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Abstract 

In the resource allocation process of multi-user OFDM system, in order to realize the 

purpose of maximizing the total transmission rate under constant power, a new 

subcarrier allocation algorithm has been proposed in this paper, which is to introduce 

cultural evolution method into the original artificial fish swarm algorithm. Because the 

population space in cultural algorithm framework has the advantage of guiding search 

process, the new algorithm can effectively overcome the defect of falling into local 

extreme which generally exists in the fish swarm algorithm in the resource allocation. At 

the same time, the proposed new algorithm also can make it easy to quantify the 

optimized goals and variable values. Simulation results show that the proposed artificial 

fish swarm algorithm with cultural evolution (CE-AFS) has been greatly improved the 

global search ability and convergence speed compared with the AFS algorithm and Shen 

algorithm. 
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1. Introduction 

The technology of orthogonal frequency division multiplexing (OFDM) is a multi-

carrier digital modulation technique which can improve the utilization rate 

of wireless network channel [1]. The technology can reduce the inter-carrier interference 

and dynamically allocate channel bandwidth. Resource allocation in OFDM system is an 

important ways to guarantee service quality and improve system capacity, and it has been 

the hot research field in communication engineering [2]. At present, according to the 

different optimization objectives, the adaptive resource allocation algorithm of OFDM 

system can be divided into two categories. One is to maximize the transmission rate with 

a certain bit error rate when the total power is constrained, which has been called rate 

adaptive rule (RA rule) [3]. The other is to make the transmit power minimization in a 

certain system transmission rate and bit error rate, which has been called power adaptive 

rule (PA rule) [4].  

Shen algorithm and artificial fish swarm algorithm (AFS) both belong to the rate 

adaptive optimization algorithm. Shen algorithm is the method to maximize the system 

total transmission rate under the fixed rate ratio condition for all users. But Shen 

algorithm needs a large amount of calculation in the allocation process, and it also can not 

obtain the satisfactory total transmission rate in the system [5]. AFS algorithm had been 

introduced in reference [6], it improved the system transmission rate in a certain extent, 

but AFS algorithm was easy to get into the trouble of local extremum value because of the 
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slow convergence speed in the later operation, and there was a certain probability can not 

find the optimal subcarrier allocation scheme [7]. Because the cultural algorithm has 

strong searching ability for optimal problems, it will be introduced into the AFS algorithm 

to improve the system performance. Therefore, a new optimization algorithm for 

subcarrier allocation has been proposed under the RA rule, which is cultural evolution 

artificial fish swarm algorithm (CE-AFS). The new algorithm has good searching ability, 

and it can effectively solve the low efficiency searching problem of original adaptive 

algorithm in the subcarrier allocation process. 

 

2. Resource Allocation Models of OFDM System 

Let N be the number of subcarriers in OFDM system, K be the number of users, B 

denote system total bandwidth and P be the total power. Assume that the channel is 

frequency selective fading channel, subcarriers are independent with each other, and 

each subcarrier can only correspond to one user simultaneously. Let 
kn

  be the 

subcarrier allocation factor, if n-th subcarrier has been allocated to the k-th user, 

then =1kn , or else =0kn . When =1kn , let hkn be the instantaneous channel gain, 

and Pkn be the average power obtained from n-th subcarrier by the k-th user. The 

transmission rate of the k-th user on the n-th subcarrier can be obtained by the 

following formula (1). 
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In formula (1), Ikn is the interference power which produced by the Doppler 

frequency shift on the n-th subcarrier to the k-th user, and N0 is the white Gaussian 

noise power spectral density. Thus, the total transmission rate of the k-th user can be 

expressed as the following formula (2). 
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The total transmission rate R for all users has been shown in formula (3), which is 

based on RA rule. 
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     In fact, there are some constraint conditions in formula (3), which have been 

shown in expression (4). 
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From formula (3), it can be seen that if average power Pkn remains constant, in 

order to increase the total transmission rate R, the channel gain hkn can be amended 

and improved through some reasonable subcarrier allocation method. It means to 

maximize the transmission rate, a new subcarrier allocation algorithm can be used, 

and that is CE-AFS algorithm. Because cultural evolution algorithm has the 

character of good optimization ability, it can be applied into the original AFS 

algorithm to overcome the defect of slow convergence rate and optimize the 

subcarrier allocation in OFDM system. 
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3. Fundamental of CE-AFS Algorithm  
 

3.1. Original Artificial Fish Swarm Algorithm  

The fundamental of artificial fish swarm algorithm is to simulate and study the fish’ 

behaviors of preying, swarming, chasing and cooperating with each other in natural 

environment, and then to construct some mathematical models to find the optimal 

values
[8][9]

. These mathematic models have been described in the following. 

Assume that there are N artificial fishes constituting a swarm in a target 

researching area, the status of the N artificial fishes can be expressed by vector 

X=(X1,X2, …,XN) and the element Xi (i=1,2,…,N) in X is the expected optimization 

variable for every artificial fish. Let vector ( )fY X  be the food density where the 

artificial fishes located. In the AFS algorithm, Y is the value of the objective 

function, and the behavior of each single fish will be determined by vector Y. 

 

3.1.1. Preying Behavior Model:  Assume that the current status of the i-th artificial fish 

has been denoted by Xi, and its food density is Yi. Selecting a status Xj randomly in i-th 

artificial fish perception range, and its food density has been denoted by Yj. If Yj > Yi, the 

artificial fishes will make a step forward to Xj, else the model will select other status Xq 

randomly, and then determine whether the moving condition has been satisfied. Let 

trynumber be the maximum number of tests, and if the moving condition still can not be 

satisfied when the test number reaches to trynumber by the above step, the i-th artificial 

fish will move one step randomly. 

The preying behavior can be expressed by function prey which has been shown in 

formula (5). 
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where, Rand() is a random number between 0 to 1, and variable step is the preset step 

size. 

 

3.1.2. Swarming Behavior Model:  Let nf be the number of artificial fishes which are in 

the perception domain of i-th fish which has been denoted by Xi, and Yc be the food 

density in the center position Xc. Let   be the preset crowded degree factor, which can 

control the swarm density and avoid overcrowding of artificial fishes. If Yi <Yc  and 

fn

N
  have been satisfied at the same time, it means that the center of fish swarm is not 

crowded, and there is enough food in the center position, and the artificial fishes will 

move one step toward the center position Xc, else do the preying behavior shown in the 

above. The swarming behavior can be indicated by function swarm which has been 

shown in formula (6). 
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3.1.3. Chasing Behavior Model: If a fish has found plenty of food, other fishes will 

follow it, this is chasing behavior. By searching the adjacent areas, the artificial fish Xmax 

with maximum food density will be found and the food density will be denoted by Ymax. If 

Yi<Ymax  and 
fn

N
 , then the searching will move one step toward the direction of the 

maximum objection function value, else do preying behavior as the above. Chasing 

behavior can be described by the function chase shown in formula (7). 
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3.1.4. Bulletin Board: Bulletin board is used to record the optimal status of the single 

artificial fish. Every artificial fish updates its own position constantly according to the 

three behaviors shown in the above, and then compares its current status with bulletin 

board. If its own status is superior to the current status in bulletin board, the bulletin board 

will be rewritten with the new artificial fishes’ status. In this way, it can ensure that the 

optimal status will always be recorded in the bulletin board. 

 

3.2. Cultural Algorithm 

Cultural algorithm was proposed firstly by Reynolds in 1994 [10]. The main idea of 

this algorithm is to simulate the procedure of cultural evolution and to get the knowledge 

for solving some problem from population evolution process. This knowledge is also 

called ‘belief’, which will be used to guide the search process. The general framework 

model of cultural algorithm has been given in the Figure 1. From the Figure 1, the 

structure of cultural algorithm is composed of two parts, one is the population space, and 

the other is belief space. 

 

Belief Space
Update

 Population Space
Selection Function Objection Function

Adoption 

operation

Influence

operation

 

 Figure 1.  Basic Framework of Cultural Algorithm 

Generally, elite individuals in the lower population space have been contributed to the 

upper belief space, and the belief space also evolves its own elites individuals, which will 

influence or control the population space in turn. Because of the double evolution 

structure features of cultural algorithm, it makes the swarm be able to evolve with a fast 

speed, and show the better global optimization performance in searching process [11, 12]. 

In the lower population space, the individual will firstly evolve according with belief 

knowledge rules. According to evolutionary situation, the elite individual information will 

be extracted by adoption operation, and then update the status in the belief space. The 

population evolution will take on by influence operation according to the extracted belief 

knowledge, thus the population space and belief space will be interacted with each other 

[13]. In the cultural algorithm, a kind of multi-evolution computational model has been 

provided, and any evolution processes which meet the requirement of cultural algorithm 

can be implanted into the cultural algorithm structure. That is the cultural evolution 

process in population and belief spaces. 

 

4. Subcarrier Allocation Algorithm with CE-AFS  

The main idea of the CE-AFS algorithm is to make use of the structure model of 

cultural algorithm to establish the main lower population space of artificial fish swarm 

and upper belief upper space, it will make original artificial fish swarm form the 

convective searching character [14]. The global optimal solution will be obtained by 

updating the bulletin board and objection function values in the process of the improved 
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artificial fish evolution. This double circular evolution structure comes from adoption 

operation and influence operation between the artificial fish population space and belief 

space, which will keep the acceptable knowledge and abandon unacceptable knowledge, 

and then obtain the best global search value and searching performance [15]. 

CE-AFS algorithm has been introduced to solve adaptive subcarrier allocation problem 

in OFDM system. The generated random vectors have been set as the initial scheme of 

subcarrier allocation, and the objective function is the obtained maximum transmission 

rate of the system which has been shown in formula (3). Through iterative operation, an 

optimal subcarrier allocation scheme can be obtained. By the iterative operation, it can get 

the maximum value of the objective function and maximize the total transmission rate of 

OFDM system. The implementation steps of CE-AFS algorithm have been shown in the 

following. 

Step (1):  Subcarrier Pre-allocation. Assume that K is the number of users in OFDM 

system, N is the number of subcarriers which are distributed in the whole system 

frequency band. Let M be the per-set population scale. Use N M - dimension random 

vectors to express the initial artificial fish swarm, and the elements in the vector is a 

number between 1 to N. In order to ensure the fairness among the users, the number of 

subcarriers which had been allocated to each user should be proportional to the bit 

number which the user transmitted, that is M1:M2:…:MK=R1:R2:…:RK. The elements 1~M1 

should be assigned to the first user, and the elements (M1+1)~(M1+M2) should be assigned 

to the second user,  and so on, until all N elements have been assigned to all users. For 

example, assume that the vector is [3,9,1,5,6,10,2,8,31,19,7,… ], if the number of 

subcarriers allocated to the 1
st
 user is M1, and M1=4, it means that the subcarriers 3,9,1,5 

are assigned to the 1
st
 user. In the same way, if M2=5, it means that the subcarriers 

6,10,2,8,31 are assigned to the 2
nd

 user, and so on.  When MM
K

k

k 
1

, the rest subcarriers 

are allocated to the users in good channel condition, until all the subcarriers are assigned 

completely. 

Step (2):  Space Initialization. Firstly, determine the population space of CE-

AFS algorithm. According to the subcarrier allocation method shown in step1, N 

artificial fish individuals will be generated randomly, and then form the initial 

artificial fish swarm. Each artificial fish individual represents a subcarrier allocation 

scheme. After setting the parameters of step size step and crowded degree factor  , 

calculate and compare the fitness values for each artificial fish in the initial swarm, 

and then select the optimal status and assign the updating prey, swarm and chase 

function values into the bulletin board. Secondly, build the belief space of CE-AFS 

algorithm. The process of subcarrier allocation in belief space is same as the one in 

the population space.  However, the difference is that the scale of the elite 

individuals in belief space should be only 30% of the total population scale. 

Step (3): Adoption Operation. For the cultural evolution process in population 

space, let acceptstep be the running time of adoption operation, and use the individual 

with the maximum current global objective function value in population space to replace 

the one with minimum objective function value in belief space. 

Step (4):  Influence Operation. In the cultural evolution process of belief space, 

let Influencestep be the running time of influence operation, and use the individuals 

with superior adaptive values in belief space to replace those unfit adaptive values 

individuals in population space. The replacement process has been shown in formula 

(8).  

1 2

endstep currentstep
Inflencestep Q Q

endstep


                                         (8) 

where endstep is the preset maximum evolution generation value of artificial fish 

swarm, and currentstep is the current evolution generation value. Q1 and Q2 are 
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constants, and those will be set to 15 and 100 respectively according to reference 

[14]. 

In the initial stage of cultural evolution algorithm, the belief space has a slight 

effect on the population space. Calculate the objective function value of each 

artificial fish, and then compare with these values of other artificial fish. According 

to the objective function value, each artificial fish will choose whether to perform 

the preying, swarming or chasing behavior. Meanwhile, the artificial fishes 

constantly update their locations and the optimal status is always recorded on the 

bulletin board.  

 Step (5): The Global Optimal Value Selection. At the end of each iteration 

operation, the objective function value of each artificial fish will be compared with the 

value on the bulletin board. If the objective function value is superior to the one on 

bulletin board, then the values on bulletin board will be replaced by the current objective 

function value, otherwise, the values on bulletin board will remain unchanged. When the 

iteration time reaches to the given maximum value, the global optimal value selection 

process will be terminated, otherwise, repeat the above steps (3-5) until the termination 

condition has been satisfied. 

Step (6): Result Output. The final record on the bulletin board is the global optimal 

value, and the corresponding output is the required optimal subcarrier allocation scheme. 

 

5. Simulation and Result Analysis  

To test the proposed CE-AFS algorithm performance, the total transmission rate and 

average transmission rate at different number of users by CE-AFS algorithm have been 

analyzed in the following, and these properties have also been compared with those by 

original AFS algorithm and Shen algorithm which bases on proportional fairness criterion 

respectively. The simulation parameters have been set as follows.  

Assume that the channel is Rayleigh fading channel, the maximum Doppler 

frequency shift is 15Hz, and the power spectral density of AGWN is -80dBW/Hz. 

Let the frequency bandwidth of OFDM system be 1MHz, and the total transmission 

power is 1W. Set the maximum iteration time is 160, trynumber is 5, acceptstep is 

10, and the step size step=2. Assume that the population size is M=30, and crowded 

degree factor 2.0 . 

When the number of subcarriers is 64, 128, 256 respectively, the computation 

time of AFS and CE-AFS algorithms has been listed in the table1.  From table1, it 

can be found that the average computation time of CE-AFS algorithm is less than 

the one of AFS algorithm when the number of subcarrier is same, it means that 

computation complexity of the proposed CE-AFS algorithm has been reduced 

observably. The total transmission rate curves of Shen, AFS and CE-AFS algorithms 

in 4-user OFDM system have been shown in figure2 with the same transmitting bit 

information. 

Table 1. Computation Time Comparison between Afs and Ce-Afs Algorithms 

                                  N=64                                       N=128                                        N=256 

    NO                  AFS/ms          CE-AFS/ms         AFS/ms        CE-AFS/ms          AFS/ms        CE-

AFS/ms 

1 24.341 9.452 42.547 19.464 71.852 38.987 

2 22.158 10.589 40.331 17.652 75.871 35.468 

3 20.229 11.115 45.875 21.776 69.421 34.898 

4 19.889 9.332 47.221 16.252 74.763 37.284 

5 17.775 12.479 49.436 20.023 76.447 40.565 

6 26.545 8.226 44.769 21.338 73.495 33.343 

7 17.982 14.692 41.548 22.325 78.692 43.562 
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8 25.693 10.448 47.884 24.885 70.226 41.853 

9 18.464 15.231 43.625 20.764 77.962 35.794 

10 19.539 8.221 50.256 25.683 79.641 36.679 

AFS iteration time:  N=64,  21.2615ms  ;    N=128,  45.3519ms  ;     N=256,   74.8370ms 

CE-AFS iteration time:  N=64,  10.9785ms ;     N=128,  21.0162ms  ;     N=256,   37.8433ms 

 

From the Figure 2, it can be seen that the three algorithms all can find the optimal 

value within 80 generations, and the CE-AFS algorithm has the fastest searching 

speed, however, when increasing the iteration times, it can be found that  the 

differences of searching speed is not obvious with the three algorithms. 
 

0 50 100 150
0

5

10

15

Iterative times

T
o

ta
l 

tr
an

sm
is

si
o

n
 r

at
e（

b
it

/s
）

 

 

CE-AFS

AFS

Shen

 

Figure 2. Relationship Curve of Iteration Times and Total Transmission Rate 
(N=128, K=4) 

Figure 3 has shown the comparison charts of total transmission rate by the three 

algorithms in the case of 8 users. The variation trend of total transmission rates is 

similar to that in Figure 2. From the Figure 2 and Figure 3, it can be found that both 

CE-AFS and AFS algorithms are better than Shen algorithm in searching speeds, 

and the searching process of CE-AFS algorithm has been completed within 70 

generations, it is faster than Shen algorithm which is nearly to 120 generations. 

Because of the introduction of cultural evolution method into original AFS 

algorithm, the CE-AFS algorithm has excellent convergence speed and obtains the 

global optimal value with the least number of iterations, especially in the large 

number of users system. Moreover, under the condition of the fixed number of users 

and iteration times, the total transmission rate of the CE-AFS algorithm is the 

largest in the three algorithms, and it also conforms to the RA rule. 

 

0 50 100 150
0

5

10

15

Iterative times

T
o

ta
l 

tr
an

sm
is

si
o

n
 r

at
e（

b
it

/s
）

 

 

CE-AFS

AFS

Shen

 

Figure 3. Relation Curve of Iteration Times and Total Transmission Rate 
(N=128, K=8)  
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With the different number of users, compare the average transmission rates of 

each user of the three algorithms in the figure4 when the maximum iteration time is 

160. From the Figure 4, it can be seen that with the increase of the number of users, 

the average transmission rate of each user has been declined. Regardless of the 

number of users is 4,8, or 12, the average transmission rate of each user in CE-AFS 

algorithm is the highest compared with the other two algorithms, thus, it means that 

the searching ability of CE-AFS algorithm is superior to the other two methods. The 

advantage of quick search and convergence capability of CE-AFS algorithm is very 

obvious, especially in the large of number of users OFDM system. For example, the 

average transmission rate of each user in CE-AFS algorithm compared with Shen 

algorithm is increased about 10.1% when the number of users is 4,  and in the same 

way, it is increased about 19.3% and 51.6% when the number of users is 8 and 12 

respectively. 

 

4 6 8 10 12
0

1

2

3

4

Number of users

A
v

er
ag

e 
tr

an
sm

is
si

o
n

 r
at

e 
(b

it
/s

)

 

 

CE-AFS

AFS

Shen

 

Figure 4. Comparison Curves on Average Transmission Rate In Different 
Number of Users System 

6. Conclusion  

A new CE-AFS algorithm has been proposed in this paper, which introduces the 

cultural evolution method into traditional AFS algorithm. It benefits to improve the 

global search ability of original AFS algorithm for the subcarrier allocation in 

multi-user OFDM system. Simulation results show that CE-AFS algorithm has 

faster convergence speed and stronger global search ability, and at the same time, it 

only needs fewer iteration times to get optimal subcarrier allocation scheme 

compared with original AFS algorithm and Shen algorithm, and it also can improve 

the total transmission rate. 
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