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Who Programs?

Programmers Data Scientists Chemists, Biologists

\

* Most don’t want
programming to be
a large part of their
job!
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Coding =
Concept - Implementation

sort list x
in descending
order

_—) X . SOrt (reverse=True)



The Stack Overflow Cycle

Formulate the Idea . sort my_list in descending order

Search the Web

_______________________________________________________________

[ . This will give you a sorted version of the array.

167 sorted(timestamp, reverse=True)

Browse th ru. resu Its E W If you want to sort in-place:
! timestamp.sort(reverse=True)

share improve this answer edited Nov 15 10 at 10:47 answered Nov 15 10 at 10:42

s
T3 Marcelo Cantos

L2 124k ©23 ©243 ©301

Modify the result (T ‘.'

__________________________________________________________



Program Understanding =
Implementation - Concept

sort list x
in descending
order

X.sort (reverse=True) w——p



Today’s Agenda:
Can Natural Language Help?

* Introduction (Here!)

* Natural language and programming language (15 minutes)

e Curated data sets (10 minutes)

* Methods for mapping from code to natural language (40 minutes)

* Methods for mapping from language to code (45 minutes)

* Modeling natural language aspects of source code (20 minutes)

* Modeling communicative aspects of software projects (10 minutes)
e Conclusion (5 minutes)



18,
i ‘v'.a.ev.rcvb',u_n: £,
3.nodeType

1}

Event

s
la){ L ™
) 1) ,a. LiveFy (%)
NMectar 9.5electorif o 4
A} (3=0,k P.lengtig %) Ve
“Stopped()) k) oy
1 f.:;u«.,;,s.

- es
b
P ) -
b a.nodel jpe .
favigater & &

-
» .a
-

>l

b

Programming Languages

-

.

F & for -

-
.-vr" ¥ -

Languages




Natural Language vs. Code

Natural Language Code
Human interpretable Human and machine interpretable
Ambiguous Precise in interpretation

Structured, but flexible  Structured w/o flexibility

Note: Summary in Allamanis et al. (2017)



Natural Language

I shot an elephant in my pajamas.

5
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I shot an elephant in my pajamas. I shot an elephant in my pajamas.

(image from Daniel 2015)

in my pajamas

vl

elephant pajamas

t | ]

He shot an elephant

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

}

ForStatement

Initialization Expression Expression

Infix

Single Variable Expression

Declaration

pge Left Right
Name Initializer Operand Operator Operand

i . i < Numeric
Literal Literal

0 10

+ Data Flow, Program Dependency Graph, ...
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In Code, What is the Unit?

Classes

class class1:
[Moreno+ 2013]

def funcl(t):
+—_____ Functions/Methods
[Movshovitz-Attias+ 2013], others

def func2(t): _ _

_ — — Single lines of code [Oda+ 2015]

my _list = range(1,t)

Atﬁ J Single variables

my_val =0 — [Sridhara+ 2011a, Allamanis+ 2015]

for x in my_list:
my val +=x * x
return my_val

Code blocks
[Sridhara+ 2011b, Wong+ 2013]
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f quick _sort(items):
" Implementation of quick sort ""
if len(items) > 1:
pivot_index = len(items) / 2
smaller_items = []
larger_items = []

for i, val in enumerate(items): G e n e ra |_ p u rpose
N liwlczvz1V(<)tzi2r:(se)[(;ivot_index] : La n g u a ge

smaller_items.append(val)
else:

larger_items.append(val)
quick _sort(smaller_items)
quick sort(larger_items)
items[:] = smaller_items + [items[pivot index]] + larger_items

Which states do not border Texas ? D oma | N-S p eC | ﬂ C
answer(exclude(state(all), next_to(stateid('tz")))) Lan guage




General-purpose Language
vs. Domain-specific Language

General-Purpose Domain-Specific

* Broad set of operations * Limited, domain-tailored operations
* High expressivity * Reduced expressivity

* Huge search space * Smaller, tractable, search space
 Available in large quantity * Available in moderate quantity

* Object oriented, procedural, e Usually functional

or functional



Where does Language Appear
in Programs/Coding?



In the Code Itself

Functions Variables

N/

with|open(fname) as Comments
content = freadlines|) /

# you may also want to remove whitespace characters like "\n" at the end of each line

content = [x.strig() for x in content]

* fMRI scans of skilled programmers show that when they reason about

code, they use natural language processing parts of the brain!
[Floyd+17]




In the Documentation

readlines(hint=-1)
Read and return a list of lines from the stream. hint can be specified to control the number of
lines read: no more lines will be read if the total size (in bytes/characters) of all lines so far

exceeds hint.

Note that it’s already possible to iterate on file objects using for line in file: ... without
calling file.readlines().



In Question
Answer Forums

S\\ stackoverflow Questions Developer Jobs Tags Users

Search...

In Python, how do | read a file line-by-line into a list?

\n" at the end of each line

Ques tiOn A, Howdolread every line of a file in Python and store each line as an element in a list?
==
1630 | want to read the file line by line and append each line to the end of the list.
v python string file readlines
—
share improve this question edited Apr 13 at 13:32 asked Jul 18 '10 at 22:25
Knickerless-Noggins Julie Raswick
406 % 4,294 +3 ©38 51 ., 8,193 +3 ©10 ©3
Answer A vith open(fname) as f:
content = f.readlines()
o # you may also want to remove whitespace characters like °

Sn | ppet 1570 content = [x.strip() for x in content]

v

I'm guessing that you meant list and not array.

share improve this answer edited Jan 11'17 at 14:24

holzkohlengrill
% 334 o7 016

Comments { "

Dontuse file.readlines() ina for -loop, a file object itself is enough: lines =
[line.rstrip('\n') for line in filel] —jfs Jan 14"15at10:52 ¢

answered Jul 18 '10 at 22:28

W-%%) SilentGhost
ZIvex 172k © 43 ©249 @259



In Developer
Discussions

Slicing improvements #1363

IS1 VIl neubig merged 5 commits into master from range-improvements just now

&9 Conversation 5 - Commits 5 & Checks 0 Files changed 4
| | -
msperber commented on Apr 27 Collaborator  +() »* (I
T

e |n Python, allows using numpy-like syntax to select ranges and strides across multiple axes, e.g.

my_expr[:,1:4,::2] will now work. Under the hood, this uses the strided_select operator.

e as a special case, when using this to select a range of batch elements, and this range starts with
the first batch element, the operation is marked as in-placed. Ideally, this should also work when
the range does not start at the first batch element, but that would require some adjusting some
pointers so I'll leave it for a future PR.

] msperber added some commits on Apr 26

LT: better support for numpy-like slicing Ocddccf
LT: make strided_select in-place if selecting a range of the first n X 77dfc2d
batches

= msperber referenced this pull request in neulab/xnmt on Apr 27

[WIP] Drop masked decoder states #370

neubig commented on Apr 27 Member | +(%)

Awesome, this will be very useful! Could you add a test for this?

Also maybe check this:
https://app.codacy.com/app/xunzhang/dynet/pullRequest?prid=1590987

[y msperber added some commits 29 days ago

__;., fix issue c8balaf



Data Sources



Data is Essential!

* We are building data-driven models
* Or we are doing data-driven exploratory research

* We need data with natural language and code, and
qguality and quantity is essential

* How do we create data, and what language is it in?



Natural Language Commands + Implementations

* The most
straightforward
variety of data,
useful in
automatic code
generation/
commenting

* Excellent survey

by [Lin+ 2018]

# # # Avg. # Avg. # NL Code Semantic Introduced

Dataset PL . . . . . .

pairs words tokens w.innlt.incode| collection | collection |alignment by
IFTTT DSL | 86,960 - - 7.0 21.8 (Quirk et al., 2015)
. .
S%#I?ZNI\?L . S%#L 222;; ?gggg 911’:218576 192 32 scraped scraped Noisy (Iyer et al., 2016)
RegexLib |Regex | 3,619 13,491 179* 364  58.8°* (Zhong et al., 2018)
HeartStone |Python| 665 - - 7 352% ame card ame card Good* .
MTG }Iava 13,297 - - 21 1,080* iescription fource code (Ling et al,, 2016)
Python|147,546 17,635 137,123 9 86 extracted extracted .

StaQC gQL 119,519 9,920 21413 9 60 | usingML | usingML | NOISY (Yao et al,, 2018)
NL2RX  |Regex | 10,000 560 45*" 106 26" [synthesized &| j Very (Locascio et al., 2016)
WikiSQL | SQL | 80,654 - - - | paraphrased |*Y"tPesized|  Gooq (Zhong et al., 2017)
NLMAPS | DSL | 2380 1014 - 109 160 | SYnthesized | expert (Haas and Riezler, 2016)

given code written
Jobs640* | DSL | 640 391 58" 9.8 22.9 (Tang and Mooney, 2001)
GEO880 DSL | 880 284 60" 7.6 19.1 . (Zelle and Mooney, 1996)
Freebase917 | DSL | 917 - - - _ | userwrilten | expert Very (Cai and Yates, 2013)

ATIS* | DSL | 5410 936 176" 111  28.1 written Good (Dahl et al., 1994)

WebQSP | DSL | 4,737 - - - - scarchiog | &venNL (Yih et al., 2016)
NL2RX-KB13|Regex | 824 715 85%T 7.1 19.0% | turker written (Kushman and Barzilay, 2013)

Django™  |Python| 18,805  — - 14.3 - expert written | d (Oda et al., 2015)

NL2Bash | Bash | 9,305 7,790 6,234 117 7. | givencode | °C'*P¢ Ours




Datasets: Domain Specific Languages

* NL interfaces to Databases: e.g.

GeoQuery [e.g. Zelle+96]

* Regular Expressions
[Kushman+13]

* If This Then That [Quirk+15]

answer (count (city (loc-2 (countryid(usa)))))

How many cities are there in the US?

Text Description Regular Expression

three letter word starting with X’ | \bX[A-Za-z]{2}\b

Intent Autosave your Instagram photos to
Autosave your DFOpbOX
Instagram photos
to Dropbox Target IF
Instagram.AnyNewPhotoByYou
Turn on THEN

Dropbox.AddFileFromURL

https://ifttt.com/applets/1p-autosave-
your-instagram-photos-to-dropbox



https://ifttt.com/applets/1p-autosave-your-instagram-photos-to-dropbox

Datasets: General

e Django (Python)
[Oda+15]

* HearthStone (Python),
Magic (Java) [Ling+16]

Language, Specific Domain

Intent call the function _generator, join the result into a
string, return the result

Target return ’’.join(_generator())

Intent (Card Property)

3‘.“'/_\ <name> Divine Favor </name> <cost> 3 </cost> <desc>
Draw cards until you have as many in hand as your
opponent </desc>

H Target (Python class, extracted from HearthBreaker)

4 !

3,5,’

. & |
‘&‘9—"%52-‘1"-"&; class DivineFavor(SpellCard):
Z def __init_(self):
super () .__init__("Divine Favor", 3, CHARACTER_CLASS.PALADIN,
CARD RARITY.RARE)
def use(self, player, game):
super () .use(player, game)
difference = len(game.other player.hand) — len(player.hand)
for i in range(0, difference):
player.draw()



Datasets: General Domain
* NL2Bash (Bash) [Lin+18]

Natural Language Bash Command(s)

find .java files in the current direc- | grep -1 "TODO" «.java

tory tree that contain the pattern | find . -name "x.java" -exec grep -il "TODO" {} \;

‘TODO’ and print their names find . -name "*.java" | xargs -I {} grep -1 "TODO" {}
find . -type £ | sort -nk 5,5 | tail -5

display the 5 largest files in the cur-

: . . . du -a . | sort -rh | head -n5
rent directory and its sub-directories

find . -type f -printf ’'%s %p\n’ | sort -rn | head -n5

search for all jpg images on the sys- | tar —-cvf images.tar $(find / -type f -name *.3jpg)
tem and archive them to tar ball “im- | tar -rvf images.tar $(find / -type f —-name *.jpg)

ages.tar” find / -type f -name "*.jpg" -exec tar -cvf images.tar {} \;
. I;: Remove specific characters from a string in python
¢ CO Na | d ( Pyt h on ) [Yl N+ 1 8] _URL: https://stackoverflow.com/questions/3939361/
Top Predictions:
S string.replace('1l', '') /

S, line = line.translate(None, '!Q#$') /
S3 line = re.sub('[!@#$]', '', line) /

I,: Get Last Day of the Month in Python
URL: https://stackoverflow.com/questions/42950/ _ _ _ _ _ _ _ _ |

Top Predictions:
S1 calendar.monthrange(year, month) [1] /

Sy calendar.monthrange (2100, 2) v/
S3 (datetime.date(2000, 2, 1) — datetime.timedelta(days=1))/




Removing duplicates in lists|«—— Intent

Automatic Mining

A, Pretty much | need to write a program to check if a list has any duplicates and if it does it removes

Y 1 + 1 8 Y + 1 8 them and returns a new list with the items that werent duplicated/removed. This is what | have but .O
I n ) a O 406 to be honest | do not know what to do. %
v def remove_duplicates(): g),,
t=['a", 'b', 'c', 'd'] o
. . t2 = ['a', 'c', 'd'] =
* Problem: Stack Overflow is ., v
t.append(t.remove())
. return t
an attractive source of
1 A, The common approach to get a unique collection of items is to use a set . Sets are unordered
d ata ’ b u t Ve ry n O I Sy collections of distinct objects. To create a set from any iterable, you can simply pass it to the built-in
780 set() function. If you later need a real list again, you can similarly pass the set to the 1ist()
function.
0 . o e v
[ ) [ )
SOI Utlo n ¢ Tra I n a C I a SS Ifl e r V The following example should cover whatever you are trying to do:
to automatically identify T T T TSt T Me— Context 1
- - 2272 U
1, 2, 3,1, 2,5, 6, 7, 8] .
which data is good ERHCTON Snippet 1 z
1,4 3,506, 7, 8 )]
* Hand-crafted features > 5 = 1, 2, 3] =
[W +13 >>> list(set(t) - set(s)) )
8, 5, 6, 7
ong+13] [ ] <
L A neura | m Od el th at As you can see from the example result, the original order is not maintained. As mentioned above,
re sets themselves are unordered collections, so the order is lost. When converting a set back to a
Ca ICU Iates p ro ba b | I Ity Of list, an arbitrary order is created.
COd e give nN L, Vice-Ve rsa A FWIW, the new (v2.7) Python way for removing duplicates from an iterable while keeping it in the
. original order is:
[YI n+1 8] 222

>>> from collections import OrderedDict Context 2
) 4 >>> list(OrderedDict.tromkeys( abracadabra Snlppet 2

L'a>, b, r, ¢, d’]



Mining Method

Y— 8-

2 stack Filter "How to Training

questions

= overflow

J- s
@ Small sample j:

data

— &

Manual labeling Gold

Training

Intent-Snippet pairs standard

Classification

-5 I
— —_— = —
Question + —_—

Answers

Candidate snippets

............ .
[ g:: Correspondence:
| g— ¢ features(RNN) ;
: Structural :
| features |
N~ I
v — p=0.8
Tee. T T i=ip=02
Classifier :_— p=0.5

Ranked list



CoNalLa: The Code/Natural

Language Challenge

http://conala-corpus.github.io

question_id: 36875258,

intent: "copying one file's contents to another in python",
rewritten_intent: "copy the content of file 'file.txt' to file 'file2.txt"”,
snippet: "shutil.copy('file.txt', 'file2.txt’)”,

intent: "How do | check if all elements in a list are the same?",
rewritten_intent: "check if all elements in list ‘mylist” are the same”,
snippet: "len(set(mylist)) == 1",

question_id: 22240602


http://conala-corpus.github.io/

Other Types of Data: Doc Strings
[Movshovitz-Attias+13, Richardson+17, Miceli Barone+17]

* Gives information about what functions do

1. Java Documentation

+*Returns the greater of two long values

@param a an argument

@param b another argument
@return the larger of a and b
@see Jjava.lang.Long#MAX_VALUE

/
public static long max(long a, long b)

% % % %

* Compared to QA sites, much more abstract, less tied to implementation
e But give hints about how to use APIs if we want!



Other Types of Data: Comments

[Wong+15]

* Inline comments in code can also be informative
l|try {
2 if (new File (jarEntryURL.toURI()) .canWrite())
3 connection.setUseCaches (false);
+ }
5|} catch (URISyntaxException ex) {
6 // Wrap the exception and re—-throw
7 IOException ex2 = new IOException();
8 ex?2.initCause (ex) ;
9 throw ex2;
10 }

* Problem: comments often don’t describe what is being done, but rather
why



Other Types of Data: Diff Messages
[Loyola+17, Jiang+17]

* \ersion control systems
keep track of changes
and textual descriptions

* Possible source of data
to learn how to describe
changes made to code

Dift:

--— a/core/.../CursorToBulkCursorAdaptor. java
+++ b/core/.../CursorToBulkCursorAdaptor. java
@@ -143,8 +143,7 @@ public final class
CursorToBulkCursorAdaptor ...

public void close() {
maybeUnregisterObserverProxy () ;

- mCursor.deactivate () ;

+ mCursor.close () ;

}

public int requery (IContentObserver observer,

Reference Message:
“Call close () instead of deactivate () in
CursorToBulkCursorAdaptor . close () ”




Ma

Program Understanding:

oping from Code to Natural
Language



From Code to Natural Language

if (DEBUG) assert n >= 0;

int r = 0;

ehile ( >= MIN MERGE) { — Some natural language
. l;(?.& b description/summary

}

return n + r;

Oda et al. "Learning to generate pseudo-code from source code using statistical machine translation” 2015

Allamanis et al. "A convolutional attention network for extreme summarization of source code" 2016

lyer et al. "Summarizing source code using a neural attention model" 2016

Barone et al. "A parallel corpus of Python functions and documentation strings for automated code documentation and
code generation" 2017

And many more...



Applications
@© Explaining Code
Q_ Code Search

&\ Accessibility
& Documentation

"p Linking Code to NL Artifacts (Traceability)



“Translating” Code

def fizzbuzz(n): # define the function fizzbuzz with an argument n.
if not isinstance(n, int): # if n is not an integer value,
raise TypeError('n is not an integer') # throw a TypeError exception with a message ...
if n % 3 == # if n is divisible by 3,
return 'fizzbuzz' if n % 5 == 0 else 'fizz' # return 'fizzbuzz' if n is divisible by 5, or 'fizz' if not.
elif n % 5 == # i1f not, and n is divisible by 5,
return 'buzz' # return the string 'buzz'.
else: # otherwise,
return str(n) # return the string representation of n.
— - _
—~ . ~"
Source code (Python) Pseudo-code (English)

Oda et al. “Learning to Generate Pseudo-code from Source Code using Statistical

Machine Translation” ASE 2015




Oda et al. ASE 2015

Python: if x % 5 == 0:

|

If .

raye

Bn(l_\t:."

Comp

Virtually added

Bi'l()]) == & for parsing
PN
(=] (>] (5]

( Tokenization
\ & Parsing )

Yis

divisible

by Z

(" Derivation "\
\_ Selection )

English ¢

/" Sentence \
\ generation )

| validation ’



“Translating” Code

BinOp

lf. /‘Comp

is i

divisible

X is divisible by Y

by

Oda et al. ASE 2015



Python | for node in graph.leaf_ nodes (app_name) :

PBMT | for node in graph.leaf_nodes with an argument app_name,

Raw-T2SMT for every node in, return value is the return value of the
graph.leaf_nodes app_name,

Head-T2SMT | for every node in graph.leaf_nodes app_name,

Reduced-T2SMT for every node in return value of the graph.leaf_nodes with
an argument app_name,

Python if self. isdst(dt) :

PBMT if self.call the method _isdst with 2 arguments dt, if it
evaluates to true,

Raw-T2SMT | self._isdst with an argument dt, if it evaluates to true,

Head-T2SMT | if self._isdst with an argument dt, return the result.

Reduced-T2SMT call the method self._isdst with an argument dt, if it

evaluates to true,

Oda et al. ASE 2015



Code Summarization to Natural Language

1. Source Code (C#):

public int TextWidth(string text) { A
TextBlock t = new TextBlock(); +t
t.Text = text;
return @—P LSt

(int)Math.Ceiling(t.ActualWidth);
} h;;m;

¢— C

1

Descriptions:
a. Get rendered width of string rounded up to
the nearest integer

b. Compute the actual textwidth inside a E
textblock T 1= o
2. Source Code (C#): hz:m’*
var input = "Hello"”; ’
var regEx = new Regex("World”); hl_1:m]_1¢'
return !regEx.IsMatch(input);
Descriptions: E
a. Return if the input doesn’t contain a N —11" [ ®_’ o —»END

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

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




Code § §§g §
Summarization to i 582438
Natural Language rexwigtn| O I

(
TextB?oecz B -

(

)

Ceiliﬁ§

(

t

ActuaIWidtH

)

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



Predicting Method Names (=Summarization)

private void O {
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 00O NO O WN -

-



(SUthken) min Run
Summary i 7

if (DEBUG) assert n >= 0;
int r = 0;
while (n >= MIN_MERGE) {
r |=(n& 1);
n >>= 1;
+

return n + r;

Code

An RNN to predict summary
subtokens

P(mj|mg...m;_1,code)

Context-Dependent
Convolutional Attention Features

Allamanis et al. “A Convolutional Attention Network for Extreme Summarization of

Source Code” ICML 2016



Convolutional Neural Attention Models for Code
summaries

® Attention Mechanisms
> Weight token embeddings
> Direct copy of code token to the summary

Similar to pointer networks [ Vinyals et al, 2015]
> Choosing between mechanisms




ko

L ¢cqt attention features
h;_y

attention_features (code tokens c, context h;_1)
C < LOOKUPANDPAD(c, F)
L1 < RELU(CoONVID(C, K;1))
Lo <+ CONVID(L1,Kj2) ® hy
Lyeat <= L2/ || L2||,
return L rcq;

Extracting Attention
Features



SOFTMAX 9 .
ji! \ \\[ L ¢cq+ attention features

~ k
,_,;;, \Ka

Computing Multiple
Attention Weights



copy_attention (code c, previous state h;_ 1)
L ¢eqr < attention_features (c,h; ;)
Qgtt (—attentiOH_WCightS (Lfeata Katt)
Oteopy <—attention_weights (L reqr, Keopy)
A < max(oc(CONVID(Lfeqt, Ky)))
n < Zz OfiEci
n < SOFTMAX(E#a' + b)
return A\POs2Voc(k,c) + (1 — \)TOMAP(n, V)




att __ _ - - - attention weight vectors

""""

copy_attention (code c, previous state h;_ ;)
L ¢cqr < attention_features (c,h;_;)
oqir <—attention_weights (L reqr, Koir)
Qcopy —attention_weights (L reqr, Keopy)
max(o(CONVID(Lfeqt, Ky )))
n < Z ; OéiEcz-

n < SOFTMAX(Ed' + b)
meta-attention ret@OSZVOC(n, c) + (IQI‘OMAP(H, V)

mechanism




Target set use browser cache
T mo m: .
Name ! : ’ 1
Target Attention Vectors A
m; set gt = <> { th%s . use Browser Cache = use Browser Cache ; } </s> 0.012
Qeopy = <s>{ this . use Browser Cache = use Browser Cache ; } </s>
m,  USe Qi = <> { th%s . use Browser Cache = use Browser Cache ; } </s> 0.974
Qeopy = <s>{ this . 88 Browser Cache = use Browser Cache ; }</s>
ms  browser Qg = <85> th%s . use Browser Cache = use Browser Cache ; } </s> 0.969
copy = <8>{ this . use BFOWSER Cache = use Browser Cache ; } </s>
= this . B Cache = B Cache ;
ms cache Qutt <s> { }s use Browser Cache = use Browser Cache ; } </s> 0.583
Qteopy = <s>{ this . use Browser Cache = use Browser Cache ; } </s>
ms  END Qi = <> { th%s . use Browser Cache = use Browser Cache ; } </s> 0.066
Qteopy = <5>{ this . use Browser |[G@€RE = use Browser Cache ; } </s>

Attention Visualization

Data and Visualizations:
http://groups.inf.ed.ac.uk/cup/codeattention/



void reverseRange(Object[] a, int lo, int hi)

hi--;

while (lo < hi) {
Object t = a[lo];
al lo++] [hl]
alhi--]

}

Predictions

e reverse, range(22.2%)
reverse (13.0%)
reverse, 1o (4.1%)
reverse, hi (3.2%)

merge, range (2.0%)



float getAspectRatio()

return (height == 0) ?
Float.NaN : width / height;

Predictions

e get, UNK(9%)
get, height (8.7%)
get, width (6.5%)
get (5.7%)
get,size (4.2%)



boolean shouldRender ()

Ery A

return renderRequested| |i1sContinuous;
} finally {

renderRequested = false;

}

Predictions

e is, render (27%)

e is,continuous (11%)

e is,requested (8%)

e render,continuous (7%)



0 R n [@]

C ) \\M ) o ) < .
] *‘ﬁ&-l’ nw . Predict abstraftlol1s
RERED)

L |

ISR Abstract

L e someCondition

UnaryPrefix! If - .
‘ | — = Extract po = (d, SymbolReft UnaryPrefix!t While | If| Call | SymbolRef, someCondition)
symboj'Ref ! ‘L:Ij”"‘f-ig'li i paths p; = (d, SymbolReftUnaryPrefix!TWhile | If| Assign=| SymbolRef, d)
d | SymbolRef SymbolRef True » p, = (d, SymbolReft UnaryPrefix!t While | If| Assign=| True, true)
\ ‘ ps = (someCondition, SymbolRef1CallT1f| Assign=|SymbolRef, d)
someCondition (4 | true ps = (d, SymbolReftAssign | True, true)

Alon et a/, “A General Path-Based Representation for Predicting Program Properties” 2018




- A
® @

J boolean f|(Object(target) { Object f(int target) { int f (Object target) {

in —RNAL0
biject elem: this.elements) {

(eclem.equals (target)) {

for (Object elem: this.eléﬂéﬂts) {
f\if (elem.equals (target)) |

for EO jecthelem: this.olémohfs) {
~1f (c;om.hashCode().equals(tarqct)) {

) return

\® }

ruey

—rteturn e lemy

return j;

} \( !
. return(false; return this.defaultValue; N\ return £1;
} ) SIS } } ~——
(a) (b) (©
Predictions: Predictions Predictions
contains GO  90.93% get ) 31.09% indexOf G $96.65%
matches /o 3.54% getProperty @7 20.25% getIndex /o 2.24%
canHandle  ———— 1.15% getValue @) 14.34% findIndex P 0.33%
equals  —— 0.87% getElement @) 14.00% indexOfNull 0.20%
containsExact C—————) 0.77% getObject —— ) 6.05% getlnstructionIndex C——————71) 0.13%

Alon et al, “code2vec: Learning Distributed Representations of Code” 2018




Diff:

-—— a/core/.../CursorToBulkCursorAdaptor. java
+++ b/core/.../CursorToBulkCursorAdaptor. java
@@ -143,8 +143,7 @@ public final class
CursorToBulkCursorAdaptor

public void close() {
maybeUnregisterObserverProxy () ;

— mCursor.deactivate () ;

+ mCursor.close () ;

}

public int requery (IContentObserver observer,

Generated Message:
“CursorToBulkCursorAdapter . Close must call
mCursor . Close instead of mCursor . Deactivate . ™

Reference Message:
“Call close () instead of deactivate ( ) in
CursorToBulkCursorAdaptor . close () ”

Jiang et al. 2017, Loyola et al. 2018




Program Generation:
Mapping from Natural Language to
Code



Machine Translation and Code Generation

* Machine translation: natural language to natural language

if the store is open tomorrow

|
H L BEANBEEHZENTWS L5

* Code generation: natural language to programming language

if x is divisible by 5

)
if x% 5==0:



Features of Program Generation

if x is divisible by 5

}
if x% 5==0:

* Strong syntax for the target code

* Precise checking of the semantics of the target code
* Weaker connection between command and code

* But much potential for copying words



A Long History in Natural Language Programming

* Early methods: parse natural language specifications, then use
rule-based transformations to derive program [e.g. Balzer+78]

* This, obviously, is hard because natural language is nuanced
* Some even called it “foolish” [Dijkstra79]

* Similarly to machine translation: data driven methods help
resolve this ambiguity and move closer to reality

* Grammar-based models, mostly for DSLs [e.g. Wong+06]
* Neural models [e.g. Ling+16]



A Few Distinctions

* Natural language programming vs. programming by demonstration

if X is divisible by 5 x=3 -> false x=15 -> true
ifx%5==0: ifx% 5 ==0:
* Code generation vs. code search
Generate entirely new code Retrieve existing code
* Code generation VS. semantic parsing
NL -> code NL-> a structured meaning representation,

could be code, could be other




A Naive Neural Attempt

* Run a sequence-to-sequence model and generate code

sort list X backwards </s>

, reverse

* Works somewhat, e.g. for regexes [Locascio+16]

. I[:or mo]re complex tasks, we need to do e.g. data augmentation to be competitive
Jia+16



Taking Advantages of Features of Code

* Copy variables names
e Use the program grammar
* Use the fact that code is executable



Copying Variables

* A simple way to copy variables in neural models: have a “copy”

mechanism that can choose to generate from input sentence [Gu+16]

(b) Generate-Mode & Copy-Mode

Prob(“Jebara”)=Prob(“Jebara”, g) + Prob(“Jebara”, c)
Softmax

1 ,1 f : ............................................. N .,_|:_|_|;|____ __E_l_l:_|_|;]_! Ll_il-:D_-:D:_-ljl-@__l_i_l-_-:__D::'
Vocabulary“ Source
S| So ™| S3I > M
’ f f , ——— —--------:
<eos> hi 5 :II:| HD 1
Y e 0 i O O I |

Embedding

...................... for “Tony”
Selective Read

i" =i s e s s eee B e ": for “Tony”
e B h, 5] b bl | bl he ol by s ! M
i I TeininisinininlE b
1S A R U TR R (S / 6‘9““\ | DD[ JUOoL i

hello my name 1is

(a) Attention-based Encoder-Decoder (RNNSearch)

Tony Jebara

(c) State Update




Character-based Generation + Copying [Ling+16]

P X: X l Xz Xs: Xs2 Xsa Xs: Xs l Xt X Xse X Xso  Xsirs Xsazy  Xsi

6 | [ Tirion Fordring IID|V|de Shield . Taunt Deathrattle Equip a 5 / 3 Ashbringer .
,,,,,,,,,,,,,, F TSR TSRS TUTSNST TUSSE JOSNY ++¢¢¢¢¢¢¢ .
| [ ©O]C0O] [©0] [O0] |u‘ )] COOO]I0OI0O]O0O] ©O] [COJOOJOO]00] O] 10O

| |

N || seectPedcor 5 565&&8&'&5:&; """""""""""""" 5 'ééée}.-it;b'n}a}:{&'""""""':
TinoniEordrine 0.02 | Copy Attack i : E 0.01 | generate “a” |
N 0.03 | Copy Health : ! ; 0.03 | generate “b" E

0.04 | Copy Desc | 0.09 | generate “e” |
0.20 | Generate Characteri i

0.05 | copy Cost | 1 @_. 0.95 | Copy Tion™ 4 : £ 0.03 | generate “c”
0.66 | Copy Name i ‘? [@]e) 0.05 | Copy “Fordring™ 1 E § 0.04 | generate *a" !

Copy From Attack e - @ E]
Copy From Health J PR ' s @ @
Copy From Cost e - 3 P
Copy From Name ) Tirion | i Fordring | :

Copy From Description

e s 1] {a] 4] 4] 40 £ 10 03] 4] ] o E]EIIEIEIE]EIJIIEIJEEIEID‘D PR

= BB B B AR B0 A

owpay  [1] [n] (J [ [0 [J M 0 [ 0] o) M (] H e HMHUORN QOO0 BLE6 L6

yr Yz Ys Ya  Ys Ys Yr Yo Yo Yo Yo Yz Y Y Yis Ye Yoo Y Yo Yeo Yao Yoz Yoz Yaao Yes Y Yor Y Y




Incorporating Grammar: Pre-neural Synchronous
Grammar-based Methods [e.g. Wong+06]

* |dea: we have a grammar that parses input sentence, generates code

if <X1>->if <X1>:

if x is divisible by five if

 Grammar rules are extracted from alignments and scored
* Advantage: good at modeling compositionality
 Disadvantage: don’t work well when NL/code connections are tenuous



Neural Models w/ Grammar

* Neural models are better at handling indirect relationships
between input and output, can be easily globally optimized
* How do we incorporate grammar?
* As constraints on the output space
* As a way to model information flow in the network



Syntactic Methods

* Key idea: use the grammar of the programming
language (Python) as prior knowledge in a neural model

Input Intent (x) sort my_list in descending order

Generated AST(y)

[expr[func]] [expr"[args]] [keyword"' keywmds]]

I
[Nalme] [ el’f)f ] | keyword

(sr(orted) | (Name

str(my._list)

] \
1 Deterministic transformation (using !

@ /: Python astor library) 1
LT e e e /

Surface Code () sorted(my list, reverse=True)



Level-by-level Generation of Tree Structures

[Dong+16]

e Sequence-to-tree model for
generation of tree-
structured outputs

* Pass information from top to
bottom

* No explicit idea of grammar
or explicit constraints

lambda $0 e <n> </s>

-—— — - whh - — — — —— — —

- e - - - - - — —— b

from $0 dallas:ci </s>

- - -, - - - e wh - —— — - - - - - - ————

departure
_time

<n> Nonterminal
—» Start decoding
= =% Parent feeding
Encoder unit

Decoder unit




Top-down Generation of CFG Rules [Yin+17]

eGenerate AST using CFG rules gathered from parsed corpus

eFactorize the AST into actions:
* ApplyRule: generate an internal node in the AST
* GenToken: generate (part of) a token

]

1y [expr[func]]é

hg

root — Expr
Expr — expr[value]
expr +— Call

Call ~ expr[func] expr*[args] keyword*[keywords]

expr¥ = expr

keyword* — keyword

expr — Name
— Action Flow

» Parent Feeding

,,,,,,,,,,,,,, % Iy : GenToken[</n>] t;2 . GenToken[my_list]
L _‘ : G
hoto str(True); . _1i : Generate Token
>0 GenToken[</n>] t; - GenToken with Copy
(a) (b)

Input: sort my_list in descending order

Code: sorted(my_list, reverse=True)



Computing Action Probabilities

ApplyRule[r]: apply a production rule to a non-terminal node
p(ay = APPLYRULE|[r]|z, a<;) = softmax(W - g(s;))

GenToken[r]: append a token to the current terminal node
dealing with OOV: make it possible to copy, and also generate with subwords

Vocabulary Generatlonprob { Final probability:
) o plistigen) =02 . - i marginalize over the '
Generation ® % p(var|gen) = 0.1 two paths ‘
p(gen|a<, x) = 0.05 B S
@ plarray|gen) = 0.4 p(GenToken[my_list]|x)
s — ’5” — = p(gen|x)- (my_list|gen)
=4 Input Words .
...... +p(copy|x)- (my_list|copy)
o p(sort|copy) = 0.01 p(copyl)- (m |cop:
Copy from Input 2 S . =0.8
g 8 — p(my_list|copy) = 0.9
p(copyla<,x) = 0.95 <] . m

p(order|copy) = 0.01

‘_. """"" 9 ........................ N .

Co rob. !
|E| . H . . py p ********** ‘ [ expr*[args] ] [keyword‘[keywmds] ]

"""" ||St in descendlng order m

i Name
| list)

Derivation



primitive types: identifier, object,

Using Abstract Syntax Description ==

= FunctionDef (
identifier name, argx args, stmtx body)

Language [Rabinovich+17]

identifier name, expr* bases, stmt* body)
| Return (expr? value)
| ...

expr

® Every = BinOp (expr left, operator op, expr right)
| Call(expr func, expr* args)

programming : z;;;s(iééggi?ier id, expr_context ctx)
| ...
language has a

specification = P S ( g
@ ror If test
* Create a number Q imite it L :

orelse
@ Return

of “modules” o ...
t h at ge n e r‘ate (a) A composite type module choosing a constructor for

the corresponding type.

(b) A constructor module computing updated vertical

parts of the tree LSTM st
based on this

stmt*

@ _ init

@ create minion

O stmt © add_buff add_buff
@ change_attack

e ] @ damage

o ...

(c) A constructor field module (sequential cardinal-
ity) generating children to populate the field. At each
step, the module decides whether to generate a child and
continue (white circle) or stop (black circle).

(d) A primitive type module choosing a value from a
closed list.



Coarse-to-fine Learning
[Dong+18]

* Idea, there is a limited number of “sketches” of programs that people
want to generate.

Dataset  Length Example

7.6 x : which state has the most rivers running through it?
GEO 13.7  y : (argmax $0 (state:t $0) (count $1 (and (river:t $1) (loc:t $1 $0))))
6.9 a:(argmax#l state:t@1 (count#1 (and river:t@1 loc:t@2)))

11.1 =z : all flights from dallas before 10am
ATIS 21.1  y: (lambda $0 e (and (flight $0) (from $0 dallas:ci) (< (departure_time $0) 1000:ti)))
9.2  a:(lambda#2 (and flight@1 from@2 (< departure_time@1 ? ) ) )

14.4  x : if length of bits is lesser than integer 3 or second element of bits is not equal to string 'as’,
DJANGO 8.7 y :iflen(bits) < 3 or bits[1] !="as’:
8.0 a:iflen (NAME ) < NUMBER or NAME [ NUMBER ] != STRING :

17.9  Table schema: ||Pianist||Conductor||Record Company||Year of Recording||Format||

13.3  x : What record company did conductor Mikhail Snitko record for after 1996?

13.0 y : SELECT Record Company WHERE (Year of Recording > 1996) AND (Conductor = Mikhail Snitko)
2.7 a : WHERE > AND =

WIKISQL

* First predict the sketch, then predict the variables, etc.



Using Execution Results

* Another advantage of programs: we can execute the program and see

the results!

Programming by
Demonstration /
Inductive Program
Synthesis

Weakly Supervised
Semantic Parsing

Programming by
Demonstration and
Language

Input/Output +
Program

Natural Language +
Input(?)/Output

Natural Language +
Input/Output +
Program

Input/Output

Natural Language

Natural Language +
Input/Output

Program

Program

Program



Programming by Demonstration/
Inductive Program Synthesis

Miltos Allamanis — M. Allamanis
Graham Neubig - G. Neubig
Big Bird — 77?7

* This is a whole other tutorial, [Gaunt+16] give a nice overview

* Many methods including:

* Satsifiability modulo theory solvers [Summers+86], sketches [Solar-
Lezama+08]

* Neural methods: encode input/output examples, generate program
[Gaunt+16]

* Harder than learning from NL because of fewer hints, but easier
because it’s verifiable



Semantic Parsing from Question/Answer Pairs
[Clarke+10]

what state has the largest capital - arizona
what city hosts Carnegie Mellon University = Pittsburgh

* In a DSL for database queries, try to generate several possible queries,
then update towards the one that is correct
answer(A,largest(A,(state(A),loc(A,B),capital(B)))) Wrong!

what state has the largest capital
© P < answer(A,(state(A),loc(B,A),largest(B,capital(B)))) Correct!

* Motivation: this “weak supervision” often easier to create question/answer
pairs

* Similar methods can be used for code as well, e.g. when generating SQL
queries [e.g. Zhong+17]



Code Synthesis with Natural Language
Guidance |e.g. Polosukhin+18]

Miltos Allamanis — M. Allamanis

Abbreviate the first name + Graham Neubig - G. Neubig
Big Bird — ?7?7?

* Problem: Code synthesis methods based on exact search (e.g.
sketching) only work for quite simple problems

* ldea: use standard code synthesis machinery, but additionally use a
natural language query to guide search

When full tree
found, confirm it
// passes unit tests!




Reconstruction Loss: Supervision w/o

Execution [Yin+18]

e Motivation: we have lots of
unlabeled user inputs to learn from

* Method: after generating code, try
to reconstruct the user input

* This makes sure that information in
the input is preserved in code

* Specifically, use VAE formulation,
which also makes it possible to
design prior over code (e.g. using
large datasets)

join p and cmd into a file path, substitute it for f

Code generator g(z]|x)

Prior p(z) —> f = os.path.join(p, cmd)

Reconstructor p(x|z)

join p and cmd into a file path, substitute it for f

NL join p and cmd into a file path, substitute it for f

2l f = os.path.join(p, cmd) v/
log q(z|x) = —1.00 log p(x|z) = —2.00
logp(z) = —24.33 l(x,z) =9.14

Z> p = path.join(p, cmd) X
log q(z|x) = —8.12 log p(x|z) = —20.96
logp(z) = —27.89 l(x,z) = —9.47

NL append i-th element of existing to child_loggers

zi child_ loggers.append(existing[i]) V/
log q(z|x) = —2.38 log p(x|z) = —9.66
log p(z) = —13.52 l(x,z) =1.32

Z> child_loggers.append(existing[existing])X
logq(z|x) = —1.83 log p(x|z) = —16.11

logp(z) = —12.43 l(x,z) = —5.08




A Final Alternative: Code Search
le.g. Zhang+16]

 Assume that we have the code we want somewhere on the web

* Idea: query a search engine (e.g. Bing, Google) with the natural
language, find the top N pages, and return the code snippets

dictionary - How to reverse order of keys in python dict? - Stack ...
https://stackoverflow.com/questions/5455606/how-to-reverse-order-of-keys-in-python-dict
This is my code : a = {0:'000000',1:'11111',3:'333333',4:'444444'} for i in a: print i it shows: 01 3 4
but | want it to show: 4 31 0 so, what can | do?

6 answers
\/ Top answer 5 Answer 2 of 6 5 Answer 3 of 6

26 votes 12 votes 8 votes
The order keys are iterated in is Dictionaries are unordered so Try: foriin sorted(z 2
arbitrary. It was only a you cannot reverse them. The reverse=True): print i
coincidence that they were in... order of the current output is...

python dictionary sorting in descending order based on values - Stack ...
https://stackoverflow.com/questions/20577840/python-dictionary-sorting-in-descending-order-...
| want to sort this dictionary d based on value of sub key key3 in descending order. See below: d
={"123" {'key1" 3, 'key2" 11, 'key3" 3 },'"124": { 'key1" 6, 'key2": 56, 'key3" 6 }, 125" { 'key1": 7,
'key2"... MORE v



API| (Sequence) Search [Gu+2016]

 Many intents can be realized by a sequence of API calls

* Train encoder-decoder that outputs API call sequence over full
language

| | |
| Encoder RNN | | Decoder RNN :
[
: : | FileReader BuffereReader BuffereReader BuffereReader <EOS> :
| | | .new .new .read .close |
| | : |
: Output : | i [T Y 777 s |77 Ya |77 Ys :
| I ' 1 : 1 1 ] I
e - - I I I

| | T\§:5:Essff:=:::--___ I I |
: I s R = e e et U | :
| Hidden h, > h, > h [ I 4 h —=# h, = h, == h, = h, |
: 3 7y Y : : 7'} | 7} 7y | Y ! 7Y :
| I I |
| I ' : : I
| Input X X | | 1w i I v = Ve |
|

I | | . |
| Read Text File | |  <START> FileReader BuffereReader BuffereReader BuffereReader |
| | : .new .new .read .close |



Modeling Natural Language in Code



Modelling Natural Language Aspects of Code

% Variable Names

k‘ Type Inference

{sx| Program Analysis (via code’s NL aspects)




% Variable Naming Task

int SumEven(int[] arr, int lim) {

int = o;
for (int 1 = 0; i < lim; i++)
if (arr[i] % 2 == 0)
. Usage
-+= arr[i]; context Sum [0f] [Even

return -,

Allamanis et al. 2014, 2015, 2018 Raychev et a/. 2015, Vasilescu et al. 2017,

Bavishi et a/. 2018, Alon et al. 2018



Predicting Variable Names

int SumEven(int[] arr, int lim) { Encode Usage Context

: * Use language model
int -= 9;

: . i ) . * Build Discriminative Model
for (int 1 = 0; i < lim; i++)

if (arr[i] % 2 == 0)

B += arr[i];

return -,
}

Allamanis et al. “Learning Natural Coding Conventions” 2014



/+ str: string, step: number, return: Array x*/

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

var n = [];

var colNames = []; /* colNames: Array x/
var r = e.length; var len = str.length;
var 1 = 0; var i = 0; /* i: number x/
for (; 1 < 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));

} }
} }
return n; return colNames;
} }
(a) JavaScript program with minified identifier names (e) JavaScript program with new identifier names and types

\ 4 1 )

colNames.push (str.substring (i, len));

L R Score
Unknown properties (variable names): i step 0.5
e t n r i J J 0.4 t
F 0.1
u q 0.0
i
Known properties (constants, APIs):
L R Score R Score
@ @ i len 0.8 length length 0.5
i length 0.6 len length 0.4
(b) Known and unknown name properties (c) Dependency network (d) Result of MAP inference

Raychev et a/. “"Predicting Program Properties” 2015




@ Type Inference using Natural Language

1: def gzip(f, *args, **xkwargs):

2: resp = f(*xargs, xxkwargs) > type: Response
3: url = resp.url

4: mthd = resp.method > | type: string

5: data = compress(resp)

6: result = resp

7: return result

Raychev et a/. 2015, Xu et a/. 2016, ...




{52 Modelling NL Aspects of Code
for Program Analysis

Declaration: string Substring(int startIndex, int offset)

Uses:
« strl.Substring(startldx, offset)
 strl.Substring(off, start)

Rice et al. “"Detecting Argument Selection Defects” 2017

Pradel and Sen “"Deep Learning to Find Bugs” 2017



Modelling NL Aspects of Code
for Program Analysis

Type Parameter Original argument Correct argument
Duration responseTTLDuration frequencyCapDuration responseTTLDuration
Duration frequencyCapDuration responseTTLDuration frequencyCapDuration
List<A> slotResponse slotResponse —— slotResponse

long communityld a.toDataObject().getld() —— a.toDataObject().getld()
long senderld e.getSenderld() —— e.getSenderld()
long recipientid e.getRecipientld() ——= e.getRecipientld()
long subject subject —— subject
String textContent htmIContent textContent
String htmIContent textContent htmIContent

Rice et al. “"Detecting Argument Selection Defects” 2017

Pradel and Sen “"Deep Learning to Find Bugs” 2017




Modelling NL Aspects of Code
for Program Analysis

var clazz=classTypes["Root"].Single() as JsonCodeGenerator.ClassType;
Assert.NotNull (clazz) ;

var first=classTypes["RecClass"].Single () as JsonCodeGenerator.ClassType;
Assert.NotNull -) ;

Assert.Equal ("string", first.Properties["Name"].Name);
Assert.False(clazz.Properties["Name"].IsArray);

Possible type-correct options: clazz, first

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




Representing Program Structure as a Graph

(ExpressionStatement)

(InvocationExpression)

(MemberAccessExpression )

e

Assert

o~

—%NotNull

(ArgumentList)

var clazz=classTypes["Root"].Single() as JsonCodeGenerator.ClassType;
Assert.NotNull (clazz);

var first=classTypes["RecClass"].Single() as JsonCodeGenerator.ClassType;
Assert.NotNull ( clazz );

Assert.Equal ("string", first.Properties["Name"].Name);
Assert.False(clazz.Properties["Name"].IsArray);




Representing Program Structure as a Graph

(x},y?) = Foo();

X while (x3>0) x*=x5+ys5
X Y

L3

Xlr..

S 70 0

X...................)'X y<

LastUse



Representing Program Structure as a Graph

(x},y?) = Foo();

x| while (x3>0) x%=x"+y®
WL S

,II \\\ R

| 3 \\ \\

s S »

' \\\ \\\
€ N - . .

’~9‘X<—£~ \X) \\y 6

=
e R T ——

LastWrite



Representing Program Structure as a Graph

(x},y?) = Foo();

‘ 2 1 3 4_~/5 6
mE ; while (x3>0) Xx%=x"+y
3
X
4 5 6
X \X \y

- *
o -
—

L ]
..........

ComputedFrom



Representing Program Structure as a Graph

= v (x},y?) = Foo();

while (x3>0) x%=x"+y®

I - AL
'I . \\ \N
-3 N
. N >
I .. S A
: N AR
\ > .. N N .
o A T
e N :
9v‘4 ',..\ 5 \\.c 6
’~—X(~' --------------- >X \y-(:
el - —\



Representing Program Structure as a Graph

Additional Edge Types:
* ReturnsTo b = foo(result);

* FormalArgName

sum

void foo(int sum) { .. }



Modelling NL Aspects of Code
for Program Analysis

int SumPositive(int[] arre, int lim¢) {
int sum® = 9;

for (int iI=@ ¢ <5 9+t)

J

if ( [t*]>e)
+=0[91;

return sume;

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




Representing Variable Type Information

List<string> T (v) = {TList<string>: TrList» Tobjectr -+ }
/ l TiList l
IList<string> rList<string> robject
/ object
IList .
|ICollection<string> N ‘ Elementwise Max
| ICollection To* )

IEnumerable<string> \‘

IEnumerable



Representing Nodes

classTypes # class E, types i

Type - E
Representation v @)



Graph Neural Networks

\

Graph Representation Initial Representation
of Problem of each node

Liet al (2015). Gated Graph Sequence Neural Networks.

Gilmer et al (2017). Neural Message Passing for Quantum Chemistry.



Graph Neural Networks: Message Propagation

Current Node e,
el Representation
T
L Next Node
e2
Input Messages Representation
NN N N

? = GRU(hL_{,x)

z : !

— n

X = . ET(n’—>n) ht—l + br(n’—m) Lietal (2015). Gated graph sequence neural networks.
n'eneig(n)



Graph Neural Networks: Unrolling

Lietal (2015). Gated graph sequence neural networks.



time

Graph Neural Networks: Unrolling

* node selection
* node classification
e graph classification

Lietal (2015). Gated Graph Sequence Neural Networks.
Gilmer et al (2017). Neural Message Passing for Quantum Chemistry.

https://github.com/Microsoft/gated-graph-neural-network-samples
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Graph Representation for Variable Misuse F

var clazz=classTypes["Root"].Single () as JsonCodeGenerator.ClassType;
Assert.NotNull (clazz);

var first=classTypes|["RecClass"].Single () as JsonCodeGenerator.ClassType;
Assert.NotNull - ;

Assert.Equal ("string", first.Properties["Name"].Name);

Assert.False (clazz.Properties["Name"].IsArray);

Possible type-correct options: clazz, first



Graph Representation for Variable Misuse W

var clazz classTypes[“Root“].Single() as JsonCodeGenerator.ClassType;
Assert. Notﬁhﬁjfﬁrﬁxa%)
~=.......-

var first® cIaSsTypes{"Recglass"] SIngée4i_as JsonCodeGenerator.ClassType;
Assert.NotNull @3Nl

——
’ -
————

Assert. Equal("strlng", ﬁ;ns{'?kopertles["Name"].Name);
Assert.False (claz?. ?ropertles["Name“] IsArray);

Goal: make the representation of SLOT as close as possible to the
representation of th rr ndi n :
epresentation of the correct candidate node (RSOTYT LTSt 55 (10T ptass




Modeling Communicative Aspects of
Software Development



Software Ecosystems are a Rich Discussion Ground

neulab / xnmt

<> Code

Filters ~

|

is:issue is:open

@® 250pen v 77 Closed

®

Running into a NaN problem
#399 opened 16 days ago by pierregodard

Multi-task learning and checkpoint saving
#395 opened 19 days ago by mbolimann

Integrating sacrebleu

#393 opened 20 days ago by pmichel31415

Implementing character based embeddings
#392 opened 20 days ago by pmichel31415

Issues 25 Pull requests 4

Labels Milestones

Author ~

Labels ~

Projects 0

Projects v

Wiki v

Milestones ~

A

® Unwatch~v 20 Y Unstar 90 Fork 25

pmichel31415 commented 20 days ago Member 2 # [

I'm trying to reproduce a model from Synthetic and Natural Noise Both Break Neural Machine
Translation where the word embeddings are the average of the character embeddings.

How would | go about implementing that in xnmt?

To be clear | don't want a character based model, | want a model that processes the input as a
sequence of words, but instead of having one embedding per word, has one embedding per character
and represents each word as the average of its characters.

2 neubig commented 20 days ago Member M

Probably you need to create a version of the input class that doesn't

convert words to integer IDs, but instead saves their strings. Then it

would be as simple as implementing a new version of the word embedder that
reads in the characters and does lookup and sum appropriately.

Graham

neubig commented 5 days ago Member @

Just remembered that @philip30 already has something like this in his segmenting transducer branch.
He might be able to give pointers.

philip30 commented 5 days ago Member D



Modeling Discussion Topics [Barua+14]

* Research Question: What are developers talking about?
* Methodology: Topic modeling to extract topics, manual inspection

Post Pre- LDA > Post- |
Extraction processing processing

Stack Overflow Extracted Preprocessed Topics and Topic Results
Dataset Posts Posts Memberships

 Results: Discover topics about particular development languages (C++, Python,
web development platforms), but also job advice, how to learn, etc.



Modeling Language Complexity [Kavaler+17]

» Use language models, global and project specific to answer research
guestions

* Do people conform to project norms in posting issues?
As people are on the project longer, their entropy drops - Yes

* Does conforming to norms reduce issue resolution time?
Lower language model entropy is associated with faster response times

- Yes?



Sentiment Analysis for Software [e.g. Lin+18]

* Sentiment analysis has led to many insights in software
engineering:
* More distributed teams have higher sentiment
* Positive sentiment in issue descriptions correlated
with faster fix time
* Negative sentiment correlated with failing of
Integration tests
* Challenges in adapting to the SE context



Why Software Language?

* Large, open data of questions/answers, discussions
* Grounded in code
* Task-driven interaction



Conclusion



Research in ML+Code

https://ml4code.github.io

A Survey of Machine Learning for Big Code and Naturalness

MILTIADIS ALLAMANIS, Microsoft Research

EARL T. BARR, University College London

PREMKUMAR DEVANBU, University of California, Davis

CHARLES SUTTON, University of Edinburgh and The Alan Turing Institute

Research at the intersection of machine learning, programming languages, and software engineering has
recently taken important steps in proposing learnable probabilistic models of source code that exploit code’s
abundance of patterns. In this article, we survey this work. We contrast programming languages against

natural languages and discuss how these similarities and differences drive the design of probabilistic models.

We present a taxonomy based on the underlying design principles of each model and use it to navigate the

literature. Then, we review how researchers have adapted these models to application areas and discuss cross-

cutting and application-specific challenges and opportunities.
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Statistical Code Migration
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Code Documentation
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Code Summarization
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Conclusion

* Lots of interesting problems!
* Code -> Text
* Text -> Code
* Modeling Natural Language in Code
* Modeling Communication in Software

* Lots of datasets!
* Curated datasets for code->text tasks
* Large uncurated resources for you to be creative with

* Lots of potential!
* There is an increasing technical divide, how can we use technology to close it?



Questions?!



