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Important national infrastructures are usually considered as a
typical complex adaptive system. In recent years, it is becoming a trend
to use the technologies developed in Computer Science to assist the
analysis of the vulnerability of critical infrastructures. Typical stages in
the framework of such an approach include: a screening analysis for
identifying its vulnerability of the critical infrastructure and a detailed
modeling of the operational dynamics of the identified parts for gaining
insights about the vulnerability. In this project, we attempt to use the
network of electric power supply as an example to build the
interdependency model for infrastructure and use network analysis as
well as object-oriented modeling to discover the vulnerability embedded
in critical infrastructures. We have derived the algorithm for analyzing
vulnerability and reliability of complex network. We have also
succeeded in constructing Barabasi and Albert (BA) networks and
random network as examples of power network to analyze their
vulnerability under attacks. In addition, we have adopted the Repast
simulation platform to build an agent-based simulation testbed for
power network interdependency in Taiwan. Test scenarios and
visualization tools have been built to verify the simulation model. In
summary, we have built a good analytical model and a new research
method for the study of national infrastructure. And as a result, the
conclusions drawn in this study can be used as an important reference
for decision making by the government.
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for each D;in D
do
r := determineRequest(d, P)
requestDispatcher(D;, 1)
end

gain := collectRecievedMW( D )
S := determineStatus(gain, d)

a?ﬂﬂAﬁ@ﬁﬂéﬁﬁitwémJF RIL A chg o BIEEA R
R Ao pLobe R (NI A L & R AT dpig &&*WAAﬁmmL’ﬁw%w
KA AP PR S R IR A o Bofs HMTH R LT ERAEAFAAE R
F oo ABET AP AP AEAL R RBIEARTOEE > LT RAK
TARLRER DL P HRIEA o pldr ! - BRIAEERT I BEFNT S
HeY - BREALFIRER > A ¥ - BI- Lenh®mPP > PEFRELAFFRERLD
#@T’Ffjf‘ui%ﬁélﬁ °
R A AP RET AR FARAEA RN R J‘»—E!LIFF‘G;%
o RIZ A g 4 b Bl AR 0 R 4 LB RIRT o R RIRA L € F A
F - BRABEIEA ARG AETF L ApRRT RN l]’gm‘,}:)‘l‘fq—\lﬁ%’fgimﬁ
Mo BEA R IS SR o T LRy £k g A -
d := collectDemandMW(C)
for each O;in O
do

r := determineRequest(d, P)
requestOperator(O;, 1)
end
gain := collectRecievedMW(O)
S := determineStatus(gain, d)
dispatchRecievedMW(C, P, S)
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d := collectDemandMW(D)
M := collectPotential MW(PP)
if M >=d then
for each PP; in PP
do
r := determineGenPower(d, P)
generatePower(PP;, r)
end
else
for each O; in O
do
r := determineRequest(d, P)
borrowFromOperator(O;, 1)
end
gain := collectRecievedMW(PP, O)
S := determineStatus(gain, d)
dispatchRecievedMW(C, P, S)
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for each G; in G

do
r := determineGenPower(demand, P)
generatePower(G;, 1)

end

gain := collectGenerateMW(G)

S := determineStatus(gain, demand)
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if not damage then
target := demand / MW
w := approachToTargetWR (target)
else
recoveryFromDamage(r)
end if
selfProtection(P)
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Year  Full Network Size LC Size LC% Y Vi s
2004 3438 3166 92.09 1.96 2.19
2005 6317 5901 93.42 1.85 2.00
2006 7890 7622 96.60 1.77 1.90
2007 9376 9193 98.05 1.78 1.90
2008 9116 9001 98.74 1.75 1.87
2009 8722 8650 99.18 1.68 1.77
2010 8998 8802 97.82 1.74 1.88
2011 5055 4979 98.50 1.79 2.08
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) Clustering Coefficient Path Length Small World Q
Year size k Y " "
Local Global Random BA model Random Local Global
2004 3166 2.72 0.010 0.0038 0.0020 3.89 4.60 591 225
2005 5901 2.63 0.009 0.0061 0.0017 3.74 4.41 624 4.23
2006 7622 10 2.62 0.008 0.0061 0.0013 3.59 4.13 7.08  5.40
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2011 4979 12 2.54 0.013 0.0100 0.0027 3.30 3.69 538 4.14
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The first 25 most critical lines in IEEE-118 test system.

s 33 14 4 47 % % [Bompard et al. (2011) Electric Power

Rank 1D of lines Tl I0 of lines AAMYY
1 100 1 0 0.117
2 93 0.7785 100 0.0772
3 121 0.7600 93 0.0693
4 122 0.7609 121 0.0577
5 54 0.6642 122 0.0577
& 30 0.542 106 00528
7 8 0.4154 54 0.0513
g 123 0.4136 66 0.0498
g a5 0.4122 17 0.0483
10 o3 0.408 8 0.0456
11 148 0.3573 108 0.0455
12 7 0.3921 107 0.0451
12 94 0.3743 124 0.0371
14 156 0.3737 115 0.0266
15 36 0.3494 105 0.0335
16 115 0.3445 123 00315
17 103 0.3351 152 00311
18 51 0.3292 I8 0.0301
19 6 0.3215 156 0.0293
20 38 0.3195 135 0.0292
2 106 0.3185 32 0.029
22 124 0.3102 178 0.029
23 135 0.2967 94 00287
24 107 0.2549 171 0.0283
25 119 0.2732 146 0.0278
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. 5 = X
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Taichung Central
Demand:2000MW Central Operator -
. . p * % 600MW x 3
Yunlin Dispatcher
Demand:1400MW
) ) 500MW x 2
SouthScience SouthScience Southern .
Demand:3000MW Dispatcher Operator wiE >50MW x 2
' p p 450MW x 3
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164MW x 5
Tainan 5 0 289MW x 3
Demand:3000MW 25IMW x 1
300MW x 2
Southern 375MW x 2
Kaohsiung Dispatcher R 500MW x 1
Demand:3000MW 550MW x 1
43MW x 4
i = 951IMW x 2
BP BRI DS AERN o F R LSRR ) LR
4 TR E o LLbfv} y F — ,[;Fl;}gd.;w A 7 B —S.Lr% r“iiffljrr!’ , LLL";: "lﬁiffl,j‘:’{
¥#¥ o b'ﬁr»}g TR ANIE A A it P o 1 (T S :vrg{ O% o Ak - BRI S
LOPZRY o A PRPIRAIE A 2 FhiET 7L T ar TR o d AR EEAT G D
FLPARAD W2 kgL 0% (W= )0 15 B R
R KR L et L0 B S i R ALY R
FREERTAEA BELARATL c A AR AT REZL G RE 0 £
ﬂ BRDOTRMAZABRREFEF LT NFEL o d NP F 77 aflsnk > Flpt
PR R NI g - R TR B EEE BRI g T e
1iERFENRALERTAPE FRT A R EE Tk iy (B
11:?::?3&1011 T Rate l'nhhp'sﬂm'l I 'Vcdfr—ﬂiw, } :::;-Zgir;p:ﬂn? ]
HHH adenind p‘ufe'rn..-;nna HHH
[Taipet Ehiing i iilin]
e e r N taaeateEeeat :
B C/T-MEC 127160423206 || | 4T G/T- 50/207000 ] | T BAW:3990.40/200000 -+ | a o IR TR Y
| T:f 110 Terhp: 80.00 1)-Rate: 16801300 Terngs: &0. T -Rlate: 1. 00 Tern;z 80.00. | R 90 Temp. CAT-Rat 80,00 L T -Ratei 1. 0D Tegng: 0]
;:m IWjDDT!mn 000 | | —kae—m;f.u‘u‘iain.'r.étmoF |1 en)-Rate: .00/ &;enp;sbuo,i', CIT-Rare; 3174 e B0 e m‘.mﬁ’iw 00 | 111 T &/ Rake{ 100,800 Temp: §0.
(AN RSN I nmE';n)gnr.-.m‘um: kv flta0 Yemp:Boio0 ||| i Rate a1l vemp 8000 | | || C/T-satel b1 o ety folo
e aroa T 000 | e fempiog | . Rt g Tereigo
.l T L e ko vemp: oo 1L €AT-Ratel 404110 Tetnp: f0l0
AR | Wi ER oot v Insdigdl
C/T Rt 91/, Boop || | {/i-Ratel]. e $0,
':i'rru.1 0 Temp: BO.00 /T -Rate: 00 Temg: £0l0
C/T-Rate 1 | Tefp 000 [
C/T-Rate: *omi.op =mp: B0[0,
H R e Tpe
Bt~ 5l KRR FRHT S pRTGRE
Tr;}%_i’g“ﬁir“fé * g —F‘f fim 3 5 chr i o ,'ﬁ;ﬁi%'}}i’%‘f'ﬁﬁlﬁ'«_‘ SN
%Whﬁﬂ@waﬁdw-AﬂﬂIWJT*iigiﬁﬁ”“ﬁ0&25ﬁ%ﬁ?U@4nﬁ%%
Fo BERTAEA BRELAR AT A BR AT L AT REEA PP

26




E°ﬁgwﬁﬁd?ﬂ*w‘mﬁﬁﬁﬁ’%m%*WAﬁpﬁl

}Gﬂ:b*ﬁ!,_ 5:-70/1908.00
| ¢/T-Rate;. L 10 Témp:|80.00

- G/T-MW: 125200403
/- la_le;.g'f]}]x 00 T4

| Fﬂf—ﬂatve: 1.00/? 10 ?ernp

f
-+

T-Rate: 98].80 Temp: £0.00
1] C[I'-Rate:jf’l‘ﬁo Temp: BO.00
| Ic/T-Rate: .98/, OLer\b: 80LOD

@4i\ﬂ@dﬁ%ﬁmmeW%’%m%*WAmlﬁﬁ$?ﬁﬁ$°

Taipei
Actuatviw2006.0
North D/P-MW: 2000.00/5242.00 A/B/1-MW: 4344.80/.00/-1532.4

| B CT-MW 97135/B5a00— | | T C/T-MW: 150437/1477.50 | T H#HCA-MW: 1869.08/2204.0
_2T_$ .Wﬂ Temp: 8000 | | | | -_EEE tj: .;5}(.‘80 Temp: B0.0O C/T-Rate .9}? 1‘ 10 Temp:80.00

C/T-Rate: .57/.0 Tenp: 50,00 [T TJic/T-Rate: .57).70 Temp: 50.00 [ C/T-Rate .*[yiOTqmp: 80.40
[ €/T-Rate;.93/1.10Temp{80.00

0

L/T-Rate].93/1[10 Tﬁ mp:| 80.
A

B %~ 4§ Taipei 0§ 4% 5 2000MW FF » 7 5 S04 T e 50 B o

FETRAPLZRREEELTOE L > d WEFWOY T RF C GARS "T*“'gﬁ’”ff ’
gt 2% e '2 i CentralOperator i& 1 34 & R IZ A F i) 7 d" ZA Talchung )
Yunlin f= CenterScience «1#* & % & 3 *? Nt T %5 2 im?i A RART MR
#% (B®l= + - ) e gt pF SouthernOperator = NorthernOperator i& 7 i 74 & 32 4
T R vAF R T W B asp 7 B oo gt PFS P Taipel e0F R
BB o NP IEY NorthernOperator T B & AL ¢ % CentralOperator 4
T k0% & Taipei T i) § F HILA o @ 'ﬂ%iﬁﬂi‘i)@ﬁ??&? f"‘ R RPBRA I
Py FER - PR Fpt AP Ipd) Taipei € BRI A4 T TR o A R

R IE A (T L e hofp Ep Po(4r@z Lz ~z2L=

|
|

[raipeil | i [ cemterseience| | 1| | Tikheng | ||| gnln
1 t 1 1 North p/p- poysaaz.ob arsfi-mw s22 ook 0os-2a2.0 I 1 I i o e Cerpter D/P-
A CT-MW 1274000127 T /- MW 0.0p/1970.00 - [~ TG bawW: P00 o LSO MW 25

-tate: 1.004100 Ternp: B0.00] | C/1}-Rate: 1.0011.0 Temp 0.0 | cnn- t‘e-'lﬂ&;.g_:f_‘[m_ﬂgbn' || e/ ipate: 5B S0 Tepnp: B dte- 60).60 Temp: 0.0
C/T-Rate: 1. ﬂ‘f.ﬂoTlmﬁm | || Q/T-Rate: 1.00, ‘14001',“;1&0, 1 1 Afﬁ'ﬂﬂllfl—oﬂf‘fp‘a:m 80.00 || [C/T-Rate: 50/.50{Femp: 80.00 I CAT-Rate: . UI—‘DYF“P B0.00 I
N NN T I /1-Rate: 10/ am'g‘l]un L] o fRate: Temp: B U] lc/T-Rate: 601160 Temp: BO.0) |

-ate: 0071100 Terp 80,00 | || C/-Rate 5070 Kemp: 000 | ||| |
C/T{Rate: [50}I50 Tejnp: BOLOL
| CAT-Rate 60750 Temp: 0,00
C/T-Rate: 50 Temp: B
CAT-Rate
i
C/T-Rate: .| Temp:

Bl L - A RAr? Rt 7 REET &L B 5 5000/5242 f-3400/6480 MW



s
C/T-Ratk: 1.

=)

3]

-Rate: [L.GOY1 |10 Temp: 80. C/T}-Rate: 1.§0Y110 Temp: 80. o/ :.
C/T-Rate: 1| ) Temp: B0, —Fite'LﬁEi Terhp: 80 Q/T-Ratk: 1.00;

Bl-t=2 5@ FTFRFGE A REAPIET D

:;g.
%
&=

BSAPRPRENETL LT AR PR F L IeF R AR

{6 p AR IEAR o dow i > AP E RIE A & R e 1@ g gl bt
m“g*’ﬁ*%&%ﬁﬁzkﬁﬁﬁlﬁ%p°égi ik
TWAE - B R AT AE AR R IR b R T AT R
s gk o kR i"ﬁ'&miﬁvfrkﬁr:ﬁ;ﬂ iR R o L“‘?’Lﬂ&mox%/ﬁ
% tg o A\ d’MEﬁF FEIJ% FOFE T WM BHEOREA G IERDRT 0
WHE RAT A A R TUEZETES, TR oy IAPRFRL
AEATNF A *ﬂ*mwﬁ°%%%ﬁﬁé’%wvuiﬂ%m%kﬁ@ﬁ
hi & prlr’d FEEAL T UL REIALSHT S o (doFlZ L s

BloLm o~ 03 AT Bk > HBSHEFE 70 BB L

28



B

AAE - BT AN AR ks PHEBEFHE iR
AR A AR T R AR ok SRR RIR AL o A AP
ST A AR A A T BRI A A T R 2R SR AL Y
13—'-* BRGSO RER éiiiii"’ Aehfd L H B B o B A

?

\ )S\'

- BHEDER  WEO AFARTT  REARSI S FrRET AR
7 & el FEld o fs‘_ﬁm‘%% M BRFERE K 5N 2 f#_i’ﬁ'xi‘l’ ES Y | I Pz{;lmﬂ;
fEo 4 FERT E - BRIEAT AR o @ Ry A A PIEERRA
g o pleb iy 2 glﬁ g, Pa:’—ﬁ%ﬁ#ﬂﬁ oo AL R 0 M &zpéf
BRAECE S SIS S RIpEEFERESEs 6 2 23bh <
ﬂﬁ&iﬁﬁé’luBA%Vﬁa&t*J%F WiEE T4 REE I

PV Rl TRP 0 BAREFL T4 RRaORFFAIMT EE

BA KRR A PL FFREADEFE R OTREA R 2 TR
EF ARG kBT APp S NI R o AL F AR gk (AR
W 59 R ;'14“*{?«€49+’?m“%fé5‘;#—ﬁ\pﬂfm’:np RN QAN L

TN o % T RFTEA AP RN (Fah T 5 o B AP AE Tl
i%'l%‘?ﬁﬁié ’fé-i:".{ ’m‘"‘*’ﬁﬁiwﬁnl e ug el A8 o

29



[1] M. Anim, Toward self-healing energy infrastructure systems, Computer
Applications in Power, IEEE, 14, pp.20-28, (2001).

[2] F. Cadini, E. Zio, C.-A. Petrescu, Using Centrality Measures to Rank the
Importance of the Components of a Complex Network Infrastructure, in: R.
Setola, S. Geretshuber (Eds.) Critical Information Infrastructure Security,
Springer Berlin / Heidelberg, pp. 155-167, (2009).

[3] E. Casalicchio, E. Galli, S. Tucci, Federated Agent-based Modeling and
Simulation Approach to Study Interdependencies in IT Critical Infrastructures,
in: Proc. of the 11th IEEE Intl. Symp. on Distributed Simulation and Real-Time
Applications, IEEE Computer Society, pp. 182-189, (2007).

[4] E. Casalicchio, E. Galli, S. Tucci, Modeling and Simulation of Complex
Interdependent Systems: A Federated Agent-Based Approach, in: Critical
Information Infrastructure Security, Springer-Verlag, pp. 72-83, (2009).

[5] F. Cadini, E. Zio, C.-A. Petrescu, in Critical Information Infrastructure
Security, R. Setola, S. Geretshuber, Eds. (Springer Berlin / Heidelberg, 2009),
vol. 5508, pp. 155-167, (2009).

[6] P. Crucitti, V. Latora, M. Marchiori, Model for cascading failures in complex
networks, Physical Review E, 69 (2004).

[7]1 P. Crucitti, V. Latora, M. Marchiori, A topological analysis of the Italian electric
power grid, Physica A, 338 (2004) 92-97.

[8] P. Crucitti, V. Latora, M. Marchiori, Locating critical lines in high-voltage
electrical power grids, Fluctuation and Noise Letters, 5 (2005).W. Eusgeld, G.
Kroger, M. Sansavini, E. Schlédpfer, Zio, Reliability Engineering & System
Safety, 94, 954 (2009).

[9] L Eusgeld, W. Kroger, G. Sansavini, M. Schlipfer, E. Zio, The role of network
theory and object-oriented modeling within a framework for the vulnerability
analysis of critical infrastructures, Reliability Engineering & System Safety, 94,
pp-954-963 (2009).

[10] S. A. Harp, S. Brignone, B. F. Wollenberg, T. Samad, Control Systems, IEEE 20,
53 (2000).

[11] V. Latora, M. Marchiori, Physical Review Letter 87, (2001).

[12] C.M. Macal, M.J. North, Agent-based Modeling and Simulation, in: 2009
Winter Simulation Conference, (2009).

[13] R.C. Mihailescu, M. Vasirani, S. Ossowski, Towards Agent-Based Virtual
Power Stations via Multi-Level Coalition Formation, iaurjces, (2010).

[14] S. Panzieri, R. Setola, G. Ulivi, An agent based simulator for critical
interdependent infrastructures, (2004).

[15] S.M. Rinaldi, J.P. Peerenboom, T.K. Kelly, Identifying, Understanding, and
Analyzing Critical Infrastructure Interdependencies, /EEE control systems
magazine, 21, pp.11-25, (2001).

[16] V. Rosato, S. Bologna, F. Tiriticco, Topological properties of high-voltage
electrical transmission networks. Electric Power Systems Research, 77, 99-105
(2007).

[17] M. Saleem, M. Lind, M. Veloso, paper presented at the ATES (2010).

[18] M. Schiile, R. Herrler, F. Kliigl, in Multiagent System Technologies, G.
Lindemann, J. Denzinger, I. Timm, R. Unland, Eds. (Springer Berlin /
Heidelberg, 2004), vol. 3187, pp. 228-242, (2004).

30



[19] L. Tolbert, H. Qi, F. Peng, in Proc. Power Engineering Society Summer
Meeting, pp. 1676-1679, (2001).

[20] E. Zio, R. Piccinelli, Reliability Engineering & System Safety 95, 379 (2010).

[21] C. M. R. S, E. Zio, Reliability Engineering & System Safety 89, 219 (2005).

[22] E. Zio, C.-A. Petrescu, G. Sansavini, Vulnerability analysis of a power
transmission system, (2008).

[23] [20] E. Zio, R. Piccinelli, Randomized flow model and centrality measure for
electrical power transmission network analysis, Reliability Engineering &
System Safety, 95, pp.379-385 (2010).

[24] E. Zio, L. Podofillini, V. Zille, Reliability Engineering & System Safety 91, 181
(2000).

[25] E. Zio, G. Sansavini, A systematic procedure for analyzing network systems. /nt.
J. Crit Infrastruct 4, pp.172-184 (2008).

[26] E. Zio, G. Sansavini, An analytical approach to the safety of road networks. /nt
J Reliab Qual Saf Eng 15, pp.67-76 (2008).

31




<<
  /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
  /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 -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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


