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Cluster System K-100 [3] Algorithmic principles for matrix multiplication Similarities and differences between two problems Diamond Domino and Diamond Tile algorithms

Five level algorithm of full matrix multiplication GEMM FDTD

_ Cross scheme Scheme (2, 2)
Cropocte ao FOO0 MbanTt/c : : :

NareHTHOCTL ~ 12 MKC Size of matrix: N = (1 =+ 7) X 215 (28GB per node) Data volume: D — 3N?2 Data volume: D = 6N9
BpeuAa Beianaumn cnoea ~ FOHC Number of nodes: 1 :4 :9 : 25 : 36 : 49

Bpensa WTeHuA cnoga ~ Z.5MKC A;, B;, C; initialize at individual node. Data sending by MPI Isend(); 1
: C; is calculated at individual node: Cg = Ag - Bg + Ao - By O(D) = (1/33/2)D1+§

Number of operations: O = N3 3
Number of operations: O = 30N Nyg¢,

(O/D)(D):
Coefficient of locality= N/3 =./D /3.
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FDTD scheme for Maxwell’s
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cells /sec 80 - 107 1.5 - 107 25 . 107 0.8 - 107

peak performance GeForce Titan: 5TFlops (float),
bandwidth: 288.4GB /sec

e e , : Pop-up problems during the realization of algorithms on architecture Kepler

cooohaaol 3 GPU-devices at one node. e Caches (L1 and L2) are too small for data localization in numeri-
I X Data are stored in RAM (DDR3) cal 3D simulation, to avoid this problem the register file of SM(X)
of each node by means of local- module (256KB per module) is suitable to use;
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GPU Licache CPU L3cache sisislalsisl - recursive type CubeLR. Increasing the locality leads to limit of the maximum of vector
: : : : Q Distribution of tasks on GPUs for length; it is optimal to consider quasi-2D tasks with grid size ratio
)
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(Number of operation)/(Data size)
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Achieved calculations rate, 109 Yee cells/sec

:

Memory throughput, GB/sec
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10° Yee Cells per second
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_ — CPU L2cache | §§§§§§|,:::::::|.. Zir‘;‘ﬁfiéorévfﬁ lslﬁggiljstiir?e e as No > Ny > Nz = 64 + 256.
" ' : : : O O i i i i
By CPU L1C§Che : : : oooooolooooooooooooooool.oo retain the locality of data. Specifics of CUDA re.allzatlon of LRnLA algorlth.rns .
: 2000TTTUTTTTP ©008eee ( , ¢ CUDA-thread index corresponds to Yee Cell index along Z-axis for
hoooo000boooboocleseelseeejese Usage of heterogeneous system: 3 X . . . . .
560000000000k eocE GPU + CPU. solving the problems with vectorization, that is mean aligned ac-
10° 200000Q o_ooo-_ _'_"Em_'_ cess to memory, code homogeneity, occupancy of SMX module cores. 100 150 200
Total data size 888888&8888888 ::: :::I.:: Shared memory are explored for execution of finite-difference opera-
e A tors 8/0z along Z-axis.
000000000000P00Ce0eeN 00000000 CUDA-block index corresponds to Yee Cell index along Y-axis to pro-
. . . :2;.’.::"- oo vide asynchronous execution of calculations by different SM-modules
Result Performance for general matrix multlpllcatlon I ri Y O%ooo Y without data dependences (it is odd and even passes required).
L Bl AL CUDA-kernel consist of Nt loop steps which are executed along = —ct
Three level algorithm for full matrix multiplication axis. At each step electromagnetic field components of Yee Cells
4500 —— ' ' — T T ' ' — T T ' trapped to diamond region are executed. Diamonds splits two types
R for electric and magnetic fields and are named Diamond Domino. : — :
i R oo apd The distance between halves of Domino along X-axis is quoted by GTX 750 Ti (without PML) s
4000 | plesks goesssasptese: numerical scheme order. The size of diamond region is 2- Npp X NpT GTX Titan (without PML)
Global memory volume of one Yee Cells chosen for increasing the locality of calculations. Npm is Pg;?(( 7e5r?°o-lt:lrrgglr\1/lcl_el?03r2G¥§(e7C5%”'?'i)—
: T GPU is 2560 MB ied P . -
3500 > : Sechosspaioshs Data localized in elobal mem- varied. Peak performance for GTX Titan
2 ory GPU are meried on sub- Host calls CUDA-kernel Ny /NpT times in the loop when moves
structures to localized them in along X-axis. Before. the end of the loop all data are moved to Ng¢
cache memory. steps and corresponding components of the field may be visualised or
Volume of L2 is 768 POPC. saved for further usage and analysis.
The table below discribes agreement between hierarchy levels of memory
system and parallelism for Diamond Tile algorithms.
SIMT | DLP ILP TLP PLP
registers 1, =tid.x 4n3 Cell/DT
Data are localized in memory of each SM and S s E % aligned . Prtelhes @f
]lg?oncci.{lse'd by different program-blocks (not CUDA- “ache LT coalesced independent
"/ . cache L2 exchange calculations D'Ts along vy
Efli“a%rsa;;r;—t())lfock consists of CUDA-threads groups GDDRS per 1288 is asynch. STadS
mmasmn o 1x1 / 2x2 / 4x4 / 16x8 / 8x8, —DU{%(JWLE_ Olfafé?;g:
that makes possible to utilize register memory. th 3 Flock Tl SAYAN
cusmmmemanaanzss  CUDA-thread group splits into hardware struc- Nrea v]\\frarp NOC %\;1
1?‘2 smmssssnmsnnnnss tures named '"half warp!". It guarantees conflict- z z /32 y/2n T/n
2§2 free access to the aligned address space of local where
%1 memory. Ng X Ny X Nz Yee Cells is simulation domain;
ISQCVIO Ieff 838 2858 2388 eus: frl'aovzersssalofécl?tl)zlilﬁtlon iz Inamdllied by local-recnrsive n is linear size of Diamond Tile (handles 2’)”1,2

Speed of calculations,

: Yee Cells in 2n time layer)

1000 10000 % access to neibour Cells along z axis accoding cross scheme (i, = 1,...) 1 1 1 1
Matrix size, N 258 <223 300 2% 200 300 400 500
Grid size along Z-axis (Number CUDA-threads)
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