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Abstract This chapter aims to introduce the parametric representation of the Type-2
interval and its ranking. This chapter also wishes to derive the optimality criteria of
the imprecise unconstrained optimization problem in a Type-2 interval environment
with these concepts. For this purpose, at first, by recapitulating the idea of Type-2
interval introduced by Rahman et al. (Rahman MS, Shaikh AA, Bhunia AK (2020d)),
the parametric representation of Type-2 interval is proposed. Then an order relation
on the set of Type-2 intervals is introduced. Using this order relation, the maximizer
and minimizer of an unconstrained Type-2 interval-valued optimization problem
are defined. Then the optimality conditions (both necessary and sufficient) for the
said optimization problem are derived. Finally, the obtained optimality results are
illustrated by some numerical examples.
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1 Introduction

Due to the uncertainty and inexactness, the parameters of most real-life problems,
especially optimization problems, are not precise. So, the study of optimality condi-
tions of an imprecise optimization problem is an important research area. To tackle
the imprecise optimization problems, several researchers used various approaches,
viz. fuzzy, stochastic, fuzzy-stochastic and interval approaches, etc.

In the stochastic approach, the flexible parameters of an imprecise optimization
problem are presented in the shape of random variables with proper probability distri-
bution function. Whereas in the fuzzy approach, the flexible parameters are presented
in fuzzy sets or fuzzy numbers with appropriate membership function. In the fuzzy-
stochastic approach, some of the flexible parameters are considered in the form of fuzzy
sets or fuzzy numbers, and others considered random. On the other hand, in the interval
approach, the optimization problem’s imprecise parameters are presented in the form
of intervals. In the existing literature, a lot of research works on these approaches are
available. Among those, some interesting works are reported here:

With some theoretical developments, Catoni (2004), Schneider and Kirkpatrick
(2007), and Powell (2019) accomplished their works on stochastic optimization. On
the other side, Heyman and Sobel (2004), Ziemba and Vickson (2014), and Tang et al.
(2020) used the theory of stochastic optimization to analyse the mathematical models
in operations research. In the area of fuzzy optimization, Tang et al. (2004), Wu
(2004), Lodwick and Kacprzyk (2010), Heidari et al. (2016), and Anter and Ali (2020)
established some applicable theories to enrich this area. Wang and Watada (2012) and
Farrokh et al. (2018) used fuzzy and stochastic optimization theories to analyse some
supply chain/inventory models. In the area of interval optimization, Chen and Wu
(2004), Bhurjee and Panda (2016), Ghosh et al. (2019), and Rahman et al. (2020c)
derived several helpful techniques to solve interval optimization problems. Rahman
et al. (2020a, 2020b) solved some inventory problems in an interval environment
with these concepts.

Recently, generalizing the interval approach by taking the flexibility rather than
fixing the interval’s bounds, Rahman et al. (2020a) introduced a new representation
of intervals named Type-2 interval. In this representation, both the bounds belong
to two different intervals. In this approach, a flexible parameter can be presented
in the form A = [a;, ay], where a; € [c_lL, EL] and ay € [QU,EU]. Thus, in this
approach, the imprecise parameter can be expressed as A = [(a;.a.). (ay. av)].
In this area, till now, no theoretical development had been done.

This chapter’s main objective is to introduce the concepts of parametrization
of Type-2 interval and its order relation. Then using these concepts, the defini-
tion of the optimizer and Type-2 interval-valued support function is proposed. After
that, the optimality conditions of an unconstrained Type-2 interval-valued optimiza-
tion problem are derived. Finally, these theoretical results are illustrated with some
numerical examples.
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2 The Concept of Type-2 Interval

2.1 Type-2 Interval in Parametric Form:

The concept of Type-2 interval introduced by Rahman et al. (2020) is denoted by
[(g L EL), (g U EU)] and is defined by employing Type-1 intervals as follows:

[(c_zL,EL), (QU,au)] = {[CIL,GU] .ayp € [C_lL,aL] andaU S [QU,aU]}.

Now, we have defined the parametric representation of the Type-2 interval in
the following definitions. This representation is defined in two steps: first step
parametrization and second step parametrization of Type-2 interval.

Definition 1: Let A, = [(g I EL), (c_z U EU)] be a Type-2 interval. Then

(1) the first step parametrization of A, is defined by the set of Type-1 intervals as
follows:

e { laL(r), au (r)]  ar(r) = a; + (@ —ay), }

> Nay(n) = ay +r(ay —ay) and ry, ry €10, 1]

(ii) the second step, parametrization of A, is defined as

o JaCrir,r) salr,ry,r) =ap(r) + rnay(r3) —ap(r))
2T andrl,rz,rge[O,l]
Definition 2: Let Ay=[(a;.a;). (ay.av)] and Bo=[(b,.b.). (by.bu)] be two
Type-2 intervals with their second step parametrization

A%:{a(rl,rz, r3) 11,12, 13 € [0, 1] }and Bzzz{b(rl, ra, r3) 1 T1,12,13 € [O, 1] },
respectively. Then A, = B, iff a(ry, ry, r3) = b(ry, 12, 13), Vri, 1, 3 € [0, 1].

Example 1: Let us consider a Type-2 interval A, = [(2, 4), (5, 7)].
Then its first step, parametrization, is Aé ={[2+2r,5+2r]: r,rn e[0,1]}.
Therefore, its second step, parametrization, is A% ={242ri+nr (3 + 2r3 — 2r1)
(r, 1, r3 € [O, 1]}

2.2 Order Relation of Type-2 Intervals:

Here, a new type of order relation has been introduced on the set of all Type-2
intervals by using the four different centres of a Type-2 interval which is defined in
the Definition 3.
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Definition 3: Let A>=[(a,.a.), (ay.auv)] be a Type-2 interval with second step
parametrization A%:{a ri, 1, r3) : a(rl , 1, r3)=aL (r1)~|—r2 (aU (r3) —ar (rl)) and
ri, 1, r3 € [0, 1] } Then a set of support of A, be defined by the set of four elements
{As1, As2, Ag3, Asa ),

where

a(1,1,1) +a(1,1,0) +a(1,0,0) +a(0, 0, 0)

S1 =

4
a(1,1,1)+a(1,1,0) +a(1,0,0)
Ag) = 3
a(1,1,1) +a(1,1,0)
Agy =
2
Asa=a(l,1,1)

Definition 4: Let A=[(a;.a.).(ay.av)] and B=[(b;.b.). (by.bv)]
be two  Type-2 intervals with  second step  parametrization
la(ri.r2,r3) : ri,ra,rs €[0,1]} and {b(ry, r2.r3) = 71,72, 73 € [0, 1] }. Then A
is said to be less or equal to B denoted by A <, B if the following conditions hold:

Ag) < Bgi, when Agy # By
Agsy < Bgp, when Ag) = Bgjand Asy # B
Ag3 < Bgs, when Agy = Bgyand Ags # Bgs
Asq < Bg4, when Agz = Bgs3

A<, B<&

where Ag, Agy, Agz, Agy are defined in Definition 3

Definition 5: Let us consider two Type-2 intervals A = [(c_z I EL), (g U EU)] and
B =[(b;.bL), (by.bv)]- Then A >, Biff B <, A.

Remark-1: The order relations <, and >, on the set of Type-2 intervals satisfy
the reflexive, anti-symmetric, and transitive properties. Thus <, and >, are the
partial order relations.

Example 2: Compare the following pair of Type-2 intervals using the above
definitions.

@ A=[(=3,-1),(2,5] B=[(—1,3),(6,7)]
(i) A=[(-1,3), 5,91, B=1[(,2),(6,7)]

Solution:

(1) The second step parametrization of A and B are

{a(ri,r2,r3) = =3+ 2r1 +7r2(5 — 2ry +3r3) 1 1y, 12, 13 € [0, 1]},
{b(ri,rp,r3) =—1+4ri +rQ—4r  +r3) : ri,rp,r3 € [0, 1]}
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Here, Ag = “LLD+00L101+0(.001+00.00) _ 3

b(1,1,1)+b(1,1,0) + b(1,0,0) + 5(0,0,0) 15
4 T4

Bg1 =

Since Ag; < Bgy, thus, A <, B.
(ii) The second step parametrization of A and B are

{a(ri, 2, r3) = =1 +4r; +r(6 —4ry +4r3) t 1y, 12,13 € [0, 1]},
b(ri,r,m3) =1+r1+r(S—ri+r):r,rnrsel0l1]}

Here,
a(l,1,1)4+a(1,1,0)+a(1,0,0) +a(0, 0, 0)
AS] = 4 :4
b(1,1,1)+b(1,1,0)
+b(1,0,0) 4+ 5(0,0,0)
4
and
a(l,1,1)4+a(1,1,0)+a(1,0,0) 17
AS2 frd 3 = ? > 5
b(1,1,1)+b(1,1,0) + b(1,0,0)
= = BSZ-
3
Hence, A >, B.

3 Optimality of Unconstrained Type-2 Interval-Valued
Optimization Problem

3.1 Type-2 Interval-Valued Function and Its Parametrized
Form

Let the set of all Type-2 intervals be denoted by £5L(R),
ie., L(R)={[(a,.aL). (ay.av)]:a,.ar. a,.av € R}.

Now a Type-2 interval-valued function of several variables (say n vari-
ables) is a function Hy:SCR"— I(R) given by Hs(x)=[(h,(x),h.(x))S]. x €

(s (3). T (x)).
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Definition 6: The first parametrized representation of H, is defined as
Hy(x) = {lhe(x,r1), hy(x,r2)]: ri,r2 €10, 11} where hp(x,r) = h;(x) +
ri(hp(x) — by (x))and hy (x, ry) = hy(x) + r2(hu (x) — by (x)).

Definition @ 7: The second  parameterized representation of  the
Type-2 interval-valued function H, is defined as H(x) =
h(x,ri,r2,r3) th(x,ri,r2,r3) = hp(x, r)
+ra(hy(x,73) —hp(x,r)) and ry, ra, 73 € [0, 1T]°

where hp(x,r1) = h;(x) + ri(h(x) —h; (x))and hy(x,r)) = hy(x) +
ra(hu(x) — hy (x)).

A special type of Type-2 interval-valued function is defined as follows:

>~

Hy: S CR" - L(R) givenby Hy(x) = Y [(a;,. air). (a;y- @iw) | hi(x). x €.

(D

i=I

whereh; : S—>R,i=1,2,....k

Definition 8: The first parametrized representation of the function H, given in (1)
is defined by Hy(x) = Zle {lair (r1i), aiv (r2i)] : rii, r2i € [0, 11} Ay (x), aip (r1) =
a;; +n (aiL - QiL) and a;y () = a;y + Vz(aiU - Qiu)

Definition 9: The second parameterized representation of the function H, given
in (1) is defined by H(x)=Y"r_, {ai(rii, rais 73:) ¢ r1iy rais 3 € [0, 1]} i (),
ai(ru, i, V3i)=aiL l’li) + l’zi(aiu(r3i) —air(ri

3.2 Standard Form Type-2 Interval-Valued Optimization
Problem

The standard form of unconstrained Type-2 interval maximization problem is as
follows:

Maximize /[Minimize H,(x) 2)
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subjecttox € S C R"

where H,(x) may be represented by either
Hy(x) = [ (1, (6). he (). (hy (). hy ()] or

n

Hy(x) = Z [(QiLv aiL)v (C_liU9 C_liU)]gi (%)

i=I

and by, hy, hy, hy, g :S— Ri=1,...n.
The corresponding second step parametric form of (2) is as follows:

Maximize/Minimize h(ry, ry, r3, X) 3)

subjecttox € S CR", r; €0, 1]
where
either, h(ry, 2, r3,x) = hp(x) + p(hy(x) — hp(x))

n
or h(ri,r2, r3,X) =Y _ a;(r1, 2, r3)g(x) and

i=1
and a; (r1, r2, 13) = a;. (r1) + r2(aiv (r3) — ai . (r1))
aiL(n) = a;, + (@ —a;;), aiw () = ay + r2(@iv — a;y)

Definition 10: The support of the optimization problem (3) is the set of four real-
valued functions {Hg;, Hg,, Hgz, Hg4} such that.

h(0,0,0,x) 4+ 7(0,0,1,x)+h(0,1,1,x) +h(1,1,1,x)

Hsi(x) = 1
h(0,0,1,x) +1(0,1,1,x) +h(1,1,1,x)

Hgr(x) = 3
h,1,1,x)+h(1,1,1,x

Hes(x) = ( ) + h( )

2
Hgy(x) = h(1,1,1,x)

Definition 11: The pointx* € S will be alocal maximizer of maximization problem
(2)if 3 a 8 > O such that H>(x*) >, Hy(x), Vx € N(x*,d)N S,

where N (x*, d) is a neighbourhood with a centre at x* and radius d.
Definition 12: The point x* € S will be a global maximizer of the maximization
problem (3) if H(x*) >, Hp(x), Vx € S.
Note 1: Similarly, the local and global minimizer of the problem (3) can be defined.

Note 2: The inequality >, used in Definition 11 and 12 can be written explicitly as
follows:
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Hgi(x*) > Hsi(x) when Hg; (x*) # Hg(x)
ng(x*) > Hg,(x) when Hsl(x*) = Hg(x)
and when Hsz(x*) # Hg(x)
Hgs3(x*) > Hs3(x) when Hgy (x*) = Hga(x)
and when Hgs (x*) # Hs3(x)
Hgu(x*) > Hga(x) when Hgs(x*) = Hgs(x)

Hy(x*) =, Hy(x) &

4 Optimality Conditions of Unconstrained Type-2
Interval-Valued Optimization Problem

4.1 Necessary Condition

Theorem 1: If x* € S be alocal optimizer (maximizer or minimizer) of the uncon-
strained Type-2 interval-valued optimization problem (2) or (3), then the following
conditions are satisfied:

V Hg, (x*) = 0 when Hg,(x) is nonconstant

VHs, (x*) = 0 when Hg;(x) is constant and Hg;(x)is nonconstant
VHg; (x*) = 0 when Hg;(x) is constant and Hg3(x) is nonconstant
VHg4(x*) = 0 when Hgs(x) is constant

Proof: Here, this theorem has been proved for the minimization case only. The proof
is also similar to the maximization case.

Let x* € T be alocal minimizer of H,(x).
From the definition of the local minimizer, H, (x*) <, H,(x),Vx € SNN(x*, d).
Then by Definition 4, it follows that Vx € SN N(x*, d),

Hgl x*) < H51(x), when Hs] x*

(") (")
ng(x*) < Hg(x), when Hgl(x*) = Hg(x)
H53(X*) < H53(X), when HSl(X*) = HSl(X) and HSQ(X*) = HSQ(X)
(x*) ) = Hs>(x) and Hgs(x*) = Hgs(x)

Hgy(x*) < Hga(x), Wheanz(x*

It follows that, Vx € SN N(x*, d)
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Hg, (x*) < Hgi(x), when Hg;(x)is non - constant
Hy, (x*) < Hgy(x), when Hg;(x)is constant and Hg,(x) is non - constant
Hg; (x*) < Hg3(x), when Hg,(x) is constant and Hg3(x) is constant

Hg4(x*) < Hsa(x), when Hgs(x) is constant

Then by the necessary conditions of optimality Hg(x),Hs>(x), Hs3(x), and
Hg4(x), we have

VHjs;(x*) = 0 when Hg; (x) is nonconstant

VHs, (x*) = 0 when Hg,(x)is constant and Hg;(x)is nonconstant
VHg; (x*) = 0 when Hg,(x)is constant and Hgz(x) is nonconstant
VHgy (x*) = 0 when Hg3(x) is constant.

Definition 13: Letus consider a twice differentiable real-valued function f : § — R
on a nonempty open set S € R”. Then the Hessian matrix of f is denoted by
V2 f(x) and is defined by the n x n matrix of second-order partial derivatives of f;

e 2 — (S
eV f(0) = ()

Xn

4.2 Sufficient Conditions

Theorem 2: Suppose each member of the support of the unconstrained Type-2
interval-valued optimization problem (2) is continuously differentiable up to second-
order, i.e. V2Hy(x), V2 Hs,(x), V2 Hgs(x) and V2 Hgy(x) exist. Further, assume
that x* € § satisfies the conditions of Theorem 1.

Then (i) x* € S be a local minimizer of the optimization problem (2), if

V?Hg, (x*) is positive definite when Hg (x) is nonconstant
V2Hs, (x*) is positive definite when Hg; (x) is constant
and Hg,(x) is nonconstant

V?Hgs (x*) is positive definite when Hg;(x) is constant

and Hg3;(x) is nonconstant

V2H54 (x*) is positive definite when Hg3(x) is constant

(i) x* € S be alocal maximizer of the optimization problem (2), if
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V:H s1 (x*) is negetive definite when Hg;(x) is nonconstant
V’H 2 (x*) is negetive definite when Hg;(x) is constant
and Hg,(x) is nonconstant

V2 Hgs (x*) is negetive definite when Hg, (x) is constant

and Hg3(x) is nonconstant

V2 Hg, (x*) is negetive definite when Hgs(x) is constant

Proof: (i) When Hg;(x) # constant,.

VHs (x*) = 0 and V?Hg; (x*) is positive definite, then x* € S will be a local
minimizer of Hg;(x).

Then 3d;> 0, such that Hg; (x*) < Hg1(x), Yx € SN N(x*, d).

where N (x*, d) is an open ball with centre at x* and radius d;.

when Hg (x) = constant and Hg,(x) # constant.

VHs(x*) = 0 and V?Hg,(x*) is positive definite, then x* € S will be a local
minimizer of Hg,(x).

Then 3 dy> 0, such that Hg (x*) < Hsy(x), Vx € SN N(x*, dy)

where N (x*, d,) is an open ball with centre at x* and radius d5.

when Hg (x) = constant, Hg,(x) = constant and Hg3(x) # constant,.

VHg3(x*) = 0 and V?Hgs(x*) is positive definite, then x* € S will be a local
minimizer of Hg3(x).

Then 3 d3> 0, such that Hg; (x*) < Hg((x),Vxe SN N(x*, d3)
where B(x*, d3) is an open ball with centre at x* and radius d5.
When Hg;(x) = constant, Hg, (x) = constant and Hg3(x) = constant,.
VHs4(x*) = 0 and V?Hgy(x*) is positive definite, then x* € S will be a local

minimizer of Hgy(x).

Then 3dy> 0, such that H54(x*) < Hgykx),Vxe SN N(x*, d4)

where N (x*, d4) is an open ball with centre at x* and radius dy.
Let us take d = min{d;, d», d3, d4}

Then combining the above conditions, we obtain

Vx eSﬂN(x*,d)
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HSl(x*) < Hg;(x), when Hg;(x)is nonconstant
Hy (x*) < Hgp(x), when Hg;(x)is constant Hg,(x) is nonconstant
Hg; (x*) < Hg3(x), when Hg,(x)is constant and Hgs(x) is nonconstant

Hg4(x*) < Hgs(x), when Hgs(x) is constant.
So, by Definition 4, we get
Hz(x*) <, Hy(x), Vx € SN N(x*, d).

Therefore x* € § is the local minimizer of the Type-2 interval-valued function
H,.
(ii) The proof of maximization case can be derived similarly.

Example 3: Let us consider the following function for optimization.

Hy(x1,x2) = [(—6(x12 + x%) -2, (xl2 + x%)), ((xl2 + x%) + 3, 6(Jc]2 + x%) + 6)(]4)

2 2
Solution: Here Hg;(x1, xp) = )% + % Z constant.
So, if (x}, x3) be an optimizer of Ha, then from the necessary condition 4.1, it

follows that V Hg, (x}, x3) = 0 which gives (x, x3) = (0,0).

10

Now, V2H =
ow, 51(0,0) <0 |

) which is a positive definite matrix.

Therefore, from sufficient condition 4.2, it follows that (xf x;‘) = (0,0)is a
minimizer of (4).

Example 4: Let us take the following interval optimization problem.
Minimize H,(x1, x2) =[(1,2), (4, 5)1x] — [(1, 3), (5, 6)]x1x2

+1(2.3). (6. Dlx; + [(—1, 1), (3, 4)]
subject to (x1, x;) € R? (@)

Solution: The corresponding second step parametrization of the objective function
is given by
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h(p1, p2, P3, X1, x2) = A(p1, p2, p3)x} — B(p1, pa, p3)xix2 + C(p1, pa, p3)xs + D(p1, p2, p3)
where

A(p1, p2, p3) = (1 + p1 +3p2+ p2p3 — p1p2)
B(p1, p2, p3) = (1 +2p1 +4p2 + pap3 — 2p1p2)
C(p1, p2, p3) = 2+ p1 +4p2+ p2p3 — p1p2)
D(p1, p2, p3) = (=1 +2p1 +4p2 + pap3 — 2p1p2)
p1. p2, p3 € [0, 1]

Now,
h(1,1,1,x1,x2) + h(1,1,0, x1, x2) + ~(1,0,0, x1, x2) + 4(0, 00, x1, x3)
Hgy(x1,x2) = 2
13x2 — 15x;xp + 15x2 + 7
= (13x] 172 2 ) # constant,

4

Thus, from the optimality conditions of Hg;(x1, x2) we get
V Hgi(x1, x2) = (0,0)

which implies (x1, x2) = (0, 0).

26 —15
—15 30

Hence, the optimization problem (5) has a minimum value at (xy, x,) = (0, 0),
and the minimum value is H,(0, 0) = [(—1, 1), (3,4)].

And V2 Hg, (0, ()):( ) which is positive definite.

5 Application

In this section, the optimal policy of the classical EOQ model with Type-2 interval-
valued inventory costs are derived as an application of the optimality theory of Type-2
interval-valued function that are derived in this chapter. To formulate the model, some
essential notations and assumptions are given below:

5.1 Notations

Notation Description

q(t) Inventory level at time ¢
0 Initial inventory level
D Demand rate

(continued)
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A

A

>

l\\ ‘\

Inventory level —

0

L R
Time
le-- 6 Pimsacrs »
Fig. 1 Inventory level
(continued)
Notation Description
T Cycle length
0 = [( Oy, 6L), ( Oy, 5U)] Type-2 interval-valued ordering cost
Hy = [(hy.ht), (hy. hu)] Type-2 interval-valued holding cost

5.2 Assumptions

(i).  Single item is being delivered during per order.

(i1). A known constant demand rate of D units per unit time.

(iii). The order quantity (Q) to replenish inventory arrives all at once just when
desired, namely, when the inventory level drops to 0.

(iv). Taking uncertainty under consideration, all the cost components (namely,
ordering cost, holding cost) are taken Type-2 interval-valued.

(v).  System deals with a constant lead time with planned shortages are not allowed
(Fig. 1).

5.3 Model Formulation

The Rate of Change of Inventory Level is Governed by the Differential Equation

dg@®)
TR ©

With the conditions
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q(0) = Q and ¢(T) = 0. )

Solving (6) and using (7), we get
g)=D(T —1), 0=1 =T ®)

Type-2 interval-valued ordering cost: O, = [( 0,, EL), (Q U 51})].

Tpye-2 interval-valued holding cost: HC, = fOT [(@L, EL), (QU, EU)]q(t) dt =
%[(ﬁu hL)’ (ﬁUv hU)]DTZ'

Therefore Type-2 interval-valued average cost is given by

1 — _
AC(T) = 7[(TQ(T), TC(T)), (TC(T), TC(T))]

= 5l 7). o )IDT 4 [(01.01). (4. 00)]

| (kDT O, B, DT O, hyDT O, hyDT Oy
_[< ) +T>’< > T tr

Hence, we obtain a Type-2 interval-valued unconstrained optimization problem
Minimize AC,(T)

Now, the second step parametric form of AC,(T) is given by
ACy(T,r1,12,73)

h,DT O, h,DT O, h,DT O,
—(z+7“<2+7 2 7T
hyDT Oy hyDT Oy h,DT Oy
. > 7 +r3( 2 T 2 T
| noDpT O h,DT O, h,DT O,
I Rt N~ Yo 400 Zp
2 ) T 2 T
ACy(T,0,0,0) 4+ AC>(T,1,0,0) + AC(T, 1,1,0) + ACo(T, 1,1, 1
(ACH(T))y; = 2( ) 2( )4 2( ) 2( )
_ (hp+hL+hy +hy)DT? +2(0; + 0L + Oy + Oy)
B 8T

Now, using Theorem 1, we obtain

V(ACy(T))51 =0

2(0, + 0L+ 0y + 0v) ©)
D(h, +hi + hy +hy)

=T =
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Now, V2(ACy(T)),, = {&r0Li0000)

Therefore, using Theorem 2, we get the minimum value of average cost,

1 — _
ACHT?) ., = Z[(TC(T), TC(T?)), (TC(T%), TT(T))]
1 _ _ — —
= 578 Te). (b ) ]DT* +[(0,,01). (0. 00)]
_ | (DT O, WDT*  Or\ (hyDT* Oy hyDT* Oy
_[( 2 T2 +T*)’< > T2 +T*>:|
(10)

And the optimal initial inventory level is given by

2D(0, 4+ 0L+ 0, + Oy)
(hy +h + hy + hy)

0* = DT* = (11)

5.4 Numerical Hlustration

To illustrate the optimal policy of the proposed model, a numerical example is
considered as follows:
Example 5: The values of parameters for these examples are given below:
D =350,[(0;,. 01). (0. Ov)] =[(250, 260), (290, 300)],
[(A. kL), (hy. hy)] =134, (7, 8)].

Solution:

The optimal cycle, lot-size, and average cost are obtained by using Eqgs. (9)-(11).
The optimal values of these inventory parameters are

T* = 0.142857, Q* = 17500.
[(Ag;, AE’g), (Ag;,, AE’{,)] — [(1825, 1920), (2205, 2300)]
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6 Conclusion

In this chapter, the idea of the parametric representation of the Type-2 interval has
been introduced. Then, using this concept, a new definition of Type-2 interval order
relation has been introduced. Then, optimality conditions (necessary and sufficient)
of an unconstrained Type-2 interval-valued optimization have been derived as an
application of Type-2 interval ranking.

Future research may derive the optimality conditions of non-linear constrained
optimization problems of Type-2 interval-valued functions. Besides one may apply
the concept of this work in the economical modelling, bio-economical modelling
under imprecise circumstances.
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