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ACS Ant Colony System
API Application Programming Interface
ATM Asynchronous Transfer Mode
BTS Base Transceiver Station
CAPEX | Capital Expenditures
CR Core Network
C-RAN | Cloud Radio Access Network
DSP Digital Signal Processing
GWO Grey Wolf Optimizer
H-CRAN | Heterogeneous Cloud Radio Access Network
ILP Integer Linear Programming
IoT Internet of Things
IP Internet Protocol
JSON Java Script Object Notation
LTE Long Term Evolution
MKP Multi Knapsack Problem
MPLS Multi-Protocol Label Switching
MVNP Mobile Virtual Network Provider
MVNO | Mobile Virtual Network Operator
NAT Network Address Translation
NFV Network Function Virtualization
OPEX Operational Expenditures
OSPF Open Shortest Path First
PM Physical Machine
PPP Public Private Partnership
PSO Particle Swarm Optimization
QoS Quality of Service
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RAN Radio Access Network

SDMN | Software-Defined Mobile Networks
SDN Software-Defined Networking
SFOP Shortest-Feasible OpenFlow Path
SLA Service Level Agreement

VANET | Vehicular Ad-Hoc Network

VM Virtual Machine

VNI Visual Networking Index

VoD Video on Demand

WAN

Wide Area Network
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Set the number of agents(n) and maximum number of iterations(MaxlIt)
Initialize Grey Wolf agents using Circle Map function (Eq.14-3)
Agent; represents Number of Controllers in ®,; or ID of a controller which is connected to Sy,
Calculate Utilization of each class based on the Agent’s position using Eq. (12-3)
Find Alpha Wolf () = The best agent
Find Beta Wolf (8) = The second best agent
Find Delta Wolf (0) = The third best agent
while ¢ < Maximum number of iteration do
Calculate encircling coefficient for updating agents: a = 2 — 2 X (m)
for: =1,2,...,ndo
Generate random variables using Eq.(14-3): r1 and
Calculate algorithm coefficients for updating agents: A and C using Eq.(17-3, 18-3)
Update Alpha, Beta, and Delta using Eq. (15-3,16-3)
Update agents(w;) using Eq.(19-3)
end for
Calculate Utilization of each class based on the Agent’s position using Eq. (12-3)
Find Alpha, Beta, Delta Wolves
t—t+1
end while

Return the best solution
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10:

12:

13:

14:

15:

16:

17:

18:

19:

20:

21:

22:

23:

24:

25:

26:

. Get o, B, and ~y from GWO algorithm

. Get the source and the destination nodes

: Set the number of ants(n) and the number of iteration(Maxlt)
. Initialize the iteration counter: t = 0

. Initialize ACS parameters: p1, p2,70,To, NG

. Initialize the best ant: T(t) = ()

: for each link (ij) do

Initialize Phermone matrix:

Ti,j = To X random number between 0 and 1

. end for

while ¢ < Max Number of Iteration do
for each antk =1,2,...,n do
Place the ant on the source node: xy(t) = The source node
repeat
Generate a random number(r)
Select the next node(j) using Eq. (10-4) and (11-4)
zp(t) = xp(t) Uy
until the k" ant get to the destination: j == The destination node
Calculate the path cost: f(x(t))
Update phermones using Eq. (14-4)
Update the repository
end for
Find the best ant and set I:(t)
Update phermones of the best path using Eq. (12-4)
t—t+1
end while

Return &(t)
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. Set the number of agents(n) and maximum number of iterations(MaxIt)
. Initialize Grey Wolf agents using Circle Map function (Eq.14-3)
Agent; represents the exponents of ACS probability function (Eq.11-4)
. Initialize the path repository for saving the paths calculated by ACS instances
: Call an ACS instance for each agent and wait for getting the cost
. Find Alpha Wolf (o) = The best agent
. Find Beta Wolf () = The second best agent
. Find Delta Wolf (§) = The third best agent
: while ¢t < Maximum number of iteration do
Calculate encircling coefficient for updating agents: a =2 — 2 x (m)
for:=1,2,...,ndo
Generate random variables using Eq.(14-3): 1 and 2
Calculate algorithm coefficients for updating agents: A and C using Eq.(17-3, 18-3)
Update Alpha, Beta, and Delta using Eq. (15-3,16-3)
Update agents(w;) using Eq.(19-3)
end for
Call an ACS instance for each agent and wait for getting the cost
Find Alpha, Beta, Delta Wolves
t+—t+1
: end while

: Return the path repository

va
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11:

12:

13:

14:

15:

16:

17:

18:

19:

20:

21:

22:

23:

24:

25:

26:

27:

28:

29:

. Set the number of agents(n) and maximum number of iterations(MaxIt)
. Get the latest state of cloudlet loads
. Initialize Grey Wolf agents using Circle Map function (Eq.14-3)

. Map the initialized agents to the switches of the path

The k' element of Agent; represents the switch on which the k" service is going to run

. if The load of any cloudlet is more than 80% then

Set the cost of the agent to — oo

. else

Calculate the cost of agents using Eq.(7-4)

: end if
. Find Alpha Wolf («) = The best agent

Find Beta Wolf (8) = The second best agent
Find Delta Wolf (0) = The third best agent
while ¢ < Maximum number of iteration do
Calculate encircling coefficient for updating agents: a = 2 — 2 X (m)
fori:=1,2,...,ndo
Generate random variables using Eq.(?2): r1 and ro
Calculate algorithm coefficients for updating agents: A and C using Eq.(17-3, 18-3)
Update Alpha, Beta, and Delta using Eq. (15-3,16-3)
Update agents(w;) using Eq.(19-3)
end for
if The load of any cloudlet is more than 80% then
Set the cost of the agent to — oo
else
Calculate the cost of agents using Eq.(7-4)
end if
Find Alpha, Beta, Delta Wolves
tt+1
end while

Return o which is the best service placement for the input path and flow required services
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Abstract

There has been a significant increase in mobile data traffic in recent years and by the
advent of the IoT (Internet of Things), it will continue to rise. Since the current wire-
less systems cannot handle this amount of traffic, the next generation of the mobile
standard is planning to overcome the obstacles by using new technologies such as
Cloud Computing, Software Defined Networking (SDN), and Network Function Vir-
tualization (NFV). Cloud Computing will provide sufficient resources, required for
the mobile networks, to handle the ever-increasing amount of traffic. Additionally,
using SDN as well as NFV in cloud datacenters can lead to better manageability in the
networks and easier development of network applications in the future. Since cloud
datacenters as well as mobile networks are inherently large-scale networks, the re-
sources must be allocated optimally so that we can reduce the networks’ expenditures
while satisfying the QoS requirement. Therefore, we are going to investigate resource
allocation problem in this thesis from two different aspects.

In the first part, we introduce controller placement and controller provisioning prob-
lems in software-defined networks and then we will propose a metaheuristic-based
framework for dynamic controller allocation for the application of the 5th generation
of mobile technology (5G). Our proposed algorithm increases the convergence speed
(68%) and the accuracy (1%) of the results compared to other metaheuristic algorithms
like PSO.

In the second part, we are going to investigate the flow-routing problem, which is
one of the most significant problems in networking, and then we will propose a meta-
heuristic framework for allocating main paths and redundant paths to incoming flows
by using the knowledge gained by SDN controllers, which will improve the conver-
gence speed up to 33%. In addition to allocating paths in this part, we are also going
to distribute different networking functions among cloudlets which are connected to

each router in the network so that we can use the resources more efficiently.
Key Words:

Software-Defined Networks, Resource Allocation, Controller Placement and Provi-

sioning, Flow Routing, Metaheuristic Algorithms, Quality of Service, 5G.
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