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Through in-depth research and application, it is found that with the increasing number of artificial fish, the required storage space is also increasing, which finally leads to the increasing difficulty of calculation, and the ability to obtain accurate solutions is seriously insufficient, and only satisfactory solution domains can be obtained for the system. Since the development of multi-user systems, there are still some problems in resource allocation, such as poor user fairness, low system throughput, and low system security. In view of the appeal problem, we can design a multi-user system resource allocation scheme based on quantum artificial fish swarm algorithm. Firstly, it is necessary to analyze the working principle of resource allocation in multi-user system, and establish a mathematical model according to its working principle; Furthermore, through the research and in-depth research on the artificial fish swarm algorithm, we integrate the quantum phase concept fish artificial fish swarm algorithm, introduce quantum evolutionary algorithm into the algorithm, and use quantum phase to code and improve it; Then, through simulation experiments, we compare other types of resource allocation schemes in the market, and process and analyze the experimental results; Finally, according to the experimental data, the conclusion is drawn that the improved quantum artificial fish school algorithm can accurately and quickly obtain the optimal allocation scheme, and to a certain extent, ensure user fairness, improve the communication ability of the multi-user system. Compared with other multi-user system resource allocation schemes, its overall performance is also more outstanding.
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1 WIRELESS NETWORK COMMUNICATION SYSTEM
1.1 Resource allocation in wireless communication
In a wireless network, it is possible to allocate and schedule the resources which are available for allocation and scheduling, such as the transmission rate, the time slot, and the antenna. The wireless resource allocation problem is how to optimize the preset parameters and maximize the resource utilization efficiency by allocating wireless resources reasonably in terms of physical conditions and QOL requirements [1]. Mathematically, this is an optimization problem. Therefore, we have to build a model for the wireless communication system [2], write restrictions on the wireless resources, and make the optimized targets based on the demand of the users. Based on the above results, we can find an appropriate resource distribution approach to optimize the resource utilization of wireless systems [3, 7].
Resource allocation involves wireless channel, multi-user diversity, user quality of service and fairness among users [8]. Among them, wireless channel has its fading phenomenon: due to the small-scale effects of multi-path fading, as well as the large-scale effects such as path loss due to distance attenuation and noise caused by obstacles, the channel has time-varying properties. It is very challenging to combat fading and interference in wireless communication [9]; The root of multi-user diversity is the independence of user channels, which is manifested in three aspects: time, frequency and space. Through effective channel allocation and multi-user scheduling, this potential gain can be used to effectively improve the system transmission efficiency; To optimize the resource allocation strategy is to improve the service quality of users; Because the resources are limited, it is impossible to fully meet the needs of users, which requires effective division of network resources and fair allocation of resources to users in the network.
1.2 Resource allocation principle of wireless network communication system
The multi-user system adopts the multi carrier modulation technology, which divides the channel into multiple orthogonal sub channels, decomposes the high-speed serial data stream into several low-speed parallel sub data blocks, transmits on multiple mutually orthogonal sub channels at the same time, and performs narrowband modulation on each sub channel. This operation reduces the mutual interference of the sub channel time, and improves the spectrum utilization. The bandwidth of the signal on each sub-channel is less than the correlation bandwidth of the channel, so the frequency selective fading on each sub-channel is flat, effectively eliminating the inter-symbol interference. In order to further improve the spectral efficiency of multi-user systems, we can obtain stronger performance in asymmetric services, and we can introduce adaptive resource allocation. The principle of adaptive resource allocation is to obtain the diversity of the system in each domain through the adaptation of bandwidth, power and rate. The main reasons for diversity [1, 10] are channel time variation, frequency selective fading, channel fading independence between multi-users, parallel sub-channels between space and frequency domain, and randomness of signal arrival. Link adaptation is the application of diversity. Its basic idea is to adaptively select the modulation order, coding method, transmission power of sub carriers, etc. according to the channel conditions of the system. The ultimate purpose of link adaptation is to improve the spectral efficiency and reliability of the system.
Three elements of mobile communication system operation: resources and resource allocation, network architecture, and information interaction. The quality of communication services often depends on the amount of allocable resources, the efficiency of resource allocation, the quality of network architecture, and the effect of information interaction. Radio resource allocation Objective: to ensure various QoS requirements of users, ensure fairness of users, and improve resource utilization efficiency of the system. The wireless network communication system uses orthogonal frequency division multiplexing technology for data communication and processing. Because the relationship between sub-channels is called positive correlation, its channels can be divided into multiple sub-channels, and each sub-channel will not interfere with each other Khan et al. [11]. Each sub-channel uses a separate and independent sub-carrier for modulation communication to achieve parallel communicatio [12]. The resource allocation principle of the wireless network communication system is shown in Figure 1, where: FFT means fast Fourier transform; IFFT represents inverse fast Fourier transform.
[image: Figure 1]FIGURE 1 | Resource allocation principle of wireless network communication system.
With the deepening of research, the problems that need to be solved by wireless resource allocation algorithms become diverse, and the strategies and methods adopted are also different. According to different standards, the algorithm classification of wireless communication network system allocation is shown in the following Figure 2:
[image: Figure 2]FIGURE 2 | Classification of wireless network communication resource allocation.
1.3 Mathematical model of multi-purpose resource allocation in wireless network communication system
When building a mathematical model of resource allocation, It is essential to know what components are required in order to build a complete wireless communication system. In a wireless network communication system, n subcarriers exist for k users. Every user is aware of the state of the channel in the system. A subcontractor may also be assigned only to one user at a given time [13]. Then, the power assigned to the n sub carrier by the k user is Pk,n and then there is the equation for calculating the k-user’s power on the n sub channel:
[image: image]
Hk,n, n is the signal to noise ratio in the nth subcarrier, Γ = −Ln (4 BER)*1.4.
Reasonable allocation of sub-carriers [14] and power is the multi-user resource allocation goal of the wireless network communication system. To maximize the throughput of the wireless network communication system, the sub-carrier allocation index coefficient is defined as follows:
[image: image]
The multi-user resource allocation mathematical model of wireless network communication system is:
[image: image]
In the above equation: C1 is whether the sub-carrier is allocated or not; C2 is a sub-carrier, which can only be assigned to a unique user; C3 denotes that the power must be positiv; C4 indicates that the sub-carrier power cannot be greater than the maximum power; φi represents the user scale constraint condition; Ptot is the maximum power; Ri represents the total transmission rate of the k user, and the calculation formula is:
[image: image]
Where B in the formula is the bandwidth of fading channel.
2 ARTIFICIAL FISH SWARM ALGORITHM
2.1 Standard artificial fish swarm algorithm
The artificial fish swarm algorithm mainly shows the activity of artificial fish in the environment by simulating the four behaviors of fish-foraging behavior, crowding behavior, tail chasing behavior and random behavior. The basic activities of artificial fish are described as follows [15]:
1) Feeding behavior: Generally, fish swim freely and randomly in the water. When they find food, they will swim quickly in the direction of gradually increasing food.
2) Crowding behavior: In order to ensure their survival and avoid hazards, fish will naturally gather in groups during swimming. There are three rules for fish to follow when gathering: separation rules: try to avoid overcrowding with nearby partners; Alignment rules: try to be consistent with the average direction of neighboring partners; Cohesion rule: try to move towards the center of nearby partners.
3) Chasing behavior: When one or several fish in the school find food, their nearby partners will follow them to the food point quickly.
4) Random behavior: Individual fish usually swim randomly in the water, which is to find food points or partners in a wider range.
In this paper, a new method based on PSO is proposed in this paper, which is based on PSO, and it is used in the resource allocation. When the artificial fish in the school find food, the fish in the school can continuously adjust their location, focus on the food, and finish the location update [16]. By using this approach, we can deal with the quantity and priority of the distribution of user resources. The algorithm is made up of a parameter system and a perceptual system. The state of the artificial fish can be represented by the vector x = (x1, x2, …, xn), in which I = (1, 2, …, n) is to be optimized [17], and the amount of food at the present location of the artificial fish is represented by y = f(x), with y being an objective function;
The distance between artificial fish individuals is expressed as di,j = ‖xi − xj‖; In its perception system, the perception of artificial fish is realized by vision [18]. Through this method, the number and priority of user resource allocation can be well handled, The change of the position of the Δxi (t + 1) data list at t + 1 and t is, xi(t) represents the spatial position of the i fish, then:
[image: image]
Where Rand() is random data, and Step is the step of fish school position update operation.
Given that the current spatial coordinate of the i-fish is xi, the expression of the spatial coordinate xj obtained by the random movement of the fish is:
[image: image]
[image: image]
Where Visual is the visual field range value of artificial fish.
Let the food concentration in the spatial coordinates be a function of f(x), the food coordinate concentration be Fmax, the food concentration at xi be f (xi), and the food concentration at the center point xc of the fish school be f (xc). Within the range of fish movement, according to the position xj randomly assigned by Rand(), if the fish group has not found the food point, it will continue to search for food according to Eq. 6.
[image: image]
The current position of the i fish is Xi. According to the maximum value of f(x) within the visual range of the fish, it is determined whether the position of the food is within the visual range of the fish. If the current position xo is within the visual range of the fish, there is Eq. 9:
[image: image]
The current position of the i fish is xi. According to the maximum value of f(x) in the visual range, it is determined whether there are multiple food points in the visual range of the current fish. If multiple food points are visible in the current position x′s max, the fish position is updated as follows:
[image: image]
If |f (xc − fmax)| reach a parameter originally designed, the operation is terminated.
The above equation theory relates to the four kinds of fish groups in the AI: foraging, cluster, tail, and stochastic. These four behaviors will transform each other at different times, and this transformation is usually realized by fish from the main through their perception of the environment. All these behaviors have close relationship with the feeding and survival of the fish, and also have close relationship with solving the optimal problem.
2.2 Steps and flow chart of artificial fish swarm algorithm
The basic principle of the AI is that in the water zone, the most fish population is the one with the most nutrients in the water. Based on this property, it can simulate the behavior of the fish group, including foraging, clustering, tail chasing, randomizing, and so on, so as to realize global optimization. In the optimization process, the artificial fish may choose a few local optimum solutions, which will cause the fish to jump out of the local optimal solution, and then influence the overall optimization. Therefore, it is important to pay attention to the number of repeats in the foraging process, and to select a suitable random step, and to restrict the size of the clustering and the behavior of clustering. In order to use the AI, we first need to assign values to different types of discards, which include the population size n, the starting location of each man-made fish, the visual field of the artificial fish, the step size, the crowding factor δ, and the repetition times the trial number; The second is to calculate the fitness of the individual at the beginning of the fish colony, choose the best condition of the fish, and send the value to the bulletinship; In the course of the implementation, every person must be assessed, and the actions to be executed are chosen carefully, such as foraging prayer, swarm, tail chase, and random behavioral behavior. Then, after the artificial fish makes a choice, it will choose its location to create a new group of fish. Moreover, if the algorithm scores all the different actions, the notice board will be updated to that person; At the end, if the optimum solution on the bulletin board reaches the satisfactory error border or reaches the upper limit of the prescribed number of iterations, the algorithm terminates; otherwise, an individual assessment is made, and an appeal is executed. The detailed flow chart is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Flow chart of artificial fish swarm algorithm.
2.3 Quantization of artificial fish swarm algorithm
A kind of quantum particle swarm optimization algorithm [19] based on the truncated mean stabilization strategy has improved the search performance of the algorithm to a certain extent, and has also improved the convergence efficiency to a certain extent. According to the salient points of its algorithm, the fish swarm algorithm studied in this study also uses its ideas on a certain basis, and has obtained good results in practical operation. In the process of quantum bit coding, fewer quantum bits are used to solve the problem of large data sets. The Born machine model [20] effectively solves this problem.
The quantizing of artificial fish is represented by the quantum phase coding, and the location of the artificial fish can be expressed more efficiently by quantum operations [21].
[image: image]
In the above equations, they all belong to complex numbers and exist at the same time |α|2 + |β|2 = 1, |α|2 is the probability of quantum collapse to 0 state, |β|2 is the probability of quantum collapse to 1 state. To make it easier to calculate the machine, the above equation is formed to get the corresponding matrix formula, that is:
[image: image]
If the matrix U conforms to the relation of U(U*)T = I, transform the above matrix to obtain:
[image: image]
The position of the artificial fish is described by quantum bits, so that α = cos(θ), β = sin(θ). Then Eq. 13 can be expressed as:
[image: image]
According to Eq. 14, the spatial position of the artificial fish is effectively quantized and encoded in the following way:
[image: image]
Of which θi j = 2π ⋅ rand (), rand () ∈ (0, 1), i ∈ {1, 2, …, n}, ∈ {1, 2, …, m}, n represents artificial fish total quantity, M represents the dimension decomposition number of the location of an artificial fish school in the spatial coordinate system [22]. In order to describe the location of an artificial fish colony in a multidimensional spatial coordinate system, we can get a quantum representation of the location of an artificial fish colony by a combination of Eq. 16:
[image: image]
Decree θ is [α, β]. For the phase of t relative to [image: image], Eq. 16 is expressed in polar coordinates as follows:
[image: image]
θ meet 1 < θ ≤ 2π. Compared with Eq. 11, the artificial fish coordinate position of Eq. 13 is only θ.
A mathematical description of the location update of the artificial fish is given. In combination with Eq. 7, the update method is as follows:
[image: image]
[image: image]
In the above equation, a and B are the quintile of the i artificial fish in the j dimension at t and t + 1, and C is the position change between t and t + 1.
In order to better solve the problem of fish school position update accuracy and prevent the problem of operation time caused by too large or [23], it is necessary to adopt the dynamic phase-shift update method. At the beginning of the iteration, the phase-shift update angle is large. As the number of iterations increases, the update angle gradually decreases. The phase-shift update method for the T iteration is:
[image: image]
Represents a constant, and its value meets K ∈ (0, 1) the requirements. ITER represents the maximum number of iterations.
3 SYSTEM RESOURCE ALLOCATION POLICY PROCESS
Firstly, it analyses the process of resource allocation policy, and then proposes a multi-user system resource assignment strategy based on QSAR [24]. The workflow is illustrated in Figure 4: Firstly, the topology of the system is established, and then the mathematical model of the system is established. Secondly, the parameters of the AI are set up, including the effective search area size, δ, Pfb, θ step, and max iterate [25]. In the third step, the initialization of N man-made fish is randomly formed and assembled into an group, and the location of each of the artificial fish represents a multi-user resource assignment scheme of the radio network communication system [18]. In the fourth step, the artificial fish group is quantum encoded for the sub-layer, and the four behaviors of the AI are also quantum verified. In the seventh step, the four actions of the artificial fish are realized, so that each of the artificial fish is free to pursue, feed and cluster, and the optimum location is determined. In the eighth step, a random number is generated at random, and if r < Pfb is met, a random search is performed; Otherwise, a feedback search is performed, and all fish move to the optimum location on the bulletin board; in the ninth step, the position of the currently optimum man-made fish is confused to locate the optimum location within the valid search zone. In the 10th step: save the current state of the best man-made fish on the notice board, and update the feedback search probability [24]; In the 11th step, the number of iterations is iterate = iterate + 1; Otherwise, go back to step 5 and proceed.
[image: Figure 4]FIGURE 4 | Flow chart of artificial fish swarm algorithm.
4 TESTING OF RESOURCE ALLOCATION STRATEGY FOR MULTI-USER SYSTEM
4.1 Testing environment
In this paper, a comparison is made between the multi-user system resource allocation strategy and the multi-user system resource allocation strategy of GA, and the multi-user system resource allocation strategy. Table 1 shows the test environment parameters of the wireless network communication system, and the related parameters of the QSAR are given in Table 2.
TABLE 1 | Test environment parameters of wireless network communication system.
[image: Table 1]TABLE 2 | Relevant parameters of quantum artificial fish swarm algorithm.
[image: Table 2]4.2 Comparison and analysis of experimental data
For different numbers of users, the throughput change curve of wireless network communication system based on the multi-user system resource allocation strategy of quantum artificial fish swarm algorithm [26], in Figure 5, we can conclude from the data in Figure 5 that the amount of data which needs to be handled by the wireless network communication system also keeps increasing as the number of users increases. This is due to the fact that the data transfer rate of the wireless network communication system continues to increase as the amount of data processed by customers increases. The throughput of QRS is superior to that of artificial fish, GA, etc. This further demonstrates the superiority of QSAR in system throughput. The convergence curves of all the algorithms searching for multiuser system resources are shown in Figure 6. Compared with AI, GA, QSAR, etc, which makes it faster to solve the resource allocation scheme of multi-user system and increase the search accuracy of QGA.
[image: Figure 5]FIGURE 5 | Throughput change curve of wireless network communication system.
[image: Figure 6]FIGURE 6 | Convergence performance of multi-user system resource allocation strategy.
In Figure 7, the fairness change curves of the distribution policies of multi-user systems are illustrated in Figure 7. The experimental data in Figure 7 show that the fairness of the wireless network communication system is reduced to varying degrees as the number of users continues to increase [27]. This is due to the fact that the average number of allocated subcarriers in the system is steadily declining as the number of users increases, which also makes it more difficult to achieve a fair distribution; However, it can be seen from the experimental data that QMI has less variation scope and better fairness than the others [13]. Compared with QSAR, the AI is less superior to QSAR in terms of fairness and the fairness of GA is the next. It also indicates that QPSO can resolve the conflict between throughput and equity, significantly increase the usage of MIMO system, satisfy the needs of users, and enhance the communication efficiency of the system.
[image: Figure 7]FIGURE 7 | Fairness change curve of multi-user system resource allocation strategy.
It is well known that as time goes on, anything is going to be more and more apparent. In Figure 8, the QSAR, AI, GA, etc. As shown in Figure 8, the error rate of multi-user resource allocation continues to increase with time. As time passes, there will be some mistakes in the channel. Finally, the competition between the users gets stronger and stronger, which causes the error rate to evolve in an upward direction. It is shown that QSAR, AIS, GA will have different levels as time goes by, but QSAR is more slow than the other QSAR, GA. Based on the graph, the algorithm of the Quantum Artificial Fish Swarm is roughly equal to 0.8. The QSAR algorithm is not an optimal multiuser resource allocation algorithm, so it is necessary to study it further.
[image: Figure 8]FIGURE 8 | Fairness change curve of multi-user system resource allocation strategy.
To sum up, aiming at the problems of poor user fairness and small system capacity of the current multi-user system resource allocation strategy, in this paper, we present a new strategy for multi-user system resource allocation based on QSAR. First, this paper analyses the working principle of the multi-user system resource distribution, builds up the mathematical model, and then carries on the quantizing and coding of the artificial fish Swarm algorithm to compute the resource distribution model. Based on the test results, we find that the multi-user system resource allocation strategy based on this approach is fairly fair, improves the throughput of the multi-user system, speeds up the data transmission speed, reduces the error rate of the multi-user system resource allocation, and is better than other multi-user system resource allocation strategies, it has broad application prospects.
5 EXPECTATION
The arrival of the Internet era has accelerated a new round of social revolution. It has made people change a lot in society and changed human beings completely. With the progress of society and the constant updating of the times, the resource allocation strategy of multi-user system will develop in a better and better direction, and will play a vital role in the future computer field. In the future, the computer field will develop towards the goal of faster, higher and better. It is essential to pursue efficient data transmission. Therefore, the application of quantum is the trend of future development. Quantum will be applied to different computer technology research, and play a huge role in a small body. In order to solve the problem that the system is not fair and the system capacity is small, a new kind of multiuser resource allocation scheme is proposed in this paper. With the existence of this method, it has better fairness, improves the throughput of multi-user system, accelerates the data transmission speed, and has a good development prospect in the future. However, at present, scientists’ research on quantum is not very in-depth, and the estimation of the role of quantum in the future is unknown. Therefore, in future research, it is hoped that more and more scholars can contact this field and make corresponding achievements in this field.
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