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Abstract: Developers often use null references for returned values of methods (return-null) in object-oriented
languages. Although return-null is widely used to indicate that a program does not satisfy some necessary
conditions, it is generally said that return-null makes software maintenance more difficult. One of the factors
is: when a method receives a value returned from a method invocation whose code includes return-null, it is
necessary to check whether the returned value is null or not (null-check). However, how return-null affects
software maintenance during software evolution has not been revealed yet. This paper reveals the influences
of return-null by investigating return-null and null-check in evolution of source code. The experiment on 14
open source projects showed that developers modified return-null and null-check more frequently than the
statements that did not include null. This result indicates that return-null makes software maintenance more
difficult. On the other hand, the size and the development phase of projects have no effect on modification
probabilities of return-null and null-check. In addition, we revealed that null-check appeared from one to
four times in 100 lines.
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1 |public Ref call() throws GitAPIException,
RefAlreadyExistsException,
RefNotFoundException, InvalidRefNameException
, CheckoutConflictException {

2 checkCallable();

3 processOptions();

4 try {

5 if (checkoutAllPaths || !paths.isEmpty()) {

6 checkoutPaths () ;

7 status = new CheckoutResult(Status.0K, paths
)3

8 setCallable(false);

9 return null;

10 b
11
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1)...

2 | try {

3 String oldBranch = db.getBranch();

4 Ref ref = command.call();

5 if (Repository.shortenRefName (ref.getName()).
equals(oldBranch)) {

6 outw.println(MessageFormat.format (

7 CLIText.get () .alreadyOnBranch,

8

(b) (a) DAY v FRWERHT a— F
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2 | try {

3 String oldBranch = db.getBranch();

4 Ref ref = command.call();

5 |+ if (ref == null)

6 |+ return;

7 if (Repository.shortenRefName (ref.getName()) .
equals(oldBranch)) {

8 outw.println(MessageFormat.format (

9 CLIText.get () .alreadyOnBranch,
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Fig. 1 An example code fragments of return-null, null derefer-

ence, null-check
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Table 1 Abbreviations

Mg | 2 OFH
returngy | A7 ¥ K23 null TH % return X
returnpo: | A X7 ¥ K23 null TZ\» return X
condpyun | null & DL Z 778 > T 5 54K
condnor | null DU & Bl % 4T 7% - T 2 56
Returnl .. VEY avriiB8ir3, returng g DHEE
Return, VEY a vy riZBIF 3, returnne DHES
Return” | Return], , U Returnj,
Condl,,, | VEYavriZBl73, condpuu PHEA
Condl,, | VEY a v rlZ&lF%, condnot DHEE
Cond" | Cond],, ,, U Cond], .
Descy i | Return) .. U Cond; .
Desc},,, | Returnj,,, U Cond;,,,
Desc” | Descy, ., U Descy,
C | EBNROBEHMICK T 223y FOES
R | EBWNROBEHFHICB T2V EY a vofis
loc" | VEYavriZBIF3, VY—RAa—FDITH
moc” | VE avricBll3a, XVvy P
latest | TEHPFANTRIFTOVEY a v
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Table 2 Target projects and their size

Project loctatest |R|
ant 131,265 12,783
commons-io 25,031 1,526
jdt.core 1,155,484 19,140
egit 92,305 3,126
jEdit 115,842 6,221
jboss-as 551,426 10,764
jetty 207,517 6,082
JGit 124,662 2,321
log4]j 30,010 3,226
lucene-solr 537,150 8,026
maven 72,201 9,312
cdt 1,029,497 21,157
hudson.core 81,876 1,008
tomcat 240,086 9,172
Total 4,394,352 | 122,116
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returng,,; (K 5(a)) I 2BETIE, p=0.126 L %> 7.
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Fig. 6 Scattergrams of loc'®**** and freturn, oy (C); feond,uy (C)

ZOfEIF0.01 <pTH DD, il EBLD fromrn, ., (C)
WCHBELRRBFEL Bh ot £72, condnu (X 5(b)) I
T BHWETIE, p=0383 4D, 00l<pTH21D
FRRICHE R R ZIEFEL o T,

PLEED, RQ3 T BMIZNL, returng,. & condyuy
ZBHFE DRI & I CIE A IS IE M, ko,

4.5 RQ4 lcX9 3EZF

WMR7Y 27 bOFKYVEY a v r i LT, 1T
T % condp PE%ERT densitycond,,, (r) %, UTD
HEHWTHEHL 7.

_ [

n

(6)

7uY 7 b EiIZ,VEYarvyESr L
densitycond, ., (r) & DRNCIEOMBDYS 2 2> H 20>, 1ITX L
THREZT>7., VEY a vES r & densitycond,,, ()
DIEOMEZFR>E W) T LI, 7rP = b DiEfTIc

densitycond,, ., (T’) loc™
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PES T condpyy PEEEEML TR T EE2RT, HE
BT HEREZR 3ICRT. p OB S 2R, pld
HACH B 2D D 20 B0 %R LTS,
WHRELT, 420 7uy 27 F3EERIEOHEZ T
L, 5207ay =y MIEREAOHEBEZRL, 32D
7aY ey PIEHEBEBELC LRI NS, BB, 200D
7aY 7 M, p>0.01 THh 2B 7dHICHZ M
PWRENhrot, ZokHiz, EoHEzZR>»EAOM
Bzonii 7oz MckoTEL b THY, il
L CHEERIEOHBEZ RS L3 o 7z,

ZHUZ XD, RQ4A~NDEEX, a— PRIz 3 cond,y
DHEEET BT =7 b OEITITHES TS % ik
WV, ol

5. H&im
5.1 RQ DHERICHTIER

RQLIZXW T 2 H&E D2 5, returnpu B & & condpuy 13
returng,, 8 & O condpe & R THBIBEIEINS 2 &
Bbhot:, Thbb, returng.g 8 & condpuy %% <
Gha—FREBEINLT RS0, HRELTRSY
RIS B 2 LSRR D 5 L v 2 5. RQ2, RQ3
R 2EE» S, 7uy =7 b OBEE X VDR
X, returng. B £ O condpyy DEIFBEEEICEE S MIF
I EPbhrol, TDOI LR, KA Tay 27 b
DIEL RRHIIZ BT, returnp B & O condyy DIELE
BT LZRL TV, RQLOEREGDOE S L,
returnpuy 8 & X condpyn 1, WICRSFESRICEE S X

#£ 3 Rz bo)EEParFEesor ot
densitycond, ., (r) 1 2 A7 < v OIERAHBIREL p,
BLU p a9 2 5EMEHEME p

Table 3 Spearman’s rank correlation coefficient (p value) and

p value for a revision number r and densitycond,,,, (1)

Software p value p value

ant 0.432 under 2.2 x 10716 *2
commons-io | 0.733 under 2.2 x 10716
jdt.core -0.974 under 2.2 x 10716
egit 0.223 under 2.2 x 10716
jEdit 0.668 under 2.2 x 10716
jboss-as -0.765 under 2.2 x 10716
jetty -0.992 under 2.2 x 1016
jgit 0.598 under 2.2 x 10716
log4j 0.006 0.740
lucene-solr -0.947 under 2.2 x 10716
maven 0.934 under 2.2 x 10716
cdt 0.156 under 2.2 x 10716
hudson.core | -0.151 2.898 x 1074
tomcat -0.986 under 2.2 x 10716

2 NS TECIEMAEZRE RN L 2RT
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ETHERERERD EVWR S,

FERELT, nulldBYEB L0 null F = v 71k, 7wy
T LRFOBEDO B EMWZ EIRETH S LHIWTE 5.
%8, null i RDEE L P null = v 7 DEEHEZIZ, null
ESR 2T 2090 L B RARYEH 5. Bk o, null
ESEZHRE T2 2 80, null DEHRE L null £4D 9
LEREBIT 22 ETHY, ZnsofEHIE, nullikD
fEB &P null F = v 7 ZfhoFiibic & E a2 2 B ICIERIC
FATHZ7DTHS, 207D, null {ESEZHRHT 5
MAOEEE L LT, Tull fESRIZERE KR T 57T
Hh, ZONTERHBLBIET 22 LIZEM) L) BEE
DEFEICMZ, TRSFIEEICHEZ 5.2 5 null IR D AL X
Onull Fxv 7%, {OFLBICIESIRZ S Z DR, &
WOEEEMZ 2 2 ENTEDEVZ D,

5.2 condp, PEHZESICETZIER

RQ4 Tl X3IWWRLLEED, ZlD7Rd 27 M
BIEFHE L) EY a v HSOMICERELHEEZR>Tw 3
CEERL, HBEBH B EH 2 EIE, BHIFIEA SRR
2, SETEEUHEM WA - 2t L o238l 2 Al
BRIV L2 RT, Fh, K70 P 7 Fo3ROMHE
DIEAREL->TEY, Fuv s M cibEd 2 WEmix
Ruw/izvidroi:,

T, &7V FDr € RIZEWT,
densityeond, ., (1) ZRRL7bDTH 5, wihix, VE
YaverPBzo7ay 7 boRYEYarEsTho s
#E, y il densitycond,,, (r) 2R LTS, £z, v
MK 7TRY 27 boftiz, Borlie7ey =7 boh
iz RLTw%, DY 77056, EEFETHO7TRY
7 MIZB VT densityeond, ., (1) 13 0.01 225 0.04 DREJIZIL
WLTED, £/, hRERZ 7Y 27 FOETICEDLS
FTRIEFEDMHEERSTVEIEDVORE, DI LD,
condp 13 100 T2 1 206 4 DBEQEIETHEL,
K d ZoHGRI-NBE LEZ NS,

6. ZHUENDER

ARFERTIE, FHNEEOMESE XY v FRATERIIL T
W3, ZOFHEE, FHIEENX Yy FitgGEnhwihs
IERPEBTCE RV EWHIMER2H 2. Lo L, 5
ZIUST 20 510E return L ESHFEATH 5720, XV v
FAMCELE S NS 2 &3, 20700, KFEEFRTIIA
Yy FAMCHAET BEHHIIEZ I FR L A wbD L L7,

returng WA AEIEE LT, BINE X OHIERIC L > T
BN T 2GBE5DARB LT3, Z2D7d, cond,u
IZBWT, null &£ DI ZT) ZBMBIEINGERE
FEHHI L Ty, F7, RKEBRFIECIRERIEEOBE)
A TE 72\ 72%, Extract Method %2 ED Y 7 7 7 %
VU 7k ABELERIEZEOBIE LB LTCLES. 2
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DEIHIRV 77y IR, EREEIMOSGE & FEkICE
IEFRED S RS RETH S, Lo L, REFTIE,
DX BRFDLHD ZHEEP RO E LT, BEET
Eifzfr-o 72,

AREBRTIE, returng & LTEF EZL5 b DI, return
XDART Y FIZEE null BELR I NG EDARTH S,
ZHOZ null BRAZ N, ZDEE% return LT 354
72 &, null 23 return SN B A[BEMED & % I BT A T
W, condpy WAL THEIETHZ, 2D ik
0, ARFEBTEH ELMEU, FEBED return,, BB LN
condp,y BMETREL TL 9 BN2H 5.

FETROMEZITINE, AP v— "= a vz 5%
FL, ZD2O0DMTENRD 25 E) PO Z{T-> 7,
L2L, IRV EY av#oszfALO#THD,
IEMECERE LRI DWW # 2 fT>Tw bl Tl
VW, 207, ELWEETRTHEZT- 156 R
LRERE R D ENDDH B,

AWFEIE, RNRETE 7R 27 Mk o THENELE)
THURENEDRH D, 7uP e Mk BESERINT %7
b, Il o7uyz7 P2lABTSLIEICES T, &
LI LR/ oNE EHEZA SN S,

7. REH

AKFXTIE, null iR ) ERSFEICEEE L 5.2 To
20D %WET 5729, null iIRDfEE null F = v 7 IR
EUMCHN AT, 1478827 DY RT Y25
null R D EE L X null F = v 7120 2E1EZ i U 7245
B, nulli BN fEE KX null = v 7 1%, null Z& F & \WED
WBEHRTHEIBIEINS Z EWRI N, 72, nul
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BOMEEL P null F =y 7OBIEINPTIE, 7oy
7+ DFEER, BAFEOBREICHE LR T LR EDPD
72, MZT, null F v Z7h3a— iz o 38EE1k, £
BodRne7nY 27 b TI00{TI2 1205 4 OFETH
52 Ebhrot.

INSDFFHICELD, Hck7aY =7 MicBW»T, null
BOES X null F = v 7 DMRSFESICHEE R L 5.2 C
WA ERDboN, ZO0, BFEEIZ IR %
BHICHB LT L I, hoFhdCE Sz 2T
EROVLPEEZLINE, Lz b, BRMICIE, FlIA0LE
ZHV 3758, null ofkb D IS#EY) A 7Y 27 b (D
BeFl, ke 7 7 AR E) ®IRY, REVFETFOND, %
L, nuli BB X0 null F =2 v 71T 2 ESHZ 1
HEfbEI <67, BRGoAHIEIMALTLES. 2
D=, SHEOMILE LT, nulliRDEOE S Z % i
TEFEEMAETI2PETHS. 72, mllBEHEE LY
nll Fz v 7BED LS HRWTHVEINS Z L% WD
», F7o, nulliRDEOESHAZICED, RFEEICED
L) BENEL 20OV THERZIT) FETH 5.
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