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What Is Leader Election?

The process of designating a single process as organizer, coordinator, 

or initiator of a task distributed among several nodes.

W H Y  E L E C T  A  L E A D E R

Centralized control simplifies synchronization — but is a single point of failure and 
can limit service.

Provides a way to choose a new controller when the existing leader fails.

Many algorithms exist; the right one is chosen based on specific requirements.
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When to Elect, and by What Criteria
W H E N  T O  E L E C T  A  L E A D E R

During system initiation, or when the existing leader fails.

A process gets no response from the leader within a timeout — it 
suspects failure and initiates an election.

E L E C T I O N  C R I T E R I A

Extrema Finding:  Based on global priority — every process carries a fixed 
evaluation value.

Preference-Based:  Processes vote for a leader by personal preference 
(locality, reliability, etc.).

Fig. A ring of processes — unidirectional, modulo-n indexing
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The Ring Network Model

A network of n processors circularly placed on a ring. Communication is 

unidirectional (clockwise) via token passing — each process pᵢ sends to pᵢ₊₁ 

and receives from pᵢ₋₁ (indices mod n). When a token is lost, an election 

regenerates it.

1 Each process has a UID (unique identifier)

2 Each process knows its neighbors and their UIDs

3 Only one process may announce itself leader

The base algorithm is LCR (LeLann–Chang–Roberts): unidirectional 
communication, and only the leader ever outputs a result.

Fig. 2.1 — A ring of processes
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Leader Election vs. Mutual Exclusion
LEADER ELECTION MUTUAL EXCLUSION

1

Processes may execute normally as long as a leader remains 
selected.

1

Process competes until it succeeds.

2

Concerned with fast and successful termination of the election 
process.

2

Must ensure that no process is starved.

3

Result of the election must be known to all other processes.

3

Does not care which process is running in the critical section.
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LCR Algorithm — Concept & Steps

Each process sends its UID around the ring. On receiving a UID: if greater, pass it on; if less, discard it; if equal to its own, declare itself leader.

1
One or more processes may take the initiative and start an election, 
sending an ELECTION message with their UID to the next process.

2
On starting or forwarding an election, a process marks itself as a 
participant.

3
If the received UID is greater and the process is not already a participant, 
it forwards an election message with its own UID.

4

If its own UID is smaller, it forwards the message with the UID it received.

5
If a process receives a message carrying its own UID, it declares itself the 
leader.
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LCR Algorithm — Pseudocode
boolean participant := false

int leader-id := null

% Initiate an election:

send(ELECTION(my-id));  participant := true

Upon receiving ELECTION(j):

  if (j > my-id) then send(ELECTION(j))

  if (my-id = j) then send(LEADER(my-id))

  if (my-id > j) and (not participant) then

      send(ELECTION(my-id)); participant := true

Upon receiving LEADER(j):

  leader-id := j

  if (my-id ≠ j) then send(LEADER(j))

Distributed Algorithms  ·  M.Tech, CSE  ·  Lecture 2



LCR Worked Example — Every Process Initiates
All pᵢ are initiators. As rounds progress, only the largest UID 5  survives and completes the round trip.⟨ ⟩

Stage 1 — 5 messages Stage 3 — 12 messages
Stage 5 — 15 messages

Leader 5  is announced with 5 more LEADER messages → total 15 + 5 = 20 messages transmitted.⟨ ⟩
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LCR Algorithm — Message Complexity

1 The largest UID always travels all the way around the ring: n messages.

2 The 2nd-largest UID travels only until it reaches the largest.

3 The 3rd-largest travels until it reaches the largest or 2nd-largest, and so on.

Worst case: UIDs arranged in decreasing order

msgs = (n + (n−1) + … + 1) + n  =  n(n+1)/2 + n

  ⇒ worst-case complexity is O(n²)

O(n)
Best case — a single initiator, or ids arranged with the 

largest close to every participant

Each identifier i is forwarded exactly i times in the worst 

case.
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Complete Topology & the Bully Algorithm
In a complete topology, every process can reach any other process in one 

message hop — giving minimum time complexity for communication.

A S S U M P T I O N S

All process IDs are unique and known to others

The network is reliable — only processes may fail

A process takes a known, finite time to handle a message

Bully Algorithm

Introduced by Garcia-Molina. An extrema-finding algorithm — the process with 

the highest priority is elected leader.

H O W  I T  W O R K S

1 P starts an election if it suspects the leader has failed.

2 P sends an inquiry to all higher-priority processes.

3 If any respond, P gives up and waits for one of them to 
become leader.

4 If none respond, P becomes the leader.
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Bully Algorithm — Pseudocode

send := null   % clear previous message

if incoming message is v (a UID) then

  case

    v > u :  send := v

    v = u :  status := leader

    v < u :  do nothing

  endcase

Correctness

Exactly one process performs as leader. Let i ₐₓ be the index ₘ

of the process with maximum UID u ₐₓ.ₘ

It suffices to show process i ₐₓ outputs “leader” by the end of ₘ

round n, and no other process ever does.

Assumptions

Unique, known process IDs  ·  reliable network, only processes 

fail  ·  bounded message-handling time
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Bully Example — Election Begins

(a)  Process 4 detects leader 7 has failed and starts an election.

(b)  Processes 5 and 6 respond, telling process 4 to stop.

(c)  Processes 5 and 6 each now hold their own election.
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Bully Example — A Leader Emerges

(d)  Process 6 responds to 5's election message and tells it to stop.

(e)  Process 6 wins the election and announces itself Coordinator to everyone.
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Logical Ring Topology — A Simple Alternative

The simplest topology to construct. Its defining property: a message initiated by a node ultimately returns to that same node — eliminating 

the need for a separate acknowledgement.

1
On detecting a leader failure, a process starts an election by circulating a message around the ring, with each node 

appending its priority.

2 When the message returns to the initiator, it picks the highest priority and broadcasts the new leader's identity to all nodes.
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Exercises

1

Mutual exclusion permits privileged execution; a leader is coordinator and 
initiator. Explain why the two are fundamentally different.

2
For concurrent (not parallel) execution — one processor running p₁,…,p  n
round robin — explain the concept, and modify LCR for a single-processor, 
sequential system.

3

For the LCR algorithm: is it synchronous or asynchronous? Is there a situation 
where it fails to execute?

4

For leader election on an anonymous ring: is deterministic election possible 
when all but one process share a UID? Repeat for two distinct processes.

5

For the Bully algorithm: diagram the election, vote, and coordinator 
messages. What happens if two processes notice a crash simultaneously?

6

Which of Ring-based election and the Bully algorithm function only in a 
synchronous system?
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