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Abstract 

Reducing energy consumption has also become an important way to reduce 

expenditures and increase revenue for ISP. For solving the problem of dynamically 

changing network-flow of virtual network in runtime, we first analyze relations and 

differences between virtual network and IP network on energy-saving issues. We secondly 

model the makeup of energy consumption in virtual network, and determine the object of 

energy-saving in virtual network at. Finally we propose the solutions to this energy-

saving problem. The solutions can be described as follows: (1) based on the historical 

data of daily network-flow, we divide one day into two time slices, and one is called idle 

time slice, the other is called busy time slice; (2) we design the dynamic switch-off 

algorithm and run it at the beginning of idle time slice, and we use former algorithms to 

be started at the beginning of busy time slice; (3) in the dynamic switch-off algorithm we 

determine the method to select virtual networks and the method to remap; (4) we apply 

roulette wheel to select virtual networks, in the selection method we consider both current 

influences on energy-saving and influences in the future. Simulation results show that the 

dynamic switch-off algorithm can effectively select virtual networks, and the whole 

solution performs well in energy aware virtual network in runtime. 
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1. Introduction 

With the rising electricity costs, Internet Service Providers (ISP) is aware of the 

importance of energy management. The Internet was designed for the peak load and has 

ensured the constant pattern of network operation, which leads to low resource utilization. 

Statistically, the average link utilization of large ISP’s Internet backbone network is from 

30% to 40% [1]. Low utilization causes the waste of energy, so it is important to reduce 

cost for ISP. Therefore, the energy-saving problem in network is becoming more and 

more popular in academia [2][3]. According to relevant research, energy consumption 

costs have accounted for about 12% to 20% of the total costs in data center, and it 

accounts for 40% to 50% of running costs [4-6].  

Network virtualization is the key to solve the problem of network rigid, and it makes 

energy aware mapping possible. There are a lot of valuable research on energy aware 

virtual network mapping [7-11]. In this paper we consider energy-saving virtual network 
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operation. The number of network resource demands fluctuates widely in a day. If we no 

longer change the mapping results after the deployment of virtual networks, the operation 

of virtual networks will cause great waste of energy.  

We propose energy-saving algorithm to get corresponding topology in each time slice. 

In this paper, we put forward a novel method, named energy-saving in virtual network 

operation based on divided time slice (ESVNO-DTS), to solve the problems above. 

The rest of this paper is organized as follows. In section 2, we introduce the relations 

and differences between virtual network and IP network on energy-saving issues. The 

ESVNO-DTS algorithm is discussed in section 3. The simulation and analysis are 

presented in section 4. In section 5, we give the conclusions. 

 

2. Comparison between Virtual Network and IP Network 

Virtual network is a new type of network architecture. There are some relations 

between virtual network and Internet: the demands of network traffic in different network 

architecture are the same. Here, we substitute the demands of network traffic in IP 

network for the demands of network traffic in virtual network. 

 

 

Figure 1. Daily Network-Flow Fluctuations of IP Network by Statistics of 
Amsterdam in the Netherlands 

Figure 1 shows daily network-flow fluctuations of IP network by statistics of 

Amsterdam in the Netherlands [12]. Comparing the chart of different network-flow 

fluctuations in different days, we can see that the daily network-flow fluctuations are 

similar. By this variation rule, we can divide a day into multiple time slices and design the 

network topology within each time slice to save energy as much as possible. Because of 

the different network realization mechanism, there are fundamentally differences in the 

problem of energy-saving between IP network and virtual network. 

Firstly, each type of service is corresponding to one virtual network in virtual network, 

and each virtual network occupies a part of the physical network. If there is no arrive or 

depart event in the physical network during runtime, this part is relatively fixed. The 

scope of each virtual network flow is limited while the scope of IP network flow is the 

entire network. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Virtual Network Embedding 
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Moreover, the resources that each virtual network occupies can be overlapping, as 

shown in figure 2. There can be zero, one or many virtual networks embedded in one 

physical node (or one physical link). The amount of network-flow on the physical node 

(or the physical link) is determined by multiple virtual networks which are embedded on 

the node (or the link). It has no direct relations with the overall network traffic. 

 

3. ESVNO-DTS  

The objective and constraints of energy-saving model are the same as [13]. 

 

3.1 The Whole Process of ESVNO-DTS 

For reducing dynamic changes as much as possible, we divide one day into two time 

slices. One is the busy time slice, and the other is the idle time slice. Because the 

fluctuations of daily network-flow rate are not completely the same, so we can not foretell 

the division moment, but rather adaptively change the division moment according to the 

actual flow fluctuations. The methods for division are outlined as follows: (1) we set 

 1  as a threshold for time slice division, which can be determined by the historical 

data ( the determination method of  is described in section 4); (2) we determine if it is in 

the down phase by historical network-flow curve, and we determine if the value of current 

network-flow is less than times of peak value of historical flow, if this is the case, we 

run the dynamic switch-off algorithm which will be discussed in next sections; (3) we 

determine if it is in the up phase by historical network-flow curve, and we determine if the 

value of current network-flow is more than  times of the peak value of historical flow, if 

this is the case, we reassign the original virtual network mapping results.  

The process of ESVNO-DTS is described as follows: 

Algorithm 1 ESVNO-DTS (energy-saving in virtual network operation based on 

divided time slice) 

input：
sG ,

vG ,f 

output：f 

While 1 do 

   If in the night && in the historical flow decline phrase && the value of current 

network flow <= times of peak value of data fitting flow chart(described in section 4) 

then 

     f’’=f;//save current mapping results 

     All virtual network requests topology unchanged， the amount of requested 

resource is set to times of the original requests，then get 
'vG ; 

     f=dynamicswitch-off (f, 
sG ,

'vG ); 

   End if 

   If in the daytime && in the historical flow rising phrase && the value of current 

flow >= times of the peak value of data fitting flow chart(described in section 4)  then 

     f=f’’;//reassign the original mapping results  

   End if 

End while 
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The key to the algorithm lies in the design method of dynamic switch-off algorithm. 

We will discuss this issue in the next sections. 

 

3.2 Dynamic switch-off Algorithm 

 

3.2.1 Whole Process of Dynamic Switch-off Algorithm: When the requested resources 

of current virtual networks decrease to   times of the original requested resources, the 

activated resources are relatively redundant to the current need of resources. The virtual 

networks should be selectively remapped to make the resources more concentrated. If the 

remapping unit is virtual link, changes will be limited, so we select the virtual network as the 

mapping unit. 

The whole process of dynamic switch-off algorithm is shown as follows: 

FUNCTION dynamicswitch-off(f, 
sG ,

vG ): 

Do 

    Set roulette probability 
rouletteP1 ,

rouletteP2 ,…,   

roulette

request
P

of mapped virtual 

networks ; 

    Create random number ran; 

    If 
roulette
i

roulette
i pranp 1   then select virtual network i ;  end if 

    release virtual network i ; 

    Remap virtual network i using the former energy-aware virtual network 

embedding algorithm to get f’ ; 

until the remapping results have not been changed for successive two times 

Return f’; 

It is important to note that we may repeatedly select the same virtual network, which 

may leads to early exit. In order to avoid this, we should record the IDs of selected virtual 

networks, and these virtual networks should be no longer involved in the selection 

process. 

Next, we will discuss the method of selecting the virtual networks. 

3.2.1 The Selection Method:  The roulette wheel selection probability of each virtual 

network can only be get from the angle of released device number. Virtual networks which can 

release more resources have a higher possibility of being selected. Such is a greedy algorithm. 

In order to save energy much more efficiently, we should amplify the selection possibility of 

the virtual networks which may release more resources in the next few steps. We design the 

method as follows: (1)sort each physical device by the number of virtual networks it bears in 

descending order; (2) each physical device is endowed with a weight which is determined by 

its serial number; (3)add the weights of physical devices on which the virtual network is 

embedded together. Next, we analyze the roulette wheel selection probability of each virtual 

network. 

The 
ivl

linkR
 denotes physical link release effect of virtual link ivl , the effect is 

computed by the weight of the physical link on the path: 





length

j
sl

vl
link j

i OR
1

                                                                                                                   (1) 
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The jsl  denotes the jth physical link of the physical path sl on which virtual link ivl  

is embedded; the length  denotes the length of the physical path sl; the jsl
O

denotes the 

weight of physical link jsl . 

Analogously，the 
ivl

nodeforwardingR
denotes forwarding node release effect of virtual link 

ivl , the effect is computed by the weight of the forwarding node on the physical path: 







1

1

length

j
sn

vl
nodeforwarding j

i OR                                                                                                (2) 

The jsn  denotes the jth physical forwarding node on the physical path sl on which 

virtual link ivl  is embedded; the jsn
O

denotes the weight of physical forwarding node 

jsn . 

The
ivn
hostnodeR  denotes release effect of virtual node ivn which is computed by the 

weight number of the physical node on which virtual node ivn  is embedded: 

ivn

i
sn

vn
hostnode OR                                                                                                                 (3) 

The ivn
sn

denotes the physical node on which virtual node ivn is embedded; The 

ivn
snO

denotes the weight of physical node ivn
sn

. 

Define the release effect of a virtual network: 






vl

i
lblinkn

vl

i

vl
nodeforwardingb

vn

i

vn
hostnode

request RRRR ii

111

                     (4) 

The 
vn

 denotes the total number of virtual nodes in the virtual network; the 
vl

 

denotes the total number of virtual links in the virtual network; the b , n  and lb  

denotes correlation coefficient. 

We can obtain Roulette probability of the virtual network by the release effects of all 

the virtual networks: 





quest

j

request
j

request
iroulette

i

R

R
P

Re

1

                                                                                                (5) 

The 
questRe

 denotes the total number of embedded virtual networks. 

 

4. Evaluation 

 
4.1 Experimental Setting 

This experiment is performed on the computer which has 4G memory and 3.4GHz 

Pentium 4 CPU. The topologies of substrate network and virtual networks are generated 

by GT-ITM [13]. The substrate network is composed of 100 nodes and 570 links. The 

physical nodes connect to each other with a probability of 0.5. The weights (resources) on 

the nodes as well as links are uniformly distributed between 50 and 100. There are 400 

virtual networks. Similarly, Nodes in the virtual networks vary from 2 to 10 connected to 

each other with a probability of 0.5. The weights (resources) on the virtual nodes are 

uniformly distributed between 0 and 10. The weights (resources) on the virtual links are 
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uniformly distributed between 0 and 5. The arrival time follows Poisson distribution 

which reach 5 requests on average of 100 time units, and the lasting time of virtual 

network requests follows exponent distribution in which  is set to 1000.   

We initially select operation state after 30 virtual networks are mapped. We select it 

every 20 arrived virtual networks afterwards. 

17:00-5:00 is identified as the night, and 5:00-17:00 is identified as the day time. One 

day is divided into two time slices as shown in figure 3. 

In accord with references [14][15], the values of  si
b NiP   are the same, so are 

mP , nP  and lbP . Finally we take the ratio of the values. Namely, the values of 

bP , lP , nP and lbP  are respectively set to 1.5,1.5,6.8 and 1.  

We simulate the virtual network mapping phrase and the virtual network runtime 

phrase. We simulate virtual network mapping phrase by SP algorithm [16]. In the virtual 

network runtime phrase, we compare the proposed algorithm with the EMSRN algorithm 

[17]. 

 

4.2 Determine the Value of   

We select the multiple data fitting flow graph as analysis data. The graph is shown in 

figure 3. 

Figure 3. The Flow Graph Attained by Multi-Data Fitting 

We get the values from the graph, and show them in Table 1. 

Table 1. the Value of   and the Corresponding Values 

 (According to Figure 3) 

The value 

of   

Dividing 

point of 

network-

flow 

Idle time 

slice  

The length of idle 

time slice(minutes) 

The length of busy 

time slice(minutes) 

40% 300 2:40-8:00 320 1120 

45% 337.5 2:00-8:30 390 1050 

50% 375 1:40-9:10 450 990 

55% 412.5 0:50-9:40 530 910 

60% 450 0:40-10:10 570 870 

65% 487.5 0:25-11:40 675 765 

70% 525 0:10-13:00 770 670 
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4.3 Different energy-saving effects 

Firstly, we simulate the process ESVNO-DTS, and observe energy-saving effects 

under different values of  .  

The table 1 presents little correlation between energy-saving effects and the value of 
 . So we use the network-flow graph retained by multi-data fitting to determine the best 

value of  . 

We define the total amount of energy consumption in a day: 

2211 ETETEoneday                                                                                                     (6) 

The T1 denotes the length of idle time slice, and the T2 denotes the length of busy time 

slice. The E1 denotes the value of energy consumption per unit in idle time slice. The E2 

denotes the value of energy consumption per unit in busy time slice. 

Total energy consumption of a day can be computed by formula (6). Figure 4 shows 

total energy consumption of one day under different number of mapped virtual networks 

and different value of the  .  

 

 

Figure 4. The Front View of Total Energy Consumption of One Day 

In order to get the energy-saving effects for each value of  , we define the average 

amount of energy-saving: 

                                                                                                                                            

                                                                            (7) 

 

The 
 iE DTS-ESVNO  denotes the total energy consumption of one day using ESVNO-DTS 

while the mapped virtual networks ID is i; the 
 i

spE  denotes the total energy 

consumption of a day without energy-saving while the mapped virtual networks ID is i. 

We define the average degree of energy-saving: 

 
      

7

/
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                                                           (8) 

We get table 2 according to formula (7) and formula (8). 
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Table 2. The Average Amount and Average Degree of Energy-Saving in One 
Day under Different Values of    

The value of   α=0.4 α=0.45 α=0.5 α=0.55 α=0.6 α=0.65 α=0.7 

Average amount of 

energy-saving 
152459.43 183500.57 203509.29 229471.07 238146 281344.82 299926 

Average degree of 

energy-saving 
9.545% 11.542% 12.930% 14.666% 15.115% 17.872% 18.878% 

The experiment results show us that the best value of   is 0.7. So, it is set to 0.7 in the 

subsequent experiments. 

 

4.4 Energy Consumption when  = 0.7 

Physical network is composed of three kind of devices which include physical host 

nodes, physical forwarding nodes and physical links.The number of activated devices and 

the utilization of host nodes directly determine the energy saving effects. Figures 5, 6, 7, 8 

show the energy saving situation in idle time slice when the value of   is 0.7. 

 

 

Figure 5. Energy Consumption per Unit 

 

Figure 6. The Number of Activated Physical Host Nodes 

 

Figure 7. The Number of Activated Physical forwarding Nodes 

 

Figure 8. The Number of Activated Physical Links 
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It can be observed that ESVNO-DTS algorithm performs a significant advantage on the 

activated physical host nodes and activated physical forwarding nodes, and it also has a 

clear advantage on the energy consumption per unit. 

 

5. Conclusions 

We presented a model for the energy-aware virtual network operation problem, and we 

designed energy-saving method by divided time slice. Experiments show that the 

proposed algorithm has good performance on energy-saving problem in the operation of 

virtual networks. 
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