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A DETERMINISTIC INVENTORY MODEL FOR
NON-INSTANTANEOUS DETERIORATING ITEMS WITH
RAMP-TYPE DEMAND RATE AND SHORTAGES UNDER

PERMISSIBLE DELAY IN PAYMENTS

VANDANA - B.K. SHARMA

In this paper, we have proposed an inventory model for non-instantaneous
deteriorating items, having Ramp-type demand rate with a time dependent
holding cost. In addition, the shortage is allowed, which is partially back-
logged. In the genuine business sector, for getting more profit one of the
best tools is the trade credit or delay in payments. Furthermore, in our
model we have considered as the credit-period is offered by the suppliers
to retailers for settling the account. Presented model serves in minimizing
the total inventory cost by finding an optimal solution. Some useful lem-
mas and algorithms have been discussed to illustrate the optimal solution.
Several numerical examples are given to test and verify the theoretical
results. Finally, the conclusion of the proposed model is discussed.

1. Introduction

The best known inventory model is the classical square-root Economic Order
Quantity (EOQ) model developed by F. Harris [9] in 1915. In 1977 Donaldson
[5] was the first scientist, included a linear demand in the EOQ model rather
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Table 1: Major Characteristic of Inventory Models on selected researchers

Authors & year Deterioration Demand Rate Permissible Shortages Holding
Delay in allowed Cost
Payment

Goyal [8] not considered constant not considered Yes constant

(1985)

Aggarwal & Jaggi [1] instantaneous constant considered No constant

(1995)

Hwang & Shinn [11] instantaneous constant price considered No constant

(1997)

Jamal, Sarker & Wang instantaneous constant considered Yes constant

[13] (1997)

Jamal, Sarker & Wang instantaneous constant considered No constant

[12](2000)

Chang & Dye [3] instantaneous constant considered Yes(Partial) constant

(2001)

Ouyang, Wu, & Yang non-instantaneous constant considered No constant

[15] (2006)

‘Wu, Ouyang, & Yang non-instantaneous stock dependent considered No constant

[25] (2006)

Geetha & Uthayakumar [2] non-instantaneous constant considered (Partial) constant

(2010)

Skouri, Konstantaras, Papachristos, instantaneous ramp-type considered Partial constant

& Teng [18] (2011)

Shah, Soni, & Patel non-instantaneous advertisement considered Partial time

[17] (2013) and selling price dependent

Soni [19] non-instantaneous price and no no constant

(2013) stock sensitive

Wu, Skouri, Teng, & Ouyang non-instantaneous price and no no constant

[26] (2014) stock sensitive

Vandana & Sharma [22] non-instantaneous quadratic considered Partial constant

(2016)

Present Model non-instantaneous ramp-type considered Partial time

dependent

than steady request. In 1995, R. M. Hill [10] proposed a time dependent demand
known as "Ramp-Type Demand”. This sort of demand typically shows up when
some new brand of consumer good goes into the business sector. In any case, it
is inspected that the demand rate of another brand of buyer trading, when goes
to the business sector, increments toward the start of the season for a specific
time (say, i) and after that remaining parts consistent for the rest time period.

In the inventory models two types of shortages are allowed. First, in which
customers are willing to wait known as complete backlogging, firstly considered
by Deb and Chudhary[4]. Second, in which customers are not willing to wait
during shortage periods, is known as partial backlog.

Trade credit is an open record with a seller, who gives a chance for retail-
ers/buyers’ that purchase now and pay later. Trade credit is a course of action,
between organizations to buy merchandise or administrations without making
quick money installment. An EOQ model with constant demand rate under the
conditions of permissible delay in payments has been developed by Goyal [8] in
1985. The Goyal’s model was extended by Dave[6] in 1985, with considering
the fact that, the selling price is necessarily higher than its purchase cost. Next,
Jamal et al. [12] generalized their model for shortages. Later on, Teng et al.
[20] considered that the selling price not equal to the purchase price and mod-
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ified the Goyal’s [8] model. After that, many researcher works on this aspect,
such as [2], [14], [22], [23], and etc.

In 2006, Ouyang et al.[15] developed an inventory model for non - instan-
taneous deterioration items over a constant demand rate to replace the instan-
taneous deteriorating. Afterwards, a researcher who worked on this aspect are
Wu et al.[25], Maihami and Kamal Abadi [14], Valliathal and Uthayakumar
[21], and etc. Many researchers worked on this aspect, such as Geetha and
Uthayakumar [2], Wu et al. [25], they considered a constant demand rate with
the constant holding cost. But, in reality some non-instantaneous deteriorating
items like as fruits, vegetables, etc. having a ramp-type demand rate. The com-
parative parameters of such inventory models designed by the researchers are
given in Table (1).

In the inventory models, numerous of authors are considered holding costs
as a constant and known. Yet, as a general rule, holding expense is not constant.
A few researchers are considered varying holding cost for details [7, 16, 24].
In this paper, we therefore propose an inventory model for non-instantaneous
deteriorating items having a ramp-type demand rate with delay in payment and
time varying holding cost.

The rest of the paper is described as below: In Sections 2 and 3, we dis-
cussed the notation and assumptions of the proposed model used throughout the
paper. In Section 4, the mathematical formulation, to minimize the total annual
inventory cost is established. Section 5, presents useful theorem to characterize
the optimal solution. In Section 6, we develop the algorithm to solve our numer-
ical examples. Several numerical examples are provided in Section 7. Finally,
the managerial implications and conclusion of the proposed model is presented
in Section 8.

2. Notation

The useful notation is given as below:
p  The purchasing cost per unit
h  The holding cost per unit per unit time excluding the capital cost
s The shortage cost for backlogged items per unit per year
O  The cost of lost sales per unit
p1 The selling price per unit
t;  The length of time in which the product exhibits no deterioration
U The parameter of the ramp type demand function
1 The length of time in which there is no inventory shortage (¢; > ;)
T  The duration of the replenishment cycle (7 > t)
O  The order quantity
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S The inventory system at the begging of each cycle

tf The optimal length of time in which there is no inventory shortage
Loax The maximum inventory level

I, The interest earned per dollar per unit

I, The interest charged per dollar per unit

M The trade credit-period

TC(t;) The total minimum relevant cost for the inventory system

IC* The optimal total minimum cost

3. Assumption

1. The inventory framework included a single type of commodity.

2. Replenishment rate is infinite, replenishment size is constant and lead
time is zero.

3. The decay rate 6 is non-instantaneous and constant.

4. Let us assume f3(¢) be the fraction, where ¢ is the waiting time up to the
next replenishment.
We consider B(t) = ﬁ, where & known as the backlogging parameter

is a positive constant.

5. The demand rate D(¢) is assumed to be a Ramp-Type function of time,
D(t) = Dot — (e — w)H(t — )], Do >0

Where H(r — ) is the well known Heaviside’s function defined as fol-

lows:
1, t>
Ho-w={ o 1=k

Here we consider y < 1 case only.
6. For the sake of simplicity, assumed ¢, is constant, i < t1, and #; < t;.

7. Holding cost h(t) per unit is assumed as time dependent, i.e. h(t) = h+at,
where a,h > 0.

8. In the exchange credit-period M, the record is not settled, created deals
income is saved in an enthusiasm bearing record. Toward the end of the
period, the retailer pays off all units purchased and starts to pay off the
capital opportunity cost.
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4. Mathematical formulation of Model
4.1. Model 1. Whent; < u -

For this situation, inventory level declines due to demand rate in time period
[0,24]. After that, in time interval [r,, 1| deterioration of the item begins, and
inventory level rapidly decreases due to demand and deterioration rate both.
Now, inventory level ultimately reaches to zero inventory level at the end of the
time interval [u,#;]. Finally, the shortage occurs (partial backlogging) in the
time interval [f;,T]. The mathematical formulation of this situation is given as
below:

T

b De e | PatalBakogty

Figure 1: Inventory model for 0 < Figure 2: Inventory model for 75 <
M <1y M<pu

In the time period [0,74] (there is no deterioration) the differential equation rep-
resenting the inventory status is given as

d]]l(l‘)
dt

with boundary conditions, 711 (0) = L. Then, in [t4, i], the differential equa-
tion showing the inventory status as

— —Dyt; 0<1<1y, (1)

dlio(t
ldzt( ) +06I15(t) = —Dot; 1z <t <p. )
In [, 1] the market demand will be constant, thus the differential equation is as
dlys(t
1013;()+9113(I)Z_D0“; p<r<r, 3)

with boundary conditions I12(u) = I13(u), and I;3(¢;) = 0. During the time in-
terval [f],T] the differential equation representing the inventory level with par-
tial backlogging, i.e.,
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dli4(t) —Dou .
= : th t t<T 4
ar 1te(r—p "M==t @)

with boundary conditions /14(¢;) = 0. Now, solving all above Equations with
boundary conditions, we have

T

' i 1 P
. 1 h |
: i H :
I R \

! | _ H H L

L oy u\\% Patd Backiogarg t (] n\_> Zarit Backloggng
\\ ‘A
. S
Y hY

Figure 3: Inventory system for u < Figure 4: Inventory system for #; <

M<t M<T
() =29 4 1 5)
Io(t) = 28 (70 (10 — %) — 01 + 1) (6)
I (1) = S (070 1), @)
and
Ia(r) = 2 log (15177 (8)

By continuity of 7,4, we have I (t;) = I12(t,) and get the value of [y, is as

I = 220 4 D3 (0 (1199 — 9%) — 01y + 1), ©)

letting + = T in equation (8), we can obtain the maximum amount of demand
backlogged per cycle as

S=—I4(T) = B log(1+8(T —1)). (10)
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Hence, the order quantity per cycle is given by

Q = max"’S
= Do(367+ & (e (01 — 1) — 1,6 +1)) + X log(1+8(T — 1))
(11)

Now, obtained the total inventory cost per cycle, which consists the following
costs:

i. A - The ordering cost.

ii. HC - The inventory holding cost

{/ L (t dt+ 112 dt+/ Ii3(t }
+a[/o tln(t)dﬂr/tdtllz(t)a’tJr/H l113(t)dl‘}

= «jg—gz) <a <24u2(1 +e190) — 21,30 (—1+ 1) 0) (—4+3140) +4u°6

HC

(2+ 4690 1312 (=14 6)0) — 2u* 6% (8t (—1 4 6) + 3¢#9) 6 + 41,26?)
+3u50%(—2+260 +2610% +1,%60°) + 162 (817 +201* + 21,7 (—4 + 31,0)

+2011.30(—4 4+ 31,0) +1,%1,°0% (-4 + 3rd9))> +4h <—2td26

(—=1+e#9)0)(=3+21,0) +6u20(1+e )0 +1,2(—1+6)0) — u°6?
(611 (—1+6) +2eH9 0 +3,26%) + u*6%(—2+26 + 21,62 +1,6°)

+1 <12 — 1290 421136 — 61,207 +41,°0° 4 2111,26° (—3 +21,6)

+t1292(6—3td262+2td393))>). (12)

iii. SC - The shortage cost due to backlog

SC = s(/f—b;(t)dt)

= ¥ (log(1r57r=y) + 8(T — 1)) (13)

iv. OC - The opportunity cost due to lost sales

T
oc = oDO/.L(/ (1—1+5(‘T_t))dz>
f

_ oDou( ]og( +5(T_t1))+5(T—t1>>. (14)
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v. DC - The deterioration cost
"H 1
DC = pe(/ ]12dl—‘r/ L3dt)
d H
= D‘”’9< W —pt —op’n +3u3n +3un? = 3u%n% + un?
2 2
+6<u—rd—“29+’d2"+ (1a)8 (6 3(1u +14)0 + (u°

+.ufd+fdz)92)(_26(.u6)+.u(2+t19(2+f16))))/92)- (15)

vi. The interest payable - For each cycle, we need to consider the cases where the
length of the credit-period is longer or shorter than the length of time in which
the product exhibits no deterioration (¢;) and the length of period with positive
inventory of the item (#;). Thus, we have four cases, given as below

Case 1. 0 <M <1, - In this case, payment for items is settled and the retailer
starts paying the capital opportunity cost for the items, see Figure (11). Thus, we
have

1
Ipp = pl, [/ I (t dl‘—l— Iu()dl—l— 113(1‘)dl‘:|
u

= % (3N3 —ut +M3 — 6ty +3u 4 3un® — 3P + un’

—3Mty> 42t + 912{6[u —ty— T + 42 i +EJ9(6-3(u+14)6
+ (U2 + utg+142)6%) <—2€<“9> +uQ2+160(2+1n 9)))} }
—|—912{6(—M+td) [1—240 +8(2+1,0(—2+1,0)) (219

+u(z+ne(z+ne)))}}) (16)

Case2.ty <M< -

pl, (/Mu Lo (r)dt + /ﬂll I]3(l‘)dl)

= Do {3uM2 — uM? — 6uMty +3uM>t; +3un® = 3uMn® + ur

"y
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+12[ (u M— B0 Mo MO 6 3y MO+ (u2+ uM

+M?)6%) (—2¢HP) +u(2+r19(2+r19)))>} } (17)
Case 3. If u < M <1t - In this case, the interest payable is

1Py = 2214 r - 00M) ) (18)

Case 4. 11 <M < T - In this case interest payable is 0, i.e.,

py = 0. 19)

vii. Interest earned - For simplicity, we use Geetha and Uthayakumar [2] approach
throughout this paper. That is, we assume that during the time when the account

is not settled, the retailer sells the goods and continues to accumulate sales rev-

enue and earns the interest rate I,. Therefore, the interest earned per year (denote
by IE) is given below for the four different Cases

Case 1. 0 < M <t; - In this case, the interest earned is

M
IE,, = plle/ D()lzdl
0

= 1pLDoM’ (20)

Case 2. t; < M < u - In this case, the interest earned is

M
IE,, = plIe/ Dolzdl
JO

= 1plL.DoM’ (1)

Case 3. U < M <t; - In this case, the interest earned is

i M
IEy; = plle(/ Dotzdt—i—/ Doutdt)
0

2
= pIIDou{ MZ“} (22)
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Case 4. 11 <M < T - For this case, the interest earned is

11 11
1E1y, = plle(/o (Dotz)ler/O (Dot[.t)dt
1 5]
HM =) ([ ondr+ [ Do)
= pil.(3Dof} + SDout? + (M — 1) (3Dot} + Doutr)).  (23)

Therefore, the total minimum relevant cost per unit time is denoted by TC(z;)
is given by

TCi (1) A+HC+Sc+0C;rDC+IP1 BN 0 < M <1y
TC(h) = TCu(n) = A+HC+SC+OC;DC+IP1271E12; <M<
TCis(11) A+HC+Sc+OC;fDC+IP13fIE13 u<M<n
TCia(t1) A+HC+SC+0C;—DC+1P14—1E14; H<M<T

4.2. Model 2. When 1 <1, -

For this situation, inventory level declines due to only demand rate in time pe-
riod [0, u] and [u,4]. After that, in time interval [t;,#;] deterioration of item
begins, and inventory level rapidly decreases due to demand and deterioration
rate both reaches to zero inventory level. Finally, the shortage occurs (partial
backlogging) in the time interval [¢;,7]. The mathematical formulation of this
situation is given as below:

Figure 5: Inventory system for 0 < Figure 6: Inventory system for u <
M<u M<1,

During the time interval [0, u] the differential equation representing the inven-
tory status is as below
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d]21 (l‘)
dt

with boundary conditions as below: 5L;(0) = Lye. In [fy, 1], the differential
equation representing the inventory status is given by,

— —Dot; 0< 1 < p, (24)

dly (l‘
dt

~—

= —Dou; u <t <ty, (25)

Figure 7: Inventory system for #; < Figure 8: Inventory system for #; <
M<n M<T

During the time interval [f4,;] market demand will be constant. So in this case,
the differential equation representing the inventory status is given by;

d123 (t )
dt
with boundary conditions I, (7;) = L3(t4) (by continuity of t =) and 3(t) =
0. In the time interval [r;, T] the differential equation representing the inventory
level with partial backlog given as

+6D3(t) = —Dou; tg <t <t, (26)

d124(l‘) . —Dou
dt  14+8(T—1)

; n<t<T, (27)

with boundary conditions 54 (#;) = 0. Now, solving all Equations with boundary
conditions, we get

I (1) = 52 4 fmax (28)

I (t) = —Dop(tg — 1) + 28 (H0171) 1) (29)
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() = 28 (e00=0) 1), (30)
and
’ 8(T—
Da(t) = 2 log (115715 31)

To find the value of I,ax, we equate I (t;) = I3(ty) (from continuity at 7 = )
and get

Dnax = Do (tg — &) + 2 (20 71) 1), (32)

letting ¢+ = T, in Equation (31) and obtained the maximum amount of demand
backlogged per cycle as

S=—hy4(T) = Rlog(1+8(T —1)). (33)

Hence, the order quantity per cycle is given by

Q = Lpax+S
Dopu(ta + () — 1)) + B log(14 8(T —n)).

(34)

Now, we can obtained the total inventory cost per cycle, which consists the
following costs -

i. A - The ordering cost.

ii. HC - The inventory holding cost

HC = |:/ D (t dl‘Jr/ Dy(t dtJr 123( )dt:|

. .t
+a U tIgl(t)dl—l—/ thy(t)dt + 1t[23(t)dt:|
0 JU Jitg
- DO” ((tl—td) (4h(3+11 —tq) +a(t> + (8 — 3ta)ty + 2612+ 14)))
+2(p —tg)(6h(1 — 2t +14) +2a(2u2 —3ut +2uty — 31ty -‘r2td2)
—3(t1 —1a)*(2h+a(l +14))6)
+,U,(*4h‘u — 3(1[.12 76//1([.1, 722}1)([1 7Z‘d)0(2+t1 0 fth)

—3ap(pu—2t9)(ty —td)9(2+t19—td6)))- (35)
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iii. SC - The shortage cost due to backlog

T
SC = S/ —Dy(t)dt

|

_ Soou 1og(<1+5(1T_,1))+5(T—t1)>. (36)

iv. OC - The opportunity cost due to lost sales

"DO:“/ ( TH8(T—1) = D) >dl

Lol (—log(1+8(T —11)) +8(T —1)). (37)

ocC

v. DC - The deterioration cost is
1
DC = p(S—[[| Doudt])
tq

= D()%‘De(tl —td)2(3 +1—1y) (38)

vi. The interest payable - For this case, there are four cases arises given as

Case 1. When 0 <M < u - In this case, payment for items is settled and the
retailer starts paying the capital opportunity cost for the items given as below

Hn Td T
Py = pzp{ /M by (t)dr + /ﬂ Ioo (1)t + /, Igg(t)dt}
d

= DO’P” <4u +2M3 — 12t + 6ty > 4 2ur — 6un*ty + 6untg? — 2t
—6u%11%20 + 121%11140 + 6411 21,0 — 6U%1420 — 1211470 + 61,0

=M1 20) 01002410 ~100) ).

Case 2. When u < M <t, - In this case, the interest payable is
tq 1
P, = pl, |:/ Dy (t)dt + 123(t)dt:|
M tq
= Dulzup (3M2 + 117 4302 (1 +14(— 14 8)) + 31142 (1 —28) +1,°(—1+36)

—3M([129 —|—l‘d29+t1(2—2td9)))
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Case 3. t; <M < t; - For this case the interest payable is written as:

1y
IP; = pl, M123([)dt

= PR (1410 -0~ _ pg) (1)

Case 4. When t; <M < T - In this case there is no opportunity cost, Therefore
interest payable is 0, i.e.,
1P, =0

vii. Interest earned - We assume that during the time when the account is not settled,
the retailer sells the goods and continues to accumulate sales revenue and earns
the interest rate I,. Therefore, the interest earned per year (denote by IE) is given
below for the four different cases,

Case 1. 0 < M < u - In this case, the interest earned is

M
1E,, = plle/ Dol‘zdt
0
= 1pL,DoM® (42)

Case 2. u < M <t; - In this case, the interest earned is

" M
IEy = p1le[/ Dotzdt+/ Doutdt]
0 u

2 2,2
= P11eDou[’"‘3+M2”} (43)

Case 3. 11 < M <t - In this case, the interest earned is

1 M
IE>; pile [ / Dot?dt + / Doutdt]
0 I

2 2 .2
= pil.Dop [‘3+M2”} (44)

Case 4. 11 <M < T - In this case, the interest earned is

l |
1E>,y = plle(/o (Dolz)dl‘—‘r/o (Dot[.t)dl‘

1 1]
HM=n)( [ o+ [ Do)
= pil(3Dot; + 3Dopt + (M —11)(3Dot} + Douty))  (45)
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Therefore, the total minimum relevant cost per unit time is denoted by TC(t;)
is given by

TCZ](II) A+HC+Sc+OC;—DC+IP21—1E2] 0<M< u
TC(I]) — Tsz(ll) _ A+HC+SC+0C;—DC+IP22—IE22; U< M<ty
TCys (tl) A+HC+SC+0C;—DC+IP23—IE23 Tty < M<t
TC24(t1) — A+HC+SC+0C;DC+IP2471E24; H<M<T

5. Theoretical Results

5.1. Theoretical Result for Model 1 -

Our theoretical proof is inspired by the proof of Geetha and Uthayakumar [2].
For simplicity, we use Geetha and Uthayakumar [2] approach in our proposed
model.

Case 1. 0 < M <1, - To obtain the first order necessary condition for 7Cy; (¢;)
to be minimized, we differentiate 7Cy;(#;) with respect to #; and set the result
equal to zero, i.e.,

dTCy (1))
,111 L —O
dTC, Dyu 6Lo(T— 6s(T—
1{101) = 2 { 10(( ttl]))_lS(( ’lt?)—|—Ipp<6t1+3t12+6ut1(—1+6)—3td26

311420 + 21,70 +2111,°0° + PO (1+110) — 3u*(—1+ 6 +1,6?)

—3M(141,0)(2— 21,0 +td292)>+h <3t12+6ut1(—1 +0)+u*0%(1+10)
+1,20(=3+2140) — 31> (—1+ 0 +1,6%) +1,(6 — 31,°6> +2td303))
+p6 <—6u+3u2+6t1 —6ut; + 307+ (u—1)(1+1,0)(6— 31,0 +u’6°

+td292+u9(—3+rd9))> } (46)

Now, put | = #; in Equation (46), and equate as
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680(T— -
An = %]7”(*1+g<(TTJZJ>) - 1%@22) PO (Outa(~1+6)+ 107 (1+146)

—3u(—14+6041,0%) +1,5(3 360 4+ 2140% —1,°6°%))
+h(6utg(—140) + 10 (141,0) —3u*(—146

+140%) +14(6 —3t4(— 1+ 0) — 1,20 +21,°6%))

+1,p(6uty(—1+0) +p>0% (1 +1,0) —3u*(—1+ 6 +1,6%)

“3M(2— 14207 +1,°0%) +14(6+ 3t — 340 — 1,°0% +21,°6%))).  (47)

Lemma 5.1. (a) If A1 <0 then, the optimal solution of t| say t| not only exists but is
unique.

(b) If Aq1 > O, then the optimal solution of t| is t} = tg.

Proof. Putt; = x, where x € [t;,11] in Equation (46), then Equation (46) becomes

6Lo(T— 6s(T—
vii(x) = D&”{— 1_LF(Z((TT_§11)) - 1J:£(TT_X;(2) +1I,p <611 +3x12
+6ux (—1+0) —31,20 —3x11,°0% + 21,70 + 211,763

P07 (1+210) —3u(—14 6 + 216%) —3M(1+ 216)(2 — 2140 +td292)>
+h(3x12+6u;¢1(—1 +0)+u0* (14 x10) +1,20(—3+2146)

—3u (=14 0+ x16%) + x1(6 — 31,267 +2td363))

+p0 <—6u +3u 61 — 6y + 3312 + (1 —14)

(1+x10)(6—3140 +u’6> +1,°6> +u9(—3—|—td9))> } (48)

Now, we differentiate Equation (48) with respect to x;, we get

dyi,  _ Dou 65 64 202
T e ((1+L(Toll))2 + (1+L(Till>>2 +h(6+621 +6u(=1+6)—3u"6
31307 + 1’0’ +2136°)

+1,p (6+ 61 +61(—1+6)—6M6 —3u6> 4 6Mt,6% — 3136
+u6° —3M136° +2t393>+p9(6—6u+6x1 + (U —14)0(6—3(u+1,)0

+<u2+md+t§)62))). (49)
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By, our assumption of Dy, i, 8andd > 0, it’s clear that d;’—; > 0. Which easily estab-
lishes the convexity of our lemma. Hence the solution of above equations as #; = f] is
not only exists, but unique also. O

Case 2. t; < M < u - To obtain the first order necessary condition for TCj,(#;) to be
minimized, we differentiate TCj,(#;) with respect to #; and set the result equal to zero,
ie.,

dTCy(t1)
7,13 U — 0.
dTC Dyu 6Lo(T— 6s(T— 2
7];(”) = 0 {— 1 (L((Z Jt]l)) 1+1((12I]t2) -I-Ipp <3l1( +f1) +6U(1 +t19)

—3u0(1+110)+ 13602 (1+1,0) —M>0*(14+1,6) —6M(2+1; +1,6)

+3M%*(1+6 +t162)>+h(3t12+6m1(—1 +0)+u*0*(141,0)+1,°6
(=3+2140) —3u* (=140 +1,0%) +1,(6 — 31,26 +2td393)>
+p0 <—6u+3u2 +61; — 6t +30% + (1 —17)(1+1,0) (6 — 3140 + u’6?

+td292+,u9(—3+td0))> } (50)
Put t{ = u in (50) and equate is

D 6Lo(T— 6s(T—p)
Ap(n) = eOT#{_HL(T—ﬁ)) - 1+£(T—Hu)

+1,p (3u(2+u) +6u(l+u6)—3u?0(14u6)+u>6%(14ub)

—M20*(14160) —6M (24 1+ u6) +3M* (146 +u62)>+h <3u2
+6u%(—1+0)+u’0%(1+u6) +1,°0(—3+2t,0) —3u*(—1+ 6+ u6?)
+1(6 - 31,°6? —|—2td393)) +p6 ((u —1)(1+u6)(6—3140 + u’6°

+td262+,u6(—3+td6))>} 1)

Lemma 5.2. (a) If A2 <0 then, the optimal solution of t say t| not only exists but is
unique.

(b) If A1z > O, then the optimal solution of t1 is t} = L.
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Proof. The proof is same as Lemma (5.1). O

Case 3. u < M <1, - To obtain the first order necessary condition for 7Cy3(t;) to be
minimized, we differentiate 7Cy3(¢;) with respect to 71 and set the result equal to zero,
1.€e.,

dTCi3
=B,
dty
dTCy3 D, 6Lo(T—11)  6s(T—t) 2
& Dot _1+2<T_111) _ HYE(T_IH) +3L,p(M~ =2M(1+11)+11(2+11))

+h(3t12 +6ut (—14+0)+u*0%(1+1,0) +1,°0(—3 +2140)

—3u*(—1460+1,6%) +1,(6—31,260 + 2td393)> +p0 (6/.1 +3u?
+6t1 — 6ty +3t17 + (1 — 1) (1 4+110) (6 — 3140 + u? 6% +1,°6°
+10(-3 +td9))> } (52)

Then, we put 1 = M in (52) and equate is as

6Lo(T— 6s(T —
Aiz(M) = D&“{— = +h(3M2+6uM(—1 +6)+u1’6%(1+M6)

+1,20(—3+2140) — 3u*(—1+ 6+ M6?) + M(6 —3t,°6% + 2rd393)>
+p0o <—6u +3u% +6M — 6uM +3M> + (1 —14)(1+M6)(6 — 31,60
+u202+td262+u6(—3+td6))>}. (53)

Lemma 5.3. (a) If Aj3 <0 then, the optimal solution of t| say t] not only exists but is
unique.

(b) If A3 > 0, then the optimal solution of t| is t] = M.
Proof. The proof is same as Lemma (5.1). O

Case 4. tj < M < T - To obtain, the first order necessary condition for TCj4(#;) to be
minimized, we differentiate TC)4(¢;) with respect to #; and set the result equal to zero,
i.e.,

dTCy4
=0.
dn
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dTC14 _ DO{ 6L0[J,(T*ll) GS[J,(T*ll) +3]ep1(72,uM+2/.Lt1 72Mt] +t12)

dr — 6T ) 1+L(T-t;) 1+L(T—1)

+hu <3t12+6ut1 (—1+6)+u’6>(1+10)+1,26(—3+2t,0) —3u*(—1+6
+1162) +1(6— 3td292 +2ld393)) +up6 (—6,LL + 3[42 + 6t —6ut; +3112

+(u—ta)(141,60)(6—3t,0 +u292+td292+u9(—3+td9))> } (54)

Then, we put #; = u in (54) and equate as, get,

6Lo, — 6s, —
M) = Bp{ S — B 3t (v + 30)
+hﬂ<3#2+6u2(—1+6)+u362(1+u6)+td29(—3+2td6)—3u2(—1+9
+,u(92)—l—,u(6—3td292+2td363))+,up6((u—td)(l—|—,u9)(6—3td6

+(u2+z5)92+u9(—3+zd9)))}. (55)

Next, put #{ = M in (54), and equate as,

6. — 6. —
An(M) = QTO{ Loull ) — SR — 31 pM? + by <3M2 +6uM(—1+6)
+130%(1+M6) +1420(—3+21,0) —3u*(—1+ 6 +M86?%) +M(6 — 314,26

+2td393)> +upb (—6H +3u% 4+ 6M — 6uM +3M> + (u —15)(1+M6)

(6—3tde+(u2+t§)92+u9(—3+td9)))}. (56)

Lemma 5.4. (a) IfA41 <0< Ay then, the optimal solution of t| say t{ not only exist
but unique and t{ € [u,M].

(b) If A1a1 > O, then the optimal solution of t is t] = L.

(¢) If Aiao <0, then the optimal solution of ty is t]f = M.

Proof. Proof of a - If Aj4; <0 < Ay then, we put #; = x in (54) and we get,
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Pia(x) = Q’T‘){ SHRTH) — ST 431, py (—2uM + 2 —2Mx + 1)
+hu (3)(24—6;1)((—1 +0)+ul0% (14 x0) +14°0(—3 +2140)

—3u (1404 x06%) +x(6—31,°6> + 2td363)> +upb (—6u
+3u% 46y —6ux +3x>+ (1 —1t4)(1+x0)(6— 31,6 + u’6°
+td202+,u0(—3+td9))>}. (57)

Since, the first-order derivative of W14 () with respect to x € [u,M] is

d¥14(x)
% > 0.

Wi4(x) is a strictly increasing function of y in the interval x € [it, M]. Moreover, by as-
sumption Aj41 (i) < 0and Aj4p(M) > 0. Thatis, Aja1 () <0< Ay42(M). Thus, we can
find a unique value ) € [, M] such that which implies that the solution of ¥14() =0
not only exists and unique.

Proof of b - On the other hand, if Aj4; > 0, then Wi4(1) > 0. then we get ¥14(y) > 0.
So, TC14 is a strictly increasing function of T in the interval [, M]. Thus, TCy4 has a
minimum value at #{ = [l

Proof of ¢ - On the other hand, if Aj4, < 0, then ¥ 14(M) < 0. Since, Wi4()) is a
strictly increasing function of x in the interval [u,M]. Thus, we get ¥14(x) < O for
all x € [u,M]. This implies that ¥4()) < 0, for all #; € [, M].So, TC\4 is a strictly
decreasing function of T in the interval [, M]. Thus, TCj4 has a minimum value at
=M. O

5.2. Theoretical Result For Model 2 -

Case 1. 0 < M < u - To obtain, the first order necessary condition for TCy;(#;) to be
minimized, we differentiate TCy; (#;) with respect to #; and set the result equal to zero
ie.

dTCyy
dn
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dTCy D 280(T— 25(T— 2
an = 29#{— ((1+(()3((T7tt1|)))) — IJ:((S(T?[?) +[7(l‘1 —2h (—1 —|—td) + (—2+td)td)9

—h(—t12—2t1(1 +1a(—140)) +1,2(—1420) +u>6(1+1,0 —140)

=2u(141t6—1,0)(—1 -‘rtde)) —I,p (—t12+/i29(1 +160—140)
—,u(l +10 —tde)(—Z—I—MQ +th6) —|—2t1(—1 +t;—1,0 +Mtd92)

—t4(ty —2M0 —2td9+2Mtd92)) } (58)

Now, put #{ = u in Equation (58), and equate as

S0(T— s(T—
Ay = Dz%{_((ﬁa((Tr—ﬁ)))) ~ St P = 21T 1) + (24016
h<u22u(1+td(1+9))+td2(1+29)+u29(1+(utd)G)

—2u(1+u6—1460)(—1 +td9)> —Ipp (—u2+u29(1 + (1 —14)0)
—u(1+ (1 —12)0)(—2+ (M +2t7)0) +2u(—1 415 — 140 + Mt,67)

—l‘d(td—2(M—|—l‘d)9+2Mtd92)> } 59)

Lemma 5.5. (a) If Ay < 0 then, the optimal solution of t| say t{ not only exist but
unique.

(b) If Az1 > O, then the optimal solution of t1 is t| = L.
Proof. The proof is same as Lemma (5.1). O

Case 2. 4 <M < t; - To obtain the first order necessary condition for TCa,(#;) to be
minimized, the total cost per unit time 7Cp(t), differentiate TCyy(#;) with respect to
t1 and set the result equal to zero, i.e..

dTCy
=0.
dh
dTCx D 280(T—t 25(T—t 2
= 20#{—5”%&;lzé—lfégziwp(n —201(=14ta) + (=2 +14)1a) 8

+p(t 2+ 26 (14 14(—1+0)) +12(1 —260) —2M(1+1,0 —1,0))
—h(—t;*> =2t (1 +14(—140)) +1,2(—=14+20) + u*0(1 41,0 —1,0)

—2u(1+t19—tde)(—1+td9))}. (60)
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Now, we put #; = t; in Equation (60), and equate

260(T— 2s(T—
A22 = Dz()Tll{_((1+5(<§~_t;2)))) - 1+gTZ,)i) +Ipp(td2+2td(1 +td(_l + 9))

+1,2(1—-20) —2M) —h(—td2 —2y(1+15(—1+0)) +1,5(—1+26) +u*6

(lJrl‘thde)2[.1(1+l‘d9td9)(1+l‘d9))}. 61)

Lemma 5.6. (a) If Ay < 0 then, the optimal solution of t; say t{ not only exist but
unique.

(b) If Ay > O, then the optimal solution of t1 is t| = t,.
Proof. The proof is same as Lemma (5.1). O

Case 3. t; <M < t; - To obtain, the first order necessary condition for TCy3(#1) to be
minimized, we differentiate TC,3(#;) with respect to #; and set the result equal to zero
ie.

dTCys
=0.
dn
dTCy3 D, 280(T—1))  25(T—t 2
an 20]'9{_((1+(é(T—t11)) - l-Q—sS(T—lt)l) +1p(M”=2M(1+1)+1(2+1))

+p(t1% =201 (—1414) + (=2 +14)14)0
—h(—t12 =201 (1+14(—146)) +14°(—1426)

00+ (1 -120) 201+ (-0 (1+140)) | (@

Then, we put t{ = M in Equation (62) and equate as

do(T— s(T—
Ay = g()TF‘{_((lz+6((TTAA44)))> - 1153{7%\)4) + p(M? —2M(—1+14) + (—2+12)14)0
_h<_M2_2M(1+zd(—1+e))+zd2(—1+ze)+u29(1+<M—zd)e)

—2u(14(M—14)6)(—1 +ld9)> } (63)
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Lemma 5.7. (a) If Ay; < 0 then, the optimal solution of t| say t| not only exist but
unique.

(b) If A3 > 0, then the optimal solution of t is t] = M.
Proof. The proof is same as Lemma (5.1). O]

Case 4. 1; < M < T - To obtain, the first order necessary condition for TCy4(f1) to be
minimized, we differentiate TCo4(#1) with respect to #; and set the result equal to zero,

ie.,

dTCoy
=0.
dh
dTCyy D, (280(T—1))  2s(T—1) 2
an~ 207”{_<1+§<rrl.>> ~ Trorray Hlepl(=2uM - 2un = 2Mn 07

+up(n® =20 (=1 +1) + (=2 +14)1a) 0 — hit (—nz =20 (1+14(—1
40)) +15(—1420) +u?0(1+1,6 —140)
—2/,1,(1+t16—td6)(—1+td9))}. (64)

Then, put #; = ;4 in Equation (64), and equate as

So(T— _
o) = 3 {- B - B 2wt a2 )
Fup(ta® = 2ta(—1+14) + (=2 +14)t4)0 — hpt

(—td2 —24(1+14(—140)) +1,2(—1+20)+u?6(1 41,6 —1,6)

—2/,L(1+td9—td9)(—l+td9))}. (65)

Now, we again put 1 = M in Equation (64), and set as

So(T— s(T—
Mo (M) = %0#{53%%’9) ~ s Lt M?) - pp(M? —2M (1 +-1y)

+(—2414)t3)0 — hu (—M2 —2M(1+14(—1+6)) +1,5(—1+26)

+u26(1+M6—td6)—2u(1+M6—td6)(—1+td6))}. (66)
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Lemma 5.8. (a) If, Aoy1 < 0 < Aoyy then, the optimal solution of t say t| not only
exist but unique and t{ € [u, M].

(b) If, Ao41 > O, then the optimal solution of t1 is t| = 1.
(¢) If, Aoy <0, then the optimal solution of t1 is tf = M.

Proof. proof of (a) - If Apa; <0 < Apgp then, we put 1; = ¥ in Equation (64) and we
get,

D 260(T— 2s(T—
Yu(x) = 2()7H{((1+6<(T7)Cg)))) - 1+((3(ng)¢) +lepl(—2uM

F2ux = 2My + %)+ up(x7 =22 (—1+10) + (=2 +14)14)0
—hu (—xz —20(1+14(—1+0)) +12(—1426) +u’6(1+x6

th)2/.1(1+x0td9)(1+td9)>}. 67)

Since, the first-order derivative of W4 () with respect to x € [t4,M] is

d¥(x)
# > 0.

Wo4(x) is a strictly increasing function of y in the interval ) € [it, M]. Moreover, by as-
sumption A4 (27) < 0and Apar (M) > 0. That is, Apa; (t5) <0 < Azgp(M). Thus, we can
find a unique value ¥ € [z, M] such that which implies that the solution of ¥o4(x) =0
not only exists but also is unique.

proof of (b) - On the other hand, if Ay4; > 0. Then, W24(2;) > 0 and we get ¥o4(x) > 0.
So, TC(t1) is a strictly increasing function of T in the interval [t;,M]. So TCau(t;)
has a minimum value at ] = 1.

proof of (c) - In the other way, if Apap < 0, and Wo4(M) < 0. Since, Wa4()) is a strictly
increasing function of x in the interval [t;, M], we can get W24()x) < O for all x € [ty,M].
This implies that ¥4 () < 0, for all ¢; € [i,M].So, TCy4 is a strictly decreasing func-
tion of 7' in the interval [u, M]. Hence, TC4(¢1) has a minimum value at #; = M.

6. Computational Algorithm
6.1. For Model 1 -

The procedure to find the optimal solution of TC(#;) is given as below:

Step(1) Find the minimum of 7Cy; say ¢#{ as follows:

(a) If Aj; <0 then, the optimal solution of #; say #] exist and unique.



A DETERMINISTIC INVENTORY MODEL 153

(b) If A1y > 0, then the optimal solution of 1 is t] = ;.
Step(2) Find the minimum of T'Cy; say ¢} as follows:

(a) If Aj2 <0 then, the optimal solution of #; say ¢} exist and unique.

(b) If Ajx > 0, then the optimal solution of # is ¢} = u.
Step(3) To find the minimum of 7C13 say ¢] as follows:

(a) If A;3 <0 then, the optimal solution of #; say ¢ exist and unique.
(b) If A1z > 0, then the optimal solution of 71 is #{ = M.

Step(4) To find the minimum of TC14 say ¢] as follows:

(@) If Ajg1(n) <0 < Ajgp, then the total annual inventory cost TCi4(¢1) has a
minimum value at the point 7] € [i,M].

(b) If Ajgp <0, then the total annual inventory cost TCj4(f;) has a minimum
value at the point ] = M.

(c) If Ajg; > 0, then the total annual inventory cost TC4(#1) has a minimum
value at the point ] = u.

Step(5) To find the minimum 7C(¢;), we find a minTC(¢;) = min{7TCy;(t),TCi2(t1),
TCi3(t1),TC14(t1)} and accordingly select the optimal value of #; = ¢} and total
relevant cost TC(t1).

6.2. For Model 2 -

The procedure to find the optimal solution of #] is given as below:

Step(1) Find the minimum of TCy; say ¢} as follows:

(a) If Ay; <0 then, the optimal solution of #; say #] exist and unique.
(b) If Aoy > 0, then the optimal solution of #; is ] = u.

Step(2) Find the minimum of T'Cy; say ¢} as follows:

(a) If Ay <0 then, the optimal solution of #; say ¢} exist and unique.

(b) If Ay; > 0, then the optimal solution of # is ] = #,.
Step(3) To find the minimum of 7C»3 say ¢ as follows:

(a) If Ay3 <0 then, the optimal solution of #; say ¢ exist and unique.
(b) If A>3 > 0, then the optimal solution of 71 is #{ = M.

Step(4) To find the minimum of 7Cy4 say ] as follows:

(@) If Apai(ts) <0< Agp(M), then the total annual inventory cost TC4(¢;) has
a minimum value at the point #{ € [, M].
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(b) If Aygp <0, then the total annual inventory cost TCj4(¢;) has a minimum
value at the point 1] = M.
(¢) If Ayg; > 0, then the total annual inventory cost TC4(#1) has a minimum
value at the point # = 4.
Step(5) To find the minimum 7TC(¢;), we find a minTC(¢;) = min{7Cy; (1), TCaa (1),
TCy3(t1),TCa(t1)} and accordingly select the optimal value of #; = ¢} and total
relevant cost TC(17).

7. Numerical Examples
Example 7.1. In order to illustrate the solution procedure, let us consider an inventory
system with the following data -

A=250,h=1,s=25 0=230, p=_80, Dy = 1000, I, =0.15, I, = 0.12, p; = 85,
u =1 weeks, 8 =0.01, § =0.56, M = 0.4, t; = 0.5 weeks, a = 0.01 and T = 30
weeks. Since, here t; < M thus, applying the algorithm given in Section (6.1) we find
that #] = 3.19 weeks. Then TCy; = 2.77259 x 10 $ per unit and the optimum order

quantity Q* = 9.96 x 10% $ per unit.

Example 7.2. In order to illustrate the solution procedure, let us consider an inventory

system with the following data -

A=250,h=1,s=25 0=30, p=_80, Dy = 1000, I, =0.15, I, = 0.12, p; = 85,
u =1weeks, 8 =0.01, 6§ =0.56, M = 0.9 weeks, t; = 0.5 weeks, a = 0.01 and T = 30
weeks. Since this is the Case r; < M. Applying the algorithm given in Section (6.1),
we found that r; = 2.79 weeks. Then T'Ci, = 84675.4 $ per unit and the optimum order

quantity Q* = 157082 $ per unit.
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Figure 9: Graphical representation of  TCyy,TCy2,TC13,TC14 with respect to
TC14 with respect to t f
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Example 7.3. In order to illustrate the solution procedure, let us consider an inventory
system with the following data

A=250,h=1,s=25,0 =230, p=_80, Dy = 1000, I, = 0.15, I, = 0.12, p; = 85,
u =1 weeks, 8 =0.01, 6 =0.56, M = 1.2 weeks, t; = 0.5 weeks, a = 0.01 and T = 30
weeks. Since this is the Case t; < M. Applying the algorithm given in Section (6.1),
we found that #{" = 3.00 weeks. Then TCy3 = 78287.1 § per unit and the optimum order
quantity Q* = 157317 $ per unit.

Example 7.4. In order to illustrate the solution procedure, let us consider an inventory
system with the following data

A=250,h=1,s5s=250=30, p=_80, Dy = 1000, I, = 0.15, I, = 0.12, p; = 85,
1 =1weeks, 0 =0.01, 6 =0.56, M = 24 weeks, t; = 0.5 weeks, a =0.01 and T = 30
weeks. Now, applying algorithm Step (4), we see that, Aj4; < 0 < A4, does not hold
and Aj41 > 0. Thus we set #; = u = 1 weeks. Then TCi4 = 69291.9 $ per unit and the
optimum order quantity is Q* = 155208 $ per unit.

Thus, the total annual cost (TC) = min{TC1,TC2,TC13,TC14}. Then the total min-
imum cost 7C = TCy4 = 69291.9 $ per unit and the optimum order quantity Q* =
155208 $ per unit. One can understand this through graphically.

Example 7.5. In order to illustrate the solution procedure, let us consider an inventory
system with the following data

A=150,h=0.6,a=0.01,s=3,0=6, p=_80, Dy = 1000, I, = 0.15, I, = 0.12,
p1=285,0=0.01,6 =0.56, u = 0.5 weeks, M = 0.4 weeks, T = 30 weeks, a = 0.01
and 7; = 1.5 weeks. Since this is the case M > t;. Applying the algorithm given in
Section (6.2), find that #{ = 3.67 weeks. Then T'Cy; = 29504.8 $ per unit and the
optimum order quantity Q* = 4936.62 $ per unit.

Example 7.6. In order to illustrate the solution procedure, let us consider an inventory
system with the following data

A=150,h=35,5s=3,0=6, p=80, Dy = 1000, 1, =0.15,1, =0.12, p; =85, 0 =0.01,
6 =0.56, u = 0.5 weeks, M = 1 weeks, T = 30 weeks, a = 0.01 and r; = 1.5 weeks.
Since this is the case t; < M. Applying the algorithm given in Section (6.1) we find
that #{ = 3.80 weeks. Then TC, =29136.2 § per unit and the optimum order quantity
Q" =4928.6 $ per unit.

Example 7.7. In order to illustrate the solution procedure, let us consider an inventory
system with the following data

A=150,h=5,5s=3,0=6, p=80, Dy =1000, 1, =0.15,1, =0.12, p; =85, 0 =0.01,
6 =0.56, u = 0.5 weeks, M = 2.5 weeks, T = 30 weeks, a = 0.01 and z; = 1.5 weeks.
Since this is the case t; < M. Applying the algorithm given in Section (6.1) we find
that 1§ = 4.82 weeks. Then TCp3 = 27379 $ per unit and the optimum order quantity
Q" =4869.46 $ per unit.

Example 7.8. In order to illustrate the solution procedure, let us consider an inventory
system with the following data
A=150,h=5,5=3,0=06, p=_80, Dy = 1000, /, =0.15,1, = 0.12, p; =85, 6 = 0.01,
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Figure 11: Graphical representation of
TC14 with respect to #|

0 =0.56, u = 0.5 weeks, M = 10 weeks, T = 30 weeks, a = 0.01 and t; = 1.5 weeks.
Now, applying algorithm (6.2) Step (4), we see that, Apa; < 0 < Ap4p, does not hold and
Ass1 > 0. Thus we set #; =1, = 1.5 weeks. Thus, TCo4 = 24722.1 $ per unit and the

optimum order quantity is Q* = 5055.1 $ per unit.

Thus the total annual cost (TC) = min{TC);,TC}2,TC3,TC14}. Then the total mini-
mum cost TC = TCyq =24722.1 $ per unit and the optimum order quantity Q* = 5055.1

$ per unit. One can understand this through graphically.

8. Conclusion

In this paper, we have presented an appropriate inventory model for non-instantaneous
deteriorating items, where supplier offers to retailer a permissible delay in payment
to increase its own selling price. The main purpose of this model is to develop an
inventory model for such types of items, which has ramped type demand rate and non-
instantaneous deterioration. Constant holding cost hasn’t seemed to be a realistic as-
sumption in some real world business problems. Here, we assumed two cases, first in
which delay time period is less than to non-instantaneous deterioration rate and second,
where the delay time period is greater than to non-instantaneous deterioration rate. We
discussed the solution procedure, thus one can easily find the minimum total relevant
costs.
This model is more applicable for some new brands of consumer goods (say, cos-
metic products, seasonal products, and so on). When those types of items are entered
in the market the demand rate of consumer goods are increasing at the beginning, and
then remains constant for the rest period of time. For future works, one can extend the
model by considering a non-zero lead time, finite replenishment, inflation, two level
trade credits, partial trade credit, for non-linear demands, fuzzy sets, warehouse prob-

lems, etc.



A DETERMINISTIC INVENTORY MODEL 157

Acknowledgements

The authors wish to thank the editor and unknown referees, who have patiently gone
through the article and whose suggestions have considerably improved its presentation
and readability.

[1]

(2]

[10]

(11]

[12]

[13]

[14]

REFERENCES

S. P. Aggarwal - C.K. Jaggi, Ordering policies of deteriorating items under per-
missible delay in payments, J. of Oper. Res. Soc. 46 (1995), 658 - 662.

K.V. Geetha - R. Uthayakumar, Economic design of an inventory policy for non-
instantaneous deteriorating items under permissible delay in payments, J. of
Comp. and Appl. Math. 223 (2010), 2492 - 2505.

H. J. Chang - C.Y. Dye, An inventory model for deteriorating items with partial
backlogging and permissible delay in payments, Int. J. of Sys. Sci. 32 (2001), 345
-352.

M. Deb - K. Chaudhary, A note on the heuristic for replenishment of trended
inventories considering shortages, J. of the Oper. Res. Soc. 5 (1987), 459 - 463.

W. A. Donaldson, Inventory replenishment policy for a linear trend in demand:
an analytical solution, Opl. Res. Q. 28 (1977), 663 - 670.

U. Dave, On economic order quantity under conditions of permissible delay in
payments, J. of Oper. Res. Soc. 36 (1985), 106 - 109.

M. Goh, EOQ models with general demand and holding cost functions, Eur. J. of
Oper. Res. 73(1994), 50-54.

S.K. Goyal, Economic order quantity under condition of permissible delay in pay-
ments, J. of Oper. Res. Soc. 36 (1985), 335 - 338.

F. Harris, How many parts to make at once, Factory, The Magazine of Manage-
ment 10 (1915), 135-136, Reprinted in Oper. Res. 38 (6) (1990), 947-950.

R.M. Hill, Inventory model for increasing demand followed by level demand, J.
Opl. Res. Soc. 46 (1995), 1250 - 1259.

H. Hwang - S. W. Shinn, Retailers pricing and lot sizing policy for exponen-
tially deteriorating product under the condition of permissible delay in payments,
Comp. Oper. Res. 24(1997), 539 - 547.

A.M.M. Jamal - B.R. Sarker - S. Wang, Optimal payment time for a retailer under
permitted delay of payment by the wholesaler, Int. J. of Prod. Econ. 66 (2000), 59
- 66.

A.M.M. Jamal - B.R. Sarker - S. Wang, An ordering policy for deteriorating items
with allowable shortage and permissible delay in payment, J. Oper. Res. Soc.
48(1997), 826 - 833.

R. Maihami - I. N. Kamal Abadi, Joint control of inventory and its pricing for



158

[15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

VANDANA - B.K. SHARMA

non-instantaneously deteriorating items under permissible delay in payments and
partial backlogging, Math. Comp. Model. 55 (2012), 1722 - 1733.

L.Y. Ouyang - K.S. Wu - C.T. Yang, A study on an inventory model for non-
instantaneous deteriorating items with permissible delay in payments, Comp. Ind.
Eng. 51 (2006), 637 - 651.

B. Pal - S. S. Sana - K. S. Chaudhuri, A distribution-free newsvendor problem
with nonlinear holding cost, Int. J. of Systems Sci. 46(7)(2015), 1269 - 1277.

N. H. Shah - H. N. Soni - K. A. Patel, Optimizing inventory and marketing policy
for non-instantaneous deteriorating items with generalized type deterioration and
holding cost rates, Omega 41(2)(2013), 421 430.

K. Skouri - I. Konstantaras - S. Pap achristos - J. T. Teng, Supply chain models
for deteriorating products with ramp type demand rate under permissible delay in
payment, Expert Sys. Appl. 38 (2011), 14861 - 14869.

N. H. Soni, Optimal replenishment policies for non-instantaneous deteriorating
items with price and stock sensitive demand under permissible delay in payment,
Int. J. Prod. Economics 146(1)(2013), 259 - 268.

J. T. Teng - H. J. Chang - C. Y. Dey - C. H. Hung, An optimal replenishment policy
for deteriorating items with time-varying demand and partial backlogging, Oper.
Res. Letters 30 (2002), 387 - 393.

M. Valliathal - R. Uthayakumar, Optimal pricing and replenishment policies of
an EOQ model for non-instantaneous deteriorating items with shortages, Int. J.
Adv. Manuf. Technol. 54 (2011),361 - 371.

Vandana - B. K. Sharma, Inventory model for non-instantaneous deteriorat-
ing items over quadratic demand rate with trade credit, J. Appl. Anal. Comp.
6(3)(2016), 720-737.

Vandana - B. K. Sharma, An EOQ model for retailers partial permissible delay in
payment linked to order quantity with shortages, Math. Comp. Sim. 125 (2016),
99-112.

H. J. Weiss, Economic Order Quantity models with non linear holding cost, Eur.
J. of Oper. Res. 9(1982), 56-60.

K-S. Wu - L.-Y. Ouyang - C.-T. Yang, An optimal replenishment policy for non-
instantaneous deteriorating items with stock-dependent demand and partial back-
logging, Int. J. Prod. Economics, 101 (2006), 369 - 384.

J. Wu - K. Skouri - J. T. Teng - L.-Y. Ouyang, A note on optimal replenish-
ment policies for non-instantaneous deteriorating items with price and stock sen-
sitive demand under permissible delay in payment, Int. J. of Prod. Economics
155(2014), 324 - 329.



A DETERMINISTIC INVENTORY MODEL 159

VANDANA

School of Studies in Mathematics

Pt. Ravishankar Shukla University, Raipur, (C.G.), 492010, India
e-mail: vdrail9880gmail. com

B.K. SHARMA

School of Studies in Mathematics

Pt. Ravishankar Shukla University, Raipur, (C.G.), 492010, India
e-mail: sharmabk07@gmail.com



