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Ppu by KDEDPonUSLND Algorithm in Detail: Step 2 of Ppu by KDEDPonUSLND Algorithm in Section 2.3.1 and 2.3.2 is detailed as following:

· , h= (Silverman’s rule [31]), , and 𝑠 the corrected standard deviation of DUSL-normalized.
· Numerically integrate  to get CDF .
· Invert  to find P0.99865 and P0.5 by  =    P= {P0.99865, P0.5}.

CV Data Outliers and OOS Are Ratio-Defined: For a boxplot, a point A is an outlier if and only if A > Q3+1.5*IQR. So, A is an outlier if and only   A is an OOS if and only if A > USL. So, A is an OOS if and only if . So, under the USL-normalization, the image of an outlier/OOS is still an outlier/OOS since ratio is an invariant for affine transformation [41].  

Failure Probability Calculation: A given equipment’s pooled USL-normalized data determines the nonparametric density curve, and USL_Pct=100 is the benchmark vertical line on the graph of the density curve. Then x is an OOS if   is on the right side of the vertical line y=USL_Pct where  is the USL-normalized value of x. The function Ppu_CQAWP_with_Defect_Prob in [20] calculates the process Ppu and its defective (failure) rate based on the density curve and =100. The value Ppu=2.5 means  =2.5. So, x is defective if and only if  x > USL if and only if    =2.5. Since nonparametric capability index Ppu=  is equivalent to the normal distribution capability index Ppu= where P0.5=  (mean)=median and P0.99865-P0.5= when X~N( So, the probability P(x is defective) = P(>2.5)P(>2.5)= P(>7.5)=P(z>7.5)= =3.2*. This means there may be 32 defects per quadrillion  if data is normally distributed. Our nonparametric method for Equipment A’s data point x, then by the  function Ppu_CQAWP_with_Defect_Prob in [20], P(x is defective)= P(   > USL_Pct =100) = 0 < 3.2* because P(   > USL_Pct =100) is outside of current  laptop floating-point precision, which means there is less than 32 defects per quadrillion.  Hence, the cleaning process is very capable when Ppu=2.5 (the nonparametric method derived defect rate is even smaller than that from normal distribution). 

The data and code  are available at https://github.com/ChandlerXiandeYang/USL_unification.
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