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Abstract
Some relations between intuitionistic fuzzy negations and intuitionistic fuzzy modal operations

(from standard type) are studied.

1 On some previous results

The concept of the Intuitionistic Fuzzy Set (IFS, see [1]) was introduced in 1983 as an extension of
Zadeh’s fuzzy set. All operations, defined over fuzzy sets were transformed for the IFS case. One
of them - operartion “negation” now there is 24 different forms (see [3]. In [1] the relations between
the “classical” negation and the two standard modal operators “necessity” and “possibility” are
given. Iere, we shall study the same relations with the rest negations, defined over IFSs.

In some definitions we shall use functions sg and 5g:

1 ifxz>0
sg(z) =

0 ifa<0

0 ifa>0
() =

1 ifa<0

I'or two IFSs A and 3 the following relations are valid:
ACBiff (Vo € E)(palx) < ppla)ra(r) > vp(a)),
ADBiff BC A4,
A= Biff (Vo € E)(palx) = pp(x)lvy(r) = vp(x)).
Let A be a fixed IFS. In [1] definitions of standard modal operators are given:
0A = {{v, jual2),1 — palx))|e € B},

CA = {(z,1—va(z),va(z))|z € E}.
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2 Main results

In [3, 4, 5. 6] the following 24 different negations are described.
14 = {(b,a)|x € E},

24 = {(5g(a),sg(a))|x € E},
34 = {{b,a.b+ a*)|x € E},
44 = {(b,1 - b)|x € E},
o = {{5g(L — b).5g(1 - b)) € E}.
—6Ad = {(37(1 - b),sg(a)))|v € E},
-7A = {(39(1 - b),a))|v € E},
-84 = {{1 —a,a)|x € E},
94 = {(5g(a),a)|x € E},
104 = {(5g(1 = b),1 = b))|x € E},
114 = {(sg(b),5g(b)))|~ € E},
=124 = {(bla + b),a(a + b*))|x € E},
134 = {(sg(1 = b),5g(1 — a)))|x € E},
14 = {(sg(0),39(1 — a)))|x € E},
154 = {(39(1 = 0),5g(1 — a)))|x € E},
164 = {(59(a),5g(1 — a)))|x € E},
174 = {(5g(1 - b),5g(b)))|x € E},
el = {(vova(@).sg(pal)), pale)sgva(x)))|x € E},
—19d = {(x,va(v).sg(pa(x)),0)|x € £},
20 = {{,va(2).0)| € E}.
1A = {2, va(2), pal@)val@) + pa(x)")|x € E},

where real number n € [2.00),
~ga = {(2,va(2), pal@)va(x) + 5901 — pa(2))]e € E},

=°A = {{e,min(1,v4(x) 4+ ¢), max(0, pa(2x) — ¢))|a € E}.
where ¢ € [0, 1].

=574 = {{v,min(1,v4(2) + ), max(0, p4(x) — n))|x € E},

where 0 < e < < 1.

Now, following and extending the idea from [8] we shall prove the following
Theorem 1: For every II'S A the following properties are valid:
(1)oOodA=30-1A4,

(2)0A =014,
(3)—0Ad= 094,
(4) 720A C OaA,

(5)—30AD O34,
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11) ﬁ,;D,l B E]—n(;;—l.
172 ‘16<>.‘l = Q*‘G"L
- 04D O-7l,
=204 C Omr A,
-0 = O-ged,
_‘RO 1 C <>—'\ ‘l
“90A D Ol
90 C Qg A,

13)
L1)
[5)
16)
L7)
L8)
19)
20)
| )ﬁHD A= D=y l.

22) 750 A D Oysal.

23) 71504 C $is4,

24) g0 A D 62l

25) - OA D Oy A,

26) 70 A C 07 A,

27) g O A D O qg,

28) 71304 C OgA,

29) o0 A D D=9,

30) 7100 A C Oq04d,

31) —yo O A D Oy,

32) m200 A C $p0d,

33) mp1 O A D Oy 4l

34) 2210 A C Qo AL

35) m9o 0 A D O,

36 ) —12204 C <>")2 ‘

37) DA D D=,

38) QA C O A,

39) 210 A D Ot

10) =51%A € O AL

Proof: Let us prove, for example (40). The rest assertions can be proved analogously. Let
0<es< <1 forsome ¢ and 1. Then

SN = =01 = val)vala)e € E}
= {{e.min(1,va(e) + €).max(0, 1 — vy(x) — n)|a € E}.
0= = Of{a min(1,v4(x) + €), max(0. p4(2) — )| € E}
= {(+.1 = max(0.p4(x) — n). max(0, pa(x) —n)|r € E}.

Let
N =1—-max(0,pa(x)—n)—min(l,vq(a)+ ).

If vy(x)4+ e > 1. then
paz)—n<l-va(z)—n<Le—n<0
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and X =1 —-1—-0=0.Ifvg(x)+ e <1, then there are two subcases. If pg(x) — n <0, then
X=1—-(va(x)4+¢)—-02>0
and if peq(x) — 1 >0, then
N=1-(ra(x)+e)—pal(x)+n=1—pas(x)—pa(x)+n—c2>0.

Therefore. the first component of the second trm is higher than the first component of the first
term, while the inequality

max(0,1 —va(x)—n) — max(0,pu4(x)—n) >0

is obvious. Thetefore inclusion (40) is valid.

In [2] there were shown cases in which some intuitionistic fuzzy (non-classical) negations do not
satisfy De Morgan’s laws. Now, by analoy with this result, we shall study the De Morgans’ form
of modal logic operators (see, e.g. [7]):

DA =04, OA=-0-4

and will formulate the following assertion that is proved as above one.
Theorem 2: For every 1I'S A the following properties are valid:

(1) O A =04
(2) mO0mA =04
(3) 3034 =04
(4) 74 O-yd =0A
(5) 4O yAD OA
(6) O AC OA
(7) g0 d = OA
(8) 7gQ0A C OA

3 Conclusion

In a next research authors will study the above properties for the case of extended intuitionistic
fuzzy modal and topological operators.
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