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Data movement is the issue
Memory types

Design examples

- Buffer objects

< Superbuffers (in process)
Programmable GPU memory

Q&A

f

f

|"

f

f

NVIDIA CONFIDENTIAL ﬁ V IDI h .




Data Movement




Semiconductor Scaling Rates

From: Digital Systems Engineering, Dally and Poulton

Parameter T el
Moore’s Law (grids on a die)** 1B 1.49 1.75
Gate Delay 150 pS | 0.87 (5)
Capability (grids / gate delay) 1.71 1.3
Device-length wire delay 1.00
Die-length wire delay / gate delay 1.71 1.3
Pins per package 750 1.11 7
Aggregate off-chip bandwidth 1.28 3

** |gnores multi-layer metal, 8-layers in 2001 HVIDIA




Two Approaches

-~ Move data faster (optimize speed)
< Point-to-point wiring
<~ Advanced protocols (e.g. clock in data)
< Wide interfaces (256-bit GPUs)
-~ Move data less (optimize locality)
< Algorithm
< Architecture (e.g. pipeline GPU)
- Cache data
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It's All Cachel
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PA-8500 microprocessor
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Memory Types
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OpenGL’'s Memory Types

< Byte memory
< Client pixel data
<~ Element memory
< Framebuffer
< Texture object’s image

< Others
< Display list memory

.
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Memory Properties

Client pixel data Framebuffer
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Buffer Objects




Classic Immediate Mode

< Convenient

<« Flexible
< Match client data structures
< Per-vertex / per-primitive

« Slow
< Vector form slightly faster
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Vertex Arrays

gl Vert exPoi nt er ( size, type, stride, *pointer) ;

gl Enabl ed i ent St at e( GL_VERTEX_ARRAY) ;

SN

gl Dr awAr r ays( mode, first, count) ;
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Vertex Array Problems

< Client-side array is far from pipeline

< Hard for application to use the right memory
< On PC, AGP memory

<
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Solutions

< NV_vertex_array_range
<~ Make vertex arrays work better
< Relax coherence rules to enable pulling
< Help client to position arrays in AGP memory

< Array objects
< Extend vertex arrays with element memory
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Good Qualities of Vertex Arrays

<~ Easy to mix and match array data
< Share vertex array with multiple color arrays
< Disable any array for debugging
< Memory mapped
< Client can cherry-pick updates
< Extra copies avoided
< Great for immediate mode rendering
-~ Easy to mix usage models
< Static array data
<~ Dynamic array data -
<=
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ARB Solution: Server-side Buffer Objects

< Byte memory (mappable)
<« Server side (efficient for rendering, sharable)

Byte
Memory
+ State
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Modifying Buffer Object Data

< Functional
< gl Buf f er SubDat aARB( target, offset, size, *data) ;

< gl Get Buf f er SubDat aARB( target, offset, size, *data) ;

< Always safe

< Memory mapped
<voi d *gl MapBuf f er ARB( target, access) ;

< @.bool ean *gl UnmapBuf f er ARB( target) ;
<~ May result in data loss
-~ May not be faster

<
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Mapping Rules

- Be prepared for data loss

<~ Map for brief periods only

< Map it, modify it, then unmap it

< Don’t render from a mapped buffer
<~ Don’t pass a map pointer to the GL
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Store Vertex Arrays in Buffers

Ver t exPoi nt er ( size, type, stride, *pointer) ;
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Client and Server State

<« Buffer objects are server state
< Vertex arrays parameters are client state
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Superbuffers

(In Process)




The OpenGL “Machine Tool”
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Problems

<~ Framebuffer to texture transfer
<~ Copy is too slow
< Current acceleration methods (pbuffers) are
< Window-system specific
- Awkward to use
<~ Framebuffer to geometry transfer
<~ Copy is too slow
<~ There are no acceleration methods

< Re re
- o @’:’;,
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Why Not Add Destructive Copy?

< Virtue of simplicity
< Issues

< Can’t be anticipated
< Forces 2x memory when not otherwise needed

<
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Superbuffer Solution

< Invent framebuffer objects
< Much like texture objects
< Invent element memory objects
< 1D, 2D, or 3D images
< Attach element memory objects
< To texture objects, as image levels

< To framebuffer objects, as color, depth, and stencil
buffers

<
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Superbuffers

Buffer Texture
Object Object
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Can element memory
objects be attached to
buffer objects?




GPU Memory
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So Far So Good

f

Byte / element distinction makes sense
Texture is element memory

< Always accessed through functional interface
Framebuffer is element memory

<~ Rendered through functional interface

<~ Cannot be read by vertex/fragment processor
Language arrays are “byte” memory
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Summary

< NVIDIA is committed to OpenGL

<~ OpenGL is evolving
< Buffer objects will be in 1.5, due this summer
< Superbuffers are underway, no target date

<~ Byte / element memory distinction has been useful

<

NVIDIA CONFIDENTIAL ﬂ V I D l h .




For More Information

-

< http://developer.nvidia.com/view.asp?lO=presentati
ons
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