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RESUMEN

En este trabajo se hace un enfoque para caractenizaodelo de inventario para articulos que seridean en el mercado
declinante cuando el suministrador ofrece una denpermisible en pagos. El algoritmo es mostradoa pm
suministrador, para determinar la cantidad optimedquirir que minimiza el costo total del inventapor unidad de
tiempo. Un ejemplo numérico es dado para deternghfiujo de la decision éptima para el suministrad.a sensibilidad
es analizada para analizar los cambios en la goluiptima con respecto a la tasa del empeoramiEntmidades en el
inventario y la tasa del cambio de la demanda.

ABSTRACT:

In this paper, an attempt is made to charactehigertventory model for deteriorating items in deiclg market when the
supplier offers a permissible delay in paymentthtoretailer to settle the account against thetmses. The algorithm is
exhibited for a retailer to determine the optimedqurement quantity which minimizes the total inteeym cost per time
unit. A numerical example is given to demonstihte flow of the optimal decision for the retail@he sensitivity is
carried out to analyse the changes in the optioiatisn with respect to deterioration rate of umitsnventory and the rate
of change of demand.
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1. INTRODUCTION

The classical Wilson's economic ordering quant®pQ) model is derived under the assumption that the
retailer settles the account immediately for thedsoreceived in inventory. Brigham (1995) defineet"
30” which means a supplier allows 30-days timequkto settle the total amount owed to him. The §app
does not charge any interest for the amount i§ ipaid within the allowable permissible delay pério
However, if the payment is not settled within tHiewaable credit period, then interest is chargedttos
amount. However, a retailer can earn the interaghe revenue generated and delay the paymenieill
last allowable date of tread credit by the supplidre permissible tread credit reduces the retsitetal
cost, i.e. it is considered as a sales promotiohfto the supplier to attract new customers. Hosvethe
strategy of granting credit terms adds not onlyadditional cost to the supplier but also defaulk ttio the
supplier (Teng et al. (2005)).

Goyal (1985) developed an EOQ model under the tionddf permissible delay in payments. He ignored
the difference between the selling price and pwehzost, and concluded that the cycle time androrde
quantity increases marginally under the permissilglay in payments. Dave (1985) corrected the Goyal
model by assuming the fact that the selling prickigher than its purchase price. Shah (1993a)iated

a mathematical model when units in inventory arbjextt to constant deterioration and tread credit is
offered to the retailer by the supplier. Shah (19®93c) derivegbrobabilistic inventory model under the
assumption of permissible delay in payment. Hwamg) 8hinn (1997) formulated the optimal pricing and
ordering policies for the retailer under the scenaf allowable trade creditLiao et al. (2000) developed

an inventory model under same scenario when densastbck-dependent. Most of the
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above stated articles ignored the difference batwest sale price and unit purchase
cost, ending to the similar conclusions as thosemfal (1985).

Jamal et al. (1997, 2000) and Sarker et al. (2666%idered the difference between the unit sate@nd
unit purchase cost and established that the restileuld settle the account somewhat sooner aarttie
selling price increases relative to the unit cdsing (2002) provided an alternative conclusion that
well-established retailer should place order of ltenasize to avail of the permissible delay more
frequently. The most of the above stated studyoisedunder the assumption of the constant and known
deterministic demand. Chang et al. (2003) modetedscenario when supplier offers trade credithio t
buyer if the order quantity is greater than or édoaa pre-determined quantity. Ouyang et al. (3006
allowed partial shortages and credit period tolesdtte dues against the purchases. Chang et &6)20
derived optimal ordering and pricing policies fateriorating inventory problem when partial backjiog

and trade credits are offered. Chung and Huang 9)2@@termined optimal ordering policy under
conditions of allowable shortages and permissitdyin payments. Ouyang et al. (2009) considered
partial trade credit linked to order quantity irntel#orating inventory model.

In this paper, the demand of a product is assumdxktdecreasing with time. The decrease in denm@and i
observed for fashionable garments, seasonal preétct Shortages are not allowed and replenishraent

is infinite. It is assumed that the retailer getesaevenue on unit selling price which is necélyshigher
than the unit purchase cost. The total cost ofreentory system per time is minimized. The model is
supported by a numerical example. The sensitivitglysis is carried out to observe the changes én th

optimal solution

2. NOTATIONS AND ASSUMPTIONS
The following notations and assumptions are usatktelop proposed mathematical model.

2.1 Notations:

R(t): = a(l— bt); the annual demand as a decreasing function efwhere a > 0 is fixed demand

anch(0 < b <1) denotes the rate of change of demand.

C : the unit purchase cost.

P : the unit selling price with (P > C).

h : the inventory holding cost per unit per yeagleding interest charges.

A : the ordering cost per order.

M : the permissible credit period offered by thegier to the retailer for settling the account.

|, : the interest charged per monetary unit in smekannum by the supplier.
I, : the interest earned per monetary unit per year.

Note: 1 > I,

Q : the order quantity (a decision variable)

6 : the constant deterioration rate, where @ <1.

I (t) : the inventory level at any instant of time t0t < T.
T : the replenishment cycle time (a decision vdenb

K (T) : the total inventory cost per time unit.

The total cost of inventory system consists ofdi@ering cost, (b) cost due to deterioration, fsjeintory
holding cost (excluding interest charges), (d) resé charged on unsold item after the permissitaldet
credit when M < T, and (e) interest earned fromesakvenue during the allowable permissible delay
period.

2.2 Assumptions
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1. The inventory system under consideration dedtstive single item.

2. The planning horizon is infinite.

3. The demand of the product is declining functibthe time.

4. Shortages are not allowed and lead-time is zero.

5. The deteriorated units can neither be repaicedaplaced during the cycle time.

6. The retailer can deposit generated sales revienaa interest bearing account during the peribissi
credit period. At the end of this period, the retasettles the account for all the units sold kegphe
difference for day-to-day expenditure, and payimgihterest charges on the unsold items in théstoc

3. MATHEMATICAL MODEL

The inventory level;l (t) depletes to meet the demand and deteriorationratbeof change of inventory
level is governed by the following differential edion:

$+a(t):-R(t), 0<t<T (0

with the initial conditionl (O) = Q and the boundary conditior (T) = 0. Consequently, the solution of
(1) is given by

a_ b\ emy o bTe"™ BT
I{t)=| =+—= |le 1)+ 0<t<sT 2
and the order quantity is
Q=1(0)= (E + Ej(e‘” ~1)- T 3)
6 & 7]
The total cost of inventory system per time unitgists of the following:
. A
a) Ordering costOC = T (4)
b) Cost due to deterioration per time unit;
C T Ci(a, b bTe” bT?
DC=—[ - tht}:— —+— [e" -1)- -aT + 5
TQIO ) T[(ﬁ ezj( ) 6 2} ©

Inventory holding cost per unit per unit time;

—h |-2a6” -2be” +20TR"
& HC =2 (1 (t)dt =—1| ~ <2 © ) (6
T

" 26°T | + 220+ 2a6°T + 2b—bO?T?

Regarding interest charges and earned (i.e., @dstnd (e) in section 2.2), two cases may arisedban
the length of T and M. These two cases are exhilitd-igurel and Figure2.
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Under the assumption (b) above, the retailer $M) M units by the end of the permissible treaddir
M and has CR(M)M to pay the supplier. For the udst#dms in the stock, the supplier charges anéster

rate | , from time M - onwards. Hence, the interest chaydégd, per time unit is

d)IC, = CT' [ 1)

_—Cl_|-2a&""™) - 2a6’M - 2be”"™) - 2bM G + 20T 67T -
20°T | +bM 26% + 2a6 + 2a6°T + 2b—-b&?T?

During [0, M], the retailer sells the product arebdsits the revenue into an interest earning ad¢auhe
rate |, per monetary unit per year. Therefore, the intezamed,|E; per time unit is

_ Pl (M _PIL[L . 1,
) 1B, =— [ R(t)tdt—T[EaM 3PM } 8)

Hence, the total cosKlCI') of an inventory system per time unit is
K/(T)=0C+PC+IHC+IC, - IE, 9)

Case2: TS M

Here, the retailer sells R(T)T- units in all by thred of the cycle time and has CR(T)T to pay ttmpoBer in
full by the end of the credit period M. Hence, netst charges

d)IC, =0 (10)
and the interest earned per time unit is

e)lEZ:F:e

[ [/ Rt + RCYT (M —T)}

_ 3 2

Pl ZabT” AT, ATM —aT? - abT?M +abT? (1)
T 3

As a result, the total cosi:,(z(T) of an inventory system per time unit is

K,(T)=OC+PC+IHC+IC,-IE, (12)

Hence, the total cos (T) of an inventory system per time unit is

K,(T)WM<T

K(T) :{KZ(T),M >T (13)

For T = M, we have
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av
C(% + 2—?)(&“ - 1)— abCMe™

e

-aMC

abCM ?
+ +

1 ~abM® _ aM?
K,(M)=K,(M)=—| Pl "
(M) =K, (M) N { 3 ZJ
+% (26 + 2b- 20M@)e™ — 28 - 2M? — 2b + bM 267

The optimum value off =T, is the solution of

A ha 2 _ 2\ _5p2 2
wm |t g (262 - 26762 )6 - 267 + 2067T]
o —h—fgg (20+2b-2bT)e™ - 26-26°T ~2b+b6°T?
— 3 2
N Cléc’3 [(292 — 2bT B2 )eH(T—M) —2g? +2b<92T]+ I.T.Ige( al;M N al\g j

_g (a-abT)e” +abT -al-

c

A

abTe”  abT® _

(55

TZ

o 2

Ke

which minimizes K, (T)
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ha
3
Kl(Tl) = !
+ Cl Ca3
1

Clea o+ 26+ 26T, +bM 267]

abT,e™ = abT,’
- +

A
—aT, |+—
6 2 1} T.2

1

—-abM®
+

[(29 +2b-2bT)e™ - 26-26°T, - 20+ besz]

26 - 2bT.0 + 2b)e?™™) + 2M 62 + 2bM 8 + b O?T >
1 1

aM 2

3

_PI,
21,60 T/}

3

The optimum value off =T, is the solution of
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ar 2
C[a abT)e” +abT - a] c [(Z+ZEJ( 1) ab';e +ab;’ —aT}
A ha
o (262 - 26762)e - 207 + 206°T] -
M) - |- hf‘g (26+2b - 20T)e™ - 26 - 26°T - 20 +bH*T?|
T 2126
PI,
= +aT —abT(M —T) +a(-bT)(M -T) -al-bT)T]+
Pl (—abT® aT?
_TZ( S, +al-bn)T(V —T)j |
(17)
which minimizes K, (T)
aT, 2
C(E +@) (e‘-‘”z —1) _ARCTE™ aT,C+ CT, , A-
g 6 0
1 —abT,?  aT/?
= + + - -
K(T2) T Ple[ 3 > a(l-bT,)T,(M -T,) 18)
Zh; [(26+ 20— DT,6)€™ - B- 62— D+bT267]

4. COMPUTATIONAL ALGORITHM
To obtain optimal solution, decision maker is addiso observe the following steps.

Stepl Initialize all parametric values.

Step2: ComputeT, from equation. (15). IfM <T, then K,(T,) (equation. 16) gives minimum cost
else go to step3.

Step3:ComputeT, from equation. (17). IfM >T, then K,(T,) (eq.18) gives minimum cost for
decision maker else.

Step4: K, (M) =K (M) (equation. 14) is the minimum cost.

Step5: Stop.

5. NUMERICAL EXAMPLE AND SENSITIVITY ANALYSIS
To validate the proposed model, let us considdoviohg examples.

Examplel: Consider the parametric values:

[a,b,A,C,P,h,J ] ,MB] =] 1000,0.2,250, 20,40,1,,0.09,30/365,0.].
algorithm exhibited in section 4], =0.318¢ years which is greater thall =0.082 years. Hence

Using the
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corresponding minimum cost i ,(T,) =$1396.4< (see Figure3) and optimum procurement units are
313.

15004

17004

16004

1500+

1400
015 02 025 03 035 04 045

T
Figure 3 Convexity of total costwhen M < T

Example2: Consider a= 600 units/year, b = 0.10, A = $50 pde C = $30/ unit, P = $35/ unit, h = $1.00
units/annum,| . =$0.15/year, M = 60/365 years aifl =0.20/annumThenT, = 0.122 years which is

less than M =0.1644 years. Hence using algorithm stated in sectiom& minimum cost is
K,(T,) =405.36$ (see Figure 4) and optimum purchase quantitytigriits. The remaining parametric
values are same as in examplel.

Next, we carry out sensitivity analysis by varyparameters b@ and M as - 40%, - 20%, 20%, 40%. The
corresponding changes in the cycle time, purchaaatdies and total cost are exhibited in tablel.

It is observed that as rate of change of demancbases, cycle time increases while total cost of an
inventory system decreases. Increases in detedorsste forces retailer to buy more number of sunit
frequently and hence increases total cost of aentory system. Increases in delay period decreases
retailer’'s cycle time and total cost of inventorgstem. The reduction in total cost is obvious beeau
retailer can earn more interest during this pesibis delay period for settlement of accounts egjdiis

dues.
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Figure 4 Convexity of total cost when M>T

Tablel: sensitivity analysis

Parameterr % changes % change in
T 1 QKM

-40 -2.3| -1.2 1.1

-20 -1.2| -0.6 0.5

b 20 1.2| 0.6 -0.5

40 27| 1.2 -1.2

-40 87| 89| -89
20 41| 41| -43
0 20 36| 35 42
40 - - -

-40 09| 0.6 5.9
-20 04| 03 3.0

M 20 -0.5| -0.6 -3.0
40 -1.1) -1.2 -6.2
Note: ‘ — * stands for infeasible solution

6. CONCLUSIONS

The effect of delay period offered by the supplteretailer is analyzed when the demand of the yebi
decreasing in the market. The units in inventoeyassumed to deteriorate at a constant rateolissrved
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that incentive of credit period is advantageoushto retailer for lowering the total cost of an intay
system.
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