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Applying genetic algorithms for evolving the best combination of
traffic prevention policies against pandemic novel influenza
Student : Shuo-Huang Chen Advisor : Dr. Chuen-Tsai Sun

Institute of Computer Science and Engineering

National Chiao Tung University

Abstract

An effective traffic prevention policy can delay the spread of the novel
influenza and can decrease the synchrony in timing of epidemics among all cities and
rural areas so as to prevent a sudden surge of infections. By doing so, the limited
medical resources (Such as the wards for critical care) will be adequate to save the
medical system from collapsing. Furthermore, the delay can buy some time for the
authorities to formulate other intervention policies, including the procurement of
anti-viral medicines from pharmaceutical companies and the development of new
vaccine. However, the potential costs of a traffic prevention policy must be taken into
account. For example, the policy may - impedes the traffic and affects local economic
activity.

Due to the great complexity -of the transportation network, tailoring a
cost-efficient traffic prevention policy could be challenging. In this thesis, a genetic
algorithm was applied for finding an optimal traffic prevention policy. Because the
heterogeneity of the transportation networks affects the temporal and spatial
progression of infectious diseases dramatically, we investigate the planning of
efficient traffic prevention policies based on the complete topology structure of the
transportation network. With the combination of the deterministic compartmental
model—which describes local infection dynamics among individuals—and the
transportation infrastructure in Taiwan, we are able to stimulate the transmission
dynamics of pandemic novel influenza,

Our experimental results show that our proposed genetic algorithm is able to
evolve the optimal traffic prevention policies according to the sources of the
outbreaks and the timing of applying the policies respectively. In the future, we can

employ this model and genetic algorithms to plan other public health policies, such



as ways to make proper distribution of finite anti-viral medicines to cities in Taiwan,

and thus contain the outbreak of pandemic novel influenza.

Keywords: Novel influenza, deterministic compartmental model,
Complex Network, Genetic algorithm
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BB EHEB R B|A < o Rapoport 4% 4 ehz & B A A7) f]‘%{#;] PP oeh
P RS AN A@)EA B RIPABRE BB SR FLERE S blde
Bob ¥ A T L A HE R > LR MASA G 0 F Bob A LR LR
TRE BALETFA S E - AR IR o FT 20 FEWRARG A EAE
BAFRESHEHOL B EHEEORE 7 S fPER R 8 B4R

38 p1[5,11,12] -

2.2.2 Individual-based Model

Strogatz 4p 1 4 i 5 1 (Network Structure) # 12 ¢ #5845 se 4 it (Complex
Network) s+ f (dynamic): 42 [33] o fwiit {7 a2 » -7 2 4L % & gk(Node) »
REFY Bl % 0 2 i 35 (Bdge) sk & 77 2 T i A AR AR N R M %
FoF-BRLEIER AR E MBS BRGATE L BHE DM RBLL7 R
iE R > Bk ﬁﬂzl;?%a,%}&&»’;if%{Individual-based model -

I K BT R SR AT T 38 B - Watts &7 Strogatz[34] # 33 5
BT RS A RS &7 ]2 K (Small-World )3 % > Gl4edd 5
4% (Neuron Network) ~ & 4~ &4 (Food Web) ~ 4 *% ' J gk e dt ~ 4 fijis e 22
PRERERI I E RRREEL T AL FHEHRREMLSIER - FFERA
Ap e A Rt oha Zh(Node) ¢ #HR - Az > A - BB} BT - REP 300
BLE MR R o RRGE T RSP R o T 2 0 AR R R
bl - BAGP AP RSB g Rty B h MARRR AT ES &8
BT iod miEg (R LA R ) o Milgram o R A RE & 6 £ hiEa B
AL EERAE N ARIE S B A 0 B IR A T HpI AR AR o b o R

BL A4 A4 B (Regular Network) 22 B¢ 1% 4 2 (Random Network) 2. fF o it 2
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PERY DEET ARSI BS RAE 3FERAE 0 RFEPS & B
TP FOTIES IR RIS cARF o SIS RERRY > ZA FRF I TG R
i - e @ el SR TR ST (Shutcut) - T i PRE SRR S B
BT o0 IR S HGR O RERARACN o A o B R o R R
bol U Gl e T (MY IE B S BEFF 4 b B ) o S ERRF A Plﬁ“}iﬂ} ;1&g
FoRTATRFLG BERA - MARAD L K RR[34] -

Barabasi £ Albert[32]f & - 4 # ) & = & % & (Scale-free network) » &, 4p
B & 2R 4 e (Degree Distribution)iﬁ i F = i Bl (Power -law) » P(K)~k™ > k %
G gheif e PK) 5 - &85 KB 485 iﬁ—&ﬁﬁﬁ g & fie(degree
distribution) » dp#kcy 5 L % - i &2t 4 iw (Poission Distribution) 7 -
BEEALR faw&%4%mm%*wﬁw¢ s’Jﬁiﬁﬁﬁ%ﬁ&ﬁ
g RREREAET EE S SIESRS . FA T o RREREREIRT
3 4 (World-Wide Web) 3 83t & & 4 it - Barabasi &2 Albert i&— #4p 41 > &
PR EARY 0 FATh » DG I e B SRR B At -?M%«ﬁf‘u
P A R R RE[32] A 0 E SRR Y BRI SR e B
F A x;fj ARG O FRRERE S A S B ]
Be oo SRrLU 1R Bl %] R T R [31]

OB SR S P e R B A p B 0 F S I BB
4] (percolation model)[10,12] & 47 34 4 47 K 4 o F S WA L e Bk 4 7 K
BER 0 5 £ R 448 (Susceptible) B s EE R A m 0 B R b R R AR
AL EG - TARADIRUMPE RLT - @582 6 > FRET WA R
- BRWELLY - BRHAUBLAT > FZPMPF o a BenSahF S ER D
@ERS P B T FIIM o B &8k e tkenie & fE 5 BT (Cluster) > & &
R A B L - BHEMY TR PR <) o ABRRBHE LY 0 BE

HAF A Be e RIS - B o L5 8% % (Site Percolation) » ¥ — B & w» &
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i@ 2% 1% (Bond Percolation) o = 3‘ At AR EEARET R 0ER 500

) BE L] R ARAR

ERERIAT A} RBABARET & 5O B 4 RF o
%gwﬁjﬁ@++k§%ﬁwﬁg’%Eﬁﬁ“w#iﬁﬁﬁﬁﬁﬁwmﬁ
BEETHE > APV IUTE P AEE S SRR e F R M R[12] -

¥ - > % > Pastor-Satorras ¥ \Vespignani[16]4]* mean-field theory

REFH e Bt P LB L m G4 M - # P02 SISH 3 it B R A F
Ao s RABMIS SEFREL AT ERFIRES T I SR FHK

Boom §REABTRE P RS RBRADBHIHGY AT iR
E- @A RHLBL dole > BTG A BFERIE o F HRE
[A1F %Rl %7 &< RPRY BREPELGLLFLAPT AL RS - BHRE
CEERCRLEEElL £ 58 Sl tR R A il WA RS VLS i =
B oo om BT RN RN A e R ¢}?ﬁmJ%%? R PR L £

;12,,@7)(,4 @j_ F'”fif,l‘l’f o

“0

R bt eicd) BRI IR H;;%fﬁf @36 Ay B enid o @ Meyers

1414 B 7 S A RS B 1Y e f R B ED AT F AT

—

X &
o 2E
VOECTRCRI S R R R OB AR B R 0 TR At B EER

\_.

*#‘ T BER M P wB 1 TR A SR e YRR o

To R BAS FERRFERS > DARF TP IRER LY o midk
BT FEELTBBLABAAERAERETOBREE A PERELETE

EFAREMREROAA DS o

223 ME R FTAlE > i R

dONIRF AR R SRS R R 2RERAEA TR AP

B PGS AT ATRES (B AR R e -
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FHRE AR BRI AL AR L BB NEER S
B P ARAAPERRMAL > THO- BREEREAAPE DR
HUEBHAT o AP A - AN EEB A BT AU A BRA KA BB
Mens XA B FAT o Aot BE- BRMT LA A pgd 2 REATRD
B s -

Stephen Eubank % 4 [19] > #£im#d A& B 4 — % R pFRF € 01 IR OB
#rood plaz > o 4 BB ) (bipartite graph) 4y it B A B 300 B el o0 4 ;i&{;g—
A g MM AFHor gt gt ix‘?—b'ﬁf‘ug [ERRC L R A gF =3 g =
E 2 AT IR r],%{%g— A - BRI - B ’]}“ ¢ RS
A B Y o T A S A BRI 0 0 e
BEX B & 4P F SiEaed o ok L §Tes A gy faomat
Brarw e 2 R 8 Ao chifiic e

Longini % % [9] » & A ennd 5 AL o A3 R B 48 (mixing group) £ & 4
AP o B RBe AR T 2 B 3 a0 TS o m BB
Ry FLEA U BT Tl B A TR BRI VMBI FALE

B Rdr ¥ 8 3 TR B0 I enpEgr 2 SRR > el A o R Bl ARIT N (T HAT o )

R AR AITERE o
FEML o EEEAYHA THBE AL A EREM R PR

£ 0T BERLEEIRT S SRR g4 MEH {nsena
FTTR 0 DR B A R 2 X Fer s PR hfp A BRI S R T R B R

4% @ $HaC R kst 3k B34 R
23 2T PBEHEA NG Bip2 BF

RAPRRGE T E BB EE R R AF T B E LA D

B - BATEEAL L @A RH IR L AR R L 12 e
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Qi R m@—i)}%m:}}%%ﬂs_;\ Bz Y AFse > @ ipe g 3F 5 ﬁiﬁ "Ml] -
eI 3]*&%3{4)%%?%} BN IR TR 5 5 }}is ¥ 3% e 58[25,26,28] -
Viboud % 4 [30]~ #7 % W A& + = -+ & %(1972-2002) F & g 3t & A e

W FR AR P T e B E IR A XML P ER

[

ERSEE R N TS s LR A SRR S LR § Rl
R LRRE S R s R R R Sy R
A USRS R = FEE R P RS 7 £33 1] = =3

2, 2 N )
Ff;_‘gl:’l’.,ﬂé.}\“i.

05 K fico Tl Tl @ p 3 i HeH I M i B L B R P P

Bridfegtjz A vdico dijw AR gt IR BORE SR ER AT O

=

i B3 AR ¢ A BRI L F R RN R

HIERAL 28 F2L LGB REEA o i Ly g

)

w

P ARG 2RSS B CE R PIR 0  c AP LR R

i 2

%T

BRSO R RARS 0L AT LA RS A C B R R
BB R e R SR .

Vittoria Colizza[21] % * #F 3¢ 2 3fdrng R S Hdcm P EATIRE T 220 2
B4R i af o 6 4Ein F 2k 3,100 A 17,182 s (£ 45 2 7 99%
BE Ul efse 2 2 8 ) dding PR GHE o YRR B2 & A4 fe(degree
dlstrlbutlon)\ﬁ} CEESEN IR SR R R A ) 3 7 skewed ,
heavy-tail distribution - ¢ 2 4 P& e cndny i 2 5 490 Erdos-Rényi 4§ 1%
B > Erdos-Rényi %E % 4 g5 §_45 > #54p (homogeneous) mP&ﬁ)‘;éﬁé =g

CAPA G BRETIZG SRR F DB T 0 A R RSB ]

T B 3E 0 AR A fend T (heterogeneous) ¥ i g & B 2 il B eh R
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AL Rt %L:}?aﬁﬂ@#%i@ﬁic A Erdos-Rényi S5 i@ > i@ Aot <5
BF R S AB - T o F 20 AR FEATRERY > LA @:‘,z(,:;};;%g\@:

HOEATAD LA 0 B B AR L R O B B L0

Ui ek B A VR R LI 2 g LI B A 71 (time
series) > MAH L EFHE T ERBRIE S L - B o JIF FF 2 3
Bixa A\ eaip b s 4p & (Phase) £ > 11t & 5 B IR e
(synchrony)it iw » #¥3 B ic i dieiw 0 2 0 R0 B bl 5 o 4ot % A chid ¥

£ - [24,30]
2.4 2 R Fc f chR andE i

Brownstein[20] - ¥t i # % B "%drniz 2 #7 £ WE SR 3 4 H 2

hbd o dishing LR R § A SRR b RRE R § &4
92001 # 9 7 11 p cE FEWBITEE & o @ BRSSO T AR b
TERARAEREA RGFIIMTSLARFEY UL T BEY o i
5 X8 7J* L F Rl RER o $2E ¢ B ET SR
3T e

Hollingsworth[29] % 7= § & % 504 do il AR P L R &R R % f 8
A I A E’ffi‘wﬁ FECH LU PG IR D b e R B D e e S
ARpARERI LT - Hdoed] §MF AR RAFN AN EA R LR EH D
BAFES P B R3S H 0 R SRR R R

RPIATAUS D o EPEFRAILE IR S 24 T HRRY o F b F R (TR

pas
=
=
Ky

f
R EES RE ER L e AAL LT S LN

M
|
(‘Fﬂ'

PR REGEREERRY AR AREIEIHE R 0 BT -

3

ARG o 7 0 Bl F414rT B R s B i A e
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BAORREFSBBEYSBBY > BRI T fApS 844 LK E
TR EFILIES R E BERE
Hufnagel[28] % + #i-#t 2003 # B & & 17 w2 3§ g 1% ¥ (SARS) e i# 4§ 5 ik >
BEAIP ¢ 7 2 R 500 <33 0 B RIREEAG M TSN Bt
B WS R I 2R 2B A chd R A T OUP AR B
T AME S g FF(SARS) R 0 ¥ 4440 RS gkt A A B Sk
ﬁ%°@’%§@%*ﬁk’%ﬂm\%mﬁrﬁmﬁﬁaﬁiéﬁd&@@
@ﬁ@N&ﬁﬂm,xﬁ{%ﬂﬁ@ﬁ@ﬁé%%@ﬁﬁ%ﬁwagﬁ@a
(SARS) o iyl kim™ » 34 2 F 2%B % 37 U AT R S0 sde e o
FRiE- HE e Voo HE RS RIS F AL FH € LES T bk

LU AR R S o ORI RRE ORI R T BER > BTN §

e

FAR R Aok o
Epstein[23]4i# 2 A155 i 4 & 33 3 A7 4|0 chdhdc 0 m B3 BFeh i
SEE RRARE R e BRI A T E R B 2 BF R RS
B2 A Ry A EAR o Jr R ARty AR L7 230165 RS
ARE A A BEBARBB R = B EN 50T BT AW - i\f“’*ﬂiﬂ
IR AR S AT e R IR G A (DF A R R F
I 1000 A pF o> ' ohr g 3B g0 95%~99% et W B 0 (2)F - B R A
LH 2 1000 4 P oo TE GRS Hh il £ 95%~99% o iAo B B il
FIReE e 2L 3 5 R TR AT K R A A R WEO KIS
AR IR T R B AT IR 95% i B At 5 b B
RABRFOF - B > AFAR LB BE AR T l23 13, wf i
TP MR A A e PR BT R ARGV i g A
PR RS R PR e B Y BRI At Y P LR A R

R E PRI AR R X > BpE R A E o TIITEIRG o e

ﬂ PMP
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43 ﬁ(ﬁ\'g#ﬁﬁc‘ﬁ 1o I:T‘H—Jq = I“} m/é\f%f—ﬁ{ﬁ\ s 170 —Qr;}m}?—; jéé’: xfl E‘FHP ]‘7‘:‘ }i/‘;}%‘ c_ﬂ vﬁ
ek f1e OLL B 4 s £ 41 % PRI P ARslsrid & cnBI R AT A o deed i AT

AR AR FE R TR Rk 0 €33 S R4 hl 12 1060

"\

525 P20 EREAPN A AL H(GNP)1% > 205 2 [ §k £ & ook

Cooper[22] % * G Fe L 2 47 g5 7 e 58 387 475
B BAFHEEY rE PR TEET fAlE £ 2 h 101 BAES
FHT RFRET SRS GRS 25 2 0T E 2okdng 2l R ¥ R
1968 # g Bing FH L L kAR o R F ARG L 0 FRER S P
A he R 2R AR R :i 1000 * p#F > Bf B 4= 4 3 50%~99.9% ¥t #F % 3 Jn
£ B2 vsH R R AT 100 iR 4*)}‘?&3?*@’? 50%~99.9% ¥t ¢k 2 3 o @ J

SEEAR R I Z R BB G5 B g o B ALRE BB

EDS

LR AT s il g (¥ AU B AT 99.9%) en-T 35 B o g §_112
Ao R IEE R AT o A B B 60 R A A4 RA T L KA
BB Ae - 0 o g G 78 X > AT o R 46 % o

. R PR EARAAFE-F AR
- Al R o B L REIE BT AR G- Bg o H#

AR RALR X dofe o Guimerd[27] it > phang g ﬁ%ﬁ&f*féﬁsﬁﬂp?ﬁ ¢ B IR

F- BHT (R E) ATR L U RRY SRS Ap L s} e
AEEAT G gt L e f et eb il B A F e pr 8 A & e ek § e

HFHE G F R o bldoF RIF 874 0% 5205 (Anchorage) 82 3k F =

1

AP Mk G B 2TRH 25 A4 R AN LRI P Fris T B o S

F_k

HERAGRAPREZE Y R B A RRY T F e o

P el o gk B 3F 5 E A Suib 2 BOER SO T2 B o
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25 AFwE 2

# F)5% B 2 (Genetic Algorithm » ff £ GA) E»ci2 2 Fr i 1 @ AR cHiBH 7 &
i% (search algorithm) » & % ¢ Holland £2 i 5= 5 B = 7 A FF 8 2 a7 3
RA[44] FF 2 R FRT PERAE B EA ST B0 ATIRE 2
AP EEREH AT R R B R Ra BHOATT LS 2
ek T AESBERRRARGATFINF > REFEF AP B2 7 Py
5 $14(polymorphism) » 4#3F s Ik 5 R enTRB o AFIAEZRREFR R A 5
AR - s RE BB A PRI RE LA TE I ARG D
¥ 4% (optimization problem) -
Goldberg 45 ! 74 F1if ¥ 2 & e fEdd 1 o B @ S0 F 82 [42]
® GA QR INFIAGBE =B EZEE B adp 27 0 g & F 4k
®(boolean) & > R A F UK R oo @ P ARE - B G fRAGES
¥ (solution space) ¥ & I GA ¥ 1238 i chi F] 4] 7 /¥ (genotype space) o ¢ »t
BB N 0 R RGA A R I WATE B R - A s G de S Bic R
R FFEVUMASE CEHGCGARY TR B L o
® fz7% @@ (Solution Space) s & sierddE ;x5 2 R K- BELE hndEE > £38
I § OB R L A F R 2 (Multimodal Problem)#0& <% % &3t izt
%W fioRm o GAI M- BARMIAFHFEFEFIE Ao URRFEY
SafEo e pEnp e iz
® GA ¥ iz i#f i i fic(Fitness Function) %k 3% 2 & e b 3 » # f & 37 ¢ B
W iRZ B AT 0 b4 dynamic programming #7 i f# -0k AT 0 % 2R
F - AR 73)‘]‘%5’;\/‘ YRR ¥ 1247 f# = B iE 5 B RZ(Sub-problem) > gt 3% f% e
B ifF A ETEAFE DAL B hF AL A LB Rk ET e

LR EE e - BF e bR AR R TR RA o

18



MiEE 7 & 3 57 47/ 4F 2 > dynamic programming f]*uﬁ o2 o
fe > GAFr7 £ PN REI R AL > MR T st PR R L -
® GA ™ F 3 5 F chdk it (operator) > i v T F AR 7 F L

T3 EIgCGARG > e ' ELF > EHRAPFAS T RE AF RS D

o

PFBPFRIOCFP e ] RAPEDIIREFDS v 0 ik

R o e RPF - BAFDAFFE 2 > R FALTBTFLETRE -
Holland # ! 2 45532 % (Schema Theorem)[44] # 5 77 5 GA 7 5 e # o A4
(schema) = TT'JLF i 4~ i (building block) » 3k 4 = =~ F ¢ (binary string)
% 4 77 GA ¢4k F174](genotype) » ™ # 5 "don’tcare” {2 EL 0 AT A S
Schema = b b, ...b;...b b, €{0,1,#}

Ka%8 &R % k#5057 #03eRe Bk > 10000 ~ 11110 3% #82L3 A H°
9 R (instance) - AR B @& 5 F 8 Beww 2-don’tcare B ELF Lt F
B (s o zbdon’tcare 4 LS Aoenis ¥ R AEEAE 0 b — B AHD L0 L b o
T ek &%{40 AN T~ BEE DT AL oOder 2 T A S AR 5 don’tcare
BEE A BHEc PR IHHH0 S B v ehorder 3 20 @ Holland 325 GA R
i AL e ARt o d W E R E AR 5 GA TS B
dru B R - B AR REORN I P BRI T - R g o ik
méwfﬁaxﬁm’Eﬂ%ﬁﬁmmﬂﬁﬂigm&&’ﬁiﬁéiﬁmﬂo
i3 2 0 GA J&Un 3R end i3 fZ(partial solution)ff f e & 41 & B RF 3 chde i/ o
R o ipthenBiBEE HTE - BRI F- BIFRF OG0 UV hINE
T B A PR B GA B i (Teg ?Eﬁ&%’-\f%?\;ﬁ e deceptive problem » & 3F % &=
T RER DB MRS R o

Goldberg = AHTE %4k N EF B A XA HGA R F LT RS BRI
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B %2 GA & T%;ﬁﬁiﬁ&{i’dﬁ(ﬁ“ # Building block) s it #5842 o

GA i & X X enflfifdsg » » fjf;{GA e% 48 (Population) = |- & F i

¥Rl aEs AR ERT K mFF 0 NEeanfi o ek < g

GA iy o ¥ 7 > R84 7 L P endE BF (9T E AT AR o

AEEALE G A ferse s MATHT A DA 2 ARG & D

e iTF o

GAF it chife? » AHRF BB 7 pemER LMm e aFFEFY > GA &
FAFAFTH 7 - BAEOFREE TR ENT FHERED

TaE o e - BAPARY FRLGTH > - BRI OARY § R4FHF

8 ik g $ R GA G VLB IIRL AR A e (noise) 2

M 4o e 5 JRFEI enF 3 £ GA EE = 5 chff 4 o

B RO A A Y Bl 7 8T £ > @ 3 B R AT

N o

#Wd GAZ 2R ovear e pimit 2y » FGCAKI 7§ > ¥2LL G2

A HEE P AT R B @ 7 GA B car &2 E A 3 RATRAN

Bt GAtatt— B L ifz o

R AR T B 2 D3 e W] 2-1 40T 0 H S e T

Y5 (encoding) £ f# 75 (decoding) : s % 2 #-f% 7 [ (Solution Space) ¥ & 3| 7

F131 3 ¥ (Genotype Space) » + A MO K ALL 7T - 8 A7 BRI

¥ 12§ F kg (boolean) ~ A fc e ¥ 2hdc(float) % > B v|m 3 » = ~ B 74k

T3 W L byby by 0 be{0,1} 0 i F 2 B FUAEIF A ¢ 4 (chromosome) -

& F_#13) i engk F14)(Genotype) 0 @ B 5 F A AL 1F L F(gene) - § GAE T

& LI R RS R AP DfR

# 8 (population) : F1 5 A FIF B2 5 5 BAEF > A FFE > 2

e 2520 - B AR Ja bt oL ¥ 42 Jriien 4
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hoft 2 HgE - B A F]T A T hiE o
it & 3 #ic(Fitness Function) © i & S Bc T E B E 1 P32 enp RSl v E%
K3eis - B2 ¢ RanF ik > » E_&E (Selection) #7 ik 4 el B] o 3 i ST
35 e A5 i & @ (Fitness) o
2 % & iF (Parent Selection) © j& i* 3427 > ¢ GEF B ERS F AR T
T o R @ E Y R R 3 e (mating pool) o - 1B B 3 S iR
(survival selection) E_i )5 & ;2 :Z $% /& 4 (selection pressure)snk ik » # L &
£ % 5% 7 8 #%2 (roulette wheel selection) ~ #t4 ;2 (tournament selection) % -
% fie(crossover) @ % fe AR R fe ) P EBS BA N A M L
AT Rgd LAY RAFORE AT D FAL GRELF SN
@ Goldberg zu % 2 e & A i H[42] 3 2.5 - T2 fe > GA & fids &
PR PR R (X o et T FlevdeE e 3 & i f2(local optimal) - i@ ¥
- BFEp KA EESGS B2 AL WM T REFRAR o 2 e
% 7 H 2L fz(one-point crossover) ~ % 2t < fe(multi-point crossover) £ 3= 3
% fiz(universal crossover) o
% % (mutation) : Goldberg 32 5 'GA E_f1#* R K ® & 23 F[42] 5 » e
A 03] ohill-climbing o ¥ ¢F » R gL ¢ BATHAFIF A * Y o AT
WE R REFVUREIRTABREFRGCA T B EFI LR ¥
SR F R GRS FRANE - ARG - BAFIRRNF - 4 M
R- BAFIRE -
17 7% & 3% (Survival Selection) @ 5d R RRB RF AL T N BB FEHE
PR B¢ e (8o B fhen 5V 5 B (R B 18 7% (Age-Based Replacement) ~ &
i # B~ % iz (Fitness-Based Replacement) & £t 3 (Elitism) -
i® 1k % ¢ (Termination Condition) : GA E_% i& & 45 /7 {“ i £z c9% [B] » #7102

FRRABLIER « F ¥ enB ) (FEASAN - HLEHPER S A ¥
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~ W RRCAARR o RIEPER A A 2 4 B2 GA R A 2 GA
WS B (T e UG GAF T enpF 5 @ R dpieacdB B 0 2 > W W
AL o (Fitness) £ F @ B dpfear » Fieacad i@ Rl ik GA» & F L
A L d W (Diversity) 2.3 BT 5 0 F 4 MAA TN T4

- ki GA-e

Initialization GA World

Parent
Selection

Search Encoding

Problem

L 4

Population

No Crossover

Decoding

Survivor
Selection

Mutation

Is Termination
Condition Satisfied ?

Offspring

Termination

Bl 2-2 3 Flw B E AR
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Y= B33

AT E o BRFATAINE iAo R E Bk F Rl g ek o

;&
-

FAop i &g 4 A 7 #3] (deterministic compartmental model) 2 5 838 ¥4 % i B

Bz K an® hop @S B HA(M3D): %- e pad- 2gfp

. .7 Zonek

/ Zopek™ Age groups

Zonej

."‘-\_‘Layerz

commuter g _a'J f \
; R s
Zone j ; (:)

. S (:) (:) ;
SEIR I'-.:(c:)l

Layerl

B 3-1 ﬂxlﬂ’"lﬁ'i,%lﬁié

E“’
=
(m\ﬂ-
=
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31 BMA R T R ER

AP R R 1 na AR G (B 3-2) 1 CE X g A ¥ (Susceptible) i
» Akt (Latent) » £ ¥ T R F g FRMKE RFR A PR
(Infectious with symptom) » @ (1-1)+* &= @, «‘5 g E G R R A
(Infectious without symptom) » & {5 #73 B K & > & fk & >~ (Removed) o
ROERE AL 4 RATUE LF TR R R BT R
4o 51% Longini[14] >t 5 2/3 o £ F o d ARG HFHATAIE 0 T - B

Gt RS S LR AT E LR ARES) -

Infectious with

symptom (1)
[Susceptible(S) H Exposed (E) Removed (R) }
1t

Infectious without
symptom (NS)

Bl 3-2 BAL B BN G OE R 2 HE

32 W% BIEH

»

AFTE A RATAGR @ Ak S0 R £ & 31 HTIIATA R B M A
fee

321 %- K 2akp AR

PEB AR ENE RSB (FL33DE - B AP NDBHFEH L o EEE
A4 1~15 ] 3% ~ 15~65 Fehd & 21 65 s b ehk E A o ipR A SR F) L
MR R AR RS AR AR ARIYEE R A

WA 3k ) 32k b £ 8 S A il 5 LH B B 02 1 o R B enpic s
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F 4T

ds
CfllZj - _/up/B[Sp[p / /vp - 'up'BNSSp/VSp / /vp (1)
dE
d;’ = —O0F, + p,B'S I,/ N, + u, S NS, /N, )
dr
d; = —a]p + 2'6’Ep (3)
dnNs
dtﬂ = —alNS, + (A — OF, (4)
dR
d;’ = al, + ahsS, (5)

® p e {children(c),adults(a),elders(e)}
® Ny:aStE#E p iRk

® T AN=(FEEp SEHESADKE) X

® d:IFEHHACAMHRR > W01 27
o B g amiF B At | o NS i 0 transmission rate » 515 &

p >
& ot TR A4 g5 4345 Longini[14] > BT AN 2 i
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ds;’
dt

= (1= Tul S (SIB'I/ N+ SIBUNS! / VD) (10)
D
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X Y B P~ A s XEA S R iFA e A Al b1 iFAr o

$He LA * A
Transmission Rate (f3) 1.4247 [31]
Exposed Rate (0) 0.526 [50]
Recovery Rate () 0.333 [50]
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Turn off the EPZ1

EPZ : Epidemic Prevention Zone
EPZ1
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HIE_E P 4o T Ar 7
> éj\ Hreg %i“% — (TRSpa5cy ) *

ERFTETEL BP A ADALS R LR 2 R
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3.5 i IE% K& -if &S Fic(Fitness Function)
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® Delay, @ **Fi 7 kA #ic
® InfectiousPeaki @ & {7 Lvi iR ™ > B9 K W R 3 % P o
® InfectiousPeak] @ fo& L v i /n™ » Bis K30 E 5 % 8 crpr
i% yx Delayy, % & vk af B Fiv 4 anEh 2 3
Epi_Delay(TRS,) = X, Delay, X p, X InfectiousPeak, (15)
®p, 5 Ek? kend v U 2 InfectiousPeak, ¥ 5 Bk7 K e € -
- BEAF A CAR S B FRF R EAR L, > AT v ARER > F
- IF R T OOLIR A B BRD g o gt v AR o
A (L2 & TA AT LG Rk = | (TRSpaqe) KT 2T
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Cost(TRS) =X, IC; X DL + X IC} x D} + X, ICZ xDZ + X, I1C;, x D, (17)
® Cost(TRS,): il [24 3% { 2 & &
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£t E A 8 G Costy,, > HF RS ED R Log & A

Rel_Cost(TRS,) = Cost(TRS,) /Cost, .., (18)
AR R ERATREHL A G AEFURT LHE O FY LAY R

firde w3 PRERERE R PP AFTRENEN > 7 GEPRT RS

FRARED ~BAEP 3 d 0203 R RHEG L 3 PR E R T o

SRR RN Gk BR R F ()Rl L 0 AP LR g

FERAF A ORER A L (D

If = 2 L. (t) ,I.(t) is the discrete time series (19)

ORI/ (20)

® ID:RF kARFFEIF o FoRAr EREAF F(DSRIH A K
® I(t): &I R {SePI(t)
FEFAPRAPE PR ERET IR (L) F IR R S, (0)
Iaiwan(8) = 2y 1 (D) (21)

d LT R AL BRSO E e BRI BT TR AR o Wt R R 7
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SR LR SR S A R F B B K 2 0 F L BRSO
*

BEARA AT PR R B APt Bk BALIY TR A AR 0 B

R Iifﬁ % | (InfectiousPeakl o) P 10, (DH B TR LA

kot ® e (22)
FEME s Ry R N X A eI - 7 O AR AP Rk
1 F 5| e i S #ic(Fitness Function) -

IF "RHaEH#EdEiE, <R

Rel Epi_Delay(TRS;)
Rel_Cost(TRS;)

fitness(TRS,) =

ELSE fitness(TRS,) = 0 (23)
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T2OoFFERDATREN A PEER ERT VDR FTIRE L RE KT
llillii 351 % T2t Bk b ¥4 {:JFF] % | (InfectiousPeakly, .0 ) 3% > & B4 F I
R ﬁﬂﬂ*ﬁ“%fjﬁiﬁfw\ B TR BT R

fitness(TRS,) = InfectiousPeak . (24)
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364 E G R

AL (D2 (A3) e T AR LG v - ) (TRSpase )8 " A A
FEg s = (TRSpaqe) R TR FITHE - % 2L B EA 7R FIFE 2 9745 T
T e g Kok o 0 THA AR IEE Kok - | (TRSpue) T8 AR ¥ S
»T— | ( Strategy Effectl)¥? T ip ¥+ 2 A~ | (Strategy Costl) S JE Hcid » A W] % %k
TR IESE Fo érﬂ’ﬁ PR A s HogF he T T
»  Strategy_Effectl1(TRS,) = Epi_Delay(TRS,)/Epi_Delay(TRS,....;) (25)
»  Strategy_Costl(TRS,] = Cost(TRS,)/Cost(TRS,..,) (26)
TRS, A 4 F2 G i [L8 5k of ¥~ | (Strategy Effect] )22 [ fp ¥+ = &
— | (Strategy Costl)* KA T AFIFE 2 EET N AR FEDE - BFRBZ {4
B TR R0 (TR 6 (6 i i JEAE S A § o & 2
R NG S E )T‘U‘fbiéﬁ FHE AT RFR A TR B Pk
Y- TAKRIE IS {08 = | (TRSpae) T AR ¥ = 222 |
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(27)
»  Strategy_Cost2(TRS,) = Rel Cost(TRS,)
(28)
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=~ R E S S A ehig & 3 k(fitness function)
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r ~ & % & :§ (parent selection)
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Representation

Integer Representation

Recombination

Uniform Crossover

Recombination probability

70%

Mutation

Select a random number from a uniform distribution over

the range [1,21]

Mutation probability

1/12~1/6

Parent selection

Best 2 out of random 4 (Tournament Selection)

Survival selection

Generational replacement

Population size 100~150
Number of offspring 100~150
Initialization Random

Termination condition

5000~10000 generations

Candidate solutions

Select 10~15 best solutions ever found in a round of the

genetic-algorithm for the analysis
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