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Introduction

The introduction of fuzzy logic in 1965 has been one of the main
advancements in the last several decades in different subjects and
especially in control theory [1]. Fuzzy logic has given large deals
to reasoning, and clearly, shows its applicability in many areas to solve
different problems concerning approximate reasoning. However, in
large measure what remains unrecognized is that fuzzy logic is itself a
precise logic of imprecise reasoning. In fact, the definitions of
membership functions and generalized constraints are precise within
fuzzy logic [2]. This precision requires the necessary condition of
provably validity about achieved results. This condition can be satisfied
only in the problems defined in closed world assumption that can be
handled by mathematical analysis. In fact, in closed world, we only
deal with precisiated information. However, most real world problems
cannot satisfy the provable validity condition since they are mostly
defined in uncertain, non-stationary, evolving, and imprecise
environment and dealt with incomplete information. Therefore, in
most cases, the provably-valid solutions cannot be achieved. Zadeh in
2009 introduced extended fuzzy logic (FLe) [2] to deal with the issue of
being unprecisiated. As a matter of fact, FLe is a new trend to solve
problems by introducing unprecisiated fuzzy logic (FLu) and adding it
to fuzzy logic.

At a relatively of high level of abstraction, the philosophy of FLe
comes back to this issue that everything in the world is continuously
changing; therefore, there are, actually, no right answers. The analysis
in FLe to deal with this continuous changing and in the presence of far
less precise data is based on quasi-mathematical analysis [3,4]. Within
FLe, membership functions and generalized constraints are
determined based on perception; in other words, they are not defined
as precisiated concepts. The unprecisiated nature in FLe is modeled
using f-transformation. f-Transformation is a one-to-many map [2] in
which the originality of 'one' is preserved during mapping. This
concept plays a major role in lowering the requirement of precision
from fuzzy logic still main on right track to solve open world problems
that leads to emerge FLe from fuzzy logic. Therefore, in FLe, we face
two types of answers: S-answers (relate to specificity) and f-answers
(relate to generality) [3]. The S-answer is the centroid of the relevant f-
answer that is the f-transformed of the S-answer. It should be noted
that since FLe is an imprecise logic of imprecise reasoning, the S-
answer has two degrees that are different from each other originality
and structurally and are related to different modules of FLe. The first
degree relates to the approach’s ability to handle incomplete

information while the second degree relates to the validity of the
approach that the given problem is handled. Therefore, within FLe, we
obtain fuzzy valid results while capturing more uncertainty in
reasoning and computation.

Although FLe is very young logic, it has satisfied the engineering
inclination as a sound inference theory by showing its applicability in
providing promise results for challenging and complex problems such
as identification systems [5], decision making [6], and risk assessment
[7]. Apart from the mentioned application, the main concern of FLe is
its applicability to robotic and artificial intelligence issues. As a matter
of fact, building the next generation of robotic systems with the ability
of dealing with complex real-world application requires integration
between logic, learning, and computation. This can be done within
FLe.

In fact, the goal of considering FLe would be to examine how
considering validity degree of embedded knowledge structures affects
reasoning and modeling for scalable and imprecise data in modeling of
risk-sensitive decision-making in complex, highly dynamic, and
uncertain environments that a future robot needs to deal.
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