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Distributed algorithms for 
fault-tolerance

Partitions and group 
management

Simin Nadjm-Tehrani
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Earlier systems ...

• No partition
(Every crashed node was trivially 
an unreachable singleton partition)

• Applications may work with
– primary partitions 
– multiple partitions
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Groups and partitions

Membership service in presence of 
multiple partitions:
– members in each partition install a 

new view based on current 
membership

– failure, recovery, join, leave

• Partitions can merge!
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Motivation

• Identification of primary partition 
needed for quorum decisions

• Adaptive service:
– Partition-aware systems can adjust their 

quality of service based on size/capacity in 
partition

• View consistency:
– essential for cooperative operations to be 

meaningful
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Brake-by-wire
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Correctness criteria

• Which properties characterise a 
correct group membership service?

• Is it possible to implement?
• Under which assumptions?
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Failure model

[Babaoglu, Davoli, Montresor 2000]

• Crashed & correct processes as in 
Chandra &Toueg

• In addition: reachable processes 
defined

• p åt q, q is reachable by p at time t
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• View accuracy

if there is a time after which q 
remains reachable from some 
correct process p, then eventually 
the views installed by p 
permanently includes q

Specification (1)
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Specification (2)

• View completeness

if there is a time after which all 
processes in a partition θ are not 
reachable from the rest of the group, 
then eventually all processes outside θ
will permanently exclude members of θ
from their views
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Specification (3)

• View coherency

if a correct process p installs view 
v then either all processes in v 
install v, or p eventually installs an 
immediate successor to v
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Order on views

• If p installs w while in view v then
v pp w

• v p w if there exists some p such 
that v pp w

• The successor relation p* is the 
transitive closure of p
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Specification (4)

• View order

the successor relation on views is 
a partial order



4

Dist. Algorithms for FT © Simin Nadjm-Tehrani, 2003 13

Specification (5)

• View integrity
Every view installed by p includes 
p itself

• Spec (1) to (5) together define a 
partitionable group membership 
service [BDM00]
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Can one implement this?

Are these all and the only properties needed?
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Failure detectors

• Extended to encompass partitionable systems
• Failure history F =(C, U)

• U : P × T → ℘ (P)
• Crashes are permanent as before, whereas 

unreachabilities can cease
• Failure detector D gives for a history F a set of 

histories possibly seen by a process executing 
under F

• Suspicions H : P  × T → ℘ (P)
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Patitionable GM service

Application layer

View management layer

Transport

Join, Leave

Send

View change

Receive

Multi-send layer FD

M-send

M-receive,
M-suspect
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A concrete implementation

• Within a system called Jgroup

• Uses an eventually perfect FD (it is 
complete and has eventual strong 
accuracy)
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Other services

• Is group membership enough?

• Other possible services:merge, 
split, ...
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Current research

• Jgroup provides support for 
merging by arriving at consistent 
states – one coordinator per 
partition
[Manual February 2002]

• Open issue: How to evaluate the 
appropriateness of one approach 
compared to another 
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Reading material

• Babaoglu, Davoli, Montresor,
LNCS 1752, 2000


