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Abstract 

 

This project aims to develop a method to find an alternative to analyze the 

performance of wireless networks (for this case 802.11n) using the Multiobjetive 

Programming. They perform three functions with their respective objectives and 

constraints finds its solution. The model was validated against and past performance 

data against data taken from two wireless networks possess a different complement 

infrastructure, this in order to perform a sensitivity analysis. 
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1 Introduction 
 

The optimization in networks design is basically, a key issue in various fields of 

knowledge, within which can include applied mathematics, informatics, telegraphic  
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engineering, management and operations research. These network models provide 

a useful tool for solving various problems of the real world and are widely used in 

many different types of systems as communications, mechanics, electronics, 

manufacturing and logistics. 

However, many practical applications impose a number of complex issues and 

multiple targets to be handled simultaneously and make the problem becomes 

insoluble to traditional approaches. Furthermore, the use of new approaches to 

network design is also important for complexity theory, an area that is in the 

common intersection of mathematics and theoretical computer science that deals 

with the analysis of algorithms. Recent advances in evolutionary algorithms focus 

on how to solve these practical problems of network optimization following 

stochastic algorithms whose solution strategy is based on the search of models using 

natural evolutionary phenomena as genetics heritage and the struggle for survival 

of the species. In this sense, we are at the intersection of graph theory and 

combinatorial optimization. Indeed, a lot of optimization problems in networks 

design came directly from the daily practice in engineering and management: the 

determination of the shortest or most reliable traffic networks and communication 

paths, maximum or compatible flows, route planning problems, planning 

connections in traffic networks, coordination of projects and solving problems of 

demand. Now you can clearly understand the use of mathematical programming in 

different areas like operation research has been increasing in recent years, where it 

has observed a boom in process optimization and resource allocation.  

 

2 Background  
 

With the emergence of wireless networking paradigm, several optimization 

problems are proving being useful for the efficient design of such networks. These 

issues relate, inter alia, to optimize stability, coverage and network connectivity. 

Solving these problems is crucial for optimized network performance. Thus, in 

recent years has been used Mathematical Programming for wireless network design 

especially in the area of sensor networks, we have the case of [1] where the design 

of the network have combined elements of distance and connectivity, harmony 

search algorithms and local search procedures; giving as a result considerable 

accuracies that have passed studies of evolution strategies. Similarly, working with 

wireless networks it has been studies managing calling service quality of 

multimedia type [2] where requirements are more difficult to handle. In this case, 

we have worked simultaneously two functions that were necessary to minimize: the 

probability of dropping in a call and the probability of a new call blocking. The 

results allowed obtaining a model that was able to reduce the chance of dropping a 

call along with increased use of bandwidth. 

In the modeling of wireless networks it is found in the case of [3] where is proposed 

an analytical model for TCP in wireless environments considering aspects of pop 

and delays, that relate only to the protocol type used, resulting that the design of the 

wireless network depends on the characteristics of implementation, so it can be 

inferred that should have taken aspects of infrastructure to improve their behavior.  
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For [4] an analysis of the average waiting time is to deliver a message M from a 

source S and destination D, conducting a study in terms of connectivity which is an 

aspect of the objective function efficiency in mobile networks. This study was 

conducted using simulated data. 

Within the framework of analysis in relation to coverage connectivity and stability 

[5] it is presented an optimization study for Mesh Networks showing that working 

these objective functions is achieved optimize performance, finding that such 

solution is not the order of time polynomial optimization problems to be NP-hard 

type and in consequence are used heuristic methods where programming Multi - 

objective makes sense. In this same order [6] a study on the planning of wireless 

networks is performed considering two objective functions such as: Access points 

(AP) and channel allocation; again is the use of programming Multi - objective and 

likewise its solution is heuristic type. 

Combining the concepts of mathematical programming and heuristics methods 

currently, allowed to provide solutions to problems that are considered NP-hard, to 

be able to obtain solutions in times of polynomial type. A good description of some 

types of heuristics solutions can be seen in  [5] where some optimization problems 

are presented in Mesh networks where given solution using different heuristics as 

Local Search, Genetic Algorithms, Tabu Search, in what is called a near optimal. 

Never staying far from the concept of network as a mesh interconnection nodes, it 

has done work around optimizing road networks [7] where it is desired to improve 

the capacity and level of service, obtaining a programming two-level vehicular 

traffic model. The objective functions that were worked, were: minimize travel time 

and minimize the distance between the points of origin and destination; in this case 

a combination of mathematical programming with genetic algorithms is performed. 

Meanwhile in [8] mathematical programming is used as mechanisms to create a 

model for optimizing the construction of a vehicular network allowing optimizing 

the parameters of maximum capacity and costing minimization. This combination 

of mathematical programming, and genetic algorithms can also be observed in [9] 

where the objective functions and the channel assignment presented multichannel 

routing in mesh networks where problems have proven to be NP-hard type; the 

results could show an increased network capacity. Another example of using 

mathematical programming and applied to the case of sensor networks in wireless 

networks can be seen in [10] where the criteria applied Min - Max to provide a more 

efficient solution for networks within the human body where energy consumption 

of the sensors is minimized and the lifetime of the network is maximized. 

 

3 Development Methodology 
 

Next is described each one of the steps that were approached in the realization of 

the project; it is important to keep in mind that a hypothetical-deductive 

investigation method has been used, in different implementation stages. In that 

sense, the outlined investigation exposes an investigation problem to which has 

arrived by the observation of the general environment where it is located, also, it 
involves the most decisive elements that are the base for the position of the objectives  
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in the project and the objectives were approached following this methodology:   

  Theoretical Context. In this part of the work we have made a bibliographical 

revision of the two elements that compose, mainly, the mark of reference of the 

development of the project like they are the characterization of the wireless nets 

with technology 802.11n and on the other hand the basic concepts to keep in mind 

of the mathematical programming. 

 

  Proposal of the Multi-Objective model for wireless networks 802.11n. In this 

section will be organize the different objectives functions with their respective 

constrictions with the goal of get the parameter and to see the form in how they go 

being related to determine the grade of necessary computational complexity that 

allows to give solution to the outlined pattern.  

 

  Development of the outlined model. It has as objective to find the method that 

allows obtaining a Front of Pareto that satisfies the conditions outlined inside the 

pattern.  

 

  Evaluation of the outlined model. Found a solution vector that satisfies the outlined 

model (of type off-line) it will carried out the respective analyses of the behavior of 

the network performance for different parameters of looseness, allowing to 

determine the grade of efficiency that presents the model.  

 

Conclusions and Future Works. According to the results that will get from the 

simulations of the previous chapter it will allow to determine the grade of trust that 

offers the outlined model, allowing to give recommendations to the network 

administrators that use wireless technologies.  

 

4 Results 
 

Taking into account the development carried out in the previous sections, the 

features that present the networks with technology 802.11n and the properties of 

the mathematical programming, the model of optimization it can express like a 

multi-objective feature that allows to take out the biggest profit in the aspects 

mentioned as: Efficiency, Dependability and Productivity.  

Mathematic model 

With the spirit of not repeat the information that is consigned already in other 

sections of the document, the model is outlined in the following way: 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑜𝑝𝑡𝑖𝑚𝑖𝑧𝑎𝑡𝑖𝑜𝑛 
=  𝛽𝑓𝑢𝑛𝑐(𝑒𝑓𝑓𝑖𝑐𝑒𝑛𝑐𝑦) +  𝛾𝑓𝑢𝑛𝑐(𝑓𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦)
+  𝛿𝑓𝑢𝑛𝑐(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦) 

It means, 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒  𝑧1 = min 𝛽 ∑ 𝐴𝑃𝑖𝑖 𝜖 𝐴𝑃   Equation for AP’s 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑧2 = min 𝛾 ∑ ∑ 𝑑𝑖𝑗𝑥𝑖𝑗
𝐽
𝑗=1

𝐼
𝑖=1  Equation for delays 

𝑚𝑎𝑥 𝑧3 = 𝛿 𝑓  Equation for packets flow 

Subject to: 
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AP’s constrictions 

∑ 𝐴𝑃𝑖

𝑖 𝜖 𝐶𝑀𝑒

 ≥ 1  ∀𝑒 𝜖 𝐶𝑀 𝑆𝑒𝑡 𝑜𝑓 𝑚𝑜𝑏𝑖𝑙𝑒 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 

𝐴𝑝𝑖  𝜖 {0, 1} ∀𝑖 𝜖 𝑆𝑒𝑡 𝑜𝑓 𝐴𝑃: 0 𝑖𝑓 𝑡ℎ𝑒𝑟𝑒 𝑛𝑜 𝑖𝑠 𝐴𝑃 
 

Delays constrictions: 

∑
𝑥𝑖𝑗    ≤    𝑎𝑖         ∀ 𝑖 𝑤ℎ𝑖𝑐ℎ 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑆𝑒𝑡 𝑜𝑓 𝐴𝑃 

𝑡ℎ𝑎𝑡 𝑠𝑢𝑝𝑝𝑙𝑦 𝑎 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑

𝐽

𝑗=1

 

∑
𝑝𝑖𝑗𝑥𝑖𝑗    ≥    𝑏𝑗         ∀ 𝑗  𝑤ℎ𝑖𝑐ℎ 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑆𝑒𝑡 𝑜𝑓 

𝑚𝑜𝑏𝑖𝑙𝑒 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑡ℎ𝑎𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒 𝑎 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

𝐼

𝑖=1

 

0 ≤ 𝑥𝑖,𝑗  ≤  𝑢𝑖,𝑗 ∀ (𝑖, 𝑗) 

 

Network control flow constrictions: 

∑ 𝑥𝑖,𝑗 −  ∑ 𝑥𝑘.𝑖

𝑛

𝑘=1

𝑛

𝑗=1

 

=  {
𝑓 𝑠𝑖 𝑖 = 1

0 𝑠𝑖 𝑖 = 2, 3, 4, … , 𝑛 − 1
−𝑓 𝑠𝑖 𝑖 = 𝑛

  

 0 ≤ 𝑥𝑖,𝑗  ≤  𝑢𝑖,𝑗 ∀ (𝑖, 𝑗) 

𝑥𝑖,𝑗 {
1 𝑖𝑓 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑙𝑖𝑛𝑘

0 𝑖𝑓 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑙𝑖𝑛𝑘
 

 

5 Results analysis 
 

Starting from the current information of the UB Network for the validation you 

proceeds to make the respective analysis according to the mathematical developed 

model. According to the this information it was determined that the area with more 

congestion is the one that we will call AREA 2 and in which was very interesting 

the application of the mathematical developed model, since they were the following 

aspects to improve: It is a problem of covering maximization and at the same time 

in minimization of installed AP, Maximization of the continuous services 

providing, offered by the network: SMTP, HTTP, FTP., Convergence of 

technologies of the mobile stations, Mobile stations (in nomadic mode) located 

mainly in open spaces, Mobile stations (in fixed mode) located in totally defined 

places and of open office. In the first place it was determined that the wanted in 

front of the concept of efficiency of the network was a solution of covering and not 

of capacity, this in virtue to the readiness and operation of AP. In the above-

mentioned consequence we carried out the following activities: Determination of a 

grid that allowed to carry out an analysis of the possible locations of AP according 

to the power emitted by them. In this sense it was found that 10 possible places 

existed to give covering to ten zones that were calculated according to the features  
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of the equipment. Relocation of existing AP in the AREA 2, in such way that those 

of the same type were used and to be about avoiding unneeded mixtures.  The model 

of mathematical programming that allows to maximize the covering, minimizing 

the number of AP was expressed in the previous section, becoming as: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝐴𝑝𝑖

𝑖 𝜖 𝐴𝑃

 

Subject to:   ∑ 𝐴𝑃𝑖𝑖 𝜖 𝐶𝑀𝑒
 ≥ 1  ∀𝑒 𝜖 𝐸𝑀 

𝐴𝑝𝑖 𝜖 {0, 1} ∀𝑖 𝜖 𝐴𝑃, 0 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝐴𝑃, 1 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝐴𝑃 
 

 
Table 1 Conventions for the Covering model. 

 

Name Variable 

type 

Description 

AP Set Set of possible AP locations. 

EM Set Set of all possible mobile stations  

CMe Sub set of AP Sub set of AP that provide service to the mobile 

stations.  

Api Binary 1 if the AP is used and 0 in any another case. 

Source: Author 

 

Applying the model to the features of technological infrastructure that show up in 

the present scenario we have: 

 

Table 2 Possible Locations of the Access Points. 

 

Possible locations of the AP Zones that could cover 

1 1, 4 

2 1, 2, 4 

3 2, 3, 5 

4 3, 5 

5 4, 6, 

6 4, 6, 7 

7 5, 7, 8 

8 5, 8 

9 7, 8, 9 

10 9, 10 

Source: Author 

 

Then, we got: 

  𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝑋𝑖         ∀ 𝑖 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝐴𝑃

10

𝑖=1
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Subject to:  

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 1 …  𝑋1 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 2 …  𝑋2 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 3 …  𝑋2 +  𝑋3 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 4 …  𝑋3 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 5 …  𝑋1 +  𝑋4 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 6 …  𝑋2 +  𝑋5 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 7 …  𝑋2 +  𝑋5 + 𝑋6 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 8 …  𝑋3 +  𝑋6 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 …  𝑋4 +  𝑋7 +  𝑋8 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 10 …  𝑋5 +  𝑋8 +  𝑋9 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 11 … 𝑋5 +  𝑋6 + 𝑋9 +  𝑋10 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 12 …  𝑋6 + 𝑋10 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 13 …  𝑋7 +  𝑋8 +  𝑋11 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 14 …  𝑋8 +  𝑋9 +  𝑋11 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 15 …  𝑋9 +  𝑋10 +  𝑋12 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 16 …  𝑋10 +  𝑋12 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 17 …  𝑋12 

𝐹𝑜𝑟 𝑐𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑧𝑜𝑛𝑒 18 …  𝑋12 
 

Inserting this information to the software LINGO (see 13), it has that the objective 

function will minimize the sum of the AP that can settle in the twelve possible 

positions and that they allow to maximize the ten eight fields that are wanted to 

cover. 

 

 
 
 

Fig. 1. Introduction of the Optimization Model of Efficiency in LINGO.  

Source: Author 

 

The Figure 1 shows the problem of optimization proposed with the possible fields 

that can cover a certain access point.  The restrictions are to cover a field m so it is 

necessary that it be covered at least for an AP that is in the position i. So we have: 
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Fig. 2. Equations of constrictions for the Optimization model. Source: Author 

 

Here we observed that: A solution of global type, i.e. that optimizes the whole 

problem, The number of AP that are needed is 6, Not forced functions exist, It was 

made with two iterations using heuristic algorithms, The problem of mathematical 

programming is classified as Combined Multiobjective with Integer solution. After 

the best location in Access Point has been found and to determine their smaller 

number that allow to give converging to the wanted space, is necessary to carry out 

the necessary tests to determine which it is the maximum traffic flow that can have 

the network and that equally it minimizes the total of the delays that take place. 

When we observe the map of location of AP generated starting from the data of the 

Efficiency model has two clearly defined fields that can be analyzed in a standalone 

way, in such a way that it allow to obtain results to maximize the wanted features. 

In this order of ideas, the first field will be conformed by three AP that cover the 

inferior part of the area in which is a single part intersected for two AP. Selected 

AP: In this zone three AP has been designated that work with technology 802.11n, 

in such a way that AP with technology 802.11n have been configured so that it 

works in format of combined connectivity to give service to the teams of the 

different technologies and that if it shows up a mobile station with technology 

802.11n can take advantage of the aspects that are incorporated by the standard.  

 
Table 3. Capacity of the acces Point 

 

Access Point (i) Transmission Capacity(Mbps) 

AP1 160 

AP2 120 

AP3 140 

 

Transmission Rates: The following matrix shows the average of transmission rates 

that were managed depending on the location of the mobile stations in front of each 

one of AP that were in its covering range (the capacities are given in Mbps): 
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Table 4. Transmission rates 

 

Access Point (i) Mobile stations 

EM1 EM2 EM3 EM4 EM5 

AP1 4 2 2 2 3 

AP2 3 1 2 1 2 

AP3 3 2 1 2 3 

 

Request of the Mobile Stations: With the spirit of being able to see the behavior of 

the model in front of different applications of the mobile stations we worked with 

downloads of files of average sizes for services of the users in the network (audio, 

video, data). The following data are given in Mbytes 

 
Table 5. Request of the test mobile stations 

 

Mobile station (j) Request made(Mbytes) 

EM1 100 

EM2 120 

EM3 70 

EM4 50 

EM5 80 

 

Maximum capacity of the Link: For each one of the links presented between AP and 

the Mobile Stations some maximum capacities given in Mbps according to samples 

taken throughout a month of work have settled down. Some of them were taken to 

the theoretical and practical maximum allowed with the purpose of being able to 

establish the transmission feasibility presented by the technology in question. 

 
Table 6. Maximum Capacities of the Links 

 

Access Point (i) Mobile station(j) 

EM1 EM2 EM3 EM4 EM5 

AP1 100 25 30 400 100 

AP2 60 50 2 1 60 

AP3 100 50 30 30 100 

 

In accordance with the previous information move the data to the model outlined in 

the previous chapter in Model's of Dependability section giving the following 

position as a result: 

 

𝑀𝑖𝑛 𝑧𝑅(𝑖, 𝑗) = ∑ ∑ 𝑑𝑖𝑗𝑥𝑖𝑗 =  ∑
𝑟𝑎𝑡𝑒 ∗ 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

1 − 
𝑡𝑟𝑎𝑓𝑓𝑖𝑐

max _𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑒𝑛𝑙𝑎𝑐𝑒𝑠

𝐽

𝑗=1

𝐼

𝑖=1
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Subject to:  Requested capacity of the mobile stations 

 

∑ 𝑥𝑖𝑗    ≤    𝑎𝑖         ∀ 𝑖

5

𝑗=1

 

Given capacity of the AP       ∑ 𝑝𝑖𝑗𝑥𝑖𝑗    ≥    𝑏𝑗          ∀ 𝑗3
𝑖=1  

Maximum capacity of the link 

0 ≤ 𝑥𝑖,𝑗  ≤  𝑢𝑖,𝑗 ∀ (𝑖, 𝑗) 

 

Writing a program that allows to solve the model in LINGO we can observe the 

development of a small program that allows to find the maximum flow of packages 

that supports the Network of the UB Network, for a better understanding it has the 

divisions of Sets: Group of vectors. For this case it has the Sources Nodes: NF that 

are AP with technology 802.11n that in the field 2 give support. Of equal it is 

formed the Destination Nodes: ND that are the mobile stations that were used in the 

measurements. The links that are those that manage the transfer rates between a NF 

and a ND: Date: They are the data that were used in the simulation, the model 

outlined to give solution. Here the number of delays is minimized which allows to 

maximize the flow of packages of the Network.  Giving the following solution as a 

result: 

 

 

 

Fig.3. Solution presented by LINGO for the Optimization Model in reliability. 

Source: Author 

 

In the Figure 3 we can appreciate that the solution was obtained after 94 iterations 

and that the total value of the delays is zero (0), that is to say, a feasible solution 

has been gotten to the outlined problem. On the other hand the software has 

considered that it is a problem of Non Lineal Programming with ten six variables 

and nine types of restrictions.  

 

6 Conclusions 
 

The model allows to determine optimal values (vector of feasible solution) for a 

network with infrastructure 802.11n (access points with this technology) that 
determine the maximum capacity that could have the links depending the technology 
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of the mobile stations, reason why lead to an improvement of the performance of 

the network. However it is important to keep in mind that the solution that shows 

up is a local optimum that means it is possibly in a certain moment there could be 

another solution type that equally maximizes the performance. Anyway the model 

is flexible to the dynamics that shows up in the behavior of the network offering to 

the taker of decisions the opportunity to be able to determine that should make in a 

specific status. Throughout the investigation it has left presenting the main features 

that it outlines 802.11n where it is important keep in mind that this technology 

should be completely compatible with previous standards, that is to say that clients 

of previous norms can be connected to a network 802.11n. However, this support 

has its disadvantages. The standard offers many options and, therefore, the 

difference between the quickest client and the slowest is much more dramatic. 

Theoretically the speeds of data can vary of 300Mbps up to 1Mbps, this is because 

the slowest clients delay more in sending the same quantity of data that the quickest 

clients, those spread to dominate the traffic of the networks with random accesses. 

In the validation of the model we could observe that, as a result of the above-

mentioned, these don't obtain MIME'S benefits but they support other such features 

as union of channels and short guard spans, and they offer speeds of up to 100Mbps 

(you ended up measuring in many samples more than 120 Mbps, however to have 

a margin of reliability is left 100Mbps) instead of the 300Mbps that says the norm. 

Now then, if all the clients spread the same probability of sending a package, the 

networks 802.11n could almost be the whole time listening slow transmissions of 

802.11b /g. There are two actual methods to avoid this: Airtime Fairness and 

Channel Stackin. The main services given from the wireless network will be those 

of pages of Internet which consume only a data flow average of 100 Kbps for page.  

 

 

References 
 

[1] D. Manjarres, J. Del Ser, S. Gil-Lopez, M. Vecchio, I. Landa-Torres, S. 

Salcedo-Sanz, R. Lopez-Valcarce, On the design of a novel two-objective 

harmony search approach for distance-and connectivity-based localization in 

wireless sensor networks, Eng. Appl. Artif. Intell., 26 (2013), no. 2, 669-676. 

https://doi.org/10.1016/j.engappai.2012.06.002  

 

[2] M. Z. Chowdhury, Y. M. Jang, Z. J. Haas, Call admission control based on 

adaptive bandwidth allocation for wireless networks, Journal of Commun. 

Networks, 15 (2013), no. 1, 15-24. https://doi.org/10.1109/jcn.2013.000005  

 

[3] N. Katsuhiro, H. Okada, T. Yamazato, M. Katayama, A. Ogawa, New 

analytical model for the TCP throughput in wireless environment, IEEE VTS 

53rd Veh. Technol. Conf., 3 (2001), 2128-2132.  

        https://doi.org/10.1109/vetecs.2001.945072  

 

 

https://doi.org/10.1016/j.engappai.2012.06.002
https://doi.org/10.1109/jcn.2013.000005
https://doi.org/10.1109/vetecs.2001.945072


2918                                                                   Carlos Arturo Castillo Medina et al.        
 

 

[4] K. Nakano, Analysis of Mean Waiting Time for Delivery of a Message in 

Mobile Multi-Hop Networks, IEICE Transactions on Fundamentals of 

Electronics, Communications and Computer Sciences, E92-A (2009), no. 9, 

2236-2247. https://doi.org/10.1587/transfun.e92.a.2236  

[5] A. Barolli, F. Xhafa, M. Takizawa, Optimization Problems and Resolution 

Methods for Node Placement in Wireless Mesh Networks, 2011 14th 

International Conference on Network-Based Information Systems, (2011), 

126-134. https://doi.org/10.1109/nbis.2011.28  

 

[6] A. Farsi, N. Achir, K. Boussetta, Three-phase heuristic algorithm for Wireless 

LAN planning, 2012 IEEE Wireless Communications and Networking 

Conference (WCNC), (2012), 2294-2299.  

        https://doi.org/10.1109/wcnc.2012.6214176  

 

[7] Z.-Z. Yang, S.-H. Wu, H.-H. Luo, X.-L. Jiao, Optimization design model of 

one-way traffic for road network, Journal Traffic Transp. Eng., 12 (2012), no 

5, 72-78. 

 

[8] Qi Bo, Diao Aixia, Active management and control method for traffic 

network, 2012 2nd International Conference on Uncertainty Reasoning and 

Knowledge Engineering, (2012), 275-277.  

        https://doi.org/10.1109/urke.2012.6319565  

 

[9] T.-Y. Lin, K.-C. Hsieh, H.-C. Huang, Applying genetic algorithms for 

multiradio wireless mesh network planning, IEEE Trans. Veh. Technol., 61 

(2012), no. 5, 2256-2270. https://doi.org/10.1109/tvt.2012.2191166  

 

[10] H. Moungla, N. Touati, O. Salem, A. Mehaoua, A Min-Max multi-commodity 

flow model for wireless body area networks routing, 2012 IEEE Consumer 

Communications and Networking Conference (CCNC), (2012), 424-428.  

        https://doi.org/10.1109/ccnc.2012.6180996  

 

 

Received: November 4, 2017; Published: December 3, 2017 

 

https://doi.org/10.1587/transfun.e92.a.2236
https://doi.org/10.1109/nbis.2011.28
https://doi.org/10.1109/wcnc.2012.6214176
https://doi.org/10.1109/urke.2012.6319565
https://doi.org/10.1109/tvt.2012.2191166
https://doi.org/10.1109/ccnc.2012.6180996

