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Our Contribution

Improved manual 
technique for locating 

concerns

New concern metrics 
(DOS, DOF)

Motivation

Concern quantification is important, 
but current techniques are inadequate
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Concerns

• Anything that impacts the 
implementation of a program

• Important to understand concerns…

– “Why is this class/method/line here?”

– Concerns are likely sources of change

• …and how they are implemented

– Improves program understanding

– Improves change impact estimation

– Impacts software quality (e.g., defects)
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Every line of code exists for a reason
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Concern Analysis

• Reverse engineering

• Concern may be 

biased, fake/ 

unimportant, and 

inconsistent

• Use an existing spec

• Concerns more likely 

relevant, well 

organized, and 

consistent

Quantify

Assign
Identify



Quantify

Assign
Identify
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Concern Analysis

• Which program entities are 

“relevant”?

• Essentially a reverse 

engineering exercise

• Hard/impossible to 

determine accuracy



Quantify

Assign
Identify
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Concern Analysis

• Need better metrics

• Need empirical validation



Quantify

Assign
Identify
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Concern Analysis

• Assess impact on

• Quality (e.g., defects)

• Understandability

• Maintenance costs

• etc.

• Why scattering/tangling 

impacts quality?

• Need better 

theories/models

• Otherwise, 

correlations are 

meaningless



Which entities are relevant?

• Entities dedicated to one concern

• Entities shared by many concerns

– Main() – executed by all concerns

– System.String – reusable/utility class

– More sharing implies less relevant?

• Our assumption: Relevance based on 

likely change impact

– Solves problem for Main, but still too vague

– Cannot consider all possible changes
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Removal Dependency Assignment

• Our approach: Entities impacted by 

eradicating a concern

– (Not just disabling the concern)

– Fairly easy to decide

• Approximates other types of changes

– Concern modification/addition

– Empirical evidence needed
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Existing Concern Metrics Too Coarse

• Measure presence of a concern, not 

degree

• Diffusion metrics (Garcia et al.), spread 

metric (Lai and Murphy, Revelle et al.), 

etc.
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Our Metrics: DOS

• Degree of scattering – Measures the distribution 

of a concern’s implementation

• Average DOS

– Overall modularity of concerns

– Summarizes amount of crosscutting present

• More insightful than traditional product metrics
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Our Metrics: DOF

• Degree of focus – Degree to which component’s 

implementation relates to multiple concerns

• Reflects amount of tangling

• Average DOF – Overall separation of concerns
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Feasibility Study: Goblin

• Game AI is localized
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Goblin: Our Findings

• 95% of Goblin’s concerns are scattered

– Similar findings for two other projects
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DOS More Fine-Grained

1010 0.570.57

1010 0.760.76
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Concluding Remarks

New concern metricsNew concern metrics

• Fine-grained measurement of scattering (DOS) and 
tangling (DOF)

• Recently, found correlation between scattering and 
defects

• More theoretic and empirical validation needed

Scattering is prevalentScattering is prevalent

• I.e., a significant problem

• Concerns, bug fixes, changes

• Can we reduce scattering of “real” concerns using 
OO?  AOP?
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Thank You!

Contact

Goblin Dataset
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