
Turnip: Improving
performance without

compromising correctness

Danylo Piliaiev
2025-10-01

1



Quick update on Turnip
Adreno 750 is the main optimization target
With a few outstanding MRs, Turnip supports almost
everything HW is intended to support
Performance is on par with the prop driver on many d3d11
titles
Correctness is better than prop driver
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Challenges
Hardware supports several rendering modes:

Direct (sysmem) rendering
Tiled (gmem) rendering
Direct/Tiled + Concurrent Binning

A fair number of issues are seen only in one mode
Ideally, tests should run at least once for each mode

Fun fact: CTS conformance submission doesn't care about
that, so you can have entirely broken rendering in one
mode and be "conformant"
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Challenges
Not much testing of the driver in the wild.

CTS doesn't test well a number of features we have:
Low-Resolution-Z, Concurrent Binning, Concurrent
Resolves

CTS doesn't test big FBs which is important for Tiled
rendering
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Testing for correctness
Single-frame traces are the most practical way to test

Single-frame Trace PROS Multi-frame Trace PROS

Easier to gather Closer to real workload

Much faster to replay Can be a better proxy for performance

Easy to check render stability Reproduce multi-frame issues
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Testing for correctness

Single-frame Trace CONS Multi-frame Trace CONS

Less likely to repro multi-frame issues Takes much more space

Fewer things are tested per trace Takes much more time to execute

Narrower performance testing Can take more time to gather
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Turnip testing
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What do we test
Frame stability: replaying a frame in a
loop yields the same result

Great at finding undefined behavior
Compare render results between runs
Catch GPU faults
Gather and compare performance data
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What do we run?
D3D11, D3D9, D3D8, GL, VK single-frame traces
A default CI run tests ~360 traces
Takes about 2h 30m per run on a single HDK
Runs two nightly passes: forced direct and forced tiling
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Our findings
It's not rare for an issue to happen only on a single trace
Looping the frame is effective in catching issues
Visual inspection of diffs, without golden frames, is good
enough

Well, if you don't have many GPUs to test...
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Tooling limitations
Cutting-edge features may not be supported by tracing
tools

Solution: We don't support them =)
Traces compatibility between GPUs:

OpenGL and D3D8-11 are mostly already compatible
Vulkan needs VK profiles with intersection of capabilities
D3D12 ???

Not every api has a tool for single-frame captures
We added trimming support to apitrace for D3D9 and
D3D8
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Perf regression testing
Single-frame traces are also good enough to track
performance!

RenderDoc captures won't correspond 1:1 to in-game
perf
The effect on perf may differ in-game

The direction of perf change is the same
The magnitude can be lower, but that's not important
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How?
Looping a single frame doesn't saturate the GPU
RenderDoc takes a lot of time copying resources on the
GPU
Our solution is to use u_trace  to measure renderpasses
and dispatches
Loop the single frame 10 times; discard the first and last

Renderpass and dispatch durations are averaged
Standalone tool is gpu-trace-perf  by Emma Anholt
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u_trace
Already integrated in:

Freedreno, Turnip, RadeonSI, ANV, Iris, PanVK, RADV
(WIP)

Easy to integrate, if you haven't - just do it!
The only requirement - ability to write timestamps from CP
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u_trace benefits
Better gpu-trace-perf  support
Relatively easy integration with perfetto

Dump performance data into CSV or JSON formats

frame,batch,time_ns,event,

0,83,199544728760,start_compute,indirect=0, unaligned=0, 

0,83,199544732296,end_compute,

0,83,199544732452,start_render_pass,maxSamples=1, clearCP

0,83,199546358284,end_render_pass,tiledRender=false, tili
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u_trace benefits
Displaying values of indirect params, or other relevant
memory
Optional markers in command stream dump helping to
navigate it:
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Performance tracking
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Per-trace perf difference
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Measurements limitations
We don't track non-{RP/dispatch} performance
We don't account for translation layer performance
changes
Real games often use lots of RAM bandwidth, which
affects performance
Individual trace perf can be rather noisy (depends on the
trace)
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Improving performance
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Improving performance
Adreno is a mobile GPU and has perf pain points in
different places compared to desktop GPUs
We were clearly behind the proprietary driver in
performance
Knowing that we are slower in specific games doesn't help
much:

No way to compare perf per-draw
Hard to compare even per renderpass
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Improving performance
We've built tooling to compare Turnip against the
proprietary driver down to the draw-call level:
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How it was done
Create compatible with both drivers .gfxr  traces
Intercept cmdbuf submissions to the kernel
Add instrumentation around cmdbufs, RPs,
draws/dispatches
Dump registers important for perf
Gather perf counters
Merge all perf counters together into a huge spreadsheet
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How many perf counters?
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Is it even useful?
Displaying critical registers next to the draw call helped a
lot!

We fixed several issues with Low-Resolution-Z (LRZ)
Enabled fast path for depth-only draw calls
Found out when to fall back to a smaller FS wave size
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Is it even useful?
Perf counters were much more of a mixed bag:

Helped identify a few issues
There are a lot of them, measuring who knows what
A lot of counters are interdependent in some way
It's just hard to compare across totally different drivers
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Future Plans CI/Perf
Add masking of inherently unstable frames in CI
Measure perf counters in CI to see subtle effects of
optimizations
Test D3D12 traces in CI
Do more micro-benchmark comparisons with proprietary
driver
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Q&A

We're hiring!
igalia.com/jobs/
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https://www.igalia.com/jobs/
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