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Abstract 

This study proposes a system dynamics (SD) model to deal with the staged improvement of 
delivery-orientated production plan. The situations, such as the cycle time affected by total input of 
human resource, unit transportation cost influenced by amount of delivery quantity, unit penalty 
(shortage) cost affected by amount of shortages, and the time delay among customer demand, 
production demand, order quantity, material demand, and inventory are discussed. A dynamic 
approach to adjusting enterprise’s policy for conforming customers’ satisfactions is a practical problem, 
but past studies lack discussions. Therefore, this work aims to construct a dynamic approach for 
conforming the customers’ satisfactions. Research results reveal that the increment of production 
capacity and replenishment material policy could lead the shortage reduction, but do not achieve the 
complete improvement “none shortage”. Decreasing the affection of time delay would bring the 
production reaching the complete improvement. 
(Received in November 2013, accepted in August 2014. This paper was with the author 1 month for 1 revision.) 
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1. INTRODUCTION 

System thinking is a qualitative process, and its quantitative process is simulation. Systems 
thinking has its origins in biology, but it has been widely applied in different scientific 
disciplines, from medicine and engineering to psychology, from economics and business 
management to art, and so on [1-8]. Schiuma et al. (2012) described that systems thinking is a 
powerful approach to understand the “reality system” that emphasizes the relationships among 
the system’s parts rather than the parts themselves [9]. Yim et al. (2004) proposed that system 
dynamics is suggested to be a simulation method of knowledge-based decision-making [10]. 
Larsen et al. (1997) stated that simulation is generally thought of as a tool for forecasting and 
prediction [11]. Simulation was primarily used to forecast a variety of complex systems and it 
is also used as a tool to help a team of managers understand the company's problems and 
opportunities, both current and future [11]. 

System dynamics (SD) is used as a modelling tool because of its rigorous approach in 
capturing interrelationships among variables and in handling dynamic aspects of the system 
behaviour [12]. SD, initially developed by Forrester (1961), is a method for qualitative 
description and analysis of complex systems and quantitative simulation of system behaviour. 
Currently, SD has been applied in many diverse areas from software development, strategic 
planning to project management [13-17]. SD could be divided into two stages, qualitative and 
quantitative analysis. Tako and Robinson (2012) described that a widely held belief exists 
which SD is mostly used to model problems at a strategic level [18]. Suryani et al. (2010 a, 
2010 b) described that the main characteristics of SD are the existence of complex system, the 
change of system behaviour from time to time and also the existence of the closed loop 
feedback [19-20]. They mentioned that system dynamics is used to model and to generate 
scenarios for forecasting demand and evaluating policy scenarios, which will enable us to 
understand the nonlinear dynamics behaviour in uncertain conditions [19-20]. 
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Based on the above-mentioned reasons, the system simulation would be the better method 
for system behaviour prediction. Several applications of SD model, such as, Quaddus and 
Intrapairot (2001) developed a system dynamics (SD)-based decision support system (DSS) to 
analyse the management policies on the diffusion of data warehouse (DW) in a large 
commercial bank in Thailand [12]. Lyneis (2000) has developed system dynamics model to 
forecast demand of commercial jet aircraft industry [21]. While the demand for air travel is 
difficult to forecast, it is important to utilize system dynamics [21]. James and Galvin (2002) 
have utilized system dynamics to determine the future behaviour of the principle components 
of the air traffic control (ATC) system over time [19]. In addition, Li et al. (2012) proposed a 
SD model to simulate the management process of the power grid engineering project [22]. 
Larsen et al. (1997) stated that system dynamics can help understand a service company's 
growth potential as well as its limitations [11]. Xu and Li (2011) developed a system 
dynamics model with fuzzy multiple objective programming (SD-FMOP). This model can be 
used to study the complex interactions in an industry system [23]. 

The total cost of production should consider some aspects, such as holding and penalty 
costs [24]. Traditionally, the cost of holding inventory is assumed linearly increasing with a 
rate that is equal to a percentage of the product value [25-26]. In addition, Liu and Li (2006), 
Kosuch and Lisser (2010), and Estevez-Fernandez (2012) all discussed the penalty cost in 
their studies [27-29]. In addition, the production yield is regarded as an important factor in 
production planning because a better production yield would catch the less cost loss [30-33]. 
Delivery on time is an important issue, and meeting due dates is the most important goal of 
scheduling since the due date of each job has been promised to the customer [34]. If an 
enterprise does not comply with the order deadline to satisfy the customer need, it will 
decrease its competitive advantage and will lose its market share. So, meeting the delivery 
deadline of contract is very important. 

Performance analysis is a concurrent important topic [35]. Schiuma et al. (2012) apply a 
systems thinking framework to assess knowledge assets dynamics for business performance 
improvement [9]. Cannon (2008) discusses the robustness of inventory improvement as an 
indicator of overall financial performance [36]. Xu (2012) states that there are many 
advantages to analysing performance at the design level, rather than waiting until system 
testing [37]. Aburas (2010) recognizes that evaluating corporate performance of a 
multi-business company is complicate. It should be viewed from various perspectives, and has 
to satisfy multiple objectives [38]. 

Based on those works mentioned previously, they reveal that a dynamic approach for 
adjusting enterprise’s policy to conform the customers’ satisfactions is seldom discussed. 
Therefore, this paper tries to construct a dynamic approach for conforming the customers’ 
satisfactions as its major goal. For different input parameters and various policy scenarios of 
the model, different predictions of system behaviour would be produced. Therefore, an 
enterprise can apply the forecasting behaviour to adjust its future input data or policy 
scenarios of SD model for conforming the company goal or customers’ satisfactions. This 
study conducts a behaviour prediction and sensitivity analysis of different policy scenarios for 
delivery-oriented production plan, and the optimal policy is suggested. A system dynamics 
(SD) model is constructed to conduct the staged improvement of delivery-oriented production 
plan to satisfy the customers’ necessities, and thus pursuing the better profit and reputation. 
The simulation results of the proposed SD model can provide the references of adjusting the 
future production environment to meet such a complicate and fast changing industry 
environment. 

 
 
 



Ho: Staged Improvement of Delivery-Oriented Production 

19 

2. MODEL DEVELOPMENT 

System Dynamics (SD) model is provided to conduct the simulation of delivery-oriented 
production, and its input parameter is from the customer necessity. The Vensims software is 
applied to develop the above-mentioned SD model. The customer necessity means the order 
contract which includes the order quantity, delivery request and delivery time. Based on this 
situation, this model considers the order quantity, the requested delivery date and quantity for 
each order. Thus, the customer demand and the delivery request are provided in the SD model 
as the input functions. The time delay is considered among customer demand, order quantity 
and material demand as well as considers the time delay between order quantity and 
production demand, and the time delay between material demand and inventory in the 
proposed model. The proposed system dynamics model is divided into 3 subsystems, 
income/cost, order/production, and human resource. 

In income/cost subsystem (Fig. 1 a), the delivery quantity (stock quantity) would directly 
affect the shortage of delivery request. In practical, the more shortage quantity would catch 
the higher shortage (penalty) cost per unit product. It means that the shortage cost per unit 
product is an increasing function of the shortage quantity, and such a practical situation is 
considered in the proposed SD model. In addition, the delivery (transportation) cost per unit 
product is considered as a decreasing function of delivery quantity, and holding cost is 
calculated by the unit product price multiple the holding cost ratios. The total cost includes 
fixed cost, human resource cost, delivery (transportation) cost, holding cost, shortage (penalty) 
cost, and the production cost. The income only presents the amount revenues of selling the 
delivery quantity. 

 

 
Figure 1: a) Income/Cost, b) order/production, c) human resource. 
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In order/production subsystem (Fig. 1 b), order quantity and shortage quantity would 
affect the production demand, the material inventory and production demand would affect the 
available materials, and it depends on which one is less. In addition, the available materials, 
production capacity, and the cycle time could directly constrain the production quantity. The 
production capacity is practically estimated by the enterprise in every time interval, however, 
an enterprise can adjust its production capacity if it needs. This subsystem considers the 
order/production perspective, the time delay among customer demand, order quantity, and 
material demand is discussed, and the time delay between material demand and inventory is 
also proposed. The changes of replenishment policy affecting production quantity are revealed 
in this system because inventory will influence the available material, and available material 
would affect the production quantity. Besides, that the production quantity constrained by 
production capacity is also presented in the subsystem. As we know that production quantity 
would influence the delivery quantity, and the delivery quantity would directly affect the 
shortage parts. Based on the above-mentioned viewpoints, a better inventory policy and 
production capacity might reduce the penalty cost of shortage products. 

In human resource subsystem (Fig. 1 c), two parts of human resource, full-time and 
part-time, are discussed. This subsystem also considers that the more input of human resource 
would speed up the production rate. Such a phenomenon is provided in the relationship 
between the production cycle time and total human resource. The more total human resource 
catches the less cycle time, and the less cycle time could bring the more production rate. In 
addition, this subsystem also considers that the more production demand leads to the more 
human resource. Practically, the production demand depends on the order, and more orders 
need more human resource. However, the part-time human resource is always adopted 
because it could decrease the cost pressure of human resource for an enterprise, and thus, this 
model is constructed under such a concept. The human resource (HR) subsystem (Fig. 1 c) 
shows that production demand would affect the HR demand. The gap between HR demand 
and full-time HR would be the consideration of recruiting part-time HR. This work also tries 
to reveals the better human resource policy to satisfy the changes of various production 
environments. Integrate the above-mentioned three subsystems, the SD model is revealed in 
Fig. 2. The input functions, customer demand and delivery request (shown in Fig. 3), are 
provided as a case example for simulation. 

 
Figure 2: SD model. 
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Figure 3: The input functions. 

3. RESULTS AND SENSITIVITY ANALYSIS 

In the exemplified case, the replenishment policy of materials from the material demand to the 
inventory is to replenish the gap plus 2000 units if the material demand is greater than the 
inventory, and the affection of time delay is concerned. Besides, if the material demand is 
lower than the inventory, the policy is to replenish 2000 units only. The production capacity is 
set as 10,000 minutes per day. Applying these policies conducts the proposed SD model to 
simulate the make-to-order production. Fig. 4 a reveals that there exists a great gap between 
delivery request and delivery quantity for the proposed situation. In addition, the similar 
phenomena (a great amount of shortage) can be found in Fig. 4 b.  

 

 
Figure 4: a) The delivery analysis, b) the shortage of exemplified case. 
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To improve the above-mentioned gap of delivery quantity, increment of production 
capacity is a good selection. The production capacity enhance could increase the 
production/delivery quantity, and thus the shortage quantity could be reduced. Table I presents 
the shortage condition through the increment of production capacity from 7,000 to 25,000 
minutes. The simulation result seems upset because shortage quantity does not have a 
significant improvement while the production capacity is over 24,000 minutes. However, the 
simulated result finds that the shortage amount decreases to 2,969 units when the production 
capacity increases to 24,000. That is, the shortage rate is down to 1.43 % (shown in Table I). 
In addition, there is no improvement of shortage if the production capacity is over 24,000 
minutes. It reveals that no shortage is hard to achieve by the adoption of production capacity 
enhance only. 

In Table I, the production capacity would increase at least up to 21,000 if the shortage rate 
of an enterprise should be controlled below 2 %. Table I also shows that an optimal profit is 
around 5,724,220 dollars, but the shortage rate is 3.53 % (over 2 %) under such a situation. It 
shows that reaching optimal profit would endure a higher shortage rate. Besides, a higher 
shortage would make an enterprise catch its bad reputation. In addition, the shadow prices of 
changing production capacity are presented. The more production capacity (pc) increases, the 
less shadow price catches. On the other hand, the more production capacity reduces, the more 
loss of profit (negative shadow price) happens (shown in Table I). 

The shortage cannot be eliminated by adopting production capacity enhance only, so the 
replenishment policy of material inventory might be considered as another key role for 
shortage improvement. The production capacity is set as 21,000 minutes, and the sensitivity 
analysis of various replenishment policies of materials is conducted in Table II. 

 
Table I: The sensitivity analysis of various production capacity (replenish policy = 2,000). 

Production 

capacity 
Shortage Shortage rate Profit Shadow price 

25000 2969 1.43 % 5671240 39.20 
24000 2969 1.43 % 5671240 42.00 
23000 3115 1.50 % 5673020 45.36 
22000 3416 1.65 % 5676700 49.45 
21000 3778 1.82 % 5681130 54.35 
20000 4364 2.11 % 5688310 60.50 
19000 4951 2.39 % 5695490 68.02 
18000 5538 2.68 % 5702670 77.42 
17000 6125 2.96 % 5709860 89.51 
16000 6712 3.24 % 5717040 105.62 
15000 7298 3.53 % 5724220 128.18 
14000 7605 3.67 % 5712930 157.41 
13000 7962 3.85 % 5698710 205.14 
12000 9480 4.58 % 5642370 279.54 
11000 13346 6.45 % 5412690 329.39 
10000 19320 9.33 % 5083300 --- 
9000 25270 12.21 % 4769510 -313.79 
8000 33372 16.12 % 4397770 -342.77 
7000 42366 20.47 % 3962980 -373.44 

 
Table II: The sensitivity analysis of various replenishment policy (production capacity = 21,000). 

Replenishment  

policy 
3500 3000 2500 2000 1500 1000 800 600 400 200 0 

Shortage 

amount 
983 983 983 3778 26571 52657 61675 72258 82410 92526 101710 

Shortage rate 0.47 % 0.47 % 0.47 % 1.82 % 12.84 % 25.44 % 29.79 % 34.91 % 39.81 % 44.70 % 49.14 % 

Profit 5487622 5487622 5487622 5681128 4682040 3433014 3040848 2504950 2038652 1582679 1136435 
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The original adopting replenishment policy of material inventory is to replenish the gap 
while the material demand is greater than the material inventory, and no replenishment is 
conducted if the material demand is lower than the inventory (replenishment policy “0” in 
Table II). The shortage amount, shortage rate, and profit of replenishment policy “0” are 
101,710, 49.14 %, and 1,136,435, respectively. It would search some changes for making the 
shortage rate decreasing because the shortage rate is so high under this policy. Firstly, the 
sensitivity analysis of this study tries to increase 200 units per iteration to replenish the gap 
plus 200 while the material demand is greater than the material inventory, and replenishment 
200 is conducted if the material demand is lower than the inventory; and then increases the 
steps to 500 units per iteration. The critical point “2500 units” is obtained because the more 
units added would not catch the shortage less (shown in Table II). At this moment, the 
shortage is 983 units during the simulation period, and the shortage rate reduces to 0.47 %. 

The entire delivery request is 207,000 units during the simulation period in the 
exemplified case. In the replenishment policy “0”, the whole delivery quantity is only 105,290 
units (shortage = 101,710) due to the lack of material inventory (table II). Adopting the 
replenishment policy “2500”, the delivery analysis is conducted as below. The delivery 
request is 207,000 units during the simulation period, and the simulated delivery quantity is 
up to 206,062 units (shortage = 983). For initial policy “0”, the completion rate of delivery 
request is only 50.86 %, and then adopting the replenishment policy “2500”, the completion 
rate quickly increases to 99.53 % because shortage rate is 0.47 % shown in Table II. In 
addition, the delivery analysis is shown in Fig. 5 a. It is revealed that the delivery fits the 
delivery request in the most time excluding time 24 to time 28. In addition, production is a 
continuous accumulated process to satisfy the requested delivery quantity in a specific time, 
and such a phenomenon is shown in Fig. 5 b.  

 

 
Figure 5: a) The delivery analysis, b) the production-delivery analysis. 
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Table III: The sensitivity analysis of various time-delays (t1, t3, t4 means time-delay 1, 3, 4, 
respectively). 

Time/shortage t1-1.06 t1-1.07 t1-1.08 t1-1.09 t3-1.00 t4-1.00 Original 
22 0 0 0 0 0 0 0 
23 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 198 
25 0 0 0 260 30 326 410 
26 0 0 168 291 300 304 130 
27 0 159 408 201 431 165 83 
28 0 233 110 4 43 13 161 
29 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 

Shortage amount 0 392 686 756 804 808 982 
Improvement rate 1.0000 0.6008 0.3014 0.2301 0.1813 0.1772 - 

 
The shortage of 982 units is shown in the following Table III. These shortages are 

gathered from time 24 to time 28. The production capacity and replenishment policy are 
enhanced, but there still exists 982 shortages left. At this time, this work tries to investigate 
the affection of time-delay. There are three major time-delays selected to be investigated; they 
are time-delay 1, 3, and 4 because they are influenced material demand, production demand, 
and inventory, respectively. This work tries to reduce the time-delay 1, 3, and 4 separately in 
order to find out which one is the critical factor. Firstly, set time-delay 4 to be no delay and 
others keep unchanging; unfortunately, it merely catches the 17.72 % improvement (from 982 
to 808). Secondly, set time-delay 3 to be no delay and others remain constant, it only reaches 
the 18.13 % improvement (from 982 to 804). Last, time-delay 1 is discussed. This work 
reduces the time-delay 1 from 1.1 to 1.07, and then a significant improvement is revealed 
(60.08 %). Furthermore, this paper tries to reduce time-delay 1 to be 1.06, and a complete 
improvement (100 %) is achieved (shown in table III). It is easily to understand that the 
time-delay 1 would play a key role in the delivery-oriented production plan because it affects 
the material demand directly. 

This paper further goes to discuss the human resource (HR), whenever the replenishment 
policy and production capacity enhance are applied, the part time HR seems remaining in 
lower level. It is no longer strongly tending for reducing the cycle time of production to 
increase the production rate because of the increment of production capacity (shown in Figs. 6 
and 7). The simulation result also reveals that the adoption of more replenishment of material 
inventory and the enhance of production capacity would make the necessity of part time HR 
keep in the lower level during most part of simulation period. Actually, adopting both of two 
policies, the part-time HR could stay in the lowest level, and thus, the HR cost could be 
minimization. 

 
Figure 6: Part-time HR between original and adopted two policies. 
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Figure 7: Cycle time between original and adopted two policies. 

4. CONCLUSIONS 

Though an approach to adjusting enterprise’s policy dynamically for conforming customers’ 
satisfactions is a practical problem, it lacks discussions. This work is aimed to construct a 
dynamic approach to conform the customers’ satisfactions. Therefore, an approach “A staged 
improvement simulation” is conducted to complete the goal of delivery-oriented production 
plan. 

The main contributions of this study are listed as follows. This work applies SD model to 
predict the shortage situation under the selections of various policies. It could provide a 
fast-change system behaviour through the changes of the input data or policies. In addition, 
the simulation results of SD model can provide a referenced production schedule under the 
given situations of production capacity, human resource, replenishment policy, time delay 
affection and so on. Moreover, SD model can quick calculate the performance improvement 
after adopted various policies, and then the most important key factor can be found. The 
sensitivity analysis is conducted to suggest optimal production capacity and replenishment 
material policy. Furthermore, SD model can quickly response the changes of system 
behaviour, and such a characteristic would make an enterprise have enough time to cope with 
unpredictable economic environment. In sum, this study would function as a valuable 
decision support tool because of the application of computer packaged software. That is, other 
enterprises can duplicate this study to solve their problems by changing input functions and 
policies. 

The future focal researches are recommended to develop a mathematical model to deal 
with the situations of the layout of production lines according to the simulated production 
quantity in every production time interval. Besides, the abrupt change of production capacity 
and abrupt insert new orders are suggested for future investigations and discussions. A 
subsystem of product quality would be also highly recommended to develop. In summary, this 
study can offer a good and valuable tool to deal with performance improvement of 
delivery-oriented production plan for an enterprise. 
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