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Abstract:  The aim of this study was to design and construct an improved response surface method (RSM) based on weighted
regression for the anti-slide reliability analysis of concrete gravity dam. The limitation and lacuna of the traditional RSM were
briefly analyzed. Firstly, based on small experimental points, research was devoted to an improved RSM with singular value
decomposition techniques. Then, the method was used on the basis of weighted regression and deviation coefficient correction to
reduce iteration times and experimental points and improve the calculation method of checking point. Finally, a test example was
given to verify this method. Compared with other conventional algorithms, this method has some strong advantages: this algorithm
not only saves the arithmetic operations but also greatly enhances the calculation efficiency and the storage efficiency.
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1 Introduction

The basic purpose of structural reliability analy-
sis is to obtain the probabilistic responses of structural
systems with uncertain design parameters, such as
loadings, material parameters (strength, elastic
modulus, Poisson’s ratio, etc.), and shape dimensions.
Among the methods available for these problems, the
response surface method (RSM) is a powerful tool
(Liu and Moses, 1994). The theory and methods of
RSM have been developed significantly during the
last twenty years. Although from a theoretical view-
point, the field has reached a stage where the devel-
oped methodologies are becoming widespread, the
RSM used to analyze large structures is still a com-
plex and difficult task. To solve this problem, a rig-
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orous series of tests has been carried out. Moore and
Ping (1999) constructed confidence intervals about
the difference in mean responses at the stationary
point and alternate points based on the proposed
delta method and the F-projection method and
compared coverage probabilities and interval
widths. Zheng and Das (2000) proposed an im-
proved RSM and applied it to the reliability analy-
sis of a stiffened plate structure. Guan and Melchers
(2001) evaluated the effect of response surface pa-
rameter variation on structural reliability. Youn and
Choi (2004) proposed the hybrid mean value (HMV)
method for highly efficient and stable reliability based
the design optimization (RBDO) by evaluating the
probabilistic constraint effectively. Gupta and
Manohar (2004) used the RSM to study the ex-
tremes of von Mises stress in nonlinear structures
under Gaussian excitations. Gomes and Awruch
(2004) compared the RSM and the artificial neural
network (ANN) techniques. Kaymaz and McMahon
(2005) suggested a new response surface called
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ADAPRES, in which a weighted regression method
was applied in place of normal regression. Wong et al.
(2005) proposed an adaptive design approach to
overcome the problem that the solution of the reli-
ability analysis initially diverged when the loading
was applied in sequence in the non-linear finite
element (NLFE) analysis, and made several sugges-
tions to improve the robustness of RSM. Jiang et al.
(2006) improved the method to fit the indeterminate
coefficients of response surface. Jin and Yuan (2007)
presented an RSM based on the least-squares support
vector machines (LS-SLM) aiming at the reliability
analysis problems with implicit performance function.
Chebbah (2007) dealt with the optimization of tube
hydro forming parameters to reduce defects which
might occur at the end of forming process such as
necking and wrinkling by the RSM. Cheng et al.
(2008) presented a new ANN based the RSM in
conjunction with the uniform design method for pre-
dicting failure probability of structures. Gavin and
Yau (2008) used the higher order polynomials to
approximate the true limit state more accurately in
contrast to recently proposed algorithms which
focused on the positions of sample points to im-
prove the accuracy of the stochastic response sur-
face method (SRSM). Zou et al. (2008) presented an
accurate and efficient Monte Carlo simulation method
for limit-state-based reliability analysis at both
component and system levels, using a response sur-
face approximation of the failure indicator function.
Nguyen et al. (2009) proposed an adaptive construc-
tion of the numerical design, in which the response
surface was fitted by the weighted regression tech-
nigue, which allowed the fitting points to be weighted
according to their distance from the true failure sur-
face and their distance from the estimated design
point. To date, however, most reliability methods,
such as the first-order reliability method (FORM)
(Hong et al.,, 1999), the second-order reliability
method (SORM) (Koyluoglu and Nielsen, 1994; Der
Kiureghian and Dakessian, 1998), the weighted re-
gression method (WRM) (Qiu and Orazem, 2004;
Triantafyllopoulos, 2006), and the space reduced
weighted regression method (SRWRM) (Zhao and Lu,
2006), cannot be used to analyze large structures.
These traditional reliability methods have two aspects
of deficiencies. On one hand, limited state function is
usually implicit when we use a finite element method

(FEM) to analyze structure. It leads to difficulty in
obtaining implicit limited state function’s partial de-
rivatives for basic random variables. On the other
hand, to overcome the above defects, some reliability
methods use polynomial response surface function to
fit implicit limited state function, but the number of
basic random variables is very large when we analyze
large structures. And these reliability methods need
more experimental points to confirm the indetermi-
nate coefficients of these basic random variables. It
follows that, during the process, the calculation effi-
ciency and the storage efficiency of these methods are
very low. Even in some large structures, it is impos-
sible to obtain enough experimental points. Therefore,
most of reliability methods can be used only to ana-
lyze small structures.

In this paper, we established an improved RSM
based on the weighted regression from the aspects of
the regression of sample points, the selection of ex-
perimental points, the determined method of weight
matrix, and the calculation method of checking point.
And we demonstrated that the improved RSM can be
used to analyze large structures. Then we used this
method to analyze the anti-slide reliability of a con-
crete gravity dam. Finally, we gave a test example to
verify and analyze the convergence and stability of
the proposed method.

2 Establishment of the improved response
surface method based on weighted regres-
sion

In this section, we improve the RSM based on
weighted regression and make this method applicable
in large structures such as gravity dams. The algo-
rithm is shown to have good convergence and stabil-
ity and greatly enhances calculation efficiency and the
storage efficiency compared with other conventional
algorithms.

2.1 Establishment of the response surface func-
tion

Using a second-order polynomial response sur-
face function y(x) to fit the implicit limited state
function g(x), we have

Y(x)=by + 2 byx; + D], 1)
=1 =1
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where x; and n are basic random variables (in this
study, the basic random variables are random elastic
modulus of elements of gravity dam model) and the
number of basic random variables, respectively; by, b;,
and c; are indeterminate coefficients.

However, the number of basic random variables
is very large when we analyze large structures. It is
impossible to obtain the indeterminate coefficients by
the traditional RSM because we can obtain only m
sample points, which cannot reach the number of
2n+1 to fit the second-order polynomial response
surface function y(x). Thus, we try to use the second-
order polynomial response surface function j(x) to
best approximate the implicit limited state function
g(x) by m sample points.

We select m (m<2n+1) experimental points X;
(i=1, 2, ..., m), and calculate the implicit limit state
function value g(xj) which corresponds to the ex-
perimental points X;=[Xi1, Xiz, ..., xin]T, and then obtain
the sample vector y=[g(x1), 9(X2), ..., g(xm)]T.

Set b=[bg, by, ..., by, €1, Ca, ..., €] as the solu-
tion vector which is to be determined, and use m ex-
perimental points x; to compose the experimental
matrix A as

2 2 2

1 X X o Xy Xy X o Xy

2 2 2

_ 1 X21 X22 XZn X21 XZZ X2n

A=, T S

2 2 2

1 Xml Xm2 an Xml Xm2 an

)

By singular value decomposition of the experimental
matrix A, we have

oo
A=U VT, 3)

where X' is an mxm diagonal matrix, and U and V are
the m-order and (2n+1)-order unitary matrices, re-
spectively.

The solution vector b is given as

o [Et 0]
b—V{O Ju y. )

Set weight matrix M as an mxm diagonal matrix
which gives m experimental points x; weight value.

M = L ©)

Rewrite the solution vector b as

sz{(M:)l 0

O}U\AU] y. (6)

2.2 Establishment of the weight matrix M

The most important part of using the weighted
regression is to determine suitable weight factors. We
want to achieve two goals when using the second-
order polynomial response surface function j(x) to
approximate the implicit limited state function g(x).
The first goal is to have the value of the implicit lim-
ited state function g(x) equal to zero. The second goal
is to approximate the implicit limited state function
g(x) around checking the point xo. They are achieved
in this study as follows.

Among the responses from the implicit limited
state function corresponding to the design matrix, the
best design is selected based on closeness to a zero
value, which indicates that the experimental point is
close to the limit state. Thus, to achieve the first goal,
we establish the first optimization object function
as

géest = mnjln|g(xi)|- (7

Moreover, the center point x; is close to the
checking point X, in the iteration process, which in-
dicates that the experimental points closed to the
center point x; should obtain greater weight. Thus, to
achieve the second goal, we establish the second
optimization object function as

m
G = MaX | X; = X, (8)

Then, through the advantages of the above two
optimization object functions, we find the following
expression to be suitable to obtain the weight for each
experimental point:
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1 2
. Ohest Opest _"Xi -
W=a—=-+f 5

— Xl”z —
i |g(x.)| ] ,a+p=1 (9)

best

Thus, we establish the weight matrix M as

M =diag{w}. (10

2.3 Selection of m experimental points x; in the
initial iterative step

In the initial iterative step, we select m experi-
mental points Xx; as

) (VST (12)
Xi0 =[u, +r,0,,U, + 1205, Uy + 605, Uy +rinan]T’
i=2,3--m, j=12,---,n, @2)

where u; and o5 are the expected value and mean
square deviation of basic random variables x;, re-
spectively; rij is random number in the interval [-v, v],
where v is deviation factor.

2.4 Deviation factor adjusting

Deviation factor has an influence on the con-
vergence speed in the iterative procedure. Thus, to
improve the convergence speed, we adjust the devia-
tion factor in each iterative step as

kK _ k-1l k k k-1 k-1
A L] It I €

where k is the iterative step number.
2.5 Calculation method of checking point X

Derivation calculus to the second-order poly-
nomial response surface function y(x) is complex.
Thus, we adopt an improved method based on the
Lagrange multiplier rule as follows.

We can obtain the design checking point Xg
through solving the constrained optimization problem
Eq. (14) as

min A= (x,)

:\/(Xm_ul] +£X02_U2j +_._+[X0n_un]’ (14)
0y 0, Oq

st 9(%)=0,

where g is the reliability index.

Substituting Eg. (1) into the constrained opti-
mization problem Eq. (14), the constrained optimiza-
tion problem is rewrite as

2 2 2
minf(XO)z[Xm_ulj +[X02_UZJ +...+(X0n_un] ’
01 o, o,

st (%) =by + D bx, + D ¢;x¢, =0.
j=1 =

(15)

Based on the Lagrange multiplier rule, we can rewrite
the constrained optimization problem Eq. (15) as

fxm(xl)) +/1§x01(xo) = 0’

- 16
f,, (%) +48, (%)=0, (16)

Y(XO):O.

Unfolding Eq. (16) as
2/o0,+2c1 Xo1

210, +2c,4 X0z

210, +2C,A || X,
—Ab, +20,u,
/b, + 20,U,

-Ab, +20,u,
¥(%) =0. (17)

Then solve Eq. (17), and we can obtain

X == b+ 20N 12

0j j ) y & y I
21 (ho,)+ 2, 2

(18)

From Eqgs. (17) and (18), we find that the second-
order polynomial (o) is the single-variable 4 func-
tion. Thus, we have

¥(%,)=¥(2)=0. (19)
By the Binary Search, we can solve Eqg. (19) as
follows:
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Step 1: Taking two values /1, 4, to fit the condi-
tions $(11)x5(42)<0, and making A=(114+42)/2.

Step 2: When j(41)x5(4)<0, making A,=/ and
2=(Aa+42)/2.

Step 3: When 3(12)x5(4)<0, making 1;=1 and
/1=(/11+/12)/2.

Through the above iterative process, we can
obtain the value of the variable 4. Substituting 4 into
Eqg. (18), we can obtain the value of the design
checking point xo.

2.6 Basic steps of the improved response surface
method based on weighted regression

The basic steps of the improved RSM based on
weighted regression are as follows:

Step 1: In k iterative step, we obtain m experi-
mental points x; through Egs. (11) and (12). We cal-
culate the implicit limit state function value g(x;)
which corresponds to the experimental points x=[Xxi1,
Xi2, vees xin]T, and then obtain the sample vector
y=[9(x1), 9(X2), ..., g(xm)]". We obtain weight matrix
M by Eqgs. (7)—(10) and then get the solution vector b
by Eg. (6).

Step 2: We obtain checking point x§ by the
improved method based on the Lagrange multiplier
rule, and then we calculate center point x;™* at the

next iterative step as

kel 3 9(Xg)

ok K
S S T EETC M

Step 3: We obtain deviation factor Ve by
Eq. (13) and obtain m experimental points x; through
Egs. (11) and (12). If the reliability index ||fk—Bk-1l|<e,
stop the iterative procedure. If the reliability index
||Bk—Bk-1l|>e, return to Step 1.

2.7 Numerical example

We provide a numerical example to verify and
analyze the convergence and stability of this method.

Set the implicit limited state function g(x,y)=
exp(0.2x+6.2)—exp(0.47y+5.0), where basic random
variables x and y obey the standard normal distribu-
tion and «=0.7, p=0.3. We use two experimental
points in this method compared with 3-5 experi-
mental points used in other conventional algorithms.
We obtain the comparison result when using the same

initial deviation factor v° as shown in Table 1. We
obtain the iterative process when initial deviation
factor v°=3 as shown in Table 2.

Table 1 Final results of the example

Method Vv k B e (%)
FORM 2.3493 0.00
TLM 2 4 2.0944 10.85

3 6 1.8421 21.59

10 60 0.3939 83.23

WRM 2 4 2.3494 0.00
3 6 2.3508 0.06

10 8 24279 3.35

SRWRM 2 4 2.3496 0.01
3 6 2.3504 0.05

10 5 24270 331

Proposed 2 4 2.3492 0.00
method 3 6 2.3502 0.04
10 8 2.3557 0.27

FORM: first-order reliability method; TLM: traditional linear
method; WRM: weighted regression method; SRWRM: space
reduced weighted regression method; v’: initial deviation factor; k:
iterative step number; g: reliability index; e: relative error of reli-
ability index

Table 2 Iterative procedure of the example (initial de-
viation factor=3) in the proposed method

Ve k B e (%)
1.8371E-01 1 2.9446 25.33946
3.3100E-02 2 2.3664 0.72788
1.8370E-03 3 2.3504 0.04682
2.5969E-04 4 2.3503 0.04257
2.6841E-05 5 2.3503 0.04257
8.2334E-06 6 2.3502 0.03831
8.2334E-06 7 2.3499 0.02554
8.2334E-06 8 2.3493 0.00000

V% initial deviation factor; k: iterative step number; g: reliability
index; e: relative error of reliability index

3 Numerical analysis of the gravity dam
model

The gravity dam is 160 m high, the normal pool
level (NPL) is 155 m deep, and the level of the back of
the dam is 10 m deep. The elevations of upstream and
downstream broken-line sloping surface relative to
foundation plane are 80 m and 140 m, respectively.
The concrete strength of the gravity dam is C20. The
finite element model of the gravity dam is divided
into 2432 elements. The model consisted of 8-node
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iso-parametric plane elements for the dam and foun-
dation. The density of the dam is 2450 kg/m®, and the
Poisson’s ratio 4=0.18. The initial elastic modulus of
dam E=3.50 GPa. The density of rock foundation is
2700 kg/m®, and the Poisson’s ratio is 0.25. The initial
elastic modulus of rock foundation E=4.00 GPa, and
the parameters ¢=0.9, #=0.1. The cohesion ¢=0.62
MPa and the internal friction angle ¢=0.80. Applied
load includes gravity load, hydrostatic and uplift
pressure, and seismic load whose peak acceleration is
0.35¢.

The acceleration time course is shown in Fig. 1
and the dam model is shown in Fig. 2. The probability
distributions of all random parameters of each ele-
ment are shown in Table 3.

=
o

(mis?)

[ 1
= o o
o v o

(mis?)
o
o

L 1 1 1 (b) ]
0 5 10 15 20 25
Time (s)

Horizontal acceleration Vertical acceleration

Fig. 1 Time course of (a) vertical acceleration and (b)
horizontal acceleration

t
T

iy

s

.
7

Fig. 2 Sub zone of materials in dam and its foundation

At time t, we can obtain the anti-slide limited
state function of foundation plane h(x,t) as

Z(Ci +oue) ! (tyL)
>

where ci, oni, 7ni, @ni, and L; are the cohesion, normal
stress, shear stress, internal friction angle, and pro-
jection length of elements on the foundation plane,
respectively.

The implicit limited state function g(x) is given

h(x,t) =

-1, (1)

as

9(x) = Hii;n(h(x,t)). (22)

We regard g(x) as the final implicit limited state
function and use the proposed method to calculate the
anti-slide reliability of the concrete gravity dam. In
each iterative step of the proposed method, we use
only 10 functions and use the proposed method to
calculate the anti-slide reliability of the concrete
gravity dam. In each iterative step of the proposed
method, we use only 10 experimental points to ap-
proximate implicit limited state function g(x) while
the traditional RSM needs 4865 experimental points.
Thus, the proposed method saves a lot of storage
space and can be applied in analyzing large structures
such as gravity dams. The iterative procedure is
shown in Table 4, and the deviation factor iterative
procedure is shown in Fig. 3.

3.0
2.8
2.6
2.4
2.2
2.0
18
1.6
14

Deviation factor

1 2 3 4
Iterative step

Fig. 3 Deviation factor iterative procedure

Table 3 Probability distribution for elastic modulus of rock foundation and dam

Elastic modulus Probability distribution

Expected value (Pa) Coefficient of variation

Normal
Normal

Rock foundation
Dam

4.00E+10 0.1
3.50E+10 0.1
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Table 4 Iteration process of dam anti-slide reliability

v k p Anti-slide reliability (%)
3.0000 1 3.5172 99.98
2.8500 2 1.3350 90.91
1.8028 3 1.2005 88.50
1.3041 4 1.1506 87.50

Vv*: deviation factor; k: iterative step number; §: reliability index

The limit state function h(x,t) time course under
the condition of calculated elastic modulus is shown
in Fig. 4. From Fig. 3, we can conclude that the con-
vergence rate of the proposed method is rapid. From
Fig. 4, we find that how the limit state function h(x,t)
is always greater than zero, and the value range is
0.35-0.55. From Table 4, we can obtain the anti-slide
reliability as 87.50%.

0.6
c
2
g
2
£ 05
g
2]
E
5
()
=
S 04
1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 18 2
Time (s)
Fig. 4 Time course of the limit state function h(x,t)

4 Conclusions

In this paper, we briefly discussed the limitations
and deficiencies of the traditional RSM. We first re-
searched an improved RSM with singular value de-
composition techniques. Furthermore, we improved
the response surfaces method from the aspects of the
regression of sample points, the selection of experi-
mental points, the determined method of weight ma-
trix, and the calculation method of checking point.
Finally, we provided a test example to verify and
analyze the convergence and stability of this method.
Compared with other conventional algorithms, this
method reduces the amount of arithmetic operations
and greatly enhances calculation and storage effi-
ciency.

References

Chebbah, M.S., 2007. Response surface method for the rapid
design of process parameters in tube hydro forming.
Material Processing and Design, 7(2):455-460. [doi:10.
1063/1.2740853]

Cheng, J., Li, Q.S., Xiao, R.C., 2008. A new artificial neural
network-based response surface method for structural re-
liability analysis. Probabilistic Engineering Mechanics,
23(1):51-63. [doi:10.1016/j.probengmech2007.10.003]

Der Kiureghian, A., Dakessian, T., 1998. Multiple design
points in first and second-order reliability. Structural
Safety, 20(1):37-49. [doi:10.1016/S0167-4730(97)00026-
X]

Gavin, H.P, Yau, S.C., 2008. High-order limit state functions
in the response surface method for structural reliability
analysis. Structural Safety, 30(2):162-179. [doi:10.1016/].
strusafe.2006.10.003]

Gomes, H.M., Awruch, A.M., 2004. Comparison of response
surface and neural network with other methods for
structural reliability analysis. Structural Safety, 26(1):
49-67. [doi:10.1016/S0167-4730(03)00022-5]

Guan, X.L., Melchers, R.E., 2001. Effect of response surface
parameter variation on structural reliability estimates.
Structural Safety, 23(4):429-444. [doi:10.1016/S0167-
4730(02)00013-9]

Gupta, S., Manohar, C.S., 2004. Improved response surface
method for time variant reliability analysis of nonlinear
random structures under no stationary excitations.
Nonlinear Dynamics, 36(2-4):267-280. [do0i:10.1023/B:
NODY.0000045519.49715.93]

Hong, Y.J., Xing, J., Wang, J.B., 1999. A second-order third-
moment method for calculating the reliability of fatigue.
International Journal of Pressure Vessels and Piping,
76(8):567-570. [doi:10.1016/S0308-0161(99)00013-7]

Jiang, J.Q., Wu, C.G, Song, C.Y., 2006. Adaptive and iterative
gene selection based on least squares support vector re-
gression. Journal of Information & Computational Sci-
ence, 3(4):443-451.

Jin, W.L., Yuan, X.X., 2007. Response surface method based
on LS-SVM for structural reliability analysis. Journal of
Zhejiang University (Engineering Science), 41(1):44-47
(in Chinese).

Kaymaz, I., McMahon, C.A., 2005. A response surface method
based on weighted regression for structural reliability
analysis. Probabilistic Engineering Mechanics, 20(1):11-
17. [doi:10.1016/j.probengmech.2004.05.005]

Koyluoglu, H.U., Nielsen, S.R.K., 1994. New approximations
for SORM integrals. Structural Safety, 13(4):235-246.
[doi:10.1016/0167-4730(94)90031-0]

Liu, Y.W., Moses, F., 1994. A sequential response surface
method and its application in the reliability analysis of
aircraft structural system. Structural Safety, 16(1-2):39-
46. [doi:10.1016/0167-4730(94)00023-J]

Moore, L.J., Ping, S., 1999. Comparisons with the best in
response surface methodology. Statistics & Probability
Letters, 44(2):189-194. [doi:10.1016/S0167-7152(99)000
08-5]



Chen et al. / J Zhejiang Univ-Sci A (Appl Phys & Eng) 2010 11(6):432-439 439

Nguyen, X.S., Sellier, A., Duprat, F., Pons, G., 2009. Adaptive
response surface method based on a double weighted re-
gression technique. Probabilistic Engineering Mechanics,
24(2):135-143. [doi:10.1016/j.probengmech.2008.04.001]

Qiu, C.C., Orazem, M.E., 2004. A weighted nonlinear regres-
sion-based inverse model for interpretation of pipeline
survey data. Electrochimica Acta, 49(22-23):3965-3975.
[doi:10.1016/j.electacta.2004.03.045]

Triantafyllopoulos, K., 2006. Multivariate discount weighted
regression and local level models. Computational Statis-
tics & Data Analysis, 50(12):3702-3720. [doi:10.1016/
j.csda.2005.07.003]

Wong, S.M., Hobbs, R.E., Onof, C., 2005. An adaptive re-
sponse surface method for reliability analysis of struc-
tures with multiple loading sequences. Structural Safety,
27(4):287-308. [doi:10.1016/j.strusafe.2005.02.001]

Youn, B.D., Choi, K.K., 2004. A new response surface meth-
odology for reliability-based design optimization. Com-
puters & Structures, 82(2-3):241-256. [doi:10.1016/].
compstruc.2003.09.002]

Zhao, J., Lu, Z.Z., 2006. Response surface method for
reliability analysis of implicit limit state equation based
on weighted regression. Journal of Mechanical Strength,
28(4):512-516 (in Chinese).

Zheng, Y., Das, P.K., 2000. Improved response surface method
and its application to stiffened plate reliability analysis.
Engineering Structures, 22(5):544-551. [doi:10.1016/
S0141-0296(98)00136-9]

Zou, T., Mourelatos, Z.P., Mahadevan, S., Jian, T., 2008. An
indicator response surface method for simulation-based
reliability analysis. Journal of Mechanical Design, 130(7):
071401. [doi:10.1115/1.2918901]

www.zju.edu.cn/jzus; www.springerlink.com

Editor-in-Chief: Wei YANG
ISSN 1673-565X (Print), ISSN 1862-1775 (Online), monthly

Journal of Zhejiang University
SCIENCE A (Applied Physics & Engineering)

JZUS-A has been covered by SCI-E since 2007
Online submission: http://www.editorialmanager.com/zusa/

Welcome Your Contributions to JZUS-A

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering), covers research in
Applied Physics, Mechanical and Civil Engineering, Environmental Science and Energy, Materials
Science and Chemical Engineering, etc. We warmly and sincerely welcome scientists all over the
world to contribute Reviews, Articles, Science Letters, Reports, Technical Notes, Communications,
and Commentaries focused on Applied Physics & Engineering. Especially, Science Letters (4+
pages) would be published as soon as about 90 days (Note: detailed research articles can still be pub-

lished in the professional journals in the future after Science Letters is published by JZUS-A).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


