


In what will be our general scenario, we assume we have a collection of objects. These 
objects are replicated and placed under the control of replica managers. It may be that each 
replica manager has a copy of each object, or perhaps some objects are on some replica 
managers but not others. Clients somehow interact with the replica managers, requesting 
operations to be performed on the objects. We expect to have some form of consistency in the 
effect of these operations on the objects. 

This material is taken from the text, Section 18.3, starting on page 775. 



This example, taken from the text (page 776) shows the effect of a simplistic replication 
scheme in which a replica manager first performs a client’s requested operation, then, 
sometime later, updates the other RMs. In this case, client 1 first connects to RM B and sets 
x’s balance to $1. RM B crashes before it updates RM A. Client 1 then connects to RM A and 
set y’s balance to $2. Client 2 then connects to RM A and queries y’s balance, which is 
reported as $2. It then queries x’s balance, which is reported as 0 (since RM A never received 
the update). 



Linearizability (also called strict consistency) means that the system behaves essentially as 
if there is no replication and there is just one replica manager managing all objects. The 
precise definition is a bit more complicated (next slide). 



Note that the example of slide 3 is not linearizable — it could not have been put into a 
sequence that could have taken place in a system with just one RM. 



This example is also not linearizable: there is no sequence respecting the real-time ordering 
of operations that could have taken place on a system with a single RM. But if we relax the 
restriction that we must respect the real-time ordering and respect just causal orderings (in 
this case, just the ordering on each client), then this does become plausible. It makes sense if 
both of client 2’s operations occurred before client 1’s operations. 





In passive replication, one RM is the primary and the others are backups. Note that the 
system is linearizable. 





What should happen if the primary fails? 





In active replication, each client uses totally ordered, reliable multicast to send its 
operations to each RM. The client waits for responses from all before it performs its next 
operation. Though the system is not linearizable, it is sequential consistent. 



Now we discuss the Gossip system, described in “Providing High Availability Using Lazy 
Replication,” by R. Ladin et al., appearing in ACM Transactions on Computer Systems, Vol. 
10, No. 4, November 1992. A copy can be found at http://portal.acm.org/citation.cfm?
id=138877. This material is also covered in Coulouris, Dollimore, Kindberg, and Blair in 
Section 18.4.1 (starting on page 782). The latter presentation is considerably easier to follow 
than the former. 





Note that neither passive replication nor active replication is satisfactory. 



If anyone queries a replica to view the message traffic, they may or may not see the above 
messages, depending on whether the messages have arrived yet. However, if they do see 
message, the twd/Rodrigo messages will be ordered correctly and the George/Jake messages 
will be ordered correctly. But different replicas might report the two exchanges of messages as 
having occurred in different relative orders. 



In this case, the “relaxed” approach of maintaining causal orders doesn’t work. A total order 
is necessary. The down side of this is that doing so may require more overhead, more elapsed 
time, or both. 













Unless otherwise indicated, timestamps are from vector clocks. Note that the causal 
constraints are rather weak: it’s important only that the query result be causally consistent 
with what the client knows, and not with events unknown to the client. This allows the 
distributed system to function even if partitioned into multiple pieces. 







Note that the client application can continue on, after sending the update to the client front-
end. It’s the front-end that waits for the TS result. 

























CID = call identifier. 
















