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Ever-increasing demand in development cycle time reduction often causes time required for manufacturing 
verification (or stable yield) to be undesirably long (sometimes even longer than development time itself).  
One of the most critical reasons is “uncertainty propagation” during manufacturing, caused by the margins 
and variations of design and material solutions at the product development stage.   

The probability density function (PDF) of the system response resulted from the propagated uncertainty 
can be assessed by the conventional Monte Carlo simulation technique (random sampling) and/or the 
response surface approximation techniques.  The former usually offers the most accurate results if an 
extremely large number of sampling is utilized.  Yet, this becomes impractical for non-linear problems 
due to excessive computational cost even with the most advanced computing power.  The latter with 
Monte Carlo sampling can be effective for problems with a few input variables, but it also becomes 
impractical due to the well-known “curse of dimensionality” when problems with numerous input variables 
are to be considered.  The approximate integration methods are relatively new but they have a distinct 
advantage over the other methods.  The computational cost increases only “additively” with the increased 
number of variables since the uncertainty propagation is estimated by the additive decomposition of a 
multiple-dimensional integration. 

In this seminar, the advanced approximate integration methods including the eigenvector dimension 
reduction (EDR) method are presented.  After describing the mathematical frame work, the application to 
a real manufacturing problem with 12 input variables is presented.  The accuracy of the method in 
conjunction with the effectiveness is discussed by comparing the results with the Monte Carlo simulation. 
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