
  

 
Abstract—In the managed self-organization network concept, 
multiple virtual networks are constructed on a single physical 
network. They are controlled with a self-organization mechanism 
based on attractor selection algorithm while the physical resource 
management server arranges resources allocation for the total 
resources optimization. An objective of the self-organization 
mechanism is to keep a high applicability to network changes; it is 
robust but resources utilization is not necessarily optimized. As a 
result, the resource management server cannot know the correct 
states of each virtual network. For extending the applicability of the 
current self-organization mechanism, this paper proposes a novel 
virtual network reconfiguration algorithm by dynamically feeding 
back to the target value of maximum link utilization for attractor 
selection algorithm. We also show the effectiveness through 
extensive simulations. 
Index Terms— Attractor selection, Dynamic reconfiguration, 

Managed self-organization network, Virtual network 

I. INTRODUCTION 

Future network should flexibly deal with the unexpected 
network changes caused by the diversification of the network 
services, and economically accommodate multiple service 
networks. 

We have studied the managed self-organization network [1] 
for satisfying above-mentioned future network requirements. 
One aspect of the managed self-organization network is 
network virtualization; single physical infrastructure 
accommodates multiple virtual networks (VNs). Each VN 
constructs virtual network topology (VNT) [2] on assigned 
resources to accommodate IP traffic over wavelength-routed 

WDM network. A VNT consists of IP routers and IP logical 
links. A wavelength path established on a physical layer 
corresponds to the IP link on IP layer. By dynamically 
reconfiguring the form of VNT in accordance with traffic 
demands, we can flexibly provide adaptive network to network 
changes. Another is a managed self-organization mechanism; 
each VN controls its network with self-organization mechanism 
while a central physical network (PN) manager arranges the 
resource allocation for each VN to optimize total resource 
utilization. We realize the self-organization behavior by 
attractor selection algorithm [3], which models behaviors where 
living organisms adapt to unknown changes in their 
surrounding environments and recover their conditions. 

To balance a resources allocation in accordance with 
demands of each VN, the PN manager should know the accurate 
state of each VN. The design strategy of the current attractor 
selection algorithm is to achieve robustness; the solution is not 
necessarily optimal but has high applicability to network 
changes. The attractor selection algorithm uses maximum link 
utilization as a control objective, and continues the VNT 
reconfiguration until the algorithm gets the maximum link 
utilization, which drops below a threshold value (e.g., 50%). In 
other words, VNT reconfiguration stops as long as the 
maximum link utilization is less than the threshold, even if it is 
not optimal value. As a result, the PN manager cannot 
understand whether VN utilizes given resources or not, and then 
inaccurate resources reallocation occurs. Algorithms for VNT 
optimization are also proposed [4-6]. However, they require 
end-to-end traffic called traffic matrix while attractor selection 
algorithm only uses the link-by-link traffic. Traffic matrix 
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fluctuates greatly, and accurate measurement is depends on 
traffic distributions [7]. 

In this paper, we extend the applicability of current 
attractor-based algorithm to handle a network optimization 
problem for the managed self-organization network. The key 
idea of our proposal is dynamic threshold reconfiguration 
algorithm. The algorithm restricts a feasible solution space by 
changing the threshold value. If resources are not efficiently 
used, the algorithm gradually reduces the threshold, and 
searches the solution that provides efficient link utilization. 
Inversely, if a behavior of attractor selection is unstable, the 
algorithm increases the threshold for network stabilization. We 
propose two algorithms: sequential search-based, which 
gradually decreases the threshold, and binary search-based. For 
the general search problem, binary search is faster than 
sequential search. On the other hand, the case for applying this 
network optimization problem, the binary search algorithm is 
not necessarily fast and is not stable because the accurate lower 
bound for binary search is unknown. With sequential search, we 
can get about 25% reduction compared to the current algorithm.  

The contributions of our work are the dynamic threshold 
reconfiguration algorithm for attractor selection-based VNT 
control, and demonstration of its effectiveness. For the attractor 
selection algorithm, its applicability is extended to deal with the 
network optimization problem. For the managed 
self-organization network, PN manager get the accurate state of 
each VNs, and stocks more pooled resources for resource 
allocation. 

The rest of the paper is organized as follows. In Section II, we 
describe the concept of managed self-organization network, and 
introduce the attractor selection-based VNT configuration 
algorithm. In Section III, our dynamic threshold reconfiguration 
algorithm and framework are presented. In section IV, we 
present performance evaluation. Finally, we conclude our 
discussion in Section V.  

II. MANAGED SELF-ORGANIZATION NETWORK 

In this section, we firstly introduce the concept of 
self-organization network and a VNT control algorithm based 
on attractor selection [3]. Then, we state our problem. 

A. Overview of Managed Self-organization Network 

The managed self-organization network (Fig. 1) is composed 
of a single PN and multiple VNs, which share the physical 
resource, e.g., optical cross connects, IP routers, fibers, and 
wavelength paths. As control systems, the PN manager 
manages the physical resource allocation to each VN, and the 
VN agent, which is assigned to each VN, controls the 
configuration of VN in accordance with traffic demand. In each 
VN, VNT [2] is constructed by utilizing assigned resources to 
accommodate IP traffic over wavelength-routed WDM network. 
A VNT consists of IP routers and IP logical links. A wavelength 
path, which is established on a physical layer, corresponds to 
the IP link on IP layer. We assume that we accommodate each 
service on the exclusive VN, and a few hundreds of VNs are 
accommodated on the single physical network.  

The key concept of the managed self-organization network is 
that each VN is controlled by self-organization mechanism 
while the PN manager arranges resource allocation to avoid 
instability due to resource contention among VNs. Each VN is 
basically controlled by self-organization mechanism to handle 
unexpected network changes flexibly [3]. On the other hand, to 
control each VN independently causes the resource contention 
because the PN resources are shared with all VNs. To avoid the 
resource contention, the PN manager periodically monitors the 
performance of VNs. If the PN manager detects inadequate 
resource allocation, it re-allocates the resources for improving 
total resource utilization. The resource management model, and 
dynamic resource rearrangement algorithm were proposed in 
[8] and [1], respectively. They are not main scope of this paper. 

B. Self-organization based on Attractor Selection 

In this section, we present a self-organizing mechanism by 
VNT control based on attractor selection [3], which models 
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Fig. 1 Concept of managed self-organization network 



  

behaviors where living organisms adapt to unknown changes in 
their surrounding environments and recover their conditions. 
The fundamental concept underlying attractor selection is that 
the system is driven by stochastic and deterministic behaviors, 
and these are controlled by activity, which is a simple feedback 
of current system conditions. While rule-based heuristic 
approaches cannot handle unexpected environmental changes, 
attractor selection has the capability of adapting to unknown 
changes with stochastic behavior. As one of models for an 
attractor selection, the mechanism for adaptability of a cell, 
which consists of a gene regulatory network and a metabolic 
network, is introduced in [9].  

In the VNT control algorithm with attractor selection [3], the 
gene regulatory network and the metabolic reaction network are 
interpreted as a WDM network and an IP network, respectively. 
As the gene regulatory network in a cell controls the metabolic 
reaction network to adapt to changes in the availability of a 
nutrient outside the cell, the WDM network configures VNTs 
for the IP network to adapt to environmental changes. We place 
genes on all the candidates of feasible lightpaths li and 
expression level of each gene xi determines whether the 
corresponding lightpath is established or not. The dynamics of 

ix  is formulated as follows,  
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The first term at the right hand side represents the 
deterministic behavior and the second term η represents 
stochastic behavior. We use white Gaussian noise whose mean 
value is zero as η as shown in [9,10]. Our method controls the 
deterministic and stochastic behaviors depending on the activity 
α, which expresses the condition of the configured VNT. The 
deterministic behavior controls xi due to the effects of activation 
and inhibition from the other genes. The regulatory matrix ijW  

indicates the relations of activation and inhibition among genes. 
The rate of increase in the expression level is given by the 
sigmoidal regulation function, ))exp(1/(1)( zz   , where 

  indicates the gain parameter of the sigmoid function. The 

range of ix  is [0, 1]. In the case that ix  is higher than a 

threshold 0.5, the lightpath il  is established, otherwise it is not 

established.  
The activity   is the index for the performance of IP 

network and formulated with maximum link utilization maxu  as 

follows, 

))(exp(1 max 





u
,                      (2) 

where  ,  , and   are constant values. The constant value   

specifies the range of activity, [0,  ]. By Eqn. (2), the activity 

rapidly approaches to 0 if umax exceeds a threshold  , and its 

slope is determined by  . When the umax is lower than ζ, i.e., 
the current VNT configuration is suitable for the environment, 
and activity is high, deterministic behavior dominates the VNT 
configurations. When umax is higher than ζ and thus activity is 
low, stochastic behavior dominates over deterministic behavior. 

While stochastic behavior is dominant in controlling VNTs, xi 
fluctuates randomly due to noise and the system searches for a 
new VNT configuration. When the system conditions have 
recovered, deterministic behavior again controls VNTs. These 
two behaviors are controlled by activity. In this way, our 
approach adapts to environmental changes by selecting 
attractors using stochastic behavior, deterministic behavior, and 
activity. 

C. Problem Statement 

The strategy of the current VNT configuration algorithm with 
attractor-selection is to achieve robustness; the solution is not 
necessarily optimal but has high applicability to network 
changes. In other words, VNT reconfiguration stops as long as 
the maximum link utilization maxu  is less than the threshold  , 

even if it is not optimal value. As a result, the PN manager 
cannot understand whether VN utilizes given resources or not, 
and then inaccurate resources reallocation possibly occurs. 

From the above-mentioned observation, our problem 
statement is extending the current attractor selection-based 
VNT configuration algorithm for applying the performance 
optimization problem. Though algorithms for VNT 
optimization have already proposed [4-6], they require the 
end-to-end traffic for optimization, and their computation is 
exhaustive. The advantage of attractor selection-based 
algorithm is only requiring the link-by-link traffic, and its 
lightweight computation. Therefore, our focus is extending the 
applicability of the current attractor selection-based algorithm 
while its advantages are maintained.  

III. ATTRACTOR SELECTION-BASED VIRTUAL NETWORK 

TOPOLOGY CONTROL WITH DYNAMIC THRESHOLD 

RECONFIGURATION 

Our strategy for handling a VNT optimization problem with 
the attractor selection is dynamically changing the threshold 
value  . Changing the threshold value equals to the restriction 

of a feasible solution space. Here, we focus on the relation 
between the activity   and threshold  . Figure 2 illustrates 

the relation between   and maxu  with different  . When 

maxu  approaches to  ,   rapidly approaches to zero. That is, 

target value for maxu  is changed by changing  . Then, by 

changing the   by PN manager, we can control the target value 

for each VN. 
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The Key idea of our algorithm is dynamically changing the 
threshold   based on the current maxu . Figure 3 illustrates an 

overview of our algorithm. With attractor selection-based 
algorithm, VNT reconfiguration stops if current maxu  drops 

below  . If we can get such a VNT solution, we reduce  , and 

search more optimal solution, which achieves lower maxu . 

When we assume that VNT configuration stochastically 
converges by T  times configuration, we judge the solution 
convergence by past N  times measurement of maxu . If 

solution is converged,   is updated to lower value than the 

current maxu . Inversely, if maxu  does not converges constant 

value, our algorithm increases  , and search the solution, 

which realize the stable VNT. Then, we introduce our 
algorithms; sequential search-based algorithm and binary 
search-based algorithm.  

A. Algorithms 

Figure 4 and Fig. 5 are pseudo code for sequential search and 
binary search respectively, and the notation for them is 
illustrated in Tab. I. Each description is a single threshold 
configuration after over T-times configuration with attractor 
selection. If the finish() subroutine is called, alarm is notified to 
PN manager, and dynamic threshold configuration is not 
performed any more.  

In the sequential search-based algorithm (Fig. 4), average and 
variance are checked whether their convergence conditions are 
satisfied; average is below   and variance is also below 

thv (line 1). If above conditions are satisfied, current   and the 

current VNT ( currentVNT ) are saved to stable  and stableVNT  

respectively (line 2, 3). Then, new   is computed by 

subtracting minimum unit m  from the current  . The 

minimum unit is sufficiently-small (e.g., 0.01), and then most 
relaxed restriction is given for next solution search. If above 
conditions (line 1) are not satisfied, recovery to the stable 
conditions is performed (line 5—8). Recovery is performed by 
restoring stable  and  stableVNT  to   and currentVNT . Then, 

threshold configuration finishes by finish() subroutine (line 8).  
Then we describe the binary search-based algorithm using 

Fig. 5. Firstly, flag value, which is used for finish judging, is 

initialized as zero. Then convergence conditions are checked 
(line 2) in the same with sequential one. If convergence is 
finished, binary search for reducing   is performed (line 3—6). 

The current   is saved as prev  (line 3), and new   is set to 

intermediate value between   and bound (line 4). The bound is 

lower limit for binary search, and then it is set to lower value 
than the current    or the current maxu . The finish condition is 

checked using flag value (line 5). If flag is one, threshold 
configuration finishes (line 6).  Then, if convergence conditions 
(line 2) are not satisfied, binary search for increasing   is 

performed (line 8—9). As upper bound, the bound is set to 

prev , which last achieves stable VNT (line 8). Then the new   

is set to intermediate value between bound and   (line 9). 

When once VNT experiences unstable condition, flag value is 
set to one (line 10). If convergence conditions are satisfied in 
the next threshold configuration, it finishes by finish() 
subroutine. This specific finish judgment is for the fast 
convergence of dynamic threshold reconfiguration. 

B. Framework for Applying the Managed Self-organization 
Network 

In the framework of the managed self-organization network, 
PN manager can know the correct state of each VN by 
optimizing the performance (e.g. maximum link utilization) of 
each VN. As a result, PN manager can efficiently allocate 
physical resources with its algorithm [1]. Figure 6 illustrates 
application of our algorithm to the managed self-organization 
framework. In this example, 50% resource utilization is 
desirable considering unexpected demand changes. Before the 
optimization, resource utilization of VN #A and #B is 50%,  and 
it of VN #C is 80%. For reducing utilization of VN #C, PN 
manager should allocate resources to VN #C from the pooled 
resources. If multiple VNs, whose utilization is high such as VN 
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Fig. 3 Overview of dynamic threshold reconfiguration 
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#C, exist, the pooled resources may be exhausted. On the other 
hand, with optimization, PN manager can know that VN #A and 
#B practically use their resources about quarter of allocated 
resources. Therefore, PN manager tears down the allocated 
resources from VN #A and #B, and such resources can be 
allocated for VN #C or pooled one. As a result, resource 
utilization of each VN becomes 50% without reduction of 
pooled resources. In other words, total required resources for 
managing each VN are reduced.  

The dynamic threshold reconfiguration may be performed as 
the same cycle of resource rearrangement [1]. By performing 
the threshold reconfiguration before the resource rearrangement, 
PN manager can know the correct state of each VN. On the 
other hand, each VN is by ordinary controlled with only the 
current self-organization control mechanism. That is, injection 
of our algorithm to the managed self-organization framework 
does not disturb the one of advantages; it is basically controlled 
by the self-organization mechanism. 

IV. PERFORMANCE EVALUATION 

In this section, we demonstrate the effectiveness of our 
dynamic threshold reconfiguration algorithm through computer 
simulation. 

A. Aims and Simulation Condition 

Our aim is to confirm the reduction effect of maximum link 
utilization with our dynamic threshold configuration. We 
compare our algorithm to the current attractor selection 
algorithm [10]. We also evaluate IMLTDA [6] method, which 
requires the traffic matrix, as benchmark of the nearly optimal 
solution. Evaluation indexes are maximum link utilization and a 
number of control cycles for the convergence. A physical 
network topology is European optical network (EON), whose 
number of nodes is 19 and number of links is 39 [3]. Traffic 
matrix model is in accordance with log-normal distribution [11]. 
Parameters for the attractor selection in Eqn. (1), (2) are set to 

20,50,1,0   . Number of attractor is about 50. 

Parameters for the dynamic threshold configuration are set to as 
follows; number of cycles 100T , measurement times 5N , 
minimum unit 01.0m , initial threshold 8.0 , and 

threshold for maximum utilization variance 001.0thv . An 

initial border variable bound for binary search is set to 0 or 0.2.  
The attractor selection algorithm computes first VNT with 
random seed. Then we performed 30-times simulation with 

different random seed, and get the average, minimum, and 
maximum value of maximum link utilization and the number of 
cycles for convergence.  

B. Reduction Effect of Maximum Link Utilization 

Figure 7 shows the transition of maximum link utilization 
with different algorithms. While the performance difference 
between the current attractor selection-based algorithm and 
benchmark method is about 29%, with our algorithm reduces to 
about 4.4%; the attractor selection-based algorithm with our 
dynamic threshold configuration can be applied to the 
optimization problem.  

In terms of reduction effect of maximum link utilization, the 
sequential search-based algorithm is the most efficient solution 
though the binary search is superior to the sequential one in the 
general search problem. This is because that an accurate lower 
bound is unknown In the VNT configuration problem. If we set 
the initial lower bound to enough lower value (e.g., bound=0.0), 
fluctuation range of threshold   becomes large. As a result, an 

extreme restriction is given to the problem; solution space is too 
small or too large. In Fig. 7 (b), bound is set to 0.0, and then the 
first changed threshold ( =0.4) is rather small, and the second 

changed threshold ( =0.6) is too large. As observation, rapid 

descent of threshold causes the unstable state of VNT, and then 
VNT converges under the loose restriction (  =0.6) in next 

solution search. If we increase the initial lower bound 
(bound=0.2), fluctuation range of  threshold   becomes small 

(Fig. 7 (c)). However, the small fluctuation causes the slow 
recovery to the stable VNT when lower threshold is once set. In 
Fig. 7 (c), the second threshold change causes lower threshold 
about 0.35, which is lower than the benchmark value. Then 
binary search tries to increase threshold, but it is gradual. Then, 
the number of cycles for convergence increases. On the 
example of Fig. 7 (c), the number of cycles becomes eight. 

Figure 8 shows the average, minimum, and maximum value 
of maximum link utilization and the number of cycles with 
30-times simulation. In terms of average reduction of maximum 
link utilization, the sequential search gets the best solution. In 
addition, for the minimum value, algorithms excepting binary 
search (bound=0.0) get the value, which drops below the 0.4, 
and it is nearly equals to the solution with the benchmark. It also 
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means that attractor selection has potential to handle the 
optimization problem. On the other hand, the worst case with 
the current attractor selection algorithm causes the high 
maximum link utilization (about 0.78). That is, our dynamic 
threshold reconfiguration is essential for application to the 
optimization problem.  

In terms of the number of cycles, binary search (bound=0.2) 
is the worst, and binary search (bound=0.0) is the best. The 
sequential search gets intermediate solution. As previously 
mentioned, fluctuation range of binary search (bound=0.0) 
becomes large. When the restriction for VNT configuration is 
relaxed, it rapidly converges. Then, this algorithm has 
applicability is for pruning the worst case with minimal iteration 
though it is not for the problem in this paper.  

V. CONCLUDING REMARKS  

This paper proposed a extension of current attractor-based 
algorithm to handle a network optimization problem. With our 
dynamic threshold reconfiguration algorithm, maximum link 
utilization is reduced about 25%. It also means that a flexibility 
for resource rearrangement by management server increases 
under the managed self-organization network. As future works, 
we will evaluate the effectiveness of our algorithm under the 
environment where multiple virtual networks exist. 
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