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Challenges facing scientific research today

Data is bigger than ever

DATA EXPLOSION

The amount of genetic sequencing data stored

THE BIG CHALLENGES
OF BIGDATA o ST e e

Asthey grapple with increasingly large data sets, 2 O O
biologists and computer scientists uncork new bottlenecks.

SOURCE: EMBL-EBI

Sequencers begin
giving flurries of data

Terabases

2004 2006 2008 2010 2012

Marx, V. The big challenges of big data. Nature 498, 255-260 (2013). https://doi.org/10.1038/498255a



https://www.nature.com/articles/498255a
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Challenges facing scientific research today

Research is a collaborative effort — more than ever today

1900~1924 }

2000~2015¢

A Century of Science: Globalization of Scientific Collaborations, Citations, and Innovations
Yuxiao Dong, Hao Ma, Zhihong Shen, Kuansan Wang, Microsoft Research. https://doi.org/10.1145/3097983.3098016



https://doi.org/10.1145/3097983.3098016
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Open Science is an attempt to address these challenges
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Open Science requires a combined effort of many stakeholders

Open Infrastructure MATLAB on Science Gateways
MATLAB on Jupyter
MATLAB on HPC infrastructure

Diverse data formats
Public open data sets
Big Data

e [nteroperable Workflows

* Interoperable MATLAB code
* Deep Learning in MATLAB

Open Source MATLAB Toolboxes Reproducible
Runnable MATLAB on GitHub

MATLAB on reproducibility portals Results

MathWorks support for community
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How scientists use MATLAB for Open Science
Using Open Data
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Diverse uses of animal movement data for predictions and planning

M-::-&V-E-BANK

for animal tracking data
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Image: CC-BY-SA 3.0 License. Wikimedia
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https://en.wikipedia.org/wiki/Animal_migration
https://www.movebank.org/cms/movebank-main
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ECODATA Animate: enabling users visualize animal movement data
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® Alcesalces ‘

l App: download and install for all + open code on GitHub

0.9

MaVEBANK

for animal tracking data

2 @

Welcome to ECODATA-Animate’s
documentation!

ECODATA - Animate

06 ECODATA-Animate
L Veg etat|0n ECODATA-Animate is a MATLAB® program for creating customized animated maps of animal
MYD13A1 V061 movements. The program creates image frames that can be animated using the ECODATA-Prepare

-

Movie Maker App. Define track visualization options and include additional layers from raster files,
shapefiles, an elevation model and label lists. See ECODATA-Prepare for additional tools for preparing
S o input data. Development is supported by MathWorks® and the NASA Earth Science Division, Ecological
Forecasting Program, as part of the Room to Roam: Y2Y Wildlife Movements project.

MODIS/Aqua Vegetation Indices 16-Day L3 Global 500 m SIN Grid

o
[$)]
500m 16 days NDVI

Check out the documentation! App documentation Developer guide

L
.
w

NoRA National Centers for
V Environmental Information
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

TOpog ra phy Note: ECODATA-Animate is in the early stages of development, and any feedback is we
have any suggestions or feature requests, enounter any bugs, or come across place
documentation is unclear, please submit a GitHub issue.

-

Home Products Services Resources News About Contact

ETOPO1 1 Arc-Minute Global Relief Model

“I think MathWorks really got it right. Whatever we make can be
compiled into an app with an executable. That app can be shared
and does not require you to be a licensed user. For those who might
0 want to work on the code further, we will publish the MATLAB code
B base.” — Gil Bohrer, Pl, Ecodata/Prof. Ohio State University
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https://ecodata-animate.readthedocs.io/en/latest/

The Brain Observatory Toolbox: an

Allen Brain Observatory - Visual Coding AWS Public Data Set

cecrophysology rewobioiosy signa processg

Description

The Allen Brain Observatory — Visual Coding is a large-scale, standardized survey of
physiological activity across the mouse visual cortex, hippocampus, and thalamus. It
includes datasets collected with both two-photon imaging and Neuropixels probes, two
complementary techniques for measuring the activity of neurons in vivo. The two-
photon imaging dataset features visually evoked calcium responses from GCaMP6-
expressing neurons in a range of cortical layers, visual areas, and Cre lines. The
Neuropixels dataset features spiking activity from distributed cortical and subcortical
brain regions, collected under analogous conditions to the two-photon imaging
experiments. We hope that experimentalists and modelers will use these
comprehensive, open datasets as a testbed for theories of visual information

processing.
Brain Observatory Toolbox

Update Frequency
Annually

License

Resources on AWS

Description
Project data files in a public bucket

Resource type
S3 Bucket

Amazon Resource Name (ARN)
arn:aws:s3:::allen-brain-observatory

AWS Region

us-west-2

AWS CLI Access (No AWS account required)

Open Source

interface to public cloud data

Cloud workflow — no downloads
Uses the AWS Open Data Registry

Obtain Session of Interest

From the table of filtered items, one or more specific items can be obtained for further examination using the bot.get()

functions:

sessionUnderStudy = bot.getSessions(filteredSessions(1,:));
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Downloading file: [https://allen-brain-observatory.s3.us-west-2.amazonaws.com/visual-coding-2p/ophys_experiment_data/50341
to cache location: /external/neuralcoding/prod6/specimen_495727000/ophys_experiment_503412730/503412730.nwb. ..

http://www.alleninstitute.org/ A MATLAB toolbox for accessing and using the neural recording public datasets from the Allen Brain Observatory'.

Documentation
M Get oriented and get started with 3 lines of code. You can:

+ Open in MATLAB Online

+ Enter >>bot.README on your own local/cloud installation

Either will orient you to several live script examples available to guide new users, including demos of neural data analysis

You can also individually view (%)) or run (@) these examples on MATLAB Online:

Example Type = Data Type View  Run
« Quickstart  Calcium Imaging (Ophys) %) [»]
£ Demo Calcium Imaging (Ophys) %) [»]
© Tutorial Calcium Imaging (Ophys) % o

AWS open data reqistry
Brain Observatory Toolbox

Data Type

View

Neuropixels Probe (Ephys) &%

Neuropixels Probe (Ephys) 9

Neuropixels Probe (Ephys) &%

Run
o
*)
*)

sessionUnderStudy.info

ans = struct with fields:
id:
experiment_container_id:
stimulus_name:
targeted_structure_acronym:
fail_eye_tracking:
imaging_depth:
cre_line:
date_of_acquisition:
name:
specimen_id:
experiment_container:
specimen:
targeted_structure:
well known_files:

503412730
511510695
three_session_/
VISal

0

175
"Cux2-CreERT2"
23-Feb-2016 19:
"20160223_2224.
495727000

[1x1 struct]
[1x1 struct]
[1x1 struct]
[3x1 struct]

dF/FO
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https://registry.opendata.aws/allen-brain-observatory/
https://www.mathworks.com/matlabcentral/fileexchange/90900-brain-observatory-toolbox

How scientists use MATLAB for Open Science
Accessing Open Infrastructure
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Accessing Open Infrastructure —

MATLAB kernel on EISCAT3D JupyterHub

Server Options

O Default EGI environment - 6 GB RAM / 2 core
The Default notebook environment includes Python, R, Julia and Octave kernels

O MATLAB Environment (Basic) - 4GB RAM / 4 cores

JEISCAT. 30 Karesuydnto The MATLAB environment (requires a valid license), includes Python and MATLAB kernels

O MATLAB Environment (Full) - 4GB RAM / 4 cores
The MATLAB environment (requires a valid license), includes Python, MATLAB kernels and additional MATLAB
packages

© EISCAT environment - 4 GB RAM / 2 cores

The EISCAT environment.

e +
c
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7= 3%(1-x).72.%exp(-(x.”2) - (y+1).%2) ...
- 10*%(x/5 - x."3 - y."5).*exp(-X."2-y."2) ...

- 1/3%exp(-(x+1).72 - y."2)
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EDITOR
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<€\ Open MATLAB
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Search (Ciri+Shift+Space)

A

Python 3
(ipykernel)

<

MATLAB Kernel

D

desktop (]

O

Octave Open MATLAB
%]

. Console

<

o

The EISCAT integration of Matlab into Jupyter is o ||
the perfect tool for new (and old) users and is a
window to Open Science and FAIR principles. = M @A

- Ingemar Haggstrom, Head of Operations

@ Is
rELEIER B o
NenRopen el llGoo bt Run un anc/Agvance Step
S [ Bookmark ~ Section Il Run to End
FILE NAVIGATE cobE SECTION RUN
& > B [0/ > opt > conda > Ib > python3.10 » site-packages > matlab_proxy > matiab
v Current Folder © | guisdapm » GUIDITORm | guisdap_specm * | Contentsm »| RTGo.m » README x | matlabrem » +
Name = % 1 Guisdap 9.2
S iz Bl = - d bugfi but thing is mad tibl
3 = and bugfixes, but everything is made compatible
» O gup (GUISDAR for,dummies) *Fsnould be compatible with not too ancient Matlab
3 mydata < File Edit View Insert Tools be some problems on specific platforms.
O3 rosuts {NaEanBsE
» O3 shared_data = linux. The software is available as a git repository,
ata path  shared_datalpreviousieata_cp1_2.0u_NOg
N d pal = .P1 200 NG Ecompiled precompiled packages,.
1Start time 2019 04 02 00 00 00 r best performance it's adviced to compile the git script
ifs(op time 201904 02 1000 00
Elsp expr Vs2 ~
NeSite & =
'e-Result path /home/jovyan/tmp/AUTO
v Workspace © |treal time
i Name i Value i Size #iClass P
»>Integration tin
B ans 0 0x0 double »>Disp figures T
) data_path ‘/homefjovya... 1x17 char S T
%a_Offsetppd=;
&) GUP_ver  '9.2-192-0b... 1x21 char L Ofislppd
[ hatsver — '1.0.0° 5 char Special
ocal  ixtstwet it struct pe
5 name_expr [] 00 double
5 name_site (] 00 double
& path_exps '/optiguisdap... 1x18 char
[ path_GUP  optiguisdap’  1x12 char
Show Contextual & path_tmp  homefjovya... 1x17 char
elp

14
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Accessing Open Infrastructure: MathWorks reference architectures
Build your own integration

MathWorks Reference Architectures

Templates for running MATLAB and related products in the public cloud and interfaces with third party technologies.

A2 54 followers @ https://mathworks.com/cloud

d Repositories 48 3 projects @ Packages A People 42

() Overview

Pinned

(] matlab-on-aws = Public ] matlab-parallel-server-on-aws ' Public
Stand up a MATLAB desktop with Remote Desktop access using AWS Stand up a MATLAB Parallel Server cluster using CloudFormation

CloudFormation

@OHCL w92 %38 Oshell Yr28 %12

(] matlab-on-azure ' Public

] matlab-production-server-on-aws = Public
Stand up a MATLAB desktop with Remote Desktop access using Azure

Stand up a MATLAB Production Server using CloudFormation
Deployment

@ Powershell Y¢31 %13

@®Python w21 %5

MathWorks reference architectures



https://github.com/mathworks-ref-arch
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Accessing Open Infrastructure

Using HPC does not have to disrupt your research

More Similar

Likeness to traditional HPC workflows*

Run MATLAB on the cluster via batch or
interactively using the scheduler

Submit work from MATLAB client to
cluster running MATLAB Parallel Server

Required User Knowledge:

Required Knowledge: PN

« MATLAB _ « MATLAB

» Shell

» Scheduler 7

* File transfer % i % ::u uu ::::

Tl— 4 e
— — ==
Ease of use for MATLAB users Less Difﬁcult>

* Cluster scheduler manages workload for all options on this spectrum

MATLAB Parallel Server

16


https://www.mathworks.com/products/matlab-parallel-server.html
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University of Cambridge Accelerates Neuroimaging ER
Data Analysis to Study Healthy Cognitive Aging "

Challenge
Analyze terabytes of MRl and MEG imaging data for
a study on cognitive abilities in old age

Solution
Use MATLAB to process the data on a high-

performance computing cluster and to apply
advanced statistical, optimization, and machine

lea rning teChnlqueS Structural MRI images of the brain of a typical healthy 19-year
old (left) and typical healthy 86-year old (right).

Results
= Multistep image processing pipeline automated “MATLAB Parallel Server not only reduces processing time; it
= Data analysis accelerated on a 1200-core cluster also lowers the barrier to entry into parallel computing—an
= Key influences on late-life cognitive health important consideration given the wide range of technical
identified abilities among our scientists.”

- Richard Henson, University of Cambridge

Link to technical article

17


https://www.mathworks.com/company/newsletters/articles/accelerating-the-analysis-of-neuroimaging-data-to-study-healthy-cognitive-aging.html
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Create Interoperable Workflows

A’L4714 8

L/

Why researchers often need more than one tool
= Use functionality of one in another

= Run code available in another language (hybrid workflows)
= Collaborate

. Call MATLAB from Python

$ pip install matlabengine
>>> import matlab.engine

Call Python from MATLAB

>>> py.math.sqrt(42)

>>> m = matlab.engine.start matlab() >>> py.importlib.import_module()

>>> X = m.sqrt(42)

Using MATLAB with Python

18


https://www.mathworks.com/products/matlab/matlab-and-python.html

Create Interoperable Workflows

Import DL models from other frameworks

MATLAB

[ Tensorflow ]<—>

Chainer

4—[ Pytorch ]

\. S

importTensorFlowNetwork

.

4 N
P  MXNet
\. J
\f N
Cognitive
Toolkit

J

&\ MathWorks:

Pre-built containers on Docker-Hub

-==- dockerhub Q, Search Docker Hub

Explore mathworks/matlab

mathworks/matlab £ VERIFIED PUBLISHER Y

By MathWorks + Updated a month ago

Docker container for MATLAB

Image

MATLAB Container on Docker Hub

Access MATLAB® on the cloud or in server environments by using the MATLAB container
available on Docker Hub. The MATLAB container provides a simple and flexible solution to
run MATLAB in cloud environments such as AWS® or Microsoft® Azure®. For more
information on containers, see What is a Container?.

importNetworkFromPytorch

importONNXNetwork

Interoperable with DL frameworks

MATLAB containers on DockerHub

19


https://www.mathworks.com/help/deeplearning/ug/interoperability-between-deep-learning-toolbox-tensorflow-pytorch-and-onnx.html
https://www.mathworks.com/help/cloudcenter/ug/matlab-container-on-docker-hub.html
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Publishing Reproducible Results: runnable code on GitHub

‘= README.md Y

. . ® i
| Open | L Exchange @ HOME PLOTS APPS LIVE EDITOR INSERT VIEW Search (Ctrl+S

ED:I ﬁ ¢>” €5 = Title ~ @ r{@r’Re‘fictc?r = [3 section Break l> @> 7‘

i - y Ri d Ad
New Open Save | GoTo Q gind Text Code Control Task Run Section [g] un an vance Run Step Stop

Brain Observatory TOOIbO)‘ ) FlE ) i EAV‘TZZ::NI( ) XT i COvDE ; z%]::gsmhd ) RUN

< = ﬁ ﬁ & / > MATLAB Drive > Repositories » Brain-Observatory-Toolbox »

. . ¥ Current Folder o
A MATLAB toolbox for accessing and using the neural wame
[) README.md

%’ Get started with the EphysQuickstart & OphysQu O LIcENsE

D Contents.m

readGWOSCdataAPI_repo.mix README.mix x| +

Getting Started with the Brain Observatory Toolbox (BOT)

The Brain Observatory Toolbox is a a MATLAB toolbox for accessing and using the public neural recording datasets from the

Live script examples are available to help you get started:

» O3 tutorials
<) See the Brain Observatory Toolbox applied to neu » t3 quiskstarts
» (3 demos
» 3 +bot

= 7 Get started quickly with the OphysQuickstart & EphysQuickstart guides.

EJ Learn how to use the Brain Observatory Toolbox v

Accessible for all, not just licensed MATLAB users!

## The Brain Observatory Toolbox is at an early stage

releases. Brain Observatory Toolbox in 3 Lines of Code
¥ Workspace o The basic workflow of the BOT can also be illustrated in just three lines of code:
QueStlons’ SuggeStlonS’ and Other feedbaCk are hlghly&:Name VAT B EEEES 1 availSessions = bot.listSessions('ophys'); % View table listing available ophys session items
2 sessionuUnderStudy = bot.getSessions(availSessions(1,:)); % Obtain object representing first availa

3 disp(sessionUnderStudy); % View properties of the first available session item

OphysSession with properties:

info: [1x1 struct]
id: 496908818
session_type: three_session_B

Open in MATLAB Online

[![Open in MATLAB Online] (https://www.mathworks.com/images/responsive/global/open-in-matlab-
online.svg)] (https://matlab.mathworks.com/open/github/vl1?repo=<authorname/reponame>&file=<path
/to/filename.mlx>&line=88)

20



4\ MathWorks

Make your MATLAB code reusable and reproducible Co
Use a reproducibility portal that supports MATLAB

= o CODE OCEAN

E-BOOK: The Three Cornerstone of High-Throughput Collaboration — GET THE E-BOOK

Article | Published: 13 April 2020

CO CODE OCEAN Product  Solution v  Resources

. . |Deepvariational networkforrapid 4D flow MRI

Discovel
° ry

areconstruction

LECELCLLEETT3E ) @
5

0 I N N A N A N I N NN Academia

Valery Vishnevskiy , Jonas Walheim & Sebastian Kozerke

Faster, More Collaborative §\; e
ComPUtatlonql Research \ Ilbi/‘ Nature Machine Intelligence 2, 228-235 (2020) ’ Cite this article

Achieve Higher Quality Discoveries With Code Ocean -

i
® '“

TN e,

2242 Accesses ‘ 16 Citations ’ 58 Altmetric ‘ Metrics

Download Collaborative Research E-Book

NV =

(6000 0 0 000 00 ) S
IR S —

Data availability

The code for the network training and inference used in this study as well as network weights

MATLARB on Code Ocean Where Great are available online from CodeOcean together with volunteer data:

Created https://codeocean.com/capsule/0115983/tree*®. The code for analysis is available on

CodeOcean from https://codeocean.com/capsule/2587940/tree®2.
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https://codeocean.com/explore?query=matlab&page=1&filter=all

co @ VNFLOW MATLAB analysis ( Valery Vishnevskiy, Jonas Walheim & Sebastian Kozerke )

Capsule File

O & ®

O

Do

£ ©

Files

Tabs

Help
+ m®m 1

Core Files ®
> metadata
» & environment
v [ code
» [ utils
< CREATE_FIGURES.m
< init_globals.m
[ LICENSE
< prospective_figures.m
B run
< vol_figures.m
< vol_table.m
v [ data Manage Datasets
» [ prospective
» [ volunteer
[ LICENSE
[ .gitignore
Results ®
> [J results
Other Files ®

(]

1000 B
498 B
68.78 KB
45.54 KB
67 B
466 B
1.04 KB
5.82 KB
206 B
10.97 KB

4.67 KB

O 0000000000

58.37 GB
4.5GB
53.86 GB
6.4 KB

7B @

1.51 MB

Metadata X

Metadata

(Computerscience " VNFLOW MATLAB analysis

Valery Vishnevskiy, Jonas Walheim, Sebastian

‘ ¢ Edit Capsule H o ’

(®) Reproducible Run

or launch a cloud workstation

'volunteer/retro_datal @

'volunteer/recon/'];

'volunteer/recon/figs/"]
'volunteer/figs/'];

sprintf('%srecon_R%d_volN%d_vn.mat"',

L\
< vol_figuresm X

1 simul_path = [base_data_path,
2 recon_path = [base_data_path,
3 % bpath = [base_data_path,

4 bpath = [results_path,

5

6

7 errors_llr = struct();

8 errors_Ham = struct();

9 errors_vn = struct();
10 for ip = 7 % single volunteer
11 for ir = 5 % R=14
12 Rfact = R_list(ir);
13
14 pth =
15 rec = load(pth);
16 imrecon =
17 im_vn = imrecon;
18
19
20 rec = load(pth);
21 imrecon =
22 im_Ham = imrecon;

squeeze(permute(rec.imrecon, ndims(rec.imrecon):-1:1));

pth = sprintf('%srecon_R%d_volN%d_Ham.mat',

squeeze(permute(rec.imrecon, ndims(rec.imrecon):-1:1));

O}

Timeline

Aiigipnpoaday

recon_path, Rfact, ip);

recon_path, Rfact, ip);

4\ MathWorks
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MathWorks: hosting and funding open source community projects

File Exchange: Hosting > 40,000 open
source community toolboxes

@\ MathWorks®  Froducts  Sotuions  Acscemia  Support Communiy  Events

File Exchange

7L

117 Ratings

559 Downloads 0
Updated 14 Oct 2020

PlIVlab - particle image velocimetry (PIV) tool
with GUI

version 2.36.5 (9.91 MB) by William Thielicke
View Version History

O view license on GitHub
Download from GitHub

Easy to use, GUI based tool to analyze, validate, postprocess,
visualize and simulate (micro) PIV data. http://piviab.blogspot.com/
http://pivlab.blogspot.com/

File Exchange

Welcome to ECODATA-Animate’s
documentation!

ECODATA-Animate

ECODATA-Animate is a MATLAB® program for creating customized animated maps of animal
movements. The program creates imaae frames that can be animated usina the FCODATA-Prenare

Movie Maker App. Define t - -
shapefiles, an elevation mc ) William Thielicke - 2nd
input data. Development i ’ )

4

Forecasting Program, as p: 4mo ¢ Edited « ®

+ Follow °°°

Check out the documentat - How cool is this: MathWorks pays professional programmers to improve my open-

Note: ECODATA-Animatei  source code!
have any suggestions or feawnerey )
documentation is unclear, please submit a GitHub issue.

@ 4\ MathWorks ., 9.

UNIVERSITY

enabling open and
FAIR neuroscience

‘incf

Summer project collaboration between INCF and Mathworks
30 AUGUST 2021

MathWorks funds summer project to update community code

23


https://www.incf.org/blog/summer-project-collaboration-between-incf-and-mathworks
https://www.mathworks.com/matlabcentral/fileexchange/

Represented in CZ and SK by Humusoft

- MATLAB and Simulink are the tools of inspiration and innovation used by
students, educators, and researchers around the world.

I [1] i~

6500+ 2300+ Tens of Thousands

colleges and universities MATLAB and Simulink- of skilled graduates enter
teach our software based books the workforce each year
24



Thank you for your attention

Questions? Comments? Feedback? Slides?
shuboc@mathworks.com
danek@humusoft.cz

&\ MathWorks:
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