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Mixture DesignTutorial
(Part 2¢ Optimization)

Introduction

This tutorial shows the use of DesigiExpert® software for optimization of mixture
AGPAOEI AT 008 )y 060 AAOGAA 11 (P&EIATHAAOA AEOIT I
Basics). You should go backthat OAAOET T EA UI 06 0A 110 Al O/
-OAE 1T £ xEAO8O0 AAOAEI AA ET ZLQoptim@atienfiged OOA $
repeat of the Multifactor RSM Tutorial (Part2z/ D OE | E U A OE Talre@ddy ) £ U]
completedthat RSM tutorial,simply skip over theareasin this tutorial that you find

redundant.

For details about optimization, use theO T /O xekténdive Gh-screenprogram
Help. Also, StaEase provides indepth training in its workshop title d Mixture
Designs for Optimal Formulatiors. Call for information on content and schedules,
or better yet, visit our web site atwww.statease.com

Start the programby finding and double clicking the DesigfExpert software icon.
The detergent design, response datand appropriate response models are in a file
namedMix-a.dxp. To load this fileclick the Open Design option on the opening
screen

File name: Mic-a.dup -

Files of type: |AII design files (".dwp, * dez, “xml, *dx7, " de?,’ v| | Cancel |

File Open dialodpox

Once you have found the proper drive, directoryand file name, clickOpen 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 see the report better. You can also e-size columns withyour mouse.

File Edit View Display Options Design Tools Help Tips
=y = &2 7%

31 Hotes for Mix-a.dxp
=] Design (Actual) Design Summary
i B summary
L] Graph Columns
i = Evaluation
{ L] constraints
L B Analysis
i L] Ri:Viscosty (Analyzed)
1 R2:Turbidity (Analyzed)
i. 47 Optimization

3] Mumerical
¥4 Graphical
%] Point Prediction

Study Type  Mixure Runs 14
Design Type  Simplex Lattice Blocks o Blocks
Design Model Quadratic

Component  Name Units Type Minimum  Maximum  Low Actual High Actual Low Coded High Coded Mean std. Dev.

I3 Water % Mixture 3.000 5.000 3.000 5.000 0.000 1.000 3687 0,890

8 Aleohol % Mixture 2.000 4000 2.000 4.000 0.000 1.000 2667 0,690

c Urea % Mixture 2.000 4000 2.000 4.000 0.000 1.000 2667 0,530
Total= .00 L_Pseudo Coding

Response Name Units Obs Analysis Minimum  Maximum  Mean Std. Dev. Ratio Trans Mode!

1 Wiscosity mPa-sec 14 Polynomial 348 144 66.3857 352357 413793 None Quadratic

v2 Turbidity 14 Polynomial 323 122 879 243578 3.47368 None Special Cubic

Design summary

The file youjust loaded includes analyzed models as well as raw data for each
response. Recall that the formulators chose a thremomponent simplexlattice
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design to studytheir detergent formulation. The componentsre water, alcohol,
and urea. The experimenters held all other ingredients constant. They measured
two responses: viscosity and turbidity. You wilhow optimize this mixture using
their analyzed models. In the designstatus screenaboveyou see we modeled
viscosity using a quadratic mixture modelz and turbidity usingthe special cubic.

Numerical Optimization

Design%@DA OO O £AOxAOAS O 1 Oi A 6 miAikites,dr Brgeisi EUAOE T
1 A dngle response

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

1 Combinations of two or more responses.

We lead you through thdast abovecase: a multipleresponse optimization. Under
the Optimization branch of the program, lick the Numerical node to start the

process.
(L1 Motes for Mix-a.dxp
A Criteria Solutions Graphz
.. 177 Design (Actual) + B
- £ Summary A:Water
- 1] Graph colmns B:Alcohol
. 2] Evaluation C:lrea
i Viscosity Goal |in range -
i F1] Constraints Turbidity o g
@ .).knah.rsis Lower Upper
. 1] R1:viscosity (Analyzed)
P . Limits: 3
i {17 R2:Turbidity (Analyzed)
ﬂ Optimization Weights: | 1
El Numerical i
— ] Importance: | ++=+
ﬁ Graphical Options...

Settingnumeric optimization criteria

Setting the Optimization Criteria

DesignExpert allows you to set criteria for all variables, includinggomponents and
propagation of error (POE). (We will get to PORter.) The limits for the responses
default to the observed extremes.

Now youreachthe crucial phase of numerical optimization: assiging

construct desirability indices (d):
1 None(responsesnly)
Maximize,
Minimize,

1

1

1 Target->,
1 Inrange
1

Equal to -> (componentonly).
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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
indicates that one or more responses fall outside desirable limits. DeskigExpert
uses an optimization method developed by Derringer ahSuich, described by
Myers, Montgomery and AndersonCookin Response Surface Methodolo8y
edition, John Wiley and Sons, New Yor2009.

In this case componentsare allowed to range within their pre-established
constraints, but be aware they can be set to desired goals. For examplegause
water is cheg, you could set its goal to mamize.

A:Water

B:Alcohol

C:Urea

#ﬂ?g;ﬁ? Goal lin range v]
maximize -
minimize
target -=

1 equal te -= o

Options for goals on components

Notice that components can be set equal to specified legelLeave water at itOE T
OAT1 @efaalt and click the first responseg Viscosity. St its Goal to target-> of
43. EnterLimits asLower of 39 and Upper of 48. PressTab to set your entries.

AWater Viscosity
B:Alcohol
C:Urea

Turbidity Goal |target -= | 43
Lower Upper

Limits: 39 45

Weights: 1 1

Importance:
43
39#'%48
I
I I
34.8 144
Viscosity

Setting Target for first response of viscosity

These limits indicate it is most desirable to achieve the targeted value of 43, but
values in the range of 3948 areacceptable. Values outside that range have no
(zero) desirability.

Now click the second response Turbidity. Selectits Goal to minimize, with

Limits set atLower of 800 and Upper of 900. PressTab to set your entries. You
must provide both these thresholds toget the desirability equationto work

properly. By default theyare set at the observedesponse range, in this case 321 to
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1122. (1 xAOGAOR AGEAAT O1 U Ei OEEO theAOA OEAOABO
A A O A O qikitit)ielow 800 z it already appears as clear as can be to the S
AT 1T 001 Aosd AUAs /1 OEA T OEAO EAT Ah xEAI O
it gets
AWater Turbidity
B.Alcohol
C:Urea
Goal | minimize -
Lower Upper
Limits: 800 S00
Weights: 1 1]
Options... I \—,+++ hd
800
|\|900
|
323 1122
Turbidity

Aiming for minimum on second response of turbidity
These settings create the following desirability functions:
1. Viscosity:
1 if less than 39, desirability (d) equals zero
T from 39 to 43, dramps up from zero to one
1 from 43 to 48, d ramps back down to zero
9 if greater than 48, dequals zero.
2. Turbidity:
1 ifless than 800, dequals one
1 from 800 to 900, d ramps down from one to zero
1 if over 900, d equals zero.

Do not forget that at your fingertips you will find adviceabout using sophisticated
features of DesigRExpert software: Press thescreen tipsicon ¢ for an overview
about Numerical Optimization.
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o3

A criteria 7 soutions | [7]  erephs

AWater Turbidity

B:Alcohol

C:Urea

ISID-SIW Goal ‘m\mmize vI
2 X8 Help SRIER X §
= i
Show Pt Qptions

Options... Numerical Optimization Tips

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 criteria you defined.

Start by clicking on each response and selecting a Goal for it. Set the 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
323 acceptable and you would not want to generate solutions in this area

Optional Criteria - not needed for first optimization pass. just for possible fine-tuning

Importance - Specify the relative importance of one goal versus another. Some goals may be critical (assign them 5 +s), while some may be of
medium importance (assign them 3 +'s) and some are of lowest importance (1 +).

Weight - This value can range from 0.10 to 10. It fine-tunes how the optimization process searches for the best solution. A low weight (near 0.10) will
allow more solutions that don't quite meet the optimal goal. A high weight (close to 10) will cause the optimization to seek a solution close to or beyond
the stated goal  From a practical standpoint, leaving the weights at 1.0 is a good place to start.

Options Button: There is rarely a need to change from the default setting of the optimization options_ if you wish, click this button and use the dialog
help.

Screenipsat your fingertips

Close out Tips by pressing at the upperright corner of its screen.

Changing Desirability Weights and the (Relative) Importance of Variables

The user can select additional parameters, callg@iveights,dfor each response.
Weights give added emphasis to upper or lower bounder emphasize a target
value. With a weight of 1, dvariesfrom 0 to 1 in linear fashion. Weights greater
than 1 (maximum weight is 10) give more emphasis to gosl Weights less than 1
(minimum weight is 0.1) gve less emphasis to goal Weightscan be quickly
changal by Qrabbingd(via left mouse-click and drag the handles(the squaresO)
on the desirability ramps. Try pulling thehandle on the rampdown as shown

below.
Weights: | 1 1o
Importance: |+++ -
800
\D 900
| |
|
1122
Turbidity

Weights change by gralkibg handle with mouse

I OEAA OEAO 7AECEO 11 x OAAAO pmns8 91 06 OA
the turbidity goal of 800. Before moving on, reenter Upper Weights to its default
value ofl and press theTab key. This straightens the desirability ramp.

Omportancedis atool for changingrelative priorities for achieving goals you
establish for some or all of the variableslf you want to emphasize onevariable
over the rest set its importance higher DesignExpert offers five levels of
importance ranging from 1 plus (+) to 5 pluss(+++++). For this study, leave
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Importance at +++, a medium setting.By leaving all importance criteria at their
defaults, none of the goalss favored over any other.

For anin-depth explanation ofconstructing desirability functions, and formulas for
weights and importance selectHelp from the main menu. Thergo toContents
and selectOptimization,thenNu mer i c a | Optimization
Branch downto the topic ofImportance asshown on the scre@ shot below.

iStati

% DXB Help = | B |
e & F

Hide Back Print  Options

Contents | |ndex | Search

[7] Welcome to Design Expert v.7

Importance

[7] Program Hints and FAQ's

@ Experimentation - Getting Started
Q Web-based Tutorials

@ Factorial Designs

In the desirability objective function D(X), each response can be assigned an
importance relative to the other responses. Importance (r) varies from the
least important ( + ) a value of 1, to the most important ( +++++ } a value of
5. Ifvarying degrees of importance are assigned to the different responses,

@ Response Surface Designs

@ Mixture Dasigns

@ Combined (Mix-Mix or Mixture-Process) Designs
@ Using the Design Layout Screen

@ Quick Analysis - Getting Started

@ Factorial Model Selection Details

@ RSM/MIX Model Selection Details

L. Analysis of Variance Details

@ Diagnostics Details

the objective function is:

1
A n ™
D={df xcdf xxcf J5 =| T]etf
=1
where n is the number of responses in the measure. If all the importance

values are the same, the simultaneous objective function reduces to the
narmal form for desirability.

@ Model Graph Details See Also:
Q_Ql Optimization Weight

@ Optimization Overview

. Numerical Qptimization "How to"

{1 Numerical QOptimization "Statistical Details”
Desirability Details

2] Weight

Bl importance|

: Numerical Optimization Algorithm

Detailsabout Importance found in program Help

Desirability Details

Copyright 22009 Stat-Ease, Inc. All ights reserved. v8.0 CD-03102009

When youfinish viewing Help, close thescreenby pressingX at the upperright
corner of its screen.

Click the Options button to see howto gain control over how numerical
optimization is performed. For exampleusing optimization you can changehe
number of cycles (searches). If you have a very complex combination of response
surfaces, increasing the number of cycles giggou more opportunities to find the
optimal solution. The Dupli@ate solution filter establishes epsilon (minimum
difference) for eliminating essentially identicalsolutions. Simplex Fraction
specifies how big the initial stepsare OAT AOEOA O1 EAAOT O
relates tosearchgeometry. For two fators, the simplex is an equilateral triangle.
By stepping through the three cornersthe program figures out the path of steepest

AOAAT Os8 &1 O I 1TO0A AARAOCAEI h ¢ci1 O (Aip AT A O
Another optimization option is to not use randm starting points, but rather those

points in the design itself. However, thesare limited to 100 unless you change

default. Leavethis and all otheroptions at their default levels shown below Click

OK or Cancel (PS. This screen shot shows underled letters thatindicate Alt keys

for jumping to fields via keystrokes versus mousingThe underlining occurs when

you press Alt)

OAT CAOs

6 1 Mixture Design Tutoriak; Part 2
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Cptimization Options Iﬁ

Random Starting Points; 30

Useupto S0 design points

Duplicate Solution Fitter: |- Epﬂlun +
1 1
Simplex Fraction (0.01 to 0.2): 0.1

Maximum Number of Solutions: 100

|:| Include Standard Error Models

[ oK |[ Cancel ” Help ]

|

Optimization Options Dialog Box

Running the optimization

Start the optimization by clicking theSolutions icon.

v Solutions Tool @
A criteria | /" Solutions Graphs
soutions[ 1 2 | 3| 4| s |6 | 7|89 |w]|]az]1a] Baigre
|:| Bar Graph
| | | | | | =1 Pop-Out View
Constraints
| Lower Upper Lower Upper
| Hame Goal Limit Limit Weight Weight Importance
| A Water iz in range 3 5 1 1 3
| B:4lcohol iz in range 2 4 1 1 3
| C:Urea iz in range 2 4 1 1 3
_ Viscosity is target = 43 39 43 1 1 3
| Turbidity minimize 200 500 1 1 3
_Solutions
Number Water Alcohol Urea Viscosity Turbidity Desirability
| 1 4.455 2379 2165 43 574273 1.000 Selected
| Z 4.841 21589 2.000 43 412802 1.000
| 3 4221 2512 2.267 43 T02.3 1.000
4 4325 2.453 2272 43 544187 1.000

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 results. Multiple cycles improve the odds of finding multiple local

optimums, some of which wil be higher in desirability than ahers. After grinding

through 40 cycles of optimizaton (starting from the 10 design points plus 30 more

at random), DesignExpert sorts the results for you. It shows the best solution first

in report format. You get assummary of all the cycles() £ OEA OADBPI OO0 AT A
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the window, move your cursor to the left border and drag it open. In addition to
solutions, the report includes a recap of your optimization specifications as well as
the random starting points for the search.

Thefloating Solutions Tool palette provides three views of the same optimization.
(Drag the tool to a convenient location oryour screen.) Clickview option Ramps.

Soutins [ 2 | 3 | 4[5 (6| 7] &[5 |0[n]|n]

]

3.000

4.000

A:Water = 4.455 B:Alcohol = 2.379

| | i

2.000 4.000 34.8 144

C:Urea = 2.165 Viscosity = 43

Desirability = 1.000

323 1122

Turbidity = 574.273

Ramps report on numerical optimizatiofYour results may differ)

Theramp display combines individual graphs for easier interpretation. The dot on

each ramp reflects the factor setting or response prediction for that solution. The

height of the dot shows how desirable it is. Press the different solution buttons (1,

2,38q AT A xAOAE OEA Al O0Os 4EA OAAmdvd AO OADC
around quite a bit, but do the responses remain within their goals (desirability of

1)?. AAO OEA gickAhd B DOlutidr (dlution 13 in this casd on your

screen. @esyour solution look something like the one below?
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soutons| 1 [.2 |3 |4 ].5 |6 |7 ]88 |10 ]| [m]

3.000 5.000

4.000
A:Water = 3.000

B:Alcohol = 3.318

_
N

39 /%48
I I
2.000 4.000 34.8

C:Urea = 2.682 Viscosity = 44.8881

Desirability = 0.612
800
‘ 900

323 1122

Turbidity = 839.82

Suboptimum solution that ranks least desirable

If your search also uncoveredhe abovelocal optimum, note thatviscosity falls off

target and turbidity becomes excessivehus making it less desirabé than the
option for higher temperature.

Select theBar Graph view from the solutions tool.

Desirability

Solutions Tool  [=]

FReport
Ramps

|| Barcrapn

Pop-Out Wiew

A'Water

B:Alcohol

0622376
Viscosity

0.601798
Turbidity

0612001
Combined

0.000

0.250

0.500

0750

Solution to multipleresponse optimizatiory desirability bar graph

1.000

The abovebar graphshows how well each variablesatisfiesthe criteria and the
overall combined desirability: values near one are good.
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Optimization Graphs

PressGraphs to view a contour graph of overall desirability. It now becomes
obvious that at least somewhat desirable formulations fall with three distinct
O O x A A Qas indichtéildyihe three graduated color areas within the blue
background.

A\ criteria |/~ Sotions Graphs
sowtons| 1 [ 2 | 3 | ¢ | s |07 |o|s|w]|n]|w[TE] rewone [Desiabitty <]

Design-Expen® Software

Desirability
# Design Points [GaeT] shest
!
r
0 EE=C
EE
X1 = A: Water 1
X2 =B: Alcohol Tem| <
X3=C: Urea

4.000 3.000 4.000
B: Alcohol C: Urea

Desirability

Desirability contour graph

The screen shot above came from a graph dosbhowing 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. This can be easily fixed by
right -clicking over the graphand selectingGraph Preferences, then Surface

Graphs.
Graph Preferences l_J&
Components | Contours |
Forits and Colors I All Graphs | Surface Graphs
30 and Contour Graph Options
Graph resolution: [High v]
Add flag 30 graph shading: | Graduated -
Add contour
P e e Contour graph shading: lGraduated v]
Std Error -
Graph Preferences... 30 y-sxis offzet from base
B Banded
Show projection lines from de: Plain Background il

Graph preferences via rightlick menuz Selecting graduated (color) shading

Make sureContour graph shading is setto Graduated. PressOK and see what
you get.

107 Mixture Design Tutoriat, Part 2 Design9 ELISNI y ! aSNIDa



DX805B-Mix-P2.docx Rev12/8/09

DesignExpert software sets a flag at the optimal poinfior solution 13. Click
through the numbered Solutions choicesatop your screenuntil the flag relocates to
the largest sweet spoithe one with the largest area)at the top of the triangular
mixture space. To view the responses associated witthis desirability (sweet
spot), press thedroplist arrow for Response and selectViscosity. Right-click the
flag and pressToggle size. Now you see confidence intervals (Cl) on the mean
prediction and prediction intervals (PI) on the individuals, as well as the
composition at point (X1, X2, X3). This helpful!

Response: |Viscosity — ~
A: Water
5.000
2
Prediction 43
95% Cl Low 35.5633
95% CI High 50.4366 | TougleSie
95% Pl Low 28.3966 = ditinfo.
95% PI High 57,6033 | DeleteFlsg
=1 . = z SE Mean 3.22489
ssponse: | Viscosity - SE Pred 6.33274
PEETT — X1 4.841
Desirabili X2 2159
X3 2.000
Turbidity

Viscositycontour plot (with optimum flaggedon largest sweet spdt

The colors look nice, but what if you must print the graphs in black and white? This
is easily fixed byright-clicking over the graphand selectingGraph Preferences.
Click theSurface Graphs tab and setContour graph shading to Plain

background.
Components I Contours |
FontsandColors |  AlGmphs |  Suface Graphs

3D and Contour Graph Options.

Graph resolution: [High vl
3D graph shading: ’Graduateﬂ vl
Contour graph shading: lPlﬂil‘l Background v]

Std Error -
3D y-sxis offset from base |Graduated
Banded
Show projection lines from de =y Background =

Graph prderences set to plain background
7EEI A UT 06 OA chadmapkoRSARwAnitodirdgOdilines.
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Show grid lines option

Finally, to makeyour graph truly plain, go to theFonts & Colors tab, choose
Contour Background under Colors, click Edit Color and select white from the
Color grid. RessOK to close the color palette.

Graph changed to black and white with grid lines

There are many other options on this and otheGraph preferencedabs. Look them
over if you like and then pressOK to seehow options specified by this tutorial
affectyour contour plot. If you like, look at the optimalturbid ity response as well.

To view the desirability surface in three dimensionsagainclick Response and
chooseDesirability. Thenfrom the floating Graphs Tookelect3D Surface.
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