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A Small-World Vector-borne Epidemic Simulations
on Dengue Fever

Student : Tusng-Chi Pien Advisor : Dr. Chuen-Tsai Sun
Institute of Computer and Information Science

National Chiao-Tung University

ABSTRACT

Vector-borne disease transmissions are influenced by vector population and human
population. In order to simulate the transmissions of vector-borne diseases and discuss the
related health policies effects on vector-borne diseases, we combine the multi-agent-based
system, social network, mirror identity concept, and compartmental model to develop an
epidemic simulation model. In the identity level, we use the multi-agent-based system and
the mirror identity concept to describe identities with social network features such as daily
visits, long-distance movement, high degree of clustering, low degree of separation, and
local clustering. In the vector level, we use compartment model concept to describe the
vector populations and the transmission between populations. After building a suitable
vector-borne epidemic simulation model, we simulate the epidemics of dengue in
Kaohsiung in 2002. According the outcome of the simulation, we can prove our model and
discuss the transmissions in urban areas and the effects of different health policies on

dengue.

Keywords - Small-world network, Dengue fever model, Cellular automata with mirror

identity , Epidemic simulation
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2.2.2 % "z (Computational modeling and simulation) £
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p Hastie(1988) %2 Taber(1994)# ! 7 *&iE ficcn=> 2 (computational modeling and
simulation) s > T fwiE e 2 X DAL € £ F %J EARL o I T RRE RO - A
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et AR R RS L BHB SR L T RGOS B R d B IRTE R

@R PRET T SRR S B i B AT - St B B gk e o Soghih



P&

Urban/Endemic/Epidemic

=7 Aedes aegypti
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ﬁﬁ’%mﬂTﬁmagﬁ@mmﬁ,@@4%(ougaﬁﬁgw,aggﬁﬁﬁ
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' 160 | 240 | 320
| mefres

l'I Relass point
Chiitrap with Bb scors
O oppb

& 1-geppb

® 10-99.9ppb
@ 1oo-sosoppk

@ =tocopeb

B eP A

Bl 6fFcd § £4h2 v Mpirr hw 215 2R 2 FPRHEINGF L £ e
+ [§](C. LIEW,2004)

2222 A BpH2 B b

& 1991 & Anderson £ May e g EFLF 124 L 5 - [10] » DANA A
FOCKS[13]#-4 12 3518 * A% Fodu b HIBEh 270 5+« % #ici= 6 J B (the mass action
principal) — B4 % ¢ AR $ DR WE IR L LB I Mo AR A2 B
B XR %Lir)ﬁaizﬁfﬁv:}%ﬁg FARAGF PG EIIA R 0 %2~ P (threshold
theory)—— B3 % °¢ 5 “#ct KRR L BRI 7 £33 & P T e (7 % P m/ﬁs&$
%BEFEY - BMH o DANA A FOCKS[13]+ & 21— A ¥ % 5 > B 47 0t b
(pupae per person)2 v & MO BIEF A B 7 5 F FA bR F A BKE F R
AR A TP B fdland 200 b)) 2 28°C 2 4% PP 45 A0 i - B Sodie e 47 R 3

G G A2 DI 2 o O 4 P R
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1.
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iz

FPupat per person

Single-1  Single-2  Single-4  Smgke-8 Monthly

B 7 Transmission thresholds at 28°C for each type of introduction by seroprevalence of
antibody(DANA A. FOCKS - 2000)
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2.3 Abg HR

B0 R LA R R B fEA € R % Aol (7 I;g Ak ¢ KL 0
FY BRI BHE R AT o e fAFRIIY HE R ERRY K d A 4ra
AUERE A BAEL B Wm%AfA%@ﬁ*@%L@ﬁ&#ﬁ&% f e B A
PEBREY G A EREORE BRI E LB FAB T RE 2 HHAE
P F - fEAcR 8(@) it MER Sl R A AL R K B &I e BT
HiHEh P BEF T L5 F A # B3] (regular network model) o % = 464c ) 8(b)

2

% T 15 e B (random network model) » 52 33 f-7) ¢ BAE T BRI FF RS S S 0 A
S8 e (T LR R RS L B A RALE R R AT R Y 0 S X LA g
W AR RERAE 3 FRERBDDERFEL DL E B WA FIBH T

Bk e L EFALE T TR R MR SR - RAPRE SRR B

4RI E R AR Y L R E ERR SR AT

ﬂ\\-

LA R d g
PR i RS AL § SRR RO % S B R R R A
FHAMPF L R FAL o 7 ¥ - BER IR BQ) 5 A %k (small-vorld

network mode )R] 7 M AR M A IE R ® HRAE ZALER % o

(a) Regular network model (b) Random network model (c) Small-world network model
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231 R FRE

p 1998 =& Watts ¥ Strogatz[14] # Milgram -] £ % 3 % (Small-World
Phenomenon)# 4§ £ < {5 > £ R IRk 2 AT AL E B RBEE L > 2 o FHALE B
Begik ¢ 7 B A BAL § R FFT LY BT B AL § RALDR K R LTV

ol Ao RAE > v RADRREA LA BRI FTAE Y AAE M DLR o
BFABEERPIEFAEY FERAAZ KLARAPR L - BHREAVRLIELFALE
Ot TR o e AS B Y B ORI AU C s g g it
THRAAEE RS FOMAZ T > ¥ FL 2 4 REPM a2 FEFRR DM G
FAEY P BERARG OG> RIEROBMASL T AL IERS € 3% - RFL
MR P QA N fen L AL 1 Lo L - X2 ATV RBFENRAT B
B EALF AT E B 0 X X P AT A A 2 B AREGE > TR R AL E S LR A
BBRBET T A- 227 PRLEAEH IHE LB g Lo AR A2 A2/
AL SRR LA R RS Pl R B Al € i A F s A B2 B

MRS BUAR - W 2 AETETTR AR SR A R RE R AR Y
% A TRRES R AF o R Al R A B MR AT A X2 )
AP B o1 (T34 v REeE % > 2 AU BERFE BYEC L RA
Pl A2 CRRAFFHIEGEEAT LiFg » & P FRR M e #rr2id 1)

B LFE P AR FA R L FRAER AR R RO A JEF WA R

RAT O KR BB

FUEFS T E T ARl o FHREASHFET A RKEE LR R

E B | H;ﬁ{z&’nv&/&rw}imﬁrr}“;éf}%* B R RALE ¢ BIHRE ko FR-AAR

i)

<

LB RN GTARLL S R A A2 Bl AR T A A - BRE AL L ARG R
DONPES SR TN FS RN L AR - == )y Y S

AR ROEEL G BHEHRRE KSR EFGEE)E
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232 EpPuymd chime B8 (Cellular
Automata with Mirror Identity Model CAMIM)

2004 # Chung-Yuan Huang ¥ [3]#% ) 7 AL & A & Bhenpr & k3 7 2 s chficht
AR 1 A2 EY qwie p B30 E > 4o b A Eghaapr £ (Cellular automata
with mirror identity model CAMIM) k £ B8 crfs &+ > 1T A Glhove p BB 214 € &

£ ghir & o
2.3.2.1 ¥ p # {8 (Cellular automata)

M pEPREEREL - BEFIFR IV NARNBHLE Do

e AP FIE L R A BT R AR 2 B 2R B A RE
FREBZARE AP Hﬂ%—@-’,u,iit’ rmlM*" FERY S FRYE ERD R
gk L iedr it mood Wimie p ﬁv‘fg‘a‘;,,.:_zflzf‘:{d ”;E,sasﬁg 3 B o R %o g

- ||I"'-""'.

o it FHF S AL € ‘,iz%\zeﬁ"ﬁz ’ quuz Tk fﬂ?r* g Bt P F % fnve g Fo g R 0E

——

-

LT Lo -f___;:. H 1 _.__:._J

Susceptible State

[0 Incubation State A
B Infected State

W
/A / / A .A"A'..
A O 0

# 9 CAMIM -+ & Bl (Huang ,2004)
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2322 g A Egims

2004 # Chung-Yuan Huang ¥ [3]3%& 1 7 4L ¢ & & e g K& (7 5 J5 (SARS)
Fft o H 22 A I EY gmie p B84 b o © gL 4 (Cellular automata with
mirror identity model CAMIM) » & £ LB R s 627 L 38 % - CAMIM % % 7 & -
BRAEE S P bl i 12 B A L Be IR B e Bk B
Bwrp L REER AL - BLFEIREATERATES A & AR
N BRE — A PTG BRI AL A A P ERA S T Almir p gt

ERAE R gt BBME S LBOR AL TA K AL AL BHOR %

e

Koo Rk EF MWK G 0 4oB 9

SR AN A B Rk o I 5 Ak (Multi Agent- based system) k %
B BET L3 BB s g, &b AR Bl e o d FET % R A7 13
R

FOEEHLGE R 0 R ArF G R KA HEER TS F O BELGT 0 3 T A B AL

k

2 FEE M o R BT A EG HBEEA el TRIY 9 A Z BEAR

FEERM -

B ARG > FBA LI LB B p B - BT

Yo B REIRAL G R R AT Rt B B AP ¥ R - AR
FoR-B PRl ARG ARAE SRR TP BRI R ERY O ERAR S
fo BRET UIEF S BA LB et FARNBMEFF X AL BILBESE IS
blde: R 1 P2 R RES  REA VBTG L2 RRY SRR Bl
BALE BEAL B B 0 BARY B T enRRES AT R R R DA IER
de b BB A i f BB E  RBERM I VA G BHOBEF 5
SR AR BB D g g 0 AR Y AR X BB d o A RoalY

iR Y > Hu 3 R 4k g (Multi Agent- based system)4e F A B ghp s K £ i > @
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3. 4031 %

A B FE ARG G e A R R AT R RRCAARG - B
FoneBE R Y 3 AFF S AMBHERERE > AP RN RERFERE
Ao R R A AR 1S BRI R A S 2 R RE T AR RE 2 R
FE M AEHEAY ARIBE CRHERY > SR EHEE FE S mﬁi;?‘,j‘*u%\ &
B % o AP AT - B RS MRS S ko Au S R - B
B~ ke 2 BREOA AR BHAEREAFE RS 2 SR AR
KEFEFLR? R R APRY - AL R AFRSERE RO I
Ao b BAEKYE - VRN HBWLELE - HEEH F AR B
WO B s b R B - o B A2+ SRR > " KA T AAERAL A
ST A kB b AR E S DA R BRRE B Bk R E G R BET LA
ZMAALE B HRAL ML IR ARG T 15 R 2 7 hBE - 1o & B8
SRE BRI R - o T B R PSR 2R A 0L o i 42 0 H-SEIRCE] ¢ SEIR
(Susceptible ~ Exposed -~ Infected <-Removed) ™ & ehe B e Bk &1 B
BRI o A s Y R T OE R F RO P Lma A A B AR
3] (Compartment Model) % i & H &3 < ] 2 Zop#cE - BHAE L RHEAF L 5 25 %
FT PR g A BB AR 2 B e (P B 1F) o H SR HEACR] 10 T 0 0T R A A

Pl

~p ©

31 Mk

At p @KL TEFER? B RE I - p B AL 0 A

AEF ERERTERE IS bt 2 00t SRR 4oRl 11 47T 0 B

S Mg A AR T A R A BAE R HE - ) B R
”ﬁ#kﬁﬁﬂj’ﬁ%ﬁﬁﬂ%ﬁ%%ﬁ%%ﬁ%&kﬁiﬁ—ﬁwﬁﬁﬁﬁﬁﬁ

ot

Eufp s 1 158 AL R 5 A # (community-based)[15]F# 41> = B - &d & B AL
HL1d ARF R FE R IcE RS T AR RE - RRA I RL
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AP ARER AR T ARG AT D EREF AT E BRBRDLE - S
¥t ﬁﬂ%%ﬁéﬁ:ﬁﬁ&%%‘s%ﬁﬁ hlp- 2B PR L& B4R o AkRAEN ¢ 5 A
Mo RS KRR st eh- BEILE B SR RUE T B BT Y B IR chi 4
AN T2 AR ERT R Z S AR TR OTER L) 0 B R T 3RG
pe Byl fffﬁ&%*’%%ilfi’ BAEA EBLT ] F g B ko B o gt vh B RO PE 1Y

B N HFEE R T R EA R R A A B Z )ﬁa-ﬁ—

il

S h PP G T L i S0 F T 1R

FopigiE
SEIR model
LA 8 A0 R 2 b
Agent Based ~ Compartmental
System Model
¥ % B community-based ]
Bl 10 -7 7 B
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A2 Bt 7 2004 & Chung-_Y-t_Jaiﬁ.Huar.rg #[3]4% 1 e9 ;2 (Cellular automata with
mirror identity model CAMIM) E% e A b 53—"%':6 eim¥e p # % (cellular automata)
v b A £ gy & (mirror identity)'__’.'-ﬁ'l ’*:/&_m"fﬂ B L AR AL - BEG Z
B~ v BIRE o afhi ;'ﬁ_ a'?a"%% ~ % i fﬁmf’r — /& BE N B R ek AR R
LB S A BB 5o A frﬂ:léi-;fl.CAl\/l-lM O imie f oS ente E raE W o
EEEE B ﬁﬂs}gm—a WENGBAL LB A RBHE L, LB L 5 TS
o P RS REABREON Rk RELFHOBRA g > I RIZ A ke L P g
ME FTHEDR-BHAL TS E

YoBl 11 9o o bR G A B S A 0 f1F 5 I 4k S (Multi Agent- based
system)k £ IR BHET L f B LB A P BREOL AvE- > T 5 B
Rk B pM e P AT A LG R > A Al edg P o F @A ki
kAR PR BHOLBERE- o

B AR M A G 0 LB DB 5B A L EA UL BT E L -

Baate? " HAF =B ARG BRP ¥ A B B ST E B o s > T pis 2
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BB o® > d WP RV ARILFHEAET A AFT 0 FIP AP LT
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Chung-Yuan Huang % * shifi# » % 8 & 1~4 2 F > ¥ B H E - F
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322 BHApiE

Recovered Rate or Dead Rate

Recovered Period _ Detected

Rate
Catching
lliness
Population Probability of
Interactions Catching lllness

Probability of Contact
with Sick People

B 12 SEIR #-7)

BTG BibY o BRGR R EART AR D B BRI A iR
S 1A B R IT R RG 2GR R o B AR o AR AR B o A AR
oA E A B 1% A F H4)(Compartmental model) ¥ SEIR -4 [16] 4% 4
4[] 12 77+ (Susceptible ~ Exposed -~ Infectious ~ Recovered) 2 5 *jk f #% (Finite state

machine, FSM) = j2 R &l 5 B M hdopiede > BBk s 5 SEIRz /S 5 &

FopBHOoE S RBERYY 2Bl SHERZBH ORI ERSS 2B A

Rl 13 -
§RARG S S(A AR E R AL BRAR A A L RE RN 0 F

SR m A DR SER R - SF T e~ E(RRBVRE o § BHRE S E Spf

26



R A R A AR R b E(RRIP)R G B E LR S i iR
PEF @A A > FIRMLARE F R RHABERPEET - 0 BFRY 8RR
FF o - BHEEEN R o5 BRE REPFRS BML B4 > -
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FISHKE -
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Foor Rk {S~E~I-R}

SEIR % 2 7
7| kAo B VR AR
DENTYype {DEN_1,DEN_2,DEN_3,DEN_4}
) b kT BV S &
ImmunityType 4 pa
{None,typel,type2,type3,typed}
28 3 * kAo BHaGR L SEIR P
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23 R Aot BRI G A
IncubationDays 20 58 % 2t L EEH
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EOR S s ERE g 7 g—i*ﬁ%ﬁi
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Tt o B3] S0 E B AT BBt 2 o AR o FlR Ol R 2
PAbg PR BHAR T PR D REEREORE §F F &0 o T A3
* 4 % #-31(Compartment Model) ¥ 9 SEIR #-Al#E4 » 7 #-5 — & 8 ¢ ump ik 5 -
B4 R LR RER BB AER A S 300 (SRR A EH - BE)ERY EH - (1)°
BAFEFE RBERS = R o d NP w2 BRPFRET LIRS PP RL BRER
FRIAEG S AR EFER MU AR LRI GHLE B DT T A

ZSEIRw Bk cndrd » L@ 14 -
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oA o~ e S xS dic
K K% R
Vector_E_Local compartmental model # #
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42 T B B PR E

The number of dengue cases, the Basic Reproduction Number for dengue and yellow fever
and the correspondent proportion to vaccinate against yellow fever to prevent and epidemic.
Séo Paulo State, 2001[22].

City Dengue cases RO dengue RO yellow fever Pc

Andradina 1,414 4.26 2.43 0.59
Aragatuba 450 3.25 1.86 0.28
Araraquara 196 3.8 2.17 0.54
BarraBonita 160 10.33 5.90 0.83
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Barretos 3,045 3.91 2.23 0.55
Barueri 414 4.74 2.71 0.63
Bastos 46 4.62 2.64 0.62
Bauru 94 3.36 1.92 0.48
Bebedouro 478 4.14 2.37 0.58
Birigui 64 2.84 1.62 0.38
Borborema 477 7.75 4.43 0.77
Cajobi 307 6.03 3.45 0.71
Campinas 439 3.36 1.92 0.48
Castilho 254 4.26 2.43 0.59
Catanduva 111 3.47 1.98 0.50
Catigua 69 4.62 2.64 0.62
Colina 444 3.15 1.80 0.44
Coldmbia 93 2.74 1.57 0.36
Cubatéo 2,504 4.26 243 0.59
Dracena 48 3.25 1.86 0.46
EspiritoSantodoPinhal 42 4.74 2.71 0.63
Fernandépolis 542 4.03 2.30 0.57
FernandoPrestes 44 6.59 3.77 0.73
Franca 64 4.14 2.37 0.58
Guaira 944 5.63 3.22 0.69
Guaruja 2.857 6:59 3.77 0.73
Hortolandia 89 2.84 1.62 0.38
Ibitinga 51 2.84 1.62 0.38
lgarapava 296 4.62 2.64 0.62
IIhaSolteira 386 7.16 4.09 0.76
Indaiatuba 49 3.25 1.86 0.46
Itdpolis 55 304 1.74 0.42
Ituverava 189 4.26 2.43 0.59
Jaboticabal 109 6.45 3.69 0.73
Jardinépolis 1,874 6.03 3.45 0.71
JoséBonifécio 51 38 2.17 0.54
Limeira 704 4.03 2.30 0.57
Lins 125 4.38 2.50 0.60
Maracai 191 11.57 6.61 0.85
Migueldpolis 190 5.12 2.93 0.66
Mirassol 1,574 5.37 3.07 0.67
MonteAprazivel 44 3.8 2.17 0.54
NevesPaulista 58 4.03 2.30 0.57
Novalndependéncia 54 4.03 2.30 0.57
Olimpia 772 3.36 1.92 0.48
OsvaldoCruz 146 8.06 4.61 0.78
PaulodeFaria 197 4.26 2.43 0.59
Penépolis 138 4.62 2.64 0.62
Piracicaba 355 3.36 1.92 0.48
Pontal 449 3.47 1.98 0.50
PraiaGrande 278 3.47 1.98 0.50
RibeirdoPreto 2,703 4.99 2.85 0.65
RioClaro 105 4.03 2.30 0.57
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Riolandia 87 4.03 2.30 0.57
SantaBérbara 79 4.03 2.30 0.57
Santos 11,282 4.99 2.85 0.65
SéoJosédoRioPreto 6.420 5.77 3.30 0.70
SdoJoaguimdaBarra 139 5.24 2.99 0.67
SéoPaulo 320 6.59 3.77 0.73
SéoSebastido 445 7.16 4.09 0.76
SéoVicente 3,017 5.9 3.37 0.70
Sertdozinho 743 4.38 2.50 0.60
Sumaré 154 3.58 2.05 0.51
Valparaiso 163 7.6 4.34 0.77

ek 3 B sET A T AL 4

R ERES T ~
84 # & 1,426,035 727,489 = 698,546
85 & & 1,433,621 .729,813 703,808
86 & % 1,436,142 730,164 @ 705,978
87 £ & 1,462;302= 742,146 | 720,156
88 =& & 1;475,505.4746,996 | 728,509
89 & & 1,490,560 | 752,776 | 737,784
90 £ & 1,494,457 | 754,030 | 740,427
91 & & 1,509,510 | 760,228 | 749,282
92 £ & 1,509,350 | 758,717 @ 750,633
93 & & 1,512,677 | 759,006 | 753,671

ek 4 R A v A
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(3) B 2AHi4ed : Bad fAK e Fd VR 63 & 200% 0 FEFKTHE 2000
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