


We saw the example of a bank with two branches last class, and on the importance of their 
applying the same operations in the same order to their databases. 

This generalizes to a problem known as consensus, which is tricky to achieve when we allow 
processes to fail. 



These definitions are abstracted from the textbook, page 64. 



This material is from Section 2.4.2 of the text. 













The primary replica’s function is too important to be trusted to a single server. Thus all its 
actions must be agreed upon by a set of servers known as the inner ring. 























Entries committed when leader hears back from majority of followers. 
* This is a simplification, as we will see later. It is a necessary, but not sufficient condition. 





The server maintains per follower the last known entry. If AppendEntries fails, the server sends 
its previous entry, until one entry (or the empty log) matches. 
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Leader for term 1: ? 
Leader for term 2: S5. Followers? S4, plus one other node 
Leader for term 3: S5. Followers? ?? 
Leader for term 4: S4. Followers? 
Leader for term 5: S3, Followers: S1, S2 
Leader for term 6: S1, Followers S2, ? 
Leader for term 7: S2, Followers ?? 
Which entries are committed and will stay forever in any leader’s log? 
 







Who can be elected for term 8? S1, S2, S3, but not S4, and not S3 
This is a very important question, because  



Safety criterion: can only commit entries which are guaranteed to be in the log of ANY possible 
future leader. In this case, because the leader is trying to commit an entry that is in the current 
term, it means that if the entry gets replicated to a majority of nodes, then no other leader can be 
elected for a new term that won’t have this entry. In the example, S5 wouldn’t be elected because 
no one would vote for it (its term is still 1), and S4 would also not be elected (its log is shorter). 



S1 was leader, crashed before replicating entry 3 to s3. s5 was elected with votes from s3, s4, s5, 
then crashed, 

S1 came back (was elected by 1,2,3) and accepted 4. Now it tries to replicate 2. But this is not 
safe to commit, because s5 could be elected and overwrite entry 3. 

 
You don’t have the same guarantee as in the previous slide because S5’s term is higher than 

that of a majority of nodes. Since the leader is trying to commit an entry from an earlier term, it 
can’t guarantee that no electable leader would not have the entry in question.  
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We can say a few things about history, but not the entire history. 
•  (f) was the leader for terms 2 and 3 
•  (e) was the leader for term 4 
•  We don’t know the leader for term 5, but we know that (1), (a), (c), and (d) can have been such a 

leader. 
If 1 is the leader, it has to be for term 8. Why? Because a majority of nodes had elected (d) for 

term 7. This means that 1 cannot be the leader for term 6. 
This also means that it can’t be the leader for term 7 (there is only one leader). 
Who could have been elected for term 8? (d), (c), (1), (a) 
Which entries are safe to be committed? All the way up to and including 9. Why? Because they 

are present in every potential future leader’s logs 
 









Some details of the client protocol are only in Diego Ongaro’s PhD thesis, not in the Raft tech 
report. 












