A Metric Based Technique For Design Flaws Detection And Correction

Thierry Miceli1,2, Houari A. Sahraoui1 and Robert Godin2

1CRIM,

550, Sherbrooke west, #100

Montreal (QC), Canada H3A 2N4

{thierry.miceli, houari.sahraoui(@crim.ca

2Université du Québec à Montréal

C.P.8888, Succ.CV, Montreal (QC), Canada H3C 3P8

godin.robert@uqam.ca

Abstract

During the evolution of object oriented systems, the preservation of correct design should be a permanent quest. However, for systems involving a large number of classes and subject to frequent modifications, detection and correction of design flaws may be a complex and resource consuming task. Automating the detection and correction of design flaws is a good solution to this problem. Various works propose transformations that improve the quality of an OO system while preserving its behavior. In this paper we propose a technique for automatically detecting situations where a particular transformation can be applied to improve the quality of a system. The detection process is based on analyzing the impact of various transformations on software metrics using quality estimation models.

1. Introduction

In many object-oriented systems, design flaws, introduced in early stages of the development or during system evolution, are a frequent cause of low maintainability, high complexity and faulty behavior of the programs [15]. The preservation of correct design should be a permanent quest. However, for systems involving a large number of classes and subject to frequent modifications, detection and correction of design flaws may be a complex and resource consuming task. Automating the detection and the correction of flaws is a good solution to this problem. 

Two types of work can contribute to this automation: (a) automatic software transformation and (b) quality estimation models. Various works propose basic and complex transformations that improve the quality of an OO system while preserving its behavior (see for example [3] and [12]). However, it is hard to detect where such transformations can be applied and what is their impact on the quality. 

On the other hand, various works on quality estimation propose frameworks that allow detecting design (implementation) anomalies using metrics (see for details [2], [5], [8], [9], [10] and [11]). But they cannot propose or help to propose design (implementation) alternatives to correct these anomalies.

The idea behind the work presented in this paper is to bridge the gap between the two families of work. Indeed, we propose a technique for automatically detecting situations where a particular transformation can be applied to improve the quality of a system. The detection process is based on analyzing the impact of various transformations on software metrics using quality estimation models. The transformation is then driven by the variation of values of some metrics to avoid anomaly situations.

The reminder of this paper is organized as follows. Section 2 presents the related work. Section 3 gives an overview of the proposed technique. The selection of the transformations and the metrics needed for our work is described in sections 4 and 5. Section 6 discusses the impact of the transformations on metrics. Using this impact to suggest transformations is addressed in section 7. Section 8 presents our conclusion for this work.

2. Related work

The section work presented in this paper cuts across several research areas and particularly object-oriented software reengineering and OO quality estimation.

Reengineering of OO code using transformations to improve its quality has been addressed by several researchers. Some techniques involving decomposition of class hierarchy transformations in smaller modifications are proposed by Casais and more recently by Opdyke. In [3], Casais enumerates a set of primitive update operations that can be used to decompose class modifications. The completeness and correctness issues are presented but not formally addressed. Similar work has been conducted by Opdyke (see [12] and [13]). He introduces the notion of behavior-preserving transformations named refactorings. A set of low-level refactorings is used to decompose high-level refactorings without introducing new errors in the system or modifying the program behavior. Preservation of the program behavior for each low-level refactoring is guaranteed when some preconditions are verified. A tool called The Refactoring Browser [14] was created using these transformations in the Smalltalk environment.

Several authors have addressed the particular problem of class hierarchy design and maintenance. Using a different approach, Godin et al. in [6] propose a tool that automates a class hierarchy evolution by transformations involving the insertion of new classes while preserving maximum factorization. In this work, structural metrics rather than class metrics are used to evaluate the quality of the class hierarchy. 

In quality predictive/estimation models field, Basili & al. show in [2] that most of the metrics proposed by Chidamber and Kemerer in [4] were useful to predict fault-proneness of class during the design phase of OO systems. In the same context, Li and Henry showed that maintenance effort could be predicted from combinations of metrics collected from source code of OO components [7]. More recently our team proposed a set of models for different quality characteristics in [8], [9], [10] and [11]. Finally, in [5], Demeyer and Ducasse show for the particular domain of OO frameworks, that size and inheritance metrics are not reliable to detect problems, but are good indicators for the stability of a framework.

3. Technique overview

The proposed technique aims at detecting and correcting design flaws. In previous work, we address the problem of detection by the use of quality estimation models. These models are based on the correlation between quality characteristics (e.g. maintainability) and quantitative attributes of software (metrics). However the process of detection does not show which transformation can be applied to correct the flaws. The idea behind this technique is to relate potential transformations with symptomatic situations. To do that we follow a four step process (see Figure 1). First we choose a set of transformations that can be applied to improve the quality of a system. Then, we select a set of metrics under the basis that they can be good indicators of design anomalies. Third, we study the impact of the transformations on the metrics in term of variation. Finally rules are designed to correct the anomalies using these variations.
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Figure 1. Detection and correction technique overview
4. Transformations

In our context, transformations are changes in the design whose purpose is to improve the quality of a system while preserving its behavior. For this work, we use the transformation proposed by Opdyke (see [11]

 RENV _Ref438966133 \r \h 
 \* FUSIONFORMAT [13]). Different reasons motivate this choice:

· Complex transformations can be decomposed into basic transformations

· The behavior of the program is preserved

· Transformations can be automated

A basic (low-level) transformation is applied to one or many elements of a class hierarchy as adding a new argument to a method, renaming an attribute or changing the super-class of a class. It consists in a minimal set of changes that doesn't modify the program behavior in any way given the compliance to some preconditions. For example: for a transformation that deletes an attribute from a class, the precondition states that the attribute must not be referenced.

In the remainder of this paper, we will use three low-level transformations (more details are given in section 6): creating a class, creating a method, and changing the superclass of a class.

A complex (high-level) transformation is a succession of basic transformations that allows operating more important changes. Like the basic ones, high level transformations must preserve the behavior of a system and can be performed only when preconditions are satisfied. Whenever the evaluation of the preconditions can be done with no external intervention, the corresponding transformation can be run automatically.

For the need of this paper, we will study only two high-level transformations: creating an abstract class and creating subclasses.

5. Metrics

In this paper, we limit ourselves to some inheritance metrics at the class level (Table 1). The metrics we choose allow to measure the location of a class within an inheritance hierarchy, the number of children, the number of descendants, and the number of inherited, overridden and added methods (see for more details [1] and [4]). 

To define the selected metrics, we first define the following sets for a class c: 

· Parents(c) is the set of parent classes of c.

· Children(c) is the set of children classes of c.

· Ancestors(c) is the set of ancestor classes of c.

· Descendants(c) is the set of descendant classes of c.

· M(c) is the set of methods of c.

· MOVR(c) is the set of methods overridden of c.

· MINH(c) is the set of methods inherited of c.

· MNEW(c) is the set of new methods (non-inherited and non-overridden) of c.

Table 1. Selected metrics

Symbol
Name
Definition

DIT
Depth of inheritance tree
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NOC
Number of children
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6. Impact of transformations on metrics

Even if we are only interested in the complex transformations, it is important to study the impact of the basic ones on metrics. Indeed, a complex transformation can be seen as a complex polygon. To measure its surface, we need to decompose it into simple geometric shapes for which we have surface calculation rules.

Transformations modify the structure of a program which will possibly modify the metrics. As we are interested in class level metrics, we study the variations of all the classes involved in a transformation. 

6.1 Impact of low-level transformations

Creating a Class 

This transformation creates an empty class as a leaf of the inheritance tree. At least two classes are involved: the newly created class (call it c'), the class that becomes the superclass of c' (call it c''), and all the possible ancestors of c".
For c', all metrics but DIT and NMI are initialized to 0. The depth of the inheritance tree (DIT) is set to the parent DIT value plus 1 and the number of inherited methods (NMI) is set to the number of methods from c'' interface that are not private. More formally, the metrics variation rules for c' are:

(c = c’) DIT(c)  DIT(c"’) + 1






(R1a)

( m ( M(c'') 

(c = c’) ( (Private(m, c'')  NMI(c)  NMI(c) + 1


(R1b)

For c'', the number of children (NOC) and the number of descendants (NOD) increase by 1. Also, the class to leaf depth (CLD) increases by 1 if c'' has initially no descendant. The rules for these metrics variations are:

(c = c") NOC(c)  NOC(c)+1






(R1c)

(c = c") NOD(c)  NOD(c)+1






(R1d)

(c = c'')  ( (Descendants(c) = () CLD(c)  1
  



(R1e)

For each ancestor of c'', the number of descendants (NOD) increases by 1 and the class to leaf depth (CLD) increases by 1 when the additional descendant sets a new maximum path length from the class to its descendants.

(c ( Ancestors(c'')) NOD(c)  NOD(c) + 1




(R1f)

(c ( Ancestors(c'')) ( (CLD(c) = pathLength(c, c''))) 

CLD(c)  CLD(c) + 1

(R1g)

Creating a Method

This transformation creates a method that is either not defined locally and not inherited or is already inherited but equivalent to the inherited method. Let m be the new method and c' the class where m is created, if the new method was already inherited by c' then it represents an additional method override, otherwise it is a new method in c' interface. The number of methods overridden (NMO), inherited (NMI) and added (NMA) are modified accordingly. The rules for the variations of these metrics are:

(c = c') (( m ( MINH(c) ( NMO(c) ( NMO(c) + 1




(R2a)

(c = c') (( m ( MINH(c) ( NMI(c) ( NMI(c) - 1




(R2b)

(c = c') (( m ( MINH(c) ( NMA(c) ( NMA(c) + 1




(R2c)

For classes that are descendants of c', m is inherited if it is not already defined in the interface of the class or any intermediate class and if m is not created as private in c'. Otherwise m is a new override for the considered class if it is already defined in the class and if m is not created as private in c'. The NMI, NMO and NMA metrics are modified accordingly and the rules for the variations of these metrics are:

(c ( Descendants(c')) ( (m ( MNEW(c)) ( 

(( cd ( (Ancestors(c) ( Descendants(c')), m( M(cd)) ( 

(Private(m, c') ( NMI(c) ( NMI(c) + 1





(R2d)

(c ( Descendants(c')) ( (m ( MNEW(c)) ( (Private(m, c') (
NMO(c) ( NMO(c) + 1
(R2e)

(c ( Descendants(c')) ( (m ( MNEW(c)) ( (Private(m, c') (
NMA(c) ( NMA(c) - 1
(R2f)

Changing a class superclass

This transformation changes a superclass of a class.  The preconditions are that it preserves the validity of the assignments, there must be no conflict with the members of the new superclass and all inherited members must be identically inherited from the new superclass after the transformation. This transformation involves at least three classes: cd the class to move, ca the current parent and cn the new parent.

For cd, the depth of the inheritance tree (DIT) will be set to the depth in tree of cn plus 1. cd will override or inherit non-private methods from the new superclass depending on whether these methods already exist or not in the interface of cd. The NMI, NMO and NMA metrics are modified accordingly and the rules for the variations of these metrics are:

(c  cd) DIT(c)  DIT(cn) + 1






(R3a)

( m ( M(cn)

(c  cd)(( m ( M(c) ( (Private(m, cn) ( NMI(c) ( NMI(c) + 1

(R3b)

(c  cd)(( m ( MNEW(c) ( (Private(m, cn) ( NMO(c) ( NMO(c) + 1
(R3c)

(c  cd)(( m ( MNEW(c) ( (Private(m, cn) ( NMA(c) ( NMA(c) - 1
(R3d)

The initial superclass looses a child after the refactoring; thus NOC will decrease by 1. Here is the corresponding rule:

(c = ca) NOC(c)  NOC(c) - 1






(R3i)

For a class c that is initially an ancestor of cd, if it is not an ancestor of the new superclass, the number of descendants (NOD) decreases by 1. Moving cd may also change the maximum path length from the class to its descendant. Let Max-c be the maximum path length from c to any of its descendants (except for cd), the rules for the corresponding metrics are:
(c ( Ancestors(cd)) ( (c( Ancestors (cn))  NOD(c)  NOD(c) - 1

(R3j)

(c ( Ancestors(cd)) ( (Max-c < pathLength(c, cd)) CLD(c)  CLD(c) - 1
(R3k)

The new superclass cn gains a child in the transformation; it also has a new descendant if ca is not a descendant of cn. The class to leaf depth (CLD) increases if cn has initially no descendant. The rules for the corresponding metrics variations are:

(c = cn) NOC(c)  NOC(c) + 1






(R3l)

(c = cn) ( (c ( Ancestors(ca))  NOD(c)  NOD(c) + 1



(R3m)

(c = cn)  ( (Descendants(c) = () CLD(c)  1




(R3n)

For each of the ancestors of cn there is a new descendant if the class is not initially an ancestor of ca. Also the maximum path length from the class to its descendants increases if the move of cd adds a new level to the class subtree.

 (c ( Ancestors(cn)) ( (c ( ca) ( (c ( Ancestors(ca)) 

NOD(c)  NOD(c) + 1

(R3o)

(c ( Ancestors(cn)) ( (Max-c = pathLength(c, cn))) 

CLD(c)  CLD(c) + 1

(R3p)

6.2 Impact of high-level transformations

The first high-level transformation is the creation of an abstract class from a set of sibling classes. The second one is the creation of several specialized subclasses from a given class. These transformations are derived from the ones presented in [11]. An efficient transformation prediction technique would obviously need to include a set of high-level transformations as large as possible, but we focus here in presenting a detailed procedure for determining the impact of a transformation on a set of metrics as follows:

· Each high-level transformation is decomposed in a sequence of low-level transformations.

· For each low-level transformation, the context is specified: which rules apply to which classes. Some rules that are listed in the formal description of low-level transformation may be omitted due to the knowledge of the transformation context.

· For each class or class category the rules are grouped and the metrics variations are summarized in a table.

6.2.1 Creating an abstract class

From a set of classes c1,c2,…,cN  (Figure 2.a) that either have a common parent ca or are roots of their inheritance tree, a new direct superclass cb is created. This class will contain the classes commonalties. 
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Figure 2. Creating an abstract class

The new superclass cb is first created as a sibling class of the ci classes (Figure 2.b); then each of the ci classes is moved under cb (Figure 2.c). The behavior common to all ci classes is transferred to cb by abstracting some methods and by migrating common code. These steps are detailed below:

Creating the new class.

The new class cb is created as a new child of ca. The low-level transformation create a class is applied for this operation, and the corresponding rules for the metrics variations are evaluated with the following exceptions: since class cb is created at the same level as the ci classes, the maximum path from ca to its descendants is not modified, thus rules R1e and R1g are ignored.

This is a summary of the rules that apply for this transformation:

create_empty_class(cb,ca)

(R1c-R1d)(ca)

(R1a-R1b)(cb)

(R1f)(Ancestors(ca))

Moving subclasses under the new superclass. 
The ci classes are now moved under cb. The low-level transformation for this operation is change a class superclass, and the corresponding rules for the metrics variations are evaluated with the following exceptions: there is no change in the inherited and overridden methods by the ci classes because the new superclass cb is still empty, thus rules R3b to R3h do not apply. Rules R3j, R3k and R3o do not apply either because cb is a descendant of ca.
This is a summary of the rules to be evaluated for each of the ci classes move:

change_superclass(ci,ca,cb)

(R3a)(ci)


(R3i)(ca)


(R3l-R3m)(cb)


(R3p)(Ancestors(cb))
Adding subclasses method signatures to the superclass

The methods common to the ci classes are abstracted. This operation involves the following steps:

a) Make the method signatures compatible in the subclasses. Since this has no impact on inheritance metrics, we do not consider the corresponding low-level transformation.

b) Create the method signatures in the superclass with the low-level transformation create method.

For each method creation the corresponding rules are evaluated with exception of rule R2d that does not apply because the methods are already defined in the ci classes, thus they are necessarily overridden in these classes.

Formally the rules are:

( m method with similar signature and semantically equivalent in all ci classes :

create_method(m,cb)



(R2a-R2c)(cb)

( ci  (R2e-R2f)(ci)

Common code migration to the superclass

The common or equivalent code segments from the ci classes are converted to new methods in the new superclass cb. This operation involves the following steps as described in [11]:

a) Identification of the common code segments in the subclasses and conversion to methods in each subclass.

b) Insert method signatures in the superclass.

c) Insert method bodies in the superclass.

d) Delete methods from the subclasses.

Globally these steps are equivalent to creating methods in the superclass and replacing the common code segments in the subclasses with a call to the new inherited methods. From the point of view of inheritance we consider only the creation of the new methods. Thus the create_method transformation is applied for each segment of code that is converted to a method. The rules for this transformation are evaluated with the exception of rules R2e and R2f that do not apply because the methods are not initially defined in the ci classes and thus cannot be overridden. The rules to evaluate are:

( si common code segment to the ci

create_method(mi, cb)



(R2a-R2c)(cb)

( ci (R2d)(ci)

From the information we have on the rules evaluated at each step of the transformation, we summarize in tables the metrics variations for each class or class category involved in the transformation.

Let MA be the set of methods abstracted in cb and MC be the set of methods created in cb from the code segments common to the ci classes, tables 2 to 5 summarize the variations for the involved classes

Table 2. Metrics variations for the classes to factorize (ci)


R2d
R2e
R2f
R3a
Metric variation 

DIT



+1
+1

NMA


+
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Table 3. Metrics variations for the initial superclass (ca)


R1c
R1d
R3i
R3p
Metric variation

CLD



+{0,1}
+{0,1}

NOC
+1

-N

+1-N

NOD

+1


+1

Table 4. Metrics variations for the classes ancestors of the initial superclass


R1f
R3p
Metric variation

CLD

+{0,1}
+{0,1}

NOD
+1

+1

Table 5. Metrics values for the new abstract class (cb)


R1a
R1b
R2a
R2b
R2c
R3l
R3m
R3o
Metric value

DIT
DIT(ca)+1







DIT(ca)+1

CLD







1
1

NOC





N


N

NOD






N

N

NMA
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6.2.2 Creating subclasses

The aim of this transformation is to create new subclasses for a class that is initially a leaf. The candidate subclasses as presented in [11] are determined from the detection of conditions that suggest new specialized abstractions. The class ca is the initial class, the c1, c2,…, cN classes are the created subclasses. ca is assumed to initially have no descendant.

The steps involved in the transformations as in [11] are:

a) Find conditional expressions for which conditions suggest subclasses.

b) For each condition create a subclass.

c) For each condition expression create a method in each subclass. Simplify and specialize the method's body for each subclass according to the conditions represented by the subclass.

d) Specialize some or all of the expressions that create instances of the initial class.

Creating the Subclasses

A subclass of ca is created for each different condition with the low-level transformation create a class. A constructor is created with the transformation create a method for each subclass where the corresponding condition is initialized. The rules for these transformations are evaluated with the following exceptions: rules R2d to R2e do not apply since the created subclasses have no descendants and rules R2a and R2b do not apply also since the constructor is not inherited by the subclasses.

This is a summary of the rules that apply:

Let CondN be the set of conditions

( condi ( CN
create_empty_class(ci,ca)

(R1c-R1e)(ca)

(R1a-R1b)(ci)

(R1f-R1g)(Ancestors(ca))


create_method(constructor,ci)



(R2c)(ci)

Migrating common code as new methods

Conditional expressions are migrated within methods and simplified according to the conditions represented by the subclasses. The result is a set of methods in ca overridden by specialized implementations in the subclasses.

Here are the successive steps as described in [11]:

a) Use the transformation convert code segment to function to replace the conditional expressions code by a call to a method created in ca.

b) Change the access mode to protected for private members referenced by conditional expressions with the transformation change access control mode.

c) Copy new methods to each new classes with create method.

d) Simplify conditional expression for each of the new methods of each subclass.

The conversion of a code segment to a function can be reduced to a method creation since we consider only inheritance metrics. We also assume, that there is no locally defined member on which we need to apply the change access control mode transformation. Thus, the low-level transformations that have an impact on inheritance metrics are the creations of the methods in ca. The rules for this transformation are evaluated with the following exceptions: since the created methods are not already inherited by ca, rules R2a and R2b do not applied to ca. Methods created in the subclasses are overrides of ca methods, thus rule R2c does not apply to the subclasses. Note that rule R2d applies to the new subclasses since they are descendants of ca.

The following is a summary of the rules that apply:

Let S be the set of code segments for the conditional expressions

( si ( S, ( cj ( CN 


create_method(mi ,ca)



(R2c)(ca)



(R2d)(ci)


create_method(mi, cj)



(R2a)(cj)



(R2b)(cj)

The metrics variations for each class or class category involved in the transformation are summarized in tables 6 to 8. CondN is the set of conditions from which the subclasses will be created. MC is the set of methods created in ca from conditional expressions and overridden in the subclasses. 
Table 6. Metrics variations for the initial class (ca)


R1c
R1d
R1e
R2c
Metric variation

CLD


+1

+1

NOC
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Table 7. Metrics variations for ancestors of the initial class (ca)


R1f
R1g
Metric variation

CLD

+{0,1}
+{0,1}

NOD
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Table 8. Metrics values for the new specialized classes (ci)


R1a
R1b
R2a
R2b
R2d
Metric variation

DIT
DIT(ca) + 1




DIT(ca) + 1

NMA



-
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7. Suggestion of transformations

In the previous section we showed how transformations (and particularly the complex ones) can influence the values of metrics. This influence is the base of the process of transformation suggestion. In the remainder of this section we will show how we can suggest transformations that improve a class or a set of classes according to a quality estimation model. 

7.1 Quality estimation models

Roughly speaking, building a quality estimation model consists in establishing a relation of cause and effect between two types of software characteristics: 1) internal attributes which are directly measurable such as size, inheritance and coupling, and 2) quality characteristics which are measurable after a certain time of use such as maintainability, reliability and reusability. 

In a previous work, a set of models were built to predict reusability and maintainability of OO components (see [8], [9], [10] and [11]). To illustrate our technique, we use one of them presented in [8]. It allows detecting fault-proneness classes using the values of inheritance metrics. The metrics used in this model are those defined in section 5. A component can be classified as fault-prone (class 1) or not (class 0). A confidence factor is given for each rule.

Rule 1:

NMO > 1 ( NMI ( 22 ( SIX ( 0.222222 ( class 0

[75.8%]

Rule 2:

NOC > 1 ( NOD ( 8 ( class 0



[72.2%]

Rule 3:

DIT > 1 ( NMA ( 7 ( class 0



[70.0%]

Rule 4:

NMI > 10 ( NMI ( 22 ( class 0



[63.0%]

Rule 5:

CLD = 0 ( NMA > 7 ( SIX > 0.222222 ( class 1

[91.2%]

Rule 6:

NOC ( 1 ( NMO = 0 ( NMI ( 6 ( class 1


[79.9%]

Rule 7:

NMI > 22 ( class 1 





[75.8%]

7.2 Improving a Class

The rules described above are used in our process because they directly associate the quality estimation (the classification) to metric values. A quality of a class can be improved if its classification changes from 1 to 0. This can be done by making one of the "classification 0" rule apply to a class and/or avoiding the application of  "classification 1" to this class. As conditions of rules are ranges of values for the metrics, the application (or no application) of a rule can be modified by varying the values of metrics for a class.

7.3 Prescription of transformations 

As presented in paragraph 6.2, high-level transformations can vary the ranges of values for the metrics of the classes involved in these transformations. From the tables of metrics variations generated for each studied high-level transformation, we can detect which are the transformations that can make the metrics values of a class fit into the desired range. Each table is dedicated to one class or one category of classes involved in a transformation, thus choosing a particular table determines both the transformation to apply to the class hierarchy and the part played by the class within the transformation context.

Once the transformation and the role of the class are determined, it is necessary to verify that the transformation makes sense in the object-oriented system context. This operation may involve human input or may be automated to some extent (finding commonalties between sibling classes to find possible factorizations) but this aspect is beyond the scope of this paper.

7.4 Examples

In two examples presented below we use the estimation model of paragraph 7.1. We apply our technique on classes of a C++ system called LALO. Table 9 presents the classification of some classes of LALO when we apply the estimation model rules.

Table 9. Classification of some classes from LALO

CLASSES
Rule 1
Rule 2
Rule 3
Rule 4
Rule 5
Rule 6
Rule 7

ExecRule            



0




ExecRulesKB         





1


HttpObject          




1



KqmlObject          




1



Message             

0






MsgRule             



0




MsgRulesKB          





1


OrdRule             



0




OrdRulesKB          





1


Rule                

0






Example of the creation of an abstract class

In Table 9, we can notice that classes ExecRulesKB, MsgRulesKB and OrdRulesKB are classified as fault-prone by rule 6. Following the principle of paragraph 7.2, if we want to make rule 6 evaluate to false for these 3 classes we can choose to increase NOC at least by 2 or increase NMO at least by 1 or increase NMI at least by 7 (for the three classes all these metrics are null as showed in Table 10).

Table 10. Values of concerned metrics for the classes XRulesKB

CLASSES
  NOC  
  NMO  
  NMI  

ExecRulesKB         
0
0
0

MsgRulesKB          
0
0
0

OrdRulesKB          
0
0
0

In Table 2 the variation of NMO and NMI are positive for the sibling classes that are to be factorized. In Table 6 the variation of NOC is positive for the class to be specialized. The 3 classes considered are small and are already pretty much specialized. What is obvious is that they have several methods with identical names (add, remove, export_engine_data, registration and the = operator) and furthermore there are 3 other classes that have similar names (ExecRule, MsgRule, OrdRule) and inherit from a common superclass Rule (Figure 3), this suggests that there is a possible abstraction from the ExecRulesKB, MsgRulesKB and OrdRulesKB classes.

By abstracting in a new superclass the 5 methods that are similar in the 3 classes, there will be 5 overrides added in each of the subclasses setting NMO to 5 and making rule 6 and all other negative rules evaluate to false. Furthermore a quick look at the new superclass metrics values shows that positive rule 2 evaluates to true and all negative rule evaluates to false.
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Figure 3. example of abstract class creation

Example of the creation subclasses

An other example of class classified 1 is the KqmlObject class (rule 5). The metrics value for this class are given in Table 11.

Table 11. Values of metrics for the class KqmlObject

DIT  
  AID  
  CLD  
  NOC  
  NOP  
  NOD  
  NOA  
  NMO  
  NMI  
  NMA  
  SIX  

1
1
0
0
1
0
1
10
0
14
0.416667

To have rule 5 evaluate to false we need either to increase CLD by at least 1, to decrease NMA by at least 7 or to decrease SIX which is a calculated metric and will be then left out for simplification concern.

In Table 3, Table 4 and Table 5, CLD variations may be positive but these tables are for a class having descendants, thus because KqmlObject has no descendants we can reject them. In Table 2 NMA variation is null or negative for the subclasses to factorize, but a look to its sibling class HttpObject implementation does not suggest a possible factorization (see Figure 4).

[image: image41.wmf]Message

HttpObject

KqmlObject


Figure 4. KqmlObject class hierarchy

In Table 6 CLD variation is exactly +1, this means that if the corresponding transformation (specialization in several subclasses) makes sense and is applied rule 5 will evaluate to false. A closer look to KqmlObject implementation shows that many conditions are evaluated directly or indirectly from the value of the attribute performative_number. The specialization of KqmlObject in subclasses corresponding to the different values of this attribute will simplify tremendously the KqmlObject instances manipulation. This transformation set CLD to 1 and both NOC and NOD to 43 and may increase NMA for KqmlObject. With these metric variations, all negative rules will evaluate to false. The classification of the created subclasses is not obvious without further study of the transformation.

8. Conclusion

In this paper, we examined the use of metrics to propose transformations that improve quality of an OO system. The technique proposed aims to detect and correct design flaws using quality estimation models, metrics and software transformations. 

Using this technique, we developed a small prototype that allows to apply a quality estimation model, given as input, to a set of classes and to propose, for some of them, transformations that improve their quality. This tool behaves like a corrector of grammar or style in the word processing software. Such kind of tools proposes changes and justifies these proposals by style or grammatical rules.

We applied the tool to some C++ classes. In the majority of the cases, the suggested transformations were adapted as showed in the two examples of paragraph 7.4. However, and even if the first results are very satisfactory, the limited number of the studied transformations does not allow to measure in a precise way the impact of our technique. Further experiences with our technique are needed to draw a definite conclusion.
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