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http://www.dmprof.com/d/jp/whatsnew.html#0511
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Access to 3D on Over 2 BILLION Devices

GoonGLES

1.9B Mobiles / year

»- 300M Desktops / year
OO
zo

1B Browsers / year

Source: Gartner (December 2013)
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Cross Platform Challenge

One family of One OS One GPU on
GPUs one OS

All Modern Platforms and GPUs
Participation of key players
Proven IP Framework
Battle-tested cooperative model
The drive to not let the 3D industry fragment
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OpenGL7v 7 T7—F
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Continuing OpenGL Innovation

/
Bring_ing sFate-of-the-art OpenGL 4.5
functionality to cross-
platform graphics OpenGL 4.4

OpenGL 4.3
OpenGL 4.2
OpenGL 4.1
OpenGL 3.3/4.0
OpenGL 3.2
OpenGL 3.1

OpenGL 2.0 OpenGL 2.1 OpenGL 3.0 ‘
| 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

"ot oo gl vy girall
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u

NOS

o
- -
xz

OpenGL 4.5 THLLGEof=C&

« FLULIRRAT—RTF R - Direct State Access (DSA)

- NAUREETICEEA TP INADRT—FDS R, TEEAIHE
« O/XARAR R - Robustness

- WebGLY  R—rITS5H9HD=HIZ, X1 T7HE TS5V I+—LERE (HDETHD

TI)r—2avITEE Y HGPU) y bt 575E)

e DirectX11T3aL—>a ke

- OpenGL-Direct3DEI TOF7 T r—2aviR—T4V T 5B BITT S
« OpenGL ES 3.1 APIRUY = —F D H i 88E

- TRy T ETDO0penGL EST T r—ar B - EITAAIEEIC
- MakeCurrent®D =&t

- AT HRRAMD TS v AR D B TR B 1]

e THOAF¥/\I)7 - Texture Barrier _ -
- Read-after-write(RAW)/\F—KZ E (15 peﬂGL,_
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GLSL 4.5 TH LG~ =& (=)

« ARB_derivative_control
- {tEZ= (derivative);EE (ZH 1T 5 ZERHEFE E D Fl{E

« ARB_shader_texture_image_samples
- VI AT IRFYDY T IVEEFRET HENATRE
- textureSamples (), 1mageSamples ()

« ARB_cull_distance

- #i1=73&GLSL gl CullDistance r—45H ﬁ’&iﬂﬂﬂ(gl_ClipDistancewﬁﬁ
LDEIFEEEDTIZETATH) TR LTER)

u

NOS

KHROO
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HLL\OpenGL ARBH: IR

« ARB_sparse_buffer
- I\ ITFA T HEITDARB_sparse_texture DFRE LR IE . (RERIIZKELL/ NV T 7
MMEND (EAEY LIXZ—EBEINDTIZIT)
« ARB_pipeline_statistics_query
- OpenGL/ISMTSA VD EIGH/N—FMIEITHHEHERDES
- DirectX 11E #2
« ARB_transform_feedback_overflow_quer
- FSURTF—=LTA—R NN TFIA—/N—TJO— L5505 T)
- - DirectX 11H#

NQ

KHROO
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OpenGL 4.5 - DirectX11 T2alb—v3Y

« ARB_conditional_render_inverted
- BeginConditionalRender|ZxtL T, f&E. HEILGZVDREBOERZE REZSEHE—
~DEN
« ARB_get_texture_subimage
- THORFY DY TEEB OIS

« ARB_clip_control
- DIDDEZEZREEHED
- IEEDRIEVTIZOWTCEERERE

u

NOS

KHROO
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OpenGL 4.5 - OpenGL ES 3.1H#

« ARB_ES3_1_compatibility
- MemoryBarrierRegion APIDIEN
% /N\SSBO(Shader Storage Buffer Object ) U4 X D&M (2~27)
GLSL ES version 310H7R—k
r32f FPA A—H i R—bD =8 imageAtomicExchange DB
int, uint, boolIEIRIZ DLV Tmix () FHEE
- GLSLE LRV DS AU z—2 A S : g1 HelperInvocation (EIEEY
TILDSHER)
- GLSLE LM av RA U

- gl MaxSamples, gl Max*ImageUniforms,
gl MaxCombinedShaderOutputResources

- atomic* &imageAtomic*RITIZT RTOAEYZEHHIZOE—L U MEHFZ 1B

Uupe

NOS

KHROO
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HALLYRRT—F79+€R - Direct State Access

DSAR(

vold Texture2D::SetMagFilter (GLenum filter)

{
GLuint oldTex;
glGetIntegerv (GL TEXTURE BINDING 2D, &oldTex);
glBindTexture (GL TEXTURE 2D, m tex);
glTexParameteri (GL TEXTURE 2D,

GL TEXTURE MAG FILTER, filter);
glBindTexture (GL TEXTURE 2D, oldTex);

}
DSA#
vold Texture2D::SetMagFilter (Glenum filter)

{
glTextureParameteri (m tex, GL TEXTURE MAG FILTER,

filter);

} © Copyright Khronos Group 2014 - Page 15



EXT_direct_state_access&®ELY

- OpenGL 4.5TlFa7#eeELTHAR—K

« LSO DBBEIC DV THINICARIZZER
- EXTH 7499 ADHEIR
- TextureParameterfEXT -> TextureParameterf
- VAOHRER T E e
- glVertexArrayVertexBindingDivisorEXT-> glVertexArrayBindingDivisor
- TexturetéBE TTarger/\SA—2MDIEENTFTEIC
- Target/\TA—AldglCreateTextures (<target>, ) TXIE
- ZHVNEZEEE T HCUBE_MAPLEBIZIDT IR FriREZ{E

s DSABSREIXA T OV MNERTE
m - BHIEA TV IMEAERIZIE glCreate* &

u

NOS

KHROO
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A\ AR R - Robusthess

« ARB_robustnessHOpenGL 4.5#8ED—&}(Z
- OpenGL ES &f#F5&FEEHRICKHR robustnessZFUHY
- CORROESHEBEREZ 2 A TIX L T
« I—HPRAVRITREN =T -2 DRI DF=-HIZRL1ZAPIZEM
« GPUYEYMIDWTT7 TN RA TEL O D HHETEEM
- BAPCEQEMESELE-7IUIZES) YR
« KYSB NG EHENDEBDH/ N—
- RERGEENLZLY
- WebGLSR %%
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A/\A MR XSafe APIf

Robustnessgi

GLubyte tooSmall[NOT BIG ENOUGH];
glReadPixels (0, 0, H, W, GL RGBA, GL UNSIGNED BYTE,

tooSmall) ;
// CRASH

Robusthess#

GLubyte tooSmall[NOT BIG ENOUGH];
glReadnPixels (0, 0, H, W, GL RGBA, GL UNSIGNED BYTE,
sizeof tooSmall, tooSmall);

// No CRASH, glGetError ()

returns INVALID OPERATION

© Copyright Khronos Group 2014 - Page 20
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O/N\XRRR )y hEasfl

- BBy MERFELOF) T IV—T

while

(Iquit) {

DrawStuff () ;
SwapBuffers () ;

1f

}
}

(glGetGraphicsResetStatus ()
quit = true;

DestroyContext (glrc) ;

= GL NO ERROR) {

© Copyright Khronos Group 2014 - Page 21



MakeCurrent®D &E{t

- ChF¥TMakeCurrentad— /LB CRERMIICglFlushAFE (XN 5
- AVTERMRAYFDIEREICEE

« HTLLIWGL,GLX #53ETlXglFlushZ XXy T34 B &M T HE
- AVTHF AN —ATIOTUREFLELGS
- 7YX EYFlushZ#h < FHIfEH AT 5

«MakeCurrent [Z&YERENEA AT BE

StartTimer () ;
n for (int 1 = 0; 1 < iterations; ++1) {
DrawSimpleTriangle () ;
wglMakeCurrent (context[1 % 2]);

u

NOS

}
StopTimer () ;

KHROO
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GLSL derivative Control

o Derivative;BE DIEE BT 577>k coarse”/”fine” ZGLSLIZ B0
« dFdxCoarse, dFdyCoarse
- BIRIZEK
*dFdxFine, dFdyFine
- EMEEENMTONS
- Default T4 ILMEE DdFdx/dFdyRE %R
e fwidthCoarse RU fwidthFinediBAM

ma

oo 2x2 Quad Fragment 2x2 Quad Fragment

- 7

L oNoe | = O@/N® | = dFdxFine
| — dFdxCoarse

oz OANO = OA O = dFdxFine

- .

xz
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ARB_sparse_buffer

c REMICKEZLG/NYIFELDITE . TRTAEYT7Ar—230Ehh 50+ TG
- ARB_sparse_texture Mbufferki
- TIVER—=UTHIET S

Create uncommitted buffer: glBufferStorage(,SPARSE_STORAGE_BIT_ARB)

—
GL_SPARSE_BUFFER_PAGE_SIZE_ARB

Make pages resident: glBufferPageCommitmentARB(, offset, size, GL_TRUE);

offset

size

o
>

o
>
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OpenGL ES 7v7FT—k

QrenGLES
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2002

Working
Group
Formed

cSHEOTYIT—h

- GDCTOpenGL ES 3.1&% %K
- BEETANDTYTIL—F
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OpenGL ES 3.1 CHfELI=C&
 OpenGL 4. xDEUIEHEEEE/ NN ILTHERSERIZT S

- B E#8E: Compute shaders, Indirect drawing
- T, EEL-#RE Vb TOT IV T REAMILDHE

c BREGEREEHRT S
- IRDTNARIZEN TS EEE B
- ES 2.0/3.0L%& (I E 2
- OpenGL ES 3.0 /\—K™y 7 TEITARE

« TIVr—avOR—EEYT1EHE
- REELGBFZ&/ME
- KYBLWEREET A MR
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OpenGL ES 3.1

« Compute shaders (A Ea1—rx—4)
- PS4 9HPREGPUAVE A—T AT D

By

e Draw-Indirect
- EEOTURN\SGA—=2E 5| L TILL
CAERYMNGEESRAHTEHNAIEE

- { R M Shader Object (SSO)
- IS4V ID RV T—FDIVIARUTY
9‘_
cFLLWO T —4 EEMAEE

« FILLVT O R FrifiiE
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Compute Shaderé& (%

- GPUD M REZ— RNV E 2a—T 1T Mt
[ZfE A
- TS9P REERNGFHLNS DT ILINAT
FAVART—Y
« OpenGL ES 57499 R 11T 54
- HWHABFICTER - T3 AV MED ALY E
{ERK
- FRTORALYEDAB AT —42. BE#EIE A |
HWHITBETITS AI Simulation Global Illumination

« OpenGL ES aAvEa—kL4FS514>
- B FIROKRAMEIZATRMIZAL YR
AR
- T—RAN ERE N, RHIEET R THETR
BT [ Z 1) {0

Wave Simulation

Ray Tracing

© Copyright Khronos Group 2014 - Page 31



Compute Shader aA>R—R2Uk

cFLWSO I —HBLTRUTAR/YF3
—JL
- glDispatchCompute()
e VIR —TFH Tk (SSBOs)
- EEIAAAREZRUBOT. &x/MNDERK

H 4 X1%128MB
- Load/Store/Atomics THATRBIIZT S
R

| A A=

- A EZARELTIRAFYDHRLETE/

1 - FRTHDEREEIDLELELT™OD A A
—O AT T E R

- A A= T REVOBREELTERT

L,
Ae

u

NQ

KHROO

T IAE—2av,. oyar4E—a
SITVET4T
- Atomic counters
- Shader Memory barriers
- APl Memory barriers
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Draw-Indirect

« GPUICT—VZBIY B THH=LFE
- FHEO—I)L/INTA—3ZGPUAEYIZ
&R
- glDrawArraysindirect()
- glDrawElementsindirect()
- glDispatchComputelndirect()

s GPUNHBI/ AT A—2%& YT B15E
2B
-HlRIEavEa— o —4
- CPU/GPUD RIEAMAFE

p

G R

NOS

KHROO

glDrawArraysindirect(mode, indirect);

GPU buffer object _
indirect
offset

struct {

uint count;
uint instanceCount;
uint first;
uint mustBezero;
} DrawArraysIndirectCommand;
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Shading Language Dt &

- B25 DECS
-1int al[2][3]1[4];

- A%t uniform location
- Tayout(location=0) in vec4 position; // vertex shader example
- Tayout(location=2) out vec4 diffuse; // fragment shader example

o ShaderE vk 24—ILFiR4E
- Extract, Insert, Reverse, pack/unpack, Count, LSB, MSB,
- Extended precision support
- frexp / ldexp

u

NOS

» Shader helper invocation
- bool gl_HelperInvocation

KHROO
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Reference compiler
* GLSL ES 3.1Z#f=[CHR—F

u

test.comp
- Compute shaders
- (minus arrays of arrays, coming soon) #version 310 es
- Images layout(local_size_z = 1000) in;
o Atomic Counters o
void main()
« SSBOs {
- Texture Gather } barrier();

e Texture LOD
« SSO

NOS

KHROS

$ glslangValidator test.comp
& ERROR: 0:3: 'local_size' : too large; see gl_MaxComputeWorkGroupSize
ERROR: 1 compilation errors. No code generated.

See: http://www.khronos.org/opengles/sdk/tools/Reference-Compiler/
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Google Android Extension Pack (AEP)

« Android L mandates OpenGL ES 3.1
- On every device

« Android Extension Pack (AEP)
- Set of OpenGL ES 3.1 extensions
accessible through a single query

« AEP includes OpenGL AAA gaming functionality
- Tessellation
- Geometry shaders
- ASTC Texture Compression + more...

- https://www.khronos.org/registry/gles/extensions/ANDROID/ANDROID_extension_pack_es31a.txt

« Enables AAA graphics effects
- Global Illumination

- Physically-based shading | \3
- Deferred rendering '
- HDR tone mapping UNREAL

ENGINE

Smoke and particle effects

Epic’s Rivalry demo using full Unreal Engine 4
Running in real-time on NVIDIA Tegra K1 with OpenGL ES 3.1 + AEP
https://www.youtube.com/watch?v=jRr-G95GdaM

© Copyright Khronos Group 2014 - Page 38
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RiR
OpenGL/OpenGL ES
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OpenGL is a huge success

| Creator Says Apple % T
Bme com ' ¢ m alex SL Jotn M Q a 3
nvork: Il e 3 rrore [ sosTine $1 SPORTS ILLUSTRATED T ENTERTAMMENT WEEKLY [ mosey b wosE

On Robin Williams: A
'l I M I Niagara of Wit Falls
Subsonbe Sllont

(Oenl DirectX Creator Says Apple’s Metal
e Now OficityOums e Heralds the End of OpenGL

ki Tolls Army to Keop Out of e
- e 3 £ 0 EN [

o o n't Name Officer Who Shot
p Missouri Teen
- One of DirectX's three co-creators, Alex St. John,
z Obama Suggests Upcoming explains why Apple's Metal is such a blow to OpenGL,

sourt Vacancy

and what it means in the long run.

+ to Avoid Running Out Back in the 1990s, I remember enjoying then-Microsoft-
ey During Retirement bigwig Alex St. John's intelligent screeds (and occasional le's ‘Metal'
ve & $500.000 portiokio, rants) back when DirectX was still this wild, unruly, nascent Apple’s ‘Me

http://time.com/2821769/directx-apple-metal-opengl/

KHRO
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OpenGL needs to change

841 s0 More ¥ Next Blog»

Rich Geldreich's Tech Blog

Things that drive me nuts about OpenGL

stuff now.

Game and open source developer, graphics programmer, lossless data and texture compression specialist.

Here's a brain dump of the things that sometimes drive me crazy about OpenGL. (Note these are strictly my own opinions, not those of Valve or
my coworkers. I'm also in a ranty-type mood today after grappling with OpenGL for several years now..) My major motivation to posting this: the
GL API needs a reboot because IMO Mantle/D3D12 are going to most likely eat it for lunch soon, so we should start talking and thinking about this

http://richg42.blogspot.com/2014/05/things-that-drive-me-nuts-about-opengl.html
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IR OpenGLDRE

« TAYSIVTETILIEEDGPUD 7 —FTHFvIZBBE{bSh TULVLY
- B [ZFEIN(ILT

o RA[EMNDOEHBELIE
- HFEYELGEUO20FEE/DLAL—
- EENICIE

- CPUDOERIAFELY
- AT—MDOREE, &KEERNS VY, T5—/\URYVT
- ZLDEZEIZTCPUNDT—oO—KIZDWLTTHIAEHLLY

u

NOS

°l e RILFATDCPUT—XTHFvIZH L
- TYSFATALYRETIL, —EHDOLGNEE

e ZLDEREN)I—3
- JL—RIAERR, RN E, RS54/

KHROO
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R ERE{LTIIRRTEEHL

https://www.flickr.com/photos/noaaphotolib/5015135752/in/photostream/

« GLIZF (ESLLVESEIEZL TE-RELNHS
o =120 BENT IR EH#REE L TIXR I TEELY,

http://www.tankgirl.info/tankgirl/images/flick/tradingCards/89f.jpg
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Rt OpenGLIZEIT 2$TiRE

GERA—TUREVSA—K, YAR TS5y T+—L3D+Compute API ...
- OpenGLE D B4 % 73K
-1 BRE-[RAIDNEDREZ—

«d—JL
- D)=V TEEVBT—FTIOF Y
- RILFALYKR . RILFaAF7ILURY—
- CPUDFA— /N —AYRZELD T TELT

- - RAMBT—XTIOF ¥ - ASTAT—bLUFITH BANR—RT—FXTIF v
= - FRITTREE PERE

- FREICHEITHERENE., —ElEDE

o X—LITAHERETREE: BARAIZHIE (explicit control )
- TIVERSAN\DPEZEAFLTLSIN BB TES

KHROO
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« ARB/OpenGL EST—F2 57 IV—TOoaqorrndz e LT
- Chair: Tom Olson (ARM)
- Language / IL group chair: Bill Licea-Kane (Qualcomm)
- APl spec editors: Graham Sellers (AMD) and Jeff Bolz (NVIDIA)

- SED6ADEMERZ—H
- AN RRGEEGRRE. IPRREAT TIZITHON TS

| I—HFOR—FTIEHREEF (L) ZFERT S5

- ISV(Independent Software Vender) Wb & MNSETLN=JHIITRXF
¥ - DI—ADEENE. R—2E) T DRETTEE

- WA ERL- o — A ERREEREERITIZELE—S Y

- Dx—F DIPIREDHIBEZTIRH

u

NQ

KHROO
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