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Optimization Strategies in LS-OPT

® Surrogate-based Design Optimization

+ Strategies
- Single Stage: Fixed computational budget
- Seqguential: Maximize Surrogate accuracy

- Sequential with Domain Reduction. Classical SRSM algorithm

® Direct Optimization
¢ Genetic Algorithm (GA)
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SRSM MDOQO Application

Large MDO - Setup:

6 Crash Modes + Body Dynamics Mode: Modes:
- approximately 3 million element models Front NCAP + Front Offset + SICE + Side Pole +
Roof Crush + Rear Offset + NVH

35 Continuous Thickness Variables:

33% of BIW mass
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Objective:
Minimize Mass

Constraints:

Front NCAP:
Decelerations
Intrusions

Front Offset:
Intrusions
Cabin Integrity

SICE:

Intrusions

Side Pole
Intrusions

Roof Crush:

Force

Rear ODB
Intrusions
Fuel System Clearance

NVH:

Body Stiffness
Body Frequency



SRSM MDQ Application

LS-OPT SRSM Settings:

* Optimization Strategy
Sequential RSM with Domain Reduction

* Termination Tolerance
0.1 for design change AND objection function

* Metamodel
Radial Basis Function Network

* Point Selection
Adaptive Space Filling - 54 points per iteration

* Optimization Algorithm
Hybrid ASA
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SRSM MDQ Application

Large MDO - Results:

Optimization History

2.0 1 A A
Final mass reduction |—>
\ — from 12.1%!
- Initially mass
\ reduced by 20.0%!!!

[7)]
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(1] '__./
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vy

[teration Number

 Optimization was aggressive with a significant initial mass reduction.
* Then optimization converges as constraints are satisfied.
* Final step shows some increase in mass as variables are switched to discrete values.
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SRSM MDOQO Application

Large MDO - Results:

Side Impact B-PIr Intrusion Front Offset Left Toepan Intrusion

Metamodeling Accuracy Metamodeling Accuracy

For Response Funciion “max_b_plr_intrusion” For Response Funciion “max_lef_ioepan”

RBF Net RMS Err= 172 (0.567 %), Sa PRESS =3.65 (12 %), R3q = 0.957 RBF Net RMS Em= 116 (635 %), SQtPRESS =28 (153 %), Rsq = 0.905
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Sqrt PRESS 1.2% Sqrt PRESS 15.3%

» Metamodel accuracy for most cases was very good.
* The metamodels for the front crash modes showed the lowest prediction accuracy,

though still acceptable.
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SRSM MDOQO Application

Large MDO - Results:

Performance Requirements Met for all Modes — Examples:

NVH
1st Torsion

Front Offset

Rear Offset

Side Pole

IIHS SUV

Baseline
Design

Optimum
Design
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SRSM MDOQO Application

Large MDO - Results:

Gauge Changes

» Gauge changes are non-intuitive.
» Some parts have significant gauge up values.
 Rear portion of structure saw significant gauge down.
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SRSM MDO Application

60815 1.93475417 2.00

60816 0.700020898 1.00

50817 1,493346 1.40

60821 2.299993a3 2.00

60828 0.700007625 0.70

60829 0.700003653 0.70

63121 0.892124782 1.40

53131 0.741664268 1.20

63211 1.05212361 1.20

63216 2.13728689 2.00

63221 0.700000475 1.20

64121 1.21328247 2.00

64131 0.700000733 0.70

64211 0.700000204 1.20

64221 2.19079584 1.60

Optimization History 65116 2.14313003 1.30

65118 1.41987561 1.20

20 65131 1.75247227 1.80

65136 0.882840044 0.75

65141 2.29993331 1.60

65142 1.2802137 1.60

65145 1.34480367 0.75

Final Step changed 65361 0.843405751 1.40

from continuous to 65368 1.59697644 1.20

discrete panel 65611 1.18161726 1.20

thicknesses 65615 0.825944822 1.00

@ = 65616 0.909662213 1.00

= / 65625 0.700001546 0.85

j 65711 1.67796346 2.00

65731 0.700000843 0.70

] 65741 0.700000098 0.70

508110 1.43165276 1.60

50811-1 2.29999659 2.30

608120 1.08972173 1.20

1.6 v 50812-1 1.35340555 1.80
10 2

[teration Number
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SRSM MDOQO Application

Large MDO - Constraints:

Without enough constraints,
optimization can produce poor
designs. Must ensure proper
constraints!

Front modes have constraints well
defined for front structure.

A good optimization algorithm will
exploit all undefined constraints!

Added constraints on internal
energy of some parts to control
design decisions.
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SRSM MDOQO Application

Desgnspace oot -easeive: IRy

= Front Flat

Front Offset 1 56 409
3 SICE 1 56 157
- HPC
g LD sero 1 - =
5 Job
5 Submission Roof Crush 1 56 280
2 of . Rear Offset 1 56 274
S ! Base Design
ﬂ? Normal Modes

TofB

Running
' ' 1 of® Totals

'P'r 'nner

Optimization History:

e b e
L]

Optimal Point - Performance Targets (Constraints):

.
u

\J
2.0 =* . .
0% Mass Reduction Baseline
s Normal Modes
Side Pole
0
s [ ' I Sice
©
S Roof Crush
7 7 . . Rear Offset
-—_._____...-——-“—’/ Front Offset
i - . - Front Flat
f
1 6 -100 -50 0 50 100
. Violation (%) No Violation (%)
T 1
0 12

Iteration
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SRSM MDOQO Application

Design space exploration - Iteration 1:

i Front Flat

Front Offset 53
SICE 53

HPC
s R -

Job
Submission Roof Crush 53
of ; Rear Offset 53

53 Design
Normal Modes

207

Mass

e

28% Mass Reduction
|

u
* H 1 ]

0 Iteration 12
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Running

56
56
56
56
56

15730
21666
8310
18402
14840

14543

Optimal Point - Performance Targets (Constraints):

Iteration 1 Optimum

Normal Modes
Side Pole

Sice

Roof Crush

-100

-50 0
Violation (%)

50
No Violation (%)

100
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SRSM MDOQO Application

Desgnspace sploraton -nerauon 2 R N Y

arenti. Front Flat 16027
Front Offset 55 56 22075
SICE 55 56 8467

HPC
|:>—- Side Pole 55 56 18748

Job
Submission Roof Crush 55 56 15120
of Rear Offset 55 56 14818

54 Design
Normal Modes

Running

Optimal Point - Performance Targets (Constraints):

20 H

Iteration 2 Optimum

Normal Modes
Side Pole
Sice

Roof Crush

Mass

Rear Offset

Front Flat

-100 -50 ] 50 100
Violation (%) No Violation (%)

Iteration

Copyright © 2010 Livermore Software Technology Corporation 14



SRSM MDOQO Application

Design space exploration - Iteration 3:

HPC:
Job
Submission

of
54 Design

l 16% Mass Reduction

Mass

Iteration
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Front Flat
Front Offset 55
SICE 55
Side Pole 55
Roof Crush 55
Rear Offset 55

Normal Modes

Running

Optimal Point - Performance Targets (Constraints):

56
56
56
56

56

16027
22075
8467
18748
15120

14818

Iteration 3 Optimum

Normal Modes
Side Pole

Sice

Roof Crush
Rear Offset
Front Offset

Front Flat

-100

-50
Violation (%)

50
No Violation (%)

100
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SRSM MDOQO Application

Design space exploration - Iteration 4:

= Front Flat

Front Offset 55
SICE 55

HPC
|:>—< Side Pole =

Job
Submission Roof Crush 55
of Rear Offset 55

54 Design
Normal Modes

Mass

Iteration
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56
56
56
56
56

16027
22075
8467
18748
15120

14818

SSlLILE 72792 381240
Totals

Optimal Point - Performance Targets (Constraints):

Iteration 4 Optimum

Normal Modes
Side Pole

Sice

Roof Crush
Rear Offset
Front Offset

Front Flat

-100

-50
Violation (%)

50

No Violation (%)

100
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SRSM MDOQO Application

oesgnspace opiaton-teraons. R N Ry

e Front Flat 16027
Front Offset 55 56 22075
SICE 55 56 8467

HPC
|:>—- Side Pole 55 56 18748

Job
Submission Roof Crush 55 56 15120
of Rear Offset 55 56 14818

54 Design
Normal Modes
Running 1890 90990 476550
Totals

Optimal Point - Performance Targets (Constraints):

2.0 Iteration 5 Optimum
Py Normal Modes
Side Pole
% -l Sice
= Roof Crush
s 1 Rear Offset
raa® T——— _—-»—-’/ Front
w : ) T Front Flat
19% Mass Reduction ‘
-100 -50 0 50 100
16 | ‘ ‘ ' Violation (%) No Violation (%)
¥ 1 [ 13
0 . 12
Iteration
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SRSM MDOQO Application

Desgnspace loraton - teraons: | N R T

oot Front Flat 16027
Front Offset 55 56 22075
SICE 55 56 8467

HPC
|:>-< Side Pole 55 56 18748

Job
Submission Roof Crush 55 56 15120
of Rear Offset 55 56 14818

54 Design
Normal Modes

Running 109188 571860
Totals

Optimal Point - Performance Targets (Constraints):

Iteration 6 Optimum

Normal Modes
Side Pole

Sice

Roof Crush
Rear Offset

,_,/ Fron

Front Flat

20% Mass reduction -100 50 0 50 100

16 | [ ‘ | | Violation (%) No Violation (%)
T 1 i I

Mass

Iteration
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SRSM MDOQO Application

Desgnspace ploraton -teraon - I N R T

= Front Flat

Front Offset 55
SICE 55

HPC
) sdero .

Job
Submission Roof Crush 55
of ; Rear Offset 55

54 Design
Normal Modes

56
56
56
56
56

16027
22075
8467

18748
15120
14818

Running

Optimal Point - Performance Targets (Constraints):

Normal Modes
Side Pole i
Sice |
Roof Crush 1
| Rear Offs 1
_..4»——’/ Front 0":

Front Flat
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Iteration 7 Optimum

16 | | | | | | Violation (%)
T T 1 I i

20% Mass Reduction -100 50 0

50
No Violation (%)

100
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SRSM MDOQO Application

Desgnspace ploraon - teraions: | R T

He=— Front Flat 16027

Front Offset 55 56 22075
SICE 55 56 8467

HPC
|:>-< Side Pole 55 56 18748

Job
Submission Roof Crush 55 56 15120
of Rear Offset 55 56 14818

54 Design
Normal Modes
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Optimal Point - Performance Targets (Constraints):
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SRSM MDOQO Application

Desgnspace ploraton - teraon: | N R T

g=2 Front Flat

Front Offset 55
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SRSM MDOQO Application

Design space exploration -

B Foasibie
 infeasivie

[7)]
e
©
=
20% Mass Reduction
16 T l J. ‘
0 .
Iteration 12
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Iteration 10:

HPC :
Job

Submission

of

54 Design

Front Flat
Front Offset
SICE
Side Pole
Roof Crush
Rear Offset

Normal Modes

55
55

55
55

56
56
56
56
56

16027
22075
8467

18748
15120
14818

Running

Optimal Point - Performance Targets (Constraints):

Iteration 10 Optimum

Normal Modes
Side Pole

Sice

Roof Crush
Rear Offset
Front Offset
Front Flat

-

-100

-50
Violation (%)

50
No Violation (%)

100
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SRSM MDOQO Application

Design space exploration - Iteration 11:

= Front Flat 16027
Front Offset 55 56 22075
SICE 55 56 8467

HPC
|:>-< Side Pole 55 56 18748

Job
Submission Roof Crush 55 56 15120
of Rear Offset 55 56 14818

54 Design
Normal Modes
m
Totals
Optimization History: _ _ _
e Optimal Point - Performance Targets (Constraints):

Mass

S S "
0

20% Mass Reduction

| \ I
0 Iteration 12
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Iteration 11 Optimum

Normal Modes
Side Pole

Sice

Roof Crush
Rear Offset
Front Offset

Front Flat

-100

-50
Violation (%)

50
No Violation (%)

100
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SRSM MDOQO Application

Design space exploration - Iteration 12:

B Foasibie
 infeasivie

HPC:
Job
Submission

of
54 Design

[7)]
é 18% Mass Reduction
1.6+
0 .
Iteration 12
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Front Flat

Front Offset

SICE

Side Pole

Roof Crush

Rear Offset

Normal Modes

Running 218376 1143720
Totals
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56
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16027
22075
8467
18748
15120
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Optimal Point - Performance Targets (Constraints):

Optimum Gauge

Normal Modes

Side Pole

Sice

Roof Crush
Rear Offset
Front Offset

Front Flat

-100

-50
Violation (%)

No Violation (%)

50 100
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LSOPT 4.x/VM Server

HPC Integrated Environment within LS-OPT:

LSTC C-Script [=)[E][*]

General Options | LS-DYNA Options ‘ Data Management |

LS-DYNA OPTIONS

LS-DYNA Version: ‘ LS-DYNA 970 MPP SP 6763 h
Input/Output Directory: | /cae/data/tmp/vs2/014319 | ‘ Browse ‘
LS-DYNA Input File: | DynaOpt.inp | ‘ Browse ‘
Additional Files: | | | Add ‘ ‘ Remove |

o
g
I

Required Memoryl
(words): Acceptable range is 10-1000. Default is ‘autc'.

o
E
I

Required Memory2
(words): Acceptable range is 10-1000. Default is ‘autc'.

MPP Option File (pfile): Generic

Generate ASCII Output:

I

Dynamore Compressian:

Fle View Task Help

Info } Su'ategyl Solvers } Distl Variables l Sampling I Histories I Responses l Objective } Constraints l Algorithms | Run Vlewerl DYNA Stats I

ob ID View Log Progress

1 FID 18462
FID 18464

PID 18466

QUEUING SEQUENTIAL OPTIMIZATION

Number of lterations
[[] Baseline Run Only
[] Omit Last Verification Run

PBS

ELd

Concurrent Jobs

Il PID 18468 [] Clean Start
v [ Run H Pause H Resume H Stop l
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Conclusions

# The sequential response surface method with
domain reduction (SRSM) of LS-OPT has
proved very effective in finding optimal
solutions for single objective multi-disciplinary
design optimization problems.

@ By developing the LS-OPT server the
application has been integrated into the HPC
environment and is an effective and efficient
tool for optimization.
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Parameter Identification

® Used for calibrating material or system
properties

® Technologies

+ Curve Matching
- Ordinate-based: Use differences in the Y-coordinate
- Curve Mapping: Use the area between curves

¢ Optimization
- Sequential with Domain Reduction
¢ Approximation
- Metamodel at each time history increment

Copyright © 2010 Livermore Software Technology Corporation
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Ordinate-based

y GF

---Q

Residual ¢,

1

Computed curve: F(x,2)

/ Response Surface constructed
; for each interpolated matching

oint /\

Test results

Interpolated test curve G(z)

NY

29
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Problems with ordinate-based curve matching

® Steep parts of the response are difficult or
impossible to incorporate, e.qg. linear elastic range or
failure (damage models such as the GISSMO model
in LS-DYNA®)

® Robustness: Ranges of the computed and test
curves do not coincide in the abscissa at an interim

1E+0)

® Hysteretic test curves or springback
cannot be matched since the ordinate . -
values are non-unique

8$$

£ 8 & 8 g
7?3 % 7 ?
R T3 ‘

0025 obs 0075
10

Witowski K, Feucht M & Stander N, An Effective Curve Matching Metric
for Parameter Identification using Partial Mapping. Proceedings of the
8™ Furopean LS-DYNA Users Conference, Strasbourg, 2011
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Partial Curve Mapping

Preservation of arc length | [y apping Computed curve

(§| 44 1’7| H)

=2
\ j:n.\
\ A

1=9

Test curve

"inner loop” optimization variable
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LS-OPT 4.2 Interface for Curve Mapping

Imported experimental curve in 2-column format

Eile \iew Task Help

Info = Strategy Solvers  Dist | Variables %

USERDEFIMED Target curve

pling = Histories | Responses | Objective | Constraints = Algorithms |~ Run | Wiewer | D¥MA Stats

GENeric Extraction [Testz

Composite Computed curve

Composite-Expressiol l,:2 vs o2

Special Functions
Injury Criteria
MeansgErr
Response-Expression

Standard Deviation g
g T EI_

Case Subcase

Multiplier Offset

¥ Responses
‘ v | Casel
Case2
CurveMap 1
]

Response Name | Curvehap_2

\ ] | Show def .. | | Add H Replace H Delete

N\

Computed history/crossplot
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Example 4: Bauschinger effect (Material 125)

® Automotive sheet steel, particularly advanced high
strength steels, display the Bauschinger effect and
require special material models

® LS-DYNA Material 125 (Yoshida model with recent
improvements by Shi, Zhu, Xia & Stoughton)

® Model identification requires a tension and
compression test

Copyright © 2010 Livermore Software Technology Corporation
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Example 4: Bauschinger effect (Material 125)

1.5E+03

1E+03 z /77 ] /
500 /
-500 5
xxxxxyr
-1E+03—

— 1

)

XX
X e
Xxxx
Xxx »
g
X
X

s2/54/s6/s8/s10/test2/testd/testb/test8/test10
XX 5
\%%‘x\x
X x
}Rx\;

-0 0.025 0.05 0.075 0.1

—s2

—s4
—s6

—s8

—s1

X tes
X tes
X tes
X tes
X tes

9 parameters
5 tension/compression
cases
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s2/s4/s6/s8/s10/test2/testd/testb/test8/test10

Multiobjective

) : - o ,,,_,M»’
e2led/eble8/e10/i .
- Optimum

| —s2 vs_ e2
X —s4_vs_e4
—s6_vs_e6
—s8 vs_e8
—s10_vs_e10
X test2
X test4
X test6
X test8
X test10
0.05 0.075
e2/ed[e6/e8/e10//ll/
Optimization History
for "Multiobjective"

0.5 | \

\\ Mismatch hls\bgry -

) \ \

) \ \

0.1 \' ¥

-0

0 b ! T
Number of Iterations 34



Conclusions

®

LS-OPT has been shown to run successfully on
industrial design optimization and material
identification problems

The design problem was solved entirely on site by
the customer with support of the LS-OPT team.

The bulk of the effort was to refine the job
scheduling capabilities

As a result, and with the correct support, a similar
setup could recently be achieved very quickly at
another major automotive customer

Material calibration: The Partial Curve Mapping
algorithm is able to easily identify complex materials
with hysteretic behavior

Copyright © 2010 Livermore Software Technology Corporation
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Preview: Version 5
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Process modeling
Merging and branching

Morpher
A

Variables

___________ Geometric ) Morpher
variables B
v
Process | - Injection¢ molding
variables| | J{ Cooling
!
Warp r---+| Warpage
| Fiber orientation |
Mapping — FE mesh
| Static Crash NVH
Analysis | :
| - Responses
37

Copyright © 2010 Livermore Software Technology Corporation



LS-OPT Goals — Version 5

® Process Simulation & Optimization

¢ Process flow with merging and branching
+ File handling: Copy, move, link, delete
+ Load balancing of the process jobs

® Preserve simplicity: launch/monitor single Dyna job
® Step-wise analysis
@ Display run status

+ Unfinished stages, error terminations

Copyright © 2010 Livermore Software Technology Corporation
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Process Modeling (Version 5)

Start

y

Solver "Marpher A"

Variables |

| Histories } Responses |

Solve

I "Static”

[ Variables |

| Histories

} Responses |

=

//—1

i

Y

Solver WMorpher B"

Variables

Histaries } Responses |

e . ]

Solver Molding”

| Wariables

| Histories

} Fesponses |

L@_ﬁ‘

Solver "Cooling”

Variables

Histaries

} Responses |

.

T~y

Solver "Warp"

[ Variables |

| Histories

} Responses |

Solver Mapping"

Variables |

| Histories } Responses |

- -

Y

Solver "Crash” Solver "MvH"
( Variahles ] [ Variables |
[ Histories }Responses | | Histories }Responses |

Finish }4—{ Composites I:
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Outlook: Multiple surrogates

® Improved accuracy: Use multiple surrogate types as
basis models for generating a surface potentially
more accurate than any single surrogate

® Automates the model choice: Eliminates user choice

® Basis models: polynomials, RBF, neural nets,
Kriging, Support Vector Regression

B eastle
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Other topics/recent implementations

® Upgrade of Mode Tracking for MPP implicit version
of LS-DYNA (v4.2) - complete

® Standalone history
filter (v4.2) - complete ™~~~ Iy |
® Improved convergence for L2
Multi-objective optimization ‘%
(v5.0). | | |

-4E+06

Copyright © 2010 Livermore Software Technology Corporation 41



