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Abstract: Data Centre (DC) has becoming a major and important component of a cloud computing to meet up with
the rapid increase in the demand of telecommunication services. However, the cost of maintaining a DC is very high
due to high power consumption of the unit in a telecommunication industry. The situation is further exacerbated in a
country like Nigeria where there is highly unstable power supply from the national grid. Kalman Filter (KF) which
is one of the energy consumption optimization technique through power consumption prediction model used to
reduce the power consumption is characterized with high prediction error due to random selection of KF parameters’
value during the prediction period. Hence, in this paper, Hybridization of KF and GA for power reduction through
accurate power consumption prediction is proposed. Data were collected from Four different servers in Nigeria,
named BSC 13, BSC 14, RNC 05 and RNC 06 using power analyzer, multimeters and thermometer. The historical
assessment of data collected were carried out for the DC for two years (January to December of 2019 and 2020).
The GA was used to obtain best possible values for the KF parameters and KF was then used to predict the future
power consumption value on hourly basis for each day of the week. The proposed PCoKFGA model gave better
performance with accurate prediction, higher power usage effectiveness and lower energy consumption than the
existing KF model. Therefore, the PCOKFGA model proposed would be most useful where accuracy in prediction is
of utmost importance, and for run-time application.

Keywords: Kalman Filter (KF), Genetic Algorithm (GA), Data Centre (DC), Energy Consumption (EC) and Power
Usage Effectiveness (PUE)

1. INTRODUCTION

Data Centre (DC) is a physical infrastructure that houses network servers and energy storage facilities in which
telecommunication companies use for processing, organizing, disseminating and storing large quanta of data in a
cloud computing [1, 2]. Nowadays, telecommunication sector depends majorly on the services, applications and
processed in data centres, making it an important factor in the sector's ability to maintain robust day-to-day
operations [3, 4]. DC has become an essential part of the smart world being the core centre of information
processing and data storage for all telecommunication industries. It is generally associated with high energy
demands which represents a major impact on the power system as well as a high cost of powering data centres [5, 6].
Nowadays, the demand for data related services continues to rise exponentially resulting in continuous increase in
the load demand. However, DC is characterized with high power consumption that result in high cost of maintaining
data centre. Therefore, the installed DC must be intelligent and efficient to ensure system reliability, protection,
robustness by reducing the power consumption [7, 8, 9]. The total energy consumption in DC is further expected to
grow in the coming years because of an increase in data demand. Little reduction in power consumption by a small
percentage will result in a huge amount of savings in the operation cost of data centres [10, 11]. Several algorithms
such as Kalman Filter (KF) have been proposed to optimized the power consumption of DC through power
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consumption predictive model. However, the existing KF algorithm is characterized with high prediction error due
to random selection of KF parameters’ value during the prediction period [12, 13, 14]. Hence, in this paper,
Hybridization of KF and GA for power reduction through accurate power consumption prediction is proposed.

2. METHODOLOGY

2.1. POWER CONSUMPTION OPTIMIZATION USING KF WITH GA

The structure of the proposed model is shown in Fig. 1, the model measures the total traffic inflow for the current
hour (h) and then forwards the value A,.(h) to a logger. The logger supplies the previous hour’s traffic size A, (h —
1) to be multiplied with the value of k representing the current day of the week to estimate the power usage, Pysqge
for the server. The estimated B,,,4, Was forwarded to the power supply controller, which computes the total power
to be consumed by the server in the current hour Ps(h). The process was carried out every five minutes to the next
hour of the day. Power consumption optimization technique using KF with GA technique is named as PCoOKFGA
and the structure for PCoKFGA technique is shown in Fig. 2. The GA optimizer is used to obtain best possible
values for the KF parameters and KF model is used to predict the future power consumption value on hourly basis
for each day of the week.
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2.2. KALMAN FILTER-BASED POWER CONSUMPTION ESTIMATION MODEL

A server’s power consumption at a given time t, Ps,, can be expressed as:
PSt = PSt_1 + at (1)
where Ps,__ is the power consumption as time ¢t — 1 and a, is the variation of power consumption at time t.
The parameters Ps, and a, are referred to as process state and process noise, respectively, in KF terminology. The
measured power consumption at time t, Z;, is expressed as
Zy =Ps, + Db 2)
where b, is the measurement noise. The prediction of power consumption for the next time slot ¢t + 1 is
obtained from the current time slot ¢ as
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ﬁsHl = Apst 3)
where ﬁst is a priori estimate of Ps,
Pg, is a posteriori estimate of Ps,
A is the transition matrix
The state covariance matrix is given as
C~t+1 = AétAT + Q¢ 4
where C is the state noise covariance matrix
Q is the process noise covariance matrix
The next stage is the measurement update which begins as
K, = étHTSt_l (%)
with
S, =HCH" +R, (6)
where K is Kalman gain matrix.
H is design matrix
S is the residual covariance
R is the measurement noise covariance matrix
The process state is corrected as
zfst = P;, + K,(Z, — HP;,) and (7
Cc =1 -KH)C, )]
where Z is the measurement vectors.
The design matrix, H, is a 2x4 matrix such that h;; € {0,1}, and the set of H can be

given as
h h12 h13 h14
H= ( 1 ) 9
hoy hz hay o )
Similarly, the transition matrix, 4, is a 4x4 matrix such that a;; € {0,1}, and the set of 4 is given as
a;; Q12 Q13 Qgg
a a a a
A= 21 22 23 24 (10)

31 A3z (33 03y

Qg1 Quz Q43 Qgg
Furthermore, the measurement noise, R, is a Gaussian random variable with possible value as 0 < R < 1. It is worth
noting that the elements of R have the same value.

2.3 OPTIMIZING THE KF MODEL PARAMETERS USING GA

The values of the KF parameters: H, A and R have significant effect on the estimation or prediction
accuracy of the KF model; hence, appropriate values must be chosen for the parameters. This is to be achieved by
the help of Genetic Algorithm (GA). The GA is an optimization tool applicable to non-linear problems. The GA
consists of five processes namely; Initialization, Objective function, Selection, Crossover and Mutation.

i. Initialization process: This process involves the initialization of the population. Each (chromosome) in the

GA population is a possible solution set of the KF parameters H, A and R. Each element of H and A takes a

bit 0 or 1, while each element of R takes a random value that is greater than 0 but less than or equal to 1.

ii. Objective function process: The objective function for the PCoKFGA technique is formulated as

Minimize 2 (PsiPs,)”
subject to: h;; € {0,1}
a; € {0,1}
0<r<1
where Ps, is the actual power consumption value at t-th time
Pst is the predicted power consumption value ¢t-th time
N is the number of times (or samples)

1)

3003
Eur. Chem. Bull. 2023, 12 (Special Issue 6), 3001-3008



Hybridization of KF and GA as a Predictive Algorithm for Reduction of Power Consumption in a Cloud
Computing Data Centre

Section A-Research paper

ISSN 2063-5346
hij, a;; and r are the elements of KF parametersH, A and R, respectively
The objective function is to minimize the Mean Squared Error (MSE) between the
actual and predicted values. The objective function is evaluated on each chromosome
in the GA population, and the chromosome that gives the lowest MSE is the fittest in
the population.

iii. Selection process: The process involves the selection of fit chromosomes for reproduction. The
chromosomes are sorted by their fitness values and the fit chromosomes are selected to replace the weak
parent chromosomes in the population.

iv. Crossover process: In this process, some of the genes between two parent chromosomes are exchanged to
produce offspring (a child chromosome). The genes to crossover are randomly selected with a specified
crossover probability. Only the selected parent chromosomes from the selection stage are used to reproduce
two new offspring for the next generation.

v. Mutation process: This process performs little changes to some genes of a chromosome. A boundary is
chosen within the chromosome and some genes can be mutated with a specified probability of mutation.
This helps to ensure that all the chromosomes in the population do not have the same genes in a given
generation.

2.4 Energy Consumption (EC)

The Energy Consumption (EC) of a data centre (DC) should be relatively low, depending on the traffic
load, for energy efficiency [15]. The EC of the DC is a function of the total power consumed by the DC. The EC of
the DC for the proposed model is obtained as

Epc = Zgzl(Pn_avg X T) (12)
where P, 4,4 is the average power consumption of the nth server

T is the total operating time of the DC

N is the number of active servers in the DC

2.5 Power Usage Effectiveness (PUE)

The PUE is a metric that gives the information of the level of effective utilization of the Information and
Communication Technology (ICT) equipment in a DC. The higher the value of PUE of a DC the lower the
efficiency of the DC, and the ideal value for PUE is 1 [16, 17]. The power usage effectiveness for the proposed

model is obtained as
PUE = Total availably DC power (13)

~ Total power consumed by ICT equipment

3. RESULTS AND DISCUSSION

3.1. Prediction of power consumption of DC using the proposed PCoKFGA model

The prediction of power consumption was optimized for more accuracy which was investigated in this
paper using the proposed PCoKFGA model. Fig. 3 shows the PCOKFGA prediction for Sunday 2019 and 2020. For
the year 2019, the predicted and actual average DC power consumption for the day was 12.9698 kW and 12.9474
kW, respectively, which gives an absolute error of 0.0017 (0.2%). For the year 2020, the predicted and actual
average DC power consumption for the day was 14.6146 kW and 14.5727 kW, respectively, which gives an absolute
error of 0.0029 (0.3%). Fig. 4 shows the PCoKFGA prediction for Wednesday 2019 and 2020. For the year 2019,
the predicted and actual average DC power consumption for the day was 13.0528 kW and 13.0323 kW, respectively,
which gives an absolute error of 0.0016 (0.2%). For the year 2020, the predicted and actual average DC power
consumption for the day was 14.5496 kW and 14.5140 kW, respectively, which gives an absolute error of 0.0025
(0.25%). Fig. 5 shows the PCoKFGA prediction for Friday 2019 and 2020. For the year 2019, the predicted and
actual average DC power consumption for the day was 13.0384 kW and 13.0179 kW, respectively, which gives an
absolute error of 0.0016 (0.2%). For the year 2020, the predicted and actual average DC power consumption for the
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day was 14.5385 kW and 14.5036 kW, respectively, which gives an absolute error of 0.0024 (0.2%). The average
DC power consumption predictions by the PCoKFGA model revealed that for all the days of the week, the
calculated absolute errors between the predicted and actual were less than 0.0029 (0.3%). This implies that the
PCoKFGA model is suitable for predicting the average daily and hourly power consumption.
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Fig. 3: Prediction of power consumption of data centre by the PCoKFGA model for Sunday
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Fig. 4: Prediction of power consumption of data centre by the PCoKFGA model for Wednesday
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Fig. 5: Prediction of power consumption of data centre by the PCoKFGA model for Friday

3.2. EFFECTIVENESS OF THE PROPOSED PCOKFGA MODEL

The PCoKFGA model, which was also developed in this study, is applicable for forecasting the next hour's
power consumption by using the knowledge of some immediate previous hour’s values. The PCoKFGA model was
able to achieve almost accurate predictions due to the use of the best possible KF parameters' values that were
optimized by a genetic algorithm. Consequently, the PCOKFGA model gave a relatively good average prediction
absolute error of 0.002 (0.2%) and 0.003 (0.3%), for the years 2019 and 2020, respectively. Furthermore, it is
worthy of note that the prediction error of the PCOKFGA maodel is negligible; hence, the power consumption value
predicted by the PCoKFGA model requires no adjustment and can be used directly in the power supply
budget. Thus, the model is of practical use where a high level of prediction accuracy is required. On average, the
developed PCoKFGA model (proposed) outperforms all the other prediction models investigated in this study in the
area of prediction error including KF without GA, but inferior to the ASUS model in the area of implementation
cost. Furthermore, the computational complexity of PCoKFGA is relatively higher than all the other models except
the ARMA and Conventional method.

3.3 ENERGY CONSUMPTION (EC) AND POWER USAGE EFFECTIVENESS (PUE)
The calculated energy consumption (EC) and power usage effectiveness (PUE) of the models for the year

2019 is presented in Table 1. The lowest possible EC and the PUE of approximately 1.0 is the target of any data
centre (Uster et al. 2020; Rezaei-Mayahi et al. 2019). The PCoKFGA model gave the lower EC of 313.354 kWh
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while the existing KF model gave the highest EC of 633.600 kWh. The calculated ECs and PUEs for the year 2020
are contained in Table 2. The proposed PCoKFGA model gave the lower EC with the value of 343.410 kWh, as
against 633.600 kWh obtained with the existing KF model.

Table 1;: EC and PUE of data centre for the year 2019

EC
Model (kwh) PUE
PCoKFGA (proposed) 313.354 1.68
KF (existing) 336.459 1.68

Table 2: EC and PUE of data centre for the year 2020

EC
Model (kWh) PUE
PCoKFGA (proposed) 349.918 1.54
KF (existing) 375.060 1.54

4. CONCLUSION

In this paper, real-time data was obtained from a DC for the years 2019 and 2020 to investigate the
applicability of some power consumption prediction models. The analysis carried out on the DC's data revealed that
the amount of power consumed by a DC has a direct proportionality to the network traffic being handled by the DC.
Furthermore, ambient temperature of the DC could also have an impact on the power consumption. In addition, it
was observed in this study from the comparison between the data of 2019 and 2020 that the average daily power
consumption levels in a given year may be different from that of another year. Hence, 2019 data could not be used to
create a model for forecasting 2020 data. However, the data of the first few weeks of a given year is suitable for
creating a prediction model for the rest of that year. The performances of the proposed PCoKFGA model was
compared the existing KF model using prediction error measurements, energy consumption and Power Usage
Effectiveness (PUE). The PCoKFGA model’s prediction was based on estimation using Kalman filter (KF) and
optimized KF parameters by genetic algorithm. The proposed PCoOKFGA model gave better performance with
accurate prediction, higher PUE and lower EC than the existing KF model. Therefore, the PCOKFGA model
proposed would be most useful where accuracy in prediction is of utmost importance, and for run-time application.
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