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AN ADAPTIVE RESPONSE SURFACE METHOD WITH CROSS TERMS
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Abstract: Accuracy and efficiency are important evaluation indexes of the approximate method. However, both
accuracy and efficiency could not be considered at the same time using the traditional quadratic response surface
method with cross terms or not. In order to overcome this problem, an adaptive response surface method is
proposed as an equilibrium point between the accuracy and efficiency. On the one hand, in order to ensure the
reasonability of the format of response surface, a criterion for judging the existence of cross terms is derived
mathematically in the present work. By combing this criterion with quadratic polynomial of all possible terms via
an indicative function, an adaptive response surface is proposed, which is more rational than traditional response
surface. On the other hand, an implementation algorithm for judging criterion is induced and then improved by
increasing experimental points according to the characters of reliability case. Then, an iterative scheme for
selecting points is introduced to improve the precision. Finally, the proposed method is verified by a mathematical
example and an engineering example. It is can be found from the results that: 1) The criterion is accurate and
effective; 2) The proposed response surface can reproduce the limit state surface if it is a quadratic polynomial; 3)

The proposed method is of fair accuracy and high efficiency for reliability analysis.

Wk HI: 2011-10-20; &k HI: 2012-03-31

FETH: HxK BRBHEERES T (50908243); R AARRAIE ST H (CSTC, 2009BB4191);  “+—117 5K WK A5 Jedas th 5 96 B R
LI H (20082x71315-001)

WRMER: 51979 ), YLVEN, YHIl, W, AGREM TR, BOHLR S/ HRR] 52 8 404 J5 T 15T (E-mail: davidfwl@126.com).

EH I k(1983 ), PUNIN, e, NZEEhH TR 957 40 R mT 520 43 A1 5 T () RF 5T (E-mail: zhangchuntaol @126.com);
4 1F R (1963 —), oA, %, 4, 1S, R4 TRER TR )24 5 T (A5 (E-mail: lizhengl@hotmail.com);
iOm1977—), BN, WL, AR CRRR AT S 2 404 J7 TR 7T (E-mail: fenghan102@gqql.com).

FEEA



A 69

Key words:

for selecting points

AR R A MBI R, SRR T SR AE
HAE I 1) AR RE 4 1F R 5 BT 2 T i A 2T,
AL R E B e AR AR Sy e AR S B
37000 3 7 1P S A o = e e SR e
R ot RE— AU RO N A — IR ) BE R £
TR, ARk BT WaARIE, B AR ]
175 A hRERRECH Bk g, HHA D BARA T .
BRI IS, SEPRSS T K 2R T a4 .
ik, BERESEH TR, R
RER (R HE— Ik B8, Monte Carlo 7%
Hr Z A mBARP, BRI BR i R 5 i 95!
S5, o, mapik i TRER . 5T, 3k
BT ZRE.

M S T 925 (1) 255 A JE AR R 3 X 17 B i 4
(X)) (B Ay 22 0 0 AR B2 5 ) 45 44 Tl e o 2L
gXOMAT W FERE AT, e, RIHDEREA il
A H A A7 BRI Bl BT S 1 AR BR IR 2 il
TP AR, WS I PR T o DA R RE A S 1 e
M 2 TRV (1) O . Rk 22 I X H Ao & FH )
M, BEARFEALE 1951 4F Box Al Wilson $2
S T AR BR T T 843 48 Ok — vk 2 i 1Y,
HRE A X — ik 2 AR, TFE RS
%, MMNRTFERCRG, U H RN ) 2
EFEAEFEAE X k2 Wik, Rl

gX)=gq, +zaixi +Zaiixi2 (D
i1 -1

A @12, ) HHEHLAZE: ag a F1 ay
(i=1,2, n) WFFE S, 3L 2n+1 Ao P22 DL
(1)} BERRE e S T JE I T 9T, X a5 3=
BT REA SR U7 ZAN R o 36 vt 72
{1 R LA 0 7 17 P (R A e R, AN R B
TRIG T VIV K228 Ay RO B A, DRt i
T A 25 (L A B0 (1) R R W A sy e 2 8 (0 A Xk
(VRGN 45 H8) 1) SR 25 S A 1 RS FE AN e 1)
D3, gk /N I 2R G RS )% 22, Bucher Al
Bourgund #i¢ H T IAAHORE K AL, RIS 56 TR 77
VA T AT AA A Y. T 45 IR B A, ARG USSR B R
WO EEE A, T IS AU S R
B BRAR A I, RS AT B B D, R, oy
AR T Z B REMMN ] . Guan F1 Melchers #8

structural reliability; adaptive response surface method; quadratic polynomial; cross terms; scheme

1T Bucher Al Bourgund J5 2+ 3% 5 S 06 45 B 1
smgt", Liu Al Moses %f Bucher Al Bourgund 7772
TG, B B N 2 kAR,
AT AE XIS TR T R s>, R
W B> SR R RIRT, N RO TR, AR, A
B A XIS 25 G ARG, RN AN A8 IR
R %42 1) I AR Fe oy A ), SO TR LA B
AFAEAH B2 (48 TR (LL s AR 2R PR 1% T  far 28RN 25
M2 E I BEALAR S (1 TE55) AR R AN G HE T .
Wong HaJ3eE 1 AN % Gt 0URT — AT ST ey 1 1] I
K HH T iR e p T S B oA, (RN oA
2 1R B A8 SCI Y M N 12 T W 2) B 1) 58 4
Rz, A
g(X)=a,+ Zaix,. + ZZaijxixj 2
i1

=1 =i

K, aps a; M ay WEPESEL, 3 0.57°+1.5n+1 4~
Faravellil'”. Rajashekher H! Ellingwood!" ' #j3 T- I+
ARTF T W AR, AN AT R T K
ER PR E FEAS 1L, IR TIRZEBIETL: i
J5i# A& X} Bucher Fil Bourgund J7 AR eicdt, 32k
IAEPI T SINAT XIRGE AR /i, Horpik QU
A5 Liu Al Moses [FRBRFEAR—3 . HIERHE4
Z I AR VSRR BE R, ] LS G b 3 S () A
BROARAS i, RV AT S R AR AT NS . A
W, 2 RS 43 A8 SUIHIR) — X Wi W2 1T NAZ 1T A o Zheng
H1 Das $2 H 73 A8 oo ST SEAR, B AR ek
W T ) At AR R IR B AN N 4 IR RN AT
1O, Yu 2590k Zheng F1 Das I 0 i 47 48
R IR AR ARG I ARG B, Tt
AT T 0k, e T IERHIE D D AAN AR R
TRIRRIAS SRR S AN, AR T
HAERE, HHAGEME, HIMEE TR, %
X TR, SRR N R,

K, A SCERE T ERE B RCR 45 T Wi N [
HRAE ST AR A AE I A W e L), A3 T A Y 1 5
s DT AT AR 5k 6 BRI 25 AT SR — 4 i [,
. 5 OARIE S ECCH R A Bucher
F1 Bourgund &t kAL T ML A, BlnTfS
FIWHE ) B, PR A IR IR
2 WA AN B A8 IR — ik 22 T 5 2 [A) - 4R 31—



70 T 2

I

ANBFIOPHE A, HO7 A T AT S AT«
1 32 5T A 1) b A
B RQATLLLL x, AHEA AL

g2(X)= [ao + Za,x, + Zz a,,x,x,, J +
I=1

1=1 m=1
1#i 1#i m#i

n
2
[a[ + Zalkkaxi +a;x; 3)
k=1

k#i
TR, Al
n n n
f()(xl" "X X "xn)=a0+zalxl+zzalmxlxm
=1

=1 m=l
1#i 1#i m#i

(42)

fl(xla'"axi—laxi+1a""xn)zai+Zaikxk (4b)
k=1
k#i
\'f'z&)%, fo(xl, o0ty Xiels Xitls °°°,xn)j'\j@/§ n—1 /[\’}E%Eg
SIREIWIALA fo)s filxr, ==, X, X1, =0, X)) N
& on—1 MR REZAW IR f). T,
KBRS N
§X) = fo + fix +a,x Q)
FAUML, fo R fi ATLA x; (5 # ) W FEAZ BT
5, FHEER eo) R @1(x), WIRFEE A 2T
X AR n-2 MR, FHIX n-2 PMEEH
jﬂﬁéﬁ, DIIJ (ﬂo(xj)%[l (ol(xj),fiﬂ‘j Xj B@#ﬁglﬁfio %
I, f‘(5)ﬂlﬁ*}ﬁ—lﬂg7’7
g(X) =@y (x;) + ¢ (x;)x, +aiixi2 (6)
Sk A0 o I T AT AEAE X A X A X, B
6% x (1751, ) CAE, ARJERE x; IR AN A R AE
OR @, A HAR N IR (6) I T4 i S T B B ) 22
fE, "5
AZ =[0y(x?) =y (xN]+ [0, (x?) = ()] - x,
@)
F ) P x4 500 xR 6P, I R(7)H
2, W
AAD) =[P = (] =x")  (®)
Bk,
AAZ) =0 [ (xP) - g (x")]=0

n
@
o {ai + Y ayx, +agx J
k=1

k#i,j

{a[ + i a,x, + aljxil)J =
ki)
< ay (xﬁz) —xﬁl)) =0<a;=0 9)
AHEUED], 0T g(X), LO)4ie
3RO o 25 83— MR E Y AT i Taylor 2 xUE T
H 2O ER, B, SO ZexT T—lkrk
BRAR AR 2. 52, 2N(9) BRI A 40 Wbl R
PR I A A AR AT IR )

2 Bi&ERy ey ik K& H K

FE Q)AL 15| ANAZ IR W e, 77 L
ARAT 3 N S T PR RGBSR

n n n n

_ 2

gX)=aqa, +z a.x; +Zaﬁxi +22aijl[xixj ]xl.xj
i=1 i=1

i=l j>i
(10)
Ko, Il xo PR S,
A LRI (11)
A=V0, v At

FRAEAZ SCIGURI BRI, 7] &5t 3 1 0 S T
T SEILA RN

1) # Xi ~N(ui, 6,), 70 B x=p; 1 x=u+ko; (k
NG ETED), HRABHIIME: 7 X AAFIES
A, I x; ATHCE S B AT A [R] O 1
Xf =1, n B FIRBIRATEE H n+1 DMFEA R

2) MR xmprtho, (i=1,+ m) Bl x=gtkay (j>i), 3
& n=2 MR, JEHE(n” —ny2 MREA R

3) MRE LR FEA ST SRR 2 AL AR S 0 Y
KA, X (7 R P B LS B T A ) Agmgl, o,
Xtk = x)-g(, X %) B Ag=gla,
Xitkoi, o, xitkoy 000, X0) =g (1,00, Xi 0, Xk, X)) o
AR AT SCITR BT RN, 5 P ZE (AN, T2
Ay Z B AFAERT EL 5, 22 ISP 35448 X x; x5
BN T I x]=1 A PIZEEAEAE, W2 T A
FEAEAE X X x;, (1) ITx;x7]=0.

4) B PR D~P5R 2)i B AEAS s B A] 7
S8 5 A8 IR M Y I8 )5 BB A, HZ i T e
HFASBERA 72 B BR A M T A7 T B R B —ql, Ay
BETT FERE N 0 MFEAS T, R x=u;—koy, FEARAZ R
Bl Sk ka2, R UER BRARZS i 75
FEA e, AT A B RS B2, 225 SRR (5]
IBESE, WTHL k=3,

5) A BB REAS ] 7 A R AUL B Y Y A



T ™

A 71

PV o Sy St DARSE AU ik s 2, SCh IR
8% Bucher fil Bourgund f3EAC 5k AR, Bpsk
i 7 T 2 S X 1 e S T R 3
HH X
__Gw gy
Gu)-G(X)
L, p AREBMEA R, BL Xy A, K
TR D)L 4) AT 2 Jr 0 2n ANFEA

6) M FIRFEA s AT 4 H B 28 (WA AT e i
AJ X I N T A Monte Carlo V25350 n] SE R,

¥ id 5 S 5 SCRRIS ERB T 4, SCr R O v
% T HIBIAS ST BAFAEII (0 —n)2 ANFEA A,
RAREANAS SN T 38— AN p B AT o 5l )
140 5 1 23 BT R T S ) D e 6 A e PR AT S A A
PE, TS IIREA ST s o
3 BEflath
B 1. Badh R B EA W R

g(x)=10+x2—x12+x1x3—x2x3 (13)

U, xps xo Bl s AR ST AR VE IE A RENL AR &
T g(x)=0 TSR,

MR, B D~PI 2)T e 7
ANFEAR AL, I ] W 25 A8 SRR AR, AT
S FEN I N T TE A, PR R R TR 1. HUFE
A i Py(3,0,0), AHRATLRIEA LD P1(0,0,0), x; HE{E
N3, BRBUHNZEAN 9 FHIUFEA T Pa(3,3,0), #H
XFFREA S P3(0,3,0), x0 Fl xs B @ AAR, x) #84H
3, HEREZEMET A 9. FILF KA R B
WRRAEDN, P8 3) A Mxx]=0, 2
AAEAEAS XN 1000 [FJHE, AR 2D ER 3)nT 4] 2 1t
ﬁ*é\ﬁiylﬁ X1X3 %l] X2X3» 5:—&(13)[@%, :'J'ﬁﬁE
T ) I

eGP HEIE 3 MFEA (-3,0,0)-
(0,=3,0)F1(0,0,-3), I FH [F1 U= 43 B ml #ff 5 A7) 46 v
T, [FIB T JC VA4 LI 5 0 X R AR AR N
(2.279,-0.881,-1.242), #RJ&, HRHELIR 5)nTafiE B
(13 S AT 6 ASFTIIREA fi o LR AR Bk
FEA s HEAT 01U 20 B, P o 248 11 [ 3 12 1) 12 T
Hg(x)=10+x, —x7 + x5 — x,%;» HRA3)5E4H
), 2R W SRV X - VR I 0 B DR 4 i T i i A
(), RIS FROARZS it i Ao 55 58 IRt . )i
FIH] Monte Carlo {(AEECH 1x10°, RIE) A4
H R 0.50%

Xy =pu+X —p

x1 BEMBEEEREHEDE

Table 1 The format of adaptive response surface

FEAS BRI BE FAH
x| P1(0,0,0), P»(3,0,0) g1=10, g=1 g-g1=-9
X2 P5(0,3,0), P4(3,3,0) 2+=13, g,=4 24+—g3=-9
x| P1(0,0,0), P»(3,0,0) &1=10, g&>=1 g&1=-9
X3 P5(0,0,3), Pe(3,0,3) g5=10, g=10 86=85=0
x2 P1(0,0,0), P3(0,3,0) &1=10, g=13 8413
X3 P5(0,0,3), P+(0,3,3) gs=10, g7=4 gr85=—6

A AE X 1063 FH x5, W TTE A =

RN
e 2
agtagxtopxytasxtag 1x12+a22xz +(133X32+(113x 1X31003X0X3

B2 MIEBEEERIATSERE o b: 0TI 1 TosaT 28
GEREE TR RS AN 10em ROFTSERE . Hoth, 0%
FE AT B RN SRR SL 4 AN BT ) 1 AR B AL AR
H, I E~NQ2.1x10%, 2.1x10°)kN/cm®, p~N(50,
75N, po Fl ps 5 pi [dlo S48, AR AL A 7
SEPEAE R, HUE A 20cm?’.

[
l

[ _
NI
'3

o \

20!
D(x) il

6x400cm

Bl M i s
Fig.1 Truss-type girder
Dy, %] A R 1) L e R BT R A
2(x)=10-D(x) (14)
A, DE)FRIREFAFE, x=(E, p1, p2, p3)RANIEAR
BRI . WK, Deo)kRAREL, M geo)IRN
BRI, TTH I SV R SR AR L T R
Wik EREAS U 55 D) 8 BR U I 75 SR FH &5 4 43
Mok, SRV RS B 1 SEAHIR], BRIk,
SCPATH A eI SO AR, G g R R
1) FHAC SCIGUH W DU R 60, e 7 T e AN 7
Ep\~ Ep, 1 Eps 3£ 3 M X
2) BTG VLA -
2(x)=-0.2567+8.64x10*E~0.13p, —
9.14 x107 p, =3.27x107 p;, —
1.79x10° E* —4.94x107° p/ -
9.88x107° p; —4.94x107° p7 +
2.69x10°Ep, +1.89x107° Ep, +
6.78x107 Ep, (15)

F) ] Monte Carlo 7 0] 715 H R BAEE 4 1.09%.
3) H LM NN



72 T 2

2
5

g(x)=-1.988+1.14x10*E~0.146p,~0.106 p, —
438107 p, —2.90x10°E* —1.24x107* p{ —

1.26x107 p; —=1.30x107* p3 +4.10x10° Ep, +

3.25x10°Ep, +1.87x107° Ep,
520 N RN A 1.13%.

[{] I, FI ) ANSYS #44:1#) Monte Carlo %75
R 1.16%, L5t 28 i) W T PR 2R 80 324X
AHZE 2.59%0 AHJE R FH AR GE IR AN T A8 S0 i) 1. 1]
%, W4 Bucher 1% 5577 58, J0 I P AT 20 1
INATTSE

g(x)=-5.7783+1.127x10° E - 0.0734 p, —

0.0517p, —0.0185p, —1.789x10°* E* —

9.877x107* p2 (17)
XF I R R 0.86%, SR ANSYS 14 H
() AR R HI M 2 25.86% o 1] W ETVE AT IR 7
RUREIE, Bouk 1 @7V A 25

WEAR, K TSR AT B (R 46 W . ] A1 S5 £ 1)
VT H 5 R 2R 5 Monte Carlo BEULEE R L
BaTan, AR A R

4 g

B o) A 4 W I TV A W) 12 T T U 8 30
TELHE75 FER ERUSCR IR OL R, A Sl ™ K5 1
P HES, 4 T AT AR SRR it T v A8 2 1
FEAERHEN], JE¥ 2 SN VA &, 3R 7]
H Bl BUAZ I [ I&E N NS . BT R 58
TEBENR R RIMYEEER, WRA S, 18
UCEEAE b, Rad TAHN RSBSOSt v SRS
F£, ST IRGIN T kAR ) JEAR, AT e RS A
WA FHE] T — AN H V5 . Ba, R
SEEVSCPR) A 8 T 23 0 IS AN S EAT T 404, 45 2R
Tl T kS WA Hhdm, g worik
A LESE A, i sRA RS S N T — k) T
PRI, ARG /b BEREAS SR A E ARG
PRARFRRG R, BoiE 1 g BT VA R ad PR Rk
%%iﬁk:

[1] GB 50068-2001, %47 45 1y w] 5E £ B vk G — br E[S].

Jb5: o EESL TR AL, 2001.

GB 50068-2001, Unified standard for reliability design

of building structures [S]. Beijing: Chinese Building
Industry Press, 2001. (in Chinese)

(16)

[13]

[14]

AR, TR AT SEE M), B Rt KA AL,
1984: 42—68.

Zhao Guofan. Reliability for engineering structures [M].
Beijing: Hydraulic Press, 1984: 42—68. (in Chinese)
Rubinstein R Y, Kroese D P. Simulation and the monte
carlo method [M]. New York: John Wiley & Sons, 2008:
167—199.

Haldar A, Mahadevan S. Reliability assessment using
stochastic finite element analysis [M]. New York: John
Wiley & Sons, 2000: 197—262.

Bucher C G, Bourgund U. A fast and efficient response
surface approach for structural reliability problems [J].
Structural Safety, 1990, 7: 57— 66.

Kim S H, Na S W. Response surface method using
vector projected sampling points [J]. Structural Safety,
1997, 19(1): 3—19.

Myers R H, Montgomery D C. Response surface
methodology [M]. New York: John Wiley and Sons,
1995: 12—29.

Rackwitz R. Reliability analysis - a review and some
perspectives [J]. Structural Safety, 2001, 23: 365—395.
Bucher C G, Most T. A comparison of approximate
response function in structural reliability analysis [J].
Structural Safety, 2008, 23: 154—163.

Box G E P, Wilson K B. On the experimental attainment
of optimum conditions [J].
Statistical Society, Series B (Methodological), 1951,
13(1): 1—45.

Guan X L, Melchers R E. Effect of response surface
parameter variation on structural reliability estimates [J].
Structural Safety, 2001, 23: 429—444.

Liu Y W, Moses F. A sequential response surface

Journal of the Royal

method and its application in the reliability analysis of
aircraft structural systems [J]. Structural Safety, 1994, 16:
39—46.

Wong F S. Uncertainties in dynamic soil-structure
interaction [J]. Journal of Engineering Mechanics, 1984,
110(2): 308 —324.

Faravelli A. Response surface approach for reliability
analysis [J]. Journal of Engineering Mechanics, 1989,
115(12): 2763 —2781.

Rajashekher M R, Ellingwood B R. A new look at the
response surface approach for reliability analysis [J].
Structural Safety, 1993, 12: 205—220.

Zheng Y, Das P K. Improved response surface method
and its application to stiffened plate reliability analysis
[J]. Engineering Structures, 2000, 22: 544—551.

Yu L, Das P K, Zheng Y. Stepwise response surface
method and its application in reliability analysis of ship
hull structure [J]. Journal of Offshore Mechanics and
Arctic Engineering, 2002, 124(4): 266—270.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


