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Abstract—In the classical inventory models, most of the time
the issue of quality of the items has not been given due
attention. However, in realistic environment, it can be
observed that there may be some defective items in an ordered
lot, because of these defective items retailer may incurs
additional cost due to rejection, repair and refund etc. Thus,
inspection/screening of lot becomes essential in most of the
organizations. Shortages may occur due to defective items,
which can be prevented by placing an order at the time when
the inventory level is good enough to meet the demand during
the screening process. Further, it is generally assumed that
payment will be made to the supplier for the goods
immediately after receiving the consignment. Whereas, in
practice, supplier does offers a certain fixed period to the
retailer for settling the account. During this period, supplier
charges no interest, but beyond this period interest is being
charged as has been agreed upon. On the other hand, retailer
can earn interest on the revenue generated during this period.
Keeping this scenario in mind, an attempt has been made to
formulate an inventory model for imperfect quality items
under the condition of permissible delay in payments. Results
have been validated with the help of a numerical example.
Comprehensive sensitivity analysis has also been presented.

Index Terms—Inventory, imperfect items, permissible delay,
overlapping.

. INTRODUCTION

In today’s technology driven world, despite of efficient
planning of manufacturing system and emergence of
sophisticated production methods and control systems; the
items produced may have some fraction of defectives. By
considering this fact, researchers devoted a great amount of
effort to develop EPQ/EOQ models for defective items
(Porteus [1], Rosenblatt and Lee [2], Lee and Rosenblatt [3],
Schwaller [4], Zhang and Gerchak [5]). In 2000, Salameh
and Jaber [6] extended the traditional EPQ/EOQ model for
the imperfect quality items. They also considered that the
imperfect - quality items are sold at a discounted price as a
single batch by the end of the screening process. Cadenas-
Barrén [7] corrected the optimum order size formula
obtained by Salameh and Jaber [6] by adding constant
parameter which was missing in their optimum order size
formula. Further, Goyal and Cadenas-Barrcn [8] presented
a simple approach for determining economic production
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quantity for imperfect quality items and compare the results
based on the simple approach with optimal method
suggested by Salameh and Jaber [6]. Papachristos and
Konstantaras [9] examined the Salameh and Jaber [6] paper
closely and rectify the proposed conditions to ensure that
shortages will not occur. They extended their model to the
case in which withdrawing takes place at the end of the
planning horizon. Further, Wee et al., [10] extended the
model of Salameh and Jaber [6] for the case where
shortages are back ordered in each cycle. Maddah and Jaber
[11] corrected Salameh and Jaber [6] work related to the
method of evaluating the expected total profit per unit time
and applied renewal-reward theorem (Ross [12]). Further,
Eroglu and Ozdemir [13] also extended the model of
Salameh and Jaber [6] by allowing shortages to be
backordered. They suggest that a fraction of good quality
items in each cycle not only fulfills current demand but also
fulfills backorders during screening process.

In all the above mentioned papers, it is tacitly assumed
that payment will be made to the supplier for the goods
immediately after receiving the consignment. However, in
day-to-day dealing, it is found that the supplier allows a
certain fixed period to settle the account. During this period,
no interest is charged by the supplier, but beyond this period
interest is charged under certain terms and conditions agreed
upon, since inventories are usually financed through debt or
equity. Owing to this fact, during the past few years, a lot of
research work has been done on inventory models with
permissible delay in payments, which has been summarized
by Soni et al., [14].

Further, Chung and Huang [15] incorporated the concept
of inspection of imperfect items with trade credit. Jaggi et
al., [16] formulated an inventory model with imperfect
quality deteriorating items with the assumption that the
screening rate is more than the demand rate. This
assumption helps one to meet his demand parallel to the
screening process, out of the items which are of perfect
quality. Recently, Maddah et al., [17] introduced the
concept of order overlapping to prevent shortages. They
represent an improvement in customer service level over
earlier literature, when demand is assumed to be met during
the screening period from the order being screened leading
to potential shortages.

In this paper, an inventory model is developed for
imperfect quality items under permissible delay in payments.
The screening rate is assumed to be more than the demand
rate. This assumption helps one to meet his demand during
the screening process, out of the items which are of perfect
quality. Further, to prevent shortages an order is placed
during the screening process at the time when inventory
level is good enough to meet demand. The proposed model
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optimizes retailer’s order quantity by maximizing his
expected total profit. A comprehensive sensitivity analysis
has also been performed to study the impact of effective
parameters.

Il. ASSUMPTIONS AND NOTATIONS

The following assumptions are used to develop the model:

* Demand rate is known with certainty and is uniform.

* The replenishment is instantaneous.

* Shortages are not allowed

e The lead-time is negligible.

* The supplier provides a fixed credit period to settle the
accounts to the retailer.

e Both screening as well as demand proceeds
simultaneously, but the screening rate is assumed to be
greater than demand rate.

e It is assumed that each lot contains percentage
defectives of ‘p’ with known uniform probability
function, f (p).

The following notations are used in developing the model:
D demand rate in units per unit time
y order size for each cycle
K fixed Cost of placing an order
c unit cost
S unit selling price of perfect items
v unit selling price of imperfect items
h holding Cost per unit item
d unit screening cost
p percentage of defective items iny
X screening rate in units per unit time
t screening time (=y/xY)

X

T cycle length

Le Interest Earned per unit time
L, Interest Paid per unit time

M Permissible delay

ETPU (y) Expected total profit per unit time cycle

I1l. MATHEMATICAL MODEL

The proposed Model assumes that a lot of y units enter in
the inventory system at time t = 0 and contains ‘p’ percent
defective items with a probability density function, f(p),
which can be estimated from the past data. Screening is
done for the entire received lot at a rate of A units per unit
time to separate good and defective quality items. After the
end of screening process at time t, defective items i.e. py are
sold immediately as a single batch at discounted price v. In
order to prevent shortages during the screening process, an
order is placed when the inventory level is just enough to
meet the demand during the screening period. This occurs
when the

M<tandt<M<T

Inventory level of the ‘‘previous” order reaches Dt, where
t = y/x is the duration of the screening period. Behavior of
the model is depicted in Fig. 1.

The present model has been developed under the
condition of permissible delay in payments; therefore,
depending upon the credit period, there would be two
distinct possible cases for the retailer’s total profit.

Fig. 1. Inventory system with inspection for the cases.

e Casel:M<t
e Case2:t<M<T

Since, the retailer’s total profit consists of the following
components:

TPU(y)= Sales revenue — Ordering cost — Purchasing cost
— Screening cost — Holding cost + Interest earned — Interest
paid

Further, the interest earned and paid is calculated for the
three different cases as follows:

e Casel:M<t

The retailer earns interest on average sales revenue
generated during time period 0 to M. but beyond M, the
supplier asks for interest for the remaining stock.

The values of interest earned and interest paid by the retailer
are calculated as follows:

2
Interest Earned = %

The interest paid by the retailer to supplier is given as:

Interest Paid = ((1_a)y_D;V[)Ip5(T—M)

+ vLy(t — M)

In this case, after applying Ross [12] the expected total
profit earned by the retailer is calculated using the values of
interest earned and interest paid.

sy(1—E[pD) + vyE[p]-K -cy -dy
_p [ea=zwD)’ +y_2]

2D x

Etpu (y)= B [((1—E[p])—DM)pr(T—M)] /y(1=E[p])/D]

2
2les
DMZ ] J

| +vlpElply(t— M) +|
1
Our objective is to find the optimal value of order

guantity by maximizing expected total profit function,
which we can find out with the help of first and second
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derivatives of the expected total profit function. The

.- . dETPU
necessary condition is dETPU®)

d2ETPU(y)

= 0 and sufficient condition,

e < 0. Optimal order quantity that maximizes Etpu(y)

is

[2KD+D2M?2I,c— D2M?I,s|

* —

- rla-ewp 2] a-smpzne (RE)

e Case2:t<M<T

Similarly as case, the value of interest earned and interest
paid are,

DM?I,p

2
Interest Earned = ——=+ vp]eyM

+ pytvl
(1-a)y—DM)I,s(T—-M)
2

Interest Paid Ip: ( + vl,y(t — M)

[ Etpu(y) =sy(1—E[p]) + vyE[p]- K-cy-dy]

(- EpD)"  y?
- h[T+7

(1-E[pDy
(L= ElpD- DM)el, (T — M) /(5
2
DM21,s
+ — + E[plytvl,

(DM " 2les)/ 2+ (pytvle) /((1— p)y/D)  (2)

Similarly as case, optimal value of y for case will be,
[2KD+D?M?I,c— D?M?[,s|
A-E[pD2+22|+ (-E[p])2Iyc

y*= \/(h[

IV. AN ILLUSTRATIVE EXAMPLE

An example is devised to illustrate the effect of
permissible delay in payments on the retailer’s ordering
policy for the developed model using the following data.

D=50000units/year, K=$100/cycle, h=$4/unit/year, A=
60000unit/year, c=$25/unit, s=$50/unit, v=$20/unit, le=0.12,
Ip=0.15 and d=%$0.5/unit, percentage defective random
variable p with its pdf,

10, 0<a<01 _
f(p): ) ] E[p]—0051
0, otherwise

M = 4 days.

Results are obtained using the solver as: y = 1002 units,
Substituting the optimal value of y in the expected total
profit equation,

T =0.0190 year, t = 0.0057 year and ETPU(y)= $1202826.

Now, if supplier offers no trade credit, i.e. M =0, we get:
y=1302 units, Substituting the optimal value of y in the
expected total profit equation,

T=0.0247 year, t=0.0074 year and ETPU(y)=$1202445.

Findings clearly suggest that the presence of trade credit
has got positive effect on retailer ordering policy. The
retailer should order more frequently to avail the benefit of
permissible delay in payments which results in higher
expected total profit.

V. SENSITIVITY ANALYSIS

Sensitivity analysis has been performed to study the
impact of permissible delay (M), expected number of
imperfect quality items (E[a]) on the lot size (y) and the
retailer’s expected total profit. Some results have been
shown in Fig. 2 and Fig. 3.

Elp]vsy

Fig. 2. Expected no. of imperfect quality items and optimal order quantity

E[p] vs ETPU[y]
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Fig. 3. Expected no. of imperfect quality items and expected total profit.

VI. CONCLUSION

This paper presents a profit maximizing inventory model
for an order when supplier offers a certain fixed credit
period (Permissible delay period) that determines the
optimal order quantity and maximized expected total profit.
Following are some observations from the results by
numerical example, Fig. 2 and Fig. 3.

* When the permissible delay is increased, then retailer
should order more frequently and can earn good
interest. This will produce more profit on the retailer’s
side.

e It is evident from Fig. 2, when the defective item
increases, in such a situation, the retailer needs to order
more and he should improve the quality of supply.

* Fig. 3 shows when the defective items increases then
the retailer expected total profit decreases and the
retailer needs to monitor the supply source.

In this paper, we have developed an inventory model for
imperfect quality items under the condition of permissible
delay in payments. Results have been validated with the
help of a numerical example. Comprehensive sensitivity
analysis has also been presented. This inventory model can
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be used to take the corrective measures in order to optimize
the order overlapping in inventories to avoid shortages and
to maximize the expected profit.

VII. FUTURE SCOPE

Further, the proposed model can be extended for more
realistic situations such as deteriorating items, stock
dependent and stochastic demand with partial- trade credit,
inflation etc.
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