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class Point {
double x, y;

1

2

3

4 public Point(double x, double y) {
5) this.x = x;
6

7

8

9

this.y = y;

¥

public double distance(Point other) {
10 double dx = this.x — other.x;
11 double dy = this.y — other.y;
12 return Math.sqrt(dx * dx + dy * dy);
13 }
14

15 @Override
16  public boolean equals(Object otherObj) {
17 if (otherObj == null)

18 return false;

19 if (otherObj == this)

20 return true;

21 if (!(otherObj instanceof Point))

22 return false;

23 Point other = (Point) otherObj;

24 return (this.x == other.x) && (this.y == other.y);
25}

26 }

Fig. 1.1: An example of Java class under test. The class represents a point in
2-dimensional space.
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import static org.junit.Assert.assertEquals;
import org.junit.Test;

public class PointTest {
@Test
public void distance() {
Point p = new Point(0.0, 0.0);
Point other = new Point(1.0, 1.0);
double d = p.distance(other);
assertEquals(Math.sqrt(2), d, 0.0);

}

@QTest

public void isEqual() {
Point p = new Point(0.0, 0.0);
Point other = new Point (0.0, 0.0);
assertEquals(true, p.equals(other));

}

@Test

public void isNotEqual() {
Point p = new Point(0.0, 0.0);
Point other = new Point(1.0, 1.0);
assertEquals(false, p.equals(other));

}
}

Fig. 1.2: JUnit test case examples for Point class. Each method composes a test
case that checks the behavior of a method.

O0o0o0obodbD2000y0000000000D000000LO0O0O0Odouble 00O
bt z0y00obobooobodbd200bibobbobodbud «20yd
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public class ArgsParser {
public static final String LONG_OPTION_INDICATOR = "—-";
private String|| args;
public ArgsParser(String|] args) {
this.args = args;
¥
public boolean longOptionExists(String option) {
boolean isLongOption = (option.length() > 1);
if (isLongOption) {
String searchFor = LONG__ OPTION_INDICATOR + option;
for (int i = 0; i < args.length; i++) {
if (args[i] != null) {
if (args[i].equals(searchFor)) {
return true;
}
}
}
¥
return false;
}
}

Fig. 1.3: An example of Java class using String methods in branch condition
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GenerateMethodSequences(classes, contracts, filters, timeLimit)

nonErrorSeqs < ¢ // Their execution violates no contract.
errorSeqs < ¢ // Their execution violates a contract.
while timeLimit not reached do

// Create a new sequence.

m(Ty,- -+ ,Tx) - randomPublicM ethod(classes)

(seqs, vals, failed)

+ randomSeqsAndVals(nonErrorSeqs, Ty, -, Tj)

// Discard if cannot construct inputs.

if failed = true then
continue

end if

newSeq <+ extend(m, seqs, vals)

// Discard duplicates.

if newSeq € nonErrorSeqs U errorSeqs then
continue

end if

// Execute the new sequence and check contracts.

(0, violated) < execute(newSeq, contracts)

// Classify the new sequence and outputs.

if violated = true then
errorSeqs < errorSeqs U {newSeq}

else
nonErrorSeqs < nonErrorSeqs U {newSeq}
set ExtensibleFlags(newSeq, filters, O)

end if

end while

return (nonErrorSeqs, errorSeqs)

Fig. 2.1: Feedback-directed generation algorithm for method sequences.

This

figure is basically the same as Figure 3 of Pacheco et al. [38] but emphasizes that

it skips a method if inputs cannot be constructed (line 9-11).

24



0000000000050 00drandomSeqsAndValsO00mO0000 T)014¢=
1, -+, k0D000D00OD0OODOO0ODOO0ODOe6-7ODOOO

e ;UOD00OOODOOOOODOODLOODLOOOLODODOODOoODI.OO 2D
goooboooboobg

e U DOODLOOODODLDOUODLDLDOTT;OUDbLODLDOOODDLOODDLO
0000000000000 nonErrorSeqs 000000000000

randomSeqsAndVals OO0 D000 0OmOOO0O00O00O0O00ODO0OO0ODOOO seqsd
mOIO0000000000000D0000000O000O00O0walsOODOO0ODO
000000000000 000000 faileaOODO failedDOT; 00000
gbobobobooboboboobobooboboboooobooboooooo
000000000 nonErrorSeqs00 000000 true0000000O0O0 false
O000000021.300000000randomSeqsAndValsO0 00000000
ooooog

gbobobobobobooboboobooboobogoooDo-11goboobobooo
O0000Oseqs 0000000 mOODO0OO extendD00000000OOO0O
0000 newSeqU OO OO0O120000newSeq00000O00OO0OOOOOO
O000b0O0o0oboOoooOooi4-160000

0000oooooO newSeqDOOOOOOODOODO18000O00 execute I O
000o0obOooooo0obooobo0obooobooboboobOooooon
U000 contracts 100000000000 OOOOOexecuted 0 OOOOON
OO0 o00contracts 000000000000 violated J 0O OO violated 0 O O
O0b00b00b00bO0obogO contracts0U000O000O0OO0ODOOOODOO trued ™
0000000 falseOOODO

00000000000 Owviolated 000000 Ocontracts 0000000
O errorSeqs OO0 O DOO000OOOO nonErrorSeqs 000000 O020-250000
setExtensibleFlags 0000000 sO filtersOs 0000000000000
s0000000000000000 60 filtersODOOODOOD 40000000
000000000 booobooobOoOonoibg sa.extensible 000000
213000000000000 contractsO filter OO O OO

2.1.3 Randoop

Randoop 47| 0 0Java 0000 CH#OUODO0D0ODOOOOOODOOOOOO
gbobooobooboboobuobboobuoobOobdRandoop DO
goggobbbobobbbouoooobbbbuoooooooboboboougo

25



0000000000000000JUnit(34]0000000000000000O0O
00000 contractsd filtersO timeLimit 00 000000000000 OO
Randoop O O OrandomSeqsAndVals 0000000000000 O0OOOOO

e forbid-null
Boolean O Otrue OO OO falseOODOOOODODOOOOOOO true 00O
0 O forbid-null O false O 00O OrandomSeqsAndValsD OO 000000
0000000000000 000000000000 nullDO0OOOtrue
0000 randomSeqsAndVals O failed D O OO

e null-ratio
000 1000000000000 0000000O0000O 0000 drandomSegsAndV als
Oo0doo0ooooboooouooddodnull-ratio D OO OOOOOO
00000000 nelDOOOOOOOOnull-ratiod 00O0O0O0O0OOO
Onul0O000005000050%0000 nelD0O0000O000O null
goooad

e alias-ratio
000 10000000000 DO0DO000000O0O0OODO 00000 alias-
ratio 0000000 DOOODDODOO0O00O0OOOOODODOOODODOOOO0Od
O00000000Oaliasratiod OO0 OOOOOOOOOOOOOOOO
000001000 00000D1 0000000000 oDbo0ooooo
00D00O0000oooooooooog

e small-tests
Boolean OO true 0000 falseOODOOODDOODOODOO falseO O
O0Osmall-tests O true 0000000000000 OODOOOOODOODO
00000o0O000ooO0oo000ooD0oooooooooDoooooog
0o0o00oooooooooooooooboooooiobooobooooon

1
ERERE 7DDDDDDDDD

Randoop DD O OOOOO contracts 100 O O0OOOOOOO0O

e 00O null ODOOOODODODO O NullPointerException OO 0O 00O OO
e AssertionError 0000000

e ocquals(o)0d true 00 0ODOOOOOOO

e o.hashCode()d o.toString() DO 00000000

26



000000000 fitersODODODDOOOODOODOOO s..extenstble d false
oooood

e sulJo0000ODODODODDDODOOOOOOOODODODO allobjsOdO OO0
Jo’ € allobjs : o.equals(o’) DO O OOOO

eo nullOOO

e JOUOOOLDODO

22 0O0O0OO0OOOO

gogobbbbougoooobbbobbbodoooooobobbbboboodan
O000D0000000DbO0b000D00DbDO0ObOOOPath Conditiond PCO O O
goggbobbbbbbobuoooooooboooobbbobobbboodgo
gogobobbobbboudooooobobbbodooogobobobbougd
O0satisfiableD 000 00000000000 0OO0O0OO0O0O0OO0ODOOOOODOO
gogbobobobbouodoooogobboobbboouoooooboboobbood
gobbuoogbbodgbbooobbuooobbuooobbobooobbbood

221 000O0OO0OO0OO0OOOLOOOOoOOn

000000000D0000D0000000 Fig2200000000000
OO00000D0O00D0O pcOOO0O0O0O0ODOOOOprogremd 0000000
O0D000DO000O0000000 symbolicState 00 OO0 OOO0pcOD0OO
Otrued0 program 0000000000 O0O0ODOOOODOOOOOOODOOOO
0000000000 0D00000pcdprogramO00 symbolicState 0 0 0 0O O
gOooobooO0obooO0bOooboobO0ooooboboUobooboboboobUoDoo
0000000000 140000

O00oboooboooooboogbDOwmstd00000SO0000mst0OOO
O00000DO0000000O0bO0b0boobOOooOobDOobUbe-220000

e st UOODODOOOON
O0D00Do0oo0oooodl condDOOD0OOOO0OODOOO peAcondO
OpcA—-cond0000000O00O0OOOOOOOOODOOOOOOODOOO
gobbuoggobbuoodbbooobbbabe-1sgupooogoobon
gboogbooboboooboooboboobbooboboobboobo
gobobooood

27



© 00 3 O T = W N =~

e e e e
S O = W N~ O

17
18
19
20
21
22

SymbolicExecution(pc, program, symbolicState)
if program is empty then
// Reached the end of program.
return
end if
inst < the next instruction of program
if inst is a branching instruction then
cond <— the symbolic condition of inst
// Use constraint solver to solve satisfiability.
if pc A cond is satisfiable then
// We can obtain the concrete values satisfying cond.
thenPart < then part instructions of inst
SymbolicExecution(pe A cond, thenPart, symbolicState)
end if
if pc A —cond is satisfiable then
// We can obtain the concrete values satisfying —cond.
elsePart < else part instructions of inst
SymbolicExecution(pc A —cond, elsePart, symbolicState)
end if
else
execute inst symbolically in symbolicState

SymbolicExecution(pe, rest of program, symbolicState)
end if

Fig. 2.2: An algorithm of basic symbolic execution
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SolveStringConstraints(pc)
sg < BuildStringGraph(pc)
while time limit not reached do
if —SolveOtherContraints(pc, sg) then
break
else
for each string vertex s; € sg do
// Attach a fized length automaton to each string verte.
M; « [lj]
end for
while My, --- |, M, not converged do
sat <— HandlePositive Edges(sg)
if =sat then
pc < interchanged constraints
break
end if
sat < HandleNegativeEges(sg)
if —sat then
pc < interchanged constraints
break
end if
end while
if pc not interchanged A My, --- , M, converged then
return true
end if
end if
end while
return false

Fig. 2.3: The automaton-based algorithm for solving string constraints
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Randsym(classes)
// Ezecute feedback directed random testing.

seqs < FeedbackDirected RT (classes)
// Get uncovered branches and corresponding sequences.
(uBranches,uSeqs) < getUncovered BranchesAndSeqs(classes, seqs)
// Select branches and corresponding sequences to be targeted by symbolic execution.
(uBranches,uSeqs) < select BranchesAndSeqs(uBranches, uSeqs)
for each seq € uSegs do
symVars < ¢
for each var € seq do
if var is primitive then
symVars < symVars U {var}
end if
end for
(values, success) < do symbolic execution on symVars
if success then
seqs < seqs U {replaceVars(seq,values)}
end if
end for
return seq

Fig. 2.4: Algorithm of the proposed method Randsym
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package simpleprog;

public class ArgsParser {
public static final String LONG_OPTION_INDICATOR = "—-";
public static final String SHORT OPTION_INDICATOR = "-";
private String|| args;

public ArgsParser(String]] args) {
this.args = args;

}

// Target method definitions here...

Fig. 3.1: The structure of the benchmark class for evaluation
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public boolean longOptionExists(String option) {
boolean isLongOption = (option.length() > 1);

if (isLongOption) {
String searchFor = LONG__ OPTION__INDICATOR, + option;
for (int i = 0; i < args.length; i++) {
if (args[i] != null) {
if (args[i].equals(searchFor)) {
return true;

}
}
}
¥
return false;
}
Fig. 3.2: A benchmark method for evaluation
e Randoop
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public boolean shortOptionExists(String option) {
boolean isShortOption = (option.length() == 1);

if (isShortOption) {
for (int i = 0; i < args.length; i++) {
if (args|i] != null) {
if (args|i].length() > 1 && args[i].startsWith(SHORT _OPTION_INDICATOR)) {
int index = args[i].indexOf(option);
if (index > 0) {

return true;

return false;

}

Fig. 3.3: A benchmark method for evaluation
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public int countNormalArgs() {
int count = 0;

for (int i = 0; i < args.length; i++) {
if (args[i] != null) {
if (largs[i].startsWith(SHORT OPTION_ INDICATOR) &&
largs|i].startsWith(LONG_OPTION__INDICATOR)) {
count+-+;

}
}
}

return count;

}

Fig. 3.4: A benchmark method for evaluation

Table. 3.1: Coverage results of Randoop

Target method | Instruction Cov. [%] | Branch Cov. [%]
shortOptionExists(String) H 20 ‘ 14
longOptionExists(String) H 95 ‘ 80
countNormalArgs() | 100 | 62
ArgsParser(String|]) | 100 | n/a

Total | 68 (91 of 134) | 47 (15 of 32)

Randoop’s timelimit is 600 seconds. The total run time was 618
seconds.
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Table. 3.2: Coverage results of Randsym

Target method | Instruction Cov. [%] | Branch Cov. [%]
shortOptionExists(String) H 96 ‘ 64
longOptionExists(String) | 100 | 90
countNormalArgs() | 100 | 75
ArgsParser(String|]) | 100 | n/a

Total | 99 (1320f134) | 75 (24 of 32)

Randsym’s inputlimit is 100. The total run time was 304 seconds.

public void testl() throws Throwable {
java.lang.String var0 = "— ";
java.lang.String[] varl = new java.lang.String|[] { var0 };
simpleprog.ArgsParser var2 = new simpleprog.ArgsParser(varl);

java.lang.String var3 =" ";
boolean vard = var2.shortOptionExists(var3);

Fig. 3.5: A test case generated by Randsym that covers branches in line 7 and 9
in Fig.3.3

public void test116() throws Throwable {
java.lang.String var) = "—— ";
java.lang.String[] varl = new java.lang.String|| { var0 };
simpleprog.ArgsParser var2 = new simpleprog. ArgsParser(varl);
simpleprog.ArgsParser var3 = new simpleprog.ArgsParser(varl);

java.lang.String var4d =" ";
boolean varb = var3.longOptionExists(var4);

Fig. 3.6: A test case generated by Randsym that covers branch in line 8 in Fig.3.2
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public void test49() throws Throwable {
java.lang.String varQ = "—";
java.lang.String[] varl = new java.lang.String|| { var0 };
simpleprog.ArgsParser var2 = new simpleprog. ArgsParser(varl);

int var3 = var2.countNormalArgs();

}

Fig. 3.7: A test case generated by Randsym that covers branch in line 6-7 in
Fig.3.4
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