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PHAN TICH DU’ LIEU
Chuong 8: Héi quy tuyén tinh

Chuong 1. Théng ké md ta (6n).

Chwong 1bis. X4c suat & phan phai thong ké (6n).
Chuong 2. Khoéng tin ciy.

Chuong 2bis: K§ thuit chon miu.

Chwong 3. Kiém dinh théng ké.

Chuwong 4. Phan loai dir li¢u (Classification).
Chuong 5. Phan nhém dir liéu (Cluster).

Chwong 6. Phan tich thanh phén chinh (PCA).
Chuwong 7. Phan tich chudi thoi gian.

Chwong 8. Hdi quy tuyén tinh.

Chwong 9. Xi Iy s6 li¢u thwe nghiém.

Chwong 10. Gi6i thiéu phin mém SPSS or R.
GS. TS. Nguyén Thong|

PHAN TICH DU LIEU
Chwong 8: H6i quy tuyén tinh

GIOI THIEU HOI QUY
bay la phwong phap nghién
cru (dinh lwong) nham giai
thich mét bién PINH LUPONG
nhe& vao 1 hoac nhiéu bién
DINH LUONG dwéi dang mét
phwong trinh toan hoc.
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PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

>Pé cbd thé biéu dién héi quy CO
NGHIA 2 Cac bién phai cé tinh
NHAN QUA (c6 y nghia lién quan
kinh té, xa héi, vat ly,...).

= Lwu y, phan tich phwong sai dung
xem xét quan hé bién giira bién giai
thich dang BDINH TINH & bién can
dworc giai thich dang DINH LUONG.

9/4/2018 4

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

TONG QUAT
HOI QUY TUYEN TiNH
= HOI QUY PHI TUYEN

& X

PHAN TICH DU LIEU
Chwong 8: Héi quy tuyén tinh

Y o [ Y
dwong thj °
X X

mat phang or sneu\/{?at phang)
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

HOI QUY TUYEN TiNH
> Hoi quy tuyén tinh don
> Hai quy tuyén tinh boi
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PHAN TICH DU’ LIEU
Chuong 8: Héi quy tuyén tinh

HOI QUY
TUYEN TINH PON

£ X

PHAN TICH DU LIEU
Chwong 8: H6i quy tuyén tinh

HOI QUY TUYEN TiNH BON

Y
Yl
/ Puong thing
héi quy don
X
0 X,
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

PHUONG TRINH HOI QUY
TUYEN TiNH PON

?
= » o .-
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PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

Mo hinh dgc mé ta béi phong trinh tuyén tinh ¢6 dang
sau: X
Yi=ap ta A,

t=1-> N (s0 Iwgng quan tric)

¥, gid bién can nghién ctiu tai thoi diém t, x; , gia tri bién giai
thich th i tai thoi diém t.

N s0 lwong quan tric céc bién.

a,, a; : tham so mo hinh sé doc xac dinh tir so liéu quan sat

g sai s6 ctia mé hinh.
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PHAN TICH DU LIEU
Chwong 8: Héi quy tuyén tinh

Goi Ay, |a khoang cach thang ding tir
gia tri quan sat (x;,y;) dén dwong thang
cin x4c dinh. Ta dinh nghia hAm muc

per Quan sat
N N 2
D= AY? =>"[Y,—(a, +a,X;)] = min
i=1 i=1
9/4/2018 _ _ H("ii quy 12
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Piy la mt ham 2 bién a, va a,, dé cho D
cue tri (voi y nghia vat ly ciaa bai toan
ta biét do la cwe tiéu) ta phai co:

= @D
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PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

HAM TiNH a, b TRONG EXCEL
- Intercept(Y,X) > tinh tung d¢
goc b cia quan hé tuyé&n tinh.
- Linest(Y,X) = tinh hé so a (do
doc cia quan hé tuyén tinh giita
Y, & X,).

9/4/2018
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PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

Tw do6: Zz[yi —(a,+ax,)]=0 [1]

ZZ[Yi _(ao +alxi)]’(i =0 [2]

Giai hé phwong trinh trén ta co:
inyi B inyi

T S K -NX

PGS. Dr. Nguyén Théng

a,

14

Ay =Y —aX;

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

PHUONG TRINH PHUONG SAI

SST = i(y ~y f

Sum of Square Total

- Phuong sai tong
(ban chat so liéu)

N
SSE = Z(yi —y )2 - Phuong sai mé hinh
i=L (chat lvgng mé hinh)

Sum.of Square Explicative "

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

i - Phuong sai thang du
_ .\ 2
SSR = Zﬂ:(yi i) (sai s6 m6 hinh)
Sum of Square Residual
SST =SSE + SSR [1]

[1]-> phuong trinh phuong sai

y;: gid tri quan sit, § ‘gid tri tinh tif m6 hinh
Y :gid tri trung binh bi€n nghién ciu
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Chuwong 8: Héi quy tuyén tinh

KIEM DPINH & PANH GIA

CHAT LUOQNG MO HINH
HOI QUY

£ X
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

CHAT LUONG
Hé sbd xac dinh R2

Z (Yi - y)z

_SSE | SSR_ 4
ST ST S0y
R2> 1 - mo hinh cang TOT

9/4/2018
PGS. Dr. Nguyén Thong

RZ

e[0—1]

19

PHAN TICH DU LIEU
Chwong 8: HoGi quy tuyén tinh
Hé s6 xac dinh R2 hiéu chinh:
Khi s6 liéu quan séat n nhé, gia tri R?
dwoc hiéu chinh nhw sau (k=1: hoi
quy don): n—1
R’=1-————(1-R?
n-k-1
Chuy: Khin= Ién = —5 R2

9/4/2018 I a 2 R 2 20
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PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

KIEM DINH HE SO a,
MO HINH

c
ké >
0 theo quan diém théng ké.

9/4/2018

PGS. Dr. Nguyén Thong

a; 1a cac gia tri trung binh théng

Kiém dinh a, 1a khac 0 hay bang
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PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

GIAI THICH KIEM DINH STUDENT (ki€m dinh

cdc hé s§ a; ctia mé hinh va 0) BANG PO THI

-t, lsw  tsq t,

- N&u S, > 5% - t,=0 theo quan di€m théng ké.

- N&uS, <5% = t, khic 0 theo quan di€m théng ké.

9/4/2018
PGS. Dr. Nguyén Thing
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PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

KIEM DINH HE SO a, MO HiNH
bién doc lap lién két X,
a, =0 = cO nghia trong phu’o’ngI
trinh hoi quy.

a;,=0 = piénx kHONGCO
trong phwong trinh hoi
, quy.
2. Kiém dinh Student .

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh
>Goi Sa > giatri dj léch chuan cua
hé so al:
Goi: S0 quan sat
A =SSR /(n-k-1)
, So bien déc lap
A, =D XE=nX?|  (hii quy don k=1)
i
A Gia tri TB cua X;
Ga1 N
AZ
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Goi:
G.0=> gia tri dd léch chuan cta hé sb
ao:

PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

ANOVA
df ss MS F

Regression 1| 67.10113636| 67.10114  12.8228|
Residual \ 3| 15.69886364 $.232955
Total \ 4 \ 828 \

/&'-“\ ,¢¥‘~\ ,’&‘s /3‘,\

7, N, S7

y Coefficients $tandard Erroy  t Stat Y P-value\

Intercept -13.0227273’:8.390889394 -1.55200% 0.21846

X M, 13.8068182 3.855690358%, 3.580894%,0.0372

/412018 S’ \~__¢, Ser?’ S
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PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

TINH T TWONG QUAN
& (1) = og;_ 1(t)+B$i ,(t)+y witho,#0
=2 ecohd tlnh TU TUONG QUAN BAC 2

Te,, Chubitré bac 1 cua €,

i 0 1 2 3]
e, 4 .| 6. 7 3
6. A, e [t g
€. 4 6
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PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

TU TUONG QUAN
Tinh tw twong quan bac 1 2>

€ =0¢g_t+vY

Vé&i o > khac 0 © chuobi g co tinh
TY TWUONG QUAN BAC 1 > MO
HINH CHU’A TOT > THEM (THAY
BIEN) GIAI THICH ?
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

Xét hoi quy tuyén tinh boi bac k:

= alxl‘i + aZXZ‘i +...+ akayi R

Bién can
giai thich

X =» Bién giai thich

Sai s6 mé hinh

PHAN TICH DU LIEU
Chwong 8: Héi quy tuyén tinh

KIEM BPINH CAC THANG DU CO
Bl TINH TV TWONG QUAN >
Kiém dinh Durbin-Watson, DW

Thang dw >
& =YiYi

Gia tri quan sat

9/4/2018 30
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Yt — ao + alxllt _Ii‘:'.gt ’:E

= M6 hinh héi quy tuyén tinh don sé
TOT khi g la mot “NHIEU TRANG”
(khéng con chira thong tin) =» chudi
KHONG CO tinh tw twong quan. OK.
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Goi ¢ |a chudi thing dw cua
md hinh héi quy:

Tham sé DW: > (e—e,)

DW=1i2
2
DW =2 = Chudéi KHONG c6

tinh tw twong quan
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PHAN TICH DU LIEU
Chwong 8: H6i quy tuyén tinh

Kiém dinh Durbin-Watson

Trong thwc hanh cé thé dung
kiem dinh Durbin-Watson dé
danh gia (Tham s6 DW):

->DW 2> 2 2> Ok

> DW KHAC gia tri 2 cang nhiéu
- cang c6 nguy co tinh TV
TUONG QUAN CUA ..
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PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

Xem SPSS
TKUD \ Durbin Watson Exampe 1.sav
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

Vi du: Mot thi nghiém xac dinh géc ndi ma sat va luc
dinh ciia ting dia chat nghién citu. K&t qua ctia 12 thi
nghiém cho cdc ng suit ti€p ©v va dng sudt phip o
dugc trinh bay trong bang sau. Xdc dinh ¢ va ¢ trong

quan hé. .. )
-ﬂ Hé s& m/hinh hatt

Mau 1 2 3 4 5 6
wkglem?) | 32| 3.7 3.7 4.2 5.2 53
o(kg/cm?) | 3.6 4.2 4.3 4.9 6.2 6.5

Mau 7 8 9 10 11 12
wkglcm?) | 55 | 58 | 61 | 66 | 83 | 90
o(ka/cm?2) 6.6 7.0 7.5 8.1 10.4 114

PGS. Dr. Nguyén Théngl

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

SU’ DUNG EXCEL HOAC
SPSS DE UNG DUNG TiNH
HOI QUY TUYEN TiNH
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

EXCEL

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

B microsoft

xcel - HQDon_Mohr

fi] gle Ede  Wew Jnaert  Formar | vietmy Tools
HENEN= eSS AT SR Speling. r7 | [ vneTimes -1 =B
3 = 4| Rmsearch... Al click
A Bl Eror checking... I D E | F |
E] Regression Starisi Shared Workspacs.
4 |[Multiple R Share Werkhaok, ..
5 |r square Protection .
[ 6 |Adjusied R Square uine collsboratien ¥
7 |Standard Hror Farmula auditing .
8 |Dbsmrvations Macra 3
9 Add-Ine,
10 |ANOVA Custormize,
11 df options S P gnificance
12 [Regression Tate Agaive, 7 0015778817 1121496 0007379
13 |Residual £l 3 0.001406943
14 |Total 1T 602084825
15
16 jen i, 1 Standard Error + Srar Povalue Tower 95%pr
17 [Batereept 0.132666 002652304 5.001940395 0000550 007357 0,
18 |Sigmalkglem**2)  0.064864 001936969 B 3ABRTAR05 0007579 0021708 O,
19 M
20
21
22 |RESIDUAL OUTEUT FROBABILIT
23
24 [ Observarion _izred Tau (kg/ent Residuals randard Re sidueals Percensile i (k 38
PES. Dr. Nguyén Thong] %% 00240 0.606237461 4.166667

PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

=» Analyze = Regression
= Linear

9/4/2018 40
PGS. Dr. Nguyé

f £ .o
Chwong 8: Hoi quy tuyén tinh
B3 Microsoft Excel - HQDon_Moh:
1) Ble Edt vew Insert Format Tools Data  window Help | vietkey Tacls
W MR TR AT W e RN SR .- v ClElse
B1 - A& 0.528534565358865
A B Rogres: =
1 [SUMMARY OUTPUT ot
7 ] v ‘
Input Y Range: R
Cancel
3 e T A e
4 [Multiple R
5 |Rg Labels [ Constant Is Zero
|2 R Square = Dlcontdancetoveli [0 |
6 |Adjusted R Square; )
7 |Stmndard Bror 0038  utpt options
8 |Observations 14 O cupurange: [ £
> (@) New Workshet Bly: | |
H ANOVA E):‘;uw‘!(urkbaak
esidls
il 4 Residuals Resigual Plots
12 [Regression Standardized Residusls [l ine Fit Plots
| 22 [Resdual Narmal Probabilty
14 |Total [ wormal Probabilty Plats
15
16 Coefficients | Standard Error ¢ Star Pvalue _Tower 9% pper
17 [Intereept 0.13266667 002652304 5001940395 0000530 007357 0,19
18 [Sigmakaiem*y | 006486667 001936969, 3348874805 0.007379 0021708 010!
PGS. Dr. Nguyén Théng]
. LAz A
Chwong 8: Hoi quy tuyén tinh
QTT._BOI_ViDu_3.sav - SPSS Data Editor
File Ecit View Data Transform
Reports .
=1 = VT N S ] PPV ) = SR}
1 pub 1 Tables »
b | ent | e b fxahel [ e [ v
1 267.0  correlste » 00
E 17.00 270, C e
3 20.00 310.C [S IFy Curve Estimatior
ry 18.00 H44.C Data Reduction L4 Binary Logis
5 2500|291 Sl *| Mkinoial Lodieti...
= 3500 SGaC  MNonparametric Tests w| o M
= 1200 Som  Time Series .
Multiple Responss v Moninear...
a 24.00 357.0 §
= e 26 E Mimsing Value Analysis... wieioht Estimation. ..
2-Stage Least Squa
1o 19.00 261.00 .00
1 13.00 316,00 16.00 Opbimal Scaling.
2 14.00 338.00 oo
E] 29.00 291.00 .00
Es 26.00 252.00 .00
(5] 25.00 354.00 25.00
15 22.00 346.00 oo
17 24.00 260.00 .00
MIE) 1.2.00 =268.00 0o
19 19.00 332.00 20.00
=0 18.00 354.00 .00
9/4/2018' 4
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Chwong 8: Héi quy tuyén tinh

18(&[ = || D] ke[l | a] || T |

pub chif prot
26700 ™
17.00 270.00 .00

2000[ 31000 10.00 ok
18.00 344.00 oo W chit o
291.00 Black 10f1
Reset
Linear Regression: Statistics ettt Cancel
Rogesson Cosfianta | 7 Model Il & e |
¥ Estimates 1™ Fsauared changs v
I Confidenceintervala | ¥ Desciiptives
© Pat Method: [Erter
¥ Collneaity disgnoslics Seloction Varisble:
Rasidust: [ N ——
% DubinWaton Cace Lapefl
BT =
& F
o Stathtes” | Plots, | Save. | optiona., |
9/4/2018 42
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

LT e = il e el e T

Selection Varlable:

Care Labels

| Pl | Save. | Optons.. |

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

[ ]l
S| m| ] )] k[T aa] 4TI TN @)
15
pub chit prot pro2 | xahol | var | wvar | var [ v | v
15.00 267.00 (] Ry ﬂ'
17.00) 27000 i} —
2000 #0.00 1000 | [ pb ependent aK
.00 3ddo0 o | [ vl ] e — J‘
2500 29100 00| | proz Block 1 of 1
30.00 294 00 oo # ahoi Newt Pesst
— = = Cancel
~ Help
DEFENDHT S chi Contirue & prol v
“DRESID
. v He
gEJEEZD\E; =1 ) [BEPERBAT X Selaction Variable
E S aourRen
D Case Labels:
Standadized Fesicual Flols | [ pyoguce al parial plots
R Histo
I Hommal probabilly plot .| ot Save.. | Options..
9/4/2018 a4
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PHAN TICH DU’ LIEU
Chwdng 8: Hoi quy tuyén tinh

AS””‘

HOI QUY
1 TUYEN TIiNH BOI

Hong|

PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

Trong trwong hop s6 bién giai
thlch >1 = hoéi quy tuyén tinh

Bién can dworc giai thich

Y ao+a,_)”(e i+aj 3§Z,+...+ak§w+g

k.

9/4/2018 46

Bién giai thich
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

GIA THIET
Gia thiét vé ngau nhién
+ H1: cac gia tri cua x; , dwoc quan
trac dung (khéng cé sai so)
* H2: E(g )=0; trung binh s6 hoc
cua cac sai so la bang 0.

9/4/12018 47
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PHAN TICH DU LIEU
Chwong 8: Héi quy tuyén tinh

e H3: 2 )

E(¢’)=0" =hs.

Phwong sai clia sai s6 la hang
sO v&i moi t (bién d6 dao dong
cua ¢ quanh gia tri TB cua né
Ia khéng bi phan ky).

9/4/2018 48
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

€ H3 o’ =hs

/\/\]\/\/\/\/\/\/\A/ t

9/4/2018
PGS. Dr. Nguyén Thong
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PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

Gia thiét vé cau truc

* H6: céc bién giai thich la doc lap
tuyen tinh véi nhau, dieu nay cho
phép ma tran [X’X] nghich dao dworc.

(Tinh da cong tuyén trong hoi quy bdi -
Can loai bo)

9/4/2018 51
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PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

XAC PINH HE SO MO HINH a,

Dung phwong phap BPTT (xem
tai liéu Kinh té lwong- Tg. Dr.
Nguyén Théng).

[Y]n,l = [X]n,k+1x[a]k+1,1 + [8t ]n,l

Sai s6 mo hinh
9/4/2018 53
PGS. Dr. Nguyén Th("mgl
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PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

+ H4 : cac sai so6 thi doc lap véi nhau.
E(e.&.,,)=0 if p=0

* H5: Cov(x;;, & )=0: cac sai s6 doc
lap v&i bién giai thich.

t+p

9/4/2018 50
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PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyéen tinh
Gia thiét vé cau truc
« H7 : X’X/n tién vé gi&i han hiru han
vn.
* H8:n>(k+1) : s0 Iwgng quan trac phai
I&n hon so lwong bien giai thich.

9/4/2018 52
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PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

L Hé s6 cta md hinh héi
Vi quy can xac dinh

Y, Loxy o Xy d

L X, o X a

Y: y2 X: a= :
Y () 1 X+ Xin (n,k+1) & (k+L)

n=» sé quan trac, k =& sé bién doc Iap

9/4/2018
PGS. Dr. Nguyén Thﬂngl
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

THIET LAP PHUONG TRINH
DE XAC DINH a

=2 Min

9/4/2018

[Y]n,l = [X]n,k+1x[a]k+1,1 +[8t ]n;k

56

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

ON
Vi du: Tinh module cua vecto U

DM VT

U0 =|u|" =2*2+3*3=13

N

57

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

Dung p/p b‘mh phwong t6i thiéu:
=Min(e.&,)

LLLELTT]
gunnn® Ttaa,,
. -
. .
. -
. .
. 3

*

e
e
*u

X' = Ma tran chuyén vi ciia X_

9/4/2018
PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

MA TRAN SUY BIiEN
Vidu: Xét ma tran vudng sau:

- |1 5 _
U= = detU=0
3 15

9/4/2018
v

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

Vi S =f(a) & S cwec tri (cwc tiéu) > :
= =—3[Y'Y —Y'Xa—-a'X'Y +a'X'Xa]=0
oa oa

Chi y:
0
—

- YXa]_—[aYX]' ~[rXx] =x¥v

9/4/2018 59

PGS. Dr. Nguyén Th("mgl

CuuDuongThanCong.com

Giai thich: Xeét theo hang (hoac c{)’t),
cac vecto la “phu thudc ’tuyén
tinh” = ma trdan U suy bien =

det[U] =0. -

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

Do dé
. Z—S—[—ZX’Y+2X’Xa] 0

= a=[a]=[XX]'[XY]

[X]' © ma tran chuyén vi [X]

9/4/2018 60

PGS. Dr. Nguyén Théngl
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

CHUY
pex]’
nghich dao dwoc > det[x’x] +0

>Khi det[X’X]—> 0 3 Hien twong
DA CONG TUYEN trong héi quy
tuyén tinh boi.

9/4/2018 61
PGS. Dr. Nguyén Thong

Pé matran :

PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

CHUY

det[X’X]—>O = Khi cac vecto X,
(vector bién déc lap) c6 mang tinh
PHU THUOC TUYEN TINH véi
nhau.

PTTT & Vecto bat ky X, 1a t6 hop
tuyén tinh cta cac vecto’ con lai.

9/4/2018 63

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

Vi du: Sé liéu quan sat trong 6 nam vé tiéu dung (Y),
thu nhap (X1) va tudi trung binh (X2) nh sau. Dung
phan mém SPSS xac dinh héi quy tuyén tinh.

a. Xac dinh cac hé s6 cia mo hinh.

b. Xéc dinh dé léch chudn ciia cac hé sé.

c. Kiém dinh gia thiét cac hé sé nay so v6i 0.

Y=a,+a,X +a,X,+¢

9/4/2018 65

PGS. Dr. Nguyén Th("mgl

CuuDuongThanCong.com

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

ON

Xét ma tran:
1 2
[A]:{3 6}:>det[A]:1*6—2*3:0

Nhén xét 2 vecto cét la PHU THUQC
TUYEN TiNH:

HRER

9/4/2018 62

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

Phu thudc tuyén tinh gitra X,

. REIN

xl=

(nk+1)

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

i Y X1 X2
1 140 200 45
2 155 220 34
3 180 250 28
4 195 270 24
5 270 400 36
6 330 500 40

Y=a,+aX +a,X,+¢&
Xem SPSS=» TKUD \ HoiQuyBoi_1. sav

9/4/2018
PGS. Dr. Nguyén Thﬂngl
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PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

XAC PINH
HE SO

~ ~

MO HINH

Hing]

PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

M6 hinh =& Y = 37..22+o;29x1—/o.537x2

Unstan ard;z?/ S;%dﬁized

Coefficien J fficients
Model ~B¥. .Errp/ Beta t | Sig.
1](Constant)| -'37:22/"  _/3.60 10.33 .002
X1 ;629 .006 1.009 99.10 .000
X2 % -.537F .097| -.056 -5.52 .012

9/4/2018 68

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

O LECH CHUAN
CUA CAC
> | HE SO MO HINH

Hong ]

PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

Do léch chuan

stan rdl ed | Standardized
effi ent Coefficients
Model B Beta t | Sig.
1[(Constant)| 37.22 \ \3 60; 10.33 .002
X1 .629 \ 006 : 1.009 99.10 .000
X2 -.537 = N097F -.056/ -5.52 .012
9/4/2018 70

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

KIEM DINH CAC HE SO CUA a, MO
HINH CO NGHIA HAY KHONG
(KHAC 0 HAY BANG 0 THEO QUAN
DIEM THONG KE)

9/4/12018 71
PGS. Dr. Nguyén Théngl

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

t—B/Std Error_a /G

Unstandarthzedo Standafdized

Coeff|0|ent§ Coefﬁments
Model B | stid’ ‘Error| & Beta Tt Sig.
1[(Constant) 37.2%‘." 3.60.." £10.33%.002

» : :

X1 .629 .006) 1.009 99.10 :.000
X2 -.537| .097| -.056'\-5.52' .012
9/4/2018 s’ 72

PGS. Dr. Nguyén Thong |

CuuDuongThanCong.com
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Unstandardized |Standardized

Coefficients Coefficients ..

Model By | Std. Error Beta t :.Sig.‘

1[(Constant)| 37.22 3.60 10.33 .002
\ H

X1 .629 “\ .006 1.009 99.1f .000
\ H

X2 -.537| .09\7 -.056 -5.52_ .012

- -
LT T T L L e

N
N
Néu Sig < 5% 9 Hé sb a_ KHAC 0 !‘/

9/4/2018

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

Tong tu vi du 1 v6i cdc so liéu nh sau:

N y x1 x2 x3 x4 x5
1 |1474| 2 5 20 8 51
2 | 1873 4 4 22 18 55
3 1399 5 9 24 11 58
4 |1471| 6 12 22 12 60
5 1053 8 14 30 10 62
6 |131.1] 9 12 29 12 55
7 [124.7| 10 10 27 8 47
8 |170.7| 7 9 21 13 65
9 [172.6] 10 8 20 10 45

10 | 1448 9 12 22 9 58

11 |189.3] 9 15 24 19 55

o018 12 [ 165.5| 11 13 28 18 50,

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

Hwéng dan: Dung SPSS véi file
= TKUD\ HoiQuyBoi_2.sav

9/4/2018 75

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

Hwéng dan: Dung SPSS véi file & TKUD\
HoiQuyBoi_2.sav
Y =222.68+2.35X, —4.94X, +5.04X,

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

Bai_tap: Ngwoi ta muén kiém tra sw
quan hé tuyén tinh néu cé gira sb
ngay nghi viéc khéng phép cua cong
nhan trong nam (Y) va cac yéu té tham
nién (x1) va tudi tac (X2). Xem sé liéu
sau.

Y =a,+a,X +a,X, +¢&

9/4/2018 77

PGS. Dr. Nguyén Th("mgl

Standardiz
ed
Unstandardized Coeffici Collinearity
Coefficients ents Statistics
Std. Tolgranc
Model B Error Beta t Sig. 7e VIF
1 [(Constant) | 222,680 18.758 11.871 000 /
X1, 2.352 .824| 253  2.853  .029 .324] 3.09
X2 .. -1.072| 711 -143  -1.507 .18 /282 3.55%
X3 -4.947| 461 -.687 -10.726 .000 / .618 1.619
-X4 5.045 .333] 777 15.163 .000 .966/ 1.03§
" dabh -.368 288 -086] -1.276 249 554761804
PGS. Dr. Nguyén Théng]
PHAN TI(_)H DU LIEU
Chwong 8: Hoi quy tuyen tinh
TT | Sé ngay vang (Y)| Tham nién (X1) | Tubi (X2)
1 5 5 30
2 4 15 45
3 2 10 42
4 6 6 30
5 8 8 32
6 6 7 35
7 5 10 40
8 3 2 28
9 7 5 50
10 2 19 54
9/4/2018 78

PGS. Dr. Nguyén Théngl

CuuDuongThanCong.com
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

Bai_tap: Ngwoi ta muén kiém tra sw
quan hé tuyén tinh néu cé giira lwong
rac thai hang ngay va nhiét do trong
ngay (so vé&i nhiét dd chuan 65°F) va
ddé am (so v&i d6 4m chuan 55%). Xem
s6 liéu sau.

Y =a,+aX, +a,X,+¢

9/4/2018 79
PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

HIEN TUONG
DA CONG TUYEN
TRONG HOI QUY
TUYEN TiNH BOI

<

Hong ]

PHAN TICH DU’ LIEU
Chwong 8: Héi quy tuyén tinh

Ghi chu
Dé X, & X, 1aDOQC LAP TUYEN TiNH:
2[X].[X] > 0
Bé X;, X, & X3 1a POC LAP TUYEN
TINH:
> X, KH LA TO HOP TUYEN
TiNH CUA X CON LAL.

9/4/12018 83
PGS. Dr. Nguyén Théngl

CuuDuongThanCong.com

PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

3

(X2)

Rac thai ngay (Y) | Nhiét (X1) | Do &
14 -

(¢)]

12

16

20

24

29

24

14

16

10

= —
2El5o|w~No|os e

14
U1470T8

o
g

R (o |do [N [N [w [ [0 o 1= &
INY S E I N L L BN N

AGS. H€ Nduyén Thing] 8

PHAN TICH DU LIEU
Chuong 8: Héi quy tuyén tinh

Dé X, X,, ..., X; gitr vai trd 1 bién giai
thich dé nghién ctu bién Y - cac
bien X;, X, X; phai DOC LAP
TUYEN TINH.

> Pay la diéu kién « CAN » phai cé
khi nghién ctru hoi quy tuyen tinh
boi.

> néu KHONG > cac hé sé cuia mo
hinh (a;) khéng xac dinh dwoc !!!

9/4/2018 82

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chuong 8: Héi quy tuyén tinh

DANH GIA HIEN TUONG
DA CONG TUYEN
TRONG HOI QUY BOI
VOl THAM SO VIF

& X

\}g, -
[ PGNGiouyén THong |

https://fb.com/tailieudientucntt
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

VIF = Variance Inflation Factor
Xét 1 bién doc lap X:

1
1-r?

r2 = hé sé xac dinh trong héi quy
tuyen tinh cua bien giai thich X; theo
tat ca cac bien giai thich X; con lai

‘M!w i# j . 85
PGS. Dr. Nguyén Thong

VIF, =

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

r—| VIF=f(r2)

1

r2

VIE canq Ion —) CANG CO KHA NANG
c6_hién twong DA CONG TUYEN (vi

e a))
9/4/2018 86
PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Ho6i quy tuyén tinh

CHUY
Phé bién r2 <0,5 9 VIF < 2.
= Ok & KHONG CO HIEN
TUQONG vé Pa cdng tuyén
cua cac bién doc lap.

9/4/2018 87

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

CHUY
Tolerance = 1/VIF

Néu Tolerance < (1-R?) > CO THE
c6 hién twong DA CONG TUYEN.

Yéu cau: Tolerance > (1-R?)
R2 hé s6 xac dinh (hiéu chinh) caa
mo hinh.

9/4/2018 89
PGS. Dr. Nguyén Théngl

CuuDuongThanCong.com

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

Tolerenc
1/VIF

Khu vwe “IT” cé kha ning
DA CONG TUYEN

Tolerence=1/VIF
=(1-1)

;rz

2 ” r2 ~
DO THI NG DUNG TRONG PHAN
TiCH DA CONG TUYEN

9/4/2018 88

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

SPSS NHAN BIET

DA CONG TUYEN (xem SPSS véi
file HoiQuyBoi.sav)

Vi du: Mot nghién ctru y hoc vé
quan hé giitra Cholesterol (blen
nghién cu Y) va cac yéu té Tudi
(Age), Trong Ilwong (Weight),
Chiéu cao (height), Ap _huyét, so
lieu da chuan hda, cda 14 doi
tweong nhw sau: -

PGS. Dr. Nguyén Théngl

https://fb.com/tailieudientucntt
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PHAN TICH DU’ LIEU

BN Caus®
.

Ceas® Yeas®

9/4/2018

PGS. Dr. Nguyén Thong

Chwong 8: Ho6i quy tuyén tinh

a3:He|ght + 4 4.TenS|on

Choles. = a0 o aL,Age +a 1, .Welght

91

PHAN TICH DU’ LIEU

Chwong 8: Ho6i quy tuyén tinh

Trong Ap
tt Tudi | lvong | Cao | huyét
8 -1.5 -0.2 -0.2 0.3 0.2
9 3.0 1.7 0.3 0.2 0.5
10 0.6 0.5 0.0 0.8 0.2
11 0.4 0.5 0.0 0.3 0.0
12 7.0 0.4 -0.3 -1.9 -1.0
13 1.5 -1.1 2.3 -1.0 -2.0
14 2.0 -0.5 1.3 -1.0 -0.5
9/4/2018 93
PGS. Dr. Nguyén Thong
PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh
=> Loai bé X4
Coefficients®
Standa
rdized
Unstandardize (Coeffici Collinearity
d Coefficients | ents Statistics
Std. Toleran
B Error | Beta t Sig. ce VIF
.49 .23 2.13 .059 .
1.88 .24 .53 7.78 .000 1.00 1.002
.17 .25 .05 .67 .516 .99/ 1.008;
-2.63 .23 -.80| -11.57, .000 .99 1.009

CuuDuongThanCong.com

PHAN TICH DU’ LIEU

Chwong 8: Hoi quy tuyén tinh

Trong Ap
tt Tudi | lwong | Cao | huyét
Y X1 X2 X3 X4
1 -3.3 -1.6 -1 0.7 0
2 -0.2 -0.5 -1.2 -0.5 -0.2
3 5 1.3 -1 -0.9 -0.5
4 -1 0.8 0.8 1.5 1
5 0 0.4 0 0.3 0.2
6 -6 -0.3 0.2 1.9 1
7 -4 -1.4 -0.7 0.6 0.5
9/4/2018 92
PGS. Dr. Nguyén Thong
PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh
=2>SPSS
Coefficients?
Standa|
rdized
Unstandardize [Coeffici Collinearity
d Coefficients | ents Statistics
Std. Toleran
Model B Error | Beta t Sig. ce VIF
1 (Const
ant) 420 .242 1.736) 117
X1 2.0320 .2920 575 6.961 .000] .699 1.43]
X2 .004 .308 .001 .012 .991] .659 1.517%
X3 -2.172) .546| -.657| -3.979 .003 .174 5.735
X4 -.725 .789 -.166 -.920| .382 .146| 6.859
PHAN TICH DU’ LIEU
Chuwong 8: Hoi quy tuyén tinh
= Loai bé X2
Coefficients®
Standa
rdized
Unstandardize|Coeffic Collinearity
d Coefficients | ients Statistics
Std. Tolera
Model B Error | Beta t Sig. | nce | VIF
’ (Const a8
ant) .50 .22 2.22 .048 ’
X1 1.88 .24 53 7.96 .000 1.00 1.001
X3 2.64 22 -80-11.97 .000 1.00 1.001/3

@. Dependent Variable: Y

https://fb.com/tailieudientucntt
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

KET QUA HOI QUY

Choles. =a, +a,.Age + a,.Height

9/4/2018 o7
PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

TOM TAT
= Xem xét gia tri R2 (cang gan gia tri 1 & Ok)
2 Xem xét cac hg s6 md hinh c6 KHAC 0 ?
(sig <5%=> ok, neu khéng = loaij bién lién
quan)

2 Xem xét tinh tw twong quan (D-W 32 tét
nhat), neu KHONG =» thém bien giai thich
> Kiém tra tinh DA CONG TUYEN VO tham
s0 VIF (<2 =& Ok). Loai bé bién c6 VIF > 2.

9/4/2018 98

PGS. Dr. Nguyén Thong

PHAN TICH DU LIEU
Chwong 8: Hai quy tuyén tinh

BIEN GIA
(BIEN CHI BAO,
& < DUMMY)

PN e 2
S5 uyen THong |

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyén tinh

BIEN CHI BAO

Bién chi bao dgc sit dung trong trong hop
bién giai thich ¢6 dang la cac bién cuc bo
tac dung lén bién nghién citu.

Vi du 3: Két qua kinh doanh 10 nam cuéi cia
Cong ty Z nh sau véi:

Dso : doanh thu ; Pub : chi phi quang cao ;
Promo : ty lé giam gia ; Xhoi : yéu to xa hoi

9/4/2018 100

PGS. Dr. Nguyén Thong

PHAN TI(::H DU LI[EU
Chwong 8: Hoi quy tuyen tinh
Dso Promo

Nam (100tr.) | Pub (tr.) (%) Xhoi
1996 49 41 10 0
1997 40 32 15 0
1998 41 38 10 0
1999 46 40 10 0
2000 52 40 5 0
2001 57 42 0 0
2002 53 44 0 0
2003 35 46 0 1
2004 65 50 5 0

64 55 0 0

97472018 101
PGS. Dr. Nguyén Th("mgl

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

Dso
70
60 ]

% =/
40 N

30
20
10
0 T T T T T
1994 1996 1998 2000 2002 2004 2006

9/4/2018 102

PGS. Dr. Nguyén Théngl

CuuDuongThanCong.com
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

60 Pub

50 i
40 * ———

30 S

20

10

0 ; ; ; ; ;

1994 1996 1998 2000 2002 2004 2006

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chwong 8: Hoéi quy tuyén tinh

v

guyén THong

BIEN DINH TiNH

& X

PHAN TICH DU’ LIEU
Chwong 8: Hoi quy tuyén tinh

16 Promo
14 A
12 A\
10 / \ o
_ RN
8
6
4 X A
) N N
0 T T \ ? / T \
1994 1996 1998 2000 2002 2004 2006

PGS. Dr. Nguyén Th(”}ngl

PHAN TICH DU LIEU
Chwong 8: Hoi quy tuyéen tinh
BIEIN PINH TiNH
C6 2 loai bién trong nghién citu hoi quy:
- Bién dinh long: Thu nhap, Doanh thu,
S6 long san pham tiéu thu...
- Bién dinh tinh: Nghé nghiép, Trinh do
van héa, Gidi tinh, Pong y khong dong
¥, Mau sac, ...

9/4/2018 106

PGS. Dr. Nguyén Thong

PHAN TICH DU’ LIEU
Chuwong 8: Héi quy tuyén tinh

BIEN PINH TiNH

i Y rinh do Tham
(t/nhap) nién
DH | SDH
1| 15000 1 0 1 0 0 8

[ ]

25000 0 1 0 1 0 15

12000 0 1 0 1 0 5
19/4/201

107
PGS. Dr. Nguyén Théngl

PHAN TICH DU LIEU
Chuwong 8: Héi quy tuyén tinh

Pr(F

2R 2]

>F“)=a%

C6 gid tri cla a, vy, v, xdc dinh gid tri ctia F,bdi:

R . Xdc suit a%
Vung gié tri

ki€m dinh =0

I 0 Fu . . t
[PHAN PHOI FISHER| ~ YUnggid tri

CuuDuongThanCong.com

91412018 R 3 4 108
PGS. Dr. Nguyén Théngl klem dlnh khac 0
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PHAN TICH DU’ LIEU
Chwong 8: Ho6i quy tuyén tinh

va\vl 1 2 3 4 5 6 7 8 9
1 161 200 216 225 230 234 237 239 241
2 18.5 19 192 | 192 | 193 | 193 | 194 | 194 | 194
3 101 | 955 | 928 | 912 | 9.01 | 894 | 889 | 885 | 881
4 771 | 694 | 659 | 639 | 6.26 | 6.16 | 6.09 | 6.04 6
5 6.61 | 579 | 541 | 519 | 505 | 495 | 488 | 482 | 477
6 599 | 514 | 476 | 453 | 439 | 428 | 421 | 415 41
7 559 | 474 | 435 | 412 | 397 | 387 | 379 | 373 | 3.68
8 532 | 446 | 407 | 384 | 3.69 | 358 3.5 3.44 | 339
9 512 | 426 | 386 | 363 | 348 | 337 | 329 | 323 | 318
10 4.96 4.1 371 | 348 | 333 | 322 | 314 | 3.07 | 3.02
1 484 | 398 | 359 | 3.36 3.2 3.09 | 3.01 | 295 2.9
12 475 | 389 | 349 | 326 | 311 3 291 | 285 2.8
13 467 | 381 | 341 | 318 | 3.03 | 292 | 283 | 277 | 271
14 4.6 374 | 334 | 311 | 296 | 285 | 276 2.7 2.65
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10 12 15 20 24 30 40 60 120 ®
242 244 246 248 249 250 251 252 253 254
194 | 194 | 194 | 195 | 195 | 195 | 195 | 195 | 195 | 195
8.79 | 874 8.7 866 | 864 | 862 | 859 | 857 | 855 | 853
596 | 591 | 586 5.8 577 | 575 | 572 | 569 | 566 | 563
474 | 468 | 462 | 456 | 453 45 446 | 4.43 4.4 4.37
4.06 4 394 | 387 | 384 | 381 | 377 | 374 3.7 3.67
3.64 | 357 | 351 | 344 | 341 | 338 | 334 3.3 3.27 | 323
335 | 328 | 322 | 315 | 312 | 308 | 304 | 301 | 297 | 293
3.14 | 3.07 | 3.01 | 294 2.9 286 | 283 | 279 | 275 | 271
298 | 291 | 285 | 277 | 274 2.7 2.66 | 2.62 | 258 | 254
285 | 279 | 272 | 265 | 261 | 257 | 253 | 249 | 245 24
275 | 2.69 | 262 | 254 | 251 | 247 | 243 | 238 | 234 2.3
2.67 2.6 253 | 246 | 242 | 238 | 234 2.3 225 | 221

2.6 253 | 246 | 239 | 235 | 231 | 227 | 222 | 218 | 213
254 | 248 2.4 233 | 229 | 225 222 216 | 211 | 207

15 454 | 368 | 329 | 306 | 29 | 279 | 271 | 264 | 259
16 449 | 3.63 | 324 | 301 | 285 | 274 | 2.66 | 259 | 254
17 | 445| 359 | 32 | 296 | 281 | 27 | 261 | 255| 248
18 441 | 355 | 316 | 293 | 277 | 266 | 258 | 2.51 | 2.46
19 438 | 352 | 313 | 29 | 274 | 263 | 254 | 248 | 242
20 435| 349 | 31 | 287 | 271 | 26 | 251 | 245]| 239
21 432 | 347 | 3.07 | 284 | 268 | 257 | 249 | 242 | 237
22 43 | 344 | 305 | 282 | 266 | 255 | 246 | 24 | 234
23 428 | 342 | 3.03| 28 | 264 | 253 | 244 | 237 | 232
24 426 | 34 | 3.01 | 278 | 262 | 251 | 242 | 236 | 23
25 424 | 339 | 299 | 276 | 26 | 249 | 24 | 234 | 228
30 417 | 332 | 292 | 269 | 253 | 242 | 233 | 227 | 221
40 4.08 | 323 | 284 | 261 | 245 | 234 | 225 | 218 | 212
60 4 315 | 276 | 253 | 237 | 225 | 217 | 21 | 2.04
120 | 392 | 3.07 | 2.68 | 245 | 229 | 218 | 209 | 2.02 | 1.96
3.84 3 26 | 237 | 221 | 21 | 201 | 194 | 188
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249 | 242 | 235 | 228 | 224 | 219 | 215 | 211 | 206 | 201
245 | 238 | 231 | 223 | 219 | 215 21 2.06 | 201 | 196
241 | 234 | 227 | 219 | 215 | 211 | 206 | 202 | 197 | 1.92
239 | 231 | 223 | 216 | 211 | 207 | 203 | 198 | 193 | 188
235 | 228 2.2 212 | 2.08 | 204 | 199 | 195 1.9 1.84
2.32 2.25 2.18 21 2.05 2.01 1.96 1.92 187 181
2.3 223 | 215 | 207 | 203 | 198 | 194 | 189 | 1.84 | 178
2.27 2224 213 | 205 | 201 | 19 | 191 | 186 | 181 | 176
225 | 218 | 211 | 203 | 198 | 194 | 189 | 1.84 | 179 | 173
224 | 216 | 209 | 201 | 19 | 192 | 187 | 182 | 177 | 171
2.16 2.09 2.01 1.93 1.89 1.84 1.79 174 1.68 1.62
2.08 2 192 | 184 | 179 | 174 | 169 | 164 | 158 | 151
199 | 192 | 184 | 175 A7/ 165 | 159 | 153 | 147 | 139
191 | 183 | 175 | 166 | 161 | 155 15 143 | 135 | 125
183 | 175 | 167 | 157 | 152 | 146 | 139 | 132 | 122 1
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