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Transactions and
Serverless are Made
for Each Other

Serverless cloud platforms should be used to deploy
stateful applications.
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Architecture and Hardware
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Serverless Simplifies Infra Management
a3

e Autoscaling

e Pay-as-you-go
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But Serverless Is Usually Stateless

Mismatch for stateful apps: long-running with real-world interactions
e Payment processing

e Cronjobs

e Data pipelines

e Event processing (e.g., Kafka consumer)

e Al agents &

e ..Many more!
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Building Stateful Apps is Hard

AEC9-718AA928E859:VHjONG8CTlek-
F8x6JA3Y1w:ios)

UNKNOWN_ERROR
Error: 400620347 :
(89F653A8-29D3-4756- 0 c Payment Failed

There seems to be a problem with
this seller. Please purchase items

We sincerely apologize, but from an alternative store.
CSC_7200065

é AN r/jetblue - 9 mo. ago
mrtowser

Seat selection failed(”

& (@ rietblue -2y ago Problem loading customer information

Chromaxide

Booked flight through website, haven't rec
confirmation email A backend service request failed.

Question
| booked a flight on JetBlue's website and selected Paypal as a payme
paid using Paypal Credit and when | was redirected back to JetBlue's vk /
page remained blank.
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Serverless Makes It Harder

e Timeouts
e Fault tolerance (e.g., retries)
e No interactivity

e Observability
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Who needs break points?

Advanced

printf()

Debuging

O RLY’ Just Everybody
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Example: Serverless E-Commerce

BUY
R

Serverless Checkout
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| Want to Just Write Code

widget_store.py

def checkout(items):

order = create_order()
reserve_inventory(order, items)

payment_status = process_payment(order, items)

© 2024 dbos.dev

if payment_status == 'paid':
fulfill_order(order)

else:
undo_reserve_inventory(order, items)
cancel_order(order)

EN

I

W

Create Order

v

Reserve Inventory

Y

Process Payment

\
Fulfill Order

L/

Release Inventory

|

Cancel Order
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But Serverless Can’t Do This

e Timeouts
e Can’t invoke async external APlIs

e Fault tolerance
stripe <o

Fulfill Or e Inventory

'

Cancel Order
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Solution: External Durable Execution Engine

[State Machine\ Schedule steps on workers B / Serverless \
Your App :
Function
BUY Invoke Wi s ‘Report step completion/failure Executor
S Executor _
‘ Function
Persist state . Executor
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| Have to Make Things Complicated

(" Step Functions

AP| Gateway Create Reserve Process
Order Inventory  Payment

Fulfill Order
J

stripe—EY

Webhook
Endpoint
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It Works! But Heavyweight

© 2024 dbos.dev

Invoking Asynchronous External APIs

Use this architecture to call third-party services that implement the service callback pattern to process long-running jobs. Build an

H orchestration to manage your request’s lifecycle, throttle your calls to the external service according to the service's maximum-requests-per-
O I I I p I C a e eV a n pS second (RPS) contract, pause request workflows until you receive a callback notification that the remote job has completed, and monitor

Hard to maintain/test

Bad performance
Expensive $$$

your request backlog.

AWS Cloud

external

ONEDOESNOT SIMPLYAR. S
\\

proceed on
unblock

| 1EsTN ProDuCTION:

maKeameme.org

] third-party
AWS Lambda Amazon SQS  Amazon API Gateway h
(callback handler) (callback queue)  (callback webhook) ELIEIEES
n serwie API
.\ invoke processor get result by job ID é\)
N process 5E
AWS Step Functions
(processor)

aWS Reviewed for technical accuracy Jan 30, 2023
© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved.

[1] https://d1.awsstatic.com/architecture-diagrams/ArchitectureDiagrams/invoking-asynchronous-external-apis-ra.pdf
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How to make serverless
work for stateful apps?
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... Databases!
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A New Serverless Architecture
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Your App

Workflows

Steps

~N

Persist exec state ‘
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Key Insight

e To make a stateful app serverless, persist its execution state in a database

e Then you can safely execute it in ephemeral environments

e How to implement it?

r ™
Your App

Workflows Persist exec state

Steps
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Implementing Durable Execution as a Library

widget_store.py

def create_order():

def checkout(items):
order = create_order()

reserve_inventory(order, items)

payment_status = process_payment(order, items)

if payment_status == 'paid':
fulfill_order(order)

else:
undo_reserve_inventory(order, items)
cancel_order(order)

© 2024 dbos.dev

e Write normal functions
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Implementing Durable Execution as a Library

widget_store.py

- .
e Write normal functions

def create_order():

e Annotate code with decorators

o @DBOS.workflow()

def checkout(items):
order = create_order() o (@DBOS.step()

o @DBOS.transaction()

reserve_inventory(order, items)

payment_status = process_payment(order, items)

if payment_status == 'paid':
fulfill_order(order)

else:
undo_reserve_inventory(order, items)
cancel_order(order)

© 2024 dbos.dev 18
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@step

e Wrap functions with durable execution logic
e Never re-execute a step after completion

Check recorded result

/

Return result

SUCCESS/ERROR:
Persist result

© 2024 dbos.dev
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@workflow

e Must be deterministic (e.g., the order of steps)
e Restart on recovery, run to completion

PENDING:
Persist unique ID and input Step 1
y 4
Step 2
1
v
SUCCESS/ERROR: Step N

Persist result

© 2024 dbos.dev
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@transaction

e A special case to @step, guaranteeing exactly once

e Record the output in the same DB transaction

—

© 2024 dbos.dev

Begin Txn
Check recorded result
|
v }
Execute orig function Return result
v
SUCCESS/ERROR:

Commit result
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Other Primitives Built On Top of the Database

e Queues

e Send/Recv (notifications)
e Cronjobs

e Durable sleep

22



How DBOS Works:

[y ]

et

\/ v
Fulfill Order Release Inventory
'

Cancel Order
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Record the Workflow Start

[y ]

et

\/ v
Fulfill Order Release Inventory
¥

Cancel Order
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Record Each Step’s Output

[y ]

et

\/ v
Fulfill Order Release Inventory
'

Cancel Order
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What If It Crashes?

[y ]

et

Cancel Order
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Restart and Check Recorded Outputs
BUY

.

Fulfill Order Release Inventory

|

Cancel Order
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Restart and Check Recorded Outputs
BUY

.

Fulfill Order Release Inventory

'

Cancel Order
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Resume From Where It Left Off

[y ]

i,

\/ v
Fulfill Order Release Inventory
¥

Cancel Order

© 2024 dbos.dev

Step: 4
Output: Fulfilled

CCOMCCCORCCONCCORLCG
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Run to Completion

BUY.
L

\/ v
Fulfill Order Release Inventory
¥

Cancel Order

© 2024 dbos.dev

ID: hg4ttg2
Status: SUCCESS

([
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Widget Store Demo

e Live: https://demo-widget-store.cloud.dbos.dev/
e Tutorial: https://docs.dbos.dev/python/examples/widget-store

DBOS

Shop internals Widget Store Server Tools
Inventory Resierk Crash the application at any time to simulate a server
failure or service interruption. After crashing, the
Product Available application will momentarily become inaccessible but then

resume from exactly where it left off before the crash. Try it

Premium Quality Widget 98 and see!
Orders Crash the Application
Order ID Status Progress until dispatch . . .
Premium Quality Widget — Only 98 left!
913 CANCELLED

Enhance your productivity with our top-rated widgets!

912 CANCELLED
Buy Now for $99.99
9N DISPATCHED

© 2024 dbos.dev
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Takeaways

e Persist stateful functions’ execution state in a database
= Simplify serverless architecture

o Databases ¥ Serverless

r N
Your App

<>
Workflows Persist exec state ey

Steps
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Try it out & Talk to us!

E - E Open Source:
https://github.com/dbos-inc/dbos-transact-py
S
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https://dbos.dev

Qian Li Peter Kraft

33
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https://docs.dbos.dev/quickstart

