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1 INTRODUCTION

Under today’s global business environment, supply chains have become more
complex and uncertain because suppliers and customers of a company spread
throughout the world. There is a probability that supply chains might be
disrupted. Therefore, how to design and manage supply chains has become
one of the most important strategy for companies to gain advantages in
competition with others.

A supply chain can be viewed as a process or a network consisting of
several participants. To achieve the efficiency of the whole supply chain,
participants must streamline its internal processes. There are several effective
production strategies as well as inventory policies such as just-in-time (JIT),
make-to-order (MTO), built-to-order (BTO), and so forth. These strategies
can be used to enhance the efficiency of company’s internal processes.
For example, Toyota Motor, the inventor of the JIT production system, has
become world’s best car maker. Dell Computer has been realizing mass
customization by employing the BTO production strategy.

In addition to streamlining internal processes, a company need to
collaborate with its partner to enable the entire supply chain to be more
efficient and competitive. As the development of information technology,
information sharing and coordination among participants have become

easier than ever before. The order information of downstream customers
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is one of the most important factors for making the production plan and
inventory management. Advance demand information (ADI) is obtained when
customers place orders in advance for a future delivery [1]. If there is ADI
available, the company could adopt more flexible production policy as well as
inventory control policy.

There are a number of studies dealing with the issues of production and
inventory strategies as well as ADI. Several literatures have investigated the
benefits of integrating ADI with pull-kanban production and inventory system
using simulation [2, 3]. Sarkar and Shewchuk [4] have examined the benefits
of three-stage production-inventory systems serving two customer classes
with and without ADI. The researches have demonstrated that the considered
system can obtain the benefits of employing ADI under the assumption
settings.

However, these studies just have considered one facility problem. By
contrast, this research is to investigate the performance of a supply chain
consisting of a manufacturer and a supplier with JIT control philosophy.
Specifically, we examine the impacts of kanban settings such as the number
of production and safety kanbans, the delay coefficient of supplier kanbans
on performance measures that are the average inventory and the average
backorders. The results show that the supplier as well as the supply chain
system can gain the benefits of adopting different production strategies with
different kanban cycle settings. In other words, the supplier can employ
different production strategies such as MTO, BTO, and MTS based on whether
there is ADI available.

Since such system with uncertainty is very complex to analyze by using
an analytical model, simulation modeling is a suitable tool for analyzing supply
chains [5]. There have been a great number of literatures on analysis of supply
chains and production-inventory systems by using simulation methodology [2-

4, 6-8]. The studies have shown its efficiency and effectiveness.
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The rest of this paper is organized as follows. Section 2 gives a
briefly description of the system related to this study. Section 3 describes
the simulation model and Section 4 presents the simulation results and

discussions. Finally, the conclusions are presented in Section 5.

2 SYSTEM DESCRIPTION

The JIT supply chain system under consideration consists of a manufacturer
and a supplier. The manufacturer produces two types of products using
two parts provided by the supplier. Each product uses one part. The total
daily quantity of the products is constant, but the quantity of each product
is uncertain. Kanban-based control policy is used by the manufacturer, the
supplier, and the transportation between the manufacturer and the supplier.
The supplier may employ the MTS, BTO, and MTO strategy depending on the
demand lead time which is the time interval between the order arrival and the

order due date.

2.1 Kanban-based control system

JIT basically means to produce the necessary units in the necessary quantities
at the necessary time [9], and it is one pillar of Toyota Production System
(TPS). Kanban is a tool for implementing a JIT production or delivery system.
It can be viewed as an information system which harmoniously controls the
production quantities in every process [9]. As an ordering policy, that is very
similar to an (R, Q) policy as well [10]. We use the kanban control policy
introduced by Monden [9] and Kotani [11]. There are two types of kanbans:
one is the production kanban and the other is the withdrawal kanban (or
supplier kanban). The production kanban is used within process, and the
withdrawal kanban is used between processes. The withdrawal kanban is
called the supplier kanban if supplier own the preceding process. In this

study, the number of production kanbans at the manufacturer as well as
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the supplier is to be selected as experiment factor. The number of supplier
kanbans is determined by a-b-¢ supplier kanban cycle, which means that
the supplier delivers parts b times every a days with ¢ times delay after
receiving the kanban order [9, 11]. The parameter c is called the kanban delay
coefficient, and it includes demand lead time for the supplier. Figure 1 shows

the a-b-c¢ supplier kanban cycle.

Delivery Numbers
Previous 6th 15t 2nd 3rd jAth Sth 6th
I [ | |
kit (a/b)c days For this case, kanban cycle is 1-6-2.
Order Lead time
interval of supplier

Figure 1: lllustration of the a-b-¢ supplier kanban cycle [9].

The number of the supplier kanban can be expressed as follows [11]:

N = [Da(c+1)/b+S-‘ _ [Da(c+l) +S—‘

1
M bM M M

Where
D: average daily demand of the part,
S: safety stock of the part,
M: container capacity of the part,

[x]: minimum integer not less than x.

This equation will be used to generate the number of the supplier kanban.

2.2 Supplier production strategies
We assume that the order information between the manufacturer and the
supplier is as follows. The manufacturer sends a three-month production

schedule to its parts supplier. The forecast for the remaining two months is
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estimated. The information about the most recent month is a final forecast.
The firm orders are determined by the supplier kanban that cannot be
changed. The supplier can adopt different production strategies based on
whether the supplier kanban has different ADI that is determined by the delay
coefficient.

In this study, the supplier production system consists of two-stage
manufacturing processes. The two parts can share the first-stage process, that
is, the differences between the parts are made on the second stage. Therefore,
the supplier can employ three production strategies that are the MTS, BTO,
and MTO strategy. The MTS strategy is adopted if no ADI or the ADI is less
than the processing time of the second stage; the BTO strategy is used if the
ADI larger than the processing time of the second stage; otherwise, the MTO

strategy is employed. Figure 2 shows the illustration of the strategies.

)

MTO

Figure 2: [llustration of the MTS, BTO, and MTO strategies.

2.3 Performance measures

Three types of inventory are considered in this study. There are the finished
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goods (FG), the work-in-process (WIP), and the pipeline inventory that is the
inventory on the transportation. Furthermore, the manufacturer just holds
the FG inventory, while the supplier may hold the FG and the WIP inventory
based on the production strategy. Raw material inventory is not considered in
this research that means there is sufficient capacity available.

A backorder means that the order will wait if there is no inventory
available when it arrives. It may occur at both the manufacturer and the
supplier. The manufacturer’s production line will stop if the backorder occurs.
Therefore, the backorder is a crucial factor in the production and inventory
system.

When a simulation run, all these inventory and backorder will be
calculated. We choose the average value of these factors as performance

measures in this study.

1. Total average inventory

(a) Average inventory at the manufacturer.

(b) Average WIP inventory at the supplier.

(c) Average finished inventory at the supplier.

(d) Average pipeline inventory from the supplier to the manufacturer.
2. 'Total average backorders

(a) Average backorders at the manufacturer.

(b) Average backorders at the supplier.

3 SIMULATION MODEL AND EXPERIMNTS
Arena/SIMAN [12] simulation software was used for building the model and

conducting the experiments.

3.1 Simulation model

The simulation starts from the beginning of daily production at the
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manufacturer. The main processes are shown as follows. First, the worker
removes the supplier kanban and places it in the kanban post when using the
first part of the container at the manufacturer. Second, the kanban in the post
is collected at a constant interval. The drivers of the supplier bring the kanban
back when they deliver the parts at a predetermined time. Third, the supplier
calculates the due date and decides when to produce the parts. Finally, the
supplier delivers the parts at determined time to the manufacturer. Figure 3

shows the logic of the simulation model.
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Figure 3: Logic of the simulation model.

More detailed processes are necessary to realize the logic above. In the
manufacturer, there are processes of the production, collecting the supplier
kanbans, receiving the delivery, and so on. In the supplier, processes relating
the order processing, the production, and the delivery activities are needed.
It is much complicated in the simulation model. Therefore, we just take the
example of the order processing at the supplier based on the MTS policy.

Figure 4 shows the process in the model.
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The order processing is performed at the outbound stock station of the
supplier. There are two types of entities arriving: the supplier kanban and
the production kanban. The former represents the order information from
the manufacturer, and the latter represents the inventory information. Two
entities from the manufacturer and the production line of the supplier arrive
at the station module, which is a rectangle module on the left. Then, they
are divided using the decide module. The supplier kanban leaves from the
right exit of the module, and waits for fulfilling the order if demand lead
time exists. On the other hand, the production kanban of the supplier with
the products manufactured at the workstation exits from the bottom of the
decide module, and then the FG inventory at the supplier is updated. Next,
the supplier kanban and the production kanban of the supplier are forwarded
based the type of parts. We use the match module to conduct the order
fulfillment. That is, the number of supplier kanbans must equal to that of
the production kanbans. The supplier kanbans need to wait if there are no
the production kanbans at the moment. And then, fulfilled the orders which
include the supplier kanbans and parts are delivered to the manufacturer.
Meanwhile, the removed production kanbans are sent back to the production
line. The modules on the lower left are used to create the initial production
kanbans and inventory.

Several methods are used to verify the simulation model. First is to use
the constant parameters as input to test the logic of the model. Second is to
observe the animation when a simulation running. The animations include the
plots, queues, and changes in the variables such as inventory and backorders.
Figure 5 shows the variation in the number of supplier kanbans at the
manufacturer. The supplier kanbans are brought to the supplier every delivery
time. Between the delivery times, the supplier kanban is removed to the post

when the parts in the container begin to be used.
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Figure 4: Partial model for order processing at the supplier with MTS strategy.

Figure 5: The number of kanbans in the withdrawal post.

3.2 Assumptions and parameters
Assumptions are as follows. The manufacturer produces two types of

products. Each product use one part provided by the supplier. The demand
quantity may change daily, but the total quantity keeps constant. The supplier
has enough raw material to manufacture the parts, and two parts share the

partial process.
The following factors are chosen to conduct simulation experiments:

1.  The number of the safety kanbans.

2. The number of the production kanbans at the supplier.
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3. The delay coefficient of the supplier kanban.

Table 1 shows the value of the factors and the parameters in detail.

Table 1: Parameters for simulation experiments.

Name Value
Number of periods 315 days (15days for warm-up)
Operation time 480 minutes
Number of part types 2
Number of work stations 4
Total daily demand for two parts 480 units
Demand of parts Mean = 20%
Number of safety kanbans 2,3,4,5
Number of production kanbans at 11, 12, 13, 14, 15 (no production
the supplier kanban with MTO strategy)
Size of a container 10 units

Transportation time between the : .
manufacturer and the supplier Unif (40,60) minutes

Processing time at each work station Unif (40,60) minutes
Delay coefficient 1,2,3
Times of delivery a day 4

The delay coefficient, that is ¢, is the most important factor. It determines
the supplier production strategy as well as the supply chain performance. The
relationship between the delay coefficient and production lead time is shown

in Figure 6.
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Figure 6: Relationship between the delay coefficient and production lead time.

4 RESULTS AND ANALYSIS
In this section we analyze the results of the simulation experiments
mentioned above. Section 4.1~ 4.3 investigate the performance evaluation of
the system under different supplier production policies, namely MTS, BTO,
and MTO, respectively. Section 4.4 compares the three different policies and
discuss the benefits of the policies.
4.1 Simulation results for MTS policy
Table 2 shows a set of sample results for the system where the supplier
employs the MTS production policy. As mentioned earlier, the system
performance measures are average backorders and average inventory, and
the inventory includes the WIP, pipeline, and FG inventory. Since the supplier
employs different production policies, that is MTS, BTO, and MTO, the stock
points would be different. For example, there are WIP and FG inventory with
an MTS policy, but none with an MTO policy.

Figure 7 illustrates the variation of total backorders and total inventory
with the number of production kanbans at the supplier. We just summed up

the average backorders occurred at the manufacturer as total backorders
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because they can make a final assembly line stop. Total inventory is the sum
of all WIP, pipeline, and FG inventory. The number of production kanbans at
the supplier takes the value of 13, 14, and 15, while the delay coefficient is set
to 1, and the number of safety kanbans is equal to 3.

As can be seen from Figure 7 and Table 2, total inventory increases with
increases in the number of production kanbans at the supplier. On the other
hand, total backorders decrease, but the variation is not significant and is

equal to zero when the number of production kanbans is larger than 14.

Table 2: Sample results for the MTS policy.

Number of production kanban at the supplier

13 14 15

AvgBackorderAssembly1 0.1

AvgBackorderAssembly2 0.99

Total backorders 1.09

AvglnventoryAssembly1 56.6 72.92 72.25
AvglnventoryAssembly2 53.14 67.89 68.64
Manufacturer inventory 109.74 140.81 140.89
AvglnventoryPipelinel 33.6 31.49 31.59
AvglnventoryPipeline2 32.54 31.69 31.48
Pipeline inventory 66.14 63.18 63.07
AvglnventorySupplierl 29.29 40.31 495
AvgInventorySupplier2 30.78 39.45 50.28
AvgWIPSupplier 99.88 100.05 100.04
AvgWIPSupplierl 50.4 49.86 50.29
AvgWIPSupplier2 49.65 50.33 49.9
Supplier inventory 260 280 300.01

Total inventory 435.88 483.99 503.97
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Figure 7: Effects of the number of production kanbans with the MTS policy.

4.2 Simulation results for BTO policy

Table 3 provides a set of sample results for a system where the supplier
employs the BTO production policy. It is similar to the MTS policy that
average backorders and average inventory are selected as performance
measures. The supplier can postpone its production to perform the BTO
policy. Therefore, there is no FG inventory at the supplier. Figure 8 plots
the variation of total backorders and total inventory with the number of
production kanbans at the supplier. The number of production kanbans at the
supplier takes the value of 11, 12, 13, and 14, while the delay coefficient is set
to 2, and the number of safety kanbans is equal to 3. Like the MTS policy, total
inventory increases with increasing the number of production kanbans at the

supplier, while total backorders decrease.
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Table 3: Sample results for the BTO policy.

Number of production kanban at the supplier

11 12 13 14
AvgBackorderAssemblyl 1345.92 0 0 0
AvgBackorderAssembly2 1058.83 0.33 0 0
Total backorders 2404.75 0.33 0 0
AvglnventoryAssemblyl 0 64.15 73.95 74.11
AvglnventoryAssembly2 0 59.13 74.47 74.67
Manufacturer inventory 0 123.28 148.42 148.78
AvgInventoryPipelinel 47.95 40.3 39.57 39.68
AvglnventoryPipeline2 48.17 40.02 39.66 39.69
Pipeline inventory 96.12 80.32 79.23 79.37
AvgWIPSupplier 100.32 110 120 130
AvgWIPSupplierl 48.58 50.21 50.06 50.04
AvgWIPSupplier2 48.23 49.83 49.86 49.89
Supplier inventory 197.13 210.04 219.92 229.93

Total inventory 293.25 413.64 447.57 458.08




SIMULATION ANALYSIS OF A JUST-IN-TIME SUPPLY CHAIN SYSTEM — 109 —

—e— Toatal backorders

3000 4757 45808 | 500

- 400
z 2000 4 2032 =
E - 300 S
% 1500 - g
5 - 200 =
= 1000 - 2
2 =

500 - - 100

0
0 T hd hd T h 0
11 12 13 14
Number of productiont kanbans

Figure 8: Effects of the number of production kanbans with the BTO policy.

4.3 Simulation results for MTO policy

Table 4 shows a set of sample results for a system where the supplier
employs the MTO production policy. We also choose average backorders and
average inventory as performance measures. Since the supplier employs
the MTO policy, there is no finished parts inventory at the supplier. In
addition, production kanbans are not necessary with the MTO policy. On
the other hand, the supplier kanbans need to wait the parts to be made,
so the manufacturer has to hold more safety stock to avoid the occurrence
of backorders. Therefore, we investigate the effect of safety stock on the
performance measures. Figure 9 illustrates the variation of total backorders
and total inventory with the number of safety kanbans. The number of safety
kanbans takes the value of 2, 3, and 4, while the delay coefficient is set to
3. As can be seen from Figure 9 and Table 4, total inventory increase with

increasing the number of safety kanbans, whilst total backorders decrease.
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Table 4: Sample results for the MTO policy.

Number of safety Kanban

2 3 4
AvgBackorderAssembly1 212.65 0.31 0
AvgBackorderAssembly2 165.66 0.32 0
Total backorders 378.31 0.63 0
AvglnventoryAssembly1 3.35 58.8 83.48
AvgInventoryAssembly2 3.33 51.39 85.48
Manufacturer inventory 6.68 110.19 168.96
AvglnventoryPipelinel 49.71 49.7 49.71
AvgInventoryPipeline2 48.78 49.52 49.45
Pipeline inventory 98.49 99.22 99.16
AvgWIPSupplierl 100.3 100.02 100.66
AvgWIPSupplier2 98.72 100.01 99.59
Supplier inventory 199.02 200.03 200.25
Total inventory 304.19 409.44 468.37
—— Total backorders —— Total inventory
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Figure 9: Effects of the number of production kanbans with the MTO policy.
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4.4 Comparison of simulation results

Since it is not desirable that the production line stops, so the occurrence
of backorders should be avoided as possible. However, contrary to daily
demands of 480, one percent of backorders, that is around five units, should
be reasonable. Therefore, we choose a scenario from three policies where
the backorders are less than five to compare the benefits. Table 5 gives the
results, and Figure 10 plots the variation of inventory with each policy.

Figure 10 shows that the total inventory for the MTO policy are the
lowest comparing those for the BTO and MTS policies. It indicates that the
MTO policy is the best for the supply chain system considered in this study.
However, since the system consists of the supplier and the manufacturer, we
should give further discussion for each in detail. The inventory system can
be simply divided into three echelons: manufacturer’s inventory, pipeline
inventory, and supplier’s inventory, respectively. We do not distinguish
between the WIP and FG inventory in our study. For example, the supplier
inventory is the sum of the WIP and FG inventory at the supplier. All the
results shown in Tables and Figures are the average values of the performance
measures.

For the supplier inventory, it is similar to the total inventory that benefit
from the MTO policy is superior to that from the BTO and MTS policies, and
the BTO policy is better than the MTS policy. On the other hand, for the
manufacturer’s inventory, there is almost no difference among three policies.
It means that the supplier production policy would not affect the performance
of the manufacturer under the assumption of this study. Because the supplier
production policies are based on the delay coefficient of the supplier kanban
cycle, we can say there is no significant negative effect on the performance of
the manufacturer in which longer delay coefficient is employed.

As mentioned earlier, the pipeline inventory is those on the way of

delivering to the manufacturer. The transportation time between the supplier
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and the manufacturer cannot be neglected, so the effect of the pipeline
inventory also needs to be considered. It is can be seen from Figure 10, the
pipeline inventory shows an increasing trend by using the MTS, BTO, and
MTO policies, respectively. In this research, the transportation time and the
processing time at the supplier are uncertain. The truck should have enough
time to avoid delivering delay because that may cause backorders. Since the
supplier begins the production after the supplier kanban arriving under the
MTO policy, the uncertainty must be more significant than the BTO and MTS
policies. In turn, higher pipeline inventory occurs.

However, the total inventory has improved when the supplier change
the production policy from the MTS to the BTO to the MTO policy. From the
viewpoint of the supply chain system, the MTO policy should be employed.

Table 5: Comparison of three policies.

MTS BTO MTO
Manufacturer inventory 109.74 123.28 110.19
Pipeline inventory 66.14 80.32 99.22
Supplier inventory 260 210.04 200.03

Total inventory 435.88 413.64 409.44
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Figure 10: Comparison of MTS, BTO, and MTO policies.

5 CONCLUSIONS

In this study, we have investigated the performance evaluation of the JIT
supply chain system by using a simulation-based approach. The system is
composed of a manufacturer and a supplier. The supplier provides the parts
to the manufacturer with JIT philosophy that is realized by the kanban control
mechanism. The kanban’s parameter settings, especially the delay coefficient
of the supplier kanban, would have significant effects on the supplier
production strategies, in turn, influence the system performance measures
that are total inventory and total backorders. Therefore, we examined how
the supplier production strategies that are the MTS, BTO, and MTO affected
the system performances. From the results of simulation and the discussion
earlier, we could conclude that when the supplier adopt the MTO policy
that means the supplier kanban with the large delay coefficient, the system

have the best performance. Specifically, the benefit is almost derived from
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the inventory reduction of the supplier. In other words, the supplier could
gain the greatest benefit of extending the supplier kanban cycle, while the
manufacturer is almost not affected by the kanban settings. It indicates that
the participants in such supply chain system should collaborate with each
other to obtain the greatest benefit for the whole supply chain.

However, because the results are based on the assumptions of this study,
some limitations exist. For example, the number of supplier kanbans for
two parts is set to constant values in the scenarios. Also, we do not examine
the impact of processing time and transportation time with uncertainty on
the system performance. Such limitations should be examined in the future

research.
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