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1 protected int run(Commandline cmd) {
try {

[ZEN)

~

Execute exe = new Execute(new LogStreamHandler(this,
Project.MSG_INFO, Project.MSG_WARN);

exe.setAntRun(getProject());

exe.setWorkingDirectory(getProject().getBaseDir());

exe.setCommandline (cmd.getCommandline);

exe.setVMLauncher(false);

return exe.execute();

catch (java.io.IOException e) {

throw new BuildException(e, getLocation());

(a) Clone A

1 protected int run(Commandline cmd) {
try {

-

Execute exe = new Execute(new LogStreamHandler (this,
Project.MSG_INFO, Project.MSG_WARN);
if (serverPath !'= null) {
String[] env = exe.getEnvironment();
if (env == null) {
env = new String[0];

String[] newEnv = new String[env.length + 1];
System.arrayCopy(env, 0, newEnv, @, env.length);
newEnv[env.length] = "SSDIR=" + serverPath;
: exe.setEnvironment(newEnv);
exe.setAntRun(getProject());
exe.setWorkingDirectory(getProject().getBaseDir());
exe.setCommandline(cmd.getCommandline) ;
exe.setVMLauncher (false);
return exe.execute();
catch (java.io.IOException e) {
throw new BuildException(e, getLocation());

(b) Clone B

Figure 1: Example of large-gap clones

protected String getPrompt(InputRequest request) {

String prompt = request.getPrompt();

if (request instanceof MultipleChoiceInputRequest) {
StringBuffer sb = new StringBuffer(prompt);
sh.append("(");
Enumeration e = ((MultipleChoiceInputRequest) request)
.getChoices() .elements();
boolean first = true;
while (e.hasMoreElements()) {
if (Ifirst) {
sh.append(",");

sb.append(e.nextElement());
first = false;

¥
sb.append(")");
prompt = sb.toString();

return prompt;

(a) Clone A
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protected String getPrompt(InputRequest request) {

String prompt = request.getPrompt();
String def = request.getDefaultValue();
if (request instanceOf MultipleInputChoiceRequest) {

StringBuilder sb = new StringBuilder (prompt).append("(");
boolean first = true;
for (String next : ((MultipleInputChoiceRequest) request)
.getChoices()) {
if (!first) {
sbh.append(",");

+
if (next.equals(def)) {
sh.append(' |');

+

sb.append(next);

if (next.equals(def)) {
ab.append('[');

first = false;

sb.append(")");
return sb.toString();

}
else if (def != null) {

b

return prompt + "[" + def + "]";

else {

return prompt;

(b) Clone B

Figure 2: Example of large-variance clones
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e Location Phase
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- :I — I\ 7 I:I \\/ 7 75\ b N = Algorithm 1: Clone Detection
A3 Input: C is a list of tokenized code blocks {c1, c2, . . ., cn},
g ra m S % )5§ ) Inverted Index I of C, N for size of N-gram, 6 for filtering

threshold, § for verifying threshold
Output: All clone pairs CP
1: CP « ¢;
~ 2: for all each ¢; in C do

- N—gra ms% /\ \\/ \/ 1 TE{I: 3. // Location phase
/I CC represents clone candidates
CC ¢
forj=12,..., (ci.len— N +1)do

// ¢ilj] is j-th token in ¢;’s token sequence

n_gram = concat(ci[jl,ci[j + 1], ..., ci[j + N = 1]);

0} IE indexM /Ny 22 key = hash(n_gram;
,ﬂE % /E\ t\ :I - I\\\ 7\\ I:I \\/ 10: /* get is a function t};at returns values to which a given

key is mapped in a given dictionary */
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* Filtration phase
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common_ngrams(c4,c3)

) flltratwn‘Slm(Cl' CZ) = min(ngrams(c;)ngrams(cy))

- common_ngrams(cy, c;) = |[ngrams(c;) N ngrams(cy)|

17:
18:
19:
20:
21:
22:

// Filtration phase

for all each cc; in CC do
/* common_ngrams is a function
that computes the number of common N-grams between
two given code blocks */
cn = common_ngrams(c;, cc;);
m = min(c;.len, ccj.len);
filtration_sim = cn/(m — N + 1),
if filtration_sim < 6 then

CC =CC\ {ccj};

end if

end for
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les(cq,c2)

- verification_sim(c{,c,) =
f - (c1, c2) min(min|c,|,min|c,|)

26:
27:

28:
29:
30:
31:
32:
33:

// Verification phase
for all each ccj in CC do
/* les is a function that computes the length of the LCS
between token sequences of two given code blocks */
les_len = les(ci, ccj);
verification_sim = lcs_len/min(c;.len, ccj.len);
if verification_sim > § then
CP=CPU (Ci,CCj);
end if

end for
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[31] Jeffrey Svajlenko and Chanchal Roy. 2019. The Mutation and Injection Framework: Evaluating Clone Detection
Tools with Mutation Analysis. IEEE Transactions on Software Engineering (2019).
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- E}Eﬁ?;\f ‘(\\}Eﬁ \/\71—: 70 [ :/\\ T 7 I\ System # Files LOC

Ant 1.10.1 895 109,073
Maven 3.5.0 698 60,471

¢« INT X —X
- filtration threshold 6 - 0.7
- verification threshold 6 - 0.1
- N-grams : 5 Table 2 Recall and exscution tine esults for ach N value

N 1 2 3 4 5 6 7 8 9
Type-2 97.5 97.5 97.5 97.5 96.6 96.3 96.1 95.8 933
Very Strongly Type-3  93.5 93.5 93.5 93.5 93.5 93.1 92.9 92.7 925
Strongly Type-3 68.4 68.4 68.4 68.3 67.1 65.3 64.6 63.7 620
Moderately Type-3 11.2 11.2 11.2 11.1 10.6 9.9 9.3 8.7 7.8
Execution time >24h 2h13m52s 21m42s 5mb56s |[2m58s| 1m13s 1m4s 1m2s 57s

[33] Jeffrey Svajlenko and Chanchal K Roy. 2016. BigCloneEval: A Clone Detection Tool Evaluation Framework
with BigCloneBench. In Proceedings of 2016 IEEE International Conference on Software Maintenance and
Evolution. 596-600.
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Table 4: Large-variance clone detection results
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System # Large-variance clones Precision (%)

NIL Ant 354 86.0
Maven 398 88.0
Ant 355 64.0
\ S — N ~ LVMapper
\iEél T :E) Maven 389 60.0
 ENNTTHE X recall

Ant 184 43.0

~ —1— CCAligner
N = L \ i i . Maven 284 40.0
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Figure 7: Recall results for various numbers of inserted lines
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Tool NIL LVMapper CCAligner SourcererCC NiCad
Type-1 100.0 100.0 100.0 100.0 100.0
Type-2 100.0 100.0 100.0 100.0 100.0
Type-3 100.0 99.9 99.9 100.0 100.0

* Type3 Tl LVMapperT L
MRS TE RV A—
\/ 7b§ 2% % : & 7l:)i j/) 75\ ) Table 6: Recall and precision results for BigCloneBench

7L— Tool NIL LVMapper CCAligner SourcererCC  NiCad
— Type-1 Recall 99.9 99.9 99.8 93.8 99.9
Type-2 Recall 96.6 99.2 98.9 96.6 99.2

Very Strongly Type-3 Recall  93.5 98.1 97.4 68.2 98.4

Strongly Type-3 Recall 67.1 81.8 69.0 59.0 69.7

Moderately Type-3 Recall ~ 10.6 19.1 10.0 4.8 0.5

Precision 94.0 58.5 33.7 99.2 80.2

13



S L]
mJF 250 3K

* Filtration phase &
Location phaseh’ & % &
ETY A— MER7Z K
) A& 5

» DR ARICEE TR
E (RIEHERA GV

108
107
106 Located
105
f
10* Filtered

103

102

# Clone candidates

10

1 2,500 5,000 7,500 10,000

# Code blocks

Figure 8: Growth in the number of clone candidates with the
increased number of code blocks

Table 7: Scalability results

Tool NIL LVMapper CCAligner SourcererCC  NiCad
1M 10s 29s 52s 3m1s 1m 48s
10 M 1m 38s 13m 38s 26m 3s 27m 37s -
100 M 1h 38m 29s 17h 23m 39s — 19h 38m 5s —
250 M 7h40m 7s 3d 13h 47m 39s — 5d 6h 55m 1s —
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