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ABSTRACT
In this paper two different possible machine allocation policies are studied for a production system consisting of MRP and kanban controlled materials. Performance measures are inventory costs, backorder
costs and service level. In policy one, the production system is segmented into one segment for MRP
planned materials and one for kanban controlled materials. Policy two implements common machine
groups for both kinds of materials. A scalable production planning simulation model is applied which is
set up by parameterization of the respective database without any model implementation work. For high
set-up times and low number of items, we find that whenever utilization of the production system is high,
the production system segmentation policy is preferable. However, for medium and low utilization values
common machine groups perform best in all scenarios. The scalable simulation model for different kinds
of production systems contributes to further research in this field.
1

INTRODUCTION

Manufacturing system research identifies that the parameterization of production planning and control
methods has a big influence on the inventory and tardiness costs as well as on the service level. Published
literature shows that the production planning method MRP (material requirements planning) is widely applied and studied (Weeks 1981; Yano 1987; Gong et al. 1994; Elhafsi 2002; Axsäter 2005; Altendorfer
and Minner 2011; Hopp and Spearman 2008). Additionally, literature shows that kanban or other pull
production control methods can be a viable alternative to the traditional MRP method under certain conditions in the manufacturing system (Spearman et al. 1990; Gstettner and Kuhn 1996; Huang et al. 1998;
Mukhopadhyay and Shanker 2005; Takahashi and Myreshka 2005; Jodlbauer and Huber 2008). Such
conditions are that the variance in processing time of a production lot is not too high, there are not too
many different products and that customer demand is rather stable (Chang and Yih 1994; Jodlbauer 2007;
Jodlbauer and Huber 2008). The traditional MRP method can, on the contrary, handle any kind of complexity and variability in processing times and customer demand (Chang and Yih 1994, Hopp and Spearman 2008). In addition to the inventory control behavior, one advantage of kanban in comparison to MRP
is that it incurs less planning effort since it is a self organizing system (Ohno 1988, Jodlbauer 2007).
Based on these different characteristics which kanban and MRP have, companies in industry sometimes
apply both methods on the same shop floor for different materials. Literature is available on the comparison of MRP and kanban for different manufacturing system structures (Jodlbauer and Huber 2008, Huang
et al. 1998) and even though there is also literature on the combination of kanban (or pull methods) and
MRP (or push methods), e.g. Deleersynder et al. (1992), Berkley (1992), Chang and Yih (1994) and de
Smet and Gelders (1998), no studies on the influence of mixing kanban and MRP materials on the same
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manufacturing machines has been found. Motivated by previous empirical research, in this paper a production system is studied with some materials being produced to stock and others being produced to order. In detail the practically relevant problem is how to combine kanban materials (which are produced to
stock) and MRP materials (which are produced to order) in one production system. We compare two different possible machine allocation policies where in policy one, the production system is segmented into
one segment for MRP planned materials and one for kanban controlled materials. Policy two implements
common machine groups for both kinds of materials. For the shop floor organization policy two means
that both kanban and MRP production orders are mixed in front of the machines and therefore some additional dispatching effort is needed to identify which order to take. In detail for this policy we apply the
earliest due date policy while kanban orders get an artificial due date. In policy one, the shop floor is separated into an MRP and a kanban stream. Thereby no order can switch between the two segments. Performance measures evaluated are inventory costs, backorder costs and service level whereby a major attribute modeled is the setup time when switching between materials. Concerning the performance
measurement for kanban and MRP either analytical or simulation models could be applied. Analytical
models, as for example applied in the literature stream on planned lead time optimization based on Weeks
(1981) and Yano (1987), usually have the advantage that optimal solutions can be identified with respect
to certain assumptions. However, their disadvantage is the simple structure of manufacturing systems
these models have to assume. On the contrary, simulation studies have the advantage that more complex
production system structures can be analyzed, however no optimal solution can be found. In this paper the
simulation method is applied where the scalable simulation model which is presented in Hübl et al.
(2011) is adapted for this study. This model has the advantage that different manufacturing system structures, including the segmented and common machine policies, can be modeled just by specification of a
database.
We examine a flow shop structure inspired by different production companies operating in the automotive sector. The production planning and control methods for the materials are MRP as well as kanban.
Half of the finished goods (items) are MRP planned and have an order amount variation coefficient of
0.5. The second half of the items are kanban controlled and have an order amount variation coefficient of
0.25. The production system has three production stages (production, assembling, and packaging). The
research question is how to set the machine allocation policy regarding different numbers of items and
materials, different mean order amounts and different demand situations.
2

MODEL

The core concept of the scalable simulation model is presented in Hübl et al. (2011) which shows that it is
based on a database. The simulation model is parameterized by this database. Thereby it is possible to define different simulation scenarios without any adaption of the simulation model. The relational database
model is designed according to the relevant simulation data of a small and medium sized enterprise. Generally the simulation model imports the data from the database in an initial phase. On the one hand the data is used at the startup of the simulation model to replicate the single simulation modules and thereby
creating the production system structure. On the other hand the data is used to initialize the random number generators for processing, setup and repair times as well as to parameterize the production planning.
Basically, the database distinguishes between master data and transaction data. The master data defines
the structure of the production system and consist of:
 Bill of Material (BOM): defining the relationship between parent and child item(s)
 routings: definition of the machine groups and their machines including the capacities
 production planning parameters for each item
 shift calendar for all skill groups including holidays
 definition of skill groups of the employees including their capacities
The transaction data is characterized by distributions, which are used for generating the data. The distribution parameters are defined in tables of the database. A distribution is implemented for processing time,
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set up time, mean time to repair and mean time between failure, customer demand, customer required lead
time and replenishment lead time. The simulation time (model run time) is also customized in the database.
The different modules of the scalable simulation model itself are programmed in Anylogic 6.7.1. The
basic idea is to replicate the necessary machinery or worker (resources) according to the master data.
Therefore, in the initialization of the simulation model, the model is parameterized by an interface to the
database according to master data. The simulation model consists of five modules:
 Customer
 Production Planning
 Material Release
 Resources (Machinery, Personnel)
 Analysis
2.1

Customer

The module customer is responsible for the generation of customer orders. Therefore, the distribution of
customer demand, indicating the pieces needed from a certain final product (item) each period, and the
distribution of the customer required lead time, where the relationship between time when the order is
stated and the due date, are defined. An alternative is to generate a real customer order list and use it as
simulation input. It is possible to model different trends in the demand including seasonality, different
product mix combinations and different customer required lead times. If the due date of a customer order
is reached, then this module delivers the available items to the customer.
2.2

Production Planning

The module production planning uses the master data to create production orders. A hierarchical planning
approach according to the MRP II (manufacturing resource planning) concept is applied, whereby the two
hierarchical levels long-term and mid-term planning are implemented in the production planning module.
Short-term planning is implemented in the resources.
The MPS (master production schedule) is used for long term planning, where the production program is
calculated based on forecast data and customer orders. Two different MPS strategies are implemented. In
method one, each period the forecast and the customer orders are compared and the larger quantity results
in the final production program. In method two, both forecast and customer orders are compared by cumulating them over time. The larger value on the cumulative basis is used for the final production program.
MRP, kanban and a reorder policy are implemented as production planning and control strategies. In
the master data for each material, the used planning method, including its parameters, is defined. The
MRP parameters are safety stock, planned lead time and lot sizing policy. Quantity of the kanban boxes
and the size of one kanban box are the parameters for kanban items. Reorder point and reorder quantity
are the two parameters for materials which are controlled by a reorder policy. This module allows analyzing differences in the MPS, production planning strategies and lot sizing policies.
2.3

Material Release

This module is responsible to release the necessary materials from stock to produce the product in the
right quantity indicated in the production order. If the necessary materials are available then they are released. If one or more materials are out of stock, this production order has to wait until the materials are
available.
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2.4

Resources

The module resources controls the material flow and is responsible for the assignment of personnel. Both
machinery and personnel resources are available. Personnel are assigned according to a qualification matrix defined in the master data. Moreover, the master data defines which machine is allocated to a machine group. The working schedules with different shifts defined in the master data are valid for machinery and personnel resources.
Distributions for processing times, set up times, mean time to repair and mean time between failures
are implemented in the machinery resources. Different dispatching rules are available, representing the
short term level of the hierarchical planning approach. Inventories are only available for production steps
which have an own low level code. After each production step, the routing is checked and material is sent
either to the next production step or to inventory.
2.5

Analysis

The module analysis is responsible for the calculation of the key performance indicators. Service level,
average tardiness, average lateness of production orders, average raw material inventory, average WIP,
average FGI, average production lead time, average utilization of machine groups (and machines) and average throughput are measured. The calculation is presented in Hübl et al. (2011) in detail.
3

PROBLEM DESCRIPTION

This section explains, the flow shop structure, the market scenarios as well as the bill of material and routing information used in the three different simulation experiments conducted in this study. The overall
production system structure is similar to that of many automotive suppliers; however, it is just a very
streamlined version of such systems which clearly restricts the findings in this study. The streamlined
structure, including market structure, the bill of materials and the planning methods, has been created
based on project knowledge from past applied research in this industry. Based on the generic simulation
model, the same study can be conducted using real company data to fill the database whereby such data is
available in all commonly used ERP (enterprise resource planning) systems and/or can be extracted also
from MES (manufacturing execution system) systems.
3.1

Flow Shop Structure

Figure 2 visualizes the flow shop considered in this paper. The flow shop consists of six machines (M1M6), which are assigned technologically to three machine groups. The three machine groups are production, assembling and packaging. Two machines are allocated to each machine group. The machines in one
machine group are identical, so it is possible to produce all products with the same technological request
on both machines within the machine groups.
3.2

Market Scenarios

In this paper three different scenarios are considered and discussed. The scenarios differ in the number of
items and the mean order amount. In the first scenario (S1) a production system with four items, four production materials and two raw materials is analyzed (four-item-high-lotsize-scenario). In scenario two
(S2) the same structure with a reduced order amount (four-item-low-lotsize-scenario) is considered.
Thereby in scenario two the set up times become significant. In the third scenario (S3), the amount of
products is increased by the factor of ten (forty items, forty production materials and twenty raw materials) while simultaneously the demand per month is divided by the same factor to fix the production system utilization on a similar level as in S1 and S2 (forty-item-scenario). In comparing S1, S2 and S3, it is
investigated if the effects of different machine allocation policies are the same for the four- and forty-item
scenarios. The benefit of the simulation model structure according to Hübl et al. (2011) is to model these
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different scenarios just by a new specification of the database without any simulation model adaption effort.
In Table 1 the demands for the three scenarios are visualized. The customer orders (c.o.) per month in
S1 are 3,000 parts for product 10 and 4,500 parts per month for product 11. The order amount (o.a.) in the
simulation model is lognormal distributed with a variation coefficient of 0.5 for the MRP planned materials and 0.25 for the kanban controlled materials. The customer required lead time (crl-time) is lognormal
distributed too, with a mean value of ten and a standard deviation of 1.4.
The difference between S1 and S2 is that the mean and the standard deviation of the order amount is reduced to a tenth.
In S3 the variation coefficients for the order amounts and the customer required lead time are the
same but the customer orders per month are a tenth of S1. Additionally, the average amount of a customer
order is reduced by half to still reach an appropriate service level at a utilization of 85%. This effect can
be described due to the increasing set up times arising through the new product variety.
Table 1: Demand situation for scenario one, two and three.
Item number

μ order amount
[pcs.]

S1
10
11
12
13
3.3

S2
10
11
12
13

S3
101010010
101110011
101210012
101310013

S1 S2
100 10
150 15
100 10
150 15

S3
50
75
50
75

σ order amount

c. o. per month
[pcs.]

[pcs.]

S1
S2
50
5
75
7.5
25
2.5
37.5 3.75

S3
25
37.5
12.5
18.75

S1
3000
4500
3000
4500

S2
3000
4500
3000
4500

μ crl-time

σ crl-time

S1/S2/S3
10
10
10
10

S1/S2/S3
1.4
1.4
1.4
1.4

[days]

S3
300
450
300
450

[days]

Bill Of Material

Figure 1 shows the bill of material for the four-item-scenarios and the LLC (low level code). The LLC indicates the lowest level in a BOM that a particular part is ever used (Hopp and Spearman 2008). It starts
with the LLC zero where all items (finished goods) are included. The finished goods are arranged into
two product groups called PG1 and PG2. Two descriptive examples for explaining Figure 1 are created.
Item 11 with LLC of zero consist of one piece of product 20 with LLC of one. Material 31 consists of one
raw material 100 and two raw materials 110. Parts 12, 13, 21 and 31 are kanban controlled. Material 100
and 110 are purchased parts. In this paper it is assumed that the purchased parts are always available and
therefore not part of our consideration.

Figure 1: Bill of material and processing structure
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3.4

Machine Allocation Policies And Routing

The machine allocation policies differ in the segmentation of the shop floor regarding the two different
planning methods. In Figure 2a, machine allocation policy one is visualized. There the production system
is segmented into one segment for MRP planned materials and one for kanban controlled materials. Machine allocation policy two (Figure 2b) means that both, kanban and MRP production orders are mixed in
front of the machines. Generally the orders are sorted according to the dispatching rule earliest due date
(EDD).
a.)

b.)

Figure 2: Different machine allocation policies
In the simulation model, lognormal distributed values for processing and set up times are used. It is assumed that the values are the same for all items and materials in all scenarios. Table 2 shows the mean
and variance values for processing and set up times. The routing information describes the sequence of
workstations passed through by a part.
Table 2: Routing information
μ processing [min]
4,86

σ processing [min]
2,43

μ set up [min]
6

σ set up [min]
0,15

In the simulation model it is assumed that no set up is needed if orders of the same material are processed
sequentially. The same BOM, routing, and planning structure is used for the forty-item-scenario whereby
the structure is mirrored tenfold with item 1010, 2010, …, 100010; 1011, 2011, … ,10011; with their respective materials 1020, 2020, …, 100020; and so on.
3.5

MEP and Kanban Logic

MRP and kanban are two production planning and control methods widely applied in industry, however,
based on different paradigms. MRP is a push oriented method mainly calculating material requirements
based on customer orders (or forecasts) with respect to the BOM. The production order size is identified
applying a lot-sizing policy. The planned start and end dates are calculated based on demand occurrences
and planned lead times (see Yano (1987) and Hopp and Spearman (2008) for a definition). Therefore
MRP can either be applied to MTO or to MTS production systems. In detail, the input data for the MRPrun are the BOM, the on-hand inventory, the scheduled receipts (of orders already running through the
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production system) and the gross requirements of final products from the master production schedule
(MPS). For additional information on hierarchical production planning including the calculation of the
MPS see Hopp and Spearman (2008). The MRP approach follows a strict calculation scheme (see also
Hopp and Spearman (2008)) where the four steps: netting, lot sizing, offsetting and BOM explosion are
calculated for each material. The minimum information provided by the production orders generated in
the MRP calculation are the material number, the lot size, the start period and the end period of the order.
The basic parameters of MRP, also modeled in the current study, are safety stock, lot sizing policy and
planned lead time.
A pull alternative to MRP is kanban, which is a pure production control method where production orders are triggered by withdrawal of materials from the kanban boxes. Whenever a box is emptied, a new
order for the respective material is issued in the kanban method (see also Ohno (1988) and Hopp and
Spearman (2008)). Therefore production is always triggered by demand, either of items (final products) or
of production materials. It is a pure MTS method since no information on the future customer demand is
processed. The basic parameters of a kanban system, which are also modeled in the current study, are the
amount of kanban cards and the size of the kanban boxes (this is equivalent to the lot size in MRP) for
each kanban controlled material.
3.6

Planning Method Parameterization

In preliminary studies for the three scenarios, the parameters for the two planning methods MRP and kanban and the respective demand settings have been determined to reach a service level of 95% with a production system utilization of 85%. Table 3 and Table 4 show the different parameters of the planning
methods. For the calculation of the kanban lot size and the number of kanbans see also Hopp and Spearman (2008). The MRP lot sizing policy applied is fixed order period (FOP).
Table 3: Planning method parameterization four-item scenarios.
Material
10
11
12
13
20
21
30
31

Planning type
MRP
MRP
kanban
kanban
MRP
kanban
MRP
kanban

Safety stock
200
300
200
300
-

Planned lead time
5
5
5
5
-

FOP Periods
1
1
1
1
-

# kanbans
3
3
4
4

kanban size
100
150
150
15

Table 4: Planning method parameterization forty-item scenario.
Material
10
11
12
13
20
21
30
31

Planning type
MRP
MRP
kanban
kanban
MRP
kanban
MRP
kanban

Safety stock
50
75
50
75
-

Planned lead time
5
5
5
5
-

FOP Periods
1
1
1
1
-

# kanbans
3
3
3
3

kanban size
50
75
75
75
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4.1

RES
SULTS
Ex
xperiment Design

In the threee scenarios tested,
t
the cusstomer deman
nd per monthh is varied by changing thee parameter laambda
(throughp
put factor) to investigate
i
a utilization ran
nge between 50% and 98%
% in twenty itterations. In S
S1 we
analyze a production system with four items, four materiaals and two raw materialls (four-item--highlotsize-sceenario). In S2
2, the same sttructure with a reduced orrder amount ((four-item-low
w-lotsize-scennario)
is consideered. In S3, th
he amount off products is increased by tthe factor of ten (forty item
ms, forty matterials
and twentty raw materials) while sim
multaneously the demand pper month is ddivided by thhe same factorr (forty-item-sccenario).
The performance
p
measures
m
are the
t overall co
osts separatedd in inventoryy and tardinesss costs, the seervice
level and the shop floo
or utilization.. The tardiness costs and the service leevel are provvided for MR
RP and
kanban materials
m
separrately. Each iteration is ev
valuated with the mean vallue of the oveerall costs. Thhe tardiness cossts are correccted at the end
d of the simu
ulation run byy adding up hyypothetic cossts for all customer
orders nott yet satisfied
d. The ratio off inventory to
o tardiness coosts per piece is one to tweenty. In the exxperiments, on
ne year with 360 days is an
nalyzed whereeby each run iis replicated 1100 times perr iteration.
4.2

Fo
our-Item-Sceenarios

In Figure 3, the curves for service leevel (Figure 3a)
3 and overaall costs (Figuure 3b) for thee two differennt machine allo
ocation policiies for S1 aree visualized (four-item-hig
(
gh-lotsize-sceenario). Both curves are pplotted
with respeect to the thro
oughput-facto
or lambda, wh
hich determinnes the shop floor utilizatiion. The secoondary
axis of Fiigure 3a show
ws the servicee level differeence of the tw
wo machine allocation poolicies. The seervice
level curv
ve of the segm
mented machin
ne allocation policy is sligghtly better than the one off the not segm
mented
policy. In
n this scenario
o, the ratio off set up time in comparisonn to processinng time is verry low (<1% of the
shop floor utilization).. The overalll costs show at high throuughput levelss significant ddifferences. In this
scenario, especially thee tardiness co
osts of the seg
gmented machhine allocatioon policy are hhigher than thhe tardiness cossts of the not segmented po
olicy.
b.)

200,000
180,000

Overall Costs

160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000
0
0.5
5

0.6

0 .7

0.8

0
0.9

1

1.1

lambda
segmented

not segmente
ed

Figure 3: Service level and overall costs for thee two machinne allocation ppolicies in thhe four-items--highlotsize-sceenario S1
In Figure 4, the curvess for service level (Figuree 4a) and oveerall costs (Figure 4b) for the four-item
m-lowlotsize-sceenario (S2) iss visualized (higher
(
amou
unt of set upss due to the rreduced averaage order amount).
For a high
h throughput,, the segmented machine allocation
a
pollicy has a signnificant betterr service leveel performance than the non
n segmented machine allocation policyy. This resultss from the reeduced setup effort
with the segmented
s
maachine allocattion policy. According
A
to tthe service leevel curve, Figgure 4b show
ws that
the segmeented machin
ne allocation policy has leess overall coost for high thhroughput levvels. Note thhat for
low throu
ughput the com
mmon machin
ne group policcy performs bbetter.
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b.)

200,000
180,000

Overall Costs

160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000
0
0 .5

0.6

0
0.7

0.8

0.9

1

1.1

lambda
segmen
nted

non segmentted

Figure 4: Service leveel and overalll costs for thee two machinne allocation policies in thhe four-itemss-lowlotsize-sceenario S2
4.3

Fo
orty-Item-Scenario

In Figure 5, the curves of the servicce level (Figurre 5a) and thee overall costts (Figure 5b) for the two ddifferent machiine allocation policies for the
t forty-item
ms-scenario S33 are plotted.

1.00
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0.14
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0.08
0.40

0.06
0.04

0.20

0.02
0.00

300,000

0.00
0.6

0.7

0.8

0.9

1

1.1

400,000
350,000

Overall Costs

0.18

Service Level

b.)

0.20

1.20

service level difference

a.)

1.2

250,000
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150,000
100,000
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0
0.6

0.7

0 .8

lambda
segmented

not segmented

0.9

1

1.1

1.2

lambda
service level difference

segmented

non segmente
ed

Figure 5: Service leveel and overaall costs for the
t two macchine allocation policies iin the forty-iitemsscenario S3
S
Figures 5aa and 5b show
w that there are
a only slightt differences between the ttwo machine allocation poolicies
for a low throughput (lambda). Starrting at a lam
mbda of 0.9 (w
which is apprroximately eqqual to a shopp floor
utilization
n of 80%) the non segmentted machine allocation
a
pollicy performss better than thhe segmentedd policy both fo
or the service level and thee overall costss. For examplle, for a lambda value of 1.1 the servicee level
of the non
n segmented policy
p
is 14%
% better than the service levvel of the seggmented machhine allocationn policy. This better perforrmance is lin
nked to the in
ncreasing rouuting flexibillity of the noon segmentedd case
which oveercomes the advantage
a
of the reduced set
s up times oof the segmennted machinee allocation ppolicy.
Especially
y with a high
h number of materials
m
and items, the seegmentation ppolicy only reestricts the roouting
but does not
n yield any performance gain since on
nly few set-upp reduction pootential existss.
4.4

MRP
M
And Kan
nban Perform
mance Comp
parison

In Figure 6, the servicce level (S1a, S2a, and S3a) and tardinness (S1b, S2bb and S3b) curves for the three
scenarios are compareed for the MR
RP and kanbaan materials. It is shown that for all tthree scenarioos the
kanban co
ontrolled matterials have a better service level perforrmance. As ddiscussed in ssection 1, the combination of
o kanban and MRP mateerials being processed
p
on the same ressources leads to the probleem of
dispatchin
ng two differeent kinds of orders.
o
In this study, the pproduction orrders in the m
machine groupps are
sorted acccording to thee earliest due date rule. Fo
or MRP-mateerials the plannned due datee of the produuction
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order is the planned start period of the parent item of the next low level code (lower LLC). For the kanban
controlled materials the planned due date is modeled as the time of the production order creation, so the
kanban controlled materials are generally prioritized. The better performance of kanban in the segmented
machine allocation policy shows that for the studied production system with its demand variances, the
MTS policy performs better than the MTO policy. When applying the non segmented machine allocation
policy, the kanban prioritization influences the MRP materials. The results for S2, where the overall performance of the segmented policy is better, show that the prioritization of kanban materials leads to a significant service level reduction for MRP planned materials. The tardiness figures show no consistent behavior due to simulation results variance at high throughput. These findings have also been tested with a
set of different cost und planning parameters in structure S1 whereby the principal results concerning
costs and service level stay unchanged but the single numbers clearly differ in this sensitivity analysis.
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Figure 6: Service level and tardiness of MRP / kanban materials for the three scenarios
5

CONCLUSION

The simulation study performed in this paper shows that the flexible simulation model with the database
connection is perfectly suited to represent scalable production systems. We find that in a production system with low set up times, the service level performance is for low utilization nearly independent of the

Felberbauer, Altendorfer, and Hübl
machine allocation policy applied. However, at high utilization, the increased production system flexibility of not segmenting the production system improves this performance. Especially when comparing the
overall costs, the non segmented production system leads in such situations to significantly lower costs
than the segmented one. In a scenario with high setup time impact, we find significant cost improvements
of the segmented production system in comparison to the non segmented one for high throughput. This
cost improvement results from the overall setup time reduction overweighting the flexibility loss of this
policy. However, studying the same situation with a higher number of items shows that the setup time
gain diminishes and the flexibility loss of the segmentation leads to higher costs in all throughput situations. Additionally, the service level and tardiness performance of MRP and kanban planned materials in
the segmented and non segmented production system are compared. We find a service level reduction of
MRP parts in comparison to kanban parts in the non segmented production systems. This leads to a further research need to identify how to dispatch MRP and kanban materials if they both seize the same machines. The contribution of this paper is further limited by the specific scenarios studied. Therefore, further research is required to investigate the detected behavior in a broader range of production system
structures.
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