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First things first — our umbrella

Euclid Techlabs, LLC: a R&D company specialized in:
— Linear particle accelerators
— Ultrafast electron microscopy
— Advanced material technologies.

L S

Formed in 2003; Spun-oft: Euclid Beamlabs in 2014. Same research interests but different projects. __ B, g2

Products and services (www.euclidtechlabs.com):
— Time-resolved ultra-fast electron microscopy;
— Ultra-compact linear accelerators and electron guns with various types of cathodes;
— Fast tuners for SRF cavities;
— Advanced dielectric materials;
— HPHT and CVD diamond growth and applications;
— Thin-film for accelerator technologies;
— Robotic automation and its applications;
— More!

Presently: 27 research staff (16 Ph.D.) and 5 administrative. 2 labs: Bolingbrook, IL (accelerator

R&D lab) and Beltsville, MD (material science lab). Collaborations with many national labs and
universities.

Eucliders are at NAPAC 2022! Find schedules for our talks/posters in the book of abstracts.

Project funded by the DOE Office of Science under contract DE-SC0021512.
08/09/2022 NAPAC 2022 — TUYE3 - Ao Liu, Euclid Techlabs
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Why are we doing this @UC“d

TECHLABS

Considering the following scenarios:
* You did a long experiment and saved your files on a flash drive, went to a library.
Then lost the drive. Files are not backed up. A report is due in 2 days.

——

\ EVERY 29 SECONDS*

A USB flash drive is lost in
the Library

Save your data. Remember
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TECHLABS

Considering the following scenarios:
* You did a long experiment and saved your files on a flash drive, went to a library.

Then lost the drive. Files are not backed up. A report is due in 2 days.

§ EVERY 29 SECONDS

\
| AUSB flash drive is lostin
the Library

Save your data. Remember
your USB flash drive

AV
W Pick up a free flash drive from the
Information Centre in the Library

on a networ

‘exaggeration possible '\“\ o Lide ,.;‘.'.'"
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« The second time, you saved the fils k file system FS Gave the report, went on vacation
Then your colleague wants to replot the data because an error was found. He/She has no -r permission

?2?7? Arevision is due 1 day

after your vacation
ends
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Why are we doing this @UC“d

TECHLABS
Considering the following scenarios:

* You did a long experiment and saved your files on a flash drive, went to a library.
Then lost the drive. Files are not backed up. A report is due in 2 days.

EVERY 29 SECONDS*

§ AUSBflashdrive is lostin
the Library

Save your data. Remember
your USB flash drive

» The second time, you saved the flles on a network file system (NFS) Gave the report, went on vacation
Then your colleague wants to replot the data because an error was found. He/She has no -r permission

U817 Arevision is due 1 day

T S g e ]

~ after your vacation
ends
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You need a data manager @UChd

TECHLABS
* Not this type of manager:
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TECHLABS
* Not this type of manager:

 But actually a LIMS:

— LIMS = laboratory information management system
— Adopted by many labs, universities, and industry
— Many variations and concepts
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TECHLABS
* Not this type of manager:
 But actually a LIMS:
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You need a data manager

* Not this type of manager:
 But actually a LIMS:

— LIMS = laboratory information management system
— Adopted by many labs, universities, and industry
— Many variations and concepts

atroy
4 backen
3 === EuclidLIMS
— O 0 u
"""" T Q

(Euclid{NexusLIMS-local) ~  @ccoul t
LAN
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You need a data manager @Udld

TECHLABS
* Not this type of manager:
* But actually a LIMS:

— LIMS = laboratory information management system
— Adopted by many labs, universities, and industry
— Many variations and concepts

Integrated on one platfoy
- Backend VM

3 === == EuclidLIMS +
_ — \Cloud Computin,
""" WWW Q puting

(Euclid{NexusLIMS-local) ~  @ccoul t

Windows

Yes, we support XP.
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You need a data manager @UChd

TECHLABS
* Not this type of manager:
* But actually a LIMS:

— LIMS = laboratory information management system
— Adopted by many labs, universities, and industry
— Many variations and concepts

* In our case, EuclidLIMS works in the following way:

Integrated on one platfoy
- Backend VM

3 S EuclidLIMS :
_ — \Cloud Computin
""" WWW Q putne

(Euclid{NexusLIMS-local) ~  @ccoul t

oL _
Windows

Yes, we support XP.
No certainly no 2000
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_ — \Cloud Computin,
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Our vision for @ClidLlMS @UC“d

TECHLABS

» Findability, Accessibility, Interoperability, and Reusability (FAIR) principles
of digital assets; o o e
* Reliability, reproducibility, scalability; e

Q @ G

* “Least invasive” (simplicity), adaptability to various data types;
* Infrastructure independency.

08/09/2022 NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs S}



Our vision for @ClidLlMS @UChd

TECHLABS

Otherwise:

0000000000



Standing on the giants’ shoulders @@UClld

TECHLABS
* Giant: NIST's NexusLIMS, open-source — a collaboration

« Same concepts, same principles, similar goals
» Similar framework but infrastructure-dependent
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TECHLABS

* Giant: NIST's NexusLIMS, open-source — a collaboration
« Same concepts, same principles, similar goals
» Similar framework but infrastructure-dependent
* Don’t reinvent the wheel
Optimize it!
* Birth of Euclid-NexusLIMS-local:
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Standing on the giants’ shoulders ?@@uohd

TECHLABS

* Giant: NIST's NexusLIMS, open-source — a collaboration
« Same concepts, same principles, similar goals
» Similar framework but infrastructure-dependent
* Don’t reinvent the wheel

Optimize it!
* Birth of Euclid-NexusLIMS-local:

— Infrastructure-independent: deploy on a LAN server!
— “Local”: completely “off the WWW”

— Enhanced functionalities

— Added computing support (via JupyterHub + Slurm)

08/09/2022 NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs 6
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TECHLABS

Leaping from the giants’ shoulders

* Our mind is “cloudy”

b

* Cloud computing provides: reliability, scalability, accessibility, plasticity

* No need to maintain a server: power failure, network issues, RAID, or
even more challenging: “| can't log in please reset my password”.

* Google Cloud Platform (GCP)

08/09/2022 NAPAC 2022 — TUYES - Ao Liu, Euclid Techlabs 7
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Leaping from the giants’ shoulders

* Our mind is “cloudy”

RN )

* Cloud computing provides: reliability, scalability, accessibility, plasticity

* No need to maintain a server: power failure, network issues, RAID, or
even more challenging: “| can't log in please reset my password”.

* Google Cloud Platform (GCP)
— An integration of “you name it” services R " -
— Convenient for Eucliders (G Suite users) ' 9'7
— Great Identity and Access Mgmt (IAM) Q@Q@ @90
° @

O O
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TECHLABS

Leaping from the giants’ shoulders

* Our mind is “cloudy”

RN )

* Cloud computing provides: reliability, scalability, accessibility, plasticity

* No need to maintain a server: power failure, network issues, RAID, or
even more challenging: “| can't log in please reset my password”.

* Google Cloud Platform (GCP)
— An integration of “you name it” services R » ¥
— Convenient for Eucliders (G Suite users) ' @q
— Great Identity and Access Mgmt (IAM) Q@Q@ @90
— Everyone likes to Google @__ @” o
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The cloud-oriented EuclidLIMS @qglgs

 Flowchart:

| e
| 1 :
, GCP | (b) \ HTTP :
Data taking | : :
instruments © . :
S ! : :
© I external e /\ :
= | calendar - L& "
transfer < l ' v [T frontend !
watc 'mt - o | : ------------------------- R— ------- y = CDCS :
| I 1
| : c B \/ |
: 4 e I HTTP | = :
Eucl“ LIMS 2B D /\ oo |
Logger g [l Lo cron job EuclidLIMS 2T !
- HTTP < 8’ : - selne_o!uling (backend) HTTP | & a = :
3|2 | <12 |F E
T ~ - ] a
L T l
On IOCGI (a) | : r‘unning on GCP :
I e oo o o o o e e e e e e e e e R R SR SR SR SR S SR S S e A R SR S SR SR S G SR R R SR SR S SR G R N S R SR SR R S SR SR S S R R e G R e e = d

PC/Mac
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First component: logger @Udld

TECHLABS
* |t's like a punch card machine!
* Well... Similar:

|t records session time;

« PC and person names that generated the data;
e Session notes: NOt oy is when you know [yt

everything bt nothing Python 3.4; Tkinter; XML parser:
works.

Practice is when everything

works but no one knows why.

Miniature to fit any computer!
this experiment
In =ows=teln theory and

° Uploads flles to GCP practice  are  combined:

nothing works and nobody

R EoRgs = irm exit X
Q
- - re you sure?
knows why. : T e U
the current ses pause it so it may be continued by running
the Session L . Click *
r n n n A new session has been the
. a a e n a SeSS I O O Crea e a re CO r edtorthe ston forthe
ell Laptop 0 Dell Laptop
at started at
Wed Nov 10, 2021 Wed Nov 10, 2021
n 05:44:55 PM 05:44:55 PM
I a u S e If O I I a b re a k Whie you workd Copy data

ve th
Wwhile you work! Copy data
session. ® i
. T End session I S
* OKif PCh WWW : o
I das No dCCesSsS.

* Logger-instrument and Logger-hub

08/09/2022 NAPAC 2022 — TUYES - Ao Liu, Euclid Techlabs



Second (core) component — backend

08/09/2022

data base:
fetch n sessions SESS'DH_IOQS

calendar
update segsion status

Apn Ercin T _
assaciate\g{irfar events record builder a{,
} (periodic execution) upload

associate metadata to session

_metadata as json

trigger metadata extractors
on files —

raw data bucket meta data bucket

il
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Second (core) component — backend

calendar

assuciate\éqkizfér events
——

fetch n

sessions

——

raw data bucket

08/09/2022

record builder
(periodic execution)

associate metadata to session

sl Functic

metadata extractors |

meta data bucket

NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs
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The human part — frontend

euclldLlMS Q, Browse and Search Records # Euclid Techlabs " NexusLIMS

Powered by CDCS, which is
developed by the NIST team

euclidlims.beamphysics.com Welcome to EuclidLIMS!

Username: napac2022
Password: Test#test2022

This laboratory information management system (LIMS) allows for the automated creation and
curation of microscopy experimental records using the schema co-developed by ODI and the MML
Electron Microscopy Nexus Facility.

To get started, please click the link below to start browsing experimental records:

©

(Temporary site, available till
08/12/2022)

Browse and Search Records

Click here to explore the EuclidLIMS record repository

@uclidLIMS

Q Browse and Search Records € Euclid Techlabs ® NexusLIMS ® Help ~ © napac2022 ‘euclidLIMS Q
m bt i e
Explore record:

Found 3 Results: 17 sort ) (@ share Query ) (& bownioad ) (XD r—

Bi Experiment on the Weinan MacBookPro on Friday Jul. 29, 2022 «@ July 292022
- Unknown experimenter - July 29, 2022 2 file timestamps) 3:17PM

B Experiment on the Weinan MacBookPro on Thursday Jul. 08,2021 & [T

Z uly

o a s 10:43AM

Unknown experimenter - July 08, 2021 (taken from e timestamps)

Bi Experiment on the Weinan MacBookPro on Wednesday Jul. 07,2021 &
0 a 2 July 22 2022

10:41AM

Unknown experimenter - July 07, 2021 «

08/09/2022 NAPAC 2022 — TUYES3 - Ao Liu,

uclid

TECHLABS

‘e

® Help + =) Login/SignUp

& Euclid Techlabs ® NexusLIMS

® Help ~

Browse and Search Records o napac2022 v

€ Back to previous H & Download files H <[> Download XML H B Edit this record

B Experiment on the Weinan MacBookPro
on Friday Jul. 29, 2022
=@

Unknown experimenter -July29,2022 (taken from file

timestamps)

Dataset 2 o
No motivation provided

Activity 1 of 19

Session Summary

Sample ID: 73a87e2d-3d0c-4813-acb1-feec5674477f

Euclid Techlabs 11



The Swiss army knife — GCP computing @UC“d

TECHLABS
 All data in the cloud storage buckets and accessible, now what?
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The Swiss army knife — GCP computing @UC“d

TECHLABS

 All data in the cloud storage buckets and accessible, now what?
« Old way: download to the local storage (laptop or server), then analyze.
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The Swiss army knife — GCP computing

 All data in the cloud storage buckets and accessible, now what?
« Old way: download to the local storage (laptop or server), then analyze.

Internet speed test

0.13

Mbps download

0.69

Mbps upload

Latency: 682 ms
Server: London

Your Internet speed is very slow

Your Internet download speed is very slow. Web
browsing should work, but videos could load slowly.

08/09/2022

0.49% of cc3Zed7.exe Completed

Saving:
cc from ftpinetscape. com

Estimated time left: 39 years 8,89 MB of 180 MB copied)
Download to: D:\Qther stuff\Downloadsicc32edT exe
Transferrate: 461 KB/Sec

T~ Clase this dislog box when download completes

| fpen OpenFolder | cancel I

1 i 3 |

L N

‘euclid

TECHLABS

_ Dear -Users:
| have just learned that due to new safety procedures required during this period, the electrical system
W upgrade scheduled for the weekend of June 27-28 will require an additional day in order to complete
the work. Therefore we will begin shutting down resources on Thursday, June 25 at 6 am

(Pacific time) rather than Friday as originally planned. systems will be brought back online on
Monday, June 29 by the end of the day as originally scheduled.

Rt V5 e 'eh

NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs 12
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The Swiss army knife — GCP computing @UC“d

TECHLABS

 All data in the cloud storage buckets and accessible, now what?
« Old way: download to the local storage (laptop or server), then analyze.

-

Internet speed test X 0.49% of cc32ed 7.exe Completed

0.13 069 ®° =
Mbps‘dowmoad Mbp‘s upload Saving: .
ot flom finetscape. cor Dear - Users:
[{1] =
Latency: 682 ms Estimated time left: 33 years 8,89 MB of 180 MB copied)
Server: London Download to: D:\Other stuttsDownloadshcc32e47 exe

i | have just learned that due to new safety procedures required during this period, the electrical system

Your Internet speed is very slow S
I Close this dislog box when download completes

W upgrade scheduled for the weekend of June 27-28 will require an additional day in order to complete
= the work. Therefore we will begin shutting down resources on Thursday, June 25 at 6 am
(Pacific time) rather than Friday as originally planned. systems will be brought back online on

Your Internet download speed is very slow. Web . —
browsing should work, but videos could load slowly. — (™) ot
Oper I Open Folder I cancel l [ 2 ‘_,,r P () e I

° NeW and Smarter Way: do it On th Cloud Monday, June 29 by the end of the day as originally scheduled.
» Google Kubernetes Engine (GKE): auto-scaling, auto-load-balancing, node pools
» JupyterHub on GKE: spawned pods for users, convenient scripting, IAM incorporated.

08/09/2022 NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs 12



The Swiss army knife — GCP computing @UC“d

TECHLABS

 All data in the cloud storage buckets and accessible, now what?
« Old way: download to the local storage (laptop or server), then analyze.

! pos ¥ U9

Internet speed test X 0.49% of cc32ed 7.exe Completed =

0.13 069 @&~ &

Mbps download Mbps upload Saving:

ot flom finetscape. cor Dear - Users:
[{1] >
Latency: 682 ms Estimated time left: 33 years 8,89 MB of 180 MB copied)
Server: London Download to: D:AQther stuff\Downloads\cc32ed7 exe

| have just learned that due to new safety procedures required during this period, the electrical system
W upgrade scheduled for the weekend of June 27-28 will require an additional day in order to complete

Transfer rate: 461 KB/Sec

Your Internet speed is very slow S
I Close this dislog box when download completes

gf;g,”n‘gfg:;jfg,wvcg‘;:d;uﬁeﬁge'ggggu;";;"adwflgwly = ——— the work. Therefore we will begin shutting down resources on Thursday, June 25 at 6 am
i ca T N G,
i R e ; (Pacific time) rather than Friday as originally planned. systems will be brought back online on
Monday, June 29 by the end of the day as originally scheduled.
 New and smarter way: do it on the cloud

Google Kubernetes Engine (GKE): auto-scaling, auto-load-balancing, node pools
JupyterHub on GKE: spawned pods for users, convenient scripting, IAM incorporated.

jovyan@jupyter-admin:~$ gsutil ls gs://nexuslims_example-datafiles/Weinan-MBP16 ; | L s

gs://nexuslims_example—-datafiles/Weinan-MBP16/image_3d_220106165017.zdf
gs://nexuslims_example—datafiles/Weinan-MBP16/image_3d_220106170220.zdf

jovyan@jupyter—-admin:~$ gsutil cp gs://nexuslims_example-datafiles/Weinan-MBP16/image_3d_x.zdf ./
Copying gs://nexuslims_example-datafiles/Weinan-MBP16/image_3d_220106165017.zdf...

Copying gs://nexuslims_example-datafiles/Weinan-MBP16/image_3d_220106170220.zdf...

- [2 files][ 42.1 MiB/ 42.1 MiB]

Operation completed over 2 objects/42.1 MiB.

08/09/2022 NAPAC 2022 — TUYES — Ao Liu, Euclid Techlabs N 12



Conclusion @UClld

TECHLABS

* EuclidLIMS, a cloud platform-based data management and processing
software framework, is here.

* Alocal version, Euclid-NexusLIMS-local, which has similar principles is available

* Euc
* Euc
* Euc
* Euc
* Euc

id
id
id
id
idL

MS is easy to maintain and deploy.

MS does not depend on a local data/computing server.

MS allows data operations to be done virtually anywhere.
MS frontend can be customized to support all file formats.
MS is “non-invasive™: after deployment, users hardly feel any

difference other than using the logger.

* EuclidLIMS brings you joy (at least during this talk). If not, the
conclusion is that we (at least |) failed.
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TECHLABS
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* NAPAC organizing committee
 DOE Office of Science
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Questions? WAS THIS @UClld

TALK ABOUT TECHLABS
AGAIN?

WHAT? SORRY. 1

MAYDBE

WAS USING THIS Boé%UgAN
TIME TO THINK
FILL I WAS
YOU IN. BRATIN=

GOLFING,
) iC)OM-HEARING

R lulalalel
--------
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