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Distributed Al Without the Infrastructure Tax

Deep Learning Containers (DLC) for Build-Time
Neuron Dynamic Resource Allocation (DRA) for Deploy-Time
Elastic Fabric Adapter (EFA) DRA for Scale
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Why Distributed Al Workloads Are Challenging in
deYe[adle]y

Problem S(/MPtom Cost

Depeno(ency QOMPIeX;‘tV P(/Torclo\ version COV\'FthS Dal/S O‘F debugging
Hardware COMPIGXW‘/ _% Device topology calculations _> Failed o(e,ployme,nts

Network misconfiguration EFA placement 10x throughput loss

Each problem requires different expertise
Traditional approach: ML practitioners become infra experts
Result: Weeks of setup time, low cluster utilization
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The Solution: DLCs + Neuron+EFA DRA

Layer 3: EFA4 Dynamic Resource Allocation

* PCIe co-location constraints built into DRA
* Zero-copy data movement guaranteed
* No silent PerFormance o(egrao(ation

Layer 2: Neuron Dynamic Resource Allocation

* K8s native device scl«eo(uling
* ResourceClaimTemplo«te HW abstraction
* MLOps defines templates M{Dev consumes

Layer 1: Neuron De_e_p Learning Containers

* PyTorch + Neuron SDK/Backend + PrivateUse1l
* 0SS, production ready images
* Some image - from siw\(ale to disagg inference

aWS © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved.
N



Versioned Components as a Tested Contract

vilm-neuron 0.3
P(/'T'orcl« 2.8 \
lbneuronxla 2.2 which combinations actua”y works?

neuronx-cc 2
torch-neuronx 2.9
pL/'tL\on 3.12
ubuntu 24.2

docker pull
Public.ecr.aws/neuron/(aytorcl«-iV\Ference_-v"m-neuronx:0.13.O-neurov\x-py312-sdk2.28.O-ubuntuZ‘l.O‘l

vlLM with Neuron backend
Neuron Backend

OS and drivers
e

Profiling and custom kernels
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Layer 2: DRA Abstracts Hardware Complexity

schedulerName: my-scheduler # Custom scheduler required
affinity:
nodeAffinity:

KBS_ N ative D evi ce Sc h ed u li n g reggzzgggzzigg?—;:;:?lingIgnoredDuringExecution:

— matchExpressions:
- key: workload
BEfore DRA - operator: In
values:
— mymodel-exclusive
° - key: accelerator
ML devs must understand infra operator: In
values:
- trn2
= trn3
podAntiAffinity: # Ensure only one such pod per node
requiredDuringSchedulingIgnoredDuringExecution:
- labelSelector:
matchExpressions:
- key: app
operator: In
values:
- llm-inference
topologyKey: "kubernetes.io/hostname"
tolerations:
- key: "dedicated"
operator: "Equal"
value: "mymodel-trn"
effect: "NoSchedule"
containers:
— name: app
image: my-image
resources:
limits:
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Layer 2: DRA Abstracts Hardware Complexity

After DRA — MLOps Defines

apiVersion: resource.k8s.io/vlbetal
kind: ResourceClaimTemplate
metadata: { name: 1l-trn2 }
spec:
spec:
devices:
constraints:
- { matchAttribute: resource.aws.com/devicegroup4_id, requests: [neurons] }
requests:
- name: neurons
deviceClassName: neuron.aws.com
allocationMode: ExactCount
count: 4
selectors:
- cel: { expression: "device.attributes['neuron.aws.com'].instanceType == 'trn2.48xlarge'" }
config:
- requests: [neurons]
opaque:
driver: neuron.aws.com
parameters: { apiVersion: neuron.aws.com/vlalphavl, kind: NeuronConfig, logicalNeuronCore: 2 }
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Layer 2: DRA Abstracts Hardware Complexity

After DRA — ML Eng. uses

spec:
resourceClaims:
- name: 1-trn2
resourceClaimTemplateName: 1-trn2
containers:
- name: app

image: public.ecr.aws/neuron/pytorch-inference-vllm-neuronx:0.13.0-neuronx-py312-sdk2.28.0-ubuntu24.04
command:

- /bin/bash
resources:

claims:

- name: 1-trn2
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Layer 5: Neuron+EFA DRA
The Silent Performance Problem:

EFA4 Device Cross-NUMA = 10x slower

(Vum4 1) (no errors, just bad throughput

DRA Solution: PCle Co-Location Constraint

apiVersion: resource.k8s.io/v1
kind: ResourceClaimTemplate
metadata:
name: l-efa-trn2
spec:
spec:
devices:
requests:
- name: 4-neurons
exactly:
deviceClassName: neuron.aws.com
count: 4
- name: 4-efas
exactly:
deviceClassName: efa.networking.k8s.aws
count: 4
constraints:
E\A_I/S’ © 2026, Amazon Web Services, Inc. or its affiliates. All rights reserved. - reque sts: [ "A-neurons" , "A4-efas" ]

matchAttribute: "resource.aws.com/devicegroup4_id"



DRA Architecture: How It Works

k8s control Plane

ResourceSlices

Pubhsl«ed By DRA

driver

Worker Nodes

Neuron DRA driver

kubelet Plugin
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Devicellasses \ ResourceClaims

neuron.aws.com created at Poo(
efa.aws.com scl«eo‘ulin

topology aware,
no custom scheduler

‘s topology validated
* EF4 PCIe-aligned




Key Takeaways

Deploy Confidently, Scale Efficiently

DLCs as Tested Contracts

https://github.com/aws-neuron/deep-learning-containers

DRA as Hardware Abstraction

MLOps defines templates with policies
MLDev reference t-shirt sizes

Kubernetes-native, no custom schedulers
EFA as Zero-Config Networking

PCle alignment validated automatically

Multi-node topology handled by DRA
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