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The results of this exploratory analysis give

evidences that the heuristics offer support for: 

I. Addressing the shortcomings of conventional metrics-
based assessments, 

II. Reducing the manifestation of false positives and false 
negatives in modularity assessment,

III. Detecting sources of design instability, and finding the
presence of design modularity flaws in both object-
oriented and aspect-oriented programs.



Division

1. Introduction

2. Design modularity assessment

3. Concern-driven metrics

4. Concern-sensitive heuristics

5. ConcernMorph

6. Evaluation settings

7. Results and discussion

8. Study constraints

9. Concluding remarks



The contributions of this paper are fourfold:

First : revisiting existing assessment mechanisms, it discusses the

limitations of conventional metrics-based heuristics

Second: presents a suite of heuristic rules with the distinguishing

characteristic of exploiting concerns as explicit abstractions in the

design assessment process.

1. Identification and classification of crosscutting concerns

2. Identification and classification of specific crosscutting patterns

3. Detection of classical bad smells

Third: presents a prototype tool, called ConcernMorph.

Finally: it provides an exploratory evaluation on the accuracy of the

concern-sensitive heuristics in the context of seven applications.



Design Modularity assessment

Metrics for aspect-oriented designs



Conventional heuristic assessment

Detecting a specific kind of modularity flaw, namely the 
Shotgun Surgery bad smell

Shotgun Surgery:=((CM, TopValues(20%))and(CM, 
HigherThan(10))) and (CC, HigherThan(5))

CM: Changing Method 
CC: Changing Classes



Limitation of conventional heuristics

Many design modularity flaws are related to the inadequate 

modularisation of concerns, most of the current quantitative 

assessment approaches, such as AO metrics, do not 

explicitly consider concern as a measurement abstraction.





Concern-driven metrics

The concern metrics are computed based on the mapping of 
concerns to design elements. 
ConcernMapper for supporting the mapping of concerns and 
ConcernMorph for concern measurement.

Concern scattering and tangling
Concern Diffusion over Components (CDC)
Number of Concerns per Component (NCC)

Concern materialisation and coupling
Number of Concern Attributes (NOCA)
Number of Concern Operations (NOCO)
Concern-Sensitive Coupling (CSC)
Intra-Component Concern Sensitive Coupling (ICSC)





Concern-sensitive heuristic

The proposed heuristics, called concern-sensitive heuristic rules, 
are defined in terms of combined information collected from both 
concern metrics  and conventional modularity metrics.

IF <condition> THEN <consequence>

Concern diffusion
• Isolated, 
• Tangled, 
• Little Scattered,
• Highly Scattered, 
• Well Localised,
• Crosscutting



Definitions of the concern diffusion heuristic rules 
(left) denoting transitions between two concern 

classifications (diagram on the right).



Patterns of crosscutting concerns

The identification of such crosscutting patterns 
complements the tangling and scattering analysis.

Five of these crosscutting patterns:
• Black Sheep,
• Octopus, 
• God Concern, 
• Data Concern, 
• Behavioural Concern





The heuristic rules, R09 to R13, which aim at 
identifying each of the selected crosscutting 
patterns.



Concern-aware design flaws

Four bad smells to illustrate this kind of concern-sensitive 
heuristics: 
• Shotgun Surgery
• Feature Envy 
• Divergent Change
• God Class.



ConcernMorph: extensible metrics-based 
heuristic analysis

A tool to automatically apply the proposed concern-sensitive 
heuristic rules. ConcernMorph is implemented as an Eclipse 
plug-in and supports the heuristic rules.

ConcernMorph and its 
relationships with 
ConcernMapper and
the Eclipse Platform



ConcernMorph

The Concern Metrics view shows concern measurements 
while the Crosscutting Patterns view shows all instances of 
crosscutting patterns in the target system. 



Evalution settings

Hypothesis: Heuristic assessment techniques which are based on 
concern properties enhance traditional quantitative analysis.

Research Question 1. If concern-sensitive assessment techniques 
properties enhance traditional quantitative analysis, in which cases do 
they succeed or fail?

Research Question 2. Do concern-sensitive heuristics provide more 
accurate results compared to traditional detection strategies?

Research Question 3. Does a high number of crosscutting patterns 
impact positively, negatively or have no impact on design stability?

Research Question 4. Which bad smells can be detected by concern-
sensitive heuristic rules?



Selection of the target applications



Selection of the target applications



Results and discussion



Solving measurement shortcomings

Six of problems (labelled A–F):

� False crosscutting warnings: (A) false scattering and tangling 
warnings and (B) false coupling or cohesion warnings.

� Hiding concern-sensitive flaws: (C)  metrics are not able to reveal an 
existing modularity problem.

� Lack of mapping to flaw-causing concerns: (D) measurement does 
not show where (which design elements) the problem is and (E) 
measurement does not relate design flaws to concerns causing 
them.

� Controversial outcomes from concern metrics: (F) the results of 
different metrics do not converge to the same outcome, making the 
designer’s interpretation difficult.



Accuracy of the concern-sensitive heuristic



Accuracy of the concern-sensitive
heuristic

According to data above, the heuristics failed in less than 
20% of the cases (6 false positives and 3 false negatives)



Correlating crosscuting patterns and
design stability



Specific design flaws detection

Concern heuristics are useful to detect specific design flaws. 
Applied rules R14 to R17 to identify instances of four bad 
smells :

� Shotgun Surgery, 
� Feature Envy,
� Divergent Change, 
� God Class



Study constraints

The goal of this paper was to propose and to investigate 
concern-sensitive heuristics. 

Strategy based empirical evidence:

(i) 50% as default for the concern diffusion heuristics  
(ii) a meaningful ratio represents the definition of black 

sheep and octopus and similar thresholds used by 
Marinescu in the heuristics for bad smells. 



Concluding remarks

(i) presented a suite of concern-sensitive heuristic rules, 
(ii) investigated the hypothesis that these heuristics offer 

enhancements over typical metrics-based 
assessment approaches.

Investigation indicated promising results in favour of 
concern-sensitive heuristics. 

Additionally, the proposed tool, ConcernMorph, could be 
extended to incorporate more sophisticated means for 
mining and mapping concerns to design elements.


