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PhD requirements

• Breadth course requirement - intended to ensure broad 
knowledge of computer science


• Depth requirement - oral qualifying exam presentation with a 
written report, to ensure the student's ability to do research


• Thesis proposal - Written report + oral presentation about the 
proposal


• Thesis - Written dissertation that must be approved by a 
dissertation guidance committee + oral defense


• Credit requirements - 75 total credits needed, 24 of which must 
come from courses (each course is 3-4 credits)



Breadth course requirement - “Do you know general topics in CS?”


• 4 courses from the approved list of courses:


• At least 1 theory


• Design and Analysis of Algorithms II CS-GY 6043 (If not already taken previously)


• Algorithmic Machine Learning and Data Science CS-GY 6763 (If algorithms II already taken)


• At least 2 applications


• Computer Vision CS-GY 6643 (Taught by me - offerred in fall only)


• Machine Learning CS-GY 6923


• Deep Learning CS-GY 6953


• Neuroinformatics CS-GY 9223 (Lab course - offerred in spring only)


• 2 “free choice” courses (suggested ones below)


• Computational Neuroscience NEURL-GA 3042


• Bioinformatics and Genomes BIOL-GA 1127


• Caveats: A or A- in a graduate course at another university with standards comparable to those at NYU, 
can use that course in lieu of taking the course on the approved list. 


• Equivalent courses can be taken in any of the NYU schools i.e. CAS, CDS or Courant.



You can take courses at 
nearby engineering schools 
after year 1 



Depth requirement - “can you do research?”


• Must be done before end of year 2 

• oral qualifying exam presentation


• Must make a presentation about “original” research


• Written report about research


• 30 minutes oral examination about coursework topics



Thesis proposal - “do you have a coherent research story?”


• Typically done in year 4.


• Must form a thesis commitee of >3 faculty (ideally 1 
external)


• Written report that outlines research aims


• Oral presentation to thesis committee (45 minutes)




Thesis - “Have you generated new knowledge with rigor?”


• Year 5.


• Written dissertation with abstract, intro, chapters and 
future directions.


• Oral presentation to thesis committee (45 minutes)



Credit requirements - “Have you spent enough time?”


• Total 75 credits needed


• 24 course credits (18 will automatically come from 
breadth requirement)


• At least 21 dissertation credits


• On average, each semester is about 9 credits (3 courses).


• 75/18 ~ 9 semesters - 4.5 years of minimum time
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Optimal experimental design
Validation

Neuroinformatics: Research projects at the interface of 
computer science with neuroscience / health informatics

Interpretability

Paninski, Cunningham (Current Opinion in Neurobiology 2018)

Registration
Segmentation

Encoding/decoding
Factor modeling
ConnectivityImputation

Computation

Scientific insight

Clinical insight

Experiment

Neuroscience inspired AI



Whole brain Circuits

Spatial resolution
~1nm~1um~1mm

Biomedical data from multiple scales 

Molecules



Too much data! We need to reinvent our toolboxes.

n>500,000

n>1200

n>10,000

Lecoq et al. J.Neurosci 2019



Specific challenge 1: Heterogeneity

n>500,000

n>1200

n>10,000

Lecoq et al. J.Neurosci 2019



Interpreting the heterogeneity of large scale health records / 
imaging datasets

Yang, Wen, Davatzikos (ICLR 2022)

Wen, Varol et al. (Medical Image Analysis 2022)



• Novel supervised clustering method for parsing 
heterogeneity.


• Interpretable non-linearity with convex polytope 
decision boundary


• Discovery of novel subtypes of neuropsychiatric 
diseases.


• New multi-scale and non-linear variants. 

• Future work: 


• Connectivity


• Longitudinal data (ABCD study)


• Digital health records


• New modalities e.g. EEG and wearables

Patient subtype 2

Patient subtype 1

Controls

Patient subtype 3

HYDRA  
(Varol 2017)

Joint 
classification 
and clustering

Clinical applications

v
Alzheimer’s  

Disease 
(Varol 2017,  
Dong 2017, 
Habes 2020)

Schizophrenia 
(Chand  

2020,2022 
Dywer 2018, 

Schnack 2019)

Depression (Kaczkurkin 2020, Wen 2022)

Autism spectrum disorder (Itahashi 2020)

Contributions and future work



Specific challenge 2: New modalities need new tools

n>500,000

n>1200

n>10,000

Lecoq et al. J.Neurosci 2019



Neuropixels: a high-density electrode array 
Electrophysiology at unprecedented spatial resolution

J.J. Jun et al. (Nature, 2016)
(Animation by A. Paulk / MGH)

(Windolf,…, Varol, 2023) 



Alpha (normalized)

1

2

3

4

Z (um)

3

1

2

4
Y 

(u
m

)

X (um)

GPS Localization

2

1

3

4

GPS localization: 
Improves signal source separation

Center of Mass

X (um)

Y 
(u

m
)

Boussard*, Varol* et al. (NeurIPS’21)

(Animation by A. Paulk / MGH)



Efficient visualization of neural circuit morphology

(Credit: Cyrille Rosant @IBL)



Contributions and future work

• Novel neural spiking localization model


• Spatial information improves segmentation


• Image representation of voltage


• Novel motion correction technique with decentralized registration


• Large scale GPU based visualization


• Future work: 


• spike sorting 

• multi-animal alignment 

• task prediction via deep learning 

• human trials (MGH collaboration + Michael Long @ NYU)
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Specifi

n>500,000

n>1200

n>10,000

Lecoq et al. J.Neurosci 2019



?

If we measure genetics + brain signals simultaneously, can we 
relate the two?



In C. Elegans we can ask a more specific question: 
What are the genetic rules of connectivity?

(Animation: Witvliet et al. Nature 2021)

Complete connectomeComplete genome 

Yemini,…,Varol et al. 2021

Taylor,…,Varol et al. 2021

Reilly,…,Varol et al. 2020



In C. Elegans we can ask a more specific question: 
What are the genetic rules of connectivity?

(Animation: Witvliet et al. Nature 2021)
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New challenges: Another fully mapped connectome  
(D. melanogaster) - Can we decode its genetic 

blueprint?

Winding et al. 2023 - Science

https://www.science.org/doi/10.1126/science.add9330#con1


New challenges: Growing number of genes + number of neurons 
in spatial transcriptomics. Can we infer local connectivity/
proximity using gene expression? Can we infer functional 

correlation/connectivity from genetics?

Bugeon et al. Nature 2022



Chen,…,Paninski, Varol (ICASSP ’23)

We need to register connectomic data with genomic imaging: 
New multi-modal registration technique to integrate functional 
calcium activity with gene expression in mouse hippocampus



Output: Network connectivity

Datasets:  
UKBiobank (>50K subjects), 

HCP (>1K subjects), 

ABCD (>12K subjects)

Can we read out connectivity from DNA sequence?



• Integration of connectomics with genomics


• Tractable inference with bilinear regression


• Biologically plausible network sampling


• Testable genetic predictions


• Novel causal genes discovered


• Future work:  

• functional connectomics


• more complex brains (fruitfly - Claude 
Desplan @ NYU, mouse, human)

Network differential gene expression (nDGE) 
(Taylor,…,Varol 2021)

Actual  
Links

Link  
deletion Rewiring

Statistical significance

Null distribution 
generation

Genetic to functional cross-modal registration 
Chen, Paninski, Varol (In review)

Contributions and future work
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Fellowships

Deadline: December 
Stipend support: $27,000 x 3 years 

Deadline: October 
Stipend support: $37,000 x 3 years

Deadline: December 
Stipend support: $27,000 x 3 years

Deadline: October - December 
Stipend support: $27,000 x 2 years 

Deadline: October 
Stipend support: $40,800 x 3 years

Deadline: October 
Stipend support: $250K / 5 years

…and more



http://fellowship-opportunities.engineering.nyu.edu/graduate/ 

http://fellowship-opportunities.engineering.nyu.edu/graduate/
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My “advisory” network when I was a grad-student/post-doc

PhD advisor



Lab organization (in the perspective of a PhD student)

Other PhD students
PI

PhD Student

Postdoc

Advisory board Collaborators



Lab schedule

Monday Individual 1hr meetings with 
students / collaborators Flexible timing

Tuesday Individual 1hr meetings with 
students / collaborators Flexible timing

Wednesday Individual 1hr meetings with 
students / collaborators Flexible timing

Thursday Journal club
1 student presents a 

relevant paper to their 
research (rotated)

Friday Lab meeting 1 student presents research 
updates (rotated)

After-hours / flexible mentoring support on Slack/Discord neuroinfolab.slack.com

http://neuroinfolab.slack.com
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• We believe that better ideas emerge in science 
and engineering by a diverse ensemble of 
creators. We acknowledge that socioeconomic 
status, race, gender, and culture can be serious 
barriers of entry and we are committed to making 
an active effort to overcome these obstacles. 
Areas in which we aim to make impact are:


• Hiring - have diverse lab demographics 
through hiring.


• Outreach - encourage the next generation of 
scientists / engineerings through NYC high 
school mentoring programs (ARISE program)


• Authorship - have equitable authorship lists.


• Invited talks - we will invite underrepresented 
populations at the postdoc/faculty level to 
give talks at NYU and expand their network.

Diversity statement

Signed: E. Varol (Spring ’23)

Artwork by Sammy Katta
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A

(Animation: Angelique Paulk/MGH)

Mathis et al. Nature Neuroscience 2018 Edlow et al. Scientific Data 2019

Collaborators

(Animation: Hillman Lab/Columbia)

Animation: Macosko/Chen Labs



A

(Animation: Hillman Lab/Columbia) 43

Local and non-local collaborators
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Expectations

• State intention to submit fellowship applications before September ’23 so we can plan accordingly. 
Especially encouraged for students who want to pursue post-doc/faculty positions later.


• “Rotation” through 1-2 projects in the first year before choosing thesis direction


• By the end of “rotations”, student is expected to either 


• 1. Select a thesis direction from the existing project directions


• 2. Propose a new one with some supporting data


• This is to facillitate setting up the necessary advisory board / collaborators for student by the start 
of 2nd year.


• 3 research projects for thesis


• Each project =  At least 1 conference paper or 1 journal paper (as deemed appropriate). Can be 
more.


• 1st research project pre-print by end of 2nd year (this is part of the depth requirement)


• Show up to lab meeting (please)


• Contribute to revising this document at the end of each year (especially diversity)
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Year 1 Year 2 Year 3 Year 4 Year 5

Take courses Take courses Take courses 
(optional)

Take courses 
(optional)

Take courses 
(optional)

Apply to

fellowships

Apply to pre/
post-doctoral


transition awards

Apply to pre/
post-doctoral


transition awards
Apply to 

internships
Apply to 

internships

Start project 1 Start project 2 Start project 3

Submit paper 1 Submit paper 2 Submit paper 3

Travel to 
conferences

Travel to 
conferences

Travel to 
conferences

Travel to 
conferences

Qual Thesis proposal Thesis defense

Typical timeline



Example of Phd progression



Actual example

• Starting point (2019): interest in spatial 
genomics, thesis idea: not clear yet


• First project (2021): Counting gene 
spots in spatial genomics data


• Second project (2022): Segmenting cell 
shapes from spatial genomics


• Third project (2023): Matching spatial 
genomics with functional imaging


• Thesis idea emerges: Tying function 
to genomics


• Fourth project (~2024): Building a 
network model of mouse brains using 
genetics


• Thesis: Genetic blueprint of the 
mouse hippocampus

Shuonan
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The path also isn’t a “path” but a tree

Thesis

Collaborative paper 

Collaborative paper 



Actual exampleAmin

Thesis chapter

Thesis chapter

Thesis

Thesis chapter

Cell paper

Development paper


