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Definition 4. Attribute Definition. Attributes (or fields) are sets of internal objects that
represent a state. Attributes are represented by Kleene star. Set:

A = str⇤ =
[

n=0

(str)n (2.5)

Attribute property: 8↵ among 1 6 ↵ 6 k states |A| = �↵ is finite. So A ✓ N and
A(c↵) = A↵.

2.3 Software Refactoring Formalism

Refactoring is the process of modifying vulnerable code from an object-oriented software,
by improving the system quality without altering its external behavior [8, 37]

Definition 5. Refactoring Definition. The refactoring process consists in re-constructing
the code design of a SUA without a↵ecting the behavior functionality [8].

Table 2.1. Fowler’s Catalog Refactoring Operations Used

Refactoring Operation Abbreviation Category

Extract Method EM Composing Method
Inline Method IM Composing Method
Replace Method w. Method Obj RMMO Composing Method
Pull Up Field PUF Dealing w. Generalization
Pull Up Method PUM Dealing w. Generalization
Push Down Field PDF Dealing w. Generalization
Push Down Method PDM Dealing w. Generalization
Replace Delegation w. Inheritance RDI Dealing w. Generalization
Replace Inheritance w. Delegation RID Dealing w. Generalization
Extract Class EC Moving Features
Move Field MF Moving Features
Move Method MM Moving Features

A refactoring is a function R� : ⌦ �! (Code Modification) where � represents a specific
refactoring operation (see used operations in Table 2.1) and ⌦ = cs ⇥ As ⇥ Ms ⇥ ct is a
Cartesian product parameter, where cs is the source class, ct is the target class, As are the
attributes of the source class and, Ms the methods of the source class.

Refactoring properties are: 1) a solution set of all the possibilities of refactorings func-
tions with refactoring parameters, coined as R(⌦), so RI 2 R(⌦), is a specific solution or
Refactoring Instance, 2) a refactoring recommendation Si is a set of Refactoring Instances
RI and a subset of R(⌦).

Software metrics measure the degree of possession of specific properties in the systems
[31]. Eleven quality metrics (see Table 2.2) were considered for our model, based on
previous reports [5].

Definition 6. Code Quality Metric Definition. A quality metric is a function ⌘j : c↵ �!
R. Each class c↵ of the SUA has a set of metric values:


