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Abstract
This article presents a two-echelon supply chain model for deteriorating items, consisting of a single manufacturer and 
a single retailer, where the customer's demand to the retailer depends on advertisement and the displayed stock level of 
the retailer. Due to the imperfect production system, the manufacturer produces a certain quantity of defective items with 
the perfect products. The manufacturer inspects all the products immediately after production and sells the ideal quality 
items to the retailer. To entice the retailer to purchase more products, the manufacturer offers the retailer a trade-credit 
policy so that the retailer can get a chance to settle his account before the payment for the products. We have developed 
a cost function of this model. Numerical examples have been presented to clarify the applicability of this model and the 
sensitivity analysis with respect to different parameters involved with the model has been performed to study the effect 
of the parameter change on the decision variables.
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1. Introduction

A common phenomenon, observed in almost any manufacturing organization is the imperfect production system. As a 
natural consequence, as production is proceeded in the factory, we find out that a portion of items produced is of imperfect 
quality. So, researchers in this era focus their attention on developing supply chain models with the imperfect production 
system. Chiu, Gong, and Wee (2004) presented an inventory model with imperfect production, where they assumed that 
the imperfect items produced are of two main categories, i.e. repairable and non-repairable. The repairable defective 
items are reworked after the termination of the regular production. Panda, Kar, Maity, and Maiti (2008) derived an 
imperfect production inventory model under budget and shortage constraints. Sana (2010) developed a production lot-
size model by assuming that the production system may shift to an out-of-control state at any random time and produce 
a certain portion of defective products. Furthermore, Manna, Dey, andMondal (2014) presented a three-echelon supply 
chain model consisting of a single supplier, a single manufacturer, and a single retailer. In this model, they considered 
the product reliability and the change of the defective items. Khalilpourazari and Pasandideh (2016) developed a multi-
product economic production quantity model in an imperfect production system, where the non-conforming products 
produce at a random rate. In this model, they aimed to minimize the total inventory costs as well as the total warehouse 
space to keep the products. Khalilpourazari and Pasandideh (2018) also presented a multi-objective economic order 
quantity model, where the supply batches are inspected immediately after receiving the products and the total batch is 
rejected if it is found that the products are below standard. In the same year, Khalilpourazari, Pasandideh, and 
Ghodratnama (2018) studied another model which considers the defective products. They used two metaheuristic 
algorithms, namely Whale Optimization and Water Cycle Algorithms to solve the model.

The main objective of any business is to increase the number of customers and expand itself as the only way to gain 
profit is the selling of the products. To fulfil this aim, the supply chain players offer various policies to their customers
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ABSTRACT 
This paper aims to frame a two-player supply chain model with a production system's reliability 
influenced products’ defection rate.  Upon generating and inspecting the products, the producer 
reworks the defectives and sells the perfect and reworked items to a retailer providing him free 
products' delivery. The retailer stores both types of commodities in the respective showrooms of finite 
capacities and keeps the excess conforming products in a leased warehouse. Eventually, the 
formulation of these two partners' profit functions performed, and a numerical illustration 
demonstrates this model's applicability.   Results shows, hiring a storehouse is profitable for the 
retailer and the deterioration of the production system’s reliability impacts adversely on the 
manufacturer's profit. 
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1. Introduction1 
Today's competitive marketing environment 
compelled businesses or manufacturing 
organizations to find out strategies for the better 
management of issues related to adequate 
production rate, warehouse limitations, smooth 
customer service, and so forth. In this regard, 
supply chain management (SCM) provides an 
integrated way to handle all such issues, 
becoming an area of interest of many researchers, 
as well as practitioners.[1]–[9]. 
Practically, most production systems yield a 
fraction of defective products in the production 
period, harming the profitability of the 
manufacturer. Considering this issue, a recent 
study  [10] regarded an investment for the 
improvement of the generating system's 
condition, aiming to lessen the number of 
defectives. Again, Manna et. al. [11] assumed the 
production system can shifts to a non-controllable 
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state at any production point, generating a 
proportion of faulty outputs.  An SCM [12] 
considered the regeneration of the returned and 
the defective products, intending to make them 
perfect. Another study [13] assumed that when 
the system transfers to an uncontrolled state, the 
production system’s reliability can be enhanced 
using some standby elements the production 
system mostly depends on.  
To reduce the imperfect production induced loss, 
manufacturers are noticed to rework the defective 
products to make these usable. In a study, 
Taleizadeh et al. [14] showed a decrease in the 
supply chain system's cost when the faulty 
outputs are reworked than scraping the defectives 
or selling these at a reduced price. A closed-loop 
SCM [15] considered rework of used products, 
including those with manufacturing defects, 
aiming to reduce environmental pollution. Again, 
another study [16] assumed two different 
strategies, the first of which uses the main 
production system for reworking the defectives 
and the second one employs a new reworking 
unit for the same purpose. Moreover, Khanna et 
al. [17] found the rework of most faulty items 
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Abstract 

3NF can reduce redundancies and anomalies from a relational database as far as possible 

while still observing lossless join and even dependency preservation properties. Obviously in 

spite of existence of higher order normal forms in theory, normalization into 3NF is widely 

viewed as necessary and sufficient for practical applications. Accordingly efficient determina tion 

of 3NF is a prerequisite for good database design. In this article the 3NF interpretation is strived 

to be reduced, yielding some more efficient 3NF determination techniques. One of the resulting 

interpretations is theoretically an optimal. Some prospective implications of the proposed 

interpretations are also discussed. 
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Abstract Defect prediction for a software system is a technique that is used extensively nowadays to predict defects from 
historical database. But only a good data mining model is not enough to extract defect from software bug record. Inteligent 
agents are helpful in this case by making the decision process easier at some point. This paper describes frame work to generate 
software defect from the historical database and also propose one algorithm that is used find policy to forecast software defects 

efficiently than the curent methods. 
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Software defects always incur cost in terms of quality and 
time. To identify and rectify defects is important in a 

software system which may create a wrong or unpredicted 
result, or prevent the software from getting a good quality. It 
is not possible to eliminate each and every defect in one 
software but it can be minimized and their adverse effects 

I. INTRODUCTION 

The main intend of software development process is to build 
high-quality software carefully. Getting a good quality 
software is the need of the hour. For this reason I need to 

reduce cost and improving the overall working of the testing 

process. Hence measuring software defects at early stage is 

extremely important. So ifI guess early defects of software, 
then it will be helpful in increasing the software quality by 

minimizing the errors during the maintenance phases. Hence 

our aim should be to find an efficient method that can be 

can be reduced. 

By defect predictor, I mean, a technique that guides testing 
activities in software development lifecycle. According to 
Brooks[6], testing phase accounts for half of the total effort. 
Harold and Tahat[2] also at one with the view of Brooks. 
Hence the duty is mainly on the tester and they have to find 
where the defects might exist before they start testing. 

achieved from getting knowledge from the previous mistake 
and making a newer and more correct system . In today's 

world various data sets are accessible which can be used in 

order to get clues regarding possible defects that may remain 

in the software system. 

From early days data mining techniques are applied in 
constructing software fault prediction for improving the 
software quality. But that is not enough in some decision 
making process and hence the concept of intelligent agent 
comes in this regard which helps the mining algorithm in 
finding the right decision while splitting the data into training 
and test data. Also I need to identify high risk modules 
(having high number of faults) at the carliest which can be 
helpful in quality enhancement effort. 

It will help them to assign their limited resources in an 
effective way. One of the key use of the defect predictor is to 
create an order which is to be verified and validated by a 
team of experts. Defect predictors are also useful in finding 
defects efficiently in lesser amount of time. This process is 
very helpful, because it gives prior warning of what modules 
need modification, and giving them ample time to finish the 
rework prior to schedule. 

III. ISSUES WITH THE EARLIER WORK 

As per the current research all previously software prediction 
model can be useful if enough amounts of data is available to 
feed the model. Here for the lack of good data mining model, 

taking out of defects from large software bug repository is a 

very tiresome process and the desired result is not always 

possible. Existing prediction models[3] that are created 
previously using sampling and training dataset fails to give 

II. SOFTWARE DEFECT PREDICTION 

A software defect [5] is a mistake or fault that team always 
want to produce a quality software with minimum defects. 
To increase the software quality, high risk components from 
the software project should be removed as soon as possible. 
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