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Leader election in anonymous rings and complete networks is a very practical problem in distributed

computing. Previous algorithms for this problem are generally designed for a classical message passing

model where complex messages are exchanged. However, the need to send and receive complex messages

makes such algorithms less practical for some real applications.
We present some simple synchronous algorithms for distributed leader election in anonymous rings and
complete networks that are inspired by the development of the neural system of the fruit fly. Our leader
election algorithms all assume that only one-bit messages are broadcast by nodes in the network and
processors are only able to distinguish between silence and the arrival of one or more messages. These
restrictions allow implementations to use a simpler message-passing architecture. Even with these harsh
restrictions our algorithms are shown to achieve good time and message complexity both analytically
and experimentally.

Keywords: Leader election; cell signalling; bio-inspired algorithms; distributed computing; anonymous
networks.

1. Introduction

A network of processors is said to be anonymous if

the nodes do not have unique identifiers. Leader elec-

tion in anonymous networks is a fundamental prob-

lem in distributed computing and has been exten-

sively studied1–6. Informally, leader election in an

anonymous n-node network requires that exactly one

node identifies itself as the leader and the remaining

n− 1 nodes identify themselves as subordinates.

Choosing a leader node can greatly enhance

the effectiveness of a network. Thus, leader elec-

tion serves as a basic building block in many other

distributed algorithms, and has many applications
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in distributed network deployment, load balancing,

wireless sensor networks, radio-communication net-

works, and in particular in regenerating the lost “to-

ken” in local area token ring networks7–11. With the

advent of large scale ad-hoc networks, finding a scal-

able, highly efficient, and easily implementable solu-

tion to the leader election problem is more and more

desirable.

Rings and complete networks are the most

widely studied network topologies for leader elec-

tion in both real distributed network deployment and

theoretical algorithm analysis. The main reason is

that in practice the leader election problem arises

most often in local area token ring networks and ra-

dio communication networks (which can most sim-

ply be viewed as complete networks). From a theo-

retical point of view, many interesting challenges in

distributed computing can be reduced to the special

cases of rings and complete networks12; 13. Thus, this

paper focuses on the leader election problem in rings

and complete networks. We shall assume, for sim-

plicity, that our networks operate synchronously, so

that communication between nodes happens at fixed

time-steps.

There are many randomised algorithms for

leader election in anonymous rings and complete net-

works in the literature2; 3; 14–17; 6. However, most

previous algorithms are based on a classical message

passing model where complex messages, such as ran-

dom numbers or counters, are exchanged between

processors at each time step (see the summary of

previous algorithms in Table 1). Relying on the per-

fect transmission of complex messages makes many

previous algorithms difficult to implement in some

settings.

Symmetry-breaking processes similar to leader

election also exist in the natural world. For example,

during the development of many organisms certain

cells specialise to become “leader cells” and the sur-

rounding cells become “subordinate cells” that are

coordinated by the leader cells.

As a specific example, during the development of

the neural system of the fruit fly Drosophila, certain

cells in the pre-neural clusters of the fly specialise to

become sensory organ precursor (SOP) cells, which

later develop into cells attached to small bristles (mi-

crochaetes) on the fly that are used to sense the

environment18.

Fig. 1. The selection of SOP cells in the fruit fly: each
cell either becomes an SOP or a neighbour of an SOP,
and no two SOPs are neighbours.

This process of symmetry breaking in biologi-

cal systems seems to proceed without using complex

messages. In some of the most well-studied systems

it is achieved by simple local interactions between

certain membrane-bound proteins, notably the pro-

teins Notch and Delta19. The transmembrane pro-

tein Delta has been shown to have two activities:

Delta in one cell can bind to, and transactivate,

the transmembrane protein Notch in neighbouring

cells20; Delta and Notch in the same cell mutually

inactivate each other21; 22.

Subordinate cell

Delta 

Notch

-

Leader cell

Delta 

Notch

-

+

+

Fig. 2. Notch-Delta signalling constructing a positive
feedback to amplify small differences between cells. A
slight excess of Delta in the leader cell enables the pos-
itive feedback loop that leads to mutually exclusive sig-
nalling states in neighbouring cells.

These two interactions constitute a positive feedback

mechanism which generates an ultrasensitive switch

between two mutually exclusive signalling states:

sending (high Delta/low Notch) and receiving (high

Notch/low Delta) (see Figure 2). A slight excess of

Delta production in one cell can generate a strong



March 17, 2015 18:24 LE*IJNSrevised

Distributed Leader Election in Anonymous Rings and Complete Networks 3

signalling bias in one direction: the cell becomes a

sender (leader) and its neighbours become receivers

(subordinates)23. At the multicellular level, this lat-

eral inhibition mechanism can break the symmetry

among cells and amplify small differences between

neighbouring cells arising from random fluctuations.

Inspired by the mechanism of lateral inhibition

for selecting local leader cells during the development

of the neural system of the fruit fly, we consider so-

lutions to the leader election problem in anonymous

rings and complete networks that use only the sim-

plest possible messages, consisting of the presence

or absence of a signal. We also impose the restric-

tion that the same message is broadcast to all neigh-

bours, as appears to be the case for inter-cellular sig-

nalling in biological networks. Finally, we impose the

condition that a node can tell whether one or more

neighbours are signalling, but cannot tell which ones

or how many, which also appears to be a feature of

inter-cellular signalling.

We show that even with these very strict lim-

itations it is possible to perform distributed leader

election efficiently in anonymous rings and complete

networks. Our approach is similar to the approach

used in Ref.18 to develop a new approach to the max-

imal independent set selection problem based on the

study of the neural system development of the fruit

fly. This approach to computing a maximal indepen-

dent set was further developed in Ref.24–26.

Signalling 
wish to 
become 
leader

with 
probability p

other node also 
signalling

other nodes 
not signalling

Initial state

other node has  
become leader

Become
subordinate 

(inactive)

Become
leader 

(inactive)

Fig. 3. Automaton description of the computation at
each node for leader election.

The computation at each individual node of

the network can be described by a simple automa-

ton which is abstracted from the mechanism of the

Notch-Delta signalling circuit (see Figure 3). At each

step, a node may signal that it wishes to become the

leader by moving from its initial state to the state

at the top right with probability p. If some other

node also signals at that step, then all the signalling

nodes will go back to the initial state; however, if no

other node signals at that step, then the signalling

node will successfully become the leader with all the

remaining nodes becoming subordinates.

Using this approach, we first describe a simple

randomised algorithm using single-bit messages that

elects a unique leader in an anonymous ring with

n nodes, where the expected number of time steps

until the algorithm terminates is O(n). Moreover,

the expected total number of messages sent by each

node is O(1). We then extend the same approach to

anonymous complete networks. For an anonymous

complete network with n nodes we present three al-

gorithms for distributed leader election that use only

single-bit messages. The first algorithm assumes that

each of the nodes has knowledge of n; the expected

number of time steps before termination is O(1),

and the expected number of time steps at which any

given node broadcasts a message is O(1/n). The sec-

ond algorithm assumes that each of the nodes has

no knowledge of n; the expected number of time

steps for this algorithm is O(log2 n), and the ex-

pected number of time steps at which any given node

broadcasts a message is O(log n). The third algo-

rithm still assumes no knowledge of n for each node

but improves on the second algorithm by making use

of feedback to adjust the probability values used at

each node. The expected number of time steps for the

third algorithm is O(log n), and the expected num-

ber of steps at which any given node broadcasts a

message is O(1).

The paper is organized as follows: in Section 2,

we review previous work on leader election in anony-

mous rings and complete networks. In Section 3, we

describe the model of distributed computation we are

using and formally define the leader election prob-

lem. In Section 4, we present and analyse an algo-

rithm for distributed leader election in anonymous

rings. In Section 5, we present and analyse three algo-

rithms for distributed leader election in anonymous

complete networks. In Section 6, we investigate the

performance of our algorithms in practice on rings

and complete networks of different sizes.
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Table 1. Distributed leader election algorithms on anonymous rings and complete graphs with n nodes

Graph topology Communication
mechanism

Time
complexity

Message
complexity

Message
size (bits)

Information required
at each node

Reference

Rings

Asynchronous

O(n) O(n) Ω(logn) Graph size Ref.2

Graph size and FIFO
channels

Ref.3

O(logn) O(n logn) Ω(logn) Graph size Ref.14

O(logn) O(n) Ω(logn) Graph size and chan-
nel names

Ref.17

Asynchronous
with bounded
expected delay

O(n) O(n) Ω(logn) Graph size Ref.15

Synchronous

O(logn) O(n) Ω(logn) Graph size and chan-
nel names

Ref.17

O(n) O(n) 1 Graph size and count
of active nodes

Ref.2

O(n) O(n) 1 Graph size Table 2

Complete graphs

Asynchronous
O(logn) O(n) Ω(logn) Graph size Ref.16

Graph size and chan-
nel names

Ref.17

Synchronous

O(logn) O(n) Ω(logn) Graph size and chan-
nel names

Ref.17

O(1) O(
√
n log3/2 n) Ω(logn) Graph size and chan-

nel names
Ref.6

O(1) O(n) 1 Graph size Table 3

O(log2 n) O(n2 logn) 1 None Table 4

O(logn) O(n2) 1 None Table 5

2. Related Work

Leader election is a symmetry-breaking problem at

its core. It was shown in Ref.27, using symmetry ar-

guments, that deterministic leader election in anony-

mous rings and complete networks is impossible.

Thus, some form of randomised algorithm is required

to solve this problem. We now review state-of-the-

art randomised algorithms for leader election in both

anonymous rings and complete networks, as sum-

marised in Table 1.

2.1. Leader election in anonymous
rings

The most well-known algorithm for leader election in

anonymous rings is the Itai-Rodeh algorithm2. The

Itai-Rodeh algorithm assumes that the size of the

ring is known to all nodes. The synchronous version

of the Itai-Rodeh algorithm requires each node of the

ring to transmit only one-bit messages to its neigh-

bours and runs in expected O(n) time using no more

than 2.442n bits of messages, on average. We present

a slightly simplified version of this algorithm as our

first algorithm in Section 4.

The asynchronous Itai-Rodeh algorithm is more

complex, because it allows messages to be delivered

in the wrong order. In order to avoid being misled

by outdated messages, each message contains an ad-

ditional number, which serves as a ”round number”.

With this idea, the asynchronous Itai-Rodeh algo-

rithm overcomes the difficulty of messages becoming

outdated and successfully elects a unique leader in a

ring in expected O(n) rounds with an expected O(n)

messages transmitted around the ring, but the mes-

sages are now longer, requiring Ω(logn) bits.

Fokkink and Pang proposed an alternative to

the asynchronous Itai-Rodeh algorithm3. Their al-

gorithm assumes FIFO channels in order to omit the

round numbers used in the asynchronous Itai-Rodeh

algorithm. The algorithm by Fokkink and Pang is

finite-state which means that the properties of the

algorithm can be automatically verified using model

checking3.

Bakhshi et al. proposed another asynchronous

leader election algorithm for anonymous rings14. As

in the asynchronous Itai-Rodeh algorithm, the al-

gorithm does not make any assumption about the
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channel behaviour but assumes that the ring size is

known to all nodes. Similarly to the asynchronous

Itai-Rodeh algorithm, the algorithm by Bakhshi et

al. includes a round number in each message. Thus,

the message size is Ω(log n). The algorithm has been

shown to successfully elect a unique leader in a ring

with high probability within an expected O(log n)

rounds using an expected O(n log n) messages14.

In Ref.15, Bakhshi et al. proposed a fast leader

election algorithm for asynchronous anonymous rings

where there is a known bound on the expected mes-

sage delay. This assumption strengthens the proper-

ties of asynchronous networks and hence makes the

algorithm fall between the extremes of synchronous

and asynchronous. In this algorithm, there is a type

of message of size Ω(log n) called the hop-counter

that is passed around the network. Each node has

a variable d(A) to store the highest received hop-

counter value. As a result, the algorithm successfully

elects a unique leader in expected O(n) rounds using

an expected O(n) messages. Bakhshi et al. claim the

algorithm in Ref.15 as the first leader election algo-

rithm having linear expected time and message com-

plexity in the settings of asynchronous anonymous

rings with no fixed bound on the message delay.

2.2. Leader election in complete
networks

Afek and Matias addressed the problem of electing

a leader in an anonymous, asynchronous network of

arbitrary topology in Ref.16. They also considered

the special case of complete networks and proposed

an algorithm for leader election in anonymous com-

plete networks. The algorithm has time complexity

O(log n) and message complexity O(n). In the algo-

rithm, each node has knowledge of the graph size

and the messages used in the algorithm have a size

of Ω(log n).

In Ref.17, Ramanathan et al. proposed an ef-

ficient randomised algorithm for leader election in

large-scale distributed systems. The algorithm has

both synchronous and asynchronous versions and

works for a general topology, thus it also works for

rings and complete networks. This algorithm guaran-

tees correctness with high probability and has time

complexity O(log n) and message complexity O(n).

The algorithm consists of two phases and uses very

sophisticated techniques including probabilistic quo-

rums to determine the leader in the second phase.

Nodes in the network are assumed to have knowl-

edge of the size of the network, and they are assumed

to be able to distinguish between channels to trans-

mit different messages to different neighbours. The

message size used in the algorithm is Ω(log n).

Recently, Kutten et al. proposed a randomised

algorithm for distributed leader election in syn-

chronous anonymous complete networks (see Ref.6).

In this algorithm, all nodes require knowledge of the

network size and each node can sample its neighbours

and then send in each round one message of size

Ω(log n) to each selected neighbour. The algorithm

is simple but also achieves very good worst-case per-

formance: it runs in expected O(1) rounds and uses

only O(
√
n log3/2 n) messages. In addition, Kutten

et al. also gave a lower bound in Ref.6 showing that

Ω(
√
n) messages are needed for any leader election

algorithm in complete networks which succeeds with

probability at least 1/e + ε for any constant ε > 0.

This serves as the first non-trivial lower bound for

randomised leader election in complete networks.

3. Definitions

As shown in Section 2, previous work on leader elec-

tion in anonymous rings and complete networks gen-

erally relies on a classical message-passing model

where complex messages are exchanged between pro-

cessors of the network. The techniques used are often

very complex and sophisticated. However, the com-

plex nature of the algorithms and the requirements

for accurate transmission of multi-bit messages can

impede the implementation of these algorithms for

solving leader election problems that arise in the real

world. By contrast, our approach is to investigate the

performance of a simple algorithmic framework that

uses only single-bit messages.

3.1. Distributed computation model

We adopt the widely-used Linial model of distributed

computing28, where a network is composed of a set

of processors together with a set of communication

links (channels) between pairs of processors. If there

is a link (channel) between two processors, these two

processors are said to be neighbours.

A distributed network with n processors corre-

sponds to a directed graph G = (V,E) with n ver-

tices. Each vertex holds a processor, which we will

refer to as a node in the network, and each (directed)
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edge (u, v) corresponds to a communication link be-

tween the processor at node u and the processor at

node v.

If the graph G is a cycle, of the form

({1, 2, . . . , n}, {(i, i + 1) | i = 1, 2, . . . , n − 1} ∪
{(n, 1)}), then the network is said to be a ring.

If the graph G is a complete graph, of the form

({1, 2, . . . , n}, {(i, j) | i, j ∈ {1, 2, . . . , n}, i 6= j}),
then the network is said to be a complete network.

Linial’s distributed computation model is a syn-

chronous system and all processors operate in a lock-

step fashion. We assume that all processors wake up

and start their computation at the same time step.

During each time step, all processors act in parallel

and carry out the following operations sequentially1:

(1) Optionally send a message along one or more

outgoing communication links;

(2) Optionally receive any messages sent by neigh-

bours;

(3) Perform arbitrary local computation.

The computation is said to be complete only when

the local computations at every vertex have termi-

nated. Note that any message that is not received by

a node immediately after being sent is assumed to

be lost.

In such a model, the main complexity measure

for both deterministic and randomised algorithms is

the number of synchronous communication rounds

required to complete the computation, i.e., the time

complexity. Another complexity measure considered

sometimes is the overall number of messages commu-

nicated, i.e., the message complexity.

The distributed computation model we use is

based on this model, but taking inspiration from cell

signalling mechanisms in neural systems we impose

the following severe additional conditions:

(1) At each time step, each processor either keeps

silent or broadcasts a fixed signal on all its out-

going communication links;

(2) At each time step, each processor can tell

whether at least one neighbour has broadcast the

fixed signal, but cannot tell how many of them

have done so, or which ones.

Because of these restrictions, our algorithms can

be implemented using very simple communication

mechanisms such as radio waves, optical signals, or

even chemical signals, as in biological intercellular

signalling29; 30. Using a small number of simple mes-

sages, allows an implementation to use fewer com-

munication resources and less energy, and this may

be crucial in some applications31.

3.2. The leader election problem

Definition 1 (Leader Election). Given a network

of processors, the leader election problem requires ex-

actly one of the nodes to decide to be a leader node,

and all remaining nodes to decide to be a subordinate

node.

When a network of processors is solving the

leader election problem, each node is in one of the

three states: undecided, leader, subordinate. All the

nodes begin in the undecided state which is an active

state, but eventually terminate in the leader state

or the subordinate state which are inactive states.

Moreover, exactly one node must terminate in the

leader state, and all remaining nodes must terminate

in the subordinate state.

Definition 2 (Anonymous Network). A net-

work is called anonymous if the processors in the

network cannot distinguish each other by comparing

unique identifiers.

Designing algorithms for anonymous networks is

important because transmitting identifiers between

processors may be expensive and unreliable in some

cases. Moreover, it may become difficult to correctly

assign distinct identifiers to a large number of pro-

cessors in a distributed network15.

Definition 3 (Uniform Algorithm). An algo-

rithm A on an n-node network is said to be uniform

if it makes no use of any information about the total

number of nodes n, and hence is defined in exactly the

same way for all networks, regardless of their size. If

the value of n is used by A, then the algorithm A is

said to be non-uniform.

It has been shown that no uniform algorithm can

elect a leader in an anonymous ring27; 15. Hence we

will present a non-uniform algorithm for this prob-

lem where each node in the network is assumed to

know the value of n.

On the other hand, we will show that it is possi-

ble to construct a uniform algorithm for leader elec-

tion in an anonymous complete graph. Hence we will

present both uniform and non-uniform algorithms for
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Table 2. An algorithm to execute at each node of an n-node ring to elect a unique leader

Global constants: p = 1/n : probability value for each node;
Local variables: Candidate : Boolean flag, initialised to False.

1. while active do

2. With probability p:
3. set Candidate := True;
4. send signal on outgoing edge;

5. for the next n− 1 time steps do
6. receive any signals on incoming edges;
7. if any signal received then
8. send signal on outgoing edge;
9. set Candidate := False;

10. if Candidate = True then
11. send signal on outgoing edge;
12. Terminate as leader

13. for the next n− 1 time steps do
14. receive any signals on incoming edges;
15. if any signal received then
16. send signal on outgoing edge;
17. Terminate as subordinate

this problem. The non-uniform algorithm we present

has a lower time and message complexity, but re-

quires each node to know the value of n.

4. Leader Election in Anonymous
Rings

We first present an algorithm for leader election

in anonymous rings, as shown in Table 2. This al-

gorithm is a modified and simplified version of the

algorithm first presented in Ref.2.

The basic idea of the algorithm in Table 2 is

that in each iteration of the while loop each node at-

tempts to elect itself as leader with probability 1/n.

If it chooses to do this, then it sends a signal which

is passed all around the ring. If more than one node

signals, then they will all receive signals from other

nodes and give up their current attempt to elect

themselves as leader. However, if exactly one node

signals, then that node will not receive any signals

from other nodes and will terminate as leader af-

ter sending one further signal. The remaining nodes

will then receive this additional signal as it is passed

around the ring and terminate as subordinates.

The computation in each iteration of the while

loop consists of four phases. In the first phase, each

node signals to its clockwise neighbour with proba-

bility 1/n. In the next phase, any signals that have

been sent are passed around the ring for n−1 steps. If

a node receives a signal in this phase then it knows

that some other node in the ring has sent a signal

and is trying to become the leader, so it abandons

any current attempt to become a leader. In the third

phase, any node that is still trying to become the

leader knows that no other node has signalled, and

so it succeeds in becoming the leader. It then sends

a final signal which is passed around the ring in the

final phase causing each node that receives it to ter-

minate as a subordinate.

Theorem 4. The algorithm described in Table 2

correctly solves the leader election problem on a ring

with n nodes.

Proof. The computation described by the algorithm

in Table 2 halts if and only if each node becomes in-

active. We need to show that when the computation

halts, exactly one node has terminated as leader and

all remaining nodes have terminated as subordinates.

To terminate as leader, a node must set Can-

didate := True in the first phase, and not receive

any signals in the second phase. This happens if and

only if this node is the only node in the ring that

signals in the first phase.

Similarly, to terminate as subordinate, a node

must receive a signal in the final phase. This hap-
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pens if and only if exactly one other node in the ring

signals in the first phase.

Theorem 5. When the algorithm described in Ta-

ble 2 is executed at each node on a ring with n

nodes, the expected total number of time steps before

all nodes terminate is O(n). Moreover, the expected

number of signals sent by each node is O(1).

Proof. Note that each iteration of the while loop in

line 1 of Table 2 requires a total of 2n time steps (un-

less it terminates sooner than this). For convenience,

we will refer to each iteration of the while loop as a

round consisting of 2n time steps.

We first consider the time complexity of the al-

gorithm described in Table 2. We have seen that a

node running this algorithm will terminate if and

only if exactly one node in the ring attempts to be-

come leader in phase one of some round. The proba-

bility that this happens is the probability of getting

exactly one success in n independent Bernoulli trials

with probability p = 1/n, which is

Pterminate = np(1− p)n−1 = (1− 1/n)n−1 ≥ 1/e.

Thus, in each round, the computation halts with

probability at least 1/e, and hence the expected num-

ber of rounds taken before the algorithm halts is

O(1). Since each round consists of (at most) 2n time

steps, the expected number of time steps taken by

the algorithm is O(n)

To compute the expected number of signals sent

by each node we note that the signals sent in phase

one will be repeated n − 1 times as they are sent

around the ring in phase two. The expected total

number of signals sent in phase one (across all n

nodes) is one, so the total expected number of signals

in phases one and two is n, and the expected number

of signals per node is one. Since the expected number

of rounds is constant, by linearity of expectation we

obtain that the expected number of signals per node

sent in the first and second phases is constant. Fi-

nally, each node sends exactly one signal in the third

or fourth phase, before terminating.

The algorithm described in Table 2 cannot be

adapted to give a uniform algorithm because the

value of n is used in an essential way in line 5 and

line 13 to ensure that a signal is passed all around the

ring (and no further). However, in the next section

we will see that variations of this simple algorithm

can be used to obtain both a non-uniform and a uni-

form algorithm for anonymous complete networks.

5. Leader Election in Anonymous
Complete Networks

5.1. A simple non-uniform algorithm

We first investigate non-uniform leader election in

anonymous complete networks where nodes have

knowledge of the total number of nodes n. Our al-

gorithm for this problem is adapted from the algo-

rithm for rings presented in the previous section, and

is shown in Table 3.

The basic idea of the algorithm described in Ta-

ble 3 is similar to the algorithm described in Ta-

ble 2: each node attempts to elect itself as leader

with probability 1/n. If it chooses to do this, then it

sends a signal to all other nodes. If more than one

node signals, then they will all receive signals from

other nodes and give up their current attempt to

elect themselves as leader. However, if exactly one

node signals, then that node will not receive any sig-

nals from other nodes and will send a further signal

and terminate as leader. If this happens then at the

next step all remaining nodes will receive this signal

and terminate as subordinates.

The computation in each iteration of the while

loop again consists of four phases. In the first phase,

each node signals to all other nodes with probability

1/n. In the second phase, any node that receives a

signal knows that some other node in the network has

sent a signal and is trying to become the leader, so

it abandons any attempt to become a leader. In the

third phase, any node that is still trying to become

the leader knows that no other node has signalled,

and so it succeeds in becoming the leader. It then

sends a final signal to all other nodes. Any node that

receives such a signal in the final phase terminates

as a subordinate.

Note that in a complete network signals are

communicated to neighbouring nodes directly in one

step, so the algorithm described in Table 3 does not

need to relay the signals in order to communicate

with all of the nodes, as the previous algorithm did.

Theorem 6. The algorithm described in Table 3

correctly solves the leader election problem on a com-

plete network with n nodes.

Proof. Similar to the proof of Theorem 4.
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Table 3. An algorithm to execute at each node of an n-node complete network to elect
a unique leader

Global constants: p = 1/n : probability value for each node;
Local variables: Candidate : Boolean flag, initialised to False.

1. while active do

2. With probability p:
3. set Candidate := True;
4. send signal on all outgoing edges;

5. receive any signals on incoming edges;
6. if any signal received then
7. set Candidate := False;

8. if Candidate = True then
9. send signal on all outgoing edges;

10. Terminate as leader

11. receive any signals on incoming edges;
12. if any signal received then
13. Terminate as subordinate

Theorem 7. When the algorithm described in Ta-

ble 3 is executed at each node of a complete network

with n nodes, the expected total number of time steps

before all nodes terminate is O(1). Moreover, for any

given node, the expected number of time steps where

that node chooses to broadcast a signal is O(1/n).

Proof. Similar to the proof of Theorem 5, except

that each round now consists of only a constant num-

ber of time steps.

Although the algorithm described in Table 3 re-

quires a knowledge of the value of n, and hence is

non-uniform, it only uses this information to set the

value of the probability p. Hence this algorithm may

be easily adapted to obtain a uniform algorithm, as

we will now show.

5.2. A uniform algorithm

We now adapt our earlier algorithms to derive a

uniform algorithm for leader election in anonymous

complete networks where nodes require no knowledge

at all about the network. The resulting algorithm is

shown in Table 4.

Theorem 8. The algorithm described in Table 4

correctly solves the leader election problem on a com-

plete network with n nodes.

Proof. Note that the algorithm described in Table 4

only differs from the algorithm described in Table 3

in using different probability values which vary over

time. Hence the same proof as Theorem 6 can be

applied to guarantee correctness.

To analyse the time and message complexity we

need to consider how the probability values used in

the algorithm vary with time. Each node has a vari-

able x with an initial value of 0 indicating the stage

of the computation. Each stage x consists of x + 1

iterations of the while loop in line 5, indexed by the

variable i, which is set to 0 at the start of each stage,

and incremented on each iteration. The probability

p that each node attempts to self-select as a leader is

set to 1/2i. Hence the value of the probability p varies

as follows: the value of p is set to 1 initially, and then

gets halved on each successive iteration until the end

of the current stage. Thus, the value of p during the

computation will take the following values in succes-

sive iterations: 1, 12 , 1,
1
2 ,

1
4 , 1,

1
2 ,

1
4 ,

1
8 , 1,

1
2 ,

1
4 ,

1
8 ,

1
16 , . . .

(where the underlinings indicate the stages, starting

from stage 1).

Theorem 9. When the algorithm described in Ta-

ble 4 is executed at each node of a complete net-

work with n nodes, the expected total number of time

steps before all nodes terminate is O(log2 n). More-

over, for any given node, the expected number of time

steps where that node chooses to broadcast a signal

is O(log n).
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Table 4. A uniform algorithm to execute at each node of an n-node complete network
to elect a unique leader

Local variables: x : phase counter;
i : time step counter;
p : local probability value;
Candidate: Boolean flag, initialised to False.

1. Set x := 0;
2. while active do
3. Set i := −1;
4. Set x := x + 1;
5. while i < x do
6. Set i := i + 1;

7. With probability p = 1/2i:
8. set Candidate := True;
9. send signal on all outgoing edges;

10. receive any signals on incoming edges;
11. if any signal received then
12. set Candidate := False;

13. if Candidate = True then
14. send signal on all outgoing edges;
15. Terminate as leader

16. receive any signals on incoming edges;
17. if any signal received then
18. Terminate as subordinate

Proof. As in the proof of Theorem 4, a node running

the algorithm described in Table 4 will terminate if

and only if exactly one node in the network attempts

to become leader in phase one of some round. As in

the proof of Theorem 5, the probability that this hap-

pens is the probability of getting exactly one success

in n independent Bernoulli trials with probability p,

which is

Pterminate = np(1− p)n−1.

To obtain an upper bound on the time complex-

ity, we shall assume that this probability is zero, ex-

cept when p = 1/2blog2 nc.

When p = 1/2blog2 nc, we have that 1/n ≤ p ≤
2/n, which implies that

Pterminate = np(1− p)n−1 ≥ 1/e4.

Hence, in any stage x where x ≥ blog2 nc, the

algorithm terminates with probability at least 1/e4.

This means that the expected number of such stages

before termination is constant, so the total expected

number of time steps for such stages is O(log n).

The total number of time steps before x reaches

the value blog2 nc is O(log2 n). Hence the expected

total number of time steps before termination is

bounded by O(log2 n).

For the message complexity, we know that the

expected number of stages before the algorithm halts

is blog2 nc+O(1) which is O(log n). In each of these

stages, for any given node, the expected number of

time steps at which it chooses to broadcast a signal

is 1 + 1/2 + 1/4 + 1/8 + . . . ≤ 2. So, for any fixed

node, the expected total number of time steps where

that node chooses to broadcast a signal is O(log n).

5.3. An improved uniform algorithm

We now propose an improved uniform algorithm

for leader election in anonymous complete networks

where nodes require no knowledge at all about the

network. Unlike the algorithm described in Table 4,

the improved algorithm in Table 5 adjusts the local

probability value p based on signals received from

the other nodes.

Theorem 10. The algorithm described in Table 5

correctly solves the leader election problem on a com-

plete network with n nodes.



March 17, 2015 18:24 LE*IJNSrevised

Distributed Leader Election in Anonymous Rings and Complete Networks 11

Table 5. An improved uniform algorithm to execute at each node of an n-node complete
network to elect a unique leader

Local variables: p : local probability value, initialised to 1;
Candidate : Boolean flag, initialised to False.

1. while active do

2. With probability p:
3. set Candidate := True;
4. send signal on all outgoing edges

5. receive any signals on incoming edges;
6. if any signal received then
7. set Candidate := False;
8. set p := p/2 (halve p);
9. else

10. set p = min{2p, 1} (double p)

11. if Candidate=True then
12. send signal on all outgoing edges;
13. Terminate as leader

14. receive any signals on incoming edges;
15. if any signal received then
16. Terminate as subordinate

Proof. Note that the algorithm described in Table 5

only differs from the algorithm described in Table 3

and the algorithm described in Table 4 in using dif-

ferent probability values. Hence the same proof as

Theorem 6 can be applied.

Before we determine the time and message com-

plexity of the algorithm described in Table 5, it will

be useful to introduce the following Lemma.

Lemma 11. Consider a random walker on the in-

teger lattice Z = {. . . ,−2,−1, 0, 1, 2, . . .} whose orig-

inal position is 0. If, in each round, the random

walker takes either a unit step left with probability pl
or a unit step right with probability pr, where pl < pr
and pl+pr = 1, then with probability 1 the walker will

eventually pass position +1, and the expected number

of rounds taken for the first passage of the walker to

position +1 is 1/(pr − pl).

Proof. This is a well-studied one-dimensional ran-

dom walk problem32.

We consider the generating function

ω(t) =

∞∑
n=0

βnt
n

where βn represents the probability that the first pas-

sage of the walker to position +1 occurs after exactly

n rounds. Note that

ω(t) = prt+ pltω
2(t).

Solving this quadratic equation for ω(t), we get

ω(t) =
1−

√
1− 4plprt2

2plt
.

The probability that the walker ever reaches +1

is given by

∞∑
n=0

βn = lim
t→1

ω(t) =

{
pr/pl if pr < pl
1 if pr ≥ pl

The expected number of rounds taken until this

event occurs is given by

lim
t→1

ω′(t) =

{
1/(pr − pl) if pr > pl
∞ if pr ≤ pl

Thus, when pl < pr, the walker will eventually

reach position +1 with probability 1 and the ex-

pected number of rounds taken for the first passage

of the walker to position +1 is 1/(pr − pl).

Theorem 12. When the algorithm described in Ta-

ble 5 is executed at each node of a complete network

with n nodes, the expected total number of time steps

before all nodes terminate is O(log n). Moreover, for

any given node, the expected number of time steps

where that node chooses to broadcast a signal is O(1).
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Proof. When exactly one node in the network at-

tempts to become a leader in phase one of some

round of the algorithm described in Table 5, the al-

gorithm will terminate with exactly one leader being

elected. As in the proof of Theorem 5, the proba-

bility that this happens is the probability of getting

exactly one success in n independent Bernoulli trials

with probability p, which is

Pterminate = np(1− p)n−1.

We denote by

Pdouble = (1− p)n

the probability that no node signals in phase one of

some round, and hence the probability value at each

node doubles. Finally, we denote by

Phalve = 1− Pterminate − Pdouble

the probability that more than one node signals in

phase one of some round, and hence the probability

value at each node halves.

The probability value p at each node will vary

over time, however if the algorithm does not ter-

minate, then either all nodes in the network dou-

ble their probability value p (when no node signals

in phase one) or all halve their probability value p

(when more than one node signals in phase one).

Thus all nodes have an equal probability value p in

all rounds.

We divide the possible values for p into three

regions:

Region 1 : R1 = (0, 1/2n)

Region 2 : R2 = [1/2n, 2/n]

Region 3 : R3 = (2/n, 1]

At each round, the value of p will fall into exactly

one of these regions.

We now consider the value of Pterminate when p

falls into each of these three regions.

We first consider region R2, where 1/2n ≤ p ≤
2/n. When p ∈ R2, we have

Pterminate ≥ 1/e4.

Hence the algorithm terminates with probability at

least 1/e4 when p ∈ R2.

Now we consider Region 3 where 2/n < p ≤ 1.

To obtain an upper bound on the time complexity we

assume that the algorithm will never terminate when

p ∈ R3, i.e., we assume Pterminate = 0 in Region 3.

When p ∈ R3, we have

Pdouble ≤ 1/e2.

By our assumption, we therefore also have

Phalve ≥ 1− 1/e2.

When p gets closer to 1 within Region 3, Pdouble de-

creases and Phalve increases.

Hence to obtain an upper bound on the num-

ber of steps spent in region R3 we can use the

one-dimensional random walker model considered in

Lemma 11 (Phalve corresponds to pr and Pdouble cor-

responds to pl where Phalve > Pdouble and Phalve +

Pdouble = 1). By Lemma 11, in this model the ex-

pected number of rounds until p is halved is bounded

by

1/(Phalve − Pdouble) = 1/(1− 2/e2).

Since p ≤ 1, the expected number of rounds be-

fore p is changed from its initial value in region R3

to some value in the adjacent region R2 is at most

(log2 n)/(1− 2/e2).

Now we consider the analysis for region R1

which is similar to the analysis for region R3. When

p ∈ R1, and n ≥ 2, we have

Pdouble > 0.56.

Taking our worst-case assumption that Pterminate =

0 in region R1, we have

Phalve < 1− 0.56 = 0.44.

When p gets closer to 0 within region R1, Pdouble in-

creases and Phalve decreases. So at all points in region

R1 we have Pdouble > Phalve and Phalve+Pdouble = 1.

By Lemma 11, when p first enters Region R1 from

Region R2, the expected number of rounds before p

moves back to region R2 is bounded by

1/(Pdouble − Phalve) ≤ 1/(0.56− 0.44)

which is O(1).

In summary, considering all three possible re-

gions for probability p we obtain the following

bounds: the expected number of rounds for p to ini-

tially reach R2 from R3 is O(log n). Once p falls

into R2, the algorithm terminates with probability at

least 1/e4 so the expected number of rounds spent in

R2 before terminating is O(1). If p just moves out of

R2 and reaches either R1 or R3, the expected number

of rounds until it is pulled back to R2 is also bounded
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by a constant. Hence the expected total number of

rounds before all nodes terminate is O(log n).

Each round consists of 2 time steps, so the ex-

pected total number of time steps before all nodes

terminate is O(log n).

Now we consider the expected number of times

that any individual node broadcasts a signal.

Fix an individual node v. In each round, one of

the following 2 things happens:

Case 1 No signals from other nodes are received at

v, so it doubles it probability value.

Case 2 One or more signals from other nodes are re-

ceived at v, so it halves its probability value.

Now we consider the expected number of times

that v will broadcast a signal during these steps.

Consider first the subsequence of rounds where

Case 2 holds, and the new value for p is the low-

est value so far. The expected number of times that

v will broadcast during this subsequence of steps is

1 + 1
2 + 1

4 + 1
8 + · · · ≤ 2.

Now consider all the remaining rounds. For each

round t where Case 1 holds, and the probability in-

creases from p to 2p, we look for a corresponding

round t′ > t when the probability next drops back

to p again. (If there is no such round, because the al-

gorithm terminates before the probability returns to

p, then we simply add a dummy round t′ to the end

of the sequence.) Note that each round where Case 2

holds is now paired with an earlier round where Case

1 holds.

Now consider the pairs (t, t′), and define Bt to

be the event that v broadcasts a signal at time t or

t′.

If Bt occurs, then the probability that v broad-

casts at time t is p/(p(1−2p) + 2p(1−p) + 2p2) > 1
3 .

However, if v broadcasts at time t, then it will ter-

minate as leader at that step and becomes inactive.

Hence the expected number of events Bt that occur

before v becomes inactive is less than 3.

To sum up, for any given node, the expected

number of time steps where that node chooses to

broadcast a signal is O(1).

6. Experimental Results

Theorems 5, 7, 9 and 12 provide only worst-case

asymptotic upper bounds, and do not tell us the full

story of how well these algorithms will perform in

practice. In this section, we investigate the perfor-

mance of the four algorithms in practice on rings and

complete networks of different sizes. The time com-

plexity was measured by the number of time steps,

and the message complexity was measured by the

number of steps at which an arbitrary node chooses

to broadcast a signal. We refer to such a broadcast

as a “beep”, and hence consider the number of beeps

per node.

We first ran the algorithm described in Table 2

on rings of various sizes. The experiments were con-

ducted on rings of n nodes where the value of the

number of nodes n was varied from 10 to 200 (in

steps of 10). For each value of n, the algorithm was

repeated 100 times. The mean number of time steps

and mean number of beeps at an arbitrary node are

shown in Figure 4a and Figure 5a respectively. The

error bars indicate the standard deviation over 100

trials.

According to these experimental results, the

mean number of time steps required to elect a unique

leader in an n-node ring using the algorithm de-

scribed in Table 2 is approximately 8n, as shown by

the black dashed line in Figure 4a, and the stan-

dard deviation grows as n increases. However, the

mean number of beeps at an arbitrary node appears

to stay constant, and is approximately equal to 4,

as shown by the black dashed line in Figure 5a. The

standard deviation of this value does not appear to

vary significantly with n.

We also conducted experiments to investigate

the performance of the algorithms described in Ta-

ble 3, Table 4 and Table 5 on complete networks of

different sizes. We ran these algorithms on complete

networks of n nodes where the value of the number

of nodes n was varied from 10 to 200 (in steps of

10). For each value of n, the algorithms were all re-

peated 100 times. The mean number of time steps

and mean number of signals sent by an arbitrary

node when running these algorithms are shown in

Figure 4b, Figure 4c, Figure 4d and Figure 5b, Fig-

ure 5c, Figure 5d respectively. Once again, the error

bars indicate the standard deviation over 100 trials.

According to these experimental results, the

mean number of time steps required to elect a unique

leader in an n-node complete network using the al-

gorithm described in Table 3 appears to be approx-

imately 8, regardless of the size of the network, as

shown in Figure 4b. The standard deviation of this
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Fig. 4. Experimental results for time complexity on networks of different sizes

value also appears to be small, and independent of

n. For the uniform algorithm described in Table 4

the number of time steps required is much larger,

and grows with n, but appears to be bounded by

1.6 log2
2 n, as shown by the dashed line in Figure 4c.

Once again the standard deviation of this value ap-

pears to be independent of n. For the uniform algo-

rithm described in Table 5 the number of time steps

required grows with n, but appears to be bounded by

3.2 log2 n, as shown by the dashed line in Figure 4d.

Once again the standard deviation of this value ap-

pears to be independent of n. The mean number of

beeps at an arbitrary node executing the algorithm

described in Table 3 appears to be approximately

4/n, as shown by the black dashed line in Figure 5b,

and the standard deviation appears to decrease as

n increases. However, the mean number of beeps at

an arbitrary node using the algorithm described in

Table 4 appears to be approximately 1.9 log2 n, as

shown by the black dashed line in Figure 5c, and

the standard deviation does not appear to vary sig-

nificantly with n. The mean number of beeps at an

arbitrary node using the algorithm described in Ta-

ble 5 appears to be approximately 2, as shown by

the black dashed line in Figure 5d, and the standard

deviation appears to decrease as n increases.

It is worth noting that the algorithm described

in Table 5 is highly robust, in the sense that it re-

tains its good performance even when various fea-

tures are changed. To investigate the practical ro-

bustness of the algorithm described in Table 5, we

denote by p0 the initial probability value for all

nodes, and we denote by f the increase/decrease fac-

tor in each round for all nodes (increase by f and
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Fig. 5. Experimental results for message complexity on networks of different sizes

decrease by 1/f). As an example, in the algorithm

described in Table 5, we have p0 = 1 and f = 2. We

conducted experiments of different combinations of

p0 × f = {1, 1/n, random} × {2, n, random} where

p0 = random means p0 is set to an arbitrary ran-

dom value in (0, 1] and f = random means f is set

to 1/x, where x is an arbitrary random value in (0, 1).

For each combination of p0 and f , we ran the corre-

sponding algorithms on complete networks of differ-

ent sizes varying from 10 to 200 (in steps of 10). For

each value of n, the algorithms were all repeated 100

times. Again, the mean number of time steps and

mean number of signals sent by an arbitrary node

together with their standard deviations are shown in

Table 6. For each row in Table 6, we show in block

the maximum mean value and show in bold the min-

imum mean value for all the tested combinations of

p0 and f .

Whatever the combination of p0 and f , the re-

sults in Table 6 appear to show that the mean num-

ber of time steps never grows faster than logarith-

mically and the mean number of signals per each

node always stays bounded by a small constant as

n increases. Among the tested combinations of p0
and f , when p0 = 1, f = n and when p0 = 1/n,

the mean number of time steps appear to be approx-

imately constant. Moreover, the maximum (worst)

value for both the mean number of time steps and

the mean number of signals per node mostly occurs

for the combination of p0 = 1 and f = random; the

minimum (best) value for both the mean number of

time steps and the mean number of signals per node

mostly occurs for the combination of p0 = 1/n and

f = 2.
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Table 6. Experimental results demonstrating the practical robustness of the algorithm described in Table 5

Measure
Number p0 = 1 p0 = 1/n p0 = random
of nodes f = 2 f = n f = random f = 2 f = n f = random f = 2 f = n f = random

Mean number

10 12.84±5.13 14.06±9.18 13.90±4.39 7.66±4.07 9.58±7.22 8.28±5.21 10.76±5.21 11.38±7.04 10.16±5.13

of time steps

20 14.92±4.89 12.44±6.66 14.88±5.69 8.74±5.85 10.54±7.72 8.16±4.73 11.70±5.70 15.38±14.94 13.36±6.04
30 16.56±4.68 13.18±10.50 15.26±4.54 8.96±6.57 10.22±8.53 9.66±7.20 13.52±6.28 14.16±11.02 13.34±5.26
40 16.66±7.04 12.54±7.71 17.48±6.01 7.92±4.42 10.14±7.04 8.52±5.60 14.26±5.25 16.02±19.65 14.30±6.69
50 18.70±5.90 12.32±7.44 18.18±6.38 7.48±4.41 10.62±7.90 8.14±5.38 15.26±6.22 17.66±11.47 15.48±5.72
60 18.10±5.99 12.76±9.32 18.50±6.31 7.86±5.42 10.80±8.05 8.78±5.89 15.68±7.10 17.24±13.91 15.34±6.06
70 18.54±5.20 14.46±9.05 19.54±7.00 8.10±5.58 10.90±10.39 8.72±6.13 16.12±5.66 18.62±16.51 16.02±6.49
80 19.76±6.28 13.64±10.08 19.48±6.68 7.56±5.60 10.06±6.74 8.98±5.33 16.58±6.09 18.08±18.16 16.30±6.23
90 19.12±5.24 12.24±8.23 20.44±7.23 8.58±5.73 10.74±7.97 9.56±6.78 17.14±6.53 20.98±23.19 16.60±6.21
100 20.38±6.81 11.68±7.52 19.64±6.27 8.42±5.72 12.56±9.60 9.92±6.53 16.04±6.44 19.16±18.28 16.80±6.47
110 19.46±5.63 13.30±10.60 20.96±6.12 8.76±5.82 8.40±5.95 9.22±5.49 16.44±4.79 17.70±15.98 16.96±6.02
120 20.16±5.63 11.88±8.01 19.90±6.20 8.06±5.03 12.12±9.26 9.54±7.19 17.78±6.53 25.74±31.59 17.70±6.21
130 20.76±5.30 12.32±7.84 21.78±7.53 7.90±5.00 11.12±10.34 10.24±7.30 17.90±6.57 21.10±22.52 17.94±7.40
140 20.08±4.91 13.62±8.97 21.44±6.47 7.98±4.82 10.20±8.09 10.06±7.52 18.16±6.37 23.30±30.78 18.28±6.80
150 21.30±6.43 13.20±9.50 21.90±6.78 7.76±6.64 10.04±6.71 10.22±7.92 17.20±4.77 22.50±28.56 20.40±8.47
160 21.86±6.25 13.44±9.01 21.78±7.13 8.76±5.45 10.60±7.61 9.54±6.36 17.00±5.13 16.50±14.29 18.46±7.29
170 21.68±5.66 12.82±10.48 21.80±5.90 6.96±3.60 12.44±8.51 10.46±7.50 17.90±6.30 21.66±28.78 20.06±7.65
180 21.38±4.98 13.56±11.80 23.02±7.75 8.78±5.49 11.38±9.58 10.20±7.89 17.80±6.06 22.14±22.36 18.78±6.80
190 21.46±5.69 11.62±6.71 21.66±6.91 9.88±7.67 11.38±9.30 9.76±9.32 17.50±6.75 20.16±27.00 19.08±6.27
200 21.30±5.37 14.16±10.83 22.98±7.26 9.14±6.51 10.48±8.21 8.08±5.50 18.18±6.12 26.26±32.61 20.68±7.58

Mean number

10 2.20±0.45 2.17±1.52 2.20±0.56 0.46±0.40 1.62±1.44 0.57±0.54 1.18±0.80 1.45±0.98 1.23±0.72

of signals

20 2.11±0.26 2.19±1.69 2.22±0.36 0.25±0.18 1.16 ±1.83 0.30±0.28 1.10±0.63 1.45±1.05 1.20±0.69

per node

30 2.06±0.21 1.77±1.14 2.14±0.26 0.16±0.14 0.89±1.01 0.25±0.22 1.13±0.63 1.27±1.05 1.09±0.63
40 2.06±0.16 2.20±1.89 2.06±0.20 0.13±0.12 1.15±1.55 0.22±0.20 1.05±0.56 1.48±1.09 1.07±0.56
50 2.03±0.12 2.05±1.50 2.06±0.17 0.08±0.07 0.98±1.13 0.16±0.16 1.02±0.58 1.63±1.28 1.08±0.58
60 2.02±0.13 1.89±1.17 2.10±0.20 0.08±0.05 0.96 ±1.55 0.15±0.14 0.99±0.62 1.63±1.48 1.14±0.62
70 2.03±0.14 2.01±1.32 2.06±0.16 0.07±0.05 0.99 ±1.35 0.13±0.12 1.04±0.60 1.64±1.47 0.99±0.54
80 2.03±0.09 2.05±1.47 2.07±0.15 0.06±0.06 0.99±1.54 0.10±0.10 1.09±0.59 1.57±1.30 1.12±0.62
90 2.02±0.10 2.27±1.48 2.05±0.12 0.07±0.05 1.10 ±1.31 0.10±0.09 0.96±0.55 1.44±1.09 1.04±0.62
100 2.05±0.10 2.33±1.61 2.04±0.12 0.05±0.04 1.04±1.42 0.09±0.10 1.01±0.62 1.49±1.18 1.06±0.62
110 2.04±0.10 2.07±1.54 2.04±0.13 0.05±0.04 1.10 ±1.59 0.08±0.08 1.00±0.59 1.42±1.08 1.00±0.60
120 2.02±0.09 2.05±1.56 2.05±0.13 0.04±0.03 0.88±1.29 0.06±0.07 1.03±0.52 1.38±1.05 1.07±0.62
130 2.02±0.07 2.07±1.65 2.05±0.11 0.03±0.02 0.86±1.09 0.08±0.07 1.06±0.58 1.44±1.33 0.99±0.58
140 2.00±0.08 1.95±1.31 2.06±0.11 0.03±0.03 1.26±1.64 0.09±0.08 1.00±0.60 1.54±1.24 1.04±0.62
150 2.02±0.08 2.10±1.51 2.02±0.10 0.03±0.03 0.86 ±1.33 0.08±0.07 0.95±0.61 1.22±0.97 0.96±0.56
160 2.02±0.08 1.98±1.27 2.02±0.09 0.03±0.02 0.98 ±1.28 0.06±0.06 1.03±0.55 1.43±1.31 1.09±0.58
170 2.02±0.07 2.08±1.36 2.03±0.09 0.03±0.03 0.78 ±1.31 0.06±0.06 1.02±0.58 1.52±1.36 0.97±0.57
180 2.01±0.07 2.14±1.72 2.04±0.10 0.03±0.02 1.11 ±1.34 0.05±0.06 0.93±0.56 1.55±1.28 1.08±0.57
190 2.02±0.07 1.86±1.31 2.03±0.10 0.03±0.02 1.24±1.90 0.06±0.05 1.00±0.57 1.51±1.14 1.04±0.62
200 2.01±0.06 1.87±1.30 2.02±0.08 0.03±0.02 1.06±1.27 0.04±0.05 0.93±0.59 1.52±1.21 1.03±0.56

7. Conclusions

Leader election in anonymous rings and complete

networks is a fundamental problem of both theoreti-

cal and practical importance in distributed comput-

ing. In this paper, we have proposed novel algorithms

for these problems that are inspired by the intercel-

lular signalling processes in biological systems. These

new algorithms are all based on a very harsh model

of distributed computing, where only simple fixed

signals are broadcast to all neighbours by a small

number of processors, as appears to be the case in

some inter-cellular processes in living organisms.

The non-uniform algorithms we propose are

shown both analytically and experimentally to be

very efficient for the leader election problem. The

uniform algorithms we propose for anonymous com-

plete networks are slower, but have the advantage

that each node requires no global information about

the network. All of our algorithms are simple and

easy to implement on a variety of hardware plat-

forms.

Hence we have shown that taking inspiration

from biological processes can lead to effective ap-

proaches to classical computing problems, as de-

scribed in Ref.33; 18; 34.

Acknowledgements

The work of Lei Xu is supported by Guang-

dong Innovative Research Team Program (No.

2011D005), and the Shenzhen Peacock Program (No.

1105100030834361).

References

1. Nancy A. Lynch. Distributed Algorithms. Morgan
Kaufmann Publishers Inc., San Francisco, CA, USA,
1996.

2. Alon Itai and Michael Rodeh. Symmetry breaking in
distributed networks. Information and Computation,
88(1):60–87, 1990.



March 17, 2015 18:24 LE*IJNSrevised

Distributed Leader Election in Anonymous Rings and Complete Networks 17

3. Wan Fokkink and Jun Pang. Variations on Itai-
Rodeh leader election for anonymous rings and their
analysis in PRISM. Journal of Universal Computer
Science, 12:981–1006, 2006.

4. Zhenyu Xu and Pradip K. Srimani. Self-stabilizing
anonymous leader election in a tree. Interna-
tional Journal of Foundations of Computer Science,
17(2):323–336, 2006.

5. Daniel Fajardo-Delgado, José Alberto Fernández-
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