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The Power of  GPU Compute  Devices  
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Fluids  NBody  

RadixSort  



Wide Varity  of  Application  Domains  
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http://www.nvidia.com/object/cuda_apps_flash_new.html
http://www.nvidia.com/object/cuda_apps_flash_new.html
http://www.nvidia.com/object/tesla_testimonials.html
http://www.nvidia.com/object/tesla_testimonials.html
http://www.nvidia.com/object/tesla_testimonials.html


Why GPU Compute Devices?  
Short Term View: Cheap Performance  

Performance  

 

 

 

 

 

 

 

 

Energy / Price  

ƴ Cheap to buy and to maintain  

ƴ GFLOPS per watt: Fermi 1,5 / Keppler 5 / Maxwell 15  
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Problem Size (Number of Sudoku Places)  

Intel E8500 CPU

AMD R800 GPU

NVIDIA GT200 GPU

lower means faster  



Why GPU Compute Devices?  
Middle Term View: More Performance  
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Why GPU Compute Devices?  
Long Term View: Hybrid Computing  

Dealing with massivly multi -core:  

ƴ New architectures are evaluated (Intel SCC) 

ƴ Accelerators that accompany common general 

purpose CPUs (Hybrid Systems )  

 

Hybrid Systems  

ƴ GPU Compute Devices:   

High Performance Computing (3 of top 5 

supercomputers are GPU -based!),  

Business Servers, Home/Desktop Computers, 

Mobile and Embedded Systems  

ƴ Special - Purpose Accelerators:  

(de)compression , XML parsing , ( en|de )cryption , 

regular expression matching  
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History of GPU Computing  
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Å1980s -1990s; configurable , not programmable; 
first APIs (DirectX, OpenGL); Vertex Processing  

Fixed Function 
Graphic Pipelines  

ÅSince 2001: APIs for Vertex Shading, Pixel 
Shading and access to  texture ; DirectX9  

Programmable Real -
Time Graphics  

Å2006: NVIDIAs G80; unified processors arrays; 
three programmable shading  stages ; DirectX10  

Unified Graphics and 
Computing Processors  

Åcompute problem as native graphic operations; 
algorithms as shaders; data in textures  

General Purpose GPU 
(GPGPU)  

ÅProgramming  CUDA; shaders  programmable ; 
load and store  instructions ; barriers ; atomics  

GPU Computing  



CPU vs. GPU Architecture  
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Open Compute Language ( OpenCL )  
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AMD  

ATI  

NVIDIA  

Intel  

Apple  

Merged, needed 
commonality across 
products  

GPU vendor ï wants 
to steal market 
share from CPU  

Was tired of recoding 
for many core, GPUs. 
Pushed vendors to 
standardize.  

CPU vendor ï wants 
to steal market 
share from GPU  

Wrote 
a 

draft 
straw 
man 
API 

Khronos 
Compute 

Group 
formed  

Ericsson  

Nokia  

IBM  

Sony  

Blizzard  

Texas  
Instruments  

é 
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OpenCL Platform Model  

 

 

 

 

 

 

 

 

 

 

 

ƴ OpenCL  exposes  CPUs, GPUs, and other Accelerators  as ñdevices ò 

ƴ Each ñdeviceò contains one or more ñcompute unitsò, i.e. cores, SMs,...  

ƴ Each ñcompute unitò contains one or more SIMD ñprocessing elementsò 
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OpenCL  Execution  Model  

ƴ Parallel work is submitted to devices by launching kernels  

ƴ Kernels run over global dimension index ranges ( NDRange ), broken up 

into ñwork groupsò, and ñwork itemsò 

ƴ Work items executing within the same work group can synchronize with 

each other with barriers or memory fences  

ƴ Work items in different work groups canôt sync with each other, except 

by launching a new kernel  
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OpenCL Execution Model  

 

 

 

 

 

 

 

 

 

 

 

 

An example of an NDRange  index space showing work - items, their global IDs 

and their mapping onto the pair of work -group and local IDs.  
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OpenCL Execution Model  

An OpenCL  kernel is executed by an array of work items.  

ƴ All work items run the same code (SPMD)  

ƴ Each work item has an index that it uses to compute memory 

addresses and make control decisions  
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Work Groups: Scalable Cooperation  

Divide monolithic work item array into work groups  

ƴWork items within a work group cooperate via shared 

memory , atomic operations and barrier synchronization  

ƴWork items in different work groups cannot cooperate  
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OpenCL Memory Architecture  

 

Private  

Per work - item  

 

Local  

Shared within  

a workgroup  

 

Global/  

Constant  

Visible to  

all workgroups  

 

Host Memory  

On the CPU  
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OpenCL  Memory Architecture  

ƴMemory management is explicit : you must move data from host 

Ÿ global Ÿ localé and back  
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Memory 
Type  

Keyword  Description/ Characteristics  

Global 
Memory  

__global  Shared  by  all work  items ; read / write ; may  be 
cached  (modern GPU), else  slow ; huge  

Private 
Memory  

__private  For  local  variables; per work  item; may  be 
mapped  onto  global memory  (Arrays on GPU)  

Local  
Memory  

__ local  Shared  between  workitems  of  a work  group ; 
may  be mapped  onto  global memory  (not 
GPU), else  fast; small  

Constant 
Memory  

__ constant  Read-only , cached ; add . special  kind  for  GPUs: 
texture  memory  



GPU Computing Platforms  

AMD  

R700, R800, R900  

 

 

 

 

NVIDIA  

G80, G92, GT200, GF100, GF110  

 

Geforce, Quadro,  

Tesla, ION  
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GF10 
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GPU 
Hardware 
in Detail  
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GF100  

ParProg | GPU Computing | FF2011  

35  

[9]  

GF100  

L2 Cache  



GF100  
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GF100  



GF100  
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GF100  
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GF100  
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GF100  


