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IERRE P W B AR P

int foo,bar,foobar, barfoo;

int foo, bar, foobar, barfoo;
// initial the variables

if ((foo ||! bar) &&
(foobar && barfoo) ) |

//initial the variables

if ((foo || ! bar) | (foobar
&& barfoo) ) |

printf( “pass the test! \n”);

f

printf (““ pass the test! \
n”);
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i int foo,bar,foobar, barfoo;
int foo, bar,foobar, barfoo;
L . // initial the variables
//initial the variables

if(! (foo || ! bar) &&

if ((foo |I! bar) &&

(foobar && barfoo) ) |
(foobar && barfoo) ) {

. printf (“ pass the test! \

printf ( “pass the test! \n”); "

n”) -
} ’

|
x5 KREEUE
B Edhg

int foo, bar, foobar, barfoo ;

IETEF

int foo, bar,foobar, barfoo ;
//initial the variables

// initial the variables )
if(foo || ! bar && (foobar
if( (foo || ! bar) && (foobar

&& barfoo) ) |
&& barfoo) ) | i

printf ( “ pass the test! \
printf ( “pass the test! \n”); -

n 5

%
i

@Iy AR (CF) o % 6 A IRERTE CiEH
FEIF of iy 3L 2 0], R4 7 £ 3A U (foobar &&
barfoo ) 5 4 (foobar && barfoo && foo) ,
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int foo , bar, foobar, barfoo;
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int foo, bar,foobar, barfoo ;
//initial the variables

if((foo || ! bar) && (foobar
&& barfoo) ) {

printf( “pass the test! \n”);

%

//initial the variables

if ((foo |1 bar) &&
( foobar && barfoo &&
foo)) |

printf ( “ pass the test! \
n”);

%
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int foo, bar,foobar, barfoo;
//initial the variables

if (foo <bar && foobar | =
barfoo) {

printf ( “pass the test! \n”);

}

int foo,bar,foobar, barfoo;
// initial the variables

if (foo>bar && foobar !
=barfoo) |

printf (““ pass the test! \
n”);
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33 LBHERSHH

AR FRIB R (8) WL RRAS 1 A B ik E 5 it
FEHEAT TR UL, IF % 25 Rtk A7 404
I Own_Below_Threat | ! ( Own_Below_Threat&& (!
(Down_Separation=ALIM) ) (8)
I Own_Below_Threat | ! ( Own_Below_Threat&& (!
( Down_Separation>=ALIM) ) (9)

1) FEFHA

ARSI R B T 22— S S8
P e e 18 52 0 ARR 2R ik 1 2 41
MEE . A, SO R a2t 1NE 8 B, LA
“v,7 A4 a2t i KRR Horp i SRk
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2) WA

A a2.txt A AT RIB AN IER LKL A H
IR IFEAEE SO 2.t W 25 0 9 N Eak
b8 — A7 23k U B R AR S A . TEIB S AR
R S MR 32 A 48 52 3 3k 3 A B X iz
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K8 X a2.xt NE

12.1xt

2. txt

2. txt

12. Ixt

2. txt

12.1xt

2.xt

12.1xt

12. Ixt

2. txt

2. txt

12.1xt

2. txt

! Own_Below_Threat || (Own_Below_Threat&&( ! (Down_Separation>=ALIM) ) ) ;

Own_Below_Threat || (Own_Below_Threat&&( ! (Down_Separation>=ALIM) ) ) ;

I Own_Below_Threat || (! Own_Below_Threat&&( ! (Down_Separation>=ALIM) ) ) ;

! Own_Below_Threat || ! (Own_Below_Threat&& (! ( Down_Separation>=ALIM)) ) ;

! Own_Below_Threat || (Own_Below_Threat&&! (! (Down_Separation>=ALIM) ) ) ;

! Own_Below_Threat&& (Own_Below_Threat&& (! (Down_Separation>=ALIM) ) ) ;

! Own_Below_Threat&& (Own_Below_Threat&& (! (Down_Separation>=ALIM)) ) ;

! Own_Below_Threat || (Own_Below_Threat || (1 ( Down_Separation>=ALIM) ) ) ;

! ALIM || (Own_Below_Threat&& (! (Down_Separation>=ALIM) ) ) ;

! Own_Below_Threat || (Own_Below_Threat&&( ! (Own_Below_Threat>=ALIM) ) ) ;

! Own_Below_Threat || (Own_Below_Threat&& (! ( Down_Separation>=0wn _Below_Threat) ) ) ;

! Own_Below_Threat || (Own_Below_Threat&& (! ( Down_Separation<ALIM) ) ) ;

! Own_Below_Threat || (Own_Below_Threat&& (! ( Down_Separation>=ALIM) ) || Down_Separation) ;

3) R LR KA

K10 2 (8) B e 25 3, Rk v2,v6,v7 K
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BE TR 1, AR AT LA XA Feak 2RI IE# Y

XFFASLLY, 285 FRIRFUE A LEXT 1% 4 43R5k
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A BLA 2 AN s A R | sl ]
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3

1 400 400 O
1 399 740 1
1 639 640 1
0 499 640 1
0 401 500 1
0 641 640 1
1 499 740 1
1 499 400 O
1 499 €40 1
1 740 500 O
1 639 740 1
1 501 €640 1

&9
Bl 10 (8) MR LR

1. exp: | Own_Below_Threat || (Own_Below_Threat && (! ( Down_Separation>=AL-
M))) s

2. test case: t2.txt

3. all tests passed!
4.
5. exp:Own_Below_Threat | ( Own_Below_Threat && (! ( Down_Separation>= AL-
M) s

6. test case; t2.txt

7. failed

8. 1400 400

9. NF: | (Own_Below_Threat) | Own_Below_Threat && ! (Down_Separation>=AL-
™M)
10.
11. exp: | Own_Below_Threat | (! Own_Below_Threat && (! ( Down_Separation>=
ALIM)) ) ;

12. test case: t2.txt

13. failed

14. 1 399 740

15. NF: ! (Own_Below_Threat) | Own_Below_Threat && ! ( Down_Separation>=AL-
M)

16. ORF: | (Own_Below_Threat) | ! (Own_Below_Threat) || ! (Down_Separation
>=ALIM)

17.
18. exp: | Own_Below_Threat | ! (Own_Below_Threat && (! (Down_Separation>=
ALIM)) ) 5

19. test case: t2.txt

20. failed

21. 1 400 400

22. NF: ! (Own_Below_Threat) | ! (Own_Below_Threat &&Down_Separation>= AL~
M)

23. vORF: ! (Own_Below_Threat) | ! (Own_Below_Threat && ! ( Down_Separation
<ALIM) )

24. NF: ! (Own_Below_Threat) | Own_Below_Threat && | (Down_Separation>=AL-
M)
25.
26. exp: | Own_Below_Threat || (Own_Below_Threat && | (! (Down_Separation>=
ALIM))) 5

27. test case: 12.1xt

28. failed

29. 1 400 400

30. NF: ! (Own_Below_Threat) | Own_Below_Threat && | (Down_Separation>=AlL-
M)

31. vORF: | (Own_Below_Threat) | Own_Below_Threat &&Down_Separation <ALIM
32. NF: | (Own_Below_Threat) | ! (Own_Below_Threat &&Down_Separation>=AL-
™)
33.
34. exp: ! Own_Below_Threat && ( Own_Below_Threat && (! ( Down_Separation>=
ALIM)) ) ;

35. test case: t2.txt

36. failed

37. 1399 740

38. ORF: ! (Own_Below_Threat) | Own_Below_Threat && ! ( Down_Separation> =
ALIM)

39.

40. exp: | Own_Below_Threat && ( Own_Below_Threat && (! ( Down_Separation>=
ALIM)) ) ;

41. test case: t2.txt

42. failed

43. 1399 740

44. ORF: ! (Own_Below_Threat) | Own_Below_Threat && | ( Down_Separation> =
ALIM)

45.
46. exp: | Own_Below_Threat || (Own_Below_Threat || (! ( Down_Separation> =
ALIM) ) ) ;

47. test case: t2.txt

48. failed

49. 1 400 400

50. NF: ! (Own_Below_Threat) || ! (Own_Below_Threat) || ! (Down_Separation>
= ATIM)

51. CF: ! (Own_Below_Threat) | ! (Down_Separation>=ALIM)

52. ORF: ! (Own_Below_Threat) | Own_Below_Threat && ! ( Down_Separation> =
ALIM)

53.
54. exp: | Own_Below_Threat || (Own_Below_Threat && (! (Down_Separation <AL-
IM))) ;5

55. test case; t2.txt

56. failed

57. 1 400 400

58. NF: | (Own_Below_Threat) | Own_Below_Threat &&Down_Separation <ALIM
59. vORF: | (Own_Below_Threat) || Own_Below_Threat && ! ( Down_Separation>=
ALIM)

60. NF: | (Own_Below_Threat) | ! (Own_Below_Threat && ! (Down_Separation <
ALIM))

61.
62. exp: | Own_Below_Threat || ( Own_Below_Threat && (! ( Down_Separation> =
ALIM) ) || Down_Separation) ;

63. test case: t2.txt

64. failed

65. 1 400 400

66. CF: ! (Own_Below_Threat) | Own_Below_Threat && ! ( Down_Separation> =
ALIM)
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£, USRI, NiEARIA va MRS R N
BT B T A AR R, (1) 2 (13) 54 (10)
A (EIFRIAA v4) AR IS,

I Own_Below_Threat || ! ( Own_ Below_Threat&& (!

( Down_Separation>=ALIM) ) (10)
! Own_ Below_ Threat || ! ( Own_ Below_ Threat&&
( Down_Separation>=ALIM) ) (11)
1 Own_Below_Threat || ! ( Own_ Below_Threat&& (!
( Down_Separation< ALIM) ) (12)
I Own_Below_Threat | ! ( Own_Below_Threat&& (!
( Down_Separation>=ALIM) ) (13)

HIEM (1) ~ (13) KI5 IE# R KX (9) F 4, 2
exp B A (9) 2, expl B (11) 3, exp2 K (12) K,
exp3 A (13) 0, IEMIFEANT .

1) X3 (11) 3

15 1:0wn_Below_Threat=0

| Own_Below_Threat=1

expl

=1 || ! ( Own_ Below_ Threat&& ( Down_
Separation>=ALIM)

-1

=exp

B expl =exp

15 2 :Own_Below_Threat =1

| Own_Below_Threat=0

expl =0 || ! (1&&(Down_Separation>=ALIM) )

= | (Down_Separation>=ALIM)

exp=0 || (1&& (! ( Down_ Separation > = AL-
IM)))

=1 (Down_Separation>=ALIM)

expl =exp

2) XF(12)5L;

&L 1:0wn_Below_Threat=0

FIETF 1),

& 2:Own_Below_Threat=1

! Own_Below_Threat=0

exp2

=0 || ! (1&& (! ( Down_ Separation > = AlL-
IM)))

=1 (! (Down_Separation>=ALIM) )

= | (Down_Separation>=ALIM)

exp=1 (Down_Separation>=ALIM)

exp2 =exp

3) X (13) 3

& 1:0wn_Below_Threat=0

[FET 1),

15 2 :Own_Below_Threat=1

| Own_Below_Threat=0

exp3=0 || 1&&(! (Down_Separation>=ALIM))

=1 (Down_Separation>=ALIM)

exp=! (Down_Separation>=ALIM)

exp3 =exp

ik, (1) ~ (13) XI5 (9) K55, W itix 3
MEE LRI ] LLAZE R [a]— M 450 /I

! Own_ Below_ Threat ||! ( Own_ Below._
Threat&& (! (Down_Separation>=ALIM) )

R R RIS N A A#EA T 8 A8 B s0a 5004
AR, G i AR AT A — 0 TR A

®19 BELR

BEERG—IREX BEERPEZIE

ik

AN R T4 E KA E S
1 8/50.0% 8/50.0%
2 4/44.5% 5/54.6%
3 9/60.0% 6/40.0%
4 11/64.7% 6/35.3%
5 8/50.0% 8/50,0%
6 12/63.2% 7/36.8%
7 7/46.7% 8/53.3%
8 9/64.3% 5/35.7%
9 9/56.3% 7/43.7%
10 9/50.0% 9/50.0%
B 86/55.6% 69/44.5%
4 &

ASCEZR X C I F &R, T 5%
PFFRIR AR 288 LA R A S B B RR i Fie 1 3
IBE S th T —Fh et Un F s ik iB =071k
TEMEERN b DO IR S T A X C i SRR
MR A S B TR, ARCEZDL C B FH & IFR
BB 0], Bk 1 3 H B AR R Bl Al
B Tr i, B AR SCHY T R IFAN 32 1 T 5 B R
Pl e o A RB R HARIE 5 90 S AR T, A B0
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Conditional Expression Fault Classification and Repair
Method of Aviation Control Software

XIE Wenguang', LI Qi’, WANG Kenian'?, MA Chunyan®,
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4.Shanghai Mechanical & Electrical Engineering Research Institute, Shanghai 201109, China

Abstract; Aviation control software has become the core control decision—making unit of the aviation system. The
Boolean conditional expressions are the main parts of the branch and loop control logic of aviation control software.
This paper studies the fault classification and repair method of conditional expression of aviation control software. 1)
a two-level Boolean conditional expression fault classification method is proposed; 2) based on the design of muta-
tion operator, repair solution and stop condition of mutation repair, an automatic repair method of conditional ex-
pression is proposed; 3) a repair assistant tool for conditional expression is designed and implemented, and 155
fault expressions are repaired. The results show that 55.5% of fault expressions can achieve accurate repair, 44.5%
of fault expressions can generate multiple correct versions after a repair, and some versions have operation redun-

dancy, so it is necessary to select the optimal version manually.

Keywords: conditional expression fault;fault repair;aviation control software; fault classification
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