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Controlled (Hold Constant) Variables

manipulate in
the experiment

X1

Experimental X2
Factors

Y1 Measured
Y2 Responses
3 of Interest

Process or System of
X3 Interest
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Uncontrolled (Noise, or Nuisance) or Lurking
Variables
\_ Covariates are measured and
included in the analysis.
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Key engineering steps: process knowledge and
engineering judgment are important.
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Identify factors Compute design Use design to set Compute best fit Use model to find
and responses. formaximum  factors: measure of mathematical best factor settings
information from response for each modelto data  for on-target
runs. un. fromtestruns. responses and
minimum variability.
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Case 1: 10-Gb/s Differential PCB Interface Optimization with RSM

+ Response Surface equation  With estimates for coefficients, #, we have an
describes the relationship equation which approximates the characteristics

between the explanatory of the response. This can be expressed as:
variables (the x's) to the
response (the y's). y = Bo + Bixy + Baxy + Baxyxy + Buxt + Pox?
w
0‘° / o”
Response :

Xs

Input
Conditions

Ys
System
Response

Factor Minimum  Typical Maximum
Response Target
Transmitter termination, RrdQ) 40

Receiver termination, Ri1(Q) 40

Surface
Model

Model is defined by the
form of the equation and
the equation’s coefficients

Differential impedance, Zsa(Q) 840 100.3 179 Eye ht (mV)
Trace length, L(m) 0.254 0.381 0.508 )
‘ ST Eye Width (ps) Max 70

* Hall, S. & Heck H. (2009). Advanced Signal Integrity for High-Speed Digital Designs.
* Alired, Richard & Katz, B. & Hosagrahar, |. & Xu, C. & Gillmor, Wiley. (2014). How design of experiments saved my CEl VSR 28G design.
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Case 2: Chemical Formulation Development and Process Optimization with Custom Design

Starting Material Process Conditions Conductive Polymer Factor Factor Type Settings
Polymer powder  Constant

Precursor Mixture Cuso, Mixture 02 08

CuS0O4 Na,S,0,4 Mixture 02 08

2?232?3 Glyoxal Mixture 0 06
yoxal Temperature Conti 30 50

Wavelength of Light Continuous 2 6

A Az Ay Categorical t L2 L3

Process Settings Response
Temperature

Time

Cost
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- <0000 Ll m e
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* Atkinson, A. C,, and Donev, A. N.(1992).Optimum Experimental Designs New York: Oxford University Press.
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Case 3: Combining Space Filling Design with Machine Learning to Optimize Food Formulation

Bread Experiment: Identify mixture proportions and process settings that will make bread that is “tall” and tasty

FM! Factor Factor Type Min ng\
0

Flour2 Mlxture o 0. 75 w - ‘a..a == '
‘Flour3 Mixture 0 075 - b\ . ( '
Proofing Time (min) Continuous 30 60 T i

ors-
WWo417205 05—

Response Target LSL \ 71 \ }\

MYNER QRGO =NMINEE O TR G 899$3.«3° 5 2 E -

028 078 0 m.,:.‘
Flow 1 Flowr 2 Flow 3 Time -
Pred Height-SVEM-Gen Regl
Y
|
o
=
- 50
1 09 0507 06 05 04 03 02 010 1 09 08507 0605 04 0302010 1 090807 06050403 02010
X Flowr 1 Fiour | Four 1
wEme e T e | ofg T ——— 45 Proofing Time ———{—— a5 Proofing Time ———{—— 45

. el Innovation with ce Filing Mixture Designs, Neural Networks and SVEM
* Snee, Ronald, and Roger Hoerl. 2016. for Fi lati Develop A Step-by-Step Guide Using JMP. Cary, NC: SAS Institute Inc.
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Model-based DoE Model-agnostic DoE

Starting from an a-priori model... The model is unknown or a priori complex, we
generate points in the experimental space in a
Y=ag+a; Xy + 3, Xy + e #2355 Xg Xy + o + 357 Xy homogeneous way to explore it ...

Main effects
Interaction effects Y=..?
Quadratic effects Toeee d
... To generate the most informative experiments ... From the generated points and the results, we
(precise estimation of model coefficients): choose the best predictive model:

Factorial designs Mixture designs Space-Filling mixture designs Machine Learning modelization
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