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ABSTRACT
The concept of a type-2 fuzzy set which is an esitenof the concept of an ordinary
fuzzy set was introduced by Zadeh. Type-2 fuzzy hate grades of membership that are
themselves fuzzy. Type-2 fuzzy sets possess a gegptessive power and are
conceptually quite appealing. This paper deals waittition, subtraction, multiplication
and division of type-2 triangular mixed fuzzy nurmbasing alpha cut methads
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1. Introduction

Fuzzy methods allow the processing of imprecise iaddcisive variables. Fuzzy methods
come in two main flavors, type-1 and type—2. Thecept of a type—-2 fuzzy set, an extension
of the concept of an ordinary fuzzy set, was iniedl by Zadeh [8,9]. Type-1 fuzziness
represents the first step toward the full procegsihqualms and thiype-2fuzziness builds
upon the strengths of the type—-1 methods and owersosome of the limitations. It is
observed that thaype-2 fuzzy paradigm is lesser known and lesser exmplodesa of
fuzziness and also the type-2 fuzzy methods pros@tmnd order uncertainties allowing
fuzzy systems to accurately deal with real worldartainty. At present the full potential of
type-2 methods has not been exploited by practitionexahgbly because of computational
expense ofype-2operations. In the current climate of ever fastesre dominant and more
affordable hardware, thigpe-2 fuzzy methods present a stimulating opportunitgxplore
uncertainties in real world systems in ways thatew®t previously possible.

A type-2fuzzy set is characterized by a membership funcie the membership value for
each element of this set is a fuzzy set in [0,X]e Toncept of dype-2 triangular fuzzy
number was presented by Dinagar and Anbalagarm fig.another form ofype-2triangular
fuzzy number calledtype-2 triangular mixed fuzzy number was presented by
Thiripurasundari [6,7]Type-2 triangular fuzzy matrices artgpe-2 fuzzy linear equations
was presented by Latha et al. [2,3]. This papelsdeith various arithmetic operations using
alpha cut method [1] fotype-2 triangular mixed fuzzy numbers. In section -2, sobasic
definitions are given. In section — 3 deals withimas arithmetic operations using alpha cut
method for type — 2 triangular mixed fuzzy numberb section — 4, conclusion is included.
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2. Preliminaries
2.1. Type-2 fuzzy set
Atype-2 fuzzy set is a fuzzy set whose membersaipes are fuzzy sets on [0,1].

2.2. Type-2 fuzzy number
Let A be a type-2 fuzzy set defined in the universe istalirse R. If the following
conditions are satisfied:

(i) A is normal,

(i) A is a convex set,

(i) The support ofd is closed and bounded, thenis called a type-2 fuzzy
number.

2.3. Type-2 triangular fuzzy number

A type-2 triangular fuzzy numbed on R is given byd = {(X,(ua'(X),ua’(X),1a3(X));
xeR} and pal(x) < ua2(X)< uad(x), for all xe R. Denoted = (4,,4,.4;), where 4,=
(ASANAY), 4= (ASANAY) andAds;= (ASASYAY) are same type of fuzzy
numbers.

2.3.1. Notations

A? = closed interval approximatiod? = triangular fuzzy number,

A* = trapezoidal fuzzy numbeA® =piecewise quadratic fuzzy number, etc.,
k® = (k, k, k, k, k), where k is constant.

2.4. Type — 2 triangular mixed fuzzy number (T2TMFN

Let 4 = (4,,4,,4;) be a type — 2 triangular fuzzy number. Then threey be a choice
that 4,, 4,, A, are different types of fuzzy numbers ié.= (43,44 42) or 4 =
(45,43, A%) or 4 = (45,43, A%) etc. This type of type — 2 triangular fuzzy numisecalled
type — 2 triangular mixed fuzzy number.

For a type — 2 triangular mixed fuzzy numbér= (43, A%, A%) with membership
function p3(%) given by

(-4 3 _ o _ 7a
D A1 <X < A4,
pi(X) = A3-0 g4 _ o _ 2
27 A5 <X < A3
0 otherwise

2.5. Ranking function

Let F(R) be the set of all type-2 normal triangufazzy numbers. One convenient
approach for solving numerical valued problem isdaon the concept of comparison of
fuzzy numbers by use of ranking function. An effiextapproach for ordering the
elements of F(R) is to define a linear ranking fioltR:F(R) -+ R which maps each
fuzzy number into R.

(i) Suppose if 4 = (43, A3, A2), then
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R(A) = (45%, Ai+35t, AL +652, 4L) /36.
(ii) Suppose ifA = (A3, 4%, A3), then we define
R(A)= (2083, AL + 155, AL + 12 %5, AL)/180.
(iii) Suppose |fA = (43, 43, 43), then we define
R(A) = (1FL, 4L + 1552, AL + 6 X5, AL)/90.
(iv) Suppose ifA = (A%, A%, AS), then we define
R(A) = (6%, AL + 63k, AL + 4 X5, A8)/72, etc,

2.6. Arithmetic operations

Let A = (43,A4% A2) and B = (B}, B3,B?) be two type — 2 triangular mixed fuzzy
numbers then

1). Addition and subtraction:

A+ B = (A34+k3 A% £+ k* A2 + k?), where k = (B}, BI+3Y3 | BY +6y2_, B) /36.

2). Scalar multiplication:

If « >0 anda € R, then

ad = (aﬁ, a@, aATg), where A3 = (a, b, c) thenATf = (a, b, c).
If « <0 andx € R, then

ad = (ad3, ads, aA?), whereA? = (a,b,c) thenA3 = (¢, b, a).
3). Multiplication

= = 3 74 . ~ _
ix Bz("3: g ,’”‘3) where k' = 3Y4, Bl +4%%, BL + 632, BL) k' > 0.
ixgo (KB KE KR
|\ 363636 ) '
4). Division:
= ~ 73 974 ac Al
A+B=(3if1,3%,36f3) K=o,
~ ~ 2 4—
A+B_(3Z‘,‘ ,Si’f ,3“1) k' < 0.

3. Astudy on arithmetic operations of type—2 triagular mixed fuzzy numbers
In this section deals with arithmetic operationstgfe — 2 triangular mixed fuzzy
numbers using alpha cut values.

3.1.Addition of fuzzy numbers

Let A = (43,44, 42%) and B = (BS,B3,B%) be two type — 2 triangular mixed fuzzy
numbers whose membership functions are

— A3 . .
(G=R) &
[R5
pi () =4 (A42-% . 3
A WY cr<i
(A - Az)
0 otherwise
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(F-BD =5 _ - _ =3
<%<
oy 1EXEDR
and pz(¥) = | @-n =3 =4
<i%<
@ 2=rEPs
0 otherwise
~4 =3 ~3 ~2 =2 4
Thena;: = [(Az - Al) a+ Al,Ag - (A3 - Az) (X] (1)
and
az = [(B — Bf)a+ Bf, B3 — (B — B3)q] (2

are the alpha cut of type — 2 triangular mixed fmmbersﬁ and B respectively.
Adding (1) and (2) we get,

aptay = [AB3+ B + (A — A3+, —B))a, A2+ B, — (A2 — AL+ B, —
~3
Bz)(l] ......... (*)
To find the membership functigr;, 5(%), we equate ta in (*)
=B +F + (A - A +5, —B)aandx = A2+ By — (A2 — A4+ B; — Ba
Now expressingr interms ofX and settingr = 0 anda = 1in (*) , we get

e (A1h ~3 ~4 L
I A+ B < ¥ < (A, +B3) and

a t—
(Z§+§23>—(71f+§f>
(A3+5)-% s
a T :(A2+BZ)S X < (A3 + B3) which gives
@s+8)~(A3+53)
i—(A3+5) 23 a5 . 4 3
T (A BH)< i< (A B
@ mey @B s < (A4 E)
M 5(X) = o

);(A‘2*+’§§)s fs<A§+’§;‘)'

3.2. Subtraction of fuzzy numbers
Subtracting (1) and (2) we get,

= -+ (A -4 45 -B)a A3 -F - (43— A4+ 5, -
Ba] e (%%)
To find the membership functiqr;_5 (%), we equate tc& in (**)
%=A3 B+ (A% - A3 + B, — B;)a and
¥F=A2—B — (42— AL+ B — Ba
Now expressingr interms ofX and settingr = 0 anda = 1in (**) , we get

~3
_ _ *-(A1—-BD) 73 _ ma = 5% _ a3
a=—F++—3—;A1—B))<x¥x<(4,—B5) and
(4-83)-@1-3 =5 (32 - 32)
e (A; - B) < % < (A; — BS) which gives
(A3—315)—(A2—33)
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i—(A3-By) %3 ~4 - i1 3

———— ;A —B3) < ¥< (45 -8B

® (3-53)-a3-55) (41— Bs) (43 - B)
Hig\X) = A2 55\ _% '
(A3—By)—% 4 3 ~ =y ~5

———F— ;|45 —B,) < X< (A5 —B
@3-5))-(43-1)) (4 - 52) “s =)

similarly

3.3. Multiplication of fuzzy numbers

Hixg(®) =
~((A%-a3)83+(B3-BE)A)+ | (A3-A3) B +(B3-BY) A2 -4(A3-AD) (B3-B)(AD(B))-D) -
A3B < x < A4B3
2(A3-43)(B3-BY) 161 = X = A35;
| (@3-a0)05+065-003)- | [(o5-m 8t oo BN ) B
\ 2(A3-A3)(B3-B3) A3B3 < % < A3B3

3.4. Division of fuzzy number
B3 -43 A3
A2-Fx A

~ ~ '~ ~5\ - ~3
(A%—A‘Z*)+(B§—Bf)x "B B

4. Conclusion

In this paper, presents addition, subtraction, iplidation and division of type -2
triangular mixed fuzzy numbers using alpha cut méth In future inverse, exponential
and logarithm etc., of type — 2 triangular mixedzZyynumbers can be studied.
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