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Abstract—The objection of this project is to develop a practical and concrete methodology to give assessment of
compensation needed for a green-energy friendly company to maintain the same utility and profit compared to the
case when using traditional energy in the cloud computing. As cloud computing has take important proportion in the
energy market, the encouragement in introducing green energy in it is of great perspective. The characteristics of
cloud computing, market supply and demand, price of market is utilized to develop the amount of compensation. Not
only the Bayesian Game but also Rothschild-Stiglitz model™™ is used as mathematical model to compare the utility of
green energy driven and traditional energy driven schemes. The lower band of the compensation is calculated using
the parameters given by optimum contract found by Rothschild-Stiglitz model. The upper band compensation and the

compensation time duration is the interest of future work.

Index Terms—Compensation, green energy, cloud computing, Rothschild-Stiglitz model.

1 INTRODUCTION

HE formation of the idea of this paper is to
Tprovide a way of reducing the traditional
energy consumption and green gas emission
produced as the result of utilizing traditional,
also named as brown energy, resources from
the respect of cloud computing. The decrease of
carbon dioxide in the using of cloud computing
is of great value because the supporting facil-
ities such as base station, data center and also
the related things like cable or cooling system
used to maintain a data center consumes many
energy. These power load has contributed a lot
to the emission of the green gas.

Many research has focused on the techni-
cal aspects of reducing power consumption.
Professor Xiaorui Wang’ team has proposed
PowerNetS as a power optimization strategy to
jointly consider server and data center network
to reduce the workload, which contributes to
the cut of energy by 44.3%.2) They also intro-
duced a method of using thermal energy to
reduce the total energy consumption of data
center.’/ Above two work is based more on
the hardware consideration, and many other
work has been focused more on the software
consideration. Optimal algorithms for the geo-

graphical load balancing is introduced®,which
made the geographical load more balanced
through exploiting the electricity price differ-
ences across regions.

However, it is not enough to achieve our
goal if we only consider this problem from
the section of how to increase the efficiency
and improve the mechanism to reduce energy
consumption. The advantage of using green
energy to achieve the goal of carbon emission
reduction is obvious, and detailed statistics
are displayed in related tutorial papers.” Al-
though research on how to cut the cost of
using green energy by increase efficiency and
solve load collision is of certain value, most
important thing is to let the users favour the
green energy based cloud computing.

The users may not choose the green energy
based cloud computing is because the green
energy has the characteristic of variable and
transient which is know by mass of people and
also be discussed by multimedia as a tradoff of
the new sustainable energy. Finding a Method
of how to increase the Quality of service should
contribute more than increasing the efficiency
as the main point is let more and more people
to use green energy base cloud computing.
Research about the spectrum sharing has been
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a hot topic for many years, and some mature
mechanism has also been proposed by main
scholars.

The unique and brilliant idea of this paper
is that we put focus on the connection point
of theory and real economic market. Even if
we increased the capacity, efficiency and the
Quality of service, it is still not attractive for
users to choose green energy based cloud com-
puting because users will automatically under-
estimate the value of green energy based cloud
computing in that they will enlarge the failure
possibility of sustainable energy according to
their common sense. This mental activity can
be revised to a more willing situation by giving
users Free Compensation as to make up for the
possible failure loss. The calculation of the com-
pensation should be based on the characteristic
of green cloud computing.

mds
December 27, 2012

2 THE MODEL DEVELOPMENT

In the model of Rothschild-Stiglitz!, the con-
cept of dividing the user to two classes is of
great value for this is more close to the reality
world than single user type assumption. We
tirst develop three stage Bayesian Game to
analyse the user behaviour in the monopoly
market, as monopoly market is the first stage
market of this problem. The monopoly market
model is also of great research value, for the
sustainable energy is precious resource and
technology that they may first appear in the
form of a utility in monopoly market.

2.1 Three Bayesian Game
2.1.1 the first step

we first assume that the whole story is happen

in the monopoly market with two type of
users: U;, and U;.And there are totally N user
in the market to take the game:

U = Uy, Us,Us, ...Uy] (1)

As they are in the monopoly market, we set
there is only one provider P. We set the fail-
ure possibility A, for the high-risk type user,

which means that this group of user has higher
demand for the capacity of cloud computing
and timeout should set shorter than ordinary
users thus increasing the failure possibility. In
the same way, we set failure possibility ), as the
tailure possibility for the low-risk users. Obvi-
ously, these two parameters should satisfy:

1>M,>N>0

()
2.1.2 the second step

after we set related resources in the first step,
we set the total utility function for type k:
K € (h,1)

U= (1= )r(Wn—B—a)+ M Nor(Wa— B+ \g)

(3)
() refers to the utility function, which reveals
the relationship of capital and the utility of
the users in the market.Wnrefers to the income
when there is no failure experienced by the
users, and inversely we denote Wa as the
income when accident occurs. We used the
contract theory in Rothschild-Stiglitz!!/, which
allow us an observation of the market be-
haviour. The contract theory allows the utility
function will maintain approximately the same
as the utility that there is no accidents occur.
So the utility calculated by this model can be
set as the lower band of the free compensation
that we seek. In the Rothschild-Stiglitz model,
B represents for the cost and a; and fSiis the
parameter of contract in:

Ck = (almﬁk)? k€ (ha l) (4)
In which «; is the additional pay as security
contract fee, and [y, is the additional net income
when accidents occur. We also developed the
utility function for the provider:
Ry (Cre; M) = (1= Ae)r (5)
In these function, the () is selected according
to the need of various situation and for pre-

cision consideration. In this paper, I chose the
1/z utility function.
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2.1.3 the third step

The third stage is the setting up of the opti-
mum condition.we set the optimum condition
as follows:

Uk(C*,)\*) > Uk(C*,)\k),\V/Ak,k S (h, l)
Rk(C*,)\*) > Rk(C*,)\k),VCk,k € (h, l)
Ri(C* ) > 0,90k € ()

(6)
(7)
(8)

3 SIMULATION

The simulation is divided into two parts. The
first part is using the RS model to observe the
behaviour of the three Bayesian Game we set
before. Second part is getting the free compen-
sation point from the observation that has been
done in the first part.

3.1 Behaviour in monopoly market

The contract solution is solved by the think-
ing of candidate separating equilibrium. We set
Wn = 60, Wa = 10, B = 9, and simulation is
conducted by matlab.

T

Fig. 1. RS model

The contract of the high-type users is calcu-
lated from the point h in the diagram. The red
straight line is the fair-odds line of high-risk
type users, which mean this line go through
the point of (Wn — B, Wa — B) = (51,1)and at
the slop of A\, — 1/A;.This line include all the
possible points of the states the monopoly mar-
ket have. The red curve is the utility function of

high-type users, which is draw from the cross
point of fair-odds line and 45 degree line. All
point in this curve is of the same utility. we
assume 45 degree is best situation because the
income when there is or is not an accident is
the same.

There are some differences in the case of low-
risk contract calculation. We do not take the
cross point of fair-odds line of low-risk type
and 45 degree line, but take the cross point of
utility function of high-risk type and the fair-
odds line of low-risk type as the contrast point
of low-risk type. The a;and/3; can be calculated
from:

h(z,y) = (Wn — B — ay,Wa — B+ ()
l(z,y) = Wn—-B—a,Wa— B+ pf)

©)
(10)

3.2 Find the free compensation

The concept of free compensation is to let
the costumer know the true value of the
cloud computing, not underestimate them.
Only when more and more people use the
green energy based cloud computing, there the
research about how to make it efficient and
cheap can obtain practical value and change
the energy using of the world. So the free
compensation may not pure free concept, it can
be fully-compensated or partly-compensated
according to the calculation.

The lower band of that compensation is the
point when the utility reaches or slightly above
the point find by RS model for the high-risk
and low-risk users. The utility is almost the
same.The difference is that under the RS model
it is not real for users will underestimate the
value, where in free compensation case utility
are calculated when users see the real value.We
compare four different utility functions:

U= 1=X)r(Wn—B—a)+  \or(Wa— B+ )
(11)
Up=(1—=X)r(Wn —B) + \r(Wa —B) (12)

Uk = (1 — )\k)T(WTL) + )\kr(Wa) (13)

Up= (1= )r(Wn) + \er(Wa —B)  (14)
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The red is for the utility 1 function, blue for
2, green for 3 and purple for 4. The real dot
is for low-type users and circle one is for the
high-type ones.

We can see the most similar function to the
function 1, which is calculated by RS model is
function 4. Then we decided to see more clearly
about the relation of these two funtions and
done the following simulation:

For the Figure7 11, the red is the relation
of RS model total utility, which is the sum of
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high-type and low-type users, and parameters
labelled below the figure. The green line is
that of the function 4 and purple one is the
difference of the two. We can see the green line
is slightly above the red line and it can serve
as the lower band of the free compensation.
To see this problem from more widened sit-
uation, we set both failure possibility of high-
type and low-type as free parameter to be
decided, and drawed the three dimensional
figure, as showed in Figure 12 and Figure 13.
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now we can come to an conclusion that the free
compensation A = B + f;is the lower band of
free compensation.

4 CONCLUSION AND FUTURE WORK

The main contribution of this paper is from
the observation of Rothschild-Stiglitz model to
tind the free compensation point of each high-
risk and low-risk users. This free compensation
will attract more people to use the green energy
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based cloud computing by making the value
of it known to the public and not be under-
estimated by the public. The objection of this
paper is to connect the research of increasing
efficiency and improving price advantage into
practical use in that these researches’” value will
be seen only when users want to and actually
use the green energy based cloud computing.

The way of eliminating the bias and worries
of green energy, sometimes called as sustain-
able energy, is introduced by means of econ-
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omy in that economy considers deeply about
the customer behaviour and psychology and
its function on economic atmosphere. Thus,
by introducing free compensation, the effect of
reducing the green gas emission is achieved
by firstly focusing on the green energy based
cloud computing, a very energy-consuming
area in the human society.

This work is not completed yet, because this
paper put too much attention on the RS model,
which is not so flexible to change the parameter
and analyse the detailed situation in green
cloud computing. I would like to find a new
way uniquely suitable for free compensation
and also find the upper or optimum band of
free compensation, in addition to deepen and
redefine the lower band of it.

ACKNOWLEDGMENTS

This work is my first formal research, and
I express many thanks to Xiaohua Tian, my
advisor on this project. He has been really
patient with me, giving many advises about
how to find my own focus of research from
piles of topics. He also spent his precious time
explaining to me how to view the value of a
research and thus how to find the direction that
would make me myself excited and of great
practical importance. I used to focus only on
the pure technical ones, but I find the great
value of research which is how to let more
users favour and use the green cloud comput-
ing, for I believe the users is actually changing
the world.

REFERENCES

[1] Pierre Picard, Costly Risk Verification without communica-
tion in Competive Insuranced Markets Games and Economic
Behavior,vol. 66, no.2, pp. 893-919,2009

[2] Kuangyu Zheng, xiaodong Wang, Li Li, and Xiaorui Wang,
"“Joint Power Optimization of Data Center Network” info-
com 2014

[3] Wenli Zheng, Kai Ma, and Xiaorui Wang, “Exploiting
Thermal Energy Storage to Reduce Data Center Capital
and Operating Expenses” High-Performance Computer Ar-
chitecture 2014

[4] Zhenhua Liu, Minghong Lin, Lachlan L.H.Andrew,
“Greening Geogrphical Load Balancing” SIGMETRICS '11
Proceedings of the ACM SIGMETRICS joint international
conference on Measurement and modeling of computer sys-
tems,Pages 233-244

[5] Wei Deng, Fangming Liu, Hai Jin, Bo Li, Dan Li, "Harness-
ing Renewable Energy in Cloud Datacenters: Opportuni-
ties and Challenges”, ieee-network 2013

[6] Richard Southwell, Xu Chen, Jianwei Huang ”Quality of
Service Games for Spectrum Sharing”, arXiv:1312354v1
[es.NI] 9 Oct 2013



