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Abstract: How to carry out the stakeholders managements effectively, one major issue is to continuously meet the de-
mands of the stakeholders. The purpose of this paper is to clarify the disorganized information of stakeholders demands
and correctly deal with it. The paper has expounded on the project stakeholders' demands information, such as fuzziness,
randomness, dynamics, diversity and contradictoriness, through the analysis of fuzzy equivalence matrix to find the basic
method and procedure of application of fuzzy equivalence relation classification by using the theory of fuzzy mathemat-
ics. Based on the fuzzy similarity matrix by using the least squares method derives its transitive closure, and solves the
fuzzy clustering problem of fuzzy similarity relation. The paper verifies the effectiveness and feasibility about the dy-
namic fuzzy clustering of the stakeholders demands information by example, based on the principle of fuzzy clustering,
studied the establishment and application of stakeholders' demands information related to dynamic fuzzy clustering mod-
els, set the characteristic indexes of project stakeholders demands information classification. Established the relevant the-
ory of fuzzy clustering based on stakeholders demands information fuzzy clustering model, and study the specific imple-
mentation steps on how to use the model. These results have practical significance for the classification of managing

complex stakeholders' demands information.
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1. INTRODUCTION

In the management of project stakeholders, we need to
continuously meet the demands of the stakeholders in order
to make them satisfied. Therefore, we need to identify the
demands of the stakeholders continuously, and make a clas-
sified management. Generally speaking, the demands infor-
mation of project stakeholders often has the following char-
acteristics [1]:

1. Fuzziness

The demands of the stakeholders often have no clear
boundaries, it is just as a vague description of the lan-
guage. For example, a very vague description is to de-
mand a certain quality index or a project duration to be
better.

2. Randomness

The project has many stakeholders each part has different
demand. And these demands are unsystematic.

3. Dynamic nature

During the progress of project, the demands of
stakeholders will form gradually as situation changes.

At different stage, the demands of stakeholders are dif-
ferent and these demands are dynamic and variable.
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4. Variety

The demands of stakeholders are various, it could be the
demand for tangible products or intangible product; and
it may be the demand for project or its own demand.

5. Contradictoriness

Maybe the demands of stakeholders are contradictory, for
example, the project is required to have a good quality
and a low price, which is a contradiction of the demands.

Obviously the demands of stakeholders are unsystematic
and vague, therefore, it is very important to use the scientific
method to classify these demands.

2. THE PROJECT STAKEHOLDERS DEMAND
ABOUT DYNAMIC FUZZY CLUSTERING MODELS
2.1. Fuzzy Data Matrix

Assuming that the project stakeholder demands informa-
tion collection is:

A={a,a,,--,a} D

a,, a,---,a ---The Nth different demand information of
project stakeholders.

Demand information classification feature set is:
D={d.d,, -.d} 2)

d,d,,-,d_---According to the demand information to
determine the classification of characteristic indexes.
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A, D are two non empty set, fuzzy subset of AxD is
called into a fuzzy binary relations between A and D. For
any elements a in A, any element d in D, A numerical to
represent a relationship between A and the degree of D. Ac-
cording to every demand information has the characteristic
index of degree, respectively take value in the range [0,1],
can get the similar degree between each demand information
and the classification index. The fuzzy relation can be repre-
sented by the data matrix.

2.2. Fuzzy Equivalence Matrix

If the fuzzy relation on the A can be represented by ma-
trix as [2]:

§=(5,) en 3)

s, deputes the size of the relationships between @, and
a,, respectively take value in the range [0,1]. The matrix

which selects a numerical from range of 0-1 to represent the
elements are called fuzzy matrix. The matrix possess reflex-
ivity, transitivity, symmetry of fuzzy relations. The fuzzy
relation is called fuzzy equivalence relation. When A is a
finite set, this class matrix that represent the relation of fuzzy
equivalence has the following properties :

Reflexivity: s, = 1, the main diagonal elements of the §
was 1;

Transitivity: SoScS;

Symmetry:sl.j =5, the Elements in S are symmetrical
by the diagonal.

Matrix S with the above properties are also known as
fuzzy equivalence matrix.

The above S oS is fuzzy synthetic operation. The defini-
tion is:
Assuming fuzzy matrix is: $=(s,),,,.0=(q,),, - Synthe-

sis of S and Q is the m x t order fuzzy matrix, written as
SoQ.
§00=(s,)°(q,)=(p,) “)

Py =\5; A4, (%)

=l
Py ---is the inner product of the fuzzy vectors that Re-

spectively formed by the row i of S and the column k of Q.

By the theory of fuzzy mathematics can lead to the fol-
lowing conclusions: If § is a fuzzy equivalence matrix, then

for any digital A selected between 0 to 1, §, is the Boolean
matrix which represent the equivalence relations on A. And
vice versa. It can be concluded that the classification of the

basic methods and steps by using the fuzzy equivalence rela-
tion.
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1. Appoint Ae [0:1];
2. Solver §, ;
3. According §, to classify A.

when A is a determined value, there is only one kind of
classification corresponding to it. when A changing, §, is

also changing. And the classification is changing too. There-
fore, this classification has dynamic properties.

2.3. Fuzzy Similar Relation and Fuzzy Clustering

In the reality applications of stakeholder demands infor-
mation clustering, for fuzzy relation S on A, generally has
symmetry and reflexivity. It is difficult to satisfy the transi-
tivity. At this time S is called fuzzy similar relation on A.
When the set A is limited, the corresponding matrix called
the fuzzy similar matrix. According to the theory of fuzzy
mathematics, if the fuzzy similarity relation no transfer rela-
tionship, then cannot make the dynamic classification for A.
But because the fuzzy similarity relation includes the infor-
mation of relationships between elements. So after reform,
can find a fuzzy equivalence matrix which most similar as it
and then classify it. Can seek to prove, the fuzzy similar ma-
trix §’s Transitive closure ¢(S)is fuzzy equivalence ma-
trix. #(.5) is the smallest transitive fuzzy matrix which include

the fuzzy matrix § so, based on the fuzzy similarity matrix
S to solve the transitive closure ¢(S), then we can solve the
fuzzy clustering problem of fuzzy similarity relation.

The following we use square method to solve the transi-
tive closure of fuzzy similar matrix:

1. To calculate S*=So§ by S, if there is no equivalence
on S ,as §*#8 , the calculation continues;

2. Calculation of S* by §2,if §*=S8?08%=8?, then The
calculation of the ¢(S)is §?, otherwise, the calculation

continues, after a limited number of calculation we will
get:

§% 0 §2 = § (6)
We can get the fuzzy equivalence matrix on A:

1(S)=S8* (7
Use #(S) can classify A.

3. THE APPLICATION OF PROJECT STAKE-
HOLDERS DEMANDS INFORMATION RELATED
TO DYNAMIC FUZZY CLUSTERING MODELS

3.1. The Characteristic Indexes of Project Stakeholders
Demands Information Classification

Using dynamic fuzzy clustering models to classify the
project stakeholders demands information, that is the classi-
fication of project stakeholders demands information is
above quantitative processing foundation [3]. For this pur-
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pose we should use the vector to represent each of the de-
mand information [4]. Each element of the vector represent
the values of certain characteristics of demand information.

Characteristic indexes of project stakeholders demands
information can be summarized as the following aspects [5]:

1. Functional requirements refers to the performance of the
project, such as specification requirements, the structural
strength requirements.

2. The requirement of security refers to the process of pro-
ject implementation and completion of the project to en-
sure the person and the environment from harm, such as
the safety degree of project structure, anti vibration level,
fire protection requirements and so on.

3. The demand of temporal aspects refers to the demand for
the duration of the project stakeholders.

4. The demand of economic aspects refers to the cost, in-
come and consumption of the project life cycle.

5. The demand of development refers to the influences of
future development through the implementation of the
project stakeholders.

6. The demand of management coordination refers to the
needs of organization, management, communication, and
coordination during the implementation process of the
project stakeholders.

7. The demand of energy-saving and emission reduction
refers to the requirements of the stakeholders to have a
energy- saving and emission reduction in the project.

8. The demand of durability refers to the premise of ensur-
ing safety, the age limit can be normal used by the pro-
ject.

9. The demand of ornamental value refers to the ornamental
values of project, such as lighting, modeling, decoration,
color, landscape of the project.

10. The demand of environmental coordination refers to
whether the project can meet the requirement of the sus-
tainable development, as the environmental influence of
the project, and the project influence to the society.

We can set the characteristic index according to the spe-
cific situation in practical classification.

3.2. Vector Representation of Project Stakeholders De-
mands Information

If the set of stakeholder demands information as shown
in formula (1)

We can obtain the classification feature set as shown in
formula (2) by analyzing the demand information.

We can respectively take a value between 0 to 1 to find
the degree of similarity between each requirement informa-
tion and the classification feature through analyzing the
characteristic index of each demand information with.

X, =(x,,x

1 ERSTY

122

®)

Xz =(x21’x22""’x2k)

Xrl:(xnl’x “’xnk

n2’
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Then get the data matrix:

T Mg
XXy " Xy 9)
xnlan . .xnk

Xy == the degree of similarity between the stakeholders

demands information with the characteristic indexes, value
range [0,1].

3.3. Building the Dynamic Cluster Model of Stakeholder
Demands Information

The purpose of fuzzy clustering is build dynamic cluster
model through establish a fuzzy similarity relation§. The
following is the modeling steps:

1. Determine the characterization data of project
stakeholders demands information
Assume A={aa,,~-,a} is the set of project

stakeholders demands information.

According to the actual situation, Identify mth
stakeholder demands information which can describe the

characteristic index. Therefore, m data (x,,x,,, -,x, )can

be used to characterize any object

2. To calculate the degree of similarity we should determine
the degree of similarity Sy between the elements in order
to construct the fuzzy similar matrix § , that is determine

a number in the range [0,1] of objects a; and a, , there

are several ways to determine s, just as the following
methods [6]:

The similar coefficient method of maximum and minimum.

3, ax,)
P = (10)

y m
D0, vxy)
k=1

The similar coefficient method of minimum arithmetic
average.

m

2, A%,

=t ——— ab
*z(x,-k +xjk)
2°3 '

The similar coefficient method of minimum geometric
average.

m
2 Ax,)

s =+
g m

k=l
Z NRTAR
k=l

(12)
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Table 1. The table of project stakeholder demands information.
Project Stakeholder Demand Information Demand Information Element Code Name
Material without harmful impurity a,
) The good seismic performance of structures a
Prospective tenants 2
Suitable for use a,
Smooth ground a,
Matching of function and cost as
Developer Improve the quality a,
Speed up the progress a,
Comply with the design requirements ag
Design unit
Close collaboration with the contractor a,
Clear responsibility for security a,
Supervising unit .
Good cooperation with developers a,
Payment in due course a,
Contractor ] )
Claim for compensation a;

Distance method.
s, =1-cd(x,,x,) (13)

The c of formula (13) --- the properly selected positive to
make 0 < s; < 1

d(x,,x,) - distance, d(x,,x)= Y |, —x,| If
k=1

we take the Hamming distance [7].

Grade in the range of [0,1] according to the opinions and
experiences of expert and the subjective judgment.

3. Fuzzy classification

If SoS=5,then § is Fuzzy equivalence relation, take
A from 0 to 1, classified by the §,, get a series of dynamic
classification, and combined with the reality of the specific
circumstances, specify one classification used for actual
classification.

If SoS %S, then continue to use square method, through
the synthesis of finite time, if $* o $* =§% | you can use
the S as the approximate equivalent matrix of S , and take

a dynamic classification based on S .

4. THE FUZZY CLUSTER SAMPLE OF PROJECT
STAKEHOLDER DEMANDS INFORMATION

In the implementation phase of a housing construction
project, we can get the demands informations by identified
the demands of stakeholders as shown in Table 1.

After a preliminary analysis of the demand information
can be described by 6 characteristic indexes: Function char-
acteristics (D,); Safety features (D, ); Time characteristics

(D;); Economic characteristics ( D, ); Environmental char-

acteristics ( D,); Management coordination characteristics
(Dy)- on the basis of the degree of similarity between every

demands information and performance index, using the
method of expert judgment and fuzzy statistics to take values
in the range of [0,1]. The greater the degree of similarity, the
greater the values and vice versa. Take the average number
of expert opinion as the ultimate value, thus obtained:

X ={X,.X

12722

X

i3

X

14’Xi5’Xi6}
X, --- The value that take from similarity degree be-

tween demand information @, and functional properties D, ;

X

. -—- The value that take from similarity degree be-

tween demand information «, and Safety features D, ;

X, --- The value that take from similarity degree be-

tween demand information @, and Time characteristics D, ;

X, --- The value that take from similarity degree be-
tween demand information @, and Economic characteristics
D,;

X, --- The value that take from similarity degree be-

tween demand information a, and Environmental character-
istics D, ;
X,o-—The value that take from similarity degree be-

tween demand information a, and Management coordination

characteristics D,

Get data matrix according to the values :
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(04 05 01 03 09 02]
06 08 02 03 02 0.1
06 04 03 04 02 02
08 06 02 02 03 02
05 04 02 05 02 0.1
08 05 02 03 04 02
0.1 02 09 04 03 02
08 0.7 02 04 02 04
02 03 02 03 0.1 09
0.1 0.6 02 01 02 05
02 03 02 0.1 04 08
02 03 04 07 02 06
0.1 02 02 03 04 08

According to the data matrix to construct a fuzzy similar-
ity matrix:

Using the maximum minimum similarity coefficient
method to calibrate the similarity between elements.

6
2 (X Axyy)

=
1y

~ 6
Z(XM v Xy)
=

:£ X AKX F (g A X)) (5 A X)) (4 A Xoy) (5 A Xp5) + (X6 A Xp6)

(o vy )+ (3, Vg, ) (s VX)) (0, v Xg) F (35 V Xgs) + (X5 V Xog)
_(0470.6)+(0.5A0.8)+(0.1A0.2)+(0.3A0.3)+(0.9A0.2) +(0.2 A 0.1)
T (0.4 0.6)+(0.5v 0.8)+(0.1v 0.2) +(0.3v 0.3) + (0.9v 0.2) + (0.2 0.1)
~04+0.5+0.1+0.3+0.2+0.1
T 0.6+0.8402+0.3+0.9+02

0.53

We can get the other similarity coefficients in like man-
ner, then build a fuzzy similar matrix as:

1053 052 057 047 0.66 036 050 038 029 042 037 0.42—
053 1 073 073 054 0.70 0.34 0.75 040 031 035 041 035
052 073 1 059 057 057 047 0.67 043 034 039 0.52 039
057 073 059 1 047 092 038 0.79 039 034 043 041 0.39
047 0.54 057 047 1 050 040 0.50 041 032 037 0.61 0.37
0.66 0.70 0.57 092 050 1 041 076 042 033 047 041 047
0.36 034 047 038 040 041 1 036 037 037 037 0.50 0.46
0.50 0.75 0.67 0.79 0.50 0.76 036 1 047 039 042 0.50 0.44
038 040 043 039 041 042 037 047 1 071 0.74 0.63 0.74
029 031 034 034 032 033 037 039 071 1 050 054 0.50
042 035 039 043 037 047 037 042 074 050 1 057 0.82
037 041 052 041 061 041 050 050 063 0.54 057 1 057
L0.42 035 039 039 037 047 046 044 074 0.50 0.82 057 1

=}t
Il

To calculate the fuzzy equivalent matrix and obtain:

#(8)=8"=8%-5"=3§*

[ 1 066 066 066 066 0.66 0.66 0.66 061 0.61 0.61 0.61 0.61]
066 1 073 075 0.73 075 0.70 0.75 0.61 0.61 0.61 0.61 0.61
066 073 1 073 073 0.73 0.70 0.73 0.61 0.61 0.61 0.61 0.61
066 075 073 1 073 075 070 0.79 0.61 0.61 061 0.61 0.61

066 0.73 073 073 1 073 0.70 0.73 0.61 0.61 0.61 0.61 0.61
0.66 0.75 073 0.75 0.73 1 070 0.75 0.61 0.61 0.61 0.61 0.61
=/0.66 0.70 0.70 0.70 0.70 0.70 1 0.70 0.61 0.61 0.61 0.61 0.61

0.66 0.75 0.73 0.79 0.73 0.75 070 1 0.61 0.61 0.61 0.61 0.61
0.61 0.61 0.61 061 0.61 0.61 061 061 1 071 0.74 0.63 0.74
0.61 0.61 0.61 061 0.61 0.61 061 061 071 1 0.70 0.63 0.71
0.61 0.61 0.61 061 0.61 0.61 061 0.61 074 0.70 1 0.63 0.82
0.61 0.61 0.61 061 0.61 0.61 061 0.61 0.63 0.63 063 1 0.63
L0.61 0.61 0.61 0.61 0.61 0.61 0.61 061 074 0.71 0.82 063 1
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According to the fuzzy equivalence relation, take A from

1 to 0 and classify it by using S .
When A=0.73 Classification by 6:

The demand associated with the functional properties
A‘l :{az’az’a4’a5’a6’as ;
The demand associated with Safety features 4, = {am} ;

The demand associated with Time characteristics
4,={a};

The demand associated with Economic characteristics
4,= {a12} ;

The demand associated with Environmental characteris-
tics A, :{al} ;

The demand associated with Management coordination
characteristics 4, = {ag,an,au} .

5. CONCLUSION

Project stakeholders demands information is dynamic
and uncertain, it is seems to be out of order if the informa-
tion is not classified and analyzed. This paper is based on the
principle of fuzzy clustering, studied the establishment and
application of stakeholders' demands information related to
dynamic fuzzy clustering models, set the characteristic in-
dexes of project stakeholders demands information classifi-
cation. Established the relevant theory of fuzzy clustering
based on stakeholders demands information fuzzy clustering
model, and study the specific implementation steps on how
to use the model. These results have practical significance
for the classification of managing complex stakeholders'
demands information.

CONFLICT OF INTEREST

The authors confirm that this article content has no con-
flict of interest.
ACKNOWLEDGEMENTS

Declared none.

ABOUT THE AUTHORS

First Author Wang Haixin, studying for PhDs in Shan-
dong University of Science and Technology. The author’s
major is Project Management.

Second Author Fu Houli, professor of Shandong Uni-
versity of Science and Technology, The author’s major is
Geotechnical Engineering.

Third Author Wang Zuhe, professor of Shandong Uni-
versity of Science and Technology, The author’s major is
Project Management.

REFERENCES

[1] Z. H. Wang, Project Quality Management, China Machine Press:
Beijing, 2009, pp. 286-308.



752 The Open Cybernetics & Systemics Journal, 2015, Volume 9

[2] W. B. Vasantha Kandasamy, F. Smarandache, K. Ilanthenral, Ele-
mentary Fuzzy Matrix Theory and Fuzzy Models for Social Scien-

tists, Automaton: Los Angeles, 2007, pp. 34-70.

[3] L. Y. Han, P. Z. Wan, Application of Fuzzy Mathematics, Capital
University of Economics & Business Press: Beijing, 1998, pp. 104-

120.

[4] M. Sato-Ilic, L. C. Jain, “Innovations in fuzzy clustering”, Studies

in Fuzziness and Soft Computing, vol. 205, pp. 6-54, 2006.

Haixin et al.

Z. H. Wang, Modern Project Management, Publishing House of
Electronics Industry: Beijing, 2013, pp. 282-298.

Y. Yin, K. Yasuda, “Similarity coefficient methods applied to the
cell formation problem: a comparative investigation”, Computers &
Industrial Engineering, vol. 48, pp. 471-489, 2005.

Y. Jiang, L. Liu, B. Wu, E. Yao, “Inverse minimum cost flow prob-
lems under the weighted Hamming distance”, Journal of Statistical
Planning and Inference, vol. 207, pp. 50, 2010.

Received: September 16, 2014

© Haixin et al.; Licensee Bentham Open.

Revised: December 23, 2014

Accepted: December 31,2014

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/-

licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.



