
© Joseph J. Nahas 2012 10 Dec 2012 

!"#$%$&#'()*%+,-(./(012*3+4*-"%(5#3"(6(

78*38+*9(

!"#$%&'!(')*&*#'

:( ;(
© Joseph J. Nahas 2012 

10 Dec 2012 

<=#'+">(+-(?#2#-(

•  @A*3(BB66C(?#2#-(3*%"#3"*D("E*+3(*&.-.4>(F>(4#-=/#&"=3+-,(

+-*12*-%+8*C('.9(G=#'+">(,..D%H(

•  I>("E*(4+DJ:KLMN%C(?#2#-*%*(&#3(4#O*3%C(P.>."#C(Q.-D#C(#-D(

R+%%#-C(F*,#-(*-"*3+-,("E*(S!(4#3O*"(9+"E(%4#''C(+-*12*-%+8*(

&#3%C("E*(T.3.''#C("E*(T+8+&C(#-D("E*()#"%=-H(

•  I>("E*(4+DJ:KUMN%C(2*.2'*(F*,#-(".(3*#'+V*("E#"("E*%*(

?#2#-*%*(&#3%(.="'#%"*D(@4*3+&#-(&#3%(F>(/#&".3%(./(;(.3(

4.3*H(

–  @4*3+&#-(&#3%(9*3*(9.3-J.="(F>(WMO(".(LWO(4+'*%(9E+'*(4#->(

?#2#-*%*(&#3%('#%"*D(.8*3(:MMCMMM(4+'*%X(

•  BE>Y(

Z(
© Joseph J. Nahas 2012 

10 Dec 2012 

BH(0D9#3D%()*4+-,(
•  BH(0D9#3D%()*4+-,(9#%(#-(@4*3+&#-(9E.('*#3-*D(%"#$%$&#'("*&E-.'.,>(

/3.4(B#'"*3(!E*9#3"(./(I*''([#F%H(Q*(#22'+*D(E+%('*#3-+-,(\3%"(+-("E*(

)*2#3"4*-"(./(@,3+&='"=3*(#-D('#"*3(+-(BB66H(@A*3("E*(9#3C(E*(9#%(%*-"(".(

?#2#-(".(E*'2("E*(?#2#-*%*(9+"E("E*+3(&*-%=%H(Q*(%"#>*D(.-C(#"("E*(3*G=*%"(

./(?#2#-*%*(S-+.-(./(!&+*-$%"%(#-D(0-,+-**3%((".(E*'2(?#2#-*%*(+-D=%"3>(

9+"E(%"#$%$&#'("*&E-+G=*%H(I*&#=%*(./(E+%(9.3O(+-(+423.8+-,("E*(G=#'+">(./(

?#2#-*%*(+-D=%"3>C("E*(?#2#-*%*(G=#'+">(#9#3D(+%(-#4*D("E*()*4+-,(

@9#3DH(

](
© Joseph J. Nahas 2012 

10 Dec 2012 

^*-+&E+(P#,=&E+(
•  ^*-+&E+(P#,=&E+(9#%(+-+$#''>("3#+-*D(#%(#("*1$'*(*-,+-**3H(@A*3(BB66(E*(

_.+-*D("E*(0'*&"3+&#'(T.44=-+&#$.-%([#F.3#".3>(`0T[a(./("E*(R+22.-(

P*'*,3#2E(#-D(P*'*2E.-*(T.32.3#$.-(9E*3*(E*(&#4*(=-D*3("E*(+-b=*-&*(

./(BH(0D9#3D%()*4+-,H(6-(:KW]J:KWW(9#%(8+%+$-,(23./*%%.3(#"("E*(6-D+#-(

!"#$%$&#'(6-%$"="*(9E*3*(E*(9#%(+-"3.D=&*D(".("E*(.3"E.,.-#'(#33#>%(

9E+&E(F*&#4*("E*(/.=-D#$.-(./(E+%('#"*3(9.3OH(Q*(\-+%E*D(E+%(D.&".3#"*(

+-(:Kc;(#-D(F*&#4*(#(23./*%%.3(./(*-,+-**3+-,(#"(@.>#4#(^#O=+-(

S-+8*3%+">C(P.O>.(9E*3*(&.-%='"*D(9+"E(+-D=%"3>(23.2#,#$-,(9E#"(

F*&#4*(O-.9-(#%(P#,=&E+(d*"E.D%H(



W(
© Joseph J. Nahas 2012 

10 Dec 2012 

P#,=&E+(d*"E.D%(

•  7eJ'+-*(<=#'+">(T.-"3.'(
–  S%*(*12*3+4*-"#'(D*%+,-("*&E-+G=*%(".(F."E(+423.8*(#(23.&*%%(#-D(".(

3*D=&*(.="2="(8#3+#$.-H(

!  R**D(".(3*D=&*(#(23.&*%%*%(%*-%+$8+">(".(=-&.-"3.''*D(2#3#4*"*3(

8#3+#$.-H(

–  PE*(=%*(#(&.-"3.''#F'*(2#3#4*"*3(".(3*J&*-"*3("E*(D*%+,-(9E*3*(+%(F*%"(

\"%("E*(23.D=&"H(

•  01#42'*f(6-"*3-#'(&.4F=%$.-(*-,+-*(&>'+-D*3(#-D(2+%".-H(

c(
© Joseph J. Nahas 2012 

10 Dec 2012 

73"E.,.-#'(@33#>(d*"E.D%(

•  R."(-*9(/3.4P#,=&E+(

•  B+D*(%"#$%$&%('+"*3#"=3*(.-("E*(%=F_*&"H(

•  P#,=&E+(4#O*(+"(#&&*%%+F'*(".(*-,+-**3%(#-D(23.2#,#"*D(#(

'+4+"*D(%*"(./(4*"E.D%("E#"(%+42'+\*D("E*(=%*(./(.3"E.,.-#'(

#33#>%H(

•  )*%+,-(./(012*3+4*-"%(`).0a(+%(23+4#3+'>(&.8*3*D(+-(!*&$.-(WC(

53.&*%%(6423.8*4*-"(./("E*(R6!P(0!QH(

NIST ESH 5 

L(
© Joseph J. Nahas 2012 

10 Dec 2012 

7="'+-*(

:H   6-"3.D=&$.-(
;H   )*%+,-(./(012*3+4*-"%(I#%+&%(

ZH   g=''(g#&".3+#'()*%+,-%(!+42'*(01#42'*(

@H   ;-()*%+,-%(
IH   !+-,'*(g#&".3(

TH   ;(g#&".3(5'."%(

]H   g3#&$.-#'(g#&".3+#'()*%+,-%(@33#>%(

U(
© Joseph J. Nahas 2012 

10 Dec 2012 

BE>(=%*(!"#$%$&#'()*%+,-(./(012*3+4*-"%Y(

•  TE..%+-,(I*"9**-(@'"*3-#$8*%(
•  !*'*&$-,("E*(h*>(g#&".3%(@e*&$-,(#(i*%2.-%*(
•  i*%2.-%*(d.D*'+-,(".f(

–  Q+"(#(P#3,*"(
–  i*D=&*(j#3+#F+'+">(
–  d#1+4+V*(.3(d+-+4+V*(#(i*%2.-%*(

–  d#O*(#(53.&*%%(i.F=%"(`+H*HC("E*(23.&*%%(,*"%("E*(k3+,E"k(3*%='"%(*8*-(

"E.=,E("E*3*(#3*(=-&.-"3.''#F'*(k-.+%*k(/#&".3%a(

–  !**O(d='$2'*(^.#'%(

•  i*,3*%%+.-(d.D*'+-,(

NIST ESH 5.1.2 



K(
© Joseph J. Nahas 2012 

10 Dec 2012 

)*%+,-(./(012*3+4*-"%(
•  ^.#'(

–  I=+'D(#(4.D*'(./(#(23.&*%%(".(*l&+*-"'>(&.-"3.'(.-*(.3(4.3*(

3*%2.-%*%H(

–  I*(#F'*(".(#D_=%"(&.-"3.''#F'*(2#3#4*"*3%(".(.F"#+-(.-*(.3(4.3*(

D*%+3*D(3*%2.-%*%H(

–  01#42'*%(./(2#3#4*"*3%(

!  P*42*3#"=3*(`&.-"3.''*D(.3(=-&.-"3.''*Da(

!  53*%%=3*(
!  ^#%(d+1"=3*(

!  d#"*3+#'(

!  j.'"#,*(
–  01#42'*%(./(3*%2.-%*(,.#'%f(

!  m+*'Dn)*/*&"()*-%+">(
!  j#3+#$.-(+-("E+&O-*%%(./(#('#>*3(
!  T.42.%+$.-(./(#('#>*3(

!  !2**D(

:M(
© Joseph J. Nahas 2012 

10 Dec 2012 

53.&*%%(!&E*4#$&(

:M(

How do we efficiently measure the response of a process 
to the various controllable inputs?  

NIST ESH 5.1.1 

Process
A
B
C

Design
Parameters

Environmental
Parameters

T P H

Uncontrolled
Parameters

Responses
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Each point averages the 
response for all the values 
of the other two variables. 

;M(
© Joseph J. Nahas 2012 

10 Dec 2012 

53*%%=3*(#-D(P*42*3#"=3*(i*%2.-%*(8%(d#"*3+#'(

No Dependence 

Large Dependence 

Each point averages the 
response of the two values 
of the other variable. 



;:(
© Joseph J. Nahas 2012 

10 Dec 2012 

i*%2.-%*()3+8*3%(

MP Response = (189-228-218+259+195-200-238+241)/4 = 0  

MP = A * B 
MT = A * C 
PT = B * C 

MPT = A * B * C 

;;(
© Joseph J. Nahas 2012 

10 Dec 2012 

7="'+-*(

:H   6-"3.D=&$.-(
;H   )*%+,-(./(012*3+4*-"%(I#%+&%(

ZH   g=''(g#&".3+#'()*%+,-%(!+42'*(01#42'*(

@H   ;-()*%+,-%(
IH   !+-,'*(g#&".3(

TH   ;(g#&".3(5'."%(

]H   g3#&$.-#'(g#&".3+#'()*%+,-%(@33#>%(

;Z(
© Joseph J. Nahas 2012 

10 Dec 2012 

g3#&$.-#'(g#&".3+#'(;ZJ:(

•  R."(#''(2#3#4*"*3(&.4F+-#$.-%(#3*("*%"*DH(

•  5#3#4*"*3(8#'=*%(#3*(F#'#-&*D(#,#+-%"(*8*3>(."E*3(2#3#4*"*3H(

•  01#42'*f(;ZJ:(

!  R."*(F#'#-&*(/.3(*#&E(2#3#4*"*3f(

o  0#&E(8#'=*(./(@(E#%(F."E(8#'=*%(/.3(I(#-D(TH(
o  0#&E(8#'=*(./(I(E#%(F."E(8#'=*%(/.3(@(#-D(TH(
o  0#&E(8#'=*(./(T(E#%(F."E(8#'=*%(/.3(@(#-D(IH(

5#3#4*"*3(

+$#,' 8' 9' :'

-' -' -' -'

.' -' .' .'

/' .' -' .'

2' .' .' -'

NIST ESH 5.3.3.4 ;](
© Joseph J. Nahas 2012 

10 Dec 2012 

g3#&$.-#'(g#&".3+#'(;LJ](

•  R."(#''(2#3#4*"*3(&.4F+-#$.-%(#3*("*%"*DH(

•  5#3#4*"*3(8#'=*%(#3*(F#'#-&*D(#,#+-%"(*8*3>(."E*3(2#3#4*"*3H(

–  +H(*H("E*(#33#>(+%(.3"E.,.-#'H(
•  01#42'*f(;LJ](

!  R."*(F#'#-&*(/.3(*#&E(2#3#4*"*3f(

o  0#&E(8#'=*(./(@(E#%(F."E(8#'=*%(/.3(IC(TC()C(0C(gC(#-D(^H(
o  0#&E(8#'=*(./(I(E#%(F."E(8#'=*%(/.3(@C(TC()C(0C(gC(#-D(^H(
o  0#&E(8#'=*(./(T(E#%(F."E(8#'=*%(/.3(@C(IC()C(0C(^(#-D(^H(
o  0"&H(

5#3#4*"*3(

8' 9' :' ;' <' =' >'

-' -' -' -' -' -' -' -'

.' -' -' -' .' .' .' .'

/' -' .' .' -' -' .' .'

2' -' .' .' .' .' -' -'

3' .' -' .' -' .' -' .'

4' .' -' .' .' -' .' -'

5' .' .' -' -' .' .' -'

6' .' .' -' .' -' -' .'


