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http://staff.ustc.edu.cn/~ynyang/2022/1ab/height-weight.txt
BEA R.OZEIEN =N EN: sex (1: M, 0: F), weight (kg), height (m).
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SO MU A A 7
log(weight) = ag + by x log(height) + €, € ~ (0, 3)

> hw=read.table("http://staff.ustc.edu.cn/~ynyang/1m2020
/lab/height-weight.txt" ,head=T)

> attach(hw)
> plot(log(height),log(weight), col=sex+1)

> fit.all=1lm(log(weight)~log(height), data=hw)
> fit.all

Coefficients:

(Intercept) log(height)

2.599 2.930

> fit.female= 1lm(log(weight)~log(height), data=hw,subset=sex==0)
> fit.female

Coefficients:

(Intercept) log(height)

3.120 1.833

> fit.male= 1lm(log(weight)~log(height), data=hw,subset=sex==1)
> fit.male

Coefficients:

(Intercept) log(height)

2.982 2.318



abline(fit.all,col=3)

abline(fit.female,col=1)

abline(fit.male,col=2)

legend(0.4,4.8,c("all","female","male"), col=c(3,1,2), lty=c(1,1,1))
summary(fit.female) #more details
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dg =3.12,by = 1.833 Fl 4y = 2.982,b, =2.318), %i4h, 04 =10.1030; =0.127.
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1.2 ZHIFIH

BAR, BRG] sex BES AT weight 5%, 55 height A%, fERHATHIFIAES HmHKE
A, AR R o0 AR, AT DA fa] SR Bl AR R TR RN sex — T

log(weight) = a + b x log(height) + ¢ x sex + €, € ~ (0,0?) (3)

-

IS TR H5E: log(height) BNV REL b % T ASFEMERI AR — R ((HEERTA Z5)

sex=0: log(weight) = a + b x log(height) + €
sex=1: log(weight) = (a + ¢) + b x log(height) + € (4)

R —H 0 (RIFREED PERATCERI by ITPEET by! Frid2 EAR (1) AR DB & E A
M, R RIIA SR, 1 log(height)-log(weight) U L ALl & a5 B2k

> fit = Im(log(weight)~log(height)+sex, data=hw )

> coef (fit)

(Intercept) log(height) sex
3.0087 2.0572 0.1241

> abline(3.0087, 2.0572, col=2,1ty=2,lwd=2) #for female, intercept=3.0087

> abline(3.0087 +0.1241, 2.0572, col=3, 1lty=2,lwd=2)
# for male, intercept=3.0087+0.1241

Im ELR it RADFIE (list), EEEKAR A UL ER S0 BRI T A5 2



> names (fit)

[1] "coefficients" "residuals" "effects" "rank"
[6] "fitted.values" "assign" "qr" "df.residual"
[9] "xlevels" "call" "terms" "model"

FATRT @R 77 AR it 195400

fit$coeff, fit$res

T RMUG TR PR A E AR AT B PR R B

REAE T coef(fit) or coefficients(fit)
W7 : resid(fit) or residuals(fit)
AME: fitted(fit)

1.3 summary K%}

KTGeirHEWr, DLAE AR R LM summary BETF 2], summary S5 01N A (T EZHAE
A RFOARGE  [B V377 0 3 A 56 DA R LS AR P 55 )

> summary (fit)

Coefficients:

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

(Intercept) 3.00871 0.11560 26.028 < 2e-16

log(height) 2.05716 0.23092 8.909 3.55e-16

sex 0.12408 0.02427 5.113 7.51e-07

Residual standard error: 0.1145 on 196 degrees of freedom
Multiple R-squared: 0.6601, Adjusted R-squared: 0.6567
F-statistic: 190.4 on 2 and 196 DF, p-value: < 2.2e-16
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1. BANEH R H S AR 0, Hein log(height) fEIH R ¥ fbiit A b = 2.05716, FrifEZE R sd(b) =
var(h) = 0.23092, t = b/sd(b) = 8.909, p-fti =P(|t,,_,| > 8.909) = 3.55¢-16.

2. RET ZEAh 62 =0.1145% = 0.0131, A LA R 6% = RSS/(n—p) Rt

e=resid(fit)
sum(e~2)/(199-3)

3. EMFXAECEH R? =0.6601, %Kik R? = VAR(D)/VAR(y) = r;y (IXH y = log(weight), VAR 0%
FEARTT )
y.hat=fitted(fit)
y=log( hw[,"weight"])
( R2=cor(y.hat,y) 2 ) #=0.6601
( R2=var(y.hat)/var(y) ) #=0.6601



4. AT E B E MR AR 2 RN R TE BB REIHREBOE SN 0, XEMK Hy:b=c=0,
81 &N sumary )5 —1TH) F-statistic F = 190.4, HHE N 2 (RIRH H D =S k) A1 196

(=n-p=199-3, pvalue< 2.2¢~ 16, Wilf: F="2 x L.

R2=var (y.hat) /var (y)
n=nrow (hw)

p=ncol (hw)

k=2 # HO: b=c=0
F=(n-p) /k*R2/(1-R2)
F

summary HFTE KRR A AR LU R 75 U F:

> a = summary(fit)

> names( a )

[1] "call" "terms" "residuals" "coefficients"
[6] "aliased" "sigma" "df" "r.squared"

[9] "adj.r.squared" "fstatistic" "cov.unscaled"

WR A BRI summary FFORLLE R, LRI 7R R E AR A& F-statistic, TAJ

> summary (fit)$fstatistic
value numdf dendf
190.3614 2.0000 196.0000

T FAE, 2 HHE numdf (df for numerator), 438FH HEE dendf (df for denumerator). Fl, $2
HL R?:

> R.sq = summary(fit)$r.squared

1.4 F /&L

PRAL summary FERERE T HAGIHER SR, B4 LS it A ¢ . PIRTRREETE F ARk,
EABERFEHLENZ NS FEN F K. o8 TR — BB, wTLRA anova B3

anova( sub.model, full.model )

ZRBUTE F GuitE

_n-p RSSy—RSS

T77 7 Rss

BB A sub.model H5%ZEF 7RI RSS) 54 A full. model 5% ZF /7 F1 RSS, H n AFEAR,
p NEVARE AL, g ALMHERE PRI S A BER LR AN . b, RIesisy (3) pye
P Hy:py=p,=0:

F

modelO=1m(log(weight) ~ 1, data=hw)

# ~1: intercept only (no covariates in the model)
fit2=1m(log(weight) ~ log(height) + sex , data=hw)
anova(modelO, fit2)



XY summary(fit2) 45 H 2R & —FET.

Fian, AT EAIOEAL (3) 1 Hy: b=co ZBBEMRILIIERESY
log(weight) = a + b x [log(height) + sex] + €, € ~ (0, 02) (5)

R FRATT 75 B 50 HT B & z = log(height) + sex

model.full=1m(log(weight) ~ log(height) + sex , data=hw)
z=log(hw[,"height"])+hw[, "sex"]
model.null=1m(log(weight) ~ z, data=hw)
anova(model.null, model.full)

%528

Z5>1 1. FIFH) 1 A [ log(weight)~ log(height)+sex 73B[{45 H, 45 1 BMI (weight /height?)
(R IEFAEIX 18] (20% -80%) . #i3 Hy:b =2, Hrf b #2 log(height) 115119 £ %,

e IRATLUEIEERLRY (3) F4 b =b-2, F38 Hy: b* =0, AL (ZEhth) A anova BRE L4
BAL (3) AR
log(weight) = a + 2 x log(height) + ¢ x sex+ €,€ ~ (0, a?)

AT, 2 xlog(height) NERIHEZ R (HIATFEMTHEHRLBD, FEH offset F5E:

fullmodel=1m(log(weight) ~sex+log(height) ,data=hw)
nullmodel=1m(log(weight) ~sex+offset (2xlog(height)) ,data=hw)

anova(nullmodel,fullmodel)

Z5>) 2. LHLD 80 AFARZEE P BN K L HOT B 2R VRS R T A L L, Kot 4
salary (7F alrd FEPEL ) & EZE 52 N IEXFCT W T H L, LERRWT:

A BB

Sex 1: %, 0: B

Rank IRFR. 1: Assistant Prof, 2: Associate Prof, 3:Full Prof
Year A YHTERFR (Rank) BIBSE] (BLAL: 4F)

Degree | . 10 4 0: At

YSdeg | Lif¢: IG5 m 2= B A W E] (A7 )

Salary | F#H ($)

PATH ZEWT SRR L UL 1 AR LB IE Bz B 7L

(1) BB LT (Salary) SR 57522 WIESI A, K55S LM TR RS AHR .
t.test(Salary ~ Sex, data=salary, var.equal=T)
AT SR 0 ] R AR
lm(Salary ~ Sex, data=salary)



BEATRE R, ANEERZ T ? R SRR, B r TRINERE T 207 4ERER
W (RFEAKT 0.1)? Z4RRA G WA B L ENIR? REAETIHRR?

e T EIRPIREAR t-R5, WV SR T ZASE, FFEAE t.test TIE var.equal=F, B ff
18 Welch two-sample t-testo

t.test(Salary ~ Sex, data=salary, var.equal=F) # Welch’s t-test
(2) —MATREMT IR R ZBR (Rank), 45 H'E 5 TH (Salary) PLRSPER] (Sex) AHIRUEYE.
(3) BAIE_FIR B B AR A R 38 Rank AR5, FREH] GHKBD Rank HITH:

Salary = By + f15Sex + pfoRank + €

AR ZE & T U HE: A8 Rank B TWEANE, Salary 5 Sex MR (Sex MIEIH AR b) frHr
AR, T IR AN F I R RRAT .

lm(Salary ~ Sex , data=salary,subset= (Rank==1) )

Im(Salary ~ Sex , data=salary,subset= (Rank==2) )

Im(Salary ~ Sex , data=salary,subset= (Rank==3) )
(4) BiH 2 BN R AR
Salary = By + f15ex + fRank + 3 Year + f4Degree + f5YSdeg + € (6)

&gﬁ*ﬁﬂ (6) EP HO : ﬁl = ﬁz =0.

2 SRFRIEME (ik)

S RI% 771 (Monte Carlo method, MC), ARG THEI 7%, it THSEHL = A AL AR B S i
8, 18I R E T E UK A DR TS A RS CRTEM (a)-(d)), 3OS — AN s 2 B 7 vt 47 VP Ak
CRHIP (e))s MC iR FRR TR & RECEHE .

1 AR BRAIAFIE A F A A R ERENLAR R X RNILK N 2 MIESFTENKIB2I 5406, etk
TEN VIR B N IR R p AT (S) HIEATREAR (4) 2. R IATVAIE ZLILZE p, A4 0
PR 4p. N T UFEREER p, BATTETHENL L= K& (Bl 7= 100000 4N) 1E 4 TE A HI3
ST, ST VETE AL B IR s N m, ORECE RSN m/n — p,n — oo, RIS n 08 K FRAT]
AT LR m/n AEIEEE p BT

/




n=100000

x=runif(n,-1,1); y=runif(n,-1,1)
m=sum(x~2+y~2<=1) # V&AL P SN E
p=m/n # VETEHAL[E IR AR E B A

S=axp # HLLAHA S=4%p

2. 8% X ~ N(0,1), EVIX| =2var(VIX]) =2, VIX| /32 SULIEZ?

x=rnorm(n)

mean(sqrt(abs(x))) #0.822

var (sqrt(abs(x))) #0.122

hist(x) # TBAEZ N(0.822, 0.122)

3. I= I_O; exp(—x*)dx =?
it P(x) NFRHEIERS AR E RS, 5 RS A

I= J.oo {exp X/ (x }(P = Jw{\/ﬂexp(—x4+x2/2)}¢(x)dx

AL T SRABFEAS IEZS BEALAR & 08 B AR B iR @, XK~ Importance sampling (2498 7] L& #%
O SRR SLH EMHE A MmA—E 2 ESSM). FTUEAMTRFXN X ~N(©O,1), fHH
E{V2mexp(-X* + X?/2)}:

x=rnorm(n)
y=sqrt (2*pi)*exp(-x"4+x"2/2)
mean(y) #I=1.813

-~

4. R I = \/#Tnf;oxzexp(—xzﬁ)dx =
RATAT AP A AR IEASBENLEL .., %, i~ N(0,1), HHRHERE

n

inzl(xi>5)/n —I, asn— o

i=1
MM N(0, 1) #E)K T 5 BIBEHLE vl Be AR /N, BT CABRARRLNEL n AR, SR D
RIS EIRT 5 MIBENLEL, M LiREr % AN HER . AT LIURA Importance sampling i, H
—MEXA] [5,00] L35 RBIFEARRI A0, LWl N(5,1) 27 4i: f(x) rexp( (x—5)%/2),

I= -ro xZexp(—x%/2 + (x = 5)%/2)f (x)dx & fw h(x)f (x)dx
5 5
FTAFRAT AT 72 Xy, x, iid ~ N(5,1), RS Y0 h(x)(y55/n =~ 1.

> n=100000

> x=rnorm(n) #N(0,1)

> sum (x[x>5]72)/n

[1]1 o

> x=rnorm(n) +5 #N(5,1)

> h=x"2%exp(-x"2/2+(x-5)"2/2)
> sum(h[x>5])/n

[1] 7.766223e-06




5. X TR v, =a+bx; +e;,e ~(0,0%), i=1,..,n, b 1 LS fliit A

Y (xi = %)y

b e "
var(b) = 0%/ ) (x; - %)? 8)
PERARA T — SR 21,020 WA 2; = i/, B3 b B9 — AT
im1(zi —2)y;

i SN

AR AR b MR ? HEL b K27 (BRI A& e ).

AT DB R, WA b RO . A ARBEART R AT BB A S O, FRATT R AR — ek LA
TEOLENTT . Eetn, FAMEE x; = 1,i <n/2, x; = 0,i > n/2, SEEMNEXSM~E. EEELERSH
a=2b=1,0=1,1n1=100. FEILAI=4 N =10000 K&, GURIFEMIT b, 345 n=10000
Mttt (FFRCTE Butilde), X% Butilde W EERZ b 19 N ANBEHUEEA, S EAIAFEAIIE m 1
BEAT 2 v, R m GERD S TEIEMSE b=1, WEAEDERMBIE ST b 2T,
M v KT (3) R, WL b Atn LS MiHEmh GFE R 2R, ARFIRIEN |
TS B R SERE R B S S

a=2; b=1; sigma=1

n=100

x=c(rep(1,n/2), rep(0, n/2))
z=(1:n)/n

## NHREFE N REdE, SXEHHE bohat,b.tilde,
N=10000
B.hat=B.tilde=NULL #all b.hat, all b.tilde

for (k in 1:N){
epsilon=rnorm(n)*sigma # F=‘EiRZEI0
y=alpha+beta*x+epsilon # ;74NN y
# FHET AN (v,x) W5 LS il b.hat MHFHAIMIT b.tilde
x.bar=mean(x); z.bar=mean(z)
b.hat=sum((x-x.bar)*y)/sum((x-x.bar) ~2)
b.tilde=sum((z-z.bar)*y)/sum((z-z.bar)*(x-x.bar))
B.hat=c(B.hat, b.hat)
B.tilde=c(B.tilde, b.tilde)

} #end of simulation

mean (B.hat)
m=mean(B.tilde) # R&HHTHSH b=17

var(B.hat) # @H%T (2) AMIMILLER, A
v.true=sigma~2/sum((x-x.bar) 2)

v=var(B.tilde) # JZll b.hat KIFTZEKLADE?

v/v.true




S ENI'E % Nt N e AW 178 5 24 N

B/ — 3 (GLS/WLS)
Im(y~x, weights=...) #WLS. weights: AH, H4E NI

Zk >

“x>] 3 (WLS, IifU/N —3%) B4k cp.txt (http://staff.ustc.edu.cn/~ynyang/2022/1lab/cp.txt),
FATH AW ZE x, 9 ZEFRR. xy BUREIRVIRETT ZARER . By

y; =a+bx;+e€;,var(e;) = criz,i =1,..,200

B of=..=02=0% 0}, =..=0

BRERATEH m =100,72 = 0%/4 WK a,b B LS A1t (Im BEHIEE weights).
Z5>) A (B8RRI R cp BRI R 2 <m <n-2 KA, FE b0 12 WEKRMT (AEE
w2 = 0%/4). RERERMIESH, WRBH—ANEE, ML RRE

—2logL = Z i —a—bx;)? /0 + Z i —a—bx;)?/t* + mlog(o?) + (n — m)log(t?).

i=m+1
9 ab,0% 2, m BT

%15 (Wb TR IRLS fRi%) Bobh—Toorik bbb —FeikRate, e 5o R AR . T4k
e
Vi = ﬁTxi +€;, €~ (0,02),i =1,.,n

b — e )
Y wi-pTxi
i=1

TEPIINE TNt ST

Y wilplyi - BTxil?
i=1

Hoh wi(B) = Ulyi - BTl AEGRitiHE, T wi(B) = 1/max(0.0001,[y; — BTl



fEHL B WIUAE, Eln Bo = Pors, TRLS iR AR F Wik

Buew = ngi”ﬁ Zwi(lgo)b)i _ﬁ-l—xil2
i=1
Bo < Buew
(a) FJE alrd H [ brains i 4E, v =log(BrainWt), x =log(BodyWt), iRl
v =a+bx;j+e;,e~(0,0%
K oa,b B/t HEERZER (x-FCA x =log(BodyWt), y-HioA¥ 22 ), % KA LALLMk
P EFERE AT AR
(b) B TIEFERSE 14 17THHR v14 PEERICFE N 100, 3K a,b 1) LS flith. 5 (a) RERME
e
(c) H5—AHT IRLS iR /D— Tl f s X BRid R B R o, b 5 — el

it 55 (a). (b) RROSE R EB, RTINS — TR B — TR K 2 (3R
T PRBIZAFII T G555
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