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Disclaimer: Standing on the shoulders of giants

RECOMMENDED MATERIAL FOR SERVERLESS ENTHUSIASTS

AP1402

Building advanced workflows with
AWS Step Functions

Eric Johnson

Principal Developer Advocate, Serverless
Amazon Web Services

aws
~

aws

S

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

SVS401

Best practices for serverless

developers

Julian Wood

(he/him)
Principal Serverless Developer Advocate
AWS

aws
~

Ran Isenberg

(he/him)

AWS Hero & Principal Archit
CyberArk

AWS re:Invent 2024 -
Serverless Compute

#% by AWS Events

Playlist - 35 videos * 3,653 views

Gz -


https://serverlessland.com/reinvent2024/api402
https://www.youtube.com/playlist?list=PL2yQDdvlhXf_Ezjnq7A7LfHBgCYSqzrZS
https://www.youtube.com/playlist?list=PL2yQDdvlhXf_Ezjnq7A7LfHBgCYSqzrZS
https://serverlessland.com/reinvent2024/svs401

Why go serverless?

aWS © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Comparison of operational responsibility for compute

More opinionated

AWS manages

AWS Lambda

Serverless functions

Data source integrations
Physical hardware, software,
networking,

and facilities

Provisioning

Customer manages

Application code

AWS Fargate

Serverless containers

Container orchestration, provisioning
Cluster scaling

Physical hardware, host OS/kernel,
networking, and facilities

Application code

Data source integrations

Security config and updates, network config,
management tasks

ECS/EKS

Container-management as a
service

Container orchestration control
plane

Physical hardware software,
networking, and facilities

Application code

Data source integrations

Work clusters

Security config and updates, network
config, firewall, management tasks

EC2

Infrastructure-as-a-Service

Less opinionated

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

Physical hardware software,
networking, and facilities

Application code

Data source integrations

Scaling

Security config and updates, network
config, management tasks
Provisioning, managing scaling and
patching of servers



‘ Why go serverless?

%
EL
o </>@
—] o
I
Concept/idea In production

A faster way to get to customer value



AWS Serverless spectrum

AWS OFFERS A WIDE PORTFOLIO OF SERVERLESS SERVICES

Compute Storage
AWS Amazon AWS App Amazon Amazon
Lambda Fargate ECS Runner S3 EFS

Workflows and Integrations

Amazon AWS Step Amazon AWS Amazon Amazon Amazon
EventBridge Functions API Gateway AppSync SQS SIS Kinesis

Databases and Analytics

Amazon Aurora Amazon Amazon Amazon Amazon Amazon
Serverless DynamoDB OpenSearch Service Bedrock QuickSight Glue Redshift
aws ®© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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The serverless challenge

ered by
ouild,

Question: When your application is p
multiple connected services, how do y:
track, inspect, visualize, "
and orchestrate those connections?

or its affiliates. All rights reserved.



Answer: AWS Step Functions

A SERVERLESS, LOW-CODE VISUAL WORKFLOW SERVICE

9 Undo C Redo @, Zoom in @ Zoom out © Center Definition

Workflow
* Pay-per-use

* Scales automatically
* Fully managed

Invoke
Comment - optional

ptio
Publish
My state machine

* Drag and drop or ASL
* Built-in error handling

Rur\TaS‘; 7

TimeoutSeconds - optional

Siartt;xisﬁutlc;r{
* Integrates with over
200 AWS services

Slarl)ub&m
StartJobRun
@ PutEvents

SubmitJob

H

l

adWs

N1
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AWS Step Functions laC

View state machine configuration
Import definition... j Feedback
E t h
xportgrap finition %
As SVG image

~ step-functions
As PNG image “

aws .,
2[4

Version 4.2.0 (latest) ~
Export definition...

aw S Terraform module te AWS n Functions ua
As JSON file

As YAML file

View top-level ASL properties

|l Examples ~

Create EventBridge rule [?

Copy to new

Publish version

Export to CloudFormation or SAM template

Export to Infrastructure Composer

Delete

aws
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https://github.com/terraform-aws-modules/terraform-aws-step-functions

From code to workflow

An AWS Lambda function that queries Amazon
DynamoDB has multiple lines of code

® B

Lambda DynamoDB

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



I From code to workflow
Even a single-task “workflow” adds value with

reduction of custom code,

and centralized logging of each workload

atch error

aWS © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Step Functions SDK integrations

Get data from DynamoDB

A 4

Choice

4

Y

Start Job

 J

Is job done?

) 4

Send job not found message Save results to D o0DB and send success message

aWS © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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A 4
Get data from DynamoDB
L

Choice

Y

Start Job

Get job status

-~

Is job done?

¥

Save results to DynamoDB

Y 4

Send job not found message Send success message




From code to workflow

Executions

adWs

N—

Name

74240347-bdb5-6655-d925-7608442¢8d88

76180c66

b3195b78

bla392c2-

a9d9-e986-3178-0d192d284df3

-3127-4ada-c1cd-4b1d5324f9b1

cdOf-c5a2-a0e2-a63310bbc735

8e0fdc23-6074-be1f-5afa-6a3633b33750

813¢c077a-

d8c4346

478a9a01

dofe6115

e679%eed1-

© 2024,

5bb5-7a98-71e7-59f76770c4ee

a5f1-c658-ccf0-ae4fO8b045¢ca

-d77d-f8fc-66d6-bcde36f932e0

8528-43fe-a0b5-5bee5abel01e

Status

® Failed
® Failed
® Failed
@ Fall
© sud
© Sud
@ Sud
®© Sud
@ Sud
© suc

y Web Services, Inc. or its affiliates. All rights reserved

Graph view

Started

Sep 21, 2022 04:37:22.146 PM

Sep 21, 2022 04:37:11.989 PM

Sep 21, 2022 04:35:55.988 PM

Drill down to trace the execution path
of every workload request

End Time

Sep 21, 2022 04:37:22.647 PM
Sep 21, 2022 04:37:12.059 PM

Sep 21, 2022 04:35:56.075 PM

Data flow simulator [

Export ¥ Layout ¥

I

Details Definition Events

Input & Output

(P Advanced view

DynamoDB Getltem

¥ Input Learn more [3

{

"item": "shoes"

¥ Output Learn more [4
{

"Error": "DynamoDB.AmazonDynamoDBException”,
“Cause": "1 validation error detected: Value 'reinvent2022!' at 'tableName' fail
satisfy reqular expression pattern: [a-2zA-20-9 .-]+ (Service: AmazonDynamoDBv2; St
ValidationException; Request ID: BQ80L4JJQSQ5A3859G66GISNPNVV4KQONSOSAEMVIF66QIASUA

}

@ In progress @ Falled A Caught error @ Canceled @ Succeeded




From code to workflow

Graph view Details Definitit

‘ Data flow simulator [£ Export ¥

( Advanced view

Input Learn more [
{

DynamoDB Getitem } : :
= Examine the input and output of
] ¥ Output Learn more [4

5Qs SendMessage each task for each request

aws © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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I Breaking apart a “Lambda-lith”

Amazon APl Gateway routes all
requests to a single Lambda
function that runs the appropriate
code based on its route

/create \ Conﬁg u rat|0 N
/update
et e Security permissions applied
m /* =
LJ—— W» to the whole
Client API Gateway Routing to S e Performance setting applied
logicin
\_ fi%\:::tion ) tO the Wh0|e

e Duration and space limits applied
to the whole

aws

€ 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Micro Lambda

/create

>QY

Client AP| Gateway

/update
—{E

DynamoDB

/delete
>J

aWS © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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AP| Gateway

The “REST” easy

Combine with APl Gateway and Step Functions Synchronous
Express Workflows to create a low-latency, scalable APl backend

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

Simplicity



I Step Functions intrinsic functions

Z‘}
\VaVav;
AVAVAN
AVAVA N

{ ...}
Arrays JSON data manipulation
— | 000 ]
= | o
Math operations String operations Unique identifier generation

aws © 2024, Amaz2on Web Services, Inc. or its affiliates. All rights reserved.
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Reducing cost: Standard Workflows

USE INTRINSIC FUNCTIONS INSTEAD OF COMPUTE SERVICES TO PERFORM DATA TRANSFORMATIONS

Generating a unique ID

Lambda example

Intrinsic example

const { v4: uuidv4 } = require('uuid');
exports.handler = async (event) => {

Generate ID const uuid = IO F Generate ID
return .St fy({ uuid }); States.UUID()
s -

MV S 08
m == el °u.,
(. a= =] =
R W=
Arrays JSON data manipulation Unique identifier Strin.g E) Encoding
generation Operations operations and decoding

CAAS)

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Reducing cost: Standard Workflows

USE INTRINSIC FUNCTIONS INSTEAD OF COMPUTE SERVICES TO PERFORM DATA TRANSFORMATIONS

Generating a unique ID

dWws

p—

No invocation delays
No invocation cost
Less code to manage

[ — |

m r. ===
0 — | o
e

JSON data manipulation Unique identifier String
generation operations

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

Intrinsic example

Generate ID

States.UUID()

Math
operations

v -
 ”

=

Encoding
and decoding



HTTP API integrations

k Update Order History

e =
¥ F i

" ) Call third-party API

k Update Customer Profile

/ {TTP End
f

Authorization required

A 4

Data
warehouse

24 ) Call third-party API

aWS € 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Inventory
service



HTTP API integrations

Amazon account

%:E:n Step Functions EventBridge

HTTP task [3£&] Connection

Secrets
Manager

Secret E@

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

Virtual
Private Cloud

Private resource




AWS Step Functions: JSONata and Variables

SIMPLIFY STATE PAYLOAD MANAGEMENT AND DATA TRANSFORMATION IN STATE MACHINES

state input.
Output (Check Address and Identity)

Use S$InputPayload

State Input

Task state |
JSONPath

InputPath ‘

Action

Parameters I —
« Service integration
« HTTPS endpoint

« Activity worker
| ResultSelector ty

ResultPath

| outputpath

[ variables State Output

JSONPath
aws

S

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

State Input

$states.input

Task state e Action
JSONata « Service integration
« HTTPS endpoint

= Activity worker

|. Output Assign |

$states.result or

State Output $states.errorOutput

JSONata

Variables ‘

Nov, 22nd

pre-re:invent

AWS Compute Blog Post



https://aws.amazon.com/blogs/compute/simplifying-developer-experience-with-variables-and-jsonata-in-aws-step-functions
https://aws.amazon.com/blogs/compute/simplifying-developer-experience-with-variables-and-jsonata-in-aws-step-functions

Step Function Workflow Variables

----------- Available here

Workflow variables add the ability to assign
and reference variables in ASL.

=/88 DynamoDB Updateltem

Supported by |SONPath and [SONata

©

aWS © 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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I Workflow Variable assighment

"Set variables": {
"Type'": "Pass",
"Next ': "Query ,
"Assign": {
"oldowner": "{% $states.input.oldowner %}",
"newowner": "{% $states.input.newOwner %}",
“table': "S12D"

aWS € 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
p—



Workflow Variable reference

"Query": {

"Type": "Task",

"Parameters”: {
"TableName": ” )yle %1%,
"IndexName": "OwnerIndex",
"KeyConditionExpression': "#owner = :owner",
“limie s 10,
"ExpressionAttributeNames": {"#owner": "owner"},
"ExpressionAttributevalues": {

“eowner”: {"s": * | di "'}

}

3

aws

© 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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S<variable_name>



JSONata support for data transformation

JSONata is a powerful query and

expression language to select
and transform data in your
workflows

State machine query language Info

© JSONata - recommended () JSONPath

All states and fields will require

valid JSONata expressions for




Simplified task state

InputPath

ResultSelector

— - — ResultPath

OutputPath

Task or
sub-workflow

IsONPath

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

Task or
sub-workflow

JSONata

State input

State output



I JSONata syntax

{
“FulIName”: “{% $states.input.FirstName & ‘ ‘ & $states.input.LastName %}”
e ' Wrap the JSONata string in {% %}
it Drop the use of .S in the key name

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

{
“$states”: {
“Unput”: “raw input to the state”,
“result”: “Results from the task 1f successful”,
“erroroutput”: “Results from task if errored”,
“context”: “the context object”
}
¥
aws © 2026, Amazon Web Services,inc. or its afilises. Allights reserved.
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I JSONata native functions

NON EXHAUSTIVE (NOT EVEN CLOSE)

4

String functions

Sstring() sjoin()

Slength() Smatch()

Ssubstring() Sreplace()
SsubstringBefore() Seval()

SsubstringAfter() Sbase64encode()
Suppercase() Sbase64decode()
Slowercase() SencodeUrlComponent()
Strim() SencodeUrl()

Spad() SdecodeUrlComponent()
Scontains() SdecodeUrl()

Ssplit()

aws © 2024, Amazon Web Services, inc. or its afiliates. Al rights reserved.

Number functions

Snumber()
Sabs()

sfloor()

Sceil()

Sround()
Spower()

Ssqrt()
Srandom()
SformatNumber()
SformatBase()
Sformatinteger()

Sparselnteger|()

Numeric aggregation

functions
Ssum()

smax()

smin()
Saverage()
Array functions
Scount()
Sappend|()
Ssort()
Sreverse()
Sshuffle()
Sdistinct()
szip()

)bject functions
Skeys()
Slookup()
Sspread()
Smerge()

Ssift()
Seach()
Serror()

Sassert()

Stype()




Step Function JSONata

- partition a large array
- generate an array of values.
- calculate the hash value of a given input.
- return a random number n where0<n<1
- generate a uuid

- deserialize JSON strings

- for timestamp generation

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



Step Function JSONata example

y Update record O vetnton >

Map state

24| M
d ap "TableName": '"S12D",

| S— - 3 . “Key" : {
{ } Item source: JSON Payload 4 "id": ("{% $states.input.id %}"]
o }'
"UpdateExpression': "SET #owner = :newOwner, #updatedAt = :currentDate",
"ExpressionAttributeNames": {
"#owner": "owner",
"#updatedAt": "updatedAt"
]
DynamoDB: Updateltem 11, "ExpressionAttributeValues": {
12 ":inewOwner": {

Update record e iy -

s $newOwner %}"
},

“:currentDate": { .
novs l\"{% $now() %}"
}
}

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




p—

Q MAP

Distributed Map state

Map New

Runs parallel sub-workflows tc

Coordinate large-scale parallel workloads

lataset

Process S3 object keys

Iterate over millions of Amazon S3 objects, such as logs, images, or JSON or T oo
CSV files | bucket

= Process JSON file in S3
Up to 10,000 parallel executions (8 process the datan a5 N il

Process CSV file in S3

Invoke Lambda or Amazon ECS/AWS Fargate technology for
large-scale on-demand serverless compute

Process S3 inventory list

e Ma tate and Lambda to

aws © 2024, Amazon Web S ces,

r its affiliates. All rights reserved.

tate and Lambda to



or its affiliates. All rights reserved.

child workflow with

its own execution history and

payload limits




A serverless GIF generator

Calculate chunks

Convert an .mp4 from
Amazon S3 into multiple GIFs
for timeline scrubbing

Generate GIF

aﬁi Scalability

aWS € 2024, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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{
"key": "Moviell .mp4",
"bucket": "SourceBucket"

}

Calculate chunks :
{
"Key":
"jumpstartingsDevwFFinal.mp4",
"start": 0,
"end": 29,
"length": 1592.882958,
"tsCreated": 1665052810845

Generate GIF

"Jength": 1592.882958,
"tsCreated": 1665052810845

“Bucket":"DestinationBucket”
body: “base64 encoded gif”

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

Using a Distributed Map state for this workload
Not limited to 40 concurrent executions

Imports and exports directly from/to Amazon S3

[

]

_/_/-_)

|| Scalability



.
Why is Distributed MAP state a big deal?

Concurrency

Unreserved



https://docs.aws.amazon.com/lambda/latest/dg/lambda-concurrency.html#concurrency-quotas

Thank you!

Hakon Eriksen Drange

c. or its affiliates. All rights reserved.



https://hedrange.com/
https://www.linkedin.com/in/haakondrange/
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