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Abstract: Automatic program repair based on code enumeration exploits mutation operators to fix buggy programs by
mutating the faulty statements. Its effectiveness is hindered by lack of grammar-directed mutation and limited number of mu-
tation operators. This paper proposes a new automatic program repair method based on version space algebra, which uses in-
ductive learning techniques to automatically produce repair solution for the faulty statement of buggy program. Specifically,
the proposed method has the following features: (1) automatic derivation of version spaces from grammars, (2) defining
consistency of version space according to its type,and (3) combining static and type checking with version space algebra.
Experimental results show the proposed method outperforms other existing automatic program repair approaches in terms of
repair success rate,,and static and type-checking mechanism can prune the hypothesis space efficiently.
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#include <stdio.h>
#define OLEV 600
#define MAXALTDIFF 600
#define MINSEP 300
#define NOZCROSS 100
int Cur_Vertical_Sep;
bool High_Confidence;
bool Two_of Three Reports Valid;
int Own_Tracked_ Alt;
0. int Own_Tracked_Alt_Rate;
1. int Other_Tracked Alt;
13. bool Own_Above Threat()
14. {return (Other_Tracked Alt < Own_Tracked Alt);}
15. intalt_sep_test()
16. {bool enabled, tcas_equipped, intent_not_known;
17. bool need_upward RA, need downward RA;
18. intalt sep;
19. enabled = High_Confidence && (Own_Tracked Alt Rate
<=OLEV) && (Cur_Vertical Sep > MAXALTDIFF);
20. tcas_equipped = Other_Capability == TCAS_TA;
21. intent_not_known=Two_of Three Reports_Valid || Other RAC
==NO_INTENT; /* logic change */
alt_sep = UNRESOLVED;
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<Primary_Expr> ::= <IDENTIFIER> | <CONSTANT>

<Unary_expr> ::= <Primary Expr> |<Prefix_Oper><Unary_ Expr>
| <Not_Oper><Unary_expr> | <Unary_oper><Unary_expr>

<Not_Oper> ;="'
<Prefix_Oper> ="+ |-
<Unary Oper> :="+'|"'

<Multiplicative_Expr> ::= <Unary Expr>
| <Multiplicative_Expr><Multip_Oper><Unary Expr>

<Multip_Oper> :="*" | /'

<Additive_Expr> ::= <Multiplicative_Expr>
| <Additive_Expr><Add_Oper><Multiplicative_Expr>

<Add_Oper> =:="+"|"'-"

<Relational Expr> ::= <Additive_Expr>
| <Relational Expr><Relation Oper><Additive Expr>

<Relation_Oper> ::="'>"|'>="|'<"' |'<="

<Equality_Expr> ::= <Relational Expr>
| <Equality_Expr><Equ_Oper><Relational Expr>

<Equ_Oper> ::="I="|'="

<Logical_and_Expr> ::= <Equality Expr>
| <Logical_and_Expr><And_Oper><Equality Expr>

<And_Oper> ::='&&'

<Logical_or_Expr> ::= <Logical _and_Expr>
| <Logical_or_Expr><Or_Oper><Logical_and_Expr>

<Or_Oper> ::="||"

<Assignment_Expr> ::= <logical _or Expr>
| <Unary_Expr><Assign_Oper><Assignment Expr>

<Assign_Oper> ::="'="
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1. if start € 3, pina and k =0 then

2. if IsCompleted (stack,3,, i) = true then
3. VoW, Ustack; // MO stack Hr e AR St
—BRTERE A

4 BackTrack ( stack ) ;

5 return;

6. else

7 return;

8 end if

9 end if

10. if start € 3, and k>0 then

11. stack. pop () ;

12. return;

13.  end if

14.  for each start—B e P// % B=ByB:--B:(i=0)
15, if 181 =1 then

16. stack. push(start—p) ;

17. Generate(G,B,3, i s %) 3

18. else

19. if k<1 then

20. continue;

21. end if
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1 3 (start) (7

2 if start € 3, inas then
3 return 3% (start)
4 end if

5. if k=0 or k=1 then
6 3k (start) «—Generate( G, start , 3,0 %) 3
7 return E/(, (start) ;

8 end if

9 for each start—B e P

10. if |81 =1 then

11. 3%(B) «Enumerate( G,B8, 3 ina k) 5

12. Sk (start) «— 3% (start) UBuildUTree (start—B,3%(B) ) ;
13. end if

14. if |1 =2 and k<1 then

15. continue ;

16. end if

17. if I8l =2 then // i% B=0aB,H o NisBEHEIC

18. 3E1(By) < Enumerate( G, By S uminat k= 1) 3

19. 3k (start) « 3% (start) U BuildUTree ( start—B, 3571
(Bo))s

20. end if

21. if 181 =3 then // & B=ByaB H. o HBHAFFBTT

22. forz=05z<k-1;2+ +

23. 3% (By) < Enumerate( G,By , 3, minat 2)

24. Sh=2=1(B, ) «Enumerate( G,B, ,3 0 minat £ —2 1) 3
25. for each <7, ,7, > € 35(By) x3t*71(B,)

26. 3t (start) «—3% (start) U BuildBTree ( start—3,
T1,T2)

217. end for

28. end for

29. end if

30. end for

31. return 3% (start)
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1. while stack is not empty

2 A—B«stack. pop( ) ;

3 if 181 =1 then

4. if Be 3, ina then

5 VS « BuildLeaf(B) ;

6 VS _ Stack. push(A4,VS) ;

7 else

8 (B,VS)«VS _Stack. pop( ) ;
9. VS _ Stack. push(A4,VS) ;

10. end if

11. end if

12. if 181 =2 then // # B=aB, H o NizBE/4I0
13. (By,VSy)«— VS _Stack. pop( ) ;
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14. VS, < BuildUnary (a, VS, ) ;
15. VS _ Stack. push(4,VS,) ;
16. end if
17. if 181 =3 then // & B=ByaB, H o HiBHEFFAIC
18. (By,VSy)«—VS _Stack. pop( ) ;
19. (By,VS,)«VS _Stack. pop( ) ;
20. VS, < BuildBinary(4,VS,,a, VS, ) ;
21. VS _ Stack. push(4,VS,) ;
22. end if

23. end while
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Two _of _Three Reports _Valid, Other  RAC.

x2 FEXESHMTEREXIERYE

AL s R ARG R YA AU T U G RBUE
Cur _ Vertical _ Sep 0.036
Own _ Below _ Threat( ) 0.134 Other _ Tracked _ ATt 0.153
enabled () 0.043 Alt _ Layer _ Value 0.067
Inhibit _ Biased _ Climb( ) 0.001 Other _ RAC 0.520
ALIM() 0.067 Up _ Separation 0.005
Other _ Capability 0.081 Non _ Crossing _ Biased _ Climb( ) 0.001
alt _ sep 0.076 tcas _ equipped 0.081
Own _ Tracked _ Alt 0.004 need _ downward _ RA 0.076
Climb _ Inhibit 0.016 High _ Confidence 0.048
need _ upward _ RA 0.076 Two _ of _ Three _ Reports _ Valid 0.599
Own _ Above _ Threat( ) 0.134 Non _ Crossing _ Biased _ Descend () 0.117
Own _ Tracked _ A1t _ Rate 0.093 Down _ Separation 0.027
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FE X 10 KT as | H 5FEFIRESRE 5 1%
B BB RIZS 6], 10 VS CONST, j& H 5 s —F1)

FrAT BB i i 5~ 5. B VS CONST, s = {h1h e H\

Consistent(h,s) | .
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4.1 IEZxH
ST XA SO R AT RO AT A, ST TR R

SmartRepair. % F Siemens & i 7E R 28058 TAE P ¥ 12
A ARSI SR G (L 3). F 4G T
ARSI S SEI R B 45 2 Ubuntu 10. 045 T {4
% AL FEES Intel (R) Core(TM) i5 —3210M, N7 4G.

#*3 LWXNRERF

L BRI AR | BT R
tcas 41 1520 173
schedule 9 2650 412
schedule2 9 2710 307
replace 32 5542 563
tot _ info 23 1052 406

x4 ZHSHBMEREX
SHEH | SBWUE BX
tnum 100 FAF NGRS EH

® 0.35 s 7 1y — B B
A 0.05 SR T T s ) — S B
i 4 AEIRKTH )

4.2 XWHER

5 FIH T AT B 58 2 07 B 2 Rl
L AR R T (1) Fh =~ 1)
16 52 235 S B 2 4 G SRR PP 3R 15 1. (2) 7ESC
HR™ i, % T Replace 5256 % 42 3 06 5 3 vf iy 29 A48
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BRARAS , H B B4 IR0 G2 tot_ info, P, 7ER H L
© =T AR N A AT LA, SCHR [ 19 ] H 9 5 ik
MBS R R 18. 4% (21/114) | WA ST ik 1B K
JRNE Ty 35. 4% (40/114) s H5 A% JE LI AT R tot _in-
fo , WA ST i 1) 18 SR 2 %€ 34. 07 % (31/91) , i Gen-
prog ME K IR H R Oy 18. 18% (16/88). [A i, 55 3CHk

(20,19 ] H {4 77 A He AR SCH 5 I A0 AE 5 R ) 2R J T
B—E RS FEAR SRR T, il T 8D S0k
SR A AR S R R T R I AL 1 BT I A
BB A BN, 78 SCHEk [ 19 ] v, JoTE A S5 X 42
schedule FE77 16 52 11 J5 PR AR SE48 AR A4 T0 15 SE 8w
1 46

&5 SmartRepair SXHAHPEECBEA EZNEERNE LS

TRIF 4R SmartRepair Debroy and Wong iy gy e 010 Semfix'?) Genplrog“oJ
tcas 48.78% (20/41) 21.95% (9/41) 82.93% (34/41) 26.83% (11/41)
schedule 33.33% (3/9) 0% (0/9) 44.449% (4/9) 0% (0/9)
schedule2 33.33%(3/9) 11.11% (1/9) 22.22% (2/9) 11.11% (1/9)
replace 15.62% (5/32) 9.38% (3/32) 20.69% (6/29) 13.79% (4/29)
tot _ info 39.13% (9/23) 34.78% (8/23) - -
3 35.0% 18. 4% 52.27% 18. 18%

J3—J7 T, 5 Semfix AH L , SR B B AT B RAR
A LUT JLAS 7 1 A LA« (1) Semfix F1J JH 24 55K i
RARAHG SR A Y A 10 AR SO 9k vy AR
23 [ %€ SCATRERF IEA 19 F R AL HEBRAE ST, (2) 25 B 1)
RANBEEB R T R R R B L. 5 R
I 0 F 523X AR Schedule , AR SCRY 7 ik AE B B R
EEART Semfix, X LU, i Bt — U E 250
X445 Semfix PE4T HLELHIFFT.

F 6 SmartRepair SRERIEN REITEE T FRIR B L

PP AFR PRI (min) (/DA (min) | KRR [E] (min)
tcas 15.2 12.5 16.8
schedule 13.4 11.6 15.3
schedule2 7.8 6.9 8.2
replace 6.9 5.0 7.2
tot _ info 10.6 8.8 12. 1

% 6 4y i HYJE SmartRepair 74 R SCH X 4 ERYE
STAEBRINT I, AL FE AL T A SO, 44 1 70 Y s i) A1 A 5
7 6 1 BT YN R 1. SCHRT ™ 9 o XM 42 A8 9l i i) Jie
TERTE, NGS5 Z T A HO . AR SCHk (3 ] o
A IRIFE 2% S g 45 28, 455 % 6 W] LI AR SCT7 ik
Jiv W AE S ik 18] 4E 9% 19 7 3% /& Genprog Jr iy i 8] ££ 2
(192 ~4 ff CH AT G BT R T I 320 4] 4 HUASE R/ Dy
100 F1'50 B ). [} i, B F 3k e 75 008 T i e
RIFER LA 16. 6 (min). AR SCT5 3600 T A 9556
XFR IV (] AE B ANl i 16 (min). BT 5, A8 3C
B2 T5545 SemFix fré )2 TRk SR T ik AE v
A]AE 2% 1 B 4.

Pl 4 gy T AR T s A T el e A S SR T A A
HUHI P A LAY TR 15 AN A AR B i L R ol T4 — ok
B BRI R AR A B R RRAS , PRI, TR AN 3 A% i
B BRI IR — S0 X G AR P AN [ B R AR 1
M. TR AT LU 8 25  e RUAS: A L A 3ot K
BUEEA AR, /N B RS 3 35% , At Ay

PR R S B R R A L

1111

tcas schedule schedule2  replace tot_info

Bl AR A R H
AR Y2 (] AR e S R EA T 1 A b 4 k.
5 HiE

BN H R T AU MR B9 A SR B 5 5 1k ) — 4
A AR —Fh e T R s (i R B S B
Trid G TT R RE B S (R 25 YA 0 2 ] (Rl L. 55
TS T B TR AME S T A M L, AR SO A
R E AL SR, 5 A 2R A
BUAJE , T AT R Dok e B = (R R R, T — 221 AR
AU S IZ OO A SR T A TSRS, i — 2
FE I B4R B B2 7 T R I 45
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