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Heuristic Process Capability Indices
Using Distribution-decomposition Methods

Chang, Youngsoon*

Department of Business Administration, Myongji University

Abstract

Purpose: This study develops heuristic process capability indices (PCIs) using distribution-decomposition
methods and evaluates the performances. The heuristic methods decompose the variation of a quality charac—
teristic into upper and lower deviations and adjust the value of the PCls using decomposed deviations in
accordance with the skewness. The weighted variance(WV), new WV(INWV), scaled WV(SWV), and weighted
standard deviation(WSD) methods are considered.

Methods: The performances of the heuristic PCls are investigated under the varied situations such as various
skewed distributions, sample sizes, and specifications.

Results: WV PCI is the best under the normal populations, WSD and SWV PCls are the best under the low
skewed populations, NWV PCI is the best under the moderate and high skewed populations.

Conclusion: Comprehensive analysis shows that the NWV method is most adequate for a practical use.

Key Words : Process Capability Index, Skewed Distribution, Weighted Variance, New Weighted Variance,
Scaled Weighted Variance, Weighted Standard Deviation
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Figure 1. Concept of the distribution—decomposition method
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Table 1. C, when USL=3 and LSL=—3 (u=0)

istri- - Existing PCls Proposed PCls
]ilusttil;n Sr}fee:; SNC Mc, G c wv CPWSD q)NI/VV C;S”WV
Normal 0.0 2,700 1.000 1.016 0.984 0.954 0.952 0.958
0.5 4,226 0.954 1.016 0.976 0.939 0.919 0.943
1.0 9,870 0.860 1.023 0.961 0.903 0.853 0.908
Weibull 1.5 14,915 0.811 1.038 0.950 0.871 0.801 0.871
2.0 18,316 0.786 1.057 0.947 0.850 0.766 0.846

2.5 20,280 0.774 1.080 0.952 0.839 0.744 0.830
3.0 21,256 0.768 1.105 0.960 0.835 0.729 0.821

0.5 5,639 0.923 1.019 0.980 0.943 0.924 0.947
1.0 10,461 0.853 1.028 0.972 0.920 0.876 0.922
1.5 14,087 0.818 1.042 0.967 0.899 0.838 0.900

Lognormal 2.0 16,358 | 0.800 1.060 0.969 0.887 0.814 0.888
25 17,653 | 0.791 1.081 0.976 0.882 0.799 0.879

3.0 18,325 | 0.786 1.102 0.985 0.882 0.790 0.877

05 5,431 0.927 1018 0.979 0.942 0.923 0.945

1.0 10,336 | 0.855 1.026 0.967 0.912 0.865 0.915

Comma 15 14,788 | 0.813 1.038 0.954 0.878 0.810 0.880
2.0 18,316 | 0.786 1.057 0.947 0.850 0.766 0.845

2.5 20,856 | 0.770 1.079 0.945 0.828 0.730 0.817

3.0 22528 | 0.760 1.107 0.949 0.814 0.701 0.793

Table 2. ¢, when USL=5 and LSL=-5 (u=0)

e - Existing PCls Proposed PCls
l?)ft?(?n Srlfee : S wNC ]WC;? C;D q wv Cp WwsD C;WW C;S‘IW/
Normal 0.0 1 1.667 1.693 1.641 1.591 1.587 1.596
05 11 1.463 1.693 1.627 1.566 1.532 1.570

1.0 280 1.211 1.706 1.601 1.505 1.421 1.512

Weibull 15 1,187 1.081 1.731 1.585 1.454 1.338 1.452
2.0 2,479 1.009 1.762 1.579 1.417 1.278 1.409

25 3,739 0.966 1.800 1.586 1.398 1.239 1.379

3.0 4,767 0.941 1.844 1.602 1.394 1.216 1.371

05 88 1.307 1.698 1.633 1.572 1.541 1.577

1.0 660 1.135 1.714 1.619 1.532 1.460 1.537

Lognormal 15 1,663 1.048 1.738 1.614 1.500 1.398 1.500
2.0 2,706 1.000 1.766 1615 1.478 1.355 1.478

2.5 3,583 0.971 1.800 1.625 1.469 1.330 1.466

3.0 4,254 0.953 1.836 1.642 1.470 1.318 1.463

05 65 1.331 1.697 1.632 1.570 1.538 1.576

1.0 474 1.165 1.710 1.610 1.519 1.441 1.524

— 15 1,331 1.070 1.732 1.591 1.464 1.351 1.466
2.0 2,479 1.009 1.762 1.579 1.417 1.278 1.409

25 3,713 0.967 1.801 1.577 1.382 1.218 1.362

3.0 4,891 0.938 1.848 1.584 1.359 1171 1.324
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Table 3. C,, when USL=3 and LSL=-3 (u=1)

. Proposed
DiSt.l’i— Skew- GNC MCk Ck Existing PCls P%IS
bution ness " " W WSD NV SV

g o g |
Normal 0.0 22,782 0.667 0.677 0.679 0.682 0.680 0.679
0.5 34,412 0.636 0.679 0.659 0.641 0.620 0.642
1.0 43,864 0.573 0.686 0.645 0.608 0.572 0.610
Weibull 1.5 48,464 0.541 0.697 0.638 0.585 0.538 0.585
2.0 49,787 0.524 0.712 0.638 0.572 0.516 0.570
2.5 49,324 0.516 0.730 0.643 0.567 0.502 0.560
3.0 48,020 0.512 0.748 0.650 0.566 0.494 0.556
0.5 34,232 0.615 0.681 0.663 0.646 0.626 0.646
1.0 40,943 0.569 0.689 0.653 0.621 0.588 0.622
Logrormal 1.5 43,887 0.546 0.700 0.651 0.606 0.564 0.606
2.0 44,644 0.534 0.713 0.653 0.598 0.548 0.598
2.5 44,294 0.527 0.729 0.659 0.597 0.540 0.594
3.0 43,439 0.524 0.745 0.667 0.597 0.536 0.594
0.5 34,400 0.618 0.681 0.662 0.645 0.625 0.645
1.0 42,380 0.570 0.688 0.650 0.615 0.581 0.616
Gamma 1.5 47,273 0.542 0.698 0.642 0.591 0.545 0.591
2.0 49,787 0.524 0.712 0.638 0.572 0.516 0.570
2.5 50,563 0.513 0.730 0.639 0.560 0.494 0.552
3.0 50,135 0.507 0.749 0.642 0.551 0.474 0.537
Table 4. C,, when USL=5 and LSL=—5 (u=1)

Distfi- Skew— GNC Mo, c, Existing PCls Pr(;%?zed

bution ness r P . - NIV SV
o 1 o ca ci

Normal 0.0 32 1.333 1.354 1.358 1.363 1.358 1.359
0.5 295 1.170 1.356 1.317 1.281 1.238 1.283
1.0 1,820 0.969 1.369 1.288 1.214 1.142 1.216
Weibull 1.5 4,318 0.865 1.390 1.273 1.167 1.073 1.168
2.0 6,738 0.807 1.417 1.270 1.139 1.027 1.134
2.5 8,604 0.773 1.448 1.276 1.125 0.997 1.112
3.0 9,884 0.753 1.486 1.291 1.123 0.908 1.103
0.5 752 1.046 1.361 1.324 1.291 1.252 1.292
1.0 2,616 0.908 1.375 1.305 1.240 1.175 1.241
Lognormal 1.5 4,721 0.839 1.394 1.296 1.206 1.122 1.208
2.0 6,440 0.800 1.420 1.299 1.190 1.090 1.187
2.5 7,672 0.777 1.450 1.310 1.186 1.073 1.182
3.0 8,504 0.762 1.477 1.321 1.183 1.060 1.177
0.5 660 1.065 1.360 1.322 1.288 1.249 1.289
1.0 2,292 0.932 1.370 1.295 1.225 1.157 1.230
Gamma 1.5 4,485 0.856 1.391 1.278 1.177 1.085 1.177
2.0 6,738 0.807 1.415 1.268 1.137 1.025 1.133
2.5 8,751 0.774 1.447 1.266 1.110 0.978 1.095
3.0 10,404 0.750 1.488 1.275 1.094 0.942 1.065
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