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Abstract: Cloud computing has been adopted widely by information systems due to its scalability and availability of
resources and services. Cloud computing can provide different types of services through internet for Information
Systems (IS). There are many cloud computing providers such as Google, Microsoft, and IBM are seeking for adopting
of cloud services. Selecting the suitable cloud provider can maximize the benefits of cloud services. There is a need to
determine the suitable cloud computing provider to achieve organizations' goals and maximize the benefits of cloud
services. This work aims to introduce a decision support model based on trapezoidal neutrosophic numbers for
determining the suitable cloud computing provider. The proposed model is applied by the Zagazig University (ZU) and
the results indicated that the model can provide flexible method that can handle uncertainty in decision making for
detecting the suitable provider. Also, the results show that the proposed model can support information systems in the
choosing the suitable cloud computing provider.

Index Terms: Information Systems (IS), Zagazig University (ZU)

1. Introduction

The cloud computing technologies are applied in many organizations. The cloud computing model involved: broad
network access, rapid elasticity, and resource pooling, self-service, and measured service. Cloud computing can be
considered as a source of IT infrastructure which provides organizations with their needs to achieve their goals. The key
concept of cloud computing is that the hardware, the software, storage, databases, and any other resource can be rent
from cloud computing provider. There are many cloud computing providers are seeking for adopting of cloud services.
Information systems which utilized cloud computing options can enhance business value and performance. Selecting
the suitable cloud provider can maximize the benefits of cloud services. So that; there is a need to determine suitable
cloud computing provider. According to [1, 2, 3] the neutrosophic numbers are best fit inconsistent data and can support
decision making This work aims to introduce a decision support model based on trapezoidal neutrosophic numbers for
determining the suitable cloud computing provider. The results indicated that the proposed model can help information
systems in the choosing the suitable cloud computing provider. This paper is arranged as: the first section gives
introduction for this work; the second section gives cloud computing services form information systems viewpoint; the
third section introduces cloud deployment model form information systems perspectives; the fourth section provides
challenges and risks of cloud computing form information systems perspectives; the fifth section introduces the Single
Valued Trapezoidal Neutrosophic Numbers; the sixth section gives the novel model with numerical example and
describes the proposed model to detect the suitable cloud computing provider; the seventh section gives conclusion; the
finally provides references.

2. Cloud Computing Services Form Information Systems Viewpoint

According to [4] cloud computing can increase productivity and enhance processes in information systems. By
applying the concept of cloud computing in information systems, clients can use resources that are sold by providers.
Cloud computing has three service models that give different levels of resources which can be rent [5]:
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e Software as a Service: provides software / applications,

e Platform as a Service: provides environments and development tools,

e Infrastructure as a Service: introduces servers, storage, and networks that make use of virtualization to
introduce services.

According to [6] information systems that make use of cloud computing can enhance business value and
performance through improving their processes. The following figure can highlight this concept.
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Fig. 1. Impact of Cloud Computing on IS and organizations
3. Cloud Deployment Models Form Information Systems Perspectives

There are three primary cloud computing deployment models for information systems as shown in figure 2
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Fig. 2. Categories of Cloud Deployment Models

A. Public cloud: provides environment for IS as publically accessible
B. Private cloud: manage and control services and infrastructure used by IS.
C. Hybrid cloud: compromised both private and public.

4. Success Factors of Cloud Computing of Cloud Computing Form Information Systems Perspectives

Cloud Computing can provide many success factors for all types of organizations and many types of information
systems [7]. The Success Factors of cloud computing can be summarized as the follows:

= Cost Reducing: Clients no need to pay to create and enhance infrastructure [8]. Clients can use resources that
are sold by providers.

= Flexible: Provides enable IS to access services.

= Redundancy and Reliability: Focus on redundancy to ensure reliability [9].

= Scalability: Expand computing resources [10].

= Collaboration: Due to the similarity and flexibility resources, cooperation can be done among providers [11].

= Efficiency: Ability to use all services everywhere.

= Virtually: By using virtual machines, consumers can use application, storage and communication virtually.

= Availability: services available to clients whenever they request.

5. Challenges and Risks of Cloud Computing Form Information Systems Perspectives
According to [12] there are many organizations seek slow toward applying cloud computing due to some risks and

limitations as: data loss, account hacking, less control over, attacks [13, 14]. These risks lead to a collection of
challenges such as shown in the following figure that introduces different types of challenges of cloud computing [15].
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Fig. 3. Types of cloud challenges

6. The novel Model Based on Single Valued Trapezoidal Neutrosophic Numbers for Selecting Suitable

Cloud Computing Provider

The SVTN-numbers have been introduced in many applications [16,17].

1- Definition 1: Based on [18] the SVTN-numbers a can be represented as: a = ((a, b, ¢, d); w; ,U; ,Y3) and its (truth

p, (%), indeterminacy v;(x) and falsity A;(x)) membership functions are :

(x— a)wa

,a<x<b

() = !w, b<x<c
8 | (dX)W“,chSd

d-c
0, otherwise

( (b— X+ua(x a)) a<x<b
vy(x) = ! b<x<c
a | (X c+u; (d— X)),CSXSd
d-c
L 0 , otherwise
(b—x+y; (X—a))’ a<x<b
b-a
_J)Ya b<x<c
() = (x=c+yz (d=x))
— 2 c<x<d
d-c
0, otherwise

Definition 2: According to [19,20] let a = ((ay, by, €y, d1); W3, Uz, Ya),
€= ((ap, by, ¢y, dy); W, Ug, Ye) be two SVTN-numbers and y #0 be any real number, then

a+ &= ((ag+ ay, byt by, €1+ ¢y ,dy+ dy);min{w;,wet, max{uz,us}, max{ysYs})

((3132' b;by, ¢z, d1d;), min {w;, w:}, max{u; , us}, max{y; ,y:} )(d1 >0,d, > 0)
ag= ((aldz,blcz,clbz,dlaz), min {wy, w;}, max{u; , us}, max{y; , vz} )(d1 <0,d, >0)
((d1d2' C1Cy, byby, aja,), min {w;, we}, max{u; , ug}, max{y; , Yé}) (d; <0,d;<0)

ya= {((YapprYCdel)FWa: Uz, ya)(y > 0)
((vdy, vcq, Yby, vag); wi bz, y) (v < 0)
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6.1 The Values and Ambiguities for SVTN —Numbers

Let a= ((a, b, ¢, d); wa, Ug, Ya) is an arbitrary SVTN-number; then the concept of cut (or level) of SVTN-numbers
can be introduced as the following:
1- a-cut set of the SVTN-number a for truth-membership is calculated as:

[LE_I ((X), Ra (a)]:[(wa—a)a+ ob , (wz—a)d + ac ]

Wa Wa
If (o) =a, where f(a)€ [0, 1] and is monotonic and non-decreasing of aa € [0,w; ]

(b+c—a—-d)a (a+ 2b+2 c+d) (w;)?

V,@ = ["[(a+d) + Jado = GO0 )

a

(d—a+2c—2b)) (w;)?

A@ = [,7[(d—a) Jada = = (®)

(d—a+b-c)a
Wa

2- B -cut set of the SVTN-number a for indeterminacy membership is calculated as;

[La (B), Ra (B)] = [(1 B)b + (B ua)a’ (1-B)c+( B~ ua)d]

1-uz 1-uz

If g(B)=1—8, whereg(B) € [0, 1] and g(B)is monotonic and non-increasing of B € [u;, 1], the value and ambiguity
of the SVTN-number a can berepresented as:

(a+ 2b+2 c+d) (1-uz)?

V,@ = [ |G+ d) + 2R (1 -y = - ©)
A@ = [1[(d - a) - ER00D) (g ) gp = w2ty (v (10)

3- v - cutset of the SVTN-number a for falsity-membership is calculated as

(1-y)b+ (y-ya)a (1-y)c+ (y-ya)d
L R =
Lay),RaW=F———— - |

Where y € [y;, 1].1f h(y)=1-y, where h(y) € [0, 1] and h(y)is non-increasing of y € [y;, 1], the value and
ambiguity of the SVTrN-numbera are;

(b+c a—-d)(1-y) (a+ 2b+2 c+d) (1-y;3)?

6

V(@) = f[(a+d)+ 1(1=y)dy = (11)

-~ _ 1 _ _ (d—a+b-c)(1-y)
A@) = [ [(d —a) -
6.2 The Values and Ambiguities Index of the SVTN-numbers

Leta = ((a, b, ¢, d); w;, Uz, yz) be a SVTN-number. The values and ambiguities index method can be adapted and
generalized to the SVTN-numbers and they can be respectively calculated for L& [0, 1] as following:

(d-a+2c—2b) (1-y3)?
6

)] (1 —-y)dy = (12)

(a+2b+2c+d)

V@nr= [ows® " (1- 1)1 ~us) 2+ (1-2)(17ya) ] (13)

And

A(E_l, 7») _ (d-a+26c-2b)

[ Aws "+ (1-M)(1 ~u) *+ (1-2) (1 7ya) ] (14)

Let E = ((a, b, ¢ d); we ,Ug,Ye), D = ((a, b, ¢, d); wp ,Up ,Yp) be two SVTN-numbers. The comparative method for E
and Dcan defined as:

1. IfV(E,)<V(D,L), then E<D

2. IfV(E,A)>V (D,\), then E>D
3. IfV(E,A) =V (D, ), then
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o If A(E,A)<A(D,M\),thenE <D
e IfA(E,A)>A(D,\),thenE>D
e IfA(E,N)=AD,A),thenE=D

7. The Novel Model with Numerical Example
The information system center of Zagazig University (ZU) at Egypt wants to rent more storage to handle the huge

amount of student data. The zagazig university applied the proposed method to detect the more suitable cloud
computing provider. The ZU applied needs to choose the best provider according to the following characteristics

= Cost

= Flexibility
= Reliability
= Scalability
= Availability

Given the following table:

Table 1. Linguistic term and corresponding Linguistic values

linguistic term Linguistic values

Very Poor (VP) ((0.1,0.1,0.1,0.1); 0.5, 0.3, 0.3)
Poor (P) ((0.2,0.3,0.4,0.5); 0.6, 0.2, 0.2)
Fairly Poor (FP) ((0.3,04,05,0.6), 0.7, 0.1, 0.1)
Medium (M) ((0.4,0.5,0.6,0.7); 0.8, 0.0, 0.1)
Fairly Good (FG) ((0.5,0.6,0.7,0.8); 0.7, 0.3,0.3)
Good (G) ((0.7,0.8,0.9,1.0); 0.8, 0.2, 0.2)
Very Good (VG) ((1.0, 1.0, 1.0, 1.0); 0.9, 0.1, 0.1)

Phase 1: Create a linguistic table as the follows:

Table 2. Linguistic Table

Criteria Provider 1 Provider 2
Cost VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)
Flexibility VP ((0.1,0.1,0.1,0.1); 0.5,0.3,0.3) M ((0.4,0.5, 0.6, 0.7); 0.8, 0.0, 0.1)
Reliability VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) FP ((0.3,0.4,0.5, 0.6); 0.7,0.1,0.1)
Scalability FP ((0.3,0.4,0.5,0.6); 0.7,0.1,0.1) VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)
Availability VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) VG ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)

Phase 2: Compute the normalized values
R=((aj/a", byy/a’, cy/a” dij/a’);Ws U 5 ,Yaij), such that a+= max {rij. i€ lrow, j € I cotumns }

Table 3. Normalized values

Criteria Provider 1 Provider 2
Cost ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)
Flexibility ((0.1,0.1,0.1,0.1); 0.5, 0.3, 0.3) ((0.4,05,0.6,0.7); 0.8, 0.0, 0.1)
Reliability ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) ((0.3,0.4, 0.5, 0.6); 0.7,0.1,0.1)
Scalability ((0.3,0.4,05,0.6); 0.7,0.1,0.1) ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)
Availability ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1) ((1.0,1.0,1.0,1.0); 0.9,0.1,0.1)

Step 3: Compute Uij=if;j(for i€ I rows, j € 1 cotumns ) »

row row row row row
U= Z ui]- = ((Z a (L)iTi}', Z b (L)iTi}', Z c (l)irij , Z d wirij); Min Wéij! Max uéij! Max yéij)
i=1 i=1 i=1 i=1 i=1

o = (01, 07 ... Oy be the weight value of alternatives,
Where 0i€[0,1],i € low ,and %27 w; =1  ©=(.20,.10,.10, 30, and 30)
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Table 4. The weighted values

Criteria Provider 1 Provider 2
Cost ((0.20, 0.20, 0.20,0.20); 0.9, 0.1, 0.1) ((0.20, 0.20, 0.20,0.20); 0.9, 0.1, 0.1)
Flexibility ((0.01, 0.01, 0.01, 0.01); 0.5, 0.3, 0.3) ((0.04, 0.05, 0.06, 0.07); 0.8, 0.0, 0.1)
Reliability ((0.10, 0.10, 0.10, 0.10); 0.9, 0.1, 0.1) ((0.03,0.04, 0.05, 0.06); 0.7, 0.1, 0.1)
Scalability ((0.09, 0.12, 0.15, 0.18); 0.7, 0.1, 0.1) ((0.30, 0.30,0.30, 0.30); 0.9, 0.1, 0.1)
Availability ((0.30, 0.30,0.30, 0.30); 0.9, 0.1, 0.1) ((0.30, 0.30,0.30, 0.30); 0.9, 0.1, 0.1)

Phase 4: calculate the sum table

Table 5. The sum values

Criteria Provider 1 Provider 2
The sum

$1=((0.70, 0.73, 0.76, 0.79); 0.5, 0.7, 0.3) S2= ((0.87,0.89, 0.91, 0.93); 0.8, 0.7, 0.1)

Phase 5: Apply the values index of two providers

Table 6. The Values index of two providers

Providers1 V (S1,2) Providers2 V (S2,))
Vi .18625 576
V, .06705 .081
\A .36505 729
V (S, 1) V (S1,2) =.18625)% +.06705 (1- 1) +.36505 (1- A) V (S2, %) = .576) + .081 (1-A) +.729 (1- 1)

Table 7. The ranking results of the two providers

A Providers 1 V 1,5 Providers 2 V (2.5 ranking

0 4321 .81 Providers 2 > providers 1
3 .3583 .7398 Providers 2 > providers 1
5 .3091 .6930 Providers 2 > providers 1
a1 .2600 .6462 Providers 2 > providers 1
1 .1862 .576 Providers 2 > providers 1

From table (7) for all values of A, the results show that the best provider is providers 2.

Values: 0, and .3 where A < .5, the results show when the recommender has negative feeling the result is:
providers 2 > providers 1, the best provider is providers 2. Values: where A = .5 shows that the recommender is
between positive and negative feeling, the result is providers 2 > providers 1, the best provider is providers 2.

Values: .7, .1 where A >.5, the results show when the recommender has positive feeling, the result is providers 2 >
providers 1, the best provider is providers 2. The results represents that the proposed model can introduce a new method
to detect the suitable cloud computing provider.

8. Conclusion

This work aimed to create a novel decision support model depends on SVTN-numbers for recommending
information systems with suitable cloud computing provider. The proposed model is applied by the Zagazig University
(ZU) and the results concluded that the proposed model provides a flexible model that can handle uncertainty in
decision making for detecting the best provider to rent the needed storage for handling students' information. Also, the
results concluded that the recommender model can help information systems in choosing the suitable cloud computing
provider.
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