Introductory Course: Using LS-OPT® on
the TRACC Cluster

1.4b - Introduction to LS-OPT GUI;
Simple Optimization Problem

By: Cezary Bojanowski, PhD
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Problem Description

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 LS-OPT as a solver and linear metamodel
Check the adequacy of the metamodel

7= 15X -y - y - cos(5y) + sin(5x)

Response
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Task Selection

Go to Task Tab and

Select Metamodel — based Optimization

B " SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization

¥ Livermore Software
Technology Corp.
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Optimization . _
es | Responses | Objective | Constraints | Algoritms | Run | Viewer | DYNA Stats |

LS-0OFT User Interface
Version 4 (Revision 56627)
by
Livermore Software Technology Corparation
(C) Copyright 2000-2008 - All Rights Reserved

Task: Metamodel-based Optimization

Problem description

ISIMPLE_EXAMPLE
Authar

|Cezar\-I Bojanowski

Current working directory
E:\DOCSYS-OPT-COURSE-CB\SIMPLE_EXAMPLE
Current project file
com.SIMPLE_EXAMPLE
Last modified

Tue Dec 08 23:06:52 2009
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Strategy Tab

=  Go to the Strategy panel
= Choose Sequential with Domain Reduction (SRSM)
= Leave the defaults for the convergence tolerance

BFf "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization




Solvers Tab

= Inthe Solvers panel type echo N o r m a 1 in Command line
= Type SOLVER_1 in the Name of Analysis Case field and press Add

B "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization - |EI|£|
File View Task Help

‘Info | Strategy {50Wers | pist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

Pre-Processor Package Name INone j

Solver Package Mame IUser-Deﬁned j

Fles |Extra input files | Import User Resuilts | Checkpoints | Evaluate Metamodel | Advanced |

Command IechoNorrnaI Browse

Input File | Browse

Appended File I Browse

JLl

Post-Processor Package Name Mone

Name of Analysis Case  [SOLVER _1 add | Replace Delete Clear
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Variables Tab

= |nthe Variables panel Add two variables:
— X with starting value of @ with lower bound -3 and upper bound 3
-y with starting value of @ with lower bound -3 and upper bound 3

BFf "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization

e F | ———c— =
Varigble = fy . s 5
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Sampling Tab

In the Sampling panel select Polynomial Metamodel with Linear Order
For Point Selection choose D-Optimal criterion
Leave default number of Simulation Points

B "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization - |EI|£|
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Samphg| Histories | Responses | Objective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

METAMODEL POINT SELECTION
¢ Ppolynomial " Full Factorial
" Sensitivity " Linear Koshal

" Feedforward Meural Metwork ™ Quadratic Koshal
"~ Radial Basis Function Network " Composite

" Kriging &+ D-Optimal

” User-defined " Monte Carlo
" Latin Hypercube

Order " Space Filling

% Linear ") Duplicate

€~ Linear with Interaction " User-defined

" Quadratic

" Eliptic Total number of Simulation Points
Default = 5
™ Discrete sampling
[ Advanced
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Responses Tab

In the Responses Tab select Response-Expression type

Enter an algebraic expression -1.5*x*x-y*y-y-cos(5*y*180/3.14159265)
+sin(5*x*180/3.14159265)

Type RESP for Response Name and press Add

B "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization - |EI|£|
File View Task Help

‘Info | Strategy | Solvers | Dist | variables | Sampling | Histories Respanses | Objective | Constraints | Algorithms | Run | Viewer | DYNA Stats |

USERDEFIMED - . . [=]- Responses
Composite =1  Enter an algebraic expression ;

Composite-Expression |—1. 5Fx Fx-y Fy-y-cos(5%y*180/3. 14159265) + sin(5%x*180/3. 14159265)
MeanSqErr —

Response-Expression
Standard Deviation
Mafrix-Expression
ABSTAT

BNDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT

INTFORC

MASS

MATSLIM —
Mastran+reguency
MCFORC

NODOUT

NODFOR.

PSTRESS

REDOUT
RCFORC =l 4 | | ki | ]

Case |SOLVER_1 =]

Multipier  [0/= Offset [o/= I™ Not metamodeHinked

Response Name  [RESP showdef.. |  Add | Repace | Deete |
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Objective Tab

= In the Objective Tab select RESP with weight 1.0
= Select Maximize the Objective Function (Instead of Minimize)

BFf "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization




Run Tab

= |eave None for QUEUING software
=  For Concurrent Jobs enter 5

B "SIMPLE_EXAMPLE" (File: com.SIMPLE_EXAMPLE) Metamodel-based optimization o =] |

=  For Number of Iteration enter 10 ———

‘Info | strateay | Solvers | Dist | variables | Sampling | Histories | Responses | Objective | Constraints | Algorithms

=  Hijt Run to start simulations

QUEUTNG SEQUENTIAL OPTIMIZATION
. . |N°,.,e -[ Number of iterations
= On Linux machine only Normal oo | [P

™ Clean Start from Iteration

Termination will be displayed e

Error Termination

=l

E Z "Optimization Problem” (File: com.EIRST_EXAMPLE) Metamodel:based optimization
File View Task Help

MNo Prod

Info| Strategy| Solvers | Dist| Variables | Sampling| Histories | Responses | 0hjeclive| Constraints | Algoﬁthms| Run | \ﬁewer| DYNA Stats ‘

Job ID PID  Progress
47 (4271)

QUEUING SEQUENTIAL OPTIMIZATION
Number of iterations
10 |

48 (4273)

Concurrent Jobs
5 ] Omit last verification run

49 4275
( ) [ Clean Start from lteration

Case

_ | Run || Pause || Resume Stop

No Processes Selected

50 4277)

51 (4201)

4] oo

Global X Velocity
Global Y Velocity
Global Z Velocity
Total CPU Time
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Viewer

Go to Viewer panel and the viewer
options should pop up automatically

From Metamodel menu select
Surface

New window should appear

U.S. Department of Transportation

B New plot

Select placement ...

=EEENEE
and plot type

Simulation Statistics

[ Correlation Matrix
” Matrix of comelation values, scamer plots and
5l histngrame of all varibles and smdar ;

5 Correlation Bars
-— Comelation bar charts

Metamodel

Surface
3D plot of metamodel surfzce and simulstiof

J
P Sensitivit
= Sersitivity of response to varizhle change,
“H—7 Confidence intervals as emor bars
Optimization
Optimization History

Ses how warisbles and responses develop with
ione. Detaikd ontimizes hi

P

Parallel Coordinates
Explore and Eliminate optimal designs by,
interactively moving constraints

TRACC Transportation Research and Analysis Computing Center

Scatter Plots

e 2D or 3D scatter plots of simulation results
T T

A

Stochastic Contribution
Contrbution of watiable noise [stochastic input]
to watiation of the responsze

Tradeoff
2D o 30 scatter plots of optinnal designs (Farats
Optirnal set], 40 Wisualization in colar

Hyper-Radial Visualization

Explore optimal designs by interactively
weighting objectives
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Response Surface

Set all the options as shown below:

In Ranges: Auto, Region of interest

Check Never shrink the plot

range

In Points: Current Iterations

Use slider at the bottom to
see the surface in specific

iterations

U.S. Department of Transportation

Surface

| Setup | Ranges | Points | Fringe |

Iterations

=

Show

¥ Feasable

[ Infeasable

™ Predicted Optimum

[ Computed Optimum
[~ Failed Runs on Surface
[~ Paints only

Functions

™ Project Points to Surface
[~ show Residuals
Status (colors)

IFeasabiIity 'I

Surface i
| Setup | Ranges | Ponis | Frive | ke
| setup | Ranges | Points | Fringe |
Response to plot
SOLVER SP
I _1RE " Auto, Entire design space
Firet axis vari & R
I“ £~ Manual
Second axis variable
h|I Ranae for RESH
f-25.6345 -[o4.2192
¥ Gridines ™ Constraints Range For
I- Isolines I_ Predicted value |-3.|36 -|3.06
Name Value ﬁ Ranae for v,
f-3.06 -J3.08
* V¥ Mever shrink plot range
Y
XY X7 Y2
XY Xz Yz
Tteration ™
1 1 Tteration ™
| 1 1
I
i ' ' ' ' ' ' ' i
| I
T
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Response Surface

Iteration 1

Iteration 2

Iteration 3




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
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Optimization History - Objective

* From the Setup tab in Optimization History window Select RESP from Obijectives
= |ndicate with the cursor the last point on the graph
= Read from Point Selection window the values of design variables for the optimal

design

=101 x|

RN =TS e

OptHistory Optimization History
Setup | Range For "RESP"
- Variables P Y A | m—a Point selection ______ NS
o 1 \/ Rllf‘*‘l II-|—I= %l
[#- Responses 2 | 13EE Entlty- L€ = e N
El- Objectives / Opt E};:nr;lt —
P lee P
o -0.82143 -0.82143
é----l'"'lL.IH:IObJECh\u’E f ----- y -0.619584 -0.619584
i Max Constr. Violation I ) I I
""" RESF 104459 1,10938
. : E--Objecﬁves
N 8 . e-RESP 104499 1,10933
W e Multiobjective 104499  1.10938
4 10
i - /
12 /
14
-16
-18 |
25 5 5 10
I Core Sclver Progress MNumber of lterations
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Accuracy of the Metamodel

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

Linear: RMS Err=7.56 (54.7 %), Sqrt PRESS = 11

(79.8 %), R-sq=0.0732

M Feasible

/ B Infeasible

A ok [l
L NEREELEE
Accuracy * | [metamodeling Accuracy
Setup | Points For Response Function "RESP"
Entity
[El-Responses
- RESP -2.5
-5
15
[15)
=
g =10 o
L8]
Z -12.5
(=]
O
& A5
o
= -17 53
®
@ 20
225
2%
1 1 10
e -20 -10

Computed Response Value
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Accuracy of the Metamodel

Go to Viewer Panel and Press Restart Viewer
Select Accuracy from Metamodel menu

Check RMS and R-sq errors — what they indicate?
Higher order of the Response Surface might be required for better accuracy.

B LS-OPT Viewer

Linear: RMS Err = 0.129 (39.4 %), Sqrt PRESS=0.24 (734 %), R-sq=0.959

0 05
Computed Response Value

2k Lol
LR
Accuracy X | [Metamodeling Accuracy
Setup | Points For Response Function "RESP"
Entity
El- R:asponses 12
1
0.8
s}
=
= 06
Lk}
L)
P 0.4
(a8
@
'a 0.2
sl
=
S 98E-009
2
- 02
¥
Rl 74
1 10 10 i

M Feasible
B Infeasible
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Homework

= Change the metamodel to quadratic
= Check the metamodeling errors
= Compare the results with linear metamodel
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