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Concept Code samples Tuning algorithms

Target problems Load balancing use cases Sample 1. Detecting the optimal grid Sample 3. Detecting the best “weight” of GPU-thread Background Used algorithms
_ DUI’iﬂg _l_he OpTimiZGﬁOﬂ Of GPU GppliCOﬂOﬂS a |O_I_ Of mOgiC - |gﬂOrlﬂg soOome COmpUTlﬂg deVICGS fOI’ beTTer Parameter<int> blockWidth.= 32; __global  voild SomeCudaKernel (1nt polntsPerThread) A” o ic ConSTOnTS (declcred viO POrOmeTer<> Currenﬂyl The fo”OW”qg Ophm|zg'|'|0n O|gor|'|'hms were
£t introd d N N ” . i speed-u //After each launch of this code real value { d ! . & . . developed:
constanfs are offen infroduced (such as block size, g = = //of blockWidth will be changed in order to for (int i = 0; i < pointsPerThread; i++) femplate or hybrid programming primitives) is being o | | | |
decomposition, etc). The ophmal values fc?r these constants - Taking into account GPU performance volatility //achieve better performance { /*Computing*/ ) mapped into hypercube. After that autotuning - Clicking. Splits hypercube into chunks with weights,
depend on the hardware and input data being used. Therefore o _ dim3 threads (blockWidth) ; } orocess can be considered as minimization of time after that takes the best one and splits it info new
it's really difficult to define optimal values that will provide the best - Considering non-linear GPU dim3 grid(size + 1 / blockWidth); | | | functional defined in the constructed hypercube. chunk set and so on. Optimal for tuning when small
) ) . someCudaKernel<<<grid, threads>>>(); Parameter<unsigned int> poilntsPerThread = 3; : | amount of iterations available
performance in all usage scenarios. Performance dependency from data size //Optimal value will be selected for good SM utilization. Heae H’C]ZO(?rI.’dIﬂCI]:reS gorrespond to 'TCOHETOHTS VO|LTJ.GS, '
: : - - : an e fime function measures iteration execution _ ; -
- Support of multi-GPU and CPU+GPUs systems requires good load - Minimizing side effects from non-computing SomeCudakernel<<<grid, threads>>>(pointsPerThread); el ?enef;\j- C’r:req’rTeélg?d mOtI;}OQeS Theprfpulcifrlo.n. of
balancing strategy. E.g. for small data only CPU should be used : : : ' vaies. Most sulfable Tor d big amount of opiimizing
. . ' PU thr r Sample 2. Selecting the best branch Sample 4. Performing load balancing : : :
for bigger one - one GPU, for much more bigger — all GPUs. And CPU threads / processes P g | | | . | constants and a lot of available iterations.
in it d d . dat I d hard void cudaReduce SharedMem (void *data) vold cudaKernel (void *data, size_t lo, size_t hi) . . Sticky. R : hard g : icit
again | epenas on processing adla as well on use araware. . . . {/*Performing reduction using shared memory*/} {/*Performing computations using GPU and shared memory*/} As a result OUTOTunIﬂg can be enabled by performlng B ICKY. eC.?OQHIZGS .CII' que ana performs GXP ICI
The solufion Magic constant determination use cases the following steps: load-balancing by trying to ignore the worst devices
- Se|ecﬂng the best gnd decomposiﬂon void cudaReduce Atomic (void *data) void sseKernel (void *data, size t lo, size t hi) S 1. Makin nstants dvnamic by declaring them and eveﬂly distribute load. All other constants will be
The autotuning concept that was implemented in ttglib library . . . {/*Performing reduction using atomic operations*/)} {/*Performing computations using CPU and SSE*/} pep 1. Makihg constants dynamic by deciarng he optimized by clicking or genetic algorithm.
allows to solve all these problems at runtime. The presented libra - Detecting optimal «weight» for GPU threads via Parameter<>template class. - - -
VE © me. o orary | | HybridTask hTask; HybridFor hFor; Steb 2. Annotating iterat ot d to fi - LUT. Builds LookUp table for each computing device
gathers stafistics about the program being run and dynamically - Choosing the best buffer sizes tor hTask.CUDA() 4= cudaReduce SharedMenm; hFor.CUDA() 4= cudaKernel: : ePT. - ANNOTATING ITeranons thar cormrespona 1o 1me that maps data size into expected performance. Uses
adjusts magic constants for the best performance and provides asynchronous operations hTask.CUDA() += cudaReduce Atomic; hFor.Serial () += sseKernel; JNETion Medsuling constructed table for load balancing while other
smart load bOlGnCiﬂg. //After N-th call the best branch will be selected. //Array will be processed on all available devices. Or constants will be optimized by clicking or genetic
- TeSﬂng different UnrO”ing for |OOpS hTask.Execute (someData) ; //using only some of them - it depends on runtime specific. al .
. - : . : gorithm.
Switchi bet giff . - hFor.Process (someData, someData size); For more information visit http://ttgLabs.com
- Switching between ditferent branches

Results (cluster)

Results (one node)

Laplace equation Heat-Mass fransfer equation N-Body problem EFuler equaftions auations il conitos
Problem statement Problem statement Problem statement Problem statement | | | | | . oo fégﬁip;:j))i:((pﬁi{yz0'0 ((<)°§L)°<00)00
Solution of three dimensional Laplace equation with Dirichlet Solution of two dimensional - parabolic  equation  with System of N bodies each of which aftecls others Is being éys’rerg of ’rhed’r.;/.vo @rrg)enmonall ELéjler euno’rLronsdwﬁhde(.ed S A
boundary condifion on structured grid using Jacobi method. Neumann boundary condition on structured grid using explicit simulated in three dimensional space. Euler method is used for oundary: condition 15 being solivead on sfrucivrea gra using e
Mol tation detail 6-points scheme numerical integration of 2*N differential equations. Roe solver. e A 00 Veloity =06 1.0 X
mplementdtion detaiis : - : : Implementation details ‘ et |
Whole area is being split into a set of chunks. The width and 'mplementafion detalls mplemeniation detals = Ph de has t CPU d th GPUs. Theref I BOL_meW Ccindmom
the height of each correspond to 2D CUDA block that is being This fest consists of two computing kernels — (1) version for CPU As this problem has O(N2) complexity three computing kernels dc | ?O © Nas Two Sl,f”f‘ ’r Tree ’r > f ,eTre OTfe overc]J L I
orocessing on one SM, the depth is the count of points being (SSE and OpenMP) and (2) version for GPU (CUDA). In the GPU were created - (1) version for CPU that uses SSE and OpenMP, SlrmtJ)OI !?” Fi.rocess Was Sllpl Ic? O Wé’ 2YF|3€5 CID'TI er? ons — (1) s egpnd smsg s
srocessed on one thread. kernel the width and the height of CUDA blocks are defined (2) version for GPU that uses CUDA and performs simulation globaliterations across all nodes and (2) local iterations across o i
| | | as optimization parameters. For small data CPU is preferred without synchronization with  CPU and (3) version for computing devices of a single node. B e
This test USS; tWo com%u’n;g C':dU’rIr?Ahkemdels - (1) W'E)h f?'O.bO' while GPU provides better performance for bigger grids. CPU+GPUs that uses all available computing devices and In global iterations one magic constant was introduced that B | Ty
aneerg\cz/?/e thvreesiprgedrr;géié Vélonsfgn?sre(ChrgﬁlinSv%Th? heerilg% As a result this test provides two computing kemels (branches). E)eeggzr(;\sgncécmé_%ryr/)ri\rghlr(c;r;:\z;ilon qf’rer each |Tero’rlon. Th? dgf[ne.s the depth of Qeghbor aredas overlgpplrjg IN ordgr to | Density,t=06 1.0 X 00 Pressure,{=06 1.0 X
, , and each of them contains two magic constants. | provide one magic constant minimize MPI synchronization rate. In local iterations HybridFor B
and depth) and two branches (with or without shared CUDA block size. porimitive is being used for load balancing between CPUs and
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x x < 100
. . . s R H K * R * Lo T :$ - -
NVidia GeForce 580 GTX NVidia Tesla C2050* Intel Xeon E3 + NVidia GeForce 580 GTX Intel Core 2 Quad + Nvidia Tesla C2050 2 X Intel Xeon 5650 + NVidia Tesla M2050 Intel Core 2 Quad + 2 x NVidia Tesla C2050* 2 x Intel Xeon 5650 + 3 x NVidia Tesla M2050* § g . Q -g 100 R .
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30 = :
100 50 5 14 500 5 @ o0 & 3xGPU per node (StatI.C) S » # 3xGPU per node (statl.c) g D g = 3xGPU per node (static)
R . i, ’s 300 tg -+ 3xGPU per node (ttgLib) tg 60 <+ 3xGPU per node (ttgLib) L g +3xGPU per node (ttgLib)
2 80 g 20 n . 250 2 400 o o o O 40
0 N Kemel 1 (stati L =Kemel 1 (static) 5 10 _ 2 20 2 S JIp = = 40 )
e Kernel 2 (static) % Kernel 2 (static) 0 ‘ +GPUfCUDA (stat!c) 8 +2E38332 (tsttalf!g) S 15 = CPU:SSE+OMP Py -~ GPU:CUDA (static) § GPU;CUDA (ttaLib) o CIEJ 20 g 20
£ 40 +Kernel 2 (ttgLib) E 20 -+ Kemel 2 (ttgLib) © 10 N SEH'C(;JES (ttttg'L'_':) 5 6 ~OPU| GPU ((tt gLi'b)) 8 - GPU:CUDA (static) g 190 GPU:CUDA (ttgLib) S 200 -+ CPU+GPUs (static) © T o)
2 +Kemel 1 or Kemel 2 (ttgLib) < +Kemel 1 or Kemel 2 (ttgLib) | GPU (ttglLib) g 4 9 T 10 GPU:CUDA (ttgLib) E 100 “ CPU+GPUs (static) s +=CPU+GPUs (ttgLib) ~ 0 - 0 L
o 20 o- 10 5 s 5 +CPU | GPU (ttgLib) = +-CPU+GPUs (ttgLib) & 100 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 768 x 768 1536 x 1536 3072 x 3072 6144 x 6144 20% x 80% 40% x 60% 60% x 40% 80% x 20%
0 i 0 o, 5 5 £ s Count of o 512 x 512 1024 x 1024 2048 x 2048 4096 x 4096 8192 x 8192 10% x 90% 30% x 70% 50% x 50% 70% X 30% 90% x 10%
0 ount Of noaes Grid size

0 , , ,
0384x0384x0012 0160x0160x0160 0384x0384x0012 0160x0160x0160 512x512  16384x64  2048x2048 0 512 768 1280 2048 3072 5120 8192 12288 20480 Width x Height ratio

0
0096x0096x0096 0032x0032x2048 0640x0640x0020 0096x0096x0096 0032x0032x2048 0640x0640x0020 256x256  1024x1024  64x16384  4096x4096 Slaxota | - 10384x04  2048x2048 519x512  16384x64  2048x2048 512 768 1280 2048 3072 5120 8192 12288 20480 384 640 1024 1536 2560 4096 6144 10240 16384 32768

256x256  1024x1024  64x16384  4096x4096
Grid size Grid size 256x256  1024x1024  64x16384  4096x4096 384 640 1024 1536 2560 4096 6144 10240 16384 32768

Grid size

Grid size Count of bodies

Grid size Count of bodies

* Results that are presented in this work were achieved using supercomputing resources of Lomonosov Moscow State University
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