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Total Message = Election message + Accept message +
(Coordinator & PCRQ) message +
PCRP message + MPC message )

Total Message = 1+1+ (n-1) + (n-1) + (n-1) = 3n-1
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All New or Recovered process:
send an ECHO Message to current coordinator;
request and receive Maximum Pending_Convenience_Time;
update Pending_Convenience_Time(i);
update Maximum_Pending_Convenience_Time(i);
Process (i):
while (1)

if (Current Coordinator has crashed)
{
wait Maximum_Pending_Convenience_Time(i);
if (index i is maximum) // process(i) is new leader itself
{

broadcast Coordinator&PCRQ Message to all active processes;
wait to receive PCRP Message from all active processes;
broadcast MPC Message to all active processes;

}

else

send Election Message to a process with maximum index;
wait to receive Accept message;
}
}
if (receives Election Message) //index i is maximum
{
send an Accept Message to the sender of the first Received
Election Message;
broadcast Coordinator&PCRQ Message to all active processes;
wait to receive PCRP Message from all active processes;
broadcast MPC Message to all active processes;

}
if (receives Coordinator&PCRQ Message)

send PCRP Message to the Coordinator;

wait to receive MPC Message;

update Maximun_Pending_Convenience_Time (i);
update LEID(i) field with ID of new coordinator;

Reminding Section;
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All active and new processes:
Election Number (i) =0; //i=1..n;
Process (i):
while (1)
{

if (current coordinator has crashed)

{

if (index i is maximum) // process(i) is new leader itself

Election Number (i) ++;
if (Election Number (i) ==1)

broadcast Coordinator Message to all active processes;
wait to receive Reply Message from all active
processes;
Election Number (i) =0;
}
}

else

send Election Message to a process with maximum index;
wait to receive Accept Message;
}
}
if (receives Election Message) // index i is maximum
{
Election Number (i) ++;
if (Election Number (i) ==1)
{
send an Accept Message to the sender of the first
received Election Message;
broadcast Coordinator Message to all active processes;
wait to receive Reply Message from all active
processes;
Election Number (i) =0;
}
}
if (receives coordinator Message)
{
send a reply Message to the sender of Coordinator Message;
update LEID(i) field with ID of new coordinator;

Reminding Section;

}
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Total Message = Election message + Accept message +

(Coordinator & PCRQ) message +
PCPR message + MPC message p)

Total Message = 0+0+(n-2)+(n-2)+(n-2) = 3n-6 = O(n)
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Total Message = Election Message + Accept Message
+ Coordinator Message + Reply Message )

Total Message = 1+1+ (n-1) + (n-1) = 2n
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Total Message = Election message + Accept message +
(Coordinator & PCRQ) message +
PCPR message + MPC message D)

Process (1): Total Message = (n-2)+0+0+0+0 = n-2
Process (2): Total Message = (n-3)+0+1+1+1=n
Process (3): Total Message = (n-4)+0+2+2+2 = n+2
Process (4): Total Message = (n-5)+0+3+3+3 = n+4
Process (5): Total Message = (n-6)+0+4+4+4 = n+6
Process (6): Total Message = (n-7)+0+5+5+5 = n+8
Process (7): Total Message = (n-8)+0+6+6+6 = n+10
Process (8): Total Message = (n-9)+0+7+7+7 = n+12
Process (9): Total Message = (n-10)+0+8+8+8 = n+14
Process (i): Total Message = (n-i-1)+3(i-1) =n + 2i - 4
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Total Message = Election Message + Accept Message
+ Coordinator Message + Reply Message

F

Total Message = 1 + 1 +n-2 + n-2 = 2n-2 = O(n) AR
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Total Message = Election message + Accept message +
(Coordinator & PCRQ) message +
PCPR message + MPC message

Total Message =1+ 1 +n-2 +n-2 + n-2 = 3n-4 = 0(n) *
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Total Message = Election Message + Accept Message
+ Coordinator Message + Reply Message )

Total Message = 0 + 0 + (n-2) + (n-2) = 2n-4
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Total Message = Election Message + Accept Message

+ Coordinator Message + Reply Message D)
Process (1): Total Message = (n-2)+0+0+0 = n-2
Process (2): Total Message = (n-3)+0+1+1 =n-1
Process (3): Total Message = (n-4)+0+2+2 =n
Process (4): Total Message = (n-5)+0+3+3 = n+1
Process (5): Total Message = (n-6)+0+4+4 = n+2
Process (6): Total Message = (n-7)+0+5+5 = n+3
Process (7): Total Message = (n-8)+0+6+6 = n+4
Process (8): Total Message = (n-9)+0+7+7 = n+5
Process (9): Total Message = (n-10)+0+8+8 = n+6
Process (i): Total Message = n+i-3
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I Coordinator Message

12 Leader ID

13 Pending Convenience

4 Number-of-Election

15 Recovery

16 Pending Convenience Request message
17 Pending Convenience Reply message

18 Maximum Pending Convenience message
19 Election Number
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Abstract

In distributed systems which comprises of many processes and resources, process synchronization
is unavoidable for issues such as mutual exclusion and allocation of shared resources. Coordinator
process plays an essential role to processes synchronization. Therefore, coordinator election is not
only important issue in distributed systems, but also in interconnecting networks, mutual exclusion
algorithms, shared resources allocation, etc. One of the challenges in election coordinator algorithms
is reducing the number of messages interchanging between processes, which has a direct influences
over network traffic. Although much efforts has gone into reducing the number of interchanging
messages between processes, but election redundancy is one of the limitations that coordinator
election algorithms face. The main idea of this paper is to propose new approaches to extend the
modified Bully algorithm in order to eliminate election redundancy. Hence, not only message
complexity of the modified Bully algorithm equals to O(n), but also guarantees that only one process
is involved in the election. This therefore, results in eliminating election redundancy and
subsequently reduces network congestion and traffic.
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