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3. % & A4 P (Multi-collinearity) 7] AL
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Y, = 31 + BzXzi + B3X3i + e

Income

Consume

i B
Wealth HHY)

I e (Xs5)

e VR TIH
o Xo kTN, X3, ZTME,
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Y; = By + By Xoi + B3 Xsi + e
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o Xo R T EAD; X3, &k T T GDP,
PAEWHI: WMTGDP=3T & A 0 *AHGDP
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Y, = B1 4 BoXoi + B3 X3 + - + B Xk + uy (PRM)
Y; :Bl +32X2i+B3X3i+"'+,ékai+ei (SRM)
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'Ui:Oo

huhuaping@ #3201 ++ 2 25 5 A | %033 K EARIX | 3.1 % & 4 %&£ (Multi-collinearity) 7] 4 | 3.1.1 TEER MM L kiR



2 BT =2 AL

huhuaping@ #3201 ++ 2 25 5 A | %033 K EARIX | 3.1 % & 4 %&£ (Multi-collinearity) 7] 4 | 3.1.1 TEER MM L kiR




e 5 ¥ 48 Xr(Pearson Relationship)
o % & 42 M (Multicollinearity)
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77 £ 38 K892 E R 7 £ KMk B T (VIF, variance-inflating factor)f#7 = :
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Year Y X2 X3 X4

1947 976.4 1035.2 5166.815 -10.35094
1948 998.1 1090 5280.757 -4.719804
1949 1025.3 1095.6 5607.351 1.044063
1950 1090.9 1192.7 5759.515 0.407346
1951 1107.1 1227 6086.056 -5.283152
1952 1142.4 1266.8 6243.864 -0.277011
1953 1197.2 1327.5 6355.613 0.561137
1954 1221.9 1344 6797.027 -0.138476

Showing 1 to 8 of 54 entries Previous 4 s 6 7 Next
kXL BERARY T ORI

o VEATANMF I &

* X R FARMN: Xy hFHE: XyhFhlE
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FAVIT A 3Z S T ey e 2 A2 A

10g(Y) = + B, + Bylog(X2) + Bslog(X3) + B, X4 + e;

HEAERE RN R T

log(Y) = — 0.47 +0.80log(X2) + 0.20log(X3) — 0.00X4
(t) (—10.9334)  (45.9984)  (11.4406)  (—3.5293)
(se)  (0.0428) (0.0175) (0.0176) (0.0008)

(fitness) R? = 0.9996; R2 = 0.9995
F* = 37832.61;p = 0.0000
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Dependent Variable: LOG(Y)
Method: Least Squares
Date: Time: 15:24
Sample: 1947 2000

Included observations: 54

Variable Coefficient  Std. Error t-Statistic Prob.
C -0.467711 0.042778 -10.93344 0.0000
LOG(X2) 0.804873 0.017498 45.99837 0.0000
LOG(X3) 0.201270 0.017593 11.44061 0.0000
X4 -0.002689 0.000762  -3.529269 0.0009
R-squared 0.999560 Mean dependent var 7.826093
Adjusted R-squared 0.999533 S.D. dependent var 0.552368
S.E. of regression 0.011934  Akaike info criterion -5.947704
Sum squared resid 0.007121 Schwarz criterion -5.800372
Log likelihood 164.5880 Hannan-Quinn criter.  -5.890884
F-statistic 37832.61 Durbin-Watson stat 1.289219
Prob(F-statistic) 0.000000
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AR A XA FEMOI TR E T -

Call:
lm(formula = mod_mat, data = data_income)
Residuals:

Min 1Q Median 3Q Max

-0.018441 -0.010001 0.000337 0.007039 0.032578

Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) -0.4677111 0.0427780 -10.933 7.33e-15 *x*x*

log(X2) 0.8048729 0.0174979 45.998 < 2e-16 **x%
log(X3) 0.2012700 0.0175926 11.441 1.43e-15 **%
X4 -0.0026891 0.0007619 -3.529 0.000905 **x

Signif. codes:
O "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.01193 on 50 degrees of freedom
Multiple R-squared: 0.9996, Adjusted R-squared: 0.9995
F-statistic: 3.783e+04 on 3 and 50 DF, p-value: < 2.2e-16
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=] )3 F 75 Fe ESS S g2 3 MSSgss
& E-F 7 An RSS Yl 50 MSSgrss
B T Ao TSS Syl 53 MSSrgs

¥y Ty it X
B' X'y — n¥? =16.1637
vy — B X'y=0.0071
Yy — nY =16.1709

huhuaping@ #3201 2 4 357 & a %033 A AR X 3.1 % & 3 & £ (Multi-collinearity) ] 2 3.1.2 3 A&k
ping(@

28/85



(9% )
AR T £ AT R ANOVAF A AF Gt =it H X, 7 YAfF3):

N -2
. EBSSy/dfsss, (ﬂ X'y —nY ) [(k=1) 16.1637/3

S = = = 37832.6142
RSSU/deSSU (yy’ _ B/le) /(’I’L . k) 00071/50

FREFBRARGHI L, BN F* =37832.6142 LT
Fi_o(k—1,n — k) = Fy95(3,50)=2.7900, TR EIKR EBRWFLBLERE
*,
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AN, BT A E e TEHEAER HFDHE20HEE:

—

log(X3)

(t)
(se)
(

fitness)

—

log( X2

(t)
(se)

) =

(fitness)

huhuaping@ #2201 ++= %4

5 Kk

=+ 1.65 + 0.99l0g(X2)

(8.8575) (42.0585)
(0.1868) (0.0235)

R? =0.9714; R? = 0.9709
F* = 1768.92;p = 0.0000

—1.40 +0.98log(X3)
(—6.2996)  (42.0585)
(0.2223) (0.0234)

R2 = 0.9714; R? = 0.9709
F* = 1768.92:p = 0.0000

—

log(Y) =—0.07 + 1.00log(X2)
(t) (—1.6471)  (178.3010)
(se)  (0.0444) (0.0056)

(fitness) R? = 0.9984; R? = 0.9983
F* = 31791.26;p = 0.0000

—

log(Y) = — 1.52 + 0.98log(X3)
(t) (—8.3771)  (51.5957)

(se)  (0.1814)  (0.0191)
(

fitness) R? = 0.9808; R’ = 0.9805
F* = 2662.12;p = 0.0000
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ML R

obs Year Y X2 X3 X4 X5 X6 X7
1947 1947 60323 830 234289 2356 1590 107608 1
1948 1948 61122 885 259426 2325 1456 108632 2
1949 1949 60171 882 258054 3682 1616 109773 3
1950 1950 61187 895 284599 3351 1650 110929 4
1951 1951 63221 962 328975 2099 3099 112075 5
1952 1952 63639 981 346999 1932 3594 113270 6

Showing 1 to 6 of 16 entries Previous 1 2 3 Next

% B 3 2 15 L 49 B ) B 4 (v=16)

o V& TRtk AR,

o Xk TiH A HE (CPD ;3 X5k FERAEZ B/ (GNP, ABF £Tit), Xy k
TRLAFKATAT) ; Xk TERTF AR Xo R 714 ¥ A LGN A 0 2
Xp&ZwiE (¢=1,2,---,n)
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FIRFEARFELF RS ARER, DAL EIRARGHELEAIMRKA. ok
B, WERPARBBTRA L5 FXEMFIA,

FI BT AR :

e MAEZAKIERLNZZEAEARX (FAXFEEHKKT0.8)
o B EBIEM XIS EARMAN R VHIEN X

i
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PRAVERIP, MK ARHIEFE R T H AT

X2 X3 X4 XS X6 X7
1.0000 0.9916 0.6206 0.4647 0.9792 0.9911
0.9916 1.0000 0.6043 0.4464 0.9911 0.9953
0.6206 0.6043 1.0000 -0.1774 0.6866 0.6683
0.4647 0.4464 -0.1774 1.0000 0.3644 0.4172
0.9792 0.9911 0.6866 0.3644 1.0000 0.9940
0.9911 0.9953 0.6683 0.4172 0.9940 1.0000

X & BIEHK

YV, EATH LA Xo kT HEM&IEE (CPD ; X35 THRAEZE4E (GNP, 4
B EAN); Xy KT REARATAT); Xsi R T F NP OIAR X114 F AL
AEMM A B £ X & e E (¢=1,2,---,n)
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parameter

par (usr):

par (usr) :
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par (usr) :

par (usr):

par (usr) :
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argument

argument
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R EIEEFFTEMMRELERRT, WITRIAAGES T E&MFA,
TR IE

e TEPESMIREN RMES (X T0.8)
o NHTHRE F b2 F
e NEFWHRBESL (ZTHE AN —FRAL)
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PRAVEF b, KA E T T84,

Y= +8; +pB,X2+B;3X3+ B,X4
(cont.) + B, X5 + BsX6 + 5, XT + e

FEEEA G E I MLE R T

Y=  4+77270.12 +151X2 —0.04X3 —2.02X4
(t) (3.4332)  (0.1774)  (—1.0695) (—4.1364)
(se)  (22506.7070)(8.4915)  (0.0335) (0.4884)
(cont.) —1.03X5 —0.05X6 + 1829.15X7

(t) (—4.8220) (—0.2261) (4.0159)

(se)  (0.2143)  (0.2261)  (455.4785)

(fitness) R? = 0.9955; R? = 0.9925
F* = 330.29;p = 0.0000
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I B ( EPRRAE)

Call:
Im(formula =

mods$main, data = data_longley)

Residuals:
Min 1Q Median
-410.11 -157.67 -28.16

3Q Max
101.55 455.39

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 7.727e+04 2.251e+04 3.433 0.007470 *%
X2 1.506e+00 8.491e+00 0.177 0.863141
X3 -3.582e-02 3.349%9e-02 -1.070 0.312681
X4 -2.020e+00 4.884e-01 -4.136 0.002535 *x*
X5 -1.033e+00 2.143e-01 -4.822 0.000944 *x*x*
X6 -5.110e-02 2.261le-01 -0.226 0.826212
X7 1.829e+03 4.555e+02 4,016 0.003037 *x
Signif. codes:
O '"x*xx!' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 1

Residual standard error: 304.9 on 9 degrees of freedom
Multiple R-squared:
330.3

0.9955, Adjusted R-squared: 0.9925
p-value: 4.984e-10

Multi-collinearity

F-statistic:
huhuaping@ 42 #01 +T = Z ;




(M EZEK)

HEE A ARG AR RS A A S EAAE, HELTAEELN
g — R &K MHE)3I FAE,

B, S THEADEEAR ) KT UAMEFE e THYE I 542

Xoi=a1+ -+ ajXji+ - + arXki + €2
Xji =01 + aaXo + -+ + op Xpi + €5

Xpi =00+ &oXoi + -+ a; X5+ + €
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o 1
. 2 2
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53k B 2 58 3% W) (Klein‘s rule of thumb):

-éfl&a«-/\iﬂiﬂﬁ@'}aéﬁ}mk% AFE=Eadey RGN, ST &ML H
A — MR 89 9] AR,
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% ( MBI 4£X2)
PRA|EF P, IR 542 ( Xy) AR 24L& R T

X2 =+ By + By X3+ B X4+ B,X5 + B: X6 + B XT + e

X2 = +2044.58 +0.00X3 +0.03X4+ 0.01X5— 0.02X6 — 9.99X7
(t) (3.8333)  (2.7006)  (2.1098) (1.1770) (—2.7720)(—0.5996)
(se)  (533.3698) (0.0009)  (0.0151) (0.0075) (0.0063) (16.6654)
(fitness) R? = 0.9926; R? = 0.9889

F* = 269.06;p = 0.0000
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% ( MBI 423 )

PRA)E| P IR a4 (X3) R BZLEF T

X3 =+ + By X2+ B3 X4+ By X5 + B X6 + Be XT +e;

X3 = —480986.04 + 164.66X2 — 13.79X4 — 3.00X5 + 5.62X6 -+ 10902.88X7
(t) (—3.2408)  (2.7006)  (—9.1921) (—1.6774)(4.7649) (4.2411)
(se)  (148413.7872)(60.9699) (1.5002) (1.7873) (1.1804) (2570.7562)
(fitness) R? = 0.9994; R? = 0.9992

F* = 3575.03;p = 0.0000
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% ( By 4%4 )
PRA)EF b, IR 542 ( Xy) R 24L& R T

X4 =+ By + By X2+ B X3 + B,X5 + B: X6 + B XT + e

X4= —28518.24 +9.65X2 —0.06X3—0.27X5 -+ 0.35X6 -+ 768.55X7
(t) (—2.4914) (2.1098)  (—9.1921)(—2.4895)(3.6779) (4.6007)
(se)  (11446.8866)(4.5736)  (0.0071) (0.1090) (0.0954) (167.0507)
(fitness) R? = 0.9703;R* = 0.9554

F* = 65.24; p = 0.0000
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% ( MBI 4X5 )

PRAV B, R EFAE (X)) R ZERXRT:

huhuaping@ #3201 = & # 5 i &

X5 =+ By + By X2+ B X3 + B, X4 + B: X6 + B XT + e

X5 = —11881.24 + 13.82X2 —0.07X3 — 1.41X4 + 0.20X6 + 1167.78 X7
(t) (—0.3600) (1.1770)  (—1.6774)(—2.4895)(0.6084) (2.0791)
(se)  (33002.4231)(11.7447) (0.0437) (0.5663) (0.3276) (561.6770)
(fitness) R? = 0.7214;R* = 0.5820

F* =5.18; p=0.0133
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% ( ¥ B 42%6 )
PRA)VE B, @2 548 ( Xg) WRIEZLE T

X6 =+ By + By X2+ B X3 + B, X4 + B: X5 + B XT + e

X6 = +95694.37 —24.76X2 + 0.12X3 + 1.64X4 + 0.18X5 — 782.04X7
(t) (11.0221)  (—2.7720) (4.7649) (3.6779) (0.6084) (—1.3319)
(se) (8682 0335) (8.9319)  (0.0259) (0.4454) (0.2943) (587.1614)
(fitness) R? = 0.9975; R? = 0.9962

F* = 796.30;p = 0.0000
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% ( WBHY S AT )
PRA)VE B, @2 548 (Xy) WRIEZELE T

X7 =4 By + By X2+ B X3 + B, X4 + B: X5 + B X6 + e

—_—

7= 4831 —0.00X2 -+ 0.00X3 -+ 0.00X4 + 0.00X5 — 0.00X6
(t) (0.5392) (—0.5996) (4.2411) (4.6007) (2.0791) (—1.3319)
(se) (15 4036)  (0.0058)  (0.0000) (0.0002) (0.0001) (0.0001)
(fitness) R? = 0.9987; R* = 0.9980

F* = 1515.96;p = 0.0000
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( #) 2 % BIbLiR )

FEEEAGAE ALK H0.9955, HMIEFAIR R T &
RARPFTEGHLERK

models R2 R & KLur sk
X2 0.9926
X3 0.9994 = ) A
X4 0.9703
X5 0.7214
X6 0.9975 = ) A
X7 0.9987 = %
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£ (1% )

HehwE mAL T ERGRK R T AR A

1 :
J

BT AR I -

o MR EFFAZM T ZIGIKIA T4 R VIF; € [10,100) KA+ £ % T X &M
e R VIF; > 100&A T 5T 14N
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* (19 )

PRANEA) b, D)2 ZAE G VIFIS BT & R 4

Z £ BB F 25
models R2 VIF VIF# 8744

X2 0.9926 135.5324 Ewr-E
X3 0.9994 1788.5135 Ewr-E
X4 0.9703 33.6189 LT &
X5 0.7214 3.5889

X6 0.9975 399.1510 Ewr-E
X7 0.9987 758.9806 Ewr-E

RIFBHHEZERILE, TUANIRAGAERZTEN S ELEMNA, L PVIFE
K F10009 & FKAO3EX2. X3. X6. X7,

huhuaping@ #£3%01 & 2 55 % & %033 2 EARIK 3.1 % & 3£ % £ (Multi-collinearity) 7] 4 | 3.1.3 2 & E &M A A BT
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EViews 344 4 69 VIF4:

vk (119 )

(E3Table: TAB_VIF  Workfile: LONGLEY:employee\ = = .4
[Viewl Proc l Object H Print[ Name H Edit+/- l CellFmt [ Grid+/- [ Title [ Comments+/- l
A B C D

1 Variance Inflation Factors
2 Date:
3 Sample: 116
4 Included observations: 16
5
6 Coefficient Uncentered Centered
7 Variable Variance VIF VIF
8
9 C 5.07E+08 87208.72 NA
10 X1 72.10545 12970.23 135.5324
11 X2 0.001122 30814.07 1788.513
12 X3 0.238534 452.3831 33.61889
13 X4 0.045913 57.29873 3.588930
14 X5 0.051109 121723.5 399.1510
15 X6 207460.7 3339.515 758.9806
16
17 | €

%039 A TR |

3.1 % & & 2 M (Multi-collinearity) [ 4 |

313 5 EH &1

51/85




A E HALR G AR H A XA

TOL]:].—R?:

VBT AR IE :

o Jo RERBHE I FALEY KT
o Yo EHBHE I HFALGY AT

& TOL; € [0.01,0.1] % B+ & % & &M,
B TOL; <001k AAEEETN S T HAM

huhuaping@ #2301 ¥ & 7 5° A a4 | %033 A EARIK | 3.1 % &4 % (Multi-collinearity) 7] 42 | 3.1.3 5 E A &M F AL



Bk (TOL)

PRAV AR | B )3 FALTOLS B & 2 4 -

REREIVGERE

models R2 VIF TOL TOL% &
X2 0.9926 135.5324 0.0074 Ewr-E
X3 0.9994 1788.5135 0.0006 Ewr-E
X4 0.9703 33.6189 0.0297
X5 0.7214 3.5889 0.2786 PR T &
X6 0.9975 399.1510 0.0025 Ewr-E
X7 0.9987 758.9806 0.0013 Ewr-E
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> 15 B & (CUD)

=3RRI E R (Coefﬁ01ent Variance Decomposition) : i#lid# H4F4E/4
(eigenvalues), #HRF R RS K)FoF £25BILE VDP;, REHE 5 E 1K
e N7 N 2R

TFkE R
y=XB+e (SRM)
T UAFFB]OLS T A A&t 8y 77 £ 10 7 £ 4B 1%
var — cov(B) = o*(X'X) ™ = S*VD V'

£, DESAESE (X'X) 1ay4diE{E (eigenvalues) E,, (me€1,2,--- k)
by — A3t A 4B, T VA2 i AR R A AE ) B A R A9 — N E

huhuaping@ #2301 1+ & £ 55 1 ah %033 2 EARIK 3.1 % & & 2 M (Multi-collinearity) [ 4 | 3.1.3 2 & E &M A A BT
1Y




#1587 & (0UD)

#& S (condition number) KA M6k, FRIAN—ANT et (ZTLE
M) AR LR BAEHEISMASR TR, —&ICAHK, FEXZLAH:

n(E,
K.:mzn( )

J E&

7 £ 9 E (variance-decomposition proportion) , —#%iCA VDPy;, H1iEXE

SUH .
U? ¢”
1] 1]
i =—r: VDP;=-_"
¢] _Ev.7 V J qu

HoF v AEEE VI E (4,5) N F
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#15 ¥ % (CUD)

PSR AT ERRILE: ARTWH S LR R S E LA PIAT EALA
WIFEAT . BETIRIE A

¢« ZAAEV—ANAREHK; <0001, NERAETZE L TEAN

¢« MWERESHKR DI LT EZ9MILE, WmRA % Aﬁﬁgﬁﬁvugzaamd
RPBAEEEN S ELANE

o ZA M Tr £ 4R 75 & B Belsley, Kuh and Welsch (BKW) 200442 &, 4Kk 4m T35 ] KA A
% Eviews 5 B) L A%, M AkR .
http://www.eviews.com/help/helpintro.html#page/content/testing-

‘¥

Coefficient Diagnostics.html].
e Eviews# ¥ mAS KM EALATHESE (X'X) ', AFALTEEX

huhuaping@ #3201 = & # 5 i & %033 K EARIX | 3.1 % & 4 %&£ (Multi-collinearity) 7] 4 | 3.1.3 % F &R ARG 417
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>~ #1582 (CUD)

PRAVERIP, THERARAE T EHMBN S EEEBEViews 2 B & £ 4

Coefficient Variance Decomposition

Date: Time:

Sample: 1 16

Included observations: 16
Eigenvalues 5.07E+08 201598.2 28.96906 0.037097 0.008008 1.32E-05 3.36E-08
Condition 6.63E-17 1.67E-13 1.16E-09 9.05E-07 4.19E-06 0.002542 1.000000

Variance Decomposition Proportions

Associated Eigenvalue

Variable 1 2 3 4 5 6 7
C 1.000000 4.61E-09 4.72E-15 5.83E-22 1.50E-21 3.04E-24 3.64E-28
X1 0.595056 0.003296 0.401648 1.07E-07 2.73E-09 6.97E-12 2.77E-15
X2 0.512335 0.477718 0.008255 0.000714 3.46E-05 0.000915 2.76E-05
X3 0.383038 0.533542 0.003177 0.059528 0.020715 5.86E-09 8.51E-12
X4 0.012803 0.289451 0.132728 0.498229 0.066790 5.18E-08 2.87E-11
X5 0.923977 0.052811 0.022710 0.000263 2.17E-08 0.000238 5.10E-08
X6 0.028271 0.971729 1.67E-10 8.26E-14 8.55E-15 9.26E-19 8.13E-23

Eigenvectors

Associated Eigenvalue

Variable 1 2 3 4 5 6 7
C 0.999994 -0.003403 0.000287 2.82E-06 -9.73E-06 -1.08E-05 -2.34E-06
X1 -0.000291 -0.001086 0.999861 -0.014433 -0.004961 -0.006168 -0.002438
X2 1.07E-06 5.16E-05 -0.000565 0.004645 -0.002202 0.278758 -0.960347
X3 1.34E-05 0.000795 -0.005115 -0.618683 0.785518 -0.010288 -0.007777
X4 1.08E-06 0.000257 -0.014504 -0.785263 -0.618815 -0.013425 -0.006268
X5 -9.66E-06 -0.000116 -0.006330 0.019049 -0.000372 -0.960193 -0.278617
X6 -0.003403 -0.999993 -0.001094 -0.000679 0.000471 0.000121 -2.24E-05
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3.4 % & 4R 1 °) AL @ A U



— B ROBRR G AL T ST LR S , WE SRR F TS ELE, B
Ny I
B SRR Tk
o IRIFEZFF AL KR LZIMIK, gﬁizﬁ RETET#H, AALERE L ()
)’gﬂffﬁf@ﬁi&%%ﬁd ) YIRS, RPEAWSZELEEMEA, A
ﬁﬁﬁ%ﬁﬁ%%@w%?ﬁﬁﬂﬁa Yo F 50 TAE 2 H A R AR
EFFRFARE ERVCT AL A T IR A A R AMEL, Plie, EFAF-EHKE

A= R, e RAMNAAALBM AT RL, WEH B+ B =1. mRXFTFHfR
Rz GAELEERME, X—THAREZERHR T &M FA,

e T2 T HE, #HITTEAE, BRI OFEESTHRE, IWETHE

huhuaping@ #3201 ++ 2 25 5 A | %035 A AR | 3.1 % ¥ 4 4 1 (Multi-collinearity) 4] 22 | 3.1.4 % F H XM FAGHIE



% ( £#)

RAIER P, BAZ TS5

o V. R TR AS;

o Xo R TH ML (CPD ; Xk THEHRA”EME (GNP, LB E£it); Xy
AT RLEAZKATAT) ; X R TFRNFPOAL; Xgi =145 A LIEmMmA D
¥ Xpkaurn (6=1,2,---,n) o

) S 14 B4R FE

e A% XGNP, KM EEGNP, ¥ % LGNP (X3) FRUAMA&FE#CPI (X2) , 73]
EFERGNP (X3/X2)

e FTFXS5 (FIRFWAR) , £#X6 (14$»XJ-_:MIL#~J/\D%£> - BAX6 (14 % VA
LAEMAMA T H) R (X7) REEK, € H5ET2XT5E M,

e EHTEX4 (RLAF) o T iﬂﬁmwﬁﬁ$%&%%/ﬁiﬁwiﬁﬁﬁ,
2 BEAVEA X T BARIE, mELARXILZH AT I3k,
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RPIRIRA )

i MR T2k, AEEE R

Y =+ By + Byl (X3/X2) + B3 X5 + B,X6 + e

E)FLE R A
Y =  +65720.37 +97.361(X3/X2) — 0.69X5 — 0.30X6
() (6.1856)  (5.4347) (—2.1350)(—2.1130)
(se) (10624 8077)(17.9155) (0.3222) (0.1418)
(fitness)R? = 0.9814; R* = 0.9768

F* = 211.10;p = 0.0000
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— 9 %ﬁfﬁi)

S R E T

Z$

o

!
A

@t ERLEENE, RAEW T ERALREI R TS 4
%o KT E BB A I,

—Br £ 4 & (first difference form) ¥ Mr T2 : AP HANBELT = X, F Xy,
TRIFBRSESZTEEN, ERASAN ZFHIT - £, BT EERE, #
ARG S TR FR TR RKRE B! BART BT

|

Y = B1 + BoXoy + B3 X34 + uy [FHEEY
Yi 1 =01+ B2Xot—1+ B3X3:-1+ ut—1 el EEE
YV, - Y1 =062(Xoy — Xop1) + B3(Xsr — X3p-1) + (ur — up—1) —NED TR
V' = 8X5, + ByX3, + e
FERIEFNA, “BTHPFALIN, BITHILER AR
EZHRTHY, RV T ARE; B v = (u — w1 AT RFH £,

huhuaping@ #3301 8 2 557 Ll | %033 A EARIX | 3.1 % & 4t % £ (Multi-collinearity) ] 4 | 3.14 5 EE XM P EGHE



REH L)

bb-’?‘-?ﬁ#ﬁiﬁ'(raﬁo transformation) ™ ¥ MR L =: AP ANEELT = X4 Xy,

ReTEm RS EREANE, WwRTAALFT AL ER AR LT 24T
kb$ T mAWRETRENITATELRAAZFFT 2N, LA LEEZ )
HIF—AEEL, AimKKEBLEHGR ST L&MW

AEF X B Rk2 R
YV AAESEMAZTOHE L E, X0 A TGDP, X3 &k TEAD,

= B1 + B2 Xayt + 53X3t + uy i

Y b1 Xot
_ n + PR A
X3,t Xg,t 52 X3t X3t
= B + B5 X5, + vy MR
@ﬁ%%&a%ﬁ,%ﬁﬁ%ﬂ%g”, 677 ok RARAR?
Vy = ;(Lt 5}'(‘71'75- 7] A2 o
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2) )3 %

# I &P _FKEy)aik (Stepwise Least Squares Regression) @it % ANt ArE, =T
AR FPIBTAR AR Z AN AMIR R L g T X, TEAITIFEIZZQLESHIIAN
# R 23 & )3 -F 7 A2ESSHI TR K /)y, AFARERF,

e A& Y @Yk (Stepwise-Forwards) , LA —ANEER (RIXETE) F45, &
B EINFOXEE, AEXBEANRITIRE (ZZApERE)

e GEW# Y HAik (Stepwise-Backwards) , R —NT oA (AFXE =) i, *t
BAZIMEELXTE, AEMATERARINENRTITE (ZEApATAE)

huhuaping@ #£3£01 #2452 K a4 | %035 A AR | 3.1 % & & & M (Multi-collinearity) ¥ 4 | 3.1.4 % & 3 4K R ARG AT IE



ZYRDZREAEPEMRATIRERAS AT =
o pfAAIAIE: pe0.1,0.05)(HE 2 F); pe[0.050.01) bR EE); p<0.01(HALZE
%)
o t"MAFIA K 2tiE N
o AICHE &N : A/ AT

RAH M TR RAE®ERIEE (Stepwise-Backwards) A FHME T &, REE
)2 45 RIE LT |W-->
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Call:
lm(formula = Y ~ X3 + X4 + X5 + X7, data = data_longley)

Residuals:
Min 1Q Median 3Q Max
-421.65 -124.57 -24.16 83.69 452.68

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 7.417e+04 4.252e+03 17.445 2.30e-09 **x*
X3 -4.019e-02 1.647e-02 -2.440 0.032833 *
X4 -2.088e+00 2.900e-01 -7.202 1.75e-05 *x*x%
X5 -1.015e+00 1.837e-01 -5.522 0.000180 *x*x*
X7 1.887e+03 3.828e+02 4,931 0.000449 **x%
Signif. codes:

0 '"xxx' 0.001 'xx' 0.01 'x' 0.65 '.' 0.1 " ' 1

Residual standard error: 279.4 on 11 degrees of freedom
Multiple R-squared: 0.9954, Adjusted R-squared: 0.9937
F-statistic: 589.8 on 4 and 11 DF, p-value: 9.5e-13

*EER T EEEKe T, FAAERTT-AL H 89 F miR
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EHIRL)

A BERBTEEENITERATE, FANITELAR:
Y=+ 81 + 82X3 + B3X4 + B4X5 + B5X7 + e

Ve ARG EEER A SR E e T

Y =  +74169.53 —0.04X3 —2.09X4— 1.01X5 + 1887.41X7
(t) (17.4451)  (—2.4398) (—7.2021)(—5.5223)(4.9310)
(se) (4251 5849) (0.0165)  (0.2900) (0.1837) (382.7665)
(fitness) R? = 0.9954; R* = 0.9937

F* = 589.76:p = 0.0000

huhuaping@ #£3%01 2% 552 4 %03 2 TARIK 3.1 % & & & M (Multi-collinearity) ¥ 4 | 3.14 5 FE &K M FAAGHIE
pmga
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)

HTEZTEEABR—MEATNR, KA TRARTRETZ SN —HFRAPEERH
AR BRI ATE

E=Tswad K.
0.2

ver(22) = > (1-12)

o [AE A KIE I Zazgf-ﬁy’ti’@%li/'\i@f'ﬁn (AHF2L?)
o Hb, IMAEATL G ry,, B 0977 XA, AT BAK B, FRR R, 1B BARES R
A WAL B o
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( /232 )

%o X & a4 A o 55 £ 7 X R E R % 3 X (orthogonal polynomials) ™T VA 4K 2 2 14
ORI

o ZMAEBERAEY—NHELAMBLTEZARNRGFREI, AdmEHFREZTEAHN
o M3k B/ ZEH XA ER S A KX (orthogonal polynomials) 7 ik

AR FTHT AL FE K S xR K F d9Reducing Structural Multicollinearity
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https://newonlinecourses.science.psu.edu/stat501/node/349/

= FIBE)

obs Y X X? y x x>
1 881 34.6 1,197.16 -676.63 -16.04 257.17
2 1290 45 2,025.00 -267.63 -5.64 31.77
3 2147 62.3 3,881.29 589.37 11.66 136.03
- 1909 58.9 3,469.21 351.37 8.26 68.28
5 1282 42.5 1,806.25 -275.63 -8.14 66.21
6 1530 443 1,962.49 -27.63 -6.34 40.15
7 2067 67.9 4,610.41 509.37 17.26 298.02
8 1982 58.5 3,422.25 424.37 7.86 61.83
RAD S EBH%

Ho: YERTmA (Cost) ; XETFA®E (Output) ; XETFmIEW
T yRTRANBE; R TIENBRE;, PR TFFEHE0F T,

huhuaping@ #£3£01 #2452 K a4 | %035 A AR | 3.1 % & & & M (Multi-collinearity) ¥ 4 | 3.1.4 % F &P P ARG HFE



2000-

1600 -

“Le 3000-

BiARY

1200~
2000- -
o®

800- L
* » L]
1000-
40 50 80 70 40 50 80 70
X

FERERAGBRLE FER/FEFTHORLA

RIFR L E XA P27 X2ZAMEXRARA: rx x) =0.9949846. AA1T
RRMEME A TR ZAABHEER]:

Y =+ B, + By X + B, I(X?) + e

3.1.4 2 T A LM P AAH E

%033 A EARIX | 3.1 % & 4t % £ (Multi-collinearity) ] 4 |

huhuaping@ #3201 ++ 2 25 5 A |



( £#®Yal)

AR A SAXBWEERID 2D ERT

5

Y=  —1464.40 +8831X —0.54I(X?)
(t) (—3.5596)  (5.3606)  (—3.3900)
(se)  (411.4012) (16.4735) (0.1582)
(fitness)R? = 0.9377; R? = 0.9331

F* = 203.16;p = 0.0000

SEA BRI AT ZKRE T (VIF) 247, &% 4:

AR EFTEBKAFOHet &
terms VIF
X 99.9426
X? 99.9426
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e A2 )

200-

FAEEy

-400- 100~
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FEEEFALEEOREE FEBERFEBEFTORER
W FEREL el P ERETF T L RMMR R rae = 02195179, 4
A 4T 09 =R 5 R X I B R

-10

y=—|—Bl +B2x+B3I(x2)+ei
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Z 5@ Y32 )

ZREZM AWM BEARR20 G 2L FER

g = + 74.56 4 34.00c  — 0.54I(z?)
(t) (2.5406) (20.1297)  (—3.3900)

(se) (29 3486)  (1.6890)  (0.1582)
(

fitness) R? = 0.9377; R* = 0.9331
F* = 203.16;p = 0.0000

SRR HAT T ZRAT (VIF) 247, X7 :

terms VIF
T 1.05
x? 1.05
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/32 )

“'?\3‘37 '}3 ik (ridge regression), LAKARA B G )T, FHAR"BR"SZ T EEMLFA,
iX e F R AR A B 4B AR AR TF T

~ridge .
— argmin ||y — XB|? + )| B|?
BeR
R ~1
,Bridge — (XTX + AI) XTy

EF: [[Bl2 = \/ﬂf + B2+ -+ BikTHELEK (vectornorm) EH

[*] * & )3 69 BARkem 3y, 35 5 A I F A 4H1 Ridge Regression for Better Usage. #1#F2 #=#1#+3 Ridge Regression
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https://towardsdatascience.com/ridge-regression-for-better-usage-2f19b3a202db
https://drsimonj.svbtle.com/ridge-regression-with-glmnet
http://r-statistics.co/Ridge-Regression-With-R.html

A B REAFZAT Y &2 507, £ RIRE 4T

huhuaping@ #2301 ++ 2 & %5

Coefficients:
Estimate Scaled estimate std. Error (scaled)

(Intercept) 40423.1812 NA NA
X2 8.6257 3605.1454 768.4962
X3 0.0115 4432.7298 330.6156
X4 -0.8884 -3215.1838 675.8977
X5 -0.3554 -957.9782 593.0804
X6 0.1136 3060.7725 638.2902
X7 244 .8853 4515.4627 398.9649

t value (scaled) Pr(>|t])
(Intercept) NA NA
X2 4.69 0.0000027 =**=*
X3 13.41 < 2e-16 ***
X4 4.76 0.0000020 =*=*
X5 1.62 0.11
X6 4.80 0.0000016 =**=*
X7 11.32 < 2e-16 *¥**

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ * 1
Ridge parameter: 0.0481, chosen automatically, computed using 2 PCs

Degrees of freedom: model 3.05 , variance 2.61 , residual 3.49

%033 A EARIX | 3.1 % & 4t % £ (Multi-collinearity) ] 4 | 3.1.4 5 E &P A
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% (732 )

ERD Ak (Principal components regression , PCR) , H 40 T2 %4
(Dimensionality reduction) , BPi@ i —F a4kt H FREBRENKEK LN AT
v, BBRANAIRS OGN, REBRAAR G T#THE, A

KBRS E 2 &6 B A,

o FARIE T M DATHE AN E (B R AR | 4 kb)
e FAEZMAEEHITEHESMN

H R a3y 7T YA % F Performing Principal Components Regression (PCR) in R, YA & Principal Component Regression in R
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http://www.quantide.com/performing-principal-components-regression-pcr-in-r/
https://27411.compute.dtu.dk/filemanager/uploads/27411/eNotepdfs/eNote4-PCRinR.pdf

PRAVEDIF, R T EZRSDMERN:

Data: X dimension: 16 6
Y dimension: 16 1
Fit method: svdpc
Number of components considered: 6

VALIDATION: RMSEP
Cross-validated using 10 random segments.
(Intercept) 1 comps 2 comps 3 comps 4 comps

Cv 3627 1132 1091 548.7 652.6

adjCVv 3627 1119 1074 540.2 640.7
5 comps 6 comps

Cv 451.2 460.4

adjcv 442.7 448.0

TRAINING: % variance explained

1 comps 2 comps 3 comps 4 comps 5 comps 6 comps
X 76.72 96.31 99.7 99.95 99.99 100.00
Y 91.43 92.89 98.6 98.61 99.40 99.55
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EIRDOH P EZEE IR BTN TN AT

1.0
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0.6

HFEFRSRZ
0.4

0.2

0.0
|

EranE

M EBTAE S, ERSNEAINE, ARREREARAINRZOKFET,
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i, RAVTVAE B IR LE M.
E RS 5 8B

SO

Ak Jo

1 #B.

i )

vars
X2
X3
X4
X5
X6
X7

PC1
0.4618
0.4615
0.3213
0.2015
0.4623
0.4649

PC2
-0.0578
-0.0532
0.5955
-0.7982
0.0455
-0.0006

PC3
0.1491
0.2777
-0.7283
-0.5616
0.1960
0.1281

PC4
0.7929
-0.1216
0.0076
-0.0773
-0.5897
-0.0523

PCS
-0.3379
0.1496
-0.0092
-0.0243
-0.5486
0.7495

PC6
0.1352
-0.8185
-0.1075
-0.0180
0.3116
0.4504

ﬁ%éﬁ

huhuaping@ #3201 = & # 5 i &

%033 3 FARK |

AT = AN E A PC1. PC2. PC3,

3.1 % & & & M (Multi-collinearity) ¥ 4 |

3.14 2 EH &K

=] A2 &) 5 E

R CAER TS LERA»F



FACH T ZHATRELTIR Y = Y@'Sf , BIBFAIRA AL RS 9ATEE T 7

i

o, YT VAT B e e TR G 6 3 B

7) F- 150 B A )

Y.std PC1 PC2 PC3
-1.4220 -3.4789 0.7515 0.3079
-1.1945 -3.0105 0.8490 0.6422
-1.4653 -2.3433 1.5400 -0.4934
-1.1760 -2.0939 1.2763 -0.1113
-0.5968 -1.4382 -1.2358 -0.0291

Showing 1 to 5 of 16 entries

huhuaping@ #3201 ++ 2 25 5 A |

%033 H IR |

A F 72 B3 &%
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: AEA P Y3 )

A VA L& 2 )5 6937 238, 7T VA 4o T #6942 A

Y.std =+ B, + B, PC1 + B3 PC2 + 3,PC3 + e;

Y. std = — 0.00 +0.45PC1 — 0.11PC2 + 0.53PC3
(t) (—0.0000) (27.9607) (—3.5371) (6.9867)
(se)  (0.0331)  (0.0159)  (0.0315)  (0.0758)

(fitness) R? = 0.9860; R = 0.9825
F* = 281.04;p = 0.0000
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: A Y3 )

sHZ R AT ZKE T (VIF) 547, VIFARLE ), % T H &M 4172
R .

NHEBGT EBKBAFoHres i
terms VIF
PC1 1
PC2 1
PC3 1

huhuaping@ #2301 % 2 5 5 L a4 | %03%F % FIRIL | 3.1 % & 4 % P (Multi-collinearity) 7] A2 | 3.1.4 3 F A REPAGHE 83/85



ho R B V25 HT 6 E— B B9 Z TN R IR, W ZEEABATE—ANTEQFRIA,
.717 Rz’fﬁf}krj, Tﬁ/m' fi

RAmE: 2T XENRLREAY, CHAAREOLS REM—MAMLITHEF] AL
g [2] AR
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THANKS FOR LISTENING




