
˽͔͊ͪ͊͡͡͡Έͤ·͔ ͎͙͊ͦͪͭͣ͡· ͨͦ͒ ͙ͣͪͦͫͦͨͦͣ͟͟ 

 
ˤ͔͍͙ͦͦ͒ͤ ˤ͡Φˤ. 

 
voevodin@parallel.ru 

нф ͣ͊ͪͭ͊Σ нлмс ͎ΦΣ ˿ˢ̅̂Σ ͎Φˢͪͻ͎͔͊ͤ͡Έͫ͟ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·͚ ͦͤͫͦͪ͟ͼ͙ͯͣ ͙͍͔͙͔͍ͯͤͪͫͭͭͦ ˾͙͙ͦͫͫ 
˾͙͚ͦͫͫͫ͊͟Ύ ͔͙͊͊͒ͣ͟Ύ ͤ͊ͯ͟ 

  
X  ˸ ͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͤ͊ͯ;ͤ͊Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ  

˽͔͊ͪ͊͡͡͡Έͤ·͔ ͍·;͙͙͔ͫͭ͡͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ ˸˥̂ ά˶ ͍ͦͣͦͤͦͫͦ-2έ 

1 ʩʪʦʡʢʘ = 256 ʫʟʣʦʚ: Intel Xeon (14c) + NVIDIA K40= 515 Tflop/s 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨ ñʃʦʤʦʥʦʩʦʚ-2ò (5 ʩʪʦʝʢ) = 2.5 Pflop/s 

 
˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·͚ ͼ͔ͤͭͪ ˸˥̂ ͔͎ͫͦ͒ͤΎΥ 

˽ͦ͡Έ͍͔͙ͦ͊ͭ͘͡Υ нфрр 
˽͔ͪͦͭ͟·: 880 

 
̅͊ͯ͟͡Έ͔ͭͭ· / ˮ͙ͤͫͭͭͯͭ· ˸˥̂: 21 

ˮ͙ͤͫͭͭͯͭ· ˾ˢ˹Υ фр 
͙͍͔͙͔̂ͤͪͫͭͭ· ˾͙͙ͦͫͫΥ млн 

 



˽͙ͪ͊͒ͤ͟͡·͔ ͔ͨ͊ͭ͟·Σ ͙͔ͫͫͭͣ·Σ ͙͔ͤͫͭͪͯͣͤͭ· ͙ͪ͊ͪ͊͋ͦͭ͘͟Σ ͙͙͔͙͋͋ͦͭ͟͡ ς 
60+Σ ͙ Ήͭͦ ;͙ͫͦ͡ ͨͦͫͭͦΎͤͤͦ ͔ͪ͊ͫͭͭΥ 

Intel ICC/IFORT, GCC, PathScale, PGI, MPIs, Intel VTune Performance 
Analyzer, Intel Cluster Tools, RogueWave TotalView, RogueWave 
ThreadSpotter, Allinea DDT, ScaLAPACK, ATLAS, IMKL, AMCL, BLAS, 
LAPACK, FFTW, cuBLAS, cuFFT, MAGMA, cuSPARSE, CUSP, and cuRANDΧ 

VASP, WIEN2k, CRYSTAL, Gaussian, MOLPRO, Turbomole, 
Accelrys Material Studio, MesoProp, MOLCAS, Gromacs, FireFly, LAMMPS, 
NAMD, GAMESS, Quantum ESPRESSO, ABINIT, Autodock, CP2K, NWChem, 
PRIRODA, SIESTA, Amber, CPMD, DL POLY, VMD, GULP, Aztec, Geant, 
OpenFOAM, PARMETIS, FDMNES, GSL, METIS, Msieve, Octave, OpenMX, 
PETSc, SMEAGOL, VisItΣ ±¢YΣ ²wCΧ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ· ά˶ ͍ͦͣͦͤͦͫͦέ ͙ ά˶ ͍ͦͣͦͤͦͫͦ-нέΥ 
͙ͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ˽˻ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡  

(͍ͦͫͤͦͤ·͔ Ή͔͔ͣͤͭ͡·) 



ˮͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ˽˻ ͦ͋΄͙ͪͤ͊.  s  ͍͊ͦ͊͟͟ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙͔͙͚ͨͪͦ͗ͤ͡Κ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ· ά˶ ͍ͦͣͦͤͦͫͦέ ͙ ά˶ ͍ͦͣͦͤͦͫͦ-нέΥ 
͙ͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ˽˻ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡  

(ͪ͊ͭ͊͟͟Ύ ͙͙ͫͭ͊ͭͫͭ͊͟) 



ˣͦ͡Έ΄͔ͦ ;͙ͫͦ͡ ͔͍ͫͪ͒ͫͭ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ˽˻. 

ˢ ͍͊ͦ͊͟͟ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙͔͙͚ͨͪͦ͗ͤ͡Κ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ· ά˶ ͍ͦͣͦͤͦͫͦέ ͙ ά˶ ͍ͦͣͦͤͦͫͦ-нέΥ 
͙ͤͺͪ͊ͫͭͪͯͭͯͪ͊͟ ˽˻ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡  

(ͪ͊ͭ͊͟͟Ύ ͙͙ͫͭ͊ͭͫͭ͊͟) 



͙͚́ͦͤ͟ ͙͊ͤ͊͘͡ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡: 
͙͙͒ͤ͊ͣ͊͟ ͙͔͙ͫͨͦͤͤ͡Ύ 



͙͚́ͦͤ͟ ͙͊ͤ͊͘͡ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡: 
͙͙͒ͤ͊ͣ͊͟ ͙͔͙ͫͨͦͤͤ͡Ύ 



͙͚́ͦͤ͟ ͙͊ͤ͊͘͡ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͔͙͚ͨͪͦ͗ͤ͡: 
͙͙͒ͤ͊ͣ͊͟ ͙͔͙ͫͨͦͤͤ͡Ύ 



̆ͦͪͦ΄ͦ ͙͡ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͤ͊͘Όͭ ͍͚͍ͫͦͫͭ͊Σ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ 
͙ͫͭ͊ͭ;͔͙͔ͫ͟ ͙ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 

͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͎͙͍͊ͦͪͭͣͦ͡Κ 

ˢ ͒ͦ͗ͤ͡· ͙͡ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͒ͯͣ͊ͭΈ ͦ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ 
͎͙͊ͦͪͭͣ͊͡ͻ? 

˨Χ͊ 



˽͊ͤ͡΄͔ͭ·, ͫ ͣ͊ͪͭͺͦͤ·Χ 

˽ ,˴ ͤ ͙ͦͯͭ͋ͯ͟Χ 

˿͔͍͔ͪͪ·Χ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ· 
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4-8 

12-64 
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2016 

1 

1 

2-4 

104 

2005 

˿͔͔ͭͨͤΈ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ 



̆ͦͪͦ΄ͦ ͙͡ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͤ͊͘Όͭ ͍͚͍ͫͦͫͭ͊Σ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ 
͙ͫͭ͊ͭ;͔͙͔ͫ͟ ͙ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 

͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͎͙͍͊ͦͪͭͣͦ͡Κ 

ˢ ͒ͦ͗ͤ͡· ͙͡ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͒ͯͣ͊ͭΈ ͦ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ 
͎͙͊ͦͪͭͣ͊͡ͻ? 

˨Χ͊ 

˹͊ͫͦ͟͡Έͦ͟ ͻͦͪͦ΄ͦ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͤ͊͘Όͭ ͊ͪͻ͙͔ͭͭͯͪͯ͟ 
͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͦͣͨ͟ΈΌ͔͍ͭͪͦ ? 

ˢ ͒ͦ͗ͤ͡· ͙͡ ͨͦ͡Έ͍͔͙ͦ͊ͭ͘͡ ͒ͯͣ͊ͭΈ ͦ͋ ͊ͪͻ͙͔͔ͭͭͯͪ͟? 

˨Χ͊ ˴ ͔͙ͫͦ͗͊ͤ͡Ό, ˨ Χ͊ 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
ό͙͙͡ ͊͟͟ ;͊ͫͭͦ ͣ· ͋·͙͡ ͍·͔ͤͯ͗͒ͤ· ͨͦͤͦͫͭ͡ΈΌ ͔͔͙ͨͪͨͫ·͍͊ͭΈ ͙͔͙ͨͪͦ͗ͤ͡Ύ?) 

˿ мфтс ͎ͦ͒͊ ͒ͦ ͤ͊΄͙ͻ ͔͚͒ͤ: 

70-  ͔ς ʕ ͔͙ͭͦͪ͊͘͟ͼ͙Ύ  ͼ͙͍ͦ͟͡ 
80-  ͔ς ˾ ͔͙͍͙͔͊ͫͨ͊ͪ͊͊ͤ͡͡͡ ͼ͙͍ͦ͟͡ (͍͔ͤ΄͙ͤͻ) + ʕ ͔͙ͭͦͪ͊͘͟ͼ͙Ύ (͍͔͙ͤͯͭͪͤͤͻ) 
90-  ͔- MPI 
͔͔͙ͫͪ͒ͤ͊ 90-ͻ - OpenMP 
͔͔͙ͫͪ͒ͤ͊ 2000-ͻ - MPI+OpenMP 
2010-  ͔- CUDA, OpenCL, MPI+OpenMP+͙͔͙ͯͫͦͪͭ͟͡ (GPU, Xeon Phi) 

Χ 

ˤ͙͔͒ͤ ͙͡ ͔ͦͤ͟ͼ ͨͪͦͼ͔ͫͫͯ ͔͔͙ͨͪͨͫ·͍͙͊ͤΎ ͎ͨͪͦͪ͊ͣͣ?..  

˨͡Ύ ͎͊͗͒ͦͦ͟ ͔͙ͨͦͦͤ͟͡Ύ ͦͣͨ͟ΈΌ͔͍ͭͪͦ ͣ· ͍·͔ͤͯ͗͒ͤ·:  
- s ͙͙͍ͤ͊ͪͦ͊ͭ͘͡Έ ͎͙͊ͦͪͭͣ͡·Σ ;ͭͦ͋· ͨͦͤΎͭΈΣ ͊͟͟ ͙ͻ ͙͙ͨͪͫͨͦͫͦ͋ͭΈ ͨͦ͒ 
͍ͤͦͯΌ ͦͣͨ͟ΈΌ͔ͭͪͤͯΌ ͨ͊ͭ͡ͺͦͪͣͯ ; 
- ˻ ͙ͨͫ·͍͊ͭΈ ͚͔ͤ͊͒ͤͤ·͔ ͍͚͍ͫͦͫͭ͊Σ ;ͭͦ͋· ͨͦͯ͡;͙ͭΈ Ήͺͺ͔͙͍ͭͤͯ͟Ό  
͔͙ͪ͊͊͘͡ͼ͙Ό ͒͡Ύ ͍͚ͤͦͦ ͨ͊ͭ͡ͺͦͪͣ·. 

 
˸ͦ͗ͤͦ ͙͡ 
͍·͙ͨͦͤͭ͡Έ 
͚ͭ͊ͦ͟ ͙͊ͤ͊͘͡ 
άͪ ͊͘ ͙ ͍͔͎ͤ͊ͫ͒͊έ Κ  


