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INTRODUCTION

e GPGPU: Modern graphics processing units used as general purpose architectures.

¢ NVIDIA CUDA architecture and model [1].
purpose applications, on heterogeneous systems with GPUs devices.

e Fermi: The NVIDIA’s latest generation of CUDA architecture [2].
performance, a transparent cache hierarchy, variable-size shared memory, and faster atomic operations.
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e CUDA programming model forces to select the threadblock size and shape.

e Related to threadblock size. Ratio between active warps and maximum number of warps in a SM
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Objective: Simplify the encoding of parallel, general-

Presents an improved double precision
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e Our goal: Determine relationship between performance and global parameters configuration (threadblock size
and shape), Occupancy and threads access pattern in global device memory |3].

FERMI ARCHITECTURE

Fig: Occupancy of different threadblocks

THREADBLOCK SIZE AND SHAPE

Parameter pre-Fermi Fermi [: PREOGRAMMER :] [: THREAD-BLOCKS :]
SPs (per-SM) 3 32 Eﬁ}?’ “,  SHAPES %-Dimension - :E;EE:ILﬂE?DW
Registers (per—SM) 16 KB 32 KB 5 5 55 K=Y _ - - - *Shared memory
Max. number of threads (per-SM) 1024 1536 CERNEL 2 “Registers
N>Y
Max. number of threads (per-block) 512 1024 | | T =
Warp size 32 32 0022 wev € i
Warp scheduler Single Dual . J
Shared memory banks (per-SM) 16 32 w
L1 cache (per-SM) - 0/16/48 KB _
Alwavs for each kernel launching:
L2 cache - 764 KB = Thread-Block size and shape have to be chosen
(Global memory banks 8 6 — All Thread-Blocks have the same size and shape
. . — Therefore, the same SM Occupancy
Size of global memory transaction 32/64/128 B 32/128 B
EXPERIMENTS RESULTS
e Matrix addition: a bi-dimensional problem (C' = 1 2 4 8 16 32 64 | 128 | 256 | 512 | 1024
1 7.8 7.83 4.49 2.98 3.02 4.03
A+ B). Eacl.l threads Present a easy IMEmOry access 5 63 T a6i T3 301 T304 104 -
pattern accessing to contiguous global memory positions 4 9.69 | 5.04 | 3.19 | 2.98 | 3.13 | 4.53 - -
11 . . . 8 12.23 6.14 3.52 3.05 3.04 4.44 : : -
(coalesced and no-data reutilization implementation). = e e A I L I - - : :
, , o o , 32 || 27.81 | 15.59 364 | 4.94 | 3.45 | 4.50 . . . . :
e Naive matrix multiplication: a bi-dimensional prob- 64 1 31.02 16.44 906 | 557 | 514 - - - - - -
lem (C = A x B). Each thread is associated with a 128 || 40.32 | 20.05 | 11.64 | 9.13 - - - - - - -
nole C ., The i 1 olobal 256 45.08 24.45 15.61 - - - - - - - -
single C position. e 1Internal global memory accesses =15 1 5253 | 23 9% - - - - - - - - -
are inefficient and more complicated (no full coalesced 1024 || 72.61 - - - - - - - - - -
and data reutilization 1mplementat10n). Matrix addition execution time (mili-seconds)
RESULTS 11
1 2 4 8 16 32 64 128 256 512 | 1024 |e 256 and 512 are the best threadblock sizes
1 27015 13766 7780 6 237 6 502 7935
Z el ?g gég 173256992 gig‘é 23?,3 5725‘ r212 "~ o Maximizing the Occupancy to improve the performance
8 27277 13 669 7328 6163 6431 7990 - - -
16 38 529 18 448 12316 7313 6 348 S 638 _ _ _ _ O At 1east 32 threads per threadblock to ﬁll the warps
32 112494 56 336 28 248 14 267 6 550 8355 - - - - -
64 || 126553 | 63547 | 30550 | 14730 | 8123 - - - - - - | e Threadblock column multiple of warp size (32)
128 166618 73 826 31 344 11 856 - - - - - - -
256 184 812 80 330 28 562 - - - - - - - -
=15 T 190406 69624 . - - - - - - - - e T Number of threadblock-colums =— 1 performance
1024 194 297 - - : : - - : : : : o . . .
e Data reutilization using a shape with only one row —

Naive matrix multiplication execution time (mili-seconds)

CONCLUSION AND FUTURE WORK

e Writing an efficient CUDA code, as well as choosing a good global configuration is a
complicated task for any programmer

Currently, we are developing more sophisticated benchmarks
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Choosing Threadblocks to reduce the cache misses (fewer global memory accesses)

We are implementing the same experiments in the OpenCL programming model

A good Fermi cache model is needed to understand the global memory accesses effects

Maximizing the SM Occupancy improves the results (the resources are better exploited)

global memory bottleneck (bad performance)
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