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GPUs
·Offer much performance per $

·Designed for the highly data-parallel computations  of 
graphics

GPGPU: General-Purpose Computations on the GPU

üExploit  the GPU for general-purpose  computations

üSorting

üBioinformatics

üPhysics Modelling
www.gpgpu.org
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GPU vs CPU GFLOPS Chart
Source: NVIDIA CUDA Programming Manual

An example of GPU hardware
·NVIDIA GeForce 8800 GTX 

·128 Processing elements 

·Divided into 16 Multiprocessors

·Exists with up to 768MB of Device memory

·384-bit bus 

·86.4GB/sec Bandwidth

www.nvidia.com/page/geforce_8800.html
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A Set of SIMD Multiprocessors
·In each Multiprocessor

·Shared Memory 
(currently 16Kb)

·32 bit registers (8192)

·Memory 

·Uncached Device 
Memory

·Read-only constant 
memory

·Read-only texture 
memory 

Source: NVIDIA CUDA Programming manual

NVIDIA CUDA
·CUDA: Compute Unified Device Architecture

·Simplifies GPGPU programming by: 

· Supplying a C compiler and libraries

·Giving a general purpose interface to the GPU

·Available for high end NVIDIA GPUs

www.nvidia.com/cuda
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CUDA Programming Model
·Execute a high number of threads in parallel

·Block of threads

· Up to 512 threads 

· Executed by a multiprocessor

· Blocks are organized into grids

·Maximum grid dimensions: 65536*65536

·Thread Warp

· 32 threads 

· Scheduled unit 

· SIMD execution  
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CUDA Programming Model
·A program written to execute on the GPU is called a 

Kernel.

·A kernel is executed by a block of threads

·Can be replicated across  a number of blocks.

·The Block and Grid dimensions are specified when the 
kernel is launched.

CUDA Programming Model
·A number of constants are available to the 

programmer.

·threadIdx

· A vector specifying thread ID in <x,y,z>

·blockIdx

· A vector specifying block ID in <x,y>

·blockDim

· The dimensions of the block of threads.

·gridDim

· The dimensions of the grid of blocks.
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CUDA Syncronisation
·CUDA supplies a synchronisation primitive, 

__syncthreads()

·Barrier synchronisation

·Across all the threads of a block

·Coordinate communication

Obsidian
·Embedded in Haskell

·High level programming interface

·Using features such as higher order functions

·Targeting NVIDIA GPUs

·Generating CUDA C code

·Exploring similarities between structural hardware 
design and data-parallel programming.

·Borrowing ideas from Lava.
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Obsidian and Lava: Parallel 
programming and Hardware design

·Lava

·Language for structural hardware design.

·Uses combinators that capture connection patterns.

·Obsidian

·Explores if a similar programming style is applicable to 
data-parallel programming.

Obsidian and Lava
Obsidian Lava

·Generates C code.

·Can output parameterized 
code.

·Iteration inside kernels

·Generates netlists.

·Recursion
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Obsidian Programming
A small example, reverse and increment:

rev_incr :: Arr (Exp Int) - > W (Arr (Exp Int))

rev_incr = rev - >- fun (+1)

*Obsidian> execute rev_incr [1..10]

[11,10,9,8,7,6,5,4,3,2]

Code is 
Generated, 

Compiled and 
it is Executed 
on the GPU

Obsidian Programming
CUDA C code generated from rev_incr :

__global__ static void rev_incr ( int *values, int n)

{

extern __shared__ int shared[];

int *source = shared;

int *target = &shared[n];

const int tid = threadIdx.x;

int *tmp;

source[tid] = values[tid];

__syncthreads();

target[tid] = (source[((n - 1) - tid)] + 1);

__syncthreads();

tmp = source;

source = target;

target = tmp;

__syncthreads();

values[tid] = source[tid];

}

Setup

1

2
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About the generated Code
·Generated code is executed by a single block of 

threads.

·Every Thread is responsible for writing to a particular 
array index.

·Limits us to 512 elements. (given 512 threads) 

Obsidian Programming
·A larger example and a comparison of Lava and 

Obsidan programming

·A sorter called Vsort is implemented in both Lava and 
Obsidian

·Vsort

· Built around:

·A two-sorter (sort2)

·A shuff le exchange network (shex )

·And a wiring pattern here called (tau1)
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Lava Vsort
·Shuffle exchange network 

rep 0 f = id 

rep n f = f - >- rep (n - 1) f 

shex n f = rep n (riffle - >- evens f)

Shuffle Exchange Network


