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Abstract— This paper focuses on the energy boosting in 

terms of energy opportunistically in TV spectrum. To 

increase speed of data communication in terms of packet 

data rates in TVWS we send the data in parallel by 

monitoring freed channels.  In this paper, we propose with 

modification of a novel decision making algorithm for a 

system of coexistence mechanisms, such as an IEEE 

802.19.1-compliant system, that enables coexistence of 

dissimilar TVWS networks and devices. This is well used 

for isochronous soft real-time category where the early and 

late answers are also acceptable. Our modified FACT 

algorithm outperforms existing coexistence decision making 

algorithm forward monitoring and backward monitoring to 

send packed data in parallel. 
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I. INTRODUCTION 

The analog to digital TV transition freed up a significant 

amount of TV spectrum referred to as TV white space. In 

2012, U.S. federal communication commission, in its report 

and order [3], that says TVWS can be used as secondary 

access like Wi-Fi. This is Wi-Fi due to white space also 

known as White-Fi.  

 The opening up of the TV bands to unlicensed 

access has triggered several standardization efforts such as 

IEEE 802.22, 802.11af, 802.19.1, and ECMA 392. Based on 

the on-going standardization efforts and the industry 

stakeholders’ growing interest in utilizing TVWS, it is likely 

that a heterogeneous mix of secondary networks will coexist 

in TVWS, each with distinct operation parameters (e.g., 

bandwidth, transmission power, PHY and MAC techniques, 

etc.). Therefore, enabling congenial" heterogeneous 

coexistence in TVWS is emerging as an important research 

area. The FCC rules stipulate requirements and mechanisms 

for protecting incumbent systems such as TV stations. 

However, neither the FCC nor any other regulatory agency 

addresses the problem of coexistence of secondary 

systems/devices operating in the same spectrum. The lack of 

provisions for coexistence of secondary systems in TVWS 

may be due to the experience in the Industrial, Scientific and 

Medical (ISM) bands, where diverse technologies, such as 

Wi-Fi and Bluetooth, coexist without a common coexistence 

mechanism. However, the coexistence situation in the 

TVWS is more challenging which is solved by algorithm 

proposed [1].  

Here in this paper using that white space to send 

data and the data divided to freely available channels in 

different time slots and networks. In this paper the number 

of channels are available monitored by fact algorithm by 

forward and backward monitoring of channels. In 

isochronous real-time systems where the late answers and 

early answers also acceptable which is never causes any loss 

of life and packet data were transferred. This algorithm 

addresses some of the challenges of coexistence between 

heterogeneous wireless networks, and considers many 

factors in sharing a channel between two or more networks 

of different types. Our contributions can be summarized as 

follows: 

1) We use a set of constraints to formulate the CDM 

problem as a multi-objective combinatorial 

optimization problem. Each of the constraints 

corresponds to an important prerequisite for the 

coexistence of heterogeneous wireless networks. 

Unlike the existing CDM problem formulations, 

our formulation includes all of the critical 

constraints. 

2) We model the optimization problem as an energy 

minimization problem in a modified Boltzmann 

machine, and propose an algorithm to find a Pareto 

optimal feasible solution. Our evaluations show 

that the proposed algorithm Outperforms existing 

CDM algorithms that have been proposed for use 

in IEEE 802.19.1 [3][4] in terms. 

The rest of this paper is organized as follows. We 

discuss related works in Section II and provide technical 

background knowledge in Section III. Section IV provides 

details on the constraints for CDM and in Section V, we 

formulate the CDM problem using these constraints. We 

propose our CDM algorithm in Section VI and then evaluate 

the performance of this algorithm and compare it with 

existing algorithms in Section VII. Finally Section VIII 

concludes the paper 

II. RELATED WORK 

Coexistence of wireless networks has always been an issue 

however the coexistence of heterogeneous wireless 

networks become a more serious problem after the 

introduction of wireless networks in unlicensed bands. The 

issue began to receive significant press with the introduction 

of the Bluetooth technology (IEEE 802.15.1) around the 

same time that Wi-Fi technology (IEEE 802.11b) networks 

were becoming popular [5]. In 2003, the IEEE formed a task 

group to quantify the severity of the problem and offer 

solutions. This ultimately resulted in a published IEEE 

recommended practice IEEE 802.15.2. IEEE 802.15.2 [5] 

addresses the coexistence of wireless personal area networks 

(WPAN) with other wireless devices operating in unlicensed 

frequency bands such as wireless local area networks 

(WLAN). 

Coexistence of ZigBee (IEEE 802.15.4) and Wi-Fi 

(IEEE 802.11) is another example of coexistence of 

heterogeneous wireless networks that has attracted 

significant attention since their disparate power levels, 

asynchronous time slots, and incompatible PHY layers 
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hinders the coexistence of them in 2.4 GHz band. Industrial 

associations, such as the ZigBee Alliance [7], demonstrated 

that ZigBee can coexist well with Wi-Fi in home networks. 

The conflicting coexistence between IEEE 802.15.4 and 

IEEE 802.11 has been observed in existing measurement 

studies [9]. In [10], a coexistence mechanism called 

cooperative busy tone (CBT) is proposed that allows ZigBee 

to coexist and even contend with Wi-Fi in frequency, spatial 

and temporal domains. Coexistence between IEEE 802.16 

and IEEE 802.11 is another interesting example of 

coexistence between heterogeneous wireless networks. The 

IEEE standard draft 802.16h [11] proposes methods for 

802.16 system coexistence. It distinguishes between 

coordinated and uncoordinated operation. Coordinated 

operation uses a specified protocol allowing multiple 

systems to negotiate their resource usage. With 

uncoordinated operation no explicit messages are 

exchanged. A system has to sense the medium at the 

beginning of the frame. If it is busy the system is not 

allowed to perform any transmissions for the whole frame. 

In [12], the coexistence mechanisms provided by IEEE 

802.19.1 are analysed. These mechanisms include neighbour 

discovery and white space management to guarantee 

interference mitigation and fairness. In [13] and [14], 

challenges in addressing the problem of coexistence 

between heterogeneous wireless networks are discussed. We 

address some of these challenges in this paper. In [15] 

taxonomy of the mechanisms that have been proposed for 

heterogeneous coexistence in TVWSs is offered. At this 

point in time, there are only a few CDM algorithms for 

IEEE 802.19.1 that have been proposed. To the best of our 

knowledge, only two such algorithms exist [4] [5]. We have 

compared our algorithm against these algorithms and 

showed that our algorithm outperforms them in some 

aspects. In [16], the authors propose a standard-independent 

framework to enable exchange of coexistence-related 

information based on centralized and distributed 

mechanisms. Both mechanisms use  multi-radio cluster-head 

equipment (CHE) as a physical entity that identifies 

coexistence opportunities and makes coexistence decisions. 

III. TECHNICAL BACKGROUND 

In this section we provide some technical background and 

jargon that facilitates the understanding of this paper’s 

technical aspects. Regulators such as FCC prescribe rules 

and mechanisms for protecting licensed networks and 

devices operating in TV bands (i.e. coexistence between 

secondary and primary networks), but no such rules exist for 

coexistence among secondary, unlicensed networks (a.k.a 

TVBD networks). To fill this void, the IEEE 802.19 

Working Group sponsored the formation of the IEEE 802.19 

Task Group 1. 

An IEEE 802.19.1 system is consist of three main 

entities that are briefly described below: 

 The Coexistence Discovery and Information 

Server (CDIS) provides coexistence related 

information to coexistence managers, supporting 

discovery of coexistence managers, and opening 

interfaces between coexistence managers. It also 

collects and aggregates information related to 

TVWS coexistence, and may connect to the TVWS 

database to obtain information on primary user 

spectrum utilization. 

 The Coexistence Manager can be regarded as the 

brain of IEEE 802.19.1 compliant systems. It is 

responsible for discovering other coexistence 

managers (CMs) and making coexistence-related 

decisions in order to solve coexistence problems 

between TVBD networks they serve. They also 

provide coexistence commands and control 

information to coexistence enablers and help 

network operators manage coexistence-related 

issues. 

 The Coexistence Enabler is responsible for the 

communications between a coexistence manager 

and a TVBD network. It obtains information 

required for coexistence from the TVBD network 

or device, and it translates reconfiguration 

requests/commands and control information 

received from the coexistence manager into TVBD 

specific reconfiguration requests/commands. In this 

paper, we focus on a coexistence enabling system 

that has a centralized topology—e.g., a centralized 

802.19.1 topology. In this topology, there is a 

master coexistence manager (MCM) controlling 

multiple slave coexistence managers (SCMs), each 

associated with a TVBD network. The MCM is the 

central entity that controls the SCMs, and makes 

coexistence decisions. Fig. 1 illustrates this 

centralized topology. As it can be seen in Fig. 1, 

each TVBD network is associated with an SCM, 

and all these SCMs are connected to an MCM. 

Each SCM sends context information (CI) 

messages to the MCM. Context information 

messages convey fundamental 

 There are two more blocks works as free channel 

monitor and allocator channels in forward and also 

reverse direction weather the channels are freed or 

not and another one allocates freed channels to 

send message in parallel. 

 
Fig. 1: Coexistence Enabler With Freechannel Monitor And 

Allocator 

IV. CONSTRAINTS FOR COEXISTENCE DECISION MAKING 

The output of the CDM algorithm determines which 

network is assigned to which part of the TVWS. Allocating 

spectrum to a heterogeneous mix of coexisting networks is 

challenging because each network has different spectrum 

resource requirements and it may employ a different 
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PHY/MAC strategy that affects other coexisting networks. 

On the other hand the necessity of supporting capabilities 

such as adaptive channel bandwidth that are unique to nodes 

in a cognitive radio network and the changing nature of 

available channels in TVWS hinders the problem of 

spectrum allocation to these coexisting networks. The CDM 

algorithm uses two pieces of critical information to generate 

its output: (1) each network’s spectrum demand (i.e., 

amount of spectrum requested by a network) and (2) the 

interference graph showing the interference relations 

between the coexisting networks. Interference graph is an 

undirected graph that its nodes are variables representing the 

TVBD networks and its edges connect networks that 

interfere with one another. The weight of an edge shows the 

minimum frequency separation (i.e. freq separation required 

to achieve a threshold SINR at either of the networks 

connected by the edge) between the two interfering 

networks. The MCM needs to consider several constraints 

when performing CDM. In the following paragraphs, we 

describe the constraints that are critical in maximizing 

throughput of secondary networks and spectrum utilization. 

Note that the purpose of these constraints is to enable 

coexistence among secondary networks/devices, and they do 

not consider incumbent (i.e., licensed) system protection. 

We assume that incumbent system protection is ensured by 

other means (such as the incumbent protection database) and 

that the TVWS channels that are being allocated by the 

CDM algorithm are free of incumbent system signals. The 

constraints are used to formulate the CDM problem as an 

energy minimization problem, which we describe in Section 

V 

A. Contiguous Channels: 

The allocation of contiguous channels enables channel 

aggregation. Prior research has shown that aggregating 

contiguous channels improves throughput. Chandra et al. 

[17] have shown that allocating contiguous channels to a 

network enables the network to support adaptive channel 

widths, which can result in a throughput increase of more 

than 60% compared to the best fixed-width configuration 

under certain condition 

B. Interference: 

The CDM algorithm should allocate spectrum to secondary 

networks in a manner that minimizes co-channel and 

adjacent channel interference. To carry out this task, the 

algorithm utilizes an interference graph that provides 

quantitative information on the adjacent-channel and co-

channel interference between each pair of networks within 

interference range of each other. The interference level is 

determined based on a node’s location, transmission power, 

out-of-band emission characteristics, and frequency band. 

The MCM uses this interference level to find the minimum 

frequency separation between two interfering networks and 

update this value in the interference graph. 

C. Fairness: 

Ensuring fairness in spectrum allocation is the main role of 

the CDM algorithm of the IEEE 802.19.1 coexistence 

system [12]. In order to satisfy this requirement, FACT 

considers fairness when allocating spectrum to networks. 

The algorithm uses the following notion of fairness: 

spectrum allocation is considered fair if the ratio of the 

amount of allocated spectrum to the spectrum demand for 

each of the coexisting networks is the same. This notion of 

fairness is achieved by the aggregate spectral efficiency 

(ASE) metric [18] which captures the dependence between 

the given amount of spectrum and data rate based on the 

received signal strength indicator (RSSI) values of all 

TVBD devices associated with a TVBD network and the 

location of the spectrum. 

D. Channel Allocation Invariability: 

The CDM algorithm may need to readjust a network’s 

spectrum allocation under a number of circumstances   —

e.g., the network’s spectrum demand changes, spectrum 

demand of coexisting networks changes, etc. If such a 

reallocation needs to be performed for a network, the 

algorithm ensures that its impact on the other networks is 

minimized. In other words, the algorithm ensures that the 

reallocation affects the smallest number of networks as 

possible. The algorithm evaluates the tradeoff between the 

advantages of reallocating a new block of spectrum to a 

network vs. the costs of reallocation. As described in 

Section V, the algorithm addresses this tradeoff by using 

two techniques when allocating spectrum: (1) a weight is 

assigned to each constraint to differentiate each one’s 

impact on the reallocation; and (2) a correlation metric 

between the previous and the current spectrum assignments 

are defined, and this value is made as large as possible. The 

channel allocation invariability constraint prevents 

triggering decision-making propagation by a small change in 

the demand of a network and thus can help the system to 

reduce the channel switching and communication overhead 

of coexisting  networks. 

 

E. Transmission Scheduling Constraints: 

When possible, the MCM avoids assigning the same channel 

to more than one coexisting network that are in the 

interference range of each other. However, in some highly 

congested spectrum environments (e.g., dense metropolitan 

areas), due to the lack of available channels, scheduling 

transmission periods for different networks on one channel 

cannot be avoided. Therefore, FACT considers criteria for 

transmission scheduling. For two networks, i and j, that need 

to share a channel, we define a cost value, Cij, that 

represents the cost of scheduling transmission durations on a 

channel for these networks in a schedule repetition period 

(see Fig. 2). The value of Cijis determined based on the 

following factors. 

1) Channel widths: If the MCM needs to assign a 

single channel to two or more networks with 

different channel width requirements, then it 
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assigns a swath of spectrum that is sufficiently 

large to satisfy the largest channel width 

requirement. For example, an 802.22 network 

operates on 6 MHz-wide channels, while an 

802.11af network uses 5 MHz-wide channels. If 

these two networks need to share a channel, then 

the MCM assigns a 6 MHz channel for 

transmission scheduling. Such an allocation results 

in inferior spectral efficiency compared to an 

allocation in which two networks with the same 

channel bandwidth share a channel, and this 

disadvantage is considered by assigning a higher 

cost value, Ci. 

2) MAC strategies: Scheduling transmission duration 

to share a channel between two different networks 

that use incompatible mac strategies will result in a 

higher switching delay and packet error rate due to 

synchronization issues. Thus if i and j use 

incompatible MAC strategies, we increase Cij. 

3) Transmission power: A large discrepancy in 

transmission power between two coexisting 

networks can cause an asymmetric interference 

relation between the two networks. That is, the 

impact of interference caused by a high-power 

network on a low-power network is not the same 

vice versa. In such a scenario, the CDM algorithm 

assigns a larger value to Cij compared to the one 

for a scenario in which the coexisting networks use 

comparable transmission power. we make the 

simplifying assumption that the values of Cij are 

determined prior to spectrum allocation. These 

values may be determined by performing field tests 

or via agreements made between the service 

providers managing the secondary networks. The 

methods for determining the values of Cij are 

outside the scope of this paper. Note that the above 

constraints do not include a constraint on limiting 

the transmission power. We assume that all nodes 

transmit at its maximum allowed transmission 

power. In the next section, we formulate the CDM 

problem as a combinatorial optimization problem 

that considers the aforementioned constraints. 

V. PROBLEM FORMULATION OF COEXISTENCE DECISION 

MAKING 

In this section, we formulate the CDM problem as an energy 

minimization problem in a modified Boltzmann machine. 

We show that an optimal solution to the latter problem is a 

solution to the former problem that satisfies all the 

constraints mentioned in Section IV. We provide a brief 

overview of the Boltzmann machine before describing the 

problem formulation 

1) Boltzmann Machine 

The Boltzmann machine [20] is a stochastic 

recurrent artificial neural network that combines the 

principles of simulated annealing with those of neural 

networks.  The value of the neuron i’s state, Si is determined 

by the output of a thresholding function, fout, whose two 

inputs are Ti and θi. The first input, Ti, is the weighted sum 

of the state values of all the other neurons, i.e., 

T=∑        
 ………………(1) 

Where wij is the connection weight between 

neuron i and neuron j. The second input, θi, is an 

appropriate threshold for Ti that controls the value of Si. 

Each neuron updates its state by using Equation (2): 

St=fout={
                            
                       

………(2) 

Where p=1/(1+            and τ denotes the 

temperature parameter. During the convergence of the 

Boltzmann machine, as with simulated annealing, the 

temperature parameter τ decreases progressively. Boltzmann 

machines have a scalar value associated with each state of 

the network referred to as the energy, E, of the network, 

where: 

E=-(1/2) ∑ ∑     ij Si Sj+∑      ………………………3 

2) Problem Formulation 

In this section, we formulate the problem of CDM as an 

energy-minimization problem in a Boltzmann machine such 

that minimizing the energy function is equivalent to 

satisfying all the constraints introduced in Section IV. 

In our Boltzmann machine, each neuron is denoted 

as a triplet (i, j, k). Sijk is the state of neuron (i, j, k), which 

has two possible values: 0 and 1. Sijk= 1 means that the 

CDM algorithm should assign channel i at time slot j to 

wireless network k, and Sijk= 0 means that no channel 

should be assigned. We assume that the total number of 

available channels is C, and each channel is divided into T 

time slots for a schedule repetition period. We assume that 

N is the number of coexisting networks that have registered 

with the MCM. With these assumptions, we can define the 

S, the set of the states of all neurons, as S = {Sijk|1 ≤ i≤ C, 1 

≤ j ≤ T, 1 ≤ k ≤ N}. A time-frequency resource block is 

defined as a timeslot (within a schedule repetition period) of 

an available frequency channel. Let nk denote the number of 

time-frequency resource blocks that network k requires (this 

can be computed using the ASE metric of network k’s 

requested data rate), and fkr denote the minimum frequency 

separation between networks k and r (obtained from the 

interference graph provided by the CDIS). In the following 

paragraphs, we derive an energy function for each of the 

constraints of the CDM problem. 

A. Contiguous Channels: 

As discussed in Section IV, there are performance 

advantages associated with allocating contiguous channels 

to a network, and whenever possible, the CDM algorithm 

should take this into account. In the context of the 

Boltzmann machine, allocation of contiguous channels can 

be expressed as Sijk= S(i+1)jk, i.e., if channel i is assigned 

to network k in time slot j, the algorithm should assign the 

adjacent channel (i+ 1) to the same network in time slot j. 

Minimizing the following energy function will satisfy this 

constraint: 

…………………..(4) 

B. Interference: 

In order to mitigate the co-channel interference and adjacent 

channel interference for coexisting networks, the CDM 

algorithm needs to separate the channels of networks k and r 

in the frequency domain by the value fkr. Here, the value of 

fkr indicates the minimal amount of separation needed to 

avoid adjacent-channel interference. In the context of the 
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Boltzmann machine, this is equivalent to two neurons, (i, j, 

k) and (p, j, r), satisfying |i−p| ≥ fkr. As mentioned in IV-B, 

fkr is a function of the distance between the networks, 

transmission power, out-of-band emission characteristics, 

the required spectrum mask, and frequency band, and its 

value is available through the interference graph in the 

CDIS. Note that setting fkr>0 implies that networks k and r 

cannot share a channel without causing non-negligible level 

of harmful co-channel interference to each other. 

To represent the interference constraint using an 

energy function, we define a new variable Xikpr as follows: 

 
The variable Xikpr signifies whether assigning 

channel i to network k and channel p to network r in the 

same time slot causes interference or not. Therefore to 

mitigate the co-channel interference and the adjacent 

channel interference, the algorithm needs to minimize the 

following energy function: 

 

C. Fairness: 

As we mentioned in IV-C, the notion of fairness used by the 

proposed algorithm depends on the ratio of the allocated 

spectrum to each network by the algorithm to the spectrum 

demanded by the network. Thus, to maximize fairness, the 

algorithm should assign the spectrum such that the value of 

Rk(<= 1) for each network, k, is the same or their variance 

is minimized, where 

 
is the ratio of the amount of spectrum assigned to 

network k to network k’s spectrum demand. The Rk value 

for network k is called the qualify factor of the network. In 

addition, the algorithm should assign spectrum such that the 

value of Rk is as close to one as possible in order to meet 

each network’s spectrum demand as much as possible (e.g., 

if Rk= 1, the allocation has met all of the network’s 

spectrum demand). Equivalently, we can say that the 

algorithm should minimize (1 − Rk)2 for each network. The 

algorithm can satisfy both of the above requirements (i.e., 

maximize fairness and meet the maximum proportion of 

each network’s spectrum demand) by minimizing the value 

Nk=1(1 − Rk)2. Therefore, the algorithm needs to minimize 

the following energy function: 

 
The justification for the above energy function’s 

derivation is based on the arithmetic mean (AM)-root mean 

square (RMS) inequality. The AM-RMS inequality states 

that for all set of N values {x1, x2, . . . ,xN} such that  Nk=1 

xk= K,the following inequality holds: 

 
The above inequality indicates that the sum of 

squares is bounded below by K2 N , which is attained when 

x1 =….=xN= K/N . Therefore the sum of squares is 

minimum whenx1 = x2 ・・・= xN. 

D. Channel Allocation Invariability: 

As we mentioned in Section IV-D, the CDM algorithm uses 

an energy function to evaluate the correlation between the 

current spectrum assignment and the previous spectrum 

assignment in order to prevent triggering a chain reaction of 

needless spectrum reallocations and mitigate channel 

switching and communication overhead. The algorithm 

needs to minimize the following energy function: 

 
Where S_ijk represents the output of the previous 

execution of the algorithm. Note that minimizing EP is 

equivalent to maximizing the correlation between S and S’. 

E. Transmission Scheduling: 

As mentioned the CDM algorithm should try to assign each 

channel to only one network, therefore it is desirable to have 

Sijk= Si(j+1)k, i.e. if channel iis assigned to network k in 

time slot j, the algorithm should assign this channel to the 

same network in time slot (j + 1). But sometimes due to 

spectrum limitation, the algorithm must schedule 

transmission durations for two networks k and r that are in 

interference range of each other and need to share a channel, 

and this adds energy Ckr to the total energy function. 

Minimizing the following energy function will satisfy this 

constraint: 

 
Where r(k) is the network that shares channel i with 

network k after time slot j. Therefore the CDM problem 

reduces to the following multi objective optimization 

problem (MOOP): 

Minimize: {ES, EC,EI, EF,EP}   (12) 

Finding a solution for the MOOP (12) can be 

unclear because a single solution point that minimizes all 

objectives simultaneously usually does not exist. 

Consequently, we use the idea of Pareto optimality to 

describe the solution of (12). A solution point is Pareto 

optimal if it is not possible to move from that point and 

improve at least one objective function without detriment to 

any other objective function [19]. There are numerous 

methods for solving a MOOP [20]. To solve our problem, 

we choose weighted-sum method, because it has a simple 

formulation and provides sufficient condition for Pareto 

optimality. 

Using the weighted-sum method to solve the 

MOOP (12), we need to select positive scalar weights λS, 

λC, λI, λF, and λP, and minimizing the following composite 

objective function: 

 
Where λS, λC, λI, λF and λP be the weight of the 

objective functions associated with transmission scheduling, 

contiguous channels, interference, fairness and channel 

allocation invariability, respectively. Since the weights are 

positive, the minimum of (13) is always Pareto optimal [20]. 
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1) Weight Selection 

It is necessary to incorporate the decision-maker preferences 

for various objectives in order to determine a single suitable 

solution. We use the weights as general gauges of relative 

importance for each objective function. With methods that 

incorporate a priori articulation of preferences, the decision 

maker indicates preferences before running the optimization 

algorithm and subsequently allows the algorithm to 

determine a single solution that presumably reflects such 

preferences. To establish the relationship between 

preferences and weights, we use a paired comparison 

method (a.k.a ratio questioning). Assuming that the MOOP 

consists of n objective functions, this method involves 

 pair wise comparisons between objective 

functions. The judgments result in a comparison matrix A, 

where the entry aij is entered in response to the question: 

How much more important is the criterion of row I when 

compared with another criterion of column j? When a 

criterion is compared to itself, it is of equal importance and 

is assigned the value of 1. The numbers 3, 5, 7, and 9 

correspond to the verbal judgments ―moderately more", 

―strongly more", ―very strongly more", and ―extremely 

more", respectively. The numbers 2, 4, 6, 8 are used when a 

compromise is in order. This scale from 1 to 9 has proved to 

be the most appropriate [22]. 

Also we use aji= a−1ijto fill the matrix, for instance 

if criterion i is strongly more important than criterion j, we 

have aij= 5 and aji= 15. 

 1 a12 x1 . . a1n 

 1/a12 1 a23 . . xd 

A(x) = A(x1, x2 ,…,xd) = 1/x1 1/a23 1 . . a3n 

 : : :  : 

 1/a1n 1/xd 1/a3n . . 1 

To find the weights from the comparison matrix A, 

we find the principal eigenvector (the eigenvector 

corresponding to the eigen value with the largest absolute 

value) of the matrix v = (v1, ・・・,vn) and set the weight 

of the criterion i as: 

 
Also note that in order to use this method we need 

the objective functions to have similar ranges, thus we 

normalize each objective function Eα of the MOOP (12) 

using its average value Eαavg. The above discussion will 

result in the following equation for the weights in the 

optimization problem (13) 

 

 
Problem Formulation using Boltzmann Machine 

To formulate the energy minimization problem 

(13) as a Boltzmann machine, we need to find the 

appropriate connection weights and thresholds. To define 

these values, we need to use the following three functions: 

 The Kronecker delta function: 

 
 The Euclidean distance tester function: 

 
 The unit difference function: 

 

We can show that a Boltzmann machine with 

connection weight 

 
Between two arbitrary neurons (i, jk) and (p, q, r) 

and threshold value 

 
For an arbitrary neuron (i, j, k) can model the above 

optimization problem that represents our CDM problem. 

The derivation of equations (15) and (16) is explained in 

[23]. 

In our Boltzmann machine, the total input to 

neuron (i, j, k) is: 

     
and the final output of the neuron is: Sijk= 

fout(Tijk, θijk), where fout is the following thresholding 

function: 

   
With  

 

VI. ALGORITHMS 

A. Dynamic Efficiency Boosting Soft Real Time Systems 

Using Fact: 

1) DEBSRF 

 Required: output of fact algorithm, Ncb(number of 

non-busy channels), Nns( number of nearer 

networks available to client), Nft(number of time 

slots available) 

1) Check the number of networks available to the 

clients. 

2) Assign channels as per FACT (call for FACT 

algorithm). 

3) Do backward search simultaneously  

While(k-1!=0&j-1!=0) 

Call FACT to monitor availability of channel  

FBSijk=Sijk 

End while 

4) Do forward search simultaneously  

While (k<nns & j<nft) 

Call FACT to monitor availability of channel  

FFSijk=Sijk 

End while 
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5) Repeat step 3&4 to monitor freely available 

channels to send packet data parallely for soft real 

time services 

6) Count the number of free channels available at 

each routine of monitoring and assign 

newNbc=FFSijk+ FBSijk 

7) Calculate dynamic efficiency for each new Ncb 

monitoring routine 

Dyneff= 60%(obtained by fact) + 

((newNcb/(i*Nns*Nft)) 

This algorithm provides information about the free 

channels which are finished the work assigned to them and 

allocates those channels to provide to perform sending the 

data in parallel manner to finish up the isochronous soft real 

time communication Here we proposed new method that 

increases the efficiency dynamically, still we depending on 

demand service and fact we achieved 60% of efficiency. We 

can improve efficiency dynamically by searching the further 

free channels in same and other time slot and monitoring for 

free channels to send packet data in isochronous soft real 

time environment. 

 

VII. SIMULATION RESULTS 

 

Here we were compared CDM algorithms. The FACT and 

DEBSRF (a.k.a modified fact) provides services for demand 

as shown in below figure. DEBSRF varies the efficiency as 

the channels freed up after finishing the communication 

assigned to them. 

We have implemented all three algorithms in 

MATLAB R2013 on a PC with an Intel Corevi5 2.67GHz 

CPU, $GB memory, and running windows 7 operating 

system. 

In order to compare the performance DEBSRF and 

FACT we have run experiments with 20 networks that are 

competing for deferent number of available channels. There 

are twenty networks of 3 different types. Number of 

available channels varies between 1 and 20. Each channel 

divided into 10 resource blocks 

In terms of fairness we got the output curve as 

shown below in the figure 

 
For DEBSRF the fairness is calculated as follows 

F = 1-(1/N)∑(Rk-meanR)^2+dynamic Efficiency 

and for FACT it as follows by F = 1-(1/N)∑(Rk-meanR)^2 

VIII. CONCLUSION 

In this paper , we proposed a CDM algorithm called 

DEBSRF allocates the free channels to send data in parallel. 

Our result shows that DEBSRF is superior than existing 

CDM algorithms by comparing with FACT which is 

superior than remaining algorithms 

REFERENCES 

[1] Coexistence Decision Making for Spectrum 

Sharing Among Heterogeneous Wireless Systems 

by Behnam Bahrak and Jung-Min “Jerry” 

Park, Senior Member, IEEE 
[2] “Real Time Embedded Systems and 

Components” sam fewert, cengage learning 

india addition 2007.  
[3] FCC, Third Order and Memorandum Opinion and 

Order, in the Matter of Unlicensed Operation in the 

TV Broadcast Bands, Additional Spectrum for 

Unlicensed Devices Below 900 MHz and in the 3 

GHz band, Apr.2012. 

[4] J. Wang, S. Filin, and H. Harada, ―Proposal of 

decision-making algorithm,‖ IEEE 802.19 Wireless 

Coexistence Working Group, July 2011. 

[5] J. Junell, M. Kasslin, and P. Ruuska, ―A 

coexistence decision approach proposal,‖ IEEE 

802.19 Wireless Coexistence Working Group, Jan. 

2012. 



Dynamic Energy Boosting for Coexistence Decision Making in Heterogeneous Networks over Isocronous Real-Time Systems 

 (IJSRD/Vol. 3/Issue 03/2015/051) 

 

 All rights reserved by www.ijsrd.com 207 

[6] J. Lansford, A. Stephens, and R. Nevo, ―Wi-fi 

(802.11b) and Bluetooth: enabling coexistence,‖ 

IEEE Netw. Mag., vol. 15, pp. 20–27, 2001. 

[7] IEEE 802.15 TG2, IEEE Recommended Practice 

for Local and Metropolitan Area Networks Part 

15.2: Coexistence of Wireless Personal Area 

Networks with Other Wireless Devices Operating 

in Unlicensed Frequency Bands, IEEE Standard, 

Aug. 2003. 

[8]  ―ZigBee and wireless radio frequency 

coexistence,‖ Z. Alliance, June 2007. 

[9] S. Pollin, I. Tan, B. Hodge, C. Chun, and A. Bahai, 

―Harmful coexistence between 802.15.4 and 

802.11: a measurement-based study,‖ in Proc. 2008 

Int. Conf. Cognitive Radio Oriented Wireless 

Netw. 

[10] X. Zhang and K. G. Shin, ―Enabling coexistence of 

heterogeneous wireless systems: case for ZigBee 

and WIFI,‖ in Proc. 2011 ACM Int.Symp. Mobile 

Ad Hoc Netw.Comput. 

[11] IEEE 802.16h/D4, IEEE Standard for Local and 

Metropolitan Area Networks. Part 16: Air Interface 

for Fixed Broadband Wireless Access Systems. 

Improved Coeistence Mechanisms for License-

exempt , IEEE Standard, Feb. 2008. 

[12] S. Filin, T. Baykas, M. Rahman, and H. Harada, 

―Performance evaluationof IEEE 802.19.1 

coexistence system,‖ in Proc. 2011 IEEE 

Int.Conf.Commun. 

[13] C. Ghosh, S. Roy, and D. Cavalcanti, ―Coexistence 

challenges for heterogeneous cognitive wireless 

networks in TV white spaces,‖ 

IEEEWirelessCommun. Mag., 2011. 

[14] T. Baykas, M. Kasslin, M. Cumming, H. Kang, J. 

Kwak, R. Paine, A. Reznik, R. Saeed, and S. 

Shellhammer, ―Developing a standard for TV white 

space coexistence: technical challenges and 

solution approaches,‖ IEEE Wireless Commun., 

2012. 

[15] B. Gao, J. M. Park, Y. Yang, and S. Roy, ―A 

taxonomy of coexistencemechanisms for 

heterogeneous cognitive radio networks operating 

in TV white spaces,‖ IEEE Wireless Commun., 

vol. 19, no. 4, pp. 41–48, 2012. 

[16] G. Villardi, Y. Alemseged, S. Chen, S. Chin-Sean, 

N. Ha, T. Baykas, and H. Harada, ―Enabling 

coexistence of multiple cognitive networks in TV 

white space,‖ IEEE Wireless Commun., 2011. 

[17] R. Chandra, R. Mahajan, T. Moscibroda, R. 

Raghavendra, and P. Bahl, ―A case for adapting 

channel width in wireless networks,‖ in Proc. 

2008ACM Special Interest Group Data Commun. 

[18] S. Deb, V. Srinivasan, and R. Maheshwari, 

―Dynamic spectrum access in DTV whitespaces: 

design rules, architecture and algorithms,‖ in 

Proc.2009 ACM Int. Conf. Mobile Comput. Netw. 

[19] G. Hinton, T. Sejnowski, and D. Ackley, 

―Boltzmann machines: constraint satisfaction 

networks that learn,‖ Carnegie-Mellon University, 

Tech. Rep., 1984. 

[20] K. Deb, ―Multi-objective optimization,‖ in Multi-

Objective Optimization Using Evolutionary 

Algorithms. Wiley, 2001, ch. 2, pp. 13–46. 

[21] T. Marler and J. Arora, ―Survey of multi-objective 

optimization methods for engineering,‖ Structural 

Multidisciplinary Optimization, vol. 26, no. 6, pp. 

369–395, 2004. 

[22] T. Saaty, ―How to use the analytic hierarchy 

process,‖ in Fundamentals of Decision Making and 

Priority Theory. RWS Publications, 2006, ch.1, pp. 

1-1 – 1-7. 

[23] B. Bahrak and J. Park, ―Coexistence decision 

making for spectrum sharing among heterogeneous 

wireless systems in TV whitespace,‖ Virginia 

Tech, Tech. Rep., 2013. Available: 

http://www.arias.ece.vt.edu/publications/TechRepo

rts/TR-Coexistence.pdf 

[24] E. Aarts and J. Korst, Simulated Annealing and 

Boltzmann Machines: A Stochastic Approach to 

Combinatorial Optimization and Neural 

Computing. John Wiley & Sons Ltd., 1989. 

[25] S. Shellhammer, ―Emerging technologies in 

wireless LANs: theory, design, and deployment,‖ 

in Coexistence of Unlicensed Wireless 

Networks.Cambridge University Press, 2007, ch. 

20, pp. 469–499.  


