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Abstrak 

Suatu sistem inventori berusaha mengimbangi antara lebihan stok and kekurangan 
stok bagi mengurangkan jumlah kos dan mencapai permintaan pengguna dalam masa 
yang tepat. Sistem inventori adalah seperti entiti yang tersembunyi dalam rantaian 
bekalan, yang mana rangkaian lengkap yang besar menyelaraskan satu siri proses 
yang saling berkaitan untuk sesuatu pengeluar, bagi mengubah bahan mentah kepada 
produk akhir dan mengagihkannya kepada pelanggan. Inventori optimum dan 
peruntukan dasar dalam rantaian bekalan untuk industri simen bagi kebanyakan jenis 
sistem pelbagai lapisan masih tidak diketahui. Dalam rangkaian pelbagai lapisan, 
kerumitan wujud apabila berbagai isu inventori timbul dalam pelbagai peringkat 
yang mana prestasi mereka dipengaruhi secara signifikan oleh permintaan dan masa-
pendulu. Oleh itu, objektif kajian ini adalah untuk membangunkan satu model 
matematik teranggar yang ditambahbaik dalam satu sistem inventori pelbagai lapisan 
melalui dasar ulasan berterusan yang tertakluk kepada permintaan berkebarangkalian 
dan masa-pendulu. Fungsi taburan kebarangkalian permintaan semasa masa-pendulu 
dijana dengan membangunkan satu model simulasi baru berkaitan permintaan 
semasa masa-pendulu (SMDDL) menggunakan prosedur simulasi. Model ini 
berupaya meramal permintaan dan permintaan semasa masa-pendulu untuk masa 
hadapan. Permintaan semasa masa-pendulu untuk masa hadapan yang diperoleh 
digunakan untuk membangun satu model inventori pelbagai lapisan bersiri (SMEI) 
dengan menerbitkan fungsi kos inventori untuk mengira ukuran prestasi bagi sistem 
inventori industri simen. Berdasarkan ukuran prestasi tersebut, satu model inventori 
pelbagai lapisan taburan yang diubahsuai dengan aturan tiba dahulu layan dahulu 
(FCFS) (DMEI-FCFS) diterbitkan untuk menentukan jangka masa menunggu terbaik 
dan jangkaan bilangan peruncit dalam sistem berdasarkan min kadar ketibaan dan 
min kadar perkhidmatan. Kajian ini menghasilkan lima fungsi taburan baharu bagi 
permintaan semasa masa-pendulu. Semua fungsi taburan mampu menambahbaik 
ukuran prestasi yang mana ianya menyumbang kepada pengurangan dalam jangka 
masa menungu dalam sistem. Keseluruhannya, model teranggar ini dapat 
mencadangkan tempoh masa yang tepat bagi mengatasi masalah kekurangan 
inventori simen yang mana seterusnya memenuhi kepuasan pelanggan.  
 
 
Kata kunci: Model inventori pelbagai lapisan, dasar ulasan berterusan, permintaan 

dan masa-pendulu berkebarangkalian , prosedur simulasi, aturan FCFS 

. 
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Abstract 

An inventory system attempts to balance between overstock and understock to 
reduce the total cost and achieve customer demand in a timely manner. The 
inventory system is like a hidden entity in a supply chain, where a large complete 
network synchronizes a series of interrelated processes for a manufacturer, in order 
to transform raw materials into final products and distribute them to customers. The 
optimality of inventory and allocation policies in a supply chain for a cement 
industry is still unknown for many types of multi-echelon inventory systems. In 
multi-echelon networks, complexity exists when the inventory issues appear in 
multiple tiers and whose performances are significantly affected by the demand and 
lead-time. Hence, the objective of this research is to develop an enhanced 
approximation mathematical model in a multi-echelon inventory system under a 
continuous review policy subject to probabilistic demand and lead-time. The 
probability distribution function of demand during lead-time is established by 
developing a new Simulation Model of Demand During Lead-Time (SMDDL) using 
simulation procedures. The model is able to forecast future demand and demand 
during lead-time. The obtained demand during lead-time is used to develop a Serial 
Multi-echelon Inventory (SMEI) model by deriving the inventory cost function to 
compute performance measures of the cement inventory system. Based on the 
performance measures, a modified distribution multi-echelon inventory (DMEI) 
model with the First Come First Serve (FCFS) rule (DMEI-FCFS) is derived to 
determine the best expected waiting time and expected number of retailers in the 
system based on a mean arrival rate and a mean service rate. This research 
established five new distribution functions for the demand during lead-time. The 
distribution functions improve the performance measures, which contribute in 
reducing the expected waiting time in the system. Overall, the approximation model 
provides accurate time span to overcome shortage of cement inventory, which in turn 
fulfil customer satisfaction. 
 
 
Keywords: Approximation multi-echelon inventory model, continuous review 
policy, probabilistic demand and lead-time, simulation procedures, FCFS rule  
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1 

 CHAPTER ONE

 INTRODUCTION 

Over time, there have been an increasing number of studies in the area of a multi-

echelon inventory system, which is popularly called Supply Chain Management 

(SCM). The reason behind this continued interest is not only because of the 

complexity that arises from the interaction between the different stages (echelons) but 

also due to its immensely practical application in the real world. 

A supply chain is a complete system or network that synchronizes a series of 

interrelated processes (businesses, works, or jobs) in order to transform raw materials 

into final products or semi-finished goods, and distribute these final products from a 

distribution center to retailers or to customers directly (Min & Zhou, 2002). The 

primary objective of a supply chain is to maximize the profitability for all partners 

involved. The partners can be a single firm or more than one firm. The objective can 

be met if all partners think ‘win-win’ and are not worried about their individual 

performance optimization (Chopra & Meindl, 2001).  

Traditionally, inventories at various stocks in a supply chain were managed 

independently and stored with high inventories (Chen and Mushaluk 2014, Yvan 

2011). Market globalization and competitive pressures have increasingly forced 

companies to make more efforts to optimally control their inventories while 

improving customer service (Yang and Geunes 2007, Agudelo 2009). As a result, 

industrial practitioners and academic researchers have begun to pay extra attention to 

multi-echelon inventory management, which takes the interactions between different 

stocks in a supply chain into consideration. 
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