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Deterministischer Entwurf / Optimierung
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Problemstellung

© EntwurfsgroBen £ = {xla L2y .. 75871}
O Zielfunktion q(g) (z. B. Gesamtmasse, Verformung, ...)

© Menge der Randbedingungen C’
mit ¢(x) € C und c(z) >0V cel

Entwurfsziel / Optimierungsproblem

min[g(z)] | c(z) > 0
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Deterministischer Entwurf / Optimierung
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Einfuhrendes Beispiel — Kragarm mit Einzellast

System Querschnitt E =2,1-103kN/m?
_ a4—(a—2ac)4
P = 10kN l « | ] I(x) = =
_ _PpP
vy a a=0,1m

Entwurfsziel: Nebenbedingungen:

minimale Querschnittsflache Mindestblechdicke

min[Q(x)] — min[a2 — (Cl — 2513)2] C1 (x) =X — timin > 0 tmin = O 10~3m

Maximalverschiebung
C2 (:B) — /U(x) — Umax > 0 Umax — 27 5 : 10_3m
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Deterministischer Entwurf / Optimierung
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q (X) [m2] 0.007

V(X) [m] 0.006

Querschnittsflache g(x)

0.005

0.004

Verschiebung v

0.001

]

V.
[
0.005 0.01 0os 0.02 0.02s 0.03 0035 0.04 0.045 nos X [m]

trin = 5-1073m x* = 0.0147m
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Reliability-based Design Optimization (RBDO)

Problemstellung

Tragwerksparameter ¢ und / oder Entwurfsparameter X sind

zufalligen Schwankungen unterworfen (ZufallsgroBen X, I)

Entwurfsziel / Optimierungsproblem

Tragwerksentwurf soll Anforderungen (Nebenbedingungen)

zuverlassig erflllen

Bewertung der Zuverlassigkeit eines Entwurfes

mit der Versagenswahrscheinlichkeit ¢

Versagen: Tragwerksentwurf erfullt nicht Anforderungen

Pf : Wahrscheinlichkeit mit der Versagen eintritt
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Reliability-based Design Optimization (RBDO)
TU Dresden - Institut fiir Statik und Dynamik der Tragwerke
Sicherheitsabstand: MaB der Zuverlassigkeit
ds — Pt o Pf
Sicherheits- angestrebte tatsachliche
abstand / Versagens- Versagens-
Zuverlassigkeit  wahrscheinlichkeit wahrscheinlichkeit
Entwurfsziel / Optimierung I Entwurfsziel / Optimierung II
max|ds(z)] | c(z) > 0 min[g(z)] | ds, c(x) > 0
Zuverlassigkeit ist Zuverlassigkeit ist
primares Entwurfsziel Nebenbedingung
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Reliability-based Design Optimization (RBDO)
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mogliche Szenarien

Entwurfsparameter Tragwerksparameter

A x T

W
[
|

O
[
-
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Reliability-based Design Optimization (RBDO)
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Modellierung zufalliger Entwurfsparameter / Tragwerksparameter mit
Wahrscheinlichkeitsdichtefunktionen f(g)

DO | =
AN
&
Q|
=
N
|\
N——

Beispiel: Normalverteilung f(gj) — 12 exp (_
o T

f(x) :uul |MO

A . .

Basisvariable der Optimierung sind

Verteilungsparameter (4, O

Ergebnis der RBDO: /L*, 0"

D Vorgabe eines Intervalls
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Reliability-based Design Optimization (RBDO)
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Beispiel — zufalliger Entwurfsparameter

System Querschnitt
P = 10kN Entwurfsparameter x
, l X 3 unterliegt
% zufalligen Einflissen
’ L=1m | - .
) vy a

DO
N
&
Ql
=
—
(W)
N—

Annahme: x normalverteilt f(ili') = m/lg exXp (_

Basisvariable der RBDO: n=10,007; 0,04] mit 0 =0.1-pu
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Reliability-based Design Optimization (RBDO)
TU Dresden - Institut fiir Statik und Dynamik der Tragwerke
Mogliche Wahrscheinlichkeitsverteilungsfunktionen f(:lj, H, (7)
A u=0,007
0=0,0007
M=0,01
400 0=0,002
M=0,03 1u=0,04
200 0=0,003 0=0,004
0,007 0,01 0,02 0,03 0,04 0,05

Infotag Optimierung und Stochastik 2007 , Dynamore 11




Reliability-based Design Optimization (RBDO)
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Entwurfsziel: Minimierung der Querschnittsflache (Typ II)

min|q(X)] | ds,c1 >0

¢(X) =37 a® — (a —227)

Zuverlassigkeit: . = P, — P (x| co (x) > 0)

co(x) = v(x) — Vimae > 0

P, = 0,001
Nebenbedingungen: C1 (u) = [t — msn > 0 (Mindestblechdicke,
Mindestmittelwert der
min = 0.007 normalverteilten GrofRe x)
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Reliability-based Design Optimization (RBDO)
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0.01 0.00Z2 I T T T I T T | |
f f
i I
0.009 T : : -
0.0015 | | -
i i
0.008 g -
i i
o001 |1 1 d s
j j B
0.007 T -
i
i
0.006 0.0005 ¢+ 1 i
i
i
i
0.005 o 0.001) -
I f e e e e e e e e e e = = -
i
0.004 r 1 -
!
-0.0005 : .
0.003 o -
I . —="7.10"3
[ 3 I,umzn_’? 10 ml ! ! | |
m ] 0.002  -0.001 - -
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 ,u[m]
w* = 0.021
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Gliederung
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2 Stochastische Simulation
direkte Monte-Carlo Simulation

Ausgewahlte varianzmindernde Verfahren
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Stochastic Simulation
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Determination Probability of Failure

Limit state function / surface

< (0 failure

g(x) =

> (0 no failure

Failure probability

= [ T(9dx

x|g(x)<0

Analysis

O analytical (restricted)

O simulation method, e.q.
Monte Carlo simulation (universal)
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joint probability density function
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Direct Monte Carlo Simulation
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Numerical integration Indicator function
(%) 1 if xUF
X) =
|0 if xOF

N - o

E(1:09) = m -3 ()

Estimator of failure probability

Number of sample size
N = 1-F
f(an) required 5PF2 DPF
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Direct Monte Carlo Simulation
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Numerical effort

164007 — — . —

Monte Carlo simulation

1e+006

=]
=)
8

10000 L

number of samples N

1000

100 |

'“:l L 5 | i 1 L I L o i
1e-007 1e-006 1e-005 0.0001

failure probabiltiy P,
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0.001

0.01
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Direct Monte Carlo Simulation
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Numerical effort

—————
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Stochastic Simulation
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Variance Reducing Methods

Sampling schemes

e Importance Sampling

e Line Sampling

e Latin Hypercube Sampling
e Subset Sampling (P; <103)

Meta Model based methodologies

e Response Surface Methodologies (RSM, polynomial)
e Neural Networks (NN)
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Subset Sampling

F(2)

0.9
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Subset Sampling
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Subset sampling
X4

9(x, x;) <0

g¥) =9, 9(X) =0,

Step 1 Step 2
simulation {xk }E&l ~ f(X) simulation {xff)}k_l ~ f(X|F)
g, from P=— Z|F1(X(l) g, from I32— lez(xﬁa)
1 i=1 2 k=1

F={x:9(xX) < g} F,={x:g(X)<9,}

Infotag Optimierung und Stochastik 2007 , Dynamore

g(x) =09,
Step 3

simulation {xf’)}k_l ~ f(x|F,)

Z e (%)

3k1

F=REH

9(x) =0
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Subset Sampling
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Numerical efficiency

(1+y)(1- py)
Do|l0g py| &7

N; =m[N =|logP.| x

Coarse approximation of sample size

subset sampling simulation

N =100log P.|

Infotag Optimierung und Stochastik 2007 , Dynamore

direct Monte Carlo simulation

N =1/P.
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Subset Sampling
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Estimated numerical efficiency (SS vs. MCS)
1e+007 & : o —— —
subset sampling (high correlation) =
subset sampling (low correlation) e
Monte Carlo simulation —
1e+006 - 7]
Z 100000 |- ]
(1))
L
o
E
@
w 10000 = .
(=]
5 1
K=
g
£ 1000 - -
100 - N
10 1 1 | 1 1 | 1 L | 1 1 | 1 L 1
1e-007 1e-006 1e-005 0.0001 0.001 0.01
failure probabiltiy P,
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Subset Sampling
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Estimated numerical efficiency (SS vs. MCS)

100 T T T T L |
A
c 80 - .
.S
=
=
E
w
o
gt
‘Eg 60 - -
=
22
o ¢
g -
£S5 0l computational b |
E 3
T 8
83
20 - .
== Subset sampling (high correlation)
subset sampling (low correlation) i
'D L L L L L | 1 L ] 1 L | 1 1 1
1e-007 1e-006 1e-005 0.0001 0.001 0.01

failure probability P,

24

Infotag Optimierung und Stochastik 2007 , Dynamore




Subset Sampling - Benchmark Example
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Problem definition
e objective function
_ B 5 5 B _)\2 B 2 X1 D(2
z(x) —8[éxp( (x2 +x, ))+2Eéxp( ((x1 5)° +(x, -4) ))+1+—10
e random variables e |limit state function
X, X, ~N(2.7,1.0) g(x) =8.7 -z(x)
Direct Monte Carlo simulation

e reference solution:
N=10°P:=1.3810"%,s, =3.2(10°°

S
oSS S S S S
- " < S "
S “‘“c%‘

Lo w oo N o©

= T ——
eSS -
D R W W <>
TS . < S<o>
‘..‘_" S OSSN SIS SIS
<~ >
\\“‘“’Oo“"‘\ oSS oSS
S S S S S SS SIS oS S S 5 2
S S

» adaptive specification of subsets
» target value P(F|F)=0.1 2
 failure domain attained with subset F;
N, =2.100*(N, =10°,N, , =500
Pr=1.390107,s, =1.3010° .

Infotag Optimierung und Stochastik 2007 , Dynamore

25




Meta Model Based Methodologies
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Idea

response of

response response of computational model

neural network

800
600 -
4006
200

0t
-200
-400
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Meta Model Based Methodologies
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MCS with Meta Model

response of

response response of computational model

neural network

800 r
600
4006
200

0L
-200 |
-400 |
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Meta Model Based Methodologies — Neural Networks
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Feedforward Neural Network
® neurons organized in layers
e nonlinear approximation

input 1. hidden 2. hidden output
layer layer layer layer

\

O ;. (O
/
|
/0

A\\\ll \\“’
QO
W
A
Vi
0\

Xm 4
synapses

input
sighals
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Meta Model Based Methodologies — Neural Networks
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Approximation

function to be approximated response of neural network

s
6 =

L ’00:0“'""""'
4L e e e e e

- “’-"-‘0"“"‘
2ks=o=o=s—os—o—o e o

”””00’0"
ol "0""0’0‘0’0’0"
”” LS
ST
“

-2
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Neural Networks
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Improvement of the
approximation quality and numerical efficiency

e individual neural network
» optimum number of neurons and hidden layers
» feed-back connections: recurrent networks
» receptive fields

» locally weighted approximation

e« combination of several neural networks
» averaged approximation: committee machine

» sequential approximation: network composite
» partitionwise approximation: patch network

e arbitrary combinations of individual measures

Infotag Optimierung und Stochastik 2007 , Dynamore
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Neural Networks - Committee Machine
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Committee Machine used by LS-Opt

e parallel training of several neural networks

neural network 1 —» 7'
input \ output
signal 3 2 signal
X » neural network 2 —» 7 B i=0n_ —» Z
\ /combiner
neural network 3 — Z°

neural network n —

IN
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Neural Networks - Committee Machine
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Committee Members

o 4 53058 B
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OAAAN V0o IIIP7 == SN S
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SRS 2SN y
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RIS S N 5770 e SO PSS
et St NN S 2777 S 77T L7 7752 SRS SSSSSSIINS &
SSSES == S e Z
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S 250K e RSS2
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N e
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Neural Networks - Committee Machine
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Committee Machine
Z
X, X,
e .ms=0,070

Infotag Optimierung und Stochastik 2007 , Dynamore 33




Neural Networks - Composite
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Neural Network Composite

e sequential training of several e evaluation of response surface
neural networks using all trained neural
e approximation of respective networks

error function

n-1
x,z-(X z)—>| training neural network n —»
i=0

IN
=]

IN
3

X — neural networkn —»

X,Zz-(z’+z')—>»| training neural network 2 —»

IN

n
x—» x — neural network2 —» Z° Yz >z
0

IN

B
s
L
L
N

training neural network 1 neural network 1

neural network 0

training neural network 0
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- Composite

Neural Networks

k der Tragwerke

k und Dynami

- Institut fiir Stat

TU Dresden

ion of a Neural Network Composite

t

‘ [
E

T
%4.

!

N
b
S

E [ A | e
T oL

response of network 1

|

3

I\

Aﬁ

f(x.y)
f(xy)

wy function to be approximated

Applica

quadratic error

60

50
40

30 -
20
10 |
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Neural Networks - Composite
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Application of a Neural Network Composite

fx.y) oo™ ”

=y

o N M OO O
LIS I\ N N B I B B B |

10

| failure criterion __desired response o

B response of
6 neural network composite

4 | response of single
. neural network
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Neural Networks — Patch Network
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Concept

* local approximation with high precision

define: » patch size p, =a [(mkax{xklj} —mkin{xklj}) (e.g., a=0.05)

» minimum number n_,;, of local interpolation points (e.g., n;,=5)
» neural network architecture (e.g., 2—-5-1)

v

—»| select point x; of interest and place patch with center of gravity in x;

v

check number n;,. of available interpolation points (x,,z(x,)) in the patch

i Nint Z Npin i Nint < Nmin
train patch network on the (x,,z(x,)) determine z(x;) with
and approximate z(x;) computational model

e response surface approximation as a set of individual network outputs
m=) high-quality representation of local function features, very small networks

Infotag Optimierung und Stochastik 2007 , Dynamore
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Neural Networks — Patch Network
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ion

t

Patch Network Approxima
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Neural Networks — Patch Network
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Direct MCS with neural network based RS approximation

« network approximation concepts % computational model
» single neural network
» network composite (
» committee machine
» patch network

approximation quality e patch network
approximation

locally not sufficient

Patch network 2(x)

e parameter adjustment
» patch size: a=0.1

p,=a E(mkax{xk,j} - mkin{xklj})
» local interpolation points: n.;,=5
» network architecture: 2—3-1

-
S s, S PSS
‘t\:qm%%“?—’ Y
RS T © e N =
SO 30 S0 ed 373

Lo w oo~ ©

o failure probability estimation
N =1000,P: =1.250107%,s, =4.6610°

(reference solution:
Pr=1.380107,s, =3.2 [107°) 6 X,
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