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Developers
implicitly embed
knowledge in code
that may be useful
for the same or
other projects.

2

GitHub

Atlassian

@ Bitbucket

internal &

external
codebases

Mine the hidden
knowledge to
create smart
software
engineering tools.



Probabilistic reasoning is a principled way of

nandling ambiguities and partial information.




Natural Language Processing (NLP)

=

Some Knowledge

“ Parsing
of Linguistics |:> |

Named Entity
I:> Recognition

= Machine
Models of A t :
Data: Corpora of odels ot Aspects Translation
of Natural
Text, Speech etc
Language

> Resolve language ambiguities with principled probabilistic

models of language.
> Learn models from annotated corpora.




Natural Language Processing with Machine Learning

B ceo FiMIEE8K Introduces 2 New, Larger
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> Resolve language ambiguities with principled probabilistic

models of language.
> Learn models from annotated corpora.




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




Just use an n-gram language model.
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Very Brief Intro to Machine
Learning

A Taxonomy of Models

Outline
Applications




Machine
Learning

Machine
Learning Model Parameters

Designed by humans Learned from data




Finding a good model

Underfitting Overfitting

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



Learning Model Parameters

Image from marple.eeb.uconn.edu

> Optimize objective function in training set

> Use computational methods of optimization



Learning the Distribution of Model

Pa ram ete rs — likelihood piior
—"—~ _ p(Datal p)- p(n)
p(u | Data) =
p(Data)
Markov chains Posterior density marginal likelihood

sigma

lteration 1

Images from “Bayesian Modelling in Python”

> Learn the distribution of parameters given some

data.
> Use computational methods




A Spectrum of Common Machine Learning Tasks
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Classification Clustering

Supervised Unsupervised



A Spectrum of Common Machine Learning Tasks
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Joint Classification Learning Features



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



SRS —

Statistical Code Migration

Code Synthesis
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Part Il
A Taxonomy of Models




By Code Representations

for (int i = @; i < 10; i++){
Console.WriteLine(i);

}

Single Variable
Declaration




Code Generating Models

randomness

: Pp(c|C(c))

A () code ) Language Models
snippet ) Translation Models
> Multimodal Models

Code Representational Models
representation

code @';: property of P@ (7t | f((D) )
Fy code

. M ! snippet
, “- ” |] > Structured Prediction
Lot > Distributed Representations

Pattern Mining Models

Probabilistic
Models of of codle
Source Code

patterns

Pp(f(c)) = LaPo(f(c)1)P(1)

> Latent Variable Models




randomness

Code Generating Models

code

context snippet

Pp(c|C(c))

\_Y_)

context

code snippet

Simplifying assumptions about
how code is generated



Language Models

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

P(c)
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n-gram Language Models

public void execute(



n-gram Language Models

public void execute(] |




n-gram Language Models

public foid execute(] |




public void execute (Runnable task) {

if) (ESSK =="null)

throw new NullPointerException();

ForkJoinTas kg -;

if (B@8K instanceof ForkJoinTask<?>) // avoid re-wrap

o rkJoinTasksxe! -;
= nev [FILSIPOIERY - AdaptedRunnableAction (HESK) ;

g(job);

n-gram
Language
Models

108

Image from Allamanis & Sutton, MSR 2013



Context

Cache n-gram S

Language Models Cache

n-gram LM

Prediction

Tu et al. 2014

P(t:|h, cache) = X~ Pyosmm(telb) + (1

—A\)-P

cache ( |h)
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}
return a7

Image from colah.github.io, Karpathy Andrej

Karpathy et al. 2013 White et al. 2015




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:
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)
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Generating from a PCFG



Generating from a PCFG

ForStatement

Initialization Expression Expression



Generating from a PCFG

ForStatement

Initialization Expression 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




ForStatement

Expression Body

Expression

Initialization

Infix

Single Variable Expression

Declaration

- Left Right
Initializer SperEn Operator Operand

Numeric
Literal

Maddison & Tarlow, ICML 2014  Raychev et al. OOPSLA 2016, POPL 2016




ForStatement

&
Nl

Go Initialization Expression Expression Body

Infix
Expression

\

o Left Right
Initializer SpeEn Operator Operand

Single Variable
Declaration

Numeric
Literal

Maddison & Tarlow, ICML 2014  Raychev et al. OOPSLA 2016, POPL 2016



FileWriter.new | | List.get |

FileWriter.new

| FileWriter.append |

[FileWriterappend |<— ...

G ra p h FiIeWriter.cIose| *, Fllenew - J o “’

O
P.(g) . o
119 FileWriter.close]

Language Mg £ )
: FileWriter.new| [ List.get |
Models g
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File.new
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[FileWriter.new] | List.get |
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>/FileWriter flush I FileWritei-append

Y
FileWriter.close| FileWriter.close|

Nguyen & Nguyen, ICSE 2015




Evaluation

Metrics for
Language Models

Log Probability
e 0(e, Pp) = —log, (Pp(c))

Cross Entropy

1
H(c,Pp) = —A—/Ilogzpﬂ(@)
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Python: if X % 5 == 0:

l /Tokenization™
\ & Parsing )
f =

Ts

) V\r(ualb added

BHI()]) [== Lo— for parsing

Subphase Output Example output
; P C#: Console . WriteLine ( "Hello World!" ) ;
Parallel data collection Method pairs Java: System . out . println ( "Hello World!" ) ;
C#: Console . WriteLine "Hello World!" ) ;
Word alignment Aligned method pairs 1\YA\1\‘ \ \ \ )\:\
Java: System . out . println ( "Hello World!" ) ;
C# phrase Java phrase Score i.e. Pr(C# phrase | Java phrase)
Console System . out | 0.8
Phrase table construction Phrase table VriteLine | printin g;
( ( 0.9

" " Derivation
\_ selection )

divisible
by Z

Raychev et al. 2014

Nguyen et al. 2013,2015

~ Sentence

"\ generation )

English £ | validation ""

Oda et al. ASE 2015




Multimodal Models of Source Code

“get the first letter
Of eaCh Word in string[] firstLetters = new string[words.Length];

. P @ m —> for (int i=@; i < words.Length; i++) {
string and fz ’ firstLetters[i] = words.Substring(@,1);

uppercase” !

string s;
string[] words = s.ToUpper().split(® ¢);

Non-Code Synthesize/Score Code Snippet
Modality




e all elements to small letters for each line and sort
e all elements to small letters for each line and order
e all elements to lowercase for each line and sort

e all elements to lowercase for each line and order

e all elements lowercase for each line and sort

e all elements lowercase for each line and order

e all elements to lower case for each line and sort

e all elements to lower case for each line and order

e all elements to small letters for each new line and sort

$

string result = String.Join("\\n",input_string.Split(\’\\n\’)
.Select((string x) => x.ToLower()).0OrderBy(x => x));

Allamanis et al. “Bimodal modelling of source code and natural language” ICML 2015




Representational Models of Code

representation - y

code \" « Pproperty Pfl) (TC’f(G:))
snippet = ‘J . *of code
E }; Tk




Structured Prediction

@

+ Pp(n|f(c))

> Output variables are mutually dependent or constrained.




/+ str: string, step: number, return: Array =/

function chunkData (e, t) function chunkData (str, step)

var n = []; var colNames = []; /* colNames: Array */
var r = e.length; var len = str.length;
var i = 0; var i = 0; /+ i: number =/
for (; i < r; i +=t) { for (; i < len; i += step) {
if (i + £t < r) { if (i + step < len)
n.push(e.substring (i, i + t)); colNames.push(str.substring(i, i + step));
else else

n.push(e.substring (i, r)); colNames.push(str.substring(i, len));
}
return n; return colNames;

(a) JavaScript program with minified identifier names (e) JavaScript program with new identifier names and types
L R Score
Unknown properties (variable names): i step 0.5
SN T B 1 33 0.4 ¢
i3 0.1 @
u q 0.0

Known properties (constants, APIs):

L R L R Score
@ @ i len 0.8 length length 0.5
i length 0.6 len length 0.4

Raychev et al. “Predicting Program Properties from Big Code”, 2015




Localized vs Distributed (Vector) Representations
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Distributed Representations
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Distributed Representations

ALLlLTiILDVVLOLI ap

contextProvider
boundAddress
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hostAddress send!
transportAddress
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address pings pingRequest
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Allamanis et al., “Suggesting accurate method and class names”, 2015




Setters vs
Getters

in
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getContentT
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Models of Code
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Latent Variable Models
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Images from Wikipedia
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Movshovitz-Attias & Cohen, “KB-LDA: Jointly learning a knowledge base of hierarchy,

relations, and facts”, 2015
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Applications of Models of Source Code




Machine learning helps each application area by learning to
resolve (some) ambiguities from data.




SRS —

Statistical Code Migration

Code Synthesis

=. zzzzzzz%'%%%<EZ<<<§Z«<<§%{7{{Z{Z}Z{Z&Z

i

Machine
Learning Models =

= D= Code Defects
Code Documentation ﬁ = e

Code Summarization
e

.

o ~@{€b



il

b i
it i

\pplications: A (Very) Brief Tour

Citation Citation




ontrol Tools Window

yersion C

File Edit View gearch project Build Run
FirstViewM

in Studio

ne 6108 @
LoginViewh

@ Xamar
® » ) Debug A iPho

e pppDelegd!
Mam\/\ewModP\ >

Solution
ZRevisited
1 using Syste
2 using Cirriou

BeezK
RK)"WVJ\;'(‘ZF\PJ
gsited.Core

References
jewodel * MVW\

ToDo
ViewModels
F retViewMOs
string _hello =
tring Hello
returt _helloi ¥
_hello = value: RaiseProp gedll) = pello): ¥
propertyCha | protected bool
> (
ref T storage,

T value,
string properwwme

“Hello MOFO" 3

BeexKr\eexRav\s\u:d Touch



public static void main(String[] args) {

nn I

} - Code Recommenders is enabled Code Rgcommenders improves Eclipse’s built-in code
harAt(int i s EiT = StF completion by showing you how others have used an Object Usages
:jc ar (|.n index) : char ring API| before. Additionally, subwords completion allows d g
chars() : IntStream - CharSequence you to search for subword matches rather than just U, [33.3%
@ codePointAt(int index) : int - String prefix matches in Content Assist. U, | 33.3%

U;|33.3%

@ codePointBefore(int index) : int - String

dePointC it baainlndex. dind By default, both Code Recommenders and subwords
® codePointCount(int beginindex, int endindex ;5 mpjetion are enabled but you may customize their
& codePoints() : IntStream - CharSequence behavior at Code Recommenders > Completions. (

<init> tText etText
@ compareTo(String anotherString) : int - String - oot Gotis B P . | E b 5 5 | | | Ije e}; 5 | g |
: Vi i 0 learn more about Code Recommenders an ;e ; U op U.
@ compareTolgnoreCase(String str) : int - Strinc i . 1 2 3 1 2 3 1 2 3
e S it i:bxg:,%;p'ease visit the project homepage or consult True | 100% 100% 0% True | 0% 100% 100% True | 0% 0% 100%
I — False| 0% 0% 100% False | 100% 0% 0% False |100% 100% 0%
Press '~Space' to show Template Proposals Eclipse Code Recommenders

Pattern [ Method Context j

// \\\,

( Receiver Call Site 1 ] ( Parameter Call Site 1 [ Class Context ]
[/ X
[ Receiver Call Site 2 J ( Parameter Call Site 2 ] [ Definition ]

7

[ Receiver Call Site n ] ( Parameter Call Site n J

S|9PON UoNDIpald PaiNidNAiS

Extended Context

Proksch et al. 2015 Bruch et al. 2009
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Token Role Construction Rule
Data type T TYPEIT]

Variable x VAR|typeof(z)]
Literal v LIT[typeof(v)]

Function decl m  FUNC]|type(m),lexeme(m),paralist(m),rettype(m)]
Function call m  CALL[type(m),lexeme(m),paracount(m),rettype(m)]

Parameter x PARA][typeof(x)]

Field f FIELD[type(f), lexeme(f)]
Operator o OP[name(0)]

Cast (T CASTI[T]

Keyword To corresponding reserved token

Block open & closeTo corresponding reserved token
Special literal To corresponding reserved token
Unknown To special lexical token LEX

Hindle et al. 2012

Nguyen et al. 2013

offset -= replacementLength;
char ¢ = ctx.getDocument () .getChar (offset);
boolean prevCharWasWhitespace = false;
while (numberOfSeparators < 10 && offset >= 0){
if (! (Character.isWhitespace(ctx.getDocument () .get

Ef:; @ getDocument() : IDocument - ContentAssistinvocationCc
} lookup
else { @ computeldentifierPrefix() : CharSequence - ContentAssist

if(p @ equals(Object obj): boolean - ContentAssistinvocationCc

@ getClass() : Class<?> - Object

PIEV @ getCompilationUnit() : ICompilationUnit - JavaC “ontentAs
@ getCoreContext() : CompletionContext - JavaContentAssi
s . @ getExpectedType() : [Type - JavaContentAssistinvocation(

- @ getHistoryRelevance(String qualvfledTypeName] float -
<’3ffset—— @ getinvocationOffset() : int - ContentAssistinvocationCont
if (offs © getKeywordProposals(): IJavaCompletlonProposaI[] - Jav

pbrea ¢ 2
} Press 'Ctrl-Space’ to show CACHECA Proposi
c = gtX.

[

Franks et al. 2015

[9PON @6enbue



Language Server Protocol

Microsoft / language-server-protocol

Language Server
Protocol

textDocument/didOpen: textDocument
User opens document

. textDocument/didChange: textDocument
User edits document

Language server sends

textDocument/publishDiagnostics: diagnostics
errors/warnings

textDocument/definition: textDocument, position

User executes “Go To

Definition” result: uri, range

textDocument/didClose: textDocument
User closes document

JSON RPC
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| | I
: Encoder RNN : : Decoder RNN |
| )
: : | FileReader  BuffereReader BuffereReader BuffereReader <EOS> :
| | | .new .new .read .close |
| | l |
l Py
: Output { ] Yi poma Yy [ Yo =™ Ys : 1)
| I : : : k =
| | i | . o
| | reesshassatoo — | : .
| | RN SeaR B ' B
' - ~-~L_  JEEE . TR 1
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: l : : : | -
| Input X X3 X3 [ T Y1 et B /) et B [ = Ya I =
| l o S
| : I
: Read Text File FileReader BuffereReader BuffereReader BuffereReader | ol
| | .new .new .read .close I
L s it e e s i i e e e e i ot ot e et |

Gu et al. “Deep API Learning” 2016




fuedTexricld

ArrayPeque
Trees&{nkﬂlripaytrwlockingQueue

TrawdapiasG et ClsemiiteArray List bBoxModel

i JRadieBution
Ombomiﬁd%%gﬁunms‘](;heckgodtﬁ' a nel
Dersiapile

KeyListeAetionlistener

19GanepEEBASEUIODCoTRIOgRIeeIP ane

P ThreadPo®IExecutor Lal S
kedHashMap 4 ap_ PriorityQueue WeBLon JScromgr M3 “
SqrtadSey AR n oSSR episaCRmenesk| ¢ |
Has ) ggﬁ i Sgue IOhEvent JSeperatof, Ky / g\j;r
SortedMap Affaﬂ-im‘?\‘current%igL\i(slM Jae WiiselMotiontfstener Wipdoy
)CKI e ouse Bar
HaskSets AtomicReference ; R
Grids, <
ZipSIRERLRE™ P e\
Utilities«” 255 ) S
AtrayPeque Zipklle U | W
TreeskinkgrFRyirigBlockingQueue URLClagsloadey . < i B e dE X
Teowddpbsahie CRIGMNIReATayLISt TavleCetend eConstayiay, ditorPane Image
hedHoPagy 00 PO R0 ORiExecuor dS&FstListModel ey Té%‘légﬂc’ st il rer
SonedSet o) lmmmcg U, TmmewcmMcxmmw - JText: ecdeae JI"%B?J
s ayout

SortedMap MsyLim&umwg&;hﬂMsﬂng"mcml
HashSets

AlcmicReleience

ISty
MutableFreeNode Te i »
chsiuglee et eagl] EXtFiERBUON

Granhiosovice Combosox 3 B0 Cor
b e T o R e e S A v
ey, Pt ComboBoiade " Jche | otawers
WeakReferences T an “’& 3 Delamcgmscm%agl (ALY,
SoftReferences ol 4 !ﬁnbd!!c ¥ 3 L %
gl BE | ottt ol P oou
" 'l‘v = adh “FosrideBtoMeny IScparator Kebingin
IGERR ItemBveABRseMotont istener  VWindopigiener /] disdow
E xcep t Ion SA}M Molset T galgasar f"nvaram e,
- _abb o k) B
RERaERCooton G Progersli endsrey/ %ﬁm&ﬁﬁﬁﬁm
H ;
Bt ot} ) annfmmﬁncﬂagt ICoieoBdR,
/ /IFrames ltems
i eI
Exeeptions r
egaiStatmoesgipion CLIORAREMEIFG IEALE T
e UnknownOf " IMenis
O s méuunpom ccep /4 ‘celBar
rror SR

Emnm?&mwndle
ResourteBundle

ISPON SqeleA JujeT

GregorianCalencas
S@%mfwmmmwms“
ServerSodRelGBMEl  ysnocerficete
Bhigteaut  HitpsURL

ter

Smngmmfeﬂ ru";?évﬂg\em
SuingBuider FHRWREEEN Rt npdtgiream

e

Ihpu?gg?gﬁrlﬁ

Movshovitz-Attias & Cohen, “Grounded Discovery of Coordinate Term
Relationships between Software Entities”, 2015




TwitterFactory.<init>
TwitterFactory.getInstance

Status.getUser

Status.getText

ConfigurationBuilder.<init> ‘7T£;
ConfigurationBuilder.build

ConfigurationBuilder.<init> Sgel

TwitterFactory.<init>

ConfigurationBuilder.<init>
ConfigurationBuilder.setOAuthConsumerKey

ConfigurationBuilder.build
TwitterFactory.<init>

ISPON SqeleA JujeT

ConfigurationBuilder.<init>
ConfigurationBuilder.build
TwitterFactory.<init>

Fowkes & Sutton, “Parameter-Free Probabilistic APl Mining across GitHub”, 2016







Subphase Output Example output
; : C#: Console . WriteLine ( "Hello World!" ) ;
Parallel data collection Method pairs ey System . out . println ( "Hello World!" ) ;
C#: Console . WriteLine ( "Hello World!" ) ;
Word alignment Aligned method pairs I“\ \ \ \ ‘\:\‘
Java: System . out . println ( "Hello World!" ) ;
C# phrase Java phrase Score i.e. Pr(C# phrase | Java phrase)
Console System . out | 0.8
Phrase table construction Phrase table Writeline | printin 8?
( ( 0.9

I9POI (9AnRRIDUDS) uole|SuUeRl |

[* = argmax Py (t|s) = argmax Py (s|t) Pp (L)

Raychev et al. Onwards 2014 Nguyen et al. FSE 2013, ASE 2015 | ®

Pop )







Syntactically Correct
Student Submissions

1 for (int i = 0; i < scorers.length; i++) - - -
2 if (scorers[i] .nextDoc() == NO_MORE_DdCS) 1
5 lastDoc = NO_MORE_DOCS; ===
6 return;

7 ¥

8 }

[9PON @6enbue

Student Submission

with Syntax Errors Feedback

Campbell et al. MSR 2014 Bhatia & Singh, 2016
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Line Entropy

N
)

Netty (2013-08-20) non-bugay buggy fxed
File: ThreadPerChannelEventLoopGroup. java

Entropy dropped after bugfix : 4.6257

if (isTerminated()) {
// Before (entropy = 5.96485):
- terminationFuture.setSuccess (null) ;
// After (entropy = 1.33915):
- terminationFuture.trySuccess (null);

[9pON ©6enbue] (aA3eI9USY)

Ray et al. “On the Naturalness of Buggy Code”, 2016




"a string”.split("\n").to_s

. B B

Function to_s has appeared 12 times and spiit has appeared 29 times, and they've appeared 0 times together.

-
)
3
@
c
]
Q
)
<
Token Ranked Token 9
] Sequences ( N-gram W Sequences ( Bug _ o
Source Files —| Tokenization ~  Model N Deteot Potential Bugs
J L Building J L clection

Fast et al. CHI 2014 Wang et al. ASE 2016




FILE * fpl = fOpCl’l( "myfile.txt", nen ),
FILE * fp2 = fdopen( fd, "w" );

fread( buffer, n, 1, fpl );

fwrite( buffer, n, 1, fp2 );

fclose( fpl );

fclose( fp2 );

O O NP0

@@@ Afclose:O @en ret Afwrite:S

S|9PON UoNDIpald PaiNidNAiS

Kremenek et al. “A Factor Graph Model for Software Bug Finding”, 2007




Code Synthe5|s
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//\

TRIGGER ACTION
Android_P"hone_Call Googll._Drive (A) CHANNELS
Any_phone_call_missed Add_mw_to‘_spreadsheet (B) FUNCTIONS
Bl D N
Spreadsheet_name Formatted_row Drivefolder_path

(C) PARAMETERS | | |
missed {{OccurredAt}} {{FromNumber}} {{ContactName}} IFTTT Android

Archive your missed calls from Android to Google Drive
sum the totalpay for the capitol hill baristas

sum the totalpay for the capitol hill baristas ~ SUMIFS (WeeklyHours[totalpay] , WeeklyHours[location], "capitol hi!
sum the totalpay for the capitol hill baristas ~ SUMIF (WeeklyHours[title], "barista", WeeklyHours[totalpayl)
sum the totalpay for the capitol hill baristas ~ SUMIF (WeeklyHours[location], "capitol hill", WeeklyHours|[totalpa)

S|9PON 2ARIBUIS [epoullg

12 ¥ £« | =SUMIFS(WeeklyHours[totalpay], WeeklyHours[location], "capitol hill", WeeklyHours[title], "barista")
A B C D E F G H 1
1 title otpay totalpay
2 |capitol hill aaron chef 18 0 $243.00 $0.00  $243.00
3 capitol hill blanca  cashier 25 0  $19375 $0.00 $193.75
4 capitol hill chris manager 40 10 $990.00 $371.25 $1,361.25
5 capitol hill  deeraj barista 40 0  $352.00 $0.00 $352.00
6 capitol hill grace barista 21 0  $184.80 $0.00 $184.80
7 capitol hill hannah  cashier 40 3 $310.00  $34.88 $344.88
¢ capitol hill irene barista 40 0  $352.00 $0.00 $352.00
9 queen anne tom chef 16 0  $216.00 $0.00  $216.00
10 queen anne susan barista 26 0  $228.80 $0.00 $228.80
11 queen anne steve cashier 22 0  $170.50 $0.00 $170.50

Quirk et al. ACL 2015, 2016 Gulwani & Marron, ICMD 2014




e all elements to small letters for each line and sort
e all elements to small letters for each line and order
e all elements to lowercase for each line and sort

e all elements to lowercase for each line and order

e all elements lowercase for each line and sort

L read file to string| x 0O

e all elements lowercase for each line and order

e all elements to lower case for each line and sort

e all elements to lower case for each line and order

Plv| L7 Ccn)

e all elements to small letters for each new line and sort

.
NN N . .

string result = String.Join("\\n",input_string.Split(\’\\n\’)
.Select((string x) => x.ToLower()).0rderBy(x => x));

 |[9POIA uonejuasalday paingulsiqg + SARIDBUIL [epoullg

Allamanis et al. “Bimodal modelling of source code and natural language” ICML 2015 ["«®



Number of Examples for Learning the Test Task

No Ranking LearnRank

Number of Examples

N NN AWM AN MN AN NSN o  MmS
S NN NN OO0 ONNOO0 0O

101
105
109
113
117
121

|9PON |euoneluasasday

Benchmarks

Singh & Gulwani “Predicting a Correct Program in Programming By Example” 2015







protected int code;
protected String reason;

/** Construct StatusLine */
public StatusLine(int ¢, String r)

Document Set
{ code=c;
reason=r; Document
} Sentence
/** Create a new copy of the request-line*/ Word

/** Indicates whether some other Object is "equal to" this StatuslLine

public boolean equals(Object obj) @" /¢D

{&=3}

public Object clone()
= @
//

public String toStringQ

{E=3} Haghighi & Vanderwende, 2009

ISPON SqeleA JujeT

public int getCode()
{3}

public String getReason()
{E=3}

Fowkes et al. “Autofolding for Source Code Summarization” 2016




Summarization via Method Name Prediction

B — __conv_attention (code c, previous state hy_1)
o «—attention_weights (L cat, Kart)

L feq: attention features

[oPON uonejuasalday paynguisiq

Allamanis et al, “A Convolutional Attention Network for Extreme

Summarization of Source Code”, ICML 2016



Target

Attention Vectors

my

set

<s>
<s>

this
this

.. use Browser Cache
. use Browser Cache

use Browser Cache ;
use Browser Cache ;

</s>
</s>

0.012

mo

use

<s>
<s>

this
this

. use Browser Cache
.8 Browser Cache

use Browser Cache ;
use Browser Cache ;

/8>
</s>

0.974

ms

browser

<SS
<s>

this
this

. use Browser Cache

. use [SESNEN Cache

use Browser Cache ;
use Browser Cache ;

<o
</s>

0.969

cache

<S>
<s>

Ehias
this

. use Browser Cache

. use Browser [Ca¢he

use Browser Cache ;

use Browser Cache ;

ZE
</s>

0.583

END

TR|IFIL (TR |IZLR|=R

<s>
<s>

this
thas

. use Browser Cache

. use Browser-

use Browser Cache ;
use Browser Cache ;

< /s>
</s>

0.066

Attention Visualization

Allamanis et al, “A Convolutional Attention Network for Extreme

Summarization of Source Code”, ICML 2016
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Code Summarization to Natural Language

1. Source Code (C#):
public int TextWidth(string text) {
TextBlock t = new TextBlock();

t.Text = text;
return D—»
(int)Math.Ceiling(t.ActualWidth);
} h;;m;y
Descriptions:

a. Get rendered width of string rounded up to
the nearest integer
b. Compute the actual textwidth inside a E

textblock ni=»
2. Source Code (C#): hz;m2¢
var input = "Hello"; :
var regEx = new Regex("World"); hplunp1¢'
return !regEx.IsMatch(input);
Descriptions: E
a. Return if the input doesn’t contain a nl_ll i > —»END

particular word in it
b. Lookup a substring in a string using regex

[oPON uonejuasalday paynguisiq

lyer et al. “Summarizing Source Code using a Neural Attention Model” 2016







Naming Conventions

- T
i ystem.out;
ntStream(
1 write(int arg0)|
"
try
TestResult result = junit.textui

Proposers
(rename

identifiers,

Scoring

Function
(ngram

[

J

(3 )

: E P language
add formattin A
assertTrue(result.wasSuccess ful ( g) : ; i model, SVM)
Code bimevr i o Ut :
for Review , ﬁ -l
Candldates asvertirua(zasalt.vas

Top Suggestions

Training Corpus

(rest of project code)

ForkJoinTask<?> -; .

if (tﬁk instanceof ForkJoinTask<?>) // avoid re-wrap 1 . JOb (30%)
= (ForkJoinTask«?>) task; o

else 5uggestions 2 . ta S k ( 2@/0)
= new (o)

ForkJoinTask.AdaptedRunnableAction(task); 3 . tSk (15/0)

exter‘nalPush(.);

[9pON ©6enbue] / uonejuasaiday painquisiq

Allamanis et al. FSE 2014, 2015




int foo 42 ;

[oPON uonejuasalday paynguisiq

White et al. “Deep Learning Code Fragments for Code Clone Detection” 2016
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/+ str: string, step: number, return: Array =/
function chunkData(e, t) { function chunkData (str, step) {
var n = []; var colNames = []; /* colNames: Array =/
var r = e.length; var len = str.length;
var i = 0; var i = 0; /+ i: number =/
for (; i < r; i +=t) H{ for (; i < len; i += step) {
if (i + £t < r) { if (i + step < len) {
n.push(e.substring (i, i + t)); colNames.push(str.substring(i, i + step));
} else { } else {
n.push (e.substring (i, r)); colNames.push (str.substring(i, len));
} }
} }
return n; return colNames;
} }
(a) JavaScript program with minified identifier names (e) JavaScript program with new identifier names and types
L R Score
Unknown properties (variable names): i  step
e t n ¥ i J J
i ]
u g
Known properties (constants, APIs):
L R Score
i length 0.6 | len length 0.4
(b) Known and unknown name properties (c) Dependency network (d) Result of MAP inference

Raychev et al. POPL 2015
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o

T S

Is(t,t, Nig, 410,211,512 — 1)). 2
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Li et al. ICLR 2016 Brockschmidt et al. CML 2015
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Logical

analysis
specification

1 Analysis

writer
8 Alice

Analysis @
user ,
th;_J

OFFLINE : ONLINE Q,, Qp: Parts of
> g output that user
likes vs. dislikes \
: Probabilistic
Learning spialvais Inference
Engine il g Engine
specification
Bob
. 4

(P’, @): Desired analysis

output on training program n

T
L

P: Program to
be analyzed

/

Q: Output of
analysis on
program P

Mangal et al. FSE 2015
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Probabilistic
Models of
Source Code

> Non-Probabilistic Models

> Models with no Learning Component
> Pure Information Retrieval Models

> Off-the-shelf models: topic models, etc.
with hand-crafted features

> Bag-of-Word Representations

> Things that don’t Involve Code



Challenges Ahead




SRS —

Statistical Code Migration

T 1Ty OO

Code Synthesis

R

—

A LG

Code Summarization
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povsmntt ety (1,

| - - rcaprs [1:

‘ ”mm m&itchwatchAction( value) {
‘ - e et oMAPT,

-8 -= 41 - previousElements. length; i< ii; ++1) {
)

[1).resove();

pwvtontissents. length  0;

« selectedScopes. length; i < ii; ++1i) {
J‘-& . :lxutle(l)ents [i];
m{:}u the end) e
‘nisete. lesve(selected, function
previousElements.splice(i, 1);
/]
)

selactedElenents, length - o;
m. lalgth = 0’-

i ll.Wnnscludes =

ngSwitchController.cases[*s* . volee) /|
Scope. seval(attr, Change);
mlnlectedr

ranscludes, function (se
¥or selectedscope - Sovnd 4oe 0, l«tdrr-.gw {
:wms' DUShl(calartaaem 7.




