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IntroducTon	
  

! What?	
  
•  Coarse	
  grain	
  trace	
  driven	
  simulator	
  
•  Message-­‐passing	
  applicaTons	
  

! Use?	
  
•  Developers	
  	
  Understand	
  applicaTons	
  
•  System	
  administrators	
  	
  Evaluate	
  hardware	
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IntroducTon	
  (II)	
  

! Key	
  factors	
  
•  Abstract	
  architecture	
  
•  Network	
  of	
  SMPS	
  

•  Basic	
  MPI	
  protocols	
  
•  No	
  a_empt	
  to	
  model	
  details	
  

! ObjecTves	
  
•  Simple	
  /	
  General	
  
•  Fast	
  simulaTons	
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DIMEMAS	
  MODEL	
  

PATC	
  Tools	
  Training.	
  Barcelona,	
  Oct.	
  14-­‐18th	
  2013	
  



DIMEMAS	
  simulated	
  architecture	
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DIMEMAS	
  PrimiTves:	
  CPU	
  bursts	
  

! What?	
  	
  
•  SequenTal	
  computaTons	
  

! How?	
  
•  Clock	
  advance	
  
•  CPU	
  Ra'o	
  divisive	
  factor	
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Real	
  ExecuTon	
  

T	
  =	
  2	
  sec.	
  

SimulaTon	
  
CPU	
  RaTo	
  =	
  2	
  

T	
  =	
  1	
  sec.	
  



DIMEMAS	
  PrimiTves:	
  p2p	
  communicaTons	
  

! What?	
  
•  Message	
  transmission	
  between	
  2	
  partners	
  

! How?	
  
•  Resource	
  allocaTon	
  Tme	
  (non-­‐linear)	
  
•  Resource	
  usage	
  Tme	
  (linear)	
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p2p	
  communicaTon	
  model	
  

! Early	
  receiver	
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p2p	
  communicaTon	
  model	
  

! Late	
  receiver	
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p2p	
  communicaTon	
  model	
  

! Rendezvous	
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Simulated	
  contenTon	
  for	
  machine	
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DIMEMAS	
  PrimiTves:	
  collecTve	
  
communicaTons	
  

! What?	
  
•  InformaTon	
  transmission	
  

between	
  mulTple	
  partners	
  

! How?	
  
•  Barrier:	
  synchronizaTon	
  

(non-­‐linear)	
  
•  FAN_IN:	
  informaTon	
  

gathering	
  
•  FAN_OUT:	
  informaTon	
  

sca_ering	
  
•  Each	
  FAN	
  similar	
  to	
  p2p	
  

communicaTon	
  but	
  taking	
  
into	
  account	
  #	
  processes	
  

Execu?on	
  

Blocking (Barrier)!

Communica?on	
  

FAN_IN	
  

FAN_OUT	
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USE	
  CASES	
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Network	
  sensiTvity	
  (I)	
  

! MPIRE	
  32	
  tasks,	
  no	
  network	
  contenTon	
  

L	
  =	
  25µs	
  –	
  BW	
  =	
  100MB/s	
   L	
  =	
  1000µs	
  –	
  BW	
  =	
  100MB/s	
  

L	
  =	
  25µs	
  –	
  BW	
  =	
  10MB/s	
  

All	
  windows	
  same	
  scale	
  

PATC	
  Tools	
  Training.	
  Barcelona,	
  Oct.	
  14-­‐18th	
  2013	
  



Network	
  sensiTvity	
  (II)	
  

! WRF	
  
•  Iberia	
  4Km,	
  4procs/node	
  
•  NMM	
  /	
  ARW	
  models	
  
•  128/256/512	
  procs.	
  per	
  model	
  

! None	
  sensiTve	
  to	
  latency	
  (L)	
  

! Bandwidth	
  (BW)	
  
•  NMM:	
  req.	
  256MB/s	
  
•  ARW:	
  req.	
  1GB/s	
  

! ContenTon	
  (B)	
  
•  NMM:	
  sensiTve	
  at	
  512	
  procs.	
  

Scale	
  
•  ARW:	
  sensiTve	
  at	
  all	
  scales	
  

Impact of latency (BW=256; B=0)
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Performance	
  predicTon	
  

! SPECFEM3D	
  
•  Do	
  we	
  need	
  asynchronous	
  

communicaTons?	
  

Courtesy Dimitri Komatitsch


Real	
  

Ideal	
  

PredicTon	
  
MN	
  

PredicTon	
  
5MB/s	
  

PredicTon	
  
1MB/s	
  

PredicTon	
  
10MB/s	
  

PredicTon	
  
100MB/s	
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MulT-­‐scale	
  simulaTon	
  

! Dimemas	
  +	
  CPU	
  simulator	
  
•  ExecuTon	
  Tme	
  using	
  

different	
  cache	
  size	
  and	
  
network	
  bandwidth	
  

! WRF	
  &	
  VAC	
  
•  Dominated	
  by	
  computaTon	
  

! NAS	
  BT	
  	
  
•  Can	
  compensate	
  cache	
  

reducTon	
  with	
  more	
  
network	
  BW	
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ApplicaTon	
  limits	
  (I)	
  

! Load	
  balance	
  /	
  dependences?	
  

Real	
  run	
  

Ideal	
  Network:	
  ∞	
  bandwidth	
  /	
  0	
  latency	
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ApplicaTon	
  limits	
  (II)	
  

! Ideal	
  speeding	
  up	
  ALL	
  computaTon	
  bursts	
  by	
  the	
  
CPUraTo	
  factor	
  

! The	
  more	
  processes,	
  the	
  less	
  speed-­‐up	
  
•  Higher	
  impact	
  of	
  bandwidth	
  limitaTons!!!!	
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Profile
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ApplicaTon	
  limits	
  (III)	
  

! Hybrid/accelerator	
  
parallelizaTon	
  
•  Speed-­‐up	
  SELECTED	
  regions	
  by	
  

the	
  CPUra'o	
  factor	
  
! We	
  do	
  need	
  to	
  overcome	
  the	
  
hybrid	
  Amdahl’s	
  law	
  
•  Asynchrony	
  +	
  Load	
  Balancing	
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(Previous	
  slide:	
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An	
  in-­‐depth	
  study	
  of	
  the	
  parallel	
  efficiency…	
  
USE	
  CASES	
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ApplicaTon’s	
  Efficiency	
  (I)	
  

! CG-­‐POP	
  mpi2s1D	
  180x120	
  –	
  10	
  iteraTons	
  

24	
  tasks	
  

48	
  tasks	
  

96	
  tasks	
  

180	
  tasks	
  

360	
  tasks	
  

Good	
  scalability!	
  
speed up
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ApplicaTon’s	
  Efficiency	
  (II)	
  

! Comparing	
  1	
  iteraTon	
  –	
  different	
  Tme	
  scale	
  
MPI	
  call	
  view	
   DuraTon	
  of	
  compuTng	
  phase	
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Efficiency	
  model:	
  Parallel	
  Efficiency	
  

! Obtained	
  from	
  real	
  execuTon	
  metrics	
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Efficiency	
  model	
  (II):	
  µLB	
  &	
  transfer	
  

! But…	
  

! …	
  there	
  is	
  other	
  type	
  of	
  LB!	
  µLB	
  
•  SerializaTons	
  /	
  Dependences	
  

! We	
  measure	
  it	
  using	
  Dimemas!	
  
•  How?	
  Using	
  an	
  ideal	
  network	
  	
  Transfer	
  efficiency	
  =	
  1	
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Efficiency	
  model	
  (III):	
  Speedup	
  model	
  

! Final	
  model	
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Parallel	
  Efficiency	
   ComputaTon	
  Efficiency	
  

M.	
  Casas	
  et.	
  Al.,	
  Automa'c	
  analysis	
  of	
  speedup	
  of	
  MPI	
  applica'ons.	
  ICS	
  2008	
  



ApplicaTon’s	
  Efficiency	
  (I)	
  

! Comparing	
  10	
  iteraTons	
  –	
  same	
  Tme	
  scale	
  

24	
  tasks	
  

48	
  tasks	
  

96	
  tasks	
  

180	
  tasks	
  

360	
  tasks	
  

Good	
  scalability!	
  
speed up
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Scaling	
  model	
  results	
  (I)	
  

! Comparing	
  10	
  iteraTons	
  program	
  global	
  efficiency	
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Scaling	
  model	
  results	
  (II)	
  

! Comparing	
  10	
  iteraTons	
  parallel	
  efficiency	
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Imbalance	
  

! CommunicaTon	
  phase	
  only	
  (96	
  Tasks)	
  
•  Small	
  computaTons	
  point-­‐to-­‐point	
  /	
  collecTve	
  calls	
  
•  MPI	
  calls	
  view	
  /	
  same	
  Tme	
  scale	
  

•  Imbalance	
  in	
  halo	
  exchange	
  
•  ComputaTon	
  (75%)	
  /	
  #	
  messages	
  (65%)	
  

•  Small	
  amount	
  of	
  serializaTon	
  
•  Large	
  transfer	
  Tme	
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CONCLUSIONS	
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What	
  did	
  we	
  learned?	
  

! How	
  network	
  factors	
  affect	
  my	
  applicaTon?	
  
	
  
! Does	
  it	
  make	
  sense	
  to	
  use	
  asynchronous	
  
communicaTons?	
  

	
  
! Which	
  is	
  the	
  best	
  combinaTon	
  of	
  compuTng	
  power	
  and	
  
network	
  speed?	
  

	
  
! Does	
  my	
  applicaTon	
  take	
  into	
  advantage	
  the	
  resources	
  
available?	
  

	
  
! Is	
  the	
  parallelizaTon	
  of	
  my	
  applicaTon	
  efficient?	
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Wrapping	
  up	
  

! SomeTmes	
  things	
  are	
  not	
  as	
  they	
  look	
  like	
  	
  

! Small	
  scale	
  analysis	
  can	
  give	
  us	
  hints	
  to	
  idenTfy	
  
problems	
  at	
  larger	
  scales	
  

! DIMEMAS	
  offers	
  a	
  valuable	
  insight	
  to	
  understand	
  
our	
  applicaTons	
  and	
  systems	
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www.bsc.es	
  

tools@bsc.es	
  
THANK	
  YOU!	
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