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a b s t r a c t 

Roughness measure, a quantitative index for processing uncertain information using fuzzy 

set theory, is the basis of resource management, system optimization and many other 

decision-making problems. The construction of a roughness measure which reflects dif- 

ferent decision preferences has important theoretical and practical value. In this paper, we 

first analyze the characteristics and shortcomings of the existing methods for measuring 

roughness. Following this, a new effect-based roughness measure model is established us- 

ing a combination of a basic measure factor, the lower (or upper) accuracy of rough sets, 

entitled the effective rough degree (ERD). Next, the characteristics of ERD are analyzed in 

combination with different synthesis functions, and several further necessary and sufficient 

conditions are given. Finally, we propose an ERD-based attribute reduction method (abbre- 

viated as ERD-RM), and then discuss the differences and relationships between ERD-RM 

and existing reduction methods. The theoretical analysis and practical applications show 

that ERD has good structural features and interpretability and can integrate decision pref- 

erence into the measure system in a straightforward manner. 

© 2016 Elsevier Inc. All rights reserved. 

1. Introduction 

With the development of information technology, especially the development of database technology and the widespread 

application of information management systems, various industries have accumulated a great deal of data information with 

different characteristics (such as no completeness, noise, fuzziness and randomness, for example). It has brought changes to 

the processing of big data, and the core technology of this revolution is a capability for high-performance processing of big 

data. As a primary tool of big data analysis, machine learning has not only received increasing attention in academic circles, 

but also has been widely used in industry. Machine learning algorithms are becoming increasingly efficient in capacity, 

speed, and type. As Mark van Rijmenam put it in his recent article on machine learning, "The more data it processes, the 

greater the advantage this algorithm can offer." These factors mean that this new machine learning method has obtained 

many encouraging results in recent years. 

Obviously, machine learning is a fundamental tool for big data analysis. Human ability to detect and respond to events 

such as real-time threats and terrorism, natural disasters, hurricanes and so on depends on the automatic screening, classifi- 

cation and correlation of enormous amounts of data. In this context, the question of how to reveal the information hidden in 
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big data has received widespread attention and research from both academic and application perspectives. Since the 1980s, 

many scholars have combined different application backgrounds with theory; examples of this are the fuzzy theory put for- 

ward by Zadeh [48] , the cloud theory proposed by Li et al. [12] , the genetic algorithm proposed by Holland [8] , and the 

rough set theory proposed by Pwlak [24] . This approach toward the study of the methods and technology of data mining 

has generated many significant research results [1,31,43] . 

Rough set theory cannot only reveal information from data mining, but can also build knowledge descriptions and infor- 

mation management methods under different consciousness conditions in combination with a variety of other uncertainty 

processing theories of data sets. It is a theoretical tool for the analysis of a vague description of an object. Since the 1980s, 

rough set theories and their applications have attracted much attention. They have been the subject of a great deal of 

valuable academic discussion and many important achievements have been made. 

Theoretical studies have mainly focused on extensions to the Pawlak rough set under different conditions. For exam ple, 

Ziarko [52] proposed a variable precision rough set model, aimed at modeling classification problems involving uncertain or 

imprecise information; Slowinski and Vanderpooten [36] proposed a rough set model based on a similar relationship, with 

multiple ownership of the objects. As the objects often had different importance (or effect), Wei and Zhang [45] proposed 

a rough set model based on probability space, and further gave a method for the measure of rough fuzzy sets. Bonikowski 

et al. [2] proposed a rough set model for the problem whereby the association characteristics among objects often did not 

meet transitive conditions; Dubois and Prade [6,7] proposed a rough fuzzy set model based on crisp equivalence relation and 

fuzzy equivalence relation respectively; Hu et al. [10] proposed a neighborhood rough set model based on definitions of the 

δ neighborhood and neighborhood relations in metric spaces to deal with numerical features. Zhao et al. [51] integrated the 

idea of a variable-precision rough set into the characterization system of rough fuzzy sets, and then proposed a variable- 

precision rough fuzzy set model; Chen et al. [3] studied the approximation operator on complete completely distributive 

(CCD) lattices and discussed the rough classification issues on such lattices, and then proposed a generalized (upper) lower 

approximation concept and established a unified characterization model which can cover a variety of rough set models. 

Yeung et al. [4] discussed the algebraic structure and topology of fuzzy rough sets using the axiomatic and constructive 

method, and then established a fuzzy reasoning method based on fuzzy rough sets, and further discussed the combination 

of the application with the production scheduling problem. Restrepoa et al. [33] established relationships between the most 

commonly used operators in covering-based rough sets using lattice concepts; Zhang et al. [50] investigated relationships 

between covering-based rough sets and generalized rough sets in neighborhood systems. 

The application studies have mainly focused on the integration of various methods and techniques. One of the primary 

fields of application is granular computing based on rough set theory [11] . Pedrycz [25] introduced the concepts of infor- 

mation granules, information granularity, and granular computing. And this book introduced readers to granular computing 

as a new pattern for the analysis and synthesis of intelligent systems. Pawlak [22] discussed the structure of information 

granularity and the granularity issue in general, based on the idea that elements of the same equivalence class have the 

same rough membership function. In order to explore the application of rough set theory within a variety of environments, 

Skowron et al. [29,35] used the concept of inclusion degree to study the granularity of approximation spaces under the 

rough lower approximation and rough upper approximation. Miao and Fan [19] discussed the granular computing of knowl- 

edge, introduced the concept of the degree of attribute importance, and applied this to the smallest attribute reduction 

aspect. Wang et al. [5,42] proposed a granular computing model based on the tolerance relation. By using the tolerance 

relation of attribute value, they gave an expression for granularity in incomplete information systems, several rules for 

granular computing, and a grain decomposition algorithm. Taking rough set theory as a tool for describing uncertain in- 

formation, many scholars have established methods for data system-based attribute reduction using a combination of the 

characteristics of data mining. For big data mining, Zhang et al. [49] proposed a Map Reduce-based method for comput- 

ing approximations in parallel, which can efficiently process complete data but failed in the case of missing (incomplete) 

data. Li et al. [15] introduced a solution method, PICKT, for big data analysis based on the theories of granular computing 

and rough sets. Hu et al. [9] introduced a simple and efficient hybrid attribute reduction algorithm based on a general- 

ized fuzzy-rough model. Qian et al. [30] defined a hierarchical encoded decision table and proposed hierarchical attribute 

reduction algorithms in data and task parallel using Map Reduce. Li and Xu [16] proposed a framework for the double- 

quantitative decision-theoretic rough set (Dq-DTRS) based on Bayesian decision procedures and the graded rough set (GRS). 

Shu and Shen et al. [34] proposed an incremental feature selection method that can accelerate the feature selection process 

in dynamic incomplete data. Min et al. [21] proposed a feature selection with a test cost constraint problem and developed 

a backtracking algorithm as well as a heuristic algorithm. Yilmaz and Murat [47] proposed a hybrid medical decision sup- 

port system based on the concepts of rough sets (RS) and extreme learning machines (ELM) for the diagnosis of hepatitis 

disease problems; Phophalia et al. [28] proposed a novel approach for exploring self-similarity of an image for patch-based 

image processing applications. Pawlak [23] put forward an attribute reduction method based on positive regions; Yang et 

al. [46] proposed a new method, which they called the related family, to compute attribute reduction and relative attribute 

reduction for covering rough sets. Wang et al. [44] proposed the concept of minimal covering, described its properties and 

further discussed the relationship between several commonly-used reduction methods. Wang et al. [38] provided a novel 

method for attribute reduction based on covering rough sets. Wang et al. [39] proposed a simpler approach to attribute 

reduction based on discernibility matrix with covering based rough sets. In terms of the fusion of decision-making methods, 

Li et al. [13] gave a formal description of the rough approach to the problem in which the candidate objects in the decision- 

making process cannot be separated from each other, and gave a method for solution of rough plan combining with similar 
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