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● Unlock Parallelism

EXPLICIT APIS: A GREAT LEAP FORWARD

CPU Parallelism Explicit BarriersMulti-Queue & Explicit
Submit / Sync
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● Unlock Parallelism

● Compute Ahead of Time

EXPLICIT APIS: A GREAT LEAP FORWARD

Explicit Memory 
Management

CPU Parallelism

Consolidated Pipeline StatesLightweight Resource 
Binding

Explicit BarriersMulti-Queue & Explicit
Submit / Sync
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EXPLICIT APIS: CHALLENGES

Besides “The Lines of Code to the First Triangle”…
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EXPLICIT APIS: CHALLENGES

Besides “The Lines of Code to the First Triangle”…

Legacy API

Driver Worker Thread

Immediate Context



AMD PUBLIC        |        THE RENDER PIPELINE SHADERS SDK       |        DECEMBER 2022

[AMD Official Use Only]

6

Legacy API

EXPLICIT APIS: CHALLENGES

Driver Worker Thread

Explicit API

Cmd Recording Thread

Cmd Recording Thread

Cmd Recording Thread

Submission on Queue 1

Submission on Queue 2

Besides “The Lines of Code to the First Triangle”…

Immediate Context
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RENDER GRAPH

Cmd Recording Thread

Cmd Recording Thread

Cmd Recording Thread

Submission on Queue 1

Submission on Queue 2

A Global Solution to Global Problems
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RENDER GRAPH

Cmd Recording Thread

Cmd Recording Thread

Cmd Recording Thread

Submission on Queue 1

Submission on Queue 2

● High level view of data flow & dependencies

● Schedule resources & barriers globally

● Compiler-like architecture

A Global Solution to Global Problems
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RENDER GRAPH: CHALLENGES
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RENDER GRAPH: CHALLENGES

● Engine-Specific
● Significant initial investment

● Hard to share / reuse

● Still many engines / titles can’t enjoy the benefits
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Common Problem: Excessive barriers & Suboptimal scheduling
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Common Problem: Suboptimal resource state / image layout
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Common Problem: Multi-Queue scheduling overhead & alignment
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RENDER GRAPH: CHALLENGES

● Low-level optimizations are often scenario-dependent

System Configurations
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RENDER GRAPH: CHALLENGES

● Low-level optimizations are often scenario-dependent

System Configurations Resolutions & Quality 
Options
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RENDER GRAPH: CHALLENGES

● Low-level optimizations are often scenario-dependent

Content & ViewsSystem Configurations

…
…

Resolutions & Quality 
Options
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RENDER GRAPH: CHALLENGES

● Useful information lost in translation

Resource & Pass 
Identities

Tiling Mode

Physical Heaps

Compression

Access Patterns
Cacheability

Compiler Options
Data FlowResource Lifetime

Hardware Caps
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GOALS

● Make Render Graphs easier & more accessible
● Generally optimal barrier / resource scheduling by default

● Easier componentization: move, copy & share!
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GOALS

● Make Render Graphs easier & more accessible
● Generally optimal barrier / resource scheduling by default

● Easier componentization: move, copy & share!

● Squeeze more performance
● Convey more usage & identity info to lower-level of the software stack

● Simplify scenario-specific micro-optimizations at scale
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GOALS

● Make Render Graphs easier & more accessible
● Generally optimal barrier / resource scheduling by default

● Easier componentization: move, copy & share!

● Squeeze more performance
● Convey more usage & identity info to lower-level of the software stack

● Simplify scenario-specific micro-optimizations at scale

● Bonus point: Simplify the API
● LoC to

● More static analysis

● Less repetition
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QUESTIONS REMAINING

● Aren’t we cycling back to the old, serialized API full of choke points?

● Aren’t we losing controllability and predictability?

The Road (back) to Serfdom?
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A TALE OF TWO DRAWS
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A TALE OF TWO DRAWS
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SIZE OF THE PROBLEM

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Nov 2022.
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FINDING THE RECYCLABLES

● Frame structure is stable while not fully static
● Enables deterministic resource reuse

● Enables iterative profiling-guided optimizations

100%

0%

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Nov 2022.

Frame to Frame API sequence similarity
(excluding geometry passes):

Consecutive 4 frames: ~92–98%
Same title, two scenes: ~80%
Different games: ~22%
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THE SDK
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THE FRONTEND – RPSL TOOLCHAIN
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THE FRONTEND – C/C++ API
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SCHEDULING

[subgraph(sequential)]
void Foo()
{

node1();
node2();

};

enum RpsSchedulerFlagBits
{

RPS_SCHEDULER_FLAG_KEEP_PROGRAM_ORDER,
RPS_SCHEDULER_FLAG_PREFER_BARRIER_BATCHING,
RPS_SCHEDULER_FLAG_PREFER_MEMORY_SAVING,
...

};

● Scoring based on various factors:
● Barrier batching, Memory usage & footprint, Program order,

Queue Switches, Overlapping Opportunity, …

● Customizable:
● Global flags

● Intrinsics & attributes

● User defined passes
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HELLO RPS CALLBACKS
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HELLO RPS CALLBACKS
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RESULTS WITH GAME TRACES
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Barrier API Calls

Titles

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Dec 2022.

0

200

400

600

800

1000

1200

1400

1600

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Number of ResourceBarrier API calls

Original Frame RPS MinBarrier



AMD PUBLIC        |        THE RENDER PIPELINE SHADERS SDK       |        DECEMBER 2022

[AMD Official Use Only]

72

Titles

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Dec 2022.

GPU Time Reduction %
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Titles

Local Video Memory Usage (MiB)

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Dec 2022.
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Titles

CPU time (ms)

Source: AMD Engineering using RenderDoc Captures + RPS Replay Tool, as of Dec 2022.
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RECAP & WHAT’S NEXT

● The RPS SDK today
● A comprehensive & extensible Render Graph solution

● Helps simplifying explicit API usage
● Render Graph construction

● Resource & Descriptor creation

● Resource Barriers

● Memory Aliasing

● Single / Multi-Queue scheduling

● Non-shader resource binding

● …
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RECAP & WHAT’S NEXT

● What’s next
● Areas of improvement

● Tooling

● More caching

● Scheduling algorithms

● Shader resource bindings

● GPU shader interoperability

● Your feedback! ☺
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