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With the development of the information technology, the network traffic problem has been more and more 
attention. The network forecasting problems are related to the control effect of the network traffic. In order to 
forecast the network traffic better, this paper combines the ant colony algorithm with the grey algorithm and 
proposes the IAC-GRAY algorithm. The algorithm applies on the optimal grey model parameters of the ant 
colony algorithm. And it improves the prediction accuracy. The experiment of this paper has achieved the 
good results. And it shows the effectiveness of the proposed algorithm. 

1. Introduction 

Due to the high burst and the randomness of the network service, control the network traffic becomes an 
effective method to solve the network congestion. Use the network and provide the better service quality 
becomes the increasingly concerned question (Yan Zhao et al. (2015)). 
There were many scholars studying the network traffic. Due to the better adaptive learning of the neural 
network and the nonlinear approximation ability, Jing Ming and other people applied the neural network to 
predict the network traffic. The wavelet transform could be used to analyze the traffic data in the multi scales. 
Zhao Qigang, Li Dandan and Wang Peng combined the wavelet theory with the artificial neural network 
theory. And they applied the wavelet neural network to the network traffic forecasting and achieved the good 
results. In 2013, Dong-Chul Park applied the Bilinear recurrent neural network to predict the network traffic. 
The results showed that the method can reduce half of the training time and the forecasting accuracy was 
improved. Bao Rong Chang, Hsiu Fen Tsai (2009) proposed a novel hybrid method which combing adaptive 
neuro-fuzzy inference system (ANFIS) with nonlinear generalized autoregressive conditional 
heteroscedasticity (NGARCH). The model can improve the efficiency of the site management for 20%. 
 In this paper, we combine the ant colony with the grey model. We use the ant colony to optimize the 
parameters of the grey model. And we propose an improved algorithm of IAC-Gray method. Then, we apply 
the algorithm to predict the network traffic. The structure of this paper is as follows. The first part is the 
introduction. The second part is the ant colony algorithm. In this part, we introduce the ant colony algorithm. 
The third part is the improved IAC-Gray algorithm. In this part, we combine the ant colony algorithm with the 
grey model. Then we propose the improved IAC-Gray algorithm. The fourth part is the experiment and the last 
part is the conclusion.  

2. The ant colony algorithm 

The description of the ant colony algorithm is as follows (Udayraj et al. (2015), N.K. Sreeja, A. Sankar (2015)). 
We put n  ants into a city randomly. In the initial time, the amount of the information on each path is equal. We 

set ( )  ij t Q  ( Q ) as a constant. During the movement process, the ants determine their own transferred 

direction according to the amount of the information in each path. We use the taboo table TB to express the 
memory function of the ants. It records the cities that the ants walk through. The city set will change by the 
taboo table. During the continuous movement of the ant colony, the intensity of the pheromone will change. 

During the search of each ant, we calculate the state transfer probability ijP  of the ants by the heuristic 
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function and the amount of the information. At t  time, the state transfer probability ijP  of the ant changes 

from the element city to the element city. We can calculate by the formula. 
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  is the information elicitation factor.   is the expected heuristic factor. After one ant selects a city or 
completes a cycle of the city, the residual information in the path is needed to be updated (Ping Wang, Hui -
Tang Lin, Tzy-Shiah Wang (2015), Mohamed M.S et al. (2015)). The amount of the information can be 
calculated by the following formula.  
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  expresses the residual coefficient of the pheromone. The reflected degree among the ants can be 

reflected. (1 )  expresses the pheromone volatilization between t  and t n .  ij  is the amount of the 

information in the path. That is the incremental sum of the pheromone for all of the ants from the path i  to the 
path j  (Vali Tawosi et al. (2015)).  

3. IAC-Gray algorithm 

The grey system model is a model which reveals the continuous development process of the system. 
Therefore, the model of the gray model is described by the differential equations. Among them, the most 
typical is (1,1)GM  model (Mingyue Zhao et al. (2015), Muhammad Saad Memon, Young Hae Lee, Sonia 
Irshad Mari (2015), Yu-Xia Jiang et al. (2015)). In this paper, we adopt the improved ant colony algorithm to 
estimate the parameters ,a b  and   of (1,1)GM  model. 
We call the algorithm as IAC-Gray algorithm (Improved Ant Colony Gray algorithm). The concrete steps of the 
algorithm are as follows. 
The first step is to select the number of the ants. 
The second step is to estimate the range of values of the parameters ,a b  and  . 

min max a ax a x
, min max b bx b x

, min max  x x
 

Among them, 
minx  and 

maxx  is the lower and upper limit of the variable values.  

The third step is to divide the interval. We assume that the interval of each parameter is divided into M . The 
rectangular coordinate system which takes ,a b  and   as the coordinate axis is divided into the matrix of 

 M M M . The coordinate of each small box is the coordinate of the position for each ant. 

max min max min max min
min min min( , , ) ( , , )

  
     

 a a b b
i j p a b

x x x x x x
a b x i x j x p

M M M
 

Where, , , 1,2, , .i j p M  
The fourth step is as follows. At the beginning, the pheromone concentration in the matrix is equal and is the 
constant. The pheromone concentration is zero and the initial position is assigned randomly.  
The fifth step is to calculate the position ( , , )i j pa b

 
of the ant and the corresponding target value objD . 

The target value is the average relative error function.  
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In all ants, the ant that the target value is the smallest is the best ant. Then, the minimum value is. 
The sixth step is to update the pheromone concentration. The principle is as follows. The better the target 
value is, the stronger that the pheromone concentration is. The updated formula is as follows. 

( 1) (1 ) ( ) ( )      ijp ijp ijpt t  

  is the information residual coefficient. ( )  ij  is the information pheromone that the ants leave in the cycle 

path (i, j) . 
The definition is  

1
( )  ijp

bestf

. 

Where, 
bestf  is the objective value of the global optimal solution or the local optimal solution. 

The seventh step is the ant foraging rules. Each ant finds the food in the sense of the perception. The ants 
select the walking direction according to the concentration of the pheromone. The stronger the concentration 
of the pheromone is, the bigger the probability that the ant selects is. The probability formula is as follows. 
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Where,   and   are the information elicitation factor and the expected heuristic factor.  
The eighth step is to judgment whether the optimal ant achieves the required accuracy or achieves the 
maximum number of the iterations. If it achieves the requirement, it will output the optimal objective function 
value and the optimal decision position. If it does not achieve, it returns to the fifth step. 
The flow chart of the IAC-Gray algorithm is as follows. 
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Figure 1: The flow chart of the IAC-Gray algorithm 

4. The numerical Experiment 

In this paper, we use IAC-Gray algorithm to predict the traffic of the campus network. We select the network 
traffic of 8 days. Among them, the network traffic of the first 6 days is as the training set, and he network traffic 
of the last 2 days is as the prediction set. The experimental data for the prediction set is shown as follows. The 
time interval is 3 hours. 
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Table 1: The training set data 

Time 
sequence Network traffic Time sequence Network traffic Time sequence Network traffic 

1 2.13 17 2.11 33 2.21 

2 5.65 18 5.45 34 5.97 

3 13.12 19 12.98 34 14.23 

4 15.17 20 14.34 36 15.70 

5 11.21 21 11.08 37 12.04 

6 17.34 22 15.43 38 18.31 

7 14.13 23 13.58 39 15.31 

8 4.13 24 4.05 40 4.88 

9 2.08 25 2.15 41 2.10 

10 5.71 26 5.77 42 5.66 

11 12.11 27 13.56 43 13.14 

12 14.25 28 15.64 44 15.27 

13 11.34 29 11.62 45 11.23 

14 17.21 30 17.89 46 17.51 

15 13.99 31 14.50 47 14.20 

16 4.21 32 4.76 48 4.11 

We take the data of the training set into the IAC-Gray algorithm and we get the forecasting value. Then, we 
compare the forecasting value with the actual value.  

Table 2: The comparison between the forecasting value and the actual value 

Time 
sequence 

Actual 
network traffic 

Forecasting 
network traffic 

Time 
sequence 

Actual 
network traffic 

Forecasting 
network traffic 

49 2.14 2.25 57 2.23 2.31 

50 5.21 5.31 58 5.34 5.33 

51 15.43 14.78 59 14.75 14.89 

52 16.25 16.03 60 17.76 17.43 

53 13.98 14.56 61 14.98 16.01 

54 10.77 10.40 62 12.87 11.32 

55 13.65 13.71 63 12.49 12.97 

56 4.89 4.54 64 4.77 4.56 

 
From the forecasting results, we can see that the IAC-Gray algorithm achieves the good results and it shows 
that the method is effectiveness. 

5. Conclusions 

The occurrence of the internet has brought the great convenience to people’s daily work and the study. 

However, if we do not interfere with the network traffic, it will produce the network congestion and the network 
paralysis. In order to change the chaotic situation, we need to control the network traffic. According to the 
traffic forecasting technology, we can get the relevant changes of the network traffic. Then, we can provide a 
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reference for the network traffic. This paper applies the ant colony algorithm to optimize the gray model. Then, 
this paper proposes an improved IAC-Gray algorithm.  
The main work of this paper is as follows. Firstly, we introduce the development status of the network traffic 
forecasting. Secondly, we introduce the basic knowledge of the ant colony and the gray model. Thirdly, we 
propose the improved IAC-Gray method. The experiment shows that the method has the higher forecasting 
accuracy and it is an effective network traffic prediction model. 

References 

Abdulkader M.M.S., Gajpal Y., El Mekkawy T.Y., 2015. Hybridized ant colony algorithm for the Multi 
Compartment Vehicle Routing Problem [J]. Applied Soft Computing, 37. 196-203. doi: 
10.1016/j.asoc.2015.08.020. 

Chang B.R., Tsai H.F., 2009. Novel hybrid approach to data-packet-flow prediction for improving network 
traffic analysis [J], Applied Soft Computing, 9(3), 1177-1183. doi: 10.1016/j.asoc.2009.03.003 

Jiang Y.X., Liu Y.S., Ying G.G., Wang H.W., Liang Y.Q., Chen X.W., 2015. A new tool for assessing sediment 
quality based on the Weight of Evidence approach and grey TOPSIS [J]. Science of The Total 
Environment, 537. 369-376. 

Jing M., Wu C.M., Zhang M., Hu D.M., 2009. Research on the comparison of time series models for network 
traffic prediction [J]. Acta Electronica Sinica, 37(11), 2353-2358. 

Li D.D., Zhang R.T., Wang C.X., Xiao D.P., 2011. A new network traffic prediction model based on ant colony 
algorithm in cognitive networks [J]. 10.2245-2250. 

Memon M.S., Lee Y.H., Mari S.I., 2015. Group multi-criteria supplier selection using combined grey systems 
theory and uncertainty theory [J]. Expert Systems with Applications, (21). 7951-7959 

Park D.C., 2013. Structure optimization of BiLinear Recurrent Neural Networks and its application to Ethernet 
network traffic prediction [J], Information Sciences, 237(10), 18-28. doi: 10.1016/j.ins.2009.10.005. 

Raj U., Mulani K., Talukdar P., Das A., Alagirusamy R., 2015. Performance analysis and feasibility study of ant 
colony optimization, particle swarm optimization and cuckoo search algorithms for inverse heat transfer 
problems [J]. International Journal of Heat and Mass Transfer, 89. 359-378, doi: 
10.1016/j.ijheatmasstransfer. 

Sreeja N.K., Sankar A., 2015. Ant colony optimization based binary search for efficient point pattern matching 
in images [J]. European Journal of Operational Research, 246, (1), 154-169, doi: 
10.1016/j.ejor.2015.04.012 

Tawosi V., Jalili S., Hasheminejad S.M.H., 2015. Automated software design using ant colony optimization 
with semantic network support [J]. Journal of Systems and Software.109. . 1-17. doi: 
10.1016/j.jss.2015.06.067 

Wang P., Lin H.T., Wang T.S., 2016. An improved ant colony system algorithm for solving the IP traceback 
problem [J]. Information Sciences, 326, 172-187. doi: 10.1016/j.ins.2015.07.006 

Wang P., Liu Y., 2008. Network traffic prediction based on improved BP wavelet neural network [A]. Wireless 
Communications, Networking and Mobile Computing [C]. Dalian, China, 1-5.  

Zhao M.Y., Zhao D.Z., Jiang Z.X., Cui D.M., Li J., Shi X.Y., 2015. The gray prediction GM (1,1) model in traffic 
forecast application [J]. Mathematical Modeling and Engineering Problems, 2(1): 17-20. 

Zhao Q.G., Fang X.M., Li Q.Z., 2005. WNN-based NGN traffic prediction [A]. Proc ISADS 2005 [C]. Chengdu, 
China. 230-234 

Zhao Y., Feng C.Y., Yang J., Wang L.M., 2015. Literature Review of Network Public Opinion about the E-
Commerce [J]. Review of Computer Engineering Studies. 2(2): 30-35. 

1302




