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Abstract

The traditional research of routing algorithm doesn’t consider the influence to the environment of the network that result in the after-effect, the decision-making of the router induces to the influence, moreover the random factors are enhanced unilaterally, and ignore exist of the certainy rule. However, complex adaptive system theory is a new alternative for research on the after-effect and the certainy rule in the network.

This article tries to adopt complex adaptive system theory and method to analyze the paradox in the routing algorithm and its evocable after-effect problem in the computer network, and indicate that the after-effect problem is a represent of the typical characteristic in the complex system—counteract characteristic. In order to explain the problem clearly, we give out the routing algorithm named RSPA(Real Shortest Path Algorithm )which use the simple two-order differential time sequence to forecast the routing cost and to construct the routing table.
1. intelligent routing algorithm 

in the past, the research of intelligent routing algorithm mainly has two ways: the collective intelligence and the AntNet.
1.1 collective intelligence
The field of Collective Intelligence(COIN) is concerned with the central design problem for collectives: how can one set utility functions for the individual agents in a COIN so that the overall cost achieves large values of the provided world utility. In the algorithm we give two utility function, the individual utility function and the world function. The algorithm study two aspects: how to make two utility function unanimous; how to depict the world function.

The collective intelligence routing algorithm has many different projects, but the base method is that estimate the after-effect of each routing nodes in the local whole from the range of the after time and space. The estimate of after-effect bases on the computing of world utility. On the other hand, each algorithm emphasize different design method, and the process of deduction is complex, we won’t introduce here.

The important work of collective intelligence consist in the algorithm clearly bring forward that the key problem of routing is after-effect, the direction of research is how to solve the suboptimality which is result from the after-effect in the ISPA algorithm. In the process of solving after-effect, the collective intelligence try to employ the deduction of mathematic to compute the total cost, and the algorithm use finity time-space to estimate infinity time-space, that is, the information is not intact.

1.2 antnet algorithm 

Antnet algorithm is a new routing algorithm in communication network. The algorithm is adaptive, distributed, based on the moving agent. The algorithm is from the reality ant, real ants have been shown to be able to find shortest paths using as only information the pheromone trail deposited by other ants.

There is two agent in antnet, one is forward ant, another is back ant. The two kinds have same structure, but their degree is different in the network, they can apperceive different input and produce different independency output.

The behavior of forward ant is simple, it explores the collectivity instance leading to destination node. The central work of back ant algorithm result with dealing with the direction probability, but the problem is whether the individual rule based on statistic difference proofread consistents with the latent order of the whole utility, in detail, the antnet algorithm doesn’t account for the estimate to after-effect.

The main problem of collective intelligence is how to make coherence between individual behaves and whole utility, and make sure of individual behaves influence whole system least. In the algorithm, a useful conception, about after-effect which means a intelligence’s current optimization bring on later suboptimality in the progress of whole system or relative intelligences, was brought up. In the progress of solving after-effect ,it tries to use arithmetic deduction to compute the total cost. But the algorithm exerts finity time-space to estimate infinity time-space, so the information is not integrity. It is one limitation of this algorithm.

In antnet, ant as agent, its individual behavior is proofreading direction probability  based on the current cost of neighbor nodes. Antnet adopts direction statistics to close individual behavior rules in current whole static, which has total statistics effect in theory.  Conception of intelligence was used, but it can not solve the problem of after-effect because it does not use complex system’s after-effect analysis.

2.2 After-effect

Adopting the complex system theory and thought way, we can bring forward clearly the conception of after-effect: in the multi-arrangement, multi-entity, multi-orientation, multi-phase optimization process, the interference and impact effect among the decision made by entities in the after time and space is the after-effect of the decision made by entities.

In the complex adaptive system theory, the basic conception is emergence. In fact, in the ISPA routing algorithm, routing decision made by individual agent is according to optimizing the private utility. Based on the conception of cooperate, their total utility should be the optimal. In the information alternation routing process, after-effect occur because of the transmission of the network information have multi-period in later time, multi-input in space, across   among multi-destination and multi-arrangement. The phenomena of information conflict in middle node result in the private utility sub-optimal and the total utility decreasing, which shows the total utility optimal emergence are blocked.

In the process,, we can observe clearly the corporation and block effect in the complex adaptive system characteristic. The analysis of after-effect only show one aspect of block effect, but suggest us thinking the nature in deeper.

From the relationship between the corporation and block effect, the block effect of after-effect and corporation effect of emergence are the a pair of latent rule. The method of solving the problem should not be solved in part from after-effect but be considered completely the nature of after-effect. Only based on the theory and method of complex system and the analysis of network information transmission nature, after-effect problem can be solved radically.

2.3 Intelligent routing algorithm modeling 

2.3.1modeling analysis

From the point of view of complex system theory, the performance of the complicacy in network is the random, nonlinear, and large-scale. We must adopt the point of actual environment to analyze. This article merely discusses the randomicity.

Concerning the describing of randomicity and the assumption in  collective intelligence and antnet routing algorithm, the object are packets waiting to be sent, the source node, destination node and the length of packets are random completely.

We consider the practicality and rationality of the assumption according to the basic principle of complex adaptive system modeling. From the point of view of actual circumstance, the assumption root in the signal processing from analog signals to digital signals. Because of the rapid development, the communication method in telecommunication network is that the communication between source node and destination node are always in the same channel. But the digital communication breaks the limitation, it numbers the digital signal to packets with serial numbers at first, then send the packets to destination node one by one in turn. The destination node connects the packets in sequence number after receiving the packets with no error. The key point of the high-efficiency of digitization is that packets sent from source to destination needn’t in the same channel but to optimize the path freely according to private utility themselves.

The digitization process that scattering the information and sending the digital packets independently, can adapt the network circumstance preferablely, make use of the imbalance of the network load, increase the total efficiency of network.

Agents which act as routers, make routing decisions according to the principle of digital communication. They work together. Digitization technology do improve the efficiency and the quality of communication form the point of view of the network system.

The problem is that the assumption hasn’t adapt to the present situation of the network. The main object of current communication has developed from simple shorter data transmission to big video frequency and audio frequency signal transmission. The digitization process of audio frequency signal has more certain factor than shorter data grouping. In detail, audio frequency and video frequency grouping have bigger relativity in time and destination node. The assumption of randomicity based simple data transmission grouping has omitted the certain factor of the space and time relationship about the video frequency and audio frequency. In another word ,this assumption has extended the randomicity of the real audio and video frequency’s transmission.

   Designing and constructing group intelligent routing algorithm, constructing the effective way to solve after-effect based on the emphasize assumption of the simple data transmission is not reasonable. Because the after effect function oneself has the close relation to the time and space of information pack sent from the node.  Actually, the after-effect used as the continuous relationship information pack of the time and space can behave the certain factor about the continuous relationship of time and space. That is to say, the prediction and estimate to the historic data contains the after effect of the continuous relationship.

   For the after-effect, the usefulness mechanism analysis of the prediction and estimation can be beneficial to decelerate baffling function from the network route.

   In a word, cooperation and baffling is the typical characteristics of the complex adaptive system. In the one hand, the digital process introduced above is an express of the network cooperation, in the other hand,  the routing algorithm constructed from the digital process mechanism conotates the latent rules baffling the improvement of the efficiency of the network. In this opinion, the after effect of the network is one of the facts of digital process baffling the improvement of the efficiency of the network.

   Complex system can analysis the baffling effect based the assumption of the data packets grouping. The problem is how to construct effective estimation algorithm to test the analysis of after-effect. 

2.3.2 Intelligent routing algorithm modeling

   Based on the point of reality modeling of the complex system theory, at the source node according to the relationship of time and space, packets are sent one by one. Because of the intersecting of time and destination, the information transmission makes the relationship complex. But the relationship occur in the transformation of the node load, the randomicity decreased and the certain factor increased. In another words, adopting the forecasting algorithm will increase the total utility.

   From the point of view of after-effect, supposing that several packets which is conjoint in time are sent to the same destination, the after-effect of the routing decision made by the former packet is reflected by the current and the last historical load data in the latter time at the nodes in network. In fact, when the load randomicity decreases at nodes, forecasting the after-effect according to historical (including current) data is based on the reality. That is to say, the after-effect and the certain factor in the network are correlative.

   The optimal nature of the antnet routing algorithm is the after-effect. Each ant makes decision according to the probability of former trail. The probability is the after-effect. Therefore the antnet routing algorithm is the algorithm based on the after-effect. But it didn’t bring forward the conception of after-effect clearly. The COIN and the antnet solve the same problem but are the two different algorithms.

     COIN algorithm and antnet routing algorithm attempt to include the effects of the historical and current routing information. We adopt a different algorithm that also includes the effects of the historical and current routing information to analyze the implicit regularity , then further proves the validity of inclument of the current and historical date.

   During the establishment of our model, we attempt to relieve the orthodox phenomenon presented in COIN through the current and historical routing information involved for route choice.

   The formula that uses the current and historical routing information is as follows:
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   where, 
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 is the cost of data parcel at time t. The cost can be the number of data parcels or the delays of the data parcels in the queues. 
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 is the expected cost after the effects of the current and historical routing information considered. 

  By use of this algorithm to estimate the cost, we, here, attempt to prove the validity of this algorithm. Through the choice of coefficient, we hope this algorithm can further optimize the throughput of the network , then prove that our model is better than ISPA.

   For the problem of randomicity of the network, neuro net and genetic algorithms work well. Our algorithm can’t handle well non-lineal problem, but it’s a good start to research the regularities hidden in the networks. The random regularities can be futural research direction.
3.the implementation of the intelligent routing algorithm

   For the convenience of our research, we choose a hexagon network topology. On the OMNET++ platform, the topology constructed through GNED compiler is as follows.
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     figure3.1 the network topology       figure3.2 the lower-level structure which orthodox occurs                  of each node

   Figure3.1 displays a typical network with hexagon topology in which there are three computers that generate data parcels periodically, routers that route the data parcels to their respective destinations, and dhost that is the final node to which all data parcels are routed. Figure 3.2 displays the lower-level structure. Every computer and router in this network have this kind of lower-level structure. Gen sends the parcels generated by itself to the queues of the source. Sink processes the parcels accepted by this node.

   During the implementation of the model, the main actions of router and computer is included in method activity(). The flowgram of the activity() is as follows.
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  figure3.3 the flowgram of the activity()

4.artificial experiment and analysis of the simulation resultes     
In order to analyze the implicit regularities of the network, we do some simulation experiments on the hexagon topology network described above. The simulation results are as follows.
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figure4.1 the total number of the sent     figure4.2 the number of the data 

data parcel                           parcel  past node4
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figure4.3the number of the data   figure4.4the number of the data
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figure4.5the number of the data parcel past node7
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         figure4.6 the simulation               figure4.7the simulation 
of results ISPA                       results of RSPA

The simulation results of the RSPA are displayed from figure4.1 to figure4.5, where we choose a=0.7. From figure figure4.1 and figure4.6, we can see that the original data senters generate and send 150 data parcels altogether that are routed through router4 and router5 towards the destination according to the routing information provided by the router4 and router5. That’s to say, there are actually two paths towards the destination node. The number of data parcels pass through router4 and router5 are respectively 85 and 65 according to the figure4.2 and figure4.3. From the above statistics, we can draw a conclusion that there are no data parcels lost in router4 and router5. They are respectively saved in the queues of the router4 and the router5. Then based on the routing information passed from the router6 and the router7, they are sent to the next router nodes towards the destination node. The number of the data parcel arrived in router6 and router7 is respectively 79 and 71, displayed in figure4.4 and figure4.5. There is no data parcels lost in these two intermediate router nodes. The simulation results sufficiently prove that the routes are chosen based on the routing information of current and past time that are used to estimate the next nodes’ condition through our routing algorithm. Our routing algorithm works well, given the effects of the current and traditional routing information. Data parcels, instead, are diverged through router6 and router7 not as all are routed through router7 towards the destination node under ISPA algorithm that’s what we above mentioned about the orthodox phenomenon. The reason that orthodox phenomenon occurs is that we don’t consider the effects on the whole network caused by each routing decision. That’s to say, without the futural effects on the whole network caused by the current routing decision considered, the congestion occurs so that the cost of the whole network rises. However, after RSPA used, the data parcels are digressed from the router7 so that the congestion in router7 node is relieved. Altogether, without the current and traditional routing information considered, though the respective node can get optimal, the cost of the whole network rises. While with the effects of the traditional and current routing information on the whole network considered, though the single node may not be optimal, the whole cost of the network is optimal.

This conclusion is displayed in the figure4.6 and figure4.7 that are respectively the simulation results of ISPA and RSPA. The time cost approximates 13 simulation time in ISPA, while it’s just about 4 simulation time in RSPA. It’s proven that RSPA algorithm is better than ISPA. 

The simulation experiment on the orthodox phenomenon proves the validity and correctness of our algorighm with the effects of the current and tradition routing information considered for route choice.

 The simulation results correspond to our purposes. It proves the validity of our RSPA algorithm. The implicit regularity of the network is yet futher to be analyzed. Especially, the presented RSPA algorithm is yet to be handled in more details.
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