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Abstract—the cloud resource scheduling problem(CRS) is
according to users’ needs for service to pick out an appropriate
resource, but restricted by the actual situation, it is needed to obtain
several acceptable solutions for users to choose, the paper puts
forward a kind of TOPSIS method based on hesitant fuzzy sets for
cloud resource scheduling; Firstly hesitant fuzzy elements describe
all considered cloud resources’ attribute values and attribute weights,
and then define a new hesitant fuzzy distance measure, finally
propose a new hesitant fuzzy closeness to sort cloud resources.
Finally use a cloud resource scheduling example to test feasibility
and effectiveness of new method.
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I. INTRODUCTION

Cloud computing is a kind of calculation based on the
Internet, and using virtualization, instantaneous deployment,
and broadband network will be a large number of key
technologies such as virtual and dynamic resources through the
Internet to realize connectivity, communication and
interoperability of resources, and it in the form of Internet
service is provided to the user application, thus under cloud
environment resource scheduling is very complicated.

Existing cloud resource scheduling algorithm according to
different mission requirements of tasks for the user to select a
virtual machine resources, such as heuristic task scheduling
algorithm, multiple resource pools scheduling algorithm, load
balance scheduling algorithm, random integer planning
scheduling algorithm[1-9]. Such as in [1] the cloud resource
scheduling algorithm based on genetic algorithm is put forward,
through heuristic intelligent algorithm, for user tasks in
addition to complete the time or the minimum average task
completion time of the virtual machine. Due to the business
characteristics of cloud computing, in [4-7] scheduling
algorithm was designed. In [9] proposed a cloud resource
scheduling strategy based on expectancy theory, through
quantitative user’s QoS requirements user tasks assigned to the
most appropriate cloud resources. The above work studied
from various aspects the cloud resource allocation strategy, but
ignored the user's hesitate psychology, and focused on service
quality effect’s global optimization after service aggregation,
not emphasized local service quality, thus by these methods
polymerase chain structure of cloud service is the optimal
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single solution satisfying the constraint conditions rather than
an acceptable solution [10-12].

TOPSIS [13] is a kind of classic methods to solve the
problem of multi-attribute decision making, Original TOPSIS
method just deals with multiple attribute decision making
problems when the attribute weight values and attribute values
are both accurate number, in fact affected by their own
experience, knowledge, etc., the evaluation of decision maker
is not easy to determine [14-21], thus there are a lot of
literatures to solve the problem of this respect, fuzzy set theory
[22] is born to describe the uncertain psychological of decision
makers. For the above problems, this paper will put forward a
kind of hesitant fuzzy TOPSIS method, for resolving the
difficulty that the precise value of membership degree is not
easy to determine and more accurate to simulate the complex
psychology of decision makers, so using the expanded form of
fuzzy sets, hesitant fuzzy elements[23,24], and through the new
definition of hesitant fuzzy distance measure and relative
closeness to sort various cloud resources, we can select more
than one acceptable solutions.

Il. HESITANT FUZZY SET AND ITS OPERATIONS

Hesitant fuzzy sets (HFSs) were first introduced by Torra
[23] and Torra and Narukawa [24], it permits the membership
degree of an element to a set to be represented as several
possible values between 0 and 1. HFSs are very useful in
dealing with the situations where people have hesitancy in
providing their preferences over objects in a decision-making
process.

Definition 1. Let M ={u,...;4,} be a set of membership

functions. Then, the hesitant fuzzy set [24] associated with M ,
that ish,, , is defined as follows:

hy (9 =,.,, (40}

Definition 2. Leth, h and h, are three hesitant fuzzy elements,

part of the algorithm between hesitant fuzzy elements [25] as
follows:

(1) =y f1-a-»"}
@ h=U -7

yeh
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@) hUr=U {max(7)}

@ hen=U  {i+r-nn}

Definition 3. Let h is a hesitant fuzzy element,
s(h)zﬁz h;/is the scoring function of h [25], whereI(h)
ye

is the number of values inh . For two hesitant fuzzy element
h and h, , if s(h)>s(h) , then h>h, ; if s(h)=s(h,) ,
thenh, =h,.

Definition 4. Let h and h, are two hesitant fuzzy elements, then
the distance measure between h andh, is defined asd(h,h,) ,
which satisfies the following properties [25]:

(1)o<d(h,h)<1;
(2) d(h,h,)=01f and only if h,=h, ;
(3) d(h,hy)=d(h,,hy) .

I1l. TOPSIS METHOD UNDER COMPLETELY HESITANT FUZZY
ENVIRONMENT

Xu and Xia [25] proposed for hesitant fuzzy sets Euclidean
distance, Hamming distance and etc. requiring two
corresponding hesitant fuzzy elements in two hesitant fuzzy
sets must be the same, the previous practice is subjective to add
some membership value to keep the same length, but this way
lead to repeating and the distortion of information, so it is
necessary to find a hesitant fuzzy distance without subjectively
adding membership degree value.

Definition 5. Leth and h, are three hesitant fuzzy elements,
then the GAM distance measure between h, and h, is

o (,1)=2 (@, h,) + (. ) ®
Where

1
d .h2 =T # 1~ /2 2
d(h.h,) #n%mh]:[hzv A @)

1
d(h,,h)=—=> w/[[In -7l @)
- #hZ 72€hy neh

Where #h, and #h, are number of real Numbers inh andh, .

The following Theorem 1 shows that new hesitant fuzzy
distance measure meets axiomatic definition of hesitant fuzzy
distance measure.

Theorem 1. Leth and h, are two hesitant fuzzy elements, then
the GAM distance measure between h, and h, meets axiomatic
Definition 4 of hesitant fuzzy distance measure.

Proof
(1) Obviously 0 < dg,, (h,h,) <1 ;
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(2 When hz=h, , [[ln-70 then dg,(h,n)=0 :

72€h,

when d, (h,1)=0, then [T —7,j=0:

(3) Obviously d(h,h,)=d(h,.h,) .

Based on a hesitant fuzzy GAM distance, we give an
extended TOPSIS when criterion value and the attribute
weights are hesitant fuzzy elements. Specific steps are
following:

Step 1 : Hesitant fuzzy decision matrix

Assume that a certain set of decision scheme for decision-
making problem A={A,A,-- A} , where A is the
ith alternative; The attribute set of decision scheme is
X ={X, %, -+, X} » where X; is the jth attribute, A can be

represented by a  set A:{<xj,ﬁ;\(xj)>‘xjex} ,

F}A(xj) is the first project in the first rule of possible

membership degree, our shorthand Fn,- for them. Therefore,
hesitant fuzzy decision matrix is following :

h11 hlz hlm
|:| = h21 hzz th 4)
_h;l h;z o h;m i

W:{Wl,wz,---,w} is the hesitant fuzzy weight vector of

attributes, wherew; -{J . ; {}.

Attributes are divided into benefit and cost type, when the
rule is cost type, we can use a hesitant fuzzy complementary

seth® to standardize the attribute value; when a rule is benefit

type, ﬁij remain the same. So we get standardized matrix H " :

Yu Y2 Vim
|-|‘: Ya Yo 0 Vom (5)
_}/nl Vo2 7nm_

Step 2 : Define the positive and negative ideal solution (PIS
and NIS) (17):

A+:{A},A;,.._,A;,...,A;} (6)
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WhereA}:U max{a,}, j=12-m

ajeyyi=12,...n

A-_{A-,A;,...,A;,...,A;} @)

WhereA}:U min{aij}, j=12,---,m

ajeyyi=12,...n

Step 3 : Calculate the separation measures d and d;” of
each alternative A from the hesitant fuzzy PIS A and the

hesitant fuzzy NIS A , respectively.

d’ = (_‘BdGAM (7ij , Ar) W;

2 Z #A
= #7lj i €7 i €A}
(8)
d 7@dGAM(}/|J Aw
Z #A
2 #;/Ij Yi €75 i €A}
(9)

Where#}ij , #M] and#M are number of real Numbers in;;ij ,
M; andM;, V\;j is hesitant fuzzy criterion weight.

Step 4 : Calculate the closeness coefficients to the ideal
solution for each alternative

Firstly through scoring function to compare d" and d; , then
according to the following function to sort all the alternatives

“ 1

C =1- —
1+\/dHM (D, D)

(10)

If d, is larger than d, , C; is better to be larger; if d, is larger

thand; , C; is better to be smaller.

Obviously,0<C" <1, i=12,...,n whenC/is closer to 1, it
means that A is closer the positive ideal solution and further

away from the negative ideal solution. Therefore according to
the degree value to rank all alternatives, the maximum value is
the optimal solution.

IV. A CLOUD RESOURCE SCHEDULING EXAMPLE

The cloud resource scheduling model is an*t resource
scheduling model composed of n virtual machine and t user
tasks. Firstly Virtual machine resources
collectionv ={A,A,,---,A,---,A,} consists of nvirtual machine

resources mutually independent between the various resources,

Advances in Intelligent Systems Research (AISR), volume 142

and virtual machine resource vm, including m different

attributes, here we consider three attributes: the virtual
machine CPU, Memory and Bandwidth properties, and they
can be described byC,,C, and C, respectively, and there are

four virtual machine resources. Because decision makers’
evaluation will be affected by their knowledge level,
experience and character which can lead to the difference
between the evaluation information. To clearly reflect
different expert opinion, attribute values and attribute weight
are described by hesitant fuzzy element, as shown in TABLE
1and TABLE 2.

TABLE I. HESITANT FUZZY DECISION MATRIX
C1 C2 C3
Al | {0.9,0.6,0.4} {0.8,0.4,0.3,0.1} {0.9,0.8,0.4}
A2 | {0.7,05,0.4,0.3} {0.7,0.4} {0.9,0.7,0.5,0.3}
A3 | {0.7,05,0.4,0.2} {0.8,0.6,0.3} {0.9,0.8,0.6,0.4,0.2}
A4 | {0.9,0.8,0.6} {0.8,0.5,0.3} {0.8,0.5,0.3}
TABLE Il HESITANT FUZZY ATTRIBUTE WEIGHTS
C1l C2 C3
{0.7,0.4} {0.5,0.3,0.2} {0.8,0.6}

With the new methods proposed in this paper to solve the
problem:
Step 1: Because of the three evaluation attributes for
efficiency, so the decision data in table 1 don't need to
standard, decision matrix as follows:

{0.9,0.6,0.4} {0.8,0.4,03,0.1}  {0.9,0.8,0.4}

{0.7,05,0.4,03}  {0.7,0.4} {0.9,0.7,0.5,0.3}

71{0.7,05,04,02} {0.8,0.6,0.3} {0.9,0.8,0.6,0.4,0.2}
{0.9,0.8,0.6)  {0.8,05,0.3} {0.8,0.5,0.3}

Step 2: Obtain the positive and negative ideal solution (PIS
and NIS):

={{0.9,08,0.7},{0.9,0.8,0.7},{0.9,0.8}}
- ={{0.6,0.5,04,0.3,0.2},{0.5,0.4,0.3,0.1},{0.6,0.4,0.3,0.2} |

Step 3: Calculate the separation measures d, and d, of each
alternative A from the hesitant fuzzy PIS A" and the hesitant

fuzzy NIS A , respectively.

. [0.2012,0.1825,0.1805,0.1778,0.1773,0.1677,
' _{0.1614,0.1586,0.1581,0.1565,0.1561,0.1532 }
. [0.1894,0.1791,0.175,0.1699,0.1642,0.1626,

2 {0.1593,0.1551,0.1536,0.152,0.1493,0.1478 }

+
3 =

0.2043,0.1908,0.1871,0.1853,0.1805,0.1733,
0.169,0.1678,0.1666,0.1628,0.161,0.1549
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. ]0.2473,0.2429,0.2302,0.2257,0.2233,0.2212,
* " 0.2188,0.2167,0.2035,0.1989,0.1979,0.1964
{0.1547,0.1522L0.151,0.1411,0.14,0.1384, }

0.1373,0.1372,0.1362,0.1261,0.1234,0.1223
0.1411,0.1373,0.1342,0.1304,0.1242,0.1204,

{0.1171, 0.1133,0.1008,0.0969,0.0936, 0.0897 }
0.1706,0.167,0.1626,0.159,0.1383,0.1382,

{0.1345,0.1344,0.13,0.1299,0.1263,0.1261 }

_ [0.2116,0.1933,0.1912,0.1885,0.1865,0.179,

‘ _{0.1724,0.1697,0.1675,0.1655,0.1627,0.16 }

Step 4: Calculate the closeness coefficients to the ideal
solution for each alternative

d;
d;
dg

TABLE III. CLOSENESS COEffiCIENTS
c | c | c | c
0.5537 0.6038 0.5544 | 0.5494

Because C, > C; >C; >C;, so the best choice is A, , the second
choice is A,, the third choice is A . Presented in this paper, the

method provides the optimal and suboptimal solution for the
user to choose, so the method has a wider application range
than ever before for the cloud resource scheduling.

V. CONCLUSIONS

The paper puts forward a kind of TOPSIS method based on
hesitant fuzzy sets for cloud resource scheduling; Firstly
hesitant fuzzy elements describe all considered cloud
resources’ attribute values and attribute weights, which can
express the users’ preferences and can be directly obtained, and
then defines a new hesitant fuzzy distance measure, which can
overcome the problem of subjectively adding membership
value in existing interval hesitate fuzzy distance measures,
finally propose a new hesitant fuzzy closeness to sort cloud
resources, avoiding disadvantages of simple way that using
scoring function to handling blur.
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