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457.646 Topics in Structural Reliability

In-Class Material: Class 21

VI. Simulation Methods
- Supplementary reading material: Ch3 of Melchers & Beck (2017)

Simulating uniform random variable U (0,1) 1

— Basic in generation of random numbers

— ( ) sequence from a seed number

N\
1 :\\ :
0 1
— Desirable to have a ( ) period and ( ) sampling "standard

uniform”
¥ Matlab : rand( )
— could choose a random number generation algorithm

— default: Mersenne Twister (Matsumoto & Nishimura 1997)
— Period: 2% 1

— “Very fast”

Demo

X,,=[100 1000 10000]
for i=1:3

X=rand(X, (i),1);
subplot(3,1,i)
hist(X,sqrt(Xv(i)));
end

Generate random numbers according to CDF

Consider Y ~U(0,1)

y U(0,1) x Fx®X) 5 )
W i Fy(y) =y
RO = R
= F, (X)
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(1) Generate Yy, i=1---,N
per ~ U(0,1)

(2) Find corresponding X, X, = , 1=1---,N

Generate general dependent variables
joint PDF f, (X)
joint CDF F(x)

cf. Rosenblatt / f \'\
X1

X2 -+ XN-1 XN

X={X,,- X, } defined by {

= Fxl(x1)
Y, = sz\xl(xz |X1)

yn X ‘Xl (X |X1 —l)
% = (5 (1) Simulate {y,,---,y,}

X, = F
Xa|Xy (y2|X1) (2) Find {Xla"'axn}T

X, = Fy .. X“(ynlxl Using (<)

Simulation of normally distributed RV’s *(Box & Muller 1958)

— homework

¥ Matlab mvrnd(M, X, N) cf. normrnd
Generate N samples of X~ N(M,X) u~N(0,1)
X=DLu+M

Generate random numbers from Nataf distribution

Fx,(t),i=1,2,-,n & R
Y~U(0,1) U~N(0,1) l Z~N(0,Rp) X~Fy,(x:),R
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i.  Find R, (Liu & ADK, 1986)
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ii.  Generate u from N(O,1) (or y from U(0,1) & transform)

Compute X = F,'(

Monte Carlo Simulation

), i:]_’...

Compute Z~Lyu (or Z~N(O,R,))

N

A secret project at Los Alamos on nuclear weapons (performed by Von Neumann & Ulam)
was named “Monte Carlo” project by Metropolis (after the City in Monaco).

P, = f, (X)dx
(UN)g(x)<0
Eoadi otherwise
Function
= average of index function value (w.rt X~ F (X))
Simulate X, i=1,---,N accordingto f,(x) 7

Let g =I(x), i=1,---N

P, =lim
N—w

B, =

Compare

mean (rand(3,1))

mean (rand(100000,1))

100 N

Estimation of P; using N sample

“MCS is an extremely bad method. It should be used only when all alternative methods are
worse” —Alan Sokal (1996)

/

r

\

~_ 1 _~

7?



file:///C:/Users/Choi/Documents/junhosong@snu.ac.kr

Seoul National University Instructor: Junho Song
Dept. of Civil and Environmental Engineering junhosong@snu.ac.kr

Note: I5f is random

l

How much variability? o,

g, : Bernoulli random variable

{ 1 with p=
0 1-p=

¢ E[Pf ] =
“unbiased” estimator of true P,

. Var[P]=

>

Quantifies variation of P,

Used as a measure of convergence

1
0,6 decrease (oc —)

[f?} + O'p}] ~69%
>N |P; £ 205 | ~98%

e

See MCS.m
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pd 100 I 1 I 1
1070 108 10 107 1072 10°
Failure Probability, Pf
¥ Minimum No. of Simulation to achieve o
Targetc.o.v 0 =
N 1- Pf
5§~ %2 o
5%.P,
eg P, =0.01 5 N
0.01 ~ 10
0.05 ~40x 10*
0.10 ~1.0x 10*

How to improve accuracy of simulation

Pr

E[P,]
@ Increase N

(@ Decrease 5qi

1
R B TR

E[q;]

= )
\/W Gj
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Importance sampling

Need to compute integral (in general)

I, = f g(x)dx _
g(x) : general function
= I{%} h(x)dx h(x) : sampling PDF having non-
X
values where g(x) is non-

Procedure:

i Sample Xx;, i=1---,N according to

. Compute q; =

N
ii.  Estimate I, =%Zqi
i=1

To have accuracy (& efficiency), the variance in g must be small. If g(x)>0,
h(x) g(x) is the best choice.

Rubinstein (1981) proved that the best sampling density minimizing the variance is h*(x) =
gx)/1;

% Application to reliability problem:

Sampling density

_ J[@ ‘| (X)} dx (non-zero) whereg =1 -f #0

Find h(X) such that

Var[lrf]h Var[l],

Best sampling density for the reliability problem:

1) f (x)
Py

h(x) =
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,\ 1 i x, X1 . XN
Pr==2.0 - 1
"N - X ZW{X1+"'+XN}
13 = 13-
He, :WZE[qi] 2> P =WZQ
i=1 i=1
N\ Estimate on the of If>f (=sample mean of )
1 & 1 & 1
ol =—=>Var[g] > S} =—5> S8?==5?
! i=1 © NI N
N\ Estimate on the variance of I5f: %xsample variance of @,'s
1
S. 7Sq
5;3 = TPf — \/W_ E’E’...,E ) Xi(—h(X)
f P, Q h h h

Importance sampling P, = I[%}.h(x dx = E[%}

X

Var [%l <<Var(l ]f

How to find a good importance sampling density?

Selection of sampling density

(D Shinozuka (1983)

A
P~

/A * uniform dist®
BN within the box
(0 elsewhere)

g

|- f

— not good because zero density assigned to failure cases ¢, = e


file:///C:/Users/Choi/Documents/junhosong@snu.ac.kr

Seoul National University
Dept. of Civil and Environmental Engineering

@ Harbitz (1986)

Instructor: Junho Song
junhosong@snu.ac.kr

Normal dist®
outside the sphere
with radius 3

" {c-mu) ol A

0 otherwise

C I @,(u)du=c-P(ju|= )=
lul=

P> £)=1-P(ul< 5)
=1-P(u[f < B%) =1-P(u? +---+u? < %)
=1-X2(8)

Chi-square distribution n degree of freedom

.oCc=

gl -
" h

How to simulate according to h(u)?

i.  Simulate u; ~ N(0,I)

. ~
ii. Compute ¢; =i

Jud

i.  Simulate R? uniformly dist2
over surface

RP =2+ +u? (<X2( )

2 -
But truncate R® < f° x*dist?
PDF of R?
X2 r2
F.(r?) __ X (r) -
" 1- X2 (%) >R

BZ

iv.  Compute R-&

Note: Not effective as n 1

is almost 0
as n increases

1-X2(5%) =1

Volume inside sphere
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@ Melchers (1989) A

hw=N( )

N
eg. =0’ (FERUM’s Importance Sampling Option)

@ Series system

uy

VAL Y

h(u):Zvvihi(u) where h (u) < N(u;,X)

w, : weight (oc £, m>0)

Challenges
O h(x)=0 where I(x)#0= does not converge
Multiple design points?

h(u) = wh(u) + w,e(0, 1)

ADK & Dakessaian (1998)

@ System problems

i. Where? /

ii. Cost of finding the important points /

joint
design point
.

@ High-dimensional reliability problems (“curse of dimensionality”)

Most of the density exist in the important ring R = +/n (Katafygiotis & Zuev 2008)
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% Adaptive Importance Sampling methods can be used to overcome these challenges

(1) Kurtz, N., and J. Song (2013). Cross-entropy-based adaptive importance
sampling using Gaussian mixture. Structural Safety. Vol. 42, 35-44.

(2) Wang, Z., and J. Song (2016). Cross-entropy-based adaptive importance
sampling using von Mises—Fisher mixture for high dimensional reliability analysis.
Structural Safety. Vol. 59, 42-52.

=> The adaptive sampling method can be used to identify critical subdomains and
Generalized Reliability Importance Measures (Kim and Song, 2018)
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Reliability analysis by importancg sampling

Monte Carlo simulations

Pf :J.D fX(X)dX:J‘xI(X) fX(X)dX:Ef[I(X)] ° :"\. : 4
1 '\ :D\' . ]
~ — ) (X gl
N ; ( ') MCS, f(x)

« May take a long time to get a converged result for rare events

Importance sampling I
1(x) £, (X) 1(x) - T (X) ' =
P — h, (x)dx = E, SN
L{ hy (X) } o { hy (X) } N °®"|S,h(x)
=L q(x) N

i=1

« May improve efficiency by choosing a new sampling density function h(x) that reduces
the variance of (I-f)/h

» Challenging to find “good” h(x), e.g. “design point” by FORM

« Component problems with multiple/competing design points or system problems —
General & systematic procedure to find good h(x)?




“Best” importance sampling density

Importance sampling density minimizing variance

HX) 109 £, (x)

p (X) = =
JIH 0] dx P,
8 T 6
g T /"T
- - | 4
Z« / \\' 4: 4 ! \%\ i '
>5& 0 3 W&ok ) &0

/ 4 p
| ’
6~ \ P S
6 %
-8 L . c 6
-6 =23 2 o 2 G 6 6 -4 2 0 2 4 6 6 4 2 0 2 4 6
25 X iy

« Can’t use directly... if we already know P;, we do not need MCS or IS.

« Still helpful for improving efficiency, if h(x) is chosen in order to have a shape
similar to that of 1(x)f.(x)




Adaptive importance sampling by minimizing
Cross entropy

Kullback-Leibler “Cross Entropy” (CE)

D(p",h) =j 0" (x)In p*(x)dx—j 0" (x) In h(x)dx

» “Distance” between “best” IS density p*(x) and current one h(x)
* One can find a good h(x) by minimizing Kullback-Leibler CE, i.e.

argmin D(p”,h(V)) = arg min U p"(x)In p"(x)dx—[ p"(x)In h(x v)dx]

=argmax [ p"(x) In h(x; v)dx

\Y

= arg max .' 1(X) £, (X) In h(x; v)dx

\
» Finds the optimal values of the distribution parameter(s) v approximately by small-size
pre-sampling, then performs final importance sampling

* Rubinstein & Kroese (2004) used uni-modal parametric distribution for h(x;v) and
provided updating rules to find optimal v through sampling




Limitations of Importance Sampling Using

Uni-modal Sampling Density

— - U,
B D 1 2 3\4

Component problems with multiple or competing
design points (Der Kiureghian & Dakessian, 1998)

u
i i i |
[£=] (=] = ] [=] L] de [=r] [£=]

Complex failure domain by a series system (Waarts,
2000)

B failure region
gL1(u)<0

failure region
g2(u)<0

limit state function g4(u)=0

gL1(u)=0 A

Parallel system problems and “joint design
point” (Melchers & Ahammed, 2001)

8

Reliability-based evaluation of DLV method
(Sim et al. 2008)




CE-AIS with Gaussian Mixture (Kurtz & song 2013)

Kurtz, N., and J. Song (2013). Cross-entropy-based adaptive importance sampling using Gaussian mixture. Structural
Safety. 42:35-44.

K
+  CE-AIS-GM Algorithm h(x;v)=> mN(X|p,,Z,)
k=1

1. Initialize v |— 2. Sample from current density <
\y
3. Update parameters v
v
Yes No
5. Final IS <— 4. Check convergence —

Near Optimal Density Optimal Density
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Component Problem with Multiple Design
Points (Der Kiureghian & Dakessian 1998)

Step 1 Step 2
6 6 T 6 .
45 4
2" 2"
Or 0k
X' 5l 2
A4t 4+
6 -6
8 -8r
6 -j, 2 0 2 4 6 -6
X,
C.0.V. Number of Samples Failure Probability © » °  °
(%) MCS CE-AIS-SG CE-AIS-GM MCS CE-AIS-SG CE-AIS-GM
10 32.000 400+3.000 400+403 3.16x10™ 2.85%107 2.61%107
5 1.28x10° 400+8.000 400+434 3.12x107° 208107 2.49x107
3 3.64x10° 400+23.000 400+1.390 3.06%107 2.08x107 2.85%107




Component Problem with Competing Design
Points (Slight modifications to Der Kiureghian & Dakessian 1998)

Coefficient of Variation

10 g

10"

107

10

0

L

—MCS
ISK=10
ISK=25
ISK =50
IS K =100




System Problems: Parallel

Parallel System

6F 6
(Melchers &
4r 4
Ahammed 2001)
2 2r 20
<M 0 S0 SN0
2k 2 2
4 -4 4
6 -6 - - 6
6 4 2 0 2 4 6 -6 4 2 0 2 4 6 6 4 2 0 2 4 6
X X X
C.0.V. Number of Samples Failure Probability
(%) MCS CE-AIS-SG CE-AIS-GM MCS CE-AIS-SG | CE-AIS-GM
10 1.59x10° 500+4.500 600-+-5.240 6.28%107° 7.80%107° 6.30x107°
5 5.72x10’ 500+18.500 600+20,300 7.00x107° 6.70x107° 6.28x10°°
3 1.77x10° 500-+-50.000 600+53.600 6.20%107° 6.48x107° 6.14x107°




2 & N%ikJ g
System Problems: Series -t/
2 U@% /{7 4
4t =\ .
: L
Series System . —
p O Step 2 Step 3
(Waarts 2000) i . .
N 0F SN0 158 0F N0
5~ 5 - 5 5 !
-5 0 5 -5 0 5 -5 0 ) -5 0 5
o X X X
C.0.V. Number of Samples Failure Probability
(%) MCS CE-AIS-SG CE-AIS-GM MCS CE-AIS-SG | CE-AIS-GM
10 60.000 4.000+500 3.000+30 1.83%107° 7.97x107" 1.50%107
: 1.90%10° 4.000+1.500 3.000+348 2.12x107° 8.80x107 2.12x107°
5.20x10° 4.000+2.500 3.000+943 2.16%107 8.72x10™ 2.15%107




System Problems: General
(Song & Der Kiureghian 2003)

lX T
M

Esystem - (El ﬂ EZ)U(ES m E4)U(E3 ﬂ ES)

Scenario 1 Scenario 2 Scenario 3

* Component failure events and failure paths

C.O.V. (% )] MCS | AIS-CE-GM

L 20,000 4,000+48
5 60,000  4,000+310
3 150,000  4,000+1,000

* Failure Probability: 7.82x10-3




System Problems: General

Step0 Step1




Evaluation of the Proposed Method

Engelund & Rackwitz (1993), A Benchmark Study on Importance Sampling

Techniques in Structural Reliability, Structural Safety, 12: 255-276

2. Evaluation criteria

In order to judge the different importance sampling methods the following quality criteria
have been selected.
— Basic variable (x-) or standard (u«-) space formulation
— Robustness (against multiple critical points and noisy failure boundaries)
- Capablllth‘S to handlc equahtles unions and mtcrsecnom

— Efficiency and accuracy (convergence properties) especially with respect to
-~ Space dimension
—~ Probability level
—~ Curvatures of limit state function

I'here 1S an ongomg debate about which ot_fhc_aWpualonscmes in the x- or

~NI A [C DICICTADIC € L-SDACE 1OI'TT] -.I ADDC () DE ll.‘." C( 4




(1) Space Dimension

g(X) =B+/Ng, _Z_Niv X, Engelund & Rackwitz (1993)
i=

7

10 = L L L L L
e —— 0o o o 9
106:‘ 5
" -
2 L
Q.
E [
&
5 107 = E
o) - ]
Q - 1
S B &~
> L -
< | % *
| ¥
. wE *
05w ;
: 2
L ]
I % CE-AIS-GM ||
—®  MCS
103' r r r r r L
0 10 20 30 40 50 60

Number of random variables



(2) Level of Probability

N . .
g(x) =P /NRV _Zi:iv X, Engelund & Rackwitz (1993); N, =5, p varied

10™°

T = [ | ——— | S S |1 ——— | ——
¥  CE-AIS-GM
9 @ MCS ©
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H

BN RTTTT

10

R REEL]
von vyl

10

LCIEEEEL]
[ TTLL

10

R REEL]
von vyl

10

UCIEEEEL]
[ EILL

Number of samples

10

R REEL]
[ RREL|

10

[ IEICEEEL]

%
?i
:
o
i

w
Q ¢

10

R REEL]
[ RREL|

10 Eerrrrr r Frrrrrr r r Frrrrrr r r Frrrrrrr r Frrrrrr r r Frrrrrr r ¢ Frerrrr r r
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Estimated failure probability, P
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=
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(3) Curvature of Limit State Function

(X)=B—x, + EZNRV 12 Nry = 5, B and k controlled together
g - Ngy 2 i=1 i to have P; = 1.32x103
Curvature Number of Samples Failure Probability
MCS CE-AIS-GM MCS CE-AIS-GM
1.154 (convex) 308,300 5,000+700 1.30x10-3 1.28%103
0 (neutral) 292,400 4,000+600 1.39%103 1.36x103
—0.291 (concave) 306,400 6,000+1,000 1.31x103 1.36x103

(4) Robustness against Noisy Limit State
g(x)=b—x, —k(x,~€)?+0.001Y " sin(100-x,)

C oV Number of Samples Failure Probability

(%) MCS CE-AIS-SG CE-AIS-GM MCS CE-AIS-SG CE-AIS-GM
10 23,400 2,000+100 3,000+100 2.99x10-3 1.08x10-3 2.74X10°3
1.30x10° 2,000+300 3,000+300 3.07x10°3 1.08x10°3 2.94x1073

3.60%x10° 2,000+900 3,000+900 3.07x10-3 1.09x1073 3.05x1073
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E-AIS Using von Mises Fisher mixture
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Reliability analysis in hAigh dimensional space

n 2
i=1t Ui + T~ Xn

PDF of “distance” from the origin: r =
n=10 n=100 n=1,000
i A |1
i /A .. A os |
Il'I I'|I [ ]
|'I \ 04 I 04
'|' I',1 |
IIIlI I|IIII |l
I'II III", | |
'l,'l ."-._ 1 | I|II 0l | I
2 MWew N\ |
: 5 £ 4 0 0 H 1 0 20 5 2

n— o, x, > NHn1/2)

As the dimension grows, x,, becomes relatively narrower, a random
distance r will ‘surely’ have r € [\/n — &,+/n + €]




“Important ring”

limit-state surface

For n = 400, 95% probability is
contained within the ring 20 + 1,
and 99.99% is contained within the
ring 20 + 2.

Vn+e

>ui




Importance sampling strategy for large n

Au,
j

limit-state surface

Important Ring

M
o 1
P; =f0 0(r)f, (r)dr = M; 6(r)

where 0(r) = A¢(r)/A,

Forlargen, R = +/n
+ MCS: Pr = 0(V) = [ [r@) fy@da =~ 3, Ip(@) fy (@)

IrR(up) fu(uy)
h(u;;v)

» Importance Sampling: Py = %Z{-":l

Near-optimal sampling parameter v could be found by
pre-sampling of the CE-AIS technique




CE-AIS using von Mises-Fisher Mixture
(CE-AIS-vMFM, wang & Song 2016)

Sampling by “von Mises-Fisher Mixture” model

fomrm (W V) = ZI;§=1 ay fumr(U; Vi)

where YX_.ap, =1, ap >0forvk
0.6
V9%,
" /ég;:"f' 2
33) — K u T A
fomp (@) = cq(ic)e*¥ i =l
02 Jiss e
] =5,
Wy 27
| ol 7
e K. concentration parameter A -
. i -1 A
* u: mean direction

ay . weight for the k-th vMF

Wang, Z., and J. Song (2016). Cross-entropy-based adaptive importance sampling using von Mises—Fisher mixture for high
dimensional reliability analysis. Structural Safety. 59: 42-52.



Updating rules derived for CE-AIS-vMFM

XL @)W ;W)Y (2)

a, = _ -
SN )W (U w)
1
N u Y] I K
i, = ==t Ig (W)W (u;; w)Y; (zp)u; . |
B A5
BN, R@OW @ W)Y (2|
0.2 ,{;".'.....
R i
a2l A
fn— ¢ I E
L1=¢ N
where 4
N _ _ B
¢ _ IZE lr@OW (@5 W)Y, (2T |
ZIiV:1 I[r()W(a; w)Y;(z)
ay fomr(U;; Vi)
Yi(zk) = g

w=1 %k fomr(W;; Vi)




Procedures of CE-AIS-vMFM

1. Initializev —— 2. Sample from current density N
v

3. Update parameters v
v

es
5. Final IS <—— 4. Check convergence -

1. Pre-sampling to obtain near-optimal (i.e. minimum CE) vMFM
sampling density using updating rules

2. Perform the final IS on the hyper-sphere with radius \'n
(CE-AIS-VvMFM-1)

3. Alternatively, perform the final IS on hyper-spheres with radius drawn
from the y-distribution
(CE-AIS-VMFM-2)
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Example 1: Series system reliability in high-
dimension

G, () = f1v/n — z u;,Gx(u) = frv/n + 2 u;
i=1 =1

System failure domain: G;(u) < 0UGy,(u) <0
ﬁl — ﬁz - 35, n = 300

Updating of mean directions:

0.3 Step 0 03 Step 3 0.3~ Step 7 —
0.2 . i

3 § 01 | | g

% % ! '||v M w llam m”'!" l'] ‘ | %

§ § 00 H‘PIL M' \! hlfl “‘. 11’ llﬂll W“w w' §

w1 T T T T T T T T T 1 1 T T T T T T T T 1 T T T T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300




Example 2: Nonlinear random vibration
analysis of MDOF system

« Discrete representation of stochastic process representing
ground acceleration

(in frequency domain)

Ug (t) = Z;zzl oi[u; Cos(a)jt) + 1 sin(a)jt)]

where
u;, U;: Independent standard normal random variables @m m=6x10"kg
w;: discretized frequency points ky =2 10"N/m
®om
gj = /25 (wj)Aw k; = 4 x 10’N/m
S(w;): two-sided power spectrum density/PSD ®n
Aw: frequency step size ' k, = 5% 10’N/m
z
M P
| |
2 A 2 k; = 6 x 10’N/m
i x Ve




Example 2: Updating of vMFM

 |nstantaneous failure

Step O Step 1

0.3

0.2F
0.1

.“

-0.1

-0.2

-0.3 -0.3F

0.4 . . . . . 04 . . . . .
0o 50 100 150 200 250 300 o 50 100 150 200 250 300

* First-passage failure (series system)

Mean Direction
T

50 100 150 200 250 300



Example 2: Accuracy and efficiency of CE-
AlIS-vMFM

 |nstantaneous failure

Displ.
Threshold

Neoe (X 10%)  Pr(107%)  Nepe(x 10%)  Pr(107°)  Nie(x 10%)  Pr(107°)
0.005 0.36 183.3 0.36 196.9 193.7

0.01 0.21 49.6 0.21 52.6 55.4
0.02 1.13 2.3 1.55 3.1 2.9

0.03 0.82 0.03 1.24 0.04 275.93 0.04

» First passage failure (series system)

Nior (X 10%) Pf(10_3) Nior (X 10%) Pf(10_3) Nior (X 10%) Pf(10_3)
0.89 475 0.96 483 459

0.81 10.1 1.01 11.3 13.2

0.94 0.20 1.17 0.27 322.52 0.31
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Matiab® codes of CE-AIS

http:/systemreliability.wordpress.com/software/

Cross-entropy-based Adaptive Importance Sampling Using von

China)

Mises-Fisher Mixture for High Dimensional Reliability Analysis

s Developer: Ziqi Wang (currently at Earthquake Engineering
Research & Test Center, Guangzhou University, Guanzhou,

'« What it does: Perform adaptive importance sampling for

component and system reliability problems using the “Cross-

entropy-based Adaptive Importance Sampling Using von Mises-Fisher Mixture for

High Dimensional reliability analysis” (Wang and Song .
s Purpose of development: International collaborative res
reliability problem
s Reference: Wang, Z., and J. Song, Cross-entropy-based

sampling using von Mises—Fisher mixture for high dime

Structural Safety. Vol. 59, 42-52, 2016.

e Download: HERE

s How to use: Unzip the file into a local folder and set patl
“TestExample.m” to reproduce the results of 5.2 in the
Read “ReadMe.txt” for more details.

A Cross-entropy-based Adaptive Importance Sampling Using
) F "; Gaussian Mixture
s
/ ’-/ o Developer: Ryan H.Y. Wong (currently working at AECOM in
% /{‘f Hong Kong)
‘; P o What it does: Perform adaptive importance sampling for
v component and system reliability problems using the “Cross-

entropy-based Adaptive Importance Sampling Using Gaussian
Mixture” (Kurtz and Song 2013).

e Purpose of development: Undergraduate research to develop free computer codes for
state-of-the-art algorithms (sponsored by the Department of Civil and
Environmental Engineering at UIUC).

e Reference: N. Kurtz and]J. Song, “Cross-entropy-based Adaptive Importance

Sampling Using Gaussian Mixture,” Structural Safety, Vol. 42, pp. 35-44, 2013.

e Download: HERE (The “accepted author manuscript” of the paper is included)
o How to use: Unzip the file into a local folder and set paths. Run an input file (see the
examples and input file template). Then, run “ceaisgm.m”. Read “CEAISGM.txt” for

more details.
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