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ABSTRACT

In this paper, we presentan ordering policies based inventory model with the effect of learning for the
retail products during multichannel distribution where the demand of the product is imprecise
(uncentain) in nature. The demand of the product is treated as triangular fuzzy number. As we know, the
perishable items deteriorate in a short period and as soon as damage due to deterioration rate and
deterioration can be ignored. Deterioration of perishable food can try to control with the help of
preservation of the environment but extra charge bears to the seller or buyer. The preservation cost
added in model this for more profit for the buyer. The effect of learning is holding the cost as well as
ordering costand that's why the learning effect minimizes the holding cost and ordering cost.we
minimized total inventory cost with respect to cycle length where demand is in imprecise in nature. The
numerical example has been given for the justification of the proposed model and sensitivity analysis
reflects the results of the proposed model. Few outcomes are useful when learning rate increases,
retailer’s total cost decreases, and cycle length is almost fixed. In the end, the entire inventory cost keeps
down with respect to cycle length. The numbers of examples describe the relevance of the present model.

Keywords: Fuzzy environment, Learning effects, EOQ, Perishable items, Preservation, Deterioration.

1. INTRODUCTION

In this business field, there areseveral issues betweenretailer and customer concerning optimal profit
along with total cost from one and other side and this kind of issuesmake efforts to solveby Adad and
Jaggi (2003) with the help of an arithmetic model. Thismodel has shown the effects of credit financing
policy. Shinn and Hwang (2003) estimate the highest price for the retailer’s along with lot size operate
with the help of credit financing scheme. In the inventory system,overall cost performs an important role.
Hung and Chung (2003) introduced an inventory model which is the enlarged form of Goyal (1985)
describing how to reduce the total cost with the help of credit financing along with payment rebate
scheme. An arithmetic model has been spread for best costing and batch sizing in which presume that
buying quantity and selling price both are dissimilarbelow credit financing policy when demand is a
function of selling price. Hung (2007) recommended progressing the EOQ model in an easy way and
specified new suggestions on how to observe the optimal lot size for the retailer. Luo (2007) suggested an
inventory model for the cooperation between retailer and customerbelow the credit financing scheme.
The research work of Goyal et al. (1985) has been generalized by Su et al. (2007) with the help of credit
financing policy and payment rebate.Teng et al. (2006) arranged a two-level credit financing inventory
model and in this model the total order is optimized below the permissible delay in amount.

The analysis work of Huang (2003) has been explored by Huang (2006) and upgraded this model with the
help of two-level credit financing as well as restricted storage space.Teng and Goyal (2007) introduced a
stock model for the buyerswhen the buyer used the credit policy provided by the customerin the
industrial sector. Huang (2007) stabilized the establishment of total economic order which was increased
with the form of Haung (2003) with the help of a two-level credit financing scheme.
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Huang and Hsu (2008) to expand a two-level credit financing schemewith the help of a partial credit
scheme. An economic order quantity formulation has been presented by Jaggi et al. (2008) introducing an
economic order quantity formulationwith the help of two-level credit policy with credit dependent
demand. Huang (2007) research tasks have been modified by Teng and Chang (2009) with the help of a
two-level credit financing scheme which is helpful for the consumers. Chen and Kang (2010) expand a
model for an industrial system with the help of two-level credit policy with price dependent demand
along with a satisfaction. Shah et at. (2010) has provided a large amount of articles for the inventory
system with the help of a two-level credit financing scheme. That factor affectedthe cost of airplanes
examined by Wright (1936). The learning effect on seller’s ordering policy for defective items with trade
credit financing was suggested by Jayaswal (2019). The total manufacturing of profit-makingmodels for
items with defective quality subjected to the effect of learning described by Jaber et al. (2008). Mandal
and Giri (2017) developed an imperfect quality based inventory model for two warehouse system under
supply chain model where demand rate varies with respect to stock of the inventory. Sheikh and patel
(2017) improved a two-warehouse based model by using of the shortages concept for deteriorating items
where the rate of demand varies with time. Some authors shown the idea of the fuzzy in the system of two
warehouse. The basic idea of the fuzzy theory is suggested by Zadeh (1965). Zadeh and Bellman (1970)
developed a model by applying of the theory of fuzzy concept. Kao and Hsu (2002) derived an inventory
model for the single period under fuzzy demand and also treated as a fuzzy number. In this order, De and
Rawat (2011) worked on the fuzzy model with the help of triangular fuzzy number. Yadav et al.(2017)
presented trade credit inventory model for two-warehouse under deterioration situation. Singha et
al.(2019) considered a two-warehouses inventory model with shortages for decaying items under
variable demand with respect to selling price. In this direction, Malik et al.(2024) proposed a green
supply chain model with inflation and preservation under trade credit policy. Yadav et al. (2022)
developed a fuzzy based inventory model for deteriorating items under variable demand rate. Singh and
Malik (2010) assumed an EOQ model with variable demand rate under some realistic situations. Kumar
(2021) derived the formula for the EOQ under fuzzy environment. Malik and Garg (2021) generalized an
inventory model for two-warehouse system under fuzzy environment.Yadav et al.(2022) developed a
fuzzy based inventory model for deteriorating items under variable demand.Mandal (2023) proposed an
inventory model with fuzzy environment for the deterioration demand under the variable demand with
respect to the stock and also variable holding cost.The learning effect is a one type of mathematical too
which helps to minimize the total fuzzy cost corresponding to the number of shipment. we included some
authors who worked on the learning theory, Jayaswal et al.(2019) developed a learning based model with
the effect of trade policy for imperfect quality items under inspection.Jayaswal et al. (2021) presented an
imperfect based scenario with trade-credit policy for deteriorating items under inspection
process.Jayaswal et al. (2021) assumed an inventory model with preservation technology for the
perishable items under learning effect.Alamri et al. (2023) explained an inventory model with fuzzy
environment for imperfect items under trade credit policy.Alsaedi et al. (2023) presented a supply chain
management with carbon emissions under learning fuzzy theorem. In this direction some authers have
contributed likeMalik and Singh (2013), Malik et al. (2017)Maliket al.(2017),Malik and Sharma
(2011),Vikram et al.(2016) and Singh and Malik (2010) and these authors gave an inventory model with
different approach for diteriorating items under various.In this paper, we developed an inventory model
with the combination of two-warehousepolicy and the effect of leaning in ordering cost for the perishable
items under fuzzy environment. The total fuzzy cost defuzzyfied with the help of centroid fuzzy method.
The behavior of the inventory input parameters also presented in the sensitivity analysis section and
future work of this paper briefly explained in the conclusion section.

2. Assumptions and Notations
The mathematical model is derived using following notations and assumptions.

2.1 Assumptions

Replenishment rate is infinite.

The rate of demand is imprecise in nature

The rate of demand is as a triangural fuzzy number

There are no shortages in this model.

The lead-time is considered to be zero.

Unit purchasing cost is less than the unit selling price.

No replacement policy of perishable items during cycle length.
Holding cost and ordering cost are the following learning effects.

VVVVVVYVYVY
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2.2 Notations

R Annual demand rate of the product (unit /year)

R Annual fuzzy demand of the product(unit/year)

S Preservation cost($/unit item)

A Ordering cost which follows the learning effect ($/order)
P Selling price per unit ($)

0 Decaying rate (time)

C Unit purchase cost ($)

h Unit holding cost which follows the learning effect.($/unit/year)
Q Order quantity (unit)

T Cycle length (year)

q(t)The inventory level in the interval, 0<t<T
K(T)

The whole inventory level cost($)

K (T )The whole inventory fuzzy cost($)

3. Mathematical formulation

O<t< T). Initially,

In the Figure 1, we are considering that, q(t)is the inventory level in the interval(
the stock level is Q. The present stock is reducing due to demand and deterioration and finally, it has

finished at t =T.The rate of change of inventory stock are followed as differential equation as given
below:

Inventory level

qft) R

o Time
T

Figure 1: Representation of inventory model

dg_it)Jréq(t):—R,te[O,T], (1)

With initial and boundary conditions, q(O) =Qand q(T) =0.
The solution of eq. (1) is given below;

R _
at)=— " -1) @
We calculated the order quantity by using of boundary condition from theequation (2), then, we get
R
Q=0(0)= (" -1) G)

Now, the component of cost concern this scenario which is given below
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1 C
Ordering cost per cycle, OC = — Cl +—2 (4)
T n’
h
[hl + ;)R
Holding cost per cycle, IHC = 9+ (EHT -7 — 1) (5)
Lo . CR( o
Deterioration cost per unit time CD = C(Q - RT) = E(e —-ar —l) (6)
Preservation cost PV =&T (7
Now, the total inventory cost per unit time is

K(T)=%[IHC+OC+CD+ PV]@s

3.2 Formulation of model under fuzzy environment

As per assumption, it assumed that demand rate of the product is followed as a triangular fuzzy number
and the total fuzzy cost has been defuzzified by the application of the centroid method (CM) and from the
equation (8),

the total inventory fuzzified cost per unit time

K(T)=

1 (hl ;J 1 C CR

n ar 2 ar
==~ (e 4T 1)+ =| C, + =2 |+ =—(e” — 6T —1)+£T 9
I 01 ( ) I(l j HT( ) ©)

n”

The total defuzzfied inventory cost by using of the centroid method, from the equation (9), we
d,+d,+d,)

, |0 +d, +0,) (
K:(T)=1 (err:]ﬂj((Hg(jj(e”HTlﬁTl( ¢ j+C[ €T3 j(e€T9T1)+£T (10)

C+—
T 0T fpf

The equation (10) represents the total defuzzified cost for the multichannel of the retail product.

4. Solution Metho
In this section, we are calculating the decsion variable by using of maxima and minima property. We

| | | | dK(T) g
calculate the optimal cycle time and for the optimal cycle time | , we set T = O which give th cycle
time

Z(Cl + C;j
n
T =T,(say) = (11)
d, +d, +d h
[( L 32 3)j{h1 +nZﬁ+C(9)}
Now, we calculates the second derivatives
~ C_I_& hl_l_& (d1+d2+d3) C (d1+d2+d3) (9
dK(T) tonf n’ 3 3
=- Tt + (12)
a7 T 2 2
C
= 2/C, +—=
and dZK(T)— ( : nﬁj (13)
dT? T?
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(14)

From (14), shows the convexity of total inventory cost, hence the optimal cycle length is that;

C

2
7)
h

T =T, (say) =

(15)

The value of optimal cycle time from the equation (15) replaced in the equation (10), we get;
i ]

(d +d, +d,)
j2C +; j (emimil)
(d +d +d3) h1+ h, +c(9)}
=~ _ 1 ( +&
" e 5) 1 +f) (&%)
(WHFH +c(9)} (d +d +d ) . +C(9)}
(d +d3+d )] 2C1+C—/27
+gr(e —or —1)+ & [wj{m*»%*’C(g)} J(16)

4.1 Numerical example

Table 1: Inventory parameters and decesion variable

Fuzzy demand rate

R =(400,500,600) (unit)

Fixed holding cost

h; = 2($)and h, = 1($)

Fixed ordering cost

Cl = 30($) and Cz = 10($)

Learning rate B =0.23
Decaying rate 6 =0.23
Preservation cost €= 0.15 (%)

Number of shipment n=>5
Purchasing cost C=50(9%)

Optimal cycle time

T* = 0.2643 (year)

Minimum inventory fuzzy cost

R(T) = 3246 ($)

5. Sensitive analysis

In this section, we analysed the impact of inventory parameters on the optimal cycle time and total fuzzy
inventory cost. the impact of learning rate, shipments, deterioration rate, preservation cost and fuzzy
demand rate have been presented from the Table 2 to Table 6.

Table 2: Impact of learning rate under cycle time and whole fuzzy cost per cycle.

Learning rate Cycle length | Retailer’s
Jij T (Year) totalfuzzy cost
K(T") )
0.23 0.2643 3246
0.24 0.2643 3254
0.25 0.2643 3268
0.26 0.2643 3274
0.27 0.2643 3287
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Table 3: Impact of the number of shipments on cycle time and whole fuzzy cost per cycle

Number of | Cycle length | Retailer’s total
shipments T (year) flizzy cost

(n) K(T") )

1 0.2610 3204

2 0.2628 3212

3 0.2632 3225

4 0.2638 3238

5 0.2643 3246

Table 4: Impact of the decaying rate on cycle time and whole cost.

Deterioration Cycle time Retailer’s  total
rate T (Year) fuzzycost

0 K(T)®)

0.10 0.2754 2544

0.15 0.2730 2687

0.20 0.2643 3246

0.25 0.2340 3432

0.30 0.2010 3656

Table 5: Impact of the preservation cost on retailer’s cycle time and whole cost

Preservation cost | Cycle Retailer’s total

3 Jitems length fuzzy cost
Tea) | K(T) )

0.15 0.2643 3246

1.15 0.2643 3154

2.15 0.2643 3355

3.15 0.2643 3456

Table 6: Impact of the fuzzy demand rate on retailer’s cycle time and whole cost
Fuzzy demand rate | Cycle Retailer’s total

R (d11 d,, d3) length fuzzy cost
T (year) R(T*) $)
(400,,500,600) | 0.2643 3246
(500,,600,700) | 0.2630 3358
(700,,800,900) | 02594 3398
(900,,1000,1100) | 02434 3456

Optimal cycle time
fo=]
s
L

0225 023 0235 024 0245 025 0255 026 0265 027 0275
Learning rate

Figure 2: Impact of learning rate on optimal cycle time
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3270
3265
3260
3255

3250

Total invento ry Fuzzy cost

3245

3240
0.225 023 0235 024 0245 0.25 0255 026 0265 027 0275

Learning rate

Figure 3: Impact of learning rate on total inventory fuzzy cost

0.2645
0.264
0.2635
0.263
0.2625

0.262

Optimal cycle time

0.2615

0.261

0.2605
0 1 2 3 4

L
[=3]

Shipments
Figure 4: Impact of shipments on optimal cycle time

3250
3245
3240
3235
3230
3225
3220
3215
3210
3205

3200
0 1 2 3 4 5 &

Total fuzzy cost

Shipments

Figure 5: Impact of shipments on the total fuzzy cost

Observations and Managerial insights

> From Table-2,Figure 2 and 3, it is found that the learning rate is increased from 0.23 to 0.27,
retailer’s total fuzzy cost decreases when learning rate is increased and the cycle length is almost fixed.
This study informs decision-makers to take account of the learning effect while making decisions which
helps them to earn more profit for the organization. Hence the retailer gets more information for the
exercise of shipments.

> From Table-3,Figure 4 and 5, it is found that the number of shipments increases, from 1-5, and
the cycle length is increased up to 5th shipment. Retailer’s total cost decreases when the number of
shipments increases while cycle length is steadily increased.
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> From table-4, it is found that the deterioration rate is increased slowly and the cycle time initially
decreases while the seller's overall cost is increased with respect to deterioration rate.

> From table-5, it is found that the preservation cost is increased up to 0.15 to 3.15 and  cycle
length is fixed while the seller’s overall fuzzy cost is increased.

> From Table-6, if the rate of fuzzy demand increases then, cycle length decreases and retailer’s
total fuzzy cost increases.

CONCLUSION

This article has tried to develop an arithmetic formula to decide cycle length and the correlation
withoverall fuzzy cost with the effect of learning put in over the holding cost as well as the ordering cost
where demand rate is treated as triangular fuzzy number. Eventually, we have come to an end and the
consequences of this model appear that the seller’s whole cost comes down as learning rate increases.
When items are easily spoiled then preservation ought to be essential to control the deterioration rate
however, the total cost increases. In this framework the items disclose that learning notion it is very
helpful to get less inventory value. The mathematical analysis detected together clearly suggested that the
existence of preservation and the effect of learning had a positive effect on the whole cost. Present work
improves for more sensible positions such as supply reliant and cloudy environments etc.

REFERENCES

[1] Abad, P. L., & Jaggi, C. K. (2003). A joint approach for setting unit price and the length of the credit
period for a seller when end demand is price sensitive. International Journal of Production
Economics, 83(2), 115-122.

[2] Alamri, O. A, Jayaswal, M. K., & Mittal, M. (2023). A Supply Chain Model with Learning Effect and
Credit Financing Policy for Imperfect Quality Items under Fuzzy Environment. Axioms, 12(3), 260.

[3] Ahmad, Naeem. "Some new applications of Integral and Differential operator for new subclasses of
analytic functions." Results in Nonlinear Analysis 6.4 (2023): 97-115.

[4] Biswaranjan Mandal (2020) : An Inventory Management System For Deteriorating I[tems With Ramp
Type And Quadratic Demand: A Structural Comparative Study, International Journal on Soft
Computing (IJSC) Vol.11, No.1/2/3/4, 1-8. ISSN: 2229 - 6735 [Online]; 2229 - 7103 [Print]
https://airccse.org/journal/ijsc/ijsc.html.

[5] Biswaranjan Mandal (2023) : Optimization of Fuzzy Inventory Model for Deteriorating Items under
Stock Dependent Linear Trended Demand with Variable Holding Cost Function, Strad Research,
https://doi.org/10.37896/sr10.5/030 ISSN: 0039-2049, 17(5), 250-261.

[6] Chen, L. H, & Kang, F. S. (2010). Integrated inventory models considering the two-level trade credit
policy and a price-negotiation scheme. European Journal of Operational Research, 205(1), 47-58.

[71 De, P.K. and Rawat, A. (2011) : A Fuzzy Inventory Model without Shortages Using Triangular Fuzzy
Number. Fuzzy Information and Engineering, 3, 59-68. http://dx.doi.org/10.1007/s12543-011-
0066-9.

[8] Dhivya Lakshmi M. and Pandian P.(2021) :Production inventory model with exponential demand
rate and exponentially declining deterioration, Italian Journal of Pure And Applied Mathematics, 45,
59-71.

[9] Donaldson W.A. (1977) : Inventory replenishment policy for a linear trend in demand- an analytical
solution. Operational Research Quarterly, 28, 663-670.

[10] Goyal, S. K., 1985, Economic order quantity under conditions of permissible delay in payments,
Journal of the Operational Research Society, 36, 35-38.

[11] Huang, Y. F. (2003). The deterministic inventory models with shortage and defective items derived
without derivatives. Journal of Statistics and Management Systems, 6(2), 171-180.

[12] Huang, Y. F. (2006). An inventory model under two levels of trade credit and limited storage space
derived without derivatives. Applied Mathematical Modelling, 30(5), 418-436.

[13] Huang, Y. F. (2007). Optimal retailer’s replenishment decisions in the EPQ model under two levels of
trade credit policy. European Journal of Operational Research, 176(3), 1577-1591.

[14] Huang, Y. F,, & Chung, K. ]. (2003). Optimal replenishment and payment policies in the EOQ model
under cash discount and trade credit. Asia Pacific Journal of Operational Research, 20(2), 177-190.

[15] Huang, Y. F,, & Hsu, K. H. (2008). An EOQ model under retailer partial trade credit policy in supply
chain. International Journal of Production Economics, 112(2), 655-664.

[16] Indrajitsingha S K, Samanta P N and Misra U K, (2019) : A fuzzy two warehouse inventory model for
deteriorating items with selling price dependent demand and shortage under partial backlogged
condition, Int. Journal Applied Mathematics, 14, 511- 536.

1357 Ravindra Kumar et al 1350-1359


https://airccse.org/journal/ijsc/ijsc.html
http://dx.doi.org/10.1007/s12543-011-0066-9
http://dx.doi.org/10.1007/s12543-011-0066-9

Journal of Computational Analysis and Applications VOL. 33,NO. 7, 2024

[17] Jaber M. Y., Goyal S. K. and Imran M. (2008). Economic Production Quantity model for items with
imperfect quality subjected to learning effects. International Journal of Production Economics, 115,
143-150.

[18] Jaggi, C. K, Goyal, S. K, & Goel, S. K. (2008). Retailer’s optimal replenishment decisions with credit-
linked demand under permissible delay in payments. European Journal of Operational Research,
190(1), 130-135.

[19] Jayaswal M., Sangal 1., Mittal M. and Malik S. (2019). Effects of learning on retailer ordering policy for
imperfect quality items with trade credit financing. Uncertain Supply Chain Management, 7, 49-62.

[20] Jayaswal M., Sangal 1., Mittal M. and Malik S. (2019). Effects of learning on retailer ordering policy for
imperfect quality items with trade credit financing. Uncertain Supply Chain Management, 7, 49-62.

[21] Jayaswal, M. K., Mittal, M., &Sangal, 1. (2021), Ordering policies for deteriorating imperfect quality
items with trade-credit financing under learning effect, International Journal of System Assurance
Engineering and Management, 12(1), 112-125.

[22] Jayaswal, M. K., Mittal, M., &Sangal, I. (2021). Effect of Credit Financing on the Learning Model of
Perishable Items in the Preserving Environment. In Decision Making in Inventory Management (pp.
49-60). Springer, Singapore.

[23] Kacpryzk, ]. and Staniewski, P. (1982) : Long Term Inventory Policy Making through Fuzzy Decision
Making Methods. Fuzzy Sets and System, 8, 117- 132.http://dx.doi. org /10.1016/0165-
0114(82)90002-1

[24] Kao, C.K. and Hsu, W.K. (2002) : A Single Period Inventory Model with Fuzzy Demand. Computers
and Mathematics with Applications, 43, 841-848, http://dx.doi.org/10.1016/S0898-
1221(01)00325-X.

[25] Lee C C and Hsu S L (2009) : A two warehouse production model for deteriorating inventory items
with time dependent demands, European Journal of Operations Research, 194(3), 700-710.

[26] Lee S. S. and Kim Y. G.(2018) : Development of a warehouse management system for real-time
inventory control, Journal of Manufacturing Technology Management, 29(6), 1085- 1103.

[27] Luo, J. (2007). Buyer-vendor inventory coordination with credit period incentives. International
Journal of Production Economics, 108(1-2), 143-152.

[28] Malik A K and Garg H, (2021) : An improved fuzzy inventory model under two warehouses, Journal
of Artificial Intelligence and Systems, 3, 115-129.

[29] Malik, A. K., & Sharma, A. (2011). A Two Warehouses Inventory Model for Linear Deterioration with
Exponentially Demand Rate. TC, 2, 1.

[30] Malik, A. K, & Singh, Y. (2013). A fuzzy mixture two warehouse inventory model with linear
demand. International Journal of Application or Innovation in Engineering and Management, 2(2),
180-186.

[31] Muralidharan, J. "Advancements in 5G Technology: Challenges and Opportunities in Communication
Networks." Progress in Electronics and Communication Engineering 1.1 (2024): 1-6.

[32] Malik, A. K., Kumar, S., & Kumar, S. (2017). Two warehouses inventory model with stock-dependent
demand and maximum life time. Int. ]. Phys. Sci, 29, 309-318.

[33] Mandal P and Giri B.C. (2017) : A two-warehouse integrated inventory model with imperfect
production process under stock dependent demand quantity discount offer, Int. journal of System
Science, 4(4), 1- 12.

[34] Pakkala T P and Acharya K K (1992) : A deterministic inventory model for deteriorating items with
two warehouses and finite replenishment rate, European Journal of Operational research, 57, 71-76.

[35] Khan, Mohammad Nazrul Islam, and Riyaz Ahmad Khan. "Liftings from Lorentzian para-Sasakian
manifolds to its tangent bundle.” Results in Nonlinear Analysis 6.4 (2023): 74-82.

[36] Sarmah, S. P, Acharya, D, & Goyal, S. K. (2007). Coordination and profit sharing between a
manufacturer and a buyer with target profit under credit option. European Journal of Operational
Research, 182(3), 1469-147

[37] Shah, N. H,, Gor, A. S., & Wee, H. M. (2010). An integrated approach for optimal unit price and credit
period for deteriorating inventory system when the buyer's demand is price sensitive. American
Journal of Mathematical and Management Sciences, 30(3-4), 317-330.

[38] Sheikh S R and Patel R. (2017) : Two-warehouse inventory model with different deterioration rated
under time dependent demand and shortages, Global Journal of Pure and Applied Mathematics,
13(8), 3951- 3960.

[39] Shinn S. W. and Hwang H. (2003). Optimal pricing and ordering policies for retailers under order-
size-dependent delay in payments. Computers andOperations Research, 30, 35-50.

1358 Ravindra Kumar et al 1350-1359


http://dx.doi.org/10.1016/S0898-1221(01)00325-X
http://dx.doi.org/10.1016/S0898-1221(01)00325-X

Journal of Computational Analysis and Applications VOL. 33,NO. 7, 2024

[40] Silver E. A. and Meal H. C.(1973) : A Heuristic for selecting lot size Quantities for the case of a
Deterministic time-varying rate and discrete opportunities forreplenishment, Production and
Inventory Management 14, 64-74.

[41] Singh S R and Malik A K (2010) : Inventory system for decaying items with variable holding cost and
two shops, Int. Journal of Mathematical Science, 9(3-4), 489-511.

[42] Singh, S. R, & Malik, A. K. (2010). Inventory system for decaying items with variable holding cost and
two shops. International Journal of Mathematical Sciences, 9(3-4), 489-511.

[43] Su, C. H,, Ouyang, L. Y., Ho, C. H,, & Chang, C. T. (2007). Retailer's inventory policy and supplier's
delivery policy under two-level trade credit strategy. Asia-Pacific Journal of Operational Research,
24(05), 613-630.

[44] Sujit Kumar De (2021): Solving an EOQ model under fuzzy reasoning, Appl. Soft Computing, 99,
https://doi.org/10.1016/j.as0c.2020.106892.

[45] Teng, . T., & Chang, C. T. (2009). Optimal manufacturer’s replenishment policies in the EPQ model
under two levels of trade credit policy. European Journal of Operational Research, 195(2), 358-363.

[46] Uvarajan, K. P. "Integration of Artificial Intelligence in Electronics: Enhancing Smart Devices and
Systems." Progress in Electronics and Communication Engineering 1.1 (2024): 7-12.

[47] Vikram, V., Ajay, T. Chandra, S, & Malik, A. K. (2016). A trade credit inventory model with
multivariate demand for non-instantaneous decaying products. Indian Journal of Science and
Technology, 9(15), 1-6.

[48] Wright, T. P. (1936). Factors affecting the cost of airplanes. Journal of Aeronautical Science, 3, 122-
128.

[49] Yadav A S ,Sharma Sand Swami A, (2017) :A fuzzy based two-warehouse inventory model for
noninstantaneous deteriorating items with conditionally permissible delay in payment, Int Journal of
Control Theory Application, 10(10), 107-123.

[50] Yadav V, Chaturvedi B. K. and Malik A. K. (2022) : Development of fuzzy inventory mode under
decreasing demand and increasing deterioration rate, Int. . on Future Revolution in Comp. Sc &
Communication Eng., 8(4), pp- 1-7.

[51] Zadeh, L.A. (1965) : Fuzzy Set. Information Control, 8, 338-353 http://dx.doi.org/10.1016/ S0019
9958(65)90241-X.

[52] Zadeh, L.A. and Bellman, R.E. (1970) : Decision Making in a Fuzzy Environment Management Science,
17,140-164.

[53] Zimmerman, H.J. (1983) : Using Fuzzy Sets in Operational Research. European Journal of Operation
Research, 13, 201-206.http://dx.doi.org/10.1016/0377- 2217(83)90048-6.

1.

1359 Ravindra Kumar et al 1350-1359


https://doi.org/10.1016/j.asoc.2020.106892

