.5 6.0 D 0.15 180
32 II 8.3 89 0.0 6.0 10 0.16 180
33 II 8.3 26 1.5 6.0 13 0.25 180
34 II 7.8 172 1.0 3.9 6 0.21 45
35 IT 7.8 283 1.0 4.5 6 0.18 45

. W NEE, JHHEE discriminiant.distance () #EATHIHI, 4 5%EE
PR EAR I 22 MR TR Bl 5 22 BEAS [R] B A 0L

> classX1<-data.frame(

x1=c(6.60, 6.60, 6.10, 6.10, 8.40, 7.2, 8.40, 7.50,
7.50, 8.30, 7.80, 7.80),

x2=c¢(39.00,39.00, 47.00, 47.00, 32.00, 6.0, 113.00, 52.00,
52.00,113.00,172.00,172.00),

x3=c(1.00, 1.00, 1.00, 1.00, 2.00, 1.0, 3.50, 1.00,
3.50, 0.00, 1.00, 1.50),

x4=c(6.00, 6.00, 6.00, 6.00, 7.50, 7.0, 6.00, 6.00,
7.50, 7.50, 3.50, 3.00),

xb6=c(6.00, 12.00, 6.00, 12.00, 19.00, 28.0, 18.00, 12.00,
6.00, 35.00, 14.00, 15.00),

x6=c(0.12, 0.12, 0.08, 0.08, 0.35, 0.3, 0.15, 0.16,
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0.16, 0.12, 0.21, 0.21),
x7=c(20.00,20.00, 12.00, 12.00, 75.00, 30.0, 75.00, 40.00,
40.00,180.00, 45.00, 45.00)
)

> classX2<-data.frame(

x1=c(8.40, 8.40, 8.40, 6.3, 7.00, 7.00, 7.00, 8.30,
8.30, 7.2, 7.2, 7.2, 5.50, 8.40, 8.40, 7.50,
7.50, 8.30, 8.30, 8.30, 8.30, 7.80, 7.80),

x2=c(32.0 ,32.00, 32.00, 11.0, 8.00, 8.00, 8.00,161.00,

161.0, 6.0, 6.0, 6.0, 6.00,113.00,113.00, 52.00,

52.00, 97.00, 97.00,89.00,56.00,172.00,283.00),

x3=c(1.00, 2.00, 2.50, 4.5, 4.50, 6.00, 1.50, 1.50,
0.50, 3.5, 1.0, 1.0, 2.50, 3.50, 3.50, 1.00,
1.00, 0.00, 2.50, 0.00, 1.50, 1.00, 1.00),

x4=c(5.00, 9.00, 4.00, 7.5, 4.50, 7.50, 6.00, 4.00,
2.50, 4.0, 3.0, 6.0, 3.00, 4.50, 4.50, 6.00,
7.50, 6.00, 6.00, 6.00, 6.00, 3.50, 4.50),

x5=c(4.00, 10.00, 10.00, 3.0, 9.00, 4.00, 1.00, 4.00,
1.00, 12.0, 3.0, 5.0, 7.00, 6.00, 8.00, 6.00,
8.00, 5.00, 5.00,10.00,13.00, 6.00, 6.00),

x6=c(0.35, 0.35, 0.35, 0.2, 0.25, 0.25, 0.25, 0.08,
0.08, 0.30, 0.3, 0.3, 0.18, 0.15, 0.15, 0.16,
0.16, 0.15, 0.15, 0.16, 0.25, 0.21, 0.18),

x7=c(75.00,75.00, 75.00, 15.0,30.00, 30.00, 30.00, 70.00,
70.00, 30.0, 30.0, 30.0,18.00, 75.00, 75.00, 40.00,
40.00,180.00,180.00,180.00,180.00,45.00,45.00)

)
> source("discriminiant.distance.R")
> discriminiant.distance(classXl, classX2, var.equal=TRUE)
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23
blong 111111112 111 2 2 2 2 2 2 2 2 2 2 2
24 25 26 27 28 29 30 31 32 33 34 35
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blong 2 2 2 2 1 1 2 2 2 2 2 2
> discriminiant.distance(classX1l, classX2)
123456789 1011 12 13 14 15 16 17 18 19 20 21 22 23
plong 111111112 1 1 1 2 2 2 2 2 2 2 2 2 2 2
24 25 26 27 28 29 30 31 32 33 34 35
blong 2 2 2 2 2 2 2 2 2 2 2 2

TEN AR I Z AR B D0 T, RGeS mAREAT 1A, =1
FIEE, AR 9 SR, 5 28 SHEAMISE 29 SHEAR.

TN AW SR T Z AR RAE LT, RIgereA mAREAT 1], RA—14
MAGE, B 9 SR

5. %43 2E[a)AAY IR B F 5]

XFTEER R, AR Gk P A7 14 B o 2R M. e b, BHE
FIA A B 1158 Mahalanobis BEES, RRNFEASEEMRAS SRR BERUT, WA
ERTWH—2.

BEAEAILH k2K, 2l X, Xo, -+, Xp BNk RERE T 220
kg, B

N =S, = ==Y,
AT REA TR A T 22 SRR 2 S WRETHE. B b Rk r
LM, WA ESREATREA T2 S ER S % ¥ ffhiHE.

AR A0 HIBHE Yy

R, = {x | d(l’,Xi) = 1I§nj1£kd(x7Xj>}’ 1=1,2,---,k,

He d(z, X;) Z2HA (8.2) & XHEA v 584K X; i Mahalanobis BEE. AN
FEMFER, K (8.2) B S mfHE S A%, BHANFTEARR, X (3.2) F
S HfEE S U

A ERFTERER R ¥ (F2/¥44: distinguish.distance.R).
distinguish.distance <- function

(TrnX, TrnG, TstX = NULL, var.equal = FALSE){

if ( is.factor(TrnG) == FALSE){

mx <- nrow(TrnX); mg <- nrow(TrnG)
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TrnX <- rbind(TrnX, TrnG)
TrnG <- factor(rep(1:2, c(mx, mg)))
}
if (is.null(TstX) == TRUE) TstX <- TrnX
if (is.vector(TstX) == TRUE) TstX <- t(as.matrix(TstX))
else if (is.matrix(TstX) != TRUE)
TstX <- as.matrix(TstX)
if (is.matrix(TrnX) != TRUE) TrnX <- as.matrix(TrnX)

nx <- nrow(TstX)
blong <- matrix(rep(0, nx), nrow=1,
dimnames=1list("blong", 1:nx))
g <- length(levels(TrnG))
mu <- matrix(0, nrow=g, ncol=ncol(TrnX))
for (i in 1:g)
muli,] <- colMeans(TrnX[TrnG==1,])
D < -matrix(0, nrow=g, ncol=nx)
if (var.equal == TRUE || var.equal == T){
for (i in 1:g)
D[i,] <- mahalanobis(TstX, muli,], var(TrnX))

}
else{
for (i in 1:g)
D[i,] <- mahalanobis(TstX, muli,], var(TrnX[TrnG==i,]))
}

for (j in 1:nx){
dmin <- Inf
for (i in 1:g)
if (D[1,j] < dmin){
dmin <- D[i,j]; blongl[j] <- i
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blong
X

TR0 8 T MR 7 2 MR R R AR B 07 2 AR TR A R PR 00 . BN AE
TroX ZoRIGRREAS, HA ARG RIERE (REAR TR ), SR HE.  TrnG ERH
TR, R A NGRR3R0 BN TstX 2R, Hifm A g2
M (FEATATRIN), BRBAEHE, SR (— M), WRARA TstX (848
18), MRFNEEA G IIGREA. TR var. equal JE22 A0 H, var.equal=TRUE
TR B O ZRERARR Y 0 (BRE(E) 2AFR. ek &
& B ) — 4R, BUOFSRRHEN R, A T SR — MR RE, X T
TR, R DA R discriminiant.distance PREAEN ARG FIA.

B 8.2 Fisher Iris %4, Iris HBEH OB, TAGKE, FHOTE. &
WK E A TR, KBEEL 150 MR, 2 AZE, BT S0 N EBEEF—F
—Setosa, PR 4y 50 AR F =K — Versicolor, &)z S50 NEPBERLF=F —
Virginica. iXJA 36 & P52 Iris 2 AR BEAT H) 5] 07

% RERMFHRAE T Lnis i, BARAATIH S ERIER LA E A, BIAR
A% J T —2K.
> X<-iris[,1:4]
> G<-gl(3,50)
> source("distinguish.distance.R")
> distinguish.distance(X,G)
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23
plong 111111111 111 1 1 1 1 1 1 111 11
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
plong 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
blong 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83
blong 2 2 2 2 2 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2
84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102
blong 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3
103 104 105 106 107 108 109 110 111 112 113 114 115 116 117
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blong 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
118 119 120 121 122 123 124 125 126 127 128 129 130 131 132

blonpg 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
133 134 135 136 137 138 139 140 141 142 143 144 145 146 147

blong 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
148 149 150

blong 3 3 3

MR UEL, AL 71 SR, 73 SHEAMS 84 SHAME
Hl, EREHIBIERZE N 147/150 = 98%.

8.1.2 Bayes ¥|3I

Bayes F &R X HF5EX R EA — B INR, XFAUR A Sl ok
®, BMPEREA)E, ST LARASRB EE A SRR S A, 1505 REs
Aii, BUE L5 BRI AT AT A Pl GT T

1. RFIBESIRFIHE

FRADTBERBHAFIEL. & Xi 5 Xo milRAMEREERE fi(x) 5
fo(w), Horpt o 2 p e, 38 Q 9 o (PR FTREVLIN(E R 20k, PROVHEAR 221
Ry ARRAEFEFANEHAY Xy (90 « Wik, T Ry = Q — Ry ZEFIN X,
AL v k. FEHARZEORE Xo, (HEN X BIHEERE

P@1) = Plz e Ro|X)} = [ fila)da, (8.15)

HKE Xo, B X1 HHER

P(1]2) = P{zx € Ry| Xy} = . fa(z)dz. (8.16)

R, KB Xo WEF Xo, RE Xo HPHHN Xo BIHER

P(1]1) = Pl{ze R|X 1} = ; fi(z)dz, (8.17)

P(2]2) = P{z e Ry| Xy} = ; fo(z)dx, (8.18)
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N p1,p2 AAIFRARBE Xy Xy BElmiER, Hpo+p=1, T2
P{IE#HHINX} = P{RE Xi, #HAHN X1}
= Plz e R|Xi}  P(Xy)=P(11)-p1,  (819)
P{EHAF|IX,} = PEE X, #FH X1}
= Pz € Ri|Xa} - P(X2) = P(1]2) - p2.  (8.20)
AU A
P{EHHFIN X} = P(2]2) - po, (8.21)
PURHIEIN,} = P1)-p (5.22)
W L(112) RKE Xo BRAN Xy IEMHIR, L(21) RARKE X1 %
WA Xy gEMER, FEE L(1[1) = L(2)2]) = 0.
B ERRFIMER IR ABUR G G EAR, & SCFHIRFAFIER (expected cost of
misclassification, f&jic & ECM) @1
ECM(Ry, Ry) = L(2|1)P(2|1)p1 + L(1]2) P(1]|2)po. (8.23)
— ARG ECM X3V,
2. FNEREY Bayes F#31
FTLAERA, AR/ Mb PR F R sR L (8.23) myRI4r K3, Ry F Ry Ky

A L LAR) p) A _ LOR)
n=e | 60 2 T ) =1 AT

flw) ~ L)
B, ATRUKESE (8.24) fi% Bayes HIBIRGFIBIMEN]. 763 MEN R BT

(1) oA o (MBS ERRACE [ (2)) falo):

(2) B4t L(112)/L(20);

(3) SEIRAEE LY po/ps.

FEIBESSM AL T, BAK o« (BEREEREILI L % X, ~
N (s 35) (6 = 1,2), 4851808 i U b7 22 B AT R 22 M e .

B B P AR, B S = 5, — 5. IR X, B9

filz) = 2m) ™22 exp {—%(m — 1) TS — ,uz)} , 1=1,2 (8.25)
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i, Ry fl Ry XX (8.24) S F

Ri = {x ) W(z) > ﬂ}, Ry = {x ) W(z) < 6} , (8.26)
Horp
W) = 5= m) S - m) — 5o~ )5 (o~ m)
= lx - %(Nl + uz)} ' 57 — pa), (8.27)
po= ln%. (8.28)

RAERIL, X TR SRR Bayes #15], HHBH (3.26)~(8.28) 771
FHEEBHIBHES, % p = po, L(1[2) = LRI B, 6 =0, BB HI.

B RO K 2R, B S, # 5o BB Ry A Ry R4 KB
(8.24) M T

Ri = {x \ W(z) > ﬂ}, Ry = {x \ W(z) < 6} , (8.29)

ok
W) = 50— m)"s (x—uz )~ o= m)TS - ), (830)
st b ()

3. R BF5HIF

el BRI B B HIART Bayes #I5ITR)Y (2/¥4%: discriminiant
.bayes.R).

discriminiant.bayes <- function
(TrnX1, TrnX2, rate = 1, TstX = NULL, var.equal = FALSE){
if (is.null(TstX) == TRUE) TstX<-rbind(TrnX1,TrnX2)
if (is.vector(TstX) == TRUE) TstX <- t(as.matrix(TstX))
else if (is.matrix(TstX) != TRUE)
TstX <- as.matrix(TstX)
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if (is.matrix(TrnX1l) !'= TRUE) TrnXl <- as.matrix(TrnX1)
if (is.matrix(TrnX2) != TRUE) TrnX2 <- as.matrix(TrnX2)

nx <- nrow(TstX)
blong <- matrix(rep(0, nx), nrow=1, byrow=TRUE,
dimnames=1ist("blong", 1:nx))
mul <- colMeans(TrnX1); mu2 <- colMeans(TrnX2)
if (var.equal == TRUE || var.equal == T){
S <- var(rbind(TrnX1,TrnX2)); beta <- 2xlog(rate)
w <- mahalanobis(TstX, mu2, S)
- mahalanobis(TstX, mul, S)
}
else{
S1 <- var(TrnX1); S2 <- var(TrnX2)
beta <- 2xlog(rate) + log(det(S1)/det(S2))
w <- mahalanobis(TstX, mu2, S2)
- mahalanobis(TstX, mul, S2)

for (i in 1:nx){
if (w[i] > beta)
blong[i] <- 1
else
blong[i] <- 2
}
blong
}
ERTFH, MIAAR TroXl . TroX2 2R Xy 2K X RIGHEAR, HiARR
RHRARHE, sUERE (AR, rate= 75 - 2, BRETEN 1. TstX BRI
A, HERIARZRREERE, SOEM (FEAATRIAN), S (—PMRIEEA). W
RGN TstX(GE1E), WARMAEA I gEd 2 A1, RIS ghie A my [al
RAFOL. HIANAL R var.equal JEF AT H, var.equal=TRUE 3R/ KNP SRAY
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T ZREZAE R BN (A E) AR, R b Ed <17 M 2" M
W —4ERERE, 1" RRFMINEEART Xo 2K, 2" RpRFRIERET X K.
5l 8.3 % 82 REXRAFZEFARAAAFHRIFTH, 1 5 v REESTARET
(RZAX%), HAFHE 6 NF00 TR, RAFE SANFMGTA, ©
M&g £ BeBEHS AR 6/14 #= 8/1/ AEit, HBZFEFHE4F. XA Bayes
A2 S AR AT AT

& 8.2 KRREBLHERHRH

A5 A F A A& F
1 24.8 —2.0 22.1 —0.7
2 24.1 —24 21.6 —14
3 26.6 —3.0 22.0 —0.8
4 23.5 -1.9 22.8 —1.6
5 25.5 —2.1 22.7 —1.5
6 274 —-3.1 21.5 —1.0
7 22.1 —1.2
8 214 —1.3

. W ANEAE (R, BRI KA discriminiant .bayes O ##47H]
A (F2F44:  exam0803.R)
> TrnX1<-matrix(
c(24.8, 24.1, 26.6, 23.5, 25.5, 27.4,
-2.0, -2.4, -3.0, -1.9, -2.1, -3.1),
ncol=2)
> TrnX2<-matrix(
c(22.1, 21.6, 22.0, 22.8, 22.7, 21.5, 22.1, 21.4,
-0.7, -1.4, -0.8, -1.6, -1.5, -1.0, -1.2, -1.3),
ncol=2)
> source("discriminiant.bayes.R")

> discriminiant.bayes (X1, X2, rate=8/6, var.equal=TRUE)
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123456789 10 11 12 13 14
blong 111211222 2 2 2 2 2

5B 4 SRR A

4. 430 Bayes ¥3|

N ETE AT FR R4, Bayes F 3 #9424k 2 — A I HEN], {157
PHEABR KB R B/, WA N AR K.

RIFEARILE k2K, 4302 X0, Xo, -+, X, N AISBIMEEN p1, oy - -+, Dk
FHBRIR A 55 FIIR I AR R Y, B SHAH S A 0 51 HE U Ay

Ri=A{z | pifie) = max p;f;(@)}, i=12,-k (8.32)
4k REAAT T 2R, Bl X =%, = =5 =X, R R
BN
fi(z) = (27) 2|82 exp {—%(m — ;)" — ,uj)} L j=1,2,-k,
(8.33)
1} ENTE X
dj(z) = 5(x — 1) "7 (@ — ) — Inpy, (8.34)

2
eI, X (8.34) iy ¥ AHMAHE S R
4k RERB I ZREAR, B ROy

e 1 ) |
fi(x) = (2m) 735 72 exp {—5(3: — p)'S @ - Mj)} L j=1,2,-- K,

(8.35)
P
4() = 50— )5 = )~ gy — (IS, (836)
fESIsh, X (8.30) % S, BT S 10,
SAMEN (532) 0
R, ={z | di(z) = min d;(z)}, i=1,2,---,k. (8.37)

1<j<k

A ERFTERER R ¥ (F2F4%: distinguish.bayes.R).
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distinguish.bayes <- function

(TrnX, TrnG, p = rep(l, length(levels(TrnG))),
TstX = NULL, var.equal = FALSE){
if ( is.factor(TrnG) == FALSE){
mx <- nrow(TrnX); mg <- nrow(TrnG)
TrnX <- rbind(TrnX, TrnG)
TrnG <- factor(rep(1:2, c(mx, mg)))
}
if (is.null(TstX) == TRUE) TstX <- TrnX
if (is.vector(TstX) == TRUE) TstX <- t(as.matrix(TstX))
else if (is.matrix(TstX) != TRUE)
TstX <- as.matrix(TstX)
if (is.matrix(TrnX) !'= TRUE) TrnX <- as.matrix(TrnX)

nx <- nrow(TstX)
blong <- matrix(rep(0, nx), nrow=1,
dimnames=1list("blong", 1:nx))
g <- length(levels(TrnG))
mu <- matrix(0, nrow=g, ncol=ncol(TrnX))
for (i in 1:g)
muli,] <- colMeans(TrnX[TrnG==1,])
D <- matrix(0, nrow=g, ncol=nx)
if (var.equal == TRUE || var.equal == T){
for (i in 1:g){
d2 <- mahalanobis(TstX, muli,], var(TrnX))
D[i,] <- d2 - 2*log(p[il)

}
else{
for (i in 1:g){
S <- var(TrnX[TrnG==1i,])
d2 <- mahalanobis(TstX, mul[i,], S)
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D[i,] <- d2 - 2*log(plil)-log(det(8))

}
for (j in 1:nx){
dmin <- Inf
for (i in 1:g)
if (D[i,j] < dmin){
dmin <- D[i,j]; blong[j]l <- i

+
blong

¥

RPN R T AR 07 Z M R AT 7 Z AR SO0, AN i TroX RR
WGRrEAS, AR (AT RN ), BEEHRE. TrnG 22480 R, &
AGHEARR TGN, AR p BERE, SEEHA L WAL TstX
TRFREA, i ANASRFERE (FEARAT RN ), SEEERE, sumit (— MRl
A). WERAKN TstX(GRAEE), MEHNFEA FIIgtE4s. AL & var.equal &
B, var.equal=TRUE F/RiAN BT T7 ZRE AR R SN (5RE1E) 2
ANEH. PR fr O AU B ) — 4B R, BFER s R, i T 5T
TH P EMAR ) N FR P A2, W 4028, AT AF IR discriminiant . bayes
BRI EL AT B AAE
5] 8.4 M Bayes P3| Fisher Iris ZBERATHHT. BRZ LB EZAAE 4G, 35
A1 R ERFEER.

i
X<-iris[,1:4]
G<-gl1(3,50)

source("distinguish.bayes.R")

distinguish.bayes(X,G)

vV V V V V

distinguish.bayes(X,G)
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22
plong 111111111 11111 1 1 1 1 1 1 11
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23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
plong ¢+ ¢+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
blong ¢+ 1+ 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79
blong 2 2 2 2 2 2 2 2 3 2 3 2 3 2 2 2 2 3 2
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
blong 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2
99 100 101 102 103 104 105 106 107 108 109 110 111 112
blong 2 2 3 3 3 3 3 3 3 3 3 3 3 3
113 114 115 116 117 118 119 120 121 122 123 124 125 126
plong 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 128 129 130 131 132 133 134 135 136 137 138 139 140
plong 3 3 3 3 3 3 3 3 3 3 3 3 3 3
141 142 143 144 145 146 147 148 149 150
bplong 3 3 3 3 3 3 3 3 3 3

MITEZERFTUES, REHE 69, 71, 73, 78, 84 SHEAHH, FACHH
FIEHZE R 145/150 = 96.67%.

8.1.3 Fisher #|3l

Fisher ( #%ak) FIRRIEIEATT 2]/, FEI0IT7 22 R HE NI R SR Hi)
PRAHY. EX B A SR 43 7%

1. FH0EN

WRAEE Xy M1 Xy BBHE S Z 8500 P, o 13, X, XA
— A 2, FH IR E R %L

u = u(z), (8.38)

FrER
up = FEu(r)|xzeXy), wu = Eu(z) |z e Xs), (8.39)
of = Var(u(z) |z € X)), oF = Var(u(z) | v € Xy). (8.40)



462 FANE WHZITEA (1)

Fisher BN R FHHFRE u(z), BEARETIHH
Wy = of + o3
B, TR T
By = (u1 — u)?* + (ug — u)®
%k,ﬁ¢u:gm+wy

¥ LA ERLE ST,  Fisher HBIENHEEREE u(c) 5

I= i (8.41)

BENRK. B, FIRIHEN
Ry = x| u(@) —wu] < fu(z) — ual}, (8.42)
Ry = {z| |u(z) —ui| > |u(z) — us|}. (8.43)

2. MFIBIR P RYEVTEE

MELE BV, u(x) WLARMERREL, X TERERE u(r) @K (8.41) iy
I BB B RJEARE e, BRI, @I u(r) ALtEmE, B4

u(r) = a' & = a1y + agry + - + ap. (8.44)

I, SRS AR u(e) RS o, 43 HAREEL [ BBIHK.

SRR —RE, FESERRISIA, MR Sy SRR AR,
BRI S 2R i 2\ 2, al) B Bk X Y g R
A, o ) ol B AR Xy ne AREAS, FIXBEREATRE] ui, us, u, 0
ﬂ] [op)] E"Jfﬁﬁ‘,

1 % 1 7
A s
n; < n; <
Jj=1 j=1
= o'z, i=1,2, (8.45)
2 ny n;
_ g1 0y _ 1 S T
o= u=- u(x])—ﬁz a x;

= 'z, (8.46)
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j=1 j=1
LN~ (oo =) o —o\"
= —a [Z(% ~20) (o) =20) | a
7=1
_ o re, i (8.47)
- ni—la za'> 1= y :
Hrp
n = ni+ N,
T . __ . _\T
S — Z(xg?’—x(i)) <x§2)—x(i)> L i=1,2. (8.48)
j=1

I, A PIRER T Wo SHRBIRZE TR Bo By AM B2 VIR Wy 5
LR B IR R T F7 1 By, B

2

Wy = Z(n, —1)62 =a’ (S1 + %) a = a’ Sa, (8.49)
1=1
. 2 2 - - T
By = Y ni(i;—i)® =a" (Z n; (g;u) —~ f) (g;m —~ E) ) a
=1 i=1
= 2T (dd")a, (8.50)

Hb S = Sy Sy, n= i, d = (70 — 70 H, K 1= % B,
T3k :
a®(dd")a
alSa
Bk, AR A, FIAXHMERA o # 0, BIEE I R R
AF. TR, MR RIS AL S 24 5 AL
max  a’ (dd")a, (8.51)

a

st. a’Sa=1. (8.52)
H 24 3R ] ALY — B e B 2 AR 2

a=S"'d. (8.53)
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3. BWEFHFRE

MF—AMPHEA v, REFHE « BTH—K WITEERL, ALK w <us.
PRI E A AE N (8.42), 2 w(z) < B, N 2 € Xo. 3 u(z) > w B, NIH
v € Xy M4, Y ur <u(z) <ug bf, = BTE—BHEE? 244K ur, w WHE

2 ou(z) <u B, WA 2 e Xy BIH 2 € Xs.

H
ulz) —u = u(z)— <Eu_1+ @u_2> =a’ <x - o - @ﬁ)
n n n n
= a'(z—-7) =d"S (z —7), (8.54)
Horp
— 1 <
0 = — xy), 1=1,2,
g =

7j=1

]
I

ny———~ No—7=v 1 (%)
() 1 Zp02) = = v
nx + nx HZZ:CJ

m BRI, T R REA I E. R, R ) pR A
w(z) =d'S ™ (z —7T), (8.55)
GRS, HIHIAER] (8.42)-(8.43) ZF A

Ry ={z | w(x) <0}, Ry={z|w(x)>0} (8.56)

4. R EF 507
FRAERTTE frid 773k, S5 ANV H R #2)7 (F2/¥44: discriminiant.fisher.R)

discriminiant.fisher <- function(TrnX1l, TrnX2, TstX = NULL){
if (is.null(TstX) == TRUE) TstX <- rbind(TrnX1,TrnX2)
if (is.vector(TstX) == TRUE) TstX <- t(as.matrix(TstX))
else if (is.matrix(TstX) != TRUE)
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TstX <- as.matrix(TstX)
if (is.matrix(TrnX1) != TRUE) TrnX1l <- as.matrix(TrnX1)
if (is.matrix(TrnX2) != TRUE) TrnX2 <- as.matrix(TrnX2)

nx <- nrow(TstX)
blong <- matrix(rep(0, nx), nrow=1, byrow=TRUE,
dimnames=1ist("blong", 1:nx))
nl <- nrow(TrnX1); n2 <- nrow(TrnX2)
mul <- colMeans(TrnX1); mu2 <- colMeans(TrnX2)
S <= (ni1-1)*var(TrnX1) + (n2-1)*var(TrnX2)
mu <- nl1/(ni1+n2)*mul + n2/(nl+n2)*mu2
w <- (TstX-rep(1l,nx) %o% mu) %*% solve(S, mu2-mul);
for (i in 1:nx){
if (wli] <= 0)
blong[i] <- 1
else
blong[i] <- 2
}
blong
}

TEREFH, WA E TroXl | TroX2 R Xo 3K, Xy BIIGHEEAR, HaAREX
JERAEHE, BOEME (BEATEATRIAN). TstX BAFIEA, HAaARRRBEEE, =
FERE (FEARATRIN), B (—DMRREAS). ARAEA TstX(SRE1E), NIF:
MEEA R NGAEA L, BITHRONAEA R BAE L. Ry b &l 17
2" MR —4ERE M, 1 FRORTRIEAIR T Xy 28, 127 RARFRIREAS
BT Xy K.

5 8.5 F Fisher #| 3| ##4] 8.1.

& M AEHE (WP exam0801.R), K%Y discriminiant.fisher().

> source("discriminiant.fisher.R")
> discriminiant.fisher(classX1l, classX2)
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22
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blong 111111111 1 11 2 2 2 2 2 2 2 2 2 2
23 24 25 26 27 28 29 30 31 32 33 34 35
blong 2 2 2 2 2 1 1 2 2 2 2 2 2

BENGRPEAR AT IR, AP SHEE, HlRS 28, 20 SHA.
X T ZRA Fisher F|, HIEAFIRMA R, XEHRANTAT.

8.2 REHH

RIS (cluster analysis) &—JERRIR IO X RAEAT I M GEHITIE.
X—FRITIRA LR F RO SO AEZERN NG S5 P DA T oty Bt
JEX G Z AIBARUE (similarity) sUARAE (dissimilarity) B%dE. CRFX AL
(M) HEAEE SURXT R Z TR “BER” i) —Fr L, R R X R I
A=K, REBZ X RIEEEGT. 2R 271289 3L R B

RRNHARIE S FI R AR K Q BIRIKATA R BRI, Q AR
RO RAGKTHERIATRIE, R AREMTRE LR HATR L

8.2.1 [EEEF0iELIRE

REDIT B RMNEASR BRI, TEHATREN, v AL ER
%, X HEPERAE ST RN RAZE LR, BT & &
RAIARIE], AR R RECAT LA AR,

(1) el e, Wil rilidEsa, mRE, HE, 8. A0, #F
MRS, BEfT2HNEEITHE. SitrasnaE, % HEARERE,
AR,

(2) AR, XHEIEEAHE LA, mHRAEER EER. X
HILF U AR, —FhEAFARE, BRAMERR, HAEKRTFRER, W
FEmAT RS, 5 m. =R, PANRES AR MEY. S—MES
XAEE, XFARRILER SR, WIRHEXR, MRS (A, &), i (5.
) Bk (A, RE. 200, T#) f/= iS4

1. BEES
B iy AE i RIS §MERR, BRI 8.3 Frk. 7ER 8.3
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& 8.3: HIEERE
‘ 62 7
PR
T ) Lp
1 11 T12 T1ip
2 T2 T922 Top
n Tn1 Tn2 Inp
BMEASR p MEE, MEMERTUERE P TH—D A, n DERHE

R il n AR FE RP PR AR, 560 MERSH § MR ZR
ROy dy, RGBT, BB RO TIH N —3, BHEBGEA &I

JBAEIZE. P SO BE B — e 2 an T AN 2 44
(1) dij > 0, XF—H1 4, j;

(2) dij = 0, BHMEE « MERGH j MERI AR RERMF;

(3) dij = dji, X—H1 4, 5;
(4) dij < dig + dj, X—H 1, 4, k.

X B R f W AT LA T LRk
(1) Zaxt{E e &

p
dij(1) = |win — w1
k=1

REBE ARy AR R B AT X B
(2) Euclide B

X R T B
(3) Minkowski =%

(8.57)

(8.58)

(8.59)
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AMEE HAXHEIE A Euclide FE B /& Minkowski FE 255 £

2 A B B[] SO e (E 0 78 B AH 2R K, AW EHR A Minkowski
PEEY, TR SEXT &4 i I EHR EREAL AL 3, AR5 B AR ML 5 I B Tt
=8

(4) Chebyshev (VJHLER) BEE

@Aaﬂ——gﬁékmk—xw (8.60)

B & Minkowski FEEH ¢ — oo AJENL
(5) Mahalanobis &S

dij (M) = \/(x(i) —x()) TSNz — (), (8.61)

Ht 2p) = (v, i, -+, x) ', 1) = (@1, @0, 25p) T, S AEEASTT ZE 5 RE.

Al Mahalanobis B & (i 4F-Ab &% BRI & A i 2 [E A O, FFH 5 ERYH
{7763, {H Mahalanobis BE B —MEKHIELEE, & Mahalanobis Bi g Az H
Hy S MELITERE .

(6) Lance 1 Williams B2

|Tix — $]k|
; o o (8.62)

Herx; >0,i=1,2,---,n,j=1,2,---,p.

A EJUFHBE S 8 B R R A i, FTHA A e B e B
& ST

(7) EPEAS AR (A Y BE B

EREALELS T, FR AR I E , TR AR A A PO [R] R B
“B” PRMZEH. Wjﬁﬂ PRI H, MASLEXNMENEE. KEHE—4
WH, miEs. B B, EEEXNTHEARE. 'EAR

ziy = (6:;(1,1),8:(1,2), -+, 6;(2,71),0:(2,1),6:(2,2), - - -, 6:(2,12),
- 6i(m, 1), 05(m, 2), -+, 0 (my )Y, i =1,2,---,n,
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Horbt n HEARRIAEL, m MIEHEANE, e A EANIHEBSEER, o+
e + Tm = p7

S ) — L, 55 MREATEE kAT HEBEEE N [ A2EE,

i(k, 1) = 0. @l
B 6i(k, 1) NSk ANIUHE Z 1 RHESR @ MR R

flan, ZBOHE 1 oado], HHEZOVE. L. IH 2 AINEFZE, HEHIEN

e, H. P8 K ITH 3 vFl, HHIONSS. it &Rl OTH 4 AL,
HHERWHEIN, TRIE. BHAWMER, H—-DARFME, PrasbEdsss, Br
FRRER, KPR TR, H oA AR, BrfMERIsE, Frefil
segiit, HBLREUN. & 8.4 A HAHNAIH ., KHMEEARRRER. XH

& 8.4: WH. EXBEFHEARVIETRER

REE SN £ Al
A Bl & | 3% | H | E| K| gt | &t | &R | 200 | TR
gy | 1O 10|00 0 0 1 0 1
ey | Ol 1[1]0o]0 0] 1 0 0 1 0

n=2m=4r=2,ro=4,1r3=3,r,=2,p=11.

WAHPNEA 26, v, £ 6i(k, 1) = 6;(k, 1) = 1, MIBRXPDMHEARTESS & A
GIHAS L 2H B 1 — 1 EXE 25 0i(k, 1) = 6;(k, 1) = 0, MIFPRX P DMHEATES K
AIHRYE | 2RH L0 -0 BLXts 2 6i(k, 1) # 6;(k, 1), MIBRXPIMEARLES kA
THME | 6H EARRCXT.

wmy A xey Mg FEm AEFERES 1 -1 B8, me H0-0
PEXTHY S, me HABCX Ry SR B, A

mo + myi + mo = p.

BEA 2y M 2y Z AR E A LA E SCh

ma

dij = ————. 8.63
e (8.63)

YT 8.4 HEHE, mo=4, mi =1, my=6. B, BEEHN die=6/7=
0.8571429.
TE R BfFr, distO RESH T A FEER MRS R, HEABCh
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dist(x, method = "euclidean",

diag = FALSE, upper = FALSE, p = 2)

Horb x AR A BIRRE RS (FEATA TR BBHRHE.  method FR/RITHEE
BT, B EM Euclide BEES, B XHEERA
e "euclidean" — Euclide BEE, Bi#%/3= (8.58) 1144.
e "maximum" — Chebyshev BEES, BI$Z2402L (8.60) 3.
e "manhattan" — ZEXMEFEE, Bl (8.57) 4.
e "canberra" — Lance FEES. FL L, B Lance HEHY 7T, HABR
x5 >0, AR

p
|z — 93jk|

dy; — . (8.64)
! 1 |l’zk + l’jk|
e "minkowski" — Minkowski FEES, HPZEL p & Minkowski FE B HI 4L,

B2 (8.59) HHY ¢.
e "binary" — EWAEMEE, A (8.63) 11H.

diag ERHAH, %4 diag = TRUE I, X AL LR, upper 2&
AL, 24 upper = TRUE WY, 45 E=AMMERE (B EMNS H T = AR
).

2. BIEP O SIRELTIR

TEEREMrE Y, REBHARAERAREES EEHN, FELHI
PR AL B R AL A .

(1) Arofeaes. Fx

x;:ajm—fj, 22172”7],’]:172’7]9 (865)

AR . ARBEBARRIIIE R 0, 7 ZMAA.
(2) trrEfbAs s, AR

g = =12, j=1,2, (8.66)
NFRHEAL AR e, AR SRR, AR RAREARE R 0, ARrEZER 1, T HARELL

JERIBIE SRR RN IR,
£ R B4, 7JH scale) HREEEE M F L BRHESL, A MY
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scale(x, center = TRUE, scale = TRUE)

Horp x REEAM R EIEAE . center AR, TRUE(SRE(H) FmXt
BEfE.O b, FALSE /R AMEARH.  scale FZHAR, TRUE(HRAE
{H) RaRXBAAEIAMEL AL B, FALSE FR AMEAH. XT3 (8.65) Ayt
FERECH ©* = scale(x, scale = FALSE); XIWTF AR (8.66) WITTHELREH
x* = scale(x).
(3) MeEpRHEAL AL . B
x;}:%T_jxj, i=1,2,--m, j=1,2,---.p (8.67)
R ERHEAL AR e, A5 B, B RAEEAYIE DY 0, |0y 1, H. [} < 1,
TELAE R BT S el LB iR 200 77 A, R I AR5 A R B R T R AR .
£ R B AFH, FIH sweepO BB ZIRHEIM AL B, HARBIE RN T
center <- sweep(x, 2, apply(x, 2, mean))
R <- apply(x, 2, max) - apply(x,2,min)
x_star <- sweep(center, 2, R, "/")
Horp x R BB B RE. ATk EE 04, BIX (8.65). BB ATR
WHRE Ry, j = 1,2, p. HEATREHOWEHBIRRURZE, 5218300
W ZARHEAL B
1E Lk & E] sweepO WAL, sweep() XM EASIE FitATI25T,
B 5ia =0
sweep(x, MARGIN, STATS, FUN="-", ...)
Horb x JRRHEERE.  MARGIN RIS Ay s, X FHEMeRdE, 130817, 2%
mF. STATS Z4LitH, 4 apply(x, 2, mean) FI/REFIHHIME. FUN RIS
Biizsy, saE9mik25.
M sweep () pRECHYMLII AT A, AnSRHF A& IS =ATHCN
x_star <- sweep(center, 2, sd(x), "/")
A (FE) e BE A .
(4) MZEIEMALAL B FF

T;; — Min Ty,
Y k<Y
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NEIERALAE B, AR HJE AR 0 < of; < 1, 08 1, LR ICEAE.
HH sweepO pREL, W LMRASGEIRIRIMEZIEMLA R, HAHLRE
wr

center <- sweep(x, 2, apply(x, 2, min))
R <- apply(x, 2, max) - apply(x,2,min)

x_star <- sweep(center, 2, R, "/")

oA x AR R RO HE

3. EURK

REIMINEAUARI AT 2, W H A AR AR B AT 028, TEXT
AR FEAT /2RI, H AR AR EOR B R AR B [A] A AR AR BT

W ooy TR X MXG EBHIRE, —BEK:

(1) iy = +1 BHALY X; = aX; (a #0);

(2) |ey| <1, XF—1 4, j BALs

(3) cij = cji, M—Y1 i, j WL
|ci| BRI 1, WIERTR X, M1 X BSRRBUEY], oy BT 0, WIPTE ¢ RBE
.

(1) sz, 2R X 8 n WORIERN (21, 220, - 7)), W X 5 X B
FRTEAR AP RIHMUREL, 2 ¢ (1), B

Z T i Lk

Z %\/Z %g

1,7 =1,2,---.,p. (8.69)

2 X, MX; OPATEY, (1) = £1, UEBX B ET AN % X, X EX
B, Cij(l) =0, P BHX ] AFEE.

TE R b, W H scale) MRELSERIM MK AR LR, HitHE AKX
W

y <- scale(x, center = F, scale = T)/sqrt(nrow(x)-1)
C <= t(y) "Wh y
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oo x SRREACHIB A BURARE.  C RT3 (3.60) FHEHE s 0 (b 28 00 i i
HER B PR CE SRR IR S, TIAR (8.69) HER | kz 2, FE Vi1
f, HOFEAR AR ERR L Vi -1

(2) MHRARE HRREOH XS BIEAETRUEAL AL B 5 0 e fa ok, a2
7 X, fAs Xj E’ﬂ‘ﬂ%%ﬁ Tij, ﬁ%iﬂj@ Cij(2)7 Hp

z (w41 — 7) (any — 75)

¢ii(2) = . i, =1,2---,p. (8.70)

\/i(lﬁki — ;) i(iﬂka‘ —7;)?
k=1 k=1

2 ¢;5(2) = £1 BFRR P BV OC.

TE RERKMF, ¢ (2) MTHRE N8, BIAEAS By AH SCHRE,

C <- cor(x)

Horb x SR FEAH LA RO AR .

A [ HEAG B T AR EOR 2 EER, 4

a7, =1-c;. (8.71)

A s AR R EIOR B SR A (] A AR
8.2.2 RGERLEZE

R TA Y (hierarchical clustering method) JEER IS/ iE 75+ 55
ZH—f, HHEARBER: FHEH n MERSEIEN—K, IFEHEAZ R EE
BB HRZMWER, RS ERSITAMAE S IR — M, ek EH
R, ER TR RN E3F, BRiMb—2%, BEEANHEARGIF
H—K.

PATH dij %6« MEASS § MEARNER, G, G, - F52E, Dki
Fm Gx 5 Gy WEEE. TETHFNENRGRRET, FrArE—HnaEs
FEARE R —2K, RERZAMEESHEARZMMERMRE, B Dk = dir, BT
VIR EE B R MR EAHE, 1E8 Do) = (diy).

1. RAEEREE
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R SR ERZ AR BE R Oy PR Bl HEAS T A BE B, B

DKL = min dw (872)

1€GK,j€EGL

PRIX TR GERIRE i R EE B (single linkage method).
UIBHER G M G 5K Gy Ja, HEEHEEETT R Gy SHAR
K Gy wRMEER, H#HEAX Y

Dyy = min  d;; = min min  d;;, min d;;
i€G.jecy 7 icGr.jea; 7 iedr.jea; "
= min{DKL,DLJ}. (873)

2. RRIEEE
TE PG IEZ A i BE R D W 28 Bz R AR (W] Y B g, B

DKL = max dZJ (874)

1€GK,j€EGL

PRX PP R G R R A K FE B (complete linkage method).
YRDBE G GBI Gu e, W Gy 5E—KG, BEER

DMJ = maX{DKL,DLJ}. (875)

3. thEIFEEE
KGR AW BE R B SR Bl PR A A BE B, A R 2R R i AR A 1 B
B, TR T R R EE B, ROV AR EE (median method).
WHR—PH Gk M G 5IFR Gu, X THE—ZK G, ZEH Dk, Dy F
Dy y AHKRABE =AIE (W 8.2 Fr/R), W D BHJTHLAIEN Dy H¥I5F
EEJUMAATHEL, Dy BSEARHY
1 1 1

Dy = §D?(J + §D%J - ZD%'L' (8.76)

XA 2 P [ B 1 Y 3 A 2 5K
HIRRE AT M B — R, #aX (8.76) A =AY R A T3R50
8, B

1-8 (1 1
Dy =57 (3Dks + 3Dbs) + 6Dk, 8.77)
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Gk
Dk

Dk,
Dy

G G
J Dy, L

Bl 8.2: Hr[a]BE B LT SRR
Ht g < 1, XFONEFRRAIAEL. 4 3 =0 5, BHEAREY
D2, = % (%Dfﬂ, + %DZ,) : (8.78)
PRILTTIE A Mequitty AT
4. EFHE

FOF-H3% (average linkage method) HHFFE XL, —Fhg ik @ik 53k
Z [BIRIBE S & O P REAS KT 2 IR YR B, Bl X Gk Ml G Z [BIRTEEES K
Dyt = — > dy, (8.79)

NN
EUL ieqy jeay,

Horft nge Ml ng 235IANIE G Ml G BIHERADNRL,  diy I G THEAR « 5 G
HFEA § 2RI E. AR e — M EfEA

1
D = E d;;
M7 nymng !

i€Grr,JEG g
1
- (X ae x4
MTT \ieGr.jeG, i€G,jEG
Nk ny,
nar nyr

7P M7 R e SERG I A1 - J5 BE B O FE AR 2 6] 107 BE B v T
I, BP

1
D%, = > (8.81)

ngn
K LiGGK,jEGL

EREAEA Ry

M np
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ROVEREBAFEA N T IrA A ZAEE, ERSEH T, BN E—
TEIEAEA N (8.82) 1, Dip HIREHRBRA G BRI, NI APR A
B

nkg nr
Dy = (1 0) (2 Djy + 2203, ) + 6Dk (5.53)
M Ny

Hot B < 1, BRIX P RGURAIE N AL ZET- 3%,
5. Bk

RERZEPEEE SCHENRE.D (ME) ZE/ Euclide BEE. & Gk
G WELRR T F T, W G 5 G Z BRSPS N

D%(L = d%KEL = (Tg — fL)T (T —T1) . (8.84)

X RGEE AT EFR N E LY (centroid hierarchical method). ‘B RIBHELARH

n n NN
D}, =—"D%, + LD, - kDY, (8.85)
i nar N

BLIETEAN B W (T T B A R Rk A e, (HURAEM A7 | — A
FROVHERE BT O AR BB U

6. BEEFAIE (Ward 77iE)

BV AE R Ward(1936) $2H418, ARy Ward 3. ‘BT 7208 AR,
MR FIET, WIFZEREA Z AR B 22 V07 FIN 24 B, AR ZEEEA Z T8 1) &
ZT TR B R,

WR G M G FIHMHHIE Gy, W G, Gr, Gy BT I35

WK = Z (l’(z) — TK)T(ZL'(Z) — EK),

1€GK

WL = Z(ZL’(Z) —fL)T(ZL’(Z') —TL),

i€Gp

Wy = Z (aj(i) — TM)T(I(,') — TM)
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BN T & B RNFEANSBERE. W G M G XPAAHERSE, NEHE
FrEE ey B 22 M Wy — Wi — W BEUN, G, MEK. TiRE X Gk
G Z AT ITEE R

D2, =Wy — Wy — Wy, (8.86)

XA RGERALIEFR B E T ML Ward J79% (Ward’s minimum variance
method). BERJEHEARN
ny+nNK 9 ny+nL o ny

D2 . = D D}, ———= D2, 8.87
My T KJ_'_nJ_'_nM L o g KL ( )

G f G ZIAHT-J5 BE B AT LS

ngn
B @ -7 (T — 7). (8.88)
nar

D%{L =

AL, XANEE S H (8.84) A EOCIEAEE R A ZE — N EERE. BEOoBm
KI5 PRI FEARTCIC, T B 22 707 A 2R 1] BE 5 P S8 M AR BOR /Y
RKER, WADNREM TEERMER, HMAZEIH, XEFEIRISH) LhRE
K. BETVHMEETFZSE T TEOE, BTN —FRERERKE, HE
X S EAR U

7. REREN R BEFITHE

TE R 89, hclust O REERME T REREMITHL, plot O BRECFIHE H
RERBIMIEE (P AR &,  dendrogram).

hclust () PRECHIBE AR

hclust(d, method = "complete", members=NULL)

Hrp d 2 "dist" ML, method JERGREKMITIE (G ERIKIEE
%), HZ8H

e "single" — A, AIAZ (8.72)-(8.73).
e "complete" — FKEEEE, BIAZ (8.74)-(8.75).
o 'median' — SEEERE, HIAS (8.76).

e "mcquitty" — Mequitty AHENE, B (8.78).

e "average" — T, XERAMEAR (8.79)-(8.80).
e "centroid" — EL.LME, BIAZL (8.84)-(8.85).
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o "ward" — BZETVHANE, BIAZ (8.86)-(8.87).
members HRE{EY NULL, 205 d AR ER i, FAE HITmikTE I
TELHR B
plot O BRECH H i R KRR
plot(x, labels = NULL, hang = 0.1,
axes = TRUE, frame.plot = FALSE, ann = TRUE,
main = "Cluster Dendrogram",
sub = NULL, xlab = NULL, ylab = "Height", ...)
St x i helustO) EAUEMIIRTS.  hang RRIIHERI T RFTER
B, % hang FUGER, WEREHIHMER. bS8 H WL
B
B R B R B R SRR TTIR, UK R KB T,
Bl 8.6 A ZMER, EMEARA AR, 2 AR 1,2,6,811, FH KR &5
BEM Buclide e, AMmmsedik, RRKEFEIFFTERTRENAN, H&
i Ag R G 4 A
fi%: M Euclide BERGTSIAHA SEAEE R, R, BIRB EE,
FhTE B BA A Mequitty ARREREITR IS, FFE RO LR 3 R &, 1 H
K PUASE A P e — L
PIT & R iEN (F/F4:  exam0806.R)
#t MNBKIE, EREBSEMN
x<-c(1,2,6,8,11); dim(x)<-c(5,1); d<-dist(x)
R A RRK
hci<-hclust(d, "single"); hc2<-hclust(d, "complete")
hc3<-hclust(d, "median"); hc4<-hclust(d, "mcquitty")
wt U PTANMEME, FU2x2 AW EE—KEL
opar <- par(mfrow = c(2, 2))
plot(hcl,hang=-1); plot(hc2,hang=-1)
plot (hc3,hang=-1); plot(hc4,hang=-1)
par (opar)
] H Y EE A 8.3 BiR.
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Cluster Dendrogram Cluster Dendrogram
o
<
[ce)
[Te)
g o £ °
k= 5 o
T o T
] R R
— N [Te) ™ < - N n ™ <
d d
hclust (*, "single") hclust (*, "complete")
Cluster Dendrogram Cluster Dendrogram
N~
o
[Te)
< ™ <
2 2w
I I
-~ —
[ ] 1
— N n (s2) < - N n ™ <
d d
hclust (*, "median") hclust (*, "mcquitty™)

] 8.3: PUFRA[A] BE B 3 £ &

Y% Z KH LW REOL A as.dendrogram(), HE BB RE R BEFH
R IA TG RE, BRIy
as.dendrogram(object, hang = -1, ...)
A object JEH helust BEIAIXTR. FEMES, plot() PREHYMIILA
plot(x, type = c("rectangle", "triangle"),
center = FALSE,

edge.root = is.leaf(x) || !is.null(attr(x,"edgetext")),
nodePar = NULL, edgePar = list(),

leaflab = c("perpendicular", "textlike", "none"),

dLeaf = NULL, xlab = "", ylab = "", xaxt = "n", yaxt = "s",

horiz = FALSE, frame.plot = FALSE, ...)
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HH x J&H dendrogram fREIMIRIA. type FR/nH i R EIHZEAL, "rectangle"
EHIE (58 1H), "triangle" H =M. horiz EFHAH, 24 horiz=TRUE
Wf, R REKFE. RS RO LT ).

U MEE (WA 8.4) W] AR BN A THEAA LS BRI E X

dendl1<-as.dendrogram(hcl)

opar <- par(mfrow = c(2, 2),mar = c(4,3,1,2))

plot(dendl)

plot(dendl, nodePar=list(pch = c(1,NA), cex=0.8, lab.cex=0.8),

type = "t", center=TRUE)

< <
™M — ™M -
N - N
N ’7—‘ N
o - o -
— o [Te) [} < - N n ™ <
_ N I
N | | ——4
1 1
1 1
™ | == o L .3
| . |
| : |
~ 4 \ 5
| . A
1
1 2
- -
1
O_
I T T T 1
4 3 2 1 0
— [qV] n [e2] <

Kl 8.4: AFRZECTHIIERE

plot(dendl, edgePar=list(col = 1:2, 1ty = 2:3),
dLeaf=1, edge.root = TRUE)
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plot(dendl, nodePar=list(pch = 2:1, cex=.4%2:1, col=2:3),
horiz=TRUE)
par (opar)

B 8.7 3 305 Lt F FAMEAANKREARHR, 40540 KGR 8.5 FTw,
Hlax s A RAama s, KXEHA

dij = 1 — Tij-
3% K SB B SRAE & oA

& 8.5: FXTEZ[EHIEXRE

¥& FHK LKk THRK #E HE ME ML
T i) T3 T4 Ty Tg T s
%% | 1.000

FHK | 0.846  1.000

ALK | 0.805  0.881 1.000

TAREK | 0.859 0.826  0.801 1.000

£ 0473 0.376 0.380 0.436 1.000

FE 10398 0326 0319  0.329 0.762 1.000

FE | 0301 0.277  0.237  0.327 0.730 0.583 1.000

M 10382 0277 0345 0365 0.629 0.577 0.539 1.000

% WAMCRBOERE. EEEREF, HEIRE AR % helust O,
as.dendrogram() I plot(). AT (i REE MW ELHE, EHI—H iR
¥, THEMNG R T (¥4 exam0807.R)

i AR KA

x<-c(1.000, 0.846, 0.805, 0.859, 0.473, 0.398, 0.301, 0.382,
0.846, 1.000, 0.881, 0.826, 0.376, 0.326, 0.277, 0.277,
0.805, 0.881, 1.000, 0.801, 0.380, 0.319, 0.237, 0.345,
0.859, 0.826, 0.801, 1.000, 0.436, 0.329, 0.327, 0.365,
0.473, 0.376, 0.380, 0.436, 1.000, 0.762, 0.730, 0.629,
0.398, 0.326, 0.319, 0.329, 0.762, 1.000, 0.583, 0.577,
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0.301, 0.277, 0.237, 0.327, 0.730, 0.583, 1.000, 0.539,
0.382, 0.415, 0.345, 0.365, 0.629, 0.577, 0.539, 1.000)
names<-c(" F@ "," FHK ", LK "L TRK ",V KE L HAE ",
" HE )
r<-matrix(x, nrow=8, dimnames=1list(names, names))
#E ERRREHT,
##t R as. dist) WER R L BEEER M A RREONANER LM,
d<-as.dist(1-r); hc<-hclust(d); dend<-as.dendrogram(hc)
#it 5 —BNEF, RENEALEHLTEMAE, HEAHERE.
nP<-1list(col=3:2, cex=c(2.0, 0.75), pch= 21:22,
bg= c("light blue", "pink"),
lab.cex = 1.0, lab.col = "tomato")
addE <- function(n){
if (lis.leaf (n)){
attr(n,"edgePar")<-1list(p.col="plum")

attr(n,"edgetext")<-paste(attr(n, "members"), "members")

}

# B A AL

de <- dendrapply(dend, addE); plot(de, nodePar= nP)
PrizEIEanE 8.5 Frs.

LR R E (K 8.5) BRAFH, AR 2(FHK) 5§ vs( LK) BEE
MR FETREEER «i(BF) 5 va(PBIK) K. HEIFatdrf
BEPREGFHM R (FTLFRR K7 3K). FEEEGHOE vs(KE) 5 233
). FE IR o (M) EGERS, FeE «s(W5%). saaHar—k.

8. MK

TER IR MR E A JEE B E ? 30— >0 R R TR A,
BATIARKEN S NP AITIE, (HX E— A A EEEAY . H RTEAS 7%
H=Fh.
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«Q _
S 4
8-me=iber
© _| 4 members)
o
4 members)
N
o
N
o >y
2 membersy {2 members
Y Ny
>y
e _ b ¢ . o &
o
N ™ — < e} N~ n ©
X X x x x x X 3
g “ 8 > g 8 @
) AT Y Q : 4
z O w Q @ Q B N
2 w <

Kl 8.5: NAMRBLSR IR 1 2R 1A

(1) s —ABE. EdME R A, Sl—MRIATERE T, 2RK5
RZ R ERT T
(2) WA ROR . X s = AR R EAS,  mT A IR #Y
I A i 28R
(3) S, i — iR E 2R
(4) MRETE 2R B 2 0 SRR HEN.
Bemirmen (1972) $&H TARIEHFTE H BRI & 1E 2 870 RI7IE, FHiRitH—2
AR TE 2 B By HED
BN A ZRECHERLHIRK,
HEN B #iEnld, SRIUEHITRBAERS;
HEN C RA BT &5 B i
BN D R AL R R RIS IEA T, MAEE B 0528 B v & BUAR R
K.
£ R 8RR, S R0 M0 AR EUR rect helust ) BEK, ERIA
JRUR 1 25 78 SR AN 2 BEDR i 8 2GR 00, LA RIS ACH
rect.hclust(tree, k = NULL, which = NULL, x = NULL, h = NULL,
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border = 2, cluster = NULL)

AP tree fEHT helust ARANEEH. kBRI b ZIEREFTRYRIE, =
RO KA BB R T b border SRRk &, ARBIEIBMER Hith.

XFAAERBIR R R2EHrdr (L] 8.7), WeAs oy =28, Bl k=3, K
P SEE RN T -

plclust(hc, hang=-1); re<-rect.hclust(hc, k=3)

BEGE (v1), FEK (v2), LB (23), TR (24) IHEK, B (vs) N
K, KRE (z5), I (ve), M (27) K=K HETEME 8.6 s,

~ 4
o

L
o

Height
0.3

i

-

1802 x5 —\
|

EiO«3a x3
Ei,R x1
[AO«3a x4
bd:ix8
pais x7
Y18 x6

EO+03a x2

d
hclust (*, "complete")

Bl 8.6: N\ARBLIFEPRATIE 2 B AR 2B I

1E LidFEFH, plclust() RREUR T —Fi RIERIREL, 5 plot O KL
P DRI 205, HRARGE AR T
plclust(tree, hang=0.1, unit=FALSE, level=FALSE, hmin=0,
square=TRUE, labels=NULL, plot. = TRUE,
TRUE, frame.plot = FALSE, ann = TRUE,
main = "", sub = NULL, xlab=NULL, ylab="Height")

Ftree JEH helust ) RBAEMAIXTR. HMSHE plotO WEFHIZHAM
[A].

9. L6l

axes
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T A A LR A SR Sk S i TET A 4R O 3R 2R T T YR
5l 8.8 & 8.6 7|k T 1999 F4H 31 A4, W, BERGRALEREE-THE
ALFH BRI HEOANANEZZNE (EE) KB IANTEER

xrT — ??S‘E Ty — %ﬁ{%{% g — &%«%ﬁ?i”‘&ﬂﬁ%‘
Ty — REH ry — XiBHBIN r7 — JEAE
r3 — FERERSBERSE Ty — %A AR S

SARMRKIEHE, £-FH%, ks Ward 74 &R AR £ 4547

& 8.6: 31 Mg, ™. HiaXHBEMIHEE

€ T2 xs3 T4 Ts Ze X7 xs

b3 | 2959.19 730.79 749.41 513.34 467.87 1141.82 478.42 457.64
Kt | 2459.77 495.47 697.33 302.87 284.19 735.97 570.84 305.08
Wb | 1495.63 515.90 362.37 285.32 272.95 540.58 364.91 188.63
IIPE | 1046.33 477.77 290.15 208.57 201.50 414.72 281.84 212.10
WZET | 1303.97 52429 254.83 192.17 249.81 463.09 287.87 192.96
T | 1730.84 553.90 246.91 279.81 239.18 445.20 330.24 163.86
H 1561.86 492.42 200.49 218.36 220.69 459.62 360.48 147.76
HopT. | 1410.11 510.71 211.88 277.11 224.65 376.82 317.61 152.85
k¥ | 3712.31 550.74 893.37 346.93 527.00 1034.98 720.33 462.03
TLHR | 2207.58 449.37 572.40 211.92 302.09 585.23 429.77 252.54
WriL | 2629.16 557.32 689.73 435.69 514.66 795.87 575.76 323.36
R | 1844.78 430.29 271.28 126.33 250.56 513.18 314.00 151.39
EE [ 2709.46 428.11 334.12 160.77 405.14 461.67 535.13 232.29
YLPE | 1563.78 303.65 233.81 107.90 209.70 393.99 509.39 160.12
W% | 1675.75 613.32 550.71 219.79 272.59 599.43 371.62 211.84
TEE | 1427.65 431.79 288.55 208.14 217.00 337.76 421.31 165.32
#dE | 1783.43 511.88 282.84 201.01 237.60 617.74 523.52 182.52
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& 8.6(4): 31 NME. ™. BisRHBRMHHE

T ) XT3 Ty Ty Te XTr T

R | 1942.23 512.27 401.39 206.06 321.29 697.22 492.60 226.45
J7Z% | 3055.17 353.23 564.56 356.27 811.88 873.06 1082.82 420.81
J7PE | 2033.87 300.82 338.65 157.78 329.06 621.74 587.02 218.27
WG | 2057.86 186.44 202.72 171.79 329.65 477.17 312.93 279.19
HERK | 2303.29 589.99 516.21 236.55 403.92 730.05 438.41 225.80
POJi| | 1974.28 507.76 344.79 203.21 240.24 575.10 430.36 223.46
T | 1673.82 437.75 461.61 153.32 254.66 445.59 346.11 191.48
=4 | 2194.25 537.01 369.07 249.54 290.84 561.91 407.70 330.95
PEK | 2646.61 839.70 204.44 209.11 379.30 371.04 269.59 389.33
BEPYE | 1472.95 390.89 447.95 259.51 230.61 490.90 469.10 191.34
Hf | 1525.57 472,98 328.90 219.86 206.65 449.69 249.66 228.19
FHifE | 1654.69 437.77 258.78 303.00 244.93 479.53 288.56 236.51
THE | 1375.46 480.99 273.84 317.32 251.08 424.75 228.73 195.93
BriE | 1608.82 536.05 432.46 235.82 250.28 541.30 344.85 214.40

& SeRmABAE, EEREMTZET, MRS SRR, HERBIRE
KORRAEIR, SHEARIERRHEIL. S5, A helust O fERZEOT, A plotO) K
¥ iR E. BJEH rect.hclust () BHX ML 5 2.

T EANE R BT (FUF4:  exam0808.R).

# Fl RN X N
X<-data.frame(
x1=c(2959.19, 2459.77, 1495.63, 1046.33, 1303.97, 1730.84,
1561.86, 1410.11, 3712.31, 2207.58, 2629.16, 1844.78,
2709.46, 1563.78, 1675.75, 1427.65, 1783.43, 1942.23,
3055.17, 2033.87, 2057.86, 2303.29, 1974.28, 1673.82,
2194 .25, 2646.61, 1472.95, 1525.57, 1654.69, 1375.46,
1608.82),
x2=c(730.79, 495.47, 515.90, 477.77, 524.29, 553.90, 492.42,
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510.
613.
589.
437 .
x3=c(749.
211.
550.
516.
258.
x4=c(513.
277 .
219.
236.
303.
x5=c (467 .
224 .
272.
403.
244.
x6=c(1141.82,
376.
599.
730.
479.
x7=c(478.
317.
371.
438.
288.
x8=c(457.
152.
211.

71,
32,
99,
7,
41,
88,
71,
21,
78,
34,
11,
79,
55,
00,
87,
65,
59,
92,
93,

82,
43,
05,
53,
42,
61,
62,
41,
56,
64,
85,
84,

550.
431.
507.
480.
697 .
893.
288.
344 .
273.
302.
346.
208.
203.
317.
284.
527.
217.
240.
251.

337.
575.
424 .
570.
720.
421.
430.
228.
305.
462.
165.

74, 449.
79, 511.
76, 437.
99, b36.
33, 362.
37, 572.
55, 282.
79, 461.
84, 432.
87, 28b.
93, 211.
14, 201.
21, 153.
32, 235.
19, 272.
00, 302.
00, 237.
24, 254.
08, 250.
735.97, 540.58, 414.72, 463.09, 445.20, 459.62,
1034.98, 585.23, 795.87, 513.18, 461.67, 393.99,
76, 617.
10, 445.
.30),
84, 364.
33, 429.
31, 523.
36, 346.
73, 344.
08, 188.
03, 252.
32, 182.

75, 541

37,
88,
75,
05),
37,
40,
84,
61,
46) ,
32,
92,
01,
32,
82),
95,
09,
60,
66,
28),

74,
59,

91,
77,
52,
11,
85),
63,
54,
52,

557.
512.
537.

290.
689.

401

369.

208.
435.
206.
249.

201.
514.
321.
290.

697 .

561

281.
575.
492,
407 .

212.
323.
226.

32, 430.
27, 353.
01, 839.

15, 254.
73, 271.
.39, 564.
07, 204.

57, 192.
69, 126.
06, 356.
54, 209.

50, 249.
66, 250.
29, 811.
84, 379.

29, 428.
23, 300.
70, 390.

83, 246.
28, 334.
56, 338.
44, 447.

17, 279.
33, 160.
27, 157.
11, 259.

81, 239.
56, 405.
88, 329.
30, 230.

11, 303.
82, 186.
89, 472.

91, 200.
12, 233.
65, 202.
95, 328.

81, 218.
77, 107.
.79,
51, 219.

78, 171

18, 220.
14, 209.
06, 329.
61, 206.

65,
44,
98,

49,
81,
72,
90,

36,
90,

86,

69,
70,
65,
65,

22, 873.06, 621.74, 477.17,

.91, 371.04, 490.90, 449.69,

84, 287.87, 330.24, 360.48,
76, 314.00, 535.13, 509.39,

60, 1082.82, 587.02, 312.93,

70, 269.59, 469.10, 249.66,

10, 192.

96, 163.
36, 151.39, 232.29,

86, 147.
160.

76,
12,

45, 420.81, 218.27, 279.19,
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225.80, 223.46, 191.48, 330.95, 389.33, 191.34, 228.19,
236.51, 195.93, 214.40),

row.names=c(" JtxL ", " R, fde, v liEE L WS,

AT, vEEAR v, v By, v R, “LIR Y, "R,
", MR, "y, iR, e, A,
"R, AR, TR LR, CER S, I,
"EM O, mE R, BRPE , CHOR Y, B
TR, O HEE M

)

wh ERIEE AN, FRARE

d <- dist(scale(X))

hcl <- hclust(d); hc2 <- hclust(d, "average")
hc3 <- hclust(d, "centroid"); hc4 <- hclust(d, "ward")

wt U AEMREER (RKEH M LTS E)
opar<-par (mfrow=c(2,1), mar=c(5.2,4,0,0))
plclust(hcl, hang=-1); rel<-rect.hclust(hcl, k=5, border="red")
plclust(hc2, hang=-1); re2<-rect.hclust(hc2, k=5, border="red")
par (opar)
HERME 8.7 f7s.

T A K BE B AR 2 09 FL 2R 00 )

F—K: TR
ST WL, v, lEE. T HAR BRI TUn. K.t L.

2R, Mg, WAL, WImE. TOVE. MR, EIR WL BN, mEE. BRYE. H
. B TR, Frim

=% K

SO KHE. #iL

FHE: A, L
7 2 PR 2 89 12800 ) 2

F—K: TR
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[e¢]
| _
< % :
. oA TH e i e
ey
(=] O SSCCL S dDg@ OIS gy S Og O OO gl
= 'S XEX X ITOE o) o) T
C O m®® © cCCcCC © © ®© C C C
T aWMhNMWNM@mwwwmmm@ﬁNNwmowm 5865
NE<N TP 828F8ccE "SR5 S2IGRT28530c
<5 UHFUHhGheqm CPcESTT 2T S0P UNg
O~ 0 v n= Jgg”> 08 XEEN[ &
() — 7))
L] z zO
T
Province
hclust (*, "complete™)
(e}
| |
. % A e e o]
= O
ey
(=) OICE S C o g EO OSSEOCITSCCDOHODODODIS C ] O]
5] E RS B S BRBER 2 o8N NOBSECCENS c
T Bz 25 2228 2808 TS To5 0252850228558
|aauaaUHC H.IvA|nn c SO O.Jngan ™
KESLICT 257 £ 252022 2882 =
on nE X O n= uOTMJY N
n [) |
L] pd T ©
T

Province
hclust (*, "average")

] 8.7: 159 AR 3E R IR AR ISR (1)

FT K, Wb, WP, WS, T, HAR BRI, V0N, L. EE.
LPE. IR, . idb. . JUVE. MRS, EER. WL SN, BEE. BE
. H. Tl TE. FiE

=% TR

S B

FRZE: L. Wil

#it S ERAE R EFR (B EM Ward %)

opar<-par (mfrow=c(2,1), mar=c(5.2,4,0,0))

plclust(hc3,hang=-1); re3<-rect.hclust(hc3,k=5,border="red")

plclust(hc4,hang=-1); re4<-rect.hclust(hc4,k=5,border="red")
par (opar)
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BT VUK
SB=,: KM, Wb, IR R #dL,. Wi, EER. WL . B
S| v, j5ah. LT AR BRI HR. 58 TR
SBHE: LB M L. WIRE. TP, R SN BRPY

PRI RS ZEA REARF A, AR AR Y, TRIRTE A i BdE 5
TSP AR MR SR SR BN & FE .

8.2.3 EEREE

RGERIGE—YIL R LG A BB, 12K — IR 280015 LU HERA,
XFor R T IEAR AL Y EOR, AV AR B AREDR. 1 Q BARSER KL,
REH S TR RTEAEA M B B R Ry 2l EEAT, SRR RN, FESHE
RAERETT AN, 11 HAEFIL RS, TR RSN A REAS 18] 4 B &
B—ILAREE, DAtk VoG RS, T BBARRY TSR, By PAXE T RRRAR ]
B, Q BARGERAE AT RE 2 TSI P A7 S S Ik a] A IR 1 1 JE ik 264 T35,
XV R —ERIAME. ETXMEL, 7E T hERE, MaSREE.

HAERENIRNZ SRR, HAEABERE, FFipcmtr—T128, K5
IR R AL B G R 728, ERR S G H N 1L, XM —
MERAR T IEER. EFIHERATRREEUD, S5 AABJ7 1% 1/ B
om, EHTREARR Q IR

RTIERBENFEXERAMEN AT, B —4& (ZTory EFE
B, BRGNS, ACRTFENW, EHEAUEXTENSE . XENMH
HTEhAERER R KE — kmeans O BR%L.

kmeans O PRECRHRE K— WEITE, RRMHEMEUTE, &5 H Mac-
Queen 7E 1967 SE4& K, FEEFZ AXTMAE TiF2 8. kmeans O RREUHI
ke

kmeans(x, centers, iter.max = 10, nstart = 1,
algorithm = c("Hartigan-Wong", "Lloyd",
"Forgy", "MacQueen"))

Hrp x & AR B B E,  centers ZRISHIMEEFH ZWIGHIEH)
b, iter.max A RKEAIREL (BE(EHR 10). nstart VLS DE (H4
centers HRBHMNEAT). algorithm KINBEIEM L (A {H Hartigan—
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Wong 751%).
5] 8.9 K— 3{h7 % ( kmeans() K4k ) 4] 8.8 4 ey 31 NA, T, BER
695 TP RATR L 54T,

& 51 8.8 —H, AHEREHREER LW, SSEBIIERELE, &
JE T kmeans O REUESIARIRE, A SRTHMNEELE, RWMEEEER 5.
$L1LE#E "Hartigan-Wong", RIBRAIRES.

km <- kmeans(scale(X), 5, nstart = 20); km

153
K-means clustering with 5 clusters of sizes 1, 1, 16, 10, 3

Cluster means:

x1 x2 x3 x4 x5
1 1.8042004 -1.12776493 0.9368961 1.2959544 3.90904835
2 1.125525656 2.91079330 -1.0645632 -0.4082114 0.53291392
3 -0.7008593 -0.33291790 -0.5450901 -0.2500165 -0.54749319
4 0.2646918 0.04585518 0.2487958 -0.34056821 -0.01812541
5 1.8790347 1.02836873 2.1203833 2.1727806 1.49972764
x6 x7 x8
1 1.6014419 3.8803141 2.01876530
2 -1.0476079 -0.9562089 1.66126641
3 -0.6131804 -0.5420723 -0.57966702
4 0.2587437 0.2874133 -0.02413414
5 2.2232050 0.9583064 1.94532737
Clustering vector:
do Rk W WP EE DT EA SORIL B DR WAL
) 4 3 3 3 3 3 3 ) 4 5
TR MR TV IR W B Wie AR T R ER
3 4 3 4 3 4 4 1 4 3 4
AL BN mEE PR BREE HOR Fl THE R
4 3 4 2 3 3 3 3 3

Within cluster sum of squares by cluster:
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[1] 0.00000 0.00000 30.14432 22.12662 10.19134
Available components:

[1] "cluster" ‘'centers" "withinss" "size"
XH size RIRGRWNE, means FIRFRAY(E, Clustering FREXE
3 JEAF L.

FETEHRRIREHHREN, H sort() MEL (sort (km$cluster)) X453
FRSEE Y, JHEAGEE

F—%: R
BT VUK
SB=: WL, v, lEE. T HAR BRI, LR YL, TR, R

SO BRYE, HOR. HiE. THE. FE
SO KEE, {LUn. M. AR, WAL, Wi, R, ER. WL =
SAHE: Jtnt. LE. #IL

E2FiVAN
8.1 ML, SREGRGERE X, RARMGEBE (LELBRAZE)
* 8.7 BEESERENE

A I

X\(GRAE £) Xo(Ei% £) X\GRAE £) Xo(Ei8 %)

—1.9 3.2 0.2 0.2

—6.9 10.4 —0.1 7.5

5.2 2.0 0.4 14.6

5.0 2.5 2.7 8.3

7.3 0.0 2.1 0.8

6.8 12.7 4.6 43

0.9 —15.4 1.7 10.9

12,5 925 2.6 13.1

1.5 1.3 2.6 12.8

3.8 6.8 2.8 10.0
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Xo RARPR T RIS T RHGAANZTZE F. LA — P LA FE 098 A, ok
8.7Fra. A WF 21 =81, =20, KFFRHRTREZFRARLTR?
S AR SER 5], Bayes ¥ 9] (£ B 240 R 57 £ RRA@AER ) 4 Fisher
FI I RAT BRI E 289 253k

8.2 XEMME S B EEA (( [), BILEZX (1) RESHEL
( IIT ) 895388 7. IEFNGEERLIR 8.8 . RASERH A (X5 £
AaFBl 55 £ B MAFER ). Bayes ¥\ 3] (£ &7 £ B 55 £ B @mAER,
BB 11/25, 7/23, 5/25 ) M H AR .

% 8.8: 3 X 23 AR OHEEREE

Lo £ 7 xq T2 Z3 Ty
1 I 8.11 261.01 13.23 7.36
2 I 9.36 185.39 9.02 5.99
3 I 9.85 249.58 15.61 6.11
4 I 2.55 137.13 9.21 4.35
5) I 6.01 231.34 14.27 8.79
6 I 9.64 231.38 13.03 8.53
7 I 4.11 260.25 14.72 10.02
8 I 8.90 259.91 14.16 9.79
9 I 7.71 273.84 16.01 8.79
10 I 7.51 303.59 19.14 8.53
11 I 8.06 231.03 14.41 6.15
12 II 6.80 308.90 15.11 8.49
13 II 8.68 258.69 14.02 7.16
14 II 5.67 355.54 15.03 9.43
17 II 3.71 316.32 17.12 8.17
17 II 5.37 274.57 16.75 9.67
18 II 9.89 409.42 19.47 10.49
19 111 5.22 330.34 18.19 9.61
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& 8.8(4K): 3 £ 23 ARIUEHEEREE

Lo % A Ty L2 3 Ty
20 I 4.71 331.47 21.26 13.72
21 I 4.71 352.50 20.79 11.00
22 I 3.36 347.81 17.90 11.19
23 I 8.27 189.56 12.74 0.94

8.3 ATEREANRTMARE AT AAFE KRR, AR 1990 FoEAFES

BB EE 0NH, BET, BERFARESMN. REKSEIK 8.9 FTF.

& 8.9: 1990 FLEAOEEXLIEFATLLS]

#RX | DXBZ C(CZBZ WMBZ | 2R | DXBZ CZBZ WMBZ
bw 9.30 30.55 8.70 7Té | 0.85 26.55 16.15
R&E 4.67 29.38 8.92 Ak | 1.57 23.16 15.79
Tk 0.96 24.69 1521 | #Ad | 1.14 22.57 12.10
L 1.38 29.24 1130 | T & 1.34 23.04 10.45
HEH | 1.48 25.47 1539 | ;S & | 0.79 19.14 10.61
7 2.60 32.32 8.81 Ed | 1.24 22.53 13.97
BN 2.15 26.31 10.49 | @) | 0.96 21.65 16.24
B iz | 214 28.46 10.87 | 3t#H | 0.78 14.65 24.27
i 6.53 31.59 11.04 | =& | 0.81 13.85 25.44
5N 1.47 26.43 1723 | \& | 0.57 3.85 44.43
iz 1.17 23.74 1746 | =& | 1.67 24.36 17.62
e 0.88 19.97 24.43 | H5KF | 1.10 16.85 27.93
(=3 1.23 16.87 15.63 | &4 | 149 17.76 27.70
i 0.99 18.84 1622 | 77 | 1.61 20.27 22.06
L A& 0.98 25.18 16.87 | #5& | 1.85 20.66 12.75

Wk T ZA A

éy\

(1) R F R ESAAZE AT & ASA T Ef] (DXBZ);
(2) #1F IAAZ B AT E2AR S (CZBZ); (3) XEFXLFAD HAH
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A dgeed] (WMBZ) 5\ R &k Rik35 %, FF. BAALAZ B AR GRA,
(1) T HHARE Buclide SE&, HARNRKIEH K, WMHEE TOEA Ward
ERESA, FERAAPGELAR. wRETAHASH 4 £, REHEA T
RS R ER,
(2) ANERET i,k (BAHH 4 %), hiafegrLsXR.

8.4 A S MAEE KA (LF ZFH) 3.17 Pk 3.5) 69 B & Z4EF £ o947,
HHFEENHELABRMEAT TR GAMELK (¢;), BBEIXXAH dij =1—c;. 57
RAmKIEHEE, Wk, Tk Ward BERESAH, FE B4 megit 42 A,
R KITHEEEHH 5%, REBEMAT Rt95£4ER.



gAE KASTH (1)

B —FSr 241 T AR SR I i, X PR i 2 AL B R4 73 28 TR AL
RENBLZ T R8I WA — AT, BT A ST
X =R SE ] R X AR AR AL B, BRI A3ETR5y, RE X
XA HAT TR ER, BRI RAIFEL L.

5 L—8ME, AENELERBEM R KARET EMD . BT
AT RIS AR SC o AT, X 25 Fh oA Bir F 21 B & AR fRT B 4.

9.1 FHAH

EHAHSM (principal component analysis) J&H ZH LN RO G445
FREO—FHGEI ST I, St Pearson(1901) 8, B8k Hotelling(1933) % J&
T. SRRSO FE A M AR A R B R I X
5 A R B R A 4R 0 (3 8., BT 3 S A A R P

AN
-

9.1.1 EHEKS

1. ERSHEXSFH
WX 2 p 4EREPLAS R, FHRE 1= E(X), ¥ = Var(X). HEA LM

(7, =al X
Zy =al X
T (9.1)
| Z,=al X
W,
Var(Z) = alYa;, i=1,2---,p, (9.2)
COV(Ziuzj) = a,irzajv iv.j:1727"'7p7 Z%j (93)

HMwmE 20 FEBEIREKR, B an BRI

max a'Ya

s.t. ala=1

497
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W B, a1 J2& B RFHEME (R \) ARRE i B, B8 20 = of X
B—FERGT. B, FE 2, W EBRIRK, FFHER COV(Zl, Zz) = a{Zaz =
0. BT a1 & N\ WRHEM &, FrlA, EBW ax W5 o IEAZ. TR H#
T, ap JE X B TRIHEE (AFVR No) WEHMERE. R 72, =) X AEE
T
—MRAFOL. X T HITEME X, FFFEIESCEE Q, ¥FEAL YR Ak, BT
A
A2

Q'SQ = A= ) , (9.4)
)‘p
o> d > o> A, 0 Q 8958 0 SIRMILT a:, MIRLHT Z0 W25 0 £
2. ERA MR
SEF EMA I T HEIR:
(1) LA HIER I 2.
i
Z1 A1
Zo B Ao

BT
7 =0Q7X, (9.5)

Br A

v = E(Z)=EQ"X)=Q"E(X)=Q"y,
Var(Z) QT Var(X)Q = QT¥Q = A.

(2) ERIH BT,
T
tr(A) = tr(QTEQ) = r(2QQ") = tr(S),
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FirLA,
Z)‘_ZU” B ZVar ZVar

HIFTUE N, EMSaHrE p MEBER X0, Xo, -, X, WETESRRT p
MR R 21, 2o, -+ -, Zy WITTZEZFL.

FREFZERE « NFERD Z HHH N/ éki RHESRS Z; MTTRE. F—
FEHS Z) BTk ER K, RIACTHBERGEE X0, X, -, X, WRE 150k, T
Zoy Zsy -+ Zy BIIRRERESIRUGE IR, ERU AT B RN T AR =y A
¥, Fm—BEASERAIEN p NFERST, %%*&ﬁﬁd\ﬁ%é’ﬂ%ﬁiﬁ, ¥
NG BT ZHORRKBIRE. BRET m DR ST 2 Al ;Ai/ ;/\i HE
By Zy, Zo, - -+, Z BWIBRRRTTRRE, BRW 21, 2y, -, Z BFE X1, Xo, -+, X,
HIREST. AHXSF p, EEBEING m, F15BFTTRE LS — MW E S (I
80% Z 90%). BLit, Zi,Zs, -, Zpn FIHRAE: X1, Xo, - -+, X, IKFIELER H
Ky, e ERIHREIAR L.

(3) FarA & X, 5ERS Z Z[EEyHe K5

B (9.5), Al
X =07 (9.6)
2l

Xj=qpZi+qpp+ -+ qipy, (9.7)

FirLA,
Cov(X,,Z;) = Cov(g;;Zj, Zi) = qjiNi, j,1=1,2,--- (9.8)

Cov(X,, Z; i

p(X]>Zz) = V( 4 ) \/_%za ]> 1>2a"'ap' (99)

VVar(X;)y/Var(Z;) /955

FESERRM A, EH RN X; 5 Z FHE R B,

(4) m AR R IR AR B TR,

AT P2 RGTIE X MRS E R T m AW 21, Zo, -+ Zn RS
A X1, Xo, o X, PREUERZD, A 21, Zo, -+ Z, BEF X;( =
1,2,---,p) WZPE RN XAt ABIORERYE ? XMERE X; 5 21, 2,
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oy i WEMRRBETTT, WA m AEWRIDY Z1, Zo, -, Zn WFIRE R X;
MR, 104 07, BI

Praem =D PG5 Z) = Y Ndii/ 0 (9.10)
i=1 =1

Xt (9.7) Pl 2, 53]
05 = @hM + Gpda + -+ @G, (9.11)

HF ¢+ @+ + @, =1, 8 oy bR =& A, Ao, Ay BIIIACTE.

p p
Pty = )P (X5 Z) = ) Ndiifoy; = 1. (9.12)
i=1 =1

(5) JEHRAS B F o3 1 R .
3 (9.5) WATAFRR AL

Zi = q1i X1+ q2iXo + -+ qpi Xy,

B WA EROESR § DNEIRARR X, ERYEST, BERET X X Z fEE
R

3. MAEXFERFHARERS

YR BAA MR, SR AAAR, (HA R E AR E R /IME B
B, BN ZRE ¥ AT ERD IR BAAZ. N T EM T
eI FRI PR — AR AR AR B, THBR T S ALA R B T REH ORI SE IR, B ORI
G AR HEL AL B, FP4

X — 1
V9ii

B, Xt = (X7 X5, X))T MOTERREE X AR RS R.
MAHSCHERE R S i £ Ik S N7 21 X i S iy £
JiksE M, IF HAFEI 89 E R B — BE P U N



9.1 EMS i

201

&)\T2)\32...EAZEOﬁﬁ%%ﬁ%RE@p/I\%?E1E, ay, ag, -

FAN B EATARAE F i, HAHEIESS, WIAMNAY p AEBST R
Zr=a"X;, i=1,2,--,p.
Y7 = (2,25, 237, QF = (a}, a5, -, ap), FHE
Zr = QX"
KT R 8 T4 A TR
(1) B(Z*) = 0, Var(Z*) = A*, it A* = diag(\[, A, -+, A3).
2) XA =
(3) &l Xr HEM Z7 Z IR FREL
p(X5.Z7) = /N, Ji=1,2,-+,p.

(4) £ 27,25, -+, Zy XF Xj H Tk

m

=1

p
Pitp = Zp (X5.Z0) =) Ngsi =1
=1

9.1.2 HERERS

p

BT IR RS SR E RSy, TAESERR M, — B ARRIH 7 2R X 2

KHRE R AR, #&EESFAARMS T

-& X(k) - (xklasza e 7$kp)T (k = 172a T 'an) j@ﬂéﬁ«%\ﬁ: X E/‘J#zl:; ia#

AR R A

T
i1 Ti2 o Tip X(1)

To1 T2z T X(Cg)
X = = | 7] =X X, ),

Tn1 Tp2 - Tpyp XT
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Hot X FRHERBARERER AT, X SRR R 551, Brih, HEA

M7 R S Ty

R — _
S = n_ 1 Z (X(k) — X) (X(k) — X)T — (Sij>pxp’
k=

—_

Hot

— 1
X:—EjX:--m-T
n (k) (xlvx% 7xp) )

1
Sij = n — 1 Z(xkl jl)(xk] - x])? Zaj = 17 27 7p
k=1
REEARRIHIIERE R K
1 . * x T
R = n—1 X k)X(k) (Tz;)pxp,
k=1
Hrr
X* _ |::Ek1 —T1 Tka — T2 . Tkp — :i'p
(k) \/E ) \/@ ) ) Sop )
Sij .
ij ) yJ = 1727"'7 .
Tij /5555 4] p

1. M S HAXRERS

B > Ao > >\, > 0 gRERT T2 S BIFFILIE, a1, a0,
R BAALRHE i, HARMIESS. WIS @ MEMY 2 =af 2, i=1,2,- -

T = (x17$27' : 'axp)T' /7\’\
Z = (21,22, t '>Zp)T = (a'1>a2> t 'aa'p)T$ = QT:E>

Hir Q= (a1, as, - '7ap) = (%‘j)pxp-
THMEEFEA TR, 2

Zgy = Q" X,

©, Ap j%]*ﬁ
,p, Hor
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AR A R
211 Z12 0 Zp Z(Tl) X<T1)Q
Zal Zn2 ot Zmp ZE, XhHe

= [Xal,Xag,---,Xap] - [ZlaZQa"'azp]a

Horp Zgy FREARERAEAT,  Z) FoRHAEMTHIES.
Xt T REAS A dn R
(1) Var(Z;) = \;, 7 =1,2,---.p.
(2) Cov(Z;,Z;) = 0,1, =1,2,---,p, i#]j.
(3) BEA R TT 22

p p
> s =D N
j=1 j=1

(4) X; 5 Z; FIEARMHR R

T(Xjazl):—qﬂv .]7@:1727"'7]9'

v/ 545

TESERRI A, W HOR AR o0k, XA I 20 S. B R+
AR R

(X —X)"
_ Xy — X)T
X 1XT _ ( (2) . ) ’
(X —X)T
Hedr1=(1,1,---,1)7 € R*, Xt E RS EEEH

Z11 %12t Zip Z(ji) (X(l) - Y)TQ
7 _ Zo1  Re2 vt Zp | Zé) _ (X - X)'Q
Znl  Rn2 "t Znp Z(J;L) (X(TL) - Y)TQ

2. M R H&ARERS
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WA >N > > A > 0 WREAMERNE R BIHER, ol ) N
IR RS E TR, FLBILE S

A

5
Zy = Q"X
Het Q = (af,a5,-- -, a}), HIWFEAERITH
Gk o A [Z0' ] [Xo
S | ]
anoa oAl L7001 LX)

= [X%ay, X*ay, -, Xay| = [Z], Z5, -, Z,

s Zpl;

Hoir 70 FRHAREBNNEAT, 2 RAHAR LM HI5 .
X TR R AT
(1) Var(Z) = X5, j=1,2,--+,p
(2) Cov(Z:,Z;) =0,i,j=1,2,--,p, i#j.

(3) YA =1.
j=1
(4) X5 5 Z7 WIREAHICEREL
r(X5LZ0) =V qiis Ji=1,2,-,p.

9.1.3 #B¥*M R FELL R SLH|
THEAES FERA AT SR R

1. princomp F#k
VEF B> 0T e E B R B princomp () RREL, HAEFAREA N

princomp(formula, data = NULL, subset, na.action, ...)
oAt formula EERA MR 230 CEMUEIH 2, J7 2204, (EIen B AL f).
data SERIEHE CREATRIA2Hr, Tr&Eanth). S

princomp(x, cor = FALSE, scores = TRUE, covmat = NULL,
subset = rep(TRUE, nrow(as.matrix(x))), ...)
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Hor x BT 2R AR, UBERE R SR EREXSG H.  cor &2
B/, %4 cor=TRUE F/m FIFEAMMKHERE R /EFRIr 04T, 24 cor=FALSE
(GREME) R AR T 208 S fEER M. covmat 27 20, AR
¥R x 24, wdbhor ZeRat. HaSE 8 AL
prcomp () BRI E X 5H %S princomp () RREUAHIF.
2. summary K%
summary () 5 BIEp AR FIEAE R, HH @ RERERE R, HAEH
AN
summary (object, loadings = FALSE, cutoff = 0.1, ...)
Hr object &M princomp () FBE|HIXTS. loadings & #AN i, 24 loadings
= TRUE R/ loadings HYAZY (RAS XAE FIERY loadings(O) ME%K),
loadings = FALSE N'AE7R.
3. loadings Fi#§
loadings () PRECE WR ER AT H T4 loadings(Fifr, UWHIF
SHT) BN, TEER AT, XA LR BRSO XY R #55,  RIVETE 2
ProvIEsCHE Q. 7ZER T, HNEHUEEAM A TR, loadings () %K
i A
loadings(x)
Hrp x JEH R princomp () BY factanal O) (JLIAT404T) 152HI X 4.

4. predict FK#

predict O FREUZTIM LA I(E CRELTF EIEMT A6 ITIE), HAEH
W)
predict(object, newdata, ...)

i object J&H princomp() REIMYXTLR. newdata Jpy BTl {E ) A Rt
HE, 4 newdata SRR, FMCARHEA E W E.

5. screeplot K%
screeplot O PRECREHE H ERLTBIEA K, HA A

screeplot(x, npcs = min(10, length(x$sdev)),
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type = c("barplot", "lines"),

main = deparse(substitute(x)), ...)
Hrr x Zf princomp () BEMRER. npes ZHEH M FRTHINEL  type 2
R E A BRI 2EAL, "barplot" BH FEIZAL, "lines" FHZKIZAL

6. biplot F#

biplot () i HHHE I T Ao B RO BRI AR AR TE /o> T8 J7 T,
i Al

biplot(x, choices = 1:2, scale = 1, pc.biplot = FALSE, ...)

Hrr x W princompO) fFFIMRR. choices JZIEFRMN T, SREMEZESH
1.5 2 E£/4r. pc.biplot EEHASE (44 {H N FALSE), 24 pc.biplot=TRUE,
F Gabriel (1971) 48 H A i ] 7 vk

7. £f

T T 5 BRI T A 28 B ek RO 158 A O
Bl 9.1 (Hreg A BRI S bR F RS HT)

X FFEMMBREFE 30 2%4E, MR FS (X)), hE (Xy) . MWE
(X3) Aot By (Xy), & Adek 9.1 FTow. RAIX 30 &7 % A F hvd FAGATE AR
E RGO

% ABIEEREX M AZSE. M princomp O YEEMIT0T, HIETH A2
B, EEEASCHE AR E N i &2, B, XEEHENSEHUE cor=TRUE. &
Ja H summary O $H FER P E9E, XEEPE loadings=TRUE. DL N JEAHN Y
P (F2F¥4%: exam0901.R).

#it I BCEER X N BE
> student<-data.frame(
X1=c(148, 139, 160, 149, 159, 142, 153, 150, 151, 139,
140, 161, 158, 140, 137, 152, 149, 145, 160, 156,
151, 147, 157, 147, 157, 151, 144, 141, 139, 148),
X2=c(41, 34, 49, 36, 45, 31, 43, 43, 42, 31,
29, 47, 49, 33, 31, 35, 47, 35, 47, 44,
42, 38, 39, 30, 48, 36, 36, 30, 32, 38),
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F+ 9.1: 30 HhF4 B FNOTIEHREIE

Ay X X X5 Xy | Y X X Xy Xy
1 148 41 72 78 16 152 35 73 79
2 139 34 71 76 17 149 47 82 79
3 160 49 77 86 18 145 35 70 7
4 149 36 67 79 19 160 47 74 87
5 159 45 80 86 20 156 44 78 85
6 142 31 66 76 21 151 42 73 82
7 153 43 76 83 22 147 38 73 78
8 150 43 7 79 23 157 39 68 80
9 151 42 7 80 24 147 30 65 75
10 139 31 68 4 25 157 48 80 88
11 140 29 64 74 26 151 36 74 80
12 161 47 78 84 27 144 36 68 76
13 158 49 78 83 28 141 30 67 76
14 140 33 67 7 29 139 32 68 73
15 137 31 66 73 30 148 38 70 78

X3=c(72, 71, 77, 67, 80, 66, 76, 77, 77, 68,
64, 78, 78, 67, 66, 73, 82, 70, 74, 78,
73, 73, 68, 65, 80, 74, 68, 67, 68, 70),
X4=c(78, 76, 86, 79, 86, 76, 83, 79, 80, 74,
74, 84, 83, 77, 73, 79, 79, 77, 87, 85,
82, 78, 80, 75, 88, 80, 76, 76, 73, 78)

)

wnt (EEHA A, I BTN 4 R

> student.pr <- princomp(student, cor = TRUE)
> summary (student.pr, loadings=TRUE)
Importance of components:

Comp.1 Comp. 2 Comp.3 Comp.4
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Standard deviation 1.8817805 0.55980636 0.28179594 0.25711844
Proportion of Variance 0.8852745 0.07834579 0.01985224 0.01652747
Cumulative Proportion 0.8852745 0.96362029 0.98347253 1.00000000

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4
X1 -0.497 0.543 -0.450 0.506
X2 -0.515 -0.210 -0.462 -0.691
X3 -0.481 -0.725 0.175 0.461
X4 -0.507 0.368 0.744 -0.232

TE FiRFEF A, 15/M] student.pr <- princomp(student, cor = TRUE) AJ
PAPCHYE, student.pr <- princomp(~X1+X2+X3+X4, data=student, cor=TRUE),
P TS Y

summary ) PREFIH T ERA TR EZ(FE, Standard deviation 4T
KW RETER O IELR, B EM 007 Z0TFT7, Wl RS FEE A,
Ao, A3, Ay BYFFJT.  Proportion of Variance 473/ HYE T 25 A STk XK.
Cumulative Proportion f73R/RHISE T 20 RF TR,

HF7E summary pREAIZHPIEI T loadings=TRUE, [ H T loadings
(Bfr) MNE, B LR FERM AN T RGEE X, Xo, X3, Xy BYREL, BIAT
A AR Q. I, &3

Zr = —0.497X7 — 0.515X; — 0.481X7 — 0.507X],
Z; = 0.543X7 — 0.210X] — 0.725X} + 0.368X,

BRI E R 0 RBTTIRE TR F] 96%, AP AFRA T &L, BT
ZERT H .

5 1 BRI R BT SEAR, HEAE 0.5 4, ERBRT TS
SRRERREE: BMCERI A, My 4 AR ARG EOR, B, 28 1 Eior
AMERLEC D (B8 RB M TUE); TSR/ N2, Ml 4 305 R4 FLR
N, BB, R 1 ERAEXHEREOR. AR 1 £ A R/ANA T 26 2 E
REEESEERE, F 2 EROMERIFERRZ?A A, 2 2R
EBU/N AR A R, B, BRER 2 Er A RIE I 1
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HNE— T EHEARHERTHIE (H predict O EE).

#### 1ETON

> predict(student.

© 0 N O O b W N =

e e
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26
27

Comp.1

.06990950
.59526340
.84793151
. 75996988
. 73966777
.10583168
.42105591
.825683977
.93464402

2.36463820
2.83741916

.60851224
.44253342
.86630669
.81347421
.06392983
.556561022
.07392251
.52174212
.14072377
. 79624422
.28708321
.25151075
.05706032
.08596855
.16367555
.37265053

pr)
Comp. 2

.23813701
. 71847399
.38956679
.80604335
.01718087
.32284393
.06053165
. 78102576
.58469242
.36532199
.34875841
.21278728
.16769496
.05021384
.31790107
.20718448
. 70439674
.06763418
.97274301
.02217881
.16307887
.35744666
.25555188
. 78894494
.056775318
.04317932
.02220972

Comp.3

.35509248
.32813232
.09731731
.04945722

0.36012615
0.18600422
0.21093321

.27557798
.08814136

0.08840476
0.03310423

.33398037
.46918095
.37720280
.03291329

0.
-0.

04334340
33126406

0.02283648
0.12164633
0.37410972
0.12781270

-0.
-0.
-0.
0.
0.
-0.

03962116
55617325
26552109
62110421
24481850
23378320

Comp.4

.266120139
.118056646
.279482487
.162949298
.358653044
.036456084
.044223092
.0567288572
.181037746
.045520127
.031146930
.210157574
.162987830
.358821916
.222035112
. 703533624
.007551879
.048606680
.390667991
.129548960
.294140762
.080991989
.109068939
.388088643
.218939612
.560248997
.257399715
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28 2.16097778 0.13733233 0.35589739 0.093123683
29 2.40434827 -0.48613137 -0.16154441 -0.007914021
30 0.50287468 0.14734317 -0.20590831 -0.122078819
A 1 EFRE, BUMUULAMER 25 SHA, 3 SHARM 5 SHEA,
P I LA 52 A S S 17 11 SRR, 15 AT 29 SHEARBIRY(EEL
K, PEHLZ LA B BB
I 2 BT RE, BRIJUVMER 23 SHEA. 19 SHAM 4 SHA,
B LA 2R T e B T 17 SRR, 8 SHEAR 2 SHEARR Y
EHED, WU 2ESMET B AL
] H T Y R R AT .
> screeplot(student.pr,type="lines")

SRGERH A, HEDEWE 9.1 Prs.

student.pr
nw _ o
(s2)
o
S
o
<
g o |
o o
K
S @
©
—
[Te)
g
o
o | \o )
© | | | |
Comp.1 Comp.2 Comp.3 Comp.4

&l 9.1: 30 24 = A B R TR AR K S Ao Y B A ]

AT AE I TER 1 BRI 2 M FARNEULE, FLEDEME 9.2 fr
e NZEURIE T LMRA & i MRS AR T R AL, 25 S, W
Serp R m T AR, 11 5 15 5y MR AR T Al AL 0 23 5,
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-6 -4 -2 0 2 4
| | | | | |
< 23
o
19 - ¥
4 24
N
S = N
X1 3
X4 1 6 11
. 21 163, 178
[N S 2 5 20 1&7 L o
g X2 13
8 22 1015
~ 29 BN
Clj ] X3 9 ) I
8
- Y
<
o' —]
|
| ©
|
17
I I I I I
-0.4 -0.2 0.0 0.2 0.4
Comp.1

K 9.2: 30 = E A B RTEAR BRI T 50 1 ER A 2 R 8RB

WRLbe AR T R AL, W 17 5. AW R T IERAIE, W26 5, S
%

9.1.4 EMAHTHIR A

X /N B REE N RS R N, — AR R 2N, B—A
& 3243 TR A el A

1. £S5
Bl 9.2 # 128 A F THIF AT N E, BALENF 16 Adets: F & (X1).
g (Xe) . ME (X3). k& (Xy) . #BK (X)), T# (X)), FK (X7). A
B (Xs). 1M (Xo) . BH (X)) BAF (Xu). B (Xi2). K (Xi3). W
Bl (X14). JBE (Xi5) Feftft (Xig). 16 RAetredtn L% R dok 9.2 T (B
TAaXsE R ARG, RAEBETZASy) AAMXEE R EREFEZRSD
#r, * 16 FAIRETHE.
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= 9.2: 16 G HIETREIENBXER
X1 Xo X3 Xy X5 Xe X7 Xg Xo Xio X1 X2 X3 X1 X5 Xis

X7 11.00

X2 10.79 1.00

X31{0.36 0.31 1.00

X410.96 0.74 0.38 1.00

X5 10.89 0.58 0.31 0.90 1.00

X6 (0.79 0.58 0.30 0.78 0.79 1.00

X710.76 0.55 0.35 0.75 0.74 0.73 1.00

X35 10.26 0.19 0.58 0.25 0.25 0.18 0.24 1.00

X9 10.21 0.07 0.28 0.20 0.18 0.18 0.29 -0.04 1.00

X10[0.26 0.16 0.33 0.22 0.23 0.23 0.25 0.49 -0.34 1.00

X41(0.07 0.21 0.38 0.08 -0.02 0.00 0.10 0.44 -0.16 0.23 1.00

X12(0.52 0.41 0.35 0.53 0.48 0.38 0.44 0.30 -0.05 0.50 0.24 1.00

X43(0.77 0.47 0.41 0.79 0.79 0.69 0.67 0.32 0.23 0.31 0.10 0.62 1.00

X14(0.25 0.17 0.64 0.27 0.27 0.14 0.16 0.51 0.21 0.15 0.31 0.17 0.26 1.00
X15/0.51 0.35 0.58 0.57 0.51 0.26 0.38 0.51 0.15 0.29 0.28 0.41 0.50 0.63 1.00
X16(0.21 0.16 0.51 0.26 0.23 0.00 0.12 0.38 0.18 0.14 0.31 0.18 0.24 0.50 0.65 1.00

ff: HOCMIAMSCHERE, FH princomp O XHISHFEIE LM, fo)a
H AR AR —, B ERD PR E (F2F45:  exam0902.R)
#E MR, T AR, MKEE

x<-c(1.00,
0.79, 1.00,
0.36, 0.31, 1.00,
0.96, 0.74, 0.38, 1.00,
0.89, 0.58, 0.31, 0.90, 1.00,
0.79, 0.58, 0.30, 0.78, 0.79, 1.00,
0.76, 0.55, 0.35, 0.75, 0.74, 0.73, 1.00,
0.26, 0.19, 0.58, 0.25, 0.25, 0.18, 0.24, 1.00,
0.21, 0.07, 0.28, 0.20, 0.18, 0.18, 0.29,-0.04, 1.00,
0.26, 0.16, 0.33, 0.22, 0.23, 0.23, 0.25, 0.49,-0.34, 1.00,
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0.0r, 0.21, 0.38, 0.08,-0.02, 0.00, 0.10, 0.44,-0.16, 0.23,
1.00,

0.52, 0.41, 0.35, 0.53, 0.48, 0.38, 0.44, 0.30,-0.05, 0.50,
0.24, 1.00,

0.7rr, 0.47, 0.41, 0.79, 0.79, 0.69, 0.67, 0.32, 0.23, 0.31,
0.10, 0.62, 1.00,

0.25, 0.17, 0.64, 0.27, 0.27, 0.14, 0.16, 0.51, 0.21, 0.15,
0.31, 0.17, 0.26, 1.00,

0.51, 0.35, 0.58, 0.57, 0.51, 0.26, 0.38, 0.51, 0.15, 0.29,
0.28, 0.41, 0.50, 0.63, 1.00,

0.21, 0.16, 0.51, 0.26, 0.23, 0.00, 0.12, 0.38, 0.18, 0.14,
0.31, 0.18, 0.24, 0.50, 0.65, 1.00)

it R E 4 A

names<-c("X1", "X2", "X3", "X4", "X5", "X6", "X7", "X8", "X9",
"X10", "X11", "X12", "X13", "X14", "X15", "X16")

e M HE R A R K A2 TR

R<-matrix(0, nrow=16, ncol=16, dimnames=1list(names, names))
for (i in 1:16){
for (j in 1:i){
R[i,jl<-x[(i-1)*i/2+j1; R[j,1]1<-RI[i,j]

}
#iH 1E £ R
pr<-princomp(covmat=R); load<-loadings(pr)
#att B R A
plot(load[,1:2]); text(load[,1], load[,2], adj=c(-0.4, 0.3))
HEIMEEHE 9.3 PR,
& 9.3 2 LM EER K, ENTE K7 3K, BEE (X)) . 25 (X)) .
ki (Xa) « #BK (X) o T (Xe) o PR (X)L HlilR (Xas).
ATNANSER—ZE, BN B 2K, HSIE (X;) . 9 (Xs) . HE
(X)) « BTH (Xaa) « FEE (X15) « BBAE (Xie)-



514

st
~
d
T
=
%
o
d\

47 (10)

o6
S Gd o7
02
- _| 013
© o9
o |
[9V)
a © 012
g
-
(@] c|> |
o~ 010
C). —
|
» 015
? ] 3
0814016 ol
T T T T T T
-0.35 -0.30 -0.25 -0.20 -0.15 -0.10
Comp.1

Kl 9.3: 16 NMERAESR —. 5 = F Mo TR K

IR B R—2, WEIERERTR, BRI (Xo)  JBF (X10) « HIE (Xi2).

2. Ep45EY3

TERNA T —F A, Gahd, 4 EAREHSEILRAEN, SEa77k
PR R R /D AT, —BSCR S, R A £ R 8]V REAS POk B4
[EIHAS . 1 — M5 Ae it B A el VR £ Ry 18119, 5 B An ] 5o iRk 42 i 6]
IR,

Bl 9.3 (LEZLF T EIE)

ZREPERY 524K BALSA X, AT Xo, EHET X%
12 10 2R08) 269K 4. KK T 1949 %% 1959 5% 11 FH &K, 4
R 9.3 Fram. R KRR E M A £ RS B EHAT

& WABE CRABIRMEE X)), HH—REEEAIEERIE2 T (7
44: exam0903.R).

#ut F BRAE ) R N B3R
> conomy<-data.frame(

x1=c(149.3, 161.2, 171.5, 175.5, 180.8, 190.7,
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& 9.3: ZEZFHHEE

A5 X X X3 Y
1 149.3 4.2 108.1 15.9
2 161.2 4.1 114.8 16.4
3 171.5 3.1 123.2 19.0
4 175.5 3.1 126.9 19.1
o 180.8 1.1 132.1 18.8
6 190.7 2.2 137.7 204
7 202.1 2.1 146.0 22.7
8 2124 5.6 154.1 26.5
9 226.1 5.0 162.3 28.1
10 231.9 5.1 164.3 27.6
11 239.0 0.7 167.6 26.3

202.1, 212.4, 226.1, 231.9, 239.0),
x2=c(4.2, 4.1, 3.1, 3.1, 1.1, 2.2, 2.1, 5.6, 5.0, 5.1, 0.7),
x3=c(108.1, 114.8, 123.2, 126.9, 132.1, 137.7,
146.0, 154.1, 162.3, 164.3, 167.6),
y=c(15.9, 16.4, 19.0, 19.1, 18.8, 20.4, 22.7,
26.5, 28.1, 27.6, 26.3)
)

#H#H (E & M E A

> 1m.sol<-1m(y~x1+x2+x3, data=conomy)
> summary (lm.sol)
Call:

lm(formula = y ~ x1 + x2 + x3, data = conomy)

Residuals:

Min 1Q Median 3Q Max
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-0.52367 -0.38953 0.05424 0.22644 0.78313

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) -10.12799 1.21216 -8.355 6.9e-05 x*x*x*

x1 -0.05140 0.07028 -0.731 0.488344

x2 0.58695 0.09462 6.203 0.000444 *xx

x3 0.28685 0.10221  2.807 0.026277 *

Signif. codes: O ’xxx’ 0.001 ’*x’ 0.01 ’x> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.4889 on 7 degrees of freedom
Multiple R-Squared: 0.9919, Adjusted R-squared: 0.9884
F-statistic: 285.6 on 3 and 7 DF, p-value: 1.112e-07

MR ATLVE H, = RAG8 [3 7
Y = —10.12799 — 0.05140.X; + 0.58695X, + 0.28685X. (9.14)

AT (9.14), REIFAGH. RFFMEALS, YV EH#EOE, X, EEH
PUEFAE, TR AT S 0oy i, Webid, ENp e~ ElE, Hdnk
B, XEEEILRAMTR. FEEN, =ARreE ZELSM: (5
T HA PR 2 B e MR ERGE T 0).
ATk Z EICEAEAENE, XAR RARIE R EIH . SEAEE R AT
#i# E £ R 0T
> conomy.pr<-princomp(“x1+x2+x3, data=conomy, cor=T)
> summary (conomy.pr, loadings=TRUE)
Importance of components:
Comp.1 Comp.2 Comp.3
Standard deviation 1.413915 0.9990767 0.0518737839
Proportion of Variance 0.666385 0.3327181 0.0008969632
Cumulative Proportion 0.666385 0.9991030 1.0000000000
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Loadings:

Comp.1 Comp.2 Comp.3

x1 0.706 0.707
x2 -0.999
x3 0.707 -0.707

HITPI A Er B E] 99% MITTIRE. 5 1 EAUMEST B A EM & H
%, BERRER 1 ERr sl T 8 2 Bl RS EERAES, OvFiERE
. EE,

A3 = 0.05187378397 = 0.002690889 ~ 0,

PrA R A e R 2 EILL .

TEAEERS EE. BT SREA R EA A TINE, JRREER 1 ORI
MYEASES 2 R0 B B EAT BAERARAE conomy HF, ARJEFRXS Ao FE [ 350
Pr. HanrgmT
#t FONNAEAR £ R4, FHAEE KD AT
> pre<-predict(conomy.pr)
> conomy$zi<-pre[,1]; conomy$z2<-prel[,2]
> 1m.sol<-1m(y~z1+z2, data=conomy)
> summary (lm.sol)

Call:

Im(formula = y ~ zl + z2, data = conomy)

Residuals:
Min 1Q Median 3Q Max
-0.89838 -0.26050 0.08435 0.35677 0.66863

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 21.8909 0.1658 132.006 1.21e-14 =*x*x*
zl 2.9892 0.1173 25.486 6.02e-09 *xx*x*

z2 -0.8288 0.1660 -4.993 0.00106 *x*
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Signif. codes: O ’**x’ 0.001 ’*x’ 0.01 ’*> 0.05 .7 0.1’ ’ 1

Residual standard error: 0.55 on 8 degrees of freedom
Multiple R-Squared: 0.9883, Adjusted R-squared: 0.9853
F-statistic: 337.2 on 2 and 8 DF, p-value: 1.888e-08

B E REOH [BE Yy s ke g, 1 HACR . BIEEEIE R
Y = 21.8909 + 2.98927; — 0.82887;.
R AR RN AN S MR CR, (ENHERHATHE, S EAEH
53 A AR R 2 A R, H T,
Y = B+ BiZ] + 53575,
77 = apX{ +apX; + ai3X§a
an (X1 — 21) n aia(Xo — Zo) n a;3(X3 — T3)

VvV S11 V522 V533

i=1,2,

B,

a11r1 . @12Ty Q1373 a21T1  QA22T9  (23%3
Y:%—@( - + )—@( + - )
VS11 V 522 V533 VvV S11 V522 V533

" (Bran + B3an) (Braiz + B3a) (Bras + Byass)

X1+ X5+ X
V511 ! VS22 ? /533 s
= fo + 51 X1 + B2 Xo + B3 X5, (9.15)

Hot

a1121  a12T2 Q1373 a21T1 Q22X (2373
fo ﬁo ﬁl <\/511 V522 \/833) ﬁz (\/811 V522 \/333) ( )
B = (Bran + /62a2i)’ i=1,2,3. (9-17)

Sii

R (9.16)-(9.17) i ST R LT KL

#t R, RERLFTHRARERX

> beta<-coef(lm.sol); A<-loadings(conomy.pr)

> X.bar<-conomy.pr$center; x.sd<-conomy.pr$scale
> coef<-(betal[2]*A[,1]+ betal[3]*A[,2])/x.sd

> betal <- beta[l]- sum(x.bar * coef)
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TERRFH, coef PREUZIRINEIHARREL, loadings JZ4&H X T HIFFIE]
i, conomy.pr$center JEEHRAI L, WELEEPE X BU{E, conomy.pr$scale
AR EZ, B s, MIF. AR RIAEN B R %L

> c(betal, coef)

(Intercept) x1 x2 x3
-9.13010782 0.07277981 0.60922012 0.10625939
BV P EEY)

Y = —9.13010782 + 0.07277981.X; + 0.60922012.X5 + 0.10625939.X5.  (9.18)

BURS, XA X0, Xo, X3 WYRBIINIER, HIRENHTRE (9.14) EEH.

9.2 H¥F5Hh

734 (factor analysis) J& £ A BHET MR J&, EEZeHtitor
Hr R LR — BRI, e — PR RRAE R LR T JE Y A TR — 2848
THRAL TR AT S SR e s 7 2R PRI &R, B R RS
HOROUAH T, UEBLRAA RS H T2 MR R.

Wt T 20 tth4ld), K. Pearson Ml C. Spearman S55235 Jy xE SCAI
M HPrEm gt atr. Bl ot Oy, dhate, S EFERme
TR .

9.2.1 Z|f|

T LA B A ] DR 43 A St s DR AR
B 9.4 A THFAEGFEIGRN, AT n NFLEY p AFBGRE (54), A
X1, Xo, -, Xp Zw p AR (Bl REL JUAT, B, 395, BUE, ), Xu =
(it, i, )T, (1=1,2,--- n) AT F i ANFAE p ABGRYG. LB
FZHILRE £ R FAEGF I,

PN X BRI AT I AN AT, FILAE & NRE (AR &) B P 4

Xi :CLif—Fé?i, 1= 1,2,"',]9, (919)



520 FHE WHSTEME ()

Hrp f BXME Xi(i=1,2,---,p) FEEHMLILHEF (common factor), ‘B
AEEEKRME T R o FRAEFEM (loading); e; Z2FHH (BE)X; FrARY
FFREE T (specific factor). 33X 5L & —™ 5 A B Y Rl LA

#E—2, WHEREERE AT B S E A E S, BIRE X BrE T
A m A, WHCEERESE T, DB WREFE, 20008 fufa o fon B

Xi :ailfl+ai2f2+~-~+aimfm+6i, 1= 1,2,"',]). (920)

X m AR A EAMHE R AIEEF fi, fo, -, fn (AR AR F) FI—4
FROREF e RFIB MM A ] (BHH) X1, Xy, -+, X, IR T A2
E’J%;‘Jﬁﬁﬁ HE“]B’J/%%[ @31, A32, 5 Qip %jﬁ%ﬁﬁ, %%/7_‘?% { /I\ﬂ'a?ﬁ? m /l\
RN, X — AL

5l 9.5 Linden * —k KB VAK BARE &+ A5G F0EH R, HET 160
M, Xy, Xy, -, Xio S A AT ARG ERD, X2 HFAFIKAK
R 100 R, Pz, BF. 400 R, 110 K352, &b, HHKS. 45
. 1500 R3a. BT EZGILRE £ kARG R, T kA
GZ ) i ek

XF XTS5y, EA AU TAMEE . BAAE ). BAER
Mt ST TE, 7 AR A — AN, %2 R AT R - A e A
.

B 9.6 £ RAME 2 RAERIGAT: LR (X0) | AFRE (X2) L SBRETS (X3)
PR R (Xy) fr & TRA (X5). AXLAGTH WA BRI,

MAEFRZ B HR AT A, X IR & AW AR 2 SRR, HE o A2
TSR R ZE AR LS, R HI g4 2/ 2 B WA AL HE FRysgm, wal HE
F o AT AR 2 A FE.

WL EJUMEFRTAER, BFa e EEN HAWA T, —&FKE
ALER, WAL RS, B RARGERERIXNR (BREEEA) 2680
JUNEF (AR ), LRRE - 5RGA R Z B NTEK R, —&
RT3, T p MERS n MERHFITHE.

K F o Bl R X R A AT A R B Q BAF 4. R BIEF
AT RS (F5R) Z RIAIAEOCOC SR, kR AR B i AH DG MRS b 22 B P R 45
MEEEs, WEER AR AREF @R ERE T, BAERF), HRX
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AREHEAREITIR. Q BN TP FRHEARLZ MMM R, WL AR
AEABIAE A AT 22 4 B AF 5 4R PR REAS LA £ B R (SO £ 7). X Pl
AT AT IR — Ry, AR A RAR. R BIAASRRMSC A,
Q B AEAS AR AR B 1 . X —HEXRIN R, W] AR S Rl 5 R e g
R W — TSy A 5~ A

9.2.2 HFE&EE
1. $EpEay
WX = (X, X, -, X)) BeIA e, H
B(X)=p=(p,p2, - 1p)",  Var(X) = = (05)pxp.
BRI F- 43 AT ) — R oy

(X, — 1 = anfi+apnfot+ -+ aimfm + 61

Xo — g = a9 f1 + agafo + -+ - + aom frn + €2
. (9.21)

( Xp — Mp = aprf1+appfo+ -+ apmfm + &

i fi, foroo s f (m < p) ARIEHET,  er,e2,- -6 HFFIRET, ENIHRE
AR REYL A . AT fi fo, oo S MIER—DRGAR Xi(i =
1,2, p) WRIBAF, IOV FIGA R R EAW AN R, Sra3tH T
fih =12, m) —RELXPANREZRGERN, BUEHBENRRE T
BARIRE T (i = 1,2, - p) DUUHBES Z VRIS @ MR R X 193
B, ERMXAFEGERAER. "R (9.21) ERAERFREREX

X = pu+ AF +¢, (9.22)

Ht F = (fi, fo, o f)T HAF TR, €= (1,60, ,,)" HFFIREFI
&, A= (ay)pxm FHETEGRERE. 8 EK

E(F) = 0, Var(F) = I, (9.23)

E() = 0, Var(e) = D = diag(o},05,---,02), (9.24)

Cov(F,e) = 0. (9.25)
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B BB E T AR, AFEE TR R BB, FRRE TR
AHR HATA SR AR,
2. EFHREEMER
(1) X M
X =AAT+D. (9.26)
(2) BARIRZBAIHIER. 2 X =CX, WHE
X' =p "+ A F" 4 €,
Hrrp*=Cu, Ax=CA, F*=F, &* = Ce.
(3) B FEATARME—AY. ] T B— m MIESCHE, & A" = AT, F* =T"F,
MIRLAL (9.22) AIERH
X=p+AF +e (9.27)

PRl —F 28 REL R AN M — RS2 e B R A ALY, A X — R, S e
B, A3 A 54 iy SR X

3. AFHEHTEENSEITEN

(1)

Cov(X,F)=A 8 Cov(X,,f[f;)=ay. (9.28)

IR F#AT ay; 25 i NMERSE ] MAREFIHECRE. BT X 2 fi, fo
o Im B"J%‘@zﬂﬁ, Fﬁ‘u%ﬁ Q15 A32, ° * * 5 Qim %%*E% X ﬂ‘ﬂﬂ Ji, fas o fm
KEHGRSIFERE.

(2) 4 B2 =Y o, WA

j=1

oy =h+co, i=1,2---p. (9.29)

hy BT NSRRI X, (5w, WU BURA LR X X i 25T
wk, BRoMAR R X, fYFLFEE (communality) {37774 (common variance); Tfij o2
ERRET e X X, BT ZETTHR, AR X, FFR % (specifie variance). 24
X &7 B OAMELRI BN R (00 = 1), A

hi4ol=1, i=12---,p (9.30)
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p
(3) % g7 = > ai;, WA

ZVar Zgj +ZU (9.31)

97 BT AFERF f; XF X0, Xo, -, X, B, RAEEAILH T f; EEEN—
AREE, IR T f; X X0, Xo, -, X, BB T ZTTHK.

9.2.3 SHfdit

W X(l)vX X(n =—A p Q/ﬁﬁézlg ﬁq:' X(z = (flfil,xm, . ',l’ip)T- iy
p H Y A AT A
1<
== Xp X 5——2 X - X) (X - X) .
i=1

N TSN, EREAE TR TGRS A = (aij)pxm FIRFIRTT Z R
D = diag(of, 03, -+, 0;). WHBSEAMGHINEENT=F FHE ERF
TR RAUIR

1. £ *E

BREARI T 2R S BIFFEERN M > A2 > -0 > A, > 0, P ANLIESSHF
?Efﬁ]%ﬂy l17l27 o lpa Ij"J S ﬁ ﬁﬁg—t

S = Z AlilT
=1

BiRJE p— m ANFFIEEB/NEF, S AT RLHL A

S o= MUl A Al A+ Avtlba L g+ AL
~ MOl 4+ Aulnlh, + D
= AAT + D, (9.32)
o
A = (\/ )\1[1, VvV )\2[2, \/ l CLU pXm (933)
D = diag<0%7 0-37 T 0-;2))7 (934)
Ui2 = sii—Za?jzsii—hi, Z:1,2,,p (935)

Jj=1
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3 (9.33)-(9.35) 4aHiny A F1 D BU2H AR — Mg ZERE A FRsE
J AR X W5 § AT RO ZE —AMEE VNG = 1,2, m). iERR
(9.33)-(9.35) &5 H Ay X AR Ry R TR AL 1) 32 B 50 1.
LA B AT RAALRF R, HH S AR AR AL, ARUE(L AR R AR AR O
ZEMER R R GG A A G R, B R AR S, 5 LR, BIATAR 800 .
THE B ERMERN R BF (FB/F4: factor.analyl.R)

factor.analyl<-function(S, m){

p<-nrow(S); diag_S<-diag(S); sum_rank<-sum(diag_S)

rowname<-paste("X", 1:p, sep="")

colname<-paste("Factor", 1:m, sep="")

A<-matrix(0, nrow=p, ncol=m,

dimnames=1ist (rowname, colname))

eig<-eigen(S)

for (i in 1:m)
A[,il<-sqrt(eig$values[i])*eig$vectors[,i]

h<-diag(A%*%t (A))

rowname<-c("SS loadings","Proportion Var",'"Cumulative Var")

B<-matrix(0, nrow=3, ncol=m,

dimnames=1ist (rowname, colname))

for (i in 1:m){
B[1,il<-sum(A[,i]"2)
B[2,i]1<-B[1,i]/sum_rank
B[3,i]l<-sum(B[1,1:i])/sum_rank

}

method<-c("Principal Component Method")

list (method=method, loadings=A,

var=cbind (common=h, spcific=diag_S-h), B=B)

}
BRECRANE 8 RARATTZMF S, n R2ERNTRME. A ER
FIREX, HWAEFRMEISREITE (EWME), BTFEAT (Loadings), FEETr
ZMFFRTT 22, YA F X2 X ATk, STEkR A R AT R,
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5 9.7 2 55 ANE KA X 49 F F

42
iz

Kt FAE%t, B2E5 ek 8 Mt

100 Ksg (X1) . 200 K3 (Xo) . 400 Ksa (Xs) . 800 K38 (Xa). 1500 K38

(Xs) . 5000 %% (Xg) .

10000 X328 (X7) . Bzt (Xg). 8 Fidetrdgta X 4&
M Rdek 9.4 Frac. Bom =2, M &kt BT8R 50 75 £ F 847

&R 9.4: 16 TG HIEHR RN HECER

X X X3 Xy X5 X X7 X3
X; | 1.000
Xo | 0923 1.000
X3 | 0.841 0.851  1.000
X4 | 0756 0.807 0.870  1.000
X5 | 0700 0.775 0.835 0.918  1.000
X¢ | 0619 0.695 0779 0.864 0.928  1.000
X7 1 0633 0.697 0.787 0.869 0935 0.975  1.000
Xg | 0520 0.596 0.705 0.806 0.866 0.932 0.943 1.000

BB WIANAHCHE, FA9E RS factor.analyl () FRAMEAN AT

AR (BefF44:

x<-c(1.000,
.923,
.841,
. 756,
.700,
.619,
.633,
0.520,

O O O O O o

names<-c("X1",

R<-matrix (0, nrow=8,

exam0907 .R)
1.000,
0.851, 1.000,
0.807, 0.870,
0.775, 0.835,
0.695, 0.779,
0.697, 0.787,
0.596, 0.705,
"xa", "X3",

for (i in 1:8){

for (j in 1:i){

1.000,
0.918,
0.864,
0.869,
0.806,

"X4",

1.000,

0.928, 1.000,

0.935, 0.975, 1.000,

0.866, 0.932, 0.943, 1.000)
"X5", "X6", "X7", "X8")

ncol=8, dimnames=1list(names, names))

R[i,jl<-x[(i-1)*i/2+j]; R[j,il<-R[i,j]
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}
source("factor.analyl.R")
fa<-factor.analyl(R, m=2); fa

G

$method
[1] "Principal
$loadings
Factorl
X1 -0.8171700
X2 -0.8672869
X3 -0.9151671
X4 -0.9487413
X5 -0.9593762
X6 -0.9376630
X7 -0.9439737
X8 -0.8798085
$var
common
.9498290
.9394274
.8915931
.9002505
.9376883
.9648716
.9734990
.9431254

X1
X2
X3
X4
X5
X6
X7
X8
$B

O O O O O O o o
O O O O O O o o

5SS loadings
Proportion Var

Cumulative Var

Component Method"

Factor2
-0.53109531
-0.43271347
-0.23251311
-0.01184826
.13147503
.29267677
.28707618
.41117192

spcific
.05017099
.06057257
.10840689
.09974954
.06231171
.03512837
.02650100
.05687460

Factorl Factor2
6.6223580 0.8779264
0.8277947 0.1097408
0.8277947 0.9375355
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i
E=8S—(AAT + D)= (€ij)pxps
A LANEH,
p p
QUm) =D ) e <X+t (9.36)

i=1 j=1
L om EEEEY, MHEPAR (9.32) BIRZETHH Q(m) R/
A 9.7 ) Q(m) fE.
> E<- R-fa$loadings %x*% t(fa$loadings)-diag(fa$varl[,2])

> sum(E~2)
[1] 0.01740023

NHETAE m BB TTIE AP, —RARYE SRR MR R B Rl
WHORHE; —RAHE ER AR, 3 m D9

zm:)\i/gp:)\i > Py
i—1 i—1

i B/ NNEL (BLani Py > 0.70 H By < 1).

2. FEFE

ERFIREN ERSENBIE, XEREEROCERMEN. & R=AAT+D,
i

R—D=AA" = R*,

PR ZIFEERE (reduced correlation matrix). B W, R* FXTALTERE 12, A
& 1 AEMALTRE R hRZEE—HR, JFH R —E AR

B 07 BRI £ of M—MEEARIaaAETE, WA SR AT

72
h’l T2 - Tip
72
Se 21 h2 s 7’2p
- . . 9
72
Tpl Tp2 [N hp

Hot h?2 =1 - 62 & h2 G
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B R RT m AMEIEERIR R N> A5 > -0 > A > 0, N A B I A4
R 7,05, - I, WA SRR

R = AAT, (9.37)
Horpr
g:< SXTRVEN T X?an)- (9.38)
/7"\
of=1-hi=1-) a} i=12--p (939)
j=1

W A1 D = diag(67,53, - -,52) HFETHRAR—AMR, X MR £ T2
DR R A AR AR MR, DU AT LR 2R 7 ik, B (9.39) Hihy
52 BRI ZE G, B LR, HEMmEE L.
HEMAMERM, FETEPE R WA A £ S, R et
~2

2 __
hi—sii_ai

HRER L BEREHME R B)F (BJ¥4: factor.analy2.R)

factor.analy2<-function(R, m, d){

~

p<-nrow(R); diag_R<-diag(R); sum_rank<-sum(diag_R)
rowname<-paste("X", 1:p, sep="")
colname<-paste("Factor", 1:m, sep="")
A<-matrix(0, nrow=p, ncol=m,
dimnames=1ist(rowname, colname))
kmax=20; k<-1; h <- diag_R-d
repeat{
diag(R)<- h; hi<-h; eig<-eigen(R)
for (i in 1:m)
A[,il<-sqrt(eig$values[i])*eig$vectors[,i]
h<-diag(A %*% t(A))
if ((sqrt(sum((h-h1)"2))<le-4) |k==kmax) break
k<-k+1
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rowname<-c("SS loadings","Proportion Var","Cumulative Var")
B<-matrix(0, nrow=3, ncol=m,
dimnames=1ist(rowname, colname))

for (i in 1:m){

B[1,i]<-sum(A[,1]1"2)

B[2,i]1<-B[1,i]/sum_rank

B[3,i]<-sum(B[1,1:i])/sum_rank
}
method<-c("Principal Factor Method")
list (method=method, loadings=A,

var=cbind (common=h,spcific=diag_R-h),B=B,iterative=k)

¥

PRECE (A R BFEAM AT 2 M, n BRERTHINE, d BRHOT
ZHETHE. B EHERFIREX, RNEAMETTSEINE (R,
B T-#Ai (loadings), JLMTr ZMAFIT 2, W1 F XA&R X f95THk. stk
FRRTTERAE, USRI ERIREL
B19.8 Bom =2, Hrky £64EitE 57 A
0.123, 0.112, 0.155, 0.116, 0.073, 0.045, 0.033, 0.095,

R =B FEaEiTe 9.7 B8 a 507 £ F 4817

&
> d<-c(0.123, 0.112, 0.155, 0.116, 0.073, 0.045, 0.033, 0.095)
> source("factor.analy2.R")
> fa<-factor.analy2(R, m=2, d); fa
$method
[1] "Principal Factor Method"
$loadings

Factorl Factor2

X1 -0.8123397 -0.5138770
X2 -0.8610033 -0.4156335
X3 -0.9005036 -0.2105394
X4 -0.9370464 -0.0178458
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X5 -0.9545376 0.1186825
X6 -0.9384689 0.2861327
X7 -0.9470951 0.2858694
X8 -0.8728340 0.3770009
$var

common spcific
X1 0.9239653 0.07603473
X2 0.9140779 0.08592213
X3 0.8552337 0.14476635
X4 0.8783744 0.12162560
X5 0.9252275 0.07477251
X6 0.9625958 0.03740416
X7 0.9787105 0.02128951
X8 0.9039690 0.09603103
$B

Factoril Factor?2

5SS loadings 6.54088 0.8012746
Proportion Var 0.81761 0.1001593
Cumulative Var 0.81761 0.9177692

$iterative

[1] 16

AT 16 WarUREIREmR. Hiti Qm),

> E<- R-fa$loadings %*)% t(fa$loadings)-diag(fa$var([,2])
> sum(E~2)
[1] 0.005421902

BT Eorik.

Rk 22 of BIH RIS T iR DL LFR:

(1) B 57 = 1/r", Hoept o & R {955 ¢ X AT
(2) | h? = m§X|7’ij|, BEt, 62 =1-hZ

(3) B h2 =1, BbAf, G2 =0.

3. MABRE
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BALLE T F ~ Ny (0, 1), F5RE T & ~ N, (0, 1), HAE ML, FBAF LI
FIPR F A FERRR IR 7 Z AR KA AR A T 3% p 4B M2 X1y, X2y, -+, Xn)
K B N, (1, %) BREHUREAS, TR G R ERECH 1 X MRS L(u, X).

B S =AAT + D, Bt = X, NIBISREER L(X, AAT + D) BIXIHURIIR B %K
A, D HRH, 8K o(A, D). ¥ (A, D) MK BURME A (A, D), Bk

(A, D) = max p(A, D),
W A, D ¥ LA T i
SD'A = A4 (1 n Zle)—lfl) , (9.40)
— diag (i . 2?) , (9.41)

Forf

N T RIETT A (9.40) I ME—A%, WTRHINTHSE L0768 By ME— P 2 1
ATDA = Xt fa g k. (9.42)

Joreskog Ml Lawley SN (1967) $&H T —FhHy 5L B &Gk, HARCKEIA
EBSWNNTRA. HEARERE, SR— M nEg

.y~ A2 ~2
Dy = dlag(gb 015, Up)a

SUTSE Ao, WHE Ao HydmBsRseR Dy *SD, " MRFES 61 > 62 > 0, BAHRL
E/J %?EEW% l17 l27 R lp' /7"\ @ - dia’g(ela 927 Ty 9m)7 L - (l17 l27 Tty lm) Hé\

Ay =D)’L(© - I,)"*. (9.43)

FHE (941) 838 Dy, RIFEE ERTEEE] A, B2 E TR (9.40) A1k,
THEHEASBEREEN R BF (F2F4%: factor.analy3.R)

factor.analy3<-function(S, m, d){
p<-nrow(S); diag_S<-diag(S); sum_rank<-sum(diag_S)

rowname<-paste("X", 1:p, sep="")
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colname<-paste("Factor", 1:m, sep="")
A<-matrix(0, nrow=p, ncol=m,
dimnames=1ist(rowname, colname))
kmax=20; k<-1
repeat{
di1<-d; d2<-1/sqrt(d); eig<-eigen(S * (d2 %o% d2))
for (i in 1:m)
A[,il<-sqrt(eig$values[i]-1)*eig$vectors[,i]
A<-diag(sqrt(d)) %*% A
d<-diag(S-A%*%t (A))
if ((sqrt(sum((d-d1)~2))<le-4) |k==kmax) break
k<-k+1
}
rowname<-c("SS loadings","Proportion Var",'"Cumulative Var")
B<-matrix(0, nrow=3, ncol=m,
dimnames=1ist (rowname, colname))
for (i in 1:m){
B[1,il<-sum(A[,1i]"2)
B[2,i]1<-B[1,i]/sum_rank
B[3,i]l<-sum(B[1,1:i])/sum_rank
}
method<-c("Maximum Likelihood Method")
list (method=method, loadings=A,
var=cbind (common=diag_S-d, spcific=d),B=B,iterative=k)
}
B 9.9 Bom =2, HrHhuy EeRitE o7 A
0.123, 0.112, 0.155, 0.116, 0.073, 0.045, 0.033, 0.095,
BB KK FAETTR] 9.7 BT &A= 5 M7 £ F 16847
i
> d<-c(0.123, 0.112, 0.155, 0.116, 0.073, 0.045, 0.033, 0.095)

> source("factor.analy3.R")
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> fa<-factor.analy3(R, m=2, d); fa
$method
[1] "Maximum Likelihood Method"
$loadings

Factorl Factor2
[1,] -0.7310172 -0.62009641
[2,] -0.7919994 -0.54575786
[3,] -0.8549232 -0.34252454
[4,] -0.9158820 -0.16063750
[5,] -0.9580091 -0.02492734
[6,] -0.9725436 0.14485411
[7,] -0.9806291 0.14276290
[8,] -0.9226101 0.24953974

$var

common spcific
X1 0.9189057 0.08109428
X2 0.9251146 0.07488539
X3 0.8482167 0.15178334
X4 0.8646442 0.13535579
X5 0.9184028 0.08159724
X6 0.9668237 0.03317631
X7 0.9820147 0.01798529
X8 0.9134795 0.08652046
$B

Factorl Factor2
SS loadings 6.407848 0.9297541
Proportion Var 0.800981 0.1162193
Cumulative Var 0.800981 0.9172002
$iterative

(1] 14

AT 14 RGEREIRER. HitH Qm),
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> E<- R-fa$loadings %*’ t(fa$loadings)-diag(fa$var[,2])
> sum(E~2)
[1] 0.006710651

B LR =R IREGE SR, FHERAEE M R AR A
m RO, FMTEER LR RRRO 2 o7 MG IriE. RE MM R
2 (F2/¥4%: factor.analy.R)

factor.analy<-function(S, m=0,
d=1/diag(solve(S)), method="likelihood"){
if (m==0){
p<—nrow(X); eig<-eigen(S)
sum_eig<-sum(diag(S))
for (i in 1:p){
if (sum(eig$values[1:i])/sum_eig>0.70){

m<-i; break

}

source("factor.analyl.R"); source("factor.analy2.R")

source("factor.analy3.R")

switch(method,
princomp=factor.analyl(S, m),
factor=factor.analy2(S, m, d),
likelihood=factor.analy3(S, m, d)

3

PRECI N A DT 206 0 S BUREASAHICAE R R, M0 m(BR4E (E B TTER
TR m E). RO ZRIRIRME T dREEN 07 = 1/r"). TR T AT
J71%, method=princomp K F i 7, method=factor KF EH Tk,
method=1ikelihood(BRH) RFMAMIRTT %, bR %0 il 2R F AT A 28 =
o7 0 vy B i A =X
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9.2.4 FHEZRKHIIE e

7oA B B A SR I AFEH 7, 3 EZ AR M X HE A2 B 1 52
PRESC HH TRTE S8R IR TR A 2 B 1, AR T3 i e
AR R ERLEEN, B N TR AR RARA R, WA S HA
R T-HY SERR R SCERIANTE, AFHXT A TRIBERE. J9t, a0k N 2800 AR R i
FTheseAc e, WA TEATH &SRB VIS m 0 80 1 Pitfefl, &
FHLAERALET H .

1. BRIk

BT X = AF +¢c, it FFARETRE, X FlifrERA#,
4 Z =TTF(T HfE— m BrE3CHERE), N

X =ATZ +¢, (9.44)
H
Var(Z) = Var(I"F) =TI"Var(F)[ = I,,, (9.45)
Cov(Z,e) = Cov(ITF,e) =TTCov(F,¢) =0, (9.46)
Var(X) = Var(Al'Z) + Var(e) = AI'Var(Z)ITTAT + D
= AAT +D. (9.47)

A (944)-(9.47) YW, # F RHEFREMN AR T, WIME—IESHERE T,
Z =TTF BRAHTmE. MWV AT BAFT Z HHFERAHE .

AR, FEH A8 LR 5d, SeRSHanE T8 ERE A g,
REAFIESHE T, i AL HA BB A SEPRTE . XA sy R 4 77
%, PRV TR IE S eSS

2. AFEEAHE
WHE TR X = AF 4+ ¢, A = (i) pxm HAEFHE F EHE -T2 M08 M,
hi = ;a?j (1=1,2,---,p) NER X; BIZLFHE.

AR A B (RN -3 1 i) SOEDE I i, AH R R DR 28 1 Bk i 7
ZER. ATHBRE T aiy 775 AR RIS S5 A8 B2 34 R T HOBURR BEAF] (9 3%
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2
d?—% i=1.2. ... i =1.2.---.m
z]_h27 B b 7p7j_77 ) )

K2t J B0 p DB dR), d3; - dyy WDTERRE XN

el

j=1

A Vi [EOR, A WS AN T T B REE B, AR EESCRE T 1 5K
BT 0, XN AAIEHN T F; BAT R, R A4 2 18
e A W7 Z2RF] g

3. FERKHIER e

HH R FIESCHERS R8I 7 2/ R EATH . B m = 2, T2 RN

ail Q12
A= |
Qp1  Qp2
cosp —singp
BOESSHRE = | | g
singp  cosy
@11 COS Y + ajasing  —aqy Sin @ + a2 cos ¢ bi1 bio
B (21 COS Y + Ao SiN Y —ag SIN ¢ + agy COS @ ba1 by
Ap1 COS P + Apa SIN Y —Apy SIN P + apo COS P b1 bpo

& Z =TTF (R FEMEME, XY T f, L BEME 7 ek —1 A
B . HHT,

1 Pph P2\
i=1 ' i=1 '
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SRR o 9
% = % (Vi +Va) =0,
o NI 4 208/
_ —LP/p
tan g = P PRIy (9.48)
o

iS]

o = zp::uw ﬁzzp:yia C:Z(M?_Vz?)7 szzp:,ule (949)
i=1 i=1 i=1

= =1

2 2
() _ (4% =1.2,...
:U’Z - ( hz ) ( hz ) ) ¢ 17 27 » D- (950)

T om > 2 W0, TFEAEZ IR, XEMABNAHINET,
HA R HMAFHRY varimax (O pRECA] LA SE R 7807 55 R e 5 A8 e (2l 474
). EMRERERY

varimax(x, normalize = TRUE, eps = le-5)
Hor x R FEMTERE.  normalize B4, HIEGX AT Kaiser IE
Mifk.  eps JEEAL LK.
1 9.10 A varimax() KA 9.7 . 4] 9.8 Fe45] 9.9 P 15 3| ¢4 B F B AT 42 EAF
AT, AT EZERK.

B FH B %K% factor.analy ) 158 =Fh k158 B FE Al
M, FiH varimax() RIS ZH K HFEmERE. U ERF IS
B, AN

> source("factor.analy.R")

> fa<-factor.analy(R, m=2, method="princomp")

> vml<-varimax(fa$loadings, normalize = F); vml

PR ) "princomp" PA "factor" fil "likelihood", ¥t R]15F! 7 FNH
FOFERTEREER, BARRH RS RAIER 9.5 .

9.2.5 RAFHHEVITERE

Far b, 72 R, R4 TR PPt S A% — factanal O K%K,
E R AMNEEA TR, FRAS 8 77 2R R AR QM B A B AR IR 1004, I E
Bt 07 Z2 B R BT I8 -



538 0% B3 AN (D)
5 9.5: Me¥E EIEFHEEM
F o FHF R RAUSR
A5
Ii /3 Ii /3 Ii /3
X, —0.278 —0.934 | —0.299 —-0.913 | —0.297 —-0.911
X —0.380 —0.891 | —0.399 —0.869 | —0.388 —0.880
X3 —0.547 —-0.770 | —0.561 —0.736 | —0.548 —0.740
X4 -0.715 —-0.624 | —-0.711 —-0.610 | —0.695 —-0.617
X5 —0.816 —0.521 | —0.812 —0.516 | —0.803 —0.524
Xs —0.904 —-0.385 | —0.906 —0.377 | —0.904 —0.387
X7 —0.905 —-0.393 | —0.912 —-0.382 | —0.910 —0.393
Xg —0.937 —0.257 | —0.913 —-0.265 | —0.916 —0.272
DN 4.211 3.289 4.215 3.127 4.152 3.186
TR 0.526 0.411 0.527 0.391 0.519 0.398
EHmEkR 0.526 0.938 0.527 0.918 0.519 0.917
TEFE 0.762 0.648 0.771 0.637 0.851 0.525
s —0.648 0.762 | —0.637 0.771 | —0.525 0.851

PR factanal O RAMMAKBRIEAMG TS, AR

NULL,
start = NULL,

factanal(x, factors, data = covmat = NULL, n.obs = NA,
subset, na.action,
scores = c("none", "regression", "Bartlett"),

control = NULL, ...)

Horb x BEARRI A, S EHBE (B MEATATRIA) WAHIRERE, s A
PEHE. factors B FHINEL.  data BEIRHE, M4 x HARIERS HEHE .
covmat JEFEAHH T ZREMEEFEA I SCRERE, R AL AL R x. scores
SR TSI, scores="regression", kil HIHJF ML T34,
W BHH scores="Bartlett", F/R A Bartlett Jrikit B H 15 (EAE UL
T/, SRE(EHN "none"", BRI 155>,  rotation FInfERs, HRE{H
N7 ERKER%, 24 rotation="none" I}, AEHEFEAIH.

5] 9.11 3 m = 2, A factanal() H&KMEiTH] 9.7 B FHRA Ly £ 545

rotation = "varimax",
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B, SEEHTERK.
&

> fa<-factanal(factors=2, covmat=R); fa
Call:
factanal(factors = 2, covmat = R)
Uniquenesses:

X1 X2 X3 X4 X5 X6 X7 X8
0.081 0.075 0.152 0.135 0.082 0.033 0.018 0.087
Loadings:

Factorl Factor2

X1 0.291 0.913
X2 0.382 0.883
X3 0.543 0.744
X4 0.691 0.622
X5 0.799 0.529
X6 0.901 0.393
X7 0.907 0.399
X8 0.914 0.278
Factorl Factor?2
SS loadings 4.112  3.225

Proportion Var 0.514  0.403
Cumulative Var 0.514  0.917
The degrees of freedom for the model is 13 and the fit was 0.3318

T EBFEF, call /R R JITiL.  uniquenesses ZHRFIRT 2,
Bl o? ffE. loadings JEN T8 M FE, HH Factorl Factor2 AT,
X1 X2 ... X8 @XtWAs .  SS loadings BAILHETF f; XAE X, X,
e X, MR ZETR, Bl g7 = ﬁécﬁr Proportion Var J&F ZHEAZEK, H

P J P
g]2/ > Var(X;). Cumulative Var jZRBUrZETEAE, B Y g7/ > Var(X,).
i=1 k=1 =1

FEVSER S, BT fi JFIUAEE R (X, X7, Xs) BVEATIA FEOET 1, X4
AR RAEAREE, BIATRR fi B AT~ W1 fo PR R (X0, Xo)
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Bl 1, WA, IULRRR fo @R T

Bl 9.12 A 48 & ELE HEL NG 69 L I=, N & Hix e mEE K G 15 A48
triras, RASARER oML E =6 3.17. KA B T4 75 E* 15 Aiehs
R F o4, EBFH TR 5ARET.

BB SRR (B 3.17 A, BERAERHE SCMF applicant.data HY), FiE &
¥ factanal ) #4717 Hr.

> rt<-read.table("applicant.data")

> factanal(™., factors=5, data=rt)

Call:

factanal(x = ~., factors = 5, data = rt)
Uniquenesses:

FL  APP AA LA SC LC HON SMS EXP DRV
0.439 0.597 0.509 0.197 0.118 0.005 0.292 0.140 0.365 0.223
AMB GSP  POT KJ SUIT
0.098 0.119 0.084 0.005 0.267
Loadings:
Factorl Factor2 Factor3 Factor4 Factorb
FL 0.127 0.722 0.102 -0.117

APP 0.451 0.134 0.270 0.206 0.258
AA 0.129 0.686

LA 0.222 0.246 0.827

SC 0.917 0.167

LC 0.851 0.125 0.279 -0.420
HON 0.228 -0.220 0.777

SMS 0.880 0.266 0.111

EXP 0.773 0.171

DRV 0.754 0.393 0.199 0.114
AMB 0.909 0.187 0.112 0.165
GSP 0.783 0.295 0.354 0.148 -0.181
POT 0.717 0.362 0.446 0.267

KJ 0.418 0.399 0.563 -0.585
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SUIT 0.351 0.764 0.148
Factorl Factor2 Factor3 Factor4d Factor5
SS loadings 5.490 2.507 2.188 1.028 0.331

Proportion Var 0.366 0.167 0.146 0.069 0.022
Cumulative Var 0.366 0.533 0.679 0.748 0.770
Test of the hypothesis that 5 factors are sufficient.
The chi square statistic is 60.97 on 40 degrees of freedom.
The p-value is 0.0179

SATRERSE, BRI vt BEARER, AT ER T, T RR
LA

FERBIR SR T, AR TEH HBEERA B S hr X

FnIHTH, RRANERAREER: SC(AfEL), LCGHET),
SMS(HEHEST), DRV (ZH/KT), AMB(FhLL), GSP(EAFRET), POT(HE7ERE
71), KB EERIRE SN ERET5

BN TR ERN A EFEEZR: FLCREUGHIEN), EXP(445),
SUTT G& M%), iX 28 22 S B T SRERF Y 250

ERRPAXERMERERR: LAGTAEK), HONGEL), EEER

BT SREAF SR T A B

. IR T RBAXHERD, XU B I~ LR AR X I — 44
PRI FAX BRI AR AA(RILRES), KICRPREED)), B EZRIBT
REVEHRALAE ST SHILAIE T ERR AR APP(OMK), LCGHZ D),
EEZERBORPFE ML

9.2.6 RA¥HFS

LAk, BAE T WA I7 2R S SRR R R8I A3 H
THIA T3, Fan HANA LR T . LRABEILIHE THHE T, 8
24 St R AR, T 9.12, BB HANEE TG, M4HEK
48 A NISHEAETA T AR5 0L, XARA] DUE T2 /] A P ki B aE & A2 A
RN

R IAEA PR — 2RI/ ok, R BT

1. &R/ FiE
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B X W E PR (RY5E p=0),
X = AF +¢.
B R PR RE A FIRRIRIR 77 B D B, i nslR/ D3k m i
o(F)= (X —AF)" D' (X — AF).
K FHfEHE F, #1 so( F) = min o (F). it fE B4 53]
— (ATD7'A) T ATD X, (9.51)

PO 1543 0 AU/ — Tl it

WRBE X ~ N,(AF, D), WL (9.51) BEIH F HEX F ARKMRM
. ZITIERRY Bartlett [Rf4547.

SRR, R (9.51) By AR D FMEHE A f1 D RE, X R
Xy RAREE, Beit, BEIETFES Fo.

2. E3E
FER AR, AT R, B T Rn A R A, B
fi :6i1X1 +ﬁi2X2+"'+6ipo7 Z — 1,2,"',77’1 (952)
I TR, R (9.52) FBETH2 T FEREEERX

F = BX, (9.53)

Het F=(fi, fa, -, fn)", B= (Bij)mxp-

T A EH 7 ET AR E (9.53) W B A THE.

R E X Bintitk, AFEHEF F BEwmkEl, FRgRAEREF F s
X R R

.fj — j1X1+bj2X2‘|‘"'+bijp+€j, ] — ]_,2,"',777,. (954)
B B RE A = (ai)pxn WEX, A
aij = COV(XZ', f]) = COV(XZ', blel + bj2X2 R bijp + €j)

= bﬂ?”ﬂ + bjg’/’ig + -+ bjprip,
p

= Zrikbﬂm i:1a2>"'>pa j:1a2>"'>ma (955)
k=1
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a2
A= RBT, (9.56)

HHA R = (rij)pxp WARHERE, B = (bij)mxp B, F

B=A"R™! (9.57)
fEH B fAHE. AR (9.53) 133

F=ATR'X. (9.58)

R (9.58) BHETFHAMITAAR. HTFIZAKXEHEHTREERN, BIHFRAE
9%, 75 & Thompson (1939) #2145/, tFRF Thompson J5 k.
FIEHFT A I, HHEE S50 R OE BRI — MR R 2w,
W, R HMAEFHEETHIHIEE factanal () FIBTAH TR, 4S5
scores="regression" B, RAMEIFE:; 2% K scores="Bartlett" Hif,
K R A e /N 31k
5 9.13 i+ H 4] 9.12 F 48 L HIEEH R T 54
%
> rt<-read.table("applicant.data")

> fa<-factanal(”., factors=5, data=rt, scores="regression")

XHORFR 2 EAT%. fa$scores R4y 48 HWIETE 5 MALH THI/D
THOL (). Sy EDULEEDL, 1 48 ALV IHTES —. 23T T HRURE,

> plot(fa$scores[, 1:2], type="n"
> text(fa$scores[,1], fa$scores[,2])

HETEME 9.4 Prs.  HATE ST ATH, B—AIEE 7 R ERICKIH M 7k
H1, BN T RERIDRIE LK. A F ] AR & 5048 L s i
P, W39, 40, 7. 8. 9M2SNIEE. UMRESIERRS, NWHEEBEE—
NIEEFRSER N, aREZLL, WA S EE A EE RN
WEEE AEIE TR, EHE . HEALEFESNEBORE, Sk
Bartlett 7515 71545



544 FNE MHAZTHT (1)

42
~H 41
39
7%
5 9
A 43
246 5,
13 4 2
N 3 6 17 %3
% o — 20
8 . 29 5c 36 19 19
34 46181 12
< 28 31
32 27
RB 38
D 37
4%8
| T T T I
-2 -1 0 1 2
Factorl

Kl 9.4: 48 MW HEHAESR —. S AHE T T AR E

9.3 HEAERT

HAIM S5 (canonical correlation analysis) J& T 4L FEHLAS 1 2
B I AH SCVERR BE B — P ge i1 1%, EREAE A AHAE 7~ P ZHBEAL AR B 2 (B B AH B4R
PERBIC R, X —J715J/&H Hotelling (BRiAK,  1935) E5G4e ik,

FESEPRME A, LW BN — R R 5 — o R 2 REH
. P, ET), FRERNEZERE (X0, X, -, X)) 5 i EZER
(Y1, Ya, -+, Yy); FEAEHFFH, IR EZARRONHKEHEZNRCR; El
R, DA SSE AT R R, e A AL o S Bla Lo i
HIRESCHE FEHE ST, FEMTENFH ARG G AR B — 2 ERE NS
HIAESGHE, SF4E.

— i, RAWAREIASE X1, X, -, X M YL, Yo, - VG, BRSSE TR
KRR, Hp=q=10, REFHNMERE X HY IHILR. Hp>19>1
B, RARLITFERD Tk, RS —HERLEAS U MG A%
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BW&HAs V, |

U = a1X1+a2X2+---+apo,
Vo= b)Y b)Y+ £ DY,

TIRPEIE 5T P LA B (A G Ak T AL AT S P A2 B AR OGP R, I HL AT A
I8 YA N R a, b, HARACE UMV ARESRHEIRBIRR, PRIXFHAEC
SLARIARSC, FET KBRS AT J5 IR AR O S ARLAR SC o A

9.3.1 E#H#iiEx

1. #ARIGERHIE X

WX = (X0, Xo, -, X)), Y = (Y1, Yo, - YY) AKENLAE, I X 5Y /)
SNEAS o X VY ZEHSORIR X 5 Y Z i, R EHKE o 5
b, ff p(a” X, 0TY) Bk, HIAHSEREAIE X,

Cov(aTX,07Y)

T T _
pla” X, b7Y) = VVar(aTX)/Var(bTY) (9-59)
MEER o, 0 M e, d, B
p(a(@ X)+B,cb"Y)+d) =p(a"X,"Y). (9.60)

. (9.60) PLEAE B REURKH o X F1 V1Y FEARME—. B, EEAAE
mF, AR
Var(a* X) =1, Var(b'Y) = 1.

WX = (X1, Xo, . Xp)T, Y = (Y1,Y,- -+, V)T, p+ q ZEBEVLIE <‘;()
HIXIMER O, IR ZEME £ > 0. FHFE a1 = (a11, aa, -+, arp)” Al by = (b1, bia,
“oey big) T AR p(af X, 07Y) LRI

max pla” X, 3TY), (9.61)
s.t. Var(a®X) =1, (9.62)
Var(81Y) = 1. (9.63)
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H RS, WAR U = of X, Vi = oY 2 XY WXt (41) S
1 (canonical variates), FRENTZ AR REL p(Ur, V1) WEHE—HAM R REL

(canonical correlation).

WRTFHE ar. = (ar1, ara, -+, ap)’ F bp = (bry, bra, - -+, brg)” fH 15

(1) af X, by Y FIBTHEA & — 1 X g AL AR e # A AH G

(2) Var(a] X) =1, Var(bl'Y) = 1;

(3) ap X 5 by Y MRREERAK.
MFR Uy = af X, Vi = 0[Y 2 X, Y W55 kX (4) S0 E, FREf]Z mmAH5E
R p(Uk, Vi) B K (k=2,3,- - min{p, ¢}) BRI REL

2. BEERAATIRERHIHE

éZ:<X)Wﬁ
y )~

211 Z:12:|

AU =a" X,V =0"Y, HI, SRAFSE—TSLAIAS BA AR 5 R B0 20 R ik
(R (9.61)-(9.63) R K

max p(U, V) =a’¥,0, (9.64)
st.  oa'Yha=1, (9.65)
BT%0,0 = 1. (9.66)

e — IR A R R, X BLR F 29 SR 0] ) — B b BE S A - 7oK A
Foj 1 2R AR (9.64)—(9.66) B Lagrange RR%X

L(a, B,\) = OéTZwﬁ - % (CVTZnOé - 1) - % (5T222ﬁ - 1) )
HA A = (A, \)" K Lagrange &1

HI 23R (9.64)(9.66) By —Brab 5% 4F

oL _
da

oL

0, % =0, OKTEHOé =1, /GT2225 =L
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R T
2126 — )\12110& = 0, (967)
2210& - )\22225 == 0, (968)
'Y = 1, (9.69)
BB = 1 (9.70)

THERMEZ R X (9.67) BAFE o, KX (9.68) ATk 57, BAIARK
(9.69) FI=K, (9.70), F5F] A = Ay = .

BT S >0, Bl 5, oy #2178, EHER (9.67) FIz (9.68) 155
A =Y1Y008, A=Yy Yaa, (9.71)
FrAA
Mo =28 0Yn Yo = Mo, MNB=YgYul 'Yl =M3,  (9.72)

Hf M, = X' Y0085 501, My = X5, S X1 Sia.

E, N RHME M, 5 M, WRAEE (EE, M M, BHFERFIEE),
o JE My FAAEME N XV ARHMER &, 5 J& My FHIEE N XY A FRHE ) &

BT

alS0 =MalSa=20T8108 =\,
L, MALlaE (9.64)-(9.66) WIfR ar, by JE3R My 88 My S REFIE(E N2 FIAHRY
AT 2
|=ittal] =1 =] =

HIFFER & o F1 3.

T4 R

(1) & My = %7 51555, D1

(2) H5E My PR KERAEME \? AR A ERER & oo, 4

B = 22_21221041, a; = Oé1/\/ alYyar, b= 51/\/ BTS00,

T A= /N HE—SBEAEE R, Uy = ol X, Vi = 0TV Rss—x s i



548 FHE WHSTEME ()

XEFE b X SAARSCAS BB SRIBTER ML T2 1 XA OCAR &, SRAREH
e SN R R IR IVADE SN Gih =l i SURE MRS S i) D e, 2 O

(2') HH5E My 956 b REFAEE ) AR ARRER & og, &

B =Y Soro,  a = Oék/\/oé;fznak, b = ﬂk/\/ B o6,

M A, = /A7 W kMR ERR, U, = o/ X,V = 01Y 5 k XAy
.
9.3.2 BEARMEIIERX

DR Z = (X0, Xo, -, X, Y0, Yo, - Y)) T, TESERR A, BRRY (T i
B(Z) = p FithJ5 2/ Cov(Z) = X HRARFR, BT ICHE R S A L3
S AL A G R KL, TR BRI R AT 247 fh 7t

EALER Z B n YOI H

X
Zi: v ) i:1a27”'ana
(@) %

(@) 7 (p+q)x1

T RFEA TR N
T11 Tiz o Tip Yo Y12 o Yig
To1 T2 - Tzp Y21 Y22 Yzq
Tpl Tp2 °° Tpp Ynl Yn2 - Yng

R Z ~ Npio(pn, X), W7 ZHEE AR EUARAG TN

n

S-S (z-2)(z-2)"

ﬁ¢7=%é&m%ﬁ%§%#$mﬁ§%

I, RTFFEA AR Ry 1o, HFRERERE My 50 My F1H) Y1, Yo,
Y91, L2 ilﬁlﬁk illa §127 i21, i322 El]ﬂ‘, .ﬁkl‘l‘ﬁﬁﬂt‘nﬁ
(1) /7“\ Ml = §1_11§12§2_21§21;
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(2) i3 My I RIRFEE AT > A5 > - 2 An, Jeft m = min(p, ¢), FIHR
E"J##{EEW% Ak, k= 1727 T, M, /7"\

B =Y Soro,  a = Oék/\/ Oé;gpiuak, b = 5k/\/ 5;?%2@“

W A = /A7 K5 b SRR BAESCRE,  Ur = of X, Vi = 0[Y A5 k XA
JLARIAR B

9.3.3 HERXHSIEVITE
R R4 T BB G AT E 5, I U

cancor(x, y, xcenter = TRUE, ycenter = TRUE)
Horf x, y BAHMAEIER S, xcenter, ycenter &AL, TRUE HFXHE
H4,  FLASE JEAAOfl (k48 {EJ& TRUE).
Bl 9.14 £ RIMAREA 20 £ FAMNE T ZALIHR: AT (X)) . BE
(X2) o BRHE (X3) Ao ZANDIAASAR: FlHkdm L (V1) . MK (Y2) . BE3KEK
(Ys). A& Ak 9.6 F. XAX B AT A 48 X 5947

& 9.6: RE BRI EH)EIBIEIRFOIIFISIR
AT X X X3V Y2 Y3 AFX Xo X3V Yy Y

1 191 36 50| 5 162 60| 11 |189 37 52| 2 110 60

193 38 58| 12 101 101 | 12 | 162 35 62| 12 105 37
189 35 46 | 13 155 58| 13 | 182 36 56 | 4 101 42
211 38 56| & 101 38| 14 |167 34 60| 6 125 40
176 31 74 | 15 200 40| 15 |154 33 56 | 17 251 250
169 34 50 | 17 120 38| 16 |166 33 52| 13 210 115
154 34 64 | 14 215 105| 17 | 247 46 50| 1 50 50
193 36 46| 6 70 31| 18 |202 37 62| 12 210 120
176 37 54| 4 60 25| 19 | 157 32 52| 11 230 80

© oo N O Ot k= W N

—
e}

156 33 54 | 15 225 73| 20 |138 33 68| 2 110 43




550 BE BR AT (D)

% MEARHERIE XN, 9 THBREAR RO, Jof R in el
FEUE I BB %L cancor O #EATIH5E (F2/F44:  exam0914.R)

test<-data.frame(
X1=c(191, 193, 189, 211, 176, 169, 154, 193, 176, 156,
189, 162, 182, 167, 154, 166, 247, 202, 157, 138),
X2=c(36, 38, 35, 38, 31, 34, 34, 36, 37, 33,
37, 35, 36, 34, 33, 33, 46, 37, 32, 33),
X3=c (50, 58, 46, 56, 74, 50, 64, 46, 54, 54,
52, 62, 56, 60, 56, 52, 50, 62, 52, 68),
Yi=c( 5, 12, 13, 8, 15, 17, 14, 6, 4, 15,
2, 12, 4, 6, 17, 13, 1, 12, 11, 2),
Y2=c(162, 101, 155, 101, 200, 120, 215, 70, 60, 225,
110, 105, 101, 125, 251, 210, 50, 210, 230, 110),
Y3=c(60, 101, 58, 38, 40, 38, 105, 31, 25, 73,
60, 37, 42, 40, 250, 115, 50, 120, 80, 43)
)
test<-scale(test)
ca<-cancor (test[,1:3] ,test[,4:6])
LR A
> ca
$cor
[1] 0.79560815 0.20055604 0.07257029
$xcoef
[,1] [,2] [,3]
X1 -0.17788841 -0.43230348 -0.04381432
X2 0.36232695 0.27085764 0.11608883
X3 -0.01356309 -0.05301954 0.24106633
$ycoef
[,1] [,2] [,3]
Y1 -0.0801801 -0.08615561 -0.29745900
Y2 -0.2418067 0.02833066 0.28373986
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Y3 0.1643596 0.24367781 -0.09608099
$xcenter
X1 X2 X3
2.331468e-16 4.385381e-16 -2.220446e-16
$ycenter
Y1 Y2 Y3
1.443290e-16 -1.776357e-16 2.775558e-17
HorAr cor RHAMKREL.  xcoef FXWTHIE X I RE, WIFALTHE X
AL EART (canonical loadings), BIFEAS LA & U REUEM: A fU5EE . ycoef
XN THHE Y R, WHRNRTEIE Y aysialzs, AIfeAmiiga Vv
FBUERE B %5, $xcenter EERE X Byrfuly, RIEME X MIREAIHE X.
$ycenter ZRHE Y Ayrhuly, HIEERE Y WREAYE Y. HFEECIET i
AbEE, PR LTS A AR AR D 0.
X REARSREAE, SR a A R R B
Uy = —0.178X7 4+ 0.362X,; — 0136X3,
Uy = —0.432X7 + 0.271X; — 0.0530X3, (9.73)
Us = —0.0438 X7 + 0.116 X, + 0.241.X3,

Vi = —0.0802Y;" — 0.242Y;" + 0.164Y7,
Vy = —0.08615Y;" + 0.0283Y;" + 0.244Y7, (9.74)
Vi = —0.207Y; + 0.284Y; — 0.0961Y5,

Horp XY i = 1,2, 3 BARHEIL R AR, AHI A9AHSC R B0

p(U1, Vi) = 0.796,  p(Us, V) = 0.201,  p(Us, Vi) = 0.0726.

H3 (9.60) "I, 3K (9.73) MK (9.74) B RBOFAME—, REMNPEER
FyH].

TH AR R R THAS. BT U= AX, V = BY, Frlif
Sri R RRF N

U<-as.matrix(test[, 1:3])%*}% ca$xcoef

V<-as.matrix(test[, 4:6])%*}% ca$ycoef
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FNE MHAZTHT (1)

] H PAARSCA | U, Vi Al Us, Vs MARPRES R RUR ], Hean oy

plot(U[,1], V[,1], xlab="U1", ylab="V1")
plot(U[,3], V[,3], xlab="U3", ylab="V3")

HEFEmE 9.5 MIE 9.6 Frs.

V1

V3

<
=]

0.2

0.0

-0.2

-0.4

0.2

0.0

-0.2

-0.4

0°

-0.4 -0.2 0.0 0.2 0.4

Ul

0.6

&1 9.5: 55— S AR f O AR AR R IR

-0.4 -0.2 0.0 0.2

u3

0.4

Bl 9.6: 55 = 4L AR F O AR AR R
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WX PIRE, IRE&EL, B 9.5 PRy REA BE— R EKMT, ME 9.6
IR, A BRI X RN ATE? H5L Lk, & 9.5 By e — A&
AR, HAHSRREOY 0.796, LT 1, PriAfE— B LM, Mk 9.6 mHyE
SRR RS, HARSCREOY 0.0726, BGE T 0, BTRMRTHL

9.3.4 HAMEXRHIVEEMEIEIE

PEARSCOMITRY H Y, SRTE A £ 204, B 1A 2R L, AR A FEgEr)
THEARAER YR, X ERIFAFAER — R, BUEEFE SR AR i ? B [E] 2%
XA, AR B A O R B B . A Oy AIARSC R BT o = 0,
MIRLA L6 REER b X LA B

1. 285 HAEBXRYHAFTHRE

X
i (Y> ~ Npio(p, 2), ¥ >0, S AFEARM T I ZRRE, n AHEANE, H
n>p+gq.
% e B s e [ R
Hoy:pr=ps=-+=pm=0, H1:§//"~/l\pﬂ<j§10, (9-75)
et m = min{p, ¢}

AR Ho, NIAATHE WA AR R Z R RER AT HhkiEd
Ho, WY —X A R B 28 iy, GR5E b, 3K (9.75) SR TR g6 1] A

H() : 212 = O, Hl : 212 7é 0. (976)
% Ho 0L, R X 5Y EAMR. CEARKEESITERY
M=]]0a-r) (9.77)

i=1

X FEIREY n, B Ho MOLES, SEitE
Q1 =— {n— %(p+Q+3)} In A (9.78)

UCRMRINE R pg B9 x* 046, TEAER BENKT o T, & Q1 > x4 (pa),
WFELEEARBE Ho, INASARE Uy 5 Vi ZARVER S BNHAY S — S
MRRBALE. EXFFLT, BB b R T



554 FFE BR Z A (1)

2. 835 MK BEBA R BN TR

BT b MBS AR R ER, MERRE b+ 1 MRS
B, WEN Tk

Hy:prp1 = prye = =pm =0, Hi: BDP—4 p ZH 0. (9.79)
HEimasitiEh .
A= [ (=79 (9.80)
i=k+1

XFFIERE n, 24 Ho HEES, it
k
Qri1 = — n—k—%(p+q+3)+;r;2 In Agiq (9.81)
IR E HEER (p — k)(q — k) 89 x> M. TESRER BFEWRAKT o T, #H
Qi1 > Xa((p—k)(g—Fk)), NHELJREBREE Ho, INRFE k+ 1 MBAERREL
ERER; SNHABAACRECR BE, IRl HRE b oylk.

3. EXAKIREH R EF
TIRHETH A RA TTIEME AN R 27 (BJF4%:  corcoef.test.R)

corcoef .test<-function(r, n, p, q, alpha=0.1){
m<-length(r); Q<-rep(0, m); lambda <- 1
for (k in m:1){
lambda<-lambda* (1-r[k]~2);
Q[k]<- -log(lambda)
}
s<-0; i<-m
for (k in 1:m){
Qlkl<- (n-k+1-1/2%(p+q+3)+s)*Q[k]
chi<-1-pchisq(Q[k], (p-k+1)*(q-k+1))
if (chi>alpha){
i<-k-1; break
}
s<-s+1/r[k] "2



3] A 955

}
TR NAESRAR R R B v, BEANEL n, TIANFENLII R I4ERL p 1 ¢, DSBS
K- a(BRAETEH 0.1). o7 ik {E 2 S AR B X5
Bl 9.15 (Zif5] 9.14) 47 9.1/ 49 A 4 % 4 S Akie T,

. FHTAEAXIRER R KA corcoef .test O fEfuL.

> source("corcoef.test.R")
> corcoef.test(r=ca$cor, n=20, p=3, g=3)
(1] 1

R —x oA, K 9.6, ATEATUES], BUREIRD L Toika MR
HAE. [FRE, R AR AR ], HEDE AR R B, BATAMASE
— LR R AT I, SR E FELER H Y.

SR

9.1 A &% ﬁé—;émﬁm?r_ikiﬁ& EM. R 9T REFT = LI+ =AM 4,
AR EE (1), =) (2) . BX (3) . ¥ (4) . A4k (5) . &M (6) . AT
(7). B (8) 20 ) IN %%zn (10) . &% (11) . #BK (12) XX ERXA &
(13), ANBER, AR FABLTZHE X1 (TA), BRIAK Xy (A), =
LEFE X (FA) ERFHETE Xy (L /AF), GABRRERIZ
1B X5 (L), FeflHE Xo (%), FHEBRFHEFE Xy (o) FgRA A KR
Xs (A /vb) 695 HE.

(1) BN 2RI DA TR 8 AR A RS, A2 AN RITR

(2) #IR 2 RAHOIFHH 13 A7 L3 A7 HE Ao i

9.2 XXX EHFRGHKEST Y #TAE, c5TEHWNMEETA L X
JERTT BN, Xo mEH Fw-PHNAIEL, X A2RmEFRfkAE, Xy
Al -, M Mk 98w RAAEZARHSE G5 kE
ZHEZTY BwAEE Xy, Xy, X5 o Xy 69E 2542,



556 0% B3 AN (D)

# 9.7: X TIER TH=MTI ANMEIRE SR
X, X5 X3 X4 X5 Xs X7 X3z
1 90342 52455 101091 19272 82.0 16.1 197435 0.172
2 4903 1973 2035 10313 34.2 7.1 592077 0.003
3 6735 21139 3767 1780 36.1 8.2 726396 0.003
4 49454 36241 81557 22504 98.1 259 348226 0.985
5 139190 203505 215898 10609 93.2 12.6 139572 0.628
6 12215 16219 10351 6382 62.5 8.7 145818 0.066
7 2372 6572 8103 12329 184.4 22.2 20921  0.152
8 11062 23078 54935 23804 370.4 41.0 65486  0.263
9 17111 23907 52108 21796 221.5 21.5 63806 0.276
10 1206 3930 6126 15586 330.4 29.5 1840 0.437
11 2150 5704 6200 10870 184.2 12.0 8913 0.274
12 5251 6155 10383 16875 1464 27.5 78796  0.151
13 14341 13203 19396 14691 946 17.8 6354 1.574

= 9.8: ERHBRmHENFEIREIE

X, X X4 Y

1 82.9 92 17.1 94 8.4

2 88.0 93 21.3 96 9.6

3 99.9 96 25.1 97 10.4

4 105.3 94 29.0 97 114

5 117.7 100 34.0 100 12.2

6 131.0 101 40.0 101 14.2

7 148.2 105 44.0 104 15.8

8 161.8 112 49.0 109 17.9

9 174.2 112 51.0 111 19.6

10 184.7 112 53.0 111 20.8
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9.3 A 305 fde ¥ 5 £ B ANARA SR, 48 4940 K A2 L) 8.7 49 A 8. 5P
. XA BT oM GG 7 R ZIAANR R AR AT AT, BB AEBT, AL B
7269 fF .
9.4 AXEFAGFIEN, FRENGHI 12 25424 5 TTRAKRE XY
ARG, A 3.18 Fehk 5.6, KA B F oA 89 7 ik A AT AR AT 9 A7
(1) &b B ITRAZG AL R T, HF3H 050 MAE,
(2) A& a7 kR Bartlett 7 ikt HAHERG R T55, SHEFTF5G 5
—, FoaXARATREE, BEeg s BERMMTIX 12 FAGF JFA.

9.5 AR ILEM A GBI NEEGE 4, ML 40%&%2?%&&&
WE (3. hERHE) 5B HEE. BLBAESTRAE
%), ek 9.9 Frw. EAHHILEH SA8t5 5 il A ARtRdg4a £ 4 %Eﬁ
T2 49345

ﬂ

& 9.9: JLERSMESIREEIRR

ILEME Jili 38 R, ) e
L hE M &) MEE  #HEER ﬁﬁk
7 | (m)Xy  (kg)Xy (em)X3 | (L)Y1 & (L)Y, @A % (L)Y
1 140.6 43.7 77.9 2.67 7.00 108.0
2 135.7 39.5 63.9 2.08 6.98 91.7
3 140.2 48.0 75.0 2.62 6.17 101.8
4 152.1 02.3 88.1 2.89 10.42 112.5
) 132.2 36.7 62.4 2.14 7.47 97.5
6 147.1 45.2 78.9 2.86 9.25 92.4
7 147.5 474 76.2 3.14 8.78 95.4
8 130.6 38.4 61.8 2.03 5.31 7.2
9 154.9 48.2 87.2 291 10.69 80.8
10 142.4 42.6 74.1 2.33 11.15 76.7
11 136.5 38.4 69.6 1.98 7.7 49.9
12 162.0 58.7 95.6 3.29 3.35 58.0
13 148.9 42.4 80.6 2.74 10.11 82.4




558 FE A S ASH (1)
& 9.9(8): L ERSHESYEEEIRR
ILEF A i R G
lin I & "hE A ) MEE #HLEBR  HE0FRX
5| (em)Xy  (kg)Xo  (em)Xy | (L)Yr & (L)Y #ERE (L)Ys
14| 136.3 3.1 68.3 2.44 7.82 76.5
15| 159.5 49.1 87.7 2.98 11.77 88.1
16 | 165.9 55.7 93.5 3.17 1.1 110.3
17| 134.5 41.6 61.9 2.25 8.75 75.1
18 | 152.5 53.4 83.2 2.96 6.60 71.5
19 | 138.2 95.5 66.1 2.13 6.62 105.
20 | 144.2 42.0 76.2 2.52 5.59 82.0
21 | 128.1 97.3 57.0 1.92 5.81 92.7
22 | 127.5 32.0 57.9 2.02 6.42 78.2
23 | 1407 447 73.7 2.6/ 8.00 89.1
2/ | 1504 49.7 82.4 2.87 9.09 61.8
25 | 151.5 48.5 81.3 2.71 10.20 98.9
2| 151.3  47.2 84.3 2.92 6.16 83.7
27 | 150.2 /8.1 85.8 2.79 9.50 84.0
28 | 139.4 35.6 67.0 2.27 8.92 71.0
29 | 150.8 45.6 84.9 2.86 12.08 125.4
30 | 140.6 6.7 67.9 2.67 7.00 108.0
31| 1857 415 57.9 2.8 6.98 91.7
32 | 140.2 48.0 71.0 2.62 6.17 101.8
33 | 152.1 50.3 88.1 2.89 10.42 112.5
34 | 132.2 43.7 62.4 2.1/ 747 97.5
35 | 147.1 41.2 78.9 2.66 9.25 92.4
36 | 147.5 45.4 76.2 2.75 8.78 95.4
37 | 130.6 8. 65.8 2.13 5.31 77.2
38 | 154.9 48.2 91.2 2.91 10.69 80.8
39 | 1424 42.6 83.1 2.63 11.15 76.7
40| 136.5 40.4 69.6 2.01 7.77 49.9




F+E HENEN

TER R GRIITIEXELM R R R, AR — 20 ] AR R e i A A AT
. BT SEAE AR E BT, BARITER, S AT A R AR
EXRKRUBTREH. 7o, BIERFEEE, WA R ARImITr 4R,
TEX RO T, AT LASR S SAUBEAU A4 7596 e 20 A A Ak ke [ AL

RES B FEA R AR %, 15T FAE A A 70 A9 Monte Carlo
Tk

10.1 ¥IFEHHTES Monte Carlo Hik

10.1.1  HEELMK

W A S48 FIAE R 7 ok Mg BEA AL, N HEE — Mo+
B 10.1 (G K2 [H) )

— K EM A 3bTFiE B3k, RAAHBRAIE B3 EXE. .0 THEXER
A 553) B 3h69IZATR Rl RIRAIGAEA 30 54F, AREEA 2 55 ESMAME
. OKERATH 1958 Ak, AKY 13:530%5 Bk, XEHF A
BB Z| B AR Ao R 10.1 P, AFIE B bR B M E 4k 10.2 s, F
LG AT EX F 6B R £ )2

3+ 10.1: KEEI A ShEYBTZ) R BEEE
P55 13:00 13:05 13:10
ot & 0.7 0.2 0.1

% 10.2: TAELE B uhHYES 2R BEE
AE] 5L S 13:28 13:30 13:32 13:34

o & 0.3 0.4 0.2 0.1

% iC T KN A v kptZl, To HXZEN A vEEE B 8217
[, T3 A RS BufgitZl]. Bk, T, Ty, Ts ¥ 2HENIAS &, H T ~ N(30,2%),
Ty, Ts for A 38 10.3 F15% 10.4 Frs.

259



560 %+ A A

F+ 10.3: T\ B9-TniE
W% T1/ 4 0 5 10

HEE p 0.7 0.2 0.1
HAE 13 Bt ¢ = 0.

F+ 10.4: T3 WH7E
B Ty /) 4 28 30 32 34
% p 0.3 0.4 0.2 0.1
HAg 13 Bf Rtz ¢ = 0.

W AT R, B ANRE S B KR T LB T+ T > Ts. H
WS, M LK ERIEES (T 4T > To). LdsMHi s s,

EHVFFZ ZEZ TR, SRR 2 1322 Monte Carlo (52
i) ik, BN Monte Carlo J7VAJ2& 58 MR 70 A A AT By 225>
Bt

10.1.2 Monte Carlo 7%

Monte Carlo J5{%, X#kA Monte Carlo B4, (&t itia5 77 % s FEA AL
% PrESUR R R — IS SR B R BRI RS ERE, AR — 1N RS
(FRoMBEL) SRRy, AEBR AR SEI PRI L, i) i BB 854
B,

Monte Carlo J2&BE44 ] [ {7 2 4 5, 55 A UHIE],  Von Neu-
man ({5 - #EHKE) M Ulam (SSH088) R0 G005 0] R 3508 S B T
Y&, AESE Monte Carlo VE RS HIARIF. AT BAR AR X 2 1) i iy
T RERLY BOH TRA.

Monte Carlo J7{%k# A BAEE K & FEYL SR MER A IE (BER A0, 2
) SRENL AU R, FIRE A 755 S A AR S 5
I, [T, Monte Carlo 7R 5 AR mURMER AW iR 2 i 5800, 1
AT SR

WAk, BEAME T —A5L2hrid 2, Monte Carlo J5 #8522 K AT FEHL
¥, iFEERR, ATHSERATTRER, HAETETt iyl Lesl.

FATATH Monte Carlo J7 {5 BIAESE — A 4419 Buffon $5R]#.



10.1 #FZ40H75 Monte Carlo 73 561

51 10.2 (Buffon $#f%} R &)

L FER T, F L4 Buffon 34 FAARL RN L IHRBR 7 ERBDEAE 7 4
SRR A, LR ALY 7 ik Z I Buffon B4R

& BB 1.2 R, B TATRAESCH T LR

z < —siné.
2

Buffon fj#EHAmAETT5L BB, TEAEU TSR

(1) PAAEFENLEL. B4 n MHEMSZRFENIAE &R 0, iieeFs 0;, 2,
i=1,2,---,n, Hfr 6, ~U(Q0,7), 2 ~U(0,5).

(2) BEBIRL. RIS

l
x; < isinﬁi (10.1)

TEMAL. A2 (10.1) B, F#ash « Wik (st 5 FAT8HM%). & n Ik
R kR, W« A EH
2ln

T=" 10.2
e (102)

Hra > 1, ¥R E.
B B PR E R R IR (8)F4%: buffon.R)
buffon<-function(n, 1=0.8, a=1){
k<-0
theta<-runif(n, 0, pi); x<-runif(n, 0, 1/2)
for (i in 1:n){
if (x[i]<= 1/2*sin(thetali]))
k<-k+1
}
2x1xn/ (k*a)
}
W E Ry R ¥ buffon.R, #47#, B n = 100000, [ = 0.8, a = 1.
> source("buffon.R")
> buffon(100000, 1=0.8, a=1)
[1] 3.142986



562 %+ A A

Buffon f#4HAR AR BART ., HEAKMN T Monte Carlo 77k
RIGEPR B EEA S IR, KRR SN, BRANGE, RS AR g AL
TE.

N T TR L, X BRI ONE e R m 89 5 — T
%

B 10.3 RAAtFE AT kAT, WHE A E 1 6T

& BRI (0,1) KA EX 5 AR AL RENLAR B X 5 Y, B, 4

FEHLAE R (X, Y) BER G BER By

f(:v,y)z{

W P{X2+Y2<1} = %.
FRBKA 1 IETE, B—ME (R 0) MEL, 1 KB 1/4 FHIK.
WIE, FEIEFIE NSRRI n MV (25, v:), 0 = 1,2,---,n, Bl 2; 1 y;

& (0,1) XS AakELaL, miE 101 PR, Bon ARTH B A RVEE 1/4

1, 0<z<l, O<y<1,

0, HE.

O 1
K] 10.1: F] Monte Carlo F 3K = sy flii{E
B, BIAE kA (2,0) R 27 +y7 <1 WE n— oo, HFWFRZR,

(E) _ o, L/ARmER (E) . T
n), . EHEER n/ 4

B,  BAETHE

THESE PRI (BF44:  MCL.R)



10.1 HEZSMH75 Monte Carlo J71: 563

MC1 <- function(n){
k <- 0; x <= runif(n); y <- runif(n)
for (i in 1:n){
if (x[i]"2+y[i]l"2 < 1)
k <= k+1
}
4xk/n
}
Forpt runif O B AR SR RENLEL, HAFRINER runif(a, a, b) AKX
[f] n A (a,b) KW _EXHS 0 MHHENIEL, 5 o, b [EE G, W™E n A (0,1) XHE
SR EELEL AR MC1 BR%, B n = 100000, 152
> source("MC1.R"); MC1(100000)
[1] 3.14268

J:ELTL’EEI’JFH Monte Carlo 753K m (7715, 4 L3t &M Monte Carlo 77
MR R / VI= Pde. T R 2B — k.

5] 10.4 A Monte Carlo 7 ik R ARH
b
I:/ g(x)dux. (10.3)

% K 10.2(a) BB HARZREE R (10.3) B{E. Svfafblne, HFrek%l
FRAIFERNIET L (0<2 <1,0<y < 1) A, WK 10.2(b) . HERE g(v)

Y Y

K] 10.2: F Monte Carlo 73R EFR B~ =K
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FEDXTA] [a, 0] TS, AT DAE 2 e AR Aty LU B RUE, BT AR ] 10.2(D)
PAERAHRE 10.2(b) Bt THIERS

I:/O f(z)dz. (10.4)

A x,y AFEAMSLE (0,1) KE_EXSTRENIEL, TERALIETTTE NEEHLRY IR n 4
«"5\ (xiuyi>7 it =1,2,--+,n. %% J /I\Izﬁm"‘]_i (xjvyj) %:‘F‘EH% f($) TB"JIZ@EV\]
(& 10.2(b) A X)), RIZE j ISR M2, XA T e A AR A

yi < flx;). (10.5)

BRI RECE kA, BARARKECY n, MBS AREtE, #

NIIES
. (10.6)

WAR, HEE p BIoRE 10.2(b) AR A JNTfT, BEWLARIETERXIR A MR p 2
R AR B A 1.

g5 L Frid, ATRAE Monte Carlo J7iAg@m) —Bad BRI AT = 4.

(1) g 7] R MR AL AR

XFREALYE A B8, bR, KT ROZ a4, FERMEMELZE)
AORERIS R, BRI B, X — (a8, 725 T 89 5 ARt —2 it
.

X EERR, WiE © H, TR, IR LAy RE AL R,
Bl 10.2(a) THHELEREL g(x) X [a, 0] FERSY, WEFE cb—a) WA
FXIE AN P A TRV, FRTEOE BAER v < g(x;) M8, TR T 1)
R AR AL,

(2) INE R 1h flid:

ME GRS A fhAe, SEhs BJEPE A B A A I BENLEUF 51, AT SEBRT B
HLEE R i, BEEBEE 1, CBAET 7 E f(z) BIRRERFS] f(21), f(22),
ooy flan), B ERBEEERECH f(r) WEEPLTFS.
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(3) EILFrRRI ST

XPRAFEE, FIRE R REALAE R k/n fE N RIERRRIME(E, 2 k/n BYHIE
EIR AR ISR A, WBTAREE R 0 oAl XFHELLAE Monte Carlo 751k
FHGRZ. BRIEmMATHIN, AR AT T, #rLfhitSF.

10.1.3 Monte Carlo FZEBEESH

Monte Carlo J5 ik LABENLAL AR A ST (E B HEWTHER 0 A7 H, REA
SRR, X ELHE —MMREM TR EE R, Monte Carlo J7 LT REIAE 0K HE
SN HATEE R R/NEEMIC. BAIAREREAB AT B (RIBARI 2 )
REBEREE, T — .

ARV X, HAEEEDY 21, 2, - - -, BIHCRHEIHEE E(X), WA B
Tk

1. FELIRR A&

FESLE TR (B 10.3 Al 10.4), BT n AR, 3 n FU/KES, U
WEMLAERE & /n fEOVIAE(E E(X) R RIs(E, BP

E(X)~p=k/n.
Forf ke J2& n YGRS B KL
AR RIRBE R RN E R p, FLL
. { 1 RIRG R,
©o Lo, R,
W —y ik s 3 (E 507 2209

E(X;) = 1.p+0-(1-p)=p,
Var(X;) = 12-p+0°-(1—p)—p*=p(l—p).

AT n ke, Hd b yGaRse s, Wk BEASECY (n,p) B0
B, REYLACR k BIAGEN
p=k/n.
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B, BEYLAER p A EM 7 20 2

E@):E(E) LB =p varp) = PP

n n n

WiitrmEZ S = /p(1 —p)/n. %4 p=0.5 K, IRHEZBF|HK.
BAEVHE, HIRXBRKE n ME KR, AKX [p—pl <e WHEANT 10,
AP
P{lp—pl<e}=1—-a. (10.7)
e, S (10.7) BELEEDY o, HAFE N e fill0, %58 o = 0.05, ¢ = 0.01,
WI7E 100 wikge, fhfE p SEAE p 22, KA 95 KAEL 1% HIRE.
H ORI EFR A, 25 n — oo B, (p—p)/S FRETFAREIES M N(0,1),
A i
P{@ <Za/2} =1—a, (10.8)
Horp Zojp IR ATH) B /2 73 ALA.
=L (10.7) #15 (10.8), 53]
€= Za/2S = Za/2 V p(l _p)/nv
P NES

p(1—p)
62

n > Z%,. (10.9)

%] 10.3 J& FFENLIR R R AL TR A R 7, THSRIT R ERES DR A 6
IRFIRGFEER.
Bl 10.5 (84 10.3) X B BZREHA 5%, ¥ EZKHA 0.01 GHERT, ) 10.3 Ff
FayiX bR K.

g BB o =0.05, FR r/4 5 EERIAHIEE, 185 p = /4 = 0.785,
e =0.01/4. ERHZLIH (qnorm(1-0.05/2)) 5% Z, /o = 1.96, Kt

p(1—p) _, 0.785 x 0.215 x 1.96
= (0.01/4)?

J = 103739.

Hrer -] FRon EBUE.
B, fE 100000 REHL, 53] » (ESMES HEEA 95% M FREIRELE
1% PAM.
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& 10.5: HFREENAERRE (o =0.05)

D e =0.05 e=20.01 e = 0.005 e = 0.001
0.1(0.9) 140 3500 14000 350000
0.2(0.8) 250 6200 25000 620000
0.3(0.7) 330 8100 33000 810000
0.4(0.6) 370 9300 37000 930000
0.5(0.5) 390 9600 39000 960000

A (10.9), AIREIARAEE ¢ MAFRBEER p 1§00 FREVLE R Er i
WKEL, % 10.5 Pros.

2. FHEFE

SPEE IR n YGRS AT

ey X IIEE E(X) AU (E.
BH n MSLE SRR BN RTS 21, 2, - - -, 2, BABENVERBIEIES

w, FTEHN o2, N
x1+x2+-~-+xn—n,u

ov/n
W R AR HEIEZS 70 A, W2, & n— oo B, F

1 Za/2
P < Z, — —— exp (—2%/2)dr =1 —q,
{ - /2} \/QW/_ZQ/Q p( /)
B

Ty +To+ -+ Ty — N

ov/n

P{|f—,u| < Za/g\/0'2/n} =1—-a.
e, HER [T—pl <e N
€ = Zajp\/0?/n,

PNIIES]
n> Z2,0° /. (10.10)
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3 (10.10) BRI PRMETNEESR E o M1 e T HragrYitiR L.
TEREATIHSENS, W IFARIET 2 o, —AHAGTHERE. BI%EME no K
i, /{27 %E o WAGHE
1 _
S? = — ZZ:(:EZ —7)%

HEEE S% )5, A S? MR (10.10) HEg o, WPF-HAE T BRI R B Oy

n> 72,5/ (10.11)

#n > no, WEAEHFTRE.
#l10.6 Pkt A AR 1, AXERERHA 5%, HAEEEXA 0.01 &k
T HTE 65X R 4.

R O E, W m /4 AR ERERER LIRS [ VI - 22d.
BUEE, BEPAS R X ~ U[0,1], % g(X) = V1 — X2, HITEEN

Pl = [ gto)flade = [ V= =7,

A I,
T 1 «
= = Blg(x)] ~ — ;:1 1 — a2, (10.12)

Horr oy 2 [0,1] X JH] 35753040 B BEHLEL.
X (10.12) w5 R ¥ (B/F44: MC1_2.R)
MC1_2 <- function(n){
x <- runif(n)
4xsum(sqrt(1-x72))/n
}
1 10 J7IRAHU,
> source("MC1_2.R"); MC1_2(100000)
[1] 3.141816
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T ETRR R IAR K. B (10.10) AT, HOCHERRTTE o2 B4
HRE

1 7\ 2
7 = B0 - (E(0) = [ -ahr - (])
0
2 T 2
- - <Z) — 0.04981641
HiF, = 0.05, Zu, = 1.96, € = 0.01/4, LA,
Z2,,0° 1.962 x 0.04981641
B /2 . . . o
ne { 2 J - { (0.01/4)2 J = 50620.

AL, AFIERRE R R, TR R A R AT R B RN 0k
i1 1/3. XA FAILIE , PR B TR A 3%,

MBI 10.6 fH5EatRR, BT LA B TR ST — R UM T 15,

WMEHFAERS [ g(a)dr. 4 y = (z—a)/(b—a), WH dy = dz/(b— a),

1= [ owar= [ g+ 0 amo-aa= [ na

Her h(y) = (b—a)gla+ (b — a)y).
#Y ~U(0,1), I

B,

n

I~ % Z h(y;) = % D (b= a)gla+ (b-a)y),

=1

Hordr y; 2 [0,1] K[ #5047 R BEATLEL.

i B, WIEN T

(1) Monte Carlo J7iLHIfEERS B ¢ HIAIREL n B HRE I, Bl € o
1/\/n. RGP #8010 £, NHRTREL n FFEHGI 100 %, XEWRE B Bt
(A28 100 fi. BOBSGHE FEEJE Monte Carlo J7 iy B2 .

(2) X (10.9) F1=X (10.11) FRHH: X4 ¢ —@rf, KEWREL n BORF 7 ZHEL
fH, BP nocS2 [T AR 2523 Monte Carlo J7ikWt Sty £ iR 2.

(3) Monte Carlo J7 LMK AT R AMBREIR. BEIF AR EHE —E /)
F e, T HERMA, IHEEEUBGET 1 RN



570 FTE IHEHEN

10.2  PEALEEY 4

FE L= 731y Monte Carlo J7i&H, REMBIMEYLEL EX—5rHbEHL
RO Wik

FEHLE AR TR RS 7 =2, IR MA R I THRENIECR. f—2
B il & A A RELECR A A, SR B mT AR RE LR A T AL Ak
AR, (H T R 2R R AL LA s A TR, X
FOTE AR . 265 282 Wy B B R R ATL RO A i P AR BT, (EHC A
K. B=IRAERTIRBCE IR AT R R, X — % —E M
AR kA, RIENTAREIEAREYLEC (PR INEENLEO), Frisri%dl
et —ent & H I ER. B8, R ROREER S, ENTE R
Al HAE R FEYLEBCA AT PR BEVLAFAE. B8RRI RS SR R, & F A/,
FEAT AR A A g

N EFAT R IUFE B RELE A 1 779k

10.2.1  HELHREEN K =4
1. ERFKE
FLL A (0, 1) B85350 AT R 2 HE A 50 h
x; = Ar;_y(mod M) i=1,2-- (10.13)

A A BRH T (AIPRIRT), M RHRE, B9 —MIHE 0 25, ST
A (10.13), W FS] 21, 29, -, gy - FERL

ry = xM (10.14)
W 7y BRI 5rATHIEE @ D BEPLEL

BT o ZBRECN M BIBEBREBIAREL Tl 0 <o, <M, 0 <r <1
I FF] {7} & (0, 1) KE E¥5aAm. B (10.13) Fi= (10.14) ATRIER H,
B— . rn B2Z2H M AERE, BFI . r Z2FEE LAy, Bl L <M.
B {r:} NMEREIEMBEVES]. B, %4 L 70K, WE—NEENRErT§E
AR B SERT, XS RPRTSE oo, N, M i —
SRR AR, B oo = 1 BRIETH, M = 28, A = 5% Het &, ¢ &
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SRR H ok R, WL @R HHFALAECY n, — Bk < n, ¢ B
52T < 2" BRI

2. RERFRE

RE FRIER AR
z; = (Az;+c¢)(mod M), i=1,2,---, (10.15)
Z;
ro= o (10.16)

L3 4 ISR A ORI e TR IR B, 27 ¢ BORAERL, M =
26, X =Aq+ 1, zo BUERASERL, A ARENIELF, HABKRE L =2"
Je3 {ri}.
10.2.2  HYFEHLAETIER

H TR A R BEPLAOR (VREALER, YRR 2t = A i OB T e
%o, THEIAPIFE A RRER L.

1. B¥a%

AR X IR (0,1) KTa]_ERg32g50 4, N

E(X) = Var(X) = BE(X?) - [B(X)]* = —

E(X?) =

AT T, T 2 ASRE R X RS RIE, &

. Var(X?) = EX") - [E(X?)]" = —.

Wl N =

3

MIE TR EIER T 2250057 A
1 1 N1 N4
E((F) = 1 Var () = o E (7“2) =3 Var (7“2) = —

45n
B OR PR E 2, X4 n BERETS TR

u, = i;/::r((?)_: V12n <F - %) : (10.17)
u; = ﬂ _ Lin (f - %) , (10.18)

Var <ﬁ> 2
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W R MR HEIE RS A7 N (0,1). S BEMKT o Ja, RIAIRIEIEZS /A
ROERGIE, FIW 75 X #9E B(X) M2 5 X W8E B(X?) (25
TR, WMRERTIE ri,re, - r BEORE BHNXE (0,1) L5504
AIREALEL X B9 n ANBRSZEVHUE. RuBeR, —al UMK o = 0.05, JERY
WEFAEHN 1.96, BIZ |us| > 1.96 B, IANH BEZESR

2. AT

BB ST MR T URRIR R I, & R I S I R R R R
BERER

KA [0, 1) MR Kk 454%, D {% %) (i=1,2, k) BRE i MK
07 (0.1) RS SISATHORELE X by NI, SR AR TG
WIS TR T KRR -, 50 AR | AT L6950
K oms = np; = — WEFEE 111, FRTE | ATEIAGEE K 0, W5

L’
17
k k

V= Z (ni ;1:7%)2 _ %Z <nl B %)2’ (10.19)

i=1 i=1

RN E BB B — 1 8 x* 446 TR T B EERR, B IR E
KV o = 0.05, HEHER bk — 11 x* SHRERERE xGos(k —1). R
X2 > XGos(k — 1), MIFELAI SR,

3. MILHEAEEE

ST S E BRI FELEL 71, 7o, - -, e RIS R G EE. B
11HIE, WAFEVIAS B RIAHSC R BUR B T BN MR CRRRE. & PP REL
AFRAHE M, MEMTHHEEREL N O(RZA—5E). Hit, 7 HMEXEREOR
o B BE AL AR £ g A S

S EBENLEL 1,70, - - -, TERLRTISAHEE N b BUREARAIAEOC R B

n—k
1 —\2 2
Pr = (n_k;:l rivivk — (T) )/S k=1,2,---, (10.20)
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ETAARR kAR, REFRER Ho o o= 0. HFERBEL, W
% n—k FEORES, SR o $ETIRMEES AT N(0,1). 7245 € B3 K
&, ERAEERE, WA r, o, e B BRI, NIENTARAM
HSLHY.

ML St R g b Lk =Fiaiesh, A e TTE, & nl LR ET
HEV LSRR R L, XERA——NHT.
10.2.3 {EESHFENLEEY~E

1. EEEMEI T RIS
RN RE X BAME P{X = o} = pii = 1,2, & p0 =0,
p = ipj, i=1,2, f {pD} MERIKE (0,1) LRISLE. & r B (0,1)
Lﬁ’a@?ﬁéﬁl‘ﬁﬂ&% BHAY pi=) <r <pi B, A X =1, W
PO <r <py = P{X =2} =p@D —ptiD =p, i=1,2,-.-.
HARMPATHRER, &£ (0,1) K EA— AR r, 27 pi) <r < p®, M
4 X =1,

B 10.7 = £ LHHH A

X =z 0 1 2

Di 0.3 0.3 0.4

GHBEEMNEZE X IR,
& Borra, o 2 (0,1) EXSAARIREYIEL, 4
0, 0<r;<0.3,
;=4 1, 03<r;<0.6,
2, 06<r; <1,

)rlu L1, L2,y Ty %E‘ﬁ X E‘Jﬁﬁ%%%*ﬂa&'
%] 10.8 =4 Possion 47 44 pLEL
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f#: Possion Zp A B4, Possion 43 AAH 3 Al N

Aee=A

P{X=k} =" k=012 (10.21)
Bk, B (0,1) X[E E¥SIAMm=ERIBEVLEL r, A H S N EZ G, TH
. hol oy . LY
e ;ﬁ<r§e Z;? k=0,1,2,---, (10.22)

B k{H, 34 X =k W X FEF Possion 704 (10.21) HIHEHLEL.
2. EEAFENEEMER
—Rt i, W RASG AR ES AR R X, ¥R (0,1) X1 LY
S AT BENLEOR P A2 o AT B REALER,  Ferb R A O iR I R G
BOESEABEYAR R X RS E R IOy f(2), &

r= [ s

N 2 (0,1) KE EXS AR BEAIAR . M40 T (0,1) XA Ay STREA1EL
T1,T2, " Hﬂ‘, Eﬁﬁﬁ%ﬁ%

m:/ Cfdt, i=1,2,-- (10.23)

B w1, 20, - WOEY @1, 20, - - - AIVERBEVIAS B X AIRENLEL.
5] 10.9 FALE A )\ 49480 LK.
i BTHRBO AR EEN f(z) = e (x> 0), AR (10.4) 53]

ri:/ e Mdt=1—e, =12,
0

2l .
xi:—xln(l—m), i=1,2,---

HF1—mr 5 T ﬁﬁﬁ, ﬁ_tiﬁﬁ,l‘ﬁ'fkjﬂ
1

==yl =12 (10.24)

R R BT S — P B T ik, (R S R RO LA SR AR I, WO B
.
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10.2.4 IEFESHIENLER =&
X HLA B W T A TE S A AT AL 77 1.
1. PR E

By, ra, e o (0,1) KIE] L n ANSSZATR ST AR BENLEL,  dy O AR RR
B

> ri—n/2
e E— (10.25)

Vvn/12
IR N IEZS 347 N(0,1). 8 THIE—@RRE B, X (10.25) FHEY n BTS2
R, —MRKAW n=10 724, IAFHEEN, 7JH n=12. JE, (10.25) A
fRi s K

12
=Y 1 —6. (10.26)
=1

% g2 (0,1) LRyREYLEL, W1 —r 02 (0,1) EAYRENLAL, HIEsX (10.26)
S

12

6
x = Zn — Zm. (10.27)
i=1

=7

A REPLEC « IR N(0,1) B, 2
Yy =ox+ p, (10.28)

Ny BIEZR N(u, 0?) BIFENLEL. B ] IR EMEE S 1, o® BIES AR REAL
.
2. ERTHLE
AIDAIERH, BWREHR, 4 r,re B MEEMSZAY (0,1) XIa] B 5040
HIRERLE, fEAE R
r1 = +/—2Inrycos(2mry),  xe = +/—2Inrysin(27ry). (10.29)

W 21, 2o PSSR0 AT N(0,1) ARENLEL. FiX (10.28), ATLAfR
FUERSHI LS AT N(p, o) BIPIASLIEENLEL.
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10.2.5 H R B&FERPEHLE

R PF 7 &= R E Jr ik, S2br b, AIRZAF AT LA H S A S o
MHIBEDLE. B R R0, A28 RSN (A R E LA 7Yk

R BRAPFIE T &M (WS 3 HEAYFR 3.1), 753X L5070 I s BLHTIN
MR A BOZ I AT R FEDLEL. 40

(1) runif — PAEXSAARI VAL, S8O8 n,a, b, Hi n HEEHLER D
¥, a,b FXW (a,0) WHME, 2 a, b HHRES, 24 (0,1) XIA]_EATREHLIEL

(2) rnorm — PHAIEZ AR RENLEL, ZHO8 n, p, o, Ho n FREALERI A
¥, ph¥E, o WARHEER, 4 p,o BEE, SYPMEIEZS AT N(0,1) RYREAL
5.

(3) rpois — A4 Poisson /- ATHIBEALEL, SHCh n, A, Hr n EENIE A
¥, )\~ Poisson 7RI Z%.

R A8 W] DL A HA AT O BELEL, X A ——51 26 T .

10.3 REGRH

RGBT R ARG EEITE. XTI EWE RN RS, BEEL M
FRADREE TR RAERY, R RMAZIR. Bl REAE AR, HH
TEHEMEIR, KABIRIRERIIRANREFES S, SERAGA ST
fig. AHARLG, BRGNS, HEATYLIEA AWM B8 R4, W
BETCIER IR B O IR A (IR X TR R SE, RABAUR ITIEAR Ry —
PR AR A 4F 7%

10.3.1 ZELZRGEEM

RASHEE I SRR RS, PROVIESRSE. BAIFE, BT AT
TERSERBUL ARy, B, XHESERGER TR L R PR, 3k
FHIJE RGOS AE — B e e A LRV RUE. A, RGP PR S| —E f g
BE, BRLFT AT 2 ER T

HELE RGN — O I JE B oL R GRS, AR5 Al oy R R A
FHAHZA AT, DA i .
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5 10.10 GEZ[E) AEFH ABCD 4w TREEH —A. AX—HZ], WA
FIRF i R 008 i v A G R 5 89 F — A 4o BRI 77 o 4o 6 (R 45 24 7% )
Fr, NRAKzFRRBERTCET P8 O, KRB INHFELTEHENAGIIE.

% XA TR, AL B AR F&, DARFTRIIEIRS At 2547k
PE, BB ¢t N AET —BZ] ¢+ At BFRYARAR. Ag5ik H BB E R
RREL, TERTE] t, WEPRRAR N (21, 91), SHIBARA (22, 40), IR ARAE ¢ + At I
AR A (21 + vAt cos B,y + vAtsin §), Hf

cos = 22 ; :)31’ sinf = 22 ;yl

BRI At, BIUEIH . CHBER/NT vAt Ik

AT 2R R 7 (/¥ 44:  trace.R), ABCD RYPHANTH A A HI 4R 0L
A~ A(0,1), B(1,1), C(1,0), D(0,0).

st B A B, C, DA O AEWEE, BEMRID

plot(c(0,1,1,0), ¢(0,0,1,1), xlab =" ", ylab = " ")

text (0, 1, labels="A", adj=c( 0.3, 1.3))

text(1, 1, labels="B", adj=c( 1.5, 0.5))

text(1, 0, labels="C", adj=c( 0.3, -0.8))

text (0, 0, labels="D", adj=c(-0.5, 0.1))

points(0.5,0.5); text(0.5,0.5,labels="0",adj=c(-1.0,0.3))

#it T E R NE R EFNER X, Y 7,

#t X 2 ABCD W6y « 15, Y & ABCD W& # y (&

delta_t<-0.01; n=110

x<-matrix(0, nrow=5, ncol=n); x[,1]<-c(0,1,1,0,0)

,d= (22— 1)+ (2 — )%

y<-matrix(0, nrow=5, ncol=n); y[,1]1<-c(1,1,0,0,1)
d<-c(0,0,0,0)
for (j in 1:(n-1)){
for (i in 1:4){
dlil<-sqrt((x[i+1, jl-x[i,jl)"2+(y[i+1, jl-y[i,j1)"2)
x[i,j+1]<-x[1,jl+delta_t*(x[i+1,jl-x[i,j])/d[i]
y[i,j+11<-y[i,jl+delta_t*(y[i+1,jl-y[i,j]1)/d[i]
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x[5,j+11<-x[1, j+11; y[5, j+1l<-y[1, j+1]
}
# B AR B Y i
for (i in 1:4) lines(x[i,], y[i,1)
RN NESHZIRALCE, SERIPeREE, HEFEME 10.3 fis.

<
—

0.8

0.6

0.4

0.2

0.0

& 10.3: JE75 a5

LR G MIR T B I RS TR, TSR IR N FF 2 K
Rl TR BB DTG, I Runge-Kutta 3558, A RIELL R G HIARMRY 1 — 2
i, REWUSWARBE, LERHALRT.

10.3.2 EHRGEN

BHLAR G RAE RGOS RAEA PR Ay I Ta] 5, SOICPRE AT &y i 18] B A2 A8
R RS BB R GORAS 2R R A — Ao 7] i B ] 52 JL )

BBl 10.11 A A7 sk KM 10.1.

& K

T —  KREMN A SEHREIZ]
T, — KEWMN A BEF] B sz 7,
T3 — FEANFE B uipyZl.
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AR EXERM T DERER T+ T > Ts.
Bk T, To, Ts ¥IZMENIAE R, H T, ~ N(30,2%), Tv, Ts B Al 10.3
M 10.4 Frw.
Wy, o & (0,1) KA B aybEALE, W T F1 T g A B o
KLH
(28, 0 <1y <0.3,
30, 0.3 <7y <0.7,
32, 0.7 <7y <09,

34, 0.9<r <1

0, 0<r <07,
t1 = 5, 0.7<rm < 09, t3 = <
10, 09<r <1.

\
]t #1ts ATLAERL T, T3 B9 — P WEEE.

Aty RIRMIER A0 N (30,22) HIBENLEL, WK 2 BRUKEZITHI Th
— AN REEAH.

FERRIRR A, FPAEPA U(0,1) AIREPLEL t,ts, — N(30,2%) AIHENLEL
ty, 2t + 1y > t3, WAHRILS) (BB B K%E). HIE n KiIkEF, H & KK
I, WHBE k/n R EKREREER. 4 n RXE, BRESHEREL
RIFHSE.

DT RRAR R R BY (Y4 MC2.R).

MC2<-function(n){

ri<-runif(n); r2<-runif(n); t2<-rnorm(n,30,2)
ti<-array(0,dim=c(1,n)); t3<-ti1;
for(i in 1:n){
if (r1[i]<=0.7){
t1[i]<-0
Yelse if (r1[il<=0.9){
t1[il<-5
}else
t1[il<-10
}
for(i in 1:n){
if (r2[i]<=0.3){
t3[1]<-28
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Yelse if (r2[i]<=0.7){
t3[1]1<-30
Yelse if (r2[i]<=0.9){
t3[1]1<-32
}else
t3[1]<-34
}
k<-0
for(i in 1:n)
if (£1[il+t2[i1>t3[i]) k<-k+1
k/n
}
YE—Tmikse, 53]
> source("MC2.R"); MC2(10000)
[1] 0.6306
B NGEE B KRR 2 )2 0.63.
B 10.12 A5 R R 3 B R 751 P AL
% OV HESRE R — 2 R AT (PD), FES R HED A Rk, AL
PHF B S I & 25 Tt 2. TEAS PR, -t AR ARoR, A,
FERcI T, FER TP FEERRR a0 (B, XX W HER 2451 T
RBREER. BEFR TP TFHANRREEZINYELSRE: REFZEE
MBI SR, FFUME v MTHA o FANERIZHA (WE 10.4), 25—
BEEE, TE v o E5EERHEZ S, FHREHEE LI (vi,601), Bz
—BERE, SR K, FIRERERE (v, 02) S55%, L TIRAEE
&, REUTERZ — & ikzsd .
(1) B[ HE (2) ZHERRRUZ; (3) 2 i IRBIHEIS, 185z L.
T TR T R T R A S R K
(1) fRE i 2 AT ERE N D = 3d, Hr d RPikmiE 2 8 s 74
TirshbE Ry, BRRELE S o E R — 0 RER TR TR, (RIXAESR 10 IKAfE
Ja, R E TR AR/ BUET & k123 (R, BT 20E SRk = /Y
RO, WA (2, 0;) RS « RBLEE A2 3PIRES, H o A ToE
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Il

.4£p.| s

| -

/ a
/§<e
\-/'\/i/\/

= D -

NN NN

<
o

SONUCUNN NN

N

|
+H

a — WEAHMA, D — BFRERE
O — PTE RS A

Bl 10.4: 1T A BRMOZ A2 3]

v B BRI, 0 RS TTMS o R A
(2) fBRE - TE Rl = P AR AR A R 3 2 8] 38 3 i BE B AR N F6 oA, 1

e B AT AR (0, 2m) RIS AR, RS @ WhlkfE g hT1ER
2 F 0L F

r; = x;_1+ R;cosb;, i=1,2,---,10. (10.30)

Horp 0; B 758 0 RS AT AL, R R ANER @ — L IRBEREEIZR i K
Rl FE A BT S A B . H R AT RETR A,

Ri=d-(—lnr), 6 =2mu;, i=12,-,10.

Horr d WAL Z [ T sh iR r w2 (0,1) KA BS54y
HERLEC. X (10.30) 3B T FRFAERROZ Wiz shpy AL, ] WAz gh gy iz
BT T ER S FE LR

(3) 1E58 ¢ WAL, HFRIALE v A =FE0 &4

1) z; < 0, R [E] Y HE;

i) z; > D, FFFHRERZ;
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i) 0 <ax; <D, % i <10, WFR-FIERRRUZ W4kE02 805 2 @ = 10, NI 74

JiE 2 ML
P23 =R 10.5 Fs. L, REFFAH A o = 0(RIHF
Ll /////ﬂéﬁ//’/’/’/’/’/////”/’///’// £L
! ! -
Q

SIS SN
TFiE

] 10.5: F7-1ESr#k = P2 S = FiiX

TUEEFTHFNFRR), FRZHEE N D = 3d.
THEEM R g E IR (FB/F44: MC3.R).
MC3<-function(n){
D<-3; pi<-3.1416; back<-0; absorb<-0; pierce<-0
for (k in 1:n){
x<- -log(runif (1))
for (i in 1:10){
index <- 1
r <- runif(2); R <- -log(r[1]); t <- 2xpixr[2]
x <- x + R * cos(t)
if (x<0) {
back<-back+1; index<-0; break
Yelse if (x>D){
pierce<-pierce+l; index<-0; break
}else

next
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if (index==1)
absorb<-absorb+1

}

data.frame(Pierce=pierce/n*100, Absorb=absorb/n*100,
Back=back/n*100)
+

% 10.6 3 K& LR IR 4
#F+ 10.6: FEIFPFHIVENILER

FFRC () ZrifE (%) e (%) R [E] (%)
100 35.0 11.0 54.0
1000 34.0 10.6 55.4
3000 33.1 10.5 56.4
5000 32.1 10.9 57.0

7 10.6 XU, WRMRZEIREE D = 3d BAGER, ERNIHHFZERKZE
B HTE 1/3 2. MAESEbe B v, BSRhF285 52 R, — &
Biggoh 1070 ~ 1079, BIgEARMZH R FERLETA, WHEE L
TEAFHZ. MEEEZENFRRZA R TR ERENTERE W <1077

EREERE, (UM 5000 iz 3, i H 283 5= B ok fh
EEEFRBZ IR SR “HR” 28, FAXNmEEEE A 1%, figmiE
WA, Wik 4R IIR R B oA MEE, TERUZ AP FRED), A
AE F A T HA 2 2

SEEIE S AR, W 10.1 37 TS B SRR B e, H=X (10.9)
FIDARE, H RS AR T2 —, NEHIRECELE 10° )2 B P+
FEHEMEIE 1070 IF, FrAHAEE 20k BIX MR R, AR ABIRBOR Y
102 R L, X—ZRAEEE BT, BREITAER.

TATRA T gk, BT HEEMEFIR m 2, RR—Z
VER. WP FAEX — BRI E R Z Ay W, M2 — R 32
(1=W), W& m 2R (1- W)™ mFhrad—Z i T A B
TR, HMRZEEMEL (1 - W)™ B/,
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F Monte Carlo 7%, 5584 10000 AHr-Fryizaiit, AIRAMRIE (1-W) /)
BEE/NT 1% 2m BE, & (1-W)™ < (0.01)™, B m = 3, R HE5EE
MR (1-W) < (0.01)° =107° XFEAHE, AUFERR 102 f3Es, HFEE
10" YR FETTIAE] 1070 GRS, X —eak L E i i R A T U SGH B,
I/ T AL ]

PRI R BRJF (MC3.R), fE 10000 WM, %) % D = 3d i, EEWHEN
Wia < 1/3, @22 R0 FRRIZAREME Wp < 0.017

B BRI FFROREE N o, M (Waqe)® < 0.01, 2 3° > 100, B

lg100 2

> = = 4.1918.
lg3 0.47712

P BRIz 2 AR R B 4.1918D ~ 13d, A REME T & MR A KT 0.01.
X A] A BB —A R T, H W Wp < 107°, SR

TD = 3z = 39d.

RV, BRRUZR SR 39d I, W2 RRROR AR W < 1070

10.4  #RHT7 AETEHBA R YR A

HEBAE (Queveing Theory) X RREEHLIRS R 5E, RABBIIE& FlRS RY%
BBl O, TP S5 3 S0 IR 5 e R ey — it

HEOA IR T DL A — 595, 30 ELLLHE A L2814 5056 9 2
LB . FEARBURNE 20T, 6 A A R A

10.4.1  HBABRFZREMEAES

1. HEBARIAIT
Bl 10.13 245+ 5 K RS hb— 5 R 2 AR RS, 3 A 2k 5 60 R
Sk e, £ OAMEELRSRE, NEZHNER ZHNGAKL S, Fb
AERIEII, A BN TR E, ZHEGAN $, AWmEH P8
£, WTIREMAGE L, B4 GBBIRMK.
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1 10.13 — A B HEBA B Bl 1, ST HENR B AR Z, filn. LT3R
MENART, SR SRR HERN s B 2R R W B HERN R A SRR B R E
JHTHERN; BB AT B HEBASE; 75— PR B HERN, a0 S fr
TR SRS, B DT PRBIRE. BT EEd 7o,

HEAIR & I J7 AR, — 7 EREIIRSs, 53— i baka Tikss. &
IHEESRAFEIIRSS N B8 (B4 ) SEpomBig . 4 T HRss B IR SS A 5 iR 55l
WG MIRST B8RS . B SRS GRS — T HEA RS, SR v BEPLAR 55
G B, BRABE SRS BB — T8 A SRR L.

XA — P HEAIR S R4, B —2 B EL HEA RS R 508 E L i T ad
R R ENA. HEOASERr, RMRssArE 2%, Had R 10.6 frs.

95 258
BT %5 &

& SR

LT o H

Bl 10.6: kg5 RGTHY I

2. HEBARRZ RGERVERE S

(1) F AL

g N3t R TR I 2 R S B AR BB HGAHEA R S, a) IR
BV R rRIEATRE A TR, WATRE 2 ToiRAy, Bl L) W R A RFERHE R
MLAS AR, FAE 0 ER A ST AR BUE TR, b) FkRy 87,
% R BEAF]E, SURRAMEE, BT A A RERAHE R LA R,
TEEEAF RS T, R RRA R L, SRR BERHE . o) MIEBERILR
(]GSR 3 R e AR LML, R4, AR ZSFEE RG], A0 2Rk
Poisson 734, BHIEIRMN k By Erlang 4304

(2) HEBAEL I

HEBARE 245 IR 55 VP A SR VFHERN, B 2 B HEBA. H Wy HEBA R A
WFIJUFESL.  a) HURHIHEA RS, BIESARS, HA RS G388, RSP
MRSV R S50, ORHZIE S B 32, 91 208 o Y i 2 il F 37 3R ¢
b) SFEREHIHEA R SE: A FIA M. A PrA kS 6380, MBI TRHEN SF R AR 55
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SRS, IR XA SEBISEIRS, BOUR HeBIiA i S INF B
Wedss JREIEIS, PUNRHLAL. RSBV QLRSI LR, 2
SEs BEUIRS, MR RN B — MU TR S, Bl B
BEARARMICRIOT TR A OSBRSS, BIEHEO\ S Rp B . s
B PATRIFREE, AEISS WU 0 TAESIARE, ALA1SEaIRs, I
fENSEIT BN G, o) ARIEARSE: BURH S
Ry, PRI (R AR A BIRGE, SRR A BR G, DL
SR A TR & R4

(3) 4L

s LR EBIRLL T ILATH: o) MRS RCH. ZE8 /s 6 0 E
T, SEHBESOLIER  b) U TR RS LR A B BRI, 50
BRI S5 I I R AR LA, AL SR B DRSS 5. LBV IR 55
RIS SR, HBOM, B, & B Brlang 465, LTS,
— A

3. EET

HEOR BRI L 20 fit4 50 454841 D. G. Kendall (HI/R) FIAH,
W 3~ 5 AFOCFRAN, AN

A/B/C/n

Hrp A RS, B RZRRSHE, O RRRFEHE, n XRREFED
% 4an-

(1) M/M/S/oo FTRmkm NI R Poisson i, ARSHFRIARMNIEE A, RE
A S MRS B TATIRS, RGARNTITHIFRrH HEN R 5.

(2) M/G/1/oo R N FEZ Poisson i, JHZ BT 0k 55 B[R] A 0057
MRN—FME R AT, RGP RA—IMRG G, BRI HFRH RS

(3) GI/M /1 /oo FRRk NIzt Fe A B2 A 7.3 1k HAH 24K 31 35 fy [1] B s 1] i A
— AR AT, IRIFITERAR IS, IRINTERr A, RGP RAE MRS S,
RN TCITHE R RS

(4) Ex/G /1)K FRHH4EB)A Hy [ B al A Sz, RN & B Erlang 5345, ARk
ST NS, IRN— R A, RGP RA MRS &, AEN K WiREG
il RS
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(5) D/M/S/K 7 MAEEIsa R, MM GE KA, RS WA
AL, RN, REFA S MRS TR, AN K AR
5.

4. ARG T BB

(1) B (L)

B A7 RGBT 1 THM (AR AR IR B ).

(2) B 1O T4 S5t ] 5 T B R T (V)

I -4 55 5 ] A B SE N R G 20 B P 6 B 5 L
TR, T B LA 1 5 T4 S5 L 5 T4 R 55 L
L. TE RN 574 R 45 S B L A

(3) REHIH SR

W S5 R, RS SLEITFG, EEIRGFRAA 20, X Bt ]
S RGN, B TR RAHI, E IR T RGeS HLAR T A
SREE, SRS BRI ACR A AT,

10.4.2  HBAREMEHI) KR

1. X|TE
PR 1) e B AR R, DA B e ARy Ta]. T HEBASR A iy
TG RAR RR A R, BIaE SR 2 & Bk, A% S (ks
FERL) S BT = A AR B
(1) BfMEIAE . IR ARG A — A FRYmITE], A 2k s & & T
(2) W RE. MHETTERS RS R 5L
(3) RERTZE. REWRE, MAGRZEHEE, REFEHENNE, 70
FAETRA R 55 & BeZ iRk 55 55
AT RX=AciArs, HMAREirahst T
2. Poisson 1T 2H94&EHI

TEREBAARSS 2R G0, G BB #Y Z B IS TR] A4 32 Y I TE] AR AL Poisson i3
B, HI, XF Poisson i FRABHIE |/ HEH.
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AR AR R, MSBEYIS R ER A A\ Y Poisson b FERT, H A (6] [A] B 2
M EMSZ AN T, HIRWNSECY ) Bif5%0r7m, B

e ™Mt >0,
sz(t): i:2a3>"'7
0, t <0,
1—Xe ™, ¢t>0,
FTz(t): 1= 2,3,
0, t <0,
Hi, H

1
t = = In(1 - Fr(t)).

BT Fr(t) ~U(0,1), W 1 — Fr,(t) ~ U(0,1), B, ##, Poisson 3323k
F B 1] ] B 2 2 .

ti:——lnui, Z:1,2,

10.31
: , (1031)

ﬁx:':l:' Ui ~ U(Ov 1)
10.4.3 EFFFHIHBAERA9FEN

SRR HEBAR A B DL AR S M /M /S /oo, BB S1I3A R S AR 4K 2
RIS RS, HARMZEOY A 3% (RPN IEF20% Poisson 1472),
W55 G IR S5 B T B A SL R 3 A, HARMSEON ¢ B938%r A, i ARG 10]
TR, FeiFaK I HERA.

1. S=18ER (M/M/1/0)

RGTE
A h
t o B R Na — 78 t WZIB)E R GER R S5

ta  — BUEMZNERTE n — 7E ¢ 24 ETE RGN BE £
tp — BIEGEITEE T BRI
WA (UL kO HARR)
wy  — IRREAEFHE w, — IERRGETREE R
wy  — e BRI — 3 [ R TE]
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IR L 1

(1) Wiga#: E t = Na = 0, PR IR ARG WIEETE To, & t4 = To,
tp = co(MLIF RGP TLHZ). & k= 0.

(2) IWWFERERS. B Ehk=k+1, w(k)=t w,(k)=n. WRt,<T, NE

wy(k) = min(ta, tp) — t,

SREHE (3); 75

O, tp = o0,
ws(k) =
{ tp—t, tp < oo,

RIGHE (8).

(3) IR ta <tp, W t =14, Na = Na+1(BIFREEE +1), n = n+1(F
GEP AR 1), PHAE T A R R G R BT TE] L.

(4) 2Rk n =1, PERS G EBE R EFFEE o

(5) IR ta > tp, W t =tp, n=n— HREPEHEL —1).

(6) Wk n = O(REH L% ), & tp = oo; HNEMRS & LB BT
B 1E] Th.

(7) ¥ (2).

(8) (Mbbf ta > T, AERUWCHEZ, HEMREPBHENRS). @R n >
O(REHEAE), IFE t =tp, n=n— L REPBHEL —-1). R n >0, ™~
AR5 & LR B FFIE] Tp, RE%E (2); ENEE (9).

(9) R (L) o FHIZ B pa] (W) BT SFRFHER (Puaid)-

Ly = - Zws(k) ' wn(k)u
W, = N—A;ws(k)-wn(k),

P = 5 3 wilh)

PEIETEEL, B Lo o W Ml Paais.
R #2F(F2J¥4%: queuel.R)
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queuel<-function(lambda, mu, T){
k<-0; wt<-0; wn<-0; ws<-0;
tp<-0; nA<-0; n<-0; t<-0
r<-runif(1); tA<--1/lambdaxlog(r); tD<-Inf

repeat{
k<-k+1; wt[k]<-t; wnl[k]l<-n
if (tA < T){

ws [k]<-min(tA, tD)-t
if (tA < tD){
t<-tA; n<-n+1; nA<-nA+1
r<-runif(1); tA<-t-1/lambda*log(r)
if (n==1){
r<-runif(1); tD<-t-1/mu*xlog(r)
}
Yelsed{
t<-tD; n<-n-1
if (n==0){
tD<-Inf
Yelsed{
r<-runif(1); tD<-t-1/muxlog(r)

}
Yelsed{
ws [k]<-if (tD==Inf) O else tD-t
if (n>0){
t<-tD; n<-n-1
if (n>0){
r<-runif(1); tD<-t-1/muxlog(r)

Yelse
tp<-1
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}
if (tp==1) break
}
data.frame(Ls=sum(ws*wn)/t, Ws=sum(ws*wn)/nA,
Pwait=sum(ws [wn>=1])/t)

}
B 10.14 255+ RIL R S dh— 4 B 2 AR RS, A1 40 T
FEL G, HOHMEELEELIRS, WEZHNFH. BIXRBMSEGE F)E
TAZA Poisson i, T3 4 A /0, BEERRAIGER S, FHEER 65
g XABRMG T ERZLEAGHIAK (L), FHEGHR (W,) UL F 55
i (4G E ) (Pyait)-

% AR queuel . R, B AM N ISR, HLAUL 1000 /N HE
BAR AN 2R SEH 12 AT 1R L

> source("queuel.R")

> queuel(lambda=4, mu=10, T=1000)

Ls Ws Pwait

1 0.6938313 0.1685005 0.4118629
HEWEN L, = 0.6666667(N), Wy = 0.1666667 (/NHT). Peaiy = 0.4.
Bl 10.15 2R LF LB E—4 ATM #, BERBREGE-FHHEHIE 0.6
A, W BARE 69-F Y BRI R A 1.25 o4k, RN 7k Rk ATM #u
INK (Lg) . F3H2 G (W) FeBUE F 4598 E (Pyaic).

fi%: AL 10000 23Sy HEBAAR N R SERYIZAT IR L,

> queuel(lambda=0.6, mu=0.8, T=10000)

Ls Ws Pwait
1 2.949336 4.895917 0.7577775

HIWEN Lo = 5(N), W, = 5(4M4). Pyaie = 0.75.
M EEFAMIF TR, BEOME S B R AR Y.
2. S>1 B8R (M/M/S/o0)

/%a bg%
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TS > 1HEN, ZREREXEALES S =1EHMR, REZ i
FBA, BM—RELRE SS, IERREMIRSEL.

BRIEE I

(1) WigaH: # t = Na = 0, PAEBEZIERERIVIGENTE T, & ta =
To, tp(i) = co,i = 1,2, SULE REHT%). SS() = 0,6 = 1,2,---,5 +
L(SS(1) ILR AL AFARSHELR, 552 ~ S +1) iz S Mk G r TR
&, 0=, 1 KT, BELk=0.

(2) @usf SS(1) = 0, ME t; = oo, 4y = 1; {IE ¢ = min(tp), i1 =
argmin(tp).

B)ILFRGERE. BHh=k+1, w(k) =t wy(k)=n. WFEtx<T, NHE
ws(k) = min(tAa tl) - t>

RIEHE (4); BIE
O, tl = 0
ws(k) = {

t1 —1t, 11 < oo,

RIE%e (11).

(4) JIR 4 < by, W ¢ =ta, Na = Na+ LREFIERE +1), 2T B
KEERGMEE] Ty, B n=S55(1), SS(1) =n+ LREFBEE +1).

(5) XF i = 1,2,---,8, WHE SS(1+ 1) = 0% ¢« MrFEZN), WE
SS(1+1i) = 1R REFWME LA « MRS &, PR, PES « Mk
%6 LA BEIFHIETE T (i), 2R H IRTE .

(6) SR ta > ty, W t =1, n=S5S(1), SS(1) = n — LREPEHEE —1).
(7) R n = URZHEBE), B SS(1+1i) =0, tp(i) =00, i=1,2,---, 5.
(8) Wk n < S, ¥ SS(1+141) =0, tp(ir) = co(5 iy MRS G ZEIN).
(9) IRk n > S, PRAEBK EFFEF i MRS G R Tp(i).
(10) ¥ (2).

(11) (Ml ta > T, AEEBUCHE, REMRETHEWRS). B n =
SS(1). R n >0, WE ¢ =tp, SS(1) = n— LURRTBEL —1), Kk (7);
HNEE (12).
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(12) HWHBAR (L) o “PHEERFE (W) MBUE SFRFEIER (Paic)-

1

L, = = ws(k) - wy(k),
t k
1

W, = — we(k) - wy,(k),
3y 2 wslh) -l
1

Pwait - ; Z ’LUS(/{?),

wn (k)>S

PEIRTHEE, B Lo o W A1 Py
R £ (F2¥4%: queue2.R)
queue2<-function(lambda, mu, T, S=2){
k<-0; wt<-0; wn<-0; ws<-0
tp<-0; nA<-0; t<-0
r<-runif(1); tA<--1/lambdaxlog(r)
tD<-rep(Inf, S); SS<-rep(0, S+1)

repeat{
t1<-if (SS[1]==0) Inf else min(tD)
i1<-if(SS[1]==0) 1 else which.min(tD)
k<-k+1; wt[kl<-t; wnl[k]<-SS[1]
if (tA < T){
ws [k]<-min(tA, tl1)-t
if (tA < t1){
t<-tA; nA<-nA+1
r<-runif(1); tA<-t-1/lambda*log(r)
n<-SS[1]; SS[1]<-n+1
for (i in 1:5){
if (8S[1+i]==0){
SS[1+i]<-1
r<-runif(1); tD[i]<-t-1/muxlog(r)
break
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}
}elsed{
t<-t1l; n<-SS[1]; SS[1]<-n-1
if (n==1){
SS[2:(S+1)1<-0; tD[1:S]<-Inf
Yelse if (n<=8){
SS[1+i1]<-0; tD[i1]<-Inf
Yelsed{
r<-runif(1); tD[il]<-t-1/mu*log(r)

}
}
Yelsed{
ws[k]<- if( t1==Inf) 0 else tl-t
n<-SS[1]
if (m>0){
t<-t1; SS[1]<-n-1;
if (n==1){

SS[2:(S+1)]1<-0; tD[1:S]<-Inf
Yelse if (n<=8){
SS[1+i1]<-0; tD[i1]<-Inf
Yelsed{
r<-runif(1); tD[il]<-t-1/muxlog(r)
}
}else
tp<-1
}
if (tp==1) break
}
data.frame(Ls=sum(ws*wn)/t, Ws=sum(ws*wn)/nA,
Pwait=sum(ws [wn>=S])/t)
}
B 10.16 FATHEA 3 BATF N, FHHEANSIMGATM B A 10 5%k, & LA
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89 BIK F A A 15, RN 7R R RATHE L ATAK (L) . A4
Py G R (W) Ao THF A 9MF (Puaic)-

% AR ITRF queue2. R, B AM N ISR, FLAU 1000 /NE Y HE
BAHR AN 2R GERYIZ AT O

> source("queue2.R")

> queue2(lambda=15, mu=6, T=1000, S=3)

Ls Ws Pwait
1 5.980315 0.4010408 0.7002678

HIS(E R L, = 6.011236({F), W, = 0.4007491(/INit). Prair = 0.7022472.

10.4.4 #HKHI SR & HIHBAREY

PRI HEBERLE 09 M/M/S/S, 24 S MRS #5805 fs, B% A3
P

RafHEARALE R IC ) M/M/S/K, BIF S MRS EEMRF R, RE=E
MARN K(K > 9), 4 K MIEEWBES Ay, FEmBE e, 45
SR EALER, BEIMRE ARG HASERE. 2 K = S i, 1RGHlHEAE
ALREIR AL AR I ] HE AR

X B2 IR A H HEBAE R B O, oY K = S B, el HE
BARE AR 0. ERTTH 25t SF Rl BB R AADL ), TR B i i A AR ) AU el 1 B
Z7, HAWAEHEAERFEDMMB, EXHREBFHET K5, MR
% B 3 eE. AR AL

N2 AN SRR, R X HRH SR A R HEBARRL, BRSO
BN (Ls) o PSRRI (W) 4h, BEROREHEREE (Post).

1. S=181ER (M/M/1/K)

BHEE I

(1) #8625 & t = Na = 0, PABZERE RGN VIR E To, & ta = To,
tp = co(BLEF REH L), H k= 0.

(2) IERARGRE. B E=k+1, w(k) =t wy(k) =n. IR t, < T, NE

wg(k) = min(ta,tp) — t,
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WRIGHE (3); N
O, tD = 00,
w(k) = {

tp—t, tp < oo,

RIGH: (9).

(3) ISR ta < tp, M t = ta, Na = Na+ LIFEFIEEE +1), n = n+ 1(R
SRR +1), Pt T — B B ik R AR 4.

(4) W08 n = 1, PAEIRS G LBER B TFR tp.

(5) R n = K(UFIBE LTI RGAR), Ml T TIE:

%t < tp(FIAAE TR S MDA B IFRTEIER), W=t F— i 23k

RAHH] ta (B XA FIE TEBIF), HE ta > to Mk

(6) R ta > tp, W t = tp, n=n — (REHBEL —1).

(7) TR n = O(REHTEK), B tp = oo; HMF=EIRS & LIH%E M EFF
BF1E] 1.

(8) ¥ (2).

(9) (MR ¢4 > T, REHKHHE, RERRLHBENIRS). WE n >
O RGHEHE), IHE ¢ = tp, n = n — (REHBEH —1). TR n >0, 7
RS & LI BT T, RIEH: (2); BNEE (10).

(10) HEER (L) . SPHIE AT (W,) FI RGERIBIE R (Pos)-

Ls = _Zws(k)'wn(k)a
Ws = X ZwS(k) ' 'lUn(k'),

Plost = 7 W (k) )

fEIRIHEL, & Lo . W F P
R £ (F2¥4%: queue3.R)
queue3<-function(lambda, mu, T, K=1){
k<-0; wt<-0; wn<-0; ws<-0
tp<-0; nA<-0; n<-0; t<-0
r<-runif(1); tA<--1/lambdaxlog(r); tD<-Inf
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repeat{
k<-k+1; wt[k]<-t; wnl[kl<-n
if (tA < T){

ws [k]<-min(tA, tD)-t
if (tA<=tD){
t<-tA; n<-n+1; nA<-nA+1
r<-runif(1); tA<-tA-1/lambdax*log(r)
if (n==1){
r<-runif(1); tD<-t-1/mu*xlog(r)
}
if (n==K){
while (tA < tD){
r<-runif(1); tA<-tA-1/lambdax*log(r)

}
Yelsed{
t<-tD; n<-n-1
if (n==0){
tD<-Inf
Yelsed{
r<-runif(1); tD<-t-1/mu*xlog(r)

}
Yelsed{
ws [k]<-if (tD==Inf) O else tD-t
if (n>0){
t<-tD; n<-n-1
if (n>0){
r<-runif(1); tD<-t-1/mu*xlog(r)

Yelse
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tp<-1
}
if (tp==1) break
}
data.frame(Ls=sum(ws*wn)/t, Ws=sum(ws*wn)/nA,
Plost=sum(ws [wn>=K])/t)
}
Bl 10.17 R EARIFER, FHELHA 0.6 Kok, ZHREBERFE-FHYH 1.25
547, RABEMG 7 HZRZLAAGRK (L), FHEGHF (W) = 2448985
K F (Post)-
% AR RIREF queued. R, Bt AAHAYSREETR, AU 10000 2 BhAgHE
BAIR N R SERTIZ AT L,
> source("queue3.R")
> queue3(lambda=0.6, mu=0.8, T=10000)
Ls Ws Plost
1 0.4289211 1.259454 0.4289211
HEWEN L, = 0.4285714(IK), W, = 1.25(43%H). Poss = 0.4285714.
51 10.18 X RERFK 1 £ZRT, BPHAR, EELRFZTEN | LWE,
BB ARG BUE 45 Poisson EALENE, FIH BB AHNE 6 A, BRI FR
IAGE A, T3 12 087 T A 1 BMFERZER, RABMG 7 ERZL AR
(Ls) . “F3HEGufi (W) A2 2 %8947 %F (Post)-
fi#: AL 1000 /NEFAS HEBMAR N R GEHT 21716 DL,
> queue3(lambda=6, mu=5, T=1000, K=4)
Ls Ws Plost
1 2.364356 0.5412132 0.2718579

HFWAEN L, = 2.359493(N), W, = 0.5451565(/Mi}). Poge = 0.2786498.

2. S>1M8R (M/M/S/K)

BHIEZE IV

(1) g6 Bt = Na = 0, PEBERRRGHWILEE To, & ta =
1o, tD(i) =00,7=1,2,---, S(LH:Eﬂ‘,%éﬁF'?ﬁﬂiﬁE) SS(z) =0,i=12---,S+
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1@&)%%%%%%&@%@@@,Sﬂ2~5+ﬂﬁ%5¢%%é%1¢%

(2) ZZH;[E: 55(1) = 0, mu% t1 = oo, il = 1; @mu% t, = min(tD), ’él =

argmin(tp).

B)IEFERGERSE. Bh=k+1, w(k)=t w,(k)=n. WHEty<T, NE
wg(k) = min(ta,t;) — t,

RIEHE (4); BIE
O, t1 = 00
ws(k) = {

t1 —1t, 11 < oo,

Rk (12).

(4) JIR 4 < by, W ¢ =ta, Na = Na+ LREFIERE +1), 24T
HHIERGHIFE Ta. B n=95(1), SS(1) = n+ LRKEHBEL +1).

(5) XF i = 1,2,---,8, WR SS(1+4) = 05 i MRFE=EN), WE
SS(1+14) = IHRETHBEISASE « MRS G, TFaRiks), HES « Mk
7 & LI BIFRIESTE Tp (i), AR5 H EFEFF.

(6) n2k SS(1) = K(HRIE B RLRR), T TAE:

Bty =min(tp). % ta < L (GHEEAE CYURSS BB BT RIE]E), W
T — B BA RG] (BO7X A HIBE R ZEIT), HE ta > 6 vk

(7) W ta > ty, Wt = t1, n = SS(1), SS(1) = n — (ARG FFEE —1).
(8) 5 n = LRGEH L), & SS(1+14) =0, tp(i) =00, i=1,2,---,85.
(9) Ik n < 5,8 SS(1+141) =0, tp(in) = oo(5F iy MRS B =)

(10) W3R > S, PAIRE B @1 DRSS & B Tp (i)

(11) # (2).

(

12) (BUES 14 > T, AFERUOHIE, RAEMAETRERRS). & o =
SS(1). Wk n >0, W& t =tp, SS(1) = n — IERGHBEL —1), KRG (8);
%L (13).



600 %+ A A

(13) HHBAR (L) o “PHEEREFE] (W) MBUE SFRFEITHER (Plost)-

1

L, = = ws(k) - wy(k),
t k
1

W, = — wy(k) - wy,(k),
3y 2 wslh) )
1

Plost - ; Z ws(k)7

wn (k)>K

IR, & Lo . W F P

R £ (F2¥4%: queued.R)

queue4<-function(lambda, mu, T, S=1, K=1){
if (K<S) K<-S
k<-0; wt<-0; wn<-0; ws<-0
tp<-0; nA<-0; t<-0
r<-runif(1); tA<--1/lambdaxlog(r)
tD<-rep(Inf, S); SS<-rep(0, S+1)

repeat{
t1<-if(SS[1]==0) Inf else min(tD)
i1<-if(SS[1]==0) 1 else which.min(tD)
k<-k+1; wt[k]l<-t; wn[k]<-SS[1]
if (tA < T){
ws [k]<-min(tA, t1)-t
if (tA < t1){
t<-tA; nA<-nA+1
r<-runif(1); tA<-t-1/lambda*log(r)
n<-SS[1]; SS[1]<-n+1
for (i in 1:5){
if (SS[1+i]==0){
SS[1+i]<-1
r<-runif(1); tD[i]<-t-1/muxlog(r)
break
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}
if (8S[11==K){
tl <- min(tD)
while (tA < t1){
r<-runif(1); tA<-tA-1/lambdax*log(r)

}
Yelsed{
t<-t1l; n<-SS[1]; SS[1]<-n-1
if (n==1){
SS[2:(S+1)1<-0; tD[1:S]<-Inf
Yelse if (n<=8){
SS[1+i1]<-0; tD[i1]<-Inf
Yelsed{
r<-runif(1); tD[il]<-t-1/mu*log(r)

}
}
Yelsed{
ws[k]<- if( t1==Inf) 0 else tl-t
n<-SS[1]
if (m>0){
t<-t1; SS[1]<-n-1;
if (n==1){

SS[2:(S+1)1<-0; tD[1:S]<-Inf
Yelse if (n<=8){
SS[1+i1]<-0; tD[i1]<-Inf
Yelsed{
r<-runif(1); tD[il]<-t-1/mu*log(r)

Yelse
tp<-1
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}
if (tp==1) break
}
data.frame(Ls=sum(ws*wn)/t, Ws=sum(ws*wn)/nA,
Plost=sum(ws [wn>=K])/t)
}

5l 10.19 ¥k =] $9MBREMS TSR 9 L%G T, RAGHREH, FSARSET
B 12 & F BRGS0 E, BRIBESFE X &4 Poisson A2 R, FHEHER
46, BEREMRAIBEYT, HERETHEL 2 XHF, ﬂﬁl#ﬁwé@w‘ﬁ%a‘c
BAGWGIANK (Ls) . “F3HE2GE (W) Fe AR R EE (Do)

% AHZRIFITRSF queued . R, B AM NV ISR, HAU 1000 R HEA
IR N R GERIZATE 0L,

> source("queue4.R")

> queue4d(lambda=4, mu=1/2, T=1000, S=9, K=12)

Ls Ws Plost
1 7.736918 2.148876 0.08801383

HPWE R L, = 7.872193(F), W, = 2.153466(43%8H). Pos = 0.08610186.

Y

g+

10.1 & Monte Carlo 7 ikitH A4 T —/ V1 + x2dx, 55 % &AL 5
kA3 Eck, AHHEABZEEHN =005 ¥HEERH c =001 £ T, &
TR E 6 IR R K.

10.2 —R& T4 O &4, CHRRAEIL 20 X4 B g4, —ARET T
BIE R 33 Kég A B4 #ﬁ#MDT& AL RAR—ETRTHRERITHERT
&, BERERTHERGE. M. BT IXF2AASHOREA?
10.3 =AM R4 9B WS, BUE -T2k mt BIARAIGMESA 2047, #rEE 10
e EESH, BEHR 1~ 4 A8 ey

14 0.5, 2% 02 34 02 4R 0.1
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W K EAE e E BRI RAIGEA 155, WrEER GG EEHIH. HER
BRRE, NI B G ERIRS TR, B & AL F A HA 4 4
KEMERZEE 1240006, BRWEGBENK (L), BUE6-F34i8 G
(W) Ao B o7 5 H M d s &

10.4 WAREE A, B ELAR GG, BEABESF, PG BILE A
3o4F, ATEAANFHERE, RHEEE SA, EJA SARLER AT, &
BEATH R R . AR, BEFGHEIRMGMEA 5 540, WmEEH 35
HHESHA, RETH ETHEAT, H 20% GATITTH, H 80% HAR
oA, BRNGHELATETH, BLAR IALHLFS, MERE | ATH
BRREA. XM 10 1 PFEE B, THG-F35F AR,

10.5 & TR LM R i 4 % KRS HR.

(1) R J& L5 10:00 F 17, FIIMLBE F 4.

(2) BTE R TR IJETERBATH R E R R ERALSE, LAAERNRE
B3k 64 B R] R RA AR A 1A A 4 4R eh A5 oA .

(3) BB FH 60% 9ART K, 40% 49FEZHK. T RARE.

(4) A T A —42BUE TR R 6 5089488, R, FTX
Favk R PT BT R IRAN 9 4R 694550 A. MRS 5T 49 IR 4 B B 1] U IR AR A 2% o
, AR 5 kA 1.5 kb,

(5) BE BIAE, 4o RILEA 6 AZEEAHNFHRS, NAFFH(H
).

(6) BA2MRS 5T B BT 3 A 4 A2 FRE IR 5 )6 AR 24K & 1 5-4F.

(7) BRJEW%, 8:00 BHHEAERN, T &kjE N BERSJE AT
REMAE—RGEET, REREGAK (L) . FHEGHE (W,) o2 R E
K FE (Post)-
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fiix =5l

A, WAMERE, —KEEHHHRE, 7—LE R KIFRAR
PREC AT IEEHER, TESHERNRI. Rolm=Mraml, £k
PRALAL, SRR, R R AR AR R RO S RE R TR %
PREFINEREY 5. BT HYRBE2 T AR, B IR A A
B SEAESIH T

fix 1 BHRENRE 3EF)

anova.tab — AT EMTFE, 7137, 7167, 72175, 7227
area — HHEMRDY, 2947

beta.int — [EIHSH 0 X EIMETF, 6.14 %, 6347, 6377
buffon — 4} Buffon #4853, 10.1.2 3

corcoef .test — MAIMC R REL, 9.3.4 7

data_outline — JFHFEAM AP A ES TR, 3.1.377
discriminiant.bayes — Bayes H|3|R% (F2%), 8.1.2 ¥
distinguish.bayes — Bayes H|7I|pR%EL (£2K), 8.1.2 37
discriminiant.distance — FREESHH|pREL (Fi2%), 8.1.1 FF
distinguish.distance — FEESHIFIEEL (£28), 8.1.1 75
discriminiant.fisher — Fisher H|5|p&%L (F25), 8.1.3 7

factor.analy — H-F#T1 (%56), 9.2.3 47

605
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factor.analyl — KTt (FW1%), 9.2.3 75
factor.analy2 — [Pt (FEHF%), 9.2.3 77
factor.analy3 — [Pt (M RASRI:), 9.2.3 3%
fzero — AMERAELME RN, 291 %

interval_estimatel — X[AJfhit (BANIEASAEYIME. S, 4.3.1 35
IREIME, S, 4.3.2 45

pos
pus
PRI, BUW), 4.3.3 35
pos
=4

( S
interval _estimate2 — X[affiil (I PIEDS
interval_estimate3d — X[a[ffiil (FEIER &
interval_estimate4 — X[aMfliil (FAADIES
interval_estimate5 — X[aMliit (ADIEDS
interval_varl — X[Effi1 (AN IERE
interval_var2 — X[EffHi (BN IESE
interval_var3 — X[EMffiit (BEAIESE
interval_vard — X[EMfHIT (B IESE

PREIE. ), 4.3.4 735
EREE, B), 4.3.4 77
. W), 4.3.1 7
HEW. BN, 4.3.2 75
K772, ), 4.3.4 75
KTz, B, 4.3.4 7%

T

RN

MC1 — F Monte Carlo J7& (BEMLEE 53%) 3K = AUfIHE, 10.1.2 %5
MC1_2 — Fi Monte Carlo }¥% CF¥{ER:) K = B9fEiHE, 10.1.3 45
MC2 — F Monte Carlo JysRg#E kK ZEmB3, 10.3.2 77

MC3 — H] Monte Carlo J5 k3R A% I N HEFRi 2 ¥t I,  10.3.2 77
mean.testl — BEANMESN BB HERE, 5217

mean.test2 — PN ERBEAHEZEST, 5217

moment_fun — YEREALiH AT EmE, 4117

Newtons — Newton >R A FRAMMH, 2.9.3 77, 41177
nP — (i REIFIFERRE, 8227

outline — 2¥HEARFE, 3517
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paramet.int — JELRME G SR X EfETE, 6.7.2 735
P_value — 1% P-fH, 5217

queuel — HIMSFERAH] (MRS H) HEARAL, 10.4.3 75
queue2 — R (ZMRF &) HEARAL, 10.4.3 7
queue3d — IR GH| (FikFFH) HEARE, 10.4.4 75
queued — IR EH] (M55 H) HEAERAE, 10447

Reg_Diag — [[HiZWr, 6.5.4 7
Rosenbrock — Rosenbrock pR%, 4.1.2 5

ruben.test — JHitFEASHIAH S REUL T SR AHOC R B,

trace — FALEAABH, 10.3.1 %
twosam — TFEBIFEA t Sithr, 2.9.1 7

unison — Z2%HEAYIAMENZ, 3.5.3

var.testl — FZEKLK (FEMESEMKEK), 5.2.2 35
var.test2 — JFEWMLK (MWMIESEE), 5.2.2 7

ik 2 R ®EPIRE FEF)

abline — /K TAERIREL, MMEZ, 3337, 6.1.77
add — FH Ry ZEmS, EEME, 3327

3.4.2 4
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addl — ZHEIH, ¥Eim—PMEE, 64.27

all — FHlefAE, 2237

anova — T EHTER, 6.2.2

any — FHlZ—HHE, 2237

aov — W EMMFE, 7137, 7217, 7227, 7327, 7337
apply — W HHRE, HHEANSHEZR, 2557, 3117
assign — WR(ERE, 2217

as.data.frame — ¥ NEAEHE, 2.6.2 7

as.dendrogram — Y RGEBHXTREH NG REINER, 8227
as.character — ¥ HFAFAAE, 2317

as.numeric — #H¥NEEAAE, 2317

as.vector — oy mE, 255

array — MJELZZ4EEH, 2517

attach — BHRHIEHES SR K%L, 2.6.2 7

attr — FERXTZRAEMNE, 2337

attributes — IREIXI LAY ENE, 2.3.3 77

axes — EIFHyZHML, SEELERG, 3327

axis — /K TAERI %L, 1 Bhndsid, 3.3.3 %

bartlett.test — Bartlett #eIgpR%, 7.1.5 5

binom.test — I AR ATEI R IR AL, 5.2.3 W, 5347, 5377
biplot — M EFIEHUR A, 9.1.3

break — H1EiEA], 2.8.2 77

boxplot — {EFHLK], 3.2.3 %

c — MR, 2217

cancor — BLAUAHIC/MTITHILKRL, 9.3.3 77

cbind — FEREFHNEIF, 255

chisq.test — 2 BRI %, 5.3.17F7, 5327, 5337
coef — fEEUMIHZAE, 6227
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coefficients — EHU I REL, 6.2.2 7
complex — AF=E %L, 2.2.6 %

contour — =K EMEL, 3317
cooks.distance — % Cook FEE], 6.5.4 7

coplot — ZZFEARIHULE (ARIZKT), 3.3.1 77

cor — MM, 3.4.17, 3.4.33%, 5367

cor.test — fHMfL, 3.427%, 3437
cov — R T ZEME, 34177, 3437
covratio — 45 COVRATIO (g, 6.5.4 %
crossprod — fE[ER X FIEH, 254

cut — BRI EE T XN, 5317

data — JHH R FHIEIEE, 2.73 %
data.frame — AEEIEHE, 2.6.2 5

density — BHEAITRE, 3227

det — HHFEMENFTHIX, 2547

deviance — EBURZEFEHFM, 6227
dffits — 13 DFFITS BE &, 6.54 7

dim — & XEUZHAERL, 2.5.1 7. BUEMEMZE%L,
dimnames — HMm4%, 2557

dist — AR EITHRIERESM, 8217
dnorm — MEZFEEREL (ERAA), 3.2.1 75
dotchart — Z¥HEAYEAE, 3.3.17F

dpois — MWEZR %5 F K%L (Poisson 434f), 3.2.1 77
dropl — ZHNIH, W/l — MR, 6427

ecdf — R4, 3.2.2°7

edit — ZREEPREL, 2.6.3 Y

eigen — RIEMEIVFHMEME SFAEM R, 2547,
exp — TEEPAEL, 2217

2.5.5

6.5.5 7
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factanal — KMt K%, 9.3.5
factor — A A F, 24175
fisher.test — Fisher foGpR %Y, 5.3.3 7
fix — e, 2.1.3 7

friedman.test — Friedman #%, 7.1.7 %
fivenum — FLEETE, 32377

for — {E¥iER], 2837

formula — fEEHEAINF, 622

gl ARET, 243%

glm — 750 CERMERALR s EL, 6.6.1 %7, 6.6.27

H

hat — JFRMEFRERE, 6.5.4 5

hatvalues — T HIEFHE[E, 654 %

hclust — R RERLEERIL, 8227

hist — 2FEARHE K, 2127, 3227, 3317
I

I(X°2) — X?2,6.3.6 7

if / else — ZpXiEMm], 2817
image — & =4EKIE, 331 7%
Inf — JoPREE, 2247

influence.measures — [HIFZHr BF5KEL, 6.5.4

is.character — H|Wr & FAFAIAH, 2317
is.data.frame — ¥|Wr G NEIEME, 2.7.17F
is.finite — ¥|WrEHNEREIE, 22475
is.infinite — H|WrEE N LIEEIE, 22475
is.list — HWEE RHFIFE, 2717

is.na — F|WrZG M REHE, 2247
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is.nan — HWrEHAAFEEIE, 2247
is.numeric — H|WrEE HEERIA &=, 2317

kappa — FFRFEMEAMEL 655 1

kmeans — K— PJ{ERKERE, 823

ks.test — Kolmogorov-Smirnov #;%;, 3.2.4 95, 5.3.2 %
kruskal.test — Kruskal-Wallis #g4%, 7.1.6

length — MR, 2219, 2317, 4113
library — BEAEERANLE, 2.727, 273
lines — M HZE, 2267, 3227
— KRB %L, gk, 3.3.3 7
list — A3, 2.6.1 %
Im — YELRPERIE, 6.1.3 737, 62173, 6337, 6.3.77, 6427
load — A TAEZEE], 2137
loadings — B ArTA T-KE, 9.1.3 7%
log — XTHUpR%L, 2817
1sfit — H/D PSS, 254

mahalanobis — 1% Mahalanobis JEE, 8.1.1 3%
matrix — FERRE, 2517

max — PR RRME, 2217

mcnemar.test — McNemar UG pRE, 5.3.3 75

mean — FHAFEARME, 2127, 3.1.17%, 4117
median — JFEFEAPALL, 2217, 3117

min — FFEAEARR/ME, 2.2.1 7

mode — JETEREL, 2317
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NA — WHOeEHE, 2247

NAN — AHERHE, 2247

ncol — BUHEFEMFIEL, 2.5.0

next — FiEAH], 2827

nlm — REZICREN /NS, 41277, 6727
nls — ARG REL 6.7.2 7
numeric — PRAEFEAAE, 2277

nrow — BUEFERIITEL, 255

optimise — R —JCEREAMR /D&, 4127

optimize — RK—JCRREMHMR /P, 4127

order — JHIIFAITEMN Tir, 2217, 3117
outer — XFHizH, 2547

p.adjust — p— {HIFHEREL, 7.14 77

pairs — Z2FEAEAAE, 3.3.177

pairwise.t.test — WJHM L EHEEE, 7.14 7%

par — BKIESHEKE, 65471

paste — EFEFFTEHR, 225

persp — L =ZERUEHRE L, 3.3.1 7%

plclust — £ HERK, 8227

plot — ZFEAMEERE, 212797, 3317
— HARSAE, 3227, 6.3.77%
— k. FEAEITE. LR BURESE, 3317, 7137
— [ HHIE, 6227, 6533
— g RE, 8227

pnorm — JMARREL (IEZS/2 W), 3.2.1 71

points — /K T-VEEIKEL, s, 3337
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qgnorm — Z2FE QQ HUOE K, 3.2.2 7%, 3317
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