2
2007 10 27 @ 1






g

1. (2004): e

125-141.

2. Suzuki, T. and M.J. Hodgson (2005): Optimal
facility location with multi-purpose trip making,
lIE Transactions, 37(5), 481-491.

3. M.J. Hodgson (2002):
GIS- 10(1), 29-37.



O 6.5 H17)
31 (H17)






17

61

8.3

528

10

10

FOE LR o R IEE O S

2 #HRLB
LB (At
6,500 - 528 550
&,000 = -1 500
5500 [~ -1 450

2,000 - - 400

4500 5 4649 4711 4751 2cp

4,000 [~ 300

3500 — & 39 TR 1z 5 3 5 18 17iE)20
= FrapEEn -=— 3 HAR{HET

FEE i EE O FETFHREF R BT 2 8 EhE 0 R IHT EPR R

R 2N
1,200 - 7.0~
1,150 — 1,111
1,100 1,065
1,050
1,000

as0
a0
50
00
750
700~
&850
&00 L L

6.5

6.0

5.5

1 1 1 1 1 1 1 1 1 1
T8 9 1011 1213 14 15 16 17{F)



b

22
(0 [ k- L Y=
BEOID pesvessas yeaseran eissaian paasvanas gassssnas wisasiaaan perreaans Presiiesiessieses oy s

- 15 50000
54,658 48,763

45000
40000
35000
30000 -
25000 fee

20000 fo
10

15000 e

17 10000

m 149.7
37
28.4

http://119.city.fukuoka.jp/h/nenpo/13-27.htm



B P25 UERRWES</RANN S Mk’

e am Y Kol it S SR S o
|

Q

la
£

HECEHESOBERNE D0 5P .,...ﬁ\.
JEMDL ERNSEERLNIW
RS VEEUVERWOES SN

EEmHHERE
LEATEMNSE SEhTRAmRBS

http://119.city.fukuoka.jp/h/nenpo/13-27.htm




450

400

350

300

250

200

150

100

50




292

16

144

569
270

388

10



H9 |290038 1808335 343239
H10 [308440 1946788 ‘ 374888
H11 2108218 408840
H12 2260934 434753
H13 2403273 485696
H14 2506553 502695
H15 2698950 569524
H16 2820614 607497
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
O N ] N




b

O 17
5 10 2974 437
56.4%

o5

6.5

12



291035 336931 [ 219267
S52 296325 349574 [ 216017
317109 357125 213053
320052 380138 231687
S55 288655 448120 303963
285591 456264 312374
285992 477537 [ 313270
S58 [ 291987 507607 [ 322073
267221 | 530203 345083
— 260088 | 556319 357036
S61 [_263487 565310 359362
261156 505497 369437
— 251014 633948 301544
H1 [ 257821 | 678277 411321
223366 | 731259 [ 447728
10265 | 768864 | 467789
H4 [190196] 800268 [ 491018
56990) 854913 | 535767
4102 027658 [ 506681
H7 12777] 1040087 [ 679228
1054 1139416 [ 660999
8863 1182787 | 841428
H10 77 1272312 [ 970215
8031 1378268 [ 1070083
600! 1495579 [ 1190057
H13 554 1680501 [ 1157403
il 1643547 | 1417404
38[1 1747145 [ 1584789
H16318 1814982 [, 1723248
0% 20% 40% 60% 80%
O N ]
] | O

100%



30

e 20

17
1,864,860
30 60 1,931,180

9 26.0

37.6%
38.9%
20
31.0

20

14



16

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

1109524 ‘ 1345680 ‘
1
123556 565239
‘ 171788 384006
e
344319 153204
\




16
16

1,749,187

48.8%

11.8%

51.7%

61,843

48.3%
2,448,129
6,161

57.9%

6.5%

478,149

16



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H9 389973
H10 423780
H11 447680
H12 485208
H13 525360
H14 542681
H15 578651
H16 609705

17



10%

5
38

5

25%

6

RUZH—DRa ety

Ot 0%,
7 é é 1‘0 (2}
PR 8 L i S O BS —

http://www.city.kurashiki.okayama.jp/fire119/iza/drinker.html

-
===

4]

oo
ond---}f--

(=]

18






20



119

119

18

21



1997
1997

1997




1991

|
54 12
13,953
113 0.8% 1997
]
]
24

61
1997

23



24

24

10

1997






26



[ A I O 0

Achabal (1978)
Adenso-Diaz and Rodriguez (1997)
Berlin, ReVelle and Elzinga (1976)
Daskin and Haghani (1984)
Hyman and Mayhew (1983)
(2002)
Marianov and ReVelle (1996)
McAleer and Naqvi (1994)
(1984)
(1989)
(1994)
Repede and Bernardo (1994)
ReVelle and Snyder (1995)
(2000)
(1990, 1991)

27



O [PA]
O [PH]
O [PAH]

O (N)
0 (R)
0 (D)

28



= (R)
[
[

m (D)
[
L]

29



= 1 |
TEDR

Koo 3 0

P

@

30









"I_

X, X

mi

A

subject to

> X =1

[PA-N]

- _ A H
H|:]yA TN = ZWi (ZJ:dU X;; -I—Zk:dikxik ) Xi'jA {01}

xi': €{0,1}
yjA {01} J

v oy K
W; i

PA

J

33



S o)
A _

subject to

Xic €{0.3}
yj {01} ]

[PA-R]



subject to

0-1

A
E Xj =1
A A
Xjj <Y

in'; =1

|k —Yk

Zyj = Pa

0<z _xAZdJk

OS Zdjkxik — Ij
k

<(1- Xif)zk:d ik

35



=

: 1
_ A H _
XAT.!r,]yA Tp = Zi:Wi (Zj:dij Xij +§;dik Xik X {03 i
y .
subject to zxijA -1 xik €{0,1} | K
j yi {01} ]
X.'.A‘ <Yy
=7 yi' efo3 K
inﬁ =1 " !
kH H d; ')
Xik < Yk )
2.Y7 = Pa "

36



=

X, X

subject to

inle
j

[PH-N]

: _ A H
Amle]yH Ty —;Wi (;dijxij +;dikxik X {01}

xi': €{0,1}

yi {01} ]
ylefoy K
W, i

d; |

PH

J

37



[PH-R]

R < or
A _

xik {03}

subject to

[PA-R]

yjA {01} |
yo {0} K




=

X, X

subject to

min - Ty = 2 W, (Zdij Xi? +
Y i j

inle
j

1

2

; dic Xic ) X {01}
xik {013}

yi {01} |

[PH-D]

yi' {0} k

39



subject to

[PAH-N]

XijA {0,1}
Xy €{0.1}
yi {01} ]

p-median
i

yiefo1y K

40



subject to

[PA-R] [PH-R]
0-1

[PAH-R]

MR, oo
A _

xii {01}

41



"

X

subject to Z Xi-A -1

A eriyr/} yH Tp = 2 W (X +-
1 H L I J

[PAH-D]

Zk:dikxillj) Xt {01} |
xii {01} i
yi {08 |
ka {01} k

w. i

L)

H B

42



20
20

oo (i)

20
pA:Z, pH:
PA=3, PL=3

O

43



[PA]

fi e 4 T 5
Lk A
2 HEL TR
) fe T [

[PH]

P L A
(TR e
= & IR
gk i

[PAH]
HrD L -
A9 e o [] B
RIEIZL A
el 5 i i

p-median

WE LGN - FoF - Z A F T =K R
o AL o LA o T T o |oTe o S o e
%, %, LI [= B, L=
3 o - 2 o - 2 a - 2 o o ] @ o 8 © o
e fn o ® a® =] =] a a{, L= GD
L g . ] . ® ¢ a ] o 3 ° b o . a
o (s ° Il L] ° £ [&] ° o (] o a ] =]
o o T o o L J oo a o 0 - o =) o L=] L=+ o 5] L=
[ » » & a B, L=
-] Q o
% o - =] [+ . L=} L4} o o o 3 [+] o 3 [s] .
o ‘b o .ID a® =z 9 a @ o .U
P g o Poe . o Poa = o “ [ ]
o o o o o o
A o o a o el fal =] (el 0 . (]
- "5 B O Yo = G = o s
8, B 4 . )
Dg [] - g o a S o = Dcl S o o
e Y, o @, o @, o/,
LR o P o Y D oa P & .
=] a =] =]
£ [#] o [v] O [e] O Q
W pd.pg2 ()} =3, pg=3 (m) pp=2, pg=4 W prd. py2 () pp=3, p =3 (m) pp=2, p4=4

o HAaHW
& IEE=




()

(iii)

[PA]

()

()

(iii)

(iii)

45



b

[PA]

mixZzr5 & LI EORBERMORERRE

2 4

3
PAEEY |
DERAR B3 T7—A OF s 7AR D@RARE (MBEH28)



(iii)

[PH]

(1)

(iii)



N

[PH]

25

MAEMZME L LIz L E0RIEOREHE

2

sl

DEXAR B5F7—FR DF v Y AR DERAR (MABHF2LE)

18



()

(iii)

()

(iii)

[PAH]

(iii)

()

(in



b

[PAH]

25

HAEWMERRORREICL SHERE

15}

10}

2

K
| MR (= 6 - HEER)
DEEAR B3 77— OFv+7 A8 DR AR (HAEER2ES)



3

15

51



= N

colocation

colocation

colocation

52



" S
2. Optimal Facility Location with
Multi-purpose Trip Making
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Demonstration problem

Clinic Pharmacy
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Three facility confi

Clinic Pharmacy

4
Single purpose:
((7*0+6*0+3*1+4*1) + (4*1+3*1+ B*1+4*0Y+ (4*0+3*1+7*1+6*0))*2 = 38
Multi-purpose: Multi-purpess:
11*2+9*2+10*2+10*2 = 80 11*0+9*2¥30*2+10*0 = 38

Configuration 1 Configuration 2
‘ clinic
3 pharmacy

Single purpose:
((7*0+6*0+3*1+4*1)+(4*0+3*1+7* joint facility

Multi-purpose:
11*0+9*2+10*2+10*2 = 58

Configuration 3 o6
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Three facllity configuration

Single purpose:
((7*0+6*0+3*1+4*1) + (4*1+3*1+ B1+4*0Y+ (4*0+3*1+7*1+6%0))*2 = 38
Multi-purpose: Multi-purpess
11*2+9*2+10*2+10*2 = 80 11*0+9* 2+10*0 = 38
Configuration 1 Configuration 2

Suppose that 20% of demand is for multi-purpose
trips and 80% for single-purpose trips.

Configurations 1, 2, and 3 have total travel

3 distances of 28*0.8+80*0.2 = 38.4, 38*0.8+38*0.2 =
38.0, and 32*0.8+58*0.2 = 37.2, respectively.
Single purpose:
((7*0+6*0+3*1+4*1)+(4*0+3*1+7*

Configuration 3 is optimal for this mix of travel

Multi-purpose: behavior.

11*0+9*2+10*2+10*2 = 58

Configuration 3 57
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The Mixed Travel Model
Formulation

min Z=200 ) wWidg X+ > widy X)
i ik
+ WO Y DAY+ >0 d YY),
i j k ik

X X Vil Y

subjectto D X =1,

]
D> X =1,
k

Vi, ZVJ.A =p,,
Vi, Z::VKB = Pg,
Vi,

Vi,

Vi, ],

Vi, K,

Vi, |,

Vi, k,

X if {03}
Xii; {01}

YijA {03}
YikB € {0,1}

Ve {0l

Ve {0}

is the allocation of demand at i for type-A service to j.
is the allocation of demand at i for type-B service to k.

is the allocation of multi-purpose demand at i to j for

type-A service.

is the allocation of multi-purpose demand at i to k for

type-B service.

is the facility existence at j for type-A service.
is the facility existence at j for type-B service.
is the demand at i for type-A service.
is the demand at i for type-B service.

is the demand at i both for type-A and for type-B

services.
is the distance from i to j.

is the number of type-A facilities to be located.

is the number of type-B facilities to be located.

is the aggregate weighted travel distance.
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The Mixed Travel Model
Formulation

min Z =200 2 widy X + 3 > wid X)
i ik

A yB yA vB
Xii  Xic Y i Ui

£ 2 W QA + 2y Y+ D Uy),
i j k ]

subjectto Y X =1, Vi,
j

D> Xi =1 Vi
k
Y =1 Vi,
j
DY =1, Vi,
k
A A - -
Xij SVJ. , VI, ],
X2 <VE, Vik,
A A HE-
Yij SVJ. , V1, ],
Y. <V.2, Vik,
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0<U; <YA> dy,
k

j —

0<>d, Y -U; <
k

ZVjA = Pas

i
ZVkB = Pg.
k

vi, j,

@-YH> dy, Vi
k

linearization

Xif {01} is the allocation of demand at i for type-A service to j.

X2 {01} is the allocation of demand at i for type-B service to k.

YijA {03} is the allocation of multi-purpose demand at i to j for
type-A service.

Y. {03 is the allocation of multi-purpose demand at i to k for
type-B service.

VJ.A {01} is the facility existence at j for type-A service.

vEe{0} is the facility existence at j for type-B service.

w is the demand at i for type-A service.

w’ is the demand at i for type-B service.

w® is the demand at i both for type-A and for type-B
services.

d; is the distance from i to j.

Pa is the number of type-A facilities to be located.

Ps is the number of type-B facilities to be located.

Z is the aggregate weighted travel distance.
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A 20-node test problem




\-l_
All distinct optimal solutions:
pA:B,pB:3

(a) r = 0.0000-0.0464 (b) r = 0.0464-0.0905

: (c) r = 0.0905-0.2091 (d) r = 0.2091-1.0000
keeping the sum w# + w + w/B,

and the ratio w” / w2 fixed, ® type-A facility
and increase the proportion of multi-purpose users, © type-B facility
- B A B AB
r = w/B/(wA +wB +wAB) from zero to one W joint facility 61
_ allocation of multi-purpose users



g
Solution statistics for example 1

Proportion Demand weighted TD Travel distance (TD)
of multi- |Single- Multi-  Total Single-purpose users Multi-purpose users
purpose purpose purpose Type-A Type-B Total Home to Inter- Total
users, r users  users facility facility
0.0000( 84.21 0.00 84.21| 4534 38.87 84.21| 105.63 58.17 163.80
0.0464( 80.91 6.99 87.90| 4594 3890 84.84| 103.02 47.72 150.73
0.0905( 78.86 1195 90.81| 46.08 40.62 86.701 132.07 0.00 132.07
0.2091| 76.08 20.11 96.19] 52.88 43.31 96.19] 96.19 0.00 96.19

62




=

total cost

As the proportion of multi-purpose trips increases,
joint facilities reduce the total travel costs.

7’
s
7’

163.80

150.73
o

96.19 - 96.19

90.81/ ,

87.90 .

86.70 ; ; ;

84.84 . |

84.21 : ; :

0 00464 00905 o200 1

proportion of multi-purpose users, r
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All distinct optimal solutions:
pA:Z,pB:4

keeping the sum w# + w + w/B,

and the ratio w / w fixed,

and increase the proportion of multi-purpose users,
r = w/B/(wA +wB +wAB) from zero to one

vl

() r = 0.0000-0.0062

(b) r = 0.0062-0.0244

¥

() r = 0.0244-0.0931

(d) r = 0.0931-0.4063

4z

(e) r = 0.4063-0.5555

(f) r = 0.5555-1.0000
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Solution statistics for example 2

Proportion Demand weighted TD Travel distance (TD)

of multi- |Single- Multi-  Total Single-purpose users Multi-purpose users

purpose purpose purpose Type-A Type-B Total Home to Inter- Total

users, r users  users facility facility
0.0000] 86.93 0.00 86.93| 56.56 30.36 86.93| 166.67 17.00 183.67
0.0062| 86.44 1.09 8753 56.56 3041 86.98| 145.05 30.20 175.25
0.0244( 85.37 3.77 89.13| 56.56 30.94 87.50| 132.37 21.88 154.25
0.0931] 81.28 1244 93.72] 58.69 30.94 89.63|] 133.55 0.00 133.55
0.4063| 56.18 51.29 107.47| 63.39 31.23 94.62| 126.26 0.00 126.26
0.5555|] 43.84 6835 112.19] 66.09 3253 98.62| 123.05 0.00 123.05
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colocation
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colocation
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p-median
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2 p-median
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K p-median
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2 pP-median
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2 p-median

0-1
subject to Z Xi =2, Vi X, {0, : i
j .
J
XijSij, Vi, |, W i
Z i = P . (d; = 0)
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p-median, 2 p-median,
3 p-median
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2 p-median
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p-median 2 p-median
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X
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\T
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E[Q-a)r+a(r+1,)]=E[l-a)s, +a(s, +5,)]

> a ~ 0.800
m 2
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— a ~0.219
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