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Shash Dr. Una-May O’Reilly
e 3rdyear Ph.D. studentin CS at MIT e Computer scientist at CSAIL, MIT
e Research interests in program analysis, e Founded and directs ALFA, a research
machine learning, and neuroscience group working on problems at the
e Check out datasciencekids.org intersection of scalable machine learning

and cybersecurity.
e A parent of one of your peers!

Ask questions! Lots!

ALFA - Make sure you call us out on jargon we use today
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Big picture
AP Psych
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Empirical methods

We specifically analyze and reason about the language regions in the human brain
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Today’s talk

Tools to understand how our brains work

Our research shedding light on how we
comprehend computer programs

Questions, Discussion
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Understanding the human brain

Understanding the functional organization of the brain has been a
fundamental quest.

Lots of functions are handled by specialized regions. Modular. Tuned for
specialization.

Many other functions seem to have no associated specialized regions
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Understanding the human brain

Broad functions
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Understanding the human brain

Broad functions

e \ision

e Audio

e Motor control and dexterity
e Emotions

e Language
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Understanding the human brain

Broad functions

Visi Faces
e Vision Color
e Audio Places
Words/letters
e Motor control and dexterity Bodies
. Motion
e Emotions
Shape

e Language
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Understanding the human brain

Broad functions
e \ision

e Audio Pitch

Music
o Motor control and dexterity  Speech perception
e Emotions

e Language
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Understanding the human brain

Broad functions

e \Vision

e Audio

e Motor control and dexterity Graspl.ng
Reaching

e Emotions

e Language
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Understanding the human brain

Broad functions

e \Vision

e Audio

e Motor control and dexterity

e Emotions Other people’s thoughts

Social perception
e Language
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Understanding the human brain

Broad functions

e \Vision

e Audio

e Motor control and dexterity

e Emotions

e Language Very distinct language regions
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Understanding the human brain

Broad functions

e Vision

e Audio

e Motor control and dexterity
e Emotions

e Language

Broadly recruited in math, logic,

¢ Multiple Demand system reasoning, learning like tasks

.
. . L]

. . . .

AAAAAAAAAAAAAAAAAAAAAA MITCSAIL



Understanding the human brain

Early 90s

Language
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Understanding the human brain

Current understanding

Motion

Language
Other People’s Thoughts

L+
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Central question - How do we really determine
how our brains are processing information we
perceive?

How does our brain give rise to our mind?

- Motion

- Person
? - Rto L motion
Mood
Health

.
.
. l .
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Central question - How do we really determine
how our brains are processing information we
perceive?

How does our brain give rise to our mind?

ENGLAND CAPTAIN David Beck-
ham claims any different forma-
tion against Wales tomorrow wil
be down to Sven-Goran Eriksson
- not player power - and called
for “a litle bit more respect” 10 be
shown to the England manager.

Eriksson has been experiment-
ingwitha 4-5-1 formation.in train-
ing this week ahead of the World
Cup qualifier in Cardiff, with Jer-
main Defoe set to lose out on a
starting place even though Mi-
chael Owen is suspended.

There has been speculation
that the reason for a planned tac-
tical shift is down to the England
players. But Beckham said: “It's
important to find different for-
mations because you come up
against different teams, especial-

ANYSCALE LEARNING FOR ALL

ly when you have players out or
injured. You have to compensate

Il for that, so if you have to play dif-

ferent roles you do what the man-

agersays.

“This whole player power thing
has come up this week but it's
nothing to do with that,” he con-
tinued. “It happens all the time—
if the manager decides he wants
a meeting with players to discuss
different formations or ways of
playing he calls a meeting. I think
a little bit more respect has to be
shown to the manager.

“He [Eriksson] picks the team
and formations. He discusses
things with players and players
appreciate that - but the final de-
cision is down to him and that's
the way it's always been.

Script
Language
Meaning
Style
Tone
Font
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Let’s work with vision. Face recognition in
particular
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Let’s work with vision. Face recognition in
particular

Hedy Lamarr

™ A7

-7 ™ Gregor Mendel
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Let’s work with vision. Face recognition in
particular

How does this happen?

Where exactly in the brain does this happen?
s it really specific to faces?

Is this an innate ability? Or does experience play a role?
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Let’s work with vision. Face recognition in
particular

How does this happen?

Where exactly in the brain does this happen?
s it really specific to faces?

Is this an innate ability? Or does experience play a role?

ALFA o
Fe el A A MITCSAIL



7 Nov 2019

DEMO
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A few famous faces will be shown for a short duration

Note down how many you recognize

Don’t shout out the names

AAAAAAAAAA ARNING FOR ALL MITCSAIL
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The unreasonable effectiveness of low tech
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Yin, Robert K. "Looking at upside-down faces." Journal of experimental
psychology 81.1 (1969): 141.
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Digging deeper - fMRI

State of the art to investigate which areas of the brain involved in an action
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Digging deeper - fMRI

Measures blood flow changes in a region of interest (ROI)
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Digging deeper - fMRI

0B
0.5
04t Its corresponding signal
Y
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0.2
0.1

I

% blood flow change

-7 100 200 300 400
Face shown to a subject Time, in ms
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Digging deeper - fMRI

Lots of pros and cons.
Major pro — Non-invasive; Time resolution
Major con — Time resolution; Spatial resolution

Absolute measurements meaningless. Comparative analysis.
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Designing TMRI experiments for face recognition

0.6
0.5 F

0.4 1
0.3

0.2
0.1

I

% blood flow change

100 200 200 400
Time, in ms
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Designing TMRI experiments for face recognition

0.6 F
0.5 F
0.4 1
0.3

% blood flow change

a0 200 300 400
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Designing TMRI experiments for face recognition
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Designing TMRI experiments for face recognition

A

Time (seconds) —*
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Designing TMRI experiments for face recognition

Any other sharper design? To test our hypothesis

ALFA o
Fe el A A MITCSAIL



7 Nov 2019

Designing TMRI experiments for face recognition

D
)
==
4]
= o
&)
G
c
o
7))
X

4—»

30 Time (seconds) —*

MITCSAIL



7 Nov 2019

Designing TMRI experiments for face recognition

Any other sharper design? To test our hypothesis
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A quick note on asking the right questions

Science is all about framing the right questions.

| made it seem obvious just now that face recog is possibly different from
general object detection.

Neuroscience works closely with the medical sciences. Need to be aware of
strange symptoms that occur in the area.

. ] Q
. - . .
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fMRI is not the end-game though

Activity in the region = Specialization
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fMRI is not the end-game though

Activity in the region = Specialization

?
Activity in the region <& Specialization
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A quick recap
- Ask the right questions. Important.

- Simple, low tech behavioral experiments can reveal startling things
about our brains. Good starting point.

- fMRI—a popular method to understand functional organization. Does
not show causality.

- Need to be careful in designing experiments for fMRI based studies.
Many things can go wrong.

e l .
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Alright, let us switch gears
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Programming

e Are there guidelines to designing a PL which maximizes information
exchange?

e How do you de-emphasize the machine aspect and increase human
aspect?

e How do you teach programming effectively?

e How do we keep track of concepts arising in a program? And how do we
reason through it?

e Do our brains work like the tools developed for machines (compilers,
intermediate datastructures) to understand programs?

-I .
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Programming

What’s so special about it?
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Programming

What’s so special about it?
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Programming
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Programming

Neuro

MITCSAIL
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Language / code comprehension

Programming statng po

. . ™)
characters/so et

- J

Perceptual processing

- . letters,

Word/token-level interpretation

: _ heilo o SRl
words G Al

Sentence/statement-level interpretation

< &
between D—D:D likes o

7)
End result

A , ing 3
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Text/program-level interpretation

Fedorenko, Ivanova et al, 2019
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Language / code comprehension

Programming

e ~
characters/so
e characters
J

Perceptual processing

e N
letters/phone ..., letters,

mes delimiters
. J/

The parallel didn’t show up for music or math.

(Fedorenko et al, 2011, 2012)

Text/program-level interpretation

links ]
vetween | | [ | “Sacrmene:
sentences

Fedorenko, Ivanova et al, 2019
End result

utterance program
. A‘l F A . [ meaning OOCD meaning ] [ﬂgh
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Understanding the human brain

Broad functions

e \ision

e Audio

e Motor control and dexterity
e Emotions

e Language

e Multiple Demand system

.
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Understanding the human brain

Broad functions

e Audio
e Motor control and dexterity ‘

e Emotions

math
—————————————————————————————— logic

spatial reasoning

e Language

e Multiple Demand system
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Experiment setup 1

e Get 50 of you enrolled in our experiments

e Give each of you a language test in an fMRI — Region L;

e Give each of you a programming test in an fMRI — Region P;

e Find the mean region of R1

e Find the mean region of R2

e If R1 and R2 coincide, you conclude that programming and languages are

processed in the same region

ALFA: o
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Experiment setup 1
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Experiment setup 1
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Experiment setup 1

Set up a functional localizer

. ALFA : . Fedorenko & Kanwisher, 2009; illustration adapted from Idan Blank
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Experiment setup 1

L4 P,
L P,
Lsg

ALFA MITCSAIL
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Experiment setup 2

filename = "alphabet.java"

B T Carol’s sweater is red. You and

Alex need to be quiet. I'll split this
print(modified[-1]) pie into two.

.
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Experiment setup 2

e Word-like variable names can be lighting up the language region
e Similar lengths of characters being processed
e String constants in the programs causing activation?

e Both stimuli coincidentally made you think of the same concept?
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What's a tighter design choice?

filename = "alphabet.java"

DL [ —— A file is named "alphabet.java". You

split the name at the dot character.

: 5
orint(modified[-1]) What is the last part of resultant split*

ALFA o
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What's a tighter design choice?

English identifiers Japanese identifiers
height = 5 sincho =5
weight = 100 taiju=100 _
bmi = weight / (height*height) keisu = taiju / (sincho’sincho)
print(bmi) print(keisu)

: ALFA oS %I L
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What do we see?
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sentence nonword sentence code
_ reading  reading problems problems
ALFA:
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What do we see?
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What do we see? .
61 Dt?
&
a
24 oo
MD system 2 %
o o
g
gz o . o
GGBOD
0| —8o0— o
0p ©
sentence . sentence  code
Logic tasks problems problems E’.{H

ALFA oS Trading MITCSAIL

ANYSCALE LEARNING FOR ALL



7 Nov 2019

Do variable names contribute to the activity we see?
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To conclude

e Fascinating area of research
e Lot many more questions to ask and answer

e We hope you are as intrigued by it as we are, and make a career finding
answers to such questions!
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MIT Tufts

Thanks!

Anna lvanova Yotaro Sueoka Hope Kean Riva Dhamala

shash@mit.edu

Marina Bers

Ev Fedorenko

Some slides adapted from Nancy Kanwisher’s course on The Human Brain (9.17, 2019)
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