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Abstract: The present study formulates a fuzzy economic order qyamtidel under conditions of permissible delay in payments by
considering price-dependent demand and higher interast&@ on fixed sales revenue. This research paper scegiailzthe possible
cases which may exist inclusive of those that have not beesidered by researchers so far. The proposed models alllyvbacklog
shortages. The proper mathematical models for variouss@gedeveloped to determine the optimal order quantitytithe period

in which inventory of the positive stock is finished in adalitito the total cycle length by maximizing the total fuzzy fiirtunction.
Further, the arithmetic operations for fuzzy demand patarsere defined under the function principle and for defication, signed
distance method has been used. Finally, the numerical dgamape presented to show the validity of the model followgdHhe
sensitivity analysis.
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1 Introduction inventory with backorder, where the backorder quantity

o . was fuzzified as triangular fuzzy number.
In the present scenario, it becomes extremely difficult to

determine the exact value of the parameters. One way of

managing this vagueness is through fuzzy numbers. It is Further, Yao and Lee8] presented a fuzzy inventory
pertinent to discuss the work done in this area before thanodel with and without backorder for fuzzy order
formulation of the proposed fuzzy economic model. The quantity with trapezoidal fuzzy number. Later, Yao et al.
concept of fuzzy set theory was first introduced by Zadeh[9] proposed the EOQ model in the fuzzy sense,
[1]. Zimmermann 2] gave a review on applications of considering the order quantity and demand as triangular
fuzzy set theory. Two years later, Paf{ had used fuzzy fuzzy numbers. Hsieh1{)] reflected upon two fuzzy
set concepts to treat the inventory problem with fuzzy production-inventory models: one for crisp production
inventory cost under the arithmetic operations defined byquantity with fuzzy parameters and the other one for
extension principle. He had examined the EOQ modelfuzzy production quantity. He used the graded mean
from the fuzzy set theoretic perspective. Kauffmann andintegration representation method for defuzzify the fuzzy
Gupta @] had provided an introduction to fuzzy total inventory cost. After four years, Chen and Ouyang
arithmetic operations. Subsequently, Vujosevic et 5. [ [11] proposed a fuzzy model by fuzzifying the inventory
extended the classical EOQ model by introducing thecarrying charge, earned and payable interest as
fuzziness of ordering cost and holding cost. Roy andinterval-valued triangular fuzzy number and used signed
Maiti [6] had presented a fuzzy EOQ model with distance method to defuzzification this model. In the same
demand-dependent unit cost under limited storageyear, Mahata and Goswaml?] had developed a fuzzy
capacity, considering different parameters as fuzzy setproduction-inventory model with permissible delay in
with suitable membership function. The ensuing yearpayment. The scholars assumed the demand and the
Chang et al. T] had presented a fuzzy model for production rates as fuzzy numbers and defuzzified the
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associated cost in the fuzzy sense using extensiomvith the exclusion of the penalty cost due to a late
principle. payment. Shah2g], and Hwang and Shinn2p] further
Recently, Gani and Maheswarld] debated on the expanded Goyal's model by incorporating the case of
retailer’s ordering policy under two levels of delay deterioration. The model was further revised by Jamal et
payments considering the demand and the selling price aal. [30] and Aggarwal and JaggB[] include permission
triangular fuzzy numbers. The researchers used thefshortages. Also, Jaggi et aBj] determined a retailer’s
graded mean integration representation method foioptimal replenishment decisions with trade credit-linked
defuzzification. Next year, Uthayakumar and Valliathal demand under permissible delay in payments. Further
[14] developed an economic production model for research in this area is summarized by different survey
weibull deteriorating items over an infinite horizon under papers (Chang et al38], H. Soni et al. B4], D. Seifert et
a fuzzy environment and also introduced some costal. [35 and Z. Molamohamadi et al3f).
component as triangular fuzzy numbers. In their devised In today’s financial markets, the retailer may invest
model, signed distance method is used to defuzzify thehis/her money into stock markets or into developing new
cost function. Sarkar and Chakrabadtb] formulated an  products, thus, gaining a return on investment that may be
EPQ model with two-component demand under a fuzzyhigher than the interest charged. If the interest earned is
environment and weibull deterioration with shortages.higher than the interest charged, a reasonable retailer may
The model uses the-cut method for defuzzification of not return the money to the supplier until the end of the
the total cost function. Alternately, there are many replenishment cycle. On the other hand, if the interest
heuristic approaches to solve the inventory models forearned is less than the interest charged, a reasonable
which close form solution does not exist. Le et dl6]| retailer will pay off the total purchase cost to the supplier
Diabat et al. 17,18,19] Santibanez-Gonzalez and Diabat as soon as possible, following the end of the credit period.
[20] have suggested different heuristic approaches. Therefore, a more practical option for the retailer would
Demand has always been accepted as one of the mobe either to pay off the entire amount owed to the supplier
influential factors in decision making related to inventory at the end of the credit period or to delay incurring
policy. It is an established fact for all the business firmsinterest charges on the unpaid and overdue balance.
that the right pricing strategy fetches more customersHence, the determination of a retailer's payoff time is
which results in an increase in revenues for the firm byaffected by the amount of interest income and interest
increasing its demand. Demand and price are the mogpayments.
fundamental concepts of inventory management and serve Considering the above mentioned facts, Cheng et al.
as the backbone of a market economy. According to thg37] had discussed an economic order quantity model
law of demand, if all of the other factors remain at a with trade credit policy in different financial environment
constant level, the higher the price, the lower is theThey had proposed the model under the conditions that
demand. As a result, the demand of highly pricedthe interest earned is higher than the interest charged and
products witnesses a decline. Hence, the price of thehe interest earned is lower than the interest charged.
product plays a very crucial role in inventory analysis. In Most recently, Bhunia et al.3B] obtained a retailer's
the field of inventory control theory, the various forms of optimal ordering and trade credit policy in two-warehouse
demand (like constant demand, price dependent demanehvironment and examined many cases for the calculation
etc.) have been studied by various scholars such as Cohesf earned and payable interest. Yet, their research does
[21], Aggarwal and Jaggi 42, Wee [2324], not consider the case where the supplier accepts the
Mukhopadhyay et al.Z5] and many more. partial amount at the end of the credit period and the
In today’s competitive markets, Trade credit financing remaining amount is paid continuously beyond the credit
has been widely recognized as a very crucial strategy tgeriod to a fixed point. Further, most of the financial
increase profitability. In practice, a supplier usually institutions offer higher rate of interest to the deposits
provides her/his retailers a permissible delay in paymentsvhich are fixed in nature than recurring. So, the retailer
to stimulate sales and reduce inventory. During the creditan earn higher interest on sales revenue which is fixed in
period, the retailer can accumulate the revenue and earnature i.e. revenue generated by fulfilling the shortage,
interest on the accumulative revenue. However, beyondalance amount after having settled the account.
this credit period, the supplier charges her/his retaders Having substantiated the relevance of the
interest on the unpaid balance. Further, the presence aiforementioned facts, the present study is aimed at
trade credit reduces the buyer’s inventory holding cost,developing a fuzzy economic order quantity model with
thereby affecting the buyer's economic order quantity price-dependent demand under conditions of permissible
(EOQ). In order to deliberate on the possibilities arising delay in payments by considering higher interest earn rate
out of permissible delay in payments, various scholarson fixed sales revenue. Additionally, the model also
have researched in this area. In 1973, Haley and Higgingonsiders fully backlogged shortages. The research
[26]had developed the economic order quantity modelfurther investigates all the possibilities for making the
under the condition of permissible delay in payments withpayments in conditions of permissible delay in payment
deterministic demand, without shortages and zero leadvhich may exist and are have yet not been considered
time. Some years later, Goyd&1] extended their model previously. The main purpose of the present model is to
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determine the optimal inventory and pricing strategies, so
as to maximize the total fuzzy profit function of the K(a)=

The a-cut of K = (ki ko, ks) € Fy, 0< a < 1, is
[Ki(a),Kr(a)].

system. The arithmetic operations are defined under th@vhereK, (a) = k; + (ko — ky)a andKg(a) = k3 — (k3 —
function principle and signed distance method has beeik,)a are the left and right endpoints Kf{ a).

used for defuzzification,. Finally, the numerical examples

and sensitivity analysis have been presented to illustrate , ,
the applicability of model in different scenarios. These Definition 2.4.If K = (k,ke,ks) is a triangular fuzzy
findings eventually serve as a ready reckoned for thehumber then the signed distancekofs defined as

organization to take appropriate decision under the

prevailing environment.

2 Preliminaries

In order to treat the fuzzy inventory model, the following

definitions have been used:

Definition 2.1 A fuzzy setk on R= (—oo
fuzzy point if its membership function is

o) is called a

1, x=k
X #£ K

Where the poink is called the support of fuzzy skt

Definition 2.2 A fuzzy set[kq,lq] where 0< a <1 and
k < defined orR, is called a level of a fuzzy interval if its
membership function is

a,
“[kaJa](X) = {0

Definition 2.3A fuzzy numberK = (ki ko,ks) where
k1 < ko < k3 and defined o, is called a triangular fuzzy
number if its membership function is

k<x<lI
otherwise

. 1
d(KO):./O d([k (@)a,Kr(@)a],0)

1
= Z(k1+2k2+k3)

3 Assumptions and Notations

This model is developed with the help of the following
notations and assumptions:

3.1 Notations

instantaneous inventory level at
any timet

economic order quantity

price dependent demand where
a andb are positive constant
fuzzy price dependent demand

replenishment cost (ordering
cost) for replenishing the items

e < x <k c unit purchase cost of retailer
ko—ky» FL=7"=82 T shortage cost per unit per unit
B0 =S B2, ke <x<ks time
0, otherwise u(u>1) mark up rate
, ~ p=uc selling price per unit
e famiy of all ranguiat uzzy numbers apis de- M credit period offered by the
noted as supplier to the retailer
h . holding cost per unit per unit
= {(kg,ko,k3)|k1 < ko, < k3 V kg, ko,kz € R} time excluding interest charge
le . interest earned rate on regular
sales revenue
le . interest earned rate on fixed deposit
1 amount
Ip . interest payable rate
1 T replenishment cycle length
@ t1 length of the period with positive
stock of the items

Bi :  breakeven poini,=1,2,3

2 4w b 4ie : AP (K1, T) total profit in case-)
. ) AP() total profit in combine form
Fig. 1. a-cut of a triangular fuzzy number APy() total profit after defuzzification
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3.2 Assumptions 1 le<lg<lp
2. le<lp<lgand
1. Demand rate is assumed to be a function of selling 3. Iy <le<Ig
price i.e.D(p) = a— bp which is a function of selling
price (p), where a, b are positive constants and
0 < b < a/p. Further,a and b are assumed as

triangular fuzzy numbers. . i .
2. The planning horizon of the inventory system is Further, each case is divided into sub-cases depending

infinite. upon the values oft;, M and T. All the possible

3. Unsatisfied demand/shortages are allowed and fullgases/sub-cases has been shown by the Figure 2.
backlogged.

4. Replenishment rate is instantaneous and lead-time i§€ase lile <Ig <lp
negligible.

5. The entire lot size is delivered in one batch. This case situation indicates that the interest earned rate

(le,Ig), is less than the interest payable rdig. Based on
the valued;, M andT the following three possible sub-

4 Model formulation cases exist:

At't = 0, retailer purchase® units the retail business. In 1L.10<M <t; <T,1.2.0<t; <M <T and 1.3:0 <
Q units, Q — S; units are fulfilling the shortages and t1 <T <M.

remainingS; unit will be depleted due to demand and

exhausted dt=t;.

Letl(t) be the inventory level at any timg0 <t <T). Case110<M <t <T
The instantaneous statesl @f) over the period0, T) with
help of some conditions attinte= 0,1 (0) = S; and attime
t =11, 1(t1) = 0 are given by the following equations

Since both the interest earned rate is less than the interest
paid rate, so the retailer would try to pay off the total
purchase cost to the supplier as soon as possible. At the
I(t)=S - Dt, 0<t<t 1) gxpiry of M, the retailer will have a certain amount which
is the sum of the sales revenue during the pefi]

I(t) = -D(t—t1), t1<t<T @) and the interest earned on both regular sales revenue and
and from () at timet — t;, | (t;) = 0 fixgd cjeposit amount i.e. t.he amount agcumulgte after

' satisfying the shortages during the same time period.

S =Dt 3) . . .
B Hence, the total sales revenue during the time period
= Q=S+D-h) @) o.M =Dp{M+(T —t)}.

The profit function per unit time can be expressed as , i
The interest earr11ed on regular sales revenue during the
1 _ time period0,M] = 3DM?ple.
AP(u.t1,T) = =[(Total selling revenue period[0,M] = zDM"ple

+ (Interest earneéd- (Total purchase cost The interest earned on fixed deposit amount during the
time period[0,M] = D(T —t;)MplEe.

— (Ordering cost— (Holding cos}
—

Shortage cojt- (Interest pai Therefore, the retailer has total amouniv/ais
where
(a) Ordering cost A (5) 1
Dp|(T—-t1)) +M {1+ (T —ty)lg+ =Ml =W (say).
(b) Stock holding cost :—ZLDTZh ©6) p{( D { (T-t)le+3 ‘*H i (say)
(c) Shortages cost %D(T—tl)zn 7)

(d) Interestearned

(e) Interest payable However, at timeg = 0, the retailer owes Qc amounts
as the purchase cost to the supplier. NowMatretailer
The computation for interest earned and interestsettling his account with the supplier, but he has dMy
payable (i.e. (d) and (e)) will depend on the following amount therefore, based on the difference betWéeand
three possible cases based on the different situatidg of Qc, further, there may be the following two sub cases arise
le andlp. asl.1.1W; < Qcandl1.1.2W; > Qc.
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Inventory model with
permissible delay in payments
v
A
Lle<le<ly 21,2, < e 3l <le<le
[2.20<t1<MsT] [2.30<t1<TsM]
s v
[ 2.11W<cQ ] [ 21.2W=2cQ ]
[
Y A
2.1.1.1 (b) The rest <
ti id at 2.1.1.1: When partial payment is made at time 2.1.1.2: When full payment is to be
a.moun I'S paidata t =M and the rest amount is to be naid after M made at the breakeven point B; after M
single point B, after M v
[ 2.1.1.1. (a) The rest is paid conti ly up to breakeven point B, ]

[1‘10<M5t1<T] [1.20<t1<MST ]

[ 130<t,<T<M ]

[3‘10<M£t1<T ]

[3.20<t1<M5T] [3.30<t1<T£M ]

v

1.1.1W<cQ

A = A

1.1.2W=2cQ

1.1.1.1: When partial payment is made at time
t =M and the rest amount is to be paid after M

1.1.1.2: When full payment is to be

made at the breakeven point B; after M I

1.1.1.1. (a) The rest t is paid conti

ly up to breakeven point B, ]

1.1.1.1. (b) The rest amount is paid at a single point B, after M ]

Fig. 2: A Schematic flow of the model

Sub case 1.1.1W; < Qc

Here, the retailer's amourit\) is less than the amount
payable to the supplier. In this situation, the supplier may
either agree or disagree to receive the partial payment. As a
result, two scenarios may be possible: 1.1.1.1 when partial
paymentis made at= M and the rest amount is to be paid
aftert =M or 1.1.1.2 when full payment is to be made
aftert = M due to non-willingness of acceptance of partial
payment on the part of the supplier.

Scenario 1.1.1.1: When partial payment is made at time

t = M and the rest amount is to be paid after the time

t = M: In this situation, the supplier agrees to accept the

partial payment but for the payment overdue, he may agree
on two different possible choices: (a) when the rest amount
continuously is paid aftavl and (b) when the rest amount

is paid at a single point of time aftéf.

Scenario 1.1.1.1 (a): When the rest amount is paid
continuously up to breakeven pointB; (say) after M.

In this case, the retailer payg amount at = M and the
rest amountcQ — W) along with the interest charged is
paid continuously fronM to some payoff time (sayB;).

A
Ie
. e
Ly S peee .
[ oeeees B u T
Ig

Fig. 3: Interest earned in scenario 1.1.1.1. (a)

\4

Fig. 4: Interest payable in scenario 1.1.1.1. (a)
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So, the interest payable during the time period 4 Ig
[M.By] = 3(cQ-Wy)(Bi~M)lp,and |

the total amount payable durini!,B,] is sum ofthe | |
remaining amount and interest payable during the same
period. i.e.(cQ—Wi) + 1 (cQ —W)(By — M)l I

The sales revenue during the time peridd, B,] is 4 AN B/ LELIEEE
Dp(By — M). s a A -

Now att = By, the total amount payable to the supplier Pl Al >
= the total amount available to the retailer,i.e. ~  Nfeeeesess M B T

(6Q-WA) + 3(0QWh) (B~ M)l =D(B; - M)p (8)

2(cQ—W)
2Dp— (cQ—-Wi)lp

Fig. 5: Interest earned in scenario 1.1.1.1. (b)
=B =M+

9)

Now, the retailer starts generating profit from the sales 4
revenue and interest earned on the regular sales revenue
during the period [By,t;] is D(t1 — By)p and Iy
ID(ty — B1)?ple respectively. At timet = t; retailer has Pl
D(ty — By)p + 3D(t1 — B1)?ple amount. He uses this
revenue to earn interest on fix deposit of this amount
during the time periodt;, T].
The interest earned for time perid@, T] is Dp(t; —

v

M t
B1) {1+ 1(ti—By)le} (T —ta)le. B % T
Therefore, the total profit per unit time for this case is . . .
; Fig. 6: Interest payable in scenario 1.1.1.1. (b)
given by
APL111a(Mt,T) = %[(Total selling revenue durin(By,t1]) The sales revenue during the time peridd, By] is

Dp(Bz — M) and interest earned on regular sales revenue

+ (Interest earned during,, ta]) during the same time period D (B, — M)?ple.

+ (Interest earned duringy, T]) Hence, at time = By, the total amount in the account

— (Ordering cost— (Holding cos} of retailer is sum of sales revenue and interest earned
— (Shortage cojt (10)  during the time period [M,B;] ie.

D(B—M)p+3D(Bz — M)2ple.
Attimet = By, retailer wants to settle his account with
supplier, so the total amount payable should be equal to

_1 1 2
APL111a(Kt,T) = 5 {D(tl ~Bup+ 5 D(t—By)"ple total amount generated by retailer i.e.

+Dp(t1 - Bl{l+ %(tl— Bu)le} (T —t1)lE (cQ—Wi) + (cQ—W4)(Bx —M)lp
_ _ 1 a2
A %thh— nD(Tz—tl)Z} (11) =D(B2—M)p+ 2D(82 M)?ple

(Qc—Wy) + (Qc—Wi) (B2 — M)l

WhereB; = M + 2(cQ_Wy) 1
=D(B2—M)p+5D(B; - M)2ple

p—(cQ-Wy)lp
Scenario 1.1.1.1(b): When the rest amount is paid at a
single point after M
In this scenario, the supplier accepts the payment only in =
two installments, first is at time= M and second is at
timet = B,. The retailer pays amount d% at the time + (szz— 2D*Tclpp+ 2Dpl Wy + D*T?¢?1
M and the remaining amouritQ — W) along with the

B, {—Dp+DpIeM+DTCIp—IpW1

~ Dple

interest payable for the peridd to B; is paid at breakeven N oo 5 3
pointBs. —2DTcl WA + I Wy +2D“pleTc — 2D pleW1> }

Hence, at timé = By, the total amount payable will be

- . : (12)
the sum of remaining amount and interest payable during
the time periodM,By] i.e. (cQ—W;) + (cQ—-W;)(Bo—  After settling the account with this supplier at time
M)lp. t = By, the retailer’s sales revenue would consist of sales
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revenueD(t; — By)p for the periodB,,t;1] and the interest 4
earned on regular sales revenue%l@(tl — B2)?ple. At
time t = t, retailer hasD(ty — Bz)p + 3D(ty — B2)?ple
amount. He uses this revenue to earn interest on fix
deposit of this amount during the time peripd T].

The interest earned on fix deposit amounD(t; —
B2)p(1+2(t1—Bp)le) (T —t1)le.

Therefore, the total profit per unit time for this case is
given by M

v

Bz 1 T

Fig. 7: Interest earned in scenario 1.1.1.2

APy 111p(U, 11, T) = =[(Total selling revenue durindy, t1])

1

7l

+ (Interest earned durin®,, t1])
+(

Interest earned duriny, T]) R ,
— (Ordering cost— (Holding cos} E
— (Shortage co$t (13) | preeeeee )
.............. .
I A7 N
............ Lofrores
) Ly a— ﬁ::::::
AP 111p(U,0,T) = T D(t; — By)p+ ED(tl -B)%ple 1 s
1N N M B, T
+D(t1—Bz)I0<1+ §(t1—52)|e> L
(T — t1)|E —_A— }thh _ M Fig. 8: Interest payable in scenario 1.1.1.2
(14)

The interest earned on fix deposit amoWvt for the
time period [M,Bg] is Wilg(B3; — M) and the interest
earned on the continuous sales reveD(B3; — M)p from

Where time periodM, B3] is 1D (B3 — M)?ple.
Hence, the total interest earned during the time period
[M, B3] is
B, = {—Dp+DpIeM+DTclp—lpW1
Dple

1
=Wilg(Bs — M)+ 5D(Bs — M)2ple
+ <D2p2 — 2D*Tclpp+ 2Dpl Wi + D*T%¢%13

3 =Qclp(Bz —M). ' _
— 2DTel2Wh -+ 12W2 - 2D2pl.T ¢ — 2D pl Wi Again, to determine the value of breakeven point, the
p\a - TpWa -+ Ple Pl total amount payable to the supplier should equal to the

total amount available to the retailer i.e.
Qc+ QC(Bg— M)|p =W+ D(B3— M)D+W1|E(B3— M)

Scenario 1.1.1.2: When full payment is to be made at :—LD Bx— M)2pl 15
the breakeven pointB; after t =M + 2 (Bs J"Ple (15)

Supplier wants the full payment at some fixed p&gt 1
afterM when itis possible and he will charge the interestat = Bz = ﬁ{ —Dp+DpleM+DTclp—leWs
rate(l p) on amoun®Qc for the periodM, Bs]. But retailer €

hasW; amount at time =M ancj he will earn interest.at + (lelg_ 2DTcl Whle+ D2T202|S

the rate(lg) on fix deposit of this amount for the period

[M,Bg]. After M, he also generates the sales revenue as 1

well as earns interest on regular sales revenue during the —2D%pl pTC+ D?p?+ 2D2pIeTc> } (16)
period[M, B3].
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Further, the sales revenue during the time pefigit; ] is 4
D(t1 — Bg)p and the interest earned on regular sales
revenue during this period %D(tl — B3)2ple. So that, at I

time t = t; retailer hasD(t; — Bg)p+ 3D(ts —Bg)?ple | [reeseeeesee
amount. He uses this revenue to earn interest on fix | = P
deposit of this amount during the time peripd T].

The interest earned on fix deposit amosnD(t: — ¥
B)p(l—l— (tg —Bg)l )(T—tl)lE. ....... Moy T

v

Accordingly, the total profit per unit time for this case Ig
is given by
Fig. 9: Interest earned in sub case 1.1.2

1 . . The interest earned on the regular sales revenue
APy 112(H,t1,T) = ?[<Total selling revenue durinfBs,t1]) D(t, — M)p during the periodM,ty] is %D(tl _ M)Zple.
+ {Interest earned durin@s, t1]) At time t =t; retailer hadD(t; — M)p+ %D(tl —M)?ple

(
+ (Interest earned duringy, T]) amount. He uses this revenue to earn interest on fix
_ (Ordering cost— (Holding cos} deposit of this ?mount during the time periftd, T] is
( D(tl—M)p(l—l— Q(tl_M)Ie) (T—t1)lg.

B 1Sh0rtage cof 1 an Therefore, the total profit per unit time for this case is
APL112(K 0, T) = {D(tl —Bg)p+ 5Dt~ Bs)®ple given by
+D(t~Ba)p L+ 3t Ba)e) APLL2 (K1, T)
1
)2 = —[(Total sales revenue durinii, t;])
(T—t1)lg — A—}Dt h—M T .
z 18 + (Interest earned on the sales revenue dujfihg;])
(18) + (Interest earned on the sales revenue dulting |)
+ (Excess amount after paying the amount to the supplier
+ (Interest earned on the excess amount dujihdr])
Where — (Ordering cost— (Holding cos}
— (Shortage cost (29)
1 1 )
+ <Wf|§ — 2DTclpWile+ D?T?c?13 =7 [D(tl —M)p+5D(t—M)7ple
; + (Wi — Qo) {1+ (T — M)lg}
—2D?plTc+ D?p? + 2D? ITC) } 1
PerEr TP e + (Dt~ Mpp+ 5001 - M)Zple) (T -t
TRY:
_A_%th%_w] (20)

Sub case 1.1.2V;, > Qc

Casel1l20<t; <M <T
In this sub case, the retailer has to pay o@tyamountto In this case, the trade credit peridd offer by to the
the supplier at timé= M and he will fix deposit the excess supplier is lies between stock out period and
amountW; — Qc) to earn the interest at the rate(bf) for replenishment cycle tim&. The retailer will pay off the
the time periodM, T]. The interest earned on this amount total amount owed to the supplier at the end of the trade
is equal to Wy — Qc)(T —M)le. Further, after timeé = M, credit periodM. Therefore, there is no interest payable to
the retailer continuously sales the products and uses thsupplier but the retailer uses the sales revenue to earn
revenue to earn interest. interest at the rate d¢ andlgduring the period0, M].
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I is no interest payable to supplier but the retailer uses the
I sales revenue to earn interest at the ratdeoénd Ig
------- during the period0, M].

Fig. 10: Interest earned in case 1.2

M
Hence, the retailer the total interest earned is calculated
in three different cases. Ir
1) The interest earned at rate tf on the shortages Fig. 11: Interest earned in case 1.3

revenue Dp(T — t;) during the period
[0,M] =Dp(T —t1)MIg.
2) The interest earned interest on continuous sales Hence, the retailer the total interest earned is calculated

revenue during the perid0, t;] = 1Dplet? . ;
3) The interest earned during the period in three different cases.

_ 1 1) The interest earned at rate tf on the shortages
[tl’M]_Dtlp(1+§tlle>|E(M_t1) revenue Dp(T — t;) during the period
. [0,M] =Dp(T —t1)MlIE.
At M, retailer has 2) The interest earned interest on continuous sales

revenue during the perid@,t;] = 2Dpt2.
L 3) The interest earned during the period
Dp(T —t1)(1+Mlg) +Dpty (1+ zt1|e> (1+M-ty)lg) =Ws [t2,M] = Dtap (1+ Stale) Ie(M —ty)

amount in his account but retailer settled his account with'gt i (I\er ltth?I(li:L (l\r;laf ¢ I)Dlp()T::NStl()s(; )+ am:)Eu)n:_in
supplier aiM. He paysQc amount to supplier and eamed hig é\ccou%tlbijt retailer set%lel(zzl hi_s accoun)fc with supplier a
interest on the excess amoWii — Qc at the interest rate . PP

M. He paysQc amount to supplier.

I(g(.:)'{?e_lmﬁrlzest eamed during the period, T} is (W, = Therefore, the total profit per unit time for this case is
Thus, the total profit per unit time for this case is given given by
by 1
APL3(U 1, T) = ?[<Excess amouit

APy o(H, 1, T)
Ordering cost— (Holding cos}

—
— (Shortage cot (23)

= %[(Excess amouit

+ (Interest earned on the excess amount during the pévigd])

(Ordering cost— (Holding cos} APy 3(1,t1, T)
— (Shortage cost (21)
_1 M—Qc)—A—}thZ—M (24)
) Bk 2 1 2
APL2(H 11, T) = = | (We — Qe) + (Vo — Qc)(T —M)le
) Section 2:le <Ip < Ig
_A— Ethf _ MmO -t)* (22)  This case situation indicates that the interest payabée rat

2 2 (Ip) is lies between both interest ratés,lg). Further,
depending on the values ¢f, M and T the following

Case1.30<t1 <T <M three sub-cases arises:

In this situation, the trade credit peridd offered by the . . )
supplier is greater than the replenishment cycle time ,[2'1' _?_ ill\\/l/l Su<T,220< <M<Tand23:0<
The retailer will pay off the total amount owed to the 1 <=M
supplier at the end of the trade credit perdd So, there Case2.10<M <t; < T
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In this case, the retailer would try to pay off the total 4
purchase cost to the supplier as soon as possible. During
the period[0,M], the retailer uses the sales revenue to I,
earn interest. Hence, the total sales revenue from the
period[0,M] is Dp{M + (T —t;1)} and the interest earned
during the same time period is

DM p{(T )l + %Mle}.
Therefore, the retailer has total amount at timeM is

v

Dp[(T—t1)+M{1+(T—t1)IE+%MIeHEwl(say) ot

Fig. 13: Interest payable in sub case 2.1.2

However, the retailer oweQc amounts as the purchase

cost from the supplier at time= 0. Now atM, retailer

has to settle his account with the supplier. Based on the So, interest earned on the sales revenue during the
difference betweew; andQc, the following two sub cases  period [M,t;] is 3D(ty — M)?ple and also earned the

may arisecases 2.1.1\; < Qcand2.1.2W; > Qc interest during the period[t;,T] on the revenue
Dtz — M)p + Dt - M)?ple is

Sub case 2.1.1W; < Qc (D(ty — M)p+ 3D(ty — M)?ple) (T — ty)le.

Here, the fixed amount is less than the amaQat This Therefore, the total profit per unit time for this case is

implies that the interest earned on fixed amount is lesgyiven by

than the interest paid amount. So the retailer will pay the

amount Qc as soon as possible. The mathematicalAP, 1 (u,t;, T)

formulation of this sub case is same as that of sub case

1.1.1W < Qcin case 1. = ?[<T0tal sales revenue duririyl, t1])

Sub case 2.1.2M > Qc Interest earned on the sales revenue dufihg;])

+
In this sub case, the interest earned on fixed amount is+ (Interest earned on fixed deposit amount duftadr |)
greater than interest payable. So interest\ns greater + (AmountW )
than interest payable in one cycle. So, the retailer cannot (Interest earned oW, during[M, T])
pay any amount before the cycle length. He pays the total Purchasi
amount along with the interest charged at the end of cycle — (Purchasing cojt
Interest payable during the time perifMd, T])

length.
The interest payable during the period — (Ordering cost— (Holding cos}

[M,T] = Qc(T —M)lpand Shortage cost (25)
The interest earned on the amoWatduring the period

=Wilg(T — M)
Further, after timet = M, the retailer continuously AP212(H, 1, T)

sales the products and uses the revenue to earn interest. ~ _ 1 {D(tl ~M)p+ %D(tl -~ M)Zple

—(
—{
—{
—{

Tl'D(T —tl)z
2

N (D(tl—M>p+§D<tl—M>2ple) (T ty)le

W {1+ (T-M)lg} —A— %thf—

................. —QC{1+(T—M)Ip}] (26)

Rt /401 TERREEEE Case220<t; <M<T

""""" Here, the retailer sells all his products during the time

M T interval [0,t;] and the sales revenue is greater than the
purchase cost. This implies that the interest on sales

) ) revenue is greater than the interest payable in one cycle.

Fig. 12:Interest earned in sub case 2.1.2 So, the retailer cannot pay any amount before the cycle

\4

(@© 2016 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.10, No. 2, 785-805 (2016)www.naturalspublishing.com/Journals.asp NS = 795

length. He pays the total amount along with the interest  Therefore, the total profit per unit time for this case is
charged at the end of cycle length. given by

1
AP (u,ty,T) = ?[<Total sales revenye

I + (Interest earned ow,
....... amount during the periofM, T])
— (Ordering cost— (Holding cos}
— (Shortage co$t- (Purchasing cost
— (Interest Payable durind, T])] (27)

APaa()1.4,T) = | (W~ Qo) + WA(T ~ M)le

mD(T —ty)?
2

— Qe(T—M)I p] (28)

1
—A— =hDt?—
IF 2 1

Fig. 14: Interest earned in case 2.2

Case230<t1 < T<M
In this case, the trade credit peridd offered by the
supplier is greater than the replenishment cycle time
The retailer will pay off the total amount owed to the
I, supplier at the end of the trade credit perddTherefore,
there is no interest payable to the supplier but the retailer
uses the sales revenue to earn interest at the rdteaofl
Ie during the period0, M].

v

t M T

Fig. 15: Interest payable in case 2.2

Hence, the retailer the total interest earned is calculated SO A
in three different cases.

1)The interest earned at ratelpfon the shortages revenue
Dp(T —t1) during the period0,M] = Dp(T —t1)MIEg.

2)The interest earned interest on continuous sales revenue
during the period0,ty] = 1Dpt?.

3)The interest earned during the  period Consequently, the total interest earned by the retailer

Fig. 16: Interest earned in case 2.3

[t2, T] = Dtap (1+ 3tale) Ie(T — ta). is calculated in three different cases:
At M, retailer has Dp(T — t;)(1 + Mlg) + 1) The interest earned at rate &f on the shortages
Dpty (1+ Stale) (1 + (M —t1)lg) = W amount in his revenue Dp(T — 1) during the  period

account b is greater than amouc. So, the retailer [0.M] =Dp(T —tyMle .
unt buthy is g Uk ! 2) (2) The interest earned interest on continuous sales

settles his account with the supplier at the end of cycle : ;
PP y revenue during the perid@,t;] = 1Dplet?

length despite aM, sincelg is greater tharlp. He pays . - .
Qc amount along with interest payable at the end the3) The —interest — eamed —during the  period
[t1,M] = Dtyp (1+ 3t1le) Ie(M —t1)

cycle length.
The interest earned during the peritl T] is Wa(T — At M, retailer has Dp(T — t1)(1 + Mlg) +
M)lg. Dpty (1+ Stale) (1+ (M —t1)lg) = W (say) amount in
The interest payable during the perid,T] is his account but the retailer settles his account with
Qc(T —M)lp. supplier atM and pay<Qc amount to the supplier.
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Therefore, the total profit per unit time for this case is 4 I
given by 4
1 :
AP 3(,ty, T) = f[<Excess amouit
— (Ordering cost— (Holding cos}
— (Shortage cost (29)
M T
AP 3(H, 1, T)
(T —t7)2 Fig. 18: Interest payable in case 3.1

1 1
=7 |- Qo) - A ShDtf - (30)

In this case, the retailer paid total amount along with

Section 3:lp < le < Ie interest payable at end of cycle lengths

In this scene, both the interest earrigdndl|, are greater
than the interest payablk,. In this case, the retailer
cannot pay any amount at the end of permissible delay in
payments. He settles his account at the end of cycle length . o _ _
if permissible delay period is less than cycle length. If the Therefore, the total profit per unit time for this case is
permissible delay period is greater than cycle length, ther@iven by

he settles his account 8. Further, depending on the

=DTe(1+ (T —M)lp).

values ofT andM, two sub-cases may arise: APs 1 (U, t1,T)

. . 1 .
3LM<Tand3.2:T <M = —[(Total sale revenue duririg. T1)
Case3.1M<T

This case situation indicates that the replenishment cycle + (Interest earned on the sales revenue du0rt))

time T is greater than or equals to the permissible delay in 1 (Interest earned on shortages revenue dyfng|

paymentsv. — (Total amount paid as well as interest payabl& at
—(
—{

Ordering cost— (Holding cos}
Shortages cogt (31)

AP31(H,t,T)

1 1
-z {DT(p—c)+§thple+ D(T —t)pTlg

1
T " + (Dt1p+ 5Dt%p|e> (T—t1)|E

1
+D(T - M)p{1+ E(T — M)Ie} (T—M)le
Fig. 17: Interest earned in case 3.1

~DTe(T-M)lp—A— %hDTZ

In this case, interest earned is calculated in three parts: mD(T — tl)Z] (32)
1) Interest earned on shortages revenue during the period 2
[0, T]=D(T —t1)pTlg
2) Interest earne(lzl on the sale revenue proceeds during theégse 3.2T < M
period[0,t1] = 3Dtfple ) . Inthis case, the replenishment cycle tifhés less than or
3) Interest earnled2 during the period gqual to the permissible delay periddl In this situation
[t,T] = (Dtp+3Dtfple) (T —t1)le and the total the retailer will pay off the total amount owed to the
interest earned in one cycle supplier at the end of the trade credit perMdTherefore,

there is no interest payable to the supplier but the retailer

1 1 i
=D(T —t)pTlg+;Dtfple+ (Dt1p+ —thple) (T—t)lg uses the sales revenue to earn interest at the rd¢caofl
2 2 lg during the period0, M].
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............. AP(u,ty,T)

AP111. (a) )
if0 <M<t <T,W<Qe, le<lg <y,
partially and rest amount paid continuously

" APL111.0)()
if0 <M<t <T,W<Qe, le<lg <y,
I partially and rest amount second shipment
Fig. 19: Interest earned in case 3.2 APL112()

if0 <M<t <TW<QE, le<lg <y,
and full amount made aftér= M

AP 15(-)
if0 <M<t <T,W2>Qc, andle <lg <lp

. . APy 5(-)
1) Interest earned on shortages revenue during the period .
[0,M] = D(T —t1) pMIg if0 <ty <M<T, andle < Ig <y

2) Interest earned on the sale revenue proceeds during the APL3(+)

The interest earned is calculated in three parts.

period[0,t;] = 2Dt?ple ifO<t;<T<M,andle<lg <lp
3) Interest ear?ed2 during the period AP 111 (a)(*)
[tz,M] = (Dtip+ 3Dtfple) (M —ta)le ) oM<t <T,W<Qe le<lp<lg,
_ _ N partially and rest amount paid continuously
Hence, the interest earned in one cycle AP )
»1.1.1.(b)(*)
ifO<M<t1<T,W<Qc, le<lp<IEg,
=D(T —t1)pMIg + 1Dt1 ple partially and rest amount second shipment
AP 112(+)
(Dt1p+ Dtlple> (M —t3)lg ifO<M<t1<T,W<Qc, le<lp<IEg,
and full amount made after=
_ o . . AP, 15(-)
Therefore, the total profit per unit time for this case is ;
given by ifO <M<ty <T,W>Qc, andle <lp < Ig
AP 5(-)
T AP, 3(-)
= ?KEXCGSS sales revenjue ifO<ti<T <M, andle<Ip<Ig
+ (Interest earned in one cygle AE3~1(')
— (Ordering cost— (Holding cos} IfM <T andlp <le<le
— (Shortages cojt (33) APs2(")

if T<Mandlp<le<Ig
(35)
1 For the convenience, we let the twelve events as
AP3,2([J,t1,T) = T |:(DTp— DTC) + D(T —tl) pMIg
E1={t0<M <t < T,W<Qg,le<Ie <lp,
+ %thplﬁ- <Dt1p+ %thple> partially and rest amount paid continuously
Eo={tl0<M <t < TW<Qc,le<Ie <lp,
partially and rest amount second shipnjent
Es={tl0<M <t < TW<Qc,le<Ie <lp,
and full amount made aftér=M}

, i = < < >
Hence, the total profit per unit tim&P(u,t;,T) for the Ba={t0<M=t <TfO<M<ti<T,W=Qc
inventory system can be expressed as andle <le <lp}

mD(T —t1)?

1 2
(M—ty)le —A—ShDT? - ——

(34)
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Es={t0<M<ty<T,if0<t; <M<T
andle < Ig <Ilp}

substitutingD = D = 5—5p in equation 41), the crisp
model converts into fuzzy model i.e.

Es={tj0<ti <T <Mandle < Ig <lp}
Ez={t0<M <t <TW<Qg, le<Ip<IE,
partially and rest amount paid continuously
Es={t0<M <t <TW<Qc, le<Ip<IE,
partially and rest amount second shipnjent
Eo={t0<M <t <TW<Qg, le<Ip<IE,

(42)

()

Since the demand function is taken to be a triangular fuzzy
numberAP(u,t, T) is also triangular fuzzy number i.e.

and full amount made after= M} AP (K1, T) = (AP, AP, APs) (43)
Bro={t0<M=ti <TW=>Qe le<lp<le} whereAR, = (331 Hy1y,) —Hy, ;i = 1,2and3
Enn={t0<t; <M <TW>Qc le<Ip<Ig} - ! o
E12:{t|0<tl<T§M,WZQC, |e§|p<|E} ﬁk:(Hklaszaer,) andk = 1,,13 (44)
Eiz={tIM < T andlp <le<Ig}

1 hDit?  7D;j(T —t;)?
Eya={t|T<Mandlp<le<Ig} (36) Hlizf(A+ ot '(2 ) ) (45)
and define the characteristic functions as
- _1in 1. 2
@ (t) _ 1 te EJC7 _ 17.“’14’ (37) HZi = f |:D|(tl_Bl(4i))p+ éDl(tl_Bl(‘;,i)) ple
0 tekEj 1
Dip(tt—By, .. )3 1+=(t1 —B1, )l
and also let +Dip(ty 1<4.>){ + 2( 1= Bray) e}
Hoe L (ag hDt? L (T —t1)? (38) (T _t1)|E] @(t) (46)
T 2 2 . 1
H3i = ? |:D| (tl 82(44))p+ EDI (tl 82(4,i))2p|e
Hk.»,.lZXk(ﬂ((t), k= 17714 (39) 1
Where + Dl(tl - 82(44)) p(1+ é(tl — BZ<4i))|e> (T _tl)le:|
t 47
X1 =APy111(a)() —H1,Xe = APy 111 ) (+) — Ha, ) (47)
X3 =APp112(-) —H1,Xs = APL1o(-) — Hy,
X5 = AP 5(-) —H1, X6 = AP 3(, T) — Ha, 1 1 ,
X7 =AP111(a)(") —H1,Xe = AP 111 p)(+) —Ha, Hy =+ [Di (i =By )P+ 5Di(ta— By ;) ple
Xo=AP,1. 1(2)( ) —H1, X10= AP2(1 2(: )) Hi, !
X11=AP22(+) —H1, X12 = AP 3(H, T) — Ha, 4 ot 2 _
X13=AP;31(") — H1,X1a = APs (") — Hy T\ Pill =By )P 3Dl =By JTPINT tl)IE}
(40) a(t) (48)
Now, using the above notation38) to (39), we can obtain
collective form of the total profit per 1 1
Ho = |Dilta = M)p-+ 5Dt~ M)2ple
AP(pty, T <<Z Hk+l> ) (41) + Wy — Qa—iy){1+ (T —M)lg}
1
(Di (ti—=M)p+3Di(t — M)Zple>
5 Fuzzy Model
(T -] st (49)

In real business environments, the exact value of the
parameters by decision maker would not be easily
determined. Thus, the decision maker assumes the
approximate values. In this model, demand rateHs =

D =D = a— bp is considered in fuzzy environment. By

[(Wz Q(a-i)€) + (Wa; — Q(a—i)€)(T — M)lg] (1)

(50)

(@© 2016 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.10, No. 2, 785-805 (2016)www.naturalspublishing.com/Journals.asp

N <SS 2 799

Hy = 20 - Quole)  (5D)

1 1
H8i = ? |:D| (tl - Bl(4,i)) p-+ EDI (tl - Bl(4,i))2p|e

+ Di p(tl - Bl(4,i))
{1430 e -wieow 62
2 (4-i)/ '€

1 1
Hgi = = |:D| (tl - 82(44)) p"’ EDI (tl - 82(4,i))2p|e

T
+Di (tl - 82(44))
p(l—l— %(tl - BZ(4i))|e) (T _tl)lE] %(t) (53)

1 1
HlQ = f |:D| (tl - B3(4,i))p+ EDI (tl - B3(47i))2p|e
1
+ (DI (tl - B3(4,i))p+ EDI (tl - B3(4i))2p|e>

U —tmE] o) (54)

1 1
Hip, = = (Di (t1—M)p+ iDi (t1—M)?ple

=
+ Wy, — Qua—iye) {1+ (T —M)Ig}

+ (Dt = WP+ 301~ M2l ) (T e )

(55)

Hiz = %(\NZ - Q(4—i)C) +(Wo, — Q(4_i)C)(T —M)lg
= Q- )(T = M)lpfaa(t) (56)

Hig = % <V\éi - QiC) d12(t) (57)

1 1
H141. = ? {DiT(p—C)—FEDit%ph}—l— Di(T —tl)pTlE
1
+ (Dit1p+ EDith“e) (T—-t)le
1
+Di(T—M)p{1+§(T—M)|e}

(T—M)Ie—DiTC(T—M)Ip] @3(t) (58)

[(DiT p—DiTc)+Di(T —t;) pMIg

1
Hl&i:?

1
+ EDitpre+ (Ditlp

N %Ditfple) M- mm} b14(t) (59)

By =M+ 200~ W)

60
' 2D(4-i)p— (CQi =Wy, )Ip (60)

1
By = W{ —D(4_i)p+DipleM+DiTclp— W,
—1
+ (D?p2 —2D7, ; Tclpp+ 2DiplpW4,
+DT?CI5— 2D (4 TCl W, +15WF
1
2
+2D7pleTc— 2D 4 ) pIeW1<4i)) } (61)
1
B3i = W —D(4_|)p+ D|p|eM+D|TC|p_IeW]_<47I)
—i e

+ (Wfilg — 2D (4 TClpWi, , le+DFT?C?I]

1
2
— 2D, plpTc+DPp?+ 2Di2pIeTc) } (62)

Wy, = Dip{(T —t1)+M{1+ (T-to)le+ %MIeH
(63)

Wo, = Dip(T —t1)(1+Milg)

+Dipty (1+%tlle> A+ (M—tg)le) (64)

Ws, = Dip(T —t1)(1+Milg)

D pt1(1+§tlle) L1 M-t)le)  (65)

Q =DiT, Di=a —pby_jandp=puc (66)
Now, let us defuzzify the fuzzy profit function by, using

signed distance method, measured flﬂﬁﬁu,tl,T) to 0

1
APy (1,11, T) = Z{AP1+2AF’2+AP3} (67)

6 Solution Procedure

To maximize the total profit per unit time in the fuzzy
sense, taking the first derivative &Py(u,t1,T) with
respect tqu, t; andT and equate it to zero.

OAPy(U,t1,T)

o =0 (68)
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APy (,t1,T)

=0 69
o (69)
and o
AAPs (11,11, T) 2 s
IEv———— 0 70 E s
0T ( ) F13145
Equations 68), (69, and {0 can be solved j%;

simultaneously for the optimal values pf t; andT (say
p*,t; and T*) and also satisfies the following sufficient
conditions.

The sufficient conditions for maximizingPy (u,t1, T)
using the Hessian matrik, which is a the matrix of
second order partial derivatives are

Fig. 20: Total profit versug$; andT

_02Apd(u,t1,T) aZAPd(tr,T, p) aZAPd(Ll,tl,T)-
au? dudty ouoT
0?APy(U,t1,T) 0?APy(U,t1,T) 9?APy(u,t1,T)
otou (9t]2_ o0t10T
0?APy(,t1,T) 0?APy(U,t1,T) 92APy(U,t1,T)
L 9Tdu 0T oty T2 i

Total Profit

_ O%APy (11, T)

D
1 o2

<0,

0%APy (1,11, T) 02APy(U,t1,T)
ou? ouot
Do=| , H , uot -0
O°TR;(t,T,p) 9°APy(,t1,T)

ot du ot? Fig. 21: Total profit versus andp

and

D3 = detH
0°APy(U,t1,T) 0?APy(tr,T,p) 9°APy(u,t1,T)
ou? oudty ouoT
0°APy(,t1,T) 3°APy(u,t1,T) 9°APy(u,t1,T)
otou ot2 ot0T
aZAPd(Ll,tl,T) 02APd(u,t1,T) 02APd([J,t1,T)
oTou Tty JT2

1320

1310

1305

Total Profit

1300

<0

1295

1280 | o
106

WheréD1, D, andD3 are the minors of the Hessian matrix
H.

Mathematically, it is very difficult to prove the
sufficient conditions as the profit function is highly
non-linear, so concavities of profit function are shown . )
graphically in Figures 20-22. Fig. 22: Total profit versus; andu
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Special case:lf we assumea; = a, = azg = a, and
by = by, = b3 = b and substitute in equatio®?), then
AP4(U,t1,T) becomes the crisp total profit function

14
APd([J,tl,T) = <z Hk+1> —Hi= AP([J,tl,T) (71)
k=1

That is, the fuzzy case becomes the crisp case.

7 Algorithm

profit of the system is given by

APy (™1, T7)
= Max{APy (1) (H", 11, T"), APy) (U, 11, T7), APy(z) (M, 11, T7)]

8 Numerical Examples

The proposed model of the inventory system has been
illustrated with the help of two hypothetical humerical
examples. The values of different parameters have been
displayed in Table 1. Both the examples have been solved
by using MS-office Excel's solver to determine the

The procedure for finding the economic ordering policy in Optimal values of mark up ratg), selling price(p), time

sectionli.e(le < lg <|lp) is as follows:
Forle<Ile<lp

Step 1:For eventE;, determineu®, t; and T* from
equation 68), (69) and (70). If u*, t; andT* are in
Ei1 then calculateAPy(p*,t;, T*) from (67), this
gives APg)111.1.(a)(H",t1,T"). Otherwise go to
Step 2.

Step 2:For eventE,, determineu*, t{ and T* from
equation 68), (69) and (70). If u*, t; andT* are in
E, then calculateAPy (u*,t;,T*) from (67), this
gives APg)1.1.1.1.(b)(M",t1, T*). Otherwise go to
Step 3.

Step 3:For eventEsz, determinepu®, tj and T* from
equation 68), (69) and (70). If u*,t; and
T* are inE3 then calculateAPRy (u*,t;,T*) from
(67), this giVESA\P(d)l'l'l'z([J*,tI,T*).
Otherwise go to Step 4.

Step 4:For evenk,, determingu®,t; andT * from equation
(68), (69) and (70). If u*, t; and
T* are inE4 then calculateAPy (u*,t7,T*) from
(67), this givesAP )1 1 o(U", 1, T).
Otherwise go to Step 5.

Step 5:For eventEs, determinepu®, ty and T* from
equation 68), (69) and (70). If u*,t; and
T* are inEs then calculateAPy(u*,t;, T*) from
(67), this giveSAP(d)l'z(u*,ti‘,T*).
Otherwise go to Step 6.

Step 6:For evenks, determingu*,t; andT * from equation
(68), (69) and (70). If u*,t; and
T* are inEg then calculateAPy(u*,t;, T*) from
(67), this givesAP )1 3(1*,t1, T7).
Otherwise go to Step 7.

Similarly for le < Ip < Ig and forly < le < Ig, we get
the optimal total profit APy (u*t;,T*) and
APy3) (U7, T*) per unit time. The optimal solution of

the inventory system can be found by comparing the

period with positive stock of the itemd;), breakeven
point (Bj), cycle length(T), ordering quantity Q) along
with the maximum profit of the system. The results have
been shown in Table 2.

Using the proposed algorithm the optimal solution for
Example 1, 2 and 3 are as shown by bold values in Table 2.
This is also given as:

Forle <Ig <lp:
p* =1.48,t7 = 0.77 year,T* = 1.18 year,B* = 0.42
year,W* = 239196, Q* = 37 units and Total profit
$126425 (Scenario 1.1.1.a)

Forle <lIp < Ig:
p* =1.53,t7 = 0.99 year,T* = 1.64 yearB* = 0.49
year,W* = 337521, Q* = 49 units and Total profit
$131760 (Scenario 2.1.1.a)

Forlp <le <lE:
u* =146, =0.082year=M, T* =0.53 yearB* =
0.8 year,Q* = 16 units and Total profit= $113089
(Scenario 3.1)

9 Sensitivity Analysis

To study the effects of changes of different parameters
like, A (ordering cost),a, b (location parameter of
demand),h (holding cost),c (unit purchase cost of
retailer),M (Permissible delay in payment) on the optimal
policies, sensitivity analyses have been performed
numerically. These analyses have been carried out by
changing —20% to +20% for one parameter keeping
other parameters as same. The results of these analyses
have been displayed in Table 3.

From Table 3, the following inferences can be made:

1.0ne can easily observe that with the increase in value
of ordering cost(A), the optimal cycle lengtiT),
optimal order quantity(Q) increases; but the total
profit (AP) decreases.

average profits of all the sections. Hence the optimal total
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Table 1: Values of parameters of different examples

Example A c h m a b le le Ip M
)| | @] ® (per$lyear)| (per$lyear)| (per$lyear) (years)
lle<lg<lp | 200 | 100 | 10 | 50 | (140,150,160)| (0.78,0.80,0.82) 0.12 0.14 0.15 30/365 = 0.082
2.le<lp<Ig | 200 | 100 | 10 | 50 | (140,150,160)| (0.78,0.80,0.82) 0.12 0.18 0.15 30/365 =0.082
3.lp<le<Ig | 200 | 100 | 10 | 50 | (140,150,160)| (0.78,0.80,0.82) 0.18 0.2 0.15 30/365 = 0.082

Table 2: Result of Example 1, 2 and 3 for different cases, sub casesaamarios
Section Case | Sub-case| Scenarios| U t1 T B W p=puc | Q Profit Remark

le<lg <lp 1.1 1.1.1 1.111.a| 1.48| 0.77 | 1.18 | 0.42 | 2391.96 148 37 | 1264.25| 1.1.1.1.a
1.1.1.1b | 1.46| 0.62 | 0.97 | 0.53 | 2067.37 146 32 | 1231.03
1.1.1.2 1.31| 0.53] 0.94 | 0.52 | 2123.47 131 28 | 1187.63
1.1.2 - 1.50| 0.36 | 0.83 - 2502.01 150 25 | 1097.56
1.2 - - 149 M 0.53 - 2407.25 149 16 | 948.35
1.3 - - 146 0.05] M - 2463.37 146 12 | 787.60
le<lp<lIg 2.1 211 21.11a| 153|099 | 1.64| 0.49 | 3375.21 153 49 | 1317.60| 2.1.1.1.a
21.1.1b| 149 0.87| 1.43| 0.54 | 3068.73 149 37 | 1292.57
2.1.1.2 1.49] 0.82] 1.28| 0.64 | 2734.89 149 35 | 1227.65

2.1.2 - 147 ] 0.61 | 1.04 - 2376.93| 147 32 | 1175.28
2.2 - - 148 | M 0.47 - 2226.07| 148 14 | 825.38
2.3 - - 144] 0.06| M - 1489.25| 144 7 | 524.72
lp <le<lIg 3.1 - - 146 | M 0.53 - - 146 16 | 1130.89| 3.1
3.2 - - 1451 0.06| M - - 145 8 | 975.47

Table 3: Effect of changes in the system parameters

Parameters | % changes T t1 T B Q Profit
A -20% -1.08 | -25.81 | -25.49 | -25.31 | -22.26 | 2.15
-10% -0.56 | -13.60| -13.51| -13.18| -11.57| 1.03

10% 0.72 | 18.18 | 18.18 | 16.95 | 14.81 | -0.86

20% 1.43 36.42 | 36.42 | 32.81 | 28.31 | -1.86
a -20% -13.04 | 23.45 | 28.64 | 47.65 | -35.08 | -75.34
-10% -6.23 | 10.57 | 11.75| 23.05 | -15.69 | -42.81

10% 6.13 -7.34 | -9.23 | -15.86| 15.02 | 49.83

20% 1253 | -11.46| -12.45| -24.63 | 29.65 | 93.78

b -20% 4.04 | 38.67 | 58.53 | 15.07 | 53.91 | 17.89
-10% 3.09 | 3245 | 34.04 | -23.09| 32.76 | 13.57

10% -3.18 | -31.83| -34.98 | -33.11| -33.05| -13.90

20% -3.92 | -37.97| -57.31| 9.87 | -50.61 | -17.07

h -20% -0.14 4.76 6.48 7.47 7.23 3.72
-10% -0.08 2.48 3.54 3.58 3.47 1.53

10% 049 | -236 | -296 | -3.08 | -3.26 | -1.71

20% 0.73 -4.73 | -6.53 | -5.87 | -6.47 | -3.21

c -20% 16.47 3.45 523 | -2851| 32.72 | 51.87
-10% 7.42 2.45 257 | -13.67| 15.33 | 29.25

10% -583 | -4.73 | -2.34 | 13.26 | -14.86 | -32.84

20% -1255| -6.39 | -5.69 | 27.14 | -35.56 | -68.15

T -20% 13.46 | 12.36 | 19.64 | 9.71 | 31.38 | 2.89
-10% 9.25 5.46 9.58 6.83 | 16.22 | 1.47

10% -045 | -9.31 | -12.68| -5.14 | -11.12| -1.28

20% -0.69 | -13.68| -19.55| -6.60 | -17.34| -2.31

M -20% 0.03 0.96 1.02 1.34 | -1.32 | -1.07
-10% 0.01 0.53 0.58 0.67 -0.65 | -0.63

10% -0.01 | -0.56 | -0.48 | -0.71 0.57 0.51

20% -0.02 | -1.03 | -0.94 | -1.47 0.99 1.05
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