
P a g e  | 25 

 

 IJRTS Journal of Research | 2347-6117 | Volume 22 | Issue 01 | Version 1.3 | Jan-Jun 2022   

AN IMPERFECT PRODUCTION–INVENTORY MODEL WITH A 

REFERENCE TO IMPERFECT PRODUCT RETURNS 

 

Vishal Garg* 
 

Open Researcher, Department of Mathematics, Haryana, India  

Email ID: vishalgarg6145@gmail.com 

 

 

 

Abstract 

Supply chain inventory model provides facilities to 

manage required information and materials for entire 

system of integrated processor from suppliers to 

distributors, producers, customers, and retailers. 

Normally, organizations execute the method involved 

with buying raw materials, production of 

goods/services and marketing of completed goods 

exercises separately, so to make an optimal 

arrangement for whole system, supply chain inventory 

contributes a significant role. 

There are some chances that imperfect products can be 

exported from the firm. After finding out the limitations 

in these products, these are returned and the current 

paper highlights the mathematical model for this 

situation where a formulation is presented to deal with 

the imperfect product return. 

 However, all individuals from the system can be 

affected by activities of a solitary individual from 

supply chain. In the current enterprise contests, 

organizations have logically recognized that each 

company offers their assistance as huge piece of a 

supply chain against other policy of associations. The 

theory of supply chain carries out where rather than a 

solitary firm different individual firm are successfully 

associated with one another to fulfill the referenced 

circumstances by either firms or systems. Joint effort 

process is feasible for all organizations and exercises 

worried about whole supply chain on account of 

Information innovation has continuously developed. 

Thus, supply chain has been continuously getting more 

fixation for scholastic researchers and expert's point of 

view. Since over thirty years, collaborative inventory 

model has gotten more noteworthy consideration. 
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INTRODUCTION 

Supply chain inventory contains all organizations that 

concerned effectively or inertly, to fulfill the demand 

of purchaser. The supply chain inventory comprises of 

the producers and dealers, yet in addition transporters, 

warehouses, vendors, and buyers themselves. Each 

association follows the function of coordination 

strategy, producers and others engaged with supply 

chain get demand and compensating customer's 

demand. However, these functions comprise of new 

course of developing items, publicizing, cycles and 

distributions of materials, economics, and purchaser 

services. 
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As we know that keeping a large amount of inventory 

for a long time is not in favor of business because of 

spoilage cost, storage cost and threat of degeneration. 

However keeping much less inventory also not good 

for example, business can have risk of market share 

decreases and losing profit from possible sales. 

Inventory management is the process of establishing 

that a company always has the products it needs on 

hand and that it keeps costs as low as possible. It also 

means managing adequate internal controls over 

inventory, combining safeguard the inventory from 

harm or extortion, using purchase orders to record 

inventory movement, managing an inventory register 

and frequently analyzing physical inventory counts 

with registered amounts .In simple terms, inventory 

management is a set of all these processes which you 

promote to inspect and set up goods or materials in 

facility. 

Imperfect inventory system is a collaborative 

methodology for designing plan and taking care of 

materials and sequence of flows with buyers and 

vendors as well as between different techniques inside 

a company. Collaborative strategy of supply chain 

imperfect inventory has more noteworthy consideration 

among chief organizations in businesses, researchers as 

well as experts when significance of supply chain 

expanded and fundamental for getting more profits and 

to limit cost. 

Whenever the area of business or market increases in 

terms of contest to reduce the gap between quality of 

imperfect items and introductions are amassing, 

researchers as well as ventures needs to reconsider 

about management of business plans and different 

operations embraced by organizations need to perform 

all the more productively and actually. 

There are different meaning of supply chain, for 

example, "an integrated cycle wherein various different 

business entities (i.e., suppliers, manufacturers, 

distributors, and retailers) cooperate to: (1) gain raw 

materials, (2) convert these raw materials into 

determined eventual outcomes, and (3) convey these 

end results to retailers and customers". This supply 

chain system is ordinarily introduced the heading of 

delivery of materials ahead to customers and the 

important idea back to producers. 

According to the experts sees, the origination of supply 

chain inventory theory emerge when different 

alterations have been found in the developing climate, 

as well as growing costs of imperfect materials, the 

decrease in resources to develop business, concentrate 

on items time-length of life sequence and the overall 

market economy. Primarily a supply chain inventory 

model incorporates two fundamental collaborative 

techniques: (1) keep up with fabricate scheduling and 

develop association to keep up with inventory and (2) 

the distribution and logistics strategy. 

Coordination is a key idea in supply chains. In many 

meanings of supply chain management (SCM), 

coordination plays a significant part. Coordination 

models presented in the literature incorporate 

stochastic lead time and credit choice. These models 

have primarily been applied for order cycle times. 

One of the fundamental driver of this large number of 

peculiarities is ascribed to the lead time, particularly 

when it isn't properly known. Along these lines, 

balancing the lead time impact is urgent in order to 

further develop supply chain management. Lead time 

models are predominantly applied to organize SCs in 

deterministic conditions. 

The supply chain is an organization of independent 

associations associated together that performs 

procurement of raw materials, manufacturing of 

intermediate or completed items, separating the 

imperfect products  and distribution of completed items 

to its consumers by its distribution chain. T 

he target of the supply chain is to satisfy consumers' 

necessities, suppliers, manufacturers, transporters, 

warehouses, distributors, retailers and consumers since 

they also are partners of the supply chain by 

eliminating the chances of imperfect products. 
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Actually, a manufacturer gets supply of raw materials 

from suppliers and supplies the completed items to 

distributors. A few cases are there when imperfect 

products are screened to the market and after their 

detection; these imperfect products are returned and for 

that a mathematical model is presented here. 

REVIEW OF RELATED LITERATURE 

Sarkar et al. (2018) presented an imperfect production 

process having type-1 and type-2 errors by considering 

as random variable which have well known probability 

density function with free minimal warranty was given 

to the non-inspected item. To acquire optimal 

manufacturing run time and inspection policy by 

considering the model more sensible instead of 

existing models.  

Shah et al. (2018) represented a two-echelon supply 

chain model which consists a single manufacturer and 

a single retailer for deteriorating items. Production 

system was imperfect having demand stock dependent 

with trade-credit. A cost function was developed for 

this model to find the optimum solution.  

Kundu et al. (2018) develops an EPQ model with 

breakability rate and demand was time sensitive for 

crisp item under imperfect production process by 

assuming stochastic nature of planning horizon. In this 

model they solved for optimization problems with the 

objective to determine the appropriate solution.  

Lo et al. (2018) studied about a closed loop model. In 

this model manufacture chain combine with reverse 

chain and it includes collection of used products and 

distribution of new products. The aim of this article 

was to find maximum profit of supply chain and 

minimize the total cost and product shortages. 

The basic viewpoint to oversee powerful supply chain 

needs to oversee relationship among customer and 

vendor. There are such countless cases, where the idea 

of joint effort has been considering to execute supply 

chain system accurately. However, assuming supply 

chain strategy is analyzed intently relationships among 

vendor and purchaser, explicitly those disturbing the 

flow of fabricated goods, revealed that the support of 

these affiliations is heart of inventory association. 

There are numerous exercises associated with supply 

chain where the inventory theory keeps up with the 

relationships between purchaser, carrier, or 

management of inventory. Accordingly, inventory 

theory acts a huge obligation in collaborative strategy 

of supply chains since it is an unmistakable point of 

convergence for developing viable supply chains. 

Supply Chain Management has a goal to productively 

integrate suppliers, manufacturers, 

warehouses/distributors, retailers and consumers' 

demand, so the items are delivered in the right amounts 

and conveyed to the perfect locations at the ideal time 

to satisfy customer need with top notch services. 

Material flow, Information flow, Finance flow and 

Commercial flow are found in the supply chain. 

Material flow is a unidirectional flow. It begins as a 

development of raw material from a supplier in the 

chain and completed item in the hand of the shopper. 

Information flow is bidirectional flow and comprises of 

demand information flow, anticipating information 

flow, production and scheduling information flow, 

design and new item presentation information flow. 

MODEL FORMULATION FOR IMPERFECT 

PRODUCT RETURN: 

 

Figure 1: Graph of inventory levels for imperfect 

product returns, material, and finished product 
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R1.  The max inventory point of imperfect product 

returns: 

Mr o=(pfθ1r−fr, 1)tc+(pfθ2

 r−fr, 1)(t1−tc)=−(pfθ2r−fr, 2)t2. 

Restructuring the above equ, we get: 

t2=(pfθ2r−fr, 1)t1−pfr(θ2−θ1)tcfr, 2−pfθ2r>0.  

 (1) 

R2. The max inventory echelon of the completed 

product 1: 

Mf, 1=[pf(1−θ1)−d1]tc+[pf(1−θ2)−d1](t1−tc)=d1td, 1. 

Restructuring the above equ, we get: 

td, 1=[pf(1−θ2)−d1]t1+pf(θ2−θ1)tcd1>0.  

 (2) 

R3. 

The max inventory point of the completed product 2: 

Mf, 2=[pf(1−θ2)−d2]t2=d2td, 2. 

Restructuring the above equ, we get: 

td, 2=[pf(1−θ2)−d2]t2d2>0.    

 (3) 

R4. 

The ordering qty of the material per cycle is, i.e., 

Qn=fn(t1+t2). 

From the results, the rudiments of the whole cost/cycle 

are: 

(a) 

Set-up and ordering costs (denoted by SOC): The set-

up cost comprises of the costs linked with inspecting 

the preliminary production, managing the device, 

laying out the place of work, making the products etc.  

Set-up and ordering cost per cycle implies SOC=k. 

(b) 

Holding cost: It is revealed that this construction 

system gets the stocks of imperfect product returns, 

novel substance, and 2 completed items: 

(b-1) Holding cost of returned imperfect product 

(denoted by HCsr): 

HCsr=1/2hrIr ttc+1/2hr(Ir t+Mr o)(t1−tc)+1/2hrMr ot2=1/2

hr[(pfθ1r−fr, 1)tct1+(fr, 2−pfθ2r)t2(t1−tc+t2)]. 

(b-2) Holding price of novel material (HCn): 

HCn=1/2 hnQn(t1+t2)=1/2 hnfn(t1+t2)
2. 

(b-3) Holding outlay of completed product 1 (HCf1): 

HCf1=1/2hf, 1If ttc+1/2hf, 1(If t+Mf, 1)(t1−tc)+1/2hf, 1M

f, 1td, 1=1/2hf, 1{[pf(1−θ1)−d1]tct1+d1td, 1(t1−tc+td, 1). 

(b-4) 

Holding price of completed item 2 (HCf2): 

HCf2=1/2hf, 2Mf, 2(t2+td, 2)=1/2hf, 2d2td, 2(t2+td, 2). 

c) Production cost (PCf): It is the unit production 

outlay for the completed item multiplied by the 

acquiesce of the completed product, pf(t1+t2): 

PCf=cpf(t1+t2). 

(d) Return cost for imperfect items (RCd): Because of 

the imperfect production system, defected items 

with pfθ1tc+pfθ2(t1−tc)+pfθ2t2 units will be returned. 

RCd=cr[pfθ1tc+pfθ2(t1−tc)+pfθ2t2]=cr[pfθ1tc+pfθ2(t1+t2−

tc)]. 

(e) Opportunity cost due to lost return (OCl): 

The set of products 1 and 2 per cycle which will not be 

returned 

are pfθ1(1−r)tc+pfθ2(1−r)(t1−tc) and pfθ2(1−r)t2, 

respectively.  

After formulating, we get: 

OCl=cl, 1[pfθ1(1−r)tc+pfθ2(1−r)(t1−tc)]+cl, 2pfθ2(1−r)t2. 

(f) Speculation in transformed device (ICr): It is an 

mounting role of upturn rate, which is: 

ICr=λ[e(r−r0)/r0−1], 

where λ represents the % rise in r per dollar mount 

in ICr and r0∈[fr, 1/pfθ1, fr, 2/pfθ2) is the inventive 

mending charge of imperfect product returns. 

(g) Purchasing price of substance (PC): It is the unit 

buying price multiplied by the ordering qty of material: 

PC=cpQn=cpfn(t1+t2). 

DISCUSSION 

The most significant and essential function of 

inventory theory contributes in supply chains is that of 

smoothing the advancement of the reciprocal of 

required demand and delivery. To oversee productive 

flow of forward and switch progress of supply chain 

theory, the system of supply chain inventory need to 

manage upward flow of seller or supplier's co-
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operations and downward flow for customer's 

demands. 

It makes the spot for an association where that 

association face what is happening of attempting to set 

a harmony between fulfilling customer's expectations, 

which is regularly confounded to foresee with 

exactitude or accuracy, and ampleness of keeping up 

with delivery of resources, services and goods. 

Through inventory theory most often this equilibrium 

can be accomplished. 

For instance, a rising inclination is the achievement of 

retailing and system development process. The 

rudimentary motivation behind system development 

processes is to do the management of required order of 

the system (for instance, sales forecast, advertizing) 

along with the operating functions of the system (for 

instance, industrialized, supply chain, logistics, 

procurement) and deliberated strategy. These 

consistently occupy wide considerations about systems 

close by inventory, in transportation inventory, and 

developing inventory. Such considerations permit the 

arrangements and offering groups to adequate plan for 

the cooperative time prospect by accomplishing a 

reasonable representation of the inventory levels 

available for exchange or arrangement. 

In addition, the motivations behind systems can get 

effective and straight forward exchanging and 

determining information of arrangements, which can 

support to plan and execution of required inventory in 

future. This type of information might assist with come 

by successful result in manufacturing process, in shifts, 

in system or modifications to procurement needs. 

One more illustration of reciprocal during inventory is 

the utilization of centered sale's data for continuous 

management of inventory control in the retail 

company. Sometimes, as units are depleted from 

inventory, both the vendor and retailer perform their 

work jointly to determine when the demand of the 

items need reorder point to restock the depleted 

inventory, especially at the delivery place or location. 

This is the management among delivery and order of 

units demanded in light of the fact that the information 

of demand is continuously engaged or followed to 

gauge what is the optimal time for replenishing orders, 

what optimal quantity expected to get the inventory to 

the predefined location. Additionally, decisions taken 

for inventory are effectively more relevant at time 

when delivery designs are expected to operate required 

demand outflows. 

Supply Chain (SC) coordination considers worldwide 

decision settling on rather than individual nearby 

decisions. Since a planned SC can create great items 

and can lower costs, when contrasted with a 

conventional SC, it can procure more piece of the pie.  

CONCLUSION 

Imperfect is an important market category where 

individuals firms exercise their control over the price 

to a smaller or larger degree. In imperfect there are so 

many numbers of sellers and buyers. Price-output 

policy can be followed by each customer. Each 

producer produces the different product i.e. Product 

differentiation like product of each seller may be 

similar but not identical with the other seller products, 

which is close substitutes of each other. Hence due to 

product differentiation each customer has a choice to 

select their quantity and quality according to them. 
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