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Based on N-Tuple Algebra
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Abstract Objective A robot’s behavior in a complex environment is largely
determined by the ability to perform complex logical analysis of the current situa-
tion. Such analysis uses both deductive and non-deductive methods (defeasible
reasoning, hypothesis, abductive conclusion, and so on). The aim of this publication
is to describe approaches to mathematical modeling of the unified logical analysis
within the central nervous system of a robot taking into account peculiarities of
human reasoning where imaginative schemas play a significant role. Results A
mathematical model is proposed for a generalized logical analysis on the basis of
n-tuple algebra. This model is distinguished with representation of inference as a
cognitive image-schematic structure “container”, which mathematically corresponds
to the inclusion relation between structures of n-tuple algebra involved in reasoning.
Practical significance The proposed methods and algorithms of generalized logical
analysis can be used for formation of intelligent robot control systems.

Keywords Deductive and defeasible reasoning - Abductive conclusion - Central
nervous system of a robot - Cognitive semantics + N-tuple algebra

1 Introduction

A generalized logical analysis means a combination of deductive and non-deductive
techniques to analyze systems and reasoning, considered from some unified theo-
retical positions. Below, it is supposed that a model of logical human thinking is
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used for constructing a mathematical model for logical analysis in the central
nervous system (CNS) of a robot.

Usually in the literature on artificial intelligence, non-deductive methods
(defeasible reasoning, argumentation, hypothesis, abduction, etc.) are presented as
something loosely related to deduction. As a rule, their theoretical foundation is
based on special (non-classical) logics and a specifically introduced terminology
[1-4], which sometimes makes it difficult to understand the essence of logical
analysis and even narrows possibilities and areas of its applications. Closer ties can
be determined between the objectives of deductive and non-deductive analysis by
using some schemas of the cognitive approach [5]. One of them is the “container”
schema that provides a good example of Euler/Venn diagrams. In mathematics, this
schema corresponds to the inclusion relation upon sets. In this chapter, we consider
a possibility to use such a schema for building not only a logical inference theory,
but also some methods to analyze defeasible reasoning, including abduction.

Researches on cognitive semantics [6, 7] have shown that a person think with the
help of imaginative schemas rather than according to the laws of formal logic. As a
result, some of his obtained proofs become much shorter than those presented in the
style of predicate logic. This is not surprising when you consider that “imaginative
schemas” provide for some seemingly primitive, but at the same time sufficiently
rigorous, methods to analyze reasoning. This refers to the “naive” set theory (called
algebra of sets in modern interpretation) based on the inclusion relation. Started in
the early XX century, the debate about foundations of mathematics has undermined
the confidence of many mathematicians to this theory because some paradoxes were
discovered in its basics. Though it became clear later that the paradoxes resulted not
from objective reasons, but from errors of reasoning (in particular, from the
ambiguity of understanding the membership relation in the formulation of Russell’s
paradox) [8], the credibility of algebra of sets was never fully restored.

Another argument against algebra of sets as an instrument of logical analysis was
that its apparatus (in particular, Euler/Venn diagrams) was used mainly to analyze
relatively simple reasoning such as syllogisms and propositional calculus problems
[9, 10]. That is why opportunities to apply it for many of the more complex models
and for artificial intelligence systems were not even discussed. This difficulty has
been overcome with the development of n-tuple algebra (NTA). On the one hand,
NTA is isomorphic to algebra of sets, but at the same time NTA is applicable for
processing sophisticated structures. Moreover, NTA occurred to be a useful tool for
modeling and analysis of defeasible reasoning that includes abduction as well [11].

NTA is an algebra of arbitrary n-ary relations based on properties of the
Cartesian product of sets. Connections between NTA and logical calculi are
reflected in the fact that NTA objects model truth scopes of logical formulas, NTA
operations correspond to the logical connectives, and the inclusion relation upon
NTA structures is fully consistent with respect to deducibility relation in logical
calculi.

Traditionally, deductive analysis and the logical inference in particular is con-
sidered from the point of view of the theory of formal systems, where concluding a
consequence or verifying its correctness is done by means of serial application of
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certain inference rules to a set of logical formulas that play the role of premises (or
axioms) for a reasoning system. NTA can implement deductive analysis not only by
using the inference rules (including the resolution method), but also by checking
correctness of the inclusion relation between NTA structures, which represent
logical formulas. In some cases, this method not only allows to simplify the task of
obtaining consequences with certain properties (for example, a consequence with a
specific composition of meaningful variables), but also to find a closer connection
between deductive and non-deductive methods of analysis. In particular, abductive
conclusion can be obtained in NTA by running certain algorithms to adjust struc-
tures, in which the inclusion relation is violated. In NTA, generation and validation
of hypotheses can also be implemented by checking inclusion relations or by
constructing projections of NTA structures. These projections have the property to
be a superset of the source structures.

NTA structures also comply well with the problem of logical-mathematical
implementation of the behavioral processes formation based on analysis of sensa-
tions in a robots’ CNS [12]. There it was proposed to integrate robots sensors into
some groups forming the robots humanlike sense organs: sight, hearing, smell,
taste, etc. in the form of sets X, Y,Z, U, ... In each of the introduced sets, we can
distinguish some subsets, which characterize the properties of an observed or
studied object. Let they be X; C X,Y; C Y,Z; C Z,U; C U, ... The totality of such
subsets depends on the set of sensors employed in the senses of a particular robot.
For instance, the following subsets can be assigned to its sight: X;—the contour of
image; X,—the size of the image; X;—the brightness of the image; X,—the color
of the image; Xs—the distance to the object. Also, some sets can represent the
situations within which the robots will interact, as well as their possible responses
or actions. Then the formalization task for building a CNS of robots’ senses can be
considered in terms of NTA, if we use the mentioned sets as attributes, and the
interconnections among them will be displayed as relations [13].

In NTA, arbitrary n-ary relations can be expressed as four types of matrix-like
structures called NTA objects. Every NTA object is immersed into a certain space
of attributes. Domain is a set of values of an attribute.

Names of NTA objects contain an identifier followed by a sequence of attributes
names in square brackets; these attributes determine the relation diagram, in which
the NTA object is defined. For example, R[XYZ] denotes an NTA object defined
within the space of attributes X, Y,Z, and RIXYZ|CX X Y X Z.

2 Deductive Analysis from the Perspective
of the Cognitive Schema “Container”

Deductive analysis (DA) includes solving the following two problems.

The first task of DA is validating a specific consequence B for some given pre-
mises A;;
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The second task of DA is deriving possible consequences from some given pre-
mises A; with consideration of certain semantic constraints, for instance, presence of
given variables or their combinations in a consequence, deriving a consequence
with the minimal number of significant variables, etc.

In propositional and predicate calculi, the first task is mainly used, but the
second task is no less important in terms of practical applications. They are solved
by means of inference rules. Systems of these rules vary in different scientific
schools, but anyway, it is difficult to predict the optimal procedure for applying
these rules in advance. In many cases, non-optimal order of application of the rules
can lead to an ample increase in algorithm execution time.

Solving such problems in NTA is not based on inference rules only, but also on
certain types of algorithms that use some generalized operations and verify inclu-
sions of sets into other ones [11, 13]. In many cases, these algorithms are more
efficient than conventional algorithms based on the resolution method.

Formulas of classical logic, representing premises and consequences, are
expressed as NTA objects, with which you can perform generalized operations and
check generalized relations of equality and inclusion. Consider an example.

Example 1 Suppose a robot must find an object located in one of the three rooms,
with one of the rooms it may not enter (there is a danger), and one empty room. The
following conditions (premises) are given that can be used to solve the problem.

(1) the first room is not dangerous, the second room is not empty;
(2) the third room is not dangerous, the second room is not empty.

We also know that one of the rules is true, and the other rule is false. Is it
possible to locate the desired object on the basis of these data?

Let A denotes the statement “this room contains the desired object”, B is the
phrase “the room is empty”, and C means “there is a danger in the room”. To model
this problem by NTA, let us use names of rooms Ry, R, R3 as attributes; each of the
rooms may be in one of the three permitted situations from the set {A, B, C}. Then
conditions can be expressed by C-n-tuples:

(1) Ty[RiRy] = [{A, BH{A, C}];
(2) T2[RyR;3] = [{A,C}H{A, B}].

To solve the problem, it is necessary to consider two cases: (1) the first condition
is true, and the second is false; (2) the first condition is false, and the second is true.

Let us consider the first case. If 75 is false, then T, = |{B}{C}| is true. The
solution of the problem can be found by calculation the generalized intersection of
true conditions:

TN T2 = [{A, B} A, C} N c{BHC}

« (B} * }

«{A,C}{C} [{A, B}{A, C}{C}).

= [{A,B}{A,C}«]N [
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The resulting C-n-tuple contains 4 possible placement options (it becomes clear
by calculating the Cartesian product {A, B} x {A, C} x {C}), but the conditions of
the problem require for different situations in different rooms, so the only option
(B,A, C) is correct. Thus, the desired object is located in the second room. Similar
results were obtained when testing the second case.

The proposed transition to algebraic representations becomes clear when you
consider that NTA objects model the truth domains of logical formulas. Suppose
that some given premises A; and an expected consequence C are possible to express
as NTA structures. Then the validation algorithm for the consequence C from the
given premises A; has to calculate their generalized intersection and check the
generalized inclusion [13]:

(A Ng... NGA)CGC (1)

It was found that all the inference rules in mathematical logic and natural cal-
culus after Gentzen comply with (1) after converting premises and conclusions into
NTA structures. The validation algorithm based on the relation (1) is proved to be
correct [13]. This relation implements a “container” schema and results in some
statements unusual for the traditional theory of logical inference.

(1) There exists a minimal consequence for a given set of premises. It is equal to
the generalized intersection of the premises: A = A1 Ng... NgA,. The con-
cept of the minimal consequence allows to calculate the number of all possible
consequences in systems with finite ranges of variables values [11]. It is equal
to 2V where N = |U|—|A|,|U| is the number of elementary n-tuples in the
universe, and |A| is the number of elementary n-tuples in the minimal con-
sequence. NTA provides a method to calculate quantitative characteristics of
NTA objects.

(2) Any superset of a minimal consequence A (i.e. any relation A N ¢ R where R is
an arbitrary relation) is a consequence from the given system of premises.
Thus, in many cases, formal logical inference significantly increases the
degree of uncertainty comparing to the statements contained in the
minimal consequence. As a result, if a minimal consequence contains a
statement C that has no alternatives, it is possible to find such a statement R in
another correct consequence that will contain an alternative to C. For example,
if a minimal consequence A contains the statement “This obstacle is insur-
mountable by bypassing it from the left” and does not contain the alternative
statement “This obstacle is surmountable by bypassing it from the left with
difficulty”, the statement “This obstacle is insurmountable by bypassing it
from the left or surmountable with difficulty” will be a correct consequence
from A according to the rules of logical calculi.

(3) The reasonability of increasing uncertainty in a consequence by addition
arbitrary relations to A is justified only in cases where the given system of
premises results in a formula with a reduced number of variables compared to
the overall composition of the variables in the premises. It is proved in NTA
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that this way we obtain an inductive generalization of a minimal conse-
quence [11]. Thus, a consequence with a reduced variables composition is
formed by adding some combination of values for “disappearing” variables,
which were missed in a minimal consequence. The solution to this problem in
NTA is obtained by using a simple algorithm to calculate projections of the
resulted formula. Conventional inference engines propose no simple algo-
rithms to solve this task. Such NTA algorithms can be used to solve the second
problem of DA as well, namely to derive possible consequences with specific
properties from a given set of premises A;. Consider an example.

Example 2 Suppose that one of the two rooms contains an object that can be a
danger to a robot or to be safe. It is necessary to find out whether the robot can enter
at least one of these rooms, if the following is known: (1) if the first room is empty,
the object is safe; (2) if the object is dangerous, the second room is empty; (3) if the
first room is not empty, then the second room is empty. To solve the problem, you
need to answer the question whether these conditions infer that the object is safe.

We introduce the notation as follows. Let x means “the first room is empty”, y
stands for “the second room is empty”, z denotes “the object is safe”. Then the
premises A, A, Az can be expressed by the logical formulas:

Alix—z, Ay:—-z— -y, Az:i—x—y.

The intended consequence of these premises should be z. To verify this by using
NTA methods, we will consider attributes as variables X, Y, Z with two values: 1
(literal itself) or O (negation of a literal). After substituting, we obtain expressions
for the premises and the consequence C:

AXZ] = {0} {1}[; A2 [¥Z] = [{O} {1}[; As[XY][{1} {1}[; C[Z] = [{1}].

Using the NTA methods, we calculate the minimal consequence:

A[XYZ]=A1[XZ]ﬂGA2[YZ]ﬂGA3[XY]:H(l)% {T} HH

By adding dummy attributes, C[Z] is possible to rewrite as occurs when the
relation

Clxyz) = [ * * {1}].

It is easy to verify that A[XYZ] C C[XYZ], which proves the correctness of the
consequence and, accordingly, the possibility for the robot to enter into any room.
The same answer can be obtained after solving this problem by the method of
calculating projections of the minimal consequence. In this case, when the minimal
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consequence A[XYZ] is represented as a C-system, it is sufficient to eliminate
attributes X and Y from the matrix representation in order to get the same result.

Let us consider the second task of DA. According to (1), a totality of conse-
quences {Cj} can be inferred from the premises A; by using the following rela-
tionship: any NTA object C;, which satisfies the relation A C C; where A is the
minimal consequence of the premises A;, is their correct consequence. It is clear that
it makes no sense to infer all possible consequences from a given system of pre-
mises; besides, their number was proved to grow exponentially [11]. Only conse-
quences having some pre-defined properties are of interest actually. In particular,
the shortened variables composition as compared with the minimal consequence
can be one of such properties. Example 2 illustrates this case.

For constructing such consequences, NTA proposes calculating projections of
the minimal consequence. Let us consider this method in more detail. Suppose a
minimal consequence A was obtained in the space of attributes X1, ..., X,. In NTA,
any projection of an NTA object is proved to be its superset. Therefore, an arbitrary
projection of the minimal consequence A is a correct consequence. Such projections
are easy to calculate, if the NTA object is a C-n-tuple or a C-system [13]. Then it is
enough to eliminate the corresponding attributes from this NTA object, i.e. to
remove these attributes from the relation diagram and delete the columns with these
attributes from the matrix representation.

In some cases, the minimal consequence is easier to obtain as a D-system [11].
To calculate its projection then, it is necessary to convert it to the C-system. There
are NTA algorithms designed for such transformations. Their disadvantage is that
they have exponential computational complexity in general. Although for systems
of small dimension and some special cases investigated in [13], their complexity is
relatively low.

Calculations of projections for a minimal consequence do not always lead to a
positive result since many NTA objects have projections that do not contain useful
information. These are projections represented by a complete set of all combina-

tions of attributes. For the C-system C[XYZ] = [{l} ?E {T}} as an example,
such projections are all projections with a single attribute. At the same time, all
projections with two attributes do not include complete sets of elementary n-tuples
and therefore they can be used as consequences. For instance, the projection [XY]
(first and second columns) does not contain a complete set of elementary n-tuples
and corresponds to the logical formula x V y.

The literature on mathematical logic mainly uses the first problem of DA in
examples of logical inference when it is needed to validate a given consequence,
and such consequences usually contain a reduced composition of variables.
However, there are no effective methods to obtain such consequences, since it is
only possible for a matrix representation of logical formulas.
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3 Analysis of Hypotheses and Abduction Based
on Calculation of Projections

Abduction can be represented as a search of explanations for “unexpected” results,
which traditionally should not take place in a given standard situation [14]. In a
reasoning system, abduction can be considered as an explanation for appearance of
not clearly formulated facts or arguments, which refute a formally correct conse-
quence of a given premises system. Hypotheses are used as explanations, whereby
the abduction is a variant of revised reasoning. In many publications, in [1-3] for
instance, revised reasoning is associated with non-classical logics, in particular,
with non-monotonic logic. Thus, modeling of revised reasoning allows violations of
the laws of classical logic and, in particular, the laws of algebra of sets.

To model deductive and revised reasoning in NTA, we have proposed a general
theoretical approach that, firstly, does not violate any laws of algebra of sets, and,
secondly, uses relation (1) obtained in the framework of NTA. However, while in
deductive analysis, the relation (1) serves a measure of formal correctness for a
consequence, violations of (1) indicate a necessity to proceed to non-deductive
analysis during analysis of hypotheses and revised reasoning. Moreover,
NTA-characteristic matrix properties provide an effective search for necessary
consequences or hypotheses with predetermined features in the course of applying
both deductive and non-deductive methods of analysis.

Analysis of the arguments, on which many authors offer to abandon classical
logic when modeling revised reasoning, has shown that so-called violations of the
monotony of logical inference in practical reasoning result actually from violations
of some implicitly given constraints [11]. In the theoretical foundations of
NTA, such violations of constraints revealed by using certain methods are called
collisions [13].

An example of a collision is as follows. Suppose, from certain given premises,
we concluded two statements: (a) “all objects in this room are dangerous” and
(b) “all objects in this room are not dangerous”. There is no formal contradiction in
them, since a formal negation of the first statement is the statement “some of objects
in this room are not dangerous” rather than the statement (b). At the same time, the
statements (a) and (b) infer that no objects exist in the room. From a formal point of
view, this is not a contradiction, but a situation in which a (sometimes implicit)
constraint is violated. In this case, the constraint is the existence of any objects in
the room. Violation of this constraint results in a collision during reasoning. Let us
consider some types of collisions.

The term “collision” was initially used by Kulik [8] for analysis of
syllogistics-like reasoning, where two kinds of formal collisions were defined,
namely.

a paradox collision arises if premises infer a statement like “No A are A”
(A D A), that is, the volume of the term A is empty;

a cycle collision occurs when the relation A C BC ... C A can be deduced from a
system of sets; this means that the terms contained in the cycle are equal.
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The collisions listed above can be detected without taking the subject domain
into account; this is why we named them formal collisions.

The third kind of collisions is not a formal one; it features a situation when some
consequences do not match some indisputable facts or justified statements. We call
this collision an inadequacy collision.

Unlike a logical contradiction which expresses an absolute degeneration of
premises, collisions can have opposite interpretations in different cases. In other
words, a collision, as opposed to a contradiction, is semantically dependable. For
example, within one system, the equality A = ( means an absence of the object
A that is necessary for existence of the system, and in another system this equality
specifies a status of the object A. The first case requires changing the premises while
the second case provides a new useful datum and amends our knowledge.

Let us adduce an example of collisions upon NTA structures.

Example 3 A closed box contains articles described by their shapes (a sphere or a
cube), colors (white or red) and materials (plastic or wood) It is necessary to
determine which types of objects can be in a box, if it is known: (1) all balls are red;
(2) all the wooden objects are painted white; (3) all plastic items are not balls.
Let S stands for balls, W denotes white items, and P means plastic items. We
write the conditions of the problem in the language of propositional calculus:

) AA=S—W,;
2) Ay=P—W;
(3) A;=P—S.
Now we express premises in NTA terms, matching variables S, W,Z with
attributes Xs, Yy, Zp respectively:

Ai[XsYw] = {OHO}; AaXp Yw] = {1H{1}[; As[XpYs] = [{0}{O}]

{oy {0} o
AlXsYwZp] = A1 NgArNAs = | @ {1} {1} |.
{0y g {0}

After converting A into the C-system we find: A[XsYwZp| =

{{0} {1y = ]
{0y {0} {1}

The first column of the resulting C-system contains only a singleton component
{0}. This is the sign of the paradox collision § D S. Indeed, the expression
(8 D 8) =SV S = S corresponds to the C-n-tuple R[XsYwZp] = [{0} * * ] in NTA,
and therefore, the collision S O S is a consequence of the initial system of premises.

Identification of the paradox collision in the analyzed reasoning system means
that there are no balls in the box, and all of the items have a cube shape.

Collisions can model the following cases.

(1) When new knowledge is input, some different attributes become identical in
composition of their elements, which contradicts to the semantics of the system.
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(2) A discrepancy occurs between the obtained results and some restrictions that
are hard to formalize and they are described in task settings. For instance, a
modeled system can contain some limitations expressed as relations, which
must not appear in consequences.

It is not easy to foresee all possible kinds of collisions; they can well be unique
for some logical systems. We propose the following brief definition for the term
“collision” in NTA.

Collisions are situations recognized as violations of some formally expressed
rules and/or limitations, which control consistency and meaning content of a logical
system. In many cases, the collisions detection means semantic incorrectness of

reasoning.
The concept of collisions allows for a formal definition of hypotheses in NTA.
Let us suppose that a system of premises expressed as NTA objects Ay, ..., A, is

given and the NTA object A = A Ng...NgA, is calculated.

A certain formula H is called a hypothesis, if A C; H is false. Otherwise, H is a
consequence according to (1).

The hypothesis is correct, if:

(1) A\GH # O, i.e., the new system of premises is consistent;
(2) the object H N A contains no collisions.

Processing of hypotheses is an intrinsic part of abduction. Let us now formally
define abduction.

If B is an estimated consequence of the premises Aj,...,A, and the statement
A Cg Bis known to be false (once again,A = A Ng. .. N gA,), then a hypothesis H is
an admissible abductive conclusion when the two following conditions are met:

(1) H is a correct hypothesis (i.e. ACsB is false) and H N gA is not empty;
(2) (HUGA)CGB, that is, adding H into the system of premises results in
deducibility of the estimated consequence B.

Let us consider the condition
(HUGA)CG B (2)

If the anticipated consequence B is known, then the need for a hypothesis arises,
if A\B =R # (J, i.e. the formal condition for a consequence (namely, ACs B) is
not met. On the basis of these relations, we can construct the following algorithm.

3.1 Search Algorithm for Abductive Conclusions

Step 1 Calculate the “remainder” R = A\;B;
Step 2 Build an intermediate object R;, for which RCR; is true;
Step 3 Calculate H; = R; (R; can now be denoted by H));
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Step 4 Calculate H;NgA and check it for presence of collisions; if they are
detected, return to Step 2, otherwise End.

The Step 2 of this algorithm allows to obtain R; by means of methods to calculate
projections of the object R discussed in the previous section. Thus we can form
hypotheses with predetermined properties, in particular, the hypothesis with a
certain pre-defined composition of attributes.

Let us give an example.

Example 4 There are 3 rooms, the first and the third ones may be empty or contain
some objects, the second room is not empty, but a dangerous object can be inside it.
Then opening of this room leads to a big trouble. However, this room can contain
an object that a robot needs in accordance with its job. It is also given that: (1) if the
first room is not empty, then the second room contains a useful (desired) object, or
the first room contains a dangerous object; (2) if the second room contains a
dangerous object, the first room is empty and the third room is not empty; (3) if the
third room is empty, then either the object in the second room is useful or the object
in the first room is dangerous. Can we conclude that the robot can find the desired
object in the second room?

To start solving, we express the given statements in the language of proposi-
tional calculus. Denotations are as follows: A is “the first room is empty”, B means
“the object in the second room is useful”, C states that “the first room contains a
dangerous object”, and D stands for “the third room is empty”. By transforming
every premise and the question into DNFs, we obtain:

— for the first premise: AV (BA —C) V (=B A C);

— for the second premise: B A (A A D);

— for the third premise: =DV (BA —=C) V (=B A C);
— for the question under investigation: B.

To present these formulas as NTA objects, let us use the universe X4 x Xp X
Xe x Xp={0,1}* where A=B=C=D=1and ~A=-B=—~C=-D=0.
Then premises become C-systems:

{1} 1 o SO A
Pr=| x x|; Py= :
f {0} {1} {0} =« x {1}

% % x {0}
Py=|x {1} {0} = |,
« {0} {1} =

and the estimated consequence will look like the C-n-tuple S[Xp] = [{1}].
Solution of the problem can be found by checking the relation (P; N gP; NgP3)
Cg S[Xg]. To do this, we calculate
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{1 {1y = {0}

P[XAXBXCXD] = Pl mGPZ ﬂGP3 = * {1} {O} *

{oy {o} {1+ {1}
For testing the inclusion, we add the missing attributes into S:
S[XAXBXCXD] = [*{1} k *]

Then testing shows that the third C-n-tuple of P is not included in S, so the
estimated consequence (the object in the second room is useful) is not deducible
yet. To confirm or deny correctness of this consequence, it is required to clarify
certain circumstances. The search for such circumstances can be formulated as a
search for an abductive conclusion.

Assume that the consequence S is correct. Then we need to find additional
hypotheses suitable for addition to the given premises. Let us write intermediate
results in the new notation.

{1y {13 = {0}

Intersection of premises equals to A[XaXpXcXp] = | * {1} {0} =« [,

0y {0} {1} {1
and the expected consequence is: B[XsXpXcXp| = [*{1} * %].

Next, we use the algorithm.

{1y {1y = {0}
R=A\GB= | « {1} {0} x| Ng[+{0} *+] = [{OHOH1}H{1}].
{0y {0} {1} {1}

You can select any projection of R as R;. It is reasonable to check the third room,
since it cannot contain a dangerous object. Then the projection will be R[Xp] and we
obtain R; = [ * * * {1}].So, H; = R; = [ * = {0}].

Thus, we can conclude that the visit to the second room will be safe, if
inspection of the third room shows it is not empty.

4 Conclusion

Proposed methods of constructing deductive and defeasible reasoning are based on
cognitive semantics; they use an algebraic approach to logical inference as well as
to generation and validation of hypotheses. Due to the matrix representation of
logical structures, it becomes possible to form a set of admissible hypotheses
considering some predefined properties. This approach is expected to increase the
transparency of reasoning mechanism in the course of modeling of unified logical
analysis within a robot’s CNS together with providing flexibility in adjusting the
reasoning system for solving various practical problems.



Unified Logical Analysis in Robots” CNS Based on N-Tuple Algebra 29

Acknowledgements The authors would like to thank the Russian Foundation for Basic
Researches (grants 14-07-00257, 15-07-04760, 15-07-02757, 16-29-04424, and 16-29-12901) for
partial funding of this research.

References

10.
11.

12.

13.

14.

. Vagin, V.N,, Golovina, E.Y., Zagoryanskaya, A.A., Fomina, M.V.: Exact and Plausible

Reasoning in Intelligent Systems. Fizmatlit, Moscow (2008). (in Russian)

. Russel, S., Norvig, P.: Artificial intelligence: a modern approach, 2nd edn. Prentice Hall,

Englewood Cliffs NJ (2003)

. Thayse A., Gribomont P., Hulin G. et al.: Approche Logique de I’Intelligence Artificielle,

vol. 2: De la Logique Modale a la Logique des Bases de Données. Paris: Dunod (1989)

. Pollock, J.L.: Defeasible reasoning. Cogn. Sci. 11, 481-518 (1987)
. Lakoff, J.: Women, fire, and dangerous things: what categories reveal about the mind.

University of Chicago Press, Chicago (1987)

. Sowa, J.F.: Conceptual structures—information processing in mind and machines.

Addison-Wesley Publ. Comp, Reading, MA (1984)

. Kuznetsov, O.P.: Cognitive semantics and artificial intelligence. Sci. Tech. Info. Process.

40(5), 269-276 (2013)

Kulik, B.: Logic of Natural Reasoning. Nevsky Dialekt, Saint Petersburg (2001). (in Russian)
Pospelov, D.A.: Modeling of reasoning. Experience in analysis of intelligent acts. Radio i
Svyaz’ Publ, Moscow (1989). (in Russian)

Kuzichev, A.S.: Venn diagrams. Nauka Publ, Moscow (1968). (in Russian)

Kulik, B.A., Zuenko, A.A., Friedman, A.Y.: Deductive and defeasible reasoning on the basis
of a unified algebraic approach. Sci. Tech. Info. Process. 42(6), 402410 (2015)
Gorodetsky A.E., Kurbanov V.G., Tarasova I. L.: Challenges related to development of
central nervous system of a robot on the bases of SEMS modules. (in this collection)
Kulik, B., Fridman, A., Zuenko, A.: Algebraic approach to logical inference implementation.
Comput. Info. 31(6), 1295-1328 (2013)

Kapitan, T.: Peirce and the structure of abductive inference. In: Houser, D., Roberts, D., Van
Evra, J. (eds.) Studies in the logic of Charles Sanders Peirce, Nathan, pp. 477-496. Indiana
University Press, Bloomington (1997)



2 Springer
http://www.springer.com/978-3-319-53326-1

Smart Electromechanical Systems: The Central Nervous
System

Gorodetskiy, AE.; Kurbanov, V.G, (Eds.)

2017, VI, 270 p. 106 illus., 28 illus. in color., Hardcover
ISBN: 978-3-319-53326-1



	2 Unified Logical Analysis in Robots’ CNS Based on N-Tuple Algebra
	Abstract
	1 Introduction
	2 Deductive Analysis from the Perspective of the Cognitive Schema “Container”
	3 Analysis of Hypotheses and Abduction Based on Calculation of Projections
	3.1 Search Algorithm for Abductive Conclusions

	4 Conclusion
	Acknowledgements
	References


