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Abstract:

Financial capability is one of the primary drivers for buyers to make purchases. Therefore, sellers must set an
optimum selling price and consider trade credit facilities to attract more demand. This paper proposes an inven-
tory decision model in which customer demand depends on the price and number of credit installments to serve
low-abled buyers. This study has developed a demand function with a positive impact on installment policies and
the effect of the selling price. Two models have been formulated to optimize the selling price and positive stock
time, m total profit, with and without installment policies. Then, numerical examples and sensitivity analysis illus-
trate the proposed model for different cases. The study has found that the selling price and positive stock time
can be optimized. Profits can be higher in the case of an installment facility than in the case without an installment
facility. It shows positive responses from the buyer to the installment policy.
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INTRODUCTION

In business, it is essential to entice more customers to buy
inventories. Sellers offer a discount on the selling price,
ensure warranty, and promote products to attract cus-
tomers. Another common practice is offering a delay in
payment or a trade-credit facility with a certain amount of
down payment. It will help the low-abled buyers pay only
part of the initial purchase price and then complete the
payment in several installments [1].

The benefit of delaying payment is that the buyer (e.g., a
retailer) is not required to invest much capital to purchase
inventories and may profit from selling them to other cus-
tomers within the permissible delay period specified by
suppliers. Moreover, the supplier can apply this agree-
ment as a sales promotional tool to attract new customers
and promote new and unproven products. Installment
policy within or out of the permissible delay period is a
tool for inventory management problems. Goyal [2]

studied installments in the permitted deferral period, and
Chand and Ward [3] analyzed Goyal’s concern under the
traditional financial request amount model’s supposi-
tions, acquiring various outcomes. In the same way,
Mashud et al. [4] discussed the trade-credit period with
preservation technology to reduce deterioration. In addi-
tion to the amount of the down payment and the duration
of the credit period, the number of installments is also a
factor, as it dictates the total funds the buyer must set
aside for each payment. Here, we introduce an economic
order quantity (EOQ) model offering an installment facil-
ity and its impact on the demand rate. The installment fa-
cility has two benefits to the seller: (1) it attracts more
buyers who are financially low-abled, and (2) it can be
considered as an alternative to the offer of price discount
because it neither elicits price cutting from competitors
nor does it introduce permanent price reductions. The ef-
fect of delay in payment on customer demand rate
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attracted Heydari et al., [5], Marchi et al., [6], and Bi et al.,
[7] in their recent research. The research was based on
the concept that trade credit will increase buyers' pur-
chase volume due to additional liquidity and attract new
customers. However, the studies only examined the dura-
tion of the delay periods.
The selling price of a product or service is a crucial factor
that impacts consumers' purchase intention. Therefore,
sellers must select the optimal pricing to ensure a profit
and attract customers. The effect of price on the EOQ
model has been studied and considered in the demand
function [8, 9, 10]. Other researchers combined the price
and other factors such as stock level [11, 12], promotion
effort [13, 14], and time for deteriorating products [15].
Numerous studies have examined the topic of increasing
consumer purchases by providing a discount on the selling
price, ensuring warranty, promoting products, etc., but
analyses that target low-abled customers’ liquidity have
been a fascinating field of research at present. In this
study, we introduce a new EOQ model offering an install-
ment facility to make the products affordable for custom-
ers. Further, one can find the positive effect of the install-
ment on the customer’s demand. The installment facility
draws the customer’s attention to purchase products, i.e.,
promoting the business [16]. On the other hand, buyers
with limited financial resources might utilize this
installment facility to purchase their products [17]. In this
approach, the major contributions of the proposed model
are as follows:

a. We introduce an EOQ model with price and credit in-
stallments-dependent demand. The policy can stimu-
late customer demand while assisting financially low-
abled customers by providing installment plans with a
down payment.

b. The proposed model optimizes the selling price and
positive inventory stock time to ensure that the seller
maximizes the total profit. A solution algorithm is for-
mulated for this purpose.

c. Two cases are studied, one with an installment facility
and another without an installment facility. Further,
numerical examples and sensitivity analysis illustrate
the proposed model and its characteristics.

In the other parts of this paper, the next section presents
the relevant literature review of this study. Then, the as-
sumptions and notations are presented. According to the
assumption and its solutions, the mathematical model
formula is formulated and_followed by the algorithm for
solution procedures. The numerical results of the prob-
lems and the sensitivity analysis are presented respec-
tively. A discussion of the results is presented and in the
end, the conclusion with future scopes of research is pro-
vided.

LITERATURE REVIEW

Researchers have introduced various techniques to man-
age inventories. A classical EOQ model was introduced by
Harris [18] to manage the stocks in which demand is con-
sidered constant. Then Resh et al. [19] exaggerate the
EOQ model with variable demand rates. Further, Kim et

al. [20] proposed the EOQ model with a price-dependent
demand rate, which is more specific. Some researchers
considered demand as price dependent in a different pat-
tern [21, 22, 23]. Pando et al. [12] formulated such an in-
ventory model in which demand is price and stock-de-
pendent. Demand is also considered a function of price,
promotion/advertisement, and time [13, 14]. Accordingly,
demand is dependent on various market factors as ad-
dressed by van Steenbergen and Mes [24]. Therefore, the
research on inventory management with variable demand
is a continuous. In the same way, this work considers the
variable demand pattern to make it more appropriate for
natural business phenomena. Customers are pondering
about the price of a product before making a purchase.
Therefore, our study has included the effect of price on
demand.

In this process, the EOQ model is being modified for the
time being. A number of studies have addressed the flex-
ibility of payment to attract buyers. Goyal [2] studied an
EOQ model with a permissible payment delay. The issues
of “delay in payment, as an incentive system, in the EOQ
or EPQ models” were discussed by Glock et al., [25]. Ac-
cording to Molamohamadi et al., [26], payment delays can
be classified into four types depending on the period of
payment. Accordingly, Jain and Aggarwal [27] built an in-
ventory model with a trade credit policy in which demand
is inflation induced. Pal et al. [11] implemented permissi-
ble delay in payments in an inventory model in which de-
mand is stock and price-dependent, whereas Jaggi et al.,
[28] discussed different trade credit periods with the EOQ
model for allowing shortages. Geetha and Uthayakumar
[29] allow permissible delay payments and partial back-
logging, whereas, Ghoreishi et al., [30] included delay in
payments and customer return policy to attract custom-
ers. Again, the EOQ model with trade credit, shortages,
and inspection for defective items simultaneously ap-
peared in Zhou et al. [31]. Mohanty et al., [32] extended
trade credit studies by considering preservation technol-
ogy investment. Mashud [9] considered trade credit and
price-sensitive demand with fully backlogged shortages in
an EOQ model. Recently, Ghosh et al., [17] studied the
EOQ model with delay in payment by allowing multiple in-
stallments after order delivery. Meanwhile, Wang et al.,
[16] identified different purchase behavior of the custom-
ers when the seller offered installment payment services.
Thus, delayed payment with installments is an appealing
research area in inventory management. According to our
best knowledge, this is the first integration of the effect of
installment in demand for EOQ inventory model studies.
Consequently, we addressed payment flexibility for set-
ting the number of installments among sellers and buyers
within a complete replenishment cycle in our present
study.

Providing price discounts is another inventory manage-
ment technique to attract more customers. Several stud-
ies on EOQ inventory models frequently use this tech-
nique. Makoena and Olufemi [33] and Hasan et al., [34]
constructed an EOQ model with a price discount facility
for deteriorating items. Alfares and Ghaithan [35]
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produced a model with quantity discounts, and Lin [36]
combined discounts and imperfect quantities with EOQ.
More recently, Hasan et al., [10] introduced the price dis-
count effect on demand, but the discount is not always
compelling to financially low-abled customers. By consid-
ering the issues of financially low-abled customers, there
is scope to launch other policies to serve them. This ap-
proach represents the installment policy to convince
more customers to make purchases instead of offering
price discounts.

The inventory shortage is a significant challenge for miti-
gating the customer’s demand. Molamohamadi et al., [37]
allowed shortages, later policy, and trade credit to con-
sider the retailer’s ordering decisions. Geetha and Utha-
yakumar [29] also allowed permissible delay payments in
which shortage is partial backlogging. Shaikh et al., [38]
studied an EOQ model with the discount facility and short-
age challenge, which is partially backlogged. The chal-
lenge of the shortage of products is still within the re-
search interest. As a result, we studied our proposed
model under partially backlogged shortages. Our study
proposes an EOQ model with partially backlogging short-
ages where the demand is price and installment-depend-
ent. From the above literature review, it is evident that
our current approach has never been studied.

METHODOLOGY

First, notations for defining the mathematical model and
the assumptions for describing the environment of the
proposed model are presented in this section. Notations
are listed in Table 1 and are used throughout the paper.

Table 1
List of notations
Notations Description
7] Area parameter
n Selling price coefficient
n Number of installments
p1 Amount of down payment
Ch Holding cost per unit
a Cost due to lost sales per unit
Cp Purchase cost per unit
S Maximum stock per cycle
R Shortages quantity
Q Total quantity sold
TP(p,t) Total profit per unit of time
le Interest rate
Decision variable
te Positive stock time
P Selling price

Assumptions

The proposed inventory model works under the following

assumptions:

a. Asingle type of product is purchased and all items are
of good quality. Further, the rate of replenishment
from the supplier is infinite while lead time is negligi-
ble similar to Mashud et al. [1] and San-José et al., [14].

Hence, the order quantity Q will arrive instantly as
shown in Fig. 1.

Inventory
4

N

1i(t)

ty T

Time
Backorder

Lost sales

Fig. 1 The pictorial appearance of I(t): Inventory vs. time

b. To study the effect of installment on the customer’s
demand, there are two cases as follows:

Case |: EOQ model with installment facility where in-
terest should be charged.
Case Il: EOQ model without installment facility

¢. The demand for a single product is considered. The de-
mand rate is as follows:

—np + &p,; for Case 1
D(p,n) = {Z - Zzz: pl; for Case 2

where:
uw>0n>06= (nT_l) and p > p1; p1 is the down
payment, which will be a part of the original price
p (wp1=p; w>1)),and nis the number of installments
which is a positive integer.

d. For simplicity, we assumed w = 2 throughout the cal-
culation to determine the formulae because the down
payment is considered constant for the current ar-
rangement.

e. Shortages are allowed for this arrangement and are
partially backlogged with the rate of

1
B(®) = 1+y(T-t)’

where:
y is the backlogging parameter 0 <y < 1.
Positive inventory level I, (t) is when t € [0, tf] and in-
ventory level I,(t) is negative when te [t;, T]. The
shortages are backlogged at the next arrival similar to
Geetha and Uthayakumar [29] and Shaikh et al. [38].
f. There is no effect of product deterioration and
inflation on costs.
In Fig. 1, the stocks in the warehouse are at a maximum S
at t = 0. The inventory depletes due to demand during
[0, t7] and becomes zero at t = t+. Since full market demand
is not satisfied after t = t;, the shortage R is raised at the
time [tr, T]. The whole process will be replenished in the
next cycle.
Therefore, the inventory system described by the result-
ing differential equations and considering demand D =
U—np + dp, are:
{—D 0<t<t

ae) _
dat

b, (1)

T ity b

L) ;0<t<t

L) ;t;<t<T (2)

1(t)={
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with conditions I;(t) =S at t = 0,1,(t) = I,(t) =0 at

t=trand (T) = —

Solving Egs. (1) and (2), we have the following results:
L(t) = =Dt + Dty (3)

L(t) = glog{l +y(T-t)} - glog{l + y(T - tf)} (4)
Maximum stock,
§ =Dty (5)
and shortage

R =2log{1-+7(7 - 1) ©)

Sales Revenue

The sales revenue depends on customer demand, short-
age, interest, selling price, and positive stocks. The follow-
ing mathematical formula calculates the revenue for our
arrangement.

Revenue :

SR=p [/ Ddt +Rp+ @ —p)Ie(R +95)

B p) (v (T=tp) 43y (T-1t5)°
p(Gpmu)(r = L )+p(?—pn+u)tf @)

((%—pnw)(y(r—tf)+§y2(r—tf)2)
te Y

)
+ (&= pn+wty)

Inventory Costs
The ordering cost, inventory holding cost, purchase cost,
and lost sale cost are calculated in this section, as follows:
Every replenishment cycle needs to expense some due to
processing the order from the supplier, termed as order
cost (OC). Our inventory system considers OC is constant.
After receiving the ordered inventories at the warehouse,
they will be held before getting sold out. This period from
receiving to depleted/sold is the holding period for each
inventory. In this holding period, to manage the products
at the warehouse, a cost named holding cost (HC) arises.
If cn is the per-unit holding cost for inventories /1(t), then
the total holding cost is calculated by the following for-
mula.
Holding cost:

HC = c[f," 1,(t)dt] = ¢y (— 5 Dt} + Sty) o

=2 — pn + went? (®)
22

The cost due to purchase products is called the purchase
cost (PC). Consider the unit purchase cost is cp, then the
total purchase cost is:

PC=c,(S+R) 9)
Due to shortages, retailers will lose some opportunities to

sell. This loss is termed lost sale cost (LC), which is derived
from the following formula:

LC = cl[f:;D[l — B(t)]dt] = ¢,D[(T — t;) +

In {1+y(T-tp)}
14

_ p5 Y(T=t) 3y (T=tp)?
=G -mtwal+————

(10)
— tf)

Profit

Total inventory profit X is derived by excluding all costs
from the total sales revenue, i.e., X = sales revenue — or-
dering cost — holding cost — cost due to lost sale — pur-
chase cost.

Then X=SR—-0C—-HC—-CL-PC

(i) With installment facility

With an installment policy, customers will not pay the to-
tal value of products when they buy them. Customers only
pay the down payment, and the rest will be paid through
the installment process. This installment policy allows af-
fording an expensive product with less expense. There-
fore, low-abled customers will also be able to purchase a
product that was not affordable to them without an in-
stallment facility. In this way, the seller can cover more
customers in the market. The total profit per cycle is:

X
TP (p. ty) = T

TPl(p,tf)— [SR—0C—HC—-CL-PC]

- 7[oc]
(11)

my + pm, + p?ms + ptemy + p3tym
TP1(p,tf)=[1 pmy + P Mg T Py Pfs] 1

+p?tfmeg + tym, + teimg + ptimg
where:
=1 1m2 1m2

my = ;[—ZTucl —;T yue; — Tuey, — ET yucp]

m, =

[Tu + T2y + S Thip + 5 T2y pie — T8¢, — 3 T?y8c; + 2T1]cl]
+1T2yncl }

——T6cp ——T yéc, + Tne, + - T yncp

1

+ TZyS Tn——szn+ T&e+ 112950,
——Tme ——T i,

—Tyu— Tyul +d8c += Ty6cl—277cl Tync
+= T}/c?Cl7 —Tyne,

,_,,_‘ —_— ,_”_”—”—|

% —Ty6+Tyr]——Ty6le+ Tynl]

1[ys

==17 + )/Sle——ynl]

1

== Zucl +Tyucl + Typcy, |

1

=2 [-2 = Zyne — Syuc, |

1 1 . 5

=15 g +Vhle :”‘+ﬂ——y6cl+ yne — ydcp+
z%]

Lemma 1. The total profit TP, (p, tf) has a maximum value
when the optimal price and positive inventory time are
given by:

(¢ péatpiés+éy
p- ( f) 26 ({ andtr- (p) = 2(p2§6+&g+pé9)
which satisfies the following inequality K; (t7) > K, (tf).
Proof: See Appendix A.1
(ii) Without installment facility
Without an installment policy, customers are required to
pay all cash atonce, i.e., n=1or 6 =0. Therefore, the total
profit for this case is:
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TP, (P, tf) = [TPi]s=0
TPy (p.ty) =
[Ll + Ly + pPLls + ptely + p*tels + p*te®Le + th7] (12)
+tp2Lg + ptyily
—=loc]

where:
Ly =my;L; =my; Lg =mg

L, ;[Tu += szu +2Tne; += szncl +Tne, +5 T yncp]
Ly ==[-Tn ——szn]

Ly = 2[~Tyr=2ne, = Tyne = Tyney |

Ls = = [Tyn]

L =7 [-%]

Lo =[5+ 52+ Svme +5pmey |

Lemma 2. The profit TP,(p,t;) has a maximum value
when the optimal price and positive inventory time are
given by:

pe () = s and " (p) =
which satisfies the following inequality F; (t7) > F, (7).
Proof: See Appendix A.2
The following Proposition 1 discusses which case is more
suitable for selling more quantity. From Proposition 1, the
seller can sell the products more in the case of an install-
ment facility than in the case without an installment facil-
ity. Hence, an installment facility will allow sellers to reach
more customers.

Proposition 1. Seller sells more quantity in case of install-
ment facility than the case of without installment facility.
Q1> Q;

i.e., the total sold quantity for Case | is greater than for

Case Il
Proof: See Appendix B.1
Proposition 2. The profit function TP, (p, tf) will be

Pws+plwstw;

2(p2wetwg+pwo)

greater than TP, (p, tf) with the following possibilities

(i) IfA,B,C>0,thenn<L;cp>M;ie>N

(i) FAB>0andC =0,then n<L;c, >M;i, =N
(iii) IfA,C>0andBZO,thenn<L;cp2M;ie>N
(iv) IfB,C>0andA20,thennSL;cp>M;ie>N
(v} fA>0andB,C=0,then n<L;c, 2M;i, =N
(vij fB>0andA,C=20,then n<L;c, >M;i, =N
(vii) IfC >0and A,B = 0,thenn < Lyc, 2M;i, >N
where:

A= (y (6 —2n+2wi, —26(-1+c¢ + cp))) >0
B=M@42+y)0c;+ (—1+y)(—2(6 —2n + 2w)i, +
45(—1+ cp))) >0;

C=y(6—2n+2Wi,—26(cp + (—4+y)+yv(—1+¢p)) >
0;

—2—lg+2c1+2¢p

L= —2—lp+2nie—2pic+2+2¢,
M = 2(=1+y)(6-2n+2p)i+45(=1+y—=(=2+y)cy) .
- 4(-14y)8 ¢
N = 28 (cp+(—4+y)e+yv(— 1+cp))
y(6-2n+2p)

Proof: See Appendix B.2

From Proposition 2, the total profit for Case | is greater
than Case Il under seven possibilities.

Solution Algorithm
Next, an algorithm is depicted in Fig. 2 to describe the so-
lution procedures of the proposed models.

Select input parameters: 1.7, 1, Py, Cp, € Cp, T, e

==

| Select decision variables: p, ¢, ‘

i

44— np +8py ; for Case 1 |

| Define demand: D(p,n) = 4 ; for Case 2

| Mathematical characterisation of problem as Egs (1)4(2)

Calculate I (t), I,(t), S, R SR, HC, PC, LC by Egs. (3),(4),(5),(6),(7),(8),(9),(10) respectively ‘

No
—"\ Calculate TP, (p, t,) by (12) ]

|

| Calculate TP, (p, t;) by (11) ml Find optimal (p, t,) I

Fig. 2 Flowchart of the solution procedure

RESULTS

In this section, two numerical examples are provided to
study the applicability and to gain some insights from the
proposed model. The optimal results are derived and pre-
sented with corresponding figures to illustrate the model
and its optimal solutions.

Example 1: (With installment policy) Consider the order
cost OC = $100, purchase cost per unit ¢, = $6, holding
cost per unit ¢, = $1, lost sale cost ¢; = $7, interest rate
i, = $0.1, cycle length T = 3 months, number of install-
ments n = 5, and the values of parameters are u = 200,
n =8,y =04

Our objective is to find the optimum values of TP1, Q, p, t.
Example 2: (Without installment policy) All the values re-
main the same for this case except n =1, p = py, i.e., the
customer pays for the product at once and jie =0

Our objective is to find the optimum values of TP1, Q, p, t;.
The optimum results of the examples are solved by LINGO
17 software. Table 2 represents the results for two cases.

Table 2
Optimum results of the models

Optimum results

Examples q o e o+

1 219.58 16.59 2.59 714.34

211.28 16.09 2.56 593.93

Table 2 shows that the total sold quantity and profit are
higher for the case of installment facility than without in-
stallment facility though the price is higher for the first
one. The concavity of the profit functions for different
selling prices and positive stock time in both cases is ex-
amined by MATLAB R2019a in Fig. 3 and Fig. 4.
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700 —
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@
8
|

Total Profit
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300 —

200 —

100 =
10

Fig. 4 TP, with regard to p, t;

Both the figures above ensure the same optimal results in
Table 2. Hence, it is confirmed numerically and graphically
that the profit function has an optimal value.

Next, the sensitivity analysis is performed in this part. The
total profit for the first case is derived by changing the pa-
rameters from -30% to 30%. But, for the number of install-
ments,nrunsasn=1,2,3,4,5,6 because forn € I, I rep-
resents a set of positive integers.

(i) Analysis of area parameters

We study the parameter u and the relationship between
TP1, Q, p, tr, and u. For the changing of the parameter y,
the effect on TPy, p, Q, and tris shown in Table 3, and the
effect in percentage is shown in Fig. 5.

Table 3
The impact on the profits for varying u

Fig. 5 shows the percentage change according to Table 3.
The profit, selling price, total quantity, and positive stock
time change positively with the variation of parameters.
In this case, the increasing rate of profit is highest com-
pared to the others. The total profit varies from -67.64%
to 102.27%.

Impact of area parameter

=
=

102.27

e
N oB @
o 8 8 8 8 8

Variation of TP, Q, p, t;
B
1

g &

]

<67.64

Variation of it
—QmTP] ) e =Pemtf

Fig. 5 The relationship between p and TP;, Q, p, tf

(ii) Analysis of selling price coefficient

The effect of the selling price coefficient is shown in Table
4. The resulting percentage effect of changing n is shown
in Figure 6 graphically.

Table 4
Changes in profits for varying n

o Variations of
< S = 5 p Q ty TP;
a a >q_
[5)
-30% 5.6 22.69 | 244.67 2.70 1317.53
-20% 6.4 20.11 | 236.27 2.66 1059.96
-10% 7.2 18.14 | 227.91 2.62 865.56
n 0% 8 16.59 | 219.58 2.59 714.34
10% 8.8 15.33 | 211.28 2.56 593.93
20% 9.6 14.29 | 203.02 2.53 496.28
30% 10.4 13.41 194.79 2.50 415.89

" Variations of
- () 73 Gh.)
Bl 828
E| 5 |85
8| © |=xs5| p Q t TP,
S| o s 3
a o > —
°
-30% | 140 |12.62| 130.20 2.47 231.19
-20% | 160 |13.94| 159.94 2.52 364.81
-10% | 180 |15.26| 189.74 2.56 525.84
u 0% 200 |16.59| 219.58 2.59 714.34
10% 220 |17.91| 249.45 2.62 930.34
20% 240 |19.23| 279.34 2.64 1173.86
30% 260 |20.55| 309.25 2.67 1444.92

Impact of selling price coefficient

8

84.44

Q ®
[= T =1

Variationof TP, Q, p, &5
]

Variation of 7
=QunTP] e@un)) e=@us( e=Puutf
Fig. 6 The relationship between 1 and TP, Q, p, t;

The total profit, total quantity, selling price, and positive
stock time are inversely proportional to the parameter n.
Though the parameter n has a negative effect on all the
considerations, it is the highest in the percentage of total
profit. The total profit varies from 84.44% to -41.78%. The
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relationship between n and TP1, Q, p, tt is shown in per-
centage in Fig. 6.

(iii) Analysis of cost parameters

We study the cost parameters ¢, ¢y, ¢; and the relation-
ship between TP1, Q, p, t;, and the cost parameters. For
changing the cost parameters, the effect on profit, selling
price, total quantity, and positive stock time is shown in
Table 5, Table 6, and Table 7, and their percentage is
shown in Fig. 7, Fig. 8, and Fig. 9.

Table 5
Changes in profits for varying c,

v Variations of
el £ 2 E
s 8 s S P Q tr | TP
el @& > 2
)
-30% 4.2 15.73 239.03 | 2.61 |851.92
-20% 4.8 16.02 232.55 | 2.60 |804.76
-10% 5.4 16.30 226.06 | 2.60 |758.90
Cp 0% 6 16.59 219.58 | 2.59 |714.34
10% 6.6 16.87 213.10 | 2.58 |671.07
20% 7.2 17.16 206.62 | 2.58 |629.10
30% 7.8 17.44 200.14 | 2.57 |588.43
Table 6
Changes in profits for varying cp
v Variations of
e Q w o
g £ | §¢
el 5 | 88
© ] = = p Q t TP,
5 ] c 3
a a > oy
)
-30% 0.7 16.44 | 223.94 2.71 740.50
-20% 0.8 16.49 | 222.46 2.67 731.47

-10% 0.9 16.54 | 221.01 2.63 722.76

Ch 0% 1 16.59 | 219.58 | 2.59 714.34

10% 1.1 16.63 | 218.17 2.55 706.21

20% 1.2 16.67 | 216.79 2.51 698.36

30% 1.3 16.71 | 215.43 2.48 690.78

Table 7
Changes in profits for varying c,

Variations of

4
| B | g2
1] S K=l “E’
£ S & &
s| 8 |£E| P Q ty TP
& Q > o
o
-30% 4.9 16.56 | 219.55 2.54 716.10
-20% 5.6 16.57 | 219.56 2.56 715.47

-10% 6.3 |16.58| 219.57 2.57 714.88

o] 0% 7 16.59 | 219.58 2.59 714.34

10% 7.7 |16.59| 219.58 2.61 713.84

20% 8.4 |16.60| 219.58 2.62 713.37

30% 9.1 |16.61| 219.58 2.63 712.93

The profit function, total quantity, and positive stock time
are inversely proportional, while the selling price is pro-
portional to the parameter c,. The change in profit is
greater due to the change of cp. The total profit varies
from 19.26% to -17.63%, which means the profit function
decreases with the purchase cost increase. The

relationship (in percentage) between ¢, and TP, Q, p, t is
shown in Fig. 7.

Impact of unit purchase cost

19.26

Variation of 7P, Q, p, t;
(%]

-20 — -17.63
Variation of C,

=Qu=TP] =fump w=fum( e=@u=tf
Fig. 7 The relationship between c, and TP, Q, p, tf

The profit function, total quantity, and positive stock time
are inversely proportional, but the selling price is propor-
tional to the parameter cn and has the highest effect on t:.
For the variation of ¢, from -30% to 30%, positive stock
varies from 4.63% to -4.25%, whereas total profit varies
from 3.66% to -3.3% only. That means profit decreases
with the increase in holding costs. The percentage rela-
tionship between ¢y and TP1, Q, p, tris shown in Fig. 8.

Impact of unit holding cost
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Fig. 8 The relationship between ¢, and TP, Q, p, t5

The percentage relationship between ciand TPy, Q, p, tiis
shown in Fig. 9. The profit function is inversely propor-
tional to the lost sell cost ¢, while total quantity, selling
price, and positive stock time are positively proportional.
ci causes the highest impact on tr. For the variation of ¢,
from -30% to 30%, positive stock time varies from -1.93%
to 1.54%, whereas total profit varies from 0.25 to -0.20
only. Therefore, with the increase of lost sell cost, the
profit decreases.

Impact of unit lost sale cost
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Fig. 9 The relationship between c; and TPs;, Q, p, tf
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(iv) Analysis of the backlogging parameter y

This section refers to the influence of backlogging param-
eter y and the relationship between TP, Q, p, tr, and the
backlogging parameter y. For changing the backlogging
parameters, the effect on profit is shown in Table 8 and its
percentage is in Fig. 10.

Table 8
Changes in profit TP; for varying y
Variations of

o 4
= w o
g £ |§¢
€ S &

S| S |55 P Q t TP1
© o T o
o a > Y
(=]

-30% 0.28 | 16.54 | 220.01 2.45 719.37

-20% 0.32 |16.56| 219.83 2.51 717.34
-10% 0.36 |16.57 | 219.69 2.55 715.70
y 0% 0.4 |16.59| 219.58 2.59 714.34
10% 0.44 |16.60| 219.49 2.62 713.20
20% 0.48 |16.61| 219.41 2.65 712.23
30% 0.52 |16.62| 219.34 2.67 711.39

Impact of backlogging parameter

Variation of TPy, Q, p, &5
o

Variation of 3
=@=TP] wemp == () == if

Fig. 10 The relationship between y and TP3, Q, p, t;

The profit function and total quantity are inversely pro-
portional to backlogging parameter y, but selling price and
positive stock time are positively proportional. y causes
the biggest change on tr. For the variation of y from -30%
to 30%, positive stock time varies from -5.41% to 3.09%
while total profit varies from 0.70% to -0.41%. With the
increase of backlogging parameter y, the profit decreases.
The relationship in percentage between y and TP1, Q, p, tt
is shown in Fig. 10.

(v) Analysis of the number of installments n

In Table 9, the influence of installment is shown.

Table 9
Changes in profit TP; for varying n

. o » Variations of
E| § |56
] o 5 ® 4 Q ty TP
s & |>2
5]
-30% 2 16.33 | 218.02 2.58 689.71
-20% 3 16.47 | 218.89 2.59 703.26
-10% 4 16.54 | 219.32 2.59 710.16
n 0% 5 16.59 | 219.58 2.59 714.34
10% 6 16.62 | 219.75 2.59 717.14
20% 7 16.64 | 219.88 2.59 719.15
30% 8 16.65 | 219.97 2.59 720.66

The relationship between n and TP1, Q, and p, tf is graphi-
cally evaluated in Fig. 11.
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The profit function, selling price, and total quantity are
positively proportional to the installment parameter n.
Surprisingly positive stock time remains the same with the
variation of installment parameter n. With the increase of
the installment parameter, the profit increase is the high-
est. The total profit varies from -3.45% to 0.89%. The re-
lationship in percentage between n and TP1, Q, p, tr is
shown in Fig. 11.

(vi) Analysis of le

The interest rate /e plays an important role in this study.
The influence of le on profit is shown in Table 10, and the
variation in percentage for the optimal decisions is evalu-
ated in Fig. 12 graphically.

Table 10
Changes in profit TP; for varying I.
Variations of

p Q tr TP,

Parameter
Percentage
Variations
of parameters

-30% 16.64 | 218.43 2.59 696.15
-20% 0.08 |16.59| 218.82 2.59 702.21
-10% 0.09 |16.58| 219.95 2.59 708.27
le 0% 0.1 |16.59| 219.58 2.59 714.34
10% 0.11 |16.54| 219.95 2.59 720.41
20% 0.12 |16.53| 220.32 2.59 726.49
30% 0.13 | 16.54| 220.69 2.60 732.57

o
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Impact of interest rate 255
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Fig. 12 The relationship between I, and TPs;, Q, p, t;

Interest plays a vital role in a business. The profit function,
total stock, and positive stock time are proportional to the
interest parameter le. However, the selling price is in-
versely proportional. With the increase in interest param-
eter le, the profit increase is highest. The total profit varies
from -2.55% to 2.55%.
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DISCUSSION

This study considers an installment policy to facilitate peo-

ple who are unable to pay the cost as a one-time payment.

We introduce a demand function that depends on the sell-

ing price and the number of installments. Some special

scenarios can be addressed that will lead to some
previous research:

a. If n=1 (or 6§ = 0), the model reduces to an inventory
EOQ model with price-dependent demand with a par-
tially backlogged shortage (Sahoo et al. [22])

b. If y =0 and n = 1, then the model will be fully back-
logged (Shaikh et al. [39])

c. Ify=o0andn=1,the model reduces to an EOQ model
with price-dependent demand without shortages
(Teksan and Geunes [40])

d. fu=0,n=1andy=0, then the model becomes fully
backlogged with constant demand [41].

The results of this study show that with an installment pol-

icy, the seller can sell more items and thereby obtain more

profit compared to those without installments. Thus, the
installment facility provides a chance to serve financially
low-abled customers with regular customers in the mar-
ket region. The total profit obtained from the model with
an installment policy will be higher than the total profit
obtained from the model without an installment policy.

This result is in line with the finding of Mashud et al., [4].

The number of installments is an important factor as it dic-
tates the total funds the buyer must set aside for each
payment.

Further, there are some practical outlines for managers as

follows:

a. Managers must pay attention to the purchase cost cp,
holding cost cn, cost due to lost sales per unit ¢, and
the down payment pi, because the changes in these
parameters significantly reduce total profit with their
increasing values. Hence, the system maintains the
minimum possible cost components per unit, and the
amount of the down payment should be clearly stated.

b. Managers can handle installment policy planning at a
high level, thinking about the number of more
significant installments for a business’s profit. It is
clear from the sensitivity analysis that more
installments provide an opportunity for more profit.
Therefore, managers have the flexibility to set more
installments within the replenishment period.

c. As the total profit obtained from the model with an
installment policy will be higher than the total profit
obtained from the model without an installment pol-
icy, there are some possibilities/conditions that can
generate higher profit for Case |. Hence, managers
should be aware of the possibilities and maintain at
least one condition among seven to make their busi-
ness profitable.

CONCLUSION

In a competitive business market, all sellers and retailers
strive to serve more customers in order to increase their
profits. Thus, the supplier implements multiple policies to
attract more customers. Some customers are not able to

purchase products for cash price when it is beyond their
financial capacity. Hence, this study considers an install-
ment policy for people who are unable to pay the cost as
a one-time payment. We introduce a demand function
that depends on the selling price and the number of in-
stallments. This study combined the EOQ inventory model
with the installment facility and partially backlogged
shortages. The proposed algorithm can solve the model
by optimizing the selling price and positive stock time.
Two cases were examined, and it was found that more
customers can purchase with the installment option com-
pared to the full payment policy. The result demonstrates
that the installment plan is proportional to the entire
profit. Installment-dependent demand shows that it has a
positive impact on the demand of customers. Finally, our
studied EOQ model successfully represents how the in-
stallment facility can serve the low-abled customers in the
market.

The current study is limited in that it only examines the
installment and price-dependent demand for non-deteri-
orating commodities, but, since some products are dete-
riorating too, the future study can incorporate the effect
of the deterioration rate. Further research can be ex-
tended to using different demand patterns such as stock-
dependent demand, time-dependent demand, promo-
tion-dependent demand, and offering a discount on ad-
vance payment where shortages can be fully backlogged
for the same condition. Furthermore, sustainable inven-
tory management that considers environmental and
social criteria can be analyzed using the proposed model
in the current study. The effect of inflation also can be
incorporated and a study for multi-products will give
more directions for managers.
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Appendix A.1

Proof of Lemma 1

To prove the concavity, follow the steps:
Step 1: Firstly, we rearrange the total profit equation (11) again as,

TP (p.t)) = my + pmy + p2mg + ptpmy + pPtems + piteimg + tymy
1P ) = +t:2mg + pt2mg (A.1.1)
TPy (p, ty) = *@1(tr) + po2(tr) + @3(tr)
For notational convenience, we define
@1(tr) = tfme + tyms +my
@2(ty) = tfmg + tymy +my
@3(ty) = tfmg + tym; +my
Now find aTPl , aTP;—EQ'G) and set equal to zero.
f
leferentlatlng Eq. (A.1.1) with respect to p
oTP; (p, tf)
—p = 2pealty) + a(ty) = 0
TP, (p,ty)
dap
S5 1 . 1 . 1 1 1 . 1 . 7]
) fz( [y %+5y6Le—ZynLe])+tf (;[—;TV5+TYU—ZTV5le+;TV7Yle])
p TS 1 1 1 . 1 . 1 . 1 .
+o [7 +.T?y8 —Tn —5T?yn + T8ie + T?y8i, — S Tni — ZTZ)/me]
1[6 1 1 1 . 1 1
([ F G+ i+ irse —F—tni -T2 —gma—ime|) )
1 1 . 1 1
+tf (; [Tyu + ET)/LUE + 2nc; + Tyne, + Tyney, — 8¢ — ETchcl - ;TV5CP] )
1 1 1 1 1 . 1 .
! L ST8c, + ZTZVan + T6c, + ZTZyécl —Tu-— ETZyu — 5 Thie — ZTZ)/P-le i
T 1 1
| l T —2Tne, — 5 T?yne; — Tney — S T?ymcy ) |
Let,
() 1 . 1 . 1 1 1 . 1 .
tf ( [y ? +5V0ie — Zyme]) + tf (; [—;TV5 +Tyn =, Tydie +;Tyme] )
el(tf)_ TS | 1., 1.2 oo ,loo o 1o . 1.5 .
+;[7+ 2T°v6 =T =Ty + Toie +  T7y8i, —;Tnie — T }/T]le]
and,
1[6 1
tf (—[ Zh g 2 Jvée +3 y(?cp————yule—ﬂ——yncl ncp])
+ty (2[Tyw + 2Tymic + 2n¢, + Tyne, + Tyne, — 8¢, = 2Tyde, — 1 Tysc, | ) (A.1.1)
o (t ) _ f YHu YHie na yna Ynép Gl yocq Yocy
2\tr) =
1 ET(SCZ, + ZTZ]/SCZ, + Téc; + Zsz(Sc, —Tu-— ETZVM - ETuie - Zsz“ie
1 1
T —2Tne; — 5 T?yne; — Tney — S T?ymcy
TP, (p,tf)
gy = 2p04(tr) = B2(t) = 0
Now differentiating Eq. (A.1.1) with respect to t¢
a )
%:tf) = pmy + p*ms + my + 2pimety + 2mgty + 2pmoty = 0
1 1 . 1 1
—p (; [Tyu + ET)/],lle —-6c — ETy(Scl + 2n¢; + Tyne, — ETy(Scp + Tyncp] )
2(1]1 _ L ;1 Y= (A= _ _
N (T [2 Ty — Tyn +, Tydie ZTyme] ) (T[ 2uc; — Tynue, — Tyucy) ) _
ZEE_M 1si —Xoni 1] _men 1 _1!
l 2t p (T[4 + y&e 2VMte ]) + T[ 2 zrKa yucp] l
¢y,
[ +p( [ + yule +ﬂ——y8cl+ yncl——y6cp+ yncp]) J
where:
1 1 . 1 1
&, = 7 [Tyu + ETyple - 8¢ — ET)/6C[ + 2nc; + Tyne, — ;Ty(Scp + Tyr]cp]
1 1 . 1 .
$s =5 Tyé —Tyn + ;Tydi. — S Tyni.
1
& =2 [~2ne, = Tyne, — Tyue|
_1Jys ¥n 1 . 1 .
$6 —;[7—74'5]/515»—;]"715»] (A.1.3)
1 1 1
fo =222~ 2ync — Tyucy |
1fyun , 1 . Scp |, nep 1
$o = ;[—+ JYHEe =+ — _V5Cl +2 Syne = )/6cp +;)/ncp]
TP, (p.tf)
==L = —p¢, —p2&s — & 4 2tr(p?&6 + &g +Eg) = 0

atf
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Step 2: Find p * (t) and t¢*(p) by using step 1
Solving equations (A.1.2) and (A.1.3) we get
_ 6x(tp)
p* (tf) - 261(tf)
and
tf (p) T 2(p2Ee+Egtpés)
So, the profit function turns into,

TPi(p,ty) = 492 z((t{) pa(tr) + zeoi((ttff)) @2(tr) + @3ty

Putting the value of el(tf) and 6, (tf) we get,
TPl(P' t) =

( tf( [—+—y8£l+—y86p —7—Zyule————yncl——yr]cp])

¥
+t Tyu+ T]/ule+Zr]cl+Tyr]cl+Tyr]cp Scp— zTydcl ZT]/SCp )l}

1[5T8cp+5 T2y50p+T6cl+ ~T2y§c;— Tp——Tz]/u——TpI.e——Tz‘yple

+
T[ —ZT‘qcl——sz‘qcl—Tncp——T ynep

—— e

)
5 2 (pl(tf)
t T %—M+—y&e 4yr]l ])+tf( [——Ty6+Tyn——Ty613+ Tyr]Le])

[T6+ ~T2y§— Tn——szn+—T6Le+—T2y619——Tme——szme]

1

( tf( [P 2y +tysc, ~L-tynic="B-Lynei~tync,|) )
{l +tf Typ+ TprE+2‘qcl+Ty7]cl+Tyr]cp—5cl——Ty6q——Tyé‘cp] ) |>
i T&cp+ T2y55p+T6cl+ ~T2y8c;— Tu——szu——Tule——szule]
+

L

~1|~

—ZTr]cl——szr]cl—Tn cp _ET ynep

%( [75—H+1y6te——yn Le]) +ty (1[—1Ty6+Tyn —lTy6i8+lTyni

T5+1T2y§ T‘q——sz‘q+ T513+ sz&e——TmE——szm ]
+s3 (tf)
Usmg the value of ¢, (tf) ¥ (tf) and @;(tf) and 5|mpI|fy|ng we get,

* _ P2 [tf]

TP, (tf,p (tf)) = _—4*(ﬂ1[tf] + @3 [tf]
anl(tf'p*(tf)) 62TP1(tf,p*(tf))
tf ’ atfz
Differentiate (A.1.5) with respect to ¢,

2 !
OTP(tf) _ Pzltrled ] (93’ [ff + s [t ]

atf 4(p1[tf]2 49, tf]
(ma+2moty)(my+myts+mqt?)

;} 2(tr)

Step 3: Find

m, + ngtf -

aTP(ty) _ 2(my+mstp+mgt? )

oty (Mms+2mgts)(My+myts+mot?)?

4(ma+mstp+mgtf)?
Again, differentiating this equation with respect to t;
9°TPy(ty) _ P3ltrlpa' [t | oa[trl(@3) [tr] | P3ltrloa""[tr]  (03)[ts]
ot (tp) 2¢4[ts 294[ts]? 494[tg]? 491[ts]

+ @3" [tf]

(ms+2megty)(my+2mots)(my+matp+mot})

2
(m3+m5tf+m5t%)
mg(my+mytp+mgt? )
molmetmatgtmo )y
2TP,(ty) 2(m3+m5tf+m6tf)
5 =
ats"(tr) / (m4+2mgtff)2 (m5+2m6tf)z(m2+m4tf+mgt,2r)z\
2

_ K (m3+m5tf+m6t?) 2(m3+m5tf+m6t})3 )

Mo (My+myts+mot}?)

ma+msty+met}

Step 4: Proof the conditions for the optimality of the objective function.
To ensure that the optimal profit function is concave, the following condition must be satisfied:

9%TPy(tf)
atei(ty)
Now simplifying (A.1.5), we get,

9%TPy(ts) _
57 Ky (tr) — Ko (tf)

(A.1.4)

(A.1.5)

(A.1.6)

(A.1.7)
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where,
(ma+2mots)’ (ms+2mets)” (my+mytp+mot?)”]
K, (t;) = 2(m3+m5tf+m6t%) 2(m3+m5tf+m5tj2c)3
1 mg(m2+m4tf+m9tf) J
m3+m5tf+m6tf
(ms+2m6tf)(m4+2m9tf)(m2+m4tf+m9tf)]
2
(m3+m5tf+m5tf)
K (tp) =
ms(mz+m4tf+m9tf)
——5 +2my
| 2(m3+m5tf+m6tf) J
9%TP(t
# will be less than zero at optimal t7 if K,(t7) — Kq(tf) is negative;
6tf (tf)
i.e., if Ki(tf) > Ky (tf) (A.1.8)

Finally, if condition (A.1.8) is satisfied, the total profit is always concave.

Appendix A.2

Proof of Lemma 2

To prove the concavity, follow the steps:

Step 1: Firstly, we rearrange the total profit equation (12) again as,

TPy (p. ty) = [

my + ply + p2L3 + ptely 4+ ptpls + pPteile + tpm,
+tf2m8 + ptszg (A21)

TP, (p, tr) = pda(tr) + pdba(tr) + ds(ty)
For notational convenience, we define
$1(tp) = t7Lg + teLs + Ly

$o(tr) = tFLo+ trLy + Ly

$3(tp) = timg + tpmy; +my

Now find

6TP2 aTP;(pty)

and set equal to zero.
6tf

D|fferent|at|ng Eq. (A.2.1) with respect to p

aTP2 (p tr) _

aTP2 (p TP (Dty) _

[r*

=2pds(tr) + d2(t) = 0 (A.2.2)

20 (¢f (3 [=5) + & G Lrvm ) + 2 [ =10 =572 )
—L_ 19 Zyne, - 2yney]) + tp (FITy+ 2ne + Tyne + Tyngy] )| | = 0
—Tu— —szu 2Tne — —sznc, —Tne, — —T yncp]

1
T

Y
t? (% [—% - % - —yncl yncp]) +t (% [Tyw+ 2nc, + Tyne, + Tyney) )

f
ay(ty) =
+o [—Tu - Eszu —2Tne; — %szncl —Tne, — %szncp]
and
— 2 (1
ou(t) = 2p (¢ (5= 5] ) + & GG lrvm ) +2[=Tn =57°] )
. oTP, (p.tf) _ 2 _ O (A23)
T Pffi(tf) —oa(ty) =
Now differentiating Eq. (A.2.1) with respect to t¢
OTP, (ptf)
;Tf = pLy + p%Ls + my + 2p2Lets + 2mgty + 2pLoty = 0 (A.2.4)
[ (2(Tyu+ 2nc + Tyne, + Tyncy] ) = p? (2[-Tym] )|

=

I
[ +2tf

— (3[-2ue, — Tyne, - Tyue,] )
ik N
+p ([ + %2+ Syme +3my ) J
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where:

Wy = _%[Typ + 2n¢; + Tyne; + Tyney)
w5 =~

w; = —% [~2ne, = Tyue, — Tyue, |

—1[_m

ws ==|-2] (A.2.5)
—1|_wen_1 _1

wg _T[ 2 3 YHG ZVIJ-Cp]
N L L 1

wg_T[Z T +2yncl+2yncp]

. OTP; (Ptp) _

Ty —pw, — p2ws — w7 + 2t (p*we + wg + pwy) =0

Step 2: Find p * (tf) and t;"(p) by using step 1
Solving equations (A.2.3) and (A.2.5) we get

_ O2(ty)
pr(t) = 204(ts)
and

* _ pwstp?ws+w,
tf (p) T 2(pPwetwgtpws)
So, the profit function turns into
2

TPZ(tf;p*(tf)) = - 44111 + b3 (A.2.6)

TPy (tpp*(tp)) 02TP(trp'(ty))
oty ’ atg?

Differentiate (A.2.6) with respect to ¢,

aTPy(ty) _ #3lts1dn'lts] _ (99)'Its]

a
Step 3: Find

+¢5'[t
aty ol gty T P31
Ly+2Lot¢)(Ly+Lat s +Lot?
[m7+2m8tf—(4 otf)(L2 4f2 9f)]
TPy (t)) | 2(La+Lsts+Lst?) |
aty (Ls+2Letp)(Lo+Latp+Lot?)?
4(L3+Lst+LatF)?

Again, differentiating this equation with respect to t;
PTPy(ty) _  d3ltflda [t | 91 [t [tr] | B3ltrle[tr]  (93)"[ty]

— n t
ats () 2¢4[4]3 2¢1 (7] 4[] woitty] 571471
[ (Lo+2Lotf)” (Ls+2Lets)’ (LotLats+Lot?)’ |
_ 2(m3+m5tf+m6t,2r) 2(m3+m5tf+m6t%)3
92TP,(ty) _ Lo(Lp+Latp+Lot})
sty mg+mstp+met? (A.2.7)
+ (L5+2L6tf)(L4+2L9tf)(L2-:L;tf+n9t/2~) +2mg + LG(L2+L4tf+L9t%)22
| (ma+msts+mgt?) 2(La+Lstr+Let?) ) ]
Step 4: Proof the conditions for the optimality of the objective function.
To ensure that the optimal profit function is concave, the following condition must be satisfied:
9%TP,(t5)
atfz(tf)
Now simplifying (A.2.7) we get,
TPy(ty) _
at2(es) Fo=F <0 (A.2.8)
where:
[/ (Laveroty)’ (L5+2L6tf)2(L2+L4tf+L9t,%)Z\]
F, = I 2(m3+m5tf+m5t}3) 2(m3+m5tf+m6t})3 I
Lo(Ly+Latp+LotF)
+ ma+mgtp+met}
F, = (LS+2L5tf)(L4+2L9tf)(L2+2L4tf+n9t,%) +2mg + LG(L2+L4tf+L9t)2c):
(La+Lstp+Let?) 2(Ly+Lstp+Lot?)
O*TP(tp) . . o . . .
— —— will be less than zero if F,(t7) — Fy(t7) is negative at the optimal point,
atf (L'f)

e, if Fy(¢)) > Fa(t)) (A.2.9)
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Finally, if condition (A.2.9) is satisfied, the total profit is always concave.

Appendix B.1
Proof of Proposition 1
Let Q, be the total quantity sold in a replenishment cycle for Case .

Then@ =S+R =t + glog{l + y(T - tf)}
Q= (u—np+5p)ft + %log{l +y(T - )}

Again let Q, be the total quantity sold in a replenishment cycle for Case II.
Then Q; = [Q1]5=0

Q2= (u=mp) {tr + 7 log{1 +¥(T ~ t7)}}
Now, Q: — Q;=8p: {t; +log{1 + (T ~ 1;)}}
Since 8p; {tf + ilog{l +y(T - tf)}} > 0then@Q; —Q; >0

Therefore, Q; > Q,
i.e., the total sold quantity for Case | is greater than for Case Il.

Appendix B.2
Proof of Proposition 2
We have,
my + pmy + pPms + ptrmy + pitems + p2tePme + tem,]
TP(p, t;) = 4 4 r T -110c]
+tomg + ptymg T
my +pL2 +p2L3 +pth4+p2t L5+p2t 2L6+t my; 1
TPy (p.ty) = [ 1.2 /) ! ! - [oc]
f mg +ptf Lg

Subtracting (B.2.2) from (B.2.1) we get,

TP, (p.ty) — TPy (p. ty) =

[sz +p?ms — pLy —p?Ls + pmaty + p*msty — ptrLy — Pzths]
+p?metf + pmotf — p2t?le — ptsile

_ [p(mz — Lp) 4+ p2(m3 — L3) + pty(my — Ly) + p?ts(ms — Ls)]

B +p2tf(m6 —Le) + ptf(mg —Ly)

Since p and t; are always positive then (B.2.3) will always positive if

my — Ly,msy — L3, my — Ly, mg — Lg, Mg — Lg, Mg — Lg >0

which produces the following inequality:

m2+m3+m4+m5+m6+mg>L2+L3+L4+L5+L6+L9
=>m2+m3+m4+m5+m6+m9_(L2+L3+L4+L5+L6+L9)>0

Putting the values of m,, m3, m,, m5, Mg, Mg, Ly, Lg, Ly, Ls, Lg and Lg in the equation (B.2.4) we get,

[-n+ym—L-Llpp—yp+ B e (20070
%+ﬂ+m)L —+2nc ———yncl ynl+ Tyr)cl+ncp
—yr;cp+—”+ Tyncp+6(———+ +I ++(—— +o +—)1€

—r)+yr)—m—m+u yu+ +Ty“+%+2ncl—%
| - —yne + Y771+ Tyncl+ncp )/ncp+yn”+ Tyncp |
[ (3R-TapemaDy,
= 1 v, v Ty Cn
- 48 Eq 2:;14T jClT-:(A} +p :Cp )yecp_q Jl
Tty T wTva Tyt Ty e

T2(y((8 — 21+ 2W)i, — 26(—1+¢; + ¢p)))
+T(4—( 24+y)oc+ (—1+y)(—2(6 —2n+ 2w)i, +46(—1+ cp)))
+y(6 — 2n + 2W)i, — 28(cp + (=4 + V) +yv(—1+¢p))
_ AT?+BT+C
- 8T
where:

A=(y((6 —2n+2wi. —26(-1+ ¢ +¢,)))
B=@4(-2+y)5¢+ (-1+y)(—2(6 — 2n + 2w)i, + 46(—1 + ¢)))
C=y(6—2n+2Wi,—26(cp+(—4+7v)a+v(—1+cp))

(.2.1)

(.2.2)

(B.2.3)

(B.2.4)



M. R. Hasan et al. — An Inventory Model with Price and Credit Installments-Dependent Demand 127

2
Since T is always positive then % > 0if AT? + BT + C is positive.

Again, AT? + BT + C > 0 under the following possibilities:

(iYA,B,C >0, (ii))A,B>0and C = 0, (iii)A,C >0and B =0, (iv) B,C >0andA >0
(VVA>0andB,C =0,(vijB>0andA,C =0, (viiC >0andA,B =0

Now (i) 4,B,C > 0:

A= (y((6 —2n+2wWi, —26(-1+¢ + cp))) > 0 which produce n < o iet2mie—Znigr2cr 20
B=({4(-2+y)oc+ (—1+y)(—2(6 — 2n + 2w)i, + 46(—1 + ¢p))) > 0 which produce

2(—1+y)(6-2n+2Wie+48(—1+y—(-2+y)cp)

& > 4(-1+y)6

and

C=y(6—2n+2Wi, —26(cp + (=4 +y)c; + y(—1 + ¢,)) >0 which produce
28(cp+(—4+y)crt+y(—1+cp))

€ y(8—2n+2p)

Let,

—2-lg+2c1+2¢p

—2—let+2¢1+2¢)

L= —2—lg+2nie—2pic+20+2¢,
2(—1+y)(—2n+2Wie+48(—1+y—(=2+y)cp)
M =
4(-14y)8
2(-1+y)(6-2n+2Wie+46(—1+y—(-2+y)cy)
N =
4(-1+y)é

then n <L;c, >M; i, >N

Similarly, other possibilities

(iv) fAB>0andC =0,then n<L;c,>M;i, =N

(v) IfAC>0andB =0,then n<L;c, =2M;i, >N

(vijy fB,C>0andA=0,then n<L;c,>M;i, >N

(vii) fA>0and B,C =0,then n<L;c, =2M;i, =N

(vii) f B> 0and A,C = 0,then n<L;c, > M;i, =2 N

(ix) fC>0and A,B =0,thenn<L;c, =2M;i, >N

Hence total profit with an installment facility TP, (p, tf) is always more profitable than TP, (p, tf) under any possibilities
among (i)-(vii).



