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ABSTRACT Aiming at the false negative problem and the overlap problem in pattern instance detection in order to improve the ac—
curacy of the design pattern recovery this article introduces an approach for design pattern detection based on the formal context-free
grammar relation driver. Focusing on the attribute and relationship of classes in pattern instances the formal grammar of pattern in—
stance identification is established using the visual language and an improved formalism grammar is presented for identifying the addi—
tional relationships and the sharing problem of design pattern instances. Experimental results show that compared with other well—
known algorithms by precision recall and F-score the proposed method can reduce the false negative results and the overlap problem
in pattern instance detection indicating the effectiveness of the proposed method.
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Fig.2 Syntactic attributes of Composite pattern
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Table 2 Characteristic parameters of the open source system

JhotDraw 6. Obl 300 19
Dom4j 1.6.1 179 18
Junit v3. 8 56 4
Apache ant v1. 6. 2 79566 895
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JavaAWT 5.0 345 56
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3 Jhot Draw 6. 0bl ~ Dom4j 1. 6. 1
Table 3 Identification results of design patterns in Jhot Draw 6. O0bl and Dom4;j 1. 6. 1
JhotDraw 6. Obl Dom4j 1. 6.1
TP Fp TN FN P/% R/% Al% TP FP TN FN P/% R/% Al%
Composite 28 0 0 0 100 100 100 57 0 0 0 100 100 100
State 4 0 0 1 100 80 80 30 0 0 2 100 93.8 93.8
Template 125 0 0 2 100 98.4 98.4 41 0 0 0 100 100 100
Decorator 28 0 0 0 100 100 100 11 0 0 0 100 100 100
Singleton 6 0 0 1 100 85.7 85.7 32 0 0 4 100 88.9 88.9
Factory method 45 0 0 0 100 100 100 53 0 0 1 100  98.1 98.1
Bridge — — — — — — — 41 0 0 2 100 95.3 95.3
Visitor 4 0 0 1 100 80 80 12 0 0 1 100 92.3 92.3
Adapter 35 0 0 3 100  92.1 92.1 65 0 0 2 100 97.0 97.0
Prototype 3 0 0 0 100 100 100 16 0 0 0 100 100 100
100 92.4 92.4 100 96.5 96.5
4 Junit v3.8  Apache ant v1. 6.2
Table 4 Identification results of design patterns in Junit v3. 8 and Apache ant v1. 6.2
Junit 3. 8 Apache ant v1. 6.2
TP Fp TN FN P/% R/% Al% TP Fp TN FN P/% R/% Al%
Composite 4 0 0 0 100 100 100 11 0 0 0 100 100 100
State — — — — — — — — — — — — — —
Template 2 0 0 0 100 100 100 6 0 0 0 100 100 100
Decorator 0 100 100 100 14 0 0 0 100 100 100
Singleton — — — — — — — 7 0 0 2 100 77.8 77.8
Factory method 4 0 0 0 100 100 100 38 0 0 0 100 100 100
Bridge — — — — — — — 157 0 0 3 100 98.1 98.1
Visitor — — — — — — — — — — — — — —
Adapter 28 0 0 2 100  93.3 93.3 145 0 0 4 100 97.3 97.3
Prototype — — — — — — — — — — — — — —
100 98.3 98.3 100 96.2  96.2
5 Quick UML2001  Java AWT 5.0
Table 5 Identification results of design patterns in Quick UML2001 and Java AWT 5.0
Quick UML2001 Java AWT 5.0
TP Fp N FN P/% R/% Al% TP Fp TN FN P/% R/% Al%
Composite — — — — — — — 108 0 0 2 100 98.1 98.1
State 13 0 0 2 100  86.7 86.7 134 0 0 12 100 91.8 91.8
Template 5 0 0 0 100 100 100 290 0 0 100 98.0 98.0
Decorator — — — — — — — 69 0 0 100 100 100
Singleton 1 0 0 0 100 100 100 135 0 0 11 100 92.5 92.5
Factory method — — — — — — — 55 0 0 2 100 96.5 96.5
Bridge — — — — — — — 162 0 0 10 100 94.2 94.2
Visitor — — — — — — — 13 0 0 2 100  86.7 86.7
Adapter 82 0 0 3 100 72.7 72.7 394 0 0 15 100 96.3 96.3
Prototype 6 0 1 100 85.7 85.7 — — — — — — —
100 90.0 90.0 100 94.7 94.7

“ »
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Table 6 Design pattern instance overlap statistics in six systems

JH DO JU AP QU JA

Composite 1 7 0 2 0 9 19
State 0 0 0 0 0 1 1
Template o 1 0 o0 0 0 1
Decorator 0 1 3 2 0 4 10
Singleton 2 1 0 0 0 1 4
Factory method 0 0 0 0 0 0 0
Bridge 0 3 0 7 1 11 21
Visitor 0 0 0 0 0 0 0
Adapter 2 2 1 9 0 14 28
Prototype o 0 o0 0 0 0 0
(2) Singleton FN
Junit 3. 8 Sin—
gleton Quick UML2001 Singleton
FN 0. Singleton
FN 80% . 3 Singleton Jhot—
Draw 6. Obl R A 85.7%
Dom4j 1.6.1 R A
88.9% 4 Singleton Apache ant v1.6.2
R A 77.8% 5  Single-
ton Java AWT 5.0 R A
92.5% . Singleton
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Fig.10 Proportion of three types of pattern overlapping instances
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7 F-score

Table 7 F-score value comparison

1% 1% F-score/%
100 91.57 92.45
4 94 62 64.48
12 91 67 69. 06
13 68 82 80. 13
15 94 72 73.96
18 39 100 84.97
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