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Eras in mobile graphics

Sam Martin
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This talk

Å ñErasò as an excuse
ÅRange of topics

ÅAcross a range of time

Å Not a super technical talk

Å Bold claims, a lot of squinting / extrapolating

Å Encourage thinking / talking / complaining

Å Kick off the conference!

ChatGPT made illustrations like 
this one
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Eras of é

API development

Rendering

AI
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A bit about my background (so you know my biases)

Å Ex-Game developer (PC, PS2/3, Xbox360 era)
ÅBlack & White 2

Å Ex-Geomerics
ÅEnlighten

Å 12 years at Arm working on technology for mobile graphics
ÅOn chip rendering techniques

ÅVarious VR/AR technologies

ÅFuture content trends and optimisations

Å~5 years now on neural graphics / ML

Å Biases:

Å I work on Armôs Mali / Immortalis GPU line ï focus on Android-Vulkan

Å I lead a GPU/ML technology project in Arm, bringing AI acceleration to GPUs
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API development

Metal

(DX12)
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Metal

(DX12)

API development

Vulkan 

Feb 2016
complexity

Bugs! sufficient market share various API reworks?

2018? 2022?
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Vulkan Ą Vulkan-next?

ÅSo why donôt we just fix it?

ÅClean it up?

ÅWrap it in something simpler?

ÅWebGPU enters the chat

Vulkan is the 
C++ of 
graphics APIs
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Å A ñTooling firstò API 

Å Enable more offline 

verification ï less bugs

Å Tooling to speed up validation   

- author, debug, visualise. 

E.g. gigi editor / visualiser

Å Better fit to modern patterns, 

e.g. render graphs

Å More fun!

Å SPIR-V was a great step 

forward for Vulkan ï this 

doesnôt require an API 

change!

Å MLIR and compiler 

frameworks have come along 

way

Å But what should it be?

Å (Shout out to slang!)

Å E.g. as many issues as 

OpenGL had

Novel shading language When are ready for more pain 

Thatôs boring. What about the next technology frontier?
Ask yourself: What is important enough to warrant a tipping point in API design?

Full data driven API
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Eras of rendering
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Everyone loves a renderpass!

Era of single renderpasses

ÅOpenGL ES 2 home turf

ÅCost of multi-pass too high

ÅMotivated ñon-chipò rendering 
developments ïmixed results

Era of multi-pass content

ÅBandwidth costs more affordable

ÅDeferred, post effects, etc.

ÅGeometry increasing

ÅCompute increasing but some 
hesitancy

Renderpasses arenôt as expensive as they were

Mobile GPUs remain (mostly) tilers, so the concept still matters
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The big beautiful vision that was on-chip rendering

ÅAn exciting looking opportunity!

ÅCross vendor support?

ÅVulkan subpasses

ÅLong term, viable cross vendor support matters

ÅHaving the correct timeline matters

ÅGetting things wrong is bad
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Future of tiling?

Å Subpasses have been killed, renderpasses live on

Å Moar meshes! Ą moar tris! Ą moar tris/pixel! Ą bad news for tilers?

Å Should tile-based rendering also die? 

Å No
ÅNot yet justified

ÅImportant to scale down

ÅTiling has also adapted

Å More importantly, there are bigger shifts on the horizon
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Maybe rasterising triangles will die?

Å Ray tracing? 

Å SW rasterization?

Å Gaussian splats?
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ray 

tracing
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First ï a side point about mobile vs desktop

Å Strong forces exist pushing mobile to adopt desktop/console functionality as soon as it emerges

Å Matching technology is not necessary the wrong thing to do

Å Ray tracing is not poorly shaped for mobile (ie. tilers)
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Bold Prediction #1

Desktop/console will start, or seriously consider, going all-in on RT 

around, say, 2028 or so.

Corollary: If it becomes a thing on desktop/console, 

it will simultaneously become a thing on mobile.

(then a question of whether itôs a good idea to use it or not, and in what context)
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Bold Prediction #2

Ray tracing is most useful when it entirely replaces something, 

such as primary visibility or lighting

(Until then, itôll see some but limited uptake)

These will be denoising / reconstruction problems 

more than they are ray tracing problems
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Era of AI
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Neural Graphics at SIGGRAPH in Keywords

2018

2022
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What are GPUs for anyway?

Å They draw the pictures!

Å They are the coolest accelerator!

Å é

Å They are the ubiquitous deferred 
bulk compute accelerator

Å AI will shape GPUs

Å What can AI do for graphics?

try not to 

fear this 

dude
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Rectification Bias

Low Resolution Input History Rectification Bias
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Enchanted Castle Ground Truth ASR DLSS2 NSS 

Upscaled from ¼ of the pixels

Neural techniques~50% uplift
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Disruption of Real Time Graphics ï The Conservative  View

ÅNeural Super Sampling and 

related neural graphics 

techniques will transform 

graphics efficiency

ÅML processing of ñfull scaleò 

images will become a major 

feature of most, if not all, 

image processing 

applications

N S S  M o d e l  
A r c h i t e c t u r e
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Color
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Disruption of Real Time Graphics ï The Bold  View

ÅSignificant aspects of 

rendering will be entirely 

displaced by ML 

alternatives (e.g. 

triangles?)

ÅML processing will be 

the technology that 

enables entirely novel 

applications

I3D 2023 keynote talk by Marco Salvi

https://www.youtube.com/watch?v=PV8pLZpIG1M
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(a minor digression)

Add noise! Blur! Sharpen!
(but donôt go too overboard)
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  A ñTuring patternò

(vibe coding ftw)


