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Efficient Enumeration and Extraction Method of Small Region Partitioning for

Evacuation Centers Using Zero-suppressed Binary Decision Diagram

Atsushi TAKIZAWA

Abstract: It became clear in the Great East Japan Earthquake that there are many residents who

don’t know where they should evacuate when a large-scale disaster occurs. Therefore, assignment

of evacuation centers has been an important issue now. It is difficult to obtain exact solutions since

the problem belongs to a kind of set cover problems. In this study, we formulate the problem which

assigns each small area of a region to evacuation centers and propose the efficient method of

enumerating all feasible solutions by Zero-suppressed Binary Decision Diagram (ZDD; Minato,

1993) and extracting the Pareto solution from the all solutions.

Keywords: BE#EFTHIYY  (assignment of evacuation centers), /INHUE (small region), ZDD

(zero-suppressed binary decision diagram), %1% (enumeration)
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Z<Q,EX<0
foreach r € R
if (C2) is satisfied
Z « Z +7DD(r)
else if (C5) is satisfied
if (C4) is satisfied for all ' € D£'
Z « Z +7ZDD(DE")
else
EX « EX+ {r}
10 end if
11 end if
12 end for
13 Z, «Z
14 repeat
15 ¢ « Zg.Card()
16 Zey <« ZgXZ
17 until c = Z,,.Card()
18 foreach r €R
19 for each r’' € D'
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20 Z « Zg,.0nSet(r")

21 Zoy < Zo—2Z

22 Z « Z.Restrict(ZDD(r"))
23 ZoyZo+Z

24 end for

25  end for

26 foreach r' € ex

27 Zoy & Zoy — Zgy. OnSet(r")
28 end for

29 foreach ze € Z,,

30 if ze does not satisfy (C6)
31 Zoy < Zg — ze

32 end if

33  end for

34 return Z,,

3.2 MEBFIEOWHESLEDZ

F7, WEHEAT e’ € ' &5 T/ N o —9
L /NI DR A G DR EF1% LT ZDD & L TR
45, 207 V=Y X L% Algorithm 1127537
Z, Zg, 1% ZDD OZHK, ZDD(m) 1351 DEA (D
PIF) m % ZDD ([T L Tk EI%L, Card()iX
5% ZDD OFLAA DA KT BISL, Restrict(z)
3% %D ZDD OFMAEDEELEDOHRT, 51 2
DOFDDLREL 1 OOMEEEEEE LTS
FAETE1T o ZDD & K9 B34, OnSet(m) 13247%
ZDD IZBWT, fAEHE m 22 DMEENLAR
LA D ZDD iR TR TH B .
3.3 2HMHFTOWEDHEAELEDHIZE

Algorithm]1 CTlEEEFT 43 (2SI DR A5 Do % 3]
LT, £0 A5 o TRl ToE



WarRdDH, 2073 Y XL, BEH (Takizawa
at al., 2013) @ Algorithm2 & [A] UMk 72 D TH
M3 5.
3.4 /NL— MEDMH

TNAY XALHEFITT D ELBDMENRIIZE S
o, L LEWEBEERE & D72 WIRE & i T
THEZTHPMETH Y, Zh o H %I
B 58— MRERIC R > TV D, N L— Mg
WARE, ThEDTEHR E 72> TWDHTAR— ML Z
NWLSMZ T Dy, AR T, HaR— Mg
EEIEICHIET D HEERETD. HOWE «
(2K 5 B B B & SR A RIS T 5 A
WS- BB, ThEhol(x) & o0?(x)
ET 5. MEOHEE THMITEET 523, Zhbd
O BB O, x OBEFZHEALCHMR L CEE
L7EDOEFHETH Y, ZHUIT VY X A% HE
TT2RNCHAETE 5. RICLLFOEA 1€ [0,1]
WZBI9 %, /T 2 MU w7 72 Boolean #RJF 1 [
MAEEFTH. 22 TZ,Exist(x) =1 1%,
Algorithm 1,2 i@ H L THE OB ES O T,
MAGDEDN x ERDEOBFET H I LR
LT3,

x€X | max_o,

min {/1 2 1y T:;ixz }
-Y2

O]
s.t. Z,,.Exist(x) =1

A DPEIC hand probing oracle Z VY, PR —
MEOETZZ T (AR Z & T, ENbERTKRD
5 Z L 3T X A (Gandibleux et al., 2004). F£7z, EH
FPTE LT D) DFHFEIZIE, Kouth (285
ZDD |2 X % Boolean T # 1 [FHRH A fif < 20 == 73
FATY R4 (2011) EZFIFH LTS,

4. EHEH

RIRTEF X O 22 4B [E 207 O /) itk
et &, RET VX EBMIKOT — 5 2 .
ANHIUERE 104 8, IXACRERERTIX 38 T, REEERT
EET/NEIEI Ik TH D . T e ST AL CH
TYERL L, ZDD @7 A 7' Z U IZiZ Graphiilion (£

Yo Ao Ry

-3 YRR IIARTE, O FEEE L

Ef, 2013) & H W 7= .
max _dist = 1200m, max_cap =81 & L, 1=
H7R Ay 7 D PC ZfEVEREZIT > 72/ER, 1
JE 2000 (A2 2L &G, FHEREILT —#
DRTLEEIZH 9 FP, Algorithml & Algorithm2 T%
NZEIK TR, 1 A € U 1349 200MB Tdh - 7=,
VAR — M 23 iR Sz -3 AN —
NMEDOHRT, F b PHERPNSVEETH D,
gD 721, HIFI(C3) & (CHE PR, Gt
MEE LT 020U T. @iFE L Eo
TEHEM BRI TV,

min_p = 0.49 ,

5 FEOH

ZDD Z o/ NHUSCAAE O REEERT S - filiH
FAEEIRE L, HRFHE CBLER 7RS4 235
b OFEMER L.

HitE
AMFZEIE R CSIS D ILRIBFFE I & BHAFE FARDT

JE(A)DIEBYO T TiThiLE L.

3

Minato, S., 1993, Zero-Suppressed BDDs for set manipulation
in combinatorial problems, Proc. of the Design Automation
Conference, 272-277.

A. Takizawa, A. et al., 2013, Enumeration of Region
Partitioning for Evacuation Planning Based on ZDD,
ISORA 2013, pp.64-71.

HHEEGIEDY, 2013, WERER & ZDD % W 7o HEEERT O 1
BEI D M TRE o OFZE, HBER S AT AFRE 22
[l FEE RN, B-5-2.

Gandibleux, X., et al., 2004, Evolutionary operators based on
elite solutions for bi-objective combinatorial optimization,
in Applications of Multi-Objective Evolutionary Algorithms,
World Scientific Publishing Co., 555-579.

Knuth, D. E., 2011, The Art of Computer Programming,
Volume 4A: Combinatorial  Algorithms, Part 1,
Addison-Wesley Professional.

H B iE 2, 2013, graphillion, hitps:/github.com/takemaru/graphillion



