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Abstract: The Capacitated Arc Routing Problem (CARP) is an arc routing problem which involves
determining a fleet of homogeneous size vehicles and designing the routes that minimizes the total
cost.  CARP with customers located along the edges of the network is an NP-hard problem and one
such problem is in the designing of household vehicle collection tours with each vehicles is limited
in its capacity.  This study proposed to develop new solution approach known as Reactive Tabu
Search (RTS) heuristic method to solve the CARP.  The RTS solution algorithm adopts a dynamic
tabu list rather than static tabu list as in the classical Tabu Search (TS).  The newly developed
algorithm had generated a good solution for solving solid waste collection problems for the city of
Johor Bahru, Malaysia.  It produced a much better results compared to the classical TS approach.  
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INTRODUCTION

The Capacitated Arc Routing Problem (CARP) is an arc routing problem which involves determining a
fleet of homogeneous size vehicles and designing the routes that minimizes the total cost.  CARP with
customers located along the edges of the network is an NP-hard problem and one such problem is in the
designing of household vehicle collection tours with each vehicles is limited in its capacity.  Even when a
single vehicle is able to service all the required edges, the exact methods have only been able to solve
relatively small size problems.  For a larger size CARP, meta-heuristics approached are normally proposed.
Lacomme et al.(2001) proposed the use of a Genetic Algorithm (GA) method to determine the fitness function
for solving CARP modeled after the municipal waste collection problem. Amponsah and Salhi (2004) proposed
a Look-Ahead Strategy (LAS) to examine the fitness function on all possible temporary edges with respect to
their likelihood, while Ismail and Loh (2009) used LAS for solving CARP. CARP has been widely studied
particularly in waste collection management. Mourao and Amado (2005) proposed a mixed CARP model for
solving waste collection problems.  They proposed a method based on the Eularian and directed network which
begins with identifying the minimum demand circuit corresponding to each node.  Unfortunately, such method
is only feasible for directed graph.  Chu et al. (2005) proposed a heuristic method for periodic CARP based
on two insertion methods (which considering decreasing frequencies and nearest insertion heuristics and two
phase algorithm.

The latest method for solving waste management problem was introduced by Bautista et al. (2008). They
proposed an Ant Colony heuristic and consider several neighborhoods by substitution, reinsertion and 3-
exchange neighborhood for the local search. They also designed two Ant heuristics that fit within the paradigm.
In this study we consider a solid waste collection vehicle tours in the Municipal of Johor Bahru, a city with
over one million houses.  It is difficult to manage the solid waste collection and disposal and it is usually
achieved by dividing the city into different districts.  A Southern Waste Management (SWM) company is given
the task to manage the integrated solid waste system and the public cleaning services.  This company involved
in the Integrated Solid Waste Management System and Public Cleaning services which specialize in handling
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household waste, commercial and non-toxic industrial waste, waste containment to collection, transfer station
to landfills and recycling and waste to energy system.  Therefore it requires a well-rounded integrated system
to ensure the effectiveness of its services.  It has a solid waste collection fleet stationed at only one central
depot. On every collecting day, a fixed number of vehicles go to the pre-defined collection route.  Currently,
the company has a fleet of over 150 collection vehicles operating daily.  A solid waste collection problem can
be formulated into CARP model (Amponsah, S.K. and S. Salhi, 2004) where the demands (garbage) are located
along the street and the garbage had to be carried by vehicle which had the fixed capacity along the route. 

In this paper, we present a new approach for solving CARP using the Reactive Tabu Search (RTS)
approach, modeled for solid waste collection problems in the Municipal of Johor Bahru, the capital city of
Johor. Tabu Search (TS) is a metaheuristics search technique that guides a local heuristic search procedure to
explore the solution space beyond local optimality and has been proven to be effective in many optimization
problems (Reeves, C.R., 1993).  RTS was chosen among others because is able to quickly explore an unknown
domain without the need of parameter tweaking (2007).

The presentation of this paper begins with a briefly describes the problem of solid waste collection and
presents the problem as a CARP.  It is a problem of serving the demand along the arc in such a way that the
cost function is minimized. The cost function is a measurement of how well the matched arcs satisfy a demand
with limited vehicle capacity. The presentation of this paper begins with the description of the problem
followed by the problem formulation, description on RTS algorithms, discussion on some computational result
and finally the concluding remarks.

The Problem Description:
Our review found that there is no open source data for CARP, thus several sets of instances were

generated to simulate real life instance of CARP in solid waste collection. The objective function which is
known as fitness function in CARP cases is to minimize the total cost while the variables involve in the data
collection and the data generations are the demand (the quantity of waste to be collected) and the calculated
cost for each arc. The calculated costs involved in the computation are labor cost, fuel cost and operating cost. 
A unit cost has been separated from calculated cost due to deadheading path (empty movement path) which
is the movement without collection of garbage.  A unit cost is not calculated for empty movement, it only been
calculated once.  So a unit cost can be added after getting the total calculated cost from the algorithm.

For this CARP, the mathematical structure is a graph where each junction is denoted by a point (node)
and lines (streets) are drawn connecting two nodes, called arcs or edges.  Associated with every line
connecting two nodes are quantity of garbage, qij and service cost, cij.  When the vehicle can service every
street which has some amount of garbage from a junction to another junction continually (starting and ending
at the same designated node, which is the depot), then the graph is said to be complete.  The total demand
serviced on the route must not exceed the capacity of the vehicle, Q (Amponsah, S.K. and S. Salhi, 2004). 
In CARP, each edge in the graph can be travelled in either direction and each vertex corresponds to a road
junction. A network model can be represented as shown in Fig. 1.

Fig. 1: Network representation.
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MATERIALS AND METHODS

The Reactive Tabu Search Algorithm:
Battiti and Tecchiolli developed an approach that dynamically determines the tabu list size during the

search process (Wassan N.A., 2006). This dynamic TS is also known as RTS. The dynamic of tabu list size
is required since a fixed size of the tabu list might drive to be trapped in a cycle of length greater than the
size list.  But if the tabu list size is set at a high value, then the search may be restricted to certain regions
and if it is set to a low value then the search may cycle itself. Therefore, a balanced tabu list size is needed
to control and run the process smoothly.

Initial Solution Generation:
The RTS starts from an initial configuration where a good-quality of the initial configuration is used as

a starting solution to obtain a good algorithm performance (2008). The initial solutions are generating by using
Cheapest Edge Method (CEM). The vehicle starts by travelling from the depot. The vehicle will move from
one node to another with the required edge not yet served in a route that has the minimum cost. If there is
more than one required edge not yet served with the minimum cost, then ties are broken arbitrarily. It will
continue until all edge has been served. When no remaining required edges can be feasibly added to the route,
the route is completed by the vehicle returning to the depot through the minimum cost of deadheading path.

Neighborhood Search Procedure:
The important part to generate the new solution is the move. The move can be described as a modification

done to the current solutions at each iteration to produce a set of neighborhood. This neighborhood is
constructed in order to identify the adjacent solutions that can be reached from any current solution.  The size
for the search neighborhood can be anything.  However it has significant influence on the result. The larger
the search size, the better the quality of the solution but it requires more execution time (Kumral, M. and R.
Dimitrakopoulos, 2008).

Fig. 2: 2-opt move.

In this study, we use three types of moves in order to define their neighborhood. There are 2-opt, insertion
and deletion.  For 2-opt, we only examine one combination in every iteration and then apply it with insertion
and deletion if it is necessary. Its mean that we need to insert necessary edge and delete unnecessary edge or
repeated arc in a new route generated to harmonize it. The best improvement is selected with the best objective
value in the neighboring solutions (Ismail, Z. and W.R. Wan Ibrahim, 2008).

The basic step of 2-opt is to delete two edges from a tour and reconnect the remaining fragments of the
tour by adding two new edges. Fig 2 shows more clearly how 2-opt were operated.Fig 2 shows the initial tour
is (x,y),(v,w) while after doing the 2-opt  modification, it becomes (x,v), (y,w). This 2-opt of move are used
in our main neighborhood structure to generate new neighborhood.  The insertion and deletion procedure also
needed to ensure the continuity of the route.

Tabu List Size (RTS Implementation):
This is also the important component in the RTS procedure and it is hard to set.  This is because the size
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of the tabu list represents its memory ability. The larger it size the stronger the memory.  However, with a
fixed list size, it is possible that the searching trajectory may form a limit cycle (if the list size is small) and
it also may cause low efficiency (if the list size is too large) (Ke, Q., G. Xu and S. de Ma, 1998).

Because of that, we focus on tabu list size as our reactive part of tabu search. We modified the tabu list
size from static changes to dynamic changes to prevent from trapping in a cycle. Therefore, the tabu list size
need to be increase if a new best solution found in order to escape from cycling and decrease if all the
movement become tabu to prevent from being too rigid.

A Diversification Strategy:
A diversification is needed to provide a wider exploration of the search space. In this scheme, the

diversification is applied when there are too many repetitions occur. This is also called escape diversification
strategy (2006). It work by undo the iteration to the first detect repeated iteration. Then search for the
neighborhood that has the same objective function value with different route and apply the move and start the
search process again.

Stopping Criteria:
Since the algorithm is open-ended, so the stopping criteria are always needed. It may run forever as the

optimum is unknown. For this problem, algorithm will stop searching right after it complete diversify on the
repetition and we also confining the maximum iteration up to 500 to prevent from wasting time. This is
because, in case if there are too many repetitions, the algorithm may run forever until it completed diversify
but in the same time the solution are not improve after such number of iteration. Since the optimum is
unknown, so the maximum number of iteration is needed.

The RTS Algorithm:
Step 1: Initial Solution Phase:
� Generating the initial solution using cheapest edge method.
� Calculating the cost, Ca, using CARP formulation.

Step 2: TS Phase:
� Set iteration, i = 1.
� Set aspiration level = Ca.

Step 3: Neighborhood Search:
� Perform a single combination of 2-opt move.
� Apply insertion and deletion procedures to harmonize the new routes.
� Evaluate move by finding the minimum cost, Cb.

Step 4: Checking the Result:
� Check whether Cb is better than Ca.
� If Cb is better than Ca then,
� Set Ca = Cb.
� Increase the tabu list size.
� Else go to (Step 6).

Step 5: Updating Tabu List:
� Update the tabu list and repetition.
� If repetition occur, go to (Step 7).
� Check for stopping rule.
� If continue, set i = i+1 and go to (Step 3).
� Else best solution outputted.

Step 6: Checking the Move:
� If the move is tabu, then,
� Search the other untabu move.
� Else go to (Step 5).
� If no more untabu move, then,
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� Apply freeing strategy, accept the move.
� Decrease the tabu list size and go to (Step 5).
� Else go to (Step 3).

Step 7: Repetition:
� Undo the iteration and randomly select different route with the same fitness function.
� Then go to (Step 3).

RESULTS AND DISCUSSIONS

The RTS algorithm is coded in C# programming language that developed using Microsoft visual studio
2005 team suite (trial) edition. The algorithm is tested on different sets of data instances. A case study was
conducted at Solid Waste Management Company in Johor Baharu, the capital city of the state of Johor,
Malaysia.  In the vicinity of Johor Baharu there are more than 1 million population and the waste management
in this city is rather complex.

Summary based on some experiment conducted to define the size of tabu list as given in Table 1. For the
problem with number of nodes less than 10 we have tabu size as 2n (where n is number of node) while for
the node size more than 10 the tabu size is n (n-3). We choose to depend on the number of nodes so that it
fit with any size of node. Mean not too small or too large for some number of node. From the
experimentation, 2n and n (n-3) was chosen among other due to the effectiveness of the result that produce
in a single run test. This tabu list size is then will be tune due to the change in a solution space. Then
diversify is apply if the repetition occurs in the search process. Start applying the diversification if the
repetition occurs for 2n times for node less than 10 and 3n times for number of node more than or equal to
10.

We conducted a survey on the practices of SWM in their waste collection problem and modeled the
problem as CARP. Based on the real world problem a set of data were generated using the values for vehicle
capacity and route with all the specified constraints. As mention before we used CEM to generate the initial
solution and we found that the RTS in almost all the time managed to find a similar solution to the initial
solution or to dive a better solution. Fig 3 shows the differences between IS and RTS while Fig 4 shows the
percentage of improvement on initial solution with various size and vehicle capacity. The results were from
using RTS algorithm on various data sets on a single run.

The percentage of improvement on fitness function using RTS is given in Fig 4. It clearly shows that not
all run will generate an improvement in the search. This is due to the already good initial solution generated
using CEM as described earlier.  But there are still have an improvement on the others because CEM is not
the perfect method to give the optimal solution.

Summary of improvement in number of problem that categorized in different size of maximum limit of
vehicle is given in Table 2. For problem categorized in group A (5 tonnes), only six instances out of 15, which
is just 40% that give an improvement compare to group C (15 tonnes), which is 66.67% from the number of
instances give an improvement. This means that, the large it size the more improvement RTS could give. This
is strengthen by the total average of percentage of improvement that group A only improve 4.49% instead
group C improve up to 7.55%.

The proposed algorithm is then compared their fitness function with other methods which are LAS and
TS. The results are summarized in Fig 5. The results in Fig 5 shows that our RTS algorithm producing high-
quality solution. It has produced equal or better solution compared with LAS and TS. This is because RTS
allow repetition in order to explore their neighborhood widely. Since heuristic method is something that we
do not know the accuracy for each solution, either it has reach an optimal solution or not, so we need to
explore the neighborhood very extensively so that we will get the best solution among a large area of their
neighborhood.
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Fig. 3: Comparison between IS and RTS.

Fig. 4: The percentage of improvement from IS to RTS.

Fig 5: Comparison with other method.
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Table 1: Tabu list size.
No. of node Tabu list size Repetition

Table 2: Number of problem improved
A B C

Number of Improved 6 9 10
% Number of Improved 40 60 66.67
Total % of Improvement 66.33 76.21 113.28
Average % of Improvement 4.42 5.08 7.55

Conclusion:
A real world problem of solid waste collection problems was considered and modeled as capacitated arc

routing problems (CARP). The optimization approach using RTS was considered for this problem and compares
the results with the classical tabu search approach. In this demonstration, the result from RTS method does
give a high quality solution for CARP compared using fitness function. This RTS algorithm is rather simple
and straightforward to implement using the reactive scheme (without any long-term memory or any other
procedure to encourage an intensification or a deep diversification), but it managed to give a much better
performance compared to TS approach. This basic investigation definitely provided a better understanding on
the powerful of RTS that will be useful for future implementation on other related problem.
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