
Paxos Made Simple

« The Paxos algorithm, when presented
in plain English, is very simple…

In fact, it is among the simplest and
most obvious of distributed algorithms.»

-- Leslie Lamport 2001



But in reality it is complex!
« The dirty little secret of the community is that at most
5 people really, truly understand every part of Paxos.»

-- NSDI reviewer

« There are significant gaps between the description of the 
Paxos algorithm and the needs of a real-world system… 

The final system will be based on an unproven protocol.»

-- Chubby authors





Problem

►How to reach consensus/data consistency
in distributed system that can tolerate
non-malicious failures?





Applications

►Chubby: distributed lock service (Google)
►Spanner & Megastore: NewSQL DBs (Google)
►ZooKeeper: distributed lock service (Apache)
►Petal: distributed virtual disks
►Frangipani: scalable distributed file system
►SVC: storage virtualization (IBM)
►…

















Paxos’s properties

►P1: Any proposal number is unique.

►P2: Any two majority sets have at least one 
acceptor in common.

►P3: the value sent out in phase 2 (accept) is 
the value of the highest-numbered proposal 
of all the responses in phase 1 (prepare).



Proof of safety

►Claim: if a value v is chosen at proposal 
number n, any value that is sent out in 
phase 2 of any later proposal numbers must 
be also v.







Learning a chosen value

►There are some options:

§ Each acceptor, whenever it accepts a proposal, 
informs all the learners.

§ Acceptors informs a distinguished learner 
(usually the proposer) and let the distinguished 
learner broadcast the result.



Tunable knobs
►Acceptors have many options to response:

§ Prepare request: No/Yes
§ Accept request: No/Yes if it didn’t promise not 

to do so

►Back off time after abandon a proposal: 
exponential back-off/pre-assigned values

►Should we wait for nodes to become online 
in each phase?


