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

2.3 - Multiobjective Optimization;
Concrete Slab Bending

By: Cezary Bojanowski, PhD
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Problem Description

=  Simply supported concrete slab with rebars
= Loaded with distributed load (*LOAD _SEGMENT_SET) on the whole top surface
= Three design variables:

— Uniaxial compressive strength (UCS) in *MAT_WINFRITH_CONCRETE

— size of the bar (discrete variable)
— z coordinate of top nodes
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Problem Description

Three objectives:

= min Z- displacement of the slab (central node)

"  minimize mass of the structure

= minimize cost of the materials (function of bar size and concrete strength)
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K-file

*MAT_WINFRITH_CONCRETE
$$$935599935559995599995559935539995559995559935589995559955559955559%%

$# mid ro tm pr ucs uts fe asize
1,0.0868000,<<57000*sqgrt(ucs)>>,0.180000,<<ucs>>,<<7*sqrt(ucs)>>,2.0E-4,0.125000
$# e ys eh uelong rate conm conl cont
0.000 0.000 0.000 0.000 0.000000 -1.000000 ©0.025400 1.000000
*NODE
$# nid X y z tc rc
10000 13.2346811 41.8973503 <<1.5+dz>> (%] (%]

*SECTION_BEAM

$# secid elform shrf gr/irid cst scoor nsm
2 1 0.000 (%] 1 0.000 0.000
4 tsl ts2 ttl tt2 nsloc ntloc

<<bar>>,<<bar>>,,,,

$#US units: in, 1bf, sec

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




Task

= Go to Task and select Metamodel-based Optimization

BFf "SLAB_BENDING™ (File: com.REBAR-OPT) Metamodel-based optimization




Strategy Tab

= Go to Strategy Task
= Select Single stage strategy

Ff "SLAB_BENDING™ (File: com.REBAR-OPT) Metamodel -based optimization
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Solvers Tab

= |n Solver tab navigate to 1soptscript

= Navigate to REBAR-OPT.k file in Input file

= Type SLAB_RBFN for Name of Analysis Case
= Press Add

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization - |EI|£|
File WView Task Help

"Info I Strategy | Dist I '.‘ariablesl Sampling I Historiesl REsponsesI Objective I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

Led

SLAB RBFM Pre-Processor Package Mame INone

Solver Package Mame ILS—DYN.\'-'. j

Files |E1rtra input ﬁlesl Import User R.esultsl Checkpoints I Evaluate Metamodel I Advanced I

Command IC:\J.SDYNMprogram\JsQ?l_s_Rﬂr.Z_Winxsfu:u.exe Browss

Input File ID N\DOCS_BOJANOWSKINLS-OPT-COURSE-CBV4E_UD_SOLVER _M Browse

Appended File I Browse

L

Post-Processor Package Name Maone

Name of Analysis Case ISL#\B_F‘-BFN Add | Replace Delete Clear
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Variables Tab

In Variables Tab define variable ucs with starting value 4000 and bounds 3500 and

6000

Define discrete variable bar with three values 3/8, 4/8 and 5/8 (in of diameter)

Define variable dz with starting value @ and bounds +/- ©.125 in

B "SLAB_BENDING™ (File: com.REBAR-OPT) Metamodel-based optimization

File View Task Help

=lol x|

"Info | Strategyl Solversl Dist VﬂﬂaHESl Sampling I Historiesl Rfsponsesl Objective I Constraintsl Algorithmsl Run I Wiewer I DYMA Smtsl

Design Variables
Type Mame Starting Init. Range Minirmurm Maximurm
[variable =l & foes [a000 [ [3500 [s000 =]
[piscrete var = & fpar [0.375 Values [0:3750.50.625
[variable x| ) o | [-0.125 fo.125

-

Add a Variable |

Delete a Variable |

Saddle Direction
Cases

o al

' List
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Sampling Tab

= |n Sampling Tab select Radial Basis Function Network for Metamodel
= Pick Space Filing Point Selection and
= type 24 for number of simulation points

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

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

SLAB_RBFN METAMODEL POINT SELECTION
£ Polynamial " Full Factorial
 Sensitivity " Latin Hypercube

~ Feedforward Meural Metwork %' Space Filling
¢ Radial Basis Function Network ) Duplicate

" Kriging ™ User-defined
& User-defined
Total number of Simulation Points
[~ Advanced Cptions IZ“
Default = 16
[ Discrete sampling
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Histories Tab

In Histories Tab select NobouT and type 397 for ID identifier

Select Z-component

of displacement

Type z_b1sp_HIsT for History Name and press Add

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization

File WView Task Help

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling i

=101 x|

REsponsesI Objective I Constraintsl Algorithrnsl Run I Vigwer I DYMA S13ts|

LSERDEFINED ) B-Histories
Expression IdentifierType IE & SLAB_RBFN
File IID j |39? i.Z DISP HIST
Crossplot -7
ABSTAT Companent Direction

ET;EI?DU'I-'F ¥ Displacement ™ ¥ Component

DEFORC £ velodty " ¥ Component

ELOUT " Acceleration %' 7 Component

GCEOUT " Rotational Displacement " Resultant

GLSTAT " Rotational Velodity

INTFORC - ol )

MATSLM Rotational Acceleration

NCFORC

NODOUT Filtering

NODFOR

RBDOUT Nene =

RCFORC

RWFORC

SETOUT

SECFORC

SPCFORC

SWFORC

< | i

Case [sLAB_REFN =]
History Name [Z_DISP_HIST showdef.. |  add | Replace Delete
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Responses Tab

In Responses Tab select NoDouT and type 397 for ID identifier
Select Z-component of displacement

Type z_D1sP_RESP for Response Name and press Add

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization

File WView Task Help

=101 x|

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling I Histories Responses |Dbjecﬁve I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

USERDEFIMED - . -~ B-Responses
- = IdentifierT D — .
Compasite L= 5-SLAB_REFN
Composite-Expression IID j |39? DISP RESP
MeansqgErr G——
Response-Expression Companent Direction ~TOTAL_MASS
S'ﬁn!:lard Dewahon ¢ Coordinate (" X Component ;---Z_DISP_OBJEC'I'I
Matrix-Expression ~ Di s -~ MASS_OBIECTIVE
ABSTAT Displacement ¥ Component cost
BNDOUT ™ Velocity {% Z Component
D3PLOT " Acceleration " Resultant
ELESE].I'?C " Rotational Displacement
FLD " Rotational Velocity
FREQUENCY " Rotational Acceleration
GCEQUT " Injury Coeffident
GLSTAT
INTFORC
MASS iE'E‘ECt 5
MATSLIM Last value i
MCFORC —
NODOUT Filtering
NODFOR. = —
PSTRESS [vone [~
REDOUT -
ROPORC =l 4 | 3 [ N —
Case |SLAB_REFN =]
Multiplier |1 Offset ID [~ Mot metamodelinked
Response Name  |2_DISP_RESP add | Replace | Delte |
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Responses Tab

In Responses Tab select mass
Pick All Parts to be included
= Type TOTAL_MASS for Response Name and press Add

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization

File WView Task Help

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling I Histories Responses |Dbjecﬁve I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

LISERDEFIMED
Composite
Composite-Expression
MeanSgErr
Response-Expression
Standard Deviation
Matrix-Expression
ABSTAT

BMDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT

INTFORC

MATSLIM

NODOUT
NODFOR.
PSTRESS
REBDOUT

T s Fad

Y

MNCFORC —

RCFORC ;I 4|

Parts to be induded Attribute

" Listof parts IMass
& Al Parts

[

=101 x|

B-Responses
£5-5LAB_REFN

| .7 DISP_RESP

S T(TAL MASS

-Z_DISP_OBIECTT

- MASS_OBIECTIVE

< | &

Case |SLAB_REFN

=~

Multiplier |1 Offset |0

[ Mot metamodelinked

Response Name  |TOTAL_MASS

Show def...

Add

Replace | Delete

U.S. Department of Transportation

TRACC Transportation Research and Analysis Computing Center

12




Responses Tab

To have all objectives with the same order of magnitude they need to be scaled
Select Composite
Press z_ DISP_RESP and type -20 for multiplier

Type z_D1sp_0OBJECTIVE for Response Name and press Add

File WView Task Help

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling I Histories Responses |Dbjecﬁve I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

|U5ERDEFINED -

Composite-Expression
MeanSgErr
Response-Expression
Standard Deviation
Matrix-Expression
ABSTAT

BMDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT

INTFORC

MASS

MATSLIM

Composite Components I Responses Variables |

B "SLAB_BENDING_MOOD" (File: com.REBAR-OPT) Metamodel-based optimization

=101 x|

Response

Multiplier

Divisor

Target

Z_DISP_RESP

TOTAL_MASS

MNCFORC —
NODOUT
NODFOR.
PSTRESS
REBDOUT
RCFORC ;I

T s Fad

f-20

It

Y

=

Composite Function Type: Weighted

=

B-Responses
£5-5LAB_REFN
| .7 DISP_RESP
- TOTAL_MASS
%7 DISP OBIECTI
- MASS_OBIECTIVE

Case Infa

Multiplier Infa

Offset |n/2

]

™ mak metamadelinked

Response Name |Z_DISP_OBJEC'I'I\-'E

Show def... |

Add
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Responses Tab

Also In Responses Tab select Composite
Press TOTAL_MASS and type 10 for divisor
Type MAss_0BJIECTIVE for Response Name and press Add

File WView Task Help

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling I Histories Responses |Dbjecﬁve I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

|U5ERDEFINED -

Composite-Expression
MeanSgErr
Response-Expression
Standard Deviation
Matrix-Expression
ABSTAT

BMDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT

INTFORC

MASS

B "SLAB_BENDING_MOOD" (File: com.REBAR-OPT) Metamodel-based optimization

=101 x|

Response

Multiplier

Divisor

Target

Composite Components I Responses Variables |

Z_DISP_RESP

MATSUM
MNCFORC —
NODOUT
NODFOR.
PSTRESS
REBDOUT
RCFORC ;I

T s Fad

TOTAL_MASS

f1 f10

Y

=

Compaosite Function Type:

Weighted

=

B-Responses

5-5LAB_REFN
-Z_DISP_RESP
-TOTAL_MASS
-Z_DISP_OBIECTT
(& 1MASS_OBJECTIVE
.COST

Case Infa

Multiplier Infa

Offset |n/2

]

™ mak metamadelinked

Response Name  [MASS_OBJECTIVE

Show def... |

Add
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Responses Tab

Let’s define another objective — cosT as a function of concrete strength and amount
of steel and concrete

For Composite-Expression type (ucs/1000)*(1.5+dz)/1.5+4*bar/0.375)

For Response Name type cosT and press Add

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization - |EI|£|
File WView Task Help

"Info I Strategyl Solversl Dist I '.‘ariablesl Sampling I Histories Responses |Dbjecﬁve I Constraintsl Algorithrnsl Run I 'ﬂewerl DYMA S13ts|

B-Responses
£5-5LAB_REFN
. -Z_DISP_RESP
TOTAL_MASS
-Z_DISP_OBIECTT
ASS_OBJECTIVE

Enter an algebraic expression
I(ucsleDD}l‘(l. 5+dz)/1.5+4%bar/0.375

MeanSgErr
Response-Expression
Standard Deviation

Matrix-Expression
ABSTAT

BMDOUT

D3PLOT

DEFORC

ELOUT

FLD

FREQUENCY
GCEQUT

GLSTAT

INTFORC

MASS

MATSLIM
MNCFORC —
NODOUT
NODFOR.
PSTRESS
REBDOUT

ROPORC =l A | 3] KN —
Case Infa j

Multipier [n/= Offset [o/z I 1ot metamadlHinked

Response Mame ICOST Show def... Add | Replace | Delete |

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

= |nthe Objective panel select: z_ DISP_OBJECTIVE, MASS_OBJECTIVE and COST

Ff "SLAB_BENDING™ (File: com.REBAR-OPT) Metamodel -based optimization

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Constraints Tab

= No constraints are defined

BFf "SLAB_BENDING™ (File: com.REBAR-OPT) Metamodel -based optimization

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Run Tab

= |n Run Tab depending on machine select pBs for Queuing system if TRACC cluster is
used or leave none for windows

= Type appropriate number of Concurrent Jobs

= Press Run

B "SLAB_BENDING_MOO" (File: com.REBAR-OPT) Metamodel-based optimization — |EI|1|L

File View Task Help

Info | Strategyl Solversl Dist I !.I'ariablesl Sampl B "SLAB_BENDING" (File: com.REBAR-OPT) Metamodel-based optimization =10l x|
File Wiew Task Help

-

OPTIMIZATION ALGORITHM
" LFOP Info I Strategvl Solversl Dist I 'Jariablesl Sampling I Historiesl Rfsponsesl Cbjective I Constraintsl Algorithms | Vigwer I DYMA Smtsl
* GA
" Hybrid GA - PID  Progress QUELING SINGLE STAGE OPTIMIZATION
 AsA i |(5904}
" Hybrid ASA |NE,,.,E ,I [" Clean Start

. : 2 5238)
Population Size —l ¢ Cancurrent Jobs.
| ;I (5348) 3
Default = 100

4 | 2300 Case

Mumber of generations ( )
| 5 |(5430}
Default = 250 & | (4518)

[~ GA Advanced Settings

U.S. Department of Transportation

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

Time Step
Kinetic Ener

Mo Processes Selected

TRACC Transportation Research and Analysis Computing Center
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Viewer - Surface

= Go to Viewer Tab
= Select Surface from Metamodel

TO o I S B New plot |
Select placement ...
| 4 &l e
and plot type
Simulation Statistics
[l Correlation Matrix
Scatter Plots
Tl . N
H""' Em““;?“fﬁ“a:‘“?“!*’.“ ‘“'I 2D o 30 scatter plots of simulation results
= ) Statistical Tools
| Cn: Jati hBaI rs Interactive tools for histograms, mean, standard
= deviation, probability of exceeding
Metamodel
Surface Accuracy
3D plot of metamodel surface and simulstion Seatter phot of simulation results vs, metamodel
points, Interactive tools jpredictions. Error measures and cross validation
= Sensitivity > Stochastic Contribution
= Sersitivity of response to varizhle change, ) Contribution of wariable noise (stochastic input]
5= Confidence intervals as emor bars A tojwariation ofthe responsze
Optimization
Optimization History : Tradeoff
: Ses how warisbles and responses develop with 2D o 30 scatter plots of optinnal designs (Farats
o Detsiled optimizer history: i Optirnal set], 40 Wisualization in colar
L Frrr
Parallel Coordinates = Hyper-Radial Visualization
Explore and Eliminate optimal designs by, % Explore optimal designs by interactively
interactively moving constraints R weighting objectives
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer - Surface
= On Points Tab pick Predicted Optimum

B#f LS-OPT Viewer =]
ot [al I i3 ;
L X[k @ O M Sk B [F ] ke s
Surface x
Setup | Ranges | Points | Fringe -0.0712
Iterations -0.1
Al -
chow -0.129
¥ Feasable
¥ Infeasable -0.158
¥ Predicted Optimum
[~ Computed Optimum o -0.187 L
™ Failed Runs on Surface m E
I~ Points orly @ -0.217 =
o % £
™ Project Points to Surface = -0.246
[~ Show Residuals !
Status (colors) -0.275
IFeasabiIity vI _0.304
-0.333
-0.362
o Feasible
H Infeasible
XY X2 YZ M Predicted Optimum

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Predicted Optimal Point

= To see the value for predicted optimum click on purple square
= One discrete value was found for multiple objective problem

X
2 [~ #[=]= =

545 REFN | Entity | Co... | Predicted | |
o -E-Paint

I [El-Variables

PR e ucs 3500 3500
I R S bar 0.5 0.5
1.6 | i e dz 0,125 0,125
L3 [=l-Responses

1?-':' , ............ Z_DISP_RESP Mfa -0,1011496
T I TOTAL_MASS M/ 449625
112 ~{=} Composites

113 | e Z_DISP_OBJECTIVE  NfA  2.02291
114 | e MASS_OBIECTIVE N/A  4.49625
1.16 | i COST Nf.ﬁ. 9,125
1- 11; ----- =1-Objectives

AE-O I I Z_DISP_OBJECTIVE  Nj/A  2.02291
T = MASS_OBIECTIVE Mfa 449625

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

= Go to Viewer Tab

m  Select Sensitivities from Metamodel Tools

= Check which design variables influence the deflection and mass the most

= Note: LS-OPT uses linear Response Surface for sensitivities for other

metamodels than polynomial based

B LS-OPT Viewer

Sensitivities

=10l x]

Iteration

Sensitivities

E- SLAE _REFN

Sensitivities Plot for Z_DISP_RESP
with 80% Confidence Interval

0.1

Terms in expansion of Z_DISP_RESP

0.2
Sensitivities

Iteration

=101 x|

. U.S. Department of Transportation

a

El-5LAB_REFN
i~ Z_DISP_RESP

itivities Plot for TOTAL_MASS
with 890% Confidence Interval

UCS

bar

dz

-0 2 4
Terms in expansion of TOTAL_MASS

(4]

TRACC Transportation Research and Analysis Computing Center
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Info Tab

= Save the same file under different name in different folder
= For Problem description type SLAB_BENDING_PARETO

BFf "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Strategy Tab

= |n Strategy Tab check Create Pareto Optimal Frontier
= Make sure Singe Stage strategy is selected

BFf "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization

ential with Domain Reduction (SRS

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

= Make sure BRFN with Space Filing point selection is still selected
= Type 32 for total number of Simulation Points

@Ff "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization

-
C
-
(%)
o
o
r

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Algorithm Tab

=  For Pareto Frontier GA is used

BFf "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization

‘ U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Run Tab

Press Run leaving previous setting
Do not check Clear Start — the simulations are already performed

B "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization - |EI|£|

File View Task Help

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

Job ID PID Progress

7 | (6044)
8 | (5960)
9 | (5468)
10 | (5820)

QUEUING SINGLE STAGE OPTIMIZATION
|N‘mE v| ™ Clean Start
Concurrent Jobs

2

Case

Timne Step
Kinetic Eners

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

Time History

[ I I [ [ [ [ [
0.010.020.030.04 0.050.060.070.08 0.09 0.1 0.110.120.130.140.15

Internal Ene

Simulation Time

U.S. Department of Transportation TRACC

Transportation Research and Analysis Computing Center
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Viewer Tradeoff

= Goto Viewer Tab
= Select Tradeoff from Optimization
Tools

U.S. Department of Transportation

-

B New plot x|

Select placement ...
=EEENEE
and plot type

Simulation Statistics

l"l Correlation Matrix £
45 Scatter Plots
.mrﬂ Pt of comalotion vekums, St ploee 1 ¥+, 2D or 3D scatter plots of simulaton results
2T —
= - Statistical Tools
| Cl:l: "ﬂam”a_nal rs hmacnvelmlsfulﬂngamnmmd
= deviztion, probability of exceeding constraints
Metamodel
Surface 1 . Accuracy
3D plot of metamodel surface and simulstion ' Seatter phot of simulation results vs, metamodel
points, Interactive tools jpredictions. Error measures and cross validation
= Sensitivity > Stochastic Contribution
= Sersitivity of response to varizhle change, A Contribution of wariable noise (stochastic input]
“HT Confidence intervals as emor bars A to wariation of the response
Optimization
Optimization History : Tradeoff
Ses how warisbles and responses develop with : 2Du3DmpluEefmdagﬁ[Pm
i Detziled optimizer history i Orptimal s=t), 40 Wisualization in color
T 1T Frrr
Parallel Coordinates = Hyper-Radial Visualization
T rmert S e I el % T
interactively moving constraints ™y 17| weighting objectives

TRACC Transportation Research and Analysis Computing Center
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Viewer Tradeoff

= |n 2D scheme only two objectives can be seen at a time
= Select z_ DISP_OBJECTIVE and COST

Bl LS-OPT Viewer

Tradeoff

I:” Tradeoff Iteration

=101 %]

|« | setup | Iteraton | Points | Ra b
|0 [
¥-Axis Entity

El- Objectives d
. Z_DISP_OBJECTIVE
. MASS_OBIECTIVE _
i..cosT
o [
¥-Axis Entity
. Z_DISP_OBJECTIVE |
: -MASS_CQBIECTIVE
- Multiobjective
R |
L-fis Entiky.
[H- Variables

| Setup | Iteration | Points | Ra b

Show
I sulf

¥ Pareto Optimal solutions
v Use reduced set of points
Status (colors)
IFeasibiIity' 'I

e Y =N

COST

Tradeoff Plot
Objective "Z_DISP_OBJECTIVE" vs. Objective "COST"
(Results of lteration 1)

13-4
r
A
A
12+
A
A
Il‘
11 A-!:l
! A B
A ‘i
A
A Ry oa, a4 o
= A A o
10 a a5 *
A.‘ A A1‘
A.“ A A,

Z_DISP_OBJECTIVE

@ Feasible

B Infeasible

A Feasible TradeOff
A Infeasible TradeOff

U.S. Department of Transportation
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Viewer Tradeoff

= You can change between objectives
= For three objectives the Tradeoff can be seen in 3D — what next?

101
T el 2 e -
i k2 LE R @ Q ‘ ] EH | & E ‘ IE:_'._ mﬂ I:' Tradeoff Iteration
Tradeoff x Tradeoff Plot
i[ Setup | Iteration | Points ﬁ » Ohbjective "Z_DISP_OBJECTIVE" vs. Objective "MASS_OBJECTIVE"
(Results of lteration 1)
|0 = [t @ Feasible
4 8
HoAxis Entity ‘iﬁ B Infeasible
f=I- Objectives & " A Feasible TradeOff
- Z_DISP_OBJECTIVE ry A Infeasible TradeOff
----- MASS_OBJECTIVE _ 46 .
e =l X

44 *J‘

¥-Axis Entity

.. Z_DISP_OBJECTIVE & % - A
, £ N
cosT. A m ) A pin
- Multiobjective j B 4 2 A v "
M et o O iy o A A
2-tiis Entity — Maga B s AW

[ Variables g & =

- Responses =

-- Composites
E| Objectives

LI
.
B
B
D.g
P
B
g
[
>

AA A

K1

I 7 IO ADISeTTUE 3 8 1= iy [] A £
| Erbity DAl A4 A
E1- Variables - a . A
i LN Ba FARN

2 4 6
Z_DISP_OBJECTIVE

3
a
1
1
1
1
i
1
1
1
[«
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Hyper Radial Visualization (HRV)

= HRV maps any number of objectives into 2 dimensional space
= Objectives are selected by users into X and Y groups
= Objectives can be weighed by using sliders in the GUI

N, - n -
min f,(x); 1=12,...,n Objective functions [ /ZWiFiZ, / ZWiFf]
i=1 i=N, +1

gj(x)go; j:LZ,...,m Inequality constraints

hk(X)=0; k=12...1 Equality constraints

X <X <X\ i=12,..., P Bounds on variables (side constraints)
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Hyper Radial Visualization (HRV)

= Conversion of the multi-objective optimization to two-objective problem:
N, - n -
ZWi Fi2 , Z\Ni Fi2
i=1 i=N,+1

dW,=1 and W, >0
i=1

=  Subject to:

= and:
= |:i - |:i_min - =
R == - i=12,..n F <[0]]
i_max ' i_min
U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Viewer - HRV Plot

= Goto Viewer Tab
= Select Hyper-Radial Visualization
from Optimization Tools

B New plot x|

Select placement ...
=EEENEE
and plot type

Simulation Statistics

l"l Correlation Matrix £
45 Scatter Plots
.mrﬂ Pt of comalotion vekums, St ploee 1 ¥+, 2D or 3D scatter plots of simulaton results
2T —
= - Statistical Tools
| Cl:l: "ﬂam”a_nal rs hmacnvelmlsfulﬂngamnmmd
= deviztion, probability of exceeding constraints
Metamodel
Surface 1 . Accuracy
3D plot of metamodel surface and simulstion ' Seatter phot of simulation results vs, metamodel
points, Interactive tools jpredictions. Error measures and cross validation
= Sensitivity > Stochastic Contribution
= Sersitivity of response to varizhle change, A Contribution of wariable noise (stochastic input]
“HT Confidence intervals as emor bars A to wariation of the response
Optimization
Optimization History : Tradeoff
Ses how warisbles and responses develop with : 2Du3DmpluEefmdagﬁ[Pm
i Detziled optimizer history i Orptimal s=t), 40 Wisualization in color
T 1T Frrr
Parallel Coordinates = Hyper-Radial Visualization
T rmert S e I el % T
interactively moving constraints ™y 17| weighting objectives

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Hyper Radial Visualization (HRV)

=10 x]
Xk © O BB | B EL T L
HRY X
¥ Use reduced set of points H 0.625
Mame Axis WE{\ghtSWE 06
2 o oo .
087 0.575
MASS_OBIECTIVE X
COST 0.55
0.6+
0.525
'_
1| B 3 05 5
Color Entity Q 0.4 =
[=- Variables
. 0.475
= Pareto set of paints
-- Resp;nses 0.2 0.45
[ Composites .
& Otyectves best design for 0.425
i Multiobjective I t d . hts
5 wel
selected weights | | . | | »
-0 0.25 0.5 0.75 1
Z DISP_OBJECTIVE,MASS OBJECTIVE
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Histories from all Simulations

= Go to DYNA Stats Tab
* From new window select History plot

B "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization = |EI|£|
File View Task Help

"Info | Strategyl Solversl Dist I !.I'ariablesl Sampling I Historiesl Responses I Dbjecﬁvel Constraintsl Algonthmsl Run I Viewer DYNA Stats l

_loix

Fringe plot - display computed statistics based an
D3Plot data upon the actual elements of the model.
|| The D3Plot data can also be correlated with a
response or have it's dependency on variables analyzed.

History plot - display history plots from the different

| runs in the same plot, or consolidate them using
statistical calculations. Correlation and variable
contribution analysis are available in this mode as well.

Create |

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories from all Simulations

= Only one History was defined
= Select z DISP HIST
= Press Next

i

Select history to plot [ Correlate with response:
[=]- Histories Z_DISP_RESP
TOTAL_MASS

(\, U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories from all Simulations

= Pick The given history for all runs to plot
= Press Next
= On next Window press Finish

[H 15-0pt Wizard

[N 15-0pt Wizard

ect what to plot

" Statistics of histories
"~ statistics of residuals {errors) in a metamodel of the history dz
" safety Margin

~ How much each variable contributes to the history

& The qiven history for all runsi

Select the iteration to use for the plot
i

~
Current iteration: 1

Finally, provide a name for this plot for future reference
[piot-1

ect analysis method
¥ Use actual FEA results (Monte Carlo)

! Buildlinear metamadel From FES Results

") Build quadratic metamodel From FEA resuls

< Previous

< Previous

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories from all Simulations

= New plot should be ready to display
= Press Display

B "SLAB_BENDING_PARETO" (File: com.REBAR-OPT) Metamodel-based optimization - |EI|5|
File View Task Help

"Info | Strategy I Solvers I Dist I Variahles I sampling I Histories I Responses I Ohjective I Constraints I Algarithms I Run I viewer DYMNA Stats

Plot-1 (ready to display)

History plot of Z_DISP_HIST showing the history for all runs

Create Generate Display Edit Delete

Display selected plotin LS-PrePost

U.S. Department of Transportation TRACC Transportation Research and Analysis Computing Center
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Histories from all Simulations
= |S-PREPOST should open wilt d3plots from first simulation

= The graph window should also pop up automatically with all the specified histories

from all the runs

1o x
0_' oDlullab HIST: All runs
B “ih. LS-OPT
-0.05 _A Run1.1
H B Run1.2
-0.1 =~ C Run1.3
d D Run14
Y- E Run1.5
015 iy ~| F Run1.6
> J _G Run1.7
-0.2 ~F—==4—Tw— HRun18
% 1 Run1.9
-0.25 A J Run1.11
N K Run1.12
03 4 L Run1.13
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