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Consensus Problem 

A group of processes have to agree on a value that has 
been proposed by one of them (es. commit/abort of a 
transaction). It is an abstraction of a class of problems 
where processes starts with their opinion and then 
converge on one of them

It is a fundamental problemIt is a fundamental problem

We study algorithms working on weak models 



Consensus Example

Army 1 Army 3

Army 4

General 1

General 4

General 3

Army 2
General 2

Generals have to reach consensus between attack and get back



Impossibility Result

Impossibility of Consensus 
in asynchronous systems 

in the presence also of a single crash

Fisher, Lynch e Patterson (FLP result). 
Ref: Journal of the ACM, Vol. 32, No. 2, April 1985.



Consensus\definition

Set of initial values ∈ {0,1}. 
Every process has to decide the same value ∈ {0,1} based on their 
initial proposals.

p0 p1 p2 p3 p4 p5

0 1 0 1 0 0Initial Values

Consensus Protocol

1 1 1 1 1
Consensus 

value





A flooding consensus algorithm





Correctness and Performance

• Correctness
– Validity and integrity follow from  the properties on the 

communication channels
– Termination. At most after N rounds processes decide
– Agreement. The same deterministic function is – Agreement. The same deterministic function is 

applied to the same values by correct processes

• Performance
– Best Case (No failures). One communication round 

(2N2)
– Worst case (n-1 failures). N2 messages exchanged 

for each communication step 



A flooding uniform consensus algorithm

• why the previous algorithm does not impose uniform consensus?

• decide in N steps



Trigger init



Correctness and Performance

• Correctness
– Validity and integrity follow from  the 

properties on the communication channels
– Termination. At the round N non-crashed 

processes (at most N) decideprocesses (at most N) decide
– Agreement. The same deterministic function 

is applied to the same values by processes 
that reach round N

• Performance
– N*(N-1)2 messages for all correct processes 

to decide



Rotating Coordinator Consensus 
Algorithm

Each process has access to a FD  ◊◊◊◊P

Majority of correct processes n > 2t

rotating coordinator paradigm, each process knows 
that during round r the coordinator is  c=(r mod n)+1. 
rotating coordinator paradigm, each process knows 
that during round r the coordinator is  c=(r mod n)+1. 
The coordinator pc attempts to decide the value. If 
pc  is correct and it is not suspected by any 
process, the value will be sent to any process by 
reliable broadcast and the value will be decided. 

Each round is split in four steps



Algoritmo con FD ◊◊◊◊P \implementazione

Step 1: each process sends its current estimation of the decided value (labelled 
with the current round value, the timestamp) to the coordinator c

Step 2: the coordinator c gathers a maajoirity of such estimated values, selects 
the one with the highest timestamo and sends  this value to every process 
as new estimation.

Step 3: for each correct process p two options are valid:Step 3: for each correct process p two options are valid:
– p receives the estimated value and sends back an ack message to c to show 

that p has received and adopted the new estimation; or
– p suspects c, then p sends a nack message to c and p goes to the next round

Step 4: c gathers ack and nack messages. 
– If c receives a majority of acks, c decides the current estimated value as the 

deciided value and  c sends this information to all the processes through a 
reliable broadcast. 

– If c receives one nack, c goes to the next round



estimate propose decide
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Correctness and Performance

• Correctness
– Validity and integrity follow from  the properties on the 

communication channels
– Termination. After time t (when eventual synchrony applies) a 

correct process is never suspected by other processes and a 
faulty process is declared faulty. If the algorithm has not faulty process is declared faulty. If the algorithm has not 
terminated before, it will eventually decide and terminate the 
algorithm by sending the reliable broadcast

– Agreement. Consider two successive rounds where the 
coordiantors propose v and v’ respectively, To decide there is 
the need of majority of votes, by definition two majority always 
intersect. This leads to contradiction.

• Performance
– If no process fails  or it is suspected, 4*(N-1) messages for all 

correct processes to decide






