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An interactive debugging framework with heuristic graph

based on the feedback optimization
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(1. School of Information Science and Technology, Nantong University, Nantong 226019, China;
2. Department of Computer Science and Technology, Nanjing University, Nanjing 210023, China)
Abstract: The spectrum—based fault localization approaches guide programmers to identify defects with the defect lo-
calization report. Due to lacking sufficient context, the process of identifying defects based on the fault localization re-
port is very time—consuming and laborious. Furthermore, during the identification for software defects, the programmer’s
previous work is not utilized to optimize fault localization reports. This paper proposes a two—stage heuristic interac-
tive debugging framework on which programmers can iteratively identify defects with visual heuristic graphs. The first
stage is to construct heuristic graphs that help programmers identify defects. It first analyzes the defect—related in-
formation based on static program slicing technology, and records the run—time information by execution tracking, then
organizes and visualizes them in DOT format. The second stage is to optimize the defect localization based on the
programmer’s feedback. An algorithm, which dynamically adjusts defect localization reports based on the programmer’s
feedback using forward and backward slicing techniques, is proposed for optimizing defect reports. At last an en-
hanced algorithm is proposed that can adjust the defect localization report with the multiple feedbacks from the

programmers. The results show that the proposed approach can effectively improve the debugging efficiency for
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programmers.
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Fig. I Matrix for spectrum—based fault localization
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Fig. 2 Data traced during program running
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Fig. 3 Heuristic debugging framework based on the feedback optimization
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TE AP BEBE LUAE p, AR S IR E 3 8 0 A o
FA) BT A V) B PR B RE Sl A BE T, 2R, SRk SR
— /A o BRIV VR I ) U0 R i )R] BERE
Bk S5 T REUR B T BE I S S HR R
HA
RankList

newRankList
: < Sy Rip >= RankList.pop
: assert = Feedback (S,,)
: IF assert is Right THEN
{2 = BackwardSlice (S,,)
R

B S S

5: o=-gte—
e

6: FOR each S, e A S, € RankList DO

7, R, =R, x (1-p)

8 RankList.Update (S, ,R,)

9:  END FOR

10: END IF

11: IF assert is Wrong THEN
12. W = ForwardSlice (S,,)

, Ry,
13 o' = z—b;
14:  FOR each S, e ¥ A\ S, € RankList DO
15: R. =R, x(1-p")
16: RankList.Update (S, ,R,)
17. END FOR
18. END IF

19: newRankList = RankList.Sort()
20: RETURN newRankList

SR PR 5 PRIl N B — I BB A — 2%
B P B RCR AR 58 b A SE PR B R R
A, PN B AT RE — R N — LR A By
YU g TR T A B 3 U D B R R AT AT 3
AP ES NE W IEH R E AR5 (Good ) FIIA TE
AR IR B A 4 (Bad ) o TAT T 2t — 22 2l 5
55 UM Z A R B is 00, St ik ik 6
FI7s

Bk 6 AT IRBUR B0 AT B8 B 8l A T 1k

PN

RankList
ity

newRankList
1: < S,,Rq, >= RankList.pop
2: < Good,Bad >= Feedback (S,,)
3: FOR each S,u€ Good )\ S, € RankList DO
4. {2 = BackwardSlice (S.)

R
5. 0= ﬁ
6 FOR each S, e 2 N\ S, € RankList DO
7 R, =R, x (1 -p)
8. RankList.Update (S, ,R,)
9 END FOR
10 END FOR
11: FOR each S,.,e Bad N\ S.€ RankList THEN
12. W = ForwardSlice (S.q)
13: o = LR
S e

14. FOR each S, e ¥ N\ S, € RankList DO
15 R, =R x(1-p")
16: RankList.Update (S, ,R.)
17: END FOR
18: END FOR

19: RankList = RankList.Remove (Good ,Bad)
20: newRankList = RankList.Sort ()
21: RETURN newRankList
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ARSI KT — DT Java #2557 19 5 AL T
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Santelices ZIM C 15 F MUAS 56 #1159 2 1 Java fRAS
Y, HAR)TF 2 M SIR (subject infrastructure repos-
itory )R 245 2 1Y .

x1 ZREABFHE

Tab. 1 Characteristics of studied subjects

S REATE W B R 2K
Print token 478 1200 2
Schedule 290 2 650 2
Tot_info 283 1052 2
Jicas 181 1201 2
Sorting 222 100 2

e 1 R B OS2 58 Xk g2 9wl AT ARG AT
BORWBCAAT o B T Sorting F2 741, HAB AR 7 79 I3
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Tab. 2 Time cost for bug fixing of all defects min

Tk #1 #2  #3  #4  #5  #6  #7  #8
HDebug 43 54 47 55 46 38 41 49
GZoltar 59 74 68 69 71 57 58 64

#2443 {8 ] HDebug F1 GZoltar
TE 5 A FEERL T FATRESR M IR] o 1O AS )
Y P R ] 0 22 S5 6 — of PR 401 () 2 ol T
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%= NMax, = Min, < 1°
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' . — Min
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Fig. 4 Comparison of time costs between two debug techniques
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