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Short Abstract

Fog computing is a new paradigm which enables offloading 10T data (tasks) to the network devices. The aim of this approach is reducing the response
time for delay-sensitive applications and improving the quality of service for users. This paper presents a task offloading scheme with taking advantages
of the Software-Defind Networks. In this research a mixed integer linear programming (MILP) optimization model is presented with the aim of
minimizing delay and mobility cost of things, which considers local computing, fog nodes participation, applications distribution and resource
limitations. Whereas the presented mathematical model is Np-hard, a meta-heuristic algorithm based on the ant colony optimization is proposed by
considering constraints of the mathematical model. The results obtained from evaluation of the proposed method is compared with the optimal value
obtained from the mathematical model, random method and a heuristic algorithm presented in related works. The results of evaluation show that the
delay and the total offloading cost in the proposed method are 22% and 28.75% higher than the optimal values, respectively. Also, the proposed method
is capable to reduce the delay by 20% and reduce the migration cost of computing results by 40% compared to the heuristic method in state-of-the-art.
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1-  Short Introduction (4-5 lines)

Things in IOT have limited resources, and sending IOT's tasks to the cloud computing servers harms the quality of service. Therefore, tasks are offloaded
to fog computing servers in order to improve the quality of service. Resource limitations of fog nodes is an important challenge of fog computing that
has been studied in many articles such as [9],[10],[11],[12]. Also applications distributions and mobility of things are another significant challenges that
need study, but a few articles have considered their such as [16],[17],[18]. This paper presents a offloading scheme to reduce delay and cost caused by
mobility of things, which considers resource limitations of fog nodes, it's corporation and applications distribution compared to previous works.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

We formulated the task offloading problem as a MILP model and defined the objective function as minimizing the total computational delay and
mobility cost for all things. Therefore, we calculated the total computational delay for local computing as processing delay and for fog computing as
the sum of transmission delay, propagation delay, and processing delay. Then migration cost of results was defined as mobility cost, which was
considered as the relative sum of the probability of moving the thing from cover of near fog node before receiving the results and expected value of
distance of the thing from the processor fog node when receiving the results. Constraints of MILP model are bandwidth and flow rules capacity of fog
nodes, the maximum tolerable delay for things and their maximum residual energy and computing the things' tasks by their Adjacent fog node and its
neighbors that provide required application. The presented model is solvable with limited number of variables, so we proposed a meta-heuristic
algorithm based on ant colony optimization which manages constraints by penalty functions and repairing unfeasibility. We use random selections in
this algorithm inspired by the Simulated Annealing, and use global best pheromone concept to convergence management. Furthermore, we proposed a
new function for global best pheromone injection which control convergence in local optimal. For evaluating the proposed algorithm, we considered
two scenarios as evaluation with and without resource limitations, and we plotted delay and migration cost graphs and compared the proposed algorithm,
optimal value, random offloading and soft-VVAN method. Results show the proposed method provides comparable delay and migration cost with optimal
value and is better than two other compared methods.

3-  Conclusion (4-5 lines)

In this article, A MILP model was presented with the objective of minimizing delay and cost of mobility with constraints such as bandwidth and flow
rules capacity of fog nodes, the maximum tolerable delay for things and their maximum residual energy, which considers local computing by things,
computing by their Adjacent fog node and its neighbors that provide required application. A meta-heuristic algorithm based on ant colony optimization
was proposed, which manages constraints by penalty functions and repairing unfeasibility. Results of simulations and evaluations show that the proposed
method provides good delay and migration cost compared to the optimal values and related methods.
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Algorithm 1 The proposed ACO task offloading algorithm
Input:a, 8, RandFactor, RandFactor i, Nanes, P P,Q, Nit
Output: BestSelections

1. Initialize the pheromone matrix

2. while 8 < N;, do

3. for k =110 Ny, do

4. foreachieldo

5. if arandom number between 0 and 1> RandFactor then

6.  selected"[i]= a random selection from 0;

7. else

8. selected"[i]=choose a member of 0; by PX using the
roulette wheel method

9. endif

10. end for

11. end for

12. shuffle things ID in I

13. foreachi €I do

14, ifvf’ > 0 or v} > 0 then

15. if D}ocal < dM* and E}°°* < ™™ then
16.  selected*[i] =1

7 vl vf =0

18. endif

19. endif

20. Update bandwidth and flow rule capactity
21. end for

22. if fitness of ant k > BestFit then

23. BestFit= Fitness*

24. BestSelections= selected"®

25. end if

26. Update pheromones using Eq(42)
27. if BestFit > GBest and vZ&Hnt =
28. GBest = BestFit

29. Update pheromones using Eq(44)

30. endif

3L g=0+1

32. if RandFactor > RandFactor ;, then

33. Reduce the RandFactor by multiplying by 0/99
34. endif

35. end while

0 then

1
: K~
Fitness™ = TotalCostk (¥
TotalCost* = Z Cost(i, ), c = selected*[i] %)
ies;
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