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terrabyte
How It started
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terrabyte DLR

= Cooperation between DLR and Leibniz Supercomputing Center (LRZ)
» DLR EOC: Software Services, Data management & access, User support, EO research
» LRZ: Hosting and Operations of IT infrastructure, IT research

= Launched in June 2023

Leibniz Supercomputing Centre

of the Bavarian Academy of Sciences and Humanities
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A “cloud like” HPC System T DLR

terrabyte

(Classic) HPC (Commercial) Cloud

Performance No virtualization overhead -~ Virtualization overhead |
Elasticity Limited & queued | Highly elastic, scalable
Costs (for users) Low if in-house use v Pay-as-you-go |
Control / Sovereignty Full institutional control v Dependency on commercial

providers (often US-based) |

Flexibility Low — fixed environments, | High — users can configure
software often pre-installed < their own environments .~
by admins

User Experience Technical barrier: SSH-only Generally easy — web Ul,

access, command-line tools,* self-service provisioning .~
batch-only jobs

Terrabyte aims at combining the performance of HPC with the
usability and flexibility of cloud systems!




Hardware
Fast and powerful resources
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terrabyte DLR
Online-Storage (DSS) Compute Cluster

« 53 PB net o 272 CPU-Nodes with ~44.000 Intel Xeon Platinum
6 PB user space CPU vCores und 273 TB RAM
* GPFS Filesystem with 360 Ghit/s Infiniband
48 Nvidia A 100 GPU-Nodes with 188 GPUs and 47
TB RAM + 14 TB GPU RAM

~
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terrabyte Network connection between DLR-satellite data
e archive (60 PB) and LRZ
, . « 10 Gbit/s, upgrade to 100 Gbit/s possible

Internet connection between LRZ and CDSE, USGS,
NASA

 max. 100 Gbit/s, depending on server and traffic




Data Availability

No need to download data

Sentinel-1 GRD

Sentinel-1 SLC**

Sentinel-1 NRB*

Sentinel-2 Collection 1 L1C**
Sentinel-2 Collection 1 L2A*
Sentinel-2 L2A MAJA Europe
Sentinel-3 OLCI L1 EFR
Sentinel-3 SLST L1 RBT
Sentinel-5P L1B

Sentinel-5P L2

Landsat TM C2 L2

Landsat ETM C2 L2

Landsat OLI/TIRS C2 L2
MODIS

VIIRS

* not yet completely available
** on-demand capacity

4177 TB
1000 TB
9607 TB
1000 TB

19043 TB

700 TB
1085TB
1543 TB
1595 T8B

210 TB
1350TB
1525TB
2646 TB
1000 TB

135TB

— — —

terrabyte DLR

MODIS (2%)
VIIRS

S1 GRD (9%)
S1 SLC (2%)

LS OLI/TIRS (6%)
LS ETM C2 L2 (3%)
LS TM C2 L2 (3%)
S5P L2 (1%)
S5P L1B (3%)

S3 SLST L1 RBT (3%)

S1 NRB (21%)
S3 OLCI L1 EFR (2%)

S2 C1 L1C (2%)

S2 C1 L2A (41%)

... more to come (e.g., PlanetFusion, PlanetScope, TSX, EnMAP, DESIS)



Data Availability r =
Data access via STAC D STA[: ===

terrabyte DLR

https://stac.terrabyte.lrz.de/browser https://stac.terrabyte.lrz.de/public/api
terrabyte STAC API (@

< Source

o« Share . P Language: English ~ l

import json

import os
_— 5 from pystac_client import Client
Description Additional Resources
Curated data catalog of the terrabyte platform available at - OpenAPI service description lonl=25.327168

https://stac.terrabyte.lrz.de/public/api - OpenAPI service documentation latl=-11.745655

lon2=40.445137
lat2=0.%85788

Catalogs m 1% Ascending outdir="/dss/dsshomel/lxc0F/di4érig/Scripts/

) SNAP/" § dir where to put scene list
indir="/dss/dsst

ntinel-1/GRD/." f#main directory of input data
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P Filter catalogs by title

§ find COP-DEM tiles that cover scene
f STAC API root URL

URL = "I
f custom headers

headers = []

cat = Client.open(UBRL, headers=headers)

f limit sets the # of items per page so we can see multiple pages getting fetched
search = cat.search(

collections = "sentinel-l-grd",

bbox=[lonl, latl, lon2, latl],

datetime="2020-01-01/2020-03-31",

query={
"sar:instrument mode": {
Copernicus DEM GLO-30 MOD09GQ.061 & MYD09GQ.061: Sentinel-1 SLC Level-1 "eg": "IW"}
- MODIS Surface Reflectance Dail ) 13
The Copernicus DEM is a digital surface (250m) y This is the original Sentinel-1 SLC Level-1 dataset )
model (DSM), which represents the surface of provided from ESA.
the Earth including buildings, infrastructure, an... CEDEEE The MOD09GQ/MYDO9GQ Version - - .
e J o~ ; - 10/3/2014, 3:08:21 PM UTC - 6/14/2023, 3:45:08 PM UTC § PySTAC ItemCollsction
.1 product provides an estimate of the surface items = search.item collection ()
AR2RO21AZOR00 AMUIC spectral reflectance of Terra/Aqua Moderate... )

2/24/2000, 12:00:00 AM UTC - 6/10/2023, 12:00:00 AM
uTC



https://stac.terrabyte.lrz.de/browser
https://stac.terrabyte.lrz.de/browser

HPC Z=

Submit massive parallel processing jobs e DLR
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Allow users to bring their software environments s

terrabyte DLR
CPU-cluster
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operMP AMPI e |

& 3 cONDA % ==

docker chamecloud NVIDIA. = Mamba
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HPC + Cloud hybrid ﬁé—?-:- 4#7
Interact with other web processing services TS DLR
In the cloud

CPU-cluster
OIS OB OIS NS
Ol CIIS OIS O
BEvCLOAK e om om as
authentication service IS I I OIS
_ O OIS OIS OO

job(s) | ¥R ¥R OB O e,
| om e o oo
OGC API - Processes s oEa oEs s
0 Open ) IlE NN I I8
Eﬁ Geospatial bearer token _.,_ _.._ _¢_ _gp
..:.. .. T T T
open job definition(s) :iEmat: job(s) B8
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Compute Portal P OPEN |
GUI-based access to software apps 9nDeman

terrabyte DLR

https://portal.terrabyte.lrz.de

Apps~ Files ~ Jobs ~ Clusters ~ Data ~ Desktop Apps ~ Development ~ @ My Interactive Sessions About us Privacy policy @ Help ~ & Logged in as did6riq & Log O

integrated, single access point for all of your HPC resources

Pinned Apps A featured subset of all available apps Message of the Day
I Data
13.01.2025 = TensorBoard
Interactive app TensorBoard is now available on Portal
% E ‘ 13.11.2024 :: Open OnDemand Update
globus o
The Portal has been successfully upgraded to the latest
Data Transfer STAC Browser wversion of Open OnDemand
I Desktop Apps 13.11.2024 :: Container Compute

The application uses noVNC to connect to a remote
desktop session within a container on a compute node
via a VNC server. It provides a basic desktop
VNC ’ VNC environment similar to Remote Desktop (Login), along
\ with the flexibility to run custom container applications

created with Charliecloud or Apptainer.
Container Compute QGls Remote Desktop

The Remote Desktop Compute has been
decommissioned in favor of the new Container Compute,

I Development

30.10.2023 :: Portal Upgrade

o a®
]upyter The Portal has been upgraded to the latest release of
p s Open OnDemand 3, offering a modern interface,
. improved performance, and enhanced compatibility with
diverse HPC systems.
Code Server for VS Code Jupyter Notebook RStudio Server TensorBoard

I Files

Z4a\

Home Directory
System Installed App



https://portal.terrabyte.lrz.de/
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Compute Portal '/T.
Example: Jupyter Notebooks JUPYEET

* Pre-defined Python environments
= Users can create their own environments
= Micromamba
= Conda
= Charliecloud container images
» Users can select computing requirements
(CPUs, GPUs, RAM)

Notebooks launched on terrabyte HPC with
fast access to data

Jupyter Notebook version: v1.3.11

This application starts a Jupyter Lab or Jupyter Notebook server on the cluster. Users
have the option to choose a Python distribution installed in their personal home

directories or specify a custom Python environment from the interface.

with a custom Python distribution

micromamba,/1.4.6 v

Choose a Python environment

micromamba/1.4.6:/dss/dsstbyfs01/pn56su/pn56su-dss-0020/opt/micromamb v

When using Conda, kindly disable the Conda initialization script in your '~ /.bashrc’ file.
The previously entered environments are saved in "$HOME/.tby_uenv. json’, and you can
make modifications when needed.

Enter a custom environment.

This value has higher priority than the one you selected above. Empty or whitespace

entries are ignored

Select a cluster partition for your Jupyter session: hpda2_jupyter
cpu@hpda2_jupyter hd

[J Allow for more than one CPU node for potentially spawned processes

Number of cores per job task on a single node - CPU flavor

Serial 1 core v

The real memory required per node - RAM flavor

Basic 8 GB v

Total run time in hours

1



Compute Portal
Example: VS Code Code Server

terrabyte

o0
~ di39rer

EXPLORER createCondaEnv.st $ createQgisCharliecloudSquashfs.sh X

~ DI39RER $ createQgisCharliecloudSquashfs.sh
@ > bin

buildmicromamba

cuda-samples ch-image pull $containerName:${containerTag}

eo-examples

etc - . . - 5 S e - - -
mkdir $(dirname $containerName:${containerTag} $unpackedFolder/${containerName} ${containerTag} unpacked)

ch-convert $containerName:${containerTag} $unpackedFolder/${containerName}_ ${containerTag}_ unpacked

GitProjects ch-run $foldersZmap $unpackedFolder/${containerName}_${containerTag}_ unpacked /bin/

laxShare

lib

micromamba mkdir $( dirname $unpackedFolder/$%{containerName}_ ${containerTag}_unpacked $outputFolder/${containerName}_${containerTag}.sqfs)
ch-convert $unpackedFolder/${containerName}_${containerTag}_unpacked $outputFolder/${containerName}_${containerTag}.sqfs

geoservice

ondemand
OPEMNEQ-EURAC
DR $unpackedFolder/${containerName}_ ${containerTag}_ unpacked
qgis

R

S1Coherence echo "to
share lerdame: ${containerTag}
softShare

>
>
>
2
2
?
?
?
?
?
>
>
>
>
>
>
2

LT

src

» DUTLINE
» TIMELINE
¥ | 2 masterr & @04 Ln1,Col1 Spacess4 UTF-2 LF ShellScript Layout US (3

1 Mew Motification
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Compute Portal f rarray Z=

Parallel computation with xarray - dask s

- _ | Terminal Sessions View Xsever Tools Games Settings Macros Help
€15 @ @ | D O rpslocahostesse/abrr % moDakoWPe =0 |o Necalhost757/ststs % moLeeo ™o P . P

: _ = $: = X« @& hd ¥ @ X o
# Startseite (DLR-Intranet] & ZEUS WebServices - L. dict.cc | Worterbuch E.. ESDLR 3% Ubersicht - DLRWiki &) Open OnDemand by ... % | ¢ Startseite (DLR-Intranet) (€ ZEUS WebServices - L... dictce | Worterbuch E.. ESDLR 3% Ubersicht - DLRWiki € Open OnDemand by ... | session Servers  Took  Games  Sessions  View Spit  MulbExec Tumneing Packages Setfings  Help Kserver  Exit

/ Ouick - B}
— flle Edit View Run Kemel Tabs Settings Help 7 Stalus  Workers  Tasks  System  Profile  Graph  Groups  Info  More Quick BN 2 ixiogin2 Irz de (diden B 3. discriq@ivioginz = &
- o * C Dask_HPC_52C0G_example.i ® 5 t A i
-| £ i m &
Bytes stored: 7.54 GiB [fasstassnometisccoriaiserias [
B + X0 1 » = ¢ » Code v Python 3 @ p— T T ; ; s
o Q print("Nuber of scenes to process:” + str(len(lowcloud))) ~ [ 206, 940.Gg 955’6‘@ 280, 1800 g §| v Mame size (G) SH ion to
H . - Direct SSH
W / Scripts / Dask / Nuber of & ‘10 s 5s !
uber T scenes to process Bytes stored per worker Processing CPU  Occupancy Dask lags o &l Icumpr ten
Name - Last Modified! Dacker R ( herley o 6 jod through SSH)
o Seont Sorats and e N Tasks Processing " miniconda « X11-forwarding : » (remote display is forwarded through SsH)
M DaskJogs seconds ago elect Bands and define computation tasks E sorpts . . CrLrelick om hets or |
* E Dask_HPt seconds ago ! -MimmndaHBhEst{\nuxprS;‘. 92027 Or more info, ctrirciick on Mewp or vist
NIR=lowcloud. sel(band=["Bes"]) 2 ndv.tf 57702
@ HPC_AWS.S... 6 days ago RED=lowcloud. sel(band=[ "Ba4"]) 3 ir 247.2 1
@ HPC_DSS.S... 5 days ago 2 welcome to the CoolMUC2 Infiniband cluster, one of the Linux clus
# Compute monthly mean on bands I ; ; ; ; ; = operated by Leibniz Supercemputing C
NIR_monthly=NIR.resample(time="M5").median("time", keep_attrs=True) ap 106g 206 30 g “06g 506g i ol _ T " _ : _
RED_monthly-RED. resample (tim “).median("time", keep_attrs=True) . se do not run any ex sive computational programs on login node:
Y o z , please submit SLURM batch i i nd SLURM
oo G reo oo moeded for oo interactive shells for testing and short-running program
D) Gt Jai Py (e e Gl Misuse of the interactive resources will lead to viclating accounts being
NIR_monthly 2d=NIR monthly.squeeze() blocked from access to the cluster.
RED_monthly 2d=RED monthly.squeeze() 1 opL e in particular this pertain specifying

ripts, please read
BLIC/Avail

# Def
NDVI_monthly=(NIR_monthly_2d - RED_monthly_2d) / (NIR_monthly_2d + RED_m
< >

e NDVI computaiton task

9, Run computation on Dask-Cluster

Hktime

data = NDVI_monthly.compute() pack/ relea e/21.1.1 21.1.1 release linu

intel-mpi: using intel wrappers for mpic

client. shutdown()

e) did6rig@em2login2: queue --c e did6rig
T

V‘MME S S TIME NODES NODELIST(REAS
10. Plot the data 0: 1 i23res5celsez

rig

data.plot.imshow(row="time", cmap='BrBG', robust=True, size=6, vmin=-8.5 : - - .
JOBID PARTITION NAME TIME NODES NODELIST(REAS
< >

1

] 3 1

11. export data as multiband geotiff 4 y i i 0 1
| 1

data.rdo. to_raster(raster_path="/dss/dsshone1/1xcor/dis6ria/ndvi. tif",

1101 58

< 2 Progress — total: 886, in-memory: 180, processing: 117, waiting: 423, erred: 0

getitem 112 / 360 array 13713

fetch_raster. 877144 Ishees o 9ls

where-getitem 28/ 108 | nanmedian 0/8

rechunk-merg... 0/72 | rechunk-merg... 0/8

truediv 5/54 < >
logical_not I 37/54 B Remots monitoring

2 o ———rT 01 Follow termina folder
Simple 1 @ Ppython 3 | Busy Saving completed Mode: Command @& In1, Col 1 Dask HPC_52C0OG_example.ipynb UNREGISTERED VERSION - Please support MobaXterm by subscribing to the edition here: hi

v} r’l L] ) DB o B




User Support

Various possiblilities to interact and learn

Service Desk

4 Jira Service Management

https://servicedesk.terrabyte.lrz.de

servicedesk@terrabyte.lrz.de

Workshops & Cafes

Forum Documentation

1 “=. Docusaurus
DISCOUTSG E}
https://support.terrabyte.lrz.de https://docs.terrabyte.lrz.de

Example Notebooks + Python libraries

https://github.com/DLR-terrabyte



https://servicedesk.terrabyte.lrz.de/
mailto:servicedesk@terrabyte.lrz.de
https://support.terrabyte.lrz.de/
https://docs.terrabyte.lrz.de/
https://github.com/DLR-terrabyte

What Is next?

e
F——=x
“terrabyte DLR
» Interoperable algorithms (e.g., OpenEO, OGC EO Application Packages)
= e.g., sometimes requested by ESA project funding
= Supports open science principles

» User-specific interfaces

» On-demand processing (e.g., S2-MAJA, Sentinel-1 NRB)
» User-defined processing workflows based on HPC

» User-defined data access & visualization (e.g., Google Earth Engine like, OpenEO)
» Kubernetes cluster

= terrabyte services run as scalable services in the cloud
= Users can run services on Kubernetes

= Alignment with ESA's Earth Observation Exploitation
Platform Common Architecture (EOEPCA+)

= Design and development of resource & data management and data cube services
(together with EOX IT Services, EOFarm, Development Seed)

= Contribute HPC processing use cases (OpenEQO, OGC API Processes)



How do you get access?

terrabyte DLR
aCCess

* As a DLR-member you can create an account within minutes and get instant

* Non-DLR-members can get access, if they are in a collaborative scientific
project with DLR

Want to try terrabyte?

Collaborate with our colleagues! ©




terrabyte

Peter Friedl
peter.friedl@dIr.de

Jonas Eberle
jonas.eberle@dIr.de

servicedesk@terrabyte.lrz.de
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