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Abstract In this work, we propose a stochastic
inventory model under the situations that delay in
imbursement is acceptable. Most of the inventory model on
this topic supposed that the supplier would offer the retailer
a fixed delay period and the retailer could sell the goods
and accumulate revenue and earn interest with in the credit
period. They also assumed that the trade credit period is
independent of the order quantity. Limited investigators
developed EOQ model under permissible delay in
payments, where trade credit is connected with the order
quantity. When the order quantity is a lesser amount of the
quantity at which the delay in payment is not permitted, the
payments for the items must be made immediately.
Otherwise, the fixed credit period is permitted. However,
all these models were completely deterministic in nature.
In reality, this trade credit period cannot be fixed. If it is
fixed, then retailer will not be interested to buy higher
quantity than the fixed quantity at which delay in payment
is permitted. To reflect this situation, we assumed that trade
credit period is not static but fluctuates with the ordering
quantity. The demand throughout any arrangement period
follows a probability distribution. We have calculated the
total variable cost for every unit of time. The optimum
ordering policy of the scheme can be found with the aid of
three theorems (proofs are provided). An algorithm to
determine the best ordering rule with the assistance of the
propositions is established and numerical instances are
provided for clarification. Sensitivity investigation of all
the parameters of the model is presented and deliberated.
Some previously published results are special cases of the

consequences gotten in this paper.

Keywords  Probabilistic Inventory Model, Trade
Credit, Permissible Delay in Payments

1. Introduction

In developing traditional optimal ordering policy of an
inventory model, it is generally assumed that the retailer
must pay to supplier for the products at the time receiving
of substances as every business owner would like to have
all sales on a cash basis. However, in practice it is not
always possible in competitive market place. Supplier
allows retailer a certain a delay period (credit period) for
settling down the account and no interest is charged on the
unsettled account if the account is settled by the end of the
credit period. The supplier will charge higher interest if the
account is not settled within the trade credit period. Using
this trade credit policy, suppliers can attract additional
customers by not demanding cash up front. Trade credit
can be advantageous for the new retailer incapable to raise
capital or secure business loans, yet needs stock quickly.
Using trade credit, business to be flexible, adapting to
market demands and seasonal variations so that retailer has
a constant supply of goods even when his\her finances are
not stable. Supplier can mix trade credit with bulk
discounting to encourage buyers to speed more. Supplier’s
trade credit can prevent buyers from looking elsewhere and
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strengthen the supplier-buyer relationship. The most of
suppliers frequently make exercise this plan to boost their
commodities though there are some disadvantages of trade
credit like late payment, cash flow problem, customer
assessment, account handling etc. Goyal [10] first
established an EOQ model under permissible delay in
payments. In his model supplier allows a fixed time period
for settling down the account, supplier is essentially giving
his customer a loan without interest throughout this period.
Chung et al. [8] settled a substitute method to determine the
optimal ordering procedure under the condition of delay in
payments. Shah and Shah [21] deliberated the same model
by tolerating deficiencies. Shah and Shah [22] first
considered a probabilistic model where delay in payment is
tolerable. They assumed more realistic assumption that
demand is not deterministic it follows probabilistic
distribution. Shah et al. [24] developed the equivalent
model, where time was treated as a continuous variable. In
another paper, Shah and Shah [23] also established a
discrete-time  probabilistic inventory model under
permitted delay in payments. Many scholars, such as
Aggarwal and Jaggy [1], Hwang and Shinn [13], Jamal et
al. [14], Sarker et al. [20], Huang [12], Mahato [17], Jiang
Wu et al. [15], Musa and Sani [18], Li et al. [16] and
Pramanick and Maity [19] also developed inventory
models combining acceptable delay in payment into
account. All inventory models cited above were made
under the consideration that the trade credit plan is fixed.
The extend and pattern of trade credit in an industry or
business sector depend on a number of factors, including
the average rate of turnover of stock, the nature of the
goods involved — e.g. their perishability, the relative size of
buying and selling firms, and the degree of competition.
Several researchers made their work by assuming the fact
that delay period is dependent on size of buying of the
product. Chang et al. [2],Chung et al. [8], Chung et al. [5],

Chang etal. [3], Chung et al. [7], Teng et al. [25] Chen et al.

[4], Tiwari et al. [26] developed economic models under
permitted delay in payment, where the trade credit period is
connected to the order number. Once the order quantity is
fewer than the amount at which the delay in payment is
allowed, the payment for the matters must be made
instantly. If not, a fixed trade credit is allowed. The
supplier practices this strategy to encourage retailer to
order an extra quantity. However, these aforementioned
models were entirely deterministic in nature. In reality, this
trade credit period cannot be fixed. If it is fixed, then the
retailer will not be concerned in purchasing higher quantity
than the fixed quantity at which delay in payment is
permitted. To reflect this circumstance, an inventory model
is settled under the assumption that the trade credit period
is not only allied to ordering quantity but also fluctuates
with the ordering quantity. It is also supposed that the
demand is a continuous random variable following some
probabilistic distribution. As it is seen in paper of De and
Goswami [10] that continuous cycle time produces better
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result than discrete, so in this paper only continuous cycle
time is considered. It is also showed that the optimal
ordering strategy can be determined by means of our
Theorems 1, 2 and 3. Outcomes found in this paper are
exemplified with the support of a set of numerical
examples and sensitiveness of different parameters are also
contained within.

2. Assumption and Natation

Our proposed inventory model is framed with the
following conventions and notations:

a). Time period is infinite i.e., there is no restriction for
continuation of cycle.

b). Length of time between two successive orders is T,
which is known as cycle time.

c). Items in inventory of the system are reviewed
regularly at time interval T between two successive
orders, which is the fixed. At the termination of each
interval of length T , items are ordered so as to bring
the on-hand inventory level to a level Q.

d). In the time interval T, demand x follows a
probability density function (p.d.f) f(x|T) ,
a(T) < x < b(T) with u(T) = E(x|T )

= f;((TT)) xf(x|T)dx = RT(say) (1) in continuous

sense, where u(T) isthe mean demand during T and
R = @ denotes the average expected demand per

unit time during a cycle. It is also assumed that the
p.df. f(x|T) of the demand x during T is
adequately well performed so as to all the expected
costs discussed below exist. Correspondingly, the
distribution of the demand is expected to be fixed
over the planning horizon T.

e). In the procedure of obtaining the definite result, it is
assumed that the forms of the maximum annual
demand b(T) as (T) = PRT, where P>1 is a
known constant.

f). Replenishment or renewal rate is infinite. Lead-time
is zero. Shortages are not acceptable.

g). Supplier offers delay period when number of ordering
quantity is greater or equal to W.

h). A,C,S and H are the cost for placing per order, unit
buying cost per item, unit retailing/selling cost per
item and unit stock holding cost per item per unit time
respectively and are known constants. It is also
presumed that S > C.

i). To encourage retailer to buy bigger substances or
amount, it is supposed that if the retailer buys
products from supplier fewer than a fixed amount W
(say) then the retailer will not get some facilities such
as delay in payment. Consequently, delay period is
increasing function of Q. For easiness, in this paper, it
is assumed that the delay period is linearly dependent
on ordering quantity. i.e., if Q = W, a variable credit
period M (My+a Q; a € [0,1]), is allowed; else a



598

delay in payment is not permitted. The motives
behind for selecting such value of « is that, if a <0
then My+a Q will be a decreasing function of Q
which is unrealistic supposition. If ¢ > 1 then the
delay period will be so high that the supplier may face
some problem to capitalize his personal turnover. He
will face cash flow problem. So, it is assumed. But,
normally a should be in [0, a], where a is close to
0 and less than 1.

j). The supplier provides a fixed credit period M to
settle the accounts to the retailer and the retailer, in
turn, also offers a credit period N to each of its
customers to settle the accounts, where M > N.

k). When the retailer must pay the amount of buying cost
to the supplier, the retailer will borrow 100%
purchasing cost from the bank to pay back the account
with rate I, . When T = M, the retailer returns
money to the bank at the termination of the inventory
cycle. However, when < M, the retailer returns
money to the bank at T = M.

). If the credit period is shorter than the cycle time, the
retailer can sell the items, gather sales revenue and
receives interest with rate I, all over the inventory
cycle, where I, > I,.

m). TVC(T), a function of T , is the total relevant cost
and T~ is the optimal cycle time.

3. Model Formulation

The differential equation describing the inventory
position Q,(t)(0 < t < T) of the system during the
scheduling period T is

dQx(t) _ _x
at T @

Using the boundary condition Q,(0)=Q, the solution of
equation (2) is

QM)=Q->t,0<t<T 3)

Since shortages are not permissible, using the state
Q. (T) = 0when x = b(T),

we find Q = b(T) @)
By means of equation (4), (3) turns into
Q:(8) = b(T) —~t ®)

The average expected inventory in the system for every
unit time is %fOTE(Qx(t))dt:(zp - 1)RZ_T .

The total annual variable cost involves the following
elements. Two circumstances may arise.

. Y < M= My+aPRT
PR

n. £> M= My+aPRT
PR
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Casel: o= < M = M, + aPRT.

(a) Ordering cost per unit time = % .

(b) Stock holding cost per unit time (2P — 1) %.

(c) Now according to the norms, three probable cases can
happen specifically 0 < T < %, % <T<Mand
T = M. These three cases are treated distinctly which are
discussed below.

Case(i) 0 < T < w
PR

Expected interest payable per unit time = CQTTIp -

CIpPRT . Expected interest earned per unit time =
Sle (T x RTSIe
?fOE(;)tdt_ — .

Case (i) = < T < M
PR
Expected interest payable per unit time=0. Expected
2
interest earned per unit time = SITe [%+ RT(M — T)] =

RSle [Mo + aPRT — g]

Case (iii) T = M = My + aPRT

Expected interest payable per unit time = CUI-Mlp
_CPR(T—MO0—aPRT)Ip
="

Expected interest earned per unit time =

& fTE(f)tdt — RTSIE.
T 0 T 2

From the above arguments, the appropriate total cost per
unit time for the retailer can be stated as

TVC,(T), if0<T < %
TVET) =4TVC,(T), if o < T < My + aPRT (6)
TVC, (T), if Mg+ aPRT < T

Where,
TVC, (T) = ? + (2P — 1)% + CIpPRT — RT;‘Ie @)
TVC,(T) = 2+ (2P — 1) -RSle [M0 + aPRT — g]
(8)
TVC(T) = ; +(2P-1) % + CPR(T_M‘;‘“PRT)IP _ RTZSIe
9)

All TVC,(T), TVC,(T), and TVC5(T) are defined on
T > 0.

Equations (7)-(9) produce

A n R(H(2P —1) + 2CIpP —Sle)
T2 2

TVCIT) = —

(10)
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TVC{(T) = >0 (11)
TVCYT) = — Tiz N R(H(2P -1)— sSIEaPR+SIe) (12)
TVCY(T) = 2> 0 (13)

T
A R(H(2P —1)+ 2CIpP— 2ClpaP?R-Sle)

TVC(T) = -5 + .

TVC(T) = i—‘;‘ >0

(14)

(15)
Equations (11), (13) and (15) imply that TVC,(T),

TVC,(T) and TVC5(T) are convex for T > 0.

Casell: o-> M = M, + aPRT.

In this case equation (6) can be written as follows:

TVC,(T), if 0 < T < %
TVC(T) = L (19
TVC, (T), if T2
Here TVC(T) is continuous exceptatT = %.

Now solving TVC;{(T) = 0 for = 1,2,3 , we obtain

. 24 . 3
= \/R(H(ZP —1) + 2CIpP —Sle) IfR(HQ2P —1) +

2CIpP —Sle) >0

. 24 . N
2 \/R(H(ZP —1)— 2SI,aPR+Sle) if R(H(2P —1)

2S1,aPR + Sle) > 0

if R(H(2P —

. 24
3 \/R(H(ZP -1)+ 2CIpP- 2Cl,aP2R-Sle)
1) + 2CIpP — 2Cl,aP?R — Sle) > 0

By the convexity of TVC;(T)(i = 1,2,3), it is detected
that

<0, ifT <T;
TVC/(T) ={=0, if T =T}
>0, if T>T;

(17

4. Decision Rule of the Optimal Cycle
Time When = < M = M, + aPRT

In this case two possibilities may arise namely aPR >
1 and R < 1 . These two cases are treated separately
which are discussed below

Case (i) aPR = 1

Here TVC(T) will be modified as (since aPR = 1
and so T can be grater than or equal to M, + aPRT)
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TVC,(T), if 0 < T < %

TVC(T) = (18)

, w
TVC, (T), ifT = R
Here also TVC(T) is continuous exceptatT = %.
In this case Equations (10) and (12) yield

W . a7 .
Ti>—- implies TV C; (E )S 0 and henceTVC,(T) is
decreasing on (0,%) (19)

« W . - (W i
T3 <= implies TVC} (== ) > 0 and henceTVC,(T) is

increasing on [%, ) (20)
Furthermore, it follows the result
Theorem 1. (A) Suppose that H(2P —1)—

2S1,aPR + Sle <0 then T* = o and TVC(T*) =
—oo ie., the retailer will try to continue his cycle as much
as possible.

Proof: If H(2P — 1) — 2SI,aPR + Sle < 0, Equation
(12) implies that TVC(T) is decreasing for T > %. Since
lim TVC(T) = —RSleM, + lim ?(H(zp—n -
2SleaPR + Sle) = —ooand Tli,r(r)l+ TVC(T) = coso we
concludethat T* = oo and TVC(T*) = —oo

(B) Suppose that H(2P — 1) — 2SI,aPR + Sle =0
then R(H(2P — 1) + 2CI,P — Sle > 0 (since aPR =
1) and

(@ If Ty =2, then T*=c and TVC(T") =
—RSleM,

(b) If T{ <—, then TVC(T *)= min [TVCy(T}) -
RSIeM,] and T * =T, or oo associated with the least
cost).

Proof: (@) If HQRP —1)— 2SI,aPR+Sle=0
and Ty > % then equation (12) and (17) imply that
TVC(T) is decreasing on (0,). Consequently T* =
coand TVC(T*) = oo.

(b) If H2P —1) — 2SI,aPR + Sle = 0 and T1*<% ,
then equation (12) and (17) imply that TVC(T) is
decreasing on (0,Ty) , increasing on [Tf,%) and
decreasing on [%,oo). Hence T * = T; or co associated
with the least cost) and TVC(T *)= min [TVC,(T}) —
RSIeM,].

(C) Suppose that H(2P — 1) — 2SI,aPR + Sle > 0
then H(2P — 1) + 2CI,P — Sle > 0 (since aPR > 1)
and
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@ If T/ < z Ty < 2 then T*= T, and
PR PR
TVC(T )=TVC,(T).
* w * w * * *
(b) If Ty < or T, = R then T*=T; or T,

(associated with the least cost) and TVC(T *)= min
[TVCL(TY), TV, (T)].

© If 72 | ;<X then T"=Z and
Pﬁ] PR PR
TVC(T )=TVC, (o).
* w * w * *
(d) If T1 > PR T2 > TR then T* = T2 and

TVC(T *)=TVC,(T3).

Proof: (a) If T} < % , Ty < % then Equations (17)
and (20) imply that TVC(T) is decreasing on (0,7T;],
. . . W . w

increasing on [Tl,ﬁ) and decreasing on [E,oo) .

Consequently T* = T; and TVC(T *)=TVC,(Ty).

(b) If Ty <-- , Ty = then (17) implies that
TVC(T) is decreasing on (0, T;], increasing on [Tf,%) ,
decreasing on [%, T; ] and increasing on [T, , o) .
Consequently, T* = T;" or T, (associated with the least
cost)and TVC(T *)=min [TVC,(Ty), TVC,(T;)].

() If T = % Ty < % then Equations (19) and (20)
imply that TVC(T) is decreasing on (0,%) and
increasing on [% ,0) . Consequently T* = % and
TVC(T ")=TVC, (o).

(d) If T{ = -, T3 2 - then Equations (19) and (17)
imply that TVC(T) is decreasing on (0,%), decreasing
on [%, T; ], and increasing on [T, o).Consequently
T* = T, and TVC(T *)=TVC,(Ty).

Case (ii) aPR < 1
Here TVC(T) will be modified as TVC(T) =

(Tve, (), if0<T<—
o W M,
4 TVC,(D), if - <T < 1_033;; (21)
.. Mg
LTVC3 ), if —o < T

In this case Equations (10), (12) and (14) yield that

W . (W .

Ty implies TV (] (E )SO and hence TVC,(T) is

decreasing on (0,%) (22)

. W . a4 .

T; < R implies TVC, (ﬁ) > 0 and hence TVC,(T) is
w M

el (23)

PR’ 1-aPR
) < 0 and hence

increasing on [

My
1-aPR

Mg
1-aPR

Ty > implies TV.C; (
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TVC,(T) is decreasing on [%, l_IV;‘;R] (24)
T; < 1_":(‘;}3 implies TV (1_12(;;;) > 0 and hence

TVC5(T) is increasing on [1_1:1‘;}2,00) (25)

Furthermore, the result follows.

Theorem 2. (A) Suppose that H2P — 1) + 2CIpP —
2CL,aP?R —Sle <0 then T* = coandTVC(T*) =
o.ie., the retailer will try to continue his cycle as much as
possible.

Proof. If H2P —1) + 2CL,P — 2C1paP2R—SIe <
0, then equations (14) and (21) imply that TVC(T) is
decreasing for T > —=_ Since lim TVC(T) =

1-aPR T—oo
—CI,PRM, + lim % (H(2P — 1) — 2S1,aPR + Sle) =
—0 andTlir51+ TVC(T) = coso T* =
oand TVC(T*) = oo.

(B) Suppose that
2CIpaP2R — 81, = 0 then

HQ2P —1) + 2CL,P —

(i) If H2P —1)+2CL,P —SI, = 0 and H(2P —
1) —2SLaPR+Sle < 0  then T* =
o and TVC(T*) = —CIL,PRM,.

(iiy If H2P —1)+2CI,P —SI, = 0 and H(2P —
1) — 2SI,aPR + Sle >0 then

* Mo [ol— * —
(@ If T, > o then T* = coandTVC(T") =
—CI,PRM,.

O If L < T3 < 2 then T* = T} or o (associated
PR 1-aPR

with the least cost) TVC(T*) = min [ TVC,(Ty) ,
—CIL,PRM,].

) IfT; < % then T* = %or oo (associated with the
least cost) TVC(T*) = min [TVC, (o), —Cl,PRM,].

(iii) If H2P — 1) +2CI,P —SI, > 0 and H(2P —
1) — 2SI,aPR + SI, <0 then

* w *
(@ If T > then T* =

= c0and TVC(T*) =
—CIL,PRM,.

(b) If Ty <% then T* = T; or oo (associated with the
least cost) TVC(T*) = min [TVC,(Ty), —CI,PRM].

(iv) If HQ2P —1) +2CL,P —SI, > 0 and H(2P —
1) — 2S1,aPR + SI, >0 then

* K *
@ If 17y > R and Ty >

o and TVC(T*) = —CI,PRM,.

then T* =

Mg
1-aPR

Mg
1-aPR

(b) If Ty >= and o= < T5 < then T* = T} or
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oo(associated with the least cost) TVC(T*) = min
© Ty >Zand 77 < Z then T* = £ or
i _PR PR PR i
(associated with the least cost) TVC(T™) min
w
[TVCy (o), —Cl,PRM,].
@) If T} <KRand T; > or o

(associated with the least cost) TVC(T*) =min [TVCl( ),
—CI,PRM,].

@ IfF Ty < = and = < Ty < — =T,
R PR 1-aPR
Ty or « (associated with the least cost) ) TVC(T™) = min
[TVC,(Ty), TVC,(T5), —CI,PRM,].

() If 77 < —and T3 < — then T* = Ty, — or o
(associated with the least cost) TVC(T™*) =min [TVC,(Ty),

TVC, (5 ), —Cl,PRMo).
Proof: (i) If H(2P —1)+ 2CL,P — 2Cl,aP?R —
I,= 0, H2P —1)+2CL,P —SI, = 0 and H(2P —

1) — 251,aPR + Sle <0 then Equations (10), (12) and (14)
imply that TVC(T) s decreasing on (0,)
since  lim TVC(T) = ~CI,PRM, + lim Z(H(2P -
1) — 2SI, aPR + Sle) = —CI,PRM, and Tlirgl+ TVC(T) =
wso T* = coand TVC(T*) = —CI,PRM, .

(ii)@) If H2P — 1) + 2CI,P — 2CL,aP?R — S1,= 0,
H(2P — 1) +2CL,P —SI, = 0 and T; >—C— then
Equations (10),(14) and (24) imply that TVC(T)
decreasing on (0, o). Consequently T =
0 and TVC(T*) = —CI,PRM,

(b) If H2P —1)+ 2CI,P — 2Cl,aP?R — 51 0,
H@P —1)+2CL,P =S, = 0 and —-<T;<

—2_then Equation (10),(14) and (17) imply that TVC(T)
is decreasing on (0, T, ], increasing on [T, 1-1‘2;1;

S or o

(associated with th_e least cost) TVC(T™) =min [TVC,( T5),
—CIL,PRM,].

(c) If H2P —1) + 2CI,P — 2CL,aP?R —SI, = 0,
H(2P —1)+2CI,P —SI, = 0 and Tj < —— then
Equations (10), (14) and (23) imply that TVC(T) is

. w . . w
decreasing on (0—], increasing on [—, °_1 and
PR PR’ 1-aPR

, ©). Consequently T* = % or o

decreasing on[ —
1-aPR w
(associated with the least cost) TVC(T*) =min [TV C,( E)’
—CI,PRM,].
(i) (@If H@P —1)+2CL,P —SI, > 0, H(2P —
1) — 2SI,aPR + Sle < 0 and Ty 2% then Equations
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(12),(14) and (22) imply that TVC(T) is decreasing on (0,
). Consequently T* = c0oand TVC(T*) = —CIL,PRM,.

(b) If H(2P — 1)+ 2CI,P —SI, >0, H2P —1) —
2S1,aPR + Sle < 0 and Ty < then Equations (12),(14)
and (17) imply that TVC(T) is decreasing on (0, Ty,
increasing on (Ty, %) and decreasing on [% ,

Consequently T* = T} or o (associated with the least cost)
TVC(T*) =min [TVC,(Ty), —CI,PRM,].

00).

(iv)(@) If H2P — 1) + 2CL,P — SI,>0 , H2P — 1) —
251,aPR + Sle >0, T{ > — and T >—"— then
Equations (14), (22) and (24) imply that TVC(T) is
decreasing on [0,0). Consequently T* =
o and TVC(T*) = —CI,PRM,.

(b) If H2P — 1)+ 2CI,P —SI, >0, H2P —1) —
2SI,aPR +Sle >0, Tf >— and = < Tj < —2
R PR 1-aPR
Equations (14), (22) and (17) imply that TVC(T) is
decreasing on (0, Tz*] , increasing on [T5, ﬁ] and

o). Consequently T* = T, or

decreasing on [
1-aPR’

oo(associated with the least cost) TVC(T*) = min
[TVC,(T;), —CI,PRM,].

(¢ If H2P —1)+2CL,P —SI, >0, H2P —1) —
251,aPR + Sle > 0, Tf z% and T, < % then Equations
(14) (22) and (23) imply that TVC(T) is decreasing on (O

) increasing on [ E - ] and decreasing on o

= % or o (associated with the least
—CI,PRM,].

oo). Consequently T~
cost) TVC(T*) = min [TVCZ(%),

(d) If H2P — 1) +2CL,P —SI, >0, H2P —1) —
2SL,aPR +Sle > 0, T; <%and T; > I_Z;R then
Equations (14), (17) and (24) imply that TVC(T) is
decreasing on (0, T;] , increasing on [Ty, %) and
decreasing on [ %, o). Consequently T* = T; or o
(associated with the least cost) TVC(T*) =min [TVC,(Ty),
—CI,PRM,].

() If H2P — 1)+ 2CI,P —SI, >0, H2P - 1) —
2SI,aPR + Sle > 0, T} < and 2< Tj < —0
PR PR 1-aPR
Equations (14)and (17) imply that TVC(T) is decreasing
on (0, Ty], increasing on [Ty, %), decreasing on [%, T3],
increasing on [T5, 1—1\:;:R] and decreasing on [1_’2"‘;}2, ©) .

Consequently T* = T, T; or oo (associated with the least
cost) TVC(T*) =min[TVC,( T7),TVC,( T5), —CI,PRM,]

(f) If H2P —1)+2CL,P-SI, > 0, H2P —1) —
2S1,aPR + Sle >0, Tf<% and T2*<% then Equations
(14),(17) and (23) imply that TVC(T) is decreasing on (0,

T;], increasing on [Tl, ) increasing on [ E - ) and
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. M, . . w
decreasing on [1_ap 0). SmceTler& TVC,(T) > TVC, (E)'
PR

so we conclude that T* = Ty, % or oo (associated with the
least cost)y TVC(T*) = min[ TVC(Ty)
TVC,(5=),—ClL,PRM,](C) Suppose that H(2P — 1) +
2CI,P — 2Cl,aP?R —SI, > 0, H(2P — 1) + 2CI,P —
Sl,>0and

R’

(i) if H(2P — 1) — 2SI,aPR + Sle <0 then

Mg

(a) If Ty <2 and T; > then TVC(T™)= min
PR 1-aPR
[TVC,(Ty), TVC3(T3)] and T* = Ty or T; (associated
with the least cost).

(b) If Ty <% and Tj < 1_”0’;; _ then TVC(T*)= min
* M - * M,

[TVC. (T, TVC3(1_a‘;R)] and T* = T or 1_a‘;R
(associated with the least cost).

¢) If Ty >Zand Ty > —2_ then TVC(T") =

PR 1-aPR

TVC;(T;) and T* = T3.

(d) If Ty 2 and T3 < —° then TVC(T")=
VG (22 ) and T = 2

1-aPR 1-aPR

(i) if HQ2P — 1) — 2S1,aPR + Sle >0 then

@ If 77 <2, 15 <ZLand 73 < 2 then
PR PR w 1-aPR
TVC(T*)= min [TVC,(Ty), TVCZ(E)] and T* = Ty or

% (associated with the least cost).

O 1T <2 15 <Zand p > then
PR PR 1-aPR
TVC(T*)= min [TVC(Ty), TVC3(T3)] and T* = T} or
T; (associated with the least cost).

)Ty <X X<y Mo and 7 < 22 then
PR’ PR 1-aPR 1-aPR
TVC(T*)= min [TVC,(Ty), TVC,(T;)] and T* = T} or

T, (associated with the least cost).

@) 1Ty <X L<pic M and 77 > 22 then
PR PR 1-aPR 1-aPR

TVC(T*)= min [TVC,(Ty), TVC,(T3), TVCy(T:)] and
T* = T; or T, or T3 (associated with the least cost).

* w * My

(e) If Ty <o B> =

TVC(T*)= min [TVC,(Ty), TVCs(
Mo

1-aPR

M
% then
1-aPR

Y and T = T7

and T3 <
Mo

1-aPR

(associated with the least cost).

or

@ IF T <X s o Mo then

PR 1-aPR 1-aPR
TVC(T*)= min [TVC,(T;), TVC;(T3)] and T* = Ty or
T; (associated with the least cost).

and T3 =

Mo then TVC(T*)=
1-aPR

* K * K *
() f T = R T, ;PRand T; <

TVCy(55) and T* = .
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(h) If 17 2% then
TVC(T*)= min [TVC, (o), TVCs(T5)] and T* = = or

PR
T (associated with the least cost).

w M
, T, <—and T; =-—2
PR 1-aPR

N7 =2 L<ry< 2 and 77 < 22 then
PR PR 1-aPR 1-aPR
TVC(T*)= TVC,y(Ty) and T* = Tj.
MHUTr=2Z Loy and T3 > 22 then
.PR PR 1-aPR 1-aPR
TVC(T*)= min [TVC,(Ty), TVC;(T3)] and T* = T, or
T35 (associated with the least cost).
() If Ty 22073 > =0 and T; < —_ then
*Y — MO * MO
TVC(T*)=TVCy(;=5-) and T* = —2 .
* w * MO * MO
i1y Rl T; > TPk and T; = P then

TVC(T*)= TVCs(T3) and T* = T5.

Proof: (C)

(@) If H2P —1) + 2CI,P — 2CL,aP?R — SI,> 0,
H@P-1)+2CI,P —SI, > 0, HQP-1)-—
25I,aPR +Sle < 0 and T, <i-and Tj > —°_ then
Equations (12) and (17) imply that TVC(T) is decreasing
on (0, Ty, increasing on [Tl*,%), decreasing on [%, T3],
and increasing on [ T5 ,). Hence TVC(T*) = min
[TVC, (Ty), TVC5(T3)] and T* = Ty or Ty (associated
with the least cost).

(b) If HQ2P — 1) + 2CI,P — 2Cl,aP?R —SI,> 0,
H(2P —1)+2CL,Pp -SI, > 0 , HQ2P-1) -
251,aPR + Sle < 0 and T; <z— and T; < ——% then
Equations (12) , (17) and (25) imply that TVC(T) is
decreasing on (0, Ty ], increasing on [Ty, %), decreasing

on [ Z, -2 1, and increasing on [ —=2—, o) . Hence
PR 1-aPR Ml_aPR

TVC(T")= min [TVC,(Ty), TVC3(— )] and T* = Ty

or % (associated with the least cost).

() If H2P — 1)+ 2CL,P — 2CL,aP?R — SI, > 0,

H(2P —1)+2CL,P —SI, > 0, H(QP—1)—
2SI,aPR+Sle < 0, T} >— and T > —2_ then
PR 1-aPR

Equations (12) , (22) and(17) imply that TVC(T) is
decreasing on (0, T3] and increasing on [T3, ) . Hence
TVC(T*)= TVC5(T;) and T* = T3.

(d) If H@2P —1)+ 2CI,P — ZCIpaPZR—SIe > 0,

H(2P —1)+2CL,P =S, > 0 , H@P—1)-
2SL,aPR+Sle < 0, Tf > and Tf <—2 then
PR 1-aPR

Equations (12) , (22) and(25) imply that TVC(T) is

- My . R My
decreasing on (0, 1_mPR] and increasing on [1—aPR’ o).
Hence TVC(T")= TVC; (22 ) and T* = 2 |

1-aPR 1-aPR
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(i@ If H2P — 1) + 2CL,P — 2Cl,aP*R — S1,> 0,
H@P —1)+2CL,Pp —SI, > 0 , HQ@P-1)-
2SI,aPR + Sle > 0 and Ty <, T} <—and T < —=2

PR PR 1-aPR
then Equations (17),(23) and (25) imply that TVC(T) is
decreasing on (0, T;] and increasing on [T, ) . Since
li%}, TVC,(T) > TVCZ(%), so we conclude that then

T=pr

TVC(T*)= min [TVC,(Ty), TVCZ(%)] and T* = Ty or
% (associated with the least cost).

(b) If HQ2P — 1) + 2CI,P — 2ClL,aP?R —SI, > O,
H@2P —1)+2CL,Pp —SI, > 0 , HQ@P-1)-
25I,aPR +Sle > 0 and Ty <--, T; <—and T3 >

Mo then Equations (17) and (23) imply that TVC(T) is

1-aPR

decreasing on (0, T;] , increasing on [Ty, 1_"2‘;}?],
decreasing on [% , T3] and increasing on [T5, ).
Hence TVC(T*)= min [TVC(Ty), TVC;(T3)] and T* =
Ty or T5 (associated with the least cost).

(c) If H2P — 1)+ 2CL,P — 2CL,aP>R — SI, > 0,

HQP —1)+2CL,P —=SI, > 0 , H@2P—1)-
2SI,aPR+Sle > 0 and Ty <= X <3< Mo ang
PR PR 1-aPR

T; < %then Equations (17) and (25) imply that
TVC(T) isdecreasingon (0, Ty ], increasing on [Ty, %),
decreasing on [ % T;] and increasing on [T, «). Hence
TVC(T*)= min [TVC,(Ty), TVC,(T;)] and T* = T} or
T, (associated with the least cost).

(d) If H@2P —1)+ 2CL,P — 2Cl,aP*R —SI,> 0,
H@2P —1)+2CL,p =SI, > 0 , HQP-1)-
2SI,aPR + Sle > 0 and T} <—, =~ < T3< —2°_ and

M PR PR 1-aPR
Ty = 1_a‘;R then Equation (17) implies that TVC(T) is
decreasing on (0, Ty], increasing on [Ty, %) , decreasing

Mg

w * : i *
on [, T3], increasing on [T3, ——
[

PR T3] and increasing on [T3, ). Hence TVC(T*)=
min [TVC,(Ty), TVC,(T;), TVC5(T3)] and T* = Ty or
T, or T; (associated with the least cost).

], decreasing on

() If HQ2P — 1)+ 2CL,P — 2CL,aP*R — S, > O,

HQP —1)+2CL,P —SI, > 0 , H@2P-1)—
2SI, aPR + Sle > 0 and Tf <=, T3> —2_ and T3 <
PR 1-aPR

% then Equations (17), (24) and (25) imply that

TVC(T) is decreasing on (0, T;], increasing on [T, %) ,

. w M . . M
decreasing on [ —, —2 ] and increasing on [ —%, ) .
PR 1-aPR 1-aPR

Hence TVC(T*)= min [TVCy(T}), TVC;(z2=)] and T*
My

= Ty or —= (associated with the least cost).
1-aPR

(f) If H(2P —1) + 2CL,P — 2Cl,aP?*R —SI, > 0,
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HQP —1)+2CL,Pp =S, > 0 , HQ@P-1)-

2SI,aPR+Sle > 0 and T} <=, T3> -2 and T3 >
PR 1-aPR

Mo

P then Equations (17)and (24) imply that TVC(T) is
decreasing on (0, Ty], increasing on [Ty, %) , decreasing

on [%, T3] and increasing on [T5, «). Hence TVC(T™*)=
min [TVC,(Ty), TVCy(T3)] and T* = Ty or T3
(associated with the least cost).

(@ If HQP —1) + 2CI,P — 2CL,aP?R —SI,> 0,

HQP —1)+2CL,P —SI, > 0, H@P-1)-
25L,aPR+Sle > 0 and T{ 2o, T; <-_ and T}

Mg

Py then Equations (17), (23) and (25) imply that
TVC(T) is decreasing on (0, %) and increasing on [%, 0).

Hence TVC(T*)= TVCZ(%) and T* = %.

<

(h) If HQ2P — 1)+ 2CI,P — 2Cl,aP?R —SI,> 0,
H@P —1)+2CL,Pp —=SI, > 0 , HQP-1)-—
2SI,aPR+Sle > 0 and Ty >, T; <--and T; >
1_1‘:11‘;1? then Equations (22), (23)and (17) imply that
TVC(T) is decreasing on (0, %) , increasing on [%,

M . Mg

], decreasing on[ ,
1-aPR 1-aPR w
) . Hence TVC(T*)= min [TVCZ(E): TVC;(T3)] and

T = % or T; (associated with the least cost).

T3] and increasing on [T3,

(i) If H@P —1)+ 2CI,P — 2CL,aP?R —SI, > O,

HQ2P —1)+2CI,P —SI, > 0 , H@P-1)-
2SI,aPR+Sle > 0 and Ty > =, ¥ <3< M and
PR PR 1-aPR

T3 < % then Equations (22), (17) and (25) imply that
TVC(T) is decreasing on (0, T, ] and increasing on [T,
). Hence TVC(T*)= TVC,(Ty) and T* = Tj.

() If H@P —1)+ 2CL,P — 2CL,aP*R —SI, > 0,
HQP —1)+2CI,Pp =S, > 0 , HQ2P-1)-

2SI,aPR+Sle > 0 and Ty > =, £ < py< Mo
M PR PR 1-aPR
0

Py— then Equations (22)and (17) imply that
TVC(T) is decreasing on (0, T,] , increasing on [T,

My . Mg N . . N
1_()(PR] , decreasing on [1_aPR , T3] and increasing on [T5,
©) . Hence TVC(T*)=min [TVC,(T;), TVC;(T5)]and T~
= T, or T3 (associated with the least cost).

and

T >

(k) If H2P — 1)+ 2CI,P — 2CL,aP?R —SI, > O,
HQ2P —1)+2CI,Pp =S, > 0 , HQP-1)-

2SI,aPR+Sle > 0 and Tf > 2, Ty> —%_ and T} <
PR 1-aPR

Mo then Equations (22), (24)and (25) imply that

1-aPR

TVC(T) is decreasing on (0, 1—1Z(;R] and increasing on
MO Y — MO *

[1_aPR , ©). Hence TVC(T )_TVCZ(l—aPR) and T* =
Mg

1-aPR '
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() If HP —1)+ 2CL,P — 2CL,aP?R - SI, > 0,
HQP —1)+2CL,P —SI, > 0 , HQ@P—1)—
2SLaPR+Sle > 0 and T; > = T3> —°_ and T} >

PR 1-aPR

Mo then Equations (22), (24)and (17) imply that

1-aPR
TVC(T) is decreasing on (0, T3] and increasing on [T3,
) . Hence TVC(T*)= TVC;(T;) and T* = T .

M,

5. Decision Rule of the Optimal Cycle
Time When ;V—R > M = My +
aPRT.

In this case Equations (10) and (14) yield

T; > % implies TVC{(%) < 0 and hence TVC, (T) is

decreasing on (0, %) (26)

* wo. H (W i
T; < R implies TV C; (E) > 0 and hence TVC;(T) is
increasing on [%, ) (27

Furthermore, the result follows.

Theorem 3.

(A) Suppose that HQ2P —1) + 2CI,P —
2Cl,aP*R — SI,<0then T* =coand TVC(T*) = -wie.,
the retailer will try to continue his cycle as much as
possible.

Proof: See Theorem 2-(A)

(B) Suppose that
2Cl,aP?R — SI, =0 then

HQ2P —1) + 2CI,P —
(i) FH(2P — 1) + 2CL,P — SI, = 0 then T* = oo and
TVC(T*) =—CI,PRM,.
(ii) If H(2P — 1) + 2CI,P — SI, >0 then

@ If Ty=2Z then T* =
PR
=—CIL,PRM,.

o and TVC(T")

(b) If Ty <o then T* = Ty or o and TVC(T") =
min [TVC,(T;), —CIL,PRM,].

Proof: (i) If H2P — 1) + 2CI,P — 2Cl,aP?R — SI,
=0and H(2P —1) + 2CI,P —SI, = 0 then Equation
(10) and (14) imply that TVC(T) is decreasing on (0, ).
Again lim TVC(T)=e and lim TVC(T) = —CL,PRM,.
Consequently T* =coand TVC(T*) =—CI,PRM,,.

(ii)@) If H2P —1) + 2CL,P — 2CL,aP?R — SI, =0,
H@2P —1)+2CI,P —SI, = 0 and T >=— then

Probabilistic Inventory Model under Flexible Trade Credit Plan Depending upon Ordering Amount

Equation (14) and (26) imply that TVC(T) is decreasing
on (0, ©). Again Tlir(1)1+ TVC(T)=w and 71im TVC(T) =
—CI,PRM, . o and TVC(T")
=—CIL,PRM,.

Consequently T* =

(b) If H2P —1) + 2CI,P — 2Cl,aP?*R —SI, = 0,
HQ2P —1)+2CI,P —=SI, = 0 and T <—- then
Equation (14) and (17) imply that TV C(T) is decreasing

on (0, T;] and increasing on [Ty, %) and decreasing on

[% , ©) . Consequently T* = T; or o (linked with the

smallest cost) and TVC(T*) = min [ TVC,(Ty) ,
—CI,PRM,].

© Suppose that
ZCIpaPZR —SI, > 0 then
2CIL,P —SI, >0and

HQ2P —1)+ 2CI,P —
cleary H(2P —1)+

(i) If Ty < o= and T3 > —then T* =Ty orT; (linked
with the smallest cost) and TVC(T*) = min [TVC,(Ty),
TVC;( T3]

(i) If 77> and T3> then T* = T3 and
TVC(T") =TVCs(T3).
(i) If 7y <-- and T; <-— then T* = T; and
TVC(T") = TVC,(T}).
iv) If T;>Z and Ty <Z then T* = — and
PR PR PR

TVC(T) = TVC;(55).

Proof:

(i) If Ty <= and T3 > —then Equation (17) implies
that TVC(T) is decreasing on (0, Ty ], increasing on [T,
%) , decreasing on [%, T3]and increasing on [Ty, ).
Consequently T* =T; or T; (linked with the smallest
cost)and TVC(T*) =min [TVC,(Ty), TVC5(T3)].

(i) If T = % and T; = % then Equations (26) and
(17) imply that TVC(T) is decreasing on (0, T3 ] and
increasing on [T5, «). So T* = T3 and TVC(T™")
=TVC3(T3).

(i) If T < % and T3 < % then Equations (17) and

(25) imply that TVC(T) is decreasing on (0, T;] and
increasing on [Ty, ©) . So T* = Ty and TVC(T*) =
TVC, (Ty).

(iv) If Ty = % and T < % then Equations (26) and
(17) imply that TVC(T) is decreasing on (O, %) and
. . w . _ W ~
|ncrea5|:/g on [ o @ - So T = —— and TVC(T*) =
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6. Algorithm

Step 1. If aPR = 1, gotostep 5.
Step 2. Find T* from Theorem 2.

Step 3. If —-< M, + aPRT",then Ty = T".
Step 4. Go to step 7.
Step 5. Find T* from Theorem 1.

Step 6. If < M, + aPRT",then Ty = T".
Step 7. Find T* from Theorem 3.
Step 8. If ——> M, + aPRT", then Tgo= T".

Step 9. If only Ty existsand Ty, does notexist, then T
is the optimal cycle time.

Step 10. If only Tj, exists and T; does not exist, then
Tgois the optimal cycle time.

Step 11. If both Ty and Tj, exist, then calculate
TVC (Tg) and TVC (Tg,).

Step 12.If TVC (Tg) = TVC(Tgy,), then optimum cycle
time is Tg,, otherwise Tg is the optimal cycle time.

7. Numerical Example

Let us study inventory structure with the subsequent
parameters in suitable units.

(i) Let the probability density of demand x kg of the
item throughout period T month be uniform in a(T) =
10T < x < b(T) = 60T ie., fx|T) =

1

——,a(T) <x < b(T

{a(T)—b(T) a(l) < x () . Therefore we get w(T) =
0, otherwise

35T,Pp=1.7,R =@= 35. Other parameters are
A = $50 per cycle, H = $0.5 per kg per month, C =
$10 perkg, S = $12 perkg, a = 0.5, M, = 2 month,
I, = $0.025 per $ per month, I, = $0.05 per $ per
month, W = 30(here R = 1 ). Using Theorem 1, we
get T*= oo, TVC(T*) = —oo and —=-< M, + aPRT"
is satisfied. Again using Theorem 3, we get T*= oo,
VC(T*) = —eo , and  —— > M, + aPRT", is not
satisfied. Hence optimal cycle time is infinity and optimal

cost is minus infinity (i.e., the retailer will try to continue
production cycle as much as possible).

(ii) Let the probability density of demand x kg of the
item throughout period T month be uniform in a(T) =
0 <x < b(T) = 20T ie., fx|T) =

1

——,a(T) <x < b(T

{a(T)—b(T) a(l) < x ™ . Therefore we get w(T) =
0, otherwise
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10T,P =2,R = @ = 10. Other parameters are A =
$50 per cycle, H = $0.5 per kg per month, C = $10
per kg, S = $12 perkg, a = 0.5, My, = 2 month, I, =
$0.005 per $ per month, I, = $0.05 per $ per month,
W = 30(here R = 1 ). Using Theorem 1, we get T*=
5.2705, TVC(T*) = 17.77 and %s M, + aPRT* is
satisfied. Again using Theorem 3, we get T" = oo,
TVC(T®) = —w , and -~ > M, + aPRT*, is not
satisfied. Hence optimal cycle time is 5.2705 month and
optimal cost is $17.77.

(iii) Let the probability density of demand x kg of the
item throughout period T month be normal with
parameters mean 9T and standard deviation 3T in
a(T) =0 < x < b(T) = 18T i.e., fx|T) =
_(x—u(m)?

! 2007, q(T) < x < b(T)

x/ﬁa(T)e
0, otherwise

wT) =9T,P=2,R = @ = 9. Other parameters are
A = $50 per cycle, H = $0.5 per kg per month, C =
$10 perkg, S = $12 perkg, a = 0.5, My = 2 month,
I, = $0.005 per $ per month, I, = $0.05 per $ per
month, W = 30(here R < 1 ). Using Theorem 2, we get
T* = 2.9695, TVC(T*) = 28.6548 and % < M, +
aPRT" is satisfied. Again using Theorem 3, we get T*=
2.8172, C(T*) = 17.4965 , and %> M, + aPRT",
is not satisfied. Hence optimal cycle time is 2.9695 month
and optimal cost is $28.6548.

. Therefore we get

8. Sensitivity Analysis

At this time, we study two instances and debate the
sensitivity investigation of all the parameters in each case.

(1) In the first problem, let the probability density
demand x kg of the item throughout period T month be
uniform in  a(T) = 0 < x < b(T) = 18T e,

1
FT) = {am_bm,a(T) <x<b()

0, otherwise
get W(T) = 9T,P=2,R = @ = 9. Other parameters
are A = $50 per cycle, H = $0.6 per kg per month,
C= $10 per kg, S = $13 per kg, a =0.4, My = 2
month, I, = $0.004 per $ per month, I, = $0.05 per
$ per month, W = 30. Solving the problem, we obtain,
optimal cycle time is 3.1735 month and optimal cost is
$30.5739.

. Therefore we

(1) whereas in the second problem, the probability
density of demand x kg of the item throughout period
T month be normal with parameters mean 10T and
standard deviation 0.85T7 in a(T) = 75T < x <
b(T) = 12.5T ie. fxIT) =
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_(x-pu(m)?
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parameters are A = $50 per cycle, H = $ 1.5 per kg

Vzmom) € 20 ,a(T) <x < b(T)  Therefore we get per month, C = $10 per kg, S = $13 per kg, a =

O;

otherwise

W) = 10T,P =125,R =42 = 10.

0.05, My, = 2 month, I, = $0.025 per $ per month,
L, = $0.05 per $ per month, W = 35. The optimal

Oth M . .
e cycle time is 1.7747 month and optimal cost is $56.3471.

Table 1. Sensitivity analysis of different parameters

Example (1) Example (I1)
Parameter Change
Cycle time Total Cost Cycle time Total Cost

-20% 2.8385(-10.6%) 27.2474(-10.9%) 1.5873(-10.6%) 50.3984(-10.6%)

-10% 3.0107(-05.1%) 28.9570(-05.3%) 1.6836(-05.1%) 53.4555(-0.51%)

A +10% 3.3284(+04.9%) 32.1119(+05.0%) 1.8613(+04.8%) 59.0973(+04.9%
+20% 3.4765(+09.5% ) 33.5814(+09.8% ) 1.9441(+09.5% ) 61.7251(+09.5% )

-20% 3.8665(+20.0% ) 24.9267(-18.5% ) 1.9157(+07.9% ) 52.2015(-07.4% )

-10% 3.4692(+09.3% ) 27.8889(-08.8% ) 1.8411(+03.7%) 54.3139(-03.6% )
H +10% 2.9426(-07.3% ) 33.0475(+08.1% ) 1.7149(-03.4% ) 58.3095(+03.5% )
+20% 2.7556(-13.2%) 35.3528(+15.6%) 1.6609(-06.4%) 60.2079(+06.9%)

-20% 3.3293(+04.9% ) 29.2866(-04.2% ) 1.9841(+11.8% ) 50.3984(-10.6% )

-10% 3.2372(+02.0% ) 30.0484(-01.7% ) 1.8707(+05.4% ) 53.4555(-05.1% )
R +10% 3.1341(-01.2% ) 30.87770(+01.0% ) 1.6927(-04.6% ) 59.0973(+04.9% )
+20% 3.1163(-01.8% ) 30.9659(+01.3% ) 1.6200(-08.7% ) 61.7251(+09.5% )
-20% 2.9779(-06.2% ) 32.6447(+06.8% ) 1.7747(+00.0% ) 56.3471(+00.0% )
-10% 3.0710(-03.2%) 31.6258(+03.8%) 1.7747(+00.0% ) 56.3471(+00.0% )
« +10% 3.2871(+03.6% ) 29.4858(-03.5% ) 1.7747(+00.0% ) 56.3471(+00.0% )
+20% 3.4137(+07.6% ) 28.3572(-07.3% ) 1.7747(+00.0% ) 56.3471(+00.0% )

-20% 3.7914(+19.5%) 254394(-16.8% ) 2.1442(+20.9% ) 46.6368(-17.2% )

-10% 3.4415(08.4% ) 28.1203(-08.0% ) 1.9334(+08.9% ) 51.7204(-08.2% )
P +10% 2.9598(-06.7% ) 32.8499(+07.4% ) 1.6495(-07.1% ) 60.6217(+07.6% )
+20% 2.7841(-12.3% ) 34.9819(+14.4% ) 1.5476(-12.8% ) 64.6142(+14.7% )
-20% 2.9903(-05.8% ) 32.6922(+06.9% ) 1.7568(-01.8% ) 56.9201(+01.0% )
P -10% 3.0778(-03.8% ) 31.6474(+03.5% ) 1.7656(-00.5% ) 56.6347(+00.5% )
€ +10% 3.2788(+03.3% ) 29.4690(-03.6% ) 1.7838(+00.5% ) 56.0580(-00.5% )
+20% 3.3952(+06.9% ) 28.3294(-07.3% ) 1.7931(+01.0% ) 55.7673(-01.0% )

-20% 3.1735(+00.0% ) 30.5739(+00.0% ) 1.8490(+04.2% ) 54.0833(-04.0% )

I -10% 3.1735(+00.0% ) 30.5739(+00.0% ) 1.8107(+02.0% ) 55.2268(-02.0% )
4 +10% 3.1735(+00.0% ) 30.5739(+00.0% ) 1.7407(-01.9%) 57.4456(+01.9%)
+20% 3.1735(+00.0% ) 30.5739(+00.0% ) 1.7087(-03.7% ) 58.5234(+03.9% )

-20% 3.1735(+00.0%) 30.5739(00.0%) 1.8490(+04.2%) 54.0832(-04.0%)

c -10% 3.1735(+00.0%) 30.5739(00.0%) 1.8107(+02.0%) 55.2268(-2.0%)
+10% 3.1735(+00.0%) 30.5739(00.0%) 1.7407(-01.9% ) 57.4456(+01.9% )
+20% 3.1735(+00.0%) 30.5739(00.0%) 1.7087(-03.7% ) 58.5235(+03.9%)
-20% 2.9903(-05.8% ) 32.6922(+06.9% ) 1.7568(-01.8% ) 56.9209(+01.0%)
5 -10% 3.0078(-03.0% ) 31.6474(+03.5% ) 1.7656(-00.5% ) 56.6347(+00.5% )
+10% 3.2788(+03.3% ) 29.4690(-03.6% ) 1.7838(+00.5% ) 56.0585(-00.5% )

+20% 3.3952(+06.9%) 28.3294(-07.3%) 1.7931(+01.0%) 55.7673(-01.0%)
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Table 1 continued
-100% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
-50% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
-20% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
-10% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
w +10% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+20% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+50% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+100% 1.7218(-45%) 58.079250(89.9%) 1.7747(00.0%) 56.3471(00.0%)
-75% 3.1735(+00.0%) 30.5739(00.0%) 2.0439(+15.2%) 45.8009(-18.7%)
-50% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
-20% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
-10% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
Mo +10% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+20% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+50% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
+75% 3.1735(+00.0%) 30.5739(00.0%) 1.7747(00.0%) 56.3471(00.0%)
itivi ici DTh DTsl
Jardble ‘oycle time. and totl cost o chane i cah of the e
11 parameters in both the problems. Here we observe that TVCs(T) = ? — Dsl [M —g] (29)
cycle time and total cost are moderately sensitive to DTh DTSl
changes in the parameters A, H, R, P, I, and, thatis, evena TVCs(T) =— + cL,D(T —M)—-——= (30)
small change in the values of those parameters make o
significant change in the decision parameters and total cost. T, = T¢ = (31)

Here we also note that in problem (1) change in C or I,
does not change the values of cycle time and total cost
whereas in problem (11) cycle time and total cost undergo
significant changes with the changes in the values of C or
L, . Again, in problem (II) a change in a does not change
the values of cycle time and total cost whereas in problem
(I) cycle time and total cost undergo significant changes
when «a is changed. From the sensitivity of problem (1)
and problem (1), we can conclude that the sensitivity of the
parameters C, I, and « are entirely dependent of
parameter values of distinct problems. In general, we can
conclude about the sensitivity of these parameters.
However, cycle time and total cost are not sensitive at all to
changes in W and M,. But if we make outstanding
variations in their values the result may experience
noticeable changes. Finally, the effects of anew defined
parameters can be profoundly detected from the overhead
table. It is noted that as a increases, the total cost rises
whereas cycle time (not strictly) in case of same result will
hold in strict sense. This indicates just how variable trade
credit is significant in optimal consequence.

9. Special Case

When P =1 and a = O(H = h,S = 5,C = ).
Let M = My,,D = R and

D(h + 2clp —sle)

«_ [ 24
Ts = D(h + slg) (32)

Then Equations (28), (29), (30), (31), and (32) will be
consistent with Equations (2), (3), (4), (12) and (13) in
Chung et al.’s model [6] respectively. Again H(2P —
1) + 2CI,P — 2CI,aP*R —SI, = HQ2P - 1) +
2CI,P —SI,,H(2P — 1) — 2S5I,aPR + Sle =h +sl, >0
and aPR = 0 < 1. So Theorem 1, Theorem
2(B(1), B(iii), B(iv), C(i)) and Theorem
3 (B(ii), C (i), C(iv)) will not be required. However, other
theorems will be consistent with Chung et al.’s [6] model.
Thus Chung et al.’s [6] model is a special case of this
model.

10. Conclusions

This paper deals with a probabilistic economic order
quantity inventory model under condition of permissible
delay in payments to take the order quantity into account.
To reflect realistic commercial circumstances, it is
supposed that the trade credit period is not only allied to the
order quantity but also varies with the ordering quantity. If
< W, the delay in payments is not allowed. Else, a
flexible trade credit period M = M 4 + a Q is permitted.
It is also supposed that demand rate follows a probability
density function. Under these conventions, the model is
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settled. It is shown that, if > %, one can swiftly determine
the optimal ordering quantity by using Theorem 3.
Otherwise, if < % , then the optimal ordering strategy

can be found from Theorem 1 and Theorem 2. We develop
an algorithm, which will support one to determine the
optimal T~efficiently. Numerical examples are provided
for illustration. To check the fluctuations in the decision
variables for changes in diff erent parameters, a sensitivity
scrutiny is also carried out. Lastly, we have shown that
Chung et al.’s model [6] is a special case of our model.
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