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CHAPTER 1

ANALYSIS OF TERSM MODEL 7
1. INTRODUCTION

In this experiment we look for sources of ill conditioning among regression variables in the
TERSM least squares model from [1]. This metamodel was generated by a least squares
fit of selected input data and provided an estimate of the number of emitters found with a
CEP of 5 nautical miles (nm) or less. The inputs were aircraft altitude and velocity,
azimuth coverage and channel capacity of the sensor. These inputs were combined to
generate a nonlinear system with 22 inputs (up to the fourth order of a single input) to
produce the square root of the number of emitters with a CEP of 5nm or less. Using a 2
layer central composite experimental design, the following model was obtained:

Jy = 23567-0669x, ~2842x, +1298x, +3344x,
-0491x,x, + 0963x,x, + 0414x,x; +1155x%,x,
+0231x,x, + 0404x x,x, + 0198x,x,x, + 0201x,x;X,
—0.285x,x,x, +2037x> — 0,788x; — 2.743x, + 0.714x;

+5836x3 +0.744x; — 2947x; — 5823x;

where:
x, = Altitude
x, = Velocity
x, = Azimuth

x, = Channel Capacity

The model provided an excellent fit with an R2 of 98.9%, maximum absolute error of
73.51 emitters, and an average absolute relative error of 4.7%. This is a good example of
a metamodel that can be used to explore the effect of the different input variables on the
output via surface response methodology or capability based analysis.

The purpose of this analysis is to assess the extent that the least-squares estimate
0 =(X"X)"'X"y is potentially harmed by collinear relations. The harm from collinearity
comes from the fact that a collinear relation can result in a situation where the observed
influence of the explanatory variables is overcome by the model's random error term
reducing the signal to noise. Collinearity is ill conditioning and is a data problem.
Variates are collinear if the data vectors lie is a subspace of dimension less than the
number of variates. This is equivalent to saying that there is a high correlation between
the variates. Consequently, collinearity will be defined in terms of the conditioning of the
data matrix X. This analysis is outlined in Volume I, Chapter 9, Section 3.3 and follows
the development in [2].

1-1




1.1.

Objectives of the Analysis

The analysis of the data set will attempt to answer the following questions:

L.

2.

The analysis was accomplished via the aid of computer aided routines and some of the
output is used in this chapter.

2. INPUT DATA ANALYSIS

If the data contain a constant term - the explanatory variable matrix X should contain
uncentered data along with a column of ones. The use of centered data should be avoided
since centering can mask the role of the constant in any underlying near dependencies and
produce misleading diagnostic results.

Define p,, k=1,...,p as the singular values and v,;-as the variance of the matrix X.
Compute the Singular Value Decomposition (SVD) of X:

a.

b.

How many near dependencies plague a given data set.

Which variates have coefficient estimates adversely affected by the presence of the
dependencies.

Whether estimates of interest are included among those with inflated confidence
intervals; and, therefore, corrective action is warranted.

Wheticer prediction intervals based on the estimated model are greatly inflated by
the presence of ill conditioned data.

Whether specific coefficient estimates of interest are relatively isolated from the ill
effects of collinearity; and, therefore, trustworthy in spite of ill conditioned data.

Calculate the condition indexes from n, = o , k=1..,p
Hy
Calculate the IT matrix of variance-decomposition proportions from
Y
K
o = i Vi
=




Variance Decomposition Matrix

Figure 1.2.1. Variance Decomposition Matrix.

First, we determine the number and relative strengths of the near dependencies by the
condition indices exceeding a given threshold. Examine the condition indices for the
presence of competing dependencies - roughly equal condition indices. Then, we examine
the condition indices for the presence of dominating dependencies - high condition indices
coexisting with even larger indexes.

There are 16 indices exceeding a threshold of 10, they are:

1.0e+003x

0.0106 0.0128 0.0142 0.0224 0.0257 0.0328 0.0391
0.0502 0.0667 0.0792 0.1192 0.1461 0.1559 0.1955
1.5048 1.9295

There are 13 indices exceeding a threshold of 20

1.0e+003x
0.0224 0.0257 0.0328 0.0391 0.0502 0.0667 0.0792
0.1192 0.1461 0.1559 0.1955 1.5048 1.9295

There are 11 indices exceeding a threshold of 30

1.0e+003x
0.0328 0.0391 0.0502 0.0667 0.0792 0.1192 0.1461
0.1559 0.1955 1.5048 1.9295
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The next step is to determine the number and relative strengths of the near dependencies
by the condition indices exceeding a given threshold. The condition indices are:

1.0e+003x

0.0010 0.0027 0.0032 0.0040 0.0062 0.0078 0.0106
0.0128 0.0142 0.0224 0.0257 0.0328 0.0391 0.0502
0.0667 0.0792 0.1192 0.1461 0.1559 0.1955 1.5048
1.9295

Figure 1.2.2 is a plot of the condition indices, Table 1.2.1 summarizes the results of the
analysis of the condition indices.

2000 Cpndltlon Indlcc'es

1500 |

bt
3
=
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© 5 10 15 20
' Singular Value

Figure 1.2.2. Condition Indices for the Singular Values.

Table 1.2.1. Results of the Analysis of the Condition Indices.

Competing Dependencies Lower Condition Number | Upper Condition Number
Between the Lower and .
Upper Condition Numbers
2 15 30
3 30 60
3 60 120
3 120 240
0 240 480
0 480 960
3 960 1920
3 1920 3840
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The condition number 1929.46 is a dominating dependency. The variance proportion of
condition number 1929.46 is shown in Figure 1.2.3. There is one variance proportion
above 0.5. Auxiliary regressions are warranted with the dependent variable 20.

Variance Proportion of Condition Number 1929.46

Variance Proportion
© e @
A o

T T T
1 1 1

e
[ V]
T

1

=)

20 2

Figure 1.2.3. Variance Proportion of Condition Number 1929. 46.

The condition number 1504.83 is a dominating dependency with one variance proportion
above 0.5. Auxiliary regressions are warranted with dependent variable 22. The variance
proportion of condition number 1504.83 is shown in Figure 1.2.4.

Variance Proportion of Condition Number 1504.83

0.6 .

04} .

Variance Proportion

Figure 1.2.4. Variance Proportion of Condition Number 1504.83.

Condition numbers 146.069 through 195.468 are competing dependencies with three
variance proportions above 0.5. Auxiliary regressions are warranted with the following
dependent variables: 21, 20, 22. The variance proportion of condition numbers 146.069
through 195.468 are shown in Figure 1.2.5.
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Variance Proportion of Condition Numbers 146.069 thru 195.468

[

Variance Proportion
e & ©
&~ [ ®

=}
~N
T
1

o

0 5 10 15 20 2
Variates

Figure 1.2.5. Variance Proportion of Condition Numbers 146.069 through 195.468.

Condition numbers 66.6565 through 119.17 are competing dependencies with two
variance proportions above 0.5. Auxiliary regressions are warranted with dependent
variables 21 and 22. The variance proportion of condition numbers 66.6565 through
119.17 are shown in Figure 1.2.6.

Variance Proportion of Condition Numbers 66.6565 thru 119.17

Variance Proportion

Figure 1.2.6. Variance Proportion of Condition Numbers 66.6565 through 119.17.

Condition numbers 32.8435 through 50.197 are competing dependencies with one
variance proportion above 0.5. Auxiliary regressions are not required for these indices.

Condition numbers 22.3729 through 25.6774 are competing dependencies with one
variance proportion above 0.5. Auxiliary regressions are not required for these indices.
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Table 1.2.2 summarizes the results of the analysis of the pi matrix and depicts variates that
have single dominant or a set of competing condition numbers. The first rows are from

the higher condition numbers.

Table 1.2.2. Results of the Analysis of the pi Matrix.

20 0 0
22 0 0
21 20 22
21 22 0

The following is from auxiliary regressions using dependent variables 22, 21, and 20.

Dependent Variable # 20

R Squared = 1

Regression t Probability of error

Dependent Variable # 21

R Squared =1

Regression t Probability of error

Coefficient Statistic

Coefficient Statistic

0.6727
0.0000
0.0000
-2.2659
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
2.5933
0.0000
0.0000
0.0000

12.5361
0.0000

0.0000

20.2849
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

44.9084
0.0000
0.0000
0.0000

in accepting HO
(no correlation)

1.0000
0
0
1.0000
0

0
0
0
0
0
0
0
0

0

0
1.0000

0

0

0

17

-0.1142
0.9922
-0.0126
-0.0554
-0.0094
0.0000
0.0000
0.0000
0.0000
0.0000
10.0000
0.0000
0.0000
0.0000
-2.4531
0.0301
0.0060
2.6102

0.0063

2.5924
16.7952
0.4903
0.6038
0.2556
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

31.1990

0.6338
0.3413
71.0809
0.7251

in accepting HO
(no correlation)

0.9854
1.0000
0.3725
0.4495
0.2000

QOO O OO OO

0
1.0000
0.4690
0.2647
1.0000
0.5260




Dependent Variable # 22

R Squared =1

Regression

t

Probability of error

Coefficient Statistic in accepting HO

0.0304
-0.7744
0.1063
0.0382
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-0.0194
-0.0577
-0.0244

|
|
|
|
\
\
\
\
0.1816
0.0000

1.5194 33.8189

0.7940
0.0991
5.8140
0.2232
0.2010
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0476
0.2343
0.2684
0.0000

(no correlation)

0.5666
0.0783
1.0000
0.1751
0.1579

QOO OO0 OO O

0.0376
0.1837
0.2098
0
1.0000




3. COMPLETE MODEL ANALYSIS

The input data analysis is complete and has identified a strong correlation in variates 20,
21, and 22. Now the model has to be reset so that centering and scaling can be
accomplished on the original variables.

First, we compute the probability of error in accepting the hypothesis that the individual
coefficient is zero.

Regression  Standard t Probability of error
Coefficient  Error Statistic in accepting H,
that Parameter = 0

23.5916 0.1961 120.276 1.0000
-0.6688 0.4064 1.6457 0.8730
-2.8421 0.4064 6.9940 1.0000
1.2431 0.4040 3.0769 0.9952
3.2934 0.1331 24.7378 1.0000
0.4503 0.1554 3.1553 0.9961
0.9549 0.1549 6.1659 1.0000
0.4136 0.1554 2.6617 0.9871
1.1496 0.1549 7.4236 1.0000
0.2268 0.1546 1.4665 0.8405
0.4035 0.1591 2.5365 0.9827
0.1970 0.1589 1.2393 0.7729
0.2011 0.1589 1.2659 0.7822
-0.2844 0.1589 1.7897 0.9159
2.4893 1.2461 1.9977 0.9443
-0.7888 0.3874 2.0365 0.9486
-2.7123 0.3846 7.0515 1.0000
0.7139 0.4508 1.5836 0.8641
5.8357 0.4508 12.9449 1.0000
0.7986 0.4497 1.7758 0.9136
-3.4234 1.2180 2.8108 0.9909
-5.8418 0.3928 14.8716 1.0000
1-9




Predicted Values and Residuals for the fit of

the square root.

Obs

1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000

Mean Squared Error:

Actual Estimate Residual

24.7992
13.8924
18.0831
7.2801
15.7162
8.5440
10.5357
6.8557
20.8806
15.0333
17.9444
11.7473
13.4164
10.7703
9.8995
8.1240
23.7065
20.9523
23.8747
13.4536
21.5407
20.4695
24.6374
15.4919

'25.4410

13.9641
18.4557
7.5530
15.6950
8.4671
10.8407
6.4619
20.8571
14.7921
18.2516
11.1517
13.5130
10.1213
9.8104
7.6586
23.5916
22.6123
22.7027
14.7562
20.7435
20.7610
24.8444
17.5859

-0.6418
-0.0716
-0.3726
-0.2729
0.0213
0.0769
-0.3050
0.3938
0.0235
0.2412
-0.3072
0.5956
-0.0966
0.6490
0.0891
0.4654
0.1150
-1.6600
1.1720
=1.3025
0.7972
-0.2916
-0.2071
-2.0939

0.64151

Sum of Squares for the Residuals:  17.3209

R Squared Statistic:

Adjusted R Squared Statistic:

0.99914

0.99847

Obs

25.0000
26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44.0000
45.0000
46.0000
47.0000
48.0000
49.0000

Actual Estimate Residual

25.6515
24.9199
20.5913
22.6274
18.6279
25.1794
22.1133
23.8747
20.8327
24.5357
21.0000
23.6643
19.3132
25.5147
22.9347
24.5967
21.7025
24.0832
24.1661
23.9792
23.0000
22.6274
24.4336
21.0000
25.2982

24.1727
25.1476
20.3127
22.9967
18.3656
25.6225
21.9752
23.9440
20.8136
24.6616
21.0719
23.3288
19.7214
25.4488
22.8345
24.1759
21.8571
24.2451
23.7548
23.9180
22.5349
22.6435
24.1275
21.0318
24.5785

1.4788
-0.2278
0.2785
-0.3693
0.2623
-0.4431
0.1382
-0.0693
0.0191
-0.1260
-0.0719
0.3355
-0.4082
0.0659
0.1002
0.4208
-0.1546
-0.1619
0.4113
0.0611
0.4651
-0.0161
0.3061
-0.0318
0.7197




Results for the fit on the actual output

Actual Values and Residuals

Obs Actual Estimate Residual

1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000

615.0000
193.0000
327.0000
53.0000
247.0000
73.0000
111.0000
47.0000
436.0000
226.0000
322.0000
138.0000
180.0000
116.0000
98.0000
66.0000
562.0000
439.0000
570.0000
181.0000
464.0000
419.0000
607.0000
240.0000
658.0000

647.2462 -32.2462
194.9956 -1.9956
340.6138 -13.6138
57.0475 -4.0475

246.3319 0.6681

71.6918 1.3082

117.5205 -6.5205
41.7557 5.2443

435.0181 0.9819
218.8074 7.1926
333.1194 -11.1194
1243615 13.6385
182.6021 -2.6021
102.4409 13.5591
96.2433 1.7567

58.6544 7.3456

556.5621 5.4379
511.3182 -72.3182
515.4112 54.5888
217.7440 -36.7440
430.2908 33.7092
431.0208 -12.0208
617.2463 -10.2463
309.2633 -69.2633
584.3200 73.6800

Maximum Absolute Error (Actual):

Average Error:

Average Absolute Relative Error (Actual):

26.0000 621.0000
27.0000 424.0000
28.0000 512.0000
29.0000 347.0000
30.0000 634.0000
31.0000 489.0000
32.0000 570.0000
33.0000 434.0000
34.0000 602.0000
35.0000 441.0000
36.0000 560.0000
37.0000 373.0000
38.0000 651.0000
39.0000 526.0000
40.0000 605.0000
41.0000 471.0000
42.0000 580.0000
43.0000 584.0000
44.0000 575.0000
45.0000 529.0000
46.0000 512.0000
47.0000 597.0000
48.0000 441.0000
49.0000 640.0000

73.68
0.35349

0.046558

1-11

632.4042
412.6072
528.8469
337.2950
656.5100
482.9079
573.3143
433.2046
608.1969
444.0229
544.2334
388.9348
647.6396
521.4125
584.4764
477.7325
587.8238
564.2907
572.0718
507.8214
512.7291
582.1351
4423363
604.1050

Obs Actual Estimate Residual

-11.4042
11.3928
-16.8469.
9.7050
-22.5100
6.0921
-3.3143
0.7954
-6.1969
-3.0229
15.7666
-15.9348
3.3604
4.5875
20.5236
-6.7325
-7.8238
19.7093
2.9282
21.1786
-0.7291
14.8649 -
-1.3363
35.8950



Residual Analysis:
Maximum Absolute Error: 2.09395
Average Error: -9.29868e-015

Standard Deviation of the Error: 0.60071

Average Absolute Relative Error:  0.023114

Figuré 1.2.7. is a plot of the Residual Power Spectrum.
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Figure 1.2.7. Residual Power Spectrum using the Full Data Set.

Figure 1.2.8. is a plot of the Residual Autocorrelation.
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Figure 1.2.8. Residual Autocorrelation using the Full Data Set.

Figure 1.2.9. is a plot of the Residual Cumulative Probability Distribution.
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Figure 1.2.9. Residual Cumulative Probability Distribution using the Full Data Set.

4. MODEL ANALYSIS AFTER REMOVING VARIATES 20,21,22

Probability of error
in accepting HO

Regression Standard t

Coefficient Error Statistic

24.4733
-0.6688
-2.8421
1.9195
3.2934
0.4903
0.9549
0.4136
1.1496
0.2268
0.4035
0.1970
0.2011
-0.2844
-3.0705
-2.9832
-4.6712
0.7139
5.8357

1.0764
3.0348
3.0348
1.0055
0.9943

1.1605

1.1566

1.1605

1.1566

1.1548

1.1881

1.1871

1.1866
1.1866
2.7294
2.7354
2.7416
3.3669

3.3669

22.7357
0.2204
0.9365
1.9089
3.3123
0.4225
0.8256
0.3564
0.9940
0.1964
0.3396
0.1659
0.1695
0.2396
1.1250
1.0906
1.7039
0.2120
1.7333

1.0000
0.1729
0.6434
0.9345
0.9976
0.3243
0.5844
0.2760
0.6717
0.1544
0.2635
0.1307
0.1335
0.1878
0.7300
0.7155
0.9022
0.1665
0.9075

that Parameter =0




Predicted Values and

Obs Actual Estimate Residual

1.0000 24.7992
2.0000 13.8924
3.0000 18.0831
4.0000 7.2801
5.0000 15.7162
6.0000 8.5440
7.0000 10.5357
8.0000 6.8557
9.0000 20.5806
10.0000 15.0333
11.0000 17.9444
12.0000 11.7473
13.0000 13.4164
14.0000 10.7703
15.0000 9.8995
16.0000 8.1240
17.0000 23.7065
18.0000 20.9523
19.0000 23.8747
20.0000 13.4536
21.0000 21.5407
22.0000 20.4695
23.0000 24.6374
24.0000 15.4919
25.0000 25.6515

Mean Squared Error:

Residuals

25.7525 -0.9533
14.2755 -0.3831
19.0116 -0.9284
8.1088 -0.8287
16.0064 -0.2902
8.7785 -0.2345
11.3965 -0.8609
7.0177 -0.1621
21.1685 -0.2879
15.1036 -0.0703
18.8074 -0.8631
11.7076  0.0397
13.8245 -0.4081
10.4328 0.3376
10.3662 -0.4667
8.2145 -0.0904
24.4733 -0.7667
21.3576 -0.4053
21.4479 24268
21.4796 -8.0260
27.4669 -5.9263
19.5705 0.8989
23.4095 1.2278
16.5086 -1.0167
23.0954 25561

4.79112

Sum of Squares for the Residuals:  143.734

R Squared Statistic:

0.99285

Adjusted R Squared Statistic: 0.98856

Obs

26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44.0000
45.0000
46.0000
47.0000
48.0000
49.0000

Actual Estimate Residual

24.9199
20.5913
22.6274
18.6279
25.1794
22.1133
23.8747
20.8327
24.5357
21.0000
23.6643
19.3132
25.5147
22.9347
24.5967
21.7025
24.0832
24.1661
23.9792
23.0000
22.6274
24.4336
21.0000
25.2982

24.3163
19.4814
21.6871
17.0561
24.7911
21.1438
22.6345
19.5040
23.8303
20.2405
22.0193
18.4119
24.6174
22.0031
22.8664
20.5476
23.9508
23.4605
25.1648
23.7817
22.7129
24.6750
21.3455
24.8923

0.6036
1.1099
0.9403
1.5719
0.3882
0.9695
1.2402
1.3286
0.7054
0.7595
1.6450
0.9013
0.8973
0.9316
1.7303
1.1550
0.1324
0.7056
-1.1857
-0.7817
-0.0855
-0.2414
-0.3455
0.4060




Results for the fit on the actual output

Actual Values and Residuals

Obs Actual Estimate Residual

1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000

615.0000
193.0000
327.0000
53.0000
247.0000
73.0000
111.0000
47.0000
436.0000
226.0000
322.0000
138.0000
180.0000
116.0000
98.0000
66.0000
562.0000
439.0000
570.0000
181.0000
464.0000
419.0000
607.0000
240.0000
658.0000

663.1901 -48.1901
203.7907 -10.7907
361.4402 -34.4402
65.7532 -12.7532

256.2051 -9.2051

77.0628 -4.0628

129.8812 -18.8812
49.2483 -2.2483

448.1067 -12.1067
228.1182 -2.1182
353.7188 -31.7188
137.0680 0.9320
191.1162 -11.1162
108.8423 7.1577
107.4586 -9.4586

67.4775 -1.4775

598.9407 -36.9407
456.1466 -17.1466
460.0129 109.9871
461.3738 -280.3738
754.4314 -290.4314
383.0061 35.9939
548.0062 58.9938
272.5346 -32.5346
533.3998 124.6002

Maximum Absolute Error (Actual):

Average Error:

Average Absolute Relative Error (Actual):

26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44.0000
45.0000
46.0000
47.0000
48.0000
49.0000

290.431
2.93334

0.12175

1-15

621.0000
424.0000
512.0000
347.0000
634.0000
489.0000
570.0000
434.0000
602.0000
441.0000
560.0000
373.0000
651.0000
526.0000
605.0000
471.0000
580.0000
584.0000
575.0000
529.0000
512.0000
597.0000
441.0000
640.0000

591.2832
379.5251
470.3321
290.9094
614.5996
447.0618
512.3185
380.4075
567.8840
409.6786
484.8488
338.9981
606.0180
484.1376
522.8731
422.2024
573.6395
550.3950
633.2686
565.5692
515.8743
608.8565
455.6307
619.6247

Obs Actual Estimate Residual

29.7168
44.4749
41.6679
56.0906
19.4004
41.9382
57.6815
53.5925
34.1160
31.3214
75.1512
34.0019
44.9820
41.8624
82.1269-
48.7976
6.3605
33.6050
-58.2686
-36.5692
-3.8743
-11.8565
-14.6307
20.3753



Residual Analysis
Maximum Absolute Error: 8.02599

Standard Deviation of the Error: 1.73045

Average Absolute Relative Error: 0.05674

Figure 1.2.10. is a plot of the Residual Power Spectrum excluding variates 20, 21,22.
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Figure 1.2.11. is a plot of the Residual Autocorrelation excluding variates 20, 21,22.
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Figure 1.2.10. Residual Power Spectrum Excluding Variates 20, 21,22.

Figure 1.2.11. Residual Autocorrelation Excluding Variates 20, 21,22.




Figure 1.2.12. is a plot of the Residual Cumulative Probability Distribution excluding
variates 20, 21,22.

Residual Cumulative Probability Distribution

Figure 1.2.12. Residual Cumulative Probability Distribution Excluding Variates 20,
21,22.

5. MODEL ANALYSIS AFTER REMOVING VARIATE 22

Regression Standard t  Probability of error
Coefficient Error Statistic in accepting HO
' that Parameter = 0

23.2776 1.1762 19.7912 1.0000
-0.6688 2.4509 0.2729 0.2130
-2.8421 2.4509 1.1596 0.7433
1.2431 24367 0.5101 0.3860
3.2934 .0.8030 4.1015 0.9997
0.4903 09372 0.5231 0.3950
0.9549 09341 1.0223 0.6844
0.4136 09372 0.4413 03376
1.1496 09341 1.2308 0.7702
0.2268 09326 0.2432 0.1903
0.4035 09595 0.4205 0.3227
0.1970 0.9587 0.2055 0.1613
0.2011 0.9583 0.2099 0.1647
-0.2844 0.9583 0.2967 0.2311
7.3559 7.2520 1.0143 0.6807
-2.4447 22377 1.0925 0.7157
-4.3231 2.2260 19421 09381
0.7139 2.7190 0.2626 0.2052
5.8357 2.7190 2.1462 0.9595
0.7986 2.7125 0.2944 0.2294
-10.2650 6.8019 1.5091 0.8503




Predicted Values and Residuals

Obs

1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000
10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000

Actual Estimate Residual

247992 25.7272
13.8924 14.2502
18.0831 18.7418
7.2801 7.8391

15.7162 15.9811
8.5440 8.7532

10.5357 11.1268

6.8557 6.7480 0.1077

20.8806 21.1432
15.0333 15.0783
17.9444 18.5377
11.7473 11.4379
13.4164 13.7992
10.7703 10.4074
9.8995 10.0965
8.1240 7.9447

.23.7065 23.2776
20.9523 20.3234
23.8747 20.4137
13.4536 20.2840
21.5407 26.2713
20.4695 18.7912
24.6374 22.8746
15.4919 15.6611
25.6515 22.2480

Mean Squared Error :

-0.9280

-0.5590

-0.2092

-0.3578
-0.6587

-0.2648

-0.5912

-0.2626

-0.0450
-0.5933
0.3095
-0.3827
0.3629

-0.1970

0.1793

0.4289
0.6289
3.4609
-6.8304
-4.7306
1.6783
1.7627
-0.1692
3.4036

3.86925

Sum of Squares for the Residuals:  108.339

R Squared Statistic:

Adjusted R Squared Statistic:

0.99461

0.99076

Obs Actual Estimate Residual

26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44.0000
45.0000
46.0000
47.0000
48.0000
49.0000

24.9199
20.5913
22.6274
18.6279
25.1794
22.1133
23.8747
20.8327
24.5357
21.0000
23.6643
19.3132
25.5147
22.9347
24.5967
21.7025
24.0832
24.1661
23.9792
23.0000
22.6274
24.4336
21.0000
25.2982

25.0883
20.2533
22.9373
18.3062
25.5631
21.9158
23.8846
20.7542
24.6023
21.0125
23.2694
19.6620
25.3894
22.7751
24.1166
21.7977
24.7202
24.2299
23.9692
22.5861
21.8970
23.3810
20.2508
23.7976

-0.1684
0.3379
-0.3099
0.3217
-0.3837
0.1976
-0.0099
0.0785
-0.0666
-0.0125
0.3949
-0.3488
0.1253
0.1596
0.4802
-0.0952
-0.6370
-0.0638
0.0100
0.4139
0.7304
1.0526
0.7492
1.5006




Results for the fit on the actual output

Actual Values and Residuals

Obs Actual Estimate Residual

615.0000
193.0000
327.0000
53.0000
247.0000
73.0000
111.0000
47.0000
436.0000

1.0000
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000

661.8863 -46.8863
203.0682 -10.0682
351.2567 -24.2567
61.4514 -8.4514
255.3950 -8.3950
76.6188 -3.6188
123.8058 -12.8058
45.5352 1.4648
447.0352 -11.0352

10.0000
11.0000
12.0000
13.0000
14.0000
15.0000
16.0000

226.0000 227.3538
322.0000 343.6455
138.0000 130.8248
180.0000 190.4166
116.0000 108.3145
198.0000 101.9390
66.0000 63.1188

-1.3538
-21.6455
7.1752
-10.4166
7.6855
-3.9390
2.8812

562.0000
439.0000
570.0000
181.0000
464.0000
22.0000 419.0000
23.0000 607.0000
24.0000 240.0000

17.0000
18.0000
19.0000
20.0000
21.0000

541.8484 20.1516
413.0407 25.9593
416.7202 153.2798
411.4401 -230.4401
690.1805 -226.1805
353.1102 65.8898
523.2486 83.7514
245.2710 -5.2710

Maximum Absolute Error (Actual):

Average Error:

Average Absolute Relative Error (Actual):

1-19

Obs Actual Estimate Residual

25.0000
26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44.0000
45.0000
46.0000
47.0000
48.0000
49.0000

230.44
2.211

0.0894

658.0000
621.0000
424.0000
512.0000
347.0000
634.0000
489.0000
570.0000
434.0000
602.0000
441.0000
560.0000
373.0000
651.0000
526.0000
605.0000
471.0000
580.0000
584.0000
575.0000
529.0000
512.0000
597.0000
441.0000
640.0000

4949717
629.4207
410.1980
526.1189
335.1171
653.4701
480.3013
570.4738
430.7359
605.2712
441.5235
541.4660
386.5958
644.6203
518.7037
581.6084
475.1398
611.0880
587.0891
574.5226
510.1306
479.4794
546.6698
410.0957
566.3245

163.0283
-8.4207
13.8020

-14.1189
11.8829

-19.4701

8.6987
-0.4738
3.2641
-3.2712
-0.5235
18.5340
-13.5958
6.3797
7.2963
23.3916
-4.1398

-31.0880
-3.0891

0.4774

18.8694
32.5206
50.3302
30.9043
73.6755



Residual Analysis
Maximum Absolute Error: . 6.83036
Average Error: -8.91804e-015

Standard Deviation of the Error: 1.50235
Average Absolute Relative Error: 0.042049

Figure 1.2.13 is a plot of the Residual Power Spectrum with variate 22 removed.

100 Residual Power Spectrum

Figure 1.2.14 is a plot of the Residual Autocorrelation with variate 22 removed.

Figure 1.2.13. Residual Power Spectrum with Variate 22 Removed.

Figure 1.2.14. Residual Autocorrelation with Variate 22 Removed.
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Figure 1.2.15 is a plot of the Residual Cumulative Probability Distribution with variate 22
removed.
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Figure 1.2.15. Residual Cumulative Probability Distribution with Variate 22 Removed.

6. MODEL ANALYSIS AFTER REMOVING VARIATE 21

Regression Standard t  Probability of error
Coefficient Error Statistic  in accepting HO
that Parameter = 0

23.9558 0.1686 142.0665 1.0000
-0.6688 0.4654 14370 0.