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ABSTRACT:  

Due to various random factors influencing the production system the production 

scheduling is governed by laws of chance. This paper addresses stochastic production 

scheduling model in which the life time of commodity is random and follows a Weibull 

distribution. Weibull distribution includes increasing/decreasing and constant rates of 

deterioration. Here it is also assumed that the production is random and follows a generalized 

Pareto distribution. Assuming that the demand is a function of time, the instantaneous state of 

production quantity is derived. Assuming that the shortages are allowed and fully backlogged 

the amount of stock loss due to deterioration, production quantity and total cost of production 

per a unit time are derived. The optimal ordering policies such as the production uptime and 

production downtime are derived unconditionally and optimum production quantity is 

obtained. A numerical illustration is presented demonstrating the solution procedure for 

optimal production schedule. The sensitivity of the model with respect to the costs and 

parameters is also studied and found that the production rate distribution parameters and 

deteriorating distribution parameters have significant influence on optimal production 

schedule. This model also includes some of the earlier models as particular cases for specific 

or limiting values of the parameters. 

 

KEYWORDS: Stochastic production scheduling model, Generalized Pareto rate of 

production, Weibull rate of decay, Time dependent demand. 

 

1 INTRODUCTION: 

Stochastic production models play a dominant role in deriving optimal production 

schedules and production quantity. Several economic production quantity models have been 

developed and analyzed with various assumptions in order to analyze several production 

processes (Lakshmana Rao and Srinivasa Rao (2016)). In modelling the production 

scheduling the nature of the commodity is important. In some of the production processes the 
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life time of the commodity is random and subject to deterioration. The rate of deterioration 

may be dependent on time and varying. For example, in chemical and oil industries the rate 

of deterioration is time dependent. The variable rate of deterioration of the commodity can be 

modelled by considering the life time of the commodity follows a Weibull distribution (Uma 

Maheswara Rao (2011)). The Weibull rate of deterioration includes increasing, decreasing or 

constant rates of deterioration in addition to this it is customary to assume that the production 

rate is finite and fixed(Deb and Chaudhuri (1986)). Sridevi et al (2010) And Srinivasa Rao et 

al (2011) have developed stochastic production systems in which they assumed the rate of 

deterioration is constant and the rate of production is Weibull. Srinivasa Rao et al(2014) and 

Lakshmana Rao et al (2016) have studied EPQ models with Weibull replenishment for 

deteriorating items but many of the practical situations arising at chemical and oil industries 

the production rate is an increasing function of time. Caliskan(2020) have studied the 

ordering policies of deteriorating items. The increasing rate of production can be well 

characterized by generalized Pareto distribution. Generalized Pareto distribution includes the 

Uniform rate of production as a particular case. Very little work has been reported literature 

with respect to stochastic production systems in which the production is random and follows 

a Generalized Pareto distribution in addition to Weibull rate of decay. This model draws 

generic models for the production systems which are having increasing rate of production and 

variable rate of deterioration. Hence, this paper addresses the problem of deriving a stochastic 

production scheduling model with the assumption that the production is random and follows 

a generalized Pareto distribution having Weibull rate of deterioration assuming shortages are 

allowed and fully backlogged the instantaneous state of production quantity is derived. With 

suitable cost considerations the total cost function per a unit time is obtained. By minimizing 

the total cost function the optimal production uptime, production downtime and production 

quantity are derived. The sensitivity of the optimal operating policies with respect to the 

changes in parameters and costs is also studied. This model is extended to the case of without 

shortages. 

 

2 ASSUMPTIONS: 

For developing the model the following assumptions are made: 

i) The demand rate is a power function of time. i.e.,                         

(1) 
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where‘n’ is the indexing parameter, ‘T’ is the cycle length and ‘d’ is the total 

demand 

ii) The production is random and follows a Generalized Pareto distribution. The 

instantaneous rate of production is 

                                                                                                                  

(2) 

iii) Lead time is zero. 

iv) Cycle length, T is known and fixed. 

v) Shortages are allowed and fully backlogged. 

vi) A deteriorated unit is lost. 

vii) The life time of the item is random and follows a two parameterWeibull distribution 

with probability density function  

                   

Therefore the instantaneous rate of deterioration is  

                                                                                              

(3) 

The following notations are used for developing the model. 

Q :The production quantity.           

A : Setup cost. 

C :Cost per unit. 

h : Inventory holding cost per unit per unit time. 

π : Shortages cost per unit per unit time. 

3 EPQ MODEL WITH SHORTAGES: 

 Consider a production system in which the stock level is zero at time t = 0. The stock 

level increases during the period , due to excess production after fulfilling the demand 

and deterioration. The production stops at time when the stock level reaches S. The 

inventory decreases gradually due to demand and deterioration in the interval  . At time 

t2 the inventory reaches zero and backorders accumulate during the period . At time t3 

the production again starts and fulfils the backlog after satisfying the demand. During  

the backorders are fulfilled and inventory level reaches zero at the end of the cycle T. The 

schematic diagram representing the instantaneous state of inventory is given in Figure 1. 
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Fig 1: Schematic diagram representing the inventory level 

Let I(t) be the inventory level of the system at time ‘t’ (0 ≤ t ≤ T). The differential equations 

governing the instantaneous state of inventory(I(t))over the cycle of length T are  

                                                                       

(4) 

                                                                      

(5) 

                                                              

(6) 

                                                                         

(7) 

Where, h(t) is as given in equation (3), with the initial conditions, I(0) = 0, 

, and I(T) = 0. 

Substituting h(t) given in equation (3) in equations (4) and (5) and solving the differential 

equations, the on hand inventory at time ‘ t ‘ is obtained as 

                                                       

(8) 

                                                      

(9) 
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(10) 

                                                   

(11) 

Productionquantity Q in the cycle of length T is 

                                                                              

(12)  

From equation (8) and using the initial condition I(0) = 0, we obtain the value of ‘S’ as  

                                                                                                         

(13) 

When t = t3 , then equations (10) and (11) become  

 and                                                                                                                            

(14) 

  respectively.                         

(15)       

Equating the equations(14)and (15) and on simplification, one can get 

                                                                                              

(16) 

Let K(t1,t2,t3) be the total production cost per unit time. Since the total production cost is the 

sum of the set up cost, cost of the units, the inventory holding cost. Hence the total 

production cost per unit time becomes 

                              

(17) 

Substituting the values of I(t)given in equations (8), (9),(10) and (11) and Q given in equation 

(12) in equation (17), on integration and simplification one can obtain K(t1,t2,t3) as 
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(18) 

Substituting the value of S given in equation (13) in the total production cost equation (18), 

we obtain 

 

 

 

 

 

                                              

(19) 

Substituting the value of t2 given in equation (16) in the total production cost equation (19), 

we obtain 
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(20) 

4 OPTIMAL ORDERING POLICIES OF THE MODEL: 

In this section we obtain the optimal policies of the system under study. To find the optimal 

values of and , we obtain the first order partial derivatives of  given in equation 

(20) with respect to  and  and equate them to zero. The condition for minimization of 

 is 

     ;   where D is the Hessian matrix 

Differentiating  given in equation (20) with respect to t1 and equating to zero, we get 

                    

(21) 

Differentiating  given in equation (20) with respect to t3 and equating to zero, we get 

 

                      

(22)  

Solving the equations (21) and (22) simultaneously, we obtain the optimal time at which 

production is stopped  of  and the optimal time   of at which the production is restarted 

after accumulation of backorders. The optimum production quantity Q* of Q in the cycle of 

length T is obtained by substituting the optimal values of , in equation (11) as 

                                                                                                                           

(23) 
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5 NUMERICAL ILLUSTRATION: 

In this section we discuss the solution procedure of the model through a numerical illustration 

by obtaining the production uptime, production downtime, optimum production quantity and 

the total production cost of an inventory system. Here, it is assumed that the production is of 

deteriorating nature and shortages are allowed and fully backlogged. For demonstrating the 

solution procedure of the model the parameters are considered as  

 

 

 

 

                                    

 

Substituting these values the optimal production quantity , the production uptime, 

production downtime and total production cost are computed and presented in Table 1. 

From Table 1 it is observed that the deterioration parameter and production parameters have a 

tremendous influence on the optimal values of production times, production quantity and 

total production cost function. If the ordering cost ‘A’ increases from 700 to 805, then the 

optimal production down time  decreases from 5.3626 to 5.3614, the optimal production t 

up time  increases from 8.2526 to 8.2587, the optimal production quantity decreases 

from 27.2073 to 27.1851, the total production cost per unit time  increases from 76.592 to 

85.3211. The cost parameter ‘C’ increases from 12 to 13.8, then the optimal production down 

time  increases from 5.3626 to5.3734, the optimal production up time  decreases from 

8.2526 to 8.1403, the optimal production quantity increases from 27.2073 to 27.4013, the 

total production cost per unit time  increases from 76.592 to 80.7897 

As the inventory holding cost ‘h’ increases from 0.3 to 0.345, the optimal production down 

time  increases from 5.3626 to 5.3641, the optimal production up time  decreases from 

8.2526to 8.2373, the optimal production quantity   increases from 27.2073 to 27.2598, the 

total production cost per unit time  decreases from 76.592to 75.8325. As the shortage cost 

‘π’ increases from 0.5 to 0.575, the optimal production down time  increases from 5.3626 

to 5.3629, the optimal production up time  increases from 8.2526 to 8.2665, the optimal 

production quantity  decreases from 27.2073 to 27.1627, the total production cost per unit 
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time  decreases from 76.592 to 76.0209. As the production rate parameter ‘γ’ varies from 

0.02 to 0.023, the optimal production down time  increases from 5.3626 to 5.3652, 

 

Table 1 

Numerical Illustration 
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the optimal production up time  decreases from 8.2526to 8.0179, the optimal production 

quantity  increases from 27.2073 to 34.0229, the total production cost per unit time  

increases from 76.592 to 94.234. Another production parameter ‘α’ varies from 0.3 to 0.345, 

the optimal production down time  decreases from 5.3626 to 5.3389, the optimal production 

up time  increases from 8.2526 to 8.4742, the optimal production quantity  decreases 

from 27.2073to 19.1982, the total production cost per unit time  decreases from 76.592 to 

65.9398. 
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As the deteriorating parameter ‘θ’ increases from 3 to 3.45, the optimal production down time 

 increases from 5.3626to 5.3631, the optimal production up time  increases from 8.2526to 

8.2581, the optimal production quantity  decreases from 27.2073to 27.1893, the total 

productioncost per unit time  increases from 76.592to 76.8628. Another deteriorating 

parameter ‘η’ increases from 0.05 to 0.0575, the optimal production down time  decreases 

from 5.3626to 5.3617, the optimal production up time  increases from 8.2526to 8.2581, the 

optimal production quantity  decreases from 27.2073to 27.1895, the total production cost 

per unit time  increases from 76.592to 76.8483.  

As the demand parameter ‘n’ increases from 3 to 3.45, the optimal production down time  

decreases from 5.3626to 5.3603, the optimal production up time  decreases from 8.2526to 

8.2448, the optimal production quantity  decreases from 27.2073to 22.9274, the total 

production cost per unit time  increases from 76.592to 77.2375.As the another demand 

parameter ‘d’ increases from 100 to 115, the optimal production down time  increases from 

5.3626 to 5.365, the optimal production up time  decreases from 8.2526 to 8.2452, the 

optimal ordering quantity  increases from 27.2073 to 27.2366, the total production cost per 

unit time  decreases from 76.592 to 74.6035. 

 

6 SENSITIVITY ANALYSIS OF THE MODEL: 

Sensitivity analysis is carried to explore the effect of changes in model parameters and costs 

on the optimal policies, by varying each parameter (-15%, -10%, -5%, 0%, 5%, 10%, 15%) at 

a time for the model under study. The results are presented in Table 2. The relationship 

between the parameters and the optimal values of the production schedule is shown in Figure 

2.  

It is observed that the costs are having a significant influence on the optimal production 

quantity and production schedules. As the ordering cost ‘A’ decreases, the optimal production 

down time , the optimal production quantity  increases and the total production cost per 

unit time , the optimal production up time  decreases.  As the setup cost ‘A’ increases, 

the optimal production down time , the optimal production quantity are decreasing and 

the total production cost per unit time , the optimal production up time are increasing.  

As the cost per unit ‘C’ decreases, the optimal production down time , the optimal 

production quantity  and the total production cost per unit time  are decreasing, the 

optimal production up time increases.  As the cost per unit ‘C’ increases, the optimal 
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production down time , the optimal production quantity  and the total production cost per 

unit time  are increasing, the optimal production up time  decreases.   

 

Table 2 
Sensitivity Analysis of the Model – With Shortages 

Variation 

Parameters 

Optimal 

policies 
-15% -10% -5% 0% 5% 10% 15% 

  

5.3638 5.3634 5.363 5.3626 5.3622 5.3618 5.3614 

  
 

8.2465 8.2486 8.2506 8.2526 8.2546 8.2567 8.2587 

  
 

27.2295 27.2221 27.2146 27.2073 27.1999 27.1925 27.1851 

  
 

67.8631 70.7727 73.6824 76.592 79.5017 82.4114 85.3211 

  

5.3517 5.3553 5.359 5.3626 5.3662 5.3698 5.3734 

  
 

8.3056 8.2878 8.2702 8.2526 8.2178 8.178 8.1403 

  
 

27.0115 27.0773 27.1425 27.2073 27.2715 27.3353 27.4013 

  
 

72.3539 73.7606 75.1734 76.592 78.0166 79.447 80.7897 

  

5.3611 5.3616 5.3621 5.3626 5.3631 5.3636 5.3641 

  
 

8.2679 8.2628 8.2577 8.2526 8.2475 8.2424 8.2373 

  
 

27.1547 27.1722 27.1897 27.2073 27.2248 27.2423 27.2598 

  
 

77.355 77.1003 76.846 76.592 76.3385 76.0853 75.8325 

  

5.3623 5.3624 5.3625 5.3626 5.3627 5.3628 5.3629 

  
 

8.2388 8.2434 8.248 8.2526 8.2572 8.2619 8.2665 

  
 

27.2516 27.2369 27.2221 27.2073 27.1924 27.1776 27.1627 

  
 

77.167 76.9749 76.7833 76.592 76.4012 76.2109 76.0209 

  

5.3798 5.3746 5.3709 5.3626 5.3543 5.3463 5.3389 

  
 

7.8144 7.9843 8.1414 8.2526 8.3415 8.414 8.4742 

  
 

52.8152 40.7125 31.9603 27.2073 23.8063 21.2294 19.1982 

  
 

110.86 93.9179 82.8886 76.592 72.0807 68.6523 65.9398 

  

5.3565 5.3588 5.3609 5.3626 5.3637 5.3645 5.3652 

  
 

8.4238 8.3717 8.3151 8.2526 8.1831 8.1051 8.0179 

  
 

21.7743 23.2374 25.0073 27.2073 30.0445 33.909 39.6801 

  
 

68.5663 70.7881 73.4052 76.592 80.641 86.104 94.234 

  

5.3621 5.3623 5.3625 5.3626 5.3628 5.363 5.3631 

  
 

8.2465 8.2486 8.2507 8.2526 8.2545 8.2564 8.2581 

  
 

27.2271 27.2202 27.2136 27.2073 27.2011 27.1951 27.1893 

  
 

76.2957 76.3975 76.4963 76.592 76.685 76.7752 76.8628 

  

5.3634 5.3631 5.3629 5.3626 5.3623 5.362 5.3617 
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8.2466 8.2487 8.2507 8.2526 8.2545 8.2563 8.2581 

  
 

27.2268 27.2201 27.2136 27.2073 27.2011 27.1952 27.1895 

  
 

76.3107 76.4075 76.5012 76.592 76.68 76.7654 76.8483 

  

5.365 5.3642 5.3634 5.3626 5.3618 5.3611 5.3603 

  
 

8.263 8.2592 8.2558 8.2526 8.2498 8.2472 8.2448 

  
 

27.1792 27.1896 27.1989 27.2073 27.2147 27.2213 27.2272 

  
 

75.9422 76.1569 76.3741 76.592 76.8093 77.0248 77.2375 

  

5.3596 5.3607 5.3617 5.3626 5.3635 5.3643 5.365 

  
 

8.2614 8.2583 8.2554 8.2526 8.25 8.2475 8.2452 

  
 

27.1722 27.1847 27.1963 27.2073 27.2176 27.2274 27.2366 

  
 

78.4832 77.866 77.2351 76.592 75.9383 75.2751 74.6035 

 

As the holding cost ‘h’ decreases the optimal production downtime , , the optimal 

production quantity  are decreasing and the total production cost per unit time ,the 

optimal production up time are increasing.  As the holding cost ‘h’ increases the optimal 

production downtime , the, the optimal production quantity  are increasing and the total 

production cost per unit time ,optimal production up time  are decreasing. 

As shortage cost ‘π’ decreases the optimal production down time , the optimal production 

up time are decreasing and the optimal production quantity  and the total production cost 

per unit time  are increasing,.  As ordering cost ‘π’ increases the optimal production 

downtime the optimal production up time  are increasing and the optimal production 

quantity  and the total production cost per unit time  are decreasing.As the production 

rate parameter ‘γ’ decreases, the optimal production down time , the optimal production 

quantity  and the total production cost per unit time  are decreasing, the optimal 

production up time  increases. 

As the production rate parameter ‘γ’ increases the optimal production downtime , the 

optimal production quantity  and the total production cost per unit time  are increasing, 

the optimal production up time  decreases. As productionrate parameter ‘α’ decreases, the 

optimal production downtime , the optimal production quantity  and the total production 

cost per unit time  are increasing, the optimal production up time  decreases.  As 

production rate parameter ‘α’ increases the optimal production downtime , the optimal 

production quantity  and the total production cost per unit time  are decreasing, the 

optimal production up time  increases.  
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As the deterioration parameter ‘θ’ decreases, the optimal production downtime , the 

optimal production up time and the total production cost per unit time  are decreasing, 

the optimal production quantity increases. As deterioration parameter ‘θ’ increases the 

optimal production downtime , the optimal production up time and the total production 

cost per unit time  are increasing, the optimal production quantity  decreases. As another 

deterioration parameter ‘η’ decreases, the optimal production down time , the optimal 

production quantity  are increasing, the and theoptimal production up time , total 

production cost per unit time are decreasing.  As production parameter ‘η’ increases the 

optimal production down time , the optimal production quantity are increasing and the 

total production cost per unit time  , the optimal production up time  increases. 

 

 

Fig 2: Relationship between parameters and optimal values with shortages 

As demand parameter ‘n’ decreases, the optimal production down time , the optimal 

production up time  increasing and the optimal production quantity  and the total 
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production cost per unit time  are decreasing.  As demand parameter ‘n’ increases, the 

optimal production down time ,the optimal production up time are decreasing and the 

optimal production quantity  and the total production cost per unit time  are increasing. 

As total demand ‘d’ decreases, the optimal production downtime ,the optimal production 

quantity  are decreasing, the and the optimal production up time , total production  cost 

per unit time are increasing.  As total demand‘d’ increases the optimal production down 

time , the optimal production quantity are increasing and the total production cost per 

unit time  , the optimal production up time are decreasing. 

 

7 EPQ MODEL WITHOUT SHORTAGES: 

In this section the inventory model for deteriorating items without shortages is developed and 

analyzed. Here, it is assumed that shortages are not allowed and the stock level is zero at time 

t = 0. The stock level increases during the period  due to excess production after 

fulfilling the demand and deterioration. The production stops at time t1 when the stock level 

reaches S. The inventory decreases gradually due to demand and deterioration in the 

interval  . At time T the inventory reaches zero. The schematic diagram representing the 

instantaneous state of inventory is given in Figure 3.   

 

Fig 3: Schematic diagram representing the inventory level 

Let I(t) be the inventory level of the system at time ‘t’ (0 ≤ t ≤ T). Then the differential 

equations governing the instantaneous state of I(t) over the cycle of length T are  

                                                                         

(24) 

                                                                        

(25) 

Where, h(t) is as given in equation (3), with  I(0) = 0,  and I(T) = 0. 
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Substituting h(t) given in equation (3) in equations (24) and (25) and solving the differential 

equations, the on hand inventory at time ‘ t ‘ is obtained as  

                                                  

(26) 

                                                 

(27) 

Production quantity Q in the cycle of length T is 

                                                                                                            

(28) 

From equation (3) and using the initial conditions I(0) = 0, we obtain the value of ‘S’ as  

                                                                                                     

(29) 

Let  be the total production cost per unit time. Since the total production cost is the sum 

of the set up cost, cost of the units, the inventory holding cost. 

 

                                    

(30) 

Substituting the value of S in equation (29) in the total production cost equation (30), we 

obtain 

 

      

            (31) 

To find the optimal values of , we equate the first order partial derivatives of with 

respect to  equate them to zero. The condition for minimum of  is  
2

1
2

1

( )
0

K t

t
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Differentiating   with respect to  and equating to zero, we get 

                          

(32) 

Solving the equations (32), we obtain the optimal time  of at which the production is to be 

stopped. 

The optimal production quantity  of Q in the cycle of length T is obtained by substituting 

the optimal values of  in equation (33) as  

                                                                                                                                     

(34) 

For demonstrating the solution procedure of the model the deteriorating parameter η is 

considered to vary 0.3, 0.315, 0.33 and 0.345, the values of other parameters are: 

 

 

 

            

 

Substituting these values the optimal production quantity , the production time and total 

production cost are computed and presented in Table 3. From Table 3 it is observed that the 

deterioration parameters and production parameters have a tremendous influence on the 

optimal values of the model. It is also observed that the deterioration parameter and 

production parameters have a tremendous influence on the optimal values of production 

times, production quantity and total production cost function. If the setup cost ‘A’ increases 

from 500 to 575, then the optimal production down time  decreases from 7.6356 to 7.6334, 

the optimal production quantity decreases from 15.4471 to 15.4406 and the total 

production cost per unit time  increases from 53.8237 to 60.0653. The cost parameter ‘C’ 

increases from 12 to 13.8, then the optimal production down time  increases from 7.6356 to 

7.6632, the optimal production quantity increases from 15.4471 to 15.5286, the total 

production cost per unit time  increases from 53.8237 to 56.2574 

As the inventory holding cost ‘h’ increases from 0.5 to 0.575, the optimal production down 

time  increases from 7.6356 to 7.6443, the optimal production quantity   increases from  

15.4471 to 15.4725, the total production cost per unit time  decreases from 53.8237 to 
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53.3637. As production parameter ‘α’ varies from 0.3 to 0.345, the optimal production down 

time  decreases from 7.6356 to 7.5394,the optimal production quantity  decreases from 

15.4471 to 12.4765, the total production cost per unit time  decreases from 53.8237 to 

49.9894. Another production parameter ‘λ’ varies from 0.02 to 0.023, the optimal production 

down time  increases from 7.6356 to 7.7053, the optimal production quantity  increases 

from 15.4471 to 16.8687, the total production cost per unit time  increases from 53.8237 to 

55.6753.  

 

As the deteriorating parameter ‘θ’ increases from 3 to 3.45, the optimal production down time 

 decreases from 7.6356 to 7.6322, the optimal production quantity  decreases from 

15.4471to 15.4369, the total production cost per unit time  increases from 53.8237 to 

54.3137. Another deteriorating parameter ‘η’ increases from 0.3 to 0.345, the optimal 

production downtime  decreases from 7.6356 to 7.6298, , the optimal production quantity 

 decreases from 15.4471 to 15.4298, the total production cost per unit time  increases 

from 53.8237 to 54.3517. As the demand parameter ‘n’ increases from 2 to 2.3, the optimal 

production down time  decreases from 7.6356 to 7.6353, the optimal production quantity 

 decreases from 15.4471 to 15.4467, the total production cost per unit time  increases 

from 53.8237 to 54.2629.Asthe another demand parameter ‘d’ increases from 95 to 109.25, 

the optimal production down time  increases from 7.6356 to 7.6361, the optimal production 

quantity  increases from 15.4471 to 15.4483, the total production cost per unit time  

decreases from 53.8237 to 52.6695. 
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Table 3 

Optimal values of ,  ,  for different values of parameters 

    

         

500 12 0.5 12 0.3 0.02 3 0.3 3 95 7.6356 15.4471 53.8237

525                   7.6349 15.445 55.9042

550                   7.6342 15.4428 57.9848

575                   7.6334 15.4406 60.0653

  12.6                 7.6449 15.4743 54.6323

  13.2                 7.6541 15.5015 55.4435

  13.8                 7.6632 15.5286 56.2574

    0.525               7.6385 15.4556 53.6701

    0.55               7.6414 15.464 53.5168

    0.575               7.6443 15.4725 53.3637

        0.315           7.598 14.3001 52.3426

        0.33           7.5664 13.3221 51.0802

        0.345           7.5394 12.4765 49.9894

          0.021         7.6566 15.8777 54.3847

          0.022         7.6797 16.349 54.9987

          0.023         7.7053 16.8687 55.6753

            3.15       7.6345 15.4436 54.0045

            3.3       7.6333 15.4402 54.1671

            3.45       7.6322 15.4369 54.3137

              0.315     7.6337 15.4413 54.0191

              0.33     7.6317 15.4356 54.1944

              0.345     7.6298 15.4298 54.3517

                3.15   7.6355 15.447 53.9753

                3.3   7.6354 15.4468 54.1217

                3.45   7.6353 15.4467 54.2629

                  99.75 7.6358 15.4475 53.4389

                  104.5 7.6359 15.4479 53.0542

                  109.25 7.6361 15.4483 52.6695
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The sensitivity analysis is carried to explore the effect of changes in model parameters and 

costs on the optimal policies, by varying each parameter (-15%, -10%, -5%, 0%, 5%, 10%, 

15%) at a time for the model under study. The results are presented in Table 4. The 

relationship between the parameters and the optimal values of the production schedule is 

shown in Figure 4. As the ordering cost ‘A’ decreases, the optimal production downtime 

and the optimal production quantity are increasing and the total production cost per unit 

time decreases.  As the ordering cost ‘A’ increases, the optimal production downtime  

and the optimal production quantity are decreasing and the total production cost per unit 

time increases.  As the cost per unit ‘C’ decreases, the optimal production downtime , 

the optimal production quantity  and the total production cost per unit time  are 

decreasing .  As the cost per unit ‘C’ increases, the optimal production downtime , the 

optimal production quantity  and the total production cost per unit time  are increasing.  

As the holding cost ‘h’ decreases the optimal production downtime  and the optimal 

production quantity  are decreasing and the total production cost per unit time   

increases.  As the holding cost ‘h’ increases the optimal production downtime  and the 

optimal production quantity  are increasing and the total production cost per unit time   

decreases. 

It is observed that the costs are having a significant influence on the optimal production 

quantity and production schedules. As the production rate parameter ‘α’ decreases, the 

optimal production downtime , the optimal production quantity  and the total production 

cost per unit time  are increasing. As the production rate parameter ‘α’ increases the 

optimal production downtime , the optimal production quantity  and the total production 

cost per unit time  are decreasing. As another production rate parameter ‘λ’ decreases, the 

optimal production downtime , the optimal production quantity  and the total production 

cost per unit time  are decreasing.  As production rate parameter ‘λ’ increases the optimal 

production downtime , the optimal production quantity  and the total production cost per 

unit time  are increasing. As the deterioration parameter ‘θ’ decreases, the optimal 

production downtime and the optimal production quantity  are increasing and the total 

production cost per unit time  decreases. As deterioration parameter ‘θ’ increases the 

optimal production downtime and the optimal production quantity are decreasing and the 

total production cost per unit time  increases. As another deterioration parameter ‘η’ 

decreases, the optimal production downtime  ,the optimal production quantity  are 
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increasing and the total production cost per unit time  decreases.  As production parameter 

‘η’ increases the optimal production downtime , the optimal production quantity are 

decreasing and the total production cost per unit time increases. As demand parameter ‘n’ 

decreases, the optimal production downtime and the optimal production quantity are 

increasing and the total production cost per unit time  decreases.  As demand parameter ‘n’ 

increases, the optimal production downtime and the optimal production quantity are 

decreasing and the total production cost per unit time  increases. As total demand ‘d’ 

decreases, the optimal production downtime ,the optimal production quantity  are  

Table 4 
Sensitivity Analysis of the Model – Without Shortages 

Variation 

Parameters 

Optimal 

policies 
-15% -10% -5% 0% 5% 10% 15%

 

 7.6378 7.6371 7.6364 7.6356 7.6349 7.6342 7.6334 

   15.4536 15.4514 15.4493 15.4471 15.445 15.4428 15.4406

   47.582 49.6625 51.7431 53.8237 55.9042 57.9848 60.0653

 

 7.6079 7.6171 7.6264 7.6356 7.6449 7.6541 7.6632 

   15.3653 15.3926 15.4199 15.4471 15.4743 15.5015 15.5286

   51.4139 52.2145 53.0177 53.8237 54.6323 55.4435 56.2574

 

 7.6276 7.6299 7.6328 7.6356 7.6385 7.6414 7.6443 

   15.4235 15.4302 15.4387 15.4471 15.4556 15.464 15.4725

   54.255 54.1315 53.9775 53.8237 53.6701 53.5168 53.3637

 

 7.8088 7.7375 7.6812 7.6356 7.598 7.5664 7.5394 

   20.5832 18.4853 16.8157 15.4471 14.3001 13.3221 12.4765

   60.4573 57.7478 55.5912 53.8237 52.3426 51.0802 49.9894

 

 7.583 7.5991 7.6166 7.6356 7.6566 7.6797 7.7053 

   14.3463 14.6858 15.0514 15.4471 15.8777 16.349 16.8687

   52.3881 52.8309 53.3078 53.8237 54.3847 54.9987 55.6753

 

 7.6395 7.6382 7.6369 7.6356 7.6345 7.6333 7.6322 

   15.4585 15.4545 15.4508 15.4471 15.4436 15.4402 15.4369

   53.1424 53.396 53.6219 53.8237 54.0045 54.1671 54.3137

 

 7.6415 7.6396 7.6376 7.6356 7.6337 7.6317 7.6298 
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   15.4645 15.4587 15.4529 15.4471 15.4413 15.4356 15.4298

   53.0881 53.3613 53.6055 53.8237 54.0191 54.1944 54.3517

 

 7.6359 7.6358 7.6357 7.6356 7.6355 7.6354 7.6353 

   15.4476 15.4474 15.4473 15.4471 15.447 15.4468 15.4467

   53.338 53.5049 53.6668 53.8237 53.9753 54.1217 54.2629

 

 7.6352 7.6354 7.6355 7.6356 7.6358 7.6359 7.6361 

   15.4459 15.4463 15.4468 15.4471 15.4475 15.4479 15.4483

   54.9778 54.5931 54.2085 53.8237 53.4389 53.0542 52.6695

 

        

 

Fig 4: Relationship between parameters and optimal values without shortages 

decreasing and the total production cost per unit time  increases.  As total demand ‘d’ 

increases the optimal production downtime , the optimal production quantity are 

increasing and the total production cost per unit time decreases. 

 

8 CONCLUSION: 

 This paper addresses the stochastic modeling of production processes for deteriorating 

items having Weibull rate of decay and generalized Pareto rate of production. Here it is 

assumed that the production rate is time dependent and increases as time increases. The 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 6.157, ISSN: 2320-5083, Volume 9, Issue 5, June 2021 

 

47 
www.jiarm.com 

instantaneous state of inventory level is derived. A suitable cost considerations the total cost 

function is obtained and minimized. The optimal production schedule (production downtime 

and production uptime) are obtained. It is observed that the production distribution 

parameters and deteriorating distribution parameters have significant influence on optimal 

production cycle and production quantity. It is observed that allowing back orders has 

significant influence on production quantity. This model is useful for the processes under 

batch production. This model is useful for production managers to take optimal decisions in 

scheduling the production runs and planning for working progress. This model also includes 

some of the earlier models as particular cases. It is possible to extend this model to the case 

of changing money value (under inflation) and partial back orders which will be taken up in 

the next article.  
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