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S.A. Nesterenko, J.S. Nesterenko. Costs evaluation methodic of energy efficient computer network reengineering. A key direction 

of modern computer networks reengineering is their transfer to a new energy-saving technology IEEE 802.3az. To make a reasoned decision 

about the transition to the new technology is needed a technique that allows network engineers to answer the question about the economic 

feasibility of a network upgrade. Aim: The aim of this research is development of methodic for calculating the cost-effectiveness of energy-

efficient computer network reengineering. Materials and Methods: The methodic uses analytical models for calculating power consumption 

of a computer network port operating in IEEE 802.3 standard and energy-efficient mode of IEEE 802.3az standard. For frame transmission 

time calculation in the communication channel used the queuing model. To determine the values of the network operation parameters     

proposed to use multiagent network monitoring method. Results: The methodic allows calculating the economic impact of a computer   
network transfer to energy-saving technology IEEE 802.3az. To determine the network performance parameters proposed to use network 

SNMP monitoring systems based on RMON MIB agents. 

Keywords: IEEE 802.3az standard, analytical models, network port power consumption, SNMP-manager, RMON MIB agent. 

 

Introduction. The incoming of the IEEE 802.3az energy efficiency standards  Energy          

Efficient Ethernet (EEE) [1], which has a low power mode and the appearance of a large number of 

communication devices and network interface cards that support this standard, formed one of the main 

trends of reengineering of modern computer networks (CN) associated with the transition to new  en-

ergy-saving IEEE 802.3az technology. In order to make a reasoned decision about the transition to the 

new technology requires a methodic that enables network engineers to answer the question about the 

economic feasibility of CN modernization. 

Analysis of known publications on the field of EEE shows that most of them are devoted to study 

of the effectiveness of different switching modes from the active channel state (Active) to a state with 

low power consumption (Low Power Idle  LPI) [2…5] These works are used complex simulation or 

analytical models that required for calculating special modeling systems, and have rather theoretical 

than practical nature. There are a number of works devoted to the practical study of communication 

devices (CD) and network interface cards (NIC) of certain manufacturers [6…8]. However, in these 

studies there are no models and calculation methodic and the results are meaningful only for certain 

CD or NIC types. 

The aim of this research is development of methodic for calculating the cost-effectiveness of en-

ergy-efficient computer network reengineering. The methodic and instrumental tools, allowing    ob-

taining traffic parameters for real networks, which are used in the calculation models, was proposed. 
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Materials and Methods. The ownership cost of IEEE 802.3 standard communication networks. 

Calculation of communication network power consumption is carried at the level of each its port. In 

this article a network communication ports defined as switch and router ports or network interface 

cards through which the subscribers are connected to the network. Obviously, any wired link contains 

two ports and power consumption in a channel is defined as the sum of consumption in each of its 

ports. Power consumed by the communication network is 

 
1 1

,
i j

N M

C CD NIC

i j

P P P
 

    

where  
C

P   power consumed by the communication network,  

  
iCD

P   power consumed by the i-th port of communication device,  

  
jNIC

P   power consumed by the j-th network interface card (subscriber port of CN),   

  N  number of ports in the communication network,  

  M  number of network interface cards in a communication network. 

We will call wired channel IEEE 802.3 mode  as the standard operation mode. Then the power 

consumed by the port in the standard operation mode will be equal to [3] 
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where   power consumed by the port in the active state,  

 P  power consumed in pause state,  

 
i

U   i-th port loading. 

Expression (1) is a power consumption model of the port working at IEEE 802.3 standard opera-

tion mode. 

The i-th port loading is defined as 
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where  
i

   the average intensity of incoming frames per port,  

  
T i

T   average frame transmission time via i-th port. 

Given the assumption of simplest frames flow in a channel and exponential distribution of their 

service time the average frame transmission time via i-th port 
iT

T may be expressed as 
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where  
 iTR

T  frame transaction time over physical channel of i-th port,  

  
iS

L   average size of the transmitted frames through the i-th port,   

  
P

L   minimum pause size between frames equal to 96 bytes [1], 

   
iC

V   transmission rate over physical channel of i-th port. 

The amount of energy    S

i
Q consumed by i-th port in standard mode during time T is expressed as 

 
S S

i i
Q P T .  

The amount of energy 
S

Q  consumed by M-input CD operating in the standard mode during time 

T, can be written as 
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Maintenance cost of CD working in IEEE 802.3 standard mode during time T is equal to 
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 S S

kW
C Q C ,  

where kW  cost of 1 kW / hour of electricity. 

If the communication network includes L CD, to which are connected N subscribers, the amount 

of energy consumed during time T working in standard mode   S

CN
Q , expressed in the following form  
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where  
i

S

CD
Q   amount of energy consumed by i-th CD operating in standard mode during time T,  

  
j

S

NIC
Q   amount of energy consumed by the j-th NIC operating in standard mode during time T. 

Cost of maintenance of the communication network operating in IEEE 802.3 standard mode  S

CN
C

during time T will be equal to  

 S S

CN CN kW
C Q C .  

The ownership cost of IEEE 802.3az standard communications network. In IEEE 802.3az     

standard frame transmission time depends on in which channel state frame arrives [1]. Let us consider 

the situation of IEEE 802.3az standard implementations for 100 and 1000 Mbps/s. If the frame comes 

into an active state or when the channel is in transition to a low power state, the frame transmission 

time is minimum and equal to  
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If the frame comes in a low power state, the initially is a transition duration  
 W

T  to active state, and 

then performed the frame transmission. Obviously, in this case will be the maximum transmission time 

 max min

 
.

T T W
T T T   

Then the average frame transmission time can be represented as 

 min max

1 2

avr

T T T
T T P T P   ,  

where  1  probability of the next frame arrival at the time of previous frame transmission when the 

channel is active or in the time before the completion phase 
S

T , when the channel has not had time to 

switch to a low power state,  

  2  probability of the opposite event. 

Under the assumption that time intervals between the arrival of frames distributed over Poisson 

law probabilities P1 and P2 will be equal to 
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Loading the i-th switch port Ui operating in EEE mode can be written as 

 .
i

avr

i i T
U T   

The power consumed by the i-th port in EEE mode will be equal 

 [ ( )1 ], EEE

i A i LPI i
P PU P U    (2) 

where 
LPI

P   power consumption in a low power state LPI [1]. 

Expression (2) is the power consumption model of a network port working on standard IEEE 

802.3az in EEE mode. 

To verify the adequacy of the model were compared the data of port power consumption obtained 

using the model and experimental data given in [7]. Analysis shows that the error of calculation using 

the proposed model is not more than 8 % over the whole range of port loadings. 
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The amount of energy EEE

i
Q  consumed by i-th port in EEE mode, during time T is expressed as 

 EEE EEE

i i
Q P T .  

The amount of energy EEE

CD
Q  consumed by the N-input CD operating in EEE mode during time T, 

can be written as 
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If the communication network includes L CD, to which is connected N subscribers, the amount of 

consumed energy during the time T working in EEE mode expressed in the form 
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where  
i

EEE

CD
Q   amount of consumed energy by the i-th CD operating in the EEE mode during time T,   

  
j

EEE

NIC
Q   amount of consumed energy by j-th NIC operating in EEE mode during time T. 

Cost of maintenance of the communication network working in the IEEE 802.3az standard in 

EEE mode EEE

C
C during time T is equal to 

 EEE EEE

C C kW
C Q C .  

Economic efficiency calculation of computer network EEE reengineering. The total cost savings EEE

T
C

associated with the operation of upgraded network in EEE mode during period of time T is equal to   

 (  ).EEE S EEE

T kW C C
C C Q Q   (3) 

Payback term 
P

T  of energy-efficient CN modernization, associated with buying L CD and N NIC 

operating in EEE standard, can be expressed as 
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where  
i

EEE

CD
C   cost of i-th CD operating in the EEE standard,  

  
j

EEE

NIC
C   cost of j-th NIC operating in EEE standard. 

Obviously, the expression (3) and (4) can be used to calculate the cost-effectiveness and costs 

payback period of EEE modernization as a whole CN and any of it fragments. 

Results. For the calculations of energy efficiency modernization in a real network it is necessary 

to determine the values of four parameters that are present in the models (1) and (2). These are the 

power consumed by the port in the active state , the power consumed in the pause state P, the    

average intensity of transmission frames  and the average frames size LS. These parameters must be 

defined for each port of CN. 

The values of power  and P are determined based on the passport data of the maximum max 

and minimum min power of CD or NIC consumption. Maximum power consumption corresponds to 

the situation when all CD ports loaded by 100% and the minimum – when ports loading is equal to 

0%. Consequently, for the CD containing N ports  and P values are calculated for the port as a 

 max min,     .P

P P
P P

N N
   

It is obvious that the NIC value of  and P are defined as  

max min
,     .PP P P P   
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To carry out the measurement of values  and LS it 

suggested to use one of the standard network monitoring 

SNMP-systems [9]. Examples of such systems are Aggre-

Gate Network Manager, Zabbix, Nagios, etc. These systems 

operate under the agent-manager scheme [10]. Manager 

located on one of the network servers. As an SNMP-agents 

used RMON MIB agents, which are located at communica-

tion equipment (Fig. 1).  

To calculate the average values of  and LS manager 

via SNMP protocol periodically polls the values of the   

corresponding table of the RMON MIB database for each 

CD port. To calculate the average frame rate is read out 

values of Statistics group, namely value of the parameter 

etherStatsPkts, which characterizes the total number of 

packets received at this port. Then the average frame rate 

value for the port is equal to 

i 1 i
 λ  ,

Δ
K K

T

 
  

where 
1

,  
i i

K K   — number of frames received by the port, respectively, at the beginning and end of the 

measurement period ΔT . 

To calculate the average size of transmitted frames is read out values of Statistics group, namely 

value of the parameter etherStatsOctet, which characterizes the total number of bytes received at this 

port. Then, the average value of the transmitted frames size in the investigated port is equal to  

 1

1

  ,i i

S

i i

B B
L

K K









 

where 
i i 1
,  B B   — number of bytes received by port, respectively, at the beginning and the end of the 

measurement period ΔT . 

Thus reading the values of only two parameters from the RMON MIB base for each port allows 

calculating the average values of the intensity and frame sizes for all CN ports. Using the built -in    

capabilities of network SNMP-monitors for data processing we can regulate the frequency of RMON 

MIB parameters poll and calculate the average values of  and LS for any work interval of CN.  

Conclusion. In the paper presents simple analytical models for calculation the power port      

consumption operating in IEEE 802.3 standard mode and low-power mode EEE. Verification of     

obtained models shows that they have sufficient accuracy for engineering calculations of power     

consumption for the CN communication systems. The paper presents the analytical dependences allow 

to calculate the economic effect from the communications network transfer to the EEE technology. 

The methodic allows calculating the parameters of the real network which are used in the models of 

power consumption calculation. As an instrumental tool for collection of CN traffic parameters     

standard SNMP-system of network monitoring was suggested. The analytical dependences allowing 

on the basis of variables from the RMON MIB database calculate parameters for the models of port 

power consumption calculation was proposed. The developed methodic is an effective tool for       

network engineers in decision-making tasks of energy-efficient CN reengineering.  
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