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Abstract of thesis to be presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirements for the degree of Doctor of Philosophy 

ABSTRACT 

 
DEVELOPMENT OF A TWO-LEVEL TRADE CREDIT MODEL WITH 
SHORTAGE FOR DETERIORATING PRODUCTS USING HYBRID 

METAHEURISTIC ALGORITHM 

By 

ZOHREH MOLAMOHAMADI 

May 2015 

Chairman: Prof. Napsiah Ismail, PhD. 

Faculty: Engineering 

In the classical inventory systems, it was implicitly assumed that the buyer pays 
to the vendor at the time of receiving the items. In real world, however, the vendor 
usually allows the buyer to defer payment. Among different types of delay in 
payment, trade credit has attracted many researches’ attention and still has great 
potential for further studies. For example, most of the previous studies have 
considered constant demand, while the demand in real market is dependent to 
several factors such as price, time, inventory, etc. Besides, for simplicity in 
modelling and solving, the researchers often ignore shortage and deterioration 
rate which are parts and parcels of today’s business. Two-level trade credit is 
another potential area for exploration. It is referred to the case that not only the 
vendor offers credit period to the buyer, but also the buyer allows its customers 
to delay payment. Furthermore, most of the previous studies have considered 
Economic Order Quantity (EOQ) model of a single member of the supply chain. 
However, assuming the Economic Production Quantity (EPQ) and formulating 
the integrated inventory system of the buyer and the vendor would be more 
practical. Considering these possibilities, this research develops a new inventory 
model for a supplier and a manufacturer under a two-level trade credit contract. 
The market demand is considered price dependent, and backorder and 
deterioration are also assumed. Moreover, the traditional inventory model and 
one-level trade credit are developed to make a comparison of the results and 
investigate the effects of delay in payment on the inventory system. The 
formulated models aim at helping the supply chain decision makers to determine 
the best delay strategy and find the optimal values for replenishment policy and 
manufacturer’s selling price, with the objective of maximising the supply chain 
total net profit. A hybrid metaheuristic algorithm which combines Genetic 
Algorithm (GA) and Particle Swarm Optimization (PSO) algorithm, is then 
developed to solve the established models. In order to evaluate the solutions of 
the hybrid algorithm, the models are also solved by a global optimization solver,
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Branch-And-Reduce Optimization Navigator (BARON). Furthermore, the models 
and the solution methods are verified by applying numerical examples and real 
data from industry. The results of the proposed inventory systems are finally 
compared to explore the effects of trade credit on the supply chain net profit and 
the variables’ sensitivity to the parameters are analysed. The examples 
demonstrate that although two-level trade credit is mostly more profitable for the 
supply chain and the manufacturer, the supplier benefits from a traditional supply 
chain. Besides, having obtained a p-value of 0.241 which is greater than 0.05 in 
a paired sample t-test shows that there is no difference between the results of 
BARON and the hybrid GA-PSO. This proves the capability of the developed 
hybrid algorithm in solving the formulated model.  
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Abstrk tesis dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 

ABSTRAK 

PEMBANGUNAN KREDIT PERDAGANGAN MODEL-DUA TAHAP DENGAN 
KEKURANGAN BAGI KEMEROSOTAN PRODUK MENGGUNAKAN 

ALGORITMA METAHEURISTIC HIBRID 

Oleh 

ZOHREH MOLAMOHAMADI 

Mei 2015 

Pengerusi: Prof. Napsiah Ismail, PhD. 

Fakulti: Kejuruteraan 

Dalam sistem inventori klasik, hal ini diandaikan sebagai pembeli membayar 
kepada pembekal semasa menerima sesuatu item. Walaubagaimanapun, di 
dalam dunia sebenar, penjual biasanya membenarkan pembeli untuk 
menangguhkan pembayaran. Di antara jenis kelewatan dalam pembayaran, 
kredit perdagangan telah banyak menarik perhatian penyelidik kerana masih 
berpotensi besar besar untuk diteruskan kajian. Sebagai contoh, kebanyakan 
kajian yang lepas adalah mempertimbangkan permintaan yang berterusan, 
manakala permintaan dalam pasaran sebenar adalah bergantung kepada 
beberapa faktor seperti harga, masa, inventori, dan lain-lain. Selain itu, untuk 
pengurangan dalam pemodelan dan penyelesaian, penyelidik sering 
mengabaikan kadar kekurangan dan kadar kemerosotan yang merupakan 
bahagian dan bungkusan dalam bidang perniagaan pada hari ini. Kredit 
perdagangan dua peringkat adalah salah satu lagi bidang yang berpotensi untuk 
diteroka. Ia merujuk kepada kes yang bukan sahaja penjual menawarkan 
tempoh kredit kepada pembeli, tetapi pembeli juga membolehkan pelanggannya 
untuk melambatkan pembayaran. Tambahan pula, kebanyakan kajian sebelum 
ini menganggap model perintah kuantiti ekonomi (EOQ) seseorang anggota 
tunggal rantaian bekalan. Walau bagaimanapun, dengan mengandaikan kuantiti 
pengeluaran ekonomi (EPQ) dan rumusan sistem inventori bersepadu kepada 
pembeli dan penjual akan menjadi lebih praktikal. Berdasarkan kemungkinan ini, 
kajian ini dibangunkan sebagai model inventori yang baru untuk pembekal dan 
pengilang di bawah kontrak kredit perdagangan-dua peringkat. Permintaan 
pasaran diukur bergantung kepada harga. dan kekurangan dan kemerosotan 
juga diandaikan. Selain itu, model inventori tradisional dan kredit perdagangan 
satu tahap dibangunkan untuk membuat perbandingan keputusan serta 
menyiasat kesan kelewatan/penagguhan dalam pembayaran pada sistem 
inventori. Model dirumuskan bertujuan untuk membantu pembekal pembuat 
keputusan rantaian bekalan untuk menentukan kaedah kelewatan/penagguhan 
yang terbaik dan mencari nilai optimum bagi dasar dan pengisian semula harga 
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jualan pengilang, dengan objektif untuk memaksimumkan jumlah keuntungan 
bersih rantaian bekalan. Algoritma metaheuristic hibrid yang menggabungan 
algoritma genetik (GA) dan pengoptimuman zarah swarm (PSO) algoritma, 
dibangunkan untuk menyelesaikan model yang dihasilkan. Dalam usaha untuk 
menilai penyelesaian algoritma hibrid, model ini juga diselesaikan oleh 
penyelesaian pengoptimuman global, cawangan-dan-mengurangkan navigasi 
pengoptimuman (BARON). Tambahan pula, model dan kaedah penyelesaian ini 
telah disahkan dengan mengunakan contoh berangka dan data sebenar 
daripada industri. Keputusan sistem inventori yang dicadangkan akhirnya 
dibandingkan dengan meneroka kesan-kesan daripada kredit perdagangan ke 
atas keuntungan bersih rantaian bekalan dan kesan parameter untuk 
pembolehubah yang telah dianalisiskan. Contoh berikut menunjukkan bahawa 
walaupun kredit perdagangan dua peringkat adalah kebanyakannya lebih 
menguntungkan untuk rantaian bekalan dan pengilang, pembekal 
berkeuntungan lebih daripada rantaian bekalan tradisional. Selain itu, setelah 
mendapat satu-nilai p 0.241 lebih besar daripada 0.05 dalam sampel 
berpasangan ujian-t menunjukkan bahawa tidak ada perbezaan antara 
keputusan BARON dan hibrid GA-PSO. Ini membuktikan algoritma hibrid yang 
dibangunkan berkeupayaan dalam menyelesaikan model yang dirangka. 
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CHAPTER ONE 

 

1 INTRODUCTION 

 

1.1 Introduction 

 
Supply chain is a network of different companies, so-called members, 
participating in producing goods and services to satisfy the end customers’ 
demands. The members of the supply chain may include suppliers, 
manufacturers, distributors, retailers, and even the customers who are linked 
together through information, material, and financial flows. 
 
Any firm in this chain has to deal with some operational processes such as 
sourcing raw materials, producing goods out of the purchased raw materials, and 
delivering the manufactured products to the customers. Managing these 
processes, reducing their operational costs, and increasing the company’s 
productivity and efficiency are of great importance to every company included in 
the supply chain. 
 
Although all members of the supply chain have their own specific goals, they 
must work towards a unified system and cooperate with each other to contribute 
to the supply chain growth. Achabal et al. (2000) stated that the performance of 
the supply chain depends not only on how well every supply chain member 
manages its functions, but also on how well the members coordinate their 
operational processes and decisions. Aligning the decisions of the supply chain 
members would result in eliminating excess inventory, reducing transformation 
costs, as well as enabling the manufacturer to utilize the resources more 
efficiently (Gümüş, 2006). Some other benefits of supply chain coordination 
include reducing lead times and manufacturing expenses, improving customer 
service, increasing sales and revenue, retaining customers, and enhancing 
efficiency and flexibility of the firms and enabling them to cope with demand 
uncertainty (Fisher et al., 1994 and Horvath, 2001).Gümüş (2006) 
 
Coordination can be viewed across various activities and functions performed by 
the members of the supply chain to manage material, financial, and information 
flow. These activities include logistics, inventory control, forecasting, and 
transportation. Moreover, different interface between supply chain members 
including supplier and manufacturer, manufacturer and distributor, distributor 
and retailer, and so on can be managed effectively and efficiently by applying 
coordination (Kanda and Deshmukh, 2008). Fisher et al. (1994); Horvath 
(2001)Kanda and Deshmukh (2008) 
Moreover, due to the rapidly changing customers’ demands and market 
conditions, supply uncertainties, conflicting strategies of the supply chain 
members, daily technology development, and lack of information transformation 
between the members, inventory related factors are highly dynamic and 
coordinating the inventory management of the supply chain as a unity is of major 
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significance. Efficient and effective inventory management of the supply chain 
remarkably improve the final service provided to the customer (Lee and 
Billington, 1992). Furthermore, since demand forecasting, transportation costs, 
lead time, pricing, and marketing policies may all affect and even be affected by 
inventory related issues such as economic replenishment quantity and optimal 
ordering time, there is a considerable overlap between inventory management 
and other operational functions of the supply network. 
Lee and Billington (1992) 
In the traditional inventory management systems, the supply chain members did 
not share their information and the payment of the ordered goods must be settled 
at the time of receiving them. However, regarding the importance of inventory 
decision coordination between the vendor and the buyer and its effects on 
increasing profitability, some other coordinating contracts such as vendor 
managed inventory (VMI), consignment inventory (CI), and consignment vendor 
managed inventory (C&VMI) have been considered. These approaches will be 
explained in the next chapter.  
 
 
1.2 Problem Statement 

 
In conventional business transactions, it was implicitly assumed that the retailers 
must pay for the procured items as soon as they are received. However, in 
today’s intensely competitive market, such an assumption would no longer be 
practical. Delayed payment is an invaluable promotional tool for the suppliers to 
increase profit through stimulating more sales and a unique opportunity for the 
retailers to reduce demand uncertainty and its associated risks. In other words, 
when the supplier sends the ordered units to the retailer without being paid, he 
actually transfers the storage responsibility and costs to the retailers, while 
bearing the demand uncertainty risk. Therefore, trade credit can be considered 
as an effective and efficient strategy for the supply chain memebrs to maximise 
their obtained profit and survive in the global market, especially when the 
economy turns sour (Chang and Teng, 2004; Ouyang et al., 2005).  
 
Moreover, External financing is one of the most reliable sources for companies 
in funding their operations (Li et al., 2014). However, due to the information 
asymmetry between the depositor/borrower and the debtor/lender, high capital 
cost of the debtor, expensive cost of monitoring the credibility of potential 
depositors, credit rationing- limiting the supply of additional credit to the 
borrowers, and high cost of loan terms, it might be difficult and expensive for the 
depositors to obtain external financial sources (Cuñat and Garcia-Appendini, 
2012). Cuñat and Garcia-Appendini (2012) 
 
Comparing to suppliers, banks have usually lower capital costs and easier 
access to capital. So, if the latter are able to assess the ability of the 
manufacturers in repaying the debt, they can offer cheaper-rate loans. However, 
lack of information causes the banks to offer unfavourable terms or even deny 
providing loans to the manufacturers. On the other hand, as the suppliers are 
operating in the same industry as manufacturers, firstly, they have occasionally 
better estimation of the demand distribution for manufacturers’ goods than banks 
and secondly, the suppliers’ competition in selling their goods to manufacturers 



© C
OPYRIG

HT U
PM

 
 

3 
 

provide motivation for lending to manufacturers easier than banks. Moreover, 
suppliers have information advantage over banks and it is easier for the suppliers 
to monitor and control the borrowers’ actions (Burkart and Ellingsen, 2004; 
Cuñat, 2007). Thus, even with higher cost credit terms than bank loans, the 
relatively easy access to supplier financing would motivate the manufacturers to 
have contract with the suppliers who offer trade credit (Cuñat and Garcia-
Appendini, 2012).   
 
Trade credit can be also applied as a strategy to reduce the transaction costs of 
cash management. Companies that are facing uncertainty of the delivery time 
can use trade credit for advance predicting of the time of cash inflows or outflows. 
This helps the buyer in determining when the timing of the cash flows will occur 
and therefore reduces the costs of obtaining liquidity. Besides, a vendor that is 
facing random cash inflows is motivated to have a more predictable stream of 
cash and manage its liquidity more efficiently. Besides, trade credit is a powerful 
policy for companies facing cash requirements to minimize liquidity management 
costs related to excess borrowing. Firms can gain liquidity through factoring 
receivable accounts when short of cash (Cuñat and Garcia-Appendini, 2012). 
 
Another incentive for offering and accepting trade credit among supply chain 
members is that it is a response to imperfect market competition. When the 
market is not very competitive, selective offering of trade credit may be more 
profitable than the traditional payment without any delay. Burkart and Ellingsen 
(2004); Cuñat (2007) 
On the other hand, delay in payment contract is worthy to the customers as they 
do not need to invest their capital on inventory and it is advantageous to the 
vendor in attracting more customers and selling new and unproven products. It 
can also act as a strategic tool for the weak vendors to satisfy the requirements 
of strong customers. Gümüş et al. (2008) mentioned Automation and Drives 
division of Siemens as an example of CI in which springs and nuts can be 
consigned from the suppliers although the demand per year is quite stable. 
Therefore, it is concentrated on two-level trade credit contract in this thesis and 
the results are compared with one-level and traditional inventory system to 
provide a condition under which both of the supply chain members benefit.  
 
Besides, in reality, some companies have high backorder costs, especially when 
the provided goods or services are affecting people health. So, they must keep 
a certain amount of inventory to reduce shortages. There are some other 
companies, however, for which shortage is not extremely imprortant at the time 
of order its related cost is not considerable. In the latter case, the buyer may use 
the inventory model with shortage as a strategy to reduce inventory related costs 
and increase its net profit (Chang et al., 2008). Regarding the importance of 
shortages in replenishment policy, it is assumed that the manufacturer 
encounters shortages which are completely backlogged to the next period. 
Chang et al. (2008) 
Deterioration is another major concern of today competitive industry. Almost all 
of the products deteriorate and lose their effectiveness and value over time; For 
some products such as glassware the deterioration rate is small while for others 
like medicine it is notably high (Thangam and Uthayakumar, 2010). This 
necessitates considering deterioration rate in establishing the inventory models 
which are formulated in this research. Thangam and Uthayakumar (2010) 
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Since the established inventory models are mixed integer nonlinear 
programming (MINLP), which are challenging optimization problems, their 
solutions cannot be easily obtained by mathematical solutions. Such kinds of 
problems have the difficulty of optimizing integer variables as well as dealing with 
nonlinear functions (Bonami et al., 2012). Therefore, in order to determine the 
optimal replenishment policies of the supplier and the manufacturer and the 
manufacturer’s selling price, a hybrid metaheuristic algorithm is developed in this 
research. For this purpose, particle swarm optimization (PSO) algorithm is used 
as a genetic operator in genetic algorithm (GA) to take advantage of exploitation 
and exploration of both of these algorithms simultaneously and enhanced the 
new hybrid algorithm’s performance. 
 
 
1.3 Objectives of the Study 
 
This study aims at extending the previous researches of delay in payment in 
order to make it more applicable. Moreover, it aims at determining how to 
coordinate the two-echelon supply chain with price dependent demand in a way 
that the total net profit of the supply chain is maximised. Therefore, the main 
objectives of this study include: 
 

1) To formulate profit maximisation inventory models for traditional 
inventory system, one-level trade credit, and two-level trade credit. 

2) To develop a hybrid metaheuristic algorithm to maximise the developed 
models and obtain the variables’ optimal values. 

3) To verify and validate the formulated models and the developed 
metaheuristic algorithm through literature and real case studies. 

 
 
1.4 Research Scope 

 
This thesis hypothesizes that comparing to the conventional inventory system, 
trade credit would be more profitable to the supply chain. For this purpose, 
mathematical modelling is used to optimize the total net profit obtained by a 
supply chain including a supplier a manufacturer. Three different inventory 
systems have been established in this thesis: 1) inventory sytem without delay 
in payment, 2) one-level trade credit in which the supplier offers trade credit to 
the manufacturer, and 3) two-level trade credit where not only the suppier 
proposes trade credit to the manufacturer, but also the manufacturer allows its 
customers to delay payment. It is assumed that the manufacturer receives the 
raw materials from the supplier and starts producing some kind of product that 
may deteriorate during the time. Moreover, completely backlogged shortages are 
assumed at the manufacturer. For making the model more practical, the demand 
function is also defined as price sensitive. The objective of the developed 
inventory models is to help the supply chain experts all around the world to 
decide whether trade credit contract is profitable for their supply chain or not and 
determine the optimal replenishment policy and selling price. 
 
Due to the complexity of analytical solving of the proposed mixed integer 
nonlinear programming models, a new hybrid metaheuristic algorithm is 



© C
OPYRIG

HT U
PM

 
 

5 
 

developed in this thesis and the optimal inventory policy of the supplier and the 
manufacturer and the selling price are obtained, with the objective of maximising 
the supply chain’s total net profit. The models are also solved by applying a 
global optimizer solver to validate the developed algorithm. The models are then 
verified and validated by using the numerical examples and benchmarks from 
the literature and the real case data. They are finally analysed to test the 
sensitivity of the variables on parameters’ changes and the three systems’ 
performances are compared. 
 
In order to develop the inventory models of the manufacturer and the supplier, 
MATHEMATICA software is applied in this research to formulate the inventory 
function at different time periods and calculate integrals. Moreover, MATLAB 
software is used to code the proposed hybrid metaheuristic algorithm and obtain 
the optimal values of the variables. For validating the developed metaheuristic 
algorithm, Branch-And-Reduce Optimization Navigator (BARON) is used as the 
global optimization solver and the inventory models are also coded in General 
Algebraic Modelling System (GAMS) software.  
 
 
1.5 Research Contributions 

 
This study mainly focuses on trade credit, the most essential short term external 
financing for the buyer and a critical strategy for the vendor in attracting more 
buyers. In order to investigate the effects of trade credit on the profit of supplier, 
manufacturer, and the supply chain, the joint inventory models of the supply 
chain members under three different payment policies, (i) traditional inventory 
system, (ii) one-level trade credit contract, and (iii) two-level trade credit contract 
are formulated. Moreover, a hybrid metaheuristic algorithm, consisting of 
Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) algorithm, is 
developed to solve the model and obtain the proper solutions for the 
manufacturer’s replenishment policy and selling price, and the supplier’s cycle 
time. After verifying and validating the proposed models and solution algorithm, 
the effects of parameters on the decision variables have been analysed. 
Furthermore, by comparing the results of the traditional inventory system with 
trade credit contracts, the impacts of trade credit on the supply chain is 
investigated. 
 
Thus, the major contributions of this research can be mentioned as 
 

I) The joint net profit models of a supply chain including a 
manufacturer and as upplier are developed under three different 
payment contracts: conventional inventory system, one-level trade 
credit, and two-level trade credit, in which deterioration rate and 
backlogged shortages are assumed. 
 

II) A hybrid metaheuristic algorithm is developed for solving the 
formulated mathematical model. 
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1.6 Organization of the Thesis 

 
This thesis includes the following chapters; Chapter 2 reviews the literature of 
trade credit exclusively in order to determine and recognize the existing gaps in 
this research area. Chapter 3 discusses the notations and assumptions and sets 
the infrastructures for models’ formulation and solution algorithm. Chapter 4 
develops the inventory models of the traditional inventory system, one-level 
trade credit, and two-level trade credit based on the obtained cost and revenue 
terms in Chapter 3. Moreover, the models are solved in this chapter to find the 
values of the decision variables and maximise the supply chain total net profit. 
All of the models are also verified and validated by using numerical examples 
and benchmarks from the existing studies and real case study from industry. The 
proposed hybrid metaheuristic algorithm is also verified by using a global 
optimizer solver. Sensitivity analysis and models’ comparison is also conducted 
and the results are presented in this chapter. The findings of this thesis and 
suggestions for future research are summarized and discussed in Chapter 5. 



© C
OPYRIG

HT U
PM

 
 

117 
 

REFERENCES 
 

Abad, P.L. and 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. 

Achabal, D.D., McIntyre, S.H., Smith, S. a. and Kalyanam, K., 2000. A decision 
support system for vendor managed inventory. Journal of Retailing, 76(4), 
430–454. 

Aggarwal, S.P. and Jaggi, C.K., 1995. Ordering Policies of Deteriorating Items 
Under Permissible Delay in Payments. Journal of the Operational 
Research Society, 46(5), 658–662. 

Annadurai, K. and Uthayakumar, R., 2013. Two-echelon inventory model for 
deteriorating items with credit period dependent demand including 
shortages under trade credit. Optimization Letters, 7(6), 1227–1249. 

Arkan, A. and Hejazi, S.R., 2012. Coordinating orders in a two echelon supply 
chain with controllable lead time and ordering cost using the credit period. 
Computers & Industrial Engineering, 62(1), 56–69. 

Balkhi, Z.T., 2011. Optimal economic ordering policy with deteriorating items 
under different supplier trade credits for finite horizon case. International 
Journal of Production Economics, 133(1), 216–223. 

Bhunia, A.K., Jaggi, C.K., Sharma, A. and Sharma, R., 2014. A two-warehouse 
inventory model for deteriorating items under permissible delay in payment 
with partial backlogging. Applied Mathematics and Computation, 232, 
1125–1137. 

Bonami, P., Kilinc, M. and Linderoth, J., 2012. Algorithms and Software for 
Convex Mixed Integer Nonlinear Programs. In J. Lee & S. Leyffer, eds. 
Mixed Integer Nonlinear Programming. The IMA Volumes in Mathematics 
and its Applications. New York: Springer New York, pp. 1–39. 

Burkart, M. and Ellingsen, T., 2004. In-kind finance: A theory of trade credit. 
American Economic Review, 94(3), 569–590. 

Chang, C.T., Ouyang, L.Y. and Teng, J.T., 2003. An EOQ model for deteriorating 
items under supplier credits linked to ordering quantity. Applied 
Mathematical Modelling, 27(12), 983–996. 

Chang, C.T., Ouyang, L.Y., Teng, J.T. and Cheng, M.C., 2010. Optimal ordering 
policies for deteriorating items using a discounted cash-flow analysis when 



© C
OPYRIG

HT U
PM

 
 

118 
 

a trade credit is linked to order quantity. Computers & Industrial 
Engineering, 59(4), 770–777. 

Chang, C.T. and Teng, J.T., 2004. Retailer’s optimal ordering policy under 
supplier credits. Mathematical Methods of Operations Research, 60(3), 
471–483. 

Chang, C.T., Teng, J.T. and Chern, M.S., 2010. Optimal manufacturer’s 
replenishment policies for deteriorating items in a supply chain with up-
stream and down-stream trade credits. International Journal of Production 
Economics, 127(1), 197–202. 

Chang, C.T., Teng, J.T. and Goyal, S.K., 2008. Inventory Lot-Size Models Under 
Trade Credits: a Review. Asia-Pacific Journal of Operational Research, 
25(01), 89–112. 

Chang, C.T., Teng, J.T. and Goyal, S.K., 2010. Optimal replenishment policies 
for non-instantaneous deteriorating items with stock-dependent demand. 
International Journal of Production Economics, 123(1), 62–68. 

Chang, H.C., Ho, C.H., Ouyang, L.Y. and Su, C.H., 2009. The optimal pricing 
and ordering policy for an integrated inventory model when trade credit 
linked to order quantity. Applied Mathematical Modelling, 33(7), 2978–

2991. 

Chang, H.J. and Dye, C.Y., 2001. An inventory model for deteriorating items with 
partial backlogging and permissible delay in payments An inventory model 
for deteriorating items with partial backlogging. International Journal of 
Systems Science, 32(3), 345–352. 

Chang, H.J., Dye, C.Y. and Chuang, B.R., 2002. An inventory model for 
deteriorating items under the condition of permissible delay in payments. 
Yugoslav Journal of Operations Research, 12(1), 73–84. 

Chapman, C.B., Ward, S.. C., Cooper, D.F. and Page, M.J., 1984. Credit Policy 
and Inventory Control. Journal of the Operational Research Society, 
35(12), 1055–1065. 

Chen, L.H. and Kang, F. Sen, 2010. Coordination between vendor and buyer 
considering trade credit and items of imperfect quality. International Journal 
of Production Economics, 123(1), 52–61. 

Chen, L.H. and Ouyang, L.Y., 2006. Fuzzy inventory model for deteriorating 
items with permissible delay in payment. Applied Mathematics and 
Computation, 182(1), 711–726. 

Chen, S.C., Cárdenas Barrón, L.E. and Teng, J.T., 2014. Retailer’s economic 
order quantity when the supplier offers conditionally permissible delay in 



© C
OPYRIG

HT U
PM

 
 

119 
 

payments link to order quantity. International Journal of Production 
Economics, 155, 284–291. 

Chen, S.C., Chang, C.T. and Teng, J.T., 2014. A comprehensive note on “Lot-
sizing decisions for deteriorating items with two warehouses under an 
order-size-dependent trade credit.” International Transactions in 
Operational Research, 21(5), 855–868. 

Chen, S.C. and Teng, J.T., 2014. Retailer’s optimal ordering policy for 
deteriorating items with maximum lifetime under supplier’s trade credit 
financing. Applied Mathematical Modelling, 38(15-16), 4049–4061. 

Chen, S.C., Teng, J.T. and Skouri, K., 2014. Economic production quantity 
models for deteriorating items with up-stream full trade credit and down-
stream partial trade credit. International Journal of Production Economics, 
155, 302–309. 

Cheng, M.C., Chang, C.T. and Ouyang, L.Y., 2012. The retailer’s optimal 
ordering policy with trade credit in different financial environments. Applied 
Mathematics and Computation, 218(19), 9623–9634. 

Chern, M.S., Chan, Y.L., Teng, J.T. and Goyal, S.K., 2014. Nash equilibrium 
solution in a vendor–buyer supply chain model with permissible delay in 
payments. Computers & Industrial Engineering, 70, 116–123. 

Chern, M.S., Pan, Q., Teng, J.T., Chan, Y.L. and Chen, S.C., 2013. Stackelberg 
solution in a vendor–buyer supply chain model with permissible delay in 
payments. International Journal of Production Economics, 144(1), 397–
404. 

Chiu, C.Y., Yang, M.F., Tang, C.J. and Lin, Y., 2013. Integrated Imperfect 
Production Inventory Model Under Permissible Delay in Payments 
Depending on the Order Quantity. Journal of Industrial and Management 
Optimization, 9(4), 945–965. 

Chu, P., Chung, K.J. and Lan, S.P., 1998. Economic order quantity of 
deteriorating items under permissible delay in payments. Computers and 
Operations Research, 25(10), 817–824. 

Chuang, C.J., Ho, C.H., Ouyang, L.Y. and Wu, C.W., 2013. An Integrated 
Inventory Model with Order-Size-Dependent Trade Credit and Quality 
Improvement. Procedia Computer Science, 17, 365–372. 

Chung, K.H., 1989. Inventory control and trade credit revisited. Journal of the 
Operational Research Society, 40(5), 495–498. 



© C
OPYRIG

HT U
PM

 
 

120 
 

Chung, K.J., 2009. A complete proof on the solution procedure for non-
instantaneous deteriorating items with permissible delay in payment. 
Computers & Industrial Engineering, 56(1), 267–273. 

Chung, K.J., 1998. A theorem on the determination of economic order quantity 
under conditions of permissible delay in payments. Computers and 
Operations Research, 25(I), 49–52. 

Chung, K.J., 2011. Some improved algorithms to locate the optimal solutions for 
exponentially deteriorating items under trade credit financing in a supply 
chain system. Computers & Mathematics with Applications, 61(9), 2353–

2361. 

Chung, K.J., 2013. The EOQ model with defective items and partially permissible 
delay in payments linked to order quantity derived analytically in the supply 
chain management. Applied Mathematical Modelling, 37(4), 2317–2326. 

Chung, K.J., 2012a. The EPQ model under conditions of two levels of trade credit 
and limited storage capacity in supply chain management. International 
Journal of Systems Science, 1–17. 

Chung, K.J., 2012b. The integrated inventory model with the transportation cost 
and two-level trade credit in supply chain management. Computers & 
Mathematics with Applications, 64(6), 2011–2033. 

Chung, K.J., 2010. The optimal inventory policy for EPQ model under trade 
credit. International Journal of Systems Science, 41(9), 1115–1120. 

Chung, K.J., Chang, S.L. and Yang, W.D., 2001. the Optimal Cycle Time for 
Exponentially Deteriorating Products Under Trade Credit Financing. The 
Engineering Economist, 46(3), 232–242. 

Chung, K.J., Eduardo Cárdenas Barrón, L. and Ting, P.S., 2014. An inventory 
model with non-instantaneous receipt and exponentially deteriorating items 
for an integrated three layer supply chain system under two levels of trade 
credit. International Journal of Production Economics, 155, 310–317. 

Chung, K.J., Goyal, S.K. and Huang, Y.F., 2005. The optimal inventory policies 
under permissible delay in payments depending on the ordering quantity. 
International Journal of Production Economics, 95(2), 203–213. 

Chung, K.J. and Huang, C.K., 2009. An ordering policy with allowable shortage 
and permissible delay in payments. Applied Mathematical Modelling, 33(5), 
2518–2525. 

Chung, K.J. and Huang, T.S., 2006. The Optimal Cycle Time for Deteriorating 
Items With Limited Storage Capacity Under Permissible Delay in 
Payments. Asia-Pacific Journal of Operational Research, 23(3), 347–370. 



© C
OPYRIG

HT U
PM

 
 

121 
 

Chung, K.J. and Huang, T.S., 2007. The optimal retailer’s ordering policies for 
deteriorating items with limited storage capacity under trade credit 
financing. International Journal of Production Economics, 106(1), 127–145. 

Chung, K.J. and Huang, Y.F., 2003a. Economic ordering policies for items under 
permissible delay in payments. Journal of Information and Optimization 
Sciences, 24(2), 329–344. 

Chung, K.J. and Huang, Y.F., 2006. Retailer’s Optimal Cycle Times in the EOQ 
Model with Imperfect Quality and a Permissible Credit Period. Quality & 
Quantity, 40(1), 59–77. 

Chung, K.J. and Huang, Y.F., 2003b. The optimal cycle time for EPQ inventory 
model under permissible delay in payments. International Journal of 
Production Economics, 84(3), 307–318. 

Chung, K.J. and Liao, J.J., 2004. Lot-sizing decisions under trade credit 
depending on the ordering quantity. Computers & Operations Research, 
31(6), 909–928. 

Chung, K.J. and Liao, J.J., 2006. The optimal ordering policy in a DCF analysis 
for deteriorating items when trade credit depends on the order quantity. 
International Journal of Production Economics, 100(1), 116–130. 

Chung, K.J. and Liao, J.J., 2009. The optimal ordering policy of the EOQ model 
under trade credit depending on the ordering quantity from the DCF 
approach. European Journal of Operational Research, 196(2), 563–568. 

Chung, K.J. and Lin, S. Der, 2011. The inventory model for trade credit in 
economic ordering policies of deteriorating items in a supply chain system. 
Applied Mathematical Modelling, 35(6), 3111–3115. 

Chung, K.J., Lin, S. Der and Srivastava, H.M., 2014. The Inventory Models for 
Deteriorating Items in the Discounted Cash-Flows Approach Under 
Conditional Trade Credit and Cash Discount in a Supply Chain System. 
Applied Mathematics & Information Sciences, 8(5), 2103–2111. 

Chung, K.J., Lin, S. Der and Srivastava, H.M., 2013. The inventory models under 
conditional trade credit in a supply chain system. Applied Mathematical 
Modelling, 37(24), 10036–10052. 

Cuñat, V., 2007. Trade credit: Suppliers as debt collectors and insurance 
providers. Review of Financial Studies, 20(2), 491–527. 

Cuñat, V. and Garcia-Appendini, E., 2012. Trade credit and its role in 
entrepreneurial finance. Oxford Handbook of Entrepreneurial Finance, 
(2003), 526–557. 



© C
OPYRIG

HT U
PM

 
 

122 
 

Dakin, R.J., 1965. A tree-search algorithm for mixed integer programming 
problems. Computer Journal, 8, 250–255. 

Das, B.C., Das, B. and Mondal, S.K., 2013. Integrated supply chain model for a 
deteriorating item with procurement cost dependent credit period. 
Computers & Industrial Engineering, 64(3), 788–796. 

Das, D., Roy, A. and Kar, S., 2015. A multi-warehouse partial backlogging 
inventory model for deteriorating items under inflation when a delay in 
payment is permissible. Annals of Operations Research, 226(1), 133–162. 

Dave, U., 1985. Letters and Viewpoints On “Economic Order Quantity under 
Conditions of Permissible Delay in Payments” by Goyal. Journal of the 
Operational Research Society, 36(11), 1069. 

De, L.N. and Goswami, a., 2009. Probabilistic EOQ model for deteriorating items 
under trade credit financing. International Journal of Systems Science, 
40(4), 335–346. 

Dong, N., Wu, C.-H., Ip, W.-H., Chen, Z.-Q., Chan, C.-Y. and Yung, K.-L., 2012. 
An opposition-based chaotic GA/PSO hybrid algorithm and its application 
in circle detection. Computers & Mathematics with Applications, 64(6), 
1886–1902. 

Dye, C.-Y., 2012. A finite horizon deteriorating inventory model with two-phase 
pricing and time-varying demand and cost under trade credit financing 
using particle swarm optimization. Swarm and Evolutionary Computation, 
5, 37–53. 

Dye, C.-Y. and Ouyang, L.-Y., 2011. A particle swarm optimization for solving 
joint pricing and lot-sizing problem with fluctuating demand and trade credit 
financing. Computers & Industrial Engineering, 60(1), 127–137. 

Engelbrecht, A.P., 2007. Computational Intelligence: An Introduction. In West 
Sussex, England, pp. 289– 358. 

Falk, J.E., Soland, R.M., Science, S.M., May, T.S. and Falkt, J.E., 1969. An 
Algorithm for Separable Nonconvex Programming Problems. Management 
Science, 15(9), 550–569. 

Feng, H., Li, J. and Zeng, Y., 2010. Retailer’s Optimal Replenishment Policy with 
Defective Products under Cash Discount and Two-Level Trade Credit. In 
2010 International Conference on E-Product E-Service and E-
Entertainment. Ieee, pp. 1–5. 

Feng, H., Li, J. and Zhao, D., 2013. Retailer’s optimal replenishment and 
payment policies in the EPQ model under cash discount and two-level 
trade credit policy. Applied Mathematical Modelling, 37(5), 3322–3339. 



© C
OPYRIG

HT U
PM

 
 

123 
 

Fisher, M.L., Raman, A. and Sheen, M.A., 1994. Rocket Science Retailing Is 
Almost Here – Are You Ready ? Harvard Business Review, 72(3), 83–93. 

Gen, M. and Cheng, R., 1997. Genetic Algorithms and Engineering Design. In 
New York: John Wiley, pp. 1–65. 

Giri, B.C. and Maiti, T., 2013. Supply chain model with price- and trade credit-
sensitive demand under two-level permissible delay in payments. 
International Journal of Systems Science, 44(5), 937–948. 

Goldberg, D., 1989. Genetic Algorithms in Search, Optimization and Machine 
Learning, Boston, Massachusetts: Addison-Wesley Publishing Company. 

Goyal, S. kumar, Teng, J.-T. and Chang, C.-T., 2007. Optimal ordering policies 
when the supplier provides a progressive interest scheme. European 
Journal of Operational Research, 179(2), 404–413. 

Goyal, S.K., 1985. Economic Order Quantity Under Conditions of Permissible 
Delay in Payments. Journal of the Operational Research Society, 36(4), 
335–338. 

Guchhait, P., Maiti, M.K. and Maiti, M., 2013. Two storage inventory model of a 
deteriorating item with variable demand under partial credit period. Applied 
Soft Computing, 13(1), 428–448. 

Gümüş, M., 2006. Three essays on vendor managed inventory in supply chains. 
PhD Thesis, University of Waterloo, Canada. 

Gümüş, M., Jewkes, E.M. and Bookbinder, J.H., 2008. Impact of consignment 
inventory and vendor-managed inventory for a two-party supply chain. 
International Journal of Production Economics, 113(2), 502–517. 

Haley, C.W. and Higgins, R.C., 1973. Inventory Policy and Trade Credit 
Financing. Management Science, 20(4), 464–471. 

He, Y. and Huang, H., 2013. Two-Level Credit Financing for Noninstantaneous 
Deterioration Items in a Supply Chain with Downstream Credit-Linked 
Demand. Discrete Dynamics in Nature and Society, 2013, 1–22. 

Hillier, F.S. and Lieberman, G.J., 2010. Introduction to Operations Research 9th 
ed., New York: McGraw-Hill. 

Ho, C.H., 2011. The optimal integrated inventory policy with price-and-credit-
linked demand under two-level trade credit. Computers & Industrial 
Engineering, 60(1), 117–126. 

Ho, C.H., Ouyang, L.Y. and Su, C.H., 2008. Optimal pricing, shipment and 
payment policy for an integrated supplier–buyer inventory model with two-



© C
OPYRIG

HT U
PM

 
 

124 
 

part trade credit. European Journal of Operational Research, 187(2), 496–

510. 

Horst, R. and Tuy, H., 1996. Global Optimization: Deterministic Approaches, 
New York: Springer- Verlag Berlin Heidelberg. 

Horvath, L., 2001. Insight from industry Collaboration : the key to value creation 
in supply chain management. Supply Chain Management: An International 
Journal, 6(5), 205–207. 

Hou, K.L. and Lin, L.C., 2013. Optimal pricing and ordering policies for 
deteriorating items with multivariate demand under trade credit and 
inflation. Opsearch, 50(3), 404–417. 

Hsu, K.H., Huang, H.F., Tu, Y.C. and Huang, Y.F., 2008. Optimal Inventory 
Planning under Permissible Delay in Payments When a Larger Order 
Quantity. Journal of Applied Sciences, 8(6), 1049–1054. 

Hu, F. and Liu, D., 2010. Optimal replenishment policy for the EPQ model with 
permissible delay in payments and allowable shortages. Applied 
Mathematical Modelling, 34(10), 3108–3117. 

Huang, K.N. and Liao, J.J., 2008. A simple method to locate the optimal solution 
for exponentially deteriorating items under trade credit financing. 
Computers & Mathematics with Applications, 56(4), 965–977. 

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. 

Huang, Y.F., 2005a. Buyer’s optimal ordering policy and payment policy under 
supplier credit. International Journal of Systems Science, 36(13), 801–807. 

Huang, Y.F., 2007a. Economic order quantity under conditionally permissible 
delay in payments. European Journal of Operational Research, 176(2), 
911–924. 

Huang, Y.F., 2003. Optimal retailer’s ordering policies in the EOQ model under 
trade credit financing. Journal of the Operational Research Society, 54(9), 
1011–1015. 

Huang, Y.F., 2007b. 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. 

Huang, Y.F., 2005b. Retailer’s Inventory Policy Under Supplier's Partial Trade 
Credit Policy. Journal of the Operations Research Society of Japan, 48(3), 
173–182. 



© C
OPYRIG

HT U
PM

 
 

125 
 

Huang, Y.F., Chen, W.K., Chen, H.F. and Hou, K.L., 2013. On the optimal 
inventory policy for the EPQ model under trade credit. Journal of 
Information and Optimization Sciences, 34(2-03), 187–199. 

Huang, Y.F., Chou, C.L. and Liao, J.J., 2007. An EPQ model under cash 
discount and permissible delay in payments derived without derivatives. 
Yugoslav Journal of Operations Research, 17(2), 177–193. 

Huang, Y.F. and Chung, K.J., 2003. Optimal replenishment and payment policies 
in the EOQ model under cash discount and trade credit. Asia-Pacific 
Journal of Operational Research, 20, 177–190. 

Huang, Y.F. and 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. 

Huang, Y.F. and Huang, H.F., 2008. Optimal inventory replenishment policy for 
the EPQ model under trade credit derived without derivatives. International 
Journal of Systems Science, 39(5), 539–546. 

Hwang, H. and Shinn, S.W., 1997. Retailer’s pricing and lot sizing policy for 
exponentially deteriorating products under the condition of permissible 
delay in payments. Computers and Operations Research, 24(6), 539–547. 

Jaggi, C.K. and Aggarwal, S.P., 1994. Credit financing in economic ordering 
policies of deteriorating items. International Journal of Production 
Economics, 34(2), 151–155. 

Jaggi, C.K., Goyal, S.K. and 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. 

Jaggi, C.K. and Verma, M., 2010. Ordering policies under supplier-retailer partial 
trade credit financing. Opsearch, 47(4), 293–310. 

Jamal, A.M.., Sarker, B. and Wang, S., 1997. An ordering policy for deteriorating 
items with allowable shortage and permissible delay in payment. Journal of 
the Operational Research Society, 48(8), 826–833. 

Jamal, A.M.., Sarker, B.R. and Wang, S., 2000. Optimal payment time for a 
retailer under permitted delay of payment by the wholesaler. International 
Journal of Production Economics, 66(1), 59–66. 

Janková, M., Novotná, V. and Varyšová, T., 2013. Functions of several variables 
analysis applied in inventory management. Acta Universitatis Agriculturae 
et Silviculturae Mendelianae Brunensis, 61(7), 2221–2227. 



© C
OPYRIG

HT U
PM

 
 

126 
 

Joglekar, P.N., 1988. Comments on “A Quantity Discount Pricing Model to 
Increase Vendor Profits.” INFORMS, 34(11), 1391–1398. 

Johnson, M.R.G. and D.S., 1979. Computers and Intractability: A Guide to the 
Theory of NP-Completeness, New York: W.H. Freeman and Company. 

Kanda, A. and Deshmukh, S.G., 2008. Supply chain coordination: Perspectives, 
empirical studies and research directions. International Journal of 
Production Economics, 115(2), 316–335. 

Kennedy, J. and Eberhart, R., 1995. Particle swarm optimization. In Proceedings 
of ICNN’95 - International Conference on Neural Networks. Ieee, pp. 1942–

1948. 

Khanra, S., Ghosh, S.K. and Chaudhuri, K.S., 2011. An EOQ model for a 
deteriorating item with time dependent quadratic demand under 
permissible delay in payment. Applied Mathematics and Computation, 
218(1), 1–9. 

Khanra, S., Mandal, B. and Sarkar, B., 2013. An inventory model with time 
dependent demand and shortages under trade credit policy. Economic 
Modelling, 35, 349–355. 

Khouja, M. and Mehrez, A., 1996. Optimal Inventory Policy Under Different 
Supplier Credit Policies. Journal of Manufacturing Systems, 15(5), 334–

339. 

Kreng, V.B. and Tan, S.J., 2011. Optimal replenishment decision in an EPQ 
model with defective items under supply chain trade credit policy. Expert 
Systems with Applications, 38(8), 9888–9899. 

Kreng, V.B. and Tan, S.J., 2010. The optimal replenishment decisions under two 
levels of trade credit policy depending on the order quantity. Expert 
Systems with Applications, 37(7), 5514–5522. 

Land, A.H. and Doig, A.G., 1960. An Automatic Method of Solving Discrete 
Programming Problems. Econometrica, 28(3), 497–520. 

Lee, H. and Billington, C., 1992. Managing Supply Chain Inventory : Pitfalls and 
Opportunities. MIT Sloan eManagement Review, 33(3), 65–73. 

Lee, H.L., So, K.C., Tang, C.S., 2000. The value of information sharing in a two-
level supply chain. Management Science, 46(5), 626–643. 

Li, J., Feng, H. and Zeng, Y., 2014. Inventory games with permissible delay in 
payments. European Journal of Operational Research, 234(3), 694–700. 



© C
OPYRIG

HT U
PM

 
 

127 
 

Liang, Y. and Zhou, F., 2011. A two-warehouse inventory model for deteriorating 
items under conditionally permissible delay in payment. Applied 
Mathematical Modelling, 35(5), 2221–2231. 

Liao, H. chang, Tsai, C. hung and Su, C. ton, 2000. An inventory model with 
deteriorating items under inflation when a delay in payment is permissible. 
International Journal of Production Economics, 63(2), 207–214. 

Liao, J.J., 2008. An EOQ model with noninstantaneous receipt and exponentially 
deteriorating items under two-level trade credit. International Journal of 
Production Economics, 113(2), 852–861. 

Liao, J.J., Chung, K.J. and Huang, K.N., 2013. A deterministic inventory model 
for deteriorating items with two warehouses and trade credit in a supply 
chain system. International Journal of Production Economics, 146(2), 557–

565. 

Liao, J.J. and Huang, K.N., 2010. An Inventory Model for Deteriorating Items with 
Two Levels of Trade Credit Taking Account of Time Discounting. Acta 
Applicandae Mathematicae, 110(1), 313–326. 

Liao, J.J., Huang, K.N. and Chung, K.J., 2012. Lot-sizing decisions for 
deteriorating items with two warehouses under an order-size-dependent 
trade credit. International Journal of Production Economics, 137(1), 102–
115. 

Liao, J.J., Huang, K.N. and Ting, P.S., 2013. A note on inventory ordering 
policies of delayed deteriorating items under permissible delay in 
payments. Journal of Information and Optimization Sciences, 34(6), 405–

416. 

Liao, J.J., Huang, K.N. and Ting, P.S., 2014. Optimal strategy of deteriorating 
items with capacity constraints under two-levels of trade credit policy. 
Applied Mathematics and Computation, 233, 647–658. 

Lin, Y.J., Ouyang, L.Y. and Dang, Y.F., 2012. A joint optimal ordering and 
delivery policy for an integrated supplier–retailer inventory model with trade 
credit and defective items. Applied Mathematics and Computation, 
218(14), 7498–7514. 

Lou, K.R. and Wang, L., 2013. Computers & Industrial Engineering Optimal lot-
sizing policy for a manufacturer with defective items in a supply chain with 
up-stream and down-stream trade credits q. Computers & Industrial 
Engineering, 66(4), 1125–1130. 

Mahata, G.C., 2012. An EPQ-based inventory model for exponentially 
deteriorating items under retailer partial trade credit policy in supply chain. 
Expert Systems with Applications, 39(3), 3537–3550. 



© C
OPYRIG

HT U
PM

 
 

128 
 

Min, J., Zhou, Y.W. and Zhao, J., 2010. An inventory model for deteriorating 
items under stock-dependent demand and two-level trade credit. Applied 
Mathematical Modelling, 34(11), 3273–3285. 

Moussawi Haidar, L., Dbouk, W., Jaber, M.Y. and Osman, I.H., 2014. 
Coordinating a three-level supply chain with delay in payments and a 
discounted interest rate. Computers & Industrial Engineering, 69, 29–42. 

Murty, K.G. and Kabadi, S.N., 1987. Some NP-complete problems in quadratic 
and nonlinear programming. Mathematical Programming, 39, 117– 129. 

Musa, A. and Sani, B., 2012. Inventory ordering policies of delayed deteriorating 
items under permissible delay in payments. International Journal of 
Production Economics, 136(1), 75–83. 

Ouyang, L. yuh, Chen, M. sheng and Chuang, K.W., 2002. Economic Order 
Quantity Model Under Cash Discount and Payment Delay. Information and 
Management Sciences, 13(1), 1–10. 

Ouyang, L.Y. and Chang, C.T., 2013. Optimal production lot with imperfect 
production process under permissible delay in payments and complete 
backlogging. International Journal of Production Economics, 144(2), 610–

617. 

Ouyang, L.Y., Chang, C.T. and Shum, P., 2010. The EOQ with defective items 
and partially permissible delay in payments linked to order quantity derived 
algebraically. Central European Journal of Operations Research, 20(1), 
141–160. 

Ouyang, L.Y., Chang, C.T. and Teng, J.T., 2005. An EOQ model for deteriorating 
items under trade credits. Journal of the Operational Research Society, 
56(6), 719–726. 

Ouyang, L.Y., Ho, C.H. and Su, C.H., 2009. An optimization approach for joint 
pricing and ordering problem in an integrated inventory system with order-
size dependent trade credit. Computers & Industrial Engineering, 57(3), 
920–930. 

Ouyang, L.Y., Teng, J.T. and Chen, L.H., 2006. Optimal Ordering Policy for 
Deteriorating Items with Partial Backlogging under Permissible Delay in 
Payments. Journal of Global Optimization, 34(2), 245–271. 

Ouyang, L.Y., Teng, J.T., Goyal, S.K. and Yang, C. Te, 2009. An economic order 
quantity model for deteriorating items with partially permissible delay in 
payments linked to order quantity. European Journal of Operational 
Research, 194(2), 418–431. 



© C
OPYRIG

HT U
PM

 
 

129 
 

Ouyang, L.Y., Wu, K.S. and Yang, C. Te, 2006. A study on an inventory model 
for non-instantaneous deteriorating items with permissible delay in 
payments. Computers & Industrial Engineering, 51(4), 637–651. 

Ouyang, L.Y., Yang, C. Te, Chan, Y.L. and Cárdenas Barrón, L.E., 2013. A 
comprehensive extension of the optimal replenishment decisions under two 
levels of trade credit policy depending on the order quantity. Applied 
Mathematics and Computation, 224, 268–277. 

Pal, M. and Chandra, S., 2014. A periodic review inventory model with stock 
dependent demand, permissible delay in payment and price discount on 
backorders. Yugoslav Journal of Operations Research, 24(1), 99–110. 

Piasecki, D., 2004. Consignment inventory: What is it and when does it make 
sense to use it? white paper, Inventory Operations Consulting LLC. 

Rosenthal, R.E., 2014. GAMS — A User’s Guide. In Washington, DC: GAMS 
Development Corporation. 

Roy, A. and Samanta, G.P., 2011. Inventory model with two rates of production 
for deteriorating items with permissible delay in payments. International 
Journal of Systems Science, 42(8), 1375–1386. 

Rudolph G., 1994. Convergence properties of canonical genetic algorithms. 
IEEE Transactions on Neural Networks, 1(5), 96–101. 

Ryu, C., 2006. An Investigation of Impacts of Advanced Coordination 
Mechanisms on Supply Chain Performance : Consignment, VMI I, VMI II, 
and CPFR. 

Sana, S.S. and Chaudhuri, K.S., 2008. A deterministic EOQ model with delays 
in payments and price-discount offers. European Journal of Operational 
Research, 184(2), 509–533. 

Sarkar, B., 2012. An EOQ model with delay in payments and stock dependent 
demand in the presence of imperfect production. Applied Mathematics and 
Computation, 218(17), 8295–8308. 

Sarker, B.R., Jamal, A.M.M. and Wang, S., 2000. Supply chain models for 
perishable products under inflation and permissible delay in payment. 
Computers and Operations Research, 27(1), 59–75. 

Shah, N.H., Gor, A.S. and Jhaveri, C.A., 2012. Optimal pricing and ordering 
policy for an integrated inventory model with quadratic demand when trade 
credit linked to order quantity. Journal of Modelling in Management, 7(2), 
148–165. 



© C
OPYRIG

HT U
PM

 
 

130 
 

Shah, N.H., Shah, D.B. and Patel, D.G., 2013. Optimal transfer, ordering and 
payment policies for joint supplier–buyer inventory model with price-
sensitive trapezoidal demand and net credit. International Journal of 
Systems Science, 1–10. 

Shi, X.H., Liang, Y.C., Lee, H.P., Lu, C. and Wang, L.M., 2005. An improved GA 
and a novel PSO-GA-based hybrid algorithm. Information Processing 
Letters, 93(5), 255–261. 

Shinn, S.W. and Hwang, H., 2003. Optimal pricing and ordering policies for 
retailers under order-size-dependent delay in payments. Computers & 
Operations Research, 30(1), 35–50. 

Singh, S.R. and Sharma, S., 2014. Optimal trade-credit policy for perishable 
items deeming imperfect production and stock dependent demand. 
International Journal of Industrial Engineering Computations, 5(1), 151–

168. 

Soni, H. and Shah, N.H., 2008. Optimal ordering policy for stock-dependent 
demand under progressive payment scheme. European Journal of 
Operational Research, 184(1), 91–100. 

Soni, H., Shah, N.H. and Jaggi, C.K., 2010. Inventory models and trade credit : 
a review. Control and cybernetics, 39(3), 867–880. 

Soni, H.N., 2013a. Optimal replenishment policies for deteriorating items with 
stock sensitive demand under two-level trade credit and limited capacity. 
Applied Mathematical Modelling, 37(8), 5887–5895. 

Soni, H.N., 2013b. Optimal replenishment policies for non-instantaneous 
deteriorating items with price and stock sensitive demand under 
permissible delay in payment. International Journal of Production 
Economics, 146(1), 259–268. 

Soni, H.N. and Patel, K.A., 2012. Optimal strategy for an integrated inventory 
system involving variable production and defective items under retailer 
partial trade credit policy. Decision Support Systems, 54(1), 235–247. 

Srivastava, V.K. and Fahim, A., 2007. An optimization method for solving mixed 
discrete-continuous programming problems. Computers & Mathematics 
with Applications, 53(10), 1481–1491. 

Su, C.H., 2012. Optimal replenishment policy for an integrated inventory system 
with defective items and allowable shortage under trade credit. 
International Journal of Production Economics, 139(1), 247–256. 



© C
OPYRIG

HT U
PM

 
 

131 
 

Su, C.H., Ouyang, L.Y., Ho, C.H. and Chang, C.T., 2007a. Retailer’s inventory 
policy and supplier’s delivery policy under two-level trade credit strategy. 
Asia-Pacific Journal of Operational Research, 24(5), 613–630. 

Su, C.H., Ouyang, L.Y., Ho, C.H. and Chang, C.T., 2007b. Retailer’s inventory 
policy and supplier’s delivery policy under two-level trade credit strategy. 
Asia-Pacific Journal of Operational Research, 24(5), 613–630. 

Taleizadeh, A.A., Pentico, D.W., Jabalameli, M.S. and Aryanezhad, M., 2013. 
An EOQ model with partial delayed payment and partial backordering. 
Omega, 41(2), 354–368. 

Tawarmalani, M. and Sahinidis, N. V., 2002. Convexification and Global 
Optimization in Continuous and Mixed-Integer Nonlinear Programming: 
Theory, Algorithms, Software, and Applications, Dordrecht: Kluwer 
Academic Publishers. 

Teng, J.T., 2006. Discount cash-flow analysis on inventory control under various 
supplier’s trade credits. International Journal of Operations Research, 3(1), 
23–29. 

Teng, J.T., 2002. On the economic order quantity under conditions of permissible 
delay in payments. Journal of the Operational Research Society, 53(8), 
915–918. 

Teng, J.T., 2009. Optimal Ordering Policies for a Retailer Who Offers Distinct 
Trade Credits to its Good and Bad Credit Customers. International Journal 
of Production Economics, 119(2), 415–423. 

Teng, J.T. and 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. 

Teng, J.T., Chang, C.T. and Chern, M.S., 2012. Vendor–buyer inventory models 
with trade credit financing under both non-cooperative and integrated 
environments. International Journal of Systems Science, 43(11), 2050–

2061. 

Teng, J.T., Chang, C.T., Chern, M.S. and Chan, Y.L., 2007. Retailer’s optimal 
ordering policies with trade credit financing. International Journal of 
Systems Science, 38(3), 269–278. 

Teng, J.T., Chang, C.T. and Goyal, S.K., 2005. Optimal pricing and ordering 
policy under permissible delay in payments. International Journal of 
Production Economics, 97(2), 121–129. 

Teng, J.T., Chen, J. and Goyal, S.K., 2009. A comprehensive note on: An 
inventory model under two levels of trade credit and limited storage space 



© C
OPYRIG

HT U
PM

 
 

132 
 

derived without derivatives. Applied Mathematical Modelling, 33(12), 
4388–4396. 

Teng, J.T. and Goyal, S. kumar, 2009. Comment on “Optimal inventory 
replenishment policy for the EPQ model under trade credit derived without 
derivatives.” International Journal of Systems Science, 40(10), 1095–1098. 

Teng, J.T. and Goyal, S.K., 2007. Optimal ordering policies for a retailer in a 
supply chain with up-stream and down-stream trade credits. Journal of the 
Operational Research Society, 58(9), 1252–1255. 

Teng, J.T., Krommyda, I.P., Skouri, K. and Lou, K.-R., 2011. A comprehensive 
extension of optimal ordering policy for stock-dependent demand under 
progressive payment scheme. European Journal of Operational Research, 
215(1), 97–104. 

Teng, J.T. and Lou, K.R., 2012. Seller’s optimal credit period and replenishment 
time in a supply chain with up-stream and down-stream trade credits. 
Journal of Global Optimization, 53(3), 417–430. 

Teng, J.T., Min, J. and Pan, Q., 2012. Economic order quantity model with trade 
credit financing for non-decreasing demand. Omega, 40(3), 328–335. 

Teng, J.T., Ouyang, L.Y. and Chen, L.H., 2006. Optimal manufacturer ’ s pricing 
and lot-sizing policies under trade credit financing. International 
Transactions in Operational Research, 13(6), 515–528. 

Teng, J.T., Yang, H.L. and Chern, M.S., 2013. An inventory model for increasing 
demand under two levels of trade credit linked to order quantity. Applied 
Mathematical Modelling, 37(14-15), 7624–7632. 

Thangam, A., 2012. Optimal price discounting and lot-sizing policies for 
perishable items in a supply chain under advance payment scheme and 
two-echelon trade credits. International Journal of Production Economics, 
139(2), 459–472. 

Thangam, A. and Uthayakumar, R., 2008. Analysis of Partial Trade Credit 
Financing in a Supply chain by EPQ-based models. Advanced Modeling 
and Optimization, 10(2), 177–198. 

Thangam, A. and Uthayakumar, R., 2010. Optimal pricing and lot-sizing policy 
for a two-warehouse supply chain system with perishable items under 
partial trade credit financing. Operational Research: An International 
Journal, 10(2), 133–161. 

Thangam, A. and Uthayakumar, R., 2009. Two-echelon trade credit financing for 
perishable items in a supply chain when demand depends on both selling 



© C
OPYRIG

HT U
PM

 
 

133 
 

price and credit period. Computers & Industrial Engineering, 57(3), 773–

786. 

Tsao, Y.C., 2011. Replenishment policies considering trade credit and logistics 
risk. Scientia Iranica, 18(3), 753–758. 

Tsao, Y.C., 2009. Retailer’s optimal ordering and discounting policies under 
advance sales discount and trade credits. Computers & Industrial 
Engineering, 56(1), 208–215. 

Tsao, Y.C. and Sheen, G.J., 2008. Dynamic pricing, promotion and 
replenishment policies for a deteriorating item under permissible delay in 
payments. Computers & Operations Research, 35(11), 3562–3580. 

Uthayakumar, R. and Priyan, S., 2013. Pharmaceutical supply chain and 
inventory management strategies : Optimization for a pharmaceutical 
company and a hospital. Operations Research for Health Care, 2(3), 52–

64. 

Ventura, E., 1985. Letter and Viewpoint. Journal of the Operational Research 
Society, 36(10), 965–967. 

Wang, W.C., Teng, J.T. and Lou, K.R., 2014. Seller’s optimal credit period and 
cycle time in a supply chain for deteriorating items with maximum lifetime. 
European Journal of Operational Research, 232(2), 315–321. 

Woo, Y.Y., Hsu, S.L. and Wu, S., 2001. An integrated inventory model for a 
single vendor and multiple buyers with ordering cost reduction. 
International Journal of Production Economics, 73(3), 203–215. 

Woo, Y.Y., Hsu, S.L., Wu, S.S., 2001. An integrated inventory model for a single 
vendor and multiple buyers with ordering cost reduction. International 
Journal of Production Economics, 73(3), 203–215. 

Wu, J., Skouri, K., Teng, J.T. and Ouyang, L.Y., 2014. A note on “optimal 
replenishment policies for non-instantaneous deteriorating items with price 
and stock sensitive demand under permissible delay in payment.” 
International Journal of Production Economics, 155, 324–329. 

Wu, K.S., Ouyang, L.Y. and Yang, C. Te, 2006. An optimal replenishment policy 
for non-instantaneous deteriorating items with stock-dependent demand 
and partial backlogging. International Journal of Production Economics, 
101(2), 369–384. 

Yang, C.T., 2010. The optimal order and payment policies for deteriorating items 
in discount cash flows analysis under the alternatives of conditionally 
permissible delay in payments and cash discount. Top, 18, 429–443. 



© C
OPYRIG

HT U
PM

 
 

134 
 

Yang, H.L. and Chang, C.T., 2013. A two-warehouse partial backlogging 
inventory model for deteriorating items with permissible delay in payment 
under inflation. Applied Mathematical Modelling, 37(5), 2717–2726. 

Yu, J.C.P., 2013. A collaborative strategy for deteriorating inventory system with 
imperfect items and supplier credits. International Journal of Production 
Economics, 143(2), 403–409. 

Yu, Y., Chu, F. and Chen, H., 2009. A Stackelberg game and its improvement in 
a VMI system with a manufacturing vendor. European Journal of 
Operational Research, 192(3), 929–948. 

Zhang, T., Liang, L., Yu, Y. and Yu, Y., 2007. An integrated vendor-managed 
inventory model for a two-echelon system with order cost reduction. 
International Journal of Production Economics, 109(1-2), 241–253. 

Zhang, X., Dai, G., Shen, H., Jiang, X. and Ding, F., 2010. The optimal supplier’s 
trade credit decisions in the EPQ model. In 2010 IEEE International 
Conference on Service Operations and Logistics and Informatics (SOLI). 
pp. 208–213. 

Zhang, T., Liang, L., Yu, Y., Yu, Y., 2007. An integrated vendor-managed 
inventory model for a two-echelon system with order cost reduction. 
International Journal of Production Economics, 109(1–2), 241–253. 

Zhong, Y.G. and Zhou, Y.W., 2013. Improving the supply chain’s performance 
through trade credit under inventory-dependent demand and limited 
storage capacity. International Journal of Production Economics, 143(2), 
364–370. 

Zhong, Y.G. and Zhou, Y.W., 2012. The model and algorithm for determining 
optimal ordering/trade-credit policy of supply chains. Applied Mathematics 
and Computation, 219(8), 3809–3825. 


	DEVELOPMENT OF A TWO-LEVEL TRADE CREDIT MODEL WITH SHORTAGE FOR DETERIORATING PRODUCTS USING HYBRID METAHEURISTIC ALGORITHM
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



