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4 OptiY Tutorial 

OptiY® is an open and multidisciplinary design environment providing generic and direct interfaces to 
many commercial CAD/CAE-software and in-house 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 also tutorial videos 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 step by step using 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 in some 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 
design parameters have to be specified 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 as objective 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 mathematical 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 software systems and will be not 
discuss here. For the tutorial, the following mathematical problem without technical background is 
chosen randomly: 
 
The design space containing 2 design parameters X1, X2 is bounded: 

л Җ  ·м  Җ п 
-м Җ  ·н  Җ о 

There are 3 design goals F1, F2 and F3 being minimized as far as possible: 

 
Further design goals are specified as R1, R2 and R3: 

 
which should be constrained:  

-н  Җ  wм  Җ л 
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-н  Җ  wо  Җ л 

 
This mathematical problem is implemented in 2 executable programs with different interfaces. These 
programs calculate the results F1, F2, F3, R1, R2 and R3 from input parameters X1 and X2. 
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¶ DOS-program "OptProblem.exe" with input- and output-files  

¶ Windows-program "OptFunktion.exe" with COM-interface  
 
Furthermore, other models with the same contents are also provided using following simulation 
systems: 
 

¶ MS Excel: "OptimizationProblem.xls"  

¶ Matlab: "OptimizationPoblem.m"  

¶ SimulationX: "OptimizationPoblem.ism"  
 

1.1 ASCII Files 
 
The DOS-program "OptProblem.exe" is executable in batch mode. First, the input parameters X1=0.5 
and X2=1.2 are read from the input-file "opt_input.txt": 

OptimizationProblem  
X1 
0.5 
X2 
1.2  

 
Then, the program calculates the results for constraints and criteria and writes them into the output 
file "opt_output.txt": 

Optimization Problem 
Constraints 
R1 = -0.831767 
R2 = -0.435142 
R3 = 2.36203 
Criteria 
F1 = 24.5228 
F2 = 1.51244 
F3 = 10.1842 

1.2 COM Interface 
 
The program "OptFunktion.exe" runs in graphical interactive mode. The input parameters X1 and X2 
can be edited and changed. By pressing the button "Run", the program calculates the results from 
the input parameters and put them on the corresponding windows. 
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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.CreateInstance(Type.GetTypeFromProgID("OptFunktion.Application")) 
 
Set Parameters 

Sim.Parameter("X1").Value = 1.3  
Sim.Parameter("X2").Value = 2.1  

 
Calculate 

Sim.Run  
 
Read Results 

r1  =  Sim.Result("R1").Value  
r2  =  Sim.Result("R2").Value  
r3  =  Sim.Result("R3").Value  
f1  =  Sim.Result("F1").Value  
f2  =  Sim.Result("F2").Value  
f3  =  Sim.Result("F3").Value  

2. Nominal Optimization  
 
We start with a classical nominal optimization problem for a single-objective function and 3 
constrained functions: 

¶ The nominal value of the design parameters X1 and X2 have to be found to find the minimum 
of the objective function F2.  

¶ All the constrained functions R1, R2 and R3 have to be satisfied concurrently  

¶ 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 by the menu item "View/Workflow". With this editor, the graphical workflow 
structure of the experiment can be builded and edited step by step. The workflow editor is the 
required door for building an experiment graphically in OptiY. 
 

 
 
All elements are pre-defined and can insert at 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, the symbol of the element 
will be displayed on the workflow editor. If the Ctrl-Key is pressed by clicking the mouse button, 
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further elements can be consecutively inserted without reactivating the menu. Thus, with Ctrl-key 
and left mouse button together, user can insert many elements at one time. 
 

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

 
 
After inserting all elements, we change the name of all elements according to our design problem. To 
rename the element Nominal0, double-click on the symbol Nominal0 on the workflow editor to show 
the property window. Change Nominal0 to X1 in the Name-field and then click OK-button. 
 

 
 
Similar, rename all inserted elements and get the following experiment workflow structure: 
 

 



 
8 OptiY Tutorial 

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 and linked 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 to use the DOS-program with ASCII-Files, because it is the standard and most wide used 
interface of all commercial software. 

2.2.1  ASCII-Files 
 
In this example, we use the program "OptProblem.exe" in batch mode. The program read the 
parameters from the ASCII input file "opt_input.txt" calculates the results and save them to the 
output file "opt_output.txt". For the DOS-program with ASCII-files, we need 3 following elements to 
build the experiment: 

¶ Input-File  

¶ Output-File  

¶ Extern Script  
 
Activate the menu items "Insert/ASCII-Files/Input-File", "Insert/ASCII-Files/Output-File" and 
"Insert/Simulation Models/Extern Script" and click with the left mouse button on the workflow editor 
to insert these 3 elements. The following graphical structure will be given: 
 

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

2.2.1.1 Input File  
 
After double-clicking the symbol InputFile0 on 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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On the tab "General", select the File-field and press the displayed button on the right side to load the 
ASCII input file into the workspace. The input file is located in the directory 
"..\Tutorials\ASCII\opt_input.txt". The file name and the working directory of the input file will be 
displayed on the corresponding fields. After loading the input file, toggle the input links (X1, X2) on 
the Input-window and the output link (ExternScript0) on the Output-window bottom.  
 
To sign the input links to the parameters of ASCII input file, select the tab "Input File". On the left 
window, the content of the ASCII input file is shown and on the right window all selected input links: 
 

 
 
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 menu "Insert Variable". 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 the OK-button to finish the assign process of the ASCII input file. 

2.2.1.2  Output File 
 
For setting the Output-File of the DOS program, double-click the symbol OutputFile0 on the workflow 
editor to open the dialog window on the screen 
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On the tab "General", select the File-field and press the button displayed on the right to load the 
ASCII output file into the workspace. The output file is located in the directory 
"..\Tutorials\ASCII\opt_output.txt". The file name and the working directory will be shown on the 
corresponding fields. After loading the output file, toggle the input link (ExternScript0) and output 
links (i_R1, i_R2, i_R3, i_F1, i_F2, i_F3).  
 
On the next step, select the tab "Output File". 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 i_R1 on the right window. Then mark the sign R1 of 
the output file on the left window and click the right mouse button to activate the menu "Define Key-
String". Thus, the string R1 displayed in red is defined as key-string for the output link i_R1. 
 

 
 
Then, mark the number -2.1348 behind the string R1 and activate the context menu "Insert Relative 
Variable" using the right mouse button. Now, the output link i_R1 is assigned to result R1=-2.1348 of 
the output file. These are shown on the bottom window. 
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Analogously, assign i_R2, i_R3, i_F1, i_F2 and i_F3 to the corresponding results R2, R3, F1, F2 and F3 
of the ASCII output file. 
 
After successfully assign process of the links, select one output link on the right window. Its assigned 
key-string 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, click the OK-button to finish the assigning of the output file. 

2.2.1.3  Extern Script 
 
After assigning the input and output file to the link parameters of the experiment, double-click on 
the symbol ExternScript0 on the workflow editor to open the dialog window of the extern script. The 
script is used to start the DOS-program "OptProblem.exe" in batch mode. 
 

 
 

¶ On the tab "General", first set the working directory with the Browse-button on the field 
"Working Directory". 

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 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\ASCII", in which the DOS-
program "OptProblem.exe" with the input and output files is located.  

¶ Type of script is set to DOS-Batch  

¶ Links to the input and output files are already toggled, because this process is done by the 
input file and output file.  

¶ 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 write "OptProblem" on the editor.  

¶ Press OK-button to finish all  
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After the configuration of all elements, we get the following experiment structure: 
 

 
 

2.2.2  COM Interface 
 
In this example, we use the program "OptFunktion.exe" in interactive mode. This program disposes 
of a simple COM interface enable to set parameters, start calculation and read parameters. To couple 
to this program, activate the menu item "Insert/Simulation Models/Net COM Interface" and use the 
left mouse button to insert a NetCOM-Element in the workflow editor: 
 

 
 
Double-click on the symbol NetCOM0 on the workflow editor to open a configuration dialog window. 
Here, only the input links (X1, X2) and the output links (i_R1, i_R2, i_R3, i_F1, i_F2 and i_F3) have to 
be toggled.  
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After clicking on OK-button, we get the following experiment structure: 
 

 
 
 
To input the script text for this NetCOM interface, open the Script Editor by using the menu: 
"Tools/Script Editor". The following 3 script text should be input on the script editor: 
 
Declaration (Open the program) 
Dim Sim = Activator.CreateInstance(Type.GetTypeFromProgID("OptFunktion.Application")) 
  
Input (Set parameters) 
Sim.Parameter("X1").Value   =  OptiY.Experiments.Item("Experiment").NetCOMs.Item ("NetCOM0").InputLinks.Item("X1").Value 
Sim.Parameter("X1").Value   =  OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").InputLinks.Item("X2").Value 

  
SimCode (Start calculation) 
Sim.Run 
  
Output (Read results) 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_R1").Value = Sim.Result("R1").Value 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_R2").Value = Sim.Result("R2").Value 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_R3").Value = Sim.Result("R3").Value 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_F1").Value = Sim.Result("F1").Value 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_F2").Value = Sim.Result("F2").Value 
OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").OutputLinks.Item("i_F3").Value = Sim.Result("F3").Value 

 
On closing, activate the menu: "File/ Transfer to OptiY" of the script editor to save the script text back 
to OptiY. 
 

2.2.3  MS Excel File 
 
In this example, we use an MS Excel file "OptimizationProblem.xls" as external program and couple it 
to OptiY with pre-defined element. Using the menu item "Insert/Simulation Models/Excel"  and the 
left mouse button to insert the pre-defined element Excel on the workflow editor: 
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Double-click on the symbol Excel0 on the workflow editor to open a configuration dialog window: 
 

 
 
On the tab "General", select the File-field and press the button displayed on the right side to load the 
MS Excel file. load the Excel model in the workspace. The MS Excel file is located in the directory: 
"...\Tutorial\Excel\OptimizationProblem.xls". 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. 
 

 
 
To assign the experiment parameters to the parameters of the Excel file, select the tab "Input". On 
the left window, all toggled input parameters of the experiments will be shown. Select the item X1 
on the left and input Tabelle1 to the Worksheet-field and B4 to the Cell-field. Thus the parameter X1 
is assigned to the parameter X1=1.284 of the Excel file. Analogously, select the item X2 and the input 
Tabelle1 to the Worksheet-field and B5 to the Cell-field. 
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In the left window, all toggled nominal values are listed. Here, select the item X1 and input Tabelle1 
in the Work Sheet-field and B4 in the Cell-field. So, the nominal X1 of OptiY is assigned to the model 
parameter x1 of the Excel file. Analogously, select the item X2 and the input Tabelle1 in the Work 
Sheet-field and B5 in the Cell-field.  
 
Select the tab "Output" and assign analogously all output parameters to the Excel file: 

¶ i_R1  to  (Tabelle1, B13)  

¶ i_R2  to  (Tabelle1, B14)  

¶ i_R3  to  (Tabelle1, B15)  

¶ i_F1  to  (Tabelle1, B8)  

¶ i_F2  to  (Tabelle1, B9)  

¶ i_F3  to  (Tabelle1, B10)  
 
After click the OK-button, we have got following experiment structure: 
 

 

2.2.4  Matlab Script File  
 
In this example, we use the Matlab script file "OptimizationProblem.m" as external program. Using 
the menu item "Insert/Simulation Models/Matlab" and  the left mouse button to insert the pre-
defined element Matlab on the workflow editor: 
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Double-click the symbol Matlab0 on the workflow editor to open the configuration dialog window: 
 

 
 
On the tab "General", select the File-field and press the button displayed on the right side to open 
the Matlab script file "...\Tutorial\Matlab\OptimizationProblem.m". The file name and the working 
directory will shown in the corresponding fields. The program 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 messages displays, use the following 
function to register the COM-server inside of the program Matlab correctly: 

function fixcomreg 
eval(['!' fullfile(matlabroot,'bin','win32','matlab.exe') ' /regserver &']) 

 

 
 
On the tab "Input", all toggled input links will be displayed on the left window. Select the input link 
X1 here and input x1 to the field "Matlab-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 the field "Matlab-
Variable".  
 
On the tab "Output", all toggled output links will be shown on the left window. Use the same 
procedure above to assign the following parameters: 

¶ i_R1  to  r1  

¶ i_R2  to  r2  

¶ i_R3  to  r3  

¶ i_F1  to  f1  

¶ i_F2  to  f2  

¶ i_F3  to  f3  
 
Click the OK-button to finish the process, we will get the following experiment structure: 
 

 
 

2.2.5  SimulationX   Model  
 
In this example, we use the program SimulationX with the model "OptimizationProblem.ism" as 
external simulation. Using the menu item "Insert/Simulation Models/SimulationX" and the left mouse 
button to insert the pre-defined element SimulationX on the workflow editor. Double-click the 
symbol SimulatioX0 on the workflow editor to open the configuration dialog. 
 

 
 
On the tab "General", select the File-field and click the button displayed on the right side to open the 
{ƛƳǳƭŀǘƛƻƴ ƳƻŘŜƭ άOptimizationProblem.ismέΦ ¢Ƙƛǎ ƳƻŘŜƭ ƛǎ ǎŀǾŜŘ ƛƴ ǘƘŜ ŘƛǊŜŎǘƻǊȅ 
ά...\Tutorials\SimulationX\OptimizationProblem.ismέΦ ¢ƘŜ ŦƛƭŜ ƴŀƳŜ ŀƴŘ ǘƘŜ ǿƻǊƪƛƴƎ ŘƛǊŜŎǘƻǊȅ ǿƛƭƭ ōŜ 
shown on 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 SimulationX model. 
 

 
 
On the tab "Input", all parameters of the SimulationX model will be shown on the left window 
"Model Parameter" and the toggled input links on the right window "Input". Select the input link X1 
from the right window and the parameter x1 on the model parameter tree on the left window. Then 
click the [>>]-button, 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 link X2.  
 

 
 
On the tab "Output", all results of the SimulationX model are shown on the left window "Model 
Results" and all togged output links on the right window "Output".  Select the output link i_F1 from 
the right window and the result f1 on the model result tree 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, r1 to i_R1, r2 to i_R2 and r3 to i_R3.  
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Click OK-button to finish the assignment process, we will get the following experiment structure: 
 

 

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 menu item "Insert/Criteria" and click the left mouse button to insert the element 
Criteria near the element i_F2 on the workflow editor. The symbol Criterion0 is displayed on the 
workflow editor. Double-click on the symbol to open the configuration dialog of the element: 
 

 
 
On the Name-field, change the name of the element Criterion0 to F2. The Expression-field is at the 
first time empty. Press Edit-button to input expression for the objective function F2. A internal 
calculator appears: 
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The graphical surface 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 . Double-click on the 
item i_F2 to assign it to the objective function "F2 = i_F2". The item i_F2 will be displayed in the 
expression field. Then press the OK-button to finish. We have got the following data structure: 
 

 

2.4  Define Constraints  
 
The design problem has got 3 constrained functions. We have to define also 3 constraints for the 
experiment. The procedure is similar to Define Criteria.  
 
Activate the menu "Insert/Constraints" then click the left mouse button 3 times while pressing the 
Ctrl-key on the workflow editor near the elements (i_R1, i_R2, i_R3). On the workflow editor, 3 
symbols will be displayed Constraint0, Constraint1, Constraint2. Double-click 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 the following workflow data structure (right 
picture). 
 

 

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 parameters, objective and 
constrained functions as well 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 the 
explorer on the left side. The properties of the nominal parameter 
X1 are shown in the property window and can be edited: 

¶ Nominal X1 
o Value = 2  
o Lower Boundary = 0  
o Upper Boundary = 4  
o Accuracy = 0  
o Type = Variable  

¶ Nominal X2 
o Value = 1  
o Lower Boundary = -1  
o Upper Boundary = 3  
o Accuracy = 0  
o Type = Variable  

 
Setting Constraints R1, R2 and R3 
Click with the left mouse button on the constraint item R1, R2, R3 
in the explorer and edit its properties in the property window:  

¶ Lower Boundary = -2  

¶ Upper  Boundary= 0  

¶ Weight Factor = 1  
 
 
Setting Optimization 
Click the item "Optimization" in the explorer to edit optimization 
method for the experiment in the property window:  

¶ Automatic Stop = False  

¶ Optimization Steps = 100  

¶ Start Step = Standard  

¶ Method = Standard 
 

2.6  Visualize Optimization  
 
The experiment is now ready to run. Before starting 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 first step we shall make a decision, which 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 R1, R2, 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: 
 

¶ Hide workflow editor  
o If you do not longer work with experiment structure, you should hide workflow 

editor to make place for visualizing of the optimization parameters  
o The workflow editor can be hidden or shown every time by the menu 

View/Workflow.  

¶ Constraints, Criteria and Penalty Function 
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o Select the item F2 from explorer and move it to the main window of OptiY while 
pressing left 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.  

o Similar use drag & drop to show the constrained function R1 on the new window. To 
show all constrained 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 R1, R2, R3 will be shown in this window.  

o The penalty function characterizes 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 menu "Window/Tile" to tile all windows. 

2.7  Start Optimization  
 
Now, we can start the optimization process. Activate the menu "Project/Start" to run the 
optimization. After finished optimization process by 100 optimization steps, the objective function F2 
has not converged yet. We can increase "Optimization Steps = 200" and continue the optimization 
process by activate the menu "Project/Continue".  
 

 
 
After these optimization steps, F2 has converged to the minimum. The optimal design point can be 
shown in a window using the menu "Analysis/Best Value/Show Parameters". 
 

 

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, the nominal values cannot be realized exactly e.g. in the 
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manufacturing, usage, customer warranty etc.  All design parameters are uncertain. Its values vary 
randomly from time to time. The design parameters can be characterized as a stochastic distribution. 
To get the optimal design point regardless the uncertainty design parameters, we have to do a robust 
design optimization. The robust optimization process concerns the design parameters X1, X2 as 
stochastic parameters. To simplify the tutorial procedure, we build a new experiment based on the 
experiment nominal optimization of the first tutorial.  
 
Duplicate the first experiment 

¶ Select the item "Experiment" in the explorer  

¶ 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.  

¶ Change the name of the second experiment "Experiment2" to "Robust-Optimization" using 
the menu "Edit/Experiment/Rename" by selecting this item in the explorer.  

¶ The experiment "Robust-Optimization" 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, X2, 2 stochastic parameters T_X1 and T_X2 are required. Activate the menu 
"Insert/Design Parameter/Stochastic" and click the left mouse button on the workflow editor while 
pressing the Ctrl-key to insert 2 stochastic parameters as "Stochastic0" and "Stochastic1". Double-
click on its symbol to open the configuration dialog. Rename these parameters to "T_X1" and "T_X2" 
as the graphical workflow in the picture below: 
 

 
 

3.2  Modify Model  
 
After insertion of the 2 stochastic parameters T_X1 and T_X2, we have to assign these 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 one model type doing this tutorial. 

3.2.1  ASCII Files 
 



 
24 OptiY Tutorial 

The 2 stochastic parameters T_X1 and T_X2 have to be assigned to the input file "opt_input.txt" of 
the DOS program "OptProblem.exe". The assignment process is similar to the assignment of the 
nominal parameters X1, X2.  
 
Double-click the symbol InputFile0 on the workflow editor to open the configuration dialog: 

¶ On the tab "General" , toggle the input links T_X1 and T_X2 in the left window:  

¶ On the tab "Input": 
o select the item T_X1 in the right window and assign T_X1 to the number 0.5 behind 

string X1 in the left window  
o 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  

¶ Click the OK-button to finish the process  
 
We will get the following experiment structure: 

 
 

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 transfer variables as input for the NetCOM-element. You get the following model 
structure: 

 
The input script should be corrected according to the input links (replace X1, X2 through _X1, _X2) 
 

Sim.Parameter("X1").Value   =  OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").InputLinks.Item("_X1").Value 
Sim.Parameter("X1").Value   =  OptiY.Experiments.Item ("Experiment").NetCOMs.Item ("NetCOM0").InputLinks.Item("_X2").Value 
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3.2.3  MS Excel File 
 
The 2 stochastic parameters T_X1 and T_X2 have to be assigned to the Excel file. The assignment 
process is similar to the assignment of the nominal parameters X1, X2.  
 
Double-click the symbol Excel0 on the workflow editor to open the configuration dialog: 

¶ On the tab "General" , toggle the input links T_X1 and T_X2 in the left window:  

¶ On the tab "Input", do following assignment: 
o T_X1 to (Tabelle1, B4)  
o T_X2 to (Tabelle1, B5)  

¶ Click the OK-button to finish the process  
 
We have got the following experiment structure: 

 

3.2.4  Matlab Script File  
 
The 2 stochastic parameters T_X1 and T_X2 have to be assigned to the Matlab script. The assignment 
process is similar to the assignment of the nominal parameters X1, X2.  
 
Double-click the symbol Matlab0 on the workflow editor to open the configuration dialog: 

¶ On the tab "General" , toggle the input links T_X1 and T_X2 in the left window:  

¶ On the tab "Input", do following assignment: 
o T_X1 to x1  
o T_X2 to x2  

¶ Click the OK-button to finish the process  
 

We have got the following experiment structure: 

 

3.2.5  SimulationX  Model  
 
The 2 stochastic parameters T_X1 and T_X2 have to be assigned to the SimulationX model. The 
assignment process is similar to the assignment of the nominal parameters X1, X2.  
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Double-click the symbol SimulationX0 on the workflow editor to open the configuration dialog: 

¶ On the tab "General" , toggle the input links T_X1 and T_X2 in the left window:  

¶ On the tab "Input", do following assignment: 
o T_X1 to x1  
o T_X2 to x2  

¶ Click the OK-button to finish the process  
 
We have got the following experiment structure: 

 

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 be minimized as far as possible. To get this design goal, the objective function of 
the optimization process has to be redefined: 
 
Double-click on the symbol F2 on the workflow editor to open the configuration dialog of the criteria-
element: 

¶ Press the Edit-button to open the calculator for input of the expression.  

¶ On the calculator, press the button "Delete All" to delete the old expression of the objective 
function.  

¶ Input the new expression "variance(i_F2)" for the objective Function F2 by clicking or double-
clicking the items "Variance", "(", "i_F2", ")" of the calculator  

 
Click OK-button to finish the redefine process.  
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3.4  Parameter Settings  
 
Setting Stochastic Parameters 
The stochastic parameters T_X1 and T_X2 inserted new have to be 
set. Select the stochastic items "T_X1" and "T_X2"  in the explorer 
and edit the properties of these parameters in the property 
window. Following setting is to do for each stochastic parameter: 

¶ Values: 
o Nominal = 0  
o Tolerance = 0.02  
o Distribution = Normal Distribution  
o Type = Constant  

¶ Virtual Design 
o Design Parameter = False  
o Nominal = 0  
o Tolerance = 0.02  

 
Setting Optimization 
Select the item "Optimization" in the explorer and setting the 
optimization method for the robust design process as following: 

¶ Automatic Stop = False  

¶ Optimization Steps = 250  

¶ Start Step = Standard  

¶ Method = Standard  
 
Setting Design of Experiment 
Beside of the optimization method, the robust design optimization 
additionally needs the design of experiment concerning 
uncertainty parameters. Select the item "Design of Experiment" in 
the explorer and set the method in the property window:  

¶ Method = Moment Methods  

¶ Parameter = Second Order  

¶ Interaction = True 

3.5  Visualize Optimization  
 
The experiment is now ready to run. Before starting 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 first step we shall make a decision, which parameters 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 constrained function R2 is also to monitor. 
 

¶ 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  
o The workflow editor can be hidden or shown every time by the menu 

View/Workflow.  

¶ Criteria and Penalty Function 
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o 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 created. This 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.  

¶ Probability Density 
o Activate the menu item Analysis/Probability Density to open a new window  
o Move the item R2 from the explorer with drag & drop to the opened window.  

 
All windows are tiled by activating the menu Window/Tile. The preparation for 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" 
 

 
 
The optimal robust design point is found after 250 optimization steps. The result can be displayed in 
a window by the menu "Analysis/Best Value/Show Parameters": 
 

 

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 requires less 
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 the design process will 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 experiment is done step by step using the following procedures. 

4.1.1  Insert Elements  
 
Comparing to nominal optimization, we use only the DOS-program "OptProblem.exe" with ASCII 
Input and output files for this tutorial because of the simplify. If you need other software, the 
procedure will be similar, please refer to the 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  
 
Activate the menu "Insert/Design Parameter/Stochastic" and click with the left mouse button on the 
workflow editor 2-times while pressing the Ctrl-key. The 2 symbols Stochastic0 and Stochastic1 of 2 
stochastic parameters will appear on the workflow editor. Similar, use the following menu items and 
left mouse click to insert the other elements: 

¶ Menu "Insert/ASCII-Files/Input-File" for the symbol InputFile0  

¶ Menu "Insert/ASCII-Files/Output-File" for the symbol OutputFile0  

¶ Menu "Insert/Simulation Model/Extern Script" for the symbol ExternScript0  

¶ Menu "Insert/Output Variable" for the symbols Output0 and Output1  

¶ Menu "Insert/Criteria" for the symbol Criterion0  

¶ Menu "Insert/Constraints" for the symbol Constraint0  
 
On the workflow editor, the following elements are shown: 
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After insertion of all elements, change the name of these elements according to our design problem. 
To rename the element Stochastic0, double-click on the symbol Stochastic0 on the workflow editor 
to open the property window. Change Stochastic0 to X1 in the Name-field and then click OK-button. 
 

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

 
 

4.1.2  Input File  
 
After double-clicking the symbol InputFile0 on 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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On the tab "General", select the File-field and press the displayed button on the right side to load the 
ASCII input file into the workspace. The input file is located in the directory 
"..\Tutorials\ASCII\opt_input.txt". The file name and the working directory of the input file will be 
displayed on the corresponding fields. After loading the input file, toggle the input links (X1, X2) on 
the Input-window and the output link (ExternScript0) on the Output-window bottom.  
 
To sign the input links to the parameters of ASCII input file, select the tab "Input File". On the left 
window, the content of the ASCII input file is shown and on the right window all selected input links: 
 

 
 
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 menu "Insert Variable". 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 the OK-button to finish the assign process of the ASCII input file. 

4.1.3  Output File  
 
For setting the Output-File of the DOS program, double-click the symbol OutputFile0 on the workflow 
editor to open the dialog window on the screen 
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On the tab "General", select the File-field and press the button displayed on the right to load the 
ASCII output file into the workspace. The output file is located in the directory 
"..\Tutorials\ASCII\opt_output.txt". The file name and the working directory will be shown on the 
corresponding fields. After loading the output file, toggle the input link (ExternScript0) on the left 
window and output links (_F2, _R2) on the right window.  
 
On the next step, select the tab "Output File". 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 mouse button to activate the menu "Define Key-
String". Thus, the string F2 displayed in red is defined as key-string for the output link _F2. 
 

 
 
Then, mark the number 1.50001 behind the string F2 and activate the context menu "Insert Relative 
Variable" using the right 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. 
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Similar, assign _R2 to the corresponding results R2 of the ASCII output file. 
 
After successfully assign process of the links, select one output link on the right window. Its assigned 
key-string 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, click the OK-button 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, double-click on 
the symbol ExternScript0 on the workflow editor to open the dialog window of the extern script. The 
script is used to start the DOS-program "OptProblem.exe" in batch mode. 
 

 
 

¶ On the tab "General", first set the working directory with the Browse-button on the field 
"Working Directory". 

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 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\ASCII", in which the DOS-
program "OptProblem.exe" with the input and output files is located.  

¶ Type of script is set to DOS-Batch  

¶ Links to the input and output files are already toggled, because this process is done by the 
input file and output file.  

¶ 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 write "OptProblem" on the editor.  

¶ Press OK-button to finish.  
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4.1.5  Design Goals 
 
After insertion and configuration 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 on the workflow. 
Double-click on the symbol F2 to open the configuration dialog of the element: 
 

 
 
At the first time, the Expression-field is empty. Press Edit-button to open a calculator for edit the 
expression of the objective function F2: 
 

 
 
The graphical surface 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 . Double-click on the 
item _F2. It will be displayed in the expression field. Thus, the expression of the objective function 
"F2 = _F2" is defined. After all, press the OK-button to finish.  
 
Similar, we define the expression for the constrained function "R2 = _R2".  
 
After finishing the definition process, the following experiment structure will be given in the 
workflow editor: 
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4.1.6  Parameter Settings  
 
Setting Stochastic Parameters 
The stochastic parameters X1 and X2 have to be setup the define 
the design space. The parameter space is characterized by the 
nominal and tolerance value meaning the center point the 
bandwidth of the space. Furthermore, it should be defined, how to 
sample the parameter space in each parameter direction. It will be 
treated by a stochastic distribution of these parameters. The 
virtual design space is used for the design process, we will come 
back to these parameters later. 
 
Select the stochastic parameter items "X1" and "X2"  in the 
explorer and edit these parameters in the property window. 
Following setting is to do for the stochastic parameters: 

¶ Stochastic Parameter X1 
o Values: 

Á Nominal = 2  
Á Tolerance = 4  
Á Distribution = Normal Distribution  
Á Type = Constant  

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

¶ Stochastic Parameter X2 
o Values: 

Á Nominal = 1  
Á Tolerance = 4  
Á Distribution = Normal Distribution  
Á Type = Constant  

o Virtual Design 
Á Design Parameter = True  
Á Nominal = 1  
Á Tolerance = 4  
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Setting Criteria 
Select the item "F2" in the explorer and setting the objective 
function in the property window: 

¶ Weight = 1  

¶ Approximation = Gaussian Process  

¶ Covariance Function = Square Exponential  

¶ Polynomial Order = 0  
 
We consider mainly the objective function F2 for the design 
process. Therefore, we use the Gaussian process to approximate 
this function accurately. The covariance function is the square 
exponential 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 meta-modeling process later. 
 
Setting Constraints 
Select the item "R2" in the explorer and setting this constrained 
function in the property window: 

¶ Lower Bound = -2  

¶ Upper Bound = 0  

¶ Weight Factor = 1  

¶ Approximation = Polynomial  

¶ Polynomial Order = 2  
 
The constrained function R2 treats the reliability of the design, 
which value should be located between -2 and 0. Normally, we 
shall use the Gaussian process to approximate this constrained 
function accurately, but for simplify the tutorial, we use only the polynomial with the order = 2 to 
approximate the function. It is very fast and not so complicated as the Gaussian process. 
 
Setting Optimization 
Select the item "Optimization" in the explorer and setting the 
optimization method for the design of experiment: 

¶ Method = Simulation  
 
That means, no optimization process and only one 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 experiment 
concerning the uncertainty parameters have to be set up. Select 
the item "Design of Experiment" in the explorer and edit it in the 
property window:  

¶ Method = Sampling Method  

¶ Parameter = Latin Hypercube  

¶ Sample Size = 40  

¶ Adaptive Design = False  

¶ Virtual Sample Size = 0  

¶ Distribution Points = 50  

¶ Random Generator = Init  
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We use the Latin 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 will initialized 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 start the design of experiment. Activate the menu 
"Analysis/DOE Table" to open the table for all design points calculated based on the design problem 
with the DOS program "OptProblem.exe". The opened windows can be arranged in the OptiY main 
window using the menu "Window/Tile". We start the experiment by clicking the menu 
"Project/Start". The experiment will sample the parameter space (X1, X2) randomly and calculate the 
corresponding design goals F2 and R2 for all design points. As result, we will a set of these sampled 
points in a table: 
 

 
 
On the DOE-table, 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 design steps as following: 

4.2.1  Meta Modeling  
 
Based on the support points of the DOE table, the response 
surfaces of the objective function F2 and constrained function R2 
have been build automatically after finishing the experiment. The 
response surface represents the mathematical relationship 
between stochastic parameters X1, X2 and the design goals as R2 
and F2. This mathematical function is called meta model, which is 
the surrogate function for the true relationship between design 
parameters and design goals presented from the external 
simulation model "OptProblem.exe".  
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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 Surface" to open the dialog. Select X1 
for X-axis, X2 for Y-axis and R2 for Z-axis. Then, click OK-button 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 meta model 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 the menu "Analysis/Response Surface/Residual Plot" to open 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 function F2 will 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 values of these differences are shown on the top: 
 

 
 
On the residual plot, the maximal difference for R2 is 2E-6 and for F2 is 4E-12. 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. 
 
 
 
 
 




















