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Multi-agent model of epidemic control process for large cruise ships

REN Kai', LI Ying' , LUO Wenjun®
(1. College of Power Engineering, Naval University of Engineering, Wuhan 430033, China;
2. China Ship Research & Design Center, Shanghai 201108, China)

Abstract: Based on the theory of complex network and propagation dynamics, a social network was constructed, which conforms to the
interaction characteristics of large cruise ships. The hierarchical structure of the communication network was defined, five rules of topology
generation of the interaction network were analyzed, and the social networks construction method of the large cruise ships epidemic communication
were given. Based on the multi-agent technology, the properties of the members of the interaction network nodes and the epidemic propagation
characteristics were studied, the basic form of agent member state-space was given, the physical characteristics of protection and treatment,
management and control isolation, information interaction and other factors were integrated, the algorithm of agent state transfer and behavior
interaction process were constructed, and the structure and interval characteristics of attenuation function were analyzed and demonstrated.
Compared with the constant-distance model and the random-walk model, the simulation calculations of the epidemic transmission process of typical
large cruise ships were carried out under 4 working conditions and 12 states, respectively. Results show that the random-walk model is more suitable
for the simulation of the early epidemic transmission process of large cruise ships and the analysis of epidemic prevention and control strategies with
abundant information.
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Fig. 1 Hierarchy of communication network
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Fig.2  SIRS model of epidemic transmission
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x2 HEEBITREARSHEE
Tab.2 Simulation operation status and parameter configuration
EERZ RS
Rt e % A LI IV A B4 1k e e
= TS N
iy R are RETEER WFREEREE  WssE TRR
R s wemo owmic ovsmm SR
1 =Y Nl AT=3d,5d,7d 65 70 4 8
65 70 4 8
2 B 4 1 BEAN[] AT=54d 33 35 4 8 B(gu) |
15 30 4 8
15 30 2 8
e B(ga) |
3 ANl AT=54d 15 30 2 4
di/d(gd.-) l
15 30 2 2
65 70 4 8
5 y(gu) 1
4 B & EALR AT=54d 65 70 4 8 |
15 30 2 2 T

BT BB BRI 2% M 4 J IR S ) A
RS R BRI AR AL T e il i, Btk -
SRR ER R (BELK) BB AE R BLIALA T 1% 6 1 7
LU SEAREROR S SO i) Y € STRIIRES (X /PN
22 , 75 FES BN AR i A BE SR Y (52 4R) RERS
Bl A R IX — [

D5 FRE X 24 009 (i 20 d) B N B f)y
PO a0 R A AR I e AT i 1]
PR BN, 2R s Ao L ROPR 2 Ry B4 1 e, 245
Ko B 4 5 BAER R T ORBLEEN 3 d,

7l

=R

5 d.7 d HRIBUGHIE I K a3, 25 /AR BL T 1
KBRALE R S s M2 T4 2
Hh B4 3 JBE X 75 BE 0 R D A B SR BRR
N 53378 SR BE T AN S — A5 D A0 AN 0 BEHE i £ 1
Jit X R TR A AR AT 9 By 45 OR A BR B 6 T
LA BE T Bl 2 B 4 18 it T 2, A B3 BR o Bl S
SENE IS8R, AR Bl G A R e KA B —
SE U [P (E R R IR B, 3 5 25 ) A R
FIRGH AT Z IRAT O I 7 Frs i &Mk 2 2
RO A, RN P27 ROA A5 1F 20 2 B R R
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(a) Impact curves of crisis response
. Fig.5 Effect curves of prevention and control efforts
based on constant distance
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(b) Impact curves of crisis response (a) Impact result curves of isolation measures
based on random walking based on constant distance
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(a) Effect curves of prevention and control efforts

based on constant distance

(b) Impact result curves of isolation measures

based on random walking
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(a) Effect curves of treatment conditions

based on constant distance
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based on random walking
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Fig.7 Effect curve of treatment conditions

2020 4F2 J] A5EE HARR“Bhia A 57 KA
HIR 58 T JRL il 58 PN & 4, s T S Rt s c 2 A
1 HRBUER 1 plgeUEE 22 A 19 H it 500 44
WRE T, 19 d NEI2 ARSI 2 621 4, #4 i
BN ER3 STL AGHR, 19 d Y Rk 5
17.3% o JLI8], WEFERIBUT 4 AR 15 it , K B
FENE 37 RIR B Tt , N B3 SEA AR T B RS, Ao
NG R B B 45 1 B B, 18 F AT ST IR R
T, 7% P8R O A P 1 i, LASE 12 S RDIRZS
Henb, BCAT = 1 d, g — B REARIR 5 BRI, PR
M2 g5 BRAG BRI , s/ MERR P2 , i AR R T 45 1
(892 85003 AR A7 T — * B i B R B
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HIE 8 PR
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Tab.3 Multi-agent simulation model data and

“Diamond Princess” epidemic change data

%
H i
(1) (2) (3)

Day01 0.028 0.231 0.385
Day02 0.028 1.000 0.615
Day03 0.280 1.385 0.923
Day04 0.280 1.615 0.923
Day05 0.532 1.846 1.231
Day06 0.560 2.000 1.462
Day07 1.708 2.308 1.846
Day08 1.792 2.769 2.615
Day09 1.960 3.462 3.308
Day10 3.780 4.385 4.385
Dayl1 3.780 5.077 5.308
Dayl2 4.873 6. 000 6.308
Dayl13 6.105 7.154 7.385
Dayl4 6.105 8.077 8.692
Dayl5 7.981 9.077 10. 692
Dayl6 9.941 9.538 11.923
Dayl7 12.710 10. 620 13.846
Dayl8 15.180 11.460 15.538
Day19 17.390 12.000 17.846
Day20

E (DB A5 B (2) s fE e B A58 (3) bl
PLHER LT A3

= “HEAES” G
ISF — PEAHE AR EA
—o— BEALIFE AL AR

K8 P EUBIRIBOE 5 Bl A 25 B AL AR
Fig.8 Simulation data and “Diamond Princess”

epidemic change data
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