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Automated research workflows for neuroscience

Level 1: Initial
Ad hoc processes
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» Ad hoc processes
« Bespoke development

Neuroscience Operations Maturity Roadmap

- N
Level 5: Optimizing
Closed-loop discovery

Level 4: Scalable
Automated workflows

Level 3: Defined
Shareable processes

Level 2: Managed
Established Processes
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Open-source ecosystems
FAIR data

FAIR workflows

Quality metrics

Experiment automation
DataOps pipelines
Collab environments
Teamflow

» Repeatable processes
« Role specialization
» Training programs

« Automated research workflows
« Al+thuman in the loop



Data Archives of the US BRAIN Initiative

* Increasing set of public data repositories

» For example, US BRAIN Initiative Archives

Nanoscale Structure Neurophysiology, Genomics, Macroscale Brain Human Electrical and Human Invasive
and Connectomics Behavior Transcriptomics  Structure and Function MEG Recordings Physiology
< NeM @ DABI
@ DAN DI | . Ncwg- A il Data Archive Brain Initiative
BossDB
900+ TBs Data 500+ TBs Data 390+ TBs Data 5700+ Datasets 12+ TBs Data 110+ Datasets
MICrONS
Minnie65 (2020)

Takemura Hemibrain (2020)
_ Bock etal. (2011)
White etal. (2011) He"r‘s;gﬁgte' MICrONS
et al. (1986) \ et al. ( ) Pinky (2018)
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eural Structure at Different Scales

MRI. 1 mm3: 1 byte X-ray. 1 mm3: ~1 gigabyte EM. 1 mm3: ~2 petabytes
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Voxel size: ~1 mm?3 Voxel size: ~1 um?3 Voxel size: ~270 nm?3



A quick introduction to the field

MICrONS (Machine Intelligence from Cortical Networks)

Post Mortem
Tissue
Collection

Tissue Slicing Structural Data:
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Tissue Imaging (/’
= Animal
Sacrifice Image Collating,
Alignment,
Stitching

Live Animal
Functional
Imaging
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Functional Data Structural Data
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BossDB Ecosystem

Nematode /" Multiple model organisms: Varying imaging modalities and scales:

Fruit Fly 7/@\0 * Invertebrates « EM, XRM, XNH Light Microscopy
\ » Vertebrates » Dataset size (0.001 — 400 TB)
Zebrafish ey « Mammals  Image extent (10 ym3 — 1 mm3)

Mouse &
Human a

« Image resolution (1 nm —1 ym)

Tk

Image Data Image, segmentation, annotation,
connectomics data:

* Image data (e.g., numpy array)
Meshes iﬁ » Image tiles / image files (e.g., *.PNG)

* Object data (e.g., numpy array)
Skeletons %z

Segmentation |

Image Data  \\/ork easily with sub-
volumes, cut-outs

5

-

» Connectome (e.g., *.CSV) Image Files
Connectome T5°\<\:‘ * Meshes (e.g., precompute data)

. o I
Visualization, Workflows, Standards, and more! https://bossdb.ora/
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https://bossdb.org/

BossDB — Open Data Storage

Data Storage
(AWS Open Data Program)

— 450M
400M
800TB
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700TB
300M
600TB
250M
500TB
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400TB
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300TB o
200TB 100M
100TB 50M
0 0
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intern SDK

e jntern SDK

- https://bossdb.org/tools/intern
= Python, compatible with Jupyter
= Node.js
= Julia (partial)
= Rust (partial)

- Connects with multiple community
resources (storage, visualization)

= DVID

= CloudVolume / precompute
= Neuroglancer

= syglass.io

- Facilitates ingests with a variety of
community data formats

=1
¢ M bossD 7/, DVID ¢ CloudVolume
= =) ] | p
Collection Experiment Channel DatalnstanceResource Jol R 5 Mec<hR o ﬁ &
Resource Resource Resource A
N . 1
boss APl L& Science APl L% ¢ & | storage API
A <P AP DA
2D Image Tiles 2D Image Tiles ata Changes Key-Value Image Data 2D & 3D Image Data 3D Meshes
3D Image Data age ) (Mutable & Immutable) 3D Data Objects
4D Image Dat: d D Metadata
3D al e Annotations
led Data Visualizati
Annotations (e
Data Vi
User Permissions
T I v u v v
intern SDK
I Volume Service I I Versioning Service I I Mesh Service I
a
a
a
A i
g Account I /7| Data Science
Administration | bossphorus .. | Notebooks
: -I Local Storage - 2
‘ 3 Local Caching :
. 'ﬁ Data - : N @ Algorithm &/
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P Visualization X 4\ Development & A
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Matelsky 2020 - https://www.biorxiv.org/content/10.1101/2020.05.15.098707v1
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« Multiple Data Visualization

N sl \ader : . : / :. e
O ptl O n S e Downlad ta rom BossDB.org Last Checkpoint: 6 mu(es ago (unsaved changes)
4 ; it View Inset  Cell Kemel  Widgets Help rust Python 3 O
- Neuroglancer e S, S8)[e [+ o
- syGlass.io
- Python

* Account-Free Data Access

Kuan & Phelps 2020, Witvliet 2021, MICrONS Minnie Dataset
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Neuroscience Workflows: Examples from EM

A. Cell Membrane Detectio
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Automated Workflow Management

« Software to execute a defined sequence of processing steps

Automated execution of computational steps

Computational dependencies captured as a Directed Acyclic Graph (DAG)

Simple example use case: automate execution of a series of scripts which are run every
time you collect new data

Hundreds of software solutions for this

- Academicn -Lfl OW s

https://github.com/nextflow-io/nextflow https://github.com/snakemake

- Commercial

i & Flyte g" PREFECT
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https://github.com/snakemake
https://github.com/nextflow-io/nextflow

Key Features of Workflow Management

* Workflow execution control- start, stop, restart, schedule
» Monitoring tools- cost, resources, execution success
» Scalable execution from local compute to clusters/cloud

« Some things to consider:
- Setup complexity
- Open-source?
- Can you share and version control workflows?
- What language is used to specify workflows?
- How are backend resources managed?
- What visualization tools are included?
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Comparing Low-cost Workflow Orchestration Systems

%@ Intern Lightning Talks — Nikoo Daiil

Tool

Prefect

Airflow

Luigi

Argo

Workflows

Nextflow

Snakemake

Description

Workflow orchestration
tool with a free open-

source version

Open-source platform for
authoring, scheduling,

and monitoring workflows

Open-source workflow
management tool by

Spotify

Open-source workflow
engine for running jobs in

Kubernetes

Workflow management
system for scalable and
reproducible scientific

workflows

Workflow management
system specifically for

bioinformatics workflows

Language

Python

Python
(with DSL)

Python
(with DSL)

YAML or
DSL

Groovy
(with DSL)

Python
(with DSL)

Features

Task dependencies, parameterization,
retries, dashboard, resource

management

Directed Acyclic Graphs (DAGs), web-
based Ul, task dependencies,

scheduling

Task dependencies, parameterization,

visualizing workflow, scheduling

Container-native workflows, complex
dependencies, parallelism, event-
driven triggers, integration with

Kubernetes

Scalable and distributed computing,
process isolation, dependency
management, compatibility with

Python and bioinformatics tools

Declarative rules, dynamic rule
generation, compatibility with Python
and bioinformatics tools, parallel and

distributed execution

17 August 2023
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Limitations of Workflow Management for Neuroscience

Workflow structure and definition domain specific

Managing heterogenous compute resources is a challenge

Adoption is not widespread in neuroscience/neuroimaging outside of —omics communities

Data management is a problem
- Data sources
- Data standards
- Intermediate data products

Possible approaches to overcome these challenges:
- Integration with Data Archives
- Data standards and standard APIs
- Structured data management (e.g. DataJoint)
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SABER: Workflow Management for Neuroimaging

«  Workflow management widely

used in bioinformatics = o
|19 ) ' L lDB
+ Galaxy , LrerCommands —> S55[ Condui :
- | : r >t »]
(https://usegalaxy.org/)isa ComiBRIE Scripte ; Compute
great example v | |Workflows _ B | i ,
. . : + : : Local Compute : Analyzed Results, Params
« Some long-established solutions | | cwsee A Vo ;
. 1 1 [
* ::IONI : —  Tools -> ‘ * : ): o_‘
* Nipypée : ' : - :
. . - Apache Airflow = g : )
« SABER aimed to integrate : Eﬁfifme X . A I R
e . [ Source 1 u Compute 1
standard definitions (Common e ey S—
Workflow Language), scalable ~ !| — Params I Visstzason 7 - : %;f
. 1 i EC2, Batch 1 L
management, and dockerized . E:ew;v;;om SRCEEEEETE *  bossDB
. 1 un s 1
tool Ilbrary . T SABER Repository ,

https://academic.oup.com/gigascience/article/9/12/giaa147/60427 30
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Example Tool — Cell Detection

* Docker-ized tool for detecting cell
bodies in X-Ray
Microtomography data.

« Leverages CWL'’s
DockerRequirement hintto
enforce latest image is used for
container creation.

« Defines required and optional
hyperparameters.

* Provides a standard interface for
future cell detection tools.

cwlVersion: v1.0
class: CommandLineTool
hints:
DockerRequirement:
dockerPull: aplbrain/xbrain:latest
baseCommand: python

arguments: ["/app/unsupervised_celldetect.py",

inputs:
input:
type: File
inputBinding:
position: 1
prefix: -i
output_name:
type: string
inputBinding:
position: 2
prefix: -o
dense_output_name:
type: string
inputBinding:
position: 3
prefix: --denseoutput
threshold:
type: float?
inputBinding:
prefix: --pthreshold
position: 4
stop:
type: float?
inputBinding:
prefix: —--presidual
position: 5
initial_template_size:
type: int?
inputBinding:
prefix: --spheresz
position: 6
dilation:
type: int?
inputBinding:
prefix: --dilationsz
position: 7
max_cells:
type: int?
inputBinding:
prefix: --maxnumcells
position: 8
outputs:
cell_detect_results:
type: File
outputBinding:
glob: $(inputs.output_name)
dense_output:
type: File
outputBinding:
glob: $(inputs.dense_output_name)

“"detect3D")
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Example Workflow — X-Ray U-Net Cell Detection

steps:

* A machine-learning workflow for Download T T
unsupervised cell detection: Data "
[pull_output]
* DAG defined by output dependencies e ;
specified in workflow CWL. Train Model
. [pull_output]
« score format hints allow for easy oI Uln (el i U
tracking of important performance y S J
metrics in logs. Deploy Model i PE—

on Test Data

Detect Cells

Calculate
Metrics

ou [me bility pl
hints:
saber:
_fo F
cell_detect:
run: / t [ 11_detect_3D_nos3.cwl
in:
ou [cell_detect_ lts, d p
etri
ru /t / up_ 3 1
in
ou [metr ]
hints:
saber:
f at: "F
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CWL Parser

Python based processor parser
Part of core SABER docker

Executed using SABER command line tools

Similar to CWL-Airflow project for genomics, but with key added features
- Resource aware (CPU/GPU)
- Can specify sweeps (in separate yaml parameter file from CWL)
= X
range:
start: 0
stop: 10000
step: 10
parameters:
- Xmin
- Xmax

« Can specify stdout flags with metrics values, for optimization of pipelines

W 2 April 2024 20



Next Steps: Integrated Workflow and Data Management

» Benefits of Workflow Managers

- Scalable execution
- Capture computation dependencies
- Manage large numbers of jobs efficiently

« Benefits of Data Management
- Access to archive
- Standardized types/formats
- Structured data storage and dependencies

« How can we combine these benefits?
e N\

W 2 April 2024 21



Example: Datadoint + Nextflow

Low-effort, easy set-up integration of

- Workflow management
- Data Management

nextflow provides
- Task definitions and execution

- Workflow definition and execution

https://github.com/aplbrain/neuroworkflows-demo

https://bossdb.org/

nexccflow

( P 1
I @vﬁ l
I BossDB |

\____/

Spatial
Data

(

,ﬁR&»R‘

I
Arbitrary

I Computations I

N e emgem =
LAnnotations

(~ " T T
: ) Datajoint |
|

\____/

2 April 2024
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Nextflow Example
nexiflow

Simply run the set-up.sh script to install nextflow, add it to your path, and run the docker-compose YAML. This { 1
script will take around 5 minutes to build the docker images. =~}
N

|
./set-up.sh & I BO SDB I
e e, e =
Then, run the nextflow workflow file located in the incf-demo/workflow directory. [S)Z?;ial
cd incf-demo/workf low 5 { - - -\
nextflow run incf-demo.nf -with-report report.html I f: RB - R I
Arbitrary
Computations
Annotations
r~ " T T
: : | i |
. https://github.com/aplbrain/neuroworkflows-demo : ) Datajoint :
* https://bossdb.org/ Semm———
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Nextflow Example

// Define the Nextflow process for downloading and processing data

process intern_pull {

container 'intern/pull’

// Define the Nextflow workf low
workflow {
intern_pull()

output:
path "$params.out_dir/data.npy"

R e L cc3d_annotate(intern_pull.out)

——bossdb_uri $params.bossdb_uri \

datajoint_push(cc3d_annotate.out)

——z_rng $params.z_rng \
—-y_rng $params.y_rng \
——x_rng $params.x_rng \

——output_dir $params.out_dir \
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Future Directions

« Continue to explore intersection of data and workflow
management

Connect to a range of archives | . .
Streamline process to create workflows } Dataj()lnt

Streamline process to create structure data given workflows

Explore impact for neuroinformatics n@<.tf| ow

2 Flyte

Reference Repos:
https://github.com/aplbrain/saber (CWL + Airflow, though a bit out of date!)
https://github.com/aplbrain/neuroworkflows-demo (nextflow)
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