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|. S EmIEE
RTEBYS5X,, Xov ......, X, ZAB%MERR
Y=00+5X1+BXo+--+ 8, X, +¢
HrheI9{EN0, 5ER? , Bo, B, Ba, -+, Bpfllo® BRANSEL.
=p > 2, FRUAERTN SckiER)IHRE,
= RIRSIIMEIS S (261, oo, - -+ Tip; 4s), 4= 1,2---,m.

yi = Bo + P11 + Baxiz + -+ - + BpTip + €



= FBRERZEC
Y =XB+4e,  eBMHNO0,5T 2 AMK( T ZH M No I,

Y1 | 1 zy1 212 - Ty " By | [ e ]
y _ | ¥ X — 1 za1 o2 Tap g = B c_ | e
| Yn B 1 Inl Ln2 *rr Ipp | _/819_ | En

RZRFITM Q(B) = i el =ele= (Y — XB)' (Y — XB)
i—1

=YY - YTXp - XTY 4+ 8 XTXS3



= FEFERIRE AT
77_U|T=ﬂ§anx1, Lnx1 *D%EBE Anxn’ *ﬁiijﬁiﬁgj‘zg

dalz ozt o OzT Ax
= «
oz ’ ox

= (AT + A)z.

2. R/ SRAET

QB) =YY —-YTXB-p"'XTY + BT XTXp

8%(aﬂ) =—(Y"X)" - X"V + (X'X)" + X' X) B

= 2XTY +2XTXB=0



MR(XTX) (1) (pr1) ETFIARY, HEA
= (XTX)1(XTY)

. TR

(XTX)7'XT) B(Y) = (X" X)7'X") (XB) =
(XTX)"*XT) Cov(Y)((XTX)1xT)"
((XTX)—le)(a2In)((XTX) LxT)"

o? (XTX)1x7) (XTT(XTX)_lT)
_ 0_2(XTX)—1

Co'v(



s ZREESE Y =fo+5Xi + B Xo+ o+ B,X,
» @RS Y = XB = X(XTX)"{(XTY) = HY.
- HEWHRESER, HT =XxT (XTX)"V'XxT=H,
H? = (X(X'x)'X") (x(xXTXx)'Xx") = (Xx(x'X)'X") = H.
(I, — H) L EXREFEN

(I, —-H)'=1'—-H' =1, — H.
(I, — H)?=1,—-I1,H—- HI,+ H?> =1, — H.
(I, —-H)X=LX—- (X(XTX)"'XT) X=X-X=0.



3. % ERE

E=Y-Y=Y-XB=(I,— HY
(In — H)(XB+¢€) = (In — H)XB+ (I, — H)e
(I, — H)e.

. BEFBIME B(6) = (I, — H)E(e) = 0.

Cov(é) = E(ééT) = E((I, — H)eeT (I, — H)T)
= (I, — H)E(ee™) (I, — H)T
= (In — H)(c’IL,) (I, — H)
=o*(I, — H)? =o*(I, — H) .



= FEPFATIERIMESR
'Rja:*ﬁib’ *DEBEARXH&HLF_E{[IE1EAIJ T An /

tr(BC) = tr(CB).
tr(ABC) = tr(CAB) = tr(BCA).



X TFHREw, we FnFFEAL, Ao,

tr(wi Ay + wyAy) = witr(Ar) + wetr(As).

X3 FHiwHkRERE B g, (B' B) AR, B

tr (B"B)"'(B"B)) =q=tr (B(B"B)'B").

ST FATHIRREPEC e, (CCT) BENFRY, H
tr (CCcT) 1(cch)) =k=tr(CT(CCT)'C).



» FREFHH(SSE)

Q(B) = Z;é? —¢éTe = (Y - XB)" (Y — XB)
= (I — H)e)" ((In — H)e) = €™ (I, — H)e
=tr (' (I, — H)e) = tr (I, — H)ee")
E (Q(ﬁ)) = tr (I, — H)E(e€T)) = tr (I, — H)Cou(e))
= tr (I, — H)o’I,) = o’tr(I, — H)
o® (tr(I,) — tr(X(XTX)_IXT))
= o? (n — t'r(XTX(XTX)_l)) =d’(n—(p+1))



 IREDRISEELT

e  YI(I,-HY
n—(p+1) n—-(p+1) n—(p+1)

(TR

B(A)
Cov(B)
Cov(€)

B, E()=0, E(*) =07 Ttk At
E((B—B)(B—B)T) = (XTX)"
E(ééT) =o?(I, — H) .



4. STCIESLEEIHEE
Y =XB+e, e~ N(0,0°I,)
« I EAIMER
B = (X"X)"M(X"Y) ~ N(B,0*(X"X)™1);

é = (I, — HY ~ N(0,0(I, — H))

SSE &

B 1 62 A HH T




5. BN OEARHBEFHEE (HRI8)
ngﬂj:O VS. leﬁj;éo.

- WREHRITET = &\/Jc—jj ~t(n—p—1),

Hep g = ,/:25, C=(XTX)™"

- B |T| > to2(n—p—1)



6. MIISEERNEEFRIE (FEIE)

Hy:80)=p1=---= /Bp =0vs. H; : 2/ = REANO.
= SSR HyH
- MWHRITEF = SSE/(nfi_l) T F(p,n—p—1)

- BB F > F,(p,(n—p—1))
- FESHE SST = SSR+ SSE

SST =) (yi —§)%, RWLTEHE vl s WK/
SSR=Y (9, —9)%, RMtTHT X1, -, X, FRMIERIAEDE yis F5E3D;
SSE =Y (y; —9;)%, RELT R X!s Hsemish, HARRK RGN yls s



1. WEEE (R?)

- RERER = -1 5%

- BERRERE B = i
8. TR Rk 47eiHHEERA
- g, FHORES = (121,25, -, ),

y = Xﬁ ~ N(xpB, XCO'U(B)XT) = N(xp, O'QX(XTX)_le).

XEMELT, §+ta2(n—p—1)6/x(XTX) 1xT



. {EFdatarium& P EImarketingB3EEE, B MEEI—1 ZSoohElFEE,

RIEE=H

FE5AEK (youtube, facebookFdnewspaper) 1 NAOFIESEHiMsales, HHEATATT:

data (”

marketing”,

dim(marketing)

#8% [1] 200

head (marketing

#4
gt
pedat
gt
#4
##
pegat

S Ol W= WO Do =

)

4

sales = by + by * youtube + by * facebook + b3 x newspaper.

package = “dat

youtube facebook

276.
h3.
20.

181.

216.
10.

12
40
64
80
96
44

45.
47.
55.
49.
12.
28.

36
16
08
56
96
68

newspaper
83.
54,
83.
70.
70.
90.

ar

um

04
12
16
20
08
00

")

sales

26.
12.
11.
22.
15.

8.

52
48
16
20
48
64



plot (marketing)
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- METFERERKR

I cor (marketing)

He youtube facebook newspaper sales
## youtube 1. 00000000 0.05480866 0.05664787 0.7822244
#% facebook 0.05480866 1.00000000 0.35410375 0.5762226
#% newspaper 0.05664787 0.35410375 1.00000000 0.2282990
#% sales 0.78222442 0.57622257 0.22829903 1.0000000

- BEUED/)IgRBMNIE, 1% 8:2 RILLHI

set.seed(2022) # WHBEIF FELREHEE
idx = sample(nrow(marketing), 0.8 * nrow(marketing))
trainData <- marketinglidx, |

testData {- marketing[-idx, ]




model_1 <— Im(sales ~

summary (model 1) #summary (model 1) $coef

voutube + facebook + newspaper,

data =

trainData)

HH

#% Call:

#%# Im(formula = sales =~ youtube + facebook + newspaper, data = trainData)
HH

## Residuals:

#H Min 1Q Median 3Q Max

#% -10. 1666 -1.1738 0.3923 1.5835 3. 4380

HH

## Coefficients:

#4 Estimate Std. Error t value Pr(>|t])

## (Intercept) 3.369249 0.437066 7.709 1.39e—-12 #*x%

## youtube 0. 046567 0.001595 29,203 < Ze—16 k%

## facebook 0.182270  0.010363 17.588 < 2e-16 #kx*

## newspaper 0.001606 0.007048 0.228 0. 82

By ——-

## Signif. codes: 0 “#kx’ 0.001 ’*%° 0.01 % 0.05° . 0.1 1
hada:

#% Residual standard error: 2.137 on 156 degrees of freedom

--
#%

Multiple R—squared:
F-statistic: 421.7 on 3 and 156 DF,

0.8902, Adjusted R-squared:

p-value:

0. 8881
< 2. 2e-16




Imode]_2 ¢— Im(sales =~ youtube + facebook, data = trainData)

summary (model_ 2) #summary (model 1) $coef

HH

#% Call:

#%# Im(formula = sales = youtube + facebook, data = trainData)
#i

#% Residuals:

HH Min 1Q Median 3Q Max

#4% —10.2223 -1.2030 0.35H22 1.5695 3.4318

H

#% Coefficients:

#4 Estimate Std. Error t value Pr(>|t])

## (Intercept) 3.400910 0.413150 8.232 6.69e—-14 sk

## youtube 0. 046591 0.001586 29.370 < Ze—16 k%

## facebook 0.183128  0.009627 19.022 < 2e-16 #**

e ——

## Signif. codes: 0 %% 0,001 "*%* 0.01 % 0.05° .7 0.1 "1
HE

## Residual standard error: 2.13 on 157 degrees of freedom
## Multiple R—-squared: 0.8902, Adjusted R—squared: 0. 8888
## F-statistic: 636.3 on 2 and 157 DF, p-value: < 2.2e-16




BlFHEEY sales = 3.4 + 0.047 * youtube + 0.183 * facebook
- T, RAGTHFIX RN

Inewdata {- data. frame (youtube = 2000, facebook = 1000, newspaper = 1000) # New advertising budgets

predict (model 2, newdata, interval="prediction”, level=0.95) # Predict sales values

pre fit lwr upr
#% 1 279.7107 260.1261 299. 2953

test{-data. frame(trainData, predict(model_2, trainData))

y_true<-as.vector(test[, 4])
SST <- crossprod(y_true-mean(y_true)); SST

"% [, 1]
#% [1,] 6488.245




I y_hat<-as.vector(test[,5]); SSR <= crossprod(y_hat — mean(y_true)); SSR

#t [, 1]
## [1,] 5775.737

I err<- y_true - y_hat; SSE <- t(err) %*% err; SSE

#H [, 1]
#% [1,] 712.5088

I sig_hat < sqrt(SSE/(nrow(test)-length(model_2$coef)-1)); sig_hat

#4 [, 1]
## [1,] 2.137139

I R_sq <- SSR/SST:; R_sq

t## [, 1]
## [1,] 0.8901847




9. [Bl)RELiZ R
Y = XB +e, e ~ N(0,0°I,)

»  BEERERIESNTIEREE FHE
-O. SHEENSRE, RRFHE REE,

opar=par (mfrow=c (1, 2)
plot (err, main="%#*"); abline(h=mean(err), col="bhlue’)

plot(rstudent (model 2), main=" #r#E{LH Z"); abline(h=0, col="red )
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par (opar)



» RERSIRMNIENE FHERESS
-@. SHEENERE, QQE, &7, 1alglESE,

opar=par (mfrow=c (1, 2))
hist(rstudent (model 2), xlab="fri{fb# £’ ,main="H 7K )
ggqnorm(rstudent (model 2),ylim=c(-3,2),main="QQ plot’)

qqline(rstudent (model_2),col="red")

abline (h=0, pch=3,col="gray’); abline(v=0, pch=3,col="gray’)



BHJj QQ plot
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par (opar)



-EIHRERFHIplottREEMAN R AR FRENT, RESREMEEELZIRE.
-TIRERCOR NiE-UGE. EESQ-QE. RE-MNEE. HE-IHE,

fREEAIHERTRESER, ER=IBEINATRIEE

UL

===

REGHTRIX,



Residuals vs Fitted Normal Q-Q
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é = (I, — HY ~ N(0,5%(I, — H))

@ FEARY, Hy: BE(8) = 0;

l t.test (err) #8H _0: E(err)=0
#
#%# One Sample t—-test
#i

#% data: err

HE t = —5.4399e-14, df = 159, p-value = 1

## alternative hypothesis: true mean is not equal to 0
## 95 percent confidence interval:

#% -0.3305239 0.3305239

## sample estimates:

HH mean of x

#% —9.103829e-15




-(3. Shapiro-WilkIEZS 4G5S, Hy : IES7 0,

IN VNN (X aiX)’
SIRFITE: W =
EDES N == S (X,—X)

Tyr—1
;E-.:EF: (a17a23"'aa'n):Mg ) M

= (m1,ma, -+, my)T, m; = B(Y),
V=_Cou(Y,Y), Y=(%,Y, ,¥)T, Y ~N(©O1).
C=|[V M| =MV 'V M)

H, RER, Wizh

shapiro. test(err) ##H 0: IEFE T
pre
## Shapiro—-Wilk normality test
##

## data: err
## W = 0.92185, p-value = 1.321e-07



. BEFFIEEMY
@ LHIERFINEIEETHEACE, RIIRENE;

aclf(err) #8HMECHIHHE



Series err
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-®). Durbin-Watson 23744058, Hy : A~fHK p = 0;

Doiolei —ei1)?
D iea(€i)?

EERENEZIERX, WEERY)\, BXRENEEREX, WEERVK,
- ZDWIERIEIR2AT, FRERIRIFTERX
» AADWIERIZIFORY, 7AZETNEIEERRIE

DW =

- IDWIERIERIT4RT, FREINAEISERRIGR
#DWiR 48, H_0: AAH %
DW. test<—function(tserr)

7 _err <- zlag(tserr)
D_err < tserr[-1]-Z err[—1]

crossprod(D_err,D_err) crossprod(tserr[—1], tserr[-1])

tserr <- residuals(model

DW. test (tserr)

# [, 1]
#4% [1,] 2.261129






-©®. iiFFEtus, Ho : 3B,

https://baike.baidu.com/item/%E6%B8%B8%E7%A8%8B%E67%A3%80%EI%AA%EC/9 1639847
fr=aladdin

runs (err) HEFFARL, H 0: M7

#% $pvalue

#% [1] 0.962

He

#% Sobserved. runs
#8 [1] 79

Hy

##t Jexpected. runs
## [1] 78.1875

HH

#% 3nl

## [1] 65

He

#% $n2

#% [1] 95

HH

i §k

#% [1] 0



