:***: Funded by - - ]
M the European Union L I pJ menCURE

OpenCUBE: Open-Source Cloud-Based
Services on EPI Systems

lvy Peng, Assistant Professor, Department of Computer Science, KTH


mailto:ivybopeng@kth.se

Design, Implement and Validate a full cloud stack

The OpenCUBE project will provide open-

source cloud services on a European

Processor Initiative (EPI)-based computing

blueprint ﬂ,

* Deploy a HW infrastructure hosting EPI " SPERL ope,, UBE

processor + RISC-V accelerator J)l!)

« Target the converged computing
continuum

« Enable industrial & consumer cloud
workloads

« Design with energy-efficiency at all levels
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The OpenCUBE Consortium

Coordinator: KTH Royal Institute of Technology, Sweden
Start: 01/01/2023
Duration: 36 months
Partners: S
e Semidynamics
e Sipearl
« ECMWEF
« TUM

« HPE Hewlett Packard
Enterprise
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OpenCUBE HW Infrastructure

Lead by Sipearl Cloud Applications C°“p‘:veg n?f:z:ngc HPC Applications
. Uni

* ComPUte nOde Slpearl Rhea Linux || Linux || Linux || Linux osv f':’r Linux || Linux | | Linux Linux || Linux
processor + Semidynamics e e i o | S
RISC-V accelerator Metal | | Mete! I:v»
_ OpenCUBE Operating System and Software | ‘

« High-performance ethernet
network from HPE slingshot m m ﬂ H m m m m
» Fabric-attached Memory: for || || | e | s | e | oo | “ose| | “age

memory expansion and data
staging between HPC and

cloud partitions *SPE/RL €emidynamic®
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The RISC-V accelerator expected in OpenCUBE

This would be an output from RISER project — great outreach!

r u | Pilot SoC:
« - * PCle connection with CXL.io/mem
c2¢ e | Bt | F * Linux capable

LPDDR4

RISC-V RISC-V RISC-V RISC-V
Vector Vector Vector Vector
Core Core Core Core

Atrevido Architecture:
Rscv | Rscv | Rscv | RiSCV * RISCV64GCV + A, Half PreCiSion, CMO and B extensions

Vector Vector Vector Vector

Core Core Gore i) * SV48/5V39 virtual memory modes
“wsov | msov | msov | wscv NN * Coherent memory model based on AMBAS CHI

Vector Vector Vector Vector
* Gazzillion misses™ technology for high bandwidth

LPDDR4

i,

Core Core Core Core

RISC-V RISC-V RISC-V RISC-V
Vector Vector Vector Vector
Core Core Core Core

-

LPDDR4
LPDDR4

: VPU architecture
C2C C2€ c2C C2C e VLEN = 16384b

iy ‘. e DLEN=512b
| l l | e Compliant with RISC-V Vector 1.0

£

eemidynamics
—————————.—————————




OpenCUBE Full Software Stack - |

Use open-source component and open APIs

« OS: provide a base system supporting

requirements of native cloud and HPC . @ kubernetes B /«D

+ Resource management and scheduling: & docker L —
exploiting open-source framework like = ! \D
Kubernetes and extending for ARM-based and - MRS "@
RISC-V hardware resources 28e.

 Performance tools: extension to open-source 5||'_|.|:|-n ﬂux

workload manager

efforts with hardware performance counter,
monitoring API, and system monitoring interface
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OpenCUBE Full Software Stack - |l

Develop middleware services for the

heterogeneous DC architecture o
Compute Node
- Heterogeneous memory HBM+DRAM: [spe Sg;zzf' Séiii” Séiii”
memory tiering support for cloud and HPC HBM | DDRe DDRS DDRS DDRS
WO rkl Oad s RISC- v[—/] RISC- v(] RISC- v[d RISC- v[—/J RISC- v[—/]|R|sc v[—/]|R|sc V[./J RISC- V[./J
« Fast and hierarchical storage: integrate | High Performance Network 1
OpenFAM in popular key-value stores for Memory Node 10 Node

data staging

 Network software: extension to Kubernetes ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
CNI for optimized ethernet communication
and support compute-in-network
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OpenCUBE Driver Workloads

* Native cloud workloads, e.g., Spark, APACHE
Airflow, etc S f

 Global weather forecast workflow Apache

 Simulations assimilated with Airflow
observation data

_ . _ ‘:_..%"
* Virtual screening for rapid drug B
discovery S\ g e e e
» Elastic on-demand molecular docking  Ligands database | + aiy iy aty it
workflow (e.g., 1 million) ;:; “‘%% "‘%%}f é@g Sﬁgig
« Machine learning integrated particle | docking docking docking - docking
. g . o
classification workflow T
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Thank you!

Follow Us at

E E FOLLOW US ON
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