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Introduc)on	  

•  MMOs	  have	  high	  update	  rates	  
–  the	  en)re	  game	  state	  stored	  in	  memory	  

•  Goal:	  Execute	  at	  frame	  rate	  (30-‐60hz/fps)	  
•  Uniformity	  >	  Performance	  
•  Tradi)onal	  ARIES-‐style	  recovery	  will	  not	  be	  
op)mal	  for	  various	  types	  of	  MMO	  updates	  
–  Limited	  scalability	  (have	  to	  buy	  the	  expensive	  stuff)	  
– Over-‐par))on	  virtual	  worlds	  
– Ad-‐hoc	  solu)ons	  



Architecture	  of	  a	  MMO	  







Main	  Memory	  DBMS	  Recovery	  

•  In-‐memory	  copy	  )ming	  
– Eager	  copy	  
– Copy-‐on-‐update	  

•  Objects	  copied	  
– All	  objects	  
– Dirty	  objects	  

•  Data	  Organiza)on	  on	  disk	  
– Double-‐backup	  
– Log	  files	  



Main	  Memory	  DBMS	  Recovery	  Cont.	  

•  Checkpoint	  Algorithms	  
– Naïve-‐Snapshot	  
– Dribble-‐and-‐Copy-‐on-‐Update	  
– Atomic-‐Copy-‐Dirty-‐Objects	  
– Par)al-‐Redo	  
– Copy-‐on-‐Update	  
– Copy-‐on-‐Update-‐Par)al-‐Redo	  



























Experimental	  Stuff	  

•  Simula)on	  model	  
– Ability	  to	  evaluate	  different	  types	  of	  hardware	  
– Reduces	  effort	  to	  implement	  all	  algorithms	  
described	  

– Others	  can	  repeat	  results	  (with	  java	  file)	  
•  Datasets	  
– Zipfian	  distribu)on	  tracefile	  
– Prototype	  game;	  updates	  logged	  to	  tracefile	  





Assume	  k	  ≤	  n	  where	  n	  is	  the	  number	  of	  atomic	  	  
game	  	  state	  objects	  	  









Zipfian	  Distribu)on	  

•  Linguist	  Kingsley	  Zipf	  
•  Given	  some	  corpus	  of	  natural	  language	  
uFerances,	  the	  frequency	  of	  any	  word	  is	  
inversely	  propor3onal	  to	  its	  rank	  in	  the	  
frequency	  table.	  (wikipedia.org)	  





























Ques)ons?	  
Why	  did	  the	  recovery	  )me	  for	  
COU-‐par)al	  redo	  &	  	  par)al-‐redo	  
suck	  so	  bad	  in	  comparison	  to	  
Naïve	  Snapshot	  &	  Dribble	  on	  
update?	  All	  of	  these	  methods	  
used	  log	  storage.	  
	  
Why	  did	  Copy-‐on-‐Update	  have	  
lower	  overhead	  than	  COU-‐Par)al	  
Redo?	  


