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Goal	
  of	
  GFS	
  

•  Many	
  computa5on	
  stores	
  huge	
  amounts	
  of	
  
data	
  and	
  demands	
  high	
  throughput	
  
– many	
  concurrent	
  readers	
  /	
  writers	
  

•  Example:	
  parallel	
  web	
  crawler	
  



GFS	
  high	
  level	
  design	
  

•  The	
  API	
  
– File	
  system	
  API:	
  directories,	
  files,	
  open/read/
write/append	
  

– Not	
  POSIX	
  compa5ble	
  



GFS	
  architecture	
  A	
  single	
  point	
  of	
  control:	
  
master	
  is	
  responsible	
  for:	
  
•  file	
  and	
  chunk	
  

namespace	
  
•  fileàchunks	
  
•  chunksàreplica	
  servers	
  



GFS	
  master	
  

•  GFS	
  master	
  server	
  stores	
  meta-­‐data:	
  
– For	
  a	
  directory,	
  what	
  files	
  are	
  in	
  it	
  
– For	
  a	
  file,	
  the	
  set	
  of	
  chunk	
  servers	
  for	
  each	
  64	
  MB	
  
chunk	
  

– For	
  a	
  chunk,	
  the	
  set	
  of	
  replica	
  servers	
  storing	
  it	
  
•  master	
  keeps	
  state	
  in	
  memory	
  
– 64	
  bytes	
  of	
  metadata	
  per	
  each	
  chunk	
  
– master	
  replicates	
  opera5on	
  log	
  to	
  master	
  replicas	
  

•  External	
  monitor	
  performs	
  master	
  switching	
  



Master	
  coordinates	
  replica-­‐group	
  for	
  
each	
  chunk	
  

1.	
  chunk	
  version++	
  master	
  

secondary	
  
replica	
  A	
  

secondary	
  
replica	
  B	
  

primary	
  
replica	
  

chunk	
  version	
  helps	
  detect	
  stale	
  replica.	
  
If	
  A	
  crashes,	
  master	
  moves	
  to	
  ver=3	
  
Later	
  when	
  A	
  reports	
  its	
  status	
  to	
  master,	
  
	
  master	
  knows	
  A	
  is	
  out	
  of	
  date	
  



list	
  of	
  chunk-­‐servers	
  
and	
  chunk	
  version	
  

Primary-­‐backup	
  replica5on	
  in	
  chunk	
  servers	
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GFS	
  chunk	
  replica5on	
  

•  No	
  logging,	
  chunk	
  servers	
  directly	
  apply	
  writes	
  
in-­‐place	
  
– write(chunk-­‐id,	
  offset=100,	
  “abcdefg”)	
  

•  What	
  happens	
  w/	
  concurrent	
  writes?	
  
– data	
  of	
  different	
  clients	
  may	
  be	
  mingled	
  
– Client-­‐1:	
  write(0,	
  100-­‐byte-­‐of-­‐data)	
  
– Client-­‐2:	
  write(50,	
  200-­‐byte-­‐of-­‐data)	
  



GFS	
  atomic	
  appends	
  

•  Clients	
  issue	
  append(chunk-­‐id,	
  “bbb”)	
  
•  Primary	
  picks	
  offset	
  for	
  append	
  and	
  replicates	
  
data	
  at	
  chosen	
  offset.	
  

•  What	
  happens	
  during	
  a	
  chunk	
  server	
  failure?	
  
– client	
  retry	
  



Does	
  GFS	
  achieve	
  “ideal”	
  consistency	
  
for	
  atomic	
  append?	
  

•  No.	
  A	
  file	
  can	
  have	
  duplicate	
  or	
  holes	
  

•  No.	
  A	
  “unlucky”	
  client	
  can	
  read	
  stale	
  data	
  
– primary	
  succeeded	
  in	
  appending	
  
– client	
  read	
  from	
  stale	
  backup	
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Backup-­‐A	
  failed	
  to	
  process	
  
append(offset=2,	
  B)	
  

backup-­‐A	
  

backup-­‐B	
  

Upon	
  client	
  retry,	
  primary	
  
replicates	
  append(offset=3,	
  B)	
  



Impact	
  of	
  GFS	
  

•  Google’s	
  first	
  distributed	
  system	
  infrastructure	
  
•  Simplified	
  design	
  à	
  fast	
  development	
  5me	
  
– single	
  master	
  
– allow	
  inconsistency	
  during	
  failure	
  

•  Worked	
  well	
  for	
  a	
  decade	
  2003-­‐2012	
  
– succeeded	
  by	
  Colossus	
  	
  
•  No	
  more	
  single	
  master	
  holding	
  all	
  meta-­‐data	
  



GFS	
  vs.	
  Viewstamp	
  replica5on	
  

•  VR-­‐replica5on	
  for	
  chunk	
  server?	
  
•  VR-­‐replica5on	
  for	
  master	
  meta-­‐data	
  
replica5on?	
  


