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ABSTRACT

In an international competitive environment, where companies can sell their products all over the world,
collaboration with other companies is of utmost importance, as a means to obtain an optimal utilization of their
own resources and a competitive advantage over other supply chains. Nevertheless, in real world, most businesses
are reluctant to share demand information or future plans with others, even if they belong to the same supply chain,
the reason being that most of them see any other company as a potential competitor. This paper describes the
architecture of a collaboration system between three different echelons in a supply chain; i.e. a company, its
suppliers and customers. This system tries to provide solutions to improve the supply chain by identifying the
information that must be exchanged between nodes and developing methodologies for production and distribution
planning and scheduling in a coordinated manner. Moreover, a number of exceptions have been considered, both
in production and distribution, to make the model as realistic as possible. With regard to the production stage, this
paper attempts to solve the problem of dynamic production scheduling with multiple plants. As regards the
distribution stage, the paper presents the problem as a Dynamic Vehicle Routing Problem with time windows and
backhauls. Apart from this, we also present some meta-heuristics, which will be used to address the problems.
Finally, we expose the progress made so far, introduce several conclusions and provide some future research
related to the topic. This research is part of the PRODIS project (Grant P12011-58, funded by the Basque
Government in Spain).

1. INTRODUCTION

Traditionally, companies have focused their interest on their own assets but over the last years they have started to
broaden their scope to include other companies, since competition no longer applies to individual companies but to
supply chains. A supply chain is a network of companies which performs the functions of procurement of raw
materials, transformation of these raw materials into intermediate and finished products, and distribution of these
products to customers. Until recently, each company focused on its own business without considering the benefits that
could arise from the collaboration with other companies of the same supply chain. But in global markets, where
competition is fierce, it is more necessary than ever to promote the collaboration of the different echelons of a supply
chain in order to optimize the utilization of resources or obtain a competitive advantage over other companies.
However, in practice, the companies do not collaborate with each other for fear of revealing or sharing their private
information, among other things.

2. PROBLEM SCOPE

This article describes the architecture of a collaboration system in a supply chain consisting of 3 levels, i.e.
suppliers, company and customers. This system tries to provide solutions that benefit the supply chain as a whole by
identifying the information that should be exchanged between the different nodes and developing methodologies for
production scheduling and distribution planning in a coordinated manner. In this respect, this article contributes to
manage not only the value chain of each individual company, but also the value chain of the extended company,
because it studies in depth the implications of a change in the supply chain for other related entities. Thus, the aim is to
connect the production scheduling and distribution planning of the different entities of the supply chain in order to
obtain a better global solution.
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As far as production scheduling is concerned, each company has traditionally generated their own production
schedules statically and independently. But supply chains are subject to the so-called bullwhip effect, where
unplanned demand variations tend to increase the further they are from the ultimate customer. Equally, as regards the
distribution of orders to customers, the so-called vehicle routing problem (VRP) has extensively been analyzed. But
both dynamic production and distribution problems are gradually attracting more interest, due to its closeness to
real-life situations and potential benefits for companies. The integration of production-distribution problems has
scarcely been studied in the literature [1], [2], [3]. In general terms, these models use some simple assumptions and
work only statically, which means they are neither realistic nor useful for companies.

This research proposes an approach for production planning and distribution with the following objectives:
- Identification of the information to be exchanged between different echelons in the chain.

- Coordination with suppliers and customers to ensure availability of raw materials and adjust unexpected
production needs and untoward distribution needs.

- Exception handling in real time.

3. GENERAL FRAMEWORK OF THE SYSTEM

Demand variations and possible supply problems are inevitable, so it is necessary to ensure that the supply chain is
responsive and flexible. Therefore, a fluent information exchange between different members of the supply chain is
highly desirable. The different components of the supply chain need to cooperate with each other so as to exchange
information. This research is part of the PRODIS project (Grant P12011-58, funded by the Basque Government in
Spain). The company that has been selected for this project has multiple plants that operate autonomously and
independently, but are also able to share information and work together if unexpected events occur that requires it. In
addition, the enterprise has multiple independent and autonomous local depots, which also share information with
each other and can work together if it is necessary.

The general communication framework of this system is shown below (see fig. 1).
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Figure 1: Multi-plant enterprise with multiple local depots.
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The communication subsystems that have been identified in this framework are the following:

- The intraplant communication subsystem, in which unexpected events that can cause partial or complete
production schedule reprogramming are handled. In the same manner, the intradepot communication
subsystem, in which unexpected events that can cause partial or complete distribution schedule re-planning are
managed.

- The multi-agent interplant communication subsystem, where unexpected events occurred in a plant that can
affect other plants are handled. In the same manner, the multi-agent interdepot communication subsystem, in
which unexpected events produced in a depot can affect other depots are managed.

- The multi-agent production-distribution communication subsystem, where unexpected events occurred in
plants that may affect depots, or unexpected events arisen in depots that may affect plants are handled.

- The multi-agent supply chain communication subsystem, in which unexpected events arisen in a plant and/or
warehouse that may affect suppliers and/or customers are handled.

4, EXCEPTIONS

One of the main points of the proposed framework is that it provides exception handling in real time, giving an
almost immediate response to any unexpected event. Exceptions have been divided into two groups, namely internal
and external exceptions. Internal exceptions are related to the company and may have their origin in production or
distribution. Otherwise, external exceptions are not related to the company and may have their origin in events created
by suppliers or customers.

Table 1. Types of exceptions

Internal exceptions External exceptions

Production-related

Distribution-related

Suppliers-related

Customers-related

Machine breakdown

Vehicle breakdown

Returned material

Increase of order
quantity

Missing operator Missing driver Partial delivery New rush order
Unavailable auxiliary Unavailable customer Delayed delivery Decrqase of order
resource quantity
Suspended order Traffic delays Faulty delivery Changed due date
Repetition of faulty Damaged order Canceled delivery

items

4.1. EXCEPTION HANDLING

At this point, a brief explanation about how an unexpected event is handled by the system will be provided.

Damaged order

This event occurs when part of one or more orders are partially or completely damaged on the way from the
warehouse to the customer. This may happen when the customer or the truck driver realizes that the order has been
damaged during transportation.

Depending on the percentage of the damaged order and the possibility of reaching an agreement with the customer, the
system considers several cases:

a)

b)
c)

Only the undamaged part of the order is delivered and the rest of the order will be either re-delivered as a new
rush order or canceled, depending on the customer decision.

The entire order is delivered as a new rush order.

The customer decides to cancel the entire order.
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If there is not enough stock in the depot to cover the damaged units, this will be communicated to production
through the multi-agent production-distribution communication subsystem so as to plan the production order and
calculate the new delivery date to be proposed to the customer. This involves a new customer-related exception that is
called “new rush order”. In either of the above cases, the distribution plan will be modified in order to pick up the
damaged order and inform the affected customers about the updated distribution plan.
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Figure 2: Flowchart of a “damaged order” exception

5. DISTRIBUTION

This section will discuss how to address the problem of distribution in this project.

5.1. THE DISTRIBUTION PROBLEM

As already explained above, in this project there are two phases, the first one is referred to production, and the
second one is about distribution. The latter is responsible for delivering products to customers and it is the one that has
been selected to be explained in more detail in this paper.

In this problem we have defined a distribution network composed of multiple warehouses or depots. These depots
serve previously assigned clients, based on several factors e.g. proximity. This means that a customer will only be

served by vehicles belonging to a single depot. Fig. 3 shows an example of a possible environment comprising several
depots and customers.
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Figure 3: Multi-depot environment

5.2. SPECIFICATION OF THE PROBLEM AND REVIEW OF THE LITERATURE

The problem to be tackled is the so-called Dynamic Vehicle Routing Problem with Backhauls and Time Windows,
which is a hybrid of three different problems of routing vehicles. Below are described several features of the problem,
i.e. backhauls, time windows and dynamism.

Backhauls

Backhauls is a feature that allows customers to request either delivery or pick-up of materials [5], so that truck
capacity becomes an extremely important factor. In recent years it has been shown that much money can be saved if
we combine the two services, i.e. visiting both suppliers and consumers within the same route. The Interstate
Commerce Commission estimated that, with the introduction of backhauling, savings in the US grocery industry had
reached 160 million of dollars [6].

In this case, customers can order pick-up or delivery, but not both things simultaneously. In addition, deliveries are
done first, and then pick-up. This is so because, otherwise, a rearrangement of materials within the truck could be
necessary. This may happen for example if we put materials at the front of the truck when there are some goods that
still have to be delivered at the back. In our problem, reverse logistics could be necessary when a customer is not
satisfied with the order received, either because it is defective or because a delivery error has arisen.

Time Windows

This feature allows each client to have a time window associated [e;, 1;]. This time range has a lower limit and an
upper limit that trucks must respect. This means that vehicles have to meet customer demand within that time window.
Therefore a route will not be feasible if a vehicle arrives to any customer after the upper limit or before the lower limit.

This problem has been studied extensively throughout the history [7], [8]. One reason why it is so interesting is its
dual nature. It might be considered as a problem of two phases, the first concerning the vehicle routing and the second
concerning the planning phase or customer scheduling. Another reason is its easy adaptation to real world, because in
the great majority of distribution chains, customers have strong temporal constraints that have to be fulfilled.

Dynamism

Dynamism in vehicle routing problems is a relatively new field which many researchers have been studying in
recent years [9], [10]. Dynamism can force to update previously planned routes. This fact can be caused either by
possible disruptions or the arrival of some information that was not available at the beginning. In our case dynamism
is due to unexpected events, several of which have already been explained in the previous section.

Once one of these events occurs, distribution must decide whether to reschedule some of the routes, or accept some
delays in customer deliveries. In order to take this decision the potential costs of each of the options are calculated, so
that the least expensive option is chosen.
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5.3. OBJECTIVE FUNCTION

According to the previous concepts, we have defined a problem where customers can request either delivery or
pick-up of materials, within certain time windows. Apart from this, it covers the dynamism coming from untoward
events which may affect the feasibility of the distribution plan.

The objective function is to minimize the total cost incurred. This cost has several components that are evaluated as
follows:

Cost of vehicle utilization. For each vehicle that is used, the fixed cost of this is added
Yeent Fic Sev: X k to the function. The variable Fy is the fixed cost of each vehicle, which are grouped in

keM Tk Zijev? 20j M. inj is a binary variable which indicates whether the vehicle k has traveled between
customer i and customer j. All the nodes are grouped in V.

Cost of distance traveled. This cost is equal to the total distance traveled by each of
Teem Cre Thiey dif xi ¥ the routes, multiplied by the variable cost of the vehicle used for each path. The

keM -k Zijev i A variable Cy indicates the variable cost of a vehicle while dkij is the distance between
customers i and j.

Penalty for underuse of vehicles. For every vehicle, the load it carries is examined,
> kem PCx and a penalty is imposed if it is underused. This penalty applies to vehicles that are
loaded below 75% of its capacity.

Penalty for unfulfilled due date. In the case that, for any reason, a vehicle cannot
ey PCNS x; supply a client, a penalty on the objective function is imposed. In this case, the penalty

1ev Y will vary depending on the importance of the customer and the amount of goods that
have not been served.

Overtime cost. This cost appears if the route exceeds the capacity of the driver in
> kem HEx regular time and it is decided to apply overtime. To do this, the excess of hours is
multiplied by the cost of each extra hour.

The objective function that has been proposed for this D-VRPBTW (Dynamic Vehicle Routing Problem with
Backhauls and Time Windows) is the sum of all the aforementioned costs and is given by:

Z sz _X'EI+Z Cy Z d:{uxé{u-’_ Z PC:{"' Z PC.‘"’ESI’:‘J{"‘Z HEk
keM JEWT kEM L,jEV kEM LjEV KEM

5.4. PROPOSED SOLVING TECHNIQUES

For solving the aforementioned problem the use of three different meta-heuristics has been proposed. Two of them
are some of the most used techniques for combinatorial optimization problems throughout history. The third, in
contrast, is a novel meta-heuristic proposed as an alternative to the previous two.

The first two techniques are the tabu search [11] and the genetic algorithm [12]. The third technique, as already
mentioned, is a new population based meta-heuristic for solving combinatorial optimization problems. This new
meta-heuristic prioritizes individual improvement of each i, making crossovers between players only when it is
necessary and when it is known that it is going to be beneficial for the results.

5.5. WORK MADE SO FAR

Up to now, some tests with several vehicle routing problems have been made, applying two of the techniques that
we have been proposed to address the problem that arises for this project. The techniques that have been implemented
and tested so far are the genetic algorithm and the new meta-heuristic. The problems studied are the Traveling
Salesman Problem, the Capacitated Vehicle Routing Problem and the Vehicle Routing Problem with Backhauls.
These problems are similar to the problem that we must tackle in our research, especially the last one. The following
table shows the results obtained for the Vehicle Routing Problem with Backhauls, using multiple modified instances
of the Solomon Benchmark [13]. Beside the name of each instance appears the number of nodes it has. The table
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displays the results of both algorithms with the execution of 20 runs per instance. The objective function for each of
the problems is the sum of the distances traveled by all routes.

Vehicle Routing Problem with Backhauls

New Meta-Heuristic | C101 (75n) | C201 (58) | R101 (75n) | R201(100n) | RC101 (40n) | RC201(100n)
Average 648,73 616,31 865,39 1008,43 552,05 1106,15
Best Result 562,03 583,43 835,88 962,95 516,83 1062,46
Worst Result 663,95 647,91 902,62 1049,47 585,19 1128,29
Time 33,50 15,00 33,70 69,50 12,00 71,90
Table 1: Results of the new meta-heuristic for the VRPB.
Genetic Algorithm | C101 (75n) | C201 (58) | R101 (75n) | R201(100n) | RC101 (40n) | RC201(100n)
Average 671,10 739,09 899,35 1093,17 594,49 1184,45
Best Result 594,28 567,17 862,43 1005,35 554,17 1108,63
Worst Result 728,42 964,10 947,79 1219,29 658,00 1268,71
Time 61,80 37,40 60,50 59,40 32,50 60,50

Table 2: Results obtained by the Genetic Algorithm for the VRPB

Focusing on the results obtained by the two meta-heuristics and the difference in results obtained, it can be
concluded that the new meta-heuristic proves to be better than the genetic algorithm. It is much better in terms of
quality and runtime. Apart from this, the solutions are more regular, since the difference between the best and worst
solution is not very large. This feature gives robustness and security to the algorithm. The genetic algorithm, however,
does not show this characteristic.

6. CONCLUSIONS

In this paper, an approach for integrated planning and distribution has been proposed in a supply chain consisting
of three levels, i.e. suppliers, company and customers. The approach tries to provide solutions for exception handling
that benefit the supply chain by identifying the information that should be exchanged between the different nodes and
developing methodologies for production scheduling and distribution planning in a coordinated way.

Furthermore, a communication framework that links the different entities has been defined that consider several
communication subsystems at the intraplant, interplant, intradepot and interdepot levels. The possible exceptions have
also been categorized into four groups depending on whether they come from production or distribution, customers or
suppliers. Then, an example of an exception handling has been described that includes several possible courses of
action.

Finally, the distribution problem has been defined including an objective function. For this problem, we have
implemented two metaheuristics for solving some similar problems. After several tests, we can say that the selected
metaheuristics have obtained good results, so we can conclude that we are on the right path.
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