5 52 B4 9 ]
2024 £ 9 J

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 52 No. 9
Sep. 2024

NEHS: 0253-374X(2024)09-1438-10

DOI: 10. 11908/j. issn. 0253-374x. 22469

B TR ET ANEH AR ERNFHBREERXE
BRGS0

L

K2, gt

(R 1 b5 20 T AR

FEEE: RS AN LSS A N A R SR 5 oL B4 A T
TR A KRS, LUHT I 2 A R AR AR 91, 5, 0 Hr
T 2019—2020 477 e 2 R 1R e T A AE i 24 SR
FARVEAT R . U, T IR fi R 2%, Al 2 T 1%
Y9 B B Y (susceptible - exposed - infectious - recovered,
SEIR) , IHHRFE T AR &AL 43 A T HHI e 2 A 4 XU
R AR AT T ORA R AL A a5
B4 2548 PR IG T R B ERCR . S5 R HE e 2 K
WA, A% 9 0K e ] BE B3 K 15 % , AR 178 30 26 Ay e
SRS 5 7 Bl 42 s J5 1, B> A BT 47 T IO St 25 RS ek
P A NECS AR B 3 A1, T KIERR IR A S RS
PR R0 BIOXUR: o TESRALE R SRS, LASAT P14 Bt
R WLNZ IR, A B KU AT R 29 400

KR ARSI B AT s A i R 2% s BT T AL A
P e A AL
FESES: U491.1+7 YEARER. A

Modeling and Analysis of Risks of
COVID-19 Spreading in Customized
Buses Based on Seat Choice Behaviors
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(Key Laboratory of Road and Traffic Engineering of the Ministry

of Education, Tongji University, Shanghai 201804, China)

Abstract: This paper aims to quantify the spreading risks
of infectious disease in public transport vehicles under
various distributions of the passengers. Using the
spreading characteristics of COVID-19 in 2020 as an
example, first, the patterns of customized bus seat choice
behaviors before and after the outbreak of the disease
ranging from 2019 to 2020 were analyzed. Then, based on

weighted encounter network, a susceptible-exposed-
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infectious-recovered (SEIR) model for epidemic dynamics
was constructed, while the risks of spreading of disease
with various distributions of passengers were studied.
Finally, a comparative analysis was conducted to quantify
the impacts of different infectious disease control policies
such as seat assignment optimization, ridership control,
The
demonstrate that at the beginning of the outbreak of the

and personal protection guidance. results
diseases, customized passengers spontaneously increase
their distances by 15% which effectively reduced the risks
of infection by over 30%. In terms of the epidemic control
policies, in addition to personal protection with
the the

implementation of ridership control with seat assignment

significant impacts on reducing risks,
can also largely decrease the risks of spreading of
infectious disease in public transport systems. With the
optimized allocation of seats, using the current average
ridership as the reference, the risk of infection may

decline by about 40%.

Keywords: public transport; seat choice behaviors;

weighted encounter network; patterns of covid-19

spreading; customized bus

R T 0448 7™ T Bl P N2 2 A, 4L
MATIE# A i AT R Al
7T 18 M A B RN AR B fe i o3 A LA™, &2
AP 2R RE R G AR IR 5 YR I I B A
WATHAE R EZ TR ZIHIERY], 28 &
G R 9 N T Bl R AT A0 A R
R LAASEEEIE RG], HE R AT
HEfhBE BT AT RS, R E S EUL Y i AL

> RAN S

=

5



59 1

T, A T REA T Y S N S A PN R e A RS A A 5 1439

T EZE NS Z — 0 AREERRE A BER
B LR OE I H SAB B B LIRS AR 1A
A AP I SR, B0 E A AT R A A e
Bidre. DRI, 7630 B AL R B LRl 15| A\ 2858
HATIR R A )T 0 4 1 B A A% s 76 423 R 40
P 1) A% 7 AU SRR AIE S8 B o 06 B B 7 5 4 it
il

AR, [ N AhF 2 23T 38 R Bl o T
ZEI RGN A R AT AR A AT SR
1, 38Rl R s o skl R 45 8, oikiRTs
A 27 A W ) AR B4 A BT A 3 B AR R
e RS 1 B A T 25 o DRIk T 1) (] S it 2 e
W INFD #5254k T BE ) I R R 2R, RS i Ak iR 5%
ISR ERH A [ BT A ARG AU, i 5% 2 T3
[l 2019—2020 4F- 37 7L 9k B 4 A 1 I 19 i 24 52 3
VIECHR | F BT AN TR B2 AT I B R AR B AE A N Y R
BIPRFEAT by, A8 A I TS ik D) 6% 1) 95 03 1 6 A5
G 0 N I VA o TR N N e E b O E o
ERED T NP A A B A48 BRI T 4% G
TR AR, IR Es A AL g AR A 5E RGN B Bl
P SRS HELL, SR B4 1 it 11 o P S

1 EHIR YR i A BEFFE

ARMF5E LA 5 K A SSRGS A Rl 22—
PEA 5 A 3E 2019—2020 4E 813 150 J7 45 22 5 3%
VA ESHE RIS G2 o Bt s B R R A ), 32 A
22 M 55 I A Fa il 2 R 2 236, o oA B o 3fe 7% 174 34 s
A8, PRI T S5 s W et 245 4o R AR T
TR A A TR SR Bt A B B R 4
1.1 BRERET

FE A3 A SE S BE R R A & 1R .
2019 47 Hr i B AR, 45 H BRI R AR e TE 12~
14 No 202042 1, sz 34 G R R sg ), 1 e N B
W 3N, PR 75% ., Hn EE TE"
(A5 HERE , BEUCE 35 1 s N ER P [l T 5 F 2020
AR5 AR 2 2019 K. LG, 524 E 45
T R /INFIALE I B R W52, 5 A S R A B
/N I8 B A B . VAR 7, B et 2 1) R
2 AT R T R TR R (EEAR AT
AR EUR A BT 80 %4
1.2 IEER4FE

WF 5T 5L T 11 b DX il 38 )12 R A 19 45
JE A 227 R JEAVEAT SRy, AT I 2 A FE 4R A7 1]

2019
16 == * > - >

14+
'<12_

w2 10}

i /

i

]

v

SFHBE
o N o o

1234567891011121 234567 89101112
Ay

1 2019—2020 £&AEH A X EHIER A
Fig. 1 Average number of passengers in each month
from 2019 to 2020

iSRSl SR VAR5 80 = I 2o N [l o £ 8 R R
V) ) S 47 D 5, 4 SR A XSO il £k 224, e 2
. B2 R EmEEL (p (/N 0.05) e T
R (P EHRTET 0.05) ¥ FRRIZ KT, 2020
AP A% ) 1 A B B AR 2019 A1 4 A 3 JAE HE S
PHER I E 4r H . Y45 BB, 2020 4F:45 H
TE S B8 55 2019 4F B B o AR il R 5, 25 SR [E] 3
i

S5O LB e B A TR ™ 1Y) 2020 4F:
2 R 2 e 5 5 il N S A K A JREASE L A
TR PR XU o SF- 47 )48 457 18] 3 S A Eb =22 BT 20 Y6~
30%. 202043 AL, bl B4 S 5 , e 5 AL
S (R FEAT TR, EVARRRAE 5 e T AR R T T
R BREAE e A5 S04 5, A2 (] PR B AR Z i)
FTHER FHEAE ZE N A Ed T 10~35 AR Ry
B, MR BSR4 R 5% ~10% , H ik 2% R 7ES:
= S ST A A W 5F 2y 9 = T RS E o
Bl 4Pt oK, 3 2 7 356 JAE o 1) R R 1 R 1 B S R
The

2 FEREEAXRENRNEEIERN
ERNK AR

e B HAT R AL Jet , TE R IR A fik
et , B IREE T AR R AR A T ™ . LR
2 myw A GRS B A o AR S G
R RS %5 AT ) 25 [RD N S0 P85 14 3 4l A R MR 42 1
TR S o DRI, Ay R T S L B A ) 1
FERRL, XA BT A 58 RGN B R AL L HAT T
2.1 FEERFREEMTENEENNFERGE

75 V8T e s R B AL TR S S AR % R



1440 6] 5% K 4 2 MOA R B3 ) 552 %
) — 2020-02 _ — 2020-03
T — 2020-01 7 - 20194FBI(H i
6[ —20194p#fE 130 X 6> 30 or - 20194FHfE 130 e
5 = Sr S Z T
At 22 n 20 = | 20 T
1ol tm bl o 1o o
===y = jind] 10 = ==Y 10 =
ot = = o) = of =
£ =
' & 0 o ' ®0 =
= . = =
1= : ‘ 1 : - —10 1 : 10
10° 10! 102 100 10! 102 100 10! 102
YN AN N/ N AN WAUN
T, — 2020-04 7 7T
6k 30 FARN —2020-05 35 e o —2020-06 35 e
! 20194 49{H X ! - 20194FEHH o g -~ 201941 =
il 20 = 4 20 F il 20
| 10 Z = 10 = = 0 =
= . |
0 ~10 e : 10 g
o = =
1L . = . . ! .
—10 1 —10 1 —10
10° 10! 102 10° 10! 102 100 10! 102
PN/ N FAENE/ A N2 PN WN
7 7r 77
BN — 2020-07 30 e 6 X — 202008 .3 o 1N oo 30 o
5 - 20194 = or - 20194F44(H = 5 : ggfgiﬁi}gﬁ =
i 20 = ar 20 2 = 20 =
— & w3 R s 3t =
B 0 = = 10 Z = 0 =
2 = 2 = 2t =
= i
*10 t:u 0 g w0 &E
=23 ===
1 ' 510 1L ' 10 I - —10
100 10! 102 100 10! 102 100 10! 102
RN YN YN FHEEAE /A FHENEL /N
7. 7 I
gj \ — 2020-10 30 = gj — 2020-11 30 X gj \ — 2020-12 30 <
i 20194 K)f > al 20194 M = al 20194 ) 1K =
" 20 = 3 20 = X 20 jﬁ
F il F o & OF a8
E‘E 10 g g 10 g @E 10
i T a Xy 2 =
~0 & 0 E 0 =
=== ™ =2 f=2)
: ; —10 1 - —10 1L : —10
100 10! 102 100 10! 102 100 10! 107
R YN YN BN YN WN AN YN WN

2 2020FE&FERENEES 2019 £1E L%

Fig. 2 Distance in each month in 2020 and mean value in 2019

(su%ceptible-exposed-infectious-recovered SEIR) , f5
AR B B an & 4 s o Hor susceptible (S)
expos‘ed (E) .infectious (I) ,recovered/removed (R)
I3 IR ARG RIS et BUAE AR LA A
WA SAET- AN BB, A IR MR () b2
BRI (D 2 BAT SR B AL R RE T L PG4 A
SIREFH 2 EARSHMR I 5 5 iln BiHE#%
R M THEf Y 2L R B LR B E . oy 7
SRRV R A8 R R g B8 AR R R IR
S/FETZEAR . R GE AR — D ] 5 A (5 min) B2
BRI S ELLRIRZS , BEi SEIR &Y 5
BRG] AR I S B R e e R MR 1 B
LR R

A v A AR TA] B 5 B R S B 2020 4R
WPHT R B OC AT A S P e . Horp, 56
T Read 55 VRIBF LSS R , 2020 4F L) AL HE 47
PRIEIRIIZI O 4 d, 0 R T RIUPIRAS E e B8 A R
RETH B o=1/(4 X 24 X 12)=28.680 X 10 *,
TG T A1 ), B 20 SR B R T AL e 1. 96
N BTN A il A PR B2 11

Ah{5N@%%w%@ VLTS /N
555 10 NF-HJ3 i g U1 30 s, T 454% 5 min d
G717 S N i S e
(1.96 X 10)/(24 X 12 X 10)=6.806 X 10~*, F B
LA o B 1 1 M5 5 3R 2 ] 42 ol i 5 2 97OA
K B 5| SO BE AR B A A1, AR SCIBUE B2

j\‘i



59 1

T, A T REA T Y S N S A PN R e A RS A A 5

2020-01
1.0

0 10 20 30 40 50

2020-02
1.0

0 10 20 30 40 50

1IN YN YN YN
Lo 2020-05 Lo, 202006
gos g os

0 10 20 30 40 50

1
0 10 20 30 40 50

1441
2020-03 2020-04
1.0 1.0
%O.S EO.S
0 10 20 30 40 50 0 10 20 30 40 50
YN YN FEENE N
1.0 2020-07 1.0 2020-08
2 &
%0.5 §0.5
0 10 20 30 40 50 0 10 20 30 40 50
INZYN YN I YN YN
2020-11 2020-12
1.0 1.0
ESO.B EO.S
0 10 20 30 40 50 0 10 20 30 40 50
YN YN FEENE N

E3 2020 E&AREEENHS2019 EEEEESHHLRIEERER(p=0.05)

Fig. 3 t-test result of distance distribution in each month in 2020 and in 2019 in any number of

AN YN YN AN YN YN
2020-09 2020-10
1.0 1.0
g'g 0.5 E 0.5
0 10 20 30 40 50 0 10 20 30 40 50
FEENE/ N FEENE N
attendants ( p=0.05)
e
[susceptible] [ exposed |9 infectious |7 [recovered/ removed}
ARG | WEIRIBICAEIR) | sk UE AN

L

4 SEIREHEHHFERREE
Fig. 4 Dynamics model of SEIR propagation

WA T Ky 1/, B R A RO RE R Ny 8, =
B, =B (d, o 5 BB RELTANIE b 9 AR 7

PHALAE—E R L L B AL, A SO e
dy 5 FERS 28, BRI

dy=J(ar) +(pay) 90

Ao Ax . Ay 43T OA JREASE £ A7 AR ) A 1 S
P B SCHR A DL A AR S 7 X B g i L
HUE B AH T8, AR SCHL 9 ={1. 0, 1.5, 2. 0}, 433l
FH T 5 SeALRE XS 1308, b, IS g2 kA
(1) G R SR B il R 1297 28 GRAT AR /D) ) Hh s
B R ARV R R LA AR e 1 DRI 5 5
{EFREREAR S IR I A BE EAE Q15 L. 2% Chen
S LSS AR BAAL YL T 2R B

e W Be=0. 580 2, HEFERER S BlE YL A
R Y TS5 RN E AR
Z A, FTF Mo S5 RS e R ITA AR /B
T2RZ90.01, #E 8 5 /iR et iRl y =
0.01/(24 X 12)=3. 472X 10,

25 b BT e T AR R R G R B A
RISHOE AN 1 R .

E—2 MRS R

N

S(t+1)=S(t)— £:SI — BSI 2
E(t+1)=E(t)+BSI+B:SI—cE  (3)
I(t+7)=I(1)+oE—yl 4
R(t+7)=R(t)+yl (5

2.2. IREUKAR

B GG AU R N 4% v Hl A4 TR 1S 1
WARNE E SUBGMR TRECR: . X FAERE R, %
TERIIGR EARAS B NECh 1, R K30 5y I~
S. BEALECEGANMA E AR T A7, 1 )5 3T
B R, R SR RIS BUE T B, BEALA B
AR R R BRSSO A W E Br kA€
{5 B, Rl — R B A2 100 YOR SRS R 1T
WESRAT{ES



1442

6] 5% K 2 2 (A 4K BE 2 B

%52 %

&1 COVID-19 ¥EBESHR RS RBEVHES HEE

Tab.1 Propagation parameters of COVID-19 and initial parameter values for subsequent solution

el 28 1A EBd
B, 6.806 X 10°* 5 I YRR
B, 3.403 X107 5 E Yl
P 2= 2P S I B
USILE e :
B 2 Prisa= 2 Pry 5 Ei RHHERF
o 8.680 < 10 * IR R AL U U R A AR
Y 3.472x10°° S B/ T AR
N 12,45 EEFVYN
B 1 VIR TR (E) 5
Wl SR o 0,0.2,0.4,0.6,0.8,1.0 PR K L
r 5 min BAANI I Bl e Tl
r 16, 1000, 10 000 SRR A Y T A B

2.3 PERMEEREKRER

BE X RE—BRUR , B AR oK i KU 25 0 . %
JE BB 3 il A 38 B BB A T [R)YE K 24958 20~
120 min, & & 535 #7 K i B5F 18] 5] B9 =5 min 24, 5K
It IA) - BB =16 , BT 80 min.

h TR TG S50 5 R AR SCB WA I 9%
Jei 14 B ] A B R A, A3 LA T A4 B

BB 1 R kel & R B (2019-01 % 2020-01)

BB 2 SR ieedas 2 W1 (2020-02 2 2020-03) .

B 3 MBS S I BE(2020-04 32 2020-06)

BB 4 R AL B B B (2020-07 2 2020-12)
2.3.1 £ H PRI AERE XU (B

X4 AR PR EAG R S A, Ge it |) A
Bt =16 i}, 38 W& 5 s KU i 2. 458 B,
FEAH IR LR BG4 T, B B0 & S5 19 2020 4F
21 ENAERE XS AR . B b, M 20204 3 A
A R PR A 40 DX 2 ST 1, DA 6 ) Ak S T B
M TCTE A oy 2880 o HUIE AT, 4 JRT N A% 8 XU 1)
AR . I ERHE, J5 P o =2. 0 ]
JEFFE— T

P AR SCES 13843 19 20 B ] 0, AN ) T 45 19 2 11

05- _ 20194 20204

B AU
o o o
oo » =

o
e

0
34567 8910111212 34567 89101112
Ay

E5 &RBFHIDREHEXE

Fig. 5 Average spread risk of each month

INEATR R MR AR E R E A T 25 5 . I,
R 1 8 N BRI 22 9 e 5 P A 2 R B B AT
RIS o ARBIFE 43 A il JAE P 2 55 s A BRI A~
S RGN BE A T A KL ARG R 52D
2.3.2  TEJARIE B XL XU 1 52 R
HELE A A A B T A B R B T8
P3G RIS AL, 2 A 3 A A 8 o A48 XU RO S . 24
IR IR NBCH TR, KU 45 SR an & 6 Fim o
0.6
0.5F

& 041
= 0.3 F
P 2 AN Y N AVIN

4

¥zl
0.1}
O 1 1 1
0 5 10 15
39 A I
E6 A[EERERERE THEERE &
Fig. 6 Spread risk of different distances

H L6 TN , 24 3R 2% [B) 30 Pk B 5 4 /N, A5 486 AL
B A PR R A TR I 2R DR 1 B, R A %
DRSS R 348 R A A7 B, %o oy P34 i N B2 HE 12 0
Ko, BeIs I 2 B] d5e /N B (A 38 (E 29 Ry 2.5 AL,
FER P E R, AN B T 12 N5, B
JAUBS R PR i

BEAR A B AT R T S AR A T R AN [R)A ok
A5 XU 22 5, 181 b s N %R (n=4, 8,12, 16) ,
TR NECT BT RS, 25 R & 7
B

[ 5 L E N BCESE T, il 30 3 R i e B 5
X T RRARAL AR A 2 e B IE . 24 R ANECH



55914 U A BT A T A B T 5 T PRI LS B A XU AR 43 b 1443
020 AN YN ! 020 FREASKS
0.15 0.15}
& & VEAHARES HEREARAL 4G KBS 6126
= 010} = 0.10F
iy HUAH 7% BE R A XU 78% i
T 005} = 0.05L
o 1 2 3 4 5 6 7 8 o 1 2z 3 4 5 6 7 8
T JAE I T
0.30r RS2 0.301 B A%K16
0.25 0.25F
& 020t & 020t VUARAR 6 e R AIRAL 4G IXURSE: 36 26
< OAH BT e AT 4G XURS:: 42 %6 =
% .15 \\w\/ % 0,151
P W
0.10 0.10F
0.05 - 0.05F

prAL S

0 1 2 3 4 5 6 7 8
TG e B

BE7 BEE LR A EE R B a1 XU

Fig. 7 Spread risk of different seat selection distances at a fixed number of seats

A e A K AR IR R IR RE B B AT, A EEAR 4B
7 JRE ] AR AL AR UL AT 8000 B b J9e A KB e
TN, € A 7 JRR PAY RTS8 JAR A7 D 2>, 38 A JRE A ] g
T KU AV s o SR, BIAEAE b e A e
ZHTEOL T (A 16 ), e 18 R N AT ] i i 1R
N HIFEES 7 4 LR KU R AR 36 04
2.8.3 PR LR KO AL AU R 2

1 8 221l 1 4% i B A 4k XU i e A\ 5022 A
2o SRR, AW BOXURS 2 B L 32 AR i
BRAETE o X L H e 2 18 A 17 A 1) A R XU 22
S, H LR AR AT A B XS B T4 52 W A
Gt o KR, WP N 450 2 s
R NI SR A X i 3R o AR (S A B R EL L

0.6 — Bl —— BER3
| WrB2 - --Brid

#7010
I
27 0.08
0.06
0.04
o0z}

0 5 10 15 20 25 30 35 40 45
FEAE/ A

8 EMEREBXKEE(IN=16)BE EEASTH

Fig. 8 Spread risk values versus number of

attendants in different stages

XF L 2019 4F, #F— 20481t 2020 4E-45 A AEANR] I
JE BT 1) A 4 JRUISS: B3 AR A8 L, 45 SR an 181 9 7
PR TR RS I B B =, S e R R
(AR JEA T A R, AN TR) B8 NS, A AU
IR AN . Horb 2 A RUR 28, e % v
()P N2 25 6 , AL4% RS fe e T R 4026 6

ST, A ek s R s, e &) 5l A f
FRAC M B, LA AT o (o 4 2 IR PN ) 88 155 A 4 IR
7 (L BH I B A, FLiZ s i A b A AN BRI T 25
N BT B 5

3 ARENELREIERE

BR B BEHERD 2SR TT SR 25 45 LAA A A BT
P R AT AR 25 B PR A ) S s AR A
ARG R R E T B, BT AN RSt )
P s8R | SR 8 TR W A T S, S A 5
G S IRA TR B RO A DG . H e, B TR
HENT ) N A A Qe AL R B, AR i — 2D i
AEPEAG AN [ 7 4 S 1) SR
3.1 MALEELIHER
L B AT Y AL R B R 4 AT R
YIRS PR e il 4t A B 2, oAk 43 e e %5 J8E or
S AE FGE N AT R B 45 R 28 T HAR R fif

A B AELE PRI F B A PRIFH AT RS Al i . 1%

p/A
VES



1444 [ B K 2% 2 (A R RE 2% WD 5552 %
2020—01 2020—02 2020—03 2020—04
x X X B
= 4 = o = & =
= " = r = i = i
2 30t 32 30f 2 30 32 30f
¥ 2} ¥ 20t & 20} ¥ 20F
= 10t = 10t = 10t = 10t
@- 0_//\/—\/‘/\/W @ 0O+ @_ OF @_ Ok
= 10} = 10} = 10} X 10
ﬂ_zo . . . . ) ﬂ_go L L . . ) E@_go . . . . ) ﬂ_go . | . . )
& € Y kY
= 70 10 20 30 40 50% 0 10 20 30 40 50~ 0 10 20 30 40 50 0 10 20 30 40 50
EREAS/ A EREAK/ A EEEAS A EREAS/ A
X 2020—05 X 2020—06 X 2020—07 X 2020—08
2 50r 2 50p 2 50p 500
= 40r = 40r = 40r = 40r
32 30r 2 30t 3 30t 3 30F
‘;{.ﬁ 20+ % 20+ ’éi 20+ % 20F
& 18: Rl 13:% & 18:MM 4 18:/\“/'\/\/\/\/%
X X X X
wa —10 we — 10 wa — 101 wa —10F
K*ZO 1 1 1 1 Imizo 1 1 1 1 Imizo 1 1 1 1 Imizo 1 1 1 1 1
= Y0 10 20 30 40 50% 0 10 20 30 40 50 “Y0 10 20 30 40 50% 0 10 20 30 40 50
FREAE /A FREAS/ A NS A NS/ N
X 2020—05 X — X — = -
X s0p X 5 2020—06 X 5o 2020—07 X s 2020—08
= 40 + = 40 = 40F = 40r
2 30f 2 30t 2 30t 3 30p
% 20+ &g 20+ % 20F % 20F
10+ 10+ 10} 10F
& 0Ot Rl Ok (Al O_WW Rl oF
X X X X
w101 w10t wz — 10t wa —10r
- L 7 -
%_20 1 1 1 1 |%720 1 1 1 1 I‘H-W_O 1 1 1 1 "HN_ZO 1 1 L 1 |
= 70 10 20 30 40 50% 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

FEEAEC/ N FENEC/ A

AN YN/ YN FEANEC/ A

E9 2020F% AL 2019 FHEEBERNKEEEE DL

Fig. 9 Percentage reduction of spread risk in each month in 2020 compared with the average values in 2019

fit1e) n] BEA PR RIS O fe i B0z 5 Y 25
K s Q45 Bk R (1 AR P A e % 1) P S B K

AT 73 5311 2 T 3 P S0 B Al e e S (I A A
TSR B N BB IR o 4%

ST RRIESE & S I VACR I ERS = PN

XF T A e NBCR Y E JE S Af, 3Fe 2 1] o
YJies o, Lo 2w i SR 0, P ME .
O, BB R 37 7 ARV AL e 5 A doc T AT B

A E XA ANT

1 n

6”:;,261. (6)
o, =mind,, i,j€{CRERENL ) D
BB Ry
1
max&,,—}zgff (8
A
221-:71 )

r<z(1+M(1—=2))d; ijEJ jFi (10)
BRI g T i A5 S S e LNk 2 i .
Hodr d it R AR (DA . A(8) H#ar

A IO B A5 A SR A n 44 TR 27 25 IR DN 34 AR B

F2 MURBEIPAKS KERREX

Tab.2 Notations, types, and interpretations for

modeling

ESesi] e RS

45 J JER RS
LR d, JAEASE ¢ 0 j 22 T R
AU n bR A LR %4
0-17484r 2 FHEALT L AR 2= 1; Mz, =0
JUECRIS r; JAEA i LI AN AR 0 S
ATHH M —MMERKIIEEL

(KA 0,0 AL S 4 SRAT R R B R A 7 P 32
FR. Ay, =1 RREN T FARE 2, =0 MK
NN T IR AR . H A AR S T AT
VEREL, R 45, ARt r, RN A i T TRA AR HoAl
T e, it AR (10)WE . RN A TR
% .r=0, T A HFReREGHE AL A, Tk
FHARA AT j AL TN A FR TG AT
THEN W <d, AFAAR . SIH jHALI R,
WA T r<<min (d,[f €J\7). HARRECRE A,
BRI T ro=min (d,[j €J\7),
B 2. 5HAhn — 1 A RE M T-HIBE S R

e % 18] V- HIRE B 6, B9 = (1) frs . H:

>N



59 1

1, & A A PR (SR Yo AR AR 1 R B B £

~ 1 n_o_
87122281' (11)
- 1 . , o ; ]

(12)
lAE, S AR N (13) ~(15) 7R

1
maxé‘,,zfzh- 13
n ieJ
0.6
0.5
& OAT
% 0.3
0.2 . —
----- oAb e o7 a4
0.1 — PR R
0t . : ; ; .
0 10 20 30 40 50
FIREAEL/ A

a SRR Rk

WU, S TR AT A R A 57 PR e B A KU B 40T 1445
A
2= (14)
ieJ
1 .
ri= zz,zjd,»j, iL,jeJ (15

n—14&

DL KR e R 2 A A 5 | S 28, 4%
FNIAN ] L 83N B AR KSR 7o b, I 5 5B
TR JEE SR A A 40 AR AR A T L, 5 SR LI 10,

0.6
0.5
& 04r
X 0.3
'f‘ﬁ
0.2 R
----- DAL IRE e
0.1 — SCRRREN AR
Ot 1 1 1 1 1
0 10 20 30 40 50

HIYN YN
b SH AL PSR

E10 WMAMLLRE T BB i 2k

Fig. 10 Propagation risk of two optimization models
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Fig.11 Propagation risk in comprehensive

optimization
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Fig. 12 Percentage reduction of propagation risk
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Fig. 13 Propagation risk range at different

proportion of wearing masks
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Fig. 14 Percentage reduction of propagation risk at

different proportion of wearing masks
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