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Big data challenges

Explosion of data Explosion of personas Demand for faster 

decision- making on 

real-time data

.
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Data patterns
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First generation of platform target applications

Development team Platform team
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The ownership boundaries

Platform team

Standardization! Security! 

Governance! Observability! 

Cost efficiency! 

Rapid innovation! Agility! 

Time to market! Feedback 

cycle! New services! 

Development teams
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Striking the balance
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Data scientists and engineers 

Data engineers Platform team+ Storage, GPU, HPC, MlOps 

Stateful apps, notebooks, 

data lakes and meshes, 

parallel processing, GPU!

Jupyter notebook

(build & test)

Spark API

(execute)
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Goals for data workloads 

Highly

 Scalable

Better resource 

utilization
Compute & 

storage options

Security & 

multi-tenant 

isolation

Cost efficiency Favorite framework

open source 

community
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Common challenges for stateful workloads

Scaling data-intensive workloads to 
1,000+ nodes

Considerations for high availability, 
fault-tolerance, and failover

Batch scheduling options

Logging and monitoring applications

Network configurations

How to configure multi-tenancy and security 
on Kubernetes

Choosing right compute and storage options

Managing Amazon EKS cluster infrastructure
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Example:  Spark on AWS

Flexible options for running open 

source Spark on EKS

Wide selection of open source 

integrations

Portability and versioning

For customers that want to 

standardize on EKS to manage 

clusters across applications but 

are willing to maintain the OSS 

components

Low TCO and fast performance

Secure by default

Ease of use

For customers that want to 

standardize on EKS to manage 

clusters across applications or use 

different versions of an open-source 

framework on the same cluster

Automatic and fine-grained scaling

Resilience to Availability Zone 

failures

Enable shared applications

For customers that want to avoid 

managing and operating clusters 

and simply want to run applications 

using open-source frameworks

Self-managed 

Spark on EKS

Amazon EMR on 

EKS
Amazon EMR 

Serverless
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Kubernetes for data: How did we get here?

Custom resource 

definitions

CSI Driver

2015 2021 20242017 2019

GPU operator

Apache Flink Jupyter Hub
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awslabs.github.io/data-on-eks

https://awslabs.github.io/data-on-eks/
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Consume
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BI 
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Advanced 
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Ad hoc 
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…

Source
Use case

Job schedulers

Batch scheduler

Ingest

Data processing 
(Batch/stream) 

Apache Flink
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Amazon MSK

Amazon Kinesis

1 Ingest
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Common 

tools

Runtime

Common 

tools

Runtime

Developer platform Data platform

Developers

Platform

Data engineers

Data platform

Amazon EKSAmazon EKS
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Data platform challenges

Scalability Performance Cost efficiency
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Build production-ready EKS cluster

Data platform

Networking

1

IPv4
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Amazon VPC with secondary CIDR

Virtual private cloud (VPC) - 10.1.0.0/21 (2046 IPs)

Private subnet 1(AZ1)

10.1.1.0/24

254 IPs

Private subnet 3 (AZ1)

Secondary CIDR

100.64.0.0/16

65534 IPs

Private subnet 4 (AZ2)

Secondary CIDR

100.65.0.0/16

65534 IPs

Private subnet 2 (AZ2)

10.1.2.0/24

254 IPs

Avoid overlay 

networking

Private 

NAT 

gateway

Node IPs 

+ 

Spark pods

Use non-routable

RFC 6598 range

100.64.0.0/10



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Build production-ready EKS Cluster

Data platform

Networking

1

IPv4
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Build production-ready EKS Cluster

Data platform

Networking

1

IPv4

IPv6



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Build production-ready EKS Cluster

Data platform

Networking

1

VPC CNI
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Build production-ready EKS Cluster

Data platform

Networking

1

VPC CNI

Default

WARM_ENI_TARGET=1
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Secondary private subnet 100.64.0.0/16

Amazon VPC CNI configuration

EC2 instance

Primary IP

100.64.0.205

Secondary IPs

100.64.0.35

100.64.0.37

100.64.0.41

100.64.0.57

100.64.0.201

100.64.0.244

.

.

.

Worker node IP

100.64.0.205

100.64.0.35 100.64.0.201
eth0

Default

WARM_ENI_TARGET=1
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Secondary private subnet 100.64.0.0/16

Amazon VPC CNI configuration

c5.2xlarge contents

Primary IP

100.64.0.205

Secondary IPs

100.64.0.35

100.64.0.37

100.64.0.41

100.64.0.57

100.64.0.201

100.64.0.244

.

.

.

Worker node IP

100.64.0.205

100.64.0.35 100.64.0.201

Default

WARM_ENI_TARGET=1

eth0
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Secondary private subnet 100.64.0.0/16

Amazon VPC CNI configuration

c5.18xlarge contents

Primary IP

100.64.0.205

Secondary IPs

100.64.0.35

100.64.0.37

100.64.0.41

100.64.0.57

100.64.0.201

100.64.0.244

.

.

.

Worker node IP

100.64.0.205

100.64.0.35 100.64.0.201

Default

   WARM_ENI_TARGET=1

eth0

eth1
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Secondary private subnet 100.64.0.0/16

Amazon VPC CNI configuration

c5.18xlarge contents

Primary IP

100.64.0.205

Secondary IPs

100.64.0.35

100.64.0.37

100.64.0.41

100.64.0.57

100.64.0.201

100.64.0.244

.

.

.

Worker node IP

100.64.0.205

100.64.0.35 100.64.0.201

Default

   WARM_ENI_TARGET=1

eth0

Large instance types

 MAX_ENI = 1

 maxPods: 30

High churn
  

ENABLE_PREFIX_DELEGATION

 WARM_IP_TARGET

 MINIMUM_IP_TARGET=30
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Build production-ready EKS cluster

Data platform

Networking

1

VPC CNI CoreDNS
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CoreDNS scaling

EKS cluster

CoreDNS

…
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CoreDNS scaling

EKS cluster

CoreDNS

…

Managed scaling
EKS 1.25 

CoreDNS 1.9

CoreDNS CoreDNS

autoScaling:
  enabled: true

…
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nameserver 10.100.0.10
search namespace.svc.cluster.local svc.cluster.local cluster.local ec2.internal
options ndots:5

CoreDNS scaling

EKS cluster

CoreDNS

…

Managed scaling
EKS 1.25 

CoreDNS 1.9

CoreDNS CoreDNS

…

NodeLocal DNS

ndots 2 PODS ONLY

s3.amazonaws.com  
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Build production-ready EKS cluster

Data Platform

Networking

1

VPC CNI CoreDNS Karpenter
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Spark job

API server

Scheduler

request executor pods

EKS cluster

Control plane

Data engineers

Driver

spark-submit1

schedule driver pod

executor pod watch events

2

3

5

Executor Executor 2 Executor 31
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Karpenter NodePool

apiVersion: karpenter.sh/v1
kind: NodePool
metadata:
  name: spark-driver-graviton
spec:
  template: 
    spec: 
      requirements:
        - key: "karpenter.sh/capacity-type"
          operator: In
          values: ["spot", "on-demand"]
        - key: "karpenter.k8s.aws/instance-family"
          operator: In
          values: ["r6gd", "m5gd", "c5gd"]
       nodeClassRef: 
          name: spark-graviton
  disruption:
    consolidationPolicy: WhenUnderutilized

On-demand

Spot

Driver

Executor s

Enable spot termination 
with Amazon SQS queue
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Build production-ready EKS cluster

Data platform

Networking

1

VPC CNI CoreDNS Karpenter Storage
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Spark shuffle storage with NVMe SSD

100GB

NVMe SSD

/mnt/k8s-disks
900 GB

NVMe SSD

900 GB

NVMe SSD

RAID 0 (/mnt/k8s-disks)

Executor 1

10Gi 

Executor 2

10Gi 10Gi 10Gi 

sparkConf:
…
  resources: 
    requests: 
      ephemeral-storage: 2Gi
    limits:
      ephemeral-storage: 10Gi

c5gd.xlarge c5gd.18xlarge

---
apiVersion: karpenter.k8s.aws/v1
kind: EC2NodeClass
metadata:
  name: spark-memory-optimized
  namespace: karpenter
spec:
…
  #RAID0 config example
  instanceStorePolicy: RAID0
…

Executor 3 Executor 4
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Spark shuffle storage with NVMe SSD

100GB

NVMe SSD

/mnt/k8s-disks
900 GB

NVMe SSD

900 GB

NVMe SSD

RAID 0 (/mnt/k8s-disks)

Executor 5
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Executor 6

10Gi 10Gi 10Gi 
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  resources: 
    requests: 
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    limits:
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Build production-ready EKS cluster

Data platform

Networking

1

VPC CNI CoreDNS Amazon ECRKarpenter Storage

Cross-Region replication

VPC endpoints
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Reduce container size using S3-Mountpoint

S3 Express 

One Zone

Executor 1 Executor N…

Availability Zone 1

JAR files
Libraries

EKS cluster

Mount as  

filesystem
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Build production-ready EKS cluster

Data platform

Networking

1

MonitoringVPC CNI CoreDNS Amazon ECRKarpenter Storage

EKS control plane

AWS APIs

Network
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Build production-ready EKS cluster

Data platform

Networking

1

MonitoringVPC CNI CoreDNS Amazon ECRKarpenter Storage
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Optimized clusters for data processing

Scalability Performance Cost efficiency
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Purpose-built cluster

Data platform

1

2

Apache FlinkApache Spark

or

Argo WorkflowsApache Airflow

or

Networking MonitoringVPC CNI CoreDNS Amazon ECRKarpenter Storage
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Tenant isolation

Team-2

Cluster-1

Team-1

Cluster-2

Team-2

Multi-tenant cluster

Team-1

Cluster as a service Namespace as a service
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Namespace as a service

Data platform

1

2

Argo WorkflowsApache FlinkApache Spark Apache Airflow

3

NodePoolNamespace

PoliciesRoles

or or

Service account

NodePoolNamespace

PoliciesRolesService account

…

Spark APISpark API

Networking MonitoringVPC CNI CoreDNS Amazon ECRKarpenter Storage
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VPC CNI

1 2 3

Networking

MonitoringAmazon ECR

Karpenter

Data platform

Data platform Data platform

Data platform

Data platform

Data engineers

Argo Workflows

Apache Spark

ArgoCD

+
ArgoCD

+

NodePoolNamespace

PoliciesRolesService account

Spark API

Ticketing 

system

CoreDNS

Storage
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Data platform

Data engineers

ArgoCD

+

NodePoolNamespace

PoliciesRolesService account

Spark API

Ticketing 

system

Security Compliance

approve audit
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Data engineers

Data platform

Security

Compliance

permissions consume

Git repo

policies

capabilities

API
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AWS Controllers for Kubernetes (ACK)

 Open source 

Developed and maintained by AWS

Supports mainstream AWS services

Simple operational and security model

AWS support through service team and specialists
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1 2 3

Data platform

Data platform Data platform

Data platform

Argo Workflows

Apache Spark

ArgoCD

+

NodePoolNamespace

PoliciesRolesService account

ACK

Spark API

Data platform

Data engineers

ArgoCD

API

VPC CNINetworking

MonitoringAmazon ECR

KarpenterCoreDNS

Storage
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1 2 3
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Common 

tools

Runtime

Common 

tools

Runtime

Developer platform Data platform

Developers

Platform

Data engineers

Data platform

Amazon EKSAmazon EKS
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Common tools

Runtime Runtime

Platform

Developers

Platform

Data engineers

Data platform

Amazon EKSAmazon EKS

Amazon EKS
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Amazon EKS

Common tools

Runtime Runtime

Platform

Developers

Platform

Data engineers

Data platform

Amazon EKSAmazon EKS

ACK

API
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Who am I? 

Data Platform Group Leader at Appsflyer

Over a decade on AWS infrastructure  

Shuffling data at scale 

Victor Gershkovich
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AppsFlyer
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AppsFlyer
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Analytics workload 
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Analytics  
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Analytics  

● Batch
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Analytics  
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● Processing time  
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Analytics  

● Batch

● Resource allocation

● Processing time  

● Sensitive to interruptions  
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Challenges

~100 PB/d
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Challenges

~100 PB/d ~1k jobs Compute
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Challenges

~100 PB/d ~1k jobs Compute Trends
Millions per 

second
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Challenges

~100 PB/d ~1k jobs Compute Trends

SLA
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Why EKS?
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Why EKS?

Karpenter Observability Enablement



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Consume

Data lake/Feature store

AWS Glue

Data Catalog

Amazon Athena

Amazon S3

ERP

Transaction

Log

Social media

IoT device

…

BI 

reporting

Advanced 

analytics

Ad hoc 

query

…

Source
Use case

Job schedulers

Batch scheduler

Ingest

Data processing 
(Batch/stream) 

Apache Flink

Amazon EBS Amazon RDSAmazon EFS

Amazon MSK

Amazon Kinesis

2 Process



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Consume

Data lake/Feature store

AWS Glue

Data Catalog

Amazon Athena

Amazon S3

ERP

Transaction

Log

Social media

IoT device

…

BI 

reporting

Advanced 

analytics

Ad hoc 

query

…

Source
Use case

Job schedulers

Batch scheduler

Ingest

Data processing 
(Batch/stream) 

Apache Flink

Amazon EBS Amazon RDSAmazon EFS

Amazon MSK

Amazon Kinesis

2 Process



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Compaction job

● Hourly batch

● 150 jobs 

○ 1-3 (min)

○ 3-10 (min)

○ 10+ (mim)

● Process ~ 60T in 1 hour
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Karpenter

● Compute

● Scaling

● Cost performance 



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Before Karpenter
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Karpenter - Nodes



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Karpenter - Utilization



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Karpenter - Utilization
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Karpenter - Compute

1.6k - Create\Terminate
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Karpenter - Node selection

100%

Spot instances 

Minutes

New gen
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Karpenter - Availability Zone
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Karpenter - Spot interruption  
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Karpenter - Termination handling

2 min

data
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Karpenter - SLA
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How?
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Scale up

Bootstrap - 10 sec 
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Scale down

Optimized for decommission 
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Resilience for termination 

Graceful 

decommission tuning

Local storage shuffle 

optimization
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Resilience for termination 

Job pods on the same AZ
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Resilience for termination 

Job pods on the same AZ

Local storage and Arm 
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Observability 
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Observability 
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Observability 
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Observability 



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

How? 
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How? 
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Observability - Cost per minute 
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Observability - Lineage  

$ 660

$ 100

$ 50

$ 167

$ 541

$ 247
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Enablement



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Enablement

Data platform

Data engineer

Reconcile loops
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Enablement

Actions
Defines repository actions

Deployments
Describe a deployment of a service, cloud resource, 

configuration, and more

Environments
Define values that are shared across units 

(environment, Region, Availability Zone)
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Enablement
Infrastructure 

Karpenter Spark
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Enablement

Data platform Data engineer

X %
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Value
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Value



© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Value
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Optimize and monitor EKS for 
analytics with best practices
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Align tools and practices to foster 
organizational growth
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Provide APIs to empower data 
engineers to work independently
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Session resources

awslabs.github.io/data-on-eks

https://awslabs.github.io/data-on-eks/
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Thank you!
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Please complete the session 
survey in the mobile app

Victor Gershkovich 

victor@appsflyer.com

      victor-gershkovich

Christina Andonov

candonov@amazon.com

      christina-andonov

Roland Barcia

rolanbah@amazon.com

      roland-barcia-aws
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