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1. You will be expected to be able to solve this type of problem without assistance on an exam. A sequence of
nu{mber pairs (x;, y;), 1 < 100 has

¥=8  x=80
y=10  y*=136 xy=96F 0
Express in formula, evaluated formula, and reduced answer:

a. Sy (n-1 divisor sample sd of x scores)

i J— _ LQ,D
=2 Jmee =g 0 = Al

b. O (o-divisor sample sd of x scores)

G = @ 7= {foer =(4)

[e]

L

@3 39 -g \raﬁ - 100

ar = X4-xj %3 b 7|

e. Slope f?l of estimated line of regression of y on x.

b=l 262 [
bty - E- L

f. Sketch the line of regression identifying two points on that line with their formula and numerical values.
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g. From (d), determine the fraction of y2 -?2' explained by regression of y on x.
a

{raction  of %";_81 = =

(RS

h. Express the multiple correlation ¥\ r mathematically in terms of y; values and fitted values y,, Determine

o Y fitted values
A

r = r

"lag] = rley]

Fia [r!}g = 'T;,,J.fa,ac.q)

its value from 1.

Crug = rnd,g = {ri =@

2. For the scatterplot and its regression of y on X, given below, determine the requested quantities. You will

need a calculator.

y=dryden ('gl 3 )
30 L4

15} .

X=mortarair

® PR :
(5, 10) L S 8
a. Determine (¥, y) and identify it on the regression line.
% -(5¢Cc+8)/3 =6.61

q = (04 go436)/5 = 40
b. Determine the slope of the regression line from formula calculation and observe that the picture is correct on

‘that. \
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c. Determine the fitted value for the second point from the left.

Ao.-:“_— =40 -5 - |¢o
Pa J ’bx B 3

™
Yo = fo +'f\b.x2 = 69, 5,5 [0
15 E 15

d. Determine the correlation r between x and y scores.

N Y 107 o) .

i AR TR

3 e

e. Determine the correlation ryyr between fitted scores and y scores and verify that indeed it is equal to | 1 |
where r is the correlatlon from (d).

= 160 .15 255 . G 2 bop R 2leo, 15,9 o 235
9"1'!9“”5‘9& :6*13::‘5 ! 3 = b rb PTEIRT 1
i 80,40 4t . dO0N150 . % = = 4oAs- ox L0
2 = =70 = E . . z - =
29 Ej 507 = G‘J' Jﬂ -G 2 X . MLR"'&"LLS — _Q,@ Il

Cyely VI = 1%

d. Determine the slope of regression.
T still dont undersiwel  whar gou ore ash'mg here

T the the wme as e lﬁ, fd we found v b which Cﬁflmk 149

e. Give the 3 by 2 design matrix xmortarair for a matrix formulation of this LR. -
Fy s
UL desgne - H0sE (e, et
3 MatricForm [ 7o)

f. What regression quantities are produced by the Mathematica codes below?

PseudoInverse[xmortarair].dryden
p o
0 £

fb!:

IE
Inverse[ Transpose[xmortarair]. xmortaran'] s[drydenresad]

Variance of .

o~

Yoriosh ce Of F’k
Covorianee  of P widh o,




Problem 84

inzz= inletTemp = { 7.68, 6.51, 6.43, 5.48, 6.57, 10.22, 15.69, 16.77, 17.13,
17.63, 16.72, 15.45, 12.06, 11.44, 10.17, 9.64, 8.55, 7.57, 6.94, 8.32, 10.50,
16.02, 17.83, 17.03, 16.18, 16.26, 14.44, 12.78, 12.25, 11.69, 11.34, 10.97 };

33y removalPerc = { 98.09, 98.25, 97.82, 97.82, 97.82, 97.93, 98.38, 98.89, 98.96, 98.80,
98.68, 98.69, 98.51, 98.09, 98.25, 98.36, 98.27, 98.00, 98.09, 98.25, 98.41,
98.51, 98,71, 98.79, 98.87, 98.76, 28.58, 98.73, 98.45, 98.37, 98.36, 98.45};

341+ Length[inletTemp]
Qui{34l= 32

mjzsk= ListPlot [Table [{inletTemp[[i]], removalPerc [[i]]}, {i, 1, 32}],
axesLabel - {"X=inletTempr, sy=removalPercw}, rlotstyle -> PointSize [0.02]]

y=removalPerc

wo @
988 .
® ° - . ®
98.6 | °
L) &
Duliasl= ga4f . ® o,. o .
osal ® [ L]
. ® »
93.0 ®
-
ala. - - : . « x=mletTemp
6 ) 10 12 14 6 18

ifagy= xinletTemp = Table[{l, inletTemp [[i]1}, {i, 1, 32}1;
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MatrixForm [®inletTemp]

.68
.51
.43
.48
.57
10.22
15.69
16.77
17.13
17.63
16.72
15.45
12.06
11.44
16.17
g.64
8.55
7.57
6
8

Sy U 3 =)

.54

.32
10.5
16.02
17.83
17.03
16.18
16.26
14.44
12.78
12.25
11.69
11.34
10.97

T T T = = i e e e e e e e I I e

Pseudoinverse is a least squares solver applicable to systems of linear equations. It produces the unique solu-
tion of simultaneous linear equations in several variables (such as the normal equations of Least Squares) if
there is one. If not, it produces a particular choice of a least squares solution known as the Moore - Penrose
Inverse. In the present example, the matrix formulation of the equations of our linear model is




98.09
98.25
97.82
87.82
97.82
97.93
$8.38
98.8%9
98.96
58.9
98.68
98.69
98.51
98.09
98.25
98.36
98.27
98.
98.09
98.25
$8.41
$8.51
98.71
88.79
©g.87
88.76
58.58
$8.73
58.45
98.37
98.36
98.45
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.68
.51
.43
.48
.57

.22
.65
7T
.13
.63
.72
.45
.06
.44
.17

.64
.55
.57
.94
.32

.5

.02
.83
.03
.18
.26
.44
.78
.25
.69
34
87
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B
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Because the points (%, ¥) do not fall on a line (see the plot above) there is no exact solution of these 3 equations
i only 2 unknowns. The least squares solver uses a Pseudo-Inverse to find a Least Squares solution
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1 7.68 yt(98.09
1 6.51 98.25
1 6.43 97.82
1 5.48 97.82
1 6.57 97.82
1 10.22 97.93
1 15.69 §8.38
1 16.77 88.89
1 17.13 88.96
1 17.63 98.9
1 16.72 0B.68
1 15.45 98.69
1 12.06 98.51
1 11.44 98.09
1 10.17 98.25
Lo9.6d 98.36 ~(ﬁ0) (Careful! It is not a genuine inverse, only LS.)
1 8.55 98.27 |
1 7.57 98.
1 6.9%4 98.09
1 8.32 98.25
1 10.5 98.41
1 16.02 98.51
I 17.83 96.71
1 17.03 98.7%
1 16.18 98.87
1 16.26 98.76
1 14.44 98.58
1 12.78 98.73
1 12.25 98.45
1 11.68 98.37
1 11.34 98.36
1 10.87 98.45

Observe the little dot in the code below. It denotes matrix product and is very important!
mia7i= betahatinletTemp = PseudoInverse [xinletTemp] .removalPerc

oueT= {97.4986, 0.0756914}

Therefore, we have 3 = 97.4986 and B = 0.0756914
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4nj3g7= removalPerchat = xinletTemp .betahatinletTemp

Owiss= {98.0799, 97.9913, 97.9853, 97.9134, 97.995%, 98.2722, 98.6862, 98.7679,
98.7952, 98,833, 98.7641, 98.668, 98.4114, 98.3645, 38.2684, 98.2283,
98.1457, 98.0716, 98.0239, 98.1283, 98.2933, 98.7112, 98.8482, 98.7876,
28.7233, 98.7293, 98.5916, 98.4659, 9B8.4258, 98.3834, 98.3569, 98.3289}

Next, overlay the LS line on the plot of (x, y). Notice that the code below asks that Mathematica jom the line
of LS fitted values, i.e. the line joins points (x;, ;). See that LS produces fitted values falling perfectly on a
line (otherwise Mathematica would have plotted a broken zig-zag line).

magl= Show[ListPlot [Table[{inletTemp [[i]], removalPerc[[i]]}, {i, 1, 32}],
AxesLabel - {"x=inletTemp", "y=removalPerc®}, FlotStyle -> PointSize [0.02]].,
Graphics [Line [Table [{inletTemp [[i]], removalPerchat [[1}]}, {i, 1, 32}]111]

y=removalPerc

osef
93.6
ouagl  og4f
982 ]

98

.0

1

o [en ) - " 1 ) L x=inletTemp
16 8

=
ca
—
=]
—
%]
—
=

m0p= removalPercresid = removalPerc - removalPerchat

oujasi= {0.0101018, 0.25866%, -0.165284, -0.0933772, -0.175881, -0.342154, -0.306186, 0.122067,
0.164818, 0.0669725, -0.0841483, 0.0219797, 0.C985735, -0.274498, -0.01836598, 0.131747,
0.12425, -0.0715722, 0.0661134, 0.12165%, G.116652, -0.201164, -0.138166, 0.00238735,
0.146725, 0.0306697, -0.011572, 0.264076, 0.0241921, -0.0134207, 0.0030713, 0.121077}

32-1 2
(s [removalPercresid])

in411:= Inverse [Transpose [XinletTemp ] .xinletTemp ]

Owfat}= {{0.00791118, -0.000596158}, {-0.000596158, 0.0000496462}}

Ini42h= MatrixForm [%]

Oulf42}MalrixForm=

0.00791118 -0.0005%96158
-0.000596158 0.0000496462

From the above, we estimate the variance of Bo to be 0.00791118, the variance of BI to be
0.0000496462, and the covariance of Bo with Bz (same as cov of Bl with f)‘o) to be
-0.000596158.

Inasp= 97.4985 + 2.042 V0.00791118

Quaz= 97.6801
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Inj4di= ©97.4985 - 2.042 V0.00791118

Outjady= 97.3169
So a 95% CI for B (the true intercept absent errors of observation) is (97.3169, 97.6801)
pa5i= 0.07569 + 2.042 V0.0000496462

outigsi= 0.0900779

ugeer= 0.07569 - 2.042 V 0.0000496462

Outfei= 0.0613021

So a 95% CI for B (the true intercept absent errors of observation) is (0.0613021, 0.0900779)

The residuals of our Mathematica solution have the following mean of squares

Inj47;= mean [ (removalPerc - xinletTemp . {97.49858845327189" , 0.07569137952245805" }) %]

ouiar= 0.0225735

For a partial check on the normal errors assumption of the probability model it 1s customary to
perform a normal probability plot for the residuals to sce if it departs very much from a straight
line.

injs8y= mormalprobabilityplot [removalPercresid, 0.02]

orderstat

02f

Qutjdgs - '2' — '1 "™ l 5 zpercentile

‘Here is the correlation between the independent variable inletTemp and the dependent variable
removalPerc. Squaring it gives the coefficient of determination which is "the fraction of var y
accounted for by regression on x."

ngop= r[inletTemp, removalPerc]

Oua= 0.890883

WECEe % A2

Ougsm= 0.793673




Example 13.12

Inj32;= foree = {30, 40, 30, 40, 30, 40, 30, 40, 30, 40, 30, 40,
30, 40, 30, 40, 25, 45, 35, 35, 35, 35, 35, 35, 35, 35, 35, 35, 35, 35};

n[33;3= power = { 60, 60, 90, 90, 60, 60, 50, 90, 60, 60, 90, 20,
60, 60, 90, S0, 75, 75, 45, 105, 75, 75, 75, 75, 75, 75, 75, 75, 75, 75};

i34)= temp = {175, 175, 175, 175, 225, 225, 225, 225, 175, 175, 175, 175, 225, 225,
225, 225, 200, 200, 200, 2006, 150, 250, 200, 200, 200, 200, 200, 200, 200, 200 };

inj35j:= time = {15, 15, 15, 15, 15, 15, 15, 15, 25, 25, 25, 25,
25, 25, 25, 25, 20, 20, 20, 20, 20, 20, 10, 30, 20, 20, 20, 20, 20, 20 }:

Inf36}= YyStrength =
{26.2, 26.3, 39.8, 39.7, 38.6, 35.5, 48.8, 37.8, 26.6, 23.4, 38.6, 52.1, 39.5, 32.3, 43.0,
56.0, 35.2, 46.9, 22.7, 58.7, 34.5, 44.0, 35.7, 41.8, 36.5, 37.6, 40.3, 46.0, 27.8, 40.3 };

ing373= Length [forcel]

owpr= 30

in[38;= ¥xStats = Table[ {1, force [[i]1], powex[[i]], temp[[i]], time[[il]}, {i, 1, 30}];
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MatrixForm [xxStats]
1 30 60 175 15
1 40 60 175 15
1 30 %0 175 15
1 40 90 175 15
1 30 60 225 15
1 40 60 225 15
1 30 S0 225 15
1 40 Sse 225 15
1 30 60 175 25
1 40 60 175 25
1l 30 %0 175 25
1 4¢ 90 175 25
1 30 60 225 25
1 40 &80 225 25
1 30 90 225 25
1 40 90 225 25
1 25 75 200 20
1 45 75 200 20
1 35 45 200 20
1 35 105 200 20
1 35 75 150 20
1 35 75 250 20
1 35 75 200 1¢
1 35 75 200 30
1 35 75 200 20
1 35 75 200 20
1 35 75 200 20
1 35 75 200 20
1 35 75 200 20
1 35 75 200 20

injaoy= betahatxxStats

PseudoInverse [xxStats].yyStrength

ouao {-37.4767, 0.211667, 0.498333, 0.129667, 0.258332}

As the above, we got o =-37.48 8; = 0.211667 B, = 0.498333 85 =0.1297 and 4 = 0.2583 which matched
the results in the book page 534.

Inis0k= YyStrengthhat

= xxStats.betahatxxStats

cuttao= {25.34, 27.4567, 40.29, 42.4067, 31.8233, 33.54, 46.7733, 48.85, 27.9233, 30.04,
428733, 44.99, 34.4067, 36.5233, 49.3567, 51.4733, 36.29, 40.5233, 23.4567, 53.3567,
31.9233, 44.89, 35.8233, 40.99, 38.4067, 38.4067, 38.4067, 38.4067, 38.4067, 38.4067}

njatk= yyStrengthresid = yyStrength - yyStrengthhat

Cutiéte {0.86, -1.15667, -0.49, -2.70667, 6.77667, 1.56, 2.02667, -11.03, -1.32333, -6.64, -4.27333,
7.11, 5.09333, -4.22333, -6.35667, 4.52667, -1.0%, 6.37667, -0.756667, 5.34333, 2.57667,
~.0.89, -0.123333, 0.81, -1.90667, -0.806667, 1.89333, 7.59333, -10.6067, 1.89333}
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iniszy= Inverse [Transpose [xxStats] .xxStats] (s [yyStrengthresid]) 2

ouzi= {{171.601, -1.55124, -0.36951, -0.35473, -0.886825},
{-1.55194, 0.0443412, 0, 0, 0}, {-0.36951, 0, 0.0045268, 0, 0},
{-0.35473, 0, 0, 0.C00177365, 0}, {-0.886825, 0, 0, 0, 0.0443412}}

MatrixzForm[%]

171.601 -1.55194 -0.36951 -0.35473 -0.886825
-1.55194 0.0443412 0 0 0
-0.36851 O 0.0049268 © 0
-0.35473 O 0 §.00177365 0
-0.886825 0 0 0 0.0443412

-37.48 + 2.060 V171.601

-10.4%47
-37.48 - 2.060 Y 171.601
-64.4653

So a 95% CI for S, (the true intercept absent errors of observation) 1s (-64.4653, -10.4947)

0.2117 + 2.06 \/0. 0443414
0.645482

0.2117 - 2.06 \/0 .0443414

-0.222082

So a 95% CI for 8, (the true intercept absent errors of observation) is (-0.222082, 0.645482)

0.49833 + 2.06 Y 0.00492

0.642824
049m3-L06V0.00492
0.353836

So a 95% CI for B, (the true intercept absent errors of observation) is (0.353836, (.642824)

mpsp= 0.12967 + 2.06 Y 0.00177

Ouif43i= 0.216337

sy 0.12967 - 2,06 Y 0.00177

Outiési= 0.043003

So a 95% CI for S5 (the true intercept absent errors of observation) is (0.043003, 0.216337)
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npasp= 0.2583 +2.06 Y 0.0443412

Qutidei= 0.6922081

wier= 0.2583 —2.06 Y 0. 0443412
Oufér= -0.175481

So a 95% CI for B, (the true intercept absent errors of observation) is (-0.175481, 0.692081)

The residuals of our Mathematica solution have the following mean of squares

mean[(nytrength - ¥xxStats.{-37.47666666666667" , 0.2116666666666666° ,
0.49833333333333335", 0.12966666666666665" , 0.25833333333333325° })2]

22.1706

For a partial check on the normal errors assumption of the probability model it is customary to
perform a normal probability plot for the residuals to see if it departs very much from a straight
line.

Injs0}= mormalprobabilityplot [yyStrengthresid, 0.02]

orderstat
.
"
N @
5 a®
o"".
A - AaralN : —  zpercentile

Outistl gy 1 ..W 1 2

—10}

8= ¥ [yyStrengthhat, yyStrength]
Outiast= 0.844981
nidg= %42

ouwds= 0.713959




Problem 47

niB2)=

IniB3}=

InfB4L=

e

i

injeel=

Infavh=

inggs=

Out{asi=

plastics = {18.69, 19.43, 19.24, 22.64, 16.54, 21.44, 19.53, 23.97,
21.45, 20.34, 17.03, 21.03, 20.49, 20.45, 18.81, 18.28, 21.41, 25.11, 21.04,
17.99, 18.73, 18.49, 22.08, 14.28, 17.74, 20.54, 18.25, 19.09, 21.25, 21.62 };

paper = {15.65, 23.51, 24.23, 22.20, 23.56, 23.65, 24.45, 19.39,
23.84, 26.50, 23.46, 26.99, 19.87, 23.03, 22.62, 21.87, 20.47, 22.5%9, 26.27,
28.22, 29.39, 26.58, 24.88, 26.27, 23.61, 26.58, 13.77, 25.62, 20.63, 22.71 };

garbage = {45.01, 39.69, 43.16, 35.76, 41.20, 35.56, 40.18, 44.11,
35.41, 34.21, 32.45, 38.19, 41.35, 43.59, 42.20, 41.50, 41.20, 37.02, 38.66,
44.18, 34.77, 37.55, 37.07, 35.80, 37.36, 35.40, 51.32, 39.54, 40.72, 36.22 };

water = {58.21, 46.31, 46.63, 45.85, 55.14, 54.24, 47.20, 43.82,
51.01, 49.06, 53.23, 51.78, 46.69, 53.57, 52.98, 47.44, 54.68, 48.74, 53.22,
53.37, 51.06, 50.66, 50.72, 48.24, 49.92, 53.58, 51.38, 50.13, 48.67, 48.19 };

xxWagte = Table[ {1, plastics{[i]], paper[[i]], garbage[[i]], water[[i]]}, {i, 1, 30}1:

vyEnergyContent =
{947, 1407, 1452, 1553, 989, 1162, 1466, 1656, 1254, 1336, 1097, 1266, 1401, 1223, i216,
1334, 1155, 1453, 1278, 1153, 1225, 1237, 1327, 1229, 1205, 1221, 1138, 1295, 1391, 1372 };

Length [xxWaste]

30
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Injgy= MatrixForm [xxWaste]

OutBeMatixForm=

1

T T T T T e e i T T T

injoch» betahatxxWaste

oufeoi= {2244.92, 28.925, 7.64361, 4.29664, -37.3538}

Therefore we have §= 2244.91, [3; =28.925, f,=7.64361, B3=4.29664, fB;=-37.3538

18.
.43
19.
22.
16.
.44

19

21

15.
23.
.45
.34

21
20

17.
21.
.49
.45

20
20

18.
18.
21.
25.
21.
17.
.73
18.
22.
.28
.74

18

14
17

20.
.25

18

15.
.25
21.

21

69

24
64
54

53
97

03
03

81
28
41
11
04
29

45

c8

54

09

62

15.65
23.51
24,23
22.2

23.56
23.65
24.45
19.39
23.84
26.5

23.46
26.99
19.87
23.03
22.62
21.87
20.47
22.59
26.27
28.22
29.39
26.58
24.88
26.27
23.61
26.58
13.77
25.62
20.63
22.7%1

a5.
39.
43.
35.
41.
35.
40.
44,
.41
.21
.45
38.
41.
43.

35
34
32

01
69
16
76

56
18
11

15
35
59

42.2
41.5
41.2

37

38.
44,
34.
.55
.07

37
37

35.
37.
35.
.32

51

39.
T2
L22

40
36

ng1i= YyEnergyContenthat

.02

66
18
77

8
36
4

54

58

46.
46.
45.
55.
54.
.2
43.
51.
49.
.23
.78
46.
53.
.98
.44
54.
48.
.22
.37

47

53
51

52
47

53
53

51.
50.
.72
.24
.92

50
a8
49

53.
51.
50.
48.
48.

.21

31
63
85
14
24

82
cl
06

69
57

&8
74

06
66

58
38
13
67
12

PseudoInversge [xxWaste] .yy¥EnergyContent

= xxWaste.betahatixxWaste

outis= {924.179, 1427.31, 1430.28, 1510.45, 1020.76, 1172.56, 1406.25, 1639.14, 1294.31, 1350.22,
1067.92, 1280.42, 1423.09, 1198.72, 1164.21, 1347.08, 1155.1%, 1482.33, 1232.44, 1177.24,

1253.44, 1251.91, 1338.45, 1210.64, 1234.34, 1192.89, 1179.32, 1250.27, 1374.22, 13939

injo2}= YyEnergyContentresid = yyEnergyContent - yyEnergyContenthat

ouezi= {22.8211, -20.3146, 21.7216, 42.53523, -31.7572, ~10.563, 59.7474,
16.8554, -40.3129, -14,2221, 29.0838, -23.424, -22.0903, 24.2827, 51.7872,
-13.0824, -0.185904, -29.3347, 45.5603, -24.2379, -28.4414, -14.907,
-11.45, 18.3596, -29.3372, 28.1077, -41.3203, £.72798, 16.785, -27.4109}

.41}
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30-1 2
(s [yyEnergyContentresid])

Ine3)= Inverse [Transpose [xxWaste] .xxWaste]

oues)= {{31648.9, -312.105, -277.179, -231.862, ~193.821},
{-312.105, 7.97316, 1.71481, 1.21959, 1.29263},
{-277.179, 1.71481, 5.35382, 2.89513, 0.0750264},
{~-231.862, 1.2195%, 2.89513, 3.67204, -0.09248%6},
{-193.821, 1.29%9263, 0.0750264, -0.09248%6, 3.36437}}

injg4j= MatrixForm%]

QuifodilatrixForm=

31648.92 -312.105 -277.179 -231.862 -19%3.821
-312.185 7.87316 1.71481 1.21959 1.29263
-277.17% 1.71481 5.35382 2.89513 0.0750264
-231.862 1.21950 2.89513 3.67204 -0.092489%96

~193.821 1.29263 0.0750264 -0.0924896 3.36437

From the above, we estimate the variance of 3, to be 31648.9, the variance of B, to be 7.97316,
the variance of 8, to be 5.35382, the variance of B; to be 3.67204, the variance of B, to be
3.36437 and the covariance of f)’o with fB’l (same as cov of fi’] with fi’o) to be -312.105, the covari-
ance of 8, with 3, to be -277.179, the covariance of 5, with Bsto be -231.862, the covariance of B

with 3, to be -193.821 .
2244.92 + 2.06 Y31 648.5

2611.4

2244.92 -2.06 YV 31648.9
1878.44

So a 95% CI for S (the true intercept absent errors of observation) is (1878.44, 2611.4)

28.925 +2.060 YV 7.79316

34.6757
28.925 - 2.060 YV 7.79316
23.1743

So a 95% CI for § (the true intercept absent errors of observation) is (23.1743, 34.6757)

7.64361 +2.060 Y 5.35382

12.4101
7.64361 - 2.060 V¥ 5.35382
2.87112

So a 95% CI for B, (the true intercept absent errors of observation) is (2.87712, 12.4101)
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4.29664 + 2.060 V3.67204

8§.24413

4.29664 - 2,060 V3.67204
0.3459151

So a 95% CI for j3; (the true intercept absent errors of observation) is (0.349151, 8.24413)
-37.3538 +2.060 ¥3.36437

-33.5753

-37.3538 -2.060 V3.36437
-41.1323

So a 95% CI for B, (the true intercept absent errors of observation) is (-41.1323, -33.5753)

The residuals of our Mathematica solution have the following mean of squares

injgs)= mean[(nynergyContent - xxWasta. {2244.92, 28.925, 7.64361, 4.29664, -37.3538})2]

Ouies}= 825.974

For a partial check on the normal errors assumption of the probability model it is customary to
perform a normal probability plot for the residuals to see if it departs very much from a straight
line.

Inj96}= normalprobabilityplot [yyEnergyContentresid, 0.02]
orderstat
60 L]

401 .

20 o9
Outos O wee

e - i1 0 .1 zpercentile
., I -1 i 2

o0®® -20}

s @ —40f
Here is the correlation between the xxWaste and the yyEnergyContent. Squaring it gives the
coefficient of determination which is "the fraction of var y accounted for by regression on x."
inie7i= ¥ [YyEnergyContenthat , yyEnergyContent ]
OutsTi= 0.981872
mesi= %42

Outasi= 0.964073




Problem 52

nf32)=

Ini33}=

Inf3dy=

infasi=

Inf36L=

3=

Outf3TIs

n{38)=

linoleic = {30, 30, 30, 40, 30, 13.18, 20, 20, 40, 30, 30, 40, 40, 30, 30, 30, 30, 20, 20, 46.82 };
kerosene = { 30, 30, 30, 40, 30, 30, 40, 40, 20, 30, 30, 20, 40, 30, 46.82, 30, 13.18, 20, 20, 30};
antiox = {10, 0, 18.41, 5, 10, 10, 5, 15, 5, 10, 1.59, 15, 15, 10, 10, 10, 10, 5, 15, 10 };
x»xPredictors = Table[ {1, linoleic[[i]], kercseme[[i]], antiox[[il]}, {i, 1, 20}];

yyBetacaro = { .7, .63, .013, .04%8, .7, .1, .04, .0065,
.20206, .63, .04, .132, .15¢, .7, .346, .63, .397, .269, .0054, .064 };

Length [xxPredictors]

20

MatrixForm [xxPredictors]

Dut[3gyMatrixForm=

18{391=

Cutias=

1 3¢ 30 10

1 30 30 10

1 30 30 18.41
1 40 40 5

1 30 30 10

i 13.18 30 10

1 20 40 5

1 20 40 15

1 40 20 5

1 30 30 10

1 30 30 1.5%
1 40 20 15

1 40 40 15

1 30 30 10

1 30 46.82 10

1 30 30 10

1 30 13.18 10

1 290 20 5

1 20 20 15

1 46.82 30 10

betahatxxPredictors = PseudoInverse [xxPredictors].yyBetacaro

{0.401075, 0.00110857, -0.00328506, -0.00456155}

Therefore we have fy= 0.401075, f3; =0.00110957, fB,=-0.00328506, B;= -0.00456155

inf4Qy=

Quif40l=

vyBetacarchat = xxPredictors.betahatxxPredictors

{0.290195, 0.29019%5, 0.251832, 0.291248, 0.2901985, 0.271532,
0.269056, 0.223441, 0.35694%, 0.290195, 0.328558, 0.311334, 0.245632,
0.290195, 0.23494, 0.290195, 0.34545, ¢.334758, 0.289142, 0.308858}
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Injs15= vyBetacaroresid = yyBetacaro - yyBetacarochat

Out4ti= {0.409805, 0.339805, -0.238832, ~0.242248, 0.4059805, -0.171532,
~0.229056, -0.216942, -0.154%49%, 0.339805, -0.288558, -0.179334, -0.0956323,
0.409805, 0.11106, 0.339805, 0.0515502, -0.0657577, -0.283742, -0.244858}

20-1

inj42r= Inverse [Transpose [xxPredictors].xxPradictors] (s [yyBetacaroresid]) z

ouez {{0.145654, -0.00192635, -0.00192639, -0.00256853 ),
[-0.00192639, 0.0000642132, 4.38439x107, 4.12113 x 10},
{~0.00192639, 6.94222x107*°, 0.0000642132, -1.2798x 1077},
{-0.00256853, 3.97479 x 107", -2.15821 x107**, 0.000256853 } }

142~ MatrixForm[%]

Cutfa3iMatrinForm=

0.145654 ~0.00192639 -0.00192639 -0.00256853
-0.00192639 0.0000642132 4.38439x1072" 4.12113x10%°
~0.00192639 6.94222x107%° 0.0000642132 ~1.2798x1071?

-0.00256853 3.97479x10™*Y -2.15821x107'% 0.000256853

From the above, we estimate the variance of Bo to be 0.155364, the variance of ﬁl to be
0.000068494, the variance of B, to be 0.000068494, the variance of 3, to be 0.000273976 and
the covariance of [5’0 with Bl (same as cov of Bl with BO) to be -0.00205482, the covariance of

B, with B, to be -0.00205482, the covariance of B, with B5to be -0.00273976.

0.4014+2.12Y0.155

1.23564
0.401-2.12Y 0.155
-0.433645

So a 95% CI for 5, (the true intercept absent errors of observation) 1s (-0.433645, 1.23564)

0.0011 +2.12 0.000068494
0.0186454

0.0011-2.12 " 0.000068424
-0.0164454

So a 95% CI for B, (the true intercept absent errors of observation) is (-0.0164454, 0.0186454)

-0.003285 +2.12 YV 0.000068454

0.0142604
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-0.003285 -2.12 V0.000068494
-0.0208304

So a 95% CI for B, (the true intercept absent errors of observation) s (-0.0208304, 0.0142604)
-D.00456 + 2.12 Y 0.000273976

0.0305307

-0.00456 - 2.12 V0.000273976

-0.03%6507

So a 95% CI for £ (the true intercept absent errors of observation) is (-0.0396507, 0.0305307)

The residuals of our Mathematica solution have the following mean of squares
mean [ (vyBetacaro - xxPredictors . {0.40107525345564266" ,
0.0011095713007991735" , ~0.0032850626229658927 , -0.004561551373064221 1 2]

0.0701631%

For a partial check on the normal errors assumption of the probability model it is customary to
perform a normal probability plot for the residuals to see if it departs very much from a straight
line.

Injady= mormalprobabilityplot [yyBetacaroresid, 0.02]

orderstat
04f L 4 *

03
02

Ontfdd)= 0.1f °

) N . s . -~ zpercentile
2
-0.1p@
of
-] F
-02F
s ae®? 8 b

® . _o3k

Here is the correlation between xxPredictors and yyBetacaro. Squaring it gives the coefficient
of determination which is "the fraction of var y accounted for by regression on x."

Inf4sy= T [yyBetacarchat, yyBetacaro]
Outigs 0.128409
4= %42

Outissi= 0.0164887




