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Debugging Phases

Make changes to the program
Test

Observe failure

Locate bugs

|dentify possible fixes

Choose best fix

Implement fix
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Current Practice

2 newProject - Zend Development Environment - [C:\DebugDemo. php]
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B Debug session started.
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Tarantula: Fault Localization

ﬁ'echnique uses

mid() {
int x,y,z,m;

l:read(“Enter 3 integers:
2:m = z;
3:if (y<z)
4: if (x<y)
5: m=y;
6: else if (x<z)
7: m=y;
8:else
9: if (x>y)
10: m=y;
11 else if (x>z)
12: m = x;

13:print(“Middle number is:
}
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Dynamic information
 statements executed
» outcome (pass/fail)

\

Intuition: Statements that are
primarily executed by failed
test cases are more
suspicious than statements
that are primarily executed by
passed test cases
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safe - suspicious
v on — v
mid() { SRS MRS oY
int x,y,z,m; A Al A Tl
1: read(“Enter 3 numbers:”,x,v,z); b I I B
2: m=1z; b I I
3: if (y<z) D I I s
4: if (x<y) b g
5: m=y; °
6: else if (x<z) °
7: m=vy; // bug :
8: else i
9: if (x>y) * L
10: m=y; °
11: else if (x>z) °
12: m = x;
13: print(“Middle number is:”, m); D I I
} Pass Status P P P P
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Coloring statements

safe - suspicious
Test Cases
) noen = e
mid() { R R S N
int x,y,z2,m; | = || N
read (“Enter 3 numbers:” 6 x z) ; e I R I I
m= z;ﬂ e |o [o [o [ [e
if (y<z) N RN
J.f x< ° ° ° °
else if (x<z)_ ° i
n = v; NN . .
m= x;

print (“Middle number is:”, m) ;| R
} Pass Status P P P P P F
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Tarantula
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Results
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Tarantula: Fault Localization

tl 2 t3 t4 t5 t6 t7 t8 t9 t10
mid() { ddadnZaaod g
int x’y’z’m; N — NV — NN AN N
l:read(“Enter 3 integers:”,x,y,z);° °*° ° * * ° ° ° °
2m = z: e ofo Jo Jo fo o o]e]e
3:if (y<z) o|ofo o o fo [0 ]o]e]e
4: if (x<y) °l° * L N N
5: m=y; *
6: else if (x<z) ° il ° °
7. n=y: . . . .
8:else b ° °
9: if (x>v) — : :
|10: m = z; //bug;correct m=y ° ° °
11: else if (x>z) ¢
12: m= x;
13:print(“Middle number is:”, m); ° °* * °® ° ° * ° ° °
} Pass/fail Status P P P P P P F F F F
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Tarantula: Fault Localization

tl 2 t3 t4 t5 t6 t7 t8 t9 t10
mid() { ddd e g S
int x,y,z,m; b Al Gl ) el AR A RN Al bl
l:read(“Enter 3 integers:” ,x,v,z);* ° °® ° * °* °® ° ° °
2m = z: ele o oo |o]w|o ||
3:if (y<z) ele oo o [o]ee]e]e
4 if (x<y) oo . | . .
5: m=y; N
6 else if (x<z) ° b N N
7: m=y; ° ° ° °
8:else il ° °
9: if (x>y) * ‘ :
10: m=y; //£fixed . . .
11: else if (x>z) °
12: m = x;
13:print(“Middle number is:”, m); °* ° °* ° °* ° ° ° ° °
} Pass/fail Status P P P P P P P F P F
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Tarantula: Fault Localization
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mid() { RS A i
int x,y,z,m; ntd Al It ) el AR AN RN el b
l:read(“Enter 3 integers:” ,x,v,z);* °* °® °* * * °* °* ° °
2m = z: ele o Jo o |o|w]|o]|® |
3:if (y<z) ele o fo o [o]e]e]e]e
4: if (x<y) oo . | . .
5: m=y; °
6: _else if (x<z) . N A
I7: m = v; //bug;correct:m=x; ° . . .
8:else il ° °
9: if (x>y) * ‘ ‘
10: m=y; //£fixed . . .
11: else if (x>z) °
12: m= x;
13:print(“Middle number is:”, m); °* °* °* ° ° ° ° ° ° °
} Pass/fail Status P P P P P P P F P F
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Tarantula: Fault Localization

tl 2 t3 t4 t5 t6 t7 t8 t9 t10
mid() { R B s IS PR A
int x,y,z,m; ntd Al It ) el AR AN RN el b
l:read(“Enter 3 integers:” ,x,y,z);°* °* °* °* °*° °* ° °* ° °
2m = z: elo oo |o|o|o]| o]
3:if (y<z) elofe o [e]e]e]e]e]e
4 if (x<y) .| S . .
5: m=y; N
6 else if (x<z) ° °le N N
7: m= x; //fixed . : . .
8:else il ° °
9: if (x>y) * ‘ :
10: m=y; //£fixed . . .
11: else if (x>z) °
12: m= x;
13:print(“Middle number is:”, m); ° °* °* ° ° ° ° ° ° °
} Pass/fail Status P P P P P P P P PP
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Debugging Process

all
tests tests tests

+ Are all failing tests caused by the same fault?

+ Can we associate groups of tests with different
faults?

+ Can we search for different faults simultaneously?

Piis
ailure-free
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Tarantula: Fault Localization

mid () {
int x,y,z,m;

l:read(“Enter 3 integers:”,x,y,z);

2:m = z;

3:if (y<z)

4 if (x<y)

5: m=y; N

6 else if (x<z) ° b ° °

7. m=y; . . . .

8:else b ° °

9: if (x>y) *1° ° °

10: m=z; ° ° °

11: else if (x>z) °

12: m = x;

13:print(“*Middle number is:”, m); °* * °* ° ° ° ° °* ° °
} Pass/fail Status P P P P P P F F F F
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Debugging Process

all
P tests P tests pr tests
Sequential
Debugging —) —)

Parallel
Debugging

P’ is
failure-free
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Debugging Process

/K{ebuggers A program

effort

P tes.\\ , « Fewer tests executed

all
Crucial problem: tests
+ Partitioning failed tests into groups ” D pass
.. . Xecute) = = = —>»
of similar behavior—focus on
different faults ¢ >
» fault-focusing clusters Wo) Potential benefits:
uced time to failure-free

artition test cases || © Better utilization of developer

L@ + Early indication of the number

of faults
* Less “noise” in locating each

fault
Parallel |
Debugging Sl
failure-fre
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Fault-focusing Clusters—Overview

Test Cases
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Fault-focusing clusters:

» Clusters of failing test cases
 Clusters failing in similar way

g,g » Each cluster targeting a different fault
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Specialized Test Suites

Specialized test suites: -
Fault-focusing clusters
. . t09
combined with _Developer 1
passing test cases :
Give each specialized
test suite to different
developer (debugger) o8
t10
_.Developer 2
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Visualization of Each Result

mid() {
int x Z m;

Hread (“Enter 3 inteagers - read “Enter 3 integers:”..

//bug

//bug

iIkHprint ("Middle number is:"ml
}
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mid () {
int x Z,m;

=7y
KHif (y<z)
if (x<

else if (x<z)
//bug

9:

10: //bug
11:

12: m= X;

IFERorint ("Middle number is:”..
}
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Fault-focusing Clusters

failed specialized fault location
test cases | Execution | test suites Fault prediction
—executon’ Glystering "| Localization -
information

>[ Clustering Technique 1: Less aggressive ]

>[ Clustering Technique 2: More aggressive ]
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Summary of Results

D FF
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+ Parallel less expensive even if debugging sequential
« CT1 if time to delivery is most important (low salaries, high urgency)
» CT2 if developer cost is most important (high salaries, low urgency)
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Conclusion

Technique and visualization to provide support
for finding faults

New approach to debugging—yparallelized
debugging
Technique to get fault-focused clusters to
create specialized test suites
Benefits, supported by studies

less time to failure-free program

better utilization of developer effort

less running of the test suite

indication of the number of faults

less “noise” in locating each fault
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Tarantula: Fault Localization
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