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Why GPU Compute Devices?
Short Term View: Cheap Performance

Performance
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Why GPU Compute Devices? ﬂ?ﬁﬁiﬁer
Middle Term View: More Performance
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Why GPU Compute Devices? ﬂ Hasso

Long Term View: Hybrid Computing

Dealing with massivly multi -core:
Yy New architectures are evaluated (Intel SCQC)

y" Accelerators that accompany common general
purpose CPUs (Hybrid Systems )

Hybrid Systems

y" GPU Compute Devices:
High Performance Computing (3 of top 5
supercomputers are GPU -based!),
Business Servers, Home/Desktop Computers,
Mobile and Embedded Systems

y' Special -Purpose Accelerators:
(de)compression , XML parsing , ( en|de )cryption ,
regular expression matching
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Fixed Function A 1980s -1990s; configurable , not programmable;
Graphic Pipelines first APIs (DirectX, OpenGL); Vertex Processing

LIyl CHSEEINEIN A Since 2001: APIs for Vertex Shading, Pixel
Time Graphics Shading and access to texture ; DirectX9

Unified Graphics and A 2006: NVIDIAs G80; unified processors arrays;
Computing Processors three programmable  shading stages ; DirectX10

General Purpose GPU A compute problem as native graphic operations;
(G PGPU) algorithms as shaders; data in textures

A Programming CUDA; shaders programmable ;
load and store instructions : barriers ; atomics

GPU Computing
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CPU vs. GPU Architecture
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Open Compute Language (
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AMD

ATI

NVIDIA

Intel

Apple

Merged, needed
commonality across

products

GPU vendor 1 wants
— to steal market
share from CPU

CPU vendor 1 wants
— to steal market
share from GPU

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

standardize.
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OpenCL Platform Model
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y" OpenCL exposes CPUs, GPUs, and other

y Eachideviccoendt ai ns

y Each

Acomput e
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OpenCL Execution Model

Parallel work is submitted to devices by launching kernels

<

NDRange ), broken up
Awor k i1 temso

Kernels run over global dimension index ranges (
i nto Awork groupso, and

<

Yy Work items executing within the same work group can synchronize with
each other with barriers or memory fences

Yy Work i t ems i n di
by launching a new kernel

wor k groups canbod

work-group size Sx

fferent

=l
1

work-group (w,, wy)

NDRange size G
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OpenCL Execution Model
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work-group size S,

X
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-items, their global IDs
-group and local IDs.
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An OpenCL kernel is executed by  an array of work items.
y" All work items run the same code (SPMD)

y" Each work item has an index that it uses to compute memory
addresses and make control decisions

threads 0l1]2]3]4 5|6‘T|

int id = get_global_id[ﬂ];

result[id] = a[id] + b [id];

[1]



Work Groups: Scalable Cooperation
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Divide monolithic work item array into work groups

Yy Work items within a work group cooperate via

memory

, atomic operations

and barrier

shared
synchronization

Yy Work items in different work groups cannot cooperate

work items

work group 0

work group 1

0 1 2

3

4

5

g

10

11

12

int id = get glcbal idi{0);
= alid] + b [id]:

regult[id]

result[id]

int id = get global id{0);
= al[id] + b [id]:
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OpenCL Memory Architecture

Compute Device

Private
memory 1

Compute unit 7

Private
memory M

Compute unit Nf
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Private
Per work -item

Local
Shared within
a workgroup

Global/
Constant

Visible to
all workgroups

Host Memory
On the CPU
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Yy Memory managementis explicit : you must move data from host
Y global Y | oc al ébackn d

Description/  Characteristics
Type

Global __global Shared by all work items ; read/write ; may be
Memory cached (modern GPU), else slow; huge
Private ___private For local variables; per work item; may be
Memory mapped onto global memory (Arrays on GPU)
Local __local Shared between workitems of a work group ;
Memory may be mapped onto global memory (not

GPU), else fast; small

Constant ___constant Read-only, cached ; add. special kind for GPUs:
Memory texture memory
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Host Interface

GF100
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Raster Engine
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GF100

PolyMorph Engine

‘ |—| Viewport
Vertex Fetch ‘ Tessellator H Transform |

‘Auribute Setup | | Stream Cutput ‘ [9]
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