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Exponential increase of power for Al computing Project facts:

- Energy use in German datacenters increased by more than 2x * GreenTech Innovation Competition by German Federal Ministry
from 5.8 bn in 2010 to 16 bn kWh in 2020 for Economic Affairs and Climate Action (BMWK)

o * 5 million €
* Forecast 2030._13% of global energy consumption in . May 2023 — April 2026
datacenters, big part for Al
 Compute power needed for digital technologies, especially Al Goals
+ Large deep learning models need more and more compute * Design world‘s most sustainable Al data centers on the basis of

neuromorphic hardware (NPU, SpiNNaker2)

Al sustainability framework to measure ressource usage of
Flecricity usage (TWh) ofData Centers 2010-2030 entire ML lifecycle (Development, training, inference) in datacenter

3500 Computing Power demanded by Deep Learning

SORN—— * Develop End-to-End Sustainable Al solutions for 2 use-cases

More and more compute power

power for training and inference

10°-

2500 Energy cnncumptinn of S needed for deep Iearning

datacenters increases
exponentially

10°-

Computati

Explainable Al

=
o
=]
o

4
10

Al Sustainability framework

Transparency

Y
Ul
(=]
o

10°-

non-

10°-

Relative

Electricity Usage (TWh)

Y
(=]
=]
o

) discriminating, Human rights in
500 ° |  semrsating o wisrees | Energy demand racist-free the value chain
O2010 2015 2020 2025 2030 - - - N Ye;ios N N o Water Stakeholder
[Andrae 2015] [Thompson 2020] demand analysis
Challen ges. Material J Data security
. . : : : - Financial
Rising demand for compute power jeopardizes sustainability goals space~ Green house custaimabilty Data center

e Existing hardware (CPU/GPU) not efficient enough to reduce gase emissions availability level

(scopes 1, 2, 3) Transparency

resource usage

» Also consider other resources: water, greenhouse gases, rare
earth elements

Virtualisation

1. Visual Computing for steel industry

LIF neuron

Neuromorphic Chips (NPUSs) ? f « Steel scrap is a 100% circular material
 Neuro-inspired processors for f « Scrap sorting can help optimize scrap usage
spiking neural networks X _ « Efficient classification of scrap is needed for green steel
- Efficiency through asynchronous, * Requires realtime visual object identification
event-based processing 1" o cuon Tanjc oeng 20200 @39.76) * Avoid rebound effects from energy-intensive DL applications
* Intel Loihi and SpiNNaker2: 10-100x | B unetonana ot 2020 + Goal: Reduce energy consumption by 50% for inference with
faster and more efficient than 10 X L on spiNarer (vareer 2095) distributed hardware (Edge-to-cloud) and combining NPU, GPUs and
CPU/GPU for DNN ' i (89.1, 3.33) CPUs _ o
: . | A (150, 2.8) Multiclass classification
* Neuromorphic approach applicable £ |
to many of deep learning models: 2 i R A A A [ A dict
+ Image processing with CNN - | Preciction
. NLPgWiIch RNN (sgLSTM or EGRU) . e o @
« Spatiotemporal pattern recognition ' | \_ y,
* Is neuromorphic computing applicable 50, 0.01)
to large-scale DL models? T T et R
 What is needed for the successful EReravratie  vogginger 2024]
integration of NPUs into data centers? 2. Efficient training of NLP models for digital industry

« Ex. automic ticket system: no ,one-fits-all” solution for all customers

* Regular training or finetuning required. Costs for training can become
bottleneck of the business model

 Goal: Reduce energy for training by 50% and for inference by 80% by
efficient, event-based NLP Models on neuromorphic hardware

SpiNNcloud neuromorphic supercomputer

5 million core machine from 2024 in Dresden:
8 racks with 90 48-node boards each 48-node board

‘ZI; .ﬂi' « Efficient algorithm: apply principles of event-based communication and
rif2 . B lazy computation in RNN [Subramoney 2023] to NLP models
i | (Transformers)
.% —  Efficient hardware: implement on SpiNNaker2 (recent work by [Nazeer
B 2 2023] requires 18x less energy for language modelling than NVIDIA A100)
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