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Performance Targets

A No Upscaling or FG for base
targets

A Min Spec 1080p30 Low
Settings - Lunar Lake (140V)

A Rec Spec 1440p60 High
Settings - Battlemage
(B580)

A Treat each hardware tier as
an individual platform

BALANCED PERFORMANCE

BALANCED PERFORMANCE

RAPHIC SETTINGS 1080p @ 30 FPS 1440p @ 60 FPS  1080p @ 80 FPS+ |2160p(4K) @ 60 FPS 144@p @ 144 FPS
Low Settings High Settings Low Settings Ultra Settings High Settings
UPSCALER Native Native Native
NVIDIA GeForce RTX 2060 NVIDIA GeForce RTX 3060 Ti
GPU AMD Radeon RX 5600 XT AMD Radeon RX 6700 XT b geF“;; ';;;;3?,?(
Intel Arc A380 Intel Arc B580 —
VIDEO MEMORY 6GB 8GB 16GB
cPU Intel Core i5-8400 Intel Core i7-10700 Intel Core i9-12900k
AMD Ryzen 5 2600 AMD Ryzen 7 3700X AMD Ryzen 7 7800X3D
RAM 16GB 16GB 3268
(Dual channel 2133mhz) (Dual Channel 320@mhz) (Dual Channel 4800mhz)
0s Windows 10** Windows 11 64-bit Windows 11 64-bit
DIRECTX DirectX12 DirectX12 DirectX12
55GB* HDD 90GB* SSD 90GB* SSD
STORAGE
(At Launch) (At Launch) (At Launch)
TPM 2.0 ENABLED
UEFI SECURE BOOT ENABLED = = ;
HVCI CAPABLE Required Required Required
VBS CAPABLE

* ESTIMATED DISK SPACE. **ENABLING HARDHARE ACCELERATED GPU SCHEDULING IS RECOHHENDED
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Testing - Quickscope

A ~12K tests a day

A Integrated in our build process -

A Track performance over time S ; o —

A Multiple hardware configurations —

A Easy to spot unexpected regressions ——

A Dedicated performance team to Lo Gy == =
make sure we stay on track : 2

A Collaborative effort from all crafts B
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Testing - Quickscope

Top GPU changes

renderFrame
araphicsQueuelaitOnAsyncQueus
RenderPassBookmark_FirstViewUpdate
shadowAccum/shade

GenerateCascadedshadowMaps
AccumDirectionalShadow
TerrainTextureGenerateParallel
TextureCompositorLayerGraphs
GpuMesh5cattering: :update
GpuMesh5cattering: :cullView
RenderPassBookmark PreDepthPrepass

mainGBufferks

RenderPassBookmark _RootViewBegin
mainGBufferEsFg
GpuMeshScattering_animation
accumShadowl

slice 1
AccumDistantDirectionalshadowCache
LightCulling
aGpuMeshscattering cull
CascadedShadowMaps

temporalAd

FrameGraphWorldRenderer: :drawRoot. ..

FrameGraphWorldRenderer: :drawRoot. . .

VizualTerrainRenderPassModule: zon. ..
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Testing - Automation
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Testing - Automation
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Testing - Delta Viewer

A Internal tool to spot performance

bottlenecks
A Makes it easy to find bubbles in the
A Purpose built for Frostbite, lots of -'- : = - Al
systems plug directly to it Mg tasotmem i pErEEEOEET — = S
A Easy to add markers T ETEET T R =EEET

i

FB_PROFILE_SCOPE("GpuDecal_DrawView", -math::Color32::DeuterMint);

@ Graphics Programming Conference, November 18-20, Breda 202 5
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Testing - Delta Viewer

A Video captures and perf journals
share frame index

Al F < J E _ Kwhi so@edhing ig |
expensive but provides more
context
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Testing - Profiling

A Superluminal, Razor, PIX and other tools for CPU and GPU

profiling

A Multithreading profiling crucial for performance in Frostbite

Graphics Programming Conference, November 18-20, Breda
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| u32 variationNameHash)

if (Im_settings->getEnable())
return InstanceStreamHandle::Invalid;

FB_PROFILER_SCOPE_TIMER(MeshStreamingManager_createInstance)s

se.7% |

80.73% onSet I= nullptr); // temporary extra validation for deleted variations coming in here
stanceHandle;

le, instance) = createlnstanceImpl(meshSet, debughame, externalDistanceEnable);

StreamingHandle meshHandle = meshSet->getHandle();
// Enable the processing of this mesh's variations
m_variationInfos[meshHandle].toProcess = true;

if (addVariation(meshSet, *instance, variationSet, subsetBlocks, combinedBlockId, variationNameHash))
i

15.1% I return instanceHandle;
const Streaming::StreamableSetInfo& setInfo = m_sets[meshHandle];

FB_ASSERT(setInfo.streamSet == meshSet);
for (uint lodIt = @, lodEndIt = setInfo.lodCount; lodIt < lodEndIt; ++lodIt)

if (!setInfo.lodStreamingEnable[lodIt] || meshSet->isBaselod(lodIt))
continue;

return instanceHandle;

/4 Something went wrong
removeInstance(instanceHandle);

// Sanity check the variation info
FB_ASSERT(m_variationInfos[meshHandle].toProcess == (setInfo.streamSet & setInfo.instanceCount > @));

return InstanceStreamHandle::Invalid;
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Testing - Intel Partnership

A Getting player feedback early was crucial

A Shared builds with HW vendors around the
same time BF Labs started

A Collaborated closely with Intel to bring BATTLEFIELD
XeSS 2 to BF6 and Frostbite

A Great feedback loop and iteration for
performance issues, GPU hangs, XeSS
Integration, driver performance
Improvements and scaling across hardware

.‘? Graphics Programming Conference, November 18-20, Breda 2025
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Beyond ultimate performance seekers, there are gamers
who want more mobility and all-day battery life

Rank Desired System Qualities

1 Longer battery |

2 Lighter weight /

3 More RAM 26%

4 Faster charging time 24% Powerful CPUs, and the

5 More storage 22% em_erger_lce Qf buikin
graphics with discretdevel

6 lesshot 2%  performance at much

7 Better graphics 19% lower power is making

8 Faster start -up time 19% Ultra Slim Gaming a reality

9 Faster performance 19%

10 Better design / appearance 16%

Source: 2023 Laptop Buyers Survey, commissioned by Intel;
Windows Gaming Laptop >$500

@ Graphics Programming Conference, November 18-20, Breda
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What Do We Need for
Good Gaming at Low Power?

Render Slice

High-performance \ .\
GPU IP rendering tuning

E’ Graphics Programming Conference, November 18-20, Breda 202 5
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Evolution of Mobile PC Gaming

»
»

Growth of built-in GPU outpacing

performance and capabilities needed
for a broad mix of Al, Gaming, and
Creator workloads |

— Future

Panther Lake
12Xe Up to 120 TOPS
XMX
XeSS2+

Graphics and Al Performance

Up to 67 TOPS

+XMX (systolic)
"Meteor Lake ~ XeSS:SR+
Up toa 19 TOPS XeSS: FG XelLL
DP4aXeSS-SR
2020 2025 2030

All product plans and roadmaps are subject to change without notice.
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Expression Shaders

\ 2 56 Greybox -
® BaseCalorin BasaCaolorOut &

» Base Calor
® Normal{World Spacejin Normal{World SpecelOut & ® Mormal (Waorld Space)
ooz O Mormal{Tangent Space)in Mormal({Tangent Specellut O o [ Metal Mask
o O MetalMaskin MetalMaskOut © # Reflectance
# Reflectanceln Reflectanceut & =i # Smeothness
# Smoothnessin SmoothnessOut & —/_ # Ambient Ccolusion
® AmbientOcclusionin AmbientOcclusionOut & —/_ 21 Specular Occlusion
oo zo) O Emissiveln Emissivelut & =1 Primary Indirect Diffuse Lighting
o [ MicreShadowingln MicreShadowingDut & o [ Fallback Indirect Diffuse Lighting Weight
o [ CoatSmoothnessin CoatSmoothnes=0Dut & @ Bent Mormal (Weorld Space)
m O CoatMormal(World Spacejin  CoatMormal(World SpacelDut & + 2 Micro Shadowing

o O Dpacityln OpacityDut O # Emizsive
o e AT # Opacity
_________—-———-_'—__——_’,—_——_-o: O Alpha Ref
pravazal O Transmittance
Material
# Material Model
Felee ) Use Forweard Emissive
# Double Sided Lighting
terp 2 Blend Mode
# Double Sided
___—————-_-—__-_-—__-_-———__ @ Surface Type
/ Anisatrapic
1 Amisotropic Tangent (World Space)
2 Amisotropy
Coated

o & Coat Covarage
2 [ Coat Smoothness

1 Coat Mormal &Id &m:ﬁ

A New data -driven shader graph
system.

A New workflows and runtime.

A* FI <i @Ei 0 @DHexibld 8 P CF |

and Extensible Shader
Authoring in Frostbite with
Serac from Advances in Real -
Time Rendering 2024
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Expression Shaders - Instancing

component SvbInput

| ommaine-rucrameci | Parameters can be marked
. extern StructuredBuffer<floatd> Buf; PerInStance .

[Domain("PerInstance”)]|
extern uint Offset;

All Perinstance parameters in a shared InstanceBuffer

system_InstanceBufferSrvB[system_InstanceBufferOffset vsOut.interp_3].ExpressionShaderParameter_common_
system_InstanceBufferSrvB[system_InstanceBufferOffset vsOut.interp_3].ExpressionShaderParameter_common_
system_InstanceBufferSrvB[system_InstanceBufferOffset vsOut.interp_3].ExpressionShaderParameter_common_
system InstanceBufferSrvB[system InstanceBufferOffset 0 31.ExpressionShaderParameter common

,<? Graphics Programming Conference, November 18-20, Breda 2025
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Expression Shaders - GPU Driven Batching

Multiple instanced draws packed

Inside Executelndirect

Execute Indirect:

- Drawlinstanced (1024, 5, startindex , baseVertex ,0)
- Drawlinstanced (2048, 1, startindex , baseVertex ,0)
- Drawlinstanced (4096, 3, startindex , baseVertex ,0)

4[] [Merged instances]

Executelndirect

GPU Culling
—

DrawIndexedInstanced(287, 3, 243566808,0,557

DrawIndexedInstanced (684
DrawIndexedInstanced

DrawIndexedInstanced( 2457, 3

Execute Indirect:

/I 3 instances culled by gpurp .
- Drawlnstanced (1024, 2, startindex
Z entire draw culled and compacted

/I No instanced culled

- Drawlnstanced (4096, 3, startindex

, baseVertex ,0)

, baseVertex , 2)

‘? Graphics Programming Conference, November 18-20, Breda
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Expression Shaders - Raster Pass

ExpressionShaderInstanceKey instanceKey = ExpressionShaderInstanceUtil::createVariationInstanceKey(subset->getEsInstanceKey()
ExpressionShaderInstanceBuilder shaderInstance = context.buildInstance(instanceKey, { inputLayout });

virtual void processInstance(const IPermutationProviderContext& context, InstanceEditor& instance) override

// Only add to material bake instances

if (!instance.getParameters().doesContain(isMaterialBakeParam()))
return;

LightingModeType lightingType = instance.getStaticOutputs().getStatic(lightingModeStaticOutput);
if (lightingType == LightingModeType_Lit)

{
' instance.addPass({ getMaterialBakePass() });
}

A e e i e e e e AR

#B_IHPLEHENT EXPSHADER_RASTER_PASS_EX(

‘ MaterialBake,

Serac_MaterialBake,

getRenderWithCbr(),

getOpaqueRenderState(),

getDefaultSortMethod(),

FB_EXPSHADER_TARGET_FORMATS_NO_DEPTH(ResourceFormat_R8GS8BSAS_UNORM, ResourceFormat_R8GSBSAS_UNORM),
PrimitiveTopologyType_Triangle);

ol e

@ Graphics Programming Conference, November 18-20, Breda 202 5
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Expression Shadersu Shader Stuttering

PRELOABLLTHE
SHADERS!

N, Graphics Programming Conference, November 18-20, Breda
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Expression Shadersu PSO

.“»

BATTLEETFL

U
{
‘

PREPARING GAME

COMPILING SHADERS: 06.04%

E’ Graphics Programming Conference, November 18-20, Breda
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Shader Programs

HLSL usually authored by engineers

Permutations are generated by pipeline code

[ numthreads ( THREADS PER_WAVEFRQNT, 1)]
void main (uint2 grouplD : SV_GrouplD, uint threadlD
SV_GroupThreadID )

/[ groupld.x - copyCommand index
/[ groupld.y - dispatch group index
const CopyCommand command = CopyCommands grouplD . X] ;
const uint offset = grouplD .y * THREADS PER_WAVEFRONTthreadlD
if (offset < command m_dimension )
FastCopyTarget [offset + command m_dstOffset | =
FastCopySource [offset + command m_srcOffset |;

ShaderProgramDef  program ;

program . shaderProgram = ShaderProgram_BatchCopyBufferCs
program . source =
FB_RENDER_SYSTEM_DATA PATHPostProcess [/ BatchCopyBufferCs.hlsl ");

program . csName = "main" ;
outPrograms . push_back ( program );

.‘? Graphics Programming Conference, November 18-20, Breda 2025
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Shader Programs u PSO

Journal Encountered PSO Replay the journal on boot

‘? Graphics Programming Conference, November 18-20, Breda 2 02 5
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Multithreading

A Frame is a big job graph.

A Number of job threads scales with

hardware threads.

A Job threads are not pinned to hardware

threads on PC.

A Optimize for all hardware.

Al <JFLI : <i CF8: @E> |

sim loop.

A Sim and Render are decoupled.

- F<JE_ K

Job0

Jobl

Job2

Job3

Jobd

Job5

Job6

Job7

Job8

Jobg

Jobl0

Jobll

Job12

Jobl3

@ Graphics Programming Conference, November 18-20, Breda
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AS

Sim and Render

A Sim and Render can run at the same time and at
different frequency.

A Sim and Render run interleaved on the same threads
on PC.

A Bias job threads towards Sim or Render jobs to avoid
starvation.

A Latency critical actions bypass Sim.

.‘? Graphics Programming Conference, November 18-20, Breda

trea... postSimJobs#2
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Render

emitterPreBuild
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Decoupled Sim and Render

Render
Sim 1,2

Render
Sim 1,2

Render
Sim 1,2

Render
Sim 1,2

Render
Sim 2,3

Render
Sim 2,3




Walking Through a
Frame
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CPU Frameu Anatomy of a Render Frame

Frame Update Cull Draw Setup FrameGraph Encode
~2-7.5ms ~0.9ms ~0.2-5ms ~1-2ms ~1-2ms

-

Timings for illustrative purposes only
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CPU Frameu Update

A Interpolate sim changes to render ( StateStream ).
A Overlapped with previous frame encoding on PC.

A Set up views and job graph.

A Process resource load/unload.

A Recycle memory and rendering objects.

‘? Graphics Programming Conference, November 18-20, Breda
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CPU Frameu Culling

A Decreases cost of the rest of the frame.

A Benefits both cpu and gpu.

A Distance, frustum, size cull 85% of objects.
A Occlusion culling increases that to 95%.

A Optimized with SIMD and multithreading.

A For details see Daniel Collin's Culling the Battlefield
Data Oriented Design in Practice GDC 2011

.‘? Graphics Programming Conference, November 18-20, Breda
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CPU Frameu Mesh Culling Pipeline

Entity Cell Culling
Entity Frustrum Culling CPU
Entity Occlusion Culling

Subset Frustrum Culling
Subset Occlusion Culling

@ Graphics Programming Conference, November 18-20, Breda
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CPU Frame- Draw Setup

Model renderer takes longest:
A Expand entities to subsets.

A Resolve permutation and parameters of newly
visible or dirty objects.

A Price of dynamic renderer features.

A Significant effort into reducing thread
contention.

@ Graphics Programming Conference, November 18-20, Breda
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CPU Frameu FrameGraph Setup

auto& paramIO = blackboard.get<WorldRendererParamIO=>();
data.colorTexture = builder.read(colorTexture);

// We must clear the target (to zero), as the entire target is not written to.

if (paramIO.rootView->viewSettings->getSmaaPredicatedThresholdingEnable())

i
data.depthTexture = readDepthTexture(builder, blackboard);

}

data.output = createIntermediateRenderTarget(builder, blackboard, "SmaaEdgeTexture", true):

A Build dependency graph. Set up memory
aliasing.

A Resource creation very expensive on PC,
especially CreateCommittedResource

A Use Placed Resources or reuse from previous
frames.

A Single thread, but usually not on the critical path.

E? Graphics Programming Conference, November 18-20, Breda

More on FrameGraph in

6LI @Pi , Al FEE<CC.
FrameGraph : Extensible
Rendering Architecture

in Frostbite GDC 2017

2025
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CPU Frameu FrameGraph Execute

commandRecorder.beginRenderPass(renderTarget.asRenderPassDesc("Screen
commandRecorder.setPipelineRasterizerState(rasterizerStateDesc);
commandRecorder.setPipelineDepthStencilState(depthStencilStateDesc);
commandRecorder.setPipelineBlendState(blendDesc);
commandRecorder.setPipeline(info.pipeline);

A On the critical path.
A Parallel by default. More on Rc2 in Jason
| @> Brikging !

A Rc2CommandRecorder o fake command list. Frostbite to New
Rendering Tech and

Platforms (While
Nobody Noticed) GDC
2024
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CPU Frameu Encode

ﬁ parallelEncodelob
encodelob

copyDescriptorSingleJob | Ll
Co... CopyDesc... CopyDescriptors N | | 1 ‘ Next frame
5... .. stateStr... | | | . | stateStreamUpa N
(NI Y (e c. .| JTransfor....| . § GenericTransformSpaceProvider  J i}
|pﬂrﬂllElEnmde.luh
encodelob
[paralielEncodeJob Current frame
encodelob
|pﬂrﬂllElEnmde.luh
encodelob
|pﬂrﬂllElEnmdeJuh |
encodelob
|pﬂmllelEnmde.lnh |
encodelob =
| |pﬂrﬂllElEnmdeJub |
| encodeJob
I | |l|statestr... | [ {[N=-.. . ]]]]. 1
I | ||l|Transfo..._ I w... HHTIH |
|pﬂrﬂllelErmd-eJuh |
encodelob
.. ..stateStrea... [ |.9s..]st... |stateStream... |stateStreamUpd | |
lifl. $Transfor... G 0 OO OO I | [l mesh. .. ||/
|pamllelEnmdeJnh |
encodelob
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) Graphics Programming Conference, November 18-20, Breda 202 5



41

GPU Culling Improvements

A Helps when CPU occluders : 8 E
(.e. destructible mesh)

A Reducing VS work in typical
gameplay scenarios

A Helps scalability with upscaling and
dynamic resolution scaling

A Still faster in a worst -case scenario
(compared to 2042)

.‘? Graphics Programming Conference, November 18-20, Breda 2025
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GPU Culling Improvements

Frustum + Occlusion Culling: Disabled Frustum + Occlusion Culling: Enabled
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GBuffer : 1.94ms GPU time GBuffer : 1.56ms GPU time

Visualization for illustrative purposes only. Timing data provided by EA Dice on development hardware, performance may vary based on hardware ¢ onfiguration.
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GPU Culling Improvements

Frustum + Occlusion Culling: Enabled

Frustum + Occlusion Culling: Disabled
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GPU Culling - Limitations

A No meshlet culling -> More coarse culling
A No bindless textures -> Less batching when we need to read material information

A No GPU persistent scene -> We draw depth prepass without GPU occlusion culling
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Upscaling - Performance

Native TAA
A Hardware accelerated
A Total Frame GPU cost
0 13.9ms-> 9.0ms (54% uplift)

Graphics... TileLighting#1

A Pre-Upscaling GPU cost

0 12.2ms-> 6.5ms (88% uplift)
A 1440p High Settings on a B580

.1|..|shadowRendering . ILig... [v..!|||E..l|RenderPassBoo... | |.L.|. [Fina...

o | | ]
B |

mainGBu. ..

A... |FrameGraphWorldRenderer::drawRootView0 {WorldViewType_Root)#1

.4 AsyncQueue,.. |Rend... | AsyncQueueWaitOnGraphics... |D...|Scr..

Visualization for illustrative purposes only. Timing captured on Intel® Arc ™M B580 @ 1440p High Preset
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Frame Generation Integration

A We render Ul in a separate
buffer always.

0 Works well for FG quality.

A Also provide Hudless target
for FG

A Use only one FG mode for
each GPU for the sake of
simplicity in code.

A Create FG swapchain using
the same desc as the native
engine swapchain .

’’’’’ A
Merged Output

:::::

o mikis

Ul Input

Hudless Output
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