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1.1 Calculate the sample means , the sample variance and the sample covariance.

X X, (X1_71)2 (Xz _Yz)z (X1_Y1)(X2 _Yz)
3 1.65 1.65 1.65
4 5.5 0.08 0.62 0.22
2 4 5.22 5.22 5.22
6 7 2.94 0.51 1.22
8 10 13.80 13.80 13.80
2 5 5.22 1.65 2.94
5 7.5 0.51 1.47 0.87

Total 30 44 29.43 24.93 25.93

Sample mean 4.29 6.29

Sample variance 4.20 3.56

Sample covariance 3.70
X X,

Sample mean 4.29 6.29

Sample variance 4.20 3.56

Sample covariance 3.70

Note:

n v )2
Sample variance = ZM k=12
=L n
. - -
Sample covariance = Z (5 = X)Xy Xk),i =12 k=12

=L n
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1.2
X ‘ 3 ‘ 5 ‘ 5 | 7 ‘ 7 ‘ 7 ‘ 8 ‘ 9 | 10 ‘ 11
X, ‘ 2.3 ‘ 1.9 ‘ 1 | 0.7 ‘ 0.3 ‘ 1 ‘ 1.05 ‘ 0.45 | 0.7 ‘ 0.3

a) Construct a scatter plot of the data and marginal dot diagrams.

x2 Scatter Plot
2.8 -

o 2.3 - *

* 1.8 - ¢
e 1.3 -
% s 8 L > ¢
S .. 0.8 * *
a ’ *

ee 03 - * *

x1

Dot diagram

b) Infer the sign of the sample covariance s, from the scatter plot

A 4
nnmsiarsan Scatter Plot yafiuuaTduanasnin srewmvn siudie X, mndu X, dosas

nansiuaTeanutoves Sample covariance s, asiiuaieanuiay

c) Compute the sample mean , the sample variance , the sample covariance and
sample correlation coefficient. Interpret these quantities.

X = 7.2 X, = 0.97
Sy = 5.36 S2 = 0.3956
Si, = -1.169 P = -0.80279

A . A & Ay Y & o o da Y o a s
AMNNITNTUIAN T W‘]J'nll‘ﬂu‘].]uﬁuuﬁguﬂ“"‘lﬂalﬂﬁ -1 !ﬂuﬂ’nﬂﬁ“wu‘ﬁmﬁlﬁu(') UUADBDIYTDIUA

o o A w o v o o A 7. o 2
NUIIANVYUDINUNUANUAUNUTHUUNDINUNY uua@ﬂ\ﬁﬂﬂu@lﬁ@’]fﬂJ'lﬂi']ﬂ'lau']ﬂsll@\iuuﬂﬂgﬁﬂﬂa\?hlﬂ
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d) Display the sample mean array X , the sample variance-covariance array S, and the
sample correlation array R using (1-18).

- 7.2
Sample mean X =
10.97
[ 536 -1.169
Sample variance and covariance S, =
| -1.169 0.3956
_ 1 —-0.80279
Sample correlation R =
| —0.80279 1
1.3 Find the array X,S andR.
% 9 2 6 5 8
X 12 8 6 4 10
X 3 4 0 2 1
[6
Sample mean X =|8
6 4 -14
Sample variance and covariance S,  =| 4 8 1.2
-14 12 2
1 0.57735 -0.40415
Sample correlation R 0.57735 1 0.3
| —0.40415 0.3 1
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14
Company

(millions of dollars) % =sales X, = profits X; = assets
General Motors 126,974 4,224 173,297
Ford 96,933 3,835 160,893
Exxon 86,656 3,510 83,219
IBM 63,438 3,758 77,734
General Electric 55,264 3,939 128,344
Mobil 50,976 1,809 39,080
Philip Morris 39,069 2,946 38,528
Chrysler 36,156 359 51,038
Du Pont 35,209 2,480 34,715
Texaco 32,416 2,413 25,636

a) Plot the scatter diagram and marginal dot diagrams for variables x, and x, .
Comment on the appearance of the diagrams.

x2 5000 - Scatter Plot
» +
' 4.“‘] h » 'S L )
+ L 4
£ + 3,000 - *
> »
5 2000 - *
8
1,000 -
+ ) » x1
| ] ]
S0.000 100,000 150,000
e e » * » »
Dot diagram
b) Compute
X, = 62,309 e = 2,927
Su = 900,458,202 S22 = 1,287,018
S = 23,018,040 I = 0.676152
vnmsinsana I, wohiisuuavuazdandilng 1 iuaruduiusizadu () Wude ns

v o ~ v o Jda g o A A A £, < L 4
Y18 (sales) ﬂ'llﬂ'lhli (proﬁts) UANUAUWNUDIFUTULUUAUNU (+) AD mmJﬂﬁ"lﬂﬂlﬂﬂ"lluﬂﬂiﬂﬂmwmm

g 1aldhe

Adv. Statistical Methods in Quality Eng



1.5 Use the data in Exercise 1.4.

191 Hueru sviar 48850226
http://beam.to/statistics

a)
X3 200,000 - Scatter Plot
. L
*| 150,000 - *
* L ]
5 100,000 -
;o .o
8 E 30,000 1 ¢ o ®
- x2
1.000 2000 3.000 4000 5000
" -+ > e
Dot diagram
X3 190,000 - Scatter Plot
® L
* +
140,000 -
- +
IS
o
g 4 0000 .
8 ™ ‘
8| 40,000 - RO
®
%1
50,000 100,000 150,000
e e B . & *

Dot diagram

' 4 4 Y 4
Comment : 91NN3NIIYT Scatter Plot 3A plot Hund TdusuIuIn 181l ieeesgi vudie X, 1n

1 L v £ < L 9 o A o \ a o o da
YU X3 UINUUAIY LA Xl UINUU X3 AUINVUAIYLFUNU ﬁﬁqﬂﬂﬂﬂ ﬂ’lbli(proﬁts)u'mgllﬂj'lllﬁllwuﬁlslﬁ

9 v A v 1 [ @ d a 9 v A v
AUIUDUINEOAUFUNT W(assets) 1AL NITV1Y(sales) WV HANUFUNUTIFUFTUUUDLINGE) AUAUNTNE

9 v [
(assets) AYLYUNU
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b) Compute the array X , S, and R .
62,309
2,927
81,248

Sample mean X

Sample variance and covariance S,
900,458,202 23,018,040 1,360,644,507
=| 23,018,040 1,287,018 41,089,157
1,360,644,507 41,089,157 2,682,440,803

1 0.676 0.875
Sample correlation R =10.676 1 0.699
0.875 0.699 1

Adv. Statistical Methods in Quality Eng



191 Hueru sviar 48850226
http://beam.to/statistics

1.7 You are given the following n =3 observations on p =2 variables.
Variable 1 Variable 2

2 1
3 2
4 4

a) Plot the pairs of observations in the two-dimensional “variable space.”

Variable space
4+ °
3
N
[
o
S 24 °
®©
>
14 )
0 T T T T
0 1 2 3 4
variable1

b) Plot the data as two points in the three-dimensional “item space”.

ltem Space
6 -
—
° °
4
item3
2 — |
- 6
4
OO’ 2 item2
2
4 0
item1 6
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1.9
x1 | 6| 3| -2]1]2]5]86] 8
x2 | 2|31 ]|1]2]1]5]3

a) Plot the data as a scatter diagram, and computes,, ,S,, ands,, .

ScatterPlot
10 - x2
§ 4 L 4
H L 4
R
’ : ’ 'y |
i""""""""i"""""""ﬂ 'E""""""""'i""""""""i
-0 5 (R L 10
L 3 C
L 4
5 -
Siy = 20.48438 S22 = 6.1875
Sz = 9.09375
b)
% X, ™
-6.27 0.83 50 .
-4.011  -1.383 .
-1.36 1.775 .
0.461  -1.337 00l ‘ ‘ I
2.674 0.922 . . :
4.933 -1.291 . 26
7.584 1.867 . . 4
8.506 -0.807
10.0
2.54
25 [ ] [ ] L]
-5.0 T T T T T
20 -15 -10 5 0 5 10
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c) Compute the sample variances$;,and§,, .

Sip 24.90407

Sp2 1.769002

d) Transform new pair of measurements

% %
272 -355

The distance d (0, P) =2.72417882169943

e)
a, = 0.1409
Ay, = 0.464572
a, = -0.20678

The distance d (0, P) =2.72417882169944

a1 The distance figmam18nna1 €) uaz d) Sawinieniu waan Within rounding error fidnifes

9
MU
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1.16

Sample mean X

Sample variance and covariance S

10.012
0.010
0.021
0.019
0.009
0.008

0.010
0.011
0.018
0.020
0.008
0.009

0.021
0.018
0.077
0.064
0.016
0.012

Sample correlation R

1
0.852
0.691
0.668
0.744
0.678

0.852
1
0.612
0.749
0.742
0.810

0.691
0.612
1
0.894
0.552
0.440

0.019
0.020
0.064
0.067
0.017
0.016

0.668
0.749
0.894
1
0.626
0.619

0.009
0.008
0.016
0.017
0.011
0.008

0.744
0.742
0.552
0.626
1
0.729
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0.8438 ]
0.81832
1.79268
1.73484
0.7044
0.69384 |

0.008]
0.009
0.012
0.016
0.008
0.010 |

0.678]

0.810

0.440

0.619

0.729
1

a 1 us: 1A ¥ o A @ @ A o 3
-NITNINTUIAT T mwmwmmmmauwumw&'mmumn(ﬂ AUNN muﬂwmmiﬁnmuu

= k4 a & A . . a A da Y A a .
A9 D1NIEANFUANUINAT Mineral content in bones ¥1N ﬂi%@ﬂ‘]ﬁuﬂﬂuﬂlﬂluﬁliuﬂﬂﬂ&’il?n Mineral content

in bones 1N 1lde 13udu

v
-N15W915841 Dominant 8% Nondominant mmﬂix@mmazmuﬁq 393U

1 o = v W J a 1
WU Dominant Radius N1 Nondominant Radius ummfmwumwé’mmumﬂ(ﬂama

u1Nn(0.852)

! . g . o [ d a 9
WU Dominant Humerus N1 Nondominant Humerus ﬁﬂ’ﬂiJﬁllWU‘ﬁLGNLﬁuL!,‘]JMU’Jﬂ(ﬂ

9819110(0.749)

w171 Dominant Ulna i1 Nondominant Ulna a3 duiusisadunuuuin)es1anin(0.729)
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Chapter 2
2.1
a) Graph the two vectors.
—____ 0O
5 -
]
—____—_—‘——_
4
3
x3
2
" - 5
. 4
0 o X2
1
b)
0] L, =5.91608
(i) cos(d) = L
5.91608x3.316625

cos(0) = 0.050965

6 =87.07867

(iii)  Projection of y on x =

-1
1

~'5.91608x5.91608

—0.028571
=| 0.085714
0.028571

Adv. Statistical Methods in Quality Eng



x3

191 N sviar 48850226
http://beam.to/statistics

Adv. Statistical Methods in Quality Eng



191 N sviar 48850226

2.2 Given the matrices

b)

4 -3 S
-1 3
A= , B=| 1 -2, C=|-4
4 2
2 0 2

Perform the indicated multiplications.

5 15
5A =
[20 10}

-16 6
BA=| -9 -1
2 -6
-16 -9 2
AIBV —
6 -1 -6
CB= [12 —7]
Is AB defined?

No,AB is not defined.
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2.8 Given the matrices

ez 5

Eigenvalue A =2
A,=-3
1o A =2
0.8944
1 {0.4472}
1o A, =-3

0.4472
e, =
—-0.8944
Determine the spectral decomposition (2-16) of A

[0.8 0.4} [0.2 —0.4}
A= 2x + (=3) x

04 0.2 -04 0.8
16 0.8 N -06 1.2
108 04 12 -24
1 2
A=
_2 _2}
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2.21 Given the matrices

9 1
AA=
5o

Eigenvalue

e A°=10
Eigenvector

L ~0.7071
' —0.7071

til Al =8
Eigenvector

- 0.7071
2 1-0.7071

b)

Eigenvalue

1o 22 =10

1

Eigenvector

—0.4472

vV, =

—0.8944

til A} =8
Eigenvector

0
v,=1
0

|
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o A2=0
Eigenvector
—0.8944
v, = 0
0.4472

1nde a) taz b) aziud The nonzero eigenvalues are the same as those A’A

Tag 2=09 A%, A2 milounu
1 2

c) Obtain the singular-value decomposition of A
, 9 1| [-0.7071 -0.7071
AA'u, = X =10x
1 9| |-0.7071 —-0.7071

9 1 0.7071 0.7071
AA'U, = X =8x
1 9 -0.7071 -0.7071

nanlan A, =3.162278 i Singular-value decomposition of A
A, =2.828427
fignd
[-0.4472 0
=3.162278x| 0 [x[-0.7071 -0.7071]+2.828427x| 1 |x[0.7071 —0.7071]
| —0.8944 0
0.316215 0.316215 0 0
=3.162278 x 0 0 +2.828427x%|0.7071 -0.7071
| 0.63243  0.63243 0 0
11 0 0
=0 0|+|2 -2
2 2/ |0 0
1 1
=12 -2|=A
2 2
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2.24 Let X have covariance matrix

400
>=[0 90
001
Find
a) >
190
4
Si-lo Lo
9
001

b) The eigenvalues and eigenvectors of Z :

Eigenvalue A =9
A, =4
A, =1
iiio A =9
Eigenvector
0
e =-1
0
il A, =4
Eigenvector
-1
e=|0
0
e /13 =1
Eigenvector
0
e=|0
-1

c) The eigenvalues and eigenvectors of z -,

Eigenvalue 4 =1
A, =0.25
A, =0.1111
14D A =1
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Eigenvector

0
e=|0
-1
o A, =0.25
Eigenvector
-1
e,=|0
0

e A =0.1111
Eigenvector

e =|-1
0
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b)

d)

9)

h)
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2.30
@y _ 4
oo
E(AX®) =E(X,+2X,)
=E(X))+2E(X,)
=10
oy |30
Cov(X )_{O J
Cov(AX®)  =Cov(X,+2X,)
=c>c
3 0] [1
a2 I
=7
2y — ?
o]
X, —2X,
E(BX®) =E{2X x }
[E(X;-2X,)
__E(zxg—le)}

_ I E(Xs) _ZE(X4)
[ 2E(X,)-E(X,))

{3

Cov(X @) = {_92 _42}

Cov(BX ®)

=C)y ,C’

1 279 211 2
= X X

2 1|2 4] |2 -1
13 -10] [1 2

= X

20 8] |-2 -1

[33 36

136 48
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2 2
i Cov(X®, X®@) =
) ( ) [1 O}

) Cov(AXW BX®@)  =C> . C
C=AB=[5 -4]

_[5 _4]><E zH_ﬂ

=-10
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