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USE OF “E” AND “G” OPERATORS TO A FUZZY PRODUCTION
INVENTORY CONTROL MODEL FOR SUBSTITUTE ITEMS

DEBNARAYAN KHATUA'*, ANUPAM DE?, KALIPADA MAITY® AND SAMARJIT KAR?

Abstract. In this paper, a fuzzy optimal control model for substitute items with stock and selling
price dependent demand has been developed. Here the state variables (stocks) are assumed to be fuzzy
variables. So the proposed dynamic control system can be represented as a fuzzy differential system
which optimize the profit of the production inventory control model through Pontryagin’s maximum
principle. The proposed fuzzy control problem has been transformed into an equivalent crisp differential
system using “e” and “g” operators. The deterministic system is then solved by using Newton’s forward-
backward method through MATLAB. Finally some numerical results are presented both in tabular and
graphical form.
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1. INTRODUCTION

Many dynamical problems have been formulated as a mathematical model in real life. These problems can be
formulated either as a system of ordinary or partial differential equations. But Fuzziness is a kind of uncertainty
in real life problems. So, some dynamic control systems may be described by fuzzy differential equations and
fuzzy control. When the information about the behavior of a dynamical system is insufficient then fuzzy dif-
ferential equations are a useful tool to formulate a model. Fuzzy initial value problems arise in several areas of
mathematics and science including population models [17], mathematical physics [5] and other applications [25].

Till now, many authors have been developing several techniques for controlling the fuzzy dynamical systems.
Filev and Angelove [23] have formulated the problem of fuzzy optimal control of nonlinear system and solved
this problem on the basis of fuzzy mathematical programming. Zhu [28] has introduced a method to solve
fuzzy optimal control problem by using dynamic programming. In [21] a model of an optimal control problem
with chance constraints is introduced. Also, Najariyan and Farahi [16] have formulated a technique to solve
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fuzzy control system governed by fuzzy differential equation. Recently, Ahmad et al. [1], Jia et al. [7], Jameel
et al. [6],Wang and Wu [27] and others have developed different techniques for solving said type of problems.

Now-a-days, the product assortment has made an arena of research across several fields, including economics,
analytical and empirical modelling. Common assortment decisions contain matters such as assortment size, num-
ber of categories, number of items within a group of the existing product lines, overall attraction of the goods, the
relational properties of the goods, pricing strategies and the variety of goods over time. Maity and Maiti [13, 14]
have developed the optimal production control problem for complementary and substitute items on the finite time
horizon. Next, Chernev [4] has done an interdisciplinary review on product assortment and consumer choice. Re-
cently, Katsifou et al. [9] have developed the joint product assortment inventory problem to attract the loyal and
non-loyal customers. The above said papers briefly stated that demand is negative due to the effect of substitute
items i.e. when the demand of an element increases, the demand of another element decreases.

Inventory management acts as a significant character in businesses because of it can help companies achieve
the goal of ensuring without delay delivery, avoiding shortages, helping sales at competitive prices and so forth.
To control an inventory system, one cannot ignore demand of the product since inventory is partially determined
by demand. A manager of a company has to investigate the factors that influence demand pattern, because
customers’ purchasing behavior may be affected by factors such as the selling price, inventory level, seasonality,
and so on. Besides this, many business practices give you an idea about that the existence of a larger quantity
of goods displayed may attract more than consumers that with a smaller quantity of goods. This occurrence
implies that the demand may have a optimistic correlation with stock level. Under such a situation, a firm
should sincerely consider its price and order policy since the demand for their products may be affected by their
selling prices and inventory level [8]. Generally, demand rate decreases with sales price yet increases with the
stock quantity on display.

One of the weaknesses of present production-inventory models is the unreasonable supposition that all pro-
duced items are of good quality. But production of imperfective items is a normal phenomenon due to different
difficulties in a long-run production process. The defective items as a result of imperfect quality production pro-
cess were initially considered by Porteus [18] and later by several researchers such as Panda et al. [20], Sana [26],
Khan and Jaber [10], Chen et al. [3], Yadav et al. [24], Krishnamoorthi and Panayappan [12], Sivashankari and
Panayappan [22], Bartoszewicz and Lesniewski [2] and others.

In this paper, a production control problem with stock and price dependent demand has been developed for
substitute items in fuzzy environment. Here the selling prices are the control variables. It is also assumed that
the state variables (stock variable) are fuzzy in nature. So the dynamic control system can be described by fuzzy
differential equation(FDE). Next, a optimal pricing inventory control model is considered in optimizing form
and then it(FDE) is converted into crisp differential equation by using “e” and “g” operators method. Finally,
total profit, which consists of the sales proceeds, inventory holding cost and production cost is formulated as an
optimal control problem and solved by using Pontryagin’s Maximum principle [19]. Then to obtain the numerical
result by using MATLAB, an algorithm is also developed. Subsequently, the numerical results are presented
both in tabular form and graphically. So first time we have developed the following methods for the multi item
production inventory model:

(1) The “¢” and “g” operators method to solve a optimal price control problem for substitute items in fuzzy
environment.

(2) A new algorithm by using Newton’s forward-backward method in MATLAB software to obtain the numerical
results of optimal price, stock level, production rate, demand rate and profit function.

2. INTERVAL ARITHMETIC

An interval number A is represented by closed interval [a,a] and defined by A = [g,a] = {x : a < z <
a,x € R}. Where R is the set of all real numbers and a,a are the left and right limits of the interval number
respectively. Also every real number a can be represented by the interval number [a, a], for all a € R. Here we
present some arithmetic operations on interval valued functions as follows:
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Let A = [a,a) and B = [b,b] be two interval numbers.

Then De et al. [11], the following operations can be defined as

Addition: A+ B = [a,a] + [b,b] = [a + b,a + b].

Subtraction: A — B = [a,a] — [b,b] = [a — b,a — }].

Scalar Multiplication:

[aa, aal, it a>0
aA = alg,a) =
[a@, aql, if a<0
Multiplication:
la b,a b, if a>0andb>0
[@b,a b, if a>0andb<0<b
[@b,a b, if a>0and b<0
[a b,a b], if a<0<aandb>0
AxB=(ab,ab), if a<0<aand b<0
[a b,a b], if a<0and b>0
[a b,ab], if a<0andb<0<bd
[@b,a b, if a<0and b<0
[min(@ b,a b), max(a b,a b)], if a<0<aandb<0<b
Diwvision:
1 11
5|53 i oem
A 1

3. “E” AND “G” OPERATORS

In this section, we have used two operators “e” and “g” [15] for quasi-level system for FDE’s. Let C be a
complex set i.e C = {a+1ib:a,b € R}. Then “e” is a identity operator and “g” corresponds to a flip about the
diagonal in the complex plane, i.e., Ya 4+ ib € C,

{e:a+ib—>a+ib, (3.1)

g:a+1b— b+ 1a.

3.1. Use of “e” and “g” operators in Fuzzy dynamical system

Let us consider the following non-homogeneous fuzzy dynamical system

x(t) = Ax(t) + f(t), %(0)=%o, t€][0,00) (3.2)
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where A = [aij]nxn, X(t) = [£1(t) ... 20 (t)]T and £(t) = [f1(t) ... fu()]T.
Let Y (t) = [59(t) ... 72 (D)]T, Y(t) = [yS(@t)...yo (1)]T be the solutions of quasi-level-wise system

. a —a _

YO() +iY (8) = BIY*(t) +iY" ()] + (£(t) + iF (1)),

. S
@€ 43 20 hen zo(t) = max {72 (t), 5% (0}

where f(t) = f(t) = f(t) and B = [b;]nxn, bij = {a'»g <0 nax
ijg Qij ;

X (t) = I’(Ilin ){gg(t), yo(t)},i=1,2,...,n are also the solutions of the fuzzy dynamical system (3.2). Now if
te(0,00 -

the dynamical system (3.3) is unstable, then moving the instability property to the level-wise system, we get to

the same system as (3.3) i.e.,

e[Y (1) +iY (1)) = BY*(t) +iY" ()] + (£(t) + (1)), (3.4)

or

) +iY ()] = BIY“(t) +iY ()] + (£(t) + iE(t)),

where B = [b;j]nxn, bij = aije or ai;g

4. PROPOSED MODELS

In this section, following assumptions and notations are used in the mathematical model for production
control system in finite time horizon.

4.1. Assumptions

(i) A single period production inventory model with finite time horizon is considered;

(ii) Defective rate is constant;

(iii) Shortages are not allowed;

(iv) There is no repair or replacement of defective units over whole time period;

(v) Demand rate depends on stock and selling price of the product simultaneously; For substitute items,
demand function is defined as a linear form of the two products retail prices-downward slopping in its own
price and increasing with respect to its substitute item’s selling price.

4.2. Notations

For the ith (¢ = 1;2) item,
X, (t): the stock level at time ¢ which is fuzzy in nature (state variable);
Xs5_;(t): the stock level at time ¢ of another item which is fuzzy in nature (state variable);
D;(t): demand rate at time ¢ which is fuzzy in nature;

Ui(t) = (1 = 6;)uin(1 — ?1—(2) stock dependent production which is also fuzzy in nature with ;((7“5:1 < 1 and
u;0 is production parameter;

h;: holding cost per unit which is fuzzy in nature;

dio: constant part of demand function which is fuzzy in nature;

Cy;i: production cost which is also fuzzy in nature;
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S;: selling price per unit for ith item which is fuzzy in nature (control variable);

S3_;: selling price per unit another ith item which is fuzzy in nature (control variable);
(B;:: measure of responsiveness of ith item’s consumer demand to its own price;

Bis—;: measure of responsiveness of another ith item’s consumer demand to its own price;
7);5- measure of responsiveness of ith item’s consumer demand to its own stock;

1;3—;: measure of responsiveness of another ith item’s consumer demand to its own stock;
~;: marginal selling price per unit for ith item;

S\i(t): adjoint function treated as shadow price which is also fuzzy in nature;

4.3. Formulation of the defective production optimal control model for substitute items

Here, the items are produced at a rate Us(t) with

=N . X))\ . Xi(t)
Ui(t) = (1 §Z)u20(1 Ximax>’ i=12 F o<1 (4.1)

of which d; is constant defective rate and u;g is a production parameter. Here a two-items production-inventory
problem of substitute type is considered.

In this model, the demand rate depends on the stock rate. Also demand of one item is dependent on the
retail prices of its own and substitute item positively.

Di(t) = dio — BiiSi(t) + Biz—iSa_i(t) + nuXi(t) — miz_iX3_4(t), i =1,2 (4.2)

where d; is the constant part of demand, ;; are the measure of responsiveness of ith product’s consumer
demand to its own price and which are positive for substitute item. 7;; are the measure of responsiveness of ith
product’s consumer demand to its own stock and which are negative for substitute item.

The differential equations of rate of change of stock for ith item representing above system during a finite
time-horizon is

: Xi(t -
%0 = - un(1- £ )~ i), = 1.2
Imax
which can be written as

)%i(t) = (1 —d;)uio (1 - W) - (CZio — BiSi(t) + Biz—iSs—i(t) + nuX(t) — niSngi(t)), i=1,2(4.3)

Imax

Then the total profit consisting of selling prices, holding costs, and production costs leads to

J = /O > Sit)Di(t) = i Xi(t) — cuils(t) | + > 7iSi(T)Xi(T) (4.4)

i=1,2 i=1,2
where the final stock X;(T) is selling with salvage value price 7;5;(T) and the corresponding marginal revenue
is 7 5i(T) X4 (T).

Therefore the optimal price control policy for substitute items by maximizing the finite time horizon profit
function is

Maximize J = / ! > Sit)Di(t) = hiXi(t) — ewils(t) | + > 7Si(T)Xi(T) (4.5)

0 i=1,2 i=1,2

subject to (4.3).
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5. OPTIMAL CONTROL POLICY FOR SUBSTITUTE ITEMS

Thus the problem reduces to maximize the profit function J subject to the state constraint satisfying the
dynamic price-stock relation.

Maximize J = /O D Sit)Di(t) — hiXi(t) — cuili(t) | + > %Si(T)Xi(T) (5.1)
i=1,2 i

Subject to,

Xi(t) = (1 = di)uio <1 - :”) - (dz’O — BiiSi(t) + Biz—iS3—i(t) + i Xi(t) — 77i3—iX3—i(t)>v i=12 (5.2)
The above equations (5.2) are defined as an optimal control problem with control variable S;(t) and state
variable X;(t). It can be deduced to algebraic forms using e and g operators.

Let us consider Hamiltonian H as

HVi (), Si(0).8) = Y [(Sﬂt)D?(t) +iS{ (D] () — (RSYT (8) +ihgY () — (2T () + z‘cgiU?<t>)}
+ 3 SOYT ) + X () (1) (5.3)

i=1,2
with

e ?a — —a o o
Y, (t) = uio(1 —9;) (1 - ) — dio + PS5 — Bis—iSs_; — miiY; (t) + mis—iY5_;(t)

imax

oue Ye = o .
Y, () = uin(1 —6;) (1 - = ) —dio + BiiS; — Bis—iS5_; — mi Y (t) + mis—iY 3_;(t), i =1,2

imax

where X¢ = min{Y?, Y7}, X; = max{Y{,V;} and X\(t) are adjoint variables. The optimal controls
S%(t),S; (t), which maximize H, must satisfy the following conditions:

0H
0S¢ (t)
53; ) (5.4)
Sy (t)
o O0H
A (t) = NO%0)
o OH (5.5)
)‘i (t) = —Q
VL)
Now solving equations (5.4) we have,
dfo — B11 ST () + B12S5 () + nuY S (t) — m2Y5 (t) + 82185 (£) — B11Sy () + BuidT (£) — Bar ks (t) =0
dy — B11S§(t) + B12S5 (t) + 1 Y7 (1) — 112Y S (8) + o155 (t) — B11SS (1) + BuiAy () — B3 (t) = 0 56)
5.6

dgy — Bo2S (8) + 62155 () + 122Y 5 (8) — nn Yy (8) + B1255 (1) — B22S5 (1) + Ba2 X5 (1) — BrXy (1) = 0

dyy — 2285 () + Bo1 Sy () + 1122Y 5 (£) — 121 Y T (1) + Br12Sy (£) — B22S5 () + Bazky (t) — Br2AT(t) =0
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And solving equations (5.5) we get,

—

At (1) = - (77115? (t) — 12255 (t) — hY +

(6%

o Y " w C
(0 = = (iS5 ) - a5 (0~ T + 51

Ay (1) =— (772155 (t) = maSy (t) — hg + Xéuz ugo (1 — 52)) + (
55 (0= = (155 0= a5 (0 -7 + 522 (- 6)) +

From equations (5.6) we get the control variables (S$(t), Sy (t), SS(t), So (t))which can be expressed as,

ST(t) = —[(—2B22d5y — (Brz + Ba1)dag + (5% + Pr2Ba1 — 2811 822) M1 (1) + (Ba1 Bz — Br2/Ba2) Ma(t)
+(n21812 + 21821 — 2m11B22) Y5 (1) + (2012822 — m22mia — 022321)Y 5 (8)]/[— (B12 + B21)? + 4811 Baz);
S1(8) = =[=(Br2 + Ba1)(dSy — Braa(t) + BasAs(t) = 121 Y1 (1) + maaY 5 (£)) — 2822 (d1g + Brada(t)
—Bo1Xa(t) +nun Y (8) — ma2Y5 (£)]/[(—(Brz + 1) + (4811 822))];

S5(t) = =[(—281dsy — (Brz + Ba1)dio + (53, + Brafar — 2811822) Aa(t) — Bu1 (Bar + Br2) Ao (t)

(5.8)

+(2021811 — m1Brz — M1Ba1)Y (8) + (m2B12 — 2022811 + M12621)Y'S (N]/[(—(Brz + B21)% + (4811622))];
Sy (t) = —[(—(2811) (dag — BraAi(t) + Baaha(t) + 1225 (£) — 121 Y (1)) — (Brz + B21)(d5y + B (t)

—Ba1A4(t) — 771275(15) + 1Y S ())]/[—(Brz + B21)? + 4611 822];

Now to obtain the optimal values of Y7, Y Sa* ga: , A@;‘,X‘*f numerically, we have developed a algorithm
by using Newton’s forward-backward method in MATLAB software which is given below:

5.1. Algorithm for the solution method

First we set the variables as follows S1 = Sl,S1 = 59,85 = S3,S2 =85,Y0 = Yl,Y1 =Y3,Y5 = Yg,,Y2 =
Yy, DY = D1,D1 = Dy, D5 = D3,D2 = Dy, A\ = )\1,>\1 = A, Ay = )\37)\2 = A4, set the constants as

YO =2, = 2,YS) = 23, Yo = 24, and also set the functions as follows
o > o — ?(X —Q o — > o
fl(z1,Y1aX2,Y27 7517 752)%(1*51)%0 <1X11 *d10+ﬂ11§1 *51252 *7]11Y1 +7712X2;
a X a % Xa « % o o SV
fY, Y, Y3, Yy, 87, 57,85,85) «— (1—d1)uo (1 Xll —dig + B1151 — B1285 — mu1Y T +n12Yo;
a v/ a ?o{ - & S Y &
fS(Xl»Y?Xz,ng 751, »Sg) — (1—52)u20 1- X22 —d20+ﬁ22§2 —521ST—U22Y3+7721X1;
max
a a a Q! a on e Q' o « Ve
f4(X1,Yf,Xg,YS_US(f_Q,Sg) — (1—52)U20 1- X22 —dgo+ﬂ2253 —521§1 —7722X2 +7721Y(11;
max
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and
a VY ya V¢ a a% a % o % e 631
g1 (71a)‘17f27)‘2ai1a51af2a52><__ nllﬁl (t)_nQQSQ (t)_Bl+X1 ulO(l_dl)
u1o (1 — —
+ (1(;1) + 7711> Xp () = m22A3;
lmax
a VY ya Y« a % a a% % o —a QO&
92 <A1a/\1732»\2’*1’51’*2752) = <771151 (t) —m2255 (t) — DY + X1U1 uyo (1 51))
u 1-— (5 —a
+ mo1=01) + i1 ) AT (£) — ma2As;
leax
a VY ya V¢ a a% a o% o % o 632
93 (Al,)q ,72,)\2,71,51,72,52> — — | 12155 () —m2S1 (t) —py + X 120 (1—62)
u 1-— 5 —a a
+ (20)§2) + 7721) Ay (1) — m2ATs
2max
a Y¥ ya ¢ ga g% ga % ¢ « —a QZ[2
g4 (A1a)\17AQ7>\2_1,51_2752> — — [ m2153 (t) —m28Y (¢) — Py + X, o (1 — 02)
u 1-— (S a —a
+ u20 (1= %) +1mo1 ) A (8) — M2y ;
XQmax

5.1.1. Algorithm

Step 1. Start the program \\ (For two items);

Step 2. Define function y= optimal feasible solution (Y7, Ys, Y3, Yy, S1, .55, S3,54);

Step 3. Define test = —1; § = 0.001; N = 10; T' = 100; t = linespace(0, T, N + 1); h = %; hy = %;
Step 4. Define v; = 0.7; 72 = 0.6; For m =1 to 4

Step 5. Define

S «— zero matrix of order (1, N + 1);
Y., «— zero matrix of order (1, N + 1);
D,,, < zero matrix of order (1, N + 1);

(1,
Am <— zero matrix of order (1, N + 1);
Step 6. Define
Yo, (1) e Yn;
Step 7. Define
dYm = fm (Y9, V7,78, V5, 87,57, 95,55 )
Step 8. Define
AN = g (X130, 35.57.57,55. 53 )

Step 9. Do while(test< 0)

old S, = Sy,

oldY,, =Y,

old A\p, = A\
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For State Variables:
for i =1(1)N

klm — fm(YI(i)a }/2(2)’ }/3(2)71/21(’5)7 Sl(i)v SQ(i)v S3(i)’ 54(2))7

kom «— fm <Y1(i) + hiki1, Yo (i) + hakio, Y3(i) + hikis, Ya(i) + hikug,

b

S1(i) + S1(i+1) Sa(i) + Sa(i+1) S3(i) + S3(i +1) Sa(i) + Sa(i + 1)
2 ’ 2 ’ 2 ’ 2

k3m <— fm <Y1(i) + hika1, Ya(i) 4+ hikao, Y3(i) + hikas, Ya(i) + hikoy,

)

S1() + S1(i+1) Sa(i) 4+ Sa(i+1) Ss(i) + Ss(i + 1) S4(i)+S4(z'+1)>
2 ’ 2 ’ 2 ) 2

h(klm + 2k2m + 2k3m + k4m) .
6 )

Yo (i 4+ 1) «— Yo (@) +

end\\

)

MV +1) «— 151 (N+1
Ao(N +1) «— 115 (N +1

)

( ) ( )
( ) ( )
A3(N +1) e— 7285(N +1);
A(N +1) e 7284(N +1);

k)

For Adjoint Variables:
for j =1(1)N

Kim < 9m (A7), A2 (5) Aa (), A (), S1(7); S2(7), S3(4), Sa(4));

Koy < Gm (A1(4) + hiki1, A2 (5) + hakiz, As(4) + hikis, Aa(§) + hikua,

S1(f)+S1(G—1) S2(j)+82(i—=1) S3(j)+S5(j—1) S4(J’)+S4(J'*1))
2 ) 2 ) 2 ’ 2

)

K —— Gm (M () + hakar, Ao (j) + hakaz, A3 (5) + hakas, Aa(§) + hakaa,

S1(J)+S1(j—=1) Sa2(j)+S2(i—1) S3(j)+S3(j—1) 54(j)+54(j—1))
2 ) 2 ) 2 ’ 2

)

h(klm + 2k2m, + 2k3m + k4m) .
6 )

Am(j = 1) & Am(4) +

end\\
All Control
Calculate all Sy, \\ see (5.8)

end \\

481

kam ~— fm <Y1(i) + hks1,Ya(i) 4+ hksa, Y3(i) + hkss, Ya(i) + hksa, S1(i + 1), S2(i + 1), S5(i + 1), Sa(i + 1)) ;

K <— Gm (A1(4) + hks1, A2(G) + hks2, As(j) + hkss, Aa(j) + hksa, S1(j +1),82(5 + 1), S5( + 1), S4(j + 1));
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Step 10.
Sy +— 0.5(Sy, +old Sp,);

Step 11.
temp; = d(sum(abs(S1)) — sum(abs(old S1 — 51)));
temp, = d(sum(abs(Sz)) — sum(abs(old Sy — S2)));
temp, = 0(sum(abs(S3)) — sum(abs(old S35 — S3)));
temp, = 3(sum(abs(S;)) — sum(abs(old S; — S4)));
temp; = 3(sum(abs(¥3)) — sum(abs(old ¥ — ¥)));
tempg = 0(sum(abs(Yz)) — sum(abs(old Y5 — ¥3)));
temp, = 0(sum(abs(Y3)) — sum(abs(old Y3 — ¥3)));
tempg = 0(sum(abs(Yy)) — sum(abs(old Yy — Y3)));
tempg = d(sum(abs(A1)) —sum(abs(old Ay — A1)));
temp,, = d(sum(abs(Az)) — sum(abs(old Ay — A2)));
temp;; = d(sum(abs(A3)) — sum(abs(old A3 — A3)));
tempy, = d(sum(abs(As)) — sum(abs(old As — As)));

Step 12.

Step 13. Print Sy, Yo, Ay D
end\\

To illustrate the proposed production inventory model numerically, we consider the following input data given
in Table 1. For these input data, we see that X{ = Y and X? = 7;1. The results for different variables of
substitute items are showed in Table 2 and the respective figures are showed from Figures 1 and 7. It has been
price for first item lie between ($242.3, $244.7) and for second item lie between
(8206.9, $208.3). And also the stock level for first item lie between (0.1,5.3) and for second item lie between
(1.7,6.1). And the optimum value corresponding the two substitute items lie between ($533800, $684320).

observed that the optimal selling

test; = min(temp,, min(temp,, temps));

teste = min(temp,, min(tempy, tempg));

(

(
tests = min(temp,, min(tempg, tempyg));
testy = min(temp,,, min(temp;, temp;,));
(

tests = min(testy, min(tests, tests));

test = min(testy, tests);

6. NUMERICAL RESULTS

6.1. Input data for substitute items

The input data for inventory parameters are given in Table 1.



USE OF “E” AND “G” OPERATORS TO A FUZZY PRODUCTION INVENTORY CONTROL MODEL

TABLE 1. Input data for substitute items.

Parameters Values

Parameters Values

Parameters Values

Parameters Values

Parameters Values
01 0.03
doo 11.8
B 0.35
N12 0.32
(G 2.4
Ch, 5.8

02 0.025
X1max 29
B2 0.15
21 0.23
Ch, 3.4
X7 54

5 10

X2max 31
Ba1 0.10
T22 0.11
el 4.4
X0 5.6

d7o 10.8
U0 13
B2z 0.21
c 3.8
Ch, 5.4
X3, 44

d3o 11
U20 12
1 0.19
Ch, 4.8
cs, 4.81
X2 4.6

TABLE 2. Values of the optimal selling price, production rate, stock rate and demand rate at

the time ¢
t 0 10 20 30 40 50 60 70 80 90 100
§a’f($) 189.8 193.1 197.5 202 206.8 211.7 217 2225 228.3 234.4 242.2
§<11 ($) 189.7 194.2 198.4 203.3 208.4 213.7 219.2 225 231 237.4 244.7
S¥5($) | 178.6 181.6 184.8 187.8 190.7 193.6 196.4 199.2 201.9 204.6 206.9
S75($) | 172.9 176.7 180.4 184.1 187.7 191.3 194.8 1982 201.6 204.9 208.3
Qa; 9.2 9.7 10.1 10.4 10.5 10.6 10.6 10.4 10.2 9.8 9.3
UO‘; 9.3 10.1 10.8 11.4 11.9 12.3 12.6 12.8 1296 12.99 12.92
ue; 9.6 9.4 9.3 9.2 9.1 8.9 8.9 8.9 8.8 8.8 8.8
Ua; 9.7 9.7 9.8 9.9 10 10.1 10.3 10.4 10.6 10.8 11.1
X"‘T 5.4 4.2 3.2 2.3 1.6 1 0.55 0.24 0.06 0.02 0.11
X 56 49 43 38 36 35 35 37 41 46 53
X“; 4.4 4.3 4.2 4.0 3.8 3.6 3.3 3 2.6 2.2 1.7
X% | 46 49 52 54 56 57 58 6 61 6.1 6.1
QO‘T 17.2 16.4 15.5 14.5 13.4 12.3 10.9 9.6 8.1 6.4 4.6
DY) | 214 204 193 181 168 155 141 126 11 93 74
D>} 6.2 6.7 7.1 7.5 7.9 8.4 8.8 9.3 9.8 10.3 10.9
Ea; 10 10.2 10.5 10.7 11 11.3 11.7 12.1 12.6 13.1 13.7

7. DISCUSSION

483

For two substitute items we have got four hands in each figures for lower and upper cases. Here Figure 1
represents the stock level and Figure 2 represents the production rate in a given time of two substitute items.
From these two figures we observe that production of the items is stock dependent. Also, here another two
figures Figues 3 and 4 are represented the demand rate and selling price in given time of the two substitute
items respectively. In this paper, we consider that the demands are dependent on selling prices and stock levels.
But from the figures Figures 1 and 4, we see that demands are more effected by selling price. Also from Figures 5
and 6 we assure that the demands are depended on own price. So for substitute items own price of each items
play as important role to control the demand. Moreover own stock has more positive effect to the demand
function with respect to the negative effect of substitute item. From the above discussion, we get that the
selling price becomes sole responsible for its demand. What matters is the selling price of any product. Lesser
the selling price more the demand of that product irrespective of stock. So the model in which the demand is
dependent both on price and stock is more realistic than any other model.
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8. CONCLUSION

A production inventory control problem for substitute item has been developed in uncertain environment in
which the demand function is dependent on selling price as well as stock level. Here it is shown that the selling
price is more effective to control the demand. Considering the state variables as fuzzy the proposed inventory
model is represented as a fuzzy differential system. To transform the system into equivalent deterministic one we
use the “e” and “g” operators which is very recent and effective technique with respect to interval mathematics.

Moreover, the proposed method can be extended for other dynamical production inventory control problem
like imperfect production problem, deteriorating production problem and other. The method (“e” and “g”) can
be used to check the stability of any imprecise dynamical model.
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