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Abstract: There are two core activities in pattern-oriented software architectural synthesis (AS): responsibility synthesis which attempts
to assign responsibilities to classes, and pattern synthesis which tries to prevent violations of pattern constraints. One of the major
challenges of providing automated support for architectural synthesis is how to compose a final architectural solution from generated
solutions of the two activities without inconsistencies. In this study, a learning based cooperative co-evolution approach (CoEA-L) is
proposed for automated AS by leveraging search-based software engineering (SBSE) techniques. CoEA-L extends the traditional genetic
operator of the genetic algorithm with a learning operator, and employs an association algorithm from data mining in the learning operator
to discover the relations between responsibilities. The relations are further used to address the inconsistency issues during pattern-oriented
AS. The experiment results show the effectiveness of learning for addressing the inconsistency issues during automated pattern-oriented
architectural synthesis.
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Fig.2 CoEA for automated pattern-oriented architectural synthesis
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Fig.4 Proposed approach for automated pattern-oriented architectural synthesis
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Fig.6 Proposed algorithm for generating the rule set
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06  ruleSearch(newInd,)
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08

09  procedure ruleSearch(indy)

10 for Rule reR;
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12 tmplIndy<—applyRule(r,indy)

13 if tmpIndpy=ind,

14 if isConflicted(tmpind,,ind;)=FALSE
15 newlnd,«tmpind,

16 rulesBanningList.update(r)

17 ruleSearch(tmplnd,)

18 end procedure

Fig.7 Algorithm for conflict resolution
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Fig.9 An initial state when ind, and ind, try to resolve inconsistencies
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Fig.12 ERI measurement for problem instances with the proposed approach
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Table 5 p-values for the hypotheses of insignificant difference on ERI metric between problem instances
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Mann-Whitney U-test 0.456 1 0.824 7 0.304 3
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Table 6 CoEA-L vs. COEA—Comparison in terms of the design quality metrics:

F-Score for responsibility and pattern synthesis
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CoEA-L CoEA CoEA-L vs. CoEA CoEA-L vs. CoEA
; o yay - p-value An

) BAR A ES) SRV o Untost A,

CBS F-Scoregrs 0.807 0.801 0.801 0.801 0.5953 0.636 1 0.52
F-Scoreps 0.888 0.887 0.878 0.879 0.1390 0.094 8 0.54

GDS F-Scoregrs 0.764 0.758 0.730 0.734 <0.0001 <0.0001 0.78
F-Scoreps 0.848 0.848 0.820 0.822 <0.0001 <0.0001 0.75

SCS F-Scoregrs 0.722 0.723 0.638 0.647 <0.0001 <0.0001 0.94
F-Scoreps 0.719 0.703 0.608 0.663 <0.0001 <0.0001 0.83
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Table 7 CoEA-L vs. RS—Comparison in terms of the design quality metrics:
F-Score for responsibility and pattern synthesis
RT BT BT K B U B F-Score £E CoEA-L A1 RS Jiik LI AL

CoEA-L RS CoEA-L vs. RS CoEA-L vs. RS
s N / o p-value An
i bl | i bpog Rle A,

CBS F-Scorers 0.807 0.801 0.612 0.633 <0.0001  <0.0001 1
F-Scoreps 0.888 0.887 0.591 0.604 <0.0001  <0.0001 1

GDS F-Scorers 0.764 0.758 0.506 0.537 <0.0001  <0.0001 1
F-Scoreps 0.848 0.848 0.493 0.480 <0.0001  <0.0001 1

scs F-Scorers 0.722 0.723 0.446 0.421 <0.0001  <0.0001 1
F-Scoreps 0.719 0.703 0.417 0.429 <0.0001  <0.0001 1
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Table 8 CoEA-L vs. BO—Comparison in terms of the design quality metrics:

F-Score for responsibility and pattern synthesis
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o fi - ; - p-value An
B BAR A Bi18 AR DA e Utest A,
CBS F-Scoregrs 0.807 0.801 0.775 0.784 <0.0001 <0.0001 0.76
F-Scoreps 0.888 0.887 0.893 0.885 0.1142 0.162 7 0.47
GDS F-Scoregrs 0.764 0.758 0.558 0.614 <0.0001 <0.0001 1.00
F-Scoreps 0.848 0.848 0.806 0.794 <0.0001 <0.0001 0.81
scs F-Scoregrs 0.722 0.723 0.513 0.507 <0.0001 <0.0001 1.00
F-Scoreps 0.719 0.703 0.632 0.641 <0.0001 <0.0001 0.95
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Fig.13 Running time for COEA-L and the three rival approaches with the same fitness evaluations
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