
The	
  Desmos	
  supercomputer	
  	
  
for	
  computa0onal	
  materials	
  science	
  
Vladimir	
  Stegailov,	
  Nikolay	
  Kondratyuk,	
  Grigory	
  Smirnov,	
  

Alexei	
  Timofeev	
  

Grant	
  No.	
  14-­‐50-­‐00124	
  



hCp://samma.hse.ru	
  



Outline	
  of	
  the	
  talk	
  

•  Angara	
  network	
  and	
  its	
  developer	
  JSC	
  NICEVT	
  
•  Building	
  process	
  of	
  the	
  Desmos	
  supercomputer	
  	
  

•  Benchmarking	
  of	
  MD	
  calculaQons	
  	
  	
  

•  StaQsQcal	
  data	
  of	
  Desmos	
  deployment	
  

•  Comparison	
  with	
  a	
  new	
  hybrid	
  supercomputer	
  in	
  HSE	
  

•  VASP	
  benchmarks	
  

•  A	
  next	
  Angara-­‐based	
  HPC	
  system	
  



ANGARA NETWORK  
AND ITS DEVELOPER JSC NICEVT 



 JSC NICEVT: 
from ES EVM computers to Angara network 



•  Network topology: 1D..4D-torus 
•  ASIC-based network card 
•  Up to 8 communication channels 
•  Remote direct memory access (RDMA) 
•  Multi-core CPU support 
•  Adaptive packet transfer 
•  MPI ping-pong latency: 0,85 µs 
•  Single hop latency: 129 ns 
•  Scaling: up to 32K nodes 
•  Power consumption: up to 20 W 
•  Various physical transmission media 

Key features 

GPU FPGA Elbrus x86 ARM 

Angara	
  interconnect	
  



Angara	
  interconnect	
  

Interconnect Mellanox 
IB FDR 4x Angara Cray 

Aries 

Mellanox 
IB EDR 

4x 

Intel 
OmniPath 

Year 2011 2013 2012 2015 2015 

TOP500  13 – 5 20 6 

Topology fat tree / 
kD-torus 4D-torus dragonfly fat tree / 

kD-torus fat tree 

MPI latency, 
µs 1 0.85 1.3 0.92 0.9-1.0 

Single hop 
latency, ns – / 250 129 100 n/a n/a 



BUILDING PROCESS 
OF THE SUPERCOMPUTER DESMOS 

 



The	
  main	
  goals	
  of	
  the	
  project	
  
•  To	
  make	
  a	
  supercomputer	
  that	
  is	
  effecQve	
  for	
  classical	
  

molecular	
  dynamics	
  and	
  usable	
  of	
  ab	
  iniQo	
  MD	
  
•  To	
  use	
  the	
  Angara	
  network	
  and	
  get	
  the	
  largest	
  possible	
  number	
  

of	
  nodes	
  within	
  a	
  limited	
  budget	
  limit	
  	
  
•  Access	
  to	
  novel	
  hardware	
  is	
  very	
  beneficial	
  for	
  HPC	
  training	
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  VASP,	
  ABINIT,	
  CP2K	
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  Xeon	
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   Nvidia	
  GeForce	
  1070	
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BENCHMARKING  
OF MD CALCULATIONS 



ApoA1	
  benchmark	
  (protein	
  in	
  water,	
  ~	
  100	
  000	
  atoms):	
  
comparison	
  of	
  different	
  supercomputers	
  

	
  



Weak	
  scaling	
  of	
  different	
  MD	
  models	
  
	
  





Prices	
  from	
  thinkmate.com	
  
(November	
  2017)	
  

Comparison	
  with	
  	
  
the	
  IRUS17	
  supercomputer	
  
2	
  x	
  Intel	
  Xeon	
  E5-­‐2699	
  v4	
  per	
  node	
  
with	
  Intel	
  Omni-­‐Path	
  

RIB:	
  
2136412	
  	
  
atoms	
  

MEM:	
  
81743	
  	
  
atoms	
  



 STATISTICAL DATA  
OF  DESMOS DEPLOYMENT 



SlurmDB	
  data	
  for	
  September-­‐November	
  2017	
  





 COMPARISON WITH A NEW HYBRID 
SUPERCOMPUTER IN HSE 
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The	
  new	
  supercomputer	
  in	
  Higher	
  School	
  of	
  Economics:	
  
a	
  hybrid	
  system	
  based	
  on	
  26	
  DELL	
  C4140	
  nodes	
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Comparison	
  Desmos	
  	
  
with	
  the	
  new	
  HSE	
  supercomputer	
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 VASP BENCHMARKS 





VASP:	
  GaAs	
  benchmark	
  with	
  80	
  atoms	
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 A NEXT ANGARA-BASED  
HPC SYSTEM 



In	
  march	
  2019	
  a	
  next	
  HPC	
  system	
  in	
  JIHT	
  RAS	
  has	
  been	
  installed	
  	
  
based	
  on	
  the	
  Angara	
  switch	
  and	
  one-­‐port	
  low-­‐profile	
  PCIe	
  cards	
  



Conclusions	
  
•  The	
  scaling	
  tests	
  for	
  the	
  classical	
  MD	
  and	
  

electronic	
  structure	
  calculaQons	
  show	
  the	
  
high	
  efficiency	
  of	
  the	
  MPI-­‐exchanges	
  over	
  
the	
  Angara	
  network.	
  	
  

•  GPU-­‐accelerated	
  classical	
  MD	
  with	
  Gromacs	
  
runs	
  faster	
  and	
  is	
  more	
  cost-­‐effecQve	
  on	
  
supercomputers	
  similar	
  to	
  Desmos	
  than	
  on	
  
wide-­‐spread	
  supercomputers	
  based	
  on	
  
expensive	
  Intel	
  Xeon	
  mulQ-­‐core	
  CPUs.	
  	
  

•  The	
  job	
  accounQng	
  staQsQc	
  of	
  the	
  Desmos	
  supercomputer	
  has	
  been	
  reviewed.	
  Two	
  
methods	
  of	
  quanQtaQve	
  efficiency	
  monitoring	
  have	
  been	
  proposed.	
  

•  All-­‐to-­‐all	
  performance	
  of	
  the	
  Angara	
  network	
  confirms	
  its	
  efficiency	
  for	
  electronic	
  
structure	
  codes.	
  The	
  detailed	
  analysis	
  of	
  modern	
  CPUs	
  efficiency	
  for	
  typical	
  VASP	
  
model	
  calculaQons	
  has	
  helped	
  to	
  select	
  the	
  best	
  opQon	
  for	
  the	
  next	
  system.	
  


