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Duncan’s loss-cost function

Robust economic design for a process
with multiple scenarios

m SGA approach to robust economic
designs

m Summary and conclusions
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Notation

fixed cost per sample

cost per unit sampled

mean time to search and fix the process

mean time to test and interpret the result per sample unit
power of the chart

quality control cycle time

hourly penalty cost for operating in out of control state
cost to locate and repair an assignable cause

cost per false alarm

process shift parameter

process failure rate

o probability of type-I error

@(.)  distribution function of standard normal variate
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Duncan’s loss-cost function

_b+en  AMB A+ oY /h+ AW

L |
h | + 4B

where
B=ah+ gn+d.
a=1/p—05—4ih/12,

o =2P(—k).

Lo B 2 p=®(=dyn — k) + ®(6/n — k).
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"Robust economig.
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process with multlple scenarios

The robust economic designs reported in the literature fall into
two categories :

» Designs that consider the uncertainty in the estimation of the
cost and process parameters.

» Designs that consider the discrete multiple scenarios of the
process.
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Llnderman and Choo considered three
different scenarios of the process with three
process shifts and the corresponding out-of-
control costs, while keeping all other
arameters as constants. Three different
designs have been suggested based on the
following discrete optimization measures
given below:

m 1. Absolute robustnhess.
m 2. Robust deviation.
m 3. Relative robusthess.
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Considering the process with j scenarios and the frequency of jth scenario as f;, the weight of jth
scenario can be calculated as

2. fi
Since the failure rate of the process provides the information on the frequency of failures of the process

per unit time (expressed as failures/hour), the relative frequency of occurrence of the failures for each
scenario is given by its corresponding failure rate. Hence, Eq. (2) can be written as

(2)
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Aj

= : 3
wj Z . J'"j { )
Now the weighted expected cost of the process with j scenarios is
=) wjiE(Lj/n,h,k) 4)
J

where

| _ AjMiBj+aYi/h+ ;Wi b+
E(Lj/n h k)= [+,5; + .
B;=ajh+ gn+d;.

aj=1/p; =05—=4;h/12,

pi = 0(=d;n = k) + ®(3;n — k).



Find the possible different scenarios of the process. Obiain
the relative frequency of occumence for each scenario of
the process. Caloulate weight of each scenano w, . w,....

!

Set appropriate ranges for each of the (n,hk) values.
Form the approximate parameter space.

v

Take a predetermined number of (nbuk ) values randomly
from the approximate parameter space.

-

For each combination of (n,h k) value, caloulate the value
of Efly/nh.k) comesponding to _im scenario, Calkoulate
the statistic 1~ #f = ?h}&'ri_,l-fn.h.k.l

; — Ay improvement in the stabistic T—

"

Select (nh.k) combinations based on the values of the
statistic 1. The {n.h.k ) values with low values of the
statistic will get preference in the selection.

|

sz cmoss over and mutation operators. Find new (nhk)
combinations for further search.

'

Calculate the statistic 4 for the above (nuh.k)
combinations, Compare kast value of the statistic obained
in this generation with that of previous least value
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— for specified generations P
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Choose the (nh.k) values comesponding o the
least value of the statistic 1}
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Cost and process parameters at different scenarios
S e nario B e W ¥ M A i 2 d
| 03 0.1 25 ol el 0.01 0.5 (L5 4
2 0.5 0.1 25 0 | 00 0.01 | .0 005 4
3 0.5 0.1 25 0 290 0.01 2.0 005 4
Table 2
Control chart parameter ranges in SGA
Parameter Range Size( bits)
n 165 f
h 0.5-40.0 12
k L.0-5.0 '
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Table 3
Parameters used in SGA based search procedure

Description of the SGA parameter Magnitude/method
Length of chromosome (1) 27
Population size 200

Fitness function

Selection

Cross over probability ( p.)
Mutation probability { py, )
Elitist strategy

Generation gap

Number of generations

Linear ranking

Stochastic universal sampling
0.7

1/1

True

0.9

SO0 without improvement

Table 4

Comparison of the results of robust designs with respect to new statistic

Criteria n h k Y wiE(Li/n.h,k)
Absolute robustness 3 L0395 25532 144038

Robust deviation ‘;l [.2938 2.2908 12,7896

Relative robustness 10 . 3086 23233 12,7482

Weighted expectation 10 11076 23600
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Statistics of best objective values
Number of trials 300
Mimimum of best objective values 12.7116
Maximum of best objective values 12.7330
Average of best objective values 12,7118
Standard deviation of best abjective values 0.0018
Table 6
Results of tests of significance
Criterion Z-value Inference
Absolute robustness — 1628 e+04 Stgnificant { € — 2.33)
Robust deviation —T48.6308 Significant ( € — 2.33)
Relative robustness —330.2592

Significant ( € — 2.33)
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and conclusmns
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