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Gidl thiéu
> Phan tich hoi quy 1a mét phwong phap don gian vée
mat khai niém dé nghién ctru cac moi quan he gitra
cac biéen.
> Mbi quan hé duoc the hién dwdi dang mot phwong
trinh hoac mo6 hinh két ndi bién phan hoi (response)

hoac bién phu thudc (dependent) va mét hodc nhiéu
bién giai thich (explanatory) hodc dw doan (predictor)

» Mo hinh hoi quy
Yzf(X11X21'“1XP)+E:
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Giol thiéu
> Vi du vé mo hinh hoi quy tuyén tinh:

> Trong do BO,Bl, Bp |a hé sb twcyng gquan hoi quy cua
mo hinh hay con go: |a cac tham sé hdi quy, cac hé so
nay la cac hang so, chwa biét, dwoc xac dinh dwa vao
tap dir liéu.
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Cac bwéc trong phan tich hoi quy

> Phan tich hoi quy bao gdm cac bwéc sau:
— Phét biéu bai toan
— X&c dinh cac bién phu thudc
—Thu thap dir liéu
—Xay dwng va lwa chon mo6 hinh
— S dung md hinh dé giai quyét bai toan dwa ra.
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Covariance va Correlation Coefficient

> Gia str chung ta c6 cac quan sat trén n doi twong bao
gom bién phan hoi (response) Y va bién dw doan
(predictor) X. Két qua ghi lai nhw sau:

Observation Response Variable Predictor
Number Y X
1 th £
2 Yo I2
n Un T
n T
> Vi 2. T
_ i=1 _ =1
y=- and T=""—,
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Covariance va Correlation Coefficient

» Chling ta mong muon do ca hwéng va dé manh ve
moi quan hé gitra Y va X.

> Ta st dung 2 dai lwong dé do 1a covariance va
correlation coefficient.
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Covariance va Correlation Coefficient
> X tdng Y cling tang: cac diém nam & ving thi 1 va
ther 3.

> X tang Y gidm: cac diém nam & vung thk 2 va thiy 4.

. o ¢
™ -
- .« *
Yy - -
[ 3 L | »
ORI ®
L - .
L ]
— o X
X
Quadrant Yi — Y r— I (yi — §)(x:i — T)
1 + + +
2 + — _
3 - - +
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Covariance va Correlation Coefficient
» Covariance gitra Y va X thé hién hwong cua moi
guan hé tuyeén tinh gitra Y va X.
> Cov(Y, X) khéng cho ta biét dé& manh cia mdi quan
hé gilra Y va X n
| y , > (% =)z - 3)
» Cor(Y,X): cho ta biet hwdng Cov(Y, X) = =1

> va dd manh mdi quan hé gitra n-1
\  Cov(Y, X)
>XvayY Corll, X) = $ySz
> (¥ — y)(zi - T)

-1 <CorfY,X) <1

Y T L

e

_Zl(ﬂ-i — ¥)*
=
5 e

v \l n—1
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Covariance va Correlation Coefficient

Data Set with a Perfect Nonlinear Relationship Between Y and X, Yet
Cor(X,Y) =0

— P— e — R — .

Y X Y X Y X
1 ~7 46 —2 41 3
14 -6 49 ~1 34 4
25 -5 50 0 25 5
34 —4 49 1 14 6
41 -3 46 2 1 7

501 I

401 . .

30t ’ )

¥ . .
20T
o+ )
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Vi du: di¥ liéu stra chira may tinh
> Vi du: xem xét trwdrng hop ciia mot cdng ty tiép thj va
stra chira may tinh nho.

> Dé nghlen clru moi quan hé gilra thoi gian cua mot
culc 90| dén dich vu va so Iucyng linh kién dién tw
trong may tinh pha| dwoc stra chira hoac thay thé, dir
liéu mau cla cac cudc goi dén dwoc Iwu lai nhw sau:
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Vi du: dir liéu stra chira may tinh

> D@ liéu bao goém thoi gian cua cudc 90| tinh bang pht
(bién response) va so lwong linh kién sira chira (bién

predictor)
Length of Service Calls (in Minutes) and Number of Units Repaired
Row Minutes Units Row Minutes Units
| 23 l 8 97 6
2 29 2 9 109 1
3 49 3 10 119 8
4 od 1 [ 149 9
5 74 4 12 143 9
6 87 5 13 154 10
1 96 6 14 166 10
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Vi du: dir liey stra chira may tinh

>
— i=1 1361 i=1 ,.. :
== Y 9721 and T = - E = 6, | s
> (4 - §)(xi - 7) ] . -
Cov(Y, X) = =L _ 1768 136, 8 .
n—1 13 ™
and @ 7 .
)z -2) .
1768 .
Cor(Y, X) = Sl = _ & L , |
o, %) \/):( R T T i S
Units
Length of Service Calls (in Minutes) and Number of Units Repaired
Row Minutes Units Row Minutes Units There is a
1 3 1 3 97 6 strong
) 2 2 9 109 7 positive
3 49 : 10 19 8 relationship
4 64 4 1 149 9 ~ between
5 74 4 12 145 9 repall‘ 'I-:lme
6 87 5 13 154 10 and units
. 96 6 4166 o I




Vi du: dir liéu stra chira may tinh
» Mac du Cor(Y, X) la dai lwgng hiru ich de do hwo’ng va dé manh

ciia moi quan hé tuyén tinh, né khdng thé dwoc str dung cho
muc dich dy doan.

> > Phan tich hoi quy: co thé dwoc sty dung khong chi dé do
hwdng va do manh cua moi quan hé gilra cac blen phan hoi va
bién dw doan ma con dé mo td mbi quan hé dé vé mat dw doan
dang sb.
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HOI quy tuyén tinh don bién

» MOi quan hé gitka bién phan héi Y va bién dy doan X dwoc quy
dinh b&i moé hinh tuyén tinh:
V=F+mkte

» Trong do B, va B;: hé so twong quan héi quy clia md hinh hay
con goi la cac tham so.

> . random disturbance or error

)\

B,: slope

B,: intercept

Dependent

Independent variable (x)
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HOI quy tuyén tinh don bién

» D liéu quan sat dwoc lwu & bang dwdi day:

Observation Response Variable Predictor
Number Y X
1 (7 Zy
2 Y2 P
m yﬂ. 'Ir'ﬂ

Co6 thé dwoc viét nhw sau:

h=Potpoite, 1=,
¢; represents the error in the approximation of ;.
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HGI quy tuyén tinh don bién
» Quay tro lai di liéu stra chira may tinh, g|a str cong ty muon dy
doan sb phut gm vao tdng dai dich vu cua khach dwa vao sb
linh kién can stra chira, mé hinh hdi quy nhw sau:

Minutes = iy + f Units + £,

Length of Service Calls (in Minutes) and Number of Units Repaired

Row Minutes Units Row Minutes Units
1 23 1 8 97 6
2 29 2 9 109 7
3 49 3 10 119 8
4 64 4 11 149 9
5 74 4 12 145 9
6 87 5 13 154 10
7 96 6 14 166 10
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Viec woc lwong tham so
> Chung ta woc Iwo’ng cac tham s6 bang phwong phap phd bién
binh phwong toi thiéu.

> Chung ta giam thiéu tong binh phwong cua khoang cach doc tw
moi diém dén dwdng thang

:yi-ﬁo-ﬁlr“ 7’:192\.”’71
The sum of squares of these distances can then be written as

S(Bo, B1) ZE —z — Byz;)?

)
c i=1
) :
'g The values of fy and B; that minimize S(80, 31) are given by
9 - Yy - )i - 8)
Q- -
) b S (z; — 7)2
(@)
and A )
Independent variable (x) Bo=§—pi.
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Viéc woc lvgng tham so
> Dbi v&i mbi diém quan sat trong tap di liéu, ching ta co thé
tinh toan

=ﬁ0+31$i1 i’=]121" y
» Khoang cach doc twong rng v&i gia tri quan sat th i la:

=i - ﬁi: ’,': = 112! v . least squares residuals.
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Viéc woc lwvgng tham so

> Dwa vao dir liéu cd san, ching 8 - .
ta woc lwgng cac tham so 3, va . s
B, i & - B
» Tim 1 duwdng thang phu hop g o ] .l
nhat di qua cac diém trong do o :
thi scatter plot ctia bién phan hoi o -
va bién dw doan sao cho tong o lo
binh phwong khoang cach tir N ) . . "
dlem do dén doan thang la nho
nhat
Length of Service Calls (in Minutes) and Number of Units Repaired
Row Minutes Units Row Minutes Units
1 23 1 8 97 6
2 29 2 9 109 7
3 49 3 10 119 8
4 64 4 11 149 9
5 74 4 12 145 9
6 87 5 13 154 10
: s 6 4 o I




Viéc woc lvong tham so

Length of Service Calls (in Minutes) and Number of Units Repaired

Row Minutes Units Row Minutes Units

! 23 1 8 97 6
2 29 2 9 109 7
3 49 3 10 119 8
4 64 4 11 149 9
> 74 4 12 145 9
6 87 5 13 154 10
7 96 6 14 166 10

s _ Li—y)(@i—z) 1768 _

Br = S —2F 14 15.509, 3

30 = § — A1 = 97.21 — 15.509 x 6 = 4.162. s _
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Viéc woc lvong tham so

> Phwong trinh dwéng hoi quy nhw sau:

Minutes = 4.162 + 15.509Units

> Hang sb cla phwong trinh cho ta

150

100

biét thoi gian bat dau cho mai lan

Minutes

goi stra chira xap xi 1a 4 phut

50

> Hé s6 hoi quy la 15.5 c6 nghia la

méat 15.509 dé goi sra chira 1 don vi
linh kién.
Tw phwong trinh dwédng hoi quy, ta dw bao:

Thei gian cho cudc goi dén dich vu dé slra 4 linh kién la:

j = 4162+ 15509 x 4 = 66.20
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Viéc woc lvong tham so

> Trong phéan tich cua chung ta, chung ta chi dwa ra mét gia dinh, dé la 'Y va X
co quan hé tuyén tinh.

> Céach dé kiém tra gia dinh trén 1a

150

vé scatter plot ciia bién phan hoi

100

va bién dw doan, sau do vé

Minutes

dwdng hdi quy di qua cac diém
do

50

Units

> Puwong hoi quy 1a dwoc xac nhan néu céc diéu kién gia dinh cho bai toan hoi
quy dwoc thoa méan
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Cé&c gia dinh cho bai toan hoi quy
> 1. Assumptions about the form of the model (examining the
scatter plot)

> 2. Assumptions about the errors

=The error g, 1=1,2, ..., n has a normal distribution.
= The errors ¢4, ¢, ..., €, have mean zero

= The errors ¢4, ¢, ..., €, have the same (but unknown)

variance o2 (as the homogeneity or the homoscedasticity
assumption)

= The errors ¢4, ¢, ..., €,, are independent of each other (their
pairwise covariances are zero).

» 3. Assumptions about the observations

= All observations are equally reliable and have an

approximately equal role in determining the regression
results and in influencing conclusion
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> Kiém din

>K%mdm
tuyén tin

Kiém dinh gia thuyét

n gia thuyét vé tham so hai quy B, B
N gia thuyét B,= 0 (khdng c6 moi quan hé

n nao gitra Y va X). dung scatter plot.
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Kiém dinh gia thuyét

> Ho: B;=B,° (B,": constant chosen by investigator)

< BB E-E-(ﬁi) = ’
t-Test VY(zi—z)?’
t = by = B} o Lel _ Dlu-g) _ SSE
s.e.(f1) n—9 n_9 -

> H, bi bac bd tai mirc c6 y nghia a néu:
|t1| £y t{n—laﬂ}'

p(lt1]) € o
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Kiém dinh O%la thuyét

> Vi du: gla SV rang ban quan Iy Kién V|ec tang thoi gian phuc
vu cho mdi don vi bd sung sé dwoc slra chiva Ia 12 phut.

> Thuc hién kiém dinh sau:
> Hy: B= 12 h ;
»Hy B# 12 4 - b - 12 ) _ 15509 - 12 6048 g = B Eﬁﬂ;
g0 (}31] 0.0 s.e.(f1
tn-2,072)= Y12, 0. 025)=2.18 t1] 2 tn-2,a/2)
(xem bang sau)

> 1,=6.948>2.18: > bac bo H,

> Management's estimate of their increase in time for each
additional component to be repaired is not supported by the
data.
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Kiém dinh gia thuyét

t-Distribution with n Degrees of Freedom

X

T 0.10 0.05 0.025 0.010 0.005
1 3.08 6.31 12.71 31.82 63.66
2 1.89 2.92 4.30 6.97 9.92
3 1.64 2.35 3.18 4.54 5.84
< 1.53 2.13 278 3.75 .60
5 1.48 2.02 2.57 3.36 4.03
6 1.44 1.94 2.45 3.14 3.71
7 1.42 1.89 2.36 3.00 3.50
y 1.40 1.86 2.31 2.90 3.36
9 1.38 1.83 2.26 2.82 3.25
10 1.37 1.81 2,23 2.76 3.17
12 1.36 1.78 2.18 2.68 3.06
14 1.34 1.76 2.14 2.62 2.98
16 1.34 1.75 2.12 2.58 2.92
18 1.33 1.73 2.10 8 o 2.88
20 1.32 1.72 2.09 2.53 2.84
30 1.31 1.70 2.04 2.46 2.75
40 1.30 1.68 2,02 2.42 2.70
60 1.30 1.67 2.00 2.39 2.66
120 1.29 1.66 1.98 2.36 2.62
o0 1.28 1.64 1.96 2.33 2.58
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Khoang tin cay
> Dé xay dwng cac khoang tin cay cho cac tham sO h0| quy,
chling ta cling can gia s rang ¢ c6 phan phdi chuan

> (1- a) x 100% confidence interval for 3, Is given by
> (1- a) x 100% confidence interval for (3, is given by

Bﬁ T t{n—?,aﬂ} A S-E-(Bl})

B T -20/2) X (51)
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Khoang tin cay
> Tw bang dwéi, ta thay rang 95% khoang tin cay cho f;:

15.509 £ 2.18 x 0.505 = (14.408, 16.610)

Variable Coefficient S.8. {-Test p-value
Constant 4162 3.355 1.24 0.2385
Units 15.509 0.503 30.71 < 0.0001

» Thoi gian gia tang can thiet cho méi don vi linh kién bi
héng la tir 14 dén 17 phut.
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‘ Dw doan . ,,
® Phuong trinh hoi quy don gian c0 thé dugc st dung dé du

doan Qi tri ciia bién phan hoi (response) bang cac gia tri cu
thé cta bién du bao (predictor)
® Gia tri du bao la ¢ tuong tmg vdi X, theo cong thirc sau:

Yo = Po + P1xo
= Khoang tin cay cho gg vdi hé so tin cay 1-a Ia:

ot t(n-?,u/ﬂ) S.E.(ﬁu)
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, , . Dw doan
® Vi du: chung ta mudn du doan do thoi gian ctia mdt cudc

goi dén dich vu trong d6 4 linh kién phai duoc sira chira.

g = 4162 +15.509 x 4 = 66.20
(4-6)

|
5..(7) = 5.992 1+E+ =5.67

® Khoang tin cay cho §, vdi hé so tin cdy 1a 1-a 1a:

ot tn-g,0/) S€.{0b)

66.2 +2.18*5.67
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Measuring the quality of fit

> Sau khi diéu chinh mé hinh tuyen tinh lién quan dénY voi X,
chung ta khong chi quan tam dén viéc liéu MOi quan hé tuyén
tinh c6 ton tai khong ma con do lwdng chat lwong cua sy phu
hop cua md hinh véi dir liéu.

> Chat lwong cua sw phu hop cé thé dwoc danh gia bang mét
trong nhirng cach lién quan sau day:
— Kiém dinh gia thuyét H,
— Kiém tra Cor(Y, X)
— Xem xét biéu doé scatter plot cia Y so v&i Y
— Measuring the quality of fit
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R RRRRRBRRBRBRBRBRERBERBREBERRDRPPEPEPBBEBEEBDBDDSS
I\/Ieasurlng the quallty of fit

Y ~®
SST =SSR + SSE.
SST = 2.(
oSSR SSE
SST  ~~ SST

A
SSR =2(Y,-Y)?

X X

R2: ty I& cua tdbng bién thién cla bién response Y dwoc tinh bdi
bién duy doan X

SSR: do lwdng chat lwong cia X nhw mot yéu té dw doan clia Y
SSE: do lwdng 16i trong dw doan nay
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Measuring the uality of fit

Computer Repa]r Data g q y

Iy Yi i & t &I Yi Y €;

I 1 23 19.67 3.33 8 6 97 9721 -021 SST = S5R + SSE.
2 2 29 3518  —6.18 9 7 109 11272 —3.72

303 49 5069  —169 | 10 8 119 12823 923 gy SSR e §§E
4 4 64 6620 -220 | 11 9 149 14374 526 T §ST

5 4 74 6620 780 | 12 9 145 14374 126

6 5 8 8171 529 | 1310 154 15925 —525

7 6 9 9721 121 | 14 10 166 15925  6.75

= S¢ dung di¥ liéu Stra chira may tinh, cac fitted values va residuals trong

bang trén, ching ta tinh dwoc:

R2

SSE

S i

ST

7768348

J48.843

=().987.

= Gia tri R? = 0.987 cho thay rang gan 99% téng bién thién cta bién phan
hoi(phat) dwee tinh bang bién dw doan(don vi).

= Gia tri cao cia R2 biéu thj moi quan hé tuyén tinh manh mé gitra thoi gian
phuc vu va sb lwong don vi dwoc slra chiva trong mét cudc goi dich vu.
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