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Video Games

What are they?



Conceptual Model of a Game

while True:
const playerInput = GetPlayerInput()
Update(playerInput)
Render ()

1 second
—
60 Hz

“Fl’ame" EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE NN NN NN NN NN NN EEENEEE



Hardware Evolution
Parallelizing Graphics
Challenge of Game-play Logic

Alternative Architecture
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© Playground Games

© Nintendo



Nintendo GAME BOY,,

+§ o®

o \\\\\

Game Boy SNES PS1 PSR Xbox 360 PS5
| | | | | —>
1989 1990 1994 2000 2005 2020
2 % 32 x 5600 x 260.000 x 10.000.000 x



PS5
3840 x 2160

PS2 Xbox 360

640 X 448 \ 1280 x 720

SNES

256 X 224 \

Game Boyt S
160 x 144




Framebuffer Size

10 MB -

1 MB -

100 KB -

10 KB -

5.6 KB
23K px x 2-bit

Game Boy

112.0 KB
57K px x 16-bit

SNES

1.1 MB
287K px x 32-bit

PS2

3.5 MB
922K px x 32-bit

Xbox 360

31.6 MB
8.3M px x 32-bit

PS5



Framebuffer Size
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_ Framebuffer (log)

=@=GPU Parallel Units (log)

Game Boy
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Clock Speed

10.0 GHz -

1.0 GHz -

100 MHz -

10 MHz -

1 MHz -

B Clock Speed

] =@= Physical Cores
: = HW Threads

Game Boy

EE Single Core era
Il Heterogeneous era
EEm Symmetric Multicore era

SNES

PS2

Xbox 360

PS5

Cores / HW Threads



Where to go from here?

while True:
const playerInput = GetPlayerInput()
Update(playerInput)
Render ()

Let's start here!



cuo cul Cu 2 cu3 cu4 Ccu>s

Cu 6 cu7 cus cu9 Ccu 10 Ccu1ll
Cu 12 Ccu 13 Cu 14 CuU 15 CU 16 Ccu 17
Ccu 18 Cu 19 Cu 20 Cu 21 Cu 22 Cu 23
Cu 24 Cu 25 CU 26 Cu 27 Cu 28 Cu 29
CuU 30 CuU 31 CuU 32 Cu 33 CU 34 CuU 35

36 Compute Units x 64 cores each = 2,304 shader cores

Shader core clock speed: 2.23 GHz



we w7 ws ws wio wn

INSTRUCTION DECODER WAVEFRONT SCHEDULER

Fetches & decodes 1 instruction Assigns work to cores

cwso wn wsn wn v s

V broadcasts to all 64 cores ¥

36 Compute Units x 64 cores each = 2,304 shader cores
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64 ALUs
LOCAL DATA SHARE REGISTER FILE TEXTURE UNITS

64 KB shared cache 256 KB private data 4 TMUs
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VERTEX PROCESSING RASTERIZATION PIXEL SHADING

Transform - Project - Clip Triangle - Fragments (pixels) Per-pixel: lighting, color, texture



© Double Fine Proddicti8ns



© Double Fine Proddicti8ns



-

Narite Enabled
Position Precision: 1/160m (0.062501m)
Normal Precision 8 bits

GPU Memory: MB) Total065MB
Current Soreen Size: 087521
Nanite Triangles: 35,946
Narite Vertioes 19,046
FallbackTriangles: 6,162
Fallbaok Vertices, 4536
OV Channels: 1

14514521
APpIOX Size 58K54x122
Num Collision Primitives; 0)
Estimated Compressed Disk Size' 067.MB (0,341 Nanite)
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Previous Gen

Nanite Enabled|(Sfowing Fallback)
Position Preo (0.06250m),
Normel Precision'8 bits

CPUM

Current Soreen Size: 087521
Nanfte Triangles: 35946
lanite Vertioes: 19,046
Fallback Tiiangles: 8162
Fallbaok Vertioe:
UV/Channels: 1

463

[ 14514521
Approx Size: B8x64x122

Nam Colision Primitives: 0
Estimated Compressed Disk Size; 0,67 MB (0:34 MB Nanite)

s\
Current Gen

Nate Enabled.
Position Precision: 1,
Norml Precision 8 bits
GPUMemory: i Total 065 VB
Current Screen Size: 087521
Nanite Triangles: 35045
Nanite Vertices: 19,04¢
Fallback Triangles) 162
Fallback Vertioes; 4535;

UV Channels: 1

14x14x21
Approy Size B8x54X122
Num Collision Pimitives: 0 X
Estimated Compressed Disk Size: 067 MB(0:34 MBINznite)
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const playerInput
Update(playerInput
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while True:
const playerInput = GetPlayerInput()
Update(playerInput)

Reraerd)



while True:
const playerInput = GetPlayerInput()
Update(playerInput)
RenderSetup()
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StartRenderThread()
while True:

const playerInput =

Update(playerInput)

—

GetPlayerInput()

Update()

RenderSetup()
Render()
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FLumenVirtuallLightSceneInfo* LightSceneInfo = Proxy->LightSceneInfo;
ENQUEUE_RENDER_COMMAND (AddLumenVirtuallLight) (
[Scene, LightSceneInfo] (FRHICommandListImmediate& RHICmdList)
{;
Scene->AddLumenVirtuallLightSceneInfo_RenderThread(LightSceneInfo);
1)
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FLumenVirtuallLightSceneInfo* LightSceneInfo = Proxy->LightSceneInfo;
ENQUEUE_RENDER_COMMAND (UpdateLumenVirtuallLightColorAndBrightness) (
[LightSceneInfo, Scene, NewColor](FRHICommandListImmediate& RHICmdList)

{
Scene->UpdatelLumenVirtuallLightColorAndBrightness_RenderThread(LightSceneInfo, NewColor);

1)



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 1



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 2



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 3



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 4



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 5



Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Game Thread

Render Thread

GPU

Time slot 6



Where to go from here?

StartRenderThread()

while True:
const playerInput = GetPlayerInput()
Update(playerInput)

parallelizing gz?me-flay logic...
How hard can it be™
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Graphics / Compute Game-play Logic

Data Layout Contiguous, aligned buffers | Scattered across heap
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Predictable pipeline: Game Thread - Render Thread - GPU. Workers handle leaf tasks. No dedicated threads. ~100 jobs per frame distributed across all cores.
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