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StackHPC Company Overview Stack

e Formed 2016, based in Bristol, UK

o Based in Bristol with presence in Oxford, Cambridge, France and Poland
o  Currently around 25 people

Stack

. Open Infrastructure
e Founded on HPC expertise A counosrion

o  Software Defined Networking

Systems Integration

OpenStack Development and Operations
Growing Staff in Al/ML

e Motivation to transfer this expertise into Cloud to address HPC & HPDA (Al)
“Open” Modus Operandi

o  Upstream development of OpenStack capability
o  Scientific-WG engagement for the Open Infrastructure Foundation

e Hybrid Cloud Enablement
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Why OpenStack and Kubernetes?
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Sharing Diverse Infrastructure



https://unsplash.com/photos/WcV2YkM3Dls

- Reconfigurable Infrastructure (with Isolation)
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https://unsplash.com/photos/4nHnPs80Jtc
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https://unsplash.com/photos/4nHnPs80Jtc
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. Many Apps built for Kubernetes



https://unsplash.com/photos/SIhqhxUA2_c

Why RDMA networking?

Stack



Why Remote Direct Memory Access?

Stack



OpenFOAM via kube-perftest

OpenFOAM fluid dynamics simulation (48 parallel processes)
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https://github.com/stackhpc/kube-perftest

OpenFOAM via kube-perftest

OpenFOAM fluid dynamics simulation (48 parallel processes)
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https://github.com/stackhpc/kube-perftest

KubeCon: Five ways with a CNI

MPI PingPong Latency (small messages)
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Stack

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

@zimuth

Repeatable on-demand:
Azimuth using K8s Cluster API

Stack



zimuth Science Platforms Stack

Create a new platform

Pick a platform type Configure platform

DaskHub Jupyter Notebook JupyterHub Kubernetes
o
.

- -
daSk Jupyter Jupyterhub
& X

™ °
Multi-user Jupyter notebook

Notebooks from an existing environment. addons including Kubernetes

GitHub, GitLab, Zenodo or Figshare dashboard, monitoring and ingress.
repository. Powered by
repo2docker.

Linux Workstation Linux Workstation (with Slurm
SSH access)

Multi-user Jupyter notebook

with Dask explore Jupyter Kubernetes cluster with optional

workload manager

Linux workstation (Ubuntu 20.04) Batch cluster running the Slurm

accessible via a web browser. Linux workstation (Ubuntu 20.04) workload manager, the Open
accessible via a web browser and OnDemand web interface, and
by SSH. custom monitoring.




Create Kubernetes using Cluster API Stack

Create a new Kubernetes cluster

Cluster name

Cluster template

Select a Kubernetes cluster template.
The ten nes t

Control Plane Size

Select a size

Node Groups

Name Node Size Node Count

+ Add node group

Cluster Addons

Enable Kubernetes Dashboard?

Enable cluster monitoring?

ables collectiol ter

Advanced Options

B2 Enable auto-healing?




Kubernetes based Platforms Stack

Create a new platform

Pick a platform type Configure platform

dask >
Multi-user Jupyter notebook environment with Dask integration.

Platform name

Platform name

Must contain lower-case alphanumeric characters and dash (-) only.

Kubernetes cluster

Select a Kubernetes cluster...

johng-test-stage Kubernetes version: 1.24.2

SN —
0.1.0-dev.0.main.23

The version of the application to use.

Notebook CPUs

1

The number of CPUs to allocate to each user notebook.
Notebook RAM

2

The amount of RAM to allocate to each user notebook.
Notebook storage

10

The amount of storage to allocate to each user notebook.
This is dynamically allocated from the tenancy quota.

+ Create platform




Azimuth Science Platforms Stack

2= Quotas
& Refresh
@ Project metrics
| ReADY |
$$ Advanced -
i o
Jupyter

«) Switch tenancy
A N’ slurm

workload manager

A SSH public key

johng-big-laptop johng-voila k8s-demo mattp-slurm
rkstation Note Kubernetes Slurm
) Web console ] i Jupyter Notebook @z o Applications &2 PD Open OnDemand ]
0 Monitoring e 0 Monitoring @z ; Jupyter Notebook z 0 Monitoring [
) @ te

ed 7 days a ed 7 da Kubernetes Dashboard

Monitoring Z

@zimuth




JupyterHub with Zenith Powered SSO Stack

8 gqzd6eovdk1k7r082j9pm57s9rtekudlaggnr314ecdhi.apps.hpc.cam.ac.uk/hub/spawn

Home

Token johng_stack

i dask

john-dask-demo
DaskHub

: Jupyter Notebook z

Created 14 hours ago

johng-test-stage

Kubernetes

Kubernetes Dashboard

g Monitoring

Created 14 hours ago

Server Options

@ Python environment (minimal)

Minimal Python environment

O Spark environment

Python, R, and Scala support for Apache Spark.

O GPU-enabled Machine Learning environment

Support for GPU-enabled machine learning in Python, Julia and R. JupyterLab servers of
this type will only start on node groups including nodes that have access to an NVIDIA GPU.




Kubernetes using Cluster API Stac

& (¢ 8@ h487iubuk79zgxji50050idjby29e567qy4ad0lildmit.apps.hpc.cam.ac.uk/dashboards

Kubernetes / Networking / Workload C & mymOizdhmq7y35n6k4gsk483rkg3hg7ixd7duijde2yvi.apps.hpc.cam.ac.uk/#/workloads?namespace=default & ¥ n » 0O . :

kubernetes fefault - Q  Search + a O

Kubernetes / Persistent Volumes

Kubernetes / Proxy

Workloads ‘N

Workload Status

Kubernetes / Scheduler Cron Jobs

Daemon Sets

Kubernetes / StatefulSets Deployments

Jobs
Loki / Logs Pods
Replica Sets
Node Exporter / Nodes
£ eners Kubeconfig for k8s-demo X Running: 4 Running: 5
Node Exporter / USE Method / Cluster Deployments Pods

F Copy to clipboard & Download

Use this configuration file with the kubectl command-line

Node Exporter / USE Method / Node

tool to access your cluster.

NVIDIA DCGM Exporter Dashboard

apiVersion: vi

clusters:

- cluster:




Slurm with Open OnDemand Stack

88 General /Slurmjobs ¥ <8

&) & gnxkirwbqcOfodig9ulvnpzpgdtuerqcjpbwndj8kk1n7.apps.hpc.cam.ac.uk/pur /dashboard

rdURL  openhpc-siurm

mattp-slurm  Files~

3] hphbuildlinux64.sh  COMPLETED . 2 2. 00:01:05 mattp-slurm-c:
[ 3 ’n De ma I " pingmatrix.sh COMPLETED 2022-10-25T10:20. 25T1020..  00:00:05 mattp-slurm-c
1 < =

s ping PLETED 25T10:19. 0-25T10:19..  00:00:12 mattp-slurm-c:

~ Clusters~ Interactive Apps ~ = Monitoring~ &l = Slurm jobs

COMPLETED ~ 2022-10-25T10:23..  2022-10-25T10:25..  00:01:57

COMPLETED 01:24

Message of the Day

h70y8uiauln?.appshpc.cam.ac.uk/n

88 General / OpenHPC Slurm ¢ ¢

mattp\-slurm\-compute\-

Al slurm jobs on node ¢ Slurm job ]

CPU usage (system) CPU usage (user)

powered by

m ’DnDemand OnDemand 3 J 126 127 28 ‘ N2 125 N2 127

https://gnxkinvbgcOfodig9ulvnpzpgdtuerqcjpbwn4i8kk1n7.apps.hpc.cam.ac.uk/pun/sys/dashboard/batch_connect/sys/bc_desktop/slurm/session_contexts/new

= node_cpu_system_sc 5_ srm-compute-1} 10.4% = node_cpu_user_seconds:recordinstance="mattp-slurm-compute-17}

CPU Frequency Max



Bigger Laptop via Guacamole Stack

@ Apache Guacamole X +
Create aiew plarom) & = C [ & gsnv68syuiwtrrcjdldbk5v39px92igrecrevebijjxOu.apps.hpe.cam.ac.uk/guacamole/#/
Pick a platform type RECENT COD ..revchjjxOu.apps.hpc.cam.ac.uk wants to
(2 Seetextand images copied to the clipboard m
Linux Workstation Allow Block
Linux workstation (Ubuntu 20.04) accessible via a web brof
Platform name L
ALL CONNECTIONS v >
Platform name
Must contain lowe phanumeric characters and dash (-) only.
Workstation Size g deSktOP _]Ohng-blg-laptop
Select a size... >~ shell Linux Workstation
() Web console Z
9 Monitoring (£

Updated 8 days ago

+ Create platform




Single VM with repo2docker

tack

Create a new platform

Pick a platform type

Jupyter Interactively explore Jupyter Notebooks from an existing GitHub, GitLab, Zeno o

 lab? - JupyterLab X +

« > cC

Configure platfonn : File Edit View Run Kernel Tabs

o=  Jupyter Notebook I Filte Q l
) Figshare repository. Powered by repo2docker. ./

.— | Name - Last Modified

Platform name = T
Y: environme... 8 days ago
Platform name + [ indexipynb 8 days ago

Must contain lower-case alphanumeric ¢

[ LICENSE 8 days ago
Notebook Repository M READMEmd 8 days ago

e.g. https://github.com/binder-examples/voila

Jupyter no

Examples are available from Binder.

Jupyter Notebook size

Select a size...
The size of the Jupyter Notebook node.
Volume size (GB)

10

The size of the data volume for the node.

The data volume will be available at /data.

ok source repository compatible with repo2docker.

@ is70z7s2nfs1gpxj9dxung3teu2djq73hb77hgcmubtxk.apps.hpe.cam.ac.uk/lab?

Settings  Help

M podman@repo2docker: ~ X | +

$ git lo
7f6 elbe 142 57 efde (
: Jeremy Tuloup <jeremy.tuloup@gmail.com>
Date: Fri Sep 1@ 15:59:17 2021 +0200

Merge pull request #8 from fcollonval/patch-1

Update title to fit better in binder doc site
:~$ git remote -v
origin https://github.com/binder-examples/voila.
origin https://github.com/binder-examples/voila.
%

+ Create platform

-
Jupyter
B

johng-voila
Jupyter Notebook

Jupyter Notebook

9 Monitoring

Updated 8 days ago




How do you get RDMA in LOKI?



Three Steps to RDMA in LOKI

LOKI = Linux, OpenStack and Kubernetes Infrastructure

1. RDMA inside OpenStack servers
2. Kubernetes clusters on OpenStack

3. RDMA inside K8s pods

Stack

openstack.

kubernetes



Step 1:
RDMA inside OpenStack servers

Stack



How to get RDMA? Stack

. : =]
e Baremetal servers (via Nova and Ironic) -
o ...itisjust a physical server, all options are possible o

o But you don’t want untrusted users having root Openstack

e \irtual Machines need drivers for a real NIC
e PCI passthrough a real NIC

o Dedicated NIC (PF passthrough)

PF = Physical Function
e Legacy SR-IOV . .
o Dedicate NIC(s) for SR-IOV WE S Vel FUTe e
o  Multiple VFs on provider VLAN

e Mellanox VF-LAG SR-I0V = Single Root I/0O Virtualization

o bond shared with hypervisor host
o  Full bond bandwidth of the bond in VM
o OVS hardware offload flows

e Live migration isn’t ideal (ignoring vDPA and mdevs, for now)



SR-IOV VCPU Pinning

Neutron

Open vSwitch

VF-LAG

Hypervisor

https://www.stackhpc.com/vflag-kayobe.html



https://www.stackhpc.com/vflag-kayobe.html

Step 2:
Create K8s on OpenStack

Stack



Kubernetes on OpenStack

e K&8s Cluster API o
o Describe Cluster in K8s CRDs T
o  CAPI - OpenStack Provider . [
o Bootstrap and Management Clusters |
o New OpenStack Magnum driver soon =

e KB8s Cloud Provider ‘ |
o CAPO - OpenStack provider

InfrastructureMachine

(@) Cinder CSI “ “"ﬁm‘?“”ﬂun
o Octavia Load balancers ,
“ = . 4»' e
e Addons o= D 0= 10z

o  CNI, monitoring, GPU drivers ...

https://github.com/stackhpc/capi-helm-charts



https://github.com/stackhpc/capi-helm-charts

Step 3:
RDMA inside k8s pods

Stack



RDMA Pods in OpenStack VMs Stack

e OpenStack VM

o Primary CNI network, using virtual NIC
o Second SR-I0OV VF-LAG C N ‘

e Multus CNI
o Pods opt into an additional network
e MACVLAN CNI ST
o Additional MAC and IPs on VF-LAG NIC %/T MULTUS
o  Whereabouts IPAM address range
o ...currently port security off

e Future ideas
o Automatic addition of allowed address pairs

https://github.com/Mellanox/network-operator##fmacvlannetwork-crd



https://github.com/Mellanox/network-operator#macvlannetwork-crd

How to get involved?

Stack



Contributions are very welcome!

Please try Azimuth:
https://stackhpc.qithub.io/azimuth-config/try/
https://qgithub.com/stackhpc/azimuth
https://qithub.com/stackhpc/zenith

K8s Cluster APl Helm charts:
https://github.com/stackhpc/capi-helm-charts

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

To read our blog or get in touch:
https://www.stackhpc.com/

Stack


https://stackhpc.github.io/azimuth-config/try/
https://github.com/stackhpc/azimuth
https://github.com/stackhpc/zenith
https://github.com/stackhpc/capi-helm-charts
https://github.com/stackhpc/kube-perftest
https://www.stackhpc.com/

Questions?

john.garbutt@stackhpc.com

Stack
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