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Abstract

Purpose — The paper outlines a self-contained scheme for multiple networking agents at a location.
It proposes a mathematical model for intelligent cloud entropy management systems. The purpose
of this paper is to minimize the cost of system functionality by proposing the substantial use of a
cloud-based system.

Design/methodology/approach — The paper proposes a hybrid cloud system, based on a fractional
calculus of hybrid integral systems. Its discrete dynamics are suggested by using the fractional
entropy type known as Tsallis entropy. This approach is based on the Wiener process (i.e. diffusion
processes). This involves the net movement of information or data from a state of high meditation to a
state of low observation. This property is a basic characteristic of hybrid cloud computing systems.
Findings — The paper offers a number of solutions to minimize the costs of cloud systems. The
method is a proficient technique for presenting various types of fractional differential solutions.
Research limitations/implications — Researchers are encouraged to test and modify the
proposed method.

Practical implications — The paper includes suggestions for the expansion of a powerful method for
managing and integrating cloud systems stably.

Originality/value — This paper addresses an acknowledged need to study how the cost function of
cloud systems can be achieved.

Keywords Fractional calculus, Cloud computing system, Fractional entropy

Paper type Research paper

1. Introduction

Cloud computing (CC) has been recognized as a satisfactory means of offering users
self-service applications on request and provides clients with access to a large pool of
computational storage space. With CC, though, since clients do not have individual
information technology (IT) stations they will not necessarily be aware of local resource
deficiencies. In order for both clients and suppliers to be assured that their cloud
services are functioning adequately, smoothly and at an acceptable standard, service
agreements are desirable (Patel ef al, 2009). Hence, globally, big data processing has
developed a chief problem in different fields. This permits the cloud environment to
deliver high performance with distributed resources. The CC design comprises three
layers: applications, platforms and infrastructure. These layers are managed well in a
hybrid cloud. A hybrid cloud is a combination of a public cloud, a private cloud and/or
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a community cloud. It offers data processing services by utilizing the private and public
clouds. The private cloud is where the internal system that is free to use is sited, while
the public cloud hosts paid-for services from external suppliers (Moon et al., 2015;
Kim and Lee, 2013). This union reduces costs and increases utility. In addition, service
suppliers construct the resources offered depending on their cost. Nevertheless, hybrid
clouds have become subject to an increasing number of service requirements
and, therefore, ever more complexity. Users of the hybrid cloud are rarely offered
service-level agreements that are satisfactory for service suppliers and managers.
Thus, hybrid clouds require a new guaranteed technique that minimizes costs and
maximizes the utility of a system. The problems with such clouds are that they need to
develop communication networks to be able to utilize semi-organized data in a huge
database, to enable data and request portability and to deliver a definite level of service.

Recently, the potential of cloud entropy systems has been recognized and their
popularity has risen with their promise. However, with their rising use, the means for
measuring the effectiveness of clouds has remained unclear. To define a stage of
service in CC, internet facilities supplied by generalized document (or data) centers in
the form of software and hardware systems have to be identified, as a rule, or there has
to be a distributed computing system enclosing a group of systematized virtual
machines that allows for the dynamic calculation of assets (Kerrigan and Chen, 2012).
As the original technology in cloud entropy systems contains functions such as
routing, visualization, code duplication, etc. that have long-recognized modes for their
valuation, generally the costs of CC services have been calculated by employing known
computational techniques. Recent network structure arrangements have included
groundbreaking developments of importance for the apparent future of computing
processes. It performs reasonable tasks such as generating feedback. This procedure
has led to the (hybrid) cloud system based on data perturbation. Ren and Beard (2010)
introduced multi-agent systems which have various civilian, military and homeland
security applications. In addition, all these implementations that discern range,
communication bandwidth, power limits and stealth requirements preclude any
centralized lead or control. Ghosh (2014) presented a stable study of the underlying
theory and functional applications of distributed computing. Zeitz (2014) surveyed
nonlinear control system designs that included CC systems.

The mathematical models are essentially performed using integer calculus by
consuming. However, use of different models has not recurred with the integer (normal
derivative) cases in complex physical situations, while they have been refined by
fractional power (non-integer) differential equations. Fractional systems have been
considered and recommended by a collection of fractional differential operators such as
those of Riemann-Liouville, Erdélyi-Kober, Caputo and recently, Jumarie. These
systems have recognized investigation aggregates in military studies, economic
systems and social controls. A large number of these systems, such as distributed
sensor networks; CC systems composed of multi-servers, attitude controls for satellites,
etc. have been studied. Tarasov (2011) experimented in the area of fractional dynamic
systems describing the various systems using long-term memory.

Recently, cloud entropy systems of fractional order have been suggested for study.
Machado (2010) investigated the adoption of entropy for analyzing the dynamics of a
multiple independent particle system, whereby different entropy classes of particle
dynamics with ordinary and fractional attributes were required. Moreover,
approximated solutions for entropy have been studied by Machado (2012). Ibrahim
et al (2016) improved the capacity of CC by utilizing fractional entropy concepts.
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Other methods for minimizing the cost of CC have been suggested by Ibrahim and Gani
(2016) related to the management of fractional dynamic multi-agent systems.

In the present work, a new mathematical model is suggested to describe hybrid cloud
systems, particularly the fractional type of hybrid integral systems. Moreover, we have
provided a new algorithm constructed using the Wiener process (WP) to minimize their
cost. The discrete dynamics are suggested by using fractional entropy, of the fractional
Tsallis entropy type. Moreover, we have examined the stability of the algorithm.

2. Setting

For this section, we considered the elementary properties for discovering a method to
evaluate the theory of dynamism and control in CC models. Cloud databases feature
data concerning the successful supply of hardware or software and the practical
mechanism for the way in which different kinds of data are deposited, as well as
information about isolated cloud controls over how much of it is in the public realm,
and other service information. Similar kinds of request entries are transformed in all
incidents according to various situation and route maps and these can be influenced by
model structures and communication frequencies.

Here, we have presumed that there are # agents within a communication network
directed by a graph. Let the agent 7 assume the cost function ®,(¢, y, #) demonstrating
what an agent charges as shown by y(#) (ie. the flat rate of CC at time #) with the
controller #,(¢). Thus, we may present the fractional system as:

D) = @ilt, ), =1, m

(&) = %),

where y,(f) is the consequence at time #, D%®y(#) indicates the Riemann-Liouville
calculus given by:

d [t({t-s)"%
Dy () = = )
)=  Ta—o) (s)ds,
which corresponds to the integral operator:

t (t_s)g:)—l
« T(p)

such that g € (0, 1). Olfati-Saber et al. (2007) suggested that the dynamic of the cloud
could be represented by the formula:

IORS x(s)ds,

1) =0t u), i=1,..,n

= foij (1= D)),

jeN
where a;; > 0 denotes the connection between ¢ and j, else a;; =0.
10 = (0, s 22D) 3O = @10, s 2O, wl) = (D), .., (1)
If yi)—y;) for all t€J=[0,T], T—oo, then the scheme is asymptotically stable.
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Our discussion is based on the second type of hybrid fractional system:

1i(t+1) = O; (8 2(p1 (1), u(p1 (1)) [BD)

o) ()91 .
+/0 (FE)) i(8:2(05()- u(py())Jds. =1, ..n »

(&) = %),

where the function y; € C [/, R] (the space of all continuous functions on J) is called a
solution for problem (1), f: /=R is continuous, ®; ¥;: /X R x R—R, and p;: =/, k=1, 2,
3 are continuous. Our aim is to establish the existence of a solution for problem (1).

3. Results

In this section, we have shown that system (1) is well-posed as per Hadamard (the
system admits at least one solution). We defined a sup norm ||.|| € C[/, R] itself defined
by | ull:= sup;.|u|. Clearly, C[/, R] is a Banach space. We required the following
result, which can be found in Dhage (2014):

Lemma 3.1 Let % be a closed convex and bounded subset of the Banach space X
and let PQ:%X be two operators such that P is Lipschitzian with a
Lipschitz constant £, € is continuous and completely continuous and
PyQy € A for all y€ AB. Then the operator equation PyGQy=y has a
solution in 98 whenever {u <1, where p := | Q(%)].

Theorem 3.1 Let the following assumptions be considered:

(Al) @; is continuous and there exists a bounded function ¢:
[0,00)—[0,00) such that:

9. 10~ i5.0)| = (] (1)

(A2) ¥, is a Caratheodory function (measurable in f and continuous in
x, ) and there exist two bounded functions w./—[0,00) and w:
[0,00)—[0,00) such that:

Wil <y@o (x| +u])-
If po(?) is increasing its function in J and:
vpy
T(o+ l)a) <1
then (1) has a solution in X =C(J/, R).

Proof. Define two operators P?— X and @Q:X— X as follows:

(P)(x) := Dilt, 1 (p1(D)), u(p1 (D)),

B+

and:

)() 1

Pz(t)
@ui=p+ [

(Ss X(pB(S))’ M(pS(S)) ds
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Solving (1) is equivalent to solving:

P()Q(x) = 1.

We aimed to achieve the conditions of Lemma 3.1. First, we showed that P is
Lipschitzian on X By (Al), we obtained:

|(PYDBO~P)D] = |@ilt, 7,10)~Vi(,2,0)
<o ([lul)) (|=2]).

consequently, by taking the sup norm over /, we had:

|PY)-P) @) | <@ ([ x—x])-

Hence, P is Lipschitzian with a Lipschitz constant @:= max, < x¢ (|« ). We proceeded
to show that any solution y of the problem (1) is bounded. By (A1) and (A2), we had:

11 < |@i(E 2 (p1 (), u (1 (D) | [|BO)|

pa(l) o1
+ /0 (tri)) Wi, (s2(ps(s)) u(p(s) ] ds

Dpy(t
< (o) 1+ @) [ B+ 5220 o] + )
—_ — vo?
< (@l1+) [P+ g

where  ®;(t,.,.):= max; . j0;(2,0,0), f = max; c f({), y:= max; . ;Y(f) and @:=
max, , e x. Taking the supremum norm over J, we obtained:

st
1- (p|:ﬁ+l"(pj—1)w:|

It is clear that:

<b}

is a closed, convex and bounded subset of X.

Next, we aimed to show that € is a compact and continuous operator on % into X.
To prove that @ is continuous on A, let {y,,},{u,,} be two sequences in % converging
to a point y, # € A, respectively. Then by using dominated convergence theorem for
integration, we had:

pa(t) (t_s)fr’)*l

Jim Q)0 = pioy+ Jim [

\Pi (S> Am (p3(s)) > Um (pZ(S))} ds
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=pO+

pa(t) (t_S)KJ*11P p
/0 o) i(S, 2(p3(5)), u(ps(s)) r}

= (@)

Hence @ is continuous on & into X. We proceeded to show that @ is uniformly bounded:

pot) (4_ o\ —1
/0 (triz{)) |lPi(T’X(T),M(T))|dT]

QU] < [BO)] +

py Yo
Ip+1)y
This proves that € is uniformly bounded on 9. Moreover, for £, > t1, f1, t> €/, we attained:

< B+

W (t—s)v !
[(p)

polts) (. gy9—1
_A @f%—WﬁJ@W@WM

_ o) 010+ L)

= T(p+1)

(Pz(tz)—ﬂz(fl))pww iy
I'(p+1) T

where (f,—t1) = 6. This led to (%) which is an equicontinuous set in X. Hence, in virtue
of the Arzela-Ascoli theorem, we concluded that @ is compact. To achieve condition (c),
we had:

Pz(
mmm»qmmkyé W2, 10, u(2))|d

IPGORM| < | @i (£, x(pr (1)) u(p2 (D) | [|BO)]

P (g1
+ /0 C 1w (5, 15(s)) 1 (k) s

I'(p)
—\ |5 Hps(H)Y
< (o) 21 +0) [p+ 52 o]+ )
— — Uo?
< (@l +) P+ g .

Therefore, P()€Xx) € B. Hence, all the hypotheses of Lemma 3.1 were achieved and
thus the operator equation P(y) @) =y had a solution in B. As an outcome, system (1)
had a solution defined on X. This completed the proof.

4. The algorithm

The cost function is a function that plots an occurrence or principles of one or more
variables onto a real number. There are three types of this function or its negative
called the objective function, the FF and the utility function. To minimize the cost
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Figure 1.
The proposed
algorithm

function in problem (1), we needed two types of function; objective and fitness
(see Figure 1). By utilizing the fractional integral operator, we sought a new FF in order
to simulate the fractional CC system. The main calculation was intended to evaluate the
utility of the system with the help of fractional entropy, which is defined by the WP.

Objective function

Our principal aim was to investigate an establishment’s optimal flat rate of CC usage.
With the cost function that was presented in Section 2, all rational companies should
make their decision based on the flat rate of switching to the CC pattern to minimize the
estimated cost reduction corresponding to the actual cost. For this purpose, we defined
a suitable objective function:

O() =0+ Y p(aipi(0)+ D _ [pbi, 0i(1)+ p(bi. — (D). )
=1 i=1

Equation (2) satisfied the inequality constraints of the formula:

(@i(x) =0,

which was a model of an optimization problem, where a; and b; were positive constants,
p was the penalty function, which modified the original objective function and ¢; and w;
were the constraints. The penalty strategy made use of finite difference techniques on
any boundary conditions on a boundary operating as a FF in the cloud.

(1)

<,Vi),

FF
The FF of the cloud, pertaining between agent y; and y;, was employed to control the process
during the evolution of the system. Problem (1) could be reduced to minimize the problem:

Eo= > (T(m)—oi(t)o(n)), )
neQCX
where:

pa(t) (t_s)fofl
Jv (Xz‘) = (t, X(Pl(f)) > U (101(0) B+ /0 W\Pi (s, X(Ps(s)) s U (PS(S)) ds

satisfying the conditions:

Za) = > (7 (1)-9w) =0, @

% € 0Q

Input: integral Calculate 5| Evaluate FF
Equation (1) Equation (6)
;\l‘/ No

< Penalty

Is the cloud
good?
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where 7 was the estimated value of y. Problems (3)-4) could be solved by letting the FF be:

F(z) = Eo() +<Eaa(), ©)

where ¢ was the penalty parameter. In this work, we have suggested that that the control
u can be expressed in terms of fractional entropy to obtain good results. For this purpose,
we utilized the WP to control the function .

Fractional entropy
In this study, we have dealt with the fractional entropy that was imposed by Tsallis
(2009) with the formula:

! "dx—1
gy = HID I

or in discreet form:

1 o
TN = (1— ¢;> . AL
’— =1

Several rounds of fractional entropy have been recommended for applications by Ibrahim
and Jalab (2014, 2015), and Ibrahim et a/. (2015). At this stage, we were required to process
an appropriate amount of the information based on observing the appearance of an event
that had probability p. The method was subject to the probability of extinction, which
was described by the WP as follows (Jafari Navimipour et al, 2014).

1 &
Wi(N, u) =ﬁzuk
k=0

where # was the control in system (1), NV was the number of agents and 7 was the
average information, and where the source emitted the symbols with probabilities W7,
W, ..., Wy, respectively, such that W= W(,u). Hence, we could calculate the total
information using the formula:

1 m )
j:yTl<1—ZW;>, y#1. ©)
=1

1=

Note that 0 < >, W’ < 1. Applying (5) in (4), by ignoring the upper bound ¢ and w,
we concluded the following FF:

F(%) = Ea() +<Zoa(x)
~ 3 (TVu0-)+ 3 (T u0-7). g
2L €EQ % € 0Q

Note that the WP is used commonly in pure and applied mathematics, quantitative
finance, economics and physics. Moreover, it is used to characterize the
integral of a white noise Gaussian procedure. Consequently, it is suitable as a tool
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for measuring noise in applications that contain Brownian noise, and appliance
errors in filtering theory and control theory. Finally, it appears in the method of
bounded differences.

5. Stability

In this section, we have discussed the Ulers-Hyam (UH) stability of (1). Let (X, |.|) bea
Banach space over R” with maximum norm. Then we obtained the following
Hyers-Ulam stability:

Definition 5.1 Let e > 0. Then Equation (1) is Hyers-Ulam stable if there exists § > 0
such that for every J¥ (7;) € C(R”,, X) attaining (4) and:

l2=7" ()| <ea(lz]), >0 ®

where ¢ is a positive function, for all y € R”, there exists an outcome
n € R"_ with the property:

) —n@®)| <. ©)

Theorem 5.1 Suppose that J¥(y;) € C(R".,X) satisfying (1). If o is a linear
function in ||y||, then every solution is bounded and HUS.

Proof. Let the condition (8) be achieved. Clearly, we obtain:

&) —n®)| = |xO-nO+TD—0—T (%)
+()+T ) —m)=T )+ < | x| + |l
+21T7° )~ | +2| T (-

< ||zl + [l +ea(l]) +eo([n])
<b(1+4+¢):= 09,

where b: =max{||y||+|I7ll, o(lxl|+Iln]))}. Hence, (9) is satisfied and this completed the
proof:

Theorem 5.2 Suppose that D(y) € C(R” , X) satisfies (1). Suppose that 7 () and

¢ are Lipschitz functions with the Lipschitz constants 4; and A
respectively. If there exists a contact 0 <Ay<1 such that A:
AotA+4s < 1, 1—-4p < ¢, then every solution is bounded and HUS. W

Proof. Let the condition (8) be achieved. Consequently, we receive:

(O —=nOI < Aol =nl + 1T )=l + 1T (n)
—I+1G0)—T I+ 1) —=T ¥ ()l
< Jolly—nll +ea(llyl)+ea(lnll)y+ A1l —nl
+ Aaolly—nll 4+ (1—Ag) Ly —nll
< Jolly—nll +ea(llyl)+ea(lnll)y+ A1l —nl
+ 2ol =yl +ely—nll < Aly—nl +ca,
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where & = max{s (|

)-(n]

)

72|+ [n] }- Thus, we conclude that:

1| < % = 0.

Hence (9) is satisfied and this completes the proof. [ |

6. Applications

ExpertCloud is a good example of a hybrid cloud system. Jafari Navimipour ef a/. (2014)
and Ashouraie and Jafari Navimipour (2015) introduced two different methods to solve
the system by employing genetic algorithms and heterogeneous resources,
respectively. Salih ef al (2015) imposed a method for hybrid cloud systems by
utilizing user preferences.

Table I describes experimental results for N =5 agents and different values of the
fractional order go—entropy in the sense of Tsallis’s and Shannon’s definitions. We
assumed the following parameters: y =2, p1, 5 3=1. The utility of cloud entropy was
assessed across different times ¢ € [1-5]. It seems that utility increases whenever time
increases and Wy decreases. Furthermore, the highest number appeared at =5 and
g =0.75. Increasing the value of y implies that the utility of the cloud increases.
For example, wheny =2, Wk(5) = 0.6388, its utility became 0.481 and for y=2, Wk
(5) =0.68, its utility became 0.5 with ¢ =0.75 and ¢ =1. The best utility was apparent
after five seconds, at the fractional ¢ =0.75, which was equal to 0.5008.
This application was treated simultaneously by using the Red Hat training of hybrid
IT environments. This system offers robust instruments for cloud organization with
advanced virtualization control panels, private or hybrid cloud organization capabilities
and active visibility technologies.

7. Conclusion

This study has discussed a method for optimizing incomes from the use of a hybrid
fractional cloud entropy system. The technique was auxiliary skilled and exceeded those
specifications recommended by mathematical software and it recreated the stable benefit

Utility Utility (fractional

%@ Time Wi5) (Tsallis entropy) Shannon entropy)
1 (Jafari Navimipour 1 0.6388 0.481 04771
et al. (2014), 2 0.6282 0.491 0.4776
Salih et al (2015)) 3 0.6137 0.492 0.4779
4 0.6129 0.493 0.4800
5 0.6111 0.500 0.4851
0.75 1 0.6800 0.5001 0.4889
2 0.6740 0.5005 0.4931
3 0.6585 0.5006 0.4972
4 0.6573 0.5007 0.4990
5 0.6561 0.5008 0.5001
0.5 1 0.7113 0.4000 0.4000
2 0.7001 0.4001 0.4001
3 0.6839 0.5001 0.4994
4 0.6827 0.5001 0.4999
5 0.6814 0.5002 0.5000
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of being redeemable in terms of its overall cost as well as task distribution. Contrarily, the
objective function was involved in the creation of the concept of the fractional differential
equation tested. By utilizing this equation, we an adaptation similar to the FF.
This formula was estimable by commissioning fractional Tsallis entropy based on the
WP. The stability highlighted the problems inherent in finite domains. It is recommended
in cases where UH-stability strategies are desirable. The method acknowledged two
advantages: it transformed the problem of constrained optimization into an unconstrained
variety and with an appropriate choice of fractional order, the method offered a good
means of approximation. Additionally, one may determine multi-connection, by
employing the above method. Finally, the method can be extended to suit higher-
dimensional purposes, when the number of agents in a multi-agent system becomes large.
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