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Overfitting Patch Identification Based on Data Flow Analysis

DONG Yu-Kun, YANG Yu-Fei, CHENG Xiao-Tong, TANG Ye-Er

(Qingdao Institute of Software & College of Computer Science and Technology, China University of Petroleum, Qingdao 266580,
China)

Abstract: Automatic program repair techniques can realize automatic repair of software defects and employ test suites to
evaluate repair patches. However, because of inadequate test suites, the patches passing the test suites may not repair the
defects correctly, or even introduce new defects with ripple effects, which results in a large number of overfitting patches
generated by automatic program repair. To this end, an overfitting patch identification. method based on data flow analysis
is proposed. This method firstly decomposes the patch modifications to the program into operations on variables, then
adopts data flow analysis to identify the patch influence domain, aﬂd selects targeted coverage criteria to identify target
coverage elements according to the domain. Finally, test'paths are selected and test cases are generated to fully test the
repair program to avoid the impact of repairing side effects. This study conducts evaluations on two datasets, and the
experimental results show that the oyerfitting patch identification method based on data flow analysis can improve the
correctness of automatic program repair.

Key words: automatic pfograrn repair (APR); overfitting patches; patch influence domain; data flow analysis; test case generation
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B R T8 57, S T4 DR R R T AT RES 48
YA 1 S, BLZE B T B W I 72 2 B K
U, MBI BIRRE (4 TRR R ST T
I, 2 T TE B S 5 LR R 7 A A L
HIEHIH T, F R84 T 40 Long % A7
FFTR, DU R 165 R 40 I 2 B T K3
SRIMAIT, — T TIOER S, 4R A R
SRS TE RN T B, 65 0 7 A 3 T R 2 MR A 2
PRAIPERE, T SELFH P XHESILE AT, 12175 APR
TR B,

FRAT 00 RS2 50 b T S50 3 2, 38

B FAG R, TR 2 (3 LA 4 T H i
APR T H RIS MR M AR, MR FFEA). kR
HEAT AR 15 55, S BURE 7 IR 2 5 5O iAS 1B K A
BT, I TR A e R 5 BURR P 72 4 K PR 1) 8
5. BRI, FRATTHS TP 1 1 B A AR I TR A (7
B R IBR), T R B 5 BT 742 A A
R A i, i AR 25 0 5 AT S 60 5 L,
F5 57 R A RIA 9 DI04 3R, G203 78 O BT 5 i 7
617, W5 TR e R A S R

B BN TR b, £ R0 07 25 R A 4R
JEARAE AN T B 1% B e 7 o v U SRR 1 A
FETCE, B R U AR A R FE 151 S IR R R A
Fo 43 TR, FRAT VR A RUR R B E R G K
JE, BRARTT R A F BB E A T 1R

RSCH 1A AN T R R A R
2 R T UG P Ao e 7 6 ) AR 7 25 T
5 37 A AT S 7 % 0 2 O R 4% O A
R . 55 4 45 RTF T — RAUHI SRS Lt ie, 3F
ARSI AT R, 5 5 FIRASE AR AT 2 45, [
MRS HE . -

' %
IR TR

AT AR AE SO R A T I I R T 4R
RAT PR RIEXB S B 4, HEAT
AEHRRERY (R, FE, 2R MLE
BRI BE IER) 2 A PR, R ERATA &
DIX e A R ST AR B 5E A AL, de & B e
mi e AT A A R ARG 1 A) . RIS AR
BN HE RN 1 PR,

xR RERKE
Ci e st fil R Fie st fiE R
ALVD 1401 )58 4% 7 Add a local variable (a variable declaration) DCV B2 % & Delete a const variable
CLVV & 047 4% B Change a local variable value AGVD /14578 Add a global variable (a variable declaration)
CLVL &% & I FPRChange a local variable uppet/lower limits CGVV &84 JR A% & Change a global yariable value
DLV MR 5345 & Delete a local variable DGV M B4 5% & Delete a %101;&1 variable
ACVD 491 5 Add a const variable (a variable declaration) CPM &40 77 12 $Change a parameter of the method
CCVV & 4UH; # Change a const variable value CRM 1@’3517:7&1’2 [Bl{E{Change a return value of the method

TR T 3 TRESos 6], s % i

Ay RIEAERAERT UL IRE R A B 2. Qiondl 3, T

FAZ T 25 index MIIRERIE K, B L ARRZ W70 HF
t, BATE SR AR TAE > i N X jindex g {if
1, 3T HR R 0 M 2RI B index HIMEGNE.

W, A 7R A ik B 1 R B 3 4 7
B PTVE ( B4 . BRI R CF G I3 407 752 P 1 1
% 2, NTTHEAT AL A7 081 4 2 T B ArjaE 2k R
(—MEEAN T, B E L T 87 .

7~f5] 4. Combination-bug3 B E M T

S 1. Nopol /&% FirstZero-bugd A HIHh T

—if (x.length == 0)
+if (x.length == 1)

7~ 2. jMutRepair &K Bank-bugé “E %N T

— int mid = start + (end — start)/2
+ int mid = start + (end + start)/2

7~f5 3. Cardumen 125 Inverse-bug2 £ T

— index = index + 1

+ index = x[index]

public class CombinationPermutation {

public long combination(int #, int r) {

1.

2

3. Factorial fac = new Factorial();

4 long combin;

5 — combin = fac.factorial(n)*(fac.factorial(7) *fac.factorial(n—r));
+ combin = fac.factorial(n)/(fac.factorial(r)*fac.factorial(n—r));

6. return combin;

7.}

8. public long permutation(int , int 7) {

9-12. -

13. }

14. public long select(int n, int r, boolean flag) {

15.  return flag ? combination(n, ) : permutation(n, r);
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16. }
17.}

1 R AT AR M CEG. A, vy Y
RN ArjaE BB KL, Va, Vs, Vs T RUNR B R
(757 5, PR R 3L R4 B Combination-bug3 M ]
SO, F2 N ARG VRGN AN T R IR A A

\\ |Enter select(int,int,boolean)|

\\ if z==0 goto labell

$/,=specialinvoke
3 | ro-combination(iy,i;)

fabel 1 :$/,=specialinvoke
ro-permutation(iy,i;)

K1 Combination-bug3 #h T 52
1.1 IFEAZMmEIR 5
T P S AR R B s AR D, JE T
#13  (control flow graph, CFG)!" AT 88U ) 23 #r .
Xt CFG L fIREANYT 55 n, BRI E TR LT

. | init(n), n = entry
in(n) = { U pepredmy 0ut(p), — otherwise (M
out(n) = gen(n) U (in(n) — kill(n)) 2

Hordr n A E AT A, p N BEIRTE A 3 (1)
W in(n) THE n BICNE B init(n) ?ﬂﬁé‘ﬂc?‘i&]\ 4k
4 5L B 5 240G 50 (2) T our(n) tHE n FIHFE R,
gen(n) T n BRI BRI B kill(n) %75 n
VEBY B U B TS B pred(n) FKor n B FTE BT 9K
RS,

HEF i EEEREG R, ATEREF L 1 &K
TR PN % AR R 3R X 548 o508 B AR OC I BUEE ROIR S R

etable F1; 2 2 X etable FEATIEAR, BRI —2%14
K Zi 1) endNode. W15 1% endNode A4 U5 7], NN
BT SFR. R FTE 1 endNode # 2N BE 25 B
B 1P AT SRR 3, PR BT R AR

FEFF 2 5, JERE AR IS R SN I 2 R AR 4R,

SOk 1L BRI R N TSR S

N EEHIRE CFG, B L3555 v, 1 554158 NList.
Hidt: — 4L TR 4T 0 #4% paths.

LI getOutedges() AR — N5 s FIFTE Hid
getEndNode() AFRI— U IR T 2

BEGIN

1. Hashtable<String, Edge>etable=v.getOutedges()

2. if (etable is empty) then
3. paths.add(NList);

4. else " )
5. foreach item in etable do. 4

6 edge«—etable.get(item);

T endNodeJedg\e.getE-ndN ode();

8 L if (endNode not in NList) then:

9. . NList.add(endNode);

10. findPath(NList, endNode, paths);

11. newNode— —;

12.  if (newNode == 0) then
13. paths.add(NList);
END

TR A B AR, BATR AR R E AT (change
point, ¢p) 73 ARE SCEAME ] L, FFAEFI R (influence
domain, ID) {-fil GBI RS R I AL BB

SN I A, DR FRAT2E T DR A SR B 267 £,
IDg = F(cp) (3)
ID; = F(IDy=cp) | 4)
n=2 s "
ID, = FUD,_; - UIDi) (n>2) 5)
B i=0
A ID= U ID; (©6)
i=0

R, AT VEA AN G AN T 52 3 7 v,
BRI ER A HA  FLBRATTR 203 ID 73 PR ID gefine
FNID oo 3677, ID (= {ID 5o, IDy s} ID e yse FIITCHR
IHEBRGEAT AL, ID, 5o IR AME B REAT
AT . Bk 2 SR TR AN F SR B8 2 RUR TS
I3 RIIAN T SEma I ) A
Bk 2. RN T R Mg
BN I CFG, 153US cp, it B2 4% paths.
B : A TSR 1D, type={define, c-use, p-use}.

ViH: getCanculateUse() NREUTH AL cp 2R AT 81
getPredicateUse() SA3REUE R cp 2 AT
BEGIN

1. if (cp.type is use) then
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2. vex«getCanculateUse();

3. ID. -add(vex);

4. vex«—getPredicateUse();

5. D ys-add(vex);

6. else if (cp.type is definition) then
7. IDgefine-add(cp);

8.  foreach path in paths do

9. if (Ivex in path uses cp) then
10. vex«—getCanculateUse();
11. 1D .-add(vex);

12. vex«—getPredicateUse();
13. ID, s.-add(vex);

END

1.2 JiZEE iR A

Tk A TR 2 M3 Y H AR A R AN TR S 8 5
VLRI, BRI 43 AT ) H AR s (target point, tp) A& 748 B
I ESH IR BEHE R4 AR & 7R B 1T R, A i
25 TR ALY R A . S B AR 3 Fh K
74 {call, return, global}. JLH call For Bk E
ZHE I, return RN H AR & _FIR [FIE 24, global &
7~ HAR 5 4 R AR e B O A0 AT 45 R R 4k kb AT
FEp Al RS

ARG % 3 B Z WM T EE. X T 7%
IR AME AR T, B eARYE VA TR Sk R B &
W77 %, SR 5 1% 7 IS N 3 i B2 8] §2 00 38 IMD 1
53 M 7 VR BT, BRATT TR LR A 1 5 v e
R SEA 3¢ R 3R 2 5o m (1 7 i, K FL s 0 2
IMD A1 X T4 /A8 i, A BCHE vt o3 i o e )48
R XSS SRR (PR T RS I E) IMD H.

S 3. A T I S R B i

N PRI B CFG, H R tp.
Ayt SRR I I, IMD (B2 520 (1 7 1R 4E).

Wi getReturn(tp) J9FRIAE ] tp 3 [HME K757
getCall(tp) I tp WKL &
getExecute(tp) 3RHL 5 tp‘ﬁ-ﬁ SEA XRMI %
getGlobal(tp) NFHAEH] tp 42 )RR Tri%k
BEGIN

1. if (tp.type=="return”) then

2. new_method«—getReturn(tp);

3. IMD.add (new_method);

4. else if (tp.type=="call”) then

5. new_method«getCall(tp) or getExecute(tp);
6. IMD.add (new_method);

7. else if (tp.type=="global”) then:

8. new_method«getGlobal(tp);

9. IMD.add (new_method);

END
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X5 A RSB, PR 3R AT O S R = A
KK def-use X,

FAVERIE T A X 73 T AR A ) AR B -
THEAS ] (RI c-use), def-use X &~ N deu(V,, V,, x); 18
WA (B p-use). BLi, HBLHTA defruse *F, AR
A dpu(Vs (Vi V), 3) 1 dpulVg, (B ¥, ), Fotht x £
v, B PARRIE L (K, V) F1 (7, V): Wi Row
R x (0% PR L0 32, JE AR S 3. UL,
HEICE RV T c-use B p-use 78 % I H AR
EUGER, B SRR A 7 o

3 IS AR I B

WIS R LR, HEA - ARE A0S
T IR . T B A, M AN T R
IR 5 R % R BN 15 H
1 B IS 90 B0 254,
I B, RV, V, M S
SR (A, AT M Y, (T4 R Ay
—AMEEE Y, B9 Y, RIRH V, B v, 2
f. HTT L, WAV, B SG, B1 V, 8
X, D, AT 0L T B 1 v,

(1) #4 Wy VBT €238 36 70 2, MO At
B .

Q) AP E A AV, B ST EGS V,
AT, M V, (A4,

(3) ¥ AV, RAEAETAL (2) 145 25, WA
v, BN T AT

(@) # V, RARERHIE 8, WA R B
HUL 2 U, FUA 1 R T RSB
05 B 1 .

A1, 45 A T2 O R 22 T
AT A S B AR, DR IR 2 s 1R 4. R
1T SRR A3 7, 3 X 1035 B0 LB 12 B
ik o AR, AT 4 2 45 U B 22 75 R
B . LB path B9 — AT AR o BOLAE Ry
%, I 2 455 2 WK 7 I, AT path g
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4 SEERI MY
4.1 BUR&E

BATIHETF PIA B i 4 QuixBugs! Al Buggylava-
IML!") 4% jGenprog!®!, RSRepair!'*!, Nopol"/,
DynaMoth!"”!, IMutRepair!'®, SimFix/£ i (1) 165 4> 4b
T VPl T RN 3R 20 R 3 ER T RN
fligE B, Horb | jGenprog F11 RSRepair K it % 57k, il
i e SCARARS A B I 22 ORI AR S R AR B E AN T
Nopol ¥ /7 o #1748 & H T4 b T 1 R e i 1
—EEE R (W1 0. 1 5F) RN T AE R DynaMoth £
XF 792 AT 4 SR Al SR 42 E 2 7, IMutRepair 18

%72 QuixBugs KRS 4 FA LY

i AR SR A ) R Rk Ok AR Uk T7; SimFix £ 4
FRALEA) AR R AR kR T X B8 T R 5 1 W AhE
F PRI A T AR 7 1 T 8 K 38 %R (jGenprog,
RSRepair, SimFix, JMutRepair)!' Al 3 FiE L 45
(Nopol, DynaMoth). 3 H i1 T K Z 5573 APR AR
REB A — AR IR Y, RGO PR AN 8 4 v 4
ARG — AN, BN Y S R KRR B bR
BT EAA R IR 5 GTiarians ~ RGT pusampling.
DL K OpenIML!FE b3k g A4l b xof bE 1R 535 440
HANT HIRCR, ﬁﬁﬁﬁ*‘l’ﬁﬁ%ﬁ?ﬁﬁﬁ%, A7 534
UEASCO LA A, |

\

-

. [ DP I LI VA KN LE ME PE. PO RP FA SO DT S o .
Stk \ Q s Qe
T 24 11 9 1 1 et B 1 1 1 1 1 1 18
gEs 23 0 0 1 0 0 0 1 1 0 1 1 0 18 46
R 0 0 0 0o 70 0 0 0 0 0 0 0 0
Our method * 0.972
IEHf 0 11 9 0 1 1 1 0 0 1 0 0 0 24
Wk 15 o 0 0 0 0 0 0 0 0 0 0 1 2
e 20 0 0 1 0 0 0 0 0 0 0 1 1 18 41
) R 0 3 9 0 0 0 0 0 0 0 0 0 0 0 12
Invariants 0.736
IEHf 0 8 0 0 1 1 1 0 0 1 0 0 0 0 12
EEivd 4 0 0 0 0 0 0 1 1 0 1 0 0 0 7
JUEi ey 0 0 0 1 0 0 0 0 1 0 0 1 0 18 21
IoutSamo i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.639
n amplin, .
PUSEIPING g 0 11 9 0 | 1 10 o 1 o 0 1 0 25
Eird 240 0 0 0 0 0 1 0 0 1 0 0 0 26
Manual — 24 0 1 0 0 0 1 1 0 1 1 118, 48 —
X P
# 3 Buggy)ML F 4 SLie 45 Bxt b o
. #F AD CA PE SO FI GC IN LI OD CH SM FIB NU BIN FA IN.BA AB ST TI STU . ..
ik \ Lh B e
T 6 2 3 3 3 1 5 2 1 2 5 3 5 "2 3 644 1 5 7 14
EMAE 0 0o 0 1 1 0 4 0 0 1 3 041 1 0o 1 3 1 5 5 12 39
Wik o o0 o0 0 0 0 0.0 0 =00 O O O O 0O 0O 0O 0 0 0 O 0 0.946
Our method
W 6 2 3 2 1 1 1 2 1 1 2 3 4 11 3 4 0 0 0 0 2 49
Wi o o o o r. 0 00 0 0 O O O O O I 1 0 0 2 0 5
gHAE o0 0 0) 12 0 4 0 0 1 3 0 1 1 0 2 4 1 5 7 12 44
W% 4 11 1 0 0 0 1 o0 O I 2 3 6 2 3 0 0 0 0 2 27 0710
OpenJML 3
EMe2 1 2 11 1 11 1 1 1 1 1 5 1 1 0 0 0 0 0 22
Wik o o o 0o 0 0 O O O O O O O O 0O O 0O 0 0 0 O 0
g4 o o o o 10 3 0 O O 3 o0 O 1 o0 O 1 1 5 2 7 24
. Wik o o o 0 0 0 0 0 0O 0O O O O 0O 0 0 0O 0 0 0 O 0 0.785
InputSampling
EMH 6 2 3 2 1 1 1 2 1 1 2 3 4 11 3 4 0 0 0 0 2 49
W% o o o 1 1 0o 1 0o 0O I O O 1 O O 2 3 0 0 5 5 20
Manual — 0 0 0 I 2 0 4 0 0 1 3 0 1 0 2 4 1 5 7 12 44 —
4.2 TINFITS5EM ECRE N, B2 AT ] E A 3 min.
X Tk G A% 5 AR FH 5 e 1 1a) 8, FRATT TR AR 4 BAENE Y S P IEM N T L2478 Bt N,

DK % A28 28 B i 9], 78 55 32 4h T e o i (2 7
JeE. A AR 491 4 B T B Randoop4.3.12%1E

I I R AR 9IS . AR M B iz R
B AT SRl ) (R MR L 4 s AT I AR AR
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B IE TR DL HR R A, 2 5 PR T R
ALV P41 957 0 i, e 5 4 350 LA 45 60 i
A 1 145,

TN THE NS5 TR RN T 3T e F 1.
BTSRRI T 00 A9 2, DU L Sy i 4012
b T4 2 AN B S, BT S T B 3 e
ok P91 3 A7 2 LA R R T, AT i )
KSR O TER RO #h T RO MR R, 36 ., AT
QuixBugs 4 £ Hh I 4EEE ALK T7 V2% BuggyJava]ML
PPN TR R FORE (LI, AT X H 5236
43 KWERSHI

AT A BT AT 07 S e oL b TR 46 5
TR T 35 TR0 DA LA 3 A AR B 45 SR AT L
B R, FATIHE T IR Z )

%oy FIWATHIH T MBS AMEET AL
52 IR (0 2R (bt AR A FRIG R ).
55 24T B BT T FAE TR TR S8 a5 4
SR T AR BRI A TR
FES S TE RN T 050 A 2 T B R R L
) TE BN T L S A ot 2 R T3 ) ok
MR, BAVERE 7 85 T TR 05 R, 5
T4 B SRR O, 5, (R (7)
TR R (L% 2. % 3 55 —5).

" A+ IE
TR = ThE e R

WMEEHK 2, K 3, AT LUK I Our method At i

BLAH T IR B T RGT npuisampiing. 158 8] Our

method 1% BEAE T 2EBE WL AE B BB A1, Our method. |

. GTpyariants 71 OpenIML B 0 & AR, 1X 22 A
4 Our method FE P& 7 A= B AN 1RAR (QuixBugs: 0:12;
BuggyJava]ML: 0:27). s "

R Our Method Fl RG T ypusampiing 7 P A~ HE1HE 4
EHEAAEAE RAR, (HARLE PN EE £ T Our method b
RG Ty pusampling 7091 2 7326 25 DA 1S ARIEHT
I, GT yasiants 71 OpenIML 435575 12 A1 27 ANiRHR.

R H T 1) 2 e T DLE S ARA TR IR AE B
FRARE, I H 2B 5 WA, LA, GThyarians W
DA R 00 1 FH 437 R 2 1 A 17T A 2 U Y L 48] dan e A
3K x=0 A2 x<0, X —IL R 5 It 7 K2 PR A
WA B RE x=0 FIEHL, LEIT GTyariants T 38 FIAN S &
A B ART A, I GTpyariants HL2A AT LA I EE £
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FIE L EAN T, AE R AR AN .

£ BuggyJavaJML #(#i 45 I, OpenJML Xf id#l &
ANT I R AR M T 2 X F R e 27 4
IERAN T N A HN T . Wionfl 5, ArjaE fE8 &
TR I 2 0 RE 7 24T AN BB . AT S 2, 1% 4k
Tk TIEE RG240, EIGI T — f) A 26 1
H1E ) “fact=fact*c”, %5 A Jyil AAE IML f5 7€ N
afi (ks T EIE L, DR AR A B 1) £ BE
KEFEFAIEH, Open]ML lﬁtﬁ{i%ﬁ.

7~f5 5. ArjaE Ny Factorial-bug2 4= i E‘]i[‘T

Y
for(c=1;c<m c:i--*—)'
fact = fact*e;
L’
+ fact=fact*c;

return fact;

R HTE 20 3% 3, WATKIL RGTypusampling
Rk % (QuixBugs: 26; BuggyJavaJML: 20). iX % i
BEATL A BN AN EAT T VA A R 55

BAIFE T —A H A Our method IERAIH N 9L F0L
G T HERE). sl 6, ZEEALBE AT for fEHH,
LRI ERFEA(n % n) == 08L& i < max”. F
BNV R, ICABAME I LA Wik n=0, 1] Cardumen
A2 BRAE AR AR AN T BIAT AR, FE - AR 1
AR, B G RREFE o BURFEE 0 B2
java.lang. ArithmeticException 7% \FHT RG T ppusampling
T PR A 5 A N B T A AR S T R TS
%ﬁiﬂﬁ?ﬂ} \

57405 6. Cardumen Y9 GET FACTORS 4 Fffi4h T
@@ —1‘6, 7+16,7 @@

return new ArrayList<Integer>();

int max = (int)(Math.sqrt(n) + 1.0);

— for (int i=2; i < max; i++)

+ for (int i = 2; (n % n) == 0; i++)

if (n%i==0)

ArrayList<Integer> prepend = new ArrayList<Integer>(0);

5 45

ASCEFE T BRI A AN 78 401 51 R 1 3 40 & il
B, BT — b T R A R A AN TR
W RSO IRAE AN B 4 AT T VR, AT RA I R
97.2% 1 94.6% LG HN T . SKIG S5 LR, Pt
(A3 A0 A TR 0 5 v R DA Ak s L mIAE FH ) R
Wiy, 3 T RN BE 2 R A AN T AERSR I AR, 3R
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BIHEAT PSR e Y, TP AN T Ik 1A
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