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Abstract—Currently, the technology of wireless mesh 

networks is actively developing. In 2021, Gartner included mesh 

network technologies and the tasks to ensure their security in the 

TOP global trends. A large number of scientific works focus on 

the research and modeling the traffic transmission in such 

networks. At the same time, they often bring up the “bottle neck” 

problem, characteristic of individual mesh network nodes. To 

address the issue, the authors of the article propose using the 

data caching mechanism and placing the cache data straight on 

the routers. The mathematical model presented in the article 

allows building a route with the highest access speed to the 

requested content by the modified Dijkstra algorithm. Besides, if 

the mesh network cache lacks the required content, the routers 

with the Internet access are applied. Practically, the considered 

method of creating routes to the content, which has already been 

requested by the users in the mesh network, allows for the 

optimal efficient use of the router bandwidth capacity 

distribution and reduces the latency period. 
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I. INTRODUCTION 

Mesh wireless computer networks are a promising 
architecture for expanding wireless coverage in a flexible and 
cost-effective way with the possibility to connect to the 
Internet. [1] Traditional streaming media content services tend 
to scale poorly, which results in the traffic overload at the 
nodes (routers). Peer-to-peer (P2P) streaming has a good 
scalability and a low infrastructure cost. [2-12] 

The authors of the article [13] consider the routers that 
dynamically cache the content and form a P2P network with 
the end-user devices. We have developed a multi-source, multi-
path routing mechanism to meet the QoS requirements to 
streaming sessions. In addition, we have presented a 
mathematical model for the source selection task and routing 
optimization. It determines the optimal content sources and 
streaming paths for multiple parallel streams allowing for the 
wireless interference and the QoS flow restrictions. The authors 
investigated the performance gain due to the application of the 
network cache routers as peer-to-peer (P2P) networks as well 
as the benefits of allowing end-user devices to serve content to 
their peers. The main purpose of traffic models is to describe 
traffic by a set of parameters in order to obtain numerical 

characteristics necessary for solving one of the problems. 
Traffic models can be roughly divided into the models used to 
describe traffic in circuit-switched networks and packet-
switched networks. [14] The authors of the article [15] analyze 
the problem of data access efficiency, caused by the limited 
resources of wireless communication. They investigate the 
methods of the content reuse based on popularity in mesh 
networks to optimize access through the server. The authors 
define the popularity of objects and model the server as simple 
M/M/1 queuing systems. The modeling results show that the 
proposed scheme demonstrates a significantly lower average 
delay without increasing the network load. 

II. PROBLEM STATEMENT  

Let us consider the mesh network operation mode: 

• forming a query to the resource; 

• searching for the optimal route based on metrics on the 
router; 

• traffic transmission. 

The mode under consideration has one important drawback, 
namely the inability to access the content that has already been 
requested for by network users. 

One possible solution to this problem is to use a caching 
proxy server. Let us consider the operation scheme in Fig. 1. 
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Fig. 1. Mesh network with caching proxy server 
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The advantages of the following scheme are: 

• centralized Internet access; 

• access authorization; 

• local storage of the data that have already been 
requested for by users (cache); 

• caching of DNS queries. 

In addition to the authentication in a Wi-Fi network, one 
can apply the ability to define different ACLs (Access Control 
List) for different users and / or categories of users, for 
instance, using the LDAP (Lightweight Directory Access 
Protocol) servers. It is possible to use the content filtration for 
different categories of users. 

A proxy server deployment requires additional resources. It 
can be a separate router or a built-in service in a running router 
within a mesh network. This limitation significantly affects the 
operation of the entire mesh network. It is impossible to 
distribute network streams using several external channels, 
since all traffic is routed through the proxy server. 
Consequently, the main disadvantage is the low efficiency of 
using the router's bandwidth capacity distribution. 

The operation of a mesh network can be provided by the 
equipment with limited technical capabilities, for example, the 
inexpensive segment routers with a minimum set of settings 
and functions. The use of such equipment makes it impossible 
to use a proxy server with traffic caching. 

When organizing a corporate mesh network, the proposed 
approach may have its own advantages, but when building a 
mesh network, one of the main principles is decentralization. It 
means that the creation of authentication centers is an 
unacceptable scheme for the mesh network operation. 

The creation of a mesh network with content caching can 
be implemented on the basis of the P2P (peer-to-peer) 
interaction. 

Let us assume that each network member (Internal Router, 
External Router) is able to save the content transmitted through 
a given client router to an external or internal medium. Any 
compatible storage device (cache) can serve as the above-
mentioned medium. 

Each element of content has its own rating with regard to a 
local storage. 

Let us introduce the following notation: 

• IN = {1, 2, … , N} stands for multiple mesh network 
devices with a routing function; 

• RST stands for multiple network devices (routers) with a 
storage device; 

• Cij stands for the list of content on a network device 

with the number i  IN; 

• rij stands for the rating (rank) of the Cij content on the 

device with the number i  RST. 

The content rating changes over time. If the requested 
content is delivered to the device from the RST set, the content 
rating of the user request equals 1, while the rating of the rest 
of the content on the device increases by 1. 

Thus, the rating value of the certain content increases over 
time, and is removed from the cache in case of no free space on 
the medium in order to store the new content. 

If the user re-requests the content, saved on the medium, 
the rating of this content reaches 1, while the ratings of other 
elements on the list are recalculated. Fig. 2 features an 
approximate scheme of the process. The rating for each 
element of content is given in brackets. 

Let us assume that the list with the content rating is 
available to each device of the mesh network, and changes in 
the list are available to any member of the network. 

Let us consider a mesh network as an undirected graph 
defined by a weight matrix, where the weight is regarded as the 
bandwidth capacity between two routers. We assume that the 
weight is infinite if there is no direct wireless connection 
between the two routers. Fig. 3 demonstrates an example of 
such a graph. The xij weight is the bandwidth capacity of the 
channel between two routers at a current period of time. We 
compiled a list of rated content for each router suitable for 
caching. 

Thus, the task of finding content in a mesh network lies in 
building a route with the highest access speed to the requested 
content. If the required content is not available in the cache of 
the mesh network, the route is built through the routers with the 
Internet access. 

We solve this problem with the modified Dijkstra 
algorithm. However, before describing the algorithm itself and 
forming a set of graph vertices (multiple routers) where the 
requested content is located, we need to consider a general 
scheme of the router interaction (Fig. 4). 

Fig. 2. Process of changing the rating of the content on the device 

 

Router1 

Router2 

Router4 Router5 

Router3 

Internet 

Internet 

    

    

    

    

    

 

Fig. 3. Example of a graph for five routers, with two Internet connections 
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Fig. 4. Scheme of obtaining content in a mesh network 

III. THEORY  

A. Let us consider each of the scheme stages in detail: 

1. User request for specific content 

The user generates a request to download a resource from 
the Internet. It can be any file, video, music file, etc. Download 
of one and the same resource can be associated, for example, 
with the short-term popularity of the content on the network. 

2. Defining a list of routers with available content 

A mesh network has the ability to store the user content on 
storage devices. This information is centralized and available 
only for the use by internal services, while the users do not 
have the opportunity to receive information on download 
requests from other users. The mesh network portal will only 
store the lists of content and its locations, whereas the content 
itself is stored on the storage devices of the network members. 
After the previous step, a list of routers is created, which may 
include the routers with local storage and the routers with the 
Internet access. Moreover, the latter also have the access to the 
required resource, but by downloading it from the Internet. 

3. Construction of the weight matrix  

The weight matrix is constructed at the current moment in 
accordance with the information on the network load. 

4. Building optimal routes 

Using the algorithm for solving the "single-source shortest 
paths problem", M - multiple optimal routes for downloading 
the requested resource - is found. 

5. Content transfer 

When retrieving the content of the requested resource, the 
available channel capacity for the user is employed. The 
maximum condition of the minimum bandwidth capacity for 
each route in M determines the download route. 

𝐾𝑜𝑝𝑡 = 𝑎𝑟𝑔max
𝑘∈𝑀

min
𝑖 ,𝑗∈𝑘

 𝑖𝑗                    (1) 

If the user bandwidth capacity on the router is not fully 
utilized, then the route that is next in efficiency is selected, etc. 
until the entire channel of the wireless mesh network client is 
applied. 

Thus, a P2P mechanism for downloading content is 
implemented, i.e. the user can receive the content in parts from 
different network devices and at different access speed. 

When the download is completed, content ratings are 
updated on all the routers with the local storage. 

It is worth noting that the routers can control the bandwidth 
when serving content to optimize the network performance. 

B. Let us describe the algorithm for the route building stage in 

the form of a pseudocode. 

1. Arrays (input data): 

1.1. Array a, for which a[i] = 1 if the router has already 
been considered, and a[i] = 0 if not; 

1.2. Array b, for which b[i] is the bandwidth capacity of the 
current optimal route from router s to router i; 

1.3. Array c, for which c[i] is the number of the router 
which is a starting point for router i in the current optimal 
route; 

1.4. x[i][j] is a weight matrix (x[i][j] = x[j][i], x[i][i] = 0); 

1.5. Array minR, for which minR[i] is the minimum router 
bandwidth capacity for the current optimal route from router s 
to router i; 

2. Initialization: 

2.1. fill Array a in with zeros; 

2.2. write the values x[s][i] in b[i]; 

2.3. fill Array c in with the s values; 

2.4. write a[s] = 1. 

3. Main loop: 

3.1. if all the routers are considered, then stop. 

3.2. among all the unexamined routers (a[i] = 0) find the j 
vertex, for which b[i] is minimal; 

3.3. write a[j] = 1; 

3.4. for all the k vertices: if the path to vertex k through 
vertex j is more optimal than the previously found optimal 
path, remember it: write b[k] = min(b[k], b[j] + x[j][k]) and 
c[k] = j. 

4. Outputting the route to the k vertex (using Array c): 

For each route to the vertex numbered k 

4.1. set z = k, minR[k] = ∞; 

4.2. while c[z]! = s 

        minR[k] = min(minR[k], x[z][c[z]]) 

        assign z = c[z] and output z; 
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Optimal routes are output only for the routers that provide 

the requested content. The optimal transmission router is 
determined by finding the maximum element in the minR 
array. 

IV. RESULTS 

For the proposed algorithm, a numerical simulation of 
finding the optimal route is carried out. Let us consider the 
following interaction scheme (Fig. 5.). 

The user requests a resource located on two routers, namely 
Router5 with local storage and Router4 with the Internet 
access. We need to solve the problem of optimal routing for the 
requested resource. Fig. 5 shows the bandwidth capacity 
between the routers. 

TABLE I.  INITIALIZATION STAGE 

Iteration: 0 
Routers 

1 2 3 4 5 6 

a[i] 1 0 0 0 0 0 

b[i] 0 7 9 ∞ ∞ 12 

c[i] 1 1 1 1 1 1 

minR[i] 0 7 9 ∞ ∞ 12 

TABLE II.  ALGORITHM ITERATIONS 

Iteration: 1 
Routers 

1 2 3 4 5 6 

a[i] 1 1 0 0 0 0 

b[i] 0 7 9 22 ∞ 12 

c[i] 1 1 1 2 1 1 

 

Iteration: 2 
Routers 

1 2 3 4 5 6 

a[i] 1 1 1 0 0 0 

b[i] 0 7 9 20 ∞ 11 

c[i] 1 1 1 3 1 3 

 

Iteration: 3 
Routers 

1 2 3 4 5 6 

a[i] 1 1 1 0 0 1 

b[i] 0 7 9 20 20 11 

c[i] 1 1 1 3 6 3 

 

Iteration: 4 
Routers 

1 2 3 4 5 6 

a[i] 1 1 1 0 1 1 

b[i] 0 7 9 20 20 11 

c[i] 1 1 1 3 6 3 

 

Iteration: 5 
Routers 

1 2 3 4 5 6 

a[i] 1 1 1 1 1 1 

b[i] 0 7 9 20 20 11 

c[i] 1 1 1 3 6 3 

Fig. 5. Model sample 

Let us consider the main stages of the algorithm (see 
Table 1, Table 2). 

Table 2 demonstrates the main iterations of the algorithm. 

Let us write down the routes: Router5: 5 → 6 → 3 → 1. 
Router4: 4 → 3 → 1. 

Array minR: minR[5] = 2, minR[4] = 9. 

For Router5 (1, 3, 6, 5), the minimum bandwidth capacity 
equals 2 and is between Router3 and Router6. For Router4 (1, 
3, 4), the minimum bandwidth capacity equals 9 and is between 
Router3 and Router1. 

Thus, the route (1, 3, 4) with a minimum channel capacity 
of 9 will be more preferable for the user. 

We should emphasize that the entire user bandwidth 
capacity will not be fully utilized. It means that the traffic 
transfer is possible via both routes with a total bandwidth 
capacity of 11. It allows for the implementation of a P2P traffic 
transmission mechanism. 

V. DISCUSSION 

A distinctive feature of our work is the proposed solution to 
the routing problem in peer-to-peer mesh networks. By means 
of a modified Dijkstra algorithm, we account for caching of the 
content previously requested by users. This method allows 
creating routes to the already existing content, which reduces 
the load on the bandwidth capacity of the routers. 

VI. CONCLUSION 

The article proposes and tests a mathematical model that 
allows solving the problem of finding the content in a mesh 
network with the optimal traffic distribution among routers. 
The user can receive content in parts from different network 
devices and at different access speed. Routers control the 
channel bandwidth when serving content to optimize the 
network performance. This solution opens up the opportunities 
for the implementation of the further steps in the study of mesh 
networks application in transport, medical fields, in the 
construction of sensor networks, fog computing, where scaling 
the routers bandwidth capacity with the use of the already 
available information is necessary. 
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