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The Motivation
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DB
Non-scalable

Application

A non-scalable application…
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Kubernetes

Deployment Stateful Set

DB
Non-scalable

Application

A non-scalable application on scalable infrastructure

→ Still not scalable



© 2019 Ververica5

Kubernetes

→ Magically scalable

State
Application

Distributed Application Framework / Library

Scalable Applications need Scalable Building Blocks
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Kubernetes

→ Inherently Scalable Computation

- Scalable State

- Consistent State

- Secure

- Observable

State
Application

Distributed Application Framework / Library

Scalable Applications need Scalable Building Blocks
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Application /

Business Logic

Database

request/trigger result/response

Hypothesis: The Request/Response 

model from traditional databases is 

not a great match for that
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➔ Stateful Event-driven Entities / Actors
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Enter Stateful Functions

Polyglot Event-Driven Functions for

Distributed Stateful Applications
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What is Stateful Functions?

An API that simplifies building distributed stateful applications ...
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What is Stateful Functions?

Multi-language Support

Building block: Functions

● Small piece of logic that represents entities

● Invokable through messages

● Can be implemented in any

programming language

● Inactive functions don’t consume resources

An API that simplifies building distributed stateful applications ...

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)
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What is Stateful Functions?

Consistent state

Dynamic messaging

● Arbitrary communication between functions

● Functions message each other by logical 

addresses - no service discovery needed

● Functions keep local state that is 

persistent and integrated with messaging

An API that simplifies building distributed stateful applications ...

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)event ingress

event egress

f(a,b)

● Out-of-box exactly-once state

access / updates & messaging
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What is Stateful Functions?

Snapshots, no Database 

● Uses Flink’s distributed snapshots model for 

state durability and fault tolerance

● Requires only a simple blob storage tier to 

store state snapshots

Mass Storage

(S3, GCS, ECS, HDFS, 

Azure Blob, OSS, NFS, …)

snapshot

state

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)event ingress

event egress

f(a,b)

… with a runtime build for serverless architectures.
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What is Stateful Functions?

Cloud Native

● Can be combined with capabilities of

modern orchestration platforms

(Kubernetes, FaaS platforms, …)

“Stateless” Operation

● State access / updates is part of the

invocations / responses

● Function deployments have benefits of

stateless processes - rapid scalability,

scale-to-zero, zero-downtime upgrades

… with a runtime build for serverless architectures.

API Gateway

λλλ

event stream ingress event stream egress

(Micro)Service

Endpoint
K8s Service

f(x,s) f(x,s) f(x,s)

HTTP

Apache Flink StateFun Cluster 

(State and Messaging)

Function Execution as stateless 

Deployments, FaaS, …
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DB

Application /

Business Logic

StateFun

Cluster

Application /

Business Logic

Traditional Database 

Application

Event-driven Database

Application

Input events

(ingress)

Result events

(egress)

JDBC/ODBC/REST HTTP / gRPC

“reacting”

messaging / the “boss”

Inverting the Roles of Application and Database

Input events Output events
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State and Messages

<"Cart/Kim", AddToCart("socks", 3) >

Shopping Cart Service

Inventory Service

ID: “Kim”

- msg=AddToCart("socks", 3)

- state=cart {}

cart events ingress

λ λ λ

λ λ λPartition A

Partition B
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State and Messages

ID: "socks“

- msg=RequestItem(3)

- state=stock { currentStock }

Partition A

Partition B

Shopping Cart Service

Inventory Service

Result State = cart {"socks“: 3}

Messages = <“inventory/socks”, RequestItem(3)>

λ λ λ

λ λ λ

cart events ingress
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Putting it all together: A Deployment on Kubernetes

● Deployment for Flink StateFun

Cluster (stateful part)

● One or more deployments for the 

actual functions.

● Some Log or MQ for event ingress 

and egress.

● Some file system (or object store) 

for durability

Apache Flink StateFun

Deployment

Kafka (or similar) ingresses Kafka (or similar) egresses

Service

Snapshots

NFS / HDFS / 

S3 / MinIO

Functions (App Logic) Deployment (with Horizontal Auto Scaler)
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Putting it all together: A Deployment on AWS Serverless Stack

Apache Flink StateFun

Cluster on EKS

AWS Kinesis ingresses AWS Kinesis egresses

AWS API Gateway

Snapshots

AWS S3

● Deployment on managed 

Kubernetes for Flink StateFun

Cluster (stateful part)

● Functions run on Lambda

● Kinesis event ingress and egress.

● S3 for durability

Functions (App Logic)
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An Example and Demo

A Billing Application
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Billing Application

Subscription 

Changes

user()

• User ID

• Subscription status

• Billing interval

• …

Schedules a trigger-payment

message for the next billing date

payment()

• Processing Status

(pending, failed, 

retrying later, …)

Trigger Payment /

Payment Result

Credit Card Proc.
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Code Samples



© 2019 Ververica23

Stateful Functions

API Gateway

λλλ

event stream ingress event stream egress

(Micro)Service

Endpoint
K8s Service

f(x,s) f(x,s) f(x,s)

HTTP / gRPC

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)event ingress

event egress

f(a,b)

Programming Abstraction

Based on Stateful Entities

Distributed Architecture using an

Event-driven Database&
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StateFul Functions is developed by the

Apache Flink Community

But these folks deserve a special shout out:

Igal, Marta, Seth, Tzu-Li (Gordon)
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Thank you for listening!

If you are interested in this project, please get in

touch with the Apache Flink community

• Try it out, help us improve it

• We are open to all sorts of contributions,

like docs, code, tutorials

• Join a meetup or (virtual) conference

@StephanEwen

@ApacheFlink

https://flink.apache.org/

https://statefun.io/

@StateFun_IO
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Backup
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A Brief Excursion into 

Apache Flink

Which takes the role similar

to the Database here
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Flink Runtime

Stateful Computations over Data Streams

Stateful

Stream Processing

Streams, State, Time

Event-driven 

Applications

Stateful Functions

Streaming Analytics

SQL &

Dynamic Tables

Apache Flink: Analytics and Applications on Streaming Data
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Bulk Store (HDFS, S3, Azure Blob, GCS, NAS, …)

Flink Data Streaming Application

ZooKeeper

(or etcd/Konsul)

leader election,

checkpoint pointer Async State Persistence

Data keeps flowing directly between processes. Persistence is an “asynchronous background task”.
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How big can you go? - Alibaba: Double 11 / Singles Day

Search Rec. SecurityBIAds

incl. sub-second updates to the GMV dashboard
Real-time Data Applications

Infrastructure

>5K
nodes

Data Size

985PB

Throughput (Peak)

2.5B
events/sec

Latency

Sub-sec

State Size (Biggest)

100TB>500K
CPU cores

Learn more: Optimizations in Blink Runtime for Global Shopping Festival at Alibaba

https://www.youtube.com/watch?v=KPXWg-MllFQ
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How small can you go? - U-Hopper FogGuru

FogGuru is a platform for developing and deploying fog applications in resource-constrained devices. 

Learn more: FogGuru: a Fog Computing Platform Based on Apache Flink

Cluster of 5 Raspberry Pi 3b+ Data volume: 800 events/secDocker Swarm + Flink + Mosquitto

“The Fridge”

https://hal.inria.fr/hal-02463206/document
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Some Apache Flink Users

Sources: Powered by Flink, Speakers – Flink Forward San Francisco 2019, Speakers – Flink Forward Europe 2019

https://flink.apache.org/poweredby.html
https://sf-2019.flink-forward.org/speakers
https://europe-2019.flink-forward.org/speakers
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Stateful Functions API versus Stream Processing APIs

f(a,b)

f(a,b)

f(a,b)

f(a,b)

f(a,b)

Predefined Flow

Directed Acyclic Graph

Dynamic Messaging

Acyclic or Cyclic

Stream Processing Stateful Functions

Reserved Resources Dynamic / Elastic


