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Abstract

Fog computing acts as an intermediate layer between
edge devices and cloud infrastructures to reduce
latency and improve efficiency in time-sensitive
Internet of Things (loT) applications. However,
heterogeneous fog nodes and dynamically changing
workloads pose major challenges to effective load
balancing, often leading to increased response time,
higher energy consumption, and inefficient resource
utilization. This paper introduces a novel metaheuristic
approach, termed the Polar Fox Optimization
Algorithm (PFA), for load balancing in fog computing
environments. Inspired by the adaptive hunting
behavior of polar foxes, the proposed algorithm
integrates exploration and exploitation phases to
balance global and local search. The PFA algorithm was
implemented in Python and MATLAB and evaluated
against benchmark methods, including PSO, ACO, GA,
GWO, and HHO. Simulation results demonstrate that
the proposed approach reduces average latency by up

to 18.7%, lowers energy consumption by 14.5%, and improves the load balancing index by
22.3% compared to competing algorithms. Statistical validation using Wilcoxon and Friedman
tests (p < 0.05) confirms the superiority of the proposed method. Overall, PFA provides a
scalable, stable, and efficient solution for load balancing in dynamic and heterogeneous fog
computing environments, particularly for smart cities, real-time healthcare systems, and

large-scale loT applications.

Keywords: nternet of Things, Metaheuristic Algorithm, Polar Fox Optimization Algorithm,Fog

Computing, Load Balancin.
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Algorithm 1: Polar Fox Optimization (PFA) for Load Balancing
Input: Task set T = {t1, t2, .., tn}, Fog nodes N = {n1, n2, .., nH}
Output: Optimized load distribution matrix M*

1. Initialize parameters: a, B, wl, w2, w3, Pop_size, Iter_max
2. Randomly initialize population of foxes Xi (i = 1,.., Pop_size)
3. Evaluate initial fitness F(Xi) for all individuals using Eq.(4)
4, Identify the best solution R_best among the population
5. For iteration t = 1 to Iter_max do
6. For each fox i in population do
7. Update position using:
Xi(t+1) = Xi(t) + a*(R_best - Xi(t)) + B*rand()
8. Bound check: ensure Xi(t+1) within valid search limits
9. Evaluate new fitness F(Xi(t+1))
10. If F(Xi(t+1)) better than previous, update Xi(t)
11. End For
12. Update global best R_best
13. Adjust a and B dynamically:
a=a* (1 -t/ Iter_max)
B=PB * (t / Iter_max)
14. End For

15. Return final optimized load allocation matrix M* = R_best
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Figure 1: Algorithm Flowchart
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Table 5: Comparison of Advantages and Disadvantages
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Table 6: Precise average delay values
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Figure 3: Shows the comparison of the algorithm's energy consumption
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Figure 4: Energy consumption of algorithms in task allocation
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Table 8: Comparison of Load Balancing Index
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ACO 0.23 0.28 0.36
ABC 0.21 0.26 0.34
GWO 0.19 0.23 0.31
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PFA 0.15 0.20 0.27
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Table 9: Comparison of Resource Productivity
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Table 10: Statistical Tests
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