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INTRODUCTION TO TEMPORAL INTUITIONISTIC FUZZY
APPROXIMATE REASONING

FATIH KUTLU, FERIDE TUGRUL, AND MEHMET CITIL

ABSTRACT. In this study; temporal intuitionistic fuzzy negation, temporal in-
tuitionistic fuzzy triangular norm and temporal intuitionistic fuzzy triangular
conorm have been researched. The aim of this study is to define negator, t-
norm and t-conorms, which is the generalization of negation, conjunctions and
disconjunctions in the temporal intuitionistic fuzzy sets and to examine the
De Morgan relations between these concepts. The thing to note here is that
conjunctions generalized with ¢—norm and ¢—conorm is changed depending
on time. We will carry concept of implication and coimplication to temporal
intuitionistic fuzzy sets. With the new implication definitions, a causal struc-
ture will be established which will match the variable structure of the systems
depending on the position and time variables. It is evident that successful
results will be achieved in this type of system, which is being dealt with by
this new structure.

1. INTRODUCTION

The notion of fuzzy logic was firstly defined by Zadeh in 1965 [I0]. Then;
intuitionistic fuzzy sets (shortly IFS) were defined by K.Atanassov in 1986 [I].
Intuitionistic fuzzy sets form a generalization of the notion of fuzzy sets. The
concept of temporal intuitionistic fuzzy sets is defined by Atanassov in 1991 [2]. In
this concept; the membership and non-membership degrees are described based on
the time-moment and time-element. The temporal intuitionistic fuzzy set theory
create a new perspective in various application areas such as: Weather, economy,
image, video processing, etc.

In this study, firstly definition of temporal intuitionistic fuzzy sets has been
given. Then, temporal intuitionistic fuzzy negation, temporal intuitionistic fuzzy
triangular norm and temporal intuitionistic fuzzy triangular conorm have been
researched. The aim of this study is to define negator, t-norm and t-conorms,
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which is the generalization of negation, conjunctions and disconjunctions in the
temporal intuitionistic fuzzy sets and to examine the De Morgan relations between
these concepts. The thing to note here is that conjunctions generalized with t—norm
and t—conorm is changed depending on time. The changing conjunctive idea that
depends on time has a meaning only when the connected objects change depending
on time. Therefore these conjunctions can be used on temporal intuitionistic fuzzy
sets.

In this study; we will carry concept of implication and coimplication to tem-
poral intuitionistic fuzzy sets. The definition of the intuitionistic implication is
based on the notation from fuzzy set theory introduced by Fodor, Roubens [26].
These concepts, which are used to establish the IF-THEN structure with a clearer
reasoning in the fuzzy set and in the intuitionistic fuzzy set theory, are known to
be the basic elements in the systems studied by fuzzy and intuitionistic fuzzy set
theories. With the new implication definitions given below, a causal structure will
be established which will match the variable structure of the systems depending
on the position and time variables. It is evident that successful results will be
achieved in this type of system, which is being dealt with by this new structure.
When these two concepts are established, the necessity of satisfying the "modus
ponens" conditions in the classical logic will be taken into consideration. At this
point, implications and coimplication definitions will be moved to the temporal
intuitionistic fuzzy set space in the studies light, which has been done previously
and successfully in practice. Many researchers have been researched in this field

(81,1121, [13],[22], [23], [241, [25], [27])

2. PRELIMINARIES

Definition 1. [I] An intuitionistic fuzzy set on a non-empty set X given by a set
of ordered triples A = {(x, 114 (x) , 4 (x)): v € X} where py (x): X — I =10,1],
na(x) : X — I, are functions such that 0 < p(z) +n(z) <1 for allz € X.
Forx € X, p, () and ny (x) represent the degree of membership and degree of
non-membership of x to A respectively. For each x € X ; intuitionistic fuzzy index
of x in A is defined as follows o (x) =1—py (x) —n4 (x). wa is the called degree
of hesitation or indeterminacy. Let denote the set of all intuitionistic fuzzy sets
defined on X by IFSX

Definition 2. [I] Let A, B € IFSX. Then,

(i) AC B py(2) < pg () and ny (z) = ng (z) for Vo € X,
(1)) A=B & AC B and B C A,

(iii) A= {(z,n4 (), A()) JJGX}

(i) (VAi = { (&, Ay, (2) Vi, (@) : @ € X},

(0) Ui = { (2. Vi, (2) . Any, (2)) s 2 € X .

Definition 3. [2] Let X be an universe and T be a non-empty time set. We call
the elements of T' as "time moments". Based on the definition of IFS, a temporal
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intuitionistic fuzzy set (TIFS) is defined as the following:
A(T) = {(CL‘,,U,A (xvt)7 Na (377t)) DX X T}

where:

a. AC X is a fized set,

b. pig (x,t) + ny (z,8) <1 for every (z,t) € X x T,

c. g (x,t) and ny (x,t) are the degrees of membership and non-membership, re-
spectively, of the element x € X at the time moment t € T.

For brevity, we write A instead of A (T"). The hesitation degree of an TIFS is
defined as w4 (x,t) =1 — py (2,t) — 14 (2,t). Obviously, every ordinary IFS could
be regarded as TIFS for which T is a singleton set. All operations and operators
on IF'S could be defined for TIFSs.

By TIFS™XT) | we denote to the set of all temporal intuitionistic fuzzy sets
defined on X and time set T. Obviously, each intuitionistic fuzzy sets could be
expressed as temporal intuitionistic fuzzy set via a singular time set. In additionally,
all operations and operators defined for intuitionistic fuzzy sets could be defined
for temporal intuitionistic fuzzy sets.

Definition 4. [2] Let

A (T/) = {(LE, Ha (‘T7t) y A (Ia t)) XX T/}
and

B(T") = {(z,pup (x,t) , np (z,1) ) : X xT"}

where T and T" have finite number of distinct time-clements or they are time
intervals. Then;

A(T)YNB(T") =
{(‘T7 min (ﬂA ('T7t)’ ﬁB (‘Tat)) , max (7_7A ($,t) ’ 7_75 (l‘,t))) : (l’,t) € X x (T/ U T”)}

and
A(TYUB(T") =
{(:E, max (ﬂA (wvt) ’ /]B (mvt)) ’ min (7_7A (mvt) ’ 7_7}3 (:B,t))) : (J), t) € X x (T/ U T//)}

Also from definition of subset in intuitionistic fuzzy sets, subsets of temporal intu-
itionistic fuzzy sets can be defined as the following:

A(T") S B(T") & g (2,t) 2 fig (z,t) and 14 (z,t) <N (2,1)

for every (z,t) € X x (T" UT") where
e = {50
e ={ G0
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_ x,t), 1 teT”
nB(x?t):{ T]B(l ) Z; tET/_TI/

It is obviously seen that if T' = T"; fis(x,t) = py (z,t), g (z,t) = pg(z,t),
Na (xvt) =Ta ($vt)7 Np (:E,t) =1MNB ($7t)' /‘Q]
Let J be an index set and T; is a time set for each i € J. Let define that
T = J T;. Now we extend union and intersection of temporal intuitionistic fuzzy
i€
sets to the family F = {A; (T;) = (w, 0, (@,1) , 4, (z,8)) : € X x T;, i € J} as:

Uam = {(w max (g, (1), min (7, (1) : (#,1) € X x T) } !

. ieJ
icJ
QA(E) - {(w min (g, (z,1)), max (N, (2,1)) : () € X x T)}
where
_ S opa, (b)), if teT;
MAi(xat)_{ 0, Zf teT T,
and

A _ Na; (xat)v Zf teT;
”Ai(””’t)_{ 1, if teT-T -

Definition 5. The set of all intuitionistic fuzzy pair is defined as
IFP* = {(z,y) € [0,1] x [0,1]; z+y < 1}

The order relation < on this set is defined by (z1,y1) < (z2,y2) © x1 < Ta, Y1 > Yo
for ¥ (x1,11), (x2,y2) € IFP*. Also 1= (1,0) and 0 = (0,1).

Letx : T — [0,1], y: T — [0,1] are functions such that z(t)+y(t) <1
for each time moment t € T. Then temporal intuitionistic pair set on time set T
defined as follows:

TIFP) = {(z(t),y (1) : t€T)
Or,1p € TIF P} which are defined such as Or = (xo, (t),yo, (1)) = (0,1) and

1r = (21, () ,y1, (1)) = (1,0) for each time moment t € T and are called overall
zero and overall one. On the other hand 0,1, € TIF P}, which are defined such

as 0y = (:L'Of, (t) ) Yo, (t)) = (O’ 1) and 1; = (xlt (t) » Y1, (t)) = (170) fO’f‘ a ﬁa?ed time
moment t € T, are called temporal zero and temporal one at time moment t.

3. TEMPORAL INTUITIONISTIC FUZzZY NEGATION, {-NORM AND {-CONORM

In this section firstly; we will carry negation, t—norm and t—conorm definitions
to temporal intuitionistic fuzzy sets. Then, the basic relations between these defi-
nitions will be researched.
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Definition 6. Let T' be a time set, the decreasing mapping Ny : TIFP; x T —
TIF P} which is satisfied following the condition Ny (0¢,t) = 1 and Ny (14,t) = 0,
at fized time moment t € T is called temporal intuitionistic fuzzy negation at fized
time moment t .

Definition 7. If N; is satisfied

a. Ny (Ne(a(t),t),t) =al(t) for all time momentt € T and all a(t) € TIFP} ,
it is called temporal intuitionistic fuzzy strong negation at time moment t,

b. x(t) =0t < Ni (z(t),t) =14 for fized time momentt € T, it is called temporal
intuitionistic fuzzy non-filling negation at time moment t,

c. z(t) =1 & Ny(z,t) =0 fort € T and all a € TF* | it is called temporal
intuitionistic fuzzy non-vanishing negation at time moment t.

Remark 1. According to the this definition, it would be seen that the megation
operator may change with the time parameter. It would be more correct to define
temporal intuitionistic fuzzy negation on a temporal intuitionistic fuzzy pair, even
if it is true with a classical approach which defined with intuitionistic fuzzy pair.
Despite the fact that the cases to be handled by the negation operator can change ac-
cording to the time makes it necessary for the negation operator to change depending
on the time.

Definition 8. The mapping Ny : TIFP;xT — [0, 1] defined by Ny ((z1 (t) ,z2 (¢)) , 1)
= (x9,x1) for all (x1,z9) € IF* is called standard temporal intuitionistic fuzzy
negator.

The following proposition is also valid for temporal intuitionistic fuzzy negations
as well as fuzzy and intuitionistic fuzzy negations.

Proposition 1. The equation Ny (N (0¢,t),t) = 0; is satisfied for any temporal
intuitionistic fuzzy strong negator Ny.

Proof. From the temporal intuitionistic fuzzy negation definition;
Ni (04,) = 14, Ni (14,t) = 04, Ny (Ng (04,2) 1) = 0.
O

Definition 9. Let T be a time set. If the mapping Ty : (TIFPf x TIFPF*)x T —
TIF Py is satisfied following condition for a fized time moment t € T', it is called
temporal intuitionistic fuzzy triangular norm (t—norm) at time moment t:

TL Ty ((z (t),y () .t) = Tt ((y ),z (t)),t) for every z,y € TIFP} at fized
the time moment t € T (symmetry),

T2, Ty (2 (8), 30 (8),8) < T (22 (6) 50 (1)), 2) for every x (), 1 (1), 2 (8)
y2 (t) € TIF P} such that x1 (t) < x2 (t) and y1 (t) < y2 (t) at fized the time
moment t € T (monotonicity),

T3 T4 (T4 (0 1),y (1) 1)) 2 (8),0) = Tu (0 (1), T (2 (8) 5 (1)) 1)) 1) for every
xz(t),y(t),z(t) € TIFP; at fized the time moment t € T (associativity),
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T4. T, ((z (t), 1) ,t) = z (¢t) for every x (t) € TIF P} (boundary condition).

Definition 10. Let T be a time set. If the mapping Sy : (TIF P} x TIFP;)xT —
TIFP; is satisfied following condition at time moment t € T and , it is called
temporal triangular conorm (or s—norm) at time moment t :

SL. Sy ((x () ,y () ,t) = Se ((y(t),x(t),t) for every x,y € TIFP; at fized
the time moment t € T (symmetry),

52. 8¢ ((z1 (1), p1 (), 1) < Se (w2 (£) 92 (1)) . t) for every w1 (), 1 (1), 22 (1),
y2 (t) € TIF P such that z1 (t) < x2 (t) and y1 (t) < ya (t) at fized the time
moment t € T (monotonicity),

S3. Sp ((Se ((x (t) ,y (1), 1), 2 (1) ,t) = Se ((x (¢), St ((2 (1) ,y (1), 1)) , t) for every
x(t),y(t),z(t) € TIFP; at fized the time moment t € T (associativity),

S4. Sy ((x (),04),8) = x (t) for every x (t) € TIF P} at fized the time moment
t €T (boundary condition,).

The thing to note here is that conjunctions generalized with t—norm and t—conorm
is changed depending on time. The changing conjunctive idea that depends on time
has a meaning only when the connected objects change depending on time. There-
fore these conjunctions could be used on temporal intuitionistic fuzzy sets.

Proposition 2. Let
A={(z,pa(2,1), 4 (2,1)): (2,1) € X xT'}

and

B = {(557#3 (:E,t), B (:E,t)) : ($7t) € X x TN}
be two TIFSs where T' and T" are time set. Then the following mappings are
t—norm and t—conorm for (x,t) € X x T"UT":

(1) Thin (A, B) 1] = (min (fig (z,1), fp (z,1)), max (74 (z,1), g (z t))) :
(ﬂA (mat)aﬁA (wat)) ’ (MB (x t) ( ’t)>
(2) Tg [(AvB) 7t] = (p'B ('7;7t)’7v7773 (xvt)) ’ (/’LA (.23 t) ( 7t)) )
0 , otherwise
(3) T [(A, B) 1] = (max {0, (in (2,1) + fip (z,8))}, min{1, 74 (2,) + 7p (,1)})
(4) T3 [(A, B) 1] = (ia (x,8) o (2, 8) ;04 (2,8) + 0 (2,) = Ny (2,8) p (2,1)),
(5) TSI? [(AvB) 7t] =

t—1 t—1

(logt - (t(ﬂA(w,t)) _ 1) (t(ﬂB(m,t)) _ 1)) R (1 . (t(l—ﬁA(z,t)) _ 1) (t(l—ﬁB(z,t)) B 1) )) |

(6) Stiax [(A; B) 1] = (max (fig (2,1), fip (2,t)), min (4 (2,1), 75 (2,1))),
(p‘A (xvt)vﬁA ($7t)) ) B=1
(7) S(S [(AaB)at] = (:aB (xvt)jvﬁB ($,t)) ’ A =0y )
, otherwise
(8) Sil(A,B),t] = (min{l, 14 (z,t) + fip (2,1)}, max {0, (74 (2,1) + 0 (2,1))}),
5 B) vt] = (ﬂA (xvt) + ﬂB (.%',t) - :uA ($7t) ﬂB (.’ﬂ,t) 777A (xvt) 77B (xvt)) )

—_
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(10) S3[(A, B),t] =

(At ) (-rmten) - (a0 _ 1) (m )
(110gt (1+ (tl fa(z,t) 1) (tl Bp(e.t) 1)))10& (1+ (t 1.4 (2,t) 1) (t 15 (,t) 1)))

t—1 t—1

Proposition 3. Following inequalities are satisfied for each T temporal intuition-
istic fuzzy t—norm and S* temporal intuitionistic fuzzy t—conorm
(1) Ty < T' < T,

(2) Sty < S' < SL.

Proof. 1. Let’s prove on a single T time set without disturbing the generality.
Firstly; let’s show that T¢ < T*.

In case of (up (z,t),ng (x,t)) = 1 or (uy (z,t),m4 (x,t) = 1 (let’s accept
(g (2,t),np (x,t)) = 1 without loss of the generality) the following equation is
easily obtained.

T(I)S (A, B) ,t] = (pa (2,1) ;4 (,1)) = T [(4,B),1]
In other cases, because of T¢ [(A, B) ,t] = 0, Tt [(A, B) ,t] < T*[(A, B) , t] inequality
is clearly obtained. Let’s show that T*[(A, B),t] < Tt. [(A, B),t]. Because of

min

T'[(A,B),t] <T?! [(A,I) ,t} = (4 (z,t),m4 (x,t)) and

T'(AB),Y = T'[(B.A),]<T"[(B]T).1] = (up (@,6) 5 (@,1))
Tt [(Av B) vt] < (min (p‘A (xat) ’ ﬂB (:E,t)) ; Max (?’A (:E,t) ) ﬁB (xut)»
- Trixin [(Av B) at]

inequality is easily obtained. The other expression could be similarly proven. [

Definition 11. As stated in [9], Let T* : TIFP; x TIFP} — [0,1] and S* :
TIFP;xTIFPy — [0,1] be respectively intuitionistic fuzzy t— norm and t— conorm
on TIFPy7 and at fived time moment t € T such that

T (z(t),y(8) < N(S™((N(z (), N(y ()

where N is intuitionistic fuzzy standard negation. Then the mapping Ty defined as
follows

Tt ((AaB) at) = (T* (ﬂA (xat) ) /lB ({E,t)),S* (7_7A ({E,t), 7_7B ($7t)))

is a temporal intuitionistic fuzzy t— norm and it is called t-representable temporal
intuitionistic fuzzy t— norm.
Similarly; the mapping Sy defined as follows

St ((A7 B) 7t) = (S* (/]A (l‘,t) ’ ﬂB (l‘,t)) 7T* (ﬁA (J?,t) ’ ﬁB (l‘,t)))

18 a temporal intuitionistic fuzzy t— conorm and it is called t-representable temporal
intuitionistic fuzzy t— conorm.
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Looking at the definitions of t—norm and ¢t—conorm given above, it is seen that
they are t—representable temporal intuitionistic fuzzy t—norm and t—conorm. The
temporal intuitionistic fuzzy De Morgan triplet defined with approach described in
[10] as follows:

Definition 12. A triplet (St, Ty, Ny) is called temporal intuitionistic fuzzy De Mor-
gan triplet if Ty is temporal intuitionistic fuzzy t— norm, Sy is temporal intuitionistic
fuzzy t— conorm, N; is temporal intuitionistic fuzzy negator and if they fulfill De
Morgan’s law

Sy ((A7 B) 1) =Ny (Tt ((Nt (A,t) s Nt (B»t)) ;1) 7t)
or equivalently

T ((A,B),t) = Ny (St (Ne (A ), Ni (B, 1)), 1) ,t).
Proposition 4. Tt. and St .. together with N; generate a De Morgan Triplet.

min
Proof.

Srtnax ((A7B)’t) = M (Tmm (Nt (A t) Nt Bt )

Stmax [(A, B) 1] = (max (fiq (2,1), fip (z,1)), min (74 (z,), 75 (2,1)))

Thin (A, B) ] = (min (4 (2,t), fip (2,1)), max (04 (2,t), g (2,1)))
Toin (N (A), N (B), 1)) = (

min (74 (z,t), g (z,t)) ,max (g (z,t), ip(2,1)))
Ne (Than (N (A, ), N (B,0),),1) = (max (g (2,), i (2, ), minm (74 (2,2), 75 (1))
Srtnax((A7B) ,t) =Ny (Ténn (Nt (Avt)7Nt (B7t> )

Proposition 5. T} and S! (i =1,2,3) together with Ny generate a De Morgan
Triplet.

Proof. for i =1;
TY and St together with Ny generate a De Morgan Triplet.

ST ((A,B),t) = Ni(T{ (N (A), N, (B)))
Sf [(Aa B) at] = (min {L /_J'A ({E,t) + p’B (xat)} , Iax {0’ (7_7A (xat) + 7_73 ($vt))})
Ti[(A,B),1] = (max{0, (fis (z,t) + fip (z,t)}, min{1,74 (2,1) + 7p (2,1)})

Ti (Nt (A), Nt (B)) = (max {0, (74 (z,t) + 7 (2, )} ,min {1, i (z,8) + fip (z,1)})
Ny (Tlt (Nt (A) , Ve (B))) = (min{17 Ea (Ivt) + Iip (337 t)}7max {07 (7_7A (5L‘7t) +1p (Ivt))})
Consequently (for ¢ = 1);

St ((A, B) t) = Ny (T} (N: (A) , N, (B)))

for i = 2;

T¢ and S% together with Ny generate a De Morgan Triplet.

SE((A, B) 1) = N, (TS (N: (A), N, (B))

Sé [(Av B) 7t] = (fia (x,t) + b (,t) — pa (2,1) fip (2,1) .04 ({,19715) Np (:&t))
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z,t) + N (2,1) = N4 (2,8) 1 (2,1))
) fia (@0) + i (21) — fig (2.1) fip (2,0)

- p’A (xvt) ﬂB (x’t)’ﬁA (x’t) 77]B (mat))

T% [(A7B) 7t] = (p‘A l‘,t)ﬂB ($7t)vﬁA(
t

z
—
by
z
=
z
.3
=
I
=

hS

Q)
+
=
s

Q)
=

(

Consequently (for i = 2);
St ((A7B)7 ) Nt(TQ (Nt (A)’Nt (B)))
for i=3; T4 and St together with IV; generate a De Morgan Triplet.

B),t] = ((A B),t) = N¢ (Tg (N: (A) , Nt (B)))

S3[(A

(1 s (1 N (1—fa@0) _ t)ﬁ(z(lfﬁa(z,t)) _ 1)) - (1 X (sraten) - 1)7(I(a3<z,t>) 1) ))
T3 ((A,B

(mgt . ((Aa(et) _ ?}IWB(M) _ 1)) o (1 . (,,(1—17A<w,t>> _ 1)7(?1—775@»» _ 1) ))
Tt (Ny (A), N (B)) =

(log, (1 . mu ) _ t)_(I(ﬁB(m)) _ 1)) . (1 . (tu—m(m,t)) - 1)_(I(1—n3<z,t>> _ 1) ))
Ny (T3 (N: (A), N (B))) =

t—1 t—1

R | Gl (1a0) 1) (s e:0)
(110& (lJr(tl a(z,t) 1) (tl ap(x,t) 1)))10& (1+(t M4 (z,t) 1) (t N (2,t) 1)))

Consequently (for ¢ = 3);
S5 ((A, B) ,t) = Ny (T3 (N: (A) , Nt (B))) O

4. TEMPORAL INTUITIONISTIC FUzzY IMPLICATOR

In this section firstly; we will carry concepts of implication and coimplication to
temporal intuitionistic fuzzy sets. These concepts, which are used to establish the
IF-THEN structure with a clearer reasoning in the fuzzy set and in the intuitionistic
fuzzy set theory, are known to be the basic elements in the systems studied by
fuzzy and intuitionistic fuzzy set theories. With the new implication definitions
given below, a causal structure will be established which will match the variable
structure of the systems depending on the position and time variables. It is evident
that successful results will be achieved in this type of system, which is being dealt
with by this new structure. When these two concepts are established, the necessity
of satisfying the "modus ponens" conditions in the classical logic will be taken into
consideration. At this point, definitions of implication and coimplication will be
moved to the temporal intuitionistic fuzzy set space in the studies light, which has
been done previously and successfully in practice.

Definition 13. If a function I, : (TIFP}; x TIFP}) x T — IFP* is satisfied
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following condition, I is called temporal intuitionistic fuzzy implication at time
moment t
I-1: (Boundary Conditions):
a: I, (0,a(t)),t) =1 for all a(t) € TIFP; at fized time moment t,
b: I, ((a(t),1;),t) =1 for all a(t) € TIFP} at fized time moment t,
C: It ((115, Ot) ,t) = O,
1-2: I; is decreasing in first variable i.e.
If ¢ <y then I; ((y,2),t) < It ((z, 2) ,t) for each x = (z1 (t),22 (t)), y =
(y1 (¢),y2(t), 2= (21 (t) , 22 (t)) € IF* x T and time moment t € T,
1-3: I; is increasing in second variable i.e.
Ify < z then I ((z,y) ,t) < I ((z, 2) ,t) for each x = (21 (t),22 (1)), y =
(y1 (1) ,y2 (1), z=(21(t),22(t)) € IF* x T and time moment t € T.

As this definition shows, the intuitionistic fuzzy pairs to be subjected to the im-
plication process need to change depending on the time. For this reason, the follow-
ing implication examples will be given based on membership and non-membership
values in temporal intuitionistic fuzzy sets. These implications have been obtained
by modifying existing implications in the literature according to temporal intuition-
istic fuzzy sets.

Proposition 6. Let

AT) ={(z,pa (z,t), ma (2,1)) + X xT'}
and

B(T") ={(z,pp (z,1), np (z,t)) : X x T}
where T and T" have finite number of distinct time-clements or they are time
intervals. Then the followings are temporal intuitionistic fuzzy implication at time

momentt €T =T" UT".
1. Kleene- Dienes:

Itl (((:UA (mvt) » A (C(,',t)) ’ (MB (.’L‘,t) » 1B (x7t))) 7t)
= (max {ﬁA (.’L‘,t) Ny (‘r?t)} ; min {p'A (:&t) i (x7t)})

(This implication is defined by Parvathi and Geeta in [14])
2. Reichenbach:

It2 (((MA ('T?t) > Na (JZ, t)) ’ (:uB ($,t) » 1B (J?,t))) ’t) =

(ﬁA (.23, t) + ﬂB (l‘,t) - ﬁA (JZ, t) :DB (x’t) ) :uA (],‘,t) ﬁB (xvt))
3. Gadel:
xvt) » 1B (x’t))) 7t) =

B (
170) ’ 1_T7A (xvt) SﬁB (:Evt)
) (Q?,t)) ) 1_ﬂA (xvt> SﬁB (Q?,t)
,0) , otherwise
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4. Lukasiewicz:
I (((pa () ma (2,1), (g (2,), 1p (2,1)))  t) =
(min{lvﬁA (:Evt) + lD'B (xvt)} , Iax {07 (ﬂA (x7t) + 77]A (.’ﬂ,t) - 1)})

5. Yager:
It5 (((MA (‘T7t) > Na (ZE,t)) ’ (“B (1‘,t) » 1B (ZE,t))) 7t) =

(s () 740D 1= (1= 7 (2,1)) )
6. Mamdani: IP (g (z,t), ma (z,1), (g (z,t), ng (z,1)),t) =
(min {1 =774 (2,8) i (,1)} max {1 = fiy (2,1) g (2, 1)})

If I; is a implication and N is a temporal fuzzy strong negation at time moment t
then the function

I (21, 29) s (1,92)) 1) = I (Ny (41, 92) 5 £) , Ny (1, 2) , £) , £)

is an implication at time moment t.

Proof. Let I; be a temporal intuitionistic fuzzy implication at time moment ¢ € T
Then we should show that the mapping I; satisfy the conditions 11,12,13.
I1:

a. I (0g,a(t)),t) = I (Ny (a(t) ,t), Ny (04, 1)) = I (Ny (a(t),t),1;),t). Since
I, satisfy the condition I-1(a) I-1(b), it is obtained that I, ((Ny (a (t),t),1;),t) = 1.
So it is obtained that I, (04, a (t)),t) = 1 for all a(t) = (a1 (t),as (t)) € IF* at

fixed time moment ¢.

b. Li((a(t),1:),t) = L (Ne (1t,t) , Ny (a () 1)), 1) = Lt (06, Nt (a(t) 1)), t)~
Since I; satisfy the condition I-1(a), it is obtained that I (((0¢, N¢ (a (2),1)), 1)) =
So it is obtained that Iy ((a (t),0;),t) = 1 for all a(t) = (a1 (t),az (t)) € IF* at
fixed time moment ¢.

c. Since I; satisfy the condition I-1(c), the following equation is obtained as:
It (<0t7 1t) ,t) = It ((Nt (Ot,t) ,Nt (1t,t)) ,t) = ]t (<1t,0t) ,t) = 0

I2: Let z(t) = (z1 (t), 22 (¢)) and y (t) = (y1 (), y2 (t)) are two temporal intu-
itionistic fuzzy pair such that = (t) < y (¢) at the time moment ¢. Since I} satisfy
the condition I3 and Ny (y (t)) < N; (z (t)), it is clearly obtained that

L((y(8),2(0),1) = I (Ne (21, 22) 1), Ne (91, 92) )

< T (Vi ((21522) 1 8), Ni (01,) 1) = T (@ (1) , 2 (£)) 1) -

13: Let y(t) = (y1(t),y2(t)) and 2z (t) = (21 (t), 22 (t))are two temporal intu-
itionistic fuzzy pair such that y(t) < z(¢) at the time moment ¢. Since I; satisfy
the condition 12 and Ny (z (t)) < N (y (¢)), it is clearly obtained that

L((x (), y(1),t) = I (N ((y1,92) ) , Ne (w1, 22) , 1))
SIt(Nt((21,22),15),]\7,5((231,;62) )):ft((x(t)vz(t))7t)'

t), N
)
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O

As stated in [I5] , the coimplication, which is the dual of the implication concept,
is transferred to temporal intuitionistic fuzzy sets as follows.

Definition 14. If a function If : (TIFP} x TIFP}) x T — IFP*is satisfied
following condition, I is called temporal intuitionistic fuzzy coimplication at time
moment t
CI-1: (Boundary Conditions):
a: If ((a(t),0,),t) =0 for all a(t) = (ay (t), a2 (t)) € IF* at time moment
t?
b: If ((14,a(t)),t) = 0 for all a (t) = (a1 (t),ag (t)) € IF* at time moment t,
Cc: Itc ((Ot, 1t) 7t) = 1,
CI-2: I} is decreasing in first variable i.e.
If < y then If ((y,2),t) < If ((z,2),t) for each x = (x1 (t),z2(t)),
y=(y1(t),y2(t)), 2= (21 (t),22(t)) € IF* x T and time moment t € T,
CI-3: I; is increasing in second variable i.e.
If y < z then If ((x,y),t) < If ((x,2),t) for each x = (x1(t),z2(t)),
y=(y1(t),y2(t)), 2= (21 (t),22(t)) € IF* x T and time moment t € T.

The relationship between temporal intuitionistic fuzzy implication and temporal
intuitionistic fuzzy coimplication is shown below.

Proposition 7. A function If : (TIFP x TIFP}) x T — IFP* is a temporal
coimplication at time moment t if and only if the function

I (2 () ,y (8)) ) = Ne (I (N (2 () 1) . Ne (y (1)) , 1)) 1)
is a temporal intuitionistic fuzzy implication at time moment t for any temporal
intuitionistic fuzzy strong negation Ny and each x(t) = (x1 (t),22(t)), y(t) =
(y1(t),y2(¢) € TIFP;.

Proof. =: Let I{ be a coimplication at time moment ¢ € T'. Then we should show
that the conditions I1,12,13 are satisfied.

I1:

a. I ((04,a(t)),t) = Ny (If (N (04, 8) , Ny (a(t)),t)). From CI-1(b), it is ob-
tained that _ B

N (I (14, Nt (a (2)) ,t)) = Ny (0, t) = 1. So it is obtained that I; (0, a (t)) ,t) =

1

for all a (t) = (a1 (t), a2 (t)) € IF* at time moment ¢.

b. It ((a(t),1¢) 1) = N (If (Ne (a (t) ,8) , Ne (1¢,8) ;1)) = Ne (17 (Ne (a (2) 1), 0r, 1))
From CI-1(a), it is obtained that N; (If ((N¢ (a(t)),0¢),t)) = N (04,¢) =1 for all
a(t) = (a1 (t),as(t)) € IF* at fixed time moment ¢.

c. From CI—l(C), It ((lt,Ot) ,t) = Nt (Ig (Nt (1t,t) ,Nt (Ot,t) ,t)) = Nt (Itc (Ot, 1t7t))

— N, (T,t) -0
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I2: Let = (t) and y (t) € TIF P} such that x (¢) < y(t) at the time moment ¢,
From CI-2 and Ny (y (t),t) < N¢ (x (t),1), the inequality
I ((Ne (2 (8) 1), Ni (2 (1) 5 8)) 5 8) < I ((Ne (y (2) 5 8), Nie (2 (2) 1)), 2)

is satisfied for any z (t) € TIFP; at fixed time moment t. Since N; is temporal
intuitionistic fuzzy strong negation at the time moment ¢, the inequality

Ne (17 (Ve (y (2) 5 8) , Ne (2 (8) 5 1), 8)) < Ni (N (2 (8) , ), Ni (2 (), 1)) 5 1))

is obtained. So it is clearly understood that the inequality

Li((y (), 2 (1), 1) < L ((z(t),2 (1), 1)
is satisfied at the time moment ¢ with the above assumptions.
I3: Let be y (¢) and z (t) € TIF P such that y (t) < z(t) at fixed time moment
t. From CI-3 and N; (2 (¢),t) < N (y (¢),1), it is obtained that

Itc ((Nt (l’ (t) 7t) aNt (Z (t)) 7t) ’t) < If ((Nt (J? (t) 7t) ?Nt (y (t) 7t)) ’t) .
Since N, is temporal intuitionistic strong negation at the time moment ¢, the in-
equality
Ne (I7 (Ne ( (2) ,2) , Ne (y (£) ,2)) 1), 8) < Ne (I (Ve (2 (2) 5 2) s Ne (2 () 1 1)) 1 1))

is obtained. So it is clearly understood that the inequality

I (2 ),y (1) < L (x (), 2 (1))

is satisfied at the time moment ¢ with the above assumptions. O

Theorem 1. Let S; be a temporal intuitionistic fuzzy t-conorm and Ny be a tempo-
ral intuitionistic fuzzy strong negation at time momentt. Then, the mapping defined

as Is, ((x (t),y (t)),t) = St (Nt (x () ,t),y (2)),t) for each z (t),y(t) € I[F* is a
temporal intuitionistic fuzzy implication.

Proof. 11- N

a. Is, (O, z (t) 1) = St (N (04,8) ,y (), £) = Se (L, (£)) , 8) = 1,

b. ISt (( ( )71t) t) ((Nt (ata )71t) 7t) = 1’ .

c. Is, ((1:,0¢),t) = S (Ne (1e,¢) . 11) , t) = Si ((04,0p) )_0~

I2- Let be x(t) and y(¢t) € TIFP; such that z (¢) < y(t) at the time mo-
ment ¢. Then N (y(t),t) < N;(z(¢),t). From S2, St(( Ne(y(t),t),2(t),t) <
St (Ny (z(t),1),2 ())7 )foreach z (t) € TIFP;. Thus

s ((y(1),2 (1), 1) < Is, ((z (t),2()),1).
I3- Let be y ( dz(t) e TIFP* such that y (¢) < z (¢) at the time moment ¢.
)

t) an
From 52, Is, ((z (1) ,y (1)) 1) = ((Nt( (t),1),y (1), 1) < Sp (Ve (x(t),1),2 (1)) ,1)
=1Is ((z(t),z (1), ) for each z( ) € TIFP}. Thus it is obtained that

Is, ((z (1) ,y (1) ,t) < Is, ((z (), 2 (1)) ;1) -
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Definition 15. Let S; be a temporal intuitionistic fuzzy t-conorm and Ny be a
temporal intuitionistic fuzzy strong negation at fized time moment t. Then Ig, :
(TIFP; x TIFP})xT — IFP* is called temporal intuitionistic fuzzy S—implication.

Example 1. I} is a S—implication produced with S,
fuzzy standard negation

max 0nd temporal intuitionistic

Theorem 2. Let T; be a temporal intuitionistic fuzzy t-norm and Ny be a temporal
intuitionistic fuzzy strong negation at time momentt. Let define the family of TIFPs
such as Ziyyyty) = 12 () = (22 (1), 2y (t)) € TIFP; - Ty ((w (1), 2 () ,t) <y (1)}
for each x (t ) y (t) € TIFP;}. Then, the mapping defined as I, ((z (t),y (t)),t) =
(sup (zz), inf (zy)) is a tempoml intuitionistic fuzzy implication.

Proof. 11-

a. Since Ty ((04, 2 (¢)) ,t) = y (t) for each z (t) = (2 (t), 2, (t)) € TIF Py,
So 1; can be chosen as z (). Then it is obtained that Ir, (04, y (t)),t) =1,

b. From T4, T; ((x (t),1:),t) = x (¢ ) < 1;. So 1; can be chosen as z (t). Then,
it is obtained that I, (O z (t)),t) =

c. Since the equation Ty ((14, 2 (t )), t) = z(t) < 0; has a only one solution as
2 (t) = Op,it is clearly understood that Ir, ((1¢,0,),t) = 1.

I2- Let be x (t) and y (¢t) € TIFP; such that x () < y(¢) at the time moment
t. We must show that Ir, ((y (t),z(t)),t) < I, ((x (t),z(¢)),t). From T2, The
inequality T3 ((z (t),2* (¢)),t) < z(t) is satisfied for each z* (t) € TIFP; Wthh
satisfy the inequality T; ((y (), 2" (t)),t) < z(t).Then Zy,u ) C Z(m(t)7z(t))
Then it is clearly understood from the definition of I,

I, ((y (1), 2 (1) 8) < I, (2 (8) , 2 (1)) . 1)

I3- Let be y(t) and z (t) € TIFP; such that y (t) < z () at the time moment
t. We must show that I, ((z (¢),y(¢)),t) < I, ((z(t),2(t)),t). The inequality
Ty ((x(t),2*(t),t) < z(¢t) is satisfied for each z* (t) € TIFP; which satisfy the
inequality Ty ((.’L‘ (t) , 2* (t)) ) <y (t) .Then Z(z(t),z(t)) - Z(y(t)ﬁz(t))- Then it is
clearly understood from the definition of I,

Ir, ((z @),y (1), 1) < Ir, ((z (1), 2 () ;1) -
(]

Definition 16. Let T; be a temporal intuitionistic fuzzy t-conorm and N; be a
temporal intuitionistic fuzzy strong negation at fived time moment t. Then I, :
(TIFPf x TIFP;)xT — IFP* is called temporal intuitionistic fuzzy R—implication.

Proposition 8. Let I, be a temporal intuitionistic fuzzy R—implication produced
any Ty temporal intuitionistic fuzzy t-conorm and Ny temporal intuitionistic fuzzy
strong negation at fized time moment t. Then Iy, ((z (t),z(t)),t) = 1 for each
x(t) e TIFP;.
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Proof. From T4, T; ((x (t),1¢),t) =  (t) . Then it is understood that 1; € Z(4(t),x(1))-
So I, (x (t),x (t)) =1 O

Remark 2. The concepts, which we have given in our work until this section, have
always been defined for a single time moment. If these concepts are defined in all of
their clusters when these concepts are defined, these concepts are called the overall
intuitionistic fuzzy (negation, t-norm, t-conorm, implication and coimplication). It
is often essential to produce a final conclusion from a concept that is overall intu-
itionistic fuzzy. This could be done using the aggregation function. The following
theorem offers a way for this final conclusion.

Theorem 3. Let T = {t1,ts,...tn} be a finite time set which has n > 2 elements,
Ny, be a overall intuitionistic fuzzy negation and f : (TIFP})" — IFP* (n > 2)
be a function satisfied following conditions:
(1) f (OT, OT, ...,OT) =0 and f (lT, 1T7 ceey 1T) =1
(2) fla(tr),a(ta),..a(tn)) < f(b(t1),b(t2),....,b(tn)) for any pair (a(t1),
a(ta), ...,a(ty)) and (b(t1),b(t2),....;b(tn)) of n—tuples in (TIFP})"
such that a (t;) <b(t;) (i € {1,2,...,n})
(3) f is a continuous function.
Then the mapping N : TIFP; — IFP* defined as
N (z(t:)) = f (N, (2 (t) 1), Ney (2 (83) 1 t2) 5 oy N, (2 (E) 5 E0))
(1 €{1,2,...,n}) is a intuitionistic fuzzy negation on TIF P}
Proof. For every z (t;) ,y (t;) € TIFPy and ¢ € {1,2,...,n} such that z (¢;) <y (¢;),
the inequality Ny, (y (t;),t;) < Ny, (@ (t;),1;) is obtained for each i, j € {1,2,...,n}

from the definition of overall intuitionistic fuzzy negation. Then, following inequal-
ity is clearly obtained from the definition of f for each i € {1,2,...,n} :

N (y(t:)) = f (Ney (y (8) s 02) , Ny (y () 5 82) s N, (y (E0) 5 80))

< (N, (2 (t) 1), Ney (2 (83) yt2) 5 oy N, (2 (8) 5 80)) = N (2 ()
Hence it is clearly understood that N is decreasing. On the other hand,

N(Or (t:)) = f(Ni, (Or () ,t1), Ney (O () t2) 5oy Ni, (O () 5 0))
= f (T,T, ...,T) =1,

N(rt) = fWNy (Ar (), t1), Ne, (1 (i) 1 t2) 5 ooy N, (17 (80) 1 80))
— f(ﬁ,ﬁ,...,ﬁ) =0.

|
Theorem 4. Let T = {t1,ta,...t,} be a finite time set which has n > 2 elements,

Ty, be a overall intuitionistic fuzzy t—norm and f : (TIFP;)" — IFP* (n > 2) be
a function satisfied following conditions:

(1) fla(t),a(ts),....a(ty)) =a(t;) fora(t;) € TIFP;,
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(2) fla(ty),a(ts),...,a(ty)) < f(b(t1),b(ta),....;b(tn)) for any pair (a(t1),
a(ta), ...,a(ty)) and (b(t1),b(ta),....,b(tn)) of n—tuples in (TIFP;)" such
thata( ) <b(t;) (i €{1,2,..,n}).

(3) f is a continuous function.
Then the mapping T : TIF P} — IFP* defined as

T(z(t:),y(t) =
f (Ttl ((Z‘ (tl) Y (ti)) 7t1) 7T752 ((m (ti) Y (tl)) 7t2) ) "'7Ttn ((JJ (ti) Y (ti)) 7tn))
(1 €{1,2,...,n}) is a intuitionistic fuzzy t — norm on TIFPj.

Proof. T1. Since the equation T3, (= (t:),y (t:)),t;) = Tt ((x (t:),y (t:)) , t;) holds
for every z,y € TIFP} and i,j € {1,2,...,n}, the following equation

T ((2(t:),y (t)))
= f(T (& (), y (), t), Toy (2 (), y (8)) s t2) s oo T, (2 (E0) sy (82)) 5 80))
= (T ((y @),z () 11), T, ((y (8) 2 (80) s t2) 5 oo T, (9 (80) 5 2 (82) 5 20))
= T((yt:),z(t:)))

is obtained for each i € {1,2,...,n}.
T2. Since T, is a overall intuitionistic fuzzy t—norm, the inequality

Ty (21 () 01 () 5 85) < T, (w2 (8) 92 (44)) 5 25)

is satisfied for every ¢,57 € {1,2,...,n} and every 1 (t;),y1 (t:), 22 (t:),y2 (t;) €
TIF Pj such that z1 (¢;) < z2 (t;) and yy1 (&) < y2 (&).
From the definition of f , the following inequality is obtained:

f (T (21 () v (8), 1), Ty, (1 (82) 91 (8)) 5 t2) 5 oo, Ty, (1 (80) 591 (80)) 5 E0)

< (T (22 (8) 92 () 1) s Ty (22 (63) s y2 (8)) 5 t2) 5 -, Ty, (22 (B2) L 92 (8)) 5 T0)
Then it is obtained that T ((x1 (t;),v1 (¢:))) < T ((x2 (t;) ,y2 (t:)))-
T3. Since Ty, is a overall intuitionistic fuzzy t—mnorm, the equality

Ty, (T, (2 (t0) ,y (8)) 5 85)) s 2 (83) , 15) = T, (2 () s Ty ((2 (t0) 5y (8)) 5 85)) 5 1)

is satisfied for every ¢,j € {1,2,...,n} and every = (¢;),y (¢t;) € TIFP; . Then we
must show that

w(t), T ((z(t),y (t) , t5))  t5)
Let T ((z (tl) ) =a(t), T((z(t;),y(t;))) = b(t;) . Hence the following equa-~

Then
T (a(t:),z(t:))
= [T ((a(t),z () 1), Ta, ((a (i), 2 (E:)  b2) 5 o T, ((a (i) s () 1)
= f(Ttl ((x(ti)7b(tl))vt1)th2 (( (ti)7 (ti))atQ)J 7Ttn (( (tl)ab(tl)ﬂtn))
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= T(x(t:),b(t:))

T4. Since Ty, is a overall intuitionistic fuzzy t—mnorm, the equality

Ttv ((Z‘ (tz) 5 1t> ,tj) =Z (tz)

for every x (t;) € TIF P and for every i,j € {1,2,...,n}. Then it is easily obtained
that

(Ttl ((:C (tl) ) 1t)a )aTt2 ((iL' (tl) ) ]-t) ’t2) ) "'7Ttn ((.’E (tl) ) ]-t) atn))
= fle@),z ),z () =z ()

Theorem 5. Let T' = {t1,ta,...t,} be a finite time set which has n > 2 elements,
Sy, be a overall intuitionistic fuzzy s — norm and f : (TIFP;)" — IFP* (n > 2)
be a function satisfied following conditions:
(1) fla(t),a(t),....a(ty)) =al(t;) fora(t;) € TIFP;,
(2) fla(tr),a(tz),..a(tn)) < f(b(t1),b(t2),-,b(tn)) for any pair (a(t1),a(t2),
@ (tn)) and (b(t1),b(t2),...,b(tn)) of n—tuples in (TIFP;)" such that
(

ti) < b(ti) (Z S {1,2, ...,n}),

(3) f is a continuous function.
Then the mapping S : TIF P}, — IFP* defined as

S(z(ti),y(ti)) =
f (St1 ((1‘ (tl) 'Y (tl)) 7t1) ) Stz ((ZL' (tl) 'Y (ti)) 7t2) yeeey Stn ((.’E (ti) 'Y (ti)) 7tn))
(1 €{1,2,...,n}) is a intuitionistic fuzzy s —norm on TIFPj.

Proof. It could be proven as previous theorem. O

Theorem 6. Let T = {t1,ta,...t,} be a finite time set which has n > 2 elements,
Iy, be a overall intuitionistic fuzzy implication and f : (TIFP})" — IFP* (n > 2)
be a function satisfied following conditions:
(1) fla(t),ati),....a(t;) =a(t;) fora(t;) € TIFP;,
(2) fla(tr),a(tz), .a(tn)) < f(b(t1),b(t2), ..., b(tn)) for any pair (a(t1) ,a (t2)
yeesa (t)) and (b(t1),b(t2),...,b(tn)) of n—tuples in (TIFP;)" such that

a(ti) < b(tl) (7, S {1,2, ...,’I’L}f)7

(3) f is a continuous function.
Then the mapping I : TIF P}, — IFP* defined as

I(x(t:),y (L)) =
f (Itl ((l‘ (tl) Y (tl)) 7t1) 7It2 ((:E (tl) Y (tl)) 7t2) ) --'7Itn, ((I (tl) Y (tl)) >tn))

(1 €{1,2,...,n}) is a intuitionistic fuzzy implication on T1F Pj.
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Proof. I-1: (Boundary Conditions):
a. Since I; (07, a(t;)),t) = 1 for all a(t) € TIFP; and every time moment
t € T, The equation is satisfied

I (OTv a (t’t)) = f (It1 ((OT7 a (tl)) atl) 7It2 ((OTa a (tl)) 7t2) ) ~'~7Itn, ((OTva (ti)) 7tn))
=f(lp,1p, . 1p) =1
b. Since I ((a(t;),17),t) = 1 for all a(t;) € TIFP; and every time moment
t € T, The equation is satisfied
I (CL (tl) ) 1T) = f (Itl ((a (tl) ) 1T) atl) ?It’z ((CL (tl) ) 1T) 7t2) ) ~~'7Itn ((a (tl) ’ 1T) 7tn))
=f(Qr,1r, 1) =1
c. Since It ((17,07) ,t) = 0 for every time moment ¢ € T, The equation is satisfied
I (1T7 OT) = f (It1 ((1T7 OT) atl) 7It2 ((1Ta OT) 7t2) ’ "'7Itn ((1T7OT) 7tn))

= f(07,07,..,07) =0

I-2: Since I; is decreasing in first variable, the inequality I; (y (¢;),z (¢;),¢) <
I (z (¢;), 2 (t;) ,t) is satisfied at every time moment ¢ and each = = (z1 (¢) , 22 (¢)),
y=(y1(t),y2 (1), 2= (21 (t),22(t)) € TIFP; such that < y. As the definition
of f, the following inequality is obtained such that:
I((y (t:), 2 (t:)) ;1)
S ((y (8) 2 (8)) 1) 5 Iy ((y (8) 2 (£0) s t2) 5 oo T, ((y (£0) 5 2 (£0)) 5 E0))
< Fy (@), 2 () t) s T, (2 (8) 5 2 (8)) s t2) 5 oo I, (2 (8) 5 2 (82)) 5 E0)
I((z (t:), 2 (t:)) ;1)
I-3: Since I; is increasing in second variable, the inequality I; (y (¢;),z (¢;),t) <
I (2 (t;) ,x (t;) ,t) is satisfied at every time moment ¢ and each = = (z1 (¢) , x2 (¢)),
y=(y1(t),y2(t), 2 = (21 (t),22(t)) € TIFP; such that y < z. As the definition
of f, the following inequality is obtained such that:

I((y (i), = (t:)) 1)

= [ (), @) ta) Iy ((y (8) s (8)) s 82) s Ly, ((y (83) 5 2 (£)) 5 2))
< S ((z(G), 2 () t) s Do, (2 (), 2 (8)) s t2) 5 oo Iy, (2 () 5 2 (82) 5 E0))
= I((z(t),z (t)),1)

Theorem 7. Let T = {t1,t2,...t,} be a finite time set which hasn > 2 elements, If,
be an overall intuitionistic fuzzy coimplication and f : (TIFP;)" — IFP* (n > 2)
be a function satisfied following conditions:

(1) f(a(t),ats),....,alt;))=a ( )fora(t)eTIFP;a,

(2) fla(t),a(tz), . a(tn) < f(0(t1),b(t2), .., b(tn)) for any pair (a(ty),
a(te), ...;a(ty)) and(b(tl), (t2) ..y b(tn)) ofn tuples in (TIFP})" such
that a( ) <b(t;) (i € {1,2,...,71}),
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(3) f is a continuous function.
Then the mapping 1€ : TIFP; — IFP* defined as

19 (2 (t:) ,y (t:))
= f ( tcl ((LC (tl) Y (tz)) ,tl) ) 52 ((:E (tZ) Y (tl)) atQ) ’ "'7Itcn ((LC (tl) 'Y (tz)) atn))

(1 €{1,2,...,n}) is an intuitionistic fuzzy coimplication on TIFP.

5. CONCLUSION

It is understood from the definitions and theorems given in the whole article,
from the judgments obtained from a temporal system, that a conclusion judgment
could be obtained by aggregation functions. This provides a way for crisp outlets
to be obtained from temporal intuitionistic fuzzy systems. In this study; tempo-
ral intuitionistic fuzzy negation, temporal intuitionistic fuzzy triangular norm and
temporal intuitionistic fuzzy triangular conorm have been researched. The aim
of this study is to define negator, t-norm and t-conorms, which is the generaliza-
tion of negation, conjunctions and disconjunctions in the temporal intuitionistic
fuzzy sets and to examine the De Morgan relations between these concepts. The
thing to note here is that conjunctions generalized with t—norm and {—conorm is
changed depending on time. we will carry concept of implication and coimplica-
tion to temporal intuitionistic fuzzy sets. With the new implication definitions, a
causal structure will be established which will match the variable structure of the
systems depending on the position and time variables. It is evident that successful
results will be achieved in this type of system, which is being dealt with by this
new structure.
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