CHUONG 2

MO HINH HOI QUI HAI BIEN

i qui don Nguyén Thj Minh Hiéu



MO HINH

Y, =06, +5,X, +U

» B =Y —u /X =0) = E(Y/X =0)
= [, cho biét gia tri trung binh clha bién phu thudc
khi gia tri cia bién ddc lap bang 0.

. dE(y /x) = Bzcho biét khi X téng 1én
B, = ( ) 1 don vi thi gia tri trung
dX binh cta bién phu thudc

thay doi (tang, giam) B, don vi.
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. PHUONG PHAP BINH
PHUONG NHO NHAT

(OLS: ordinary least squares)

Y = Ié X+

e =Y, \?

Y =Y +e

Z 2 = min (binh phwong nhd nhat)

D

n n A A\ .
2 — _n _ 2 = min
Yeet=> (Y -L.-5,X)
‘ = 1=1 Nguy&n Thi Minh Hiéu

HOi qui don



lwong OLS

|.1. Cac vwoc

nZXiYi _in ZYu

=1

=1
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|.1. Cac voc lwong OLS

trong do:
7:1 n Y le X
nig Nz
y|:Yi_7 Xi:XI_i
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« Gid str cO 5 quan sat vé ti suat loi nhuén cua
cong ty may tinh Apple (Y %) va ti suat loi
nhuan binh quan cua 500 cbéng ty I&n khac & My
(X%) nhu sau

X 10 -5 10 -5 -10
Y 20 -5 25 -30 -10

. Tinh Y X, D Y DX, DX

* va woc lwong cla cac hé so chan, hé sb goc
trong hoi qui Y = ,81 +,82X + U, :



JQ/ Vi dy 2.2

n=14, 3 ¥ =44449; Y X, =26753;
Y xP = 55462515, Y x,y, = 90959855

Tinh cac wéc hrong cua 81, 527
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Vidu 2.3

Cho ham Bi qui mau (SRF) Y= B,X; + @
(khéng c6 B sd chin). Viét pheong trinh béu
dién > e’ theo X, Y;, tir d6, rat ra cong tic

chouoc lwong OLS.
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Vidu 2.4,
cau 1-2

Hbi qui don Nguyén Thj Minh Hiéu



KY VONG

* Dinh nghia
+ E(X) = Z xf(X)
« CAc tinh chat
+ E(X+c) = E(X) + ¢, cla hang s
+ E(X+Y) = E(X) + E(Y)
+ E(cX) = cE(X), ¢ la hang so
+ E(XY) = E(X)E(Y), X va Y doc lap
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Phwong sai

» Dinh nghia: Var(X) = E(X-E(X))?2
e Tinh chat:
+ Var(cX) = c2Var(X) (c la hang so)
+ Var(c+X) = Var(X)
+ Var(X+Y) = Var(X)+Var(Y), X va Y doc lap

+ Var(X 2 Y) = Var(X) + Var(Y) £ 2cov(X, Y), X
va Y khong déc lap
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|.2. Cac gia thiét cua phwong phap
woce lwong OLS

1. Céac bién gidi thich la phi ngau nhién, tic la gia
tri cua chung da duio’c >,<éc dinh. ‘

2. Ky vong cla cac yeu td ngau nhién u bang 0,
Eu[X)=0 ¢»

3. Phwong sai cua u; thuan nhat (bang nhau)
var(u|X;) = a2 (voi i) &2

4. Khéng co6 ty twong quan gitka cac yéu td ngau
nhien Cov(u; ,ulX;, X)) =0 £y (voi i # )

5. uva X khdong twong guan vol nhau
Cov (u, X) =0

Hbi qui don Nguyén Thj Minh Hiéu 12



1.3. M6t sb tinh chat cla
ham hol qui mau

1. Pwdng hoi qui mau di qua trung binh mau

Y =B, +B,X
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1.3. M6t sb tinh chat cla
ham hol qui mau

2. Tdéng cac phan dw bang 0

iei =0 nay €=0(0
1=1
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1.3. M6t sb tinh chat cla
ham hol qui mau

3. V6i bien phu thuéc, gia tri trung binh mau
bang gia tri trung binh tong thé

Y=Y
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1.3. M6t sb tinh chat cla
ham hol qui mau
4. Phan du trwc giao voi X,

| =

Zax =§a(xi—i):§axi -0
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1.3. M&t s6 tinh chat cla
ham hol qui mau

5. Phan dw trwc giao voi gia tri dw bao Y.

Zn:\?iei =0
1=1

’ p p -
Y, ::81+:82Xi @%}
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l.4. Pinh ly Gauss-Markov:

Véi 5 gia thi ét da néu cda phwong phép
binh ph wong nh 6 nhat, cac wéc | wong
nhan dwoc tw phwong phap OLS la cac
woc lwong tuy én tinh , khéng ch énh va
c6 ph wong sai nh é nhat (BLUE: best
linear unbias estimator)
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U'&ce lwong OLS 1a tuyén tinh

— 132 = Zn: k;Y;
1=1
K =—
DX
1=1
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U'dc lwong OLS khong chéch
E(:éz) =[5,

A i)’ixi inui

B, ==, =B, +-
2% 2
=1 =1

Hbi qui don Nguyén Thj Minh Hiéu
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U'dc lwvong OLS ,
co phwong sai nho nhat

2 ) 4
Sy_ 2 _ O =
var(B,)= o2 = Z ; ®
X &/
i=1 -

Phuwong sai cua wéc lwgng phu thude
vao: phwong sai sai s6 024, s6 quan sat n,

n
do bién thién cia X ( Y x7)
i=1
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Il. D& chinh xac cua wéc lvong OLS

> X > X

var(g)=-"212—g° = 0, = |=—0

nzn: X \ nY X
1=1 =1
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g, = \/var(,Bz) =




Il. D& chinh xac cua woc lvong
OLS

U'&c lwong clia phwong sai sai sO

i

6.2_ 1=1
n—=2

A2 duoc goi la uoc lwong OLS @a o° va la
udc lwong khong cénh.
n—21a $ bac tu do (df: degree of freedom)
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« Do khong c6 dwoc o2, st dung J“thay
cho o2

52 =9 G
5o Zn: 5 — Se(IBZ) - -
)g 2
1=1 i=1 Xl
n 5 N
52 _ ;Xi ~2 > ZX'Z A
B~ N , o — Se(lg1) — I_ln 0
n;x N> X
= 1=1
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Hbi qui don

Vi du 2.4,
cau 3

Nguyén Thj Minh Hiéu
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1. Gi& thiét vé phan phdi chuan
cua U,
» Nhiéu ngau nhién u c6 phan b6 chuan véi
ki vong bang 0 va phwong sai bang o?.
u 0N (0; 0?)
« Gia thiét nay dworc coi la gia thiét thir 6
cua phwong phap OLS

Hbi qui don Nguyén Thj Minh Hiéu 26



CAc gia thiét cia phuwong phap
woc lwong OLS
1. C4c bién giai thich 1& phi ngau nhién, tirc
la gia tri cua chung da dwoc xac dinh.
2. E(ui|X) =0
3. var (u|X) = o2
4. Cov(u; ,ulX;, X) =0
5.Cov(u, X)=0
6. u N (0; 0?)

Hbi qui don Nguyén Thj Minh Hiéu
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1. Gi& thiét vé phan phdi chuan
cua U,

» Céc két qua trwéc day khong yéu cau U,
cO phan phdéi chuan

o Nhiéu hién twong kinh té, xa hoi cé phan
bo chuan

» Gia thiét dwoc danh gia bang dinh ly giéi
han trung tam

* Gia thiét co thé kiém dinh dwoc bang kiém
dinh Jarque-Bera
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Tinh chat cta bién ngau nhién
phan phoi chuan (Bnnppc)
« T hop tuyén tinh ctia mot Bnnppc la mot
Bnnppc

e Cac Bnnppc khdng twong quan véi nhau
thi doc lap voi nhau

 95% dién tich cla ppc nam trong khoang
-1,96; 1,96]

» Bnnppc c6 trung binh bang 0 va phuong
sai bang 1 dwoc goi la bién chuan hoéa

Hbi qui don Nguyén Thj Minh Hiéu

29



Céac phan phdi lién quan toi
phan phol chuan
 Phan phdi Khi binh phwong
U ~N@OD=>U? ~x* )
1=1

« Phan phdi Student
U — N (0,1) T =

U
= V
V ~X(2n) \/:

Hbi qui don Nguyén Thj Minh Hiéu 30
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Céac phan phai lién quan téi
phan phoi chuan
 Phan phdi Fisher

Vl

V, ~ X n
1 X(;‘l’ = F=gt-F(uin,)

V2~X(n2) nz

2
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U~ N

Hbi qui don

IV. Cac phan bd xac suat

(0, 0%) = :Bz~ N(:Bzia-;;z)
Bl~ N(:Bya-[z”;l)
F=F N0
9
Y~N(:B1+182Xi’0-2)

Nguyén Thj Minh Hiéu
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IV. Cac phan bd xac suat

~2
)

(n - 2) 2 - X(zn—Z)
o)

t = ’é' _18‘ ~T(nh—2)
=(4)
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Hbi qui don Nguyén Thj Minh Hiéu

V. Phan tich hé s6 mo hinh héi qui

1.Uéc lwong khoang tin cay cho hé sd hoi qui
« Khodng tin cay doi xirng

B -5(B) 12" B+ (B ) 4,7
- Khoang tin cay toi da
_—oo; ,é, + SE(,@I ) .'[a(n_z)}

« Khoang tin cay toi thiéu

[,@, - Se(,éI ) t % +oo}
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V. Phan tich hé s6 mo hinh héi qui

2. Kiém dinh gia thiét

( )

Gia thiét: Ho: B.= B* (i=1,2)

« Trwong hopl: Hy: 3i % B*

t| > T,,"? = Bac bo gia thiét H,

t| <T,,"? = Khdng du c& s& bac bd H,

Hbi qui don Nguyén Thj Minh Hiéu

~T(n 2)
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2. Kiém dinh gia thiét
t > T2 = Bac bo gia thiét H,

t. < T,0M2) = Khéng du c& sé bac bo H,
t <-T,(™2 = Bac bd gia thiét H,

t =-T,"2 = Khéng du cd s& bac bo H,
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Hbi qui don

Vi du 2.4,
cau 5-6

Nguyén Thj Minh Hiéu
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V. Sw phu hop cta ham héi qui
1. Hé sb6 xac dinh, r?

f”"f ¥ \ ,/ ;r:x\ e 1_215{&\5 7y i\
' ' |

. ! |
\_ / \ /U N

(@) (&) ()
/fo‘hl C N\ @D
:, , -' ,I =
\\_/ DANZS N

(d) (e) 0

(@:r’=0 (f:re=1
(b), (c), (d), (e): co r2 tang dan va (0 < r2 <1)
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1. Hé so r?

Yyr=Y g ede
TSS= 3 yE =3 (% V)
ESS=3 97 =2 (Y -Y)’
RSS=) €

TSS = ESS + RSS

Hbi qui don Nguyén Thj Minh Hiéu
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1. Hé s0 r?

e TSS c6 sbd
e ESS c6 sb

e RSS c6 sb

Hbi qui don

pactw dolan-1
pactw dolal
nac tw do la n-2

Nguyén Thj Minh Hiéu
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1. Hé so r?
» _ ESS _
TS

_RSS

11—
TS

I

 r2cho biét c6 bao nhiéu % sy thay doi
cda bién phu thudc Y trong md hinh
dwoc gidi thich b&i bién déc lap X.

— 12 dwoc st dung dé do sw phu hop cla
ham héi qui

e 1>r°20

Hbi qui don Nguyén Thj Minh Hiéu
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Hé sb r?

1.

2
yX
Nguyén Thj Minh Hiéu
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Hbi qui don Nguyén Thj Minh Hiéu

Hé sb twong quan mdu I = £+/r°

e -1 <r<1:ramhoac dwong tuy thudéc vao
quan he gira X va Y la cung chieu hay
ngwoc chiéu

e 1 c6 tinh doi x&rng, r(X, Y) = r(Y, X)

e X*=aX +c;, Y*=DbY +d; vl (a, b>0;
c,d: constant) = r(X, Y) = r(X*, Y*)

e« X,Y doclap=r=0, nhwngr =0 khong
thé suy ra X, Y doc lap

e r do quan hé phu thudc tuyén tinh, khéng
do quan hé phi tuyén, khéng phan anh
guan hé nhan - qua

44



2. Kiém dinh sy phu hop
cua ham hoi qui

e Giathiét: Ho:r2=0 hay B,=0

F_

Hbi qui don

Hyi:r2 £0 hay B,#0

__BXX _ ESSH Lo,
Y e’/(n-2) RSS/(n2)
2 —
F= N2 Fan-2
1-r 1

Nguyén Thj Minh Hiéu
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2. Kiém dinh sy phu hop
cua ham hoéi qui

« Néu F > Fa(1,n-2) bac bé gia thiét H, voi
muc y nghia a.

« Néu F < Fa(1,n-2) khdéng c6 co s& bac bd
gia thiét H, v&i mre y nghia a.

?‘?’Q’/
0

"_‘-
7
2 A '\
s 1
f\' E

K
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Hbi qui don

Vi du 2.4,
cau 7-8

Nguyén Thj Minh Hiéu
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Phan tich phwong sai (ANOVA)
(analysis of variance )

Nguon Tong binh plrong Bic |[MSS (Mearof
bién thién tu | Sum of

do |Square)
Do hoi qui | », < |1 UL
(ESS) B3 X0 = Zyi B2 %11

1=1 1=1
Do phan 0 -2 | & o,
du (RSS) > e Z_l:ﬂ [(n—2)
1=1 =

TSS . n-1

2

1=1

R
=1

Hbi qui don

Nguyén Thj Minh Hiéu
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V1. Dy bao

1. Dw bao gia tri trung binh

vy la wéc lugng diém clia E(Y/X,) va la mot wéc
wong BLUE, voi X=X, _
Tim khoang tin cay cia Y

E(Y ) = B, +B,X, = E(Y/IX,)
Var(Y,) =var(, + 5,X )
= Var(,Bl)+ Xovar(6’2 H 2X, COV@l :éz
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VI. Dw bao gia tri trung binh
3\

/

—\2
Var(Y,) = o 1+(XO ~X)

n Z”: X2
\ i=1 J

e 02 chwa biét = st dung §?2

—\2
se(Y,) = £+(X°_X)
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VI. Dw bao_gia tri trung binh

~T(n-2)

Murc y nghia a, khoang tin cay cua E(Y/X,):

[\?O ~t,," 2 %e(Y, )i Vo +t, ,2(”'2).Se(\?oﬂ

Hbi qui don Nguyén Thj Minh Hiéu
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V1. Dy bao

2. Dy bao gia tri ca biét, Y|,

Du bao Yo = B, + BXp+ Ut Y, =[5, +[3,X,
E(Y,-Y,)" =var(8)+ X2 var@, )+ 2, cov, B, ¥ vau(,
[ )
(%= X)

2%
i=1 )

Var(Y,-Y,)=0?| 1+ "
N

\
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VI. Dw bao giatri ca biét

02 chwa biét = s dung 52

_\2
se(Y, -Y,) =G 1+ + (Xo=X)

n n
("
=1
« Khoang tin cay (1-a) cua Y,
[\?O ~t,," 2 5e(Y, =Y, )i Yo+ t, 2 Se( Y-V

Hbi qui don Nguyén Thj Minh Hiéu
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Dependent Variable: Y
Method: Least Squares
Included observations: 10

Y Ia bién phu thudc
Phirong phap OLS
Bao gém 10 quan sét

| | 0o léch |
(Bién) Hé sé chudn Théng ké T
Variable Coefficient =td. Error t-Statistic FProb.
C 24 45455 6.413817 3.812791 (0.0051
X (0.509091 0.035743 14.24317 (0.0000
R-squared 0.962062 Mean dependent var 111.0000
Adjusted R-squared 0.957319  5.D. dependent var 31.42893
=.E. of regression 6.493003  F-statistic 20286732
sum squared resid 3372727  Prob(F-statistic) 0.000001
Log likelihood -31.76092  Durbin-Watson stat 2.680127
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Pinh nghia P-value

“Ly thuyét xac suat thong ké&”, NXB Giao
Duc 2002

rwdng Pai hoc Kinh Té Qudc Dan
'S. Nguyén Cao Van (chu bién)
TS. Tran Théi Ninh
« Trang 4/0
e H:u>puthi P-value=P(U>U
* Hi:p<pthi P—value =P(U < Uy)
* Hi:p# pthi P—value = P(U > |U_|)

Héi qui don Nguyén Thi Minh Hiéu
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Nguyén tac kiém dinh bang Prob

« Kiém dinh 2 phia:
Prob < o = Béac bd gia thiét H,
Prob > a = Khong du co s& dé bac bé H,

 Kiém dinh 1 phia:
Prob/2 < o = Béac bé gia thiét H,
Prob/2 > a = Khdng du co s& dé bac bd
HO
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Mot so trwdng h op dac bi ét

ctiia md hinh h 6i qui don

Hbi qui don Nguyén Thj Minh Hiéu
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Hoi qui qua gbc toa dd - Hoi qui
khong co hé so6 chan

e Y= [BX+uU

PR
2 sz

var(B, ) =

e

5o _ 2.8
n-1

Y= [ +BX+u

_Zxx
2 Z)ﬂ

WW@_ZX

5o _ 2.8
n—2
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Hoi qui qua goc toa dd

e 12 thu dwoc tr mod hinh khéng ¢ hé sb
chan c6 thé a&m va ta khong thé truc tiép
so sanh vai r2 trong mo hinh c6 hé so
chan

« Chi nén dung md hinh hoi qui khéng c6 hé
s6 chan khi c6 ly do dac biét.
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P6 Idn va don vi cia bién sb

Gross Private Domestic Investment and GDP, USA

YEAR

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

GPDI(bl)
Y
828.2
863.5
815
738.1
790.4
863.6
975.7
996.1
1084.1
1206.4

GPDI(ml)
Vi
828200
863500
815000
738100
790400
863600
975700
996100
1084100
1206400

GDP(bl)
X
5865.2
6062
6136.3
6079.4
6244.4
6389.6
6610.7
6761.6
6994.8
7269.8

GDP(ml)

i
5865200
6062000
6136300
6079400
6244400
6389600
6610700
6761600
6994800
7269800



P6 Ion va don vi cla bién s

Y*=1000Y X*=1000X
Hoi qui: Y= B, +B,X+u
Y* — B*l + B*ZX* + u*
Tim mdi quan hé gitra:
Bl N 31; Bz < B*z
var®,) - var@,); varf,) o var@))
0° o O*% I o I*
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P6 Ion va don vi cla bién s

Tong quat:  Y* = vY X* = WX
x V “ ~ A
:82 = _182 ,Bl — V,Bl
W
A V 2 A
%% =Vv°G2 var(ﬁ;)—( j var@g, )
W

r2 =p*?2 var(,@f):vzvar(é1 )
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