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7 SENSITIVITY ANALYSIS 

A statistically designed experiment can be an excellent tool to study the 

sensitivity of the input parameters (include 0 1 0 1, , , , , , , , ,f sr f srT T C C a a C Cδ λ ) 

on the cost function. The scope of this sensitivity analysis is limited to all 

factors of interest, varied at two levels.  

A 2k p
IV
−  fractional factorial design is employed to study the sensitivity of 

input parameters. A 2k p
IV
−  fractional factorial design is of resolution IV if 

the main effects are clear of two-factor interactions and some two-factor 

interactions are aliased with each other. Thus, if three-factor and higher 

interactions are suppressed, the all main effects may be estimated directly 

in a 2k p
IV
−  design.  

In this article, we consider a 10 52IV
−  design with 32 runs. The design 

generators for this design is E=ABC, F=BCD, G=ACD, H=ABD, 

J=ABCD, K=AB, L=AC. Appendix 4 shows the aliases for this design. 

Table 7.1 presents the high and low levels of input parameters. A 10 52IV
−  

design with 32 runs is shown in Appendix 5. 

Table 7.1. The high and low levels of input parameters 

 Level  Level 

Factor Low High Factor Low High 

A=δ  1 2.5 F= srC  100 400 

B=λ  0.01 0.1 G= 0a  10 40 

C= fT  5 20 H= 1a  5 20 

D= srT  2 8 I= 0C  5 20 

E= fC  500 2000 J= 1C  40 200 

Generally, a run is replicated to obtain an estimate of the experimental 

error, which is used to check the significance of the factor through a 

standard F test. Since the result of these experiment in this paper are 

identical if the same treatment combination is run. Hence, a true test of 
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statistical significance is not possible, but the contribution of each factor 

to the total sum of squares is compared to determine the relative 

significance. Normal plots will be used to analyze the sensitivity of the 

input parameters on the cost function. 

The design parameters of adaptive control chart and minimum cost 

function value from the optimization process are tabulated in Appendix 6. 

Appendix 6 presents the design parameters 1 0, ,n h h  aren’t affected by 

input parameters. Appendix 7 present the normal probability plots of the 

effect estimates for , , 2,w k h CostFunctionValue . The results from the 

sensitivity analysis are shown in Table 7.2. A positive sign indicates that 

the design parameter and input parameter are positive relationship. A 

negative sign indicates that the design parameter and input parameter are 

negative relationship. 

Table 7.2. Sensitivity analysis results 

      Design parameters 

Input parameters 
w  k  2h  CostFunctionValue

δ  -  +  

λ      

fT      

srT      

fC   -   

srC      

0a      

1a      

0C      

1C      

The results of sensitivity analyses show that the design parameter w and 

input parameter δ  are negative relationship, so are the design parameter 



 22

k and input parameter fC . The design parameter 2h  and input parameter 

δ  are positive relationship. 


