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Abstract

The project is in the complicated natural and social environment, which is filled with a lot of
uncertainty and the resulting risk often affects the smooth implementation of the project,
project urgent need to strengthen risk management. Despite the current domestic and overseas
engineering project Risk management theory research has quite high level, project risk
analysis and evaluation method has a lot of, but because of the risk analysis technology of the
actual application of the system not to summary, so in the face of specific project risk, often
choose not appropriate Analysis technology to implement risk analysis and evaluation. The end
result is to project risk analysis and understand enough, increase the difficulty of the risk
management, a direct impact on the construction of engineering quality, schedule and cost
objectives, damage the benefit of the project. In this paper, we used induced interval-valued
intuitionistic fuzzy Einstein ordered weighted average (I-IVIFEOWA) operator for multiple
attribute decision making problems to deal with the risk assessment of project cost with
incompletely known weights information. We developed a multiple attribute decision making
method to projects in uncertain linguistic setting, by which the attribute weights can be
determined. We utilize the I-IVIFEOWA operator to aggregate the interval-valued
intuitionistic fuzzy information corresponding to each alternative, and then rank the
alternatives. Finally, an example with the risk assessment of project cost is given.
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1. Introduction

Atanassov [1,2] introduced the concept of intuitionistic fuzzy set(IFS) characterized by a membership
function and a non-membership function, which is a generalization of the concept of fuzzy set [3]
whose basic component is only a membership function. Xu [4] developed some arithmetic
aggregation operators, such as the intuitionistic fuzzy arithmetic averaging (IFAA) operator and the
intuitionistic fuzzy weighted averaging (IFWA) operator. Furthermore, Xu[5] developed the
intuitionistic fuzzy ordered weighted averaging (IFOWA) operator, and the intuitionistic fuzzy
hybrid aggregation (IFHA) operator. Later, Atanassov and Gargov[6-7] further introduced the
interval-valued intuitionistic fuzzy set (IVIFS), which is a generalization of the IFS. The fundamental
characteristic of the IVIFS is that the values of its membership function and non-membership
function are intervals rather than exact numbers. Xu[8] proposed the interval-valued intuitionistic
fuzzy weighted averaging (IVIFWA) operator, the interval-valued intuitionistic fuzzy ordered
weighted averaging (IVIFOWA) operator and the interval-valued intuitionistic fuzzy hybrid
aggregation (IVIFHA) operator and gave an application of the IVIFHA operator to multiple attribute
group decision making with interval-valued intuitionistic fuzzy information. Xu and Yager [9]
investigated the dynamic intuitionistic fuzzy multiple attribute decision making problems and
developed some aggregation operators such as the dynamic intuitionistic fuzzy weighted averaging
(DIFWA) operator and uncertain dynamic intuitionistic fuzzy weighted averaging (UDIFWA)
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operator to aggregate dynamic or uncertain dynamic intuitionistic fuzzy information. Wei and
Zhao[10]investigated some multiple attribute group decision making (MAGDM) problems based on
the induced intuitionistic fuzzy correlated averaging (I-IFCA) operator. Then, we extend the
developed models and procedures to the interval-valued intuitionistic fuzzy environment. All the
above operators are based on the algebraic operational laws of IVIFSs for carrying the combination
process and are not consistent with the limiting case of ordinary fuzzy sets [11]. Recently, Wang and
Liu[12] treated the intuitionistic fuzzy aggregation operators with the help of Einstein operations.

In this paper, we used induced interval-valued intuitionistic fuzzy Einstein ordered weighted average
(I-IVIFEOWA) operator for multiple attribute decision making problems to deal with the risk
assessment of project cost with incompletely known weights information. We developed a multiple
attribute decision making method to projects in uncertain linguistic setting, by which the attribute
weights can be determined. We utilize the I-IVIFEOWA operator to aggregate the interval-valued
intuitionistic fuzzy information corresponding to each alternative, and then rank the alternatives.
Finally, an example with the risk assessment of project cost is given.

2. Preliminaries

2.1 Interval-valued intuitionistic fuzzy set

Atanassov and Gargov[6-7] further introduced the interval-valued intuitionistic fuzzy set (IVIFS),
which is a generalization of the IFS. The fundamental characteristic of the IVIFS is that the values of
its membership function and non-membership function are intervals rather than exact numbers.

Definition 1[6-7]. Let X be a universe of discourse, An IVIFS A over X is an object having the
form:

A:{<x,ﬂA(x),17A(x)>|XEX} (1)

where ji,(x)=[0,1] and ¥, (x) = [0,1] are interval numbers, and 0<sup(z, (x))+sup(v,(x))<1,
VXxeX.

For convenience, let /i, (x)=[a,b],v,(x)=[c.d], so A=([a,b],[c,d]).

Definition 2. Let é:([a,b],[c,d]) be an interval-valued intuitionistic fuzzy number, a score

function S of an interval-valued intuitionistic fuzzy value can be represented as follows [8]:
s(a)zw, s(a)e[-11]. )

Definition 3. Let é:([a,b],[c,d]) be an interval-valued intuitionistic fuzzy number, a accuracy

function H of an interval-valued intuitionistic fuzzy value can be represented as follows [8]:
H(E)= 220 (a)efoa). @)

to evaluate the degree of accuracy of the interval-valued intuitionistic fuzzy value é:([a, b],[c,d]) :

where H(&)e[0,1]. The larger the value of H (&), the more the degree of accuracy of the
interval-valued intuitionistic fuzzy value &.

Based on the score function and degree of accuracy, Xu [7-8] give an order relation between two
interval-valued intuitionistic fuzzy values.

2.2 Einstein operations of interval-valued intuitionistic fuzzy set

In this section, we shall introduce the Einstein operations[13] on interval-valued intuitionistic fuzzy
sets and analyze some desirable properties of these operations. Let the t-norm T and t-conorm S be
Einstein product T" and Einstein sum S" respectively, then the generalised intersection and union on
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two IVIFSs A and B become the Einstein product (denoted by & ®, &,) and Einstein sum (denoted
by & @, &,) ontwo IVIFSs & and &,, respectively, as follows[14].

~@ a a1+a2 b1+b2 C1C2 dldz .

S 1+aa, 1+bb, |'|1+(1-c)d-c,) 1+(@A-d,)(1-d,) | )

sa <|| Gra) -0-a) (1b) -@-b) { 2 2 AD’bO'
(Lra) +(1-a) ' (1+b) +(1-b)" ['[@-0) +¢/'(2-d) +d;

In the section, we shall introduce the interval-valued intuitionistic fuzzy arithmetic aggregation
operators with the help of the Einstein operations.

Definition 4[14].  Let é.z([aj,bj],[cj,dj]) (j=12--,n) be a collection of interval-valued

]
intuitionistic fuzzy values, and let IVIFEWA: Q" —»Q, if

IVIFEWA, (4,3,,-,4,)=®, (0,

n n

]j:!(l—i_aj )wj _lj:!(l_ai )wj lj:!(l-i- b; )mj —lj:!(l_bj )w,- @
lj:!(l"'aj )wJ +1J:!(1_aj )wJ L] (1+ b )wJ +lj1(1_bj )‘“J
A Lo 2] [dy(y"
i=1 1
([(2-d,)" [ ]a,” H(Z_ddn)m*l__[dau)wj
L Jj=1 j=1 j=1 i

where @ =(@;,@,,,@,) be the weight vector of & (j=12,---,n), and @, >0, Y, =1, then
=

IVIFEWG is called the interval-valued intuitionistic fuzzy Einstein weighted average (IVIFEWA)
operator.

Furthermore, we shall introduce the interval-valued intuitionistic fuzzy Einstein ordered weighted
average (IVIFEOWA) operator[14].

Definition 5[14]. Let éj:([aj,bj],[cj,dj]) (j=12,---,n) be a collection of interval-valued
intuitionistic fuzzy numbers. An interval-valued intuitionistic fuzzy Einstein ordered weighted
average (IVIFEOWA) operator of dimension n is a mapping IVIFEOWA:Q" — Q, that has an

associated vector w=(w,,W,,--, W, )T such that w; >0 and ij =1. Furthermore,
j=1

IVIFEOWA, (8,,8,,.4,)=®, (W

e Wi

~—

n wj n w; n w; n w; (5)
~ lj:!(“a«r(n) _g(l_aau)) lj:!(“bau)) _lj:!(l_ba(n)
1(2+a,) " +T1(t-a)" TI(2+by)" +TT(L-by,)"
j=1 j=1 j=1 j=1
Zﬁ%m i Zﬁda(”w’
j=1 j=1
(2=c.)" +TTeay TI(2=0u))" +T T,
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where (o(1),0(2),+-,0(n)) is a permutation of (1,2,---,n), such that &, >, for all

(i-9)
j — 2’ <en.

In the following, Cai & Han developed the induced interval-valued intuitionistic fuzzy Einstein
ordered weighted averaging (I-IVIFEOWA) operator which is an extension of induced ordered
weighted averaging (IOWA) operator proposed by Yager and Filev [15].

Definition 7[16]. Let <uj,éj>(j =12, n) be a collection of 2-tuples, then we define the induced

interval-valued intuitionistic fuzzy Einstein ordered weighted average (I-IVIFEOWA) operator as
follows:

HIVIFEOWA,, (U, &) (U, &),/ (u,, &,))

=6§_g(""iﬁo<i>)
. lj(“aom)wj ‘lj(l‘aom)wj lj(“ b)) ‘lj(l‘bom)wj
f[(l+ ag(j))wj + _n (1—aa(j))wj _n (1+ba(j))Wj + _n (1—b0(j))Wj ()
i1 j=1 j=1 j=1
Zﬁ Cy( J)W’ Zﬁ dy J)W’
j=L j=1

)'is a weighting vector, such that w; >0, Y. w, =1, j=12,--,n, a,; is
j=1

the &; value of the IVIFEOWA pair (u;,&) having the jth largest u, (u; [0,1]).and u;in (u;, &) is
referred to as the order inducing variable and a, as the hesitant fuzzy linguistic arguments.

where w = (W, W,,---, W,

n

3. Model for Multiple Attribute Decision Making with Interval -valued
Intuitionistic Fuzzy Information

In this section, we shall apply I-IVIFEOWA operator to the multiple attribute decision making
(MADM) problems based on the data mining with interval-valued intuitionistic fuzzy numbers. Let

A={A,A,--- A} be adiscrete set of alternatives, and G ={G,,G,,---,G, } be the set of attributes.
The information about attribute weights is completely known. Let w:(wl,wz,m,wn)e H be the

n

weight vector of attributes, where w; >0 , j=12,---,n , w; =1 . Suppose that
j=1

§=(ﬁj)mxn=([au’bu]’[cij’du )mxn is the interval-valued intuitionistic fuzzy decision matrix,

[a;.b; |<[04], [c;.d; |<[0.] , by +d; <1, i=12,--,m, j=12:-,n.

ij =
In the following, we apply the I-IVIFEOWA operator based on the data mining to multiple attribute
decision making with interval-valued intuitionistic fuzzy information. The method involves the
following steps:

Step 1. Utilize the decision information given in matrix R , and the I-IVIFEOWA operator
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ﬁz([aivbi]’[ci’di])

=I-IVIFEOWA,, (U, B, ) (Ui, By ) oo (U B )
= (J,-an:‘i (Wjﬁa(ij))
] (v a)" ~T10-a0)" TT(be)" -TT0-00)"
[T(2+a)" +TT(L-a)" TTE+ba)" +T1(2-byg)"
j=1 j=1 j=1 j=1
Zﬁcomw’ zﬁdomw'
- j=1 — - — j=1 ” : (7)
Jl(2—C0(“)) +,-:1 J(U)Wi Jl(2—d6(u)) +J:1 U(“)W;

to derive the collective overall preference values Fi(izl, 2,---,m) of the alternative A ,where

w:(wl,wz,---,wn)T is the associated vector of the I-IVIFEOWA operator, such that w; >0 and
> w;=1.
j=L

Step 2. Calculate the scores S(f;)(i=12,--,m)of the collective overall values ; (i=12,---,m)to rank

all the alternatives A (i =1,2,---,m) and then to select the best one(s).

Step 3. Rank all the alternatives A (i =1 2,~--,m) and select the best one(s) in accordance with
S(f) and H(F)(i=1,2,---,m).

Step 4. End.

4. Numerical example

Along with the project scale and the increasing and the improvement of technology complexity, all
kinds of risk are obvious increasingly complicated and mutual relationship, project the risks has
become a noticeable problem. Any project there are risks, however, how effectively to evaluate risk.
It is a realistic problem to be solved. This paper through the project risk analysis and assessment, and
constructs a relatively perfect engineering project risk evaluation system. Purpose is to seek for
measuring project risk effective methods, in order to project risk management play a certain reference.
Suppose there is a MADM problem to deal with the risk assessment of project cost with

interval-valued intuitionistic fuzzy information. There are five projects A(i =1, 2,3,4,5)for four
attributes G (j =1,2,3,4) . The four attributes include their own project property (G,), external
environment condition of the project(G, ), the internal environment condition of the project (G;)

and the main project party (G, ). The five projects A (i=1,2,---,5) are to be evaluated using the

interval-valued intuitionistic fuzzy by the decision maker under the above four attributes, as listed as
follows:
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[0.2,05],[0.3,04]) ([0.4,05],[0.1,0.2]
0207]0203 [0.3,0.6],[0.2,0.4]

([ D) (I )
(I ) ( )
([0.1,0.6],[0.3,0.4]) ([0.1,0.4],[0.3,0.5])
( ) ( )
( ) ( )

O
Il

[0.3,0.6],[0.2,0.4]) ([0.4,0.6],[0.2,0.3]
0.4,0.7],[0.1,0.3]) ([0.5,0.6],[0.3,0.4]

([0.3,0.6],[0.2,0.3]) )
([0.4,0.7],[0.1,0.2]) )
([0.2,0.6],[0.2,0.3]) [0204][0105])
([0.1,0.4],]0.3,0.6]) ([0.3,0.7],[0.1,0.2])
([0.2,0.5],[0.3,0.4]) ([0.5,0.6],[0.2,0.4])

[0.3,0.7],[0.1,0.3]
[05,0.8],[0.1,0.2]

/—\A/-\/—\

In the following, we apply the I-IVIFEOWA operator to multiple attribute decision making for
selecting project with interval-valued intuitionistic fuzzy information. The method involves the
following steps:

Step 1. If we apply the I-IVIFEOWA operator to decision making with interval-valued intuitionistic
fuzzy  information, we suppose that the weight of I-IVIFEOWA  operator
is: w=(0.20,0.30,0.40,0.10)..

Step 2. The experts use order-inducing variables to represent the attitudinal character involving the

opinion of different members of the board of directors. The results are shown in Table 2.
Table 2. Inducing variables

G1 G2 Gs G4
A1 11 14 13 18
Ao 26 20 17 21
Az 21 13 28 18
Ay 24 25 21 19
As 19 22 20 13

Step 3. Utilize the decision information given in matrix R , and the I-IVIFEOWA operator which has
associated weighting vector w =(0.20,0.30,0.40,0.10) , we obtain the overall preference values f; of

the projects A (i=12,--+,5).
, =([0.3412,0.4388],[0.0616,0.1236]), 7, = ([0.4754,0.6143],[0.0471,0.0956])
f, =([0.2367,0.4132],[0.1021,0.1598]), 7, =([0.3432,0.6165],[0.0342,0.0767])
f, =([0.4865,0.6174],[0.0225,0.0633])
(

Step 4. Calculate the scores S(f)(i=12,---,5)of the overall interval-valued intuitionistic fuzzy

preference values F (i=12,---,5)
S(f)=
)=

) =0.3026,5 (7, ) = 0.46545 (7, ) = 0.1943
S(f,

0.4189,5 (F;) = 0.5021
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Step 5. Rank all the projects A (i=1,2,3,4,5) in accordance with the scores S (f;) (i=12,,5)of the
overall preference valuesf (i=12-,5): A; > A, = A, = A > A,, and thus the most desirable project is
A.

5. Conclusion

Project construction and operation stages tend to use a lot of energy and resources, and even harm the
behavior of the natural environment, thus leading to the project environment risk. In the pursuit of
sustainable development and construction of two type society today, project managers have to face
the influence of environmental risk to the project. Although the project managers to take various
measures to meet the supervision department of the requirements of the project environment risk,
however, these measures have no inner driving force, and not radically reduce environmental risk of
the project, its essence is still "weight management, light efficiency”. How to improve the project
environmental risk management efficiency, how to reasonably evaluate the supervision department
of environmental risk management performance is the urgent problem to be solved. Therefore, it is
necessary to explore the efficiency of environmental risk management mechanism, it is necessary to
further research project environment risk management performance evaluation method for project
risk management, and provide theoretical support and scientific decision-making. In this paper, we
used induced interval-valued intuitionistic fuzzy Einstein ordered weighted average (I-IVIFEOWA)
operator for multiple attribute decision making problems to deal with the risk assessment of project
cost with incompletely known weights information. We developed a multiple attribute decision
making method to projects in uncertain linguistic setting, by which the attribute weights can be
determined. We utilize the I-IVIFEOWA operator to aggregate the interval-valued intuitionistic
fuzzy information corresponding to each alternative, and then rank the alternatives. Finally, an
example with the risk assessment of project cost is given.

Acknowledgements

The work was supported by the Humanities and Social Sciences Foundation of Ministry of Education
of the People’s Republic of China (No. 14YJA630017).

References

[1] K.Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20 (1986) 87-96.

[2] K.Atanassov, More on intuitionistic fuzzy sets, Fuzzy Sets and Systems 33 (1989)37- 46.

[3] L. A. Zadeh, Fuzzy sets, Information and Control, 8 (1965)338- 356.

[4] Xu Z S. Intuitionistic preference relations and their application in group decision making.
Information Science 177(11) (2007) 2363-2379.

[5] Z. S. Xu, Intuitionistic fuzzy aggregation operators, IEEE Transations on Fuzzy Systems 15(6)
(2007) 1179-1187.

[6] K.Atanassov and G.Gargov, Interval-valued intuitionistic fuzzy sets, Fuzzy Sets and Systems 31
(1989) 343-349.

[7] K.Atanassov,Operators over interval-valued intuitionistic fuzzy sets, Fuzzy Sets and Systems 64
(2) (1994) 159-174.

[8] Z. S. Xu and J. Chen, An approach to group decision making based on interval-valued
intuitionistic judgment matrices, System Engineer-Theory & Practice 27(4) (2007) 126-133.

[9] Z.S. Xu, R.R. Yager, Dynamic intuitionistic fuzzy multi-attribute decision making, International
Journal of Approximate Reasoning 48(1) (2008) 246-262.

[10]G. W. Wei, X.F. Zhao, Some induced correlated aggregating operators with intuitionistic fuzzy
information and their application to multiple attribute group decision making, Expert Systems
with Applications, 39 (2) (2012) 2026-2034.

[11] G. Beliakov, H. Bustince, D.P. Goswami, U.K. Mukherjee, N.R. Pal, On averaging operators for
Atanassov's intuitionistic fuzzy sets. Information Sciences. 181(2011)1116-1124.

62


http://www.sciencedirect.com/science/article/pii/S0957417411011420?_alid=1841680729&_rdoc=2&_fmt=high&_origin=search&_docanchor=&_ct=4&_zone=rslt_list_item&md5=84887141f47b125dada0dd0850a491a3
http://www.sciencedirect.com/science/article/pii/S0957417411011420?_alid=1841680729&_rdoc=2&_fmt=high&_origin=search&_docanchor=&_ct=4&_zone=rslt_list_item&md5=84887141f47b125dada0dd0850a491a3
http://www.sciencedirect.com/science/journal/09574174
http://www.sciencedirect.com/science/journal/09574174

International Journal oi Science Vol.4 No.7 2017 ISSN: 1813-4890

[12] W.Z. Wang, X.W. Liu, Intuitionistic Fuzzy Information Aggregation Using Einstein Operations,
IEEE Transactions on Fuzzy Systems, 2012, in press.

[13]E. P. Klement, R. Mesiar, and E. Pap, Triangular norms. position paper I: basic analytical and
algebraic properties, Fuzzy Sets System, 143(1) (2004) 5-26.

[14]W.Z. Wang, X.W. Liu, Interval-valued intuitionistic fuzzy hybrid weighted averaging operator
based on Einstein operation and its application to decision making, Journal of Intelligent and
Fuzzy Systems, 25(2) (2013) 279-290.

[15] Xuesen Cai, Liguo Han, Some induced Einstein aggregation operators based on the data mining
with interval-valued intuitionistic fuzzy information and their application to multiple attribute
decision making.Journal of Intelligent and Fuzzy Systems 27(1): 331-338 (2014).

[16]R. R. Yager, D. P. Filev, Induced ordered weighted averaging operators. IEEE Transactions on
Systems, Man, and Cybernetics- Part B 29 (1999) 141-150.

63


http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=1CHBdPNgIKJmdBmkAC@&page=1&doc=28
http://iospress.metapress.com/content/02295524j14299l3/?p=f55c7e296e9a4fa99c2858a4a4a3a05e&pi=0
http://iospress.metapress.com/content/02295524j14299l3/?p=f55c7e296e9a4fa99c2858a4a4a3a05e&pi=0
http://iospress.metapress.com/content/300180/?k=weize+wang&sortorder=asc
http://iospress.metapress.com/content/300180/?k=weize+wang&sortorder=asc
http://dblp.uni-trier.de/pers/hd/c/Cai:Xuesen
http://dblp.uni-trier.de/pers/hd/h/Han:Liguo
http://dblp.uni-trier.de/db/journals/jifs/jifs27.html#CaiH14

