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external 

codebases

Mine the hidden 
knowledge to 
create smart 
software 
engineering tools.

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



Probabilistic reasoning is a principled way of 

handling ambiguities and partial information.



Natural Language Processing (NLP)

Models of Aspects 
of Natural 
Language

Data: Corpora of 
Text, Speech etc

Parsing
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Recognition

Machine 
Translation

....

Some Knowledge 
of Linguistics

❯ Resolve language ambiguities with principled probabilistic 
models of language.
❯ Learn models from annotated corpora. 



Natural Language Processing with Machine Learning

❯ 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

Machine Learning Models 
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Applications



Machine 
Learning Model
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Parameters

Designed by humans

Machine 
Learning

Learned from data



Finding a good model

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

Underfitting Overfitting



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 
Parameters

❯ Learn the distribution of parameters given some 
data.
❯ Use computational methods 

Images from “Bayesian Modelling in Python”



A Spectrum of  Common Machine Learning Tasks

Clustering

Supervised Unsupervised



Joint Classification Learning Features

A Spectrum of  Common Machine Learning Tasks



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



Machine 
Learning Models



Natural Languages

Programming Languages

vs



Part II

A Taxonomy of Models



for (int i = 0; i < 10; i++){
    Console.WriteLine(i);
}
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Probabilistic 
Models of 
Source Code

Code Representational Models

❯ Language Models
❯ Translation Models
❯ Multimodal Models

❯ Structured Prediction
❯ Distributed Representations

❯ Latent Variable Models

Code Generating Models

Pattern Mining Models

code 
snippet

property of 
code

representation

randomness

context
code

snippet

corpus 
of code

patterns



Code Generating Models

code snippet

context

Simplifying assumptions about 
how code is generated

randomness

context
code

snippet



Language Models

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



n-gram Language Models

public void execute(Runnable task) {
        if (task == null)
            throw new NullPointerException();
        ForkJoinTask<?> job;
        if (task instanceof ForkJoinTask<?>) // avoid re-wrap
            job = (ForkJoinTask<?>) task;
        else
            job = new ForkJoinTask.AdaptedRunnableAction(task);
        externalPush(job);
    }
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n-gram Language Models

public void execute(Runnable task) {
        if (task == null)
            throw new NullPointerException();
        ForkJoinTask<?> job;
        if (task instanceof ForkJoinTask<?>) // avoid re-wrap
            job = (ForkJoinTask<?>) task;
        else
            job = new ForkJoinTask.AdaptedRunnableAction(task);
        externalPush(job);
    }



Image from Allamanis & Sutton, MSR 2013

n-gram 
Language 
Models



Cache n-gram 
Language Models

Tu et al. 2014

Context

Cache n-gram LM

Prediction



Image from colah.github.io, Karpathy Andrej

Neural 
Language 
Models Karpathy et al. 2013        White et al. 2015              
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Generating from a PCFG
ForStatement



Generating from a PCFG
ForStatement

Initialization Expression Expression Body



Generating from a PCFG
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Generating from a PCFG
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Nguyen & Nguyen, ICSE 2015

Graph 
Language 
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Evaluation
Metrics for 
Language Models Log Probability

Cross Entropy



 Translation Models of Source Code

Language 
Model



Raychev et al. 2014      Nguyen et al. 2013,2015           Oda et al. ASE 2015



Multimodal Models of Source Code

“get the first letter 
of each word in 
string and 
uppercase”

Non-Code 
Modality

Synthesize/Score Code Snippet

string s;
string[] words = s.ToUpper().split(‘ ‘);
string[] firstLetters = new string[words.Length];
for (int i=0; i < words.Length; i++) {

firstLetters[i] = words.Substring(0,1);
}



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



  Representational Models of Code

    code 
snippet

property 
of code

representation



Structured Prediction

❯ Output variables are mutually dependent or constrained.



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



Localized vs Distributed (Vector) Representations
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Distributed Representations 

Allamanis et al., “Suggesting accurate method and class names”, 2015



Distributed Representations 

Allamanis et al., “Suggesting accurate method and class names”, 2015



Distributed Representations 

Allamanis et al., “Suggesting accurate method and class names”, 2015



Setters vs 
Getters 
in 
bigbluebutton



  Pattern Mining Models of Code

    

corpus 
of code

patterns



Latent Variable Models

Images from Wikipedia



Movshovitz-Attias & Cohen, “KB-LDA: Jointly learning a knowledge base of hierarchy, 
relations, and facts”, 2015



  Part III
  Applications of Models of Source Code



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



Machine 
Learning Models



Applications: A (Very) Brief Tour



Recommender Systems



Proksch et al. 2015      Bruch et al. 2009

S
tructured P

rediction M
odels



Hindle et al. 2012             Nguyen et al. 2013        Franks et al. 2015  

Language M
odel



Language Server Protocol



Code Documentation



Gu et al. “Deep API Learning” 2016

R
epresentational M

odel



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

Latent V
ariable M

odel



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

Latent V
ariable M

odel



Statistical Code Migration



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

Translation (G
enerative) M

odel



Code Defects



Campbell et al. MSR 2014                    Bhatia & Singh, 2016

Language M
odel



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

(G
enerative) Language M

odel



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

Language M
odel



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



Quirk et al. ACL 2015, 2016                        Gulwani & Marron, ICMD 2014
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Allamanis et al. “Bimodal modelling of source code and natural language” ICML 2015
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Singh & Gulwani “Predicting a Correct Program in Programming By Example” 2015

R
epresentational M

odel



Code Summarization



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

Haghighi & Vanderwende, 2009

Latent V
ariable M

odel



Summarization via Method Name Prediction

Allamanis et al, “A Convolutional Attention Network for Extreme 
Summarization of Source Code”, ICML 2016

D
istributed R

epresentation M
odel

Code



Attention Visualization

Allamanis et al, “A Convolutional Attention Network for Extreme 
Summarization of Source Code”, ICML 2016

D
istributed R

epresentation M
odel



Code Summarization to Natural Language

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

2016

D
istributed R

epresentation M
odel



Coding Conventions



Naming Conventions

Suggestions

1. job (30%)
2. task (20%)
3. tsk (15%)

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

Allamanis et al. FSE 2014, 2015
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White et al. “Deep Learning Code Fragments for Code Clone Detection” 2016
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istributed R
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Program Analysis



Raychev et al. POPL 2015
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Li et al. ICLR 2016       Brockschmidt et al. CML 2015
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Mangal et al. FSE 2015
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Probabilistic 
Models of 
Source Code

What was not discussed

❯ 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...





(the end)


