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Abstract
The leader election is important problem in distributed system as 
data is distributed among different node which is geographically 
separated. For maintaining co-ordination between the node, leader 
node have to be selected.The main role of an elected node is to 
manage the use of a shared resource in an optimal manner.This 
paper contain the information about the various leader election 
mechanism which is used for selecting the leader in different 
problems,also the survey information  about modified election 
algorithm.
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I. Introduction
Designating a single node as an organizer in distributed systems is 
a challenging issue that calls for suitable election algorithms [1]. 
In distributed systems, nodes communicate with each other using 
shared memory or via message passing.The key requirement for 
nodes to execute any distributed task effectively is coordination. In 
a pure distributed system, there exists no central controlling node 
that arbitrates decisions and thus, every node has to communicate 
with the rest of the nodes in the network to make an proper decision. 
Often during the decision process, not all nodes make the same 
decision,thus the communication between nodes time-consuming 
and decision-making process. Coordination among nodes becomes 
difficult when consistency is needed among all nodes. Centralized 
controlling nodes can be selected from the group of available nodes 
to reduce the complexity of decision making [2].
Many distributed algorithms require one node to act as coordinator, 
initiator, or otherwise perform some special role. Leader election is 
a technique that can be used to break the symmetry of distributed 
systems. In order to determine a central controlling node in a 
distributed system, a node is elected from the group of nodes as the 
leader to serve as the centralized controller for that decentralized 
system. The purpose of leader election is to choose a node that 
will coordinate activities of the system. In any leader election 
algorithm, a leader is usually chosen  based on some criterion such 
as choosing the node with the largest identifier. Once the leader 
is elected, the nodes reach a certain state known as terminated 
state. In leader election algorithms, such states are partitioned into 
elected states and non-elected states.When a node enters either 
state, it always remain in that state [3].
Every leader election algorithm must be satisfied by the safety 
and liveness condition for an execution to be admissible. The 
liveness condition states that every node will eventually enter an 
elected state or a non-elected state. The safety condition for leader 
election requires that only a single node can enter the elected state 
and eventually, become the leader of the distributed system [4]. 
Information is exchanged between nodes by transmitting messages 
to one another until an agreement is reached. Once a decision is 
made, a node is elected as the leader and all the other nodes will 
acknowledge the role of that node as the leader [5].

II  Literature Survey
There are two basic strategies in the leader election algorithms.
One of strategy is to make the system, temporarily halt normal 

operation and take a time to reorganize the system. During the 
reorganization period, the components of the system can be 
evaluated and compete with each other. The other strategy is to 
let the system contain software which can operate continuously 
and correctly when failure occurs and can recover the system [6]. 
Leader election is a fundamental problem and has been studied 
in various models. Leader (coordinator) election is an influential 
problem in distributed computing systems since performance of 
all nodes in system depending on leader. Depending on a network 
topology, many algorithms have been presented for electing 
leader in distributed systems Such as Gerard Le Lann introduced 
AUDITOR is one of the first protocols to coordinate the leader 
election problem. 
In this protocol, each node contains an “auditor” and there is an 
ordered ranking of auditors. The highest-ranking auditor select 
‘audit coordinator’ which responsible for detection of failures [7]. 
A disadvantage of this approach is that, if multiple node failures 
(or partitioning), it may take many sequential executions of the 
promotion protocol before a candidate is successful in reaching 
coordinator rank. As Leader election is an important problem in 
distributed computing systems. In this problem, when the leader 
is crashed, other nodes must elect another leader.
Garcia-Molina’s Bully Algorithm is a classic solution to cope 
with this problem. And one of the most applicable elections 
algorithms.

A. Garcia-Molina’s Bully Algorithm:
If (Node n realizes(leader crash))
 sends an ELECTION message to all node with higher 
number
 If(response from higher node)
  select as LEADER.
  &send ok message back to the sender to indicate 
that he is
  alive and will take over. 
else node n is considered as LEADER [8].

Fig 1. shows the main coordinator is crashed and a process starts 
election algorithm, if there exist at least one living member of 
coordination group.
The process id (s) are sent to all processes. When process P notices 
that the coordinator is crashed, sends crash- leader message to 
alternative1 informing coordinator is crashed.

1. If Alternative 1 is Alive
Alternative1 sends ok message to process p informing it from 
receiving the message. Then it sends a message to coordinator in 
order to be sure from its crashing. In case of receiving ok from 
coordinator, it obtains that the process p made a mistake and 
the algorithm is finished. Otherwise, alternative1 is selected as 
coordinator and broadcasts leader message and in this message 
introduce the process p as its substitution.

2. If Alternative1 is Not Alive
Process p waits for t time step for receiving ok from alternative1 
(t=2d; d is average of propagation delay). If p does not receive 
any message, sends crash- leader to other alternatives in order. 
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If all alternatives are crashed, then process p runs the modify 
election algorithm. 

Fig. 1: Bully Algorithm

The main drawback of Bully algorithm is the high number of 
message passing. In this method the message passing has order O 
( n 2 ) that increases heavy traffic on the network. The advantage 
of Bully algorithm is its simplicity. One way to solve drawback 
of Bully  algorithm wiil be present an optimized that intensively 
decreases the number of messages that should be exchanged 
between processes.

(i). Modified Election Algorithm
This algorithm uses several ordered nodes composing coordination 
group {coordinator, alternative1,alternative2,…alternativek}.
These nodes are used for preventing global election between all 
nodes.
A process with greatest number is selected as coordinator. Similarly 
other (k-1) processes of coordination group which have the next 
priority numbers are selected as alternative1, alternative2,.. 
alternativeK.

Fig. 2: Modified Bully Algorithm

Step1- When process P notices that all members of the coordinator 
group have crashed, it initiates an election algorithm.
Step2- When the process P finds out the coordinator is crashed, 
sends ELECTION message to all other processes with higher 
priority number.
Step3- Each process that receives ELECTION messages (with 
higher process than P) sends OK message with its unique priority 
number to process P.

Step 4 (a). If no process responses to process P, In this case p is 
selected as coordinator. Then it sends a message to processes with 
lower number in order to select other members of the coordination 
group and waits 2d time steps. After receiving all process ids, it 
selects k-1 higher process as members of coordination group and 
it will broadcast one COORDINATOR message to all processes, 
declaring coordinator group member.
Step 4(b). If some process response to process P: the process P will 
select the coordinator group i.e. process with the highest priority 
number as coordinator and k higher processes as altarnative1 and 
alternative 2,…alternative k, then it sends to the new coordinator 
the GRANT
message.
Step 5. at this stage the coordinator process will broadcast a 
message to all other processes that contains its priority number 
and alternative1 and alternative 2,…alternative k numbers.
(coordinator group numbers)

(ii). Pseudo Code
Var status : (Norm,crash,Elec,,Wait)
Var Idr : ID
Coordinator group cgrp
Processes p;
Leader ldr;
Periodically(T) do
if node status = Normal then
Work normally.
When (p detects all cgrp(status<-crash))
 Initiates election algo;
If(p found(ldr<-crash))
 If(pid==higher)
 Send election msg->all process.
When(p=election msg &&prority=high)
 (Send ok msg && Pid)->p;
If (no response from p)
 Select p as co-ordinator;
 (Send elect msg )->(p=lower);
Then(select cgrp member)
 Wait 2D times;
For(p=k;p=k-n;k++)
selects k-1 higher process= cgrp;
(broadcast ->COORDINATOR msg)-> p;
 declaring coordinator group member=cgrp;
else
P->cgrp &&pid=high
 k higher processes as altarnative1 and alternative 2,…alternative 
k;
then 
it sends to the new coordinator the GRANT
change msg type(coordinator);
It is clear that if process P crashes after sending ELECTION 
message to higher processes, or crashes after receiving the priority 
numbers from process with higher priority number, higher process 
wait at most 3D time for coordinator broadcast. (D is average 
propagation delay), If it will not receive, this process runs the 
modified algorithm.
If a process with higher priority number crashes after sending 
its priority number to P, process P sends GRANT message to it 
meaning that it is the highest process and P waits for broadcasting 
coordinator message.
If after D time, process P doesn’t receives the COORDINATOR 
message, it repeats the algorithm again.
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Therefore we can use this algorithm as an efficient and safe method 
to selecting the coordinator.

(iii). Ring Algorithm
This election algorithm is based on the use of a ring. We assume 
that the processes are physically or logically ordered, so that each 
process knows who its successor is [9].

Fig. 3: Ring Algorithm

(iv). Description
When any process notices that the coordinator is not functioning, it 
builds an ELECTION message containing its own process number 
and sends the message to its succesor. If the succesor is down, 
the sender skips over the successor and goes to the next number 
along the ring, or the one after that, until a running process is 
located. At each step, the sender adds its own process number to 
the list in the message. Eventually, the message gets back to the 
process that started it all. That process recognizes this event when it 
receives an incoming message containing its own process number. 
At that point, the message type is changed to COORDINATOR 
and circulated once again, this time to inform everyone else who 
the coordinator is (designated by the list member with the highest 
number) and who the members of the new ring are. When this 
message has circulated once, it is removed and everyone goes 
back to work. From fig. 3, Process P[i] sends one token with 
“ELECTION” title to the next process in the ring. (to P[i+1]). If 
next process doesn’t reply, then process P will suppose that next 
process is down and will send “ELECTION” message to second 
next process in the ring (to P[i+2]). 
P[i] repeats this works until finds next process that is not in down 
status and has Recieved the “ELECTION” message. Founded 
process repeats this work too, and this will go on till election 
message returns back to the process P[i]. each process when 
receives “ELECTION” message; before forwarding that, puts 
it’s process number in that message. 
When the “ELECTION” message returns back, then P[i] will 
choose the biggest process number as coordinator(between 
process numbers in the “election“ message). then it wheels a 
“COORDINATOR” message in the ring to announce new 
coordinator.
In this case, we have two round of “message passings“ in the ring. 
First for “CRASH” and “ELECTION“ massages and second for 
“COORDINATOR” message.
So we have 2 step and the number of messages and average time 
are as below:
Number of messages = 2*n =2n => O(n)
Latency = 2*n =2n => O(n) 

V. Modified Ring Algorithm

Fig. 4: The Modified Ring Algorithm

(a). Nodes 2 & 4 notices that the co-ordinator has crashed 
simultaneously.
(b). They send their IDs into the ring
(c,d). The greatest ID always remains in the ring
(e). 5 is declared as Leader.
when a node notices that the leader has crashed, it sends its ID 
number to its neighboring node in the ring. Thus, it is not necessary 
for all nodes to send their IDs into the ring.
At this moment, the receiving node compares the received ID with 
its own, and forwards whichever is the greatest. This comparison 
is done by all the nodes such that only the greatest ID remains 
in the ring.
Finally, the greatest ID returns back to the initial node. If the 
received ID equals that of the initial sender, it declares itself as 
the leader by sending a coordinate message into the ring.
It can be observed that this method dramatically reduces the 
overhead involved in message passing. Thus, if many nodes notice 
the absence of the leader at the same time, only the message of the 
node with the greatest ID circulates in the ring thus, preventing 
smaller IDs from being sent.
If n{i1,i2,··· ,im} is the number of nodes that concurrently detect 
the absence of the crashed coordinator and n is the number of 
nodes in the ring, then the total number of messages passed with 
an order of O(n2) is as follows:
T = n{i1i2,··· ,im} × n. 

(vi). Pre Election Algorithm
In the existing leader election algorithms nodes generally elect the 
leader when the leader fails. In following algorithm, they elect a 
provisional leader while the leader is under executing. This pre-
election algorithm is not to elect the leader, but to replace the 
leader with the provisional leader when leader fails. This approach 
can prevent the system from the performance degradation in the 
distributed system [10].

(viii). Description
When a current leader fails for any reason, each node detects this 
and replaces the leader with the provisional leader. The node which 
firstly detects the leader failure elects the optimal provisional 
leader based on the performance and the operation rate of the 
nodes and the links. It broadcasts the elected provisional leader 
node ID to all nodes in the system. If any node becomes the new 
leader, all the nodes resume normal operation and only one node 
elects the provisional leader.
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Fig. 5: Difference Between Current Algorithm and Pre-Election 
Algorithm

tcurr -the processing time for the existing algorithm.
tpre -refers to the processing time to process the pre-election 
algorithm. 
te -is the election time to elect the leader or the provisional 
leader. 
Tw- is the normal working time to perform it’s tasks at node i.

(a). From fig. 1 (a)
since the k nodes of which the system consists participate in the 
election to elect the leader node, the system is under idle state 
during te. After the election, the system is under working state 
during tw.

(b). From fig. 1 (b)
the pre-election algorithm operates like fig. l(a), at time to. The K 
nodes participate in the election at time to . When the leader node 
crashes at time tl , k nodes replace the leader with the provisional 
leader and (K- 1) nodes resume their tasks, while only the node 
which firstly detects the leader failure elects the next provisionatl 
leader. When the node that firstly detects the leader failure finishs 
the election, it resumes normal operation to perform it’s tasks. 

Fig. 6: Difference Between Time Complexities

Shows the difference in the Time Complexities of Pre-election 
algorithm and Traditional Election algorithm [11].

Fig 7: Difference According to Network Topologies

Above fig. shows the time complexities according to network 
topologies

III. Proposed System
Many algorithms related the leader election on distributed systems 
are proposed. Many of them have concentrated on the solution 
to the problem of self-stabilizing construction of a system using 
timeout intervals.
The Proposed Bully-CD(Crash Detector) algorithm is little bit 
different.
The difference between two algorithms will be the Bully-CD 
algorithm will have  the CD (Crash Detector) Module but the 
classic Bully algorithm uses timeout intervals directly to detect 
the crashed nodes.
By doing this, Bully-CD algorithm will easily detects the crashed 
nodes concurrently rather than sequentially and thus the speed 
of processing time in the Bully-CD will more enhanced than the 
classic one. As another advantage, as we are assuming CD is a 
module so that modularity facilitates the use of different failure 
detection mechanism in different systems.

A. Crash Detector
We can have a Crash Detector (CD)  as an independent module 
with a function that will detects crash and recovery of a node in 
a system. It will accepts Request-(i) as an input from a client, this 
module maintain down-list which is a list of down nodes to check 
that node i is down state or not. If the node i is in the down-list, 
then this module informs the client that the node I is down by 
sending the signal <downSig, i>. If it is not in the down-list, CD 
monitors the node i for a few seconds. After that, if CD detects 
that the node is dead, it adds it to the down-list and informs the 
client that the node i is down by sending the signal <downSig, 
i >. CD informs the client that the node i is alive by sending the 
signal <upSig, i > if it knows that the node is alive.
When the crashed node recovers again, it will sends to DC 
immediately the message informing that it has recovered. CD 
removes the node’s name from the down-list after receiving the 
message.
By using crash detector module enhances the portability of failure 
detector as an independent module with the same function on the 
system constructed with heterogeneous nodes.
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IV. Conclusion
Table 1: Comparison Between Leader Election Algorithm

From the table it is observe that the messege passing required 
for bully and ring algorithm is same, latency is 3 for bully and 
its O(n) for Ring.

Table 2: Computed number of Messages and Latency 

This table shows the messege and latency according to nodes. 
From the survey it is observed that Pre Election Algorithm is better 
than these two algorithm. The pre-election algorithm which elects 
the provisional leader while the leader is running, but the existing 
election scheme elects the leader when the leader fails.
While the existing algorithms have been developed with the specific 
network topology, the Pre-election algorithm can be applied at the 
any kind of network Topologies Pre Election Algorithm is more 
efficient than any other Election Algorithm.
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