Appendix: Corpus measurements

A.1 Complete corpus systems list

The tables below show the list of systems, along with theisie@s, in the current software
corpus distribution as of April 2009.

System | Versions
ant 1.1,1.2,1.3,14,14.1,15,15.1,15.2,15.3.1,1.5.4,1.6.0,1.6.1, 1.6.2116643
1.65,1.7.0,1.7.1
antlr 2.4.0,25.0,2.6.0,2.7.0,2.7.1,2.7.2,2.7.3,2.7.4,2.7.5,2.7.6, 2.7.7
aoi 22,251
argouml| | 0.16.1, 0.18.1, 0.20, 0.24
aspectj | 1.0.6
axion 1.0-M2
azureus | 2.0.8.2, 2.0.8.4, 2.1.0.0, 2.1.0.2, 2.1.0.4, 2.2.0.0, 2.2.0.2, 2.3.0.0, 2.3.0.2, 2.3.0.4,
2.5.0.4, 3.0.0.8, 3.0.1.0, 3.0.1.2, 3.0.1.4, 3.0.1.6, 3.0.2.0, 3.0.2.2, 3.0.3.0, 3.0.3.4,
3.0.4.0,3.0.4.2,3.0.5.0,3.0.5.2,3.1.0.0, 3.1.1.0
checkstyle| 4.2, 4.3
c_jdbc 2.0.2
cobertura| 1.9
colt 1.0.1,1.0.2,1.0.3,1.1.0,1.2.0
columba | 1.0
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System Versions
compiere 250d
derby 10.1.1.0
displaytag 1.1
drawswf 1.2.9
drjava 20050814
eclipseSDK 1.0-win32, 2.0.1-win32, 2.0.2-win32, 2.0-win32, 2.1.1-win32, 2.1.2-
win32, 2.1.3-win32, 2.1-win32, 3.0.1-win32, 3.0.2-win32, 3.0-winB2,
3.1.1-win32, 3.1.2-win32, 3.1-win32, 3.2.1-win32, 3.2.2-win32, 3.2-
win32, 3.3.1.1-win32, 3.3.1-win32, 3.3.2-win32, 3.3-win32
emma 2.0.4019, 2.0.5312
exoportal v1.0.2
ndbugs 1.0.0
tjava 1.1
tlibraryfor thesse | 20050923
freecol 0.3.0,0.4.0,0.5.0,0.5.1,0.5.2,0.5.3,0.6.0, 0.6.1, 0.7.0, 0.7.1, 0.7.2, 0.7.3,
0.7.4
freecs 1.2.20060130
galleon 1.8.0
ganttproject 1.11.1
gt2 2.2-rc3
heritrix 1.8.0
hibernate 0.8.1, 1.0, 1.1, 2.0.1, 2.0.2, 2.0.3, 2.0-beta-1, 2.0-beta-2, 2.0-beta-3, 2.0
beta-4, 2.0- nal, 2.0-rc2,2.1.1,2.1.2,2.1.3,2.1.4,2.1.5,2.1.6,2.1.7,2.1.8
2.1-beta-1, 2.1-beta-2, 2.1-beta-3, 2.1-beta-3b, 2.1-beta-4, aBp2.1-
beta-6, 2.1- nal, 2.1-rc1, 3.0, 3.0.1, 3.0.2, 3.0.3, 3.0.4, 3.0.5, 3.0-ahba
betal, 3.0-beta2, 3.0-beta3, 3.0-beta4, 3.0-rcl, 3.1, 3.1.1, 3.1.2,B1L.3,
alphal, 3.1-betal, 3.1-beta2, 3.1-beta3, 3.1-rcl, 3.1-rc2, 3.8:&8;cr3,
3.2.0-cr4, 3.2.0-cr5, 3.2.0.ga, 3.2.1-ga, 3.2.2-ga, 3.2.3-ga, 3.2.4204; 3
spl, 3.2.5-ga, 3.2.6-ga, 3.2-alphal, 3.2-alpha2, 3.2-crl, 3.2-&D,.&1,
3.3.0-cr2, 3.3.0-ga, 3.3.0-sp1, 3.3.1-ga
hsqldb 1.8.0.2,1.8.0.4
htmlunit 1.8
informa 0.6.5
ireport 0.5.2
itext 1.45
ivatagroupware | 0.11.3
jag 5.0.1
james 2.2.0
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System Versions
jasmi 0.10
jasperreports| 1.1.0
javacc 3.2
jchempaint | 2.0.12
jedit 4.3prelsd
jena 255
jext 5.0

jFin_DateMath| R1.0.0

jfreechart 1.0.0-rcl, 1.0.1

jgraph 5.10.0.0, 5.10.0.1, 5.10.2.0, 5.11.0.0, 5.11.0.1, 5.12.0.0, 5.12.0.1, 5.12.0.4,

5.12.1.0, 5.4.4-javal.3, 5.4.4-javal.4, 5.5, 5.5.1, 5.6.2, 5.6.2.1, 5.6.3, 5.7,
5.7.1,5.73,57.3.1,57.4,574.1,5.7.4.2,57.4.3,5.7.4.4,5.7.4.5, 5]7.4.6,
5.7.4.7, 5.8.0.0, 5.8.1.1, 5.8.2.0, 5.8.2.1, 5.8.3.1, 5.9.0.0, 5.9.1.0, 5.9.2.0,
5.9.2.1
jgraphpad | 5.10.0.2
jgrapht 0.7.3
jgroups 2.6.2
jhotdraw 5.2.0,5.3.0
jmeter 1.8.1,1.9.1,2.0.0,2.0.1, 2.0.2,2.0.3,2.1,2.1.1, 2.1-rcl, 2.2, 2.3, 2.3.1,2.3.2
2.3-rc3, 2.3-rc4
jmoney 0.4.4

joggplayer | 1.1.4s

jparse 0.96
jpf 1.0.2
jrat 0.6
jre 1.5.014-linux-i586
jrefactory 2.9.19
jruby 1.0.1
jspwiki 2.2.33
jsXe 04_beta
jtopen 4.9
jung 1.00,110,1.1.12,1.20,13.0,140,14.1,14.2,143,15.0, 151, 1.5.2,
153,154,16.0,1.7.0,1.7.1,1.7.2,1.7.4,1.7.5,1.7.6
junit 2.0,2.1,3.0,34,35,36,3.7,3.8,3.8.1,3.8.2,4.0,4.1,4.2,43.1,4.4,45
log4j 1.2.13

lucene 1.2-nal, 1.3-nal, 1.4.3
marauroa | 2.5
megamek | 2005.10.11
mvnforum 1.0-ga

myfacescore | 1.2.0
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System Versions
nakedobjects | 3.0.1
nekohtml 0.9.5
openjms 0.7.7-alpha-3

oscache 2.3-full

picocontainer | 1.3

pmd 3.3
poi 251
pooka 1.1-060227
proguard 3.6
quartz 15.2
quickserver | 1.4.7
quilt 0.6-a-5
roller 2.1.1-incubating
rssowl 1.2
sablecc 3.1

sandmark 34

springframework| 1.1.5,1.2.7

squirrelsql 2.2nal, 24

struts 1.2.9
sun ow 0.07.2
tomcat 5.0.28,5.5.17
trove 1.1b5
velocity 1.5
webmail 0.7.10
weka 3.0.1,3.0.2,3.0.3,3.04,3.05,3.0.6,3.1.7,3.1.8,3.1.9,3.2,3.2.1, 3.2.2,/13.2.3,

3.3, 3.3.1, 3.3.2, 3.3.3, 3.34, 3.35, 3.3.6, 34, 3.4.1, 3.4.10, 3.4.11, 34.12,
3.4.13,34.2,3.4.3,34.4,345, 346,347,348, 3.4.9,3.5.0,3.5.1,3.5.2,
3.5.3,3.5.4,355,35.6,3.5.7,3.5.8

xalan j2.70
xerces 2.8.0
Xmojo 5.0.0

A.2 Distribution plots over corpus

A.2.1 WNC

Distribution of values across corpus for meMtiNC , one plot for each granularity level:
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core [WNC @ block]

core [WNC @ method]
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A.2.2

Distribution of value

VF

WNC value
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A.2.3 NCns

Distribution of values across corpus for met€ns, for export (left) and import (right) direc-

tions:
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core [ExportNCns @ all] core [ImportNCns @ all]
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A.2.4 NClIs

Distribution of values across corpus for metNCIs, for export (left) and import (right) direc-
tions:

core [ExportNCIs @ all] core [ImportNCls @ all]
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A.2.5 Area

Distribution of values across corpus for methieea; rows represent granularity levels of basic
block, method and class respectively; columns represgrarexand import direction respec-
tively:

core [ExportArea @ block] core [ImportArea @ block]
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core [ExportArea @ method]

core [ImportArea @ method]
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Distribution of values across corpus for meffi¢F ; rows represent granularity levels of basic
block, method and class respectively; columns represgmarexand import direction respec-
tively:

frequency

frequency

core [ExportTVF @ block]

core [ImportTVF @ block]

650 s00
o
700
550
s00 600
450
400 500
350 H
§ 400
300 H
250 300
200
150 200 3
100
100
50
@
0 2,000 4,000 6,000 8,000 10,000 12,000 14000 16000 18000 20,000 22000 24000 26,000 0 5,000 10,000 15,000 20,000 25,000 30,000
ExportTVF value ImportTVF value
core [ExportTVF @ method] core [ImportTVF @ method]
1,100 o 1400
oy 1300
1200
300
1100
800+ 1,000
700 200
500
600 g
2 700
B
500 ¥
£ o
400 s00
300 400
300
200
200
100 3 o0
L
o o)
0 500 1,000 1,500 2,000 2500 3,000 3500 4000 500 1,000 1500 2,000 2500 3,000 3,500 4,000

ExportTVF value

ImportTVF value



Appendix: Corpus measurements 152

core [ExportTVF @ class] core [ImportTVF @ class]
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Distribution of values across corpus for metfiv'F ; rows represent granularity levels of
basic block, method and class respectively; columns reptes<port and import direction re-
spectively; logarithmic scale:
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A.3 R-squared values for each system

The r-squared values of distribution data points agairgstdg best t line for each system, and
for each inter-class metric and granularity (B = basic bJddk= method, C = class):
System NC | WNC/B | WNC/M | WNC/C | VF/B | VF/IM | VFIC
tjava-1.1 0.6658| 0.5232| 0.5511| 0.5285| 0.8288| 0.7481| 0.9213
jparse-0.96 0.4233| 0.2563| 0.2958| 0.3023| 0.4470| 0.4657| 0.3475
quilt-0.6-a-5 0.6196| 0.5005| 0.4562| 0.5070| 0.7136| 0.8290| 0.8052
jgraph-5.9.2.1 | 0.5663| 0.4483| 0.4465| 0.5521| 0.7995| 0.8821| 0.9070
picocontainer-1.3 | 0.7940| 0.6375| 0.6667| 0.7337| 0.7212| 0.7595| 0.8379
junit-3.8.2 0.7973| 0.6452| 0.6929| 0.7148| 0.8283| 0.9089| 0.9234
jsXe-04 beta 0.5400| 0.4886| 0.4713| 0.5548| 0.7760| 0.8165| 0.9361
freecs-1.2.200601300.7327| 0.6191| 0.6503| 0.6466| 0.8868| 0.8799| 0.8916
informa-0.6.5 0.6125| 0.4516| 0.4979| 0.4660| 0.7051| 0.8257| 0.8407
jmoney-0.4.4 0.6715| 0.5900| 0.5804| 0.5984| 0.8488| 0.8928| 0.9639
antlr-2.7.5 0.4817| 0.3643| 0.3937| 0.3925| 0.7215| 0.7775| 0.8670
jag-5.0.1 0.7196| 0.5010, 0.5680| 0.5776|0.8378| 0.8598| 0.8327
lucene-1.4.3 0.5562| 0.5243| 0.5245| 0.5235| 0.7621| 0.8428| 0.8617
htmlunit-1.8 0.5165| 0.3820| 0.3992| 0.4337| 0.6576| 0.6479| 0.7040
jspwiki-2.2.33 0.5310| 0.4583| 0.4359| 0.4538| 0.8149| 0.8410| 0.8381
ant-1.4.1 0.6148| 0.5188| 0.5474| 0.5634| 0.8312| 0.8932| 0.9090
jhotdraw-5.3.0 | 0.7115| 0.5538| 0.5430| 0.5672| 0.7948| 0.7960| 0.7150
sablecc-3.1 0.5248| 0.3878| 0.3383| 0.3751| 0.6728| 0.6233| 0.5128
emma-2.0.5312 | 0.6407| 0.5584| 0.5587| 0.5844| 0.8400| 0.8692| 0.8890
james-2.2.0 0.7532| 0.5315| 0.5550| 0.6068| 0.8113| 0.8486| 0.9273
jext-5.0 0.6526| 0.5924| 0.6030| 0.6077|0.8915| 0.8963| 0.8521
ganttproject-1.11.1| 0.6049| 0.4981| 0.5348| 0.5230| 0.7399| 0.8497| 0.7255
trove-1.1b5 0.2173| 0.2179| 0.3684| 0.3799| 0.5720| 0.7258| 0.9105
hibernate-2.1.8 | 0.6367| 0.5340| 0.5236| 0.5517| 0.8614| 0.8882| 0.8888
jung-1.7.1 0.5311| 0.5249| 0.4818| 0.4480| 0.7583| 0.7383| 0.7957
jchempaint-2.0.12 | 0.8560| 0.6375| 0.5611| 0.7105| 0.8153| 0.8916| 0.9143
argouml-0.18.1 | 0.5861| 0.4970| 0.4855| 0.5082| 0.8293| 0.8407| 0.6600
squirrelsqgl-2.2 nal | 0.6403| 0.5638| 0.5257| 0.5291| 0.6985| 0.8271| 0.8436
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The r-squared values of distribution data points agairgstdg best t line for each system,
and for eachmport per-class metric and granularity (B = basic block, M = method class):

System NCns | NClIs | Area/B | Area/M | Area/C | TVF/B | TVFIM | TVFIC

tjava-1.1 0.2560(| 0.4808| 0.1534| 0.2958| 0.3849| 0.1850| 0.2122| 0.3793
jparse-0.96 0.1455| 0.5182| 0.1991| 0.7096| 0.7320| 0.3326| 0.5039| 0.3895
quilt-0.6-a-5 0.3757| 0.6245| 0.2702| 0.6426| 0.5517| 0.3155| 0.6090| 0.6984
jgraph-5.9.2.1 | 0.2437| 0.4797| 0.4392| 0.4316| 0.6978| 0.3110| 0.5492| 0.6029
picocontainer-1.3 | 0.7617| 0.6678| 0.6976| 0.7058| 0.7506| 0.5348| 0.5577| 0.9192
junit-3.8.2 0.3077| 0.7849| 0.6698| 0.6587| 0.6326| 0.6895| 0.6243| 0.9038
jsXe-04 beta 0.3072| 0.8444| 0.3487| 0.6117| 0.8839| 0.3141| 0.5651| 0.7281
freecs-1.2.200601300.0446| 0.8231| 0.5776| 0.6990| 0.8268| 0.4104| 0.4727| 0.7354
informa-0.6.5 0.4243| 0.8874| 0.4835| 0.6464| 0.6351| 0.6451| 0.7376| 0.8506
jmoney-0.4.4 0.3943| 0.5191| 0.3998| 0.3795| 0.6104| 0.3661| 0.5627| 0.5624

antlr-2.7.5 0.3370| 0.3681| 0.4299| 0.5844| 0.3843| 0.4019| 0.2821| 0.6226

jag-5.0.1 0.3583| 0.7481| 0.5202| 0.6416| 0.8574| 0.4865| 0.4559| 0.7636
lucene-1.4.3 0.4319| 0.8343| 0.6022| 0.6848| 0.7898| 0.4683| 0.6345| 0.7848
htmlunit-1.8 0.1300| 0.6438| 0.4587| 0.4587| 0.6274| 0.4588| 0.5360| 0.6877
jspwiki-2.2.33 0.3095| 0.4721| 0.5029| 0.4917| 0.5818| 0.4950| 0.5966| 0.4583

ant-1.4.1 0.4897| 0.8644| 0.5724| 0.6951| 0.8011| 0.5463| 0.7124| 0.7625
jhotdraw-5.3.0 | 0.5006| 0.4221| 0.3694| 0.4128| 0.4285| 0.4158| 0.5426| 0.4883
sablecc-3.1 0.1187| 0.1450| 0.0539| 0.0621| 0.1215 0.0877| 0.1061| 0.1393
emma-2.0.5312 | 0.4149| 0.8304| 0.6375| 0.7347| 0.8111| 0.5931| 0.6858| 0.8071
james-2.2.0 0.6380| 0.6994| 0.5511| 0.7486| 0.6923| 0.6086| 0.7526| 0.7219

jext-5.0 0.5528| 0.7562| 0.6407| 0.7568| 0.7396| 0.7117| 0.7464| 0.7646

ganttproject-1.11.1| 0.4986| 0.7810| 0.6904| 0.6959| 0.7355| 0.7183| 0.6575| 0.7932

trove-1.1b5 0.3515| 0.3898| 0.2559| 0.3029| 0.4453| 0.0432| 0.2704| 0.5451
hibernate-2.1.8 | 0.4830| 0.8707| 0.7095| 0.7459| 0.8466| 0.6636| 0.7103| 0.7104
jung-1.7.1 0.3780| 0.8157| 0.6006| 0.6101| 0.6936| 0.5847| 0.6898| 0.6318

jchempaint-2.0.12 | 0.5648| 0.4343| 0.4022| 0.6141| 0.4303| 0.6138| 0.4134| 0.3397
argouml-0.18.1 | 0.5736| 0.7459| 0.7773| 0.7241| 0.6997| 0.7531| 0.7551| 0.6300
squirrelsql-2.2 nal | 0.6349| 0.7539| 0.7083| 0.7361| 0.7502| 0.7059| 0.7721| 0.7551
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The r-squared values of distribution data points agairgstdg best t line for each system,
and for eaclexportper-class metric and granularity (B = basic block, M = metlod class):

System NCns| NCIs | Area/B | Area/M | Area/C | TVF/B | TVF/IM | TVF/C
tjava-1.1 0.2931| 0.5441| 0.4416| 0.6412| 0.3664| 0.2275| 0.2570| 0.4609
jparse-0.96 0.2532| 0.5654| 0.2775| 0.3679| 0.2073| 0.1703| 0.1292| 0.1310
quilt-0.6-a-5 0.2362| 0.6928| 0.4690| 0.4870| 0.4358| 0.2943| 0.5974| 0.8100
jgraph-5.9.2.1 | 0.2811| 0.6948| 0.4978| 0.6350| 0.7603| 0.2389| 0.4640| 0.5996
picocontainer-1.3 | 0.5010| 0.8072| 0.5593| 0.5176| 0.4919| 0.4260| 0.4015| 0.5055
junit-3.8.2 0.5691| 0.8527| 0.7122| 0.6747| 0.8665| 0.6267| 0.6376| 0.8494
jsXe-04 beta 0.5038| 0.7581| 0.5151| 0.5968| 0.8125| 0.4970| 0.6436| 0.7052
freecs-1.2.200601300.3195| 0.8447| 0.4807| 0.7164| 0.7571| 0.2702| 0.6059| 0.7894
informa-0.6.5 0.6590| 0.4235| 0.6855| 0.7273| 0.8906| 0.4396| 0.7154| 0.7894
jmoney-0.4.4 0.3593| 0.7026| 0.4903| 0.4953| 0.5636| 0.5092| 0.4430| 0.4625
antlr-2.7.5 0.2881| 0.2609| 0.3467| 0.3556| 0.2916| 0.2916| 0.4365| 0.3961
jag-5.0.1 0.4426| 0.8817| 0.5198| 0.6805| 0.7959| 0.3375| 0.4975| 0.7337
lucene-1.4.3 0.3424| 0.8125| 0.6801| 0.6440| 0.6886| 0.3966| 0.5714| 0.7127
htmlunit-1.8 0.4048| 0.5354| 0.4278| 0.3452| 0.2054| 0.5041| 0.5365| 0.2111
jspwiki-2.2.33 0.3629| 0.4594| 0.3135| 0.2687| 0.2222| 0.3159| 0.3424| 0.3722
ant-1.4.1 0.5129| 0.7317| 0.6309| 0.7448| 0.7827| 0.5292| 0.7237| 0.7866
jhotdraw-5.3.0 | 0.4625| 0.5420| 0.4515| 0.5647| 0.4274| 0.3892| 0.5282| 0.4821
sablecc-3.1 0.1788| 0.1660| 0.2174| 0.2656| 0.2551| 0.2832| 0.2419| 0.2681
emma-2.0.5312 | 0.5079| 0.9397| 0.6789| 0.6257| 0.7550| 0.5026| 0.6024| 0.7949
james-2.2.0 0.6833| 0.7539| 0.7163| 0.7980| 0.7755| 0.6191| 0.7626| 0.7048
jext-5.0 0.5817| 0.6946| 0.7200| 0.7636| 0.7298| 0.6504| 0.7232| 0.6783
ganttproject-1.11.1 0.5161| 0.8025| 0.7989| 0.8492| 0.7464| 0.6491| 0.7283| 0.7582
trove-1.1b5 0.1627| 0.6807| 0.4079| 0.5591| 0.7257| 0.2489| 0.3530| 0.7405
hibernate-2.1.8 | 0.5366| 0.8499| 0.6879| 0.7105| 0.7807| 0.5967| 0.6801| 0.7833
jung-1.7.1 0.4010| 0.7607| 0.5953| 0.5712| 0.5410| 0.6098| 0.5670| 0.4919
jchempaint-2.0.12 | 0.5445| 0.8082| 0.6551| 0.6266| 0.7526| 0.6041| 0.6369| 0.7899
argouml-0.18.1 | 0.5685| 0.7608| 0.7649| 0.8258| 0.8169| 0.7330| 0.7897| 0.7912
squirrelsql-2.2 nal | 0.6240| 0.7743| 0.7618| 0.8047| 0.8313| 0.7269| 0.8437| 0.8126
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A.4 Granularity plots

A4.1 WNC

Plots of linear correlation between granularity levels ioetric WNC over entities in corpus
after adjusting for outliers:
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Three class pairs were deemed outliers, and have the fodgWwINC values in each gran-
ularity level:

Block: 1475132, Method: 1352406, Class: 980789

Block: 2558172, Method: 1653645, Class: 820532

Block: 1497921, Method: 967540, Class: 479621
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A42 VF

Plots of linear correlation between granularity levelsrfatricVF over entities in corpus after

adjusting for outliers:
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One class pair was deemed an outlier, and haS8uN€ values 17682 in basic block level,

192 in method level, and 1 in class level.

A.4.3 Area

Plots of linear correlation between granularity levels fioetric Area over entities in corpus
after adjusting for outliers. The left column shows thoseexport direction, and the right for

import direction.
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Two classes were deemed outliers fmea in export direction, and have the following
values in each granularity level:
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Block: 2540, Method: 680, Class: 87

Block: 1006, Method: 713, Class: 313

No outliers were found foArea in import direction.

A4d44 TVF

Plots of linear correlation between granularity levels fioetric TVF over entities in corpus
after adjusting for outliers. The left column shows thoseeixport direction, and the right for
import direction.
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ExportTVF: Block vs. Class ImportTVF: Block vs. Class
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Three classes were deemed outliersAoga in export direction, and have the following
values in each granularity level:

Block: 24901, Method: 3557, Class: 20
Block: 18173, Method: 314, Class: 19
Block: 7832, Method: 2639, Class: 329

Two classes were deemed outliers fea in import direction, and have the following
values in each granularity level:

Block: 26493, Method: 3610, Class: 14

Block: 18639, Method: 381, Class: 4

A.5 Distribution per system

AS5.1 ant-14.1

Distribution of values for metritNC ; logarithmic scale:

ant-1.4.1 [NC @ all]

100,000

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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ant-1.4.1 [WNC @ block] ant-1.4.1 [WNC @ method] ant-1.4.1 [WNC @ class]
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Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metridéNCls in import and export directions respectively; loga-
rithmic scale:

ant-1.4.1 [ImportNCls @ all] ant-1.4.1 [ExportNCls @ all]
100 100

ImportNCls value ExportNCls value

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; Iogarlthmlc scale:

ant-1.4.1 [Import TVF @ method] ant-1.4.1 [Import TVF @ class]
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Distribution of values for metrid@ VF in export direction, at basic block, method and class
granularity levels respectively; Ioganthmlc scale:

ant-1.4.1 [ExportTVF @ block] ant-1.4.1 [Export TVF @ method] ant-1.4.1 [ExportTVF @ class]
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A.5.2 antlr-2.7.5

Distribution of values for metritNC ; logarithmic scale:

antir-2.7.5 [NC @ all]

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectlvely, logarithmic scale:

antir-2.7.5 [WNC @ block] antir-2.7.5 [WNC @ method] antir-2.7.5 [WNC @ class]

X 100000 1000000 10,000,000 o 100 « 10,000 100000 1000000 10,000,000
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100,000 1,000,000
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Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metridNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.3 argouml-0.18.1

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metridNClIs in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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A.5.4 emma-2.0.5312

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A55 tava-1.1

Distribution of values for metridNC ; logarithmic scale:
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Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metrid VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.6 freecs-1.2.20060130

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.7 ganttproject-1.11.1

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.8 hibernate-2.1.8

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriéd\rea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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A.5.9 htmlunit-1.8

Distribution of values for metridNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.10 informa-0.6.5

Distribution of values for metritNC ; logarithmic scale:
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Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriéd\rea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A5.11 jag-5.0.1

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metrid@ VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.12 james-2.2.0

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metridNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.13 jchempaint-2.0.12

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metridNClIs in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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A5.14 jext-5.0

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.15 jgraph-5.9.2.1

Distribution of values for metridNC ; logarithmic scale:
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Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metrid VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.16 jhotdraw-5.3.0

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.17 jmoney-0.4.4

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.18 jparse-0.96

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriéd\rea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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A.5.19 jsXe-O4beta

Distribution of values for metridNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:



Appendix: Corpus measurements 194

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.20 jspwiki-2.2.33

Distribution of values for metritNC ; logarithmic scale:
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Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriéd\rea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A5.21 jung-1.7.1

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metrid@ VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.22 junit-3.8.2

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metridNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritéNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.23 lucene-1.4.3

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metridNClIs in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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A.5.24 picocontainer-1.3

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.25 quilt-0.6-a-5

Distribution of values for metridNC ; logarithmic scale:
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Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metriérea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metrid VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.26 sablecc-3.1

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metria/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metriérea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.27 squirrel_sql-2.2 nal

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®/NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:
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Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metridNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriédrea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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Distribution of values for metri@VF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

A.5.28 trove-1.1b5

Distribution of values for metritNC ; logarithmic scale:

Distribution of values for metri®?NC at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metrid/F at basic block, method and class granularity levels
respectively; logarithmic scale:

Distribution of values for metritNCns in import and export directions respectively; loga-
rithmic scale:
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Distribution of values for metritNCls in import and export directions respectively; loga-
rithmic scale:

Distribution of values for metrié\rea in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metriéd\rea in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metri@VF in import direction, at basic block, method and class
granularity levels respectively; logarithmic scale:

Distribution of values for metridVF in export direction, at basic block, method and class
granularity levels respectively; logarithmic scale:
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B.1 Preliminary Information

B.1.1 Participant Information Sheet

Department of Computer Science
The University of Auckland
Private Bag 92019

Auckland, New Zealand

Participant Information Sheet

Title: Investigating the effects of non-evident coupling on saftevquality
To: Participants
From: Hong Yul Yang

| am a PhD student at the University of Auckland supervisedssociate Professor Tem-
pero, and we are conducting research in the Department of GemBcience. Our research
Is investigating how particulanon-evidentforms of coupling affect various quality attributes
related to mainatainability of software systems. This aede is funded by The University of
Auckland Doctoral Scholarship.

213
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The purpose of this experiment is to investigate how vargingctures of a program accord-
ing to certain criteria can affect the way in which they arenpoehended. For this experiment
| would like you to study several programs and for each pnogamswer questions based on
your understanding of it. The amount of time you take to catgpthe tasks and the degree
of success will be recorded. You will also be asked to Il oujuwestionnaire identifying such
things as gender, age, any training in software developymunhave undertaken, any grades
attained in such training, and an indication of the amourprofjramming you have done in
the past. The questionnaire, the responses to the exerarsgsme records will be identi ed
with each other, but will in no way contain means to identifyuy This information may be
kept for an indeterminate period of time. Completing the tjoasaire is considered part of the
experiment.

This work will be carried out outside of class time. It will lsarried out in one of the
Computer Labs at The University of Auckland. The experimsrgaing to take a maximum
of 2 hours to complete. In recognition of your cooperation yall receive a small token of
appreciation after completion of the experiment.

The software system provided to you is written in the JavaggRrmming Language and
should not involve any form of programming features that goeinot already familiar with. If
this is not the case, you should inform me as soon as posdiblelae experiment begins. You
will be restricted to use Eclipse integrated developmenirenment.

The experiment will begin with a brie ng session that willgain the particulars of the
restrictions you and the other participants will be opatinder, and describe the requirements
for completing the tasks.

Your participation in this work is entirely voluntary, andlMn no way affect (either posi-
tively or negatively) assessment of any courses you mayitakee future. You may withdraw
from this research without explanation, even after comuiethe experiment tasks, at any time
up to 1 week after the experiment.

If you wish to participate in this work, please let me know Hing in the Consent Form
prior to the experiment. This form will be kept securely ie hepartment of Computer Science
for 6 years, as required by regulations governing this kihdark, and then destroyed. The
form should be returned to me.
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Thank you very much for your time and help in making this stpdgsible. If you have any
gueries or wish to know more please contact us at:

Hong Yul Yang,

Department of Computer Science, University of Auckland
Private Bag 92019, Auckland

NEW ZEALAND

Phone: +64 9 373 7599 extn 88089
http://www.cs.auckland.ac.riziongyul
hongyul@cs.auckland.ac.nz

Dr Ewan Tempero,

Associate Professor in Computer Science

Department of Computer Science, University of Auckland
Private Bag 92019, Auckland

NEW ZEALAND

Phone: +64 9 373 7599 extn 83765 (voice mail)

Fax: +64 9 367 7151

http://www.cs.auckland.ac.nzwan
e.tempero@cs.auckland.ac.nz

The Head of Department can be contacted at:

Associate Professor Robert Amor

Department of Computer Science, University of Auckland
Private Bag 92019, Auckland

NEW ZEALAND

Phone: +64 9 373 7599 extn 83068

Fax: +64 9 367 7151

trebor@cs.auckland.ac.nz

For any queries regarding ethical concerns please contact:

The Chair, The University of Auckland Human ParticipantsiésfCommittee, The University
of Auckland, Research Of ce - Of ce of the Vice Chancellor, ¥ie Bag 92019, Auckland.
Tel. 373-7999 extn 87830

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN SUBJECTS ETHICS
COMMITTEE on 15/02/2006 for a period of 3 years, from 01/02/2006. Bference 2006/017
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B.1.2 Consent Form

Department of Computer Science
The University of Auckland
Private Bag 92019

Auckland, New Zealand

THIS CONSENT FORM WILL BE HELD FOR A PERIOD
OF SIX YEARS

Title: Investigating the effects of non-evident coupling on saftvquality
Researchers:Associate Professor Ewan Tempero, Hong Yul Yang

| have been given and have understood an explanation ofd@béarch project. | have had an
opportunity to ask questions and have them answered.

| understand that | may withdraw myself or any informaticac&able to me at any time up to 1
week after the the experiment without giving a reason.

| understand that my participation will in no way affect fet positively or negatively) assess-
ment of any courses | take in the future.

| agree to take part in this research.

Signed:

Name:
(please print clearly)

Date:

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN SUBJECTS ETHICS
COMMITTEE on 15/02/2006, for a period of 3 years, from 01/02/2006Reference 2006/017
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Introduction

This experiment is made up of several tasks that each regpiréo study a small program and
answer questions speci c to its code. The programs, pemwitpshe exception of that for the
“primer” task, are not designed to perform any realisticction, so you may not gain much
from trying to understand the purpose of each program. &dsyeu are encouraged to to focus
on understanding the ow of data and control between thesthifit parts of the code. After you
have completed the tasks you will be asked to brie y deschib& you went about them. For
this reason we encourage you to take notes to later help yoember your actions.

You are to work under the Eclipse development environmeuoi should have been briefed
on the basics of Eclipse and features that facilitate costegaion. An Eclipse project should
be set up for each task — please notify us if you think therevassing resources.

For each task, you are required to rst read and understaadjtiestion, then proceed to
navigate around the code. We also require you to record howitdook you to perform each
of the tasks, and this will be done through a web-based tilAsrsoon as you have nished
reading and are ready to embark on the task, please stantiecorresponding to the task. As
soon as you have nished the task, stop the timer and inforenadrus just so we could make
sure you have followed all of the instructions.

Please do not hesitate to notify us if you are in doubt about anaspect of the experiment
at any time.

Brie ng
Setup
1. Download the archive from this URbttp://www.cs.auckland.ac.nz/ ~hongyul/
exp/Tasks.zip . Unpack the contents of the archive to some directory — im¢hse
C:/usertmp

2. Open Eclipse IDE
3. Under “File” menu, click on “Import...".

4. In the dialog that shows up next, make sure “Existing Risjénto Workspace” is se-
lected, and click on the “Next” button.

5. On the next dialog, make sure “Select root directory” Iscted and click on “Browse...”
button.

6. From the folder selection dialog, select the directGrjusertmp  (or wherever you
unpacked the archive) and click on “OK”
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7. The dialog that you return to should now show 7 projectskéaure they are all checked,
and click on “Finish”

Useful navigation shortcuts in Eclipse

1. Ctrl+ click (alternatively pres&3) on a reference to a variable or a method to jumps to
its declaration.

2. PressindCtrl+Alt+H  on a method declaration opens up a call hierarchy (i.e. aflist
methods calling the method in question).

3. Pressingtrl+Shift+G on an element (including variable, method and class) search
all references to that element within the workspace.

4. Alt+ /! — Backward/Forward History

Using TimeTracker

Open up a browser and type in the following URittp://www.cs.auckland.ac.nz/
staff-cgi-bin/ewan/auth/timetracker . The browser will prompt you for your
username and password, which depend on your participanhticéted in the box at the top
of this handout). For example, say your ID38, then

Your usernameparticipant99

Your passwordpart99

A project should have been set up for you with an ID correspantb your participant ID.
Assuming your ID is stilB9, the project will be called Participar®9.

1. From the left frame click on the link “Projects” that lisise projects assigned to all
participants.

2. Click on theProject Infolink next to the project named Participa®® to go to the project
information page that list all of its tasks.

3. For each task there is a link f@dask Infoand Start Work

4. Whenever you are about to start on a task, clickSeart Workfor that particular task. It
will then lead you to a screen with a bunch of elds. Do not woabout lling in any of
the elds and clickSubmit
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Now the timer has started, and you will be sent to a page isigoiie work record. At
any time if you have nished or are about to take a break (lalsistop the work) click

on Stop Work

To go back to the project information page listing all thekis, click on the link to Partic-
ipant99.

. You can click on théday Summaryink on the left at any point to display the list of all

tasks that you are and have been working on.
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B.2 Primer Task (both experiments)

Task O: Primer

This task is designed to familiarise you with the experimsgiting and prepare you for the
subsequent tasks. Proceed with this task at your leisurevanehcourage you to explore the
features of Eclipse and the project tracker enough to maleysw are comfortable with them.

Please read the task description below carefully before stiing the timer

From your workspace, open the project naredk _0.

This program consists of a very simple (and rather imprabtitring encoding/decoding
scheme and a main method that tests this scheme on an inpgt s#s you will be able to
understand from the code, the encoding scheme turns a giveg somposed of only letters
into a long integer using a one-to-one function. The idedad the long integer is built up
of adjacent blocks of 5 bits, each of which represent a charac the original string (5 bits
are needed as there ##& 26 < 2° characters in the alphabet). Below is an illustration of
encoding the strindBYZto the integer 35649:

A B Y Z
dec representation: 1 2 25 26
bin representation: 00001 00010 11001 11010
integer in binary: 00001000101100111010
==> integer in dec: 35642
+ 'magic number' 7: 35649 <== expected result

As the encoding function is one-to-one, it is expected thatrésult of encoding any string
then decoding the result will yield the same string. Thisag/éver not the case in the current
implementation due to a bug, which you need to locate. A Hirthat you may assume that
AlphaDecoder is correct — you could start at line 7 éiphaDecoder and trace where
the value ottharCode originates. Another hint is that the problem is caused bystatment
in the code that initialises a variable to a single integéunea

Locate the statement causing the problem and write downaheerof the class it belongs
to and the corresponding line number below.

As soon as you begin to examine the code, start the timer.

Class: Line:

As soon as you have completed this task, stop the timer and nfyt us.
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B.3 Tasks ( rst experiment)

Task Alpha

Please read the task description below carefully before stang the timer

This tasks concerns the project nanfesk _Alpha .
At line 5 of classR s a print statement that prints the trimmed value of striagableany :

public static void horemheb(String ruff) {
String any;
any = ruff;
System.out.printin(any.trim());

o O~ WD

}

The code in here assumes that the valuamf is not null, which is supposed to be the case.
However the current implementation does not obey this apam— there is a problem that
results in the value adiny to become null, thereby causing the statement in line 5 matta
null pointer exception.

The problem described above is caused by one or more stateiméme code that initialise a
variable aswll . There are several of such statements in the program butaxeitb determine
exactly which of them lead to the statemenRinTry to solve this without running the program.

Locate the statement(s) causing the problem and for eadmesttwrite down the name
of the class it belongs to and the corresponding line numbwb NOTE: There are not
necessarily exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroteo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.
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Task Lambda

Please read the task description below carefully before stang the timer

This tasks concerns the project nanfeabk _Lamda. At line 5 of classF is a print statement
that prints the square root of the value of varialela :

2 public static void phthia(int prey) {

3 int buda;

4 buda = prey;

5 System.out.printin(Math.sqgrt(buda));
6 }

The code in here assumes that the valubuaa is positive, which is supposed to be the
case. However the current implementation does not obewys#sismption — there is a problem
that results in the value dfuda becoming negative. You may try running the program (the
main class i€) to observe its behaviour, and it would output:

NaN

This problem is caused by one or more statements in the catiaitialise a variable in the
form of x = someNumber wheresomeNumber is asingleinteger value-.

Locate the statement(s) causing the problem and for eadtesétwrite down the name of
the class it belongs to and the corresponding line numbeinbel

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroteo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.

1For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Task Phi

Please read the task description below carefully before stang the timer

This tasks concerns the project nanTesk _Phi .

Note: this program uses the methbthth.cos()  from the Java API that calculates the
cosine of its argument in radians. Thus to calculate theneasi an angle measured in degrees,
it would rst have to be converted to radians usiMath.toRadians() . Also note that
cosine ofx is negative foR0< x < 270degrees (also 270<x < 90).

At line 5 of classX is a print statement that prints the square root of the valuaable
anza:

2  public static void rosenthal(int cech) {

3 double anza;

4 anza = Math.cos(Math.toRadians(cech));
5 System.out.printin(Math.sgrt(anza));

6

The code in here assumes that the valuardfa is positive, which is supposed to be the
case. However the current implementation does not obewysdsismption — there is a problem
that results in the value @inza to sometimes be negative, thereby causing the statemenein |
5 to printNaN You may try running the program (the main clast/jgo observe its behaviour,
and one example output of this will be:

NaN
0.9306048591020997
0.6120511362753215

The problem described above is caused by one or more statemehe code that initialise
a variable in the form ok = someNumber wheresomeNumber is asingleinteger valué.

Locate the statement(s) causing the problem and for eadtesétwrite down the name of
the class it belongs to and the corresponding line numbeibel

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

2For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroheo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.
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Task Delta

Please read the task description below carefully before stang the timer

This tasks concerns the project naniexsk Delta . Look at line6 of classMand notice the
value being printed:

2 public static void keats(int blok) {

3 int ryba;

4 ryba = blok;

5 try {

6 System.out.printin(12/ryba);

7 } catch (ArithmeticException e) {

8 System.out.printin("This shouldn't happen™);
9

10 }

The code in here assumes that the value of varigtle is never 0, which is supposed to be
the case. However the current implementation does not siiegssumption — there is a prob-
lem that results in the value ofba to be 0, thereby resulting in arithmeticException
You may try running the program (the main class )sto observe its faulty behaviour, and it
would output the following:

This shouldn't happen
0

The second line of outpuDj comes from another part of the code, which you need not
worry about.

The problem described above is caused by one or more statemehe code that initialise
a variable in the form ok = someNumber wheresomeNumber is asingleinteger value.

Locate the statement(s) causing the problem and for eadtesétwrite down the name of
the class it belongs to and the corresponding line numbeibel

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

3For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.



Appendix: Experiment resources 226

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroheo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.
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Task Sigma

Please read the task description below carefully before stang the timer

This tasks concerns the project namfeask _Sigma. Look at line6 of classMand notice the
value being printed:

2 public static void marmara(int mork) {

3 int rasa;

4 rasa = mork - 1,

5 try {

6 System.out.printin(10/rasa);

7 } catch(ArithmeticException e) {

8 System.out.printin("This shouldn't happen™);
9

10 }

The code in here assumes that the value of variasia is never 0, which is supposed to be
the case. However the current implementation does not sliiegssumption — there is a prob-
lem that results in the value odsa to be 0, thereby resulting in gkrithmeticException

You may try running the program (the main clasf)go observe its faulty behaviour, and
it would output either the following:

This shouldn't happen
2

or.

This shouldn't happen
This shouldn't happen
2

The variation in the number of lines of output is explainedhmyfact that during the execu-
tion of the program the methodarmara() is called a number of times, depending on random
factors.

The problem described above is caused by one or more statemehe code that initialise
a variable in the form ok = someNumber wheresomeNumber is asingleinteger valué'.

Locate the statement(s) causing the problem and for eadtesétwrite down the name of
the class it belongs to and the corresponding line numbeibel

As soon as you begin to examine the code, start the timer.

4For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroteo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.
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B.4 Tasks (second experiment)

Task Alpha

Please read the task description below carefully before stang the timer

This tasks concerns the project nanfdgha .
At line 6 of classR (in packagealpha ) is a print statement that prints the result of dividing
the value of variablany by that of variablegail

3 public static void horemheb(int ruff, int gail) {
4 int any;

5 any = ruff - 2;

6 System.out.printin(any / gail);

7}

The code in here assumes that the valugaf is nonzero, which is supposed to be the
case. However the current implementation does not obewys#sismption — there is a problem
that results in the value ajail to become zero, thereby causing the statement in line 6 to
throw anArithmeticException

This problem is caused by one or more statements in the prodrat initialise a variable
in the form ofx = someNumber wheresomeNumber is asingleinteger value. There are
several of such statements in the program but you have tondiet exactly which of them
lead(s) to the problematic varialdil . Try to solve this task without running the program.

Locate the statement(s) causing the problem and for eadhesétwrite down the name
of the class it belongs to and the corresponding line numbEwvb NOTE: There may not
necessarily be exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroheo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.

SFor examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Task Lambda
Please read the task description below carefully before stang the timer

This tasks concerns the project nanheainbda. At line 6 of classT (in packagdambda ) is a
print statement that prints the square root of the value oale yaji

3 public static void pecorelli(int bopp) {
int yaji;

yaji = bopp;
System.out.printin(Math.sqrt(yaiji));

~N o o b~

}

The code in here assumes that the valugapf is positive, which is supposed to be the
case. However the current implementation does not obewyssismption — there is a problem
that results in the value gfji sometimes becoming negative, in turn causing the outpugto b
NaN You may try running the program (the main clas#&)go observe its behaviour, and one
example output of this will be:

3.4641016151377544
1.4142135623730951
NaN
NaN

This problem is caused by one or more statements in the protrat initialise a variable
in the form ofx = someNumber wheresomeNumber is asingleinteger valué. There are
several of such statements in the program but you have tondiete exactly which of them
lead(s) to the problematic variabjaji

Locate the statement(s) causing the problem and for eadmes&twrite down the name
of the class it belongs to and the corresponding line numbkmb NOTE: There may not
necessarily be exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroteo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.

5For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Task Sigma

Please read the task description below carefully before stang the timer

This tasks concerns the project nan&gma. At line 28 of clas<C (in packagesigma ) is a
print statement that prints the square root of the value nhbteelsa :

25 public static void konyukhov(int lois) {

26 int elsa;

27 elsa = lois;

28 System.out.printin(Math.sqrt(elsa));
29 }

The code in here assumes that the valuels& is positive, which is supposed to be the
case. However the current implementation does not obewys#sismption — there is a problem
that results in the value @lsa sometimes becoming negative, in turn causing the outpwg to b
NaN You may try running the program (the main clasX)do observe its behaviour, and one
example output of this will be:

NaN
5.385164807134504

This problem is caused by one or more statements in the protjrat initialise a variable
in the form ofx = someNumber wheresomeNumber is asingleinteger valu€. There are
several of such statements in the program but you have tondiet exactly which of them
lead(s) to the problematic variabdésa .

Locate the statement(s) causing the problem and for eadmesttwrite down the name
of the class it belongs to and the corresponding line numbkmb NOTE: There may not
necessarily be exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroheo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.

"For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Task Delta
Please read the task description below carefully before stang the timer

This tasks concerns the project namgelta . At line 6 of classD (in packagedelta ) is a
print statement that prints the square root of the value palskeirus

3 public static void kothen(int lem) {
int irus;

irus = lem;
System.out.printin(Math.sqrt(irus));

~N o o b~

}

The code in here assumes that the valuewd is positive, which is supposed to be the
case. However the current implementation does not obewssismption — there is a problem
that results in the value @fus sometimes becoming negative, in turn causing the outpwgto b
NaN You may try running the program (the main clas¥)go observe its behaviour, and one
example output of this will be:

1.0
NaN
1.0
NaN

This problem is caused by one or more statements in the protrat initialise a variable
in the form ofx = someNumber wheresomeNumber is asingleinteger valué. There are
several of such statements in the program but you have tondiete exactly which of them
lead(s) to the problematic variabheis

Locate the statement(s) causing the problem and for eadmesttwrite down the name
of the class it belongs to and the corresponding line numbkmb NOTE: There may not
necessarily be exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroteo to con rm your answers.

As soon as you have completed this task, stop the timer and nfyt us.

8For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.
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Task Phi

Please read the task description below carefully before stang the timer

This tasks concerns the project nani&d . At line 26 of classA (in packagephi ) is a print
statement that prints the square root of the value of variank :

23 public static void brunk(int ruby) {

24 int york;

25 york = ruby;

26 System.out.printin(Math.sqrt(york));
27 '}

The code in here assumes that the valugark is positive, which is supposed to be the
case. However the current implementation does not obewys#sismption — there is a problem
that results in the value glork sometimes becoming negative, in turn causing the outpu to b
NaN You may try running the program (the main clas€)40 observe its behaviour, and one
example output of this will be:

NaN
NaN
5.5677643628300215

This problem is caused by one or more statements in the protjrat initialise a variable
in the form ofx = someNumber wheresomeNumber is asingleinteger valu€. There are
several of such statements in the program but you have tondiet exactly which of them
lead(s) to the problematic variabjerk .

Locate the statement(s) causing the problem and for eadmesttwrite down the name
of the class it belongs to and the corresponding line numbkmb NOTE: There may not
necessarily be exactly three statements.

As soon as you begin to examine the code, start the timer.

Class: Line:
Class: Line:
Class: Line:

Note for this and all other tasks you amet required to x the problem by correcting the
above statements, although you may nd it helpful to do soroheo to con rm your answers.

As soon as you have completed this task, stop the timer and nifyt us.

9For examplex = 3; is the kind of statement you should look for, whergas y - 2; is not.



