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AHAJIA3 OJJHOTO MOAX0JA /11 CHUXKEHUA SHEPTOINIOTPEB/JIEHUSA OBJIAYHOM
CUCTEMBbI*

AHHOTAIMA

IlosblwieHue 3HepzoapekmueHocmu cucmem O00AAYHbIX BbIMUCAEHUL S68./159emcsi 00HOU U3
sadxcHeliwux 3ada4 nposatidepo8 064auHbIX ycayz2. OOHUM U3 Haubo.1ee 04e8UJHbIX peweHull 015
CHUMCEHUSI 3Hep2onompeb.1eHUs 18.151emcsl QUHAMU1eckoe ynpassieHue KOAUu4ecmeom pabomaruux
cepsepos 8 3asucumocmu om Hazpy3ku. O0Hako makoil hodxod npueodum K 0ONOAHUMEAbHbIX
8PEMEHHBIM U IHEP203ampamaM Ha NOJKA0HeHUe U OMKAIYeHUe 8bIYUCAUMENbHBIX MOWHOCMEL
Hccnedoeanusi nokaswigearom, 4mo 3mu 0ONnoJHUMEAbHble 3ampambl MO2ym CyujecmeeHHO
CHUM#CAMb 8bl20dy O0M UCNO0/1b308aHUS1 OUHAMUYECKO20 ynpaesseHus. B cesizu ¢ amum 06aauHble
npoeatidepbl NPUMEHSIIOM MEeXAHU3Mbl, CHUXCAUue Ko/u4ecmeo 6K/AHYeHUll/8blKaveHUll
cepgepos. OJuH U3 MAKuUXx MexaHuamoe uccaedyemcsi 68 daHHol cmamve. Paccmampusaemcs
06/1auHas cucmema, 8 KOmopol cepeep, He UMENWUl aKMUBHbIX SUPMYA/AbHbIX MAUIUH,
BbIKAIOYAEMCS He Cpa3y, d N0 npoulecmauu HeKomopozo epemeHu. [locmpoeHa mamemamuveckas
Modenb cucmembl 00/1AUHbIX B8bIYUCAEHUL C Y4emoM epeMeHU BKAIYeHUS U BblKAYeHUS1 0415
aHa/au3a nokasameiell 3HepzonompebaeHus. [Ipogodumcsi aHaAu3 yca08ull, npu KOMopbIX UMeem
CMbIC/ C MOYKU 3peHUs IHep2onompeb.ieHUsl He nepegodumb cepaep 8 PercUM 0XcUdaHUs cpasy KHce
Kak onycmesaa ouvepedb 3anpocos. bBulau nosyueHnbl amasumuveckue 8blpaxceHus 045
CMayuoHapHozo pacnpedesqeHusi U OCHOBHbIX Nokazamesel npou3godumesnbHocmMu U
2Hepezonompeb.ieHusl.
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ANALYSIS OF AN APPROACH TO INCREASE ENERGY EFFICIENCY OF A CLOUD
COMPUTING SYSTEM

Abstract

Enhancing energy efficiency of cloud computing systems is one of the key challenges for cloud
providers. One of the most obvious ways to decrease energy consumption is dynamic control of
switched on servers according to the system load. However, this approach leads to additional energy
and time loss due to switching on/off of computing resources. Recent research shows that the
additional energy and time loss may significantly decrease positive effect of dynamic control. In this
regard, cloud providers employ various mechanisms that decrease server switching number. One of
the mechanisms is considered in the paper. We consider a cloud computing system, in which a server
does not switch off immediately, as it remains empty but after a certain time. We develop a
mathematical model of a cloud computing system with switch on/off periods and analyze its energy
efficiency metrics. We investigate how energy efficiency of a cloud system is affected by a waiting time
before a server goes to standby mode.
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1. Introduction

Energy efficiency of cloud system is very important issue for cloud providers. The servers can be put into
standby state in order to improve the energy efficiency of a cloud system in case of light load. On the one hand, the
switching to standby mode allows us to reduce power consumption, and on the other hand, it leads to extra power
usage to turn on/off the server. Therefore, it is important to understand under what conditions it will be
advantageous to put the server in standby state, and under what conditions it is more profitable to leave it in the
operating mode.

In [1] we have considered a cloud system taking into account switch on and switch off periods of servers, and
it was assumed that the server switches off immediately as it remains empty. In this paper, we consider a model,
in which the server does not switch off immediately after it is empty, but waits for an exponentially distributed
time. For simplicity, we consider only one server with a number of virtual machines working on it.

2. Mathematical model of a cloud system

We consider a multi server queuing system with C servers. Customers arrive according to the Poisson law with
rate). Service times, switch on and switch off durations are exponentially distributed with the parametersy, a and
B, respectively. The system state is described by the vector (s, k), where k is the number of customers in the system,
s is the server state. Here s = 0 means that the system is in the standby mode, s=1 reflects switch-on mode and s=2
and s=3 represent operating and switch off modes, respectively. Arrival of a customer in an empty system causes
change of the system state to the switch on mode. After exponentially distributed time with rate a, the system
enters the operating mode, in which serving of customers is started. When the system remains empty in the
operating mode, it does not switch off immediately, but waits exponentially distributed time with rate y. If a
customer arrives during that waiting period, then the system starts serving. Otherwise, the state is changed to the
switch off mode. If a customer arrives during the switch off mode, then the system turns to the switch on mode
immediately after the completion of the switch off. Otherwise, the system falls to the stand by mode. Figure 1
shows the transition intensities diagram.

Figure. 1.Transition intensities diagram

We derive the system of equilibrium equations, based on the transition intensity diagram (Fig. 1), which makes
it possible to obtain stationary probability distribution of the system:
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Taking into account the normalization condition (12) and using matrix methods, the system of equations of
equilibrium (1) - (11) can be solved numerically, but below we represent the analytical solution of (1) - (11).

The expression for pso follows directly from formula (1):
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The expression for ps,: follows from formula (4) and the expression for ps 1, is obtained from (14):

A B
Ps; = [14.’[;’]'330 [ﬂ+ﬂ)p00

__A B _ 1 B _ A pAp (16)
p1.1—(/1+a) p0'0+(ﬂ,+a) Psy = ﬂ+a[lp°'°+/1+,6' pooj_(i+a)(i+ﬁ) Po.o-

The stationary probabilities pix follow from (5) by substituting expression (14) and the simple algebraic
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The expression for piv follows from (6) by substituting expression (15) and the simple algebraic
transformations:
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The expression for calculating stationary probabilities for the operating mode p2zo follows from formulas (7)
and (1):
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The equation of stationary probability pz:can be represented by the formula (8) and the expression (19):
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We represent the resulting expression (22) as sum of sequences:
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The resulting expression (23) can be represented in three parts:
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In turn, we represent the third part (26) of expression (23) in the form of four parts:
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Then we substitute the obtained expressions (27) - (30) into expression (26):
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3. Energy consumption indicators

After receiving the system stationary distribution, we calculate the energy consumption indicators. We will
assume that in the switch on / off mode, the power consumption is constant and equal to the average value. In the
operating mode, the power consumption depends on the server occupancy. By analogy with the formula given in
[3,4,5], we derive the formula for the average server power consumption:
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The values of P; were taken from [2], according to which Po=10 W, P1 =170 W, P3 =120 W,P2 min = 105 W and
PZ,max = 268 W

The average number N of customers in the system is equal to the average effective arrival rate A(1-1) multiplied
by the average sojourn time T. Expressed algebraically the law is

N =A(1-7)T, (35)
where blocking probability m is
T=Pc+ Poct Pac- (36)
The average number N of customers is given by
3 C
N=>ip,, (37)
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The average sojourn time T follows directly from formulas (35) and (37):
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4. Numeral analysis

The results of numerical analysis for the values C=7, p=20, a=1, =2 are presented in figures 2 - 4.
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Figure. 2. The dependence of the power consumption P on the arrival flow intensity A



Figure. 3. The dependence of the power consumption P on the waiting time before the system goes to the standby mode

The plots of the server’s power consumption (fig. 2) for our model show that the consumed power increases
very fast for small values of the arrival flow intensity 2, also note that with the increase of waiting time, during
which the system doesn’t go into standby mode, the power consumption also increases.

In Fig. 3, we note that the largest drop for power consumption occurs at small values of y that corresponds to
large values of waiting time before the system goes to the standby mode, and that with the increase of the load
intensity A, energy consumption also increases.

Figure. 4. The dependence of the average time T on the waiting time before the system goes to the standby mode

In Fig. 4, we note that at small values of y difference in sojourn time is not big. With increase of y, the average
sojourn time also increases. It means, the larger the waiting time before the system goes to the standby mode, the
greater sojourn time.

5. Conclusion

In the paper, we considered a cloud computing system in which the server switches off after a random time
after it was left empty. The intensity y monotonically affects the average consumed power, so we need to
investigate its effect on performance measures also.
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