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Toward Improving the Readability of Automatic Program
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Code debugging has become difficult due to the increasing complexity of source code in the face of rapid development

of information technology. For this reason, automatic program modification is attracting attention. GenProg, which is a

common automatic program repair tool using a genetic algorithm, uses only the test pass rate for evaluation and thus does

not guarantee the readability of modification results. Therefore, this study aims to improve the readability of modified

codes. We propose to consider the degree of similarity between GenProg generated codes with source codes, which are

rated highly readable, to make individuals generated through the genetic algorithm more readable.
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Fig. 1. Flow of GenProg
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1 public int close_to_zero(int n) {
2 if (n == 0) {

3 else if (n > @) {

4 n--;

5 } else {

6 n++;

7 }

8 n++; // bug here

9 - return n;

10 |+ n--;

11 [+ return n;

12 }

Fig. 2. Example of modification causing wasteful
processing
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1 public String example(int n) {
2 if (n == 0) {
3 return ‘Hello’
4 }

(a) Source code

Complicaion
Unit

a

b Method
Declaration

e SimpleName:
example

© Primitive Type:

! int

Modifier:
c oublc d  SimpleType

h SimpleName:
String

t SingleVariable
Declaration

j  SimpleName: n

[ InfoErpression
NumberLiteral:

D

Retun
M Statement

SimpleName: o Stingliera
n n "Hello®

(b) AST

Fig. 3. Example of GumTree?)
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private String example(int n) {
if (n ==0) {
return ‘Good’

else if (n == 1) {
return ‘Hello’

}

NouhwNnERE

(a) Edited source code
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(b) edit script

Fig. 4. Example of edit script output by GumTree
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Table 1. Findings of similarity between source codes in ABC103

a—F1|3a—F2|a—-kK3|a—F4|a—F5|a—F6|a—F7|a—Fg|a—F9|a—F10 | —B¥
a—F1 1 0.7526 | 0.7532 0.7156 0.6594 0.7755 0.6995 0.7782 0.7305 0.6461 0.2
a—F4 0.7156 0.8197 | 0.7705 1 0.7135 0.7913 0.7840 0.7826 0.7442 0.7179 0.2
a—Fk5 0.6594 0.7992 0.7216 0.7081 1 0.7744 0.6958 0.7440 0.64 0.9545 0.2
a—R7 0.7558 0.5445 0.6041 0.7840 0.6958 0.8288 1 0.7949 0.7675 0.6470 0.6
a—Fr9 0.7305 0.7550 | 0.7764 0.7442 0.645 0.7955 0.7149 0.7877 1 0.6523 0.2
a—F 10 0.6461 0.7919 0.7297 0.7179 0.9545 0.7918 0.6470 0.7466 0.6523 1 0.2
1]- 5 b h 1 1
Table 2. Results of experiments 2|+ W+ // bug here 2 } ﬁjf {
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Table 3. Experimental settings
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public int close_to_zero(int n) {
if (n ==09) {
} else if (n > @) {
n--;
} else {
n++;
}
n--; // bug here
return n;

P OVWoKONOOUVTDEA WN PR

(a) Source code failing multiple tests

public int close_to_zero(int n) {
if (n ==09) {
return 0;
} else if (n > @) {
n--;
n++;
} else
n++;
}
n--; // bug here
return n;

// bug here
{
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(b) Source code with multiple bugs

Fig. 7. In case no individuals exceeding the threshold

are generated
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Table 4. Results of experiments
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1 |public int close_to_zero(int n) {
2 if (n == 0) {

3 // do nothing

4 } else if (n < @) { // bug here
5 n--;

6 } else {

7 n++;

8 }

9 n--; // bug here

10 return n;

11| 3}

12

13| // BREINEZ~NEXY v 1

14 [public int reuse_mel(int n) {

15 if (n == 0) {

16 } else if (n > @0 {

17 n++;

18 }

19 return 0;

20 |}

Fig. 8. In case of a large number of lines
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