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Semi-optimal evacuation shelter determination
method in disaster situations through iterations
of evacuation simulations with dynamic

congestion reproduction®

Kazuhito Umeki

Abstract

In the event of a disaster, it is recognized that quick and appropriate evacua-
tion behavior of affected people is important. The current evacuation guidance
is generally a method of guiding from the current location to the nearest evacu-
ation center. However, when many people start evacuation at the same time in
a popular sightseeing area where there are many tourists like Kyoto, the conges-
tion of evacuation routes and excessive accommodation of shelter happen, and
as a result, the evacuation behavior of the victims is delayed. In this thesis, we
propose an evacuation location determination method that aims to minimize the
total time required for evacuation of all affected people when a disaster happens,
targeting congested areas with many people such as popular sightseeing areas
and large cities. Even if the victim decides the evacuation route and shelter con-
sidering the congestion situation immediately after the occurrence of a disaster,
it causes new congestions and delays the evacuation time when starting to evac-
uate at once in accordance with the evacuation direction. As a result, there is
a possibility that evacuation to shelters that are a little far away without be-

ing caught up in congestion can evacuate more quickly than being caught up in

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651020, March 15, 2018.
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congestion and evacuating to the nearest shelter. Since the congestion situation
changes dynamically depending on the movement of people, it is very difficult
to estimate the exact evacuation time immediately after the occurrence of a dis-
aster. In the proposed method, to consider the number of people that shelters
can accommodate, we solve the Multiple Knapsack Problem(MKP) to determine
the evacuation destination of each evacuee. Then, we estimate evacuation time
considering congestion by simulating the congestion on the route by simulation.
Finally, the evacuation destination is predetermined so as to reduce the total sum
of the evacuation time of all evacuees from the estimation result. By repeating
these steps, we get a semi-optimal evacuation destination of each evacuee. As an
evaluation experiment, we compare the case where the general shelter decision
method is applied to the map assuming the Gion festival in Kyoto and the case
where the proposed method is applied. As a result, the average evacuation time
based on the proposed method could be reduced to 587 seconds from 1152 seconds

of the shortest route selection and 1560 seconds of random selection.
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HEMETRL, 5612, 6 AL EICRZ 2 FHUSBHTHEEMETTLZ ehbho
TWa. AETIE, EFEEOFE 29 ThOoN- ANOBEEREDE T IV & HIT,
RO ¢ 2B 1T 2 KE i DBITHE v(u) 2R (3) DX S ITERT 5.

(

Vo nt. < 1.5)

(i
def | vo— (0.2 xnj; —0.4) (1.5 <nj; <6)
(

v0—0.5 05

ZJ

0 (di; = Ir41)

6 < nj;)

I T, ulIMSEH OMHREE ry; EORBEIIEREE, ¢ I 3HRE AR Z R L T
5 B w IR ENS B £ TITE o 2], ol 13 I2B1T B | DA% Im
PAWIZAZAE S D HE DI, vo 13 DFEHESITHIE [m/s] # TN TNKT .
A [29] 1IZ2BWT, BHESITEE X LT 4,000(m/h)(= 1.1 [m/s]) &\ D —EiRfE
DHVSNTWD DY, BIERNIZITERP G R 812 & o TRHESITHRE X RS
720, —EIRELIFETEERBFICRRIEPEZONDEDET 5.

B | OWININLE D & BEHEFT j £ COBBINMIZ ¢, 2 T5. ¢, BIRD LS IZ

EHTD.
dEf ‘Tij‘ 1
L W

FELORIRI AR LA S, B ¢ ORISR ¢, OAFHEEZ B/MET 52 &
PAMEOHWTHS. £oT, KMEDOHWEKZLATOX (5) TERT 5.

Minimize Z Z LijTi (5)

iel jeJ
subject to (1) (2)

AREIZT, SEREEROMUSHOEERIL L, NRHUKIZ B 1 D HiHREMfIC
DWTHARTz, T DR, AIFETHGR & I 5 EEHERER ORMMIKIZ B 1) 5 8
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FIREMEIZ DOWTHAZ HWTERE L. IRFETIE, KETHRE L KEHRE
IRf D IR MEMIISKIZ 35 1) & RS e A 2 R 9 2 PR 2 18T 5.

12



BN EZR L CREGFTIREF L (REFE)

AFTIE, KEFERITE T SEMERI 2 Z R U 7 BH I E Tk 2 e %
5. B{iCT, BEFEZHOTHERTZMEICONT, LHbH. H M
2T, AHEGFTRE TR L & UT, AT OIUA R & i 58E T & DM HER 2 F
J& U 72 B AR 8 HIEIZ DWW TEHIA L, BT, BEIGEFIE2 2 L T,
ﬁ%m%ﬁ%%%bkﬁ%%&mﬁ&yOmfﬁﬁﬁéyt@,20®ﬁﬁ%%
WETIEL 2%2BET 5.

4.1 IREFE>HAVWTHERLT 28

ANABEEDOFEWNETT X, 8% < OBDEEIRET Y 7128 5 FERBDEH
FEE UGG, RTOMKEENPRET D ORI —F ITEHHEL 72546, B
AT OUNAATRE AR 2 KIFIZHE UK, 2TomKEZ2INAL Ty,
HEHEATIZ RS U721 B0 S SO EHEATIZ D TRET L R IT X 5 200, W
DPBT5WEUPHET LA RN E W (FE ). 72, 2 TOWKEEI—F

THEHEL 7245, 2 < DADRAE D KEREHEIER LICHEL, TORMD
?ﬁ%fﬁ%ﬁ?ﬁﬁﬁ‘@L?%jAb'@ﬁf%%) (M 2). AMETIE, ZTDXSILeT
DK EN T O OB ICBEIL, FEoMEL, ME2I2X0E#E TomRi
HEHERFE SN 5 & 5 R 2 BET 5.

4.2 HHFTDINATEE AT & #EKE T & ORERFEZE R L /o
FTRTE L

41HiCIERTZIEY, BE K DODAPREDOT ) TIZHEFT 2 EMERI TR ED
FE U856, BITKKE D QR IZRE] T 5 2 & Chod R AT =2 I3 5
W, ZOMERRT 5720, B2 ldME 1 2 &8y 7Yy 7 R#E (multiple
knapsack problem: MKP) & U T# Z %.

A2y Yy 22 LTI A, TNTNDOINEAREAEE F v THw o
DN FTRER L B 2 5. T DT80, B Dkt j I\TEH T X 28588 DR AN

13



Algorithm 1 2EFE 1 OffEla— K
Input: [ : #SFEDEE, J: #HATOESE, VTable : 117 J 50D HIRF [

,Cy R J OINA TR A DS
Output: X, : BEEELIREY X b

1: VTable <= Sort AscByShelter(VTable) |/ #EERT (51]) T EIZHIEY — M 5.

2: while |I| > 1 do

3. 1,7 < GetMinimumEvacuationTime(VTable) /| VTable 5 /N D ik
TR R oM « LHSEE j OflAGLEZIET %

4 X, =1 /) WSS @ RS & REHERT 5 IZIE

5. VTable <= RemoveVictim(VTable, i, I) /] VTable & I D S#%58F#% i %
HIlBR

6: C;«<=0C;—1

7. if C; =0 then

8: VTable < RemoveShelter(VTable, j, J) /] VTable & J D& EEEERT 5
2 HIBR
9: end if

10: end while

A FREAR C; &5, INAT, T j 10 S 2 AT @ kR
Ft; et hg, Zolg, X (5) 2RAMET 2 &SIy Ty [
B ZEIZED, WS RRO TR 2 oMb 3 5 88T 2 e $ 5
(BREFED . kb, KERERORMERILOMW D %558 U 72 @i % ik
EY 5.

P41 TR U7l b i 1218, WENBDBFES . TDd, 1 D0kH
AT & D9 H DIRARABUIINAE AN L 72 5. T DRy, BB 135EF
FELERHT NG > & el 2 e j £ Tl S 2 72T t; B GREEERRRE]) 2
5. TR, FREEERT 22 1 S5EE ORI ORI Y 12 & BMET B
YT, WSSHEEENEE UKD S EToORMERIMET S, Iz, REFIEIL

2INEWSKEZEDOF TOMBEFHOBRAMEL T2 LT, BERFMORKY 2METIZ b

2h
He.
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R 1 WSEHE OMEEFT Z & ol AR 2R D41

WEHEFT 71 (C) = 2) | BEHERT jo (C; = 1) | BEEERR 53 (C) = 1)

WS iy D FREEHERFR] ¢ 5 [sec] 40 10 20
WS iy D FHNEEHERF] ¢, ; [sec] 30 15 15
WS iz D FHNEEHERF] ¢, ; [sec] 25 20 40
WS iy O T REEHERER] ¢, ;[sec] 20 25 10

Z A U 72 B DG RE DT I DWW TR R B

TNUTY XL, BEFELIOHEM I — FE2mR_T. 328 TR L 51T, #i
e UTKENRAELZER, WEDOENEL VAT LMINET 5. iz,
U788 DALENE R &, SRR DAL EEHRA 5K 1 D & 5 77 IR R 2
ERS 5. 2Dz, 7TV XL 1LIZET 5 Input(#IAAT) & LT, #58ED
RHET L, BHFTOERAEV, R1D KD 1T J 5 Ol FHERMR, VTable ik
A J DINATREABOEAS C; 52650235, 7TLVIYZXL1D 1T
HIZ/RS Sort AscByShelter(VTable) 1% VTable % 5 (£55EHEFT) CFMEI EHE
TR Z WO 5 2 & T, £O—F O BRI R oD e ke b 05
2725 KD ITREFEVIRT. RIZ, 31T7HD GetMiniEvacuationTime(V Table)
EFNEY — b X dv7z kT R R 2R oD £ 50HE AT O I/ N ESEIRE RS &2 Ll L, = ook
THEE D BRI & 72 24 583 @ LT j ORlAG DR EZIET 5. 417HIC
THESEA @ DBEEE S 2 A 5 P U, 547 BNIC BRI R V T able & 4
KEDEE [ OHPSHSEH i OIEFRZHIFRT 5. 617HIZ TREEEAT j ~ &5
i ENA LI 2R 72D, WARABC, —1%2175. 61{7THOWLE 21T >
SRR, MEERT ) OINVATTREARK O Y0127 - 728, BEEEAT § IZIUARR SIS
E 5720, TITEIC TR SRR VTable & EEEEFT O LS J O G Al
JOERELIRT 2. ThE 2THITRT LS ITHSEE DRI 250 AL FIZ74 5
FTHEDIKT Z LT, SWSEHE OB~ DMEIRE ) A X, 2RkDB. F
7z, TOTV X L1 TIESHSEE OREEIG T2 IE T 2 720 DFHHREDIHSEH
V = 1|, BEEEFTRS = |J| & L4 O(S2V log SV) 1272 5.

15



K LR U TV SR H D@ & & Ot PAIFERZHIZ L TEZ S &,
RETFIE LIZIRD & S5 R FNETREES 2 TR E T S, &EEEFT 1 DINAE THE AR
C; =2, HEHERT jo, WEHEFT js DINAFREABC; =1 & U THELTED, #HK
Hip~igld, I T RIC—RRIZOMLTVEIEDEHREL TS, £7, (1)k
T RREIR O hs & TR ¢, AN /N & 2t 5838 o ik O & e FT 5 &
T 5. (2) S & U CIRE S N7z T § DB DINE NEDA T BE N BUE
HE L TWARWAZERL, EELTWDE0RS, HFRIRMERD S BHFT j O
5% HIBRT 5. (3) EEEETRIRFAZR D S, HEHEPE SN SEE DI E %
HIBRS 5. BAED (1)~(3) DA T v & 2 5H OB IE T 5 F TR K
T LT, WEERANRE UKD S E TORMZRIMET 5.

£, R1IE, 4 NO#SEE & 3 DOMEEFT DAL L TV HIRIL & MHRE U Tt
HPRRMREZERL TVE. R ICHREREERZEA L 7256120, T
Jo ZIBINT MBIV ANIFAET 57280, 7o VWEIULLBFEET S, LirL, #£1
CRETFIR L ZEA UGG, ST j ~ B i3 T 0y DL, R
FIT jo AN WS iy DYREEE L, BEEERT 55 N BESERE i DVEEE T S

4.3 EEEMEZZR L CREFTNRESE

REFIELICBWT, S5 ORI ¢, /30 12 EHFT £ TOEMD Ah 5
WEIND 720, HERREROWSEE ORI S BN RIEHERIAE R I N T
WIRWN, S8 DR ENTAE S B AR MR D 201X, &4 S5 DYl 3 5 bk
k> TEMT 5720, FHAICHET 2 I IIRETHSD. 22T, RLITH
SEHEDMHMATE 2 Y I 2L — b B 2IT & o THIMIZZLT 2 IEMER M % AR
BHZEHBIL, ZORERICED WS OFIREZ1TS HikZ2RET 5.

9, BETELICESOVTRE S N £ CORERN2Z > I 2L — b
5. ZDLE, MERKOBEMEZZRL S TEEICEDNT, EHfR %
BT 5. ZOFEE, BHERIUC X > THERFMIEIEST 2 Z 2 BERX o5,
T DRIEREIE] 2 F B U 7R R I RO W T HERK Gy Ty JREE R X,
HEYIalL—Yarvz2EfMTS. 2070k A% TR TOYSEE OB Z
LUK 722 £ THVIRT Z LT &b, #SEERROFEIGRE I 2 f/MET 5
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Algorithm 2 2EFE 2 Offla— K
Input: [ : #SFEDEE, J: #HATOESE, VTable : 117 J 50D HIRF [
,Cy o TR T OINEATRE A DS

Output: Xp;: ##EEREY A b

1: pat <= 0 // KERIE T-1 O IR pat DAL
cat <= 0 // RAGFEIZL T OS8R cat D HIHAL
ir <=0 /) &R ir OFEL
X1,y < algorithm1(I, J,VTable,Cy) /] TREFIE 11T X D E#EIE 2 €
VTable,pat < Simulate Evacuation(Xy ;) /) $&FFHE 1ITED < @D >~
Iab—vavEEF (KERKT)
while |ir| > 0.5 do

X1, < algorithm1(I, J,VTable,Cy) /] IREFHE 11T K 0 GE#E L %2 PE

VTable, cat <= Simulate Evacuation(X; ;) // RAEEE T

ir <= Pacat o 100
pat

10:  pat <= cat

11: end while

BT 2R E T B (REFIE2) . 2t kb, BIRICE(LT 2EMERZ ZE
U7zl 2 IRE T 5. IRIZ, IREFIE2 2 U /2B O BEEG Ak € DIIE/F 12
DNWTHERB,

TUTY XL, BEFE 20— N2 RT. £93, 7VITV L2017
WITY XL ERUL, Input(FIIAT) & LT, SEEDEET &, BHFTO%E
BV, 1D XS4 1417 J 5] Ok TR, VTable #E#EFT J DIV ATHE ALK
DELGC, BEZoNEEDET S, TILITYVZAL204FHIZTT LT XA 1
ZICIZHEEESE ) A N X 2T 5. RIZ, 51THD Simulate Evacuation(Xry)
AU Xy ZHWTY I alb—Ya v 270, LSRR pat 2 BUS L,
SEIER OD bk e R [ G SR 7% S T IIIRF ] 2R VT able (2R 22 1THD K S IT/EVDIET. 7
THIZT, fEDZEZ 725 IR VT able % je 12 EHEE ) A N Xy % FIEKR
b, 8FTHIZTRODELEZ X, ZHVWT1IEHORKEY I aL—Ya ryaz2iTW,
SEYREEERE R cat 2 HUE U, SERR O REHERF AL R % bt 2 JIRFR R VT able 1258
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F 2 OWESEE 1 DBEHERER Z & DT AR R

WEEERIT 5y | REEERT 5, | REEERT o | BEEERT 54
# 0 IR U T 1281 258K 1 O F IR [sec] 40 10 20 30
# 0 IR U T 1281 28585 1 O F ISR [sec] 40 25(SEHT) 20 30
# 0 IR U EE T, 1281 21585 1 D F ] [sec] 40 25 40(BEHT) 30

231THD & SIZ/EDIET. 9f7HIZT, KEY I a b —Ya iz ko TEktE
RIS EN 2 I RIME T E 7202 R T WER ir 23K 5. LA EOFIEZ SR Mt
il |ir] Y05 AT/ £ TV USETL, BEMZZRU R X b
X KD 5.
FK2IZRLULTWHSEE i DY I ab—y a VORBEEE T, D 5 T, D&
ANO BT R A BN L THE R B L, IBEFIE2 IFRD & 5 RFIEC Y
FialEd 5. £9 (1) RPSEH 12DV TSEERERORME 25 /8 U T&Rb
FR~ O FRIR M2 BT 5. (R2:117H) (2)(1) OFERZCICY Ialb—Y 3
VERITD Z LT, KMHEVERT Y Ty I RIEOME IR o 7RG R ok 5
TR ZEUE T 5. (3)(2) TIro7zYv I a b —Y a VIiZTHE S Iz ikEEse 7 RER
% JCIZ (1) TRD T & MEHEFT A~ O AR 2 g 5. (£ 2:217H) (4)(3) T
E%bt%ﬁ%%a@ﬁ%%ﬁ%ﬁ%%ﬁn()ﬁgﬁﬁﬁbﬁf(méﬁ%
F DS 7RI O W THERDEMR 2S5 N B T (4) ZMVIKL, BohrH
ﬁﬁ%@ﬁ%%%&m%%% 2469 2 IRMERIL %2 F U 7T e LT, b
B iR
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B A ERE L - BEIGATREFIEO M

AW, BOCHICA LR E W o 7 AOEREVNE WG 2 S e UT, R
e BEUBEGRREFIEE2REL VWS, AETI, REFEOENMEZ
AT 5728, YIal—YarEHWERERZTS. S/ T, LR
BWEBALZ05, F_/HIZT, HRFESIUOFEILDOYF Y FIZOWTEH
B3 5. HZHICT, FMBfEEICOWTHHEL, &EIL, EREREZT0ERE
HY 5.

5.1 RRRIER

RS MG E P2 TS 5720, YLV FIT -V by Ial—X&
Scenargie ZffiH L7z. K> Ialb—Yary%23E7L72PCIE, CPU : Intel Core
i7-2700K 3.50 GHz, A€ Y :128GB, OS: Ubuntu TH 5. £31Z, ¥Ial—
vavDNRTA—RERT.

M 3(7E) 12, REBRICTHMTSYIab—yvaryvwy 7250, M3(H)IC
V3alb—=—Ya vy T EZAPR-oTWAETY T EXR LYY TR IRT.

Ay L, BMT 2800 —Fle LT, s#EOmE - mEEz2 e LT
ERL L T\ 5. JRHERIE, —HIZ9 TADEE 3 5 OnFEE 2 55 1Z/HE L
TW5. ERIEIE, EEROERIEZ 2512, 5~45m] IZEREL TWS. ¥ 3 IR
Ty 7L, FHMOMREKCHAINDIIEID=0DIZHYT 5720, vy 7
EiZik, A6 AN (9TTD2/3=67N) ODWXEVFIET 2 LBMETS. £z,
aﬂﬁ@ﬁ* £ 3 L BOLBROEITEBIZ A RE EELE N2 [30], A
alb—vavilBWVWTl, ZARNRT THEET L LINETS. Lzh>T, K
3Dy 7 EITIE, BEF3TOWEERT (AFIAEG6 TN ZELET 5.

HEEERT I, SAERTTASARE U T\ A D AT R A T REABUZ EE DO W T, 23
fEiT 2% E L TW5 [31]. ARSI TV OINE A EEARIE, BHMOE
EEAHRE LTWE 20T NIEEL <RV, L L, ARTHESRE T 527G
D7 DIZ—FANCH S H 2 INET 5721072 518, INEATREAS % 8 2 C kg 6E
Thd. FEE, HHAKESRIZBWT, kY CREREES DL HBERE U7,
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I e < 23Em !
| @ : [BEEANT AB2AIx30000%F |
! =60000A !

M EsEr x 238
[ )

: EEEERT A$:2 A]x30000% 7
=60000A

|

; L i - m
i 1 i " i '
i ey . i i/ i -
RN . e . L. = e —
. ’m & g.i'"v'-w“ E | LR
el i NN ERE gl E gl e | c iy B i =
i | ] i~ L = =
| mERETRE" §% Epw 20 vk -
a| <Ry, S = T
| - i | = - i | L ! ; -
| i = I . J -
Y | mt | HET -
o : - o i
[ : : I by e P s
== | o I v s | is.g B | ' : I

“H - L iy - - .. = I e |E
o4 ; ] = . "B aEEsT Aread:
I ; b | U S -1l . n
b ) - _ R s A R SR R R R R R RN TR RN RN RN

4.0 km 4.0 km

3 Scenargie®¥ Ialb—varvvy S

200 N DIUA T REAEL D BEHEFT 12 1000 AD> 5 2000 A D 58 A3 —Hpkg 12 6% 5 L
TWIHIRLERE S NT WS, Lz ->T, ABI T W2 BHEEAR OINA A RE
NBD 10 15 2 8T RE A D FIRE UCHRET 5. fEHRE LT, N7 A A
ARETH B 728, M3 LOWEH X2 TR ICHEETE, ~ v THIFHIM G
TEHILEFRNED LTS, WEEOYIARLE X, REROKITRER DL
YEBHEIZ, M3(H) D7y T ED Areal & Area2 (2 10000 <27 (20000 A) 37D
U THRELZ. F£72, 55D D 10000 <7 (20000 A) i Aread(¥ v T D24K)
IZ—RRIZ A U CRdE L 7z,

BB, SWBEOHTHEEL, YIalb—X—DfRkickY, XNB)ICTESR
U7z BT E Clda <, SHEENSITL WL EROBEME (F—@EK e
ETHMOPSEHEDOMDLHE) IZX>TELT 5.

5.2 BFESLIVCVTFTUS

RETFIROEWMEZFME S 272012, (1) RERBEERB LT (2) XA
BRI & BB E 2 &, AFD 4 DDFEZIET 5.
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F£3 VIaAL—X—DNRTA—RBER

i ST 23 f& fir
KB 30000 R

BRESITERE 1.0~1.5 [m/s]
T TH A4 X | 3.5km x 4.0km
Pzl 5~45[m]

1. BRI IERIT X 2 T e
2. T VR IGEIRIZ X B BT E

3. WEEEFT DUNEE & B8 H T & OB HEREE 2 E R U R e Ak (R
FiE1D

4. JERSEMERE 2 F 8 U 7 e STk (IRE T 2)

REFIE 212DV TIE, #8EO IR DRD - 255 B IR
35, HRIZIE, BEFIE 21T, BRICEDRVWHESFEOEEE, 20%,
40%, 60%, 80% & LI B/ F ) AR B RE T 5. £FE - ¥V F VU A DF
oW THhR S,

5.2.1 REREIZERICL ZREMRE

BRI IE R IZ & 2T IE ClX, ZTNZTNOWSEH L, £T B D Okt
Ft % WEHESE P & UCTIRIE L, e~ & RFEREE CREIT 5. #SEEIZB1 5
2D O & UC, HEDOAED O Al £ TOERIERETHE U 2 K1Z,
—F/NS LEMERE T H 2 EIIN S, ZTOR, HEOMENSIRESI N
T T £ COREEE XA 2 A b FIRTRIL, #EE IR U 72 B AR Tl
5. 7z, WSEEUD BF WA TIZNA TR Z X T\
G, 728D E W 2 R TRERSERR 2 P D E L, HAR O~ &
MEIT 5. WA AREFTIW D 5 E, EEEAT OREZPH AT H - 7254,
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AT IZINA S, WSS T 295, TR TOBKEEV RS 1 & 705 7T
RrEd5.

5.2.2 SV LERICE DBEATRE

T VR LRI & BT E TIE, TN O S 1L REHE T SI5 D b
5T VR LI A RE U, TRE U TR e © RS T EN T 5. e
BN E N TN TIZINATTREAB R B A TWgH, 78 E W
AT ZRWT I YR LERNEZPDEL, HEROMHT~ BT 5. #HEEN
EEHEAT IS 0 3 F N ATRE 7S - 72358021, BT ICINA S hWltse T 2 9 5.
TAT®W&%#ﬁﬁﬁT&@okﬁﬁT%Tt?%.

5.2.3 BEFTOINBH EMKE T & OREFFEZER L - BBFTURE S E

SEEFA R DRMERDLZ Z R U 7B e TlE, KEREER (VIalb—
>3 VHHIARE) OIRMERIL (WSEEORE) 2F R L, &z RE S 5.
FrDPRTE SR, 428 CHIIL/Z@ED TH Y, H5EE 1S40y~ o 15 f i
DHT, —FBIFEEVE VRS AGEEEEE U TIRE S N, BRERKRTREIT 5.

5.2.4 BREMEZZER L BEFTRAERE

BIIZ AL T DIRMEEDIRIL 2 5 FE U 72 i A e T, AR SE O T H) 12
EoTZILT B THA S RMEIRDLZ U 2 e 9 5. BT ORE T
KIFA3EITHALZED TH D, HESEHIIRE S N7z e N R ER S TR E)
5.

WS D —HDPHRRITE DR o 72556, TS OYESEE 1m0 O 12k
HTr0DLT 5. 7z, HRITEDRD > 72 SEENRINT, FHE X N7zt
FIIZ ANVIR 70 o Te S8 1, B D 2 kS & U CIE LIE L, AT E)
21715
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5.3 FHMIEIE

REFEERZEDZADDOFEENT 2720, FHfEEL2HET 5. Pl
& UTIE, SEYbEss TR T, 2 BRHT 5. %ﬁﬁ%%?%%n%ﬁ,ﬁ%%
Heten O P SEE R BDHEHESE T U 72O S 58 OREER ¢, DI TH B, K
ERIZ B B e T IR OBIE N, 2 RIE DL EHEDILRIZ DR
MBEIEMBZOND. TDD, EEHTE TR TE 272 TH N2 L E
FULW. 7z, RESEENEHT LM X ME, TE B2 EBRWVIED DF
FLWV. ZOZ L 2MRT L7720, KKHE ORI ¢, OFEMEIRZ % M3
5. MAT, HEHRRICEEE JIFTERNE UT, SREICB T 2RME % R

CRMEEE N, BSEHE ORI B B IRMIFRE Cpr TRT.

5.4 EERIER
5.4.1 7=5WE LIC & %BEEIEICEE T 2MREE

4 1%, BOERISIER (X 4(a)) « T > X LR (K 4(b)) % 8 A e T35
EUGAED, 7260 E LRI & O NS (i) & Framedss 7R (35—
) 2T, X428 58S TR0 2T 7, SEHEfE e, &R BT
12, K725 WEIURBUZ B 1T 5 B REEEESE 1 IR & B/ N Se 7 IR 2 R LT w
5. ZoVHUDREIZEHT 5 &, RERKEERIC & 2G5 I5ATE FIETIE
30000 AD#HEED S H, 9610 A, TRDOERMAKRD 32.03%H DA —ELL E7-
SWEHLENTED, TV XLBERIZ K 5 EESGFE TFIETIE 30000 A DHESE
FDSH, 3553 N, THOLE1LU%RED AN —EUEZS5WEHLINTWSEZ
Eibrd. THISEREREEERIC & 2B E FIE T, &P D Ok
ZHEHE S 5%, BI3ICRT KDICADREFR L THEINT WS T Y TRH 72
& (K 3(45) @ Areal X Area2), £ DIV 7 &L D kEHE T O UUA RS A % #HiE
T522T, ZLDADRZ6VEILENTLES Z B oNS. £/2, TV
R LRFRIT & B G E FIETIE, v 7 L OB ANEE T 5720
BRI EERIZEEAR T, 72560 E L X AP BRIEREEFERICHERT, Dl
BoTWVWBEEZLNSD.
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AER

30000

25000

20000

15000

10000

5000

30000

25000

20000

15000

10000

5000

0390

o] 1[@] 2[@] 3[0] 4[0] s5[E] e[E] 7[E 8@ 9[o] 10[E]

0o/ 214 58 364 \o
m —

=5 0\El UEEK
WENNearest  — 5T TBSRIT

(a) BRATRISERR

26448

8
M 765 379 229 118 73 40 12 3
I:l —

6

ol@] 1[@ 2[@ 3[8] 4[0] s[O] 6@ 7[E 8[o] 9[@] 10[@]

f=suE UEIER
Random —B##5E T RIS

(b) 5> LR

35000

30000

25000

20000

15000

AR 5T T B

10000

5000

35000

30000

25000

20000

15000

195 7 B ]

10000 F

5000

4 T7=5WELOEI & O N &Ik SE T IR
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10000
9000
8000
7000
6000

%3 5000
4000
3000
2000
1000

0 m [ N |
o[o] 1o 2@ 3@ 40 50O e[m  7[E 8@ 9O  10[O]
f=5umE UElIER

WM Areal BArea2 BArea3

b REREHERDOKTY 7 D76 WEIUEIE I & DA

SETE T AR I E H T 2 &, RERIREER, T U X LBERILIT, 7250
UL < 72 5 1% EEY R £ N3 2 HAcd 5. Z DR, BERIKE
KSR LERD S WA UEB T & OSSR O BINEA R 5, Zh
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