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Summary-- The flow matrix has many applications in various fields and plays an important role in computer network management. With the input as a flow matrix, we
Computational techniques can be used to solve computer network problems such as bandwidth utilization, load balancing, and improving service quality. Therefore, the article will analyze estimation techniques and the application of flow matrix in computer networks.

Indexing term--Load balancing, shortest path matrix.
The first link, the use of bandwidth, service quality.


I. INTRODUCTIONWW



the rapid development of the Internet and its accompanying effects
The measurement of network traffic plays an important role in how network service providers and network operators manage and plan network operations. For example, the increasing number of data centers and the emergence of cloud computing are making this measurement more complex, where content or service providers use load balancing to adapt flexibly to user needs. Understanding the flow of traffic in such networks will help improve operations.

This article is divided into 5 parts: part 1 introduces the concept of flow matrix and its applications, part 2 presents related works, part 3 introduces estimation techniques and routing problems, part 4 is the conclusion.
In our experiment and evaluation, part 5 is the conclusion and future work.

II. RELATED PROJECTS


There have been many studies conducted on TM.
To estimate the TM more accurately. Many techniques have been introduced in [1], [2], [3], [4] and the results have been applied to routing as in [5], [6], [7], [8], [9], [10], [11].
To optimize network performance, [12] is used. However, traffic demands are constantly changing, so we need to find computing techniques that ensure time and accuracy.

III. ESTIMATION TECHNIQUES AND ROUTING ISSUES



A. Linear programming (LP)

The dynamics, management, and security of IP networks today, as well as emerging services.

The Traffic Matrix (TM) - representing the flow of data from each source to each destination through a network (which we call Source-Destination (SD) pairs) - is an important piece of information needed to plan, manage, and understand any network operation. Unfortunately, direct measurement requires expensive additional infrastructure support, so equipping the entire IP network to collect that data is challenging. There have been several methods introduced to estimate the traffic matrix using estimation techniques to give us the most accurate results compared to the
We can form a system Y = AX where Y is the number of links.

A is the routing matrix, X is the flow matrix. In that system, we know Y from SNMP data, we know A from routing policies, all we have to do is solve the system to find X.

For the problem of estimating the flow matrix, imposing a set of constraints on the flow.
Linear relationships can be described by the system Y = AX, so the basic problem is.
It can be easily formed by using the LP model and standard techniques can be used to solve it. Knowing that the number.
The amount of Yl links must be the sum of all the needs for accessing and using link l, the LP model is defined as the optimization of an objective function.


quality



In which wj is the weight of pair SD j. The objective function follows the associated constraints.
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and limit the conservation of flow.
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In which Xij is the element of the matrix representing force from i.
To j; Ri represents the disgusting elements associated with "leaving".
"khỏi" i; Aj represents the attractive elements associated with "going" to j; and fij is the friction coefficient from i.
to j.

In our context, we can naturally understand Xij as the amount of network traffic accessed at position i and exited at position j, the system.
The thrust force Ri is the flow rate accessing the network at position i and the absorption coefficient.
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The geographical location is not the main factor in today's Internet compared to ISP routing policies.



1. Simple gravity model.


In this very simple gravity model, M. Ericsson, M. Resende, and P. Pardalos aim to estimate the flow of traffic between border links.
Ký hiệu các liên kết biên bằng l1, l2, … họ ư
và

TM.

vào

, And

represents

λm}, represents the average velocity vector (meaning each λj represents the average velocity of the pair SD Xj).
After obtaining the parameters, the next step is to calculate the conditional mean for the distribution related to each component of the TM. The step is.
The final adjustment is usually applied to the result of the corresponding step of the iterative proportional fitting (IPF) algorithm. The IPF algorithm adjusts the values of the estimated flow matrix so that the error related to the sum of rows and columns is minimized.

The number corresponds to the flow of access out of the network through the link.
The gravitational model can then be calculated using one of two methods.
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C. Gravity model [2], [3].
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Crossbar access traffic (crossbar link to crossbar link): They believe that the traffic transmitted through the crossbar_



Figure 2. Illustration of the solution to the smallest square equation [2], [3]
To minimize the distance from X0 to Xg, separate the least possible values
can be used to solve quadratic equations subject to layer cutting constraints. As the result may contain negative values, the negative values will be replaced with 0 and then IPF will be performed to obtain a non-negative solution that satisfies
the constraints.
F. Routing
Routing based on destination and based on source/flow

from this crossbar network to another crossbar network is negligible.
External access traffic (access link to crossbar link): They apply the assumption of proportionality as the basis for the gravity model on the crossbar network: meaning that the traffic accessing a crossbar device
specifically from each corresponding access link to the traffic on that access right link. They assume that all traffic from a single access link to a specific crossbar device will exit the network on the same crossbar link (determined by IGP and BGP routing configurations).
Inward access traffic (crossbar link to access link): Network operators have limited control over the inbound traffic to their crossbar networks. Therefore, they assume that the inbound traffic from a specific crossbar link is divided among the access links according to their outbound traffic ratio.
Internal access traffic (access link to access link): They believe that the portion of internal access traffic from a specific access link ai
to a second access link aj is proportional to the total access traffic

to the network at ai

, and calculate the traffic between the

links by normalization.


D. Layer cutting [2], [3], [4]

Capturing network traffic is a matter of determining the access matrix from the beginning to the end of the link load. The link load is.
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Strong emphasis on the optimization process and the achievable outcomes: destination-based routing and source-based or flow-based routing. Common routing protocols such as OSPF, EIGRP, or IS-IS adhere to the routing model.

The general link and routing structures often have more variables than constraints, so Y = AX is highly constrained and does not have a unique solution. Their approach is not to combine additional constraints but to use a gravity model to obtain an initial estimate of the solution, which needs to be adjusted to meet the constraints. It is important to reduce the size of the problem to make the solution easier to manage.

E. Gravitational force [3], [4].


Gravity is the combination of the gravitational model and.
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Routing aggregation, as illustrated in Figure 2. Whenever two flow streams with the same destination intersect, they will be merged and sent over the same interface. This can cause traffic overload on some links, while others remain lightly utilized.
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Optimizing routing based on the concept of multipath has some advantages over the pure shortest path approach, as illustrated in the network scenario in Figure 4.



The parameter [[original_text]] represents the bandwidth of link i, while di.
refers to its latency value. Therefore, the routing algorithm takes the sum of all the latency values towards the destination node and adds
the bandwidth component, the inverse of the minimum bandwidth.



Figure 5. Sample fish routing with multiple data [5], [6].


Assuming we have two flow streams with different destinations.
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Một tính năng khác của các giao thức định tuyến có ảnh hư
It can be implemented in the form of the concept "multiple paths with equal costs".
Whenever a router can reach a destination node through a.
The number of paths with equal data will evenly distribute the amount of traffic across all corresponding outgoing interfaces.
Optimize network - reduce link usage.



The use of links [7], [8], [9], [10], [11].

Network congestion rate refers to the maximum value of all link utilization speeds in the network, which is denoted as.
The usage rate of each link is determined as follows.




In which V is the set of nodes in the network and is the capacity of the link.



Figure 6. Load balancing routing for two phases.
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One of the solutions is to use.,g is the value of the demand allocation rate of the SD pair (p,q) through node m, and the constraint is
IV. 
RESULTS OF EXPERIMENT AND EVALUATION


In this section, we have tested our solution on various structures.

Different network structures. To check the results, we use Matlab[12] and the number of randomly generated links. We simulated a situation where the network has a very large traffic load and found that using links will perform better for smaller network structures.

t
When there are interconnected values in use.,t can be computed on each link with input as a flow matrix. To find .setlinear programming must solve constraints on content.
The amount of connectivity and the demand for flow from the flow matrix (estimated by the techniques above). However, this is a problem.
It is difficult to solve because the number of SD pairs is greater than the number of network nodes, resulting in a set with too many elements.



Figure 7. Five-node linked structure.


One of the solutions is to use Load Balancing Routing.
First, the flow demand from the source is balanced on the intermediate nodes, and then the flow demand will be transmitted over.
the shortest paths to the destination.






































Figure 12. Optimize the structure of a 20-node network.


V. CONCLUSION






Figure 8. Optimizing the structure of a five-node network.




































Figure 9. Structure of a moving node.


The proposed article suggests optimizing network performance with a flow matrix as input. When estimating the flow matrix size, we must accept the error from the estimated flow matrix to the actual flow matrix. In order to have the most accurate access flow matrix, we need to improve the estimation technique. Our experimental results show that the larger the connectivity structure, the less the use of connectivity. Therefore, we will also need to improve our solution, such as balancing.
The results we achieved with large networks, with many interconnected nodes, show that we have utilized our network resources better.
We found that the capacity of the links is better utilized. When a link has a large amount of access traffic, the capacity will be divided.
Sharing with other links and network performance will be improved.
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