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ABSTRACT

This paper develops an economic ordering policyehfimt non-instantaneous deteriorating items witbgpdependent demand under
the effect of permissible delay in payments. @ibterioration is assumed to follow a three param@teibull distribution.Shortages are
allowed and partially backlogged. The main objexia/to determine the optimal selling price andmoglk replenishment cycle time so as
to maximize the total profit. An efficient algorithis presented to find the optimal solution of deseloped model. The validation of the
aforesaid model is done with numerical examplesn@ehensive sensitivity analyses have been givanvent the effect of changing
parameter value on the optimal solution. The mamagé can accurately determine the order quantitggalate the delivery keeping in
view of the delivery period and quantum of deteation.
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RESUMEN

Este documento desarrolla un modelo de politicarden econémico para articulos deteriorados naritésheos con demanda
dependiente del precio bajo el efecto de una depwmaisible en los pagos. Se supone que el dedesigue una distribucion de
Weibull de tres parametros. Las carencias son ftidesiy parcialmente atrasadas. El objetivo prilogs determinar el precio de venta
optimo y el tiempo 6ptimo del ciclo de reposici@rg maximizar el beneficio total. Se presenta gardmo eficiente para encontrar la
solucién éptima del modelo desarrollado. La validacel modelo mencionado se realiza con ejemplosénicos. Se han realizado
andlisis de sensibilidad completos para inventafegito de cambiar el valor de los parametros enllecion 6ptima. La administracién
puede determinar con precision la cantidad deldmepgara regular el mantenimiento de la entregasta del periodo de entrega y la
cantidad de determinacion.

PALABRASCLAVE: Demanda dependiente del precio, deterioro nam&heo, escasez, demora permisible en los pagos.
1. INTRODUCTION

Many authors have developed their models by assuthiat the products delivered are non — deteriogatr the
deterioration of the product is instantaneous. Bcbdtarts deteriorating as soon as the retailesrtge product
delivered. But, in real life there are very limitpabducts which do not deteriorate at all or stdeteriorating
immediately. Generally, products start deterioatifter certain time. This kind of deterioratiorkisown as non—
instantaneous deterioration. Jaggi C. K. [7] hasligped the inventory models for non — instantasetrieriorating
products. Wu et al. [16] proposed an inventory nidalenon —instantaneous deteriorating items caaraig) stock
dependent demand and partial backlogging. Yang[&7hdeveloped on inventory model for non —inséareous
deteriorating items with price dependent demandsdiudtages. Gupta et al. [3] proposed an optinggrimg policy
for stock dependent demand inventory model withrimsteantaneous deteriorating items. Then Kapoos{@dlied an
inventory model for non-instantaneous deterioragirgducts with price and time dependent demandirAigaur et
al. [8] proposed an optimal ordering policy for @mtory model with non-instantaneous deterioratiamé and stock
dependent demand.

Furthermore, when the shortages occur, it is asguhat it is either completely backlogged or cortgdielost. But
practically some customers are willing to wait lleckorder and others would turn to buy from otledless.
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Researchers such as Park [11], Hollier [5] and Y¥Bfdeveloped inventory models with partial badens. Goyal
and Giri [4] developed production-inventory probleifra product with time varying demand, productona
deterioration rates. Recently, Mohanty and Trip4ft] developed a fuzzy inventory model for deteating items
with exponentially decreasing demand under fuztifiest and partially backlogging.

In addition to deterioration, price has a greatastpn demand. In general, a decrease in selliog [@ads to
increased customer demand and results in a higk salume. Therefore, pricing strategy is a printao} that
sellers or retailers use to maximize profit andssguently models with price-dependent demand ocaupy
prominent place in the inventory literature. Cof@ndetermined both the optimal replenishment cyald price for
inventory that was subject to continuous decay timee at a constant rate. Wee [14] studied joiitipg and
replenishment policy for a deteriorating inventaiiyh a price elastic demand rate that declined tivee. Amutha
and Chadrasekharan [1] introduced an inventory iinfode&leteriorating items with three parameter wdib
deterioration and price dependent demand. Thergdsaid Tripathy [12] developed an EOQ model witle¢h
parameter weibull deterioration, trended demandtiane varying holding cost with salvage.

In deriving the economic order quantity (EOQ) foteut is tacitly assumed that the retailer (buyagst pay for the
items as soon as he receives them from a supdievever, in practice, a supplier will allow a céntéixed period
(Credit Period) for settling the amount the retailees to him for the items supplied. Delivery périvould play an
important role in the conduct of business. Firddlwang and Shinn [6] examined the retailer’s mgcand lot sizing

policy for exponentially deteriorating products enthe condition of permissible delay in paymefitmg et. al.
[13] introduced a note on inventory models withearpissible delay in payments. Table-1 focuses glarce of
research works undertaking various aspects ofidweissed criteria.
In this paper, an inventory model is developedhwitgulated delivery in payments. Firstly, the decheate of the

items is assumed to be dependent on the commaliy. The deterioration is assumed to follow a¢hparameter
Weibull distribution. Shortages are allowed andliheklogging rate is variable and dependent omvtigng time

for the next replenishment. The theoretical reselfiected in this paper are also studied througherical examples

and sensitivity analysis. Quantitative agreemeti wkperimental data is observed.

Table-1: Major characteristics on inventory modmisselected areas

Authors & Publication Deterioration Varying Demand Backlogging Regulated Delivery is
year allowed

M. A. Cohen Constant Exponential No No
(1997)
K. S. Park Constant Constant Partial Backlogged  No
(1982)
Hollier & Mak Constant Negative Exponential No No
(1983)
H. M. Wee Two Parameter Weibull Price Dependent Fully Backlogged | No
(1995) Deterioration Demand
Hwang & Shinn Exponential Constant No Yes
(1997)
Goyal & Giri Time Dependent Time-varying Demand  Partially No
(2003 Backlogge:!
Wu et. al. Constant Stock Dependent Fully Backlogged No
(2006) Demand
Yang et. al. Constant Price Dependent Partially No
(2009) Demand Backlogged
Kaur et. al. Constant Stock Dependent No No
(2013) Demand
Amutha & Three Parameter Price Dependent No No
Chandrasekaran Weibull Demand
(2013)
Proposed Paper Three Parameter Weibull Price Dependent Partially Yes
(2017 Deterioratiol Demant Backlogge!

2. ASSUMPTIONSAND NOTATIONS

The following assumptions and notations are usezlitfhout the paper.
« The demand rate is a function of selling price.




« Shortages are allowed and are partially backlogDedng the stock out period, the backlogging iate
variable and is dependent on the length of theimgattme for next replenishment. So that the

backlogging rate for negative inventory,@(t) = E_A(H), A is the backlogging parameter a(u'ﬂ - t)
is the waiting time('[l <ts< T).

e The inventory system deals with single item.

e The planning horizon is infinite.

¢ The lead time is zero.

e The replenishment cycle is infinite and replenishi@mount is constant.
e Ais the ordering cost per order.

* V,is the holding cost per unit time.
* V, is the shortage cost per unit time.

* V; is the unit cost of lost sales per unit time.
. p is the selling price per unit time , whepe> C.
e cisthe purchase cost per unit.
— B-1 . . .
- 0= aﬁ(t - V) » Where0< @ <1is the scale parametef 2 1 is the shape parametef,> 0 is
the location parameter.
« W isthe length of time in which the product extshib deterioration.
* listhe length of time in which there is no invagtshortage.
*  Q isthe order guantity.
*  Sistheinitial inventory level.
* Tisthe length of the replenishment cycle time.

*

*+ P isthe optimal selling price per unit time.

- T is the optimal length of the replenishment cyaieet
¢ ql(t) is the inventory level at timé[J [0, ,U] .

* Q (t) is the inventory level at timgU [,U’tl].

c O (t) is the inventory level at timéJ [tl,T].

. n(P,T) is the total profit per unit time.

. ﬂ(P T ) is the optimal total profit per unit time of theventory system.

+ M isthe length of trade credit period per year.

* |e is the interest earned per rupee per year.

< p is the interest paid per rupee per year.

* Selling priceP follows an increasing trend and demand rate gotbeenegative derivative throughout

its domain and demand rate fs(t) = (a_ p) >0.

< During the trade credit period, M, the accountdssettled; generated sales revenue is depositaal in
interest-bearing account. At the end of the pettiloé retailer pays off all units bought, and stestpay
the capital opportunity cost for the items in stock

3. DEVELOPMENT OF THE MODEL

Here, the inventory model as follows: S units efritarrive at the inventory system at the beginoiirgach cycle.
During the time interve(IO, ,u), the inventory level decreases due to demand éfilgrwards, during the time



interval(,u, tl), the inventory level drops to zero due to both dednand deterioration. Finally, a shortage occurs

due to demand and partial backlogging during tmetihterva(tl,T). (See Figure: 1).
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(Figure-1)

The equation representing the inventory statubersystem for the first interval is derived asdolt:
During the time interva(O, ,u), the differential equation representing the ineepstatus is given by

d%p =—(a-p) (0st<p) ©

With the boundary conditionql(O) =S , solving Eq(l) yields

e R e |

In the second intervé[.l, tl), the inventory level decreases due to demand atatidration. Thus, the differential
equation below represents the inventory status:

d%p +ap(t-y)a,(t)=—(a-p), (ust<t) S

With the condition,qz(tl) =0, the solution of E((S) is

a,(t)=(a- p){(tl -t) +ﬁa+1{(tl S/ +2(20[/;1){(t1 e/ e V)Z’“ﬂ (4)

Itis clear from Figure-1 thqu(/J) =q, (,u) therefore, the maximum inventory Ie»(@) can be obtained
Jezil et 2 2+1 23+
S=(a-») "1*%1{("1'” () 1}4’%{("1"’) A ©)

In third interval(tl,T), shortage is partially backlogged. Therefore,itiventory level t is obtained by the following
equation:




d%ﬁ =—(a-p) (t, <t<T) (6)

The solution of the above differential equationeatpplying the initial value conditidi{b(tl) =0,is

_ % A? 1
)=o) A7)0 2 -0) - - =) (-0 | o
Ifwe putt =T intoQ, (t) the maximum backordered inventory Bl will beaibed:
B/=—q3(r)=—(a—p){(q—T)(l—AT>+§(rf—TZ)—”—;{TZU;—T)+§(rf—r3>—r(rf—TZ)}} (®)

The order quantity per cycléQ) is sum of S and Bl i.e
2

— a CNBHL g, A pH N84 A28+
Q=(a p)Htﬁﬁﬂ{(tl Y) (u-vy }+—2(25+1){(t1 Y) (u=-y) }}
- (t, ~T)L-AT) +§(tf -T?) —”—;{sz -T) +§(tf -T3)-T(, —TZ)}} (9)

It is obvious that the element comprising the grfafinction per cycle of the retailer is listed belo
1. Ordering costis A
2. Inventory holding cost (denoted by HC) is

HC = vlh g (t)t +;|iq2(t)dt:l - v(a- p){% +ﬁi+1{(tl S~ (- )P+

2

a CUN2B L (., A2+ a
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3. Purchase cost (denoted by PC) is

{~(t, - - (u- y)f”}} (10)

—C*O) =% (A a CONBH [, AP a? 2B
PC=C*Q=C*(a p){tﬁﬁﬂ{(tl ==y }+2(2ﬁ+1){(t1 %)
—(u—y)””}—(tl—T)(l—AT)+§(tf—TZ)—i;{TZ(tl—T)+§(tf‘—T3)—T(tf—TZ)}} (12)

4. Opportunity cost due to lost sales (denoted by iC)

¢ T2 2
oP =v,(a- p)[[L- V]t = v,(a- p)| - AT(T - 1,) FA L)
t

2
5. Sales revenue (denoted by SR) is
4

SR= p[f (a=p)dt - qg(T)} - p[(a— Pt —(a= P{(t, ~T)L-AT) +g(tf -T?)

0

LTSN R (R
+ATAT - t) + (=) =21 2)}1 (12)



—A—;{Tz(tl—T)+%(t13—T3)—T(t12—Tz)}}} (13)

6. Shortage cost due to backlog (denoted by SC) is

= szqg(t)dt =Vv,(a- p)[(t -t,T)d- /lT)— Crt -t°) - —(T3 t,)
20T t* T

By -T2 +Tt13} (14)

7. According to above assumptions, there are threesdasoccur in interest payable in each order cycle

+—(T3t ~T%, -T?+t)+

Casel: 0<M < . In this case, the trade credit perid occurs before deteriorating time of the itgm The

payment for items is settled and the retailer staatying the interest charged for all unsold itémisventory with
ratel . (See Figure-2)
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Figure-2
The present value of the interest payable duriegtie replenishment cycle is given by

/ﬂ:c/qu(t)dt:c/p[Tql(t)dt+j‘q2(t)dt}:c/ tg +MTZ—1‘M +,3_{( -WM = -y u
7
=+, V)’M} {1 N
106+
_ a C B2 _ (11— AP o’ N2 _ (1 A2
G N ) }] (19)

Case2: 4 <M <t,.In this case, the trade credit peribi occurs after deteriorating time and before thetleng

of time in which there is no inventory shortageeondition of this case is similar to those fos€4. (See Figure-
3) Thus, the present value of the interest paydbtang the one replenishment cycle is given below:



2

o [o,0)dt- (a-p) tu(t,~ M)~ (e~ MY 4T gt - )Pt M)
1P, =dlp [ap(t)dt=cl (@ p) (6 ~M) = (=) + (L -0 (6 - M)
G-, M-p™, & {t, =¥, -M) 6P M) W}} (16)
pr2  pr2 A2+ 26+2  2B+2
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Case3:t, <M <T.Inthis case, the trade credit peri(NI ) is more than period with positive invento@i)

(See Figure-4). So, that interest paid during 'rtrlmeperiod(O,T) is equal to zero because the supplier can be paid
in full at the trade credit perio(M ) The interest earned during the time per(ﬁh‘tl) plus interest earned from

the cash invested during the time periétq, M ) after the inventory is exhausted. So, there ispyortunity cost.

Therefore,|P, = 0. (See Figure-4) (17)
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8. Similarly, there exists three cases to occur iarigdt earned in each order cycle.

Casel: 0<M < u. During the delay period, when the account issettied, the retailer sales the goods and

continues to accumulate sales revenue and earisténest with ratel . Therefore, the present value of the
interest earned during the replenishment cycle is



IE, = pleTD(t)tdt: ol eaﬁ[('\" - g z;(ﬂ’)' ty )} (L9)

Case2: 4 <M <t,. The condition of this case is similar to those@ase 1. Thus, the present value of the
interest payable during the replenishment cycbgvisn below:

IE, = pleTD(t)tdt: p ea/{(M N /’3’ gg(ﬂ/)' ty )} (19)

Case3: 1, < M < T . In this case, the retailer earns interest orrélienue of sales up to the delay period and no
interest is payable during the period for the itaratock. Thus, the present value of the interagaple during the

replenishment cycle is given by
IE, = pl {J.Dt)tdu tj }
(t-v) (B +y) (t,-y) }
=pl M -t )—"" 20
o0 SR - (0

From the above argument, the total average prefiupit time for the retailer can be expressed as
salegevenue orderingcost- holdingcost- shortageost- purchaseost

n(T) =% - opportuniy cost- interesipayablet interesiearned e ”(T) =
(Pt T) 0<M <y,

m,(P,t,T), U<M <, (22)
m(P,1,,T), {<M<T,

On simplification, we get

Hp4T) Ala=p)-2 7 (a-p)q—(a—p){(rl—r)(l-m%(rf—r - ”Z{T (L-T)+

a
228+

CN2B1y [, 22041 a e NB*2 o aBE2 | _ 2
{t-N""t-(u-y) }+—(ﬁ+1)(ﬁ+2){ t-N"-w-y }} v,(a p){(tl LT)

2
@A) =2 (T =t7) =2 (10 =) + 2 (T, =T, =T 1)+

é(tf -T)-T’ —TZ)}} A-y(a- p){tl i O O Ay

2t°T _£+T_4
4

-T2 +th}

—C*(a—p){{tl 5+ 1{(t - ==+ {(t - V)””—(/I—V)zﬂ”}}—(tl—T)

2(2/3 1)



L-AT) +i(tf -T?) —f{TZ(tl -T) +§(tf’ -T3)-T(t,’ —TZ)}} —v,(a- piAT(T -t)

T2 t2. M T t° T2 t° t> M?2 a
/1— Ly e oy vy ot g S M s
( 2) —AT(T-t)+ ( 2) (2 2)} 2 M s

2

CNBHN o NpHL o NpHL N a 2B+
(="M =(uU=-)"u+(U=-Y)""M+(t, - )"t} + 2(Zﬁ,ﬂ){(tl )M
_ _ 2[5+ _ 2[5+1 M tl _ Zﬂ+1tl _ a tl _ p+2 _ _ [+2

(U= u+(u-y) +(t,—)) } —(ﬁ+1)(ﬁ+2){( Y) (u=-y)""}

22B8+1)(2B+2) (B+1)

7,(p4,.T) = p(a- p) —i{p{m— Pt - (@ PH(t, ~T)A-AT) + 247 =T%) =2 {72, ~T) +

a {(t, -y -(,U-V)ZM}} + pl eaﬁ{(M _’[J;)ﬁ(ﬂM + y)}:|

2 2

1 3 _ 13y _ 2 _ T2 R - "1 o a
ST TR T )}} A-v,(a- p){2 +,3 i N ==+ 225+1)

A28y 1, A28+ a o AB¥2 B2 _ 2 _
{(t,-N""t-(u-y }+—(,8+1)(,8+2){ -y (L=y) }} v,(a p){(tl tT)
2Tt T

1-AT ——Tt -1, ——T3—t +—Tt—Tt—T2+t e
( ) - ( -3 ( )+ ( ) 3 472

-T%,’ +Tt13}

% (a_ A e NBYL_ ([, _ A\BHL a’ 28+1 _ 2p+1 _
C*(a p){{tﬁﬁﬂ{(tl y) U=+ 2(Z,B,Jrl){(l Y) u=-y) }} t-T)

L-AT) +i(tf -T?) —%{Tzal -T) +1(tf -T3)-T(t,? —TZ)}} —v,(a- piAT(T -t)

/(Tz 92) —2frw+< tl) 4 }}ﬂzn@(a—n{q(q NHE M2>+

_ABH _(tl_y)ﬁ+2 (M = )P+ a? fl+ _ N28H (s _(tl_y)2ﬂ+2
LR R o e R GV B e
(M - )%+ (M -p) (v +y)

" 2B+2 }}w'eaﬁ{ (5 +1)

and

7,(p4y,T) = p(a- p) —%[p{(a— Pt - (a- P){(t, ~T)A-AT) +§(tf -T?) —%{Tzal “T)+



£3_3_ 2 _T2y1l_ A _ E a Y . ¥ a’?
3(t1 T9)-T(, T)}} A-v,(a p){2+,8+1{(t1 N = (U-y) ,U}+2(2ﬂ+1)

+: +: a + +
{t,=-P7 't - (u-n*™ +W{_(t1 - =(u-p* 2}}_Vz(a_ p){(tlz —t,T)
A 1 N 2°T t* T
(l—AT)—E(TtlZ—tls)—é(T3—t13)+?(T3t1—T2tl—T2+t1)+ L —1Z+T—T2t12+Tt13}

2

* — L _ +1 _ +1 a
~C*(a p)Htﬁ e et Ry ey

{(t,=* = (u-y) 2"”}} -(t,-T)
@-AT) +%(t12 -T?) -g{Tz(tl -T) +%(t13 -T%)-T(t,° -Tz)}} —vy(a- pAT(T -1

L P PR N NS L (t, - »)’ (B +y)
A(7 7)"‘7{1— (T t1)+(7 7) 2T(7 7)}}+pleaﬁ{

BB +1)
(M -@MH

B

Lett, =vT, O<v<l1l
Hence, we have the profit functions

m(p,T) = pa-p) -i{p{(a- PVT = (a— p){(VT ~T)L-A4T) +’2](va2 -T?) —/]Z{TZ(VT -T)+

viTY o a?
+ L (T = PPNT = (=) gy +
2 ,8+1{(V VINT = (=" 1} 206+1)

VT @ a’
+ T _ B+L T _ _ L+l +
2 g+ 1{(V VINT = (=" 1} 206+1)

:—13(v3T3 T3 -T(vT? —Tz)}} -A-v,(a- p){

%(V3T3 ST -T(VAT? —T2)}} ~A-v,(a- p){

288 T () 2B+ a T AB¥2 a2y L _ 4ra_ T2
{(VT =)*™NT = (- }+7(,3+1)(,3+2){ VT =72 =(u-p)*° }} v,(a- p{(vTt -vT?)

2
a—ATy~%wﬁ*—vﬁ*)—%US—w#%+%SWT4—w*—T2+vn+

4 44 4
2v°T —VI +T4—T2v2T2+Tv3T3}

2

a CNBH [, aBH a
Ty e

-C*(a- p)HvT + {(VT =& = (u~-y) 2””}} ~(VT -T)

- AT) +’2‘(\/2T2 ~T?) —"ZZ{TZ(\/T -T) +;(v3‘r3 ~T%) -T(VT? —T2)}} ~V,(a= pfAT(T -VT)

2 212 2 3 3 2 212 2 2
YT A g+ (O - -y e (YT My @
2 2 2 2 2 2 2 B+1

{(VT =M = (=) u+

2

2028 +1)

{(VT =) M = (=) + (1= Y)P*M + (VT = )T} +
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2

(U=Y)PP M+ (T = PPNT =T (T = )P = (= y)*?} - a {(VT = )7

(B+D(B+2) 22B+1)(2B+2)
B

)+ plapl M=) (/3M+y)}'
(U=1*3}+ p /3{ 551
,(p. T) = pa- p)—ﬂp{(a— PIVT - (a— (VT _T)(l_mJZ(Vsz ST =TT =T
} 3 _ T3y _ 272 _T2 AL _ V4T4 a B a?
3(v3T T3 -T(VT?2-T )}} A-v(a p){ 5 ﬁ " VT = (U=~ + 225+1)
1 3 _ T3y _ 2T2 _ T2V L A _ V4T4 a B a?
3(vS’T T -TT?-T )}} A-v(a p){ 5 ﬂ 1 VT = (U= + 225+

_ 2[3+1 _ _ 2[3+1 _ ,8+2_ _ B+2 _ _ 414 _ 2
{(VT=p)TNT = (U=} + 7(,8+1)(,8+2){( %) U=y }} Vv, (a p){(vT vT?)
O R L A L szuTvaT}

aZ
224 +)

@-AT) +i(v2T2 -T?) —iZ{TZ(vT -T) +1(V3T3 -T%) -T(vT? —TZ)}} =V, (a= pAT(T -vT)

0T - Nt =(u=-y)F My +

~C*(a- p){{vT o (VT =P =(u=1) 2”’“}} -(T-T)

A - T) e Vzr) - )}}—ci (a- p){vT(vT M) - (-2 +
a B VT =-p*? (M-~ a? _a284 _ _(VT_V)ZB+2
L+ l{(vT YT =M) = LB+2 * B+2 +2(2,8+1){(VT N7IT=M) 2B+2

+<2;3—V+)22M}}+ pl eaﬂ{(M }?32(?1“) : V)H

andrz, (p, T) = p(a-p) —%[p{(a— PIVT —(a— p){(VT —T)(1-AT) +/]E(v2T2 -T?) —%{TZ(VT -T)+

v“T4 a 1 a’
5 ﬁ " VI =(u=-y)"" 1} + 206+1)

%(\,31-3 -T3)-T(vT? —TZ)}} -A-v,(a- p){

{(VT =)¥™NT = (u=-p) "} + 7(,6’+1)(,6’+2){( y)”*z—(ﬂ—y)ﬁ*z}}—vz(a— p{(v Tt -vT?)

(1—/1T)—%(V4T5 v3T)—f(T3 v3T)+ (vT4—vT3 T?+VT)+

4 414 4
TV T? -THT? +Tv3T}

a2
224+

- AT) +’2‘(\/2T2 ~T?) —"ZZ{TZ(\/T -T) +;(v3‘r3 ~T%) -T(VT? —T2)}} ~V,(a= pfAT(T -VT)

-C*(a- ID)HVT + ﬁil{(VT N = (u-pnFy+ {(VT - = (- Z‘M}} (VT -T)

11
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(M —vT)MH

4. SOLUTION PROCEDURE

2 212 2 3 3 2 2 _N\B
A(T?_VT v+ X oy + (0 VT )—2T(T7—VZT )}}+pleaﬁ{(v-r Y (BT +y)

In order to find the optimal solutions ® and T so as to maximize the total profit function, tirstfand second
order derivatives oft, (P : T) with respect toP andT are takenwherei ={ 1,2,3}. In other words, the

dr, (P, T)

necessary and sufficient conditions for maximizat® lTi(P ,T) are respectively —

=0 and

dr (P, T) _
dT

and

dzﬂi(P,T)<O,d2ni(P,T ) - o and (dzni(P,T):OJz_(dzni(P,T)J(dzni(P,T)J<0_

dpP? dr 2 dP dT dP 2 aT ?
The solution can be very complicated and hencdisakifor the optimal problem with maximum constitaican be
exhusbitantly expensive in computations. So, #olved using Mathematica 5.1 software.
Casel: O<M < 4.

The necessary conditions for the total prdqt(P ,T) to be maximum isM =0,

dr,(P,T) . y _ o

T = 0 . The sufficient conditions for the total profit be maximum is

2

dnP.T)_dnP. 1) (¢nP.T) YV (dn(P. 7)Y dn(P.T))_,
dp2 ©dT? dP dT dP? aT?

Case2:U<M <t,.

Similarly for the total profitsz(P,T) to be maximum isdEZ(P ! T) =0, an(P ! T) =0 .

dT
The sufficient conditions for the total profit te Imaximum is

2 2 2
d“z,(P,T)  dz (P, T 2 2 2
P 1) _ 4P T) (%) | [dPny (P T d?ny(P.T)

dr? dP dT dp2 dT2

<0.
dP?

Case3 t, <M <T.

The necessary conditions for the total praﬁ}(P , T) to be maximum is

dTL'3(P y T) :0 d7T3(P,T)

dP dT

The sufficient conditions for the total profit te Imaximum is
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d’m(P.T) o d'm(P.T) o (d*m(P.T) * (dm(P,T)Y d?m(P,T)

<0.
dr? dT? dPdT dp? dT?

5. NUMERICAL ILLUSTRATIONS

In this section, numerical examples to illustréte models obtained in the presented paper havefveeided. The
sensitivity analysis of major parameters on thénagitsolution are also carried out. The denoisiaggrmances of
numerical experiments are compared.

Example 1:

A=100units,a=132,v, =5v, =4,v,=6,0 =04,6=2,y=0.2,4=0.3,v=0.2,M = 0.5peryear,
#=0.4,,=015peryearl, = 010peryearp=8,c=5.

p =1.3447 T  =5.5482, Total Profit (TP)=20,688.0, Order Quan@yE182.45

Example 2:
A=100units,a=132,v, =5v, =4,v, =60 =04,8=2,y=0.2,4=0.3,v=0.2,M = 3peryear,

4 =041, =015peryear, |, = 010peryear,p=8,c =5.
p’ =0.8192 T  =55584 Total Profit (TP) = 20,894.3, Order Quantity (Q181.47

Example 3:

% Change| P T TP Q
-10 1.3250 5.5482 185986 164.09

A|-5 1.3550 | 5.5485 19621.6 172.38
0 1.3447 5.54824 20688.0 182.78
+5 44237 | 5.5487 21593 186.13
+10 7.9446 55432 226390 191.66
-10 1.3150 5.5492 20686.0 180.95
-5 1.3296 5.5485 20687.p 180.96

a |0 1.3447 5.5482 20688.0 182.718
+5 1.359: 5.5477 | 20688." | 182.4¢
+1C 1.374: 5.547¢ | 20689.: | 183.3!
-10 1.3337 5.5483 207924 183.01
-5 1.3395 5.5487 20790.p 182.33

B |0 1.3447 55482 20688.0 182.78
+5 1.3492 55465 20788.3 181.10
+10 1.3532 | 55431 207875 180.54
-10 1.3532 5.5474 20786.9 182.71
-5 1.348¢ 5.540¢ | 20699.¢ | 182.8¢

y |0 1.3447 5.5482 20688.0 182.718
+5 1.3404 | 5.5484 20594/l 181.12
+10 1.3362 5.5487 20496.1 180.72
-10 7.253¢ | 5.423: | 18180.( | 248.7:
-5 4.4861 5.4820 18075.8 217.22

110 1.3447 55482 20688.0 182.78
+5 2.2359 5.2664 179849 171.69
+10 1.3378 52063 178156 146.02
-10 1.34712| 5.5482 20788)8 181.69
-5 1.3459 55482 20989.8 182.69

M |0 1.3447 5.5482 20688.0 182.718
+5 1.3434 55483 21790.0 184.69
+10 1.3422 | 5.5483 227708 185.65
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A=100units,a=132,v, =5v, =4,v, =6,0 =04,6=2,y=0.2,A=0.3,v=0.2,M =1.5peryear,
#=0.4,1,=015peryear, |, = 010peryear, p=8,c=5.

p =14070T" =5.546]Total Profit (TP) = 20,749.0, Order

Quantity (Q) = 181.80.

6. SENSITIVITY ANALYSIS

Next, the effects of changes of parameter [ y A andM on the optimal solutions are studied. Sensitivity

analysis is performed by changing (increasing fetsing) the parameters by 10 % and 5 % and takiag o
parameter at a time, keeping the remaining paramateheir original value.

The following inferences can be made based on Thblable-2 Table-3.

Case-1.0<M < u

Case-1
25000
—
- =3
5 15000 -
a
g 10000 ——p
2
+v
5000
==\
6 =@M
-15% -10% -5% 0% 5% 10% 15%
% change in inventory parameters

Figure — 5. Sensitivity analysis for total profltR))

/_(,/—‘—"BE/* 100
it st N
20
0 o0 P

Figure-6, Concavity of total profit (TP) w. r. tyae time (T) and credit period (M)
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Case-2: U<M <t

% Chang | F T TP Q |
-10 5.7805| 5.558§ 185460 153.90
A |5 2.4806| 55586 197664 170.04
0 0.8192| 55586 208948 181.47
+5 3.9191| 55584 21788/l 185.76
+10 7.419( | 5.558¢ | 22838.. | 190.6(
-10 0.794: | 5.549: | 20885.: | 179.9(
5 0.8067| 55489 20782 180.68
a |0 0.8192| 55586 208948 181.47
+5 0.8319| 55589 206730 182.27
+10 0.8446| 55581 204710 183.07
-10 0.8103| 55479 20873 182.86
5 0.8152| 554824 20875p 179.95
glo 0.8192| 55586 208948 181.47
+5 0.8225| 55590 208800 180.34
+10 0.8250| 55594 208838 180.p4
-10 0.8260| 55483 208750 182.49
5 0.822¢ | 5.548: | 20775.¢ | 181.9¢
y |0 0.8192| 55586 208948 181.47
+5 0.815¢ | 5.5587 | 205226 | 180.9¢
+10 0.8124| 55489 204805 180.50
-10 6.7445| 543364 181650 248.68
5 3.9690| 5.492§ 173633 217.36
210 0.8192| 55586 208948 181.47
+5 2.7701| 56329 17269)7 134.03
+10 1.8512| 5.7143 171000 125.19
-10 0.9282| 55554 20850/ 180.61
5 0.8751| 55569 218638 191.55
Mo 0.8172| 55486 208943 181.47
+5 0.7604| 55606 22895 275.37
+10 0.6985| 55628 249145 290.25
Case-2
30000
20000
=
=
o ==
& 15000
g 10000 +B
|_ 1UUUU
5600 et
o} =i\
-15% -10% -5% 0% 5% 10% 15%  —g—M

Figure-7, Sensitivity analysis for total profit
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15000 -
0. 10000
—

S000

100

Figure-8. Concavity of total profit (TP) w. r. tyale time (T) and credit period (M)
Case-3t, <M <T

% Change| P T TC Q
-10 5.595( | 5.559¢ | 18603." | 156.5:
A |5 1.9550| 5.5596 19826.0 170.21
0 1.4076| 5.5461 207495 181.80
+5 4.4237| 5.5594 21840.p 185.41
+10 7.9446| 55596 228923 190.25
-10 1.0090| 5.559§ 209276 179.56
-5 1.006¢ | 5.559¢ | 20927.¢ | 180.3¢
a |0 1.4076| 5.4076 20749p 181.80
+5 1.0023| 5.5597 209313 181.91
+10 1.0000f 5.5597 209325 182.13
-10 1.3968| 5.5461 207516 181.38
-5 1.4025| 15461 20750.p 182.44
g |0 1.4076| 5.4076 20749.p 181.80
+5 1.4121| 5.5461 20748 181.20
+10 1.4160| 5.5461 207476 180.64
-10 1.4170| 5.5456 207444 182.832
-5 1.4123| 5.5459 20747.5 182.30
y | O 1.4076| 5.407¢ 207495 181.80
+5 1.4029| 55463 207514 181.31
+10 1.3983| 5.546 207546 180.82
-10 7.3158| 5.4209 18142[7 248.20
-5 4.5486| 5.4798 20993.1 217.27
210 1.4076| 5.407 20749p 181.80
+5 2.172F | 5.620¢ | 20266.1 | 136.0¢
+1C 1.273¢ | 5.704% | 20097.C | 126.9¢
-10 1.4076| 5.4209 207496 151.80
-5 1.4076| 5.5461 215405 135.56
MO 1.4076| 5.4076 20749.5 182.80
+5 1.4076| 5.5461 236233 171.45
+10 1.4076| 5.5461 247005 172.21
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25000
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E 15000 *
8 —h—p
] 10000
5600
==\
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% change in inventory parameters

Figure-9. Sensitivity analysis for total profit ()IP

Figure-10. Concavity of total profit (TP) w. r.dycle time (T) and credit period (M)

7. OBSERVATIONS
Based on the sensitivity analysis the following engerial insights can be obtained.

1) Increase in the value of the paraméernssociates itself with increase in total profitl @rder quantity.

2) Increase in the value of the paramélerinduces both total profit and order quantitylighgly increase.

3) Increase in the value of the paramgferinduces total profit and order quantity is sligltecrease.

4) Increase in the value of the paramgtenssociates itself with total profit as well adarquantity to
slightly decrease.

5) Increase in the value of the parameteracts the total profit and order quantity to dasee
6) Increase in the value of the parameter M, comtas poofit as well as order quantity to increase.
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8. CONCLUSION

In this paper, an economic order quantity modehfam-instantaneous three parameter Weibull detdimg items
with price dependent demand under permissible delagyments is developed. A model is developedliith
shortages are allowed and the backlogging ratarisble and dependent on the waiting time for et n

replenishment. There are three possible scenalr'rtbmistudy:(]) O<M<syu (2) U<M <,

(3) t, <M <T . Several numerical examples are provided to itatstthe results under various situations and

sensitivity analysis of the optimal solution wittsspect to major parameters is also carried outreTéie some
managerial insights derived from Table-2, Tablea8 @able-4, we get 1) a higher value of deterioratate causes
lower value of order quantity and total profit.&higher value of retailer credit period cause$digalue of total
profit and order quantity. The analogy with the E@®Qdel is enlightened but the main difference EDQ in
presence of deterioration and credit period is pl#dforward. Problems with this kind of constradmise in a variety
of applications.

The presented model can be further extended to poactical situations, such as price discountatitgh, time
value of money and fuzzy demand may be added.
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