Chwong IV
M6 hinh héi qui béi

QTKD / DPHCN tp HCM



Mo hinh hoi qui bdi (HQ da bién)

Mb hinh hdi qui 3 bién
M hinh hoi qui k bién
Mot s6 dang ham



1.1. Ham hoi qui tong thé (PRF) 3 bién

® Dang xac dinh: E(Y/X;, X3) = B+ B, Xy + B3 X3
# Dang ngau nhién: Y; = B, + B, X, + B3 Xz:+ U

® B,— Hé so tw do (hé s6 chan).
B, =Y khi X,= X;= 0. Can két hop thuc té dé
giai thich y nghia cho phu hop.

# B,; B; — Hé so hoi qui riéng (hé so goc riéng
phan) la anh hwong riéng cua tirng bien (X,;
X;) len Y khi cac bién con lai khong doi



l.2. HAm hoi qui mau (SRF) 3 bién:

Yi — 181 T 182°X2i T 183'X3i
Y= [+ 0, X, + b X5, +u,



Vi du: Ham hoi qui mau nhw sau:

Vo

Y =328,1383+4,65X, +2,56X,
Y nghia kinh té cac HSHQ

(1) 7Y = B4=328,1383 = Y\, (khi X, = X3 = 0). Nghta la, khi khong
quang cao va khong chao hang, doanh s6 ban hang binh
quan la 328, 1383 trieu dong thang

(2)./ B,=4,65 >0 > Néu chi phi chao hang tang (gidm) 1 triéu
dong / thang, ma cac yeu to khac khong doi, doanh s6 ban
hang sé tang (giam) 4,65 triéu dong / thang

(3) /‘[33 = 2,56 > 0 > Néu chi phi quang cao téqg (giam) 1 trieu
dong / thang, ma cac yeu to khac khong doi, doanh s6 ban
hang sé tang (giam) 2, 56 triéu dong / thang



.3. Uéc lwong cac tham so

Phwong phap binh phwong nhé nhat OLS
Cong thuc

131:)7_132)?2_183)?3

,BA _ (Z yix2i)(Z x32i)_ (Z yix3i)(Z x2ix3i)
i (Z xzzl)(z x32i)_ (Z XoiX3, :
,é _ (Z yix3i)(z x22i)_ (Z yix2i)(z XoiXs3

(Z xzzz)(z x32i)_ (Z x2ix3i)2

Trong do: y, =Y, -Y ; x,=X, - X,

ti

(t =2;3)



Sw dung may tinh

(1). Bwoee 1: Nhap X,, Y = Tinh cac dai lwgng trung

gian nhu: yx, =y YX, —nYX

ZinZZYiz_n(Y)z Z 17721 Z 7 20 2
2 L Y, =B+BX

szi = ZXzi - n(X,)

(2). Bworc 2: Nhap X,, Y = Tinh cac dai lwgng

trung gian nhu: Z X = Z X2 —n(X,)’

Zyix3i:ZYiX3i_n)73 :>YX3 :,Bl_l'ﬂzX

(3). Bwere 3: Nhap X,, X,

— Zx2ix3i = ZX21’X31' _n)?z)?3
(4). Budc 4: Tinh cac tham s6 hoi quy

- Phuong trinh héi quy




Cac gia thiet OLS

1. Gia tri trung binh U, =0 : E(U;/X,;;X5) =0
2. Phwong sai cac U, khong doi: Var(U,) = o2
3. Khong co ty twong quan gitra cac U,
Cov(Ui;Uj)=0 Vi, j
4. Khong co quan hé tuyén tinh ro rang gitra 2 bién
giai thich
5. U~ N(0,0?)



l.4. Phwong sai cac HSHQ

Var(,Bl) Z x5+ X Z x5 —2X,X Z Xy . X5,

n Z X5, Z x3l — (Z x21x3l
_ Z x3l 2
Var(ﬁz) Z X9 Z x3z — (Z x21x31
_ Z x2l 2
Va’”(ﬁ3) Z X9 Z x3z (Z x21x3z

Trong do :6° — phuong sai cua Ui nhung chua biet,

thay bang 6° = RSS
n—73




TSS =y} =Q.v)-n(¥)’

ESS =5, yoxy + B> vixs,

RSS =T8S — ESS



l.5. H& s6 xac dinh hoi quy béi

o ESS _ Qe o Qe l(n=k)

TSS Zy Zy [ (n—1)
(R*: R’c6 hiéu chinh— Adjusted R squared )
R*=1-(1- R)” : (k 156" hé s6” hoi qui)

—k

< R* <1

+ Tinhchdt: *k > 1:

R
*R*ludnduwong ; R

2 , A A
cothe dm



SO SANH HAM

@ Phdiciung ¢cé mau (n)

® Né&ucung sd bi€n doc 14p thi duing R’
Néu khédc s6 bi€n doc lap = phdi st dung R”
@ Bién Y phdi cung dang
@® Cdc bi€n doc lap c6 thé khdc dang
VD:InY =0 + 68X, + 5, X,
khongsosanh dudgc voi :
Y= a ta,X, +a,X,



Khi nao thém bi€n déc 1dp X, vao md hinh ?

* R2tan g
+*HSHQ (cda X,)# 0 c6 y nghiathdngké
(Kiém dinh HSHQ ctia bién X, )

— Bién X, canthi€tdwavaomo hinh




1.6. Khoang tin cdy cac HSHQ

KICB. =f %1, . .se(f3)

Y nghia khodng tin cay:
Vi du: KTC B,=(15;20) v&i X,: gia vé xe bus (ngan dong/vé)

X5t khu vue

Y : Lwong nguwoi di xe bus (tr. ngudni)
= Néu gia vé tdng 1 ngan dong/vé, trong




1.7. Kiém dinh HSHQ

Ho: Bj=0 Vidu C.4
Bworc 1: p
WwO’C - ﬁj _ﬂo

J=12;3 %y :'BJ_'BO

0

_ O K
Buwoc 2 Se('BJ') Se(ﬂj)
trabangt,,,. . _ 4.64951
’ /2:(n=3) _ ,6495 _9.911
Bwoc 3 0,469148
51> 1,00 = bdc DG H, 1o orso) = 2262
=p.#0 Vit > o 025:9) —>bdcboH

= X thuc sy cd dnh hudng déeny,
) = chi phi qudng cdo thuc sy co
*‘to‘ﬁt = chdpnhdnH
=p.=0

— X, khéng cé dnh hudng dénY,

al2y(n-3) anh hw&ng déndoanh sé bdn hc‘mg



1.8. Kiém dinh gia thiét dong thoi

Cac bwoc
*H,: B, =6,=0~H,:R° =0
H, :B,#0hodc f, #0
)

2(1-R%)
¥ F;c(z;n—s)
*FE) > P;!(Z;n—3)
= cdacbien X, (k =2;3) khong dong thoi
bang 0 = X, thuic su co anh huidng lén y

“F <F

a(2;n-3)

=bacboH,

huonglény

Vi du C.4.1

F - 0,9677(12 - 3) —134.79
2(1-0,9677)

(vdi R* =0,9677)

*Voia=1% = Fy .4 =8,02
*F,>F,,, =>bdcboH,

=> chi phi chdao hang (X,) & chi phi
qudng cdo(X,)déu cd dnh hudng

S

=chdpnhin H, =cdcbién éndoanhso bdn

X (k =2;3)ciing bang 0 = X khong c6 anh



ll. 1. HGi qui tuyén tinh k bién
Y, =P+ 0.X, + 5. X5 ...+ 5 X, + U,
*Conquansdt :

Y, =0+ 0, X, + B X5 +...+ X, + U,
Y, =0, + [, X0, + B X5, ...+ X, + U,

............................................................... X =
Y =6 +5.X, +6,X, +..+X,, +U,
Yl ﬂl Ul i
Y:Y2 S = % U = Y,




2.2 Uéc lwong cac tham so hoi qui

Ta co:
L= (XTX)‘lXTY
X,
Vi X' X = Z

ZX

X, D X,
2% LXX,
Z X X2i Z inX3

X" :matrdn X chuyénvi
(X" X) "' :matrdnnghichddociaX"X




Vi du C.4.2: wéc lwong ham HQ 3 bién

20 | 18 | 19 | 18 | 17 | 17 | 16 | 15 | 13 | 12
Xy | 81 7| 81| 8| 6 | 6|5 |5 |43

2 | 3| 4| 4|5 |5 |6 |7 8] 8
Ta co DY =165;> X, =60; > X, =52;> ¥Y?=2781; ) X
> X:=308;) X, X, =282;) YX, =1029; ) YX =813

-1

(10 60 52 1 (39980 —3816 —3256 |

-1
[XTX] —| 60 388 282 BT ~3816 376 300
52 282 308 ~3256 300 280

1 (39980 —3816 —3256 | [165 (29908/1528 |

,B:ﬁ ~3816 376 300 |./1029 |=|1164/1528
|-3256 300 280 | |813 | |-900/1528 |
(14,99215 |

Hay:f =[0,76178 |= Y, =14,99215+0,76178X, -0,58901X
-0,58901




2.3 Hé so6 xac dinh hoi qui bdi

Hé sb xac dinh hoi qui bdi cé thé dwore tinh bang 1 trong
2 cong thue:
ESS
TSS

Trongdd :TSS=Y"Y -n(Y)* ESS=p"X"Y -n(Y)’

1/R* =

2 /R :'Bzzyixzi +'B3Zyix3i +"°+ﬂkzyixki
>yl



2.4. Ma tran twong quan
Xét mé hinh HQ boi: Y, =0, + 5, X, + b, X, +..+ X, + U,

Rt la hé sb twong quan gitra bién th t va bién thir j. Néu t=1 > R1J
la he sb twong quan gitra bién Y va bién X

R o= 2N 2 *i%y
DO N

Trongdo:x,=X,-X, ; R, =R, ; R, =1

JU J’ jt 2 JJ

Matrdntuong quancodang :

R,R, ... R, ] [l R, ... R,
o | R R Ry | Ry 1Ry,
R, R, . R, | |Ry Ry, - I




2.5 Ma tran hiép phwong sai

Tinh Var (B;) va Cov (B;, B;) vi ching cé lién quan dén nhiéu suy
luan thong k&, ma trén hiép phwong sai cua .

Var(B,) Cov(B,,p,) ... Cov(B,,p,)]

Cov(B) = Cov(p,,p,) Var(p,) Cov(p,,p,)

_COv(lBk’IBI) COV(IBk’ﬁZ) Var(ﬂk)
Cov(B)=c(X"X)"
Trong dé (X' X)) :matrdnnghichddociia(X"X)

o’ thay bang udc lugng khéng chéchciiandla :

, RSS D¢
n—-k n-—=k

O



Vi du C.4.2: tinh ma tran hiép phwong sai

P4 tinh dwoc (XTX) '; tatinh &7

TSS =Y'Y=n(Y) =) Y =n(Y)’ =2781-10(16,5)* = 58,5

ESS =B (X'Y)-n(Y)* =(14,99215 0,76178 —0,58901)

= RSS =58,5-56,211=2,289
., RSS 2,289
o = =

= =0,327

n—3
139980 —3816 —3256
Cov(ﬁ)zol’;zz; ~3816 376 300
| -3256 300 280

[ 8,55593 —0,81664 —
— Cov(fB)=|-0,81664 0,080466
| —0,6968  0,0642

0,6968 |
0,0642

165
1029

0,05992

1813 |

~10(16,5)*> = 56,211



2.6. Kiem dinh gia thiét H, : B,= B;=...= B, =0 (R?=0)
H, : khéng phai tat ca HSHQ riéng dong thoi bang 0

R*(n—k)
(1-R*)(k-1)
* Budc?2: Trabdng phdn phdiFisher, bdctwdon, = (k—1)

* Budc1: F, =

va n, =(n-k)

= F, 1)y Trongdd:n—sé quansdt ; k—s6 biéntrong mé hinh,

ké cd bién phu thudc

F, i thoamdn dieukién :P[FO > Fa;(k_l),(n_k)] =

* Budc3:NéuF > F, . ., =bdcbdH,

= cdc hé s6 hoiquy khéng dong thoibdng 0

—NéuF, < F, 1, = khongbdcbd H, = cic HSHQ dong thoibang0

Nghia la chdp nhdnR> #0 cd ynghia



2.7. Dw bao gia tri trung binh & gia tri ca biét cua Y

Cho | 1

X=X, | =>dubaoE(Y /XY= + B, X, +..+ B, X,

X
* Dubao diem (uoc luong diem)cuaY khi X = X° = )}O = XOT,é

= Var(Y,)= X" Cov(f)X" =X T (X" X)"' X" viCov(B)=c*(X"X)"
Thay o” bang 6°> = Var()}o) = X" (X" X)) Xx°

Vayvoidotincay (1 - a),dubao khoang cua E(Y / X°):

Y, —t SE(Y,) ;Y, +1 SE(Y,)

al/2;(n—k) al/2;(n—k)
* Dubao gia tri ca biet = tim khoang tin cay cho Y, =Y, + Ly raineiy S E (¥y — Y,)

Trong do :Var((Y, - I?O) = VCZI"(YAO)—F G’



l1.1. Ham san xuat Cobb-Douglas
Ham Cobb-Douglas duing khao sat san xuat

* Ham Cobb — Douglas dang ngau nhien:Y = B X2 X1"e"
Trongdo:Y — Sanluong ; X, —luong lao dong ; X, — luong von;

Ui —saisongau nhien
*Layln2ve:InY, =In g+, InX, + S, InX, +Ui
*Tong quat:InY =In B+, InX, + S, InX, +..+ f,InX, + Ui
* [, —docodanrieng cua sanluong doivoilao dong (sanluong tan g hay giam
bao nhieu % khiluong lao dong tan g hay giam1%,cac yeu to khac khong doi)
* B, —docodanrieng cua sanluong doivoivon khiluong lao dong khong doi
*Tong (B, + B,) = danh gia viec tan g qui mo san xuat

+(fB,+ f,) =1= tan g qui mo san xuat khong hieu qua

+(B, + B;) <1 = tan g quimo san xuat kem hieu qua

+(fB, + f;) > 1= tan g qui mo san xuat co hieu qua



3.2 Vidu C.4.3: Nong nghiép Pai Loan 1958 — 1972
Y — Téng’sén lwong (tr Boéla D.‘Loan); X, — ngay lao déng (tr ngay); X;—
Lwgng von (tr Bola D.Loan). H6i qui InY theo InX, va InX,

Y 16606.7 17511.3 20171.2 | 20932.9 | 20406.0 | 20831.6 | 24806.3 | 26465.8
X2 | 275.5 274.4 269.7 267.0 267.8 275.0 283.0 300.7
X3 | 17803.7 18096.8 18271.8 | 19167.3 | 19647.6 | 20803.5 | 22076.6 | 23445.2
Y 27403.0 28628.7 29904.5 | 27508.2 | 29305.5 | 29821.5 | 31535.8

X2 | 307.5 303.7 304.7 298.6 295.5 299.0 288.1

X3 | 24939.0 26713.7 29957.8 | 31585.9 | 33474.5 | 34821.8 | 41794.3

InY; = -3,33863 + 1,4988InX,, + 0,4899InX;, R?= 0,889; F=48,07

Dai Loan giai doan 1958 — 1972, tang 1% lwong lao dong, trung binh tang
1,5% san lwvong, gilr lwong von khong doi

Vén tang 1%, s’an lwong trung binh tang 0,5%, lvong lao ddng khéng doi
Tong (B,+ B3)=1,9887 - tang qui mé: co hiéu qua




3.3 Cac mo6 hinh HQ da thuirc

Dang tong quat: Y;= By + B X; + B,X2 + ... + B XK
Bién giai thich > luy thira khac nhau, béac cua da

thire thwo’ng <4 (neu khong, két qua toan hoc rat
tot ma khéng co y nghia kinh té)

Thwong gap la ham bac 2 (parabol) va ham bac
3 (dwong cong dang chiy s)

X va'Y khéng cé quan hé tuyén tinh nhwng
tuyéen tinh theo tham so6 - woéc lwvong bang
phwong phap OLS




3.4. Vi dy C4.4. Uéc lwong ham tong chi phi. ,
Sau day la san lwong va tong chi phi 1 loai san pham

SL 1 2 3 4 5 6 7 8 9 10
(Y)
TCP 193 226 240 244 257 260 274 297 350 420
(X)
TTCcp

Biéu do phan tan cho ta dwdng cong (bac
3) biéu thi quan hé gilra chi phi va san
lweng—> ham hoi qui bac 3:

Yi = Bo + B X +Bo X2+ B X + U

Két qua hoi qui:
Y, = 141,7667 + 63,47766X
_2,96154X2 + 0,6393X3 + U,
R2 = 0,9983

v




Bai tap: Mot mau gdm 12 quan sat:

Y. — Doanh s6 ban hang (tr d);

X, (ngan d/SP) — Gia ban san pham; X, (tr d) — Thu nhap

Y, Xy X3 Y, Xy X3
1270 108 8,5 1610 140 10,5
1490 106 8,0 1280 128 6,7
1060 130 7,3 1390 116 6,2
1626 115 9,6 1440 120 8,7
1020 140 8,2 1590 140 9,1
1800 130 9,4 1380 150 8,6

Hay Uéc lwong ham HQ YilXy; Xs;
Néu y nghia kinh te cac HSHQ




Bai tap1

Y, 138 | 143 | 158 | 137 | 160 127 | 105 (162 | 101 | 175 | 126 | 148
X, 16 21 22 13 23 15 18 22 14 24 17 23
X 12 14 15 13 15 11 9 16 9 17 11 14

Bang so liéu trén cho thay doanh thu (Y;), chi phi quang
cao(X,) va tién lwong bd phan ban hang (X5) clia 12 cong ty,

don vi déu la tr d.

Xac dinh cac ham hoi qui tuyén tinh va tinh hé sé xac dinh diéu
“Y/X,, * YIXq

Xac dinh ham hoi qU| Y/Xy Xs; va tinh hé sO xac dinh diéu chinh. Y
nghta kinh té cta cac HSHQ

3.

Chinh:

Kiém dinh céac gia thiét va cho biét két qua kiém dinh:
B,=0;Hi:B,#0

"Ho: B3 =0; Hy: B3 # 0. Suy ra, dé dw bao

doanh thu, nén chon ham nao?
Dw bao v&i X5 = 15 tr d/thang, hé sO tin cay 95%.




ﬂzZ YiXo; T /632 YiX3i
Zy

n—=k

Vdi: k la sé tham sé ciiamd hinh

2/R32bien —

R*=1-(1-R"-Z

nla sé quansdt(cdmadu)



(1). a. Y, =56,512 + 4,394 X,,

R2=0,583 RZ Adjusted = 0,5413
b.Y,=29,671 + 8,4868 X, R?=0,9723

R2 Adjusted = 0,9695

(2). Y, = 29,6614 + 0,002318 X,; + 8,4842 X,
R2=10,9723 RZ?Adjusted = 0,9661



Y nghia kinh té:

B, =0,002318 >0: X, & Y dong bién, néu tién
lwong bd phan ban hang khéng doi, khi tang
(giam) chi phi quang cao [én 1 triéu d thang thi
doanh sb ban hang binh quan tang (giam)
0,002318 triéu dong thang

* B, = 8,4842 >0: X, & Y dong bién, néu chi phi
quéng cdo khéng doi, khi tang (giam) tién lwong
bd phan ban hang I&n 1 triéu dong thang, thi
doanh sb ban hang binh quan sé tang (giam)
8,4842 triéu dong/thang




(3). Kiém dinh B,: Hy:B,=0;H,:B,#0; Var(p,) =0, 02545
2>se(By) =0, 5045; t, =0,00459 < to.025: 9 = 2,262
> Chap nhan H, - Bién X, khéng anh hwéng lénY

b/ Kiém dinh Bs;: Hy:B3=0;H,:B;#0;
Var(B,) = 0,5693 - se (B;) = 0,7545

ty= 11,2448 > t; 1p5. ¢ = 2,262 - Bac bo H,

-> Bién X; thuwc sw cé6 anh hwéng lén blen Y.
Ngoai ra, dt_ra trén R? Adjusted:

( —

R; <R. ., = X, canthietduavaomo hinh
2 2°4%3

Rf(s >RX2’X3 — X, khong canthiet cho mo hinh

9

.



(4). Chon ham (2) dé dw bao: Ham 2 bien 'Y
theo X, = gia tri trung binh ctia doanh s6 ban
hang
Y, =29,671 + 8,4868 X,
V&i X, , =15 tr $ thang, do tin cay 95%
Y,=156,973 Var(Y,)=2,1216

- se(Y,) = 1,4566

to,025; 10= 2,228

KTC : 153,7279 < Y, < 160,2185
Két lun: ----------



Bai tap 2

Y (11 |10 |9 1 |10 (10 |9 (7 |8 |8 |6 |8 |9 12 |7

X;,!8 (5 (9 |4 7 (8 |6 |7 |8 (10 |9 |5 |5 (4 |10

X; (12 |10 |14 (16 |12 (14 |12 (10 |11 |13 |8 10 {10 |16 |12

S0 liéu trén cho thay thu nhap (Y, — nghin USD/ngu&i/nam), ty 1é
lao déng tha cdng (X,- %) va s nam trung binh kinh nghiém
(X5 —nam).

Tim ham HQ: Y, = B, + B,X, + B:X5 . Y nghia kinh té B, va B,.
Kiém dinh cac gia thiét: Hy: B, =0 va H,: B;= 0 v&i mirc y
nghia 5%.

Phai chang ca hai yéu to Ty 1é lao dbéng thd cdng va S6 ndm
kinh nghiém déu khéng anh hwéng dén thu nhap? Cho biét
d6 tin cay 95%.



1/Y = 6,202 — 0,376 X, + 0,4525 X,
2/ Y nghia kinh te

*B,=-0,376 < 0 = Bién X, va Y nghich bién: Khi
s6 nam kinh nghiém khoéng déi, ty 1& lao déng phd
théng tang Ién 1% - thu nhap binh quan giam
xudng 0,376 nghin USD / nguwdi / nam

* B, =0,4525 > 0 > bien X; va Y dong bien: Khi ty
|& lao ddng phd thdng khéng ddi, sé nam kinh
nghiém tang (giam) 1 nam - thu nhap binh quan
tang (giam) 0,4525 nghin USD / nguw&i / nam




(2) a. Kiem dinh B,
*Hp:B,=0;Hi:B,#0
"t =-2,8343 1y, (n-3)= To025, 122,179

« |to]> 1, > Bac bo H, > B, cd y nghia théng ké, bién
X, 6 anh huwéng l1én Y (% lao dong thu cong co anh
huwéng Ién thu nhap)

(2) b. Kiém dinh B,

*Ho: B3 =0 Hy: B3 #0

" t,=3,7864 > t,,=2,179-> Bac bo H, > ; o y nghia
thong ké, bién X; c6 anh hwéng Ién Y(s6 nam kinh
nghiém c6 anh hudong 1én thu nhap)




(3). Kiém dinh déng thoi
*Hy: B, =H3=0;H;: B, #0hoac 3; #0

R2_ ,BAzz ViXy; T ﬂ,\?)Z ViXs;i
o ZyZZ

R’(n—-k)  0,6932*12

=(0,6932

F = - — =13,5567
1-R)k-1) (1-0,6932)*2
. Fa;(k—l),(n—k) — FO,OS;(2;12) = 3,89



« F,= 13,5567 > Fa =3,89 - Bac bd H,

» Két luan: it nhat mét trong hai yéu to: % lao
dong thu céng hoac s6 nam kinh nghiém co
anh hwéng Ién thu nhap




Bai tap 3

Q |65344 | 72399 |78300 |74594 |66925 | 67594 | 73463 | 83034 | 93953
L |20334 [2151.2 |2002.4 |2134.8 |22503 |2232.7 |2273.2 |2365.1 | 2460.2
K |2388 2579 |2832 |[31.31 [3374 |3590 [3814 |4067 [43.23
Q |103258 | 109632 | 130551 | 137819 | 133311 | 139350 | 145621

L |2571.8 | 2587 2844.7 | 2945 2531.4 | 2251 2115

K |45.36 46.80 47.70 49.20 51.60 52.99 55.60

Trén day l1a so liéu cdng nghiép VN tir 1976 — 1991.

Q - san lwong, L — chi phi lao dong, K — Vén.

1. Dung ham SX Cobb —Douglas: O = y[*K”

Hay wdc lwong va néu y nghia kinh té cac tham sé a, B?
2. Udc lwvgng ham HQ: In(Q/L) = B, + B4 InL + B, In(K/L) + Ui
3. Kiém dinh gia thiét H,: B, = 0 v&i mlrc y nghia 2%
4. Tinh R2, phan tich két qua?




