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Moore’s law
• Complexity (=number of 

transistors) in an 
integrated circuit 
doubles every two years. 

• CPU Clock speed & 
single-thread 
performance 
doubled as well…

– …until 2005.

Liming Xiu: “Time Moore: Exploiting Moore's Law From The 
Perspective of Time”, IEEE Solid-State Circuits Magazine 
2019, DOI:10.1109/mssc.2018.2882285
Tom Conte: “IEEE rebooting computing initiative & 
international roadmap of devices and systems”, 2015 
https://arch2030.cs.washington.edu/slides/arch2030_tom_conte.pdf

Gordon Moore: “Cramming more 
components onto integrated 
circuits”, Electronics, McGraw-Hill, 
1965
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Why Single Thread Performance Stalled

• Single-thread performance 
≈ Clock speed ~ Power

Silicon gets too hot!

• Still increase in 
single-thread performance, 

• but limited.

– No doubling every two years.
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Doubling of Number Transistors Still True

• For what is the doubling of 
numbers of transistors used?

– Multicore processors!
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https://hpc.postech.ac.kr/~jangwoo/research/research.html
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The End of Moore’s law
• Currently: 7 nm semiconductor manufacturing process. 

• 5 nm to start in 2020,
– 5 nm = nine silicon crystal unit cells.

• 3 nm promised for 2022.

• Expected to reach atom level 
limits in 2025-2030.
– The end of Moore’s law?!

– No need to buy new computers 
after 2025? (New CPU generations 
will not be faster anymore!?)

https://www.cnet.com/news/processor-progress-is-alive-and-well-tsmc-builder-of-apple-iphone-chips-says

Liming Xiu: “Time Moore: Exploiting Moore's Law 
From The Perspective of Time”, IEEE Solid-State 
Circuits Magazine 2019
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Beyond Moore’s law
• From 2D to 3D silicon to continue increasing density (in particular memory).

• Smaller structures based on carbon nanotubes instead of silicon.

• Increase frequency: superconducting cryogenic computing.

• New paradigms: 

– Neuromorphic computing (e.g. human brain project),

– Quantum computing.
• (More in talk by Morris Riedel: “Demystifying Quantum Computing”, UTmessan 2020)

• Accelerators (e.g. GPUs): 

– Standard silicon manufacturing, but specialised hardware that is faster
(and more energy efficient) for certain problems than generic CPUs.

– Still always CPU needed for parts/problems not supported by accelerator.
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Accelerators
• Graphics Processing Unit (GPU):

– Do the same numerical operation in parallel to many 
pixels stored in high-bandwidth graphic memory.

– The same approach fits well for many other parallel
numerical problems, e.g. training a neural network.

• Google’s Tensor Processing Unit (TPU):
– Application-Specific Integrated Circuit (ASIC) for 

neural network machine learning operations.

• Field-Programmable Gate Array (FPGA):
– Array of logic blocks that can be configured in the field. 

• Downside: Need to rewrite code for accelerators!

Source: NVIDIA advertisement (so take with a grain of salt)

Peak Floating Point Operations Per 
Second (FLOPS)
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Supercomputing & 
Accelerators

• Latest supercomputers: 
powerful CPUs each 
accompanied by GPUs.

– More FLOPS,

– Better energy efficiency.

– 200 PetaFLOPS peak.

• Exascale expected 2023:

– ExaFLOPS=1018 FLOPS
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https://www.top500.org/lists/2019/11/
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Dynamical Exascale Entry Platform 
- Extreme Scale Technologies (DEEP-EST) 

• H2020 project to build the blueprints of 
future Exascale supercomputers.

• Problems addressed, e.g.:
– Current supercomputers have on each node a 

powerful CPU and powerful GPUs.

– But: problems are often either CPU-intensive or 
GPU-intensive.

– Waste of money and energy: all powered, but 
only one of these is productive.

9

www.deep-projects.eu

https://www.deep-projects.eu/
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DEEP-EST Modular Supercomputing Architecture
• Modules to support different 

supercomputing applications in 
the most (energy) efficient way: 

– Cluster Module with powerful CPUs,

– Booster Module with powerful GPU 
(weak CPU only to drive GPU),

– Data Analytics Module (DAM) for machine 
learning with huge memory,

– future: quantum computing module?

– all connected by a very fast network:

• Same application can use 
different modules in parallel.

• Near-data processing inside.

Cluster Module 
with powerful 

CPUs for 
traditional super-

computing 
software

Extreme Scale 
Booster module for 
highly-scalable GPU

software

Data Analytics Module for 
machine learning software 
(GPUs, FPGA, huge RAM & 

Non-volatile memory)

Network Attached Memory and 
Global Collectives Engine for near-

data processing of stored and 
transmitted data



Helmut Neukirchen: DEEP-EST & EOSC-Nordic 11

• DEEP-EST prototype installed at Jülich 
Supercomputing Centre (JSC), Germany. 

– Final installation: 12 PetaFLOPS.

• DEEP-EST blueprints used for GPU 
booster of current JSC production 
supercomputer JUWELS:

– Will add 60 GPU PetaFLOPS 
to current 10 CPU PetaFLOPS.

• JSC is optimistic to host an Exascale 
system by 2023/24.
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Exascale Roadmap Influenced by DEEP-EST
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DEEP-EST – University of Iceland
• Scalable, parallel machine learning implementations.

• Case studies to evaluate benefits of 
Modular Supercomputing Architecture:

– Classification of data using Deep Neural Networks.
• Pointless to compete with Google, Facebook, Uber: Use their frameworks 

(Tensorflow, Horovod) on GPUs but with fast memory & storage hardware of DEEP-EST.

– Classification of data using Support Vector Machine (SVM).
• SVM useful if not enough training data for neural network available.

– Clustering of data using Density-Based Spatial Clustering 
of Applications with Noise (DBSCAN).

• Detect clusters in point data, e.g. LIDAR scans (point clouds).

CC BY-NC-ND 4.0 Götz, Richerzhagen, Bodenstein, 
Cavallaro, Glock, Riedel, Benediktsson: On Scalable Data 
Mining Techniques, Procedia 
Computer Science, Volume 51, Elsevier, 2015 
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NextDBSCAN      (Ernir Erlingsson):
Scalable CPU & GPU Implementation of DBSCAN

527 162 888 3D data points, single node/shared memory (dual CPU, 1 GPU)• Depending on clustering parameters: 
GPU sometimes faster, sometimes CPU: 

– GPU limited to 32 GB high-bandwidth RAM, 

– CPU: 384 GB RAM 
+ 3 TB NVDIMM. 

• NVDIMM: slower than RAM 
but faster than SSD; 
by using RAM as cache: 
only 10%-20% slower 
than RAM.

 CPU version can cache 
calculations that GPU needs 
to recalculate in different 
phases of the DBSCAN algorithm.

CPU cores (always all GPU cores used)
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And Now For Something Completely Different:
From Computing to Data
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The European Open Science Cloud (EOSC)
• H2020 funded range of projects.

• Environment for researchers to 
store, analyse and re-use data.

• Open science – reproducibility, 
integrity, e.g.:

– Open methodology,

– Open source,

– Open access,

– Open/FAIR data.
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Vicente-Saez, R., 
Martinez-Fuentes, C. 

Open Science now: 
A systematic literature review 

for an integrated definition.
J Business Research 88 (2018), 

DOI:10.1016/j.jbusres.2017.12.043

Woelfle, M., Olliaro, P., Todd, M. 
Open science is a research accelerator. 

Nature Chem 3, 745–748 (2011). 
DOI:10.1038/nchem.1149 

www.eosc-portal.eu

https://www.eosc-portal.eu/
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Open Data vs. FAIR Data
• Open data: data that can be used, reused, and redistributed freely by any person. 

• FAIR data:
– Findable via rich metadata including a global ID (e.g. DOI) to make it identifiable and locatable.

– Accessible: always available and obtainable; even if the data is restricted, the metadata is open.

– Interoperable via a defined syntax and semantics, allowing exchange between researchers.

– Reusable: sufficiently described; least restrictive license, allowing the widest reuse possible.

• European Commission advocates Data Management Plan based on FAIR data.

• Example metadata 
using Dublin Core 
format (simplified):

http://opendatahandbook.org

Wilkinson, M. D. et al.. The FAIR Guiding Principles for scientific data management and stewardship. Sci. Data 3:160018 (2016) DOI:10.1038/sdata.2016.18
https://www.openaire.eu/how-to-make-your-data-fair

<metadata

<title>From Exascale Supercomputing to FAIR data</title>

<description>Presentation about DEEP-EST and EOSC-Nordic</description>

<creator id="https://orcid.org/0000-0001-8595-3748">Neukirchen, H.</creator>

<date>2020</date>

<rights>http://creativecommons.org/licenses/by/4.0/legalcode</rights>

<type>Text; Image</type>

<format>application/pdf</format>

<identifier>https://dx.doi.org/10.23728/b2share.

b6c1b824a8f84db2bbc1d08a77a4e187</identifier>

</metadata>
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EOSC-Nordic
• H2020 project: part of European Open Science Cloud.

• Objectives, e.g.:
– Create knowledge hub (e.g. how to 

create a data management plan).

– Map Nordic research data 
repositories and services.

– Make Nordic data FAIR by adding
them to EOSC metadata catalogue.

• Based on EUDAT Collaborative 
Data Infrastructure.

17

www.eosc-nordic.eu

https://www.eosc-nordic.eu/
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EUDAT Serviceswww.eudat.eu

Store data (incl. DOI) if you 
do not have your own data 

server.

Use your UoI login to access EUDAT services (based on 
eduGAIN – like eduroam, just not for Wifi, but for service 

login), but can also use, e.g., ORCID identity or EUDAT 
account. 

Find data and harvest 
metadata.

Shiraz Memon: “Federated Access to Collaborative Data and Compute Infrastructures”, PhD thesis, UoI, Sommer 2020

• H2020 project 
(part of EOSC). 

• B2SHARE: long-term 
storage of research data,

• DOI for data.

• B2FIND: metadata 
harvesting 
& search.

• Where login 
required: 
use your existing 
account.

https://www.eudat.eu/


Helmut Neukirchen: DEEP-EST & EOSC-Nordic 19

B2FIND: Finding Data
• B2FIND harvests metadata from various sources.

– We need to add metadata for Icelandic datasets as sources!

• Example usage:
– https://eosc-portal.eu/

→ ACCESS EOSC SERVICES & RESOURCES

→ Sharing & Discovery

→ B2FIND 

→ Access the Service 

→ You end up at B2FIND: http://b2find.eudat.eu

→ Enter your search keywords to search metadata and find DOI to access the data.

https://eosc-portal.eu/
http://b2find.eudat.eu/
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B2FIND: Finding Data

Metadata search 
keyword(s)

Search filters, e.g. 
geo, date

Metadata

Access to actual 
data via data 
identifier, e.g. 
DOI. Will lead 
to the server 
where actual 

data is stored.
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B2SHARE: Storing data and sharing via DOI
• Access it via EOSC (just like B2FIND).

– https://b2share.eudat.eu
• If you need a playground for training, use: https://trng-b2share.eudat.eu (created DOIs are dummies).

• To create a new dataset, you need to log in.
– Use your University of Iceland login as identity provider (eduGAIN).

– If that does not work, you can use many other identity providers:
• E.g. ORCID, Facebook, Google, or create a EUDAT account.

 Also Icelandic researchers not being part of eduGAIN can use EUDAT!

• Create a new record.
– You need to select a community: → Select “EUDAT”

– Add files, fill-in metadata, save and publish.  Voilà: data stored with DOI

https://b2share.eudat.eu/
https://trng-b2share.eudat.eu/
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B2SHARE
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B2SHARE



Questions?

• deep-projects.eu

• eosc-nordic.eu

– Do you have any dataset 
that is worth to be made FAIR?

• Contact me: helmut@hi.is

The research leading to these results has received funding from 

the European Union‘s Horizon 2020 research and innovation 
programme under grant agreements n°754304 and 857652 

eosc-portal.eu

https://deep-projects.eu/
https://eosc-nordic.eu/
https://www.eosc-portal.eu/

