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Automated Debugging 

• In-house during development 
• Post-deployment in the field 
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Presenter
Presentation Notes
Debugging involves expensive activities, both during development and after the program is deployed. Lots of information from in-house and in the field may be useful to help automate debugging.



 
 
 
 
 
 
 
 

• Fault Predictors 
– Which program elements are more likely related with failures 

 if ( p1 ) 
    inc_counter(p1); 
 
 
    if ( p2 ) 
      inc_counter(p2); 
 
while ( p3 ) 
    inc_counter(p3); 
 
        
 
      if ( p4 ) 
        inc_counter(p4); 

Spectrum-Based Fault Localization 
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if (condition 1) 
 
           
 
 
     while (condition 3) 
 
 BUG 

Fault 
Localization 

BUG 

Instrumentation Profile 
Collection 

Presenter
Presentation Notes
A program is instrumented with various counters;
Profiles/spectra are collected for executions;
Automated techniques are applied on the profiles to predict potential faults.



Fault Localization Measures  
(Lucia et al, ICSM 2010) 
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Association Measures 
1 Coefficient 
2 Odd Ratio 
3 Yule’s Q 
4 Yule ‘s Y 
5 Kappa 
6 J-Measure 
7 Gini Index 
8 Support 
9 Confidence 
10 Laplace 

Association Measures 
11 Conviction 
12 Interest 
13 Cosine 
14 Piatetsky-Shapiro 
15 Certainty Factor 
16 Added Value 
17 Collective Strength 
18 Jaccard 
19 Klosgen 
20 Information Gain 

Tarantula (Jones et al., ASE 2005) 
Ochiai (Abreu et al., TAICPART-MUTATION 2007)  

Presenter
Presentation Notes
Various automated techniques for prediction: each measure outputs suspiciousness scores for all program elements.
None performs the best for all kinds of bugs in all kinds of programs.
Could we combine them to form a “super” fault localization technique?



Composite Fault Localization (1/2) 

• Linear composition to construct a 
composite model that can outperform 
individual comprising techniques 
 
 

• Search algorithms to look for optimal 
weights in the linear model 
– Genetic algorithms 
– Simulated annealing 
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Presenter
Presentation Notes
Use a linear model to combine the 22 measures.
The question is to find optimal weights for the measures.



Composite Fault Localization (2/2) 
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Training Phase Deployment Phase 

Presenter
Presentation Notes
The framework:
Historical data is used to find optimal weights with various search algorithms.
The composite models are tested in terms of their effectiveness for fault localization.
More details in the paper.





Empirical Evaluation 

• On the Siemens test suite 
– http://www.cc.gatech.edu/aristotle/Tools/subjects/ 
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GA Enhanced 
GA Random 
SA 
Ochiai 
Information Gain 
Tarantula 

Presenter
Presentation Notes
Composite models perform the best on all cases, and
t-test shows statistically significant improvements.



Conclusion 
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• A search-based, composite fault 
localization technique that can consistently 
outperform individual techniques 
 
 

Presenter
Presentation Notes
Future work, such as sensitivity analysis on the amount of training data, sensitivity on the types of bugs/programs, on larger programs.



Questions? 
{shaoweiwang.2010,davidlo,lxjiang,lucia.2009,hclau}@smu.edu.sg 

Thank you! 
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