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1. Introduction

Physical commodities like fruits, vegetables, food items etc., when stored undergo depletion by direct
spoilage. Also, some other commodities undergo deterioration through gradual loss of potential or utility as time passes.
For instance, electronic goods, grains, chemicals, pharmaceutical products etc. Therefore, goods with these
characteristics can be found in real life situation. Inventory theory can be seen as a set of mathematical models that
describes the properties of a wide variety of inventory systems and as well as different methodologies studies that seek
and analyze the best strategies that can be employed in inventories management (Luis et al., 2021). Rajan and
Uthayakumar (2017) studied an economic order quantity model. In their work, they examined the optimal pricing and
replenishment policies for instantaneous deteriorating items with backlogging, trade credit and inflation and obtained
the optimal selling price, optimal order quantity and optimal replenishment time for profit maximization problem.

Luis et al. (2021) studied an inventory model where effects of time and selling price are component of the
demand rate. In this work, the demand rate consists of two power functions. One depends on the selling price while
the other depend on the time elapsed since the last inventory replenishment. They also allowed shortages and the
shortages are fully backlogged. Furthermore, they determined the optimal inventory policies by optimizing the profit
function and presented numerical examples to verify their results. The work of Amalesh et al. (2021) studied the impact
of learning effect on rework policy, inflation and the time value of money and concluded that manufacturers can avoid
loss due to presence of defective items, decrease the total cost of the manufacturing system and increase the rework
rate of imperfect items by adopting rework policy.

Moreover, common practice demonstrates that if one lowers the selling price of a commodity, customers
demand for that commodity increases. The work of Halim ef al. (2021) explored this very idea. Their work considered
stock dependent demand and nonlinear price dependent demand for production inventory model for deteriorating items.
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In practice, a firm might derive some advantages if customers can wait for certain period until the next
replenishment to get their order. Hence, complete backlogging or partially backlogging of shortages is allowed. That
is, any customer that come for transaction during the stock — out period is willing to wait until the next replenishment
or some of them that come for transaction during the stock — out period are willing to wait until the next replenishment.
Some of other work found in (Birbil et al., 2015; San — Jose et al., 2020; Mishra et al., 2015; San — Jose et al., 2019)
also considered the concept of shortages and backlogging.

Offer of trade credit period is a widespread practice in business. It encourages patronage and new customers
as well help in reducing on — hand inventory level since it might encourage customers to buy more. For instance, Banu
et al. (2021) studied a supply chain model. The model considered demand rate that is stock dependent demand rate
under trade credit financing. The work of Pervin et al. (2019) also studied an inventory models for deteriorating multi
— items where the demand rate is stock dependent and price dependent under trade credit policy. Shaikh et al. (2020)
examined a production model for deteriorating item under trade credit policy. Here, they studied how inflation and
price dependent demand affect the model. Sushil and Rajput (2015) presented perishable item inventory model where
demand depends on time varying stock under inflation. They assumed the supplier can offer trade credit to their
customers and the length of the credit period depends on the quantity ordered. They derived the optimal policy through
minimization of the total cost function and presented numerical examples to illustrate their results. One of their findings
from their results is that if the credit period is large, then customers would want to order more items.

After the global financial crisis, large scale inflation has been experienced by many countries. As a result,
inflation and time value of money has become an important component of inventory management. Shuai et al., (2013)
considered an inventory model for perishable products with stock dependent demand under inflation. Here, they
assumed that the supplier can offer trade credit but the quantity ordered determined the length of the trade credit. They
also minimized the cost function to derive the optimal inventory policies and provided numerical examples to illustrate
results.

Jie et al., (2010) also studied a model to illustrate real life business scenario by considering an inventory
model under two level trade credit where the demand rate is stock dependent and the deterioration is also stock
dependent. The kind of arrangement where both the vendor and the buyer can offer trade credit to their prospective
customers can be referred to as two level trade credit. In the model, It is assumed that the supplier can offer a fixed
credit period and the retailer in turn offers a fixed credit period to customers in order to promote market competition.
Furthermore, they provided the necessary and sufficient conditions for the existence and uniqueness of the optimal
solutions that maximized the average profit function.

Deterioration of physical goods is one of the important factors put into consideration in an inventory or production
management. Hence, it has become very necessary to control and maintain inventories for decaying items. This work
examined inventory management problem for deteriorating item with stock level dependent demand and controllable
deterioration under trade credit and complete backlogging. Focusing on how to minimize the average cost function of
the inventory.

2. Models Formulation

2.1 Constants and Variables

K The ordering cost per order

¢ the unit purchasing cost

h The holding cost per unit time (excluding interest charges)

s Unit selling price (s > ¢)
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¢; shortage cost per unit per order

¢, Opportunity cost due to lost sales

I, Interest earned per Naira per unit of time by the retailer

I,, Interest charges per Naira in stock per unit of time to the supplier

I(t) The level of inventory at time t

I, Maximum inventory level for each replenish cycle

I, Maximum amount of demand backlogged per cycle

M Retailer’s trade credit period offered by supplier per unit time

t; Time at which the inventory level falls to zero

T Inventory cycle length

Q Retailer’s order quantity

® Maximum capital constraint

& Preservation technology cost per unit time for reducing deterioration rate in order to preserve the products

0<é¢<sw)

2.2 Assumptions and Models

1.
ii.
iii.
iv.
v.

vi.

vil.

Viii.

The replenishment rate is infinite

Lead time is zero

Planning horizon of the inventory system is infinite

There is no repair or replacement of deteriorated items during the period under consideration

The inventory model deals with single item

The reduced deterioration rate N (§) is an increasing function of the preservation technology cost & where
lim N(§) = 6

The demand rate function D(t) is deterministic and a function of instantaneous stock level I(t). When
inventory is positive, D (t) is given by

D(t) = a + BI(b), 0<t<t

And when inventory is negative, D (t) is given by

D(t) = a, 0<t<T

a >0and 0 < f < 1, are demand rate and a fixed fraction of stock level parameters respectively

Shortages are allowed. That is, the demands that are not satisfied are backlogged and the fraction of
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shortages backordered is b(t) = e=%¢ § > 0, t is the time of waiting for the next replenishment and
0<b() <1, b(0) =1. Note that if b(x) =1 (or 0) for all t, then the shortages are completely
backlogged (or lost). We assumed that the shortages are completely backlogged.

iX. If the trade credit period M is offered, the retailer would settle the account at ¢t = M and pay for the
interest charges on the items in stock with rate I, over the interval [M,t,] if t; = M and if the retailer
settles the account at t = M, the retailer pays no interest charge on items in stock during the whole cycle
ifty, <M

X. The retailer can accumulate revenue and earn interest from the beginning of the inventory cycle until the
end of the trade credit period offered by the supplier. i.e., the revenue of the retailer can accumulate and
the retailer can also earn interest during the period from t = 0 to t = M with rate I, under the trade credit
arrangement.

Considering the assumptions above, the model for the inventory level at any time is given by

dl_(t)_{ —a—BIt)—[0—N@]I(t) 0<t<t )
at — |—ab(t) t;<t<T

With boundary condition I(t;) = 0

During the interval [0, t;], The decreases in the inventory level is due to combined effects of deterioration and
demand, inventory drops to zero during the time interval [0, t;]. During the interval [t,, T], shortages occurred which
are completely backlogged. From equation (1), the rate of change of inventory level at any time t can be represented
by the following differential equation:

%:_“‘ﬁl(f)—[H—N(E)]I(t) 0<t<t
= b <t<T
P ® t,<t<

With the boundary conditions 1(0) = I, I; (t;) = 0, now

%= —a—BIX)—[0-N@OUER) 0<t=<t
dl
% =-—a—[B+ (6 -NE)IE®

=—(a+[B+6—-NOUWD)

f di(t) (4
ft a+[B+6-NOUGD f —d

ffl di(t) t1

arFro-nEone - ), ¢

@+ 15 +60 = NOU@)| _
B o) R LR

a+[B+6—-NONE) _ o= (B+O-N(©)(t1-1)
a+[B+6-NEI®
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Since I(t;) = 0, we Have
a

a+[B+6-NEOI®

a+[B+6—N@OE) = aeBH-NEE-H

— o~ (B+O-N(©O)(t1—1)

[B+6— N = aelB+o-NEE-t) _ o

a[eBrO-NENE-) _ 1]

A FY RG]
I = 1(0) = L2 @)
3. The Objective Function Components
Ordering cost per cycle = K 3)
Holding Cost = h [}* I(¢) dt
f1 q[eBHO-NONE-0) _ q]
=h f dt
0 B+6—=N()
. [He"‘if]v@) fo tl[e(me—w(e))(tl—r) —1]dt
N ah e (B+0=N(§))(t1-t) 1, |t1
B+6—-N(E)|-(B+6-N() 0
ah o (B+O-N(E)(t1t1) o (B+0-N()(t1-0)
=ﬂ+9—N(s‘)( —(ﬁ+e—N(5))‘t1] i [—(ﬁ+9—N(€))_OD
ah 1 e (B+0-N@)ts
=ﬁ+9—N(€)<_(ﬁ+9—N(s‘))_t1+(ﬁ+9—N(s‘)))
+6—-N tq_
E ﬁ+9a—rjv(§) ([e(ﬁgw—i)()f)l -4 tl) “)
For Unsatisfied demand completely backlogged, we have
dl
E=—ab(t) t,<t<T
b(t) = 1, therefore,
dl
Tl
L) =—a f; dt = —a(t—t,) = a(t, — t) (5)

Maximum backordered quantity
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LM =Ly=a(t;-T) (6)
Here, no lost sales or opportunity cost

Purchase cost (case of complete backlogging)

Maximum quantity = Q = I,, — I,

ale(B+O-N®)t1_q)

Qzlm_IImZW"_a(T_tl) (7
a[eBHO-NENL _ 1)
Purchase cost = cQ =c¢ +a(T —t,)
B+6—-N() !
A\’ ac[e(B+O-NENt1_q] _
— W aF (XC(T tl) (8)
Shortage cost (case of complete backlogging)
T T
Shortage cost = —clf L(t)dt = —claj (t; —t)dt
t1 t1
= t;t T
=—qalt an
[ T? t?
=- tT—— |- (t2—=
G < 1 2 ) < 175
T? 4
= — tT———t2+—
Ga E >l + >
= t.T + r + tf it
=Gqa 1 2 1o
2 2
=ca [T -+ 7] 9)
Preservation technology cost = éT (10)
t1
Sales revenue = s (f D(t)dt—1, (T))
0

t1
=s| (a+pIt)dt—sa(t; —T)

t1 a[e(ﬁ‘*e—N(f))(H—t) -1]
=sf0 <a+B F+ 0N )dt+sa(T—t1)

B t1 e (B+O-N(E)(t1-t) Ba J .
—sfo <a+Ba F+0—NQ© _,8+9—N(E)> t+sa(T —ty)
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Ba e (B+O6-N(£)(t1—-t) Bat t,

=s<at_ﬁ+9—N(f)x FT0-NG _ﬁ+9—N(f))| + sa(T —
B [gae(ﬁw—N({))(trt) Bat ¢
"<m_ w+e—N@n2‘ﬁ+9_N@D|”ﬂﬂT

[,)ae(ﬁw—lv(f))(tl—tl) Bat, ﬁae(ﬁ+9—N(5>>(t1—0) 0
_S[<at1_ [B+6—N(©J? _ﬁ+9—1v(§)>_( TTB+6—-N@ _ﬁ+9—N(§)>]
+sa(T —t;)

— ﬁ(l [)’atl ﬂae(ﬁ*’e—N(f))H]
- [atl B+0-NOF B+0-N© Bro—n@p W

Bat, BaeB+o-NENL Ba 3
B+6—N() i [B+ 6 —N(&)]? - B +6 —N(f)]z] +sa(T —t,)

3 ahw+9—N®H—&mﬁww”W@m—ﬁﬂ A\
‘ﬁ FTo-N® T Bro-n@p |t w

=S atl_

_[at,l8 = NG ﬁmaw%mma-n] 3
—S[ﬁ+9—N(€)+ Bro-nopE | 5T -t

t1[0-N(©)] | p(eB+O-ND)t1_y) B
[ﬁw—zv(f) gronor | T AT ) €3]

t1 t1
Deteriorating cost = d, [Im = f D(t) dt] =d, [Im — | (a+pBIX)) dt]
0 0
a[eB+HNOML _ 1]t a[eBHO-NENE=t) _ 1]
‘dJ e | @*3 FHo-N@) )d4

_d[ﬂdm“mmH—u_(wue—N@n+aM4“*”m“—nﬂ
L B+O-NE B+0-NE = [B+6-NQOP

_ [ﬂd“*mmﬁ—u_aaw—N@H_amA““”m“—n
L B+O-N(© B+6—N(&) [B+6—N©®I?

_d[ﬂdm“mm“—u_amd“*”m“—n_aaw—wen
L B+O-N(© [B+6—-NE©I? B+6—N(©)

_d[ﬂﬂ+9—N@Mdﬁ*”m“—u—amém*”mh—n aaw—N@ﬂ

[B+6— N2 CB+0-NE©
_d[ﬂG—N@md““Mm“—u_aaw—N@W
e [B+6—N(©]? B+6—N(©&)
_ deal8-N(@)] [[eB+6-NEt1_q)
= BO-N® [ prone G (12)
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Interest payable and earned

If the end of the credit period is shorter than or equal to the length of period in which the inventory is positive
(M < t,), payment for goods is settled and the retailer starts paying the capital opportunity cost for the items in stock
with rate I,. We also assumed that while the account is yet to be settled, the retailer can sell the goods and continue to

accumulate sales revenue and earn interest with the rate I,. Hence, interest earned and payable per cycle for different
cases are given below:

Case: M <t

21
Interest payable = clpf I(t)dt
M
t1 a[e(3+9—N(f))(t1—f) -1]
=cl f ( )dt
P m ﬁ +6— N(E)

_ e f “( eB+O-NENE-D _ 1)gy
B+6—-N(©&)Jy

- Clpa e(B+9_N(€))(t1_t) ; tl
B+6—-N()

—B+6-N©) )Im
_ clpa [(e(ﬁ+9—N(§))(t1—t1) . ) _ (e(ﬁ+0—N(€))(t1—M) ! M>]
B+o-NON\-B+6-NE) ') \—(B+6-NE)
_ clpa e (B+O-N(£)(t1—-M) A 1 i ]
B+O-N®|(B+6-NE©) B+6-N©

_ cha e(B+O-N()(t1-M)_4 -
Shono| Gy TMoh (13)

m pt
Interest earned = s/, f J. D(s)ds dt
0o Jo

o[ prasa

=sl, fom Uot(a + ﬁ[(s))ds] dt

<t [[[ (o P )

=i [ |[ (e remne o w)

~ M _ BaefINOE) g ) t]
= slef0 [(“S [B+6-N@I* B+6-N(E) |0 a
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_ fM Kat ~ Bae(B+6-NE©)t1-0) _ Bat ) _ <0 _ Bae(BH-NE@)(t1-0) _ 0>] i
“Jo [B+6-N©I? B+6-N(©&) [B+6-N(I?

M BaeBHO-N@)(t:1~t) Bat BaeBHo-N®)ty
‘SQL[“‘ w+e—N@n2‘ﬁ+9—N@f+m+e—N@n4“

atz Bae(ﬁ+6—N($))(t1_t)
= SIe T +

B(th ﬁate(ﬁ*'e_N(f))tl
_ N ) M
[B+6-N@PF 2(B+6-N©) [B+6-N(©)]?)'0

aMZ Bae(ﬁ+6—N(§))(t1_M)
=sl, >

BaM? BaMe(ﬁ+9—N(§))tl
B+0-NOPF 2(8+6-N(©) L [B+6-NOJ? )

Bae(BHo-N@©)ty
_O”Tﬁ+e—N@ﬂ3_°+°ﬂ

[CZMZ BaeB+0=-NE@)(Et1~) BaM? BaMe(B+0-NE)ts
=S e

B+6-N©OP 2(8+6-N©) TBro-NET
ﬁae(ﬁw—N(s))tl]

2

[B+6-NOP

BaeB+6-N©)t1

aM? BaM? Bae(B+E-NE©) =M
= sl
Se[ B +6-NOT

2 2(B+6-N®) [Br0-NOF
BaMe(B+6-N@)t:
w+e—N@n4

+

_ [(XMZ(,B L (i N(f)) _BaMZ N Bae(ﬁ+9—N(§))t1(e—([?+9—N(§))M i 1)
T 2o @) B+6-NEP
ﬁaMe(me—N(f))tl

[B+6—N(I? ]

+

I alwz(6 - N(E)) Bae(ﬁ"Q‘N(f))tl (e_(ﬁ"‘e—N(f))M _ 1)
_Se[z(ﬁ+9—N(€))+ [B+6—-N©EP

[;ame(ﬁw—N(O)H]
[B+6-N(§)]?

(14)
Casell: t; <M

Here, the cycle time t, is less than or equal to the credit period M, so no interest will be paid. Hence, the retailer
pays no interest at the end of the inventory cycle. Thus,

Interest payable = 0

However, from time O to t,, the retailer can sell the goods and continue to accumulate sales revenue to earn interest

sl, fotl fotD(s) ds dt. Also, from time t; to M, the retailer uses the sales revenue generated in [0, t;] to earn interest
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sl, fotl D(s)ds (M — t;). Thus, the interest earned in this period per cycle can be described by:

t1 rt t1
Interest earned = s, U J- D(s)dsdt + f D(t)dt (M — tl)]
o Jo 0
t; rt ty
=sl, f f D(s)dsdt + slef D(t)dt (M —t;)
0 0 0
t; rt ty
=sl, f f D(s)dsdt + slef D(t)dt (M —t;)
0 0 0

=sl, ftl UtD(s)ds] dt + sl, ftlD(t)dt M —ty)
o Lo

0
ty
= slef
0
ty
= slef
0

ft(a + ﬁl(s))ds] dt + sl,(M —t;) tl(a + BI(t))dt
0 0

t (B+6-N(&))(t1-5) _
J. (a + pale 1]) ds] dt
0

B+6—N(&)
Pl et
- f U ( ’ ﬁa/?(T;_f(fv)g_S) N e N@)) ds] “
o < § jofl <a i ﬁa;(f;—iv(;»(;—s) Az Qﬁf N({)) dt

X t1 P Bae(ﬁ"’e_N(f))(tl_s) - ﬁas ) t]
= slejo [(“S [B+6—-NEI* B+6-N() |0 i

(B+0-N(@©)(t1-1)
ae at
+sl,(M — t,) (at _# B ) b

B+6-N®P B+6-N©)!0

t Bae B+0-NEN(E1=0) Bat Bae B+O-NE)(t1-0)
_szefo [(“t‘ B+0-NOP ‘ﬁ+e—1v(f>)‘<°‘ B+o-NEP ‘°>]dt

BaeBHO=N©)t:1~t) Bat, Bae (B+0-N(©)(1-0)
B+6-NOP ‘ﬁ+9—1v(f))‘( TTBre-NEP ‘0)]

g J‘M [at _ ‘[}ae(ﬁ"'e—N(f))(H—t) _ Pat N ﬁae(ﬁ‘Fe—N(f))H] it
°J [6+6—-N()]>? B+6-NE) [B+6—N(©I?

+sl,(M —t,) Kat1 -

Ba Bat, gae(ﬁw—zv(f))tl]

ol =) [““ “BrO-N@OF BH0-N® [B+0-NOF
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. at  BaeB+-NE©)E1-t) Bat Bate(B+0-N©)t:
= e<7+ [B+6—-NE©P _2(ﬁ+9—N(5))+ [b’+9—N($)]2>

ty
0

B+6-NQOF B+0-N© [B+6-NOP
g at?  BaeB+O-NE)E1-t1) Bat? Bat,eB+o-N©O)r
= S KT+ B+0-NOF 2(8+0-N@) [B+0-NOF )

[)’ae(5+9—N(€))(t1—o)
_<0+ [B+6-NEOP ‘°+°>]

(B+6-N(©)t1
+sl,(M —t,) [atl — pa paty pae ]

L(M ,Ba ﬁatl ﬁae(ﬁ"'e_N(f))tl
teli ~ R [atl [B+6-N©®PZ B+6-N© . [B+6— N(f)]z]
at? Ba Bat? ﬁatle(ﬁ+9—N(§))t1

=sl,

& B+6-NEPE 2(8+6-N@©) ; [B+6—N(©)?

ﬁae(ﬁ"’g_N({))tl
[B+o- N(E)P]

Ba Bat, Bae(B+-N@)ty

sl M=t |ah ~ G N@®E  B+0-NE) | [B+6-NOP
at? Pat? BaeB+o-N©)ty Ba
[T “2(B16-N©®) [B+0-NOF [B+0-NET
Bat,e(B+o-N©)ts
TTB+o-NOT ]
(B+6-N()ts

NG — ) [‘“1 S e eﬁ—azv(a]Z]

g [atf (B+6-N©) = patt _ pafeloNO -1 | Bat1e<ﬁ+9-N<f>>f1]
I ETELG)) B+0-NOF  [B+0-NOPE

at [+ 0 —N(E)] — Pat, 1 BafeB+6-NE)tx 1]]
B+6—N(E&) [B+6—N()?

3 [ at?(60 — N(§))  Pat,e(F+0-N®)  pa[e(B+o-NEO)t _ 1]]

+sl,(M — t;) [

26+0-N©®) BHI-NOF  B+-NEP

at[0-N(®)] , pafe(B+6-N@)t1_yq]
B+6-N(§) [B+6-N(&)]2

+sle(M —ty) [ (15)

4. Cost Minimization Problem for the Case of Complete Backlogging

Our problem here is to determine the optimal value of t which minimizes X (t). The
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necessary condition for minimization of the Total cost function X (t) are:
Lx@) =0 16
o = (16)

Equations (16) can be solved for t to obtain the optimal value of t (say t*). The sufficient condition for X(t) to be a
minimum is that the

d2
dt?

Xt)>0 (17)

If we put the above components into consideration, then the objective function can be described by:

1
X(@) = T {odering cost + holding cost + purchasing cost + deteriorating cost + shortage cost

+ opportunity cost + preservation cost + interest payable}
Therefore, for
CaseL M < t;

Here, opportunity cost = 0, therefore, the total average cost is:

1 ah [e(B+6-N@)tr _ 1] acfe(B+-N©)t _q]
He) =g K+ﬁ+9—N(€)< B+6-N©& 1) Fro—nE TeT -
dcalf = N§)] [[e¥+0-NO) — 1] 7oAREI
+ﬁ+9_N(f)|: ,8+9_N(f) _t1]+C1a|:7—?+t1—t1T]+fT
clpa e(B+6-N()(t1-M) _4
B+9fN(f)[ (B+6-N(@) B tl]} (18)

Casell: t; <M

X(t) = l {odering cost + holding cost + purchasing cost + deteriorating cost + shortage cost}
T +opportunity cost + preservation cost + interest payable

interest payable = 0
opportunity cost = 0

Therefore, the total average cost is:

1 ah [e(B+0-N@®)t1 _ 1] ac[e(B+6-N@)tr _ 1]
X,(t) ==K i T—t
=2+ s (e )| e e
deal§-N@©)] [[e(P+6-N©)t1_q R S
e [ o E —tl] taa[--d4 -] +ET} (19)

5. Numerical and Sensitivity Analysis
CaseL M <t;

For numerical examples, we solved Equ. (18)., an inventory system with the following parameter set. «=40units,
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$=0.04, T=40days, M=30days, c=1Naira/unit, h=1Naira/unit time, c¢;=1Naira/unit/order, §=0.7, K=30, N(§)=0.02,
§=0.3,d.~0.3, 1,=0.14.

The optimal time, t; = 34.6870
Optimal Total average cost, X; = 226.0181
Optimal order quantity, Q* = 4116

Table 1 The effect of the parameter 6 on X{ and Q*

0 X{ Q
0.2 676.9940 7889.4
0.3 496.2063 6058.6
0.4 371.2616 5145.1
0.5 298.2561 4623.6
0.6 253.9602 4308
0.7 226.0181 4116
0.8 208.0314 4005.5

a=40units, £=0.04, T=40days, M=30days, c=1Naira/unit,
h=1Naira/unit time, ¢;=1Naira/unit/order, K=30, N (£)=0.02,
£=0.3,d.=0.3, 1,=0.14.

Table 2 The effect of the parameter @ on X7 and Q*

a Xi Q
20 104.5255 2023.3
30 156.2784 3034.9
40 208.0314 4005.5
50 259.7844 5058.2

[£=0.04, T=40days, M=30days, c=1Naira/unit, h=1Naira/unit time,
¢,=1Naira/unit/order, 6=0.8, K=30, N (£)=0.02, £=0.3, d.=0.3,

1,=0.14.
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Table 3 The effect of the parameter § on X; and Q*

B X{ Q
0.04 208.0314 4046.6
0.05 206.4093 4042.5
0.06 204.8543 4038.8
0.07 203.3635 4035.5
0.08 201.9346 4032.6

a=40units, T=40days, M=30days, c=1Naira/unit,
h=1Naira/unit time, ¢;=1Naira/unit/order, 6=0.8, K=30,
N(£)=0.02,£=0.3,d,=0.3, I,=0.14.

Casell: t, <M

For numerical examples, we solved Equ. (19)., an inventory system with the following parameter set. «=40units,
p=0.04, T=40days, c=I1Naira/unit, h=1Naira/unit time, c;=1Naira/unit/order, 6=0.7, K=30, N(§)=0.02,
§=0.3,d.=0.3, [,=0.14.

The optimal time, t{ = 35.0474
Optimal Total average cost, X; = 224.5341
Optimal order quantity, Q* = 4542.7

Table 4 The effect of the parameter 8 on X; and Q*

0 X3 Q"
0.3 505.1133 4845 .4
0.4 372.0728 4697
0.5 297.2408 4459.4
0.6 252.5230 4270.5
0.7 224.5341 41427
0.8 206.6033 4067.9

a=40units, £=0.04, T=40days, c=1Naira/unit, h=1Naira/unit time,

¢;=1Naira/unit/order, K=30, N (§)=0.02, £=0.3, d.=0.3.
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Table 5 The effect of the parameter « on X; and Q*

a X; Qr
20 112.7747 2071.3
30 168.6544 3107
40 224.5341 4142.7
50 280.4138 5178.4

B=0.04, T=40days, c=1Naira/unit, h=1Naira/unit time,
¢;=1Naira/unit/order,0=0.7, K=30, N (£)=0.02, £=0.3, d.=0.3.

Table 6 The effect of the parameter § on X7 and Q*

B ; 0’
0.04 224.5341 4142.7
0.05 222.1042 4133.5
0.06 219.7769 4124.9
0.07 217.5475 4116.7
0.08 2154117 4109

a=40units, T=40days, c=1Naira/unit, h=1Naira/unit time,
¢;=1Naira/unit/order, 8=0.7, K=30, N(£)=0.02, {=0.3, d.=0.3.

From Tables (1) and (4), we can see that the reduced deterioration rate parameter 6 is sensitive to the optimal total
average cost and the optimal ordered quantity. As the parameter 6 increases, the optimal decision is to reduce the
optimal quantity and as the result, the average cost also reduces as in the Tables. Similarly, from Tables (2) and (5),
we observed that the initial demand rate parameter « is also sensitive to the optimal total average cost and the optimal
ordered quantity. That is as the parameter & increases, the optimal decision is to increase the optimal quantity and
hence the increase in the average cost. Furthermore, the stock level parameter £ is sensitive to the optimal total average
cost and the optimal ordered quantity as shown in Tables (3) and (6). That is, as the parameter 8 increases, optimal
quantity reduces with the average cost.

6. Conclusion

We have considered an inventory management problem for deteriorating item with stock level dependent
demand and controllable deterioration under trade credit and complete backlogging and derived the objective function
which is the total average cost and minimizes the objective function to obtained the optimal inventory management
strategies for the inventory management problem as shown in the numerical and sensitivity analysis.
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