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Abstract 
Artificial intelligence is a real driver of scientific and technological development with a difficult horizon to assess. This article aims to 
provide a concise review of this science and technology to somehow explain their current situation and future prospects. The article tries 
to analyze the various paradigms, trends, models and approaches for which has been discoursing artificial intelligence. To this end the 
symbolic current, the connectionist model of neural networks and the fuzzy cognitive maps are studied to then move on to analyze the so-
called Computational Intelligence and the sub-symbolic current. From a chronological point of view two stages in the development of 
artificial intelligence are considered: the initial or mono block stage and the current stage of distributed artificial intelligence; the first led 
the expert systems of great practical use, and the second multi-agent systems. Several examples are included to easily understand the use 
and effectiveness of these systems and models. Finally, some details are given concerning the efforts being made to try to unify all 
existing approaches and a brief forecast is included. 
 
Keywords: 34Tartificial intelligence, distributed artificial intelligence, symbolism, sub-symbolism, multi-agent systems, mono-block 
systems. 
 

 
1. Introduction: 20th century scientific and technical development and its continuation 

 
The 20th century has brought about an unparalleled development of science and technology. The intellectual efforts that 

are produced to originate new disciplines such as operations research, biochemistry, informatics, control theory and many 
others have not been sufficiently weighted. 

 
On the other hand, the technique in a continuous and accelerated development achieves its incardination in science, 

thus obtaining what we know as technology or science-technical symbiosis. It is a relatively slow process in which the 
recently launched engineering schools that are created in various European countries collaborate in an exceptional way and 
contribute to this fusion. From that moment, science and technique will march together and the advancement of one of them 
will no longer be possible without the contribution and development of the other. 

 
Of the many technological developments produced in the last century, such as nuclear energy, space travel and 

astronautically experimentation, there is no doubt that the one that has produced the greatest impact on our society has been 
the development of computer science and information technologies (ICT), becoming a true second industrial revolution. 
That is why when the society in which we live is to be characterized; it is frequently called the information society or the 
knowledge society. The usefulness of ICT was evident in the Second World War by promoting important developments in 
operations research and cryptography, which made it possible to decipher the keys used by the German and Japanese 
armies. In this last task, Alan Turing stood out, who would later become the father of artificial intelligence? 

 
This computing revolution, given that computing is constituted from a machine, hard element or hardware, and a 

much more subtle element, the program or software, at the same time supported by a permanent electronic revolution, 
which occurs in parallel, and that has allowed that machine, the computer, to have been experiencing a vertiginous growth 
of its benefits and functionalities, such as memory and speed of calculation, among others, and a decrease in its size. It has 
also originated new communication and location tools, such as cell or mobile phones and GPS systems supported by 
communication satellite networks. 
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In this way, ICTs have become a meta-tool that has contributed not only to the solution of a multitude of problems 
posed in very diverse sciences and technologies, but also to the development of both new technologies and new theoretical 
perspectives in science that they were apparently far from their perceptible scope of application. 
 

The development of ICT continues unstoppable. Moore's law, obtained as an interpolation and extrapolation of the 
objective data obtained so far, establishes that the number of operations per second that can be performed on a $ 1,000.00 
machine is multiplied by one hundred when only ten years have elapsed; at present, that number of operations is 
approximately 10 P

10
P operations per second (in 2018 the IBM Summit 10 P

18
P operations per second, cost 200 million dollars, 

exceeded the Titan by a factor of 100 in five years). It is true that it does not seem possible that this law will remain in 
eternum but with the inclusion of nanotechnologies it seems that the electronic revolution will allow Moore's law to 
continue to work for an unpredictable period of time. Well, within this quasi-permanent ICT revolution there is a hard core, 
which we are going to refer to in the rest of this work, known as artificial intelligence (AI) that has already provided and, 
we believe, will continue to provide important results as a contribution to that development [1], [2]. 
 

On the other hand, the 21 P

st
P century continues that exponential technological development that began in the previous 

century. Despite the crises of all kinds that beset humanity today, and although changes in the way of developing new 
knowledge are predicted, there is no doubt that there are no signs of a saturation of its development in the short term. 
 

We intend to begin this work by presenting the main existing definitions of AI and detailing some of the main 
milestones that occurred in its development, although without pretending to be exhaustive in this description. Next, we will 
stop to analyze the main ways of thinking and working that have emerged in AI, either in: 1) the form of large 
homogeneous currents, 2) the form of more concrete models, 3) the form of more heterogeneous approaches. It is also 
worth highlighting the well differentiated periods that have arisen in its development and that have not moved on a 
conceptual plane but on a more operational one. Finally, we want to refer to the possibilities of integration of the different 
existing approaches and models both in a pragmatic and conceptual way, as well as to the future possibilities latent in the 
present. 

 
2. Artificial Intelligence: important milestones 

 
If we tried to give an intuitive definition of what AI is trying to develop we would be inclined to say that it is 

concerned with making the computer more intelligent in general terms. Today it is clear that the machine does many things 
better than man, such as memorizing a large amount of information, performing simple or complex calculations at an 
enormous speed, but in other operations it behaves worse than the person. The latter include image recognition, which is 
more than just storing and reproducing them, understanding spoken or written language and, particularly, learning. Man has 
acquired learning techniques and habits over time, and has tried to transmit them within the educational process, while the 
computer is in principle at the mercy of humans and this important ability has been beyond its possibilities. Ultimately, it is 
intended that the computer behaves in a more intelligent way in all the activities in which the human being is, more than the 
machine. 

 
This outlined definition of AI, however, has a drawback, which is that the term intelligence is not defined; not even 

psychologists have been able to give a clear definition of it. That is why various meanings of this term have been proposed 
that at least allow us to understand more about the purpose of AI. 
 

And so it is, as Mc Carthy [3], [4], will say that intelligence is the computational part of the ability to achieve and 
achieve goals in our world. This definition also presents problems since it does not detail the techniques or criteria to know 
when these goals are reached. Russell and Norvig [5], use a similar definition that they call rationality, with the same 
problems, hence we limit ourselves to the common sense of intelligence that we have, and that could be associated with the 
execution of complex or difficult tasks, also in an intuitive sense. There is a more formal definition of AI, but we will 
discuss it later. For the moment, we will say that AI is the science that develops computers and programs that simulate 
activities carried out by humans, whether cognitive or physical. 
 

Being a field with many aspirations, some of the main objectives of AI are to develop methods to solve problems 
usually solved by humans such as: recognition of languages, images, planning or prediction; as well as developing models 
that simulate living organisms (particularly the behavior of the human brain). The above with two objectives: 1) to better 
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understand ourselves as human beings, and 2) to create intelligent systems that have a more empathic interaction with 
external reality (men or machines). 

 
3. Precedents of AI 

 
Leaving aside the thinking machines and mythological beings that appear in ancient Greece, it is worth mentioning 

as the first programmable robot the work of the scientist of Kurdish origin Ismail Al-Jazari [6], who built in 1206 a boat full 
of musical automatons floating on a lake to entertain guests at palatial parties. This work is more than two centuries before 
the first programmable automaton built by Leonardo da Vinci in 1478. 
 

Skipping a few centuries of history, at the beginning of the last century, the study of mathematical logic as a model 
of human reasoning, by the hand of Boole, and the formal treatment of the basis of mathematics in Russell and Whitehead's 
Principia Mathematica, allowed establishing the principles of the logic that would be used in computers. Later, Gödel's 
incompleteness theorems, Turing's machine, and Church's Lambda calculus showed that there were limits to human reason 
itself, and thus to what mathematical logic could accomplish. However, the main contribution of these works lies in the fact 
that any form of reasoning of Homo sapiens, mathematically expressed, could be mechanized and simulated. The Church-
Turing thesis implied that a mechanical device, alternating between only two symbols could mimic any process of 
mathematical deduction. 

 
After the use, already mentioned, of digital computers in the Second World War, the possibility began to be 

discussed, among scientists, of building machines that simulate thought. 
 

In 1950, the aforementioned scientist Alan Turing published a historical article, where he speculated on the 
possibility of creating machines with true intelligence. Turing highlighted the concept of intelligence as difficult to define. 
This led him to devise the famous Turing test; If a machine could interact in a conversation (on a medium called tele-
printer) and that conversation was indistinguishable from that which could be had with a human, the machine could be 
called intelligent. This article was the first serious attempt at proposing a goal to be met by an intelligent machine. [7] 
 

4. Main milestones of AI 
 

From an historical perspective, it can be said that AI has its origin in a meeting held in 1956 at Dartmouth College. 
At that seminal meeting, with the assistance of scientists such as John McCarthy, Marvin Minsky, Allen Newell and 
Herbert Simon, they would proceed to study the conjecture that every aspect of intelligence could, in principle, be described 
with such precision as to make a machine, which could simulate it. 
 

One of the goals was to extrapolate the capacity of the new machines in numerical manipulation processes to 
symbolic manipulation processes to carry out intelligent actions. In this conference the participants shared the belief that 
thought was something not exclusive to the human mind, and could be understood in a formal way, and where the ideal 
instrument for this purpose was the digital computer. During this Conference the term Artificial Intelligence was coined; 
apparently it was McCarthy who proposed the term in the call for the meeting; having used it in 1955 during an interview. 
 

The initial development of AI, from that moment on, was very important in charge of the aforementioned figures 
and their collaborators. The US Department of Defense contributed large sums to financing their projects; spreading the 
opinion that within twenty years, computers would be capable of doing everything that man is capable of doing. The results 
obtained in this period have to do with the understanding of English as a natural language, the proof of theorems, chess 
programs, and machine learning techniques. An important review of the results obtained in the first twenty-five years of AI 
was carried out by Mackworth [8]; offering a hopeful outlook. 

 
However, an impasse will occur in the mid-1970s in part due to the Lighthill Report [9], quite critical of the latest 

results obtained, which according to him did not correspond to the expectations raised above. The result is a freeze of funds 
for research in this field donated by the US Department of Defense and the British Government. It occurs at the time what 
has been called the winter of AI. 
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This situation ends quickly in the eighties before the commercial success of the systems called expert systems that 
managed to simulate the knowledge, skills and even the experience of competent people in various fields of work. This 
success does not last long and the disappearance of the Lisp machine contributes to this, mainly due to commercial 
problems. This computer built specifically to efficiently process the Lisp programming language, represented an exponent 
and a tool for the production of this type of systems and with its disappearance it produces a new winter. 
 

The last decade of the 19P

th
P century and the elapsed time of the present constitute a new period of AI successes, in 

new fields such as: logistics, robotics, data mining, now data science, economics, business, medicine and surgery, 
astronautics and industrial technology. These advances include more playful but no less interesting results such as the 
victory of the Deep Blue computer over Kasparov, and more recently, in March 2016, AlphaGo won four out of five Go 
games against champion Lee Sedoi. 
 
5. Artificial Intelligence: paradigms, currents, models and approaches 

5.1 ¿Paradigms? 

 
Despite the short time span since its inception, there have been various trends and conceptual developments that 

have earned various ratings. Thus Hoffmann [10] in his magnificent text uses the term paradigms to describe the two 
existing approaches that he meticulously analyzes. Other authors assume a similar position, as Apt and Marek [11]. 
 

However, we believe that this term has been enshrined in the contributions of the physicist and philosopher of 
science Kuhn [12] in relation to the advancement of science through revolutions. The paradigm is not only the scientific 
theory existing at a certain moment, which allows solving a series of problems, but much more, it is a whole way of 
thinking shared by the scientific community. However, that paradigm begins to collapse when new problems arise that it 
cannot solve or provides the wrong solution. When these disadvantages accumulate, another paradigm usually arises, 
incompatible with the previous one since it frequently uses other different conceptual elements that do not exist in the 
previous paradigm, which begins to be successful in solving problems. 
 

The scientific revolution is produced by confronting these two paradigms and culminates in the replacement of the 
first paradigm by the second when the latter is capable of solving all the problems that the first solved and also some more. 
The gradual implementation of this new paradigm by the scientific community introduces that new way of thinking and 
acting that relegates the entire previous paradigm to oblivion. Kuhn himself gives as an example the replacement of the 
paradigm of Newtonian mechanics by relativistic mechanics. Both paradigms are incompatible because, among other 
important differences, time is an independent magnitude in the first paradigm or what is the same, all imaginable clocks in 
the universe would mark the same time, while in the second it depends on the speed of the mobile which would cause 
mobiles with different speeds to have clocks with different time. 
  
 As we will see later, this is not the case with AI. Here there has been neither a: 1) confrontation between paradigms, 2) 
their incompatibility, 3) substitution of one for another. Therefore, it does not seem appropriate to use a term so 
characterized in the philosophy of science, especially when in this article, when commenting on what happens in AI 
without immersing ourselves in its content, we move on the plane of the philosophy of science, in which the term paradigm 
occupies a very prominent place. Consequently, we have tried to use other less solemn terms that could realistically 
describe what happened in the technology at hand. Finally, we want to pay attention to the movement of integration of all 
this that has emerged a few years ago and that, without a doubt, will lead to a globalized AI both in the practical and 
theoretical fields. As conclusions, we intend to make some considerations about the future of AI without going into science 
fiction. 

 
6. The symbolic stream 

In the mid-1950s, AI researchers attempted to conceive of human intelligence through the manipulation of symbols, 
believing that the ability of humans to learn about and adapt to objects in the environment was based on the interpretation 
and reinterpretation of objects, as basic symbols, that is, the ability to manipulate symbols could well be the essence of 
human thought [13], [14]. 
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We call this initial development of AI symbolic current due to its homogeneity and the possibility of generating a 

multitude of logic models. It is based on the theory of physical symbolic systems developed by Newell and Simon [13], 
where it is defined as a machine that interacts over time and develops a collection of symbolic structures. Newell and 
Simon created the program called Logic Theorist, commonly known as the first AI program. This program proved 38 of the 
first 52 theorems of the Principia Mathematica text [15]; even more he found new demonstrations to some of them. This 
work is based on the fact that: 1) perception, 2) reasoning, 3) learning and 4) other capacities that are commonly related to 
intelligence are cognitive attitudes, that is, there is a process of generation or transformation of information symbolic. 
Intelligence was seen as a very concrete form of information processing in which the fundamental element is not the digit 
but a much more complex structure, the symbol. The main hypotheses that support this approach are: 

 
a) All cognitive systems are symbol systems. The intelligence of these systems resides in the coherent 

construction of symbols that represent situations and events, external or internal, and is manifested 
through the manipulation of such symbols. 

b) A theory of cognition can be designed as a program in an appropriate symbolic formalism in such a way 
that when the program is run in a suitable environment it must produce observable intelligent behavior. 

 
In this sense, according to Newell, a program is a formal symbolic system that has a certain number of variables and 

that can be manipulated (executed) to generate predictions about a behavior (results) of a natural system that you want to 
model. The symbolic system consists of two sets: 1) a set of symbols which can be used to build more complicated 
elements or structures, and 2) a set of processes and rules which, when applied to symbols and structures produce new 
structures. The symbols of this system have semantic meaning, being able to represent objects or concepts and can be 
manipulated to generate other symbols that acquire new meanings. 
 

The symbolic current that we could call initial was the dominant one from the mid-fifties of the last century to the 
end of the eighties of the same century, although it has never really stopped being used later, although with less intensity. 

 
Symbolic systems have been successfully applied to the aforementioned fields natural language processing, expert 

systems, theorem proving, board games, machine learning, simulation of cognitive processes, reasoning such as search, 
planning systems and logic programming, among others [16]. 
 

This symbolic current has undoubted advantages. Among them, it is worth mentioning that since much of human 
knowledge appears to be symbolic, it is possible to encode it on a computer with these techniques and is thus reasonably 
more affordable. On the other hand, the way these techniques reason on the computer is similar to the way a human would 
do it; this analogy results in simplicity of understanding for humans. On the other hand, when identifying the resolution of 
certain problems as a search for states with certain characteristics, they do not need to elaborate more complicated solution 
methods. Finally, although other indisputable advantages could be mentioned, they have a great ability to represent 
hierarchical structures. 

 
Nor can it be denied that it has certain disadvantages. Thus, for example, the models it develops are often rigid and 

specialized, so despite their success, the systems are inflexible enough to function outside the domain for which they were 
designed. This also occurs with other solution methods outside of AI but now this collides with the intended generality that 
AI wants to achieve. On the other hand, symbolic models are processes that are separate from the structures of the nervous 
system of the brain, which are of great interest today; as a result, these models lack the ability to explain those aspects of 
brain function. It could also be argued that the notion of search as a type of problem solving method is more related and is 
due more to the sequential nature of the way computers operate than to any biological model of intelligence, but it cannot 
be deny that it is a primordial technique of human activity. Finally, it should be noted that these models are not capable, in 
principle although later they have been, of dealing with uncertain, partial or inaccurate information, since in principle the 
logic they use is Aristotelian or binary logic, both of propositions and of predicates, and this logic does not allow for 
uncertain or inaccurate information. 

The drawback alleged and known as the problem of symbol landing related to the meaning of terms deserves some 
attention, also related to Searle's [17] alleged argument about the impossibility of achieving the objectives of AI. The best-
known part of it has to do with the so-called Chinese room in which an expert computer is able to interpret Chinese signs 
perfectly, and deceive a Chinese person who is outside the room, who may think that he is communicating with a 
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compatriot. Actually the question Searle raises is; if the mind is a computer program? And in that sense, if a computer 
program simulates human activities that require understanding, can it be said that the program also understands when 
performing those activities? An analysis of this argument that is intended to invalidate strong AI falls outside of this work. 
The argument caused a stir at the time, prompting diverse responses. One of the most interesting, due to Harnad [18] 
because he tries to disrupt the logical and methodological hypothesis and the empirical points of disagreement, showing the 
differences between symbolic and robotic functionalism, between simulation and implementation, between the test of a 
theory and the Turing test, between the modeling of the mind and that of the brain. Ultimately Harnard shows that there are 
aspects of AI that resist Searle's argument. 

 

This symbolic current dedicates great efforts to how to represent in machine the knowledge necessary to solve the 
problem, developing for it uses various techniques; from the logical formalization of knowledge and its simplifications such 
as the exclusive use of conditional propositions, called production rules, through the use of frames or notes, which structure 
a large amount of information, to the semantic networks that manage to include so much syntactic information of the 
problem as some semantic information. It is also necessary to mention the use of functions, which constitute a different 
aspect of representation of knowledge, both quantitative and qualitative and which gave rise to the so-called functional 
programming and the Lisp programming language, already mentioned above, which facilitated the design of these 
functions; as well as its operation through the development of the appropriate software programs. 

 

In addition to these efforts carried out in the representation of knowledge, other parallels in its management must be 
mentioned; one of the representative elements of this management is constituted by the knowledge bases or repositories of 
knowledge already adequately represented, and another, also important, is the inference engine or software machine in 
charge of manipulating the existing knowledge to be able to produce, in accordance with the laws of logic, new knowledge 
[19], [20]. 

 
6.1. Symbolic approach example: Algorithm A * 

The A * algorithm is a computer algorithm that is widely used in graph traversal and search for paths between 
various points, called nodes [21]. It is an extension of the Dijkstra algorithm, obtaining better performance and results due 
to the use of heuristics or experience functions that guide the search, reducing both the steps and the search time. 

 
It is symbolic because the representation of the world on which it operates is based on symbols that are mapped to 

nodes, graphs, edges and heuristics. 
 
On the other hand, many of the problems in the symbolic tradition of artificial intelligence are reduced to: 1) 

determining whether a certain state can be generated within a particular formal system, or 2) finding a particular generated 
state, that is, which is reduced to a search problem on particular states. 

By not perceiving changes in the world, it does not invalidate the process, in such a way that when returning a route 
based on symbols and their representation of the world, said route may no longer be optimal, due to what happens in the 
real world; It can be a real or virtual environment, but outside the AI system. 

 
In this case, the algorithm A * has as variables the nodes, allowed edges and obstacles and the desired behavior is 

for an agent to travel a route between two points, obtaining the route in a previous step, [21]. 
 
6.2. Logic model example 
 
As a simple example of a logic model, it is worth examining the following set of statements> 
 
a) If there is no inflation or Lucas is lying or the economists are right 
b) There is inflation or if not, economists are wrong 
 
Can we accept as a conclusion: Lucas is lying? 
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The logical formalization of these propositions leads to: 

a)   ┐p → q ᴠ r 

b)   p ᴠ (┐p → ┐r) 
 
Observations: "┐" is the negation operator; "p" represents inflation; "q" represents Lucas lies, "ᴠ" is the logical operator o 
(inclusive), and "r" is the economists are wrong. 
 

Combining ┐p → q ᴠ r   with   ┐p → ┐r we obtain  ┐p → q,  that is, the proposition b) can be formulated as:  p ᴠ (┐p 

→ q), from which the conclusion is p ᴠ q, or either "there is inflation or Lucas lies". Ultimately the alleged conclusion Lucas 
lies is wrong. 
 
 
7. The connectionist model 

 Within the symbolic current a totally different new approach emerged, originating in relation to the development 
of machine learning techniques called neural networks or the connectionist model; They also use a low-level symbolic 
representation of the problem and, from the software point of view, are models analogous to those used in mathematics for 
many years in calculus routines (Matlab, Mathematica, etc.) and known as symbolic programming. 
 
7.1 Neural Networks 
 

This approach has very frequently been designated as sub-symbolic but, again, in that designation other behaviors 
are ignored, such as the aforementioned mathematics that maintains the denomination of symbolic to similar models. It is 
therefore more appropriate to refer to it as a connectionist model. The sub-symbolic designation seems to ignore that even 
if it reduces the level of representation, it is using symbols that relate to and represent an object, even if it is partial and very 
limited; not for nothing has man been qualified as a symbolic animal. Furthermore, it would not be easy at all to specify 
the concept of level referred to the symbol, so its appreciation would be completely subjective. 

 
If we want to find the experimental bases of the connectionist model, we must go to Santiago Ramón y Cajal [22] 

who, at the end of the 19th century, in his doctrine of the neuron, establishes that the neuronal transmission between axons 
and dendrites is always unidirectional, which was helpful in establishing the direction of electrical impulses in the brain. 
Subsequently, due to the technological and scientific development forced by an event of the magnitude of the Second 
World War, the following discoveries were made: 

 
• Neurons in the brain are an electrical network, where each neuron is on or off at all times. 
• Wiener in 1948 creates cybernetics, understood as control and communication in the living and inanimate; within 
the latter are the electrical networks (1948). 
• Shanon and his theory of information establish digital signals as signals where it is established that they are always 
in an on or off state. 
• Turing's theory showing, that any computation could be described digitally. 
 

Each of these ideas was related to each other, and together they suggested that it was possible to build an electronic brain. 
 

McCulloch and Pitts [23] analyzed networks of idealized artificial neurons and showed that they could perform very 
simple logical functions. This was published in the work A logical calculus of the ideas immanent in nervous activity [23]. 
His description was later known as neural networks, a name that is a synonym for the connectionist model. According to 
this approach, knowledge processing is performed through the change of states in networks made up of elements called 
neurons, in an analogy to real neurons. 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

339 
 

In this way, a neuron or a small set of neurons can represent (also symbolically) a feature of a concept or an object, 
being possible to design an intelligent system that executes the appropriate global behavior even if all the components are 
simple and operate based only in local information. 

 
The connectionist model is an attempt to emulate the brain's neural connection and use it to solve virtually any 

range of problems. It is made up of a series of layers of neurons or nodes capable of receiving and transmitting information. 
Each neuron has an information output and transmission function to the other neurons with which it is in contact, based on 
the information it has received. The connections are associated with numbers or parameters that the network itself can vary 
depending on the success obtained in solving the problem. The network has an input layer in which the problem data is 
encoded and another output layer that also provides the encoded solution. 

 
The network is trained from a set of solved problems; its data is introduced in the input layer and its solutions in the 

output layer, forcing the network through a back-propagation algorithm to adjust the parameters or numerical coefficients 
associated with the network connections over and over again. Once trained, the network is in a position to provide the 
solution to new problems that are broadly of the same class as those used for training. There are several types of neural 
networks, from the linear perceptron that was one of the first types, through functional ligature neural networks to include 
probabilistic neural networks that can act using the calculation of probabilities. 
 

The connectionist model has undoubted advantages such as representing the knowledge of the human expert in a 
compact way and simultaneously using it to solve problems. This knowledge is not obtained from human knowledge but by 
learning from the network in the face of solved problems. Hence another advantage of great interest is that these neural 
networks can be used for problems in which a solution theory is not known, since, as we have just mentioned, they 
spontaneously learn from their experience. Even more, if the problems we are analyzing refer to a process that evolves over 
time and we maintain permanent and concomitant learning of the network with it, the network will adapt in the way that the 
process does and can continue to solve problems related to it. 

 
The disadvantages of the connectionist model have to do mainly with its learning; usually a high number of solved 

problems is required to carry it out and this can require a great effort to search for these problems. When they are available 
and their introduction into the network is properly organized, learning can be extremely fast, given the speed of computing 
processes. For this reason, various types of networks have emerged, such as the aforementioned functional ligature, trying 
to reduce the number of solved problems necessary for learning the network. Also sometimes the network model developed 
is excessively specific; being its generalization to other related problems problematic, which is presented as another 
possible disadvantage. 
 
7.1.1. Neural networks example 
 

As an example of a connectionist model, we will briefly refer to the recognition of phonemes using functional 
ligature neural networks [24]. 

The neural networks of functional ligature present an input layer in which the data of the problem are introduced as 
in the traditional case but also are reintroduced as arguments of a family of orthogonal functions previously chosen. In this 
way, the input layer is enlarged, but this makes it possible to suppress the intermediate layer, leaving the network only 
made up of that enlarged input layer and the output layer. The Mel-Cepstrum and Cepstrum coefficients of the Fourier 
spectrum obtained from totally different human voices were introduced as input data. The output layer had to provide 
encoded recognition of the phoneme used. 
 An important advantage of these networks is the reduction in the number of training pairs necessary for the network to 
meet the desired objective, which went from more than a thousand to just one hundred. On the other hand, the recognition 
coefficient of some phonemes, such as "o" or "u" increased by 30% in relation to that of the linear perceptron. 
7.2  Fuzzy cognitive maps 

Fuzzy Cognitive Maps (FCM) are a new approach to modeling the behavior and operation of complex systems. Bart 
Kosko introduced them in 1986 to describe the behavior of a system in terms of concepts and causal relationships between 
these concepts [25], [26], [27], [28]. 
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The origin of a FCM’s is a cognitive model that represents a cognitive system. The word cognitive is related to the 

process of cognition. This process refers to mental activities that: 1) deal with abstract information that comes from the real 
world, 2) its representation, and 3) the way this information is accessed from memory. 
 

According to Simon [29], a cognitive system manages to simulate reality, adapting to it in relation to objectives. 
Simulation can offer new knowledge through two interrelated ways the most obvious is that, even with correct premises, 
discovering what they imply can be truly difficult. It is characteristic of many types of design problems that their internal 
system is made up of components whose fundamental laws of behavior are well known. The difficulty of the problem 
usually consists, in fact, in predicting how the interaction of these components will behave. The most interesting and subtle 
question is whether a simulation can help us when, to begin with, we do not know much about the natural laws that govern 
the behavior of the internal system. 
 

The objective, therefore, of a cognitive model is to develop an effective simulation of the solution of the problem in a 
certain domain from the human point of view. In this technique, knowledge is divided into components that are directly 
related to the way humans classify and use those [30], [31], [32], [33], [34]. 

 
In particular, cognitive maps come from the theory of sign learning [35], [36], by Edward C. Tolman [37], who in 

his analysis of human behavior, considers learning as the interconnection of concepts that are somehow related to each 
other, where the brain of the student is considered as a control room of maps where they are constantly reorganized in order 
to produce new behavioral responses (cognitions). Edward C. Tolman's theory was called propositional behaviorism in his 
main systematic work, propositional behaviorism in animals and in man [36], [37]. Later the author himself and other 
researchers called it the Gestalt sign theory or hope. 

 
Biologically, mammals base their reasoning development on specialized structures called cognitive maps and are 

located in the hippocampus region of their brain. In the field of artificial intelligence, cognitive maps have a broader 
meaning; they include the codification of knowledge regarding causal events and the way in which it is activated. 

 
There are several models of cognitive maps; Axelrod [38], for example, introduced cognitive maps (CM) in 1970 in 

order to represent social scientific knowledge. These CMs are signed directed graphs, where the nodes denote concepts 
such as: social instability and the direction of the arcs denote causal connections. The arcs are accompanied by a positive or 
negative sign that denotes an increase or decrease respectively with respect to causality, in other words, in the case of a 
positive (negative) arc from node A to node B, it implies that A causally increases (reduce) to node B. In addition, he used 
an adjacency matrix to represent causality in CMs. 

 
Bart Kosko, gives meaning to this new representation as a graph capable of encoding knowledge using fuzzy logic to 

represent causal reasoning. Modeling cognitive maps using fuzzy logic seems natural, due to the inherent uncertainty 
found in real-world knowledge and databases. One of the goals of including fuzzy logic is to satisfy a partially directed 
relationship with respect to the ≤ operator between two nodes. 
 

Kosko extended Axelrod's basic model to include a nonlinear function. It must be taken into consideration that the 
inclusion of non-linearity sometimes forces the cognitive map to recycle through the states. By including the non-linear 
function we are limiting the distribution of the output values and trying to make it the same as the input values from the 
point of view of reasoning performance, that is, is being endowed the cognitive map with a self-evaluation, in the sense of 
knowing how well you reason about the design of the adjacency matrix links. There are different types of functions such as 
logistics, the hyperbolic tangent, the arc sine, or the arc tangent [39]; and each one of them in a particular way is adapted to 
each type of problem (process reasoning). It should be noted that the logistic function is the best in the sense that it involves 
perfect statistical-learning [40]. 
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So according to Kosko we have: 
 

Being E (n x n) the incidence matrix of a cognitive map; and C, a given vector of the state of the system at a given 
instant. In this case Ci is a concept, the i-th component of the vector C; Qi is a linguistic label (much, more or less, etc) for 
Ci and denotes the strength of the concept. So for two concepts Ci and Cj, Ci causes Cj ssi: 

 
1. Qi ⊂ Qj y ¬Qi ⊂ ¬Qj the causality of Ci increases Cj. 
2. Qi ⊂¬Qj y ¬Qi ⊂Qj the causality of Ci reduces Cj. 
 

Hence the following state vector can be evaluated as: 
C (t+1) = S [C(t) * E]    

 
Where: S, is a nonlinear function applied individually on the components of the matrix product and t, denotes time. 

 
  FCMs have been used in computer-controlled systems that also serve to represent the knowledge of an expert [33], 
[41], [42]. 
 
 
7.2.1  Example of fuzzy cognitive maps 
 

Fuzzy cognitive maps (FCM) were used to represent expert reasoning in the face of a failure event within a nuclear 
plant [20], [38], because they achieve manage uncertainty in decision-making, through the interrelation of its elements. In a 
nuclear plant, in general, the supervision process consists of maintaining the normal operating conditions of the core at all 
times (mainly pressure and temperature), therefore the loss of the coolant destined to maintain the temperature within the 
normal operating range is one of major failure events that are important to analyze. 

 
Currently, the analysis is carried out using the Bayes methodology (IF such event THEN; IF_NO event THEN). An 

auxiliary expert system was created in the automation of decision-making that a supervisor must carry out when trying to 
mitigate the effects of failure; specifically, in the event of failure due to the loss of refrigerant called Small-LOCA, by its 
acronym in English (Loss of Coolant Accident). The expert system provides the supervisor with information on the future 
status of the essential parameters of the plant, from the change of one or more of them. The foregoing allows the possibility 
of an early action in a possible emergency scenario. This last characteristic entails the possibility that said expert system has 
a high potential to be used in the training of plant operators. 
 

As a first step, a cognitive analysis of the expert's behavior was performed. From this analysis, the behavior process 
and the elements that generate the behavior were obtained. The nodes represent the elements and the behavior is 
represented through the links between them. 

 
The cognitive analysis of the expert's behavior included three aspects of supervision: 1) the state of physical 

parameters such as pressure, temperature, power and water level; 2) the status of the fault mitigation mechanisms and the 
core; and 3) the status of the HPCS (high performance computing system). From this analysis, three cognitive maps were 
obtained: one for each aspect analyzed and its corresponding matrix of causal relationships was generated [20], [38], [41]. 
 
      Interpreting the matrix corresponding to the physical parameters, the following state of the same was obtained as a 
result. With this result, the supervisor is able to take early action based on existing emergency procedures. These 
procedures indicate the use of adequate mitigation mechanisms; therefore, it was important to include this aspect in the 
analysis. From these results, the interpretation of the matrix corresponding to the mitigation mechanisms performed and, as 
a result, the following state of the same was obtained. These results allow the supervisor to analyze whether the action 
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taken is effective in preventing a possible risk scenario (future state of the core). This last characteristic entails the 
possibility that said expert system has a high potential to be used in the training of plant operators. 
 
8. Computational Intelligence and the sub-symbolic current 

The qualifier Computational Intelligence (CI) has been in use for more than twenty years, and as often happens with 
other branches of science, its interpretation and content have varied over time, proposing topics and techniques in order to 
reinforce its position and distinguish it from other collateral branches. 

 
CI has evolved to include numerous topics, making it difficult to give it a formal definition. Thus, following 

Kuncheva and Porter [43], it is established that various expressions compete to name the same interdisciplinary area based 
on individualities such as fuzzy sets, neural networks, evolutionary computing, machine learning, Bayesian reasoning, etc. 

 
Fuzzy sets are a generalization of ordinary sets in which each element of the set is assigned a real number between 

zero and one, which indicates its degree of belonging to the set. In intimate connection with these sets is fuzzy logic, which 
in principle is the same Aristotelian logic, except that here the propositions are associated with a coefficient that indicates 
the degree of certainty of that proposition; It is therefore not a binary logic (everything is true or false) but a multi-valued 
logic. 

 
Evolutionary computing is a whole set of programming techniques that try to solve problems by imitating certain 

biological processes, among others, that of the natural selection of species. Perhaps the best known is the technique of 
genetic algorithms for optimization processes, but may have the disadvantage of requiring a large number of calculation 
steps to achieve the solution. 

 
Machine learning has been a particularly important branch of AI, in which it began, by providing the computer with 

methods of learning from its own experience. The connectionist model was one of the first machine learning techniques, 
and several others have followed, such as reinforced learning, reasoning by cases, etc. Bayesian reasoning also uses various 
techniques, although the use of probability is undoubtedly the best known. 

 
To try to give unity to such varied topics, the Dartmouth University CI project specifies that fuzzy logic, neural 

networks and evolutionary algorithms use sub-symbolic processing, which includes numerical processing, and 
representation and processing of knowledge. It is a vain attempt to call such a heterogeneous approach sub-symbolic, 
ignoring that numerical processing has already existed for many years in mathematics, and that it never received the name 
of symbolic or sub-symbolic, on the contrary, it differs from it. From another point of view, it is inconsistent to host logical 
reasoning in traditional AI and fuzzy reasoning in CI. 

 
Possibly the best justification for a sub-symbolic level related to the connectionist model is due to Smolensky [44] 

and his sub-symbolic hypothesis that states that the intuitive processor is a sub-conceptual connectionist dynamical system 
that does not support a conceptual level of description precise, formal and complete. Consequently, it is affirmed that in a 
symbolic system the computational level coincides with the representation level, while in the sub-symbolic system the 
computational level is lower than the representation level. It is a somewhat more justifying statement of the distinction but 
that continues to present the difficulty of not precisely defining the concept of level and assuming that there is a relationship 
of total order between those levels, which is far from being real. However, Smolensky, who incidentally also uses the term 
paradigm, in his defense of sub-symbolism, only alludes to the connectionist model and not to the other heterogeneous 
themes that CI encompasses such as fuzzy logic and evolutionary computation that are far from its defense. 

 
In any case, given the need for marketing actions by some of the defenders of this approach, the name of sub-

symbolic processing has been widely used, although always without real justification. An attempt is made to distinguish the 
sub-symbolic current from the symbolic one by adding that in the symbolic representation the symbols always have a 
meaning, while in the sub-symbolic the meaning or a part of the knowledge represented cannot be exactly located in the 
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representation. If this is the case, the principles of semiotics in which every symbol (regardless of its level) points to a 
meaning are violated. 

 
Proof of this subtle and continuous relationship between symbolic and sub-symbolic processing of neural networks 

is the existence of finite state automata that constitute a bridge between both representations [45], [46] in the sense that any 
neural network can be represented by a symbolic finite state machine with output in which symbols can be created by 
natural numbers assigned to binary vectors of activities. Reciprocally, any finite state symbolic machine can be transformed 
into an equivalent subsymbolic neural network in which the symbols of the finite state representation appear represented by 
binary vectors. 

 
The field of CI has been expanding to include the design of intelligent agents, which seems to agglutinate all AI 

except for the symbolism of the early years. The publisher's series Springer Studies in Computational Intelligence has 
covered a whole range of topics such as applications to design and manufacturing, control engineering, software quality, 
and even economics and finance. Thus, Engelbrecht [47], in an attempt to encompass such heterogeneous topics, defines CI 
as the study of adaptive mechanisms to facilitate intelligent behavior in complex and changing environments; as such, it 
combines artificial neural networks, evolutionary computing, and fuzzy systems. 

 

Intelligent agents, as we saw in Konar's definition, already commented, have also been included, although more 
attention has been given to reactive agents of which we include an example below. These agents include a series of quick 
behaviors, in the face of the perceptions they capture of their external world (real or virtual) and with them it is possible to 
speak of the emergence of behavioral attitudes [31], [48], [49], [50], [51].  

 

The results of these incorporations are systems that learn, recognize patterns, solve problems and can even exhibit 
motor skills [52]. This approach to the human brain, although slow, seems to be a correct way to understand and model 
human intelligence. 

 

Heterogeneous CI techniques have a number of advantages, also heterogeneous. Thus, fuzzy logic allows a greater 
approximation to reality in which not everything is black or white, but shades of gray abound; It also allows to establish a 
theory of possibility in cases in which probability is not applicable. Something similar happens with fuzzy reasoning, valid 
for infinity of cases in which the data and the results, therefore, are uncertain. Genetic algorithms provide an optimization 
procedure that has nothing to do with the usual mathematical techniques, and therefore provides a new opportunity to solve 
the problem, particularly in cases where the problem is not feasible to be mathematically formalized. On the other hand, 
reactive agents make it possible to simulate behaviors in cases where the response must be quick, or that behavior cannot be 
formalized logically, or there is a change in real time in the conditions or data of the problem, based on individual or 
specific responses to certain external actions, which can be integrated and completed by the agent. These responses seem to 
more closely mimic certain behaviors of the human brain and allow the number of errors to be reduced and the agent's 
behavior to comply with the time constraints imposed by the real problem. 
 

CI also has heterogeneous disadvantages. Thus, fuzzy logic forces us to justify the choice of the logical operators 
that are used, bearing in mind that in this case the number of operators is infinite; it will also be necessary to justify the 
certainty coefficients used in the propositions that are handled or the subjective probabilities assigned in the case of 
Bayesian reasoning. As for genetic algorithms, their problem usually lies in the large number of stages or cycles that must 
be simulated to reach the solution of the problem. 
 
8.1. IC Example: Cognition Included 
 

Brooks and his embedded architecture are supported by the embodied mind thesis [53], which is based on the fact 
that the nature of the human mind is determined in an important way by the shape of the human body, since all aspects of 
cognition are based on aspects of the body [54]. These aspects of cognition include high-level mental constructs, such as 
concepts and categories, performance as a human in various cognitive tasks such as judgment or reasoning. Aspects of the 
body include motor systems, perception systems, interactions of the body with the environment, and ontological 
assumptions about the world constructed within the body and the brain. 
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 The embedded architecture is based on the philosophy that the world must be its own model, that is, Brooks 
proposes not to store models of the world in dynamic and unpredictable environments, because the representation may be 
incorrect or not current, with priority being the ability to react quickly during the event in progress, in this way, the 
readings from the sensors must be quickly and directly mapped to commands linked to the actuators in a decentralized way. 
Other examples of sub-symbolic systems are animats or algorithms of emergent behavior that allow simulating small 
societies and their evolution [55]. 

 

 In any case, symbolic computing has also been able to develop the kinematic manipulation of an n-dimensional 
robot [52] thus showing an equivalent potentiality. 
 
8.2. CI example: Soccer simulation using reactive multi-agent architecture 
 

This simulation developed in Java with the MASON framework is based on the works of Maes [56]. In this system, 
a simulation of a soccer game is executed, there is no strategy coordinating module and all the reasoning is generated based 
on the perception of each agent regarding their current position, their ideal position, their predators that would be the 
opposing team agents, as well as environmental conditions such as the score or the position of the ball [57]. 

 

The ability to perceive the environment in these systems, endows them with an emergent behavior that in Maes's 
words is explained as follows: the functionality of an agent is seen as an emergent property as a result of the interaction of 
the system with the dynamic environment. The speciation of the behavior of a single agent does not explain the 
functionality that is observed when the agent is running. In other words: the functionality of the agent depends on a high 
percentage of the events that occur in the dynamic environment. The environment is not the only factor that is taken into 
account for the design but its dynamic characteristics are what trigger the operation of the system. 
 
9. Artificial Intelligence: periods 
 

Up to now we have been referring to the different approaches, standpoints or currents within AI or CI, following in 
a certain way their historical development, but a different analysis can be made taking into account the important 
differences in the way of programming these approaches or techniques, that is, introducing ourselves at a lower level than 
we have been commenting on. In this case, and to distinguish the terms, we are going to talk about periods. In principle, it is 
possible to establish two different periods: the mono-block and the distributed one, although if we increased our vision 
capacity we could outline some more. 
 
10. Mono-block Artificial Intelligence 
 

This first period is characterized by the fact that the software developed constitutes a single global program that can 
only be executed on a single computer, although like all computer development it can be decomposed into algorithms or 
functions with different objectives. 

 
The traditional architecture of these expert systems was basically constituted by: a) a knowledge base, b) the 

inference engine, c) the data acquisition module, and d) the communication module with the user, although according to the 
specialty of the user expert system, some other module dedicated to a special activity could be added. 
 

The knowledge base emulated the knowledge of the human expert necessary to solve these types of problems and 
included either the necessary scientific knowledge that could be acquired in books or magazines, as well as the specific 
experience or skills that the human expert acquired during his solver activity from problems. This specific experience could 
be extracted from the expert, with his collaboration and will, so that the system could use it in a similar way as the expert 
did. This knowledge and experience were represented in the machine by means of diverse techniques, already commented; 
the most common was the use of the rules of production or conditional propositions. 
 

The inference engine contained the techniques for manipulating knowledge from the present data in order to obtain 
new knowledge that augmented the existing data. The engine cyclically reviewed the knowledge base trying to combine it 
with the existing data in order to obtain new knowledge until the saturation of the system occurred in the sense that new 
revisions of the knowledge base no longer provided new knowledge. 
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The data entry module received the initial information (and even the subsequent if it was a dynamic system) through 
the appropriate sensors or procedures. It was also usually in charge of pre-processing that data to offer it to the inference 
engine in the appropriate format. 

 
The user communication module centralized all aspects of this communication and output the results in the correct 

format for easy understanding by the user, including the relevant graphs, charts and tables. 
 
These expert systems formed the basis of countless interesting applications that solved a multitude of real problems 

in practically all real-life, economic and industrial orders with great efficiency. 
 
10.1. Examples of expert systems (mono-block) 
 

The classic expert systems par excellence are described below; all of them mentioned in Méndez-Gurrola [58].  
 
MYCIN (Shortliffe): a knowledge-based system for conducting medical diagnoses, initiated by Ed. Feigenbaum and 

later developed by E. Shortliffe and his collaborators. Its function is to advise physicians in the investigation and 
determination of diagnoses in the field of infectious diseases of the blood. 

 
XCON (McDermott) originally called R1: developed at Carnegie-Mellon University. It is a system for the 

configuration of computer systems. According to the client's requirements, VAX computer networks are configured. 
Because the product catalog on the market was very wide, the complete and correct configuration of a system with these 
characteristics was considered a complex problem. 

 
DESIGN ADVISOR (Steele): system that comments on chip designs, giving advice to the chip designer; these could 

be accepted or rejected. If the advice was rejected, the system was able to use a justification-based maintenance system to 
revise the circuit model. 

 
PROSPECTOR (Duda and Hart): This system was created to analyze geological data specifically for the search for 

minerals. Each rule in the system consisted of two confidence estimates. The first indicates the extent to which the presence 
of the evidence described in the conditional part of the rule suggests the validity of its condition. The second is a confidence 
estimate that measures the extent to which evidence is necessary in the validity of the conclusion. 

 
META-DENDRAL (Mitchell): It was the first program to use learning techniques to automatically build rules for a 

knowledge-based system. Rules are built in it to be used by DENDRAL, work that served to determine the structure of the 
components of complex chemical compounds. META-DENTRAL induced its rules based on a mass spectrometric data set, 
so it was able to identify molecular structures with very high precision. 
 
11. Distributed artificial intelligence 
 

Software production changed with the emergence of parallel processing, but the change and the consequences were 
much more important with the establishment of distributed processing. 

 
This allowed different modules of a program to be executed on different machines, thus introducing a new mode of 

software production, regardless of its serial or distributed execution. Its most important consequence, for our study, was the 
birth of the so-called multi-agent systems. 
 

In principle, a multi-agent system is a collection of intelligent agents with identical or different functionalities that 
together collaborate in the solution of a certain problem. This collection of agents can perform their task (be executed) on 
different machines, maintaining communication between them. 

 
A multi-agent system presents a whole series of fundamental computing elements, among which are: the agent 

model or models that need to be implemented, the communication and collaboration between them and their control 
depending on whether their execution is carried out in one or more computers, as well as the knowledge and experience 
necessary to address the problem. 

 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 12, December 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

346 
 

Since the uncomplicated possibility of designing multi-agent systems is possible, they have been occupying a good 
part of the solutions provided by the AI or IC, instrumentalizing the previously commented techniques within the agents 
used. 
 

Connectionist and CI models are not incompatible as is the case with scientific paradigms in Kuhn's sense, and they 
all have important advantages. There have been various attempts at total or partial fusion of these approaches, thinking of 
obtaining a synergy with this integration and reducing or cancel the particular disadvantages of each one of them. Among 
them stand out the pragmatic integration, constituted by the cognitive multi-agent systems, and the various attempts at 
integration at the conceptual level, much more complex for integrating such heterogeneous techniques. 

 
A multi-agent system can integrate, if needed, all the approaches and currents that we have discussed so far in an 

easy way. To do this, and based on the fact that the agents normally have a modular architecture, it is possible that different 
modules of that architecture can host very different approaches. It is not necessary to formally or theoretically integrate 
these approaches, it is enough to transmit between modules the results obtained in each one with the appropriate format. 
With a simple transmission of information between modules, within the same architecture of the agent, the practical 
integration of these very heterogeneous techniques is achieved without the greatest effort. 

 
Neocampus24, for example, is a software platform for the production of cognitive agents that respond to a specific 

modular architecture, although it can later be modified if necessary. The platform allows to quickly build specific 
prototypes using that architecture, that is, it constitutes a whole functional skeleton that can be duplicated as many times as 
necessary. To each, duplication that is the basis of a specific prototype or multi-agent system, both the specific knowledge 
and skills are added to solve the prototype problem, and the necessary peculiarities of the same. 

 
It is interesting to know the basic characteristics of the agents produced and the main modules that constitute their 

architecture. In principle, the agents obtained are autonomous, that is, they work for goals that have been facilitated by the 
user, transmitted by other agents or chosen by the agent; it is intelligent, or better, it is cognitive, which is to say that it 
works based on the knowledge that it has; learn from their experience using machine learning techniques such as neural 
networks, reinforcement learning, and case learning; understands natural language; optimally plans your activities; 
collaborates with other agents through diverse policies; communicates with the user by personifying that communication. 
 

To achieve this functionality, it has the following modules: a state module that includes: the agent's beliefs, desires 
and intentions that are represented according to a logic model, using production rules; a specific knowledge module that 
includes both the specific scientific knowledge to solve the problem or perform the task in question, as well as the 
experience of the human expert, skilled in that resolution or execution. This specific knowledge is arranged in three layers: 
the reactive layer, the tactical layer, and the strategic layer. This module is represented by semantic networks, knowledge 
graphs including traditional algorithms; a planning and optimization module in the form of a logic model complemented 
with genetic algorithms. It also has a specific control module that directs and organizes the operation of the aforementioned 
modules, to which must be added the information input module and sensors, the communication module with other agents 
and with the user, and its own database in which it stores all its activity and experience. 
 

One of the prototypes developed for human learning also incorporates both fuzzy logic and affective computing 
techniques to improve student learning. In this way, the possibility of practical integration offered by these cognitive multi-
agent systems can be verified. 
 
11.1. Multi-agent architecture example: Makatsiná, intelligent teaching system 
 

This intelligent teaching system (ITS) develops a form of analysis and design, based on reactive systems and 
cognitive models; which leads to a multi-agent architecture, where the global behavior of the reactive system is modeled 
taking into consideration the results of the cognitive analysis of tasks, the genetic graph and the errors of the task to be 
developed. 

 
This proposal is intended to offer a clearer and more detailed analysis of the errors and the teaching plans that 

correspond to the different instructional tactics handled by each agent, where each agent will be a type of expert assistant 
[31], [49], [59]. 
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Even more, the implementation with reactive agents is simple because they represent simple skills seen in isolation, 
that is, a local view, with which one can benefit from all the advantages of distributed artificial intelligence. The real 
difficulty lies in finding these skills, as well as the analysis and design of the interaction mechanisms between the 
environment and the reactive system, in this case an ITS [31], [49], [59]. 
 

Makatisná's multi-agent design shows its potential, by finding the skills of a cognitive task. One of the goals of any 
reactive system is to achieve emergent global behavior, where emergent means adaptation to the current environment; 
based on simple behaviors. In the case of an ITS, the purpose is to teach a complex skill by dividing it into sub-skills; hence 
each sub-ability is represented by an agent type assistant expert. Based on interactions between agents and between agents 
and the environment, we achieve that emergent and coherent behavior. To achieve this, we have aspects of the environment 
and objectives working in a distributed way in the different expert assistants [31], [49], [59]. 

 
 Makatsiná, focuses his teaching on learning the ability to solve triangular structures by the method of nodes; This 
domain is within integrated skills. 
 
12. Efforts for conceptual integration 
 

The formal integration of so many heterogeneous techniques is not an easy task; hence it is only possible to speak of 
attempts with partial results. One of the most representatives is the existing fusion effort between the symbolic current and 
connectionist models with the name of neuro-symbolic computing or as the project that tries to develop this approach: 
learning and neuro-symbolic reasoning or the applications achieved with this approach in the field of computational 
creativity [46]. 
 

In the field of education [33], [34], there has been the integration of rule-based approaches and in inputs to improve 
diagnostic error in expression manipulation. It is another interesting field in line with this fusion of the different 
approaches. 
 
13. Predictable future: total AI 
 

At the present time, the vision in which the revision carried out of the different approaches could be synthesized 
would be the following. Intelligent technologies are classified into two broad branches: on the one hand, there is the initial 
AI and the symbolic current, with an intense relationship with sciences such as psychology, linguistics, economics, 
management, organization science that is, with sciences classified by UNESCO as social sciences. The other branch, CI, is 
strongly related to evolution, genetics, neurophysiology, embryology, and ethology, that is, with sciences classified as 
natural sciences. Both branches are united by the formal sciences: logic, both classical and divergent, and mathematics. 
Both also communicate widely with engineering and technology in their various specialties, producing important 
developments. 
 

The predictable future is bright, given that various companies such as Toyota, Facebook, Amazon, Google, IBM and 
others are building private centers for the development of intelligent technologies. For all this, it is not surprising to speak 
of the New AI, which includes new results as solvers of optimally ordered problems, and new techniques for optimal 
decision-making, among other contributions based on the unification of universal induction and decision theory sequential 
[60]. 
 

We do not intend to analyze the possibility of the production of a singularity, conceived as the production of 
machines more intelligent than man, much less in achieving a second singularity, if the machine is capable of producing 
other machines more intelligent than it; All this could be related to science fiction, but there is no doubt that the future of 
intelligent technologies is going to surpass any existing conception if we simply look at the technological fields that are 
beginning their action today, such as 3-D printers, big data, and Internet of everything. The future is not predictablee, 
however knowing the effort on the part of serious scientists that writing science fiction implies, perhaps if we could 
imagine our future through their excellent works. 
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