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Figure 1: The Architecture of SIP. Illustrates the basic structure of a Single Itinerary
Planning (SIP) system in WSNs, showing how a mobile agent travels through
multiple nodes to collect data, highlighting the issues of latency and energy drain in
large-scale networks.

Figure 2: The Proposed Mobile Agent Itinerary Planning Approach
Depicts the overall FLPSO-based itinerary planning process, starting from network
partitioning at the sink node, fuzzy evaluation of node suitability, and PSO-based
route optimization for each mobile agent.

. Figure 3: FLPSO Inference System. Details the internal structure of the fuzzy

inference system used in FLPSO, consisting of fuzzification, rule evaluation,
aggregation, and defuzzification stages that guide the mobile agent’s next-hop
decisions.

Figure 4: Residual Energy (RE) Degree of Membership Function. Shows the fuzzy
sets and membership functions associated with the residual energy input variable.
Categories include Low, Medium, and High, which influence node selection
probabilities.

Figure 5: Distance Degree of Membership Function. Represents the linguistic
variables (Close, Medium, Far) and their triangular membership functions used to
evaluate the distance of candidate nodes for routing decisions.

Figure 6: Node Neighbor Degree of Membership Function. Visualizes the fuzzy input
variable “number of neighbors” with associated membership functions (Small,
Medium, Large), used to estimate the network connectivity of a candidate node.

Figure 7: Probability of Membership Function. Demonstrates how the defuzzified
output values from the fuzzy inference system are mapped to nine probability levels
that determine a node’s suitability for the next hop.

Figure 8: Workflow of FLPSO. Provides a step-by-step visual representation of the
FLPSO process from initialization, fitness evaluation, fuzzy inference, PSO updates,
and final route assignment for mobile agents.

Figure 9: Impact of Source Nodes on Success Rate of Mobile Agents. Compares the
success rate of FLPSO against state-of-the-art methods as the number of source nodes
increases, demonstrating FLPSO's robustness in maintaining round-trip completion
rates.

Figure 10: Impact of Source Nodes on Network Lifetime. Shows how network
longevity varies with different methods, emphasizing FLPSO's ability to evenly
distribute energy consumption and avoid node failure over time.
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Figure 11: Impact of Number of Source Nodes on Task Energy. Illustrates the
comparative energy efficiency of FLPSO versus competing techniques, highlighting
the algorithm’s ability to minimize energy consumption during data collection.

Figure 12: Impact of Source Nodes on Task Duration. Displays how FLPSO achieves
lower task duration through optimized path selection, even as the number of source
nodes increases.

Figure 13: Impact of Source Nodes on Energy-Delay Product (EDP). Evaluates the
trade-off between energy and time using the EDP metric, where FLPSO achieves
better performance due to efficient route planning.

Figure 14: Impact of Source Nodes on Throughput. Compares packet delivery rates
among methods, with FLPSO demonstrating higher throughput through reliable and
efficient routing paths.

Figure 15: Impact of Source Nodes on Quality of Service (QoS). Highlights
improvements in QoS achieved by FLPSO in terms of successful packet delivery ratio
under varying network conditions.

Figure 16: Box Plot for Each Algorithm's Parameters (Sample Size n = 30). Visual
comparison of statistical measures (mean, median, standard deviation) across all
methods and performance metrics, supporting the superiority of FLPSO.



Friedman Test

Statistics analysis of Parameters with respect to algorithm

1) Sucess Rate

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
0, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation

PSO-UFC 30 67.67 63 21.96
LF-PSO 30 76.43 73.5 17.71
PSOECSM 30 75.83 75 17.72
GAPSO 30 73.47 70 19.37
Fox 30 69.87 68 22.29
FGA 30 79.5 78.5 17.05
FACO 30 85 85 12.59
FUMAM 30 78.73 77 18.52
GSMIP 30 76.43 72.5 20.49
FLPSO 30 90.9 93 9.05
Statistics

Values
Chi 2 171.49
df 9
p <.001

Pairwise comparison




Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- -3.8 0.78 -4.86 <.001 <.001
PSO
PSO-UFC - -3.4 0.78 -4.35 <.001 <.001
PSOECSM
PSO-UFC - -2.12 0.78 -2.71 .007 .068
GAPSO
PSO-UFC - Fox -1.07 0.78 -1.36 172 1
PSO-UFC - FGA -5.55 0.78 -7.1 <.001 <.001
PSO-UFC - -6.57 0.78 -8.4 <.001 <.001
FACO
PSO-UFC - -5.3 0.78 -6.78 <.001 <.001
FUMAM
PSO-UFC - -3.9 0.78 -4.99 <.001 <.001
GSMIP
PSO-UFC - -7.63 0.78 -9.76 <.001 <.001
FLPSO
LF-PSO - 0.4 0.78 0.51 .609 1
PSOECSM
LF-PSO - 1.68 0.78 2.15 031 313
GAPSO
LF-PSO - Fox 2.73 0.78 3.5 <.001 .005
LF-PSO - FGA -1.75 0.78 -2.24 .025 252
LF-PSO - FACO -2.77 0.78 -3.54 <.001 .004
LF-PSO - -1.5 0.78 -1.92 .055 .55
FUMAM
LF-PSO - GSMIP -0.1 0.78 -0.13 .898 1
LF-PSO - FLPSO -3.83 0.78 -4.9 <.001 <.001
PSOECSM - 1.28 0.78 1.64 101 1
GAPSO
PSOECSM - Fox 2.33 0.78 2.98 .003 .028
PSOECSM - -2.15 0.78 -2.75 .006 .06
FGA
PSOECSM - -3.17 0.78 -4.05 <.001 .001
FACO
PSOECSM - -1.9 0.78 -2.43 015 151




Test Standard Std. test Adj.
statistics error statistics p p
FUMAM
PSOECSM - -0.5 0.78 -0.64 522 1
GSMIP
PSOECSM - -4.23 0.78 -5.42 <.001 <.001
FLPSO
GAPSO - Fox 1.05 0.78 1.34 179 1
GAPSO - FGA -3.43 0.78 -4.39 <.001 <.001
GAPSO - FACO -4.45 0.78 -5.69 <.001 <.001
GAPSO - -3.18 0.78 -4.07 <.001 <.001
FUMAM
GAPSO - GSMIP -1.78 0.78 -2.28 023 225
GAPSO - FLPSO -5.52 0.78 -7.06 <.001 <.001
Fox - FGA -4.48 0.78 -5.74 <.001 <.001
Fox - FACO -5.5 0.78 -7.04 <.001 <.001
Fox - FUMAM -4.23 0.78 -5.42 <.001 <.001
Fox - GSMIP -2.83 0.78 -3.62 <.001 .003
Fox - FLPSO -6.57 0.78 -8.4 <.001 <.001
FGA - FACO -1.02 0.78 -1.3 193 1
FGA - FUMAM 0.25 0.78 0.32 749 1
FGA - GSMIP 1.65 0.78 2.11 .035 348
FGA - FLPSO -2.08 0.78 -2.67 .008 077
FACO - 1.27 0.78 1.62 .105 1
FUMAM
FACO - GSMIP 2.67 0.78 3.41 .001 .006
FACO - FLPSO -2.07 0.78 -2.36 .002 0.018
FUMAM - 1.4 0.78 1.79 073 733
GSMIP
FUMAM - -2.33 0.78 -2.98 .003 .028
FLPSO
GSMIP - FLPSO -3.73 0.78 -4.78 <.001 <.001

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is
obtained by multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001.




2) Network Life

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC

O, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation
PSO-UFC 30 83.83 77.5 23.99
LF-PSO 30 94.83 84.5 30.97
PSOECSM 30 91.83 81 33.36
GAPSO 30 97.6 83 3591
Fox 30 101.8 91 35.85
FGA 30 105.07 91 43.27
FACO 30 130.33 111 64.59
FUMAM 30 118.73 96.5 59.09
GSMIP 30 126.2 106.5 61.51
FLPSO 30 149.33 123.5 81.64
Statistics
Values
Chi > 245.11
df 9
p <.001
Pairwise comparison
Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- -2.82 0.78 -3.6 <.001 .003
PSO




Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - -1.12 0.78 -1.43 153 1
PSOECSM
PSO-UFC - -3 0.78 -3.84 <.001 .001
GAPSO
PSO-UFC - Fox -5.02 0.78 -6.42 <.001 <.001
PSO-UFC - FGA -3.88 0.78 -4.97 <.001 <.001
PSO-UFC - -7.8 0.78 -9.98 <.001 <.001
FACO
PSO-UFC - -5.55 0.78 -7.1 <.001 <.001
FUMAM
PSO-UFC - -6.85 0.78 -8.76 <.001 <.001
GSMIP
PSO-UFC - -8.97 0.78 -11.47 <.001 <.001
FLPSO
LF-PSO - 1.7 0.78 2.17 .03 297
PSOECSM
LF-PSO - -0.18 0.78 -0.23 815 1
GAPSO
LF-PSO - Fox 2.2 0.78 -2.81 .005 .049
LF-PSO - FGA -1.07 0.78 -1.36 172 1
LF-PSO - FACO -4.98 0.78 -6.37 <.001 <.001
LF-PSO - -2.73 0.78 -3.5 <.001 .005
FUMAM
LF-PSO - GSMIP -4.03 0.78 -5.16 <.001 <.001
LF-PSO - FLPSO -6.15 0.78 -7.87 <.001 <.001
PSOECSM - -1.88 0.78 -2.41 016 .16
GAPSO
PSOECSM - Fox -3.9 0.78 -4.99 <.001 <.001
PSOECSM - -2.77 0.78 -3.54 <.001 .004
FGA
PSOECSM - -6.68 0.78 -8.55 <.001 <.001
FACO
PSOECSM - -4.43 0.78 -5.67 <.001 <.001
FUMAM
PSOECSM - -5.73 0.78 -7.33 <.001 <.001




Test Standard Std. test Adj.
statistics error statistics p p
GSMIP
PSOECSM - -7.85 0.78 -10.04 <.001 <.001
FLPSO
GAPSO - Fox -2.02 0.78 -2.58 .01 .099
GAPSO - FGA -0.88 0.78 -1.13 258 1
GAPSO - FACO -4.8 0.78 -6.14 <.001 <.001
GAPSO - -2.55 0.78 -3.26 .001 011
FUMAM
GAPSO - GSMIP -3.85 0.78 -4.92 <.001 <.001
GAPSO - FLPSO -5.97 0.78 -7.63 <.001 <.001
Fox - FGA 1.13 0.78 1.45 147 1
Fox - FACO -2.78 0.78 -3.56 <.001 .004
Fox - FUMAM -0.53 0.78 -0.68 495 1
Fox - GSMIP -1.83 0.78 -2.35 019 19
Fox - FLPSO -3.95 0.78 -5.05 <.001 <.001
FGA - FACO -3.92 0.78 -5.01 <.001 <.001
FGA - FUMAM -1.67 0.78 -2.13 .033 33
FGA - GSMIP -2.97 0.78 -3.79 <.001 .001
FGA - FLPSO -5.08 0.78 -6.5 <.001 <.001
FACO - 2.25 0.78 2.88 .004 .04
FUMAM
FACO - GSMIP 0.95 0.78 1.22 224 1
FACO - FLPSO -1.17 0.78 -1.49 136 1
FUMAM - -1.3 0.78 -1.66 .096 .963
GSMIP
FUMAM - -3.42 0.78 -4.37 <.001 <.001
FLPSO
GSMIP - FLPSO -2.12 0.78 -2.71 .007 .068

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by

multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001.




3) Task Energy

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation

PSO-UFC 30 0.53 0.5 0.23
LF-PSO 30 0.46 0.44 0.2
PSOECSM 30 0.51 0.48 0.22
GAPSO 30 0.49 0.46 0.2
Fox 30 0.38 0.36 0.17
FGA 30 0.45 0.43 0.17
FACO 30 0.3 0.27 0.14
FUMAM 30 0.33 0.31 0.14
GSMIP 30 0.29 0.28 0.13
FLPSO 30 0.27 0.25 0.12
Statistics

Values
Chi > 256.28
df 9
p <.001
Pairwise comparison

Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- 3.25 0.78 4.16 <.001 <.001
PSO
PSO-UFC - 0.93 0.78 1.19 233 1




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM
PSO-UFC - 1.87 0.78 2.39 017 .169
GAPSO
PSO-UFC - Fox 4.77 0.78 6.1 <.001 <.001
PSO-UFC - FGA 3.03 0.78 3.88 <.001 .001
PSO-UFC - 7.37 0.78 9.42 <.001 <.001
FACO
PSO-UFC - 5.63 0.78 7.21 <.001 <.001
FUMAM
PSO-UFC - 7.22 0.78 9.23 <.001 <.001
GSMIP
PSO-UFC - 8.77 0.78 11.21 <.001 <.001
FLPSO
LF-PSO - -2.32 0.78 -2.96 .003 .03
PSOECSM
LF-PSO - -1.38 0.78 -1.77 077 768
GAPSO
LF-PSO - Fox 1.52 0.78 1.94 052 524
LF-PSO - FGA -0.22 0.78 -0.28 782 1
LF-PSO - FACO 4.12 0.78 5.27 <.001 <.001
LF-PSO - 2.38 0.78 3.05 .002 .023
FUMAM
LF-PSO - GSMIP 3.97 0.78 5.07 <.001 <.001
LF-PSO - FLPSO 5.52 0.78 7.06 <.001 <.001
PSOECSM - 0.93 0.78 1.19 233 1
GAPSO
PSOECSM - Fox 3.83 0.78 4.9 <.001 <.001
PSOECSM - 2.1 0.78 2.69 .007 .072
FGA
PSOECSM - 6.43 0.78 8.23 <.001 <.001
FACO
PSOECSM - 4.7 0.78 6.01 <.001 <.001
FUMAM
PSOECSM - 6.28 0.78 8.04 <.001 <.001

GSMIP




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM - 7.83 0.78 10.02 <.001 <.001
FLPSO
GAPSO - Fox 2.9 0.78 3.71 <.001 .002
GAPSO - FGA 1.17 0.78 1.49 136 1
GAPSO - FACO 5.5 0.78 7.04 <.001 <.001
GAPSO - 3.77 0.78 4.82 <.001 <.001
FUMAM
GAPSO - GSMIP 5.35 0.78 6.84 <.001 <.001
GAPSO - FLPSO 6.9 0.78 8.83 <.001 <.001
Fox - FGA -1.73 0.78 -2.22 027 266
Fox - FACO 2.6 0.78 3.33 .001 .009
Fox - FUMAM 0.87 0.78 1.11 268 1
Fox - GSMIP 245 0.78 3.13 .002 .017
Fox - FLPSO 4 0.78 5.12 <.001 <.001
FGA - FACO 4.33 0.78 5.54 <.001 <.001
FGA - FUMAM 2.6 0.78 3.33 .001 .009
FGA - GSMIP 4.18 0.78 5.35 <.001 <.001
FGA - FLPSO 5.73 0.78 7.33 <.001 <.001
FACO - -1.73 0.78 -2.22 027 266
FUMAM
FACO - GSMIP -0.15 0.78 -0.19 .848 1
FACO - FLPSO 2.73 0.78 3.5 <.001 .005
FUMAM - 1.58 0.78 2.03 .043 428
GSMIP
FUMAM - 3.13 0.78 4.01 <.001 .001
FLPSO
GSMIP - FLPSO 2.72 0.78 3.48 .001 .005

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by

multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001




4) Task Duration

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation
PSO-UFC 30 0.59 0.59 0.25
LF-PSO 30 0.58 0.55 0.25
PSOECSM 30 0.56 0.55 0.24
GAPSO 30 0.48 0.47 0.22
Fox 30 0.52 0.5 0.24
FGA 30 0.45 0.44 0.19
FACO 30 0.42 0.43 0.17
FUMAM 30 0.45 0.46 0.17
GSMIP 30 0.44 0.43 0.16
FLPSO 30 0.4 0.41 0.17
Statistics
Values
Chi > 243.93
df 9
p <.001
Pairwise comparison
Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- 0.95 0.78 1.22 224 1
PSO
PSO-UFC - 1.6 0.78 2.05 041 407




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM
PSO-UFC - 4.3 0.78 5.5 <.001 <.001
GAPSO
PSO-UFC - Fox 3.47 0.78 4.43 <.001 <.001
PSO-UFC - FGA 5.63 0.78 7.21 <.001 <.001
PSO-UFC - 7.92 0.78 10.13 <.001 <.001
FACO
PSO-UFC - 5.08 0.78 6.5 <.001 <.001
FUMAM
PSO-UFC - 5.92 0.78 7.57 <.001 <.001
GSMIP
PSO-UFC - 8.63 0.78 11.04 <.001 <.001
FLPSO
LF-PSO - 0.65 0.78 0.83 406 1
PSOECSM
LF-PSO - 3.35 0.78 4.29 <.001 <.001
GAPSO
LF-PSO - Fox 2.52 0.78 3.22 .001 013
LF-PSO - FGA 4.68 0.78 5.99 <.001 <.001
LF-PSO - FACO 6.97 0.78 8.91 <.001 <.001
LF-PSO - 4.13 0.78 5.29 <.001 <.001
FUMAM
LF-PSO - GSMIP 4.97 0.78 6.35 <.001 <.001
LF-PSO - FLPSO 7.68 0.78 9.83 <.001 <.001
PSOECSM - 2.7 0.78 3.45 .001 .006
GAPSO
PSOECSM - Fox 1.87 0.78 2.39 017 .169
PSOECSM - 4.03 0.78 5.16 <.001 <.001
FGA
PSOECSM - 6.32 0.78 8.08 <.001 <.001
FACO
PSOECSM - 3.48 0.78 4.46 <.001 <.001
FUMAM
PSOECSM - 4.32 0.78 5.52 <.001 <.001

GSMIP




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM - 7.03 0.78 9 <.001 <.001
FLPSO
GAPSO - Fox -0.83 0.78 -1.07 286 1
GAPSO - FGA 1.33 0.78 1.71 .088 .881
GAPSO - FACO 3.62 0.78 4.63 <.001 <.001
GAPSO - 0.78 0.78 1 316 1
FUMAM
GAPSO - GSMIP 1.62 0.78 2.07 .039 386
GAPSO - FLPSO 4.33 0.78 5.54 <.001 <.001
Fox - FGA 2.17 0.78 2.77 .006 .056
Fox - FACO 4.45 0.78 5.69 <.001 <.001
Fox - FUMAM 1.62 0.78 2.07 .039 .386
Fox - GSMIP 245 0.78 3.13 .002 .017
Fox - FLPSO 5.17 0.78 6.61 <.001 <.001
FGA - FACO 2.28 0.78 2.92 .003 .035
FGA - FUMAM -0.55 0.78 -0.7 482 1
FGA - GSMIP 0.28 0.78 0.36 717 1
FGA - FLPSO 3 0.78 3.84 <.001 .001
FACO - -2.83 0.78 -3.62 <.001 .003
FUMAM
FACO - GSMIP -2 0.78 -2.56 011 .105
FACO - FLPSO 2.72 0.78 3.48 .001 .005
FUMAM - 0.83 0.78 1.07 286 1
GSMIP
FUMAM - 3.55 0.78 4.54 <.001 <.001
FLPSO
GSMIP - FLPSO 2.72 0.78 3.48 .001 .005

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by

multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001




5) EDP

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation

PSO-UFC 30 0.51 0.53 0.28
LF-PSO 30 0.46 0.44 0.28
PSOECSM 30 0.42 0.44 0.25
GAPSO 30 0.37 0.36 0.23
Fox 30 0.47 0.44 0.3
FGA 30 0.35 0.33 0.22
FACO 30 0.27 0.26 0.17
FUMAM 30 0.28 0.27 0.18
GSMIP 30 0.3 0.29 0.2
FLPSO 30 0.24 0.22 0.16
Statistics

Values
Chi > 254.81
df 9
p <.001
Pairwise comparison

Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- 1.25 0.78 1.6 11 1
PSO
PSO-UFC - 2.4 0.78 3.07 .002 021




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM
PSO-UFC - 3.5 0.78 4.48 <.001 <.001
GAPSO
PSO-UFC - Fox 0.92 0.78 1.17 241 1
PSO-UFC - FGA 4.43 0.78 5.67 <.001 <.001
PSO-UFC - 7.18 0.78 9.19 <.001 <.001
FACO
PSO-UFC - 6.67 0.78 8.53 <.001 <.001
FUMAM
PSO-UFC - 59 0.78 7.55 <.001 <.001
GSMIP
PSO-UFC - 8.58 0.78 10.98 <.001 <.001
FLPSO
LF-PSO - 1.15 0.78 1.47 141 1
PSOECSM
LF-PSO - 2.25 0.78 2.88 .004 .04
GAPSO
LF-PSO - Fox -0.33 0.78 -0.43 .67 1
LF-PSO - FGA 3.18 0.78 4.07 <.001 <.001
LF-PSO - FACO 593 0.78 7.59 <.001 <.001
LF-PSO - 542 0.78 6.93 <.001 <.001
FUMAM
LF-PSO - GSMIP 4.65 0.78 5.95 <.001 <.001
LF-PSO - FLPSO 7.33 0.78 9.38 <.001 <.001
PSOECSM - 1.1 0.78 1.41 159 1
GAPSO
PSOECSM - Fox -1.48 0.78 -1.9 058 578
PSOECSM - 2.03 0.78 2.6 .009 .093
FGA
PSOECSM - 4.78 0.78 6.12 <.001 <.001
FACO
PSOECSM - 4.27 0.78 5.46 <.001 <.001
FUMAM
PSOECSM - 3.5 0.78 4.48 <.001 <.001

GSMIP




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM - 6.18 0.78 7.91 <.001 <.001
FLPSO
GAPSO - Fox -2.58 0.78 -3.3 .001 .01
GAPSO - FGA 0.93 0.78 1.19 233 1
GAPSO - FACO 3.68 0.78 4.71 <.001 <.001
GAPSO - 3.17 0.78 4.05 <.001 .001
FUMAM
GAPSO - GSMIP 2.4 0.78 3.07 .002 .021
GAPSO - FLPSO 5.08 0.78 6.5 <.001 <.001
Fox - FGA 3.52 0.78 4.5 <.001 <.001
Fox - FACO 6.27 0.78 8.02 <.001 <.001
Fox - FUMAM 5.75 0.78 7.36 <.001 <.001
Fox - GSMIP 4.98 0.78 6.37 <.001 <.001
Fox - FLPSO 7.67 0.78 9.81 <.001 <.001
FGA - FACO 2.75 0.78 3.52 <.001 .004
FGA - FUMAM 2.23 0.78 2.86 .004 .043
FGA - GSMIP 1.47 0.78 1.88 061 .606
FGA - FLPSO 4.15 0.78 5.31 <.001 <.001
FACO - -0.52 0.78 -0.66 .509 1
FUMAM
FACO - GSMIP -1.28 0.78 -1.64 101 1
FACO - FLPSO 2.72 0.78 3.48 .001 .005
FUMAM - -0.77 0.78 -0.98 327 1
GSMIP
FUMAM - 2.73 0.78 3.5 <.001 .005
FLPSO
GSMIP - FLPSO 2.68 0.78 3.43 .001 .006

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by

multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001




6) Throughput

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
0, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation

PSO-UFC 30 0.75 0.77 0.04
LF-PSO 30 0.76 0.78 0.04
PSOECSM 30 0.77 0.79 0.05
GAPSO 30 0.77 0.79 0.05
Fox 30 0.79 0.79 0.06
FGA 30 0.79 0.81 0.05
FACO 30 0.86 0.87 0.06
FUMAM 30 0.83 0.84 0.05
GSMIP 30 0.86 0.86 0.05
FLPSO 30 0.96 0.98 0.11
Statistics

Values
Chi > 253.14
df 9
p <.001
Pairwise comparison

Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- -0.82 0.78 -1.04 296 1
PSO
PSO-UFC - -2.27 0.78 -2.9 .004 .037




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM
PSO-UFC - -2.02 0.78 -2.58 .01 .099
GAPSO
PSO-UFC - Fox -3.62 0.78 -4.63 <.001 <.001
PSO-UFC - FGA -4.38 0.78 -5.61 <.001 <.001
PSO-UFC - -7.13 0.78 -9.12 <.001 <.001
FACO
PSO-UFC - -5.83 0.78 -7.46 <.001 <.001
FUMAM
PSO-UFC - -7.18 0.78 -9.19 <.001 <.001
GSMIP
PSO-UFC - -8.58 0.78 -10.98 <.001 <.001
FLPSO
LF-PSO - -1.45 0.78 -1.85 064 .636
PSOECSM
LF-PSO - -1.2 0.78 -1.54 125 1
GAPSO
LF-PSO - Fox -2.8 0.78 -3.58 <.001 .003
LF-PSO - FGA -3.57 0.78 -4.56 <.001 <.001
LF-PSO - FACO -6.32 0.78 -8.08 <.001 <.001
LF-PSO - -5.02 0.78 -6.42 <.001 <.001
FUMAM
LF-PSO - GSMIP -6.37 0.78 -8.14 <.001 <.001
LF-PSO - FLPSO -7.77 0.78 -9.94 <.001 <.001
PSOECSM - 0.25 0.78 0.32 .749 1
GAPSO
PSOECSM - Fox -1.35 0.78 -1.73 .084 .842
PSOECSM - -2.12 0.78 -2.71 .007 .068
FGA
PSOECSM - -4.87 0.78 -6.23 <.001 <.001
FACO
PSOECSM - -3.57 0.78 -4.56 <.001 <.001
FUMAM
PSOECSM - -4.92 0.78 -6.29 <.001 <.001

GSMIP




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM - -6.32 0.78 -8.08 <.001 <.001
FLPSO
GAPSO - Fox -1.6 0.78 -2.05 041 407
GAPSO - FGA -2.37 0.78 -3.03 .002 .025
GAPSO - FACO -5.12 0.78 -6.55 <.001 <.001
GAPSO - -3.82 0.78 -4.88 <.001 <.001
FUMAM
GAPSO - GSMIP -5.17 0.78 -6.61 <.001 <.001
GAPSO - FLPSO -6.57 0.78 -8.4 <.001 <.001
Fox - FGA -0.77 0.78 -0.98 327 1
Fox - FACO -3.52 0.78 -4.5 <.001 <.001
Fox - FUMAM -2.22 0.78 -2.84 .005 .046
Fox - GSMIP -3.57 0.78 -4.56 <.001 <.001
Fox - FLPSO -4.97 0.78 -6.35 <.001 <.001
FGA - FACO -2.75 0.78 -3.52 <.001 .004
FGA - FUMAM -1.45 0.78 -1.85 064 .636
FGA - GSMIP -2.8 0.78 -3.58 <.001 .003
FGA - FLPSO -4.2 0.78 -5.37 <.001 <.001
FACO - 1.3 0.78 1.66 .096 963
FUMAM
FACO - GSMIP -0.05 0.78 -0.06 .949 1
FACO - FLPSO -1.45 0.78 -1.85 064 .636
FUMAM - -1.35 0.78 -1.73 .084 .842
GSMIP
FUMAM - -2.75 0.78 -3.52 <.001 .004
FLPSO
GSMIP - FLPSO -1.4 0.78 -1.79 073 733

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by

multiplying the p-value by the number of tests.

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001




7) Quality of Services (Qos)

Hypotheses

Null hypothesis

Alternative hypothesis

There is no difference between the
dependent variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
0O, FUMAM, GSMIP and FLPSO.

There is a difference between the dependent
variables PSO-UFC, LF-

PSO, PSOECSM, GAPSO, Fox, FGA, FAC
O, FUMAM, GSMIP and FLPSO.

Descriptive statistics

N Mean Median Standard deviation
PSO-UFC 30 79.32 79.51 1.02
LF-PSO 30 79.24 79.28 1.02
PSOECSM 30 79.4 79.63 1.06
GAPSO 30 81.03 80.67 1.73
Fox 30 80.24 80.38 1.24
FGA 30 79.67 79.77 1.06
FACO 30 80.8 80.67 1.52
FUMAM 30 80.39 80.57 1.12
GSMIP 30 81.45 81.5 1.03
FLPSO 30 85.92 85.28 3.87
Statistics
Values
Chi: 259.42
df 9
p <.001
Pairwise comparison
Test Standard Std. test Adj.
statistics error statistics p p
PSO-UFC - LF- 0.57 0.78 0.72 469 1
PSO
PSO-UFC - -0.92 0.78 -1.17 241 1




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM
PSO-UFC - -6.27 0.78 -8.02 <.001 <.001
GAPSO
PSO-UFC - Fox -3.38 0.78 -4.33 <.001 <.001
PSO-UFC - FGA -2.12 0.78 -2.71 .007 .068
PSO-UFC - -5.15 0.78 -6.59 <.001 <.001
FACO
PSO-UFC - -4.13 0.78 -5.29 <.001 <.001
FUMAM
PSO-UFC - -6.65 0.78 -8.51 <.001 <.001
GSMIP
PSO-UFC - -8.12 0.78 -10.38 <.001 <.001
FLPSO
LF-PSO - -1.48 0.78 -1.9 058 578
PSOECSM
LF-PSO - -6.83 0.78 -8.74 <.001 <.001
GAPSO
LF-PSO - Fox -3.95 0.78 -5.05 <.001 <.001
LF-PSO - FGA -2.68 0.78 -3.43 .001 .006
LF-PSO - FACO -5.72 0.78 -7.31 <.001 <.001
LF-PSO - -4.7 0.78 -6.01 <.001 <.001
FUMAM
LF-PSO - GSMIP -7.22 0.78 -9.23 <.001 <.001
LF-PSO - FLPSO -8.68 0.78 -11.11 <.001 <.001
PSOECSM - -5.35 0.78 -6.84 <.001 <.001
GAPSO
PSOECSM - Fox -2.47 0.78 -3.16 .002 016
PSOECSM - -1.2 0.78 -1.54 125 1
FGA
PSOECSM - -4.23 0.78 -5.42 <.001 <.001
FACO
PSOECSM - -3.22 0.78 -4.11 <.001 <.001
FUMAM
PSOECSM - -5.73 0.78 -7.33 <.001 <.001

GSMIP




Test Standard Std. test Adj.
statistics error statistics p p
PSOECSM - -7.2 0.78 -9.21 <.001 <.001
FLPSO
GAPSO - Fox 2.88 0.78 3.69 <.001 .002
GAPSO - FGA 4.15 0.78 5.31 <.001 <.001
GAPSO - FACO 1.12 0.78 1.43 153 1
GAPSO - 2.13 0.78 2.73 .006 .064
FUMAM
GAPSO - GSMIP -0.38 0.78 -0.49 .624 1
GAPSO - FLPSO -1.85 0.78 -2.37 018 18
Fox - FGA 1.27 0.78 1.62 .105 1
Fox - FACO -1.77 0.78 -2.26 024 238
Fox - FUMAM -0.75 0.78 -0.96 337 1
Fox - GSMIP -3.27 0.78 -4.18 <.001 <.001
Fox - FLPSO -4.73 0.78 -6.05 <.001 <.001
FGA - FACO -3.03 0.78 -3.88 <.001 .001
FGA - FUMAM -2.02 0.78 -2.58 .01 .099
FGA - GSMIP -4.53 0.78 -5.8 <.001 <.001
FGA - FLPSO -6 0.78 -7.68 <.001 <.001
FACO - 1.02 0.78 1.3 193 1
FUMAM
FACO - GSMIP -1.5 0.78 -1.92 055 .55
FACO - FLPSO -2.97 0.78 -3.79 <.001 .001
FUMAM - -2.52 0.78 -3.22 .001 .013
GSMIP
FUMAM - -3.98 0.78 -5.1 <.001 <.001
FLPSO
GSMIP - FLPSO -1.47 0.78 -1.88 061 .606

In each row, the null hypothesis is tested if both samples are the same, the "Adj. p-value" is obtained by
multiplying the p-value by the number of tests.

Summary :

A Friedman test showed that there was a significant difference between the dependent variables, p = <.001.




Perform sensitivity analysis on FL-PSO parameters to determine optimal settings.

Sensitivity analysis on Fuzzy Logic Particle Swarm Optimization (FL-PSO) parameters is
crucial to determine optimal settings for the algorithm. FL-PSO combines fuzzy logic with
particle swarm optimization (PSO) to improve the search for optimal solutions in complex
problem spaces. Key parameters typically include the number of particles, cognitive and
social coefficients, inertia weight, and fuzzy logic rules.

Here's a step-by-step approach to conducting the sensitivity analysis:
Step 1: Define Parameters for Sensitivity Analysis

The main parameters for FLPSO typically include:

Number of Particles (N): The number of particles in the swarm.

Cognitive Coefficient (c1): The weight of the personal best position in the velocity update
equation.

Social Coefficient (c2): The weight of the global best position in the velocity update
equation.

Inertia Weight (w): Controls the momentum of the particle's movement.

Fuzzy Logic Rules: Rules that adjust the PSO parameters dynamically based on the current
state of the swarm.

Step 2: Define Ranges for Each Parameter

Set the ranges for each parameter:

Number of Particles (N): Typically 10 to 100

Cognitive Coefficient (c1): Typically 1.0 to 2.5

Social Coefficient (c2): Typically 1.0 to 2.5

Inertia Weight (w): Typically 0.4 to 1.2

Step 3: Select Performance Metrics

Choose metrics to evaluate the performance of FLPSO, such as:

Convergence Speed: The number of iterations required to reach an optimal or near-optimal
solution.

Solution Quality: The accuracy or fitness value of the final solution.
Robustness: The consistency of the results over multiple runs.

Step 4: Conduct Experiments



Vary each parameter within its defined range while keeping other parameters constant. For
example:

Experiment 1: Vary N from 10 to 100 in steps of 10, keeping c1, c2, and w constant.
Experiment 2: Vary cl from 1.0 to 2.5 in steps of 0.3, keeping N, c2, and w constant.
Experiment 3: Vary c2 from 1.0 to 2.5 in steps of 0.3, keeping N, c1, and w constant.
Experiment 4: Vary w from 0.4 to 1.2 in steps of 0.2, keeping N, c1, and c2 constant.
Step 5: Analyze Results

For each experiment, record the performance metrics and analyze the results to determine the
impact of each parameter. Create plots to visualize the relationships between parameter
values and performance metrics.

Step 6: Determine Optimal Settings

Identify the parameter settings that yield the best performance across all metrics.
Example Analysis

Experiment 1: Varying Number of Particles (N)

N Convergence Speed (iterations) Solution Quality (fitness) Robustness
(standard deviation)

10 200 0.85 0.10
20 150 090 0.08
30 120 092 0.05
40 110 093 0.04
50 100  0.95 0.03
60 90 096 0.03
70 90 096 0.03
80 90 096 0.03
90 90 096 0.03
100 90 096 0.03

Optimal Number of Particles: 30-70 (Beyond this, there are diminishing returns on
convergence speed and solution quality).



Experiment 2: Varying Cognitive Coefficient (c1)

cl Convergence Speed (iterations) Solution Quality (fitness) Robustness
(standard deviation)

1.0 110  0.90 0.05

1.3 100 093 0.04
1.6 90 095 0.03
1.9 90 096 0.03
22 90 095 0.03
25 90 095 0.03

Optimal Cognitive Coefficient: 1.9 (Higher values do not significantly improve
performance).

Experiment 3: Varying Social Coefficient (c2)

c2 Convergence Speed (iterations) Solution Quality (fitness) Robustness
(standard deviation)

1.0 110  0.90 0.05

1.3 100 093 0.04
1.6 90 095 0.03
1.9 90 096 0.03
22 90 095 0.03
25 90 095 0.03

Optimal Social Coefficient: 1.9 (Similar to cognitive coefficient, higher values do not
significantly improve performance).

Experiment 4: Varying Inertia Weight (w)

w Convergence Speed (iterations) Solution Quality (fitness) Robustness
(standard deviation)

0.4 110  0.90 0.05

0.6 100 093 0.04
0.8 90 095 0.03
1.0 90 096 0.03
1.2 90 096 0.03

Optimal Inertia Weight: 0.8-1.0 (Optimal range where performance is maximized).



Conclusion

The sensitivity analysis provides insights into the optimal settings for FLPSO parameters.
Based on the example analysis, the recommended settings are:

Number of Particles (N): 30
Cognitive Coefficient (c1): 1.4495
Social Coefficient (c2): 1.4495
Inertia Weight (w): 0.4 -0.9

These settings balance convergence speed, solution quality, and robustness, leading to
improved performance of the FLPSO algorithm.
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