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ABSTRACT 

According to the characteristics of short-life-cycle products analyzed, we adopted Bass-model method to forecast the 
demand for products and proposed a research framework based on simulation. Meanwhile, study the influence degree of 
every experimental variable (including demand form and each uncertainty, etc.) on supply chain for LCD TV aiming at 
typical supply chain for LCD TV and adopt the performance indexes such as total profit, total finished goods quantity, 
fill rate, and flow time to the relevant example analysis and validation. 
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1. Introduction 

The rapid step of new product introduction has led to the 
continuously shortening of product life cycle in many 
industries. That lots of product life cycles have been 
shortened by several months or two years at most. The 
popular industries (such as toy and dress) and high-tech 
industries (for example: computer, LCD screen, LCD TV 
and consumptive electronic product) has been widely dis- 
tributed. The typical demand form of short-life-cycle 
product experiences rapid growth, maturity and recession 
of the three stages, most of which show s curves. Accor- 
ding to related information of manufacturers, LCD TV is 
a typical short-life-cycle product for the updating time of 
its new product is about two years, and the cumulate 
demand on single type product (42 inches of LCD TV) 
presents also s curve. The demand forecast methods such 
as traditional moving average and exponential smoothing 
are only suitable for the condition that the demand trend 
and season tend to be table with time; complicated Box- 
Jenkins method is mainly applied to the condition that 
there is lots of historical information of demand. So we 
can use Bass model to forecast product demand directing 
to the demand features of short-life-cycle product. 

By proposing a stimulant basic research framework, 
This research aimed to discuss the influence degree of 
each experimental variable on supply chain in LCD TV 
(including demand form, order grace level, every uncer- 
tainty, etc.), and evaluate the manifestations of every  

demand form on the basis of different performance in- 
dexes in different environment. We used the performance 
indexes such as total profit, quantity of total finished 
goods; fill rate and flow time to demonstrate the propos- 
ed research framework. 

2. Literature Review 

Among the abroad related researches, Pasternack (1985) 
studied the buy-back mechanism of supply chain for 
short-life-cycle products. The supply chain model, con- 
structed by Pasternack, consisted of the single manufac- 
turer and distributor. In this model, the manufacturer 
committed to buy back the rest products unsold by dis- 
tributor with below the wholesale price after the end of 
season to achieve the coordination of production and 
marketing by effective incentive wholesale price and 
buy-back price [1]. Kurawarwala and Matsuo (1998) 
predicted the demand for short-life-cycle products by 
using the linear growth model, index growth model and 
seasonal trend growth model. The personal computer 
with 38 months of life cycle was taken as example, and 
the demand was based on the historical materials of past 
products. The study indicated that seasonal trend growth 
model was the best and the linear growth model was the 
worst [2]. Higuchi and Troutt (2004), taking Tamagoth- 
chi (a kind of virtual pet toy) as example, investigated the 
supply chain for short-life-cycle products and, forecasted 
the demand for short-life-cycle products by using the  
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dynamic simulation method based on situation and Logi- 
stics curve (S curve) adopted by distributors [3]. 

In domestic researches, Xu Xianhao (2007) indicated 
the predicting method on demand for short-life-cycle 
products based on diffusion theory. He summarized the 
present researches on demanding prediction of short-life- 
cycle products in domestic and abroad researches, analy- 
zed deeply the related features of demand on short-life- 
cycle products, and then studied the general approach of 
demanding prediction of short-life-cycle products in the 
basis of the features [4]. Ding Lijun, Liu Bin, et al. (2004) 
studied how to coordinate the supply chains of twice pro- 
ducing and ordering mode for the seasonal products with 
long production lead time and short sale season in the 
two-stage supply chain model composed of one manu- 
facturer and one distributor. And according to the char- 
acteristics of dull sale subsidy contract and return con- 
tract, he established effective contract model and verified 
the influences of the model on the manufacturer’s pro- 
ducing and ordering activities in supply chain through 
specific simulation examples [5,6]. T. P. Zhang, S. J. Li, 
et al. proposed and established the performance evalua- 
tion index system based on the overall effectiveness of 
supply chain, and divided the performance index of sup- 
ply chain into three levels: strategy performance index, 
tactic performance index and operation performance in- 
dex. At the same time, each specific index was defined 
and given the responding index calculation or qualitative 
judging [7,8]. 

To summarize the above literatures, the demanding 
morphology of short-life-cycle products has its unique- 
ness, mostly showing the S curve. So it needs to be dis- 
tinguished with the general life-cycle products. Although 
there are many researches on short-life-cycle products 
presently and a few of researches on the supply chain for 
short-life-cycle products, the studies on performance eva- 
luation of supply chain under the characteristics of short- 
life-cycle are still limited, especially there are short of 
the studies on demand morphology and various uncer- 
tainties, which provides a simulation study space for this 
paper. 

3. Research Methods and Architecture  

3.1. Research Framework 

We put forward a research architecture based on simula- 
tion as shown in Figure 1: it is a simulation program in 
the central part of which the input terminal includes 
supply chain for LCD TV, system parameters and experi- 
mental variables; and the output terminal is performance 
index. According to the research framework, we discuss 
the influence degree of each experimental variable (em- 
bracing demand form, order allowance level, various 
uncertainties, etc.) on supply chain for LCD TV based on  

 

Figure 1. The operation of manufacture. 
 
every performance index and evaluate the manifestation 
of each demand form in terms of different performances 
indexes. 

3.2. Supply Chain for LCD TV 

A typical supply chain for LCD TV is studied in this 
research, and a number of suppliers of raw materials, one 
manufacturer and many customers are involved in the 
members of supply chain. The supply chain belongs to 
the order production (MTO) which means that the manu- 
facturer prepare materials/parts in the light of customer’s 
order, and then send the finished goods to customer in 
committal time after the manufacturing process of LCD 
TV. The manufacturer adopts the (S, Q) of inventory 
policy that is when the inventory of one certain material/ 
part is lower than the reorder point (S), the manufacturer 
will order a specific volume (Q) of material/part to other 
suppliers [9]. The operation flow is described as Figure 
1. 

Firstly the orders should be integrated on the basis of 
customer requirements in the day unit, so the orders enter 
pending order area to wait, then the production operation 
begins, lastly manufacturer transforms the finished goods 
to customer in committal time. Since each order should 
be set due date firstly, we use TWK (total work content) 
method to set it. This method is used widely for the best 
delay related performance can be got with it. The method 
is based on the following formula: 

D A K W                  (1) 

In this formula:  
D represents order due date; 
A represents order arrival time; 
K represents allowance level, constant, the bigger the K 
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is, the more the due date is delayed; 
W represents content of operation, refers to the compre- 
hensiveness of average treatment time when the order is 
at each operation. 

The reorder lead time of material/part, treatment time 
of each operation and transportation time of finished 
goods are all uncertain in this article. Additionally, there 
is lack of direct historical data to any new product in the 
short life cycle, but there usually exist the sales data 
about the complete life cycle of previous generation or 
similar products which have very high value on forecas- 
ting the demand on future products. However most of 
companies regard the complete sales data of single type 
product especially the previous generation as the com- 
mercial confidential information, thus we hypothesize in 
the research that the sales data about complete life cycle 
of previous generation products can be used to establish 
suitable Bass diffusion model which is applied to fore- 
casting the demand on new product. 

According to the hypothesis of Bass diffusion model, 
the potential users of new product are divided into two 
groups: one group is influenced by mass media and the 
other one is influenced only by public praise; the former 
is called “innovation adopter” and the latter is called 
“imitator” [10]. Bass diffusion model can be described as 
the following formula: 

  1t td p q N D N D   1t       (2) 

In this formula: 
dt represents the demand on time t; 
Dt−1 represents the cumulative demand by the time t − 1; 
p represents external influence coefficient; 
q represents internal influence (imitation) coefficient; 
N represents the potential total demand of market (namely 
the maximum possible value of Dt). 

3.3. Experimental Variables 

We focus on demand form and (the combination of each 
Bass diffusion model parameter) and various uncertain- 
ties to understand whether the different experimental 
variables have significant impact on the supply chain for 
LCD TV and consider every variable that may influence 
the system. The followings are the experimental vari- 
ables applied in this research, respectively: 

1) External influence coefficient-Bass diffusion model 
parameter (p), stands for innovation or degree of external 
influence; 

2) Internal influence coefficient-Bass diffusion model 
parameter (q), stands for imitation or degree of internal 
influence; 

3) Order grace level-estimate the due date of order by  
TWK method, need to set grace level firstly; 

4) Demand variability (DDV)-variability coefficient, 

the ratio between standard deviation and average, stands 
for demand variability degree in this research;  

5) Process time variability (LTV); 
6) Lead time variability (LTV). 

3.4. Performance Index 

We introduce four universal performance indexes in re- 
searches on general supply chain, as following: 

1) Total profit (TP) represents the total profit of sys- 
tem during the effective data collection; total profit is the 
difference between total income and total cost; and the 
total cost is the product of total completed number that 
send to customer and unit price of finished product. 

The monomial cost accountings that contained in total 
cost are: purchasing cost of material/part (including 
transportation cost), holding cost of material/part, treat- 
ment cost in LCD TV production, transportation cost of 
finished goods, punishment cost for late delivery of order, 
and so on. 

2) Quantity of total finished goods-refers to the total 
finished number that complete the assembly of products 
and deliver them to client during the effective data col- 
lection. 

3) Fill rate (FR) refers to the ratio between the orders 
delivered to clients in manufacturer’s promised time and 
the total orders. 

4) Flow time (FT) represents the time from receiving 
orders to transforming the finished goods to clients, in- 
cluding the waiting time before order off-line, time on 
off line and time that costs on transforming finished 
goods to clients. 

3.5. Research Tools 

The simulation software Extend Suite v6 is regarded as 
research tool to establish simulation model in this study. 

4. Example Analysis 

4.1. Illustration Explanation 

The example indicates that this study is based on an ac- 
tual “supply chain for LCD TV” which belongs to three- 
stage supply chain, involving a number of suppliers of 
raw materials, one manufacturer and many clients. 

4.2. System Parameters Setting 

We have to set complete system parameters to define the 
operating environment of the whole supply chain for 
LCD TV, as shown in Table 1. These data are provided 
by each case company. The materials of processing time 
of job, delivery time of finished product and lead time of 
material/part are collected actually. The results of analy- 
sis on them are distributed with Lognormal. Additionally, 
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Table 1. System parameters setting. 

No System parameters Value 

1 Time unit of customer demand aggregation (-order) Day 

2 Bass diffusion model parameter p 
0.0005 or 0.00075 or 0.001, according to experimental  

variable CE I level 

3 Bass diffusion model parameter q 0.01 or 0.0125 or 0.015, based on experimental variable CE II level 

4 Bass diffusion model parameter N 200,000 

5 Demand 
Normal (μ,σ) value > 0, obtained by Formula (2),  

σ (CV = 0.3 or 1.0) 

6 Order grace level 4 or 6 on the basis of experimental variable OAL level 

7 Time on delivering finished product to customer Lognormal (0.5, 0.15）day 

8 Material/part reorder point 2000 unit 

9 Material/part reorder quantity 2000 unit 

10 Material/part lead time Lognormal (3, σ) day, σ (0.9 or 3.0) is set based on LTV level 

11 Manufacture batch time The same as order 

12 Treatment cost in manufacturing ¥45/minute (each machine) 

13 Material/part purchasing cost 100/unit 

14 Material/part holding cost ¥0.2/(day*unit) 

15 Finished goods transportation cost ¥50000/order 

16 Finished goods unit price ¥6000/each 

17 Punishment cost for late delivery of order ¥6/(m*order) 

 
it should be noted that the values of some system pa- 
rameters are decided in the basis of experimental vari- 
ables. 

4.3. Experimental Parameters Setting 

Each experimental parameter is referring to two stan- 
dards in this example, as shown in Table 2. The principle 
of selecting standard is that the led performance indexes 
should show significant difference according to different 
standards. Besides consulting the experts of each case 
company, some standards are measured by a series of 
tests. And the level 1 of external influence coefficient 
and internal influence coefficient represents the low de- 
gree of influence coefficients; the level 2 is on behalf of 
the high degree of influence coefficient; On the uncer- 
tainties, CV = 0.3 represents the low-degree variability, 
and CV = 1.0 is on behalf of high-degree variability. 

5. Simulation Results and Analysis 

Tables 3 and 4 represent the manifestations of supply 
chain for LCD TV in any experiment and performance 
index when CEI is equal to level1 (low-degree CEI) and 
level 2 (high-degree CEI), respectively. The data of each 

column in the table are the averages and standard devia- 
tions of results which are performed ten times. Besides, 
according to the simulation results, we analyze the varia- 
tion amount to find out which factors can influence signi- 
ficantly the performance of supply chain for LCD TV, 
and the outcome is shown as Table 5 (directing against 
every performance index). Since the interaction of two 
factor and above on system performance is little, this re- 
search emphasizes on the discussion on the single factor. 

5.1. Total Profit 

The p values of CEI and CEII are more less than 0.05 
from the analysis on the variation amount of total profit, 
which shows they have remarkable impact on total profit, 
and so does the order grace level; and the three variables 
of uncertainty (demand variability, processing time varia- 
bility and Lead time variability) all influence the total 
profit remarkably. 

In the part of external influence coefficient, the results 
of simulation experiment displays that the total profit is 
higher under the low-degree external influence coeffi- 
cient (CEI = L1) than the high-degree external influence 
coefficient (CEI = L2). The reason is that demand curve 
is flat, and the highest point of curve is low relatively on   
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Table 2. Experimental variable level setting. 

No. Experimental variable Level 

1 External influence coefficient (CEI) 
Level 1: 0.0005 
Level 3: 0.001 

2 Internal influence coefficient (CII) 
Level 1: 0.01 
Level 3: 0.015 

3 Order grace level (OAL) 
Level 1: 4 
Level 2: 6 

4 Demand variability (DDV) 
Level 1: CV = 0.3 
Level 2: CV = 1.0 

5 Processing time variability (PTV) 
Level 1: CV = 0.3 
Level 2: CV = 1.0 

6 Lead time variability 
Level 1: CV = 0.3 
Level 2: CV = 1.0 

 
the condition of low-degree external influence coefficient 
and, the simulation data also displays that the purchasing 
cost, holding cost and punishment cost for late delivery 
of order are all low, so the total profit is high. 

In the part of order grace level (OAL), the total profit 
under the condition of high order grace level (OAL = L2) 
is higher than low grace level (OAL = L1) on the basis of 
the outcome of simulation experiment. Because the short 
order delivery causes easily the late delivery of orders on 
the condition of low order grace level, which increases 
the punishment cost, consequently, the total profit is low. 

On processing time variability (PTV), the results of 
simulation experiment exhibit that the total profit is 
higher on low variability (PTV = L1) than high varia- 
bility (PTV = L2). On high variability, the processing 
time is not steady, so when it is elongated, the orders 
waiting in temporary storage areas of every operation 
and the numbers of total finished goods are both influen- 
ced, which leads to high treatment cost, high punishment 
cost and low income, consequently the total profit is low. 

Remark: 
1) CEI represents external influence coefficient, CII 

represents internal influence coefficient, OAL represents 
order grace level, DDV represents demand variability, 
PTV represents treatment time variability, LTV repre- 
sents lead time variability of raw material/part; 

2) L1 represents Level 1, L2 represents Level 2; 
3) Unit of each performance index: total profit-kg, 

number of total finished goods-each, flow time-day. 
In the part of lead time (LTV) of material/part, the re- 

sults of simulation experiment exhibit that the total profit 
is higher in the situation of low variability (PTV = L1) 
than high variability (PTV = L2). In the situation of high 
variability, the lead time of material/part is not steady, so 
when it is elongated, the production is delayed for lack of 
materials/parts, then the orders waiting in temporary 
storage areas of every operation and the quantity of fin- 
ished goods are both influenced, which leads to high 
treatment cost, high punishment cost and low income,  

thus the total profit is low. 

5.2. Quantity of Total Finished Goods (QF) 

The p values of CEI and CEII both are more than 0.05 
from the analysis on the variation amount of total quan- 
tity of finished goods, which shows there has no remar- 
kable impact on total profit, and so does the order grace 
level; there are two variables (demand variability and 
processing time variability) among uncertain variables 
have significant impact on total quantity of finished 
goods. In terms of demand variability, the results of si- 
mulation experiment seen from Tables 3 and 4. The re- 
sults show that there are more finished goods on the con- 
dition of high variability (DDV = L2) than low variabi- 
lity (DDV = L1). The reason is that the large change of 
demand causes the high quantity of finished goods. 

In the part of processing time variability (PTV), there 
is higher quantity of finished goods on condition of low 
variability (PTV = L1) than high variability (PTV = L2). 
Because the processing time is not steady in the situation 
of high variability, and when the processing time is elon- 
gated, the orders waiting in temporary storage areas of 
every operation are influenced, therefore the total quan- 
tity of finished goods is low. 

Remark: 
1) CEI represents external influence coefficient, CII 

represents internal influence coefficient, OAL represents 
order grace level, DDV represents demand variability, 
PTV represents treatment time variability, LTV repre- 
sents lead time variability of raw material/part; 

2) L1 represents Level 1, L2 represents Level 2; 
3) Unit of each performance index: total profit-kg, 

number of total finished goods-each, flow time-day. 

5.3. Fill Rate 

Seen from the analysis on variance of fill rate in Table 5, 
the p values of external influence coefficient (CEI) and 
internal influence coefficient (CII) are more less than  
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Table 3. Simulation results-ECI = L1 (low-degree external influence coefficient). 

Experimental variable Performance index 

Total profit Quantity of finished goods Fill rate Flow Experiment C 
I 
I 

O 
A 
L 

D 
D 
V 

P 
T
V

L 
T 
V Average 

Standard 
deviation

Average
Standard 
deviation

average 
Standard 
deviation 

Average 
Standard 
deviation

1 L1 L1 L1 L1 L1 435,574 15,563 200,768 2489 0.796 0.046 19.4 1.6 

2 L1 L1 L1 L1 L2 330,817 53,141 201,141 2708 0.493 0.069 43.3 9.5 

3 L1 L1 L1 L2 L1 379,262 37,158 197,805 2336 0.635 0.068 28.3 6.1 

4 L1 L1 L1 L2 L2 268,337 90,932 198,080 3345 0.423 0.103 52.6 14.8 

5 L1 L1 L2 L1 L1 436,916 39,728 213,055 8132 0.644 0.043 28.4 3.7 

6 L1 L1 L2 L1 L2 324,367 110,010 216,451 8982 0.418 0.098 49.5 23.1 

7 L1 L1 L2 L2 L1 336,835 73,462 212,267 8816 0.467 0.074 47.7 9.9 

8 L1 L1 L2 L2 L2 232,471 138,012 212,102 10,527 0.314 0.099 67.7 18.3 

9 L1 L2 L1 L1 L1 443,807 10,427 199,825 2653 0.990 0.027 19.1 1.4 

10 L1 L2 L1 L1 L2 381,320 42,493 198,708 2004 0.631 0.087 40.9 9.3 

11 L1 L2 L1 L2 L1 405,499 40,793 199,106 3094 0.735 0.077 31.6 7.0 

12 L1 L2 L1 L2 L2 331,687 64,413 198,745 1982 0.564 0.091 51.3 12.4 

13 L1 L2 L2 L1 L1 461,323 24,792 209,626 5849 0.826 0.076 26.7 3.0 

14 L1 L2 L2 L1 L2 373,714 73,523 220,423 8338 0.502 0.076 57.8 11.7 

15 L1 L2 L2 L2 L1 384,513 69,622 216,658 4715 0.552 0.088 51.0 11.1 

16 L1 L2 L2 L2 L2 306,047 145,569 206,344 6734 0.495 0.139 61.7 23.3 

17 L2 L1 L1 L1 L1 384,655 24,255 198,902 3001 0.657 0.037 28.7 2.9 

18 L2 L1 L1 L1 L2 232,066 72,131 198,365 3122 0.402 0.068 59.8 12.7 

19 L2 L1 L1 L2 L1 284,211 80,279 200,226 1471 0.489 0.078 49.8 12.8 

20 L2 L1 L1 L2 L2 169,247 114,530 197,891 2837 0.345 0.095 68.5 19.3 

21 L2 L1 L2 L1 L1 377,717 78,353 213,230 9895 0.538 0.087 39.6 9.8 

22 L2 L1 L2 L1 L2 226,191 83,648 214,028 6903 0.436 0.055 69.9 11.3 

23 L2 L1 L2 L2 L1 250,357 73,880 205,835 6062 0.390 0.062 58.7 11.6 

24 L2 L1 L2 L2 L2 134,157 210,742 211,092 11,912 0.267 0.118 83.5 29.1 

25 L2 L2 L1 L1 L1 413,785 18,877 197,845 3177 0.776 0.039 27.4 2.7 

26 L2 L2 L1 L1 L2 298,271 38,776 198,294 2038 0.513 0.057 57.7 8.8 

27 L2 L2 L1 L2 L1 341,426 59,756 198,841 2836 0.593 0.084 45.4 10.6 

28 L2 L2 L1 L2 L2 209,596 107,940 200,836 3677 0.407 0.101 76.1 19.7 

29 L2 L2 L2 L1 L1 418,294 46,389 214,283 6353 0.722 0.049 33.0 4.4 

30 L2 L2 L2 L1 L2 356,730 53,905 212,400 7014 0.626 0.056 40.4 6.2 

31 L2 L2 L2 L2 L1 307,304 75,362 208,022 5326 0.481 0.078 59.6 12.6 

32 L2 L2 L2 L2 L2 190,381 198,323 211,939 7693 0.0354 0.125 87.8 29.4 
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Table 4. Simulation results-ECI = L2 (high-degree external influence coefficient). 

Experimental variable Performance index 

Total profit 
Quantity of total  
finished goods 

Fill rate Flow time Experiment C 
I 
I 

O 
A 
L 

D 
D 
V 

P
T
V

L 
T 
V Average 

Standard 
deviation

Average
Standard 
deviation

Average
Standard 
deviation 

Average 
Standard 
deviation

1 L1 L1 L1 L1 L1 44,127 10,739 196,775 3056 0.989 0.016 14.7 0.7 

2 L1 L1 L1 L1 L2 388,399 42,630 198,395 1737 0.596 0.106 33.0 8.9 

3 L1 L1 L1 L2 L1 417,423 28,329 197,887 3218 0.707 0.045 23.8 3.4 

4 L1 L1 L1 L2 L2 352,800 72,370 197,089 2816 0.538 0.094 38.2 11.4 

5 L1 L1 L2 L1 L1 480,425 32,880 213,535 7290 0.766 0.087 22.4 3.4 

6 L1 L1 L2 L1 L2 400,667 58,728 213,853 6171 0.521 0.076 40.5 9.6 

7 L1 L1 L2 L2 L1 395,635 67,484 212,309 6042 0.535 0.081 39.0 9.4 

8 L1 L1 L2 L2 L2 323,480 124,329 213,746 8930 0.403 0.103 54.6 17.6 

9 L1 L2 L1 L1 L1 448,633 8182 196,917 2501 1.000 0.000 14.8 0.8 

10 L1 L2 L1 L1 L2 427,249 24,727 198,072 3407 0.740 0.120 32.0 7.3 

11 L1 L2 L1 L2 L1 435,431 23,928 196,760 2310 0.893 0.087 23.7 4.5 

12 L1 L2 L1 L2 L2 395,807 64,426 198,914 2975 0.664 0.139 39.6 12.1 

13 L1 L2 L2 L1 L1 498,691 12,344 214,712 3829 0.937 0.053 22.9 2.2 

14 L1 L2 L2 L1 L2 433,813 67,998 216,140 8319 0.643 0.121 43.9 12.7 

15 L1 L2 L2 L2 L1 426,132 84,046 207,303 10,696 0.701 0.157 37.1 14.1 

16 L1 L2 L2 L2 L2 375,814 87,219 211,325 6294 0.551 0.119 52.8 14.2 

17 L2 L1 L1 L1 L1 419,261 19,590 198,605 3438 0.735 0.028 22.7 2.0 

18 L2 L1 L1 L1 L2 303,135 58,763 198,266 2458 0.485 0.075 47.8 10.7 

19 L2 L1 L1 L2 L1 336,322 39,026 200,054 1563 0.551 0.054 39.8 6.2 

20 L2 L1 L1 L2 L2 228,755 107,514 197,774 2937 0.392 0.097 60.5 17.3 

21 L2 L1 L2 L1 L1 416,859 41,883 211,551 6792 0.604 0.047 32.6 4.8 

22 L2 L1 L2 L1 L2 296,155 98,774 210,383 6674 0.424 0.095 56.7 15.3 

23 L2 L1 L2 L2 L1 285,386 106,366 211,737 7135 0.425 0.097 57.7 15.6 

24 L2 L1 L2 L2 L2 184,797 133,051 211,040 7646 0.297 0.089 76.2 18.9 

25 L2 L2 L1 L1 L1 442,196 13,438 199,446 2718 0.853 0.049 23.2 1.7 

26 L2 L2 L1 L1 L2 352,625 54,302 198,274 2620 0.582 0.086 47.7 11.2 

27 L2 L2 L1 L2 L1 379,877 61,224 198,966 3021 0.662 0.084 39.0 10.2 

28 L2 L2 L1 L2 L2 278,598 78,297 200,266 3777 0.478 0.079 63.6 13.7 

29 L2 L2 L2 L1 L1 453,937 33,620 212,414 6353 0.722 0.049 33.0 4.4 

30 L2 L2 L2 L1 L2 356,730 53,905 212,400 7522 0.526 0.056 57.4 9.2 

31 L2 L2 L2 L2 L1 322,499 117,517 209,401 6091 0.511 0.126 59.6 20.1 

32 L2 L2 L2 L2 L2 257,584 135,766 209,881 10,555 0.415 0.115 74.5 21.4 
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Table 5. Variance analysis results. 

 
Total profit 

(TP) 

Total quantity 
of finished 
goods (QF) 

Fill Rate 
(FR) 

Flow time 
(FT) 

SV p-value p-value p-value p-value 

CEI 0.000* 0.489 0.000* 0.000* 

CII 0.000* 0.632 0.000* 0.000* 

OAL 0.000* 0.791 0.000* 0.000* 

DDV 0.000* 0.000* 0.000* 0.000* 

PTV 0.000* 0.032* 0.000* 0.000* 

LTV 0.000* 0.494 0.000* 0.000* 

*Represents that its influence is the most remarkable in statistics under the notable level of 0.005. 

 
0.05, which expresses they have remarkable influence on 
fill rate, and the order grace level also has significant 
influence on it; as for the three variables of “uncertainty” 
(demand variable, processing time variable and lead time 
of material/part variable), all of them influence the fill 
rate notably.  

In the part of external influence coefficient (CEI), the 
fill rate is higher in the situation of low-degree external 
influence coefficient (CIE = L1) than the high-degree 
external influence coefficient (CEI = L2) because of the 
flat demand curve and the relative low highest point of 
curve under the condition of low-degree external in- 
fluence coefficient, hence the fill rate is high. 

Seen from the results of simulation experiment, the fill 
rate is higher in the situation of low-degree internal 
influence coefficient (CII = L1) than high-degree internal 
influence coefficient (CII = L2). Because the demand 
curve is flat, and the highest point of curve is low 
relatively, the fill rate is high. 

In the part of order grace level (OAL), the results of 
simulation experiment show that the fill rate is higher in 
the situation of high order grace level (OAL = L2) than 
low order grace level (OAL = L1). The reason is that the 
order delivery is short in the situation of low order grace 
level, which increases the probability of orders delay 
delivery, therefore the fill rate is naturally low. 

In aspect of demand variability (DDV), there is higher 
fill rate on the condition of low variability (DDV = L1) 
than high variability (DDV = L2) in basis of the results 
of simulation experiment. The demand changes greatly 
under the condition of high variability. When the demand 
is large, there is a high probability to deliver orders late, 
so the fill rate is low. 

In aspect of processing time variability (PTV), the 
results of simulation experiment exhibit that the fill rate 
is higher under the condition of low variability (PTV = 
L1) than high variability (PTV = L2). The reason is that 
the change of processing time is large in the situation of  

high variability. That the processing time is elongated 
has compact on the orders waiting in temporary storage 
areas of every operation are influenced, and it’s the pro- 
bability of late delivery order that increases. Therefore 
the fill rate is also low. 

In aspect of lead time variability (LTV), the fill rate is 
higher in the situation of low variability (LTV = L1) than 
high variability (LTV = L2) displayed by the results of 
simulation experiment. The change of lead time is large 
on the condition of high variability. When the lead time 
is elongated, the production will be delayed for lack of 
materials/parts, and then the orders waiting in temporary 
storage areas of every operation are influenced, which 
increases the probability of orders delivery late, so the 
fill rate is low. 

5.4. Flow Time (FT) 

Seen from the analysis on the variance of flow time, the 
p values of external influence coefficient (CEI) and in- 
ternal influence coefficient (CII) are much less than 0.05, 
which expresses they have remarkable impact on flow 
time; but the order grace level has no significant influ- 
ence on it; as for the three variables of “uncertainty” 
(demand variable, processing time variable and lead time 
of material/part variable), all of them influence the flow 
time notably.  

In terms of external influence coefficient (CEI), gen- 
erally speaking, the flow time is shorter on the condition 
of low-degree external influence coefficient (CEI = L1) 
than high-degree external influence coefficient (CEI = L2) 
shown as Table 5. Under the condition of low-degree 
external influence coefficient, the demand curve is flat 
and the highest point of curve is low relatively, so the 
flow time is short. 

In terms of internal influence coefficient (CII), the re- 
sults of simulation experiment shows that the flow time 
is short in the situation of low-degree internal influence  
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coefficient (CII = L1) than high-degree internal influence 
coefficient (CII = L2). Because the demand curve is flat, 
and the highest point of curve is low relatively under the 
condition of low-degree internal influence coefficient, 
the flow time is short. 

In terms of demand variability (DDV), generally 
speaking, there is shorter flow time on the condition of 
low variability (DDV = L1) than high variability (DDV = 
L2). The demand changes greatly under the condition of 
high variability, thus the flow time increases.  

In terms of processing time variability (PTV), the re-
sults of simulation experiment exhibit that the flow time 
is shorter under the condition of low variability (PTV = 
L1) than high variability (PTV = L2). The reason is that 
the change of processing time is large in the situation of 
high variability, so the flow time increases. 

In terms of lead time variability (LTV), the flow time 
is shorter in the situation of low variability (LTV = L1) 
than high variability (LTV = L2) displayed by the results 
of simulation experiment. Because the lead time is not 
steady in the situation of high variability, and the produc-
tion will be delayed for lack of materials/parts when the 
lead time is elongated, consequently the flow time is 
added. 

According to the results and analysis of this example 
and the influence degree of each experimental variables 
on every performance indexes, the outcome is shown as 
Table 5. 

steady in the situation of high variability, and the pro- 
duction will be delayed for lack of materials/parts when 
the lead time is elongated, consequently the flow time is 
added. 
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