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Abstract : Multidimensional grey relation projection value can be synthesized as one-dimensional projection value by u—

sing projection pursuit model. The larger the projection value is, the better the model. Thus, according to the projection

value, the best one can be chosen from the model aggregation. Because projection pursuit modeling based on accelera—

ting genetic algorithm can simplify the implementation procedure of the projection pursuit technique and overcome its

complex calculation as well as the difficulty in implementing its program, a new method can be obtained for choosing the

best grey relation projection model based on the projection pursuit technique.
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1 Introduction

In a comprehensive evaluation, a system that e—
valuates itself can be treated as a grey system. But the
factor indexes (objects) in the decision schemes are
not separated . In nature, there exists a kind of grey re—
lation between them, which is unclear but does ex—
ist'"'. The comprehensive evaluation to systems is in
fact a grey multi-objective decision. In Ref. [2] and
Ref. [3], the grey system theory is combined with the
vector projection principle to research the method of
multi-objective decisions and evaluations, and a grey
relation projection model is put forward.

The projection pursuit (PP) technique is an explo—
ring data analysis method that is driven by sample data
directly, and it is an objective weighted method that can
avoid the artificial influence factors. Its basic way of
thinking is to turn the data of high dimension into the
data of low dimension by combined projection, adopting
a projection index function to describe the possibility of
system evaluation structure, looking for the best projec—
tion value of the projection index function, and analy—
zing structural characters of the high dimension data by
the projection value " . Among them the optimization of
the projection index function is much more complicated.
The calculations required by traditional methods are
huge, and the real coded accelerating genetic algorithm
is an effective method to solve the problem[sq]

In this paper, it is proposed that the grey relation

projection problem can be converted into the non - lin—
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ear optimizing problem, which can be solved by using
the real coded accelerating genetic algorithm ( RA-
GA). A case study is also conducted in this paper.
The index weight generated is indeed objective weight,
and a new method to estimate the grey identification
coefficient is developed. The results generated from the
case study show that grey relation projection method

based on projection pursuit is scientific and objective.

2 Projection pursuit to solve the grey
relation projection

Assuming an alternative decision set is A = {A,,
As,... A} , and the attribute set is V = {V,
Va,...,V.! . The value of an alternative A; on an at-—

tribute V; is Y; (i = 1,2,...

The process of modeling the projection pursuit to solve

;] =1,2,...,m) .
the grey relation projection problem is as follows.

Step 1: Determining decision matrix. The opti—
mum decision is represented by A, , and the attribute
values of the optimum decision are given by ¥, = ( Yy,
Yooo,...,Y) . For attribute, Y, =
max[ Yy, Ys,...,Y, ], and for a cost attribute, Y, =
min[ V,,,Y,,... Y, ].
given by Y = (V) (ioiyum , (0 =0,1,2,...,n35 =1,
2,...

ternatives A on a set of attributes V', from which the op-

a  benefit
Thus, the decision matrix is
,m) , representing the evaluations of a set of al—
timum decision can be found.
Step 2 Initializing decision matrix. Initialization

is to generate a new decision matrix by dividing each

element of a vector of the matrix by the first element of
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the vector, resulting in a decision matrix whose ele—
ments have common initial points and no dimension
and are all non-negative. The initialized matrix is for—
mally given by Y' = (Y') (,:1) <. with
Yy =Y/ Yy,
(i =0,1,2,...,n3 7 =1,2,...,m) (1)
Step 3 : Determining grey relation decision matrix.
If Yy, is a principal sequence and Y'; is a subsequence,
the grey relationship between other decisions and the
optimum decisions is given by

min min | Y’
i J

Yy,

=Yl +pmax max| Yy — V', |
i J

Fi' =
! =Yl +pmaxmax| Y - V', |
i J
(2)
where p is an identification coefficient.
If the attribute weight vector is denoted by W =
(W, W,,...

T . .« . .
,W. ] ,the grey relation decision matrix

is given by
W] Wz eee Wm
W]Fll WZFIZ WmF]m
F=\WrF, WF, W, F,, (3)
WiF., W.F, W.F..

Step 4; Determining grey relation projection val—
ues. The grey relation projection value of the alterna—

tive A; is given by

7 = éwfn/[ iwjﬁ (4)

Where, W, is the weight of the attribute V, , (i =
1,2,...,n3 = 1,2,...

Step 5: Constructing the projection index func—

,m) .

tion. For synthesizing the projection values, the distri—
bution characteristic of the projection value Z; is re—
quired as follows. The local projection points should be
as intensive as possible, preferably forming individual
point regions, and the point regions should be as wide—
ly dispersed as possible in the entire region. So, the
scheme index function can be formulated })yM :
Q =50, (5)

S is the standard variance of the Z’;s projection
value and D is the partial density of the Z’; s projection
value, namely
1

7

2, - 2] (6)

n

1

n-1¢&

D, = ii(l?—ru)u(ﬂ—ru) (7)

Sz:

AR R
In the above equations, Z = — Z /. is the aver—
n &

age value of Z; , S, is the standard variance of Z, , and
R is the window radius to get the partial density. The

selection of R should be not only to ensure that the av—
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erage number of the projection points in the widow is
not too small in order to avoid a large moving average
deviation, but also not to make it improve too quickly
with the increase of m . The value of R is taken to be
0.185, S , and the distance to be r; =1 Z, = Z; | .
u(t) is a unit step function, whose value is 0 for¢ <0,
and 1 fort =0 .

Step 6; Optimizing the projection index function.
Through maximizing the projection attribute function,
the attribute weights and the identification coefficient

can be identified, namely .

max() = S,D,

m

stW,=0,3 W =10<ps<1 (8)

It would be better if decision makers preferences
expressed as constraints on weights can be taken into
account in the model.

It is a nonlinear optimization problem with the
weights W, ,W,,... ,W, and the identification coeffi-
cient p as variables, which is difficult to solve using
conventional optimization algorithms due to the strong
nonlinearity and possible non-convexity of the objective
function. Alternatively, RAGA is simple to use and ef-
ficient to find near-optimal solutions for such compli-
cated nonlinear problems. The details about RAGA can
be found in Ref. [53].

Step 7 : Alternative ranking. p and W; generated in
step 5 are used in the grey relation projection model for

calculating an index for alternative A; as follows :

2= ywr/lswl

(t=1,2,...,n) (9)
The alternatives are ranked on the basis of the magni—
tude of the index values. An alternative with a large
index value is ranked higher than another alternative

with a lower index value.

3 A numerical example

Examplem : The selection of locations for a
pumped-storage power station. Table 1 shows the at—
tribute values of the three planning alternative loca—
tions; the Qingshi Mountain Ridge, the Buyun Moun-—
tain and the Pushi River in Liaoning Province, China.

Table 1 The attribute values of the 3 planning locations
for the pumped-storage power station
in Liaoning Province

Index A, A, Ay
Vi 1 236 1 244 1132
v, 432 405 482
Vs 427.3 287.3 337.0




cont.

Index 4, A, Ay

Vy 12.2 7.7 6.6

Vs 176 x2/1 064.3 100 x2/1 064.3 194 x2/1 064.3
Ve 21.0 21.6 20.7

v, 6.75 5.25 6.75

Vg 62/176 34/100 80/194

Vg 682.64/176 468.98/100 717.27/194

There are three alternative planning locations to
A, —Qingshi Mountain Ridge, A,—
Buyun Mountain, and A;—the Pushi River. The eval-

choose from:

uation attributes are defined as follows: V, is the power

. . . . -1
station infrastructure investment in yuan-e (kW) Vs

0.5410 0.9072 0.9857

is the supporting transmission investment in

1132 405 427.3 6.6 388
Y- 1236 432 427.3 12.2 352
1244 405 287.3 7.7 200
1132 482 337.0 6.6 388

The initialization decision matrix is given by

1 1 1 1

, 10.9159 0.9375 1

0.9100 1 0.6724 0.8571 0.5

1 0.8402 0.788 7 1

The projection attribute function is gained. By u-—
sing RAGA to optimize the optimization problem in
Eq.(8), the maximum projection attribute value is
gained as 0. 120 675, the objective weight vector is
W =[0.027 741, 0.000 027, 0.922 951, 0.005 47,
0.023 337, 0. 003 908, 0. 014 949, 0. 001 531,
0.000 087 ] ! , the identification coefficient is p
0.000 001 ; and the grey relation projection value vec—
tor is Z =[0.851 047, 0.000 003 74, 0.000 037 3]". So
the ranking order of the planning locations should be A,
>A; >A,.

In Ref. [3], the attribute weight vector is sub—
jectively given by W = [0.150, 0. 150, 0. 043,
0.202, 0.050, 0.077, 0.097, 0.202, 0,029]". The
weights shown above are generated from the sample da—
ta, which are decided by the feature of the data itself,
so it is scientific and objective without artificial factor.

However, attribute weights should be the representation
of the decision makes preferences. In nature, they
should be subjective rather than objective.

In Ref. [3], the grey relation identification coef-
ficient was assumed to be 0.5 using a traditional meth—
od. The identification coefficient value of p is always a
variable which is difficult to choose. p =0. 000 001
was estimated according to the feature of the data it—
self, which is accurately generated using grey relation
projection method based on projection pursuit.

In Ref.

[3], the evaluation values vector is

yuane (kW) B , Vi is the largest water head in meter,
V, is the landscape index, Vs is the flood control coeffi-
cient, Vs is the system total cost in 10° yuan, V; is the
project period in year, Vs is the amount of coal saved in
ton per year, and V, is the amount of construction re—
quired in m e (kW) " Only three attributes V5, Vs
and Vyare benefit attributes, whilst the rest are all cost
attributes.

So the attribute values of the ideal location A, are
given by
Y, = [1 132, 405, 427.3, 6.6, 388, 20.7,

5.25,0.412,3.697],

The decision matrix is given by

20.7 5.25 0.412 3.697
21.0 6.75 0.352 3.879
21.6 5.25 0.34 4.689 8
20.7 6.75 0.412 3.697
1 1 1 1 1

0.7778 0.8544 0.9531
155 0.9583 1 0.8252 0.788 3
1 1 0.777 8 1 1
[0.2322,0.273 3, 0.346 4], the alternative loca—
tions are in the range of (0.232 2, 0.346 4), rather
narrow for alternative ranking. The range is
(0.000 003 74, 0. 851 047) in the paper, which is
sufficiently wide to support alternative ranking.
According to the objective weights generated in
the paper, the degrees of contributions from the attrib—
utes to projection values can be analyzed. In general,
attributes with larger degrees of contribution have more
influence on the comprehensive evaluation of alterna—
tives. In this example, the contribution degree of the 9
attributes  can  be  calculated by 2.7741 %,
0.0027 % ,92.2951 %, 0.547 %, 2.333 7 %,
0.3908 %, 1.4949 %, 0.1531 %, 0.008 7 %.

4 Conclusions

By using the projection pursuit technique to solve
grey relation projection models, objective weight can
be obtained and the grey identification coefficient can
The deviation be-

tween alternatives is enlarged, which is useful to sup-

be determined with scientific basis.

port alternative ranking, meanwhile the contribution
rate of evaluation attributes to projection values can be
analyzed according to objective weights generated. This
study shows that it is not only feasible but simple that
projection pursuit model driven directly by the sample
data is applied to grey relation projection model. The

result is reliable and objective because the projection
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value has dispersivity, applicability and operability,

which is easy to support decision making and avoid

subjectivity.
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