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

2.2b - User Defined Function - PERL or OCTAVE;
Two Functions - Multiobjective Optimization
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Multi-Objective Optimization (MOO)

= Most engineering problems
deal with multiple objectives o=~

e.g. cost, weight, safety etc.. Objective S
function f: ! .

= They often conflict with each
other e.g. increasing safety n S
may involve increasing cost W Which one is better? \

= |tis hard or even impossible - /

. . . "i-__._ .
to find single best solution -——-

[
»

Objective function f,
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Multi-Objective Optimization (MOO)

Obijective functions

. Objective ! oS

min f, (X); 1=12,..,n funjction Wt \\\

| N

\ \\~ -
Inequality constraints i RN

| "
g,(x)<0; j=12,..m LN "\
W Which one is better? Y

Equality constraints ‘\. |
h(x)=0; k=12,..,1 "
Bounds on variables (side constraints) Objective function f,

Xip X <Xy; 1=12,..,p
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Methods of Solving Multiobjective Optimization
Problems

B "MOO" (File: com.functions2) Metamodel-based optimization - |E||i|

File View Task Help

"Info | Strategyl Solversl Dist I !.I'ariablesl Sampling I Historiesl Responses

¥ Maximize the Objective Function {instead of minimize)

=  Weighed sum strategy

Response Weight
— Convert multiple | F 1 [o.33 =
| F2 [o.67

objectives into a single
objective using weights

L«

1. Create the Response definitions (Responses Tab)
2. Select Responses to be part of an Objective
3. Enter the relative weights for the components. Weights are ignored for Pareto Frontier

= ¢ - constraint strategy
— All but one objectives is
treated as constraints and

optimize for the left-out
B#f "MOO" (File: com.functions2) Metamodel-based optimization =10l x|
problem He View Task Help

‘Info  Strategy |Soluers| Dist I '.I'an'abJesI Sampling I Histories REsponsesl Objective I cAll

¥ Create Pareto Optimal Frontier

= Multiobjective genetic rategy for Metamodelased Optmastion
algorithm for POF - ol

(" Sequential with Bomain Reduction (SREM)

— All objectives are

1. Sampling and optimization are done in a single stage.
2. Suitable for global design exploration.

Si mu |ta nEOUS|y Optl miZEd 3. For automatic verification run, choose Sequential.

4, For single baseline run, choose Sequential.

— Weights are ignored
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Multi-Objective Optimization (MOO)

= MOO problems do not have a single optimal solution. Instead there is a set of
solutions that reflects trade-off among objectives.

= Special considerations are required to compare different designs from MOO
simulations.

= Non-dominant concept is used to compare different individuals

1
= A solution X( ) dominates another solution X(z) (X(l) > X(Z)), if either one of the
following conditions is true:

1 2
- X( ) is feasible and X( )is not

M)

— Both X(l)and X(Z) are infeasible but X(z) is more infeasible compared to X
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Multi-Objective Optimization (MOO)

— When both X(l)and X(Z)are feasible, X(l) dominates X(z) (X(l) >~ X(z))
if following two conditions are satisfied:

. X(l)is no worse than X(Z) in all objectives i.e. fJ(X(l)):B fj(X(Z))’ J < [1’2""1 M]

. X(l) is strictly better than X(Z) in at least one objective 1:j (X(l))< fj (X(Z))

= |f neither of the two solutions dominates the other, both solutions are non-
dominated with respect to each other

= Any non-dominated solution in the entire domain is a Pareto optimal solution

= Function space representation of the Pareto optimal set is Pareto optimal front
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Multi-Objective Optimization (MOO)

= Blue solutions are dominated by red solutions but not by green ones
= Red solutions are not dominated by any other solutions
= Collection of red solutions creates Pareto optimal front

/ RS
Objective ; 4 N
function | | A AN
\ A NS -
_----hi———-.———— A \\\
~
n o A \\
- o A \
b a 4 A \\
" - . \
N \
u_ o 1
Pareto optimal " a - ,
front Tt

v

Objective function f,
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Genetic Algorithms - “Survival of the Fittest”

= Based on the evolutionist theory and Darwin’s principle “Survival of the Fittest”

= |n nature, weak and unfit species within their environment are faced extinction by
natural selection

— GAis a population based approach (uses multiple points at a time)

— GA is well suited for Pareto Front search

— GA does not require derivative information to drive the search of optimal points

— GAis a global optimizer, whereas conventional methods may get stuck in local optima
— Requires large number of function evaluations

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Genetic Algorithms - Terminology

=  Gene = Genetic operators
— each design variable x — Selection
=  Chromosome or individual — Crossover
— Group of design variables (vector of — Mutation
design variables) =  Generation
=  Population — Ageneration comprises of
— Group of individuals application of genetic operations to

create a child population that will
become parent population in the
next iteration

"  Fitness

— How good is the individual
(analogous to the objective function)

Tom Cwik JPLTASA
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Genetic Algorithm - Generation Flowchart

siojesado

uollelauan

e |
\B

criterion met?

Is stopping
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Genetic Algorithm for Multiobjective Optimization

N\

siojesado

uollelauan

Is stopping

criterion met?
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Problem Definition

Objective: find x and y that would maximize expression ©.33 z1 + 0.67 z2
where:

z1=-1.5x?-y?-y-cos(5y)+sin(5x)
z2=-y*-x%2+1+cos(6x)-sin(6y)
Two design variables: x and y in the range (-3, 3)

z=-1.5x - y2 -y - c0os(5y) + sin(5x) z= -y4 X1+ cos(6x) -sin(6y)

Vi \‘ (R

AR WO
OB 75
GO

Response
Response

Design Variable 1 Des\a®
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Strategy Panel

= Copy the command file and scripts functionl and function2 to new working
directory

= Go to Strategy panel and select Sequential with Domain Reduction

= Leave defaults for convergence check criteria

B "MOO0" (File: com.functions2) Metamodel-based optimization
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Solvers Panel

= Go to Solvers panel, Analysis Case functionl should exist already
= Modify the path to the copied input file (functionl ) and press Replace
= Similarly create Analysis Case function_2 with path to the function2 input file

B "MOO0" (File: com.functions2) Metamodel-based optimization - |Elli|
File View Task Help

‘Info | Strategy [S0Wers || pist | variables | Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | pvna_+| ¥

Pre-Processor Package Mame INone j
function_2
Solver Package Mame IUser—Deﬁned

Fies |Extra input files | Import User Resuits | Checkpoints | Evaluate Metamodel | Advanced |

Command |jusr/binjperl Browse

Input File I,.’rnnt,.'gpfs,.’horne,.'cbojanowski,'saatmﬂ.SDF’T—USR—MOMMOJﬁJncﬁon 1 Browse

Appended File I Browse

JLE

Post-Processor Package Name Mone

Name of Analysis Case Iﬁ..lnction_l Add Replace Delete Clear

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

= Go to Variables panel
= Thevariables Xand Y should exist
= Leave the min and max bounds as they are

B "MOO0" (File: com.functions2) Metamodel-based optimization

T ] ] N S
varigble =]t o | 3 5
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Sampling Panel

Go to Sampling panel

For function_1 choose Quadratic Polynomial Metamodel with D-Optimal Point

Selection method

B "MOO0" (File: com.functions2) Metamodel-based optimization
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

function_2

METAMODEL
% Polynomial
" Sensitivity
" Feedforward Neural Network
" Radial Basis Function Network

Order

™ Linear

" Linear with Interaction
% Quadratic

" Elliptic

POINT SELECTION

" Full Factorial

" Linear Koshal
¢~ Quadratic Koshal
" Composite

{* D-Optimal

£ Monte Carlo

{~ Latin Hypercube
" Space Filling

£ Duplicate

" User-defined

Total number of Simulation Points.

Default = 10
[ Discrete sampling
[~ Advanced

=101 %]

U.S. Department of Transportation
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Sampling Panel

= For function_2 Analysis Case also choose Polynomial Quadratic Metamodel

= For Point selection choose Duplicate and from drop down menu select Case
function_ 1

B "MOO0" (File: com.functions2) Metamodel-based optimization 1ol =l
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

[ — . [ E—
% Polynomial " Full Factorial

" Sensitivity € Linear Koshal

" Feedforward Meural Network ¢~ 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

Iﬁ..lnch'on_l - I
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Responses Panel

" Go to Responses panel
= Response F_1 for case function_1 should exist

B "MOO" (File: com.functions2) Metamodel-based optimization _|EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Responses | Objective | Constraints | Algarithms | Run | Viewer | DYNA Stats |

USERDEFIMNED [=]- Responses
Composite —  Enter a response command directly below & functior

Composite Expression IEt out_L.txt !
MeanSgErr
Response-Expression B- ﬁtlnchor
Standard Deviation LF 2
Matrix-Expression
ABSTAT

BNDOLUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEOUT

GLSTAT
IMTFORC

MASS

MATSLUM
MNCFORC —
NODOUT

MODFCOR

PSTRESS

RBDOUT

e =l 4 | | K —
Case IﬁJnction_l j

Multiplier |1 Offset |u ™ Mot metamodeldinked

Response Name  [F_1 showdef.. |  Add | Repace | Delete |

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

= Select Case function_2
= Enter a response command “cat out_2.txt”
= Enter F_2 in Response Name field and press Add

B "MOO" (File: com.functions2) Metamodel-based optimization _|EI|5|
File View Task Help

‘Info | Strategy | Solvers | Dist | Variables | Sampling | Histories Responses | Objective | Constraints | Algarithms | Run | Viewer | DYNA Stats |

I_I;‘EF!_E.-EFII-IE[.I |~ | Enter a response command directly below E--R:esponses
Composite =)~ functior
CompositeExpression IEt out_2.txt COLE1
MeanSgErr -
Response-Expression B- ﬁtlnchor
Standard Deviation
Matrix-Expression
ABSTAT

BMDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT
IMTFORC

MASS

MATSLIM
MNCFORC —
NODOUT

NODFOR

PSTRESS

RBDOUT

e =l 4 | | K —
Case IﬁJnction_?_ j

Multiplier |1 Offset |u ™ Mot metamodeldinked

Response Name  [F_2 showdef.. |  Add | Repace | Delete |

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

Go to Objective Panel

Select F_1 and F_2 responses for objective

Assign weight ©.33to F_1 and ©.67 to F_2 for the multi-objective case
Note: weights are ignored for Pareto Front computation

B "MOO0" (File: com.functions2) Metamodel-based optimization
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Constraints Panel

= There is no constraints on the functions
= Leave the default infinite bounds for the Responses

B "MOO0" (File: com.functions2) Metamodel-based optimization
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Run Panel

= Go to Run Panel

= Type 10 for Iteration Number

= With None as a Queuing software and one Concurrent Job press Run
= 182 calculations should be performed

B "MOO0" (File: com.functions2) Metamodel-based optimization 1ol =l
File View Task Help

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

Job ID PID Progress

QUEUING SEQUENTIAL OPTIMIZATION
LI e Mumber of iterations
f10

178 | (25037)
179 | (25042)
180 | (25048)
181 | (25068)
n oo I

Time Stey
||Gneﬁc Er?ergé Mo Proces

Total Energy
Energy Ratio
Global ¥ Velocity
Global ¥ Velocity
Global Z Velocity
Total CPU Time
Time to Completion

[~ Omit last verification run
™ Clean Start from Iteration

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer - Metamodel

Go to Viewer panel and [ setup |:Ranges | Ponts—| Fringe |
select Surface from Response to plt

|function_1/F_1
Metamodel menu
In the Points tab select All
Iterations
Check Feasible and
Infeasible Points
For colors choose Feasibility

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

IFeasabiIity 'I

A U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer Panel

= Go to Viewer panel and press Restart Viewer

= Select Optimization History from the Optimization menu
= See the histories for design variables

= Select the last iteration with clicking close to the plot

= Point selection window should appear

I N I\
o N
o ~ I et . \\
= ~1 — > J N R —
/ T
L e
3 / 3 /

Number of lterations

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

= Check the values of variables for optimal point
= Are they different from the single case problem? 2 B~ #|=]= & .

* Inthe Setup window select Objectives and see the o | [Compuied | predeed ]
history of F_1, F_2 and Multiobjective function  g& | e T
= The Multiobjective is more influenced by second

objective (bigger weight) oo (B Ecum

0.611582 0.611607
2.82753  2.82751

0.611582 0.611607
2.82753  2.82751

0.611532 0.611607

—1 2.82753  2.82751
- Multiobjective 209627 209626
------------ Max Constraint Violation 0 0

: I
_._.-—.'-'.-.
|

Multiobjective
{ =]
\

15
075
N .
' \[/
gs .
125 - \ 0.4 - /
F 0.5 F
0 2 4 6 8 -0 2 4 6 8 -0 2 4 6 8

Number of lterations Number of lterations

Number of lterations

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

= Go back to Strategy panel

= Select Single Stage Strategy

= Check the option Create Pareto Optimal Frontier

= Make sure that In Algorithms Tab GA is selected now

B "MOO0" (File: com.functions2) Metamodel-based optimization

(! Sequential with Domain Reduckion (SRAM)

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Sampling Panel

In the Sampling panel make sure that Metamodel has automatically changed to
Radial Basis Function Network with Space filling Point Selection for function_1

case
Type 100 for the Total number of Simulation Points

B "MOO0" (File: com.functions2) Metamodel-based optimization 1ol =l
File View Task Help

‘Info | Strategy | Solvers | Dist | variables Sampling | Histories | Respanses | Objective | Constraints | Algarithms | Run | viewer | DYNA Stats |

function_2 " Polynomial  Full Factorial
" Sensitivity €~ Latin Hypercube

" Feedforward Meural Network ' Space Filling
¥ Radial Basis Function Network € Duplicate

™ Kriging " User-defined
" User-defined
Total number of Simulation Points
[~ Advanced Options Il[JU
Default = 10
[~ Discrete sampling

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

= For function_2 case make sure that the points are duplicated from case 1

B "MOO0" (File: com.functions2) Metamodel-based optimization

s
C
s
]
C
8l

r
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Run Panel

Go to Run panel
Hit Run and wait for 200 jobs to be finished

File View Task Help

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

B "MOO0" (File: com.functions2) Metamodel-based optimization

=0l x|

Job ID PID

Progress

135 | (2947)
196 | (2952)
187 | (2960)
198 | (2985)
199 | (2970)
200 | (2981)

SINGLE STAGE OPTIMIZATION
[~ Clean Start

Total Energy
Energy Ratio
Global X Velocity
Global ¥ Velodity
Global Z velocity
Total CPU Time
Time to Completion

Time Step
kinetic Ener

Mo Proc

U.S. Department of Transportation

TRACC

Transportation Research and Analysis Computing Center
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Viewer

= Go to Viewer panel
*" From Optimization select Tradeoff

U.S. Department of Transportation

-

Select placement ...

FEELIEE
and plot type

Simulation Statistics

Metamodel

Surface

3D plot of metamodel swrface and simulation
ppoinits, Interactive tooks

3 Sensitivil
= Sensitivity of response to varisble change.
™t Confidence intervals as emor bars
Optimization
’ Optimization History

See how varizbles and responses develop with
v s

TT T -

Parallel Coordinates
Explore and Eliminate optimal designs by

interactiveby maoving constraints

TRACC Transportation Research and Analysis Computing Center

Scatter Plots

©% 2D or 3D scatter plots of simulation results

Statistical Tools
Interactive tools for histograms, mean, standard
deviation, probability of exceeding constraints

Accuracy
Scatter plot of simulation results vs. metamodel
predictions, Emor and coss validaty

Stochastic Contribution
Cantribution of vatiable noize (stochastic input)
to watiation of the response

Tradeoff

2Du3Dsca|mphsofep|maldmgﬁ(D oty
Optimal s=t), 40 Visuslization in color

30
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Tradeoff study

In the Tradeoff tab go to Points

Check Analysis Results, Pareto Optimal solution
For Color leave Feasibility

Locate the “optimal solution” from Sequential
Analysis in the Pareto Front

Note: weights are ignored here

Point selection |

Tradeoff X

4| Setup | Iteraon | Points Ra b

Show

¥ Pareto Optimal solutions
¥ Use reduced set of points
Status {colors)

IFeasibiIity 'I

2 B~ #=]= g

timal front

0.0pt Entity | Computed | Predicted | |
éjggt - Paint

3.0pt -----E---Variables

4.0pt — 0.0612921 0.0612521
5.0pt L 0.332879_-0.332879

5. 0pt

7.0pt 0.611582 0.611807

282753 28275

S.OEt

0.611582 0.611607

282753 2.82751

0.611582 0.611607
282753 2.82751

- Multichjective 208627  2.09626
------------ Max Constraint Violation 0 0

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Tradeoff study - Pareto Front

= |nthe Tradeoff tab go to Setup
= Select 3D from the menu
= For X-axis select X variable and for Y-axis select Y

41 | Setup | Iteration Points | Ra b

|3
%-Axis Entity

[EI- Variables
--Responses
-- Constraints
- Objectives
- Fd

Y-Axis Entity

[=]- Variables

--Responses
-- Constraints
El--Dbjecﬁves

Z-Axis Entity

[#I- Variables

E| Responses

L .F_2

-- Constraints
& Ohjectives

- Multiobjective

Calar, Entity

S. Department of Transportation

R\ S

variable

=  For Z-Axis select Responses — F_1

TRACC Transportation Research and Analysis Computing Center
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