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Abstract.�The�optimization�of� solid�waste� collection�circuits� is�one�of� the�applications�of� the�Capacited��
Arc�Routing�Problem.�This�article�addresses�this�topic,�summarizes�and�compares�the�different�research�and�
methods� that� have� been� used� to� solve� this� famous� problem.� And� concluded� with� an� effective�method� on�
which�will�be�based�the�design�of�a�computer�optimization�tool.�

1�Introduction�
The problem of solid waste collection is one of the most 

serious issues of concern to communities and garbage 

collection companies. It is a sector that represents a 

significant expense but receives little attention.

Indeed, our way of life and consumption leads us to 

produce more and more waste, which we have to 

manage. Logistics and waste transport are an essential 

element of this waste management in the same way as 

their methods of recovery or disposal, because of the 

mass and volumes concerned, the technical means put in 

place, the costs generated, or the energy consumption 

and emissions of pollutants generated. 

The optimization of this management is the optimization 

of waste collection circuits. It will effectively reduce the 

cost of waste management and reduce the impact on the 

environment. 

This complex problem is part of the Arc Routing 

Problems. The road network is represented by a graph in 

which each arc or edge (street) must be served at least 

once, the objective is to find a minimum cost cycle (or 

circuit) passing at least once through each arc or edge of 

the graph. This problem is well known in operations 

research under the name of the Chinese Postman 

Problem (CPP). 

To be more realistic, several constraints are to be added 

to the Problem of the Arc Routing Problem. In the case 

of solid waste collection, it is the capacity constraints 

that must be taken into consideration. We are talking 

about the CARP '' Capacited Arc Routing Problem ''. 

2�Problem�definition�and�formulation�
CARP was introduced by Golden and Wong (1981) [1]. 

The basic problem is usually defined in the literature on 

an undirected graph. The nodes include a depot where a 

fleet of identical vehicles of known capacity is based. 

Each edge has a crossing cost and a demand. Non-zero 

request edges must be crossed to be processed. CARP 

consists in determining a set of tours with a minimum 

total cost (this cost does not take into account the cost of 

ownership of vehicles), such as :  

- Each tour, provided by a vehicle, begins and ends in 

the depot;  

- Each edge can be crossed several times, by the same 

tour or different tours, but it must be processed by a 

single tour and in a single crossing; 

- The sum of the requests processed (quantities of waste) 

by a tour must not exceed the capacity of the vehicle. 

 

The basic problem can be formulated as follows:

 

 = number of times that one crosses the edge (vi, vj) 

with the vehicle k without serving it. 

 = 

 
The wording of the problem is as follows 

 

Minimize                     

(1) 

Under the constraints: 
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With :  

- The constraint (2) ensures that only edges with 

positive demand are served.  

-  Constraints on vehicle capacity are given by (3).  

- The constraint (4) means that if (vh,vl) is an edge 

served by the vehicle k such as vh, vI €S, then S must be 

connected to the other edges served by the vehicle k.  

- The constraint (5) ensures the return to the 

repository if you visit a subset of vertices S that do not 

contain it by entering the integer variables zk
s, k = 1, ..., 

m, S ϲ V - {v1}. This is because S must be connected an 

even number of times to V-S. 

 

3�Methods�of�resolution�and�literature�
�
CARP is an NP-hard problem, most resolution methods 

are based on heuristics and meta-heuristics. 

Nevertheless, exact algorithms have been proposed but 

can only solve small problems. 

 

3.1�Exact�methods�
 

Exact methods have been based on CARP formulations 

in the form of linear integer programs (Golden and 

Wong (1981) [1]), using Branch and Bound algorithm 

(Hirabayashi et al. (1992) [2]), using the Cutting Planes 

(Belenguer and Benavent Method (2003) [3]), 

transforming the problem into a Node Routing Problem 

(Baldacci and Maniezzo (2006) [4] and Longo et al. 

(2006) [5]) etc. but these methods can only solve 

problems of limited size. 

 

However, heuristics and metaheuristics remain the most 

effective methods for dealing with the most complex 

networks, these methods make it possible to give correct 

solutions to the problem even if they do not guarantee 

optimality. 

 

3.2�Heuristics�
 

The most used heuristics to solve the CARP are: 

��The Algorithm Construct and Strike which was 

developed by Christofides (1973) 

��Augment Merge Algorithm proposed by Golden 

and Wong (1981) 

��Path Scanning algorithm presented by Golden et 

al (1983) 

��Parallel insertion algorithm developed by 

Chapleau et al (1984) 

��Route First, Cluster Second Algorithm developed 

by Ulusoy (1985)  

��First-route second cluster algorithm Proposed by 

Benavent et al (1990) 

 

3.3�Metaheuristics�
 

Metaheuristics are powerful and evolved heuristics. The 

metaheuristics published for the CARP are: 

 

- Tabou Search method (TS) : introduced by Fred W. 

Glover in 1986, it is a local search method combined 

with a set of techniques to avoid being trapped in a local 

minimum or the repetition of 'a cycle. This method has 

been applied to CARP by Hertz et al. (2000) [6] and 

Brandao and Eglese (2008) [7]. 

 

- Simulated Annealing method (SA): a combinatorial 

optimization method derived from physics inspired by 

steelmaking techniques to cool the metal: We heat a 

metal and then let it cool slowly, which allows to 

increase the degree of freedom of the atoms in order to 

reach a new dynamic state. Based on this principle, the 

simulated annealing method increases the degree of 

freedom by allowing degradation of the solution. The 

idea is to start from an initial solution chosen at random 

and to test if it respects all the constraints. If this is not 

the case, we slightly modify the solution so that it 

respects them. Then we examine the neighboring 

solutions. In order to be able to exit possibly from the 

local optimum, one accepts a degradation of the solution 

in a probability inversely proportional to the amplitude 

of this degradation. Thus, the greater the degradation is 

less the chance to retain this solution is high. Then, as 

one moves forward in time, it becomes more and more 

unlikely to accept degradation. The fact that a point can 

be accepted sometimes even if it gives a value of the 

function greater than the previous value allows the 

algorithm to leave local minima and possibly converge 

towards the global minimum. The algorithm ends when a 

predefined stopping criterion is reached. 

 

- Genetic Algorithms (GA): Genetic algorithms are 

exploration algorithms based on the mechanisms of 

natural selection and genetics. They use both the 

principles of survival of the most suitable structures, and 

random information exchanges, sometimes guided, to 

form an exploration algorithm that has some of the 

characteristics of human exploration. This method was 

developed by John Holland in 1975. It was later 

formalized by Goldberg (1989) to be applied to solving 

optimization problems. 

An GA models the process of collective evolution of a 

population of individuals to adapt to an environment. 

Each individual will represent not only one point in the 

solution space of the problem, but also contain the 

current knowledge of the individual in relation to the 

environment. The main concern of GA research is to 

improve the robustness and the balance between 

performance and cost necessary for survival in many 

different environments by applying three operators: 

selection, crossing and mutation. 

The procedure of the genetic algorithm is described as 

follows: 

��Generate a population of solutions 

��As long as the stopping criterion is not met: 

o Select in the current population all parents 

o randomly classify all parents in pairs and apply a 

cross to produce the child vectors 

o Apply a mutation, that is, a random change, to a 

random number of offspring 

o Assess the offspring 

o Create the new population from the previous 

population and children 
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o Eventually, remove individuals with poorer 

performance. 

The procedure usually ends when the number of fixed 

iterations, here the number of generation created, is 

reached or when the population can not be improved. 

The first genetic algorithm to solve the CARP was 

proposed by Lacomme et al (2001)[8]. In 2002 this 

algorithm was extended to treat ECARP (Extended 

CARP), SCARP (Stochastic CARP) and PCARP 

(Periodic CARP) by Wahiba Ramdane Cherif [9].  

In 2018, Arakaki et al. proposed a hybrid genetic 

algorithm to solve the problem of open CARP [10]. 

 

- Ant Colony Optimization (ACO): This is a recent 

algorithm that has been proposed for the first time by 

Dorigo et al. (1996) [11] to solve the Traveling Salesman 

Problem. This method is inspired by the behavior of 

ants. These almost blind insects still manage to find the 

shortest way between their starting point and food 

through a form of learning and a means of 

communication: the pheromone. Pheromone is a 

substance deposited in varying quantities by a moving 

ant. Thus, the more ants use the same path, the more 

pheromones there will be, and the more likely it is that 

the next ants will pass. 

To solve the CARP , the first ant algorithm was 

formulated by Lacomme et al (2003) [12], their work 

was based on the use of constructive heuristics to 

provide three good initial solutions and the improvement 

of local search solutions at the end of each iteration. This 

method has proved to be competitive with the best 

published taboo method [6] but not as effective as the 

genetic algorithm of Lacomme et al.[8]. 

In 2009, Kansou et al. addressed the CARP problem 

with several depots (MD-CARP) [13]. They developed 

two ant colony approaches: a hybrid approach with two 

steps : optimizing the order of tasks for insertion by 

optimizing ant colonies and insertion of tasks by a 

heuristic backup method. A generalization of the Ulusoy 

method is integrated into the optimization of the ant 

colony in the second approach. The results show the 

performance of the proposed methods. 

Santos et al (2010) presented a metaheuristic for CARP 

based on ant colony optimization [14]. Changes was 

introduced for various components of ant colony 

methaheuristics mainly to the "initial population", the 

"ant decision rule" and the "local search procedure". 

In 2011, Chen et al. developed a hybrid ant colony 

optimization algorithm to solve ECARP [15]. The 

algorithm was tested on four sets of reference problems 

containing a total of 87 instances with up to 140 nodes 

and 380 arcs. The results showed the effectiveness of 

this method. 

In 2012, Boukachour et al. applied ant colony 

optimization to solve the waste collection problem [16]. 

An algorithm was developed and the best solution 

obtained is then improved by two local search heuristics.   

  

  

 

 

4�Latest�results�and�comparison  

 

The last publication dealing with the problem of solid 

waste collection is the one that reflects at most the real 

case. This method, proposed by Tirkolaee et al. (2018) 

[17], brings together several constraints: capacity, 

multiple displacements, uncertainty on the demand as 

well as the working time of the drivers and the crew. The 

objective is to determine the optimal number of vehicles 

and the optimal route for each vehicle. 

To solve this problem, a heuristic algorithm has been 

proposed to generate initial solutions (200 solutions) 

then a simulated annealing algorithm is applied to 

provide the best possible solutions. 

This method yielded good results compared to the exact 

results provided by the CPLEX solver in a much shorter 

execution time. 

 

Nevertheless, this method remains limited because it is 

only valid for non-directed graphs. 

So, this research can still be pushed to deal with the case 

of mixed graphs. Also, solving the problem based on a 

genetic algorithm or an ant colony algorithm may be 

more efficient than the simulated annealing algorithm 

because the latter is based on the choice of several 

parameters taken empirically, such as the initial 

temperature, the temperature decay law, the stopping 

criteria. 

 

5� Method� chosen� for� the� development�
of�the�computer�tool�
�
There are several optimization software for solid waste 

collection circuits (Operations Planner, Exeo Solutions, 

Solver Tower, Bluekaisen Residential Waste ...). The 

first optimization software was content to draw ideal 

tours. 

Today, they offer many other features: dashboards, 

guidance and GPS tracking, recording anomalies, 

terminals acting as dictaphone or cameras, drawing 

schedules, etc. 

Our tool will be more updated (based on the latest 

optimization methods) and will therefore give better 

solutions than the software that is marketed which means 

more gains. 

This tool will be based on a study that is a succession of 

the last study carried out (same constraints) but using the 

genetic algorithms. This method has demonstrated, 

according to the literature, its ability to produce better 

results than those obtained by simulated annealing. 

�
6�Conclusion�
�
This article provides an updated bibliographic synthesis 

of Capacited Arc Routing Problem with the aim of 

solving the problem of optimizing solid waste collection 

circuits. It discusses the various studies carried out in the 

field and displays the latest results obtained. 

This article also discusses the latest research, which is 

the most realistic because it brings together a large 
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number of real constraints, cites the limitations of this 

study and shows that it can be further pushed to give 

better results (case of a mixed graph and application of 

genetic algorithms). 
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