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Why this talk?

Answering one of the most asked question from GDC 2023 talk

• How did you multithread systems ?

Achieving great scalability on CPU is hard!



Anatomy of a frame in Cyberpunk 2077: Phantom Liberty

Road to Cyberpunk 2077 
Phantom Liberty
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Release of 
PS5 / XSX Version
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patch release

Edgerunners 
patch release

Phantom Liberty
release
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Methodology

All numbers were taken on PC

• 13th Gen Intel(R) Core(TM) i9-13950HX 2.20 GHz

• Nvidia RTX 4090 Laptop GPU

Number of Job Workers limited to 5

Measurement were made using internal profiler code

Job chain visualization were custom made

7
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Agenda

Frame Structure

World Streaming

Gameplay

Animation

Physics
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Audio

Graphics

Performance & Scalability

Conclusion
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F R A M E  S T R U C T U R E
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Frame Structure 
– First Iteration

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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Frame Structure 
– Second Iteration

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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Frame Structure

FrameBegin

EntityUpdateState

PreBucket

VehicleBucket

CharacterBucket

ObjectBucket

PostBucket

CameraUpdate

PlayerAim

PostPlayerAim

MappinsUpdate

PreRenderUpdate

EntityPreTick

EntityPreServiceEvents

PrePhysicsTick

PrePhysicsUpdateTransform

PhysicsFlushBufferedState

PhysicsExecuteAsyncQueries

PostPhysicsSyncResults

PostPhysicsUpdateTransform

AnimationUpdate

PostPhysicsTick

EntityPostTick

EntityPostServiceEvents
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Frame StructureFrame Structure – Visualization
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Job system

Job 
chain

Unshackle Main & Render Thread

Everything should be a job

No more custom thread

Easy to build a job chain

Thousands of jobs per frame
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Threads

Main Thread

• Only schedules beginning of frame and waits for completion

• Acts as a regular job worker while waiting

Job Thread / Worker 

• Scale well to up to 12

Async IO

Middlewares

Telemetry
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Systems

World Systems — lifetime limited to world

• Also available for editor preview

Game System — available during the whole game process

Main method to register to frame update

Systems can communicate with each other

• Public interface thread safety needs to be considered
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Systems

Any system can register itself to any update group and bucket

By default, systems will be constrained to group / bucket

• However, it is possible to unshackle a system
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W O R L D  S T R E A M I N G
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World Streaming Systems

WorldStreaming system

• Responsible for streaming “sectors”

• Job Chain Kick start as soon as we have camera position

NodeStreaming system

• Responsible for streaming in & out node/actor/entity

• Job Chain follow up on WorldStreaming Job Graph 

Entity system

• Attach/Detach entity from world.

• Handle Static and Dynamic spawning
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World & Node Streaming – Job Chain

FrameBegin PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdateEntityUpdateState
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World & Node Streaming – Profiler
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Node Management – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdateCharacterBucket
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Entity System – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Entity System – Profiler
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What about resource streaming?

Deserialization & Decompression on Jobs

• At the lowest job priority

Throttle the amount of resource processed at any given time

All render resources are created asynchronously 

No frame dependent job chain can wait on any resource streaming. 
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Resource Streaming – Job Chain

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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G A M E P L A Y
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Gameplay Systems

Vehicles System

• Update of all vehicle in game

• Vehicle suspension

• NPC Collision

Puppet System

• Complex & simple NPC

Vehicle or NPC cannot communicate directly to another Entity

• Event System was the main communication method

• See last year GDC presentation!
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Vehicle System – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Vehicle System – Profiler
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Vehicle System – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Vehicle System – Profiler
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Puppet System – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Puppet System – Profiler
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A N I M A T I O N
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Animation System

Animation Component register to the Animation System

Parallel update per bucket

Manage Animation instancing for massive standing crowd

No update if occluded. (exception if closer than 5m of player)

Sleep mode for door / vehicles if no movement

Animation Streaming of 40mb budget

• 3k – 4k animations in game
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Animation System – Pre Update Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Animation System – Update Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Animation System – Update Job Chain
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P H Y S I C S
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Physics System

Manage various Physics Updates 

• Collision streamed in and out

• Async Queries

• Simulation

Physic system was built on top of PhysX

PhysX tasks were adapted to be compatible 

with our job system
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Physics System – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Physics System – Profiler
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Physics Simulation – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Physics Simulation – Profiler
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A U D I O
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Audio System

Audio Game layer

• Manage interaction between game and audio

• Handle raycast “hedgehog”  

Audio System layer

• Double buffer Audio entity

• Transform sound event to “sounds”

Audio Engine & Wwise

• Wwise main processing loop processed by job system

• High Priority!
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Audio Game Layer – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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Audio System Layer – Job Chain

FrameBegin EntityUpdateState PreBucket VehicleBucket CharacterBucket ObjectBucket PostBucket CameraUpdate PlayerAim PostPlayerAim MappinsUpdate PreRenderUpdate
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G R A P H I C S
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Graphics – Render Graph

Breaking up the Monolithic Render Thread

• Fully parallelized, using job system

Multiple graphs for different use cases

Runs across threads at lower priority than game jobs

Fill nicely the “gap” in frame
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Graphics – Render Graph



Anatomy of a frame in Cyberpunk 2077: Phantom Liberty

Graphics – Profiler
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P E R F O R M A N C E  &  S C A L A B I L I T Y
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Scalability – 5 Job Worker
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Scalability – 9 Job Worker
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Scalability – 12 Job Worker
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CPU Frame Time

16.1

11.9
10.2 10.4 11.1 11.6

20

15

10

5

0

5 WORKER 9 WORKER 12 WORKER 15 WORKER 18 WORKER 24 WORKER

MILLISECONDS



Anatomy of a frame in Cyberpunk 2077: Phantom Liberty

C O N C L U S I O N
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Frame Structure 
– First Iteration

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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What Went Wrong?

Frame structure & Budgets were defined late

Designing system to be scalable is hard

Refactoring to be scalable in production was painful.

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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Frame Structure 
– Second Iteration

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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What Went Right?

Simple frame structure that was easy to understand

Everything was multithreaded

• Including gameplay & rendering

Scale very well on CPU across all platforms

Anatomy of a frame in Cyberpunk 2077: Phantom Liberty
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T H A N K  Y O U  C H O O M S



Anatomy of a frame in Cyberpunk 2077: Phantom Liberty

MATHIEU GIRARD

Creating the Blackwall VFX for 
'Cyberpunk 2077: Phantom Liberty’

Mon, March 18, 13:20

KAJETAN KASPROWICZ

Cinematic and Interactive 
– Two Sides of the Same Coin

Mon, March 18, 15:00

AMELIA KOŁAT
SEBASTIAN SIEJKA

Blurring the Border Between Reality
and Cyberpunk 2077 using ARG

Mon, March 18, 15:50

ANIA BULAVINA

Urban Planning in Games

Tue, March 19, 9:30

KACPER NIEPOKÓLCZYCKI
PAWEŁ MIELNICZUK

Deciphering Dogtown: How We Built
the Last District of Night City

Tue, March 19, 16:10

SARAH GRUEMMER

Where Story and Tech Meet: 
Cyberpunk’s Quest Editor in Action

Wed, March 20, 14:00

COLIN WALDER
GIUSEPPE MARANO

Mixing, Music, and Mods:
Cyberpunk 2077 Audio Technical Pipelines

Wed, March 20, 15:30

KAROLINA NIEWĘGŁOWSKA

A Ticket to Redemption: How CD PROJEKT RED 
Utilized Technical Support Data and Insights
to Improve Cyberpunk 2077

Thu, March 21, 10:00

DAVID BLOCK

Scaling Night City on the CPU

Thu, March 21, 11:30

ALEX RADKEVICH

The Key Lessons of Cyberpunk 2077: 
Phantom Liberty Localization

Thu, March 21, 11:30

PAWEŁ SASKO

Designing AAA Expansions
for Cyberpunk 2077 and The Witcher 3

Thu, March 21, 17:30

CHARLES TREMBLAY

The Anatomy of a Frame:
Cyberpunk 2077 Phantom Liberty

Fri, March 22, 10:00

MAGDA ZYCH

Make a Choice and See What Happens:
CD PROJEKT RED’s Dialogue System

Fri, March 22, 15:00
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Our Boston team is growing in strength, with numerous
industry veterans joining the team.

Check out our available positions to find the right fit for your 
expertise!

Scan the QR code and head over to our page.

W A N T  T O  W O R K  W I T H  U S ?
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