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The HIPEAC Vision is a deliverable of the coordination and support action on High
Performance, Edge And Cloud computing (previously: High Performance and Embedded

Architecture and Compilation), a European network of almost 2,500 world-class computing
systems researchers, industry representatives and students.

The HIPEAC Vision shows the trends, technology evolutions and limitations and position of

Europe in the domain of computing (hardware and software) and provides a long-term
view and recommendations to the HIPEAC community at large.

HIiPEAC Vision 2025

HIGH PERFORMANCE, EDGE AND C LOUD COMPUTING

January

January 2025 version is available at: 2025

https://www.hipeac.net/vision/
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HIPEAC Vision 2025 overview W

We are more and more in races:

against time
. because of external constraints — e.g. global warming
. because the evolution of technology is very fast (e.g. Al)
with the rest of the world
. on multiple aspects (economy, reducing dependances, ethics, ...)
The HIiPEAC Vision has identified specific races:
. Race for artificial intelligence
. Race for innovative and new hardware (including quantum)
. Race for cybersecurity
. Race for sustainability
. Race for sovereignty

And a set of global recommendations promoting holistic approaches and breaking silos

= > the “next web”, the “next computing paradigm” — federating R&D efforts towards a continuum of
computing, as a way to be “back in the race”: therefore the HIiPEAC Vision 2025 focus is

HOW TO ENABLE THE “NEXT
W COMPUTING PARADIGM"”
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Understanding the Next Computing Paradigm (NCP) v ‘@(}%

Imagine a world where your computer applications are not just programs installed on
your device but are dynamic collections of services that can adapt to your needs in real-
time. This is the essence of the Next Computing Paradigm (NCP).

« Services are anything from
software functions to
hardware capabilities

 They are orchestrated by an
intelligent system which
selects the services from your
own specific requirements.

« Taking into account non-
functional properties like
time, localization, privacy,

Him cost, security, .....

Image generated by ChatGPT
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Applications are defined as (dynamic) composition of various services (Xaa$S)

What are the key Ingredients? - 1

The services are selected and orchestrated together :

m The orchestration is done in several steps:

Decomposition of the application into “elementary” services
m This can be done hierarchically
Discovery of available services

m This can be helped by a trusted directory (similar to Google for web
searches) for helping in governance and mediation

Selection of service according to defined set of criteria (performance,

Image generated by ChatGPT

trust, cost, privacy, locality, latency, security, reliability, energy, possibility

of migration, already successfully used, certified, green, ....)
Secure activation and authentication of the services, with guaranties
Orchestration of the services to perform the requested application

(for business model: reward in exchange of the service: €, reward for
usage of local resources, contribution to data pool, ...)

Should be

hardware enforced:

= Virtualization

Silo, trust zones
Cryptographic protocols

(Lightweight) authentication

13
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What are the key Ingredients? - 2 W

m Independence of the services (software) and hardware on

which it is executed SRR
m Code (not only data) can migrate from one location to g — @H‘.’
a n O t h e r Containers l T Microservice

mapping

digital twin,
trusted directory
QoS manager

ORCHESTRATOR

m like with Web Assembly — WASM

m Containers
HARDWARE (AS SERVICES)

m Hardware (processing, acceleration, storage) can also be * a -
. . . . .
considered as services and they have properties (processing  cru  acceertor  storage
. o o performance energy security locality
power, QoS, energy consumption, security, locality, ...)

HARDWARE (AS SERVICES

Image generated by ChatGPT

m The mapping service/resource process is part of the global
orchestration mechanism
m Problem of assessing dynamically the performance of a

task on a particular hardware (digital twin, trusted
directory, ...): progressive introduction following innovations

Hm 14



Device, Edge to cloud continuity “continuum” ae &

This mechanism can be seen at multiple scales, local or distributed but with
compatibility between all scales

m Various functions in a core (executed locally on a compute core): ex:
Python + libraries

m Specific accelerators as chiplets orchestrated by CPU in a
chiplet+interposer solution

m Resources sharing between devices (“devices are aggregated at the
system layer to form a super device, allowing flexible scaling of device
hardware capabilities”)

m Resource sharing at company/premise level
m Aggregation of data centers (e.g. like for Destination Earth program)

15



Device, Edge to cloud continuity “continuum” ae &

This mechanism can be seenat myf . o .
o users can integrate capabilities of their
compatibility between all scales various smart devices, implementing ultra-

= Various functions in a core (exe fast connection, capability collaboration,
] ) and resource sharing among them. This way, C
Python + libraries services can be seamlessly transferred to the >

- Specific accelerators as chiplets most suitable device, delivering smooth all-

. . . scenario experience.”
chiplet+interposer solution From harmonyos-guides-v3

OpenHarmony

m Resources sharing between devic€S T 2
system layer to form a super devic& Gllowing flexible scaling of device
hardware capabilities”)

m Resource sharing at company/premise level
m Aggregation of data centers (e.g. like for Destination Earth program)

16



Destination Earth program

More details at https://destination-earth.eu/ and https://destine.ecmwf.int/artificial-intelligence-in-destine-the-explainer/

esa

External Services

Digital Twin Engine EIERELT Data Sources

P z
N b © -+ ® =

Information Service Desk User Space Data Access Dashboard Onboarding Services
Registry

Dissemination

CI:

"o, I =

Sandbox

Traceability Visualization o= |

. =

k. = 1 Bl
L B

A
Waorkflow / Collaboration
/ Registered Services

Advanced Applications
& Services

o TIdentity and Authorisotion Monagment |@
Federated Identities

Public Cloud & HPC Resources

[ [PEAC
m From https://destination-earth.eu/wp-content/uploads/2023/04/DestinE-Core-Service-visual-min-2048x1152.webp 17
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NCP enhances efficiency across business cases

Dynamic Resource Allocation: By selecting and orchestrating services in
real-time, the NCP ensures that resources are used where they are most
needed, decreasing the global cost of operation.

Scalability: Businesses can scale services up or down without significant
infrastructure changes, adapting quickly to market demands.

Interoperability: The NCP's ability to integrate disparate systems and
services leads to a more cohesive operation, which can significantly enhance
efficiency across various industries.

Security and Compliance: Communication are done only when local
resources are not enough; Dynamic reconfiguration allowing operation even
if some services are down; Enhanced security protocols ensure data
integrity and compliance with regulations, reducing risks.

Reducing obsolescence: By combining resources from existing systems in a
“meta” systems, NCP allow to increase the usable lifetime of devices.

18
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Some observations leading to the “next computing paradigm” v W

Data & interconnected machines

= The “NCP” will have to integrate the “web of
machines” with the “web of humans”.

Large scale safety-critical systems and digital twins

= Systems will be increasingly intertwined with the
physical world.

= Real-world constraints such as safety, real time and
location will need to be considered.

= Digital twins - to model past, present and future

The spatial web

= Systems will also be spatial: we will go/are into the
computing continuum (ubiquitous computing).
= Properties depend on location and time (4D).

= Current protocols should be extended to support requirements
Him = E.g. IEEE P2874 for spatial web 20



Some observations leading to the “next computing paradigm”

Data & interconnected machines

= The “NCP” will have to integrate
machines” with the “web of hu

IEEE SA | IEEE P2874 Spatial Web,

STANDARDS

—— Working Group

Title: Standard for Spatial Web Protocol, Architecture and Governance

Large scale safety-critical systems and «

= Systems will be increasingly int
physical world.

= Real-world constraints such as
location will need to be conside

= Digital twins - to model past,

Scope: This standard describes a Hyperspace Transaction Protocol (HSTP) that enables interoperable,
semantically compatible connections between connected hardware (e.g. autonomous drones, sensors, smart
devices, robots) and software (e.g. services, platforms, applications, artificial intelligence systems) and includes
specifications for:

2) a semantic data ontology schema for describing objects, relations, and actions in a standardized way

3) a verifiable credentialing and certification method for permissioning create, retrieve, update, and delete
(CRUD) access to devices, locations, users, and data; and

The spatial web
= Systems will also be spay
computing continuu

= Properties depend on ftion and time

= Current protocols shol be extended to support requirements
H;m = E.g. I[EEE P2874 for spatial web

4) a human and machine-readable contracting language that enables the expression and automated
execution of legal, financial and physical activities.

21



Distributed Intelligence via Sharing and Coordination of Resources ' W
Across Heterogeneous, Connected, Locally Managed Devices

. Dynamic construction of applications from
distributed services (local or remote) _
Accounting for non-functional . *OS: Orchestrating System

requirements (time, latency, locality, monitor 4 4 manage _ :
energy, privacy, cost, ...) create o g Cyber world

. Using high level abstractions
Trustable and secure (authentication, store
encrypted, ...)

«  Services (and resources) where they are the S el do Local, distributed, decentralized
most efficient resources

Built on top of existing technologies (swarm, federated, fog, ..)

(e.g. IP, REST, IEEE P2874, ...) collect
it _— Data Actions
base // 0 Secure Exchanges / / ﬁ f
- Build on a trustable, distributed, smart e T Everything
meta-level “OS*” as a Service

Running
on edge

@0@0@@0@@00@.0 L
quantites
Physical World e » E —_— (4%% 'A

R ‘f&— pra

All sectors of the
Cross sectors, avoiding “silos” (common interoperable technology) 22
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Distributed Intelligence via Sharing and Coordination of Resources ' W
Across Heterogeneous, Connected, Locally Managed Devices

*OS: Orchestrating System

Cyber world

Local, distributed, decentralized
resources
(swarm, federated, fog, ..)

=— T P Actions

computing
base f
Build on a trustable, distributed, smart Company/private Everything
meta-level “OS*” data as a Service

ot @O@O@G)@G@@.Q@QO 4

Physical World Runr(ljlng
All sectors of the on eage
ecgnomy
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Cross sectors, avoiding “silos” (common interoperable technology) 23



Some research challenges for the NCP v

= Dynamic service composition seems incompatible with guaranteed performances in term of
timing/latency:
m  Step by step approach
Explicit composition from already tested services composition
Algorithmic assessment... if possible (WCET)
Running digital twins in advance to assess performances

Computing backup scenarii with tradeoffs on services and dynamic measurement of performance
(monitoring) to switch between scenario

m Scalability: in large systems, the MTTF (Mean Time to Failure) could be very short*:
m MTTF of 1024-GPU jobs is 7.9 hours
m MTTF of a 131072 GPU job is 14mn
m  Problem of invisible errors:

= (service of a) verification engine (monitoring) running in parallel to check likelihood of results
» Also useful for checking generative Al services!

m  Here again, using new services (either dynamically or following a precomputed approach) after detection of
a non-conformity during real-time execution of services

=> Need of a monitoring system service, checking the performances in real time of
the orchestrated services and instructing the orchestrator to change scenario in case
of mismatch on a criteria

Him * https://arxiv.org/abs/2410.21680 24




Some research challenges for the NCP W

= Interoperability:
m how to describe the non-functional

properties in a sufficient but not Nonfurictional . R E——
extensive way so that the orchestrator properties @ B4 >tandardization - E]
can take rapidly meaningful choices? * sufficient yet concise
» meaningful choices o
s Need of standardization « Qos, latency, energy, Pre-characterized
 locality compositions
- Extension of existing protocols 0 + catalog of/b e
emplates/ benchmarks
n Hierarchical orchestration => hierarchical E 3 e Ofthoctwior « digital twins
description s SO
) _ _ Extend existing
m Use of c!l_rectorles of pre-characterized protocols Hilerarchical
compositions? i Gl iy orchestration /
« gRPC description
¢ Kubemetes CRDs
* TOSCA?

Image generated by ChatGPT

Hm 25
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Challenge: How to reach a safe and secure NCP? W

NCP has a large number of components & interconnections (but only used when
required)
» More places to hide, more places to attack
Need to secure NCP individual components
* Fast, scalable, static code analysis required, audit of code (open source?)
Secure communications required
* Need solid cryptography & protocols...
e ..that are actually used !
How to ensure safe and secure payment of services
* Lightweight distributed ledgers “blockchain”
How to ensure that services are satisfying the (non-)functional requirements?
* Trusted intermediate

 Sandbox test/execution Your
« Use of digital twins contributions are
* Methods and tools to check the properties... welcome!

26
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The explosion of artificial intelligence in 2025

In late 2022, ChatGPT broke
records as the Al platform
reached 1 million users in less
than a week.

By early 2023, ChatGPT had
accumulated over 100 million
monthly users.

As of July 2025, OpenAl.com
receives 1.2 billion monthly
visits. ChatGPT.com receives
over 5 billion visits, making it
the #5 website globally.

o

Rank by Test Source

Rank is sorted by Offline Test IQ Scores
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M Mistral
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From https://trackingai.org/home September 7th, 2025
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Various applications of current Al

"WhIfE A FUNCTION To I

STEED UP MY DATABASE
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WRR

ARLMOLT.DE
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Various applications of current Al W
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The Al scientist from Sakana.ai

N

[ Experlments

- Q

[ Update Plan

Numerical

@ Idea Generation @== Experiment Iteration
LLM Idea/Plan Experiment
Innovation Template
Novelty Check Code A via
Sem. Scholar LLM & aider
|dea scoring / Experiment
archiving Exec Script

Data/Plots

e l ..... - ':

Paper Write-Up

Manuscript
Template

1

v

Text A via
LLM & aider

v

~

Manuscript

Li

LLM Paper
Reviewing

Conceptual illustration of The Al Scientist. The Al Scientist first brainstorms a set of ideas and then evaluates their novelty. Next, it
edits a codebase powered by recent advances in automated code generation to implement the novel algorithms. The Scientist
then runs experiments to gather results consisting of both numerical data and visual summaries. It crafts a scientific report,
explaining and contextualizing the results. Finally, the Al Scientist generates an automated peer review based on top-tier machine
learning conference standards. This review helps refine the current project and informs future generations of open-ended

Hm ideation. From https://sakana.ai/ai-scientist/

A .
S S
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Marcp, The Al scientist from Sakana.ai N
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Evolution of Generative Pre-trained Transformers (GPT) in & OpenAI

Lo

Model

GPT-1

GPT-2

GPT-3

GPT-3.5
ChatGPT

GPT-4

Architecture

Parameter count

Training data

Release date

Training cost

12-level, 12-headed
Transformer decoder

BookCorpus: 4.5 GB of
text, from 7000

"1 month on 8 GPUs",

der), illi .
(no enco er)_ 117 million unpublished books of June 11, 2018 or 1.7e19 FLOP.
followed by linear- .
various genres.
softmax.
WebText: 40 GB of February 14, 2019
GPT-1, but with text, 8 million (initial/limited "t f petaflop/
modified 1.5 billion documents, from 45 |version) and q erls ° Fl)es azfiLf)P
normalization million webpages November 5, 2019 ay’,orl.oe ’
upvoted on Reddit. (full version)
499 Billion tokens
consisting of
GPT-2, but with CommonCrawl (570
modification to allow |175 billion GB), WebText, English |May 28, 2020 3640 petaflop/s-day,
. L . or 3.2e23 FLOP.
larger scaling Wikipedia, and two
books corpora
(Books1 and Books2).
Undisclosed 175 billion Undisclosed March 15, 2022 Undisclosed
Undisclosed ? (rumor 20M??7?) November 20, 2022
Also trained with both
text prediction and
Xt predictl Undisclosed.

RLHF; accepts both
text and images as
input. Further details
are not public.

Undisclosed (1.8
trillon aka 1.8e12)

Undisclosed (13 trillon
tokens, aka 1.3e13)

March 14, 2023

Estimated 2.1e25
FLOP.

From https://en.wikipedia.org/wiki/Generative_pre-trained_transformer

L 2 %

Compute requirement

~ x 88

>"'x213
\NXGS

~x1218 360

34



Computing is driving Al performances W

for trainin

processing 262 quadrillion floating-point operations,

Cost of ener

2012: AlexNet
GeForce GTX 580

350X ENERGY REDUCTION IN 8 YEARS
Won ImageNet Challenge TO TRAIN GPT4-1 8T

262 x 10*> FLOPS (262 PetaFLOPS)

From GTC 2023 Keynote with NVIDIA CEO Jensen Huang COSt Of energy for training |S a I|m|t|ng factorl

HIg: 35



NN
Al uses more and more (processing) power for training SOTA networks

“Since 2010, the training compute used to create Al models has been growing at a rate of 4.4x per year.*”

(by comparison, Moore’s Law had an 18-month doubling period)

Ao -
Training compute of notable models Z EPOCHAI
Training compute (FLOP) 440 models
107

= @ O
10%].
103,
10%'L
10"
107]

Q ©C8
15 &
W Py 4.4x/year &
O
| | | I | I | | |
2010 2012 2014 2016 2018 2020 2022 2024 2026

Publication date

H@ CC-BY epoch.ai

From https://epoch.ai/data/ai-modelstdata-insights August 2025 36
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https://epoch.ai/data/ai-models
https://epoch.ai/data/ai-models
https://epoch.ai/data/ai-models
https://epoch.ai/data/ai-models

How to reduce the inference cost? W

Inference (using generative Al) is becoming more demanding

e E.g. ChatGPT’s montly users have grown to more than 5 billion (July 2025)

* Test-time compute is rising and is even more demanding of compute power in
inference

=> Specialization of hardware for inference (e.g Grog chip, AWS Inferentia vs AWS
Trainium chips, etc)

* Approaches that don’t need to use all the “neurons” of a LLM:
* Mixture of Experts: MoE architectures create specialized "experts" within a large
model
* Only a subset of these experts are activated for each task, promoting a modular
structure within a single model.

HITR: .



GPT-4 performances due to its structure N W

* Mixture Of Experts (MoE): OpenAl utilizes 16 experts within their model, each with ~111B parameters
for MLP. Two of these experts are routed per forward pass, which contributes to keeping costs
manageable. (NB: 1/8 of the computation)

DeepSeek-R1uses only 37B parameters on its 671B in inference: 18x less

Hm From SemiAnalysis, July 2023 38



How to reduce the inference cost? W

Inference (using generative Al) is becoming more demanding
e E.g. ChatGPT’s montly users have grown to more than 5 billion (July 2025)
e Test-time compute is rising and is even more demanding of compute power in

inference

=> Specialization of hardware for inference (e.g Grog chip, AWS Inferentia vs AWS
Trainium chips, etc)

* Approaches that don’t need to use all the “neurons” of a LLM:
* Mixture of Experts: MoE architectures create specialized "experts" within a large
model,
* Only a subset of these experts are activated for each task, promoting a modular
structure within a single model.
* Agentic Al: Agentic Al often operates with multiple, distinct agents, each
responsible for specialized tasks or competencies.

HITR: .



Smaller LLM models get more powerful

Current models of about 10B parameters have better performances on specific tasks than the original ChatGPT

f2 22 u [/ 1
of 20 Open source” models are catching

e GG . /o5 modils with few morths

GPT-5 (High)  August 2025 delay

P Ve 073 ARC-AGI LEADERBOARD

Seed-o0ss-36B  August 2025 0.83

Qwen3-30B August 2025 0.81

Phi-4-14B December 2024 0.76 ; : ARC AGI 1

GPT-0ss-20B August 2025 0.74 G f 27 M

Gemma-3-12B  August 2025 0.61 https://arcprize.org/leaderboard

From https://huggingface.co/spaces/TIGER-Lab/MMLU-Pro https://arcprize.org/leaderboard

On ARC-AGI 1 benchmark, a 27M parameters

Hm *Massive Multitask Language Understanding model (HRM, Hierarchical Redasoning Model)

beat Claude Opus 4 0



Distillation: Smaller Models Can Be Powerful Too* 'V ‘@@7‘%

“We demonstrate that the reasoning patterns of larger models can be distilled into smaller models,
resulting in better performance compared to the reasoning patterns discovered through RL on small
models.

Using the reasoning data generated by DeepSeek-R1, we fine-tuned several dense models that are widely used in the research community. The
evaluation results demonstrate that the distilled smaller dense models perform exceptionally well on benchmarks. We open-source distilled 1.5B, 7B,
8B, 14B, 32B, and 70B checkpoints based on Qwen2.5 and Llama3 series to the community.”

AIME 2024 AIME 2024 MATH-500 Di(::g:\ d LiveCodeBench| CodeForces
pass@] cons@64 pass@] sass@l pass@] rating
9.3 13.4 74.6 499 329 759

16.0 26.7 78.3 65.0 38.9 77

DeepSeek-R1-
Distill-Qwen-7B 55.5
DeepSeek-R1-
Distill-Qwen- [I*W)
14B

80.0 LG 59.1 53.1 1481

* From https://github.com/deepseek-ai/DeepSeek-RI?tab=readme-ov-file#distilled-model-evaluation

The American Invitational Mathematics Examination (AIME) is a selective and prestigious 15-
Hm question 3-hour test given since 1983 to those who rank in the top 2.5% on the AMC 10. 4



Ultra low parameters LLMs

Some (specialized) LLMs are now below the 1G range:

* Microsoft MU: Mu is an efficient 330M encoder—decoder language model optimized for small-scale deployment, particularly on
the NPUs on Copilot+ PCs*

* Version 0.3B (360M) of Ernie, from the LLM family of Baidu** https://huggingface.co/baidu/ERNIE-4.5-0.3B-PT

* New memory optimization in the multimodal open-source model Gemma3n from Google (A 7B parameters model running on
4GB of RAM) ***

Capability Benchmark ERNIE-4.5 Qwen3 ERNIE-4.5 DeepSeek-V3 ERNIE-4.5
40.7 87.2 88.0 90.2 915
39.8 86.0 86.2 88.2 91.2
PN 372 88.8 94.0 94.0 95.9
Chatbot Arena Elo Score Seneral o 25 728 68 753 784
MM 41.9 81.0 789 879 874
43.2 84.6 80.7 89.4 89.2
16.0 56.7 51.2 66,7 69.5
30.4 72.7 775 87.5 89.4
28.6 39.6 708 846 82.8
60.7 98.6 9.9 98.7 99.2
Reasoning 40.6 93.7 | 90.7 95.1 96.3
33.0 87.7 921 91.3 96.6
55.2 91.0 80.6 941 94.6
51.3 76.3 70.6 88.2 88.3
48.6 76.8 76.2 81.4 79.9
25.2 708 81.0 90.6 91.8
12.4 61.0 50.8 63.0 69.1
Lb 69.4 66,9 79.3 86.4
Math 27 7.2 69.2 79.8 88.6
29.8 82.8 83.5 89.7 90.2
24.0 86.3 79.7 92.7 90.0
216 39.4 56.1 76.9 83.0
Claude 3.7 Sonnet Gemma 3n GPT-4.1-nano Llama-4-Maverick 14 M 52.2 8.9 93.7 90.7 9.2
2025-04-14 17B-128E-Instruct
1.8 M 30.4 249 38.4
: Krowledge 74 52.0 54.8 64.8 722
4B in memory, 7B total
25.0 835 86.0 76.0 84.8
Coding MBPPs 40.2 76.2 75.1 76.7 749
14.2 66.1 65.4 63.0 68.6

¥ ** https://huggingface.co/baidu/ERNIE-4.5-0.3B-PT
*** https://developers.googleblog.com/en/introducing-gemma-3n/ 42

Hm * https://blogs.windows.com/windowsexperience/2025/06/23/introducing-mu-language-model-and-how-it-enabled-the-agent-in-windows-settings/
1
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Agentic Al the future of AI?

Using a set of small specialized LLMs can have similar performances than of a large LLM

Only a subset of the LLM are activated simultaneously

Sam Altman Reveals The Future Of Al Agents, Digital
Humans And Al Brains

‘ Al AGEIN
will
g happen

(Image credit: Getty Images / Justin Sullivan)

S—

/// um the ability to crea Jump to: Read more
themselves

Bringing Al agents into the workforce will soon be as common as onboarding
human employees, as they work together to make businesses smarter and more
H@ efficient, Nvidia CEO Jensen Huang has predicted. 43



NN
What is the key element of Agentic Al? W

The key element in both approaches is the “router”, or “orchestrator”

* MoE: The MoE router selects the most appropriate experts based on the input context, enhancing the

model’s ability to adapt dynamically to various types of inputs. This routing mechanism is foundational

in allowing a large model to focus on the right areas at the right time.

* Agentic Al: Similarly, Agentic Al involves a decision-making layer or "agent manager”, or
“orchestrator” that allocates tasks to the best-suited agents. The manager dynamically routes requests

to different agents based on the context or goal, enabling the system to adaptively respond to complex,

changing inputs.

- Agents can run on different devices,
even “old” ones, increasing lifetime of devices
- If a device is not powerful enough, it can
delegate to other devices (good to increase
lifetime of devices!)

Agents can be centralized, or distributed: \K (((

= O ORCHESTRATOR,

HI

Hm Image generated by ChatGPT 44



Apps and
experiences

Personal
Intelligence
System

Apple silicon

Structure of Apple Intelligence

Systemwide experlenoes
e . D Off device
I......I.-

l ‘ l l Otche:ctraﬁon Server models

e IIIIIII"IIIIII|

SEEEISEABEEEHEHE
ARRRENENY QUUNRAEEE
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f IX ML stack

10

Language Image Private cloud extensions
Private Cloud Compute OS
On-device intelligence stack Private Cloud Compute
S BT 208 2 (v [ e [ svririnn
On-device Apple silicon servers Attestation

Figure 2: Architecture of Apple Intelligence with adapters for the language
on-device and server models and the image models. In this report we are only

Hm describing the text models.
PEAC

WW

From: https://arxiv.org/abs/2407.21075 45



MCP= a first interconnect step by Anthropic ‘@g}%

MCP (Model Context Protocol) is an
open-source standard for

Model
connecting Al applications to —
external systems. Protocol = | £ @
MCP Client MCP Accounting
Using MICP, Al applications like {é} Server 1 System

Claude or ChatGPT can connect to W}v a
. (ll . -'_' X Q“{"..","' >
data sources (e.g. local files, AN 5@’% :

MCP Local Files
databases), tools (e.g. search Server 2

engines, calculators) and workflows  (Human) Al Agent m
(e.g. specialized prompts)—enabling (MCP Host) L[ )
them to access key information and MCP Gg?%ﬁ%?cve
perform tasks. Server 3

From https://modelcontextprotocol.io/docs/getting-started/intro

Hm 46



Interoperability protocols for federated agentic Al W

All exchange data and parameters should be done in a commonly understood
protocol that:

* rely not only on functional requirements (like MCP, A2A, ...)

* but also on non-functional requirements (providing enough information such
as the orchestrator can selects the right services, e.g. according to criteria such

as response time, potential level of hallucinations, cost, localization, privacy of
data, etc...).

It is therefore important that the community work together to commonly

define this exchange protocol that should be open to allow a broad acceptance.

“Like TCP-IP was a way to allow various OS (Operating Systems) to communicate
together, this challenge is to create the equivalent for OS (Orchestration
Systems) to exchange Al related information.”

47



Interoperability protocols for federated agentic Al hae W

All exchange data and parameters should be done in a commonly understood

protocg

*rely

°b;f Do you see the link with the ttior' Sucf;]
as iteria suc
asre NC:P'p , privacy of

We can use this as a

blueprint for developing the
NCP technologies e

bmmunicate

Systems) to exchange Al related information.”
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Evolution of computing: e
Cloud, CPS, loT, Al & Next Computing Paradigm

Centralized Cloud Centralized Cloud / HPC Distributed Cloud / HPC as a service

IR INE WER Digital Twins

TR MR TR Inference

Cloud / HPC

(stationary)
s n

Raw data Models

|_| Al
Inference
Embedded world ((ce ) Frugality (., y) D @
(edge) ‘—Ds: Real time

Modularity

Modularity Real time Smart orchestration

Safety

Sensors

(Deep edge) '

LLM: Large Language Model

Cloud Intelligent Cyber- Distributed and

computing Physical Systems cooperative systems

Hm From Denis Dutoit, inspired from HIPEAC 2023 51



Bringing different communities together to create the NCP
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WE NEED YOU!




CONCLUSION: WE LIVE AN EXCITING TIME!
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