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Research for establishing a model of optimizing civilian
withdrawal plan for the border area
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ABSTRACT KEYWORDS

Purpose: This research proposes an optimization model for effective evacuation routing War,

and scheduling of civilians near the border area when full-scale war threats heighten. Guvilian Withdraw Plan,
Heuristic Method,
Harmony Search,

CCRP

Method: To reflect the reality, administrative unit network is created using Kruscal's
Algorithm, Harmony Search, CCRP based on the geographical features, population, and
traffic data of real cities, and then, optimal civilian evacuation routes are found.

Results: Optimal evacuation routes and schedules are computed by repetitive experiments,
and it is found that the scenario that minimizes the average civilian evacuation time is
effective for the civilian evacuation plan.

Conclusion: By using the civilian evacuation plan this research proposes, at the time of
establishing the actual civilian evacuation plan, quantitative analysis is used for the

effective plan making rather than only depending

it

A EEAN AAAY 7 AFAE

M

LA -l

[‘_|_4
B
N
e R

B
[ me
LY

A7 @A s fs AA ‘:/\]«] AY, AT, =2 HolHE 7|9t Z Kruscal's
Algorithm, Harmony Search, CCRPE %%0}04 PAFH (- F) G HEJIE A4
3t & HAo Fuid S A8yt

A7 A NEARS

oo fob o N
o do M g g

—l> o8
fru
T
gg
rr
}
>
o
>
ot 1:I°{
o
e
. 1%
X
HHN
o

ok

%

&
M-\N o

]
o 4 o
TR o [

-

o o
&
i)
2 X
4y 22

oX
2
r O
r-[u‘.
1%
2,
ol
ﬁ
r—{n:
1
tio
o
e
p'g
£
f
v}
ol
o
a2
r O
)
A

(9) 2018 Korea Society of Disaster Information All rights reserved

* Corresponding author. Tel. +82-2-2123-4012. Fax. +82-2-364-7807 ARTICLE HISTORY
Email. kyungkim@yonsei.ac.kr Received Jun. 9, 2018

1 Tel. +82-2-2123-8507 Email. cieli909@yonsei.ac.kr Revised Jun. 11, 2018

2 Tel. +82-2-2123-8507 Email. yhy900211@yonsei.ac.kr Accepted Jun. 29, 2018

3 Tel. +82-2-2123-8507 Email. cjeong@yonsei.ac.kr

1976-2208 (©) 2018 Society of Disaster Information All rights reserved.
http://dx.doi.org/10.15683/ kosdi.2018.06.30.219

- 219 -



Journal of the Society of Disaster Information. Vol.14, No.2, pp.219 - 229

1. M E

A AAH LR 7)1 58t mE AdA ot 9 - 1188 o] A &sjA A3t 9= HE 2 T2 Ad 24 A
fHIq Al gk A7 ke JIYH L Yok Ffell e 2011 AE =T oA ol ofsf AT A B s WA
SAAL o %, Ad tiuj ek B E A7 AN (HER F, 201D [1], 20179 29 A0 2A o] % I F8A
O] H‘-‘T o}—Q—L MD]'-
NEY FU AEY DAL AT A O3] dTE F2 BE, HY, AW 5 AaAs) L A4 %} & A, 8}
A AL 5 AFATe] B AT AFHL o), BAA 47 o] hE FUAEA B B AFE PEUh
4 o1, R A% 2AH FAFOIS) RAH AL FAS ST A AL Kim, 2017 (2] 7
PrAolth, TAE JBe 7 TASL ARAOE TES 5 e, A4 B9 20104
AR g AT sl 94, 27 2% g% 53t gee @77} Bds) Q9= 2ei
A B A7 s e dud A FUAASY B tit dve AR d¥elnh
3 greol A= %‘jﬁxl“(’fjﬁxl"ﬂ A 584, 2018 /A [3] A b A
7 A o Aok =3 AAF ] W FRF9] FEET o] ofs) T

U AEY AR 3 Ao RS

o
é 1
=
]
M\
=3

o @
o
ol ;‘
1 N rlr
o
%
£ orp

N
8 o
1001>:
o
&EJ{

s
rlo
= [
G

Z 5o

o
o
L ore
-
N
el
ko
P.L
o

b
)
Iy
e,
o
o
(o5

oz o L A

N

]_

ol
=
o g off
ofN oX oX
r = N9

%2 |o

XN rlo

=
o

=
T
=
T

0,
b
fru
N
2
_
o
A
o
of
o
tio
H
m&
4>
3o [
,i
0
g
[
>

o

do 4 Bl o nE R oot ok of
w oo T

i=)

m

_II
2 =

= 3
AN
=)

ity

4

(
I

& QHAT A 02 o)A Ao ANAUE
A%e AT Ytk AT AYSEY A S A holAY e Fol niet
A Bl A ARl glol

n
, BE&H FRAES AY syl A

i)
4o ¥
ol
I3
>
B
o,
=t
e
re
X,

2 4y "

N
dob e o N

Lo o 2
it}

£

-3

(]

o e

b

bt

Nox
3o
O

AR F2 A7H B A FRIAS) chs ARAA FUHSE
of ATHe TEAL 7ML AT kAT Aukael Agatol tia tel o
ARHBIE, AR o] 2R B A7E Aol AFAT. v, AW A F0E
2 30 @ FUAYY FUAFE AS B2 O A4 FU 5 AU, FARY,
@ FAES BA PR RE £} ohd AFY FNASEE g SAY shed F
AE GwrAQl A oy A7E FUAS A7) 2887 A,

N
2
=
r [}
rj\g
(o
N
N
olr
b
ot
=

A o rr M

2 o)) 47
$28 A8l 49
1°ﬂ o A

B
e 4
Y
ol

i
2
N
—
o N
e
@

X
ol N r‘_?ﬁ
-
i o
o

rg
]
>
o2t
of
ol
rir
R0
o
ol
°
0
2

= R
B ATE 97 el e @A Bay L /1E AT AP T2HY FUES FE U 9L £UT 5 Yt
2 o] Fr e BAHoE YUY ATIH LR 2= 71 BHATE LESIL, 3%

(@a}
o?i 4
HE,
(@)}
o}
2
>
rlr
>
e
ith)
X
it
M
1%
p'ﬂ
&
il
il
tio
b
i
p'ﬂ
91
T

A o3 Fok= HH ol wel AAA Macro) 283 mlAIA Micro) B3 o® FEEAT & A7+ ANE 28 5
el 532 WEL T 58 2 (Dynamic Network Flow Model) S 7]4to. 2 3la1 9lo], o] 2&d t)gt 7|& A= F4
o2 B35

Robinson et al. (2011, 2012) [4] [6]& A A Al @717 U] EA Node T Arcell 78715 HHAE 293t o] 5H
ol Fd wl, AA FAE a3l oy ZE L AZtel| tid A3 AY Y& =3t ATIS(Advanced Traveler
Information Systems) ol tJgF A5 3t H ). thaF I A4 22 Y3 AT F o]4A 7 54 Y EH A 58 =¥
(Discrete Time Dynamic Network Flow Model) 7]¥Fe] 8 AFZ Qingsong et al. (2004) [6]& A, Ash 2 H
oA J1Ys dIATY] i AR E dAS FHEI] Y8, S-S AAERE 2dyEa %%“ A Fel2g H

- 220 —



J.H. Jung. et al. - Journal of the Society of Disaster Information Vol.14, No.2, pp.219 - 229, 2018

W8 ARE-$F MRCCP (Multiple—Route Capacity Constrained Planner) & A2t} A¥& S 7|& HEHZHOP :
Linear Programming) tiH] &AF H& &34 42 9 AW 244 59 235 A4 Lim, et al(2012) [7]2 &2
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AR, o5 U AL ol & A3 Y EY T 2 =¥ (Capacity Constrained Network Flow Optimization Model)
2 A AT U EY T thal sfAAZE A4S el YA =8 =¥ (ESA : Evacuation Scheduling Algorithm) & #-&
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CCRP(Capacity Constrained Routing Planner) & 283t &Fg|28 41g3S /M3t
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Fig. 1. G = Evacuation Network[9] Fig. 2. GT = Time-expanded Evacuation Network[9]

3.3. M5 U T1HALE

2 AFdAN tF= BAe O FUEF WEHNZ 74, @ FRET A vy (o]4A 54 VESZ 58 RF) o=
TAE
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4. AMEMA

4.1. Data Set

945 AY5Y 2 432 95 T 53 =4 HoEE WO F 9149 Node(HEYAA : 9074, 2
Lol BE X, AT, 22 S0l 0@ HelElE #AsATE Nodedl %1% 2t BHF B9AoIA Node AT
i Sz WY A%, A= HolHE WIHAL, AT L A HolHE AW AFFAS TG Nodest
Nodezte] Al 24727} obd T-Map APIE F§3to] 3 |52l 8 42/B 83T B2 WUFT nejsht
A A, 1 ~ 43409 FE A1, 22e] §ee A FHAS A BALoA o] FoiE 18R 8 mAZo)A
o) %4 B2 18 1A Tkm & 1) 440 300002 7V4asich CCRPOIA 4183 T8l 7128 1kmE o152 +

A= ARreZ 7Hgekar, 1km B9 el = Node 718 T+ 12 7HstiH
AAAY FRIETE g A9 AP GA 7L FhHEE] AT (5, &, 8l ) FE FR AT} o] FoiA 7] o
7} Nodew & @& S8 2HT 831, Fig. 3.2 Noded] 9%, A% 7I¥re] 91X HE o} P4 HE S| 2HPT
B erth /b shee] 9 2ol 9A Node: HF BHAE Edh
M ///Cj')
3 * 6 //// &
.0 . \\ J//T\
E... \ ;' /}\
. . > it
- < < ° 0':: .:
. - ‘o%_. \
) . -, \\')
° ~ T T

Fig. 3. Node information of experimental data and clustering information based on administrative unit

4.2. #FS I HEAI 7Y
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° . - s, |
° — |
L., L'
® >> *
3 -
3 oy
" " ! gwcg- | ) by B o 0.‘I
e® 4 1 T »e
s ° g' g - 5
° b | L] =
L]
. 3 | féo
. ) * et
[
[
® ., l- = s
s
® i ] %y "
8 Y

Fig. 4. Network configuration of nodes in the administrative unit
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3

ARbe Aoz FaF A4 =X ZF Nodes 7t 7HE A2 7HaA2 Q23] 98 Arcg 3+ H4 29d EF
& 18Z(MST : Minimum Spanning Tree Algorithm) ©]t}. 23y EglE sy 18] R E FH L x3el= EF Y
o MEIYPZE ot 3 2= ol o A7F EAE o+ e, Kruskal s EEEFS A8 Mo =3¢ Eg F
Arco] 7}5A19 §o] 71 AL HA ~vY EYE e g€l (Kruskal, 1956) [10]

WA Al FRIEE AFAE AP GA o] FA o e} o] 53t7] el 94 TS 7IE o8 o]5S AT U ES
TS AFE W 2 Node (H = A T A& 71222 Kruskal' s dalglE<s AH, A& & =
o] ZF NodeZt 7H& 7W7h& ARIZ2 dZ29 U EHYIE A3 Fig. 4.2 Kruskal' s €18ES A835t PA S

=2t 4N

= i [

4.3. FOIESE YEYT A U T8 BaAE S8

VA5 DR ] MENZL THL S84 BHF W) MENZ T4 A9 FLe Kruskal s S EE A48
. Nodeol ] BAAo] o)zt £2 % 704528 447 915t 2 4504 U= @ /M) Node® HH8L,
Node® tlA0.2 Kruskal s A2 ES A g3te] Ha 20d Eelg A4, FUA5E YES2E THSAT Fig. 5.5
YHED YHEL Adsre HEYIS TAT Aol

. s ® Oss
L]
L] 9 ‘.
| T 4 i ® i =
® ¥ T8 4 o %,
5 [ \
.« 9 |
b \ @ | _a e
e . T ¥
® g Y ® @ ‘Z."..

A HES 27t FAEEHUT dA 7€ vre) o] 13
25 4= tin] =29 §Fo] A|ghAo]7] wE &4 FH
2AZEe] Q3 B AFdME FUES 2AES CCRPE AME3tY FA AT

CCRP+ 20054 Qingsong Lu ol Alte <dae]F o2 CCRPE AH8std A9 HA3) tiv] 10%W ] ¢35 2
BAsEA 7129] LP(Linear Programming) & AI$AR}R] Node 471 S7F & wfl Al4kAIZEe] F4%% S719F Node™
g o] AHZE FQlo] AH L AL FEE 4 9tk CCRPE AAIEE 2dd & Y EYZ YoM ZF Nodedll A &4
2] HAAARE Freth JGARE o] 8T o A3t e =29 &FA|kSs AY Y EE Noded FHo] H
714 BEE A4bete 3t Node® 2AIES 42T 4 T (Qingsong. et al, 2005) [9]
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4.4. HElRE|AEIS &3t || HESLT 4

HA o] FUAF AdS FHa] A F8F ¥ &k NodeE 2A = %Xﬂ% W]E]ﬁﬁrﬂé‘?! 7]‘% < 3=
ggsl9n. 32 FAHLE 2001 Geem et al.oll o8] AtdE HA3 L =
Aw7A o] A3 9 AFH S vR o2 HA Y 3ES oyt AAS A bk, ‘3} g+ £oke] NP—Hard
EAE Zolated Be AI}E Holn th §}ﬁ el e 7)o] oJZH (Memory Considering), < %AW (Pitch
Adjustment), 2] 7:‘Xé‘?ﬁ(Randomlzatlon) o7 F 71 7I¥S FEHOE F8at, NEL S NI A
& 18)Z(GA : Genetic lgorithm) & Bl 3]-S of, W?H 2o 270 TRAS 1HEY AR S YA, B
AN BE SRS e sk "Hipr e A ol frd s F9% FRAE YD F Atk (Geem
et al, 2004) [11] 35 B4 JAEEE= Table. 1.0l UYERA AT

Table 1. Pseudo Code of Harmony Search

Harmony Search

1: Begin
2: Define Objective Function f(X), X = (x1, x2, ---, xn)
Define HMCR, PAR, BW and other parameters

Generate harmony memory with random harmonies

While i < number of iterations

IF(Rand < HMCR) choose a value from HM for the variable j
IF(Rand < PAR) adjust the value by adding a certain amount

3
4
5:
6: While j < number of variables
7
8
9

End IF
10: Else IF choose random value
11: End IF
12: End While
13: Accept the new harmony if better
14: End While
15: Find the current best solution
16: End

AesAg, 4.2.9} 4.3.9] #A L B3 FRESF A S FHIA
HWESL T 9 27)31E F37] A FAoIUTt. 4.3.914 B85 1 HEY
AAE =X et Aagre] bdE2A =57 Bl Nodes Ly
J#AH FAE B E NodeE 23 FAE sl oz ©235 1, 249 Node
o YAF 7t TR W ESIE AAson, CCRP &S 53 9 A5 A8 S =5
FUALE D AFA Y (2AF) S AA3ATE CCRPE Node B2 oWl 22 A, dupy Bz
AR w Ax &AM dugEe 839 (Zeng, 2007) [12]
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Table 2. Experiment environment

Item Description
Objective Function MinMax(Dest. Arrival Time), MinAvg(Dest. Arrival Time)
Parameter HM = 30, HMCR = 0.9, PAR = 0.7, BandWidth = {-2, 2}
Settings -
Iteration 10,000
Repetition 30
(@) Windows 10, 64bit
CPU Intel Core i7 (2.67GHz)
Environment Memory 16GB RAM
IDE Visual Studio 2017
Programming Language C# 6.0
b A Jle] FUES AR 7 B9 BAGSE v TR 5 FBAL A28 MinMax) 3} FU] B
A% FRAT A25MinAve) 2 BASG 38 Bl eelEl 2 ALAe] A% 4SO, F 3059
B
=

Age AdsAn, APe ABa7] 9 AT SeiuiEe] @3 48 DAL Table. 2.9 2.

5.2, AHZI L 2

219l Table. 2.9} Zo] F A4 FFAIZES] MinMax3} MinAvgE 232 AA4ste] 483 A3}, CCRP d4kds
QA FHEST AFL Table. 3.7 Zo] 2AIE | E2HT 2 A7 AR #2Y HF T F5 2AELS 99
AT 400~500707F 7] W&ol & =Folle BEE 7|AetA] ko, vhE A3 & Aoz W, £F9A g
Best Scenario®] MinMax, MinAvgE Table. 49 7]#}3}33th.

Table 3. Example Evacuation Plan

ID | Source Route with Schedules Dest. Arrival Time | No. of Evacuees
1 N70 N70(#) — N8(4) — Destination 5 420
2 N26 N26(#) — N28(#) — Destination 6 380
3 N73 N73(4) — N79(&) — N28(#) — Destination 9 600
484 N4 N4(ts1) — N61(tiz) — -+ — NB8(ts1)) — Destination 52 300
485 N4 N4(t3) — N2(tyy) — -~ — N28(ts») — Destination 55 126

Table 4. Experiment Result

Results of Repeated Experiments Results of Best Scenario
ID Objective Function Average of Standard Final Average
Objective Value Deviation Evacuation Time | Evacuation Time
MinMax (Dest. Arrival Time) 125.767 32577 85 26.651
2 | MinAvg(Dest. Arrival Time) 30.969 6.196 96 25.985

5:E Nodeel AgrEe] 443 ul7pa) Aol Adel Hgke Hasiahe 29l 43 AAE Table. 4.9 1D 13 2
% 303] WHE Ae Ay} W2 118.967, FFHAE 23 10299 71 AlYge] 2.9] Zhe mix|u} Ful7hR] A7) 85,
A HEATE 26.65161500), BE Noded] ] BT WA AeE BE A9 G& AASIE 209 AP Ao
B 30900, FEUAE 499393, 7V F& ALkl o) e vhE FRA) A5RE7} 06, H BEALE 25,9851k

F

rio

- 226 —



J.H. Jung. et al. - Journal of the Society of Disaster Information Vol.14, No.2, pp.219 - 229, 2018

100
90
80 3 . ()
. . P
70 * &, .
@ i - . .. :
£ 0 g * «* o% *
= 60 . . . "
- . . . Ll s *
© ' .
e .s b = Y | .
= = ®e L ‘s %y te® G L e 8 T
< . . es — * - - . ® e
40 . ege = = 2 . o . °
8 . L ..' .'o :* t . . * - . Sl OO '
(= & L . . - =i * e - . - -
. . . . .
30 o® i ee ) e . "% e - ., .o O i * » . o *
. I. % 3 . e ., ofe ey A ., 5 . o e e R %)
'.- 9 B s '.--. . es o .® & . o 3 - P
20 s%eef g%ee ‘e - ® o 8 . . . P
. - - .. - LR - - ........-...
g835¢ o s o, - oo s efosa®eBocee
'l .... « ' s 2° e .........o""" e
10 ':o . ..'...looloo""'
08, 080000
ot ®
0
0 5i 10 15 20 25 30 35 40 45 50 55 60 65 70 5 80 85 20

Node

Fig. 6. Graph of arrival time distribution by destination and node distance (Objective Function:MinAvg)
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