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The concept of function is one of the important basic concepts in the classical
mathematics. Now, we would like to set up the ccncept of grey functions (or complex
fuzzy functions) in the rational grey numbers (or complex fuzzy numbers ) to .make

preparation for the study of the grey lirmits and grey derivatives and for the further
establishment of grey calculus.

1. Concept of the Grey Functions

From Reference (2)*, it is known that both the interval-type and the information~-
type grey numbers are called, by a joint name, the rational grey numbers. But
the interval-type grey number is a kind of special fuzzy numbers. ‘Thus, the

rational grey number is also called the complex fuzzy number.

We define the grey functions (or complex fuzzy functions) as follows:

Definition 1. Suppose C denotes the set of rational grey numbers, and D is the
subset of C,i.e. DE€C. If

£§D x ¢ = {(x,5)]x€D, yec}

and the following conditions are met, they are, for any arbitrary (x;, y; )€ £,

‘ (x3,y2)€ £, and x; = xa, there must be y; = yz, then, the f is called the grey
function (or complex fuzzy function) defined at D and is expressed as y = f£(x),
x&D. 4

Obviéusly, when C is the fuzzy set, and D is the set of the interval-type grey.

numbers, the grey function is fuzzy function.

Example 1. If D = {[1&2],1}, then
£ = {Q,11,1D, (11,21, 1)}

is a grey function, whose domain of definition is D, and



1I.

£(1) = [{Al], £([1,21) = 1

We point out- specially: As the rational grey numbers contain all of the real
numbers, there may exist the fact that the x and ¥ in (x,y), the element of

f,are both real numbers, Then, £ is the real function in classical calculus.‘

Definition 2. For arbitrary grey function y = £(x), x&D, when D = {1,2,3,...,
n,...} , i.e. D is a set of natural numbers, ¥y = f(x) is called a sequence of

grey numbers, oY simply called grey sequence.. The grey sequence can be also

expressed as:

£(1), £(2)5 «oo» f(n),... OF
simplified as f1, fa, ++¢>» fpseees
1f f, is denoted by ap, then, a;, a8zs «++» an:iscalled a sequence of grey numbers,
and ap is called the general term of the grey sequence. Here an is defined)in the .
set of classical rational grey numbers, and ap =A(xp) = fn. When ap, 0 = 1,2,3,

.. n, are all the real numbers, the sequence of grey numbers aj, ags «++> Bnrcce

is the sequence of real numbers in classical mathematics.

Grey Extension of the Real Functions

The rational grey numbers are the extension of real numbers, and the grey func—-
tions are the extemsion of realffunctions as well. A variety of real
functions especially those very useful elementary functions are studied in the
classical calculus. Here we want to give a rule for making the real
functions to realize the grey extension and under this rule, all ieal functions

can be extended to the grey functions whose domain of definitions and the value

ranges are all the rational grey numbers.

Definition 3. 1Ify=f(x) is a real £function, and both x and ¥ take
only real values, then the grey extension stipulates:
inf £(x), sup f(x)]
xg [a,b), xé {a,b]
inf £(x), sup £(x) ]
xé&[a,b], mxe[a,b]

f£([a,b]) = {

f([a,b]) '[
(¥}

in which, f(x) is tenable only when there exist at least one point X.in [a,b],

i.e. x,ela,b], and f(xo) is meaningful. Otherwise, f([a,b]) and f([ﬁ;P]) are
considered meaningless.



In this way, we extend the domain of definition of y = f£(x) to rational grey
numbers. The obtained grey function is still denoted as y = f(x), and it will be

still the original real function only when the x being discussed is the real

nuinber.

Example 2. Extend y = sin x to a grey function, x &[a,b].
inf sinx, sinx
Solution: sin[a,b] = [ nt sinx, sup sin }
. x €[a,b] x ¢ la,b]
sinfa,b] =[inf sinx, sup sinx]
v x&la,b] xegla,b]
, . “
Wi have rational grey function y = sin x, and call it the grey sinusoidal func-

tion.

Definition 4. If a real function y = f(x) is an elementary function, then the
grey function obtained through grey extension will be called grey elementary

function, still expressed as y = f(x).

Example 3. Find the grey elementary function of y = x (x is a real number).

inf x, sup X

Solution: f([a,b]) = [ ¢ la,b] - [a,b]
X a, Xgla,

] = [.a‘:b]
B(fap)) = [T SR ] - tap!
N xe[a.b]wxf:[a,b] “

Then, the grey elementary function is y = x. Here x is an arbitrary rational grey

number.

Example 4. Find the grey function of y = eX, (x is a real number).’

. » x
Solution: f(la,b]) = (:mf[e ;] sup[e b]J
Xx€la, x & la,

, inf e‘. sup *

f([a\;‘b]) =l.xv:’.-[a,b] wxe[a,b] 4

/

Then, y = ®is a grey function:. Here x is an arbitrary rational grey number, thus

this function is called grey exponential functiom.

Example 5. Find the grey function of y = 1ln x (x is a real number, x>0).



¢inf 1n x, sup 1ln X

Solution: f([a,bl) =| ] 0<a<b

x& [a,b] x¢ [a,b])

inf 1n x, sup 1ln x 0< ach
X [a’b] X&[a,b]]
vV

£(la,pD) [
A
Then, y = ln x is the grey function. Here x is an arbitrary classical rational

grey number, thus this grey function is called grey logarithmic function.

111. Grey Extension Derivatives

Definition 5. Suppose y = f(x) is an arbitrary real function in the calculus in
classical mathematics, when f'(x) exists, its grey extension function £'(x) is

then called the extension grey derivative of the grey extension function of
f(x).

Example 6. Find the extension grey derivative of y = L.
Solution: 'wy' = &%, - 5 4he grey extension derivative of y = & is

, i.e. the extension grey derivative of the grey extension function of
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