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ABSTRACT

The appropriate production and inventory control policy is
a key factor for modern enterprises’ success in competitive
environment. In the food industry, most of food manufac-
turers adopt the make-to-order policy to improve their
punctuality and flexibility, while some scholars provided
other different opinions. This study provides a hybrid pol-
icy combining a make-to-order push strategy with priority
with a make-to-stock pull strategy. In this policy, the pull
strategy is considered for the regular demands while cus-
tomers who tell their demand needs in advance are treated
with a push strategy and are given a higher priority than
those who don’t share information. Through a set of simu-
lation experiments by AutoMod model, this policy is
proved to be of great efficiency, effectiveness and applica-
bility.

1 INTRODUCTION

In modernized society, enterprises in the food industry are
working in a very competitive environment, especially for
the products of the traits of high perishability and fluctua-
tion. In order to become order winners, it is very crucial for
the firms to attack the issues of products costs, on-time de-
livery and flexibility. Therefore, most of the food manufac-
turing firms adopt a make-to-order strategy. However, if
the lead time of a make-to-order process is longer than the
delivery time requested, a make-to-stock strategy is pre-
ferred (Hopp and Spearman, 1996). Reiner and Trcka (2004)
discussed some alternatives for a production company in the
food industry based on simulation. In one section of their
paper they discuss a pasta production facility with multiple
products. For this problem they have chosen to simulate the
production process as a make-to-stock process with a reorder
point heuristic under continue review. According to them,
make-to-stock is the standard production strategy for the
pasta producer. Reorder point policy is one approach for
controlling inventory while maintaining a desired service
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level. When inventory is monitored continuously, the reor-
der point policy consists on placing an order of size Q when
the inventory level reaches or goes below a reorder point, r
(Hopp and Spearman 1996). This is usually referred to as a
(Q,r) model. This policy, while maintaining high service le-
vels, usually incurs in high cost of carrying inventories.

Our objective in this paper is to simulate a scenario
similar to the one described by Reiner and Trcka (2004)
and to investigate the benefits on changing the strategy
they used in their paper. Rather than just using the (Q, r)
reordering strategy we are proposing a hybrid strategy be-
tween pull and push systems with priorities on customers
who share information in advance.

Pull systems have been successfully implemented in
several industries. Among the most pull-type production
and inventory control systems (PICS) we find the kanban
system, and CONWIP. In a pull system, all customer de-
mands are expected to be satisfied from stock, hence when
a customer order arrives, the probability of finding a prod-
uct is high and the service levels can be maintained above
a desired point. In addition, the time the customer has to
wait for the product to be shipped is zero if the product is
available. For this we need to be operating under a make-
to-stock policy, which might yield high costs due to carry-
ing inventory. According to Hopp and Spearman (1996)
push systems are inherently make-to-stock while push sys-
tems are make-to-order. That is, the schedule that drives a
push system is driven by orders (or forecasts) and not by
system status.

The make-to-order policy can reduce the costs in-
curred in carrying inventories at the cost of reducing the
service levels and customers having to wait for their prod-
ucts to be manufactured. Perhaps the most famous make-
to-order strategy is MRP which works better when cus-
tomer demands are known in advanced or when variability
is demand forecasts are relatively low.

Many people argue that in order to improve opera-
tional efficiencies, supply chain partners need to start look-
ing for new ways to collaborate. Reiner and Trcka (2004)
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mention that the information-sharing policy of the retail
chain companies is very restrictive. But recent develop-
ments in information technology and the emphasis on sup-
ply chain system integration have significantly reduced the
cost of obtaining end-item advance demand information—
henceforth referred to as ADI—in the form of actual orders,
order commitments, forecasts, etc., and diffusing it among
all stages of the system (Liberopoulos and Koukoumialos,
2005).

Our proposed system is a hybrid model that combines
a make-to-order push strategy with information sharing
with a make-to-stock pull strategy. The make-to-stock
strategy will be applied to those customers who come in
requesting a product at the time of arrival, and the make-
to-order will be applied to those who can give information
in advance about their needs. These customers will have a
higher priority than the ones that do not share information
about their needs. With our proposed strategy we might not
have the full benefits of controlling the total work in process
(WIP) material or the total finished goods (FG) inventory,
but we have partial benefits, as we can control the WIP and
FG inventory of the customers that do not give information
in advance, to whom we have labeled as “regular customers”.
In addition, the time in the FG inventory for customers who
share information stays in the FG area is minimal since the
purpose of sharing information is to have the product just in
time for when the customer expects its product to be shipped.
In other words, with information sharing applied to a make-
to-order strategy we can obtain the benefit of reducing in-
ventories but without having to pay the cost of lowering the
service levels or customers’ waiting for their products. At
the same time, for customers who do not share information
we keep some FG in order to also increase the probability of
they finding the product just in the time for when they re-
quest it.

The importance of this paper is that we are proposing
a variation of the already proposed systems that integrate
information sharing. In the next sections we will discuss in
more detail what are the variations that make our approach
different than the already proposed strategies.

The rest of the paper is organized as follows. Section 2
provides a brief review of the literature. Section 3 de-
scribes the proposed strategy as well as the assumptions
made for the study. Section 4 provides a description design
of experiments. Section 5 provides a summary of the re-
sults obtained for systems operating under hybrid strategy.
Section 6 provides a summary of the results and discusses
extensions of the current research.

2 LITERATURE REVIEW

Production and inventory control systems such as MRP
systems, and kanban control systems (KCS) have been the
subject of intensive research for several years. There are
some excellent summaries of how to design a manufactur-
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ing plant under these systems and the issues and benefits
gained from such systems. They can be found in literature
such as Buzacott and Shanthikumar (1993), Hopp and
Spearman (1996) and Zipkin (2000). Pull systems are the
easiest to implement and yet very efficient. Kanban control
systems explicitly limit inventories using kanbans (cards) -
when one unit is consumed from inventory, a kanban sig-
nal is sent upstream to begin work to replenish this inven-
tory (Krishnamurthy and Claudio, 2005).

Prior research such as that reported in Hopp and
Spearman (1996) have shown that limiting inventories and
triggering production in this manner yields better system
performance when compared to traditional MRP/push sys-
tems. Alternative pull systems such as the CONWIP sys-
tem (Hopp and Spearman, 1996) also have similar advan-
tages. Some of these studies also suggest that in
manufacturing environments with high product variety pull
systems could be inefficient (Krishnamurthy, Suri, and
Vernon 2004).

One approach to overcome the disadvantages of pull
systems has been to focus on how best to combine JIT and
MRP philosophies in order to maximize the benefits of
both strategies. A hybrid production system could be char-
acterized as a production system that combines elements of
the two philosophies in order to minimize inventory and
unmask flaws in the system while maintaining the ability
of the system to satisfy demand (Geraghty and Heavey,
2005). One example is the Synchro MRP, developed by
Yamaha Motor Company, which utilizes MRP for long
range planning and Kanban control system for shop floor
execution. The problem with Synchro MRP is that it links
MRP into every work center, resulting in high control
complexity (Beamon and Bermudo, 2000).

Over the past years, new hybrid systems have been
developed incorporating the use of the information sharing
between customers and suppliers. This information sharing
is commonly defined as advance demand information
(ADI). Karaesmen, Buzacott, and Dallery(2002) consider
a particular type of ADI also referred to as advance order
information: early commitments on orders from customers.
Krishnamurthy and Claudio (2005) and Liberopoulos and
Koukoumialos (2005) studied the effects of ADI in pull
strategies.

The strategy we propose is similar to the one discussed
in Liberopoulos and Koukoumialos (2005) in that it con-
siders ADI. The difference is that in the hybrid system de-
scribed by them, the ADI is part of a joint station where it
needs the synchronization of three items in order to release
a production signal: the kanban card, the raw material, and
the order. In our proposed strategy we do not need a kan-
ban card to match the advance orders.

In their experiments, Krishnamurthy and Claudio
(2005) found that in a typical pull system, such as the sim-
ple kanban system, if the kanban cards are allocated at the
finished goods inventory area, the whole purpose of know-
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ing an order in advance is diminished since the order will
arrive in advance and will wait at the fork/joint stage until
a kanban card arrives, which will happen when the cus-
tomer arrives and grabs one unit of inventory. Liberopou-
los and Koukoumialos (2005) also describe this effect by
stating that the kanban policy cannot exploit ADI, because
in the kanban policy a production order is placed after a
part in FG inventory is consumed and therefore at (or after)
the due date of the demand that triggered it. In addition,
Krishnamurthy and Claudio (2005) also found that the
benefit of having ADI resides in lowering the inventories
while keeping the same amount of kanban cards, but allo-
cating them at the beginning of the first station. This way,
when the order arrives in advance, it can match the raw
material and the kanban card and send a signal to start pro-
ducing one item. Liberopoulos and Koukoumialos (2005)
described such system where kanban cards are allocated at
the beginning of the first station and presented the single-
stage hybrid base stock/kanban policy with ADI. Here, the
system starts with a base stock of S end-items in FG inven-
tory and K free kanbans. Where the number of free kan-
bans represents the number of parts that can be released in-
to the facility before the WIP in the system reaches the
WIP-cap level K (Liberopoulos and Koukoumialos, 2005).
In that sense, as previously mentioned, our proposed
system is different than the previously described in that not
all orders need to be matched to a kanban card so that it
can be released for production. Hence, our system is a hy-
brid in the context that it is a combination of pull and push
strategies acting at the same time. The system will behave
as a CONWIP as described by Hopp and Spearman (1996)
for regular customer orders that arrive and expect to find
the product. These customers have no guarantee that the
product will be there and if there is no product they will be
backordered. The maximum inventory for this type of cus-
tomers at any point is given by the number of kanban cards
in the whole system, K. At the same time, the system will
behave as a push system when order comes in advance.
When this happens, the order will be released for produc-
tion according to Karaesman et al. (2002), where two delay
node holds the order for: max (0, T - LT) ,and 1, where 7 is
the amount of advance time the customer gave the supplier,
and LT is the manufacturing lead time. These orders do not
need a kanban card to be released for production and will
have a higher priority in both the manufacturing process
and at the FG area as an incentive to the customer for giv-
ing the order in advance. Thus, a customer that notifies his
requirements in advance will have the benefit that the order
will be processed before any regular order at any work sta-
tion to ensure that the order will be at the FG inventory by
the time it needs to be shipped. In addition, if by the time
the order needs to be shipped the order is not ready, since
the product for the regular orders and the advance orders is
the same, the order will be replenished from the regular in-
ventory and shipped to the advance customer and the kan-
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ban cards will simply be detached and will be attached to
the items that corresponded to that order once they are re-
leased from the production cycle. The strategy will be de-
scribed in more detailed in the coming sections.

3 SYSTEM DESCRIPTION

3.1 Description Of Our Proposed System

Since we are taking into account a manufacturing system
similar to the one discussed in Reiner and Trcka (2004) , let
us consider a system with two manufacturing stages in se-
ries (denoted by M; i=1, 2) as displayed in figure 1. The
first stage consists of production of the food, where in the
second stage the packaging takes place. Two types of or-
ders may arrive to the supplier. The first one is just demand
orders from those customers who request an item and ex-
pect the order to be shipped at that moment. We refer to
these as regular orders. The second type of order is the one
where customers tell the supplier in advance their require-
ments. We refer to these as advance orders.

Since we want to minimize the waiting time of the
customer, regular orders will be handled in a make-to-
stock strategy. The inventory kept for regular orders is lim-
ited by the total number of kanban cards, denoted by K.

K
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35k “=~7 demands
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[ I o mmeend orders
: Satisfied
advanced
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Figure 1: Proposed hybrid push/pull system

When regular order arrives, if there is at least one item
in the finished goods (FG) buffer, then it is used to satisfy
the order. At the same time, the kanban card attached to the
item is sent back to the beginning of the manufacturing
stage where it will enter a fork/joint station waiting to
match with a raw material in order to authorize production.
For purposes of this study we will assume the kanban card
signals the production of one item. We also assume unlim-
ited supply of raw materials. The kanban card together
with the raw material queue for its turn at stage 1 and se-
quentially get processed in stage 1 and 2. After getting out
of the manufacturing process, the product will enter a deci-
sion node where it asks if the product corresponds to a reg-
ular order or to an advance order and join its respective FG
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area. If upon order arrival of a regular order, there are no
items in the FG buffer, it is backordered and the order
waits until an item is available. This part of our proposed
strategy ensures the number of units in the finished goods
inventory for regular orders at most equal to K.

For the advance orders, we assume that each customer
places an order with the manufacturing facility T time units
in advance of their actual requirement (due date). We call ©
the amount of time in advance the information was given.
For simplicity, we assume that this time is constant and
same for all customer orders. Furthermore, we assume that
once an order is placed they will not be cancelled or
changed. At the same time, the plant has a manufacturing
lead time, denoted by LT, which corresponds to the lead
time used by the system to plan production. The manufac-
turing lead time typically depends on the average time tak-
en to actually manufacture a unit. Again, for simplicity a
constant lead time has been assumed.

When an advance order is placed, it is duplicated and
sent into two delay stations. At delay station O1, the manu-
facturing system introduces a delay T1 = max (0, t - LT),
between when an order is received and when it is activated
upstream to trigger production via raw material release.
This ensures that if the amount of units in advance, T, is
less or equal to the manufacturing lead time, the order will
be immediately released for production as discussed in Ka-
raesman et al. (2002). Once the order is released from Ol
after T1 time units have passed, the order will then join a
fork/joint station where it will be matched with a raw mate-
rial in order to be released for production. Note that, as
mentioned before, this policy differs from others in the
sense that it does not need to be matched with a kanban
card. At the same time, the duplicate of the order sent to
the delay station O2 will wait for t units of time before
been converted into actual demand and the customer will
then expect his order to be shipped at that time. As men-
tioned before, advance orders will have a higher priority in
both the manufacturing process and at the FG area, as an
incentive to the customer for sharing information. Thus, a
customer that notifies his requirements in advance has the
benefit that his order will be processed before any regular
orders at any work station to ensure that this order will be
available at the FG inventory to be shipped at the requested
time. If by the time the order needs to be shipped but it is
not ready, since the product for the regular orders and the
advance orders is the same, the order will be replenished
from the regular inventory and shipped to the advance cus-
tomer. And the kanban cards will simply be detached and
will be attached to the items that corresponded to that order
once they are released from the production cycle, as repre-
sented by the dotted line that comes out of the regular FG
area into the advance order FG area. If there are no prod-
ucts in neither of the FG areas then the advance demand is
backordered and will get the next product that comes out.
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When a product comes out of the production cycle, it
goes into the decision node D1. If the item belongs to an
advance order then it will enter a second decision node, D2.
Here it will be asked if the demand corresponding to that
item has already been fulfilled. If it has, then it will go to
the regular FG inventory where a kanban card should be
waiting for it to be attached. If the answer is no, then it will
continue to the advance FG area. In order to better explain
the process, figure 2 contains a flow chart of the logic that
occurs from the moment an order arrives. In the flowchart,
when an order comes out of the packaging process, it asks
if the order is an advance order (D1). If the answer is yes,
then it continues to ask if V_flag is bigger than zero (D2).
V_flag is our representation of the situation when an ad-
vance customer takes one product from the regular FG area.
When this happens, a flag is raised (hence the name V_flag)
to point out that this situation has occurred and that there is
at least one kanban card waiting for a product to be at-
tached to. Note that this situation can happen many times
within a time interval, thus we do not limit V_Flag to just a
binary variable to denote it is raised or not since we need to
keep track of how many times this has occurred.

With this strategy one of three situations might happen
to the advance customer. Firstly, the product might reach
the advance FG area before the advance demand does. In
this case the inventory in the advance FG area will increase
but only for a relatively short period of time since the de-
mand should be released from delay node O2 shortly after
this happens. In this sense, the advance FG inventory area
can be seen as a temporary holding area until the order is
shipped to the advance customer. The second situation
arises when the demand is released from node O2 before
the product reaches the FG area. In this case, as discussed
before, the customer will get an item from the regular FG
inventory and will not have to wait for his product. At the
same time, the product should be arriving shortly so the
kanban card should not be by itself for long. The third situ-
ation is when the advance demand arrives first and finds no
inventory in either area. In this case the demand will be
backordered but since the order is expected to arrive in a
relatively short time, the customer will only have to wait
for a small amount of time which is still better than having
to wait for the whole manufacturing lead time. The benefits
gained from this strategy can be found in the reduction of
inventories and at the same time, the customer will not
have to wait for its product (unless the previously dis-
cussed case three happens).

For our study, we have assumed that external customer
orders (demand) arrive one at a time and are satisfied
whenever possible from units available in the finished
goods inventory buffer. If units are not available, customer
requests are backordered and are satisfied immediately
upon availability of inventory giving priority to the ad-
vance orders.
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Flowchart of our proposed strategy
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As previously mentioned, we have assumed that LT is
constant as well as the amount of advance demand infor-
mation, T, which will be the same for all customer advance
orders. For simplicity, we have also assumed that t is big-
ger or equal than LT.

We set demand to be normally distributed with mean
two hour and standard deviation 20 minutes as suggested
in the case presented by Reiner and Trcka (2004).

3.2  Description of Simulation

The strategy was simulated with Automod 11.1. At first we
simulate the make-to-stock policy to obtain the general cy-
cle time.

We use a process to generate the two kinds of de-
mands which are called general and advance demands as
can be seen in figure 2. A changeable variable representing
the proportion of these two kinds of orders was set for the
future analysis. For example, the proportion 9:1 refers to
the case where 90% of the demand orders came from cus-
tomers that gave information on advance while only 10 %
of the demand orders were from customers who gave no
information in advance.

Subsequently, we use another process to schedule the
flows for each kind of demand. For the general demand, it
may be sent to process to cope with the backorders under
the condition of no available inventory here, or otherwise
send the signal to production to supplement the taken-off
products. For the advance demand, we use a specific proc-
ess to schedule the production to satisfy the advance order,
such as the production time will be scheduled in a specific
time so that the arrival of the customer could match the ac-
complishment of the production. In our case, the manufac-
turing station M1 has exponentially distributed service
times with mean four hours, and station M2 has exponen-
tially distributed service times as well with mean one hour.
And for simplicity, it is assumed that the manufacturing
stages have finite production capacities, implying that
products could potentially queue in the buffers between the
stages and wait for the resources in a manufacturing stage.
In addition, it is also assumed that there is sufficient supply
of raw material at the beginning of stage. Moreover, we
also use a single process to break up and down the operat-
ing machines to simulate the reality.

4 SETUP OF SIMULATION EXPERIMENTS

In order to eliminate the potential initial effects, we set the
warm-up period to 50 hours which was obtained by doing a
steady state analysis.

AutoStat was used to analyze our experiments since it
is strong statistical analysis software within AutoMod.
With AutoStat we varied some of the factors and calcu-
lated the number of backorders to get the potential costs of
losing customers, as well as the average time spent in the

inventory by single goods multiplying the average number
of goods in the stock to calculate the holding costs. In this
case, we assume the proportion of backorder costs to the
holding cost is 2 to 1.

Using the “vary multiple factors” analysis in the Au-
toStat, we the proportion of advance demand to general
demand which could represent the market demand situa-
tion, as well as the initial number of kanban cards, K,
which represents the maximum inventory for regular de-
mand at any point in time. Table 1 contains the range for
each of these variables.

Table 1: Range of variables

Variables maximum | minimum | step
Advance demand :
General demand propor- 9:1 1:9 1
tion
maximum inventory (K) 6 1 1
5 RESULTS

Based on the Bonferroni principle we used 10 replicates
for each simulation run. From the results, we conclude that
the minimum costs can be found when the proportion of
demand orders with ADI to regular demand is 5:5 (or 50%
for each), and the maximum inventory is 6. Our strategy
strives to get the best of both push and pull systems com-
bined and the optimal point can be found when both strate-
gies are equally implemented, in other words, when the
system is not behaving more like one strategy or the other.
It is reasonable because if the proportion of advance de-
mand is higher then the time orders holding the regular in-
ventory will be longer, which will cause a higher inventory
holding cost; if the proportion of regular demand is higher
then the fluctuation will be greater, which will make the
general backorders higher. So a trade-off happens at the
point of fifty-fifty.

In addition, using the “compare all to one” function in
the AutoStat, we could also confirm our conclusion. From
table 2 we could tell that the systems, in which the propor-
tion of ADI and regular demand is 6:4 with other variables
at the same value, is not statistically distinguishable.

Table 2: CI for the costs differences

Advance demand : Gen-

eral demand proportion s 0= e

Maximum inventory 6 6 6 6

average cost difference (§) | 5.44 | 3.09 5.34

CI low for cost difference 2.88 1.34 2.63

CI High for cost difference | 0.32 | -0.40 | -0.08
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Therefore, we could conclude that our proposed sys-
tem is also robust when ADI is relative higher. However in
order to get a deeper sense of the impact of different pro-
portion and maximum inventory, we refer to the Excel to
do the three dimension surface plots.

From figure 3, we can see that there is a tradeoff be-
tween the demand proportion and the number of kanban
cards. Thus, in order to reduce costs we need to either in-
crease the number of kanban cards or increase the propor-
tion of advance demands. At kanban number of 6 we see
that the advance demand information have no significant
effect. This means that with 6 kanban cards we do not need
to have ADI in place, but on the other hand, if we wanted
to reduce our inventories, then we could for example, re-
duce it to 4 and incrementing the proportion of ADI to
50%. In addition, from figure 4, we find that with the in-
crease of ADI, the total number of backorders will de-
crease to some extent. That information is very important
because it shows that using our proposed system could ef-
ficiently reduce the number of backorders, which is good
news to hold the customers for the manufacturers. On the
other hand, the number of backorders for the advance de-
mand will dramatically increase when the proportion of
this kind of demand increase, as shown in figure 5.

Taking a closer look into the backorders and the FG
inventories, we can see in figure 5 that the total number of
backorders for the advance orders is dependent on both, the
number of kanban cards and the proportion of advance or-
ders to regular orders. This makes sense since the lower the
number of kanban cards, the more the strategy will behave
as a simple push system.

From figure 6 we can see that now the backorders for
the regular demand depends on the interaction of both, the
number of kanban cards and the demand proportion. If the
proportion of regular demands is very small, as in the case
9 (meaning 9 advance orders to 1 regular order), then it
will not matter that how many kanban cards we have be-
cause the number of order coming is very small. In a cer-
tain way, this is the purpose of including some orders with
ADI. Conversely, when the proportion of regular demands
is high, then we should increase the number of kanban
cards to reduce the number of backorders. Finally we can
also see the average time spend in these two inventories for
the finished products (figure 7), from which we could con-
clude that if we want to reduce the average stocking time
for the products for the general demand, we should then
decrease the number of kanban cards. On the other hand,
decreasing the number of kanban cards could do nothing to
reduce the average storing time in the inventory for the ad-
vance demand as seen in figure 8. Figure 9 plots the aver-
age number of advance inventory versus the number of
kanban cards for each set of proportions. Since the advance
orders do not depend on the number of kanban cards, the
inventory is pretty much affected by the proportion and not
by the number of kanban cards.
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Total costs versus number of kanban cards at the different proportions
of demands
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Figure 3: Surface plot for the total cost based on demand
proportion and kanban cards

Surface plot of total number of backorders versus number of kanban
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Figure 4: Surface plot for total number of backorders based
on demand proportion and kanban cards
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Figure 5: Surface plot for number of backorders for the ad-
vance demand based on demand proportion and kanban
cards
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Surface plot of total number of regular backorders versus number of
kanban cards and the proportion of advanced order to the regular
orders
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Figure 6: Surface plot of total number regular backorders
based on demand proportion and kanban cards
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Figure 7: Surface plot of average storing time spent in the
general inventory
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Figure 8: Surface plot of average storing time spent in the
inventory for the advance demand

1706

Average advanced inventory vs. number of kanbans for each proportion
0.3
i ——1
..025 _— -2
_‘5.. N -3
§ 0.2 :
£ ) T~ -5
° ' 6
o
2 015 T e —_— -7
>
o —38
© l\k//#'\-\.
& 0.1 .
o
(4
z 0———0—“\—&/
< 005
0
1 2 3 4 5 6
Number of kanban cards

Figure 9: Average number of advance inventory vs. the
number of kanban cards for each proportion
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Figure 10: Average number of regular inventory vs. the
number of kanban cards for each proportion

In addition we can see that, as predicted when we pro-
posed the system, this number is not even greater than 0.3
units, which means that having ADI does not significantly
increase the number of units in inventory.

Figure 10 plots the average number of regular inven-
tory versus the number of kanban cards for each set of pro-
portions. Here we can see an almost linear relationship be-
tween the number of kanban cards and the average
inventory.

This part of our strategy is almost behaving com-
pletely like a regular pull system in the sense that the
maximum inventory does not exceed the number of kanban
cards, with the exception of when the regular orders are
only 10% of the demand; the average inventory seems to
exceed the number of kanban cards. This might be due to
the interaction that exists between the two strategies work-
ing together (e.g. the decision nodes previously explained).
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6 SUMMARY AND CONCLUSIONS

In this paper we propose a hybrid system, which combines
a make-to-order push system with a make-to-stock pull
system with information sharing, depending on the nature
of the order. The make-to-stock strategy will be applied to
those customers who come in requesting a product at the
time of arrival, and the make-to-order will be applied to
those customers who can give information in advance
about their needs.

After a some analysis of our proposed system, we find
that it serves the purpose of looking for a tradeoff between
reducing the inventory levels and the service levels( as
seen by the backorders). We found the best parameters
within our system, which were the ones that minimized the
total costs happened to be at a demand proportion level of
50%-50% between demand orders with information shar-
ing and those with no information in advanced.

However there are also some insufficiencies in this
paper. Future research might include the comparison of
this strategy to other existing strategies such as kanban,
CONWIP, POLCA, MRP, among others. In addition, deri-
vation of analytical models to describe the system might
prove to be helpful to better understand the effects of vary-
ing some of the system parameters. Some extensions might
be included to analyze the behavior of the strategy when
the manufacturing lead-time is not constant, and to analyze
the strategy in a multi-product environment.
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