FACILITIES
LOCATION

MODELS & METHODS

Robert F. Love

Department of Management Science
and Information Systems
Faculty of Business
McMaster University
Hamilton, Ontario

James G. Morris
Department of Quantitative Analysis
School of Business
University of Wisconsin—-Madison
Madison, Wisconsin

George O. Wesolowsky
Department of Management Science
and Information

Faculty of BupigegsnisCHE HOCHSCHULE DARMSTAB
McMaster Unipersity Fachbereich 1

Hamilton, Ogtario L
Gesamtbibliothek
! Betriebswirtschattsiehre

tnventoetr, 39K, 032
apsten-ir. : BOS/ 38D

[32] Sackgebiete:
: 9.4

North-Holland

New York * Amsterdam ¢ London



Contents

Preface  xi

Chapter 1

The Nature of Facilities Location Problems 1
1.1 Distance Measures in Location Problems 5

1.2 Relevant Costs 7

1.3 Historical Perspective 7

Exercises 9
Reference Notes 9

Chapter 2

Introduction to Single-Facility Location 11
2.1 The Straight-Line Distance Problem 12

2.2 The Rectangular Distance Problem 18

2.3 The £, Distance Problem 23

Exercises 27
Reference Notes 31
Appendix 31

Chapter 3
Variations on the Single-Facility Model 37
3.1 Locating a Facility on a Sphere 38
3.2 Point and Area Destinations with Rectangular Distance 43
3.3 The Location of a Linear Facility 51
3.4 Single-Facility Dynamic Location 60
3.5 Probabilistic Destination Locations 66
Exercises 69

vii



viii CONTENTS

Reference Notes 73
Appendix 73

Chapter 4
Multi-Facility Location 77

4.1 The Rectangular Distance Model 80
4.2 The £, Distance Model 86

Exercises 91
Reference Notes 92
Appendix 93

Chapter 5
Duality 95

5.1 The Single-Facility Euclidean Dual 95

5.2 The Dual Form with Linear Constraints 101
5.3 The Multi-Facility Euclidean Dual 102

5.4 The Multi-Facility £, Dual 104

5.5 Solution Methods for the Dual Form 107

Exercises 107
Reference Notes 109
Appendix 109

Chapter 6

Site Generation Under the Minimax Criterion 113
6.1 FEuclidean Distances 117

6.2 Rectangular Distances 125

6.3 Addenda to Minimax Location 131

Exercises 135
Reference Notes 139
Appendix 140

Chapter 7

Site-Generating Location-Allocation Models 143

7.1 One-Dimensional Location-Allocation by Dynamic
Programming 146

7.2 Solving the Two-Facility Euclidean Distance Problem 150

7.3 Solving Rectangular Distance Problems as m-Median
Problems 152

7.4 Location-Allocation Heuristics 157
7.5 Location-Allocation with Continuous Existing Facilities 162



CONTENTS ix

Exercises 164
Reference Notes 169
Appendix 170

Chapter 8
Site Selecting Location-Allocation Models 173

8.1 Set-Covering Models for Site Selection 173

8.2 Single-Stage, Single-Commodity Distribution System Design 186
8.3 Two-Stage, Multi-Commodity Distribution System Design 199
8.4 Demand Point Aggregation Issues Revisited 212

Exercises 214
Reference Notes 223
Appendix 224

Chapter 9
Floor Layout—The Quadratic Assignment Problem 227

9.1 Solving Problem (QAP) by a Branch-and-Bound Technique 231
9.2 Heuristic Procedures—CRAFT and HC63-66 242
9.3 The Hall m-Dimensional Quadratic Placement Algorithm 245

Exercises 251
Reference Notes 254

Chapter 10
Mathematical Models of Travel Distances 255
10.1 Empirical Distance Functions 256
10.2 Empirical Studies 258
10.3 The Weighted One-Infinity Norm 264
10.4 Empirical “Metrics,” Convexity, and Optimal Location 266
10.5 Large Region Metrics 268
10.6 Modeling Vehicle Tour-Distances 271
Exercises 271

Reference Notes 273

Appendix 274
Bibliography 277
Index 291



