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1. Generalization Of The Interval Grey Number.

In the light of the interval grey number, Which is posed by professor
Deng Julong, We have already given it abstract definition in papel3l, i.e. the
grey nusber as follow is called interval grey number:

{1},x € la,bl
u(x)= { a,b€R and a (b.
{o},x € la,b],

We denote it as [a,bl, and where a,b are said respectively left and right
exireme point. It is easy to know that the interval grey number is one special
fuzzy nuamber. ’

For the further research of the grey equation, grey matrix, etc. , We are now
trying generalize it as follows:

Definition 1.

(1) If a<b, for a,b€R, interval la,bl,(a,bl,la,b) and (a,b) are all called
interval grey number,and then can be respectively denoted as Ila,bl,I(a,bl,lla,b)
and I(a,b).

(2) If a>b, with a,b€R, interval la,+ ), (=00,bl} (a,+o0) and (-oco,b);la,+co)
and (-oo,b); (a,+e) and (-oo,bl are all called interval grey number. We vwrite
them respectively as la,bl,(a,b),la,b), (a,b] or Ila,bl,l(a,b),11a,b),(a,bl.

In a vword .For any a,b€R,Ila,bl,i(a,b),lla,b), I(a,b] are all called interval
grey number ,and vhich can de denoted as la,b. Where a,b are respectively called
left extreme point and right extreme point.

Definition 2.

(1) If a<b , then the interval grey number la,b is called a finite interval
grey number.

(2) if a>b , then the interval grey number la,b is called infinite interval
grey number.

From the point of intuitive view,the interval grey number la,b is a remainder
part of which Ib,a is removed from the real line R, or an interval that surround
the infinite point.



When a=b.then la,b=la,a=la,al,i.e. grey number la,al. For Xx€R, it can be all
written as I[x,x},i.e.lx,Xx. When x=0,lo0,0=[0,0].

Definition 3. lo,0 is called null interval grey number.

Definition 4. If a%*o and b#o,the interval grey number la,b and 1l/a,1/b are
called reversal interval grey numbers to one another. Where each one is said to
the reverse interval grey nuaber of the other. The reverse interval grey number
of Ia,b can be written as la,b i.e.la,b=11/a,1/b.

Definition 5. Interval grey numbers la,b,l-a,-b are called mutually opposite
interval grey number, in which one is called another’s opposite interval grey
nuaber. The opposite interval grey number of la,b can be denoted by -la,b,i.e.
-la,b=I-a,~b.

For convenience , let I(r)= {la,bl | a,b€éR,a<b} , I(R)= {la,b|a,bER} .

Obviously , I(r) I(R), this is to say , if a<b , for any a,b€R , the interval

grey number (a,b]l is a particular case of the la,b and I(R) is a generalization
of the I(r).

II. Operation Of Interval Grey Number
on the basic of the generalization of interval grey number (or special fuzzy

number), We are nov trying to discuss their operations.
¥hen x=0.we define 1/x=co,0/x=0.
Definition 6. For any la,b,lc,d€ I(R).
(1) Addition (@)

la,b@lc,d= {x+y | x€ la,b,y € Ic,d} .
(2) Subtruction (&)

la,b@lc,d= {x-y | x€la,b,y€ Ic,d} .
(3) Multiplication (O®)

la,bOlc,d= {x.y | x¢€ la,b,je ic,d} .
(4) Division (@)

la,b@lc,d= {x/y | x€ la,b,y € lc,d} .
Where c*o,d+o0.
Now let’s reseach the laws of the operations.
(1) Addition

(1) The sum of two finite interval grey numbers is still a finite interval
grey nuaber,and

la,b®Ic,d=1a+c,b+d.



(II) A finite interval grey number plus an infinite interval grey number give
an infinite interval grey number,and

la,b@lc,d=la+c,b+d.

Where a>b,c<d.¥hen atc<b+d,la,b plus Ic,d gives is the whole real axis R.

(I) The sum of two infinite interval grey number is the whloe axis R,i.e.
la,b@plc,d=R ,vhere a>b,c>d.

(2) Subtraction

(1) The difference of two infinite interval grey numbers is the whole real axis.

(II) The difference of two finite interval grey number is finite interval grey
number, i.e.

la,b®Ilc,d=la-c,b-d.
¥here a<b ,c<d.

(I) An infinite interval grey number subtract a finite interval grey number is an
infinite interval grey number ,too.i.e.

la,b@lc,d=la-d,b~c a>b,c>d.
That is to say,the difference of any two interval grey numbers is equal
to that subtracted interval grey number adds the opposite number of the
subtracting interval grey nusber ,except for two infinite interval grey nuabers.
(3) Multiplication

(1D The product of any interval grey number time null interval grey number
is a null interval grey number.

(II) The product of any infinite interval grey number time a nonull finite
interval grey number is an infinite interval grey number.

¥hen the signs of left and right extreme points of a finite interval grey number
are opposite,its product is the whole real axis.
When the signs of both left and right extreme points of finite interval grey
number are negative, then
la,b®lIc,d=le,f, a<b<o,c>d.
where e=min {ad,bd} ,f=max {ac,bc} .

When both the left and right extremes of the finite interval grey number are
positive, then

la,b@lc,d=le,f,0<a<b,c>d
vhere e=min {ac,bc} ,f=max {ad,bd} .

(I The product of two infinitel interval grey numbers is an infinite interval



grey nuaber ,i.e.
la,b®lc,d=le,f,a>b,c>d
where e=ain {ac,bd} ,f=max {ad,bc} .

(V) The product of two finite interval grey number is a finite interval grey
nusber .i.e

la,bOlc,d=le,f a<h,c<d
where e=ain {ac,ad,bc,bd} ,f=max {ac,ad,bc,bd)} .
(4) Division
on the light of definition 6(4).
la,b@lc,d= {x/y | x€ la,b,y € lc,d} .
la,b®Tc,d=la,b®11/a,1/c= {x.1/y | X€ la,b,y € Ic,d} .
Where c#o,d¥#o0
hence, la,b®lc,d=la,b®lc,d
That is to say, that an interval grey number divided by a nonnull interval
grey number is equal to that this one times the reversal grey number of the other
nonnul!l one.
From the operations and operation laws shown above, we know easily that

arithmetic operation of I(r) is held in I(R), then arithmetic operations of I(R)
are the generalization of operations of interval grey number [a,bl,with a<b.

Im. Properties Of The Interval Grey Number.

Theorem 1. For any Ia,b€ I(R)

la,b®Plo,o=la,b.
la,b®lo,o0=l0,0.

Theores.2. For any a€R,lc,d€ I1(R)

(1), a®lc,d=lac,ad.if a>o0
(2). a@lc,d=lad,ac.if a<o

Theorem 3. If Ic,d€ I(R),for any a€R,then
a®Plc,d=la+c,a+d.

Theorea 4. Addition and wmultiplication of the interval grey number are all
satisfies commutative law, i.e.

la,b@lc,d=Ic,dPla,b,
la,b@Ic,d=I1c,d®la,b



Theorea 5
(1) The addition operation of interval grey number satisfies association law,i.e.
la,b®(ic,dple,f)=(la,bPlc,d)Ple,f

(2) The multiplication operation of interval grey number satisfies association
law,too,i.e.

la,b®(lc,dCle,N=(la,bOlc,d)Ole,f

Proof :
We prove (1) here.

(1) If la,b,lc,d,le,f are all finite interval grey number. by the operation
rules of the addition.

la,bP(lc,dPle,f)=la,bPlcte,d+f
=la+c+e,b+d+f=]la+c,b+dPle, f
=(la,b@lc,d)Ple,f.

Hence (1) hold.

(II) With la,b,lc,d,le,f, only one of them is a finite interval grey number.
We may assume, Without loss of generality , that la,b is a finite interval
grey nuaber.

la,b@ (lc,dPle,f)=la,bP (-0 ,+c0)=the vhole real axis;
(la,bPlc,d)Ble,f=latc,b+td® e, f=the whole real axis.

Hence ,(1) is true.

(Il) With la,b,lc,d,le,f,Two of them are finite interval grey numbers.Without
loss of generality, to suppose that la,b and Ic,d are finite interval grey
numbers.

la,b® (lc,dPle,f)=la,bPic+e,d+f
=]a+c+e,b+d+f=]a+c,b+dPle,f
=(la,b@lc,d)Ble,f

Hence, la,b®(lc,d®le,f)=(la,bPlic,d)PBle,f.

(V) Suppose that Ia,b,lc,d,le,f are all infinite interval grey numbers,It is
easy to know,

la,b®(ic,dPle,f)=the whole real axis
=(la,bPlc,d)PBle,f

this (1) is true.
Hence,the result (1) follows from mentioned above.
Similarly,¥e can prove (2).
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