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Standard application profiling

1. Agilefant.model.WidgetCollection.getName()             273.2s
2. Agilefant.db.hibernate.UserTypeFilter.deepCopy()     213.5s
3. Agilefant.model.Team.setId()                                          192.3s
4. Agilefant.model.Backlog.setChildren()                          123.9s
рΦ ΧΧ
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Standard application profiling
find(int list[], int n, int key)
      int lo = 0;
      int hi = n - 1;
      int result = -1;

hi >= lo

result == -1

final int mid = (lo+hi) / 2; list[mid] > key
list[mid] == 

key

hi=mid - 1;

lo=mid + 1;

Result = mid;

return result;
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Inputs

Input-sensitive profiling

Application

1. Agilefant.model.WidgetCollection.getName()             273.2s
2. Agilefant.db.hibernate.UserTypeFilter.deepCopy()     213.5s
3. Agilefant.model.Team.setId()                                          192.3s
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1    Input  x, y , z, u          

2    v = A.m (x, y)   

3    if (v > z) { 

4    C.h ( B.m (v)) 

5    } 

6    else {  

7    D.h ( B.m (v))  

8    } 

Input-sensitive profiling
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1    Input  x, y , z, u          

2    v = A.m (x, y)   

3    if ( v > z ) { 

4    C.h ( B.m (v)) 

5    } 

6    else {  

7    D.h ( B.m (v))  

8    } 

Input-sensitive profiling
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1    Input  x, y , z, u          

2    v = A.m (x, y)   

3    if (v > z) { 

4    C.h ( B.m (v) )

5    } 

6    else {  

7    D.h ( B.m (v) )

8    } 

Input-sensitive profiling

Identify the 
input-sensitive 
bottlenecks
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Genetic Algorithm-driven Profiler (GA-Prof)

ÅAutomate input-sensitive profiling

ÅExplore input parameter space

ÅDetect performance bottlenecks
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GA 
Analyzer

Software
system

Profiler
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Genetic Algorithm-driven Profiler (GA-Prof)



GA 
Analyzer

Software
system

Profiler

Contrast
Mining

Ranked list:
1. Agilefant.db.hibernate.UserTypeFilter.d

eepCopy()
2. Agilefant.model.WidgetCollection.getN

ame()
3. Agilefant.model.Backlog.setChildren()
4. Agilefant.model.Team.setId()
5. ΧΧΧ
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Genetic Algorithm-driven Profiler (GA-Prof)



Genetic Algorithms (GAs)

ÅSimulate the natural selection process

ÅGenerate solutions to optimization problems
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Why do we use GAs in GA-Prof 

ÅLarge input space 

ÅCan be formulated as a search and 
optimization problem
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GAComponent Definitions

Genes:

A chromosome/individual

Input 1: http:// localhost:8080/Agilefant/editUser.action 
Input 2: http:// localhost:8080/Agilefant/editProduct.action?productId=5 
Input 3: http:// localhost:8080/Agilefant/editProduct.action?productId=8
ΧΧ

Individual 1: 2, 18, 36, 27, 11, 13, 6, 43, 64, 12, 85, 49, 12, 53, 44, 78, 31, 47, 6
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

Fitness function:

Individual          elapsed execution time
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

Fitness function:

Individual          elapsed execution time

1. Individual 25  289.5s
2. Individual 17  256.7s
3. Individual 91  197.2s
ΧΧ
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

Parent 1: 2, 18, 36, 27, 11, 13, 6, 43, 64, 12, 85, 49, 12, 53, 44, 91, 79, 23, 3, 19 

Parent 2: 23, 95, 1, 67, 35, 81, 7, 17, 51, 102, 56, 39, 72, 3, 54, 37, 13, 86, 47, 76

Child 1:    2, 18, 36, 27, 11, 13, 6, 17, 51, 102, 56, 39, 72, 3, 54, 37, 13, 86, 47, 76

Child 2:   23, 95, 1, 67, 35, 81, 7, 43, 64, 12, 85, 49, 12, 53, 44, 91, 79, 23, 3, 19

1. Individual 25  289.5s
2. Individual 17  256.7s
3. Individual 91  197.2s
ΧΧ

crossover
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

1. Individual 25  289.5s
2. Individual 17  256.7s
3. Individual 91  197.2s
ΧΧ

crossover

mutation

Parent : 2, 18, 36, 27, 11, 13, 6, 43, 64, 12, 85, 49, 12, 53, 44, 91, 79, 23, 3, 19 

Child :    2, 18, 36, 27, 11, 13, 6, 43, 64,73, 85, 49, 12, 53, 44, 91, 79, 23, 3, 19
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

1. Individual 25  289.5s
2. Individual 17  256.7s
3. Individual 91  197.2s
ΧΧ

crossover

mutation

Individual мΩ

Individual нΩ

LƴŘƛǾƛŘǳŀƭ оΩ

ΧΧ
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Using GAs in GA-Prof

Individual 1

Individual 2

Individual 3

ΧΧ

1. Individual 25  289.5s
2. Individual 17  256.7s
3. Individual 91  197.2s
ΧΧ

crossover

mutation

Individual мΩ

Individual нΩ

LƴŘƛǾƛŘǳŀƭ оΩ

ΧΧ
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Independent variables:

Crossover rate, mutation rate, number of individuals per generation
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Method 1 Method 2 Method 3 Method 4 Method 5
Identifying input-sensitive bottlenecks
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Identifying input-sensitive bottlenecks
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Independent Component Analysis (ICA)
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Mixed signals

Independent Component Analysis (ICA)
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Mixed signals

Independent Component Analysis (ICA)
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Independent Component Analysis (ICA)

Feature 1

Feature 2

Trace 1

Trace 2

Mixed signals
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Independent Component Analysis (ICA)

= × 

X A S: p×m : p×k : k×m
tr
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methods features
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Good traces      [SGood] Bad traces      [SBad]



Contrast Mining

For each method

Ὀ Ὓ Ὓ

= × 

X A S: p×m : p×k : k×m
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Good traces      [SGood] Bad traces      [SBad]



Inputs App

JMeter Web-based application
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Inputs ProfilerApp

Collect execution traces
MTDENT_|_http-bio-8080-exec-
7_|_131011218033882_|_fi/hut/soberit/agilefant/model/Story_|_getStoryAccesses()Ljava/util/Set;_||_

MTDRET_|_http-bio-8080-exec-
7_|_131011218036560_|_fi/hut/soberit/agilefant/model/Story_|_getStoryAccesses()Ljava/util/Set;_||_

MTDENT_|_http -bio-8080-exec-7_|_131011218074491_|_fi/hut/soberit/agilefant/model/User_|_getId()I_||_

MTDRET_|_http-bio-8080-exec-7_|_131011218076276_|_fi/hut/soberit/agilefant/model/User_|_getId()I_||_47



Inputs Trace StatisticsProfiler GA Analyzer
Execution Trace

AnalyzerApp

Seqof inputs 1

Seqof Inputs 2

Seqof inputs 3

ΧΧ

1. Seqof inputs 25  289.5s
2. Seqof inputs 17  256.7s
3. Seqof inputs 91  197.2s
ΧΧ

crossover

mutation

Seqof inputs мΩ

Seqof inputs нΩ

Seqof inputs оΩ

ΧΧ48



Inputs Trace Statistics

Bad Traces

Good Traces

Profiler

Trace
Clustering

GA Analyzer
Execution Trace

AnalyzerApp
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Inputs Trace Statistics

Method Statistics

Bad Traces

Good Traces

Profiler

ICA
Trace

Clustering

GA Analyzer
Execution Trace

AnalyzerApp

Good traces      [SGood] Bad traces      [SBad]
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Inputs Trace Statistics

Method Statistics

Bad Traces
Bottlenecks

Good Traces

Profiler

Contrast
Mining

ICA
Trace

Clustering

GA Analyzer
Execution Trace

AnalyzerApp

For each method

Ὀ Ὓ Ὓ

1. Agilefant.model.WidgetCollection.getName()             11.783
2. Agilefant.db.hibernate.UserTypeFilter.deepCopy()     10.662
3. Agilefant.model.Team.setId()                                           8.112
4. Agilefant.model.Backlog.setChildren()                           7.932
рΦ ΧΧ
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Research Questions (RQs)

ÅRQ1 - How effective is GA-Prof in 
finding inputs leading to bottlenecks 

ÅRQ2 - How effective is GA-Prof in 
identifying bottlenecks

ÅRQ3 - Is GA-Prof more effective than 
FOREPOST in identifying bottlenecks
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Research Question 1

How effective is GA-Prof in finding inputs 
leading to bottlenecks

GA-Prof vs. Random
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Research Question 1

How effective is GA-Prof in finding inputs 
leading to bottlenecks

GA-Prof vs. Random

H0: There is no statistical difference 
between GA-Prof and Random
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Research Question 2

How effective is GA-Prof in identifying 
bottlenecks

Inject nine artificial performance    
bottlenecks
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