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Fixed Function e 1980s-1990s; configurable, not programmable;
Graphic Pipelines first APIs (DirectX, OpenGL); Vertex Processing

dyelel=1nalng 1ol [SHE BRI o Since 2001: APIs for Vertex Shading, Pixel
Time Graphics Shading and access to texture; DirectX9

Wlallilse M€ g=Tolal[eH=1a[¢ Ml « 2006: NVIDIAs G80; unified processors arrays;
@o]na[sl0ldls[eMdgelalcI{e)gl three programmable shading stages; DirectX10

1 [El=| WP Tgelo =M€V « compute problem as native graphic operations;
(GPGPU) algorithms as shaders; data in textures

e Programming CUDA; shaders programmable;
load and store instructions; barriers; atomics

GPU Computing
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OpenCL Platform Model

Host

e
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[4]

m OpenCL exposes CPUs, GPUs, and other Accelerators as “devices”

Hasso
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m Each “device” contains one or more “compute units”, i.e. cores, SMs,...

m Each “compute unit” contains one or more SIMD “processing elements”
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An OpenCL kernel is executed by an array of work items.

m All work items run the same code (SPMD)

m 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 = g'et_global_id{ﬂ};

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

[1]
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Divide monolithic work item array into work groups

m Work items within a work group cooperate via shared
memory, atomic operations and barrier synchronization

m Work items in different work groups cannot cooperate

work group 0 work group 1

work items 0 1 2 3 4 i) g 7 g g 0 11 12 13 14 15

int id = get_global id{0}: int id = get global id(D); Eun
result[id] = a[id] + b [id]; result[id] = alid] + b [id];

[1]
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OpenCL Memory Architecture
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Building and Executing OpenCL Code
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Kernel

(@

Code
of one
or
more
Kernels

J

Compile for GPU

Compile for CPU

Program

GPU Binary
Represen-
tation

CPU Binary
Represen-

OpenCL codes must be prepared to deal with much
greater hardware diversity (features are optional and
my not be supported on all devices) — compile code
that is tailored according to the device configuration
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// based on Task Parallel Library
Threading.Tasks.Parallel.For (0, dataSize, action);

// our Library
Hybrid.Parallel.For (0, dataSize, action);

Hybrid.Parallel Library OpenCL code as
. . S String (Platform
Application Partitioning/ _
PP et b e O%enCL Code independent)
Unit enerator
Virtual Machine y
OpenCL
Driver
Operating System f /
. CPU ; GPU Compute

Device
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(Instructions)

D Kernel Code

CPU Performance¥

Access Pattern? 1




Hybrid Parallel For .NET Evaluation
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H = N N
O O A

Speedup Factor
© N 0 N
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w Parallel.For
(.NET 4.0)

Hybrid.Paral
lel.For
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Hybrid Parallel For .NET Evaluation H sttt

0,10s 8,00s

f 7,00s
0,08s /
/ 6,00s /
0,063 SJOOS
/ 4,00s /

0,04s / 3,00s

2,00s
0,025 " /

1,00s B

J’ .’
0,00s - | | 0,00s M ; ]

9 25 49 81 121 81 121 169 225 289 361 441 529

s Parallel. For Problem Size
(.NET 4.0)

Execution Time

=== Hybrid.Parallel.For

N

N

Factor

Execution
Overhead
o

121 169 225 289 361 441 529
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,Operating Systems must support GPU abstractions"

— Rossbach, Currey, Witchel [HotOS11]

m PTask API by Rossbach et al. (based on CUDA)
o Workload as acyclic graphs of ptasks — executed on GPU
o Proof-of-concept: encryption / decryption for Linux EncFS
m GPUStore by Sun et al. (based on CUDA)
o Specially tailored for storage systems
o GPUs for encryption and RAID functionality
m Gdev framework by Kato et al. (based on Direct Rendering Int.)
o Reverse engineering of graphics card driver internals
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m Use Global Memory as paging
backing store

o Typical desktop systems with
VRAM of 1+ GB

o VRAM unused most of the
time

m Decrease paging operation
latencies
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System RAM Distribution
(Steam HW Survey May 2012)

less
> or than 2
more GB:
GB; 6,71%

30,76%

4 GB;
23,64%

% 4

~ 70% less than 5 GB
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VRAM Distribution
(Steam HW Survey May 2012)

more
than 256 MB;
1024 10,68%

MB; 512 MB;
8,93% ‘ 19,44%
Other;

19,68% e

~ 50% at least 1 GB
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Paging Request Read

Occurances

9000

8000

7000

Read requests to

pagefile

Other
17%

65KB
16%

Total
Size in bytes
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m 4096
8192
12288

m 16384

m 20480

m 24576

m 28672
32768
36864

® 40960

m 45056

m 49152
53248
57344
61440
65536
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10000

Write requests to el
m 8192

pagefile m12288
m 16384

Other m 20480
-~ 24576

W 28672
32768
36864
m 40960
m 45056
m 49152
B 57344
® 61440

65536

| | " 69632
I 73728
Total m77824
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1000
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Memory Operating
System

2600k Intel Core Nvidia GeForce 8 GB Intel Rapid Windows 7
460gtx i7-2600K GTX 460 DDR3 Storage Ultimate SP1
3,7 Ghz 1023 MB 64 GB 64 bit
GDDR5 SSD
ES500 Intel Core Nvidia GeForce 8 GB 1TB Windows 7
275gtx 2 Duo GTX 275 DDR2 HDD Ultimate SP1
ES8500 896 MB GDDR3 64 bit
3,17 Ghz
2620m Intel Core Nvidia GeForce 8 GB 240 GB Windows 7
540mgt i7-2620M GT 540M DDR3 SSD Ultimate SP1

2,7 Ghz 3 GB GDDR3 64 bit
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Evaluation

10000,00 MB/s
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Q
(§)
c
E 1000,00 MB/s
S
Yo
@
o 100,00 MB/s
C
3
= 10,00 MB/s
)
9
3 1,00 MB/s
User Mode NELEL
Mode GPU-
. GPU-based System
Disk : based
Paging Pagi Memory
Cache aging
Cache
m 2600k 460gtx 18,33 MB/s 112,78 MB/s 106,58 MB/s | 1061,18 MB/s
m2620m 540mgt, 24,96 MB/s 22,01 MB/s 105,97 MB/s 986,77 MB/s
w E8500 275gtx 5,37 MB/s 57,69 MB/s 207,14 MB/s 629,28 MB/s
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,Operating Systems must support GPU abstractions"

m GPU as yet another processor
0 Resource abstraction, scheduling, security

m Transparent data transfer and execution on all types of
accelerators

Application

river

GPU Compute
' Device
O "'u,,




