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Drawing

m It doesn’'t matter if we're using:
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CUDA OpenCL

m Efficiently transferring data between the
CPU and GPU is critical for performance.

How many vertices
per second do we
need?

Drawing

: ~350 million polygons

Image from http: ics.cs.uni-sh.d iveRT/boeing777.html
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Drawing

Procedurally generated model of Pompeii: ~1.4 billion polygons

Image from http://www.vision.ee.ethz.ch/~pmueller/wiki/CityEngine/Documents
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Buffer Objects

n — store vertex attributes

n — store indices

m Stored in driver-controlled memory, not an
array in our application

m Provide hints to the driver about how we
will use the buffer
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Buffer Objects

GLui nt vbo;
GLfloat* vertices = new GLfloat[3 * number Of Vertices];

gl GenBuf fers(1, &bo);
gl Bi ndBuf f er (GL_ARRAY_BUFFER_ARB, vbo);

gl Buf f er Dat a( GL_ARRAY_BUFFER_ARB, nunber Of Bytes, vertices, GL_STATI C_DRAW ARB);
/1 A'so check out gl BufferSubData

delete [] vertices;

gl Del eteBuf fers(1, &vbo);
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Buffer Objects

GLui nt vbo;
GLfloat* vertices = new GLfloat[3 * numberOf Vertices];

gl GenBuffers(1, &vbo);

gl Bi ndBuf f er (GL_ARRAY_BUFFER_ARB, vbo);

gl Buf f er Dat a( G._ARRAY_BUFFER_ARB, nunber Of Bytes, vertices, G._STATI C_DRAW ARB);

7T A'so check out gl BufferSubData

delete [] vertices;

gl Del et eBuf fers(1, &vho); Copy from application to driver-controlled memory.
GL_STATI C_DRAWSshould imply video memory.

Buffer Objects

GLui nt vbo;
GLfloat* vertices = new GLfloat[3 * number Of Vertices];

gl GenBuffers(1, &bo);
gl Bi ndBuf f er (GL_ARRAY_BUFFER_ARB, vbo);

gl Buf f er Dat a( GL_ARRAY_BUFFER_ARB, nunber OfBytes, vertices, G._STATI C_DRAW ARB);

/1 Al'so check oul

delete [] vertices;

m Does gl Buf f er Dat a block?

m Does gl Buf f er SubDat a block?

gl Del eteBuf fers(1, &vbo);
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Buffer Objects

m Usage Hint
Static: 1-to-n update-to-draw ratio
Dynamic: n-to-m update to draw (n < m)
Stream: 1-to-1 update to draw
m It's a hint. Do drivers take it into
consideration?

GL_ARB_debug_output tells us where the
buffer is stored




Layouts Layout Tradeoffs

Separate Buffers

positionBuffer: [ m Separate Buffers
Flexibility, e.g.:
normalBuffer: _ = Combination of static and dynamic buffers
textureCoordinateBuffer: : . = Multiple objects share the same buffer
. = Non-interleaved Buffer
Non-interleaved Buffer

] How is the memory coherence?
noninterieavedutter: [T )

m Interleaved Buffer

Interleaved Buffer Faster for static buffers
interleavedBuffer- |J I - [ -: y b-r.Fc;r’c;portlonal to the number of attributes
m ARyprid-

Images from www.virtualglobebook.com
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Vertex Throughput Tips Buffer Objects

m Optimize for the Vertex Cache

m Use smaller vertices
Use less precision, e.g., hal f instead of f | oat
Pack, then unpack in vertex shader
Derive attributes or components from other

Server’s Side

—L.THH .
FY

Target:
ARRAY

Client(s) B GenBuffer | BindBuffer
M
BufferData

STREAM | STATIC | DYNAMIC

BUFFER
MapBuffer,

attributes “ s o] e
How many components do you need to store a —
normal?

Map a pointer to driver-controlled memory
* Also map just a subset of the buffer

Image from http://developer.nvidia.com/object/using_VBOs.html
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DMA

m DMA — Direct Memory Access

1 Asynchronously transfer buffer between CPU and
GPU

1 Asynchronous with respect to the CPU, not always
the GPU

1 How many copies are made?

OpenGL Driver

FileRead(..) app glBufferDatal...)

or prepare memory
data manually

Vertex Data

Image from http://www.openglinsights.com/
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Buffer Mapping

m Use gl MapBuf f er, gl UnnmapBuf f er,
and friends to save a copy

wpenuL Lnver

glMapBuffer or

gIFushMappedBufierRange
or glunmapBuffer
Vertex Data
FileRead(...) or
direct modify

m Pointer returned by gl MapBuf f er is valid
until gl UnmapBuf f er is called.

Image from http://developer.nvidia.cc j ing_VBOs.html
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Buffer Mapping

Function Usage hint Destination memory | Transfer
rate (GB/s)
glBufferData / GL_STATIC DRAW device 3.79
glBufferSubData
glMapBuffer / GL_STREAM_DRAW pinned n/a ( pinned
glUnmapBuffer in CPU mem-
ory )
glMapBuffer / GL_STATIC DRAW device 5.73
glUnmapBuffer

Image from http://developer.nvidia.com/object/using_VBOs.html
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Buffer Mapping

m Use gl MapBuf f er Range to map a subset
of a buffer. Why?
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Buffer Mapping

m Use gl MapBuf f er Range to map a subset
of a buffer. Why?
Only upload the portion of a buffer that changed

Manual double buffering — use one half for
updating and the other for rendering
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Implicit Synchronization

m Command queue

m Rendering may occur a frame or two later

m Helps hide latency

m However implicit synchronization can occur:

framen +1

apgll:c;zhdun OiCear glBufferSubData

Swap
o ve aiDraulemers pinik

OpenGL driver has to wait because YBO is used
by alDrawElements from pravicus frame

driver
thread ‘

giCiear

Swap
‘giBuflerSubData | aiDrawElements. ini

frame n |

Image from http://developer.nvidia.com/object/using_VBOs.html
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Implicit Synchronization

m Avoiding implicit synchronization
Round-robin
Orphan
Manual synchronization
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Implicit Synchronization

= Round-robin

application Tamen |

Data giD;
thread glClear vbo[1] vbo[1]

Swap
Buffers

OpenGL driver doesn't need to synchronize
here because previous frame is using
another VBO

glDrawElements. Swap .
vbo[0] Buffers driver

gIBTerSubDat ‘
) ‘ thread

glClear ‘

a
vbol0]

Image from http://developer.nvidia.com/object/using_VBOs.html
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Implicit Synchronization

m Orphan — round robin inside the driver?

frame n - 1 frame n
glBufferData(NULL) | glBufferSubData Swap
alDrawElements | alClear e settialion ot giDrawEloments | okeP
Vertex Buffer Object

Buffer re-speciication

detaches the memory block e
o 1 VBO and aoctes
the new black,

Tho ot el sumes

to the heap when it is no
longer used.

detached
memory block ol Y

Image from http://developer.nvidia.com/object/using_VBOs.html
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Implicit Synchronization

m Use gl MapBuf f er Range with
G._MAP_UNSYNCHRONI ZED BI' T

Manually sync with gl Cl i ent Wi t Sync

frame 0 frame 1
giMapBuferRange wih Sn gapBufferRange wih s
giClear | GL_UNSYNCHRONIZED BIT | giDrawElements Bt giClear | GL_UNSYNCHRONIZED BIT | glDrawElements Buffers
offset 0 and offset 4006
l D inall ‘
frames are using different
part of one VBO

|

target

memary part used in frame 0 | memory part used in frame 1

Vertex Buffer Object

Image from http://developer.nvidia.com/object/using_VBOs.html

Implicit Synchronization

const int buffer number = frame number++ ¥ 3;

// VWait until buffer is free to use, in most case this should mot wait
// because we are using three buffers in chaim, glClientWaitSynmc
// function can be d for check if the TIMEQOUT is zero

result = (fences[buffer_number], 0, TIMEOUT);
if (result == F || result == LED)
{
// Something is wrong
}
(fences [buffer_number]);
, buffers[buffer numberl);

void #*ptr = C , offset, size, ¢«

| Yi

// Fill ptr with useful data
( );
// Use buffer in draw operation

glDrawArray(...);

// Put fence into command queue
fences [buffer_number] =

s 003

Image from http://developer.nvidia.com/object/using_VBOs.html
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Other Buffer Objects

m Pixel Buffers
m Texture Buffers
m Uniform Buffers

m These are not in OpenGL ES 2.




