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ABSTRACT

The objective of this thesis is to define an optimal distribution network for Argentina using Cross
Docking Centers. The products to be delivered are in a Central Warehouse in Buenos Aires, the
main city and port of Argentina. These products have to be distributed to hundreds of locations in
the interior of the country. These locations have lower levels of demand and are at great distance
from Buenos Aires.

In order to achieve efficient distribution, cross docking centers and a third party carrier
distribution are utilized. To find the optimal number, size and location of cross docking centers
and which cross docking center or carrier should supply each location, two models are developed.

The first model is a location-allocation model in which capacities of the cross docking centers are
not considered constraining. In this case, the model is complemented by a heuristic approach that
is used to find a near-optimal feasible solution. The second model, a capacited location model, is
more complex, taking into account the demands of each location and defining the optimal
location of cross docking centers and their respective capacities.

Both models are analyzed with the data representing the distribution of pharmaceutical products
in Argentina in 1999. The models’ solution generates savings of 5%, compared to the current
network that was designed based on intuition and other external factors, without the use of an
optimization tool.
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1. Introduction

1.1. Thesis Overview

The objective of this thesis is to define an optimal distribution network for
Argentina using Cross Docking Centers. The products to be delivered are in a
Central Warehouse and Distribution Center in Buenos Aires, the main city and
port of Argentina. These products have to be distributed to hundreds of locations
in the interior of the country, each with lower levels of demand and at great

distance from Buenos Aires.

In order to achieve efficient distribution, one solution is the utilization of Cross
Docking Centers (CDC), where products are received from truck loads and
reloaded to smaller trucks and vans. Another solution is to distribute through a
carrier and pay the carrier’s tariff. Probably the optimal solution is a combination

of both, with some locations supplied by a CDC and others by a carrier.

To find the optimal number of CDC’s, where they should be located, which size
they should be, and which locations should be supplied by which CDC or if they

should be supplied by a carrier, two models are developed.

The first model is a location-allocation model where the capacities of the CDC’s
are not considered as a constraint. In this case, the model is complemented by a

heuristic approach that is used to find a feasible solution that is close to optimal.
The second model, a capacited location model, is a more complex model that

takes into account the demands of each location and defines the optimal location
of CDC’s and their capacity.
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Both models are analyzed with the data of the distribution of products from the
pharmaceutical industry in Argentina. Compared to the current network, the
results of the models show savings of 5% of the total cost when the Cross
Docking network is optimized. The current network was designed based on

intuition and other external factors, without the use of any optimization tools.

1.2. Introduction to cross-docking

Cross Docking is a well known approach to distribute products in a network. It
can, in some industries, generate important improvements in service and cost

reductions. A Cross Docking Center is also known as a transshipment point.

The basic concept is that a CDC is an open space with docks on both sides. Once
products get to the CDC, the trucks are unloaded and the products are moved
from the docks IN to different docks OUT, depending on the final destination.
From the dock OUT, other trucks are loaded and they distribute the products to

their final destination.

One common example of cross docking is the one used by Wal-Mart. At the
CDC's, vendors deliver their products with their own trucks at one side. The
products are divided and assigned to different docks, depending on the
supermarket which they are destined, and then they are loaded on Wal-Mart

trucks that deliver products from different vendors to each supermarket.
In other cases cross-docking might include other processing steps. It is not rare

to find at CDC’s, operations like stamping, repacking, bundling, or performing

quality controls.
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There are many papers that focus on analyzing models to define the best shape
and number of docks for a CDC, depending on the flux of products.

In the case of this thesis, the type of CDC that will be analyzed is one sometimes
known as “one source”. In this case, all products are from the same source and
the objective of the CDC is to divide the cargo into smaller trucks and vans and

improve distribution, both in service time and in cost.

The improvement generated by this type of CDC is described in the following

example:

When a truck is delivering orders, a stop for a delivery can take from a few
minutes to hours, depending on the destination. If a large truck has 400 orders
to deliver, it can take more than 10 days to finish with all deliveries. If those 400
orders are divided into 10 smaller vehicles, all orders can be delivered in one
day. If all the destinations are relatively close to the origin, the 10 smaller
vehicles can deliver from the central location. If the distance from the origin to
the locations is long (like in the case analyzed here), going from the original
location (in the case of Argentina, from Buenos Aires) to the destination with 10
small vehicles can be very uneconomical. The CDC strategy, of traveling with the
large truck to a mid point close to the destinations and transshipping the orders

to smaller trucks that make the deliveries, minimizes the cost.

Other factors, like infrastructure of roads and regulations, can render delivery

with large trucks impossible, also necessitating use of the CDC.
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1.3. Optimization of cross-docking operations

Cross docking operations are a recurring research topic in Optimization. In the

design of a CDC operation, there are many aspects that can be optimized:

e Number of CDC’s

e Locations of CDC’s

¢ Allocation of destinations to a CDC

¢ Optimal number of docks (both in and out)

o Optimal shape (a line with docks in both sides, a “T” shape, etc)

e Optimal distribution from CDC to destinations (similar to a traveling
salesperson problem)

e FEtc.

Usually, these questions are answered separately, or just two questions
addressed simultaneously. Once a solution is found for one question, then it is

taken as fixed when addressing the next optimization question.

The following figure depicts a common sequence used in addressing design

questions of a CDC operation:

OPTIMAL

DISTRIBUTION
FROM CDC’s TO

NUMBER ALLOCATION OF DESTINATION

AND CONSUMERS TO
LOCATION I CDC’s
OF CDC’s
\ OPTIMAL SHAPE AND
NUMBER OF DOCKS AT
cDC
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This sequential optimization approach has a distinct disadvantage: a global
optimum will likely not be found for the system. As an example, the optimal
distribution from a CDC to the customers might be improved if one customer is
re-allocated to another CDC. The fact that the allocation was defined before,

however, makes re-allocation infeasible.

Now, with tremendous computer power available at low cost, achieving global

optimality is perhaps within reach.

1.4. Literature Review

There is a vast literature that deals with optimization for location models and
Cross Docking, and it would be impossible to go over all in these few paragraphs.

This section is just a list of some of the most relevant for the topic of the thesis.

There is a recently edited book by Zvi Drezner and Horst W. Hamacher called
“Facility Location, Applications and Theory” which is a compilation of different
papers that deal with different aspects of Location problems. The first chapter of
the book, a paper by Zvi Drezner, Kathrin Klamroth, Anita Schobel and George O.
Wesolowsky is called “The Weber Problem”. In this chapter they describe the
history of the location problem. They start with Pierre de Fermat (1601-1665)
who stated the problem as follows: “given three points in the plane, find a fourth
point such that the sum of its distances to the three given points is a minimum”,
The authors show different solutions for the problem presented through the
history of Science.
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The solution of using Cross Docking Centers to solve a transportation problem is
analyzed by John G. Klincewicz in his paper “Solving a Freight Transport Problem
Using Facility Location Techniques”. In this paper, the author refers to a CDC as
a Consolidation Terminal and uses it to replace direct shipping. He includes in the
problem variation in the inventory costs and proposes a heuristic algorithm to
solve the problem.

Another paper that analyzes the location of transshipment points is “A Branch-
And-Bound Algorithm for the Transportation Problem with Location of p
Transshipment Points” by Alfredo Marin and Blas Pelegrin. In this paper, the
authors analyze the solution for a predetermined number of transshipment points
but they add the fact that there is flow of material from the customers to the

transshipment point (return).

Yuri Levin and Adi Ben-Israel, in their paper “A Heuristic Method for Large-Scale
Multi-Facility Location problems”, develop an algorithm that locates the facility
and reassigns customers to facilities using the heuristic of Nearest Center

Reclassification.

The combination of facility location, customer allocation and routing is analyzed
by Gilbert Laporte, Eric Gourdin and Martine Labbe, in their paper “The
Uncapacitated Facility Location Problem with Client Matching”. There, they
propose an algorithm to match clients in one route, in order to get a better

solution than solving the different parts of the problem separately.

The use of a set partitioning approach for a capacitated location problem is
developed by Roberto Baldacci, Eleni Hadjiconstantinou, Vittorio Maniezzo and
Aristide Mingozzi and the model is described in the paper "A New Method for

Solving Capacitated Location Problems Based on a Set Partitioning Approach”.
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With respect to optimization within a Cross Docking Center, there is current
research at the Georgia Institute of Technology, led by John J. Bartholdi III and
Kevin R. Gue. In their paper “Reducing Labor in an LTL Cross-docking Terminal”
they analyze the optimal movements of materials in order to minimize labor
costs. John J. Bartholdi IIT and Kevin R. Gue are also researching the optimal
shape of a Cross Docking Center. Their research in this field can be found at the

Georgia Tech Website.
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2. Problem definition

2.1. Introduction

The basic problem that is being assessed in this thesis is the distribution of
goods from a central location to other cities located at a great distance from it. It
is a transportation problem, and the objective function to minimize is the total

cost of the distribution.

The model will be applied to the distribution of pharmaceutical products in

Argentina, with its Central Location in Buenos Aires.

When initially approaching the problem, many possible solutions can be

analyzed:

One solution is to have regional warehouses and distribute to the cities from
there. For many products, this is the standard solution, but not for the
pharmaceutical industry in Argentina. This alternative could be analyzed from an
economical point of view, but the large number of SKUs for this industry, the
high cost of the products, the highly regulated storage conditions and the

perishable characteristic of these products make it uneconomical.

Another solution is to distribute the products from the central location directly to
all the cities with a private fleet. This would also be an uneconomical solution,
because most of the cities have very low demand, thus requiring a very large

fleet with very low levels of utilization.
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Another solution is to use a carrier. In some cases this can be the most
economical solution, but in other cases, the premium charged by the carrier
might be too high.

The best solution for most of the cities, and the one generally used in practical
situations, is the establishment of cross-docking centers (CDC). These CDC'’s are
located at several points in the country. Daily, the orders supplied by the CDC to
the cities are shipped from Buenos Aires by Truck Loads (TL). In the CDC, the
truck is unloaded and the orders for each city are re-located in other docks.
There, they are loaded into smaller trucks or vans that distribute them to the

cities, at a lower cost.

The objective of this thesis is to define a model to find the optimal solution to

these questions:

¢ How many CDC's are needed?

¢ Where should they be located?

¢ What is the optimal size of each CDC?

e Which cities should be supplied by each CDC?

e Which cities should be supplied by a carrier from the central location?

2.2. The use of cross-docking centers in Argentina

Argentina, as shown in the following map, is a large country. Buenos Aires is the
main city, in which is located the main port of the country that connects

Argentina with the rest of the world.
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1,423 km

3,694 km

Mar Argentina

The maximum linear distance from North to South is 3,694 km (2,295 miles),
and from East to West 1,423 km (884 miles).

These distances, combined with mountainous geography in the North and West,

make the distribution of goods a complicated problem. This problem is even

91 -



more complicated when infrastructure conditions are considered. Some roads

that interconnect cities are not appropriate for certain types of trucks.

In order to understand the logistics in Argentina, it is important to understand
where the population is located. Argentina has 37,812,817 people (July 2002
est.) with more than 12,000,000 people living in Buenos Aires and its
surroundings. From a distribution perspective, the Buenos Aires metropolitan
area usually accounts for 40 to 50% of the country’s demand for most types of
products.

Argentina is a very centralized country. Buenos Aires is the capital city and its
main port. The transportation infrastructure (the main rail and roads) are
centered in Buenos Aires and, as a consequence, while there is a connection
from other cities to the center (Buenos Aires) there is no good interconnections

among other cities.

As a result of these factors, most Central Distribution Centers for most
companies operating at a national level in Argentina are located in the Buenos

Aires area.

The problem of distribution to the interior has always been a challenge for most
companies. Many solutions have been implemented: from regional warehouses
in other important cities like Cordoba or Mendoza, to the regular use of LTL (less
than truckload) carriers for locations with less demands to many other more

creative solutions. Of course, all the solutions differ from industry to industry.

One common solution for some types of industries (among them the

pharmaceutical industry) has been the use of Cross Docking Centers (CDC).
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In these operations, where the central warehouse and distribution center is in
Buenos Aires, truckloads are sent from Buenos Aires to the CDC’s. Once they get
to the CDC, the trucks are unloaded and the products are moved from the dock
IN to different docks OUT, depending on the region of the final destination. From
the dock OUT, smaller trucks or vans are loaded and distribute the products to

the final destination.

Historically, the decision of where to locate these CDC'’s is made based on the
importance of the cities and historical factors related to the companies. It is the

objective of the thesis to review the benefits of having optimal CDC locations.

2.3. Modeling the operation

The next step in this thesis is to create a model that describes the operation.
This model, defined by parameters and variables, will be used to identify the

optimal network for the operation.

In order to start modeling the operation, it is useful to have a diagram of the
network:
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Central Warehouse and

Distribution Center in Buenos
Aires (BS AS‘

.°00000’.>

Small City — Weekly Delivery

pag—— * Carrier Transportation — From BS AS to destination

Small City Distribution— From CDC to small city once a week

. Large City Distribution — From CDC to Large city, daily

# TL — From BS AS to CDC
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It can be seen in the model that there are two different types of destinations: a
small city, which needs weekly delivery; and a large city, which has a larger

demand and needs daily delivery.

There are two different ways in which the product can be delivered from Buenos

Aires to the final destination:

a) Through a CDC, as described before; or

b) Directly through a carrier from Buenos Aires.

One objective of the model is to consider both possibilities and find the best

choice for each destination.

2.4. Parameter definition

Values of demand and cost have been slightly changed to maintain
confidentiality with the source of the data. This does not affect, however, the
results or analysis of the problem. The data belongs to a Third Party Logistics
(3PL) firm in Argentina that in 1999 was in charge of the warehouse operations

and distribution for the five most important pharmaceutical laboratories.

The cities: For the purpose of this analysis, we consider 687 Argentinean cities
(called CITY in the model) with consumption of pharmaceutical products in the
year 1999. We exclude from our analysis Buenos Aires and its surroundings.
These locations have direct distribution from the central location. (For a list of

cities considered, see Appendix 1.)

The possible CDC's: The 24 most important cities (called in the model CDC’s)

account for 80% of the total demand. Because the most important savings are
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generated by distributing locally from the CDC (the distribution from the CDC to
the city where the CDC is located), these 24 locations are defined as potential

CDC’s. (For potential CDC locations, see Appendix 1.)

The demand: The demand is based on orders from each city for pharmaceutical
products from the 5 leading laboratories, defined in kg. Because distribution is
direct to the pharmacies, there is small variability in the size of the orders. So it
is reasonable to say that demand is proportional to the space (volume) needed in
the truck and in the CDC, and the number of orders/deliveries. (For a list of

demands see Appendix 1.)

Freguency: In the actual distribution, there are different frequencies which
often change. In this model, we assume that cities that are potential CDC’s must
be supplied every working day (20 times/month). Moreover, we assume that the
rest of the cities must be served once every week (4 times/month). (See list of

frequencies in Appendix 1.)

Fixed cost of CDC's: This cost, for the model, will include the cost of the TL
transportation from Buenos Aires to the CDC and all costs associated with the
operation of the CDC. The costs, defined in Argentinean pesos per month, vary
from potential CDC to potential CDC (different distances from Buenos Aires, etc.)
and for each potential CDC, depending on capacity.

In order to calculate the costs and size for each potential CDC, we take into

account the following costs:

e  Fixed general (supervising cost, independent of the location and capacity);
e Administration (depends on the capacity);

e  Rent (proportional to the square root of the capacity);

e Labor (proportional to the capacity); and
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o Inbound transportation (depends on the distance to Buenos Aires and the
capacity. Capacity defines the number and size of trucks in the fleet assigned to
the CDC for the Buenos Aires — CDC route.).

These costs are divided into possible capacity levels, from 50,000 to 300,000 kg
per month in intervals of 50,000 kg. The data is attached in Appendix 2.

Distribution costs from a CDC: Because the exact distances by road from
each point to each different point are difficult to get, they are calculated as the
linear distances from each potential CDC to each city. Longitude and Latitude
coordinates are used for each city and the Euclidean distance is calculated. The
total cost is a function of the frequency; the demand of the city; and the
distance. The distance influences the cost of moving the products from the CDC
to the city in a van or a small truck. The demand influences the number of
deliveries and stops the driver has to make. And finally, the frequency influences

the number of trips per month each driver has to make along these routes.

Distribution costs from Buenos Aires by a carrier: To calculate these costs,
the structure is the same as the distribution from a CDC, but the parameters are

different. The distance is not as important for the carriers (they already have in

place the network), but they charge more for each delivery.
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3. The methodology

In order to solve the CDC optimization problem, two different models are

implemented:

e a Location-Allocation Model; and

¢ a Capacited Location Model.

In the following sections, both models are described and the results for each

model are presented.

3.1. Location-Allocation Model

3.1.1. Introduction

In this model the capacity constraint is ignored. The model solution defines the
optimal number and location of CDC'’s, and the allocation of the destinations to
each of the CDC's.

The model has variables X (i,j) that take value 1 if CITY i is assigned to CDC j, or
0 otherwise. As constraints, once source must be selected for each destination;
all destinations must be supplied; and if a CDC is used, its fixed cost must be

included in the total cost. The model’s objective is to minimize total costs.

In order to deal with shipments by a carrier, the carrier is considered as CDC 1
(j=1). In this case the fixed cost is $ 1 (the idea is to “open” the carrier CDC only
if it is needed, but to keep it from influencing the objective). The costs of

distribution from CDC to the destination for the carrier are the prices that the
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carrier charges to go from Buenos Aires to the destination, as described in

chapter 2.

To standardize costs and to have a model that makes valid calculations, all cost
parameters for the CDC's and distribution for each CDC-Destination pair are

computed on a per month basis.

We complement this model a heuristic process that allows us to produce a
feasible solution satisfying the CDC’s capacities.

3.1.2. Description

This model, a Location-Allocation model, determines the CDC locations and

allocates each destination to one CDC.

In this model, the following sets and parameters are defined:

e CITY is the set of 687 cities that need to be supplied;

¢ CDC is the set of 25 potential CDC’s (24 locations and the carrier);
e cf (j) is the fixed cost if CDC (j) is opened; and

e ¢(i,j) is the cost to distribute from CDC j to CITY i.

In this model, the CDC is considered to have unlimited capacity and the relation
between the allocated demand for a CDC and its capacity is reviewed after a

solution is obtained from the model.
Any CDC j that has at least one positive value for an X (i,j) is considered to be an

open CDC and the value for Z (j) is 1. The fixed cost, in these cases, is added to
the objective. This situation is defined by the constraint:
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forall(i in CITY) forall (j in CDC)
X[i,j] <= Z[j];

All cities i must be served completely (that is, the sum of X(i,j) for all j must be 1
for each i). The model could require that all demand to each city be supplied
from a single source (making X(i,j) a binary variable), but the LP relaxation,
without these requirements, satisfies these constraint. This occurs because the
model does not include CDC capacities, so once a route is the best solution for
part of the demand of a city (going through a specific CDC and not another, and

not with a carrier), then it is the best route for all of the demand.

Model in OPL Studio:

In order to run the model, OPL studio is used. Below is the code, which also

provides a full description of the model:

/* constants */

range CDC [1..25];
range CITY [1..687];

/* constraint declaration */

constraint coverage [CITY];
constraint open [CITY,CDC];

/* Parameters */

float+ cf[CDC] = ...;
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float+ ¢ [CITY,CDC] = ...;

/* Variables*/

var float+ X [CITY,CDC];
var float+ Z [CDC];

/* Objective Function*/

minimize (sum (i in CITY) sum (j in CDC) X[i,j] * c[i,j] + sum (j in CDC) Z[j] * cf
6D

/*constraints*/

subject to{

forall(i in CITY)
coverage[i]: sum(j in CDC) X[i,j] = 1;

forall(i in CITY) forall (j in CDC)
open [ij]: X[i,j] <= Z[j];

¥

/* Output display */

display(i in CITY, j in CDC : X[i,j] > 0) <c[i,j]>;
display(j in CDC : Z[j] > 0) cf[j];
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3.1.3. Heuristic approach to achieve feasibility with respect to
capacity constraints

This Location-Allocation Model is simple and gives a solution, but it considers the
capacity of the CDC to be infinite, which is not true.

In order to solve this problem, a predetermined capacity is assigned to each CDC
(which is implicit in the fixed cost of the CDC) and then it is reviewed if the

optimal solution is a valid solution.

If the solution is not a valid solution, because the aggregated demand for a CDC
is more than the pre-supposed capacity, the capacity of that CDC is incremented

(by changing the fixed cost) and the model is re-run.

The first time, the model is run with the minimum capacity for each CDC and

then it is successively run with increased capacities until a valid solution is found.

An important limitation with this approach is that it will not be known if the
solution obtained is the optimal solution. Because, for example, a CDC that was
discarded by the model because of being expensive could be part of the optimal

solution if the value of capacity (and thus the cost) was lower.

A new model called the Capacited Location Model, which considers all the
demands and all the capacity/cost curves for each CDC is analyzed in the second

part of this chapter.

3.1.4. Results

After running the model, below are the results obtained:
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Solving the problem: first run

In the first iteration, it is not known which CDC will be used in the optimal
solution, and how much demand each one will carry. In order to avoid assigning
extra capacity to a CDC, a run of the model is made with the fixed costs for all

CDC’s assigned with the minimal capacity.

The result will not be feasible for the demands assigned to each CDC (in some
cases 50,000 kg per month will not be enough capacity even to supply the city
where the CDC is Iocafed). But, in any case, it provides a first idea about the

potential outcome.

Once the first result is obtained from OPL Studio, 18 out of 24 possible CDC's are
opened. The quantity of the demands of the cities i that have X (i,j) =1 are
assigned to CDC j.

In the following table, the selected CDC's with their monthly demands (that is
sum of all monthly demands of the cities assigned to each CDC) are shown. Also
shown are the CDC’s that comply with the constraint on the demand; the new
capacity for the CDC's that do not comply; and the re-calculated fixed cost for

the subsequent run.
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Sum of Demand
CDC
1 22,642 y 1
2 239,398 50,000 n 250,000 26988
3 221,543 50,000 n 250,000 28139
4 140,984 50,000 n 150,000 20165
5 83,688 50,000 n 100,000 14740
7 78,200 50,000 n 100,000 14511
8 133,421 50,000 n 150,000 19566
9 161,660 50,000 n 200,000 24502
11 89,827 50,000 n 100,000 14529
13 37,494 50,000 y 50,000 10798
14 41,837 50,000 y 50,000 10561
15 32,372 50,000 y 50,000 10302
19 63,833 50,000 n 100,000 14476
20 44,545 50,000 y 50,000 10813
21 59,746 50,000 n 100,000 15488
22 22,466 50,000 y 50,000 10431
23 19,266 50,000 y 50,000 10364
24 20,176 50,000 y 50,000 10146
Grand Total 1,513,098

CDC 1, Buenos Aires, is the demand that would be shipped by a carrier.

The total cost in this run is: $ 816,615.

Iterations of the model

Based on the result of the first iteration, the model is run again with the new

fixed costs values. For the second iteration, the total cost is: $ 877,109 and now

only CDC’s 6, 10, 12 and 18 need more capacity.
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Sum of Demand
coe R 8 L T A N A 5
1 22,642 y 1
2 236,031 250,000 y 250,000 26988
3 221,543 250,000 y 250,000 28139
4 140,984 150,000 y 150,000 20165
57 83,688 100,000 y 100,000 14740
6 161,660 50,000 n 200,000 24503
7 78,200 100,000 y 100,000 14511
10 59,746 50,000 n 100,000 15442
12 133,421 50,000 n 150,000 19558
13 37,494 50,000 y 50,000 10798
14 41,837 50,000 y 50,000 10561
15 32,805 50,000 y 50,000 10302
18 92,762 50,000 n 100,000 14509
19 63,833 100,000 y 100,000 14476
20 44 545 50,000 y 50,000 10813
22 22,466 50,000 y 50,000 10431
23 19,266 50,000 y 50,000 10364
24 20,176 50,000 y 50,000 10146
Grand Total 1,513,098

Once more the same steps are repeated with the new values and for the 3 run

the solution is:

Sum of Demand
coc Total _
1 22,642 y 1
2| 239,381 250,000 y 250,000 26988
3| 221,543 250,000 y 250,000 28139
4 140,984 150,000 y 150,000 20165
5 83,688 100,000 y 100,000 14740
7 78,200 100,000 y 100,000 14511
8| 133,421 150,000 y 150,000 19566
13 37,494 50,000 y 50,000 10798
14 41,837 50,000 y 50,000 10561
15 32,775 50,000 y 50,000 10302
16| 161,660 50,000 n 200,000 24480
17 89,147 50,000 n 100,000 14530
19 64,128 100,000 y 100,000 14476
20 44 545 50,000 y 50,000 10813
21 59,746 100,000 y 100,000 15488
22 22,466 50,000 y 50,000 10431
23 19,266 50,000 y 50,000 10364
24 20,176 50,000 y 50,000 10146
Grand Total 1,513,098
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In this case the total cost is: $ 894,927.

For the 4th and final run, the results are:

Sum of Demand
CcDC Total

1 22,642

2| 239,398 250,000
3| 221,543 250,000
4] 140,984 150,000
5 83,688 100,000
7

8

9

78,200 100,000
133,421 150,000
161,660 200,000

11 89,827 100,000
13 37,494 50,000
14 41,837 50,000
15 32,372 50,000
19 63,833 100,000
20 44,545 50,000
21 59,746 100,000
22 22,466 50,000
23 19,266 50,000
24 20,176 50,000
Grand Total 1,513,098

<< MM MKMKMKMKMMKMK K KKK =<

The 4th run gives a solution that is feasible. The aggregated demand for each
CDC is less than or equal to the capacity associated with the fixed cost used.

The total cost for the 4th and final run is: $ 904,988.

The total number of CDC’s opened is 17.

This solution is considered to be the best solution that can be obtained with this

model and the application of the described heuristics.
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3.2. Capacited Location Model

3.21. Introduction

In this model, the capacity of the CDC is part of the model. Each possible

capacity for each possible CDC is considered as an alternative.

In this case, unlike the uncapcitated case, the model cannot be cast as a linear
program, but rather must be formulated as a Mixed Integer Program (MIP). This
is because the model’s structure no longer ensures that the linear programming
relaxation will produce integer decisions. Instead, it is possible to achieve
solutions to the LP relaxation in which demands are served by opening CDC’s
partially, limiting costs to the maximum extent possible by paying only for exactly
enough capacity to serve the demands.

This new model has more than 100,000 variables and constraints. To ensure
tractability of this MIP, we add a constraint to create a more robust LP

relaxation.

Unlike our previous model, in this case an optimal solution can be obtained,

given the parameters. There is no heuristic involved.

3.2.2. Description

In our capacitated location model the following sets and parameters are defined:

e CITY is the set of 687 cities that need to be supplied;
¢ CDC is the set of 25 potential CDC’s (24 locations and the carrier);
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e CAPACITY is the capacity of the CDC. They are set as six different
alternative capacities (in increments of 50,000 kg per month) from 50,000
to 300,000 kg per month;

o cf (j,k) is the fixed cost if CDC (j) is opened with a capacity k;

e (i j) is the cost to distribute from CDC j to CITY i; and

e d(i) is the demand for city i in kilograms per month.

The non-negative, continuous variables X represent the proportion of demand at
a city served by a particular CDC. X variables can be fractional when more than
one CDC is needed to serve a city. While we could require the X variables to be
binary, we believe that this would increase the complexity of the model and the
change would not be a good tradeoff.

As in the location-allocation model, for j=1 the CDC is considered to be
distribution from Buenos Aires by a carrier. The associated distribution costs are
the carrier costs, and there are no fixed costs. (In running the model, the carrier
option is assigned a fixed cost of $1 to ensure that the model includes the carrier

option in the solution only if it is needed).

Each CDC j with capacity k with X(i,j,k) strictly positive for at least one i is
considered to be an open CDC. The value of Z (j,k) in these cases is 1 and the
fixed cost of the CDC j with capacity k is added to the objective. This is defined
by the constraint:

forall(i in CITY) forall (j in CDC) forall (k in CAPACITY)
open [i,j,k]: X[i,j,k]l <= Z[j k];

And by the fact that Z (j,k) is a binary variable. If the Z-variables were defined as

continuous variables, then the excess demand of one CDC (for example 0.10 of
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city i) could be served by 0.1 of a different CDC, thereby incurring only 10% of
the fixed cost of this CDC. Enforcing the binary constraints ensures that even if X

(i,j,k) is strictly positive but small, CDC j at capacity k is fully opened.

Another constraint requires that each city i is served completely:

forall(i in CITY)
coverageli]: sum(j in CDC) sum (k in CAPACITY) X[i,j,k] = 1;

Another constraint that was not in the previous model is the demand satisfaction
constraint. In this case, the capacity of an open CDC must be greater than the
sum of all the demands supplied from that CDC:

forall (j in CDC) forall (k in CAPACITY)
demand [j,k]: Z[j,k]*cap[k] >= sum (i in CITY) X [i,j,k] * d[i] ;

There is another constraint:

forall (j in CDC)
onesize [j]: sum (k in CAPACITY) Z[j,k] <=1

This constraint specifies that if a CDC of a specific capacity is opened in a
location, there will not be another CDC opened at that location. This is a
redundant constraint: no CDC would need more than 300,000 kg/month capacity
(maximum capacity available) and opening two CDC's of capacities A and B at
the same location would always be more expensive than opening one CDC of
capacity C, with C=A+B. The reason to add this constraint to the model is to
make it more robust. With this constraint, solutions that open up small portions

of a second CDC at a location to handle overflow are excluded. This improves
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the bound on the optimal solution value provided by the LP relaxation, making
the problem easier to solve with a PC.

Model in OPL Studio:

/* constants */
rangeCDC[1..25];
range CITY [1..687];
range CAPACITY [1..6];

/* constraints */

constraint coverage [CITY];
constraint open [CITY,CDC, CAPACITY];
constraint demand [CDC, CAPACITY];

constraint onesize [CDC];

/* Parameters */

float+ cf[CDC, CAPACITY] = ...;
float+ c [CITY,CDC] = ...;
float+ d [CITY] = ...;

float+ cap [CAPACITY] = ...;

/* Variables*/

var float+ X [CITY,CDC,CAPACITY];
var int Z [CDC, CAPACITY]in 0..1;

/* Objective Function*/
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minimize (sum (i in CITY) sum (j in CDC) sum (k in CAPACITY) X[i,j,k] * c[i,j] +

sum (j in CDC) sum (k in CAPACITY) Z[j,k] * <f [j,k])

subject to{

forall(i in CITY)
coverage[i]: sum(j in CDC) sum (k in CAPACITY) X[i,j,k] = 1;

forall(i in CITY) forall (j in CDC) forall (k in CAPACITY)
open [i,j,k]: X[ijk] <= Z[j K];

forall (j in CDC) forall (k in CAPACITY)
demand [j,k]}: Z[j,k]*cap[k] >= sum (i in CITY) X [i,j,k] * d[i] ;

forall (j in CDC)
onesize [j]: sum (k in CAPACITY) Z[j k] <=1
I

/* Output Printing*/

display(i in CITY, j in CDC, k in CAPACITY : X[i,j,k] > 0) <X[i,j,k], Z[j,k]>;
display(j in CDC, k in CAPACITY : Z[j k] > 0) <Z[j,k]>;

3.2.3. Resulits

In this case, the following results are obtained:
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Sum of Demand
CDC Total CAPACITY
1 25,838 50,000
2 246,867 250,000
3 199,985 200,000
4 131,925 150,000
5 83,688 100,000
7 78,200 100,000
8 133,421 150,000
9 149,998 150,000
11 89,827 100,000
13 49,154 50,000
14 45,007 50,000
15 32,369 50,000
19 49,999 50,000
20 44,545 50,000
21 49,997 50,000
22 22,466 50,000
23 40,465 50,000
24 20,176 50,000
25 19,145 50,000
Grand Total 1,513,071

In this case, the volume is adjusted to the capacity. That can be observed in the
case of CDC 3 (volume 199,985 and capacity 200,000), CDC 9, 19 and 21. By
allowing more possibilities for the capacity of CDC's, these results can be further

improved, as discussed in the next section.
The value of the objective (total cost) in this case is $ 897,059.89. When

compared with the objective value of the Location-Allocation Model and the

Heuristics described in the previous section, it is a reduction of 0.88%.
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3.3. Post processing

Once the solution is obtained, there are ways to increase the number of options

and generate a better solution.

One way to do so is to generate more alternative capacities for the CDC’s. It is
expected that new possible capacities could improve the solution when: 1) the
total demand assigned to a CDC is very close to the CDC's capacity; and 2) the
total demand assigned to a CDC is very far from its capacity.

In the case of CDC 3 with assigned volume 199,985 and capacity 200,000, there
are some cities that could be supplied from CDC 3, but the associated savings is
not sufficient to enlarge CDC 3. Having the possibility of a 210,000 or 220,000
kg/month CDC at 3 would probably generate savings in distribution.

On the other hand, when the volume is much smaller than the capacity, for
example, CDC 25 with volume 19,146 and capacity 50,000, a capacity of 20,000
would save fixed costs at the CDC.

To get the monthly costs for CDC’s of these sizes, a new analysis would have to
be made to assess the cost of the inbound transportation, labor, and all the CDC
costs described in chapter 2.

Another possible improvement is to refine the cost calculation for distribution
from the CDC to the cities. These costs are calculated as a function of the
distance, volume and frequency. The true distribution costs can be obtained after

the routes from the CDC to different cities are designed.

The problem of designing these routes can be formulated as a “traveling

salesperson problem (TSP)” (Croes, 1958). The objective is to minimize the
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distance (cost) when going from one point to several others, passing one time by

each of them.

These post-processing improvements are not analyzed in this thesis but are
recommended for models that are implemented in practice.
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4. Analysis of Results
4.1. Introduction

Before comparing the results of the models, it is important to have an
understanding of how decisions were made in Argentina. After this process is
described, the results of the two models presented are compared. Then, the
network defined in 1999 is compared to the best solution obtained by the

models.

Here is the decision making process for CDC location for the pharmaceutical
industry in Argentina in 1999 as narrated by the project leader of the team in
charge of the decision.

The story of 1999

In 1999, the team in charge of the project, which I lead, had little time and little
expertise to make the decision. The operation had to be running after a few
months and many activities depended on the solution: renting the warehouses
that would act as CDC's, preparing them, recruiting and training workers and

managers, purchasing of forklifts, IT integration, procedures definition, etc.

We talked to a consultant about it, but he said he needed at least a month to
collect the data, analyze it and come up with the optimal locations. We didn't

have a month to spend, or, at least, that is what we thought.

The decision was made by the sales manager, the operations manager, the

transportation manager and me. We were in a conference room with a big map
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of Argentina on the wall with the most important locations of the customers

marked with red pins and the less important marked with green pins.

In that meeting, comments like “We need another CDC in the Andean Region,
too much red there;" or “We have to have one CDC in Mar del Plata, I know
someone that lives there that would be a great CDC manager;” or "We are
already distributing for a chemical company in that region, even if we can't have
the products in the same physical space, we should be able to get some synergy
with both operations, at least in the administration”, were the basis for the
decisions made.

At the end of the three hour meeting, the decision was made: only 14 CDC's
were selected. Which locations would be supplied by each CDC would be a
decision to make in the future, once CDC sizes were defined. And the size was

going to depend on the deals that the company would make renting the space.

In the following two years, two new CDC’s were opened, one was closed and two

were expanded.

In the following sections, the results of the models are compared with the costs
of the decisions made by the team in 1999. The costs defined here are applied to

the decisions made by the team at that time in order to have a fair comparison.

4.2. Comparison of the models

In this section, the objective is to compare both models, the Location-Aliocation
Model (LAM) and the Capacited Location Model (CLM).
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Comparing the complexity of the models, the LAM is a much simpler one. It is a
linear program with 17,200 variables and 17,862 constraints. The CLM model is a
MIP (Mixed Integer Programming) Model and has 103,200 variables and 103,912

constraints.

This complexity increase is reflected in the solutions times in OPL Studio: 3.2
seconds for LAM and 342 seconds for CLM.

Regarding optimality, CLM gets to an optimal value but LAM, used in combination

with the heuristics, does not get to an optimal solution.

When the values of the objectives are compared, these are the results:

LAM: $ 904,988

CLM: $ 897,060

CLM generated a reduction in total cost of $ 7,928, which is a reduction of
0.88%.

This reduction is not so significant, especially when compared with the reduction
obtained by the models compared to the costs of the decisions made in 1999, as

analyzed in the next section.

CLM is the best model to solve this problem, if problem size is manageable. To
illustrate, when the CLM model is tested with 15 more possible CDC's, OPL
Studio runs out of memory and does not produce a solution. In this case, the

LAM and heuristic is the most effective approach for the problem.

-49 -



4.3. Analysis for the pharmaceutical industry in Argentina

In order to analyze the cost reduction that is provided with our models, it is first
necessary to compute the costs of the 1999 solution in a manner that is
consistent with that of the LAM and CLM models. The CDC locations selected in
1999 are:

NAME of CDC (in
LOCATION model)
ROSARIO 2
CORDOBA 3
TUCUMAN 4
B.BLANCA 5
MENDOZA 6
M.D.PLATA 7
RESISTENCIA 8
SALTA 10
S.FE 11
POSADAS 14
CONCORDIA 19
NEUQUEN 20
R.IV 22
S.D.ESTERQO 25

To get an allocation of cities to these CDC’s and to define the CDC sizes needed,
a LAM model is run with added constraints forcing the model to choose only the
selected locations for CDC's. To do this in a simple way, very high fixed costs are
allocated to the CDC’s not included and the total number of CDC’s (sum of Z (j) )
is forced to be 15 (14 locations and the carrier).

The result obtained is:
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Sum of DEMAND
CDC Total CAPACITY
1 22,931

2 241,516 250,000
3 223,663 250,000
4 122,353 150,000
5 89,966 100,000
6

7

8

194,499 250,000
91,808 100,000
133,421 150,000

10 59,746 100,000
11 122,146 150,000
14 41,837 50,000
19 63,833 100,000
20 44,545 50,000
22 37,216 50,000
25 23,617 50,000
Grand Total 1,513,098

The total cost is: $ 943,008.

If this total monthly cost is compared with the total cost of the optimized result,

there is a reduction of $ 45,948, which represents almost a 5% improvement.

To analyze if this reduction is good enough to relocate the CDC's, a project
evaluation should be made. The investment should be compared with the
present value of the savings. It is not the objective of this thesis to make that

decision.

In any case, it is clear from this case study that the use of optimization models

can improve the design of a Cross Docking Network.

-51 -



-52.



5. Conclusions

5.1. Introduction

In the first chapter of this thesis, the introduction, a cross docking operation is
explained. A cross docking center is basically a transshipment point where
products are unloaded from a vehicle and reloaded in another vehicle to continue
the distribution without being stored. In that chapter is analyzed why, for certain
industries, a Cross Docking Operation is a better alternative for distribution than
direct shipping or regional warehouses. Also in the chapter, there is a brief
analysis of how a Cross Docking Network can be optimized and why it is a
recurrent topic in the Operations Research literature. At the end of the first
chapter, there is a literature review providing further information for readers

interested in this topic.

In the second chapter, defining the problem addressed in this thesis, the
situation and the objectives of the analysis are thoroughly described in order to
set the groundwork for modeling and optimizing the problem. There, it is defined
that the solution must consider the use of a Cross Docking Center (CDC) or a
direct shipment through a third party carrier when it is more economical. The

questions that the model answers are:

e How many CDC'’s are needed?

o Where should they be located?

e What is the optimal size of each CDC?

e Which cities should be supplied by each CDC?

e Which cities should be supplied by a carrier from the central location?
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Since the model is applied to the distribution of pharmaceutical products in
Argentina, there is also a review of the geography of Argentina. It is explained
that Buenos Aires is the main city of the country and the most important
Argentinean port on the Atlantic Ocean, and that Buenos Aires and its
surroundings account for 40 to 50% of the demand of most products. The rest of
the demand is dispersed around hundreds of cities with much lower demand and

spread within large distances.

Also in the second chapter, the cross docking operation is modeled and different
sets and parameters are defined. There is a detailed explanation on how possible
locations for CDC’s were chosen, how costs were calculated and how the levels

of demand were obtained.

The third chapter describes the methodology used to solve the problem. Here
two different models are proposed to solve it. The first model is a Location-
Allocation Model (LAM) and the second is a Capacitated Location Model (CLM).

The LAM is a linear model that considers the CDC's as uncapacitated and decides
whether to open them or not. For the ones opened, the cities (destinations) are
allocated and the fixed and distribution costs are added to the objective. The
alternative of direct shipment through a carrier is included in the model as a CDC
without fixed costs and the distribution costs are the carrier’s tariffs. This model
is combined with a heuristic algorithm. The algorithm is needed to find a feasible
solution where the capacity of the CDC (associated with the fixed cost) is greater

than or equal to the aggregated demand of the cities assigned to the CDC.

The CLM is a mixed integer programming (MIP) model. In this model the
demand of the cities and the capacities of the CDC’'s are considered. The
variables X (i,j) that in the previous model indicated if a city i is allocated to a
CDC j, now is X (i,j,k) and indicates that the city i is allocated to the CDC j that
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has a capacity k. This increases the complexity of the model and transforms it
into a MIP formulation, because the LP relaxation opens only portions of CDC’s.
This model gets an optimal solution, but has the limitation of being solvable only
for a limited number of possible CDC’s.

Also in chapter three, there is a description on how the results of the model can
be improved. This post processing can be done based on the results of the
models. Two further improvements are proposed, the fine tuning of the CDC
capacities and the optimization of the distribution from each CDC to the cities.
The capacities can be adapted to the values of the demand, either by decreasing
the capacity and saving fixed costs for the CDC's with low demand allocation; or
by increasing the capacity for those which the assigned aggregated demand was
equal to the capacity in order to lower distribution costs. The distribution from
the CDC to the cities, originally calculated as a function of the demand, the
distance and the frequency, can be optimized once the assignment to the CDC is
done. This optimization of the routing from a point to other different locations is

known in the Operations Research literature as a Traveling Salesperson Problem.

The fourth chapter is the analysis of the results obtained. It reviews how the
original network design was achieved in 1999 in Argentina. Then the results of
both methods are compared both on their results and computational time
consumed in order to get to the solution. The CLM obtains an optimal solution at
the cost of higher complexity. The result of the LAM is a suboptimal solution with
a total cost 0.88% higher than the CLM.

When the results are compared with the network designed in 1999, the costs
defined in the problem are assigned to the network designed in order to make
the values comparable. To get these values, the LAM model is run with extra
constraints that force the solution to choose the defined CDC’s. The monthly cost
for the 1999 network is $ 943,008 and the optimized monthly cost is $ 897,060,
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a reduction of almost 5%: a very significant value in the third party logistics
industry which generally has low levels of profits.

In the remainder of this conclusion, the benefits of the model, the applicability

and other applications are reviewed.

5.2. Benefits of the model

Shown in the following map of Argentina is the location of the CDC as defined by
the optimal solution and the area supplied by a carrier.
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If the results are compared between the optimal and the real network, it can be
seen that the optimal network has more CDC'’s. One possible explanation is that,
in general, managers are risk averse. The set up of a CDC makes cost less
sensitive to variations in demand: labor, rent, and all other costs need to be paid
if there is a slowdown in sales. On the other hand, distribution costs are more
flexible. If there is a drop in the demand, distribution can be easily reorganized

and the costs will be reduced. Many managers would decide to pay more for
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distribution in good times and be able to show to their superiors cost reductions
when times are not so good.

When comparing both solutions in the total cost, as stated before, the use of the
model can provide savings of 5% and probably more if further improvements are
also implemented. These savings can be generated if the model is used at the
time of the design of the network. If the change is analyzed once the network is
in place, other extra costs need to be included in the analysis, costs associated
with closing a CDC (labor, lease, etc.).

If there is a plan to reengineer the network, the model still can be applied, but
extra constraints would need to be added. For example, if the closure of a CDC
demands an investment, this value can be transformed into a monthly cost (for
example, as the value of a monthly payment if the company gets a loan for that
amount) that can be added to the model if that CDC is not selected as part of

the solution.

The model can be also used to analyze the effects of increasing demand. If, for
example, the 3PL company gets a new Laboratory as a client and wants to see
which changes would need to be made to the network in order to handle the

new demand and how much the cost would increase.

From a socio economical point of view, these types of optimizations are very
important in Argentina. Argentina is a country that in the beginnings of the 20"
century was among the richest nations of the world. It is not the objective of this
thesis to analyze the reasons, but it is a fact that now Argentina is in an
extremely difficult condition. Argentina today has one of the largest national
debts in the world, almost 60% of the population lives in poverty and there is
more than 20% unemployment. The situation keeps getting worse every year.

This problem is more acute in the interior of the country. In the newspapers
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there are almost daily reports of children from the provinces that die due to

starvation and lack of medicine.

The improvement of a logistics network that can serve better the needs of the
population and reduce prices can improve the quality of life of those who more
need it. Of course, the most important problems of the country need to be
solved in other areas, but the negative effects of social policies can be
diminished by a more efficient logistics system. And by the time better social
policies are in place, an efficient logistics network can be very useful in the

implementation of those policies.

5.3. Other applications and further research

These models are being used in many different fields. In logistics and
transportation, not only for the location of Cross Docking Centers, but also for
the location of regional warehouses, offices for customer service, etc.
Generalizing, the models can be applied to any type of distribution where there
are destination points that require a certain amount of resources from a supplier
and a decision has to be made about the number, size and location of the

suppliers. Other uses of the models also include Telecommunication networks.

Software companies use these models to provide standard and customized
solutions for all these problems. These software products in general collect the
data, and based on the parameters entered, provide a solution and sensitivity
analysis capabilities. Most of these products are not transparent to the user, so
the user needs to trust that the solution is a good solution without really knowing
if it is the best solution or how close to the optimal it is. For the design of a

distribution network, because it is a task that companies undertake every several
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years, there are consulting firms that provide the service of collecting and
analyzing the data and solve the problem for the companies.

With regards to further research in the field, efforts should be taken for the
interaction of the different aspects of a Cross Docking Network. Instead of
solving the location of CDC's, allocation of customers, distribution from the CDC
to customers and geometry of the CDC as separate problems, they could be

solved together as one problem.
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Appendices

Appendix 1, List of cities with coordinates, demand and frequency:

Name Possible X Y Demand Frequency (per
CDC? (Kglyear) month)
BUENOS AIRES -58.48 -34.58 0 0
ROSARIO Y -60.66 -32.94 2,589,955 20
CORDOBA Y -64.20 -31.42 2,418,380 20
TUCUMAN Y -65.20 -26.83 1,380,876 20
B.BLANCA Y -62.27 -38.73 910,467 20
MENDOZA Y -68.83 -32.90 878,457 20
M.D.PLATA Y -57.57 -37.99 849,729 20
RESISTENCIA Y -58.99 -27.46 583,866 20
G.CRUZ Y -68.83 -32.93 506,884 20
SALTA Y -65.41 -24.79 430,058 20
S.FE Y -60.70 -31.62 399,659 20
CORRIENTES Y -58.82 -27.49 395,337 20
S.JUAN Y -68.53 -31.53 380,054 20
POSADAS Y -55.91 -27.40 321,512 20
RAFAELA Y -61.49 -31.25 309,762 20
GUAYMALLEN Y -68.68 -32.67 277,571 20
S.TOME S Y -60.77 -31.67 270,855 20
PARANA Y -60.53 -31.73 266,974 20
CONCORDIA Y -58.02 -31.40 237,509 20
NEUQUEN Y -68.23 -38.95 189,589 20
JUJIUY Y -65.30 -24.20 184,828 20
R.IV Y -64.35 -33.13 171,584 20
V.MARIA Y -63.26 -32.41 152,550 20
AZUL Y -59.86 -36.78 127,159 20
S.D.ESTERO Y -64.27 -27.79 117,702 20
CLORINDA N -57.72 -25.28 112,243 4
C.D.URUGUAY N -58.23 -32.48 110,622 4
FORMOSA N -58.18 -26.18 105,997 4
C.RIVADAVIA N -67.48 -45.86 101,813 4
GUALEGUAYCHU N -58.52 -33.02 89,626 4
S.RAFAEL N -68.34 -34.62 87,353 4
L.HERAS M N -68.82 -32.85 81,036 4
C.CUATIA N -58.05 -29.82 70,466 4
V.C.PAZ N -64.52 -31.42 70,006 4
TRELEW N -65.32 -43.26 69,221 4
S.NICOLAS N -60.23 -33.33 66,577 4
CATAMARCA N -65.78 -28.47 64,407 4
BARILOCHE N -71.28 -41,13 60,305 4
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CHAJARI N -57.98 -30.75 57,606 4
L.RIOJA N -66.85 -29.41 53,659 4
CIPOLLETTI N -67.95 -38.90 52,540 4
E.DORADO N -54.58 -26.41 52,260 4
G.ROCAR N -67.60 -39.03 52,099 4
S.LUIS N -66.37 -33.30 51,052 4
P.R.S.PENA N -60.45 -26.80 48,875 4
P.D.L.LIBRES N -57.09 -29.71 44,822 4
MERCEDES C N -58.08 -29.18 43,681 4
GUALEGUAY N -59.33 -33.15 39,710 4
IGUAZU N -53.58 -25.60 39,192 4
OLAVARRIA N -60.33 -36.90 39,147 4
V.MERCEDES N -54.47 -33.67 38,348 4
S.FRANCISCO N -62.08 -31.43 37,763 4
BASAVILBASO N -58.88 -32.38 37,200 4
V.ANGELA N -60.71 -27.58 36,896 4
NOGOYA N -59.81 -32.41 35,822 4
T.ARROYOS N -60.26 -38.37 35,751 4
TANDIL N -59.14 -37.32 35,431 4
R.GALLEGOS N -69.23 -51.62 34,683 4
R.GRANDE N -67.71 -53.79 34,312 4
QUITILIPI N -60.22 -26.88 33,359 4
RECONQUISTA N -59.65 -29.14 31,930 4
AVELLANEDA S N -59.95 -29.13 29,918 4
GOYA N -59.27 -29.15 29,202 4
VILLAGUAY N -59.03 -31.86 29,020 4
Y.BUENA N -64.99 -26.85 28,829 4
CASILDA N -61.17 -33.05 28,054 4
|JORAN N -64.33 -23.13 27,513 4
C.DORREGO M N -68.27 -32.37 27,204 4
V.REGINA N -67.09 -39.11 26,809 4
V.MERCEDES N -54 .47 -33.67 25,970 4
J.CRAIK N -63.47 -32.17 25,322 4
OBERA N -565.13 -27.48 24,869 4
INECOCHEA N -58.75 -38.56 23,486 4
T.VIEJO N -65.27 -26.75 23,133 4
CRESPO N -60.32 -32.04 22,267 4
VICTORIAE N -60.17 -32.62 22,073 4
C.D.L.ROSAS C N -64.12 -31.35 20,974 4
ESQUEL N -71.32 -42.91 20,246 4
R.TERCERO N -64.12 -32.18 20,052 4
CHARATA N -61.19 -27.22 19,984 4
RAWSON CH N -65.10 -43.30 19,391 4
S.LUIS N -66.37 -33.30 17,434 4
PINAMAR N -56.85 -37.12 17,050 4
G.ALVEAR M N -67.65 -35.01 16,656 4
DIAMANTE N -60.64 -32.07 16,371 4
FRIAS N -65.13 -28.64 15,955 4
T.D.R.HONDO N -64.86 -27.50 15,741 4
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P.ALTA N -62.07 -38.88 15,578 4
V.OCAMPO N -59.36 -28.49 15,540 4
V.D.ROSARIO N -63.54 -31.56 15,471 4
L.LOMITAS N -60.60 -24.71 14,655 4
VIEDMA N -62.99 -40.81 14,5631 4
P.MADRYN N -65.04 -42.78 14,519 4
USHUAIA N -68.30 -54.79 14,181 4
B.S.CABRAL N -64.20 -31.50 14,178 4
PIRANE N -59.11 -25.74 14,036 4
S.PEDRO J N -64.87 -24.23 13,808 4
V.GESELL N -56.95 -37.25 13,171 4
L.PAZ E N -59.64 -30.74 12,946 4
M.CASEROS N -57.63 -30.28 12,751 4
ZAPALA N -70.05 -38.92 12,717 4
TARTAGAL N -63.81 -22.55 12,204 4
CORONDA N -60.92 -31.98 12,079 4
C.D.CORIA N -68.83 -32.95 11,217 4
MAIPU M N -68.79 -32.98 10,756 4
CENTENARIO N -68.13 -38.83 10,706 4
POCITOS S N -66.99 -24.38 10,637 4
R.CEBALLOS N -64.33 -31.18 10,354 4
L.BANDA N -64.24 -27.73 10,256 4
L.D.CUYO N -68.88 -33.05 10,190 4
BARRANQUERAS N -59.05 -27.52 10,027 4
R.D.TALA N -59.15 -32.30 9,853 4
LEONES N -62.31 -32.67 9,837 4
C.D.BERMEJO N -60.95 -26.60 9,679 4
SALADAS N -58.63 -28.25 9,591 4
COLONE N -58.14 -32.22 9,558 4
MONTECARLO N -54.75 -26.57 9,350 4
GALVEZ N -61.23 -32.03 9,288 4
C.D.PATAGONES N -62.98 -40.80 9,237 4
V.ALLENDE N -64.28 -31.30 9,189 4
A.D.VALLE M N -54.90 -27.13 9,067 4
ROLDAN N -60.91 -32.91 8,914 4
B.VISTAC N -59.04 -28.51 8,735 4
R.TURBIO N -72.30 -51.55 8,633 4
S.MARTIN M N -68.48 -33.08 8,532 4
S.M.D.L.ANDES N -71.356 -40.17 8,493 4
C.MABRAGANA N -58.22 -32.22 8,435 4
ARGUELLO N -64.25 -31.35 8,200 4
G.BAIGORRIA N -60.70 -32.85 7,924 4
VERA N -60.21 -29.46 7,865 4
B.RAWSON SJ N -68.55 -31.58 7,834 4
C.D.EJE N -64.81 -30.72 7,825 4
G.CABRERA N -63.87 -32.82 7,752 4
J.MARIA N -64.09 -30.98 7,662 4
APOSTOLES N -55.77 -27.91 7,585 4
S.ELENA N -59.79 -30.94 7,556 4
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L.FALDA N -64.47 -31.09 7,437 4
C.CO N -69.23 -38.95 7,407 4
C.D.BUSTOS N -62.19 -33.29 7,380 4
MORTEROS C N -62.00 -30.71 7,314 4
J.AMERICA N -55.24 -27.05 7,305 4
V.AZALAIS N -64.30 -24.47 7,229 4
P.RICO N -55.02 -26.80 7,225 4
C.BERMUDEZ N -60.70 -32.83 7,201 4
V.L.G.S.MARTIN N -60.55 -32.05 6,889 4
C.J.J.CASTELLI N -60.63 -25.95 6,796 4
V.NUEVA C N -63.25 -32.43 6,685 4
S.TOME C N -56.04 -28.55 6,638 4
C.SUAREZ N -61.93 -37.46 6,505 4
RIVADAVIA M N -68.47 -33.19 6,477 4
C.L.P.BUENA N -68.92 -49.98 6,466 4
V.CONSTITUCION N -60.35 -33.23 6,463 4
C.D.GOMEZ N -61.40 -32.82 6,398 4
C.WANDA N -54.57 -25.97 6,389 4
BALCARCE N -58.26 -37.85 6,368 4
FUNES N -60.82 -32.92 6,358 4
A.GRACIA N -64.43 -31.66 6,343 4
S.TERESITA N -56.70 -36.55 6,314 4
E.COLORADO N -50.38 -26.30 6,313 4
MIRAMAR N -57.83 -38.25 6,172 4
M.D.AJO N -56.69 -36.72 5,972 4
V.DOLORES C N -65.20 -31.95 5,821 4
MERLO SL N -65.03 -32.35 5,637 4
FRANCK N -60.95 -31.60 5,612 4
AGUILARES N -65.61 -27.43 5,564 4
G.RAMIREZ N -60.20 -32.18 5,469 4
G.S.MARTIN CH N -59.33 -26.55 5,418 4
CONCEPCION T N -65.60 -27.34 5,367 4
G.CRESPO N -60.40 -30.37 5,365 4
B.VILLE N -62.67 -32.63 5,180 4
V.ELISAE N -58.40 -32.17 5177 4
MARGARITA N -60.25 -29.70 5,028 4
|L.CRIOLLA N -60.36 -30.23 5,003 4
P.BELGRANO N -62.10 -38.90 4,961 4
L.BRENAS N -61.08 -27.08 4,878 4
ESPERANZA S N -60.93 -31.45 4,772 4
S.LORENZO S N -60.77 -32.74 4,665 4
R.D.LERMA N -65.58 -24.98 4,656 4
COSQUIN N -64.46 -31.27 4,624 4
B.D.R.SALI N -64.99 -26.85 4,530 4
SUNCHALES N -61.56 -30.94 4,461 4
L.ROSAS N -61.58 -32.48 4,391 4
C.PRINGLES N -61.37 -37.97 4,214 4
L.GONZALEZ N -59.54 -32.39 4172 4
MACIA N -59.40 -32.18 4,136 4
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ALLEN N -67.83 -38.98 4,126 4
H.PRIMERO N -61.35]  -30.87 4,110 4
MAGGIOLO N -62.26 -33.72 4,052 4
H.YRIGOYEN N -64.33] 2325 4,050 4
RECREO C N -65.06 -29.27 4,049 4
C.SALTOS N -68.06] -38.82 4,013 4
CORZUELA N -60.97] -26.96 3,990 4
C.DORREGO B N -61.29] -38.71 3,960 4
C.CHOEL N -65.66] -39.30 3,943 4
C.CORDERO N -68.10 -38.75 3,924 4
V.DOLORES C N -65.20 -31.95 3,897 4
METAN N -64.96| -25.50 3,880 4
L.LEONESA N -58.71 -27.04 3,850 4
C.OLIVIA N -67.52] -46.44 3,779 4
P.S.JULIAN N -67.70]  -49.32 3,775 4
J.DARACT N -65.18 -33.87 3,758 4
MACHAGAI N -60.05] -26.93 3,727 4
MACACHIN N -63.67 -37.14 3,716 4
CHABAS N -61.38 -33.25 3,663 4
L.PAIVA N -60.65 -31.30 3,636 4
MANANTIAL N -65.38 -26.68 3,586 4
S.BERNARDO N -57.33 -36.73 3,564 4
[LABOULAYE N -63.39 -34.13 3,558 4
|H.GRANDE N -64.52 -31.07 3,548 4
ESQUINA N -59.53[  -30.02 3,532 4
ICERES N -61.94] -29.88 3,525 4
PERICO N -65.11 -24.38 3,429 4
R.D.L.CRUZ N -68.72 -32.92 3,419 4
S.LUCIA SJ N -68.50] -31.53 3,220 4
V.G.GALVEZ N -60.65] -33.05 3,195 4
QUEQUEN N -58.70]  -38.53 3,171 4
L.QUIACA N -65.59] -22.11 3,088 4
S.JUSTO S N -60.58]  -30.79 3,046 4
PLOTTIER N -68.23 -38.95 3,023 4
AGUARAY N -63.76] -22.28 3,019 4
MONTEROS N -65.50 -27.18 3,001 4
S.A.OESTE N -64.95| -40.74 2,957 4
R.D.L.FRONTERA N -64.97 -25.80 2,922 4
B.VILLE N -62.67] -32.63 2,921 4
LORETO N -57.28] -27.77 2,871 4
CATRIEL N -67.80 -37.90 2,863 4
FIRMAT N -61.50 -33.44 2,858 4
RIVERA N -63.25 -37.16 2,856 4
E.TREBOL N -61.73] -32.20 2,827 4
TUNUYAN N -69.01 -33.59 2,774 4
FEDERACION N -57.88]  -31.00 2,769 4
C.ALTAC N -61.81 -33.01 2,561 4
MATILDE N -60.97 -31.78 2,557 4
C.CAROYA N -64.07 -31.05 2,504 4
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CARCARANA N -61.15 -32.87 2,436 4
PEREZ N -60.76 -33.04 2,414 4
S.C.D.TUYU N -56.72 -36.38 2,394 4
HERNANDO N -63.73 -32.44 2,388 4
FAMAILLA N -65.42 -27.07 2,369 4
M.JUAREZ N -62.11 -32.71 2,338 4
G.FOTHERINGHAM N -63.87 -32.33 2,288 4
S.GUILLERMO N -61.91 -30.36 2,277 4
V.G.BELGRANO N -64.57 -31.98 2,131 4
P.TRUNCADO N -67.95 -46.80 2,096 4
E.BOLSON N -71.52 -41.97 2,070 4
C.LARGO N -60.84 -26.81 2,051 4
JUNIN M N -68.49 -33.15 1,990 4
V.HIPODROMO N -68.87 -32.92 1,913 4
EMBARCACION N -64.09 -23.22 1,884 4
ITUZAINGO C N -56.68 -27.60 1,869 4
CARHUE N -62.76 -37.18 1,835 4
SALDAN N -64.32 -31.30 1,829 4
H.RENANCO N -64.38 -34.84 1,823 4
L.G.S.MARTIN N -64.78 -23.82 1,818 4
S.J.NORTE N -61.87 -31.58 1,812 4
S.M.D.PUNILLA N -64.45 -31.27 1,805 4
G.LVALENTIN N -56.03 -28.07 1,778 4
L.CALERA N -64.35 -31.35 1,774 4
PIGUE N -62.41 -37.61 1,768 4
P.ESPERANZA N -54.65 -26.02 1,723 4
S.JORGE N -61.85 -31.90 1,683 4
|P.S.CRUZ N -68.53 -560.00 1,631 4
LOBERIA N -58.78 -38.16 1,571 4
RUFINO N -62.72 -34.27 1,560 4
L.TOSCAS N -59.25 -28.35 1,541 4
A.SECO N -60.50 -33.17 1,527 4
V.ATUEL N -67.88 -34.83 1,510 4
ELORTONDO N -61.62 -33.37 1,505 4
C.ARNOLD N -60.97 -33.10 1,473 4
CANALS N -62.88 -33.68 1,451 4
G.CAMPOS N -67.48 -34.65 1,444 4
LULES N -65.33 -26.95 1,430 4
RAUCH N -59.09 -36.78 1,420 4
LWHITE N -62.27 -38.78 1,410 4
P.HUINCUL N -69.19 -38.93 1,410 4
S.J.D.L.LESQUINA N -61.72 -33.12 1,397 4
R.COLORADO RN N -64.05 -39.00 1,359 4
COQUIMBITO N -68.75 -32.97 1,357 4
S.ISIDRO C N -67.30 -29.58 1,355 4
|F.L.BELTRAN S N -60.73 -32.78 1,318 4
B.JUAREZ N -59.80 -37.67 1,318 4
L.RINCONADA N -68.13 -40.85 1,317 4
G.GUEMES N -65.05 -24.67 1,279 4
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BELEN N -67.03 -27.66 1,260 4
ANATUYA N -62.83 -28.47 1,251 4
CORREA N -61.25 -32.85 1,249 4
D.FUNES N -64.35 -30.43 1,244 4
OLIVA N -63.57 -32.05 1,241 4
L.N.ALEM M N -55.33 -27.61 1,236 4
L.GARCITAS N -59.77 -26.62 1,230 4
CONCARAN N -65.24 -32.55 1,195 4
GAIMAN N -65.49 -43.29 1,192 4
A.TERAI N -60.73 -26.70 1,190 4
TOAY N -64.39 -36.68 1,180 4
T.ISLETAS N -60.43 -26.34 1,169 4
CHIMBAS N -68.50 -31.50 1,150 4
C.D.MONTE N -64.52 -30.86 1,149 4
ARIAS N -62.41 -33.65 1,140 4
S.SALVADOR N -58.51 -31.62 1,124 4
SALSIPUEDES N -64.30 -31.15 1,098 4
S.BASILIO N -64.28 -33.50 1,097 4
S.MARIA N -66.05 -26.72 1,071 4
FRONTERA N -62.05 -31.47 1,061 4
G.CONESAR N -64.45 -40.10 1,021 4
TOTORAS N -61.17 -32.58 1,020 4
IBARRETA N -59.86 -25.22 1,000 4
M.D.TUYU N -56.68 -36.57 931 4
SAMPACHO N -64.72 -33.39 891 4
G.MADARIAGA N -57.13 -37.00 881 4
AYACUCHO N -58.49 -37.15 880 4
ALMAFUERTE N -64.25 -32.19 863 4
S.R.D.CALAMUCHITA N -64.55 -32.07 856 4
ARROYITO C N -63.05 -31.43 845 4
VIALE N -60.00 -31.87 844 4
BOVRIL N -59.45 -31.34 814 4
L.CLOTILDE N -60.63 -27.20 809 4
G.ALVARADO N -65.48 -24.73 793 4
J.B.ALBERDI T N -65.60 -27.58 787 4
ALCORTA N -61.13 -33.55 785 4
P.DESEADO N -65.89 -47.75 773 4
ALVEAR S N -60.62 -33.07 761 4
HASENKAMP N -59.83 -31.51 741 4
EMPEDRADO N -58.81 -27.96 740 4
CAFAYATE N -66.27 -25.33 725 4
CHILECITO LR N -67.50 -29.16 724 4
R.SEGUNDO N -63.92 -31.65 714 4
C.D.GRATY N -60.91 -27.68 702 4
J.D.L.ANDES N -71.08 -39.93 696 4
S.CAYETANO B N -59.62 -38.34 689 4
HOLMBERG N -64.45 -33.22 680 4
YAPEYU N -56.85 -29.52 680 4
CALAFATE N -72.27 -50.35 663 4
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I.LHUERGO N -67.23 -39.08 660 4
LEHMANN N -61.43 -31.12 640 4
C.COLORADO N -70.35 -38.53 631 4
QUINES N -65.80 -23.33 629 4
C.ZAPLA N -65.20 -24.27 621 4
CARNERILLO N -64.02 -32.91 617 4
UNQUILLO N -64.32 -31.23 614 4
L.VARILLAS N -62.71 -31.87 613 4
S.CRISTOBAL N -61.24 -30.31 613 4
AIMOGASTA N -66.82 -28.55 611 4
ITATI N -58.23 -27.27 591 4
TUPUNGATO N -69.14 -33.38 583 4
C.MOLDES N -64.60 -33.63 571 4
MALARGUE N -69.60 -35.48 571 4
FREYRE N -62.10 -31.16 559 4
G.CHAVES N -60.10 -38.03 559 4
B.S.VICENTE N -64.20 -31.33 539 4
G.GREGORES N -70.24 -48.75 528 4
A.MARIA N -64.03 -33.64 523 4
ARTEAGA N -61.78 -33.08 513 4
V.HERMOSO N -62.48 -31.12 504 4
L.CONSULTA N -69.12 -33.75 491 4
LAMARQUE N -65.70 -39.43 491 4
[M.GRANDE E N -59.88 -31.65 487 4
CHAMICAL N -66.32 -30.36 481 4
G.CANDIOTI N -60.73 -31.42 481 4
POCITO SJ N -68.58 -31.68 477 4
SARMIENTO CH N -69.07 -45.59 456 4
G.BENEGAS N -68.85 -32.95 453 4
UCACHA N -63.51 -33.04 442 4
P.D.L.PLAZA N -59.85 -27.02 439 4
ONCATIVO N -63.68 -31.92 434 4
G.GUTIERREZ N -68.78 -32.95 433 4
S.GRANDE RN N -65.35 -41.61 426 4
TORNQUIST N -62.22 -38.10 423 4
HERNANDEZ . N -60.03 -32.35 420 4
S.ISABEL SF N -61.83 -33.90 408 4
L.PERDICES N -63.70 -32.70 404 4
V.M.MORENOQO N -65.20 -27.20 400 4
WHEELWRIGHT N -61.22 -33.80 400 4
C.CHICA N -64.50 -30.95 392 4
B.D.IRIGOYEN S N -61.16 -32.17 386 4
E.V.CONSTITUCION N -60.37 -33.27 384 4
P.BOSSETTI N -54.62 -25.92 378 4
CAUCETE N -68.28 -31.65 366 4
DARRAGUEIRA N -63.17 -37.69 350 4
THEA N -64.52 -31.05 346 4
TOSTADO N -61.77 -29.23 338 4
AREQUITO N -61.49 -33.15 332 4
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R.D.PADRE N -67.77 -34.83 330 4
LAPRIDA N -60.81 -37.55 325 4
M.HERMOSO N -61.30 -38.98 324 4
SERRANO N -63.54 -34.48 322 4
V.LANGOSTURA N -71.65 -40.76 318 4
BARRANCAS S N -60.98 -32.23 315 4
L.PAREJAS N -61.53 -32.68 314 4
|L.CARLOTA N -63.31 -33.42 306 4
[P.LURO N -62.69 -39.50 291 4
M.CLAVERO N -65.02 -31.72 289 4
C.V.D.MAYO M N -54 .55 -27.39 288 4
FEDERAL N -58.79 -30.95 285 4
GABOTO N -60.82 -32.43 283 4
BOMBAL N -61.33 -33.46 280 4
GIGENA N -64.33 -32.76 278 4
ARMSTRONG N -61.61 -32.78 276 4
PORTENA N -62.07 -31.03 257 4
L.TONINAS N -56.68 -36.53 254 4
P.SANTO N -59.35 -25.56 250 4
HUMBOLDT N -61.08 -31.40 246 4
S.G.NORTE N -61.30 -32.37 236 4
1.JACOBACCI! N -69.55 -41.33 235 4
L.LAJAS N -70.35 -38.53 233 4
M.BURATOVICH N -62.62 -39.26 230 4
M.VILLE N -61.48 -30.72 228 4
P.D.CARMEN N -65.50 -24.53 224 4
M.CLAVERO N -65.02 -31.72 219 4
L.MOLINOS N -61.33 -33.12 211 4
T.PUJIO N -63.35 -32.28 211 4
TINOGASTA N -67.56 -28.07 210 4
CENTENO N -61.42 -32.31 208 4
V.D.TOTORAL N -64.07 -30.72 204 4
ZONDA N -69.25 -30.42 200 4
ROMANG N -59.75 -29.49 199 4
S.LUCIAC N -59.10 -28.99 199 4
V.D.SOTO N -65.00 -30.86 199 4
MARQUESADO N -68.63 -31.53 198 4
V.D.MAYO LP N -67.88 -37.80 194 4
G.PAZ N -64.15 -31.13 192 4
MORILLO N -63.58 -23.22 188 4
LARROQUE N -59.02 -33.05 183 4
L.HERAS SC N -68.94 -46.54 182 4
PALMIRA N -68.57 -33.05 181 4
BASAIL N -59.28 -27.89 180 4
JACHAL N -68.75 -30.25 174 4
CARPINTERIA N -68.52 -31.83 173 4
PAZ S N -60.95 -33.48 173 4
A.LEDESMA N -62.63 -33.62 173 4
S.GENARO N -61.32 -32.37 172 4
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G.ROCAC N -61.93 -32.73 171 4
C.BELISLE N -65.98 -39.18 170 4
HUANGUELEN N -61.95 -37.07 167 4
A.S.ANTONIO N -58.70 -32.62 163 4
L.L.D.MAR N -56.70 -36.67 163 4
L.MENUCOS N -68.13 -40.85 161 4
S.F.D.M.D.ORO N -66.13 -32.06 160 4
G.E.MOSCONI N -63.83 -22.62 156 4
C.BAIGORRIA N -64.35 -32.85 153 4
S.SPIRITU N -62.26 -34.01 151 4
C.GRANDE N -54.98 -27.23 147 4
E.GALPON N -64.65 -25.40 147 4
PILAR C N -63.88 -31.68 145 4
TILISARAO N -65.30 -32.73 135 4
L.ESCONDIDA N -59.45 -27.12 134 4
M.MAIZ N -62.60 -33.22 132 4
S.JAVIER S N -59.92 -30.58 132 4
ACEBAL N -60.83 -33.25 126 4
CALCHINES N -60.33 -31.42 125 4
CHEPES N -66.58 -31.35 124 4
RAMALLO N -60.03 -33.49 124 4
TAPALQUE N -60.02 -36.35 123 4
G.L.MADRID N -61.26 -37.25 122 4
R.PRIMERO N -63.62 -31.33 122 4
S.IGNACIO N -55.54 -27.26 116 4
G.CONESA B N -57.32 -36.53 114 4
IC.RICA N -60.62 -33.52 109 4
LOPEZ N -61.28 -31.90 109 4
S.D.LUNA N -59.23 -31.24 109 4
ANDACOLLO N -70.67 -37.20 103 4
D.VELEZ N -63.58 -32.63 100 4
G.LEVALLE N -63.92 -34.02 100 4
R.D.L.SAUCES N -68.72 -37.45 100 4
SUARDI N -61.97 -30.53 100 4
M.D.OCA N -61.77 -32.58 93 4
LABORDE N -62.86 -33.17 92 4
PASCANAS N -63.05 -33.13 92 4
QUIMILI N -62.42 -27.65 92 4
L.CARDOS N -61.65 -32.33 87 4
EMBALSE N -64.42 -32.18 85 4
CAPIOVY N -565.07 -26.93 84 4
V. TRINIDAD N -61.88 -30.22 84 4
L.SURGENTES N -62.03 -32.98 82 4
S.M.LASPIUR N -62.47 -31.70 82 4
ANDAGALA N -66.31 -27.58 80 4
TIMBUES N -60.78 -32.67 79 4
CAVANAGH N -62.33 -33.48 78 4
G.M.CAMPOS N -63.58 -37.45 76 4
G.DEHEZA N -63.80 -32.78 75 4
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PUAN N -62.77 -37.55 72 4
G.ROCAM N -55.45 -27.18 71 4
MELINCUE N -61.46 -33.65 69 4
M.CRISTO N -63.95 -31.35 68 4
S.CORRAL N -63.43 -27.93 68 4
C.ROSQUIN N -61.60 -32.05 67 4
IM.VERA N -60.68 -31.53 66 4
G.PINEDO N -61.29 -27.33 65 4
BERABEVU N -61.87 -33.34 65 4
V.D.M.R.SECO N -63.73 -29.90 64 4
FERNANDEZ N -63.89 -27.92 63 4
ALDERETES N -65.13 -26.75 62 4
BIGAND N -61.20 -33.37 62 4
PILAR S N -61.26 -31.44 61 4
A.NORTE N -68.42 -31.45 61 4
CALCHAQUI N -60.28 -29.88 60 4
M.BUEY N -62.46 -32.92 60 4
P.S.MARTIN N -60.52 -33.17 60 4
JOVITA N -63.95 -34.52 58 4
E.ESPINILLO N -68.33 -31.77 57 4
A.CABRAL C N -63.40 -32.50 57 4
OLIVEROS N -60.85 -32.57 56 4
OLTA N -66.26 -30.63 56 4
R.MAYO N -70.27 -45.68 56 4
SAAVEDRA N -62.36 -37.77 56 4
V.UNION N -68.23 -29.32 56 4
|L.LARGA N -63.80 -31.78 55 4
S.VICENTE S N -61.57 -31.70 55 4
C.LADEADO N -62.03 -33.33 54 4
C.BOGADO N -60.60 -33.32 53 4
V.MACKENNA N -64.40 -33.92 53 4
B.OVANTA N -65.32 -28.12 52 4
BERROTARAN N -64.39 -32.46 51 4
CABAL N -60.73 -31.10 50 4
S.C.CENTRO N -60.97 -31.78 50 4
TANTI N -64.60 -31.37 50 4
S.M.SUD N -62.48 -32.63 47 4
C.L.ANDES N -69.16 -33.72 46 4
MORRISON N -62.83 -32.60 46 4
G.CERRI N -62.38 -38.73 45 4
CHUMBICHA N -66.24 -28.86 43 4
ULAPES N -66.24 -31.57 43 4
BATAN N -57.72 -38.00 43 4
R.TILLY N -67.57 -45.93 42 4
FERREIRA N -64.10 -31.47 41 4
VIDELA N -60.65 -30.94 40 4
BERMEJO N -67.65 -31.59 38 4
GUAMINI N -62.42 -37.03 36 4
GUATIMOZIN N -62.44 -33.47 36 4
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INRIVILLE N -62.24 -32.95 36 4
B.MASSE N -64.97 -31.30 36 4
SACANTA N -63.05 -31.67 36 4
A.ROCA N -63.72 -33.37 36 4
CANDELARIA M N -65.74 -27.46 35 4
HELVECIA N -60.09 -31.10 35 4
V.LONGA N -62.62 -39.92 35 4
BRINKMANN N -62.04 -30.87 35 4
A.BRASILERA N -60.58 -31.88 34 4
P.D.MOLLE N -62.92 -32.03 34 4
PICHANAL N -64.22 -23.34 33 4
S.J.SUD N -61.03 -32.88 33 4
C.L.TORDILLA N -63.07 -31.27 32 4
BANDERA N -62.27 -28.89 32 4
ELENA N -64.40 -32.57 30 4
BONIFACIO N -62.25 -36.82 30 4
CHILECITO M N -69.05 -33.88 29 4
DOLORES N -57.68 -36.33 29 4
S.J.D.FELICIANO N -58.75 -30.38 29 4
DIAZ N -61.08 -32.38 28 4
[CARRERAS N -61.82 -33.60 27 4
J.POSSE N -62.68 -32.89 27 4
DEVOTO N -62.32 -31.42 26 4
NOETINGER N -62.32 -32.38 26 4
D.DONOVAN N -66.25 -33.25 25 4
E.RODEO N -65.75 -35.62 24 4
ETRURIA N -63.23 -32.93 24 4
AMENABAR N -62.43 -34.14 24 4
V.CACIQUE N -59.40 -37.68 24 4
C.QUIJANO N -65.64 -24.91 23 4
CHAZON N -63.28 -33.08 23 4
ALUMINE N -70.92 -39.24 23 4
HERNANDARIAS N -59.98 -31.23 23 4
TICINO N -63.44 -32.70 23 4
C.ALDAO N -62.10 -33.13 23 4
ACHIRAS N -64.99 -33.17 22 4
SEGUI N -60.12 -31.95 22 4
A.CABRAL C N -63.40 -32.50 21 4
IL.LNEGRA N -60.25 -36.97 21 4
MONJE N -60.93 -32.37 21 4
V.PARANACITO N -58.67 -33.72 21 4
CHAPADMALAL N -57.72 -38.05 20 4
|.VERDE N -62.41 -33.25 20 4
AROCENA N -60.98 -32.08 20 4
MALABRIGO N -59.98 -29.35 20 4
V.CABRERA N -64.28 -31.30 20 4
CERRITO N -60.07 -31.58 19 4
L.V.VICENTE N -61.03 -32.72 19 4
MEDANOS N -62.70 -38.83 19 4
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|P.D.AGUILA N -70.08 -40.04 19 4
P.PIRAY N -54.72 -26.48 19 4
SIMOCA N -65.36 -27.26 19 4
C.D.ARAUJO N -68.39 -32.77 18 4
H.BOUCHARD N -63.51 -34.73 18 4

|L.V.VICENTE N -61.03 -32.72 18 4
ORENSE N -59.78 -38.68 18 4
VALCHETA N -66.16 -40.67 18 4
L.FRANCIA N -62.63 -31.42 17 4
M.SUSANA N -61.92 -32.27 17 4
P.MORENO N -70.92 -46.59 17 4
V.ASCASUBI N -63.89 -32.17 17 4
BOWEN N -67.52 -34.99 17 4
NELSON N -60.76 -31.27 16 4
D.CAMPILLO N -64.50 -34.37 15 4
J.V.GONZALEZ N -64.18 -25.01 15 4
M.RIGLOS N -63.69 -36.86 15 4
TRANCAS N -65.27 -26.22 15 4
ACEVEDO N -60.46 -33.76 14 4
E.CHANAR N -58.82 -35.44 14 4
S.R.D.R.PRIMERO N -63.38 -31.13 13 4
SASTRE N -61.82 -31.77 13 4
C.D.UCLE N -61.63 -33.42 12 4
ALVEAR C N -56.54 -29.05 12 4
ANELO N -68.80 -38.35 12 4
P.ITALIANO N -62.83 -32.88 12 4
BELTRAN N -64.05 -27.83 12 4
CAVIAHUE N -71.05 -37.88 11 4
|ESQUIU N -65.29 -29.38 11 4
F.YOFRE N -58.33 -29.12 11 4
FORRES N -63.97 -27.88 11 4
MOCORETA N -57.97 -30.62 11 4
V.HUIDOBRO N -64.58 -34.84 11 4
BOVRIL N -59.45 -31.34 11 4
C.SECO N -67.58 -46.55 10 4
DESPENADEROS N -64.30 -31.82 10 4
I.GIAGNONI N -68.42 -33.13 10 4
L.PLAYOSA N -63.04 -32.11 10 4
L.RALOS N -65.01 -26.89 10 4
MANFREDI N -63.75 -31.85 10 4
MEDRANO N -68.62 -33.18 10 4
P.BLANCA N -65.08 -24.53 10 4
S.JAVIER M N -55.13 -27.88 10 4
S.M.D.L.ESCOBAS N -61.57 -31.87 10 4
SERODINO N -60.95 -32.62 10 4
ESQUEL N -71.32 -42.91 9 4
L.GRANJA N -64.27 -31.02 9 4
CORRALITO N -64.19 -32.03 8 4
S.JOSEM N -565.79 -27.78 8 4
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TORTUGAS N -61.83 -32.75 8 4
V.MUGUETA N -61.07 -33.32 8 4
C.NACIONAL N -68.28 -34.62 6 4
CORPUS N -55.52 -27.13 6 4
ALICIA N -62.47 -31.94 6 4
HORNILLOS N -64.98 -31.90 6 4
L.PARA N -63.00 -30.88 6 4
E.ALGARROBAL M N -68.77 -32.83 5 4
AMINGA N -66.95 -28.84 5 4
W.ESCALANTE N -62.78 -33.18 5 4
E.TIO N -62.82 -31.39 4 4
HERSILIA N -61.83 -30.00 4 4
[.C.ALTA N -65.23 -27.07 4 4
I.JUAREZ N -61.85 -23.90 4 4
IL.COCHA N -65.45 -32.62 4 4
|L.CONDORES N -64.27 -32.32 4 4
MURPHY N -61.87 -33.63 4 4
NONOGASTA N -67.51 -29.30 4 4
B.D.IRIGOYEN M N -53.65 -26.28 4 4
S.GREGORIO N -62.04 -34.33 4 4
CALCHIN N -63.19 -31.67 3 4
E.PUESTO N -67.64 -27.97 3 4
G.PIRAN N -57.79 -37.28 3 4
GOYENA N -62.61 -37.72 3 4
I.S.ANA N -65.68 -27.47 3 4
L.LAURELES N -50.72 -29.20 3 4
L.RAMADA N -64.95 -26.69 3 4
ATALIVA N -61.42 -31.00 3 4
SERREZUELA N -65.38 -30.63 3 4
V.RUMIPAL A N -64.48 -32.18 3 4
BARRETO N -63.30 -33.38 3 4
C.PELLEGRINI N -61.81 -32.056 2 4
CABILDO N -61.89 -38.49 2 4
CINTRA N -62.66 -32.32 2 4
COBO N -57.63 -37.80 2 4
ALCARAZ N -59.60 -31.45 2 4
ALDAO N -60.82 -32.70 2 4
GARRE N -62.60 -36.57 2 4
GILBERT N -58.94 -32.54 2 4
L.CASUARINAS N -68.32 -31.81 2 4
L.MERCED C N -65.66 -28.15 2 4
LAVALLE C N -59.67 -28.33 2 4
ASCOCHINGA N -64.28 -30.95 2 4
POMAN N -66.22 -28.42 2 4
PROGRESO N -60.99 -31.14 2 4
PUIGGARI N -60.45 -32.05 2 4
S.ANTONIO B N -63.25 -37.45 2 4
V.D.DIQUE N -64.47 -32.18 2 4
CONESA B N -60.38 -33.60 1 4
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|E.CARMEN N -65.48 -24 97 1 4
GOUDGE N -68.13 -34.68 1 4
L.QUIRQUINCHOS S N -61.73 -33.38 1 4
L.ROUGES N -65.45 -27.21 1 4
MANANTIALES N -65.27 -26.22 1 4
PIAMONTE N -62.00 -32.13 1 4
R.TILLY N -67.57 -45.93 1 4
S.C.D.B.VISTA N -61.82 -31.77 1 4
S.J.D.L.FRONTERA N -58.30 -30.35 1 4
SAUJIL N -66.21 -28.17 1 4
TABOSSI N -59.93 -31.80 1 4
ULLUN N -68.70 -31.47 1 4
V.COLIMBA N -65.30 -31.40 1 4
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Appendix 2: List of the CDC Costs:

Monthly max.
demmand

CDC . 50,000 100,000 150,000 200,000 250,000 300,000
BUENOS AIRES 0 0 : 0 _ 0 0 0
ROSARIO 10157 14423 18717 22797} - 26988 31000
CORDOBA 10471 14841 19449 23634 28139 - 32255
TUCUMAN 10778 15250 20165 24453 29264 33483
B.BLANCA 10395 14740 19272 23432| 27860 31951
MENDOZA 10796 15275] 20209 24503| . 29333] 33558
M.D.PLATA 10223 14594F - 18871} 22974 27230 31264
RESISTENCIA 10521 14908 @ 19566 . 23768] = 28323] 32456
G.CRUZ 10796 15275 . 20208] = 24502 29332 33557
SALTA 10921 15442 20500] 24835 29790 34057
S.FE 10237 14529 - 18903] 23011 27282 31320
CORRIENTES 10518 14904 - 19558 237589 28311 32443
S.JUAN 10798 15277 20211 . 24506 29337 33562
POSADAS 10561 14962 - 19660 23876 28471 32617
RAFAELA 10302 14616 19054 23183 27519 31579
GUAYMALLEN 10788 15264 20189 24480 29301 33523
S.TOME S 10237 14530} 18904 23011} - 27282 31321
PARANA 10221 14509} 18867 22969 27224 31258
|[CONCORDIA 10197 14476 @ 18810 22905| . 27135 31161
NEUQUEN 10813 15298 20248 245471 . 29394| 33625
JUJUY 10956 15488 20582 24929 . 299191 34197
R.IV 10431] 14788| 19355 23527 27992] 32095
V.MARIA 10364 14699 19200 23350) 27748 31829
AZUL 10146 14408 18691 22768| 26948 30956
S.D.ESTERO 10668 15104 19909 24160 28861 33043

i, 7




-78 -



Biographical Reference

Fernando Dobrusky is an MIT Master of Engineering in Logistics Candidate.
Prior to moving to Cambridge, Fernando worked as Business Analyst at the Information
Technology Services Division of the United Nations in New York. He was involved in the
re-engineering of the UN inventory, the creation of a global database for projects and the
optimization of the scheduling and resource allocation process for conferences.

Before relocating in the States, Fernando worked as the Project Leader in
Logistics Engineering in Tasa Logistica, Buenos Aires, where was responsible for
different logistic projects of the company including the centralization of warehouse’s
operations in the North of Buenos Aires and the re-organization of the cross-docking
network around the country. He also worked with Argenmag as a consultant, advising the
CEO on several organization and quality matters.

Fernando holds a M.S. in Industrial Engineering from Columbia University,
where he also was a TA for the course Supply Chain Management at Columbia Business
School. In addition, he is an Industrial Engineer from the University of Buenos Aires,
where he subsequently was an adjunct professor, teaching Thesis Project and Commercial
Logistics until moving to United States.

Fernando has been awarded the Fulbright Fellowship, the Interamerican
Development Bank scholarship, and the Barsa award. Given his academic performance
at Columbia University, he also received an award from the Japanese Government, to
visit Japan to meet politicians, business leaders and university professors.

-79 -



- 80 -



Bibliographical References

Baldacci, R., Hadjiconstantinou, E., Maniezzo, V., Mingozzi, A. (2002) “A New Method
for Solving Capacitated Location Problems Based on a Set Partitioning Approach”
Computers Ops. Res., Vol. 29, pp 365-386.

Bartholdi, J. J., Gue, K. R. (1999) “Reducing Labor in an LTL Cross-docking Terminal”
February 25, 1999, in Press.

Croes, G. A. (1958) “A Method for Solving Traveling-Salesman Problems”. 19538.
Operations Research, Volume 6, Issue 6 (Nov. — Dec., 1958), pp. 791-812

Drezner, Z., Hamacher, H. W. (2002) “ Facility Location, Applications and Theory”.
Springer-Verlag Berlin Heidelberg New York

Klincewicz, J. G. (1990) “Solving a Freight Transport Problem Using Facility Location
Techniques™ Operations Research, Volume 38, Issue 1 (Jan. — Feb., 1990), pp. 99-109

Laporte, G., Gourdin, E., Labbe, M. (2000) “The Uncapacitated Facility Location
Problem with Client Matching”. 2000. Operations Research, Volume 48, number 5 (Sept.
— Oct. 2000), pp. 0671-0685.

Levin, Y., Ben-Israel, A. (2002) “A Heuristic Method for Large-Scale Multi-Facility
Location problems” Computers and Operations Research, Article in Press.

Marin, A., Pelegrin, B. (1997) “A Branch-And-Bound Algorithm for the Transportation
Problem with Location of p Transshipment Points” Computers Ops. Res., Vol. 24, No. 7,
pp 659-678.

Websites consulted:

CIA — The World Fact book 2002 — Argentina.
http://www.cia.gov/cia/publications/factbook/geos/ar.html
Universidad Arturo Prat from Chile.
http://www.unap.cl/imagenes/inte/mapa_argentina_gig.gif

Hotel Guia. Argentina
http://www.hotelguia.com/argentina.jpg

Georgia Institute of Technology
http://www.isye.gatech.edu/~jjb/wh/book/crossdock/design.html

Microsoft Clipart
http://dgl.microsoft.com/mgolen/home.asp

-81 -



