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‘| just want the pretty picture, movie and graph, not how the pipes are
connected, nor why | need some big computer to process it".

* Live-cell imaging optical microscope
« Spatial resolution 512 x 2048 x 151 pixels,
« Temporal resolution 60 volumes per minute
 5-10 TBytes per day!

« A researcher must contact the facility operator to
book a time slot.

« Each 3 D volume must be pre-processed
 multiple channel alignment,
« transformations
« deconvolution techniques to remove errors and
imaging artifacts.
« Need an advanced GPU based supercomputer.
* Images must be transferred to a campus supercomputer
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‘| just want the pretty picture, movie and graph, not how the pipes are
connected, nor why | need some big computer to process it".

 Biologists, must master the software tools to
« transfer the data across the university network

« submit jobs using a queue-based scheduling
mechanism

« visualise and analyse on a range of computers
from high powered desktops to a research cloud

* Primary, secondary, and associated processing meta-
data, is stored for archive on scalable hierarchical
storage system

 Instrument and experimental meta-data
 might be recorded along with the images or

 may be ingested into an image repository for
subsequent sharing and archive or

« Stored on local desktop or external disk drives.
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Service Framework

» Booking an instrument and associated laboratory.

« Automatic provisioning of sufficient storage capac:lty
for the scale of the experiments.

« The removal of explicit data movement steps and
the knowledge of the various storage subsystems.

* Processing data on advanced computational
platforms without complex manual configuration.

« Automatic archiving and sharing of both primary and
secondary data sets.

« Automatic capture of instrument and experiment
meta-data.
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Booking an instrument and associated laboratory

* We envisage a system that

« allows researchers to book time on an
instrument

* required e-infrastructure to be simultaneously
scheduled and managed.

« Forexample

« if a user needs to pre-process data sets on ]
the fly, they also require access to :
processing software on the correct e ““lllll

. i
computational platforms.

* This allows the data flows to be optimised
so it moves seamlessly between workflow
steps.
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Automatic provisioning of sufficient storage capacity for the
scale of the experiments

 We envisage a scheme is which storage is allocated
as a side effect of documenting a project.

« Storage for imaging data and the description of the
research project become linked, and provisioning
(and ultimate removal) can be automated.
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The removal of explicit data movement steps and the
knowledge of the various storage subsystems

 We envisage a system that transports data
between computers transparently, arranging
for the right data to appear at the right time,
and for only one archival copy of the data to
be retained.

11
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Processing data on advanced computational platforms without
complex manual configuration

« We envisage a range of Web portals, or Science Gateways

« mask the underlying complexity of the computational
platforms.

« gateways provide simple point and click style interfaces
and take on the task of submitting jobs to
supercomputers transparently

« We also envisage a Science Gateway that delivers a
desktop experience, thus users familiar with graphical
desktop software can use it as though it were installed
on their local machine.

« This dramatically simplifies software deployment and
license management, a historically difficult task for
centralised software support teams on distributed
infrastructure.

12



THE UNIVERSITY

Automatic archiving and sharing of both primary and
secondary data sets

* We envisage an e-infrastructure and associated
services that manages the data life-cycle
automatically.

« Takes care of moving data from working storage,

which is often fast and expensive, to cheaper
long-term storage systems

13
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Automatic capture of instrument and experiment meta-data.

30458GH3748E
-

* We envisage a storage architecture that
supports both managed and unmanaged
data sets simultaneously in the same e-
infrastructure.

* The solution allows previously unmanaged
collections to be upgraded to managed
ones on demand.

 significant benefit as users transition
from unmanaged to managed data 3053104 3045833746421 oG
collections and simplifies the transiton ~ o
to better data management techniques

« F.A.lLR. is a journey that takes time.

14
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Implementation @ UQ




Managed

N
OpenStack )
Amazon GPU Research _,.
Cluster —
Cloud




THE UNIVERSITY
OF QUEENSLAND | CREATE CHANGE

Booking an instrument and associated laboratory
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* Cloud-based, online research infrastructure
register and booking system

® S e a rC h EQIEK(EZ'ZHEJRE/DEHVDRATION IMA::;H:::ESS";‘:N a LIGT‘:B'\:I:’ROSCOPES BX61 (117)
+  book specific research instruments and
equipment across UQ.

» Provides cost-saving benefits for UQ as a single
enterprise software system

» Greater asset utilisation and strategic reporting.
» Benefits include;

« Easier online access to find and book UQ
research equipment and infrastructure

- Consistent user experience every time a
system is used

*  Online support from facility admin staff if/when
required

MASS PHOTOMETRY MASS SPEC IMAGING NOVEL IMAGING

ler Request Documents Schedules Statistics Reports Publications Profile  Logout

AAAAAAAAAAAAAAA
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Automatic provisioning of sufficient storage
capacity for the scale of the experiments
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Research Data Manager (RDM

Research Prof David Abramson
Data 4 Records

Manager 7 GB Storage

* Integrated data management e | 10 olaboraor
system covering the entire research

I t I -f I MY RECORDS MY PUBLISHED DATASETS MY COLLABORATORS ®
a a I e CyC e - Filter by record status Filter by name
Al ~  Type aname tofilter by O Owner  [J Lead
. . . .
« Seamless provisioning of easily
DHSSP1-Q3259 Digital Humanities and Social Sciences Project 14-0ct-2020  Active 76.2 GB &
.
accessible, secure and sharable data o
) CVLARDC-A2017 CVL Shared Documentation 05-Jul-2019  Active 26.6 MB &
. .
Sto ra g e I n re a I tl m e SCENERGY-Q0525 Energy Tuning Techniques for Scientific Applications 29-Jan-2018  Active 61.4GB 2
-
E . . . l |
. n a b I e S p l l b I I Ca tI 0 n Of d ata S etS I n to Q PROJECT INFORMATION POLICIES FILES & STORAGE PRE-EXISTING DATA IP, RETENTION & SHARING GRANTS & ETHICS HUMAN PROJECTS
[ This project involves human subjects This project has current, pending or future funders/grants ®
eS pace e e st I i e et s G otns
] created by the project)
Project name *
SC E N E RGY E _l_ X T h . f S . f A | X . H b d Energy Tuning Techniques for Scientific Applications on Hybrid Supercomputers
[ ] Energy Tuning Techniques for Scientific Applications on Hybri et et e s
Supercom puters Boscrbion
$102.100.100/70580 B
2= Access Storage (61.4 GB) COLLABORATORS (2 ACTIVE, 0 PENDING) ~ RECORD HISTORY 28 O Field
N . (080304 - Concurrent Programming ;w .0
/ Update project metadata Name Email address Role Invitation expiry =
3 The highlighted field of research codes belong to the Australian and New Zealand Standard Research Classification (ANZSRC) from 2008. UQRDM is now using the updated
h4 Export data management plan Dr Mark Endrei mark.endrei@uq.edu.au & Owner - H ANZSRC from 2020. Please replace the highlighted fields of research codes with equivalents from ANZSRC from 2020, For more information, visit the Australian Research
Council website.
~ Request more storage Prof David Abramson david.abramson@uq.edu.au & Lead investigator - H
_ ) o onal Unit* tart date Project end date
+  Publishadataset to UQ eSpace School of and Electrical « @ 27.4an2016 B 27-0u2019 )]
" | Request Digital Research Notebook
@) Request Impact Tracker This project is a higher degree by research (HDR) project ®

You have indicated that your project is a HDR project. Your supervisor should be the Lead Investigator of this record.
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The removal of explicit data movement steps and
the knowledge of the various storage subsystems
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+urtles Caches all the way down

“a jocular expression of the infinite regress
problem in cosmology posed by the
"unmoved mover" paradox.

The metaphor in the anecdote represents a
popular notion of the theory that Earth is
actually flat and is supported on the back of
a World Turtle, which itself is propped up by
a chain of larger and larger turtles.

Questioning what the final turtle might be
standing on, the anecdote humorously
concludes that it is turtles all the way down

https://en.m.wikipedia.org/wiki/Turtles_all_the way down

Local Memory

Remote Memory
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MeDiCl

« Centralising research data storage and computation

« Distributed data is further from both the instruments that
generate it, some of the computers that process it, and the
researchers that interpret it.

« Existing mechanisms manually move data

« MeDiCl solves this by
Augmenting the existing infrastructure,
Implementing on campus caching
Automatic data movement

* Current implementation based on IBM Spectrum Scale
(GPFS) and HPE DMF
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MeDIiCl unifies data access

Sync-and-share
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A Declarative Machine Room?

o Static allocation of disk
and tape

* Policy driven allocation

RULE 'prefetch-list’

LIST 'toevict' ‘

WHERE CURRENT_TIMESTAMP - ACCESS TIME >
INTERVAL '7' DAYS
AND REGEX(misc_attributes,'[P]) /* only list AFM managed files

*/
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Processing data on advanced computational
platforms without complex manual configuration
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The UQ Image Processing Portal (IPP)

» Cloud based Science Gateway to
simplify image pre-processing
steps

» File conversions between
proprietary and open-source file
types

* Pre-processing: this step is to
deskew raw data from Lattice
Light-Sheet microscopes

» Deconvolution: this is a compute-
intensive image processing
technique to improve image
contrast and resolution.

«  Currently uses Microvolution,
a commercial package

* Interfaces with SLURM based
GPU supercomputer

= Image Processing Portal

lumination Type
ft Home Light Sheet
BB Files Manager
Name
G Desktops Manager @ et @@ rse @) vesee @ oo @) oise suppressi @ sorces @) veviees @) Revie
/afm01/Q4/Q4773/LatticeLightSheet_Data

Light microscopy ~ /488_LifeAct_50T/*tiff*

s Converter @@ Deskew @@ Keep Deskewed Files

& Preprocessing

Median Background: 95
Angle Background
328 95 <
£ e Iution Standard deviation:
Rowsperpage: 10 ~ 0f1 2910708
Electron microscol Py A
wit  PxelWidh  PxelHegh  VoxelDepth
2 Jobs L] X
pm 0104 0.104 0495

22 Admi
® Docum




Behind the scenes

-

Submit jobs >

Convert
Deskew

File mgmt

Deconvolve Resource
Job mgmt Server
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ipp.rcc.ug.edu.au
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The UQ Nimrod Service

« 25 years supporting “real” science

A full parameter sweep is the cross product
of all the parameters (Nimrod/G)

An optimization run minimizes some output
metric and returns parameter combinations
that do this (Nimrod/O)

Design of experiments limits number of
combinations (Nimrod/E)

Workflows (Nimrod/K)
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A family of tools

Plan File

\_/_

parameter pressure float range from 5000 to 6000 points 4
parameter concent float range from 0.002 to 0.005 points 2
parameter material text select anyof “Fe” “Al”

task main
copy compModel node:compModel
copy inputFile.skel node:inputFile.skel
node:substitute inputFile.skel inputFile
node:execute ./compModel < inputFile > results
copy node:results results.$jobname

endtask

—>

Nimrod Portal

¥ ¥

Nimrod/O Nimrod/E

. 2

Nimrod/G

. 4

B B B Actuators [ I I

¥

Grid Middleware

. 2
el
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Characterisation Virtual Laboratory (CVL)

 Virtual desktop environment that provides
researchers with access to imaging tools cener | c—
and data o [

« Each CVL desktop is pre-configured with Em
imaging tools, wrapped as singularity
containers or HPC modules.

555555

ssssssssssssss

e End users can choose the size and wall-
time of the virtual desktop before launch.

« Once launched, user storage collections
are automatically mounted into the virtual
desktop as network mounts.

cv L Characterisation | Running at
Virtual Laboratory | Wiener
= Time and dek quotas e (P11 st imag

© data-2022-06-08 - File
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Automatic archiving and sharing of both primary
and secondary data sets
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Accessing long term collections

EEEESs
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Automatically Recall
S8eas Full or partial file restore

.....

....
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Second Tier Third Tier
Lower cost & performance Tape or VTL
capacity disk array Active Archive

IBM Spectrum Scale HPE DMF Disk/Tape

HPC Parallel file system Long term data collections
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Automatic capture of instrument and experiment
meta-data.
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CAMERA: MeDiCIl meets instruments

« MeDiCl abstracts storage location and protocol issues

« RDM captures experiment level meta-data and provisions storage
» Repository captures instrument level meta-data

» Collections can be attached to repository stacks

CApture pre-process ManagE 7 ze

** OMERO
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Unmanaged data workflow

Research
Data
Manager

Designed at The University of Queensland

Collection mounted Data copied to Collection mounted
on scope collection on HPC for analysis

|I RDM creates collection

46
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Managed data workflow

Research
Data
Manager

Designed at The University of Queensland

Collection mounted Data ingested into Collection mounted
on repository repository on HPC for analysis

|I RDM creates collection

47



Web front end
OMERO fs Data ingest

and
Magic happens here presentation

Cloud Local Collections
Hosted storage are mapped
OMERO Collection to OMERO
server

groups



Leveraging unmanaged data collections

OMERO.fs

Cloud e
Hosted storage
OMERO J Collection

server

Web front end

Data ingest
and
presentation
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Pitchi: A Clowder based repository for EM data

P i v oo oo somcin e El: - =

800003-CMM Tri_. / 220220428 Statistics

@ Pitschi  Expore~  Help- El: -

%8 70220428

Owner Al Rights Reserved Pitschi Clowder Downloads:
Created on Apr 28, 2022

Access: @ Space De rivate) @ Private
® Public

Resources

Welcome to Pitschi
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https://pitschi.rcc.uq.edu.au/

Pitschi — direct transfer

PPMS Eammmd Clowder

‘8l QRISCloud Cache Virtual
/Z&aw% Desktops
. — \e®
Pitschi-cli [steay User
desktops

SMB mount .
Processing

QBI Cach
ache Portals

=) data —> metadata
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https://rcc.uq.edu.au/data-storage
https://pitschi.rcc.uq.edu.au/%E2%80%8B
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https://pitschi.rcc.uq.edu.au/

Pitschi — indirect transfer

QRISCloud Cache Virtual
Desktops

Py
0
&%
n
Qe s

User
____ W Data Mover desktops
Local SMB mount Processing
network
mount IMB Cache % Portals

=) data —> metadata
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When a user enters the lab .:

PPMS Tracker
Logon

N triggers

1. Check booking exists

2. Mount project RDM collection

3. Create project folder in local disk
4. Create Today shortcut on desktop

Drop data into
Today shortcut

THE UNIVERSITY
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PPMS Tracker
Logoff

v

Sync data to RDM
periodically

System actions

1. Finish syncing

2. Dismount RDM collection

3. Send first email (successfully import data
to RDM)

4. Ingest dataset to Clowder/Pitschi

5. Extract metadata

6. Send second email (successfully ingest
data to RDM)
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The UQ Open Microscopy Environment: OMERO

OMERO

Figure LA X3 Search "_ Login

General | Acquisition | Preview

QBI-Public-Group QBI Omero Public

Explore | Tags | Shares (Addfiter v -

.4 | % C9

(=] | il 5]
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3. 0Bl Public
am

Image ID: 44750

Full viewer
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Clusteranalysis 1 =

- - Image Details 5

{8 QB! Public Data
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Emate 4
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HidSagstehed i ideagsticned & %01] - - - Import Date:
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midsagstiched.czi [midsagstiched czi #11

g 7 9 ] [ | | Tables »
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Comments 0 »
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idsagstiched.cai #21]
midsagstiched.czi [midsagstiched.czi #22]
midsagstiched.czi [midsagstiched.cai #23]
midsagstiched.czi [midsagstiched.czi #24]
midsagstiched.czi [midsagstiched.czi #25]
midsagstiched.czi [midsagstiched.cai #26]
midsagstiched.czi [midsagstiched.czi #27]
midsagstiched.czi [midsagstiched czi #28]
midsagstiched.czi [midsagstiched.czi #29]
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The UQ XNAT service

\Tf Browse ¥ New

PROJECT. P1 > SUBJECT: Samplél

MR Session: Sample_|

I:HEH Projects

Accession #: XNAT_E000
Date Added: 2022-06-06

Logged in as: ad
Date: 2006-12-14 v‘
image - - - . . oy
e 09:-12:06 g \\, Browse New Upload Administer Tools Help
Scanner Name: MEDPC
Scanner Type:  SIEMENS
Acquisition Site: Hospital
Sessions Details of Highlighted Session(s)
Scans View v [ Refiesh | check | uncheck J[ checkal |[ uncheckan | | Project:  Unassigned
Euntacticell Download . . Project Subject Session Scan Date. Upload Date Status || s e
— Unassigned | Sampl Ready Session:  Sample D
0O  scan ‘ [ 22 ontage v k ScanDate:  Thu Dec 14 2006 00:00:00 GMT+1000 (Australian Eastern Standard Time)
o 4 Quality usable Upload Date: Mon Jun 06 2022 22:43:33 GMT-+1000 (Australian Eastern Standard Time)
SeriesDesc  t2_spc_imm_p2
[m} 5

Status: Ready
Modality MR Moving 1/1 sessions

o s Frames 176 .

N
Total: 68.5 MB in 374 files Imaae Tvoe ORIGINALWPRIMARYWMUANDWNORM
Click in the header to move this dialog around the page Actions

Actions are performed on checked sessions.

History

Filters

T ——

T E—

lone of one row
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UQ XNAT: Under the covers

AlS
AuSTRAUIAN Metadata
Infrastructure s Portal
Kubernetes
AlS Node e
XNAT Plugins Federation
Container AIS App >

AlIS Pipeline
Containers

Instrument
@ snyk Uploaders

Docs

Plugins Customize

. >
Service Stream

f
YXNAT
0

On-Prem AWS Nectar-
On-Prem Azure Openstack

NVIDIA.

CLARA

Edge
Devices

AlS Plugins
Radiologics -
s AIS Github

Org
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Case studies




Imaging immunology in near real-time

Nicholas D Condon

James Springfield

Deborah S. Barkauskas

UQ Institute for Molecular Bioscience

IMB: Janelia Lattice
Light-sheet Microscope

Yeast particle being
engulfed by the
macrophage cell

THE UNIVERSITY
OF QUEENSLAND
AAAAAAAAA

Computer Aided
Render

RAW

Cup Open

Cup Closed

Two key stages of
phagocytosis shown as both a
RAW image maximum
intensity projection (MIP) and
as a computer aided 3D
surface render
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Cryo-electron microscopy for determining protein structure

Naphak Modhiran
Daniel Watterson
School of Chemistry and Molecular Bioscience

Centre for Microscopy and Microanalysis (CMM)

R SRS R R

Representative
CMM: CRYO ARM™ micrographs of frozen-
300 Field Emission SARS-CoV-2 spike
Cryo-Electron particle. Green circle
Microscope represents picked

particles

2D classification obtained from obtained
from CryoARM300, equipped with Gatan
K3, 50 frames, 9e-/pix/s, 5 sec. Pixel size
=0.48 using super-resolution mode.
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Conclusions and further work

* Promised you a journey, not a product
* Mind the gaps
« Missing functionality?
 More general workflows. But which one?
 How to integrate into existing gateways?
« Journey from unF.A.l.R. to F.A.l.LR. is hard

60



THE UNIVERSITY
OF QUEENSLAND A CREATE CHANGE
AUSTRALIA

David Abramson| Professor and Director
Research Computing Centre
David.Abramson@ug.edu.au

07 0000 000

n facebook.com/uniofqld

@ Instagram.com/uniofqld

u twitter.com/RCCUQ

n facebook.com/rccuq

rcc.ug.edu.au




Thank you and Questions
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Translation to the arts

It's 1990 and the World Wide Web is making its way into
homes all across the world. Everyone wants in on the
action, including Charles — a PhD student with an
impressive list of citations and a Herculean ego, but not
much else. How far will he go to make a name for himself

and how many people will he squash to get there?

| think the Internet’s going to revolutionize life,

said Charles

Mmm. How so?” uttered Holywell

I don't know.” Charles began jiggling his right leg, coins rattling
in his pocket. ‘I just get the impression it's going to make a big

difference.

“We've all known a Charles. Abramson’s wry story of an
academic’s cynical ambition could easily play out in any
university, business or government’

Peter Greste, Journalist and Author of “The First Casualty.”

“Purely Academic is pure gold. This had me gripped until the
last page.”
David Williamson, Playwright and Dramatist

“A captivating story of academic intrigue, set against the
birth of the Web. A fun read that raises serious questions.”
UC San Diego Distinguished Professor Emeritus Larry Smarr,
Founding director of the NCSA, birthplace of one of the world's

earliest Web browsers.
ISBN 978-0 532
|| ‘Iv Ol‘nun

9 1780645321401

purely-academic.com

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA




