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ÅFor ACU we did a significant upgrade, which we call ñAnvil Nextò. You can 
see examples of the most recent ACs that have shipped with this version.
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ÅWe did a lot of work for AC:Unity related to draw call batching and óGPU 
submissionô (using the GPU to cull draws/instances/triangle 
clusters/triangles), you can get some more details on this topic from 
Ulrichôs GDC15 presentation on the subject.

ÅWe also had console specific optimizations on the rendering pipeline, since 
certain features werenôt available on PC (like using async . compute for the 
GPU culling dispatches and multidrawindirect ), DX12 enables the use of 
these features on PC.
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ÅStarted with a very basic port, where the DX12 API details were hidden 
behind the old renderer interfaces

ÅAs expected we had extreme bad performance (GPU time was ~200% of 
DX11). It was simply too hard to implement some of common API usage 
advice, mainly due to very low level and narrow view of resource states in 
the hardware abstraction layer
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Å Barrier abuse:

- We did a lot of individual barrier calls, even when batching between 
commits

- I was quite hard to manage barriers with multithreaded CMD list 
recording, without spreading forced initial states everywhere (leading us 
to do  a lot of intermediate unnecessary transitions)

Å Regarding Memory:

- We were significantly overcommitted (due to the lack of aliasing, tiled 
resources/ mip streaming)

- We also had issues with CMD list management and reuse

Å PSO and descriptor management:

- Hitching in rendering threads due to PSO compilations

- Due to using a common root signature to handle all use cases, we had a 
lot of descriptor copying
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ÅMinimizing and batching resource barriers is very important :

- Otherwise youôll end up hurting GPUperformance by serializing your 
work or flushing caching unnecessarily.

- DX11 drivers have had many years to optimize this under the hood. 
DX12 still provides you with a bit of help here: if you batch barriers 
in a single call, it will produce the minimal set of barrier actions for 
all transitions in that call

ÅDX12 also provides fully functional, low overhead parallel CMD list 
recording, using it is essential to obtain good CPU perf.

- There are some caveats to have in mind, like not having too many 
tiny CMD lists, or calling ExecuteCommandlLists too often, else youôll 
hurt CPU perf

ÅWe also now have access to copy engines and async . compute queue s, if 
you want to match the DX11 driver youôll probably have to use them

- Also, for console developers, feature set wise, we are now pretty 
close to feature parity on PC, which is great from an engine design 
perspective
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ÅUsing precompiled render state effectively to minimize runtime work is 
also quite important for CPU perf .

- The API has a heavy focus on precompiled state blobs, allowing us to 
do some expensive work once , cache it, and then have minimal 
overhead at bind time

ÅMemory management is a large topic, Iôll only touch on some aspects of it 
that relate to the systems Iôll introduce

- The API now enables users much control over how memory is 
allocated and managed (enabling for example implementing memory 
aliasing)
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ÅAt the end of the development of AC:Unity , we started to really feel the 
limitations of our rendering pass architecture as the complexity of the 
rendering pipeline continued to grow. 

ÅAt the same time, we felt that the new graphic APIs coming in the near 
future, would really allow a different level of control on all platforms that 
should be addressed on a architectural and cross -platform level to get the 
full range of benefits.

ÅThis new level of control does mean that managing of resource memory 
and state is now an API user concern. We want to efficiently drive the API, 
while at the same time avoiding imposing a large burden on the engine 
users.
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ÅExample diagram of a rendering pipeline:

- You can see a number Producers (squares in the diagram), these 
are essentially writers and readers of GPU resources

- Then you have dependencies between these that define the GPU 
execution order

- you also have several GPU queues, which add another layer of 
complexity in terms of synchronization, resource lifetime 
management, etc.

ÅJust looking at the static configuration of this graph itôs already quite 
complex, however youôll have to add another layer of permutations to 
support different sets of enabled features (for example, for performance 
scaling on lower end machines)

ÅReconfiguring the pipeline to the several use cases, has many knock -on 
effects which make manual/explicit scheduling somewhat impractical .

ÅWe needed some level of automation that would not sacrifice 
performance, but allow us to capture enough high level information to 
then drive the low level API efficiently
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ÅOne of the key design aspects of this system was to make resource 
dependencies explicit
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Å In this example you can see a set of producers and how they specify their 
relationship to resources when executing on the GPU
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ÅBased on these dependencies we can then automatically derive the 
lifetime of each GPU resource: 
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ÅUsing placed resources and the derived resource lifetimes we can reuse 
memory throughout the frame and reduce GPU memory footprint
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ÅMemory aliasing is automatically derived based on resource lifetime and 
following cross -queue synch points.  In the diagram, you can see an 
example of two GPU resources that share the same memory since their 
usage does not overlap in the GPU execution lifetime
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ÅOne aspect the producer system automates is: Resource Access 
synchronization

ÅEvery producer specifies a GPU queue that it wants to execute itôs 
command lists on: graphics/ async . compute/copy (which can change at 
runtime for debugging or other configuration purposes).

ÅBased on the explicitly specified resource dependencies for each producer, 
we can then derive necessary cross -queue synchronization (fencing ) to 
guarantee the correct execution order of CMDs lists on the GPU

ÅWe still support explicit synchronization via fence resources so users have 
control over execution windows (for example to better match GPU 
workloads running in different queues)
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ÅHere is an example of a simple necessary cross queue synchronization:

- You can see the SSAO producer (in red) running in the compute 
queue, it depends on the G -Buffer depth, produced in the GFX by the 
GBuffer producer (in blue)
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ÅThe first necessary synchronization is before the SSAO producer as it 
cannot start before the GBuffer pass has finished writing to the scene 
depth.
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ÅConversely, we also need fencing between the SSAO producer in the 
compute queue and the first consumer of the SSAO mask, which in this 
case is the deferred lighting producer in the GFX queue (which you can 
see in green in the diagram)

ÅThis example is quite simple, in a real frame schedule there could be 
many more producers that could, for example, write to the scene depth 
after the G -Buffer. If one of these producers where to move, and 
synchronization was done manually by the user, it could introduce timing 
dependent glitches that are sometimes hard to spot and debug
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ÅTo better match GPU workloads on different queues the user might want 
to explicitly define a window in which the async . compute workload will 
run

- For example, over the vertex heavy shadow map producer (in black 
in the diagram)

- A manual sync is simply done by depending on a fence resource 
(fences are a producer resource just like any other)

- Because explicit fencing is a resource, we can easily cope with 
alternative configurations (for example load time/lazy updated static 
shadow maps on some levels, where the system automatically adds 
automatic syncing when the shadow producer isnôt scheduled every 
frame )

ÅSince the remaining fencing was automatically derived, it can take into 
account the user fencing and eliminate any extra synching due to the GFX 
workload execution order (as you can see in the diagram by the absence 
of automatic sync between the GBuffer producer and the SSAO )

ÅOne alternative to manual fencing for this purpose, would be to tag 
producers at a high level to indicate if they are Vertex heavy/Bandwidth 
heavy/ALU heavy and then let the producer scheduling attempt to match 
them automatically
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ÅResource Transitions are another aspect our system automatic manages

Å In the API these are specified via barriers, which manage operations like 
resource decompression, cache flushes, waits for idle, etc.

ÅAs I mentioned before, itôs easy to get suboptimal GPU performance by 
having a very narrow view of resources, which can lead to doing too many
individual barrier calls, transitioning to generic or unnecessary 
intermediate states, etc.
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ÅUsing resource dependencies:

- Batch barriers at producer boundaries to minimize the work that is 
actually performed by the driver

- We avoid doing unneeded intermediate state changes, because 
knowing the resource dependency graph, we can know upfront the 
best set of state(s) to transition to

- Having knowledge of when you finish producing a resource and 
when itôs actually needed to be used for the first time, allows us to 
split the barriers and potentially hide some internal driver work
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Å In this example you can see a number of producers (in purple), and a 
couple of ñdepth writeò to ñpixel shader resourceò barriers (the red arrow 
heads), which can trigger a depth decompression

ÅAs I mentioned before , we i ssue barrier s at the end producers, and since 
we know what is the next required state in the graph, we can make the 
transition to the next required state early
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Å Instead of an instant barrier, we can use split barriers which define a 
window where we guarantee we wonôt access that resource, to hint to the 
driver it can óhideô some potentially expensive internal operations in that 
window
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- As mentioned before, w e have a list of transitions so we batch them in a 
single call to reduce the number of internal driver side -effects to the 
minimum set
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Å Identifiers are used to logically address a specific resource from different 
producers

ÅDue to using resource IDs, producers donôt need to depend on each other 
at compile time allowing us to implement resource memory aliasing, as I 
showed before, where different IDs point to the same memory at different 
times during the GPU execution timeline

ÅAt static initialization time, we óbakeô these identifiers into an index that 
we can them use in the producer system to efficiently obtain itôs 
associated resource view 

ÅThese IDs are also strongly typed in order to provide meaningful compile 
time error checking and allow function overloading
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ÅExamples of resource IDs:

1) Depth surfaces

Render targets

Structured buffers

2) Explicit Fence resources

3) Callbacks :

Render callbacks (that we can use to call functions form other producers

Input callbacks (that group several other input dependencies together)
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ÅAt its core the producer interface is quite simple, only two main entry 
points :

- Gathering of input/outputs 

- Recording of commands
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