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Abstract: In previous research, most related works on inferring the structures of diffusion networks are designed
for recovering the process of information propagation. The learning data adopted by these works is distinct in terms
of both format and features from the available surveillance data of epidemics. Therefore, the existing methods are
not competent when dealing with epidemic surveillance data with some intractable properties such as coarse
granularity, spatial and temporal multi-scale, and incompleteness. To address this issue, an AOC (autonomy oriented
computing) based method is proposed to model epidemic networks, as well as to infer their structures from
epidemic surveillance data. In this method, the structure of an epidemic network and the process of disease spread
are modeled by an autonomous multi-agent system named D-AOC, and the parameters of the system are
automatically estimated by a self-discovery process. During this process, the parameters are adjusted and thereafter,
the behaviors of agents are updated by a feedback mechanism which combines the Monte Carlo simulation and
swarm intelligence. The objective is to reduce the difference between emergent behavior of the D-AOC and
observed surveillance data. Regulated by the feedback mechanism, it is expected that the D-AOC will keep evolving
toward the real system to be simulated. In this way, the structure of epidemic network and main biological features
related to the epidemic will finally be recovered. The effectiveness and applicability of the proposed method have
been validated and discussed by analyzing the real surveillance data of the HIN1 swine-flu in Hong Kong during
2009. Moreover, one scenario of applying epidemic network inference is also demonstrated by a case study of

epidemic risk assessment in Hong Kong.
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1 E: I ORISR RT 5 ik KARE 612 AE 151342, PT Ae KL B A9 28 5 T SRAF 09 AT 3R M as 3B X
A Y TANR), RE AN EAMEE . B E % REfdk b4t K 45 M e AT R I 8B Az P R B T &
T 6 H e RAT A 3 M AR T ik e PR AR BT 7 ik % R R R B B G R IR 3G W A S My A AT SR At
LA R RAFF T ML OB SR RAR AR IR T R AAH A S DD R R IAT A B A £ 45 4045 1)
E A B AR BUE QIGIRAT A AR R G @) A 5 R 4R IR AL VAT XAR BT B A2 3% M & 4 M RS AT RAR X
8 L2 A MF AR KA 2009 F HIN AR A BBEL 6 A T BRI SATIIET Ptk a9 5 7 ik 69 2
M FeiE I, A B R RAT R R TR A& A BIAL2 T RAT 3 1 % P 454 1 09 —FP Rz A AE X

KR AATREIBRE FATREIE P4 60615 % Agent & 46, PUAIRIT, ZAF T F AR 2 IR IR
PEEDES: TP1S CEKARIRED: A

TRAT VAR B0 (TR AR AT I ) IR A3 I g R B o= 48 N R AE 43l Sk BRI 2R, 1 2003 4 1 7™ 3 S PRI 25
fiE SARS 12009 4E ) HINT sk gt N7 1 18 458 5 B A RUBE LA 708 A A 38 55 4 ok e e o W 4 R G At
AT 905 PR A B Hc s 1 T 2 T A8 2 5 4 s R AT A A 1 PR T A4y, 45 B e 54 5 185 g A 2 1 FL 977 A . 07 8,
RS HIIAT AR R SRR e R B R el 2B i I = 400 S IR @ A A DG IE H 26 52 B &% BBURF . A T A4
#1(World Health Organization, & Fx WHO)FI 2% A 5 i 2541 123,

TUAT 995 PR A% 6 0 R Eh AT 0 A5 200 TR A 5 IO 2 3 ) e s I 5 AR AT I T A R K Dy e e i T %
T B B R Lo i HARRME A T8 1 R G SIR B AL AN SIS ARSI K JE T AT 1A 22 b 5t (n 2% F& %
AR SETR A5 BRIV A B8 80 STRS 4514 S 33k A5 54 14y 5 A HF 5 K HIS B WL A 0 1) A 30 A 38 50 3 A1 BT 2%
FEN EVAE 25 1) b 43 A0 AN S8 0 It AT 9 e 6 Ik 2 (00 g MmN 10 S5 04T 08 e 0 A o 2 i) b 1 4 A R SR Y % 45 4
AT % 5 45,1983 45, Grassberger R It AT 993 14 47 in) 5 £ 45 4 48 18175 (bond . percolation) i) 31, 15z 5 7F P 24 HE 44
THFFTT SIR AR R SEA 5. 1998 47 /Mt S W 26 R 4 Y5 Newman J5 FLRHFFT T /M5 2% S5 R0k SIR
PR f) 5 i U8 A0 BRI B IR 5 TARIR ABIEST T /M H S X 45 B8 f) 44 Fh 2 3 (n BE L KO MER) %) STR AR (g
SN AN T AL 3R B ) T BRI T AR Bt TR 3 0 X 2 R e b RO — T AR SIS Al
SEIR A5 AR R 5 W 2% 1=, 1o 10k L8 LA T A TR 7 /Nt D0 28 1 (R A B R R 11999 4, T At JBE o) 488 A5 0 488 1
Ji , NATT R BI04 25 X 45 78 PN FRIAIR 22 502 B 0 26 48 S {380 50 19X 8%, L 4 A7 i A 7 2 T A 9 s 23 AT Uk i, & ol
AERRAR T AR TO AR B2 0 28 b 1) I FHAE 20 17 186k 97 IRk 58 44 45.2001 4, Pastor-Satorras 1 Vespignani # V335 77
AT SIS AU AR TE bR FE M 4% 1 AR AR I S AR B IERE b5 4 TAEMIZkes T SIS AR AT PR AN T
P FSE 199 268 [0 e FAE T2, STS BT 7 SCIR I 208 e S0, I A% AR B R A T J3E I 48 Fy il ).

DL _F 3k AR A AR A S I ST 3 A7 D90 6% 45 A6 0 S AT 906 1 96 7= A2 (00 58 Wl e, DR 8 7 S A1 e A% 6 I 0% 45 44
O JA00 a5 e 0 D) o 2% ) 0 2 T AN R 114 1) 28 A A 28 (/) B 1) 28 R TG s J82 ) 48 A 2R, 3 T 4 AT AT 0
AT A [ 0 5% 245 ) (1 1 S % 5 b 5 S 3y 03 25 P T R TSI B 1) 758 T 28 2 1) A 9 0 % B A O vy 1) R R 1
FEAT AN BRI AL I o . 52 B A% 7 0 28 5 {1 g 90 0% 5 ) 11 222 e 0 3 50 T 2 AT (R M 2 5 ) S R T S
) A 47 D9 24 25 A, B8 06 T OKS i 1t 220 T A 703 A 45 Tk R, B 00 T S b DA A% 5 A, AT T D0 A R 4 o S
Tl SR W AL L SIC T A% 9 Do) 6% 55 0 3 5 2 I 100, AT D e L 1) 1) DK 22 2 AT 0 A s A v P e A I B 25
T A AN 1) 2 (R AH FL R i 08 2R 90 G, 75 SARS i B b AR MERf 3 — 44 BB AR AT & EL AR 4L T iR L6
AN, T ASCRE I 0 288 1 AN [ B ) R 25 8] P9 3 184 1) SARS 973 151 250 H AT L, B 52 (1) 4 47 ) &% i DA P 4 ) 2 Tl o

5 R BT AU )2 N P 10 S A B AT 0 A AR B 1) M 4% 25 (surveillance data) 5 H R 19, 1X 2550040 i
T S5HAT AR FE A SN 2GS B AR #i2. BBt e R Mg 2 . st B
SRR b N B 0 e vk B i B BRI I M 4 AR b T T SO TR I B AR I R T 8 4 T S

© PEBEBSAITT  hip:/ www. jos. org. cn



Wt F AT Bt B RAT R I R L AR S ey 2957

RS 4% I 24 i DA s 3 T 1
T UL 2] 11 A 196 i 1 T A 7 D0 % 85 A B AT e A R KA 100 B JEL B, B W AT 0 A IR A A L R
DL BAH A, AL i) 885z 5 52 B TH SO AT 7038 1R D 3 T T () 309 AR B 5 B AL FR I 4 32 Hh e
5 AR A% 3R 0 2 4 BRI 1 B2 1 B A R PO 4% 1 2 ) 01522004 4F, HP A 7 F) Adar 28 N FHUT R T 31X 7 T ) 5%
T, FE T 9% (blog) 4 141 8 (topic) J8% B4 I ] (1) 56 J5 IR« T SC IR SCARAT T8 DA B 12 3 ] 117 68 0 45 R T 8 el
I R e S 2 ZR 1 OLAZ T A K e 4R I 4% 465 g 2 3 i A S A Oy 248 ol ST, R PR S 1 R LRI 32 8 [ v ¢
A 5o 8L 2 1) [0 5% M DG 3R, 10 717 27 30 R B 5 1) 3 A% 47 D0 26 A M B85 1) 2 0 7 2 B2 K LE A b 2 TR A, T 7
SRR 1) A X SR AR A A DRI IBM. A Al Gruhl 88 A S H T R0 15 8 152 R 430 5 1 SCAT A 1 0 A
RO T 2500 EM S0 A AR WA B S B0 F S35 AR 405 8 S0 o 3 I 100 £ /6 J At v S 8 5 T 14 5% 1 g
AR ST BB IR A B I 452010 A W AR RS EHLAR 90/ R 3 T S 2N 1) 7 51 eh HEWT B R 4%
T 90 235 G g (0 18 SCUS VA2 TARHE S 1A% S A% J7 000 208 7 1) 0, 4 408 3R AT 06 £ 1, I % A 57 20 B A 7Y
25— P R T T (submodular) D/ 4K IR I ABL 2% 5 S50 T HE T H T B DO 1D B 5 £ 9 0 48 7 B itk |
/NI SR Rt T e SR SO0 50 £ A 0 77 2 2O 0 35 1 o7 R0 1) P 9 ) 8% 110 e Bk A9 12122,
DA AR AN 2R S 56 1) AR RS S0 E T AR 3R Eids v 2% S AL 46 I 28 1R m] AT 1k, ] F S URAT 003 A% 1 9 4% 4
T ) R R AL 2 2 SR B 1) A 7 D9 4 4 Bk 7 32 A e A 08 A7 s B s i I 3= B R R
© A J7 I e Ak B AL 35 2t 5 T SR A5 00 AT e e 428 0 T A () T A 7 1k Ak R 1 A 7 50 0 A 2
T A4 (individual based) ) I [a] )35 51, LA HEAS AR TE S I (8] B 26 44> (1 07 AR DI sk A7 B TE P 2% B IR A5 4%
TR AR, G0 sk 4R R ) AT 0 M A N R AR e SR AT, 5 G s 755 L (Centers for Disease
Control, & FR CDC)FH - Hh X 2= Bt 4 L 1K 1 AT 995 1 38 25040 100 7 S 2 1% (8] 47 ' (location based) (19 i 8] /37
H1), AL DX IAE S I (R B B s . HH B BAE T 22 2 1R 7 2 ST R A 6 R AR O 72
@ T 154 0 45 HE T 7 VAR 1 Bl WL 5% 38 1) % 1 B0 R 2, 75 2 2 IR A R R K V2 1 B 1) 470 4 A i
A Sy VA 0 T A 45 0 8% 8 Ay R T 7 2 o O P o, TSR A PR SR A T o M s B o 2 A B
@ AT Wa = B A A () At ) L i) 22 R (multi-scale) 45 M (LR HT 1 TG S0), iX 6435 v 3 h I
) A 7 O % A W 7 v 2 ok I
@ I A 1 0 L5 AR 7 vk 2 B N AR B AR R R, DK 22 SR R o A 2R e AR S ) A FE LI, M LA
P EF] SIR,SIS 5 SEIR AR MY 171y 3 LUA I A0 38 15 T~ %0 WAL AT PO A% B A0 A T 7
MELF A B R A SO — b 2 T B VA T SR URAT 0 A% 1 0 2 A R HE T U A O RN N BB 8 A TRAT
9 MU 978 B4R HP HE DT R AT A 7 34 A N 7 X I 4 A, T EL 8 65 4 T S AT 9 A G 1) T B AR A 2
ARSCHS 1 TR I T VA E B R URAT I AL 5 ) 45 AR BT S50 B 2 T S X T £ L AR R RN ARk
HEAT B E FIPEAT, I LLAAT 3 RS V1AL A 9] 1 B i it (R 28R D 7 vk (R N P28 3 1 4t A S AR 1) i 4 910
WAL — 20 T R R L AE.

1 RE G E R

WAT IR (AL 3% 1 P2 2 B 2 R A _E K 3h F7 2% (dynamics)id F2. H ¥4 ¥ 55 (autonomy oriented computing, faj
AOC)P 2y AR 43 #7852 2% R 48 S AR A 3 B0 3y 0 2447 Sy B4 — Tt (i RO R 5 325, R EL RS T L) 1
T W R R B BRORAE AR IS 1S J5 I SE AL RIRU . 2 Agent T 5 FHATHEHE AR B RS 0T )5
.2 Agent HHARIA Agent R4E A CIE & AR E SR A SIREMAT N, 5 Z RFEIE, BB 2
AT Zlm HARF S5 N T RGP AL, G BAIHILSE F 4T R AR N I, BRATR A B G o5
VLA AT AR I W 45 Bk S, R A B YA T SR L 52 3 (AOC-by-fabrication) Fil Ji 1Y #4) 43 (AOC-by-
prototyping) bl il KLU AT 5 1 4 47 W9 28 BERLIRLAT 3 160 4% 1 81 0 247 R AR VRS A R BPLEI (AOC-by-
self-discovery) MU AT T thi 34 E5 H HE BT He A% 36 194 265 1) = ZE S 40
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— AT AOC REGAUHE 4 D EEEEE 4y BG4 (agent BY entity). [H I8 HIIE 47T FA5E (environment). 4%
IV B0 AT 4y (emergent behavior) Fl & 45 H 5 (objectives). &1 %) Vit 4T 9 4% % 1n) f0, A LA 32 /) AOC RGIFR N
D-AOC % 4i(diffusion-AOC).7E. D-AOC R G, B AR IR N B VA TR IS AT FR 95 3 7 A 505 AL 1 19 245 100 2% 15
RN T W i (homogeneous) [ A 445 1 25 1] [X 3 8L # 52 4 B 14 (meta-population), P 4% i 12 38 78 5 93 76 [X.
o B O ) (4 A5 R AR AN 5 2 RN IAT R R WA 1B B )1 54T . D-AOC RGN F 2 H A7 &

(1) BEREGAT IR ) A% 1 P 2 LR IAT 03 1A% 3 30 0 2447 M

(2) AR IRAT 73 M A B M T R AL R I A S SRR TR AR RN D S I S AR S

D-AOC RGN 1 A1 HbniB i [ VA v S AL 52 IR0 J5 280 ) AL ) S B A0 b Jo 8 o 1 S X BL5E R &5
0 TAE MU AT — i RS AR D0 28 T 0 A5E 200 v 10 o R o AT 15 1 R el 5, ) P B St o ) 1) A SRR AT
h VT R R A7 B AL R B IR A RPIRAS e RN AE AT A JE I — S 2 R R W FE A 1A g 28 A AR
13 S AN BRI A

D-AOC RGN 2 /ANF Harilid By vHE K 8 R UL 75 e i A% e il ad 1F Bl 5 R s A Sk Y &
BB H BUSAR BIRAT R, T 20 4 /N W52 31 1R BLSE R G INAT 9 5 2 i B8l R Se v BT o 2 Il 19 2 S,
PRAT RN R 48 1) L 52 3R 038 A0 Y A0 S B S A WL P — o 005 VR B e A SR TR B A R Ak R i
T 58 R R I AR, B A A v (1 2 O R U S AR (0 B A AR Ak B R T T TEE AR U0 B T B T B A
TSR A % D 8 A AR DA R o] 356 - 0 43 81 (1 WA 43 00, 1 B A o HR R TR S
1.1 D-AOCHRGRIIRE

D-AOC Z G i) 58 SRS — A 220 WA AT 90 A 478 3 A P 077 AR A% 48 100 0% ABOE T 18 B AR 3R M 25 055 N A

2 R AL R B) D15 AT A I R R R L 0<a <1 Al z]/_vzlal.j =1 68 T AR ZE Y R JREAT 0, i 5 1) 90 2% A B 60 %)
AN [7] FR) A% G i A A7 3, A1 SARS VA/HINT AIYRAT PRI B 45 0 1L 25 < (air-bound) & H593 14 75 398 P58 1
Hi (vector-bound)f& #9255 ¥ 77 2X.

AL 7 W0 235 v BEAS TS 0] DU IR — A 28 TA) IR 3 (i — /N FE B — P 272, R T LR IR — AN B A B (L —
FUNFBAE — AR BN 0.8 5 o P9 286 45 A 11 40 380Kl 43, e L9 AL [) 5 Bl AR ) o i e B A A ) 8¢
A AL — AL AN A, 3K e AN A 5 AR AL A2 1 25 R AT (R 5008 (R IR T« e RO T AR B0 L B L 5
S B B )RR AL IR A 25 22 RRAE (it B B Bl L 55 oA AN (1 4 Al R 28 E AR ). A T 3 A2 7T ) ot ) A
WAL W 25 1T LV ZUR— AN 2 IR G H A2 0 Sk T i 2 s ARG 2 4 AUl 2 R Bk, 2 00 e
ABLIG A2 [F) JST AR 16 A% 7 I 4% 1) 2 IR 5 A AN ASC AT LA Z%0) 1o 5 ] X3k (1) 22 RUBE (multi-scale) Re 4 (A, R 2 22 51 2 1
WAESHER R M 2 E B RAARR R/N AT B ) B 7 1) X380, 1 5L AT DA ) 5 28 358 47995 1Y) 752K
18 K (resurgent)1T A (75— BUIN (8] P S B2 H 0 22 9k % iy e ). BT AN BN 4 00008 HE T 11 22 22 4% 1 90 4% &5 ) L HE
HH AL 7 190 24 5 K T kg S 0% BT e R S S B T i B A 7 ) 5% 5 ) PR HE T 7 vk

FE 3% W 28 P AN 0 BV 2RISR S5 5 R k.4 SO ED, IO F1 RV S J R R i i 78 ¢ W %4
T 5 ¥ (susceptive). ¥k (exposed). /YL (infected) 1Pk & (recovered) IR 25 I N 171 £ R 3 SR 285 ] 4ol 0 0
AL SR, YT AU B G R E SR AS Tl I B B AR A 2 . H B RO T SRR AR T S PR AR (B IR AR
T Je8 T B3 B bR A 3 LA 0 DU FH 1 7% R A% 8 B R0 4 38 19X 8% 85 ) A% 43 D9 28 v IR B A1 ROIRES S R A3 A
7R AT AR 2 B TR) AR Ak B AR T 3L R Al T I 5 5 42 (surveillance data).

1.2 D-AOCEREZHI BRI

D-AOC RZH FA A E A
agent=(id,c,s,p,y, T,actions),
Horh 4y &5 RS BRI R IARIRAE . EVRRGES IO Bl BRI AR IIRES . BRI 3
AR ZERFAE LA B BA R AT AT I BN AR 4R G . D-AOC FRZ8HH IF I S A7 T Pl 28 400 I e AN AN A IS b R G I o ¢ A%
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FOLTLC S B ), B P DASR R AN [A) B TRDRE BE (R i BA5E),H T RIE REFH M ITH Qg MER B ¢ &
IR BRI TR (R F ST 8] T & A BV IRPIRES B R RE RIS TR e AR ¢ INF(A) B4y R
INABTE BN —NBORESH B3 H %

By ooy B2 7R B R A B I HKPT T AR AR 5 3 Ro=3/ 3% 7 25 A T A % (basic  reproduction
number), %1 IH] 5 VA3 75 05 1 0]~ 25 4% 44 10 N80 AR /Um0 IRHEGAE T, R 0 B IR AR B A AR AR
E, PR, A7 R B VR AR A ) R T SRR N B g, T

A SEIR £ E 45 71 (SEIR compartmental model)!™*!, [ ¥ R LERFAN I ZIAL T LU T 4 Bk &2 —:S(5 1K) EGE
R~ TORGHF R(WAT). B I8 A (PR 2 i 72 bl PR R0 B VA A I A2 ) S Rp Ak 3 [ 5 o, an 1 1 o b B 28
S22 2 7 BARFS 53 TR 7T AN B 0 I R0 m] 0 IR 2 . 3 6 A48 PR DR 2 00 10 0 ok

MW 1. YR T S RERL LAY MMERIEN E RE. AL BN i A ¢ I Z0 1G58 15 (infection
force), tH 15 VA 74 B 5 00 5995 (KB T 3 FHIRBE (15 35 9 465 7 JL Ak 8 VR AR IR ZS) JL Al e s, B AR o0 BT 1 DL J5 3.

2, M EEMET ERESDERS: Uy I RJEHEN DIRE.

M 3. AR T DIRESCE RS Un M EEEN RARE.

F 4. 4 B IRARTEN ROIRES S WK A5 BT RAES BR TG B 3RAF T X547 i 11 28 5 o).

N A s Wy 1/
OOLONO
Fig.1 SEIR state transition model of the agent in D-AOC system
Bl 1 D-AOC RZEH AR SEIR R Fe i

58 AR AR B, BTN S - BB R (reaction-diffusion model, i #R RD #70)12>29) #1118 2 fr 7R, 178
RD AT /v ¥ A 10 3h AV AL 355 5 Bl diffusion(P B A reaction( Sz B ). AR #5 4% 3 X 4% 45 55 R m 10 HR & X,
diffusion )4 RIS R PR Al AN ) B AP R . 224 0 28 T A 9 7% 28 (1) X BN diffusion 37~ move(#% 3))), B VA 7R 0] A —
AN ) B ) 1) A 4% )5 24 160 2% 45 1 38 7 B 4 BEIR IS diffusion 3875 select(E), Bl [ VA 1 AT b 6 — AN BEAR AT
A8 H. AE PRI UL R reaction #5375 [7] i i 4 (homogeneous mixing), Bl [ ¥4 4K R4 551 5 b i) 13 96 4 AT 25 4
AR LA S R AT e S B L 4

Diffusion Reaction

node i P(E,.M | Y,,) _ Ijl)/Pj

P(Yy)=a

node j

Fig.2 Reaction-Diffusion action model of the agent in D-AOC system
2 D-AOC #%i B 1A¥ Reaction-Diffusion #)jfF

D-AOC FRGeH, 15 i i 75 ¢ I 21 (¥ /& G4 35 5 (infection force)sg SN BT (145 A1 A2
2 = P(infecdted | susceptible)
= P(infecdted | susceptible,exposed) P(exposed) (1)
=BP(E")
Horb, P(E?) FomA5 200 T BIRIRAE ¢ 205 — ARG AT 28 TR, B, 37 19 8 i Th i) B % 18 0 1 B g
AT G RS 5 2 T A i R AN AN O P BB
A AN 5 I 2% 20N, A 47 ) 2% o IR AN T AR A — A AT ST PCES) XY ¢ 280755 7 A TR
AT NEL T A 545 % L8 W48 BN, v 5 PCE™) B DU [] B 2% 185k 171 et i PN R o 2 v 3 0 At 1 st 1 J e

RN
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P(E") = P(E" A (VL %) = 37 P(ES | Y,)P(Y,) )
ook, ¥ FOR o ER A ORI B LIE, PGE | Y,) R i B IR OB R
(18 8 T A PR o T SR 5 1 8 o LR PREAT R B, 05 R 4 P R A R ) )
5 o Y [ AT RS TR T L T o g e A B
PES | Y,) =1 1P (3)
o, PO ok o IR 5 A TR R L
PY )BT A i AT OB 40 o B A B0 1,7 P/ PR 1 A B T 3 52 B 1, P(Y)
SRV P50 A 4 7 2K LA 0 4 04 4 ) 0 20 e A 5 2 £ 6 R B A4 s
SURALRR L b 54 2 R B
P(Yzj/)zazj 4
04 R AR A X N Sy 677 I AP A7) 5 ) 0 3 MB35 241 e 52 4 ANy IR g AR I A
P I R A 3 T LA B AT BT
0

K = BPED) = B3 PE 1Y)PY) = BY L —5a, (%)
J

AR LA L0 B VG AR M4 e, 18 3 45 T A VA AR 2R i SR .
PRIEACK Be*/

1. agent.id<i;
2. agent.c<0;
3. agent.s<*S’ or ‘I’;
4. agent. < f;; agent.y<—y;; agent.<—1;
s BB B/
5. AT diffusion S E MM a; I 5 s
6. PAT reaction Zh1E, 55 A j PG BB AT R R A
7. PATIREHH
7.1 1IF agent.s==‘S” THEN
VLTI 2 ¢ R GRS A0
IR 20 N SIRSHEN ERT;
7.2 IF agent.s=="E’ THEN
IF agent.c==1/y THEN Mt A\ I'IRZ;
7.3 IF agent.s=="I’ THEN
IF agent.c==1/7; THEN HEN RIRZE;
7.4 IF agent.s=='R’ THEN 4kZLA%HF RN,
8. i gh
IF Hifi RN THPIRE THEN
agent.c<0;
ELSE
agent.c<—agent.ctl;

Fig.3 Life-Cycle of the agent within node i
3 M R AR AR A R

1.3 D-AOCRFKHBHRITA

D-AOC FRGE AT o 2675y s 1A 4T W 26 00 B 2 0 AT g T8 M 4o 0 4 20 i P 4 3
ARG R gy G 7S T ARAG I AR O B ), I T 6 (1, T A4 T 0 M s T s o — A TN [
Y D=(DY,...,.DD), L 55 e M HN R R N DO = (d?,....dD)" B A R O RN A Ie4l
(DY oy AR ¢ W ZIT R d BT LSS I 505 1 K (AT RN e R S O A VD R A AR B (RT R
H e AN BT B Ak v AL S B ] o s Pl b D 3R B J LA
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@ EEE

MEPEEE D il N AN )PP 5K B, D AR R 25 i AT 0E AR i i FOEE B I ) J32 870,30 5% 1719 i TR
¢y 2 0 DX S5 0 52 2 B AT 94 3 41 R Wk SN 80 )00 722 05 L ABLASH U W DR, 5 45 0 A R D0 4 27 20 O TR 0 M
IR ANF),D - 27 I I 18] P 14 HE AT A A (9. 8 A N IR ) 7470 e 224> 0 4 (rp) B A, Sk AN R

0 A2 i, R RESR B AE BN [R) PR . MR BRI T N KRR S e v e dha

@ a2 R

(i e R P I S N ol 1 N A S T Nt O VA i e S R T A R
R T BN T S5 A R s TR) X sl A [R] 2 )RR f DX 3SR 2 B IS T 9 T LA AS [ FR IR )R B2, 1] 4
IR A 2 45 /N ROBE DR38 LA IR B J) 2k B 1) B 8 4 R 408 AL AT 9 280 iy L Bl 48 X RBE IX 3 DA ) e 2
JEE kg ik i) B A7 % A M 8 SR T S

o [
[} | | [}
N R A A A I A Village Daily collected
N .
? ! 202 02727 N 212 e Village Not available
p= & | -
’ Vv H J H J m J! ‘ ~~~~~~~~ Country Weekly collected
T 1
’ P J Lol ’ ~~~~~~~ City Monthly collected
T T e i 3
DYy @ D7

Spatial scale Temporal scale

Fig.4 Surveillance data depicting the emergent behavior of D-AOC system
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Fig.6 Emergent behavior of the D-AOC system and its approximate expectation
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Fig.7 PSO-Based self-discovery process of D-AOC system
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Fig.8 Real data of HIN1 swine-flu epidemic in Hong Kong during 2009
and corresponding simulation of the D-AOC system

K 8 2009 FEFUEHLIX HINT 3 i BAL #E B3 s 5 D-AOC RS AL i

FEPE 08, A 52 HIND sgm N LRI 5 ANMERA:5~14 25(4,),15~24 % (4,),25~44 % (4;),45~64
% (A4),65 % F LA _F(As)AH R A% 32 0 45 15 A 38 7 Dby R KT 7 4 188 S A0 o T 2 B O, 0 4% e e 3R R 4 T R )
A MR FE T SCHR[27-3 1155 TAE R I HINT A 42% Z 50 G [R14F 6% B IR gL 26 . 38 AR TR0 i 52 391 45 LA
JANFAT 8 A IR A8 BT, FRATT0 D-AOC BB S 4T T 1 B, L3R 1.5 T X S S HOIAT BT ) BT Hi 4 9
B AT AL A EE AR, i 1] 8 v Simulation 1R fr7n. AT LUE H,1% D-AOC 4t g8 5 i A 40l HINT HT 100 K
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Table 1 Parameters of D-AOC system for simulating HIN1 swine-flu epidemic in Hong Kong during 2009
R 1 B 2009 4 HINT JE U AE Bl R L FE 1) D-AOC REESHL

EEES A Ay A; As As Yij T ¥ INE95))
Ay (5~14) 0.640 5 0.293 4 0.0190 0.028 9 0.018 2 0.434 0.16 0.25 94

Ar (15~24) 0.271 8 0.413 8 0.119 7 0.084 2 0.110 5 0.158 0.16 0.25 91

Az (25~44) 0.189 7 0.1950 0.3417 0.202 6 0.0711 0.118 0.16 0.25 230

A4 (45~64) 0.084 0 0.176 5 0.218 8 0.3256 0.1951 0.046 0.16 0.25 186
As (65+) 0.1115 0.159 6 0.160 5 0.245 2 0.3233 0.046 0.16 0.25 85
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Fig.9 Estimating epidemic trend and the parameters of the D-AOC
9 WATIEERIEHEF D-AOC ZH ki
Table 2 Estimated parameters
2 it SEE
FECES Ai As A3 A4 As B r y
Ay (5~14) 0.486 0 0.204 3 0.019 5 0.197 1 0.093 2 0.566 5 0.1613 0.266 2

Ay (15~24) 0.1919 0.254 6 0.027 4 0.197 3 0.328 8 0.227 1 0.1613 0.266 2
Az (25~44) 0.126 9 0.200 5 0.000 0 0.405 7 0.266 9 0.174 2 0.1613 0.266 2
A4 (45~64) 0.085 4 0.164 6 0.280 5 0.349 4 0.120 1 0.044 8 0.1613 0.266 2

As (65+) 0.169 6 0.292 8 0.292 6 0.1717 0.073 3 0.031 2 0.161 3 0.266 2
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Fig.10 Influence of missing data on the estimation of epidemic trend
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Fig.11 Influence of time window on the estimation of outbreak trend
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Fig.13 Evaluation of infection risk based on epidemic network inference
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