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The Transitivity of Network Topology: Example of Epidemic Spread
Student : Hsi-Wen Chen Advisor : Dr. Chuen-Tsai Sun

Institute of Computer Science and Engineering
National Chiao Tung University

Abstract

Analyzing the transitivity phenomenon influencing by network topology is
among the requirements in studying network topology. Influenced by the transitive
spreading, every node has different impacts in varied kinds of network topology. We
can offer valuable information for the physical layer reflected by the network
topology if the importance of every node can be analyzed.

In this research we propose an algorithm, based on'the Markov Chain Model and
the PageRank algorithm, for-computing the spreading of the transitivity phenomenon
of network topology and the importance of nodes. The-importance of nodes in every
network is determined only by considering the structure of the network topology and
edge weights without taking complex dynamics of spreading into account, so the
computation is rapid and easily analyzed.

We take epidemiological data as a case study to verify the correctness of our
algorithm. Furthermore, a genetic algorithm can optimize the parameters to simulate
an actual dynamic structure of network topology in the real epidemic spreading. Our
experimental results show that the importance of nodes in network topology is
correlated with epidemiological data. The algorithm can deal with the phenomenon of
transitivity and analyze the importance of nodes efficiently. Besides, the solution
searched by genetic algorithm can reflect the spreading dynamics of the real

epidemics and the causes of spreading components.
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Area A
300 people

Area B
200 people

Area A
300 people
200 people

Area A
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1. ERV (Epidemic Risk Value): Z k" B3t 5 28 b s 5+ 8 2
FRCw DL R G
2. ERR (Epidemic Risk Rank )+ Z 5 b * $ B o ik 35 5 b ' B 42 (7 5C
T ATRD FRMEAER A T B RFEFF 2 EIRLER 3
¥ .
3. ERI (Epidemic Risk Index) : % 5 b "G dp ik > 2% (7oc® Aom b ' 4
BOFILAT IR AR G R TR R R AR AR A 5 TR
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AR AN e B EEH NG G R PR RSB ERFE L
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(2) #HAFAFE D RDEFTRTRGAEREFTEE > FIEI 2
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A
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-
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4.3 AFFk 2

A R AFEE 2 A FE S BB R oE Sl R iR R
iRy - BV R REfE T P 42 gk S 2 5 i & S Bic( Fitness Function )
kR fRE R E AR R lcE S o T R ] 4-6 T AZIR B ORPRE 0 B F R
ARG RAFIH R 2 EH BRI R T N B A AL IR R A

T B hh B RITR A

Generate Initial
Population

v

v

Fitness Evaluation

o, Terminate
i) . No L
P Selection < Condition
: § Satisfied?
B v
[}
=
3 Crossover
5

Mutation

B 4-5 A FHE 2 AR R

(1) % ¢ %8 %45 > ;* (Encoding) :
g 4.1 &0t > AR E 2589 ¢ 2 d -~ dayTime ~ wy ~ Wy > w3 ~ wy =
BRAREAS F Do & S K0~ R BeA B8 S LR e ek

FhSms o FI A M- e 5 LBkl > PR
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(dyd; -+ dyo, dayTime;dayTime, --- dayTime,,
wliwl, - wlyg, W2,W2, - W29, W31 W3, -- W35, Wh W4, - Wiy )

MTANF L he P RS A L B A S lE S G
Bl B Slcd - e flEg S el L Uk (219—1) miEfF4 ¢ W
oy i 3k

1000000001, = 5134,
513/ (21° — 1) = 0.5015
v TR R SR RS L P Ao o

(2) A7 4piv 22348 < o & 2 (Population ~ Initialization ) :

AR B G 0 MR R Y S Ecen N kA 2 AT R R T 0
KT AP 0 & WS 100.0% ¢
(3) if & &% (Fitness Function) :

ARBES G o B A2 421 F sk S N s A TR E i i ik
(fitness function ) » ™3 &G & F % d ¥ caf R (B o
(4) $:E 2 F 4> 5% (Selection) :

AR @ ﬁ%%#'«i&f ( Truncation selection ) £ #; 4z ;% $* i (Roulette Wheel
selection) K& X fieis ¢ PIE L L e * LI AY o

Bt FRFPE R ML (mating pool) * S EF 3 154 4 f 12
FrF-heaygitd it R F x4 WARFRESR Lo APE D Rl 5y 4p
Fom AR*FHESPERF £ RGFIFELI MOFRES ML THRPEDN KD
Wi R BEARF HARPE D kg fr"u%ﬁr_g PP AR PR B AR E
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Encoding Binary
Population & Initialization 100~200 ~ Random

Truncation Selection ~

Selection
Roulette Wheel Selection

Crossover Two-point Crossover
Crossover Rate 0.8

Mutation Bit-by-bit
Mutation Rate 0.001

Simulation Round 10
Termination condition 1000 Generations
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