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“All models are wrong, but some are useful.”
— George E. P. Box
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2] Fi 7E X

m BOBERNE (X1, V1), (X2,¥2), -, (Xn, ¥n), EFn ARWEHE-
Hox, i=1,--- nKKBZTE, v;, i=1,--- nKRELTE.

m EEEENEOREHE Y = f(X) + e

m R+ .

m TR E f()?



2] Fi 7E X

Response = Prediction + Error

Response = Signal + Noise

|
|

m Response = Model + Unexplained

m Response = Deterministic + Random
|

Response = Explainable + Unexplainable
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—JT £ 1 [ AR EY
— LB AEBI R R A
Yi=Po+ frxite€,i=1---,n,
e ~ N0, 02).
intercept coefficient So: 2§ x = O B Y B9HAZE, BN B = E(Y|x = 0)
slope coefficient 51: x TEI—A B AT Y B F M0
error term ¢; ~ N(0, 02), o k4N

m ERERBERAHERIE, BRI E(Yi|X) = G + fuX;
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y

True regression line

fx)=pB,+ Bx
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— A M E AR

X; 2B EHMAE.
Y, RHEHET =

yi = Y B sE A
BEMEEEITNSEA Bo, f1,00
S 1] A £ o B Y R R
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[ | E(Y,“X,' = X,') = 60 + 61X,‘.
m var(Yi|X; = x;) = o2
m Y 537
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E(Y) = piz+ Bo

N

N(Biz3 + Bo,0?)
N(Brz2 + Bo,0?)

N(Biz1 + Bo,0?)

x X2 &3 x
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— L& EIARE R (LINE)

m Z&MXFE (Linear)
m IRETMI (Independent)
m F7S (Normal)

m EA% (Equal Variance)
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FIRFIAE

HiIETH: mHXE.

*hE
100 150 200
| | |

50
|

i e


https://bioconnector.github.io/workshops/r-stats.html#our_data:_nhanes

BORR N x (B4 kg/mm?) FETZLetiE y(& G Ne) 28 B 2 B g s
erEE RERER, Heh fy = 65,01 = —1.2,0 = 8, MFEE R /11N
1kg/mm?, Ty (SEER) B ERD T 1.2 i EitE

RF1x = 20 B, BRZLRTIE] Y > 50 B9t
KA x = 25/, WiZdetiE Y > 50 AIREE
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FYI

EBBIAE X B, BTERE Y ~ N(65 — 1.2x,8%), 84
B/ x =20H, Yjx =20 ~ N(65— 1.2 % 20,8?%) = N(41,8?),
B
P(Y > 50|x = 20) = P(Z > ) =1—®(1.13) = 0.1292
£, AIABEIR S x = 25 B, BrZeEtE Y > 50 i

50 — 41

50 — 35
8

P(Y > 50|x = 25) = P(Z > ) =1— ®(1.88) = 0.0301
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EMNBWME (X1, V1), (X2, ¥2), s Xn, Yn), FBAEREITAYE— (6] 25
= MRRFWMEFEEITH 5o 0 517

mYy; 3"é Yi

me =Y —Y

m 5N TFE:
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m F/MEEREFE A (Sum of Squared Errors, SSE)
f(Bo, B1) = D_€f = Y- (vi — (Bo + B1xi))*.
i=1

i=1

m argmi an( /)2
min i—VYil .
ShE e
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&/MEERET T — ALRIE

KRS of )
a_ﬁo = _2’2221( ﬁO_lel)
of n
S5 = ~23 (0 (= Bo = fux)
kiEmal: ]
> (vi— Bo— Bixi) =

[]=
—~
>
N~— (BN
/-\
\(b
o

|
™

iy

x
~—
|

Il
N
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ARG

m RATARE A
Yi= 0o+ Bxi+e€,i=1,---,n,
He¢; ~ N(0, 02).
m RAVEE: Yi|X ~ N(Go + B, 02).
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X ELA A

SRV 24 R BB AT 28

IOgL (507 517 02)

=— glog(Zw) — glog (az) —

1 n
ﬁ ; (Yi — Bo — 51Xi)2

B KRS Ej%ﬂlik{tﬂﬂé[{u%
og n
9B ; 1()’,‘ — Bo — Baxi)
OlogL
98, o2 ZX:( Vi — fo — B1Xi)
dlogL  n 1

Oo?

202 2(02) 5 28



ARG

B Sxy mq(xi—x)(vi—y)
1 — <~ — _
Sxx Sy (X — X)2
0=y — Bix
R 1. .
52 = E Z (Yi — Yi)2

Il
[y
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£ R pEI—ITékitm I EE

marketing model <- 1lm(Members ~ TV,
data = marketing)
plot (Members~TV, data = marketing,

xlab = " R#ER (F) ",
ylab = " £RBH (F) ",

main = " AR ESRESRE",
pch = 16,

cex = 2,

col = "grey")

abline (marketing model, lwd = 3,

col = "darkorange")
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RERW

coef (marketing model)

## (Intercept) TV
## 14.06518710 0.04753664

EFAFE:

—_—

SR = 14.065 + 0.0475 - B &%
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%% (Residuals) 102 Bafhit

B 0% FREFAEERGKE R

a b

v = Elongation Product sales a

x = Tensile force v = Advertising expenditure

Figure 12.9 Typical sample for &: (a) small; (b) large
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m & (fitted) fE: ¥ = Bo + Baxi =¥ + S(xi — X)
m %% (residual) R EXLEMUSEZEAE:
ei=Yyi—Vi=VYi—y— Bilxi —X).
Sn.e=0,ie.e=0
S Yi= 2 Vi
e IMEAELIRE ¢ B “BR”, ZRAHRAGITHRE
m REFEHFH (residuals sum of squares, SSE)

n n

SSE="Y (ej — €)% = ie? =>(yi—¥)*

i=1 i=1
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o’ MR/ RefhHit

m o2 MR/ ZEGET R
2 » SSE ma(yi — yi)2
o : =
n—2 n—2

» Se = /SSE/(n — 2) 7 o KIfkIT, TRATREIREIRE
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XTFEHEH NN — 2 LRI

T8 2 BEHTRAISH Lo, f1(ABERE 2)
s2 2 o2 R imiEit, B
2

2 _
Es; =0

B=XE, 3~ x%(n-2), B5 fo, b1 #iz
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marketing_mode1$residuals

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

1

.25845097

7

.06809925

13

.07206882

19

.95574187

25

.58825250

31

.88784894

37

.35975424

43

.57870236

49

.06583651

55

.35906202

-15.

-0.

8.

-7.

-1.

14.

2

.50405190

8

.90700454

14

.93483198

20

.13051863

26
05995264
32
99896051
38
23283882
44
93584891
50
02558959
56
42473734

3
2.89955247
9
-5.28281731
15
4.53035628
21
1.17080836
27
2.34884107
33
-4.10631000
39
2.03715450
45
0.54847355
51
-10.26082862
57
-3.75922205

T ¥ | Y - Y -2 Y ~ 2> §

8.

-11.

12.

=ililq

-5

-4.

Vs

-0.

-2.

-0.

4
53121085
10
86082862
16
15749382
22
63558398
28

.09228183

34
51665050
40
25810486
46
91251858
52
21054450
58
61416795

on

10.

13.

Fad =4

5
.45443628 -0
11
.14953096 O
17
.48884446 7
23
.12015441 -4
29
.08058062 O
35
.16370008 -16.
41
.11752647 3
47
.39326039 9
53
56095492 10.
59
49336530 2

6

.49232464

12

.32257950

18

.98119167

24

.77041712

30

.22263927

36
10298985
42

.30684219

48

.52673282

54
97443182
60

.70287262

fayad
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ETHREIfREE

marketing model summary <- summary(marketing model)
marketing model summary$sigma

## [1] 6.517313

38



n

Si—v) = (i— %)+ Z(f’i —y)°

i=1 i=1
m SST = SSE + SSR

m SST: Sum of Squares Total, EE A F0

m SSE: Sum of Squares Error, 5% /70
m SSR: Sum of Squares Regression, [EV3F 70

=1
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MEME R

MEME (Goodness of Fit), XNME % (Coefficient of
Determination) :

W SSR #K: AEEFAERRE Y ERHHMTES.
m SSE ) WNME Y SEEFKBES, &I,
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R? BT

B o<R’<1
2 _ 025«
- R ﬁlsw
R?* = [r(X,Y))?
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R kil &E

marketing model summary$r.squared

## [1] 0.6118751

a4



AT AT AR BT ?

HASIBREAER B 2RAUREN, EECEEWIEARE T E
Hafhitug?

ZERRE DR IFH R v, BOEVET (L RE?

T8 X ERELIAER Y I5?
(F—T&EEITEEN AN EAREESEEEBEHRE?

m 102 BEFEAGITHENNANES: REREKBEERE

B 3 ETFHEALHHUAE
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R #uEisl: B, 1 61 BIHKES 7

BIEEVAMR Y, = 25 4+ X + €, 6 ~ N(0,1.42),i = 1,2, --- , 19, x
EEA
12,14, 14,15, 15, 16, 18, 22, 22, 24, 24, 26, 26, 27, 28, 30, 30, 33, 36

£ RBEHIRET ¢; ~ N(0, 1.4%)

RIEEVAFE, Ax £y

T ERBEAE (X, y)", EiTEERE

B 1-34% 2503k, HUEH So W fy MEFE
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Gauss-Markov EH

MRBEKRBRIRHIL, S D_RMEITERESESH 5o 71 0 WEERIFE
st E.
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iR

m G ANES:

5 n(Gx—xY; &
By ==L T = Sk,
r—l(xi X)2 i=1 o
. (xi=X)
Eqﬂk,_ n (X._)_()Z'
R ~ AI=1 I
u 60 =Y-— 61)_(

Bo 0 By BRI (EITE.
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i =3 i

HATTIAESH:
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InEEiRZE (Standard Errors, SE)

BE o KM, FAAFEM s, K#:

SE[@)_-%MH%—f‘

MmEA1E:

Bo—Po ~ _
SN t(n — 2)

Bi—By '
—[—]Sgﬂj t(n —2)
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PRl

2% (Standard Errors, SE)

Bi—p1

B — B

SE[f1]

_se/\/s_xx
_ B — B

/v 5%

_se/\/S;'
_ Bi- B

7/v/Sx
7/v/Sx

N 0/@

0/\/7

‘Se/\/;

/ﬁ

(n— 2)s

- SD[Bl]

~th_2
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Bo #0 51 BIE(SX 8]

Po BIEEXIE):

Bo + t1_a/2(n—2)-SE [Bo] ;
b1 BIEEXE:

By + ti_aj2(n—2)-SE [Bl] ;
Ha P (t(n —2) > ti_gp0(n — 2)) = /2.
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R sk EfFXIE

confint (marketing model, level = 0.95)

## 2.5 Y% 97.5 Y
## (Intercept) 12.25943854 15.87093566
## TV 0.04223072 0.05284256
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{Ris e

X o A, ¥F Oo BIRIZMETEH:

Ho:Bo=0 vs Hy:[By#0
St E: A )
oD R n-2)

SE [ﬁo] - se\/%Tg_‘—fx

t

56



R FeYRiRiE I

marketing_model_summary$coefficients

#it Estimate Std. Error t value Pr(>ltl)
## (Intercept) 14.06518710 0.915685881 15.36028 1.40630e-35
## TV 0.04753664 0.002690607 17.66763 1.46739e-42
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FRBEDTHRBERNEEM. Ho 2 Y FHREET Xo
BRIRESR, RINEFESHE:

KR 70 BEHE sl

B3 iil()?, —y)? 1 SSR/1

R iém—yy h—2 SSE/(n — 2)
=) él(y,- —y)? n—1
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Lvi-y)?/r =
n S5 1,n—2
Palyi—vi)?/(n—2)
R A—rx&tmasg, FRIEFMERRE 018t REEENE.
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R /il F 135

anova(marketing model)

## Analysis of Variance Table

##

## Response: Members

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

## TV 1 13258.5 13258.5 312.14 < 2.2e-16 **x
## Residuals 198 8410.1 42.5

## ——

## Signif. codes: O 's*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

60



[ A B 41 4B

— 5T 4 ] A
RER it
135 B SR
RS

B 5w

Key points

61



Al A

1wy

IS — & E AR A A RigD?

Assumption In terms of ¥

Linearity E(Y|x) is a linear function of x.

Normality For any fixed x, the ¥ distribution
is normal.

Constant variance The variance of Y at any fixed x value is
independent of x.

Independence ¥;’s for different observations are
independent.

m NEHRBIE, BEV

In terms of &
For any fixed x, E(¢) = 0.
For any fixed x, the rv ¢ is normally
distributed.
V(&) = a”, independent of x.

g;’s for different observations are
independent.

B MELR#HEIRIZ? Garbage in, garbage out.
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FRESh

REe =Y — )A/,'
E(e,-) =0
Var(ej) = 02[1 —n (Xis_qu

e — 2o 3 - o

n Sxx
R TRE

. €—0 yi — Vi
e —= =

, —
Se, 1 (xix)?
e; Se\/ n o
HNnFEHKE, ef =~ ¢
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trEL TR EE

m Plots of (x;,ef) or (yi, e ): ERE. &EMEMAEFHE
B RENZAKEENSHEED 0 MKFELEAR, FEEAEE
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ESME-EA

-3 -2 -1 [ 1 2 3 -15 -10 -5 0 5 10 15 -20 -10 (] 10 2 30
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IEZSTE - PP B8 QQ

PP B (Percentile-Percentile)
QQ B (Quantile-Quantile)

° @
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B
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& b g
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& ° 3 E
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o 2
T
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IEZSTHERI

Shapiro 13, BERHTXEEEELRIIHERAT .

shapiro.test (marketing model$residuals)

##

## Shapiro-Wilk normality test

##

## data: marketing model$residuals
## W = 0.99053, p-value = 0.2133
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https://en.wikipedia.org/wiki/Shapiro-Wilk_test

FF3tEX

AHR “FHEML RIE, TAREERTUEH. mENEEREAR:

B EZMBRTERER
B B RN EIR
i (8] 7 31 B &
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- Omitted
» cxplanatory
+ %% variable
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I B FHI R REBHEX

AT = Time order
VAT IR of observation
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AT REIR?

W MRS KRR (b, SIMAEFARE) HEFESH

=E
B RAE AEREMTHR; MREDNIEMGT ME-XWERE; S
HER%ESE

B ERRIEAHIL: KEARATEE,; AR, AL A Bootstrap
F iR THE IR
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B RESEEREDNS:
FHEEEHEI
B/MEITEZM1t (least absolute deviation estimates, LAD)

(Bo, 1) = arg minZ Y — Bo — BaX|

Robust estimation, eg., Huber regression.
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=% gl

B AT X=X, AEFSETRNE Y = Fo+ Six

= jiype = E(YIX = x7) = fo + fux".

m y1EHN E(Y|X = x*) MR (ERiET), B E(Y) = fo+ fiX*.

m THEZLH pyy BWERERXE (confidence interval) #1Y #7iiNX jg]
(prediction interval)
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i (f5it) £

y=Go+ Pix* =Y+ B1(X* —X)
L —x)(Yi = V)(x" —X)

=Y+
SXX
norl (x5 —X) (X" —X)
— = Y;
.; n S } ’
n
— Zdlyh
i=1
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BEIEXIg

m Varly| = o2 (1 + (X—_X)z> '

n Sxx

] VNN(50+51X*702<%+%>>'

B X A

A 1 X* _)_( 2
n Sxx

81



R sk EfFXIE

new TV = data.frame(TV = c(500, 11))
predict (marketing model, newdata = new_TV,
interval = c("confidence"), level = 0.99)

#H fit lwr upr
## 1 37.83351 35.95918 39.70783
## 2 14.58809 12.27269 16.90349
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Fouim (X [g]

BE—PHE X, BOETWY, V=058 + Bix* +¢
m HREY —Y=y— (Bo+ f1x* +¢)

Because the future value Y is independent of the observed Y;'s that
determiney,

Var[y — Y] = Var[y|] + Var[Y] = Var[y| + Var|e]
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T X 8]

ToU ) (X /]

A 1 X*—)_(Z
yitl—a/Z(n_z)'se\Jl‘f‘E—f—g

SXX
B MUXELREERENAER, RAEREKERHE

84



R Hp 3k i il [X 8]

new TV = data.frame(TV = c(500, 11))
predict (marketing model, newdata = new_ TV,
interval = c("prediction"), level = 0.99)

## fit lwr upr
## 1 37.83351 20.779400 54.88761
## 2 14.58809 -2.520111 31.69629
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Key points

ERFEE—TTAERITEE. BRRE. RNIRAES;

ERAZESDIFRMETHORITER

HMERZEWNEIERY. ERAEMENTENSRITHER: BRigHE1H0
EiE5XI|g

IR SR ANSIT 7%
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EHERE (—)

m H#E poverty.txt: EEHT 50 MMFIEHEEL I 45X # £ A9
15-17 %% %7 2002 F£HER R HIZ M T E R
y =2002 £ 1000 & 15 E 17 $ L HHHEE
x=REAR, BMADFEEFERTFHEBAEREKTHRENE S
m K
SHBAERARE ZEAMEXEER, FTERXRANEELEZ RN
KEH—TERAREER, FHMERGHER
AT RIS BT
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EHSEE (Z)

B #H4E skincancer.txt: MELTE y 2RKEXTE (&£ 1000 K
AORTA#H), MNETE x 2£E 48 MFOHEE (LEE)

m Ek:
SHBSEIRAAmEZENEXEXR, FITEEXRYREZEMRE

HH—TTEAMRER, FHTERA L RRE
HEATEENS IR
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