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Abstract: The kernel of interval grey number is most likely the real number, which can be used to represent whit-

enization value of interval grey number. A novel method for calculating kernel of interval grey number is construc-

ted based on the geometric barycenter of whitenization weight function in the two-dimensional coordinate plane.

and the calculation of kernel is converted to the calculation of barycenter in geometric figures. The method fully

considers the effect of all information contained in whitenization weight function on the calculation result of kernel,

and is the extension and perfection of the existing methods in the scope of application.
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INTRODUCTION

Grey numbers are the elementary "atoms” or
"cells”, and they are the basic representation style
of behavior characteristics of grey system ™.
There are all kinds of grey number, including in-
terval grey number, discrete grey number, con-
tinuous grey number, and so on. Thereinto, the
interval grey number is one of the most common
and the most broadly applied grey numbers B,
A whitenization weight function is used to de-
scribe the degree of preference of an interval grey
number to take values in its range'?. Some fre-
quently-used whitenization weight functions in-

clude trapezoid whitenization weight function,
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and triangular whitenization weight function 77,

In 1987, in order to research grey matrix, Profes-
sor Liu Sifeng proposed a concept of mean value
whitenization number, and realized that it would
play an important role in the operations of grey

numbert™,

Based on this, Professor Liu referred
to a whitenization number as the kernel of inter-
val grey number in Ref. [8]. In other words, a
kernel is the most possible real number which can
be used to represent the whitenization number of
interval grey number on the basis of full consider-
ation of known information. At the moment,
kernels of interval grey numbers have become an

important concept in grey system theory. It is the

foundation of building operation algorithms, rela-
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tional models and prediction models of interval
grey number®?%7,

Ref. [ 8] discussed calculation methods for
kernel only when whitenization weight function
was rectangle. If whitenization weight function is
non-trapezoid or non-triangle, the current meth-
ods cannot solve it. This paper proposes a novel
method through the barycenter of graph that is
formed by interval grey number and its whiteniza-
tion weight function in two-dimensional rectangu-
lar planar system, and it effectively solves calcu-
lation problem of kernel when whitenization
weight functions are non-trapezoid or non-trian-
gle. Therefore, results are important reference
for other whitenization weight functions.

When a grey number equally takes values in
its range, its whitenization weight function is rec-
tangular actually. In order to uniformly define the
calculation method for kernel, the unknown whit-
enization weight function is regarded as a rectan-

gular one in this paper.

1 PRIMARY CONCEPTS

Definition 1 A grey number with both a
lower limit a; and an upper limit b, is called an in-
terval grey number, denoted as @ (z,), X (1) E
[a,s0, ] and a,<b,.

Definition 2 A function that is used to de-
pict the degree of preference of & (z,) to take val-
ues in its range [ a,,b; | is named the whiteniza-
tion weight function of & (¢,), denoted as
f* (x). A continuous function with rising on the
left, declining on the right, and certain start and
end points is called a typical whitenization weight
function (namely trapezoid whitenization weight
function)™, in which, a,. b, are called the start
and end points of ® (z,), and a4, b} the second
start and end points of &(z,), shown as Fig. 1.

Definition 3 In Fig. 1, when a, is coincident
with &', . the whitenization weight function chan-
ges from trapezoid into triangle (Fig. 2). When
ays b, are coincident with a}» b} respectively, the
whitenization weight function changes from trape-

zoid into rectangle (Fig. 3), and it means that

& (t,) can equally take value in its range.

1
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0 a, a', " b, x

Fig. 1 Typical whitenization weight function

of @) € Lay b, ]
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0 a,  a'(by) b, x

Fig. 2 Triangular whitenization weight function
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Fig. 3 Rectangular whitenization weight function

Definition 4 The whitenization result based
on f* () of (1) is called the kernel of @ (z,),

denoted as ®(z‘k ).

2 CALCULATION METHOD FOR
KERNELS

Kernels are the most possible real numbers
which can be used to represent interval grey num-
bers. Whitenization weight functions are used to
define the preference of an interval grey number
to take values in its range. If the value of £ (q,)
is bigger, the effect of a, on kernel is greater,
then the point a, is more close to the kernel. The
range of interval grey number is continuous, so a
geometric graph is formed by interval grey num-
ber and its whitenization weight function in two-
dimensional coordinate plane, and the barycenter

of this graph is undoubtedly the kernel of the in-
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terval grey number. According to the above anal-
ysis, the barycenters method is used to research
the kernels of interval grey numbers.

For whitenization weight functions with the
trait of symmetry characteristics £’ (x), such as
rectangle, isosceles trapezoid or isosceles triangle

whitenization weight functions, their kernels

X (t,) can be easily computed, and the symmetric

points are the kernels of interval grey numbers,

® (=2 th _ath D

Positions of kernels are shown in Fig. 4.
However, for non-symmetry whitenization
weight functions, the calculation process of ker-
nels is very complicated, because midpoints of in-
terval grey numbers are no longer the kernels. In
this section, kernels are computed by the bary-
center method, and the main process is: Geomet-

ric graph—>barycenter—>x-coordinate—>kernel.

Kernel of
isosceles

Kernel of

rectangle triangle

that is
f k)(x) Kernel of f(")(x)
) — isosceles 1
trapezoid
ol o a, @ b, b ol )

b(b") x ol e @) b

Fig. 4 Kernels of symmetry whitenization weight functions of @ (z,) € [a, .6, ]

2.1 Kernel of non-symmetry triangle

According to the barycenter theorem of tri-
angle, the coordinates of a triangle barycenter are
the arithmetic mean value of three vertex coordi-
nates of triangle. In Fig. 5, coordinates of A, B,
C are ACa,,0), B(b,,0), C(c,»1), and G is the
barycenter of AABC, then x-coordinate of point G

is just the kernel ®(z‘k) of ®(z,), that is

®<tk>:x(;:“"'+‘;ﬂ 2)

It can be seen from Fig. 5, when whiteniza-
tion weight function is non-symmetry triangle,
the kernel does not equal the mean value of upper
limit and lower limit of interval grey number, but
slopes toward the side with greater value of whit-

enization weight function.
2.2 Kernel of non-symmetry trapezoid

Kernel and barycenter of non-symmetry trap-

B A
@) Barycenter of non-
N C symmetry triangle
Kernel of non-
symmetry triangle
0 A X, B 7

Fig. 5 Kernel and barycenter of non-symmetry triangle

ezoid are shown in Fig. 6, where G,, Gy are the
barycenters of AACD and AABC, O,., O, the
midpoints of upper and base of trapezoid, and G is

the barycenter of trapezoid.

10

Trapezoid
barycenter

Barycenter
of AA

Barycenter
of AABC

0l 4 X, O, B X

Fig. 6 Kernel and barycenter of non-symmetry trapezoid

According to Fig. 6, coordinates of A, B, C,
D are as follows
Ala;+0),B(b,,0),C(b,.1),D(a},1)
Then the horizontal coordinate X4 and verti-
cal coordinate Y, of the point G, are as follows
XGA :(ak Jfb:g Jral)/:g
Yuu=0+1+1)/3=2/3
Similarly, the horizontal coordinate X and
the vertical coordinate Y of the point Gy are
X =Cap + b +b)/3
Y =00+0+1)/3=1/3
According to the principle of "two points de-
termine one line”, the formulas of line G4G; are

as follows
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Tox YT Similarly, the formulas of line O,0, are as fol-
Ty — X1 Y2 ) lows
L artbital __alth
. 3 . - = XT—x YT - 2 _
ak+bk+bk_ak+bk+ak Ty — X, N2 — 31 ak+[)kia2+b;
3 2 2
2 L / /
Yy / / y_l 2x (ak+bk) —v—1
33317(“f+bk+ak): 0—1  (ay +0) — Cap +b) J
Lfl a, — b, Th
3 3 en
’ / 21”
3x— (a, + b, +ap) =_ . _
3y — 2= S YT 00 — Car 00
Ay k
32— (ap + b} +al) _ ath 4
3)/*2:)3.’)/: a/:—b: : +2 (ap, +b,) — Ca, +b) “w
Then In which; O, (% *’”,1) L0,( Hk,o) .
’ / 2 2
_ X ap — dp +bk+2bk (3) .
y T dl— b, 3(d, — by) Combining Egs. (3,4), we can calculate x-
I / coordinate of point G, which is the intersection of
In which:G, (Mé) G, (Mi) .
3 3 3 3 the lines G,G; and O,0,.
x _ap—ap by 26 2 N a, + by -

1 2
[a;*bﬁ (a;+b;)7(aﬁ+b/«)

:ak—a;er;Jerk B

a, + b, j[(aierg,)—(akerk)—Z(aQ,—bk)J.T:
(ay +0,) — Cap + b)) (ay — b)) (ay + b, —a, —b) )

(ap —ay + 0, +20) (a0, —a, — b)) — 3Cay, — b)) (ay +0,)

3Cay — b)) (ay + by —a, — by)

Then

(ap —ah + b, +2b,)(adl + by —ap, —by) — 3Cak — by) (a, + by)

® (tk) :X(,‘:fl‘:

It can be seen from Fig. 6 that, when whit-
enization weight function is non-symmetry trape-
zoid, the kernel does not equal the mean value of
upper limit and lower limit of interval grey num-
ber, but slopes toward the side with greater value

of whitenization weight function.

3 EXAMPLES

Assume that an interval grey number &) (z,)
€1[104,130], and its whitenization weight func-

3Cay + b)) — 3Cay + b)) —6Cay — b)

5

tion is shown in Fig. 7. The kernels of ®(t1)
with different whitenization weight functions are
computed.

(1) When whitenization weight function of
) (t,) is rectangle, according to Eq. (1), we have

a, +bl :104+130

@ (1) = . L0 =117.000 0

(2) When whitenization weight function of
& (t;) is non-symmetry trapezoid, according to
Eq. (5), we have

176 4 176 AR
1fprmr——————— ] : f-mmeee :
0 104 130 x 0 104 112 128130  x 0 104 106 130 x

(a) Rectangular whitenization
weight function

(b) Non-symmtry trapezidal whiteni-
zation weight function

(¢) Non-symmtry triangular whiteni-
zation weight function

Fig. 7 Whitenization weight functions of @ (t,)
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(ay —ay + 0, +20) (a)y by —a, —by) — 3(ah, — by) (ay +0y)

® (l‘/c) :X(;:l':

3Ca, + b)) —3Ca, +b,) —6(al, — b)
(104 — 1124+ 128 +2 X 130) (112 + 128 —104 —130) —3 X (112 —130) (104 + 130) _

®([1):

118.381 0
(3) When whitenization weight function of
&) (t,) is non-symmetry triangle, according to
Eq. (2), we have

®(m:al+§+cl:1o4+1g6+1so:

113.333 3

It is easy to see from the calculation results
that, for the same interval grey number with dif-
ferent whitenization weight functions, the kernel
is not the same, but traditional methods can only
aim at one special situation that whitenization

weight function is a symmetry graph.

4 CONCLUSION

Kernel of interval grey number is an impor-
tant concept in grey system theory, however the
existing researches in this field only discussed the
calculation method for kernel when the whiteniza-
tion weight function of interval grey number is
rectangle, not unsymmetrical triangle or trape-
zoidal. This paper proposes a novel calculation
method for kernel by geometric barycenter. The
method fully considers the effect of information
contained in whitenization weight function on the
kernel, and effectively solves the calculation
problems of kernel when whitenization weight
function is asymmetric graph. It is the extension
and perfection of the existing methods in the

scope of application.
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