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Abstract: Understanding program source code is the most time-consuming task in software maintenance. If
readability of source code becomes better, we spend less time to understand it. That means we can conduct
more efficent software maintenance on source code whose readability is better. Previous research efforts re-
ported that, if a program statement referencing a variable is far from another statement defining the variable,
understanding the function that they implement becomes more time-consuming task. Those results indicate
that the order of program statements has an impact on readability of source code. In this paper, we propose
a technique to reorder program statements for improving readability of source code. The proposed method
uses distances between definitions and references of variables in source code to find reordering opportunities.
We have conducted an experiment on Java open source software with 44 subjects, and confirmed that most
of reordered methods had better readability than its original ones.
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sgSet—> nonPCSet ——>
36: HashSet sgSet = new HashSet();

41: HashSet nonPcSet = new HashSet();

48: if () {

49: sgSet.add("caption");
setSegments(sgSet);

369: nonPcSet.add(..);

(a) FHEIAT
46: if (.) {
47: HashSet|sgSet = new HashSet();—:l
48: sgSet.add("caption"); «— — |
setSegments(sgSet);
}

368: HashSet|nonPcSet = new HashSet(); ——l
369: nonPcSet.add(..);

(b) BE#E
1 7ur A LOBEM

Fig. 1 An example of reordering program statements.
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final AstToken token = event.getToken();
if (isStateChangeTriggerEvent(event)) {
! super.entered(event);

BB i if (this.isDefinitionToken(token)) { L
REITavo~ : :

XEBH i }else { .}

}

if (isStateChangeTriggerEvent(event)) {

i final AstToken token = event.getToken();

i super.entered(event);

4 if (this.isDefinitionToken(token)) {
BEg2 [ Yelse{.}

JOvYNT }

XEBH
if (isStateChangeTriggerEvent(event)) {
: super.entered(event);

i final AstToken token = event.getToken();
4 if (this.isDefinitionToken(token)) { £

} elge { .1}
}

2 FE 2 OB
Fig. 2 An example of STEP2 application.
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{
wSal this.init (i f......
if(.)q{
Sp return;
__________________ S S
LSel X = 88O
LSal y =8etyOs .l..|
if(.)q{
Se| |V x = getz(); = X
Tse| = 0.set(x,y); &—— — 1
}

(a) BRI RO

g BFIDREE oo z
P a> b XbIEXaDHITHBRL R T M SRS

Def-Use Def-Def Escape
S s¢ [ g S, >S,
S S Sp—> S,
Se—> S¢ Sp—> Sy
Sp—> Se
Sp—> S¢

(b) B 3 (a) (29 2 EFEHIF
3 L OIEFEHF DF)

Fig. 3 An example of reordering constraints.
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£1 Java x W70 r 53 v 7 ORR

Table 1 Programming experiments with Java language.

SEN NE
Fol{flio/Z N0 1%
1,000 17 A 7%
1,000~10,000 f7H#EE 23 %
10,000 4724 I+ 13 %

£ 2 Java OIS (BERIEDHY)

Table 2 Opportunities using Java language.

SEN NE
¥ (AR | 31 4%
Fge (FARER) | 28 %4

H 18 %

5 12 %

o A DFTHART N,

o BODOHNHART .

o FART SITEWVII RN,

LT v — & web ETRBL, #EHEET 7.
ZORER, 44 HDOBERENERICSZM L2, 77— T
IHERE O Java IHEBRICOWTEMZIToTBY, £
DORERER 1 BLUE 2 [IRT.

5.2 #ER
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750, EWA W] 2w EEEBRITIE, 20 ET 16
DAYy FTREFEEHEROA Y v F& [FGALT
W LI L B BRE AL e ) RSz, &
72, Wilcoxon O %5 ) lﬁﬂ*ﬂ’]‘é‘a%i V) , EFBEEAT
AW&%U/Tw% BATEANFICIE, BEAOKHEE 1% THEDS
@miomzf%ot)_t%% L7z, DB
%#%,%%%&Kiof%//}@jﬂ@%ﬁié%%
PEDN AN =S R L T AR I

53 E&

M4 &b, 4202y FIZOWTIEAY VF LD X
Vo RE [GARLT V] LA L7HEBREPL N L
Moz, TOADDAY Y FIZOWTHAELZEZA, U
T O SN,

o HAM LAZEEBALDOBESHEE L TfibhTwab
o [il—DF TV MIMNLT, FEZDAY Y ]\lH—U‘E

Lasidfe L CTirbiiTwb

ez, B 534 /‘)‘)1/0)757)‘ It ARV &
L7BEBRE D IR D S o2 Ay RTH A, MDA
DUF A v %FEL, ZOI\VIEDU F =1 OilE%
FLTWAE, BETHEOEHICE-T, 20XV Y FO¥k
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P
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JavaXywk

FUTFL 234
HELVEL 184

WIREFE 462

4 B EA Yy FITT 5 EEDONR

Fig. 4 Questionnaire results for target methods.

mContent ------ >
mTimeBlockSizeSp —>
mTimeBlockShowlWestChB —>

mTimeBlockSizeSp = new JSpinner(..);
mTimeBlockShowWestChB = new JCheckBox(..);
s---fmContent = new JPanel(..); 4
=2mContent.add(..); 4
rmContent.add(mTimeBlockSizeSp, ..);¢—
i...ymContent.add(mTimeBlockShowWestChB, ..);
3y return mContent;

(@) AV IFI

1i" I mContent = new JPanel(..);

. ZmContent.add(..);

2! |mTimeBlockSizeSp = new JSpinner(..);
“r¥mContent. add (mTimeBlockSizeSp, ..); <:|

2i | mTimeBlockShowWestChB = new JCheckBox(...);—]]
izmContent.add(mTimeBlockShowWestChB, ..); <—

1i_ . return mContent;

(b) RFEFHEUME
5 FUIVFNOEGmARTWEHEE NI AY v R
Fig. 5 A method that its original had a better readability than

the reordered one.

HTEFRSN TV 2 D00H, R EIN D ERI~BEIT
5LV XOWNBEZ D Tb NIz L L, HEBEDE
EFY) DFNOERELALTVWESELTWA, Y TS
VDX RIZiE, AV y FOEHTERINTNWSL 2D
DERAHTFELL T 5, BXU, B mContent 2557
F7Y 2y M LCERLTA Y v FIROH LASTb R
TWh, EVWIHEDEH L, —, REFEHETAED AV v
FTlE, Z20X9 REUT 2 LOBODBHRIZN TR,
RETFEICL 2 LOBEANKEREIT) LT, TS OH
L X OBHESRIZ T B WHIA DR RSN
O E,L, FMLZLOETIEY — 23— FoufEkE
WCEET 5D TH L REED D 5.

6. XVy ROEXREZICEATS 75— Fh
BR

5.3 HinELEIZHTAHMAEHELZDIZ, AV y O
NREZEHMOLRTSICETAT v r— M2 L7-.
COT U —1b, web ETRBL, BEAOHERE IS
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R 3 LOWTLAFHEICONWTOT ¥ — Mg
Table 3 Result of questionnaire on relationships between order

of statements and readability of source code.
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BROESEBRONY — 5L Twb LR | 34
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Fig. 6 Interactive refactoring enrivonment by reordering pro-

gram statements.
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