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Abstract. This paper presents the analysis and design of a system based
on multi-agent systems (MAS) by negotiation with JADE framework
(Java Agent DEvelopment) to solve the school timetabling problem. In
the design, the system considers three types of agents; A coordinator
agent responsible for instantiate, create and manage the group agents,
where the number of teacher and group agents depends on each case
study. The group agents perform the negotiation in order to solve the
conflicts between all the teacher agents. The system takes the time,
space, activities and other type of constraints by FET (Free Timetabling
Software) format in an XML and to prove the algorithm were considered
for the analysis and experimentation the case studies Belize, Brazil, Spain
and UK.
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1

Introduction

Humans on daily basis plan what activities do in a day and in a certain period
of time, but the problem is to select, assign resources and time to obtain a
set of activities in an organized manner, resulting a schedule where the order
and completion time is important. The persons who performs the schedules
should consider different factors such as priorities, time to devoted activities,
space availability, cost and valuation of the consequences, satisfying a set of
hard and soft constraints [19]; the hard constraints are actions that must satisfy
all circumstances, while soft constraints represent a greater flexibility, can be
able to satisfy or not, reflecting a temporal relation between activities, given the
limited capacity of shared resources.
A common problem behind these assignments is the problem of timetabling
problem (TTP). In the area of computer science, the timetabling represent an
optimization problem that belongs to the family of the NP (non-deterministic
polynomial time) problems [19]. The NP problems have a computational complexity with a large space search or combine all possible solutions to a problem,
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where the goal is to find “good” solutions by an evaluation function that describes its quality in an “acceptable” time.
In some cases, the problem is formulated as a search problem, trying to find
a schedule satisfying all the restrictions (hard and soft), while in other cases,
the problem is formulated as an optimization problem, trying to find a schedule
that satisfies all the constraints hard and minimize (or maximise as appropriate) through an objective function the soft constraint, applying optimization
techniques to a search problem.
This type of problem is only permitted only for a small number of cases
(e.g., less than 10 courses) [19], whereas real instances usually may involve a few
hundreds of courses. The problem is still present, even though there are different
methods that have been developed and used to solve the timetabling problem
on specifics departments and institutions which are not universal methods so a
proposed solution cannot solve “any TTP” problem [20].
The different proposed methods to solve the timetabling are rarely compared
with each other by the lot of number of different variables and different ways
of quantifying the constraints raised from different policies and practices, which
each has its particular characteristics courses assignment. The comparison is
necessary to determine what is or are the best computational methods given the
different types of data schedules, allowing discard simple techniques, through a
manner in which the information it is represented and exchange and unify the
restrictions given the different institutions. The eXtensible Markup Language
(XML) is used as a standard for data storage, making it useful for several applications that communicate with each other, in addition to exchanging information
between different platforms.

2
2.1

Theoretical Framework
School Timetabling Problem

In the school timetabling problem there are “participants” in a fairly general
sense, i.e. teachers, classes, lecture halls, laboratories, pieces of equipment, and
so on. In addition, there exists a set of “hours”, sometimes called time slots or
periods. The term “availabilities” describe for every participant the subset of
hours in which he (it) is free, willing or able to participate in one of the lessons,
lectures, conferences or examinations in which he (it) is involved. The latter
events are subsumed under the notion of a meet. Every “meet” is described by
the collection of participants which have to come together and by the number
of hours required for it [20]. The class-teacher timetable problem is obtained if
every meet keeps busy exactly one teacher and one class as participants. However,
there may be a demand for a meet, which consists of a gymnastics lesson to be
held by a male teacher and a female teacher each in different gymnastic hall at
the same time. Finally, there may be preassignments of some meets to hours.
Given such a situation, a timetable is a schedule assigning to all these meets
the precise number of hours required, so these hours are available for all particResearch in Computing Science 106 (2015)
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ipants of the meets and such that, as a fundamental requirement, none of the
participants is scheduled twice in the same hour.
However, there is a diversity of special requirements a timetable must observe
depending heavily on the type of school and on administrative peculiarities of
the country [20]. If not, can be problems, is why the problem should consider the
following recommendations: consider the division of the set of hours into days if
the scheduling cycle is the week. For some participants (namely the classes), it
is necessary to avoid free hours between other lessons; they may have free hours
only at the beginning or the end of a day. Some subjects require consecutive hours
not straddled by a break. There may be limitations on a teacher’s daily load, and
it may be necessary to provide every teacher with a free day. Subjects taught
several times a week should be spread evenly throughout the week. Teachers
may indicate a preference on the length of the interval between their lessons. Of
course, not all of their claims are equally important; some are merely aesthetic
constraints (soft).
The requirements between school levels are different. While in schools, the
size of a class is of minor interest, it becomes important at universities, because
the number of students in a lecture may vary [20]. In universities the rooms can
be selected from a set of rooms of comparable size, while schools each class can
be busy all the time by the same teacher. On the other hand, the requirement
for the distribution of free hours over the week of either students of lectures are
far less restrictive.
There are a large number of variants of the timetabling problem, which differ
from each other on the type of institution involved (university or school) and
the type of constraint. Therefore [19] classify the timetabling problem into three
main classes:
– School timetabling,
– Course timetabling,
– Examination timetabling.
In school timetabling the scheduling is weekly for all the classes at school,
avoiding two teachers meeting classes at the same time, and vice versa, while
the course timetabling, the scheduling is weekly for all the lectures of a set of
university courses, minimizing the overlaps of lectures of courses with common
students. The examination timetabling, the exams scheduling is for a set of university courses, avoiding the exams course overlapping with common students,
and spreading the exams for the students as much as possible. Such classification
is not strict, some problems can fall between two classes, and cannot be easily
placed within the above classification [19].
2.2

Distributed Approaches

This section provides a review of work with MAS, in the literature there are a
large set of optimization techniques to solve the TTP from the appearance of
meta-heuristics in 1983 [21]. In [7], proposed a resolution with multi-agent once
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the schedule is built, presenting problems of allocating the groups when they are
moving from one room to another. A year later[5] arise a model to decompose
the secondary scheduling problem into sub-problems and solve each sub-problem
in parallel by a decomposition algorithm used to divide a graph in sub-graphs
running on a different machines.
After that, in [25, 26] presents two works with MAS. The first, used two
mobile agents whose behavior was to verify daily conflicts, while the second
work, the agents represent the hard constraint. In [11] presents a hierarchical
approach combining a small recursively form in a large one. Also, in [12] presents
the problem of school TTP using the model of parallel processing using ‘coarse
grained’ facilitating the exchange of cases and the creation of multiple solutions
in parallel. Finally, [15] present the problem course timetabling with MAS from
a distributed approach.
In all works with MAS, are limited in the specifications of the restrictions
and the way which the agents resolve the conflicts, also the works doesn’t have
a good abstraction and implementation of the problem lacking of information to
be implemented in other case studies, being then particular implementations.
2.3

Problem Representation

The unavailability interchangeable TTP benchmarks in a uniform format to
express different sets of data and facilitate the public use of these problems, until
in [18] UniLang language is presented to define school, course, examination in a
language similar to XML format, presenting a tester to validate if a scheduling
satisfy with all the requirements and limitations defined by the problem.
In [10] is created the language called STTP (School TimeTabling Problem)
with the same XML structure to specify the TTP for high schools and evaluate
solutions to these problems. Then, in [17] takes a similar approach to XML
format with his own specifications and structure called XHSTT (Xml High
School TimeTabling) to facilitate the exchange of data and promote the research
in this area for high school with 16 different case studies of different countries
located in a repository for a public access with an evaluator.
In [4] an XML format is presented with his own structure and extension called
FET with 22 case studies of different countries, located in a repository for a free
access. FET has specifically different types of restrictions to their representation
in addition used as a tool to capture the problem.
2.4

Existing Software

Nowadays exist software commencial and free that tries to solve the TTP. Every
software uses their own optimization techniques and structure restrictions, while
others only are a support tool for the allocation of schedules manually. Within
the commercial software are aSCTimeTables and Mimosa; aSCTimeTables [1]
allows the automatic scheduling which does not specify the search method and
the restrictions. The Mimosa software [14] allows the automatic scheduling for
Research in Computing Science 106 (2015)

82

Design of Multi-Agent System for Solution of the School Timetabling Problem

schools, meetings, courses and conferences planning without specifying the solution method and restrictions.
Moreover in free software are FET, iMagic, Mimosa 12 Scheduling Software, openSIS, TimeFinder, Lantiv and University Timetabling Comprehensive
Academic Timetabling Solution; FET [4] is a GNU license which allows the
scheduling automatic in particle swarm, specifying also its structure of the
problem and restriction in XML format. iMagic [8] allows the TTP automatically
without specifying the search method for a solution and a restrictions. Mimosa 12
Scheduling Software [14], has also a free version with a solution automatically
without specifying the solution method and format restrictions. openSIS [16]
allows the TTP, also as a tool to fill the grades and inscriptions information
without specifying the solution method and format restrictions. TimeFinder [22]
uses an optimization algorithm which is not specified as well as the restrictions.
Lantiv [13] is a software that serves as a tool for programming schedules manually without specifying the structure of the restrictions. Instead, University
Timetabling Comprehensive Academic Timetabling Solution[23] is open source
with GNU license that allows the scheduling of examinations and uses minimizing
conflicts with local search using constraint programming (variables, values and
limitations) without specifying the format restrictions.

3

Multi-Agent System

A Multi-Agent System (MAS) is a system in which several agents interact and
pursue a set of goals or tasks to achieve a goal [24]. The agent’s features have
utility function on a set of goals. Among the techniques that the utility function
agents have is to increase it in the points below:
–
–
–
–
–
3.1

Coordination,
Cooperation,
Directed behavior,
Planning,
Communication.
Agent Platform

Exist an organization called The Foundation for Intelligent Physical Agents
(FIPA) responsible to produce software standards specifications for heterogeneous and interacting agents and agent based systems. In the elaboration of
those standards, it is used for interoperability between utility-based agent developed by different companies and organizations. The FIPA organization belongs
to the IEEE Computer Society standards for their standards, interoperability
and software development that promote with the agent technology and other
technologies [5].
The agent platform (AP) provides the physical infrastructure in which agents
can be deployed. The AP consists in machines(s), operating system, agent support software, FIPA agent management components (DF, AMS and MTS) and
agents.
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3.2

Agent Management Reference Model

Agent management provides the normative framework within which FIPA agent
exists and operates. It establishes the logical reference model for the creation,
registration, location, communication, migration and retirement of agent [6].
The agent management considered an AP which provides the physical infrastructure in which agents can be deployed. The AP consists of four components
called Agent, Agent Management System (AMS), Directory Facilitator (DF) and
Message Transport Service (MTS). The first three components are especial types
of agent that support and management of agent, while the MTS provide a delivery message service. The function of this element is located in the specification
on web site of FIPA [6].
The internal design of an AP is an issue for agent system developers and
is not a subject of standardization within FIPA and the entities contained
in the reference model (Fig. 1), between then: external software, agent, agent
management system, directory facilitator and message transport service.

Fig. 1. Reference architecture of a FIPA Agent Platform.

3.3

Agent Platform Implementation

An AP provides the physical infrastructure in which agents can be deployed
for archives their goals. FIPA presents a list of mayor implementation of MAS
development with public access [5].
Of the 11 platforms that meet the standards of FIPA, JADE was considered
because has the advantage of being updated [9] unlike April, FIPA-OS, Grasshopper, Java Agent Services API, LEAD and ZEUS. Also, JADE is free and Open
Research in Computing Science 106 (2015)
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Source unlike CAPNET and JACK that need license. JADE present security
features for authentication connections, user validation and message encryption.
Besides, presents a complete graphical interface, great documentation and high
acceptance in companies, scientific community and development projects.
In addition [9] has the advantage of being able to distribute into different
containers or equipment in a remote mode in order to reduce the number of
threads per host on different computers even though they don’t have the same
operating system. Besides, another feature of JADE is that can be managed
through a graphical interface for the communication between platforms. JADE
system is made by one or more agent containers, each one with different java
virtual machine (Fig. 4).

A) JADE distributed 1.

B) JADE distributed 2.

Fig. 2. JADE Agent Platform distributed over several containers.

4
4.1

Methodology
Constraints Representation

This section describes the structure and design of FET. First FET has the
advantages of being available, defined structure, easily public access, many case
studies from different countries presented, besides being portable with many
constraints divided into four groups shown below:
– Time,
– Space,

– Activities,
– Other type.

The ‘time constraints’ have the constraint ‘not available’ that correspond
to the day time where teacher or group mustn’t be an activity assigned. The
constraint ’max days per week’ are the days allowed per week that a teacher
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could teach a class, several teachers, a group or several groups for activities.
The ‘max gaps per week or per day’ are an unused timeslot or several between
two activities. The constraints ‘max or min hours daily’ are the hours or groups
can have daily and finally ‘max hours continuously’ are the hours that can be
assigned to a specific teacher or group or all the teachers or groups belonging
to the institution, this constraint can be used to affect the minimum number of
gaps per day.
In the space constraints ‘Home room’ is when a teacher, teachers, group or
several groups have a default room or rooms. While ‘Max building changes per
day or week’ are the times they have permitted to move between buildings per
day o per week and finally the restriction ‘Min gaps between building changes’
are an unused timeslot or several between two building changes.
In order to know the activities restriction it is necessary to know how an
activity is made. An activity are made by a teacher, subject, students (group),
duration, total duration, an identifier (id), and identifier of group activity, active
and comment, which a teacher has a set of activities that are linked with the
corresponding group, so a set of activities make up a schedule.
Given the attributes of an activity, it’s possible to assign them either individual or in a group, within the ‘activities constraints’, the constraint ‘An activity
has a preferred starting time’ is when one activity have a special period to
be assigned, moreover the constraint ‘An activity has a set of preferred starting
time’ correspond the set of activities preferred to be assigned. The slot constraint
have ‘An activity has a set of preferred time slots’ is when one activity has a
set preferred slot to be assigned. The constraint ‘A set of activities has a set
of preferred time slots’ correspond a set of activities. The constraint ‘Min n
days between a set of activities’ is when a set of activities should be instructed
on different day. The constraint ‘An activity ends students day’ is the activity
that mush end a student’s day and that activity have a common attribute like
a special subject, while the constraint ‘A set of activities ends students day’
correspond a set of activities. The activity ‘A set of activities has same starting
time’ is when a set of activities should be starting in the same day an hour, while
the constraint ‘A set of activities has same starting day’ is only for a day and
the constraint ‘A set of activities has same starting hour’ is only for an hour.
Also the constraint ‘2 activities consecutive’ are activities that are one after
each other as opposed to ‘2 activities are ordered’ which the activities can be
assigned in the morning and the other in the afternoon no matter other activities
is or are in the middle. The constraint ‘Min gaps between a set of activities’ are
the slot unassigned to allow mobility group and finally ‘A set of activities are
not overlapping’ the activities never be assigned in the same slot.
The ‘other restrictions’ not correspond any of the above classifications but
are important, within them are the ‘Basic compulsory time constraints’, ‘Basic
compulsory space constraints’, ‘Break’, ‘A room is not available’ and ‘Preferred
room(s)’. The constraint ‘Basic compulsory time constraints’ a teacher never
has to instruct two or more activities at the same time, also students must have
maximum one activity per period. In the ‘Basic compulsory space constraints’
Research in Computing Science 106 (2015)
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the rooms will never include two or more activities. The constraint ‘Break’ is the
way to say that all teachers and students are not available regularly to indicate a
break for lunch and finally ‘A room is not available’ for a subject, group, teacher
or activity.
4.2

Multi-agent System Design

In the system design of multi-agent platform for the solution of timetabling
problem the agents/actors are created in 3 different stages throughout the system
(Fig. 3). The stages of multi-agent system are explained in detail in the following
sub-paragraphs.

Fig. 3. Design of multi-agent system (MAS).

4.3

Negotiation Strategy Design: First Stage

In this first stage a coordinator agent is created, register with the DF and is the
responsible for manage the agents teachers and groups. The coordinator take
the activities constraints through an XML file that contain the information of
the institution of the case study, also the coordinator agent read the file and
create the agents teachers who are registered with the DF, their obtain their
constraints and activities, then based on their activities, perform their selfish
proposal individually according to their preferences, as long as their respect
the general constraints of the institution but respecting part of the schedule
suggested by the teacher. The agent professor when finished making the schedule,
notify the coordinator.
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4.4

Negotiation Strategy Design: Second Stage

In this second stage when all the teachers are in status ready, the coordinator
agent creates the agents groups, and each group is register with the DF, the
groups obtain the restrictions, activities and the request the schedule of every
teacher using the FIPA-request protocol (Fig. 4.A), being the initiator the group
on request the teacher schedule and the participant the teacher sending by a
response his/her schedule.

A) FIPA request protocol - Second stage.

B) Iterated Contract - Net Protocol.

Fig. 4. FIPA Protocols.

4.5

Negotiation Strategy Design: Third Stage

Once all teachers have sent their schedule to the agents group, the agents group
verifies if exist a conflict; if exist with a day and hour, the group sends the
schedule with the available space to all the teachers involved in the conflict to
propose a new position until the agents teachers does not present any problem
to move or when they respect the largest number of restriction by an evaluation
function. The teachers send the proposal requested by the agent group who
evaluates all the proposals received in order to accept/reject the proposals or if
Research in Computing Science 106 (2015)
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is necessary request another position (day and hour) to the agent teacher if the
space has already been occupied (assigned) for another negotiation that perform
in parallel because exist several negotiations and wins who evaluate and assign
first.
The above, for being a distributed approach where all groups are trying
to resolve conflicts simultaneously with all teachers, there are cases where a
teacher has a conflict with other teachers in several hours with different groups
and the same teacher send the same position for different groups, so the group
validates and if it was assigned the agent group request a new negotiation to the
teacher to provide a new position. The implemented negotiation protocol is the
iterated contract-net where de Initiator is the agent group and the Participants
the teachers (see Fig. 4.B).
In contrast to contract-net protocol, the iterated contract-net protocol allows
new negotiation rounds and is useful when there are cases as mentioned above
with several negotiations in occupied spaces, and then the group request each
teacher to send another proposal. The way in which the agent group accepts or
rejects the proposals of teacher’s agents will be explained below with six possible
scenarios with three teachers as show in Table 1.
Table 1. Scenarios with three teachers.
Scenario 1
Teacher 1: 0
Teacher 2: 0
Teacher 3: 0

Scenario 2
Teacher 1: 100
Teacher 2: 0
Teacher 3: 0

Scenario 3
Teacher 1: 100
Teacher 2: 100
Teacher 3: 100

Scenario 4
Scenario 5
Scenario 6
Teacher 1: 100 Teacher 1: MAX Teacher 1: MAX
Teacher 2: 200 Teacher 2: MAX Teacher 2: MAX
Teacher 3: 300 Teacher 3: 300 Teacher 3: MAX

In an evaluation of conflicts that makes a group in the scenario 1, the three
teachers no present a problem to move to another space, so the agent group cancel
the request for only one teacher randomly, while others accept and change them.
In scenario 2 the teacher 1 can be change for a new position but not respecting
one or more constraints with a weight of 100 as a result of an evaluation function
while the others teachers have no problem to move. The group cancels the request
of professor 1 and accept the new position the teachers 2 and 3. In the scenario 3
due all the teachers have problems in enforcing restrictions with the same weight,
the group performs the same procedure in the stage 1, cancel one at random and
accept the rest teachers.
In scenario 4, the group cancel the request of professor 3 because present
the major problem to move, while the others the group accepts them his new
position. In stage 5, the teachers 1 and 2 have a maximum value implying that
they didn’t find an available position, which whereby the group cancels one of
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the professors 1 and 2 at random and only accepts the teacher 3, and finally on
stage 6 none teacher found a new position which the group accepts the teacher
request without making changes.

5
5.1

Experiments and Results
Selection of Case Studies

This section describes the experiments and results obtained by implementing the
algorithm based in multi-agent system negotiation to resolve conflicts between
teachers. In this experimentation process they were considered four case studies
at random from a 22 countries. These case studies are freely available in a
repository by FET [4].
The countries considered for the experimentation are; Belize, Brazil, Spain
and UK, which each one have a specific characteristics in hours, day, groups,
teachers, subjects, and activities. The activities of Belize and Spain were modified because there were null data, Belize with a total 952 were 249 null data,
while Spain a total of 1086 activities were found 269 data null, giving as a result
the data shown in the table 2.
The countries considered for the experimentation are; Belize, Brazil, Spain
and UK, which each one have a specific characteristics in hours, day, groups,
teachers, subjects, and activities. The activities of Belize and Spain were modified because there were null data, Belize with a total 952 were 249 null data,
while Spain a total of 1086 activities were found 269 data null, giving as a result
the data shown in the table 2.
Table 2. Characteristics of the case studies.

Days
Hours
Groups
Professors
Subjects
Activities

Belize Brazil Spain
5
5
5
6
5
7
23
16
185
44
27
56
24
12
78
703
400
817

UK
6
5
46
26
25
163

Within results also was develop a system to validate the proposed model, in
the Fig. 6 shown the interface execution in the case of Brazil and so for each of
the selected cases, in order to see the details on the development (cf. [2]). In this
execution is shown the agent coordinator; the first column indicates the name
of the agent (agent), the second the type of agent (Type of Agent) in case of
teacher or group and finally the agent status (Status). The Fig. 6 refers to the
first stage that was shown in Fig. 3.
Also, to validate the second stage of the model in Fig. 3, the system shown
in Fig. 6 was implemented once all teachers are ready in status ‘Ready’, the user
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Fig. 5. Screenshot coordinator GUI with teachers.

can press the button Start. The teachers send the proposals to the groups and
the groups check the spaces where exist conflicts to start the part 3 of negotiation
between the teachers involved.
5.2

Conflict Resolution

In the experiment, for each case study were considered 30 executions in order
to identify the average of the conflicts presented by each group as well as the
unresolved conflict, the initiated protocols and the number of message between
agents. The table 3 shows the results of case studies.
Table 3. Results of case studies.
Found conflicts
Total Average SD
Belize 3752 125.07 6.02
Brazil 4149 138.30 7.30
Spain 369
12.3 2.83
UK
3
0.1 0.31

Resolved conflicts
Total Average SD
3505 116.83 5.25
3067 102.23 5.72
369
12.3 2.83
3
0.1 0.31

Initiated protocols
Total Average SD
11340 378 8.26
11095 369.83 8.67
13800 460 3.29
7083 236.1 0.31

Messages
Total Average SD
50845 1694.83 44.74
51369 1712.30 49.77
42865 1428.83 22.05
21260 708.67 2.04

The results of Belize the average have 125.07 (± 6.02), are resolved 116.83 (±
5.25) and 8.23 (± 3.18) are unresolved, while the initiated protocols the average
is 378 (± 8.26) and messages between agents 1694.83 (± 44.74). In the results
of Brazil the average have 138.3 (± 7.3) conflicts found in a initial way, 102.23
(± 5.72) are resolved with the algorithm and not resolve by the algorithm 36.07
(± 6.83), while the average in the initial protocols are 369.83 (± 8.67) and the
exchange message between agents are 1712.3 (± 49.77). The results of Spain show
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Fig. 6. Screenshot coordinator GUI with teachers and groups.

the found conflicts and resolved with the same average 12.3 (± 2.83), taking a
little variability between the conflicts fully resolved with the algorithm, while in
the case of UK only 3 iterations showed conflicts which could solve having an
average 0.1 (± 0.31).
The following figures show the result of table 3 by iteration according to
conflicts found, resolved and could not solve it. In Fig. 7.A the result shown
Belize, while in Fig. 7.B the results of Brazil.
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A) Belize resolved conflicts.

Resolved

Dif erence

B) Brazil resolved conflicts.

Fig. 7. Belize and Brazil resolved conflicts.

The Fig. 8.A shows the results of the case study Spain, which shows the
overlapping results from the conflicts because the algorithm could solve in fully
the conflicts, while Fig. 8.B shows the results of the case UK with only 3 conflicts
that could be resolved with a difference of zero having no conflicts in other
iterations.
The graphs show the variability of conflicts for cases of Belize and Brazil, the
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United Kingdom
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A) Spain resolved conflicts.
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Fig. 8. Spain and UK resolved conflicts.

graphs behave similar because its characteristics has less space for the allocation
the activities of teachers in contrast to Spain and UK, also in conflicts found
in Belize and Brazil the teachers from an initial state have a schedule that
more adapt his/her convenience, imposing more restrictions, while in Spain and
UK the teachers impose fewer restrictions, resulting in greater variability in
assignment activities.

6

Conclusions and Future Work

The contributions in this work is a system that implements a multi-agent system
through negotiation to resolve the school timetabling problem allowing the incorporation of general constraints to model different case studies, regardless of the
institution or country that want to solve as long as comply with the restrictions
and standards of FET.
Another contribution of this work is to allow the agents to interact and solve
conflicts in a dynamic way and not deterministic, also one of the advantages
of the proposal is that it is compatible with FIPA specifications to implement
recognized standards, as well as present regardless of the operating system. In
the part of the system like advantage to implement multi-agent system it was
possible to consider the initial proposals of teachers, be a difficult task for other
techniques that have to generate solutions and validating every assignment.
Based on the result shown in tables and graphs, it’s clear that multi-agent
systems can in great measure resolve the conflicts; solving in the case of Belize
93.41%, also with Brazil 73.92%, whereas Spain 100% and UK 100%.
As a part of the future work it is necessary to implement the missing constraints. Validate the results obtained with Multi-Agent Systems and compare
the solutions generated by FET that implements a particle swarm technique.
Another point to be addressed in future research will implement a new technique to solve conflicts that they could not resolved through a similar technique
proposed by researchers [3] through Eco-Problem-Solving.
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