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Algorithm 1. PSO algorithm.

1: for each particle do
2 initialize particle
3: end for
4: while target fitness or maximum epoch is not attained do
5: for each particle do
6 calculate fitness
7 if current fitness value better than (pbest) then
8 pbest=current fitness
9: end for
10:  set gbest to the best one among all pbest
11:  for each particle do
12: update velocity
B: update position
end for
: end while
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Vig(t+1) =w x vj4(t)

+c1 x 1 x (pbest;(t)—xjg(t))+c2 x r2 x (gbest(t)—x;4(t))
(1a)

Xig(t+1) =Xx;4(D)+vig(t+1) (1b)
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Vig(t+ 1) =w x vig(£)+Xjy(£) —Xig(L) (2a)

Xig(t+1) =w x vjg(t+ 1)+ xi4(t) (2b)
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Clustering protocol Clustering Clustering Location Radio Network type Clustering objective
method approach awareness model

LEACH Distributed Prob./Random No First order Homogeneous Rotate CH role
HEED Distributed Prob./Energy No First order Homogeneous Energy efficiency
EECS Distributed Prob./Energy Yes First order Homogeneous Load balancing
EEHC Distributed Prob./Energy No First order Heterogeneous Energy efficiency
EHE-LEACH Distributed Prob./Energy No First order Heterogeneous Energy efficiency
S-EEP Distributed Prob./Energy No First order Heterogeneous Energy efficiency
M-EEP Distributed Prob./Energy Yes First order Heterogeneous Energy efficiency
LEACH-C Centralized SA Yes First order Homogeneous Energy efficiency
EBUC Centralized PSO First order Homogeneous Energy efficiency
PS0-C Centralized PSO First order Homogeneous Energy efficiency
Rahmanian et al Centralized GA First order Homogeneous Energy efficiency
201
Kuila et al. (2013 Centralized GA First order Homogeneous Load balancing
Khalil and Attea Centralized EA First order Homogeneous Energy efficiency
201 Heterogeneous
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After calculating the previous sub-objectives, the final objective
function that needs to be minimized is
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After calculating the previous sub-objectives, the final objective
function that needs to be minimized is

Rp =wry x EE(a), +wr; x EE(b), +wr3 x LQp (12)
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Algorithm 2. TPSO-CR algonthm.

procedure Stammue|)
selTimeriSTART — ROUND, 0.0);
end procedure
procedure TimerFrenCasack (index)
switch index do
case START — ROUND -
double timer = uniform(0.0, ry;
setTimer(FIND — NERS, tirmer):
setTimer{ BROADCAST — INFO, )¢
if isBS setTimer(RUN — PSO, i),
else cetTimer(RUN —STEADY — PHASE. m);
roundNumber+ +;
setTimer(START — ROUND, roundLength);
case FIND— NBERS :
broadeast (1D):
case BROADCAST —INFOD -
broadeast (1D, residual Energy, Nelghbors'
1Ds and their RSSI);
case HUMN — P50 -
optimal CHs = runfrstPSO [ Netwaorklnfo); ~ run frst tier
aptimal RoutingTree = runSecondPSO (optimalCHs Networkinfo): = run second tier
broadeasticonfiguration = optimalCHs + eptimalRouting Tree):
case HUN — STEADY — PHASE :
I s CH 1 isCM 1 HisRelayNode) then setStateSleep():
if (isCH) then
clusterLength = clusterMembers size():
setTimenSTART — SLOT, clusterLength = slotLength):;
else
if (lisRelayNode) then setStateSleepi)
setTimenSTART — SLOT, myTDMATurm = slorLength)y;
case START —5L0T :
setTimer(START — SLOT, clusterLength = slotLength);
if (isCH) then
aggregatePackets(); + aggregate packets
processBufferedPackets); = send packets to next hop
else = a cluster member
processBifferedPackets(); ~ send packets to CH
setTimen END—5LOT slotlengthy, = go to sleep mode at end of slot
case END—5LOT :
iff'isCH 1sCM 1 YisRelayNade) then sefStateSleep();
end procedure
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