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The Test Oracle Problem
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Automatic Software Transplantation
Best Paper, ISSTA 2015
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Research Highlight, 2016
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Automatic Detection of Floating-Point 
Exceptions
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Time-Travel Debugging

Tardis
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The Arms Race: Adversarial Search Defeats 
Entropy Used to Detect Malware

Earl T. Barr, UCL

H(X) = �
nX

i=1

P (xi) logb P (xi)

<latexit sha1_base64="LOYKYkHVtB7uY45d8Vbtrn2df+k="></latexit>



Ever Wonder about a 5 Set Venn?
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Or 6 Set?
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Previous Student Projects
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Projects: Automating the Command Line

 

 
 > AUTOMATING REPETITIVE TASKS _ 

 The Problem  
Users underestimate the number of times they will repeat a task while 
simultaneously overestimating the cost of automation. 

Existing tools do not solve this problem; requires far too much user 
input. 

The Aim 
The payoff gained from automating tasks is measured in terms of 
keystrokes. This algorithm aims to save users’ keystrokes. 

The Application 
Aim to apply automation algorithm to the command line interface to 
develop a tool that uses users’ Bash history files to:  

1. Automatically detect and generate aliases. 

2. Automatically detect and generate mini-scripts. 

Algorithm can be applied to REPL languages. Fig 1. XKCD captures users’ perception towards automation. 

> BCS Lovelace Colloquium _ 

The Data & Initial Analysis 
Obtained 33 .bash_history files from command line users. 

Initial analysis of the files showed that  each file contains 
an average of 1199 distinct commands. 

Mini-script Detection & Generation 

 

 

 

 

 

 

 
1. Automatically detecting repetitive patterns using the N-
Gram language model. 

This was found to be too restrictive and does not detect inter-
leaved patterns.  

2. Generate mini-scripts based on predefined templates. 

Analyse .bash_history files and manually define templates. 

3. Use machine learning algorithms to automatically learn to 
detect these templates and generate mini-scripts. 

Potential candidates are Version Space Algebra  (VSA) or 
IBHYS algorithm. 

Fig 2. Normalised frequency distributions of the distinct com-
mand in a user’s .bash_history file. 

Alias Detection & Generation 

Aims to detect and suggest that a cer-
tain command can be added as an alias. 

1. Get frequency of each command. 

2. Based on frequency use suggest that 
it can be aliased. 

Use machine learning to learn threshold value at which 
suggestion should be made. 

Challenges 
Incorrectly typed commands. 

Working with small datasets. 

Building algorithm into a user friendly tool that does not in-
terfere with the command line user experience. 

> Maithreyi Venkatesh and Dr. Earl Barr, University College London _ * 

* Ongoing research 

Fig 3. We are trying to detecting commands in a small dataset that 
looks like the top set of shapes. Pattern detection would be easy if data 
looked like the bottom set of shapes. 

Maithreyi Venkatesh

The BCSWomen Lovelace 
Colloquium is an annual one day 
conference for women students of 
Computing and related subjects.

https://bcswomenlovelace.bcs.org/

Earl T. Barr, UCL

https://bcswomenlovelace.bcs.org/


Soong Moon Kang

Internships: Multilayer Network Analysis

Ana Kapros

Earl T. Barr, UCL
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Internships: Typilus

Soline Ducousso

Programming Languages Design and Implementation (PLDI) 2020
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Automatic Software Transplantation
Best Paper, ISSTA 2015
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Projects: Software Transplantation

Dr. Alexandru
Marginean

Gold Medal 2016 Hummies

Earl T. Barr, UCL



Tangra: Slaying Immortal Bugs

In a block chain, code is immutable. But even Gods can be slain.

Joint work with Zvezdin Besarabov

Earl T. Barr, UCL



Project Ideas
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Aka this year’s crop of genius idea 
and life-transforming opportunities!

Driving the combine
https://www.daera-ni.gov.uk

Genius ideas Fame, glory, and riches

The needful

Just a bit of work

$£
￥

€ $
￥

£

€



Why an Individual Research Project?

Earl T. Barr, UCL

• “Individual” is a misnomer.

• Don’t get lost in the crowd!

• I do companies too!

Fame, glory, and riches

$£
￥

€ $
￥

£

€



Individual Research Project I 
with Morgan Stanley

Earl T. Barr, UCL



of this line of this line

Technology at Morgan Stanley

38
Distinguished Engineers including 
Bjarne Stroustrup

engineers in technology - largest 
department in the firm

11,000+

~$4.5B
invested in technology and innovation 
each year



of this line of this line

About Morphir

• 14 years at Morgan Stanley

• Built multiple trading systems

• Co-created Morphir

• Now maintaining Morphir 

multi-language system built on a data format that captures 
an application's domain model and business logic in a 
technology agnostic manner

Scala

JavaScript

HTML5

Legend

Bosque

Elm

GitHub



of this line of this line

• We want to change the whole approach to 
developing software in Finance to make it both 
more efficient and less risky.

• Contributions

– Goldman Sachs → Legend

– Morgan Stanley → Morphir

– Microsoft Research → Bosque

Open-source Momentum

Legend Bosque

FINOS



of this line of this line

The Project: Add Data Constraints to Morphir

• Goals

• Extend the Morphir IR with invariants

• Add more specific types to the SDK (like Nat)

• Extend type inference to retain invariant information

• Pass invariants to Bosque checker for verification

• Skills used

• Functional programming: Elm

– Designed to get JS programmers hooked on FP

– Learning Elm 

• Type theory

negative number 
of shares ?

max < min ? 

ensures 
non-negative

ensures 
min < max

≈ Learning Morphir



Individual Research Project II
with Bloomberg

Earl T. Barr, UCL



© 2021 Bloomberg Finance L.P. All rights reserved.

Project Admin

Title: Converting Spreadsheets to Python Functions

Main Supervisor: Prof. Earl Barr

Industry Sponsor: Alex Brisan, Software Engineer, Bloomberg



© 2021 Bloomberg Finance L.P. All rights reserved.

Background

• Historical dependency on spreadsheets (Excel)

• Complex row/column/cell level formulas

• Using Excel to connect to external systems (databases, Bloomberg API, etc.)



© 2021 Bloomberg Finance L.P. All rights reserved.

Challenges

• Excel does not scale for big data

• Extremely error-prone/hard to automatically verify

• Lack of transparency into how results are produced

• Suboptimal for collaboration



© 2021 Bloomberg Finance L.P. All rights reserved.

Industry is moving towards Python
Ruthless automation is the key to success!

Your Project:
• Research existing solutions, gaps in functionality
• Explore how translation could work for simple formulas; key is to build an 

extensible framework
• Output would be a tool that can translate simple formulas

Potential for further collaboration beyond the scope of the project



Individual Research Project III 
with University of California Davis

Earl T. Barr, UCL



“The Wilderness holds answers to more questions than we have yet learned to ask.“ 

―Nancy Newhall



A Brief History of Types

• Assembly
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A Brief History of Types

• Assembly
• Let’s constrain things:  Types → Haskell

A Haskellite
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A Brief History of Types

• Assembly
• Let’s constrain things:  Types → Haskell
• Gradual typing:  purity rituals 

performed at runtime
• Gradual guarantee
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A Brief History of Types

• Assembly
• Let’s constrain things:  Types → Haskell
• Gradual typing:  purity rituals 

performed at runtime
• Gradual guarantee

• Gradual typing is dead
• Optimisation
• And…



The Optional Type Revolution
Optional type inference 
checks types only locally and 
statically; it has no runtime 
footprint
+ Fast
+ Finds local inconsistencies, 
+ Supports navigation and 

completion
- Partial guarantees; can give 

a false sense of security



Python
The language for artificial intelligence and data science!



Natural Experiment on Optional Types



Natural Experiment on Optional Types

•How many types can mypy trivially infer?
•What is the impact of human added types?
•Which annotation slots are easier to type?
•Which slots are harder even for a human?
•What percentage of slots are typed in steady 

state for a project?



Let’s help improve mypy and Python typing choices!



Into the Wild: Type Usage in Python

Task
• Data analytics and analysis scripts 

Skills
• Python, Continuous Integration, git, Basic statistics
• R is a nice to have (if you don’t know it, you’ll learn it)

Wins
• A chance to shape the evolution of Python
• $$$ A research paper $$$



Individual Research Project IV
with Y Combinator Startup Bloop

Earl T. Barr, UCL



It should be easier for developers to find 
and share code 

So we’re building a search engine

Small team of ex-
Huawei, Imperial and 
Yale ML and compiler 
engineers 

Backed by some of the top 
VCs, including Khosla 
Ventures and Y Combinator

Gabriel, founder and CTO

https://bloop.ai/

https://bloop.ai/


IDE-based search engine

Retrieves relevant snippets 
of code from open-source

Code contextual or natural 
language search

Search is powered by NLP 
and syntax analysis



Sharing code today
(lots of friction)

Distribution Discovery

Sharing code tomorrow
(no friction)

Distribution + 
Discovery



When users copy code from bloop 
they have to manually edit variable 
names to match their project

We want to automate this, renaming 
free variables with variables in-scope in 
the user’s code

For each free variable find all valid 
replacements and predict the most 
likely

Skills:
Static analysis
Machine learning

The Project: Build a Smart Copy-Paste System



Individual Research Project V 
at World Renowned UCL

Earl T. Barr, UCL



A Pair of Information Theory Projects

H(X) = �
nX

i=1

P (xi) logb P (xi)

<latexit sha1_base64="LOYKYkHVtB7uY45d8Vbtrn2df+k="></latexit>

Earl T. Barr, UCL

David Kelly, UCL



A Pair of Information Theory Projects

Britain’s National Pastime in the 21st Century:
It’s no longer about birds, it’s all about flows!

Earl T. Barr, UCL

Sometimes, bird watching pays off



A Pair of Information Theory Projects

HMS Beagle in the Straits of 
Magellan at Monte Sarmiento, 
reproduction of R. T. Pritchett's 
frontispiece from the 1890 
illustrated edition of The Voyage 
of the Beagle.

Julia Margaret Cameron, 
Public domain, via 
Wikimedia Commons R. T. Pritchett, Public domain, via Wikimedia Commons

https://en.wikipedia.org/wiki/Straits_of_Magellan
https://en.wikipedia.org/wiki/Monte_Sarmiento
https://en.wikipedia.org/wiki/Robert_Taylor_Pritchett
https://en.wikipedia.org/wiki/The_Voyage_of_the_Beagle


A Pair of Information Theory Projects

Charles Darwin: HMS Beagle voyage
A map of Charles Darwin's voyage on the HMS Beagle in 1831–36.
Encyclopædia Britannica, Inc.

https://cdn.britannica.com/44/182344-050-5ECEF0AD/map-voyage-Charles-Darwin-HMS-Beagle.jpg


What Birds Are We After?

• Image of paths
• Our binoculars use QIF

(source: pascal-martin.fr)

QIF

I O

Random Variables

Quantified Information Flow

Each

Path

http://extern.pascal-martin.fr/so/kcachegrind/kcachegrind-2-small.png


QIF and the End of the Universe

Earl T. Barr, UCL

Problem:  QIF is expensive!

Computing QIF can mean 
waiting to see how the 
universe ends

https://phys.org/news/2015-09-fate-universeheat-death-big-rip.html



RIF Don’t Quantify

Earl T. Barr, UCL

The solution is David Kelly’s 
PhD work on ranked 
information flow (RIF).

RIF ranks flows, it doesn’t 
measure them.

Steve Banks, CC BY-SA 4.0 
<https://creativecommons.org/licenses/by-sa/4.0>, 
via Wikimedia Commons



What Birds Are We After?

Implications:

(1) A name refactoring
(2) Error condition testing is inadequate
(3) a potential mismatch between 

function names — encode and 
decode — and their flows 



IT Project I:  Information Theoretic Surveying

The project will empirically map flows to programming constructs and idioms.

Open Problems Tackled
• Identifying paths that will be frequent in deployment
• Identifying core logic paths

Wins
• Focused optimization, testing or review

Tasks & Skills Needed:  Python, basic statistics, imagination!



IT Project II:  Finding Information Leaks

Heartbleed leaks about 14 bits of 
information, larger than the average 
password.

Solution 1
Write correct programs 

But “to error is human”

Solution 2
Automatically detect and correct

But this is undecidable

Earl T. Barr, UCL



Heartbleed leaks about 14 bits of 
information, larger than the average 
password.

Solution 3
Detect and manually correct anomalies

Earl T. Barr, UCL

IT Project II:  Finding Information Leaks



Challenge:  Efficient Observation

A/B Testing: Dynamically give different versions to 
your customer base to test the effect of changes.

Earl T. Barr, UCL

Solution: Use existing A/B frameworks to create CBI variants.

+

Ben Liblit



IT Project II:  Brass Tacks

Tasks
• Identify a suitable web app
• Instrument a web app
• Mock up server for “realistic” testing

Skills: Python, basic stats, and at least as much imagination as any 
of the other projects

Wins:  $$$ More secure software at little cost to the enduser $$$

Earl T. Barr, UCL



Earl T. Barr, UCL

RIF-ing for LeaksIT Survey

Alex Brisan, BloombergAttila Mihaly, Morgan Stanley

https://bloop.ai/

Gabriel Gordon-Hall, Founder

David Kelly, UCL

Anand and Prem, UCD

Project Ideas

Join me and together we’ll 
plunder the Dragon’s Den!

https://bloop.ai/

