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Abstract. In this paper the polynomial interpolation of tgautar fuzzy number is
discussed. First general form of the polynomiaghvfuzzy coefficients is proposed. The
hermite interpolation method is studied with tgatar fuzzy number an example is
provided to illustrate the algorithm.
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1. Introduction

In some problem, people have to deal with massiyarécise data usually represented
them as triangular fuzzy numbers. Many researcfanss on fuzzy numbers, for the
convenience in dealing with uncertainty. peoplé tté$ ‘fuzzy mathematics’.

Interpolation method has become very popular ntethe@ngineering, economy,
and computer science etc. Polynomial interpolaisoane of the most common methods
while some times we do not know the exact valuthefmeasured quantities because of
the inevitable measurement inaccuracy. We carribesthe uncertainty by using fuzzy
numbers. Chenyi Hu Anelina etc have discussed ritervial polynomial interpolation
problem and its lagrange form([6].

In this paper, we study the theory and algorithininberpolatin problem of
triangular fuzzy numbers by defining the fuzzy dwo&nts polynomial to obtain the
general from solution. Then we study the hermiterpolation method, which is more
convenient for practice .

We know that lagrange interpolation formula is matst convenient for practical
purpose. But hermite interpolation formula givesrenaccurate result than obtained in
lagrange interpolation formula Finally an examplg@iovided to illustrate the method.

2. Preliminaries

Definitions 2.1. It is a fuzzy number represented with three poiats follows
A=(a',a‘, a™) This representation is interpreted as a membefshigion

305



Thangaraj Beaula and P.Caroline Mary

-
ua(x) = 0, x<a'
|
4 adl<x<af
< a”;a”
a —x c 1
prprC <x<a
0, x> a’
\

Definitions 2.2. Let @= (a', a®,a™) b=(b', b¢, b™) be two triangular fuzzy numbei@=b
iff al=b',a=b¢,a"=b"

Definitions 2.3. The operations of triangular fuzzy numbers arengefias follows:
(1) @+ b =(a' + b',a® + b, a” +b")
(2 k= (k! ka®, ka™) k>0
{ kg, ka, kal),else

Definitions 2.4. Let d,,dy ... .........4y be triangular fuzzy number. A function
P,(x,dg,dq ... ... ... .. 4,y,) denoted byP,(x) is called the n-oreder polynomial with
triangular fuzzy numbers coefficients, if it saisfthe following conditions
(1) P,(x) is an n-order polynomial about x;
(2) B,(x)is a 1-order polynomial aboé, @; ... ... ... ... tpy,
We get an equivalent definition of the triangulatymomial B, (x).

Definitions 2.5. Let Qy(x), Q1(x) ... ....., @ (x) be m+1 polynomials, whose degree is
not more than n, and at least one of them is anpotyal of degree n .The fuzzy
triangular polynomial®,(x) has the following from

Pn(x) = doQo(x) + del(x) F o + dem(x) B
The set of all triangular fuzzy polynomials of degm (men) is denoted ki,

3. Interpolation polynomials of fuzzy numbers

In this section the interpolation problem of triatay fuzzy numbers is formulated in
detail by comparing with the hermite interpolatimoblem. Then we obtain the existence
theorem of solutions and investigate its properties

Definition 3.1. Letxg, X1,cceveeeenn... X, be n+ 1 distinct node .
GiVet‘Yo = f(’lfo):yl = f(x1), e ver o Yn = ()
yO:f(xO),ylzf(xl), .................... ,yn:f(xn),

The problem is to find a polynomi&} (x) € P, is called interpolating polynomials
suchthat P,(x;) = Q,(x;) + R, (x}),
whereQ, (x;) = y;R,(x;) =y;({=0,1,2......... n)

Theorem 3.1. There exists a unique polynomiél,,,, 1 (x) € Wy, .1 such that
Hany1(x)= YisTons1 (x)=yifor i=0,1,2....,n
The Hermite form ofV/,,, 1 (x) is

Waon+1(x) = Xisowi(0)yi + Zizo Ulgx) yl, . 1)
ui(xj) = {0 i; il;j]} vi(x) =0 foralli
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o _ oo (1 if i=]j
u;'(x) =0 foralli v; (x]-)—{o if i;tj}
H2n+1(xl-,,y0,,y1, e V) = Vi , l =0,12,...... n
Tona1(Xis Y0y Viy eor verve vn v e, V) = Vi i=012........n
Theorem 3.2. Let Xp, Xq,eeeeeneneennnn. x, be n+1 distinct nodes. and fet= (y}y¢,y!),
(i=0,1,2,...... n) be n+1 triangular fuzzy numbers. There exiat least one fuzzy
polynomial such that
Wons1(x)) = ¥ and Topp1(x) =9, fori=012..........1n
Proof: Suppose tha®, (x;) = y;R,(x;) =y, is an interpolation polynomial such that
Honi1(X0, Y0, Viy e ven v oY) = Vi i = 0,12, ...... n
' Tone1 (X0, Y0, Y1y eve ven ve e, Y1) = Vi i=012.... n

Define

Fha @) = I0f o1 (0 Y0, Y1, e oY) 2)
_ i=0,1,...n
Hip41(x) = sup wyyey; H 2041 (% Yo, Y1y voe voe ooe o V) 3)

i=0,1,..n

Hzcn+1(x) = Yico ui (N (4)
and
Thna () = inf ygr o Thonin (6 Yo Vi, o oo V) (5)

5 i=0,1,...n

Tine1() = Inf  T7onpa (X, Y0, Y1, e voe vee o V) (6)

VYi€Yi
5 i=0,1,...n
T () = Xiovi (0)y; (7)

ﬂzzln+1(x) = €5n+1(x) + T21n+1(x)
Vyzrn+1(x) = Iign+1(x) + ?:2rn+1(x)
Wini1 (%) = Hipyq () + Topyq (%)
Sinceu; (x)and v;(x)are interpolating polynomials in x of degree 2nsing conditions

ul-(xj) = {1 i :j}vi(x) =0 foralli

0 ifi#j
, _ , 1 if i=j
u;'(x) =0 foralli v; (x]-) = {0 i; i ij}
Let u;(x) = A; [ (0)]?
v;(x) = B;(0)[1;(x)]?
where
n
X = X;
Li(x)= Z ,i=0,1, n
= Xj — X
JET
andA4;(x) andB;(x) are linear function in x
Deﬁne AL(X) = (al-x + bi)[li(X)]Z

B;(x) = (c;x + dy)[l;(x)]?
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Then
a;x + bi =1
Cix + di =0
and u;(x) = (a;x + b)[l;(x)]? (8)
v;(x) = (¢;(x) + dy)[L;(x)]?
u; (x) = (a;x + by)[1;(x)]?
Gx + by) 2 ()1 (x) + a;[1;(x)]?

Putx=x;

ui(x)=(ax; + by) 20;(x)l () + a[1;(x)]?
0=2l{(xl) + a;
Thereforea; + 21;(x;) =0
v;(x) = (c;(x) +dp[l;(0)]?
Heix 4 d;) 2;(0) 1 (x) + ¢;[1;(x)]?
Putx=x;

v} () =(cix; + di) 24 ()14 () + ol ()]
11'1'
a;x + bi =1
Ccix + di = 0and
a; + 2l{(xl) =0
Ci = 1
Solving the above equations we get
a; = =2l (x;), by = 1+2x;1i(x;)
Ci = 1dl = —Xj )(9
Using the above values on applying in equati8hshe equation becomes
u(x) =[1-2(x - xi)l{(xi)][li(X)]2
vi(x) = (x — x) [L; (O

Using the above expressmn forn(x) and v;(x) we obtain flnally

Wonia () = 2[1 — 20 = LGOIy + Z(x — X)L COPy

This is the required hermlte interpolation formula

Therefore

Wionaa (@) = D 1= 20 = x)l Gl LGPy + ) =5l (01%;
i=0 i=0

Weanan(0) = D T1= 20 = x)l Gl Iy + ) G = x) I,
i=0 i=0

Wi (0 = ) [1= 20 = 20k GOIL@Py: + Y (¢ = )L 1Y,
i=0 i=0
W2n+1(xi) = (Wzln+1(x): W2Cn+1(x):W2rn+1(x)

::(/ll)ylclylr)zyl fOTiZO,l, """"" n
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As a consequence the interpolating polynomialiahgular fuzzy number exists. More
specifically, by theorem 3W,,,,,(x) contains all the interpolating polynomials of
¥: which are arbitrarily chosen

Theorem 3.3. The hermite interpolating polynomials of fuzzy nuembis
n n

Wona (@) = D w (OF: + ) i3
i=0

i=0

where
_ Won+1(x) = Hypi1 (%) + Topeq ()
Obviously
H2n+1(xl‘)1= }7} l =.0,1, ......... n
_ if i=j _ .
ul-(xj)—{o ifiij} vi(x) =0 foralli
, , , 1 if i=j
u;'(x) =0 foralli v; (x]) = {0 i]{ i ij}
Theorem 3.4.
SUPPOSE thally 41 (1) = [Whys1 (), W1 (x)] given by
Wins1(x) = vyi-r-léy- H' 241X, Y0, Y1, v vov oes V)
i=0,1,...n
+ inf Tl (Y0, Y1) er ver v v Vi)
VYi€Y;
i=0,1,...n
Wins1(x) = sup  H'p41 (6, Y0, Y1, e vve o2 V)
VYii€Yi
i=0,1,...n
+sup TTon41 (%, Y0, V1o o oo e V)
VILET
i=0,1,...n

suchthat  H,,4,(x) = Yo ui ()Y

Tonsa () = ) w7
i=0
Then we havély,,, 1 (x) = Hapiq (x) + Topr (x)
Hence the hermite interpolation formula holds tgaeey; by y; in (1).
We know that Lagrange interpolation formula is nohvenient for a practical purpose.
But hermite interpolation formula given more act¢ereesult than obtained in lagrange
interpolation formula.

4. Numerical example
1. Determine the Hermite polynomial which fits fo#owing data and hence find an
approximate value of In 4, =2.0 y, = (0.67,0.69315,0.71)y, = (0.4,0.5,0.6)
x, =2.5 y; =(0.90,0.0.91629,0.92)y; = (0.3,0.4,0.5)
x, = 3.0 y, =(1.08,1.09861,1.1) y; =(0.32,0.3333,0.35)
Solution:
Consider
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n

X —Xj i
li(x) = Z A=01, .

= X] — X
J#I

(x —2.5)(x—3.0)

lo(x) = Z-252=30) lo(x) = 2x% —11x + 15
(x—=2)(x—3.0) 5
Li(x) = 25-2)(25-3.0) Li(x) = —(4x* — 20x + 24)
(x—2)(x—-2.5)
I,(x) = I,(x) =2x%—9x + 10

(3—2)(3.0—25)
lp(x) =4x—11 l1(x) = —(8x — 20)l5(x) =4x —9

Lo(x0) =n—3 l3(x1) =0, . 1h(x,) =3
Wionea () = D 1= 20 = x) Gl GOy + ) (e = 5[0y
i=0 i=0

Weanan () = D [ = 20 =)l OIL Py, + Z(x —x) ()12

i=0
n

Wanaa (0 = ) 1= 26 = 20U GOIL Gy + Z(x —x)LCOPy
i=0
u(x) = [1—20x — )L D] (x)]
up(x) = [1 = 2(x — x0) L5 (x0)][Lo (¥)]?
uy(x) = [6x — 11][2x? — 11x + 5]
uy (x) = [4x2 — 20x + 24]?
U (x) = [—6x + 19][2x% — 9x + 10]
Consider
up(x) = [6x — 11][2x2 — 11x + 5]?
Put x = 4,uy(x) =117
uy(x) = [6x — 11][2x? — 11x + 5]? (0.67, 0.69315, 0.71)
uy(x) = (78.39, 81.09855, 83.07)
u; (x) = [4x% — 20x + 24]?
Put x = 4,u,(x) = 64
uy (%) = [4x% — 20x + 24]%(0.91,0.91629,0.4)
= 64 (57.6,58.64256,58.88)
u,(x) = [—6x + 19][2x? — 9x + 10]
Putx =4 ,u,(x) =-180
wy (x) = [~6x + 19][2x% — 9x + 10](1.1,1.09861,1.1)
u,(x) = —180(1.1,1.09861,1.1)
Uy (x) = (—198,—197.7498, —194.4)
Consider v;(x) = (x — x)[L;()]?
vo(x) = (x — 2)[2x% — 11x + 5]?
Putx =4 vy(x) =18
vo(x) = (x — 2)[2x? — 11x + 5]%(0.4,0.5,0.6)
vo(x) = 18(0.4,0.5,0.6)
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vo(x) = (7.2,9,10.8)
v(x) = (x — 2.5)[4x? — 20x + 24]?

Putx = 4 v,(x) = 96 (0.3,0.4,0.5)

v,(x) = (28.8,38.4,48)

v,(x) = (x — 3.0)[2x% — 9x + 10]
Putx =4 v,(x) = 36 (0.30,0.33,0.5)

v, (x) = (11.52,11.9988,12.6)
Wyt (x) = (-14.49,1.39011,18.95)
Hence In (4 1.39011

5. Conclusion

In this paper ,we get the general form of the furgrpolating polynomial problem.
Then, the solution formula is given, including haerform. Finally, we obtain several
interesting conclusions and illustrate their megsiby examples. In future, we will focus
on other interpolation problems with uncertainty.
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