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Developers
implicitly embed
knowledge in code
that may be useful
for the same or
other projects.
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Mine the hidden
knowledge to
create smart
software
engineering tools.
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A Spectrum of Problems for Machine Learning

Classification Clustering

Supervised Unsupervised



A Spectrum of Problems for Machine Learning
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Natural Language Processing with Machine Learning
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> Resolve language ambiguities with principled probabilistic

models of language.

> Learn model parameters from annotated corpora.




Natural Language Processing (NLP)

=

Some Knowledge

“ / Parsing

of Linguistics Named Entity
I:> I:> Recognition
= Machine
Models of A .
Data: Corpora of odels of Aspects Translation
of Natural
Text, Speech etc
Language

Use Machine Learning to model aspects of a natural language.




Machine
Learning

Models of
Source Code

“All models are wrong, some are
useful” - George Box

Software Engineers Codebases

| |

Machine Learning Models
of Aspects of Source Code

¥

Software Engineering
Tools




Language Models
for Source Code

Assign a non-zero
probability to every
piece of valid code

Probabilities learned
from training corpus



Language Models of Source Code — Design Choices

for (int 1 = 0; i < 10; i++){

Token-level Models Console.WriteLine(i);
}

Syntactic Models




N-gram Language Models

Parameters of ML Model

P(tm|tm 1-- m n—l—l)

e.g. P@|“for (int i =)




How n-gram models see code?
package org.cfeclipse.cfml.snippets;

import org.rioproject.examples.logicdesigner.model.getState ( ) {
cdl.Choreography;
import org.apache.thrift.protocol.TProtocolUtil.skip(iprot);
event.newLineCount == 3 )
{ case '|'
if ( rule.FireAllRulesCommand;

import org.apache.hadoop.conf.get(9, 0, newByteBuffer, 0,
count);
} switch ( classifierID ) {
pd.getName() {
cBondNeighborsB.get (MODULE) .declaringType
= (DEREnumerated)




Machine Learning

Machine
Learning Model

Designed by humans

Model
Parameters

Learned from data

Learn the parameters
of the model from
data.

Handle uncertainty
and noise.




Learning Model Parameters

Image from marple.eeb.uconn.edu

> Optimize objective function in training set

> Use computational methods of optimization



Finding a good model

High Bias High Variance
Underfitting Overfitting

image from http://antianti.org/?p=175



Automatic Evaluation in Machine Learning

Imperfect measures of performance such as

> Prediction Accuracy » Model Fit

> Quantify performance in a reproducible manner

> Drive improvement of systems in a measurable way




Source Code and Machine Learning

Coding Patterns ¢ Formal Methods » Code & Text
T Mine & exploit common Probabilities over Search Code search,
patterns Space (e.g. Synthesis) NL to Code
[Hindle et al. 2012, [Ellis et al. 2015] [Yusuke, et al. 2015,
Allamanis & Sutton 2014, Movshovitz-Attias & Cohen, 2013,
Allamanis et al. 2014, 2015] Allamanis et al. 2014]
® - ® Q ® - @

¢ Probabilistic Static Analyses ¢ Runtime Traces

Probability Distribution of (Formal) Infer Program Properties from Traces
Properties [Brockschmidt et al. 2014
[Raychev et al. 2015, Yujia Li et al. 2015]

Mangal et al. 2015]




Learning Naming Conventions
> Lexical Patterns

Outline

Learning to Map Natural

Language to Source Code
> Syntactic Patterns



“Programs must be written for people to read,
and only incidentally for machines to execute.”

- Abelson & Sussman, SICP, preface to the first edition

Learning Naming Conventions



A coding convention is a syntactic
constraint beyond those imposed by
the language grammar.

Allamanis et. al, FSE 2014, FSE 2015
ACM Distinguished Paper Award



The Importance of Coding Conventions

Code Review Discussions

Conventions 38%
Naming 24%
Formatting 9%

[Allamanis et al. FSE 2014]

Based on 169 code reviews with 1,093 discussion threads in Microsoft.




The Importance of Coding Conventions

Code Review Discussions

Conventions 38%
Naming 24%
Formatting 9%

[Allamanis et al. FSE 2014]

Based on 169 code reviews with 1,093 discussion threads in Microsoft.




Is recommending identifier renamings useful?

M Definitely YES M Probably YES B Probably NO Definitely NO

31% 37% 17% 1~

0% 23% 45% 68% 90%

94 developers

Arnaoudova, Venera, L. Eshkevari, Massimiliano Di Penta, Rocco Oliveto, Giuliano
Antoniol, and Y. Gueheneuc. "REPENT: Analyzing the nature of identifier renamings.”
(2014)



A Machine
Learning
Perspective

A name reflects important
aspects of code functionality.

Learning to name source code
elements is a first step in
understanding code through
machine learning.



Suggestions for junit/src/test/java/junit/tests/runner/TextRunnerTest.java
public class TextRunnerTest extends TestCase {

void execTest(String testClass, boolean success) throws Exception {

InputStream i = p.getInputStream();
while ((i.read()) != -1);



Suggestions for junit/src/test/java/junit/tests/runner/TextRunnerTest.java
public class TextRunnerTest extends TestCase {

void execTest(String testClass, boolean success) throws Exception {

InputStream i = p.getInputStream();

while ((i.read()) != -1); automatically suggest
renamings ﬁr/
Source Code
} Language Model



Suggestions for junit/src/test/java/junit/tests/runner/TextRunnerTest.java
public class TextRunnerTest extends TestCase {

void execTest(String testClass, boolean success) throws Exception {

InputStream i = p.getInputStream();

while ((i.read()) != -1); automatically suggest
renamings

Source Code
} Language Model

Score by
naturalness
} &
Threshold

1.'i' (18.07%) -> {input(81.93%), }

e e e e e e e M M M e mmm M M e mmm mmm M e mmm mmm M e Mmm M M e M M M e M mmm M e e G M e e M M e e mmm M e e M M e e e e e



Suggesting Names to Developers:
The Naturalize Framework

PEBTic void Test SIETT {
PrintStream oldout = System.out;
System. setOut(new PrintStream(

new OutputStream() {
Roverride
public void write(int argl
}
}
"
try
TestResult result = junit.textui

assertTrue(result.wasSuccess ful (

Code

Proposers
(rename
identifiers,
add formatting)

GBIic void TETT T
PrintStream oldOut = System.out;
SYSESETic void 3 TerT
PrintStream oldOut = System.out)

51 #rmrTeors o
PrintStream oldOut = System.out;
Sys; —

SETIE e SR T

Scoring

PrintStream oldOut = System.out;
System.setOut (new PrintStream(
new OutputStream() {
foverride

}
}
1)1
8 ery (

public void write(int argh

TestResult result = junit.textui
assertTrue (result.wasSuccessful (

Candidates

Function

ML model of
code

Training Corpus

(rest of project code)

Tic vo1a Eest TETT {
PrintStream oldOut = System.out;
System. setOut(new PrintStream(
new OutputStream() {
foverride
public void write(int arg0)
}
}
"
ery {
TestResult result = junit.textui
assertTrue(result.wasSuccess ful (

Tic vo1d EestFunFet TETT T
PrintStream oldOut = System.out;
System. setOut(new PrintStream(
new OutputStream() (
foverride
public void write(int argO|
}
}
"
try {
TestResult result = junit.textuil
assertTrue(result.wasSvocess ful (

Top Suggestions

[Allamanis et al. FSE 2014, FSE 2015]



Naturalize Tools - devstyle

private Test testCaseForClass(Class<?> each) { _

if (TestCase.class.isAssignableFrom(each)) { Alternative namings for each
return new TestSuite(each.asSubclass(TestCa

} else { testClass (31.8%)
return warning(each.getCanonicalName() + " klass (25.4%)
} } returnType (22.4%)

g | concel | (QIOKIN
* Constructs a TestSuite from the given array of @ —
*

SR~ IR SO, L IR ¥ 1Y

private void addTestMethod(Method m, List<String> names, Class<?> theClass) {
String name = m.getName();
if (names.contains(name)) {

devstyle y

if (!isPublicTestMethod(m)) {

if (isTestMethod(m)) {

Suggests identifier ; addTest(warning("Test method isn't public: " + m.getName() + "(" + theCl

Renaming Suggestions
return;

. } Identifiers in Selection Suggested renamings
m i
re n a I n g S addTest (createTest (theCla: |k method (40.21%)

} m each (27.53%)
. member (16.80%)
private boolean isPublicTest ' '
return isTestMethod(m) && -
} | Cancel |

private boolean isTestMethod(Method m) {
return m.getParameterTypes().length == 0 &&



Q mallamanis added some commits on 10 Feb
ﬂ Renamed the ImmutableBlobContainer container to blobContainer. -

FR Renamed XContentParser.Token named "t" to "token".

FR Renamed ClusterBlocks variable named "bloc -
[t] mallamanlis added some commits on 26 Feb

ﬂ Renamed "i" (15.46%) to "index" (31.34%). The naturalize tool detected ---
.]avanna a;;ceg vi20 v2.00 label ﬂ Renamed "value" (18.55%) to "scalar" (51.13%). The naturalize tool --

m Minor changes in JavaDoc

ﬂ Renamed "vector" (7.51%) to "point" (64.23%). The naturalize tool ---

@ . Javanna self-assigned this on 7 Apr ER Renamed "scale" (24.02%) to "scaleXY" (75.98%). The naturalize tool --

- A 1% i sinistersnare commente 2

Javanna

Very interesting project, and thanks for the contribution!
Merged, thanks!
I've always wanted to spend a good amount of time using findbugs with libgdx, there's a ton of
recommendations it provides.

o . Javanna closed this on 7 Apr

XX badlogic

Wow, that's a pretty cool tool!

18 patches for 5 well known
open source projects:
14 accepted’ 4 ignored @ [Z] badlogic reopened this on 26 Feb

° [Z] badlogic closed this on 26 Feb

Q [‘;_'l badlogic merged commit 3d5040f into libgdx:master from mallamanis:master on 26 Feb Revert




Method Naming Problem

private void G
String vertexShader = "literal_1";
String fragmentShader = "literal_2";
shader = new ShaderProgram(vertexShader,

fragmentShader) ;
if (shader.isCompiled() == false)
throw new IllegalArgumentException(
"literal_3" + shader.getLog());

O© 0O NO Ok WN -

v



Method Naming Problem

O 0O NO Ok WN =

-

private void 0 A

String vertexShader = "literal_1";
String fragmentShader = "literal_ 2";
shader = new ShaderProgram(vertexShader,
fragmentShader) ;
if (shader.isCompiled() == false)
throw new IllegalArgumentException(
"literal_3" + shader.getLog());

Names describe what it does not what it is

Models need to be “non-local”



Method Naming Problem
1
2
3
4
5
6
7
8
9

Suggestions:

private void ) 4
String vertexShader = "literal_1";
String fragmentShader = "literal_ 2";
shader = new ShaderProgram(vertexShader,

fragmentShader) ;
if (shader.isCompiled() == false)
throw new IllegalArgumentException(
"literal_3" + shader.getLog());

-

e create e create?UNK? e init e createShader



Method Naming Problem
1
2
3
4
5
6
7
8
9

Suggestions:

private void createDefaultShader () {
String vertexShader = "literal_1";
String fragmentShader = "literal_ _2";
shader = new ShaderProgram(vertexShader,
fragmentShader) ;
if (shader.isCompiled() == false)
throw new IllegalArgumentException(
"literal_3" + shader.getLog());

-

e create e create?UNK? e init e createShader



A Machine Learning Model of Names

_ explse(r.c))
Y exp(se(1’,c))

P(t|c)

[Mnih, Hinton, 2007; Mnih, Teh, 2012; Mnih, Kavukcuoglu, 2013; Maddison, Tarlow, 2014]



Embedding Identifiers

RD

(createDefaultShader

OplayMusi I'context

W

q; = RD are “embeddings” ::: model parameters

[Mnih, Hinton, 2007; Mnih, Teh, 2012; Mnih, Kavukcuoglu, 2013; Maddison, Tarlow, 2014]



Embedding Identifiers

RD

qcreateDef aultShader —l—

\%A SQ(t? C) = Teontentdt T bt
OplayMusi I'context

 enpleae))
PUIE) = F exp(se(,0))

[Mnih, Hinton, 2007; Mnih, Teh, 2012; Mnih, Kavukcuoglu, 2013; Maddison, Tarlow, 2014]




Neural Context Models of Source Code

Variable:

/

(isDone RD
Teontext

AT
80(') = Y ontert AisDone + bisDone




Neural Context Models of Source Code

Variabl sDone
(lle)\, d D
,’/4
/ i i\'contea':t
o
) I +QisD L



Neural Context Models of Source Code

Variable: (isDone
Features:
D boolean , in:MethodBody , final

A

/| Tcontext




Neural Context Models of Source Code

Variable: (isDone

D

/4 Yeontext

ext AisDone

Features:
boolean ,

in:MethodBody ,

final

Contexts:



Neural Context Models of Source Code

A Yeontext

(isDone

Features:
boolean, in:MethodBody , final
\j ¥ ¥

T'poolean + rir:\:l‘llethodBody + Tfinal .

Contexts:

Y Y \ | 3
& Coorc+ C_iri + Ciry + Czr}



Neural Context Models of Source Code

\‘f'm\)h: 1 sl I
Features:
- boolean , in:MethodBody , final

o ' ] ’ ’

. 4 ¥ ¥ Contexts: ________ _
t

- Tboolean T T'in:MethodBody + Tfinal while: ( !‘ ) { J'
A Tcontext l_’-__‘_‘_______‘;v__"\

5’ % ;i R

o —@ Corc+ C_iry + Ciry + Cgl‘}

f'context = Z ry + Z Ckrt,-.Hc

L' contextQisDone T DisDone fEF,. Vk:K>|k|>0




Neural Context Models of Source Code

Variable: (isDone Features:
boolean , in:MethodBody , final
’ ‘ Contexts:

1
D \ 14 4
i sDon . ! 5
; Tboolean T Tin:MethodBody T rf7 while! ( ' (isDone)) {.
’ 1 N N

A s
A Tcontext /—__\

1 L\

\ \

v " ¥ R
@ Cor¢+ C_iri + COi1y + Cory

f'contea:t = Z ry + E Ck:rt1-+k

fEF;. Vk:K>|k|>0




Neural Context Models of Source Code

Variable: ; Features:
boolean , in:MethodBody , final

q ) [ " f

4
T'boolean T r."m:Met:hodBody + Tfinal
A -
Fcontext ’__—\
o e

f'conteaf:t = Z ry + Z Ck:rti+k

f€F:. Vk:K >|k|>0

Global
Information

Contexts:

4 X \ b
@ Coor+ Coiri + Ciry + Cory



Neural Context Models of Source Code

Variable: sDone Features:
boolean , in:MethodBody , final

4 ¥ Contexts:

____________ —_

\ \

\ |

A ]
Lcontext "_\

f'conteaf:t = E ry + E Ckrti_,_;..

feF,. Vk:K >|k|>0

Local
Information

J
] 4
q ‘ . ! 5
A T'boolean T T'in:MethodBody + rf? while 'l ( '(isDone)) { :

i X v
@ C_or¢+ C_iri + Oiry +

R
021‘}



Neural Context Models of Source Code

Variable:

/

(isDone

]RD

Features
boolean

Y

Yeontext

T
30(-) = T ontextQisDone T bispone

, in:MethodBody , final
v ’

| 4
T'boolean T r."m:l"[et:hodBody + Tfinal
4—’—_——\

&
f'conteaf:t = E ry + E Ck:rt1-+k

fEF;. Vk:K>|k|>0

4 e\
@ C_orc+ C_ir\ +

Contexts:

\ \

\ |

Chry + 021‘}




Embedding Identifiers

RD

QcreateDefaultShader éex p (S 0 (f . C ) )

P(t|c) =
\% 0l = S (56 (#,0))

[Mnih, Hinton, 2007; Mnih, Teh, 2012; Mnih, Kavukcuoglu, 2013; Maddison, Tarlow, 2014]




Neologisms

neologism
[ nI plad31z(a)m ] @
NOUN

a newly coined word or expression.
synonyms: new word - new expression - new term - new phrase - coinage - More

Powered by OxfordDictionaries - © Oxford University Press

v



Subtoken Context Models of Code

getInputStream I:> get Input  Stream
ti—2  ti-1 ti

P (t;|t; 1, t; 9, context)

Sequentially predict each subtoken given the context and the previous

subtokens
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Embeddings

etContentTs

S
hosie

i
setDiscard iy o
‘A‘

g:;:‘ﬁ?i\m#[m:nc:g'gg;mscmmmhm

S BRI ersize
zetAll
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et CASANETRARSfer EncodfAF o2t ot FfHHER"

etval ctbytd
Vil

setdllyy setChar
setFloat

wetTimelilliedium

petlnt
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Cehort

setByte
setBooledn

Suggest Names
on Test Data

1.0]
ngram

08 8T
= no features
g 0. -+ features
Z
&0_4 — subtoken [
E
@02

0'8.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Suggestion Frequency




Evaluation Methodology

Test File
ForkJoinTask<?> -; .
if (tﬁk instanceof ForkJoinTask<?>) // avoid re-wrap 1 . JOb (3@%)
= (ForkJoinTask<?>) task;
else 20 taSk (2@%)
M - e Suggestions 0
ForkJoinTask.AdaptedRunnableAction(task); 3 * tSk (15/0)
exter‘nalPush(-);

Evaluation on top 10 Java GitHub projects.

Perturb existing code and retrieve ground truth.




Evaluation Methodology

Test File

ForkJoinTask<?> -;
if (task instanceof ForkJoinTask<?>) // avoid re-wrap
- = (ForkJoinTask<?>) task;
else
= new
ForkJoinTask.AdaptedRunnableAction(task);
exter‘nalPush(-);

ForkJoinTask<?> job;
if (task instanceof ForkJoinTask<?>) // avoid re-wrap
job = (ForkJoinTask<?>) task;
else
job = new
ForkJoinTask.AdaptedRunnableAction(task);
externalPush(job);

Evaluation on top 10 Java GitHub projects.

Perturb existing code and retrieve ground truth.

job (30%)
task (20%)
tsk (15%)




Suggesting Variable Names

Suggestion F1

1.0

=
00

=

=
N
T

=
)

2
o
T
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N SR S S S—

- subtoken

Suggestion Frequency

|



Suggesting Variable Names

Suggestion F1
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Suggestion Frequency



Suggesting Method Names

1.0 ke

""""" ngram
===+ context model |-
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Suggestion F1

1.0
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Embedding Visualization
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Embedding Visualization

http://groups.inf.ed.ac.uk/cup/naturalize
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Embedding Visualization

http://groups.inf.ed.ac.uk/cup/naturalize
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Learning to map natural
language to source code

Work done in Microsoft Research - Cambridge

Joint work with Danny Tarlow, Yi Wei, Andy Gordon



plications of Joint Models of Code & NL

6 @| B http://www.bing.com/searct © ~ & ” ' c# get the first letter of eac... >

WEB IMAGES VIDEOS MAPS NEWS  MORE 17 '8 Signin
L] .
< O d e R et r I eva | b bing ‘ c# get the first letter of each word in string and uppercase jo ‘
MSBeta 691,000 RESULTS Any time ~

c# - Make first letter of a string upper case - Stack Overflow
stackoverflow.com/.../4135317/make-first-letter-of-a-string-upper-case v

Resolved - Last updated: Sep 19, 2013 - 18 posts - First post: Nov 09, 2010

.. the question in the link capitalizes the first letter of each word. ... the first letter of a
string, even if the first ... of a string to be uppercase in C# ...

ci# - How can | uppercase the first letter of all words in ... Jul 10, 2013 Resolved
c# - Convert all first letter to upper case, restlower ... Sep 22, 2013 Resolved

java - How to upper case every first letter of word ina ... Oct 18, 2012 Resolved
vb.net - Regex: How to Uppercase the first character of ... Jan 22, 2014 Resolved

L]
C# Uppercase First Letter - Dot Net Perls
e r I e V a www.dotnetperls.com/uppercase-first-letter v
C# Uppercase First Letter. ... that uppercases the first letter. The first method here
is .__method for uppercasing the first letter in each word in a string.

Code sample

static string UppercaseFirst(string s){
if (string.IsNullOrEmpty(s)){

return string.Empty;
See more on dotnetperls

Uppercase first letter in each word of a string.-VBForums
www.vbforums.com > ... » CodeBank - Visual Basic NET v
12 replies from February 2009 to March 2013

and eve ntually code synth esis... e e Sl g of

Capitalize First Letter In Every Word In A String. - C# ...
www.dreamincode.net > Dream.In.Code > Programming Help» C# ~ ‘ B8 Feedback v
Canitalize first letter in everv word in a strina - Search-  { stafic strina linnerCase S —




A Conditional Generative Model

“get the first RS o
string s;

letter of each @/Q ? Q-, string[] words = s.ToUpper().split(‘ );
/® ' . string[] firstLetters = new string[words.Length];
/O /Qm for (int i=@; i < words.Length; i++) {

. . _*
Word n Strlng O O@fo firstLetters[i] = words.Substring(@,1);
and uppercase” | }
NL Query Condltlo.nal Synthesize/Score Code Snippet
Generative

Model of Source Code



ForStatement

Initialization Expression Expression Body

Infix

Single Variable Expression

Declaration

- Left Right
Initializer SperEn Operator Operand

Numeric ' Numeric
Literal Literal

Syntactic model of source code, i.e. model how AST is generated



Tree Generation Model:
Context Free Grammars (CFG)

Hii—¥t:Hysckedl T > FxF
B—.I T—5F
F—iB) F —id

(OT O O




Tree Generation Model:
Probabilistic Context Free Grammars (PCFG)

E—E4+E (prob0.7) T — F x F (prob 0.6)
E—T (prob 0.3) 1T — F (prob 0.4)
F — (F) (prob 0.1) F — id (prob 0.9)

//@\A

(OT O O Q)



Generating from a PCFG



Generating from a PCFG

ForStatement

Initialization Expression Expression



Generating from a PCFG

ForStatement

Expression

Initialization Expression

Single Variable
Declaration



Generating from a PCFG

Initialization

Single Variable
Declaration

Initializer

Expression

ForStatement

Expression

Body



Generating from a PCFG

Initialization

Single Variable
Declaration

Initializer

Expression

ForStatement

Expression

Body



Generating from a PCFG

ForStatement

Initialization

Expression

Expression

Body
Single Variable

1
1
\ 1
\ 1
\ 1
\ 1

\

Declaration

Initializer




Conditional
Given natural language,

Generative get a model that can

MOdel generate (probabilistically)
source code, i.e.

of Source Code

P(code | natural language)




A Neural Log-Bilinear Bimodal Model of Code

£ read file to string| x 0O

Kiros, Ryan, Ruslan Salakhutdinov, and Rich Zemel. "Multimodal neural language models."

Maddison, Chris and Daniel Tarlow. "Structured generative models of natural source code."



A Neural Log-Bilinear Bimodal Model of Code

L read file to stringl x 0O

SQ('U,E,CSH):( loc

Kiros, Ryan, Ruslan Salakhutdinov, and Rich Zemel. "Multimodal neural language models."

Maddison, Chris and Daniel Tarlow. "Structured generative models of natural source code."



A Neural Log-Bilinear Bimodal Model of Code

L read file to string| x 0O

Kiros, Ryan, Ruslan Salakhutdinov, and Rich Zemel. "Multimodal neural language models."

Maddison, Chris and Daniel Tarlow. "Structured generative models of natural source code."



StackOverflow Data & Augmenting
Data with I» bing Queries




Natural Language “Query”

Code Snippets

N

T

1 F
= stackoverflow |
Stack Overflow is a question and answer site for ional and prog! It's 100% free, no

registration required.

—r _— _—— —_— _— _— _— _— _— _— _— _— _— —_—
Make first letter of a string upper case I

Work. From Home.

CAREERS 2.0 | . E

Ihave a Detailsview witha TextBox and |want the input data be saved always with the FIRST LETTER
IN CAPITAL.

Example:

“red" --> "Red"
"red house” --> " Red house”

How can | achieve this maximizing performance?

o
share | improve this question edited Jul 9 at 14:35 asked Nov 9 '10 at 15:24
GibboK
9,262 #25 1442283
19 Answers acive  oldest = votes
A public static string FirstCharToUpper(string input)
91 if (String.IsNullOrEmpty(input))
v throw new ArgumentException(“ARGH!™);
return input.First().ToString().ToUpper() + String.Join("", input.Skip(1));
v
EDIT: This version is shorter. For a faster solution take a look at Equiso's answer
public static string FirstCharToUpper(string input)
if (String.IsNullOrEmpty(input))
throw new ArgumentException(“ARGH!™);
return input.First().ToString().ToUpper() + input.Substring(1);
}
share | improve this answer edited Jul 1 at 21:21 answered Dec 10 10 at 5:12

wy Carlos Mufioz
R 6,238 =3 22857



How do | enumerate an enum

é\\
stackoverflow

By

A foreach (Suit suit in (Suit[]) Enum.GetValues(typeof(Suit)))

1866 ’}E
v

' share | improve this answer

30K C# Questions
40K C# Snippets

edited Nov 7 "13 at 0:00 answered Sep 19'08 at 20:37

. Zain Rizvi a jop
4,418 #8524 057

L ®.4 32.9k #8 36 850

C# Configuration Manager . ConnectionStrings

. Checkyour machine.config . If you only want your entry, you can add a <clear /> elementto the
21 <connectionStrings> element like so ...

W  <connectionStrings>

<clear />
V <add name="Target"

connectionString=
“server=MYSERVER; Database=MYDB; Integrated Security=SSPI;" />
</connectionStrings>
share | improve this answer edited Jul 16 '12 at 14:36 answered May 13 10 at 15:36

r SteveC o Ryan Rinaldi
2,783 #5233 #66 1,681 «8919



\!
N
stackoverflow wfju

—

1

How do | enumerate an enum

A foreach (Suit suit in (Suit[]) Enum.GetValues(typeof(Suit)))
1866 ‘§
v
' share | improve this answer edited Nov 7 13 at 0:00 answered Sep 19 '08 at 20:37

. Zain Rizvi a jop
4,418 #8924 057 132.9k ©8 936950

http://stackoverflow.com/questions/105372/how-do-i-enumerate-an-enu
m

C# enum

C# foreach enum

C# enumerate enum

How to order enum values in C#
foreach enum C#

C# enumerate enumerations

C# enumeration

C# enumerator

C# foreach enum values

CH#H enumerate



2

|=] stackoverflow wjm

40,092 C# Snippets
6,355,393 Natural Language Queries

& 2 -

of astr.

Q

=

=l stackoverflow [

Stack Overflow is a question and answer site for professional and enthusiast programmers. Its 100% |
registration required.

Make first letter of a string upper case

rk. From Home.

CAREERS 2.0

B

Ihave a DetailsView witha TextBox and | want the input data be saved aiways with the FIRS
IN CAPITAL,

-  Example

red” --> "Red"

S “red house” --> " Red house”

How can | achieve this maximizing performance?
o
share | improve this question edited Jul 9 at 14:35 asked Nov 910 at
A oK
9,262 251
possible duplicate of Capitalizing word in a string — Bobby Nov 910 at 15

questions corrected thanks — GibboK Nov 910 at 1

4 @Bobby: Ifsnot a duplicate: the OP asks to capitalize the st letr of a ting, the queston i te i
capitalizes the firs lefter of each word. - GvS
1 @GVS: The first answer s very detaled and th frst code-block s exactly what he islooking for. Al

capitalising every word and only the first word i just one loop difference. — Bobby Nov 910 at 1

1 But you said, and | quote, "Make firstletter of EACH WORD upper case”. Therefore, wby ed house
house™? Why the *h" of "house” is not a capitalletter? — Guillermo Gutiérrez Oc

show 2 more commer

19 Answers

oldest

A public static string FirstCharToUpper(string input)
91 * if (string.1snatoremptyCinput)
v new ArgumentException("As
et e AL o s O Al e Stne S
v

input.skip(1))

EDIT. This version is shorter. For a faster solution take a look at Equiso's answer
public static string FirstCharToUpper(string input)
if (S’/‘Mp TSN\H]OrFlrpty[lnput

ArgunentException("ARGHI");
return 1nput First().Tostring().Toupper() + input.Substring(1);

¥

share | improve this answer edited Jul 1 a1 21:21 answered Dec 101
Carlos Mufio:
6238

5 thatis a good onel — GibboK Dec 16 2

ilike this solution! — Eric Frick Oct 2111 at 1

Because ﬂm kpanier ofString:3oin s separtorithwtich o fnsngs ghven vt secondy
~ Dialeci

Urml B youx e o I S S S
[0]); re are creating less in
ohecs (and eSDemal\y youars skipping the String. Join ). This of course depends on the ength ¢
string.~ findeberg

Awesome - Using Ling makes it very clear what this code does. — Daniel James Bryars N

show 4 more comments

CAREERS 2.0 |.ill + | @ meinmisy i

by stackoverflow.

A public string FirstietterToUpper(string str)
54 if (str == null)
v return null;




Performance Metric: Mean Reciprocal Rank

Q|

Measures how well we rank the correct answer




Retrieval Evaluation - MRR Performance

2 = I e
O ‘£ NL+Code 0.18  0.17
@ NLonly 0.12 0.13
5 < I e
8 ;G,ED Multiplicative 0.43 0.41
& NLonly 025  0.26

Test 1: Code snippets from training set with new natural language queries.
Test 2: New code snippets and new natural language queries.



Synthesis Samples

> timespan day the week
DateTime DateTime=DateTime.Now(©);

> file exists on directory
var path = new File(directory)



Synthesis Samples

> timespan day the week
DateTime DateTime=DateTime.Now(9);

foreach(string s in Days(new DateTime(2010, 1, 1), new DateTime(2010, 2, 1))) {
Console.WriteLine(s);

¥

> file exists on directory
var path = new File(directory)

System.I0.File.Exists(path)



Retrieval Sample

path=Path.GetFullPathInternal (path);
new FileIOPermission (
FileIOPermissionAccess.Read,
new string[] { path 1},
false, false) .Demand() ;
flag = InternalExistsi(path) ;

2
ks
=

Q

>

o
e

O
_.('B

n
]

1. wpf get directory name from path

2. determine a file exist on shared
folder

3. open file dialog class

4. create directory pathname

5. load binary file to variable



Challenges

> Code Representations in Machine

Learning

> Define Representative Evaluation

Metrics for Software Engineering Tasks

> Create Useful and Efficient Software

Engineering Tools




Understanding Source Code through Machine
Learning to Create Smart Software Engineering
Tools




(end)



1 public void execute (Runnable task) {

Features: . ==
boo}ean, in:MethodBody , fflnal 0 . m = nutl) - ey
; / v Contexts: ________ N 3 throw new NullPointerException();
Tboolean + Tin:MethodBody + r;7 whilei ( ' (isDone)) { ,"
4 X ] X 10
\ “ o C orc+ Coqry+ Ciry + 021')
Teonteat = Z ry + Cire,
fEFw. Vk:K >k|>0

n-gram LMs for Code

Learning Naming Conventions Allamanis et al, 2013

Allamanis et al, 2014; 2015

o attention weight vectors

E

. Mining Source Code Idioms
Learning to name source code Allamanis and Sutton. 2014



The Sympathetic Uniqueness Principle

Rare names often usefully signify unusual
functionality, and need to be preserved.

public void execute(Runnable task) {
if (task == null)

® Prune rare Words throw new NullPointerException();
i ForkJoinTask<?> job;
¢ Repurpose Sp?CIaI UNK_tOken . if (task instanceof ForkJoinTask<?>) // avoid
e Allows Naturalize to decide when it should  Job = (ForkdolnTaske?>) task;
else
f7()t ESLJSJSJGBSSt job = new ForkJoinTask.AdaptedRunnableAct:
externalPush(job);



Idioms vs. the Rest
Code Clones copy-paste code fragments

C. K. Roy et al. Comparison and evaluation of code clone detection techniques and tool#A
qualitative approach. Science of Computer Programming, 2009.

L. Jiang et al. Deckard: Scalable and accurate tree-based detection of code clones. ICSE 2007.

H. A. Basit and S. Jarzabek. A data mining approach for detecting higher-level clones in
software. IEEE Transactions on Software Engineering, 2009.

API Patterns usage patterns of methods

T. T. Nguyen et al. Graph-based mining of multiple object usage patterns. ESEC/FSE 2009.
J. Wang et al. Mining succinct and high-coverage API usage patterns from source code. MSR

2013.
H. Zhong et al. MAPO: Mining and recommending APl usage patterns. ECOOP, 2009.

Idioms syntactic code fragments




The Distributional Hypothesis

“You shall know a word by the company it keeps”.

John Rupert Firth, 1957



The Distributional Hypothesis

The EEEEEEEN is walking

“You shall know a word by the company it keeps”.

John Rupert Eirth 19057



For IWESEP, in a way I'm inviting you as a ML/NLP person that can teach software
engineering people the cool things you can do with ML/NLP techniques. I'm not
sure if you see yourself this way, but | think a quick "intro to ML/NLP" for the first 1/3
or so, then "look at all the cool things you can do" for the second 2/3 would be one
potential way to give the presentation.



Sanity Check:
String Manipulation Synthetic Data

var result = input string.Split(' ') .Select((string x) =>
Double.parse(x))) .Average() ;

each element parse double separated by a space and get mean

each element parse double separated by a space and get average
each element convert to double separated by a space and get mean
each element convert to double separated by a space and get average
each element parse to double separated by a space and get mean



A Neural Log-Bilinear Bimodal Model of Code

J
C :jgl H]' Cqu. L read file to stringl x 0O

1
> L

l=——
|£| weLl

sfv.LL<n)=(loc )T r jjb,l,%v ©// P

Kiros, Ryan, Ruslan Salakhutdinov, and Rich Zemel. "Multimodal neural language models."

Maddison, Chris and Daniel Tarlow. "Structured generative models of natural source code."



