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Abstract  
The Periodic Capacitated Arc Routing Problem is considered as a generalization 
of the Capacitated Arc Routing Problem (CARP) due to two characteristics: 
first for planning period larger than a time unity, as that vehicles make several 
travels and later by considering the frequency of associated visits to the arcs to 
be serviced over the planning horizon. In the literature involving periodic 
routing problems, not only in nodes, but also in arcs within a time horizon do 
not address the case of multiple tasks with the possibility of simultaneous 
execution. This paper consists in a modeling proposal which considers that in 
the passage through the arc more than one task must be developed. Those 
activities even have different periods that must also be regarded. In this way a 
new problem and its exact mathematical model is constructed, enounced as 
multiple tasks Periodic Capacitated Arc Routing Problem. A few new 
characteristics are presented, such as: multiple tasks to be performed on each 
edge or edges; different frequencies to accomplish each of the tasks; 
heterogeneous fleet; and flexibility for more than one vehicle passing through the 
same edge at the same day. The mathematical model was implemented and 
examples were generated randomly, in a way that the proposed model could be 
validated. 
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INTRODUCTION 
Many researchers have solved logistics problems as: facilities locations, warehouse management and 
vehicles routings. Those problems have been solved involving either strategic decisions or tactic and 
operational, which can bring a great gain to the enterprises, if involved. (Hashemi; Seifi, 2013). 
Arc Routing Problem, although showing financial importance, are still less studied than Nodes Routing 
Problems (Ghiani et al., 2005). Following the authors the main objective of this problem, known as ARP 
(Arc Routing Problem) is to determinate the lower cost to pass through a set of arcs in a graph, with or 
without constraints. 
The Periodic Capacitated Arc Routing Problem, known as PCARP, is a specific kind of ARP. It was 
introduced in literature by Lacomme, Prins and Ramdane-Chérif (2002), after other arc routing problems. 
There still is a great area to be exploited, justifying the study of new solution methods to this problem 
and its extensions. This type of problem is extremely important mainly because is capable of accomplish 
the tactical and operational planning level simultaneously. This feature makes it adaptable to the same 
innumerous PCARP, such as garbage gathering, energy cables and gas pipelines inspections, post office 
delivery service planning, among others (Lacomme et al., 2002; Xing et al., 2011). 
The works involving capacitated arcs routing problems found in literature are, by their nature, a 
homogeneous fleet. Most of them, the demand of each arc is associated in attending only one task for 
each time unity, and the frequency of visits is associated to this task, as seen in Chu, Labadi e Prins (2004), 
Lacomme, Prins e Radane-Chérif (2005), Chu, Labadi e Prins (2005), Chu, Labadi e Prins (2006), Kansou 
and Yassine (2009), Mei, Tang and Yao (2011), Moroy, Amaya and Langevin (2013), Batista and Scarpin 
(2014). 
The safety of dams constitute a cause of concern for the society, since there are potential risks for the 
people and goods installed at the cities and valleys downstream (low river), even if there are remote 
possibilities of ruptures on this works. The natural aging process of this works or the tendency, 
frequently checked, for the occupancy of the cities or valleys downstream of the dams, as well as the 
increased perception of the associated risk to this type of structures, lead to higher requirements for the 
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safety of dams. This translates, mainly, by the establishment and fulfillment of norms for operation and 
inspection programs, observation, auscultation (monitoring) and maintenance of dams, as seen in 
Relatório Anual de Segurança de Barragens (2008).  
In this sense the monitoring of the dam’s instrumentation allows to detect, in good time, the development 
of an eventual deterioration scenario and detection of any anomaly, allowing taking appropriate 
corrective measures, to avoid the development of a bad scenario for the dam or, at least, lower the 
consequences. Therefore, so for the dam’s safety to be effective, is necessary a well-structured planning 
to, both the start of the works, as the lifelong of the dams, to, therefore, avoid accidents. Following the 
principle of an effective development to the planning of the instrumentation’s monitoring, installed along 
the dam, this work seeks to contribute with a methodology for the tactical planning of monitoring of the 
instruments for the safety of the dams. This planning must considerate the constraints imposed by the 
owners of the dams, especially regarding the periodical inspections, and meet the requirements 
established by the safety rules. Such observations will lead to the development of a Binary and Integer 
Linear (BIL) mathematical model to solve the PCARP, associated to the dam’s safety problem. For this 
new problem, each arc of the analyzed graph may have associated to it one or more tasks to be 
accomplished, in a way that each task have an attendance periodicity and each vehicle may be capable of 
attending one or more kinds of tasks. 
 
THEORETICAL BACKGROUND 
The PCARP was defined by Lacomme et al. (2002) considering a network G = (N; A) and a discrete 
planning period H of s periods or days, on which any task (required arc) u has a number of services 
f(u).This means that the task must be f(u) times,         , but, at most, once a period or day, treated 
during the planning period H. The total number of services z to be accomplished in H is, next, the sum of 
all the task services. For this PCARP, all the arcs have a constant frequency requirement in all the 
planning period: or the task must be treated as f(u) times on each one of the periods of s or days. 
Nonetheless, there are problems which are not regular, the frequency can be relative to an arc bigger than 
the period or one day and have arcs with frequencies in periods or days different from each other. 
A proposal of a mathematical model for a PCARP is given by Chu, Labadi e Prins (2002). The authors 
presents a model considering a minimum and maximum spacing between two successive treatments for a 
task. 
According to Ghiani et al. (2005) the routing problems in periodical arcs are more poor and disorganized 
than the routing problems in which, in turn, are more studied. Those authors have developed a heuristic 
to solve the problem of periodic rural postman without direction, but have not presented an exact model 
for the problem. A Linear Programming (LP) mathematical model suggested for a PCARP is presented by 
Chu, Labadi e Prins (2004), for which it was considered the minimum and maximum spacing between the 
executions of the task. The lower limits have been studied and a formal mathematical proof is presented. 
The proof shows that a lower limit of CARP also is an inferior limit for PCARP. A method of Tabu Search 
was developed and applied for the PCARP in adapted cases, from references of the CARP. 
Developed by Lacomme et al. (2005), a simple classification of the PCARP is made and a problem in 
mixed arcs is proposed, suggesting a Memetic Algorithm (MA) to solve the problem. A Memetic 
Algorithm, according to the authors, is a hybrid Genetic Algorithm (GA) with a local search. Proposed 
initially by Moscato (1999), being adopted in the work because the hybrid GA, is very diffuse, since the 
algorithm has been hybridized with many other techniques, such as Neural Networks (NN) and 
Simulated Annealing (SA). A LP mathematical model is not presented, but computational tests have been 
executed to evaluate the proposed heuristic comparing with the periodical vehicle routing problem 
(PVRP). 
In the work of Chu et al. (2005), it has been proposed a LP mathematical model for a periodical refuse 
collection problem. For this model, it has been determined the set of combinations of days on which the 
tasks must be accomplished. To evaluate the proposal, a closer heuristic insertion and a heuristic 
insertion of viability for inclusion has been developed, such as the insertion costs. A two-phase heuristic, 
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on the first phase uses a good inferior limit to prepare a list of possible arcs, which forms a cluster, and, 
next, solves a routing problem for a single vehicle. 
Researchers have studied a road monitoring inspection problem in Quebec - Canada, in a context in 
which the planned route rarely is finished (Marzolf et al., 2006). A methodology has been developed to 
perform the task of data collection from the GPS tracking, combined with the routes planned within the 
geographical information system (GIS) to, later, use the mathematical algorithms to purpose new routes. 
The study consists in a hierarchy of three classes of roads that have different standards of monitoring and 
a planning horizon of two weeks. 
There are also works, making use of two algorithms, which have been applied to solve the PCARP, such 
as the one developed Chu, Labadi and Prins (2006). The first one is a heuristic for better insertion and the 
second one is the Scatter Search based on a local search. On this work, it has not been considered a LP 
mathematical model, but applied heuristic algorithms to solve the Periodic Capacitated Arc Routing 
Problem. 
A combination of the ant’s colony associated to a heuristic insertion to solve the PCARP was proposed by 
Kansou and Yassine (2009), getting robust results and with an acceptable performance. It was 
characterized as Routing Problem in Capacitated Arcs and Mixed Periodic because of the nature of the 
graph. Each service occurs according to a combination of days that satisfy the frequencies. An exact 
mathematical model has not been presented, however the authors say that the heuristic was able to find 
13 new better solutions for the periodic problem proposed. 
Mei et al. (2011) were developed a memetic algorithm to solve a PCARP. The authors proposed a 
mathematical model where the objective function is composed by a primary objective and a secondary 
objective. In this model, the primary objective is to minimize the number of vehicles (MNV) in the 
horizon time and the secondary objective, the total cost (TC). 
A LP mathematical model was given by Monroy et al. (2013). The authors considered, for example, one 
week as planning period, where it was intended to plan the road’s inspection for monitoring of ice and 
snow. Therefore, it may be wanted some arcs to be attended twice during the first five days and once 
during the weekend, being the days of service variable from one week to the other. This type of problem 
has been named as PCARP with irregular services (PCARP-I). It was proposed a two-phased algorithm to 
solve the problem. On the first phase, it is constructed the grouping of arcs without violating the route 
capacity and on the second phase, the routing is resolved considering only on vehicle. 
Batista and Scarpin (2014) presented a mathematical model for the routing problem in periodical 
capacitated arcs for monitoring of railway bars. Includes, in this model, a condition of penalty if the 
vehicle could not attend the arc or any delay happen and considered as capacity of the vehicle the fact of 
being able to attend only one stretch for the designated day. It has been compared the proposed models 
in literature and also a systemic evaluation between the model proposed by Monroy et al. (2013) and the 
one proposed by the authors. 
 
PROBLEM DEFINITION 
In face of the accidents and incidents in dams that happened in the last years, there was a need for 
discussion and formulation of dam safety management models, involving the regulators, licensors, 
supervisory bodies, as well as the exploration companies and potentially affected communities. Accidents 
or incidents can be associated to the lack of commitment of the companies, with management procedures, 
with long term planning, of adequate engineering project, lack of specialized supervision, absence of 
operation manual, improvisation of the operation team, lack of inspections and periodical safety 
evaluation (Medeiros and Pinto, 2014). 
The inspection and monitoring of the dam’s performance must go through a revaluation, to determine if 
the methods and the frequency of observation and monitoring are adequate and sufficient to detect any 
anomaly condition or instability in function of time. Still the revaluation must determine if the 
monitoring data have been regularly analyzed and used, to assure early detection of any potentially 
unsafe condition on the dam, relative to the water levels and the slopes of the reservoir Security and 
Inspection Dams Manual (2002). 
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According to Security and Inspection Dams Manual (2002), the inspections, monitoring of the barrage 
structure and the test of unloading facilities must be standardized. So, after the installation is 
recommended that each instrument should be read at the same time of day: the instruments must be split 
in groups of observation in the same day and its reading must be scheduled with fixed frequency and 
itinerary. It must be provided standardization and guidelines for the establishment of the types of 
inspection to be performed. The documents involved must be: the purpose of each type of inspection and 
the frequency of them; the items to be inspected; the necessary documentation; the qualification and the 
training of the inspectors; and the procedures for the correction of deficiencies Security and Inspection 
Dams Manual (2002). 
So, it must ensure that the meter readers work as visual inspectors, covering several stretches and the 
dam’s galleries, at least once a week. This recommendation is especially valid for the operational period. 
In this context, considering the security management plan of a dam highly instrumented, has been 
noticed the PCARP to form routes for monitoring the instruments installed along the dam, so allowing 
the standardization of data collection and fixed itinerary. 
 
Modeling Proposal 
Let G(V,E) be a graph where V is the set of vertices, V = {i ∈ N; i = 1, 2, · · · , NV }, E the set of edges that 

compose the graph E = {e ∈ N; e = 1, 2, · · · , NE }, TA the set of equipment TA = {k ∈ N; k = 1, 2, · · · , NTA}, Qk  the 

quantity of equipment of the type k with which must be collected readings in all edges of the graph. 
For each edge (i, j) it is associated a distance di,j. There is a finite quantity of instruments installed of the 

type k given by qkij  the q – instrument of type k installed on the edge (i, j).  Each type of instrument have 

a frequency of reading, and will be denoted by fk,i, j  the frequency of instrument reading k on the edge (i, 

j). The frequency for each type of instrument will be the same for all the edges. 
In the problem addressed as motivation of his work, for each type of instrument must be used a type of 
reading equipment, being the available equipment number varied. Let Apk be the quantity of available 

equipment for reading of the instrument that uses the equipment type k. The vehicle of transportation 
considered in the problem of this work is the meter reader. So, each equipment k that the meter reader v 
can operate it is set the value 1, otherwise, for equipment that the meter reader is not enabled to carry due 
to the weight (the weight is the restriction of the vehicle’s capacity adapted to the problem addressed in 
this work), is the sum of weights of equipment which are enabled to carry plus one. Denote by AH the 
set of equipment that the meter reader v is enabled to carry.  

      

        ∈    

                   

  ∈   

  

The carrying capacity for the meter reader v is given by CLv being their capacity the maximum number of 
equipment that the meter reader v can carry within the equipment he’s able to operate. 
For each task it is considered a mean time for its execution and average speed for each meter reader, in 
other words, must be considered γ the average time for the reading of the instrument k and Vmv the 
average speed in meters by second of the meter reader v. Each reader can work limited by a capacity of 
hours represented by Wv. 
The planning horizon is given in a total of D days, so d = 1; 2; … ; D. The set of possible collection days is 
denominated by the set of allowed combinations. These combinations represent a set of days that satisfy 
the interval between readings, instrument’s frequency, of the same equipment at a given arc. Denote by 
                  the n possible combinations of days for which are possible the collection of data for 
the instrument k. The indices, parameters and variables that will be used in the mathematical model are 
presented in the TABLE 1. 
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Table 1. Description of the indices, parameters, and variables of the mathematical model 

 Notation Description 

Indexes 

i, j, r, s Nodes 
d Day of the time interval 
k Instrument 
v Reader 
Ψ Allowed Combination 

Parameters 

        If the day d belongs to the combination    in relation to the 
instrument type k, assume value 1. Otherwise zero; 

di,j Distance between nodes i and j 
Apk Quantity of equipment reading of the instrument type k 

CLv Carrying capacity for the reader v 
     Associated weight to the reading equipment type k in relation to 

the meter reader v; 
NTA Number of total distinct instruments 
Γk Time to read the tool type k; 
qk,i, j Quantity of instruments installed on the edge (i; j) 
Vmv Average speed of the meter reader v 
|E| Number of arcs that compose the graph 
Wv Capacity of working hours for the meter reader v; 

Variables 

xi,j,v,d Counts the number of times the edge (i, j) it is traveled by the 
meter reader v on day d; 

li,j,v,k,d If the edge (i, j) is attended by the meter reader v on day d for 
data collection of the instrument type k takes value 1. Otherwise, 
0; 

zv,k,d Counts the number of equipment used on day d by the meter 
reader v; 

wi,j,d,k If the edge (i, j) is visited on day d in relation to the instrument k 
takes value 1. Otherwise, 0; 

mi,j, Ψ,k If the edge (i, j) is chosen at the combination Ψ  in relation to the 
instrument k takes value 1. Otherwise, 0; 

tv,d If reader vth attended a task on day d assumes value 1. 
Otherwise, 0. 

 
The binary variables previously introduced can be explained more visually below. For the variable ad,Ψ,k  it 
is defined the three dimensional matrix in the following way: 
 

        
                                                                            

           
  

 
Analogously to the explained above, a similar definition may be made to the matriz given by li,j,v,k,d as 
follows: 
 
          

  
                                                                                                             

           
  

 
The next variable presented as a binary is wi,j,d,k which may be described as: 
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For the next variable, mi,j, Ψ,k, you can view by the following way: 
 

          
                                                                                      

           
  

 
Finally, for the last binary variable introduced by table 1, given by tv,d, it is possible to have the following 
interpretation: 
 

      
                                           

           
  

 
Considering the following scenario, suppose the instrument type 1 which frequency of readings must 
occur every two days during the planning horizon of 5 days, so the groups must happen at days 1, 3, 5;  
a1;1;1 = 1, a3;1;1 = 1 and a5;1;1 = 1, for even days in relation to the same instrument, all will be zero. For 
other combination, the first day for which the reading must occur will be day 2, therefore the other days 
must occur on even days, in other words, a2;1;1 = 1, a4;1;1 = 1 and, for days denoted by odd numbers , 
will be zero. Therefore Ψ = {(1; 3; 5); (2; 4)}. Given these considerations, the mathematical model is given 
below, from (1) to (17). 
 

                        

 

   

  

   

  

   

  

   

 (1) 

 
Subjected to the following restrictions: 

       Ψ        Ψ                         
    ∈  

           

 

Ψ∈Ψ 

 (2) 

  

                Ψ        Ψ             

         
    ∈  

           

 

Ψ∈Ψ 

 (3) 

  

                                             
           

         
 

  

   

 (4) 

  

     

   

   

                               
          
         

  (5) 

  

                                               

    ∈  

             

         

 
  

   

 (6) 

  

                                   
            

          
         

 

   

   

 (7) 

  

                                           
          
         

 

  

   

 (8) 
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 (9) 

  

                               
         
          
           

 

  

   

  

   

 (10) 

  

                                    
         
          

 

   

   

 (11) 

  

                                       
  

   

  

   

  

   

 (12) 

  

                        
    

    

                   

     ∈      ∈ 

   

   

 
          
         

  (13) 

  

            
 

        
                 

          
         

           

     

 

     ∈     ∈ 

 (14) 

  
        ∈    (15) 

  
                      ∈       (16) 

  
     Ψ           ∈       (17) 

 
The objective function given in (1) minimizes the total distance traveled by the meter reader along the 
planning horizon. In (2), it is guaranteed that only one combination will be designated for the reading of 
the instrument k installed at arc (i, j) and in only one direction. 
In (3), it is assured that, for each arc (i, j), the readings occur on the day which has been designated, based 
on the chosen combination. Next, in (4), it is warranted that the quantity of equipment type k used by all 
the meter readers in one day d of reading be lower than the allowed quantities. 
The constraints in (5) guarantee that the capacity of the meter reader guarantees that the capacity of the 
meter reader is not extrapolated in relation to the equipment he carries to collect data in one day of 
reading. In (6), it is guaranteed that the meter reader will travel the arc (i, j) for data collection of the 
instrument type k, if the arc is allocated for that day, satisfying the condition of combination allowed for 
that day. 
In (7), it is guaranteed that the arc (i, j) will be traveled by the meter reader v on day d if he has any 
equipment and the arc have been designated for that day. 
The constraint in (8) guarantees that the meter reader be used once in the day and, if he has other 
equipment, that he will start the reading from the same arc. In (9), it is guaranteed the flow’s continuity, 
and (10) assures that the equipment type k will be carried by the meter reader v at the day d. 
In (11), it is counted the number of meter readers being used on the day d. The constraint (12) guarantees 
that all the meter readers return to the office; in (13), the time to accomplish the readings will not go 
longer than the working hours for each meter reader and, finally, (14) prevents the formation of isolated 
depositing sub cycle. 
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The constraint (15) guarantees that the variables are integer; (16) and (17) assure that the variables are 
binary. 
In the figures 1 and 2 it’s possible to see the mechanism of the constraints (14). 

  
Figure 1: Representation of constraint (14) to Q 
with two nodes 

Figure 2: Representation of constraint (14) to 
Q with five nodes 

 
Interpreting the figures it’s presumptive to say that if the arc x(3; 7) is assigned for reading, than receives 
value 1. Therefore, the left side of the inequality will take a value higher or equal 1, in other words, the 
meter reader must leave by the node 7. 
For the case of the constraint (14) that avoids sub cycles, consider the case as showed on the image 2 
where represents a cycle given by b - c - d - f - d - e - c - b where Q = {b; c; d; e; f}  so the constraint forces 
that some of the arcs (b; a), (c; i), (e; h), (d; f) or (d; g) assume value 1, so, a new arc must be included in 
the route. 
 
IMPLEMENTATION AND RESULTS 
The reference values available for this problem constitute of four random sets of problems called GRP1, 
GRP2, GRP3 and GRP4. In the www.engprod.ufpr.br/GTAO/InstanciasPCARP/InstanciasPCARP.rar all 
the instances can be found. 
The instances have been generated randomly using procedures similar to Monroy et al. (2013). To define 
the number of arcs, it was considered three different sets: ({5 – 20}, {20 – 80} and {80 – 200}). To the first 
set, two random numbers have been created, defining the number of arcs of two different graphs; for the 
second group three random numbers have been created to define the number of arcs of three distinct 
graphs; and for the third group it was created two graphs similarly to the above mentioned. Denotes by 
na the number of arcs obtained by a random integer number within each intervals. For each case the 
number of two nodes has been obtained within the numbers: 
 

       
  

 
   

where rn is the positive root of the equation given by (18): 
 

          
So, 

   
         

 
 

(18) 

 
The formation of the arcs between two nodes i and j is made up as follows: for all i < j, it was randomly 
assigned a number between 0 and 1. If the number assigned was lower than 0, 51 the edge (i, j) did not 
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exist, otherwise the edge was determined. This procedure would repeat until the number of arcs was 
determined. 
For all the instances, the time horizon has been defined in 5 days (Monday to Friday). The days when 
necessarily must occur instrument readings respecting the frequency of each reading was defined as 
empirically pre-determined allowed combination. The time horizon starts on Monday, denoted 1, and so 
on until Friday, denoted by 5. For problems with 2 tasks by arc, four combinations were allowed to carry 
out the assigned tasks, two combinations allowed for each type of task. For problems with 3 tasks were 
assigned nine allowed combinations and for the other cases of problems with larger dimensions the 
information is presented in TABLE 2. 
 

Table 2. Set allowed combinations 

Tasks Allowed Combinations Total 

1 (1,3),(2,4) 
4 

2 (1,4)(2,5) 

1 (1),(2),(3),(4),(5) 
9 2 (1,3),(2,4) 

3 (1,4)(2,5) 

1 (1),(2),(3),(4),(5) 

10 
2 (1,3),(2,4) 
3 (1,4)(2,5) 
4 (1,5) 

1 (1),(2),(3),(4),(5) 

12 

2 (1,3),(2,4),(3,5) 
3 (1,4)(2,5) 
4 (1,5) 
5 (1,3,5) 

1 (1),(2),(3),(4),(5) 

16 

2 (1,3),(2,4),(3,5) 
3 (1,4)(2,5) 
4 (1,5) 
5 (1,3,5) 
6 (1,2),(2,3),(3,4)(4,5) 

 
The maximum number of different tasks defined by six, the minimum number of tasks has been defined 
as 2, so as to satisfy the condition of multiple tasks. For all graph tasks were assigned between the 
minimum and the maximum value, randomly generated following a discrete uniform distribution 
between 2 and 6. 
The number of instruments for each task was generated using the same distribution of the number of 
tasks cited. Since, for the first, second and sixth graph, ordered by creation presented above, the number 
of instruments for each arc is generated among {2 – 10}, for the third amid {5 – 15}, for the fourth and fifth 
graph among {2 – 7} and for the seventh {2 – 13}. 
The distance route was randomly generated considering the number of arcs. If na ϵ {5 – 19} for each edge 
was generated a random number α in the interval [0, 70, 1] and the distance defined by           . If 
na ϵ {30 – 39} each edge it was generated a random number α in the interval [0,40; 1] and the distance 
defined by           . If na ϵ {40 – 50} for each edge was generated a random number α in the interval 

[0,40; 1] define the distance    
    

 
 .  

If na ϵ {51 – 80} for each edge was generated a random number α in the interval [0,15; 0,8] and the distance 

defined    
    

 
 . If na ϵ {81 – 120} for each edge was generated a random number α in the interval [0,10; 

0,40] and the distance defined by    
    

 
 . If na ϵ {81 – 120} for each edge was generated a random 
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number α in the interval [0,05; 0,25] and the distance defined by    
    

 
 . The conditions to define the 

distances seeks to guarantee the feasibility regarding the ability of the vehicle in relation to the available 
working hours that does not exceed 7 hours. All random generations regarding the distance follow an 
uniform continuous distribution between the limits mentioned. 
The average speed of walking was defined in 2,5 m/s. Studies show that the average can be lower, 
however it was considered the average value between the data values of the upper and lower average 
described in Sammarco (1980), which states that the normal walking of a person is moving with a speed 
between 5,63 km/h (1,56 m/s) and 201,0 m/min (3,35 m/s). 
The average time to collect the data for each distinct type of instruments has been set by one of the 
following values: 35, 45, 30, 50, 40, 30, in seconds. The values have been defined through observations of 
the problem. Values were defined by motivating problem observations and will be used randomly on 
every reading. According to Lacomme et al. (2002), problems where the number of services exceeds the 
amount 200 per horizon time are considered very large. 
 
COMPUTATIONAL RESULTS 

The tests were performed on four types of different computers. For problems of the set GRP1 and GRP2 
two softwares have been used LINGO 12 and ILOG CPLEX and comparisons with the use of three of four 
different computers, the obtained result are shown below in TABLE 3. The columns in the order 
presented, are: file name (GRP1), number of nodes (Nod), number of edges (Adg), number of arcs (Arc), 
number of tasks (Inst.), number of vehicles (W-R), number of allowed combinations (Com.), vehicle’s 
capacity in relation to time (time work), maximum number of tasks that can be executed simultaneously 
by vehicle (Cap. load), inferior limit presented by the software LINGO 12 (L. Bel.), value of objective 
function presented by software LINGO 12 (F. Obj.), processing time in second by software LINGO 12 
using a computer i7 (T. Sec), GAP presented by software CPLEX (GAP (%)), value of objective funtion 
presented by software ILOG CPLEX (F. Obj.), processing time in seconds by software ILOG CPLEX using 
a computer i3 (T. Sec). 
 

Table 3. Computational results for the first group of problems 

 
 
Tests were performed on computers Intel(R) Core(TM) i3-2310M CPU 2,10 GHz, ram memory 4:00 GB 
and operational system Windows 64 bits, and Intel(R) Core(TM) i7-4500U CPU 1,80 GHz, ram memory 
8,00 GB and operational system Windows 64 bits. 
The software LINGO presented a lower performance than ILOG CPLEX. Of 17 problems presented 3 
results with LINGO were superior to CPLEX for the objective function, the problems Prb17, Prb14 and 
Prb9. For the problem Prb17 the software had to be stopped before reaching the great value. 
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All the results presented with “*” represent the values obtained, although do not represent the great 
value during the processing time. For all the problems where the great value was reached is noted that 
the convergence to the software ILOG CPLEX was faster. 
The TABLE 4 was constructed analogously to TABLE 3. For the group of GRP2 problems computational 
tests were performed on computers with the following settings, Intel(R) Core(TM) i5-650 CPU 3,20 GHz, 
ram memory 4,00 GB and operational system Windows 64 bits, Intel(R) Core(TM) i3-2310M CPU 2,10 
GHz, ram memory 4,00 GB and operational system Windows 64 bits, and Intel(R) Core(TM) i7-4500U 
CPU 1,80 GHz, ram memory 8,00 GB and operational system Windows 64 bits. 
 

Table 4. Computational results for the second group of problems 

 
 
The problem Prb33 is an unworkable problem, such impossibility is related to the number of meter 
readers to perform tasks. In the presented problems, although the number of arcs is few, it is observed 
that given the number of tasks to be performed becomes a problem with high computational complexity. 
For the group of problems GRP3 tests were performed in computers i3 and i7 with the settings described 
above. The computational results for the group GRP3 are shown in TABLE 5. For this group tests were 
performed using only the software ILOG CPLEX, the problems with 40 arcs the processor used was i7 
and for the problems with 52 arcs the processor used was i3. 
 

Table 5. Computational results for the third group of problems 

 
 
The computational results here show the computational complexity compared to the processing time 
even for problems with a few arcs. For the group of problems GRP4 with numbers lower than 100 arcs 
tests were performed with computers Intel(R) Xeon(R) CPU E5-2650 2,00GHz ram memory 32 GB, 
operational system Windows 64 bits. The computational results for the group GRP4 are shown in the 
TABLE 6. For this group tests were performed using only the software ILOG CPLEX. 
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Table 6. Computational results for the fourth group of problems 

 
 
To the problems presented so far, the computational complexity has characteristics related to number of 
meter readers and the number of concurrent tasks for them to be carried out. Note the problems Prb41 
and Prb42, the processing time for the problem Prb41 is higher than twice the processing time for the 
problem Prb42, although the GAP for the problem Prb41 is higher than three times the GAP for the 
problem Prb42. This same observation can be made about the problems Prb46 and Prb47. The more tasks 
simultaneously the meter reader is able to run implies a lower computational complexity. The 
computational complexity is also related to the number of meter readers, note the processing time to 
problems Prb49 and Prb50 for which is used 4 and 5 meter readers respectively. 
For the group of problems GRP4 with numbers higher than 100 arcs tests were performed with a 
computer Intel (R) Xeon(R) CPU E5-2650 2,00GHz ram memory 32 GB, operational system Windows 64 
bits. The computational results for the group are presented in the TABLE 7 and 8. 
 

Table 7. Computational results for the fourth group of problems with more than 100 arcs 
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Table 8. Computational results for the fifth group of problems with more than 100 arcs 

 
 
It can be seen that for those problems, the smaller GAP is presented by Prb58, and comparing with the 
highest one (Prb61) it’s visible that one it over 5 times superior than the other. The fastest result was given 
by problem 52 and, on the other hand, Prb71 had a processing time a lot slower than any other instance 
checked. 
 
CONCLUSIONS 
In this article, is presented a proposal definition of a new problem: the Multiple tasks Periodic 
Capacitated Arc Routing Problem in the time horizon (MTPCARP). Some real applications can be found, 
for example, dam safety monitoring, as shown in the sections before. 
All studies in the literature that studies periodic routing problems in knots as in arcs within a time 
horizon do not address the case of multiple tasks with the possibility of simultaneous execution. The only 
work that addresses routing problems with multiple tasks is given by Teixeira et al. (2004) who have 
studied the problem of collection of recyclable waste. The study proposes a heuristic for determining the 
solutions in which involved three different types of waste and must be collected separately. 
The instances evaluated here were randomly generated, since there are no literature cases of problems 
with multiple tasks. The results presented, seek to propose a set of problems that can be compared with 
new motions given by future literature. 
The main objective was to evaluate the proposed modeling, as the computational results shows that the 
proposed modeling is coherent according to the seeking to minimize the total traveled distance along the 
time horizon assigning the tasks to be executed, satisfying their periodicities. 
As is proposed for future applications, investigate other forms of determination for best solutions 
through development of heuristics and/or metaheuristics to solve the problem. 
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