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1. INTRODUCTION

A common topic been discussed in today’s real business world is inventory modelling and
management. In inventory management, controlling the rate of deterioration of commodities or
items is very important. [1] considered an economic order quantity model. The model investigates
the optimal pricing and replenishment policies for instantaneous deteriorating items with
backlogging and trade credit under inflation. However, the work did not address control
deterioration. The work addressed problem of profit maximization, and obtained the optimal
selling price, optimal order quantity and optimal replenishment time. The work by [2] examined a
deterministic model for deteriorating items that accounts for biquadratic demand function and
shortages. [3] studied an inventory model that account for retention period, deterioration and
backlog under two warehouses. They found that two warehouse inventory models can efficiently
address various inventory problems, like depreciation, inflation, and shortages. Furthermore, the
study considered how overall inventory system can be affected by shortages and cost increase.
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The work by [4] studied deteriorating item inventory model that accounts for displayed stock level
and marketing strategy dependent demand. Also, in another work by [5], they obtained the optimal
preservation strategies for inventory model that accounts for demand that is stock dependent and
holding cost that is time dependent. Furthermore, [6] studied optimal ordering policy for
deteriorating items model where demand is power — form stock dependent under two warehouse
storage facility. In the work, it is assumed that the vendor satisfies the demands from the rented
warehouse first and continues to do so until the goods in the rented warehouse get to zero then
demands can be fulfilled from the owned warehouse. So, reduction of goods in the rented
warehouse is as a result of deterioration and demands while reduction in goods in the warehouse
owned by the vendor is as a result of deterioration at the initial time. However, reduction of goods
in the owned warehouse is as a result of deterioration and demands when the goods in rented
warehouse get zero. Some of the work that have considered the concept of shortages and
backlogging can be found in ([7], [8], [9] and [10]).

Managing inventory of items efficiently may attract a lot of customers and hence increasing
demands for such perishable items. Some of such items are fruits, vegetables, yams etc. Thus the
work of [11], studied an inventory model that put into consideration stock, price, and time factors
to determine the optimal replenishment point and length of inventory cycle. Furthermore, the study
addressed different scenarios. Some of them are stock-dependent demand, no stock-dependent
demand, and no time effect and also compared and analyzed some special cases. They also
presented some numerical examples, sensitivity analysis and comparison studies. They
recommended that the study’s implications are significant for the processed food, vegetable, fruit,
and grocery industries. [12] derived the solution that maximizes the profitability ratio for an
inventory model with nonlinear holding cost. However, the minimization problem was not
addressed and the comparison between both solutions of maximization and minimization problems
was not studied. Other work on this subject are ([13], [14]). The paper by [15] studied
instantaneous economic order quantity model that accounts for promotional effort cost, variable
cost and units lost due to deterioration. The work determined the optimal order quantity,
promotional effort, cycle length and number of units due to deterioration by maximizing the
objective function (average profit function). The work also presented some numerical examples to
verified the derived results.

In real-world, deterioration of commaodities has become very important in certain sector such as
food production sectors due to the uncertainties in life spans of food products but this deterioration
rate can be controlled to certain level by employing preservation technology to reduce the rate at
which such commodities decay. Therefore, our work examined inventory management problem
for deteriorating items where demand is stock level dependent, deterioration is controllable under
trade credit and complete backlogging. Focusing on how to maximize the average total profit
function of the inventory model.

2.0 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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c, shortage cost per unit per order

¢, Opportunity cost due to lost sales

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

L, Interest charges per $ 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

w Maximum capital constraint

& Preservation technology cost per unit time for reducing deterioration rate in order to preserve
the products (0 < ¢ < w)

3.1 ASSUMPTIONS AND MODELS

i
ii.
iii.
iv.

V.
Vi.

Vii.

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

§L‘£‘o NE =0, N®=01-e%)a>0

The demand rate function D(t) is deterministic and a function of instantaneous stock
level 1(t). When inventory is positive, D(t) is given by

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

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

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

a > 0and 0 < B < 1 are positive constants

Shortages are allowed. The unsatisfied demand is backlogged and the fraction of
shortages backordered is b(t) = e %t § > 0,¢t is the time of waiting for the next
replenishmentand 0 < b(t) < 1, b(0) = 1. Note thatif b(x) = 1 (or 0) forall ¢, then
the shortages are completely backlogged (or lost). We assumed that the shortages are
completely backlogged.
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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;]ift; = M and if the retailer settles the account at t = M, the retailer do not need
to pay any interest charge on items in stock during the whole cycle if t; < 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
retailer can accumulate revenue and earn interest during the period fromt =0to t =
M with rate I, under the trade credit conditions.

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

di(t) (—a—BID) —[0-N@NU® 0<t<t .
7_{—ab(t) t; <t<T M

With boundary condition I(t;) = 0

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

%=—a—ﬁ1(t)—[9—N(E)]l(t) 0<t<t (2)
L <t<T 3
ar - ¢ () t; <t < (3)
With the boundary conditions 1(0) = I, I, (t;) = 0

% =—a—-pIt)—[6-NE)]It) 0<t<t

dl

D g+ (- NN

= —(a+[B+6—-NEI®)

dI(t) 2
f T+ 0-NOU® L —dt

di(t) ty
j a+[B+O-NEOIU® J,

o la +[B+6—N(EIN(ty)
a+[B+6—-NEI®)

at+[f+6-NOUW) _ _gro-ne)e-o
a+[B+6—-N(EI®)

Since I(t;) = 0, we Have

dt

=—(B+O =Nt —1)
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a = e~ (B+6-NE)(t21-1)
a+[B+6—-NEI®

a+[B+80—NEE) = aelro-NENE-H
[B+ 6 — NI = aeBr0-NOG-O) _ o

a[eBHO-NENE-D) _ 1]

0= -n®
B B afeBHO-NENt _ 1]
=10 ="

3.1 Components of the Optimization Problem

Ordering cost per cycle = K

Holding Cost = h [ I(¢) dt

t q[eBHO-NENE-1) _ 1]
=h f dt
0

B+6-NE©
- ﬁ+6a—ilN(§) f " [eon OO _ 1) gy
0
ah eBH-NEOG-D
= rre—n® care=w@y o

ah e(ﬁ+9—N(f))(t1—t1)
‘ﬁ+9—M@<—w+e—N@n_“l

o (B+6-N()(t1-0)
—(B+6—-N())

e (B+O-N(©)ty

3 ah (_ 1 e
T B+O0-NEO\ B+6-NE@) T (B+6-N(&)

ah ({e(ﬁ+9—N(E))t1 —-1] )
— tl

CBHE-NO\ B+O-N(E©)
For unsatisfied demands completely backlogged, we have
dl,
b(t) = 1, therefore,
dly
ac =~ ¢

(4)

)

(5)
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L(t) = —aftdt =—a(t—t) =a(ty—1t)
t1

Maximum backordered quantity

L(T) =lim =a(t;—T)

Here, no lost sales or opportunity cost

Purchase cost:

Maximum quantity = Q = I,, — 1,

afeB+6-N@)t _ 1)
B+6—-N(E)

Q=L — L= +C¥(T—t1)

a[e (ﬁ+9_N(f))t1 — 1]

Purchase cost = cQ = ¢ +a(T —t;)
B+6—N(E&) !
ac[e(ﬁ"'g_N(f))tl — 1]
= + ac(T —t;)
B+6—N(E&) !
T T
Shortage cost = —¢; j L) dt = —cia | (t; —t)dt
t1 t1
= tqt a r
= —qalt; 7 |t

[ T? t?
_ V(42 _1
= —qa _(tlT > > (tl > >l

T? t?
= — t.,T —— —t2 +—
C1a’_1 > 1 2]

2

= OT 4+ 82 it
=G 1 > 1 >

Tt
=C1a 7_?"'1:1 _tlT

Preservation technology cost = ¢T

Sales revenue = s (f
0

=5 tl(a + BI(t)) dt —sa(t; —T)
0

t1

D(t) dt — 11(T))

(6)

(7)

(8)

€)

(10)
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t a[eBHO-NENE- _ 1]
=sj; <a+ﬁ FTO—NG@) )dt+sa(T—t1)

t o (B+6-N(©)(t1-1) Ba
=sf (a+,8a — )dt+sa(T—t1)
0

B+6—-N(E) B+6-N(E)

Pa e (B+6-N())(t1-1) Bat
_SQU_B+9—NGY<B+6—N@)_B+9—N@Q|

— (at ﬁae(ﬁ"'e_N(E))(tl_t) ﬁat

B w+e—N@H2_ﬁ+e—N@Q|*““T

Ba ’Batl Bae(ﬁ"'e_N(f))tl

+ sa(T —

:SP“_M+9—NGH B+6-N©E [B+0-NQ@P

ﬁatl ﬁae(ﬁ"'e_N(E))tl ﬁa

=s|at; —
[at,[B + 6 — N(&)] — Bat, N BaeB+0-NEt _ gy
B+6-N(E&) [B+6—N(I?

[0 - N | pa(eProVO) — 1)
B+0-N©@ = [B+0-NEOP

_ [QW—N®H+B@“”W@%-4)
BT e-N©® T BHO-NOT

+sa(T —ty)

+ sa(T —t;)

tl tl
Deteriorating cost = d llm — f D(t) dtl =d, llm — | (a+pI()) dtl
0 0

a[e(ﬁ"'e_N(E))tl — 1] t1 a[e(ﬁ"’e_N(g))(tl_t) —_ 1]
—d, - J @+ B dt
0

=d,

BT0-N© [B+6-NOF [B+6-NOP

l +sa(T —ty)

B+6—-N()

B+6—-N()

B+6—-N()

a[eB+0-NEIL _ 1] ~ <at1[9 —N(®)] . aff (e(B+o-N@)tx _ 1))1
B+6—-N(E) [B+6—-N(E)]

a[e PO N — 1] ;[0 = N(@E)]  apf(elFro-NO)u — 1))

=T B ro-N®  BHO-N®  BrO-NOP
_ g [ale®HONEE — 1] ap(efro N — 1) aty[0 - N
It B ETG) [B+6 — N(&)]? B+6—N(E)]|

a[B + 6 — N(&)][eBr0-NENt — 1] — qB(e(B+0-ND)tr _ 1)

aty[6 — N(§)]

l+sa(T— ty

[B+6—N(OI?

NEYENG)

)

l + sa(T —t,)

(11)
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[a[H — N()I[eP+o~NEOM —1]  aty[0 - N(f)]l
c

[8+6— NI CB+6-N(®
_ deal0 = N(O][[e®+6-NEhH —q] l
_ﬁ+9—N(€)I Bro-NE - (12)

Interest payable and earned

If the time the credit period ends is shorter than or equal to the length of period in which the
inventory is positive (M < t;), the retailer pays for goods and the retailer starts paying the capital
opportunity cost for the items in stock with rate L,. Also, it is 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:

Casei: M <t,

t1

interest payable = clpf I1(t)dt

M
f (q[eBH-NEIE-D) _ 1]
= clpf < )dt
m ﬁ +6 - N(E)
- thl(e(ﬁ+9—N(f))(t1—t) ~1)de
B+6—-N()Jy
Clpa e(ﬁ"’g_N(f))(tl_t) tl
= —t
ﬁ+9—N(5)<—(ﬁ+9—N(f)) ) M

clpa [ (e (B+6-N(E)(t1—t1) e (B+6—-N(§))(t1—M)
_B+9—NG)(%ﬁ+9—NGD_Q>_<%ﬁ+9—N®D_Mﬂ
clya o (B+6-N(©)(t1—M) 1
= +M—-————xx—t
B+6—NE) | (B+6-NE&) B+6—N() l

ch,a e(B+0-N()(t1-M) _ 1

TB+0-NO| B+6-NE)

+M— tll (13)

m ,t
interest earned = sl, j J D(s)ds dt
o Jo

=sl, Lm f:D(s)dsl dt

= sl, j;)m -j:(a + ﬁ[(s))dsl dt
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) i oat BafeB+o-NEN(E1=s) _ 1]
—slefo fo <“+ B+6—N(©) )ds

B Mt ﬁae(ﬁ+9—N(E))(tl—S)_ fa > l
—slefo f0<a+ FTO—NG@) BTN ds|dt

MT ae(ﬁ"'e—N(f))(tl_S) as
=slef <as—ﬁ p )|tldt
o | 0

dt

[B+6-N@2 B+6-N(E&)

BaeB+6-N@®)(t1-0) Bat Bae(B+6-NE)(t1-0)
(”_ w+6—N@H2_B+9—N@Q_< _[ﬁ+e—N@n2_°ﬂdt

M
=slef
0

M Bae(me—zv(f))(tl—t) Bat 'Bae(/?+6—N(f))t1
:SkL[”_ M+H—NGH2_ﬁ+0—N@Y+w+0—N®H4m

aM?  Bae(B+o-N©)t-m) BaM? BaMe(B+6-NE)tx
=“4<2 " m+9—N@ﬂ3"xﬁ+e—N@n+[ﬁ+e—N@n2>

Bae(B+6-N©)t:
_OHTﬁ+9—N@ﬂ3_O+Oﬂ

aM? Bae(ﬁ+9—N(f))(t1—M) ﬁaMZ ﬁaMe(ﬁ+9_N(§))t1
_Sle[ 2 T [6+6—-N(EIP? _2(/3+6—N(€))+ [B+6—N()]?

Bae(B+6-N©)t:
‘w+e—N@n4

[a M2 BaM? BaeB+0-N@)t1-M)  pye(B+6-NE@)t
=sl,

2 2+0-N©) [Br0-N@OP [B+0-N@T
BaMe(B+6-N@)t
+[ﬁ+9—N@HJ
aM?(B + 6 — N(§)) — paM?  Bae(P+0-N©O)tr (o= (F+6-NEOIM _ 1)
=Sel 2(6+6—-N(9)) ¥ [B+6—N(EIP®
ﬁaMe(B+9—N(f))t1
+[ﬁ+9—N@HJ
aM?(6 — N(§))  PaelP+é-ND)t (o=(B+0-NEOIM _ 1)
:Selz(ﬁ+6—N(€))+ [B+6—-N(EIP®
ﬁaMe(B+9—N(f))t1
[B+6—N(§I? l

+

(14)
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Caseii:t; <M

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

Interest payable = 0

Meanwhile, from time 0 to t, the retailer sells the goods and thus can accumulate sales revenue
to earn interest sl fotl fOtD(s) ds dt. Furthermore, from time ¢, to M, the retailer can use the

sales revenue generated in [0, t;] to earn interest s, fot ' D(s)ds (M — t,). Therefore, the interest
earned in this period per cycle can be described by:

t; ,t t1
Interest earned = si, U f D(s)dsdt + f D(t)dt (M — tl)l
o Jo 0
t; ,t ty
= sl, f f D(s)dsdt + sl, f D(t)dt (M —ty)
o Jo 0
t; ,t ty
= sl, f f D(s)dsdt + sl, f D(t)dt (M —ty)
o Jo 0

t1[ pt t1
= slef0 _fo D(s)dsl dt +slef0 D(t)dt (M —t,)

t1 t1
=sl, f f (a+ ,Bl(s))dsl dt +sl,(M —t)) | (a+pI(t))dt
0

ty ae(B+O-N@D)(t1=s) _ q]
—slf U <a+ FYO—NGE) >dsldt

t1 Ba[eBHE-NENEL-t) _ 1]
+sl,(M — tl)f a+ dt

B+6—-N()

s BareB+0-NE)E-5) Ba
st | U <“+ F+0-NE _ﬁ+9—N(5)>dSldt
b/ BaeBrO-NE(t-9) Ba
+sIe(M—t1)jO <a+ FYO—NGE) _ﬁ+9—N(E)>dt

i ae(ﬁ"‘e N()(t1-s) 'Bas t
= sle J K“s [B+6—-N@ B+9—N(E)>|Ol at

BaeB+o-NE)(t1-1) pat ty
+sl,(M —t;) (at C[B+O=N®O]Z B+6- N(f))

ty BaeB+o-NE)(E-D Bat BaeB+0-NE)(E:-0) J
‘S’ejo K“t’ [B+6 - NI _ﬁ+9—N(€)>_<O_ B+6 NP ‘°>l ‘
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ﬁae(ﬁ+9—N(f))(t1—t1) pat,
+ole(=t) K““ TTBAO-NQP  Bre- N(E))
Bae(B+0-NE©)(E:-0)
—(0- -0
< [B+6—N(I? >l

_ J-tl [at ~ BaeB+6-N©)(t:1~0) ~ Bat . 5ae(ﬁ+9—1v(€))tll ”
“Jo [B+6-N@I? B+6-NE [B+6-N(EI?

a at qe(B+0-N©)ts
Fsle(M = fa) l‘“l B - NOE B+ i ot [[; Yy N(s‘)]zl
at  Bae(BHo-N©)t1-t) Bat BateB+0-N@)t\ o
= sl <7+ B+6-N©OPF 2(8+6-N(&)) " [B+6— N(f)]2> 0
a at qe(B+6-N©)t:
+sle(M = 6,) [“tl B - NOF B+ . ot ﬁ% e N(E)]Zl
_ Katlz | Bae(B+O-N@))(E:1—t1) ~ Bat? s ﬁatle(ﬁ““"”@))tl)
“I\ 2 B+6-NEP  2(8+6-N(©&) [B+6-N(I?

Bae(B+6-NE©)(t1-0)
‘(“ B+0-NGT “”0)]

+sI,(M —t )[ t, — fa ___patn ﬁ“e(ﬁw_mf))“l
v v [B+6—-N(E)]? L+06—-N(E) [f+6—N(E)]?
=g] [at% + ﬁa _ ,Batf +ﬁatle(ﬁ+9_N(f))t1
e 2 [6+6—-N(? 2(,8+t9—N(§)) [B+6 —N(&)]?

Bae(B+6-N©)t:
[B+o- N(f)]3l
Ba Bat, BaeB+o-N®)t
F+0-NOI B+0-NG© [B+0-NGOF
at? pat? Bae(B+6-N©)t: fa
-’ l 2 2(8+0-N©) [B+O-NEOTF [B+o-NOF
Bat,eB+0-N©)ts
"B+ -NOP l

+sl,(M —t;) [atl — [

Bat, ﬁae(ﬁw—N(E))tl Ba
tsle(M —t,) [“tl Br0-NG [Br0-NOP [B+06-NOP
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~ [atl (B+6—N(®) - Bat? ﬁa[e(ﬁ‘l'e_N(f))tl —1] ﬁat e(B+6- N(f))tll
o 2(8+6 —N(©®) B+6-NOP ' [B+0-NQOP

at,[f+6 — N@)| - &m+ﬁﬂﬂm*mm“—ﬂl
B+0-NE©) [B+6-N@

B [ at?(0 — N(&)) .\ Bat,eB+6-NO)t _5a[e(ﬁ+9—1v(f))t1 - ul
“126+6-N@) " [B+6-NOE  [B+6-NEP

+sl,(M —t;) [

at,[6 — N®H+Bakw“*mm“—1q 15)

B+6—-N() [B+6 = N(I?
4.0 THE PROFIT MAXIMIZATION PROBLEM

+sl,(M — 1)[

The problem now is to determine the optimal value of t which maximizes the objective function

X(t). So, the necessary condition for maximizing the total profit function X (t) is:
d X@t)=0 16
T = (16)

Now, 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 maximum is:

2
d2

Thus, if we put the above components into consideration, then the profit function for the retailer
can be described by:

—X() <0 (17)

1
Y(t) = ?{sales revenue + interest earned — odering cost — holding cost

— purchasing cost — deteriorating cost — shortage cost
— opportunity cost — preservation cost — interest payable}

Casel: M <t;

Here, opportunity cost = 0, therefore,

t,[6 — N@n+ﬁ@wWW@%~n>
B+0—NE@ [B+6—N©I
ﬁae(me—w(s))tl(e—(ﬁ+e—N<f))M —1)  BaMe(B+é-N©)n
B+0-NOT T ETENIGIE

aM?(6 — N(&))
2(B+6—-N(9))

Yi(t) = : { + sa(T —t;) + sl, I

-K
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ah ([e(ﬁ"'e_N(f))tl — 1] . > (ac[e(ﬁ'l'e_N(f))H — 1] N (T ; ))
- U - ac -4

TBHO-NO\ B+O-NE® B+0-N@©)
d.alf — N(©)][[eF0-NO) — 1] 2 2
_ﬁ+9—N(€)[ B+6—N() _tl aa 7_7+t1—t1Tl T

cla e (B+O-N(©)(t1-M) _ 1
£ + M l} (18)

B+6-N©®| (B+6-NE©)
Casell:t; <M

Y (t)
1 {sales revenue + interest earned — odering cost — holding cost — purchasing cost}

7 —deteriorating cost — shortage cost — opportunity cost — preservation cost

—interest payable

interest payable = 0

at}(6 - N (@) _I_ﬁatle(ﬁ*e""(f))tl_ﬁa[e(ﬁ’re""(f))tl—1]]
2B+6-N(©)) [B+6-N(©J? [B+6—N@JP

ahw—NGH+ﬁﬂ4““mm“—ﬂl
B+6—NE) ' [B+6-N@I?

6o - N@] | plelror®n —1)
B+6-N©® [F+0-NOPF

interest earned = si, l

+Sle(M - tl)

Y,(t) = %{sa + sa(T —t;)

l at?(6 — N(9)) N Bat,eB+0-N©O)t _3a[e(ﬁ+9—N(€))t1 — 1]l
26+6—-N(©) [B+0-N(EI? [B+6—N(OIP

aty[6 = N ()] ﬁawwﬂ%mmn—1q_
+sl,(M — tl)[ﬁ+0 N(f)+ 10 NP K
ah [e(B+0-N@)t: _ q) acle(F+O-N©O)t _ 1] ;
_ﬁ+9—N(€)< B+6—N(&) _t1>_ sro-ne el -t)
doal6 — N(&)] [[eF+0-N®)t — 1] T2 2
_ﬁ+9—N(5)[ B+6—N(&) _tl aa 7_7“1—’51]—5T} (19)

5.0 NUMERICAL ANALYSIS AND SENSITIVITY ANALYSIS
Casel: M <t

For numerical illustrations, we solved Equation (18)., an inventory system with the following
parameter set. «=1000units, £=0.04, T=40days, M=30days, c=1Naira/unit, h=1Naira/unit time,
c;=1Naira/unit/order, c,=1Naira/unit/order, 6=0.7, K=3000, N=0.02, £=0.3, d.=0.3, ,=0.14.
The optimal time t; = 38.5320
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Optimal Total average cost X; = 3873.80
Optimal order quantity Q* = 108960

Table 1. The effect of the parameter 6 on X7 and Q"

N X Q"

0.02 3873.80 108960
0.04 3842.20 108510
0.06 3811.50 108080
0.08 3781.70 107690
0.10 3752.70 107320
0.12 3724.60 106990
0.14 3697.10 106680

a=40units, £=0.6, T=40days, M=30days, c=1Naira/unit,
h=1Naira/unit time, c¢;=1Naira/unit/order, c,=1Naira/unit/order
K=3000, N(£)=0.02, £=0.3, d.=0.3, 1,=0.14, 0 = 0.03.

Table 2. The effect of the parameter « on X7 and Q"

a X1 Q

1000 3873.80 111730
2000 7669.70 223460
3000 11466.00 335190
4000 15261.00 446920
5000 19057.00 558650

B=0.7, T=40days, M=30days, c=1Naira/unit, h=1Naira/unit time,
c;=1Naira/unit/order, c,=1Naira/unit/order, 6=0.8, K=3000,
N(£)=0.02, £=0.3,d.=0.3, 0 = 0.03 ,=0.14.

Casell:t; <M

For numerical illustrations, we solved Equ. (19)., an inventory system with the following
parameter set. «=1000units, £=0.04, T=11days, M=10days, c=1Naira/unit, h=1Naira/unit time,
c;=1Naira/unit/order, c,=1Naira/unit/order 6=0.7, K=3000, N=0.02, £=0.3, d.=0.3, [,=0.14,

o = 0.03.

The optimal time ¢t; = 9.4198

Optimal Total average cost X; = 4111.40

Optimal order quantity Q* = 27267

Table 3. The effect of the parameter N on X7 and Q*

N X; 0
0.02 4111.40 27267
0.04 4118.50 27141
0.06 4128.40 27020
0.08 4141.20 26904
0.10 4156.90 26792
0.12 4175.80 26686
0.14 4198.10 26585

a=40units, £=0.04, T=11days, c=1Naira/unit, h=1Naira/unit time, c;=1Naira/unit/order,
c,=1Naira/unit/order, K=3000, N (£)=0.02, £=0.3, d.=0.3, ¢ = 0.03.
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Table 4. The effect of the parameter « on X7 and Q"

a X; Q"
1000 4111.40 27267
2000 7947.10 54535
3000 11783.00 81802
4000 15619.00 109070
5000 19454.00 136340

$=0.04, T=11days, c=1Naira/unit, h=1Naira/unit time, c,=1Naira/unit/order,
c;=1Naira/unit/order,6=0.7, K=3000, N (£)=0.02, £=0.3, d.=0.3, ¢ = 0.03.

Table (1) and (3), showed that the parameter N (controllable deterioration rate parameter) is
sensitive to the optimal total average profit and the optimal ordered quantity. That is, for the case
where M < t;, as the parameter N increases we can see that the vendor makes less profit and
purchased less quantity as the cost of preservation increases. But, for the case where t; < M, the
quantity purchased decreases but the profit increases slightly due to the fact that the retailer can
generate revenue on the accumulated sales from the commodity throughout the inventory life
cycle. Furthermore, Table (2) and (4), we can see that the parameter « (initial demand parameter)
is also sensitive to the optimal total average profit and the optimal ordered quantity. We can
observe that as the parameter a increases, the optimal ordered quantity and the optimal total
average profit also increased. This is consistent with daily practice. If the demand for a commodity
increases, the vendor would buy more and sell more and hence profit and quantity ordered would
increase.

CONCLUSION

We have examined an inventory profit maximization problem for deteriorating items model that
put into consideration demand function that stock level dependent and deterioration that is
controllable under trade credit and complete backlogging. We also derived the objective function
which is the total average profit function and minimized the objective function to obtained the
optimal inventory management strategies for the formulated inventory management problem. We
also presented some numerical illustrations and sensitivity analysis to illustrate the derived results.
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