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1. Cuckoo Search

2. Swarm Intelligence
3. Random Walk

4. Levy Flight

5. Crossover

6. Elitism

7. Mutation

Input:

Fog Network Specification
Application Components Specification
CSA Parameters(Popsize, Discovery Rate)

L2

Preprocessing:
Calling Algorithm 2 to exploit fullmesh subnetworks
Calling Algorithm 3 to exploit candidate fullmeshs

h 2

CSA initialization:

Pop < initialize Population

Calling Algorithm 4 to repair infeasible solutions
Calling Algorithm 7 to calculate fitness values
Sorting solutions based on fitness values

While termination R‘*F“”‘
- Optimal
Criteria are not " :
Solution

Update Fog Data structure
Calling Algorithm 5 to generate New Population
Calling Algorithm 4 to repair probable defective solutions

v

Calling Algorithm 7 to calculate fitness values
Sorting solutions based on fitness values

v

Calling Algorithm 6 to discovery worst solutions
Calling Algorithm 7 to update fitness values

Pop € New Population U Pervious Population
Sort Pop based on Fitness value
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Algorithm 2. Fullmesh Subnetworks Exploitation
Input Parameters:
Fog Network Communication Matrix (ixj) As Fog_Net,
whereiandj=1,...,n
and n is number of fog nodes
Output:
Full_Meshs is vertical array of fullmesh subnetworks
Initialization:
define Full Meshs = {};
define Fog_Net = upper triangular (Fog_Net);

I: While the termination criteria not met do
2: If Full Meshs is empty then
3: k=0;
4: For Each Fognode; in Fog_Net do
S: For Each Fognode; = Fognode;;, in Fog_Net do
6: If Fognode; connected to Fognode; in Fog_Net then
7. k=k+1;
8: Full Meshs [row k] = [Fognode;, Fognode;];
9: End If
10: End For Each
11: End For Each
12: Else
13: For Each Fognode; do
14: For Each k = all row of Full Meshs do
15: Current_row = Full_Meshs [row k];

If Fognode; Not in Current_row and Fognode;
16: connected to all node in Current_row in Fog_Net

then

. Full Meshs [row k] = [Full Meshs [row k],
17:
Fognode;];

18: End If
19: End For Each
20: End For Each
21: End If
22: remove duplicate rows in Full Meshs;

23:  End While
Return Full Meshs
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Algorithm 1. The Proposed CSA
Input Parameters:
Parameters for  Application And Fog network:
componentsDataset, Fog Network Dataset, Fog nodes and
component delay and bandwidth matrix;
Parameters for CS; PopSize: number of solution in
Population, MaxIteration, P,: Discovery Rate;
N : Number of Fog Nodes;
M: Number of Components

Output:
Optimal Solution
1: i=1;
2:  Fog DS = Initial Fog Data Structure using Datasets;
3:  Full Meshs = call Algorithm2 for Exploit FullMeshs;
. Candidate_Full Meshes = call Algorithm3 for Find desired
4:
Full Meshs;
5 Solutions; = initial Random Population (PopSize,
" componentsDataset, Candidate Full Meshes);
6:  Update Fog_ DS using Solutions; information;
7. call Algorithm4 for Repair infeasible Solutions in
: Solutions;;
8: call Algorithm7 for Calculate Solutions cost in Solutions;;

9:  Sorting Solutions in Solutions; Based upon Costs;

10:  While i < Max Iteration do

11:  Fog DS = Initial Fog Data Structure using Datasets;

12:  Solutions,ey = call Algorithm5;

call Algorithm4 for Repair infeasible Solutions in

13: .
Solutions,y;
14: call Algorithm7 for Calculate Solutions cost in
" Solutions,.,;

15:  Sorting Solutions in Solutions,., Based upon Costs;
call Algorithmé for discovery worse Solutions in
Solutions,.y with probability P,;
17:  call Algorithm?7 for Update Solutions cost in Solutionsey;
18:  Update Fog_DS using Solutions,., information;
19:  Solutionstemp = merge Solutions,.y and Solutions;;
20:  Sorting Solutionstemp Based upon Costs;
21:  Solutions;:; = first Population Size in Solutionstemp
22 i=itl;
23:  End While
Return Optimal Solution;
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Algorithm 5. Elitism

Algorithm 3. Find Candidate Fullmesh Subnetworks
Input Parameters:
define fn = (1,...,n) is fog node list;
define Appcmp = (1,...,m) is Application components list;
define FN_BW = array (nxn) is bandwidth between fog nodes;
define FN_Latency = array (nxn) is Latency between fog nodes;
define Appcmp BW = array (mxm) is bandwidth between

components;
define Appcmp Latency = array (mxm) is Latency between
components;
define AppcmpDataset is Application components resource
requirements;

define FNDataset is Fog nodes resources;
define Full Meshs is Full Meshs list (Algorithm?2 output);
Output:
Candidate Full Meshs
1:  For each Full Meshs as row; do
Latency BW_status = Check Latency BW (Appcmp_Latency,
2: Appcmp_BW, row;, FNDataset, FN_BW, FN_Latency);
//constrain 15

HR_status = HR_chk (AppcmpDataset, FNDataset, row;);

Input Parameters: 3 /[constrain 16
define Solutions is current Population of Solutions; SR_status = SR_chk (AppcmpDataset, FNDataset, row;);
Define best is best solution in current population; 4 //constrain 17
g(:;:ﬂ;lotns is Next generation of population; 5: _status = 3_chk (AppempDataset, FNDataset, row):
new 2 ' //constrain 18
1:  For Each solution in Solutions as s do
5. S, = combined s and best using random walk or levy flight: 6: If Latency BW_status & HR_status & SR_status & S_status
3: Bounda date (Spew); ’ are true then
4: Soll:l tior?s,_up: [Solui;v(;lis Spenl: 7: Candidate Full Meshs = [Candidate Full Meshs; row;];
: new news new s 8: End if
5:  End For Each 9 EndF
Return Solutions,ews ' nd ror .
Return Candidate Full Meshs;
5456 wipgS Y S5 TS ol e s 5 ) id g A U5
Algo;::l;umt i).all).;s:l(;::z.lnfermr Solutions and Update Algorithm 4. Repair Infeasible Solutions
define Solutions,., is new Population of Solutions; Input Parameters: . .
define P, is Discovery Rate delﬁne Fog Data_Structure is Fog nodes status in each
N solution;
qulziteﬂ :(tj Solutions. .- define Full Mesh is Candidate Nodes taken from
/* A solution is an interchange with a nest in cuckoo Algorithm 3; _ . L. .
search context */ define Appcmp = (1,...,m) is Application component list;
defi A Dataset is Applicati t
1: Worse_solutons = a fraction of Solutions based upon S; ;ilieﬁ Catigﬁ_cmp ataset 18 ppiication —componen
2: ;i;fl;l)zizll\;}grse solutons in Solutions,., as ws do define Solutions is all solution in a population;
) . = . mew Output:
i: \];VS"EW(; modlfg WS using Tandom walk (); Feasible Solutions and Fog Data_Structure
. Rou? ary_up gtel (:stew)a " 1:  For Each Solutions As solution do
6: E ijaceEws llln OTUHIONSnew WIL WSnew 2: For Each Fog node in solution as sourceFN do
. Rnt rl(l) . czl‘ ct d Solutions,ey; 3: If sourceFN Resource overload is true then
eturn upcated So7utlonSnew; 4: violation = true;
S sla > oly Mol g cass’ v, Y S S: While violation is true do
find Appcmp with minimum dependency to other
Algorithm 7. Fimess Function component on sourceFN and migrate it to other
g Input l;arameterS' fog node in Full Mesh with enough resource.
delf)'me Solutions is'a Population: Candidate Appcmp has maximum dependency
Output: P ’ to components on destination Fog node;
Updated each solution in Solutions with solution cost ; gpg'::z ]s:(:)lung;a Structure:
1:  For Each solution in Solutions as solution; do 9: lfpsourceFI%J_resou_rce overlo’a dis false then
2: Energy = calculate computing and network resource lb' violation = false:
energy consumption of all fog node in solution;; 1 1: End If ’
3: solutioni Cost in Solutions = Energy; 12: End While
4:  End For Each .
. 13: End If
Return Updated Solutions; 14: End For Each
L 2ld ol Sl N I 15:  End For Each
28 &l s Return Solutions and Fog Data_Structure;
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