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Problem Description

Y

Objective: find global maximum of a function:

z=-1.5x?-y?-y-cos(5y)+sin(5x)

Two design variables: x and y in the range (-3, 3)
Use Perl (or OCTAVE) as a solver

z=-15% - y2 -y - cos(by) + sin(5x)

Response

Design Variable 1 Des\d"
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Perl or OCTAVE script

= [S-OPT is ignoring lines starting with ”$” — place the space in the front of
variable definition in the Perl script

= The values of variables will be fed by LS-OPT® into the places between << >>
signs in both codes

= The output will be written to file out_1.txt

= Thestring “N o r m a 1” must be written to signify a normal termination

-',-2‘—': Crimson Editor - [E:\DOCS\LS-OPT-COURSE-CB\3_UD_SOLVER PER = ||:||5|
_He Edit Search View Document Project Tools Macros  Window Help _|ﬁ||1|

DL Bd SR+ 2@ /HR8E RDE

& Crimson Editor - [C:\Users\Cezar\Desktop\functionl-octave] - |EI|1|
File Edit Search View Document Project Tools Macros Window Help _|5’|1|

DELe HO B0 4 @ oD 08 s 50
function]-octave

X==( 110>,

function

#!/usr/bin/perl
Ex=<<¥:10>>;
Sy=<<¥:10%>;
Ef=sin (5%&x) -1.575x**2—co= (55y) -Sy-Sy**2;

y=<<¥ 110>
response=sin(5*x)-1.5%xA2-cos(5%y)-y-y2;

open (FILE, ">out_1.t=xt');
print FILE"£f\n";

close FILE: PERL

print "W o r m a 1\n";

outputdata=fopen{"out_1.txt", "w');

fdisp(outputdata,response); OCTAVE

fclose{outputdata);

printf{"N o r m a 1\n");

-

L
n10. Ch1i %
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Info Panel

= Define problem FUNCTION 1 and
= Save fileas com.fun_1

BFf "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization
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Strategy Panel

= |nthe Strategy Panel choose Sequential with Domain Reduction
= Leave defaults for stopping criteria

Ff "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization




Y

Solvers Panel

In the Solvers panel enter /usr/bin/perl (/usr/bin/octave) for Command

Browse the file functionl (or functionil-octave) for your Input file
For Name of the Analysis Case enter function_1 and press Add
The rest of the input is the same for both Perl and OCTAVE

B "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization
File View Task Help

=101 %]

‘Info | Strategy {50Wers | pist | variables | Sampling | Histories | Responses | Objective | Constraints | Algaritms | Run | viewer | DYNA Stats

Pre-Processor Package Name INone j
Solver Package Mame IUser-Deﬁned j
Fles |Extra input files | Import User Resuits | Checkpoints | Evaluate Metamodel | Advanced |
Command |fusr/binper Browse |
Input File IJrnnt,.’gpfsfhorne,.’cbojanowski,{scratmﬂ_SDF‘T—USR—MDJFUN_lﬂ_INEARJﬁJncﬁor Browse |
Appended File I Browse |
Post-Processor Package Name Mone j

Name of Analysis Case Iﬁ..lnction_l

Replace

Delete
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Variables Panel

In the Variables tab select Type Variable
Define variable X starting at @ with min bound -3 and max bound 3
Add a Variable

For name enter Y with the same starting value and bounds as X

BFf "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization
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Sampling Panel - Linear Metamodel

= Select Sampling tab
= Choose Polynomial Metamodel with Linear Order
= For point selection method pick D-Optimal with Default number of simulations

B "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization _|EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Sampling | Histories | Responses | Objective | Constraints | Algaritms | Run | viewer | DYNA Stats

POINT SELECTION
" Full Factorial
™ Linear Koshal
" Quadratic Koshal
" Composite
* D-Optimal
" Monte Carlo
™ Latin Hypercube
" Space Filing
(% Linear ) puplicate
" Linear with Interaction " User-defined
™ Quadratic
" Eliptic Total number of Simulation Points
|5
Default = 5
™ Discrete sampling

™ advanced
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Responses Panel

In the Responses panel choose USERDEFINED

The response is written to the file out_1.txt; use cat command to read it
Type Response command cat out_1.txt

Type Response name F_1 and push the Add button

B "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization _|EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Responses | objective | Constraints | Algaritms | Run | viewer | DYNA Stats

USERDEFINED (- Responses
Composite = iEni::er atresponsel il command directly below .
Composite-Expression cetout Lot
MeanSgErr
Response-Expression
Standard Deviation
Matrix-Expression
ABSTAT

BNDOUT

D3PLOT

DEFORC

ELOUT

FLD
FREQUENCY
GCEOUT
GLSTAT
INTFORC
MASS
MATSUM
MNCFORC
NODOUT

NODFOR.
PSTRESS
REDOUT

RCFORC
RWFORC KT | 2l
Case IﬁJnch'on_l j

Multiplier |1 Offset |n [~ Not metamodelinked

Response Name  [F_1 Show def... add | Replace Delete
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Objective Panel

= |n the Objective panel select F_1 as your objective
= Make sure to check Maximize the Objective Function

BFf "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization
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Run Panel

This time leave None for QUEUING software
Request 10 iterations

Leave 1 in Concurrent Jobs window

Wait for 51 jobs to be finished

B "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization
File View Task Help

=101 %]

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Responses | Objective | Constraints | Algaritims [RUR | viewer | DYNA Stats

SEQUENTIAL OFTIMIZATION

[~ Omit last verification run
[ Clean Start from Iteration

Job ID PID Progress
1 | (20220)
2 | (20225)
3 | (20233)
= | (20233)
L | (20243)
6 (20268)

Time Step

Kinetic Ener

Total Energy

Energy Ratio

Global X Velocity
Global ¥ Velocity
Global Z Velocity
Total CPU Time
Time to Completion
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Viewer - Optimization History

= Go to Viewer Panel
= Select Optimization History from the pop-up window
= From the variables select X, then Y

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
12



Viewer - Optimization History

design

B LS-OPT Viewer

L I_XHK@ &) |%

OpiHistory

Setup | Range

o

=101 %]

5
5

variables

ESPONSES

F_1

onstraints

L

O_bjectives

ultiobjective
Max Constr. Violation

[~ Core Solver Progress

& &

Optimization History
For"F_1"

A

N ®
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v

25

5 75
Mumber of lterations
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Point selection

- [~ #l=]=ul
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1.0pt
2.0pt
3.0pt
4.0pt
5.0pt

.0pt
7.0pt
5.0pt

Q.OEt
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From the Setup tab in Optimization History window Select F_1 from Objectives
Indicate with the cursor the last point on the graph
Read from Point Selection window the values of design variables for the optimal

A

Entity | Compu... | Predicted | |
-E=Paint
-~E-Variables
 — X -0.82143 -0.82143
[— -0.619584 -0.619584
~EH-Responses
— 104493 1.10933
-~ Constraints
e— 104493 1.10938
-~ Objectives
e—1 104499 1.10938
------------ Multiobjective 1.04499  1.10938
- Max Constraint Violation 0 a
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Viewer - Accuracy

Go to Viewer Panel and Press Restart Viewer

Select Accuracy from Metamodel menu
Check RMS and R-sq errors — what they indicate?

B LS-OPT Viewer
3 |

5 X

Metamodeling Accuracy

For Response Function "F_1"

Linear: RMS Err = 0.129 (39.4 %), Sqrt PRESS =0.24 (73.4 %), R-sq=0.959

0

0.5

Computed Response Value

| Feasible
B Infeasible
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Sampling Panel - Quadratic Metamodel

= Make a copy of your com. file and functionl script to other working directory
= Load command file to LS-OPT®

= Browse to the copied functioni file in the Input File window in Solvers tab

= |n Sampling tab change order of polynomial to Quadratic with 10 simulations

B "optimizacion” (File: com.fun_1) Metamodel-based optimization - |Elli|
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Sampiu' Histories | Responses | Objective | Constraints | Algorithms | Run | viewer | DYNA Stats

METAMODEL POINT SELECTION
£+ Polynomial " Full Factorial
" Sensitivity " Linear Koshal

" Feedforward Neural Networl: " Quadratic Koshal
¢~ Radial Basis Function Metwark " Composite

" Kriging ¥ D-Optimal
i User-defined " Monte Carlo
™ Latin Hypercube
Order " Space Filing
" Linear ) puplicate
" Linear with Interaction " User-defined
% Quadratic
" Eliptic Total number of Simulation Points
f10
Default = 10
[™ Discrete sampling
[ advanced
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Run Panel

= Go to Run panel, press Run button and
= Wait for completion of 81 calculations

B "FUNCTION_1" (File: com.fun_1) Metamodel-based optimization - |EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories | Respanses | Objective | Constraints | Algaritms  Run | viewer | DYNA Stats |

Job ID PID Progress
(29762)

SEQUENTIAL OFTIMIZATION

(29767)
(29772)
(29779)
(29734)
(29798)

[~ Omit last verification run
[™ Clean Start from Iteration

PEEEE

_'
=
m
w
i
b=l

[
Kinetic Ener; Mo Proc

Total Energy
Energy Ratio
Global X Velocity
Global ¥ Velocity
Global Z velocity
Total CPU Time
Time to Completion
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Viewer - Optimization History

Go to Viewer panel

Select Optimization History from Optimization menu
Select X in Variables list to see the optimization history of that variable

Point with the cursor on the last iteration to read exact values of the variables and

optimal response

L&)

N\

/

~a

Ma

Mumber of lterations
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Viewer - Optimization History

Compare results with the ones from linear metamodeling
Linear metamodel ended up in one of the local maxima

Point selection

Linear RS

B~ #|=[=x]

I0.0pt
1.0pt
2.0pt
3.0pt
4.0pt
5.0pt
5. 0pt
7.0pt
5. 0pt
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Entity

B

-[El-Variables

Q.DEt

=+ Paint

X -0.82143 -0.82143

= -0.619584 -0.619584
~EH-Responses
e— 1.04439  1,10938
~EHConstraints
! 104499 1,10938
-1 Objectives
] 1.04499  1,10938
‘Multiobjective 1.04499  1.10938

--~Max Constraint Vialation 0 o

Quadratic RS

Point selection |

= ||~ +—=E|

.Opt Entity | Compu... | Predicted | |
1.0pt

Ok - Point

opt | [=I-Variables

0.278325 0.273325
-0.618141 -0.618141

------------- Max Constraint Violation

TRACC Transportation Research and Analysis Computing Center

- 2,10254 2,10214
Constraints

e 2,10254 2.10214
CObjectives
F_ 2,10254 2,10214
Multiobjective 2,10254 2,10214

0
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Viewer - Sensitivities

= Go to Viewer panel
= Select Sensitivity from Metamodel menu
= Compare the plots from first iteration for linear and quadratic metamodel
Linear RS Quadratic RS
— _ 2 2
Y=+ BiX + BoXo + BoX X, + & Y= Lo+ BiXy+ BoXy + BiXg + BooXs + ProX X, +&
Sensitivities Plot for F_1
Sensitivities Plot for F_1 with 90% Confidence Interval
with 90% Caonfidence Interval
X
Y
X I | XX
Y| | } XY
-40 =20 0 20 40 Y=Y
Terms in expansion of F_1

T
-50 -25 0 25 50
Terms in expansion of F_1
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Viewer - Accuracy of the Quadratic Metamodel

Go to Viewer tab and Restart the viewer
Select Accuracy from Metamodel menu

Read values of metamodeling errors and compare them to previous ones from linear

metamodel

B LS-OPT Viewer

=)~

Metamodeling Accuracy

Quadratic: RMS Err = 0.000238 (0.013 %), Sqrt PRESS = 0.000551 (0.0302%), R-sq = 1

M Feasible
B Infeasible

=

Setup | Points For Response Function "F_1"
Entity
&l Responses 2.1
LF_1
205
1.95
1.9

Predicted Response Value

1.75
Tteration x 1.7 ./r./
1 ] ]

1.8

19

2

| 1.7

Computed Response Value
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SRSM with Domain Reduction - Quadratic Surface

[terations
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Radial Basis Function Network

Additional analysis was performed using RBFN as an metamodel type

200 points were selected using LH sampling

(150 points did not give the shape of the function)

Gaussian transfer functions were selected under advanced options

Single stage strategy was selected for optimization

The optimum was found to be 2.09361

RBFN is an universal approximation technique if enough training points are provided
and enough center points is selected

7= -1.5x -y - y - cos(5y) + sin(5x)

Response

- abie 2
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