
Understanding Computer Programs: 
Computational and Cognitive Perspectives

Shashank Srikant
Ph.D. Thesis Defense

9 May 2023

1



Shashank Srikant, CSAIL, MIT. 9 May 2023Shashank Srikant, CSAIL, MIT. 9 May 2023
2

Understanding 
programs

COMPUTATIONALCOGNITIVE 
NEUROSCIENCE

BRIDGE

Understanding Computer Programs: 
Computational and Cognitive Perspectives



Understanding 
programs

Model 
representation

3

COMPUTATIONAL

MACHINE 
LEARNING



Shashank Srikant, CSAIL, MIT. 9 May 2023 4

Code models

Input
representation

Model

Task

Model
representation



Code models
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Improving variable names

Raychev, V., Vechev, M., & Krause, A. (2015). Predicting program properties from" big code". ACM SIGPLAN Notices.
Zhou, Y., Liu, S., Siow, J., Du, X., & Liu, Y. Devign: Effective vulnerability identification by learning comprehensive program semantics via graph neural networks. NeurIPS 2019
Hellendoorn, V. J., Bird, C., Barr, E. T., & Allamanis, M. Deep learning type inference. FSE. 2018.
Gupta, Rahul, et al. "Deepfix: Fixing common c language errors by deep learning." Proceedings of the Thirty-First AAAI Conference on Artificial Intelligence. 2017.
Allamanis, M., Brockschmidt, M., & Khademi, M. (2017). Learning to represent programs with graphs. arXiv preprint arXiv:1711.00740.

Assignment grading and error fixing

Vulnerability detection Predicting types

Code autocompletion and 
summarization
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Overview

6. Can program/stimuli 
generation be optimized for 
cognitive behavior?

1. What is a test of a code 
model's basic understanding 
of code?

2. Can code models learn 
concurrent programs?

3. Which parts of our 
brains are involved in code 
comprehension?

4. Are program concepts 
encoded in the brain? 

5. What is “important” to 
programmers when 
reading code? 
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What is a test of a code model's basic 
understanding of code?

Computational perspective

Question 1
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Humans

def remove_extras ( lst ) :
new_list = [ ]
for item in lst:

if item not in new_list:
new_list . append( item )

return new_list
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Humans

def remove_extras (ABC ) :
new_list = [ ]
for item in ABC :

if item not in new_list:
new_list . append( item )

return new_list
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Code models?

def remove_extras (ABC ) :
new_list = [ ]
for item in ABC :

if item not in new_list:
new_list . append( item )

return new_list
?



A test for code models
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Where to modify? What to modify to?

Pperturbed = z . u + (1 - z) . P

where  Σ z ≤ k,   z ∈ [0, 1]n

Σ ui = 1, ui∈[0, 1]|V|
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An optimizable code modifier to test the 
basics of code model understandingContribution
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ICLR 2021

A code summarizer model misunderstood
30% of programs in which just one 
variable name was changed

Result



Shashank Srikant, CSAIL, MIT. 9 May 2023 17

Can code models learn concurrent programs?

Computational perspective

Question 2
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Data races
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Data 
races
Set of annotated 
execution traces

Idea 
Generate this larger set

No annotated datasets!
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Set of annotated 
execution traces

Idea 
Generate this larger set

Source bugs from 
concurrent programs in 

production

Use established data 
race detectors to create 
a true-positive dataset
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Inject races SMT solver

New, synthesized 
trace in our datasetInject a race
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SOAP 2023, PLDI

23

Contribution First steps at modeling concurrent 
programs and data races

Generated dataset contains examples 
which data race detection algorithms 
from the last 4 decades fail to detect

Result
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perspective
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Which parts of our brains are 
involved in code comprehension?

Question 3

Cog neuro perspective
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Human intelligence tasks

Describe the scene Speaker identification

This one is better than the old one. 

This one is better than nothing.

Sentiment analysis
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Human intelligence task?

def remove_extras ( lst ) :
new_list = [ ]
for item in lst:

if item not in new_list:
new_list . append( item )

return new_list
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Working 
memory

Logic

Math

General 
problem 
solving

Responds strongly 
to language

Across different 
modalities –

reading, writing, 
sign language

Multiple Demand 
system

Language
system
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group_data = [1, 5, 3]
num = 3

for value in group_data:
product = num*value

print(product)

You have observations from three 
experiments: 1, 5, and 3. 
You define a value 'product’. 
Starting from the first observation, the 
value will get updated as the product of 
the observation and three. 
After going through the three 
observations, what will the value be?
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Working 
memory

Logic

Math

General 
problem 
solving

Responds strongly 
to language

Across different 
modalities –

reading, writing, 
sign language

Multiple Demand 
system

Language
system

Result



Experiment design to separate out 
responses from language sensitive 
brain regions vs. others

Contribution

31

eLife, 2020
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Are program concepts encoded in the brain? 

Computational-Cog neuro bridge

Question 4
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Multiple Demand 
system

Language
system
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Multiple Demand 
system

Language
system

loops

branching

string-related 
operations

syntax, syntax tree
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Multiple Demand 
systemGeneral problem solving
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Multiple Demand 
systemGeneral problem solving
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Multiple Demand 
systemLogic Theorist - 1956

Allan 
Newell

Herbert 
Simon
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Multiple Demand 
system

loops

branching

data dependencies

…

Language
system

Result
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Decoding program concepts from the 
MD and LS

First steps at specifying the nature of 
stimuli the MD system responds to

39

Contribution

NeurIPS, 2022
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Machine 
representation

Behavioral, Neural 
representation
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Bridging the two perspectives

COMPUTATIONALCOGNITIVE 
NEUROSCIENCE
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What is “important” to 
programmers when reading code? 

Question 5

Computational-Cog neuro bridge
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Non experts Experts
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Non experts Experts

Can automate the discovery of beacons?

Can beacons help us understand more 
about code comprehension?
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Non experts Experts

Can automate the discovery of beacons?

Can beacons help us understand more 
about code comprehension?
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Experts
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?
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Demonstrates how to use code 
models as proxies of experts.

Helps understand our behavioral 
responses to code

48

Results

Human experts agree when identifying 
beacons (r = 0.5)

Model representations can predict 
these beacons (r = 0.7)

Contribution
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Can program/stimuli generation be 
optimized for cognitive behavior?

Question 6

Computational-Cog neuro bridge
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Hypothetical

Computational-Cog neuro bridge

Model which 
can predict 

beacons

Model which 
can predict 
mental load
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Can I generate programs which 

minimize # of beacons?

minimize mental load?
Model which 
can predict 

beacons

Model which 
can predict 
confusion
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Can I generate programs which 

minimize # of beacons?

minimize mental load?

Yes!
Model which 
can predict 

beacons

Model which 
can predict 
confusion
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Model which 
can predict 

beacons

Model which 
can predict 
confusion

COMPUTATIONAL

What is a test of a code 
model's basic understanding 
of code?
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Generate sentences that control 
brain responses!

In submission

sentence
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Contributions: Big picture
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Methods to test and improve 
code understanding in code 
models

First steps towards training 
code models to understand 
concurrent program behavior



Shashank Srikant, CSAIL, MIT. 9 May 2023

Contributions: Big picture

56

Better understanding of where 
code comprehension happens 
in the brain

Better understanding of what code 
properties are encoded in the brain

First steps at specifying the nature 
of stimuli the MD system responds 
to
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Contributions: Big picture

57

Using code models to better 
understand behavioral responses 
to code comprehension

Using models of human behavior 
to generate code

COGNITIVE
NEUROSCIENCE COMPUTATIONAL

COGNITIVE
NEUROSCIENCE COMPUTATIONAL
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Where to from here?

58

Probing code models for the concepts they acquire

Integrating the role of the MD system in model 
architecture design?
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Where to from here?

Other behavioral responses when understanding 
code. 
Models to explain these behaviors

59

What happens we write code? Debug code?
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The A-team
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My letter writers
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Family

Friends
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Machine 
learning

Programming 
Languages

Neuroscience
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6. Can program/stimuli 
generation be optimized for 
cognitive behavior?

1. What is a test of a code 
model's basic understanding 
of code?

2. Can code models learn 
concurrent programs?

3. Which parts of our 
brains are involved in code 
comprehension?

4. Are program concepts 
encoded in the brain? 

5. What is “important” to 
programmers when 
reading code? 

Questions


