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Predictive Optimization Adjusted With Pseudo Data
From A Missing Data Imputation Technique
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Abstract When forecasting future values, a model estimated after minimizing training errors can yield test errors
higher than the training errors. This result is the over-fitting problem caused by an increase in model complexity when
the model is focused only on a given dataset. Some regularization and resampling methods have been introduced to
reduce test errors by alleviating this problem but have been designed for use with only a given dataset. In this paper,
we propose a new optimization approach to reduce test errors by transforming a test error minimization problem into
a training error minimization problem. To carry out this transformation, we needed additional data for the given
dataset, termed pseudo data. To make proper use of pseudo data, we used three types of missing data imputation
techniques. As an optimization tool, we chose the least squares method and combined it with an extra pseudo data
instance. Furthermore, we present the numerical results supporting our proposed approach, which resulted in less test
errors than the ordinary least squares method.

Keywords : bias and variance, prediction, missing data imputation, overfitting, pseudo data, test error and training
error
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Table 4. Test Error Comparison: Model 2

T &  Original P MEAN P ONE P LNR ACT
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1 09942 09933 09943 09936  0.953
100 0.1 08804 08779 08799 0.8805  0.865
Table 8. Test Error Comparison: AR(3) 0.5 07806  0.7771 0.7804  0.7809  0.7638
T & Origimal P MEAN P ONE P INR ACT 1 1153 11493 11529 11526  1.1288
25 01 01384 01293  0.1387 0.1384  0.0939
05 05394 05082 05495 05394 03551 .
Table 10. Test Error Comparison: Model 2
1 07368 06722 07417 07368 05308
T & Original P MEAN P ONE P INR ACT
50 01 00999 00985 0099 00999  0.0858
25 0.0 29391 28698 28005 3.0474  2.2881
05 05508 05442 0543 05508 04764
05 50434 49387 4853 52174 31644
1 08266 08164 08793 08266  0.7219
1 29808 28679 28916 3.0293 24343
100 0.1 00894 00887 00911 0.0894 00836
50 0.1 35036 34955 34618 35261  3.1319
05 04814 04794 04691 04814 04557
05 38772 38542 38681 38829  3.0934
1 11431 11398 11572 11431  1.0704
1 26823 25957 26541 26971 24395
100 01 29615 29555 29602 29612  2.804
3.1.3 Ridge 3|#2H 0.5 3.1466  3.1398 31251 31621 29326
A7) % 1282 1A 3K unbiased) XS A FFT} 1 43206 43013 43018 43363  3.8767
SR, o] ol A= Hak F4X< ridge 37EAE A
&3 Ridge 371841 B8 H54wg 245k v
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Table 11. Test Error Comparison: Model 3

T #  Original P MEAN P ONE P INR ACT
25 01 41812  4.086 4137 42137 39757
05 3279  3.0915 32287 33048  2.8957
1 24907 24413 24971 24861 22873
50 0.1 48768 48864 48812 48741  4.7205
0.5 42753 42452 42744 42791 41133
1 45651 45229 4561 45695  4.4479
100 0.1 45775 45861 45815 45753 44552
05 31692 31572 31724 3.1672  3.0807
1 40401 40317 40415 40385 39711
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Table 12. Results of the Test Error Comparison:
COx(ppm)

N Originall P MEAN P ONE P LNR  ACT
Linear regression

100 22.9922 22.9787 23.1552 229922 21.3812

500 24.2576 24.2252 242585 242576 224942

1000 23.6579 23.6067 23.6928  23.6579 21.8721

AR(1) model

50 8.2147 8.2050 7.9799 8.2147 7.7883
Ridge regression

100 2.3641 2.3408 2.2791 2.3549 2.3499

500 2.2976 2.2404 2.1794 2.3322 2.2847

1000 2.3284 2.1902 2.1899 2.3881 2.2841

Note. N is the number of bootstrap iterations in linear regression
and ridge regression, and the sample size in AR(1) model.

3.2.2 CjREA (U[ES
T WA AA oy ASezA #E&(Euro to US
Dollar, EUR / USD)& u|=+¢] t}-9-&2 A A4
(Dow Jones Industrial Average, DIIA)E <] =3 K3k},
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Table 13. Results of the Test Error Comparison: DJIA

N OLS P MEAN P ONE P LNR ACT
Linear  regression
100 53823.6 529442 57764.6  53823.6 494537
500 61479.9  60187.8 60892.0 614799 572359
1000  63846.0  63085.9 64082.9  63846.0  59526.1
AR(1) model
50 8150.9 8129.7 8185.1 8150.9 7691.9
Ridge regression

100 958677.7 941970.2 9425478 955376.5 957379.0
500 963750.0 947896.4  948206.0 960299.1 962687.5
1000 939439.8 923427.6  923970.7 935821.2  937965.0

Note. N is the number of bootstrap iterations in linear regression
and ridge regression, and the sample size in AR(1) model.
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