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2.1. TRRIAL G 14 3% (1) NPI

IS %oF 2 A7 B L4 1) 7 X SR U i AN 240 YR 9T AT Tl
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AL Jetk[21-22]), Skfir & NBFS B MR- S 80 H
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AE[6,27-28]. Hodt, BT FAAMBE (ABM) 2HH04T
N &AWk —, O Z AT 2 A0 54808,
I VAL &P SRS SR SCRF LRI AR [29]. ABM BETEMAZ
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R, VAR . FL b, CAPREY, SxRE—M%
(T PR R 2 A [ o P R A T 7 A 22 S [ 16], - H i
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HBORPPAG AL 3R UK 1248 b BB T I W SN 45 R s
IR ANBAS . BRUE RN R . OB e —E
BIRNAE G2 Q2 g 5 A R G R A Ak Lt
ARG E A, AR KA AR . BEAEWE OO i Rt
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PRI AAE TSN, RO H AR T e i, A h
TR kg . R, BHEEESH T KRB ER
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2.3.3. M RFR bR ——rhO

W26 B FR bR F T A0 ATt S I SE A AL SR s, 3
WD U IR — A . O R 2 EEAE A A
S ZMEITERRR, R AN X2 R B R g 1 DG
W Ri[42], ORIz RN T RAT R RS PR . ACHE 7R
TURE RO B PE[11,43] A Eoh ok
[44) R Fh 0 ME[45]. 3R 1 A THER 1 43R bt 2R A
5 SURHSR %

W2 AR FRE IR R ok, MMM L, H
HREANAMERIA M —AN T 8, AN R DA
SR LR RN, 1A ] R A A3 MU e 2 B
S, THEZIEERRZS T T RO T
REMAE, FZT RN, KA e RS i
AIREMEES R . HAA S ORI SE, W2l 25 ek
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3.1, B I &
BAVFFR T —ANFET ERBBRAAL,  HF X HERE R

Metric Description Equation
Infection-based
Infected ratio (M) Ratio of infected agents to total agents M=
=
N

Contact-based
Exposure time (M)
within a specific distance

Network-based

N: total number of agents; n: number of infected agents

An agent’ s total exposure time to another agent M, =2T()

T(i): agent i’s exposure time to another agent within a specific distance

Degree centrality (M) Number of links a node has with other nodes M, (i) = %

d(i): number of links for node #; N: total number of nodes
Betweenness centrality Number of shortest paths between all nodes that M) = 2 PL(I)
(01, pass a certain node i<k Pk

pj: number of shortest paths between node j and node £;

P(i): number of shortest paths between node j and node & that pass node i
Closeness centrality (M) Total length of shortest paths between a node and M, ()= 1

all other nodes

zfﬂ‘d(v’ l)

d(v, i): Distance between node v and node i
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[8]) T SR 6] o 4 P9 22 A 3 SRR AT e HEAT
W5, R A S BN TATHIBIAER . it 45
Ha, SERAHEGATEAR GRGeR) . AR (2
FRITIE], M) RIPZE AR bR (ot A Eeh o e
gt B, B RIS R RS TR AL
e, BATBE IR BE. B — MRS I St A AR = N ]
WEEntEAL: A RRIES), RIRN AR, REK
SRR IR, A AT A A A ) 4% A 2 ]
BB B SRR T AT Mg 5 AN Ra%
il Bt (R IL 30 s I, DL I A% 3 F AR S5 MR A 2R IR e
(B 1D BUR 0K VR0 U B AR IR B S AR L 7

3.1 1 AR AN

DB R BRI R R 2 R B I L, AR TR
BRI RRERMAENT TR WRERAE AR
SE I () B UK S ISR FE A5 R 3= A0 7 S A s B
I TERFRAE AR P A B AR s . JE TR, B
WA Yo R —A Bt R, @i REFRAR
AR MREAE T, ATAERAFRAT NSk R, 4
Wy, R 2 KB FBE SRR, TR RERT

Lecture 0 Room 1
Lecture 1 Room 2
Lecture 2 Room 3

Lecture 3 ® — o Room4
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3.1.2. AT RE

AR, AR R, R SR AT
— A= ER. (HER 2 A R R MR BT AT 4R T
WEX, BERRET—BE RFid, R
N CHBEBIER . RE R AN AN BE A B BEAIE
X — A R R AT AR . St
Ihig, FATFIH AnyLogic 1) “4T NFE” Gl TARAEHLIE,
WE2FR.

3.1.3. By

IR B EA B =R R bR BB bR FE Y
TR AR 25 BUAR bR o R T i b i SO 5 TR f e 4
MLl CHPERS) TR H . AR A e, T
5 FLAth 3 A et AR S B R, K DU AL R
MR R ARG . AR, B — 2 5 A T
Uho MBRYE 5 ARG A 2 m 2P AR T A B, DL
JRYLAL SR RN R R Ge. Biltn, HRGAEREENOL,
T 24 J e 5 R R e AE 2 m S0 B A SR, 4 10 k3
A 1 IRE R AR AT . Harweg 25 [46] 38 i (55 T
Pt (0] 5 R G 2 (MK &, BATRA T BB
) i i) AR R 5 B

FEAb TR AR AR RN X 28 TR i bR 2 ] DASEARL 5 SR A5 31 (1 B i

Input 1: lecture room allocation Py

Student  Time 1 Time 2 Time 3

Lecture 0 Lecture 1 Lecture 2
1

Room2 Room3 Room1

Input 2: class schedule

—— Free activity

—— General activity (lecture room)

ey e e

Pedestrain simulation process

147 Nish iy,

pedEnter period_start

. LY

»a

=

pedGoTo1 pedWait

@ free_delay 'EB@

period_finish

pedGoTo2  pedSink

» Free activity rate

B 2. FARAT R BRI .
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JE R R T T o A AR R i T A T )
K, HAA BRI B FARTE 2 m E S5 FE P by
] (Ao filhn, 2 HEFEES 4755 I EE v 20, R
TR R, MR F A AT 2 mYE R R RN
20 so IR A AR FE P & T B AE SR A, T4 R R I ]
b Sk £/ I BAVE = A i [T 92N L | N == I 7% 1
B2 o N7 O 4% BV R A X 28 BT [11], R AN T %
DA . O R AR TE AN M 28 2
RERW )], B AR TE “Bg LS. R,
AT AR F AT 10% 2544 (037 2 o P 4B A R A 22 fik kRl
R IE RS bR, ZTIER D HBRT “BRLREE
PR GAL TR E R Bk A 1O B b s
O A Eoh ORI RO, X R R A SRR A
OFEbR. AL B S R R AR s 22 5 .
s R M KR E A . AR O R Rk
FABAEA R R 70 9 R A . B b ot R T A
i R = e, TR AR R A A KN
FEMARRE . R 1S4 TR HBRAT BRI AY v] $RAG 48 AR
B R E AR

3.2. SEER v

FRA Ve A FH I ST T IR AR Y HEAT RN, HE T LA
FRPR B, DAVPAS FOE PR . AR T AR A 2
i s s, HAEAN S E 2 LR AR TR br
BE 5, SFAR IR Fi b 5t v B 1 S e S B A% 4% RS o A i
Bk, B s T — ARl 2%, 52 B gt
BRMT NREM . ik, ABFFh, BREER .
HHH G 3 23R DX o 4 e IR B AR B, DRI et
AT NI IE DL

JERGAL R R I T 24 e B I R e I, KA e
ARG NIIEZE . FAVSH [ RIFRZEEIE (MERS)
1 COVID-19 %5 5 ik 11 Jak e % 7 %6 [47-48], 1£0.01~0.30
YO N IEAT T Sl B TGS F e iR A AR BRI RS
P 346 426 1 At DX 3 A BB oA = Lo ], e T g
15 R = N 2 (BN USSP RS . e — /MR B I
FEHNER AN R BRI A X IR ARF7ed, X

T2 AT b 3R A

R L RFER S [Fl— XIS A F R, A
TR > 5 oAt DS A e i vl REAE AR OB o St
I Bl BRI [ 131K X 35l 7 A2 FARAR A 9 ARG R O B e s, [
BLEAIBEE AT A A R, iR = A
#E T LR 2,

AW TN = AP BT RRBUENE T, DL L4k
RS i b E B 1 0 R A AT AR B AR U . 4B s
R S AR AR R R BOREAT IR . et
WE T 60FAFRMM IR EHE (R, FMAEKMT
FoE I R A AT SO AT B, DA ik e
HHEABFE AR A SR . SRS AR VE WA 3. BRI
. B3 @) iR TR BRI TR, Hh
BRAUIR RS EARBCEARSE, DU DRGSR HERA 1
K3 (b) B mEE3 (@) P e R EEE DUk
ITARIE D W . I BB = S IRFE 2 HE, AR
50 KRB FERIFIRBAZIIAT S T AT NI,
MIMTSEIRGIZ RN BJa, B3 (o REIEETIX 504
AN FE R 8] () BRI R R SR RIS A R
HE3 (@ ~ (o Wik, 2SR QR AT N
BIRFE T A R R bR A AR OG22 A

4. BER D

TR, AWM TR A, ASF AR 1]
FEA% G ARG PRAl HH A OGP o JRATT IR T B R e % 4 ¢
QYR 1 — MDD M224E,  DLKRE B G sl R A2 4
KA AT NVEBIRFAED IT8AE . Fi b 18] A DR 1k 1) 22 1k
/K

4.1, MORVE RIS G A% H R AR A I 22

AWFFEIHT TG (—RRR R 5 AR
[ R A D A S e i S e A R R A AR AT s . 4 Jo T
PURHAS FISCIRIAE T 20 37 S AR ORI AR . Horb, R
I IE) S 8 e PE AR A oV ) p (1K T 0,05, T X
SOt A 14N RN pERT0.05. B, AT =0
Ahn SRR Z MR R R A GRS e

Environment factor Model variable

Value

Disease characteristics
Infection transmission rate (/)
Pedestrian flow characteristics
Degrees of freedom (F)
Zoning (Z)

Free activity rate

Lecture timetable

Infection transmission rate

1,(0.01), 1, (0.05), I, (0.1), 1, (0.2), I, (0.3)

F, (0), F, (0.1), Fy (0.2), F, (03), F, (0.4), F, (0.5)

Z, (non-zoning), Z, (zoning)




Simulation of 1 case
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Environment: 50 cases

\05 i
‘@o & ) Metric 1.
5\0 c?fo’“ — (infect ratio,
&« @&/\ = ‘ ’ L ground truth)
S = -
e 3 Metric 2
= | — 7% (exposure time)
Lecture room T i e ]
allocation ——p . W .1 Metric 3
(case) hed (centrality)

Exposure time
T Closeness centrality

Degree centrality
Betweeness centrality

Correlation
o
o

0 0.1 0.2 0.3
Free activity rate

0.4 0.5

Case Metric Metric Metric
index 1 2 4
1 7.36 17776 .. 512
2 6.76 19858 .. 4.24
50 3.80 20422 .. 2.66
(b)
R with Metric 1
Metric 2 0.78
Metric 3 0.33
Metric 4 0.42
Metric 5 0.26

Comparison of different environments

(d)

Correlation analysis

(c)

B 3. e itit. (@ B—NZ: (b FHENSONEG: (o) MRMSHT: (D AFEIFFEX L.

O P U 5 SR ANATAE A A

FEFTA URP A R ol R L, B Brb ok o, G
REJAMFEFR AR NE B G AL R 1O T T 9. AR
AR ORI A AR ZE T . B O PR
B OYETT S, H S IEGR MO G AL R T
ME5E, ARSI MR A . SR10,
I B b S5 I GAEAR AR AR S R SE IR AN [FI T A A o
FEAT NA PR, =& 259K BET AR
A FPYERRAR, XA IZHT RS . Aot B
CUMIEC A OV bR R B 5, HR R T 3l rpon
RN N EVIIPSEE T NC 10 L AN [N TR (EP e
O PERX T Al O, RIS R, thREE T
IREEFRAE AR A BUE . X —Z RN Hh Ot B A
i R B, i 4 fros. Bk, AEebort 5k
IR DG PE B AR T AR AR . X —BF TG SRR, H#uh
oL BEANIE I T V1A 2 P BRI - [ A B A4 XU o

4.2, MORTEREAT Nt ah A2t M e e

IR S T A FAT NIRERAE (B HEsh = A X
BRI AR L. B 5 R T R EE
] BEHR O A B O MR Fp O P 5 R R [ 2
A AR A s s AR X R AR BETURBL,

BN DX A HUE R R, AT ARSI BENLPE R .
FEEN AR OV, BEE B EESh R, HS
TR OC RBPAR . TETEDXIRI A S b, aX FiAH
KL R M E RSSO, B AR
P 5 R 2R (A OC R B0 1) 0.85 A110.76 1T 4 H HH
TEBNEI 0.5, FHIR RE P T A 0.291 #10.259,
EILFFIEA S

F—J5H, TR RO, AT NRBIRRIER 5 I
fibFiaFR HIAH AL S AR BN S (o) 1o FE mBEbLIERS
Bt (RPE HIEsIR N 0.5 B 1X), HEEGR
REOKT 0.5, T RN RIFACRE . X—KIMEH,
SR AR L, EA Rk 48 REAE 6 1T A R
N BAFAE T B AR DG

e, SFAECPOME, ERZEIASE, R
EEAMKH, ERESHMAMEE. AT
MR (RPE BEshE N0 BB 5 X)), H AR &
REA ST 040 b, (05 HABFRFRAE LA b T HBUR K
o IXEBLERRB, B R AR R AT N DU X
T B B A [ 2 B 2R T B I A B R 2K

T R R, REFEH LM Bl ORI o
O E T M RRRS, (HEN TS BRRR IR R E
R KNS, AT, FEduo itk S5aEar ot )
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B 4. MR R ERE A M. (@ mEIESIELRGX: b)) mEIESIFELS X (o MEIFESIFELRGX; () KEhEsE L

X

Correlation

orrelation

Correlation

Correlation

High free activity rate and non-zoning

Exposure time Degree centrality

— — Closeness centrality Betweeness centrality

0.01 0.05 0.10 0.20 0.30

Infection transmission rate
(a)

Low free activity rate and non-zoning
Exposure time Degree centrality

— — Closeness centrality Betweeness centrality

1.0
0.8
06
04

0.2

1.0
0.8
0.6
0.4
0.2

L 001 0.05 0.10 0.20 0.30

Infection transmission rate

(c)

Exposure time

- = —Non-zoning —«— Zoning

1 L 1 L L L

0 0.1 0.2 0.3 0.4 0.5

Free activity rate
(a)

Closeness centrality
- = —Non-zoning —«— Zoning

- - - I

0 0.1 0.2 0.3 0.4 0.5
Free activity rate
(c)
B 5. ARAT NRBFRHERIAFFE RS . (a) BEEEmf(a];

High free activity rate and zoning

Exposure time Degree centrality
— — Closeness centrality Betweeness centrality

o000 =

I 0.01 0.05 0.10 0.20 0.30

Correlation

Lb664

OwoObRNONBRO®O

Infection transmission rate
(b)
Low free activity rate and zoning

Exposure time Degree centrality
— — Closeness centrality Betweeness centrality

\\
\
!
|
|
|
|
|
|

Correlation

266646 cocoo
CoMANONBRODO

Infection transmission rate

(d)

Degree centrality

— = —Non-zoning —«— Zoning

1.0
08

06+

Correlation

0.2}

0 0.1 02 0.3 0.4 0.5

Free activity rate
(b)

Betweenness centrality
— = —Non-zoning —«— Zoning

Correlation
o o 0 o =
N B 0 O
T T T T 1

= F

T

r

Free activity rate
(d)
) Lt (o #Frdots; (@ NEehotk.
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oIt IR BRI 7T 1 T AAS T80t A A% 43 XU T
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R3 AR R YL 1 2 [47-48]
Item MERS SARS COVID-19
Infection transmission rate ~ 0.058 0.077 0.170 0.683

Measles

SARS: severe acute respiratory syndrome.
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