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Coming upe SIGGRAPH200S
A Hardware intro
0 Frighteningly brief

0 For more details please refer to the paper
oLarrabeeCorAe Math Architecture foc

A Implementation of the existing pipeline
0 Why software rendering works

A Going beyond the pipeline
d It can do anything, but what sort of anything?
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HARDWARE INTRODUCTION
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Hardware intro

A What a C coder needs to know
d No time for a full architecture discussion
OdDoesnd6t go into details t
compiler dscheduling, instruction set, etc
A Architecture is very compiler  -friendly
0 Very few special-cases

0 Compiler and instruction set designed concurrently
A Often by the same people

d Good intrinsic support
0 C->assembly conversion is straightforwards
0 S0 no need to actually write assembly dyay!
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Fixed Function

Memory Controller
Memory Controller

x86 + SIMD
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Texture Logic

A Lots of real x86 cores

A Each has a 16-wide SIMD unit
A Fully coherent cache hierarchy
A Fixed -function texture units

Beyond Programmable Shading: Fundamentals
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Top-level structure

A Lots of x86 cores
d 16-float -wide SIMD instruction set
o0 Each with fully -coherent L1 and L2 caches

A Texture sampler units
0 Full DirectX/OpenGL functionality
d Have their own semi-coherent caches
d Same virtual memory space as the cores

A Full x86 protected virtual memory
0 Implement Posix threads, pre -emption, ring O -3, etc

A A fast bidirectional ring
0 L2 caches can share data with each other
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X86 cores

A Derived from Pentium 1
d Plus standard 64-bit instruction extensions

A Short in -order pipeline
Odlnnror der doesndt mean sl ow
0 Dual-issue dsimilar pairing rules to Pentium
d No latency on scalar ops, low latency on vector ops
0 Cheap mispredicted branches and cache misses

A 4-way SMT
0 Switches thread on every clock
0 Designed to hide L1 cache misses
0 Also helps hide vector instruction latency



SIMD pipeline

A 16-wide float32/int32, 8 -wide float64
0 Large number of 512-bit registers
d Ternary, multiply -add, one clock throughput
d One source can come from memory for free
d Most instructions have <<8-clock latency

A Free predication on every instruction
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0 16-bit predication registers done oOenabl ed

A Fast IEEE754

OBit-per fect match with
0 Full IEEE754 available

e Xl S
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SI'MD - pipel i ne COQG;;::Z%S
A All math done in float32/int32/float64

0 Nearly-free conversion to and from common formats
Afloatl6, int8, int16, norm8, norm16

d Cheap conversion to and from other graphics formats
AsRGB, float11:11:10, unorm10:10:10:2

A Gather/scatter instructions
0 Reads/writes 16 results to/from 16 different offsets

OWi th predication, all ows
ATake scalar code without aliasing, auto -SIMDise
AlIncluding loops, conditionals, calls, stacks, etc
AMaps to shaderstyle languages really well
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C aC h eS SIGGRAPH2008
A Each core has its own pair of caches

0 32kbyte L1(data), 256kbyte L2

A All fully coherent with each other
0 L2s can share data with each other
d Cores can cooperate on data quickly

A Lots of explicit cache controls
dControl s-teompoom@abdbi® str eami
0 Prefetch, evict, make -LRU, initialize instructions
o0 Autonomous unit can do large blocks of prefetches

0 Combines the fine control of a scratchpad with the
osoft edgesd of a cache
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4-way Simultaneous: Multi Threading

A Each core has 4 hardware threads
0 Each thread is a full separate x86 context

A One thread picked to execute per clock
0dCall ed oSMTO6 or OCMTO or
d Only picks threads that are awake

A Main purpose is to handle cache misses

0 Threads that miss the cache are put to sleep
0 Awake threads also help absorb instruction latency

A Shared L1, L2, TLB, etc

0 Good idea to have all threads working on same task
0 Very fast communications between those threads
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Texture Sampler Units

A Still much faster than software (~20x)
0 Full-spec DX/OGL sampler units
0 Supports all standard formats, anisotropy, etc
0 Requests sent by core as 4x4 blocks of UV coords
0 Returns sampled & filtered RGBA results

A Same virtual memory space as cores
0 Has TLBs, page walker, uses same page tables
OdPage faults can be oO0softo
A Access is through wafer -thin APIs

d All calls will be inlined
o0 API handles fiddly bit -twiddling
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A hopefully convincing iIntroduct.

SOFTWARE RENDERING



