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BANDWIDTH BOTTLENECK

CPU GPU

PCle 3.0 x16

16 GB/s

DDR3 MC GDDRS5 MC

60 GB/s 320 GB/s
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HSA FEATURES




HETEROGENEOUS UNIFIED ™
MEMORY ARCHITECTURE
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SHARED MEMORY

Coherent Memory:
GPU

CSOF®

Ensures CPU and HW
GPU oherency
caches both see

an up-to-date view

of data Pageable memory:
Physical Memory

The GPU can seamlessly
access virtual memory
addresses that are not

(yet)
present in physical
memory

Virtual Memory

Entire memory space:
Both CPU and GPU can access and allocate any
location in the system’s virtual memory space
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SHARED MEMORY

CPU explicitly copies data to GPU memory
GPU completes computation
CPU explicitly copies result back to CPU memory

CPU Memory GPU Memor
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SHARED MEEMORY

CPU simply passes a pointer to GPU
GPU complete computation
CPU can read the result directly — no copying needed!

CPU GPU

N
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CPU / GPU Uniform Memory
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SHARED MEMORY
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SHARED MEMORY
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HETEROGENEOUS QUEUING

hQ

| |
|1I 17111
CPU GPU

» Heterogeneous queuing (hQ) defines how processors interact equally

» GPU and CPU have equal flexibility to create/dispatch work
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HETEROGENEOUS QUEUING
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NOT BAD NOT BAD

MCK®'2014 MockBa



LOW LATENCY DISPATCH
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LANGUAGE SUPPORT
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HSA Helper HSA Core
Libraries Runtime
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Kernel Fusion
Driver (KFD)

HSA Finalizer

)
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LANGUAGE SUPPORT

Aparapi = Runtime capable of converting Java™ bytecode to OpenCL™

Developer creates )
Java™ source For execution on any

OpenCL™ 1.1+ capable device

Source compiled to class files
(bytecode) using standard compiler

OR execute via a thread pool if
OpenCL™ is not available

\\\:\
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LANGUAGE SUPPORT

Application

APARAPI

JVM

CPU ISAy GPU ISA

Application

APARAPI

NAVIY

CPU ISA vy GPU ISA

HSA CPU HSA CPU

Application

APARAPI

HSA Runtime
LLVM Optimizer

CPU ISAvy GPU ISA

HSA CPU HSA CPU
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MEMORY FOOTPRINT

» Modern video games uses huge
amount of memory for geometry and
texture data

- The largest class of memory
usage is textures (>60%)

* nVidia Eliminating Texture Waste: Borderless Ptex
[/ GDC2013
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TEXTURE COMPRESSION

Memory GPU

Vo

\
Lossy compression \
Fixed compression rate from \u‘ |
1:4to 1:36 .

Compressed Decoded by hardware (usually Uncompressed
textures between $L2 and $L1) data
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TEXTURE COMPRESSION
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Color 0O - } Two color
— endpoints

Color_1 B/ 16 + 16 bit
10/00|10 (01

00]00/11]01 Index table
00[10|11 01 4x4x2 bit

00{11(01|01

Source block Compressed block

512 bit 64 bit
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TEXTURE COMPRESSION

» Adaptive Scalable Texture Compression
» Fixed block size of 128 bits; footprint determines bit rate
» BISE allows flexible allocation of bits between different kinds of information
P Supports:
» LDR and HDR
» 2D and 3D textures
» Up to 4 color endpoint pairs
» Outperforms any other texture compression formats
» Adopted by Khronos

o|l1]2]3]4a[5]e|7]|s]o]10]11]12]13]14[15]16]17]18]19]20]21[22[23|24]25]26|27|28[29[30]31
Index Mode PC Partition Index (if needed) Color Mode

32|33]34(35[36 (37|38 ]39] 40| 41[42[43]44 45|46 |47]48]49]50]51[52|53]54]55] 56|57 (58|59 60[61]62]63
Color Endpoint Data (variable width) Fill direction —

6465|6667 |68 69| 70| 71| 72[73[74| 75|76 | 77| 78] 79|80 |81 [ 82|83 |84| 85|86 |87 |88 [89] 90|91 | 92|03 [94] 95
. Extra Color Mode Data |

96|97|93|99|1DD|101|102|103|1D4|105|105|1D?|108|1DB|11D|111|112|113|114|115|116|117|11B|119|120|121|122|123|124|125|125|12?

«Fill direction Color Weight Data (variable width)

MCK®'2014 Mocksa

33



ACCELERATING ASTC
COMPRESSION
WITH HSA




ASTC COMPRESSION

Testing 16 block modes, early out between each

S

Early out if compressed
well enough

MCK®'2014 MockBa

Test next
block mode
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SIMD DIVERGENCE

» Early out algorithms exhibit divergence between work items
— Some work items exit early
— Their neighbors continue
— SIMD packing suffers as a result

MCK®'2014 MockBa
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BLOCK BATCHING

25

RN

N\

10

Bpewms, ¢
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8 16 32 64 128 256 512 1024
Pasmep naketa

» We need at least 128 blocks in a batch to feed SIMD core
» Big batches consumes a lot of memory (~900 MB for 512 blocks)
» Copying all this data will ruin performance
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RESULTS SO FAR

Compression time

Quality
: Speedup
Settings . HSA accelerated
Original codec
codec

Medium 12.2 sec 3.4 sec 3.590x
Thorough 47.1 sec 10.6 sec 4.44x
Exhaustive |109.3 sec 21.3 sec 5.13x

» AMD A10-7850K — 4 CPU cores @3.7GHz, 8 GPU cores @720Mhz

» Up to 5x speedup
» No dynamic load balancing, so there is a room for increasing performance
even further
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