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I. The spread of Rational Grey Number

In message (1) We have given out and spread the
abstract definitiaus of interval-type grey number (or
administrative-type grey number) and information——type
grey number (or Deng grey number). On this base We will
spread rational grey number as follows:

Definiton 1: supposing A is a complex interval grey
number set, B is a complex Deng grey number set, thus we
call c=AUB a complex rational grey number set, the elem-
ents in it are called complex rational grey numbers, and
we write them as Ga, b.

Obviously when a complex rational grey number set is
an interval grey number set, it is a fuzzy set, so coml-
ex rational grey number is also called general fuzzy
numher.

Definition 2. (. When a<b, complx rational grey nu-
mber Ga, b is called finite complex rational grey number.

). When a>b, complex rational grey number.Ga.b is
called infinite complex rational grey number.

Directly infinite complex rational grey number Ga, b
is the part of real number set apart from Ib, a.1t is an
interval that gets round countless big points.

When a=b, Ga, b=Ga, a= (a, a) , thus grey number (s, a)
VXER can be written as Gx, x= (x, xJ .
¥hen x=0, GO, 0= (0, 0) .

Definition 3: When a#0, b#0, complex rational grey



number Ga, b and G are called one another’s reversal

complex rational grey number One is called the other’s

reversal complex rational grey number, and that of Ga, b
is written as Ga , b. {

Definition 4: complex rational grey number Ga, b and
G-b, —a are called one another’ s opposite complex ration-
al grey number. One is called the other’s opposite comp-
tex rational grey number, and that of Ga, b is written
as —Ga, b.

Definition 5: complex rational grey number Go, o is
called zero complex rational grey number.

H. The Operation of Complex Rational Grey Number

On the bases of the definitions of complex rational
grey number, we research for their operations now Let's
set: When x=0, <=0 |

Defivition 6: ,

(. Operation of addition{ @) :

Ga, ® Go d ={ xty | x€Ga, b, y€Gc, d}

@. Operation of subtruction( &) :

Ga, b&Ge, d ={ x-y | x€ Ga, b, y€ Gc, d}

®. Operation of multiplication( (©) :

Ga, bOGe, d ={ x -y | x€Ga, b, y€ Ge, d}

@. Operation of division (@ ) :

Ga, b®Gc, d ={ ¥ | x€ Ga, b, y€ Go, d}

Ge, d#Go, o.

In the following paragraph we will study the operti-
on rules according to the operation definitions:

@. Addition ‘

i The adding of two finite complex rational grey

numbers is still a finite complex rational grey number:
that means:

Ia, b®lc, d = late, btd.



late. _btd.
late, btd. a < b
c £ d
ii The adding of a finite complex rational grey num-
ber and an infinite complex rational grey number is an

la. _ble. d
la. b®le, d
o~

I

intinite one.
That means:
la. b®Plc. d = late. btd.
la. _b®lc, d = late,_btd = la, b le, d
la, b@®lc, d = late. _btd a<b c>d
When atc < btd, the adding of them are all real
numbers '
i11 The adding of two infinite complex rational gre-
y numbers is the whole number axis. That means:
(a. bdGe, d = ( —co. +00)
([ a>b. c>d ) Here we omil the demonstration.
\Z). Subtruction
i The difference of two infinite complex rational
grey numbers is the whole number axis.
- ii The difference of two Tinite complex rational
grey numbwrs is a finite one.
That means:
la, b=lc. d = la-d. b-c
ta,_b@le. d = la-d,_b-c a
la. b&lc, _d = la-d,_b—c c
la._b@le,_d = la-d, b-c
iii The difference of an infinite Complex rational

AN/
o o

grey number and a finite one is an infinite one. When
at least one of them is a complex Deng grey number, the
differnce is a complex Deng grey number. That means:
Ga. b™Ge, d = Ga-d. b—c |
[ a>bh c<d)



In a word, except two infinite complex rational gr-
ey numbers, the difference of any two complex rational
grey numbers equals the sum of the minuend complex rat—
ioonal gray number and the opposite number of the subt-
rahend complex rational grey number.

Here we omit the demonstration.

@. Multiplication

i zero complex rational grey number times any co-
mplex ratlonal grey number, the result is & zero complex
rational gray number.

ii a non-zero cimplex rational grey number times an
infinite complex rational grey number, the result is an
infinite complex rational grey number.

When the upper and lower sign of finite complex rat-
ional grey numbers are different, the result of this mu-
ltiplication is all real numbers.

When the upper and lower sign of finite complex rat-
ional grey numbers are both negative,

Ga, bOGe, d = Ge, T a £ b <0 a < d

e=min { ad, bd} f=max{ ac, bc} |
When the upper and lower sign of finite complex ration-
al grey numbers are both positive,

Ga, b(OGe, d=le, f 0<a<b

c>d

e=min{ ac, bc} f=max{ ad, bd}

iii the multiplication result of two infinite com-
plex rational grey numbers is an infinite complex rati-—
onal grey number.

That is:

Ga, b(OGe, d=Ge, f a>>b  c>d

e=min{ ac, bd! f=max{ ad, bc}

iv The multiplilation result of two finite complex



rational grey numbers is a finite one.

That is: -

Ga, bOGe, d=Ge, f a<b c¢<d

e=min{ ac, ad, bc, bd}

f=max{ ac, ad, bc, bd}

This demonstration is the same as that of interval
grey number, so here We omit it.

@ Division: According to definition®),

We know as follows:

o b@c. o{ §1 3eGnp )

| ¢, d#Go, o.
Ga, bOGS d=Ga, bOGY £ 1.3 i geast
".Ga, b®@Gc, d=Ga, bOGCS, d '

That‘means, one complex rational grey number divid-
ed by another non-zero complex rational grey number eq-
uals this complex rational grey number times the other
non-zero comptex rational grey number' s reversal compl-
ex rational grey number.

From the sbove mentioned, we know that the four fu-
ndmental operations of arithmetic of rational grey num-
bers can all be kept. So the four fundmental operation
of arithmetic of complex rational grey numbers are the
spread of those rational ones.

K. The properties of complex Rational Grey Numbers
Theorem 1. Ga, b@®Go, 0=Ga, b

Gs, b(OGo, 0=6o, o.
(Here we omit the demonstration)
Theorem 2. wa€R

® a(Gc, d=Gac, ad 220

@ a(Gc, d=Gad, ac a<<0

(Here we omit the demonstration)
Theorem 3. wa€R



a®lc, d=Gatc, atb
Theorem 4. satisfies the exchange rules of addition and
multiplication.

Ga, b®Ge, d=Gc, d(OGa, b

Ga, b(Ge, d=Gc, d(Ga, b

(Here we omit the demonstration)

Theorem 5 satisfies the united rules of addition and
multiplication. |

@ Ga, b® (Gc, d®Ge. t) = (Ga, b®Gc, d) DGe,

@ Ga, bO (Gc, dOGe. 1) = (Ga, b(OGe, d) OGe, £

proof : @D

i Ga.b, Go, d, Ge, f are all finite complex rational gr-
ey numbers. According to the rules of addition’ s operat-—
ion, we know:

Ga, b® (Gc, d®Ge, f) =Ga, b@PGete, df

=Gatcte, btdtf=Gatc, dtb(OGe,

= (Ga, bOGe, & OGe, T

ii Only one of Ga,b, Gc,d Ge f is a finite complex
rational grey number, let's suppose Ga, b is a finite
complex rational gtey number.

Ga, b® (Gc, d®Ge, ) =Ga, b® (-c0, +c0) = (~c0, +c0)

(Ga, b®Ge, b) @Ge, T=Gatc, btd(infinite complex ratio-
nal gray number) +Ge, £=(-00, +20)

L. Ga, b® (Go, d®Ge, T)=Ga, b®Gc, d) PGe, f

iii Two of Ga, b, Gc,d, Ge, f are infinite complex ra-
tional grey numbers, Let's suppose Gs, b, Gc, d are finite
complex rational grey numbers.

Ga, b®( Gc, d®Ge, f)

=Qa, b®Gecte, d+f ( infinite complex rational graynumb

| er)
=Gatcte, btdtf ( infinite type)
( Ga, b®Gc, d) ®Ge, £=Ga, +c, btd®DGe, f



=Gatcte, btdtf ( infinite type)

c. Ga, b®( Gc, d®Ge, f) =( Ga, b®Gc, d) ®Ge, T

N Ga, b, Go,d and Ge, f are all infinite complex ra-
tional grey numbers, We know:

Ga, b®( Gc, d®Ge, ) = -co0, +c0)

=( Ga, b®Gc, d) @Ge,

Look at the above mentioned,

. Ga, b®( Gc, d®Ge, £) =( Ga, b®Gc, d) ®Ge, . TReor-

emb:

If Ga, b, Gc,do Ge, f are all infinite or finite com-
plex rational grey numbers, and a b, c, d e f are all
non—-negative or non-positive:

Ga, bC( Gc, d®PGe, ) =Ga, b@_Gc, d®Ga, b(OGe, f.
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