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ABSTRACT

The ADX Interface® isintended for engineers, scientists, and
other researchers who require a point-and-click solution for
designing and analyzing experiments to improve processes
and products. You will find this tutorial helpful if you use
designed experiments in your own work, or if you provide
SAS® support for experimental work in your organization.

In this paper, we will show how ADX guides you through the
steps of designing a statistical experiment, anayzing the data,
and then creating Web-based results that you can share with
your co-workers. We will givean overview of how to

accel erate process knowledge discovery with ADX through
automated design construction algorithms and model-fitting
techniques; interactive graphics for exploration and
optimization; and HTML report generation. We will
illustrate some of these tools by analyzing data from a
fractional factorial with multiple responses.
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INTRODUCTION

Design of Experiments (DoE) has been proven to be a useful
approach for studying the impact of process parameters on
responses of interest, such as functional product parameters.
SAS® has developed an interface to helpengineers, scientists,
and other researchers who require a point-and-click solution
for designing and andyzing experiments toimprove
processes and products. The ADX Interface guidesyou
through the steps of designing a statistical experiment,
anayzing the data, and then creating Web-based results that
you can place on your intranet site for company access.

In this paper we will walk you through all of the steps needed
to design, analyze, and generate areport for afictitious
experiment performed by achemical company to study one
of their manufacturing processes. We will illustrate many
features of the ADX Interface in this paper and will refer you
to Getting Started with the SASADX Interface for Design of
Experiments, published by SAS Institute, which we will refer
to asthe ADX manudl, for additiona information on features
not covered here.

EXPERIMENT BACKGROUND

A company in the chemica industry is manufacturing a
product and wants to identify important process parameters
and their impact on afew key responses. The engineers
brainstormed alist of possible process parametersthat may
be included in the experiment. After, several discussions, the
team chose 6 process parameters to includein the
experiment, each at 2 levels. These parameters, or factors, are
listed next.

Factors Levels
TH_CURE low, high
QUANTITY small, big
Z DIST A, B
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UV_CURE low, high
SH_LIFE old, new
PLASMA no, yes

We are not at liberty to discuss the meaning of these factors
and levelsin any further detail.

The team a so sel ected two responses to investigate,
AV_MW and SD_MW. Each experimental unit contains a
number of sub-units, therefore, the team will study both the
average power output from all sub-units on aunit, as well, as
the standard deviation of the power across the sub-units. The
two responses, dong with their desired values, are shown

bel ow.

Responses Objective
AV_MW maximize
SD_ MW minimize.

ADX INTERFACE

In the remainder of this paper we will takeyou through the
steps needed to design, analyze, and write an HTML report
for this experiment using the ADX Interface.

|. Defining the Design . . .

Y ou can launch the ADX Interface by selecting Solutions,
Analysis, Design of Experiments from the main menu in your
SAS session.
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Thiswill openthe ADX Interface window. If thisisyour first
timelaunching the ADX Interface then your window will
appear blank. We have saved two previous experimentsin
our window, asisshown by the two cubeicons.
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We need to create a new design for this experiment by
selecting File, Create New Design from the tool bar dong the
top of the window. There are anumber of design structures to
choose from, such as two-level, response surface, and
mixture designs. For this experiment, we will select Two-
level from this menu.
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The window that appears next is the main interface that we
will interact with to design, analyze, and develop a report for
the experiment. The window is currently empty except for
the buttons aong the right-hand side of the window. Notice
that most of the buttons are “grayed out” and not accessible
at this stage of the design.
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The first step in designing our experiment is to define our
process parameters and responses. We can do this by
selecting the Define Variables... button on the right-hand
side of the window. The window that is displayed next isalso
empty. Notice that there are three tabs in thiswindow, Factor,
Response, and Block.
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The Factor tab is where we will describe our process
parameters, or factors, for the experiment. We can add
factors by selecting the Add> button aong the right-hand
side of the window and highlighting the number 6 for our 6
process parameters.
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We can edit the default factor names, X1 to X6, and low (-1)
and high (1) levels by placing the mouse-button in thefield
and typing over the existing values. Factor |abels can aso be
added in thiswindow. The completed factor names and levels
are shown in the next screen capture.

The additional buttonson the right-hand side are fairly self-
explanatory and can be used to delete a factor or to move a
factor up or down in the order that is shown. The Library
button is handy because it can be used to access factors,
levels, and factor labels that were used in previous
experiments and saves some typing.
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The next step isto define the responses in our experiment by
clicking on the Response tab. The window will appear with
one generic response Y 1. You can add additional responses
by, once again, selecting the Add> button on the right-hand
side and selecting the number of additional responses to
include in the experiment. For our example, we will add one
additional response.
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After typing in the response names and label s we have the
information in the screen capture shown next.
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You can aso add the units, precision, target values and SN
functions in thiswindow and should refer tothe ADX
manual for more details.

The Block tab is used to define block leves, if the
experiment needs to be blocked. Since our experiment is not
blocked, we will not discuss this further.

To exit this window, we click on the OK button at the bottom
of the window. When you exit any window in ADX you will
be prompted to save your changes. You should say ‘Yes' to
this otherwise all of your work will be lost and you will have
to start over.

Il. Selectingthe Design . . .

When you exit the Define Variabl es dia ogue window you
will return to the main window. We are now ready to select a
design for our experiment. The Select Design... buttonis
used to look for an appropriate design for our factor space.
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There are anumber of design choicesfor our experiment
with 6 factors that are shown, ranging from fractional
factorials with as few as 8 runsto the full factorial
experiment with 64 runs. Y ou should note that you can view
additional designs with blocking factors by clicking in the
box label ed as Blocking on the right-hand side of the
window. Since our experiment is not blocked we will omit
this step.

Thiswindow a so provides information about the resolution
of the design and the estimabl e effects. At a glance, we can
evaluate the different designs to see which ones will meet our
reguirements for estimating main effects and interactions.
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The engineering team has aready told us that they do not
have the resourcesto run afull factorial experiment.
Therefore, we will have to investigate the fractional factorial
designs. We can get anidea for the limitation of the
fractional factorial designs by looking at the resolution and
estimabl e effects.

You can get acloser look at any design by highlighting it and
then clicking on the Design Details... button in the top of the
window.
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The Design Details includes general information about the
selected design in the Design Information tab, shows the
treatment combinations inthe Design Listing tab, provides
the confounding rules that were used to generate the design
in the Confounding Rules tab and the aias structure in the
Alias Structure tab.

The alias structure for the design that we highlighted
indicates that al 2-factor interactions are free of main effects
and other 2-factor interactions. The dias structure for 3-
factor interactionsis shown below. You can close this
window by clicking on the ‘X’ in the upper right-hand corner
of thiswindow.

I ADX: Design Details: Two-level design (BHH) o =] 5|
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DesignInformation | Designlisting |  Confounding Rules Alias Structure

Up to BFI iy

FH_CURE*QUANTITY*Z_DIST + UV_CURE*SH_LIFE*PLASMA =]
TH_CURE*QUANTITY*UY_CURE +Z_DIST*SH_LIFE*PLASMA
TH_CURE*QUANTITY*SH_LIFE + Z_DIST*UY _CURE*PLASMA
TH_CURETQUANTITY*PLASMA + Z_DISTUY_CURE™SH_LIFE
TH_CURE™Z_DIST*UY_CURE + QUANTITY*SH_LIFE"FLASMA
TH_CURE™Z_DIST"ZH_LIFE + QUANTITY™LY _CURE"PLAZMA
TH_CURE™Z_DIST*PLASMA + QUANTITYUN_CURE™SH_LIFE
TH_CURE™WY_CURE"SH_LIFE + QUANTITY*Z_DIST"FLAZMA
TH_CURE™WY_CURETFLASMA + QUANTITY*Z_DIST"SH_LIFE
TH_CURE™SH_LIFE"PLASMA + QUANTITY*Z_DIST*UY_CURE
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The team decided to go with the % fraction, resolution 6
design with 32 runs. In order to select this design, we



highlight it and close the window by clicking onthe ‘X’ in
the upper right-hand corner of the window. The treatment
combinations will now appear in the main window.
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[11. Augmenting the Design . . .

When you select atwo-level design using the Select
Design... button, the design does not contain any replicates
or center points. If you want to replicate the design, or add
center points, then you must select the Customize... button
on the right-hand side of the window. Thiswill launch a
did ogue window that will alow you to perform severd
different types of augmentation to your design.

We have decided toleave our design asit isand not augment
it. You should refer to the ADX manual for amore detailed
discussion about these choices.
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V. Running the Design . . .

We would like to randomize the design and export it to
EXCEL before giving it to the engineering team to run. We
can do this by selecting the Edit Responses... buttonin the
right-hand side of the main window. In order to randomize
the design we select Design, Randomi ze design from the
main menu &t the top of the window. Thiswill randomize the
order of the design. Y ou can aso sort the design, if you wish,
by using the Sort design... option inthis menu.

¥ SAS

File  Edit

J o I_ Coded levels

=R &n

W
I_anoded levels
[) dit Bezpo
BLLEN  Fondomize design
Contentz o .
Sort design.. RUH| TH_CURE | aual
B o 1 1 oy small
egponze Simulator.. :
P - 2 2 high small
3 3 o kig
q 4 high big

The last thing that we need to doisto export this design to
EXCEL and email it to the engineering team so they can run
the experiment and record the results. This is accomplished
by selecting File, Export design, to other types... inthe main
menu. Thiswill launch a dialogue box that is similar to the
Import Wizard, which allow you to export this design to an
EXCEL spreadsheet. The details are left for the reader.

[#ohe ]
B8 Edt Desion Help

Export d ' o 545 data zet...

Import dezign

Import responze values » T AUX: Edit Hesponses
Pirt setup... RUH[TH_CURE | quan
Print presiew. .. 1 1 | lowy amall
Prirt... 2 2 high =mall
Pririt options... 3 3 law big
1 4 Figh big

LCloge 3 3 loww =mall

| 6 & high small

Upon exiting the ADX Interface, make sure that you save
your work and provide a name for the design that you
created. Otherwise, the design will not be avail able the next
timethat you log into SAS and the ADX Interface.

V. Preparing the Results. . .

We can open up our design and continue our experimental
process by double clicking on the appropriate icon when we
enter the ADX Interface. Thiswill open up the design and
place usinto the main window.

The firgt thing we need to do isto enter the results from the
experiment into the experimental worksheet. In order to do
this we click on the Edit Responses... button on the right-
hand side of the window. There are several ways that you can
get your response valuesinto the ADX Interface. We will
illustrate one method and refer you to the ADX manual for a
description of the other methods.

We want to enter the response values into ADX from an
existing SAS data set. First we must read in the compl eted
EXCEL spreadsheet using the Import Wizard and generate a
SAS data set. Note that the spreadsheet containsthe original
design aong with the compl eted response values. These
details are not going to be discussed here. From the ADX
Interface, Select File, Import response values, from SAS data
set... from the main menu at the top of the window.
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You will be prompted to enter the library and data set name
that the response values are contained within. Y ou can either
enter LIBRARY.DATA or use the arrow to search for the
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library and data set. Our dataiislocated in the Workshop
library and is called Osa_doe. To exit this window click on
the ‘X’ in the upper right-hand side of this window.
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The next window that appears requires us to map the
response names in the SAS data set (From) to the response
namesin the ADX Interface (To).
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We can accomplish this by pressing the arrows next to each
field and sdlecting the appropriate responses. Recdl that we
have 2 responsesin our experiment, AV_MW and SD_MW
so we are required to map both responsesto the ADX design.
It should be noted that the order of the runsinthe SAS data
set must beidentical to the order of the runs in the ADX
Interface. Otherwise, the response vaues will not be properly
matched up with the treatment combinations.

When you are finished mapping the responses in this window
click on the ‘X’ in the upper right-hand corner of the
window. The response valueswill be added to the design
sheet. To exit thiswindow, click onthe ‘X’ in the upper
right-hand corner of this window and don’t forget to save the
results when prompted.
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VI. Graphical Analysis of the Results. . .

We are now ready to analyze the results from our experiment.
You will notice that al of the buttons in the right-hand side
of the window are now accessible to us and some of the
labels have dightly changed. We would like to Explore, Fit,
and Optimize, in that order, the outcomes from our
experiment.
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Thefirst step in our analysisis to perform a graphical
exploration of our data. The ADX Interface has several
graphical toolsthat are located in the Explore... button on the
right-hand side of the window.

 AUR: Explore Data =101X;
Command ===>
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From this window we can look at main effects, interactions,
scatter plots, cube plots, boxplots and factorial plots, asis
indicated by the different tabs.

The first graph that appears is a main effects plot showing the
effects for the process parametersin our experiment for the
average power, or AV_MW. From this plat, it appears that
UV_CURE may have an impact on AV_MW, that is, the
average power decreases as we go from alow to ahigh value
for this process parameter.

We can change the response val ue in the main effects plot by
pressing on the down arrow next to the label showing
AV_MW and sdlect the other response, SD_MW. The main
effects plot will be adjusted on the fly with the new response
data. The next screen capture shows the main effects plot for
SD_MW. PLASMA may have an impact on the standard
deviation of power because it increases as we go from no to
yes levelsfor this parameter.
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These graphs are interactive. If we perform aright-mouse
click over any of the main effects plots we will get amenu
with additional choices. We can zoom in on agraph, toggle
confidence intervas on and off, change the colors of the plots
with the Properties... selection or look at 2-factor interaction
plots.
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If we sdect 2FI plot— for plasmathen amenu will appear
with the other factorsin the experiment. We should highlight
the name of the factor that we would like to see interacting
with the factor originally selected.

/;
TH_CURE
QUANTITY
Z_DIST
UV_CURE
SH_LIFE

noackan

The 2-factor interaction plot will be displayed once you |et
go of the mouse button. Once again, this graph is interactive
and you can perform additional actions by performing a
right-mouse click on top of the graph. To get back tothe
main effects plots select the 1Fl plot option.
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Sommand ===>

Main Effects Plot } Interaction Plot | n-way Effect Plot | Scatler Plot | BoxPlot | CubePlot | FactorialPlot | [

2.way Interaction: PLASMA*TH_CURE

Standard Deviation 95% Confidence Intervals

notrs TH_CURE

-l
- fign

Copy
& Print.
Zoam
[ Confidence intervale
[ Effects legend

3FI plot ->
UritarmdEl azes

L2 7 1F plot

Cleaning method Refresh

& Help.

A Propetties.

It will be cumbersome for ustolook at al of the 2-factor
interactionsin this manner. We can view a matrix of all of
the 2-factor interactions by selecting the Interaction Plot tab.
The main effects for the factors are shown a ong the diagonal
of the matrix. To find the 2 factors involved in any
interaction, read off the factor name to the right of the plot
and below the plot. For example, the 2 factorsinvolved in the
interaction plot shown in the upper most right-hand corner of
the plot are TH_CURE and PLASMA.
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Up tothis point we haven’t talked much about how to
generate the fina report. However, as you go through the
analysis, you should keep in mind which plots you want to
include in the report. If we want to include thisinteraction
plot in our final report then all we haveto dois sdect View,
Include in report from the main menu. Thiswill generate a
GIFfile of this graph that can be accessed by the HTML
report when we are ready to generate the report.
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If we want to look for trends in the run order of the
experiment we can click on the Scatter Plot tab. To connect
the points you can check off the box next to Join Means. This
will generatethe plot shown in the next display.
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We can change the variables on either axis by clicking on the
X Axisor Y Axis buttons on the right-hand side of the
window. For example, to look at the main effects plot for
UV_CURE on AV_MW we can click on X Axis and select
UV_CURE. The plot will be updated on the fly.
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Boxplots are useful tools for viewing data and the ADX
Interface has added the Box Plot tab to the tool. Whenyou
enter this window the graphs will show two boxplots for each
level of one factor in your experiment. Y ou can further
segment your data by highlighting another factor of interest
for theligt of factors displayed in the right-hand side of the

window. Statistics can beviewed at the bottom of the plot by
checking the box next to the Stats... label.

The boxplot shown below partitions the data for the factors
TH_CURE and UV_CURE for the average power. This plot
suggests a significant interaction between these 2 factors
since the behavior of the response changes across the levels
of TH_CURE aswe go from low to high UV_CURE. You
can aso change the order of the variablesin the plot by
passing the mouse button over the variable label in the lower
|eft-hand side of the plot and dragging the variable up or
down. Once again, the response can be changed on the fly by
selecting SD_MW from the drop down arrow next to the
field for Y Axisinthe upper right-hand corner of the
window.
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The final graphical andysis that we will look at in this
window is a cube plot. The cube plots can be accessed with
the Cube Plot tab.

s ADX: Explore Data =101
Comnan d ===
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Thisplot allows us to look at the outcome from our
experiment using 3 of the factorsin the experiment. The
val ues that appear on the vertices of the cube are the actual
response va ues averaged across al of the levels of the
factors not shown in the plot. The high and low response
values are indicated using green and red dots, respectively.

Once again, if you would like to include any of theseplotsin
your final report, when you are viewing them make sure that
you select View, Include in report from the main menu.



Select the ‘X’ in the upper right-hand corner of the window
to get back to the main menu when you are finished with the
exploration or your data.

VII. Satistical Analysisof the Results. . .

We have just completed the preliminary graphical andysis of
the data. Now we areready to look at the tests of hypothesis
for our factors. Select the Fit... button on the right-hand side
of the main menu to look at the statistical findings. If you
have more than one response to look at, then you must select
the response that you want to andyze first by highlighting the
name of the response and clicking on the Run button.

ADX: Choose a response .
Select a response to fit:

v
SD_MU -

Run I Cancel iy

T 15 ik s a s

The results from an ANOVA will be displayed with the
statistically significant (p-value < 0.05) factors highlightedin
yellow. The analysis for AV_MW is shown in the next screen
capture. Y ou may have to scroll down the window tolook at
the results for all of the factors in the model.

Recall that our fractional factorid design allows usto
estimate 6 main effects and 15 2-factor interactions.
Although we didn’t include any replicatesin our design, we
ran 32 treatment combinations from the full factoria. Since
there aren’'t any 3-factor interactions in our model, this leaves
10 degrees of freedom that we can use to estimate the error
term (assuming 3-factor interactions are negligible).

I ADX: Effect selection For Average Power =10]x I
[Effects | K| fotions

Effect Estimate StdError  t Ratio P Value = |
TH_CURE 0036212 0017951 2075 0.0847
QUANTITY 0019738 0.017951 1a3 0.2045
Z_DIST -0.026337  0.017451 15092 01622

| UV_CURE 027166 0.097451 A5567 <0001 |
SH_LIFE 0.01755  0.017451 1.0056  0.3383

| PLASMA 004015 0.017951 23001 0.0492 |
TH_CURE:QUANTITY 0.028837  0.047454 16524 04295
TH_CURE:Z_DIST 0.0024375 0017451 043967 0897

| TH_CURE*UV_CURE 030549 0.017451 17505 <0001 |
TH_CURE'SH_LIFE 0.00345 0017451 019769 0.8472
TH_CURE‘PLASMA -0.001975  0.017451 04137 09921
QUANTITY*Z_DIST -0.0074875  0.017351 042905 06770
QUANTITY*UY_CURE 0019513 0.017451 11181 0.2097
QUANTITYSH_LIFE -0.003325  0.017451 049053 0.8527
QUANTITY*PLASMA -0.00085  0.097451  -0.048707  0.9621
Z_DIST*UV_CURE 0.0009375 0017451 0.05372 09582
Z_DIST*SH_LIFE 00437  0.017951 2.5011 0.0312
Z_DIST*PLASMA -0.006425 0.017451 -0.36816 0.7204
UV_CURE*SH_LIFE 0.0362  0.097451 20743 0.0648
UV_CURE*PLASMA -0.006325  0.017451 036243 0.7245 =

i

There are four terms in the model that are highlighted yellow,
indicating that their p-values are bel ow the cutoff value of
0.05.

The ADX Interface provides additional graphical techniques
to further examine the significant effectsin our experiment.
These graphs can be accessed by selecting the black down
arrow in the upper right-hand corner of the window next to
the label Effects and highlight the graph of interest. There are
anumber of graphs to choose from. We will describe two of
them, Normal plot and Bayes plot, in this paper. Y ou should
refer to the ADX manual for additiondl details.

vt e P 3
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Std Error  t Ratio P Value Half-nomal plot
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0.017451 2075 0.0647 Pareto piot
0.017451 1431 0.2845 Bayes plot
0.017351 15092 0.1622 Effects

007451 15567 <.0001 |

0.017451 1.0056  0.3383

The Norma plot isanormal probability plot of the estimates
of the effect sizefor all of the terms in the model. We look
for effects that fall away from the line. The ADX Interface
|abels the effects that are seen as faling away from the
population. Once again, for our data, we see four significant
effects.
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Another plot that we can useisBayes Plot. Thisplot is based
upon Bayesian gtatistics and plots the probability that an
effect is important. Once again, the samefour effects are
large.
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Along with the graphical output, we can asolook at some
detail ed information regarding the fit of the model, which can
be accessed by selectingModel from the main menuinthe
Fit window. The choicesin thiswindow include: changing
the master model, for example, if we want to add some 3-
factor interactionsto the model, checking the model
assumptions and performing residual analysis, and looking at
the output from aleast squared fit of the datato the modd,
for example, the sums of squares for each factor and the R?
value.

¥ SAS
File  Wiew WM [dentfy  Exploie Help

Change master model. .

= D=6

Check assumptions...
Fit details...

Shown below, is the window that appears whenwe select Fit
details... from the menu discussed above. We are looking at
the predictive model information. We can see that thereare
probably some gtatistically significant termsin the model
because the p-value for the model is less than 0.05, the model
error is 0.05 and the model is explaining 95% of the variation
in our dataasis shown by the R?value.

[ ADX: Fit Details for Average Power M= E )
Hodel Type: [* Predictive Hodel { Haster Model ] |
Overall ANOVA ] Modlel Terms ] Parameters 1T
Source DF S8 s F Pr>F
Hodel 4 1.3652  0.3413 136.2193 .0001000
Error 27 0.0676  0.0025
Reponis Mean R-5quars djusted R-Square RastMSE =3
0.538869 0.952787 [©.945793 ] [0.050054 ] 9.288792
[T insiude Bloek effeet in predistive soded

If you want to seethe model fit information for the full
model then click on the Master Model button at the top of the
window and al of theinformation will be updated on the fly.

The other two tabs in the Fit Details window provide
information about each term in the model and can be sel ected
by clicking on thetab of interest. For example, to view the
parameters in the modd, we click on the Parameterstab. The
parameters are displayed in both the coded (-1, 1) and
uncoded units of our data. We can compare the magnitude
and signsfor the effects for each parameter inthe model by
looking at the coded values for the parameters. We can see
that changing from the low level of UV_CURE to the high
level of UV_CURE will change the prediction from the
model by —0.6 units, with everything € se held constant.

I ADX: Fit Details for Average Power

Model Type: [ Predictive Hodel © Master Hodel

Overall ANOVA Moel Terms | Porameters
Model tern Coded data Uncoaded data
Intercept 0.7670875 10777875 |«
TH CURE -0.3053750 0.0362125
QUANTITY 0.0054000 0.0197375
Z DIST 0. 0656000 -0.0263375
UV CURE -0.6011000 -0.2716625
SH LIFE 0.0212875 0.0175500
PLASHA 0.0337875 -0.0401500
TH CUREXQUANTITY 0.0576750 0.0288375
TH CURE*Z DIST 0.0048750 -0.0024375
TH CURE*UV CURE 0.6108750 0.3054875
TH CURE*SH L IFE 0. 0063000 0.0034500
TH CURE*PLASHMA 00033500 -0.0019750
QUANTITY*Z DIST 0.0143750 -0.0074875
QUANTITY*UY CURE -0.0390250 -0.0195125
QUANTITY*SH LIFE -0. 0066500 -0.0033250
QUANT I TY#PLASHA 0.0017000 -0.0008500
Z DIST*UY CURE 0.0018750 -0.0009375
Z DIST*SH LIFE -0, 0874000 0.0437000
Z DIST*PLASHA -0.0128500 -0.0064250
UV CURE*SH | IFE 9.0724000 0. -]
Pt i fesek a ¢

To exit thiswindow click onthe ‘X" in the upper right-hand
corner of the window.

The last gtepin fitting the model to AV_MW is to select the
final terms that we want in the model. Although, four terms
are satistically significant, UV_CURE, PLASMA,
TH_CURE*UV_CURE, Z_DIST*SH_LIFE, after evaluating
all of the plots and statistics, we have decided to only keep
two of these terms, UV_CURE and TH_CURE*UV_CURE.
When we exit the Fit window the following message appears.

ADX: Check for Model Hierarchy [ x| I

The effectsz that vou have selected do

. not preserve model hierarchy. Thiz may
produce inconsistent results later in
optimization.
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Effects required to preserve hierarchy

-

131

Include effects to preserve hierarchy

Continue anyway with ny selections

Go back to effect selection window

which tells us that we have included an interaction in the
model without including the main effects associated with it.
We click on the button that says ‘ Include effects to preserve
hierarchy’ and the main effect for TH_CURE is also added to
our model, for reasons not explained here.

A similar exercise was conducted for the standard deviation
of power. The details are omitted here except to specify the
final model that we arrived at that includes the 2 main effects
of PLASMA and Z_DIST.

VIII. Optimization of the Models. . .

Now that we have identified our moddls, we want to select
the settings of our factors that maximize the power while
minimizing the standard deviation. This can be accomplished
in the ADX Interface by selecting the Optimize... button in
the main menu.



ADX: Response Optimization

Select the response(s) to optimize:

Response: SD_Mw1.2 Predictive Model:

Z_DIST
PLASHA

Run

Cance 1

If we want to simultaneously optimize both responses then
we need to highlight both AV_MW and SD_MW and then
select the Run button in the right-hand side of thewindow.

The Prediction Profiler is the first window that appears. Our
responses are listed acrossthe y-axis and the factorsin the
models are listed a ong the x-axis. The response values are
based upon the models that we selected in the last step so the
flat lines mean that the factor is not in the model. Thisgraph
is useful to see the effect that a factor has on our predicted
responses if we change its value from low to high. You can
accomplish this by placing the mouse button over the vertica
line until it turns into a double-headed horizontal arrow and
dragit tothe desired factor level. When you releasethe line
the response values will automatically be updated.

For the graph shown below, the factor settings are predicting
aAV_MW of 0.81and aSD_MW of 0.0037.

Average Power

0.2
0.015

Standard Deviation

0.0037
0.0025

low  high small  big A B low high old new no yes
low small A low old no
TH.CURE  QUANTITY  Z DIST UV_CURE SH_LIFE PLASMA

Thereisatool called the Desirability function that alows us
to simultaneously optimize both response values. We can
view this function by selecting View, Show Desirability from
the main menu at the top of the window. This action will add
athird plot to this graph.

Fi= |

"8 Setting: Ewxplore  Help

Properties. .

Show grid
Refresh

Include in report

Include options....

Review model...

In order to optimize our responseswe must first define the
objectives of the optimization.

[ ADX: Response Optimization M= B
Prediction Profiler | Costaus Gpéimizer | Cepowr Plat | Suréase Piot | Numerical Optimizer |
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TH_CURE QUANTITY Z_DIST UV.CURE SH_LIFE PLASMA  Desire

We can do this by selecting Settings, Desirability settings
from the tool bar above. Thiswill display a menu that alows
us to entire the objectives for each response. For average
power, we click the circle next to the Maximize label. To set
the objective for the standard deviationyou must click on the
black arrow and select SD_MW from the list and click the
Minimizelabe for this response.

Prediction Profiler Settings [ ] I
Factor Setting Desirability Setting [
Response o
Iﬁveraue Power i! I
Objective
High Limnit
& Maxinize I 1
Minimize
T Close to target
 finy response in range +
" Keep setting as-is
Low Limit
0.2

l]l(| Cancel | Helpl :

When we are finished with al responses, click on the OK
button in the bottom of the window.

Thefina step inthe optimization is to optimize the function
by selecting Settings, Optimize desirability from the tool bar
at the top of thiswindow. Y ou should notice the factor
settings changing, dong with the value for the desirability
function that is shown in the bottom graph.

e |

Comtour Mot | Swiface ot | Numerical Optimizer |

Desire

low high small big A B low high old new no yes 0 1
low ig ow new no
TH_CURE  QUANTITY Z DIST UV _CURE  SH_LIFE PLASMA Desire

10



For our experiment, we can maximize AV_MW while
minimizing SD_MW by using the following factor settings:
low TH_CURE, big QUANTITY, A Z_DIST, low
UV_CURE, new SH_LIFE, and no PLASMA. These settings
yield apredicted AV_MW of 0.81 and apredicted SD_MW
of 0.0037. The Desirability function is 0.83 at these settings.
The highest valuethat the Desirability function can tekeon is
1

When we are finished we click onthe ‘X’ in the upper-right
hand corner of this window.

VIV. Generate the Report . . .

Thefinal step in our analysisisto generate a report of the
findings. Recall that we were selecting View, Include in
report every time we came across aplot or table that we
liked. We select the Report... button from the right-hand side
of the main menu. The following diaog box is displayed:

Select the responses and the tems to include in the report:
Repart Format
Report tems 1 Responses I .
# HTHL
Design Details
Design Points
Explore Details Generate Report

Fit Details
Optimization Details
Experiment Notes
Factor Notes
Response Notes

Graphics Files...

Clase

Help

Block Mote: X

& EiE 3 Figh o (0]

We can generate a text-based report or an HTML based
report by clicking next to the appropriate label in the right-
hand side of the menu. We recommend using the HTML
reports. We want to include all of the possible report itemsin
our report so we highlight al of theitemsin thiswindow by
clicking on them.

It isimportant to note that the ADX Interface, by default,
selects one response valueto include in thereport. To include
additional response values click on the Responsestab and
highlight any additional responses.

ADX: Report.__ | x| I

Select the responses and the items to include in the report

Report Format
Report Kems Responses  Text

&+ HTHL

Generate Report

Graphics Files...

Close

Help

] B FiiciF ol no 2

We select the Generate Report button in the right-hand side
of thiswindow to create our HTML report with our
experimental findings. An Internet Explorer window will be
launched with your results. We can scroll up and down this
window or jump to the section that we are interested in using
the selections in the left-hand side of this window.

.2 . 0 B A8 @ BB F o ‘\Ww‘
Foer) Stop  Refiesh Home | Seach Favoiles Histoy  Mal  Prt  Edit |

jomail €] Windows. I

ADX Report for SUGI26 backup j

Today's date: 21JAN2001

Experiment creation date: 14JAN2001

Design Details

Design Details

DesignType  Two-level
Nuy ors 6
2
6

Factors and Responses

| Factor | _Label _|LowlCenteltigh§Responsel _Label ]

TH_CURE Th igh AV .

PLASMA Cleaning method  no

Confounding Rules

This report can be placed on your company Intranet site or
emailed using the files that are generated by the report.
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