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Abstract

In this paper, a Deterministic Model is evolving for the items decline by Demand as well as by
Deterioration, where we take Demand as a Biquadratic Polynomial function of Time with
Variable rate of Deterioration and linear carrying cost. Here , Shortage is allowing and fully
backlogging. An Organization can use this model where demand increases with time
biquadratically with the variable rate of Deterioration.
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1. Introduction

Inventory is the priority to run a business. But it may be a blessing or crush for a Business
Owner. It is a blessing because when an owner buys a large no of goods then he gets benefit due
to the lower wholesale price, which increases the quality of customer service. But it becomes a
curse for an owner due to its large cost of maintenance: like its Deteriorating cost ( because
many of the physical goods undergo damage or chemically change with time for example
product like milk, fruits, bread, butter, etc gets spoil with time ), cost arises due to out of fashion
of the product, storage and handling cost of goods, ordering cost, etc. So, an owner has to decide
two main things; How much to order called EOQ and When to order to control Inventory. So,
Inventory Management is very important to use working Capital Effectively. Because an owner’s
main aim is to Maximize Profit and Minimize Cost. So, in previous years various mathematical
models have been created by researchers to minimize cost. Some of them are discussed here.
Datta & Pal(1998)[4],Lee & Wu(2002)[9],Sharma, Sharrma & Ramani(2012)[15]and Sharma
and Preeti (2013) [14] considered Power Demand pattern for Deteriorating Items with time
varying deterioration in their respective models. Wu(1999)[23],Wu(2002)[24]considered
Weibull ~ distributed  Deterioration  in  their  respective  models. Giri &
Chaudhuri(1998)[5]considered demand rate as a function of on hand inventory in their model.
Bhowmic & Samanta(2007)[2] considered stock dependent time - varying demand rate, Mishra
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and singh(2011)[11],Singh & Srivastava(2017)[22]considered Linear Demand ,Mishra and
Singh(2013)[10]considered  time  dependent demand and  deterioration,Bhowmi
Samanta(2011)[3]considered  constant  demand rate and  variable  production
cycle,Roy(2008)[13]considered time dependent deterioration rate and assumed Demand rate as a
function of the selling price ,Karmakar & Choudhury(2014)[6] assumed general ramp type
demand rate,Kumar & Kumar(2015)[8] assumed time-dependent demand, Rasel(2017)
[12]considered power distribution deterioration,Priya & Senbagam(2018)[7]assumed two
1parameter Weibull deterioration with quadratic time-dependent demand,Bansal,Kumar et
al.(2021)[1] took stock-dependent demand rates ,in their respective model.In this paper, | have
developed a model by considering demand as a biquadratic polynomial function of time with
time-dependent deterioration and linear carrying cost.

2. Assumptions and Notations

NOTATIONS
e (1) Inventory Carrying Charge per object per unit time.
e C; Cost due to deficiency of one object per unit time
e C; Cost of one Decayed Unit.
o T Length of every Production cycle.
e C(t) Average entire cost
e S Inventory at t = 0, where t is used for time.

e I(t) Inventoryatanytimet.
e D(t) Demand rate.
e 0(t) Deterioration rate function.

ASSUMPTIONS

(i)  The Demand rate , D(t) = a + Bt + yt* + 8t* +€ t* ,where a, B, v, 8, € are > 0.

(i)  Carrying cost,h(t) = h+mt,2>0;m > 0.

(iii) Deterioration rate function, 6(t) = Oot, where 0 < 6p<< 1,t>0.

(iv) Lead time is taken as 0.

(v) Shortages are permitted and fully backlogged.

(vi) Refill magnitude is static and the refill rate is unbounded.

(vii) During the time period T ,there is neither replacement nor repair of deteriorated units.

3. Analysis of Model

Let the no of objects in stock at any time t be I(t).In time period 0 <t < ty,I(t) lessens gradually

due to requirement and decaying of items and falls to zero at t = t;.In the time period (t;, T),
deficiency of items occurs which are wholly backlogged, where ti< T. The equations of this
process are given by:
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£8 + oI = - D 0<t<t (1)
% = —D(b) 4<t<T )
Put 6= 0ot and D(t) = a+pt+yt+5t2+€t* in (1) and (2), we get
di(t) _ 2 3 4
7+60tl(t) = —{a+pt+tyt"+t°+Et'} (3)
%=—{a+ﬁt+yt2+6t3+€t4} 4)

Solution of (3) is

09t? 2 s e B0
I(t) e 2 = -[(a+Pt+yt"+5°+Et)e 2z dt+C
= — [(a+pt+yt® + ot° +€t)(1+ ) dt +C

pt2 sttt et5,  fg,at3  ptt 50
= - [ B e B I 2 e @

Placet=01in (5), we obtain I1(0) = C, but I(0) = S, So C = S. Hence (5) implies

9ot _ Bﬁ a4 B0, at®  pt* 3t0
I ez = S-[arr el e 25 Ot I 0L B 0sesu (9)

Since I(t;) =0, So (6) implies

ﬁtlz Yt13 6’[14 Etls 6o at13 ﬁt14 Ytls 8t16 €t17
=S- + +L 4 +L)+ 2 + +L 4 + =L
0=S-[latu+5=+7 4 )5 4 s 6 7]

ﬁtlz yt13 6’[14 Etls e C(t13 ﬁt14 Ytls 5’[16 €t17
= + +rL 4 +Ly 4 0 + +L 4 + =L
S =llatu+5=+3 4 )55 4 s 6 1 ()

Putting the value of S from (7) into (6), we get

2 _ 42 3 _ 43 4 _ .4 5_ 45
I(t)z(l'Bz_otz)[{a(tl't)'l'ﬁ(tlz t)JI_Y(tls t)+ 8(t14 t)+€(t15 t)
3 _ 43 4 _ .4 5 _ 45 6 _ 46 7 _ 47
}+92_0{ O!(tl3 t)+ ﬁ(tl4 t 4 Y(t15 ) 4 5(t16 ) 4 S(1517 t)}]
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2 _ 42 3 _ 43 S 4 _ 14 IS 5_ 45 2]
I(t): [{a(tl't)+ﬁ(t12t)+Y(tl t)+ (tl t)+(t1 t)}+_0{

3 4 5 2
t13 —1¢3 t1% —t* t1° —t5 3(t10 — ¢ et —t7 6 t12t2—t*
0((13 ) o 3(14 ) 4 Y(15 ) 4 (16 ) o (17 )}]_70{ a(tltz-t3)+ﬁ(12 )
3.2 _ 45 4.2 _ 16 5,2 _ 47
+y(t1 t3 t )+ d(t1 Z t )JI_S(t]_ [5 4 )} (8)
(neglecting terms containing 6,2, which is very small)
Also, solution of (4) is
_ pt oy ottt
1O =-(at+—-+-++)+A )
Applying 1(t;)) =0in (9), we get
L2 —tH vy d-19) d(e1t—¢h e P12
1(0) = a( tr - 1) + = = S = = t<t<T (10)
Therefore no. of Deteriorated Items = 1(0) - Stock loss due to Demand
=S - [0 + Bt + v + 58 +ethdt (12)
Using (7)
S . 12)
2 3 4 5 6 7
Using (8),
— (%1 —
h=[," /()& =
R IR R I A D B .
] {a(tp — O + 5 + 3 + 1 + z } dt
0
t1
+@J{ LGN N CE N 0 W { CE N 20 B CENRt ).
2 3 4 5 6
0
&z, — ¢7
+ %}dt
t 2,2 4 3.2 5 4,2 6 5,2 7
t1°tc— ¢ t1°tc — ¢t 0(z1"t° — ¢ €(¢ 2t — ¢
{a(tltz—t3)+'£(12 )_|_Y(1 - )+ (14 )+(1 - )}dt

a'tl +Bi+ﬂ+5i+€t_1)] (14)
5 6

Btl yp? 5t1 €t1

4

No of shortage units =
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-f;;/(t)dt =

2_ .2 3_ .3 4 4 5_ .5
f;l{a(tl _ t) + /5,(1‘12 ) + Y(f13 £°) + 5@14 ) +E(tl5 4 )}dt (USing
(10))

_ 7 g, 7? 73 5, 7 €, 7°
=T{a( 5-21)+5(F- )+ (5 +7(T-2.+:(F- 21°)}

a 2, pd ot ay° | ey®
g5 r5 5 (1
Inventory carrying cost =
_ (4
—fo h(£)/ (£)ar
= [ h+ mt )1 (&) ar
=1 + mftu ()ar
=h/y1+ mftt ()ar
¢ p(r1%-¢2 r13-1¢3 S(£14-¢? €(r1°-¢5
=h/,+ mfolz[{a(tl—t)+ (12 )+Y(13 ) 4 (14 )+(15 )}+

102 al113—-1133+ [I[114—-[144+ y[115-1155+ 51161166+ €117 — (177 — 1102 «
t1t2 — t3+ [[112012— 142 + y[113012 — 153 + 8114112 — [164 +E[115012 — [175] RN
using (8)

Using (14)
. at 12 Btls ’Ytl 6t15 €t16
_h< —t 3ttt
ﬂoh at 14 Bt15 n Yt16 n 8t17 n €t18
3 4 5 6 7 8
m(a® By €ty Gom [ at ° P’ °
— — — 16
+2<3+4 7 g 5 t5 Tt g ) (0

Shortage cost =C, * quantity of shortage units

_ 7 g, 72 73 5, 7 €, 7°
= CoTla(5-21)+5(5-2)+5(F-¢ )+ (T-2.N+(%- ¢1°)]
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a 2, pd ot ay° el
+ e S e
Co [ 3 4 5 5] )

Cost due to Deterioration = C3 * quantity of Decayed units

_ Gty ae® | Bt ® S0 e
- ( T TS T T (18)
Entire cost per unit time = Inventory carrying cost + shortage cost + cost due to Decaying
objects
a2 By’ ot osy° ey’
c(t)=h
) ( 2 * 3 * 4 * 5 * 6
ﬂoh 774 14 Btls n 'Yt]_6 n 8t17 n €t18
3 4 5 6 7 8

3 4 7 5 9
+T("f3l +B%+---+€t71)+m<”1 +Bi+---+€t—l>+ CoTla(3-21)+4

Btl ytl 5t1 €t1 ] +

2y L ¥ 3
(—‘fl)"' (—‘fl)"' (—‘fl t Tttt
6'3:90 a’[l ﬁtl Yt]_ Si St_]_

NI

Average total cost per unit time

C(z1) =% [Entire cost per unit time]

I (- P SN U G S WU AP AN G C G
_T[h<2+3+4+5+6+3 ; vttt
)
8
3 4 5
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2 3 4 8 2 2
72 2 vy, 7 3 8, 7 4 €, ﬁt yt4 ot €t
(5-2)*+5(5-20)4 z(?'f1)+g(?'f1)]+c [ x 41*'51 l]‘l'
3 4
[’36’0{&[1 +ﬁi+yt1 6t1 Etl }] (20)
3 4 5
. ac
For lowest average entire cost , put GGV 0
(6'3670+m)

We get, 22 (D%, 442040 t2+ (h+ ) ti- C, T} = 0 implies

Gom 4  hbgy .3 —
(et s C:)=0

(AN
(a9 *7m) 2, Uiy
r r
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Which is biquadratic in t; with constant term negative. so, it has minimum 1 positive root say
t," and

2%C(¢ 1 . . * . .
%> 0. So optimum value of t; is t; . Hence the optimum value of S is
‘1
* * ﬁtl*z ‘ytl*s 5'[1*4 Stl*s ﬁ at 1*3 Bt1*4 ‘\{'[1*5 5t1*6
S =ati+— +— Ft—+— + (Yt +—
€t1*7
+—=) (21

7

Minimum value of C(ty) is

* _ i tll']_*z ﬁtl*s Yt1*4 5t1*5 Stl*s H_oh Q’Z']_*4 Btl*s ’ytl*e
C(tl)_T[h<2+3+4+5+6+3 4+5+6+

otl= 77 + Et1+ 88

%3 * 4 * 7 *5 *6 *9
7 * £, 7 2 v, 72 *3 5,74 * 4 €, 7 *5 a "y
S HS (St ) H () (Tt (T ) 1O
*5 at 1*3 ﬁt1*4 N ytl*S 5t1*6 €t1*7

L - (22)

+Yt1*4 + oty + Stl*e} 53670
4 5 6 2

Which gives optimal value of total average cost per unit time.
4. Conclusion

In this paper, an Inventory model has been evolved for objects depleted due to demand as well as
Deterioration by taking demand as a biquadratic polynomial function of time , time-dependent
deterioration rate and carrying cost and | have obtained minimum total average cost. This
model can be extended further for other values of demand , deterioration rate and carrying cost.
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