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BACKGROUND

Card and Glass
Structural oriented software
Pre delivery defects

Normi and Clive
Object oriented software
Post delivery defects



DEFINITIONS

Structural Complexity (Fanout or CBO)

Fanout is the number of local flows out of a module plus the
number of data structures that are used as output.

Data Complexity (Numbers of parameters)

Data complexity of a module is the number of data items
(variables) it is expected to process.

Procedural/ Cyclomatic Complexity
It's the measure of control flow within the module.

System Complexity
Structural Complexity + Data complexity



METRICS TOOL VALIDATION

Tool tested:
Chidamber & Kermerer Java Metrics (CKJM)
JStyle
JHawk
Resource Standard Metrics (RSM)

Outcome/Result

JHawk gives Fanout, CBO and number of parameter
values closer to our manual calculation.

JStyle gives value closer to our value for Cyclomatic
complexity



SOFTWARE SYSTEM DATA ANALYSIS

Step 1:

Selecting and downloading versions of 5 open source
Java software

Feeding source code of different software version to
JHawk/JStyle

Collecting post-delivery defects information

Step 2:

Data analysis to find trend and relationship for all data
collected



SOFTWARE SYSTEM DATA ANALYSIS (1)
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Version Number 1 2 3 4 5 6 7 8 ) 10 11 12 13 14 15 16 17 18 19
HTMLUnit | 1735 | 2523 | 2683 | 2962 | 3604 | 4033 | 4162 | 4267 | 4339 | 4518 | 5506 | 6660
—w=—LaTeXDraw | 1846 | 3999 | 2455 | 2624 | 4693 | 6452
~=—Saxon 5142 | 5978 | 7294 | 7470 | 8607 | 9709 |10912 11124 /12995 14392 15167 15812|17038 18046 /19111 21416 2321824862 26662
DataCrow | 4027 | 4841 | 6795 | 6799 | 7393 | 16296| 7650 | 8391 | 9037 | 8457 | 8673
—r=ZK 6801 | 7695 | 8972 | 9716 |10527|11105|13544 14163 14939 16839 16598




SOFTWARE SYSTEM DATA ANALYSIS (2)

Number of Classes
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HTMLUnit | 116 | 192 | 197 | 261 | 288 | 309 | 322 | 330 | 333 | 340 | 379 | 438 | 527 | 552 | 567

—s=—LaTeXDraw| 69 | 189 | 99 | 105 | 211 | 362

~=Saxon 356 | 391 | 519 | 532 | 568 | 608 | 665 | 664 | 698 | 755 | 788 | 812 [ 839 | 863 | 931 | 1032 | 1110 | 1212 | 1309

~«DataCrow | 455 | 493 | 665 | 692 | 729 | 1068 | 586 | 622 | 666 | 627 | 634

—e=ZK 619 | 648 | 744 | 806 | 850 | 889 | 1113 | 1160 1184 | 1311 1453




SOFTWARE SYSTEM DATA ANALYSIS (3)

System Complexity per class
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VersionNumber | 1 | 2 | 3 | 4 | 5| 6|7 | 8| 9 |1w0]|11]12]13]14]15] 16|27 18] 19
—s—HTMLUnit | 6.198 | 6.765 | 7.121 | 9.567 | 9.781 | 10.06 | 10.05 | 10.17| 10.27 | 10.50 | 12.98 | 13.90 | 13.10 | 13.08 | 13.08
LaTeXDraw | 26.75 | 21.15 | 24.79 | 24.99 | 22.24 | 17.82
IR 14.44|15.28 | 14.05 | 14.04| 15.15| 15.96 | 16.40 | 16.75| 18.61 | 19.06 | 19.24 | 19.47 | 20.30 | 20.91 | 20.52 | 20.75 | 20.91 | 20.51 | 20.36
DataCrow | 8.850 | 9.819 | 10.21 | 9.825 | 10.14 | 15.25 | 13.05 | 13.49 | 13.56 | 13.48 | 13.68

7K 10.98 | 11.87 | 12.05 | 12.05 | 12.38 | 12.49 | 12.16 | 12.20 | 12.61 | 12.84 | 11.42




SOFTWARE SYSTEM DATA ANALYSIS (4)

Software
Product

ZK
DataCrow
Saxon
LaTeXDraw
HTMLUnit

Majority

Reported post

delivery
Defects v/s
Versions

Positive
Positive
Positive
Negative

Positive

Reported post

delivery v/s
System
Complexity

Positive
Negative
Positive
Negative

Positive

Number of
Downloads
vV/s
Versions

Positive
Positive
Positive
Positive

Positive

Reported post

delivery
Defects
v/s
Number of
Downloads

Positive
Negative
Negative
Negative

Positive

Reported post
delivery
Defects per
Number of
Downloads
v/s
Versions
Positive

Negative
Positive
Negative

Negative



SOFTWARE SYSTEM DATA ANALYSIS (5)

Cyclomatic Complexity per class
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VersionNumber | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 10|11 |12 |13 |14 | 15| 16 | 17 | 18 | 19

HTMLUnit| 149 | 13.1 | 13.6 | 11.3 | 125 | 13.0 | 129 129 | 13.0 | 132 | 145 | 152

~#-Saxon 21.8 | 20.8 | 182 | 185 | 189 | 19.7 | 20.2 | 20.7 | 21.1 | 21.3 | 21.7 | 22.0 | 22.8 | 23.4 | 235 | 24.0 | 23.7 | 23.4 | 22.8
~+—DataCrow | 9.79 | 9.43 | 9.61 | 9.52 | 9.72 | 21.9

ZK e ol 0.0 ok it 1.2 (§1o0 4 1.7 | k7 I 1228 5ok [Els




SOFTWARE SYSTEM DATA ANALYSIS (6)

Cyclomatic Complexity /System Complexity
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Version Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ¥ 18 19

HTMLUnit| 241 | 1.94 | 191 | 1.18 | 1.27 | 1.29 | 1.28 | 1.27 | 1.26 | 1.26 | 1.11 | 1.09

=== Saxon .31 & 1836F | §1.20 & B3T (§1.254 123 (#1235 1.28 138 0. 10 |18 5071 S T 28 SN IE NG 8]CEa0 (A 0(E5 MRN8 = | AL a i  2

=#&—DataCrow | 1.10 | 0.96 | 0.94 | 0.96 | 0.95 | 1.44

ZK IFOF (1 028 FOW | §1.01 4 @99 |§0.98 I 019G (10.96 [F 0GR (B-96 [R1I0]




CONCLUSION & FUTURE WORK

JHawk and JStyle gives value closer to our manual
calculation.

Successfully shown the use of metrics-calculating tools
to find correlation between

System complexity and different version releases
Reported number of defects and different version releases
System complexity and reported number of defects
Cyclomatic complexity and different version releases

Future work includes extension of the work, by
considering more than five open source Java software.



THANK YOU

QUESTIONS???



