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Example-evolution-driven Automatic Repair of Student Programs
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Y(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)
2(School of Information Engineering, Harbin University, Harbin 150086, China)

Abstract: Most existing program repair researches are oriented to industrial software. Student program debugging has many unique
problems, such as multiple bugs and complex bug types. Therefore, according to the application background of student programming, the
automatic repair method is studied, and template programs are used to guide the evolution of patches. Genetic programming algorithm has
been improved, such as fitness calculation, mutants generation, and mutation position and operator selection, to make it more suitable for
repairing student programs. A static fault location method based on sample programs is proposed, which identifies the difference between
the defect program and the sample program and recognizes the possible mutation operators. It can effectively reduce the search space of
the patch and improves the accuracy of the program repair. A variable mapping method based on execution value sequence is proposed to
reduce compilation errors of mutants and improve the accuracy of program repair. On this basis, an example-evolution-driven system for
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repairing students’ Java programs was designed and implemented. The experimental results show that the method can repair student
programs with multiple bugs. For the test set, the repair rate is nearly 100% when the student programs have only 1~2 bugs. When there
are 3 bugs, the repair rate is about 70%. When there are 4 or more bugs in the student programs, the repair rate is about 50%.

Key words: automatic repair; example evolution; generic programming; fault localization; variable mapping
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Fig.1 Research framework for example-evolution-driven automatic repair of student programs
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Table 1 Comparison between our method and GenProg
Fz 1 AUk GenProg (%] LE
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static public int fact(int base,int exp){ | static public int fact(int base,int exp){ | static public int fact(int base,int exp){
inti, r=1; int j, ret; intj, r;
For (i=0; i<exp; i++) j=0; j=0;
r"=base; ret=1; I r RATIE 1L
returnr; While (exp>j){ While (exp>j){
=L =L
ret=ret*base;} r=r*base;}
return ret; returnr;
}
I 1 fact(3,4) i i 3AT 15 51
base 3 base 3 base 3
exp 4 exp 4 exp 4
i0,1,2,3 j0,1,2,3 j0,1,2,3
r3,9,27,81 ret 3, 9, 27, 81 r BUHLER B 7 51

Fig.2 Sample programs with code variations
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el 3 P, LR Al G R A R UG IC, A W 2 A R VAR R 49 R P TR T R AR LU RURIAR [
e AT RE A7 28 ) BE 5 AT R B P A, I SO R RE AR S 4R A A MR Y L

\\\\\

declaration r v

assignment
; ;

A7 57 %1(B1,B2,B3,B4,Bs,....Bm)

C: (A1,A2,A3,A4,As,...,An)
A: <B1,B2,Bg,BA,B5,...,Bm>
A e (07 AR
C: (Wl,Wz,Wl,Wl,Wz ..... W1>
A: <W1,W2,W2,W1,W2 ..... Wm>
LS (R e
StartPosition Ci: (WI=0.33,WR=0.33,WD=0.33)
Class

C4: (WI=0.5,WR=0.25,WD=0.25)...

Fig.3 Static fault localization based on example and difference analysis
Bl 3 T 710 IR A 2 0 o 6 22 St 0 A

(1) A S A A 3L 7 3 B S0 SR 2 A R P A7 1) R P 4k G T T2 47 11 B KL P

PN kg T3 5 PR AL BT 25 P A 1 0 T2 B AR 3 5 4 D E HL A R R TR AR [

AT R R A PRAE 27 AR RE P TR A 1T i A S5 AR PP TV 0799 1 B AER) — &5 M h i A AR
T RGETEIR G IS 4 B RIS kA AU S G IR G K, 5 RS TR LR S ORUEFE S G4 R A R ARG 1
SERENE. d1 T AT T G5 TE S, T LUK A AR 22 A A TR RO 4 A I 3 A e 7s T oK

(2) AR PIASTTRUT A P AR [ AAS [ ) 5 2050 08 2% AR e R 81 R 1 10750 1 91 o 1 KT LA, DG
HE 871 A K ASUAEL W, AN DB IE PR 19 s I LA W, ML 2 (1) A1 22 3K (2):

1

W, = A 1

bOPTPC AT x 2+ AT KR @
2

W, = 2

2 DCTCYT S 2 + ST Y 5 @

A2 7 I AL 328 936 72 S el LA A8 (100709 s 02 v PR R 3 B K, DR IR 5 7 1 R e AN DG P P4 i i v &
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FEE BAS T SR — AL T ERAEBUE = TE 2L (WL WR, WD), 73 59 38 75 1% A7 B SR AT 4N L 2 0 R0 ) o4 B 478 F Mg 2.,
o HRNIEAILE IR BIRR T A R A B A T R T 2 AR R A B D 2 A TS ) E A 0
B AV R — AN TE R AR A ] RE R IS A B R, (WI1=0.5,WR=0.25,WD=0.25).
o BB AL E R BIRE PR A AR TR A B A T ) A PN AN S8 A UL R, DU N AR — AN AT R
[ 38 A AL B R(WI1=0.25,WR=0.5,WD=0.25).
o JHIBRVE A7 B 2E AR B )TN AR SRR rh $R N B B 2 VTS B R T AR — AT
18 1047 &, S I (W1=0.25,WR=0.25,WD=0.5).
W T ANAELE b3 A 0 PR 77 A, D)V DA [] £ A% S 4 L, BD(W1=0.33, WR=0.33,WD=0.33).
TERAT A2 S 45 1 I R 40 MO 2 3 % A48 S o7 A AN AR S 44 B AR B T AR SRVE I B LA ARG B T S T3
KA A T Ak,
35 THRMT NIRE
T A8 AR A A A T A 2 e B A AR S AR A R R b G T A R TN AR AR B A
AR ARE I AR AE D IR BT A SC VA H AR & MO IR 3 v e B L A 38 R RNE ) SR A B 24 AR TR T R R B
V) T AV R T TR (R e BB R AT IR AR 27 AR R N B e 4l 4 0 VA T UL I &85 SRR R
FRAT 1R B W e A W A8 S 48 20 oA 3 o, 20 0 A i N (insert) . IR (delete) . B4 (replace) #1E, WL3& 2.
Table 2 Example of mutation operations
F2 BRERG

cr

il

SR AE e FAERT A RBIFT B X
1(A1,B) Insert A B, TE2E TR ALY UGN R BIFR Y By 19 AL
D(A2) Delete A, - TR 2 A R T I Ag 1T A
R(As3,B2) Replace As B, P 2E R A 1T B I AR BIFR T By 1 R

FEER 3.4 9 B2 AL RE P s B RE F (O PRI 22 S e A R v R0 77 22 ZERE e e T el L IBR . o 4t
T ORURLE, JF X 3 b AR S 4 A W LA (7] AU T, AR R e ) A 4 A R AT v R M 4 IR A ) T AR S B
(1 e i P R AR 308 396 30 ) 2 S 43 A, B8 v 2 S e R PR 2 AT 2

N T G 1R 22 R AR AR S 2 S R R AR P (28 A A A BRI Gt 8 1 1, AR PRAT A S A T T g
A AT — OB 0 R R 1R 7 AR J5 A DR I 2 A G A 45 A1 22 T AR LT KR SO R A R A T
GenProg JiT R A HL s A8 SCHR A R B ATLIZE 52 S 1) S BB AL 78— S48 S 0L 2, P AN IMAAE A S AL
LA I3 G AR TR B A1 AR T 4 T, 20 500 A S A /S T B T g A 1 A A B BT R R
BRI S S 0 A K e B L R A 2 23 50350 PR O A e B LTy SR A 2 (K JE I
KA 2 BT —H 2> 5 P51 1 ARG — B 20 R D Ok, T 1l 8 A T ) i 4 71 49 s A ) i 6 71, T 8
e

i 45 7 511: K1(A1,B2), D(A2),R(As,B2),1(A4,B2),R(A1,B1),R(As,Bs))

A4 2: (1(A2,B1),D(A2),R(A},B2),R(A4,B,),D(A1),R(As,Bg))

{ =
P SO I i A PP A1)
(1(A1,B2),D(A2),R(A3,B2),R(As,B2),D(A1),R(As,Bs))

(1(A2,B1),D(A2),R(A3,B),1(A4,B2),R(A1,B1),R(As,Bs))

Fig.4 Example of crossover of editing sequences
Bl 4 G 48 XoRtl
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36 EHEITHE
AR S AR 1R 3 I JRE S A YA PR A, 2 2 5 (B) s AR 40 3 7 AR PAA T I 0 e 000X P ) 250 A 3 38 H 457
B DA R AR S AR VED AR b s B R P VAR T S5 R AR BLRE 3 AN R A
|t e posT and P passes t |
| posT |
|t e negT and P passes t | . 3)
| negT |
Weimitar SiMpleTreeMatching (P, S)
Horh P R SR, S R 7 B BT fitness(P) 2 7 A48 S P I¥ I8 S 52 ;pos T 2 /e Dl sl H 441 48 &, |pos T & 3L rhilll
WG HnegT 27 ARG B 46 45 Ineg T 6w Il T 49 i) N2t 2o — Il 4], |te posT and P
passes t|7 7~ Z B BB AT () I0 A 40 AT 48 S5 44 P 4R e B 1 /4N 2 [teneg T and P passes t|3E 7~ 2 BT $04T 2%
Ty I AT A SR AR PN A R AT B TR A £ SimpleTreeMatching (P, S) & 7 42 4k P RURBIRES S 111
*XiILEPEMHMJE;WposT,WHegT I Wimitar 275 AH BV (1) A FE AR
IS D R AR
(1) A TR A G5 AR AR B AT G 5 0 R BT B A TR A, A TR

fitness(P) = Woer x

WnegT

B Ji) 2B AR A
(2) A FHTU FE A51) A b v A 2 S A A R P A A T 45 SR 8 v s B 0 o 0 P 45 £ A 3R 2 el ik
B (A 5

(3) MK A IL T P A SR T 55 S A TE Y b 5 7 91 T 9 R ) T 9 4 g WG e AR AL S
(@) FIHA K@) VA ZAR AR 13 N
(5) IR S A (1) 3 I R 2 A AR v (1R S R, B B e o AR S R A B AL R (A R, LLIA B Ak
) H .
37 THRELMERFNFERFESIEEEE

A IR BN IR 2 AR TR Y B BB B A RE L s N S A A I S AR TR T R BRR T R 4R
DL B a4 B A 50 S 80 i h i R Y.

BiE L Bl R RR Y A s e HRIE

Input: BB 2% A FR 7 Pl 27 Syt FH 8 4 T R AAR. popSize; 1% A 5 K UK EX pop.

Output:I& . B # = & S F2)F Pr.

1 RN REIRRIT S, G BRI 5 A8 3 nodeList

2. VAN ORISR R PSR 1Y 413K sourceNodelList

3. map«LCS(nodeList,sourceNodelList); /45 2 3 1 F 51 I3 Wy 45 4 22 5

4. group<Mutate(popSize,nodeList,sourceNodeList); //2E % —RZE R 771

5. repeat

6 fitnesses<—SampleFit(group,T);  //T1 554N AR AR IE I &

7 parents<RouletteSelect(group,popSize, fitnesses);  //Bf MLk FAE 744

8 group«Mutate(Parents,map); //Z 5

9 group<Crossover(group); /13X

10. until  3Pregroup,FullFitness(Pr,T)==Passed or EfG¥F pop ¥X; /47418 1L BT B A 4] 110 242 S 4k

11. return Pr;

o B LATHES 247 03 AR AN RR P RN 2 AR R 5 AT T VA R AT, B3R 10 T A7 15 V2 4

o B8 SATHE IR IR BT 1A 5 4 R ERE P VR VA (90T A 4 3R A P oSt 1 e K A L A B,
DT AN 000 AT AL R BR VBV ) T UL PR AT map A7 iR 710 o 15 740 e 7 B M 26 DA I AR
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S P A MO 2 P WS

o B AATARCE 1 ARGnIR)T A AEF 4ERA group £7-ifi popSize 4%k 4R )T 41

o 5 6 ATHFNEE group HARF 45 Gn BT AT A VB VAR EE R RN S 1) 2B R AD T AR SRS HT d B 2R
Y P 480 22 7485 Ay s 0 PR 480 P A S0 e Dyl 3 e o i P 480 P4 A B30 L % AR S A 5 SRR R ) PR 1
PR AR KDY e = By VALY

o BT AT FRC AR B M e RE ML L B AL S AR S A

o G 8 AT T HE BRI AL S M g TR B NE R R AR S A M AR AT A S, A OB 1) G B A 0 2 R R
group 1.

o G QAT LRGN T A AN B AL G B A1) R RS S S I A G ) 1 IR RS S CRAE IR N A e A I 22
FEE, A8 158 55 4 1) 45 4 3¢ popSize MNAE.

o THMPATE 5 1T~ 9 17, H 24 A% S A B A% 10 1k 4 5l 3K FH 491 Bk AR IR HOR B 2 Hi v R IR AR I K
RE pop Ik

o G LLATHHME BRI, a0 S e T 3 A Wt 481 1) A S A, DA A S B v (1) AR S R

4 FHEEFBHEEFRMIESHN

4.1 SRIHIFEFNIRGE

TFR T - lsE A 9K G Java 2 AR 1y H SIMESE 2R 4, R8I BE 04 19 B0y 05 S AT I 2 % 1 10 M3
SIEAE 2 i A A H | A I SI 2 A SR A A IE A R P AR P 32 B P AN [ 65 5 5 4 ER R A D B, O N T3 FE 4 A
I A5 A5 A D00 35 07 8 5 il AL X T A AS AR RS (0 6 A 8 o 1 4% 0 o 2 e PR M L S22 AR R AT IR
AT B8 PR e A P 38 A [ 3R A, LR 3.

Table 3 Experimental data

Fz3 LA

H 4R R RS I B3 ik

[m] S H 10 10 15 ATV 7 ¥ 00 R i (] S
W5 E %R 10 10 1 4 BL I3 4 W7 SR A B

E&Hr 10 10 13 FEB R
NLETRE 10 10 10 N EZ G AT RFL

Ay R 10 10 15 SIS HE SR R AN B
HEEE 10 10 20 16 n WAL R EE 1A NTF il 78
TSI 10 10 15 U b PFTA PR R A a P
T4 10 10 10 M 225Kk n R JE B
IR T3 10 10 15 LRRS -EZR/E 200
39 ) 10 10 15 VEEE A R B8 A SR 1) B — R IE R 22 /D R

7] S 5 B8 18 20 M7 7 451 AL http://homepage.hit.edu.cn/wangtiantian.

TE 1L B FE P (R 2 v R I A0 20 B WOAS TEvE A A SO B AT B B8 3 LU LR

(1) PRECH S EO BRI 2 AR R RIS ARRE 7 P S AR [ 3 6 1) R BT e S A R RIAN B S 41,
T A ST 7 H i I8 A 25 RS 1% .

(2) AT RIS RE 1AL 2 5 A B A R AR R AT (R A AR R 16 AR R T (R T
U ] B H I 58 A A [R] R0 o, Sk B 28 e B 2 HE ARG 2, T AR O A R AN HER & S BUR AR T L
1 IERABAT.

(3) ZIMFEFBE . M R V2R P AR SRR A R S A M N A main BR B BT DL B4
BRISAT, H A AN S 22 A4S SO 22 00 0 B 25008 T 1R 40 #0

(4) 2T RS G VEVR A R PR AR I AR S5k U ] DA RIS AT 1 2 AR R P AT H s i E nT LA
A BT JC TR ATAT I 481 (1 2% AR R AR AN SRR T & TR AR I 2 AR R R
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B 28 ARSI 25 R ST R R AR )T R BT LR K 100 AN R AR A S IR e kAT S, I b i 2R 4R
FRF (P A AT #7347

A SCIRE P BB E . BRI AN AR 3 A5 T 20 M AL P H S48 SR AH 5 PR 38 S0 B4 58 5 1 e
& :2.3 GHz Intel Core i5 43 2%,8GB 2133MHz LPDDR3 W 7.
42 REENMBFIEELERKER

BRI FOME ST 25 RIS WL 4 AR SCTE T B8 A 20N A B R e 2 AR P A 1 8] 2 A4
15 RN B AT 100%; 245 H 3 MER RN B R AN 70%; 45 H 4 A LU B A B R 2 50%.
Tl e RS 5 A AR B I, 5 3050 A I8 T80 Py 89 0 B 2 AR R e P BB S BRI 22 R R BRI, Haz
AT IR T 388 o 2 2R R P v A8 52 B D 2R G B B sy A 4T N T B

Table 4 Relationship between the number of bugs and repair results
x4 GBS LRI OC R
B85 mA J A & S R A &5 % (%) ST S5 B R S8 3 R B (%) AT (s)

1 30 30 100 50 93.37 17.863
2 40 39 97.5 70 79.42 159.722
3 20 14 70 100 62.58 409.216
4 KU L 10 5 50 100 30.29 738.927

2 WA Ry IS B2 AT BRI 2 B DR RV A ST VA 4% SRR 0 A8 SR AN R A (ELRE T BE I U AL
BT N ) 7 1) ) (0L DA B A S 4 A () S B A R AT BEALAE B B2 i 22 A 15 7 ) b T H R
23 [ADBK, 5 SR AT PR (K Pl B RS AR HON AN REFE 2R 2158 A IE R (R 4 T
43 BRBEBVIMEELERXER

BRIGRI B R LR M M AR 5, Ik RAFE A BP0 FU BB 5 52 Fn G B2 HH B0 L, (R
18 R A 54T R SR A WS (0 DR B 3 2 DR b AR S R R T A s 9 R 1 PP RS A ) B8 i, AN BRE BT S A
AT ST, DA S % R TR Bk fa PR 1B 52

Table 5 Relationship between bug types and repair results

w5 GERIMME R ER ] K R

EEsES A 45 AR i s H LV 1B 5K
VariableDeclarationStatement YIta 1L 18 15
ExpressionStatement FKiE 38 30
IfStatement.expression If 3Rk 21 18
WhileStatement.expression While 7§35 4 22 3% 5C 14 10
ForStatement.expression For 1 ¥R & 1221k 5 18 16
SwitchStatement Switch & fi) B 2 2
IfStatement.thenStatement If ¥& )4 ) Then &) bk 23 20
IfStatement.elseStatement If 35 A)H [ Else 15 f)Hk 12 10
WhileStatement.body While 7§30 8 1] B 16 13
ForStatement.body For f§¥ G Ak 18 14
ReturnStatement iR |5 18 ) 15 12
Package (ERPIIE=Y 15 13

4.4 FEEMIAEE K/ NFIEAOR BT IE SRR

ASCIEFE 10 DNEAT 4 A K BL BB S i) 22 A R P b AT P A2 5 10 S 36, A 4 A1 — 4, U R R B 11 K
ANREACRHOS RE )y H BB =m0, S R W& 6 AR 7.

IEARCIREORE AN I Fof A A A R 2 A4 520 1 0y 1 50 088, ~F 4948 520 R A8 50 P e ) o e 06 2 e
Wit 2 18K PAAT N i) ot 2 A 2 ol AR O 5 A A I 384 s AR BT A A 52 R ol (1 S i 8 o (H2 21 1 —
S8 BRI IR AR B8 0 I AR oK W1 8 A8 B2 R 2 A< AR Ak, TR I 38 A I i) 2 i 22 389 K
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Table 6 Relationship between population size and repair results
F 6 FOREAUBIRIE A5 IR K &R
R KR AR HL TP A RINE R ST 34038 1V (%) 1E47 1N H] (s)

10 10 50 0 30.47 438.285
10 10 70 3 38.39 542.043
10 10 100 5 45.58 683.941
10 10 150 6 53.25 822.294
10 10 200 6 54.84 1028.028

Table 7 Relationship between the number of iterations and repair results
F 7 ERARKBIMEE 45 RN R
MR KR EARIKEL AR A RINE R S 3503 [ 5 (%) BAT I (s)

10 5 100 3 35.35 428.954
10 7 100 3 38.59 537.851
10 10 100 5 45.58 683.941
10 15 100 5 43.12 835.935
10 20 100 5 45.83 1129.283

45 RBERSITETR

ARG T SRR N 1 ~2 DT B AR B 24T I T8 75 2008 2 9 0F T s B 0 KT 2 2 AR
J ST AT B8 Kl R (U AR B2 TR 388 DK R A S A By T 488 i 48 A2 4 TR DA A b A A K, T 8
IRARR S A FA) 2 i o Y LK

SEI AR T AEAR R GBI T (K G SRR [ B R S SR R (R X T ARG AW M
ST BT RO SR N VRS BB R AR AR A 1 AR B nl i A i ) R AR R LB R 2
(¥ S 20,

N T HEE O VA S SRR, A DUAR RS 0] Tt e 48 52 2 S B S 06 T ) DASRAS HE A AT 2 41 DL R 1)
AR, A SRR P 47 DG P59 AT AR i 08 LS04 R S 2R i a0 SRA7 (L P 81 22 ) 5K, A7 A 2 2B R e R AT T A
AR Py R BEAT () 2 8, DU AT 8 P A S i 502 44 O T A WG v 2 S A T 326 3 ol i 198 XKt 2 AN S G
LS 2V VLB K

ARSI 1) 27 AR RE e B S A R, FERUBIE T T 50 30 A G R () 28 5 U5 12 3 N JBE VP A 1 3, F T 1L i 2 A R
S V247 /I 8 A G Rt P49 2R 2 T SR 818 1 18 S A AR R A0 0k P SRS AN A2 LS W I T GenProg HH R ¥ 77
VI ARTTANTF) PRI B8 58 S Sfe s % 3 06 52 45 SRt vl 6777 A S . K ou %5 AT T GenProg (1928 S s ),
X T SRR SR AS PO B4 22 S JEE sk P 493 o 3 0 A7 o Py IR P 2 3 IR P 5 i P IS A0S AT A8 S5 0F L
XTI T 5 R A S 24959 A8 SCRTREALAS SR 15 JL0 8 S0 IE 15 A5 P I (0 e 18 SR AR AT S 45 2R R
B, R P EG P 2 P 00k P 491 30 e 0 8 21 ) 0B P 454 O HL I Y BB ATLAZ SRS i) R 7 18 R ACR I8 T GenProg K
FH B . 58 SR T A L) b A S 0 5 8 A 0k — 20 930 0 T AN [ PR RIS U725 0 2 A R P
SR,

5 & i

ASCEE R 22 AR R PRI B B8 75 5 B I T R s A B Bl iR R A8 5207 ik, ) BERRRE e 45 4D T 4%
RO LG 2 AR Py v 2 A SR BB B T3 T o 9] 10 i A B 08 5 0 0 2 5 2 W 5 %, 2 AR T B T ) JF:
WU AT RE AR S R A 8 G KR AR S R A A R s ) R T T A 1 A A 5 i, AR Sk
TR A7 (R P rh S AR 1] 2 e A A2 B8 45 DI 481 LA R 2 AR R P B 7 (9 RE P B 92 6 R ARV AL SR PP A7 b
IO R PR A IS PR SE I A, AN 2 LK AR SR ARE N B O O LG AT R AN | R A A
BRI T — AR Java il T A AR R T E S S Web JS RS T, A 2 A g BB AL 1 20 S ok, S 5 SR IE T
ARG R 5 Bk 5 35 2 TT VAT T HE— 2D s L SE
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