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Abstract—We model the cloud federation formation problem authors defined a price function for a cloud provider thaegiv
using concepts from coalitional game theory by considering the incentives to other clouds to contribute resources andnm fo
cooperation of the cloud providers in providing the requested 4 feqeration. A revenue sharing mechanism for multiple dtlou

VM instances. We design a mechanism that enables the cloud id . tochastic li .
providers to dynamically form a cloud federation maximizing PrOVIO€rs using stochastic linear programming games was pr

their profit. Furthermore, the mechanism guarantees that the POSed by Niyatcet al. [4]. Coalitional games have been used
cloud federation structure is stable, that is, the cloud providers in many fields where cooperation is important. Saadl. [5]

do not have incentives to break away from the current federatio  proposed a merge-and-split coalition formation mechariism
and join some other federation. wireless networks. Their proposed mechanism partitioes th
network of antenna devices into coalitions maximizing tthei
) ) ) _utilities. A mechanism for dynamic virtual organizationrita-

In this paper, we consider the laa$S offering by a federatiq@, in grids based on coalitional game theory was proposed
of cloud providers. Acloud federations a collection of cloud by Mashayekhy and Grosu [6]. The mechanism considers the
providers that cooperate in order to provide the résourc@gentives of the grid service providers while providing th
requested by users [1]. Cloud providers offer laaS usiRgquired capabilities to execute the user application.hia t
virtgalization of Igw Iev_el resources. Clou_d providerS\_perinn paper, we target VM allocation in federated clouds and not
their resources into different types of virtual machine (WMne gliocation of jobs to grid service providers which was th
instances. We model the cloud federation formation asigcys of [6]. We also employ a new method for profit division

coaliional game where cloud providers decide to form gmong cloud providers instead of the equal share method used
coalition (cloud federation) to allocate VMs dynamicalgsed i, [g].

on users’ requests.
We focus on designing a mechanism for solving the cloud !l. CLOUD FEDERATION FORMATION FRAMEWORK

federation formation problem. The mechanism allows “’@ystem ModelWe first describe the system model which
cloud providers to make their own decisions to form a fedpnsiders a set of cloud providers, a set of brokers as
eration yielding the highest total profit. In this mechanismyediators, and several cloud customers. We assume that a
coalitions of cloud providers decide to merge and split eor et of cloud providersT = {Cy,Ca,...,Cy} is available

to form a federation providing requested resources as &seryg provide resources in the form of VM instances to cloud
to the user. The mechanism also determines the individyalers, The cloud providers offer types of VM instances:
profit of each participating cloud provider in the federatio y)\4 — {VM;,...,VM,}, where each instance provides a

Each cloud provider covers its incurred costs, and recéiSesgpecific number of cores, amount of memory, and amount
individual profit based on its market power. The mechanis i (i —

provides a stable federation structure, that is, none oflined Ej i:,cg;g;érg; \xlucmstfen Cﬁur?:btgrp%yéor(és alr;d . b;;)
providers has incentives to merge to another federatiopldr sihe amount of storaéé provided. The amoun’t of memjc’)ry is
from a federation to form another federation. We analyze “Eﬁoportional to the number of cores. We assume that all cloud
properties of our proposed cloud federation mechanism aﬂfbviders offer the same types of VM instances.

perform extensive simulation experiments to investigate i Each cloud providerC; € T has a specific number of
properties. cores and storage available. We denote My the number
Related Work.The primary requirements for forming feder-of available cores of cloud providé€s, and by.sS;, the amount
ations of cloud providers are discussed by Rochwesger of available storage of cloud provideék. Each providerC;

al. [1]. Goiri et al. [2] provided models that assist the cloudncurs cost when providing resources. For a cloud proviger
providers in making decisions on forming cloud federationsve denote bycf;, the cost associated with each core of VM
A game theoretic solution for dynamic resource allocation instance of typé”A/;, and byc;;, the cost associated with each
a cloud federation was proposed by Hassdral. [3]. The GB of storage of each VM of typ& M;, wherej =1, ..., n.

I. INTRODUCTION



The cost of memory is included in the cost of the cores. We - c s
. S . . xi+ai) > 1, (VC € F), 7
use different costs for one core in different VM instancessi Z( J ) ( ) ™
it is the most general case and prices employed by the current . s .

cloud providers reflect that [7]. However, a cloud provididisb iy 2 0,235 20, a_nd are integers

a user based on the allocated VM instances. To do so, all cloud (VC; € F andVj =1,...,n), (8)

providers set a pricg on the cores, ang; on the storage S . .
of each type of VM instancé’M;, where; — 1,....n. As The objective function (2) represent§&F), the total profit the

. . articipating cloud providers in federatiaR receive, which
a result, from the user's point of view the way the clougS pating b aR

roviders provide the requested VM instances does nottaff Cequal fo the revenue received from the user minus the cost
provi P q fifcurred by the cloud providers. Constraints (3) ensurettie
the final price that she pays for her request.

o mber of cores a cloud provider assigns to a user is less than
A user sends a request consisting of the number of V . . .
. : e available number of cores provided by that cloud pravide
instances of each type needed to a broker. A request is dknqgte . .

: onstraints (4) guarantee that the amount of storage a&sbign
by R = {r1,...,rn}, wherer; is the number of requested VM
instances of typd M, j = 1,...,n. The final price paid by

to the user is less than the amount of available storage at
. ; each cloud provider. Constraints (5) guarantee that thebeum
ﬂle usse_r for _each O.f they VM !nstances i (p§ +pj), where of cores as?signed to the user f(or) zach type of VM by all
ﬁj +Pj"'5ha f|_x?d price for Zn mSt?nC; of ty%éMj' A t;]roker h cloud providers is exactly the number of cores requested by
as a the information about cloud providers such as t e user for that type of VM. Constraints (6) guarantee that
avallablg resources an_d associated cost, and it is retﬂmnsghe storage assigned to the user for each type of VM by all
for forming th? federatlo_n. N cloud providers is exactly the amount of storage requested
Cloud Federation Formation as a Coalitional Ganvde model by the user for that type of VM. Constraints (7) ensure that
the cloud federation formation problem as a coalitional @ameach cloud provider in the federation contributes at least o
A coalitional gam€8] is defined by the paifZ,v), whereZ is  ype of resource. These constraints force the cloud preside
the set of players (cloud providers) ands the characteristic - contribute resources to the federation. Constraint (Sesamnts
function defined _0n.7-" C 7. The characteristic function is ape integrality requirement for the decision variables.
real-valued function such that: 7 — R* andv(0) =0. The payoff or the share of cloud providerC; part of
Each subsetr C T is a coalition (in our case we Will fegerations, denoted byyc, (F) is given by the normalized
call it federatior). If all the available cloud providers form agan,haf value [9]. Th@anzhaf valués a division of payoffs
federation, it is called thgrand federation A federation”  ¢,; the grand federation that takes into account the power
has avalue given by the characteristic function(F). Here ¢ the players. In this study, the power is defined as the
u(F) represents the profit obtained when the cloud providegsy ket share of the cloud providers. A cloud provider that
of federation/" cooperate as a group and is given by: contributes more resources in all the possible federations
" which it participates should receive higher profit regasdlef
v(F) = Z Z“’fj (p§ — wiei;) +a3;(p; —wjcy;), (1) jts resource allocation in the selected federation.
C,€F j=1
where z{; represents the number of VM instances of type Ill. CLOUD FEDERATION FORMATION MECHANISM
VM; from C; providing the cores, and;; represents the
number of VM instances of typ& M; from C; providing the
storage.
Since a given federatioft’s goal is to maximize its profit, .
we can formulate the cloud federation profit maximizatioH°
problem as an integer program (IP) as follows: ga

Jj=1

Federation Formation FrameworkThe core of the cloud
federation game can be empty. If the grand coalition does not
form, independent and disjoint federations would form. IEoa

n formation theory investigates the coalitional stcues in
mes where the grand coalition does not fo@malition
formation [10] is the partitioning of the players into disjoint
sets. A federation structurt€S = {Fy, Fs,...,Fr} forms a

Maximize iP5 — wiey; S(pi—wiei) (2 " . .
Z qu (pj — wjeiy) + 235 (pj — wie) () partition of the set of cloud provide#Ssuch that each provider

Subiect t _C"Efj:l is a member of exactly one federatidre., 7; N F; = () for
ubject to- all i andj, wherei # j and{z .. F: = Z. The set of all
"N L. federation structures is denoted Hy The problem of finding
;wﬁx” < Ni, (YCi € 7), (3) the optimal federation structure is NP-complete [11].
]:

n In the cloud federation formation game defined in the
Zwixfj < S, (YCi e F), (4) Previous section only one of the federations in the fedenati
= structure is selected to provide the resources requested by
users. As a result, the formation of other federations withia

Z vy =rj (Vj=1,...,n), ©) providers outside of the selected federation is not immporta
CieF We model the cloud federation formation problem as a
Z zi;=rj, (Vj=1,...,n), (6) hedonic game [12] considering that cloud providers have

CieF preferences over the federations.



Definition 1 (Hedonic game)A hedonic game is a pair The reason for this is that the rest of the cloud providers
(Z, ), where=; is a reflexive, complete, and transitive binarwhich are not in the final federation can participate again in
relation onll;, wherell; is the set of coalitions if containing another federation formation process for allocating resesi
C;. to another request. Therefore, a federation decides tooshi

We define thdederation preference relatior; for eachC;. if there is at least one sub-federation that strictly imgsov
This allowsC; to compare two federations and to indicate itthe total profit of its constituent cloud providers. Undee th
preference to be a part of one of them=; B implies thatC; split rule, the profit of the other sub-federations may dasee
prefers to be a member of federatignthan to be a member The split rule can be seen as the implementation eélfish
of federationB, or at least it prefers both federations equaliyecision by a federation, which does not take into accoumt th
In addition, A >, B indicates thaC; strictly prefers to be a effect of the split on the other federations.
member ofA than a member oB. Through the merge-and-split process some of the possible

To model the cloud federation formation as a hedonic ganfederations are visited and their values are calculatede®a
we need to define the federation preference relation. For aii those values, we define tlestimated Banzhaf valugf C;

C; € T and for all F, 7' € 11;, we define=; as as follows:
1
Fri Fl o= o(F)>v(F). 9) Ec,(T) =5 Y FUGH-uF)] (12
That means a cloud provider prefers the federation thatsgive ig\{ci}
FUC; eV

the higher profit. Using this preference relation, everyudlio
provider can evaluate its preferences over the set of dessitvhereV is the set of all visited federations, ands the total
federations that the cloud provider can be a member of. number of visited federations containidg That means) =
We define two comparison relations in order to find am—1 — o, wherea is the number of non-visited federations.
federation that is more preferred than other federatioms, tThe estimated Banzhaf value is based only on the value of
merge comparison,, and thesplit comparison-, as follows: federations that are visited during the merge and splitgsec
(FUF') bpdF F'} e The normalized estimated Banzhaf value is defined as

{YC; € F;{FUF'} =; F and (10) e (7) = — FelD) 13
VC; e FIs {FUF'} =; F'} @ cheIECj(Z)' i~
! , The profit that each membér receives in the grand federation
{F.F'} p{FUF} = is calculated as follows:
{EICz ceF,F = {fU .7:,} or (11)
3C; e F; F = {FUF'}} Ye, (T) = Ec, (T)v(T). (14)

Equation (10) implies that federatiofF U 7'} is preferred The payoff vector¥(Z) = (¢¢,(Z), - ,vc,, (Z)) gives the
over two disjoint federationg.F, 7'}, if the profit obtained payoff divisions of the grand federation. We defitte, (F),

by federation{F U F'} is greater than the profit obtained bythe payoff of cloud provide€; € F, as follows:

the providers inF, and it is greater than the profit obtained e, (T)
by the providers inF’. As a result, all providers are able to Yo, (F) = =—""——
improve the total profit. Equation (11) implies thigf, 7'} is ZVCJGf ve, (T)
preferred ove{ 7 U 7'}, if at least one federation is able topuring the merge-an-split we estimate the Banzhaf value for
keep the same amount of profit or to increase the profit of égich provider based only on the federations that were airead
members regardless of the effect on the other players @utsigkplored. The profit obtained by the federation is divided

that federation. among participating cloud providers in proportion to their

Using the defined comparison relations, we propose a cloggwer in the federation.

federation formation mechanism involving two types of wleCIoud Federation Formation Mechanism (CFFMJhe pro-
as follows [10]: _ posed cloud federation formation mechanism (CFFM) is given
Merge RuleMerge any set of federatiods”, 7'}, where jn Algorithm 1. A broker executes the mechanism. CFFM uses

v(F). (15)

{FUF o {F, F'}. _ a branch-and-bound method to solve the IP problem for each
Split Rule: Split any federation{F U F'}, where federation to find the allocation and the profit of the federat
{(F. 7 {FuF} We denote by B&B-VM-ALLOCATION(F;) the function that

Federations decide to merge only if all cloud providers aimplements the branch-and-bound method for solving the IP
able to strictly improve the total profit through the mergkeru problem for a federatiodf;.
Therefore, the merge rule is an agreement among the cloudCFFM starts with a request from a user. A federation
providers to operate together if it is beneficial for them.  structure #S consisting of every singletold; € 7 as a

As we mentioned before, one of the formed federations, tfederationF; is formed. Then, CFFM calculate$.7;). CFFM
final federation, provides the requested VM instances,,thuses a matrixwisited to keep track of all pairs of federations
the formation of the rest of the federations is not importanh FS that are visited for merging. By using this matrix, all



Algorithm 1 Cloud Federation Formation Mechanism (CFFM)

1: Receive requesk

TABLE I: The properties of available VM instances.

2: FS = {{C1}, - {Cm}} | VM1 | VMs | VM5 | VM,
2 Calcutlateu(]-‘i) for eachF; € 7S w$ (1.6GHz CPU) 1 2 4 8
repea w? (TB Storage) 0.22 | 0.48 | 0.98 | 1.99
5: stop «— TRUE J
6: forall F;, 7; € FS,i # j do
;1 éﬂ'fsited[ﬁ][fﬂ — FALSE mechanism tries to splif; that has more than one member
. end for . . . . .
o {Merge process starfs: into two disjoint federatlc_)n§‘j and }‘k. wherefj UF, = fz.
10:  repeat B&B-VM-ALLOCATION is called twice to find an optimal
1L flag — TRUE allocation on¥; and an optimal allocation otf. Since the
12: Randomly selecf;, F,; € FS for which o . ) . .
visited[ i) 7] FJALSEJ#J. split is a selfish decision, the _spllttmg occurs even |f_only
13: visited[F;][F;] — TRUE one of the members of federatioh; or 7, can improve its
14: B&B-}//L\/Ill-ALl;O\C/'\AATION(f} U f})} individual value. As a result, the federation with the highe
ocate S using#; U F; H s H ] .
15: it 7, U oo {Fs, 7 } then J individual payoff is the d(_eC|S|on maker for the spll_t.
16: Fi « F; UF; {mergeF; and F;} If one or more federations split, then the merging process
17 Fj 0 {F; Is removed fromFS} starts again. To do so, theop flag is set to false. Multiple
18: for all 7 € 7S,k #ido - ] enli . .
1o visited[F\][Fy — FALSE successive merge and-split operations are repeated tbaul_
20: end for mechanism terminates. That means that there are no choices
g; ;eonrdaiJ FoF e FSi s do f(_)r merge or split for gll existing federations JRS. Let's con-
23 if not U’Z,Sl?ted[fi}’[fj] then siderFsS yinq as the final fe_derat_lon structure. The_mechamsm
24: flag «— FALSE selects one of the federations in th&S ;.. that yields the
25: end if highest total profit. The mechanism calculates the indaidu
26: end for . .. . . . .
27: until (IFS| = 1) or (flag = TRUE) profit qf the pqrthlpatmg clouds in the federation using th_
28:  {Split process start}: normalized estimated Banzhaf value. The selected federati
gg: forfall ? € Jt”tS Wh{e}e\f;\; ]}jdro will allocate and provide the requested VM instances to the
. or all partitions iy STkt O iy
where 7, = £ U Fy,, 5 (1 F, = 0 do user. . . _
31 B&B-VM-ALLOCATION( F;) In the following, we characterize the properties and the
_ {Allocate VMs usingF; } stability of the cloud federation obtained by CFFM. We define
32 B&B'}/MI'OAC;%S Sﬁzlaggg:}i} the individual federation stabilityas follows. A federationF
33: if {F;, Fi}>sF; then is individual federation stable if there is no cloud provide
34 Fi  Fy {thatis FS = S\ 7} C; € F that can leaveF without making at least one cloud
gg: prifgggk provider C; € F unhappy. We showed that CFFM produces
37: Break (one split occurs; an individually stable federation. This result and its fral
a8 dit no need to check other splits) be presented in an extended version of this paper.
. ena |
39: end for IV. EXPERIMENTAL RESULTS
40:  end for

41: until stop = TRUE

42: Find F, = arg maxr, c rs {v(F;)}

43: Calculateyc, (Fy), VC; € Fy,

44: F;, allocates and provides the requested VM instances.

possible combinations of two federations #iS are visited instancesyM =

Experimental SetupWe consider eight cloud provides of-
fering four types of VM instances. We considered only
eight cloud providers since it is a reasonable estimation of
the number of cloud providers that could potentially form
a federation in practice. We consider four types of VM
{VM;,V My, VM3, VM,} representing

during the merge process. The merge process starts ev@Rall. medium, large and extra large VM instances, respec-
time by choosing two non-visited federations#i® randomly,
e.g.,.F; andF;. B&B-VM-ALLOCATION is called to find an Table I. The instance types and pricing are similar to thesone
optimal VM allocation ONF;UF;. If F;UF>{F:, F;}, then used by Microsoft Azure [7].

federations?; andF; decide to mergeF; UF; is saved inF;,

tively. The description of the VM instances is provided in

The parameters used in our experiments and their values are

and F; is removed fromyrg SinceF; is Changed it can be listed as follows:N;, the number of cores, is a random number
selected in the next merge steps. Thus;ted|[F;|[F] for all between [100, 1000], ansl;, the amount of storage (TB), is a
Fr € FS, k # i is set to false. The merge process tries to fingihdom number in [1, 100] for each cloud providets;, core
another pair of non-visited federations suitable for meggif COSt matrix,p;, core price vector;, storage cost matrix, and
all the federations are tested and a merge does not occurpprstorage price vector are a random number in [0,1] for each
the grand federation forms, the merge process ends. VM instance;j. We use the ILOG Concert Technology APIs
The federation structur&S obtained by the merge procesdn C++ to solve the IP problem by CPLEX solver [13].
is then subject to splits. In the split process, all federati Analysis of ResultsWe compare the performance of our
that have more than one member are subject to splitting. Ttleud federation formation mechanism, CFFM, with that of
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Fig. 1: (a) Total Profit of the Cloud Federation; (b) Profit nélividual Cloud Providers; (c) Execution Time of the Mecisams.

two other mechanisms: Optimal Cloud Federation (OCFMpyoviders could form, CFFM only considers some of them
Random Cloud Federation (RCFM). The OCFM mechanisin the merge-and-split process based on the merge and split
finds the optimal allocation on all cloud providers by sofyinrules. On average, CFFM explores 48 federations until itsfind
a relaxed problem in which the constraints (7) in the prodoséhe final federation. As a result, the execution time of CFFM
IP are not considered. As a result, in OCFM it is not necessdsya lot less than that of OCFM which goes through all the
that all the cloud providers provide resources to fulfill tteer federations. For each federation, both mechanisms runkthe |
request. The RCFM mechanism selects several cloud pravideolver once. In cases that the IP solver requires more time (i
randomly and forms a federation. All the mechanisms user larger request), the execution time of both mechanisms
the branch-and-bound method for solving the proposed IRcreases. RCFM execution time is close to zero since the the
We consider four different customer request$0,0,0,0), IP solver is executed for only one federation taking abo8t 3.
(10,10,0,0), (10,10,10,0), and (10,10, 10, 10) representing milliseconds.

small, medium, large and extra-large, respeptwely. Adurests Acknowledgmentlhis research was supported in part by NSF
cannot be served by only one cloud provider and they neeﬁ,:mts DGE-0654014 and CNS-1116787
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