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In [1, 2] three variants of the operation “Cartesian product” were defined, in the general case,
the operands in these variants of operations can be IFSs over different universes. AM other
operations (see [1]) are defined in such way, that their operands are defined only over one
universe.

Below we shall define operations with operands, defined over different universes.

Let E and F be two different universes, and let Ag and Bg be IFSs over E and F, respectively,
i.e.,

Ag = {(x, ua(x), Va(x)) lx € E},

Br = {{x, us(x), vg(x)) | x € F}.

The IFS A, which is defined over the universe E, we shall call an “E-IFS”. The operations
over A and B are defined by:

Ap = {(x, Va(), 4a(x)) 1 x € E},

Ag (1 Br = {(x, min(ua(x), 3(x)), max(va(x), vs(x))) lx e E U F},
Ap U Bp = {(x, max(ua(x), #3(x)), min(va(x), s(x) lxe E U F},
Ap+ Br = {(x, a(X) + p(x) = VA) VB(X), Va() () lx € E'U F},

Ag . Br = {{x, ua(x)us(x), Va(x) + v(x) — va)vs(x)) lx € E U F},
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where:
3 M (x), if xe E
”“‘(x)_{o, if xe F—E
v,(x), if xe E
vi(x)=q "
1,if xe F—E
and
3 My (x), if xe F
”B(x)_{o, if xe E—F
v (x), if xe E
Ve(x)=4 7
1,if xe E-F

It can be seen directly, that all assertions from [1, 2] are valid here also. Obviously, for every
universe E, every IFS over E is an E-IFS. On another hand every E-IFS can be interpreted as
an ordinary IFS over the universe E.

We shall show that the elements of every set z= {A /ie I}, with which we shall work,

where A is an E;-IFS (ie I and I is a some index set), can be interpreted as ordinary IFSs
over special universe.

Really, if card(2)) = 1, the assertion is obviously valid. Let card(2)) > 1. Then we can construct
the universe

E =|JE
iel
and the functions of membership and non-membership

i U, (x), if xe E,
M,y ()C) = l .
' 0, otherwise

‘) v, (x), if xe E,
VvV, (x)= '
A 1, otherwise

and hence every E-IFS A; (ie I) will be an IFS over E. All defined above operations can be
transformed over E.

The sense of E-IFSs consists in the possibility to work with IFSs for which for every element

x of the universe, for functions # and v everywhere at least one of the inequations t4(x) > 0
and v4(x) < 1 for some A — a subset of E, is valid.
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It can be seen similarly to [3], that every rough set A [4, 5] for which the interval [0, 1] is a
range of A and A can be represented by some IFS B. In this case y#, =A and v, =1- A.

Here we shall show on Fig. 1 (from [5]) the relation between both above objects. We can use

7
the sets Xi, ..., X7 as universes and we can construct the universe X = UX . as above with
i=1
My and v,
) 0.3, for xe X, . 0.6, forxe X,
X)= N 14 = s
# 0, for xe X — X, B I, for xe X - X,

0.4, for xe X, ( )_{0.3, for xe X,
B, -

X)= N 14 s
'UBZ() {O,forxeX—X2 I, for xe X - X,

7
etc., where B; are E,-IFS (1 <i<7) and the IFS B = U B, .

i=1
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Fig. 1

On the other hand, every IFS B over an universe E, which has a representation B = UBl.,
i=1
where B; are E;-IFS and with My (x) =const,s, Vg (x) =const, forevery xe E. (1 <i<n)can

be represented by a some rough set with functions A and A in [0, 1].
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In [1,2] three variants of the operation "Cartesian product" and

are defined only over one universe.
Below we shali define operations with operands, defined o

different universes.

Let £ and F be two different universes, and let A and B
E F
IFSs over E and F, respectively, i.e.
A= of<x, b (), T (X)3/x € El,
€ A A
B =gk, b 00, 7 (R)>/x E FIL
F B g

The IFS A, which 15 defined over the universe £ we shall call
E-IFS". The operations over A and & are defined by:

Al ik, ¥ (X)), B (X)/%EED;

3 A A

ALNE = fax, mintp (k). P (x)), max(r (x), 7 (x))>/x€E U F;
I3 & A 8

E few, max(u

B = f<x BOox)), man(r (X)), v (x))>/x€E U Fi;
A B A B8
S s en, p Uaep Ex)=p D0 Lp 00, 1 (X).T (X)>/x€k U K
R ] A B A e A B
A B : GO, GO () XYt (X)>/x€E U F1,
: A B A B B
where

were defined. In the general case, the operands in these variants
of operations can be IFSs over different universes. All other

operations (see [1]} are defined in such way, that their operands

ver

be

“an

- T (X)), ifx€E
r b9 = A
A
1 L ifx€EF - E
po(x)
B
() =
B
1 , ifx€E-F
It can seen directly, that all assertions from [1,2) are valid
here also. Obviously, for every universe E, every IFS over E s
an E-IFS. On another hand every E-IFS can be interpreted as an
ordinary iFS over the universe E.

We shall show that the elements of every set L = (A /i € 1],
with which we shall work, where A is an E -IFS (i € | and | is a
i

some index set), can be interpreted as ordinary IFSs over special
universe.
Really, if card(§) = 1, the assertion is obviously valid. Let

card(f) > 1. Then we can construct the universe

and the functions of membership and non-membership
(v (0, if xeE
x A i
i o , otherwise
T (X), if x €E
A i
v = i

i 1 . otherwise
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and hence every E -IFS A (i € |) will be an IFS over E. All de-
i i

fined above operations can be transformed over E.

The sense of E-IFSs consists in the possibility to work with
IFSs for which for every element x of the universe, for functions
p and v everywhere at least one of the inequations b (x) > O and

A

and v (x) < 1 for some A - a subset of E, is valid.
A

It can be seen similarly to [3), that every rough set A (4, 5]

for which the interval [0, 1] is a range of A and A can be repre-

sented by some IFS B. In this case p = A and v = i- A.
8 - 3
Here we shall show on Fig. 1. (from [5]) the relation between
both above objects. We can use the sets X ,..., X_ as universes
1 7
T
and we can construct the universe X = U X  as above with b
izt 3
and v i
8
i
0.3, for x € X 0.6, for x € X
poox) = 1 L 1
3 8
1 o, for x € X - X 1 1, for x €X - X
1 1
0.4, for x € X 0.3, for x € X
= 2 T = 2
B
0, for x €X - X 2 1, for x € X - X
2 2

etc., where B are E -IFS (1 ¢ i ¢ 7) and the IFS B =

On the other hand, every IFS B over an universe E, which has

n
a representation B = U B , where B- are E -IFS and with b - (x)=
izt i

Const , v (x) = Const for every x € E (1 £ i £ n) can be re-
1 Bi 2 i

presented by a some rough set with functions A and A in (0, 1).
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