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M hinh héi quy tuyén tinh da bién

© Trong thuc té, CAC m01 guan h¢ Kinh té thu’(mg phuc tap, mot
SO blen SO klnh té cO thé chiu tac dong cua nhiéu bién sb
kinh té khac = md hinh hdi quy hai bién (hoi quy don) t6 ra
khong thoa dang.

VD khi n/c nhu cau vé mot loai hang hoa nao do thi nhu cau
phu thudc dong thdi VAo nhiéu yéu to thu nhap cua nguol
tieu dung gia ban ciia hang hoa, thi hiéu nguoi tiéu dung. ..

e Vi vay can thiét phai m¢ rong mO hinh hoi quy hai bién
bang cach dua thém nhiéu blen vao mo hinh = n/c hoi quy
nhiéu bién (hoi quy bdi hay hoi quy da bién)

o Cac y tuong va keét qua nghién ciru cua h01 quy hai bién
duoc khai quat cho md hinh hoi quy nhiéu bién.

@
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NOI Dung

o 1. Thiét 1ap mé hinh

o 2. Udc lugng cac tham so

o 3. Khoang tin cdy va kiém dinh cac gia thiét thong ké

e 4. Phan tich phuong sai va kiém dinh sy phu hop ctiia mé hinh
o 5. M6t so dang md hinh quan trong
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1. Thiét 1ap md hinh

e MO hinh hoi quy k bién trinh bay duéi dang dai so6 nhu sau:

PRE V=8 +B8x +Bx +. +B _x _+y [3.01]

k™1 k~1,i i

SRF Y{i: ﬁ0+ﬁlxli+ﬁ2x2i+"'+ﬁ - X ,i+di [302]

* Bo: hé s6 tu do, B; (j=1.....k-1): hé s6 hoi quy riéng
e/ ,y lacac udc lugng diém cua Bj» U;

TSty T erCorgTeonT Httpsircomfterirendrentoentt
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MO hinh PRF dwdl dang ma tran
e (Gia sur ta ¢c6 n b gia tri quan sat cua (Y, Xy, X,...,X, ;) la
(Yi, Xais Xois-+ s Xper i) VO i =10 .
e Nhu vay ham PRF ngau nhién rng v&1 tirng quan sat s€ 1a:
Y1 = Bt ByXag + BoXop T F B X1t Uy
Yo = Bt PrXap + PaXop Tt B X oF Uy

Yn = BO_I_ leln + BZXZn ... T Bk-lxk-l,n+ un
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e
Ta dinh nghia cac ma tran twong twng nhw sau :

Y1 0 u, 1 X11 X21 Xk‘l,l
Y u 1 X X o X

y = ) ’ﬂ: 1 - ) ,X: 1 2 k1,2
N, p u 1 X, X X

n n*1 1n 2n e k~1,n

o Khi @6 PRF duoc viét dudi dang ma tran nhu sau:
Y=X[pB+u [3.03]

(-,

n*

™
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MO hinh SRF dwéi dang ma tran

o Ki hiéu:
/5’0 U,
5 - ﬂl - i,
ﬂk‘l k*1 un n*1
e Ta cO:

SRF Y= xB *+ 4 3.04]
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2. Wé&c lwong cac tham sb

o 2.1. Phuong phap binh phuong nho nhat OLS

e 2.2. Cac gia thiét ciia PP OLS dudi dang ma tran
o 2.3. C4c tinh chat ctia hé s6 udc lwong OLS

e 2.4. Do chinh x4c cua cac hé sb udc luong OLS
e 2.5. Tiéu chuén cia cac hé sd udc lwong OLS
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2.1. Phwong phap OLS

» Ap dung phuong phap OLS, ta can tim 2 . sao cho :

.2_

Z‘Z»l—(/?ﬂ@’x LTl x )—>min

k™1

n

i1

n

o Nhu di dugc hoc trong chuong 11, ta biét rangZ i dat
CUcC tiéu =1

%(f'(u):O
—>
Lf"(u)> 0

o Tasé lan lugt xét cac diéu kién nay bang phuong phap ma
tran.
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Nhac lai vé ly thuyét ma tran

o Gia sir A 1a mot ma tran. Khi do, theo 1y thuyét vé ma
tran ta cd AT.A= A2 vi AT 1a ma tran chuyén vi cua
ma tran A.

e Ma tran chuyén vi 1a ma tran & d6 cac hang dugc thay
thé béng cac cOt va nguoc lai. Ma tran chuyén V1 cua
ma tran A duoc ky hiéula A”. Vidu :

2
1 2 3 4

:
I
|
|

3

|r
e o=k x x x-%ATzl
|
[ x, ]

X X X X
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=4
=y ~ X8 (v — xP)
= (v" T PTx Ty T xF)
= Y'Y "Y' XB-BTxTy +BTxTxB
= vy “2B8Tx "y * BTx " xF

(Do vy ™ x8 =" xPy =8"x"y)

* Vay, Zuf= F(PYy=y'y —28Tx Ty + BTx " xP

i—1

(-
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e Tacan tim # sao cho f(# ) > min, twong duong voi
tim # sao cho:

(f'(ﬁ):O

Lf(Py> o
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-0

én can: (%)

n

ALY

Xét dieu ki

= X'y

—2x'y tox'xP =0 > x"xP8

e Tuong duong voi.

:
- <
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N o
o T
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Xét diéu kién can: ' (#)= o

o Dé thay rang XTX 1a ma tran doi xing qua dudng chéo
chinh, do d6, vé mat thuc hanh ta chi can xac dinh nira
trén hoac ntra dud1 cua ma tran la du.

o Ta gia dinh 12 ton tai ma tran nghich dao (X™X)cua
ma tran XX, v6i diéu kién can va da 1a ma tran X ¢
hang bang k.

T

XY }
> F = = (X 'X) (X'Y)

T

X X
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Xét diéu kién da: f'(#) > o



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e

2.2. C4c gia thiét ctia PP OLS dwéi dang ma tran

o Gia thiét 1 : Ky vong c6 diéu kién ctia nhiéu bang 0 :
E(u)=0. Trong do :

u, E(u, /X, X, X\ o))
E(U):E u, — E(uzlxlz’xzz """ Xk—l,z)
un E(unlxln’xz """ Xk‘l,n)

™
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e
2.2. C4c gia thiét cia PP OLS dwdi dang ma tran

o Gia thiét 2 : E(u.uT)= o2.1, trong d6 I 12 ma tran don vi:

u, u, u.u,
E(U.UT):E u, !1 . un::E u,u, U22
E(uf) E(uu,) .. E(uu))
| E(u,u,) E(u,) .. E(u,u)
E(uu,) E(uu,) .. E(u:)

™~
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g
2.2. C4c gia thiét cia PP OLS dwdi dang ma tran

o Gia thiét 2 c6 dugc do str dung gia thiét 1 két hop véi cac gia
thiét sau :
e Phuong sai thuan nhat: var(u,)= E(u:2)= 62, véi moi i.
e Khong ¢o ty twong quan : cov(u;, U;)= E(u;, U;)= 0, véi moi I #
e Khi d¢,

o 2 0 0 (l 0o .. OW
o 2 o 1 .. ol

E(uuT) = ° ° =062 =0’
P

T
L

@
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/
2.2. C4c gia thiét cia PP OLS dwdi dang ma tran

e Gia thiét 3 : Ma tran X da duoc xac dinh.

o Gia thiét 4: Hang ctua ma tran X bang k, 1a s6 tham so
trong mo hinh hoi quy.

Ki hi€u cho hang ctia ma tran la rank(X) K, cO nghla la
K cot trong ma trén X la doc lap tuyén tinh, ma moi cot
twong mg voi mot bién doc lap nén khong co twong
guan tuyén tinh chinh xac gitta cac bién doc lap, hay noi
cach khac khéng cé hién tuwong da cOng tuyén
(multlcolllnearlty) xay ra.

o Gia thiét 5: Véc to nhiéu cd phan phdi chuan nhiéu
chiéu, tire 12: u ~ N(0O, o2l)

(-,
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4 I
2.3. Cac tinh chat cla hé sé wdc lwong OLS

e Vi cac gia thiét cia mé hinh, ham hoi quy mau UL theo PP
OLS co cac tinh chat twong tu nhu trong truong hop hoi quy
hai bién, bao gom cac tinh chat sau:

* SRF di qua diém tmg véi cac gid tri trung binh (v, x_ ..y x,, )
e Y =Y
o uT: 0

(. khong tuong quan voi Xy;,..... X, te la cov(id ,X) =0

@- i, khong tuong quan vai v , tuc la cov(d, v ) =0
S

T tertrenrertoentt
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g
2.3. C4c tinh chat clia hé sd wéc lwong OLS

e Cac hé s6 udc lugng la thanh phan cta véc to # va la
Véc to udc luong diém cua B, tim bang PP OLS, ¢ cac
tinh chat sau day:

o 4 dugc xac dinh mot cach duy nhat véi mot mau cu thé.

o 7 la véc to ngau nhién. Véi cdc mau khac nhau, gia tri
cu thé cua chung sé€ khac nhau.

e Vi gia thiét u ¢4 phan phoi chuan, véc to # tuan theo
quy luat chuan.
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4 I
2.4. D6 chinh xac clia cac hé sé woc lwong OLS

e Pé do muc do dao dong va tuwong quan gitta CAC hé s6 udc
luong duoc, ta st dung ma tran hiép phuong sai cia hé s6 hoi
quy dang tong quat nhu sau:

|r var( B ) cov( ﬂo,ﬁ) cov( ﬂo,ﬂk_l)w‘
5 | cov( A8 ) var( 2 ) cov( B P )
R =02 (XTX)*[3.05]
Lcov( ﬁk_l,ﬁo cov( ﬁk_l,ﬁl) var( ﬁk ) ]
o Vi 02 1a phuong sai tong thé chua biét, nén ta dung o ? thay thé:
> i’
r i [3.006]

TSty T erCorgTeonT HttpsHircomt toreTTtt:
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2.5.

i@u chuan cua cac hé sd woc lwong OLS

» V6i cac gia thiet cia md hinh hoi quy tuyén tinh co
dién, # 1a uwdc luong tuyén tinh, khdng chéch, cé
phuong sai nhé nhat trong 1op tit ca cac udc luong
tuyén tinh khong chéch cua B (tiéu chuan BLUE).

e DPay chinh la néi dung cua dinh ly Gauss-Markov ma
ta da biét trong chuong 11 hoi quy hai bién.

™
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4 N
3. Khodng tin cay va kiém dinh céac gia thiét thong ké

e 3.1. Khoang tin cay

o 3.2. Kiém dinh gia thiét vé hé s6 hoi quy

e 3.3. Kiém dinh gia thiét vé phuong sai cua nhiéu
° nh

¢ 3.5. Kiém dinh t6 hop tuyén tinh vé hé so hoi quy
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3.1. Khoang tin cay

o P6i voi mo hinh hoi quy nhiéu bién, viéc xac dinh khoang tin
cay cho cac hé s6 hoi quy va phuong sai nhiéu ctia tong thé
duoc tién hanh twong ty nhu trong hoi quy hai bién. Véi ¢
mau n va k tham so, cung vdi gia thiét nhiéu u c6 phan phoi
chuan, khi sir dung 2 thay thé cho 2, ta c0 :
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3.1. Khoang tin cay

e V6140 tin cay (1-a), ta c6 cOng thirc xac dinh khoang tin cay
nhu sau :
o Khoang tin cdy ctia hé s6 hdi quy :

ﬁ_—t(n_k)%se(ﬁi)s B < ﬁ_+t(n_k)%se(ﬁi) [3.09]

e Khoang tin cay cua phuong sai nhi€u :

2

(k) <g2<(nk) 3.10]
Z(n_k),% (n‘k),l‘%

@
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3.2. Kiém dinh gia thiét vé hé so hoi quy

e PP tién hanh kiém dinh gia thiét vé hé s6 hoi quy trong mé
hinh hoi quy boi hoan toan giong hoan toan nhu trong md hinh
hai bién. Dicu khac biét & day can chi y d6 1a bac ty do. Poi
véi mé hinh hai bién, c6 hai tham so, bac tu do twong ing cua
thong ké t 12 (n-2), trong khi d6i vai mo hinh hoi quy boi tong
quat c6 k tham so, bac tu do tuong tng cua thong ké t 1a (n-k).
e Nhac lai ring thong ké t;s Xac dinh bang biéu thtc :

= ﬂi - ﬁi
"o (f)
» Va gid tri: p-value = P (|t| > [tgs])

TSty T erCorgTeonT Httpsircomfterirendrentoentt
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" Bang 3.01. Kiém dinh gia thiét v& hé s6 hdi quy

™

Loai gia | Giathiét | Gia thiétdoi | Phuong phap Mién bac bo H
thiét Ho H,
Khoang tin ¢4 . _
oang tin cay ,Bi ¢ [ﬁi t(n_k),cyse (ﬂi)’ ﬁ’i + n_k)’yse (ﬂi)]
2 2
Haiphia | pi=/" | Bi# /] [Giduitoihan | (>
n~k)¢%
(n"k) 4
Gia tri p-value | p-value <a
Khoang tincdy | p+¢ 8 - oy e 58 (B, ]
Phia phai | fi< /' B>/ | Gitri toi han ts > t
(n7k)“
Gia tri p-value | p-value/2 <a
Khoang tin cay Bre [ B+ oy By
Phiatrai | B>/ | Bi<”’ [ Gidtrt6ihan o<~ t
(n7k)“
Gia tri p-value | p-value/2 <a

@
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4 I
3.3. Kiém dinh gia thiét vé phwong sai cla nhiéu

e Bang dudi day tom tat cic cach kiém dinh gia thiét vé
phuong sal ctia nhiéu cung véi quy tac tuong tng dé bac bo
gia thiét Hy, voi :

(n " K)7°

02
0

X2 =

0

e Va
2 2
p-value=P (¥~ 74,
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g

Bang 3.02. Kiém dinh gia thiét phwong sai cla nhiéu

™

@

Loai gia | Giathiét Hy | Gia thiét d6i H, Phuong phap Mién bac bé Hy
thiét
Khoang tin cay o2 o2
2
7, # [(n-Kk PrEE U e
(n"k)“ (n~k)1-«
A A
- h, 2 — O 2 2 # o 2
Hai phia c = o .
Gia tr1 to1 han X2s x2 hodc ¥ %< X2
0 (n*k),% : 0 (n*k),r%
Gia tri p-value p-value < o/2 hoac p-value > 1- o/2
Khoang tin cay &2
2
7 *[(n-k)—lz ,+]
, 0o 2 o 2 2 o 2 (n"k)*
Phia phai c c >, _
Gia4 tri té1 han X2> x?
0 (n"k),&
Gia tri p-value p-value < a
Khoang tin cay o 2
2
O-O g[_CXD’(r]_l()jfz ]
L 2 _ 2 (nTroame
Phia tréi c°=9; c°< o’ _
Gia tri to1 han X2< x2
0 (n"k)1-«

Gia tri p-value

p-value > 1- a
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e
3.4. Kiém dinh tinh c6 y nghia cia mé hinh

e Xét hai mo hinh sau :

¢ (U) Y:ﬁo " ﬂlxl i i ﬂm_lx m "~

+ + + +
1 ﬂm X m ﬁk‘lx k~1 u

e (R):Y=F +F x + . +F x *vy

1

e (U) go1 1a mo hinh khong b1 rang budc (Unrestricted model)
* (R) go1 1a mo6 hinh b1 rang budc (Restricted model).

(-
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4 N
3.4. Kiém dinh tinh c6 y nghia ctia mé hinh
e Diéu kién rang buc trong md hinh (R) chinh 1a hg s6 hoi quy
cta Cac bién doc 1ap X 4, X.11,...,X,_; dong thoi bang 0.
o Pé kiém dinh diéu kién rang budc trén, ta xay dung gia thiét :
HO : Bm :: Bk—lz 0
H, : cé it nhat mot B # 0
o a amd nh tién hanh qua cac budc:
e Buée 1 : Hoi quy (U) gom k tham so, tinh RSS,,, (n-k) bac tu do.
e Buéc 2 : Hoi quy (R) gom m tham so, tinh RSS, (n-m) bac tu do.
e Buwdce 3 : Str dung thong ké F nhu sau :

__ (RSS
W=

F . RSS )Nk~ m) _ (R, TRk m)
RSS , /(n ~ k) (17 R.)I(n ™ k) (k-m),(n-k)

TSty T erCorgTeonT HttpsHircomt toreTTtt:
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g
3.4. Kiém dinh tinh c6 y nghia ca mé hinh

V61 mire y nghia a, tra bang gia tri t61 han F_ o
e Thong

aF

w

F-stat.

* bi ng cho ra p-value aF-
stat, va ngu’(n sir dung cO thé ap dung quy tac quyét dinh
dua trén gia tri tdi han hay muc ¥ nghia dé bac bo hay chap
nhan H,,.

* Ngoai ra, cling luu y rang, néu gia thiét I3 Ho : B = 0 thi két

luan cta kiém dinh Wald twong duong véi ket luan kiém
dinh t.

(-,
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3.5. Kiém dinh td hop tuyén tinh vé hé s6 hoéi quy

e Phan nay trinh bay cach thirc kiém dinh gia thiét vé su lién hé
mang dic tinh tuyén tinh giira cac hé so6 hoi quy. Xét tinh
huong cu thé nhu sau :

o Gia st ta cd mo hinh hoi quy (U): Y=4,+ B x *F x, Tu.
Ta muon kiém dinh gia thiét :

‘W B =8
%L H, : ﬁl 7 ﬁz

o Gia thiét B,=B, c6 thé bién doi vé dang B, - B, = 0 > Dang
twong duong 1a cach biéu dién to hop tuyén tinh cta hai hé so
hoi quy.

e Ta c0 thé ap dung ba phuong phap dé kiém dinh.

TSty T erCorgTeonT HttpsHircomt toreTTtt:
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/ ] i , ‘ .
3.5. Kiem dinh t0 hgp tuyén tinh vé hé so hoi quy

Céch 1 : Kiém dinh Wald
e Bién d6i md hinh bang céch sir dung gia thiét H,, ta duoc :

Y: ﬂ0_|_ﬂl)<1_|_ﬁl)(2_|_u — ,30+ﬂ1$(1+x2}u
e DitZ=X+ X, tacoméhinh(R):Y= 7 *Fz*u
 Ap dung kiém dinh Wald :

(R, “R2)I(37 2)
W™ (L7 R_)/(n " 3) - |:(1),(n-3)

F

* NeuF,, >F, | (.5 thi bac bo H,,.

(-,
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3.5. Kieém dinh t6 hgp tuyén tinh vé hé s6 hoi quy

ch P
e Thay B, =0 - B, C.

Y:,BO+,31X1+ G_ﬁlg(z+u:'80+'81$(1+X2:_5X2+u
o tZ=X+X, nh(R):Y=F,*Fz~%x,%u
° nhGT: H,:6=0

t:
o~
t= se(g) ~t(n_3)

as.  ult>ta?2, ( -
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e
3.5. Kiém dinh td hop tuyén tinh vé hé s6 hoéi quy

ch P

O / /
t — — 1 2

se (9) se (P, = 7))

2

o ise(£ 8 )= Jva( AP

o Jvar( £~ P,y =var (#,) +var (8,) —2cov (£, ,5,)

° quy 7,
c 3.05).

@



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Phan tich phwong sai va kiém dinh sw phu hop cua
moO hinh

® ch

e 4.2. Hé s6 xac dinh boi va hé s6 trong quan boi

e 4.3. Kiém dinh sy phu hop ctia md hinh
e 4.4. Bang phan tich phuong sa1 (ANOVA)
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(4.1. Cac tdng binh phwong dd 1éch

ch nhu sau :
TSS = Z(Yi_Y_)ZZZYiZ_n(Y_)ZZYTY_n(Y_)2 [3.11]
ESS= 2 (¥, Y)* =BT (xTY) " n(Y)’ [3.12]

RSS= 2 (Y, "Y)" = 2 4’=Tss ~ ESS 3.13]
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4.2. Hé sO xac dinh boli va hé so twong quan boi

e 4.2.1. Hé s0 x4c dinh boi
o 4.2.2. Hé s0 xé4c dinh boi d3 hiéu chinh (adjusted R-squared)
o 4.2.3. Hé s6 twong quan boi (coefficient of correlation)

o 4.2.4. Hé s0 tuong quan riéng phan (partial correlation
coefficients)
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4 s A
4.2.1. Hé sO xac dinh boi

o n, r
ch X,,
Xayoo oy X uR2.
nh nhu sau :
R2=1- 2 = B 1314
TSS TSS
o Y a R?
a R2



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4 ,
4.2.1. Hé sO xac dinh boi

e ng R?
e TSS = 2 (v, - v)> khong
(n-1).
o I C.
RSS=2 (v, - V) =2, B ~Bx, —..-F
- nh.
° y R2

X

k™1 k1,

2

)

RZ
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/4.2.2. Hé s6 xac dinh boi da hiéu chinh

o
R7=1- RSS/”_k_1(1R2) " = R2+ (1- R2)1_k
TSS /n ~1 "k k
e R’ C
sau
o Khi rR’<R2<1
o Kk n Rr°’ hon R?
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4 .
4.2.2. Hé sO xac dinh bbi da hiéu chinh

0 NgR°* cho R?
nh khong.

P |

ng keé.
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e

4.2.3. Hé sb twong quan boi
o Xj
Z YiXii
. \/Z X [3.15]
— Z Xtixii
bRz B
o Vi=Yiry X = X-x,
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4 ,
4.2.3. HEé s6 twong quan bol

o ng:
r 1 r01 rO,k_l—|
_ | Mo 1 M1 |
R
| o |
—rk_l,O r.k_l,l 1 —
o
fy = Tt
néenr. = 1.

I
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4 , ‘
4.2.4. Hé sO twong quan riéng phan

| p>0.

c (k-2).
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(424 Hé s6 twong quan riéng phan

ng

n.
Yi:ﬁ1+ ﬂzxzi " /83X3i Tu

a:
X, trong khi
X3 trong khi

nXx, X
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(424 Hé s twong quan riéng phan

° Nng. B -

r13 r'23 r12 r23 . r r12 r23

= r-12 . = r13 = r13
r12,3 — — ! r13,2 ., T, 3,2 5 o
Jam e Jama ) Ja-gha e

o
M1234 NIy, M3
¢ khong
o
Sau.
2_r122+r1§_2r12r13r23.R2: 2 + 1= 122 2 = 2 4 . 2, 2
R — > 4 , M2 )1s R r, =~ ( r13)"12,3
1 r
23
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(4.3. Kiém dinh sw phu hop clia mé hinh

t nhu sau:
H,:R2=0-Hy:B,=p,=..=B,=0
H,:R°#0 < H, tB;#0
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4 .
4.3. Kiém dinh sw phu hop cua md hinh

° tHy i B = P =e = By =0
' ESS /(k"1) R’ (n"K) _E
T ORSS /(nTk) @ RY) (k1) (k-1, n-K)
_ R (nTK
FO_ - 2\ . —
@ R) (k1)

e Ta ng PP QDb.
* Nguyen cQb: uFy,>F, 1.0 Cp-value=P(F>F)<a

H,.

a tuong duong nhau.
o) nyY=
° tH,: B, =0 H,: B, = 0khong tuong duong |

Hy: B, =P, =0
@

+ + +
IBO ﬂlxl ﬂlx2 u
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g

4.4. Bang phan tich phwong sai (ANOVA)

ch phuong sai ANOVA (Analysis of variance).

™
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™

ch phwong sai ANOVA

Ngudn bién thién Tong binh phuong (SS) Bac ty do (df) | Phuong sai (MSS)*
(1) (2) 3) (4) = (2)/(3)
Tir ham hoi quy (ESS) BT(XTY) " n(Y ) k-1 ESS/(k-1)
Ttr cac yéu to ngau nhién (RSS)
vy — BT (xTy) (n-K) RSS/(n-k)
Tong bién thién (TSS) YTY ~ny )’ (n-1) TSS/(n-1)
t
Y,...Y,
cY, nhy =2 v, /n

aTSS =2 (v, -v)2=v"y ~n(v)’

@

(n-1).
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4 N
4.4. Bang phan tich phwong sai (ANOVA)

. £Y,,..Y,
cY,
nh v =2y /n (n-1),
Vi TSS = 2 (v, " V)’ =YY ~n(v)’
e FPRSS=2(, V) =v'y - AT (xy)
u nhiénY; Y EX B B B X
(n-K).

RSS.
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e

4.4. Bang phan tich phwong sai (ANOVA)

o MSS.

™
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e
5. M6t s6 dang méd hinh quan trong

khong con
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5. Mét s6 dang mo hinh quan trong

0 p (double- log model)

o n logarit (semi-log model)

0 0 (hyperbol) (reciprocal model)
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