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What we know...

DéjaVu: A Map of Code Duplicates on GitHub

CRISTINA V. LOPES, University of California, Irvine, USA
PETR MA], Czech Technical University, Czech Republic
PEDRO MARTINS, University of California, Irvine, USA
VAIBHAV SAINI, University of California, Irvine, USA

DI YANG, University of California, Irvine, USA

JAKUB ZITNY, Czech Technical University, Czech Republic
HITESH SAJNANI, Microsoft Research, USA

JAN VITEK, Northeastern University, USA

Previous studies have shown that there is a non-trivial amount of duplication in source code. This paper
analyzes a corpus of 4.5 million non-fork projects hosted on GitHub representing over 428 million files written
in Java, C++, Python, and JavaScript. We found that this corpus has a mere 85 million unique files. In other
words, 70% of the code on GitHub consists of clones of previously created files. There is considerable variation
between language ecosystems. JavaScript has the highest rate of file duplication, only 6% of the files are distinct.
Java, on the other hand, has the least duplication, 60% of files are distinct. Lastly, a project-level analysis shows
that between 9% and 31% of the projects contain at least 80% of files that can be found elsewhere. These rates
of duplication have implications for systems built on open source software as well as for researchers interested




My Definition for Code Duplicates + File-Level
(smaller chunks
are ok)

* Highly-Similar
* Not all clones are
duplicates

"Oxsky/xblog/xblogroot/admin/tinymce/plugins/codemirror/CodeMirror/lib/codemirror.js",
"benatkin/codemirror/codemirror.js",
"cdnjs/cdnjs/ajax/libs/codemirror/3.16.0/codemirror.js",
"cdnjs/cdnjs/ajax/libs/codemirror/3.21.0/codemirror.js",
"cdnjs/cdnjs/ajax/libs/codemirror/3.22.0/codemirror.js",
"cdnjs/cdnjs/ajax/libs/codemirror/3.23.0/codemirror.js",
"disnet/contracts.js/js/codemirror.js",
"ericbarnes/wardrobe/app/assets/vendor/plugins/editor/editor.js",
"Paxa/postbird/lib/codemirror/codemirror.js",
"renz45/cs_console/demo_app/cs_console.js",
"tantaman/Strut/app/components/codemirror/codemirror.js",
"TheMightyFingers/MightyEngine/editor/client/js/plugins/sourcekEditor/cm/1lib/codemirror.js",
"yoavram/markx/static/js/codemirror.js"
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jasmineEnv = jasmine.getEnv();
jasmineEnv.updateInterval = 250;

htmlReporter = jasmine.HtmlReporter();
jasmineEnv.addReporter(htmlReporter);
- jasmineEnv.specFilter = ( spec ) {

return htmlReporter.specFilter(spec);

};
currentWindowOnload = window.onload;
- window.onload = O {
- if ( currentWindowOnload ) {
currentWindowOnload();
}
jasmineEnv.execute();
= };
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jasmineEnv = jasmine.getEnv();
jasmineEnv.updateInterval = 250;

htmlReporter = jasmine.HtmlReporter();
jasmineEnv.addReporter(htmlReporter);
jasmineEnv.specFilter = (spec) {
return htmlReporter.specFilter(spec);
};
currentWindowOnload = window.onload;
window.onload = O {
if (currentWindowOnload) {
currentWindowOnload();
}
execJasmine();
};
execJasmine() {
jasmineEnv.execute();
}
WOs



return originururi || nuldl; return originurury || nult s

}s }s
“allowScriptAccess’ “trustedDomains” “window.location.host” “allowScriptAccess’ “trustedDomains” “window.location.host’
@returns @returns
@private @private
=var _determineScriptAccess = (function() { +  var _determineScriptAccess = function() {
= var _extractAllDomains = function(origins) { + var _extractAllDomains = function(origins, resultsArray) {
- var i, len, tmp, + var i, len, tmp;
- resultsArray = []; + if (origins == null || resultsArray[@] === "*") {
+ return;
+ }
if (typeof origins === "string") { if (typeof origins === "string") {
- origins = [origins]; + origins = [ origins ];
} }
- if (!(typeof origins === "object"” && origins && typeof origins.length === "numbe + if (!(typeof origins === "object" && typeof origins.length === "number")) {
- return resultsArray; + return;
} }
for (i = @, len = origins.length; i < len; i++) { for (i = @, len = origins.length; i < len; i++) {
if (_hasOwn.call(origins, i) && (tmp = _extractDomain(origins[i]))) { if (_hasOwn.call(origins, i) && (tmp = _extractDomain(origins[i]))) {
if (tmp === "*") { if (tmp === "*") {
resultsArray.length = 0; resultsArray.length = 0;
resultsArray.push("*"); resultsArray.push("*");
break; break;
} }
- if (resultsArray.indexOf(tmp) === -1) { + if (_inArray(tmp, resultsArray) === -1) {
resultsArray.push(tmp); resultsArray.push(tmp);
} }
} }
} }
- return resultsArray;
}; }s
return function(currentDomain, configOptions) { return function(currentDomain, configOptions) {
var swfDomain = _extractDomain(configOptions.swfPath); var swfDomain = _extractDomain(configOptions.swfPath);
if (swfDomain === null) { if (swfDomain === null) {
swfDomain = currentDomain; swfDomain = currentDomain;
} }
- + var trustedDomains = [];
- var trustedDomains = _extractAllDomains(configOptions.trustedDomains); + _extractAllDomains(configOptions.trustedOrigins, trustedDomains);
- + _extractAllDomains(configOptions.trustedDomains, trustedDomains);

len = trustedDomains.length; var len = trustedDomains.length;
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Most often: use trained models to provide
recommendations and insights on new and
unseen code when the software engineer is
creating or maintaining it.
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Code Summarization

"Would the tool observe code that contains
duplicates?”

Code Defects
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Code Autocompletion

Text text = new Text(parent, SWT.NONE);
text.|

‘@ setLayoutData(Object layoutData) : void - Control - 86%

@ setText(String string) : void - Text - 51%

‘@ addModifyListener(ModifyListener listener) : void - Text - 31%
@ getText() : String - Text - 12%

'@ setEnabled(boolean enabled) : void - Control - 11%

‘@ setFont(Font font) : void - Control - 8%
Press '~Space' to show Adaptive Template Proposals (Code Recommenders)

http://www.eclipse.org/recommenders/

private static string NormalizePath(string path)

{
path = path.Replace('\\', '/');

if (path.|)

@ % StartsWith -
& * Length

@ * Replace

Rl * EndsWith bool string.EndsWith(string value)

@ % Contains (+3 overloads)
2§ Aggregate<> Determines whether tl'!e end of this string inst...
% IntelliCode suggestion based on this context

return pa

@5 All<>
D Any<>
93 Append<> -

F 9%

https://visualstudio.microsoft.com/services/intellicode/



Variable Misuse

// Create or update the document.
var newDocument = await cosmosClient.UpsertDocumentAsync(cosmosDbCollectionUri, document);

if (updateRecord)

{
logger.WritelLog($"Updated {existingDocument} to {newDocument}");

}

else

{
- logger.WriteLog($"Added {existingDocument}");

I, U< | Q1 Resolved -

Based on this repo's code patterns, did you intend to use 'newDocument' (confidence 92%) rather than
‘existingDocument’ (confidence 7%) here? Review is recommended by Research bot's Variable Misuse
analysis.

O I a Microsof
+1

ANNOUNCING

Visual Studio
IntelliCode

Allamanis et al. “Learning to Represent Programs with Graphs”.
2018




Predicting Types

let a =

1
eNter JavascRIPT [N ECGEECEAE RESULT  ARE YOU SATISFIED? ICH Embedding E E a E E

- - - Layer

1 // Put your JavaScript here that you want 1 'use strict'; 2

to rename, deobfuscate, 2 [xx
2 // or 1infer types for: 3 * @param {string} bin
3 function chunkbData(e, t) { 4 * @param {number} size bl‘GRU
4 var n = []; 5 * @return {27}
5 var r = e.length; 6 =/
6 var 1 = @3 7 function chunkData(bin, size) {
7 for (3 i< de=t){ B [+ @type {lArray} */ ‘
8 if (i +t< ) { 9 var results = []; i
9 n.push(e.substring(i, i + t)); 10 var length = bin.length; Variable |
16 } else { 11 f** @type {number} =*/ Symc |
11 n.push(e.substring(i, r)); 12 var i = @3
12 1 13 for (; 1 < length; i = 1 + size) {
13 1 14 if (i + size < length) { .
14 return n; 15 results.push(bin.substring(i, 1 + bi-GRU
15/} size));
16 // You can also use some ES6 features. 16 } else {

results.push(bin.substring(i,

17 const get = (a,b) => a.getElementById(b);
18 length));
}

:; 18 o
o 3 Probability [ N e La
20 , return results; Distr of Type type for a type for b type for a

27 ranst mat = fdne laud =s T e

Predicting Program Properties from Code Deep Learning Type Inference

V. Raychev, M. Vechev, A. Krause. 2015 V. Hellendoorn, C. Bird, E.T. Barr, M. Allamanis. 2018
http://jsnice.org/



Predicting Names (Deobfuscation)

JS STATISTICAL RENAMING, TYPE INFERENCE AND DEOBFUSCATION ABOUT MOME  winiFY  TeAM  ABour
| SRl e r——_—________ - JSNaughty

ENTER JAVASCRIPT [ ECREEEETA Resuit  ARE You SATISFIED? [ N |

The Renamed Javascript:

Input Minified Javascript:

1 // Put your JavaScript here that you want 1 'use strict'; o)

5 }:? ;ﬁnﬁggérdgggggsggf, z f:*@param (string} bin module.exports - http.createServer(functionfe, 1) { 1ts - http.createServer(function(red, res)
3 function chunkbData(e, t) { 4 * @param {number} size va w stream.Stream() ey

4 var n = []; 5 =* @return {?} 1 -

5 var r = e.length; 6| * i e

6 var 1 = @3 7 function chunkData(bin, size) { n,

7 for (3 1 = r; 1 += 1) { a /*=* @type {!Array} =/ v

8 if (i + €t <r) { 9 var results = []; tream(e).on("data’, functione, r) { csv(). m(req).on("data’, function(data, res) {
9 n.push(e.substring(i, i + t)); 16 war length = bin.length; {

18 } else { 11 J.n’** @type {number} *J,.’ n.emit("data’, '{"docs"[');

11 n.push(e.substring(i, r)); 12 war i = @3 t=e

12 1 13 for (; 1 < length; i = 1 + size) {

13 3} 14 if (i + size < length) { JSNice Mixing*

14 return n; 15 results.push(bin.substring(i, 1 +

15} size)); © Enable (Best Results)

16 // You can also use some ES6 features. 16 } else { o

17 const get = (a,b) => a.getElementById(b); 17 results.push(bin.substring(i, Disable

:S 1 'I_eng;:h)) ’ Note: Processing may take a few seconds, please wait.

20 return results;

97 ronet mgat = fdne o =w F

Predicting Program Properties from Code Recovering Clear, Natural Identifiers from

V. Raychev, M. Vechev, A. Krause. 2015
4 Obfuscated JS Names B. Vasilescu, C. Casalnuovo, P

Devanbu. 2017

http://jsnice.org/ http://tardigrade.andrew.cmu.edu:8000/get_js/



... In most cases we want to make
suggestions for new, previously unseen code.



But I've deduplicated the corpus!

... that's what | thought too!

T task)
ifl( task
j obyj
(task

=N (ForkJoinTas task:

jobl=fnewl ForkJoinTask.AdaptedRunnableAction(task);
doSubmit (job) ;

Allamanis & Sutton 2013
« 24.8% duplicates
» Each duplicate file appears ~x2




Commonly Used Datasets

# Files (x1000) % duplicates

C# ICLR'19 28.3 10.6
Concode- Java* 229.3 68.7
Java GitHub Corpus 1853.7 24.8
Java-Small 79.8 4.7
Java-Large 1863.4 20.2
JavaScript-150k 112.0 20.7
Python-150k 126.0 6.6
Python docstrings v1* 105.2 9.2
Python docstrings v2* 194.6 31.5

* Dataset is per-function not per-file.



In-test
duplicates
In-train
duplicates

cross-set
duplicates




Case Study: A Simple Language Model

Performance
Metric ® A, &) O
Acc (%) 491 551  -10.9%  49.2
Acc-ID (%) 86 17.7  -514% 8.3
MRR 0.674 0.710 -5.1% 0.674
MRR-ID 0.136 0.224 -39.3% 0.132
PPL 04 7.5 +25.3% 04
PPL-ID 76.1 55.4 +37.4% 82.3




Case Study: A Simple Language Model
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Other Models

Performance

Metric 1= ® A& &) am

Task: Method Naming Model: code2vec [6]
Dataset: Reshuffled Java-Large [5]

F1 (%) 4471 50.98 -12.3% 46.04
Precision (%) 53.00 58.92 -10.5% 54.51
Recall (%) 38.67 44.93 -13.9% 39.85

Task: Variable Naming Model: JSNICE [22]
Dataset : Reshuffled & Reduced JavaScript-150k [21]
Accuracy (%) 34.44 55.04 -37.4% 29.41

Task: Code Autocompletion Model: PHOG [9]
Dataset : Reshuffled & Reduced JavaScript-150k [21]

Accuracy (%) - Types 71.80 75.69 -5.1% 72.95
Accuracy (%) — Values 71.19 77.75 -8.4% 71.35
— Identifiers 48.94 61.43 -20.3% 49.05
— String Literal 25.62 43.89 -41.6% 24.51

Task: Docstring Prediction Model: Seq2Seq [7]
Dataset: Python Docstrings v1 [7]
BLEU 12.32 13.86 -11.1% —




@ Some Best Practices to Avoid Issues
"] with Duplication



Statistical Code Migration

Does the target - =
application contain e Xl
duplicates?

zzzzazzzié%é«z«;zzzzeé}z«?&é&dé?<

Code Documentation

»

A

Code Summarization

Program Analysis

Y



Careful Data Collection / Use of Existing Data

« Use a method to deduplicate collected data:

* SourcererCC
« github.com/Microsoft/near-duplicate-code-detector

« github.com/Microsoft/dpu-utils
* Use duplication index

$ pip install dpu-utils
$ run-tokenizer-for-lang

$ deduplicationcli DATA PATH OUT_JSON



Model Capacity

« Use strong baselines.

* Try baselines that

memorize well.
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Q’p Some Best Practices to Avoid Issues
XX] with Duplication

» Does the target application contain duplicates?
» Careful data collection or use of existing data.

» Be cautious of model capacity.

= u @miltosl
O MlcrOSOft @ miltos.allamanis.com



