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* What is necessary to port a AAA PC/Console title to SHIELD?

® Functionality
® Performance

* We want SHIELD/Android to be your easiest porting platform!
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Borderlands 2 and Pre- Sequel

* Developed by Gearbox, 2K Games, 2K Australia

® Borderlands 2 (BL2), released September 2012
® Borderlands: The Pre-Sequel! (TPS), released October 2014

® Based on modified Unreal Engine 3 (June 2011 build)
® Originally released on Windows, X360, PS3, Linux, Mac

® PC renderer based on D3D9
*OpenGL support added later for Linux port (TPS had it at launch)
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® Existing UE3 support for Android...
*Base engine, kind of
eLibraries
*ES2 mobile renderer
*Some sample apps

* What we can re-use...

* What we want to add/replace...
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* The newer your engine build, the better |

QY UIISES

® For us (June 2011) SlgeaLsrs eludio draelio)s
*Google protobuf
* AkAudio/Wwise - BIN
. PhysX Autodesk : [ :
ik Scaleform =
*FaceFX
*Scaleform!!!

[ owse

NVIDIA.

HYSX
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Renderer

® Qur building blocks
*D3D9 Renderer
*OpenGL 3.2 PC Renderer
*OpenGL ES2 Renderer

® Addition: OpenGL ES3.1 backend
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PC OpenGL Functionality
* Already have OpenGL support? Good!

® Otherwise...

pel lG L®
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® Inversions! Artifacts! S
* Or worst of all...nothing... foemn |

® Stock UE3 effects
® Custom effects

¥ FUL | ' éi »
-

®* Common fixes ! _;‘G;
* Texture space inversions (t = 1.0 - t) ‘ ‘
e Static versus dynamically generated versus render buffers
»Clip space Z difference (z = 2z - 1.0)
*NaN/inf behavior (abs/epsilon)

® NSight OpenGL will help you out here
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Basic' Movement

sel, .S Dfor movement.

se Joy R-Stick to look around.

e
iy
2 Wiy nnvt

o

3\
=3
tJe'ce nve “o Helios
Revive Jack:(J

Protect Jack:[
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Android OpenGL Functionality

® UE3’s existing Android support is limited
*Special case ES2 mobile renderer

® Qur solution: convert everything over to desktop GL codepath
*New RHI GL backend using EGL that supports both GL 3.2 and ES 3.1
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Debugging Android
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Actlon

Dependencies
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View: | Hherarchical = %7 35 Arguments: |Variable + Value | Marker APE | 0309 -
1 32624 Flter widard + | [ A2
Event Description Contet *

IDirect3DDeviced:SetRenderState(DIDRENDERSTATETYPE §
IDirect3DDeviced:SetRenderState(DIORENDERSTATE
IDirect3DDevice9:SetRenderState(DIDRENDERSTATET

IDirect3DDevice9:SetRenderState(DIORENDE
IDirectIDDevice9:SetRenderState(DIORENDER
IDirectIDDeviced:SetRenderState(DJORENDERSTATETYPE
IDirect3DDeviced:SetRenderState(DIORENDERSTATET YPE State
IDirect3IDDeviced:SetRenderState(DIORENDERSTATETYPE St
IDirect3DDeviced:SetRenderState(DIORENDERSTATETYPE State
IDirect3DDeviced:SetTexture(DWORD Stage
IDirect3DDeviced:SetSamplerState(DWORD Sa
IDirectIDDeviced:SetSamplerState(DWORD
IDirectIDDeviced:SetSamplerState(DWORD Sampler
IDirect3DDeviced:SetSamplerState(DWORD
IDirectIDDeviced:SetSamplerState(DWOR
IDirectIDDeviced:SetSamplerState(DWORD
IDirect3DDeviced:SetSamplerStateDWORD Sampler
IDirectIDDeviced:SetSamplerState(DWORD
IDirectIDDeviced:SetSamplerState(DWORD
IDirect3DDeviced:SetSamplerState(DWORL
IDirectIDDeviced:TestCooperativel evel)

017300080
47300080
047300080

Sampler

Sampler
Sompler
Sampler

IDirect3DVertexButferd=lock(UINT OffsetTolock = 000505140, UIh
IDirect3DVertexButferd=Unlock() = ¢
IDirect3DindexButferd=Lock(UINT OffsetTolock = 00003960, UINT

IDirect3DIndexButferd:Unlock) = 0
IDirect3DDevice9:Setlndices(DirectiDlndesBufferd” plndexDats
IDirect3DDeviced:SetStreamSource(UINT StreamNumber = 0,
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0000 0000
0501 0500
0100 -0.100 Resource Info
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Scrubber

Actlon

Perf Marks

W View Hherarchical -

Scaling: | Unit Scale -

7000 1100 7200 7300 7400 7500

7800 7900 8000
L L 1

Arguments: | Varisble + Value < | Marker APE (0300 -
4 widcad_~ | A2
Description Contest CP * Vix Spec
giBindTexture(GLenum ta GL_TEXTURE_20, GLuint texture = 10100010001 Seasiaborm
giBindSampler(GLuint unit = 4, GLuint sampler = 1239 0400010001
glActiveTexture(GLenum testure = GL_TEXTURES) 0400010001 43 vs
giBindTexture(GLenum target = GL_TEXTURE_20, GLuint texture = 1000010001
giBindSampler(GLuint unit = 5, GLuint sampler = 1230 0400010001
glVertexAttribPointer(GLuint index = 0, GLint size s 4, GLenum typ 00010001
giVertexAttribPointer(GLuint index = 8, GLint size = 2, GLenum typ 000010001
glUniformaty(Glint | 265 count = 2, GLAloat* valug 0400010001
glUniformaty(Gint loc sizei count = 1, GLflost* value
glUniformtv{GLint location = 253, Gsizei count = 1, GLiloat* valut
9iDrawRangetlements(GLenum mode = GL_TRIANGLES, GLuint sty 1000) Raster
[¥inishRenderingSceneColort DR s
giBindframebutfer(GLenum target = GL DRAW_FRAMEBUFFER, ¢ 000010001
@iDrawBuffersiGLs 1, GLenum® bufs = (GL.COLOR_ATTAC 0:00010001 Pix Ops
giBindFramebuffer(Glenum target = GL_READ_FRAMEBUFFER, G| 000010001
gliReadButter(GLenum mode = GL COLOR ATTACHMENTO) 2010001 L
QIBEtFramebutfer(GLint cXD = 0, GLint Y0 = 0, GLint srX) = 1 000010001
giGetrror) = GL_NO_ERROR 00010001
DIDPERF Endtvent() = 01111l
DIDPERF_EndEvent() = OII1 Textures
DIDPERF_EndEvent) = #1111 e
BeginRenderingBackBuffer Buffers
giBindFramebutfer(GLenum target = GL FRAMEBUFFER, GLuint fram 000010001
giReadButfer(GLenum mode = GL_COLOR ATTACHME 00010001 Program
iDrawBuffers(GLsizei n = 1, GLenum’ bufs = (GL_COLOR ATTACHM 0¥00010001 Poies
Viewport(GLint = 0, Glinty = 0, GLsizes width = 1024, Gsizei heigh 000010001
iUseProgram(GLuint program = 6916)
alActiveTexture(GLenum teture = GL TEXTURED) 01 e
ndTexture(GLenum target = GL_TEXTURE 2D, GLuint texture = 12/0x00010001
ndSampler(GLuint unit = 0, GLuint sampler 000010001
giVertexAttribPolnter(GLuint index = 0, GLint size = 4, GLenum type | X00010001
giVertexAttribPolnter(GLuint index = 8, GLint size = 2, GLenum type 000010001
(Glanurm mode = GLTRIANGLES, GLuind start 000010001

- 0 x [Ey—

OpenGLOrh

Resources
mA0 EEDE0
MResouces | Graphesl | Memory

Description

okd gloranRangetiements(GLerum mode = G _TRIANGLES, GLunt start = 0, GLunt end = 4, GLatzel count =

Unked Shader State Attached Shader State
Name: Name:
Delete Status: Delete Status: Gl FALSE
Compde Status: Compile Status: GL_TRUE
Info Log: Info Log:

Samplers and Images.

Program Interfaces

I Uniform
Name Location  Value Type
PConstFloatl0] Default0 (0750000, 0166000, 0083300, 8000000 .. | GL_FLOAT_VE
PSampled  Default: 224 0 GLSAMPLER.
Hip Level: 1A »
Resource tnfo | Available Revisions (1)
Type: exture
Hame: 125
Revion 0
I Program Output Omension o x 128
Name Location Type Array Size Referenced By Location Index lspf ~ Memory
Form Rev: 0
FragmentCalor 0 GLFLOAT_VECA 168 0 s i
. .

# Consumption: 0

Locals
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giBindFramebuffer(GLenum target Gl0€81TB 1
giReadBuffer(GLenum mode = GL COLOR ATTACHME a -
S R R T GO R S R 15 =
giGetError() = GL N a 5
giPopDebugGroup) 2 s |
glPopDebugGroup a
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+BRenderVariationFullRes:0{2/0j0 1ss 10 =
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® At this point, we have a (mostly) functionally complete, playable game
®* Framerate may vary

® Next step is to boost performance to make it more enjoyable
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* A mix of CPU and GPU bound cases in the render thread
® More hitching on Android versus PC

® Example scene: main menu
*15-30FPS, GPU bound on TX1 1080p

® Example scene: first level
*26-28FPS, CPU/GPU bound on TX1 810p
*Null GPU runs at 40FPS

® Game thread 10-12ms on TX1 during play
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® OpenGL 3.2, mostly core

® Pros
*Feature parity with D3D9 GBC
*Ease of use Approaching Zero
* APl idiosyncrasies Driver Overhead _)@

e Cons Coss Everit Graham elrs
*Performance and efficiency e e

GAME DEVELOPERS CONFERENCE

* There are many known ways to increase GL API efficiency
*See “Approaching Zero Driver Overhead” from GDC 2014
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OpenGL APl Optimizations

® First level test scene

* 10K+ events reported by debugger AL
*1636 draw calls 100

® MultiDrawIndirect
* 1494 draw calls (-8% from start) 80
60

* Ongoing work...

e One large UBO indexed by vertex 40
*809 draw calls (-50%) 20
*Fewer uniform-related binds

* Indexed bindless textures 0
502 draw calls (-69%) Start +MDI +UBO +|BT
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* Ongoing work on GPU bottlenecks

Draw Call Groups. Draw Calls

. P o > Calls CPUps GPU ps Primitives Pixels Performance Markers Event Draw Gall CPU ps GPi_I us Pixels
ossible techniques 2 T
less  a1ss [75a1 [72se0  [auzseass| 5001 a0 8 128 786511
State Buckets 7085 789 7 65 783612
884 4154 7541 725830 24386245 nne 829 8 63 785808
. Z - p re p a S S Performance Markers 3257 & 312 i 58 780234
3401# 883 | 366 52 96264

7210 & 94 49 9

*Post-process quality — -
* Anti-aliasing options e

*Resolutions —
*Shader optimization = -

Input Assembler

Blending & ZBuffer

® Depends on specific needs -
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Miscellaneous Notes and Pltfalls

® Debug context

® BGRA support on OpenGL ES
* PF_V8U8 bump maps

® ARM NEON support

® Array cookie size

®* Memory alignment
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* Adjusted for Android

GET IT ON

 Multiplayer > GOOSIQ play

® Cloud saves, achievements
e DLC/add-on content
* Storefront integration DOWNLOAD GAMES

(JAMEor
[H RONES

7=
U

Game of Thrones — A Telltale Games ...
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4 Pop Racing
’Hoi Loc Lu
Invite friend...
Invite friend...

Invite friend...

< Network Options ® Pause/Resume
Select Resume

gameworks.nvidia.com | CGDC
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