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The human brain ...
● Eye only provides very limited information
● Fills in blank spots

– Temporal feedback
– Up-scaling
– Hallucinates

● Can even imagine from just a piece of text
● But with recent developments ...



… it gets lazy



Who am I
● Demo scene (1994-1998)
● Enterprisy (1998-2017)

● Contributor since 2008
● Employed since 2018
● Co-owner of Viewport & EEVEE module
● Making sure that Blender runs well on “any” platform

– Workbench engine
– Vulkan backend

● First point of contact for many GPU related issues 
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User interface



Where it all starts...



Data model (DNA)



Define Access (RNA)



User interface



Define Access (RNA)



Notifiers



Window



Editors/Spaces



3D Viewport



Areas + Layered drawing



Engine: Workbench



Engine: Cycles



Engine: EEVEE
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So we do everything on the GPU?
Right?



Geometry 
● Container

– Meshes
– Curves
– Grease pencil
– Point cloud
– Volume
– Instances

● Mode specific acceleration 
structures



Mesh Edit mode
● Bmesh
● Optimized for operations/

manipulation
● Walk along 

– Polygons
– Edges
– Vertices



Sculpt/Paint mode
● PaintBVH
● Leaf contains draw batch
● Changed leaves are 

uploaded
● Topology can change every

frame
● Minimize brush/feedback 

latency



Object mode
● Ngons/Edges and vertices
● Optimized for animation
● Objects can share same

geometry, but use different
Modifier stack



Dependency graph
● Modifiers happens on CPU
● Animation is a modifier
● Animation is complex

– Multiple objects in between your 
control rig and the actual rendered object.

● Latices
● Muscles
● Clothes

– Animate “everything”
– Drive “any” parameter based on “anything”
– Python evaluation along the way

Solution: Discard what needs to be rebuild/uploaded, only 
build/upload what is actually used.



Remember me: Tag for update



GPU accelerated subdivision



GPU accelerated curves (hair)
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EEVEE
(Extra Easy Virtual Environment Engine)



EEVEE
● The goal

– Provide fast rendering and feedback
– Using game engine like techniques

● The challenge
– Any content can change at any moment
– (Almost) No time for baking
– Keeping quality when scaling between different GPUs



Materials



Material compilation



Shadows
● Local space shadow cubemaps

– Point
– Spot
– Area

● Clipmap/Cascade
– Sun 

● Virtual shadow maps
– cubeface
– clipmap level
– cascade level

● Jittered shadows
● Details: developer.blender.org/docs/features/eevee/modules/shadow/



Film
● Samples neighboring rendered pixels (weighted)
● Up-sampling (recomputed weights)
● Construct final output and render passes



Upsampling
“Keeping complex scenes 
interactive on integrated 
GPUs”



Render passes



Combined
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Questions – developer.blender.org
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Questions - fund.blender.org
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Questions - studio.blender.org
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