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= Overview

M Introduction to LS-OPT
M Application Examples of Automotive Industry

B Multi-Load Case Optimization of an Adaptive
Restraint System

B Multi-Objective Optimization of a
Crash Management System

B Reliability Optimization of a Metal Forming Process
M New Features in Version 4.1
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= |ntroduction LS-OPT o RE

= Application Examples
= Multi-Load Case Optimization

Introduct i on/ Featur es = Multi-Objective Optimization

= Reliability Based Optimization
= LS-OPT V4.1

= About LS-OPT

B LS-OPT can be linked to any simulation code — stand alone optimization
software, but perfect suitable with LS-DYNA

B Two main products LS-OPT and LS-OPT/Topology

B Current production version is LS-OPT 4.0 —
Version 4.1 beta is available

B |S-OPT Support web page -> www.lsoptsupport.com

B Download of Executables

W Tutorials
B HowTos / FAQs

B Documents
I
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= Application Examples

= Multi-Load Case Optimization
= Multi-Objective Optimization
= Reliability Based Optimization

= LS-OPT V4.1

= LS-OPT - Overview Methodologies

® Response Surface Methodologies
B Meta-Models

® Polynomials

W Radial Basis Functions

B Neural Nets (FFNN)
® Multidisciplinary Optimization (MDO)
B Design of Experiments (DOE) Studies

B Shape Optimization — Interfaces to ANSA,

Hypermesh,...

B Parameter/System ldentification Module
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Computed curve: f(x,z)

Response Surface constructed
for each interpolated matching

|
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Test results

Interpolated test curve G(z)
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= Application Examples
= Multi-Load Case Optimization

I I‘I t I‘Od u ct i o n / Feat u res = Multi-Objective Optimization

= Reliability Based Optimization
= LS-OPT V4.1

-» Parameter Identification with Test Curves

P
MSE(x) = %ZWi — min
i=1

» Test curve

» Simulation curve

» Reads test curve files
directly

File Task Help

b Optlons: n u m ber Of pOI nts, Info l Salvers ] Disk ] Variables l Sampling ] Histories ~F#sponses lObjective l Constrainks ] Run ] Wiew ] D¥MA Statks ]
start point, end points, Crooga & Tewtons S | e
weighting/scaling options TS — Conssnicr _

Standard Deviation 2 w5 g2 A MSEZ

I MatieExpression urnber of regression poinks (blank For defau

. CrOSStSpl()tS Cant be deflned, E’EE’E’}} "’& pints (blank For deFaul)
e . g . reSS VS . S ral n [} DEFORC Expert mode

ELOUT = Z
Force vs. deformation ... F i _ :

Case | _]

Scale Factar | Offset l : Jull

Respanse Name |MSE2 Show def. ., J Add Replace Celete
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= Application Examples
= Multi-Load Case Optimization

I n t I‘Od u ct i o n / Feat u res = Multi-Objective Optimization

= Reliability Based Optimization
= LS-OPT V4.1

=» Parameter Identification with Test Curves

Computed curve: F(x,z)

s / Response Surface constructed
C for each interpolated matching point
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Test results

Interpolated test curve G(z)
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= Application Examples
= Multi-Load Case Optimization

I n t I'O d U Ct i 0 n = Multi-Objective Optimization

= Reliability Based Optimization
= LS-OPT V4.1

= LS-OPT - Overview Methodologies

B Genetic Algorithm (MOGA->NSGA-II) for
Multi Objective Optimization (Pareto Frontlers)

B Visualization Strategies for Pareto
Optimal Data

o Parallel Coordinate Plots

o Hyper-Radial Visualization

o Self Organizing Maps
B Stochastic/Probabilistic Analysis

B Reliability based Design
Optimization (RBDO and RDO)

® Visualization of Stochastic Results

B Fringe of statistic results
on the FE-Model




FE>w na.a

Example — - Application Examples =
= = = ® Multi-Load Case Optimization
Optimization of a Front-Crash -gu/,i},c;@{egiveg,gﬁ,?m?_n
- p " Rellapllity base ptimization
Restraint System at AUDI “ LS-OPT V4.1

> Load Cases / Model B o o Audi

® Adaptive Restraint System

W Trigger time for seatbelt, airbag
and steering column can be I
specified individually for different {{i

load cases
® Four Front-Crash Load Cases
(FMVSS 208)
Dummy 56 km/h — belted 40 km/h — not belted
Hybrid Il 5th Female H305a(ctive) H305p assive)
Hybrid Il 50th Male H350a(ctive) H350p assive)
B Objective

W Fulfill injury criteria of dummies for all load cases (starting design
violates several criteria)
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® Introduction LS-OPT

Exa m p I e - = Application Examples
= = = ® Multi-Load Case Optimization
Optimization of a Front-Crash - Multi-Objective Optimization
= Reliability Based Optimization

= LS-OPT V4.1

Restraint System at AUDI

QQQ)

=» Design Variables Auoi
B Adaptive Seat Belt System (3 Variables)
H305a H305p H350a H350p
5%-dummy, belted 5%-dummy, not belted 50%-dummy, belted 50%-dummy, not belted
Upper Force Level GUR_FORI1 GUR_FORL1
Trigger Time GUR_ENDEO5a GUR_ENDE50a

Upper Force Level
GUR_FOR1

Lower Force Level ~ 2kN

Bet Force

»

time [I]

Trigger Time
GUR_ENDEO5a
GUR_ENDE50a
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Example - + Application Examples =l
= = = ® Multi-Load Case Optimization
Optimization of a Front-Crash * Muti-Objctive 3,@0’?,-,;,,-2.—3.“-3_"
- " Rellapllity base ptimization
Restraint System at AUDI “ LS-OPT V4.1

QQQ)

=» Design Variables Auoi
B Adaptive Airbag Deployment (6 Variables)

H305a H305p H350a H350p
5%-dummy, belted 5%-dummy, not belted 50%-dummy, belted 50%-dummy, not belted
Area Venthole1 FAB_VENT FAB_VENT FAB_VENT FAB_VENT
. A rea . VenthOIG 2 ......... SBA_VENT ............ SBA_VEN T .............. SBA_VENT ............. SBA_VEN T .......
Trigger Time | FAB_ADT1_05a | FAR_ADT1_05p | FAB_ADT1_50a | FAB_ADT1_50p

T4 Venthole 2

< SBA_VENT

2 y'y

S Venthole 1

= FAB_VENT

S v

> 7y

©

:é‘ A\ 4 >
Trigger Time time [t]

FAB_ADT1_05a
FAB_ADT1_50a
FAB_ADT1_05p
FAB_ADT1_50p
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Example - + Application Examples =l
= = = ® Multi-Load Case Optimization
Optimization of a Front-Crash * Muti-Objctive 3,@0’?,-,;,,-2.—3.“-3_"
- " Rellapllity base ptimization
Restraint System at AUDI “ LS-OPT V4.1

=» Design Variables Auoi
B Adaptive Steering Column (5 Variables)

H305a H305p H350a H350p
5%-dummy, belted 5%-dummy, not belted 50%-dummy, belted 50%-dummy, not belted
Force Level StCo LKS_ SKAL LKS_ SKAL LKS_ SKAL LKS_ SKAL
Trigger Time LKS_DOWNO5a | LKS_DOWN50a | LKS_DOWNOS5p | LKS_DOWNS50p

[
»

Force Level StCo
LKS SKAL

Force Steer. Colu.

»

time [?]

Trigger Time
LKS_DOWNO5a
LKS_DOWNO5p
LKS_DOWN50a
LKS_DOWN50p
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Example - = Application Examples

® Multi-Load Case Optimization

Optimization of a Front-Crash * Multi-Objective Optimization

= Reliability Based Optimization

Restraint System at AUDI - LS-OPT V4.

Optimization History

9 o pt i m i Zat i 0 n P rog ress 50/0 act i ve For Ohjective "BrustA3ms-05a"

c
(@]
—
©
P L}
IS -
o
(&)
<
: : : X
t rt d ; ; ; 9 Optimization History
startin esign ; : For Objective "BrustA3ms-05p"
.. Startingdesign .. ... 5
: : : -
- i —
: : ; — e AN
o A WA O i OISOV 0N e
1.5 7.8 =
T 5 o
I — : 4+
1 |64 : o
; 3 1 :
= i I Optimization History
For Ohjective "BrustA3ms-50a"
B2

A result which meets all
requirements is gained in 8
iterations, each with 34 shots

Optimization History
For Ohjective "BrustA3ms-50p"
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®= Introduction LS-OPT et et Sty
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
= = = = Multi-Objective Optimization
O ptl mization of a Crash = Reliability Based Optimization
= LS-OPT V4.1

Management System

> Problem Description

M [ oad Case 1: AZT crash repair test

mass barrier: 1000kg
mass vehicle: 1514.53kg

= =

16km/h

10°

M [oad Case 2: RCAR test
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—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
= Multi-Objective Optimization

0 pti m izat i o n Of a C ras h = Reliability Based Optimization
Management System R R

>3 Objectives
B Homogeneous Energy Absorption (AZT Load Case)

[ NWJ f\\ target cu;;e /ﬁ

| / \ 3 2
= min MSE_Force \/ > (F(t)—tc)

F. [kM]
| |
--/
/

0 I w | I 20 | | 30 I‘ 40 Iend_tlme

B Minimize Intrusion (RCAR Test)
B Minimize Total Mass of the Bumper
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®= Introduction LS-OPT et et Sty
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
= = = = Multi-Objective Optimization
O ptl mization of a Crash = Reliability Based Optimization
= LS-OPT V4.1

Management System

=» Application of Morphing for Shape Optimization using ANSA
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—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization

Optimization of a Crash - Reliabilty Based Optimization
Management System

= LS-OPT V4.1

=» Pareto Optimal Solutions
® Optimal solutions considering all objectives

Selected Pareto
optimal solution

.27
743 Figure 2: Point Information =] >
e value for point
B0~ 167 : 10.12¢
c G -] COM-File <Optimierung Bumper> =
(@] L B —| Variables
ry ; JERE t_hinten
) 40 : t_ohan
: = t_worne
bt : e F 1514 E t_unten ]
et 30%-‘:'-.- d = oban_senkracht
: : unten _senkrecht
— t_waagrecht -
§4.35 baula_oban
baule_unten .
—| Responses for Solver <AZT >
357 MASS_bumper
max_Force =
.78
Z
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®= Introduction LS-OPT Fu e =
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
H H H H H H = Multi-Objective Optimization
= LS-OPT V4.1

Metal Forming Process

=> FE-Simulation of Starting Design
B Consideration of two response criteria: THICK_MIN>0.5mm, FLD<0

M Result is feasible, but fairly close to infeasible region

9999 0 0.0 0.0 0.0 0.0

0.6
4 Fringe Levels
“min-D.504050 a clom# 9352351 B 3500.m 1 i
max=0.835937, at elem: 9004000 8.0262-01
7.696e-01 || FLD"CU rve
7.364e-01 _ 0.5
7.032e-01 _ p—
6.700e-01 __ =
5.366e-01 _ /
6.036e-01 __ 0.4 F L D
5.705e-01
5.373e-01 ] L & ﬂ’_’_—-———-"
c 3
5.041e-01 B /
%034k ! ]
]
2
-
=
&
[}
= 02
THICK_MIN=0.504mm
\ 0.1
X R 1] 1 } ! A 1 | I ! L
L‘L *’ -0.1 0 01 0.2 03 0.4

Minor True Strain

sheet thickness distribution . . .
major vs. minor strain of each element

after forming simulation (initial=0.8mm) . . -
after forming simulation
Optimization and Robustness Studies with LS-OPT - New Developments in V4.1 — 4a Impetus User Meeting 2010 17
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®= Introduction LS-OPT Fu e =
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
H H H H H H = Multi-Objective Optimization
= LS-OPT V4.1

Metal Forming Process

=>» Considered Uncertainties — Material Properties

Variable | Description Distribution
_ _ _ ] lower upper
o Swift Law Parameter — Yield Strain uniform
120 MPa 160 MPa
lower upper
K Swift Law Parameter uniform
440 MPa 660 MPa
lower upper
N Swift Law Parameter uniform
0.23 0.3
_ o ] lower upper
ro Lankford Anisotropy Coefficient 0° uniform
2.0 2.5
_ o ] lower upper
r45 Lankford Anisotropy Coefficient 45° uniform T2 20
_ o ] lower upper
ro0 Lankford Anisotropy Coefficient 90° uniform o5 30
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®= Introduction LS-OPT
= Application Examples
= Multi-Load Case Optimization
= Multi-Objective Optimization
= Reliability Based Optimization
= LS-OPT V4.1

Example —
Reliability Optimization of a
Metal Forming Process

=» Considered Uncertainties — Process Parameters

Variable | Description Distribution
type lower upper
m Friction — Punch/Blank uniform 0.05 0.1
Mean Std
BF Binder Force normal 1910 kN 50 kN
DBF1 Draw Bead Force #1 normal 70 kN 5kN
DBF2 Draw Bead Force #2 normal 20 kN 5kN
DBF3 Draw Bead Force #3 normal 80 kN 5kN
DBF4 Draw Bead Force #4 normal 90 kN 5kN
DBF5 Draw Bead Force #5 normal 100 kN 5kN
DBF6 Draw Bead Force #6 normal 140 kN 5kN
Perti P.ertu.rbation amplitude in rolling normal 0 0.005mm
direction
Pertg | Perturbation amplitude normal 0 | 0.005mm
perpendicular to rolling direction
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®= Introduction LS-OPT Fu e =
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
H H H H H H = Multi-Objective Optimization
= LS-OPT V4.1

Metal Forming Process

=» Perturbation of blank thickness
B Sheet thickness variation due to rolling process

B Possible slight eccentric suspension

can lead to “mill chatter” sheet thickness variation by a
0° 0 harmonic random field,
amplitude: n=0,6=0.005mm
in both directions

rolling direction

superposition

ol

wad
r

Keyword
*PERTURBATION

Bandbreite

rolling direction
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—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization

Reliability Optimization of a e ot
Metal Forming Process RS RN

=» Conclusions after Monte Carlo Simulations

B Considering the chosen baseline design, the FE-simulation is very sensitive
regarding the assumed variations of the uncertain process and material
parameters

M The failure probability is very high and the baseline configuration must be
declared as non-robust

=> Next Step
M Investigation of reliability based £(x)
design optimization probability

H Objective is to minimize
the failure probability
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®= Introduction LS-OPT Fu e =
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
H H H H H H = Multi-Objective Optimization
= LS-OPT V4.1

Metal Forming Process

=> Reliability Based Design Optimization (RBDO)
M Introduction of “control” and “noise” variables

W “control variables” drive optimization process

B “noise variables” for consideration of uncertainties

Variable Description Distribution {\nwj®e variable” | Range “control variable”
Type @QEEn std min max
DBF1 | Draw Bead Force #1 | normp@y 70 5 kN 20 kN 200 kN
DBF2 Draw Bead Force #2, ,@rr‘ﬁal 20 5 kN 20 kN 200 kN
DBF3 | Draw Bead Force4Q)Y normal 80 5 kN 50 kN 120 kN
DBF4 | Draw Bead Egqfye'#4 | normal 90 5 kN 60 kN 120 kN
DBF5 | Draw Bed@Force #5 | normal 100 5 kN 70 kN 130 kN
DBF6 Draw( Bbad Force #6 | normal 140 5 kN 20 kN 200 kN
FORCFN ~(B¥nder Force normal | 1910 50kN | 1400 kN 2400 kN
N

M All other variables remain noise variables



Example —
Reliability Optimization of a
Metal Forming Process

®= Introduction LS-OPT
= Application Examples

= LS-OPT V4.1

= Multi-Load Case Optimization
= Multi-Objective Optimization
= Reliability Based Optimization

=> Reliability Based Design Optimization (RBDO)
B Optimization history of probabilty of exceeding bound for THICK_MIN

W | S-OPT Viewer
File

Type of Plok
™ Metamodel T ANOVA
™ Accuracy (™ Statistics

{* oOptHistory  Stoch Contrib
" Tradeaff ™ Correlation

Entity ta Manitor
Entitias
Yariables

FE>w na.a
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EEX

Dependents
Respaonses
Compasites
Constraints

Chjectives
Mulki-objective

Optimum of Meta-Model (Neural Network) after
10 lterations (260 Points)

Max Constr, Wiolation

Computed

Predicted

Pf

THICK_MIN

0.5776

0.5825

3.3515e-4

e

-

Walue ta Plot

" Walue

{+ REDO Lower Bound

" REDO Upper Bound

" RBDO Lower Reliability Index
" REDO Upper Reliability Indesx

N

B
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®= Introduction LS-OPT Fu e =
—_ = Application Examples
Exa m p I e = Multi-Load Case Optimization
H H H H H H = Multi-Objective Optimization
= LS-OPT V4.1

Metal Forming Process

=» Visualization of Statistical Results on the FE-Model with LS-OPT

W Scatter of minumum sheet thickness due to considered uncertainties
based on 160 simulations

D3Pot Statistics: stddev (Misc shell_thickness)
Time = 7513, #nodes=239535, #elem=240101
Contours of allvar_stddev
min=0.0012814%5, at node# 9141567
max=0,119258, at nodes# 9045002

Fringe Levels

1.000e-01 _

9.013e-02 !
8.026e-02
7.038e-02 _
6.051e-02 _
5.064e-02 |
4077e-02 |

3.000e-02 _
2.103e-02 |

1.115e-02
1.281e-03

red spots indicate a total
standard deviation of
0.1mm of sheet thickness

bv
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= Application Examples
= Multi-Load Case Optimization
LS'O PT V4 . 1 = Multi-Objective Optimization
= Reliability Based Optimization
= | S-OPT V4.1

=>» New Features in LS-OPT V4.1
M Frequency/Mode Tracking

B NASTRAN Frequency with Mode tracking added maX[((PrTM )(Pl-]

B Previously existed only for LS-DYNA l

W /ndustry tested in an automotive multidisciplinary setting
® Additional Injury Criteria

m VC (Viscous Criterion)

B Chest Compression

® A3ms (Acceleration level for 3ms)
B More added in V4.2
B Additional Result Interfaces for LS-DYNA
B SPH: Strains, Stresses
B Acoustics binary database: DBBEMAC
B[ S-DYNA *CASE supported
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= Application Examples

= Multi-Load Case Optimization
LS'O PT V4 . 1 = Multi-Objective Optimization
= Reliability Based Optimization
= LS-OPT V4.1

=> New Features in LS-OPT V4.1 m Generic File Extractor
B Generic File Extractor e |E 5 FO (-

End of File

B Extraction of data from any ASCII-Files
within the graphical user interface

® View Multiple Objectives with
Self-Organizing Maps

Exkle o ME S BT

| 2 —z—

Optimization and Robustness Studies with LS-OPT - New Developments in V4.1 — 4a Impetus User Meeting 2010 26
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= Application Examples

= Multi-Load Case Optimization
LS'O PT V4 . 1 = Multi-Objective Optimization
= Reliability Based Optimization
= LS-OPT V4.1

> New Features in LS-OPT V4.1
M History Curves

B View of histories of
all design points

2E+03
Iw 85E+03

1.7E+03

B Color selection

T 1.656E+03

14E+03

_di

= Feasibility

X
[1125E403 T
2

F1_vs

1.1E+03

= [teration

MW\

950

800

650
75

500

= Variables, Responses, ...

2E+06
4E+0 // Iw B5E+06
3.5E+04 A A | r7Es

M /",../
3E+40 7 1 556406
2 5E+04 A L~/ A L 1 | 1 4E+06
~ B ﬂL,_/ / =N I/’ L= -
" | | 2E+04 4 Ao - P al |1 26408 g
i - W TR e R e —~
~ Tgge— i = —
1 5E+04-1 ’J\-\f; == e —— e e 1ICHG
Pl WY = —— T —=> —
| L _— / el e ol S
1E+04+| M reA—— A Se———1— — =" 9 56406
—— e w_gtyef
S = |

sEwi | 1 1 1 1 SE+03-HIEA BEHS

5 SE+05
i s ) oz o o6 a8 1 12 A A A 025 05 075 125 15 1.75
B T T | Time + Time SE+05

Optimization and Robustness Studies with LS-OPT - New Developments in V4.1 — 4a Impetus User Meeting 2010 27
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= Introduction LS-OPT
= Application Examples
® Multi-Load Case Optimization
: = Multi-Objective Optimization
> = Reliability Based Optimization
= LS-OPT V4.1

LS-OPT V4.1

=>» New Features in LS-OPT V4.1
B Computed history curves vs. Target curves

X Re e HE AR &G BT ) e || ] o |5 ) ) torason | E ) Tt ) _sorsion |
S - = o .
Sstup | Options | Rangas 140- 1.38E-+04 % x 1. 306404 Sstup | Options | Ranges
= T
[] Predicted Hissory o L 1.38E+04 e — 1.36E+04 (] Pradsctes History
Entity Lad T 1.356-+04 1. I5E+04 Emiity kTGl v
fast Fac1dn c Lz ShveEpscLa e A
Tost THME | g 1.34E 408 1. E404 Dig 18 ¢
Tust_THCIde £20)
Test_THCASS 1. 32E-+04 - 1. 32E+04 sigl_£20
Tust THCHSE g L2 E i 393 cae
[ VeriasblaE 1LI1E+04 & 1. 3IE+04 & ps_1220
c 3 eqg r a0 Ge
5 z 1.296+404 2 40 1.296 404 S
& 0 Sigh_c34 (
H LIBE+04 1.28E 404 sig ¥ Cas .
LA ] 0 B ops_nM L
' 20 LITE+04 1.27E+04 SITVIERSEI4 [
o J Dsig_3d
Dl =] 1L23E+04% 1,250 +09 L. =l
o o -
b 25 1246404 [} : b My uei04
Tirme wTest THC 34 | Tirme xTost THC14
- - aE oAl [*
— - B =]
Setup | Cptions | Ranges = 1. ME+04 223 1. 30E+04 || Setup | Options | Manges
100
|| Prwdicied History 1.36E+04 | Loy 1. 36E+04 || Prwdactec! History
X x |
inl_i‘L, H Y[ voh ik} 1. WEL04 178 1 3E 404 '[;Lllr:! T :':
62 0= 80 TestTd G
sigh_C69 &) 1. 34E+04 1540 1. 34E404 Testiso -
3[?3‘4?&2 o 1 328404 | Es:'wlz
iq‘:‘sfp-v-":i'? q sy : 1= I 125 :: L.32E+04 l‘-:l_lmc‘rﬁ .
Csigg 65 » - Tesl THCT &
!’ & 1 e |‘§L v i 31E+0d @ Fost el =
no history " E 20 1,29E+04 | E Tosl_TACZ0a -~
Test UMIC1 i k | = 1. 29 +04 Tamt TACI4R
Test UNC3 | & 75 Fosl THEILE s e
Tost_UMICS 1. 2BE+04 SE+04 Fest TAC34c < |
TustTh 20 =1 50 1 Test THCGHa C o
TealTh 1.2TE+04 Test TROGFD {
;:ﬁ(d . = L27E+08 | || |ousdakies
1 . =3
Testisa - - 1355404 < e G alz]
5 5 B0
Time s Tost TXC0a || [ 4 1b 1248404
q o Time xTest TXCEID |
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= Application Examples
= Multi-Load Case Optimization

LS'O PT V4 . 1 = Multi-Objective Optimization

= Reliability Based Optimization

= LS-OPT V4.1
=» New Features in LS-OPT V4.1
M “Predicted” Histories
GEJ Response surface to get
= | | values for predicted history
histories from simulation runs ©| | attimet \
g
©
>
o
(2
i -
variable value
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= Application Examples
= Multi-Load Case Optimization
LS'O PT V4 . 1 = Multi-Objective Optimization
” = Reliability Based Optimization
= LS-OPT V4.1

History %]

> New Features in LS-OPT V4.1

|| Predicted History

M “Predicted” Histories Entiy X1Y 0| vaive @)

time @

2 5E+04 7 —Maximal residual ~ Histories
—MNearest histary (5.2) (Caset)
Disp1
Forcel @)
F1_vs_d1 O®

2E+04 (Casez2)
Disp2
Force2
/ F2 vs_d2
(File)
1 5E+04 A el no histary @
) — Test1 O
Test2 O
| ¥ Mod O @

F1_vs_di

1E+04 — =
v ; i
2 5E+04 1.13E+03
1.1ME+03
3
5E+03 — lation
1.08E+03
@)
Mod = 5e+05 |q 1 0BE+03 s in biw)
ield = 1130 O
o 1.5E404 ®
0 0.25 1.03E+03
o
U‘l‘ o
9 1.01E+03 ©
= >
L E+04]
985
961
5E+0
937
Mod = 5 567et05 313 iRE
0
0 0.25 0.5 0.75 - 1.25 1.5 1.75 i _l Nearest history I ]
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®= Introduction LS-OPT n o e
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Thanks for your attention!




