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Abstract

We know that most of the products such as food products, flowers, vegetables,
medicines, chemicals, drugs, dairy products etc. are instantaneously perishable
products. So producer offers credit period to his customers to increase the demand of
these products. Sometimes it may be risky for the producer. In this article, an inventory
system has been developed for perishable products having demand rate as weibull
function of time and constant deterioration under the assumptions of trade credit and
time discounting. Here shortages are not allowed. The aim of this study is to minimize
the total variable cost and to maximize the profit of the retailer.
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1. Introduction

Generally it is assumed that the retailer must be paid for the items at the time of
delivery. But in real life, the supplier may offer delay period to the retailer, which is
called the trade credit period for the payment of purchasing cost to simulate his
products. During this period, retailer can sell the products and can earn the interest. It
is beneficial for the retailer to delay the settlement of the replenishment account up to
the last moment of the credit period allowed by the supplier.

Chapman et al. [1] obtained the optimal replenishment policies under different
considerations such as paying during a credit period, and paying after a fixed period.
He derived an EOQ model which was more sensitive to the demand and less sensitive
to the ordering cost than the traditional EOQ models. Chang and Dye [2] presented an
inventory model for deteriorating items with time varying demand and deterioration
rate when the credit period depends on the retailer’s ordering quantity. Goyal and Giri
[3] extended lot-size model with the constant rate of deterioration when supplier offers
trade credit for settling the account for the purchase quantity. Ouyang et al. [4] and
Huang and Chung [5] extended Goyal’s model [6] to the case of two part trade credit.
Chung and Huang [7] discussed the payment rule. They extended Goyal’s model [6]
with the assumption that the retailer must pay a partial amount of total purchasing cost
at the end of the credit period and the remaining amount would be paid by loan from
the bank. Chang and Chen [8] derived an EOQ model with deteriorating items in a
periodic review environment, with shortages, under inflation when supplier credits
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linked to order quantity. H.F. Huang [9] developed on EPQ model under trade credit
by considering higher selling price than purchasing cost. Hari Kishan, Megha Rani and
Shiv Raj Singh [10] discussed an inventory model for deteriorating products under the
supplier’s partial trade credit policy. They considered the time varying demand rate
and constant deterioration rate and also discussed some different cases depending upon
trade credit policy. Hari Kishan, Megha Rani and Vipin Kumar [11] derived and
inventory model of deteriorating products with non uniform demand rules under life
time and trade credit. Pratima Patil and P. N. Mishra [12] proposed an inventory model
of perishable products with periodic demand by considering both the cases with and
without shortages. Mihir S. Suthar et al. [13] derived mathematical formula to
minimize the total cost of an inventory system by considering constant deterioration
rate and demand dependent production. Mihir S. Suthar and Kunal Shukla [14] have
formulate an ordering policy in general for ramp-type demand for retailers by assuming
non-instantaneous deterioration rate. The main objective of this study was to maximize
the total profit of the retailer over the period of time and increase ordering quantity of
the inventory system.

In this article, an inventory system of perishable products with life time has been
considered. Demand rate has been taken as weibull function of time that is aft5~1.
Deterioration rate has been taken as constant. Here model has been developed under
trade credit and time discounting. Model considered only without shortages.

For modelling the inventory system, we will use the following assumptions and
notations.

2. Assumptions
The following assumptions are considered in this chapter:

(1) The demand rate is weibull function of time and is given by agt#~1.

(2) The deterioration rate 6 is constant.

(3) Time horizon H is finite and distributed into n equal parts.

(4) Shortages are not allowed.

(5) During the time, the account is not settled. The generated sales revenue is
deposited in an interest bearing account.

When 7> M, the account is settled at T=M and we start paying for the interest
charges on items in stock.

When 7< M, the account is settled at T=M and we need not to pay any interest
charge.

3. Notations
The following notations have been used in this chapter:

(1) 6 =the deterioration rate of on hand inventory, where 0 < 6 < 1
(2) gq(t) =theinventory level attimet,0 <t <T

(3) C, =total replenishment cost

(4) C, =the ordering cost per order

(5) €, =total holding cost

(6) C, =total purchasing cost per unit

(7)  h =unit holding cost per unit time

(8) p =the selling price per unit
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(9) € =the unit purchasing price

(10) . = the interest charged per Re per year
(11) I, = the interest earned per Re per year
(12) Q = the maximum inventory level

(13) T = the replenishment cycle time

(14) M =the trade credit period

(15) H = length of planning horizon

(16) n =number of replenishment during the planning horizon
(17) p = the life time

(18) TVC = the annual total relevant cost

(19) T™* = the optimal cycle time of TVC

(20) Q™ = the optimal order quantity

4. Model formulation

Let the demand rate is weibull function of time and is given by a8t#~! and deterioration
rate 6 is constant. The total time horizon H has been divided in n equal parts of

lengthT. So that T = % Therefore the reorder times over the planning horizon H are
given by

Ty = jT,( = 0,1,2, e . n—1).

This model is shown as in figure given below.

Inventory level

(n-1)T H= Time

Let q(t) be the inventory level during the first replenishment cycle. This inventory
level is depleted to zero due to demand and deterioration during the replenishment
cycle.

Hence, the variation of inventory level with respect to time during the period 0 < t <
T can be represented by the following differential equation.
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Y= —aptPl 0t <y (1)
% = —aftP~1 - 0q, u<t<T 2

with boundary conditions,

q(0)=0Q 3
q(T) =0 4)
5. Analysis

Solving equation (1) and using boundary condition (3), the solution of (1) may be
represented by,

q(t) =Q — atf (5)

Solving equation (2) with boundary condition (4), we get

_ tB 0tPt] _ps T oTF*1 _g¢
qt) = —ap [E + ey ] e "' +ap [7 + I ] (6)
Now, from (5) and (6) we have
B 0 p+1 TB 6TB+1
= quP — LB i P = -6
Q = apf —ap B+ 2| e 0 + ap | T+ T | e 0 (7)

Since, there are n equal parts in the total time horizon H. Therefore the present value
of the total replenishment cost is given by,

— n-1 ,—jRT
G- =0Co Zj:o e™’

1—e—RH

Cr = CO <ﬁ) (8)
l1-e n

The present value of the total purchasing cost is given by,

Cp = CX)=4 q(0) e AT

=CYi Qe AT

“Cp=C [a,uﬁ —af [’;TB + gg—fil] e Ot + ap [%ﬁ + 6;1[:1] 6'9“] (1_6_:;) ©)

1-e n

The present value of the holding cost during the first replenishment cycle is given by,
hy = h [} q(t)e FTdt

= hy = h[f}'q®)e Tdt + [} q(t)e " Tdt|
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gth+1
L+1

= h,=h [fo“(Q — atP)e RTdt + fMT (—aﬁ' [% +

QBT—JT] e‘et) e‘RTdt]

]e‘9t+aﬁ [%B+

“hy = {Q (1—e RHy — a[

Q TB+1 6(TB+2—;1B+2) _ ,89(9+R)(T'8+3—,uﬂ+3) _ RTB"'Z]
R

B+1 (B+1)(B+2) (B+1)(B+3) B+2
gTh+1 (6+R)(T%—p?
-2 - - )

Therefore the total holding cost over the time horizon H is given by,

n-1

Ch = hl z e_jRT

j=0

“Cp=h {9 (1—e Rty — g [TB“ O(TF+2-uP*?) _ BOO+RY(TFH-ub) Rrﬁ“]
R

B+1 (B+1)(B+2) B+1)(B+3) B+2
g _ BOTA*H N O+R)(T2—p?) 1-e~RH
a(rf - ) (- - \ = (11)

Since the inventory model considers the effect of delay in payments, there are two
different cases in the inventory system.

Case-1: u<M<T

In this case, the interest payable for the first replenishment cycle is given by,
T —

I, = CL. [, q(t) e Rtdt

CD(TFH—pb*Y) | (O+B+DR)(TA2—pF*2)  BO(O+R)(TAH3—pPH3)

71—
“lp, = atly B+1 B+D(B+2) B+D(B+3)

p _ BoTFH _ oy O+R(T?—p?)
(7 -5 )\ - - =55 (12
Therefore the present value of the total interest payable over the time horizon H is
given by,

H _ yn-171 _—jRT
Iy, = Xjzo Ip1-e

(—D)(TPH—pP+t)  (0+(B+DR)(TFY2—pP*2)  BO(O+R)(TP3—pb+3)

. JH _—
Ay, = ally B+1 (B+1)(B+2) (B+1)(B+3)
oTh+1 (6+R)(T2—p? 1—e R
i =) “
l1-e n

Now, the present value of the total interest earned during the first replenishment cycle
is given by,
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T _ _
13, = pl, [, (aBtF~)t.e Rtdt
= afpl, fOT th.e Rtdt

= appl, [ t*.(1 - Rt)dt

_ TB+1 RTB+2
= apple [m_ B+2 ]

The present value of the total interest earned over the time horizon H is given by,

(14)

H _ yn-171 ,—jRT
Iel - Zj:o Igi.e J

TB+1 RTB+2 1—e—RH
= appl, [T~ ].< : ) (15)

l-e n
The total present value of the cost over the time horizon H is given by,

TVC(n) = Cr + Cp + Cp + I —I¢!

={CO+C[auB —aﬁ(%ﬁ+9”—3+1)e‘9”+aB(T’TB+6T—B+1)e‘9“]+h[%(1—

B+1 B+1

_ B+1 9(TB+2— B+2) B9(9+R)(TB+3— B+3) RTB+2

RuY _ T Hu _ H _ B _
e <B+1 B+D(B+2) B+D(E+3) B2 ) ta (T
porh+t oy @RI -p?) (TP —pf*t)

B+1 )<(T “) 2 >] +aCl, [ B+1 +
(0+(B+DR)(TAT2—pP*2)  BO(6+R)(TFH3—ph+3) ( T8 _ BOTE+ )] appl [ ThH
B+D(B+2) B+D(5+3) +1 Ple |51

RTB+2

B+2 ]} (16)

Case-Il: M>T

In this case, the present value of the total interest earned during the first replenishment
cycle is given by,

12, = ple(Jy (aBtP~t.e Redt+ M —T) fOT (aptf=)edt)

Th+1
L1y = apl [ = S (M - nZ- o (17)

Hence the present value of the total interest earned over the time horizon H is given
by,

Zn 1[ e~ JRT

Th*1  RTA+2 1-¢~RH
= appl, [ =S+ -1y B <—) (18)

1-e n
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Therefore the total present value of the cost over the time horizon H is given by,

TVCy(n) = Cr + Cp + Cp — 1L

={CO+C[0(/1B —aﬁ(%ﬁ+9”—ﬁ+1)e‘9”+aﬁ(%ﬁ+9T—B+1)e‘9”]+h[%(1—

B+1 B+1
_ p+1 9(TB+2— E+2) ﬁ9(9+R)(TB+3—[1.B+3) RTB+2
Ruy _ T (o — — B _
e -a <B+1 B+DB+2) (B+D(B+3) pr2 ) +a(r
gTB*1 (0+R)(T? -2 1-e~RH
1-e " n

AtM =T ==, wehave TVCy(n) = TVCy(n).
Therefore we have,

TVC, T>M
TVC(n) = {TVC,(n), T<M
TVC,(n) = TVC,(n), T=M

6. Algorithm

(Step-1) Start by choosing a discrete value of n > 1.

(Step-2) If T = M for different integral values of n then TV C; (n) is derived from
expression (16).

If T < M for different integral values of n then TVC,(n) is derived from
expression (19).

(Step-3) Step-1 and 2 are repeated for all possible value of n with T = M until the
minimum value of TVC,(n) is found from equation (16). Let n = n] be
such value of n. For all possible value of n with T < M until the minimum
value of TV C,(n) is found from equation (19). Let n = nj be such value
of n. The values nj,n3, TVC;(n*) and TVC,(n*) constitute the optimal

solution.
(Step-4) The optimal numbers of replenishment n* is selected such that
(TVC,(n) T==>M
TVC(n*) = ! TVC,(n), T = ni <M
H

lTVCl(n) =TVC,(n), T=—==M

The optimal value of ordered quantity Q* is derived by substituting n* in the equation
(7) and optimal cycle time T* is given by T = s

n*’

3

7. Conclusion

In this article, we have developed an inventory model for perishable products under the
assumptions of trade credit and time discounting. The demand rate has been taken as
weibull function of time and deterioration rate is considered as a constant over units in
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the system. Shortages are not allowed during the cycle time. The optimal total variable
cost has been evaluated with the help of fundamental calculus. Computational
algorithm is given to evaluate the optimal value of ordered quantity and the optimal
cycle time, based on which retailer can decide permissible period to be offered to the
customer. It has been also observed that the various parameters such as holding cost,
ordering cost, demand pattern can affect the system.
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