The HPC + Al Cloud

Flexible and performant infrastructure
for HPC and Al workloads

Matt Pryor, Senior Technical Lead, StackHPC

@zimuth StackHPC



StackHPC Company Overview @ StackHPC

e Formed 2016, based in Bristol, UK
o  Based in Bristol with presence in Oxford, Cambridge, France and Poland
o  Currently around 30 people Stack
e Founded on HPC expertise y/ Open Infrastructure
. . FOUNDATION
o  Software Defined Networking
o  Systems Integration SILVER MEMBER
o  Open Research Infrastructure Development and Operations
e Motivation to transfer this expertise into Cloud to address HPC & HPDA (Al)
e “Open” Modus Operandi
o  Upstream development of OpenStack capability
o  Consultancy/Support to end-user organizations in managing HPC service transition
o  Scientific-SIG engagement for the Open Infrastructure Foundation
e Hybrid Cloud Enablement
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StackHPC Three Pillars

Reconfigurable and
isolated infrastructure

Performance to extract
maximum value

@ StackHPC

Azimuth self-service
platforms



Open Source Co-Development @ StackHPC
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Diverse Use Cases @ StackHPC
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Infrastructure @ StackHPC

Reconfigurable and
isolated infrastructure



Hardware silos @ HPC

HPC Big Data Al and Deep Learning
HPC Specific Big Data Specific Al Specific
Orchestration Orchestration Orchestration

Al and Deep Learning

Big Data Hardware
HPC Hardware g Hardware



Cloud-native HPC @ StackHPC




OpenStack to the rescue

OpenStack is an open-source cloud platform

Strong multi-tenancy guarantees

e APIs for compute, network and storage

O

Dashboard and command-line interface

DevOps tools for OpenStack and platforms

O

O

Code reviewed changes

Continuous integration and delivery

@ StackHPC

openstack.
{ REST }
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Cloud-native HPC site

@ StackHPC

= openstack.




Cloud-native HPC site
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Cloud-native HPC site
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Cloud-native HPC site

@ stackHPC
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Cloud-native HPC site
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Cloud-native HPC site
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Cloud-native HPC site
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Cloud-native HPC site
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OpenStack Kayobe

Infrastructure as Code

Ansible control host
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Performance @ StackHPC
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maximum value




Bare metal vs VMs @ StackHPC

e Ironic bare metal adds zero overhead
o Direct access to hardware
o Optional dynamic VLAN and cleaning

o But nodes are big

o V|rtua| maChineS I RONIC
o Deploy faster

an OpenStack Community Project
o GPU passthrough, SR-IOV and pinned CPUs

o No access to firmware patching



High-speed networking

e Utilise hardware offloads

e Single Root I/O Virtualisation (SR-IOV)

o VMs can utilise hardware offloads

e Remote Direct Memory Access (RDMA)
o Low latency, high bandwidth
o Requires application support
o MPI and storage transport
o Typically RoCE (RDMA over Ethernet)
o Infiniband supported by StackHPC

@ StackHPC
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MPI| PingPong

MPI PingPong Latency (small messages)
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@ StackHPC

MPI PingPong Bandwidth (large messages)
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https://github.com/stackhpc/kube-perftest

OpenFOAM via kube-perftest StackHPC

00 OpenFOAM fluid dynamics simulation (48 parallel processes)

v
o
E
c
o
]
>
B

400 A

300 A

—— OVNpffloaded CNI (RDMA)
oviyfoffloaded CNI (TCP)
CNI (TCP)
OpenStack OVN + MACVLAN CNI (RDMA)
—>& OpenStack OVN + MACVLAN CNI (TCP)
—>& Calico CNI (TCP)

Legacy SRIOV (RDMA)
—>¢ Legacy SRIOV (TCP)

imulathn runtime (seconds)

2 pods 4 pods 8 pods 12 pods 16 pods 24 pods 48 pods
Parallelisation geometry

https://github.com/stackhpc/kube-perftest



https://github.com/stackhpc/kube-perftest

Self-service platforms

Azimuth self-service
platforms



Azimuth @ stackHPC

@mmuth

e Web portal for self-service platforms

e Configurable catalogue of curated platforms

o StackHPC reference platforms

ANSIBLE
o Site-optimised platforms
o Automation using standard tools
e Platform services exposed using Zenith Kubernetes
Cluster API

o Tunneling application proxy
o No public IP required ! . '
o SSOandTLS @

e Manage platform users with Keycloak M OpenTofu



Workstation @ StackHPC

; @ Platforms | stackhpc-dev|Le X 15 Grafana x [ v
e Web-based shell and desktop e e '

<« C % 090cz4xxti02f0c10koxvkn10tdt.azimuth.stackhpc.domains.leaf.cloud/?ke_idp_hint=azimuth&orgld=1&refresh=5s&from=r =now ¥ " B =93 @

Sign in

e Secure access via Zenith

Sys Load (5m 2 Sys Load (15m RAM Used SWAP Used Root FS Used

e Monitoring stack 6.3 mins

SWAP

e Platform lifetime ‘ “ o6

v Basic CPU / Mem / Net / Disk

. User getS Sudo : —7 Memory Basic

e Apptainer and podman e

954 MiB

H H H 0% - T - —_— 0B
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= Busy System Busy User Busy lowait == Busy IRQs Busy Other == Idle = RAMTotal = RAM Used RAM Cache + Buffer == RAM Free SWAP Used

e Access to project share sl T

3 Mb/s
2 Mb/s
™
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0 21:50:00 21:50:30 21:51:00 21:51:30 21:52:00 21:52:30 21:53:00 21:53:30
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Kubernetes @ StackHPC

® © ® O Platforms | stackhpc-dev|Le X I3 Loki/Pod Logs - Dashboard: X  + v

e Built on Cluster API

< c 25 m20hcd1dfj58rr2s6ldcvvx7e7d9.azimuth.stackhpc.domains.leaf.cloud/d/209fd89b771c318dd442225414a50b59/loki-pod-logs?orgld=1&var-namesp... ¥

e HA control plane

Home > Dashboards

kube-system v pod

e Multiple node groups

e Download kubeconfig

Logs Panel
PY AUtOSCa“ng autoheallng 2024-85-87 18:18:01. info", "ts":"2624-85-87T17:18:01.9345612", "caller” : "mvce/hash.go:137", “msg” :"storing new hash®,”hash" :2429437070, " revision”:3351, “compact-revision” :
’ > 2024-05-07 18:18:01. - : “ts":"2024-05-07T17:18:01.9343822" , "caller” : "mvcc/kvstore_compaction.go:68", "msg" : "finished scheduled compaction”,”compact-revision”:3351,"too

12429437076, "current-db-size-bytes" :36069376, "current-db-size":"36 MB", "current-db-size-in-use-bytes":17883136, "current-db-size-in-us

2024-05-07 18:18:01. “le ! T 2024-05-07T17:18:61.7341852", "caller" : "mvcc/hash.go:137", "msg" : "storing new hash", “hash":2429437070, "revision":3351, "compact-revision

L] I zo”lng Upg radeS 2024-05-87 18:18:01. “level”:"info", “ts":"2024-05-07T17:18:081.7341342", "caller" : "mvcc/kvstore_compaction.go:68", "msg" :"finished scheduled compaction”,"compact-revision":3351,"too

2429437070, "current-db-size-bytes" :35848008, "current-db-size":"36 MB","current-db-size-in-use-bytes":17825792, "current-db-size-in-us
2024-05-07 18:18:01.727 {"le ! i 2024-05-07T17:18:01.7276812", " mvce/hash.go:137", “msg" :"storing new hash®, “hash" :2429437070, “revision" :3351, "compact-revision":-1}

Y NVIDIA GPU + NI( : Su pport 2624-85-67 18:18:01.727 {* ‘info”, 2024-85-67T17:18:01.726964Z", mvce/kvstore_compaction.go:68", "msg" :"finished scheduled compaction”,“compact-revision®:3351,"too

135991552, "current-db-size”:"36 MB","current-db-size-in-use-bytes":17895424, "current-db-size-in-us

2024-85-07 i 2l b of e 4| :"mvee/index go 214", LE] compact tree index", "revision":3351}
2024-085-07 H 1 H b :"mvce/index.go:214 msg" :"compact tree index","revision":3351}
e Kubernetes dashboard o ) TR (e T o , e e o s L R DA T P
2024-05-087 2 > o 8 S » A i v3rpc/interceptor.go:197" n:g‘ "‘requesl sta ,"start time":"2024-05-87T17:14:33.5734872", "time sp
187893ms", 127.0.0.1:49688", "response type":"/etcdserverpb.KV/Range","request count":8,"request size":77,"response count:1,"response size
70, "request content”:"key:\"/registry/leases/openstack-system/external-resizer-cinder-csi-openstack-org\" "}
) Monitoring and |Ogging 2024-05-087 18:14:34.058 {"level”:"info 5" :"2024-85-87T17:14:34.05747Z", "caller" : "traceutil/trace.go:171", "msg" : "trace[1127342216] range", "detail”:"{range_begin:/registry/leases/open
stack-system/external-r -cinder-csi-openstack-org; range_end:; response_count:1; response_revision:425@; }","duration" it "2024-05-07T1

7:14:33.5734922", "end" :"2024-05-07T17:14:34.0574632" , "steps” : ["trace[1127342216] 'agreement among raft nodes before linearized reading' (duration: 483.808557m
s)"],"step_count":1}

2024-05-87 18:14:34.058 {"level”:"warn","ts":"2024-85-07T17:14:34.0584362", "caller":"v3rpc/interceptor.go:197", “msg" : "request stats","start time":"2024-05-07T17:14:33.5630552", "time sp

° Secure access via Zenith ent"1"495.37213ns", "renote" :*127.0.0.1:49686"  “response type :*/etods P T GRTHE KOG CLECPHCD TCEpIITED) AT i, D (A4
1,"request content":"key:\"/registry/leases/openstack-system/cinder-csi-openstack-org\" "}
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DaskHub StackHPC

e Runs on Kubernetes cluster 2+

25 ubck9ccfzozw08pt01zbmxkauae9.azimuth.stackhpc.domains.leaf.cloud/user/jbloggs/lab & Incognito

File Edit View Run Kernel Tabs Settings Help

e Each user gets their own : P
notebook server

lE‘ Notebook
Name - Last Modified

e Secure access via Zenith o losttaiie SR - |

Python 3
(ipykernel)

! Console

e Grant access to external users
using tenancy Keycloak realm

A

e Dask clusters for parallel

(ipykernel)

computing using Dask
Gateway

Other
v e B

Terminal Text File Markdown File Python File
Contextual Help

Simple Launcher




On-demand Slurm @ StackHPC

® © ® @ riatforms | stackhpc-dev |Le X 15 Slurm jobs - Grafana X 15 OpenHPC Slurm - Grafana X  + v

e Single-user Slurm cluster

¢ > C % hkfhijc0586h5hnligibpzxxsx3q4.azimuth.stackhpc.domains.leaf.cloud/node/mattp-slurm-control-0/3000/d/openhpc-slurm/openhpc-slurm?orgld=1&f... Y&

PY NO Waltlng for queues > 88 General / OpenHPC Slurm ¢r <

Job  node v Environment  All v mattp\-slurm\-compute e infiniband c v Job ID All slurm jobs on node

e Image-based updates e

CPU usage (system) CPU usage (user)

e OpenHPC, Apptainer, EESSI

e Open OnDemand Ul

22:41:30 22:42:00 22:43:00 22:41:30 22:42:00 2. 22:43:30 22:44:00

e Job aware monitoring st et bt et st o cp o s codlntanos st shemcompots st )

= node_cpu_system_seconds:record{instance="mattp-slurm-compute-standard-1'} = node_cpu_user_seconds:record(instance="mattp-slurm-compute-standard-1} 814% 3.58%

CPU Frequency Max

° Access to project share CPU Frequency Min

1Hz 1Hz

500 mHz No data 500 mHz No data

0Hz
-500 mHz -500 mHz

“THz “THz
22:42:00 3 22:43:00 22:43:30 22:44:00 22:42:00 22:42:3 22:43:00 22:43:30 22:44:00

v System stats

> Memory used as a percentage of total CPU usage (iowait and other)




How to get started?

@zimuth StackHPC



Open Source @ StackHPC

= openstack.

e Entire stack is open-source

Person-day effort by Company

e OpenStack governed by Openlinfra Foundation ... ...

o StackHPC third-largest contributor e
e |
e Azimuth licenced under Apache 2.0 |
o Putting together CNCF Sandbox application

Showing 110 10 of 109 entries Previous  Next

e Collaborative development process

@zimuth



Workshops and design @ StackHPC

J‘

pRRad,
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o Platforms and Azimuth " ' g 1

e Requirements capture \-\-L et d .’
--'- e e ,

e Workshops available
o OpenStack

e Architecture design
e Implementation

e Training and knowledge transfer

e Support and maintenance
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The Rise of the HPC Cloud
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