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_/ DUOLINGO MISSION

Develop the best education in the world and 
make it universally available
Duolingo is the most popular mobile learning platform and the most downloaded 
education app worldwide. The app makes learning new languages, math, music and 
chess fun with bite-sized lessons that feel like playing a game. 



Zhihao Wang

Staff Software Engineer
Cloud Operations Team at 
Duolingo

Temporal 01
Turning Temporal into a true platform 
at Duolingo and educating engineers 
on how to use it effectively.

Infrastructure & 
Developer Productivity
Making infrastructure easier to 
operate through better tooling and 
automation

1060 Day Streak
Japanese, French, German, Chess, 
and more.
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_/ ABOUT ME



_/ AGENDA
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What Weʼll Cover
01

What is Temporal Nexus?
Coss-namespace Communication

02

Duolingo + Temporal
How Cloud Operations team uses Temporal

03

Building Self-Service
Architecture, access control, and the portal

04

Evolving the Platform
What we built beyond the portal

05

Demo
Live walkthrough

06

Results & What's Next
Impact, adoption, and the road ahead
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Connect Workflows Across Isolated Namespaces

CHILD
WORKFLOW

ACTIVITY
WRAPPER

Before Now

_/ TEMPORAL NEXUS
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● Manage Duolingo s̓ cloud infrastructures on AWS 

● Enable product engineers to ship reliably at scale  

● Perform high-risk, complex operations product engineers shouldnʼt run directly

● Provide tools, guardrails, and operational expertise

OUR TEAM

Cloud Operations: Scaling Through Automation
_/ BACKGROUND
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● Requests arrived via Slack or Jira

● Manual copy-and-paste of parameters into executions

● No validation for missing, incorrect, or mistyped inputs

● Manual execution using elevated AWS IAM roles

CHALLENGES

_/ BACKGROUND
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● Requests arrived via Slack or Jira

● Manual copy-and-paste of parameters into executions
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● Manual execution using elevated AWS IAM roles
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_/ BACKGROUND

Cloud Operations: Scaling Through Automation

● Manage Duolingo s̓ cloud infrastructures on AWS 

● Enable product engineers to ship reliably at scale  

● Perform high-risk, complex operations product engineers shouldnʼt run directly

● Provide tools, guardrails, and operational expertise

OUR TEAM

This can frequently be the most significant 
bottleneck on engineering productivity.
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● Requests arrived via Slack or Jira

● Manual copy-and-paste of parameters into executions

● No validation for missing, incorrect, or mistyped inputs

● Manual execution using elevated AWS IAM roles

EARLY SOLUTION

● Built Temporal workflows for repeatable infrastructure tasks

● Workflows executed in a Cloud Ops team-based Temporal namespace

● Strict access control on workflow execution

● Removed the need for manual execution using elevated AWS IAM roles

This can frequently be the most significant 
bottleneck on engineering productivity.

_/ BACKGROUND

Cloud Operations: Scaling Through Automation

CHALLENGES
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● Engineers can trigger workflows themselves

○ This implies no manual copy-and-paste by Cloud Operations team 

● Inputs validated before execution or before core logic

● Cloud Operations team keeps control through approvals 

_/ REQUIREMENTS

What We Actually Wanted
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_/ REQUIREMENTS

What We Actually Wanted
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Write Access to Namespaces
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_/ REQUIREMENTS

What We Actually Wanted
● Engineers can trigger workflows themselves

○ This implies no manual copy-and-paste by Cloud Operations team 

● Inputs validated before execution or before core logic

● Cloud Operations team keeps control through approvals 

○ Other engineers cannot approve the workflows

Write Access to Namespaces



● Engineers can trigger workflows themselves

○ This implies no manual copy-and-paste by Cloud Operations team 

● Inputs validated before execution or before core logic

● Cloud Operations team keeps control through approvals 

○ Other engineers cannot approve the workflows
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No Write Access to Namespaces

_/ REQUIREMENTS

What We Actually Wanted
Write Access to Namespaces
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cloud-ops namespace access must remain restricted.

How do we expose these workflows safely?

HARD CONSTRAINT

THE QUESTION NOW BECOMES

_/ CHALLENGES

The Hardest Part: Access Control 
● Engineers can trigger workflows themselves

○ This implies no manual copy-and-paste by Cloud Operations team 

● Inputs validated before execution or before core logic

● Cloud Operations team keeps control through approvals 

○ Other engineers cannot approve the workflows No Write Access to Namespaces

Write Access to Namespaces
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cloud-ops namespace

rds
temporal_worker

terraform
temporal_worker

rds-queue

terraform-queue

We do not want to change anything within 
existing workers within cloud-ops namespace. 

_/ SOLUTIONS

The Solution: Cross-namespace Communication
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gateway namespace

self-service
temporal_worker

router-queue

cloud-ops namespace

rds
temporal_worker

rds-queue

terraform-queue

We need a central gateway namespace 
that everyone has write access to. 

terraform
temporal_worker

_/ SOLUTIONS

The Solution: Cross-namespace Communication
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gateway namespace

cloud-ops namespace

cloud-ops
Nexus Endpoint

rds
temporal_worker

terraform
temporal_worker

self-service
temporal_worker

rds-queue

terraform-queue

router-queue

_/ SOLUTIONS

The Solution: Temporal Nexus

Wait… one Nexus endpoint has only one corresponding queue…
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gateway namespace

cloud-ops namespace

cloud-ops
Nexus Endpoint

rds
temporal_worker

terraform
temporal_worker

self-service
temporal_worker

rds-queue

router-queue

#nexus thread started on 2/17/2025 Zoom meeting on 2/26/2025

Wait… one Nexus endpoint has only one corresponding queue…

terraform-queue

_/ SOLUTIONS

The Solution: Temporal Nexus



gateway namespace cloud-ops namespace

Engineering Duos* write access read access 

Cloud Operations Team write access write access

gateway namespace

cloud-ops namespace

cloud-ops
Nexus Endpoint

router
temporal_worker

rds
temporal_worker

terraform
temporal_worker

self-service
temporal_worker

rds-queue

router-queuerouter-queue

* At Duolingo, an individual employee is called a Duo.

Yes, you can define a 
worker simply for routing.

terraform-queue

_/ SOLUTIONS

The Solution: Temporal Nexus

21
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● Requests arrived via Slack or Jira

● Manual copy-and-paste of parameters into executions

● No validation for missing, incorrect, or mistyped inputs

● Manual execution using elevated AWS IAM roles

_/ CHALLENGES

Have we solved all the challenges?
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● Temporal UI requires raw JSON input, which is powerful but not a user-friendly way to submit infrastructure requests. 

_/ CHALLENGES

We havenʼt won yet…



● Static, schema-driven website with minimal maintenance overhead

○ Declarative workflow definitions JSON / YAML) that automatically render in the UI

● Basic input validation to catch errors before execution 

● Ability to trigger workflows directly from the website 

24

_/ REQUIREMENTS

What We Actually Wanted



● Static, schema-driven website with minimal maintenance overhead

○ Declarative workflow definitions JSON / YAML) that automatically render in the UI

● Basic input validation to catch errors before execution 

● Ability to trigger workflows directly from the website via HTTPS
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Open Source framework
rjsf-team/react-jsonschema-form 

_/ REQUIREMENTS

What We Actually Wanted

https://github.com/rjsf-team/react-jsonschema-form


● Static, schema-driven website with minimal maintenance overhead

○ Declarative workflow definitions JSON / YAML) that automatically render in the UI

● Basic input validation to catch errors before execution 

● Ability to trigger workflows directly from the website via HTTPS
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Temporal Workflows or Nexus Operations, as of 
02/2026, can only be triggered by SDK/CLI/UI.

_/ CHALLENGES

The Tricky Part: Triggering workflow via HTTPS



● Static, schema-driven website with minimal maintenance overhead
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“Build a microservice!ˮ

_/ CHALLENGES

The Tricky Part: Triggering workflow via HTTPS



28

gateway namespace

cloud-ops namespace

cloud-ops
Nexus Endpoint

router
temporal_worker

rds
temporal_worker

terraform
temporal_worker

self-service
temporal_worker

rds-queue

terraform-queue

router-queuerouter-queue

Temporal Self-Service Portal
frontend client

temporal-gateway-backend
microservice cicd namespace

router
temporal_worker

jenkins
temporal_worker

github
temporal_worker

jenkins-queue

github-queue

router-queue

cicd
Nexus Endpoint

_/ DIAGRAMS

Temporal Self-Service Platform Architecture
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gateway namespace

self-service
temporal_worker

router-queue

_/ SHOW, DON’T TELL

Gateway Namespace
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cloud-ops namespace

cloud-ops
Nexus Endpoint

router
temporal_worker

router-queue

When we first implemented router workers, Temporal Nexus was not yet supported in the Python SDK, so we wrote them in Go.

invoke the workflow on a different queue in the same namespace

_/ SHOW, DON’T TELL

cloud-ops Namespace
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Temporal Self-Service Portal
frontend client

temporal-gateway-backend
microservice

Required for publishing workflows to the 
self-service portal. Defined using JSON 
configurations.

_/ SHOW, DON’T TELL

Temporal Self-Service Portal 
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Temporal Self-Service Portal
frontend client

temporal-gateway-backend
microservice

Engineers fill out the form and submit it. Thatʼs it.

_/ SHOW, DON’T TELL

Temporal Self-Service Portal 
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Workflow publishers are also users of the self-service portal, 
so publishing new workflows must be simple and frictionless.

Many workflow configurations are now generated with AI, and the error rate is low thanks to the large number of existing examples.

_/ SHOW, DON’T TELL

Temporal Self-Service Portal 



34Duolingo AI bot triggers a Temporal workflow to create PR.

_/ NEW PARADIGM

Workflow-As-Service
● Teams build reusable, durable workflows that can be shared across teams via Nexus/HTTPS

○ Clients are not limited to the frontend portal: Slack bots, microservices, and more.
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● Teams build reusable, durable workflows that can be shared across teams via Nexus/HTTPS

○ Clients are not limited to the frontend portal: Slack bots, microservices, and more.

● Beyond shared utilities and libraries, Nexus lets us share workflows as reusable services while 
hiding implementation details and complex configurations. 

○ Weʼve abstracted Slack notification functionality into shared Nexus operations, so teams donʼt need 
to install Slack SDKs in their workers or manage Slack API keys and integrations.

Duolingo AI bot triggers a Temporal workflow to create PR. Self-service workflows send Slack notifications via Nexus operations.

_/ NEW PARADIGM

Workflow-As-Service



Dynamic Fields
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_/ EVOLVING THE PLATFORM

Engineers are lazy. Search beats copy and paste every time.



Dynamic Fields
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_/ EVOLVING THE PLATFORM

platform namespace

self-service
temporal_worker

self-service-queue

Temporal Self-Service Portal
frontend client

temporal-gateway-backend
microservice

GET /query

This is powered by Temporal workflows and Queries exposed via existing gateway microservice.



_/ EVOLVING THE PLATFORM

Self-Service AI Assistant

38

Temporal–powered AI assistant that helps users choose the right workflow from natural language.



duo temporal cli
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_/ EVOLVING THE PLATFORM

It offers the same experience as the self-service portal, and the code was generated with AI.



_/ EVOLVING THE PLATFORM

Code Snippets

40

“How do I trigger a Temporal workflow from Jenkins, a local script, or a microservice?ˮ



Claude Code Skills
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_/ EVOLVING THE PLATFORM

STEP 1: PRE-DEPLOYMENT CHECK

Run git status. If uncommitted changes exist, prompt the user to commit. Proceed based on user choice.

STEP 2: EXECUTE DEPLOYMENT

duo temporal deploy-stage [--branch <branch-name>] [--dry_run true]

● --branch: Omit to auto-detect and deploy the current git branch.

● --dry_run: Omit to use the default (false).

/deploy-stage



Claude Code Skills
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_/ EVOLVING THE PLATFORM



Claude Code Skills
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_/ EVOLVING THE PLATFORM



Claude Code Skills
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_/ EVOLVING THE PLATFORM

/deploy-stage



● Saved thousands of engineering hours on time-consuming operations like RDS resizing, 
DynamoDB deletion, and cache upgrades, while preserving human-in-the-loop approvals and 
significantly reducing the need for elevated access.

○ Some workflows were instrumental during outages allowing engineers to execute critical 
operations safely without click-ops or dependency on Cloud Operations or PagerDuty rotation. 

● Expanded self-service beyond Cloud Operations team, with 45+ workflows now published and 
maintained by multiple teams across the organization.

Note: Company size: fewer than 1,000 employees globally, with 500 engineers.

_/ WINS

The Results We Planned For

45



● Adoption of Temporal within Duolingo  🚀
○ Temporal has grown from a Cloud Ops tool into an organization-wide workflow platform, 

with teams increasingly aware of its capabilities.

○ Much of the supporting infrastructure grew organically across teams rather than through 
a formal OKR, creating a virtuous cycle of demos, word-of-mouth, and shared tooling.

10min
Run your 1st Temporal 

workflow locally

5min
One-time effort for 
namespace setup

This workflow also lives in the self-service portal, powered by Nexus ✨

_/ BONUS

The Wins We Didnʼt Expect

46



● Beyond the portal: an ecosystem of workflows-as-a-service and tools

○ We started with a simple goal: build a self-service portal for Temporal workflows.

○ We ended up creating a broader ecosystem of workflows-as-a-service and tooling.

○ The portal is now just one entry point into the platform.

_/ BONUS

The Wins We Didnʼt Expect
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Demo
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_/ TEMPORAL NEXUS

Nexus: Whatʼs next?

49

Today 
● Reliably connect workflows across any 

namespace within Temporal

Next up
● Make Nexus calls from anywhere

○ other apps, services, bash scripts, …
■ via Temporal SDK, HTTP, Kafka, 

…
● Integrate non-Temporal services

○ Nexus facade for existing APIs
■ HTTP, Kafka, gRPC, …
■ GitHub, Jira, etc

○ Streamlined Workflow dev experience

Pre-built Nexus Connectors
(GitHub, Jira, Stripe, HTTP, Kafka, …)

Nexus Connector Foundations
(build your own Connectors)

Non-Workflow callers
(using Temporal SDK Client)

Workflow-to-Workflow
(within Temporal)



_/ TEMPORAL NEXUS

Nexus Connectors
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Connect faster with Nexus Connectors for popular services and protocols

Temporal-based Services

Outbound
namespace

Inbound
namespace

Pre-built 
Nexus 

Connectors

HTTP
MCP
gRPC
Kafka

…

Pre-built 
Nexus 

Connectors

GitHub
Jira

HTTP
Kafka

…

Integrate with the broader ecosystem
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Q&A
Thank you for your time!
Find me on Temporal Community Slack
@zhihao

Linkedin


