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Abstract

Nowadays, artificial intelligence entities operate autonomously and they actively
participate in everyday social activities. At a macro-perspective, they play the role of
mediator between people and their actions, as components of the fundamental structure
of every social activity. At a micro-perspective, they can be considered as fixed critical
points whose hypostasis is not subject to established legal framework. A key point is
that embedding artificial intelligence entities in everyday activities may maximize legal
uncertainty both at the macro and micro-level, as well as at the interim phase, i.e., the
switch between the two levels. In this paper, we adapt a well-known concept from
Category Theory, namely that of the pushout, in order to approximate the core
interpretation legal framework of such activities, by considering each level as an open
system. The purpose of using Systems Theory in combination with Category Theory is
to introduce a mathematical approach to uniquely interpret complex legal social
activities and to show that this novel area of artificially enhanced activities is of prime
and practical importance and significance to law and computer science practitioners.

Keywords

Artificial Intelligence entities, Category Theory, legal social activity, macro-level,
micro-level, pushout structure, Systems Theory.

1. Introduction

New human actions such as traveling by car, where the driver instead of holding the
steering wheel is watching his/her favorite movie, or walking in the park while our
electronics assistant is ordering the weekly shopping from the supermarket, or to be
doing our morning exercise and at the same time informing our personal physician
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of our blood pressure are some of the daily activities, which are now easily
realizable thanks to the technological developments, especially those which make
use of intelligent systems.

Given that intelligent systems have plasticity and flexibility, their ability of learning
and remembering even under insufficient information, their multilevel organization
and their effective management of ambiguity and partiality, allows us to consider
them as discrete entities with an active action in the natural environment. The
question that arises is, who is responsible for any deviation from the original plan
for the smooth implementation of such an activity?

In this effort to change, reform or innovate reality, what parameters should be
studied in order to ensure the coherence of social becoming, the smooth transition
from a lawful action in a known natural environment to a lawful action in an
unknown artificial environment of high heterogeneity? What will be the appropriate
correspondences and proportions between the two environments, so that the
fundamental principles of lawful action are maintained? How are the problematic
situations that are determined by the action of the individual elements of these
environments delimited and solved?

The need for an interpretive model arises since, now more than ever, we are facing
these open, complex problems. Complicated issues that can be interpreted in many
ways are considered to be open and can therefore accept different solutions,
depending on the filters that one applies in order to fit them into a known
problematic situation. Complex are the problems that describe systems of great
complexity, high variability and with varied interactions between their parts.
Beyond the terms, the proportions, the correspondences and the parameters, for the
description of an organized complexity there is the meaning of the system, as it is
derived from the Systemic approach, which refers to the system as a unity of
interdependent and interacting individual elements which are organized in such a
way so as to serve a specific purpose.

In this article, the application of Category Theory is studied as the mathematical
model of interpreting activities in artificial intelligence environments, through the
systemic view, as this is an interdisciplinary approach to describe the operation and
behavior of highly complex systems. Next, the problem is delimited and the main
features that justify the choice of the systemic view of Category Theory as an
interpretive model of the social system, after the assimilation of the intelligent
artificial entities, adapted to the conceptual map of the given problem are set. In
paragraph 3 the theoretical background is briefly presented, whereas in paragraph 4,
the proposed approach is visualized through an example. Section 5 consists of a
thorough discussion, as well as our future work, and, finally, the concluding

DOI: 10.33969/A15.2021.31001

36 Journal of Artificial Intelligence and Systems



Lambrini Seremeti et al.

remarks are given in section 6.

2. The Problem

The transition of social cohesion from a known natural anthropocentric
environment to an unknown one of high heterogeneity that also incorporates
qualitative characteristics of artificial intelligence entities, carries risks, mainly legal
activities ensured through the principles and rules of law that govern
spatio-temporally every society.

Nowadays, any social activity of commercial or recreational nature involves the use
of automated decision-making technology. These are artificial entities (AE) that use
plethora of data and specialized learning algorithms in order to achieve a specific
goal [5], [14], [23]. Given that these AE cooperate with the human factor to carry
out any number of different activities, the Parliaments of all Countries seek the
legal framework of lawful responsibility in case of deviation from the provisions of
the code of conduct [8], [9], [10]. Which behavior is in question though? That of the
artificial intelligence entity or that of the human factor that created the AE? Can the
AE be subject to a body of rights and obligations, since it has an initiative? But does
it have a sense of entitlement to rights? Does it have a sense of remorse, in case it is
to be punished for any caused damage? Is the human factor responsible? But if
he/she designed it to achieve a different goal and yet the algorithm, taught from the
environment, has changed the implementation of that goal? What of the human
factor who just used the AE? And what if he/she was unaware of the internal
structure and operation of the AE? Despite the fact that relevant concerns have been
expressed, based on the international literature, the above questions have not been
sufficiently answered [2], [18], [25], [32], [39].

In the light of this questioning, the coexistence of natural and artificial entities in a
spatio-temporal dimension of high complexity, where each of the entities comes
from a system of different characteristics seems to be a necessity. Physical entities
are governed by a predetermined anthropocentric system of principles and rules,
while artificial entities are governed by the principle of purpose orientation, and as
they have the ability to learn from a plethora of data, they develop their own system
of rules of operation.

Looking at the problem in parts, it is obvious that these are two discrete categories.
The category of previously legally delimited entities (natural, person, legal entity,
product) and the category of artificial non-legally defined entities (algorithm,
robot). Each of these categories is a set of elements endowed with a certain set of
relationships with each other, so as to form a whole that interacts with its external
environment. Furthermore, each one is characterized by its internal distinct
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structure and the external behavior that they manifest. However, these are also the
characteristics of the system in the light of Systemic Theory, which attempts to
interpret entireties of great complexity.

Looking at the problem holistically, it is obvious that the smooth interaction of
these two categories and their merging into a new category is required, which
should incorporate the rules and principles of the previous two, so as to maintain
coherence in the relationships between the elements of each category as well as the
creation of new relations between the heterogeneous elements of the previous two
categories. This merging of the involved categories though can rationally and
strictly be described using the mantle of Category Theory.

3. Theoretical Background

By focusing on Atrtificial Intelligence (Al) applications, one finds that the definition
depends on the framework of reference. From a research point of view, it is defined
as ‘the computational part of the ability to achieve goals in the world’ [22]. From a
computer science perspective, it can be defined as ‘a branch of computer science
that studies the properties of intelligence by synthesizing intelligence’ [31]. In that
sense, Al involves plenty of techniques, such as machine learning, probabilistic
reasoning, logic programming, fuzzy logic, ontology engineering. Thus, defining Al
is a complex task. It is therefore even more difficult to define Al systems or Al
applications from a regulatory perspective, due to their high level of complexity.
Regulation cannot be Al neutral since it aims at governing the Al embedded social
activities. It must be evolved in accordance with technological advances in order to
monitor the impact of Al on individual and social rights. Given that those so diverse
fields, i.e., technology and law, are today separately treated, we propose Systems
Theory to represent the complexity of Al applications and Category Theory to
sketch their interpretation in the light of regulation.

To describe an organized complexity there is the concept of system, as it is derived
from the Systematic approach which refers to the system as a set of interdependent
and interacting individual elements that are organized in such a way as to serve a
specific purpose [3].

A system is considered to be an organized set of components that interact, so that
this set exists, is maintained and mutates in relation to a wider external
environment. In interacting with the environment, the system’s components use
functions of input transformation (any information that enters the system from the
external environment and changes its structure and operation) to outputs (any
system behavior that is detected in the external environment).

The Systemic approach is distinguished by characteristics such as capacity, holism,
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syntheticity, based on which it defines the meaning of system. Category Theory,
possessing same features, is its corresponding mathematical analogue [16]. When
one is referring to the concept of system in the Systemic approach, it equivalently
corresponds to the concept of category from the Category Theory point of view and
the components of the system are respectively the objects of each category. The
relationships between the components of the system correspond to the morphisms
between the objects of the category. The interaction of the system with the
environment corresponds to the functors between the categories. All the above hold,
depending on the level of analysis of the system. If we refer to each component of
the system as a distinct system with its own structure and function, then
respectively in Category Theory, we can define different categories and functors.
Therefore, Category Theory provides us with the possibility of a multilevel
interpretation of a whole.

Category Theory is an alternative mathematical view for interpreting the
correlations between heterogeneous objects that create the idea of an organized
whole. It is governed by rules that emphasize not the objects themselves but the
relationships between them. It also has the dynamic nature required to interpret an
ever-changing system, as it focuses on how to move from one category to another,
while maintaining their internal structures. It includes appropriate mathematical
constructions, based on which it is possible to study dynamic processes [17].

From a philosophical point of view, Category Theory eliminates the objects/entities
of categories that are abstractly defined and deals only with processes, i.e., the ways
of moving from one object to another or from one category to another, while
maintaining their internal structure. The basic idea behind using Category Theory as
a mathematical tool for interpretation is that it is not concerned with the truth or
falsity of a proposition, rather than with how that proposition relates to other
propositions [11]. In mathematical language, it uses morphisms, functors, and
natural transformations through which it describes the ways in which different
structures are maintained or resembled, without trying reduction to specific entities.
It mainly focuses on changing, not constant but isomorphic objects, through
categorization. Another key advantage of using Category Theory as an interpretive
model is the visualization of processes through diagrams. The diagrams follow the
basic principles of this mathematical theory, which are based on objects,
relationships between them, as well as compositions between relationships.

More specifically, in Category Theory the basic structural elements are the
categories (sets of objects that are connected to each other by relations — i.e., the
morphisms), the functors between the categories (laws according to which each
object of one category corresponds to an object of another category and each
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morphism of one corresponds to one morphism of the other) and the natural
transformations (laws that connect functors to each other). Category Theory also
uses a set of universal constructs with which it is possible to highlight the
relationships between seemingly distinct concepts in different categories, as it is the
pushout.

In the international literature, the use of a mathematical theory in conjunction with
legal science is mainly concerned with the standardization of legal reasoning
through Mathematical Logic [4] [12], [26], [34], in designing dispute resolution
strategies through Probability Theory [1], [7], [27], and visualizing the principles of
the influx of crimes through Set Theory [24], [38]. Category Theory has been used
as a mathematical tool in legal science solely because of the multi-layered analysis
of a concept, its visualization by using diagrams and the ability of transition from
one level of analysis to another [13], [33]. In this work we try, without going deeper
into the strict language of Category Theory, to apply, using an example, a
category-theoretical construction that ensures the one-to-one interpretation of a
social activity in a heterogeneous environment.

4. Merging to a single set of rules

In the real world, every human activity involves persons and things that are legally
qualified and for which there is a set of rules that govern any contractual
relationship between them. This relationship is determined by the discrete role of
each physical entity in the framework of a particular activity. For example, in a
buying and selling activity, there is a corresponding legal framework that defines
the rights and obligations of the parties, depending on their role as either seller or
buyer. In a family relationship, each participant has a different role, thus a different
institutional framework in which he/she belongs. In an imaginary world of absolute
artificial intelligence, there will be similar contractual relationships between
software agents that will be governed by a corresponding set of rules in resolving
disputes. For the smooth transition from the current real world to this imaginary
one, where people will again be the dominant body of rights and obligations, a
special way of integrating the rules of operation of intelligent systems into the
already institutionalized anthropocentric law is required. The smooth integration of
one category into another can be done through the mathematical construction of the
pushout, which conceptually corresponds to a merging of the two categories.
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Figure 1. The pushout constructor of Category Theory

In the mathematical language of Category Theory, a pushout (Figure 1) is a triad
(Q, f,g) which ensures that the object Q is also the only object that can
incorporate the conceptual content of objects B and C, since any other object
Q' that will be created, it is bound to be isomorphic to Q. All these apply at the
micro-level, between objects of a category.

In Figure 1, the arrows f, g, q,, q, are called morphisms and for each
morphism there is an object at the blunt end of the arrow called domain and an
object at the sharp end of the arrow called codomain. The morphisms q; =seq,
and q; =soq, are called compositions of the corresponding morphisms, which
means that the relative arrows share the same objects, where the domain of one
arrow is the codomain of the other one. This means that the square diagram
commutes. In the commuting square diagram, there are three different codomains
that determine three different types of interpretation and thus the context of decision
making in a specific problem is formed. The span C « f —A—g — B s called
projection and it can be interpreted as the maximization of uncertainty, since there
appears to be no linkage between B and C , while the span
B-qgq, >Q<« g, —C is called injection and it can be interpreted as the
maximization of certainty, since the two morphisms share the same codomain. The
unique s morphism is called m-morphism which is an ideal link directly from Q
to Q', that is, there is an isomorphism between the two objects Q and Q'. This
isomorphism enables one to determine the identity and uniqueness of entities in
terms of their relations to each other. From a philosophical perspective, a pushout is
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a teleological system at a micro-level, that is a result-oriented mathematical tool.
With the process of merging, a new general category emerges that keeps the
structural elements of the two previous categories unchanged, while, at the same
time, the necessary relations are created between the objects of the two categories,
without including unnecessary information.

In order for the proposed approach to be better understood, we give a simple
example. Assume, at the micro-level, that the category C, conceptually
corresponds to a sales activity. The objects of the category are the contracting
parties i.e., the seller, the buyer, as well as the product. The morphisms between the
objects of the category reflect the relations between them, from a legal point of
view, namely through the rules of the law of obligation. Moreover, each object
exists legally exclusively and only with reference to the relations that have been
formed with the other objects of the same category. With the appropriate
composition of the morphisms, the legal reasonings that apply in the specific case
are realized. Category C, conceptually corresponds to the relationships between
the components of an intelligent product, which initially exist but do not comply
with the rules of law established to date. At the phase of switching from the
micro-to the macro-level, the functors are the main category theoretic tools. A
functor is defined as a morphism between two categories where each and every
object and morphism are preserved, but are not necessarily the same. The functors
F1,3 and F2,3 assign each object of the previous categories to an object of the
new category C,, maintaining the structure of the previous categories but adding
new relationships through the synthesis of pre-existing morphisms. This entire
diagram represents the merging of two categories into a new category, by the
pushout, incorporating the objects of category C, into the structure of category
C, in such a way as to create only the necessary new correlations, without
redundancies. All this hold true, considering the elements of the diagram of Figure
2, as objects of a wider category which will include the whole set of activities that
can be implemented under the existing law.

Thus, at the macro-level, we can think of all the categories C,, C,, C, as objects
of another generalized category representing all the social activities as morphisms
between established law frameworks. Thus, in terms of Category Theory, the
diagram of Figure 2 may be considered as the analogous of the pushout of Figure 1,
tracing back at the micro-level. In that sense, in Figure 2, every category satisfies all
the standard elementary conditions of a category, i.e., definition of objects and
morphisms and axioms of the identity and association. In the proposed model
F1,3and F2,3, at the macro-level, allow comparisons between the corresponding
structures. These regulatory functors create bridges between heterogeneous
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categories. Alternatively, viewing Figure 2, at the micro-level, the structure
C,—>C, «C, is the pushout of Figure 1, that is the cospan of injections
-F1,3—-> C, « F2,3- will be isomorphic to every other structure similarto C,.
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Figure 2. Merging of two Categories concerning a purchase and sale activity
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At this point, we emphasize that finding a new category through the pushout
mechanism is only possible in cases where there are overlapping elements between
the two original distinct categories. Otherwise, it may not be possible to find new
relationships between independent elements, no new category can be formed.

5. Discussion and Future Work

Artificial Intelligence advances in combination with Law have attracted a lot of
attention recently. A number of research articles have been published, from
reasoning and knowledge representation to interpretation [6], [19], [27], [28], [29],
[30], [36], [37]. Interpretation of law takes place whenever the meaning of a legal
document has to be assessed in a concrete situation [35]. On the other hand,
mathematical modelling is the process of translating beliefs about how a system
functions into concise and precise language in order to identify underlying
assumptions [29]. It is especially used for developing scientific understanding of
organizational structures within the system being modeled and the mechanisms
through which changes occur. An attempt to include in a model all aspects of a
real-world system, by representing them in the form of equations, is inappropriate
or inadequate [21]. Hence, there is a need for more theoretical models.

This article does not suggest a mathematical model based on the analysis of input
and control data of a process in order to predict the output parameters of a law
system [15], [16], but the possibility of developing a theoretical model that can pave
the way for a legal interpretation process in a dynamic environment of experts
(computer scientists, mathematicians, legal professionals). The proposed approach,
using notations from Category Theory and the Systemic Approach, suggests a
model which is a conceptual schema consisted of elements, relations, operations
and rules governing interactions. Its importance as well as its novelty lie upon the
fact that it provides a starting point for a deeper understanding of the definition of
legal social activities, since its pictorial representation tends to communicate the
key premises of the model to non-specialists in mathematical relations and
operations.

As future work, we plan to enrich the proposed theoretical model with semantics,
by using legal ontologies, in order to deal with inconsistencies emerging from
legal reasoning.

6. Conclusions

This article attempts to highlight the complex problems occurred during the
transition of social cohesion from a natural environment to an unpredictable
environment in which autonomous Al entities are embedded. After portraying
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several features of Al entities which make them act in an unforeseeable way, it
suggests an interpretation law model based on Category Theory.

With the proposed approach we ensure the uniqueness of the interpretation of any
social activity in an environment in which the action of natural and artificial entities
is involved, since the mathematical construction of the pushout ensures that all the
categories created by merging two previous ones will be isomorphic, in other words
they contain the same entities and the same correlations between them. Thus, the
way of interpreting the rules of law that apply between the entities of the new
categories are univocally defined.
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