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CAPE - European Open
Compute Architecture for Powerful Edge
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= EU-Call: ,,Open Source for Cloud/Edge
to support European Digital Autonomy”
(Horizon CL4 2024 Digital Emerging 01-21)

= Start: 12/2024 ®*E ‘ ., SRS para
= Consortium Tenenli M
= 7X Industry (6x SME) (& PcB DESIGN

= 4x Academic
= 1x Standardization organization

= Coordinator: Bielefeld University Y W, T iPLo

~ * associated participants
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e CAPE's Vision
” ...towards a Composable Server Infrastructure
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e CAPE's Vision
’ ...towards a Composable Server Infrastructure
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Goals

Traditional Server

GPU Storage NIC

CPU CPU
x86 x86

Target a heterogeneous
edge-cloud continuum
Flexible and dynamic software stack
and deployment orchestration

Use standardized modular compute
nodes
Run-time adaptable communication
infrastructure with CXL

CXL (Compute Express Link) is based on
the PCle transport layer and provides for
cache-coherency and memory pooling




P4 Big Picture of CAPE

. Use Cases S o Standardization Open Edge Server
_— RV — e
Mﬁ Edge Al &Y @”i*n & OFEIA E}z{%l\g Management il
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mart = §§ Processing Infrastructure Alliance) e \Web-based,
out-of-band
. . . configuration Edge
Software Services Edge-Cloud Continuum |, o e topology cluster
reconfiguration (=)
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and service deployment g ° [ ] T |+ Support for
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node allocation & composition | | o ][" Ll computing nodes {:E Compute
.............. | BTN {:E nodes
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P4 Big Picture of CAPE

Focus Today:
eHPS, compute
nodes and
Kubernetes
Edge-Cloud
cluster setup
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R Edge Al N\ Qﬂﬁﬂ o OFEIA %%l\é' Management .
Smart Grid Satellite Payload (Open Federated Edge-Cloud e
mart =1 é% Processing Infrastructure Alliance) » Web-based, [0
out-of-band o
. q . configuration Edge
Software Services Edge-Cloud Continuum | ¢ i topology cluster
1 reconfiguration () |
« Infrastructure from Code (IfC) loT Industry 5.0 HPC e Live power Eq
 Al-assisted orchestration : Telco Automotive Al / ML monitoring rvgeer
and service deployment @ ° [ I | Support for 5€ S
» Resource clustering: dynamic 7’ =) - T heterogeneous {:} {:E c l
node allocation & composition | Lt e = - ompute
P | e | — () | comPutingnodes ree™ roges
Modular, Heterogeneous Supported Edge Server Environment Integration
Compute Nodes 7 eHPS [ ... ] (upto3nodes)

Hardware

L4
@FPGA
GPU

CXL memory

embedded High-Performance Server

74 EMDC
Edge Micro Data Center

Third party on-premises

or cloud

(up to 7 nodes)

« Wall mount & 19" rack

 Hybrid: passive and 8
active cooling

+ Waste heat recovery




i Hardware Platforms

7% Resource Pool
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eHPS: embedded High Performance Server
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Composable Infrastructure
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Two server
platforms

edge servers

High-density computing,
hybrid cooling & building
integration
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= Two carrier boards: eHPS and EMDC

7’" CAPE's Hardware Platforms

= Based on well-established COM

(Computer-On-Module) form factors

=8 cHPS

2X

SoC

www.cape-project.eu
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COM-HPC Module Overview
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COM-HPC is a computer-on-
module form factor standard
for high performance edge
applications
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= 3X COM-HPC compute modules
= PCle Gen6 /CXL -based

communication infrastructure eHPS
predecessor
= Power budget 500W-5000W LL.RECS" using
PCle Gen3

= \Widely available air-cooled 19" rack
server housings (E-ATX form factor)

Compute Node Compute Node ||Compute Node
(COM-HPC (COM-HPC
(COM-HPC Client Type A+B+C) Client Type A+B)
Server Type D+E) .
x4 x8 x4 |x8 Rendering of
o PCle aMIC g eHPS PCB
Switch x1 eH PS . e B
PCle-centric
x16 PCle x8 PCle x8 PCle x4 i
~ Expansion Expansion Expansion MCIO [ arChIteCture
HW-Accelerators NIC PCle fabric over fibre Front panel



7," Overview of COM-HPC Modules

COM-HPC Type Architecture details

PCle/CXL

Client A
Client B 7"’
ClientB g
Client B 71"
Client B

Server D 7,%-

Server E

Server E

Server E

CPU/x86: Intel Panther Lake-H
(Core Ultra 3)

GPUSoC: NVIDIA AGX Orin
GPUSoC: NVIDIA AGX Thor
FPGASoC: AMD Versal Premium Gen. 2

CPU/x86: AMD EPYC Embedded 2005
(Zen 5)

CPU/RISC-V: VMicrochip PIC64-
HPSC1000 (SiFive Intelligence X280)

CPU/x86: AMD EPYC Embedded 9006
“Venice" (zen 6¢)

CPU/ARM: Ampere Altra / Altra Max
(ARMv8.2, ARM Neoverse N1, 128 Cores)

CPU/x86: Intel Diamond Rapids / Panther Gen 6 / CXL 3.1 (full)

Cove (Intel Xeon 7 P-Core)

Gen 5
AGX Orin

Devkit
Gen 4

Gen 5
Gen 6 / CXL 3.1 (full)
Gen 5

Adapter: RSN
Gen 3 /CXL 2.0 COM-HPC <> AGX Orin/Thor
(non-standard)

Gen 6 / CXL 3.1 (full)

PCle Gen6
expected in
Q4/26

Gen 4
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P4 Big Picture of CAPE

Focus Today:
eHPS, compute
nodes and
Kubernetes
Edge-Cloud
cluster setup
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7’" Software Architecture

Features

= Transparent deployment across edge-cloud continuum
Heterogeneous computing resources

= Three different programming and deployment models
= Fully open source stack including @

(Sovereign European Cloud API) SECA

Components / tools

Infrastructure from/as Code (IfC/l1aC):
Automated Software Testing

;‘ Universitat St.Gallen
RyaxX: Deployment, resource selection (p rg
and data center management

technologies

= Orchestrator: manages inventory,
configures network infrastructure and compute nodes

h|ro

Edge Micro Data Centers
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74 Cloud Edge Cluster Setup (1/2)

= CAPE's software stack builds on Kubernetes

= Testbed required to support remote partner access via cloud and
edge node integration

- Semi-automated GitOps-driven cluster setup

HETZNER AN

Infrastructure 3.

Engineer

Kubernetes-based
Edge-Cloud Cluster

Cloud ¢ Pulumi 2

> ——>

Infrastructure

IVPN

'~a On Premises
Infrastructure

Q git
/

GitOpS oﬁo 1
Deployment

4

e S
7 Stva\alck

4

i DevOps
’ Engineer

Non-Expert
Developer

mkaiser/edge-
cloud-cluster
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74 Cloud Edge Cluster Setup (2/2)

Cloud Infrastructure

. . Compute nodes
= Cloud infrastructure is set up D

| ]
(Infrastructure from Code) i 3 s “{] et s
= Infrastructure ready for P
production use %_

= Edge nodes can be o 1 [ | [
Integrated Vla Scrlpts: Network {Longhaorn Block rg

Admin TLS
- Wireguard DNS Service Management Secrels

& S3 Object) ?f‘_ri GitOps ﬁg:;ﬂgn::
= VPN connect -
" Kubernetes join On-Premises —

= Currently limited to Hetzner infrastructure Edge compute nodes

cloud-provider, but will be e | | [oppsmsrn| e picnoas] [ copmea
g e n e ra I I Z e d u S I n g @ Controller provisions Server (EMDC)

{openMPMC) (eHP3)

SECA
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CITEC

= Composable server infrastructure
= PCle-centric architecture with CXL | "ecvree e
= 2 hardware platforms (eHPS, EMDC) | B=

= Heterogeneous, modular hardware |/=1== K
components (CPUs, FPGAs and GPUs) |[l==|E

| PCle/CXLSwitch |
|

Client Type A+
X4 | x: X4 | Xi
x16 PCle a PCle x8 PCle x4 L
Expansion [ | Expansion Expansion MCIO
HW-Acceler: PCle fabric over fibre Front panel

[eHPS archltecture]

= Kubernetes-based Cloud-Edge cluster
= Full deployment stack / workflow orchestration
- Automated setup on Github

Kubernetes-based
it
Edge-Cloud Cluster Q} g
@ Gﬁh / 2
“““““ 1 Cloud# Pulumi | 2| GitOPS agol | DevOps
vvvvvv b T ?| Infrastructure "| Deployment Engineer
HETZNER . K 4
[KU bernetes Infrastructure \3\ PN v K
Engineer ~a/ On Premises o SW 1 Non-Expert
cluster setup] 9 rasrsme | | P Sex [T K Do

[ )
7’ Summa ry . = llnlve sltae!g elefeld 4
E="Nacurd. Y NG o 0

"[eHPS PCB]
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