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Abstract

In the cognitive radio network, Look for a spectrum allocation optimization scheme through
the Graph Coloring Theory model. Based on the BAS algorithm, an improved BAS algorithm is
proposed. The optimized algorithm expands the single search direction when a single individual

finds the optimal solution, and effectively imp

the search

. Global hability is

improved by multiple bodies and by introducing the Metropolis-Hastings algorithm. Through the
simulation based on the graph coloring spectrum allocation model, the optimized BAS algorithm
has obvious effects in terms of solution accuracy and total network efficiencies.

1. Introduction

Wireless spectrum is very precious natural resource.
Especially, latest new wireless communication technologies
like 5G, IoT, demand for spectrum has increased
exponentially. However, most of the licensed spectrum lies
idle depending upon location and time [1] because of
current  static allocation on spectrum. It triggers the
searching of new technique for spectrum allocation that
requires new regulation, policies. Cognitive Radio (CR) [2]
is such technique that provide dynamic spectrum access for
utilizing the unused spectrum | 2]. The most commonly used
methods in spectrum allocations are queuing theory, game
theory and graph coloring theory [4] etc.

In this paper, we mainly focus on the graph coloring theory
joint BAS algorithm for spectrum allocation in CRN. The
rest of this paper is organized as follows. In Section 2, we
illustrate proposed Improved BAS algorithm and spectrum
allocation method. Simulation results and di ions are
presented in Section 3. Finally, we draw conclusion in
Section 4.

2. The proposed Spectrum Allocation Method

2.1  Improved BAS algorithm

Beetle Antennae Search-BAS [3] is an algorithm developed
in 2017 based on the principle of Beetle foraging. The
biological principle is: When the beetle foraging, Beetle
does not know where the food is, Instead, look for food by
the higher of the concentration. Beetle has two long
antennas. If the left hom detects food odor concentration is
higher than the right side, then the beetle would turn to the
left side, otherwise, it would turn to the right side.
According to this simple principle, Beetle can effectively
find food. The algorithm is an intelligent optimization
algonthm like genetic algorithm, particle swarm algorithm
and so on. But the algorithm can achieve efficient
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optimization without function specific form and gradient

information.

In this paper, an improved algorithm (I-BAS) is proposed to

improve the following shortcomings.

s Create a new random vector and orthogonalize the new
random vector with the original vector to obtain two
new directions orthogonal to the original direction.
Enhance the direction of optimization.

b2 = rands(k, 1)

—=—=b
b-b
where b is a random vector used to indicate dircc(ion;b_z'

is a vector orthogonal to b:

« By increasing the number of individuals, when a beetle
fall into a local optimal solution, the algorithm still has
the ability to find a global optimal solution.

«  The Metropolis-Hastings algorithm was introduced. A
probability P is received to accept the deterioration
solution as the current solution, and an upper limit Ty,
of the optimal solution is not updated. The step size
and the probability P are adjusted according to the
following conditions.
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where P is initially a constant and is updated with the nu
mber of iterations; f() is the solution of the optimization
function; f(Xpe,) represents a new solution: f(Xpese)
represents a current optimal solution:
f(Xo1q) represents the current solution; At indicates the
number of times the current optimal solution has not
been updated; T, indicates the upper limit of the curr
ent optimal solution not updated; T indicates the num
ber of iterations.
When the new solution is better than the current
optimal solution, accept this new solution and
attenuate  the step size and decrease the
probability P.
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2)  When the new solution is worse than the current
solution and the optimal solution is not updated
less than T and the current number of iterations is
less than half the total number of iterations, the
new solution is accepted with the probability P,
and attenuate the step size and decrease the
probability P.

3) When the new solution is worse than the current
solution and the optimal solution is not updated
more than T and the current number of iterations
is more than half the total number of iterations,
the new solution is accepted with probability P,
and the step size and probability P are increased.

2.2 Spectrum Allocation

The graph theory coloring model [4] is a model that
abstracts the network topology composed of cognitive users
in the spectrum allocation of cognitive radio systems. Each
vertex in the graph represents a wireless user, and cach edge
represents a conflict or interference between a pair of
vertices. That is, if two vertices in the graph have one edge
comnected, the two nodes cannot use the same spectrum at
the same time.

The graph coloring model is described by the available

spectrum matrix L = {l,,,mll,,‘,,l € (0,1}}N i efficiency
X
interference matrix C =

matrix B = {b,,t,,, it
{entm|cnim € {0,1}]N g+ @04 distribution  matrix.
XN X
Suppose there are N cognitive users (labeled 1-N) in a
cognitive network to compete for the right to use M bands
(labeled 1-M).
Max Sum Reward formula is expressed as:
N M

Uuse = . ) Gum *bum ()

n=1m=1
In this paper, we use the I-BAS algorithm is used to
optimize the Uygpvalue.

3.  Simulation Results

The Improved BAS algorithm is compared with the original
BAS algorithm and the PSO algorithm in terms of total
network efficiencies. Set the number of individuals of the
PSO and Improved BAS algorithms to 10. The number of
iterations is 50. And the number of primary users is 5, the
number of cognitive users is N=5.

Fig. | is the number of spectra is M=10, 400 comparison
charts with MSR as the objective function are used. As can
be seen from the figure, the Improved BAS algorithm has
better search ability than the other two algorithms. Repeated
experiments have shown that the Max Sum Reward
obtained by the Improved BAS algorithm is more stable and
has a higher upper limit.

Fig. 2 is one of the complete iterative processes. It can be
scen that a better optimization valuc can be obtained at the
beginning of the iteration. And the Improved algorithm can
find the optimal spectrum allocation scheme faster.

4. Conclusion
In this paper. the cognitive radio network is abstracted into

graphs, and use the graph coloring model for spectrum
allocation. Through the Improved BAS algorithm, we find
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a spectrum allocation scheme that can obtain the maximum
network efficiency. The simulation results show that the
algorithm and model can effectively solve the spectrum
allocation optimization problem and have better
convergence accuracy. Compared with the PSO algorithm,
it has higher network efficiencies. The next step is to study
other issues in spectrum allocation in the hope of obtaining
a better spectrum allocation scheme.

) o oss

Fig. 1. I-BAS. BAS. PSO‘s Max Sum Reward (m=10)
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Fig 2. -BAS. BAS. PSO's Max Sum Reward (m=10)
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