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About me...

* PhD in Mechanical Engineering — University of lllinois @ Urbana-Champaign

* Postdoctoral Researcher at CNMS (2014 - 2017)
« Computer / Data Scientist at CCSD (2017 — Present)
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Paradigms of Scientific Discovery
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Facilitating Data Driven Science

Only possible with
DATA LARGE VOLUMES
ANALYSIS of

WELL CURATED

data
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Explosion in Data Volumes
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Data Management & Processing are Dominant

Experimental Time Breakdown

" Experiment Design®™Management"Measurements’ Post Processing
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Figure from Kevin Mader
https://rawgit.com/4Quant/SR12015/master/SRIPres.html#/



Current Data Life-Cycle in Experimental Facilities

Instrument Proprietary A Déllta_ Results Data
Tier files nalysis Files Storage
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Data Lifecycle
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Data Lifecycle
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Big Data & Information Transfer in Microscopy

Standard Mode:
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Full Information Acquisition: Powerful digital brain looks * Bayesian inference

for correlations and infers knowledge Computer vision
Compressive sensing

¢ Neural networks...

Microscope Store full data stream
Puny human
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(full) information Acquisition in 4D STEM

Multivariate statistical analysis
techniques applied the raw 4D
Scanning Transmission Electron
Microscopy (STEM) data

[
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/
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Individual
0.01 diffraction
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Data Lifecycle
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Multitude of File Formats & Data Types

Proprietary

* Incompatible

 Format-dependent
algorithms

* Not suitable for:
e Sharing
e Archival

%NOAK RIDGE
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Open Data Models and File Formats

* Collective (industry, academia, journals, funding
agencies) agreement and enforcement

- Data Model — Abstract representation of data
* File Format — XML, TXT, HDF5, ...

* FAIR data principles — Findable, Accessible,
nteroperable, Reusable

« Cohesive community, towards reproducible science

- Many communities already have open standards
— Climate — NetCDF
— X-ray / Neutron facilities — NeXus

— Biological Imaging — OME-TIFF, OME-XML ...
;?‘,OAKRIDGE
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Universal Spectroscopic and Imaging Data (USID)

Original N-dimensional form USID 2-dimensional Form

Spectroscopic —
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Hierarchical Data Format (HDF5)

‘File system within file’ Metadata
E.] pzi_nanocap_6_split_bayesian_compensatic easurement_000 (2088, 4)
¢ @ Measurement_000 I i Group size = 1 ) N exus

Number of attributes = 43
¢ ‘@ Channel_000 BE_actual_scan_time_[s] = 0.004

B Excitation_Waveform BE_amplitude_[r\]/] =4 )
- ] BE_auto_smoothing = auto smoothing on : . mat
& Position_Indices BE_band_edge_trim = 0.14614

@ Position_Values BE:band_smoothing_[Hz] = 2560.5
i Raw,_Dat BE_band_width_[Hz] = 60000 MATLAB
dw_tiald BE_bins_per_band = 0
¢ ‘g Raw_Data-FFT_Filtering_000 BE_center_frequency_[Hz] = 370000

. . BE_phase_variation = 1 .. l |
Composite_Filter - -
@ P - BE_points_per_BE_wave = 0
B Filtered_Data BE_repeats = 8 . I I |

- g BE_signal_type = chirp-sinc hybrid Y
Filtered_Data-Resh 00o
Y i| TETE = 2 »:.as APE- BE_time/pixel_[s] = 0.004 JJJJ
& Position_Indices File_date_and_time = 06-Feb-2015 11:46 retCDF
B Position_Values File_file_name = BELine
° . . : -
Open’ free == [ GEMINI"OBSERVATORY [l
°

Easily accessible — C, C++, python, Java, ...

Parallel read / write, HPC & cloud compatible

Already de-facto standard in many communities

Facilitates provenance tracking and reproducibility ¥, OAK RIDGE

National Laboratory



Data Lifecycle
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Challenges with Scientific Software

 Proprietary software
— Closed-source
— Typically inadequate / not possible to expand features
— Not portable beyond instrument computer
— Not scalable beyond a few cores on one node
— Expensive licenses

* Users
— Do not have access to software
— Typically not comfortable with scripting / programming
— Training on software / user-friendliness

¥, OAK RIDGE

al Labor



Two-prong (inverse) Software Strategy

Mode Exploratory / Development Production
Instrument- High-performance
" Ick)cal _ computing

orkstation Cloud compute cluster

Compute

Resource

Who? Domain scientists Col.lgboratlon with computational

facility
Algorithms | Simpler but approximate Complex but accurate

¥ OAK RIDGE
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Instrument-to-HPC Workflows

Bellerophon Environment for Analysis of Materials

Interface/Visualization Tier
(] Access from anywhere

—

Scientific Data Center
High Performance Computing

/‘

(‘ Supercomputing
Compute
(] Resource
Parallel Data

Analysis Routines

HTTPS

G—

J

T

Scientific Instrument

7/~ | CNMS Resources [~

Scanning Transmission
Electron Microscopy (STEM)

Scanning Probe

Microscopy (SPM)
\_ J

- Tier B é

High
Speed
Secure

Data

Transfer

Lingerfelt et al., Procedia Computer Science 80, 2276-2280 (2016).
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Many other
examples:

Xi-CAM &
CAM-link
(LBL)
ADARA
(ORNL)
Triquetrum
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Python for Scientific Research

\ [/ . ) i N\
* Facilitates innovation
[ Very easy to learn + code “ . More robust code
TM

* Improved adoption of
Numerous, powerful ) open source new methods / standards

libraries for science ‘ Zew‘n \_* Accelerates scientific progress

\

| [ c - a
| )i ross-
» NumPy platform MacO%

N

- .

scalable £ (All for a princely sum of .... SO' ]
oy Sun
- @AS:(I’O PY & py

(Scripts to cohesive, collaborative packages

VAVA %%

[ Interoperability with other languages ]

y 3
biopython b cfoscopy
See Jake Vanderplas’ Pycon 2017 Keynote talk: %OAK RIDGE
http://www.youtube.com/watch?v=2yjCqQEUa80&t=19m20s R




Towards Open & Reproducible Science

Aim — ALL scientific journal papers ~ Jupyter notebook associated with paper

m .
aC C O p a n I e d W I t h [} Run the next cell to see what the IV curves look like for the chosen filter parameters. If the current set of filter parameters do

not work as well, change the parameters in the previous cell and try again.

i J u pyte r n Ote bOO k th at S h OWS al I Once the results look good, proceed to filter the entire dataset
analysis (raw data - figures) T e e

filt_line, fig_filt, axes_filt = px.processing.gmode_utils.test_filter(h5_main[row_ind], filte

« Data with DOl number S oot e

fig_filt.savefig(os.path.join(other_figures_folder, 'FFT filter_on_line {}.png'.format(row_ind

« Software environment = containers ) e’ api=00

raw_row = np.reshape(h5_main[row_ind], (-1, pts_per_cycle))
filt row = filt_line.reshape(-1, pts_per_cycle)

fig, axes = px.plot_utils.plot loops(single AO, [raw row, filt row], dataset names=['Raw', 'Fi

ltered'],
/ line_colors=['r’', 'b'], x_label='Bias (V)', title='FFT Fi
T - ltering',
P -, lots_on_side=3, label='Current (na)',
l](lll.ll C = guhtizle;:‘ﬂom ‘Y: str(row_ind) + ' Col:')
CONMMUNICATIONS fig.savefig(os.path.join(other_figures_folder, 'Example filtered_loops_from_ line {}.png'.forma
t(row_ind)), format='png', dpi=300)
Raw Signal
10°
5 1w
ARTICLE 5
2 10
DOI: 10.1038/541467-017-02455-7 OPEN § 10?
Ultrafast current imaging by Bayesian inversion g 10| — R
H o Composite Filter
b | - Noise Threshold
S. Somnath® "2, KJ.H. Law'3, A.N. Morozovska® 4, P. Maksymovychm, Y. Kim®, X. Lu® &, M. Alexe’, 1071 = T Y p Z ™
R. Archibald'3, S.V. Kalinin® 2, S. Jesse'? & RK. Vasudevan® 2 -

Spectroscopic measurements of current-voltage curves in scanning probe microscopy is the D O I aSSOC i ated With d ata (raW 9 paper fi g u reS)

earliest and one of the most common methods for characterizing local energy-dependent 7 _

electronic properties, providing insight into superconductive, semiconductor, and memristive Oak quge Nat,lonal _Ifaboratory 1 0 1 31 39/0 LC Fl1 41 0993 Download
Leadership Computing Facility -

behaviors. However, the quasistatic nature of these measurements renders them extremely

slow. Here, we demonstrate a fundamentally new approach for dynamic spectroscopic cur-

rent imaging via full information capture and Bayesian inference. This general-mode -V Authors

method allows three orders of magnitude faster measurement rates than presently possible.

The technique is demonstrated by acquiring I-V curves in ferroelectric nanocapacitors,

yielding >100,000 I-V curves in <20 min. This allows detection of switching currents in the Law, Kody lawkj@ornl.gov

nanoscale capacitors, as well as determination of the dielectric constant. These experiments Morozovska, Anna  anna.n.morozovska@gmail.com

show the potential for the use of full information capture and Bayesian inference toward Maksymovych, Petro maksymovychp@ornl.gov

extracting physics from rapid -V measurements, and can be used for transport measure- Kim, Yunseok ykim943@gmail.com

ments in both atomic force and scanning tunneling microscopy.

Somnath, Suhas somnaths@ornl.gov

Lu, Xiaoli xllu@xidian.edu.cn
Alexe, Marin M.Alexe@warwick.ac.uk

National Laboratory



Data Lifecycle
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Where should data live?

» Centralized repository

* Failure-resistant,
redundant-backup

s to Compute

Storage Space

* Close to compute
resource(s) R

ey
LT TTTVRTEE
DU IR s,

- Old / rarely used data =
can be archived (e.qg. g —
tape)

¥

‘. National Laboratory



Data Transfer to Centralized Reposﬂory

[ Simple, reliable, fast, C|0l{é )B

- transfers for Iarge files Compute © T
Instrument

Instrument/

Network ' N _
Attached Data Dedicated
Storage Transfer fiber line
\ Node*
Hybrid SSD (DTN) /
HDD PCle
Instrument Speed NVME

SSD

* Image is not of an actual DTN %OAK RIDGE
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Scalable Data Efforts at ORNL

Thickness

Data volume

Collection
& Management
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Imagine iTunes for Scientific Data / g

- Organize data by projects (albums)

» Search via metadata (artist, title, genre, ...)

« Make collections (playlists) of datasets

« Access data from any computer

* Publish your own data (songs / album)

 Collaboratively work on projects

 Limit what your siblings can see / listen to
« Simple sign-in like Apple ID

 Fetch data through a standardized interface whether it is
coming from one record label or another (CDs, cassette..).

 Quick and robust streaming from / to anywhere
¥, OAK RIDGE

al Labor



DataFed - a Scientific Data Management System
Scientific Data Management System

4 |B My Data Project ID: p/CNMS_S2017_D150
Root Collection T
4 38 My Projects ?)
4+ &% "Image cleaning” [CNMS_S2017_D150]

"Image cleaning"

4 Root Collection ) Description
B "Mo-V-M with crack” (cracked_movm) Datasets and Jupyter notebooks for denoising 2D atomically resolved images using statistical
B "Wse2-He" [23668844] techniques
B 'Synthetic image" (image_02)
B 'LLTO" [23669261] Details
4 &% General mode Voltage Spectroscopy (CNMS2015-305) Domain: CNMS
4 Root Collection T) gwne“ So;q?fsthi
L n reated: 10 , 13:41
B "BEPS 40x40" [23669901] Updated: 10/1/18, 14:11
I "GVS 8V 10kHz" [23669984] Admins: (none)
4 & G-Mode IV (CNMS2017-139) Membgrs: robertslw stansberrydv
) Root Collection ) Allocation(s): (none)
I 'GIV 256 lines 200 Hz" [23670480]
4 232 Team Projects ) Metadata
4 &% "Dale's Project”" [Dales_Project] (none)
New... Edit Delete
Transfers | Settings
Query: Search

..........

User: Suhas Somnath I
”_National Laboratory




Rich metadata associated with data

Scientific Data Management System | Help
Lt

s |l My Data :
a Root Collection )

Metadata
4 "Image Cleaning and Atom Finding" (img_clean_atom_find)
i "Mo-V-M with crack" (cracked_movm) 4 Metadata
== My Projects ) translate_date : "2017_03_28"
4 338 Team Projects T) experiment_date : "2015-10-05 14:55:05"
4 & "Dale's Project” [Dales_Project] experiment_unix_time : 1490711696.645
Root Collection ) sample_name : "Mo-V-M"
@ Shared Data sample_description : "Mo-V-M oxide"
O Search Results data_type : "Scanning Transmission Electron Microscopy image"

xcams_id : "ayb"
user_name : "Albina Borisevich"
comments : "For more information see: https://ascimaging.springeropen.com/articles/10.1186/s40679-018-0052-y!'
instrument : "FEI Titan"
project_name : "Feature extraction via similarity search: application to atom finding and denoising in electron and s
project_id : "internal”

a Measurement_000

translator : "Image"

New... Edit Copy Delete Sharing Get Put

Transfers | Settings

Query: Search
Scope: My Data My Projects [ Team Projects [ User-Shared g Project-Shared [ Public

User: Suhas Somnath |
"_National Laboratory




Search by metadata
Scientific Data Management System

Metadata

a Root Collection )
B "Mo-V-M with crack" (cracked_movm)
B 'Wse2-He" [23668844]
I 'Synthetic image" (image_02)
B 'LLTO" [23669261]
4 & General mode Voltage Spectroscopy (CNMS2015-305)
a Root Collection )
5 "BEPS 40x40" [23669901]
I 'GVS 8V 10kHz" [23669984]
4 & G-Mode I-V (CNMS2017-139)
a Root Collection )
I "GIV 256 lines 200 Hz" [23670480]
4 #3% Team Projects 7)
4 $ "Dale's Project" [Dales_Project]
Root Collection )
€ Shared Data
4 0 Search Results
5 "LLTO" [23669261]

New... Edit Copy Delete

Transfers | Settings

4

Sharing Get

Metadata
experiment_date : "2015-10-05 14:55:05"

normalized : false N Ot e .

experiment_unix_time : 1499883767.757203

translate_date : "2017_07_12" SearCh Ianguage
image_min : 2010 be|ng Slmpllfled
image_max : 59821 nOW .

Pycroscopy version : "0.0.a47"
sample_name : "Li0.33 La0.57 TiO3"

sample_description : "Li0.33 La0.57 TiO3"

data_type : "Scanning Transmission Electron Microscopy image"
xcams id : "chim"

user_name : "Miaofang Chi"

comments : "For more information see: https://ascimaging.springeropen.com/articles/10.1186/s40679-018-0052-y!
instrument : "None"

project_name : "Feature extraction via similarity search: application to atom finding and denoising in electron and si

nrniarct_id - "intarnal"

Put

Query: md.xcams_id == "chim"

My Data

Scope: @&

Search

§| My Projects [ Team Projects [ User-Shared [ Project-Shared [ Public

User: Suhas Somnath |
National Laboratory



Granular Access Control / Sharing

Sharing for Collection "root"™

ID/Alias: (p:CNMS_S2017_D150:root)

Rules: Permissions: Inherited:
T Default

4 = Groups

4 7 Users
9 stansberrydv

[ Enable public access




DataFed - a Scientific Data Management System

» Granular access control / sharing

« Search by metadata

Federated identity via Globus

Uniform interface for accessing data + caching —

— Tier 1 (scratch), 2 (network file system), 3 (archive)

Robust and easy data movement via Globus

Data dissemination — publish DOI + archive

Web + command-line interfaces

Interfaces with compute / data analytics

¥, OAK RIDGE
Source: Dale Stansberry (ADWG / NCCS) al Labor



Scalable Data Efforts at ORNL

Thickness

Data volume

Publishing

Cataloging
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Prototype of Data Publishing

{ Back to Datasets If you need assistance @ User Guide

Shrub-Layer Growth Assessments in S1-Bog Plots and SPRUCE Experimental

. . . DRAFT
Plots beginning in 2010
© information D Data / Files (7 B Webpage | Draft < Share / DOI | Reserved
Visible en your webpage Created webpage using page builder Redirects to your wabpage
ncludes your files
Manage Reviewers
Approximate review duration; 15 business days
Reviews are restricted to US citizens and LPR holders.
Workflow Reviewer Av. length of review (days) Add more reviews ¥

Financial Officer Review ﬁ Alysa Hayes 5 i

Technical Review {;!‘ Kenny Adams 5 i

Classification ,ﬂ Brittany Sims 2 i

Required by division

Supervisor Approval a Bob Conrad 1 i

Uses the same review |
workflow as journa| papers acoepted, unless requested by a reviewer
Credits: CADRES5, Res Team, ADWG




{ Back to Datasels

SPRUCE Whole Ecosystems Warming (WEW) Environmental Data Beginning August 2015

until January 2020

If you need a ance S User Guide

IN-REVIEW

Financial Dfficer Review

Technical Review

Classification Review

Supervisor Review

2

General Informatian Data/Files Webpage Shares DO

EMERAL INFORMATION

Datasel Tille

SPRUCE Whole Ecosystemsa Warming (WEW) Environmental Data Beginning August 2015

P Fo
Llassmcanon

OUQ Exemption 3 - Statutory > OUD Exemption 2 - Export Control 3

Charge Mumbers

ABC123 DEFGS12340

Programs (Funding Source)

Blomaolecular Chemicals

Your name here [0

Senior Electrical Engineer
Data Acquisition

Orcll: 00D0-0002-1231-57123

Amy Sans [0
A ﬁ o Senlor Ebectrical Enginesr

Review workflow

Alexander A, Pyretzky M
- Lead Researcher
PR Center for Namophase
Ol D Q000-0130-5177-6729

Allison Lanae FD
e PostDore Material Scientist

Financial Officer Review
John Smith 3

Summary | Hisiory

INSTRUCTICNES.

Flease writa the experiment setting for "Major Biomic
Fungai Collapse Disorder”

DFETIGNS

¥ Downboad all Documents Under Review
¥ Upload Docurment Revisions
> Wiew / Leave Comments

» Request Information for Review

Reviewer © Fej A
Actions eject PRrGve




Prototype of ORNL Data Catalog

ORNL Data Catalog

# Datasets

Y Organizations

Materials Science a...

{10

Y Groups

Y Tags

AFM ©

BFO @

imaging @
microscopy @)
spectroscopy @)
SPM @)
visualization @)

atmoic-force-micros...

BEPS €)
epitaxial-strain-re... )
Show More Tags

Y Formats

Y Licenses

Datasets Organizations Groups

Search datasets..
Order by:  Relevance :

10 datasets found

Formats: @

BFO grain boundary 4D STEM
Highly strained polymorph bismuth ferrite (BFO) thin film.

BFO S-PFM

Single frequency piezoresponse force microscopy scan of

BEPS on PMN-PT

Band Excitation Polarization Switching on (100)-textured
0.70PbMg2/3Nb1/303-0.3PbTiO3 thin films.

STS Data La58Ca38Mn0O3

Atomic-scale surface structure of epitaxial La58Ca38MnO3 thin film
obtained from scanning tunneling spectroscopy.

BELine Imaging of BFO

Band Excitation Imaging of Bismuth ferrite obtained from an Asylum

About

Additional Info

Field

comments

data_type

experiment_date
experiment_unix_time
instrument

project_id

project_name

sample_description
sample_name
translate_date

user_name

Credits, - Shubhank Gahlot, Whitney Nelson

Value

For more information see:
https://ascimaging.springeropen.co
m/articles/10.1186/s40679-018-
0052-y

Scanning Transmission Electron
Microscopy image

2015-10-05 14:55:05
1490711696.645

FEI Titan

internal

Feature extraction via similarity
search: application to atom finding
and denoising in electron and
scanning probe microscopy
imaging

Mo-V-M oxide
Mo-V-M
2017_03_28

Albina Borisevich

%OAK RIDGE

National Laboratory



Scalable Data Efforts at ORNL

Thickness

Data volume
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Scalable Machine Learning

Programming with BIG Datain R

» Engage parallel math libraries at scale
* R language unchanged

Programming with Big Datain R o NeW distributed Concepts
* New profiling capabilities
E%MIM » New interactive SPMD parallel

* In-situ distributed capability
+ In-situ staging capability via ADIOS

( pbdPROF

PhAMPI
R

DPLASMA

‘ PLASMA
. ACML (AMD)
e

) —
R > cuBLAS (NVIDIA)
cUSPARSE (NVIDIA)

( pbdDEMO
\ @

Schmidt, Chen, Matheson, and Ostrouchov (2016).
Programming with BIG Data in R: Scaling Analytics from
One to Thousands of Nodes, Big Data Research

H,0.Ci DASK-ML

Non-negative Matrix

. Factorization
: Samples e:)res:in \lves [ ln‘ ‘ . .
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