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OptiY® isnopen and multidisciplinary design environment providing generic and direct interfaces to
many commer@al CAD/CABoftware and irhouse codes. It is an innovative and modern software
platform with intuitive user interface. The procedure coupling to external program is different
depending on the individual software and its interface. OptiY provides alswialtvideos on the
internet for all users. It will be permanently extended with new software systems, please refer to our
web site to look for available and new videos.

There is a general way building an experiment in OptiY. It will be provided stsfeysing an
abstract mathematical design problem. This problem is aware selected randomly without a technical
and practical background to describe a general procedure for all users of different disciplinary fields.
The design problem is implemented ionse software systems. If you have special program, you can
easily implement the design problem on this software doing the tutorial.

1. Design Problem

All real design tasks can be reduced to a mathematical optimization problem. In the real world, the
despn parameters have to be speeil to satisfy all the design requirements from customers,
development, manufacturing etc. In the mathematical world, the design parameters are defined as
the optimization variables. The design requirements are specified asctolg and constrained
functions for the optimization procedure. The optimization variables will be varying by numerical
optimization procedures to find the minimum of the objective function satisfying all constrained
functions concurrently.

The mathemadtal relationship between design parameters and the design goals represents the
physical design depending on the real design problem and its disciplinary fields. It is a problem for
the modeling and simulation process provided by external CAD/CAE softysieens and will be not
discuss here. For the tutorial, the following mathematical problem without technical background is
chosen randomly:

The design space containing 2 dgsparameters X1, X2 is bounded:
no K M X on
M K - H X o
There are 3 design gts F1, F2 and F3 hgiminimized as far as possible:
Fi = (3—X1)? +4/100 - (X, — (X; — 2)2)?
F,=15—1.5-X2.el7%i-2025(:-%)" 4 (05.%, — 0.5)*
(X, — 1)4 . ez—[o.s-xl—0.5)4—(xz—1)4
F; =X2+ X3
Further design goakre specified as R1, R2 and R3:
R, = (X; —22)2+ (X, —1.2)> —2.25
R =1 (Xl—Z)z X3
27 \12 ) 4
Ry =X, —sin(2-X; +0.25) — 1

which should be constrained:

-H K W M X on
-H K W H X on
-H K W 0 X on

This mathematical problem is implemented in 2 executable progranisdifiterent interfaces. These
programs calculate the results F1, F2, F3, R1, R2 and R3 from input parameters X1 and X2.
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1 DOSprogram 'OptProblem.exewith input- and outputfiles
1 Windowsprogram 'OptFunktion.exéwith COMinterface

Furthermore, other mdels with the same contents are also provided using following simulation
systems:

1 MS Excel:OptimizationProblem.xls
1 Matlab: "OptimizationPoblem.th
1 SimulationX: OptimizationPoblem.istn

1.1 ASCIIFiles

The DO$rogram 'OptProblem.exeis executablén batch mode. Fitsthe input parameters X1=0.5
and X2=1.2re read from the inpufile "opt_input.txt":

OptimizationProblem

X1

0.5

X2

1.2

Then, the program calculateke results for constraints and criteria and writthem into the output
file "opt_output.txt":

Optimization Problem

Constraints

R1 =0.831767
R2 =0.435142
R3 =2.36203
Criteria
F1=245228
F2 =1.51244
F3 =10.1842

1.2 COM Interface

The program OptFunktion.exéruns in graphical interactive mode. The input parameters X1 and X2
canbe edited and changed. By pressing the buttGui, the program calculates the results from
the input parameters and put them on the corresponding windows.

[} OptFunction ol

Parameters
x1[2

x2 [t

Results

Rt 217

Rz [075

R3 |D. 894989358228584

Foofn

F2 I1.43993939952048

F3f5
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The program disposes of a simple COM Interface, which can be controlled by Visual Basic.NET.
Following programming codes show the working procedure:

Start the program
Dim Sim =Activator.Createlnstanc@ypeGetTypeFromProg(IDptFunktion.Applicatiory)

Set Parameters
SimParameter(X1').Value = 1.3
SimParameter(X2').Value = 2.1

Calculate
SimRun

Read Results
rl = SimResult(R1").Value
r2 = SimResult(R2").Value
r3 = SimResult(R3").Value
f1 = SimResult(F1".Value
f2 = SimResult(F2").Value
f3 = SimResult(F3").Value

2. Nominal Optimization

We start with a classicahominal optimization problem for a singtebjective function and 3
constrained functions:
1 The nominal value of the design parameters X1 and X2 have to be found to find the minimum
of the objective function F2.
9 All the constrained functions R1, R2 andha@e to be satisfied concurrently
1 The tolerance value of the design parameters are ignored in this study.

2.1 Insert Elements

It is used that die workflow editor is shown after starting OptiY. If this is not the case, the workflow
editor can be opened bthe menu item"View/Workflow'. With this editor, the graphical workflow
structure of the experiment can be budd and edited step by step. The workflow editor is the
required door for building an experiment graphically in OptiY.

D File Edit | View | Insert Project Analysis Tools Window 2 - & X
E] Toolbar

El Statusbar
E] Explorer
Fl Property
’EwWorkflow

Nominal

Stochastic
Constraints

Criteria

All elements are prelefined and can inserat once. They are only abstract objects within the
workflow editor and can be edited after inserting. The inserting process starts by activating the menu
"Insert/..". Then, click with left mouse button click on workflow desktop, $febol of the element

will be displayed on the workflow editor. If the Ciktey is pressed by clicking the mouse button,
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further elements can be consecutively inserted without reactivating the menu. Thus, witke@trl
and left mouse button together, usean insert many elements at one time.

D File Edit View | Insert | Project Analysis Tools Window 2 - & X

Simulation Model  »

ASCII-Files >

‘ Design Parameter b‘ ] Nominal

Constraints 4| Stochastic

Criteria

Output Variable

Transfer Variable

e s

Switcher

Group »

Links

Use this procedure to insert 2 Nominal Design Parameter and 6 Output Variable on the workflow
desktop. All inserted elements have pdefined names with running number:

Y OptiY - Professional Edition i
[ File Edit View Insert Project Analysis Tools Window 2 -8x
DEE O agudaxnsdBENOEO0EE &
Explorer 2%
Outputd
=8 Project - Nominalo
=4 5
&8 Global Parameters o o
&8 Global Results
&8 Global Scripts Outputt
@8 Experiment = Nominall =
9 Optimization o
=9 Design Parameters | Output2
=29 Nominal - =
3] Nominalo <
% Nominall
Output3
@ Stochastic
@¢ Constraints o
@ Criteria
=-%2 Output Variables  ~ Outputs
Property 2 x L=
B Optimization
Automatic Stop | True Outputs
Start Step Standard o
Method Standard -
Ready UF NUM RF

After inserting all elements, we chandgetname of all elements according to our design problem. To
rename the elemenNominalQ doubleclick on the symbdiNominalOon the workflow editor to show
the property window. ChangsdominalOto X1in the Namefield and then click GKutton.

Property @

Name
X1

Comment

0K Cancel
]

Similar rename all inserted elements and get the followexperiment workflowstructure:

= = o

[Elb@?:
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2.2 Insert Model

After inserting and rename of 2 nominal design parameters and 6 output variables, as the next step,
the corresponding external model can be inserted dinled to these parameters. OptiY provides
different programs, in which the design problem is implemented. User can choose only one suitable
program for doing the tutorials and follow it consequently. If no commercial software is available, we
recommend b use the DOBrogram with ASCHiles, because it is the standard and most wide used
interface of all commercial software.

2.2.1 ASCItFiles

In this example, we use the progran®gtProblem.extin batch mode. The program read the
parameters from the ASCinput file 'opt_input.txt' calculates the results and save them to the
output file "opt_output.txt'. For the DO®rogram with ASCflles, we need 3 following elements to
build the experiment:

1 Input-File

1 Output-File

1 Extern Script

Activate the menu tems ‘'Insert/ASCiFiles/InputFile’, "Insert/ASCiFiles/OutputFilé’ and
"Insert/Simulation Models/Extern Scri@nd click with the left mouse button on the workflow editor
to insert these 3 elements. The following graphical structure will be given:

= [E=8Een =X

x

[1] InputFiled  ExternScriptd  OutputFiled i_R2
o

Now, we have to couple the inserted elements to each other. To configure the elementsHitgut
Output-File and Extern Script, doubdick on its symbol on the workflow editor, the corresponding
dialog windows will be display for the setting.

2.2.1.1 Input File

After doubleclicking the symbolnputFileOon the workflow editor, the dialog window of the ASCII
Input File for the DOS program displays on the screen for setting:
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Input File

N

General | Input File |

InputFiled

\
opt_input.bt
ANSE

Output

[¥] ExternScriptd

BESH

OK__| [ Abbrechen | | Obemenmen | [ Hilfe

On the tab General, select theFilefield and press the displayed buttam the right side to load the
ASCIl input file into the workspace. The input file is located in the directory
".\Tutoriald ASClbpt_input.txt'. The file name and the working directory of the input file will be
displayed on the corresponding fields. Afteading the input file, toggle the input links (X1, X2) on
the Inputwindow and the output linkExternScriptpon the Outputwindow bottom.

To sign the input links to the parameters of ASCII input file, select thelnaht"Filé. On the left
window, the content of the ASCII input file is shown and on the right window all selected input links:

Input File ‘ [

General | Input Fie

ASCIl-Fie input-Varizbles
Optmzatoroien X

= 2

e Insert Variable

Start-Posttion
24

Atual Value
05

Fomat
0.000000E+000

[0k ][ Adbrechen Hife

First, select the item X1 on the right window, then mark the number 0.5 behind the sign X1 on the
left window and click the right mouse button to activateestmenu 'Insert Variablé After calling the

menu function, the input link X1 is assigned to the parameter X1=0.5 of the input file. Analogously,
select X2 and mark the number 1.2 behind X2 to assign the input parameter X2=1.2 to the input link
X2.

After successfully assigning of all links, select the item X1 and X2 on the right window. Its signed start
position and actual value display on the bottom windows. If the value conforms to the value of input
file, so you have done all right.

After all, click theDkbutton to finish the assign process of the ASCII input file.

2.2.1.2 Output File

For setting the OutpuFile of the DOS program, doukltick the symboDutputFileCon the workflow
editor to open the dialog window on the screen
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Output File _ et

Name OutputFiled

On the tab Generd', select theFilefield and press the button displayed on the right to load the
ASCIl output file into the workspace. The output file is located in the directory
".\Tutorial§ ASClbpt_output.txt’. The file name and the working directory will be shown the
corresponding fields. After loading the output file, toggle the input liBktérnScriptp and output
links (i_R1,i R2,i R3,i_F1,i F2,i F3).

On the next step, select the tal®utput Fil&. The content of the output file will be displayed oreth

left windows and the toggled output links on the right window. To assign the output links to the
results of the ASCII output file, first select the link i_R1 on the right window. Then mark the sign R1 of
the output file on the left window and click thégght mouse button to activate the menDefine Key
Strind'. Thus, the string R1 displayed in red is defined asskiyg for the output link i R1.

Output File _ =
| General | Output File

ASCIl-File Output-Varizbles
[Optimization problem e
(Constraints ~ il

Insert Absolute Variable
Insert Absolute Row
Insert Absolute Column

Key-String 1. Actual Value
R1 0831767
Value-Accumulation

Last Value -

[C_oKk__] [[Abbrechen ] | Dbemehme Hife

Then, mark the numbe2.1348 behind the string R1 and activate the context mdnsért Relative
Varialde" using the right mouse button. Now, the output link i_R1 is assigned to resui2 R348 of
the output file. These are shown on the bottom window.

Output File _ =]
[General]| Output Fle
ASCIkFie Output-Varables
[Optimization problem o
(Constraints -

Define Key-String
nsert Relative Variable
Insert Relative Row

I
I
Insert Ralative Column
Insert Absolute Variable
Insert Absolute Row

I

Insert Absolute Column

Key-String 1. Actual Value
R1 0.831767
Value-Accumulation

Last Value -

[L_ok ] [[Abbrechen | [ Dbemehmen | [ Hife
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Analogously, assign i_R2, i R3,i_F1,i_F2 and i_F3 to the corresponding results R2, R3, F2, F2 and F
of the ASCII output file.

After successfully assign process of the links, select one output link on the right window. Its assigned
keystring and actual value display on the bottom window. If the value conforms to the value
displayed in red of outputl®&, so you have done all right.

After all, click the Ofutton to finish the assigningf the output file.

2.2.1.3 Extern Script

After assigning the input and output file to the link parameters of the experiment, dellalle on
the symbolExternScript@n the workflow editor to open the dialog window of the extern script. The
script is used to start the D@fsogram 'OptProblem.exgin batch mode.

T N e

General | Script Editor | Network

Name ExternScript)

Type DOS-Batch
Process Seriell
Input Output

I Inputfiled ] Outputfiled
ExtemScript) ExtemScript)
L

[0k ] [ Abbrechen [ e

1 On the tab Generdl, first set the working directory with the Browd®mitton on the field
"Working Diretory".
o Script file will be saved and executed in this directory, so that user has got all access
right on this directory as write and read
o Itis normally set to the directory of the called DOS program to avoid complicated
path description in script file
o0 In this example, we use the working directory Tutorial§ ASCI| in which the DOS
program 'OptProblem.exewith the input and output files is located.
Type of script is set to DEEAtch
Links to the input and output files are already toggled, becahiseprocess is done by the
input file and output file.
1 Select the tab Script Editdrto input the script text. The text will be saved as BATCH file
containing the command to start the program. Just wri@ptProbleri on the editor.
1 Press Ofbutton to finish all

= =4
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- N =

| General| Serit Edior | Network |

(OptProblem
|

oK Abbrechen [ e

After the configuration of all elements, we get the following experiment structure:

= [E=8(Ee 5

InputFiled  ExternScriptd  OutputFiled

2.2.2 COM Interface

In this example, we use the prograr@ptFunktion.exéin interactive mode. This program disposes
of a simple COM interface enable $et parameters, start calculation and read parameters. To couple
to this program, activate the menu iteninsert/Simulation Models/Net COM Interfdcand use the

left mouse button to insert a NetCOBlement in the workflow editor:

i

=

o

&5 [Bls &l [Bls Bz B g

NetCOMO

Net
coM

|E?5|E’~‘

Doubleclick on thesymbolNetCOM®@n the workflow editor to open a configuration dialog window.
Here, only thenput links (X1, X2) and the quit links (i_R1, i_R2,i_R3,i_F1,i F2 and i_F3) have to
be toggled.
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W =

| Name NetCOMO
‘ Comment

iR
] Netcomo

o ] [l | [ reb |

After clicking on Ofutton, we get the following exparient structure:

= =8 HeR )

i_RL

Lifx‘_&fz
=

To input the script text for this NetCOM interface, open the Script Editor by using the menu:
"Tools/Script Editdr The following 3 script text should be input on the script editor:

Declaration(Open the program)
Dim Sim =Activator.Createlnstanc@ypeGetTypeFromProg(IDptFunktion.Applicatiory)

Input (Set parameters)
Sim.ParametetK1").Value = OptiY.Experimens.ltem("Experiment).NetCOM.|tem("NetCOMO).InputLinks.Itenf'X1").Value
Sim.ParametetK1").Value = OptiY.Experinents.ltem("Experiment).NetCOM.Item("NetCOMO).InputLinks.lten('X2").Value

SimCodgStart calculation)
Sim.Run

Output (Read results)

OptiY.Experimens.ltem("Experiment).NetCOM.ltem("NetCOMO).OutputLinkstem('i_R1").Value = Sim.Resul{1").Vale
OptiY.Experimens.ltem("Experiment).NetCOM.ltem("NetCOMO0).OutputLinkstem('i_R2").Value = Sim.ResUl{2").Value
OptiY.Experimens.ltem("Experiment).NetCOM.ltem("NetCOMO0).OutputLinkstem('i_R3").Value = Sim.ResUl{3").Value
OptiYExperimets.ltem("Experiment).NetCOM.ltem ("NetCOMO0).OutputLinkdtem('i_F1").Value = Sim.Resul{1").Value
OptiYExperimens.ltem("Experiment).NetCOM.ltem ("NetCOMO0).OutputLinkdtem('i_F2").Value = Sim.Resul{2").Value
OptiY.Experimens.ltem("Experimet").NetCOM.|ltem ("NetCOMO).OutputLinkdtem("i_F3").Value = Sim.ResU3").Value

On closing, activate the menuzile/ Transfer to OptlYof the script editor to save the script text back
to OptiY.

2.2.3 MS Excel File

In this example, we use an NExcel file OptimizationProblem.xlsas external program and couple it

to OptiY with predefined element. Using the menu iteninSert/Simulation Models/Exceland the
left mouse button to insert the prelefined element Excel on the workflow editor:
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B
= o

Excel0

Ez |E5
X

iFL

iF2

Double-click on the symbdExcel@®n the workflow editor to open a configuration dialog window:

Excel

==

General D"W‘ Output

Exceld

Working Directory \

OptimizationProblem.xds

s
18
g

FEEEEE
P

OK | [ Abbrechen

On the tab "General", select the Field and press the button displayed on the right side to load the
MS Excel file. load the Excel model in the workspate MS Excel file is located in the directory:
"..\Tutoria\ExcélOptimizationProblem.xIs The program MS Excel will start automatically and the
Excel file will be opened. Toggle the input links (X1, X2) and output links (i_R1,i_R2,i R3,i_F1,i F2

and i_F3) for the Excel file.

%)) OptimizationProblem.xls [Kompatibili... — =

A B
1 Optimization Problem
2
3 Parameters
4 x1 | 0.938!
5 |x2 0,94
6
7 Cirteria
8 |f1 6,130284
9 |f2 0,011856384
10 f3 1,763444
11
12 Constraints
131 -0,589756
14 r2 -0,004125

15 r3 -0,909793098
1A
M < » ¥ | Tabellel  Tabelle2 [Nl W%

X

5

To assign the experiment parameters to the parameters of the Excel file, select thmpait'."On

the left window, all toggled input parameters of the experiments will be shown. Select the item X1
on the left and input Tidellel to the Worksheetield and B4 to the Cefield. Thus the parameter X1

is assigned to the parameter X1=1.284 of the Excel file. Analogously, select the item X2 and the input
Tabellel to the Workshedteld and B5 to the Celield.
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Excel =]

General | ot | Output
1] Worksheet
2 Tabele

Cell
B4

0K Abbrechen | [ Hire ii

In the left window, all toggled nominal values are listed. Here, select the item X1 and input Tabellel
in the Work Sheefield and B4 in the Cedlield. So, the nominal X1 of OptiY is assigned to the model
parameter x1 of the Excel file. Analogously, select the itenarXRthe input Tabellel in the Work
Sheetfield and B5 in the Cdiield.

Select the tab "Output" and assign analogously all output parameters to the Excel file:

T

1
T
1
T
1

i_R1to (Tabellel, B13)
i_R2to (Tabellel, B14)
i_R3to (Tabellel, B15)
i_Flto (Tabellel, B8)
i F2to (Tabellel, B9)
i_F3to (Tabellel, B10)

After click the Okoutton, we have got following experiment structure:

=] oo s

iRL

Exceld iR2

i_R3

iF1

—=

iF2

if3

—=

]

2.2.4 Matlab Script File

In this example, we use the Matlab script fil@ptimizationProblem.thas external prgram. Using
the menu item Tnsert/Simulation Models/Matlaband the left mouse button to insert the pre
defined element Matlab on the workflow editor:
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Fefal=s

|£J>N<|_§I:z

Matlab0

4

[Bl5 [Bls (&5 Bz [B: B

Doubleclick the symboMatlab0 on the workflow editor to open the configuration dialog window:

Matlab

==

General [Input_| Output|

Matlab0

\

OptimizationProblem.m

o | S

] 6 S 5 -
s o l"'n‘lé\ébﬁ AE

OK

] [[Abbrechen | | Ubemetme

Hife

On the tab General, select the Fildield and press the button displayed on the right side to open

the Matlab script file . \TutoriakMatlab\OptimizationProblem.th The file nhame and the working
directory will shown in the corresponding fields. Thegraom Matlab will start automatically. Toggle

the input links (X1, X2) on the left window and the output links (i_R1,i R2,i R3,i F1,i F2,i F3)on

the right window for the Matlab script.

Attention: If the program Matlab cannot start or an error messaglisplays, use the following
function to register the COMerver inside of the program Matlab correctly:

function fixcomreg

eval(["" fullfile(matlabroot,'bin’,'win32','matlab.exe") ' /regserver &)

Matlab

=

[ General | Input [ Output |

[x1]
x

Matlab-Variable
x1

(o

) (vtroshens) [ Gbemetme

On the tab Tput’, all toggled input links willd displayed on the left window. Select the input link
X1 here and input x1 to the fieldMatlab-Variable. Thus, the input link X1 is assigned to the
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parameter x1 of the Matlab script file. Analogously, select item X2 and input x2 to theMatthb-
Variable'.

On the tab Output’, all toggled output links will be shown on the left window. Use the same
procedure aboe to assign the following parartezs:
1 i Rltorl

1 i_R2to r2
1 i_R3to r3
1 i_Flto f1
1 i_F2to f2
1 i F3to f3

Click the O¥outton to finish the process, we will get the following experiment structure:

= = ol X
i_RL

Matlab0 iR2

i_R3

u@

i_F1

iF2

i_F3

[
:

2.2.5 SimulationX Model

In this example, we use the program SimulationX with the mo@gitimizationProblem.isinas
external simulation. Using the menu iterim&ert/SimulatiorModels/SimulationXand the left mouse
button to insert the predefined element SimulationX on the workflow editor. Doubliek the
symbolSimulatioX@n the workflow editor to open the configuration dialog.

= =R e X

iRt

SimulationX iR2

i <

|_Clz |_Cl’~‘

On the tab Generadl, select the Fildield and click the button displayed on the right side to open the

{ AYdz I (A 2 yOptimizatisrPfoblemdsin ® ¢ KA A Y2 RSt Aa ar gSR 7
&.\Tutoriald SimulationXOptimizationProblem.ishi® ¢ KS FTA{S yIYS FyR (GKS g72
shownon the corresponding fields and the program SimulationX will start automatically to open the
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model. Toggle the input links (X1, X2) on the left input window and the output links (i_R1, i_R2,i_R3,
i_F1,i_F2,i_F3) on the right output window for the Simulatiomdel.

SimulationX ==

Gmm|w

Name SimulationX0

Comment

Working Directory \

File OptimizationProblem.ism
Calculation Mode Dynamic

0K [[Avbrechen Hfe

On the tab Tnput', all parameters of the SimulationX model will be shown on the left window
"Model Parametér and the toggled input links on the right windownput'. Select the input link X1
from the right window and the parameter x1 on theodel parameter tree on the left window. Then
click the [>>Joutton, the input link X1 is assigned to the model parameter x1. This model assignment

will be displayed on the bottom window. With the same procedure, assign the model parameter x2
to input linkX2.

o . =
General  Inout | Output
Model Parameter Input
[ Opt1 [x1]
tStat x2
1Stop
gravty
gavity3D
pAtm
TAm
@Checkpoint
statAnaRefStart [>2]
statAnaRef Stop
statAnaXPeriod
OptFunction
x1
x2

Model Assignment
OptFunctionx1

[ oK [ Apbrechen emetmen | (___Hifle

On the tab Output’, all results of the SimulationX model are shown on the left windtodel
Results and all togged output links on the right windoWUtput'. Select the output link i_F1 from

the right window and the result f1 on the model rdistree on the left window. Then click the [>>]
button, the output link i_F1 is assigned to the model result f1. This model assignment will be
displayed on the bottom window. With the same procedure, assign the model results f2 to i_F2, f3 to
i F3,rltoiR1,r2toi_ R2andr3toi_R3.

[ General [ Input_| Output
Mode! Resuits Output
=-Opt1 iRl
t R2
dt R3

Model Assignment
OptFunction f1
Value-Accumulation
Last Value

OK__] [[Abbrechen | | Obemenmen | [ Hife
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Click OKoutton to finish the assignment process, we will get the following experiment structure:

] rol-e =]
iRl

—

SimulationX0 iR2

il <]

LR

—F=

iFl

iF2

—i=

P

—=

e

2.3 Define Criteria

After insertion and configuration of the simulation model, input and output parameters on the
workflow editor, we define a criterion as the design goal for the experiment on the next step. The
design problem has got 3 objective functions F1, F2, F3. For the tutorial, only one objective function
F2 is used for a simple demonstration.

Activate the mau item ‘Insert/Criterid and click the left mouse button to insert the element
Criteria near the element i_F2 on the workflow editor. The symbol Criterion0O is displayed on the
workflow editor. Doubleclick on the symbol to open the configuration dialoghas element:

Property (=]

Name
F2

Comment

Expression
iF2

[ B ] [ ok ] [ concel |

On the Namdield, change the name of the element CriterionO to F2. The Exprefisldns at the
first time empty. Press Edifutton to input expression for the objective function F2. A internal
calculator appears:

Calculator ==X
iF2
i; [sn) [ Back | [ Deletear |
e o @
=
iF3 (o) (&) (5] (&) (2]
() L] ===
LeJ [
Statistcs
[ Mean | [ Deviation | [ Vaiiance || Cost
Tet | [ ok ] [ cance | .
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The graphical stace of the calculator is similar to MS Windows calculator. Additionally, There is a
list window on the left side containing all defined elements of the experiment . Daulicle on the

item i_F2 to assign it to the objective function "F2 = i_F2". The it¢f@ will be displayed in the
expression field. Then press the-Oitton to finish. We have got the following data structure:

i_R1

i_R2

T

i_R3

=]

i_F1

=]

i_F2 F2
i_F3

2.4 Define Constraints

The design problem has got 3 constrained functions. We have to define also 3 constraints for the
expaiment. The procedure is similar to Define Criteria.

Activate the menu lhsert/Constraints then click the left mouse button 3 times while pressing the
Ctrkkey on the workflow editor near the elements (i_R1, i _R2, i_R3). On the workflow editor, 3
symbos will be displayed Constraint0, Constraintl, Constraint2. Detlldk on the symbol to open

the configuration dialog of the element. Change the name of the constraints to R1, R2, R3 and assign
to the output variables i R1, i R2, i R3. We have got tHewislg workflow data structure (right
picture).

i_R1 R1

i_R2 R2
i_R3 R3

i_F1

i_F2 F2
i_F3

-

2.5 Parameter Settings

The building of the experiment is now finished. All required elements are inserted and configured. To
run the experiment, we need to set the parameters for the nominal parametgctive and
constrained functions asell as the optimization method.
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Setting Nominal Parameter X1, X2

Click with the left mouse button on the nominal item X1 in th
explorer on the left side. The properties of the nominal paramet
X1 are showmithe property window and can be edited:
9 Nominal X1

o Value=2

o0 Lower Boundary =0

0 Upper Boundary =4

0 Accuracy =0

0 Type = Variable

Property

B Nominal Data
Name
Unit
Comment

3 Values
Value
Lower Boundary
Upper Boundary

Accuracy

Type

o & O N

Variable

T Nominal X2
o Value=1
0 Lower Boundary =1
0 Upper Boundary = 3
0 Accuracy =0
o0 Type = Variable

Setting Constraints R1, Rihd R3

Click with the left mouse button on the constraint item R1, R2,
in the explorer and edit its properties in the property window:

1 Lower Boundary =2

1 Upper Boundary=0

1 Weight Factor=1

Setting Optimization

Property

B Constraint Data
Name
Unit
Comment

B3 Values
Lower Boundary
Upper Boundary
Weight Factor

Last Value

-0.589756

Click the item Optimizatiori in the explorer to edit optimization
method for the experiment in the property window:

9 Automatic Stop = False
1 Optimization Steps = 100
i Start Step = Standard

1 Method = Standard

Property

B Optimization
Automatic Stop

Start Step
Method

Optimization Steps

False

200
Standard
Standard

2.6 Visualize Optimization

The periment is now ready to run.efore startng the optimization experiment, we can prepare
the visualization of the optimization process to understand the process better. This will facilitate user

to control and access the optimization process if necessary.

On the firg step we shall make a decisiovhich parameters and functions of the experiment should

be controlled during the optimization process. For our design problem, we need the objective
function F2, the 3 constrained function FR2,R3 and the penalty of the violation of all constraints.

The diagram of these variables should be shown during optimization process. This can be done by

proceeding the following steps:

1 Hide workflow editor

o If you do not longer work with experiment structure, you should hide workflow
editor to make place for gualizing of the optimization parameters
o The workflow editor can be hidden or shown every time by the menu

View/Workflow.
1 Constraints, Criteria and Penalty Function
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0 Select the item F2 from explorer and move it to the main window of OptiY while
pressing éft mouse button and then release the left mouse button there. A new
window with signal of F2 appears. This procedure is called drag & drop and very user

friendly.

0 Similar use drag & drop to show the constrained function R1 on the new window. To
show allconstrained functions in the same window. use drag & drop to select the
constrained function R2 and R2 and put them to the new opened window of the
constrained function R1. All constraints R2, R3 will be shown in this window.

0 The penalty function chacterizes the violation of constraints. It is very important
and should be also shown during optimization. Use drag & drop to show it on a new

window.

Now the experiment with all desired elements being visualized is ready to go. To order the opened

windows, activate the menuWindow/Tilé' to tile all windows.

2.7 Start Optimization

Now, we can start the optimization process. Activate the memroject/Start to run the
optimization. After finished optimization process by 100 optimization steps, thectbgefunction F2
has not converged yet. We can increasgptimization Steps = 20@nd continue the optimization

process by activate the men®foject/Continué

Y OptiY - Edition [Nominal- opyl

File Edit View Insert Project Analysis Tools Window 2

Ded ey azyedABOEC0O00E

2 x
Explorer [~ Nominal Curve
® Project 2

rol-E s | ] Neminal Curve SIe=

68 Global Parameters R3 R2
&8 Global Results

R1

4 0.8985
&8 Global Scripts

&8 Nominal-Optimizat = 0131
¥ Optimization
¢ Design Paramete 206365

© Nominal
B x
B X2 2472

1404

1.501
1127
07522 J,\

03779

0.003587 \J\

@ Stochastic 0 50

100 150 200
22 Constraints Optimization Steps

0 50 100

150 200

Optimization Steps

¥ Rl

oll@|®

Penalty

03498 [~

7 x o)

Fale 01749 L

Optimization Steps 200
Start Step Standard
Method Standard o

0.08745

100 150 200
Optimization Steps

Ready

After these optimization steps, F2 has converged to the minimum. The optimal desigrcanibe

UF NUM RF Experiment

shown in a window using the menAtalysis/Best Value/Show Parameters

r
D Best Value

[SE =]

Name Values
0.4
094
-0.5948
-0.00117778
|-0.907678
0.0109858

S B R RS

Unit

Comment

3. Robust Optimization

In the first experiment for the nominal optimization, only nominal values of the design parameters
X1, X2 are considered. But in the reality, tr@minal values cannot be realized exactly e.g. in the
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manufacturing,usage, customer warranty etc. [l Alesign parameters are uncertain. Its values vary
randomly from time to time. The design parameters can be characterized as a stochastic distribution.
Toget the optimal design point regardless the uncertainty design parameters, we have to do a robust
design optimization. The robust optimization process concerns the design parameteps2Xds
stochastic parameters.olsimplify the tutorial procedure, we liid a new experiment based on the
experiment nominal optimization of the first tutorial.

Duplicate the first experiment

1 Select the item Experimeritin the explorer

9 Activate the menu Edit/Experiment/Duplicate A new experiment "Experiment2" will be
created as a copy of the first experiment "Experiment" and displayed as second experiment
in the explorer.

1 Change the name of the second experiment "Experiment2" to "ReDpsitnization" using
the menu 'Edit/Experiment/Renamiéy selecting this item in thexplorer.

1 The experiment RobustOptimizationt is now considered as standard experiment for this
tutorial.

3.1 Insert Stochastic Parameters

For robust design optimization, we need stochastic parameters additionally. For the 2 nominal
parameters X1, X22 stochastic parameters T_X1 and T_X2 are required. Activate the menu
"Insert/Design Parameter/Stochastiand click the left mouse button on the workflow editor while
pressing the Ctikey to insert 2 stochastic parameters &@tdchasticO and 'Stochastl'. Double

click on its symbol to open the configuration dialog. Rename these parametefs ¥i'"and 'T_X2

as the graphical workflow in the picture below:

Y OptiY - Professional Edition [test.opy] ol B [
[] File Edit View Insert Project Analysis Tools Window 2 -8
Dl @ Sayg ey sdAMOCBO0EHE XA
Explorer 2 x
iR1 RL
=@ Project - <
&8 Global Parameters Xt e K
i , <&
= InputFiled  Scriptd  OutputFiled iR2 R2
& ¥
iR3 R3
5 5
e ]
e iF1
= <]
i.F2 F2
X2
Aj &l
Automatic Stop | False e
Optimization Steps | 200 L oo

Start Step Standard
Method Standard

Ready u

=
&
=
g
il
2
o
a
i

3.2 Modify Model

After insertion of the 2 stochastic parameters T_X1 and T_X2, we hagsigmahese parameters to

the parameters of the external simulation model. The assignment process depends on individual
external programs provided for tutorial. There are different ways based on different models, user can
decides consequently only for omeodel type doing this tutorial.

3.2.1 ASCII Files
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The 2 stochastic parameters T_X1 and T_X2 have to be assigned to the inpytfilagut.txt' of
the DOS programOptProblem.exe The assignment process is similar to the assignment of the

nominal paraneters X1, X2.

Doubleclick the symbolnputFileOon the workflow editor to open the configuration dialog
1 On the tab Generdl , toggle the input links T_X1 and T_X2 in the left window:

1 On the tab Tput"
o0 select the item T_X1 in the right window anssgyn T_X1 to the number 0.5 behind

string X1 in the left window
0 select the item T_X2 in the right window and assign T_X2 to the number 1.2 behind

string X2 in the left window
91 Click the O¥outton to finish the process

Wewill getthe following experimat structure

(3% R1

m A
QI» InputFileD  Scriptd QutputFiled i_R2 R2Z
= HE-EE =
D PR3 R3
= %]
=N —l=)
= &R
-2

3.2.2 COM Interface

On the workflow editor, 2 additional transfer variables should be defined. Each transfer variable is
the sum of the corresponding nominal and stochastic parameters:

X1=X1+T X1
X2=X2+T X2

Select these trarfer variables as input for the NetCO#fement. You get the following model

structure:
i_RL R
W% X iR2 R2
j}ﬂ %]
LR3 R3
NetCOMO 2 W
[ x — "i]
T2 T, iLF2 F2
i3

The input script should be corrected according to the input links (replace X1, X2 through _X1, X2)

Sim.Parametet1").Value = OptiY.Experimens.ltem("Experiment).NetCOM.Item("NetCOMO).InputLinks.lten('_X1').Value
Sim.Parametet1").Value = OptiY.Experimens.ltem("Experiment).NetCOM.Item("NetCOMO).InputLinks.lten'_X2').Value
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3.2.3 MS Excel File

The 2 stochastic parameters T_X1 and T_X2 have tedigned to theExcelfile. The assignment
process is similar to the assignment of the nominal parameters X1, X2.

Doubleclick the symboExcel®n the workflow editor toopen the configuration dialog:
1 On the tab Generdl , toggle the input links T_X1 @&l _X2 in the left window:
9 On the tab Tnput’, do following assignment:
0 T_Xlto (Tabellel, B4)
0 T_X2to (Tabellel, B5)
9 Click the O¥outton to finish the process

We have got the following experiment structure:

R1 R1
7

% iR2 R2
; %]
Q’_ Exceld iR3 R3
Tx1 _.__. u:_i] bﬁ
iF1
— - i’
T:%Z iF2 F2
iFa
=)

3.2.4 Matlab Script File

The 2 stochast parameters T_X1 and T_X2 have to be assigned td#tiab script.The assignment
process is similar to the assignment of the nominal parameters X1, X2.

Doubleclick the symboMatlabO on the workflow editor toopen the configuration dialog:
1 Onthe td "Generdl , toggle the input links T_X1 and T_X2 in the left window:
1 On the tab Tput’, do following assignment:
o T Xltoxl
o0 T X2tox2
9 Click the O¥outton to finish the process

We have got the following experiment structure:

iRL R1
ri‘l— Matlab0 £ R%
. =
D o iR3 R3
—I = PR
X Fl_’ il
i i_F2 F2

i.F3

3.2.5 SimulationX Model

The 2 stochastic parameters T_X1 and T_X2 have to be assigned &inthkationX modelThe
assignment process is similar to the assignment of the norperalmeters X1, X2
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Doubleclick the symboSimulationX®n the workflow editor to open the adiguration dialog
1 On the tab Generdl , toggle the input links T_X1 and T_X2 in the left window:
1 On the tab Tput’, do following assignment:
o T Xltoxl
0 T_X2tox2
9 Click the O¥outton to finish the process

We have got the following experiment stiuce:

i_RL RL
DI i_R2 R2
- SimulationXo — “é_,—* %ﬁ
vV 4 i_R3 R3
YK
=K
X f—' &J
b i_F2 F2
i_F3

3.3 Redefine Criteria

The robust design optimization follows other objective function as the nominal optimization. To
simplify the robust design tutorial, we define the robust design goal, that the variability of the output
variable F2 should bminimized as far as possible. To get this design goal, the objective function of
the optimization process has to be redefined:

Doubleclick on the symbol F2 on the workflow editor to open the configuratiiafog of the criteria
element:
9 Press the Edibutton to open the calculator for input of the expression.
1 On the calculator, press the buttoiDélete All to delete the old expression of the objective
function.
1 Input the new expressiorvariance(i_F2)for the objective Function F2 by clickiogdoubk-
clickingthe items "Variance", "(", "i_F2", ")" of the calculator

Click OKputton to finish the redefine process.

Calculator L:;-J
variancefi_F2)
il V [ Back | [ Deletes |
T o O
Cr =
2 o) () (i (e
iF3 pow 2 =
@ &
Statistics
[ Mean | [ Deviation | [ Variance || Cost
] o] e
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3.4 Parameter Settings

Setting Stochastic Parameters

The stochastic parameters T_X1 and T_X2 inserted new have 1 property &
set. Selecthe stochastic items "T_X1" and "T_X2" in the explo||@ Stochastic Data
and edit the properties of these parameters in the proper{| MNeme 8.
. . . . . Uni
window. Following setting is to do for each stochastic parameter CZ‘:nment
i Values: B Values
o Nominal=0 Nominal 0
o Tolerance = 0.02 ;‘?'ETZMF ?\j‘n .
. . . . . . t t t t
o Distribution = Normal Distribution e e T
ype Constant
Y Type = Constant B Virtual Design
T[ Virtual DeSign Design Parameter False
o Design Parameter = False Nowminal 9
o Nominal =0 Tolerance 0.02

o Tolerance =0.02

Setting Optimization

Select the item Optimizatiori in the explorer and setting the| Property ]
optimization method for the robust design process as following: ||& Optimization
f Automatic Stop False Aufomatic oy | Fabe
. . Optimization Steps 250
1 Optimization Steps = 250 Start Step Standad
1 Start Step = Standard Method Standard
1 Method = Standard

Setting Design of Experiment
Beside of the optimization method, the robust design optimizatiq Property &)
additionally needs the design of experiment concernif|& Designof Experiment
uncertainty parameters. Selethe item "Design of Experimehtn ';”:;':’:ter g’zz’:d“to“r’:zh°ds
the explorer and set the method in the property window:
1 Method = Moment Methods
1 Parameter = Second Order
1 Interaction = True

Interaction True

3.5 Visualize Optimization

The «periment is now ready to run.dfore starting the optimiation experiment, we can prepare
the visualization of the optimization process to understand the process better. This will facilitate user
to control and access the optimization process if necessary.

On the firg step we shall make a decisiomhich paraneters and functions of the experiment should

be controlled during the optimization process. For our design problem, we need to monitor the
objective function F2 and the penalty and failure of constraints violation. The probability distribution
of the constained function R2 is also to monitor.

i Hide workflow editor
o If you do no longer work with the experiment structure, you should hide the
workflow editor to get more place for other windows
o0 The workflow editor can be hidden or shown every time by the menu
View/Workflow.
9 Criteria and Penalty Function
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0 Select the item F2 from the explorer and move it to the main window of OptiY while
pressing the left mouse button. On the main window, release the mouse button. A
new window with the element F2 will be create@his procedure is called drag &
drop.

o The penalty and the failure which characterizes the violation of constraints should be
also shown in other window using drag & drop.

1 Probability Density
o0 Activate the menu item Analysis/Probability Density to operes window
0 Move the item R2 from the explorer with drag & drop to the opened window.

All windows are tiled by activatindné menu Window/Tile. The preparatidor the visualization is
finished and the experiment is now ready to run.

3.6 Start Optimiza tion

After building and setting the experiment, we can start the robust optimization process using the
menu 'Project/Start

Y OptiY - Professional Edition [Robust-Optimization.opy) =)

File Edit View Insert Project Analysis Tools Window 2

bed elpyygyy aysLBNO0ECO0EE XA

2 x e

Explorer [] Probability Density o) @ [=] Nominal Curve ol[@][=
® Project -

@8 Global Parameters

R2 Penalty

&8 Global Resuls s e
@8 Global Scripts 551 \‘\
= @8 Robust-Optimizatiol

s f
o 2 1 01749
# Optimization 184

< 0 )
+-%3 Design Parameter ol — 008745
1193 Constraints

%92 Criteria

49 Output Variables
23 Transfer Variables
@2 2D Variables

0.2624

0

0 625 125 1875 250
Optimization Steps

93 Switchers [E] Nominal Curve = |[@ ][] | EJ Nominal Curve o [@][=
=% Simulation Mode Failure P2
=8 Serins M
|« i ’ 3 0.0005777
Property 2 x 225 00004333
B Design of Experiment
Method Moment Methoc a U
Parameter  Second Order 075 0.0001444
Interaction  True
0 0
0 625 125 1875 250 0 625 125 1815 250
Optimization Steps Optimization Steps
Ready UF_NUM RF_Experiment

The optimal robust design point is found after 250 optimization steps. The result can be displayed in
a window by the menuAndysis/Best Value/Show Parametérs

D Best Value \?HWE?HNZK\
Name Values Unit Comment
X 084 |

X2 0.60675

T_X1-Nominal 0.84

T_X1-Tolerance 0.02

T_X2-Nominal 0.60675

T_X2-Tolerance 0.02

R1 -0.0484544

R2 10.0264308

R3 132043

F2 0.000409872

4. Design of Experiment

In this tutorial, a design procedure using latest methodology is presented. Comparing to previous
tutorials, the design goals are the same, but the design process is different and it relpsises
number of model calculations. This will facilitate engineers to design complex products, whose
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numerical model requires a long computing time. Thus, there are also more facilities using this
methodology and the results can be achieved more accurate.

The same design problem with only 1 objective function F2 and 1 constrained function R2 is used. For
the design of experiment, instead of nominal parameters, we use only stochastic parameters to build
the experiment. The workflow will be scheduled and tiesign process Wl be carried out.

4.1 Experiment Scheduling

Firstly, the experiment has to be build and setup. Then, the design process can start. The tutorial for
building and setup the experimeig done step by step using tt@lowing procedures.

4.1.1 Insert Elements

Comparing to nominal optimization, we use only the Bi&ram 'OptProblem.exewith ASCII
Input and output files for this tutorial because of the simplify. If you need other software, the
procedure will be similar, please refer tioe tutorial of the nominal optimization. For building of the
experiment according to the design problem, we need the 9 following elements provided in OptiY in
the workflow:

2 Stochastic Parameters

1 ASCII Input File

1 ASCII Output File

1 Extern Script

2 Output Variables

1 Criterion

1 Constraint

=A =4 =4 =4 -8 -8 -9

Activate the menu lhsert/Design Parameter/Stochastiand click with the left mouse button on the
workflow editor 2times while pressing the Cikey. The 2 symbolStochasticGand Stochasticlof 2
stochasic parameters will appear on the workflow editor. Similar, use the following menu items and
left mouse click to insert the other elements:

Menu "Insert/ASCiFiles/InputFile' for the symbolnputFile0

Menu "Insert/ASCiFiles/OutputFile' for the symbolOutputFile0

Menu "Insert/Simulation Model/Extern Scrifor the symboExternScript0

Menu "Insert/Output Variablefor the symbolgQutputOand Outputl

Menu "Insert/Criterid for the symbolCriterion0

Menu "Insert/Constraintsfor the symbolConstrain®

=A =4 =4 =8 -8 =9

On the workflow editor, the following elements are shown:
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Y OptiY - Professional Edition =| 3
[ File Edit View Insert Project Analysis Tools Window 2 -8 x
bEd O yoasydanSLRANO0EO0EE XA i
Explorer 2 x
=8 Project -
&8 Global Parameters
&8 Global Results
S8 Global Scripts :
an Stochastic0 Outputd Criterion0
=-88 Experiment = = =
@ Design of Experiment _| "‘égl R |
® Optimization
= (ﬁ: Design Parameters InputFile0 ExternScript0  QutputFile0
© Nominal - E E
=-=@ Stochastic
2| StochasticO Stochasticl Outputl Constraintd
2| Stochasticl Y 7
£-%¢ Constraints ““I = I >)< |
%] Constraint0
£-9¢ Criteria
| Criterion0 -~
Property 3 x
< . »
Ready UF NUM RF Experiment

After insertion of all elements, change the name of these elements according to our design problem.
To rename the element StochasticO, doubliEek on the symbol StochasticO on the workfleditor
to open the property window. Change StochasticO to X1 in the Niggtteand then click OKutton.

Property @

Name:
=1

Comment

[ 0K ] [ Cancel

Similar, we rename all inserted elements and will get the following experiment structure on the
workflow editor:

5 B

InputFiled ExternScript0 OutputFiled

2 R2 R2

4.1.2 Input File

After doubk-clicking the symbolnputFileOon the workflow editor, the dialog window of the ASCII
Input File for the DOS program displays on the screen for setting:
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Input File [

General | input Fie

Neme InputFiled

Working Directory \
File opt_input.bt
Coding ANSI
Input _ Output
[V] ExtenScriptd

OK__| [ Abbrechen | | Obemenmen | [ Hilfe

On the tab Generdl, select the Fildield and press the displayed button on the right sideaad the
ASCIl input file into the workspace. The input file is located in the directory
".\Tutoriald ASClbpt_input.txt'. The file name and the working directory of the input file will be
displayed on the corresponding fields. After loading the inpat fivggle the input links (X1, X2) on
the Inputwindow and the output linkExternScriptDon the Outputwindow bottom.

To sign the input links to the parameters of ASCII input file, select thelnaht"Filé. On the left
window, the content of the ASCnput file is shown and on the right window all selected input links:

e T ==

| General | Input Fie
ASCI-Fie Input-Varizbles

[OptimizatioProblem =
X1
x2

e Insert Variable

Start-Postion

24

Actual Value

05

Format
0.000000E+000

ok | [ Abrechen | | bemets Hife |

First, select the item X1 on the right window, then mark the number 0.5 behind the sign X1 on the
left window and click the right mouse button to activate the memseért Variatd". After calling the

menu function, the input link X1 is assigned to the parameter X1=0.5 of the input file. Analogously,
select X2 and mark the number 1.2 behind X2 to assign the input parameter X2=1.2 to the input link
X2.

After successfully assigninfjall links, select the item X1 and X2 on the right window. Its signed start
position and actual value display on the bottom windows. If the value conforms to the value of input
file, so you have done all right.

Atfter all, click the Ofgutton to finish he assign process of the ASCII input file.
4.1.3 Output File

For setting the OutpuFile of the DOS program, doukltbick the symboDutputFileCon the workflow
editor to open the dialog window on the screen
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Output File =]

General ;iOUIDUl Fie |

Neme OutputFiled

Working Directory \
File opt_output.tt
Coding ANSI

Input Output

9] BxternScript) VI 2
v R

OK__| [ Abbrechen | | Ubemermen | [ Hife

On the tab Generdl, select the Fildield and press the button displayed on the right to load the
ASCIl output file into the workspace. The output file is located in the directory
".\Tutoriald ASClbpt_output.txt’. The file name and the working directory will be shown on the
corresponding fiels. After loading the output file, toggle the input linExternScriptpon the left
window and output links (_F2, _R2) on the right window.

On the next step, select the tal®utput Fil&. The content of the output file will be displayed on the

left windows and the toggled output links on the right window. To assign the output links to the
results of the ASCII output file, first select the link _F2 on the right window. Then mark the sign F2 of
the output file on the left window and click the right mousetton to activate the menuDefine Key
Strind'. Thus, the string F2 displayed in red is defined asskatyg for the output link _F2.

Output File =]
[ General | Output File

ASCIl-Fie Output-Varizbles
(Optimization problem 2
Constraints o
R1=064 R2
R2--0.9225
R3 - -0.748985

eia
F1-1675
= Define Key-String

Fa-
Insert Relative Variable

Insert Relative Row
Insert Ral; Column

Insert Absolute Variable
Insert Absolute Row
Insert Absolute Column

Ir
Ir
I
Ir
Ir
I

Key-Sting 1. Actual Value
2 150699
Value-Accumuation

Last Value =

OK__| [Abbrechen | | Obemenmen | [ Hilfe

Then, mark the number 1.50001 behind the string F2 and activate the context nesart'Relative
Variablé' using theright mouse click. Now, the output link _F2 is assigned to result F2 = 1.50001 of
the output file. The assignment is shown on the right bottom window.

Output File =]

‘em.aj Output File
ASCIL-Fie Output Varables
[Optir n problem
(Con: 2
R R2

1=

R2 = -0.9225

R3 = -0.748985

Citeria

F1-1675

F2=

F3=169

Define Key-String

Insert Relative Variable

Insert Relative Row

nsert Al
nsert Al
Insert Absolute Column

Key-Sting 1. Actual Value

I
Ir
Insert Ralative Column
Ir
I
I F2 1.50699

Last Value -

[[_oKk ] [[Avbrechen | | Obemermen | [ Hife
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Similar, assign _R2 to the corresponding results R2 of the ASCII output file.

After successfully agyn process of the links, select one output link on the right window. Its assigned
keystring and actual value display on the bottom window. If the value conforms to the value
displayed in red of output file, so you have done all right.

After all, clickhe Okbutton to finish the assigning the output file.

4.1.4 Extern Script

After assigning the input and output file to the link parameters of the experiment, decligle on
the symbolExternScript@n the workflow editor to open the dialog window ofafextern script. The
script is used to start the D@fsogram 'OptProblem.exgin batch mode.

Extern Script -]

General | Script Editor | Network

Neme ExternScript)

Working Directory \
Type DOS-Batch
Process Seriell

Input Output

(@] InputFiled V| OutputFiled

] ExternScriptd | ExternScriptd

OK | [ Abbrechen | | Ubemetmen | [ Hife

1 On the tab Generdl, first set the working directory with the Browdmitton on the field
"Working DirectorY;
o Script file will be saved and executed in thisedtory, so that user has got all access
right on this directory as write and read
o It is normally set to the directory of the called DOS program to avoid complicated
path description in script file
o In this example, we use the working directory Tutorials\ ASCI| in which the DOS
program 'OptProblem.exXewith the input and output files is located.
Type of script is set to D&&tch
Links to the input and output files are already toggled, because this process is done by the
input file and output file.
9 Select the tab "Script Editor" to input the script text. The text will be saved as BATCH file
containing the command to start the program. Just wri@ptProbleri on the editor.
1 Press Ofutton to finish.

=a =

e B N =

[ General | Script Edtor | Network

OptProblem
I

OK | [ Abbrechen | | Obemenmen | [ Hife




OptiY Tutorial

4.1.5 Design Goals

After insertion and cofiguration of the simulation model, input and output parameters on the
workflow editor, we define the design goals for the experiment. The objective function F2 and the
constrained function R2 have to be defined from the output variables _F2 and _R2 wortkiéow.
Doubleclick on the symbol F2 to open the configuration dialog of the element:

Property u&

Name
F2

Comment

Expression

_F2

Eat | [ ok ] [ Cancel

At the first time, theExpressioffield is empty. Press Ediutton to open a calculator for edit the
expression of the objective function F2:

Calculator é
_F2
X1
X2 @ [ Back ] [ Delete Al ]
) @
R
L) (&) (&) ()
[ ] ==
=) & @
Statistics
[ Mean ] [ Deviation J [ Variance ‘ Cost
I Test ] [ 0K ] [ Cancel J

The graphicalwgface of the calculator is similar to MS Windows calculator. Additionally, There is a
list window on the left side containing all defined elements of the experiment . Delicle on the

item _F2. It will be displayed in the expression field. Thus, tipeesgion of the objective function

"F2 = _F2is defined. After all, press the &iditton to finish.

Similar, we define the expression for the constrained functiR@ = R2

After finishing the definition process, the following experiment structurdl Wwe given in the
workflow editor:
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InputFiled ExternScript0 OutputFile0

4.1.6 Parameter Settings

Setting Stochastic Parameters

The stochastic parameters X1 and X2 have to be setup the de Property

the design space. The parameter space is characterized by||E Stochastic Data
nominal and tolerance value meimg the center point the || Neme
bandwidth of the space. Furthermore, it should be defined, how gz:\mem
sample the parameter space in each parameter direction. It will ||g vaue:
treated by a stochastic distribution of these parameters. T|| Nominal
virtual design space is used for thesign process, we will comg| Tolerance
back to these parameters later. | ?';;;'b”tm”

B Virtual Design

Design Parameter
\\ Nominal

Select the stochastic parameter items "X1" and "X2" in
explorer and edit these parameters in the property windo
Following setting is to do for the stochastic parameters: |

Tolerance

X1

2

4

Normal Distribution
Constant

True
2
4

9 Stochastic Paraater X1

o Values:
A Nominal =2
A Tolerance = 4
A Distribution = Normal Distribution
A Type = Constant

o Virtual Design
A Design Parameter = True
A Nominal =2
A Tolerance = 4

9 Stochastic Parameter X2

o Values:
A Nominal =1
A Tolerance = 4
A Distribution = Normal Distribidn
A Type = Constant

o Virtual Design
A Design Parameter = True
A Nominal =1
A Tolerance = 4
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Setting Criteria

Select the item F2' in the explorer and setting the objective
function in the property window:

T Weight=1

1 Approximation = Gaussian Process

9 Covariance Function = Square Exponential

1 Polynomial Order =0
We consider mainly the objective function F2 for the desi
process. Therefore, we use the Gaussian process to approxin
this function accurately. The covariance function is the squs

Property

B Criterion Data
Name
Unit
Comment

B Values
Weight [0..1]
Approximation

F2

1

Gaussian Process
Covariance Function Square Exponential
0

Minimize

15

Polynomial Order
Optimization Goal

Last Value

expmential function. The polynomial order = 0 means that no
polynomial part and only Gaussian process is used for the approximation. We will treat only this

function more intensively in the metmodeling process later.

Setting Constraints

Select the item R2" in the explorer and setting this constraine
function in the property window:

9 Lower Bound =2

1 Upper Bound =0

1 Weight Factor=1

1 Approximation = Polynomial

1 Polynomial Order = 2
The constrained function R2 treats the reliability of the desig
which value should be located betwee and 0. Normally, we

Property
B Constraint Data
Name
Unit
Comment
B Values
Lower Boundary

-2

0

1
Polynomial

Upper Boundary
Weight Factor
Approximation
Polynomial Order 2

Last Value -4.02777

shall use the Gaussian process to approximate this constrai

ned

function accurately, but for simplify the tutorial, we use only the polynomial with the order = 2 to

approximate the function. It is vgifast and not so complicated as

Setting Optimization

the Gaussian process.

Select the item Optimizatiort in the explorer and setting the
optimization method for the design of experiment:
1 Method = Simulation

Property
B Optimization
Method

Simulation

That means, no optimization process andyopbhe single run of the design of experiment will be

carried out for this experiment.

Setting Design of Experiment

Beside of the optimization method, the design of experime
concerningthe uncertainty parameters have to be set up. Sele
the item "Design of Experimeritin the explorer and edit it in the
property window:

Method = Sampling Method

Parameter = Latin Hypercube

Sample Size = 40

Property )
B Design of Experiment
Method Sampling Methods
Parameter Latin Hypercube
Sample Size 40
Adaptive Design False

Virtual Sample Size 0
Distribution Points 50

Random Generator  Init

Adaptive Design = False

Virtual Sample Size =0
Distribution Points = 50
Random Generator = Init

=8 =8 =8 -8 -8 9 -9
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We use thelLatin Hypercube sampling to sample the design space randomly. The parameter space
will be sampled totally with 40 points. The sampling distribution is defined by the distribution of the
stochastic parameters X1 and X2. The random number generator wilizeid each time before
sampling to get the same sampled points in the parameter space for all sampling process. Other
parameters will be treated later in the design process.

4.2 Design Process

After building and setting the experiment, we can stdmé tdesign of experiment. Activate the menu
"Analysis/DOE Tabl¢o open the table for all design points calculated based on the design problem
with the DOS programOptProblem.exe The opened windows can be arranged in the OptiY main
window using the menu"Window/Tilé. We start the experiment by clicking the menu
"Project/Start. The experiment will sample the parameter space &), randomly and calculate the
corresponding design goals F2 and R2 for all design points. As result, we will a set oathelsel s
points in a table:

¥ OptiY - Professional Edition [Design of Experiment.opy] B 3
File Edit View Insert Project Analysis Tools Window 2
DS cluyauy aysYBAROEE0EHE XA
Explorer = x [ oo )
=8 Project - —
&8 Global Parameters
&8 Global Results u -2 F2
&8 Global Scripts ) @
[-&8 Experiment _.I |
L4 Design of Experiment lIES InputFiled  ExternScriptd  OutputFiled
# Optimization
=-¢ Design Parameters
@ Nominal R2 R2
=.=9 Stochastic - ;
o) X2
=-%¢ Constraints
w| R2
-9 Criteria [] DOE-Table o |[@]=]
&) F2 R
@) Penstty No |Xt x2 R2 [ 2 R2 Status
o - | |0 217101529 [1.06669632 |0.69523 1.50002 1.50002 069523 Ok L
Property g x [[t |190493514 |-031233417 (0969336  |1.54537 154537 0969336 |0k i
SDeg Bt 2 [172040625 (0688232636 0.827207  |1.50114 150114 0827297 |0k
Method Sampling Methods | |3 152374332 (0835808022 [0.667842  |1.49996 1.49996 0667842 Ok
Parameter Latin Hypercube || |¢ 251014082 (0952239725 (0502585  [1.50001 1.50001 0592585 |0k
Sample Size I 5 [0.843135684 |-0.620615176 |-0.0256901 |1.5 15 00256901 |Ok
Adaptive Design  False 6 [0.468513164 134360058 |-1.0801 1.5005 1.5005 -1.0801 Ok
Virtual Sample Size 0 7 143738536 |0.882165604 (0.58563 149793 149793 0.58563 Ok
Distribution Points 50 8 [275035255 [0.409258825 (0567134  [1.75995 1.75995 0567134 |0k
Random Generatol Init 9 [267853176 0307019645 (0656709  [1.90874 190874 0656709 |0k A
Ready UF NUM FRF Experiment

On the DO#able, there are 40 randomly sampled design points according to the previous settings
for the design of experiment. We call them support points which build the basis for the response
surface and the further designeps as following:

4.2.1 Meta Modeling

Based on the support points of the DOE table, the respoif s seiection =5
surfaces of the objective function F2 and constrained function || ya
have been build automatically after finishing the experiment. T|| x -

response surface repreats the mathematical relationship
between stochastic parameters X1, X2 and the design goals a - .
and F2. This mathematical function is called meta model, whicl|

the surrogate function for the true relationship between desig| ;.

parameters and design goalpresented from the external|| = =

simulation model "OptProblem.exe".

Y-Axis

[ OK J [ Cancel
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The response surface is continuous and can be shown in OptiY as 2D section diagram or 3D graphics.
Activate the menu Analysis/Response Surface/3D Response SuUrfaagpen the dialog. Seb¢ X1

for X-axis, X2 for *dxis and R2 for-&xis. Then, click Gutton to show the response surface of the
constrained function R2 in 3D graphics. Similar, we can show the objective function F2 in 3D graphics:

Now the question arises, how far the taemodel can represents the true relationship between
design parameters and design goals? Or other way, which differences between approximation and
real function exist? The answer for this question lies on the residual plot of the response surface.
Click he menu ‘Analysis/Response Surface/Residual "Plotopen an empty window. Select the
items R2 and F2 in the explorer and using drag & drop to move it into the new opened window. The
residual plot of the constrained function R2 and the objective functidrnwll be shown in this
window. The differences between all support points and the meta model are displayed as bar in the
graphics. The maximal and mean vaoéthese differences are shown on the top:

On the residual plot, the maximal difference ®R2 is 2 and for F2 is 4E2. That means the chosen
meta model is accurate enough to represents the true relationship between the design parameters
X1, X2 and the design goals R2, F2.






























