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Abstract

Abstract: In order to make up for the defect that relative degree of incidence, absolute degree of incidence
and synthetic degree of incidence are limited in the range of (0.5, 1], this paper attempts to improve the
degree of grey incidence. A control factor of “A” and the metric space are set up to adjust. A new model is
established and its specific properties are studied. It is proved that the new model satisfies the grey
incidence axioms and the range of degree of grey incidence can be extended to (0, 1]. We put forward four
principles of the quasi-optimal value, and summarize the specific algorithm steps according to sensitivity
analysis. The performances of all kinds of analysis models of degree of incidence are compared and the
quasi-optimal value is obtained. In addition, the paper succeeds in showing that the new model not only
keeps the original relation order, but also extends the range of degree of grey incidence to a broader
scope, and improves the resolution.
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Abstract: In order to make up for the defect that relative degree of incidence, absolute degree of
incidence and synthetic degree of incidence are limited in the range of (0.5, 1], this paper attempts to
improve the degree of grey incidence. A control factor of “A” and the metric space are set up to adjust. A
new model is established and its specific properties are studied. It is proved that the new model satisfies
the grey incidence axioms and the range of degree of grey incidence can be extended to (0, 1]. We put
forward four principles of the quasi-optimal value, and summarize the specific algorithm steps according
to sensitivity analysis. The performances of all kinds of analysis models of degree of incidence are
compared and the quasi-optimal value is obtained. In addition, the paper succeeds in showing that the new
model not only keeps the original relation order, but also extends the range of degree of grey incidence to

a broader scope, and improves the resolution.
Keywords: sensitivity analysis; synthetic degree of incidence; algorithm; optimization
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Introduction

Grey incidence analysis is one of the significant
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tools of system analysis, which is widely applied to
the prediction, decision making, pattern recognition,
control, and other fields. Professor Deng founded the
grey system theory and proposed the concept of point
incidence coefficients™. Subsequently, many kinds of
models were established in different approach. Liu,
et al. summarized absolute degree of incidence and

relative degree of incidencel®. Zhang et al. extended
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the application of absolute incidence degree to
interval grey numbert®). Liu et al. constructed
nearness degree of incidence and similarity degree of
incidence, and summarized the research progress of

grey incidence analysis model*®

. Zhang and Liu
proposed three dimensional degree of grey incidence
analysis model®. Yu et al. used the maximum
entropy principle and established the model of
maximum entropy!”. Jiang et al. studied the grey
relational decision model™, and so on.

In application, Fang et al. put forward the
comprehensive evaluation model of grey entropy, and
applied it to the decision-making method of intercity
rail transit system[gl. Guan and Song used the grey
incidence analysis theory and applied it to multi-sensor
data fusion method™. Li et al. used the degree of grey
incidence to determine the pull factors, and structured
the evaluation model of regional coordinated
development system!™. Zhang et al. established an
investment evaluation model and applied it to the
national grid system analysis™?, and so on.

In conclusion, at present, the research on grey
incidence analysis is roughly divided into two classes,
one kind is qualitative analysis: the main judge
relation order, the other kind is quantitative
calculation for some relevance parameter. However,
certain models have some drawbacks, and the
following are the typical ones. Firstly, values of the
absolute degree of incidence, relative degree of
incidence and synthetic degree of incidence are
greater than 0.5 and asymmetry, and the distinguished
effect is not obvious. Secondly, in quantitative
analysis, such as Li et al.l' in the study of the
coordinated development of regional economy,
stimulating factors of specific values will affect the
development degree and comprehensive coordinated

development degree of the calculation results.

In order to solve those problems, the rest of the
paper is organized as follows. The limitations of
absolute degree of incidence, relative degree of
incidence and synthetic degree of incidence are
proved in Section 1. In Section 2, first of all, we
propose a new model to overcome the leak of the
original model and study their properties. Secondly,
we also put forward some principles of the
value,

quasi-optimal such as the principle of

consistency, the principle of range analysis
maximization and the principle of symmetry, and so
on. Thirdly, we optimize the value of the new model
based on the theory of sensitivity analysis. In Section
3, we compare each kind of value of the degree of
incidence through example, and obtain some useful

results. Finally, conclusions are given in Section 4.
1 Definitions and limitations

1.1 Basic concepts

Definition 1% Liu et al. assume that the images
of zero starting point have two behavioral sequences
X; = (x(10),x:(2),---,x;(n)) ,
X, = (6,0, x,(2),-,x,(n)
and these two sequences have the same length,
X7 = () (0,57 (2,27 (),
X7 = (50, x(2),-,x] (n)
then:

1+|sl.|+|sj|

& = (D)
Y l+|sl.|+|sj|+|si —sj|

is called the absolute degree of incidence (GAID) of
X:and X;, where
5 =[] (X, —x@)dr,s, =
L (X, —x;)dt,s, —s; = L (X0~ X0)dr
% (k) = x,(k) = x,(1), 20 (k) = x, (k) —x, (1),
(k=1,2,---,n).

Assume that X; and X, are two sequences of the same

http: // www.china-simulation.com
L] 81 L]

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/10
DOI: 10.16182/j.issn1004731x.joss.201801010



Jia: Optimization of Q-BTGSID Based on Sensitivity Analysis

% 30 4558 1 3]
2018 4 1 J

length with non-zero initial values, X/ and

1

X are the initial images of X; and Xj, the images of
zero starting point of the two behavioral sequences
X/, X are X7 and X% . The absolute degree of
incidence (GAID) of X;and X is called the relative
degree of incidence (GRID) of X; and X;. Denote,

. 1+‘s;‘+‘s’j‘ @
Y 1+‘s;‘+‘s'j‘+‘sl’- —s’j‘ ’

then
py =0g; + 1- 6’)1;./. 3)

is called the synthetic degree of incidence (GSID) of
X; and X;, whered<[0,1].

Lemma 1 ¥ Assume that X; and X; are 1-time
-interval sequences of the same length, and

X7 = (0,57 (2,27 ()

X7 =(x)(0),x7(2),+,x7 (n)

are the zero images of X; and X;, then:

n-1 1
lsi| =[x (k) + = x0(n)],
k=2 2
n-1 1
|sj|= Zx?(k)+—x?(n) ,
k=2 2
n-1
SRR SIGERI0 P IO RE®) HO)
k=2

1.2 The limitations of GSID

It is obvious thate; €(0.51], 7 €(0.51], and
0 <[0,1],

(1)When & =Ty, Py = & = 1y,

(2)When ¢; > 7,

S O(ey =)+ < (g =)+ =¢;
and

Py = Hgij +(1- H)Vij = 6’(517 - rij) +1,
so p; elr, gl < (0.5,1].
(3)Where ¢, <r;, we have p;e(0.51], especial,
pi =1,
Hence, p; €(0.5,1].

Therefore, that scope is limited within the range

of (0.5,1]. So, can its distribution area be expanded to

E R
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a wider range through the improvement?
2 Model and method

2.1 The establishment of the new model

The model of absolute degree of incidence
considers the relationship between absolute amount
of sequences. The model of relative degree of
incidence considers the relative to the starting point
of the relationship between the rate of change. On
this basis, we consider the metric space between the
two sequences. Under normal circumstances, the
smaller metric space leads to the closer relationship
between sequences, the greater degree of grey
incidence, on the contrary, results in smaller. To this
end, we proposed the definition as follows.

Definition 2 Assume that two sequences*and
Xiare 1-time-interval of the same length, other

conditions are same to definition 1, then,

() 1+|si|+|sj|

% ’ _1+|si|+|sj|+|sl-—Sj|+/1-d§’ ®)
and

,]U'p) ~ 1+|si’|+|s}| ©)

- ' ' [ AP
1+|si|+|sj|+|si sj|+ﬂ. d;
are respectively called the quasi-absolute degree of

incidence (Q-GAID) and the quasi-relative degree of
incidence (Q-GRID) of X; and X;, where A €[0,1],

" p 1
df = Q[ x3 (k)] )7,
k=1

" rl
dif = Q| tke) = x ()] )7 - )
k=1
Then
plgﬂvp) _ Gl(ﬂvp)géﬂyp) + O.Z(lyp),,ly(/lyp) (8)

is called the quasi-synthetic degree of incidence
(Q-GSID) of Xx; and X;, where,
" > 0,6, > 0,64 + 5,4 =1, (9)

All of the three models are called the
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quasi-degree of incidence (Q-GID).

Especial:

(1)When A=0, the quasi-degree of incidence

(Q-GID) is the same to definitionl;

(2)0When A=1Lp=2 , it is called the
quasi-“BT”- degree of incidence (Q-BTGID), then

5(12) —|:1+ Zx (k)+ —X; O (n)| +

& 0k 1,

ij( )+Exj(n) x

k=2

1+

n-1 1
2% (k) + = x (m)] +
k=2 2

n-1 1
Zx? (k) +—x2 (n)| +
k=2 2

S 100 2001+ L) -] ¢
=2

-1

n 1
% x?(k>—x§’<k)\2)2} (10)
k=1

and

12) _
1 —|:1+

n=1 . 1.
Zx?(k)Jr—x?(n) +
k=2 2

}

n-l 1.
DX (k) +5x] () +
k=2 2

n-1 1.
> x0(k) +=x% ()
k=2 2

1+

n-1 1.
ZX(;(k)Jr—x?(n) +
k=2 2

S 100 01+ 212 0] +
=2

p 1Tt
x;(k)—x}(k)f)ﬂ (1)
k=1

are respectively called the quasi-“BT”-absolute

degree of incidence (Q-BTGAID) and the quasi-
“BT”-relative degree of incidence (Q-BTGRID).

Py 12)

is called the quaS|—“BT”—synthetic degree of

T REE M Q-BTGSID Ktttk

(3)When 1 = !

Vol. 30 No. 1
Jan., 2018

incidence (Q-BTGSID)of X; and X;, where

0'1(1’2) >0, 0'2(1‘2) >0, 0'1(1'2) + 0'2(1‘2) =1. (13)

it is called the quasi-

) :21
\/;p

“Euclidean”-degree of incidence (Q-EUGID),then

1 2)
g >l (k) +%x? (n)|+

n-1
i =1+
k=2
,l 1
0 0 %
J
k=2
n-1
1+
k=2

>0+ 22 )+
n 1
Ol w -0y ¢
k=1

n-1

-1
Z[x (k) = x5 ()] + > [x (n) - x; (n)]} (14)

and

1
(=2
rjjﬁ

PHORESHO R

n-1
=1+
k=2
}
n-1

Zxo(k)+ xo(n)

k=2
{1+

1 < - 2.5
E-(kzﬂ\xi(k)—xj(k)\ )+

n-1 1 .
D xSk) + xS ()| +
k=2 2

n=1

-1
Z[x (k) - xo(k)]+—[x (n) - xo(n)]} (15)

quasi-“Euclidean”-

are respectively called the

absolute degree of incidence (Q-EUGAID) and the

quasi-“Euclidean”-relative  degree of incidence

(Q-EUGRID). Then

1 1 1 1
(—=2) (=2) (-=2) (—=2)
o e i g

i

1
(=2)
Py = (16)

is called the quasi-“Euclidean”-synthetic degree of

http: // www.china-simulation.com
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incidence (Q-EUGSID) of .X; and X}, where
1

1 1 1
(=2) (=2) (=2 (72
o 50,00 50,009 v o, =1(17).
(4)When A=1,p=1, it is called the quasi-“very
close”-degree of incidence (Q-MSGID), then

n—1
gé.l’l) =1+ ino (k)+£x? (n)|+
k=2 2
n—=1 0 1 0
(k) +—=x; X
Z;x,() 2)6‘,(”)

-1 1
> xP (k) + = x2 ()| +
k=2 2

|:1+

00 - x200) +
=1

+

n-=1 1
z x? (k) + —x? (n)
k=2 2

n-1 -1
DIxP (k) = x5 (k)] + %[xio (n) - x° (n)]} (18)
k=2
and
n-1 . 1 .
rl-}l‘l) =1+ Zx?(k) +—x?(n) +
=2 2
n-1 ) 1 .
Zx(;(k) +—x9-(n) }x
k=2 2
l:l + nz—% x (k) + Ex'? (n)|+
k=2 2
Sl - x, )|+
k=1
n-1 1 .
Zx(;(k) +—x3(n) +
k=2 2
n—1 -1
D Lx? (k) - xS (k)] + %[X? (n) - xS ()] :I (19)
k=2

are respectively called quasi - “very close”-absolute
degree of incidence(Q-MSGAID)and quasi-“very
close”-relative degree of incidence (Q-MSGRID).
Then

pl:(il,l) — o_1(1,1) 8;1'1) + 0_2(1,1) G](l,l) (20)
is called the quasi-“very close”-synthetic degree of
incidence (Q-MSGSID) of ¥:and 7, where

o™ >0,0,% > 0,6/ + 5, =1, (21)

E R
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2.2 The properties of Q-GID

Theorem 1 The quasi-degree of incidence

(p) 1+|si|+|sj|
ij - . P
1+|Si|+|Sj|+|Sl- sj|+/1 dii
145 |+
and 4P = i
i

1+‘s'i‘+‘s'j‘+‘s'i —s'j‘+/1-d'§
all satisfy the properties of normality and closeness.
Proof. (1) The properties of normality.
It is obvious thats{*” >0, and|s, - s[> 0,47 =0,
hence, 0< gi(]."") <1, gi]“’m =leX =X,
(2) The properties of closeness.
When A0, the smaller|x[(k)—x_/. (k)| is, the larger
g; will be, the smaller A-df, the larger &{") .
When4=0 it is obvious.
Similarly, Q-GRID’ property can be proven.
Theorem 2 The range of Q-GAID, Q-GRID and
Q-GSID can extend to (0, 1].
Proof. When X, # X, and A#0,

|Si_sj|+\/1;'d;
1+|si|+|sj|

1
s, =5, 2- |32 0y =23 )y
k=1

>0
1+|si|+|sj|
Hence 1+—|S"_S«’|M'd5
l+|sl.|+|sj|
So
() _ 1+|si|+|sj| _
v 1+|Si|+|sj|+|si—sj|+ﬂ,-dl§'

1

5 =S

<1

+l-dij’.’

l+|sl.|+|sj|

1+

When X;=X;, &/ =1, Then
similarly 7" € (0,11, p{** € (0,1].

e e(01],

At the same time, we can summarize the specific

steps of Q-GSID as follows: here we only introduce
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the case of Q-BTGSID, similarly, we can summarize 2 (E)ds = x;(&,) +x:(&,,)
i 11—
2

the others.

2.3 Optimization algorithm of Q-BTGSID
based on sensitivity analysis

2.3.1 The principle of the Q-BTGSID

(1) Principle 1: The principle of consistency

It shows that the results of the analysis are in
line with the actual situation if relation order of the
improved model is the same as the original model,
and have a certain practicality and feasibility.

(2) Principle 2: The principle of range analysis
maximization

In grey incidence analysis, normally, the greater
the range between data centers and the higher the
degree of differentiation, the better the distinguish
effect.

(3) Principle 3: The principle of symmetry

The scope of Q-BTGSID is extended from
(0.5,1] to(0,1], which not only improves the
resolution, but also reveals symmetry. Hence, it
overcomes the defect of the original model.

(4) Principle 4 : The principle of SUM
maximization

The sum of different interval number is labeled
as SUM, and interval length is set to 0.1. When each
range is equal or very close, we can consider the
SUM. The greater the SUM is, the better Q-BTGSID
will be.

2.3.2 Algorithm steps of the Q-BTGSID

Stepl.  Transform

1-time-interval sequence.

original  data into

Assume that the length of X; is smaller than the
length of ;.

Firstly, the operator of D; is used in order to
transform X; into a sequence with the same time

interval as JX;. Let

where &,; and &,, are odd number, oré,; and &,, are

even number, and

_ éjnl +§nz
$= 2

1<¢, <&, <n(E=23,n-1)

,meN" n,eN",

Secondly, transform X; and X; into 1-time-interval

sequence
Xi = (xi(l)’xi(z)"" ,Xl-(}’l)) ’
Xj = (xj(l),xj(Z),- ' 'vxj(n)) .

Where
x,»(f)= xi(é:_l);xi(é:'i'l),
xj(g): xj(ég_l);xj(é:"'l)

Step2. Introduce a control factor of “4” and the

metric space of d;7 and d'g,where

p 1
df =[x 0= x0)] )7,
k=1

p 1
djy = (Y |xik) - (6] )7
k=1

Step3. Calculate the value of Q-BTGAID and
Q-BTGRID.
Let /=1, p=2. The initial operator of D, is used
to calculate the initial images of X; and X;
X! =X.D, =
(x;Ddz,x,(2)d,,-+, x;(n)d,) =) ,
x; (1) , x;(2) o xi(”))
x Q) x Q) x;(2)
X, =X,D,=
(x;Ddy,x;(2)dy, -, x (n)dy) = .
(xj(l)’xj(Z)’mlxj(n))
x;(D) x; (@) x;(1)
Secondly, the metric space of d; and d;? is

calculated

n E
a2 = (Y | (k) ~x, (0] )2,
k=1

http: // www.china-simulation.com
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n 1
a2 = (Y [xik) — (k)] )2
k=1

(1

Finally, &?and #*? are obtained.

Step4. Calculate the value of Q-BTGSID

We can gain the formula of Q-BTGSID

12) _ _(1,2) .(12) 1,2) .(12)
Py =01 0z

Step5. Complete sensitivity analysis
In the premise that o? >0, &% >0,
o? + o{? =1 are satisfied, different values of
0'{1’2) 12)

are given, and the values of p;

calculated, we will gain several groups of different

are

E R
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sequences. We introduce the added value of Gross
Domestic Product (GDP);

Farming, Forestry, Fishery, Animal Husbandry, and

the added value of

Water Conservancy; the added value of Industry; the
added value of Construction; the added value of
Wholesale and Retail; the added value of Traffic,
Transport, Storage and Post; the added value of
Accommaodation and Restaurants; the added value of
Financial Industry; the added value of real estate.
They are respectively denoted as the X, X1, X2, X3, X3,
X5, Xs, X7, Xg, which are shown in Tab.1.

values. 3.1 Calculation results
Step6. Find the quasi-optimal value of

Q-BTGSID The value of GAID, GRID and GSID are
The relation order, SUM and range are calculated respectively. For convenience, all of the

calculated in each set of values. On this basis, we can

three values are recorded as ¢ . Let 8=0.5, the

results are shown in Tab.2 and Fig.1, where

determine the quasi-optimal value of Q-BTGSID.
i=12,3--,8.

3 Application Secondly,

the value of Q-BTGAID and

This data comes from “Statistical Yearbook of =~ Q-BTGRID are computed and recorded as 4, the

Chinese 2014”. We arrange each form data in results are shown in Tab. 3.

Tab. 1 Added value of GDP Units: 100 million yuan

Year 2007 2008 2009 2010 2011 2012 2013
Xo 268 019.4 316 751.7 345 629.2 40 8903 4841235 534 123 588 018.8
X1 28 618.6 33692.7 35215.3 40521.8 47 472.9 52 358.8 56 966
X, 110 253.9 129 929.1 135849 162 376.4 191 570.8 204 539.5 217 263.9
X3 15 296.5 18 743.2 22 601.1 27177.6 32 840 36 804.8 40 807.3
Xy 20937.8 26182.3 29 001.5 35904.4 43 730.5 49831 56 284.1
Xs 14 601 16 362.5 16 516.1 18777 21834.1 23 754.7 26 036.3
Xs 5548.1 6616.1 6957 7712 8 565.4 9536.9 10 228.3
X7 151733 18 312.9 217974 25679.7 30678.2 35187.7 41 190.5
Xg 13 809.7 14 738.7 18 966.9 23569.9 28 167.6 31248.3 35 987.6

Tab. 2 Degree of grey incidence

value Oo1 002 003 04 G0 Oos Go7 0Oog

CAID 0.544 2 0.6795 0.5409 0.553 7 0.516 5 0.5077 0.5378 0.5323
CRID 0.9248 0.9445 0.8627 0.8770 0.8277 0.8880 0.886 7 0.909 5
CSID 0.7345 0.8120 0.7018 0.7153 0.6721 0.697 8 0.712 2 0.7209
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5 09 RN ...\‘:GEED’:——————F ———— + 809 1
208 e =+ § 0.8} 1
o= . e e e GAID G= Or o \\ ________ T
505l * e e 205 - ]
0 & J
< 04 204 —Q-BTGAID
3 03 103 1
@ 0.2 g 0.2 1
2 0.1 AR 1
0 e %~ 3 3 4 5 6 7 8§ 9
O 1 2 3 4 5 6 7 8 9 Sequence
sequence
Fig.1 GAID. GRID and GSID Fig.-2 GAID and Q-BTGAID
1.0
Tab.3 Q-BTGAID and Q-BTGRID o 09 X £ ORID |
g 09r TR e -
value 5 0.8
,501 ,302 ﬁ03 ,304 _41': 071 <—Q-BTGRID
Q-BTGAID 04354 05770 04321 04450 = 0~6
Q-BTGRID 0.8878 09115 08041 08196 “g 05l |
2 0.
value Pos Bos Bor Bos En 0.4} .
Q-BTGAID 04084 03998 04293  0.4240 T 03¢ 1
g 021 J
Q-BTGRID 07597 0.8309 0.8299 0.8563 § 8 il |
0
i i _ 0 1 2 3 4 5 6 7 8 9
Thirdly, GAID with Q-BTGAID are compared Sequence
and some results are shown in Tab. 4 and Fig.2. Fig.3 GRID and Q-BTGRID
Similarly, combined with Fig.3 and Tab.5, GRID and
Tab.5 GRID and Q-BTGRID
Q-BTGRID are compared.
Type Interval  Range Relation order
Tab. 4 GAID and Q-BTGAID Xy =Xy - Xg - Xg >
Type Interval Range Relation order CRID (051] 01168 X7 =Xy = X3 - Xg
CAID  (051] 01718 XomMam s Ko = Xy = Xy = X >
’ X, > Xg = Xg > X Q-BTGRID  (0,1] 0.1518 Xy Xy Xy Xe
Xy =Xy = Xy - X3~ ) o . .
Q-BTGAID (0,1] 0.1772 Xy Xy - X - X Finally, to complete sensitivity analysis, we will
gain some different values of Q-BTGSID, the results
are seen in Tab. 6, Fig.4~ Fig.8.
Tab. 6 Different values of Q-BTGSID
(c*?, D) Yo s o Pooviad oo oo %2 Yo Range
(0.9,0.1) 0.4806 0.6105 0.4693 0.4825 0.4435 0.4429 04694 04672 0.1676
(0.8,0.2) 05259  0.6439 05065 05199  0.4787 04860 05094 05105 0.1652
(0.7,0.3) 05711  0.6774 05437 05574 05138 0.5291 05495 0.5537  0.1637
(0.6,0.4) 0.6164 0.7108 0.5809 0.5948 0.5489 0.5722 0.5895 0.5969  0.1619
0.6616  0.7443 0.6181 0.6373 05841 0.6154 0.6296 0.6402  0.1602

(0.5,0.5)
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1.0 (1)8
809 T «GRIDy ot 5
508 - T + 208
B ool T e 0.7

0.7 N R 2 0.
k= . R 1D
S06F AN Gs ] £0.6
2 0.5¢ e . S05¢
04t  —Q-BTGSID £ 0.4
Z 03} S 03
g 0.2 Z02
So0.1} o1

0 T R

0 1 2 3 4 5 6 7 8 9 0
Sequence o 1 2 3 quuensce 6 7 8 9
i 12) _(12)y_
Fig. 4 (O-l 10 )=(0.9,0.0) Fig. 8 (O_:EI,Z)lO.él,Z)) =(0.5,0.5)
1.0 -
09 T CORID,___ 3.2 Optimization of Q-BTGSID based on

sensitivity analysis

(1) From Tab. 2 and Fig.1, we can clearly see

Quasi-degree of incidence

0.4 1 that GAID, GRID and GSID are greater than 0.5. The
03+ 1
02t | effectiveness of the new model is verified by this
0.1 1 example.
0 : ' ; ; : ' : : . . .
o r 2z 3 S‘équerfce 6 7 8 9 (2) By comparing Q-BTGAID with GAID in
Fig.5 (o2 0(2)=(0.8,0.2) Fig.2 and Tab. 4, O-BTGAID would show a larger
o range and a wider scope of degree of grey incidence,
8 0:9. | and their relation order is
=
%83 1 Xy Xy = Xy = Xa = Xy Xg > X = X .
'u: 0.6} 1 The values of O-BTGAID is in the range of (0.3,
ggi : 0.4), (0.4, 0.5) and (0.5, 0.6), but GAID is only
E 0.3} 1 distributed in the scope of (0.5, 0.6) and (0.6, 0.7).
S 0.2t 1 .
& 0.1l | Therefore, Q-BTGAID can not only satisfy the
o1 5 3 s4 5 ¢ 7 8 9 principle of consistency, but also conform to the
cquence R . . .. .
d principle of range analysis maximization, symmetry
Fig.6 (o?,682)=(0.7,0.3) . .
and SUM maximization. In the same way, we will
1.0 - obtain some similar results of the O-BTGRID in Fig.3
809 T e GRID At
5 08l .. T | and Tab. 5.
207 . (3) Fig4 to 8, Tab. 3 and 6 show that
= 0.6 E
§0.5 | O-BTGRID is no longer limited in the range of
Sooal | .
3 g-;‘ _ (0.5, 1], which can be extend to (0, 1]. They make up
§ 0'2_ | for the defect of the traditional model. It shows that
& . L
0.1r 1 the new model has a certain rationality and
o -
6o 1 2 3 4 5 6 7 8 9 feasibility.

Sequence

4) The range of O-BTGAID is increased from
Fig. 7 (o?,682)=(0.6,0.4) @) ge of O
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0.1718 to 0.1772. As seen in each group of range,
although the value of Q-BTGSID is reduced from
0.1676 to 0.0535, they have different degree of
growth compared with GSID. To some extent, this
will improve the resolution.

(5) The range of Fig.4 and 5 are very close,
0.1676 and 0.1652
Meanwhile, the values of Fig. 5 can distribute the
range of (0.4, 0.5), (0.5, 0.6) and (0.6, 0.7), but the
values of Fig. 4 are limited in the scope of (0.4, 0.5)

which are respectively.

and (0.5, 0.6). Hence, the degree of differentiation of
Fig. 5 is better than that of Fig. 4.

We can, therefore, come to the conclusion that the
quasi-optimal value of Q-BTGSID corresponds to the
Fig.5

3.3 Performance comparison and analysis

(1) In Tab.7, we indeed observe that the value of
GAID is always close to 0.5 and the distinguished
effect is not obvious. Similarly, there are many
limitations to GRID and GSID. However, the value of
O-BTGSID not only is extended to the range of (0, 1],
but also can satisfy the principle of symmetry, which
reflects the differences of relationship between each
factor and GDP better.

(2) From Fig. 4 to 8, we can find that the range
decreases with the increase of . In each model,
the range and SUM of the quasi-optimal value of
O-BTGSID respectively are 0.6152 and 3. Q-BTGSID
shows a better distinguish effect and a higher
resolution compared with GAID, GRID and GSID.

Tab. 7 Performance comparison of GAID, GRID, GSID

and Q-BTGSID
Type Interval Range SUM
GAID (0.5,1] 0.1718 2
GRID (0.5,1] 0.116 8 2
GSID (0.5,1] 0.1399 3
Q-BTGSID (0,1] 0.165 2 3

Vol. 30 No. 1
Jan., 2018

(3) In the aspect of some grey cluster analysis,
such as [2], due to GAID, GRID and GSID are all
larger than 0.5, the value of r is always greater than
0.5. In general, it must be greater than 0.5. In addition,
in some quantitative calculation, such as [11], their
values are all bigger than 0.5, which directly affects
the precision of some parameters. Q-BTGSID can

overcome these defects.
3.4 Policy suggestions

3.2, it follows that the

quasi-optimal value respectively are

(1) From part

P52 = 05259, piy? = 0.6439,

P82 =0.5056, ph? =0.5199,

P& =0.4787, pl? = 0.486 0,

P2 =0.5094, pi? = 0.5105.

Their relation order is

Xo=X =X, = Xg=-X; - X3 Xg - X5

It shows that the relationship between the added
value of Industry and the GDP is the largest. The
smallest is the Farming, Forestry, Fishery, Animal
Husbandry and Water Conservancy.

(2) Due to X, belonging to the Secondary
Industry, X; belonging to the Primary Industry.
Therefore, “the Secondary Industry” > “the Primary
Industry” > “the Tertiary Industry.” These results
conform to the actual situation. It indicates that the
new model has certain practicality.

(3) We should optimize industry structure. In the
aspect of optimizing industrial structure, the Tertiary
Industry occupies a leading position in developed
country, which is about 65%. This shows that the
Tertiary Industry is relatively backward in China.
Therefore, we should accelerate the development of
the service sector and promote the proportion of the

tertiary industry in the GDP.

http: // www.china-simulation.com

0890

https://dc-china-simulation.researchcommons.org/journal/vol30/iss1/10
DOI: 10.16182/j.issn1004731x.joss.201801010

10



Jia: Optimization of Q-BTGSID Based on Sensitivity Analysis

% 30 4558 1 3]
2018 4 1 J

3.5 Discussion

There are some limitations in this paper. For
example, the quasi-optimal value of O-BTGSID is not
necessarily equal to the optimal value, which is a
pleased solution. In addition, in the aspect of grey
cluster analysis and some quantitative calculation,
although their rationality is proved, we do not give
some specific examples. All these limitations will be

eliminated in future.
4 Conclusions

In this paper, the model of GAID, GRID and GSID
are improved. We propose a new model and proved
their rationality, as well. The sensitivity analysis is
completed and the quasi-optimal value of Q-BTGSID
is found based on four principles. We also establish
the specific calculation steps of Q-BTGSID. To some
extent, this will solve the problem as follows:

(1) The quasi-optimal value of Q-BTGSID are
no longer limited in the range of (0.5, 1], meanwhile,
it improves the distinguish effect.

(2) In the aspect of grey cluster analysis, we will
choose 0.5 of » or some proper number which are less
than 0.5, in order to overcome the shortage of

original model.
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