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The algorithm first computes the smallest identity and makes it known
to each process, then the process with that identity becomes leader and all
others are defeated. The algorithm is more easily understood if one first
considers it as if it were an algorithm executed by the identities rather than
by the processes. Initially each identity is active, but in each round some
identities become passive as will be shown later. In a round an active identity
compares itself with the two neighboring active identities in clockwise and
anticlockwise directions; if it is a local minimum, it survives the round,
otherwise it becomes passive. Because all identities are different, an identity
next to a local minimum is not a local minimum, which implies that at least
half of the identities do not survive the round. Consequently, after at most
log N rounds only one active identity remains, which is the winner.

This principle can be elaborated in a straightforward manner in bidirec-
tional networks, as is done in Franklin’s algorithm [Fra82]. In directed rings
messages can be sent only clo@e, which makes it difficult to obtain the
next active identity in the clockwise direction; see Figure 7.6. Identity g
must be compared with r and p; identity r can be sent to g, but identity p
would have to travel against the direction of the channels in order to arrive
at ¢. To make a comparison with both r and p possible, identity g is sent (in
the direction of the ring) to the process holding identity p and r is forwarded
not only to the process holding g but also, further, to the process holding p.
If g is the only active identity at the beginning of a round, the first identity
m on 1ts tour equals g (i.e., p =gimrthis case). When this

situation occurs this identity is the winner of the election.




Claim 7.9 If a round starts with exactly one active process p, with current
identity cip, the algorithm terminates after that round with wing = cip for
each q.

Proof. The (one,ci,) message of p is relayed by all processes and finally
received by p. Process p obtains acn, = cip, and sends a (smal,acny)
message around the ring, which causes each process g to exit the main loop
with wing = acn,,. O

The algorithm terminates in each process and and all processes agree on

7.2 Ring Networks 241

the identity of the leader (in the variable wing); this process is in the state
leader and all other processes are in the state lost.
There are at most |log N |+1 rounds, in each of which exactly 2N messages

are exchanged, which proves that the message complexity is bounded by
2N log N 4+ O(N). This proves Theorem 7.7. O
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