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Project Background

¥

(EGO)

NIVERSE;

MASSIVEI.V MULTIPLAYER
ON LINE GAME
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Customized Content Experiences
Game Experiences

Building Experiences

Improved Online Shopping Experience
In-House HPC platform (CPU/GPGPU)
In-House Digital Design Software




Reusing LEGOs 3D technology

LXF / LXFML
LEGO Model
Object

—

3D Brick
Optimizers

LXF / LXFML
LEGO Model
Object
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Technology Strategy

In-house rendering technologies New digital platform

Applications
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nVIDIA
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LEGO 3DServices setup consists of

16 x NVIDIA Quadro Plex 2200 S4 servers

Totalling in:

64 x Quadro FX 5800 GPUs
256 Gb GPU memory
15.360 x CUDA cores

O O
O O
O O
O O

as one expandable/scalable Y/
distributed system




Distributed and Scalable system

- Process Health Proc: Healtl Process Healtl Process Healtl
" ER B O
LXFZ;u:sMuItiE LXFZ; ||||| Iti4 _Dl'kEI' W:rkerl
i Process Health Process Health P 55 | Health Process | Health
N i
L 5, -
i Process Health ro
i Process Health
- e
LXF];\rsMLﬂti LXF2P
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DEV:

QA:
STAGING:
LIVE:

1 server

1 server

2 servers
12 servers

4 processes / server

~50.000 CCUs




Web
Based
UI

©2012 The LEGO Group

Client Application
Client Model Id
Model Name

Model Version
Created By LEGO ID
Created DateTime
Received DateTime

Superseded

LXFML

UGCC150

1501152921509921390201

LEGO Universe Model

0
efeee793-5fdb-4d6a-9386-92dd7a761c55
11/26/2011 4:54:54 PM

11/26/2011 4:53:36 PM

False

Download LXFML |
(LXFML size: 764)

Download LXF |

‘equested Model Output Types:

Output Type
IMAGE 1280DS
LUMODELIMAGE

3DOPTIMIZED

senerated Output Files:

Output Type
IMAGE128DDS
LUMODELIMAGE
3DOPTIMIZED
3DOPTIMIZED

Requested

11/26/2011 4:53:36 PM
11/26/2011 4:53:36 PM

11/26/2011 4:53:36 PM

Started

File Type Ordinal File Size
DDS 1 22000
PNG 1 64320
HKX 1 56736
NIF 1 577021

ssets thumbnails and image links:

Error

12/6/2011 12:06:46 PM

12/6/2011 12:06:46 PM

12/6/2011 12:06:48 PM

Compressed File Size
6180 (15820 saved)
63988 (332 saved)
9414 (47322 saved)

161435 (415586 saved)

Completed

12/6/2011 12:06:46 PM
12/6/2011 12:06:47 PM

12/6/2011 12:06:52 PM

Created

12/6/2011 12:

12/6/2011 12:06:47 PM
12/6/2011 12:06:52 PM

12/6/2011 12:06:52 PM

Reset
Reset

Reset

Page 8




The Complexity of LEGO Models
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Moderation of User Generated Content
&O ﬁ
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Moderation of User Generated Content
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Moderation of User Generated Content

aaw
u)Ak)){aaa)/)ﬁ) '

~1.650 revisions
~24.000 bricks 8+ Mb LFXML

©2012 The LEGO Group Page 12



Mesh Optimization
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Mesh Optimization

©2012 The LEGO Group
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938 Kb LXFML
) COP.dIl w. OptiX

~ 1min 6sec

1111471 Done fo

“lgnore loaderror:

Same LEGO model
COP.dIl wo. OptiX
~ 1hr 3min 34sec

b led)
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Building Guide Generat
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Building Guide Generation
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LEGO 3DServices

System Architecture




System Architecture

b2

Client application / Web interface
Calling system / Web services
Browser

Application / GUI REST API + CDN

©2012 The LEGO Group Page 18

Distributed servers

HPC on GPU & CPU

Storage, Web server

DLL (GPU code)

OO0O0O
(B I



System Architecture

©2012 The LEGO Group Page 19



System Architecture

D%’

Worker Servers Worker processes REST web service

©2012 The LEGO Group Page 20



System Architecture

Database

queue %

—(]==

REST web service

Cache site . — (( kamal

Global CDN

©2012 The LEGO Group Page 21

.

Gamer / end user / client / system



System Architecture

IWorker

plugin
(C#)

COP-OptiX.dlIl
(C++ / CUDA &
OptiX)

cudart. Optix.1
dll dll

Assets

©2012 The LEGO Group Page 22

Technology Platform
Output .
Providers 3DServices
Worker
Service
(C#)

namespace LEGO.DDDServices.Worker.Entities {

public interface Iworker {

voild ProcessModel (Model model) ;

void Close () ;



System Architecture

public void ProcessModel (Model model)
{

if (!_initialized)

{

throw new WorkerException("Building Guide Generator has not been initialized.");

var outputLxfml = GetBuildingGuideLxfml (model):
var bgglxfml = encoding.GetBytes (outputlLxfml);

model .ModelOutput . AddFileQutput (new FileOutput (bggLxfml)
{
ErrorDescription = "",
Extension = Extension.lxfml,

Ordinal = 0
13-

©2012 The LEGO Group Page 23



O O OO0 OO

OOO00000O0 OO0
OOO0000O00O000O0OO0O
OO00000O0OOOO0

OO000000O0 <

QQQOOQQ@\\

000000
00000 ¥
0000000 Y
00000 ]
w o000 b
Do 0000 .
Se -
= 9 OO0O0O (]
Ve OO0OO0O00 -
mm O 000000 O
tME 0000000000
E 00000000000
O3 o ooo
&% oo oo oo
2 00 0O

OOO00O0000O0O
OO0O000O0
OOO0000O0
OO0O00O0
OO0O0000
0000000

OOO00O000O0

OO00000O0
O OO00O0O

O O O O




Affinity

SHNYIDIA Display Driver ¥191.66 - English Package E| l_ili DiSI:ILEI':.-' adapters

@24 INTDIh drves e, T the ey does ne e ----- B NYIDIA HICxS + Graphics

b estedioryon B WYIDIA Quadroplex 2200 S4

Extraction path: H H
|C:'I,NVIDIF\'I,DispIayDriver'l,191.66'I,WinVista_Win?_64'l,Eninsh| J ..... lﬁ NII'IIIDIF" Quadrﬂple:’: EEDD 54
- Bl NYIDIA Quadroplex 2200 54

Ok I Cancel |
B WYIDIA Quadroplex 2200 54

GHIC adapter driver
if (!wglEnumGpusNV || !'wglCreateAffinityDCNV | |
'wglDeleteDCNV || !wglEnumGpuDevicesNV | |

'wglEnumGpusFromAffinityDCNV)

errorStrings.PushBack ("Affinity not supported by graphics hardware");

return false;
J OpenGL Extension for Affinity selection was
unavailable on the G-HICx8 frontend card

©2012 The LEGO Group Page 25
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Virtual Adapter and Session-0 isolation

v
¢

* Geeks3D GPU Caps Yiewer - GPU 2: 36°C [ [CT]x]
GPU | OpenGL | CUDA | OpenCL | Tools | About |

| GPU 2 NYIDIA Quadroplex 2200 54| =l

GPU GT200 Shader cores 240
TOR BIOS 62.00.6d.00.01
| Mem size 4B Merm Eyvpe GDDR 3, 512-bit

Device ID | LODE - O5FS Subdevice ID | WVIDLA (10DE-0675)

GPUtemp | 36.0°C [ 96.8°F Fan speed
Current clock, | P& - core:400 MHz, mem: 300 MHz, shader: 800 MHz 4 high-end GPUS

Maz clock | PO - core: 610 MHz, mem: 800 MHz, shader: 1296 MHz

GPU load | 0.0%: Cur, ¥DDC | L0350y Max ¥DDC | 1,180 Y% open GL 1 ° 1
Drriver | Unknown version (), R259,12 (branch: r256_00-10685) Wlth 2 eXten.SlonS

OpenGL | OpenGl 1.1 (GDI Genetic with 2 ext.)

OpEnL | Mo GPU suppart {see the OpentCl panel For more details)

s | Mo CUD& suppark
Physs | GPU Physs (MYIDIA Quadrople: 2200 54)
tulki-GRL | no mulki-GPU support (5 pheysical GPUS)

Remotéfésktop

COpenGL and OpenCL demaz

(Hosting / Terremark) [BL 4% Tesselation =] [CUGPU - 4D Quaterion Julia Se ]

OpenGL demoz  Start > | OpenCL demos  Start [» I

OO0O0O
OO0O0O0O

Build 1.14.4 [Dct 18 2011 & 07-00:31]
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Automatic Driver Rescue (loop)

Windows Registry Editor Version 5.00

[HKEY LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\GraphicsDrivers]

"TdrDelay"=dword:0000000a
"TdrLevel"=dword:00000000

CUDA Kernel Execution Timeout fix

& Display driver stopped responding and has recovered
Display driver MVIDIA Windows Kernel Mode Driver, Version 196.21 stopped
responding and has successfully recovered.

IHFD: Hodel output id ... - 3F79CDHE-2302-42D5%-8B2D-785210A3CIEE

IHFD: Hodel id - IFTPCDME-%302-02D5%-8B2D-785210A3C38E

IHFO: Test iteration. Stopping worker after processing this file 1tem.
ACTION: Hesh optimizing model 3F79CD1E-2302-52D5-8BFD-7E5910A3CIBE

-—— LOD verticies :@ 76855

-—— LOD verticies : 57059

-—— LOD verticies : 34332

Done

run optix

Optimizaing LOD O:

Building Acceleration Structure...Done

Removing Hidden surfaces...0pti¥ failure: Unknown error (Details: Function “rtC
ntextLaunch1D™ caught exception: Encountered a CUDA error: cuEventSynchronizei(m
event) returned (702):- Launch timeout

Grid

Block (0, 0) = Block (1, 0)

Block (0, 1) Block (1, 1)

\w

Block (1, 1)

Block (2, 0)

"Block (2, 1)

; ,,‘I [Thread (0, 0) [Thread (1, 0)

Thread (2, 0)

Thread (3, 0)

d (0, 1) | Thread (1, 1)

Thread (2, 1)

) [Thread (1, 2)

Thread (2, 2)




GPGPU C/C++ expertise required

E. "0

Open Source Project Community

managedCUDA

©2012 The LEGO Group Page 28

NVIDIA PGI
C C++  Fortran

LLVM-based

CUDA Compiler

NVIDIA x86
GPUs CPUs

O0O0O0
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Demo time!

Credits for the Hero Builder:

Developers :

() Vladimir Milenov Gorov (app dev)
Lars Axberg (web dev)

O Anders Nygaard (web dev)

Designers:

Matias Billeschou (interaction designer)
Megan Shellenbarger (GUI designer)
Paw Max Andersen (3D models)

Q Martin Lykke (3D models)

OO0 000

000
00000 =
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(if time permits... ~5 mins.)
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00O
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Henrik Hgj Madsen

Michael Schgler

Thanks!

Questions?

O O
O O
O O
O O
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