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Table 1.1 The

outline of Study

Extraction of
hub network

Study Area

Real-world network

Method

Gamma distribution

Conclusion

Classification of
real-world network

Application

Pre-Processing

in network analysis

Detecting community

Vulnerability analysis

Directed Hub network in
Fixed Boundary Condition

Undirected Hub network in
Flexible Boundary Condition

Complex network

Centrality analysis Convolution

Network analysis

Microscopic analysis of
network

Macroscopic analysis of
network

Analysis of spreading in Structural analysis with

network network
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Axlo] Q7] wiitol] Hdagk 22 FAEo] Atk (Dunne et al., 2002;
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(Degree Centrality)= 1719 A3 AZAH+= AAMe 5 AAks
H AAE F BEAAME 7HE wol 85 A AT e W
o]t} (Beauchamp, 1965). 912 FAAZE ol &3tH t& 8453 A4A4

o] £& 3H 9%g e HA

2 (2)elA g HEHA

3 F44 (Closeness Centrality)2 UWENZ oA 7]sledo=w
Vg FAle JdeE RS Tete WHoE BE 244 e JEYA A
| Axkskeh w7l S 4 (Betweenness Centrality)2 170 2]
Aol T2 2709 HH 7He] Hd ARo| EolA HE nH&S Tt
2bsh= W elth (Loomis, 1950; Freeman, 1979).

g
(Closeness Centrality),; = (g—l)[zd(n» nj)]_l (3)
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23 dlnyn) 1A A3 AR Ak TspetE <l A E
RS B %/‘\31/\3.8. HELZ Yo tg& F =9 A4 F=29 =
Z4a4 QA4 L Ade g

-

(Betweenness Centrality); Zg]k —1)(g—2)/2] (4)
i<k
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; and ny

m . number of nodes
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Fig. 3.5 Flow chart of the study procedure; Taking the 2008
outbreak case into consideration, effective measures were proposed

to prevent HPAI from spreading at the earliest stages.
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Table 3.1 Centrality in HPAI diffusion network

Medicine Feed Air
Network Network Network
Rank Degree Closeness Betweenness Degree Closeness Betweenness Degree
1 35(0.342) 29(0.507) 31(0.192) 15(0.342) 15(0.521) 6(0.148) 6(0.063)
2 7(0.342) 31(0.507) 29(0.130) 6(0.342) 13(0.514) 15(0.117) 10(0.060)
3 8(0.316) 7(0.500) 5(0.128) 23(0.342) 3(0.514) 38(0.100) 17(0.052)
4 2(0.316) 35(0.494) 7(0.121) 17(0.316) 1(0.514) 23(0.089) 31(0.044)
5 29(0.316) 8(0.487) 19(0.118) 10(0.316) 6(0.507) 17(0.073) 21(0.039)
avg 0.216 0.417 0.039 0.240 0.421 0.039 0.026
std. 0.085 0.056 0. 051 0.096 0.067 0.034 0.014

Where avg is the average value of centrality value;, std is the standard deviation of centrality.
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Table 3.2 Centrality infected/suspected farms

Medicine Feed Air
Network Network Network
Degree Closeness Betweenness Degree Closeness Betweenness Degree
P 0.252 0.445 0.051 0.254 0.431 0.043 0.027
NIP 0.200 0.405 0.033 0.234 0.417 0.038 0.025
IP/NIP 1.262 1.101 1.534 1.088 1.034 1.134 1.074
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Fig. 3.9 System flow of constructing the infection route diagram based on adjacent matrix data
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Table 3.3 Factor analysis using a binary logistic model

B S.E. Sig.

degree 2.211 3.025 0.001

Medicine Network closeness 4.652 0.556 0.005
betweenness 14.019 2.095 0.008

degree 5.116 1.150 0.007

Feed Network closeness 3.287 0.341 0.003
betweenness 7.969 1.249 0.001

Air Network degree 1.256 1.728 0.005

B is the estimation of logistic regression coefficients; S.E is the standard error; Sig. is the significance

probability.
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(a) Without quarantining node

@ Suspected Farm
® @ Infected Farm

¥  Quarantined Farm

Fig. 3.10 Comparison of the tendency of HPAI spread with/without quarantining farm

Check point X 1s a quarantined farm. Grey circle are the suspected farms, black circles,

and red circles are the infected farm.
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PDFy,y = conv (PDFL(QC), PDFp, )

f _me(@xR(x)dx: / _O; / iOL(T)dTR(x)d:c
-/ _Z /_OOOL(TH)R(T)dtda:

= fo Lt)QR(—t)dt (5)

Qoo AgolAe] MEF Aeje] o] AAE FHO H3)
4 (6)% 2},

(B

PDFW(mu) = COTLU(PDFL(IH),PDFR(I”)) (6)

x,:node n
T,,,-Start node lined with node n

Ty U8 AR AAFIYE ARHL w4 (6)9] A

Ahol A Ao MY GAR-E o] FojX 7] wEo HA HEHND Fx
olA o] Fojx= At FAFL A (1) 2

PDFyy,,) = conv(conv(PDFy, ), PDFy, ) ), PDFy, )) (7)

PDEF : Probability Density Function
conv(a,b) : convolution a and b

Fig. 439 k A3 i dxolM Al2td 550 j dHolxe] A&
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Table 4.1 Distribution of the node in the example of the network

start node 0 1 4 5

end node 1 2 3 4 7 8 9 10

portion 0.7 0.3 0.6 0.4 0.7 0.3 0.4 0.6

17 4o Agd pel & FET Table 429 #1 §8€HS A
Aee po] g FXx & Table 4104 7F4 3k vlo] man xHx 0™
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Table 4.2 Distribution of the Resistance in node
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7
PDFy, () = conv(—PDFLO(I),PDFRI(x) ) (10)

10
olwf L,(x) X+ Hito] 7(0HAA FojA= k5 100 0.7& &
), RoHAE 19 A xelt A (10)dA T3 FeS o] &3 39
ARl $9o] Hdgdd FEX
PDF, = ( 6 ( ’ PDF, PDF, ), PDF’ )
%(x)—conv 1—OCON’U 1—0 Lﬂ(az)’ Rl(w) , RG(:B)
6

=CO”U(TOPDFL](IVPDFR?,(.?:)) (11)

2 (1D 2o 22 o =r 7ZF Ao Se€o] dgd g&5& 3
= 9 e Table 433 2 9AE A UMW S Fig. 463 #Zo] =23}

shgit.

e Convolution I

Convolution I [ Convolution
— ;

. Convolution Convolution
Convolution

Fig. 4.6 Analysis process of the example
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Table 4.3 Explanation to the probability of stress flow in node

Node explanation

1 PDFy, () = com;(1—70 PDF} (), PDFy ()
2 PDFy, () = conv(l—?’o PDF} ), PDFy ()
3 PDFy, () = conv(l—% PDF} (), PDFy ,))
A PDFy, (,) = COnU(%PDFLI(g;)ﬂppFR4(x))
5 PDFm(x) = conv(PDFLz(x),PDFRB(ﬁ))

6 PDFy, (,) = conv(PDF, (,\, PDF}, (,))

7 PDFy, () = COHU(%PDFW)’P DFy ()
8 PDFy. :COW(%PDFL4<9C>’P DFy(0)
9 PDFy, () = com;(li‘o PDFy (,),PDFy,))
10 PDFy, () = conv(l—%PDFLS(I)aPDFRw(I))
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2D =2 AA Qo] 9SS W 4 1o §99 dFS s
Q—g( M/;)ositiue)%
I/Igositive:‘/‘ PDle
0
=99.76% (12)

2 (12)7F "ok 2] (12)9] A3 0 AHA A g8 aFo] AlZty
W Aol 9Fe W HFo] 99% o doleh: AL ofust 0wl
AR obF WHE AWS A e Aol A dmarh @
A A3 Fig. 469 Z2AAE Fote] A4HE 2 Ao $ho] A
2 35 Table 449 2t}

Table 4.4 Probability of stress flow in node

Node Probability of stress flow(%)
1 99.76
2 92.14
3 71.92
4 42.21
5 50.12
6 41.42
7 21.16
3 10.12
9 15.32
10 22.36
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Table 4.5 Comparison with Monte—-Carlo simulation

Probability of expression for stress flow

Node
CPC! MCS? error
1 0.99761 0.99389 0.003743
2 0.92143 0.91935 0.002262
3 0.71922 0.71711 0.002942
4 0.42211 0.42116 0.002256
5 0.50125 0.49709 0.008369
6 0.41424 0.41382 0.001015
7 0.21164 0.20956 0.009926
3 0.10121 0.10038 0.008269
9 0.15322 0.15266 0.003668
10 0.22363 0.22148 0.009707

1) CPC : Clustering by Probabilstic Convolution
2) MCS : Mote-Carlo Simulation

oAl e PEFAS o8& 33t W (Clustering by
Probabilistic Convolution)¥ #H7}E2 AlEH o)A S o] &3 ZAI=
FaEA 5AEHAl Hlust o ZHILER AlEdolAd Y Aot
of Wl wet x5 s v ZY (L] Ringer, 1971; JM
Burt et al., 1971).
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0 CPC,— MCS, )
= x1
error \/kz_]l( MCS, ) 00
=0.5216%
(16)

21 (16)S ©]83] Table 459 1071 AHe A4H 28 &5 7H7
Hlaskar hAbeld 99.4%0] el A edE HoFo 114 dHe=
9 dg F2E AR R Fx7F 2 EHo A7) witel]
HEze] AoErt wA e YA B 7 diel e ¥

2 HduedetE AEs 27 9ojXA 4 ol A A

433 7]€ 243 vl

w ATelA AiE e 7S] Vhe dE dEAA 23 AT s

Fh Fig. 459 oA UES A #H3¢

I} vl BH Table 463 %
O A dd=de= A4 = 1022 stal Table 1.19] H &
Table 29| 7z} Ade] R Hi S o]

3} ol AN L& A

al
gatel 1-pe AFAow 44E AAN gol 484H 2AEA A

rhN

Lo

HESAAE 7[Fo® #4353

Table 4.6 Comparison with the existing models

CpPC Clauset—
method Wakita-Tsurumi  Girvan-Newman

(50%) Newman—Moore

Group 0,1,2, 3,5 0,1,2 3,5 0,1, 2 3 0, 1,2 3 5
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Clauset-Newman-Moore 297} Girvan-Newman 292 CPC¢ &
dgt dde FHEATE Wakita-Tsurumie] a2 5 AdS A <fs)
A+ 5 HAHAE CPCE o]l &% WHdAME 1, 2, 3, 5 AH 7k
oM HA3 7P dd=rt 2o Aoty wak st 7l+=s bW
Axle $¥Y dF¥Fes e FEA J
Wakita-Tsurumi®] 223 2 oy d3&5 45 5 ok 58 A3
57 A3 7hed 2HAE e 39 A &

Aol oF 219% oo ymA] 47 AH ZE JFoR 57|
= W97 A9 SHARE e 4 Ao Zolrb ¢F 79%E 23]
o =t

A
i o] Y& s FES 7 wrir wrEHow A
ofat7] wiEol AT B HEH NN E&FQ W] obd
= 9t} (R Guimera et al., 2003; Peter J. Mucha et al, 2010). 124}
CPCe A% a4 oz A4 &89 &S Ts g5 s dA
HES A 729 #7gle] AA" AH7He

g7t 7hssbr] witel AA dAibY EERE =9 F due RS b

number of iteration in CPC = number of links
nin—1)
2 (17)

number of iteration in the existing method=,C, =

n: the number of nodes

4 (7e 7 mREe] A4 W 35S thebd Rlolth CPC mdo] A
ol wet AAMe FuE Ags
A% BT Agaoks

- =
) wEe AR b WeldSE W 1571 JSEsEHen F,
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Fig. 5.2 Simple beam with distributed load
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Fig. 5.11 Example of portal frame with concentrated load

Table 5.1 Boundary Condition in portal frame

Coefficients of

Variables Expected values variation
p1 169kN 0.15
o SOKN 0.25
P3 116kN 0.25
. 31kN 0.25
ps 124kN 0.15
- OBKN 0.15
R2 95kN 0.15
R3 122kN 0.15
R4 204kN 0.15
RS 163kN 015
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= (14)

R, : resistance of node in beam
Ry, .. : resistance of beam

n : the number of node in beam

aejal Gl Sk A A5k 2o ddd dH=e] AP

A=

(15)

Rj : resistance of node in joint

n . the number of node linked node j

54 AFAs EEe He3] A AA Agel dy=Y 9%
sEol sgol e PEe] WS BH}n TH Ik
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3t AHES] 9= beam, sway = 39} #AAQULE 7t AHE] w3y

W) Fx29 718 93] 71#FS IA beam R X, joint ==, sway BE

BRe 4 ded 1, 2 3, 4,6, 7,8 10, 11, 12, 14, 15, 16, 18, 19, 20,
29, 30, 31 A9 33 beam RE, 5, 9, 13, 17, 28 A 9] ¥ =
joint &=, 1, 21, 22, 23, 24, 25, 26, 27, 329 dAH 9] 3= sway ==
o] uwtyje}ar gkrh, 183l Fig. 5149 72t &9 55 dig dde g
= FAbste] 2 med 9y gES 45k Table 5.2¢9F 2t

Table 5.2 Comparison of failure probability in CPC and the existing
method

CPC
Method MCS! Murotsu®
65 nodes 32 nodes 17 nodes
Beam P; 0.04666 0.04567 0.04958 0.04941 0.05001
Joint P 0.00001 - 0.00912 0.00975 0.01132
Sway P; 0.02812 0.02808 0.02910 0.02924 0.02955
Total P; 0.07480 0.07375 0.08780 0.08840 0.09088

1) MCS : Monte-Carlo Simulation

2) Murotsu : Palle and Murotsu, 1986

S52 SAS /A wdY 729 33 G55 AHASH7] @l Table
519 e} o] ZFASEAL 1,000,000 Ao Z mxzef Ty Wl
TE AAS = EHIIER AJE#EA 7] (Monte-Carlo  Simulation,
MCS)& Agstdtt. 18la ZA AAE o] g3t 7|& 51 REEe
g2 gEs kst Palle@r Murotsu®] A7 WHE % &5

2 4
Bite] A4 =5 44 97N, 570, 3= A A A8 gtk wlalskdv
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Fig. 5.16 Stress path of portal frame using CPC model
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Spreading and Structural

Reliability Analysis
by Extraction of Hub Network

with Gamma Distribution

Hyungjin Lee

Major in Rural Systems Engineering
Department of Landscape Architecture and
Rural Systems Engineering

The Graduate School

Seoul National University

Abstract

The system in the real world is the combination of two kinds: hub
system which 1s composed of hub and represents the entire structure
and random system which 1s 1dentical in all places, such as

background. If hub system representing the whole structure can be

- 141 -



extracted from an object, it would improve accuracy and efficiency of

interpretation at the same time.

When the continum was analysed into a simple discretized model,
the network can also be classified into two: hub network with
unevenly distributed nodes and random network with evenly
distributed nodes. These two types of network have different
characteristics and should be analysed differently as well. Therefore,
this study extracted representative hub network from real problem
and analysed vulnerability in a macroscopic viewpoint and detected
the community in a microscopic viewpoint to problems such as

diffusion and structural reliability.

Every network has unique link distribution of which the number of
link of nodes is the variable. Using gamma distribution, shape factor
and scale factor, the eigen values of distribution, can be calculated.
Two eigen values can be used to calculate the threshold at which

hub network can be extracted from the object.

Each node has different significance in accordance with link since
the extracted hub network has uneven distribution. Hub node with
many links has decisive influence in the volume of the entire network
and thus wuseful to see external changes such as formation and
extinction of network. This study considered the application of hub
investigation to the spread and the extinction of livestock epidemics

to achieve effective prevention of spread.

If the features of links in externally fixed hub network fluctuate
stochastically, internal change of the entire network can be taken into
account through detecting the community with convolution. This
study examined efficient application of structural reliability through

detecting the community of hub network which affect the destruction
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in portal frame.

By applying extraction of hub network and analysing including
vulnerability analysis and detecting the community respectively to
structural problem and spread problem, it was possible to achieve
accuracy over 98% with just link distribution analysis without
calculating strain energy and volume in each stage, compared to
performance index for optimal structural extraction in continuum. In
addition, in the analysis the structural reliability in the portal frame,
single detecting the community of each external force, not like In
Monte Carlo interpretation which needed 1,000,000 arithmetic
operations, resulted in beam, sway mode destruction probability with
accuracy over 95%. In livestock epidemic spread problem, it was also
witnessed that extraction of hub network and centrality analysis led
to blockage of merely 12% of farms, so that its effect could be same

as that of the existing method which blocked 87% of farms.

Keywords : Hub network, Gamma distribution, Vulnerability,

Clustering, Convolution, Portal frame

Student Number : 2008-30922
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