
 

Accepted Manuscript

The distributive laws of fuzzy implications over overlap and grouping
functions

Junsheng Qiao, Bao Qing Hu

PII: S0020-0255(18)30055-0
DOI: 10.1016/j.ins.2018.01.047
Reference: INS 13401

To appear in: Information Sciences

Received date: 3 April 2017
Revised date: 21 January 2018
Accepted date: 24 January 2018

Please cite this article as: Junsheng Qiao, Bao Qing Hu, The distributive laws of fuzzy implications
over overlap and grouping functions, Information Sciences (2018), doi: 10.1016/j.ins.2018.01.047

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ins.2018.01.047
https://doi.org/10.1016/j.ins.2018.01.047


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

The distributive laws of fuzzy implications over overlap and grouping functions1

Junsheng Qiaoa,b, Bao Qing Hua,b,∗
2

aSchool of Mathematics and Statistics, Wuhan University, Wuhan 430072, PR China3
bComputational Science, Hubei Key Laboratory, Wuhan University, Wuhan 430072, PR China4

Abstract5

Overlap and grouping functions, as two kinds of special binary aggregation functions, have been investigated for
applications in image processing, classification problems and decision making based on fuzzy preference relations.
In addition, after the distributive laws related to fuzzy implications and some special binary aggregation functions
have been proposed, there arise many discussions on this research topic. In this paper, we continue studying this
topic and discuss the four basic distributive laws of fuzzy implications over overlap and grouping functions. At
first, we investigate the four basic distributive laws of fuzzy implications over overlap and grouping functions for
the residual implications derived from overlap functions, (G,N)-implications obtained from grouping functions G
and fuzzy negations N, and QL-operations derived from overlap functions, grouping functions and fuzzy negations,
respectively. And then, we extend the related results when we take into account the residual implications, (G,N)-
implications or QL-operations in the four basic distributive laws of fuzzy implications over overlap and grouping
functions to arbitrary fuzzy implications satisfying some desirable algebraic properties in the preceding four basic
distributive laws.
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1. Introduction and motivation7

1.1. A brief review on overlap and grouping functions8

Overlap and grouping functions [16, 18] are introduced by Bustince et al. in 2009 and 2012, respectively. These9

two concepts, as specific nonassociative binary aggregation functions, arise from some problems in image process-10

ing [15], classification [30] or decision making [47], where t-norms and t-conorms are commonly used [32]. But11

nonetheless, as a matter of fact, the associativity of t-norms and t-conorms is not forcefully needed in many cases.12

In recent years, overlap and grouping functions have seen a rapid development both in applications and theory. In13

applications, overlap and grouping functions play a vital role in image processing, decision making and classification14

problems. For example, in image processing, in 2010, Bustince et al. [17] proposed an object recognition problem15

in which the best classification with respect to the background is the one with less overlapping between the class16

background and the class object. In 2013, Jurio et al. [34] obtained that the convex combination of several overlap17

functions (resp. grouping functions) is again an overlap function (resp. a grouping function). In addition, they showed18

the advantages of this kind of consensus by presenting an application in image processing. In decision making, in19

2012, Bustince et al. [18] elaborated the use of overlap and grouping functions in fuzzy preference modeling and20

decision making. They also presented an algorithm to elaborate an alternative preference ranking that penalizes the21

alternatives for which the expert is not sure about his or her preference. In classification, in 2015, Elkano et al. [30]22

adapted the inference system of fuzzy association rule-based classification model for high-dimensional problems by23

replacing the product t-norm with n-dimensional overlap functions, which allows one to obtain more adequate outputs24

from the base classifiers for the subsequent aggregation in One-versus-One and One-versus-All schemes. In the same25

year, Lucca et al. [37] introduced one class of Choquet-based non-associative aggregation functions for application in26
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