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Abstract 

 

The prime objective of this paper is to assert a production inventory model for crumbling components with Non-

Linear assess and stock dependent exigency that co-exists with an extraneous production scope. In reality, it is 

regarded that the production charge may not always be stable on account of massive competition in the marketing 

environment and the market demand for the product. The contemporary production system is pliant to satisfy the 

market demand. But the holding cost of the goods may crumble when stored in the warehouse on account of 

various factors which may lead to the variation in the absolute state of consumption. Hence, the crumbling 

percentage of components will elevate the product’s life span. The analogous optimization issue will be 

formulated, solved and validated to attain the productive cessation.  
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1. INTRODUCTION 

 

          The classical production inventory model was instigated presuming that the production rate is fixed. But in 

practise, the production rate may not always be fixed as a consequence of pitched strife in the marketing field and 

the demand in the market for the product too. In the prevailing literature of inventory control system, the life time 

of an article is interminable while it is in storage due to their physical characteristics. Consequently, the decay of 

the article cannot be left unnoticed. To regionalize, Stackelberg duopoly game approach has been applied 

considering the supplier as the chair person who decides the optimal wholesale price based on the retailer’s optimal 

selling price and order cycle, in order to maximize the expected profit for the decentralised case. 

 

2. LITERATURE REVIEW: 

          Ghare and Schrader [3] presumed an exponential decay percentage and investigated the effect of its on-

hand products. Later, Emmons [2] espoused a two-parameter Weibull distribution decay percentage and advocated 

ample measures to oversee the policy when decay wavers over time. Thereafter, Misra [4] accepted another model 

perceiving decaying goods and integrating Weibull distributed decay prohibiting shortages. Furthermore, Khan et 

al., Shaikh et al., and Panda et al., [8,9,10] formulated the decaying items presuming the fixed capacity of the 

retailer’s warehouse. Shen et al., [6] designed another model for attaining the optimal price and inventory 

strategies and also optimal production strategy. Dye and Ouyang [1] explained a mode for decaying articles with 

stock-associated market demand. Lee and Dye [7] proposed a model with Linear on-hand inventory associated 

market demand. Pando et al., [5] explored a model for decaying items with the Non-Linear stock amount-related 

consumption rate. 

 

3. FUNDAMENTALS: 

3.1 ASSUMPTIONS: 

          To materialize the anticipated pay off, the following assumptions are taken into consideration: 

1. Sustained and lucubrate proffering system. 

2. The demand rate  )(, tISD p  is determined on the market price pS of an article and the amount of 

commodities. It is personified by   .0,,),()(, cbatIcSatISD
b

pp 


 

3. A poor outlook for reimbursement for degenerated items. 

4. The approach operates only a single phrase in addition to one stocking moment which slides for an indefinite 

period. 

5. Every retrieval is made spontaneous. On the contrary, establishment is imperceptible. 

6. Inadequacies are forbidded. 

3.2 NOTATIONS: 

)(tI - Consignment of the vendibles at time t  

 - Productivity fare 

 - Slump rate where 10   

cS - Elevated cost of the production system 

pN - Normal production cost for every unit 

pO - Individual overtime production cost 

pD - Per capita deterioration cost 

PS - Selling price for every article 

 )(, tISD p
- Non-linear cost and stock dependent ultimatum 

cH - Holding price for unit time 

1t - Time period for which the stock amount reaches the pinnacle 

T - Time for which the stock amount vanishes 

 - Net profit of the system 

pL - Land value 

vH - Humus cost 

vD - Amount spent for defoliant 
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pH - Cost of herbicide 

pF - Fruition cost 

pC - Cost of capitulation 

3.3 RANKING FOR GENERALIZED TRAPEZOIDAL INTUITIONISTIC FUZZY NUMBER USING 

CENTROID METHOD: 

          Let B  be a generalized trapezoidal intuitionistic fuzzy number such that

    BB uwdcbadcbaB ,,,,,,,,,  , then its corresponding membership function                                                    

and non-membership part are represented by the formula 














 


18

7

18

)(7)(2
)( B

B

wcbda
S   and








 







 


18

711

18

)(7)(2
)( B

B

ucbda
vS  . The ranking formula based on the centroid method is 

defined as

BB

BBBB

uw

vSuSw
BR






)()(
)(


. 

 

4. MATHEMATICAL FORMULATION: 

          The integrated inventory system can be depicted by imposing the differential equations 

  )1(0,)(,)()(
)(

1tttISDtStI
dt

tId
pp  

 

  )2(,)(,)(
)(

1 TtttISDtI
dt

tId
p    

with supplementary conditions 0)( tI at Tt ,0 , )(tI preserves the continuity condition at 1tt  . Using 

the above condition the solution of the equation (1) and (2) can be written as 
10,/)1()( ttetI t   

where )1(   c and )1( 



b

pSa , then the condition becomes, 

  .),/()1)( 1

))(( 1 TttceSatI
tTcb

p 



 Imposing the continuity conditions at 1tt  , we have

  )/(1/)1(
))(( 11 ceSae

tTcb

p

t


  
. The aggregate of ordered items is

 1
)(

)(
1)(







 tp
e

bSa
Q




. The sum total charge to transfer all the products for the whole period is  
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The absolute production cost to assemble all the products is  

  
1

0

1 )(,)(

t

ppp dttISDtIOtNPC   

     )1( 1

2111 
 t

pp ektkOtN
 where )(1 




 
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


ck   
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Since the total decayed items during the production time ],0[ 1t and the production off time ],[ 1 Tt are 
1

0

)(

t

dttI

and 
T

t

dttI

1

)( respectively, the net cost for the decayed items during the period ],0[ T is 
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The procuring cost is )1(
)(

)(
1)(
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The pre-operating cost is denoted by cS  

Redeem value is given by 

p

S

p

S

aTcS p










1

1

 

The fruition and capitulate cost is 
Q

tCF

Q

tC

Q

tF pppp 111 )( 
  

Cost for the humus, defoliant and herbicide is aired by 
Q

tHDH pvv 1)( 
  

The diminution percent based on the quantity ordered is dP  

Processing cost per cycle is u  

The Salable price and the blemish cost per cycle are given by wP and 
Q

TS
respectively 

Travail cost and the land value are denoted in proportion by 
Q

tTLp )( 1
and 

pL  

Shift in climate cost due to effluence of defilement from the vehicle per cycle is 
u

Pd  

The gross cost ),( 1 Tt is given by  
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The eventual aspiration is to bring off the flawless out-turn of 1t and T to thrive the net profit. 



Section A-Research paper A Billable Time Production Inventory Model for Crumbling Components  

with Non-Linear Assess and Stock Dependent Exigency 

 

 

Eur. Chem. Bull. 2023, 12 (S2), 2681 – 2687                                                                                                   2685  

5. RANKING FOR GENERALIZED TRAPEZOIDAL INTUITIONISTIC FUZZY NUMBER USING 

CENTROID METHOD: 

          The solution of the proposed crisp model is brought out by administering geometric programming based on 

centroid ranking technique. The corresponding fuzzy cost for the entire phase is given by, 

    
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On application of the geometric programming approach the above equation becomes, 
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subject to the conditions  

0

0

0

1

42

32

21

4321









rr

rr

rr

rrrr









 

On solving the above conditions we get 
4

1
4321  rrrr   

6. NUMERICAL EXAMPLE: 

6.1 CRISP MODEL: 

cS = 50; hC = 0.25; 
pN = 10; 

pO = 2.7; pD = 17;  = 110;  = 0.03;  = 0.1; c = 0.25;                    = 0.1; 

a = 100; b = 0.5; pS = 15; S = 4000; pF = 3000; u = 30; vH = 7000; pH = 1500;            vD = 1300; pL = 

300000; wP = 5000; pC = 7000; dP = 2500 

The optimal solutions are 1t = 2.2862; T = 3.6119 and gross profit is ),( 1 Tt = Rs.1042.4384 

6.2 FUZZY MODEL:  

     8611.47)(;01944.0)(,89.0,001.0,82,60,40,18,,80,60,40,20  cvcc SSSSS   

Using ranking formula for centroid method, 8074.47)( cSGTIF  
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     2372.0)(;00009722.0)(,868.0,001.0,30.0,26.0,24.0,20.0,28.0,26.0,24.0,22.0  hvhh CSCSC 

Wielding the ranking formula we get, 2369.0)( hCGTIF  

     4944.9)(;0039.0)(,87.0,001.0,15,11,9,5,,13,11,9,7  pvpp NSNSN   

Applying the formula for centroid ranking, 4835.9)( pNGTIF  

     5688.2)(;00105.0)(,875.0,001.0,2.3,8.2,6.2,2.2,3,8.2,6.2,4.2  pvpp OSOSO   

Plying with the centroid formula, 5659.2)( pOGTIF  

     3583.14)(;005833.0)(,89.0,001.0,20,16,14,10,18,16,14,12  pvpp SSSSS   

From the ranking formula for centroid method, 3422.14)( pSGTIF  

     5556.3735)(;5556.1)(,83.0,001.0,5700,4500,3500,2300,5500,4500,3500,2500  SSSSS v

 The ranking formula for centroid method gives, 0622.3731)( SGTIF  

     6667.2836)(;1667.1)(,86.0,001.0,4700,3500,2500,1300,4500,3500,2500,1500  pvpp FSFSF 

 From the centroid ranking, 3743.2833)( pFGTIF  

     8217.28)(;01167.0)(,899.0,001.0,35,31,29,25,33,31,29,27  uSuSu v   

We have, 7897.28)( uGTIF  

     1.6673)(;7222.2)(,88.0,001.0,12000,8000,6000,2000,10000,8000,6000,4000  vvvv HSHSH 

Utilizing the centroid method, 5286.6665)( vHGTIF  

     8333.1428)(;5833.0)(,878.0,001.0,2270,1750,1250,730,2250,1750,1250,750  vvpp HSHSH 

 Exerting the centroid ranking, 2084.1427)( pHGTIF  

     1222.1220)(;5056.0)(,842.0,001.0,2070,1550,1050,530,2050,1550,1050,550  vvvv DSDSD 

 Incorporating the ranking formula for centroid method, 8075.1205)( vDGTIF  

     3333.4708)(;9444.1)(,85.0,001.0,6700,5500,4500,3300,6500,5500,4500,3500  wvww PSPSP 

Encompassing the centroid ranking formula, 8029.4702)( wPGTIF  

     6667.6591)(;7222.2)(,85.0,001.0,8700,7500,6500,5300,8500,7500,6500,5500  pvpp CSCSC 

 From the ranking formula for centroid method we have, 9241.6583)( pCGTIF and 
pD = 17;  = 110; 

 = 0.03;  = 0.1; c = 0.25;  = 0.1; a = 100; b = 0.5; 
pL = 300000; dP = 2500 

The optimal solutions are 1t = 2.0105; T = 3.0432 and the net profit is ),( 1 Tt = Rs.871.3522 

 

7. CONCLUSION 

 

          This paper concotes a production inventory model taking into consideration the added production system 

with Non-Linear price and Linear stock amount pertaining to demand. The extra production can check out scarcity 

during which the manufacturer should be perceptive to surpass the backorder situation. This can be well achieved 

by blowing away the total cost and implementing auxiliary production technique during the process of 

manufacture. This model is extended to be on the line of Non-Linear holding cost, advance payment, discount 

policy, credit-linked demand etc. by applying intuitionistic fuzzy number using geometric programming. 
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