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Civilization advances by extending
the numpber of important
operations which can perform
without thinking about them

— Alfred North Whitehead, Introduction to Mathematics
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Who am i?

Or why do you want to hear me....

- Sylabs - Singularity Software engineer

- RedHat - OpenShift Senior Software engineer

» NVIDIA - CloudNative Senior System Software Engineer
- PhD in Computer Science focused on DevOps for HPC

Carlos Eduardo Arango Gutierrez.PhD
Senior Systems Software Engineer @ NVIDIA
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Agenda

* Container Device Interface (CDI)

* Dynamic Resource Allocation (DRA)

* Kueue: Kubernetes-Native Queuing Controller

» Promises of Cloud-Native Supercomputing
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Introduction

It’'s a matter of abstraction
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Container Device Interface
(CDI)




What is CDI?

CNCF sponsored initiative to standardize the way in which complex
devices are exposed to containers (Accelerators)

't is based on the Container Networking Interface (CNI) model and
specification
With CDI, a "Device" is more than just a single device node under /dev

CDI defines a device as a high-level concept mapped to specific set of OCI
runtime spec modifications

These modifications include not just the inclusion of device nodes, but
also filesystem mounts, environment variables, and container lifecycle

hooks

Vendors are responsible for writing CDI specs that define their devices in
terms of these modifications
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What is CDI?

CDI-enabled container runtimes are then responsible for reading these specs
and making the proper modifications when requested to do so

The list of container runtimes that already include support for CDI are:
O (in progress for OCI| mode)

O
O
O
o Docker (in progress , )


https://github.com/sylabs/singularity/pull/1459
https://github.com/containers/podman/releases/tag/v3.2.0
https://github.com/cri-o/cri-o/releases/tag/v1.24.0
https://github.com/containerd/containerd/releases/tag/v1.7.0-beta.0
https://github.com/moby/moby/pull/45134
https://github.com/docker/cli/pull/4084

What is CDI?

cdiVersion: 0.5.0
kind: nvidia.com/gpu

devices:
- hame: ©
containerEdits:
deviceNodes: o Vendor = nvidia.com
- path: /dev/nvidia® DeviceClass = gpu
deviceNodes: : —
- path: /dev/nvidiactl DeviceName = @
mounts:
- containerPath: /usr/lib/x86 64-linux-gnhu/libnvidia-ml.so0.460.91.03 o Fully-qualified CDI device name
hostPath: /usr/lib/x86_64-1linux-gnu/libnvidia-ml.so0.460.91.03 nvidia.com/gpu=0

options: [ro, nosuid, nodev, bind]
- containerPath: /usr/lib/x86_64-linux-gnu/libcuda.s0.460.91.03

hostPath: /usr/1lib/x86_64-1linux-gnu/libcuda.so.460.91.03 e Referencing this ensures that all get injected:
options: [ro, nosuid, nodev, bind] O The /dev/nvidia® device node

- containerPath: /usr/bin/nvidia-smi o  The /dev/nvidiactl control device node
hostPath: /usr/bin/nvidia-smi o A set of host-level libraries and hooks essential

options: [ro, nosuid, nodev, bind . . . . .
P Lo, ” ” ] for working with NVIDIA devices in containers

hooks :

- hookName: createContainer
path: /usr/bin/nvidia-ctk e NOTE: This effectively obsoletes the need for running
args: L a hook to do GPU device injection, because everything
- /usr/bin/nvidia-ctk » .
- hook these hooks have traditionally been responsible for can
- update-1ldcache now be encoded in a CDI spec
- --folder

- /usr/lib/x86_64-linux-gnu
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Dynamic Resource Allocation
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What is DRA?

New way of requesting access to resources available in Kubernetes 1.26+
Provides an alternative to the “count-based” interface of e.g. nvidia.com/gpu: 2

Puts full control of the API to request resources in the hands of 3rd-party
developers

Generalization of the PersistentVolume API for all types of resources

Key concepts:
ResourceClass — ClassParameters
ResourceClaim(Template) — ClaimParameters
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What is Dynamic Resource Allocation?

apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example
spec:

contalners:

- name: ctr
image: nvidia/cuda
command: ["nvidia-smi", "-L"]
resources:
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apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClaimTemplate
metadata:

name:

apiVersion: vl >PeC-

kind: Pod SpecC.
metadata: resourceClassName:
nhame: gpu-example
spec:
contalners:

apiVersion: vl
kind: Pod
metadata:
hame: gpu-example
spec:
contalners:
- name: ctr
image: nvidia/cuda
command: ["nvidia-smi”
resources:

- hame: ctr
image: nvidia/cuda

command: ["nvidia-smi", "-L"]
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
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Nname.

apiVersion: vl >PeC-

kind: Pod SpecC.
metadata: resourceClassName:
nhame: gpu-example
spec:
contalners:

apiVersion: vl
kind: Pod
metadata:
hame: gpu-example
spec:
contalners:
- name: ctr
image: nvidia/cuda
command: ["nvidia-smi”
resources:

- hame: ctr
image: nvidia/cuda

command: ["nvidia-smi", "-L"]
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
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apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example

spec: N . ;
containers: apiversion: Vv

- name: ctr klzdé Poq
image: nvidia/cuda metadata:

command: ["nvidia-smi", "-L"] name: gpu-example

resources: Spec. .
contalners:

- hame: ctr
image: nvidia/cuda
command: ["nvidia-smi”
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
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apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example

spec: : :
- : apiVersion: vl
contaliners: kind: Pod Associated with the

- name: ctr

image: nvidia/cuda metadata: DRA Driver

command: ["nvidia-smi", "-L"] name: gpu-example and installed by the

recolUrces - spec: cluster admin
contalners:

- hame: ctr
image: nvidia/cuda
command: ["nvidia-smi" "-L"]
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
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apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example

spec: : :
- : apiVersion: vl
contaliners: kind: Pod Associated with the

- name: ctr

image: nvidia/cuda metadata: DRA Driver

command: ["nvidia-smi", "-L"] name: gpu-example and installed by the

recolUrces - spec: cluster admin
contalners:

- hame: ctr
image: nvidia/cuda
command: ["nvidia-smi" "-L"]
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
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apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example

spec: : :
- : apiVersion: vl
contaliners: kind: Pod Associated with the

- name: ctr

image: nvidia/cuda metadata: DRA Driver

command: ["nvidia-smi", "-L"] name: gpu-example and installed by the

recolUrces - spec: cluster admin
contalners:

- hame: ctr
image: nvidia/cuda
command: ["nvidia-smi" "-L"]
resources:

resourceClaims:

- nName.

source:
resourceClaimTemplateName:
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apiVersion: vl
kind: Pod
metadata:

nhame: gpu-example

spec: : :
- : apiVersion: vl
contaliners: kind: Pod Associated with the

- name: ctr

image: nvidia/cuda metadata: DRA Driver

command: ["nvidia-smi", "-L"] name: gpu-example and installed by the

recolUrces - spec: cluster admin
contalners:

- hame: ctr
image: nvidia/cuda
command: ["nvidia-smi" "-L"]
resources:

resourceClaims: ::

- hame:
source:
resourceClaimTemplateName:
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apiVersion: resource.k8s.io/vlalpha2
kind: ResourceClaimTemplate
metadata:

name: :
spec: \\\\\\\

apiVersion: vl >PeC:
<ind: Pod resourceClassName:

metadata: e

name: gpu-example apiVersion: vi
spec: kind: Pod
containers: metadata:
- pname: ctr hame: gpu-example
image: nvidia/cuda >pec.
- . 4. o contalners:
command: ["nvidia-smi", "-L"]

- hame: ctr
resources: image: nvidia/cuda

command: ["nvidia-smi”
resources:

resourceClaims:
- hame:
source:
resourceClaimTemplateName:
- hame:
source:
resourceClaimTemplateName:

<ANVIDIA. I



apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClass
metadata:

name:
driverName:
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apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClass
metadata:
name:
driverName:

parametersReft:
apiGroup:
kind:

Nname.
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apiVersion: resource.k8s.1io/vlalpha2

kind: ResourceClass

metadata: apiVersion: gpu.resource.nvidia.com/vlalphal
name: kind:

driverName: metadata:

parametersReft:
apiGroup:
kind: shareable:

Nname.
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apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClaimTemplate
metadata:
name:
spec:
spec:
resourceClassName:

apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClaim
metadata:

name:
spec:
resourceClassName:
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apiVersion: resource.k8s.1io/vlalpha2
kind: ResourceClaim
metadata:
name:
spec:

resourceClassName:
parametersRet:
apiGroup:
kind:

name.
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apiVersion: resource.k8s.1io/vlalpha2 apiVersion:
kind: ResourceClaim gpu.resource.nvidia.com/vlalphal

metadata: kind:
name: metadata:

spec: name:

resourceClassName: spec:
parametersRef: count:
apiGroup: selector:

kind: orExpression:
name: - productName:
- andExpression:
- productName:
- memorySize:
value:
operator:
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apiVersion: resource.k8s.1io/vlalpha2 apiVersion:
kind: ResourceClaim gpu.resource.nvidia.com/vlalphal

metadata: kind:
name metadata:

spec: name:

resourceClassName: spec:
parametersRef: count:
apiGroup: selector:

kind: orExpression:
name: - productName:
- andExpression:
- productName:
- memorySize:
value:

sharing:
strategy:
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apiVersion: vl
kind: Pod
metadata:
hame: gpu-example
spec:
contalners:
- hame: ctro
resources:

- hame: ctrl
resources:

resourceClaims:
- name:

source:
resourceClaimNamé:::::::::::::::>
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apiVersion: vl
kind: Pod
metadata:
hame: gpu-example
spec:
contalners:
- hame: ctro
resources:

- hame: ctril ‘\\\\\\\\
resources: / Shared access to

same underlying GPU

resourceClaims:
- name:

source:
resourceClaimNamé:::::::::::::::>
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apiVersion: vl
kind: Pod
metadata:

hame: gpu-example

spec:

contailners:
- hame: ctro
resources:

- hame: ctrl
resources:

resourceClaims:

- name:
source:
resourceClaimNam

> Shared access to

same underlying GPU

Csharea-gpu >

apiVersion: vl
kind: Pod
metadata:
hame: gpu-example®
spec:
contalners:
- name: ctr
resources:

resourceClaims:
- name:
source:

resourceClaimNam

Cshared-gpu D

apiVersion: vl
kind: Pod
metadata:
nhame: gpu-examplel
spec:
contalners:
- hame: ctr
resources:

resourceClaims:
- name:
source:

resourceClaimNa

\ Shared access to same /

underlying GPU

SER
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Physical Partitionin

Demo on NVIDIA GPUs

+ Logical Partitionin

Applications

Kubernetes

’

Container Engine
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CUDA MULTI-PROCESS SERVICE CONTROL

)

/ \J \J \4

~

[ GPU MULTI-PROCESS SERVICE

)

\ Memory Partitions

/

Demo on NVIDIA GPUs

Physical Partitioning + Logical Partitioning

Provide shared access

Dynamically partition a
GPU into smaller GPUs
(i.e. MIG Devices)

( CUDA MULTI-PROCESS SERVICE CO
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( GPU MULTI-PROCESS SERVICE )
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NVIDIA A0 GPU

Memory Partitions

N J

to a MIG Device (with additional

memory partitioning) through CUDA
multi-process service

I

KubeCon

N
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https://docs.google.com/file/d/1sU1ZhY4zNKBtXAeVx3sozHT0PuDz4-Qf/preview

Kueue: Kubernetes-Native
Queuing Controller




Kueue

sigs.k8s.io/kueue

» A Job queuing operator

- Slim iImplementation

- Maximum reuse of core K8S

- Full compatibility with ecosystem
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patch/vl

Batch User deploy jobs using
the built-in Job API

Batch User just sets the queue name
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ClusterQueue API

s.1l0o/vlialphal

The “nlp” team can use unused quota from cohnort: research
I ¢ ” namespaceSelector:
other ClusterQueues in the “research” cohort 2spaceselector:

on-demand
e total pod requests of workloads

dispatched via the flavor

e itdoesn't guarantee existence of
resources

NVIDIA



ResourceFlavor API

apiversi Kueue.x-kK8s.1lo/vlalphal

e Taints must be tolerated by the job K1nd: Resourcefrlavor
to use the flavor etadata
e A specific flavor can be selected name: spot
using nodeAffinity/nodeSelector

NoSchedule

provider.com/provisioning
spot

Taints must be tolerated by the job to use the
flavor
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Kueue

Kueue v0.3.0

A job queuing and elastic quota
manager i

Changes since ve.2.1:

Features

e Support for kubeflow's MPIjob (vZbetal)

N O rei m plementatiOn Of eXiSti ng e Upgrade the config.kueue.x-k8s.io APIversion from vialphai to v

supported.

functionality (autoscaling, pod

o Add namespace to propagate the namespace where kueue is depl

SC h ed L | | N g an d JO b | |fe CyC | e o Add internalCertManagement with fields enable , webhookService

© Remove enableInternalCertManagement . USe internalCertManage

I I la na el I Ie nt e Upgrade the kueue.x-k8s.io APIversion from wvialpha2 tO vibetail
g vialpha2 iS no longer supported.

vibetal includes the following changes:

© ClusterQueue .

BUIlt_In Support fOr batC h/V] .JOb . ImmUtab“.itYOf spec.queueingStrategy .

m Refactor quota.min and gquota.max INtO nominalQuota and

api, with APls for integrating R ————

& ' spec.resourceoroups
Group flavors and resources into sp Groups to ma

custom workloads e e

= Move admission from spec tO status .

m Add conditions field to status .

Supports fair-sharing and resource

m Add admitted field in status .

fl eXi bi | ity = Add conditions field to status .
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Kueue - Road Map

sigs.k8s.io/kueue

- Job preemption
- Scalability improvements

- Integrations with common custom
workloads: Spark, Kubeflow etc.

- Budgets
- Multi-cluster
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Promises of Cloud-Native
Supercomputing




It’s all about abstracting the complexity from the user

Adopting CloutNative for HPC

Kubermetes
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Velocity at HPC Scale
Adopting CloutNative for HPC

————
- \

. Code |
Builo‘
e
—
Package i
\
1 Release

S —
Test l :
= Operate ]
‘ Amlyze, | — : 3
Monitor
{ Repor“t ,

\. i

l Plan l

The scientific method DevOps method
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Cloud Native is bridging the gap

HPC now a need for Cloud Native workloads

e JObSet -> https://github.com/kubernetes-sigs/iobset
 MPI|-Operator -> https://aithub.com/kubeflow/mpi-operator
« Kueue => https://aithub.com/kubernetes-sigs/kueue

- Topology Aware Scheduling ->
https://kubernetes-sigs.qgithub.io/node-feature-discovery/v0.13/usage/nfd-to
oologv-updater.ntml#nfd-topoloqgy-updater

1.1 pod to node assignment =>
https://aithub.com/kubernetes/kubernetes/issues/ 105287

- WG-Batch ->
https://aithub.com/kubernetes/community/blob/master/wqg-batch/charter.mad
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https://github.com/kubernetes-sigs/jobset
https://github.com/kubeflow/mpi-operator
https://github.com/kubernetes-sigs/kueue
https://kubernetes-sigs.github.io/node-feature-discovery/v0.13/usage/nfd-topology-updater.html#nfd-topology-updater
https://kubernetes-sigs.github.io/node-feature-discovery/v0.13/usage/nfd-topology-updater.html#nfd-topology-updater
https://github.com/kubernetes/kubernetes/issues/105287
https://github.com/kubernetes/community/blob/master/wg-batch/charter.md
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