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Performance Targets

ÁNo Upscaling or FG for base 
targets

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

ÁRec Spec 1440p60 High 
Settings - Battlemage 
(B580)

ÁTreat each hardware tier as 
an individual platform



Testing
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Testing - Quickscope

Á~12K tests a day

ÁIntegrated in our build process

ÁTrack performance over time

ÁMultiple hardware configurations

ÁEasy to spot unexpected regressions

ÁDedicated performance team to 
make sure we stay on track

ÁCollaborative effort from all crafts
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Testing - Quickscope
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Testing - Automation
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Testing - Automation
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Testing - Delta Viewer

ÁInternal tool to spot performance 
bottlenecks

ÁMakes it easy to find bubbles in the 
frame

ÁPurpose built for Frostbite, lots of 
systems plug directly to it

ÁEasy to add markers
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Testing - Delta Viewer

ÁVideo captures and perf journals 
share frame index 

Á!F<JE_KʲK<CCʲLJʲwhy  something is 
expensive but provides more 
context 
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Testing - Profiling

ÁSuperluminal, Razor, PIX and other tools for CPU and GPU 
profiling

ÁMultithreading profiling crucial for performance in Frostbite
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Testing - Intel Partnership

ÁGetting player feedback early was crucial

ÁShared builds with HW vendors around the 
same time BF Labs started

ÁCollaborated closely with Intel to bring 
XeSS  2 to BF6 and Frostbite

ÁGreat feedback loop and iteration for 
performance issues, GPU hangs, XeSS  
integration, driver performance 
improvements and scaling across hardware
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Rank Desired System Qualities

1 Longer battery life 29%

2 Lighter weight / thinner 27%

3 More RAM 26%

4 Faster charging time 24%

5 More storage 22%

6 Less hot 21%

7 Better graphics 19%

8 Faster start -up time 19%

9 Faster performance 19%

10 Better design / appearance 16%

11 Quieter fan / operation 15%

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

Beyond ultimate performance seekers, there are gamers 
who want more mobility and all-day battery life 

Powerful CPUs, and the 
emergence of built-in 

graphics with discrete-level 
performance at much 
lower power is making 

Ultra Slim Gaming a reality
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What Do We Need for 
Good Gaming at Low Power?

Smart 
rendering

High-performance 
GPU IP

Platform 
tuning
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Growth of built -in GPU outpacing 
performance and capabilities needed 
for a broad mix of AI, Gaming, and 
Creator workloads

2020 2025 2030

Meteor Lake
Up toa 19 TOPS
DP4a XeSS-SR

Lunar Lake
Up to 67 TOPS
+XMX (systolic)

XeSS: SR + 

XeSS: FG ,XeLL

Panther Lake
12Xe- Up to 120 TOPS

XMX
XeSS2+

Future

Xe

Xe2

Xe3

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

Evolution of Mobile PC Gaming



The Pipeline
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Expression Shaders

ÁNew data -driven shader graph 
system.

ÁNew workflows and runtime.

Á*FI<ʲ@Eʲ0@DFEʲ18PCFI_JFlexible 
and Extensible Shader 
Authoring in Frostbite with 
Serac from Advances in Real -
Time Rendering 2024
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Expression Shaders - Instancing

Parameters  can be marked 
PerInstance .

All PerInstance  parameters in a shared InstanceBuffer
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Expression Shaders - GPU Driven Batching

Multiple instanced draws packed 
inside ExecuteIndirect

Execute Indirect:
// 3 instances culled by gpurp .
-  DrawInstanced (1024, 2, startIndex , baseVertex , 0)
// entire draw culled and compacted
//
// No instanced culled
-  DrawInstanced (4096, 3, startIndex , baseVertex , 2)

GPU CullingExecute Indirect:

-  DrawInstanced (1024, 5, startIndex , baseVertex , 0)

-  DrawInstanced (2048, 1, startIndex , baseVertex , 0)

-  DrawInstanced (4096, 3, startIndex , baseVertex , 0)
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Expression Shaders - Raster Pass
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Expression Shaders u Shader Stuttering

PRELOAD ALL THE
SHADERS!
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Expression Shaders u PSO
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Shader Programs

HLSL usually authored by engineers

ShaderProgramDef  program ;

program . shaderProgram  = ShaderProgram_BatchCopyBufferCs ;

program . source  = 

FB_RENDER_SYSTEM_DATA_PATH( " PostProcess / BatchCopyBufferCs.hlsl " );

program . csName = "main" ;

outPrograms . push_back ( program );

[ numthreads ( THREADS_PER_WAVEFRONT, 1, 1)]

void main ( uint2 groupID  : SV_GroupID , uint  threadID  : 

SV_GroupThreadID )

{

    // groupId.x  -  copyCommand index

    // groupId.y  -  dispatch group index

    const CopyCommand command = CopyCommands[ groupID . x] ;

    const uint  offset = groupID . y * THREADS_PER_WAVEFRONT + threadID ;

    if ( offset < command. m_dimension )

        FastCopyTarget [ offset + command. m_dstOffset ] =

           FastCopySource [ offset + command. m_srcOffset ] ;

}

Permutations are generated by pipeline code
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Shader Programs u PSO

Journal Encountered PSO Replay the journal on boot
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ÁFrame is a big job graph.

ÁNumber of job threads scales with 
hardware threads.

ÁJob threads are not pinned to hardware 
threads on PC.

ÁOptimize for all hardware.

Á/<JFLI:<ʲCF8;@E>ʲ;F<JE_Kʲ9CF:BʲI<E;<IʲFIʲ
sim loop.

ÁSim and Render are decoupled.

Multithreading
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ÁSim and Render can run at the same time and at 
different frequency.

ÁSim and Render run interleaved on the same threads 
on PC.

ÁBias job threads towards Sim or Render jobs to avoid 
starvation.

ÁLatency critical actions bypass Sim.

Sim and Render

Sim 

Render
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Decoupled Sim and Render

Sim
1

Sim
2

Sim
3

Render
Sim 1,2

Sim
4

Render
Sim 1,2

Render
Sim 1,2

Render
Sim 1,2

Render
Sim 2,3

Render
Sim 2,3

StateStream

Sim
1

Sim
2

Sim
3

Sim
4



Walking Through a 
Frame
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CPU Frame u Anatomy of a Render Frame

Timings for illustrative purposes only

Frame Update
~2 - 7.5ms

Cull
~0.9ms

Draw Setup
~0.2 - 5ms

FrameGraph
~1 - 2ms

Encode
~1 - 2ms

Frame Update Cull
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CPU Frame u Update

ÁInterpolate sim changes to render ( StateStream ).

ÁOverlapped with previous frame encoding on PC.

ÁSet up views and job graph.

ÁProcess resource load/unload.

ÁRecycle memory and rendering objects.
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CPU Frame u Culling

ÁDecreases cost of the rest of the frame.

ÁBenefits both cpu  and gpu .

ÁDistance, frustum, size cull 85% of objects.

ÁOcclusion culling increases that to 95%.

ÁOptimized with SIMD and multithreading.

ÁFor details see Daniel Collin's Culling the Battlefield : 
Data Oriented Design in Practice GDC 2011
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CPU Frame u Mesh Culling Pipeline

Entity Cell Culling

Entity Frustrum Culling

Entity Occlusion Culling

Subset Frustrum Culling

Subset Occlusion Culling

CPU

GPU
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Model renderer takes longest:

ÁExpand entities to subsets.

ÁResolve permutation and parameters of newly 
visible or dirty objects.

ÁPrice of dynamic renderer features.

ÁSignificant effort into reducing thread 
contention.

CPU Frame - Draw Setup
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CPU Frame u FrameGraph Setup

ÁBuild dependency graph. Set up memory 
aliasing.

ÁResource creation very expensive on PC, 
especially CreateCommittedResource .

ÁUse Placed Resources or reuse from previous 
frames.

ÁSingle thread, but usually not on the critical path.

More on FrameGraph  in 
6LI@Pʲ,Á!FEE<CC_Jʲ
FrameGraph : Extensible 
Rendering Architecture 
in Frostbite  GDC  2017
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CPU Frame u FrameGraph Execute

More on Rc2 in Jason
I@>?K_JʲBringing

Frostbite to New
Rendering Tech and
Platforms (While
Nobody Noticed)  GDC
2024

ÁOn the critical path.

ÁParallel by default.

ÁRc2CommandRecorder o fake command list.
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CPU Frame u  Encode

Next frame

Current frame



GPU Culling
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GPU Culling Improvements

ÁHelps when CPU occluders  :8E_Kʲ
(i.e. destructible mesh)

ÁReducing VS work in typical 
gameplay scenarios

ÁHelps scalability with upscaling and 
dynamic resolution scaling

ÁStill faster in a worst -case scenario 
(compared to 2042)
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GPU Culling Improvements

GBuffer : 1.94ms GPU time GBuffer : 1.56ms GPU time

Frustum + Occlusion Culling: Disabled Frustum + Occlusion Culling: Enabled

Visualization for illustrative purposes only. Timing data provided by EA Dice on development hardware, performance may vary based on hardware c onf iguration.
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GPU Culling Improvements
Frustum + Occlusion Culling: Disabled Frustum + Occlusion Culling: Enabled
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GPU Culling - Limitations

ÁNo meshlet  culling -> More coarse culling

ÁNo bindless textures -> Less batching when we need to read material information

ÁNo GPU persistent scene -> We draw depth prepass  without GPU occlusion culling
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Upscaling - Performance

ÁHardware accelerated

ÁTotal Frame GPU cost

o13.9ms -> 9.0ms (54% uplift)

ÁPre-Upscaling GPU cost

o12.2ms -> 6.5ms (88% uplift)

Á1440p High Settings on a B580

Native TAA

XeSS  Balanced - 50% Scaling

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

ÁWe render UI in a separate 
buffer always.

o Works well for FG quality.

ÁAlso provide Hudless  target 
for FG

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

ÁCreate FG swapchain  using 
the same desc as the native 
engine swapchain .

Color  Input UI Input

Merged Output Hudless  Output


