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Production inventory model plays a dominant role in production scheduling and planning. For the determination of optimal 
downtime, uptime of production and production quantity, it is required to minimize the expected total cost. The total cost of 
production is dependent on demand, production rate and rate of decay in deteriorating items. In this paper, we develop and 
analy  
invent  
sensi  
produ  
as pa
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ze the production inventory model for deteriorating items by assuming that the demand is a function of both on-hand
ory and time. It is also assumed that the lifetime of commodity is random and follows a Weibull distribution. The

tivity of the model is analyzed with respect to the parameters and costs. A case study is carried out to determine
ction schedules in a pickle manufacturing industry. This model also includes other production-level inventory models

rticular cases for specific values of the parameters. 
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Recently much emphasis is given to

ting items. The deterioration of inventory on 
s during the storage period constituents an important 
. The deterioration in general may be considered 
se of various effects on the stock, some of which are 
ge, spoilage, obsolescence, decay, decreasing 
lness and many more. For example, in manufacturing 
tries like drugs, pharmaceuticals, food products, 
ctive substances, the item deteriorates over a period. 
ias [1], Raafat [2], Goyal and Giri [3] reviewed 
tory models for deteriorating items. Cohen [4], 
rwal [5], Dave and Shah [6], Pal [7], Kalpakham and 
a [8], Giri and Chaudhari [9] developed the inventory 
ls with exponential lifetime. Tadikamalla [10] 
oped inventory model with Gamma distribution for 
oration. Covert and Philip [11], Philip [12], Goel and 
rwal [13], Hwang [14] and Venkatasubbaiah et.al 
iscussed inventory models with Weibull distribution 

e lifetime of the commodity. Nirupamadevi et.al [16], 
tudied the inventory models with the assumption that 
ifetime of the commodity follows a mixture of 
ull distribution. Lakshminarayana et.al [18] 
sted inventory models for deteriorating items with 
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exponential, Weibull 
distributions having seconds’

In all these papers, they assumed that the replenishment 
 instantaneous but in produ

nishment is finite. Srinivasa Rao et.al [19] developed
production inventory model with generalized Pareto 

fetime and time dependent demand. Mahapatra and Maity
0], Halim, Giri and Chaudhuri [21] studied the 

roduction inventory models for deteriorating items with
zzy deterioration rate. In these models, they assumed 
at the demand is dependent on stock or on-hand
ventory. Ouyang et.al [22] studied the inventory models 
ith stock dependent demand. Bhowmick et.al [23] 
ggested a continuous deterministic inventory system for

eteriorating items with inventory-level dependent time
arying demand. Jie Min et.al. [24] proposed a perishable 
ventory model with a stock dependent selling rate. They
so considered the demand rate is dependent on the
egative inventory level during the stock out period. Lee 
d Hsu [25] developed a two-warehouse inventory model
r deteriorating items with time-dependent demand.
anna and Chiang [26] developed two deterministic 
onomic production quantity models for Weibull-

istribution deteriorating items with demand rate as a ramp
pe function of time. Tripathy and Mishra [27] studied an
ventory model for weibull deteriorating items with price 

ependent demand and time-varying holding cost. In all
ese papers, they have considered that the demand is a 
nction of either stock dependent or time dependent. 
owever, in many manufacturing processes of 
eteriorating items, the demand is a function of both on-
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hand inventory and time. For example, in Seafood 
processing units, the rate of deterioration is variable and 
time dependent. Hence, in this paper, we develop and 
analyze an inventory model for deteriorating items with 
the a
and f
decay
decay
of on
mode
mode
param
consi
short

2. As

The produ ating items 
g assumptions and 

notations: 

2.1. A

i)  The productio

mmodity is random and follows a 
three 
proba  function of the form       

f(t)=                             

(John

where,  (alpha) is the shape parameter, (beta) is the 
scale par meter and 

ssumption that the lifetime of commodity is random 
ollows a Weibull distribution. The Weibull rates of 
 include increasing/ decreasing/ constant rates of 
. We also assume that the demand is a linear function 
 hand inventory and power pattern demand. This 
l is a general one as it includes several of the earlier 
ls as particular cases for specific values of 
eters.  We have developed two models by 

dering with and without shortages where as with 
ages model is discussed in detail.  

sumptions and Notations 

ction inventory model for deterior
is developed under the followin

ssumptions 

n inventory system involves only one type 
of item. 
ii) The life time of co

parameter Weibull distribution with  
bility density

γ ;t0,βα,,eγ)αβ(t
βγ)α(t1β >>− −−−

          

son et.al,1995) [28] 

α
a

 β
γ (gamma) is the  

loca   param . The Weibull d ution for 
deterioration is assumed since in many  
d in  
d
d
as
af

tion eter istrib

eteriorat g items, the rate of deterioration is a variable
epending on time having increasing / 
ecreasing / constant rates of decay. It is reasonable to 
sume that the deterioration starts only  
ter certain period of life, which is equivalent to γ , 

ence, the instantaneous rate of  h
d

h

eterioration is 

(t) = 
F(t)-1

f(t)
= 

1βγ)αβ(t −− , γt >  

where, F(t) cumulative density function of the 
Weibull distribution.  
This Weibull dist  includes exponential distribution 
as

 is the 

ribution
 particular case when β =1, γ  = 0  
d truncated exponential distribution when β =1. an

ii  
it n
d
iv  
fi
g  is in steady state 
d
v tion of quantity as 
eq

 

D (t) 

i) There is no repair or replacement of the deteriorated
em during the productio  cycle and the 
eteriorated item is thrown as a scrap. 
) The rate of production is governed by supply and is
nite say (R) .The production rate is 
reater than demand rate and system
uring production. 
) The rate of demand is a func
uation(1) 
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where, r is demand rate, n is pattern index;  (phi) 

and varied
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vi)  I ages are allowed and fully 
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rate i
dema
dema

2.2. N

yed in this paper are as given below: 
A  -  
C  -  
h   -  

 -  
K( t1, t
with 
Q  - T
R  -  

I(t)  -  On hand inventory at time 
2φ,1φ

 becan 

 bet

τ  (tau)  which constants positive are  
ding on the demand rate. This assumption is 

taking een 

ction and demand. If 02φ,01φ == , the rate of 

d becomes constant and D(t) = τ . 

0 and 0 == τ , the demand rate becomes power 

0= , the demand rate becomes 

 dependent demand. 
n shortages model, short

n
considered

u

an

pattern demand

the linear relationship

. If 2φ

1φ

ogged. During the shortages period, the backlogging 
s the surplus available after fulfilling the on hand 
nd and there is a penalty ( π ) (pi) for not meeting the 
nd. 

otations 

The notations emplo
 Setup cost 
 Unit cost  
 Holding cost of a unit per unit time 
 Shortage cost π

3, T)  -  The total cost of the system per unit time 
shortages model 
otal quantity of items produced per unit time  

 Rate of Production of items per unit time 

γ   -  The time point at which deterioration starts 

1 uction stopped              
t2   
t3  
co
T

  

H
sy
th
in  
an  
re
re  
S
in  
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ze

C  
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w
in  
in n

t     -   The time point at which prod
 -   The time point at which shortages occur 
   - The time point at which the production re

mmences 
    -   Production cycle time 

3. Mathematical Modeling 

 

ere, we have considered a production inventory 
stem for deteriorating items, which is assumed to follow 
e pattern as, described. The production starts when 
ventory is zero and the produced items meet the demand
d deterioration. The production is stopped, when stock
aches to a maximum inventory level and allowed to 
ach zero gradually due to the demand and deterioration.
hortages are allowed and backlogged until some time 
terval and at the same time production starts to clear the

acklogging and the regular demand until stock becomes
ro.    

onsider a production-level inventory model, in which
ortages are allowed. The production starts at time t = 0, 
hen the stock is zero and reaches to a maximum 
ventory level at time t = t1. The time interval is divided
to two non-overlappi g intervals (0, γ ) and ( ,γ t1). 
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During the interval (0 ), the produced items partly meet 
the demand and al ( 1), the produced items 
are partly consum the demand and deterioration 
and excess items are stored. The production is stopped at 
time 
gradu

= t2, the inventory b es zero  Shortages are permitted 

until time t = t3 and production starts at this instant of 
time. During the time period (t3, T), all the backlogged 
shortages are cleared in addition to fulfilling the on hand 
demand and the cycle repeats thereafter. The above 
in

 

Let  denote the inventory level of the system at time t

, γ
during interv

ed due to 

ecom

γ, t

.

 I(t)

t = t1 and the stock level is allowed to reduce 
ally due to the demand and deterioration and at time t 

ventory model is represented in Fig.1. 
Fig.1 The inventory system - with shortages. 
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The instantaneous state of inventory at any time t, during the interval (t2, t3) is 

I(t) =                                                                                                      (9) 

The instantaneous state of inventory at any time t, during the interval (t2, T) is 

I(t) =  ,                                                                                                (10) 
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The tota , 
K(t1,t    

)

l cost per unit time is to be minimized for obtaining the optimal production scheduling policies. For a given t3

3,T) is a convex function of t1, we obtain the necessary condition, which minimizes K(t1,t3,T) with respect to t1 is
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, 3.370 to 3.416 months) and (23.77 to 21.28 units) 
ncrease in total cost (K*, Rs.197.668 to 200.402) 
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96.487 to 222.720) respectively. Increase in γ results 
ase in all optimal policies. Increase in demand 
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ITIVITY ANALYSIS 

 sensitivity analysis has been carried out to explore 
ffect on the optimal policies by varying the value of 
parameter at a time and all parameters together. The 

btained by changing parameters by -15%, -10%. -
5%, +10% and 15% are tabulated in Table 2.        
is noticed that the increase in deterioration 

eters ( )α,β  has increasing trend in optimal 
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nits *

*

) and total system cost K  (Rs.190.6 to 201.268).  
The graphical representation of the parameters 

optimal policies is shown in Fig.2 

• This model considers the delayed nature of deca
considering th
distribution. 

• This model includes increasing, decreasing and 
onstant rates of decay whichc  is   a more general type 

of distribution for decay.  
• In this model, the demand function considered includes 

a spectra of demand patterns like time dependent 
demand, stock dependent demand, constant rate of 
demand, both time and on-hand inventory depende
demand. Hence, this model can be viewed as a 
generalized EPQ, which serves several types of 
demands. 

• This model is also can be generalized by assumin
product under consideration follows a general 
distribution like Pearson type distribution which 
includes Weibull as a particular case. Since, it is 
capable of providing optimal production schedules
can be commercialized by developing user-frien
oftware package which serve as robust model for 

production scheduling and inventory control. '; 
We also reduced the 
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Table-2: Sensitivity analysis of Optimal Policies -Demand is function of on hand inventory and time – with shortages 
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Appendix 

II (Without Shortages) 

In this section onsider the production level 
inventory
produ
reach
time 
(0,

, we c
 model in which shortages are not allowed. The 

ction starts at time t = 0, when the stock is zero and 
es to a maximum inventory level at time t = t1. The 
interval is divided into two non-overlapping intervals 
) and ( ,γ tγ 1). During the interval (0, γ ), the 

produced  
 
 
 

 
 
 
 
 

items partly meet the demand and during interval ( γ, t
th
an
pr
al
de
ze
re
sh

 

1),
e produced items are partly consumed due to the demand
d deterioration and excess items are stored. The 
oduction is stopped at time t = t

 
 

 

 
 

1 and the stock level is
lowed to reduce gradually due to the demand and 
terioration and at time t = t2, the inventory becomes 
ro. At this time, the production starts again and the cycle
peats thereafter. The inventory model explained above is
own in Fig.3.  
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Fig.3 The inventory system – without shortages 

 
Let I (t) denote the inventory level of the system at time t ( Tt0 ≤≤ ), then  the differential equa

instantaneous state of inventory I(t) at any ti
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     wi dary conditions I(0) = 0 and  I(T) = 0.  
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The instantaneous state of inventory at any time t, during the interval (γ , t1) is 
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Since the production is stopped after reaching maximum inventory level, at any time t during the interval (t1, T) is 
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The production quantity during the cycle time (0, T) is the production rate (R) multiplied by time period of production 
(t1) and i

Q                                                                                                                                                      (7)    
The t g 

cost per 

K (t1,T

1

s given by 
 = R t1                      

otal cost per unit time  K (t1, T) is the sum of the set up cost per unit time, purchasing cost per unit time and holdin
unit time and shortage cost per unit time i.e., 
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bstituting the values for I(t) and Q from the equations (4),(5),(6) and (7) in equation (8), we get  
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The a as simplified similar fashion as 
done for shortag

 
By m

to t1, 1

and the optimal economic pr tity Q. Since 
K(t1,T) i
the n

bove equation w
es model.  

inimizing the total cost per unit time with respect 
we can obtain the optimal production start up time t  

oduction quan
s a convex function of t1 for a given T, we obtain 

ecessary condition, which minimizes K(t1,T) is 

)(
0.

t

T,t

1

1 =  K

∂
∂

Solving the above non- linear equation of for t1, by 
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Fig. 4: Graphical representation of sensitivity analysis of important parameters- without shortages 
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