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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the degree of Doctor of Philosophy 

ABSTRACT  

DEVELOPMENT OF INTEGRATED MODELS FOR DISTRIBUTION 
NETWORK DESIGN OF PERISHABLE PRODUCTS  

By 

ZAHRA FIROOZI 
 
 

January 2015 
 
 

Chairman: Professor Datin Dr Napsiah Ismail, PhD. 
 
 
Faculty     : Engineering 

Over the last few years, inventory-location network design models due to the 
incorporation of two main decisions in network design, meaning inventory control 
and facility location, has attracted great attention from both industries and 
researchers. Existing inventory-location models are mainly applicable for non-
perishable inventories. However, since, perishable inventory comprise a large 
proportion of the inventory distributed through the distribution networks, and due to 
the important role of the network design on the final cost and quality of the products, 
development of inventory-location models suitable for perishable inventory is of 
great importance. Therefore, the objective of this research is development of 
integrated inventory-location models for distribution network design of fixed- and 
random-lifetime perishable products, that has been achieved through the following 
four phases.  

The first phase is to select the best structure for the distribution network between a 
centralized and decentralized configuration. Previous research works that admire a 
centralized structure consisting of suppliers, distribution centers and retailers, 
considered for simplicity that the products dispatched from the supplier are 
maintained at the distribution centers locations before being demanded by the 
customer. It is equivalent to this assumption that if a customer places an order to a 
retailer, and the retailer is out-of-stock the customer waits for the products to be 
available. However, in practice it is not true and a fraction of customers encountering 
stock-out switches to other markets. To this end, the first part of this study 
formulates the centralized and decentralized structures when inventory can be stored 
at both retailers’ and DCs’ location. Sensitivity analysis is conducted to determine 
the value of centralization. Results indicate that the value of centralization is 
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dependent on the parameters of the problem, and that for the parameters of the 
problem considered in this research, a centralized structure has been more efficient. 
So, for the rest of this research a centralized structure is considered for the 
distribution network.  

The second phase of this research is to determine the best optimization approach to 
formulate the problem between an integrated and a decoupled method. Hence, the 
inventory-location model is formulated for fixed-lifetime perishable product once by 
an integrated model and another time by a decoupled model. A memetic algorithm 
(MA) is developed to solve the integrated model, and the Lingo software is applied 
to solve the decoupled model. Results show that up to 5.7% cost reduction is 
achieved by applying the integrated model. The developed MA is compared with a 
GA from literature. Result indicates that in terms of solution quality, MA is up to 
22.13% superior to GA, but up to 4.17 times slower than that. Therefore, the third 
phase of this research develops a much efficient solution method based on 
Lagrangian relaxation to solve the integrated inventory-location model for fixed-
lifetime perishable products. Results show that the Lagrangian relaxation algorithm 
is in average 255 times faster than GA, and in terms of solution quality is up to 
22.13% better than GA. The developed model, other than facility location and 
inventory control decision for a distribution network, provides the managers the 
opportunity to select among higher-inventory-cost options that lead to longer-lifetime 
for products and less costly options that result in having products with shorter 
lifetimes. 

Finally, the last phase of this study develops an integrated inventory-location model 
for the network design of random-lifetime perishable products. The model defines 
the randomness of product lifetimes by discrete scenarios, and therefore, provides 
solutions that perform well under all defined scenarios. A Lagrangian relaxation-
based heuristic algorithm is developed to solve the model. The algorithm produces 
solutions that are within 0.027% of optimality gap. 

  



© C
OPYRIG

HT U
PM

iii 

Abstrak of tesis yang dikemukakan kepada Senat Universiti Putra 
Malaysia sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PEMBANGUNAN MODEL BERSEPADU UNTUK REKA BENTUK 
RANGKAIAN BARANGAN MUDAH ROSAK  

ABSTRAK 

Oleh 

ZAHRA FIROOZI 

Januari 2015 

Pengerusi:  Profesor Datin Dr. Napsiah Ismail, PhD. 

Fakulti :  Kejuruteraan 

Sejak beberapa tahun kebelakangan in, model-model rangkaian sumber bekalan 
berpaksikan tempat dan kawalan telah menarik perhatian pihak industri dan 
penyelidik. Model-model yang berdasarkan tempat tertumpunya sumber bekalan 
hanya relevan untuk bahan-bahan yang tidak mudah lapuk atau rosak. Pembangunan 
model sumber bekalan masa kini menjadi lebih penting memandangkan bekalan 
bahan yang mudah rosak menjadi sebahagian besar daripada rangkaian pengedaran 
dan kepentingan rangkaian reka bentuk terhadap kos dan kualiti sesuatu produk. 
Justeru itu, fokus penyelidikan ini adalah pembangunan model rangkaian pengagihan 
lokasi inventori bersepadu untuk barang mudah rosak dan tidak mudah rosak, 
Objektif penyelidikan ini dicapai melalui empat fasa berikut. 

Fasa pertama ialah untuk memilih struktur terbaik untuk rangkaian pengagihan 
antara satu konfigurasi terpusat dan terpancar. Kerja-kerja penyelidikan dahulu yang 
mengikuti satu struktur terpusat mengandungi pembekal, pusat pengedaran dan 
peruncit, dianggap untuk kesederhanaan yang produk menghantar dari pembekal 
dikekalkan pada lokasi pusat pengedaran sebelum didesak oleh pelanggan. 
Bersamaan andaian ini bahawa jika seorang pelanggan meletakkan satu perintah 
kepada seorang peruncit, dan peruncit kehabisan barangan maka pelanggan akan 
menunggu bagi produk itu mesti diadakan. Bagaimanapun, pada praktiknya ia tak 
benar dan satu bahagian daripada pelanggan mendapat saham keluar pertukaran 
kepada lain-lain pasaran. Bagi akhir ini, bahagian pertama kajian ini merumuskan 
dan menilai struktur terpancar dan terpusat apabila inventori boleh disimpan di 
kedua-dua peruncit dan DCs' lokasi. Keputusan menunjukkan bahawa nilai 
pemusatan bergantung di parameter bermasalah. Lantarannya, tiada penghakiman 
boleh dibuat tentang yang mana struktur menguntungkan untuk satu rangkaian 
melainkan, selepas membuat satu perbandingan antara dua struktur. Keputusan 
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menunjukkan bahawa output bagi rangkaian berpusat bergantung kepada masalah 
parameter dan rangkaian berpusat terbukti lebih efisyen. Oleh yang demikian, 
rangkaian berpusat akan menjadi topik utama dalam rangkaian pengedaran.  

Fasa kedua penyelidikan ini bermatlamat untuk menentukan kaedah optimisi yang 
terbaik bagi memformulasi masalah di antara model rangkaian bersepadu dan 
nyahganding. Maka, satu rangkaian bersepadu dan model nyahganding dibangunkan 
untuk reka bentuk rangkaian barangan mudah rosak hayat ditetapkan, di mana, model 
bersepadu mengoptimumkan keputusan rekabentuk rangkaian serentak dan, kaedah 
nyahganding mengoptimumkan keputusan akibatnya. Algoritma memetic 
dibangunkan untuk menyelesaikan model bersepadu dan perisian Lingo digunakan 
ke atas menyelesaikan nyahganding model. Analisis kepekaan dijalankan untuk 
menilai nilai integrasi. Keputusan menunjukkan bahawa sehingga 5.7% pengurangan 
kos dicapai dengan menggunakan model bersepadu. Yang dibanginkan iaitu MA 
akan dibandingkan dengan GA dari kesusasteraan. Keputusan menunjukkan itu 
dalam soal kualiti penyelesaian, MA adalah sehingga 22.13% hebat kepada GA, 
tetapi sehingga 4.17 kali lebih perlahan daripada itu. Lantarannya, fasa ketiga 
penyelidikan ini membangunkan satu banyak kaedah penyelesaian cekap 
berdasarkan Lagrangian rehat menyelesaikan model rekabentuk rangkaian bersepadu 
untuk produk musnah dibangunkan dalam fasa 2. Keputusan menunjukkan bahawa 
algoritma rehat Lagrangian berada dalam sederhana 255 kali lebih pantas daripada 
GA, dan dalam soal kualiti penyelesaian adalah sehingga 22.13% lebih baik daripada 
GA. Model yang telah dihasilkan membantu pengurus memilih sumber bekalan 
berkos tinggi dan membantu produk untuk tahan lebih lama ataupun pilihan yang 
lebih mahal tetapi menyebabkan produk mempunyai jangka hayat yang pendek.  

Selain daripada produk-produk hayat ditetapkan terdapat satu lagi pelbagai jenis 
barangan mudah rosak dikenali sebagai barang-barang hayat rawak yang merosot 
secara rawak. Tidak mempedulikan kerawakan hayat boleh menyebabkan kos tinggi 
kepada sistem agihan. Lantarannya, di peringkat akhir kajian ini, satu model 
bersepadu dibangunkan untuk reka bentuk rangkaian barangan mudah rosak hayat 
rawak menerusi senario secara data dan seterusnya membuktikan bahawa model 
tersebut boleh diaplikasi dalam apa jua jenis senario. Satu Lagrangian algoritma 
heuristik berasaskan kelonggaran dibangunkan untuk menyelesaikan model. 
Algoritma menghasilkan penyelesaian dengan sehingga 0.027% keoptimuman 
jurang. 
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CHAPTER 1 

1                                              INTRODUCTION 

1.1 Background  

Distribution network design (DND) is one of the most significant and challenging 
decision problems in logistics and supply chain management (Altiparmak et al., 
2006; Faccio et al., 2011). In today’s competitive environment, pressure of growing 
costs, sources of uncertainty, and introduction of short life-cycle products have 
caused this area of research to gain much attention among both researchers and 
industries.  

In a distribution network, items are produced at the manufacturers and shipped to the 
warehouses and then to the retailers to finally meet the customers’ demand. 
Distribution network design is a complex process since decisions to be made for 
designing a distribution network are highly interrelated (Ozsen et al., 2008). For 
instance, any changes in the network configuration, i.e. the number and location of 
facilities, influence the transportation and replenishment cost and the optimal 
inventory policy. Owing to these interrelationships, a huge amount of potential cost 
saving would be lost if relevant decisions are not optimized simultaneously (Miranda 
and Garrido, 2008).  

Moreover, the components of cost associated with network design decisions are 
estimated to contribute about 10% to 20% of the sale (Punakivi and Hinkka, 2006). 
This fact implies that an efficient design of a distribution network can considerably 
affect the cost and quality of the final products (Dabbene et al., 2008).  

In the real world, an extensive proportion of the products distribute worldwide are 
perishable (Minner and Transchel, 2010; Jia and Hu, 2011). For instance, 50% of 
sales in the U.S. grocery industry are due to perishable products (Ferguson and 
Ketzenberg, 2006), and in the area of blood management, more than 92 million units 
of blood, which are perishable, are collected globally every year, according to the 
World Health Organization (WHO) (2011). Medicines, pharmaceutical products, and 
many industrial products are other varieties of perishable goods.  

Furthermore, a large number of distribution networks in the world are dealing with 
distribution and storage of these perishable products (Hsu et al., 2007; Broekmeulen 
and van Donselaar, 2009). Therefore, designing integrated distribution network for 
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perishable products is of a great magnitude. However, only recently, researchers 
have focused on developing integrated DND models for perishable products that 
optimize the distribution network decisions simultaneously.  

This research focuses on development of models and solution methods for 
distribution network design of perishable products. Hereafter in this text, the words 
structure and system and the words warehouse and distribution center are 
interchangeably used. 

1.2 Problem statement 

Inventory-location models are important variety of network design models made by 
incorporation of facility location and inventory control decisions. The main problem 
with existing inventory-location models is an assumption that considers products can 
be stored indefinitely in the distribution network. This assumption is not in favor of 
perishable inventories that have limited lifetimes. Moreover, since, perishable 
inventories comprise a large proportion of the inventory distributed through the 
distribution networks (Jia and Hu, 2011), and due to the important role of the 
network design on the cost and quality of the products, development of inventory-
location models suitable for perishable inventory is of significant importance.  

In order to develop successful and efficient inventory-location network design 
models, two imperative issues need to be considered as follows (Baghalian et al., 
2013):  

(1). Determining the optimal network structure: Network structuring 
involves centralization or decentralization of a distribution network; that 
is, to determine whether the combination of facilities should be of a 
centralized or a decentralized system (Min and Zhou, 2002). In a 
distribution network consisting of a supplier and N retailers, 
centralization can be applied by aggregating demands of retailers into 
several distribution centers (DCs) that operate as intermediate facilities. 
The DCs, then, order products from the supplier and keep the inventory of 
products to satisfy the demands of retailers. On the opposite side of 
centralization, stands the so-called decentralized system in which each 
retailer directly orders to the supplier and keeps its own inventory. The 
advantages (Berman et al., 2011; Gerchak and He, 2003; Benjaafar et al., 
2005) and disadvantages (Gerchak and He, 2003; Pedersen et al., 2012) of 
centralization have been discussed in previous researches. However, 
traditionally it was considered that, in a centralized system no inventory is 
stored in the retailers’ location. In other words, it is assumed that if a 
retailer is out-of-stock, the customer wait for the goods to be available. 
However, in practice it is not always true, and a fraction of customers 
switch to other markets if they face stock out (Bijvank and Vis, 2011). So, 
in order to have a precise comparison between a centralized and a de-
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centralized system, to determine the best structure for the distribution 
network, the inventory and ordering costs at retailers, as well as those at 
the DCs need to be taken into account.  

(2). Simultaneously integration of related decisions: The decisions to be 
made for designing a distribution network are highly interrelated (Ozsen 
et al., 2008), and due to this interrelationship, it is expected that a huge 
amount of potential cost saving would be lost if relevant decisions are not 
optimized simultaneously (Miranda and Garrido, 2008). In spite of that, 
traditional inventory-location network design models suffer from 
simultaneous integration of the perishable inventory control and other 
network design decisions. So studies need to be conducted to obtain the 
potential benefits that could be achieved by incorporation of perishable 
inventory control decisions into facility location models by an integrated 
approach rather than a decoupled approach. 

In addition, perishable products are categorized on the basis of their lifetimes into 
two groups of fixed-lifetime and variable-lifetime items (Kouki et al., 2013a). Fixed-
lifetime items have a predetermined expiry date such as many processed foods. 
However, random lifetime items have no determined expiry date such as fresh foods, 
fruits and vegetables. Therefore, models need to be developed for distribution 
network design of perishable products for both fixed-lifetime and variable-lifetime 
items.  

Most of the existing works on perishable inventory that studied random-lifetime 
items considered that lifetime follow a known distribution function. Though, many 
actual worlds’ conditions such as unusual changes in climate or failure of 
transportation and storage facilities which are of a low possibility of happening, but, 
have significant impacts on product lifetimes are difficult to be described by known 
probability distribution functions. Moreover, an unsuitable distribution function may 
lead to drastically unsatisfactory results (Gürler and Özkaya, 2008). Therefore, the 
developed models for variable-lifetime products must perform well under any 
possible lifetime behavior of the products. Such a goal can be achieved by defining 
uncertainty of life-time using discrete scenarios. 

1.3 Objectives  

The main objectives of this study are listed in the following. 

(1). To develop an inventory-location network design model for selecting the best 
structure for the distribution network between a centralized and a decentralized 
structure. 
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(2). To develop and solve an integrated inventory-location model for distribution 
network design of fixed-lifetime perishable products. 

(3). To develop and solve an integrated inventory-location model for distribution 
network design of random-lifetime perishable products. 

1.4 Contributions of the study 

The most important contribution of this study is development of inventory-location 
models and solution methods for fixed- and random-lifetime perishable products 
which have the following features.  

(1). The models develop a trade-off between selecting higher-inventory-cost options 
that lead to longer lifetime for products and less-costly options that result in 
shorter lifetime for products.  

(2). The model developed for random-lifetime perishable products defines the 
randomness of product lifetimes by worst-case scenarios, and provides solutions 
that perform well under all defined scenarios. 

1.5 Scope of the study  

Distribution network design models are broadly classified into four groups of (1) 
inventory-location models, (2) inventory-routing models, (3) location-routing 
models, and (4) inventory-location-routing models. The scope of this thesis covers 
the first category.  

In addition, there are three planning levels in supply chain management known as 
strategic or long-term, tactical or mid-term, and operational or short-term level. 
Strategic level is related to decisions regarding the number and location of facilities 
and structure of the supply chain network. Tactical planning level affects the quantity 
and frequency of orders. Finally, the operational planning level includes scheduling, 
assignment of loads to customers’ orders and routing of vehicles. The last level of 
planning needs detail information such as the number of personnel, number of 
working days, exact order quantity of each customer and so on. The developed 
models of this study integrate the strategic and tactical decision levels, and so these 
models are not applicable for short-term planning decisions.  

The developed models of this study are formulated for a single product. Although, it 
does not necessarily imply that the models can only be used for a distribution 
network with one type of product. Rather, it means that all kinds of products should 
have the same cost parameters. Such an assumption is also a common case in reality, 
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since, frequently happens that a distribution network is dealing with multiple 
products but regardless of the variety of products, they all are treated in the same 
manner from the cost point of view. For instance, the inventory holding cost is 
usually computed base of the amount of products and the period of time they are 
being stored in the warehouse and it usually does not vary depending on the types of 
the product that are stored.  

1.6 Outline of thesis 

The remainder of this thesis consists of seven chapters, which are organized as 
follows: Chapter 2 provides background materials for the work done in this research. 
Moreover, the relevant researches to the subject of this study are reviewed, and some 
main drawbacks of the existing literature and the contributions of this study to cover 
them are outlined. Chapter 3 is dedicated to displaying the overall flow of this 
research, and enumerating the models and solution techniques that are developed and 
applied in this study. Chapter 4 to 7 are related to the objectives of this study where, 
Chapters 4 is related to objective 1, Chapter 5 and 6 are related to objective 2, and 
chapter 7 is related to the last objectives. Each one of these chapters has its own 
methodology, result and conclusion. Finally, Chapter 8 provides a summary of this 
research and gives recommendation for future researches.  
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