CHUONG 8
TUGNG QUAN VA HOI QUY MAU

le mot mau dong thdl cua vectd ngau nhlen Z=(X,Y)taco cac
udc lugng cua cac dic trung cua Z, co du’dng xap xi cua dudng h01 quy cua
Y theo X (hoac X theo Y). Sau day ta xét mot vai van dé cu thé.

8.1. HE SO TUONG QUAN MAU
1. Bang tuong quan maiu

Mot mau kich thuéc n dong thdi vé X va Y ¢6 dang bang s6 liéu
sau day, goi la bang tuong quan mau:

Bang 8.1



Y
X Y2 Yh n;
Y4
X4 Ny, Ny Ny, n,
Xo Ny, Ny Ny, n,
Xy Ny Nyo Nyh n,
m, m, m, m, T=n

Trong bang 8.1 G trén:
xi (i=1,K) - 12 cdc gid tri ma X nhan

yj (j=1,h) - 1a cdc gid tri ma Y nhdn

ni (i =1, k) - 1a s6 1an X nhan xi

mj (j =1,h) - 12 s6 1an Y nhin yj

ni,j (i=1,k,j=1,h)-1a s6 1an ddng thdi X nhan xi vd Y nhan yj
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2. Hé s6 tuong quan miu
Ta goi: _

Xy —Xy
SxSy

I'xy =

12 hé s6 twong quan mau gitta X va Y.

Hé s6 twong quan mau 12 mot udc lugng ciia hé s6 tudng quan
(xem muc 5 phan 3.4 chuong 3).
Vi du 8.1. S6 von dau tu X va 1¢i nhuian Y trong mdt don vi thdi gian
cua 100 quan sit, dugc so liéu:

X Y 10,3 0,7 1,0 n,
1 20 10 30
2 30 10 40
3 10 20 30
m, 20 50 30 n=100

Tim hé s6 tuong quan gitta X va Y.




Giai. Ta co:

X =100(130+240+33o =2.00
PG ﬁl 30 +22.40 +32.30) =4,60
46 2.00% = 0,6

'~<|C>’<3N><

—100(03 20+0,7.50+1,0.30)=0,71

§2_100(03 20+0,7°.50 +1,0°.30)=0,563
s$ =0,563- 0,712 =0,0589
Xy=1—(])6(0’3.20+O,7.1O+1,4.30+2.10+2,1.10+3.20)=1,56

tr d6 hé s6 tuong quan mau la:
I 1,56 -2,00.0,71 0.7447
7 f0,60.0,0589




8.2. PUGNG HOI QUY
1. Pudng hoi quy miu
Ti€p tuc xét badng 8.1. V6imdi i = Lk , dait:

h
Yx; = (Y‘X = Xi)z iZ:nijyj

n; 45

12 trung binh mau cda Y khi X = xi.

Bi€u dién céc_dié'm (Xi,Yy;) 1€n mét phang toa d6 va ndi cic diém
(XL,Yx; ) va ( X;,q, Yxjp1) biing mot doan thing (i =1,k — 1), ta dugc mot
duong gap khuc,
goi 12 dudng hodi quy mau Y theo X.

Pudng hoi quy miu 12 mot xap xi cia dudng hdi quy, titc 1a do thi
ctia ham f(x) = E(Y | X=x) (xem phén 3.4 chuong 3).

Tuong tu ta cling c6 dudng hdi quy mau X theo Y.

Vi du 8.2. Pi€m ki€m tra chit lugng mon todn (X) vd mon vin (Y) clia
100 hoc sinh, c6 s0 liéu:



J

X 4 | 5 | 6 7 8 n,
3
3 1 2 3
4 3 5 4 12
5 11 | 13 | 4 28
6 7 | 23 | 7 37
7 4 8 15
8 3 5
n. 1 5 | 16 | 24 | 31 | 18 n =100

Lap dudng hoi quy mau Y theo X.

Giai. Ta co:

— 1
Y3 = =
° 73
_ 1
Y- =
t T 12

Yr = —
° 728

1

(3.1+4.2)=3,67

(4.3+5.5+6.4)=5,08

(5.11+6.13+ 7.4) = 5,75




1

Yo = -(67+7.23+87)=700
V=2 (74+88+93)=793 =
15 81—
Y = 1(8.3 +9.2) = 8,40 e
5 6 + 5'08
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o e
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Ta c6 duong hoi quy mau Y theo X nhu trong hinh vé.



2. Pudng hoi quy tuyé&n tinh miu
1- Phuong trinh duong hoi quy tuyén tinh mdu

Pudng hodi quy tuyén tinh miu Y theo X 13 dudng thing c6 phuong
trinh: y=ax+b
“gan” v6i dudng hdi quy miu Y theo X nhit, theo nghia (a,b) 13 diém
cuc ti€u clia ham:

Q(a,b) = ini[?xi — (ax; — b)]2
i1

Pinh 1y 8.1. Phuong trinh hdi quy miu Y theo X la:
y=ax+b

trong do: Xy — X.y
a=—"—
S¥ )
Chitng minh. Q(a,b) 1a ham hai bi€én c6 cidc dao ham ri€ng lién tuc, bi
chin du6i bdi O nén Q c6 gid tri nhd nhat. Ta sé& chira Q c6 mot di€m

dirng duy nhat, khi d6 toa do clia di€m dirng chinh 12 (a,b) mudn tim.

b=y-ax



Ta co:

—:—ZZn (Y - ax; - bx,
= 2 aZX1n1+bZn ZDXYX}

— 2 nax_ + nbx - ZZnu X;X J)

i=1 j=1

= 2n(ax2 + bx — ij

2—1) :—2;ni(?xi — aXj —b)Xi
k k k
= 2 aZniXi + bZni — Zni?xi}
i=1 i=1 i=1
B k
= 2| nax + nb — Zniij}

j=1

= 2n(a)_( + b — 37)



tir d6 ta c6 di€ém dirng 13 nghiém cla hé:

e I ¥

) 0a ax +bX:xy<:><a——2 —

oQ _ _ X“ - X

X _0 ax+b=y DY ax

\ab \ =y —ax
hay: v _

a—XyAZXy,bzy—aX

Sx

Hoan toan tuong tu ta ¢ dudng hodi quy tuyén tinh mau X theo Y.

Vi du 8.3. V6i s6 liéu nhu trong vi du 8.2, hiay tim dudng hdi quy tuyén
tinh Y theo X.

Giai. Ta co:



X = ﬁ (3.3+4.12+5.28+6.37+7.15+8.5) = 5,64

X = ﬁ (3%2.3+4212+5%28+ 6237+ 7215+ 8%5) = 33,06
s2 =x2_x =33.6-564% =125
— 1

y© = m(&l +4.5+5.16+6.24+7.31+8.18+9.5) =6,53

Xy = ﬁ (3.3.1+3.42+4.43+455+4.64+5511+5.6.13+5.7.4 +

+6.6.7+6.7.23+6.8.7+7.7.4+78.8+7.9.3+8.8.3+8.9.2)
= 38,05

g = 38,05-5,64.6,53
1,25
DPudng hdi quy tuyén tinh miu Y theo X la:
y =0,98x + 1,00

=0,9; b=6,53-0,98.5,64 =1,00



2- Y nghia ciia duong hoi quy tuyén tinh mdu

Né&u X va Y ¢6 tuong quan xap xi tuyén tinh thi dudng hdi quy cho
ta kha nang du bao mdt cach don gian:

X=x,=2>Y=y,=ax,+b

Vi du 8.4. V4i s0 liéu nhu trong vi du 8.2, ta co:

X=9=Y =0,989 +1,00 = 9,82

Dleu nay co y nghia 13, mdt hoc sinh c6 di€m todn 9 thi ¢6 kha ning
diém mon vin 13 10.

BAITAP

8.1. Biéu tra d6 mon ludi dao cua mot xudng kim khi, ta do do day Iudi
dao va thu dugc bang s lidu sau:

Y X (thgi gian s dung: ngay)
(chiéu day IUGi 5 3 5
dao: mm)
2.6 1 2
2,8 1
3,0 3

a) Tai sao n61 X va Y 1a phu thudc tuong quan?
b) Vi€t phuong trinh tudng quan tuyén tinh cua Y doi véi X.



8.2. Tinh hé sd twong quan va tim ham hoi quy u6c lugng dang tuyén

tinh ctia Y @61 v6i X dua vao so liéu cho trong badng tuong quan sau day:

X

Y
n,

8.3. Tim ham udc luong clia ham hoéi quy tuyén tinh cia Y do6i véi X dua

vao cac bang so li€u sau:

a)
X
Y
0,1 0,15 0,2 0,25
10
12 2
14 1 4 2 4




X

Y

1 2 3
5
4 1 2
3 2 2
2 1 2
1 2 1

8.4. Theo doi trong luong Y va thang tudi X cia mdt loai con gidng thu
dugc bang so liéu sau:

A IOIN|=—




a) Hay vé& dudng hoi quy thuc nghiém cia Y d6i v6i X

b) Tim ham hdi quy udc lugng dang tuyén tinh ctia Y d6i vdi X.

8.5. Hay tim ham hdi quy u6c lugng dang tuyén tinh bi€u dién su phu
thudc gitta mdc suy gidm ham lugng dudng Y (%) va thdi gian ch€ bién

X trén ¢d sG bang soO li€éu sau:

30 35 40 45 50
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8.6. Tim ham hoi quy u6c lugng dang tuyén tinh cia Y doi véi X dua
vao cdc bang s6 liéu sau day:

a)
Y
X
10 20 30 40
0,4
0,6
0,8 3 19
b)
Y
X
15 20 25
1 1
2 1
3 2
4 4




8.7. Bang dudi day chi k€t qud thu hoach Y theo lugng phian bén X cua
mot loai hoa mau trén 100 thira rudng:

X

Y

1 2 3 4 5
14 10 8
15 12 7
16 28 6
17 8 9
18 12

a) Hay vé dudng hoi quy thuc nghiém clia Y d6i v6i X
b) Tim hé s tudng mau
c¢) Tim phuong trinh hdi quy tuyén tinh cia Y doi véi X.



8.8. Nghién cttu mdi lién hé gitta X 1a sd tién dau tu cho viéc phong
bénh tinh theo dau ngudi va Y 1 ti 1& ngudi mic bénh & 50 dia phuong
ta thu dugc bang tuong quan thuyc nghi€ém sau day:

X Y (%)

(dong) 2 25 3 3,5
100 2
200 6
300 3
400 1
500 6

a) Tim phuong trinh hdi quy tuyén tinh cia Y d6i v6i X qua mau trén
b) Tim hé sd tudng quan tuyén tinh
c) Néu nim sau dau tu cho phong bénh 1a 600 d/ngudi thi ty 1&é mic

bénh 1a bao nhiéu phan trim?



8.9. Tim ham u6c Iugng clia ham hdi quy tuyén tinh clia Y doi v6i X va
cia X doi véi Y dua vao cdc bang tuong quan sau day:

a)

Y
X
10 20 30
1 1
2 1
3 1 2
4 4
b)
Y
X
1 2 3 4
10 8 3
12 1 7 1
14 1 9 10




8.10. Cho bang tuong quan:

X
Y
1 2 3 4 5
1 3 3
2 2 2 2 2
3 1 2 1
4 2

a) V& dudng hoi quy thuc nghiém clia Y ddi véi X
b) Tinh hé s0 tuong quan mau r

c) Tir cdc k€t qua trén hiay nhan xét vé dang ham hoi quy cia Y
doi véi X.



8.11. Cho bang tuong quan cdc s6 liéu vé mic do ting ning suit lao
ddng X(%) va tdng sdn lugng cia cdc xi nghiép cong nghiép Y (% so

v61 nam truge).

X

85

95

105

115

125

135

85

95

105

115

— T WIN| =

125

WA ]|O |

135

= |IND|h~|O

145

= IDDIN|DN

a) Vé dudng hoi quy thuc nghiém ctia Y doi v6i X
b) Tim ham udc lugng cia ham hoi quy tuyén tinh clia Y ddi véi X.




8.12. C4c s0 liéu cua viéc phan tich 100 miu quing sit dudc cho G bang
dudi. Him lugng oxyt sit X (%), ham luong tap chatY (%).

y Y
3 9 15 21 27 33

35 1 1

45 1 5 4

55 2 18 10

65 6 14 2 2

75 6 3

85

95

a) V& dudng hdi quy thuc nghiém clia Y ddi véi X
b) Udc lugng ham hoi quy tuyén tinh ctia Y doi véi X.



8.13. K&t qua ctia viéc theo doi moi quan hé gitta chiéu cao va trong

luong Y cta hoc sinh, ta ¢6 bang s6 liéu sau day:

Y (cm)
24 27 30 33 36
120 1
125
130
135
140
145
150

X (cm)
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a) Tim hé s6 twong quan mau
b) Tim udc lugng ctia ham hodi quy tuyén tinh ctia Y doi véi X.



8.14. Nghién ctfu vé sy dnh hudng ctia thu nhap X d6i véi mitc do tiéu
ding Y vé mot loai thuc phAm, ngudi ta diéu tra & 200 gia dinh va thu

dugc badng sO li€u sau day:

Y 10 20 30 40 50 60
15 5 7

25 20 23

35 30 47 2

45 10 11 20

55 9 7

Gia thi€t Y phu thudc tuyén tinh vao X.

a) Hay uéc lugng ham hoi quy tuyén tinh cia Y d6i véi X va ddanh
gia mic do chat ché cia su phu thudc dé

b) Hay dv dodn mifc tiéu dung n€u thu nhap 1a 80 nghin/dau ngudi.



8.15. Cho bang tuong quan:

Y

X
1,25 1,5 1,75 2 2,25

8 1 2 3
13 1 4 3
18 7 1
23 5
28

a) Tim hé s6 twong quan mau
b) Tim phuong trinh hoi quy tuyén tinh mau.



PHU LUC
PHU LUC 1
GIA TRI HAM MAT PO GAUSS

f(U) = LV

V2n



U 0 1 2 3 4 5 6 7 8 9
0,0 0,39894 39892 39886 39876 39862 39844 39822 39797 39767 39733
0,1 39695 39654 39608 39559 39505 39448 39387 39322 39253 39181
0,2 39104 39024 38940 38853 38762 38667 38568 38466 38361 38251
0,3 38139 38023 37903 37780 37654 37524 37391 37255 37115 36973
0,4 36827 36678 36526 36371 36213 36053 35889 35723 35553 35381
0,5 35207 25029 34849 34667 34482 34294 34105 33912 33718 33521
0,6 33322 33121 32918 32713 32506 32297 32086 31874 31659 31443
0,7 31225 31006 30785 30563 30339 30114 29887 29658 29430 29200
0,8 28969 28737 28504 28269 28034 27798 27562 27324 27086 26848
0,9 26609 26369 26129 25888 25647 25406 25164 24923 24681 24439
1,0 24197 23955 23713 23471 23230 22988 22747 22506 22265 22025
1,1 21785 21546 21307 21069 20831 20594 20357 20121 19886 19652
1,2 19419 19186 18954 18724 18494 18265 18037 17810 17585 17360
1,3 17137 16915 16694 16474 16256 16038 15822 15608 15395 15183
1,4 14973 14764 14556 14350 14146 13943 13742 13542 13344 13147
1,5 12952 12758 12566 12376 12188 12001 11816 11632 11450 11270
1,6 11092 10915 10741 10567 10396 10226 10059 09893 09728 09566
1,7 09405 09246 09089 08933 08780 08628 08478 08329 08183 08038
1,8 07895 07754 07614 07477 07341 07206 07074 06943 06814 06687
1,9 06562 06438 06316 06195 06077 05959 05844 05730 05618 05508
2,0 05399 05292 05186 05082 04980 04879 04780 04682 04586 04491
2,1 04398 04307 04217 04128 04041 03955 03871 03788 03706 03626
2,2 03547 03470 03394 03319 03246 03174 03103 03034 02965 02898
2,3 02833 02768 02705 02643 02582 02522 02463 02406 02349 02294
2,4 02239 02186 02134 02083 02033 01984 01936 01888 01842 01797
2,5 01753 01709 01667 01625 01585 01545 01506 01468 01431 01394
2,6 01358 01323 01289 01256 01223 01191 01160 01130 01100 01071
2,7 01042 01014 00987 00961 00935 00909 00885 00861 00837 00814
2,8 00792 00770 00748 00727 00707 00687 00668 00649 00631 00613
2,9 00595 00578 00562 00545 00530 00514 0499 00485 00470 00457




PHU LUC 2
GIA TRI TICH PHAN LAPLACE

(V) = /244

1 ¢
Nrik



U 0 1 2 3 4 5 6 7 8 9
0,0 0,00000 00399 | 00798 | 01197 01595 | 01994 | 02392 | 02790 | 03188 | 03586
0,1 03983 04380 | 04776 | 05172 05567 | 05962 | 06356 | 06749 | 07142 | 07535
0,2 07926 08317 | 08706 | 09095 09483 | 09817 | 10257 | 10642 | 11026 | 11409
0,3 11791 12172 | 12552 | 12930 13307 13683 | 14058 | 14431 | 14803 [ 15173
0,4 15542 15910 | 16276 | 16640 17003 17364 | 17724 | 18082 | 18439 [ 18793
0,5 19146 19847 | 20194 20540 | 20884 | 21226 | 21566 | 21904 | 22240
0,6 22575 19497 | 23237 | 23565 23891 24215 | 24537 | 24857 | 25175 | 25490
0,7 25804 22907 | 26424 | 26730 27035 | 27337 | 27637 | 27935 | 28230 | 28524
0,8 28814 26115 | 29389 | 29673 29955 | 30234 | 30551 | 30785 | 31057 | 31327
0,9 31594 29103 | 32121 | 32381 32639 | 32894 | 33147 | 33398 | 33646 | 33891
1,0 34134 31859 | 34614 | 34850 35083 | 35314 | 35543 | 35769 | 35993 | 36214
1,1 36433 34375 | 36664 | 37076 37286 | 37493 | 37698 | 37900 | 38100 | 38298
1,2 38493 36650 | 38877 | 39065 39251 39435 | 39617 | 39796 | 39973 | 40147
1,3 40320 38686 | 40658 | 40824 40988 | 41149 | 41308 | 41466 | 41621 | 41774
1,4 41924 40490 | 42220 | 42364 42507 | 42647 | 42786 | 42922 | 43056 | 43189
1,5 43319 42073 | 43574 | 43699 43822 | 43943 | 44062 | 44179 | 44295 | 44408
1,6 44520 43448 | 44738 | 44845 44950 | 45053 | 45154 | 45254 | 45352 | 45449
1,7 45543 44630 | 45728 | 45818 45907 | 45994 | 46080 | 46164 | 46246 | 46327
1,8 46407 45637 | 46562 | 46638 46712 | 46784 | 46856 | 46926 | 46995 | 47062
1,9 47128 46485 | 47257 | 47320 47381 47441 | 47500 | 47558 | 47615 | 47670
2,0 47725 47193 | 47331 | 47882 47932 | 47982 | 48030 | 48077 | 48124 | 48169
2,1 48214 47778 | 48300 | 48341 48382 | 48422 | 48461 | 48500 | 48537 | 48574
2,2 48610 48257 | 48679 | 48713 48745 | 48778 | 48809 | 48840 | 48870 | 48899
2,3 48928 48645 | 48983 | 49010 49036 | 49061 [ 49086 | 49111 | 49134 | 49158
2,4 49180 48956 | 49224 | 49245 49266 | 49286 | 49305 | 49324 | 49343 | 49361
2,5 49379 49202 | 49413 | 49430 49446 | 49461 | 49477 | 49492 | 49506 | 49520
2,6 49534 49396 | 49560 | 49573 49585 | 49598 | 49609 | 49621 | 49632 | 49643
2,7 49653 49547 | 49674 | 49683 49693 | 49702 | 49711 | 49720 | 49728 | 49736
2,8 49744 49664 | 49760 | 49767 49774 | 49781 | 49788 | 49795 | 49801 | 49807
2,9 49813 49752 | 49825 | 49831 49836 | 49841 | 49846 | 49851 | 49856 | 49861
3,0 49865 49819
3,5 4997674
4,0 4999683
4,5 4999966
5,0 4999997133




PHU LUC 3
QUY LUAT POISSON

Trong bang cho gid triP(X = k) = e @ <



0,1 0,2 0,3 0,4 0,5
0 0,9048 0,8187 0,7408 0,6703 0,6065
1 0,0905 0,1637 0,2222 0,2681 0,3033
2 0,0045 0,0164 0,0333 0,0536 0,0756
3 0,0002 0,0011 0,0033 0,0072 0,0126
4 0,0001 0,0003 0,0007 0,0016
5 0,0001 0,0002

a

k

0,6 0,7 0,8 0,9 1,0
0 0,5488 0,4966 0,4493 0,4066 0,3679
1 0,3293 0,3476 0,3595 0,3659 0,3679
2 0,0899 0,1217 0,1438 0,1647 0,1839
3 0,0198 0,0284 0,0383 0,0494 0,0613
4 0,0030 0,0050 0,0077 0,0111 0,0153
5 0,0004 0,0007 0,0012 0,0020 0,0031
6 0,0001 0,0002 0,0003 0,0005




1,5 2,0 2,5 3,0 3,5
0 0,2231 0,1353 0,0821 0,0498 0,0302
1 0,3347 0,2707 0,2052 0,1494 0,1057
2 0,2510 0,2707 0,2565 0,2240 0,1850
3 0,1255 0,1804 0,2138 0,2240 0,2158
4 0,0471 0,0902 0,1336 0,1680 0,1888
5 0,1141 0,1361 0,0668 0,1008 0,1322
6 0,0035 0,0120 0,0278 0,0504 0,0771
7 0,0008 0,0034 0,0099 0,0216 0,0385
8 0,0001 0,0009 0,0031 0,0081 0,0169
9 0,0002 0,0009 0,0027 0,0066
10 0,0002 0,0008 0,0023
11 0,0002 0,0007
12 0,0001 0,0002




PHU LUC 4
BANG PHAN PHOI STUDENT

Trong bang cho gia tri Té{ sao cho:

P[T| < Ty1=1-a (k1 bac ty do)



n/ a 0,2 0,1 0,05 0,025 0,01 0,005
1 3,0777 6,3137 12,7062 25,4519 63,6559 127,3211
2 1,8856 2,9200 4,3027 6,2054 9,9250 14,0892
3 1,6377 2,3534 3,1824 4,1765 5,8480 7,4532
4 1,56332 2,1318 2,7765 3,4954 4,604 1 5,5975
5 1,4759 2,0150 2,5706 3,1634 4,0321 4,7733
6 1,4398 1,9432 2,4469 2,9687 3,7074 4,3168
7 1,4149 1,8946 2,3646 2,8412 3,4995 4,0294
8 1,3968 1,8595 2,3060 2,7515 3,3554 3,8325
9 1,3830 1,8331 2,2622 2,6850 3,2498 3,6786
10 1,3722 1,8125 2,2281 2,6338 3,1693 3,5814
11 1,3634 1,7959 2,2010 2,5931 3,1058 3,4966
12 1,3562 1,7823 2,1788 2,5600 3,0545 3,4284
13 1,3502 1,7709 2,1604 2,5326 3,0123 3,3725
14 1,3450 1,7613 2,1448 2,5096 2,9768 3,3257
15 1,3406 1,7531 2,1315 2,4899 2,9467 3,2860
16 1,3368 1,7459 2,1199 2,4729 2,9208 3,2520
17 1,3334 1,7396 2,1098 2,4581 2,8982 3,2224
18 1,3304 1,7341 2,1009 2,4450 2,8784 3,1966
19 1,3277 1,7291 2,0930 2,4334 2,8609 3,1737
20 1,3253 1,7247 2,0860 2,4231 2,8453 3,1534
21 1,3232 1,7207 2,0796 2,4138 2,8315 3,1352
22 1,3212 1,7171 2,0739 2,4055 2,8188 3,1188
23 1,3195 1,7139 2,0687 2,3979 2,8073 3,1040
24 1,3178 1,7109 2,0639 2,3910 2,7970 3,0905
25 1,3163 1,7081 2,0595 2,3846 2,7874 3,0782
26 1,3150 1,7056 2,0555 2,3788 2,7787 3,0669
27 1,3137 1,7033 2,0518 2,3834 2,7707 3,0565
28 1,3125 1,7011 2,0484 2,3685 2,7633 3,0470
29 1,3114 1,6991 2,0452 2,3638 2,7564 3,0280
30 1,3104 1,6973 2,0423 2,3596 2,7500 3,0298




