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ABSTRACT: An inventory model for Weibull deteriorating items with time varying demand under permissible
delay in payments and inflation is considered. Holding cost is linear function of time. Shortages are permitted
and are completely backlogged. Sensitivity with respect to parameters has been carried out. Numerical example
is taken to support the model.
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I. INTRODUCTION

The conventional inventory models did not take into account the effect of inflation. But during last two
decades, the most of the countries economic condition has changed to such an extent due to inflation and there is
change in the purchasing power of money. Therefore, it is not possible to ignore the effect of inflation. Buzacott
[1] developed the first economic order quantity model by considering inflationary effects into account. A
uniform inflation was assumed for all the associated costs and an expression for the EOQ was derived. Su et al.
[2] developed model under inflation for stock dependent consumption rate and exponential decay. Chung et al.
[3] developed the inventory replenishment policy over a finite planning horizon for a deteriorating item taking
account of time value. Moon et al. [4] developed models for ameliorating / deteriorating items with time varying
demand pattern over a finite planning horizon taking into account the effects of inflation and time value of
money. Hou [5] developed an inflation model for deteriorating items with stock dependent consumption rate and
shortages by assuming a constant length of replenishment cycles and a constant fraction of the shortage length
with respect to the cycle length.

Datta and Pal [6] and Bose et al. [7] have developed the economic order quantity model incorporating
the effects of time value of money and shortages. Demand was considered as linear function of time. Hariga [8]
extended Datta and Pal’s [6] model by relaxing the assumption of equal inventory carrying time during each
replenishment cycle and modified their mathematical formulation. Hariga and Ben-Daya [9] extended Hariga’s
[8] model by removing the restriction of equal replenishment cycle and provided two solution procedures with
and without shortages. Ray and Chaudhury [10] developed an EOQ model with stock dependent demand,
shortages, inflation and time discounting. Chung and Lin [11] extended the inventory replenishment model of
Chung et al. [3] for shortages allowed in each replenishment cycles. Mishra et al. [12] considered a model for
deterministic perishable items that follows variable type demand rate with infinite time horizon, constant
deterioration. An inventory model for stock dependent consumption and permissible delay in payment under
inflationary conditions was developed by Liao et al. [13]. Singh [14] developed an EOQ model with linear
demand and permissible delay in payments. The effect of inflation and time value of money were also taken into
account.

In this paper we have developed EOQ model when demand rate is linear function of time, deterioration
is two parameter Weibull distribution and inventory holding cost is linear function of time under inflationary
conditions with permissible delay in payments. Shortages are allowed and are completely backlogged.
Numerical example is taken and sensitivity analysis is also done.
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Il. NOTATIONS AND ASSUMPTIONS:
The following notations and assumptions are used here:

NOTATIONS:

D(t) : a + bt, Demand is linear function of time, where a > 0, 0<b<1

A : Ordering cost per order

¢ : Unit purchasing cost per item

p  :Unitselling price of the item (p>c)

h(t) : x+yt, Inventory variable holding cost per unit excluding interest charges
c; : Shortage cost per unit

Q: :Inventory level initially

Q. : Shortage of inventory

le :Interest earned per year

I, Interest charged in stocks per year

R : Inflation rate

M : Permissible period of delay in settling the accounts with the supplier
T : Time interval between two successive orders

I(t) : Inventory level at any instant of time t, 0 <t <T

Q : Order quantity

a : Scale parametrs (0 <o <1)

B : Shape parameter (B>0)

apt’™ : the two parameter Weibull deterioration rate.

ASSUMPTIONS:

The following assumptions are used in the development of the model:

e The demand of the product is declining as a linear function of time.

Replenishment rate is infinite and instantaneous.

Lead time is zero.

Shortages are allowed and are completely backlogged.

The deteriorated units can neither be repaired nor replaced during the cycle time. During the time, the
account is not settled; generated sales revenue is deposited in an interest bearing account. At the end of the
credit period, the account is settled as well as the buyer pays off all units sold and starts paying for the
interest charges on the items in stocks.

. THE MATHEMATICAL MODEL AND ANALYSIS:
Let I(t) be the inventory at time t (0 <t <T) as shown in figure.
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The differential equations which describes the instantaneous states of 1(t) over the period (0, T) is given by

% + oBtI(D) = - (atbu), o<t<t, @
% = - (atbt), t,<t<T. )

with the boundary conditions at 1(0) = Qq, I(t;) = 0 and I(T) = - Q,. The solution of equation (1) and (2)
using boundary conditions are:

a(t,- t)+9(tf- )+ (01 tﬁ*1)+b—“(t§”- t?)

o=| . f”z p+2 o<t<t, 3)
-a0t? (1,-1)- ¢ (£-)
I(t)=a(t1—t)+g(tf—t2), t,<t<T. (4)
(by neglecting higher powers of a)
The initial order quantity at t =0 is obtained by putting t=0 in equation (3)
Q= {atﬁb—;f + agf? + bggz } (5)

Fort=T, I(T) = -Q,. So from equation (4), we have

Q. =-a(t-T) - 2(t-T), ©

The associated costs are:

1. Ordering cost (OC) = A )
2. Holding cost:

a(t,- t)+g(tf— t2)+%(t§”- t*"')
b ba
+

HC = tjlh(t)l(t)e*“dt = j(x +yt) @(t;”- tﬁ*z) e™dt

- aat” (t,- t)-b—ZO‘tB (6-1)
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_ 1
" 24(p+1)(B+2)(B+3) (B+4) (B+5) (B+6)

12yR2btf+2—27((xb +ya)R - 2yb )Rt}

(2- 2R, + t/R?)(yt, + x)(bt,+ a)*+| +(15R*xa +(- 30ya - 30xb)R + 30yb)t; |p*
+(33xb + 33ya - 33xRa)t, + 36xa
e ((127 123 Vo, .
SOyR bt J{[?y‘“ TijR 123be]t1 84yR?bL! +((126ya + 109xb)R? - 218yRb )
+| +(78R*xa +(-156ya - 154xb)R + 154yb)t; B*+| +(164R xa +(-306xD - 328ya)R + 306yb)t; B |t
+(193ya - 193xRa + 193xb)t, + 238xa +(462xb + 462ya - 462xRa )t, + 684xa

-2

S

y

+120(%R2tfy +R(-2y + RX)t2+(3y - 3Rx)t, + GXJ(% bt1+a]

4((bt,+a)p + bt,+ 2a)uGR2tfy +R(-2y + Rx)t; +(3y - 3Rx)t1+6xjtf
®)

+(B+1)(pt2)| 2 5708 5
+(Rxa+ (-2ya- 3xb)R + 3yb)t; +(-4xRa + dya + 8xb)t, +12xa

(by neglecting third and higher powers of R)
3. Shortage cost:

T T
SC=-c,[Ie™dt = - czj[a(tl—t)+g(tf- tz)}e‘mdt
Y t

ztbe2+fR [§a+TbjR—Eb 2+ [2T2b+§TajR2+(-£a-5TbjR+§b t,
3 3 6 8 3 3 3

+[Tb+§ajT2R2-§(Tb+§ajTR+ QTb+10a
2 2 3 3

1

= (T e, ©

4, Deterioration cost:
B+l p+2
1 b2+ ot bat;

2 B+1 B+2

11 1
- =] ZaR? -bR |t? - Z(-aR + b)t?
3 -mR - S eb)e

- %sztf

DC = C|:Q1 - tjl(a + bt)e'tht:l =c (10)

To determine the interest payable and interest earned, there will be two cases i.e. case I: (0 <M <t;) and case Il:
O=<t;=M).

Case I: (0 <M <t;): In this case the retailer can earn interest on revenue generated from the sales up to M.
Although, he has to settle the accounts at M, for that he has to arrange money at some specified rate of interest
in order to get his remaining stocks financed for the period M to t;.

5. Interest earned per cycle:

M M
IE,= pl, j(a+ bt)te™dt = pl, j(a+ bt)t[l -Rt+ %thzjdt
0 0
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= pl, ibR2M5+3(3aRZ-bRJM“+1(-aR+b)M3+3aM2 (11)
10 42 3 2

6. Interest payable per cycle for the inventory not sold after the due period M is

4 a(tl-t)+%b(tf_ t2>+a_a<tfﬂ- tﬁﬂ)

I B+1
M +%(tf*z-t‘”) -aat’ (,- t) - b—;tﬁ (6-1)

1'1
IP=cl, J' Ie™dt = cl, e™dt
M

— CIP

~20(B+) (B2) (B+3) (B+4) (B+5)

(-12M°R*b+26MRb-28b )t}
(2-2MR+MR? (M-, ) (bM+2a+bt, ) B*+| +(52MRa-24M R a-56a )t, p?

-Sa +8[[ga+bM)M2R2-%(bM+%ajMR+6a+ngjM

B+l
(-49M*R?b+118MRb-142b )t +(236MRa-2842-98M R’a ), +(19M‘b+62M*a )R | M
p
+(-152M%a-46M°b ) R+188Ma+58M’b

(214MRb-78M’Rb-308b )t} +(-156M’R *a-616a+428MRa )t,

16

+
+12[M2 (bM+5a)Rz-g(bM+€ajMR+20a+%bM]M

p

cl,

¥ 20(ﬁ+1)(B+2)(B+3)(5+4)([3+5)K'BO(

MZRZ-BMR+6)t1[a+%bt1DMﬁ”]

cl,

2003 1) (32) (B3) (5+4) ()

(-2Rt+R*t} +2)(bt1+a)B3+(%tfsz+9R(-2b+Ra)tf+(21b-21Ra)t1+24ajB2
-20t0 at!

+(3—23tfR2b+(-46Rb+24R2a)tf+(67b-67Ra)t1+94a]5+20(R2tf+6-3Rt1)(a+%btlj
+(B+3) (M-, ) (B+5) (B+4) (12)

-?((bt1+a)ﬁ+2a+btl)tla(thf+(MR2-3R)t1+M2R2-3MR+6)tf

EtfR2b+ﬂ (iﬁbM]R-Eb Rt’+ (2M2b+§MajR2+(-Ea-5ijR+@b t,
3 3\\8 8 3 3

(M-t;)(B+1)(B+2)
+(ga+ijMsz-g(gamMij%bMﬂOa

www.ijmsi.org 26 |Page



An Inventory Model For Weibull Deteriorating...

The total cost per unit during a cycle Cy(t;,T) is consisted of the following:

C,(t,T) = %[oc +HC + DC + SC+IP,- IE, | (13)

Putting values from equations (7) to (12) in equation (13) we get the total cost for case I.
Differentiating equation (13) with respect to t; and T and equate it to zero, we have

CitT) _y LD _,
aT oo

(14)

By solving equation (14) for t; and T, we obtain the optimal cycle length t;=t;* and T = T* provided it
satisfies equation

2 2 2 2 2
PCLT) 5o TCULD g g [ FCGN][FCED] [FCED], 15)
oT? z oT ot; oTaot,

Case II: (0 <t; < M): In this case, the retailer earns interest on the sales revenue up to the permissible delay
period and no interest is payable during this period. So

7. Interest earned up to the permissible delay period is:

1 leZti’ + E(laRz-ijt;‘ + 1(-aR+b)tf
IE,=pl,| [@+btteat + (a+bt,)t, (M-1,)| =p,| M2 3 16)
° + %atf +(a+ht)t, (M-t
8. 1P, =0. 1
The total cost per unit during a cycle C,(T) is consisted of the following:
C,(t,T)= %[OC +HC + DC + SC+IP,- IE, | (18)
Putting values from equations (7) to (10) and (16), (17) in equation (18) we get the total cost for case II.
Differentiating equation (18) with respect to t; and T and equate it to zero, we have
oC, (t,,T) _o, oC,(t,,T) _o. (19)
oT ot,

By solving equation (19) for t; and T, we obtain the optimal cycle length t; =t;* and T = T* provided it satisfies
equation

2 2 2 2 2
OC (4 T) Lo PCotiT) g |2 Cz(tzl,T) 0 Cg(},T) AUV PPN (20)
oT? 2 aT or? aTét,
IV. NUMERICAL EXAMPLE:
Case I:

Considering A= Rs 100, ¢ = Rs. 25, p = Rs 40, I, = Rs 0.15, =0.12, M=0.08 years, a = 0.04, f=2,
a=1000, b=0.05, x=5, y=0.05, ¢, = Rs. 8, R = 0.01 in appropriate units. Then we obtained the optimal value of
t;* = 0.1155, T*=0.2099 and the optimal total cost C;* = Rs. 753.3544 and the optimum order quantity
Q*=209.9216.

Case II:

Considering A= Rs 100, ¢ = Rs. 25, p = Rs 40, |, = Rs 0.15, =0.12, M=0.18 years, a = 0.04, f=2,
a=1000, b=0.05, x=5, y=0.05, ¢; = Rs. 8, R = 0.01 in appropriate units. Then we obtained the optimal value of
t;*= 0.1301, T*=0.1879 and the optimal total cost C,* = Rs. 461.7638 and the optimum order quantity
Q*=187.9302.
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The second order conditions given in equations (15) and (20) are also satisfied. The graphical representation of
the convexity of the cost function for the two cases is also given.
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V. SENSITIVITY ANALYSIS:
On the basis of the data given in example above we have studied the sensitivity analysis by changing
the following parameters one at a time and keeping the rest fixed.

Table 1 Sensitivity Analysis
Case I: (0 =M =t;)

Parameter e Ty T Cost [o]
+10%: | 01107 | 01995 | 7708513 | 2194708
+5% | 01130 [ 02045 | 7668081 | 2101712
“5% | 01182 | 02157 | 7301783 | 200 8120
1025 | 01211 | 02219 | 7243227 | 1997325
+10%: | 01154 | 02008 | 733.6021 | 200 8236
+3% | 01155 [ 02000 | 7534782 | 2000126
o 5% | 01156 [ 02000 | 7532302 | 200 9206
1026 | 01157 | 02100 | 75331058 | 2100196
+10%: | 01112 | 02075 | 768 7488 | 207 5194
+53% | 01133 | 02087 | 7611771 | 2087204
= 5% | 01178 [ 02112 | 7452670 | 2112220
-10%c | 01203 | 02126 | 7369034 | 2126213
+10%: | 01166 | 02085 | 733 3487 | 208 3222
+3% | 01161 | 02092 | 7434277 | 2002210

M 3% | 01150 | 02106 [ 731287 | 2106213
-10%: [ 01144 | 02112 | 7727556 | 2112210
+10%% | 01153 | 02098 | 75341148 | 200 8213
B +53% | 01154 | 02008 | 7337349 | 209 8215

3% | 01156 | 02100 [ 7529733 | 2100217
-10% | 01158 | 02101 | 7525011 | 210.1218

Table 2 Sensitivity Analvsis
Case IT: (0 <t; <M)

Parametar e ty T Cost [w]
+10%: | 01253 [ 01768 | 4531241 | 194 5006
+3% | 01276 | 01822 [ 457 8406 | 191 3300
3% | 01328 | 01940 | 464 83500 | 1843306
S10%: | 01356 | 02006 | 467.0494 | 130 5700
+10% | 01300 [ 01878 | 462 1583 | 187 8331
+3% | 01300 | 01879 [ 461 9618 | 187 9314
o S3% | 01302 [ 01880 | 4613637 | 188 0288
S10%: | 01303 [ 01880 | 461 3675 | 188.0274
+10%: | 01261 [ 0.1867 | 483.6670 | 186.7276
+3% | 01281 | 01873 | 472.8674 | 18373289

® 3% | 01322 | 0.1886 [ 450.3427 [ 188.64376
-10%5 | 01343 [ 01893 | 4385905 | 189.535331
+10% | 01325 | 01827 | 4003326 | 182.7318
M +3% | 01313 [ 01854 | 4515064 | 185 4310
3% | 01288 | 01903 | 4013341 | 190.3203
-10% | 01274 | 01925 | 5202425 | 192 5284
100 [ 01200 | 01870 | 4628843 | 187.9301
B +3% | 01300 [ 01879 | 4623245 | 187.9301

3% | 01302 | 01879 | 4612023 | 187.9303
-10% | 01303 | 01880 | 460.6398 | 185.0303

From the table we observe that as parameter a increases/ decreases, order quantity and average total
cost increases/ decreases for case | and average total cost decrease/ increase and order quantity increase/
decrease for case Il. We observe that with increase and decrease in parameter o, there is corresponding very
slight increase/ decrease in total cost for both cases.

Also we observe that with increase and decrease in parameters X, there is corresponding increase/
decrease in total cost and decrease/ increase in total quantity for both case | and case Il. Moreover, we observe
that with increase and decrease in the value of M, there is corresponding decrease/ increase in total cost in both
case | and case I, but there is slight decrease/ increase for case | and case Il in quantity. Also, we observe that
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with increase and decrease in the value of R, there is corresponding increase/ decrease in total cost for both case
I and case 11, where as there is little change in quantity for both case I and case I1.

VI. CONCLUSION
In this paper we have developed an EOQ model for deteriorating items with linear demand, time

varying holding cost and complete backordering under inflationary conditions and permissible delay in
payments. Sensitivity with respect to parameters has been carried out. The results show that with the increase/
decrease in the parameter values there is corresponding increase/ decrease in the value of cost.

[1]
[2]

[3]
[4]
[5]
(6]
[’
(8]
[9]
[10]
[11]
[12]
[13]

[14]

REFERENCES
J.A. Buzacott, Economic order quantity with inflation; Operations Research Quarterly, Vol. 26, 1975, 553-558.
C.T. Su, L.I. Tong . and H.C. Liao, An inventory model under inflation for stock dependent demand consumption rate and
exponential decay, Opsearch, Vol. 20, 1996, 99-106.
K. Chung, J. Liu, and S. Tsai, Inventory system for deteriorating items taking account of time value; Engineering Opt., Vol. 27,
1997, 303-320.
I. Moon, B.C. Giri and B. Ko, Economic order quantity model for ameliorating / deteriorating items under inflation and time
discounting; Euro. J. Oper. Res., Vol. 162, 2005, 773-785.
K.L. Hou, An inventory model for deteriorating items with stock dependent consumption rate and shortages under inflation and
time discounting; Euro. J. O.R., Vol. 168, 2006, 463-474.
T.K. Datta and A.K. Pal, Effects of inflation and time value of money with linear time dependent demand rate and shortages;
Euro. J. Oper. Res., Vol. 52, 1991, 1-8.
S. Bose, A. Goswami and K.S. Chaudhuri, An EOQ model for deteriorating items with linear time dependent demand rate and
shortages under inflation and time discounting; J. Oper. Res. Soc., Vol. 46, 1995, 771-782.
M.A. Hariga, Optimal EOQ model for deteriorating items with time varying demand; J. Oper. Res. Soc., Vol. 47, 1995, 1228-
1246.
M.A. Hariga and M. Ben-Daya, Optimal time varying lot sizing models under inflationary conditions; Euro. J. of Oper. Res., Vol.
89, 1996, 313-325.
J. Ray and K.S. Chaudhury, An EOQ model with stock dependent demand, shortages, inflation and time discounting;
International J. Prod. Eco., Vol. 53, 1997, 171-180.
K. Chung and C. Lin, Optimal inventory replenishment models for deteriorating items taking account of time value of money;
Computers and Oper. Res., Vol. 28, 2001, 67-83.
S. Mishra, L.K. Raju, U.K. Misra and G. Mishra, A deterministic inventory model for deteriorating items with on-hand inventory
dependent, variable type demand rate; IJRRAS, Vol. 7, 2011, 181-184.
H.C. Liao, C.H. Tsai and T.C. Su, An inventory model with deteriorating items under inflation when a delay in payment is
permissible; Int. J. Prod. Eco., Vol. 63, 2000, 207-214.

S. Singh, An economic order quantity model for items having linear demand under inflation and permissible delay in payments;
International J. of Computer Applications, Vol. 33, 2011, 48- 55.

www.ijmsi.org 30|Page



