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[alk goals:
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 Many other talks have already focused on
more direct API usage advice [1-(s]

o I'll focus on some higher level strategies
to implement some of this advice
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Background : Anvil Next

e Anvil (in-house engine), has shipped 8 AC tiles in
the last 10 years. Anvil Next was a major upgrade
we developed for ACU.
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A For ACU we did a significant upgrade, which we call AANnvi | Neocanh 0.
see examples of the most recent ACs that have shipped with this version.



(] 0) o 4/
Background : Anvil Next

o Draw batching and 'GPU submission’ to
reduce CPU work and improve GPU perf r10]

o Heavy use of GFX compute (also async.
Compute and MultiDrawIndirect on consoles)
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A We did a lot of work for AC:Unity related to draw call batching and 6GPU
s ubmi s si onthe GPU t® culhdraws/instances/triangle
clusters/triangles), you can get some more details on this topic from
Ulrichds GDC15 presentation on the subjec

A We also had console specific optimizations on the rendering pipeline, since
certain features werenodt aasgnclcambputeforthe PC

GPU culling dispatches and  multidrawindirect ), DX12 enables the use of
these features on PC.
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Background : moving to DX12

o Started with ‘naive port’ to gage perf
bottlenecks and gain familiarity with API

specially on GPU (~200% of DX11)

L

A Started with a very basic port, where the DX12 API details were hidden
behind the old renderer interfaces

A As 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

o Result was, as expected, bad performance,
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Background : moving to DX12

o Main GPU perf issues:
- Barrier abuse
« Memory over commitment
e Main CPU perf issues:
« PSO compilation hitching rendering threads
« Amount of descriptor copying
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A Barrier abuse:

- Wedid alotofindividual barrier calls, even when batching between
commits

- | was quite hard to manage barriers with multithreaded CMD list
recording, without spreading forced initial states everywhere (leading us
todo alot of intermediate unnecessary transitions)

A 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
A 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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Background : moving to DX12

« Started planning renderer redesign
based on:
« experience from initial port
« other teams at Ubisoft
« advice from various talks on DX12
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API guidance recap:

e Minimize and batch resource barriers [7]

« Take full advantage of parallel CMD list
recording (17

o Make use of the several GPU queues s
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A Minimizing and batching resource barriers is very important

- Otherwise youdl | end up pérfarmancen Qy s€siditing 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

A DX12 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 ExecuteCommandiLists toooften, el se
hurt CPU perf

A We also now have access to copy engines and async . compute queue s, if
you want to match the DX11 dri vethenyouol I

- 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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API guidance recap(2):

o Use precompiled render state to minimize
runtime work (s
« Manage memory efficiently (2;
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A Using precompiled render state effectively to minimize runtime work is

also quite important for CPU perf
- The APl 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

AMemory management is a | arge topic, | oI
that relate to intoducesystems | 61l |

- The API now enables users much control over how memory is
allocated and managed (enabling for example implementing memory

aliasing)



Systems

e Producer System
o Shader Input Groups
e Pipeline State management

&b
uBMm
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Producer System

11
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Producer System: Motivation

e Increasingly complex rendering pipelines

« Resource memory and state management
now API user responsibility

o Exploit newly exposed GPU features without
extensive user low level knowledge

- &b
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A Atthe endofthe developmentof AC:Unity , we started to really feel the
limitations of our rendering pass architecture as the complexity of the
rendering pipeline continued to grow.

A Atthe 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.

A This 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.

12
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Complex Rendering Pipelines

e Producers are GPU resource writers/readers
« Resource dependencies determine execution order on GPU

GPU Queues: [ ! Graphics
-u :
Producers: “ Blmim—

Compute

Dependencies: "*'. Copy
— GPU execution order:

- &b
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A Example diagram  of a rendering pipeline:

- You can see a number Producers (squares inthe 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.

ation

AJust |l ooking at the static configur
add anoth

compl ex, however youol |l have to
support different sets of enabled features (for example, for performance
scaling on lower end machines)

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

A We 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

13
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Producer System : Design Goals

e Use resource dependencies to derive:
e Resource memory lifetime
e Cross queue synchronization
e Resource state transitions
o CMD list execution ordering and batching

. i
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A One of the key design  aspects of this system was to make resource
dependencies explicit

14
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Resource Dependency Tracking

« Explicit resource dependencies specified for each
producer

Explicit dependencies:

& : resource write
B : producer & : resource read
[ : resource
]

@ —o— ] Derived dependencies:
3

= . execution order

| <

i

A 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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Resource Dependency Tracking

« Explicit dependencies allow us to automatically
determine GPU resource lifetime

Explicit dependencies:
‘ . resource write
& : resource read

B : producer
[ : resource

Derived dependencies:
=P . execution order

L

the

A Based on these dependencies we can then automatically derive
lifetime of each GPU resource:

i
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Resource Memory Aliasing

e Use derived resource lifetimes to reuse
memory throughout the frame

e Placed resources enable user control of
memory allocation

e Reduce frame GPU resource memory
footprint

L

A Using placed resources and the derived resource lifetimes we can reuse
memory throughout the frame and reduce GPU memory footprint

i
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Resource Memory Aliasing

e Use resource lifetime to derive memory reuse

Explicit dependencies:
‘ . resource write
& : resource read

B : producer
[ : resource

Derived dependencies:
=P . execution order

i
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Resource Memory Aliasing

e Use resource lifetime to derive memory reuse

Explicit dependencies:
‘ : resource write
B : producer & : resource read
[]: resource
P : aliased resource ) )
Derived dependencies:
=¥ : execution order

L

A Memory 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

i
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Resource Access Synchronization

o EXxplicit resource dependencies:

« Used to automatically determine necessary
inter-queue synchronization

o Support explicit synchronization:
« Specified via fence resource dependencies
= Allow users to define execution windows

. i
UBM

A One aspect the producer system automates is: Resource Access
synchronization

A Every producer specifies a GPU queue that 1t wants to exec.!l
command lists on: graphics/ async. compute/copy (which can change at
runtime for debugging or other configuration purposes).

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

A We 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)

20
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Resource Access Synchronization

e SSAO buffer produced in compute,
consumed in GFX queue

Grap hics Explicit dependencies:

Producers:
[ : G-Buffer ‘ : resource write
[ : lighting ‘ : resource read
. : SSAO
Resources: Com pute Derived dependencies:
[1: SSAO =» : execution order
g : Depth

e

synchronization:

A Here is an example of  a simple necessary cross queue

- You can see the SSAO producer (in red) running in the compute
queue, it depends onthe G -Buffer depth, produced in the GFX by the

GBuffer producer (in blue)

i
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Resource Access Synchronization

« SSAO on compute queue must wait for
G-Buffer rendering to finish

Gra P hics Explicit dependencies:

Producers:
[ : G-Buffer ‘ : resource write
[ : lighting ‘ : resource read
. : SSAO
Resources: Compute Derived dependencies:
—=1: SSAO =» : execution order
g : Depth ,0, : auto fencing

- i
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A The 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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Resource Access Synchronization

e Deferred lighting on GFX queue must
wait for SSAO to finish

Producers: Gra p hics Explicit dependencies:

[ : G-Buffer ‘ : resource write
g : lighting ‘ : resource read
: SSAO
Resources: Com pute Derived dependencies:
I:i SSAtCr)w ~» : execution order
B - Vep ,0, : auto fencing

. i
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A Conversely, 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)

A This 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

23
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Resource Access Synchronization

« User can add manual sync (via a fence
resource) to better match workloads

Producers: Gra p hics Explicit dependencies:
B : G-Buffer & : resource write
[0 : lighting & : resource read
= : gﬁA;-) 3 : manual fencing
: Shadows
Resources: Com pute Derived dependencies:
[1: SSAO =¥ : execution order
[ : Depth 0 : auto fencing

P : ShadowMap
- b
uBMm

A To 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 pr oducer isnbét sche
frame )
A Since 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 )

A One 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

24
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Resource Transitions

o API requires explicit transitions via barriers

- Manage: decompression, cache flushes, wait for
idle, etc.

o Easy to get suboptimal performance:

= Too many, states too generic, unnecessary
intermediate states

b
A Resource Transitions are another aspect our system automatic manages

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

A As | mentioned before, it demsy to get suboptimal GPU performance by
having a very narrow view of resources, which canlead to doingtoo many
individual barrier calls, transitioning to generic or unnecessary
intermediate states, etc.

25
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Resource Transitions

o Using producer resource dependencies:
« Batch transitions at producer boundaries
« Determine minimal set of merged states
« Auto split barriers

- &b
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A Using 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 itdéds actually needed to be used f
split the barriers and potentially hide some internal driver work

26



GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Resource State Transitions
» Barriers at producer boundaries

Barriers:

Y DepthWrite ->
PS Resource

: Producer
: Depth Buffer

:T 1
: Shadow Map
. resource write ) 1|

- DDI

: resource read

- &b
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A In this example you can see a number of producers (in purple), and a
couple of fAdepth shaderred otuo cePi alrri ers (t

heads), which can trigger a depth decompression

A As | 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

27
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Resource State Transitions
o Auto split barriers
Barriers:

B Begin DepthWrite ->

PS Resource

PS Resource

=+ [lu

: resource read k) I PS Resource
-

A Instead of an instant barrier, we can use split barriers which define a
window where we guarantee we wono6ét acce
dri ver it sonzmpotedtially d expensive internal operations

window

Producer -
: Depth Buffer > >
: Shadow Map T II 4 End DepthWri
. resource write . ‘ ) DepthWrite ->

te->

S
in that

i

uBMm

t hat
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Resource State Transitions
o Group barriers
Barriers:
: Producer B Begin DepthWrite ->

: resource read

-& DDI

» DepthWrite ->
PS Resource

Single call

Depth Buffer N :- PS Resource
: Shadow Map 4 End DepthWrite ->
it PS Resource
. resource write . ‘

to ResourceBarrier()

L

- 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

i
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Producer System: Implementation

e Resource Identifiers

e TWO Steps: Gather resources, Record
CMD buffers

e Scheduling

&b
uBMm

30



GDC GAME DEVELOPERS CONFERENCE | FEB 27-MAR 3, 2017 | EXPO: MAR 1-3, 2017 #GDC17

Resource Identifiers

e Global resource identifiers without link
time dependency

e Provide handle to quickly obtain a
resource view at a specific point in time

o Typed to limit interface at compile time

- &b
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A Identifiers are used to logically address a specific resource from different
producers

ADue to using resource | Ds, producers doné
at compile time allowing us to implement resource memory aliasing, as |
showed before, where different IDs point to the same memory at different

times during the GPU execution timeline

AAt static initialization ti me, we Obakebo
we can them use in the producer system t
associated resource view

(0]

A These IDs are also strongly typed in order to provide meaningful compile
time error checking and allow function overloading

31
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Resource Identifiers: examples

DEFINE_ID DS(CascadedShadowMap);
DEFINE_ID RT(LightingDiffuse);
DEFINE_ID_SB(LightTiles);

DEFINE_ID FE(VisibilityWindowStart);

DEFINE_ID RC(SetupMaterialTable);
DEFINE_ID IC(AmbientLightingInputs);

i
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Resource Identifiers: examples

DEFINE_ID_DS(CascadedShadowMap); « Depth Buffer
DEFINE_ID_RT(LightingDiffuse); « Render Target
DEFINE_ID SB(LightTiles); « Structured Buffer
DEFINE_ID FE(VisibilityWindowStart); « Fence

DEFINE_ID RC(SetupMaterialTable);

DEFINE_ID IC(AmbientLightingInputs); - Callbacks

. i
UBM

A Examples 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)

33



A At its core the producer interface is quite simple, only two main entry
points :

- Gathering of input/outputs
- Recording of commands

34



