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ABSTRACT 

 

Since the healthcare materials price are increasing in recent years, the inventory 

management is much more important than before for hospital manager, and according to 

the past research, shortage problems are always happened in hospital warehouse. This 

research takes a hospital warehouse in Taiwan as case study, trying to reduce the shortage 

rate of a few specific materials. Simulation approach is mainly used in this research, and 

we focus on the ordering policy that should be applied for each material. We will develop 

a few simulation models, one of them is based on real situation in the case study hospital 

for validation purpose, and the others will be developed by applying different ordering 

policies. Finally, trial and error technique and optimization technique are applied to these 

models in order to find out the best setting values of all decision variables. Suggestion 

will then be provided to the case study hospital warehouse. 

 

Keyword: Shortage, Hospital warehouse, Case study, Ordering policy, Simulation 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background 

 

The implementation of universal health insurance in the Republic of China in 1984 not only 

provided a more convenient medical environment for the people, but also expanded the 

medical system in Taiwan. In this environment, the competition of hospitals is becoming 

increasingly fierce (Wang et al., 2005). Hospitals must face the reduction of operating costs, 

the improvement of medical service quality and service efficiency, and the pressure of 

compression of profit margins. For effective management, hospital administrators must 

systematically assess their core competencies, structure appropriate business strategies, and 

reinterpret hospital values and competitiveness. As a result, how to adopt appropriate 

management and control systems to improve operational efficiency has become a critical 

issue (Bill Binglong, et al., 1999). 

 

In recent years, the healthcare industry has faced increasing prices of materials, which has 

increased the pressure on inventory management unit. Furthermore, the management of 

inventory is an important factor in ensuring the quality and safety of medical care, and it is 

also the key to whether the hospital can operate normally (Hu Zhi, 2002). Also, the research 

of Jeffrey et al. (2015) shows that how hospital supply chain operation will affect the 

performance of warehouse. Therefore, managers must find an appropriate healthcare supply 

chain management approach to enhance the operational efficiency of hospital.  

The research of hospital inventory and logistic problems has been proposed for years. A kind 

of supply chain model of drug logistics in hospital was proposed by Baffo & Kaihara (2016). 

In order to optimize the inventory cost of hospital drug logistics, the various levels of the 

supply chain are integrated and a mathematical model are built. Lapierre and Ruiz (2007) 

try to deal with the logistic activity in hospital supply system, they used Tabu search to solve 

two OR models that are minimizing inventory cost and balanced delivery schedules, 

respectively. Danas et al. (2002) suggest a solution that based on just-in-time concept, try to 

improve the logistics activities of hospital 

Some of the researchers, have conducted a case study in order to verify their methodology 

practically. Andrew Potter et al. (2009) evaluate the inventory management performance in 

the private healthcare sector in Malaysia, and find that the vendor managed inventory (VMI) 

will be the best solution for them. Wu et al. (2015) compare two different kinds of supply 

mode in the hospital in China. In this research, the possibility of applying the inventory pool 

theory to the supply chain in hospital is discussed. As a result, inventory pools will be an 

effective way to improve the performance of supply chain and procurement in this hospital. 

Kumar et al. (2008) aims to investigate cost reduction in logistics and supply chain 

management of medical supplies in healthcare industry of Singapore. This research redesigns 

a supply chain conceptual model and this reengineering model provides a more efficient 

solution with fewer staff, and reducing about 60% of the cost.  

The study presented in this thesis will use the warehouse of a Hospital in Taiwan as a case 

study. The next section will describe the problem of the hospital warehouse. 
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1.2 Statement of the problems 

 

According to Lee (2006), the average shortage rate in Taiwan hospital for the past few years 

is about 3%. After visiting the case study hospital, we notice that it has some specific 

materials in warehouse that have more serious shortage problem than Taiwan average, and 

it will affect the hospital unit’s operation a lot. 

 

According to the staff in warehouse, there are two types of order from each unit, normal 

order and abnormal order, normal order is the regular need of each unit in a week, and will 

be delivered by warehouse staff every week. The abnormal order will happen in case that 

resource from normal type is not enough, caused by the patients are more than usual or show 

up some rare condition patient that need specific materials. As a result, if there have the same 

abnormal needs from several different units at the same time, or if some mistake of inventory 

control occurs, then shortage problem will probably happen.  

 

In addition, cost is the major matter for every industry even in hospital in which reduction 

of the cost is able to improve the social and economic benefits of it (Zhang et al., 2003), and 

every decision made without considering cost is unpractical. 

 

Therefore, this research intends to use simulation approach to improve the shortage problem, 

and try to reduce or control the cost factor to make the decision reasonable, giving hospital 

warehouse a better inventory strategy. 

1.3 Objectives of the Research 

 

This research aims to propose an inventory strategy for a case study hospital to deal with 

medical material shortage problem. So, this research tries to achieve optimization of two 

functions to reach this objective, the first is minimize the shortage rate, and the second is to 

minimize the cost. 

 

To develop an inventory strategy, we consider to decide an ordering policy first because it 

is highly related to stock out problem. As Jonas et al. (2017) mentioned, generally there have 

two kinds of policy which is periodic review, e.g., (T, S) and continuous review, e.g., (s, Q), 

(s, S). After that, the simulation model that is based on practical situations of the hospital 

warehouse operation process will be developed to analyze our objective functions. We will 

input the real data and compare the output with hospital situations for having a verification 

of the model. Finally, the optimization function in simulation software will help to determine 

the best values of decision variables for our research objectives.  
 

1.4 Scope 

 

 There have thousands kind of inventory in the case study warehouse. Due to time 

limitation, I will consider only the inventories that face serious shortage problem for 

the study 

 Research only get the data from hospital for 6 months, maybe can’t reflect the seasonal 

factor and show the real distribution of demand. 

 The simulation software that this research use is not for hospital only. 

 This research will consider the shortage rate that combine both normal order and 

abnormal order into consideration. 
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 Input data (normal and abnormal orders) will be transformed to statistic distribution 

forms. 

 The research approach only fit to the case study hospital or the facilities that have 

similar situations. 
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CHAPTER 2 

LITERATURE REVIEW 

 

This study aims to give an inventory strategy recommendation for hospital warehouse by the 

approach that combine ordering policy with simulation model, Therefore, this chapter will 

focus on the related literature review about ordering policy and simulation. Moreover, there 

are lot of research using mathematical optimization approach, so we also having a literature 

review of this field because it has lot of importance knowledge and will help our research a 

lot.  

 

2.1 Ordering policy 

 

2.1.1    Definition of ordering policy 

 

Chen et al. (2017) arrange the ordering policy knowledge, the ordering policy has two types: 

regular ordering and quantitative ordering. Regular ordering policy is also known as periodic 

review policy, and the quantitative ordering policy is known as continuous review policy.  

 

Periodic review policy normally in the form of (t, S), using time to decide the reorder point. 

This kind of policy will need larger safety stock amount and order quantity, but variety of 

items can order together and maybe receive some discount, also, transportation of multiple 

items together become large-scale transportation and it can reduce transportation costs. 

 

Continuous review policy normally in the form of (R, Q) and (s, S), using quantity to decide 

the reorder point. This kind of policy will lead to shortened order cycle, and need to spend 

more time to monitor the inventory level, but can control inventory more accurately 
 

2.1.2    Ordering policy application in the healthcare industry 

 

Bijvank and vis (2012) compare the performance of fixed order quantity replenishment 

policy with (R, s, S), and find that fixed order quantity able manager to have more insight of 

replenishment process, (R, s, S) policy will be better to apply in case the inventory levels are 

monitored automatically. Dellaert and van de Poel (1996) develop (R, s, c, S) policy that can 

easily apply to hospital warehouse. However, Uthayakumar and Priyan (2013) having an 

argument that periodic inventory review policy is not suitable to hospital due to the demand 

uncertainty problem. Saedi et al. (2016) use (Q, r) policy combine with stochastic model to 

manage the inventory of healthcare facility. Kelle et al. (2012) develop few types of (s, S) 

model in corporate with different constraint to deal with Pharmaceutical supply chain 

problems. As a conclusion, using which kinds of policy with which approach is depends on 

what is more suit to your problems and situations. 

 

2.2  Mathematical optimization 

 

Saedi et al. (2016) develop a continuous time Markov chain model to help minimizing the 

total cost of healthcare facility and also minimize the impact of drug shortage in the situation 

of uncertain disruptions and demand. Baboli et al. (2011) present a model that not to find 

optimal solution, but tend to compare the total cost within two types of replenishment case 

base on heuristic methods. Lawrence et al. (2004) develop two optimization model to 

compare three-echelon distribution network with two-echelon distribution network, and find 

that outsourcing the non-critical medical can not only save the cost but also not to affect 
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service level. Guerrero et al. (2013) use heuristic model based on Markov decision process 

to minimize the stock on hand of the system, and according to the practical situation of 

research hospital, the stock on hand will reduce about 45%. And a Fuzzy model be applied 

to minimize total cost, and deal with the significant uncertainty (Priyan and Uthayakumar, 

2014), as a result the cost is reduce a lot as a whole, but may cause some disadvantage at 

some part. Kelle et al. (2012) develop three model with different constraint to searching the 

best solution of three various objective function, and the result show that 70% to 80% of 

medicine expenditure can be reduced. 

2.3  Simulation 

 

2.3.1    Definition of simulation 

 

System is a group of individuals who are related or interact with each other and operate 

according to certain rules, it can perform the work that individual components cannot. Wu 

(2011) mention that simulations can provide the information needed for managers to make 

decisions. The main functions are as follows: (1) evaluation (2) prediction (3) comparison 

(4) sensitivity analysis (5) bottleneck analysis (6) optimization 

The objective of using simulation is to create a model that is close to the real situation, and 

make some improvement and adjustment in this model in order to solve the practical 

problems, Law and Kelton (1991) pointed out that the simulation is imitate the real worlds 

operating system. In order to conform to the real implementation situation, there is a standard 

system simulation construction sequence (Fig. 2.1), which is: problem definition, develop 

the model, collect the data, input the model, confirm the model, and the results analysis. 

 

 

Figure 2. 1 System simulation construction sequence 
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2.3.2    System simulation application in the supply chain 

 

Jack (2005)'s research shows that discrete dynamic system simulation is an important 

method for supply chain management. A discrete event simulation model was proposed by 

Zhou & De Souza (2016) to improve supply chain performance. Start by collecting data, 

building simulation models, generating scenarios, running simulations, comparing results, 

and making recommendations, the indicators they use are service level, delivery period and 

utilization. Zhao et al. (2010) base on three different types of indicators, established a multi-

objective fuzzy decision model. Which makes it easy for supply chain managers to assess 

system performance. Lin et al. (2008) studied key factors affecting the retail supply chain 

and analyze policies that result in out-of-stock or loss, and simulate current supply processes 

and comparisons after RFID. 

 

2.3.3   System simulation application in the healthcare industry 

 

Recently, more and more healthcare organizations using supply chain management to 

reducing the cost, in this case, they can’t use trial and error approach because it is related to 

human’s life, therefore, simulation and modeling become an alternative approach for supply 

chain managers in healthcare organizations (Eman AbuKhousa et al. 2014). According to 

the research by Naseer et al (2008), there are diverse simulation technique now, and each 

technique suit to different kinds of applications to healthcare, for instance the potential 

application of Contact Dynamic Simulation is modelling the robotic surgeries, Discrete-

Event Simulation is using for analyze and designing clinical pathways, clinical workflow 

management. Ahmed and Alkhamis (2009) Use system simulation and optimization to 

determine the optimal number of physicians, technicians, and nurses to increase patients and 

reduce patients waiting time. Zhecheng Zhu et al. (2012) used simulation to assist healthcare 

providers in estimating the correct amount of ICU beds. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 Overview 

 

The following flowchart presents the method that would be followed in order to achieve the 

research objectives. 

 

 

 
Figure 3. 1 Research flowchart 

 

3.2 Introduction to the research object 

 

This study is mainly based on a medical center in Taiwan, with more than one hundred in-

hospital units. Among them, warehouse is the objective of this research. The working 

contents in the warehouse are management and accept, check, store, distribute, and inventory 

various types of equipment and items. The following Figure 3.2 shows the operation flow 

chart of the case study warehouse. 
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Figure 3. 2 Operation flow of warehouse 

 

3.3 Ordering policy 

 

The hospital uses both periodic review and continuous review ordering policies now, but 

using periodic review the most. Our research will apply two continuous review ordering 

policy which are (s, S) and (R, Q) policy, and compare to the periodic review ordering policy 

(T, S) and (T, s, S) that hospital normally use, because based on past research, continuous 

review ordering policy is more fit to the situation that has high uncertainty. The parameters 

used in the initial model will be the same as the case study hospital warehouse current setting, 

and after selecting the better policy for the case study hospital warehouse, these parameters 

will become decision variables and optimal values of these decision variable will be address.  

 

 (T, S) policy: Review time (T) and the maximum inventory (S) will be set in the 

simulation model. Review time (T) will be set to one week, which is the real review 

time in the case study hospital, order quantity will be the difference of maximum 

inventory(S) and the inventory quantity at the time of review. 

 (T, s, S) policy: Review time (T), reorder point (s) and the maximum inventory (S) will 

be set in the simulation model. If inventory is higher than reorder point while reviewing, 

then do nothing, if inventory is lower than reorder point while reviewing, then will do 

the replenish action. 
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 (s, S) policy: Reorder point (s) and maximum inventory (S) will be set in the simulation 

model. Order quantity will be the difference between maximum inventory and reorder 

point. 

 (R, Q) policy: Reorder point (R) and order quantity (Q) will be set in the simulation 

model. Both these parameters have fixed values.  

 

3.4 Input data interpretation 

 

3.4.1    Selected material 

 

According to the problem statement, the materials that have long term shortage situation, or 

the average shortage rate is higher than standard will be chosen to be the examined items. 

Following are the materials that this research will study and, Table 3.1, Table 3.2 show 

information about shortage rate of each material.  

 Nitrile medical exam glove (GLOVE) 

 Pre-filled syringe (SYRINGE) 

 Glucose tube (TUBE) 

 Ice bath clamp bag (BAG) 
 

Table 3. 1 Shortage rate of each material 
  Month 

 

Material 

Order 

types 

May 

 
June 

 
July 

 
August 

 
September 

 
October 

 
Average 

 

Nitrile 

medical 

exam glove 

Normal 

order 
8% 7% 1% 2% 2% 3% 4% 

 Abnormal 

order 
0% 5% 0% 0% 7% 4% 3% 

Pre-filled 

syringe 

Normal 

order 
1% 4% 1% 1% 0% 1% 1% 

 Abnormal 

order 
4% 37% 3% 1% 3% 3% 9% 

Ice bath 

clamp bag 

Normal 

order 
25% 18% 18% 25% 34% 29% 25% 

 Abnormal 

order 
0% 0% 0% 0% 0% 0% 0% 

Glucose 

tube 

Normal 

order 
8% 4% 17% 5% 4% 10% 8% 

 Abnormal 

order 
0% 0% 1% 0% 14% 0% 3% 

 

Table 3. 2 Total average shortage rate of six months 

Material Six months average 
Nitrile 

medical 

exam glove 
2.9% 

Pre-filled 

syringe 3.44% 

Ice bath clamp 

bag 21.1% 

Glucose tube 6.4% 

3.4.2    Distribution selection 
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This research gets the normal and abnormal demand data from the case study hospital for 

six months, from May to October, 2018. In order to convert the raw data into a suitable form 

to input to the model, we convert the raw data to distribution form. The software EasyFit is 

using to get a distribution, and the domain will be discrete distribution. Each material’s data 

will have two parts to convert, first is arrival time and second is the amount per order.  

 

The arrival time of GOLVE normal order has three types of distribution fitted (Table 3.3), 

as the result the D. Uniform distribution is the best fitted distribution, but due to simulation 

software can’t apply this kind of distribution, we will apply Geometric distribution which is 

the second fitted distribution in the simulation model.  

 
Table 3. 3 GLOVE normal order arrival time distribution 

 
 

Appendix 1 is the distribution convert information of the remaining material’s arrival time 

and amount per order, and due to the same consideration above, all distributions will be 

Geometric distribution. 

 

3.5 Simulation model 

 

3.5.1    Simulation software 

 

Simul8 is a system simulation software for discrete event simulation. It can create a visual 

model for real systems and can import parameters that match real-world conditions. It can 

even use Visual Logic to create logic to express special behaviors that are more consistent 

with reality. Therefore, this study uses Simul8 to construct a hospital warehousing inventory 

model, import demand orders, and use the ordering policy to get initial results, and then use 

the system optimization function to find the best solution. 

 

3.5.2    Simulation model development 

 

We developed simulation models that based on operation flow of warehouse in Figure 3.2, 

and Figure 3.3 is the model of warehouse. It mainly simulates the four selected materials. 

The models that this research built are (T, S) policy model, (s, S) policy model and (R, Q) 



 

11 

 

policy model, they all looked the same from surface but have different parameters and logic 

settings 

 

 
Figure 3. 3 Inventory model of major materials 

 

3.5.3    Simulation model interpretation 

 

The research model is built for simulating the demand and supply operation flow of four 

selected materials, so the model’s appearance is not the layout of hospital warehouse. Due 

to ordering policy of the materials that this research selected are all belong to (T, S) policy, 

therefore we will develop (T, S) policy model to simulate the real situation first, then develop 

(s, S) policy model and (R, Q) policy model based on the original model. Following are the 

interpretation of each part of the simulation model. 

 

The Inventory area is the part that simulate inventory status and picking operation, the 

parameters that relate to inventory will be set in this part, for instance lead time, order 

quantity, maximum inventory, etc. The Order receiving area is used for simulate the 

materials demand situation of the hospital, the arrival time and the amounts of order are 

converted to the distribution form by statistical software EasyFit, Table 3.4 and Table 3.5 

show the distributions that are inputs to the model. The Operation logic setting part is the 

part that inputs the programming command, and is able to simulate every review type 

environment (periodic or continuous). The Time setting part is using for manage the time 

parameters, the time unit in this model is minutes, and there are seven days per week. 

Duration of a day is eight hours and the total simulation time is 184 days which is six months. 
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Table 3. 4 Materials order arrival time distribution 

Material type Normal order arrival 

time distribution 

Abnormal order arrival 

time distribution 

Nitrile medical exam glove 
Geometric (0.0187) Geometric (0.00663) 

Pre-filled syringe Geometric (0.01268) Geometric (0.00313) 

Glucose tube Geometric (0.00452) Geometric (7.1344E4) 

Ice bath clamp bag Geometric (0.00308) Geometric (2.7956E4) 

 

Table 3. 5 Materials ordering quantity distribution 

Material type Normal order ordering 

quantity distribution 

Abnormal order ordering 

quantity distribution 

Nitrile medical exam glove 
Geometric (8.1551E4) Geometric (8.1724E4) 

Pre-filled syringe Geometric (0.00153) Geometric (0.00213) 

Glucose tube Geometric (0.00354) Geometric (0.00116) 

Ice bath clamp bag Geometric (0.0064) Geometric (0.00475) 

 

3.6 Simulation model verification and validation 

 

In order to make sure that the case study model is conform to real situation, we conduct a 

hypothesis testing for both the input data and the result.  

 

3.6.1    Input data 

 

In order to have a hypothesis testing. first, we assume that μ is the input data of simulation 

model, and 𝜇0 is the real data in case study hospital, then: 

 

Null hypothesis 𝐻0: μ = 𝜇0 

Alternative hypothesis 𝐻1: μ ≠ 𝜇0 

 

Next, we decide to apply T test to testing our hypothesis, the t value and the range will be: 

 

t =
�̅�−𝜇0

𝑠
𝑛⁄

 ,   −𝑡𝛼
2⁄ , 𝑛 − 1 < 𝑡 < 𝑡𝛼

2⁄ , 𝑛 − 1 

 

Set the significant level 𝛼 = 0.05, and 𝑛 =30, then the range of t value will be: 

 

−1.6991 < 𝑡 < 1.6991 
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If t value is in the range then 𝐻0 is true, and if t value is outside the range then we will reject 

𝐻0, accept 𝐻1. The result of t test will be arranged as in Table 6. According to the result, all 

simulation input data are match with the real data. 

 

Table 3. 6 T test result of input data 

Material Average 

(χ̅) 

Standard 

deviation (s) 

T value Result 

Nitrile medical exam 

glove 

2780791 85972.96 0.457499 Accept 𝐻0  

Pre-filled syringe 865332 36569.17 0.427779 Accept 𝐻0 

Glucose tube 163421 9870.358 -1.36817 Accept 𝐻0 

Ice bath clamp bag 47661 4193.326 1.321154 Accept 𝐻0 

 

3.6.2    Simulation result 

 

The result of the simulation is shortage rate. In order to test if the shortage rate resulting from 

the simulation model is matched with the real shortage rate or not, we will also use 

hypothesis testing to confirm that. In this case, μ will be the shortage rate of simulation 

model, and 𝜇0 will be the shortage rate of real situation. T test is also be used for testing 

hypothesis, significant level 𝛼 = 0.05, and 𝑛 =30, the result of T test will be arranged as in 

Table 7. According to the result, all simulation shortage rates are matched with the real 

shortage rate. 

 

Table 3. 7 T test result of shortage rate 

Material Average 

(χ̅) 

Standard 

deviation (s) 

T value Result 

Nitrile medical exam 

glove 

0.028881 0.015388 -0.18482 Accept 𝐻0  

Pre-filled syringe 0.035579 0.015671 0.412144 Accept 𝐻0 

Glucose tube 0.072467 0.028097 1.533557 Accept 𝐻0 

Ice bath clamp bag 0.224996 0.053277 1.438846 Accept 𝐻0 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

 

The materials that this research selected from the case study hospital warehouse are all using 

(T, S) ordering policy in the real situation. In order to find a better ordering policy to reduce 

shortage problem, we will compare (s, S) ordering policy and (R, Q) ordering policy with 

the policy that the warehouse currently use for every single material that were selected, since 

each material may have different suitable ordering policy. The (T, s, S) ordering policy will 

not be considered in this part, because based on the features of it and the past research, the 

shortage rate of (T, s, S) ordering policy will normally higher then (T, S) ordering policy, 

and it is normally used for low service level materials. So, we will skip this ordering policy 

in this research. 

 

4.1 Optimization implementation 

  

The optimization function in SIMUL8 will be used in this stage. In this stage, this research 

is trying to derive a better inventory policy for each material. The core concept of the 

research is to find a solution that is realistic and can be achieved for the case study hospital, 

therefore, we will not have a conclusion that the best outcome from simulation-optimization 

program is the optimal solution for the case study hospital, since there has cost consideration. 

Instead, we will provide a few solutions and recommend the one we prefer, but the case 

study hospital warehouse can select the appropriate solution that they can afford. For each 

material, we will try to find which policy is more suitable through comparing (T, S) ordering 

policy, (s, S) ordering policy and (R, Q) ordering policy.  

 

The objective is to minimize the shortage rate, for each ordering policy model considering 

two decision variables. We will consider decision variables in a range of values during 

optimization process to find the best value of decision variables. However, not every 

decision variable can be found in optimization process since we need to consider some 

practical issues. What problem are we considering and how to overcome it will be presented 

in the following paragraphs. 

 

In the case of (T, S) ordering policy, decision variables are review cycle and maximum 

inventory. Review cycle will be considered in optimization process and the setting range is 

one day to seven days. Lower bound is set to one day because the time unit of review cycle 

will be a day normally. For the upper bound, we consider that the maximum inventory in 

current situation is about two weeks demand, and lead time is one week, so the longest 

review time must not exceed one week, otherwise, shortage may happen. It is noted that 

maximum inventory will not be considered together with review cycle in optimization 

process. There have two reasons. First reason is that it is a parameter that the higher the 

better for optimization objective, so if we make it to be a decision variable in optimization 

process, the outcome of it will always be the upper bound. Then why can’t we just accept 

the outcome in this case, for example, if the range of it is from 1000 to 10000, then outcome 

will tell that 10000 is the best, which means shortage rate is zero, but maybe the shortage 

rate is already become zero when it is 4000. Furthermore, why can’t we say that 4000 is the 

best in this case? The following is the explanation and also the second reason of why we 

can’t use maximum inventory to be the decision variable during optimization process. Our 

research tries to provide a practical solution for the case study hospital in which we tend to 

reduce the shortage rate of these materials but not through the method that will make a lot 

of change on the current practice of the hospital. So, we will derive a few solutions to let the 
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hospital select. In this case, the maximum inventory level will not be considered as a decision 

variable, but it’s value will be determined using trial and error procedure. For a fixed value 

of maximum inventory, the cycle time T will be determined by simulation and the shortage 

rate can be derived. If the shortage rate is still high, the maximum inventory will be increased 

by an amount equals to one day demand. This process will continue until the resulting 

shortage rate is acceptable.  

 

In the case of (s, S) ordering policy, decision variable will be reorder point and maximum 

inventory, the maximum inventory will be dealt with in a similar way as in (T, S) ordering 

policy, and the reorder point will be the decision variable for optimization. 

 

In the case of (R, Q) ordering policy, the situation of this ordering policy is different from 

the other two. This ordering policy will not use optimization to find the result since both of 

decision variables are not suitable for optimization consideration. It is noted that the shortage 

rate of (R, Q) ordering policy is dependent on reorder point, because it is used to cover the 

demand during lead time, if reorder point is not high enough then shortage will occur. 

Therefore, we will fix the order quantity value and try to find an appropriate reorder point. 

We fix the order quantity as average demand during one week as in the current practice, after 

that we use trial and error to find reorder point. The starting value of reorder point is one 

week demand, if the shortage rate is still high, reorder point will be increase by an amount 

equals to one day demand. This process will continue until the resulting shortage rate is 

acceptable. 

 

4.1.1    Nitrile medical exam glove 

 

The initial setting of Nitrile medical exam glove for each ordering policy is from the current 

practice and presented in Table 4.1. From Table 4.1, we can see that the differences between 

the policies are not significant, so we will investagate all three ordering policies to find out 

which one is more suitable in this case. 

Table 4. 1 Initial setting of Nitrile medical exam glove 

Ordering 

policy 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  212000 7   2.8% 3.53 

(s, S)  212000  106000  4.3% 3.68 

(R, Q)    106000 106000 4% 3.9 

 

The solutions of (T, S) ordering policy, (s, S) ordering policy and (R, Q) ordering policy for 

Nitrile medical exam glove are presented in Table 4.2. According to the results, the 

efficiency of (R, Q) ordering policy is worse than the other ordering policies, so we will 

select between (T, S) ordering policy and (s, S) ordering policy. After the comparison, we 

find that inventory holding times of both ordering policies are almost the same, and the order 

frequency of (T, S) ordering policy’s solutions are about seven days which are also same as 

the order frequency of (s, S) ordering policy’s solutions, since the material consumption per 

day is about 15000. Therefore, we suggest the solution 2 for Nitrile medical exam glove, 

since the inventory holding cost and order frequency is almost the same as in current 

situation, only the maximum inventory is higher than before. 
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Table 4. 2 Solutions of Nitrile medical exam glove 

Ordering 

policy 

Solution 

number 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  1 217000 6   2% 3.96 

(T, S) 2 222000 6   1% 4.27 

(s, S) 3 217000  108000  2% 3.85 

(s, S) 4 227000  109000  1% 4.13 

(R, Q) 5   111000 106000 3% 3.79 

(R, Q) 6   116000 106000 1% 5.25 

 

4.1.2    Pre-filled syringe 

 

The initial setting of Pre-filled syringe for each ordering policy model is from the current 

practice and presented in Table 4.3. According to the results, the shortage rate of (R, Q) 

ordering policy is much higher than the others and inventory holding time is also the highest. 

Therefore, we will consider (T, S) ordering policy and (s, S) ordering policy only for this 

material. 

 

Table 4. 3 Initial setting of Pre- filled syringe 

Ordering 

policy 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  66000 5   3% 3.34 

(s, S)  66000  33000  3% 3.68 

(R, Q)    33000 33000 6% 3.9 

 

The results of (T, S) ordering policy and (s, S) ordering policy are presented in Table 4.4. 

Based on the results, we suggest solution 4 for material Pre-filled syringe, since the inventory 

holding time only increase for no more than one day but average shortage rate is reduced to 

1%. Furthermore, the order frequency of (T, S) ordering policy is four days and (s, S) 

ordering policy is about ten days, so we will not select (T, S) ordering policy’s solution. 

 

Table 4. 4 Solutions of Pre-filled syringe 

Ordering 

policy 

Solution 

number 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  1 70000 4  2% 4.22 

(T, S)  2 72000 4  1% 4.58 

(s, S)  3 69000  36000 2% 3.95 

(s, S) 4 72000  38000 1% 4.52 

 

4.1.3    Glucose tube 

 

The initial setting of Glucose tube in each ordering policy model is from the current practice 

and presented in Table 4.5, According to the results, (T, S) ordering policy has the shortest 

shortage rate, and although (s, S) ordering policy has the higher shortage rate, inventory 
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holding time is much shorter than the others. Therefore, we will consider (T, S) ordering 

policy and (s, S) ordering policy only. 

 

Table 4. 5  Initial setting of Glucose tube 

Ordering 

policy 

Maximum 

inventory 

Review cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  13000 5   7% 5.41 

(s, S)  13000  7000  10% 2.05 

(R, Q)    7000 7000 11% 4.93 

 

The results of (T, S) ordering policy and (s, S) ordering policy for Glucose tube are presented 

in Table 4.6. Based on the results, solution 1 and solution 2 need to have an order for every 

two days, and the holding time is about two more days in comparison to the current situation. 

The order frequency of solution 3 and solution 4 is about seven to ten days since the material 

needed per day is 1000, also, the inventory holding time is less than solution 1 and solution 

2. Therefore, we suggest solution 4 if the case study hospital warehouse can afford additional 

holding cost. 

 

Table 4. 6 Solutions of Glucose tube 

Ordering 

policy 

Solution 

number 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  1 15000 2  3% 6.41 

(T, S) 2 17000 2  1% 8.37 

(s, S) 3 17000  9250 3% 6.4 

(s, S) 4 20000  9470 1% 7.58 

 

4.1.4    Ice bath clamp bag 

 

The initial setting of Ice bath clamp bag for each ordering policy model is from the current 

practice and presented in Table 4.7. We will compare all ordering policies since the shortage 

rate of all of them is very high, and it is hard to tell which one is really better. 

 

Table 4. 7 Initial setting of Ice bath clamp bag 

Ordering 

policy 

Maximum 

inventory 

Review cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  3000 7   22% 3.66 

(s, S)  3000  1500  20% 3.5 

(R, Q)    1500 1500 26% 3.43 

 

The solutions of (T, S) ordering policy, (s, S) ordering policy and (R, Q) ordering policy for 

Ice bath clamp bag are presented in Table 4.8. According to the results, it is obvious that (R, 

Q) ordering policy is not good as compared to the others because the holding time is too 

long. We can also observe that the inventory holding time of (s, S) ordering policy’s 

solutions are all lower than (T, S) ordering policy’s solutions, and (T, S) ordering policy’s 
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solutions suggest a very short reorder cycle. Therefore, we suggest to apply solution 4 for 

Ice bath clamp bag since it reduces the shortage rate for 19% but only increase the inventory 

holding time for about four days, and the reorder cycle is more acceptable. However, if the 

case study hospital can afford more inventory holding cost, then solution 6 will be the best 

solution. 

 

Table 4. 8 Solutions of Ice bath clamp bag 

Ordering 

policy 

Solution 

number 

Maximum 

inventory 

Review 

cycle 

(Days) 

Reorder 

point 

Ordering 

quantity 

Average 

shortage 

rate 

Inventory 

holding 

time 

(Days) 

(T, S)  1 4750 1   3% 7.87 

(T, S) 2 5000 1   2% 8.71 

(T, S) 3 5250 1   1% 10.34 

(s, S) 4 4750  2650  3% 7.85 

(s, S) 5 5000  2700  2% 8.35 

(s, S) 6 5500  3150  1% 10.05 

(R, Q) 7   6500 1750 2% 13.43 

(R, Q) 8   6750 1750 1% 16.42 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

In this research, three kinds of ordering policy are examined to help reduce the shortage rate 

of four specific materials. We try to find the solutions that can make the shortage rate lower 

than before, and also under 3% since it is the average shortage rate of Taiwan. The result 

shows that (s, S) ordering policy are normally been selected as suggest solution,  

only one material is recommended for TS policy. We do not make a conclusion that (R, Q) 

ordering policy and (T, S) ordering policy is worse than others, but in this research, the 

results show that (s, S) ordering policy is more suitable for each material than other ordering 

policies.  

 

In fact, we planned to control cost factors in this research but we can’t get the cost data from 

this case study hospital. So, in order to find an appropriate solution, we decide to consider 

inventory holding time and reorder cycle as the indicators. Due to the fact that the cost factors 

are not taken into consideration, we can’t find the optimal values of all variables 

simultaneously. In our approach, one decision variable of each ordering policy will be fixed 

and gradually updated by use of trial and error technique while the other variable will be 

determined through optimization function of the simulation software. For future research, 

the cost factor should be taken into consideration so that the optimal solution for all decision 

variables of the inventory policy can be determined precisely. 

 

Furthermore, we recommend the hospital to find out the appropriate inventory policy for 

each material. The results of our analyses for the four materials show that different ordering 

policies will have different effects for various materials, and the ordering policy currently in 

use is probably not the suitable one for all materials. Simulation approach is also 

recommended because it will not affect regular operation of the hospital. 
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APPENDICES 

 

Appendix 1: Material data distribution 

 

Appendix 1. 1 GLOVE normal order amount per order distribution 

 
 

Appendix 1. 2 GLOVE abnormal order arrival time distribution 

 
 

Appendix 1. 3 GLOVE abnormal order amount per order distribution 

 
 

Appendix 1. 4 SYRINGE normal order arrival time distribution 
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Appendix 1. 5 SYRINGE normal order amount per order distribution 

 
 

Appendix 1. 6 SYRINGE abnormal order arrival time distribution 

 
 

Appendix 1. 7 SYRINGE abnormal order amount per order distribution 

 
 

Appendix 1. 8 BAG normal order arrival time distribution 
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Appendix 1. 9 BAG normal order amount per order distribution 

 
 

Appendix 1. 10 BAG abnormal order arrival time distribution 

 
 

Appendix 1. 11 BAG abnormal order amount per order distribution 

 
 

Appendix 1. 12 TUBE normal order arrival time distribution 
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Appendix 1. 13 TUBE normal order amount per order distribution 

 
 

Appendix 1. 14 TUBE abnormal order arrival time distribution 

 
 

Appendix 1. 15 TUBE abnormal order amount per order distribution 

 


