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Analysis of the Effects of Reviewer’s
Experiences and Methods for Comprehending

Source Code on Efficiency of Detecting Defect*

Masahiro Taguchi

Abstract

The goal of this study is to investigate the effect of reviewers’ experience and
comprehension approach on the time to review and comprehension level of source
code review for software maintenance and evolution. We conducted an empiri-
cal study with software development practitioners as subjects. The subjects were
asked to comprehend existing source code (Version 1.0) and review some modified
source codes including Patch file format for corresponding to 4 change specifica-
tions. The subjects could use papers printed source code or PC screen for review.
And then the subjects were asked also to record the time to review each patch and
judge whether each patch meets the change specification to describe the reason
for each patch judgments. Each reason for the judgment was categorized into one
of three comprehension levels of the patch.

This thesis analyze the effects 5 kinds of experience and 3 method for review
(comprehending policy for Version 1.0, media for showing souce codes and place
of focus for review ) on review times and comprehension level.

The results from the 65 industry practitioners who finished the code review
indicated that the reviewers’ experience reduced review times but did not help

reviewers to comprehend in more detail. The results also indicated that the

* Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1051062, February 2, 2012.
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reviewers’ comprehension approach increase the level of comprehension but did

not reduce the review times.

Keywords:

code inspection; program comprehension; software maintenance; empirical soft-

ware engineering;

il



Joogoo

ooogoood

.00 00,00 00,00 00,“000000000000DOO00O0O00O0O
OO0O000000DO00000O0, 002200 000DOoOoOoOoOoooao
OO0 00000, Vol.2010, September 2010.

ood

.00 00,00 00,0000,“00000000000000000OO
OO0000O000DOO0bOO0Oo0oo,y000b00ooooooXvIInL ooo
OO00D00000 FOSE2011, pp.71-80, November 2011.

v



O O
1. 0000

2. 0gon
21 DODOODOODOODOO0O .00 oo
22 000DOOOOOOODOO .00 o000
23 0000000000 .00 oo

3. Doooggno

3.1 OO0 o

32 U00D00OOO0O0O0D0DOOOOnD o000

3.3 OO oo
4. OO

4.1 OO oo

4.2 OO oo

421 0O00O0OO0OOODOOODOOODOOOOt1O0O 0.

422 0000010000000 ...

423 0O000O0DOOOO0O ...

424 0O00O0O00DOOODOODOOODO .00 000000

425 0O00000DO0O0OO0O ... oo

43 00000 .o

4.4 OO ..o
5. 00U

5.1 UOOODO1000D0D0O0O0 ..o

5.2 UODODODO ..o e

10

12
12
13
14

16
16
17
17
17
18
18
19
21
23

26

26

53 00000O00O0ODOOO0O0OOO0OU0OOOODOOOOOOO (RQL) 27

531 00000000 (RQLL) ... .
5.3.2 Java/Swing 00000000000 COOO (RQL2). . ..

28
30



533 0000000ODODOOOOOOO0 (RQL3) ... ... .. 32

534 000000000000000000 (RQL4) .. ... 34

535 00000000000000 (RQLS) . ... ... ... 36

54 00000000000000000000000000 (RQ2). 38
541 00000000000 (RQ2L) .« ..o ... 38

542 000000000000000 (RQ22) ... ...... 40

543 000001.0000000000 (RQ23) ... .. ... 42

55 00000000 ... ... 44
6. 00 47
61 000000000000000000000000000 (RQ1) 47
6.1.1 000 (RQLL) . .. oo A7

6.1.2 Java/SwingDODODOOO0O00O (RQL2) . ... ... ... 48

613 00000000000 (RQL3) ... .. ... ...... 48

614 00000000000000000O0O000 (RQL4).. 48

615 000000000 (RQLS) . . .. oo 49

62 00000000000000000000000000 (RQ2). 49
621 000000 (RQ21) . ..o 49

622 0000000000 (RQ22) .. oo 50

623 000001000000 (RQ2.3) .. .. ... 50

6.3 OO . o 50
7. 000 52
0o 54

gooo 56

vi



O 0O

© 0 N O Ot = W N

I N N R N R T e e e T
W N =R O O 00 N O Ot e Ww Ny = O

OO0 ..o 12
UO0OD00O0 ... 13
I I 18
I I 19
goboooooo ... oo 20
I I 20
I I 25
I I 29
I L P 29
Java/Swing 00 000000000000 OOOOOO .. ... 31
Java/Swing 00 000000000000 OOO ... ...... 31
gbobobooogoobobooogobobooog oo 33
gobobooggooboooooboog o000 oo 33
gobobooogobobooooboboooooboo oo 35
gbobbooodgbbboooobbobood . oo 0oL 35
I I 37
I I 37
I I 1 39
I I 39
gboobobooboobooboobono .o oL 41
I I I 41
gobobologobbboooooboooooono oo 43
gobobologobbboooooboooooooo oo 43
[]

gobobooogbbobooooboobog oo 6
gbobobooogooboooobobog o000 oo 9

vil



S Ot = W

10
11

12

13
14

I I 11

I 22
gobbooodgbbbooooboboooobo o 29
Java/Swing 0000 00000O0OCCOCOOOQOOOODOOOOOO
UO0OD0O0 .. 31
gogbdobooboobdoobuoboogbouoobbobboon
OO 33
gbgbodgbuboobuoobuoobobuoobbobboon
OO0 o 35
gbooboboooboobooboobouoobobbooboobno 37
goboboooooboboooobooboooobooog .o 39
gbobooobboooboooboobbobbooobood
I 41
gbogblobbodbbodgbuaobobboobobooon
OO 43
I I 45

viil



1. 00O

gbobogobugbooobboobbuoobbooobooobboon
gboobobobogbbooobbooobbuoobbooboboooboboon
00000000 [1000000000000000000OO0OOO0O0O0
000 60% 00 8% 000000000000 0O0OO [Bl0bbb00oood
gbbodgbbodgbboobobooobbuooobobobbuoobbooob
000000000000000000 [2,3,6)0Corbi [6)] 000000000
0000000000000 00e60% 00000000o0ooDooooooooo
gbobogobbogobboobbooobbuoboobbuoobbooon
gooboobooboogbbooobooobbuooobooobboobboon
000000000000 00D0O000 ["jobobo0o0o000o0oOooO0UooOOd
0000000000000000000000000000000 [23)0J1S96
gbobooobbuogobboobbuobboogbbooboboobboan
gbobogbboobboobbooobbuooboboooboobbooon
goooo

goboobbuooobbobboobboodobodobbuooobboob
gbbodgboggbbuoobobooobbuooobboobbooobbab
gboboobboobbooobbooobbuoooooobbuoobobooon
gbobogboboodbbogobbuodgboogbooobbooobban
gooobbboooooooooogoooooobobobbbobboboobobbb
000000000 [14,25|000000000000000000000O00O0
gboboodgbbuogbobboobbuoobbooobboobbooboboan
gbobogbbooodbbuooobboobbooobbobboooboon
googbbobobodbobogboboooobobooboboobon
gogbudgbogbobgbogbuogbbooboobbobobuooboonn

gboboboooboobobooboboboobobobobbobo
gbbogbboodboobboobbooobbuoobboobbooob
goodbooouoobbbiboooubobboboooooooooooob
gboooboboggbbooboboobboobobooobbuooobooon



gobobooobbogobbodobbooobbooobbuooobboon
gbboodgbbootobboobbuoobbooobboobboobboab
gbobodgbboobboobboboobbuoobbuoobbuoobbooon
gboodgbogooboobuobooboobboboobooboobobonn
gooooobbobobodoouobooobobbbbbibooouuoooobn
gbobogoboodbuooobooobbooobooobbuoobbooon
gbbodbbooobbuooobbboodobbooobbuooobbooob
gbbodgbbudgbboogboobbooobbuoooboobbooon
gbobodboogbbooobbuobobbooobuoobbuoobbooon
gbobooboboggbbooboogbbooobooobbuooobooon
gboobogbobooobodgbbogobboonobooobbuoooboboon
gobodbgbooooboboboobobuooobobobobobobon
gbobodgbbobobooobbuooobboobboobbuoobbooob
gbobogbbooodbbobboogboobbooobbuoobbooon
gboboodobbooogobboobboodobbooobbobooobboon
gboboboggbuoggbbuooobbooobbooboboooobbooon
gboodgbgboobobobooboboobobobobobobobon
000000000 [20,25|00000000000000000000 [13]0
gboboodgbbooodgbbobboogbbugobobooobuoobobooon
gbobogboboodobbudgboobuooobboooboboobbooon
gbobodbbuoggboboogbboobboodgboooobbooaon
googboboodbboobbooobbooobooobboobbooon
gbbbuoodgobbbuoooobbbdoooobbouoon
gobboobobbooobooobooobboogsbooobbooon
gboboobobogbbuoobbooobboobbooobboobbooon
gboobodgbobooodbbuogbobooobbobboobbuooboboboon
gobogboboooboooboobobbodbbooobuoonobobooon
gbbogtobbodgbobboobbobdoobobboobobboobboob
gbbodgbboobbobobboobbooobbuoobboobooon



OO00000D0000 Research Questiond 00 RQODOODOOODO
RQl1 O O0ODO0O0OO0O0OO0ODOODOODOOOO0ODDODODOOO0bOOoOoOoooOoDOon
RQ2 00000000 DO0ODLODOODO0ODOOOODOOoOoOobOOobOoboDOoobDoon

00D RQOOOOOOODOOOODODOOODOO4000000DOOO
gboogobodgbbuobbbooboooboodobbooobboodob
gbobgbobudbobuogabodgboboobobuoobobooboon
gboboobbuogobboobbuoobooobboobbuoooboboon
gboobuooogbobobostuuggbboboooobobuoooobn

gbogboobobobooboobobooboboboboobobobo4D0
obooobogbogsbooboobbobbuoobebooboobbOon
Doobogrobobboboobon



2. 0o

0102030000000 00ooboboooogooboboboonD rRQUD
gbobogobbooobobboooobbooobbbuooobbobogn
gobobbuogobooooboboogbbuogobooobboooobbon
gboobodbbooobboobbuoooboobboobbooobboon
gbbodgbboodboobbooobbuooobboobbuoobbooob
gboboodgbbogbboooboogbboobbuoobobooobboon
gbobogbuogobooobuoobboobboooobbuoobobooon
gbobogoobbboggobobobbuoubobbobuooobbonesd
gboobogbboogoboboobbobbooobboobbuooobboon
gbbogboboodbbooobbuooobbuoobboooubbooob
gbobodbuogobooobbuoobbooobboobbuoooboboon
goooo

21 OQgoboobooboon

glbbuogobboodobbooobbuooobbuoobboobbooon
gbobodgbbooobboobbuooobbooobbooouoooboboon
goboboboboooobbbboobotbboggoooooooooobbboboobbb
gboboodbbogobboobbuoobobooobboobboobboon
gboobobooboboboobobuooooboboboobobobon
00000 4,89 00000000000 19, 8|000000000000O0
000 [26)000000000000000000000O0000OO0O0OO0O0
gbobodgbbogbboobobooobbuogobooobboooboon
gbooboobuogobooobboobbooobboobbuooobboon
0000000000000 00GUID00O0O0O0OOoOJava/SwingDd0OO0O0OO
gbbogobobodbbuoobbouooobbbooobbooobbooogob
gbob1obuooggobbouoobbobod

Buwkhardt O 400000000 0O0OO0OOOOOODOOOOOOOOOO



gbobodgo21gggbobogoob 2sggbbooooboobooosggn
gbbooodbbbooobbbuoooobbbooobbobbboooab
gbbodgbuogobobooobbobobbooobbooobbuoobbooon
gboogdgbbo3ugggbbuooobbuooobbooobbuooobboon
gbobogoboogbooobbuoooboobbooobboooobobon
gbobobbuogobooobbooobbuoobobooobuoooboboon
gbboodbbooobboobbuooboboodobbooboboobboab
gbboobbogdgbbuoobobbooobbuooobbobbuoobbooon
gbooboooobobobooooboodao

Soloway O Ehrlich 26|00 0000000000000 00000O0O00O0OO
gboobodgbbogobboobbuooobboooboobbuooobboon
OO0 Pascal DD OO OOOOOOOOOODOYMODO00O00DO0O0DOOOOOO
ooboobobobs3bobobobobobobobob 4s00noooooon
gbobodgbbuooobboobbuooobbooobbobbuoooboboon
gbobogbboogbbooobooobbuogobbooboboooboon
gbobodbogobooobbogbboogbboobbuoooboboon
O000000OOSoloway DO0DOO0O0DOOOOO0ODOOOOOOOOODOOO
gbobouoodgbboodobbboogobobboobbooobboobobboob
gbobodboobbugobboobbooobboobbuoooboboon
gbobogbuogboogbbuooobbooobbooobbuoobbooon
gbobodgbbooobooobbogbbooobooobbuoooboboon
goobooobooodboooobooobbuooobbooobboooboon
D000 Pascall OO 0OD0O0O0ODOOODOOODOOODOODOOODOOODOODOO
OO0D00Db00b000oobooboboboobogbDSoloway OO0 ODO0OoOonDoOO
gboboodobbogbbooobooobbuoobbuooobooobboon
goobodgg



goog

000 0OOO0O0OO0OO0O ooooO0oO0oooon [9g]
0000000000 00000000 68T 0 00000000000000000 femolog
ooo
000000000 0000000
0000000000 0000000 O00000000000000000 [8¢]
0000000000 00000000 1v 0 00000000000000000 Y29quapaip
DDooDooo(Doooodg
0000000000000(1) 000
00000000000000000
00000000 00 00000000000000000 [6T ‘6]
0000000000 OOOOoOoOoO 0 0¢ O000000D0O00O0O0O0O00O000 @ 9IoHIo)
oo0oooo Dooooo 7]
0000000000 0000000 12 ¢ 000000000 00DO0O000 Iprequng
00oooooo 000 OO0 000 UOLSONT) [DI80soY 00
ooo

gogbbbuooogbbboooobbbodg 1t b



22 JOoooooooooooo

g200000000000000b0000b00b0bObO0bOobObO0ObODbOo
gooooubobbbbiodooouoobbbbbooooouobobobobbb
goooouobbobobibodoooouobobbobbooooouooobobon
O (18,2400 00000000000000O [12,13,16,22,27/0000000
gbobogbobooboodooboobbooboboobooobbuoobbooon
gbbogbobbodgbobbooobboboobbbooobboobbooob
gboudbodgboobbbobbooobbobboobooboobboobn
gbbogboogobbuooobbuoobbooobboobbooboboon
gboboggbboggbboodgbbbooobboooobobooobg 200
gboooooooobooan

Robillard 0 [24]0 5000000000000 00O0OOOOOOOOOOO
gbbodgbbuooobboobbuobobooobboobobooboboob
gbobodgbbooobboobbuoogoboobboobbuoooboboon
gbouogoboogbbooobuogbuooobbuoooboboobbooon
gbosbdgubuggbboogbbogbbobooobbuooobbuooon
goobobgbooboboooobobobooboboboobobon
gbooobobodgbbuoobboobbooobboobbuoooboboab
gbobodgbbodgbboooboboobbuooobboobuoobobooon
gboboobbouooobbogbbuogoboogbobobbuoooboboon
gboobodgbbogobbobbogbbooobboobbuoooboboon
gboooboogooood

Karahasanovi¢ 0 (16|00 0000000000000 O0O0O0OOOOOOO
gbbodgbbuooobboobbuoooboodgbbooobbooboon
gobobO38bobbobouougooooobbboobbotooooooooonon
gboboodbbogbbooobooobbuoobbooobooobboan
gobodbbogobboobbuooobbooobboooboboobbon
gbbodbodgbbuoobboobbooobboobbuoooboboab
gbooobboggbugobboobbboobbooobbuoobooon



gboobogbooboodbbuooobooobbooobbooobooboon
gboodbbogbbooobooobboobboobobooobboob
gbooboboobbugobboobbuooobboobbuoooboboon
gbobobooogobobooogoon



gboogoboogoog
goobogooeaer

HEN
dddddooooooooogooaua
DooDo(e)0D00o0oooond
gddddooooooooooogg

Oo0oo0ooo0oooo 00 0D0(oODO0OoDO00ooO0Dooong [91]
0000000000 0000000 s¢ 0 D000000000000000(Ruoueseyqerey]
0o0ooooooon

0oO0o00ooooog 00000000 0000000 1]
osusOooopOeaer QgOOOOOO €S 0 000000000 00000D0O0  etowsun(

000000000000

D0O0D0O000O0(e)ooooooond

Dooooo 000 D00DO00oooo(oooooong
DoooooOooeer OQOpOoOO0O0O € L Dooooooooooooooo(n) [81] o3
0 0000000 0O0o000oO00Ooooon lid
0000000000 00000000 6 0 O0D0000000000000O00  preqoy
0o0ooo0ooo D00 00 000 UOIISONT) YOTRISOY 00

ERERN

ggbbobuogooobbooogoobdg ¢ O



23 J0oouooooon

0300000000000000000000000000000000
0000000000000 [1,10,11,17, 20, 25]0

Dunsmore D [11]000000000000000000000O000000
0000 47000000000000000000000000000000
000000000 000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000 Dunsmore 1000000
000000000000000000000000000000000000
00000000000000

Mantyla O Lassenius 2000 0 000 000000000000000000
000000000000000000000000000000000000
000000000000000000000009000000 230000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000 7% 00000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000 00000000000

10



O ooooooo [01]

0000000000 0000000 L% 0 00000000000000000  efowsung
0oooooOo 0oooooOo
OooDooooooo 0000000000 0O0O0oooo

O00esdipgeser QgQoOOOOOO ¥¢ 0 000000000 oooooooo (1] seqqy
00O

00 000000000 000O0oooo [21]

000000 0O00ooOoOoOo ¢ 0 0000000000000 ODO Q0 Rraoueseqerey]

oooooo ooooooooooo (14

0000000000 0000000 €2 6 0000000000000 oonoo RIAJIRTN

00000000 00O0o0oDoooog [11]

- 0DDD0ODDDO ¥ 0 00000000000000000  efowsung

oooooooOo OO0 OO0 00O TOTISINY) [DIRISNY 00

gog

gboobooooboooboon ¢ o

11



3. goooon

3.1 0O

goboobbuogdgbboobbooobbuoooobbuooboboboon
gbogoboogbbooobbuooobbogbuooobbooobbab
OO000ODJISX 0160 OO JISX0161:20080 0000 000O0OOOODOO
gbobodbogbbogobboobbooobboobbuoooboboon
gboobobgooobobodboboobbobobbobuobbobon
gbbogobbuodgbobboobboodobbooboboboobbooob
gbbogobbogobboobbboobobogboooboboooboon
gbooboooobbboooilgobooooon

gobogobogbbooobbogbbuooboboooboboobboon
gboobboboboobobooboboobobobobobobbobon
goboboobooboobooboobobuooboboboboobobobon
gboboodgbbuoobugobboobbuooobbooobbuoooboboon
gbobogbbooodgbbuoobobooobbobbooobbuoobobogn

RGO T— K (hello.c) gty ZHHOT— K (hello.c)
1. #include <stdio.h> 1. #include <stdio.h>
2. int main(void) : 2. int main(void)
3. { H 3.
L4. printf(‘Hello™); ] 4. printf(“Hello, world¥n”);
5 } 5 return 0;
6. }

75537 7 A )V (sabun.diff)

--- hello.c
+++ hello.c

A D EET AV
@@,Q@ Eﬁﬁ? {

HIRET - printf(*Hello™); ]
. T MT [+ printf(“Hello, world!¥n"):;
* - Bty - + return0; a
IR 2o [
010000

12



gbobogobboodoobooobbooobbuooobbooobbobooon
gbbbuooobobbbdoodgbobbooodobbboooobbbooaob

3.2 JUooooogooooobod

020 JISOO000000000O0O0O0O0OO0OOOODODOOOOobOOobOObOO
gbbodgbboodbbuoobobodobbuoobobbooobboooboob
oohooboobonoooboobooobbobbooboobooboot
gboboodbboooboobuoobbobbuooobooobooobboon
gbobogbobboooobbobbboobbuooobboobbooboboon
gboobooooooon

gbobobgobooboboboboobobuoboobobuobbobo
gbboodgbbuooobboobbuobouooobboobbuooobooab
gbobobooobodbobobuogbobobboobobodgbooboon
gboogobogdgbbooobbugoboogbboooboobooon
gbobogboboogdbbuoobobooobbooobbooboobboon
gooboboobooboboobobuobobuooboboboobobon
gbbogbugbooggbbuooobboobobboobbooobbooon
gboboodbbogbboooboogbboobbuoobobooobboon
gboboobobooobobobooobbuooobuoobbooboboooboboon
goobobbobbobobobobobobobbbbbdogoooooooobobooobobn

5. %17

_—

2. R R UMEIE T 4. fRFL Ea—RUZAN

\ P /

1.7'0 & ARG DR

6.V 7 YT BERE

02 000o0oo

13



gboobodgboboodbbuoooboooobuooobboobboooboboon
gbogboboodgbboogbbuooboboobboooboobbooob
gbbogboboodbuooobbuoobboodgbooobbooobobon
gboodgoubbgoboobuodgbogboobbobobobobooobbonon
gboboodbbogbbooobooobbuoobbooobooobboan
goboobbboooobobboooubbbooooboboooobn

3.3 U0

2000b00bo00bobogougbobuoobobuoboubobonn
gbobogboboodbbuooobboobuoooboobbuoobobboon
gooboboboboobobooboobobuooboboboobobon
gogbobuoooobbogboogboboboobobooogbobob
gbobodgbbuooobboobbuoobuoooboboobbuoooboboon
gboobogbbobbuogobbogbbooobboobbuoooboboan
gbobogobooodbbuogobboobbooobbuooboobooon
gboobobooboboobobooobbobobobobobobbobon
gbobodgboboobbuooobboobbuooobboobbuoooboboab
gbobogbboodbbuogboogboobbooobbuoobbooon
0000000000 0o0o00oo0oo0o0oooooooooooo 21O
gboboodgboboggbbuogbooobbuogobooobbuoooboon
gboodbbogoboooboboobbooobbooobboobbbooon
gbbodbbooobboobbobbooobboobbuoooboboob
gboboodgbbugobboobbuoobboogbboobboobboon
gbooudbobobodbobobobubooobobuobobobobooon
gboogbodgbogboudgbuboboobboboobbobobobbonon
gbobogobooodbobtooobuooobuooobooobbooobbon
gbbodbbooobboobbobbooobboobbuoooboboob
gbbodgbbodgbboobobbooobbuooobboobboooboon
gboogbobogobboobboogbbuooobuooobbuoobboon

14



goboodbbogbogobboobbooobboobbuooobboon
gbbodgbboodboobuoobobbooobbooobbuoobbooob
gbbodgbboodbbuobboodobbuoobuooobbuoobboob
gbboboooobbboooobboboooob
gobooobbogobooobbuobbuoobboobbuoooboon
gboboodgbbogoboboobbuogbooobboobbuooobboon
gbbobuooobbbuoodobobbbooodobobbod

15



4. 00O

4.1 OO

gboboobobodobbuoobboobboobbuoobbooobboon
gbobogbbooodbbuogbbooobbooobboobboobobooon
gbobogbobogbbooobbubboogbboobbuoobbooan
gbobogobbogobooobboobbooobboobbooboboon
gboobdobobobbooboboboooooboboobobobbobon
gbobodgbbuooobboobbubbuooobboobbuoooboboab
gbobogboboodbbuooobbuoobobboobboobbuoobbob
gbobogbooobboogbooobboobuooobboobbooon
gbobogobogoooobugbbuooobbuogoboooobbooon
00000000 Java/Swing0 OOO0O0O0O0OO0OOO0OO0DO0O0OOOOOOOOOO
gbbogbboobobboobbuobboobbuooobboobboob
gbooobogubuodgbuodbuogbuogbooboobobobobbob
goboobobbooogogobobobobboogobbbbioooooonon
gboobooggbooboogaoon

gogbbbooobbboooobbuoooobboooboobobobooon
OO00O00OIBM Rational OO O0O0O000O0O00OO0O0OOO0OO0OOOO0OODOO
gboboboogosguiboboogobbobuogoobbooogn

gbobogoboodgbboobbuoobbooobooobobobboon
gbobhoggbogdbbooobboogbooobbooooobbog 30
googobuodgbbggbotodb igoob 200boobbobooon
OO0O0000RQUOOOODOOORQIO2000000000D0000000
ORQUOODOODOODOOOODOODO

RQl1 RQl.1 O00OO0OOOOOOO0ODOOOO0ODOOO00O0DOOOO0DOOOoOoooOn
gbbbooobbuooobbooobbbuooobooobbo
gbbbooobbooobbooobbooobbooobbo
goooo

16



RQl2 000000 DO0O0ODOODOODOOODOODOOODOODODbOoOOO
gobbboooobobbbuooobobbbooooboo

RQ13 00000000 0ODOO0ODO0ODOOODOODOODbOOOobOOobOoOooDO
gobbobuooooboo

RQl4 O00O0O0O0OOODOOOOOODOOOODOOOOOODOOO
gboobobboboboobooboob

RQlLH O0O0O0O0DOOOO0DOOO0O0ODOOOODOOOOODOOOOOOO
googog

RQ2 RQ2.1 DOODOOOODOOODOOO0OODDOOOOOOOODOOODOODOO

RQ22 00000 OOODOOOOODOOOODODOODOODODbDOODOO
goooo

RQ23 00000 1000000D0ODODODODODODODODO
goobod

4.2 00U
4.2.1 DO00OO0OO0O0OO0O0OO0DOOO0ODOOD0 1.00

gobobbooobboooobbbuooobboooobJawvaDoononoog
OOobooboobooobob pCcObO0bO0OOOODODOUOOODODODO
gboogbobuobobogobbooobbooonobooobbuoonobooon
oboboob3gobobbobboboobuooboobobobboo

4.2.2 DO00d0drobooogn

gooobbbbooobboooouoobobbobiobboooooooon
ODO0000obOoboboboooboob Jwvab000O00OO0ODODOOODOOO
ObOoboobooobobboobooooboi13bbooboboobon
gbboooobbbooobbobbbuoooobbboooobbbooon
gbobuoooobbbuoooobobobuoooon

17



U3 buoggobbbooogbbboooobbon

423 DUOO0O0oooooon

ggobbiliogobobobbuoooobbbuooooobobbuo 40000
gboobobooobobobooboboboboobobobobbobon
gbbbuoobuogobbbuooobobboooobobbobbbuoooob
gbogobogobboobobbuoobobboooboobbogbboon
oboobooboooboo4b0booboobuooboobonboo

424 DOO0O0OO0OOOOOOOODODO

gbogoooobbuooobooobboobboobobooobboon
gbbogobbuodgobboobbuooobbboooboodobbooob
gbobogboogbuoobbobbuoogbbuooobboobbooon
gboobogoobobosuooboboboooobod

18



=5 01
I Z ppigsom/ R L1 DIEIE

| zE
EEAS: YOAN— IS+ 2AEOEEHEE DN B-AT T O EER T 1 RIVIICRTIN T D YOA0BEE LOEEFET .

KEwI: 7OAN—VILEF 0 A GOEERSDERMN ELILIBE T, YOAN—ILEF ) 2N BT ENDEERFTSINEEI TN,
KEBRH: vORF ) 2RO EERTENSTRUR e

EEM EE#

P -
)

sl
il

E.

-
-

AnAN

EINTN
o,

0.364

CIREERTNARI

=VOANREEFRERT HABEIICLE

o2 SADHTIHABNE w

XL
[l 13955711 (unified diffs)
01. | --- C:/Documents and Settings/vuichiro-y/workspace/reviewpaint/trunk/ReviewPaintMain.java HMon Jun @1 ©5:12:12 20809
02. | +++ C:/Documents and Settings/yuichiro-y/workspace/reviewpaint/branches/modify_cursor_position/ReviewPaintMain.java f
01:09:36 2009
03. | @@ -158,6 +158,12 @@
04.
05. jPanelCanvasPaper = new CanvasPanel(pt_pencil); // F+ AT SADER. T 24 FOA 2 Uy —ILOEE
6.
07. | + 11 F2 DA BTOAMRNIEDA <D FURF
8. | + jPanelCanvasPaper.addMouselistener(new java.awt.event.MouseAdapter() {
09. | + public void mouseExited(java.awt.event.MouseEvent e) {
10. | + jLabelCursorPosition.setText(""); // HERTAEA TS
11. | +
12. | * s
13. 1] TORIBEES - TORFS v SEOA <Y FURF
14. jPanelCanvasPaper.addMouseMotionListener({new java.awt.event.MouseMotionAdapter() {
il5 public void mouseMoved(java.awt.event.MouseEvent e) {

| =EOT7 (0

 EEEOTA AL  ZEHEOLR

o BE L _foranchesimodify_cursor_position/ReviewPaintiain java Side-by-side diffs
UUosIT G008le code VAT EOURLTY

04 00000000000

425 DO0O0OO0OOO0OOO

gbogboodbbuogbbooobboobbuoobbooobboon
ggboobbooodbbuogobbuooboogbbooobboobboo

19



81.| --- CanvasPanel.java  Mon Jun 15 14:36:56 2009
B2. | +++ CanvasPanel.java  Mon Jun 15 22:47:81 2809
83. | @@ -80,6 +58,9 @@

84, i

if (img == null) {

85, /1 BEOHA ATA A - T A EEAE TS

26. img = (BufferedImage) createImage(getSize().width, getSize().height);
e7. | ¥

8. | + S T AICHLL W S - VEREET S

89. | + ((Graphics2D) g).drawImage(img, @, @, this);
10. T

11. £F TMBRERA OIS

12. else

13. | @@ -102,5 +105,3 @@

14. 1 Fe I TAEBIRCT S

15. "

16. ublic void Clear

17.

18.

19. |+ P il

20. | img = null;

21. /F EEEA

22. repaint();

23. b

s ubooboon

B reviewaint —

e i
e —(

e et o e B st g
e 58 P
s 2 -]
" L

"
R T R .ELEN]
"

"
T avrnPosal oy (BEREGT LS 42070370
"

Wt AT b
e

1wt bl |

HATant uura v
eath = 1L o e final dea v

il -

L WESLIIABALABLR (aintfel ik SR T BN SRR BADALAE YA PaisiTesl i @RL T TR
Fablic Tainitost ptosi o

pslis FainiTeol
o amons

nBoR
e Peinath.Destia ol ney Peimd0besh a3 Fasiie iniibduatie sl nen Boinath.Oust

GomE 4 WG
e Peinatn.Dutla od + ney Feimd0besh el Basiie iniibduatie s1 ¢ nen Boinath.dush

InitFLeal) |
TAR AT NG TR

i maRaEs
ntBachprsand (s

HTIEAMTA b2
s .

L

1 aT A
rarinl 0

i
el vvan oviateint 4 |

S IEEEE EEERCT
#Lreiloaationte-antEl PLasibecatinele it eent01
1 aEm rwE

Tarin O ekt

it e
e s maii) |
1 BRDAXT A S F s EOBLT
Butfaredlvnend crostalonss (g0L51end o dih, entTizeld beibnds

e
i

i1
/BB ET
Ing = hultaradtare o

55 BORIT 2
(13 2a 110 1th, antS 2o bai

K Ar IR S - VYRR
((Beabicars) AT

T T
4 ERAs s " L

" N SeuAAREEG L =S ERET S
Q8 = lagerestabrast el

KOS g ERERAL
sl a2

DERLENT & (L FUENCT S #
Flocatisnist]:

IDEMTEET & (LM R
Locatiomist):

Y

Lz
icxt0) gh.drm

H B pARCEL L =S ERTT A
Uraanicato) 5 enting. . 0. thi

it Granrs |
77 RIE

U6 Dboogooobobodd

20




gbobodbuogobooobbooobooobooobbuoooboboon
oboebO0oDOO0O0

4.3 JUOO0O0

gogbbb4000b0boooobobooogbo4booobbbobuooon
OO0 GUIODOO0OO0oOoOooboooooooooolbo22003b GgUIODDOOODO
oobooooboobboooooobooobuooboooboooboon
gbobogbboodboobboogbbuabbooobbuoobbooon
godbbogbbuoboogbooogobsgobooobooobboli1non
gobogoo200d030bbboogobbuooobboooobbooon
gboboobil1gbgoboooboebuoboboobuoboboboobon
gbbogobbuogobbuogo2b0boobbuoodbbooobboodob
gbobbooobobbbooogbbbuoooobbbuooobbboooon

21



0000000O0000eoLuwed 000 OeoLiured 1T 0000 0000000 70
000

0000000000000000000000000

000000000000000000000(000)

0000000000000000000
0000000000000000000000000 o000
000000000000000000000(000) 01 0000 0000000 €0
0000000000000000000000000
0ooo0e6000O00O0O0O0O0O0OOOOOOO(O0O0)

00000000000000000 0oQ
0000000000000 0000000 O0(000) I 0000 0000000 @
00000000000000000
000000000000000000000(000)
0000000000000000000000000 oooooo
000000000000000000000(000) I 0000 0OO0OO0O0O0O0 10
00 00000 1no 0Dooo dl

gboboooodg v 0

22



4.4 0O

grvogboobobooboboobooobobooryboobob 30
gboboooobood

gbbogbbboobbobobobologbogboobobioooboon
gbobogobbuogoboooobbooobboooboooobbooon
goobbogloobbbbodoooobbobbuooooobbobboooon
gbodgbobodgbbooobbooobbuoobbooobboobboob
logbobodgbudgboobbobboobuooboobbobobbooobo
glotoooobbbooogbbobuoooobbboooobbobuoooon
gboboboooobbbuoooobbboooobboooob1obooon
gbooboooobbbdoooilobbogoobbboooobboboooon
ooooo

goboboboboobbuoobboobboodobboobboobboob
gbobodgbbuooobbooboobbuooobboobbuoooboboon
gbobogobooooboboobbobboobbooobboobbooon
gbooodgboboogobbuoodgb4bboobooobbuooobbooan
loo0bbooboobbooboobbooboobbobbooboon
gbboogbboodbboobboobboobboooboobbooon
gbobodgbboodbbuoobbooobbuooobbooboobooon
obh4000000000D0O0DOO0ODO0ODOODO

e OO UOOOODO

e DU UOOODLDDDOOUOOO

e JUUUOUOOLOLODODODO

gbbooobooboobboooobboboboobuoobooobobon
gbobodbbogoboboobbuoooooobboobbooobboon
gbbboodgobbbooodobbboooobbboooobboan

e OUUOOODLDDLODOUOOO

23



- 000000000 000OOoOODOO0OO0DO0UOUOOO(oooon)
— Java/Swing0 OO O0O0O0OO0OO0OO0O0O0O0O0DOOOOOODOOOO

— pbhoooobboboooobboooobobbooobbbooon
gbobooboobobbobooboobobboboobon
gbobboogobbbuoooobbboooooboo

— DO0O0DOOo0ooooboDboiloKLocoooloko O 1IMLOCOIMLOC
gbobooboog

— bDbboooobbbooodobbboo
e HUDOOODOUOODLOOODOO

— bbboogbboogobbooogbobbooobboooon
gobbooobbbooobbooobbbuooobbbooon
gbobobooodgobboo

— DoOooDbDoooooopCcOobbOPCcOObOOOO

- pobodoolobbooooobobodoo

gbobobobboodgbbuoobobboobbobobbobobuooobbodob
gbbooboogbbooobbuoboboobbooobbooobobob
gbobooobobuoobobobuoooobboooobbboooobbboooon
gbobogboboodbboobbuooboogboboobbooboboon
0000000000000 0000000 Java APIDOOOOOOOOOO
gbbooodbbbooobobbooodab

24



( Vzgégﬁ;§ﬁ>ﬁé> £FIETEENHE

WEREE S+
HIRTE e ML 2

NO

WEREE S+
HRTE e ML 2

?ég
Java/SwingZ4 73D F| A#ZER
NOF 774 V7| AR ER
BECENDRY T MIIPRE
TOYSIUTRER

|9=23 KR
( 7—7\‘/5\\/7“%53T> ———————— ]

U7 o0oogbooboooobood

9
.
B
W8
H

25



5. U

5.1 oo il1obuoboboon

ggboboblogbbbduoobobbooogbbbuooobboooon
gbbobooooobbuoooobbbooooboboboooobobon

e IUIDOOODUOISO
gboboobobboouoooobobbbbbouooooobbobbodgo
Ooboooobooooo“cobbooboobooobooboooobbg
ooooo"o“cbooboobobooboro“coobooboooo
OoO”000000000000b000

e HODOOODO420
gboboobobbbouoguoooobbobbooooooboboobbougo
Dbooboobbooboobobobbooboobbooboobn
Oobooooboooo“cboobbooboobooobo"o“coooobonog
ooo"O0D“00boo"oc“cobobobooobooboobobooboobOoong
ooo"0“0bo0b0oboboboooorgobooboboobooooooo

5.2 OOOO

gbogoboboobbuoobbooobbobbuoobbooobboon
gbbbooogobbooogbobuoooobbbuooobbbooogd

e JOTIO
gooboooobbboooobobboooobobooooon

e DO 1
gboboobbboooooobbbobbbuoooooboboobbougo
Dboobooboobgooboobobbobooboon

26



e 002000 10000O0OLDODLOUOO0OODLODLDDOOOOOOO
gbobobobbbouoooobbbbbbduooooobbobobboado
oobooobooo“cbooooboooboboobobogoyoobboouboo
ooooooy,“cobbooboooboooooy“cooboooboouonbog
O7"0oodboo0boooboob 20000

53 UUbO0buoobobboobobboooboobobboob
(RQ1)

gbobooboboodobbuoobobboobuooobodobbuooobboob
gboouoodgobobogo

gspglobi24bleooooobooooooooooobobbbonogo
gobbodbudgbbogbobogbobogbboboboobooboooboonon
gbobogboboogdbbuoobobooobbuoobobooobbooboboon
gboobobooboboboboobobooboboboboobobobon
gogbbbuotoodgbobobuobooobouobobobobooboobn
gbobogbbooobboobboooboobbooobbuoobbooon
gbooboooobboboooan

gobligoisgivgbooogoooodgbbuoggbbuogooooon
gboobobobobboobobooboboobobobbooobobon
gogbobuobuoobgbobodbobobobooboboboobobn
gbboboooobbboooobbbuoooobood

gsgedrosponuooobobooboooboobobuooboboonbo
gbobogboodgbgobobodguboboboboobooboboouon
000000000000 000000000S% 0000DoO0O00O0O0O0O0
goobobooooovubooooboboboboboobobobobon
0000000000000 000000000000O0O00000 5% 000
oooo*D 1% 0000000 000000000000

27



5.3.1 00000000 (RQL.1)

ggbbuggbobugobbuoobobooobbuoobbuoobbooon
gbobogobooobbuooobboobuooboboooboboobbooon
gboboodbbuogobobooboobbooobboobbuooobboon
gboooboooobobboooboboboooon

gouobobdgobobobboboboobuobobooboboobo
gobboboooboolbozuodouobbbbbbbotboduooooooonn
gboboodobbooboogbboobbooobboobbuooobboon
g2000000000b0goooobobospo4bogoboboooboogn
gboboodobbogbooboooobobooobbuoobbooobooobboon
Doboboobooboo200000000000

gsbbuggbbuggbbuobobuooobbobbooobbooon
gbbogobbuooobbuoobboobbooobboooboboboon
gbobogoboodgbobooobbuooobbuooobuoobooooogn
gboboboooboobobobuooooboboooobboooobbbooon
oboboboboo

28



Fhix 15 47 V=7 Mam: 18 T Ofth: 42

g 5 o
_ o | B FHmeA
R ® & A7y =7 MER
£ Q-3 2ot - o
ﬁ%" 8 - : o o o
' | o
:L‘ I | o = — O -— o o o o
N omas Bl mel Zoi
= e TE] T .
. T T T T —T T T T T —T
7245301 724702 745303 7245704
08 ogooboboboooooobog
HEEO O 0 2 0o 1 5 0o 1 3 0o 1 2
FRfigfE1 4 15 36 2 7 17 4 12 23 5 13 28
PRARE2 1 3 4 3 10 20 1 5 16 0 4 12
o
S
o | O Hfigfeo
® O g
o W FfERE2
— © 7]
9
= o]
<
o |
N
o 4

pro ”obj oth pro ”obj oth pro obj oth pro obj oth
=401 #4702 #4703 7=45304
pro= Fix®: 5 obj= A7 Y= MEf: 18 oth = zofh: 42

U9 bobooggpoobogd

s 0bodoodboodbooooodoodoogogn

pUd

oood
oool 0OO0O02 DOO03 0004

DDDDDD|DDDDDDDDDDDD 0.411 0.320 0.539 0.387

ooo 0.673 0.953 0.873 0.690

29




5.3.2 Java/Swing 0000000000000 (RQL.2)

0100 Java/Swing 00 0000000000000 0OO0OOOOOOOOO
O0000000Java/Swingd APIDODOOOODOO 0100200300 Java/Swing
gogogoguobogogogooogooogooooooooooooon
O00000000000000000000Java/Swing0 0000000 040
O Java/Swing 00O OOO0O0O0O0O0OOO0OOOOOOOOOOOOOOOOOO
gbbobuoooobbobuoooobon

0110 Java/Swing 000 O00OQO0OOCOOOOOO0O0O0OOOOOOOOOOO
000000 03000000Java/SwingD ODOOODOOOOOODODODODODODO 2
O0000000000000000O0 0100200400000 Java/SwingOd OO
oboboobooboobooboobgo200000000000

060 Java/Swing 0 0000000000000 0O0DOOO0OOOOOOOO
gbobogbbooodbbuoobbooobbooobboboobobooon
Doboooobobouvooobogboobosboboobobobobooooonon
gbobhoooobbboooobboobbuooobbboooobbboooon
obobooboobooboobon

30



LB = —BEE (4]

[%]

BB L 32 Bk & 0: 30

8 - Q o
o | & Bl
Co B xRS
o _| o o
<
S o o o
& T 8 ° — : 8
- ] = 1 B — 1 = (- ==
. T T T T T T T T
724301 754702 74703 7245704
0 10 Java/Swing 000000000000 O0O0OOOOOO
PEMEEO 1 0 3 2 3 0 2 1
PIfREE1 26 27 11 14 19 19 21 23
PIfEEE2 5 3 18 14 10 11 9 6
8 _
o _| [mEsidicA]
© O FRfR A
o W g2
S
o _|
<
Q
o
inExp Exp inExp Exp inExp Exp inExp Exp
#4301 #4302 #4303 #4304

inExp=f&izze L: 32 Exp=itHraL: 30

O 11 Java/Swing 0000000000 DOOOOCOOO

06 Java/Swing 00D 0000000000000 O0OOOOOOOOOOO

EEN

p4
Ogoolr OOo2 OO03 O0Oo04

good

oooo0o0 (0000 vs.oooo 0.352 0.459  0.047*  0.197

ooo 0.708 0.630 0.342 0.592

31



5.3.3 000000000000DOOO0O (RQ1L.3)

g12ddbbobbddggoooobbbbbuoooooooooooDon
gbooboobobooobboooboogbbuoooboobbuoobbooon
gbobodgbogobboooboobbbooobbooobboonooboon
googbboobodgbobbobooboobboobtoosgo4bobbon
gbboodgbboodbbuooobbooobboobbbooobboob
gbobobooooboboboooobobbdao

UBgbdbogbobogobbobuboobbooboobooboobn
gboogbboobodgbboobabobooigo2nio4dbbobobobogn
gobogoboobodgoboobooobbuooobboobbooobobon
Dbobooboobooboob 200000000000

grvogboboboobobooboboobuobboboboooobo
gbobogbbooodbbuoobbooobbooboobbuoobobooon
ooobobvdbooooooosbooooboboobobobobbooboon
oo30booboooboooboboovbooboobooboobobooobon
0000000000000 000000O0000000O0 % 0000000
gbboggobboooobboobbuoobbboooobbboooon
gboboooobbbuoooobon

32



RER - ik Lo 15 HIFk D I8 V. 32 #RER - FEkdH 0 15

S a °©
o | oam L
R ° B HEHROAD D
= Q- O @8- KEs Y ° o
ﬁ%‘? S o —_ -— o0
7 o | : o : ° o
p S s ' - T2
N i - - T e
®7 =mpmre !gg T e
e I I I I I _;— I I I I I _;—
34501 #4302 #4303 34304
012 0000000000000 ooouooooog
BMREE0O O 0 1 1 2 2 1 2 0 11 1
FMREE1 14 27 12 6 14 5 1 18 9 1M1 22 11
BRE2 1 5 2 8 16 8 3 12 6 3 9 3
S _
o m Pl
o O B iR
W EfRE2
8 -
9
- o _|
<
- B
] L] [ ]
A B C A B C A B C A B C
725701 724702 745703 745704

A =iz - e L 15 B = miiosndbv: 32 C =% - i/ L: 15

U 13 0bbbugogobbouogoboood

U7 0000o000o000ooboodoodoodonogooooooog

pU
ooo1r OOo02 OO03 0O0O04

oood

000000000000 0.185 0203 0.014* 0221
0000 v.s.0ooo / / 0.019 * /
000000
0000 v.S. 000000 / / 0.009 ** /
0000 vs. 000000 / / 0.294 /
ooo | 0560 0916  0.683  0.890

33



5.3 000000000000O0ODOOOO0O (RQ1.4)

UuM4bgobobooboooboooboobboobbobbooboo
OOoboooboobbooboboobooboooookKLocooooooooo
gboboodgbbogoboobogbbuoboboogbboobuoooboboon
goobobobobobbibddooooooooobobbooggo o224
gbbodgboodgbboooboobbboodobbooobboobooob
gbobooogobood

giggoobbbbotoddgooooonooobobbbooooooonDn
OOoo0o0obo0obobOob o4 0 1IMLOCODODODODODODOOO
000000000 20000000000000000 0200300 10KLOC
ODOO01K-1IMLOCOOODOOOOooOoooooooooooooooooo 2
gboboooobood

gsbbogoboooobbuoobbuoobbuooobbuoobboon
gboobogbboogdbbuogbbooobboooboobuooobooon
gboogdbooobodgbogoboosgobuogbbooboonobodoon
oljgo0o3bob0obobooboobobvugboboobooooboboonbg
OO0OobDOooodogd 10KLOC OO0 10K-1MLOCO 10KLOC O O O 1MLOC
0000000000 5% 0000000000000000000000000
gbobobuoooobbboogoobbbooooboboboooobbboooon

34



10KLOCLLF:8 10K-1MLOC: 35 10MLOCLA | 16

8 o -
o _| B 10KLOCLLTF ;
® © | = 10K-1MLOC !
5 § .5 IMLOCLLE - | o
ﬁ%" S o : o
o
N ! R ! . e - -
e WS T e S,
o - - - -
I I I I I I I I I I I I
724301 7245702 745703 7245704

014 goboobobbobooboobooboobd

HREQ O 0 1 0 3 2 0 3 0 1 1 1
PRfEFE1 7 31 12 2 15 8 6 19 11 6 26 9
FRFE2 1 4 3 6 17 6 2 13 5 1 8 6
o
3 4
o _| O HfEFE0
o O 3B fF
o W P2
—_— © 7
2
- o
<
o _|
. [] ] B
.. NN ]
A B C A B C A B C A B C
Z=4501 #4502 #4503 #4504

A= 10KLOCLIF:8 B=10K-1MLOC:35 C = 10MLOCLL|: 16

U 15 0bbobouggoboboooooboobooad

08 0Doboooooooooooodooooooodbooogooodgodn

0ooo pH
0ool 0002 0003 0004
000000000000 0.002 ** 0.018 *  0.130  0.042 *
Cunonp | WOKLOCOO VS 10K-IMLOC | 0.002 % 0.006*F  /  0.016 *
10KLOC OO V.S. IMLOC OO | 0.006 **  0.019 * /0035 *
10K-IMLOC V.S. IMLOCO O | 0.056  0.778 / 0.661
000 0519 0587  0.774  0.396

35



5.3.5 0000000000 0ODOOO (RQL.5)

glebooobboooobbuoogbbooobobboooobbooon
gboboboooobbsoogbbobuogogbboboooobbobuoooon
gobobobbbouogoobobbboooooobo. oogo o304t
gooooogooobooa.

Uilrogoboooboobbooboobboobboobbooboo
olbo3gbboooboogbbstibbuubbuobboono200000
Oohogboooobogo2oMdbbooobbooobbosboobboon
gboobog20000000400b:0

gobibuooobbuooobbuooobboobobbobobbuobbbooon
gbboodgbboodgbbooobbboobbodobbboobobboob
ooobvdboooboboboboboobobobobooooboobn
gbbhoooobbboooboobbbuooobbboooobbboooon
gboooboogoobboboooon

36



SRR 27 54ELL |- 38

38 ° °
_ o | ok
R | B oL
= ° °
ﬁ%r’g_ [¢) ) o o
(¢}
58— 8 o o o o o e
N - : - : - - e -
] B E=E LComEm == O
e I T T _;_ T T T _;_
#4301 #5702 #5703 #2704

016 00boboooboobooboobobo

HARED 1 1 2 4 1 3 1 2
HfRE1 23 32 11 15 18 21 19 27
HRE2 3 5 14 19 8 14 7 9
(=]
8 -
o | O Hf#E0
® 0 AR 1
5 W 2
—_— © ]
S
.
<
S
N

0
L

L5 H5 L5 H5 L5 H5 L5 H5
724301 724702 7243703 7245704
L5 = skt : 27 HS5 = 541011 38

Ulr oobogboobooboobob

09 000000o000o0oooooooonoooooooonnn
pQd

ooolr 0OO02 OD0O03 OO 04

oOooooo (5000 V.S.5000 0.848 0.492 0.529 0.314

oono 1 1 0.649 1

oood

37




54 000000000000D00000000000000 (RQ2)

gbobogbboodgbbuoobobboobuoobbodobbuooobboob
gbobooggoobon

U 1wpo20u220000000000000o0bbboobboogoooon
goodboodgbogbooigg2ig2300ooooggoodgooobogn
gboboboooobbuogobobbuooobbooo iognoizoooooobon
gbboodbbooobbodobbuoobobboodobbooobboobbob
gbbodgbboodbbuoobbuobbuooobboobbobboboob
gbooooooon

5.4.1 00000000000 (RQ2.1)

Uspoobooboogboogbooobooboboooboobooboon
gbooboooboobobobooobuobboobobboobobooooon
goipobboboobbbououoooobbbbbbbtbooooooooobn
gouboggbozbosbogbbuobuooboboobobuooboboon
gobobobooobboooogo4tpobbbbobbbbboodogooooon
gboobobuoggobobboooobobuoooobood

Upyoooobbbboddgooooobobbbboodooooooooo
oboobobgoooboboboobgoob2000b00b000b0b0bObOn
gbobh200000000b00000b0b000booobbuooobooon
gbobogobbogobbooobbooobboogbbo20bbooan
gboobobobog20d0obobbooogooboooaobon

globobobooboobbobbobboboboobbobboobobon
gboboodgbbboooobbuoodobbuoobbbuooobboooboob
gbbogboboodbbooobbuoobbuooboboooboobbab
gboboogobbbabbuooobobobuooobobboooobbboooon
gbooobooogooood

38



FESPHULT WG SR

28 12 23 25 10 13 14 12 26 20 14 26
3 o o
_ o | B Ehfn
R®C | =y
E Q H & EnEl © o
ﬁ%l? S o o o o o
L‘ < o o o o o e
N o o o T — o T
°1 mEeD mmsn— EEEC mEnTs
o —_ — —_ — — — JRFIER——
T T T T T T T T T T T T
#4501 #4702 #4503 #4704
018 000o0oooooooooooao
HfEFEQ O 2 0 3 0 2 1 1 1 2 0 0
PRARE1 26 8 20 12 3 1 10 8 14 13 10 20
PRRED 2 2 3 10 7 10 3 3 11 5 4 6
o
S
o O FRARFEO
@ O PRARFE1
o | W P2
— [¢e]
g
= o]
<
N
. == . .

A B Cc A B Cc A B C A B C
724701 724302 #4703 7245704
A=zx5 B=wh C=E1

019 00Obogooboboooon

U 10 Joooboogdooboogoooboodgodooood

pd
Ooo1 OO02 OO003 OO0 04

good

gbooog (booboooboobooodg 0.835 0.831 0.772 0.249

ooo 0.075 0.065 0.617 0.508

39



5.4.2 000000000000000O (RQ2.2)

g2ob0boboboobogboboboboobooboobbobbobn
OobooboobopCOb00bObObOODODbDObOOODObDbODODODODO
OOobOO0bOobo0O0obOobOobobobooooooDobOoboooo pCcODO
gbooboooobobbooooboboogobbbuooonoon

g2100000b0boboooobooboboobobobooobbg ol
c2000000000DbO0O0bOOO0bODOobOOobDOobD 20000 PCOOOOD
OOooboob0oobooboobboooobooogboobo4boonD pPCO
gbobogboboodbboodob 2bd0obbooobboobboogn
gobo2000000000000:0

g1logoboooboobboobboobbooboobbooboo
gboobodgbboodbbuobboodobbuooboobbuoobbooon
Oobooboobboobboooto4bbbooobbooobbooobbon
gono4biboooboboboboovboboboooobobosgnbon
pCOPCODOOOOOOOOOOS% 0ODOODODODODODODOOOODOOODODO
gboboobooobooboobooboobobboobooboobon
gbobooaobo

40



#%:18 PC:35 ifif:4

8 o [9)
o | B &K
S = e
£ 9 3ms - —
ﬁ%?g_ o o o o — i
53- o __ o o - og -
Yol e e | Wl oo
e me | = D=
° T T T T T T T T T T T T
#5701 #4702 75703 #=5704
020 00boobobbooboboobooboobd
PRIEREQ0 O 1 0 0 5 0 0 2 0 1 2 0
PR 14 31 4 6 14 3 13 20 3 14 24 4
PRfRE2 4 3 0 12 16 1 5 13 1 3 9 0
3
o O HifigfE0
© 7 O HfifE
o W 2
—_ © 7]
3
= o]
<
(<
«
o -

#4702 #4303
#%:18 PC:35 wiys:4

021 ODOO00OO000OO00bO00b0o00b0o

O 11 doououououooouogououooodooododo
pUO
ooolr 0002 0003 0004

gooo

000000000000 | 0146  0.677  0.001 **  0.049 *
0 V.S. PC / / 0.001 **  0.065
oooooo
0 V.S 0o / / 0.930 0.388
PCV.S. OO / / 0.023 *  0.056
ooo | 0.371  0.200 0.506 0.776

41



5.4.3 00000 10000000000 (RQ2.3)

g22000000110b00b0b00b0o0boboboobbuoobboon
godbobolpo2idioooouuuuogg oobbobbbobobbb
gobobbobobuodddooooooobobbogosbo4doooonon
gbooboglobbbooodobobbogogbbboooobboboooon
gooo

230000040 l1o00bobbobuoooodobbbbboooooon
gbboboooobbbuooobobblogbbboooobbboooon
gboboboogobboboooobbboogo20bbbooooboobobod

g1i200000bloboobbogoboonobuognooobboboon
Oob0oooboobobooboobooooooooboooboooboobobovunon
gbbogboboodgbbuooobbuooobbuoobbobbuobboogn
gbbobooobuoobbobuoobobobuooobobboooobbboooon
gooobodgg

42



TS 18 AfkeE: 42

o |
=TT
B C | B =HESL
E 9 ° °
ﬁ%" [ o o o o o
o
jr_‘J 8 1 —_ _?_ 8 o o)
N o | - : - - - - - -
1 B = COE O O
o - - - — — - . —_
T T T T T T T T
#4301 #4302 #4703 #5704
022 gddobbiliodbobbboooobbbuoooon
PR 2 0 2 2 0 3 1 0
PRfEEE1 13 37 5 21 10 26 12 32
PRfgEE2 3 5 11 19 8 13 5 10

100

O Hf#E0
mES ey
W 2

80
|

[%]
60
|

40

20
|

0
|

DO HL DO HL DO HL DO HL
7245701 724702 7245703 7245704
DO = mirEs: 18 HL = 4fkfEsk: 42

023 0b0booglobbobuogoobbooogoooo

012 goodolrooodoooogoonoooooodoodoognd

pd

oood
goor 0OO02 O0O03 OO 04

oooooo | oooQooo vs.oooooo 0.735 0.786 0.837 0.356

oood 0.141 0.235 0.504 0.358

43



5.5 JUUuUonogn

gbobogoboodbboobbuoobbuooobooobbobboob
gbbobuogobbbuogobbbuooobobbbooooobobodan

U gobbobbbbdugoooooobbboobbbooooooon
gboboodgbbogoboboobbubbooobboobbuooobooan
gbobogoboodobbooobbboooooboooboobbooon
gboooooaon

UnM4oogoboobboobboooboooboobboobbooboo
gbobodgbbouooobbooboobbuooobboobbuoooboboan
gboboboogdgboboooboboooobboooon

44



96e'0 2680 98,0  S8L0 | 0ODOOO'SA ODOOOOO| 0000100000
9600 « €200 / / 00 °'SADd
88€'0 0860 / / 00 'SA O ooo
G90°0 %% 10070 / / Dd SA O JHbbnbbbbbn
« 6V0°0 5 10000 2290  9PTO 000000000000
6720  TLLO 1€8°0  GE80 000000000000 DO00oo0oo
PI€0 6250  T6F0 8PS0 0D00¢'SA 000¢| 000000000
199°0 / 8LLO 9500 0 ODOTINT "S"A DOTINT-MOT
« G€0°0 / « 6100 4% 9000 | OODOTNI 'S'A OO0DOTIOT Doooo
% 9T0°0 / 90070 45 G000 | DOTINI-MOT "S'A 0D ODODI0I | DO00D00000C
«CHO'0  0ST°0 4 8T0°0 x4 G000 000000000000
/ 7620 / / 0DO00000'SA 0000
/ s 60070 / / DO00000'SA 0000 O 00
/ « 610°0 / / D000 'SA OOOQ| 000000000d
1220 % ¥100 €030  GST0 000000000000
Doooo
L6T0  LV00  6SF0  TSED 0000°'SA 0000 4440 Sumg/enp
L8€0 6850 0TE0 1170 0000000000oon 0ooo
F0 00 €00 coO00 1000
0d 0oooo 0oooo

oboooooobooobog et g

45



8G€E0 70470 geeco P10 gogorooogn
9LL°0 9090 0020 1L€°0 gobooooogobo| oo
80470 L19°0 G900 GL0°0 goobod
I 6790 I I gobobooboooon
96€°0 V2.L°0 L8970 61¢°0 | DOoDOOobOobOobOoboooboon
068°0 €89°0 916°0 09¢°0 ggboobouoogoon g
6690 ereo 0€9°0 80L°0 000000000 Sumg/eaef
069°0 €L8°0 €46°0 €L9°0 goo
oo €00 codn 1000 good

gbooooodgoo vr 0O

46



6. OO

6.1 Dboooooubobbboboooubouobobo
(RQ1)

RQIUDOODOOOODOOUODOODODOODODODOODODODODODbObOODODO
gbouoboobobboobgoooooboboobobobooboboobon
gbbogbuogdbbuooobbuoobobbooobboobbuoobooon
gooo

6.1.1 000 (RQL.1)

sllubugbbooouobobouoobboobuoobboobuoobon
gbooboboobooboboobobobobobobobobobobobon
gbbodgbboodbbuoobboodobbuooobbuoobbuooboob
gobbodbbuggbbuooobboobobboobbooobbooon
gbgooboobobbobbooboobuobooboobooboob o1b
c200gobogbbuodgbbuodbboobbooboboobboobbodan
gobogobobooobbooobbooobobooobbo20bbboon
gboobgogo4bbbooboobboobbuoobbuoobboon
gbbogobbodgobbooobbooobbuooobbooobbo200
gbobogbobogbdudgboboobbooobbooobboobbooan
goodboobboobogbogbobbobooobboobooboonon
gobogoobogo2zbbbogdbbbooobbooobboon o3do4n
gbbodgbboodbbuoobboodobbooobbuobbodbooob
gbbodgbboodbbuobuoobboobbooobbuoobbooon
gbobobooobobbboooobbobuoooobbbuooobbboooon

47



6.1.2 Java/Swing0 00000000 (RQ1.2)

532000000000000 01002003000 Java/Swing0 000000
gbobodobbuooobboobbuoboboogboobbuoooboboon
000000000000 0100300 Java/SwingDOOOOOOOOOOOO
googboogbogbooboogbboobbobboobbobobobbonon
OO0 010020030 Swing APIDODOOO GUIODOODOOOODOOOODOOOO
ODOO000DO0O000bO APIDODOOOOOODOOOODOOOODODOOO
gbouboobodgbobuogboobobuoobbobboobooboonbn
OO0000Db0o0oobo0obobogD swingODODOOOODOODOODOOODOODO
goboodbbogoboobboobbooobboobbuoooboboon
gbooboooodgbbbod

6.1.3 00000000000 (RQL.3)

sl330bugnbugunoboobuoobboobooboboboobn
gbobogbogobboooboobbboodgbboobbuoobbooan
gooboogbboobogbbooboobbooobbooosbo4tnon
goobobooboboboobobobobuoooboboboobobon
gbboboboodgbboobooobboobbooobbooobooob
gboobodgbbooobboobbubbuooobboobbuoooboboon
gbobobbuogobooobbooobboobbooobbuoobboon
gbobogbobooodbbugbobuoobbuogobbooboboooobbon
goboobobobgoobobobobooboboobobobobobon
gbobobooodgoboobod

6.14 000000000 ODO0DOOODODOOOOOO (RQ1.4)

34000000000 DODODODODOD 10KLOCOOOODbDODO
OO0000DbO0ob0obOob00oobOoD okKocooooobuoboboooo
googoboggbboobobooobooobooobbuoooboboon

48



goboooboio4tbggooobobbbobbbiboooooooonon
ODOoOOOoO0OooDooOoOoobooooooboookKLocoooooooooo
gboudboboudgbogbbobobuoguoobuoobuooboobobooonb
OoboooobolokKLocooooooobooobooouoboboobooboobo
gbobogboboogbbooobooobboobbuoobuoobbooon
gboboboooobbb20000bobobooooooboood

6.1.5 000000000 (RQ1.5)

3500000 bOOobOobOonboobo4bbosbbobbonDbonb
gbbogobbuogbbuogobbasibbooobboooobbooon
gbobodgboboogbbooobbooobbuogobboobboooooan
gbobogboboogodbbuoooboobbuooobboobbooobbon
gooboboobooboboobobuobooboboboboobobon
gbboggbbuoobbuoobbuooobbooobbooobbbsodn
gbostogdboboggbboogbbooobboobbooobbooon
gboboboooobbbouoooobbodao

6.2 00000000 DOO0O0ODO0ODODODO00000000D0 (RQ2)

RQUUDOODOOOOODOOOOOOOOOoooobooooobboooDoDo
gbobbooodbbooobobbugbobobooobbuooobbooon
goobobboboboobobbbbbbogoooodooooobbbobooboobbb
gbooobooboobogboobuodboobobobbobobobboon
gbobooboodgoboood

6.2.1 000000 (RQ2.1)

s410b00obOooboogbolm4tbooboobuoobooboon
go2000000000b000b000o0gogoo2bo3bboboobogn

49



gooboooobbobogoobobooooobobboooooboboboag 2
obooboboobboobbooboboooio40obboobuoobboon
gboboodgbbuooobboobbuooboodobbooobboobbob
gboboboooobboooobbobuoooobbbuooobbboooon

6.2.2 0000000000 (RQ2.2)

s4200000pbboboboboolbo2bbbbuooobbboooooboon
ODoOo0oooooooooopCcOO0O0bObOOoOOoDbOOO0ODOOODbOOO
20000000000 O00O0O0O0Oo o040 PCOODODDOOODOODOOD
gboboodgbbuooobboobbuooboboogboobbuoooboboan
g2000000000b0b00b0bbogobobooobbuooobbooon
OOobOobooOOobOOopCOODOODOODODOODOODODOODODOOO
Dbobooboobooboobobbobbooboobooboobob

6.2.3 00000 1.000000 (RQ2.3)

4300 0b0Ob0O0obbOobOobubDboobOobOooo0oIobobOoOon
gbooboooboobgobg200bogbogbogoaobaob o020
o3dbbbbbougguodggolmo4bbbouoooobobouooonoooo
gooboooobbbooolobbgoobbboooobboboooon
gobogboobo4bbOo0boboobboobboobbooobooobboon
gbbogboboobbuooobbuoobboobbooobbuoooboboab
gboboboooobbbuooobbbuoooobobooooobobodg o0
gboobooooobobboooobobuoogobood

6.3 U0

gbobogoobuooobooobooobboobboobbuoobboon
gboboobooboobodgbogbouogbooboobooboobbonob

50



000000000000 0000DO000000O0b0b000D00 Swingd OO
gbboodbbuootobbooobbuoobboobboobbooobboob
gbbobuoobobbbooobobboooobbboooobbbuoooaon
gbobogobboobboooboobobuooboobbooobboon
gbobogbobooodbboobbobboogbboobbuoobbooon
gbobogbogobboooboboobbuooobobobbuoooboboon
gbobodboodgbboodobbuoobobodobbuooobboobboob
gbbogboboodbboobobbuooobbuoooboboobbooon
gbooboodgbuogobooobbooobbooobbobuooobbooon
gbobodboogbbooobbogbboobbooobboobbooon
gbobogobooooboooobbooobbooobboobbooon
obobooboobooboobobboboobooboon
gobooobuoobboobbuooobbdabboobbuogbboon
gbbogboogbbooobbuooboobuooobboobbooon
gbbobuoooobbboooobboboooobobuooon
gooobboboooboboogooboobboooboboooouoooon
gboboobgooboboboboobooboobobbobooboobon
gbbogbooobbbooobbuooobbobboodboobbooob
gboboodgbbuooobbodoboobboogbboobbuoooboboon
gooobobobboobbbbbbdogooooooobbboboboobooobobbDb
gbobogobobboogbbuoogbbbooobobaobooobbooon
gobogoboooboboobobooobobboobobbooobbooon
gobobobbbbbuoduddgooodgooooooobobbbbbbbbb
gboboodgbbuooboobbuoobbooobbuoobbuoooboboon
gboobuogobbogbbooobbuooobbuoooboboobbooon
gboobooooooboooobbooogn

51



7. 0o

gobodbbuogobbooobbuoobboobboobboooboon
gboooboboggbbooobbuoobobooobboobboobbooon
OO00bO0o0bOo0ob0obOooboobbo0oobooobobooboooo GUIDOOoDO
gbhbooboooboobooboiloubbodbbooboobon o0
goboboboobbobobooodo ooboboboobboboon
obooboo40b000boboobooboboboboobobbobon
gbobogbbuogobbuoobbuoobobboooboobbuoobboogon
gbobodbbuogobbogbbuogoboogbbooobboobbon
gbooooooboobooooooon

gbboogboodbboobbuooboboodgbbobooobboob
gbobobuogbobobuogbobobobuobooubobobobobob
gbuogboboobbooobogbuoobboobboobooboobbboo
gboobogbooogbboobuoogobboobobooobbuoobobobooaon
gboobooooon

4000000000000 DO0DbObOODeO0DbODbODLODODbLOnOO
gbbodgbbogbboobboogbbugbbooobuoobobooon
gooouobobobiboooooubobbbbbiodoooooooouoooon
OooboobobobodJaval 00 00oogboooobooboobuonoon
gbobogobooobboobbooobbooobbooboobooon
gobogbobooboboboboobobuobooboboobobon
gbobobobuogdgbbuoobobooobbuooobboobuoobbooob
gboobodgbbuooobboobbuoobbooboobbuoooboboon
OooooooobopCcOb00ObOO0bOOobDObDODODObDObDObOObOOOO
gbobogbuoggbbogobooobbuoobooobbugoobooon
Ooo0ooo0ooooooboooooooOooobo pCcOOoObOOOOODbOOO
gbbbuoogoobbbuooobbodo

gbobobooobobobobobobobobobuobuoboboboo
gbobogbbooodgbbuoobboobboobbooobuoonobooon

52



godbobooboobobuobogbobobuoobouooobobobobon
gboboodbbuootobboobbobboodobboobbuooobboob
gbboodgbbuooougobboobbuooobboobbuoooboboon
gbobogobbuogobuboobbuoogbuooobobooobbooon
gboboodbbogbbooobooobbuoobbooobooobboan
gbobodbbogobboobbuoooboobboobbuooobboon
gboobbuooboboodobboobbooobboobbuooobboab
gbbobbuodgbobooobbooobbobbooobbuoobbooob
gboboodbboobboooboogbboobbuooobooobboon
gbobooogboboboooobbboogboobooon

gobogobooobboobboooboobooobooobboon
gboobobooboboobobooboboboboboooobobon
gbobodgbbuooobboobbuobobooobboobobbooboob
gboogoboobbuooobbuooobboobbooobbobbooon
gbobogboobbogbobooobbuooobboooboboobbooon
gboobogggooobod

33



00O

gbbobobuogboobboobobuoobooobbbooboobobon
gbobogobbuogobbooobuoobbuooobbuooobobooon
gooobodgd
gobogobooobboobobooobboooboobbooobboon
gbbogobbodgbobboobboboobbooobboooobbooob
gbbogobogbobboobbooobbooobboooubbooon
gbobodgbbuooouooboboobbooobboobbuoooboboon
gboobooooboboooobo
gobogoboodbboobbuoooboooboobbooobboon
godbobobuobodbobobobobobobuoboobobobobob
gbouogbobudgbboobuogobbooobboobobooboobbob
gbobogoboodobboobbuooobooobobobooobboon
gboobodgbbooobbogbbuooooooboboobbuoooboboon
googbboobobbdodgbboobobuooboobboobuooboonon
gboboooobon
gbobogoboodbbuoobbuoobobooobobobooobboob
gbobodgbbouoooboboobboobbuooobboobbuoooboboan
gbobodbboogobuogobboobbboobbuooobooobon
gboobodgbbogobbobboobbooobboobbuooobboon
gboobobobobobooboboboobobooboboobobon
gbbodgbboobbooobboogbbuoooboboobbooobbab
gboooboogog
gbogbbobobobbobbobobobobooboobodbobobbon
gbobogoboodgboobbooboboogbbooobbobbooon
gbooboboobobobooboobuobooboboboobobobon
gbbogboogbbbooobbuoodoubbooobboooobbooon
gboboboogobboboggo
gbooboobobooboboobobd Mike Barker DO OO OOOOO

o4



gbobodbbogoboboobbuooobbooobbooobobooboon
gbooboooogd
gbobogoboodgbboobbuoobbuoooboobooobboon
gbobogbboodbbobbooobbuoooooobbuoobbooon
gbbooboooooboboooobbbouoooboboboooobbon
gobogoboodbboobbuooboboooboobboobboon
gbbogobbogudgbbduoobbooobboooboobboodob
OpCOO00D00OO0O0OO0OODOODOOOODOOOOODODOOOODOLO
gbobogbbooodbbuobbuobbuoooooobbuoobobooon
gboooooggoobogo
gobogoboogbboobbuooboboooboobboobboon
gboobobooboboboobobuooboboboobobobobon
gbbobuooobbbuooobobboooobobon
goboggbobodobboobboobboobbooboboooboon
gbobogbobooobboobboogbbuoooboooboobobooon
gbobogobbuodbbuogobuoobbuoooobbooobbooon
gboobooobooboboobobobooboboboobobobob
gbbobuoogobbbuoooobbbuooobobbboooobobbodab
goboboboboobooboogoboobbbobo IBMODOOO0Ogog
ooboooooogoIrogbogobooobooboobbooo ITobooboobo
0 O 0 OO0http://www.ibm.com/developerworks /university /academicinitiative,/0
gooboooobboboooon

95



oo

[1]

2]

Marwen Abbes, Foutse Khomh, Gueheneuc Yann G., and Giuliano Antoniol.
An empirical study of the impact of two antipatterns, blob and spaghetti
code, on program comprehension. In Proceedings of the 15th European Con-

ference on Software Maintenance and Reengineering, pages 181-190, 2011.

Evelyn J. Barry, Chris F. Kemerer, and Sandra A. Slaughter. On the unifor-
mity of software evolution patterns. In Proceedings of the 25th International

Conference on Software Engineering (ICSE "03), pages 106-113, 2003.

Hans C. Benestad, Bente Anda, and Erik Arisholm. Understanding cost
drivers of software evolution: a quantitative and qualitative investigation of
change effort in two evolving software systems. FEmpirical Software Engi-

neering, 15(2):166-203, April 2010.

Jean M. Burkhar, Francoise Détienne, and Susan Wiedenbeck. The effect of
object-oriented programming expertise in several dimensions of comprehen-
sion strategies. In Proceedings of the 6th International Workshop on Program

Comprehension, pages 82—-89, 1998.

G Canfora and A Cimitile. Handbook of Software Engineering and Knowl-
edge Engineering, chapter Software maintenance, pages 91-120. World Sci-
entific, River Edge NJ, 2001.

Thomas A. Corbi. Program understanding: challenge for the 1990’s. IBM
Systems Journal, 28(2):294-306, 1989.

Bas Cornelissen, Andy Zaidman, Arie V. Deursen, Leon Moonen, and Rainer
Koschke. A systematic survey of program comprehension through dynamic

analysis. IEEE Transactions on Software Engineering, 99(5):684-702, 2009.

Cynthia L. Corritore and Susan Wiedenbeck. Mental representations of ex-

pert procedural and object-oriented programmers in a software maintenance

96



[11]

[12]

task. International Journal of Human Computer Studies, 50(1):61-83, 1999.

Cynthia L. Corritore and Susan Wiedenbeck. An exploratory study of pro-
gram comprehension strategies of procedural and object-oriented program-

mers. International Journal of Human Computer Studies, 54(1):1-23, 2001.

Alastair Dunsmore, Marc Roper, and Murray Wood. Object-oriented inspec-
tion in the face of delocalisation. In Proceedings of the 22nd International

Conference on Software Engineering, pages 467—-476, 2000.

Alastair Dunsmore, Marc Roper, and Murray Wood. The role of compre-
hension in software inspection. The Journal of Systems and Software, 52(2-
3):121-129, 2000.

Alastair Dunsmore, Marc Roper, and Murray Wood. Systematic object-
oriented inspection - an empirical study. In Proceedings of the 23rd Interna-

tional Conference on Software Engineering, pages 135-144, 2001.

Alastair Dunsmore, Marc Roper, and Murray Wood. The development and
evaluation of three diverse techniques for object-oriented code inspection.

IEEE Transactions on Software Engineering, 29(8):677-686, 2003.

Michael E. Fagan. Design and code inspections to reduce errors in program

development. IBM Systems Journal, 15(3):182-211, 1976.

IEEE. IEEFE Standard for Software Maintenance, IEEE Std 1219-1998, vol-
ume 2. [EEE Press, 1999.

Amela Karahasanovié¢, Annette K. Levine, and Richard C. Thomas. Com-
prehension strategies and difficulties in maintaining object-oriented systems:
An explorative study. The Journal of Systems and Software, 80(9):1541—
1559, 2007.

Amela Karahasanovi¢ and Richard C. Thomas. Difficulties experienced by

students in maintaining object-oriented systems: an empirical study. In

o7



[18]

[20]

[21]

[22]

23]

[24]

Proceedings of the 9 th Australasian Conference on Computing Education,

pages 81-87, 2007.

Andrew J. Ko, Brad A. Myers, Michael J. Coblenz, and Htet H. Aung. An
exploratory study of how developers seek, relate, and collect relevant infor-

mation during software maintenance tasks. IEEE Transactions on Software

Engineering, 32(12):971-987, 2006.

Corritore Cynthia L. and Wiedenbeck Susan. Direction and scope of
comprehension-related activities by procedural and object-oriented program-
mers: An empirical study. In Proceedings of the 8th International Workshop
on Program Comprehension, pages 139-148, 2000.

Mika V. Mantyla and Casper Lassenius. What types of defects are really
discovered in code reviews? [EFEE Transactions on Software Engineering,

35(3):430-448, 2009.

David L. Parnas. Software aging. In Proceedings of the 16th International
Conference on Software Engineering, ICSE ’94, pages 279-287, 1994.

Adam A. Porter and Lawrence G. Votta. An experiment to assess different
defect detection methods for software requirements inspections. In Proceed-
ings of the 16th International Conference on Software Engineering, pages

103-112, 1994.

Darrell R. Raymond. Reading source code. In Proceedings of the 1991 con-
ference of the Centre for Advanced Studies on Collaborative research, CAS-
CON 91, pages 3-16. IBM Press, 1991.

Martin P. Robillard, Wesley Coelho, and Gail C. Murphy. How effective de-
velopers investigate source code: An exploratory study. IEEE Transactions

on Software Engineering, 30(12):889-903, 2004.

o8



[25]

Harvey Siy and Lawrence G. Votta. Does the modern code inspection have
value? In Proceedings of the 9th IEEE International Conference on Software
Maintenance, pages 281-289, 2001.

Elliot Soloway and Kate Ehrlich. Empirical studies of programming knowl-
edge. IEEE Transactions on Software Engineering, 10(5):235-267, 1984.

Margaret A. Storey. Theories, methods and tools in program comprehension:
Past, present and future. In Proceedings of the 13th International Workshop
on Program Comprehension, pages 181-191, 2005.

Susan Wiedenbeck and Vennila Ramalingam. Novice comprehension of small
programs written in the procedural and object-oriented styles. International

Journal of Human Computer Studies, 51(1):71-87, 1999.

99



