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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
▪Consortium

▪ 7x Industry (6x SME)
▪ 4x Academic   
▪ 1x Standardization organization

▪Coordinator: Bielefeld University

associated participants
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CAPE‘s Vision
…towards a Composable Server Infrastructure 
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Server 
resources

Resource Pools → Composable Infrastructure 

Goals
▪ 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 PCIe transport layer and provides for 
cache-coherency and memory pooling
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Big Picture of CAPE
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Focus Today:
eHPS, compute
nodes and 
Kubernetes
Edge-Cloud 
cluster setup
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Hardware Platforms
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eHPS: embedded High Performance Server

EMDC: Edge Micro Data Center

CAPE’s fully 
Composable Infrastructure

Two server 
platforms

Heterogeneous 
edge servers

High-density computing, 
hybrid cooling & building 
integration
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CAPE’s Hardware Platforms 

CF26 - CAPE’s Composable Server Infrastructure... 8

▪Two carrier boards: eHPS and EMDC
▪Based on well-established COM

(Computer-On-Module) form factors
▪ Focus on heterogeneous computing

COM-HPC is a computer-on-
module form factor standard 
for high performance edge 
applications

COM-HPC Module Overview
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eHPS – embedded High Performance Server
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▪ 3x COM-HPC compute modules
▪PCIe Gen6 /CXL -based

communication infrastructure
▪Power budget 500W-5000W
▪Widely available air-cooled 19” rack 

server housings (E-ATX form factor)

eHPS 
predecessor
„t.RECS“ using
PCIe Gen3

3 height units 19“ server

Rendering of
eHPS PCB

eHPS 
PCIe-centric
architecture
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Overview of COM-HPC Modules
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COM-HPC Type Architecture details PCIe/CXL

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

Gen 5

Client B GPUSoC: NVIDIA AGX Orin Gen 4

Client B GPUSoC: NVIDIA AGX Thor Gen 5

Client B FPGASoC: AMD Versal Premium Gen. 2 Gen 6 / CXL 3.1 (full)

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

Gen 5

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

Gen 3 / CXL 2.0 
(non-standard)

Server E CPU/x86: AMD EPYC Embedded 9006 
“Venice” (Zen 6c)

Gen 6 / CXL 3.1 (full)

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

Gen 4

Server E CPU/x86: Intel Diamond Rapids / Panther 
Cove (Intel Xeon 7 P-Core)

Gen 6 / CXL 3.1 (full)

AGX Orin
Devkit

Adapter: 
COM-HPC <> AGX Orin/Thor

PCIe Gen6 
expected in 
Q4/26
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Big Picture of CAPE
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Focus Today:
eHPS, compute
nodes and 
Kubernetes
Edge-Cloud 
cluster setup
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Software Architecture
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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)

Components / tools 
▪ Infrastructure from/as Code (IfC/IaC): 

Automated Software Testing

▪ Ryax: Deployment, resource selection 
and data center management

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

▪ openMPMC (Multi-Platform Management Controller):
low-level server management
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Cloud Edge Cluster Setup (1/2)
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▪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

mkaiser/edge-
cloud-cluster
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Cloud Edge Cluster Setup (2/2)
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▪Cloud infrastructure is set up 
using 
(Infrastructure from Code)
▪ Infrastructure ready for

production use
▪ Edge nodes can be

integrated via scripts:
▪ VPN connect
▪ Kubernetes join

▪Currently limited to Hetzner 
cloud-provider, but will be
generalized using
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▪Composable server infrastructure
▪ PCIe-centric architecture with CXL
▪ 2 hardware platforms (eHPS, EMDC)

▪ Heterogeneous, modular hardware 
components (CPUs, FPGAs and GPUs)

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

Summary
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[eHPS architecture]

[eHPS PCB]

[Kubernetes
cluster setup]

[Best team ever!]
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CAPE’s Composable 
Server Infrastructure for 
the Edge-Cloud Continuum

Martin Kaiser, mkaiser@techfak.uni-bielefeld.de
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