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Abstract Green networking has become a issue to reduce energy wastes and CO2 emission by
adding energy managing mechanism to wired data networks. Energy consumption of the overall
wired data networks is driven by access networks, expect for end devices. However, on a
global scale, it is more difficult to manage centrally energy, measure and model the real
energy use and energy savings potential of the access networks. This paper presented the
multiple linear regression model to predict energy consumption of wired access networks using
supervised learning of machine learning with data collected by existing investigated materials,
actual measured values and results of many models. In addition, this work optimized the
performance of it by various experiments and predict energy consumption of wired access
networks. The performance evaluation of the regression model was achieved by well-knowned
evaluation metrics.
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Table 1. Parameters of the estimation model of
energy consumption in access networks[6]
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Notation Meaning
The number of local network areas
n )
to be estimated
t A year to be estimated
to A base year
AE.o(Dons Energy consumption of the global
access network in the year t
Energy consumption used by the
Rueiltlgau | local residential network i in the
year t
Eo(ons Energy. consumptiorj .used by the local
enterprise network i in the year t
E0 Total energy consumption used by

the local network area i in the year t
The share of energy consumption
Bi(t) used by buildings in the local
network area i in the year t

The share of the access network

PUE anet equipment of energy consumption
used by the building
The share of the residential access
r network  equipment  of  energy
consumption used by the building
The share of the enterprise access
e network  equipment  of  energy

consumption used by the building
The level of development ans use
Wi of network equipment in the local
access network i

the annual growth rate of the
B energy consumption of wired access
network equipment
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Table 2. Explanatory variables of the regression model

Notation Meaning
Access network area’s the total energy
NAE )
consumption
Fixed-telephone subscriptions per 100
FTS ) )
inhabitants
MCS ‘Mobn‘efcellular subscriptions  per 100
inhabitants
UB Internet  bandwidth Bit/s per Internet
user
PHC Percentage of households with
computer
PHA Percentage of households with Internet
access
PIl Percentage of individuals using the
Internet
Fixed-broadband subscriptions per 100
FBS ) )
inhabitants
Mobile broadband subscriptions per 100
MBS ) )
inhabitants
ICTS ICT use skills
The level of development ans use of
NDI access network equipment in  the
network area
The share of energy consumption
BT used by buildings in the access
network area
The share of the access network
RT equipment of energy consumption
used by the building
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statsmodels 259 o5 IHAEA BES o]-85to AW I vA= Ao] fonlsittal & 4
BT 0.58 0.55 0.59 0.017 0.34 034 0.061 0.62 0.55 057 0.57 -1.3e-17 coef std err t P>m [0025 0975]
FBS- 0.58 0.85 0.73 0.26 0.64 0.48 0.18 0.94 0.88 0.87 0.88 -9.6e-17 BT 16507 0121 13.622 0.000 1.413 1.888
FIS- 055 085 075 0.24 044 043 017 087 0.75 078 076 | -3.3e17 FBS -0.0054 0.005 -1.173 0.241 -0.014 0.004
cTs- 059 073 075 0093 046 053 016 086 072 077 077 42e17 FTS 0.0019 0.002 0.500 0368 -0.002 0066
B - 0017 0.26 024 0,093 02 0.18 0019 024 023 022 022 6.4e18 JELS, eRaR Ugs ey g08s L Sy
MBS - 0.34 0.64 0.44 0.46 02 061 013 0.66 0.74 0.68 0.69 -7.5e-16 S 1 1505 G220 MBS il Salelf
MBS 00027 0000 5697 0000 0002 0004
MCs 0.34 0.48 0.43 053 0.18 0.61 0.017 0.61 0.62 0.63 0.64 1.9e-16 MCS 00016 0,000 4798 0000 0.002 o001
NAE 0.061 018 017 0.16 -0.019 013 0.017 017 0.16 0.16 015 -1.5e-18 NAE 0.0014 229e-05 62560 0.000 0.001 0.001
NDI - 0.62 0.94 0.87 0.86 0.24 0.66 0.61 017 095 0.96 0.96 7.4e-17 NDI 0.0515 0.101 0.508 0.611 -0.147 0.250
PHA- 055 0.88 0.75 072 023 074 0,62 0.16 0.95 095 | 6.9e-17 PHA -0.0030 0.002 -1.415 0.157 -0.007 0.001
PHC- 057 087 078 077 022 068 063 016 096 095 | 97e17 PHC  2.98e-05 0002 0.014 0989 -0.004 0.004
Pl 057 0.88 0.76 0.77 0.22 0.69 0.64 0.15 0.96 0.95 0.95 8.7e-17 P Lt [ Ui Jot g 0.005
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Fig. 1. (a) Correlations of Explanatory variables, (b) Regression coefficients and p-values
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Table 3. Evaluation metrics of the regression models

model model model model
1 2 3 4
The number of
Explanatory 13 7 6 7
variables
R? 0.698 0.697 0.697 0.697
MSE 0.3186 | 0.3196 | 0.3207 0.3196
RMSE 0.5644 | 0.5653 | 0.5663 0.5653
AIC 27186 | 226257 | 2262.92 | 2262.57
MAE 0.1774 | 0.1769 | 0.1754 0.1769

coef std err t P=[t| [0.025 0.975]
NAE 00014 221e-05 63.378 0.000 0.001 0.001

BT 13811 0.105 13.116 0.000 1175 1.588
ICTS -0.0256 0.007 -3.652 0.000 -0.039 -0.012
MBS 00018 0000 4877 0000 0001 0003
MCS  -0.0011 0.000 -4.109 0.000 -0.002 -0.001
FTS 00026 0001 2452 0014 0001 0.005

FBS -0.0028 0.002 -1.52% 0.126 -0.006 0.001

O8 3. model 42| HEH=0] p-values
Fig. 3. p—values of model4
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