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Abstract:  Until recently, debugging still takes almost 70% of the time in software engineering. The conventional debugging process,
based on setting breakpoints and inspecting the states on them, remains the most common and useful way to detect faults. The efficiency
of debugging differs a lot as both the selection and inspection of breakpoints are up to programmers. This paper presents a novel
breakpoint generating approach based on a new concept named minimum debugging frontier sets (abbr. MDFS). A debugging frontier set
describes a set of trace points, which have the ability of bug isolation, and a MDFS is the one with minimum size. Benefiting from the
ability of bug isolation, the error suspicious domain will always be narrowed down to one side of the MDFS no matter the state of MDFS
is proven correct or not. Breakpoints generated on the basis of MDFS also make the statement instances to be inspected at each breakpoint
at the minimum. The paper also establishes a set of criterions to judge the quality of breakpoints. Empirical result indicates that
breakpoints generated through this approach not only require low inspecting cost, but also have the ability to accelerate the efficiency of
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debugging. It also shows that this MDFS-based debugging prototype performs better than the state-of-art fault-localization techniques on
the Siemens Suite.
Key words: debugging; breakpoint; minimum debugging frontier set; fault localization; dependence analysis
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8 for 2 , a . ,
, fi<sizeod
static void shell sort(int a[],int size
{

1 inti,j;
2 int h=1;
3 do {
4 h=h33+1,;
5 } while (h<=size);
6 do {
7 h/=3;
8 for (i=h; i<size i++)
9 {
10 int v=a[i];
11 for (j=i; j>=h && a[j- h]>v; j- =h)
12 afj]=a[j- hl;
13 if (i1=])
14 afil=v;
15 }
16 } while (h!=1);

}

int main(int argc,char<arg\i]) 1 Jaout14 11
17 int i=0;
18 int*a=NULL;
19 a=(int*)malloc((argc- 1)*sizeofint));
20 for (i=0; i<argc- 1; i++)
21 a[i]=atoi(arg\i+1]);
22 shell_sort(a,argc); I 2 argc- 1
23 for (i=0; i<argc- 1; i++)
24 printf(f%do,a[i]);
25 printf(f\no); 1 011, 11114
26 free(a);
27 return 0;

} -

Fig.1 Sample program
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3.1
10 ( , ) 179
. Siemens 7 :print-tokens,print-tokens2,replace,
schedule,schedule-2,tcas  tot-info; 3 :sed,grep  space. Software-Artifact
Infrastructure Repository( SIR,http://sir.unl.edu/portal/index.php). Sed  Grep
buglist(http://git.savannah.gnu.org/cgit); space ;
1 10 ( )
SIR
11 , 10
179 198
, 10 ( 10 )
P | F , 4 ,
F 1
Table 1 Benchmark programs
1
/
print_token 472 6/7 4 3773.00
print_token2 399 10/10 10 3870.60
replace 512 31/32 31 12 619.50
schedule 292 9/9 10 6 047.20
schedule2 301 9/10 10 8 046.75
tcas 141 41/41 48 221.78
tot_info 440 23/23 23 6 265.49
sed 14K 10/10 10 791.33
grep 10K 3/3 3 9 822.00
space 6K 30/38 41 24 679.00 ADL
Valgrind!*®! Valgrind ,
Valgrind ,
3.19GHz, 4GB Intel(R) Xeon(TM)
3.2 f
. 321
3 (
) , 3.2.2 MDFS
:1) MDFS i2)
, 3
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1; : :
l (
) 1; , 1.
( Max_len); ,
gMax_len-1)/2g , | Max_len, I d/2a
, (0,Max_len).
( cMDFS)
: ( )
cMDFS. mdfs cMDFS ,
2 MDFS 179 ;
(#Bkpt ); (#Inst ), ,
(Reduce% ). ,Range JAver
.Reduce% 1 , . 1)
, , 12) . 1
Table 2 Overall results of the MDFS-based debugging process
2 MDFS
#Bkpt #nst Reduce (%)
Range  Average | Range Average Range Average
print_token 1~-3 2.25 1~-3 2.25 0.21~1 33.48
print_token2 1~-3 2.40 3~6 4.10 0.25~0.51 0.33
replace 1~5 3.40 3~7 4.90 0.20~0.78 0.31
schedule 1~5 2.78 4~6 5.20 0.34~1.03 0.65
schedule2 2~4 2.80 4~6 491 0.33~1.00 0.80
tcas 1~4 1.27 3-5 3.68 0.71~1 2.95
tot_info 1~3 212 3-8 3.63 0.23~1 451
sed 2~6 3.10 3-8 4.30 0.01~0.02 0.01
grep 3~6 4.00 7~11 8.33 0.03~0.06 0.04
space 2~5 3.96 3~7 6.01 0.01~1 7.01
3.2.1
MDFS .
3 ( MDFS ) 3
, , (#Bkpt ) (#Inst ).
, ; 10
2 , MDFS 10
3 : )
MDFS ; , ;

MDFS ; , .3 (#located )
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42 21.21%. ,
MDFS )
; , , MDFS
( )
Table 3 Comparison with step-by-step, binary and random breakpoint generating approaches
3
MDFS
#Bkpt #lnst #Bkpt #lnst #Bkpt #lnst #Inst #located
print_token 1-3 1~3 21~43 26~268 11~15 33-182 | 15-318 1
print_token2 1-3 3-6 33~36 41~317 4~14 6~22 6~194 4
replace 1-5 3~7 9~52 19~177 7~16 43~81 16~84 7
schedule 1~5 4~6 11~56 2~163 8~23 23~57 6~20 0
schedule2 2~4 4~6 11~68 2~150 8~23 31~57 6~22 0
tcas 1~4 3~5 4~23 5~23 3~9 8~13 10~15 15
tot_info 1-3 3-8 6~42 10~42 5~8 10~14 14~25 7
sed 2~6 3-8 8~10 20~47 6~10 22~34 1-19 2
grep 3-6 7-11 5-35 5~42 8~11 8~47 7-31 0
space 3-5 3~7 2~-92 2~97 6~11 14~27 8~21 6
322
MDFS
4 MDFS , . , MDFS
37.98%~58.91%.
Table 4 Ratio of trace shortening by using MDFS-based breakpoints
4
print_token  print_token2  replace  schedule schedule2  tcas  tot_info sed grep  space
Reduce (%) 45.38 47.28 47.84 35.75 37.98 5482 4711 5891 49.23 50.29
MDFS , MDFS
3.1 )
( )
(suspicious score),
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T-scorel®
. fi (perfect bug
understanding) &’ , ,
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5 Siemens
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. 5 , , 1% 10%
42.96%  96.50% ,
Table 5 Comparison with the state-of-art fault-localization approaches (%)
5 (%)
T-score  MDFS CT Tarantula PPDG (worst) PPDG (best) CBI SOBER
<1 42.96  4.65 13.93 17.74 41.94 7.69 8.46
<10 96.50  26.56 55.19 44.16 73.39 40.63  53.13
3.3
MDFS . 6 10
, 6
Table 6 Average time cost for breakpoint generation (s)
6 ()
print_token  print_token2  replace  schedule schedule2 tcas tot_info sed grep space
1.19 1.51 1.04 2.19 2.62 0.08  7.05 1.48 6.94 2.60
4 Q o
, 70% ,
Chern!?! ( )
: ( ) , :
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, fi
0 . , Whyline. ,
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