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Abstract

This paper seeks to develop the MIXALG method as away of solving routing
problems with moderated size. This method avoids the applications of some
burdensome procedures in unnecessary situations. The resolution of real cases
serves as touchstone for testing the properties of our method. The application
of MIXALG method in this paper in order to solve some of the logistic
problems of a specific canning company, situated in Navarra (Spain), permits
the verification of good properties of method in real world.

1 General Description

This paper describes one of the most important logistic problems of a characteristic
group of agribusiness companies (canning industry) situated in Southern Navarra
(Spain). Usually, this type of companies produces frozen vegetables, in a single or
pooled way. The volume of canning vegetables amounts to 80.000 Tons per year, on
average.

Thus, a good planning of the pick-up and delivery of the company products is
needed. A concrete procedure using the Vehicle Routing Problem mode is
implemented in this paper. The vehicle routing problems have been analysed using
heuristic and exact methods. Here, we study the possibilities of the linear programming
as a tool for solving problems of distribution. Various transportation problems are
considered, making specia reference to the linear programs that permit to solve
problems of commodities distribution in companies with many constraints. The aim of
this study is to show how an application of linear programming can be usefully
employed in the overall management of logistic activities in agribusiness. Having this
goal, a model of linear programming that optimises transport costs was developed and

applied to a company dealing in canned goods.



Therefore, this paper is going to describe the implementation of the MIXALG
(MIXed ALGorithm) procedure in the routes management in companies within the
agribusiness field. This algorithm solves some Vehicle Routing Problems having
specific constraints related to canning companies. Furthermore, logistic and
transportation activities are analysed in the managerial world. MIXALG uses some
subroutines (heuristic and exact) in order to optimise the supply transportation costs and
the distribution expenses of a canning company. This article focuses on the description
and optimisation of daily transport activities, as a touchstone of decision-making. It is
very important to understand the function of transport inside a real company and the
decisions that are involved in the logistic policy. The main goal of this optimisation
process is the costs saving in routes management. On the other hand, we have as an
important constraint the arrival of the raw materials and the final products at their
destinations in time and in the quantity and quality needed.

The final results not only reduced logistic costs but also broadened the scope of the
factors that influence decision-making. The main advantage of this modd is its
flexibility because it can be applied, in a general form, to any firm that is trying to
optimise the costs of its own transport system and to employ efficiently drivers and
vehicles. Finally, the outcomes of implementation of linear programming in an

agribusiness company are presented.

2 Description of ACSA Company.

ALIMENTOS CONGELADOS S.A., whose brand name is ACSA, was founded in
1957 in the town of Marcilla® (Spain). This firm could not develop its freezing activity
until the seventies because of the lack of technical means. That is why the business of
the company focused temporarily on the canning sector during those years.
Nevertheless, at the end of the seventies, the firm began to expand and to have positive
performances. In those years, severa industrial plants were built in Spain: Perata
(1974), Badajoz (1980) and Olmedo (Valadolid) (1985). In the eighties, the company
was bought by the Bilbao Bank, along with Miko and Avidesa. Nevertheless, ACSA
never lost its independence, despite the fact that its owner had changed. Finally, the
holding company NESTLE acquired the set of firms"Miko", "Avidesa' and "Alimentos
Congelados' in March 1995.

! It isavillage with roughly 2,500 inhabitants, which is situated in the middle-eastern zone of Navarra (Northern Spain).



ACSA is devoted to production and distribution of frozen vegetables, in a single or
pooled way. Its main products are: peas, beans, cauliflowers, spinach, potatoes, carrots,
Brussels sprouts, broccoli, peppers (red, green, sliced...), sweet corn, Russian salad,
oriental salad, American salad, vegetables for soup and vegetables for paella. This wide
variety of products obliges the company to be provided with raw materials for the whole
year. But the most important crops are the pea, beans and pepper ones. The sales figures
were amost €84 million during 2002. The number of workers amounts to eight hundred
during peak production. Half of them operate in Marcilla In the Peralta, Badajoz and
Olmedo plants only staple product (clean and frozen raw material) is canned.
Meanwhile, in the Marcilla plant the final product is produced and transformed.
Actualy, the Marcilla plant is the most important factory and the rest of the plants
depend on it.

ACSA logistic activities are integrated, on the one hand, in the supply and
production sections and on the other hand, in the distribution section. Nonetheless, co-
ordination between supplying and distribution does not exist. Both aspects have
independent policies. Then, the design of collection routes and delivery routes presents
different priorities and it is impossible to combine them. This peculiarity of the
managerial structure of ACSA must be taken into account in the MIXALG method.

3 Description of MIXALG Procedure and its application to ACSA
Casein year 2003.

The qualitative analysis of the current situation of ACSA and its logistic activities
allows us to verify the special characteristics of this firm. We are going to analyze the
transport structure, knowing that almost the whole fleet of trucks is constituted by self-
employed carriers. This situation characterizes the routing activities of the company.
Supply and delivery flows are totally independent in policy and in management. It is
necessary to find the number of vehicles needed in order to pick up the raw material and
to deliver the final product, and it is also necessary to generate their optimum routes.
We are going to study the best policy of routing, knowing the transportation data for the
period August-October 2003. The choice of this period of time is related to the fact that
they are the greatest production months in ACSA and they constitute a complete
production cycle. Nevertheless, the demand has regular behavior over the whole year.
This paper depicts the ACSA routing management by means of the MIXALG procedure



and it is worth while the comparison with the analysis performed in Faulin (2003a) and
Faulin (2003Db).

3.1. General Description of the Delivery Problem at ACSA [DPACSA]

We are going to explain the main delivery problem at ACSA Company, which we will
call [DPACSA]. Some delivery actions were designed for 51 days in the period August-
October 2003. From data supplied by ACSA, it is possible to conclude the following
results:

1) Great importance of delivery transportation costs. If the trip number per year
is on average 287, then the total costs of transportation delivery will be
amost € 1.53 million (2.86% of total costs).

2) Number of trips per day. The company employs on average seven trucks per

day, and it aso utilizes some vehicles from a transport agency. This assertion
gives a general idea about the size of the fleet that the company needs with
the purpose of performing properly the pick up and delivery.

3) Use of vehicles capacity. ACSA use the capacity of its vehicles at 87% on

average, being 25,000kgs the load volume of a refrigerator truck. This
percentage is a suitable utilization of the vehicles because the transportation
of canned food is safer in vehicles not completely full, according to the
instructions of the ACSA staff. This recommendation has specifically been
observed in the ALGACEA method using the Beta filling policy (Faulin &
Gil (2002))

3.2. Management in Delivery with Transport Agencies.

3.2.1. Problem Description

The daily management tries to find out the number of trips to outline and the nodes or
places belonging to each route. Therefore, the problem to solve every day can be
described as a Vehicle Routing Problem (VRP), with the following characteristics. a)
Unknown fleet size, b) Homogeneous fleet (Refrigerator trucks loading 25,000kgs), )
Single Depot, d) Deterministic Demand, €) Delivery Management, f) Oriented Network,
g) Goa: minimizing distances. Other goals could have been taken into account such as
the minimization of number of vehicles involved, but according to the ACSA policy of
hiring self-employed carriers, which are paid per km covered, that goal is secondary in



relation to the distance associated to each trip. Furthermore, it is necessary to take into
account the recommendation depicted in paragraph 3) in section 3.1. According to that
suggestion the vehicles should not be completely full, but with a high percentage of
filling. Therefore, the only use of a general linear program for solving this problem is
not suitable: a heuristic algorithm is also needed.

For that reason, we are going to employ a heuristic algorithm (ALGACEA method,
developed by Faulin & Gil, 2002), which observes the filling recommendation of
vehicles, in order to find out the number of trucks needed and the nodes to visit in every
route. This heuristic algorithm will discover the adequate nodes (quasi-optimal) for each
truck, which will form aroute. Afterwards, a TSP (Traveling Salesman Problem) will
be solved for each route and vehicle, using linear programming techniques (the number
of customers is moderate). We will explain the precise algorithms that we are going to
employ in the following paragraph.

3.2.2. The Routing Design Process

The routing design process of ACSA must optimize the number of vehicles to involve
and find out the routes of each vehicle. Having this goal, the ALGACEA algorithm has
been applied (Faulin & Gil, 2002). We have based ALGACEA procedure on the
caculus of Clarke-Wright's savings, choosing the nodes whose saving has been
selected according to a Monte Carlo procedure. Moreover, a bounded Entropy function
manages this procedure of assigning probabilities. Similarly, ALGACEA controls the
filling policy of vehicles using a Beta distribution. Having calculated the Clarke-
Wright's savings, we can easily performed the Clarke-Wright's method (CWSA) and
compare its solutions and the ALGACEA results. Thus, we can verify that our solutions
never will be worse than the CWSA solutions. ALGACEA method is superior to
CWSA, but being a method built using Monte Carlo simulation, a concrete solution
could be worse than the corresponding solution of the CWSA. We avoid this problem
performing this comparison (Faulin, 2003b).

The optimization process was developed in eleven out of fifty-one days. These
eleven days were chosen by virtue of their importance for the company. After the
selection of the days to study, a distance matrix is built. A specific matrix is associated
to each day. (The distance matrix was generated using Visual Map 2002) Afterwards,
the delivery problems are solved applying the two chosen algorithms.

- ALGACEA method chooses the nodes using the following probabilities:
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P = ﬁ being a node i fixed
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being S the saving coefficient calculated in the CWSA.
- Clarke-Wright Algorithm obtains the savings according to the following mathematical
expressions §j =dsi+dy;-dij, where:

dy; = distance from node 1 (factory ACSA) to delivery centrei.

dy; = distance from node 1 (factory ACSA) to delivery centrej.

d;; = distance from delivery centrei to delivery centrej.

A detailed explanation about those algorithms can be found in Faulin and Gil
(2002), and Toth and Vigo (2002), respectively. Subsequently, we employed both
algorithms with the purpose of finding a quasi-optimal feasible solution. Once the
heuristic part of the MIXALG method has been concluded, we are going to improve the
routes found by means of the application of alinear program to every TSP in each route.
These TSPs can be solved by exact methods because of its moderate size. Knowing that
solution, it is possible to ask for the number of vehicles to use and the nodes for their
apposite routes.

Now, we are going to build alinear program (PGL model) to solve the TSP related
to the optimization of every route. The main formulation of TSP in heuristic or exact
methods can be studied in Gutin and Punnen (2002).

The linear program PGL has been designed in order to improve the quasi-optimal
solution conjointly generated by the ALGACEA method and the CWSA. The structure
of the linear model isthe following: @) Objective Function: minimize total distances

because the fares of the transportation agencies depend on the mileage,  b)
Constraints b1l) Demand of each delivery centre must be fulfilled, b2) Truck capacity is
a limitation for distribution policy, b3) The factory node must be included in every
route. Thus, the real formulation of the linear program associated to the MIXALG
algorithm is the following:

Decision Variables:

X = binary variables, taking the value 1 if the optimum route contains atrip from

thenode i tothenode j inthebranch k ; otherwise, the variables are zero.



Objective Function:

Min é. é. é. dinijk ().
i=1 j=1k=1

Objective function tries to achieve the minimum of whole distance of the delivery,
where d;; is the distance between nodesi and j.

Congtraints
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The set of objective function and constraints is defined as (PGL). The constraints
explanation is the following:

(1), (2) and (3): These constraints sets dictate that each node is visited just once,
starting and finishing with node 1. This is a common set of constraints in a network
problem with the purpose of avoiding repetitions in the visits between nodes.

(4) and (5): The final solution must have in each node only one branch in and out,
respectively. The optimal solution should just contain one branch between each couple
of nodes.

(6), (7) and (8): These constraints compel the branch k to finishing in node j, and
the branch k+1 to start in node j. That is to say, the fina solution must be a set of

connected paths between nodes. These sets of constraints avoid unconnected paths.



The complete explanation of the linear programs according to the variables and
constraints numbers is shown in Faulin (2003b). The outcomes obtained using the
ALGACEA algorithm and the Clarke-Wright algorithm, have been improved applying
the (PGL).

3.2.3. Final outcomes:

It is possible to see in Table 1 the total distances corresponding to the routes initially
implemented by ACSA and the solutions obtained utilizing the process outlined in
Figure 3.

Solution (I): ALGACEA agorithm application.
Solution (I-PLG): application of linear program (PGL) over the solution (I).
Solution (I1): Clarke-Wright algorithm application.

Solution (I1-PLG): application of linear program (PGL) over the solution (I1).
The MIXALG procedure has been performed using the MATLAB 6.0 for the

ALGACEA and the CWSA methods and the Industrial LINDO Optimizer for the (PLG)

model. The average time for solving the ACSA problem [DPACSA] in severd

scenarios has been 21 seconds.

Having these data, we can compare solutions and find out the best ones, observing
qualitative differences between them. In particular, the main conclusions that we can
reach from these figures are the following:

1) The best improvement percentage in the whole set of days varies in the range
[0.06%,34.24%] Generally speaking, the upshot generated by the ALGACEA
algorithm, after solving the linear programs associated to TSP, is the best option. In
fact, in al situations, the best choice is the solution (I-PGL), result of the
ALGACEA agorithm and the linear model (PGL). Nevertheless, this comparison
between ALGACEA and CWSA outcomes is not useless because in a specific case,
the first method, being a random procedure, could generate worse solutions than
the second one.

2) This paper shows the good quality of the solutions found by means of the
application of heuristic techniques in order to obtain an initial solution. That
solution has been improved by linear models in uncomplicated TSP formulations.

3) The MIXALG method makes use of the ALGACEA method which follows the
explicit recommendation of ACSA Company for avoid the complete filling of the
delivery vehicles. According to the Beta filling policy of the ALGACEA method,



the average load of the distribution trucks is around 90%. This percentage is a good

milestone for searching efficient solutions for the problemsin real business world.

Finally, the outcomes of this optimization process can be read in Table 1.

DISTANCES (KILOMETERS)

%(())T:Es)nr? ALGACEA Method Solution Clarke-Wright Algorithm Solution
SOL. % SOL. % SOL. % SOL. % Change
()] Change | (I-PLG) | Change @ Change | (1I-PLG)
Dayl | 1,755 | 2,183 |-24.38% | 1,600 | 883% | 1628 | 7.25% | 1646 | 7.25%
Day 2 4,786 4,086 | 14.63% | 4,636 | 14.63% | 4,558 4.76% 4,608 4.76%
Day3 | 11,038 8,761 | 20.63% | 10,070 | 20.63% | 10,014 | 9.28% 10,124 9.28%
Day 4 9,836 8,599 |1258% | 9,884 | 12.58% | 9,367 4.76% 9,450 4.76%
Day 5 8,409 5530 |34.24% | 6,356 | 34.24% | 8,281 1.53% 8,371 1.53%
Day 6 9,546 7,326 | 23.26% | 8421 | 23.26% | 8,127 | 14.87% 8,216 14.87%
Day 7 7,132 5050 |29.20% | 5805 | 29.20% | 5,800 | 18.69% 5,863 18.69%
Day 8 | 10,039 8,188 | 18.44% | 8,707 | 18.44% | 8,975 | 10.60% 8,992 10.60%
Day 9 8,227 7529 | 849% | 7,460 | 9.33% 7,679 6.66% 7,754 6.66%
Day 10 | 9,184 7,792 | 15.16% | 8,957 | 1516% | 9,333 | -1.62% 9,179 0.06%
Day 11 | 6,519 5198 | 20.27% | 5237 | 20.27% | 5178 | 20.57% 5,235 20.57%
INALL | 86,471 | 70,242 | 18.77% | 77,131 | 18.77% | 82,265 | 4.86% 79,438 8.13%

Table 1. Routing Solutionsfor the ACSA Délivery Problem Using the MIXALG
Method in August-September 2003.
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