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About Mencius

Mencius, or Meng Zi, was 
one of the principal 
philosophers during the 
Warring States Period. 
During the fourth century 
BC, Mencius worked on 
reform among the rulers 
of the area that is now 
China.



Building replicated state machines 
with consensus

General approach to replicate stateful
deterministic services

Provide strong consistency
Servers agree on the same sequence of 
commands to execute
Consensus to reach agreement

E.g. Paxos, Fast Paxos, Mencius, PBFT, 
   Zyzzyva, ...



High performance replicated state 
machines for WANs



Paxos in steady state 
Pros

Simple and low message complexity (3n-3)
Low latency at the leader (2 steps)

Cons
High latency at the non-leader replicas (4steps)
Not load balanced: bottleneck at the leader or the leader’s links



Deriving Mencius from Paxos

Approach
Rotating leader
A variant of consensus: simple consensus 
Optimizations

Advantages
Ensure safety

Safety is easy when derived from existing protocol
Flexible design

Others may derive their own protocol



First step: Rotating the leader

Each instance of consensus is assigned to a coordinator 
server

The coordinator is the default leader of that instance
Simple well-known assignment: e.g. round-robin

A server proposes client requests immediately to the 
next available instance it coordinates

Don’t have to wait for other servers: reduce latency
A server only proposes client requests to instances it 

coordinates
There will be no contention



Mencius Rule 1



Benefits of rotating the leader



Ensure liveness when servers have 
different load



Mencius Rule 2



Proposing no-ops is costly



Simple consensus for efficiency



Coordinated Paxos
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Skips with simple consensus



Reduce message complexity



Mencius Optimization 1 & 2



Gap in idle replicas



Mencius Accelerator 1



Failures
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Mencius: Rule 3



Deal with failure
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Mencius: Optimization 3 
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Imperfect failure detector

A false suspicion may result no-op chosen, even if the 
coordinator is not crashed and has proposed some value 
v
Solution: re-suggest v when the coordinator learns no-op

What if false suspicion happens again?
Keep trying?

One server can be permanently falsely suspected
Given a long enough period of no false suspicion, we 
can guarantees eventual liveness
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Mencius: Rule 4



Deal with failure



Mencius failure recovery



Mencius failure recovery



Mencius summary



Mencius summary continued 



Delayed commit



Experimental setup
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Throughput



Fault scalability 



More evaluation results

Lower latency at all servers under low 
contention

True, even without out-of-order commit
Adaptable to available bandwidth

Adaptation happens automatically
Easy to take advantage of all available 
bandwidth



Summary
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Questions?


	Mencius: Building Efficient Replicated State Machines for WANs�
	About Mencius
	Building replicated state machine with consensus
	Why wide-area?�
	High performance replicated state machine for (W, W) systems
	Paxos in steady state 
	Fast Paxos in steady state
	Paxos vs. Fast Paxosin (W, W) system
	Deriving Mencius from Paxos
	First step: Rotating the leader
	Mencius Rule 1
	Benefits of rotating the leader
	Ensure liveness when servers have different load
	Mencius Rule 2
	Proposing no-ops is costly
	Simple consensus for efficiency
	Coordinated Paxos
	Skips with simple consensus
	Reduce message complexity
	Mencius Optimization 1 & 2
	Gap in idle replicas
	Mencius Accelerator 1
	Failures
	Mencius: Rule 3
	Imperfect failure detector
	Mencius: Rule 4�
	Deal with failure
	Deal with failure
	Deal with failure
	Deal with failure
	Deal with failure
	Mencius failure recovery
	Mencius failure recovery
	Mencius: Optimization 3 
	Mencius summary
	Mencius summary continued 
	Delayed commit
	Experimental setup
	Latency vs. system load 
	Throughput
	Throughput under failure 
	Fault scalability 
	More evaluation results
	Summary
	References�
	Questions?



