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Open Areas of Research 

  Failure	
  detec?on	
  techniques	
  including	
  online	
  monitoring	
  and	
  opera?on	
  retry	
  to	
  detect	
  
and	
  recover	
  from	
  mul?ple	
  failure	
  modali?es	
  

  A	
  need	
  for	
  predictability	
  and	
  coordinated	
  scheduling	
  in	
  spite	
  of	
  varia?ons	
  in	
  load	
  and	
  
compe?ng	
  use	
  of	
  storage	
  space,	
  bandwidth	
  to	
  the	
  storage	
  system,	
  and	
  network	
  
bandwidth	
  	
  
–  Failure	
  detec?on	
  and	
  performance	
  predic?on	
  are	
  considered	
  open	
  areas	
  of	
  research	
  by	
  many	
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Reliability Engineering for the Grid 

  ATLAS	
  experience	
  has	
  shown	
  that	
  Grid	
  
failures	
  can	
  occur	
  for	
  a	
  variety	
  of	
  reasons	
  
–  Grid	
  heterogeneity	
  makes	
  failures	
  hard	
  to	
  

diagnose	
  and	
  repair	
  quickly	
  
•  ATLAS	
  data	
  processing	
  on	
  the	
  Grid	
  must	
  

tolerate	
  a	
  con?nuous	
  stream	
  of	
  failures	
  errors	
  
and	
  faults	
  

  While	
  many	
  fault-­‐tolerance	
  mechanisms	
  
improve	
  the	
  reliability	
  of	
  ATLAS	
  data	
  
processing	
  in	
  the	
  Grid,	
  their	
  benefits	
  come	
  
at	
  costs	
  

  Reliability	
  Engineering	
  provides	
  a	
  framework	
  
for	
  fundamental	
  understanding	
  of	
  the	
  ATLAS	
  
petascale	
  data	
  processing	
  on	
  the	
  Grid,	
  which	
  
is	
  not	
  a	
  desirable	
  enhancement	
  but	
  a	
  
necessary	
  requirement	
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  Job	
  resubmission	
  avoids	
  data	
  loss	
  at	
  the	
  expense	
  of	
  CPU	
  ?me	
  used	
  by	
  the	
  failed	
  jobs	
  
–  Distribu?on	
  of	
  tasks	
  ordered	
  by	
  CPU	
  ?me	
  used	
  to	
  recover	
  transient	
  failures	
  is	
  not	
  uniform:	
  

•  Most	
  of	
  CPU	
  ?me	
  required	
  for	
  recovery	
  was	
  used	
  in	
  a	
  small	
  frac?on	
  of	
  tasks	
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ATLAS Failure Recovery Cost 
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  In	
  2010	
  reprocessing,	
  
the	
  CPU	
  ?me	
  used	
  	
  to	
  
recover	
  transient	
  
failures	
  was	
  6%	
  of	
  the	
  
CPU	
  ?me	
  used	
  for	
  
reconstruc?on	
  

  In	
  2011	
  reprocessing,	
  
the	
  CPU	
  ?me	
  used	
  	
  to	
  
recover	
  transient	
  
failures	
  was	
  reduced	
  to	
  
4%	
  of	
  the	
  CPU	
  ?me	
  
used	
  for	
  the	
  
reconstruc?on	
  



2010 vs. 2011: Universal Behavior 
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Waloddi Weibull 

1939	
  Weibull	
  published	
  his	
  paper	
  on	
  Weibull	
  distribu?on	
  in	
  probability	
  theory	
  and	
  sta?s?cs	
  

1941	
  Weibull	
  received	
  a	
  personal	
  research	
  professorship	
  in	
  Technical	
  Physics	
  at	
  the	
  Royal	
  
Ins?tute	
  of	
  Technology	
  in	
  Stockholm	
  from	
  the	
  arms	
  producer	
  Bofors	
  

1951	
  Weibull	
  presented	
  his	
  most	
  famous	
  paper	
  to	
  the	
  American	
  Society	
  of	
  Mechanical	
  
Engineers	
  (ASME)	
  on	
  Weibull	
  distribu?on,	
  using	
  seven	
  case	
  studies	
  

1972	
  American	
  Society	
  of	
  Mechanical	
  Engineers	
  awarded	
  Weibull	
  the	
  Gold	
  Medal	
  

1978	
  Royal	
  Swedish	
  Academy	
  of	
  Engineering	
  Sciences	
  awarded	
  Weibull	
  the	
  Great	
  Gold	
  Medal	
  
  The	
  Weibull	
  distribu?on	
  is	
  by	
  far	
  the	
  world's	
  most	
  popular	
  sta?s?cal	
  model	
  for	
  

produc?on	
  data	
  

Dmitry Golubkov 

Grid2012: ATLAS Computing Wokrshop, Dubna, Russia 
6 



Bi-modal Weibull Distribution: CPU-time Used to 
Recover Job Failures in ATLAS Data Reprocessing 
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Two Parts in ATLAS 2011 Reprocessing 
  2011	
  reprocessing	
  campaign	
  of	
  more	
  than	
  0.9	
  B	
  pp	
  events	
  was	
  split	
  in	
  two	
  parts	
  

–  Part	
  I	
  reprocessed	
  the	
  dataset	
  taken	
  3/21-­‐6/29,	
  Part	
  II	
  -­‐	
  data	
  taken	
  7/13-­‐8/22	
  
•  Each	
  part	
  has	
  about	
  1.25	
  f-­‐1	
  of	
  integrated	
  luminosity	
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0.5 B events       
periods B,D-H 

0.4 B events 
periods I-K 

Tier-0 prompt 
reconstruction: 
periods L- 

  Reprocessing provided large 
scale validation of the new 
software release assuring its 
smooth deployment at Tier-0, 
so that the end of 2011 pp 
datataking was in sync with 
the reprocessed dataset to be 
used for physics analysis for 
winter conferences and 
papers 



Detailed Look at 2011 Reprocessing 

Dmitry Golubkov 

Grid2012: ATLAS Computing Wokrshop, Dubna, Russia 
9 

0.01	
  

1	
  

100	
  

10000	
  

0	
   100	
   200	
   300	
   400	
   500	
  

Part	
  II	
  

Part	
  I	
  

Bi-modal nature produced 
a kink in the distribution of 
2011 reprocessing Part II 

Task	
  Order	
  

CP
U
-­‐h
ou

rs
	
  u
se
d	
  
to
	
  r
ec
ov
er
	
  tr
an
si
en

t	
  f
ai
lu
re
s	
  



Representative Task Shows that Most CPU Costs  Caused 
by Storage Failures at the End of the Job  
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Time Overhead 

  Op?miza?on	
  of	
  fault-­‐tolerance	
  techniques	
  vs.	
  ?me	
  overhead	
  (“tails”)	
  induced	
  in	
  task	
  
comple?on	
  is	
  an	
  ac?ve	
  area	
  of	
  research	
  in	
  ATLAS	
  Grid	
  Data	
  Processing	
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  It	
  takes	
  about	
  three	
  million	
  core-­‐
hours	
  to	
  processes	
  one	
  petabyte	
  of	
  
ATLAS	
  data	
  

  Transient	
  job	
  failures	
  and	
  retries	
  
delay	
  the	
  reprocessing	
  dura?on	
  

  Op?miza?on	
  of	
  ATLAS	
  Grid	
  Data	
  
Processing	
  workflow	
  and	
  other	
  
improvements	
  cut	
  the	
  “tails”	
  and	
  
halved	
  the	
  dura?on	
  of	
  the	
  
petabyte-­‐scale	
  reprocessing	
  on	
  the	
  
Grid	
  from	
  almost	
  two	
  months	
  in	
  
2010	
  to	
  less	
  than	
  four	
  weeks	
  in	
  
2011	
  	
  



Conclusions 

  In	
  ATLAS	
  Grid	
  Data	
  Processing	
  physicists	
  deal	
  with	
  datasets,	
  not	
  individual	
  files	
  
–  A	
  task	
  (comprised	
  of	
  many	
  jobs)	
  became	
  a	
  unit	
  of	
  ATLAS	
  Grid	
  Data	
  Processing	
  

  Reliability	
  Engineering	
  provides	
  a	
  framework	
  for	
  fundamental	
  understanding	
  of	
  ATLAS	
  
Grid	
  Data	
  Processing	
  ,	
  which	
  is	
  not	
  a	
  desirable	
  enhancement	
  but	
  a	
  necessary	
  requirement	
  
–  Improvements	
  in	
  ATLAS	
  Grid	
  Data	
  Processing	
  reduced	
  the	
  cost	
  of	
  the	
  automa?c	
  failed	
  jobs	
  re-­‐

tries	
  to	
  the	
  level	
  below	
  5%	
  of	
  total	
  CPU-­‐hours	
  used	
  
•  It	
  is	
  no	
  longer	
  a	
  problem	
  

–  Fault-­‐tolerance	
  achieved	
  through	
  automa?c	
  re-­‐tries	
  of	
  the	
  failed	
  jobs	
  induces	
  a	
  ?me	
  overhead	
  in	
  
the	
  task	
  comple?on,	
  which	
  is	
  difficult	
  to	
  predict	
  
•  Reduc?on	
  in	
  the	
  dura?on	
  of	
  Grid	
  Data	
  Processing	
  tasks	
  is	
  an	
  ac?ve	
  area	
  of	
  research	
  in	
  ATLAS	
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