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1. Introduction to GPGPU.
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1.1 GPU versus CPU:
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“This year saw a breakthrough with GpuTeraSort which uses the GPU
interface to drive the memory more efficiently (and uses the 10x more memory
bandwidth inside the GPU). GpuTeraSort gave a 3x records/second/cpu
improvement”! A "> B
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Recent Performance Trends
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GFLOP performance
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1.2 Non-von Neumann
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“...new work must go beyond simply “porting™ an existing algorithm to the
GPU, to demonstrating general principles and techniques or making significantly

new and non-obvious use of the hardware.”

1.3 Physics Processing on the Desktop
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“There is a possibility that the GPU can supply limited snippets of “physics”
effects. The GPU community has been trying to encourage the use of this
functionality for years with limited success. As we’ve seen with 3D, there is nothing
like dedicated hardware to allow interactive physics to be fully exploited in
tomorrow’s games.”
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GPUs also have a clear advantage as a pre-existing technology familiar and
readily available to consumers and game developers, providing other benefits such
as wide-spread availability, commodity pricing, and mature standards for hardware

and software interfaces.
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General computing power, whatever its purpose, should come from the
central resources of the system. If these resources should prove inadequate, then it is

the system, not the display that needs more computing power!
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2. Graphics Cards

2.1  Graphics Card Hardware
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2.2  Rate of growth
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“Their "Moore's Law" is faster than that for CPUs, owing primarily to their
stream architecture which enables all additional transistors to be devoted to
increasing computational power directly.”
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Processing Power (GFlops)

60

50 -

40

30

20

Processing Power and Bandwidth of GPUs.

Geforce GE00
{dan 2004)

GeForce FX 5900
{Jun 2003)

10
GeFaroe FX SB00
(Dec 2002}
o L 1 1 i -
Dec 02 Mar 03 Jun 03 Oct 03 Jan 04 Apr 04
Date
- 0! >8
*%l L ] %l L
0 0
"&8% A" & 8% B
E % 6 A,33+B 0!3*6H %
$,*"&8% 5 =$/33=
$,3*"&8% ]
*%l L . %l L ]
*%ll
Foh*0%"" I 8
%

$)

,33)!

%""!



2.2.1 Pipelining
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2.2.2 Parallelism
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In addition to the SIMD and vector processing capabilities, each fragment
processor can also exploit instruction-level parallelism, evaluating multiple
instructions simultaneously using different ALUS!
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2.3  Programmable Graphics
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GPU Software Infrastructure

3D Application or Game

Birect3D OpenGL
Cg Runtime Cg Runtime |

3 5 3 'L‘*

Cg Compiler ﬁ‘ 1 ‘Qore Cg Runtime
e sl L 1

3D API: OpenGL or Direct3D j

| |
Graphics Processing Unit IGPLI_] ‘
Y > G 330!

8 * 0

|
C - DA 9
$17/ 0" " "85 5 -
B 1 4 e
_ . %ll

8 *&

2.4  Shader Languages
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The Cg language is based on both the syntax and the philosophy of C
[Kernighan and Ritchie 1988]. In particular, Cg is intended to be general-purpose
(as much as is possible on graphics hardware), rather than application specific, and
is a hardware-oriented language!
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2.5  Graphics Programming Interfaces
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Individual calls can be executed on dedicated hardware, run as software

routines on the standard system CPU, or implemented as a combination of both
dedicated hardware and software routines. A %28
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2.5.2 Direct3D
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2.7  GPU Computing Framework
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Therefore, if we want to be limited by the computing performance of the GPU

and not by the memory, our programs need to contain enough arithmetic instructions

to cover the latency of any texture fetches we perform.

2.8 GPU Computing Tools
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3. Implementation
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3.3 Source Code
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3.4.3 Application on a CPU
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3.5.1 Motion Estimation within Video Compression
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Motion Estimation within Video Encoding
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Exhaustive Block Matching Algorithm
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4, Results

4.1 Test Conditions
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Motion Estimation
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Frame Prediction

Origin Frame: Target Frame:
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Motion Vector Y axis/blocks
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Origin Frame with Superimposed Motion Vectors
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4.3.1 Process Quality
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PSNR of difference images: Foreman sequence
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Time to process video sequence
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Time to process video sequence (X1900 inclusive)
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5. Conclusion:

5.1  Commentary of Results
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Sorting Times Comparison
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The new pipeline adds some features to the mix including a Geometry Shader
and Input Assembler. The former intercepts the data flow between the Vertex and
Pixel Shaders and can add geometry effects on the fly; the latter is a way of taking
graphics processing unit (GPU) data and directing it to various stages without using
CPU resources!
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5.3  Rasterisation and Ray-Tracing
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Ray tracing has long been considered too expensive for mainstream
rendering purposes. Movie production studios have only recently begun the
transition to using it; however, the true cost of ray tracing has been very poorly
understood until recently. It is now poised to replace raster graphics for mainstream
rendering purposes.
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While many believe a fundamentally different architecture would be required
for real-time ray tracing in hardware, this work demonstrates that a gradual
convergence between ray tracing and the feed-forward hardware pipeline is

possible.



5.4 Future Outlook
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landscape has changed forever. Now there is an imbalance as Intel, Nvidia, and
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7.

Appendices

7.1  Appendix 1. Sorting Results

7.1.1 Appendix 1.1 Sample Sorting Output
e 0

$A 5 1+33p

*%ll 8 >

*%ll

1?2+ $3 >
>0t !
3!$,)333

$ $3
$3!
$3!
$3!
$3!
$3!
$3!
$3!
$3!
$3 33!

> 31$)33
I

PNN +\s"NO-

1?2+ >
3130$333
3!$)+333
> >$07 3 OX4 >, 111

)$,?7)$, >
31$(3333
,1310333
> >$7, 3 ,+,0) >++




7.1.2 Appendix 1.2 Sorting Times Collated
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7.2  Appendix 2 Motion Estimation Results

7.2.1 Appendix 2.1 Timings for Motion Vector Calculation

Image
pairg GPU:FOR CPU:FOR GPUMAD CPUMAD GPU:COA CPU:COA
1 0.172 0.812 0.125 0.828 0.125 0.781
2 0.141 0.813 0.125 0.828 0.125 0.797
3 0.125 0.812 0.125 0.828 0.125 0.781
4 0.141 0.813 0.125 0.828 0.125 0.797
5 0.125 0.813 0.125 0.829 0.14 0.782
6 0.141 0.797 0.141 0.828 0.14 0.797
7 0.141 0.813 0.125 0.813 0.125 0.797
8 0.141 0.812 0.125 0.828 0.141 0.766
9 0.14 0.797 0.141 0.829 0.14 0.766
10 0.125 0.812 0.125 0.828 0.125 0.781
11 0.125 0.797 0.141 0.829 0.125 0.797
12 0.125 0.813 0.125 0.828 0.125 0.797
13 0.125 0.813 0.125 0.813 0.141 0.781
14 0.14 0.797 0.125 0.813 0.125 0.781
15 0.125 0.797 0.125 0.812 0.141 0.781
16 0.141 0.781 0.141 0.829 0.125 0.797
17 0.125 0.797 0.125 0.828 0.125 0.797
18 0.125 0.797 0.125 0.813 0.141 0.797
19 0.125 0.781 0.125 0.813 0.125 0.796
20 0.125 0.797 0.125 0.813 0.141 0.781
21 0.141 0.813 0.125 0.813 0.125 0.797
22 0.125 0.813 0.125 0.829 0.125 0.797
23 0.14 0.781 0.125 0.829 0.125 0.781
24 0.125 0.781 0.141 0.813 0.125 0.781
25 0.125 0.765 0.141 0.829 0.14 0.782
Totals 3.329 20.017 3.221 20.571 3.265 19.688
Speedup 6.012917 6.386526 6.030015

Total times taken to perform motion estimation on each video sequence

GPU CPU
Foreman 3.329 20.017
Mother
and
Daughter 3.221 20.571
Coast
Guard 3.265 19.688
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7.2.2  Appendix 2.2 Sum Absolute Differences Detail

Sum Absolute Difference for the difference images, before and after
motion estimation applied

FOR:Before FOR:After MAD:Before MAD:After COA:Before COA:After

483475 129894 225965 87451 796556 388997
538176 113474 243938 96893 786651 367615
383294 128824 232525 90961 803634 393224
510753 127676 215371 135506 813687 405585
517387 127439 281126 195343 805170 394358
296242 119683 348300 230405 903218 349182
356979 142886 284790 147975 1234294 394823
459318 159209 202390 116702 1534597 845757
558161 221922 146815 98856 1828011 1263065
498609 226192 162568 96270 1659661 510005
645428 204569 200059 105053 835693 367150
746612 183538 193928 114011 624869 349187
989337 292751 181542 107683 876409 355402
1023674 367425 169656 102836 1279745 491947
965433 457204 221707 113201 725207 285279
1073307 310311 219502 104489 764484 333962
975204 290231 212846 108497 834963 365048
1402278 521632 199602 114293 735931 270893
1329907 639211 192049 98656 819171 356073
778425 308545 188209 102209 934220 331066
630566 151927 173278 92647 1157102 362779
375212 133857 160774 104671 1009360 254899
1184891 255845 160227 94244 1011468 347888
1527495 504132 189434 102161 1005006 355414
1767229 669659 175133 95743 1078734 313403
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7.2.3 Appendix 2.3 Sum Absolute Differences Graphs

Sum Absolute Differences Graph: Video Sequence 1 (FOR)

SAD value

Sum Absolute Difference: Foreman sequence
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Sum Absolute Differences Graph: Video Sequence 2 (MAD)
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Sum Absolute Difference: Mother and daughter sequence
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Sum Absolute Differences Graph: Video Sequence 3 (COA)

SAD value

Sum Absolute Difference: Coast Guard sequence
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7.2.4 Appendix 2.4 PSNR Values Detail

PSNR for the difference images, before and after motion estimation
applied

FOR:Before FOR:After MAD:Before MAD:After COA:Before COA:After

25.454 36.939 30.973 40.73 21.947 27.333

24.36 37.621 30.57 39.841 21.946 27.654
26.056 36.938 30.934 40.691 21.762 28.58
24.554 36.912 29.368 31.029 21.73 27.546
24.432 37.602 26.363 27.865 21.839 28.894
28.988 38.115 26.024 28.173 20.999 29.826
27.172 36.499 28.182 34.089 18.532 28.28
25.569 34.634 31.19 36.721 17.255 20.905
24.179 30.39 33.667 38.895 15.955 17.867
24.487 30.228 32.455 39.151 16.6 25.612

22.47 31.723 31.136 38.095 21.767 29.616
21.747 32.964 31.664 37.115 23.548 29.879
19.908 27.996 31.719 37.785 20.858 29.744
19.389 24.982 32.186 37.638 18.271 25.695
18.679 22.01 30.577 36.97 22.486 31.282
18.582 26.178 30.631 38.458 22.206 30.18
19.193 25.251 30.887 37.423 21.512 29.495

17.44 23.832 31.503 37.405 22.309 31.322
17.643 21.252 31.53 38.676 21.72 29.716
21.907 27.33 31.841 38.505 20.364 29.63
22.856 35.395 32.387 39.369 19.009 28.728
26.564 36.701 32.749 38.132 19.797 29.925
18.632 30.738 32.853 39.193 19.988 28.765
17.011 23.787 31.791 38.057 20.055 29.492
16.021 22.229 32.123 39.255 19.602 30.624
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7.2.5 Appendix 2.5 PSNR Values Graphs

PSNR Value Graph: Video Sequence 1 (FOR)

PSNR of difference images: Foreman sequence
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PSNR Value Graph: Video Sequence 2 (MAD)

PSNR of difference images: Mother And Daughter sequence
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PSNR Value Graph: Video Sequence 1 (COA)

PSNR of difference images: Coast Guard sequence
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7.2.6 Appendix 2.6 X1900XGT Timings for Video Motion Estimation

Image
Pairg GPU:FOR CPU:FOR GPUMAD CPUMAD GPU:COA CPU:COA
1 0.0624 0.7344 0.0562 0.7312 0.0594 0.8094
2 0.0626 0.7406 0.0594 0.7282 0.0718 0.872
3 0.0594 0.7314 0.0594 0.7532 0.0624 0.7968
4 0.0594 0.7314 0.0594 0.725 0.0656 0.8626
5 0.0594 0.722 0.0656 0.7436 0.0592 0.8406
6 0.0594 0.7718 0.0594 0.778 0.0624 0.853
7 0.0594 0.8 0.0656 0.8374 0.0686 0.875
8 0.0624 0.7562 0.0626 0.8312 0.0626 0.7938
9 0.0626 0.7842 0.0656 0.85 0.0624 0.7656
10 0.0718 0.8156 0.0624 0.8188 0.0626 0.825
11 0.0688 0.875 0.0562 0.7592 0.0656 0.8
12 0.0656 0.828 0.0562 0.75 0.0688 0.8562
13 0.0688 0.8156 0.0562 0.7562 0.0626 0.8124
14 0.0656 0.7688 0.0562 0.7562 0.0626 0.7624
15 0.0686 0.928 0.0594 0.7406 0.0594 0.7626
16 0.0656 0.7874 0.0562 0.7968 0.0594 0.7408
17 0.0782 0.878 0.0564 0.822 0.0594 0.7594
18 0.0626 0.7438 0.0656 0.8314 0.0594 0.7438
19 0.0658 0.7688 0.0626 0.8282 0.0626 0.7532
20 0.0624 0.875 0.0594 0.7688 0.0562 0.7562
21 0.0626 0.828 0.0594 0.753 0.0594 0.7342
22 0.0656 0.9092 0.0624 0.7562 0.0594 0.7406
23 0.0656 0.8062 0.0594 0.7594 0.0594 0.7468
24 0.0688 0.8062 0.0564 0.7532 0.0592 0.7656
25 0.0624 0.7186 0.0594 0.7936 0.0592 0.7406
Totals 1.6158 19.9242 1.497 19.4214 1.5496 19.7686
Speedup 12.330858 12.973547 12.757228

7.2.7 Appendix 2.7 Total Times for Motion Estimation

X1900XGT X1300 P4 840D

GPU GPU CPU
Foreman 1.6158 3.329 20.017
Mother and Daughter 1.497 3.221 20.571
Coast Guard 1.5496 3.265 19.688
Speedup of X1900XGT
over X1300 2.105139



7.2.8 Appendix 2.8 Stress Testing:

Core Clock Frequency Adjustments
GPU: ATI Radeon 9600 Pro
Normal core frequency: 400 MHz

Core Frequency / MHz Time to Sort 65536 items / sec
320 0.1860
340 0.1766
360 0.1656
380 0.1578
400 0.1500
420 0.1422
440 0.1359
460 0.1297
480 0.1235
500 0.1188
520 0.1141
540 0.1109
560 0.1063
580 0.1032
600 0.0984

Core Clock Frequency Adjustments
GPU: ATl Radeon X1300
Normal core frequency: 450 MHz

Core Frequency / MHz Time to Sort 65536 items / sec
400 0.1515
420 0.1453
450 0.1359
470 0.1296
500 0.1234
520 0.1187
550 0.1109
570 0.1093
600 0.1031
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7.3 Appendix 3. Source Code: Sorting

7.3.1 Appendix 3.1 GPU Sorting: GPUbitonicSort.cpp
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7.3.2 Appendix 3.2 GPU Sorting: fragmentShader.cg
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7.3.3 Appendix 3.3 GPU Sorting: vertexShader.cg
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7.3.4 Appendix 3.4 CPU Sorting: CPUbitonicSort.cpp
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7.4  Appendix 4. Source Code

7.4.1 Appendix 4.1 runTest.bat

: Motion Estimation
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7.4.2 Appendix 4.2 GpuCpuVideo.cpp
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