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Abstract: Most commercial industries now encourage environmentally friendly or green products since they are safe for the
environment in their creation, use, and disposal. Eco-friendly items serve an important role in decreasing pollution both during
production and recycling. To ensure client happiness, most branded products are developed in an environmentally friendly
manner. This research proposes a cost-effective manufacturing quantity model that promotes high-quality green products. To
solve the model in a fuzzy sense, an extension of the lagrangian method is applied. The parameters are expressed as a fuzzy
pentagonal number. Defuzzification is accomplished using the graded mean integration approach. To demonstrate the model, a
numerical example is provided.

Keywords: environmental cost, green products, fuzzy, recycling.

L. INTRODUCTION

The management of manufacturing inventory is heavily weighted in favour of the company's profit and customer acquisition.
Controlling the quantity of a product is a method of inspecting raw materials, work-in-progress, and finished goods in a methodical
manner. Apart from inspecting for defective materials as part of quality control, the degree of pollution must also be assessed to
make environmentally friendly products, as most consumers are now interested in eco-friendly commodities. This model
incorporates the concept of green quality product into a fuzzy EPQ model. The product cost parameters are represented as
pentagonal fuzzy numbers.

Inventory models were created with the primary goal of calculating the best quantity to order and the best timing to place the orders.
In 1913, Harris [2] created the first economic ordering quantity (EOQ) inventory model, which includes ordering and holding
expenses. By incorporating the fraction of real ideal time spent in the production process, Taft [3] changed this model to the
economic production quantity (EPQ) model in 1918. Deterministic inventory models were developed first, then probabilistic and
fuzzy inventory models were developed to deal with unpredictable scenarios. Inventory fluctuations result in shortages or surpluses,
which is a very typical occurrence. To deal with such situations, Drenzer [4], Goyal [5], and Gurgani [6] outlined the shortage,
partial backlog, and complete backlog inventory models, and Goyal fused the notion of trade credit and price measures to the
inventory model in 1985. Jamal [7], Chang [8], Jaggi [9], and Shah [10] expanded these trade credit inventory models. In general, a
production organisation obtains input from a variety of sources; but, if customer satisfaction declines, procurement is moved to a
different source for quality control, resulting in product switching costs. In addition, the manufacturing process is not a one-step
process. It is divided into three stages: pre-production, production, and post-production. All of the production-related activities in
the three processes must be coordinated and closely monitored in order to produce green-quality products.

1. DEFINITIONS
A. Fuzzy Set

A fuzzy set A in a universe of discourse X is defined as the following set of pairs A = {(x, uz(x): xeX)}.Here uz: X - [0,1]is a
mapping called the membership value of X € X in a fuzzy set A.

B. Graded Mean Integration Representation Method
IfA =(a,,a,, a;, a,,as) isapentagonal fuzzy number then the graded mean representation (GMIR) method of A is defined as

P(A) == (by + 3b, + 4by + 3b, + bs)
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C. Pentagonal Fuzzy Number
A fuzzy number A =(a, ,a,, a;, a,,as) wherea, <a, < a; < a, < as are defined on R is called pentagonal fuzzy number if

its membership function is
X —a

Li(x) = P a a<x<bh
x—a
L,(x) = a b<x<c
1 XxX=c
pai(x) = d—x
L,(x) = R c<x<d
e—x
L,(x) = P d<x<e
0 otherwise

D. Arithmetic Operations under Function Principle

The arithmetic operations between pentagonal fuzzy numbers proposed are given below.

Let us consider A = (a, ,a,, as, a,,as)and B = (b, ,b,, bs, b, ,bs)be two pentagonal fuzzy numbers.
The additionof A@ B=(a, +b, ,a, +b, , az+ b;, a, + b, ,as + bs)
The subtractionof A© B=(a, — bs ,a, — b, , a3 — by, a, — b, ,as — b;)

>
>
> The multiplication of Aand Bis A ® B =(a,b, ,a,b, , as bs, a, b, ,as bs)
» The division of A andB isA @ B (E s R ,E)
4
E.

Extension of the Lagrangean Method
Taha discussed how to solve the optimum solution of nonlinear programming problem with equality constraints by using
Lagrangean Method, and showed how the Lagrangean method may be extended to solve inequality constraints. The general idea of
extending the Lagrangean procedure is that in the unconstrained optimum the problem does not satisfy all constraints, the
constrained optimum must occur at a boundary point of the solution space. Suppose that the problem is given by Minimize y = f(x)
Subject to gi(x) >0, i = 1,2, .... m. The non-negativity constraints x >0 if any are included in them constraints. Then the procedure of
the Extension of the Lagrangean method involves the following steps.
1) Step 1: Solve the unconstrained problem Min y = f(x) If the resulting optimum satisfies all the constraints, stop because all
constraints are redundant. Otherwise, set k = 1 and go to step 2.
2) Step 2: Activate any k constraints (i. e., convert them into equality) and optimize f(x) subject to the k active constraints by the
Lagrangean method. If the resulting solution is feasible with respect to the remaining constraints and repeat the step. If all sets
of active constraints taken k at a time are considered without encountering a feasible solution, go to step 3.
3) Step 3: If K=m, stop; no feasible solution exists. Otherwise, set k = k + 1 and go to step 2.

F. Assumptions

» The pace of demand is constant and higher than the rate of production.

» The switching costs occur regardless of the nature of the input or the machinery.
» Thereis a predetermined lead time.

G. Notations

s, — Demand per unit time
A — Production per unit of time
g - sk/ A
1 — g - The production of time the production process spends actually idling
H - Fixed ordering cost
# — Holding cost per unit per unit of time
— Initialisation cost for pre production process
— Inspection costs of inputs
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L, — Inspection cost of machinery

R, — Procedural switching cost for input

dJy — Procedural switching cost for machinery

B, — Relative switching cost for input

Q,, — Relative switching cost for machinery

F, — financial switching cost for input

N, — financial switching cost for machinery

W, — Cost of procuring new inputs

V,, - Cost of installing efficient machinery

S, - Initialization cost for production process

P, - Production cost per cycle

J. — Quality evaluation cost before packing

M, - Procedural switching cost for enhancing the product’s quality after production process
D, - Relative switching cost for enhancing the product’s quality after production process
G, - Financial switching cost for enhancing the product’s quality after production process
T, - Initialization cost for post-production process

K, - Screening cost of the products

W,,, - Rework costs of the defective items

Z,, - Delivery cost of the products per unit per unit of time

S, - Waste processing costs before disposal

XV, - Disposal costs of the waste of all forms

H. Formulation of the crisp Model

The total cost per unit of time is TC =
#Cp (1-g)
2
K, + W, +Zy+8, + N, --mmremmmmmmmemmaee (1)
aTC _ 0

e =

+%(H+7¢+M¢+ L,+R;+J,+B,+Q, +F,+N,+ W, +V, +§ +P,+ J+M, +D, +G, +T, +

Differentiating (1) with respect to Cg,

1- S
M: C—’az(}[+7d+Mi+ L,+ R+ J,+ B +Q, +F +N,+ W, +V, +S, +P,+ o+ M, +D, +G, +7,
Vg

+ K, +W,, +Z,+S,+N,)

) (7—[+7d+1v[1.+ L,+ R+ J,+ B, +Q,+F, +N,+ w¢+vy)
S Pyt T My + Dy + Gy + Ty + K+ Wy + Zy +S, + IV,
$ (1-9)

C{,z

I.  Formulation of the Equation in Fuzzy Model
We fuzzify the total cost in the equation (1) TC =
W+ SC% (H+7,+M, + Z;+ R, + j;+ E+Q; +5f;+]\7;+ ﬁ'&+17;+§;+§5;+ 7’&+]\7[;+ﬁ;v+§;+7‘;+
R+, + 2y + 5, + ;)

Then, f = (3,30, 35 HoHs) Ty = (Tuy Tz TugiTa, Tus)

M= (M M, My, 3, 00) Ty = (Ly Ly LyyiLy Ly,

R.= (Ry Ry Rs Ry Rs) Jy = (Jy1'3y2'3y3'3y4’<7y5)
B, = (B¢1,3¢2,8¢3,B¢4,B¢5) Q; = (leyQyzyng,Qy‘l,st)

Fo= (Fiyp Fip FigFup Fug) Wy = (M 3, N, L, )
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Wi Wo, Wiy W Wig) Ty = (V, Yy, Vi, Ve V)
7= (:7@1,:7@2,:7@3,:76 ,:7@5) 7, = (Mul,Muz,Mug,M M, )
Do = (Dus Duvy Py Doy Duvs)  Ga = (GayGayGay G, G
T = (%1,%2,%3,%4,%5) T = (% Koy Ko K, o)

W, = (Wml,sz,ng,W W) =(Z,L1,Z,L2,Z,L3,Z,L ,Z,LS)

= (W Wy Ny, Ny )

12! 73!

= (41,9293 94.95)

52 = (S04 Suy 082,10
75: = ($1. %2 $3 F4.F5)

Are non- negative pentagonal fuzzy numbers

By graded mean integration formula, P(B) = % (b, + 3b, + 4b; + 3b, + bs)

we write the fuzzified total cost as,

$1Co1 (1-g) | s HodTay + Mo+ Ly + Rig+ Jy, + Biy +Qy + Fuy # Ny + Wi + 7,
2 Coog +551+33€1+761+Mu1+le+g%1+T01+7C + W, + 2y, +8,, +]\f
<}[2+7d2+]v[1.2+£y2+ Ry, + Jy2+ B¢2+Qy +F, + N, +W +v

« 3? é\z?
|

#2Co, (1-g2) 4+ St

2 Cs, +S,, + Py, + 762+Mu2+Dw2+g%2+T02+762+w 2+th+$ +]\f
(7’:6): #3Co5 (1~g3) + 55
2 Cog\*8z5+ Poy + oy + My + Dupy + G, + Toy + Koy ¥ Wy + Zpy + Sy + N,

$1Cos (U-g) | 55 HoHJay ¥ Mg+ Ly +Riy+Jy, + Biy 70y, +Fiy + Ny, + Wy, +V,,
gyt Poyt Joy ¥ My ¥ Doy + Gy ¥ To ¥ Koy ¥ Wy + 24, + Sy, +]\f

$sCos(1=gs) | sy }[5+7d5+M¢‘5+L95+Ris"'Jys"'Bis"'st"'Tis"'Nys"'w +17
Cor\+S55+Pog+ Jog + Myug+ Dy + Gy +Tog + Kog + Wy + Zp + S, + N,

2 Cs,

Ha+Tyg+ Mg+ Ly + Rig+ Jy By +Qy +Fiy + N, + W, +V, )
z )

Now let us defuzzify the total cost, then we have, p[TC(C,)] =

$1Cs, (1-g1) + Sp ‘7{1 +‘7d1 +M431 + ['y‘1 + ‘(Ril + ‘744‘1 + Bil +Qy‘1 +‘(F431 +Ny‘1 + Wil +vy*1 +
2 +S5, Py + ‘761+Mu1+Dw1+g41+T01+7€61+Wm1+ZIL1+‘Sx1+N¢1
3 260,002 | 5o 7{2+7dz+M‘ F Ly, Ryt dy,+ Biy+Qy, FFiy ¥ Ny, + Wi, ¥V, ] .
| 2 Cs, 2y T Po,+ 762+]\/[u2+7)w2+g%2+T02+7CeZ+Wm2+;zh2+$xz+]\f¢2 |
14 [tscea-09 oo 7{3 FlagH Mig+ Ly, * Rig* Jyy * Big Qg+ Fag + Nyt Wi + V)
12 2 +S, +7’€3+ 763+]\/[u3+7)w3+g%3+T03+7Ce3+1ﬂ]m3+:Zh3+5x3+]\f¢3
3 _#464;4 (1—94) un +7d4+ P Ly4 +R1‘4+<7#4 + B¢‘4+Qy4 +T¢‘4 +Ny4 + W¢4+vy4 ] +
| 2 +S +‘7)€4+7C4+Mu4+DW4+gq4+‘T04+Ke4+Wm4+ZIL4+‘Sx4+N¢~4_
#s%s(l—gs) }[5 +Jag+ M +Ly5 +Rig+ Jy +B¢‘s +Qy +Fig +Nys + Wi +Vy5
2 +73€5+765+Mu5+7)w5+g% F T A K+ W, + 2+, + N,
1. SOLUTION METHODOLOGY USING LAGRANGIAN METHOD:
1) Stepl

15'1601(1—9'1) + S/L (7{1+7¢1+M41+L@1+R41+‘7@1+341+Q@1+T41+N@1+W' +V >+
2 Cp +S§ +?€1+7C1+Mu1+DW1+g%1+7;1+Ke Wy + 24, + S, + N,
[15'2602(1 g2) Sp (7{2+7¢2+M‘ +L@2+R42+‘7@2+342+Qy +Fi, + N, +W 2+ Y
c{, +7>é,2+7CZ+MM+DWZ+g%2+7;2+7( +W +z,L2+52+]\/

Ak
[#36['3(1 9‘3) Hy+Tag ¥+ Mg+ Ly + Rig+ Jy, T Biy ¥ 0y FFiy + Ny + Wiz +V, >]

+

— 1
;’[Tc(cl')]_ﬁ +8, +7323+7c3+Mu3+DW3+§@3+7}3+7( +W +Z,L3+§ + V.

15'4604(1 9‘4) Hy+ T4y + M, +L@4+R44+‘7@4+Bi4+Q@4+T44+N@4+W +V
cl*z +S§ +?€4+764+]v[u4+Dw4+g%+f7;4+](g4+wm4+zh4+§ +]\[

15'5605 (1 95) 7'[5"'7vt5 +L@¢5+ Ris+ J@5+345+Qy5+T45+N1¢5+ w; +V
+?€5+765+Mu5+Dw5+goL5+7;5+K55+Wm5+zh5+‘S +]\/

+
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With 0< G, < Cp, < Cpy < Cp, < CpgiCpp— Co, 20,Coy— C4py 20,Cp,— C4y 20,C4 — Cp, 20a0d G, >0  —eeee

Now differentiating (3) partially with respect to C4,,C4,,C4, ,Cs,, and C, . and equating to zero, we get

a5 }[5+7d5+Mi5+Ly5+ Ri5+ Jy5+'B¢'5+Qy5+T¢'5+Ny5+ W¢'5+Vy5
# +855+PogH Ie s Mu g +Du 5 +G4 AT s+ Ko gt Win s +2 a5 +S5+ N

C&I - #1 (1-g1)

, [3 < HatTg 4 Mig+ Ly ¥ Rig 4Ty, + Big+Qy, +Fi gt Ny + Wiy tVy, )}
S
R\ +S7,+Poy+ 964+ My +Da 4 +Gg 475 4 VKo g ¥ Wiy +Z 4 4 824+ N

2 342 (1-g2)

‘7{3+‘7d3+M¢'3+ £y3+ Ri3+ Jy3+'B¢'3+Qy3+T¢'3+Ny3+ W¢'3+Vy3
2|45 +853+P o3+ Tea+Mug+Duw 3 4G 4T s +Keg + Win 3+ 243+ 3+ Ny

3~ 443 (1-g3)

‘7{2+‘7d2+M¢'2+ £y2+ Ri2+ Jyz-l- 'Bi2+Qy2+T¢'2+Ny2+ W¢'2+Vy2
2|35 +85,+P eyt T+ Mu g +Du 5 4G, 4T 5+ Ky Winy + 2+ + Ny

4= 3#4 (1-g4)

‘7{1+‘7d1+M¢'1+ £y1+ Ri1+ Jy’1+ 'Bi1+Qy1+T¢'1+Ny1+ W¢'1+Vy1
25 +85,+P oy Ty ¥ My ¥Di y +G  + T + Koy ¥ Win 1 +2 4 +Sq + N

C&S - #s (1-gs)

As the above results shows that C4, > C4, , Cp, > Cp,, Cpy >Cy, and Gy, > Cy,
it does not satisfy the constraints 0< Cs, < C4, < C4, < C4, < C4.. Henceitisnota
local optimum.

2) Step?2

C)onvertpthe inequality constraint C,, — C4, = 0 into equality constraint C,, — C4, = 0.

Then by the Lagrangean method, we have the Lagrangean function as L (%1' Cs,Cs5:Cs, ,C’Z,S,/I) = p[TC(C,)] -

AM(Cs, = C4,)

Hence, #[TC(C,)] - A(Cy, — C4,) =

#1Cp, (1-g1) + i( Hy+ 741 +M¢1 + L@M * Ril + J@M * Bil + le +T¢1 +Ny1 * Wil + VM ) +
+Sg FPp+ Toy My + Dy + Gy F Ty + K AW,y + 2y, + S, + N,y

-15‘2 Cg, (1-g2) + Si( o+ ‘742 +M¢2 + L@z * Riz + J@z * Biz + Q@z +5E¢2 +N@2 * Wiz +v@2

2 6195

3 +
_ 2 Cog \+8ay + Ppy+ Joy + Moy + Dy + Gg + Ty + Koy + Wy + 2y, + S, + N,
1 4 #3 Cp 5 (1-g3) + St UE +7¢3 + M¢3 + L@g + R¢3 + J@3 + B4i3 + Q@g + T¢3 + Nyg + W¢3 +vy3
12 2 Cpq

|

_#461’4(1_94) s ( 5’-[4+7d4+M¢4+ Ly4+?2¢4+(jy4+ B¢4+Qy4+T¢4+Ny4+ 17!71.4+VM
_ 2 Sy F Poy+ Te, ¥ My, + Doy + Gy F Ty + Koy ¥ Wy + Zpy + Sy + N,
#5Chg (1-gs) L S ( ‘7{5+‘7d5+M¢'5+Ly,5+ Rig + Jy5+B¢5+Qy5+T¢5+Ny5+ 17!71.5+Vy5

+Sp F Pog+ Jeg + My, + Dy +g,l5 TTt K v W, + 2, + S, + N,

- /1(602 - Cf'l) (4)

Q

42

2).

+
+SZ3 +5P¢’3 + 763 +Mu3 +Dw3 +g¢13 + 7:73 +K€3 +Wm3 +Z/L3 + ng +N4’3>_
4).

2 6171

Differentiating (4) partially with respect to C4,,C4,,C4, ,Cs, , C4, 4 and equating to zero, we get

[ s < }[5+7d5+Mi5+Ly5+ Ri5+ Jy5+'B¢'5+Qy5+T¢'5+Ny5+ W¢'5+Vy5 ) '|
| S +875+Pos+ TegHMug D5 +G4 +Tp 5+ Ko gt Wing + 245 +Sug+ Ny g I
vse < HatT g+ Mig+ Ly Ry 4Ty, + Big+Qy, +Fi Ny + Wiy +Vy >|
[T7 R\ 455, +Pe,+ 94+ My +Da 4 4G4, + T 4+ Ko g ¥ Wi 4 42y 485, + N |

2= #1 (1-g1)+3 f2 (1-g3)

‘7{3+‘7d3+M¢'3+ £y3+ Ri3+ Jy3+'B¢'3+Qy3+T¢'3+Ny3+ W¢'3+Vy3
2|45k +853+Pes+ Tea+Mug+Duw 3 4G 4T s +Keg + Win 3+ 243+ 3+ Ny

C{, =C[,

3 443 (1-g3)
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‘7{2+‘7d2+M¢'2+ £y2+ Ri2+ Jyz-l- 'Bi2+Qy2+T¢'2+Ny2+ W¢'2+Vy2
2|35 +85,+P oo+ T+ Mu g+ D5 4G, 4T 5+ Koy Winy + 2+ + Ny

6&4 - 3 #4 (1-g4)
25 < Hy+Tg Mg+ Ly +Rig+ Ty +Big+0y +Fi + Ny + Wiy 7y, )
e, = +85, 4P o1+ Ty ¥ My ¥Di 4G + T + Ko 1 ¥ Win 1 +2p +Sq + N
¢s #5 (1-gs)

Here, C4, > C4,, Cp, > C4 . It does not satisfy the constraint 0< C,, < C4, < Cp, < Cp, < Cy4, therefore itis not a local
optimum.

3) Step3
Convert the inequality constraints C,, — C4, = 0and s, — C4, = 0 into equality constraints C,, — C4, =0and Cy, — C4, =

0 .Optimize p[TC(C4)] subjectto C4, — C4, = 0and Cy, — C4, = 0 by the Lagrangean method. Then the Lagrangean function
iSL(Cp,,Cp,.Cp5.Cp, Cogi A1, 22) = pITC(CH) — A1 (Cp, — Cp,) — 22(Cp, — Cs).

Hence p[TC(Cy)] — A4 (Cs, — Cp,) — 22(Coy— Co,) =
$1Coq (1-¢4) i( '7-[1 + '7d1 + Mil + Ly'l + Ril + Jy,l + B”il + Qy,l + Til + Ny'l + Wil + vy'l ) +

2 Cog \ S5, + Poy + Joy + My, + Dy + Gy + Ty + Koy + Wy +Zp + S, + N,y

3 -15‘2 Cg, (1-g2) + St ub +7dz +M¢2 + L@z + “{Riz + J@z * B4iz +Q@2 +T¢2 +Ny2 + Wiz +vy2 ] +
i 2 Co, +Sz2+?€2+762+Mu2+Dw2+g¢2+7;2+7662+Wm2+zh2+5x2+N4,2 ]
1 4 -#3 Cpz (1-g3) + St Hs +7d3 +M¢3 + L@g + R¢3 + ‘-7@3 +B¢3 + ng +5E¢3 +Ny3 + Wia +Vy3 ] +
12 i 2 Cog\FS;, + Py + Joy + M, +D,yy +g¢3 Tt Kyt W, ¥ 2+ 5, + N, |
3 _15‘4 Cp o (1-g4) + St Hy+ 744 +M¢4 + L@M +R¢4 +J@4 + B4i4 + Q@M +T¢4 +Ny4 + W¢4 + Vy4 ] +
2 Cop \ TS5, + Pp, + 764+]\/[u4+1)w4+g(l4+7;4+5‘(e4+1?|7m4+Z,L4+cS‘x4+]\f4,4 ]

#5Chg (1-gs) L S ( ‘7{5+‘7d5+M¢'5+Ly,5+ Ry + Jy5+B¢5+Qy5+T¢5+Ny5+ 17!71.5+Vy5

+8yg + Pog+ Jog + My + Dy + Gy +Tpg + Ko+ Wy +Zp + Sy + N

— 4(Csy— Cp,) — 22(Co,— Ca) ®)

2 6171

Differentiating (5) partially with respect to Cy,, C4,,Cs,,Cs, , Cs., 41, 4, and equating to zero, we get

= CZ'Z = 653

[ s < }[5+7d5+Mi5+Ly5+ Ri5+ Jy5+'B¢'5+Qy5+T¢'5+Ny5+ W¢'5+Vy5 ) '|
I3
I +855+PogH Ie g+ Mug+Duw s +G4 T s+ Ko gt Win s +2 a5 +Su5+ N I
2 les < HatTg )+ Mg+ Ly FRi g+ Ty + Biy+ 0y +Fiyt Ny + Wiy 47y, >|
Sp
I +854+Poyt 104 Mu g ¥Dur 4G, +To 4+ Ko g ¥ Win g + 2y +S24+ Ny I
.. . < Ha+T43+Mig+ Ly o+ Rig+ Ty +Big+Qy +Figt Ny + WitV ) |
[ +853+Po3+ Ie g+ Mu 3 +Dup 346 4 Tp 5+ Kog t Wing + 245+ + N g |
\ #1 (1=g1)+3 f2 (1-g2)+4 3 (1-g3)

‘7{2+‘7d2+M¢'2+ £y2+ Ri2+ Jyz-l- 'Bi2+Qy2+T¢'2+Ny2+ W¢'2+Vy2
2|35 +85, 4Pyt Te o+ Mu g+ D 5 4G, 4T 5+ Ky Winy + 2+ + N

C{,z

4 344 (1-g4)
]{1+]d1+Mi1+Ly1+Ri1+ Jy1+'B¢'1+Qy1+T¢'1+Ny1+ W¢'1+Vy1
c 25 +85,+P oy Ty ¥ My ¥Di  +G + T + Koy ¥ Win y +2 4 +Sq + N
¢s #s (1-gs)

Here, C4, > C; . It does not satisfy the constraints 0< C;, < C4, < C4, < C4, < C4.. Therefore, it not a local optimum.
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4) Step4

C)onvertpthe inequality constraints C4, — C4, =20,C4, — C4, = 0and Gy, — C4, = 0 into equality constraints C,, — Cp, =
0,Cs, — Cp, =0andCy, — C4, = 0. Optimize p[TC(C,)] subject to €5, — C4, =0,C4, — €5, =0and Gy, — C4, = Oby
the Lagrangean method. Hence the Lagrangean function is given by L (%1' Cs,Coy:Cs, ,655,11,12,13) = p[TC(C,)] -
M(Coy— Cp)— 2:(Coy— Coy)—25(Cs, — Cp,)

Hencel p[ﬁ{?)] - /’11( CZVZ - CZVI) - )12(653 - 652)_/13(654 - 653) =

2

$1Cp, (1-g1) + l( Hy +‘7d1 +M431 + Lyq * ‘72431 + ‘7#1 * Bil + qu +‘7:431 +N#1 * Wil +vy‘1 )+
Cps

+521+33€1+761+Mu1+7)wl+g%1+?01+7(e W, +Zp, +S, + N,
3'#2%2(1_92)4_& 7{2+7d2+]\/[¢2+£y2+ R, + Jy2+ B¢2+Qy +F, + N, +W +17
] 2 Cs, +57»z+73€z+762+Muz+DWZ+gcz2+Toz+7Cz+W z"'th"'S +]\f
-#36&3(1—93) + Sk ‘7{3+‘7d3+M433+L#3+ ‘R433+ ‘7#3+B433+Q#3+T433+N#3+W +v
2] 7| 2 Coq +SZ3+‘7)€3+‘7C3+Mu3+DW3+gq3+T03+‘7Ce3+Wm3+zﬁ,3+$ +]\f
Hy+ Ty, + M, + Ly4+721.4+<7y4+ B¢4+Qy4+7—"1.4+]\fy4+ w;, +v
] +8,, + Pe, + 7C4+Mu4+Dw4+g%4+T04+7(e4+Wm4+zh4+5 +]\f
#5%5(1—95) Sy Hs +Jag + Mg +Ly5 *+ Rig* Jys + B +st+Tis+Ny5+ W¢5+vy5
+S, + Ppg + ‘765+Mu5+Dws+g45+T05+K65+Wm5+zﬁ,5+5x5+N¢5

- Al( Cf'z - Cf'l) - 12(653 - 652)_13(654 - 653) (6)
Differentiating (6) partially with respect to Cy,, C4,,Cs,,Cs,  Cs5, 41,42, A3, and equating to zero, we get

3 -1}46&4 (1-g4) 4+ St <

2 Co,

2 c,,1

CZ'I = CZ'Z = 653 = 654 =
< Hs 745+ MigHly + Rig+ dy +Bigt0y FFigt Ny + WitV ) 7
+$ZS+‘7)€5+ 765+Mu5+Dw5+g@5+T05+](65+Wm5+Z/L5+5x5+N¢5
+3s, <+§[4+j;4+ﬁ¢4iﬁmy -I:?;‘L-I-,_Z—y +'B¢4+Qy +T¢4+Ny +W¢4+Vy )
24t Pest Icy watDuwy g%4+7}4+7(e4+Wm4+2ﬁ4+$x4+]\/}4

Hs +‘7d3+M¢'3+ £y3+ Ri3+ Jy3+'B¢'3+Qy3+T¢'3+Ny3+ W¢-3+Vy3
taSp +853+Po3+ Ie g+ Mu 3 +Dup 3+ G 4 Tp 5+ Keg t Win g +2 45+ + Ny g
‘7{2+‘7d2+M¢'2+ £y2+ Ri2+ Jyz-l- 'Bi2+Qy2+T¢'2+Ny2+ W¢'2+Vy2
+35p +85,+Poy+ Ie o+ My ¥ Dup y 4G ) Tp g ¥ Ko gt Win g #2415 +S2, N5, ) |
\ #1 (1-g1)+3 f2 (1-g2)+4#3 (1-g3)+3 f4 (1-g4)
2 54 < ‘7{1+‘7d1+M¢'1+ £y1+ Ri1+ Jy’1+ 'Bi1+Qy1+T¢'1+Ny1+ W¢'1+Vy1 )
+851+Poy+ Iy ¥ My +Dop 1 4G +Tp 4 Ho A Wi +Z 1+, + Ny

C&S - #s (1-gs)

It does not satisfy the constraints 0< Cs, < C4, < C4, < C4, < C4.. Therefore, itisnot a local optimum.

5) Step5

N)ow coFr)wert the inequality constraints C4, — C4, = 0,C4, — C4, =0,C4, — C4, = 0and Cy, — C4, = 0 into equality
constraints C4, — C4, =0,C4, — C4, =0,C4, — C4, =0and Cs, — C4, = 0. Now the Lagrangean function is given by
L(CoyCoyiCoy1Cuy s Cogihii Az, A3, 45) = PITCECH] = 21(Cp, = Coy) = 2(Coy = Coy)=23(Cuy = C)=Aa (Cug—
Cs,)-

pITCEC] — A4( Co,— Coy) = A5(Cpy— Cp,)—23(Co, — Cp.)—A4 (Cog— Cp,) =

flﬁh(l*gl)_'_si 7{1+7¢1+M41+L@1+R41+‘7@1"'341+Qy1+fi1+Ny1+W41+Vy1 +
2 Cog\+Szy +Poy+ TJoy + My, + Dy + Gy +Tp + Koy + Wy + By + 8, + Ny

3 fz‘/’bz(l*#z)jLi 7{2+7¢2+]v[42+ Ly2+ R42+ J@2+342+Q@2+7: +]\f +W +V .
2 Cp, \+S, +?€2+7CZ+]\/[M2+DWZ+§%2+7;2+K +W,, +Z,L2+S +]\f

Llg 193@03(1 93) H +Juy + M, +L@3+R43+‘7@3+Bi3+9@‘ + iy + Ny +W +V +
12 Ch +S, +?€3+7C3+MM3+DW3+9%3+7;3+7( +W +Z,L3+S +]\f

g[feceatioen Hot Dy + My + Ly A Riy+ 3y, + Biy Oy + Foy ¥ Ny + Wiy 4V, \]
+§, +?€4+7C4+]v[ +DW4+§@ +7,,+ X, +W +zh4+§ +]\[

fs%(l W 7{5+7¢5+]v[ +L, +R45+[]y5+345+Qy5+75‘45+]\[y5+W +V,
+?€5+7CS+]V[ + Dy + Gg + Tog + Ko + Wig + Zpg + Sy +]\/
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(7)
Differentiating (7) partially with respect to Cy,, C4,,Cs,,Cs, , Cs, A1, 42, A3, 44 @nd equating to zero, we get
—_—k
C{, =
[ }[5+7d5+Mi5+Ly5+ Ri5+ Jy5+'B¢'5+Qy5+T¢'5+Ny5+ W¢'5+Vy5 T
Sk +855+Pest Ie 5+ Mug +Duwr 5 +Gg HTp g+ Ko gt Win s +Z g +Sug+Nyrg
s < HatTg gt Moyt Ly +Riy+Jy,+ BigHQy +Fiy Ny + Wiy 47y, )
Sk +854+Poy+ 10+ My ¥ Du 4 4Gy, +Tp 4 H oy F Wi g +Z g+ + Ny
2 lha < H3z+lgq+ Mg+ Ly + Rigt Iy +Big+tQy +FigtNy + Wist+Vy, )
Sk +853+Po3+ Ie g+ Mu 3 +Dup 3+ G 4 Tp g + Kozt Win g +2 45+ + Ny g
s < Hptlgy+Mip+ Lyt Rigt Jy,+ Biy+Qy +Fiy+ Ny + Wi+, )
Sk +85,+Poy+ Ie+ My +Dup y 4G ) 4 Tp oy 4 Ko g ¥ Win g +2 4, +S0, + N,
‘7{1+‘7d1+M¢'1+ £y1+ Ri1+ Jy’1+ 'Bi1+Qy1+T¢'1+Ny1+ W¢'1+Vy1
St +851+Poy+ Ie ¥ My +Dop s 4G +Tp 4Ky A Win  +Z 1+, + Ny
\ f1 (1-g1)+3 f2 (1-g2)+4f3 (1-93)+3 fa (1-ga)+ 5 (1-gs)
-------------------- (8)
The above equation (8) is the required fuzzy optimal production quantity of this model.
V. NUMERICAL EXAMPLE
Sp = ‘7d= ]\/[1.: Ly: “Riz Jy: Bi: Qy: W= Ny:
5,00 15 25 20 30 25 15 10 20 40
Wiz Vy: Sz: ?€: ‘762 Mu: Dw: ng j;: .=
350 250 5 10 40 25 20 40 35 20
W,= | 2Z,= S,= = = g=0.66 | H= A= 750
100 200 20 25 5 50

V. SOLUTION IN CRISP MODEL
By using the given values in the data, we obtain the optimal production quantity in the crisp sense as ¢, = 917.8
By using the equation (1) in this model, we obtain the Total cost in crisp sense as
TC(C,) = 1514.43

VI. SOLUTION IN FUZZY MODEL

By using the given values in the data, we obtain the optimal production quantity in the fuzzy sense as @Z* =0917.8
By using the equation (3) in this model, we obtain the Total cost in crisp sense as

[TC(C,)]* = 1508.92.

VII. CONCLUSION
The EPQ model for green quality is incredibly practical and provides the best solution to the problem of generating green quality
products. This model is quite realistic because it includes all conceivable production and quality control costs. This model differs
from others in that it considers product switching costs and types. By reducing costs, this approach assists the industrial sectors in
achieving the aim of consumer pleasure with green quality products. This device is also environmentally friendly because it helps to
protect the environment from waste's harmful impacts. This model is a comprehensive model because it includes all the costs of
producing green quality items.
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