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What | have (not) done

The ultimate solution for software modularisation
Full understanding of developers behaviour

|dentification of the best metrics for software modularisation
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What | have done

Thorough empirical study of structural cohesion and coupling
optimisation

Identification of disruption as an important overlooked issue

Multi-objective approach to balance structural improvement and
disruption
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Modularisation drivers

Semantic andstructuralcohesion/coupling metrics better describe
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Modularisation Quality MQ
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RQ1: Is there any evidence that open source software syster
respect structural measurements of cohesion and coupling?

'RQL.1: Purely Random Distribution  RQ1.2: kRandom Neighbourhood Search
'RQL.3: SystematicNeighbourhood Search
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0.0866%

Cohesion MQ
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RQ2: What Is the relationship between raw cohesion

and the MQ metric?
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RQ2: What Is the relationship between raw cohesion
and the MQ metric?

Packageconstrained Search Solutions

Packageconstrained Solutions
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DisMoJo

Disruption metric based oMoJoFM2]

mno(A, B)

MoJoFM(A, B) = (1 — max(mno(VA, B))

) x 100%

DisMoJo(A, B) = 100% — MoJoFM(A, B)

[3] ZhihuaWen, &Tzerpos V. (2004). An effectiveness measure for software clustering algorithms. In
Proceedings. 12th IEEE International Workshop on Program Comprehensiorjp@0044;203).
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Disruption Analysis Workflow

Bunch Improved
Packageconstrained Modularisations
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RQ3: What is the disruption caused by search based
approaches for optimising software modularisation?

80.39% 57.82%

matheus.paixao.14@ucl.ac.uk 15



Longitudinal Disruption Analysis

Release 1.1 Release 1.2
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Longitudinal Disruption Analysis

4.32% 30.99%
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Balancing modularity improvement and disruption

Junit 4.2

MQ Improvement
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RQ5: What is the modularity improvement provided by the
multiobjectivesearch for acceptable disruption levels?

< 1.66% in MQ < 3.36% in MQ

< 0.13% in Cohesion < 0.72% in Cohesion
< 150.38% in MQ < 59.25% in MQ

< 2.38% in Cohesion < 23.49% in Cohesion
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Conclusion

Software systems respect modularity measurements

Search based approaches formmdularisation cause large disruption

Multiobjectivesearch can be used to find clear and constant tratfdoetween
modularity improvement and disruption

Modularity can be improved within lower and upper bounds of acceptable
disruption performed by developers
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At least 10 subsequent official releases
No general libraries and APIs

Java systems
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Backup- Software Systems Under Study
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Backup- Modularisation Metrics
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Backupc RQ1 table of results
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Backupc RQ2 table of results

. Nelghbmlrhood Search Package-constrained HC
Systems i

(ohesmn - “ohesi / “ohesi / Kendall-+

Ant ). H% 2.7758% ).1856% 45.9 ) 376.6 ) ).36062 30.0 40.5¢ : 0.4475%
Assert]J 0.20149 0.0 ( . 5 ! ).7144 61.1668 0.4603%*
Flume 46789 ).934( ). ' 35.9 336.8290¢ 2.3792 51.0263 0.5537

Gson . g 2.8358 0.0891* 3 4.92449 . * 9.813 97.94 32 0.6419
JUnit .74 ( -0.1476* OC . -{] 3727% 30.156 56.53( 0.4878%

Nutch 60019 A87C -0.2774 : 321.84329 0.5064* 17.5637
PDFBox ). ) -0.1827 ( 0.4315* 31.3872 *
Pivot 80049 ) -0.2041 43, 266.25729 0.6385 3.9271 44,8 4 (]l ‘3104*
Procyon ).20009 ).00 -0. ’?{){)h 7258 40 0.5783 -4 7986 56.53 0.4493*
Proguard . ] D.1012%* 42.3552% . D69 0.4861* 5 .16 (]
A0 AL 7 - 139 - 0.4612%

matheus.paixao.14@ucl.ac.uk 25



1

Backupg Classes distribution

30.06% cohesion
Improvement

Biggest package

Smallest
package
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Backupc RQ3 table of results

Package-constrained
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Backup- RQ3: Best MQ and best cohesion disruption
‘Bunch

80.39% 57.82%

79.67% 55.30%

78.77T% 54.33%
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Backupg RQ4 TweArchive GA parameters

Population Size: number of classes (N)

Single point crossover (0.8 if N < 100; 1.0 otherwise)
Swap mutation (0.004 x log2N)

Tournament selection (size 2)

50N Generations

matheus.paixao.14@ucl.ac.uk

A



Backupg RQ5 natural disruption
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Backupg RQ5 modularity improvement within
acceptable disruption
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