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EXA4MIND consortium @
“Extreme Data Analytics for Mining Data Spaces”

= 10 partners, 6 countries, 40 months

= EU contribution: € 4.9M

= Overall budget: € 6M
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hat do w
rovide



Tested concepts & boilerplates
to set up your Extreme Data /
computing workflows with the
best data backends and
data-sharing possibilities.



EXAHMIND

Dataset Index and FAIR Portal (Portals with PID Support)

Dataset Connec

ity and FAIR support

ID-to-Dataset (and Version) Resolution

Dataspace Connectors and Adaptors

Toolboxes

Validation Toolbox

Data Validation Tocl

Preprocessing Toolbox
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A ,flexibly-deployable platform®: selecting modular
parts & instantiating them to implement ...

Toolboxes

Data Validation

Data Validation Tool

Preprocessing Toolbox
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... as an example ...

... a wWebsite where engineers can

simulations.

Dataset
Exploration laaS Cloud
Website eg.
OpenStack
IT4IILRZ
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Application cases within the project

SCIENTIFIC — Molecular simulations
WP4

ADAMS4SIMS, an innovative Automated Data
Mining System for Systematic Improvement of
Molecular Simulations accuracy and
predictability will combine services and on-
/offline data sources.

Data: 0.1-1 PB range

A

Sz

=

INDUSTRY - Automotive Car Sensor Recordings ,
WP5

Advanced Driver Assistance Systems (ADAS) need
Extreme Data annotation, search and analytics.
Methods, Al models and framework are co-
developed in EXA4MIND.

Data: 1-100 PB range

SME - Smart farming / viticulture
WP6

Easy and quick ingestion of large amounts of
agriculture focused data, as well as efficient
and space-saving re-distribution of
computed/ingested (meta-)data.

Data: 0.01-1 PB range

>

SME - Health
WPG6

Demonstration of viability of Extreme Data
Database (EDD) for Extreme Data processing
use cases with health and societal datasets,
based on direct user interaction.

Data: 0.01-0.1 PB range
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Are you serious —
do you really
wanna use such
stuff on HPC?



Yes, we are serious about

understanding a wealth of data
backends ©

Why diversify data backends at
supercomputing centres?

* More and more customers want it
(used to Cloud/Business world maybe)

« Databases can have advantages, e.g.:
- Data indexing for fast access
- Vector databases for similarity search

* Object stores can have advantages:
- Data sharing functionalities
- Codes can stay the same as in Cloud

Poster: Hayek et al, SC Asia ‘26

EXAHMIND

Tapping Data Spaces in HPC:
Enabling, Exploring and Benchmarking Database & Object Store Usage

M. Hayek®, 5. Hachinger®, H. Gurbanov®, V. Pauw?, M. Golasowskib, J. MartinoviEb, P. Karagoz®, LH. Toroslu®

g " .
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OUR RESEARCH

Context. HFC relies on optimised, parallel e inputfoutput (0], Enterprise
customers ervisage to use HI le systems - but they are familiar with

Racuilz: Depart mant of Carmps

anich, Garmary;

s tn Cat, Cruzh

IDERSTANDING THE LIMITATIONS OF OBS

085 middieware (eg MINIO, S3Proxy) allows us to explore 085 usage in a
- Ta the limitations of OBS systems, we

al
€loud Computing and methodically rely on systems
{(DBMS) or object stores (OBS). The EXASMIND Extreme Data analytics project
thus explores combinations of versatile data stores, supercomputing, and data
wevsystems with four pilot applications [1).

Alms_and_Conjectures, Via data-transfer benchmarks, we explore direct DEMS
and 025 usage fram HPE clusters. We investigate the following ideas: (1) there
should be a speed hierarchy “DEMS 1/0 < DBS 1/ < FILE /0% (1) DEMS 1/0 will

pr ty be Umited by or application
or data handling), (1) OBS 1/0 will be limited by the network or by 08S-
server/-client-dependent overheads, depending on the setting. transfer
direction, and file sizes. Building upon others’ earlier work [2], we aim to
understand when/how direct DEMS/OBS use Is feasible In supercomputing or
when data staging or caching ks needed = for which we provide toals.

Methods. We measure data-transfer spoeds using LRZ Of

Cloud [3] Virtual Machines (VMs) with 100 Gbit/s (shared) connectivity, and LRZ
CoolMUC-4 (3] / IT31 Karolina (] High-Performance-Computing (HPC) nodes in
different combinations. The server and client DEMS/OSS systems used are
PostgreSQL (representing a common DEMS [S], MINIG and S3Proxy (53
compliant OBS servers [6.7]) in current versions - for which EXA4MIND

ENVIRONMENTS USED FOR BENCHMARKING

We  measwe  read
(download) speeds from
DEMS and OBS within the
LRz Compute  Cloud
(Figure 1, Data Path 1),
from a DEMS/OBE server
on the Cloud to the
CoolMUC-4  HFE  system
(Path ), within CoolMuC:
& (Path 3) and within ITar's
Karalina HPC system. Write
(upload) speeds are tested
s L ouvsrrars /a3 Y o Ao DM 08 ACZaBL oy salacted nccasions.

IS DBMS USAGE ON A HPC SYSTEM POSSIBLE?

We explored whather DEMS
may be directly used from HFC

i with  DEMS
servers running on the LRZ
Claud (Fig. 2, Data Path J) or on
CoolMUC-4 (Path 2). Table 1
shows that direct usage Is anly
feasble for Umited  (eg
metadata) /0. Write rates in
particular are obviously limited

ot Lnn st BT
Ll

0.8 GB/s within HFC systems.

OBS USAGE ON A HPC SYSTEM

Figure  shows our exploration of OBS usage on LAZ and IT41 KRC clusters (cf.
Figure 1, Data Faths 2, 3 and 4). With 10 G8 files and multiple streams, network

re i and downloads within the LR Compute Cloud (Fig. 1.
Data Fath 1). First results (Figure 3) show that uploads are siower (depending on
the server product]; perfarmance is worse for small files fin particular < 1D0ME),
hinting at middleware- or network-related latencies. We do nat observe overly
high CFU Inads In our tests {neither on Cloud VMs nor previousty on HFC)

MAIN TAKEAWAY FROM BENCHMARKS

Typical HeC applications may have an 1O af 0.01-1 PB In a day. If 1/0 shall
aczur only 1% of the time - necessary output rates ars of 10-1000
GB/s. DBMS da not reach such rates, but can «.g. be tilised to read and write
metadata in an image-annotation job. The OBS EXASMIND reach
promising rates - ¥ fila sizes and thread numbars are high enough. Wark an
parallel 1O to a 088 server group (cf. [2]) may be warth re-exploring.

OVERCOMING DATA ANALYTICS OBSTACLES
H EXA4MIND

The EXASMIND project goes much beyond -
providing benchmarks and installation recipes L

for DMBS and OBS for extreme data analytics P

in suptrcomputing emronments. It pravides T

a flexibly-deployable Advanced Query and
indexing System framework where amalyties  Swe
workflows can beo scrl with Apache | cime-
Alrflow and Bask (ses [2]), with Ubraries for
sfficient data staging and caching matching

thiz environment. Figure & shows the concest | S
of the EXAAMIND/AQIS Caching Library, o
which stages data between a slower 085 (or e
DBMS) and a “caching space” on a fast KRC .
File System. The cache status is kept ina | | _ s
lightweight internal database. The interface | Temwwws —{ |
allows for accessing the cached objects and | | — ] m
requesting the caching of additional data. The

e

Ubrary is available through the Open Source
ory of the EXASMIND

s 4. EEAMICAAGES Caching LB G
), whase modulas can ba faxibly
percomputing environment.

REFERENCES & FURTHER INFORMATION

—

bandwidth can be Largely utilised (cf. conjecture (I} in

& EXAHMIND

Funsust by
tha Euragean tmicn




Benchmarking of DBMS and OBS on HPC clusters

Target | PostgreSQL PostgreSQL | CoolMUC-4
system | DBMS on LRZ | DBMS on Scratch cp (for
Compute Cloud | CoolMUC-4 | comparison)

Direction

Rate from system
to CoolMUC-4 792 MB/s
Scratch

Rate from
CoolMUC-4
Scratch to system

Table 1. Data rates obtained communicating with an LRZ-Cloud or
internal PostgreSQL server from the LRZ CoolMUC-4 HPC system.
Colours indicate low (red) to high (green) rates. Rates for a file copy (cp)
from the Scratch file system to itself are shown for comparison (right
col.). A “SELECT *” type query is used for reading, and a “COPY” for
writing.

Download Rates (GB/s) for S3 (& cp) Data Access from HPC Nodes
vs. System / Number of Streams (Data: 1 TB in 10 GB Files)

8,25
7,84
7,06
6,71
5,05
2,39
0,52

OBS (MINIO) default OBS (S3P) 1 Stream OBS (S3P) 8 Streams  OBS (S3P) 4x24 Streams OBS (S3P) 4x24 Streams
#Streams (1 Client Node (green: cp) within (green: cp) within within CM4@LRZ (1 Client ~ w/i Karolina@IT4! (1
in CM4@LRZ; 1 Server CM4@LRZ (1 Client CM4@LRZ (1 Client Node ran 4 Clients; 4 S3 Client Node ran 4 Clients;

VM in Cloud@LRZ) Node; 1 S3 Server Node) Node; 1 S3 Server Node) Server Nodes) 4 53 Server Nodes)
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Figure 2. Rates (yellow
bars) retrieving data from
S3Proxy 0BS (MINIO
where noted) on nodes
of LRZ’s CoolMUC-4 and
IT4’s Karolina (rightmost
bar). We use s5cmd as a
client and a thread
number as indicated
(number of streams);
rates obtained with one
or eight cp processes/
streams (green  bars)
copying the same data
from SCRATCH to
/dev/null are given to
roughly indicate max.
read bandwidth. In case
of 4x24 streams, four
server nodes are used
and four client instances
(24 threads each) on one
node, to test whether
client-node network
bandwidth can be
utilized.



Object stores for warm data enable federation
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Abstract

Modern data-management frameworks promise a flexible and efficient manage-
ment of data and metadata across storage backends. However, such claims need
to be put to a meaningful test in daily practice. We conjecture that such frameworks
should be fit to construct a data backend for workflows which use geographically dis-
tributed high-performance and cloud computing systems. Cross-site data transfers
within such a backend should largely saturate network bandwidth, in particular when
parameters such as buffer sizes are optimized. To explore this further, we evaluate
the “i Rule-Oriented Data System” iRODS with EUDAT's B2SAFE mod-
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ule as data backend for the “Distributed Data Infrastructure” within the LEXIS Plat-
form for complex computing workflow orchestration and distributed data manage-
ment. The focus of our study is on testing our conjectures—i.e., on construction and
of the data eand onr of data-transfer perfor-

mance over the wide-area network between two selected supercomputing sites con-
necled to LEXIS. We analyze limitations and identify optimization opportunities. Effi-
cient utilization of the available network bandwidth is possible and depends on suit-
able client configuration and file size. Our work shows that systems such as iRODS

fit the req for vin computing infr res
involving web-based authentication flows with OpenlD Connect and rich on-line ser-
vices. We are continuing to exploit these properties in the EXA4MIND project, where
we aim at optimizing data-heavy workflows, integrating various systems for managing
structured and unstructured data.
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For going HPC, EXA4MIND has staging tools
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Some speed tests,
Is that all you
show?



ADAMS/IDA4SIMS — a molecular dynamics platform for
comparing simulations to experiments and improving them

& Chrome File Edit View History Bookmarks Profiles Tab Window Help

® 0 MEEELEUOROvOOr Qv ¢nHEGLE VOO0 Q0 U AG6C XNy Q-EORQE LA CO IO Lh | BE TR CECewIDERE WO ~ +
<« G % staging.ida.dsims.eu/IDA4SIMS # O @ Finishupdate }
= L x@'
[l SIM:
(} IDA4SIMS
& Simulations
@ Forca Fields v Welcome to IDA4SIMS: Advanced Data Analysis and Management System
O Experimental Data v for Simulations
A Moleculos In the Simulations part, you can search among all deposited data from MD sil

@\g Michal Otyepka
Y yopkagy

Force Field section, you can list all tested force fields. In Molecules, you cq Rewe|gh||ng
IDA4SIMS impl dditional functionality of simulation
o
o
Force Fields: Simulations! ﬂ
Total Number: 24 Total Number: 11
Current role

C T
RO AReOR= W@ ) @ Sheb

Simulation Community Force field developers
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Self-driving cars

Workflows on HPC for image segmentation, annotation, ...

“image meta-data”

— daytime

— GPS location

— weather conditions

— List of global image
vector features

— Answers for natural Images containing bicyde

(Natural language)

language questions \ q u e ry
capabilities for system
validation

Image of a wet road

Image of a parking lot with sun Query with text:

“object meta-data”

— Bounding box

— Instance segmentation

— Distance to EGO car

— List of object/crop
image vector features

— Answers for natural
language questions

Extract automatically information about scene
Including object locations and classes and properties via Al

Enter query text

Use natural language querying on top of extracted metadata Query: A construction vehicle

And retrieve results from petabytes of data in realtime

EXA4MIND also helps with data transfer
from test vehicles and company systems to
HPC cluster
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Smart viticulture
Aquaview: Soil moisture prediction from satellite and weather data

EXA4MIND: satellite-data cache (iRODS + STAC) with Cloud-Optimised
GeoTIFFs.

PostgreSQL o
+ PostGIS iRODS °
: PosiGIS L More: Friday @EnvComp Workshop.
backend
| | Metric Existing  iRODS  iRODS
(PROD) Improvement
PgSTAC iRODS HTTP API Total 4m 33.80s 40.50s 6.76x faster
processing
time
| | Total data 20.40 GB 0.26 MB  79.522x less
transferred
PyPGSTAC el iRODS HTTP Client Mean data 77.50 MB 0.90 KB 100.00%
oo downloaded reduction
per parcel
| I Mean time per 16.6s 2.4s 6.80x faster
parcel
data-retrieval API i _
STACAPI OLUSES L andeat Std dev time 36.80s 10.80s
Batog e imagery (htp range per parcel
requests on COGs) Weighted time 1.02 s/ha  0.15 s/ha  6.64x faster
Isearch | arrow: /download | arrow: per hectare
y eI y tontor Mean STAC 0.36s 0.16s 2.20x faster
) query time per
Aquaview parcel
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Thanks for your attention -
please test our modules!

EXA4MIND Project Site E4M Kickstarter Open Source
on YouTube Initiative Repository
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