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Abstract  Concepts are often considered to be the basic cognitive units of knowledge representation,
and they consist of two parts: one is the extent and the other is the intent. Considering that the
extent and the intent of a concept are able to induce each other, we can obtain a concept once its
extent or intent is completely determined. As is well known, concept cognition is to select all the
attributes that belong to the concept, and at the same time, eliminate other attributes that do not
belong to the concept. In other words, a concept can be formed by means of specifying its intent.
Note that concept cognition achieves the task of recognizing the extent and the intent of a concept
based on certain cognitive methods. In recent years, concept cognition has gradually been integra-
ting the novel research ideas from the field of cognitive science in order to enrich the theory and

improve the method continuously. Although the existing concept cognition methods are able to
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meet different practical requirements, their concept-forming operators can only be effective under
the special circumstance that they must satisfy the function of complete cognition. In the real
world, however, the phenomenon of incomplete cognition of concept-forming operators frequently
appears due to individual cognitive limitations. In this case, a comprehensive recognition of
concepts often means a long time of waiting or delay. As a result, it may be impossible to acquire
sufficient information for understanding the current concept well within the required time. In the
field of cognitive science, decomposition and solving strategy was often adopted to deal with this
kind of problems. In other words, it can provide timely reference for the current phased recognition
by taking quick action based on the available local finite information, which belongs to the cognitive
mode of incremental thinking. Motivated by this issue, this paper puts forward theories and methods
for incremental cognition of concepts so as to solve the problem of acquiring concepts from incomplete
cognitive environment. More specifically, we first propose cognitive mechanism for incremental
concept cognition whose functions mainly include addition, deletion and revision operations for
updating the current concept information. And then, using these useful operations, we can
simulate general cognitive processes. What is more, we develop effective algorithms to implement
incremental concept cognition under the circumstance where the given clue is in the form of an
object set, an attribute set, or a pair of object and attribute sets. In addition, we also analyze the
time complexity and the space complexity of these incremental cognition algorithms. Especially,
when exact cognitive concepts cannot be obtained, we design two novel strategies (i. e. optimistic
and pessimistic information fusion) to search for approximate cognitive concepts. This makes us
at least find an upper concept for any given clue in the form of a pair of object and attribute sets
once we are not able to obtain a lower concept in some particular cases. Finally, we conduct some
numerical experiments to demonstrate the effectiveness of the proposed incremental cognition
algorithms.
Keywords  granular computing; concept cognition; formal concept analysis; concept lattice;
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research fields. Considering that concept lattice construction
is a NP-hard problem, it is impossible to build a concept
lattice under the big data environment, let alone well under-
standing the meaning of the nodes of the concept lattice.

Motivated by these problems, in recent years, some experts
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(e. g. Zhang Wen-Xiu, Yao Yi-Yu, Wang Ying-Xu, Xu Wei-
Hua) concerned concept-cognitive learning (CCL) in which
the basic problems include cognitive mechanism of concept-
forming, construction and optimization of concept-cognitive
system, and simulation of cognitive processes. The main
purpose of concept-cognitive learning is to learn the required
concepts from a given clue. However, to the best of our
knowledge, the existing studies on concept-cognitive learning
are based on complete cognitive environment, and they will
become ineffective in incomplete cognitive environment. In
the real world, incomplete cognitive environment appears
more frequently than complete cognitive environment. So, it
is crucial to develop concept-cognitive learning models under
incomplete cognitive environment.

In this paper, we put forward theories and methods for
incremental cognition of concepts from incomplete cognitive
environment. To be specific, incremental concept cognition
methods are respectively proposed for three types of clues
(i.e. , an object set, an attribute set, and a pair of object

and attribute sets). Especially, we design two strategies

(i. e. optimistic and pessimistic information fusion) to form
approximate cognitive concepts, which can at least guarantee
that it obtains an upper concept from a given clue in the form
of any pair of object and attribute sets. Moreover, numerical
experiments are conducted to evaluate the effectiveness of the
proposed incremental cognition algorithms. Our methods can
be applied to simulating human brain’s cognitive learning and
provide a reference to the further study of concept-cognitive
learning.

The paper is partial work of the National Natural
Science Foundation of China under Grant Nos. 61562050 and
61573173. These projects try to propose some effective
methods for concept formulation, learning and cognition
based on parallel computing. granular computing and rough
set. Up to now, we have discussed concept formulation,
learning and cognition from the perspectives of three-way
decisions, multi-granularity, information fusion, MapReduce,
cognitive computing, etc. And the results of this paper will
be a vital step in studying concept-cognitive learning under

incomplete cognition environment.





