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Multifactor RSMTutorial
(Part 2¢ Optimization)

Introduction

This tutorial shows how to useDesignExpert software for optimization
experiments. It's based on the data fromMultifactor RSM Tutorial Part 1 You
should go back tathat tutorial if you've not completed it.

For details on optimization, seeour on-line program help. Also, StaEase provides
in-depth training in our Response Surface Method®f Process Optimization
workshop. Call or visit ourweb site for information on content and schedules.

In this section, you willwork with predictive models for two responses, yield and
activity, as a function of three factors: time, temperaturaand catalyst. These
models are based on results from aentral composite designfCCD) on a chemical
reaction.

Start the program by finding and double clicking the Desigixpert icon.

You will find the case study data, with the responses already analyzed, stored in a
file namedRSM-a.dxp. Use the~ile, Open Design menuor open design icon to
load the data file.

Eile Edit View Display
0= =
||:| Nol Open Design F

Open design icon

The standard file open dialog box appears.

| RSM.dxp 11/10/2002 7:45 PM  Design-Expert 8 D... 1

R5M-a.dxp 11/12/200910:34 ... Design-Expert 8 D... 1

|| Taguchi-L16.dxp 10/23/2002 7:23 AM  Design-Expert 8 D... 15
Pl 10 3

File name: RSM-a dup -

Flesoftype: Al desion files (" b, “dez, *sarl, 7, “de7,” v| | Cancel |

File Open dialog bx

Once you have found the proper drive, directory and file name, cliépen to load
the data. To see a description of thie contents,click the Summary node under
the Design branch at the left of your screerDrag the left border and open the
window to better see thebranch/node menu. You can also resize columns with
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your mouse. Within the design status screen you cagee we modeled conversion

with a quadratic model and activity with a linear mode] as shown below

File Edit View DisplayOptions DesignTools Help Tips
D&M 82y
21 Notes for RSM-a.dxp |
j Design (Actual) Design Summary
i L summary
LJ Graph Columns W Study Type Response Surface Runs 20
2] Evaluation —
B e s __|pesign Type Central Composite Blocks 2
Jj R1:Conversion (Analyzed) |—| Design Mode Quadratic
| re:activity (Analyzed)  |—
A4 Optimization __|Factor Name Units Type Subtype  Minimum  Maximum -1 Actual  +1 Actual  Mean Std. Dev.
¥] Numerical e time min. Humeric Continuous ~ 38.59 53.41 40.00 50.00 45.00 413
ﬁ Graphical _18 temperature  deg C Numeric Continugus ~ 76.58 34 80.00 80.00 85.00 413
gj Paint Prediction e catalyst % Numeric Continuous ~ 1.66 334 2.00 3.00 250 0.41
__|Response  Name Units Obs Analysis Minimum Maximum  Mean 5td. Dev. Ratio Trans Model
| Conversion % 20 Polynomial 51.0 870 783 120822 180186 None Quadratic
vz Activity 20 Polynomial 53.2 67.9 60.235 417717 1.27632 None Linear

Design summary

Click on theCoefficients Table button on the Summary Tool palette. Thistable
provides a convenient comparison othe coefficients for all of the responses. lis
donein terms of coded factors. Therefore, you can make inferences about the
relative effects For instance, notice that the coefficient for AQ1.375) in the
conversion equation is much higher than the coefficiets for Factor B(4.04057).

This shows for the region studied that the AC interaction influences onversion

more than Factor B.The coefficients in the table are colocoded by pvalue,

making iteasytosAA AAAE OAOI 6 O OEIgdubermmpld WechoseA O
to use the full quadratic model. Therefore, some less significant ternfshown in

black) are retained, even though theyare not significant at the 0.10evel.

M| intercept | Block1 | Block2 A ‘ B ‘ c ‘ AB ‘ ac ‘ BC ‘ a2 ‘ B2 ‘ 2
Response
Conversion [g16022 -181975 181975 1.02845 4.04057 6.203%6 2125 11.375 8 -1.89597 2877 -5.25472
Summary Tool & p= 0.3730 0.0054 0.0003 04774 <0.0001 0.0 01138 0.0261 0.0008
Activy  |602083 0.14375 -1.14375 428058 222997
Design Summary
p= = 0.0001 = 0.0001
CDEME\EM%TEME
Pop-Out Vi
Legend p<0t Qe=p=05 0S<=p=il px=10

Coefficients Table

To copy thistable for use in a report]eft-click on the upper left header

(Term/R esponse) to highlight the table, themight-click and chooseCopy With
Headings (shown below). Now, you canpaste the table into your favorite word
processing or spreadsheet program.

File Edit View Display Options Design Tools Help Tips
DEHE & ? ¥
L3 Notes for RSM-a.dxp
i) Intercept | Block 1 Block 2 A
2] Design (Actual) Response
) summary Con Cut 1.02845 4
1| Graph Columns ] Copy 03750 )
L. 2] Evaluation Ad Cnpyglth Headings nETED
Analysis 3
g| i i Paste < 0.0001
L] R1:Conversion (Ane f——y Clear
i ] R2:Activty (Analyze =
N Optimization - | Help 05 05<=p<10 p:

Copying the Coefficients Table
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NumericalOptimization

O 1 O0i AOEAA

Qu
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Design% @D A OO O £O0x AOA
target:
1 A single response

1 A single response, subject to upper and/or lower boundaries on other
responses

1 Combinations of two or more responses.

We will lead you through thelast caseabovez a multiple -response optimization.
Under the Optimization branchto the left of the screen dick the Numerical node

to start.
(1 Motes for REM-a.dxp A
- 7] Design (Actual) s L Sldiars aps
_‘| Summary A:time
L] Graph Columns B:temperature
. 2] Evaluation C:catalyst _—
) Conversion :
. | Analysis Activity Goal ‘lnrange—v,
L. 17 Rm1:Conversion (Analyzed) Lower Upper
X R2:Activity (Analyzed)
Limitz: 40 50
M O ptimization
E| Numerical Weights: | 1
& Graphical — Importance: | +++
i.. ¥] Point Prediction SLELE .
40.00 50.00
Atime

Settingnumeric optimization criteria

Setting the Optimization Criteria

DesignExpert allows you to set criteria for all variables, including factors and
propagation of error (POE). (We wilstudy POE later.) The programrestricts

factor ranges tofactorial levels (plus one to minus one in coded valueg)the region
for which this experimental design provides the most precise predictions
Responsdimits default to observed extremes. In this case, you should leave the
settings for time, temperature and catalyst factors alone, but you will need to make
some changes to the responseriteria.

Now you get to the crucial phase of numerical optimizatiorassigning o )
O/ POEI EUAOETT O0AOAIi AOGAOOG8B8G6 ashE D' B @AIl @O IT (
construct desirability indices (d):

T Maximize,

1 Minimize,
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1 Target->,
1 Inrange
1 Equal to-> (factors only).

Desirabilities range from zero to one for any given response. The program
combines individual desirabilities into a single number and then searches for the
greatest overall desirability. A value of one represents the ideal case. A zero
indicatesthat one or more responses fall outside desirable limits. Desigxpert
uses an optimization method developed by Derringer ahSuich, described by
Myers, Montgomery and AndersorrCookin Response Surface Methodolg8y
edition, John Wiley and Sons, Nework, 2009.

For this tutorial case study, assume you need to increasenversion. Click
Conversion and set itsGoal to maximize. As shown below, st Lower Limit to
80 (the lowest acceptable valugand Upper Limit to 100, the theoretical high.

Actime Conversion
B:temperature
C:catabyst

_ Goal | maximize -
Activity oa
Lower Upper

Limits: &0 100

Weights: ]

m Importance: |+++ -
100.0
| |
51.0 97.0
Conversion

Conversiorcriteria settings

You mustprovide both these thresholdssothe desirability equation work s

properly. By default, thresholds will be set at the observed response range, in this

case 51 to 97. By increasing the upper end for desirability t00, we putin a

OOOOAOAES &I O OEA | AGEI EUAQETT ¢T1 Al 8 /| OEA
potential optimum.

Now click the second responséActivity. SetitsGoal to target-> of 63. Enter

Lower Limits and Upper Limits of 60 and 66, respectively. These limits indicate

that it is most desirable to achieve the targeted value of 63, but values in the range

of 60-66 are acceptable. Values outside that range are not acceptable.

4 9 Multifactor RSM Tutoriak Part 2 Design9 ELISNI y ! aSNna D



DX804D-MultifactorRSMP2.docxRev5/11/10

A Criteris A Soltions —
Actime Activi'ty
B:temperature
C:catalyst
CETT— S (> <] @
Lower Upper
Limitz: 60 551
Weights: 1 1
s | I i s | s =
ﬂ] Importance:
63.0
60.0 66.0
| \_'7
|
53.2 67.9
Activity

Activity criteria settings
The abovesettings create the followingdesirability functions:
1. Conversion:
1 if less than 80%, desirability (d) equals zero
1 from 80 to 100%, d ramps up from zero to one
1 if over 100%, d equals one
2. Activity:
1 if less than 60, dequals zero
9 from 60 to 63, d ramps up from zero to one
1 from 63 to 66, d ramps back down to zero
1 if greater than 66, dequals zero

Recallthat at your fingertips U T {fiéd atlvice for using sophisticatedDesign
Expert software featuresby pressingthe @ button to seeScreen Tipson Numerical
Optimization.
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Screen Tips

Show Prirt  Options
Actime
B:temperature ) L. )
C:catalyst Numerical Optimization Tips

Conversion . L . . .
Numerical optimization will search the design space, using the models you

created in the analysis to find factor settings that meet the goals you define.
First you must have good and useful models (garbage in equals garbage
out). Then you define the goals for each response (factors too if response
goals can be met). Finally, the software will generate a list of potential factor
settings that provide responses that meet the crteria you defined.
Start by clicking on each response and selecting a Goal for it. Set the
m Lower and Upper Limits for each goal. (The software uses the defaults of the
response range as the lower and upper limits, but those may not meet your
true needs.)
For instance, if you want to maximize a response such as Yield, the Goal
would be "maximize” and the Upper Limit would be 100%. The lower limit
would be the minimum acceptable yield. Perhaps this is 80%. Even though
the range of you data goes lower than 80%, values lower than 80 are not
acceptable and you would not want to generate solutions in this area.

Screenips
Close out Screenips by pressingX at the upper-right corner of its screen.

Changing Desirability Weights and the (Relative) Importance of Variables

Youcan select additional parameters calledveightsofor each response. Weights
give added emphasis to upper or lower bounds or emphasize target vakieWith a
weight of 1, d variesfrom 0 to 1 in linear fashion. Weights greater than 1
(maximum weight is 10) give more emphasis to goal Weights less than 1
(minimum weight is 0.1) dgve less emphasis to goal Weightscan be quickly
changel by @rabbingd(clicking and dragging) the handles(squares®) on
desirability ramps. Try pulling the squareon the left down and thesquare on the
right up as shown below.

63.0
60.0 !'ﬂwss.o
|
|
53.2 67.9
Activity

Weights change by grabbing handles with mouse

This might reflect a situation where your customer says they want the targeted

value (63), but if it must be missed due to a tradeff necessary for oher

specifications, it would be better to errto the high side. Before moving on from

here, reenter the Lower and Upper Weights at their default values ofl and 1,

respectively. This straightensthemtotheir | OECET AT  DPAT 08 OEADA |

Omportancedis atool for changingrelative priorities to achievegoals you establish
for some or all variables.If you want to emphasize one over the resset its
importance higher. DesignExpert offers five levels of importance ranging from 1
plus (+) to 5 plus(+++++). For this study, leave thdmportance field at +++, a
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medium setting. By leaving all importance criteria at their defauls, no goalsare
favored over others.

For statistical details about howdesirability function s are constructedz and

formulas for weights and importancez selectHelp, Topic Help in the main menu.

Thenclick Contents. The Optimization branchis intuitively alreadyexpanded for

you, sochooseNu mer i c al Opti mi zat i othenimpdrtance st i c al
as shown on the screefrshot below. From here you can open various topics and

look for any details you need.

i ——————
« &8

Hide Back  Print Options

Contents Igdexl Search

[7] Welcome to Design Expert v.7 - Importance
[2] Program Hints and FAQ's In the desirability objective function D(X), each response can
@& Experimentation - Getting Started be assigned an importance relative to the other responses.
@ Web-based Tutorials Importance (r) varies from the least important ( + ) a value of 1,
@ Factorial Designs to the most important { +++++ ) a value of 5_ If varying degrees
@ Response Surface Designs of importance are assigned to the different responses, the
@ Mixture Designs objective function is:
@ Combined (Mix-Mix or Mixture-Process) Design: ] 1
@ Using the Design Layout Screen - L I
@ Quick Analysis - Getting Started D= (Cf'lr1 ® d1r2 ats dﬁ )Er,. = (H dF]
@ Factorial Model Selection Details =
@ RSM/MIX Model Selection Details where n is the number of responses in the measure. If all the
@ Analysis of Variance Details importance values are the same, the simultaneous objective
@ Diagnostics Details function reduces to the normal form for desirability.
@ Model Graph Details
([ Optimization 5 See Also:
----- [7] Optimization Overview 1 Weight
----- ([ Mumerical Optimization "How to" o .
----- Mumerical optimization Desirability Details
----- [#] Mumerical Optimization Criteria Copyright 2009 Stat-Ease, Inc. All rights reserved. v8.0 CD-
----- [7] Desirability Function 03102009
..... @ Report
----- [7] Histograms
..... [7] Ramps

----- @ Graphs Button

----- [7] Set Up Plot Axes

----- ([ Mumerical Optimization "Statistical Details”
----- [7] Desirability Details

..... [7] Weight

----- 3] importance
----- [2] Numerical Optimization Algorithm

Detailsabouti D OE I E UA O E importahd@#olnd id prégtam Befp

When you are doneviewing Help, closeit by pressingX at the upperright corner of

the screen Now click the Options button to learn how to gain control over how

numerical optimization is performed. For example, you can changbe number of

cycles (searches) per optimization.If you have a very complex combination of

response surfaces, increasinthe number of cycles give you more opportunities to

find the optimal solution. Duplicate Solution FilterestablishesO E dpsilénd

(minimum difference) for eliminating essentially identicalsolutions. Simplex

Fraction specifies how big the initial stepsare OAT AOEOA O1 SEhADT O OA
relates tosearchgeometry. For two factors thesimplex is an equilateral triangle.

By stepping through the three corners DesignExpert calculatesthe path of

steepest ascent. For detai| goto Helpandd AAOAE OT 601 AOEAAT OAAO

Another optimization option, in addition to therandom starting points, is to use
those set bythe design itself. However, thesdesign pointsare limited to 50 unless
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you change this default.Leavethis and all othe options at their default levels
shown below. (Note: This screen shot shows underlined letterg the Alt keys for

jumping to fields via keystrokes.)
Click OK to close Optimization Op

tions.

Optimization Options l&

Random Starting Points: 30

Useupto S0 design points

Duplicate Solution Fiter: |- Epﬂlun +
1 1

Simplex Fraction (0.01 to 0.2); 0.1
Maximum Mumber of Solutions: 100

D Include Standard Error Models

[ oK H cancel H Help ]

Optimization Options dialog bx

Running the optimization

Start the optimization by clicking the Solutions button.

M Criteria | /" Solutions Graphs
Sowtons[ 1 2 | 3| 4] 5|8 |
| | |
__|Constraints
= Lower
Name Goal Limit
_A:time iz in range 40
B:temperature is in range 20
| C:catahyst iz in range 2
__|Conversion maximize 80
_Adi'.r'rty is target = 63.0 &0
Solutions
Number time temperature
| 1 4702 20.00
= 2 46.93 50.00
= 3 471 50.00
= 4 4578 50.00

Solutions Tool IE‘

E Report
Ramps

|:| Bar Graph

Pap-Out Yiew

Upper
Limit

50
50

100

Lower
Weight
1

1
1
1
1

catalyst Conversion

268
289
267
273

81.3
813
91.3
81.2

Upper
Weight
1

1
1
1
1

Activity
63.0
63.0
63.0
63.0

Importance

3

W kL

Desirability
0.752
0.752
0.752
0.749

Selected

Numerical Optimization Report on Solution& our results may differ)

The program randomly picks a set of conditions from which to start its search for

desirable resultsz your results may differ. Multiple cycles improve the odds of
finding multiple local optimums, some of whichare higher in desirability than

others. After grinding through 3 cycles of optimization(30 chosen at random,

8 1 Multifactor RSM Tutoriak Part 2
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plus 9 design points found within the factorial region of the cen@l composite
design), DesignExpert sorts the results for youin tabular form. Due to random
starting conditions, your results are likely to be slightly different from thosdn the
report above Noice the last solution falls short of the first for conversion. There
may be some duplicates in between. These passed through the filter discussed
earlier. If you want to adjust the filter, go to theDptions button and change the
Duplicate Solutions Filter If you move the Filter bar to the right you decrease the
number of solutions shown. Likewise, moving the bar to the left increases the
number of solutions.

The Solutions Tool provides three views of the same optimization. (Drag the tool to
a convenientlocation on the screen.)Click theSolutions Tool view option
Ramps.

Solutions Tool  [g&]

]

40.00

80.00 90.00

Atime = 47.02 B:temperature = 90.00

100.0

| oy o[

2.00 3.00 51.0 97.0
C:catalyst = 2.68 Conversion =91.3
63.0 Desirability = 0.752
60.0 66.0
53‘.2 67.9
Activity = 63.0

Ramps report on numerical optimization

The ramp display combines individual graphs for easier interpretation. The

colored dot on each ramp reflects the factor setting or response pdéction for that
solution. The height of the dot shows how desirable itis. Press the different

Oi 1 OOETT AOGOOITO jph ch oh8q AT A xAOAE
from one solution to the next. However, if you look closely at temperatuygou

should find two distinct optimums, the first few near 90 degreesfurther down the
solution list, others near 80 degrees(You may see slight differences in results due

to variations in approach fromdifferent random starting points.) For example,

click the last solutionon your screen. Does it look something like the one below?
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soutors 1 [ 2 | 3 | 4 | 5 [i6

]

40.00

90.00

Atime = 46.32 B:temperature = 80.00

100.0

| o]

]

2.00 3.00 51.0 97.0
C:catalyst = 2.93 Conversion = 87 .4
63.0 Desirability = 0.608
60.0 66.0
53.2 67.9
Activity = 63.0

Second optimum at lower temperature, but conversion drops, so it is inferior

If your search also uncovered this local optimum, note that conversion falls off, thus
making it less desirable than thehigher-temperature option.

Now select theBar Graph view from the floating Solutions Tool

Desirability

Atime

Btemperature

Crcatalyst

036959

Conversion

Activity

0607939
Combined

0.000 0.250 0500 0750 1.000

Solution to multiple response optimizationdesirability bar graph

The bar graph shows how well each variable satisfiethe criteria: values near one
are good.

Optimization Graphs

PressGraphs near the top of your screerto view a contour graph of overall
desirability. ClickSolutions button 1. Onthe Factors Tool palette, right-click
C:Catalyst. Make it theX2 axis. Temperature then becomes a constant factor at
90 degrees.
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Desirability graph (after changing X2axis to factor ¢

The screen shot abovés a graphdisplaying graduated colorsz cool blue for lower
desirability and warm yellow for higher. If you just completed part 1 of this
tutorial, your graph came up inonly one color. Thisis easily fixed byright -clicking
over the graphand selectingGraph Preferences.

Graph preferences via rightlick menuz Selecting graduated (color) shading

Click theSurface Graphs tab andset Contour graph shading to Graduated.
PressOK.

DesignExpert software sets a flag at the optimal pointTo view the responses
associated wih the desirability, select the desiredResponse from its droplist.
Take a look at theConversion plot.
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