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Overview

4 Engineering Optimization
4 Requirements
4 |Industries
4 What it means ...
4 Requirements for a tool
4 Examples
4 |s it worth doing it ?
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Engineering Optimization
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General Aspects

Function Model from Data
quality=:251: weighti(calculatedi—desiredij ) ’ ; Su biective

scalei

Business
Process Model

EA-Optimizer
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Requirements |

4 \/ery few function evaluations!

4 Simulator run times often many hours
4 Tight business constraints on runtime

4E. g., 2 weeks maximum (time pressure)
4 Workflow support required

4 Coupling with simulators

4 Analysis of results

4 Great graphical user interface needed
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Requirements li

4 Optimizer requirements
4 Easy to use
45 > 100, but number of evaluations often ~150
4 Many nonlinear constraints
4 Multiobjective needed
4 Robustness analysis needed

4 Mixed-integer needed
‘ " nm
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Industries

4 Automotive
4 Aerospace

4 Chemistry HONDA.
4 Engines, Turbines ..
<>
‘ [ I ]
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NUTECH

SSSSSSSSSSSSSSSSSS




A Solution for ... £ 9ClearV/

Engineering™
Lrean sl e b e dice

Intelligent Intelligent (Expensive) Computer
Computing Computing Experiments

Known Solutio
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Two Must-Haves ... QCIearVu

En g ||||||| ™
b

.. o accomplish such complex tasks:

4 the most efficient algorithms
&

4 3 robust and fail-safe environment
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Requirements for a Tool
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How it Works £ dClear\Vu

Engmeerlng”’

uuuuuuu

3rd Part Contr.

T -

3rd Party gontr
3rd Party Contr. §

Session Simulator
Controler Input File

Simulator
Result File

%
/ £
A
O
>
Data-
Project Intelligent
Management Business
Engines
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How it Works / IBEs QCearVu

Engineering
[EFT RN BITTRERE PN TS

Computer
" Experiments M
I 74
L®]
2 2
‘= 3
8 Global Optimization Multi Criteria Design Robust Design g
x &
Ll —i
S | _Meta Modellin c:I?
Q ) 7
< 2 - C
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Features and Architecture QClearVu

Unique Features:

4 Extensible XML-based
Architecture

4Platform independend

4 Runs 24/7 --- Hot-Plug Update
4 Fast Adaptive Search

4 Multi Criteria Design

4 Thin Redundant Master

4
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CV/E Kernel

Modules

CVE
Global Optimization

CVE
Distributed Computation

ClearVu Engineering

CVIE
Design of Experiments

CVIE
Robust Design

CVIE
Meta Modelling




Architecture {QClearVu

Engineering™
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CV/E Design of
Experiments

CV/E Meta
Modelling

CV/E Distributed
Computation

CV/E Kernel
& Front-End

CVE Global
Optimizer |

CV/E Robust
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Unique Features {QClear\Vu

Engmeerlng'“
[EFT RN BITTRERE PN TS

4 Extensible XML-based
Architecture

4Platform independend

4 Runs 24/7 --- Hot-Plug Update
4 Fast Adaptive Search

4 Multi Criteria Design

4 Thin Redundant Master

4
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The CVE Kernel {QClearV

Engineering™
[EFT RN BITTRERE PN TS

Features:

4 Modular Extensible Architecture
4 Open to Integrate 3rd-Party Algorithms
4 XML-Based Interfacing and API

4 Simple to Use Graphical User Interface
( & Optional Text Console)

4 Different Levels of User Skills and Permissions
4 Project Templates Supporting Team Work
4 Advanced Postprocessingt

T available with release 2.2
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Graphical User Interface {QClear\/u

Engineering™
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File Edit Help Table Functions Navigats
a4 . o segan s mEmE
DeEHOR,@/H NG RER a| = = 2=2000]
gt —Input Variables
Contiguration Substring filter: | name A
Input Variable s
Analysis functions mame dependency lowerbound upperbound initial value comment A
statics 1 11031| | 0.70_ 3.00 0.B00000 ZSTE260B_Quertrazger_Ferderstustze_vo_wvo_li
Analysis 2 11041 ) 0.70 3.00 ) 1..000000 ZSTE260B_Cuertrasger_Ferderstuetze wo_hi_li
Anythi 3 11051
mythin
4 4 11061
Analysis 5 11071 Eile Edit Help Table FEunctions Mavigate
: i —d b B noan [T ——
Eloommrenon ||| e oo |1 2 el @] BB % GRE EAFaeE e 000
Objective function 7 11091 e
T rojec =
Froject status 8 11110 i Anythmg
g 11121 Configuration : _
Results | Analysis function: External script
10 11141 ‘| Input Variable s
Report Scriptdetails ‘ Inputvariables | Outputvariables | Advanced environment settings
L 19771 | Analysis functions
12 11181
statics Function name |Any‘thing
13 11191
14 11201 E Anslysiz Script file |.n’server1 /home 10/ziegenhi
15 11211 --BAnﬂhing |
i = Script argume nts
16 11231 E Analysis
17| 11281
Constraint function
18 11291 Input file name | |
19 | 11451 Objective function
20 12000 £ Froject status Output file name | |
SS——_—_—_— e Results Batch system | SGE ¥ Batch system options |
I Report
Files to copy

source file  destination file name

| Add H LChange |
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Engineering™

Project Templates {QClear\/u

i Lrin o et Lo el sl
_fafx 1
File Edit Functions Templates Table MNavigate Help
'] I L Shman OOOGD QoANE  Gowam Soemr Domor
NeEHO B2 iR EHNR HEmsE #5200 0
Project -
Bk, Analysis
= Configuration X :
Function: External script
Input\fariables
Script details | Input | Output | Advanced environme nt settings
- Analysis functions
4| Analysis Function name |Analysis
IEIConstraintfunction Script file |F'ressure‘|
Objective function
Script argume nts |-a4-idata.cv5
- F'roject status
- Hesults
Batch system
Batch system | LSF x:
Report y options
Batch
system
environme nt
—Files to copy
> rce file destination file name
< |E .n’,erverh’home‘lUfziegenhia'GUIa'data.csv data.csv
N”
| Add | | Change |
L3
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CVe Global Optimizer OClearV

Engineering™
[EFT RN BITTRERE PN TS

Features:

4 Fast adaptive search
Self-Adaptive Evolution Strategies
Flexible constraint handling
Handles infeasible initial solutions
Variable degree of paralelism
Multi criteria design

Mode for the unexperienced users

A A A A A
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Fast Adaptive Search {QClear\Vu

# Model for Stability 4

Optimum (B)

Unknown
Landscape

Self-Adaptation of step sizes and
directions
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How to get

4 from A to B (or equivalent solution)
4 with high probability
4 but minimal effort
4

in an unknown landscape

Enhanced Evolution Strategies (ES)
robust

fast

self-adapitve

utilizes parallelism

can deal with huge dimensions

can deal with infeasible start designs

A h b A h A

can deal with mixed-integer spaces




Multi Criteria Design

Recurrent Costs

(« better)

Alternative

Solution

{QClear\/u
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Multi Criteria Desgin:
Find the whole set of optimal compromises

Evolutionary Multi Criteria Desgin:
Let the population of solutions represent the
set of optimal compromises

Weighted
Sum Solution

T O—_

b

(— better)  Initial Costs
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CVe Distributed
: Clea \/
Computation > S04

Features:

4 Turns existing computer networks
into robust computing cluster

4 Improves access to computer farms
4 Exploits inherent parallelism

4 Turns vulnerable hard/software
environments into 24/7- systems

4 Eases administration of complex
infrastructures

4 Interfaces to 3rd-party batch-systems
4 Persistent Project Datagrams
4 Decentralized collaboration
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CV Distributed
Computation -2 QdCiearvu

4 Redundant Thin Master architecture

4 Master operates independent of
Front-Ends

Distinguished Failure Reactions
Advanced Data- and Projectmanagement
Flexible Permissions-Scheme

Hot-Plug Updates

Supports Heterogenous Networks
Process Monitoring t

Simple Native Batch Systemt

A A A A A A M

tavailable with release 2.2
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Some Examples
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[EFT RN BITTRERE PN TS

Application Map / FEM

Finite Comgut. N umerids
Element Fluid Wodellin
Modelling Dynamics 9
. m
2 Di t . Agent 5
= screte ge System g
(D Event Based Dynamics =
£ Simulation Sl Modelling 3
.a=> >
o =
X D
> =
< \ \} c
o sy
.
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Application Map / FEM-2 Clear\Vu

Engineering™

[EFT RN BITTRERE PN TS

Finite
Eleme.n J N ¥ '., Inflatable Knee
Modelling

Bolster

Safety Optimization — Pilot Study

« MDO Crash / Statics / Dynamics -
« MCO B-Pillar Side Crash ' :
* MCO Shape of Engine Mount Metal pteliplly

Optimal Casting 7 pﬁjj

; Schedule for
) Turbine Blades
MDO Car Body Concept Phase

* MDO Crash / Statics / Dynamics

Geometric Parameters
Multi & Forces

|
‘ -
‘I * Preventing Crack Formation
\

« Optimal Thinning
m 14

&,

Metal Forming:

(¢}
<

Criterion 2

n
»

Criterion 1
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Application Map / CFD

Finite . Comput. Numericat
Element Fluid Wiodellin
Modelling Dynamics g
. ITl
2 Discret . Agent 'c>:§
- 05 g System ®
(] Event Based Dynamics =
S Simulation Modelling 3
.E >
o =
X D
> e
() = | | . (77
= \\} c
. —
°
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Application Map / CFD-2  QClear\Vu

Engineering™
[EFT RN BITTRERE PN TS

Comput.

Fluid
Dynamics

Siemens C Reactor:
Monocrystal Growth
of Silicium Core

Multipoint Airfoil Optimization:
High Lift vers. Low Drag

Global Of

n

New Experiments
S]INSay |eluswriadxy

Criterion 2

Weighted Sum
Solution

Criterion 1
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Application Map / NM

Finite . Com;?ut. Numerical
Element Fluid Modelling
Modelling Dynamics
. m
2 Discret 0 Agent 'c>:§
- 05 g System ®
[« Event Based Dynamics =
S Simulation Modelling 3
.E >
o =
X D
> e
() = | | . (77
< \\} c
. —
°
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Engineering™
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Application Map / NM-2

Numerical
Modelling

Reactor ' _
Fueling i

m
[ 5
S @

-
.g Optimize Fuel Assembly SENIETE 3
E Reload Patterns D
Q. =
> Optical Coatings:
LL] Optimize Reflection e
; Global Optimization Multi Criteria Design
m é HE EE & 5 e [ EEE A
P

Solution
Criterion 1 -
NUTECH
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Application Map / DES

Finite . Comput. Numerids
Element Fluid Wiodellin
Modelling Dynamics 9
. ITl
2 Discrete . Agent 'c>:§
(- 9 System o)
S Simulation Modelling =
.E 2
o =
3 Q
> s
() ; = |, 7]
= \\J =
. —
°
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Application Map / DES-2

Traffic Dependend
Dynamic Optimization

{QClear\/u
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R E RS EMENS!

Optimization

S]INSay |eluswriadxy

2] )
-E Discrete
o) Event
= Simulation
"
((})
o
>
LL]
m é E@ BB & 5 - [ EED A
=z k
Solution
Criterion 1 g
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Application Map / ABM

Finite . Comput. N merids
Element Fluid Vodellin
Modelling Dynamics 9
. m
2 Di { I Agent 'é
= Screte g System o©
) Event Based Dynamics =
= Simulation Modelling * 3
-dz, m
Q =
X L
> D
() B | N L
- —
°
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Application Map / ABM-2 QClear\u

Engineering™
[EFT RN BITTRERE PN TS

@ Y
r Agent O
O Based ®
£ Modelling 3
o D
o =
> Modelling Consumer Q
LLl Behavior 5
; obal Optimization obust Design D
D = |, 7))
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. —
°
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Application Map / SD

Finite . Comput. Numeridh
Element Fluid Wiodellin
Modelling Dynamics g
. m
2 Di f 0 Agent 5
- screte ge System g
£ Simulation Sl Modelling 3
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o =
X D
> e
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Application Map / SD-2 Clear\Vu

Engineering™
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Corporate Planning:
D m
5
« Capacity Planning; Very
Large Time Scales Sy Ste’_n 2
_ _ - Dynamics .
* Price Dynamics Corporate Planing 3
- CO,- Trading C:D,
=t
Q
Ll
; Global Optimization Multi Criteria Design Robust Design ('?
() —| | »
= c
o =t
‘*’
- Solution
Criterion 1 -
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Application Map / End

Finite Comput. Numerids
Element Fluid Vodelin
Modelling Dynamics 9
. m
2 Di 1 . Agent =
- screte ge System g
] Event Based Dynamics =
S Simulation Modelling 3
.a:, =
o =
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> =
() =, (7
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»
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Engineering Optimization
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Optimization Creating Innovation

4 ||lustrative Example: Optimize EfflClency
4 |nitial: il

4 Evolution:
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Safety Optimization — Pilot Study &9

4 Aim: |ldentification of most appropriate Optimization
Algorithm for realistic example!

4 Optimizations for 3 test cases and 14 algorithms were
performed (28 x 10 = 280 shots)

4 Body MDO Crash / Statics / Dynamics
MCO B-Pillar
4 MCO Shape of Engine Mount

4 NuTech’s ES performed significantly better than
Monte-Carlo-scheme, GA, and Simulated Annealing

4 Results confirmed by statistical hypothesis testing
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MDO Crash / Statics / Dynamics

4 Minimization of body mass
4 Finite element mesh
4 Crash ~ 130.000 elements
4 NVH ~90.000 elements

4 |ndependent parameters:
Thickness of each unit: 109

4 Constraints: 18

Algorithm | Avg. reduction (kg) | Max. reduction (kg) | Min. reduction (kg)
Best so far -6.6 -8.3 -3.3
NuTech ES -9.0 -13.4 -6.3
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MCO B-Pillar - Side Crash &

4 Minimization of mass &
displacement

4 Finite element mesh
4 ~ 300.000 elements
4 |ndependent parameters:

Thickness of 10 units 1
4 Constraints: 0 5 - aga‘izgo
21 ..
4 ES successfully D%%%
developed Pareto front .
NUTECH
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MCO Shape of Engine Mount &

4 Mass minimal shape with
axial load > 90 kN

4 Finite element mesh
4 ~ 5000 elements

4 |ndependent parameters:
9 geometry variables

4 Dependent parameters: 7
4 Constraints: 3

4 ES optimized mount

4 |ess weight than mount optimized
with best so far method

4 geometrically better deformation

NUTECH
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Safety Optimization — Example of use &)

4 Production Run!
4 Minimization of body mass
4 Finite element mesh

4 Crash ~ 1.000.000 elements
4 NVH ~ 300.000 elements

4 |ndependent parameters:
4 Thickness of each unit: 136

4 Constraints: 47, resulting from various loading cases
4 180 (10 x 18) shots ~ 12 days
4 No statistical evaluation due to problem complexity

NUTECH
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Safety Optimization — Example of use &)

~ Best so far Method NuTech’s Evolution Strategy

Initial Value

Initial Value

Mass

Generations Generationss—~
4 13,5 kg weight reduction by NuTech’s ES
4 ~ 2 kg more mass reduction than Best so far method

4 Typically higher convergence velocity of ES
~ 45% less time (~ 3 days saving) for comparable quality needed

4 Still potential of improvements after 180 shots.

4 Reduction of development time from 5 to 2 weeks allows for
process integration
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Mixed-Integer
Evolution Strategies
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Mixed-Integer Evolution Strategy

4 Optimization Task Definition:

f("“la---,an,zl,...,znz,dl,...,dnd) — MIN
subject to:
ri € [r, e CR, i=1,...,ny
2 € [V, 2" C L, i =1,...,ny

d;, € D; = {di,17"'7di,|Di|}7i: 1,...,n4
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Mixed-Integer Evolution Strategy

4 Mutation operator:

fori=1,....n, do
si «— 84 E]{E@Ng —|—@E{D, 1))
=g ANO, ) el
end for " Learning rates
for'i = 1,...,n, do (local)
Learning rates =~ g} «— q; exp(ToNg + 1IN (0, 1))
(global) 2l 2 1 C(0.q)
end for
@;: 1/[1 + 1,%?1 + exp(—m; * N(0,1))] Geometrical
Jforic {1} . :Td} do distribution
if U(0,1) < p} then
Mutation dj +— uniformly randomly value from I;
probabilities end if

end for

NUTECH
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Application Examples
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Example: Optical Coating Design

e
. LY ~ *
e a, 1Y e
&
S

4 Nonlinear, mixed-integer

4 \/ariable dimensionality

4 Minimize deviation from desired performance
4 Excellent synthesis method
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Example: Optical Coating Design

, 1> , calculated; — desired:\’ g
§ CORNING. quality = Z weight - > min
i=I

nnnnnnnnnnnnnnnnnnnnn

scalei

4 Dielectric filter design

4 n=40 layers

4 [ayer thicknesses x; in [0.01, 10.0]

4 Quality: Sum of quadratic penalty terms

NUTECH
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Example: Results

10

, "5, (+)100-E S-400-lifet —— 3
! "5 00-ES-A00- |2 ——
| "5, 00-ES-B00-|if2" -----— ;

"5 250 ES-300-1if2' —— ]

1 e
o
th
01 F -
Benchmark > _ '\3{\:" _________________________________
0.01 ! ] l ] ] ] l

0 1e+07 2e+07 3407 e+ 07 Se+07 ead7 Ta+ 07 8o 07
no. of fu nction avaluations

4 Factor 2 in quality, 10 in effort |
4 Reliable, repeatable results
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Example: Problem Topology

armor armr

4 \/icinity of global optimum

NUTECH
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Example: Intravascular
Ultrasound Image Analysis

4 Real-time high-resolution tomographic images
from the inside of coronary vessels:

8 FR/8 mm contour tip

NUTECH
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Intravascular Ultrasound Image

Analysis

4 Detected Features in an IVUS Image.:

Vessel Border

NUTECH
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Experimental Results on IVUS
images

4 Parameters for the lumen feature detector

name type range dependencies|default
maxgray integer 2, 150] > mingray 35
mingray integer [1, 149] < maxgray 1
connectivity ordinal 4,6,8 6
relativeopenings| boolean {falsetrue} true
nrofcloses integer [0, 100]{used if not relativeopenings 5
nrofopenings integer [0, 100]{used if not relativeopenings 45
scanlinedir ordinal {0.,1,2} 1
scanindexleft integer [-100, 100] < scanindexright -55
scanindexright integer [-100, 100] > scanindexleft 7
centermethod ordinal {0,1} 1
fitmodel ordinal|{ellipse, circel} ellipse
sigma continuous [0.5 10.0] 0.8
scantype ordinal {0,1,2} 0
sidestep integer [0, 20] 3
sidecost continuous [0.0, 100] 5
nroflines integer [32, 256] 128

4ANUTECH
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Intravascular Ultrasound Image
Analysis: Results

4 On each of 5 data sets algorithm ran for 2804
evaluations — 19,5h of total computing time

default parameter | parameter | parameter |parameter | parameter
parameters || solution 1 | solution 2 | solution 3 | solution 4 | solution 5
dataset|[fitness| s.d. |[hitness| s.d. |fitness| s.d. |fitness| s.d. [fitness|s.d. |itness]s.d.

1 395.2 [ 86.2 || 148.4 | 39.5 | 159.8 | 43.5 | 185.4 | 43.0 | 144.8 (42.0] 271.0 |74.8
400.2 (109.2]] 183.3 | 59.2 | 180.7 | 58.4 | 207.2 1 69.2 | 232.7 [71.0] 352.0 |73.1
344.8 [ 65.6 || 205.9 | 69.8 | 203.9 | 70.1 | 164.4 | 49.7 | 183.9 (80.3] 327.1 |55.9
483.1 (110.6]] 284.4 | 92.7 1 269.0 | 73.2 | 250.4 | 80.4 | 173.2 (64.7] 330.1 |82.2
444.2 | 90.6 || 368.4 |100.9] 370.9 |102.5) 462.2 1377.3]| 168.7 [64.0] 171.8 |54.5

Performance of the best found MI-ES parameter solutions

O WD

A paired two-tailed t-test was performed on the difference measurements for each image
dataset using a 95% confidence interval (p=0.05)

The null-hypothesis is that the mean difference results of the best MI-ES individual and
the default parameters are equal.

4 Significant improvement over expert tuning
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Other Examples
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Inflatable Knee Bolster

deployed knee bag (unit only)

Objective: Minimize P_,pined

Tether
7000

7000

Subject to: Left Femur load

<
Right Femur load <

MAZDA Picture

Design Variable
IKB center offset x ~
IKB center offset y Support plate Vent hole
KB venting area ratio

KB mass inflow ratio

DB venting area ratio

DB high output mass inflow ratio

DB low output mass inflow ratio - - -

DB firing time Design Peombinea | # Simulations
DB strap length ratio

Load of load limiter (N) Base 13.69 --

Performance Response

HIC Hooke Jeeves | 8.89 160

CG

Left foot load GA (Ford) 7.29 155

Right foot load

P combined (Quality) ES 6.77 122

NUTECH
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Optimization of metal stamping process

) 5:;,‘ _®

Objective: Minimization of defects in the produced parts.
Variables: Geometric parameters and forces.

ES finds very good results in short time

Computationally expensive simulation

NUTECH
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Bridgeman Casting Process ey

4 (Qbijective: Max. homogeneity of workpiece after Casting Process
4 Variables: 18 continuous speed variables for Casting Schedule
4 Computationally expensive simulation (up to 32h simulation time)

> 100
> 90

> 80
> 70
> 60
> 50

> 40
Turbine Blade

after Casting

> 30

> 20

> 10 \ .é N ﬁ N ﬁ

Initial (DoE) GCM (Commercial Evolution Strategy
Gradient Based Method)

4ANUTECH
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Steel Cube Temperature Control

Minimize the Temperature T4 Input: Temperature
deviation of Profile (12 Variables
temperture at Ta = 1100°C 7 Temperatures
the cube’s 75 and 5 Time-Steps)
Surfaceto | | | | = bl I Tg
1000°C - -
‘ e 67.7
i tg
Conjugate 135 135 135
directions
Pattern 157
search
DSCP/Ros 88 29
enbrock
Complex 152 152 111
p | strategy
AT (1,3)-DES 91 67 67
max (1,5)-DES 48 48
(1,7)-DES 110 58 58
(1,10)-DES | 152 80 28
MAES 122 65
y

NUTECH
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Siemens C Reactor L

Processes

- Maximisation of growth speed FLUENT: Simulation of fluid flow
- Minimisation of diameter differences CASTS: Calculation of Temperature
and concentration field

Optimsation of 15 process parameters:

Production time 35 hours = 30 hours

Reaction Gas TCS Growing High Purity Silicon Rod

ANUTECH
444SOLUTIONS
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Multipoint Airfoil Optimiziation EADS

4 Objective: Find pressure profiles that are a compromise between two
given target pressure distributions under two given flow conditions!

4 Variables: 12 to 18 Bezier points for the airfoil

D12 I I 4
; ; ; — NACADD12
—— Pressure
0-065_ ...................... .'. ................... . ................... . ....... 2-5 —
Y - - ~Cruise
> 0.01F .................. ................... ................. _______ i UD. P
| | | : e Low Drag!
’
: . : /
; : 5 : 4 v
_0-045_ ...... N ,_\ ................. ................... , ....... _0-5 V4 012 ! ! i . . 4
: : : : : 4 g g : — NACA4412
// —— Pressure
- I I I I 1 = / - :
01 025 05 075 1 ¢ ’ oHheg
X /
/
/ E
/ > 0.01
/
/
Vs
Vs

’ ~0.045} -

High Lift! /:% 7

s w
NU I ECH
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Optimum tracking of an ES

4 Dynamic function
4 30-dimensional
4 3D-projection

eeeeeeeeeeeeeeeeee
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Objective: Minimization of total delay / number of stops
Variables: Green times for next switching schedule
Dynamic optimization, depending on actual traffic
Better results (3-5%)

Higher flexibility than with traditional controllers

NUTECH — Ministerie van Verkeer en Waterstaat
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Optimization of elevator control ™
=]

4 Minimization of passenger waiting times.
4 Better results (~10%) than with traditional controller.
4 Dynamic optimization, depending on actual traffic.
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Optimization of network routing ~ >*="*"

= ____Routing Optimierung mit Evolutionren Algorithmen = [=] Ende—Ende—Blockierungen (EEB) |
Quit) Initialize ¥ ) Optimize run 1 ¥ ) _Paramet ¥ ) Extra ¥ ) Routing ‘| Close )

Mittlere Mausfas,te gedruecktbei 106 98

Optimum with value 1.6351 at step 24 Dol sl

14.700

EEB = 0.00

EEB > 0.000

14,508 13125 11.2 EEB > 0.002

" EEB > 0005

e . EEB > 0.010
. & EEB > GOS

10.730 y =

6,202 .
4.501

9.460 ‘ .
13.874 . 49 |
‘ schering
10,082 13610
1456

Ui S o et [ 0 ot X Mot Sols O e RS et o

10 Wert: 2.222715  1.643824
11 Wert: 5153020  1.643324
12 Wert: 4.608329 1.643824
11322 13 Wert: 3.092496  1.643824
14 Wert: 2.929535 1.643824
15 Wert: 6.716046 1.643824
16 Wert: 2.257501 1.643824
17 Wert: 3.432567 1.643824
s 18 Wert: 3.219879 1.643824
: 19 Wert: 6.521810 1.643824
N 20 Wert: 3.712847  1.643824
8075 21 Wert: 3.943350 1.643824
: 22 Wert: 3.377357  1.643824
o] 23 Wert: 1.635130 1.635130 <<<
24 Wert: 4088524  1.835130
25 Wert: 2.141322  1.635130
26 Wert: 2.485246  1.635130
27 Wert: 2.542342  1.635130
28 Wert: 3.169151 1.635130
S : 23 Wert: 30244603 1.635130

4 Minimization of end-to-end-blockings under service constraints.
4 QOptimization of routing tables for existing, hard-wired networks.
4 10%-1000% improvement.
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SOLUTIONS y y A

science for business




Automatic battery conflguranon @ NAVKER

Standby Batteries Germany

. Battery Sizing - Yers

Load profile:

Cell type: |'|5 0OFz5 1875 TI

Type: Ph -
phaze |h  |min |sec |load Ak

) [Ealzulate
Giowp: — [orifest -] | [ 5 [0 (o0 | os0dda
Range: I P=5 ,I Parallel strings: I—-I *

Mameof  VARTA OPzS Blank cells OK: r

ratige: Ageing factor: I—']
|-rated: 200 [ ¥ Design Marge: 1
-mas: by Cable: Length: [ i
|-riif: 1090 M omoss -zection: j i
Mo. of cells: Iw Temperature: o) E

Calculation result:

Opimize No. of cels |
Range: ID Pzs
YVARTA 0Pz U-tated: 216 ¥
U-ma: 24084 ¥
. [150P25 1875 —
colype: | e . 22182 M
Final voltage: 1,872 W2
Delete result | MNo. of cells: I 108
Parallel strings: I 1 ol Emimize. sitgle walle |
Catalogue | Search I Beport Copy zetting | Mew Praoject | Clear I Delete I Cloze |
(W[4 22 » M|

4 Configuration and optimization of industry batteries.
4 Based on user specifications, given to the system.
4 |nternet-Configurator (Baan, Hawker, NuTech).

‘NUTECH
4ASOLUTIONS 4 4 4 4 A




Optimization of reactor fueling. SIEMENS

4 Minimization of total costs.

4 Creates new fuel assembly
reload patterns.

4 Clear improvements (1%-5%)
of existing expert solutions.

4 Huge cost saving.
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Final Remarks
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Is it Worth Doing It ?

4 Many competitors — indicates importance

4 Having the best algorithm helps

4 Having an easy to use algorithm is more important
4 Self-adaptation is a wonderful feature

4 You need to be fast & good

4 \Norkflow integration is highest priority

4 |t's tough to make them pay what it is really worth !
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Final Remarks

4 \Would not work without continuously improving ES
4 Have not published results for 6 years

4 |f challenging problems can be handled, clients
nave more challenging ones

4 Sece www.nutechsolutions.com
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Partnership

4 Evolution Strategy Module for

FE Optimus available.
g 4 Distribution D, A, CH by FE
ANALYSIS Design.

SOETWARE 4 Effective as of April 2005.
ENGINEERING
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Thank you for your Attention !

Questions ?
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