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The positioning and registration of the residences of trip generator user

from_ the use_of GIS especially when there are existent ze?ta, usually ava?lact‘;alg t?\eorll.lzrg
p_uphc and oficial agencies. For the identification of the desire lines, it is necessary to
divide the urban area of the city into traffic regions with relatively uniform land use
and populat_lop charat_:t_eristics. Therefore, it can be useful to associate traffic zones
to other existing partition, as census districts, for exemple. Finally, the itineraries
folowed by the users can be easily visualized with a GIS software. '

~ COMBINING GEOGRAPHIC INFORMATION SYSTEMS (GIS) AND
MATHEMATICAL MODELING TO LOCATION-ALLOCATION PROBLEMS IN
, EDUCATION FACILITIES MANAGEMENT

. Silvia Maria Santana MAPA Renato da Silva LIMA
. Researcher Lecturer

& s i . ) _ Industrial Engineering and Management Industrial Engineering and Management
e sI udy was carried out in two generators of utilitarian bicycle trips in the city of Institute . Institute -

Tﬁg . atr 0s, ?P Brazil. The,GIS software ch_osen for this application was TransCAD. ' Kedgrglsu%versny af lifuba Fed%‘glsu? |3ver31ty T [

o o e taned trough 109 menows. Each of e (. e, U 750005 Hjube, 11 37500-903

€ : aracteristics of the users and their travel Brazil. Brazil.
behavior, along with a stated preference survey. ;el: +555533553:?6229911219469 ;el: +55553355336622991121%?9
: 4 N ; ~ Fax: + ax: +
With TransCAD, the residences of the interviewed users (origin points of the trips) E-mail: silvinhamapa@yahoo.com.br E-mail: rslima@unifei.edu.br

were mapped. The delimitation of the influence area of the tri ‘
I e inflL p generators was based
on the ranges of travel time of_ the interviewed cyclists and converted into ranges of
distance. Three categories of influence areas were defined and mapped as circular
areas around the generators. The distribution of the cyclists’ residences on the map

José Fernando Gomes MENDES
Professor :

~ Department of Civil Enginering
School of Engineering, University of

of S&o Carlos with the categories of influence area showed th i
> W ; at most of these points i
are located within the primary and secondary influence areas. . L\1/17"1“(])(-)057 Braga - Portugal
Tel: +351 253 %04720

 Fax: +351 253 604721

For the definition of the desire lines, the map of Sao Carlos was divided into 16 traffic
E-mail: jfigmendes@civil.uminho.pt

zones based on the arrangement of existing micro-regi i ili
' 1 -regions used in the Brazilian
Demographic Census, generating two maps of desire lines. The analysis of both

maps of desire lines indicate three traffic zones with higher flow of trips generated to

both destinations. Keywords: Location-Allocation Problems, Geographic Information System, Mixed

Integer Linear Programming, Education Facilities Management, Urban Planning.

Finally, the study of the itineraries of the interviewed resid

| y of tine ents of these zones to th
considered d.estln_a'tlons indicated which roads were used by them more often. Fiv:
roads were identified as the most used. Next, their bicycle Level-of-Service was
evaluated, together with nine adjacent roads.

Location-allocation problems are generally complex as they involve a great number

f variables and data. They have been approached through spatial decision support
_ tools, mainly when a geographical database is available. In this case, Geographical
Information Systems (GIS) are critical for the collection and analysis of data, as they
_include a sophisticated graphical interface for the exploration of geographically
referenced data. GIS applied to Transportation (GIS-T) are a special category of GIS
systems. Among other functionalities, GIS-T include tools to support facility location
and the respective allocation of the demand subjected to an objective that can be the
_ reduction or minimisation of travel costs.

In general, the case study confirmed the applicability of the method, whicl i
adjus?ments, could be adopted by planners to as};ist in the biC);cle trg,n\gggrtz{%\?\l
planning of urban areas. The paper aims to describe the proposed method, giving
especial emphasis to the section developed with the use of GIS. Furthermore, it
g]itends_ tc;. contnl?ute to the development of research in the area and to {he ”
ssemination of bicycle transportation. Most of the software used to solve location problems works as a “black-box” where
the solution models are not transparent. Previous experiences with the
location-allocation modules of TransCAD GIS made clear that this software solves
the problem through an indirect two-stage process. In the first stage, the Facility
Location (FL) module identifies the best locations for the facilities, proposes the
closing of existing units or the opening of new units, and allocates the demand to the
offer. However, in this ‘stage operational capacity limits of the units are not
 considered. In order to impose the capacity constraint, the solution coming out of the
FL module must be submitted to the Transportation Problem (TP) routine, which will
re-allocate the demand without allowing opening or closing units. This limitation,
together with the fact that both routines use heuristic algorithms, results is a solution
that may not be the optimal. This could only be checked using an optimising

algorithm.

This is the starting point for this paper, which objective is to evaluate the quality of
the solutions for the facility location-allocation problem generated by the routines of

229
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Abstract: The objective of this research was to evaluate the quality of the solutions
for the facility location-allocation problem generated by the TransCAD GIS software,
obtained after the combined use of its Facility Location and Transportation Problem
routines, when compared with the optimal solutions obtained from an optimisation
model based on Mixed Integer Linear Programming (MILP). For this purpose the
models were applied to locate day-care centers and allocate the demand (0-3 year
old children) in the city of Sdo Carlos, State of Sdo Paulo, Brazil. Different scenarios
were developed to simulate the opening/closing of units and compare with the
current situation. Results showed that when the capacity of the facilities is considered,
the MILP model gives results 37% better than the TransCAD models, and
additionally identifies different locations for the new facilities.

Keywords: Location-Allocation Problems, Geographic Information System, Mixed
Integer Linear Programming, Education Facilities Management, Urban Planning.

1. INTRODUCTION

Location-allocation problems are generally complex as they involve a great number
of variables and data. The increase of the complexity of the problem requires new
information technologies which enable an effective system’s integration (Lacerda,
1999). According to Bowersox e Closs (1996), the significant advances in
computational technologies and the increasing complexity of the decision-making
processes have stimulated the interest of the first to improve the efficacy of spatial
decisions, especially the facility location decisions.

The location of facilities has been approached through spatial decision support tools,
mainly when a geographical database is available. In this case, Geographical
Information Systems (GIS) are critical for the collection and analysis of data, as they




include a sophisticated graphical interface for the exploration of geographically
referenced data (Lima, 2003).

GIS applied to Transportation (GIS-T) are a special category of GIS systems. Among
other functionalities, GIS-T include tools to support facility location and the respective
allocation of the demand subjected to an objective that can be the reduction or
minimisation of travel costs.

Most of the software used to solve location problems works as a “black-box” where
the solution models are not transparent. Previous experiences with the
location-allocation modules of TransCAD GIS made clear that this software solves
the problem through an indirect two-stage process. In the first stage, the Facility
Location (FL) module identifies the best locations for the facilities, proposes the
closing of existing units or the opening of new units, and allocates the demand to the
offer. However, in this stage operational capacity limits of the units are not
considered.

In order to impose the capacity constraint, the solution coming out of the FL module
must be submitted to the Transportation Problem (TP) routine, which will re-allocate
the demand without allowing opening or closing units. This limitation, together with
the fact that both routines use heuristic algorithms, results is a solution that may not
be the optimal. This could only be checked using an optimising algorithm.

This is the starting point for this paper, which objective is to evaluate the quality of
the solutions for the facility location-allocation problem generated by the routines of
TransCAD when compared with the optimal solutions obtained from an optimisation
model based on Mixed Integer Linear Programming (MILP). Differently from the
successive use of the TransCAD routines, the MILP model is able to perform location
and allocation considering simultaneously capacity constraints of facilities.

Both TransCAD and MILP models, with and without capacity constraints, were
applied to the location of day-care centers and allocation of demand (0-3 year old
children) in the city of S&o Carlos, SP, Brazil.

2. RESEARCH METHODOLOGY

The model developed in this work (MILP) falls within the static-deterministic category
(for a full classification of facility location models, see Owen and Daskin, 1998),
solved by a variation of the p-median method, where the objective is to find the
location of p facilities, minimising the overall distance travelled by the demand to
reach the facilities. For a discussion on the use of Mixed Integer Linear Programming
in facility location, see Church and Sorensen (1996), Lacerda (1999), and Vallim
Filho (2004).

For the implementation of the model, the optimization software LINGO®, version 7.0,
was used. This software is a computational environment for modelling and
optimisation which interfaces with Excel® in order to organise and visualise model
outputs.

The objective function and constraints of the model are as follows:

Paper 148 2



Objective Function :

minfo=3 > C;* X, *d, (1)
Subject t(l): |

Zzi =p (2)
X, <z v, 3)
2%, =1 v, (4)
idj *X;<m*z v, )
z: e (01 v, (6)
X, € Z° \ (7)
where:

Xi;j is the solution matrix (percentage of the demand at j served by i);
Ci; is the cost matrix (distances between points i and j);

z; is a binary vector that indicates which facilities are open. If z; = 1, facilty i is open;
if zi = 0, then facility i is not operating;

d; is the demand vector (clients at j);
m; is the capacity vector (maximum capacity of facility i);

p is the number of facilities to be opened.

The methodology adopted for this research is shown in Figure 1 and can be
classified as modelling & simulation (Bertrand and Fransoo, 2002).

A 4

Nodes Definition Data Definition

MILP Model <

A

Solutions Evaluation

Figure 1 — Research Methodology
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3. MODELLING AND SIMULATION

The proposed simulation is about day-care centers in the city of Sdo Carlos, State of
Séo Paulo, in Brazil. The urban area of this city has 45 Km“and is mainly organised
in an orthogonal street network. The first stage of the development of the
location-allocation model was the data acquisition in order to create the relevant GIS
layers. The Local Government provided the data about the attendance of 1.014
children to 10 existing day-care centers.

3.1 Simulation by the GIS model

In order to get a first view of the current allocation of students to day-care centers, a
thematic map was created in the GIS, where demand served by each facility is
represented with the same colour (Figure 2)
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0 1 2 3
I .
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Figure 2 — Real distribution of day-care centers (day-cares) and students

It is expectable that the demand served by a facility is located next to it so the
transportation costs can be minimised. However, Figure 2 shows a significant
dispersion. Based on this analysis, different scenarios were proposed for the
satisfaction of the demand (Table 1)
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Table 1: Description of Scenarios

Real Current location-allocation between students and day-care centers

Re-allocation of students to the current day-care centers, without considering any

Scenario 1 : .
new opening or closing.

Scenario 2 10 existing day-care centers plus the opening of 1 new.

Scenario 3 10 existing day-care centers plus the opening of 2 new.

Scenario 4 Closing of 1 existing day-care center and opening of a new one.

In Scenario 1 the capacity limits considered were the number of children actually
enrolled in each day-care center, without any further consideration regarding
overload or underload. This is not critical as the objective is to compare the GIS and
MILP models, as long as the same assumptions are considered for both solutions.

For Scenarios 2 and 3 the capacity of new units was established as being 10% of the
overall demand (101, based on 1.014 enrolled students). The very same percentage
was subtracted to the capacity of the other day-care centers. Scenario 4 assumes
that the capacity of the closed unit is reallocated to the new unit to be open.

One of the main limitations in this research is viability in terms of computational effort.
For the GIS heuristic, the complexity of the problem is not really a problem. However,
for the MILP model, this can be a serious limitation, so the number of candidate
places for new units in this case has to be limited. The option was to consider the
points defined by a 0,7 Km regular grid covering the entire city, which results in 120
points (Figure 3). Together with the existing 10 day-care centers, it makes 130
points.

Map Layers
streetz
candidates

0 1,000 2,000:3,000
I

Metars

Figure 3 — Candidate places for location-allocation
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Given these 4 scenarios, the simulation was first developed using both routines of
the TransCAD software. Results are presented in Table 2 (Scenarios 1 and 2), Table
3 (Scenarios 3 and 4), and Figure 4 (allocation). The comparison between Scenarios
Is made standing on the variation (%) of costs when compared with the current (real)
scenario (equation 8).

simulated scenario — real scenario 8
var (%) = _ * 100 (8)
real scenario

The solutions obtained show that every scenario simulated resulted in lower
transportation costs for both routines (FL and TP). This conclusion is quite obvious in
Figure 4, where the demand allocated to each unit appears to be geographically
clustered.

In Scenario 1, the reallocation of children, without any new unit, resulted in a
reduction between 46% and 50% of the travelling costs. Opening new units
(Scenarios 2, 3 and 4) resulted in a greater cost reduction

3.2 Simulation in MILP model

The very same scenarios were simulated using the MILP model. This model may
also be used to solve the problem disregarding capacity constraints, a version that
we name here as Non-Capacited (NC), which is in practice parallel to the FL routine.
When capacity constraints are considered, we name it Capacited (C) and the model
performs location and allocation simultaneously. Like this, for comparison purposes,
MILP’s C routine corresponds to the GIS’s TP routine, keeping in mind that the
output of TP is in fact the combined use of FL and TP routines.

Results obtained with MILP model are presented in Tables 4 and 5 and do not differ
substantially from the ones obtained with the TransCAD models. However, for the
scenarios proposing the opening/closing of units (2, 3 and 4), NC and C solutions are
different for the same scenario.

4. COMPARISON

Table 6 presents the comparison of results from the GIS model (Tables 2 and 3) and
MILP model (Tables 4 and 5). For the calculation of the variation of the MILP model
compared with the GIS model, equation (9) was used.

var (%) = GIS model —MILP model 100 (9)
MILP model

Table 6 shows that the results for the routines disregarding capacity constraints are
exactly the same. Differently, the results from the TP and C models reveal a lower
cost for the later.

Paper 148 6



Table 2: Results of Scenarios 1 and 2 for GIS model

GIS Model
Real Scenario 1 Scenario 2
Scenario FL var TP var FL var TP Var
A 166 196  18% 166 0% | 196  18% 149  -10%
B 108 115 6% 108 0% | 115 6% 97  -10%
C 104 22 79% 104 0% 22 -79% 94  -10%
D 98 78 -20% 98 0% 78 -20% 88  -10%
0 E 105 105 0% 105 0% | 105 0% 95  -10%
@ F 142 147 4% 142 0% 69  -51% 128  -10%
~ G 59 37 -37% 59 0% 37 -31% 53  -10%
5 H 107 88 -18% 107 0% 88  -18% 9%  -10%
| 41 125  205% 41 0% | 125 205% 37  -10%
J 84 101 20% 84 0% | 101  20% 76 -10%
K 78 101
L
MEd('EnT)COSt 2,04 099 -52% 1,10 -46% | 0,86 -58% 1,23  -40%
H'gh(isr;fos‘ 10,52 528 -50% 534 -49% | 520 -51% 520 -51%
T°t(":‘<'nf)°s‘ 2070 1001  -52% 1120 -46% | 877  -58% 1244  -40%
Table 3: Results of Scenarios 3 and 4 for GIS model
GIS Model
Real Scenario 3 Scenario 4
Scenario FL var TP var FL var TP var
A 166 169 2% 133 -20% 196 18% 166 0%
B 108 115 6% 86  -20% 119 10% 108 0%
C 104 22 -79% 83 -20% closed - closed -
D 08 78 -20% 78  -20% 78 -20% 98 0%
a E 105 105 0% 84  -20% 105 0% 105 0%
o F 142 69  -51% 114  -20% 69 51% 142 0%
9 G 59 37 37% 47  -20% 37 37% 59 0%
5 H 107 88 -18% 86  -20% 88 -18% 107 0%
| 41 125 205% 34  -17% 143 249% 41 0%
J 84 101  20% 67  -20% 101 20% 84 0%
K 78 101 78 104
L 27 101
Med'(‘:(r:q)c‘m 204 | 081 -60% 1,00 -47% | 087  -57% 143  -30%
H'gh(isr;)COSt 1052 | 520 -51% 520 -51% | 5,20 -51% 557  -47%
Tm&'nf)‘m 2070 | 822 -60% 1102 -47% 885 57% 1452  -30%
Paper 148 7



= B
e - e
.ﬁ". o5 SRy Qé,’ K - S
L ] - F w - . -
R 3 £ o (i.
*o o ] . .
“ ] % . ” ‘.}' . ’,. w,
. ; ' A . -y L .3 .,
* »* L - Scenario 2 -FL .
. ® ACI9E) . .
Scenario 1-FL . B(115) '. . .".
B A0198 . Gy 4 Ii e
B11S) P ) A L - D
® Cen * E(i05) " o o
® Do s o '#‘ = S .l
& E(10%) - 4 r * L
® Fil4m) £ ek 4]
® cEn _*
® HiEE) ® (125 8
-] & J{101) 'a
® Jgien = K 'ﬁ," 3‘. A
o & 18 27 o8 13 27 f"l
Kilomata s

Hilammstam

= ap . e
lx‘ S o g ?3"‘9 -:ﬂf .l‘{'... . .J
K ; o J- e % J- - .."*K P i .
Gl S Y G T A L Y
Sy T & Lt !
»
Scenario 3 - FL - =i | B - . ) . 3 i 4 *
& A : Scenario 4-FL
. L »
B(i45) . e »ACIGE)
s CEn . ® " L B 1
s L7 L) - & DEa)
m 3 & s :
L q 8 - L
& G }* & ® 653
# HEE s B *B“ i o ® HOOT
& (125 . ® 1(d1)
® J0101) ) L) '.F ® B4
= KFE) » ® K109
= oty 'ﬁ! A
0 8 18 27 L L T -
* Kilematars

Hilometers

Figure 4 — Facility Location results for Scenarios 1, 2, 3, 4
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Table 4: Scenarios 1 and 2 results for MILP model

MILP Model
Real Scenario 1 Scenario 2
Scenario NC var C V NC var C var
A 166 196 18% 166 0% 196 18% 149  -10%
B 108 115 6% 108 0% 115 6% 97 -10%
c 104 22 79% 104 0% 22 79% 94 -10%
D 08 78 -20% 08 0% 78 -20% 88 -10%
E 105 105 0% 105 0% 105 0% 95 -10%
@ F 142 147 4% 142 0% 69 51% 128  -10%
o G 59 37 37% 59 0% 37 37% 53 -10%
4 H 107 88 18% 107 0% 88 -18% 96 -10%
= | 41 125  205% 41 0% 125  205% 37 -10%
J 84 101 20% 84 0% 101 20% 76 -10%
K 78
L
M 101
N
Med'(i”r;)cm 2,04 099  -52% 1,10 -46% | 0,86  -58% 1,08  -47%
H'gh(‘f(sr;)c“t 10,52 528  -50% 534 -49% | 520 -51% 528  -50%
Tm&'ﬁf)‘m 2070 1001 -52% 1120 -46% | 877  -58% 1095  -47%
Table 5: Scenarios 3 and 4 results for MILP model
MILP Model
Real Scenario 3 Scenario 4
Scenario NC var C V NC var C var
A 166 169 2% 133 -20% 196 18% 166 0%
B 108 115 6% 86 -20% 119 10% 108 0%
C 104 22 -79% 83 -20% closed - Closed -
D 98 78 20% 78 -20% 78 -20% 08 0%
E 105 105 0% 84 -20% 105 0% 105 0%
@ F 142 69 51% 114  -20% 69 51% 142 0%
= G 59 37 37% 47 -20% 37 37% 59 0%
Q H 107 88 -18% 86 -20% 88 -18% 107 0%
< | 41 125  205% 34 -17% 143 249% 41 0%
J 84 101 20% 67 -20% 101 20% 84 0%
K 78 101 78
L 27
M 104
N 101
Medium Cost 0 o o 0
Km) 2,04 081 -60% 1,01  -50% 087 -57% 1,05  -49%
H'gh(isr:])cos‘ 10,52 520 -51% 520 -51% 520 -51% 5734  -49%
TO‘&'W‘;"“ 2070 822 60% 1027  -50% 885  -57% 1063  -49%
Paper 148 9



Table 6: Comparison between GIS and MILP models

GIS MILP Var (%)
Scenarios Costs (km) FL TP NC C FLvs.NC TPvs.C
Medium Cost 0,99 1,10 0,99 1,10 0% 0%
1 Highest Cost 5,28 5,34 5,28 5,34 0% 0%
Total Cost 1001 1120 1001 1120 0% 0%
Medium Cost 0,86 1,23 0,86 1,08 0% 14%
2 Highest Cost 5,20 5,20 5,20 5,28 0% -2%
Total Cost 877 1244 877 1095 0% 14%
Medium Cost 0,81 1,09 0,81 1,01 0% 7%
3 Highest Cost 5,20 5,20 5,20 5,20 0% 0%
Total Cost 822 1102 822 1027 0% 7%
Medium Cost 0,87 1,43 0,87 1,05 0% 37%
4 Highest Cost 5,20 5,57 5,20 5,34 0% 4%
Total Cost 885 1452 885 1063 0% 37%
Scenario 4 - GIS Solution Scenario 4 - MILP Solution
.’*E -""E
B E: i ?i_
K S il
#t ‘iﬁ'r ; "h?] e ‘i{f i "b(‘j
: 3 e 4 ¥
v i & H el
e ok ‘f' sl
.'G-:-;".-“-;’ %ﬂ.. c ! 5 b Subtitle -"-:-,;"-".‘-' %ﬂ- C e i
1 ;‘* streets é‘*
a i e . students i M 5
8 -:'t' A & daycares L rl-.:_;, A
2%, - i W,
0 1,000 20003000
Meters

Figure 5 — Scenario 4 solutions comparison between GIS model and MILP model

Besides the numerical results, the C model generated a location for the new unit
different from the one proposed by the TP model in every scenario where a new unit
was to be open. Figure 5 shows the different locations generated for Scenario 4. It is
quite visible that the GIS model locates new unit K in the northern part of the city and
the MILP model locates new unit M in the south, this last one with a 37% reduction in
costs.
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5. CONCLUSION

Knowing that the FL routine is a heuristic and gives exactly the same results as the
optimal solution obtained from the exact MILP model, a first important conclusion is
the acknowledgement of the good quality of the heuristic. Moreover, the
location-allocation obtained through the FL routine optimises the capacity of the
kidergartens. Thus, considering for instance Scenario 1, which purpose is to
reallocate the demand to the existing units, it could be recommended to adjust the
capacity of all the units to the allocated values. Like this the savings in transportation
costs would be up to 52% without any need of new units.

A deep look to the results shows that generally when the capacity constraints are
applied, the MILPS model gives better results. On the other hand, the performance of
simulations is sensitive to the number of candidate places for new units; this fact
represents an advantage of the GIS model as the heuristic works more efficiently
with a larger number of variables. In fact, in every scenario simulated the GIS model
worked out a solution in less than 5 seconds; the optimisation algorithm MILPS
needed systematically a much larger computing time, which in one case arrived to
almost 2 hours (1:52:14) (Table 7).

Table 7: MILP model computing time consumed

MILP Model Time Consumed (hh:mm:ss)

Scenario 1 Scenario 2 Scenario 3 Scenario 4

NC C NC C NC C NC C

00:01:39 00:00:48 00:01:39 00:42:46 00:02:56 01:52:14 00:01:46 00:07:50

ACKNOWLEDGEMENTS

The authors would like to express their gratitude to the Brazilian agencies CAPES
(Post-Graduate Federal Agency), and FAPEMIG (Foundation for the Promotion of
Science of the State of Minas Gerais), which have been supporting the efforts for the
development of this work in different ways and periods.

REFERENCES

Ballou, R.H. (2004) Business Logistics/Supply Chain Management. 5th Edition.
Prentice Hall, Englewood Cliffs, NJ.

Bertrand, J.W.M. and Fransoo, J.C. (2002) Modelling and simulation: operations
management research methodologies using quantitative modeling, International
Journal of Operations & Production Management, Vol. 22, No. 2, 241-264.

Bowersox, D.J. and Closs, D.J. (1996) Logistical Management: The Integrated
Supply Chain Process. McGraw-Hill Companies, New York.

Dutra, N.G.S. (1998) Planejando uma rede escolar municipal para reduzir custos

de deslocamentos. Master Thesis, Sdo Carlos School of Engineering, University of
Sao Paulo, S&o Carlos, Brazil.

Paper 148 11



Fleury, P.F., Wanke, P. and Figueiredo, K.F (2000) Logistica Empresarial: a
perspectiva brasileira. Atlas, Sado Paulo.

Lacerda, L. (1999) Cons_ideraéées sobre o estudo de localizagéo de instalagoes.
Centre of Logistics Studies (CEL), Federal Umver_sﬂh/ of Rio de Janeiro, Rio de
Janeiro, Brazil. http://www.cel.coppead.ufrj.br/fs-public.htm

Lima, R.S. (2003) Bases para uma metodologia de apoio a decisdo para
servigos de educagdo e saude sob a otica dos transportes. PhD Thesis, Séao
Carlos School of Engineering, University of Sdo Paulo, Sado Carlos, Brazil.

NARUO, M.K. (2003) O estudo do consorcio entre os municipios de pequeno
porte para disposicao final de residuos sélidos urbanos utilizando Sistemas de
Informacdes Geograficas. Master Thesis, S8o Carlos School of Engineering,
University of Sdo Paulo, S&o Carlos, Brazil.

Owen, S.H. and Daskin, M.S. (1998) Strategic facility location: a review. European
Journal of Operational Research, No. 111, 423-447.

Pizzolato, N.D. and Silva, H.B.F (1997) The location of public schools: evaluation of
practical experiences. International Transactions in Operational Research, Vol. 4,
No. 1, 13-22.

Santos, V.S.; Lima, R.S.; and Silva, A.N.R. (2005). Using a cellular automata model
to support the estimation of future transportation cost. Proceedings 9th
International Conference on Computers in Urban Planning and Urban
Management (CUPUM), Centre for Advanced Spatial Analysis (CASA), University
College London, England, 29 June- July 2005.

Vallim Filho, A.R.A. (2004) Localizacao de centros_de distribuicdo de carga:
contribuicdes a modelagem matematica. PhD Thesis, Polytechnic School,
University of Sdo Paulo, Sdo Paulo, Brazil.

Yeh, A.G.-O. and Chow, M.H. (1996) An integrated GIS and location-allocation
approach to public facilities planning: an example of open sgace 8Iann|ng.
Computers, Environmental and Urban Systems, Vol. 20, No. 4-5, 339-350.

Paper 148 12





