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Introduction

Developers can recognize software energy consumption challenges [1]

BUT lack of knowledge on how to reduce this consumption

Need for energy 
measurement methods

Need for problematic code 
constructs identification

RQ: How does the source code of a Java project 
impact its energy consumption ?
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Energy consumption assessment
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monitors power usage of Java projects at the source 
code level [2]
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Evaluation Setup



Energy consumption measurement

Best practices [4] : 

Zen mode & freeze Server specs : Ubuntu 22.04.5, 64 Intel(R) Xeon(R) 

Gold 6326 (2.90GHz) and 256GB of RAM

Warm up the system 5 minutes preliminary test before the measurement

Repeat 30 executions of the projects' test suite

Rest 1 minute cooling down between each test suite 

execution

Keep it cool Stable room temperature during the experiment

Automate Bash script automating :

- repositories cloning,
- JoularJX agent preparation,

- execution of all the steps before,

- data storage in a MongoDB
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Selected projects
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Spring Boot Spoon

Version V3.1.4 V10.4.2

Commit SHA 3ed1f1a064a10e53adc2

ad8c0b46a4b2c148ee21

066f4cf207359e06d309

11a553dedd054aef595c

JDK Version 19 17

Total / Failed / Ignored 

tests

4217 / 0 / 12 4276 / 0 / 12

Lines of Code (LOC) 23,358 28,739

Class Coverage 76% (795 / 1037) 97% (922 / 943)

Method Coverage 70% (4662 / 6630) 88% (6691 / 7546)

Line Coverage 68% (16031 / 23,358) 87% (25,045 / 28,739)

Branch Coverage 65% (5902 / 9062) 77% (10,822 / 14,020)
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JoularJX data structure

Collected JoularJX data: 

Stacktraces + energy consumption = Call Traces (CTs)

spoon.[...].jdt.JDTBasedSpoonCompilerTest.testOrderCompilationUnits 35

spoon.[...].jdt.JDTBasedSpoonCompiler.buildUnits 418
spoon.[...].jdt.JDTBatchCompiler.getUnits 282

spoon.[...].jdt.TreeBuilderCompiler.buildUnits 82

318 J One CT
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Data pre-processing
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Steps # remaining CTs

Spring Boot Spoon

Retain only CTs for instance with at 
least 25 energy data

50 43

Filter outliers with standard deviation 48 40

Shapiro-Wilk test for normality 
evaluation

27 31
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Data analysis
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Manual analysis of the 5 most and least energy-intensive CTs

Constructor

CT1 example :
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Constructor

Builder

Categorization of each frame's method within the CTs



Evaluation Results
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Evaluation Results

7 out of 10 most energy-
intensive CTs involved 

constructor

Inspection of the 
program state and 

constructor-created 
attributes
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BUT 5 out of 10 least energy-
intensive CT's involved 
constructor
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Example of Highest CT with CT11
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Example of Highest CT with CT11
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Example of Highest CT with CT11
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Constructor 
attributes 
(# attr.)

Total number 
of attributes 
(# tot. attr.)



Evaluation Results

6 out of 7 most energy-consuming 
constructors produced between 153 
and 500 attributes
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Least energy-intensive ones generated 
only 0 to 41 attributes
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Spearman's test (𝜌 = 0.439, 𝑝−𝑣𝑎𝑙𝑢𝑒 = 

0.052) : moderate correlation not 
statistically significant

Kendall's test (𝜏 = 0.4308, 𝑝−𝑣𝑎𝑙𝑢𝑒 = 
0.0138) : moderate correlation 
statistically significant

Suggestion of hidden complexity in 
constructors' attributes among the 
highest CTs



Evaluation Results
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Energy costs may be caused by the 
quantity and complexity of generated 
attributes inside constructors

Total number of attributes

Number of constructor 
attributes



Future Work
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• Objective and systematic method categorization

• Automatic identification and counting of attributes

• Expansion of the analysis to other projects

• Integration of static analysis

• Analysis of multiple commits
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Software 

Normalization

Assessment and 

Improvement

Lab

https://snail.info.unamur.be/
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Energy consumption assessment

How JoularJX works [3]
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Evaluation Results
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