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1. Introduction

Generally retailers are encouraged towards bulk purchasing due to the trade credit given by
suppliers. No interest is charged if the account is settled within this period. However if the payment is
not settled during the period, then interest is charged.

Goyal (1985) is believed to be the first who developed an EOQ model under the condition of
permissible delay in payments. He computed interest earned on the sales revenue on unit purchase
price. Abad and Jaggi (2003) studied joint approach for setting unit price and the length of the credit
period for a seller when end demand is price sensitive. Huang (2003) studied optimal retailer’s
ordering policies under trade credit financing. Optimal replenishment and payment policies were
discussed by Huang and Chung (2003) considering cash discount and trade credit. Teng (2002) and
Chung and Liao (2004) studied several models on permissible delay in payments. Chung (2009)
investigated a model for deteriorating item with partial backlogging and permissible delay in
payments. Chang et al. (2003) and Liao et al. (2000) studied a production planning model under trade
credit. Jammal et al. (1997), Sarker et al. (2000), Jaggi et al. (1994), Liao et al. (2007), Shah and
Huang, Chung (2003) studied optimal replenishment and payment policies in the EOQ model under
cash discount and trade credit. Shah (2006) incorporated various models on permissible delay in
payments and concluded that the retailer earn interest generated revenue by delaying the payments up
to last date of offered delay period time. Retailers pricing and ordering policies under trade credit in
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declining market was studied by Shah (2010) and concluded that the retailer should buy deteriorated
units at a lower price and sell it off at the earliest. Tripathy & Pradhan (2011) investigated a model of
optimal pricing and ordering policy for three parameter Weibull deterioration under trade credit.
Tripathy Mishra (2010) studied an EOQ model for linear deteriorating rates with shortages and
permissible delay in payments. In developing the present model, demand of a product is assumed to
be constant and deterioration is taken as Weibull distribution with three parameters. We have
considered the case of no shortages and infinite replenishment rate and the salvage value is associated
with the deteriorated units. Our target is to minimize the retailer’s total cost. We have calculated the
optimal total cost, optimal ordering quantity, and optimal cycle length for our model. Numerical
examples are given to illustrate the model. Sensitivity analysis has also been carried out to observe
the effects of various parameters on the optimal total cost and optimal cycle time.

2. Notations and assumptions
We need the following notations and assumptions to develop the proposed mathematical model.

Notations:

: demand rate per unit of time,

: the unit purchase cost,

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

: the inventory holding cost per unit per year excluding interest charges,

: the ordering cost per order,

: the permissible credit period offered by the supplier to the retailer for settling the account,
: the interest charged per monetary unit in stock per annum by the supplier,

: the interest earned per monetary unit per year, where 1, <.,

: the order quantity,

0=ap(t-y)"t: where 0<a <1 is the scale parameter and S >1 is the shape parameter and y>0is the

location parameter,
T :the cycle time.

S Z2>» =5 UOwxX

O &

Assumptions

(i) The inventory system under consideration deals with single item.

(ii) The planning horizon is infinite.

(iii) The demand of the product is constant. Shortages are not allowed and lead-time is zero.

(iv) The deteriorated units can neither be repaired nor be replaced during the cycle time. It follows
three-parameter Weibull distribution.

(v) The retailer can deposit generated sales revenue in an interest bearing account during the
permissible credit period. At the end of this period, the retailer settles the account for all the units
sold keeping the difference for day-to-day expenditure, and paying the interest charges on the
unsold items in the stock.

(vi) The salvage value aC (0<a<1)is associated to deteriorated units during the cycle time.

3. Mathematical model

At any instant of timet (0<t<T), let Q(t) be the on-hand inventory. Since the depletion of units is

due to demand and deterioration, the rate of change of inventory level is governed by the following
differential equation:

MHQQG)Z_R 0<t <T

dt 1)
subject to the boundary conditions Q(0)=Q andQ(T)=0.
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Since « is very small using series expansion ignoring the second and higher powers of «, the
solution of Eq. (1) is as follows,

B IR (U 2 M (e A i)
Q(t)_R{(T t)+ e

—a(T -t)(t-y)” } @)

Using Q(0) =Q in Eq. (2), we have procurement quantity as,
Q(t) _ R|:T n O.’((T _7)ﬂ+1 _(_7)ﬂ+1) —CZT(—}/)'B:| .

p+1 ®3)
During one cycle the number of units that deteriorate is
p+1 p+1
D=D — _RT:aR((T_V) _(_7/) )_ _ ﬁ.
M=Q o aRT (-7) @

Cost due to deterioration is
aRC((T -7)" " = (=) Vi
CD= —aRTC(-y)”.
£+1 oRTC(7) ®)
Salvage value of deteriorated units is

_ _aRCa (T ()" Y
SV =aCD = Al aRTCa(-y)" . (6)

The inventory holding cost is
T T +: +

IHC =h[Q(t)dt = hRJ.{(T R (Ul et Gt i RO —7)/’} dt
0 0

/o @)
_hR [L aT (T =)™ +()")  2a((=9)"*~(T - 7/)’”2)}.
2 B+l (B+1)(B+2)
Ordering cost is
OC=A (8)

Now we consider the two cases based on the length of T and M, using the fact that interest charged
or earned (i.e., costs (d) and (e) in section 2.2),

Case-l:M <7

The retailer can sale units during [0, M ]at a sale price P per unit which he can put at an interest rate
I, per unit per annum in an interest bearing account. So the total interest earned during[o, M] is

M Pl,RM?
IE, =PI, [Rt dt=—Pt——.
=Pl ©
Again, the total interest charges payable by the retailer during [M,T] is

2 2 o N\BHT A N\B2 (T, \B+2

IC1:CI6}Q(t)dt:CICR[T—+M——TM+a(T 7 (T=M), 2a(M=p)" =T =7)"")

M 2 (B+1) (B+D)(B+2)

+a(M—7)ﬂ+l(r—M)}
(B+1) (10)

Total cost K,(T) per time unit is



118

Ki(T) =%[oc +IHC +CD +IC, — IE; - SV]

A+hp{ L=+ (") 26 (T =)
o pl T(5+D(5+2)

aRC-a)((T - )"~ (-1)") _ 5
! (GiDT aRC(L-a)(-7)
+CI,R T—+M—2—M U =" (T =M) L 2a((M - -0 ="
o T(B+D) T(B+1) (B+2)
LaM-p)""(T-M) PIRM’
T(B+1) 2T

(11)

To find out the values of T for which the Total cost is minimum the necessary condition is Ky

— A +hR —+a(|' },)/5’ 20‘((—7)ﬂ+2 (T- y)ﬂ*z)_gaa—_y)ﬂﬂ
™o L2 T2 (B+1)(5+2) T(A+D)
_aRC(1- a)(g; +i)):j (7)ﬁ+1)+TaRC(1 )T —7)? 12)
el L ME e - T-M) 2a(M-p)" - - )"
2 or? T T2 (5 1) (5 +2)
+a(r_7)ﬂ+1M _2a(T—7)ﬁ+l+a(M y)ﬁHM PI, RM?2 iy
T2(B+1) T(B+D) T2(B+1) 2T2

Case -11: M >T

Here, the credit period offered by the supplier to the retailer is greater than the cycle time. Hence
interest charges are zero.

IC, =0 (13)
and the interest earned per time unit is
P 14
|E2=P|{thdt+RT(M —T)}:: PI,R(M _%) (14)
0
The total cost; K,(T) per time unit is
KZU)=%[OC+ IHC+CD+IC, - IE, - SV] (15)

ARl T 2@ ="+ 0™ | 200" -0 -1)")
Tl T(5+D(5+2)

LARCA-A == reaay—y) - P'eR( : 1)
(B+YT

2
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oK,

The necessary condition for K, to be minimum is given by the equation pa 0
_\B+1 L \B+2 _ _ . \B+2

j_inth 1_+a(r_7);z_2a(T(ﬂ+2)(T 27) +(=7) T™T-nN"")

2 T(B+)(L+2)
_ _ B _ _ L+l _\BH
L aRCA-a)(T -7) T(ﬁ+l)2 T-N"+) )+P|eF§M _0, (16)
(L+DT T
. L e 07K,

which minimizes K,only if et >0, VT.

4. Numerical Examples

Example 1: (Case -1: M <T)

Let , J[AC,hP afyaR, I, I, M]=[500,40, 4,100, 0.4, 20, 0.6, 0.4,1000, 0.16, 0.04, 0.0548]  in

appropriate units. Using the Eq. (12) and Eqg. (11) and by the help of Mathematica 5.1 software, we
can obtain the optimum solution as
Ky _

T =0.311205, K, =2885.5, P 33418.5>0. Here it is clearly seen thatm <T

Example 2: (Case -11: M >T)

Let, [AC,h P a B 7 a R, I, M]=[500, 40, 4,100, 0.4, 20, 0.6, 0.4,1000, 0.01, 0.4, |in appropriate units.
By the help of Mathematica 5.1 software in Eq. (16) and Eq. (15) we obtain the optimum solution for
the cycle time T and the total cost K,asT =0.223618, K, =1394.12.

Here it is clearly seen thatM >T . So this belongs to the case-II.
5. Sensitivity Analysis

We have performed sensitivity analysis by changing parameters A, C,h, P,a, 8, y,a, R I, I, M,
as -50%,-25%, 25% and 50% and keeping the remaining parameters at their original values. The
original values are taken from example 1 above. The corresponding changes in the cycle time and the
total cost are exhibited in Table 1.

The observations found from the Table 1 are as follows:

The optimal cycle time is directly proportional to the ordering cost, scale parameter, location
parameter and the allowable credit period whereas it is inversely proportional to the purchase cost,
inventory holding cost, unit selling price, shape parameter, the salvage value, demand rate, interest
charged and interest earned of the system. Similarly the total cost of the system is directly
proportional to the ordering cost, purchase cost, inventory holding cost, the salvage value, demand
rate, scale parameter, and interest charged per unit of the system whereas it is inversely proportional
to the unit selling price, scale parameter, location parameter, interest earned and the allowable credit
period of the system. Again the optimal cost shows variable changes with the change in the shape
parameter. Now changing the values of a parameter keeping the remaining parameters at their
original value the corresponding changes in the cycle time and the total cost are exhibited in table 2
below. Here the original values are taken from the second example.
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Table 1
Case-l (M <T)

parameter % change T K
-25 0.269834 2455.23
A 25 0.347688 3264.92
50 0.380691 3608.15
-50 0.372232 2504.55
-25 0.337507 2706.78
c 25 0.290407 3046.09
50 0.273437 3192.19
-50 0.346277 2557.69
-25 0.327340 2725.96
h 25 0.297243 3037.53
50 0.285005 3183.02
-50 0.312131 2895.13
-25 0.311669 2890.32
P 25 0.310741 2880.67
50 0.310276 2875.83
-50 0.311204 2885.66
-25 0.311204 2885.58
a 25 0.311206 2885.42
50 0.311207 2885.34
-50 0.312204 2837.41
-25 0.311149 2889.81
B 25 0.311202 2885.84
50 0.311202 2885.81
-50 0.311202 2885.82
-25 0.311202 2885.82
v 25 0.311544 2858.69
50 0.326614 1867.22
-50 0.311206 2885.39
-25 0.311206 2885.44
a 25 0.311205 2885.55
50 0.311204 2885.60
-50 0.439321 2108.95
-25 0.359026 2537.13
R 25 0.278600 3183.00
50 0.254553 3444.47
-50 0.372234 2504.39
-25 0.337508 2706.70
I 25 0.290406 3046.17
50 0.273436 3192.35
-50 0.312131 2895.13
-25 0.311669 2890.32
I 25 0.310741 2880.67
50 0.310276 2875.83
-50 0.310369 3052.14
M -25 0.310718 2968.10
25 0.311831 2804.33
50 0.312594 2724.59
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Table 2
Case-ll (M >T)

parameter Value changed T K,
450 0.158130 1132.17
550 0.273871 1595.13
A 600 0.316236 1764.59
650 0.353560 1913.89
700 0.387305 2048.87
2 0.316244 1132.14
8 0.158122 1769.62
h 10 0.141428 1913.93
15 0.115476 2231.78
20 0.100005 2499.74
50 0.387302 1798.87
60 0.360559 1741.9
P 70 0.331666 1676.33
80 0.300004 1599.68
90 0.264580 1507.99
800 0.335414 1473.05
850 0.306790 1467.8
R 900 0.278890 1453.71
950 0.251317 1429.69
1100 0.161520 1276.5
10 0.223610 1394.35
25 0.223614 1394.23
C 30 0.223615 1394.2
40 0.223618 1394.12
50 0.223621 1394.04
0.5 0.223621 1394.04
0.6 0.223624 1393.97
a 0.7 0.223627 1393.89
0.8 0.223629 1393.81
0.9 0.223632 1393.74
10 0.227027 1350.06
15 0.223416 1398.2
Y4 22 0.223611 1394.32
40 0.223607 1394.43
45 0.223607 1394.43
0.4 0.223607 1394.43
0.5 0.223607 1394.42
4 0.7 0.223894 1301.91
0.8 0.228289 1387.88
0.9 0.274265 422.441
0.01 0.223618 1394.12
0.011 0.17322 1242.53
e 0.0115 0.141439 1140.40
0.012 0.100022 999.746
0.0122 0.077484 919.609

The observations found from Table 2 are as follows. The optimal cycle time is directly proportional
to the ordering cost, purchase cost, scale parameter, location parameter whereas it is inversely
proportional to the inventory holding cost, unit selling price, demand rate, and interest earned of the
system. Again, it shows variable changes with the change in the shape parameter. Similarly the total
cost of the system is directly proportional to the ordering cost, inventory holding cost and the shape
parameter whereas it is inversely proportional to demand rate, unit selling price, purchase cost, scale
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parameter, and interest earned per unit of the system. Again the optimal cost shows variable changes
with the change in the location parameter.

6. Conclusion

The model developed in this paper assumes three parameter Weibull deterioration, salvage value and
delay in payments. Shortages are not allowed and replenishment rate is infinite. It has been observed
from the sensitive analysis that the total cost reduces when we increase the selling price or credit
period or interest earned of the system. Total cycle time reduces when we reduce the ordering cost or
scale parameter or location parameter or credit period of the system. Also it reduces when we
increase holding cost, demand rate, selling price, interest earned of the system.
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