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Introduc'on	
  

2	
  

1970s	
  to	
  
mid-­‐1990s	
  

Pat	
  Says:	
  
	
  

“There’s	
  ACID	
  transac1ons	
  and	
  there’s	
  EVIL”	
  
	
  

We	
  LOVE	
  Two-­‐Phase-­‐Commit	
  
	
  

mid-­‐1990s	
  
to	
  2011	
  

Pat	
  Says:	
  
	
  

“Natural	
  Selec1on	
  Will	
  Handle	
  Applica1ons	
  Depending	
  on	
  2PC”	
  
	
  

Two-­‐Phase-­‐Commit	
  Is	
  Too	
  BriBle	
  for	
  PracDcal	
  Use…	
  Deal	
  with	
  It	
  
	
  

2011	
  to	
  	
  
???	
  

Pat	
  Says:	
  
	
  

“Two	
  Phase	
  Commit	
  Is	
  Great…	
  Some1mes…”	
  
	
  

Some	
  New	
  Cases	
  Offer	
  Great	
  Cost/Benefit	
  Tradeoffs	
  
	
  

Summary:	
  
Never	
  Believe	
  a	
  Damn	
  Thing	
  I	
  Ever	
  Say!	
  

Including	
  This	
  Talk…	
  



Life	
  on	
  ACID…	
  	
  
the	
  1970s	
  and	
  1980s	
  Were	
  Great!	
  

•  I	
  grew	
  up	
  worshipping	
  at	
  the	
  altar	
  of	
  ACID	
  transacDons…	
  
–  Those	
  smart	
  old	
  guys	
  at	
  IBM	
  and	
  Tandem	
  made	
  that	
  shit	
  up…	
  
–  They	
  were	
  working	
  down	
  the	
  hall	
  at	
  Tandem	
  on	
  RelaDonal	
  Databases	
  
–  That	
  relaDonal	
  stuff	
  REALLY	
  counted	
  on	
  transacDons…	
  
–  ACID	
  transacDons	
  were	
  like	
  Atlas	
  holding	
  up	
  the	
  World…	
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In	
  the	
  Early	
  1990s,	
  the	
  Internet	
  Came	
  Along	
  

They	
  Weren’t	
  Using	
  Transac2ons…	
  	
  They	
  Weren’t	
  Using	
  Locks!	
  

Obviously,	
  This	
  Internet	
  Thing	
  Was	
  Doomed	
  to	
  Failure,	
  	
  
Wallowing	
  in	
  It’s	
  Inconsistent	
  Data	
  

Those	
  Luddites	
  Didn’t	
  CARE	
  They	
  Were	
  Inconsistent…	
  
They	
  Just	
  Stuffed	
  Data	
  Out	
  There	
  and	
  Did	
  What	
  They	
  Wanted	
  !!!	
  



I	
  Said	
  “Don’t	
  Use	
  Distributed	
  Transac'ons!!!”	
  

They’re	
  Fragile…	
  It	
  Will	
  Hurt!	
  

Do	
  the	
  Following	
  Annoying	
  
Workflows	
  to	
  Get	
  Around	
  Your	
  

Desire	
  for	
  Transac2ons…	
  

BriQleness,	
  Cynicism,	
  and	
  Apostacy	
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ABSTRACT

Many decades of work have been invested in the 
area of distributed transactions including 
protocols such as 2PC, Paxos, and various 
approaches to quorum.  These protocols provide 
the application programmer a façade of global 
serializability.  Personally, I have invested a non-
trivial portion of my career as a strong advocate 
for the implementation and use of platforms 
providing guarantees of global serializability.
My experience over the last decade has led me to 
liken these platforms to the Maginot Line1.  In 
general, application developers simply do not 
implement large scalable applications assuming 
distributed transactions.  When they attempt to 
use distributed transactions, the projects founder 
because the performance costs and fragility make 
them impractical.  Natural selection kicks in…

                                                          
1 The Maginot Line was a huge fortress that ran the length 
of the Franco-German border and was constructed at great 
expense between World War I and World War II.  It 
successfully kept the German army from directly crossing 
the border between France and Germany.  It was quickly 
bypassed by the Germans in 1940 who invaded through 
Belgium.

This article is published under a Creative Commons License Agreement 
(http://creativecommons.org/licenses/by/2.5/).
You may copy, distribute, display, and perform the work, make 
derivative works and make commercial use of the work, but you must 
attribute the work to the author and CIDR  2007.
3rd Biennial Conference on Innovative DataSystems Research (CIDR)
January 7-10, Asilomar, California USA.

Instead, applications are built using different 
techniques which do not provide the same 
transactional guarantees but still meet the needs 
of their businesses.
This paper explores and names some of the 
practical approaches used in the implementations 
of large-scale mission-critical applications in a 
world which rejects distributed transactions.  We 
discuss the management of fine-grained pieces of 
application data which may be repartitioned over 
time as the application grows.  We also discuss 
the design patterns used in sending messages 
between these repartitionable pieces of data.
The reason for starting this discussion is to raise 
awareness of new patterns for two reasons.  First, 
it is my belief that this awareness can ease the 
challenges of people hand-crafting very large 
scalable applications.  Second, by observing the 
patterns, hopefully the industry can work 
towards the creation of platforms that make it 
easier to build these very large applications.

1. INTRODUCTION
Let’s examine some goals for this paper, some 

assumptions that I am making for this discussion, and 
then some opinions derived from the assumptions.  While 
I am keenly interested in high availability, this paper will 
ignore that issue and focus on scalability alone.  In 
particular, we focus on the implications that fall out of 
assuming we cannot have large-scale distributed 
transactions.

Goals
This paper has three broad goals:

Discuss Scalable Applications
Many of the requirements for the design of scalable 
systems are understood implicitly by many application 
designers who build large systems.  
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Mid-­‐1990s:	
  	
  Distributed	
  Transac'ons	
  Are	
  BriQle	
  in	
  Prac'ce	
  

If	
  Any	
  One	
  Machine	
  Is	
  Down,	
  the	
  Transac2on	
  May	
  Be	
  Locked	
  Up	
  

If	
  One	
  Transac2on	
  Is	
  Locked	
  Up,	
  Other’s	
  May	
  Pile	
  Up	
  in	
  a	
  Jam,	
  Too…	
  

Lots	
  of	
  Real-­‐World	
  Applica2ons	
  Failed	
  If	
  Dependent	
  on	
  Distribute	
  2PC	
  



Immutability	
  and	
  Replica'on	
  in	
  
Massive	
  Datastores	
  

•  Recently,	
  we	
  see	
  MASSIVE	
  datastores	
  with	
  highly	
  available	
  immutable	
  data	
  
–  GFS	
  (Google):	
  	
  Massive	
  storage	
  of	
  immutable	
  files	
  
–  Cosmos	
  (Microso`	
  Bing):	
  	
  Massive	
  storage	
  of	
  immutable	
  byte	
  streams	
  

•  Triple	
  redundant	
  automaDcally	
  replicaDon	
  storage	
  of	
  chunks	
  (extents)	
  
–  The	
  system	
  automaDcally	
  keeps	
  at	
  least	
  three	
  replicas	
  
–  The	
  data	
  is	
  very	
  highly	
  available	
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No	
  Longer	
  Think	
  about	
  Each	
  Computer	
  System	
  

The	
  Data	
  Is	
  Smeared	
  across	
  the	
  Cluster	
  

We	
  Expect	
  Each	
  Computer	
  May	
  Fail	
  

The	
  Availability	
  of	
  a	
  Single	
  Computer	
  Is	
  No	
  Longer	
  the	
  Point!	
  

The	
  Availability	
  of	
  the	
  Immutable	
  Data	
  Is	
  MUCH	
  Higher!	
  



Deltas	
  and	
  Immutable	
  Datasets	
  
•  BigTable,	
  HBase,	
  and	
  others	
  allow	
  changeable	
  data	
  by	
  key	
  

–  Updates	
  are	
  captured	
  as	
  deltas	
  which	
  are	
  wriBen	
  as	
  immutable	
  bytestreams	
  
–  The	
  base	
  set	
  of	
  records	
  is	
  captured	
  as	
  immutable	
  bytestreams	
  
–  Deltas	
  are	
  captured	
  as	
  immutable	
  bytestreams	
  

•  We	
  have	
  changeable	
  records	
  built	
  on	
  top	
  of	
  immutable	
  data	
  
–  PreBy	
  similar	
  to	
  what	
  databases	
  have	
  done	
  for	
  a	
  while	
  

•  We	
  have	
  extremely	
  highly	
  available	
  and	
  updateable	
  records!	
  
–  Because	
  the	
  underlying	
  bytestreams	
  are	
  highly	
  available,	
  we	
  can	
  make	
  highly	
  

available	
  updateable	
  key-­‐value	
  records!	
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Percolator,	
  Cosmos,	
  and	
  More…	
  	
  
•  Percolator:	
  	
  Google’s	
  plumbing	
  for	
  the	
  Caffeine	
  web-­‐index	
  generaDon	
  

–  Supports	
  full	
  transacDonal	
  update	
  across	
  ANY	
  record	
  across	
  tens/hundreds	
  of	
  
petabytes	
  across	
  tens	
  of	
  thousands	
  of	
  computers	
  (in	
  one	
  data	
  center)	
  

•  Cosmos:	
  	
  Evolving	
  to	
  support	
  transacDonal	
  random	
  update	
  of	
  records	
  
–  Will	
  support	
  full	
  transacDonal	
  update	
  across	
  ANY	
  record	
  across	
  tens/hundreds	
  

of	
  petabytes	
  across	
  tens	
  of	
  thousands	
  of	
  computers	
  (in	
  one	
  data	
  center)	
  
•  The	
  state	
  of	
  the	
  Two	
  Phase	
  Commit	
  of	
  each	
  transacDon	
  is	
  stored	
  within	
  the	
  

records	
  comprising	
  the	
  transacDon	
  
–  The	
  state	
  of	
  a	
  parDcipaDng	
  record	
  is	
  stored	
  in	
  the	
  record	
  (poinDng	
  to	
  a	
  master)	
  
–  The	
  outcome	
  of	
  the	
  transacDon	
  is	
  captured	
  in	
  a	
  “master”	
  record	
  
–  The	
  services	
  to	
  advance	
  the	
  transacDon	
  are	
  restartable	
  in	
  seconds/minutes	
  

•  TransacDonal	
  changes	
  are	
  highly	
  available	
  
–  The	
  state	
  is	
  triple-­‐replicated	
  as	
  records	
  
–  The	
  service	
  to	
  advance	
  the	
  state	
  is	
  quickly	
  restartable	
  
–  The	
  transacDon	
  is	
  not	
  briBle!!!	
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Dogma	
  and	
  Karma	
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I	
  Have	
  a	
  Track	
  Record	
  for	
  Spou'ng	
  
Dogma	
  about	
  Transac'ons	
  

You	
  Should	
  Never	
  Believe	
  a	
  Damn	
  Thing	
  I	
  Ever	
  Say!	
  

Transac'ons	
  Have	
  a	
  Karma	
  that	
  Keeps	
  
Running	
  over	
  My	
  Dogma…	
  



Takeaways	
  
•  TransacDons	
  (and	
  distributed	
  transacDons)	
  lower	
  the	
  app	
  complexity	
  barrier	
  

–  It	
  is	
  much	
  easier	
  to	
  write	
  an	
  applicaDon	
  with	
  transacDons	
  to	
  handle	
  failures	
  
–  It	
  is	
  much	
  easier	
  to	
  write	
  a	
  composite	
  app	
  spanning	
  many	
  components	
  with	
  Txs.	
  
–  Some	
  of	
  us	
  (including	
  me)	
  had	
  strong	
  opinions	
  that	
  transacDons	
  are	
  essen1al	
  

•  The	
  availability	
  of	
  the	
  applicaDon	
  using	
  distributed	
  transacDons	
  has	
  been	
  
(preBy	
  much)	
  the	
  intersecDon	
  of	
  the	
  availability	
  of	
  the	
  servers	
  touched	
  
–  This	
  has	
  led	
  to	
  many	
  transacDonal	
  applicaDons	
  that	
  work	
  well	
  in	
  test	
  and	
  are	
  a	
  

major	
  problem	
  when	
  deployed	
  in	
  the	
  real	
  world	
  
–  Some	
  of	
  us	
  	
  (including	
  me)	
  had	
  strong	
  opinions	
  that	
  distributed	
  transacDons	
  

should	
  be	
  associated	
  with	
  winning	
  the	
  Darwin	
  Award	
  
•  New	
  scalable	
  systems	
  are	
  emerging	
  which	
  represent	
  transacDons	
  as	
  state	
  in	
  

records	
  made	
  highly	
  available	
  over	
  tens	
  of	
  thousands	
  of	
  computers	
  
–  Spanning	
  tens	
  of	
  thousands	
  of	
  computers	
  but	
  in	
  one	
  datacenter	
  
–  Highly	
  available	
  record	
  state	
  means	
  highly	
  available	
  distributed	
  transacDons	
  

•  Emerging	
  cases:	
  the	
  benefit	
  of	
  large	
  2-­‐phase	
  commit	
  may	
  exceed	
  the	
  cost	
  
–  The	
  availability	
  of	
  2-­‐Phase-­‐Commit	
  (across	
  H/A	
  records	
  in	
  a	
  datacenter	
  is	
  GREAT)	
  
–  The	
  applicaDon	
  is	
  much	
  easier	
  
–  The	
  parDcipaDng	
  applicaDons	
  must	
  trust	
  the	
  infrastructure.	
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