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Embotelladoras ARCA Uses Operations Research
to Improve Territory Design Plans
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Universidad Auténoma de Nuevo Leén (UANL), San Nicolds de los Garza, NL 66450, Mexico
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Embotelladoras ARCA is a Mexican company dedicated to the production, distribution, and sales of soft drink
brands owned by the Coca-Cola Company, ARCA, and third parties. One of the most relevant problems the
company faces is how to segment its customers into territories to accommodate the most efficient handling
of marketing and distribution decisions. This territory design must also satisfy several planning requirements,
such as territory compactness, connectivity, and balancing, and similarity with the existing design. Before 2009,
the company planners defined these units based on their experiences, without using quantitative tools, giving
more weight to the territory compactness criterion. This method of definition led to a number of undesirable
issues, including highly unbalanced territories; that is, the final plans had large disparities in size with respect
to both number of customers and total product demand. In this paper, we apply operations research methods
to determine configurations of the territorial units that ensure territory balance with respect to both number of
customers and total product demand, while complying with other important planning requirements and maxi-
mizing territory compactness. Using this methodology has resulted in significant enhancements with respect to
the territory imbalance issue while maintaining the level of territory compactness. We also highlight additional
benefits of this approach. Embotelladoras ARCA has adopted this proposed tool to make its design decisions.

Key words: bottled beverage distribution; operations research; commercial districting; basic units; mixed-integer

programming model.
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mbotelladoras ARCA was formed in 2001 by inte-

grating three of the oldest bottlers in Mexico,
and it became the second-largest bottler of Coca-
Cola products in Latin America. The company
distributes its products in the northern region of
Mexico and, since 2008, in the north of Argentina
and Ecuador. It also produces and distributes branded
salty snacks, Bokados. Embotelladoras ARCA merged
with Grupo Continental in January 2011 in a $2.3 bil-
lion exchange of stock; the resulting conglomerate is
called Embotelladoras ARCA-Continental (or Arca-
Contal) (http://www.arcacontal.com/). Headquar-
tered in Monterrey, Mexico, Embotelladoras ARCA is
dedicated to the production, distribution, and sales
of snacks and soft drink brands. The company has
soft drink sales of more than 1.2 billion unit cases
and ranks as the third-largest Coca-Cola bottler in the
world. It sells Ciel bottled water, tea, energy drinks,
and snacks, and the usual Coke brands. The mar-
ket’s large size and the relevance of several problems
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that it faces motivated Embotelladoras ARCA to
use and apply operations research (OR) models and
techniques.

One of the company’s most relevant problems
is how to segment or partition its customers into
clusters or territories to accommodate the efficient
handling of marketing and distribution decisions.
In essence, this is a commercial territory design prob-
lem (TDP). A commercial TDP may be viewed as the
problem of grouping basic units (i.e., city blocks, zip
codes, or individual customers), which we call BUs,
into subsets according to specific planning criteria.
These subsets are known as territories or districts. The
geographic definition of the problem also includes
some other spatial constraints.

In the Embotelladoras ARCA application, each ter-
ritory is served by a single resource; therefore, using
planning criteria to balance the quantity of customers
and the product demand required by the dispatch-
ers or truck drivers to cover each territory seems
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sensible. Moreover, balancing demand among the ter-
ritories to delegate responsibility fairly is often nec-
essary. To this end, Arca-Contal wishes to partition
the city area into disjoint territories suitable for its
commercial purposes. In particular, given a set of city
blocks or BUs, it wants to create a specific number of
territories according to planning criteria, such as: (1)
compactness, whereby customers are as close to each
other as possible; (2) balance, with respect to each
of two activity measures (number of customers and
product demand); (3) territory connectivity, such that
a truck assigned to a territory can deliver goods with-
out leaving the territory; (4) disjoint BU assignment,
which avoids assigning two given BUs to the same
territory; and (5) similarity to an existing plan for a
subset of BUs. That is, the main objective of solving
the TDP is to group the customers into manageably
sized territories to guarantee that BUs assigned to a
territory are relatively close to each other and meet
the aforementioned planning criteria.

We note that one of the main motivations driving
this work was the need for more balanced territories
with respect to both the number of customers and
product demand. Before we undertook this work, the
company was facing imbalances of up to 30 percent
off target. The practical implication of these imbal-
ances was that some workers (i.e., salesmen or truck
drivers) were finishing their shifts very early and oth-
ers were finishing very late, creating dissatisfaction
among the workers. The model we developed effec-
tively addresses this imbalance.

To address this TDP, we derive a mixed-integer lin-
ear programming (MILP) model and develop a solu-
tion framework based on the iterative solution of an
associated MILP model with a cut-generation strat-
egy. We implemented this with an off-the-shelf mod-
eling and optimization suite, X-PRESS from FICO™
(Fair Isaac, formerly known as Dash Optimization).
The model and solution method are integrated into an
interactive and user-friendly geographic information
system (GIS) application, MAPINFOO (http://www
.pbinsight.com /welcome/mapinfo/). This paper des-
cribes and illustrates the potential of the proposed
approach as a user-friendly decision tool in the con-
text of a case study for Embotelladoras ARCA. In the
following sections, we (1) describe in detail the prob-
lem being addressed, (2) highlight an overview of

other approaches to commercial districting problems,
(3) present a general description of the solution frame-
work, (4) illustrate the value of the approach using a
case study, and (5) discuss the practical benefits that
resulted from this work.

Overview of Related Work

Depending on the context of the problem, territory
design (TD) may be used in the same manner as dis-
tricting, which is a multidisciplinary research field
that includes several areas, such as geography, polit-
ical science, public administration, and OR. We can
generalize that TD is common to all applications
that operate with a group of resources that must be
assigned in an optimal way to subdivide the work
area into balanced regions of responsibility. Some of
these applications are pick-up and delivery applica-
tions, including waste collection, political districting,
school districting, and sales workforce TD, that are
related to geopolitical concerns. Most public services,
including hospitals and schools, are managed accord-
ing to territorial boundaries. We can mention either
economic or demographic issues that we might con-
sider in establishing a well-balanced territory.

For excellent reviews on TD and districting mod-
els, algorithms, and applications, refer to recent works
by Kalcsics et al. (2005), Duque et al. (2007), Zoltners
and Sinha (2005), and Ricca et al. (2011). The first two
papers survey the most important and relevant appli-
cations of districting problems. The last two focus on
sales and political districting, respectively.

Although somewhat related, sales districting must
locate or deploy a sales workforce to minimize costs,
such as an office lease and travel. Commercial dis-
tricting addresses finding compact territories subject
to different planning requirements. In this section,
we highlight the most relevant work on commercial
TD, which most closely relates to the problem of inter-
est. The first work on commercial TD, Vargas-Sudrez
et al. (2005), addresses a problem with a variable
number of territories; the authors aim to optimize
territory balance with respect to three activity mea-
sures (i.e., the number of customers, product demand,
and workload). They did not consider the compact-
ness criterion; they developed a greedy randomized
adaptive search procedure (GRASP), tested it in a few
instances, and obtained reasonably good results.
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Rios-Mercado and Fernandez (2009) studied a ver-
sion of the commercial TDP that considers compact-
ness and connectivity, but with no joint or disjoint
assignment constraints. Two of the most common
methods of measuring territory dispersion result from
well-known location problems: the p-center problem
(pCP) and the p-median problem (pMP). These loca-
tion problems require locating a set of p facilities
and then assigning customers to facilities to min-
imize a distance-based dispersion measure. In the
pCP, this dispersion function penalizes the largest dis-
tance of a unit to its assigned center; in the pMP,
the dispersion function considers the sum of the dis-
tance of each unit to its assigned center. Rios-Mercado
and Fernandez (2009) used the objective function of
the pCP for modeling territory dispersion. They pro-
posed and developed a reactive GRASP algorithm for
handling relatively large instances of the TDP, evalu-
ated their algorithm on 500- and 1,000-node instances,
and obtained good results. More recently, Salazar-
Aguilar et al. (2011a) developed an exact optimization
scheme for solving the TDP with double-balancing
and connectivity constraints. They used their frame-
work to solve problems with both types of disper-
sion functions: those based on the pCP and those
based on the pMP. They observed that models with a
pMP objective function had a tighter linear program-
ming (LP) relaxation; therefore, these models were
solved faster than the ones using a pCP objective. Fur-
thermore, they also observed that solutions obtained
from the relaxation of the pMP-based models had a
very high degree of connectivity. Nevertheless, the
largest instance they were able to solve for the pMP-
based models was approximately 150 BUs. In our
approach, we use a similar framework to the one they
used in their work; however, we focus on the alloca-
tion phase and aim at significantly larger instances.
Rios-Mercado and Salazar-Acosta (2011) present a
model for a commercial TDP under a routing bud-
get constraint. More recently, several approaches have
been developed for multiobjective versions of the
commercial TDP, including both exact optimization
approaches (Salazar-Aguilar et al. 2011b) and meta-
heuristic methods (Salazar-Aguilar et al. 2012, 2013).

Our model has features that extend previous mod-
els and that have not yet been addressed in the com-
mercial territory design context, such as the disjoint

assignment constraints and a similarity with exist-
ing plans. Furthermore, the mathematical structure
of our problem differs from that of earlier models,
making previous approaches inapplicable for our spe-
cific model. For example, location-allocation methods
(Kalcsics et al. 2005) have been popular in some dis-
tricting problems. In particular, these methods seem
to give reasonably good performance when the pMP
objective function is used as a dispersion measure
and single balancing constraints are present. This
method relies on relaxing the integrality requirements
of the binary variables and then exploiting the sub-
structure of an embedded transportation subproblem.
There is an important theoretical result that bounds
by p — 1 the number of fractional variables found
in the subproblem. Finally, these fractional variables
(corresponding to multiple-center assignments) are
resolved by means of a split resolution subproblem.
However, in our case, the presence of multiple bal-
ancing constraints and connectivity constraints results
in the loss of the location-allocation structure and
properties.

We note that in our problem, we assume a fixed set
of territory centers; that is, we focus on the allocation
phase of the process. This set of centers is an input to
the model, remaining fixed. By making this assump-
tion, the problem becomes more tractable because the
number of binary variables is considerably lower than
that of the model with no fixed centers. To the best
of our knowledge, no other work in the TDP litera-
ture has studied this variation. In the context of the
application, the solution to the reduced problem is
still clearly a p-partition; however, it depends on the
fixed set of centers chosen. Because the chosen set of
centers remains fixed, a bad choice of this set (i.e.,
one in which centers are relatively close to each other)
will yield a bad design, that is, a design that might be
very unbalanced or have very high dispersion func-
tion values. To mitigate this effect, this set of centers
must be chosen such that the centers are relatively far
apart from each other. We address this issue in our
solution methodology.

Territory Design Application at
Embotelladoras ARCA

TDP models and solutions are application specific;
each has its own constraints and objectives, making
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the creation of a general-purpose algorithm that
can be applied to all types of situations practically
impossible. When reviewing the literature, one can
observe that only a few papers consider TD problems
independently from a concrete practical background.
Hence, we do not observe the tendency in OR to sep-
arate the model from the application and to establish
the model itself as a self-contained topic of research.
Therefore, we introduce the TDP in the context of
Embotelladoras ARCA and present a solution frame-
work tailored for this particular application.

Our TD problem can be defined as the process
of grouping small geographic areas (i.e., BUs) into
clusters or territories. Each BU must be contained in
exactly one territory. Moreover, we require compact-
ness and connectivity for the territories constructed.
A territory is considered to be connected if we can
travel between each pair of BUs by following a path
contained in the territory. We know the number of
territories to be constructed in advance. Each BU
has two measurable attributes or activities associated
with it: (1) the number of customers and (2) the
product demand. For each BU, we know the follow-
ing information with certainty: location coordinates
(from the firm’s GIS), number of customers, and prod-
uct demand as measured by the number of 12-bottle
boxes. We compute the activity measure of a given
territory by adding up the values of each individual
BU that belong to the territory.

To manage its operations more effectively, the com-
pany operates by assigning a team consisting of a
salesperson and truck drivers to each territory. Each
territory is the responsibility of a salesperson who
takes the orders from the customers associated with
this territory. Similarly, each territory has a group of
truck drivers who operate a fleet of vehicles. There-
fore, the workload associated with a salesperson is
proportional to the number of individual orders he
or she must handle, and the workload associated
with the truck drivers is proportional to the prod-
uct demand. As we stated above, each territory must
be balanced (or similar in size) with respect to each
activity. For example, balancing the number of cus-
tomers implies a fair work distribution among the
salespersons who handle the individual orders. Bal-
ancing product demand implies a fair distribution
among the truck drivers. We model these balancing

constraints by restricting the deviation of the size
of each territory from the mean, which we call the
ideal target, to within a specified tolerance level. It is
noteworthy that only a few authors simultaneously
consider more than one criterion for designing bal-
anced territories (Deckro 1977, Zoltners 1979, Zoltners
and Sinha 1983).

Additionally, assigning some BUs to the same or
different territories might be necessary. For example,
we must assign some BUs to a specific territory, which
we call joint assignment constraints, and other BUs
to different territories, which we call disjoint assign-
ment constraints. These constraints align with either
political or strategic decisions. This modeling feature
can also be applied to consider geographical obsta-
cles (e.g., rivers and mountains). Finally, the new plan
must not differ significantly from an existing plan.
Therefore, we consider keeping a subset of BUs in
each territory of an existing design in the new design.

Note that we assume deterministic product demand
to make the problem more tractable. In the real world,
this demand is subject to some variation, which can
be seasonal; for example, demand is higher in sum-
mer than in winter. However, the demand remains
somewhat stable within a given season. Given that TD
planning changes every three months, the determinis-
tic assumption for the demand seems reasonable. We
developed an MILP model (see the appendix) to solve
this problem.

Solution Framework Overview

In this section, we present a solution strategy for solv-
ing the allocation model (AM) given in the appendix.
One major difficulty is the exponential number of con-
nectivity constraints, as constraint (5) shows, imply-
ing that writing them out explicitly is practically
impossible. Therefore, we consider instead the AM
relaxation (AMR), which consists of relaxing these
connectivity constraints. Our method’s basic concept
is to solve the AMR and check if the solutions ob-
tained satisfy the connectivity constraints. To deter-
mine the violated connectivity constraints, we solve a
relatively easy separation problem and add these cuts
to the AMR. This procedure iterates until no addi-
tional connectivity constraints are found; therefore, an
optimal solution to the AM is obtained. The solu-
tion’s optimality is guaranteed because the separation
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function method()

Input: A problem instance.

Output: A feasible solution X.

1 Solve model AMR and obtain solution X.

2 Identify a set C of violated constraints of model
AM for solution X.

3 If |C| > 0, add these constraints to model AMR
and go to Step 1.

4 Return X.

end method

Figure 1: This figure shows the steps in the pseudocode of the solution
procedure.

problem for identifying violated cuts is solved exactly.
Figure 1 depicts a general overview of the method.

In Step 1, we use a branch-and-bound method (be-
cause we are not relaxing the integrality requirements
of the binary variables). This approach is motivated
because the AMR can be solved optimally by cur-
rent branch-and-bound methods relatively quickly for
relatively large instances. For example, 2,000-node
instances can be solved in a few seconds of CPU time
using a personal computer. In addition, identifying
and generating the violated cuts in Step 2 can also be
performed in polynomial time, such that the overall
procedure may be suitable, provided that the num-
ber of iterations needed to reach optimality is not
too large. The algorithm gives an optimal solution
for the AM.

That we are assuming a fixed set of centers is fur-
ther exploited to develop several algorithmic strate-
gies for speeding up convergence. Some strategies
implemented include (1) variable fixing at prepro-
cessing that allows for identifying and fixing BUs
that are far away (close to) territory centers at 0
(1), and (2) strengthening connectivity constraints by
adding to the relaxed model (a polynomial number
of) some connectivity constraints that prevent form-
ing unconnected territories of size 1 (which are the
most commonly found in a disconnected solution from
the relaxed model). An accompanying paper (Rios-
Mercado and Loépez-Pérez 2013) fully describes and
widely tests all these strategies. One interesting obser-
vation is that depending on how these variables
are fixed in advance at 0 or 1, a natural trade-off
exists between algorithmic efficiency and solution
quality. In a preliminary study (Rios-Mercado and

Lépez-Pérez 2013) we empirically show how a signif-
icant number of these binary variables can be fixed
in advance, thus allowing the method to find near-
optimal solutions, and in many cases, global optimal
solutions.

Case Study

We implement the solution framework using the
X-PRESS MILP solver and language capabilities from
FICO. We executed the solution using a personal
computer with two Intel core processors at 1.4 GHz
and a Windows XP operating system. To assess the
proposed method and illustrate its usefulness, we
use some real-world instances of 5,000 BUs and
50 territories.

According to our solution procedure, some data are
required as inputs to the solution method. Therefore,
we performed the following tasks.

* We created a geodatabase layer with the set of
points representing the BUs to be clustered into ter-
ritories. To develop this database, locating all cus-
tomers was necessary. Salespersons with handheld
equipment performed the data collection. They vis-
ited all customers in the city of Monterrey (approxi-
mately 65,000) and used a GPS device that received
latitude and longitude coordinates to mark points rep-
resenting each customer.

* Using a simple GIS application, we aggregated
all these customers into a number of 5,000 BUs. Each
BU corresponds to a physical block in Monterrey.

* We developed an infodatabase layer containing
the two activity measures (attributes) for each BU.
As previously mentioned, these are (1) the number of
customers and (2) product demand.

* We set the number of territories the end user
requires to construct this study to p =50.

Prior to the development of this tool, the significant
amount of territory imbalance with respect to both
the number of customers and total product demand
was a key issue. The planners constructed the designs
by hand, based on experience. Basically, the heuristic
solution generated by the company involved (1) mak-
ing a guess regarding p city blocks to act as terri-
tory seeds, and (2) assigning the remaining BUs to
its closest seed (i.e., making the compactness criterion
play a major role in this operation). Then, by look-
ing at the GIS representing the solution, an operator
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manually adjusted some bordering BUs by moving
them to an adjacent territory if she or he observed an
improvement in terms of the balance of the number
of customers and demand. Nevertheless, this was a
cumbersome process that usually resulted in designs
with a very high degree of imbalance among terri-
tories (2025 percent) with respect to both the num-
ber of customers and product demand. Of course,
this caused dissatisfaction among the teams assigned
to different territories. Recall that the ideal target for
each activity is the sum of the individual activity
values over all BUs divided by the number of ter-
ritories. With the explicit modeling of the balancing
requirement, we can now achieve feasible designs
with deviations from the ideal target of within 10
percent (in some cases, within 5 percent), keeping
approximately the same level of the territory compact-
ness measure. This model resolved one of the major
issues that the company faced.

To illustrate how we improved the existing design,
we compare the original plan with the new plan,
which the tool we developed generated, in a
5,000-BU, 50-territory instance. Figure 2 shows two
charts. The upper chart plots the distribution of the
number of customers; the lower chart plots the distri-
bution of product demand for both the old and new
designs. The dashed lines depict the 5 percent tol-
erance limits. The figure shows that the disparity in
size among the territories under the previous design
was very large with respect to both activities. This
disparity contrasts significantly with the new plan’s
efficiency. Under the new plan, this deviation falls to
within 5 percent for all territories.

Figures 3 and 4 display the graphical solution of
the previous design and the new design, respec-
tively. Note that the previous design is infeasible with
respect to the tolerance level of 5 percent because it
has some territories with deviations from the ideal
target of up to 25 percent, whereas the design that
our solution generated is always feasible under a tol-
erance level of 5 percent. The legend next to the graph
indicates the number of BUs in each territory. We
solved the problem in a few minutes using the tool
we developed.

Our tool is also useful to assess the natural
trade-off between balance and territory compactness.
To illustrate this, we solved the 5,000-BU, 50-territory
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Figure 2: This figure shows a comparison between old and new design in
terms of number of customers (top) and product demand (bottom). The
charts plot the distribution of the corresponding activity measure for each
of the 50 territories. The tolerance limits are depicted as dotted lines.

problem instance for the following values of the
user-defined tolerance: 5, 6, 7, 8, 9, and 10 percent (see
Figure 5). We can observe that these measures conflict:
as a tighter (smaller) value for the balance-constraint
allowed tolerance is attempted, the dispersion mea-
sure value increases, and vice versa. Therefore, our
method becomes a valuable tool for evaluating dif-
ferent solutions in terms of these two factors. When
the tolerance changes from 10 percent to 5 percent,
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Figure 3: This figure displays the previous territory plan used by Embotelladoras ARCA in Monterrey.

the dispersion increases by approximately 2 percent.
In real-world operations, this 2 percent gap means that
each worker requires more travel distance (i.e., longer
working times).

Implementation Challenges

One of the major challenges was the geographic
codification of the customer database. The database
maintenance required the addition of specific man-
agement and codification modules. At the begin-
ning of the project, we had to assign this task to
the presales employees, given the scarce amount of
human resources. We also had to involve the human
resources department and make an arrangement with
the presales employees to add labor compensation.
This was a political challenge because of the time and
cost required, but we resolved it satisfactorily. The
limited functionality of MAPINFO, the company’s
GIS system, was also a technical issue. This tool was

useful for viewing some planning results; however,
it did not offer any type of functionality in terms of
scenario generation or problem optimization. Thus,
we integrated the model into MAPINFO to achieve
practical functionality for the end users.

Several technical issues arose during the implemen-
tation of the new designs. Initially, the major chal-
lenge was to reduce the many territory imbalances.
We achieved this by incorporating the balancing con-
straints into the model and defining an appropri-
ate value for the tolerance parameter. Planners were
reluctant to approve major changes because they felt
comfortable with the manual designs they had been
using for several years, although these designs had
25 percent deviations from the target. However, when
the designs that our proposed tool generated showed
deviations of 5 percent from the target, we could make
a strong case to upper management to use this tool.

The last problem was the issue of realignment. An
earlier version of the model did not consider this
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issue; thus, some of the optimal designs obtained
differed greatly from the existing design. From a
practical standpoint, drastically changing the origi-
nal design might have a negative side effect, because
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Figure 5: This figure plots the trade-off between the balance constraint
tolerance parameter and the dispersion measure value.

many customers have established long-term relation-
ships with the team (salespersons and truck drivers)
responsible for serving them. We accommodated this
requirement by incorporating a penalty term into the
objective to penalize for differences from the existing
plan. However, a small number of customers near the
territory borders could be switched from one territory
to another. To keep these customers happy, the com-
pany might offer them some special promotions or
discounts on certain products.

Benefits

We integrated our model into an advanced interactive
tool based on the MAPINFO application, achieving a
practical functionality for end users. This GIS environ-
ment can be used in different contexts. At the oper-
ational level, it represents a valuable tool to quickly
produce and deploy different solutions. At the tactical
level, it can be used to simulate alternative scenarios
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and evaluate the impact of changes in territories.
Identifying the interest of the end user with respect
to how our model can easily take into account exist-
ing territories is important. In particular, we designed
the model to consider any prescribed and forbidden
assignment of BUs. This means that one can impose
some fixed territory centers or BU allocations, which
must be taken into account, to territory centers. All
these features can be extended for any case in which
some territory information is present at the beginning
of the planning process. Because the issue of territory
realignment is crucial for customer satisfaction, it is
an important feature for the company. Thus, the com-
pany recognizes how our model efficiently accommo-
dates system changes, such as customer additions or
dropouts, and attempts not to significantly disrupt the
previous design.

From a business standpoint, we developed and
implemented the TDP application at Embotelladoras
ARCA to optimize the distribution operation to the
end customers. This is the first OR application that it
has implemented. The company notes that the overall
results have been very positive, and its senior man-
agement recognizes the value of the features included
in the implemented OR model. The project was a
major challenge, requiring a great deal of thought
and effort. The first plans for territory design sug-
gested by the optimization model were implemented
in mid-2010. Throughout the ramp-up and launch of
the project, we analyzed the plans for distribution
operation. Subsequently, the project has resulted in a
significant increase in productivity and direct savings
for the firm. Next, we list some of the benefits that
were achieved as a result of this project.

e Identification of a rational set of activity mea-
sures to target and balance each truck resource. This
results in an optimal fleet of trucks, drivers, and
salespeople.

* An increase in efficiency and effectiveness in the
planning process is required to set up territory and
route designs. The typical fully manual planning pro-
cess time was reduced from two weeks to less than
an hour using the new OR application, permitting the
company to dynamically refine its capacity each sea-
son. As a result, it has achieved an optimal capacity to
satisfy demand in each territory with an optimization
of 30 delivery routes in the Monterrey metropolitan

area. This represents a 15 percent reduction from the
original number of routes.

¢ Streamlined truck capacity aligned to a new end-
customer distribution strategy. The added through-
put allows the firm to defer trucks and equipment
investments that were originally allocated to the prod-
uct routing. The investment savings for trucks was
approximately 8 percent of the entire fleet.

* Identification and implementation of an opti-
mal cost of service, depending on each route model
type. This allowed the firm to set an optimal fre-
quency for customer delivery operations; the benefits
were less travel time between customers and a 5 per-
cent increase in product volume delivered per route
per day.

¢ Elimination of territory overlapping. As a result
of the connectivity-constrained featured model, we
have eliminated territory overlaps, and the territo-
ries are now more appropriately defined in geo-
graphic terms. Determining which salesperson should
be responsible for a new customer (or handle a
dropout) is now easy. The company is now able to
better define areas of responsibility and loading.

¢ Improved territory compactness. Because the ter-
ritories are more compact, the total travel time has
decreased, improving the productivity of the distrib-
utors. In addition, improving the compactness mea-
surement has allowed managers to reduce the number
of trucks available to the distributors.

¢ Improved balance with respect to the two activ-
ity measures. Our model features a small territory
tolerance of approximately 5 percent in the lower
and upper bounds for the two activity measures. The
after-alignment structure is more balanced than the
former structure. The standard deviation of the num-
ber of customers per territory or the level of workload
for each salesperson decreased on average by 24 per-
cent. This alignment allows for an increase in the level
of service to the end customers. The company esti-
mates a 3 percent sales increase as a direct benefit of
the new territory alignment.

* Value at the strategic level. The approach dis-
cussed in this paper focuses mostly on the model’s
operational aspects; however, the model might also be
useful at the strategic level. For example, in this work,
we assume a fixed value for the number of territories;
however, a sensitivity analysis might be conducted as
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a function of the number of territories to assess the
effect on the final design in terms of planning crite-
ria, such as compactness and territory imbalance. The
results of this analysis might provide a more appro-
priate value for the number of territories.

In addition to these business benefits, the new OR
model will allow the company to speed up some other
route-to-market initiatives of special interest among
Coca-Cola bottlers worldwide. The proposed model
approach can extend the basic model to address other
specific business rules or additional planning criteria.
Some of these issues can be easily modeled as activ-
ity measures on the BUs. Overall, we have provided a
valuable tool for a more efficient territory design plan
based on the company’s business requirements. Our
model can manage very large problem instances—
instances even larger than 10,000 BUs. Currently, the
firm is using our model to obtain a business solution
with significant benefits.

One important lesson we learned was that in addi-
tion to finding a way to improve existing designs,
the implementation of this project helped achieve
a closer working relationship among different com-
pany departments that were unaccustomed to work-
ing together. This benefit, of course, represents an
aggregated value for the company.

Final Remarks

In this paper, we have addressed a territory design
problem as a critical component of the operational
planning process in sales and services companies.
Many logistics problems that are found in the ser-
vice industry can be modeled as a TDP. TDPs are
multidisciplinary and have been widely studied in
the OR literature. However, because a real-world
TDP includes logic and many business rules beyond
those addressed in mathematical models in the liter-
ature, solving it poses a significant challenge for both
researchers and practitioners. In particular, some busi-
ness rules, such as territory connectivity, are fairly
complex to address. We particularly emphasize a
business application case at Embotelladoras ARCA.
Using a real-world application from the service indus-
try, we present a richly featured TDP model. We
include some extensions that are common to some
problems encountered in the industry. Because of the

characteristics of a TDP, obtaining solutions that are
based on concrete business requirements within a rea-
sonable computational time is also challenging. Fur-
thermore, field employees who will deploy the TDP’s
solution may have to pay more attention to the solu-
tion’s feasibility in practice than they would to a
purely optimal solution in terms of mathematics.

Our TDP instance is motivated by a real-world
application in the soft drink industry. In particu-
lar, addressing very large-scale problem instances is
of interest. We identify and discuss several differ-
ent objectives and constraints in the TD process.
To address these simultaneous and conflicting objec-
tives, we develop an MILP-based solution framework
to accommodate the particular business requirements.
The proposed framework incorporates some algo-
rithmic strategies that permit solving the problem
more efficiently. Our implementation is based on a
cut-generation strategy that solves a relaxed model
(relaxing the exponential number of connectivity con-
straints) and then iteratively identifies and adds vio-
lated cuts by solving an easy separation problem.

The proposed model addresses both the difficul-
ties embedded in the typical TDP problem and also
some practical concerns about predefined and (or) for-
bidden joint assignments of BUs. Preassigned or for-
bidden requirements arise from business issues, such
as territory realignment. From a practical standpoint,
the issue of territory realignment focuses on how the
model might efficiently accommodate changes, such
as customer additions or dropouts, without signifi-
cant disruption of the previous design. With respect
to our industrial experience and end-user perspec-
tives at Embotelladoras ARCA, we believe that our
model can be applied in quite different settings, such
as sales territories, locations of new stores in a chain,
and delivery areas for distribution. In summary, our
model and approach are capable of solving very
large-scale real-world TDP instances. Embotelladoras
ARCA has successfully used it and has received many
benefits as a result.

Appendix. The Model for the ARCA Territory
Design Problem
Let

e V be the set of BUs, |V|=1n;

* E be set of edges representing adjacency between BUs;
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* V_ be the set of territory centers, |V, | =p;

e A={1,2} be the set of BU attributes corresponding
to the number of customers (@ =1) and product demand
(a=2);

® c(k) denote the index of the territory center k;

d;; be Euclidean distance between BUs i and j;

w! be the value of attribute ae Ain BU ie V;

w' (Vi) = Yiey, w!, the size of territory Vi, C V with
respect to activity a € A;

e u*=w"(V)/p be the average size (and therefore target
value) of activity a € A;

e Ni={jeV: (i, j) € E} be the set of BUs adjacent to BU
ieV;

* H be the set that contains all pairs of BUs that must
be assigned to different territories;

* F' be the prespecified subset of BUs associated with
center i from an existing plan;

* g;; be the penalty term for not assigning BU j to center
i€V, equal to 0.5d; for j e F';

* 7 be the user-specified tolerance parameter for activity
aeA;

* « be the user-specified parameter for setting a mini-
mum threshold on the number of BUs that must be assigned
from the existing plan.

The decision variables are defined as x;; =1 if the BU j is
assigned to a territory with a center in i, and 0 otherwise;
ieV,, jeV. Note that x;; =1 implies that BU i is a territory
center.

Allocation Model (AM)

ieV, ieV,
jev jeF!
subject to ) x;=1 jeV, @
ieV,
Ywixg <(1+7u" i€V, ae4, 3)
jev
Ywivy = (1-m)u' iV, ac4, (4)
jeV

Y xi—Y x=1-|S| i€V,

jeuz7eSNv\5 j€S

SCVA\(N'U{i), (5
xj+xu <1 i€V, (j,h)eH, (6)
szij2a|uip‘/ @)
i€V, jeF!
x;=1 ieV, 8)
x;€{0,1} ieV, jeV. 9)

Objective (1) incorporates a term that measures territory
dispersion and a term that favors the assignment of a sub-
set of BUs from the existing plan. Constraints (2) guarantee

that each BU j is assigned to a territory. Constraints (3)—(4)
represent the territory balance with respect to each activ-
ity measure, because they establish that the size of each
territory must lie within a range (measured by tolerance
parameter 77) of its average size. Constraints (5) guarantee
the connectivity of the territories. These constraints, taken
from Rios-Mercado and Fernandez (2009), can be explained
as follows. Let S € V\(N'U{i}), that is, a subset whose BUs
are not adjacent to center i and its adjacent neighbors N'.
Note that if at least one BU j in S, which is not assigned to
territory center i, exists, then the second term of the left side
becomes strictly less than |S|, making the constraint redun-
dant. When all BUs in S are assigned to center i, then the
first term on the left side must be greater than 1, that is, at
least one BU k surrounding S that must be also be assigned
to center i exists. Recursively applying the same rationale
to the set SU {k} results in a territory connected to BU i.
Note that an exponential number of such constraints exists.
The disjoint assignment is represented by constraints (6).
Constraints (7) ensure that at least a minimum number of
BUs from the existing plan are assigned, where « is usually
set between 0.10 and 0.20 in practice. Constraints (8) fix the
territory centers. The choice of the values of parameters g;
and « is not entirely arbitrary. Here we have used values
that have shown better results in preliminary work and that
are somewhat reasonable in a practical setting.

Allocation Model Relaxation (AMR)

Given the exponential number of connectivity constraints,
constraints (5), for our solution procedure, we consider the
relaxation of these constraints and call this relaxed model
AMR. Note that the integrality constraints are kept.
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Verification Letter
Jose Luis Gonzalez Garcia, Marketing Vice-President, ARCA
Corporative S. A. de C.V., Monterrey, Mexico, writes:

“] am pleased to write this letter to verify that Embotel-
ladoras Arca, a leading Coca-Cola bottler in Latin America,
has been using an Operations Research Model developed in
house by a team led by Fabian Lépez, Ph.D., to optimize
its product distribution to end customers, with outstanding
results. The territory routes designed with the OR model,
in use now for over eight months, have yielded substantial
benefits:

e “Higher productivity in planning routes. The time
involved in the planning process was reduced from two
weeks to a single day. This permitted Arca to fine tune its
capacity by season, on a dynamic basis.

* “Identify and implement an optimal cost of service
depending on route to market model type. This allowed
ARCA to set an optimal customer delivery frequency, yield-
ing less travel time between customers and a 5 percent
increase in volume delivered per route per day.

* “Streamline truck capacity to align it to our new distri-
bution strategy. The added throughput allowed us to defer
investments on trucks and other equipment.

* “Helped speed up other route-to-market initiatives in
ARCA, a key need among bottlers.

“Accordingly, I would like to recommend this OR contri-
bution as an excellent case for publication in your journal.
With this letter I confirm that Arca has been using the model
continuously and profitably since last year [2009]. Feel free
to contact us if you require additional information.”
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