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ABSTRACT

Technology drives many fields to improve the quality of items during the supply of the products.
Despite proficient planning in the industrial system and the presence of sophisticated techniques, there
may be some defective items in the lots. This paper deals with the inventory model that determines
economic order quantity (EOQ) with learning effect for decaying defective quality items under the
inflationary condition and credit financing policy. The objective of the work is to analyze the impact
of credit financing policy, learning, and inflationary condition on the order quantity and retailer
profits. Results revealed that the trade-credit policy will be beneficial for the retailer. Conclusively,
sensitive analysis has been presented to understand the robustness of the models.
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1. INTRODUCTION

1.1 Motivational Models

Many researchers have implemented the phenomenon of delay in paymentspolicy as an organization
structure in their related studies. Whitin (1957) considered inspection the worsening and perish of
stylish commodities and associated articles at the termination of a recommended interval of time.
Ghare and Schrader (1963) studied and provided a mathematical execution for deteriorating stuffs
which followed an exponential decay rate. Apart from various economic order quantity (EOQ) models
that have covered some accurate assumptions related to all those formulated that the lots are not
always of perfect quality. Porteus (1986) gave many extensive reviews on defective stuffs. Further,
Goyal (1985) suggested an inventory model for deriving the quantity of the financial arrangement
of the items for which the seller would permit a fixed delay in payments.

Later, a basic model for the inflationary conditions has been developed by Buzacott (1975) for
deteriorating items under different policies. Datta and Pal (1991) have discussed effects of inflation
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and time-value of money on an inventory model with linear time-dependent demand rate and shortages.
Sarker and Pan (1994) have discussed the effects of inflation and the time value of money on the
order quantity and allowable shortages. Hariga (1995) also proposed an EOQ model for deteriorating
items with shortages and time-varying demand. Hariga and Ben-Daya (1996) discussed optimal time
varying lot-sizing model under inflationary conditions.

Further, Wright (1936) introduced the learning concept as a power function. Jaber and Bonney
(1996) derived a mathematical model with shortages and backorder under the leaning effect. Jaggi
et al. (2013) suggested a deterministic model for imperfect commodities with permissible delay in
payment with shortages. Tiwari et al. (2018) proposed sustainable inventory management model
with imperfect quality items and carbon emission is also considered to understand the environmental
impact on the inventory model. Jayaswal et al. (2019) introduced concept of learning for imperfect
items with delay in payments. They optimized order quantity and maximized retailer’s profit. Barman
et al.(2021) gave an economic production quantity (EPQ) model with inflation under cloudy fuzzy
system for deteriorating items. Jayaswal et al. (2021) presented an inventory model with learning where
demand is a function of credit period. Jayaswal et al. (2021) proposed an economic order quantity
(EOQ) model for deteriorating defective quality items with the effect of leaning under credit period
scheme. Singh et al. (2021) presented an optimal policy for deteriorating Items with generalized
deterioration, trapezoidal-type demand, and shortages. Verma et al. (2022) discussed the impact of
price-sensitive demand and premium payment scheme on bullwhip effect.

1.2 EOQ with Trade Credit Financing Models

There are many renowned researchers who worked on management and inventory control like, Shah
(1993, 1993b).Goyal (1985) personalized model to accommodate the calculated stock formulation
with constant decaying rate. Shinn et al. (1996) enhanced Goyal (1985) model by considering
the quantity repayment for the belonging’s expenditure. Jamal et al. (1997) modified the work of
Aggarwal and Jaggi (1995) to provide accommodation allowances for shortages. An optimal duration
of credit financing for goods and the related products that the trader put up for sales to the brokers for
maximizing the seller’s income (Kim et al., 1995). Cheung and Hausman(1997) have calculated both
preventive maintenance and safety stocks in an unreliable production environment. Chung (1998)
suggested the repayment flow of practical move towards the organized exploration of the preeminent
stock policy in trade financing.

Researchers like Chu et al. (1998), Jamal et al. (2000) invented models for determining the optimal
time for payments. Chang et al. (2003) derived economic order quantity (EOQ) sample for decaying
items in which the length of delay in payments is directly connected to the order quantity. Shinn and
Hwang (2003) formulated the retailer’s optimized prices. Huang and Chung (2003) improved Goyal
(1985) prototype further to study the renewal of cash approach whose intention is to trim down the
yearly total average cost under delay in payments.

All the above discussed models considered one-level trade-credit financing but on the contrary, in
the majority of dealing of businesses, this assumption is impractical as well as unrealistic. Generally,
the supplier provides a finance period to the retailer and the retailer eventually takes that for his
clients. In recent times, researchers have developed the inventory models that considered two-level
credit financing strategy. Huang (2003) demonstrated the mathematical model for the seller which
introduces a financing period of time to the consumer which is comparatively shorter than the one
offered by the merchant, for the reason to encourage the necessity. Teng et al. (2006) formulated
an economic production quantity model where the producer receives a trade-credit from the dealer.

A two-level trade-credit policy which includes credit-linked demand has been proposed by Jaggi
et al. (2008). On the converse, Teng and Chang (2009) amended Huang’s (2007) model by giving
reduction to the assumption that delay in cash policy is somewhat longer than the one presented by
the vendor. Chen and Kang (2009) devised the combined inventory model for the two-level delay
payment policy with price sensitive demand under a negotiation scheme. Tripathi and Misra (2012)
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developed an optimal inventory policy for items having constant demand and constant deterioration
rate with trade credit. Tiwari et al. (2017) applied lot-sizing strategies for perishable items with time-
dependent demand and trade-credit policy. Jaggi et al. (2017) extended credit financing in economic
ordering policies for non-instantaneous decaying items with price dependent demand and two storage
facilities. Jaggi et al. (2015) analyzed the effect of deterioration on a two-warehouse inventory model for
imperfect quality items.Further, Nobil et al. (2019) considered a multi-item single machine production
structure having imperfect products with shortages, rework, and scrapped considering inspection,
dissimilar deficiency levels. Sangal et al. (2017) customized the non-instantaneous optimal policy
for defective products with partial shortages and learning impact. Nobil et al. (2018) improved the
economic production quantity model considering the warm-up time in a cleaner manufacture situation.

Tiwari et al. (2018) developed a two-echelon inventory model for perishable products and demand
rate is supposed to be retailer’s selling price dependent and displayed stock level. Joint pricing and
inventory model for deteriorating items with expiration dates and partial backlogging under two-
level partial trade-credit has been developed by Tiwari et al. (2018). Tiwari et al. (2016) suggested
a two-warehouse model with inflationary conditions and partially backlogged shortages. Tiwari et
al. (2018) developed a green production quantity model with trade-credit policy, random imperfect
products and failure in reworking. Optimal trade-credit and lot size policies in economic production
quantity models with learning curve production costs have been studied by Teng et al. (2014). Shin
et al. (2018) suggested two-echelon supply chain models with inspection errors and trade-credit
effect. Sarkar (2016) illustrated a channel coordination and quantity discount policy with single-setup
multi-delivery (SSMD). Kumar et al. (2019) proposed a model with new product launch. Yadav et
al. (2018) proposed inventory model in which end demand was price sensitive.

Jaber et al. (2008) extended the model with the help of learning concept for the imperfect items.
Paitro et al. (2018)presented a mathematical model with concept of learning and rebate policy for
imperfect decaying items under fuzzy environment. Khan et al. (2010) developed a production
model under the impact of learning for imperfect items. Esmaeili and Nasrabadi (2021) presented
supply chain model with trade-credit policy under inflationary situations for multi retailers. Akbar
et al. (2021) extended an economic production model (EPQ) model with trade-credit scheme for
deteriorating items under inflationary situation where demand rate is a function of selling price.
Tripathi and Misra (2012) developed an optimal inventory policy for items having constant demand
and constant deterioration rate with trade credit.

1.3 EOQ with Leaning Models

Anzanello and Fogliatto (2011) suggested an inventory model with a special kind of learning curve
and compared the study. Konstantaras et al. (2011) proposed a production model for perishable
products under learning effects and shortages. Aggarwal et al. (2016) proposed EOQ inventory
model with the impact of learning and partial backlogging under fuzzy environment. Salameh et al.
(1993) investigated the learning effect on optimal quantity to be ordered and minimum inventory
cost. Salameh and Jaber (2000) extended the traditional models by considering imperfect quality
products and also considered the issue of poor-quality items.The effect of learning has been studied
by Argote et.al (1990) by collecting data from various organizations. Cunningham (1980) studied the
learning curve as a tool for management. An EPQ model has been derived by Kumar et al. (2003)
by considering fuzzy demand and rate of deterioration.

Dutton and Thomas (1984) studied the various progress functions in different fields theoretically.
A mathematical model has been developed by Givi et al. (2015) which estimated the human errors
and reliability over time. Jaber and Khan (2010) studied the effect of changing the learning curve
in the rework and production. Jaber and Salameh (1995) developed the concept of learning with the
shortages. Jaber and Bonney (2003) investigated the effect of forgetting and learning on the lot-sizing
problem. Jaber and Guiffrida (2004, 2008) modified the learning curve studied by Wright (1936).
Jayaswal et al. (2019) showed the effect of learning on the economy ordering policy for defective
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items under fuzzy environment with permissible delay in payment. Mittal et al. (2021) showed the
effect of learning on the optimal ordering policy of inventory model for deteriorating items with
shortages and trade-credit financing. Jayaswal et al. (2021) developed a fuzzy-based EOQ model
with credit financing and backorders under human learning. Finally, contribution of selected authors
is given in the Table 1.

1.4 Learning Curve

The learning effect acts as a considerable function for cost reduction and maximizing the profit. Some
authors discussed the impact of the learning shape in the same direction asper Wright (1936), Jordon
(1958) and Carlson (1973). From the figure 1, three unlike phases can be seen, where the first phase
is called segment stage, the second is called learning phase and finally, the last phase is called the
maturity phase as shown below in the figure.

The number of imperfect items presented in each batch is assumed by an S-shape logisticlearning
curve and graphically shown below in figure 2.

Table 1. Author’s contribution table

Author(s) Impact of | Screening | Trade-credit | Deterioration | Defective | Inflation
learning items

Wright (1936) v

Cunnigham (1980) v

Dutton (1984) v

Argote et al. (1990) v

Salameh et al. (1993) v v

Jaber et al. (1996) v v v

Salameh and Jaber (2000) v v

Jaber et al. (2008) v v v

Khan et al. (2010) v v v

Anzanello and Fogliatto v

(2011)

Jaggi et al. (2011) v v v v v

Jaggi et al. (2013) v v v

Jaggi et al. (2017) v v v v v

Jayaswal et al. (2018) v v v v v

Patro et al. (2018) v v v

Nobil et al. (2019) v v

Akbar et al. (2021) v v v

Esmaeili and Nasrabadi (2021) v v v

Barman et al. (2021) v v

Jayaswal et al. (2021) v v v

Jayaswal et al. (2021) v v v v v

This Paper v v v v v v
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Figure 1. Three stages of learning
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Where a , g are positive number, n is number of shipments and b is learning rates

2. ASSUMPTIONS AND NOTATIONS
Assumptions and notations are given below.

2.1 Assumption

The continuity of replacement is allowed

Shortages and lead time are not included in this model

The credit financing policy is allowed as per Jaggi et al. (2013)

The screening rate is greater than demand rate (Jaggi et al., 2013 and Jaggi et al., 2011a)
The time horizon plane has been considered finite

The learning effect is involved in holding and ordering cost

Lots have some percentage of defectives items (Salameh and Jaber, 2000)

Imperfect quality items follow the S-shape learning curve suggested by Jaber et al. (2008)
Imperfect items are sold at discounted price after the inspection process

Lots have a constant deterioration rate

The inflation rate is constant

20Xk L=

- e
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Figure 2. S-shape learning curve
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2.2 Notation

z Order quantity has been taken as decision variable (units)
D Order size (units/year)
M Credit period from seller side (year)

C, Ordering cost ($/ cycle)
C’p Unit purchasing cost ($/unit)

p Unit selling cost of perfect quality items ($/units)
P Percentage of defective items are presents in z

P (n) Imperfect quality items are following S-shape learning curve
c, Unit selling price of defective quality items, ¢, < p ($)

C Screening cost ($/units)

6 Deterioration cost (per year)

C, Carrying cost ($/unit/year)

A Screening rate, A > D (unit/year)

¢t Inspection time (year)

T, Cycle length (year)

I Interest earned ($/unit)

1 ) Interest paid ($/unit)

I (t) Stock level at ¢ € [0 t ]

n

I, (t) Stock level at ¢ € [t T ]

n’ " n
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SR, Total sales revenue for different case

TC, Total cost with cases, i = 1,2,3 ($)

¥, (T,) Total profit for cases,i =1,2,3 ($)

r Discount rate, representing the time value of money

¢ inflation rate
R _r —1) rebate rate of inflation which is constant

2.3 Some Concepts Related to Assumptions

The impact of learning presented in the holding cost, and this can be represented mathematically as,

c, (n) =C, + C—’f,(/*ho,ch1 >0

n(

Where n represents the number of orders, « is a learning factor, C, , partially fixed holding cost

and C, , partially fixed holding cost in each shipment.

The impact of learning presented in the ordering cost and mathematically it can be represented as,

c, (n) =C, + CF; ,C..C >0

n

Where 7 is represent the number of orders, 3 is a learning factor, C, , partially fixed ordering cost

and C, , partially fixed ordering cost in each shipment.

The percentage of imperfect quality items presented in each lot follows the behavior of learning,
which is shown in the mathematical formula given below,

P(n)= Yot 9

Where a, g are positive number, n is number of shipments and b is learning rates
In this paper, Jaggi et al. (2011) work is extended by introducing the learning concept. The impact
of learning is determined with trade-credit financing under inflationary conditions.

3. MATHEMATICAL FORMULATION

According to assumption, the inventory level z is the inventory level at ¢ = 0 which has defective
and non-defective items. The entire lot has been inspected at a constant rate of A units/year. After the
inspections process, items are separated into defective and non-defective items. Further, it is also

assumed that the inspection time, ¢ = 3 After inspection the defective quality items have been

sold at discounted price, c,.To avoid the shortages, it is assumed (1 - P (n)) z > Dtﬂ , which infers

that, P (n) <1-— % . From the figure 3, 11 (t) be the inventory level in the interval [0, tn] which
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Figure 3. Representation of inventory process with learning and trade-credit period

Inventory Level

S 3
L)
Li(tn) "‘-_‘?
} P(n)=
“ Ja(tn) $----- - %._
N [=(t)
L ol N 2l RALLLITPRR ¥y S
L t T Time

reduces with time due to demand. After inspection, I, (t) be the perfect quality items during the
interval [t",TH] .

ar (t

4 (1) +01,(t)=-D, tefot]

dt
at t=0, I(0)== (1

I (t) =ze " + %{e’m — 1]

Now, the stock at (t = ts)

IEl =1, (ts) — P(n)z =z " 4 %[eiet* — 1} — P(n)z 2)
= (1 — P(n))z - Dt .

Where, IEL represents effective inventory level.
Now, it is considered that [ ) (t) is an inventory level in the time interval [t,,,v TH] . Finally, the

governing differential equations for the inventory model are given below,

d, (1) +01,(t)=-D, telt,T]
dt
L(t)= 1Bl =(1-P(n))z=Dt, I,(T,)=0. 3)

()= e plo)e o
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where,

t ==, “

For calculating the order quantity, from the equation (3), as we know that [ , (Tn ) = 0, then after

solving equation (3), the value of z will be given in equation (5),

D (eHT" — 1)

0(1-p(n) e"Tw)

Zz =

®)

The retailer’s total profit is given below and represented by W, W = Total revenue (SR)—
Ordering cost(Ck) -Inspection cost (I C) -Purchasing cost(P C) -Holding cost (IH C) +Interest

gained (IE) - Interest charged (IP) (6)
The components of equation (6) can be calculated and are given below,

(a) Total revenue in the period [O, T ] , let us say SR, and revenue by selling the of imperfect quality

items on the salvage cost will be SR, .

Total revenue (SR)=SR + SR,

T,
SR = [pDe™dt = Q[l—e*mf

0 R
SR, = c P(n)z e )
SR = SR, + SR,

Rt

SR= %{1 —e 4 cP(n)ze ™

Further, ordering cost, inspection cost, purchasing cost and holding cost calculations are given below,

c
(b) Ordering cost C, =C + —];‘
n

(¢) Inspection cost (I C) =Cz
(d) Purchasing cost(P C’) = sz
(e) Holding cost (IHC) will be given below
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IHC =C, [ / "L (f)e Mat + il T I (t)e ™t

z

c, m[1 -

—(0+R)T,

oli- 67(9+R)T” N R _q| P (n) z (eiRT" . (8)
0| (6+R) k f

Further, the total cost (TC) will be the sum of all above calculated costs which is give below,

TC=C, +Cz+Cz+IHC ©

and the total profit is,

W, =SR—TC + IE - IP (10)

The calculation of interest earned (IE) and interest paid (IP) can be determined as per cases
which are given below in detail.

Casel:0< M <t <T

n — "~ n

From figure 4, the retailer earns profit on the income which is earned by selling the inventory
1 _ e—RJM Me—RJW
R R

the unsold items for the time period M to T’ which is equal to

for the period [0, M ] and itis equal to pI D . The retailer must pay interest on

—(0+R)M —(0+R)T, —RT, —RM
z , y L0+ R)T Dle —e e —e Pn)z1 _pr Rt
C1 _[e(()+1?)]t1_e(+)7, + 2 + + (n) [e D e 1”]
PP+ R 0 0+ R R R
Figure 4. Inventory representation for Case 1
Inventory Level
=-
‘\ L(t)
ol
Ii(tn) === =
g } P(n)=
Z Ta2(tn) feve--wnann- ;‘
I=(t)
2% | = ...
o i - = 3
} Tt T l Nme

10
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The total revenue is represented by SR, for casel

1 _ e—RM Me—RM

SR, = SR+ pl D] = =0 (n
and the total cost for this case is represented by TC |,
TC, =TC+1IP
TC, =C, +Cz+Cz+IHC + 1P (12)

The retailer’s total profit will be equal to
\Ijl (Tn) = SRs - TC1

After putting the values from equation (11) and (12), the retailer’s total profit is equal to,

_ pD RT, R, 1_ e M ppe kM
v (Tn>f ?[l—e ]—l—csp(n)ze + pleD 7 B
C . CD|1—e 0 ort
C, +ng+0,z+—’LZ [l—c (o] S 1~ e c ! +
“ "9+ R 0 | (0+R) R
B C'hp(n)z T 2 [e—(ﬁm)M - 37(“}?)3 2 e—(€+R)z\1 B e—(9+R)T,, - ¢ BT gor
R "0+ R) 0 0+R R
p (;) z oI
(13)

Case2:0<t <M <T,

From figure 5, the retailer earns profit on the total profit at M/ and for imperfect quality items
1— ™M e M

for the time (M — tn) which is equal to pl D +e M cP (n) Iz (M — tn) and

R2
interest paid after this period, which is equal to,
—(0+R)M —(0+R)T, —RT, _RM
z —(0+R)M —(0+R)T Die —e e e P(n)z[ _gr o
C1T [e O+mm_ . Il + + [e L e }
PP+ R 0 0+ R R R

The total sales revenue for the case2, which is represented by,

1"
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Figure 5. Inventory representation for case 2
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The retailer’s total profit for this case,

v, (T )= SR, - TC,

_ -RM ~RM
w(1)= 2[176”" +¢P(n)ze™ + pleD - ;2 - MeR e p(n)C 1e(M t)l _
c - CD|1_e ™ -RT,
Ck+Csz+Cz+i[1,c(9+R)T,, ll—e e 1+
P 0+R 0 <6‘ + R) R
Chp—(n)z e—m; _6712(” tel z e—(9+R)M _ef(HR)T” +2 67(0+R)M 767(9+R)T” B e*HTn g
! "0+ &) 0 0+R R
p(n)z e P _ gBM
R
(14)

12
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Case3:0<t <T <M

From figure 6, retailers earn profit till period M on the items sold, defective and non-defective
items. The total gain is equal to,

RM —RM
1—e Me

R2

pl D +e csP(n> Iez(M — tn)—|— p[eDTnefRT" .

In this case, interest paid will be zero.
The total sales revenue for this case and which is represented by

SR, = SR+ IE
1 _ eRZL[ Mefb’,lbf Yy _mT
=SR+pIl D - ‘e e Pln)lz(M—t |+pl DT e
p e Rz R s ( ) e ( n) b e n
TC, =IP+TC

:Ck—&—Csz—FC’pz—&—IHC'—FIP

The retailer’s total profit for this case will be equal to,

v, (T )= SR, - TC,

Figure 6. Inventory representation Case 3

Inventory Level

T F,
L)
Li(ts) e
§ } P(n)=
Z Ja(tn) prreeeennna- b
1=(t)
RRL TP M
4 o : —
. tn T Time
} n _

13
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1—e ™  Me ™M

%[1 — e ] +c P (n) ze ™ 4+ pleD +eMp (n) Cle (M — tn)

v,(7)= R R
+p[ep(n)z(M _tn>e—m,,
C 10240 z—i—&[l— ~(0+R)T, n ChD l—e’(9+R) N e 1 Chp(n)z R
. 0 | (0+R) R R
(15)

Finally, the retailer’s total profits for all the three cases in the combined form, ¥ (Tn)

\Ifl(Tn) 0§M§tn§Tn case — 1
T) 0<t <M<T, case—2 (16)

(T,
(

Tn) Ogtn STn <M case—3

Figure 7. Concavity of the total profit function for case 1
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3.2 Solution Method

For maximizingtotal profit,the necessary condition will be, %") =0,Vi=1,2and 3 for each
case.Itisassumed, T = T, with the help of mathematical software and the value of 7 = T, (suppose)
d2

after that, second derivative will be calculated, % V4 = 1,2and 3 and put the value of T” =T

v, (1)
A CH)

in the second derivative, and then if p ‘
T

n

<0,Vi=12and 3, then Tn = T1 is the maximum

value of T which is represented by 7'* is the optimal cycle length. Further, since the derivatives of

total profit functions are very complicated and mathematically it is very difficult to prove the concavity,
thus, concavity has been shown graphically in figure 7 for the best case. (Appendix A)

3.3 Algorithm
All the steps have been considered with the help of algorithm provided by the Shin et al. (2016).

Stepl: Put all the values of the parameters related to inventory model,
(D, 1.1.,C.C.C.,C, nab,P (n),M, p,c,, A, R]in equation (16).

Step2: Now, find the value of 7' * = T, with the help of necessary condition and substituting in
equations (5) and (4),then find out 2" and t . If0< M <t <T thenfindoutthe retailer’s profit
for casel from equation (13).

Step3: If step 2 not satisfied then put 7" = T, with the help of solution method and substituting in
equations (5) and (4) then calculate z"and i . Ifo < t < M < Tn , then find the total retailer’s
profit.

Step4: If step 3 not satisfied then put7* = T' in equation (20) and substituting in equation (5) and

(4) then to calculate z and? . If0 < t <T < M , then find the retailer’s profit related to case3

from equation (15).
Step5: In this stage, all the cases are compared, and best case will be selected in which profit is
maximized with respect to the optimal cycle length.

3.4 Numerical Example

Some of the parameters are considered from Jaggi et al. (2011) and other parameters are assumed.
Casel has considered for calculation of retailer’s total profit according to the algorithm.

D = 50000 units per year, A = 175000 units per year,p = $50 per unit,C, = $0.5 per unit,
C, = $25 per unit,C, = $4 per unit per year,C, = $lper unit per year,C, = $90per cycle,
C,, =$10per cycle,a =0.2,4 = 0.2,a = 40,9 = 999,b = 0.7932, M = 0.15 year, R = 0.06

I, = 0.10per year,I = 0.15per year,0 = 0.1 per year, n =5, p(5)=0.0651,

Now, all input inventory parameters are inserted in the retailer’s total profit function and cycle
length also calculated with the help of solution procedure and algorithm. Now, if we take for this case.
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Table 2. Impact of learning rate under learning effect on inspection time, cycle length, lot size and whole profit

Learning rate b Inspection time Cycle length Lot size Total Profit for
t, (vear) T, (year) AL retailer ¥ (7"
(C))
0.79 0.3086 0.8735 54073 407371
0.80 0.3087 0.8739 54088 407588
0.90 0.3101 0.8810 54338 411671
1.00 0.3122 0.8917 54711 417842
1.10 0.3152 0.9066 55223 426468
1.20 0.3185 0.9252 55850 437294
1.30 0.3226 0.9455 56520 449185
1.40 0.3261 0.9646 57135 460475
av, (1) . |
BT =0, then it got the value of cycle length,T = 0.8735year provided
v, (0.8735) , : :
————— = —41.54 < 0, itmeans that T * = 0.8735 year is the optimal value of cycle length.
dT n

After that, the optimal order quantity, 2° = 54073 unit, inspection time,? " = 0.3086 year and

retailer’s total profit, ¥, (T *) = $407371 Numerical example is suggesting that when leaning rate

is 0.79, credit financing period is 0.15year, demand rate is 50000 unit per year and inspection time
is 175200 per year, take then cycle length, 0.8735year, inspection time, 0.3086year, order
quantity,54073 units and retailer’s profit, 407371 dollars will exit. It means that the present mode
will be beneficial for the practitioners if leaning rate, from 0.79 to 1.40, number of shipments, 5 and
financing period, 0.15 year. The present model will behave differently when learning rates will be
out of the range from 0.79 to 1.40.

n

Table 3. Effects of the shipments on the inspection time, cycle length, lot size and total profit

Shipments (n) dP:;:::il::gi::ms . Inspection time, tn Cycle length I;o: uslilzifs) Retailer’s total profit
Tn (year) \I’l (Tn*) ®

1 0.0699 0.3003 0.8486 52620 394939

2 0.0698 0.3033 0.8548 53143 398240

3 0.0695 0.3050 0.8600 53450 400506

4 0.0688 0.3060 0.8655 53730 403115

5 0.0675 0.3086 0.8735 54073 407371
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Table 4. Effects of credit period under impact of learning on inspection time, cycle time, lot size and total profit

Fixed credit period /] (year) Inspection time | Cycle length I;ozéilz;s) Total Profit for retailer U (T *) $)
i (year) T (year) 1Ty~
0.013 0.2939 0.8339 51491 316584
0.027 0.2954 0.8380 51758 325781
0.041 0.2969 0.8421 52025 334997
0.068 0.2998 0.8499 52533 352822
0.12 0.3054 0.8649 53511 387342
0.15 0.3086 0.8735 54073 407371

Table 5. Impact of deteriorating rate under learning effect on inspection time, cycle length, lot size and total profit

Deterioration rate § | Inspection time Cycle time Lot size Total Profit for
t (in year) T’ (in year) # (in units) retailer U, (Tn* ) ®
0.10 0.3086 0.8735 54073 407371
0.15 0.2781 0.7729 48734 370482
0.20 0.2531 0.6932 44358 340808
0.25 0.2363 0.6283 41404 316417
0.30 0.2145 0.5746 37590 296013

Table 6. Effects of inflation rate on total profit, lot size, cycle time and inspection time

Net discount rate of inflation rate Screening time | Cycle length | Lot size Total Profit for retailer
(R =7r— Z) t T (year) Z (units) v (Tn*) )

0.10 0.2818 0.8014 49382 350372

0.08 0.2962 0.8359 51621 374833

0.06 0.3086 0.8735 54043 407371

0.04 0.3240 0.9147 56774 452080

0.02 0.3410 0.9599 59752 577624

The effect of the learning rate has been briefly explained in the sensitive analysis section in Table
2. This study reveals that impact of learning is very effective tool with permissible delay in payment
and inflation rate in this model under the influence of learning for decaying articles with defective
quality. The effect of cycle length, inspection time, order quantity as well as profit over the number of
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shipments, learning rate, trade credit, deterioration rate, total discount rate, and percentage defective
has been studied in the next section 4.

4. SENSITIVITY ANALYSIS

The sensitive analysis has been shown on the model parameters which aregiven below.

Managerial Insights
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It is observed from table 2, if the value of learning rate increases then cycle length, inspection
time, lot size and the retailer’s profit increase. The saturation level of retailer’s total profit achieved
when learning rate reaches to a certain level (b = 0.7932). Findings clearly suggest that the
presence of learning has positive effect on the order quantity. When the learning will increase
then the order quantity will increase which results in higher profit. Learning will make the system
for efficient and effective and smooth the supply chain process.

It can be analyzed from table 3, if the number of shipments increases, then the cycle length,
inspection time, order quantity as well as retailer’s total profit increase due to the learning effect

inC, (n) ,C, (n) and p (n) . It indicates that retailer’s total profit; cycle time and order quantity

are affected by number of shipments. Number of shipments increase then it results in reduction
in the holding cost, but transportation cost will increase. Percentage of defective increases
marginally and cycle time and order quantity increase significantly.

It can be observed from table 4, if the value of M increases, then the total profit is increasing
as the interest earned will increase which leads more profit. Increase in the value of M facilitates
the retailer to earn more profit and hold funds for more time and increase his interest earned
part. Which results in more profit.

From table 5, the value of deterioration rate increases, the order cycle time, inspection time, lot
size and retailer’s profit decrease. Due to deterioration the utility of the goods decreases. From
results we can see that it is optimal for the retailer to order frequently in small lots which will help
to reduce the deterioration impact on the items and increase the profit. Deterioration rate increase
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then the items are more sensitive and deteriorate soon, retailer must order more frequently less
quantity which will reduce the holding cost and increase the total profit.

e [t is studied from the table 6, if the inflation rate decreases then the total profit and lot size
increase. As under inflationary conditions the price of goods increases; therefore, the retailer
would like to order large quantity for longer period which helps him to increases his profit. In
case of high inflation rate it is advisable that retail should order more which leads to increase in
the holding cost but this can be compensated from the sales.

5. CONCLUSION

In this paper an inventory model is developed with learning process and trade-credit financing under
inflationary condition for imperfect quality items. The results reveal that learning effect increase the
efficiency of supply chain. The total profit will be maximized with respect to optimal cycle length.
Eventually, it is analyzed that the output of this present study demonstrated that the percentage defective
items per shipment and cost reduces as learning parameters increases. Finally, supply chain partners
will be benefit when the trade-credit financing policy is applied with inflationary condition in the
present model. The present paper can be very helpful in the supply chain management for retailer’s
ordering policy in developing countries where inflationary situation becomes. Present work can be
extended for credit dependent demand with carbon emission impact.
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APPENDIX A — ADDITIONAL EQUATIONS

Calculation for Case1:
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derivative.
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