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  and	
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  (Chap3,	
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– Use	
  deduplicacon	
  for	
  efficient	
  disk	
  image	
  storage	
  
(Chap4,	
  TridentCom15)	
  

•  Differen0al	
  IO	
  Scheduling:	
  schedule	
  same	
  type	
  
of	
  IO	
  requests	
  for	
  predictable	
  and	
  efficient	
  
performance	
  (Chap5,	
  HotCloud12) 
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Thesis	
  Statement 

Similarity	
  in	
  content	
  and	
  access	
  pa5erns	
  can	
  be	
  
uclized	
  to	
  improve	
  space	
  efficiency,	
  	
  
by	
  storing	
  similar	
  data	
  together	
  	
  

and	
  performance	
  predictability	
  and	
  efficiency,	
  	
  
by	
  scheduling	
  similar	
  IO	
  requests	
  to	
  the	
  same	
  hard	
  

drive.	
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  redundant	
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  within	
  a	
  window	
  size	
  and	
  encodes	
  
with	
  more	
  compact	
  structures	
  

•  Metrics	
  
-  Compression	
  Factor	
  (CF)	
  =	
  original	
  size	
  /	
  compressed	
  size	
  
-  Throughput	
  	
  	
  =	
  original	
  size	
  /	
  (de)compression	
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The	
  larger	
  the	
  window,	
  the	
  beEer	
  the	
  compression	
  but	
  slower.	
  
Fundamental	
  reason:	
  finding	
  redundancy	
  in	
  string	
  level	
  does	
  not	
  
scale	
  to	
  large	
  windows 
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  to	
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  idea:	
  group	
  by	
  similarity	
  in	
  block	
  level,	
  enabling	
  
standard	
  compressors	
  to	
  find	
  repeated	
  strings	
  with	
  
small	
  windows	
  

•  Migratory	
  compression	
  (MC):	
  coarse-­‐grained	
  
reorganizacon	
  to	
  group	
  similar	
  blocks	
  to	
  improve	
  
compressibility	
  	
  
–  A	
  generic	
  pre-­‐processing	
  stage	
  for	
  standard	
  compressors	
  
–  In	
  many	
  cases,	
  improve	
  both	
  compressibility	
  and	
  
throughput	
  

–  Effeccve	
  for	
  improving	
  compression	
  for	
  archival	
  storage	
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Efficient	
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•  Problem:	
  requires	
  lots	
  of	
  random	
  IOs	
  
•  Hard	
  drives:	
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Evaluacon 
•  How much can compression be improved? 

–  Compression Factor (CF): original size / compressed size 
•  What is the complexity (runtime overhead)? 

–  Compression throughput: original size / runtime 
•  More in the paper 

–  How does SSD or HDD affect data reorganization 
performance? For HDD, does multi-pass help? 

–  How does MC perform, compared with delta 
compression?  

–  What are the configuration options for MC?  
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  code	
  distribucon,	
  …	
  

•  GNU	
  tar	
  format	
  
– A	
  sequence	
  of	
  entries,	
  one	
  per	
  file	
  
–  For	
  each	
  file:	
  a	
  file	
  header	
  and	
  data	
  blocks	
  
– Header	
  block:	
  file	
  path,	
  size,	
  modificacon	
  cme	
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  kernel	
  source	
  code	
  
•  Many	
  versions:	
  13	
  ~	
  308	
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More	
  in	
  the	
  Paper 

•  Design	
  deduplicaKon-­‐friendly	
  formats	
  
– Case	
  study:	
  EMC	
  NetWorker	
  	
  

•  Applicacon-­‐level	
  post-­‐processing	
  
– Case	
  study:	
  GNU	
  tar	
  

•  Format-­‐aware	
  DeduplicaKon	
  
– Case	
  studies:	
  1)	
  virtual	
  tape	
  library	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2)	
  Oracle	
  RMAN	
  backup	
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Summary 

•  Metadata	
  impacts	
  deduplicacon	
  
– Metadata	
  changes	
  more	
  frequently,	
  introducing	
  
many	
  unnecessary	
  unique	
  chunks	
  

•  Solucon:	
  separate	
  metadata	
  from	
  data	
  
– Up	
  to	
  5×	
  improvements	
  in	
  deduplicacon	
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  Harmful	
  …	
  to	
  Deduplicacon	
  
Xing	
  Lin,	
  Fred	
  Douglis,	
  Jim	
  Li,	
  Xudong	
  Li,	
  Robert	
  Ricci,	
  Stephen	
  Smaldone	
  and	
  
Grant	
  Wallance	
  
HotStorage	
  ’15:	
  7th	
  USENIX	
  Workshop	
  on	
  Hot	
  Topics	
  in	
  Storage	
  and	
  File	
  Systems	
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Introduccon 

•  Cloud	
  providers	
  or	
  network	
  testbeds	
  maintain	
  
a	
  large	
  number	
  of	
  operacng	
  system	
  images	
  
(disk	
  images)	
  
– Amazon	
  Web	
  Service	
  (AWS):	
  37,000+	
  images	
  	
  
– Emulab:	
  1020+	
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  or	
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  testbeds	
  maintain	
  
a	
  large	
  number	
  of	
  operacng	
  system	
  images	
  
(disk	
  images)	
  
– Amazon	
  Web	
  Service	
  (AWS):	
  37,000+	
  images	
  	
  
– Emulab:	
  1020+	
  

•  Disk	
  image:	
  a	
  snapshot	
  of	
  a	
  disk’s	
  content	
  
– Several	
  to	
  hundreds	
  of	
  GBs.	
  
– Similarity	
  across	
  disk	
  images	
  ([Jin,	
  SYSTOR12])	
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The	
  process	
  of	
  distribucng	
  and	
  installing	
  a	
  disk	
  image	
  	
  
at	
  mulcple	
  compute	
  nodes	
  

Image	
  server Compute	
  Nodes 

Requirements:	
  efficient	
  image	
  transmission	
  and	
  installacon 



Exiscng	
  Systems:	
  Frisbee	
  and	
  Venc 
•  Frisbee:	
  an	
  efficient	
  image	
  deployment	
  system	
  ([Hibler	
  ATC03])	
  
•  Venc:	
  a	
  deduplicacng	
  storage	
  system	
  ([Quinlan	
  FAST02])	
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  and	
  Venc 
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  image	
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  ([Hibler	
  ATC03])	
  
•  Venc:	
  a	
  deduplicacng	
  storage	
  system	
  ([Quinlan	
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  Venc 
•  Frisbee:	
  an	
  efficient	
  image	
  deployment	
  system	
  ([Hibler	
  ATC03])	
  
•  Venc:	
  a	
  deduplicacng	
  storage	
  system	
  ([Quinlan	
  FAST02])	
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Switch Image	
  server Compute	
  Nodes 

Install	
  at	
  full	
  disk	
  bandwidth Transfer	
  compressed	
  data Store	
  compressed	
  data	
  
(compression	
  is	
  slow) 
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  Image	
  Deployment 

? 

How	
  to	
  achieve	
  efficient	
  image	
  deployment	
  and	
  storage	
  	
  
simultaneously,	
  by	
  integracng	
  these	
  two	
  systems? 
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In	
  image	
  deployment 



More	
  in	
  the	
  Paper 

•  Aligned	
  Fixed-­‐size	
  Chunking	
  (AFC)	
  
•  Image	
  retrieve	
  cme	
  based	
  on	
  chunk	
  sizes	
  

– Smaller	
  chunk	
  size:	
  be5er	
  deduplicacon	
  
– Larger	
  chunk	
  size:	
  be5er	
  image	
  deployment	
  
performance	
  

•  Image	
  deployment	
  performance	
  with	
  staging	
  
nodes	
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✔ efficient	
  image	
  deployment	
  
✔ efficient	
  image	
  storage 

Compress	
  each	
  chunk	
  

Aligned	
  Fixed-­‐size	
  
Chunking	
  

Pre-­‐computacon	
  of	
  
Frisbee	
  chunk	
  headers	
  

Careful	
  seleccon	
  of	
  chunk	
  
size	
  

Using	
  Deduplicacng	
  Storage	
  for	
  Efficient	
  Disk	
  Image	
  Deployment	
  
Xing	
  Lin,	
  Mike	
  Hibler,	
  Eric	
  Eide,	
  and	
  Robert	
  Ricci	
  
TridentCom	
  ’15:	
  10th	
  internaconal	
  conference	
  on	
  testbeds	
  and	
  research	
  
infrastructures	
  for	
  the	
  development	
  of	
  networks	
  &	
  communices	
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ü  Migratory	
  Compression 

ü  Improve	
  deduplicacon	
  by	
  separacng	
  
metadata	
  from	
  data 

ü  Using	
  deduplicacon	
  for	
  efficient	
  disk	
  
image	
  deployment	
  

ü  Performance	
  predictability	
  and	
  
efficiency	
  for	
  Cloud	
  Storage	
  Systems 

ü  Conclusion 



Introduccon 

•  Cloud	
  Compucng	
  is	
  becoming	
  popular	
  
– Amazon	
  Web	
  Service	
  (AWS),	
  Microsow	
  Azure	
  ...	
  

•  Virtualizacon	
  enables	
  efficient	
  resource	
  sharing	
  
– Mulcplexing	
  and	
  consolidacon;	
  economics	
  of	
  scale	
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  sharing	
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  of	
  scale	
  

•  Sharing	
  introduces	
  interference	
  
– Random	
  and	
  sequencal	
  workloads	
  [Gulac	
  VPACT	
  ‘09]	
  
– Read	
  and	
  write	
  workloads	
  [Ahmad	
  WWC	
  ‘03]	
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•  Virtualizacon	
  enables	
  efficient	
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  sharing	
  
– Mulcplexing	
  and	
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  economics	
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  scale	
  

•  Sharing	
  introduces	
  interference	
  
– Random	
  and	
  sequencal	
  workloads	
  [Gulac	
  VPACT	
  ‘09]	
  
– Read	
  and	
  write	
  workloads	
  [Ahmad	
  WWC	
  ‘03]	
  

•  Targecng	
  environments:	
  a	
  large	
  number	
  of	
  
mixed	
  workloads 
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  =	
  high	
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Differencal	
  I/O	
  Scheduling	
  (DIOS) 

•  Opportunity:	
  replicacon	
  is	
  commonly	
  used	
  in	
  
cloud	
  storage	
  systems	
  
– Google	
  Filesystem,	
  Ceph,	
  sheepdog,	
  etc.	
  

•  Idea:	
  dedicate	
  each	
  disk	
  to	
  serve	
  one	
  type	
  of	
  
requests	
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Differencal	
  I/O	
  Scheduling	
  (DIOS) 

•  Opportunity:	
  replicacon	
  is	
  commonly	
  used	
  in	
  
cloud	
  storage	
  systems	
  
– Google	
  Filesystem,	
  Ceph,	
  sheepdog,	
  etc.	
  

•  Idea:	
  dedicate	
  each	
  disk	
  to	
  serve	
  one	
  type	
  of	
  
requests	
  

•  System	
  implica0ons	
  (tradeoff)	
  
– High	
  bandwidth	
  for	
  disks	
  serving	
  sequencal	
  requests	
  
– Lower	
  performance	
  for	
  random	
  workloads	
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  High	
  bandwidth 



Implementacon 

•  Ceph:	
  distributed	
  storage	
  system	
  that	
  
implements	
  replicacon	
  
-  Use	
  randomness	
  in	
  seleccng	
  replicas	
  

•  DIOS:	
  modified	
  Ceph	
  with	
  determiniscc	
  
replica	
  seleccons	
  and	
  request	
  type-­‐aware	
  
scheduling 

186 



Evaluacon	
  –	
  Sequencal	
  Workloads 

187 

Workload:	
  	
  
20	
  sequencal,	
  mixing	
  	
  
with	
  different	
  numbers	
  	
  
of	
  random	
  workloads.	
  	
  
	
  
Total	
  data	
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Summary 

•  It	
  is	
  more	
  efficient	
  and	
  leads	
  to	
  more	
  
predictable	
  performance,	
  by	
  dedicacng	
  a	
  disk	
  
to	
  serve	
  a	
  single	
  type	
  of	
  read	
  requests.	
  

•  Future	
  direccons	
  
– Write	
  workloads	
  
– Extension	
  to	
  3-­‐way	
  replicacon	
  (load	
  balance) 
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Conclusion 
•  Problems:	
  

–  Limitacons	
  in	
  tradiconal	
  compression	
  and	
  
deduplicacon	
  

–  Performance	
  interference	
  for	
  cloud	
  storage	
  
•  Use	
  similarity	
  in	
  content	
  and	
  access	
  pa5erns	
  

– Migratory	
  compression:	
  find	
  similarity	
  in	
  block	
  level	
  
and	
  do	
  re-­‐organizacon	
  

– Deduplicacon:	
  store	
  same	
  type	
  of	
  data	
  blocks	
  
together	
  

– Differencal	
  IO	
  scheduling:	
  schedule	
  same	
  type	
  of	
  	
  
requests	
  to	
  same	
  disk 
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Thesis	
  Statement 

Similarity	
  in	
  content	
  and	
  access	
  pa5erns	
  can	
  be	
  
uclized	
  to	
  improve	
  space	
  efficiency,	
  	
  
by	
  storing	
  similar	
  data	
  together	
  	
  

and	
  performance	
  predictability	
  and	
  efficiency,	
  	
  
by	
  scheduling	
  similar	
  IO	
  requests	
  to	
  the	
  same	
  hard	
  

drive.	
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VF	
  -­‐	
  Related	
  Work 
•  Deduplicacon	
  analysis	
  for	
  virtual	
  machine	
  images	
  [Jin	
  
SYSTOR	
  ‘09]	
  	
  
–  Benefit:	
  70~80%	
  of	
  blocks	
  are	
  duplicates	
  
–  Only	
  analysis	
  

•  LiveDFS:	
  deduplicacng	
  filesystem	
  for	
  storing	
  disk	
  
images	
  for	
  OpenStack	
  [Ng	
  middleware	
  ‘11]	
  
–  Focus	
  on	
  spacal	
  locality	
  and	
  metadata	
  prefetching	
  
–  Scales	
  linearly	
  and	
  only	
  4	
  VMs;	
  no	
  compression	
  

•  Emustore:	
  an	
  early	
  a5empt	
  for	
  this	
  project	
  
[Pullakandam	
  Master	
  Thesis	
  2011]	
  
–  Compression	
  during	
  image	
  deployment	
  
–  Used	
  regular	
  fixed-­‐size	
  chunking 
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  factor	
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Read	
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Transfer	
  
compressed	
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Decompress	
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Write	
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into	
  disk 
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Effeccve	
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