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( 5] MyDebugTest [Java Application]

org.kadreg.MyDebugTest at localhost:52301

® Daemon System Thread [Attach Listener] (Running)
2 Daemon Systemn Thread [Signal Dispatcher] (Running)

2 Daemon System Thread [Finalizer] (Running)
]
[

MyDebugTest.operation(int]) line: 25
MyDebugTest.main(String[]) line: 30

Daernon Systemn Thread [Reference Handler] (Running)
g Thread [main] (Suspended (breakpoint at line 25 in MyDebugTest)
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Mame Yalye
(C;- this MyDebugTest (id=17) \
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hrg.kadreg.MyDebugTest@d2906a -
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CoinCoin.java

+J] BackendParser,java

# Copyright 2007

(C)

package org.kadreg:

kadreg[]
public class MyDebugTest {
private int j = 4;
vold operation (int i)} {

int k=1 + j;
System.out.println (k) :

test.operation(5):

et

public static wvold main(String[] args)
MyDebugTest test = new MyDebugTest

i
()

[J] BackendParsingExcept

] *MyDebugTest,java &4 7

m
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Python tutor [Guo SIGCSE 2013]

Python 2.7 Frames Objects
def listSum(numbers): leiobal frame Favicitisn
if not numbers: ./'—)listSum(number*s)
listSum |
return 0

else:
(f, rest) = numbers
return f + listSum(rest)

=) 2 myList = (1, (2, (3, None)))
total = listSum(myList)

Edit this code

line that has just executed
=) next line to execute

| <Back | Step 2 of 22

Python Tutor by Philip Guo




Debyg Mode </> Dev Tools % [ Largest Gap

—
publie elass Main
2 | {
] public static int largestGap(){
’ :mt[] B TR e W waiting for execution trace. ..
5 int N = 3;
] lint max = 0; |
7 lint min = lDDl
8 for(int i = 1; i < N; |i++){
9 if(max < a[i]) max = a[i];
10 if(min > a[i]) min = a[i];
} - Given an unsorted array of length N and we have to
12 |return max-min; | find largest gap between any two elements of array
13 }
15 publiec statiec void main(String[] args)
16 {
’ int x = largestGap();
18 System.out.println(x);
/ }
0} _

waiting for execution trace...



Debyg Mode </> Dev Tools % [ Largest Gap

publie elass Main

2 | {
] public static int largestGap(){
' :mt[] % ) A waiting for execution trace...
int N = 3;
] int max =
int min =
: for{int i
9 if(max
10 if(min
}
12 return max-min;
2 }
publiec statiec void main(String[] args)
18 {
int x = largestGap();
18 System.out.println(x);
/ }
2 |}

waiting for execution trace...



[1 Edit Mode <f>» Dev Tools —~ Reset | Largest Gap

publie elass Main

z {
3 public static int largestGap(){
4 int[] a = {9, 5 , 4}; ® main ()
5 int N = 3;
& int max = 0
int min = 100; largestGap ({ ) =1
: for{int i = 1; i < N; i++){
9 if(max < a[i]) max = a[i];
ia if(min > a[i]) min = a[i];
}
12 return max-min;
3 }
15 public statiec void main(String[] args)
16 {
17 int x = largestGap();
18 System.out.println(x);
/ }
0 |}

no variables in scope



[] Edit Mode <[> Dev Tools o, | Largest Gap

publie elass Main

z {

a public statig _int largestGap(){

! int[] a = 5 , 4}); main ( )

5 int N = 3;

& int max = 0
: . largestGap ( ) =1
int min = 100;

] for{int i = 1; i < H; N#){

q i-Fl'mﬂv-f.ﬂi]i mav = =Nl

if(min > a[i]) min = a[ik
11 7

12 return max-min;

15 public statiec void main(String[] args)

16 { .
’ int x = largestGap();

18 System.out.println(x); REF,166 —

] } —_— I

20 |} -

min = 100 —



[] Edit Mode [> Dev Tools = Resst | Largest Gap

publie elass Main

R |

3 public static int largestGap(){

4 int[] a = {9, 5 , 4}: main ( )

5 int N = 3;

& int max = 0
] . largestGap ({ ) =1
int min = 100;

: for{int i = 1; i < N; i++){

9 if(max < a[i]) max = a[i];

if(min > a[i]) min = a[i)];
}

12 return max-min;

15 public statiec void main(String[] args)

16 {
. i=1 —_
’ int x = largestGap();
18 System.out.println(x}); a = REF,166 —
! } N =3 —
20} max = 5 — I

=]
5
Il
=
=
- ]
l



[ Edit Mode </> Dev Tools

| Largest Gap

Possible change

publie elass Main

{
public static int largestGap(){

int[] a = {9, 5 , 4}; 0;i<N;it++){?

Change line 8 to for(int i =

3

int N = 3; . .
int max = 0: int 1 = 0;

int min = 100;

if(max < a[i]) max = a[i];

if(min > a[i]) min = a[i)];

}

return max-min;

public static void main(String[] args)

{
: 1 =1 —_—
int x = largestGap();
System.out.println(x); a = REF,166 —
} N =3 —
) max = 5 — 9

=]
5
Il
=
=
=
l




Direct State Manipulation




Problem definition

return max;

Buggy program Direct manipulation
5 ﬁpublic static int getMax(int[] input){ \ / Manipulated Iocation\
2| 2 int max = O;
— 13 for(int i = 1;i < input.length;i++){ Trace on input = {9,5,6,10}
4 1f(1nqu[1] >.max){ 1 5 3 a 5 3
5 max = input[i];
6 } 1
7} 5 —> 9
8
\o_

}

Repaired program New trace on input

Goal
[y

max = 9 €— ManipU|aLcu vaTuc




Problem definition

Correct programs |

w.r.t. manipulation_:

Search Space

o J




To solve this problem we need concrete ways to

« Describe the search space
« Specify the correctness

« Search for a solution



To solve this problem we need concrete ways to

« Describe the search space: program sketching
« Specify the correctness

« Search for a solution



e
How to describe the search space

public static int getMax(int[] input){
int max = 0;
for(int i = 1;i < input.length;i++){
if(input[i] > max){
max = input[i];

}

return max; \\\\\\\

public static int getMax(int[] input){
int max = 0 + ??;
for(int 1 = 1 + ??;i < input.length;i++){
if(input[i] > max +_2?){
max = input[i] + ??;
}
}

return max + ??;



e
Program Sketching [Solar-Lezama et al 06]

volid P(int in) { volid P(int 1in) {
int ¢ = ?7?; int ¢ = 2;
assert in + in == ¢ * 1in; assert in + in == ¢ * 1in;



L
To solve this problem we need concrete ways to

« Describe the search space: program sketching
« Specify the correctness: guessing the return points

« Search for a solution



To solve this problem we need concrete ways to

« Describe the search space: program sketching
« Specify the correctness

« Search for a solution



-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace line;
public static int getMax(int[] input){
record(2);
int max = 0 + ?7?;
record(3);
for(int 1 = 1 + ??;i < input.length;i++){
record(4);
if(input[i] > max + ??){
record(5);
max = input[i] + ??;}
record(3);
} }
record(3);
return max + ??;

3 <€— Manipulated location
1

= —> 9

void record(int line){
pC++;
trace_line[pc] = line;

assert Jpc.trace_line[pc]==3;




-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace_line;
public static int getMax(int[] input){
record(2);
int max = 0 + ?7?;
record(3);
for(int 1 = 1 + ??;i < input.length;i++){
record(4);
if(input[i] > max + ??){
record(5);
max = input[i] + ??;}
record(3);
} }
record(3);
return max + ??;

3 <€— Manipulated location

void record(int line){
pC++;
trace_line[pc] = line;

assert dpc.trace_line[pc]==3;



-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - 1
record(2);
int max = 0 + ?7?;
record(3);
for(int 1 = 1 + ??;i < input.length;i++){
record(4);
if(input[i] > max + ??){
record(5);
max = input[i] + ??;}
record(3);
} }
record(3);
return max + ??;

max . = —> 9

void record(int line){
pC++;
trace_line[pc] = line;

}

assert dpc.trace_line[pc]==3;



-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - !

record(2,max);

int max = 0 + ??; Max [ > 9

record(3,max);

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);
if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
} }
record(3,max);
return max + ??;

void record(int line){
pC++;
trace_line[pc] = line;

}

assert dpc.trace_line[pc]==3;



-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - !

record(2,max);

int max = 0 + ??; Max [ > 9

record(3,max);

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);
if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
} }
record(3,max);
return max + ??;

void record(int line, int max){
pC++; -
trace_line[pc] = line;
trace_max[pc] = max;

}

assert dpc.trace_line[pc]==3;



-
Challenge 1: how to specify the manipulation

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - !

record(2,max);

int max = 0 + ??; Max [ > 9

record(3,max);

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);
if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
}
record(3,max);
return max + ??;

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;




Challenge 2: at which iteration we should return

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - !

record(2,max);

int max = 0 + ??; Max [ > 9

record(3,max);

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);

if(input[i] > max + 22){ void record(int line, int max){

record(5,max); pers .
max = inéut[ii + 223} trace_line[pc] = line;
recor s trace_max[pc] = max;
} ﬁe want to find the repair instead of checking existence

record(3,maxy;
return mgx + ??;

asser.trace_line[pc]==3 && trace_max[pc]==9;



-
Challenge 2: at which iteration we should return

. Manipulation
int pc = -1;

int[] trace_line, trace_max; m -~ 3 €—— Manipulated location
public static int getMax(int[] input){ - !
record(2,max);

0 + 2?3 max [ = =—> 9

int max<
recordg:zyax);
for(in =1 + ??;1 < input.length;i++){

record(4,maxJ3

if(input[i] > max 2){ v01i“3§c?rd(1nt line, int max){
ggcor‘dgig)mzx?; There can be multiple possible return points 2[pc] = line;
recoréz::>mx); } trace_max[pc] = max;
}

}

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;



-
Challenge 2: at which iteration we should return

int pc = -1, final pc = ??;——p| ldea: guess the final program counter
int[] trace_line, trace_max; m—3 <€—— Manipulated location
public static int getMax(int[] input){ - 1
record(2,max);
int max = @ + ??; max L
record(3,max);

for(int 1 = 1 + ??;i < input.

record(4,max);
if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
}
record(3,max);
return max + ??;

}

length;i++){

void record(int line, int max){
pC++;
trace_line[pc] = line;
trace_max[pc] = max;

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;



Challenge 2: at which iteration we should return

. . Manipulation
int pc = -1, final pc = ??;

int[] trace line, trace_max; m 3 <€— Manipulated location
public static int getMax(int[] input){ - 1

record(2,max);

int max = 9 + ??; ey - > —>9

record(3,max); if(pc == final pc) return;

for(int i = 1 + ?7;1 < input.length;i++){
record(4,max);
if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
} }
record(3,max);
return max + ??;

void record(int line, int max){
pC++;
trace_line[pc] = line;
trace_max[pc] = max;

}

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;



Challenge 2: at which iteration we should return

int pc = -1, final _pc = ??;
int[] trace line, trace_max;
public static int getMax(int[] input){
record(2,max);
int max = 0 + ?7?;
record(3,max); if(pc == final pc) return;
for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);
if(input[i] > max + ??){

record(5,max);
max = input[i] + ??;}
record(3,max); if(pc == final pc) return;
}
record(3,max);

return max + ??;

}

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;

Manipulation

m «. 3 €— Manipulated location

|

max . = —> 9

void record(int line, int max){
pC++;
trace_line[pc] = line;
trace_max[pc] = max;



Challenge 2: at which iteration we should return

int pc = -1, final _pc = ??;
int[] trace line, trace_max;
public static int getMax(int[] input){
record(2,max);
int max = 0 + ?7?;
record(3,max); if(pc == final pc) return;
for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);
if(input[i] > max + ??){

record(5,max);
max = input[i] + ??;}
record(3,max); if(pc == final pc) return;
}
record(3,max); if(pc == final _pc) return;

return max + ??;

}

assert dpc.trace_line[pc]==3 && trace_max[pc]==9;

Manipulation

m «. 3 €— Manipulated location

|

max . = —> 9

void record(int line, int max){
pC++;
trace_line[pc] = line;
trace_max[pc] = max;



Challenge 2: at which iteration we should return

. . Manipulation
int pc = -1, final pc = ??;

int[] trace line, trace_max; m 3 <€— Manipulated location
public static int getMax(int[] input){ - 1

record(2,max);

int max = 9 + ??; ey - > —>9

record(3,max); if(pc == final pc) return;

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);

if(input[i] > max + 22){ void record(int line, int max){

record(5,max); pe+; . .
max = input[i] + ??;} trace_line[pc] = line;
record(3,max); if(pc == final pc) return; ) trace_max[pc] = max;
}
record(3,max); if(pc == final _pc) return;

return max + ??;

}
assert Tp<.trace_line[final_pc]==3 && trace_max[final pc]==9;



Challenge 2: at which iteration we should return

. . Manipulation
int pc = -1, final pc = ??;

int[] trace line, trace_max; m 3 <€— Manipulated location
public static int getMax(int[] input){ - 1

record(2,max);

int max = 9 + ??; ey - > —>9

record(3,max); if(pc == final pc) return;

for(int 1 = 1 + ??;i < input.length;i++){
record(4,max);

if(input[i] > max + 22){ void record(int line, int max){

record(5,max); pe+; . .
max = input[i] + ??;} trace_line[pc] = line;
record(3,max); if(pc == final pc) return; ) trace_max[pc] = max;
}
record(3,max); if(pc == final _pc) return;

return max + ??;

}
assert Tp<.trace_line[final_pc]==3 && trace_max[final pc]==9;



N
To solve this problem we need concrete ways to

« Describe the search space: program sketching
« Specify the correctness: guessing the return points

« Search for a solution:



To solve this problem we need concrete ways to

« Describe the search space: program sketching
« Specify the correctness: guessing the return points

« Search for a solution: Sketch solver



Find solution with Sketch solver

int pc = -1, final pc = ??;
int[] trace _line, trace_max;
public static int getMax(int[] input){

}

assert trace_line[pc]==3 && trace_max[pc]==9;

record(2,max);
int max = 0 + ??;

record(3,max); if(pc == final pc) return;
for(int i = 1 + ??;i < input.length;i++){
record(4,max);

if(input[i] > max + ??){
record(5,max);
max = input[i] + ??;}
record(3,max);
If(pc == final_pc) return;
¥
record(3,max); if(pc == final_pc) return;
return max + ??;

/,;ublic static int getMax(int[] input){‘\\
int max = 9;
for(int 1 = 0;i < input.length;i++){
if(input[i] > max){
max = input[i];}
}

return max;

\J J




B
Finding a correct solution is not enough

Search Space




. N
When can we say a solution is better than another?

Search Space




41

Idea 1: edit as less as possible

input = {9,5,6,10} Manipulation
/1 public static int getMax(int[] input){ m 3 €— Manipulated location
int max = 9; - 1
for(int i =(90; input.length;i++){
if(input[i] > max Max [ > 9
max = input[i];}
} [ Change from 1 to 0: cost 1
return max;

}

public static int getMax(int[] input){
int max = 9;

for(int 1 = 1;i < input.length;i++){

if(input[i] > max){ _»  Change from 0to 4 : cost 4

max = input[i] +<§>},

Syntactic distance: syntactic
similarity between programs

AN

}

return max;

} J




.
ldea2: preserve the trace as much as possible

input = {9,5,6,10} Manipulation
/1 public static int getMax(int[] input){ \ m 3 €— Manipulated location
2 int max = 9; - 1
3 for(int i = 0;1i < input.length;i++){
4 if(input[i] > max){ max e
5 max = input[i];}
6 )
7 return max;

\&} J




ldea2: preserve the trace as much as possible

input = {9,5,6,10} Manipulation

/1 public static int getMax(int[] input){ \ m 3 €— Manipulated location

2 int max = 0; - 1

3 for(int i =(0)d input.length;i++){

4 i'F(input] > max '@ . S —>9
5 max = input[i];}

6

7

} [ Change from1to0
return max;

}

public static int getMax(int[] input){
int max = 9;

for(int 1 = 1;i < input.length;i++){

if(input[i] > max —» Change from 0 to -1

max = input[i]

J
~N

Both edits are small

}

return max;

} J

vouswnn)fo




. S
ldea2: preserve the trace as much as possible

input = {9,5,6,10}

New trace

0 0 0 Original trace

/’i public static int getMax(int[] input){ <‘\ E U . >
2 int max = ©;
3 for(int i = 1;i < input.length;i++){
4 if(input[i] > max){
5 max = input[i] - 1;}
6 }
7 return max;

\&} J




5
ldea2: preserve the trace as much as possible

input = {9,5,6,10}

New trace

0 0 0 Original trace

/’i public static int getMax(int[] input){ <‘\ E U . >
2 int max = ©;
3 for(int i = 1;i < input.length;i++){
4 if(input[i] > max){
5 max = input[i] - 1;}
6 }
7 return max;

\&} J




ldea2: preserve the trace as much as possible

input = {9,5,6,10}

New trace
1 2
New trace
m 1 2 3 4 5
R .

Original trace

max




Program repair with Quantitative Objective [pantonietal. cavis)

In program repair via test cases, finding solution with smallest
« Syntactic distances:
 syntactic similarity between two programs

+ Semantic distances:
« similarity between trace of the original program and trace of repaired program on the given input



8
Revised problem definition with distance

Search Space




N, R
Revised problem definition with distance

4 )

Smallest

P distance
0 <

[====@=--=--
2

Search Space

o /




Encode distance in Sketching

« Syntactic distance example: sum of values of all holes

public static int _getMax(int[] input){
int max = 0 +(?2

for(int i = 1 H ??)T < input—dergiiiitr)4
if(input[i] > max H ?2)¥
max = input[i] +(??;H

assert trace_line[pc]==3 && trace_max[pc]==9;

SynDistance = )?? }




Encode distance in Sketching

« Syntactic distance example: sum of values of all holes

public static int getMax(int[] input){ int SyntacticDistance(){
int max = @0 + ??; int dist = 0;
for(int 1 = 1 + ??;1 < input.length;i++){ for(int = 0; 1 < input_holes; i++){
if(input[i] > max + ??){ dist += ?? i
max = input[i] + ??;} }
} return dist;
return max + ??; }
}

assert trace_line[pc]==3 && trace_max[pc]==9;



. S
Encode distance in Sketching

« Syntactic distance example: sum of values of all holes

« Semantic distance example: Hamming distance between traces
Original trace

int SemanticDistance(int[] oriTrace, int[] trace){

} i L - 1 int dist = 0;
- 0 0 0 5 for(int = 0; i < oriTrace.length; i++){
dist += oriTrace[i] != trace[i];
}

return dist;




. A
Quantitative objective in Sketch

Manipulation

m .. 3 €—— Manipulated location
—
max [ S —> 9

assert trace_line[pc]==3 && trace_max[pc]==9;

minimize SyntacticDistance() + SemanticDistance(oriTrace,trace);



Overview of JDial




.
The tool JDial

Buggy Program

1. Prog(input) {
16. X = 5y+2;
2. y=y+2

}




The tool JDial

Buggy Program

1. Prog(input) {

16. X = 5y+2,

20. y= y+2

Specification
Trace +

Manipulation Test cases
4 N

input: 9

- 4 42

T line16

> Xx0->3

& y:2->?/ L %




The tool JDial

Buggy Program JDial Backend

1. Prog(input) {

GetRepairSpace(){
/I returns a sketched version
/I of Prog that encodes
/I the repair space
e.g., replace constants with ??

16. X = 5y+2;

20. y=y+2
}

Sketch @

o ﬂ Instrumentation variables
Specification counter, line[], val,f], val ], ret_val
Trace +
Manipulation Test cases // Instrumented program

™\ Ve ™\ SkProg(input) {
input: 9 input output // Adds holes to encode repair

- 2 12 // space and to compute traces
-- 4 42

- )_I:??lx+??2y+??3;
; line[counter] = 20;
line 16

- val [counter] = x;
> Xx0->3

& y:2->?/ 9 % Q

// Functional assertions + distance computation}

// Direct manipulation

SkProg(9);

assert(val,[16]=3);

semDist += TraceDistance(..., ...)
// Test Cases
assert(SkProg(2)=12);

semDist += TraceDistance(..., ...)
assert(SkProg(4)=42);

semDist += TraceDistance(..., ...)

;)./nDist = SyntacticDistance()
minimize(Aggregate(synDist, semDist)); /




The tool JDial

Buggy Program

1. Prog(input) {

16. X = 5y+2;

20. y=y+2
}
Specification
Trace +
Manipulation Test cases
4 N O N

input: 9 input output
- 2 12
- 4 42
_ linele6
> Xx0->3

y:2->7?

- - 2

JDial Backend

}

GetRepairSpace(){
/I returns a sketched version
/I of Prog that encodes
/I the repair space
e.g., replace constants with ??

SyntacticDistance( ){
/I computes syntactic
/I distance from original
/I program based on holes
if (22, 1= 1) dist += ??,;

Sketch @

2

SkProg(input) {

counter++;

o

ﬂ Instrumentation variables
counter, line[], val [, vaIyl], ret_val
// Instrumented program
// Adds holes to encode repair

// space and to compute traces

)_I:??lx+??2y+??3;
line[counter] = 20;
val [counter] = x;

// Functional assertions + distance computation}

// Direct manipulation

SkProg(9);

assert(val,[16]=3);

semDist += TraceDistance(..., ...)
// Test Cases
assert(SkProg(2)=12);

semDist += TraceDistance(..., ...)
assert(SkProg(4)=42);

semDist += TraceDistance(..., ...)

;)./nDist = SyntacticDistance()
minimize(Aggregate(synDist, semDist)); /




The tool JDial

Buggy Program

1. Prog(input)

16. X = 5y+2;

20. y=y+2

{

Specification

Trace +
Manipulation Test cases

/ N N
input: 9 input output
- 2 12
- 4 42
_ linele6
> Xx0->3

& y:2->?/ Y

Z

JDial Backend

}

GetRepairSpace(){
/I returns a sketched version
/I of Prog that encodes
/I the repair space
e.g., replace constants with ??

SyntacticDistance( )_{ TraceDistance(t,, t.){
/I'computes syntactic /I computes ser};aﬁtic
/I distance from original 1/l distance between
/I program based on holes

. . /l traces t, and t
27 1= =27
({2 15 D) ARl = 20 return HE;mmingz(t1, t,)
: }

Sketch @

N L

SkProg(input) {

counter++;

o

ﬂ Instrumentation variables
counter, line[], val [, vaIyl], ret_val
// Instrumented program
// Adds holes to encode repair

// space and to compute traces

yz??1x+??2y+??3;
line[counter] = 20;
val,[counter] = X;

// Functional assertions + distance computation}

// Direct manipulation

SkProg(9);

assert(val,[16]=3);

semDist += TraceDistance(..., ...)
// Test Cases
assert(SkProg(2)=12);

semDist += TraceDistance(..., ...)
assert(SkProg(4)=42);

semDist += TraceDistance(..., ...)

;)./nDist = SyntacticDistance()
minimize(Aggregate(synDist, semDist)); /




The tool JDial

Buggy Program

1. Prog(input)

16. X = 5y+2;

{

20. y=y+2
}
Specification
Trace +
Manipulation Test cases
4 N O N
input: 9 input output
- 2 12
- 4 42
_ linele6
> Xx0->3

JDial Backend

GetRepairSpace(){
/I returns a sketched version
/I of Prog that encodes
/I the repair space

e.g., replace constants with ??

SyntacticDistance( ){
/I computes syntactic
/I distance from original
/I program based on holes
if (22, 1= 1) dist += ??,;

TraceDistance(t,, t,){
/I computes semantic
/I distance between
Il'traces t, and t,
return Hamming(t,, t,)

Aggregate(d,, d,){
/I combines the
/Il two distances
return d,+ d,;

}
} } }

skech L L L
ﬂ Instrumentation variables // Functional assertions + distance computation}

counter, line[], val [, vaIyl], ret_val // Direct manipulation

// Instrumented program SLAEEE)S o,

. assert(val [16]=3);
SkProg(input) { S X .
. semDist += TraceDistance(..., ...)
// Adds holes to encode repair
// Test Cases

counter++;
yz??1x+??2y+??3;
line[counter] = 20;
val,[counter] = X;

& y:2->?/ Y

Z

o

// space and to compute traces

assert(SkProg(2)=12);

semDist += TraceDistance(..., ...)

assert(SkProg(4)=42);

semDist += TraceDistance(..., ...)

synDist = SyntacticDistance()

minimize(Aggregate(synDist, semDist)); /




The tool

Buggy Program

1. Prog(input) {

16. X = 5y+2;

JDial

>

20. y=y+2
}

Specification
Trace +

Manipulation Test cases

4 N O N
input: 9 input output
- 2 12
4 42
>

_ linele6

> Xx0->3

& y:2->?/ Y

Z

max =

JDial Backend

input[i] + ??*max + ?? * i+ ??

Replace expression
to linear
combination of
variables

Hammin
Sum of . &
distance +
values of all .
difference of
holes
} length

Aggregate(d,, d,){
/I combines the
/Il two distances
return d,+ d,;

}

Sketch @

2

L

ﬂ Instrumentation variables

counter, line[], val [, vaIyl], ret_val
// Instrumented program
SkProg(input) {

// Adds holes to encode repair
// space and to compute traces

counter++;
yz??1x+??2y+??3;
line[counter] = 20;
val,[counter] = X;

o

// Functional assertions + distance computation}
// Direct manipulation

SkProg(9);
assert(val,[16]=3);

semDist += TraceDistance(

// Test Cases

assert(SkProg(2)=12);
semDist += TraceDistance(..., ... )
assert(SkProg(4)=42);
semDist += TraceDistance(..., ... )

synDist = SyntacticDistance()

minimize(Aggregate(synDist, semDist)); /

|:> 16.

e

Fixed Program

1. Prog(input) {

X = By+2;

20. y =x-1;




Evaluation




Benchmarks

Problem |LOC Vars |Trace|
largestGap-1.1| 7 4 11
largestGap-1.2| 7 4 10

largestGap-2 7 4 15
largestGap-3.1| 7 1 10

= largestGap-3.2| 7 1 10

12 = & tcas 10 4 7
Q max3 5) 3 3

C iterPower-1 5) 3 14
iterPower-2 ) 3 14

ePoly-1 6 4 12

ePoly-2 6 4 12

- multIA 4 4 9
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Avg LOC: 6.9
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Benchmarks

Problem

LOC Vars |Trace|

™~

<)
n
Q
S|
C

largestGap-1.1
largestGap-1.2
largestGap-2
largestGap-3.1
largestGap-3.2
tcas
max3
iterPower-1
iterPower-2
ePoly-1
ePoly-2
multIA

bubbleSort
subLargestGap
maxMin
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e

[ gy —
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~ =~
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11
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15
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Avg |Trace|: 17.4




Benchmarks

Incorrect initialization

Problem |LOC Vars |Trace|
largestGap-1.1| 7 4 Il =————— public static int lag@@®tGap(int[]
largestGap-1.2| 7 4 10 input){
largestGap-2 7 4 15 int max = 0
largestGap-3.1| 7 1 10 int min m@;
&= largestbap-3.2 170 j 170 for(int i = 1;i < input.length;i++){
g tca: 5 3 3 if(input[i] > max){
= R, max = input[i];
C iterPower-1 5) 3 14
iterPower-2 5 3 14 } . . .
ePoly-1 6 4 12 if(input[i] < min){
ePoly-2 6 4 12 min = input[i];
multIA 4 4 9 ¥
~ ePoly-3 | 7 4 13
max4 7 4 4 }
.~ bubbleSort 7 5 12 return max-min;
subLargestGap | 13 6 35 }
maxMin 13 6 37




Benchmarks

Problem

LOC Vars |Trace|

largestGap-1.1
largestGap-1.2
largestGap-2
largestGap-3.1
™~ largestGap-3.2
tcas
max3
iterPower-1
iterPower-2
ePoly-1
ePoly-2
multIA

<)
n
Q
S|
C

é’ bubbleSort
subLargestGap

ot
e

maxMin

[ gy —
w w

~ =~

= O Oy Ot Ot Ot

~ =~

\]

=~

= E W W W R

SO U

1l =——— public static int large

10
15
10
10

input){
int max =
int min

1l |
R o
O v
(]
\o o

Incorrect loop

condition

for(int 1 = 1;i < input.length;i++){

if(input[i] > max){
max = input[i];

}

if(input[i] < min){
min = input[i];

}
}

return max-min;



Benchmarks

Problem |LOC Vars |Trace|
largestGap-1.1| 7 4 11
largestGap-1.2| 7 4 10
largestGap-2 7 4 15
langeetiepssul] I < 2 public static int maINCOSYCEER -t 2) {
= largestGap-3.2| 7 1 10 if(x > y){
= tcas 10 1 7 y = X
Q max3 5 3 3 } ?
C iterPower-1 5) 3 14 J
iterPower-2 ) 3 14 if(y > 2)
ePoly-1 6 4 12 z =X
ePoly-2 6 1 12 ¥
multIA 4 4 9 return z;
~ ePoly-3 | 7 4 13 }
max4 7 4 4
é’ bubbleSort 7 5) 12
subLargestGap | 13 6 35
maxMin 13 6 37




Question 1: Can JDial produce better repairs than Qlose*?

Program repair via test

cases

JDial Qlose

- J - J

* D’Antoni et al, Qlose: program repair with quantitative objectives [CAV16]



Question 1: Can JDial produce better repairs than Qlose*?

We provide the

Random inputjEll SR Random input
‘ pretending to be users ‘

P Manipulation P Test case

¥ 4 ¥ ¥
4 ) 4 )

JDial Qlose

- J - J

* D’Antoni et al, Qlose: program repair with quantitative objectives [CAV16]
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Question 1: Can JDial produce better repairs than Qlose*?

Random input Random input
P Manipulation P Test case

Random input

P Manipulation

Random input Random input
P Manipulation P Test case

Random input

P Manipulation

5 different random inputs

Random input Random input

P Manipulation P Test case




On how many random
inputs each tool can teSt Case

solve the benchmark

5 DDQLOSEDDJDIAL
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Avoid overfitting for single test case Manipulated location

Repair via manipulation l

Trace on input = {9,5,6}

[1 ublic static int getMax(int[] input \
2pintmax=@; g (int[] input){ ml Sl | ool ol e
3 for(int 1 = 0;i < input.length;i++){ - . i _ 1 1 1
4 if(input[i] > max){ o I T ol o o - ..
5 max = input[i];}
6 }

\7 return max; } /

Repair via test case

Test cases: {9,5,6} -> 9

(’i_public static int getMax(int[] input){ <‘\
2 int max = 0;

3 for(int 1 = 1;i < input.length;i++){

4 if(input[i] > max){

5 max = input[i];}

6

}
\7 return max + 4; } /
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Avoid overfitting for single test case Manipulated ocation

Repair via manipulation Trace on input = {9,5,6} l
- J J
/’E_public static int getMax(int[] input){
2 int max = 0; m 1 2 3 4 3 3
3 for(int i = 0;i < input.length;i++){ - - - - 1 1 1
4 i —> 9
Z ) Program repair via test cases prefer to modify return statement
5 retur] Keep all traces unchanged before return

Repair via test case
par v Test cases: {9,5,6} -> 9

/,E_public static int getMax(int[] input){ <‘\
2 int max = 0;

3 for(int 1 = 1;i < input.length;i++){

4 if(input[i] > max){

5 max = input[i];}

6

}
\7 return max + 4; } /




Provide one more test case

Random input 1 Random input 2 Random input 1 Random input 2
L | | L
P Manipulation Test case P Test case Test case
) 4 A 4 \ 4 /} A 4 s 4
4 ) )
JDial Qlose




JDial + one test case vs two test cases
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Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

What if manipulation
Random inpuiESRYE “best” one

-
P Manipulation
{ . 4
4 )

JDial




Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

1 public static int getMax(int[] input){ Traceon input = {9,5,6,10}

2 int max = 0; 1 2 3 4 5 3 €— Manipulatedlocation
3 for(int i = 1;i < input.length;i++){
e . S0 O i
4 if(input[i] > max){
5 max = input[i]; 0O 0 0 &=—>9
6 }
7}
8 return max;
9}



Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

1 public static int getMax(int[] input){ Trace on input = {9,5,6,10}

2 int max = 0; 1 2 3 4 <€— Manipulated location
3 for(int i = 1;i < input.length;i++){

4 if(input[i] > max){ =—>0

5 max = input[i]; 0 O

6 }

7}

8 return max;

9}



Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

Manipulated location

1 public static int getMax(int[] input){ Traceon input = {9,5,6,10} l

2 int max = ©; 1 2 3 45 3 4 5 3
3 for(int i = 1;i < input.length;i++){
e . AL A I A I
4 if(input[i] > max){
5 max = input[i]; O 0 055 5 &—>09
6 }
7}
8 return max;
9}

We will lose the good repair with this manipulation




Question 2: How sensitive is JDial with respect to the trace location at

reieihibminvelli nipulation is performed?

100 @ 7]
75 —
=0l —@— JDiar
25 |- —

O | | | | | | n
0 1 2 3 4 5

Number of steps after the chosen manipulation



Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

100 | Lose about 75% if we —
manipulate one step after
75 [ the chosen manipulation ]
50 |- —@— JDIAL
20 -
O | | | | | | n
0 1 2 3 4 5}

Number of steps after the chosen manipulation



Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

100 ]
75 |-
Converge to repair with
o0 |- one teste case
25 |-
o | |

Number of steps after the chosen manipulation



Question 2: How sensitive is JDial with respect to the trace location at
which the state manipulation is performed?

Converge to repair with
two teste cases

100 - | | -
B n
75 | -
50 |- —— JDIAL
—J— JDiaL+-test case
25 |-
O | | | T\\? .

0 1 2 3 4 5

numbber of steps after the chosen manipulation



Comparison to program repair via test cases




Avoid overfitting for single test case Manipulated location

Repair via manipulation l

Trace on input = {9,5,6}

[1 ublic static int getMax(int[] input \
2pintmax=@; g (int[] input){ ml Sl | ool ol e
3 for(int 1 = 0;i < input.length;i++){ - . i _ 1 1 1
4 if(input[i] > max){ o I T ol o o - ..
5 max = input[i];}
6 }

\7 return max; } /

Repair via test case

Test cases: {9,5,6} -> 9

(’i_public static int getMax(int[] input){ <‘\
2 int max = 0;

3 for(int 1 = 1;i < input.length;i++){

4 if(input[i] > max){

5 max = input[i];}

6

}
\7 return max + 4; } /




Avoid overfitting for single test case Manipulated ocation

Repair via manipulation Trace on input = {9,5,6} l
- J J
/’E_public static int getMax(int[] input){
2 int max = 0; m 1 2 3 4 3 3
3 for(int i = 0;i < input.length;i++){ - - - - 1 1 1
4 i —> 9
Z ) Program repair via test cases prefer to modify return statement
5 retur] Keep all traces unchanged before return

Repair via test case
par v Test cases: {9,5,6} -> 9

/,E_public static int getMax(int[] input){ <‘\
2 int max = 0;

3 for(int 1 = 1;i < input.length;i++){

4 if(input[i] > max){

5 max = input[i];}

6

}
\7 return max + 4; } /




Hard to write test cases for partial implementations

public static int largestGap(int[] input){ Test cases: {9,5,6,10} -> ?
int max = 90;
int min = 100;

for(int 1 = 1;i < input.length;i++){
if(input[i] > max){
max = input[i];
}
//TODO: implement min
}
int result = max-min;
return result;



Conclusion




Buggy Program

1. Prog(input) {

16, x=5y+2;
20. y = y+2
}
Specification
Trace +
Manipulation Test cases
4 N O ™
input: 9 input output
- 2 12
- 4 42
_ line 16
> X0->3

JDial Backend

GetRepairSpace(){
/I returns a sketched version

/I the repair space
e.g., replace constants with ??

}

/I of Prog that encodes |:’\>

SyntacticDistance( ){
/I computes syntactic
/I distance from original
/I program based on holes
if (72, 1= 1) dist += ??,;

TraceDistance(t,, t,){
/I computes semantic
/I distance between
Il traces t, and t,
return Hamming(t,, t,)

Aggregate(d,, d,){
/I combines the
/I two distances
returnd.+d,;

}

}

Sketch @

U U

ﬂ Instrumentation variables

counter, line[], val,[], vaIyl], ret_val
// Instrumented program
SkProg(input) {

// Adds holes to encode repair
// space and to compute traces

counter++;

=77 ?2? ?27?
Y= X+ 22,y + 727
line[counter] = 20;

& y:2->?/ Y

7

val, [counter] = x;

¢

// Functional assertions + distance computation\

// Direct manipulation

SkProg(9);

assert(val,[16]=3);

semDist += TraceDistance(..., ...)
// Test Cases
assert(SkProg(2)=12);

semDist += TraceDistance(..., ...)
assert(SkProg(4)=42);

semDist += TraceDistance(..., ...)

synDist = SyntacticDistance()
minimize(Aggregate(synDist, semDist)); /

Fixed Program

1. Prog(input) {

:> 16.

x= Sy+2;
20. y =x-1;

New specification mechanism that can vyield better repair than test cases
JDial: a tool for repairing programs via direct state manipulation
Can we make the approach less sensitive to manipulated location?

Can JDial scale better?
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Debyg Mode </> Dev Tools % [ Largest Gap

publie elass Main

z {
] public static int largestGap(){
' :mt[] % ) A waiting for execution trace...
int N = 3;
& int max = 0
int min = 100;
: for{int i = 1; i =< N; h++]{
9 if(max < a[i]) max = a[i];
10 if(min > a[i]) min = a[i];
}
12 return max-min;
3 }
publiec statiec void main(String[] args)
16 {
int x = largestGap();
18 System.out.println(x);
/ }
0 |}

waiting for execution trace...



