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GPUs and Programmability

GPU Architecture Model
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Philosophy

= Vendor Libraries
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Problems

* Expertise required

* Platform specific

* Manual re-tuning

* Extensions to:
New architectures
New algorithms

= Auto-tuned Libraries
-

= Computer Generated Libraries: SPIRAL for GPUs
Ad Auto-tuning at
= Specifcation

GPU library
Platform-tuned

Forward Problem: Match Algorithm to Architecture
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Architecture

Restrictions

= 15 Multiprocessors = Banked Shared Memory

> 32 banks
Within one warp resolve bank conflicts
Every thread in the warp Reads/Writes
at different bank
32 threads in a warp to 32 banks
* Register pressure

= 32 cores per multiprocessor

= 32 K registers per multiprocessor
= 48 KB of shared memory

= 16 KB of L1 cache

= 768 KB of L2 cache

= Uncommon Architectural Model

» Size of registers > Size of caches

* Global Memory

> Only block transfers, using caches
» Double buffering

= 1.5 GB of GPU Memory

Automatic Library
Generation With Spiral

Max registers per MP = 32K/# of threads per MP

Shared Memory Optimized GPU DFT Algorithm
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GPU Stockham :

* Inplace algorithm
* Minimize global memory transfers
+ Use Shared memor

Register to register computations
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Identify hardware parameters
vector(v)

Key problems

= Parallelism, Vectorization, Memory Hierarchy
Identify formulas
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Domain Specific Language
A®@B = [a1B], for A = [ay,]
Address Hardware Characteristics
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Derive algorithm

Advantages
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= Efficient handling of complexity

Generate platform

= Efficient porting to new platforms
oriented algorithm
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Generate Platform Tuned Code

y=(LeDFT)x y=(DFTy&L)x

Algorithm &
Program Generation

Platform specification Problem

btractic Transform:
= spaces of matching formulas problem size, kernel choice.

Vector length, fprocessors, ..

zbslvimun abstraction

Avtomatic source code
‘generation

architecture
space

algorithm
space
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Customized, high-performance code for GPU platform
Mapped to target architecture by construction

GPU Architectural Constrains in Formulas
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GPU Code Through Formula Rewriting
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parallelization

Fast algorithm in 3 vectorization
memory architecture

choices
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Iteration of this process to search for the fastest
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Next Step

Correlation (Frequency Domain)

= Code generator
= Only one data transfer from CPU DRAM to GPU
= Minimize GPU DRAM memory roundtrips

Input signals
= Application Scenario

Output signal

IFFT

FFT

= PDE solvers

= Huge correlations

Future Work

= Fast PDE solvers on GPUs
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