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Abstract The effect of the configuration selection on the
smoothness and easiness of manufacturing systems recon-
figuration process cannot be neglected, especially when
dealing with reconfigurable manufacturing systems (RMS).
The term “reconfiguration smoothness” is introduced in this
paper to address this issue. In order to evaluate the level of
reconfiguration smoothness (RS), a metric was developed
to provide a relative measure of the expected cost, time, and
effort required to convert from one configuration to another.
This metric is composed of three components representing
different levels of reconfiguration, namely; market-level
reconfiguration smoothness (TRS), system-level reconfig-
uration smoothness (SRS), and machine-level reconfig-
uration smoothness (MRS). Rules are introduced to guide
the development of execution plans for system-level re-
configuration, which we call “reconfiguration planning”.
These plans help reduce the physical effort of reconfiguring
the system. A case study is presented to demonstrate the
use of the developed metric followed by sensitivity anal-
ysis to show the effect of changing different metric param-
eters. The results show how the developed metric provides
a powerful relative assessment tool for the transitional
smoothness between a current configuration and a number
of candidate feasible configurations for the next period.
This can affect the configuration selection decisions at the
beginning of each configuration period.

Keywords Configuration selection . Reconfigurable
manufacturing systems . Reconfiguration planning .
Reconfiguration smoothness

1 Introduction

The history of manufacturing systems shows their evo-
lution over the years in response to an increasingly dy-
namic and global market with greater need for flexibility
and responsiveness (Fig. 1). Unpredictable market changes
cause frequently varying manufacturing systems require-
ments. Reconfigurable manufacturing systems (RMS) were
proposed to meet these requirements and provide a degree
of capacity scalability and functional adaptability.

Most manufacturing industries now use a portfolio of
dedicated manufacturing lines (DML) and flexible manu-
facturing systems (FMS) to produce their products. RMS is
intended to combine the high throughput of DML with
the flexibility of FMS and react to changes quickly and
efficiently [2]. There are many aspects of manufacturing
systems reconfiguration that present important research
challenges. They include reconfiguration of the factory
communication software, new machine controllers, build-
ing blocks, and configuration of modular machines, mod-
ular processes, and configuration of the production system
[3]. The main focus of the research presented in this paper is
the selection of system-level configurations.

A distinguishing feature of RMS is that its configuration
evolves over time in order to provide the functionality and
capacity needed, when it is needed. These configuration
changes can be in the form of adding/removing machines
to/from the system, adding/removing axes/spindles to/from
machine tools, changing configuration of machine tools,
changing the system layout or changing the material han-
dling systems. Figure 2 shows an example of system-level
reconfiguration.

The effort required to reconfigure the system according
to the anticipated demand scenarios has to be taken into
consideration in the process of selection of reconfigurable
manufacturing systems (RMS) configuration [4, 5]. This
paper introduces the term “reconfiguration smoothness”
to reflect the cost, time, and effort required to reconfigure
the system. A reconfiguration smoothness (RS) metric is
developed and presented.
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The next section reviews related literature. Section 3
presents some basic assumptions with regards to the
configuration structure and the kinds of available informa-
tion. Section 4 demonstrates the concept of “reconfigura-
tion smoothness” from a stochastic perspective. Section 5
describes in detail the developed reconfiguration smooth-
ness metric (RS) with all its components. Section 6 pres-
ents a case study to demonstrate the use of the developed
metric followed by sensitivity analysis to show the effect
of changing different metric parameters on its value. In

Sect. 7, the paper concludes with a summary and an out-
look on future research issues.

2 Literature review

Makino and Trai [6] classified reconfigurable systems into
two categories: statically reconfigurable systems, which are
based on the concept of building blocks, where the stations
of the system are designed to be easily moved around, and
dynamically reconfigurable systems, which attain their
reconfigurability by using advanced material handling sys-
tems like automated guided vehicles (AGVs) or traveling
robots rather than the use of traditional conveyor systems.

ElMaraghy [1] and Shabaka and ElMaraghy [7] divided
manufacturing systems reconfiguration activities into two
types: hard or soft. Examples of hard (physical) reconfig-
uration activities include adding/removing of machines,
adding/removing of machine modules, and changing ma-
terial handling systems. Examples of soft (logical) recon-
figuration activities include re-programming of machines,
re-planning, re-scheduling, re-routing, and increasing/de-
creasing of shifts or number of workers.

Kusiak and Lee [8] and Lee [9, 10] discussed recon-
figurability in the design of products and manufacturing
systems. They defined reconfigurability as the ability of a
manufacturing system to be reconfigured at a low cost and
in a short period of time. They introduced rules to be
applied in the early stages of system design in order to
minimize the number of machine relocations. However,
they focused more on appropriate product design as a
means of attaining reconfigurability.

Kuo [11] and Yamada et al. [12] optimized the equip-
ment layout assignment for RMS with the objective of
minimizing the total transportation time. Kuo [11] used
distributed colored timed Petri net (DCTPN) to model the
RMS while Yamada et al. [12] used an algorithm based on
particle swarm optimization (PSO).

Abdi and Labib [13–15] discussed strategic issues of
system design and products grouping and selection. They
introduced an analytical hierarchical process (AHP) model
for designing RMSs based on a case study. They focused
on decisions regarding selecting system type followed by
the grouping of products into families and selecting a fam-
ily for each system configuration.

The following sub-sections provide an in depth review
of the approaches that dealt with the selection of systems
configuration in the RMS context.

2.1 A framework for a stochastic model of an RMS

Xiaobo et al. [16] proposed a framework for a stochastic
model of an RMS. This framework involves three issues
identified by the authors as the most important, namely; the
optimal configurations in the design, the optimal selection
policy in the utilization, and the performance measure in
the improvement of these systems. They stated that a re-
configurable manufacturing system (RMS) manages to
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satisfy customers, with each family of products corre-
sponding to one configuration of the RMS. Xiaobo et al.
[17] formulated the problem of selecting the optimal
configuration for each product, based on their stochastic
model, and devised two algorithms to solve it. They also
formulated the selection of the product family to be
produced next by the RMS as an optimization problem and
devised two procedures to solve it [18]. A semi-Markov
process for obtaining the performance measure of an RMS
according to the service levels of different product families
was formulated and two solution approaches were
proposed [19].

Ohiro et al. [20] proposed a modification to improve the
work done by Xiaobo et al. [16–19] through involving the
overall state of the system, regarding the quantity of orders,
in choosing the best configuration instead of associating
each product family with only a single optimal con-
figuration regardless of the system state. The results, Ohiro
et al. introduced [20], show the superiority of their model.

This research work does not clarify the information
needed to define a configuration and assess its feasibility
for a certain product family. These types of information are
essential for choosing optimal feasible configurations for
each product family. Accordingly, this work neglects the
effect of the configuration selection on the smoothness and
easiness of the subsequent reconfiguration process, which
has to be taken into consideration especially when dealing
with RMS.

2.2 System performance analysis approach

Spicer et al. [21] defined machining system configura-
tion as the arrangement of the machines (parallel, series,
hybrid,. . .etc.) and the interconnections among them (with
or without crossover) (Fig. 3). They showed that, for the
same number of machines, pure parallel configurations
have the best performance regarding throughput and
scalability but with more quality streams than other
configurations.

Koren et al. [22] used the same system configuration
definition as [21] to demonstrate that the system config-
uration has a significant impact on six key performance
criteria; investment cost of machines and tools, quality,
throughput, capacity scalability, number of product types
and system conversion time. Yang and Hu [23] studied the

effect of different configurations (parallel, series, . . .etc.) on
the system productivity using machine level reliability
models for a six CNC using machine manufacturing
system. Maier-Speredelozzi [24] studied the effect of
different configurations on the manufacturing systems
convertibility after developing convertibility metrics for
manufacturing systems. Zhong et al. [25] presented
methodologies for evaluating system performance with
respect to productivity, quality, scalability, and convert-
ibility for different machining system configurations.
Maier-Speredelozzi and Hu [26] adapted the analytic
hierarchy process (AHP) for use in problems where
manufacturing system configurations are selected con-
sidering multiple performance criteria.

The trend in the work done by this research group tends
to narrow the scope of the system configuration definition
to just the physical layout (parallel, series, hybrid, . . .etc.).
This scope should be widened to include other important
information such as the configuration topology (e.g., the
number of stages, which operations will be performed
together within each stage, precedence relationships be-
tween stages, number of stations within a stage, types of
stations selected) as well as the material handling systems.
These other aspects of configuration have a great influence
on the overall system performance and accordingly on the
configuration selection decisions. In addition, this research
work neglects the effect of the configuration selection on
the smoothness and easiness of the subsequent reconfig-
uration process, which is essential as mentioned earlier.

2.3 Multi-part optimal line design

Tang et al. [27] introduced an approach that coupled line-
balancing, machine selection, and throughput analysis for
designing manufacturing lines that produce multiple parts.
They utilized a genetic algorithm formulation to capture the
configuration and task allocation for a multiple-parts line
and used the minimal ratio of cost to throughput as the
criterion for the fitness function. They utilized a throughput
analysis engine; namely performance analysis of manufac-
turing systems (PAMS), which is based on the work done by
Yang et al. [28].

This research work neglects the effect of the configu-
ration selection on the smoothness and easiness of the
reconfiguration process especially when dealing with RMS.
In addition, it only deals with deterministic analysis, which
is not sufficient and will affect the evaluation of the
alternative configurations from the perspective of smooth-
ness of reconfiguration if taken into consideration.

2.4 Alternative configuration path generation

Son [29] and Son et al. [30] developed a methodology to
design economical reconfigurable machining systems
(RmSs), given a deterministic demand scenario for the
early stage of configuration design. This methodology
generates configuration paths for changing demand byFig. 3 Alternative system configurations [21]
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considering reconfigurations between demand periods,
using a configuration similarity index, as well as the cost
efficiencies for each demand period utilizing genetic algo-
rithms (GAs). The used index is based on the level of
similarity between any two consecutive configurations and
is divided into three components; resource similarity
defining commonality in resources between the two
configurations, structural similarity defining the precedence
relationship between operations, and operation similarity
defining operation assignments to stations.

This work deals only with deterministic analysis which
is not sufficient when dealing with such a changing en-
vironment and expectations of some different scenarios
that might occur. In addition, the configuration similarity
index defined, although promising, has to be enhanced to
be more reflective of the cost, time, and effort of recon-
figuration as it is lacking many important elements that
would affect the cost and effort of the physical reconfigura-
tion process such as the number of machines to be relocated
(not just the difference in the number of machines being
used), number of machine modules to be added or removed
from the system and the number of flow paths between
different stages. In addition, this index does not reflect the
different levels of reconfiguration, which will affect the
influence of each component on the index evaluation.

2.5 Design methodology for scalable machining
systems

Spicer [31] developed a methodology to design scalable
machining systems using an integer linear programming
(ILP) based partial enumerative procedure. It attempts to
optimize the total life cycle cost of the system configura-
tion including investment cost, operating cost in addition to
reconfiguration cost. In evaluating the reconfiguration cost,
the author assumed that all used reconfigurable machine
tools (RMTs) have identical machine bases and all the
added or removed modules are identical. In addition, he
only considered two main components of reconfiguration
cost, namely; labor cost and lost capacity cost.

The assumptions made by the author in this work are far
from reality where you can have different types of RMTs
accompanied by different types of modules to be used for
different process types like milling, drilling, turning, bor-
ing, . . .etc. In addition there are various cost components to
be considered when evaluating the reconfiguration cost
such as the investment cost of new equipment, the costs
involved in the different activities of buying or selling of
machines and/or machine modules, the costs of changing
the material handling equipment used in different config-
urations in addition to the cost of training of workers to use
the new equipment being added to the system and many
other components. Therefore, in this work, the estimation
of the reconfiguration cost is not realistic and difficult to
validate. It does not provide accurate insight about the
amount of effort required to reconfigure the system because
it is based on assumptions that are far from realistic tech-
nological facts. In addition, this work is based on deter-

ministic analysis, which is not sufficient when dealing with
dynamic demand expectations.

2.6 Summary of the literature review

Most of the work done to date, in that field of research,
either handled the configuration problem from one
perspective of configuration, namely; physical layout
[21–26] or dealt with the configuration as a parameter
without defining it [16–20]. Another major shortcoming in
most of the work done is neglecting the effect of the
configuration selection on the smoothness of the subse-
quent reconfiguration process, which was only tackled by
Son [29, 30] but with a very basic configuration similarity
model that needs major enhancements, and by Spicer [31]
but with an unrealistic reconfiguration cost model.

Another important drawback of the research work that
considered the reconfiguration process as part of the con-
figuration selection process [29–31] was dealing with the
problem from a deterministic perspective, which is not
sufficient especially when taking into consideration the an-
ticipated demand and consequently the expected configu-
ration and reconfiguration requirements.

In conclusion, the smoothness of the anticipated recon-
figuration process between any two consecutive config-
urations should be considered as a part of the configuration
selection process. It is difficult to evaluate the exact cost
and time of the reconfiguration process. Therefore, there is
a need for a metric that provides a way of comparing the
cost, effort, and time required to reconfigure the system.
This metric will help in comparing different feasible
configuration alternatives that are not only capable of
satisfying the demand requirements, but will also lead to a
smooth reconfiguration process considering the future
demand expectations. This metric should consider the
different types of activities involved in any reconfiguration
process. In addition, the evaluation of the reconfiguration
smoothness has to be considered from a stochastic
perspective to be able to handle the different future
demand expectations.

3 Basic assumptions

3.1 Configuration structure

An RMS should be able to provide exactly the capacity and
functionality to satisfy given demands for a group of prod-
ucts. Therefore, RMSs have similar characteristics to ded-
icated manufacturing systems within a configuration period
(CP) because these RMSs should be designed to be ded-
icated around the products for each CP with exact capacity
and functionality. High production volume in addition to
high level of capacity scalability, one of the main
characteristics of RMS, should be considered when
deciding upon an RMS’s basic structure.

Flow lines, as one form of RMS structures, can satisfy
the high production volume requirements. In addition,
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flow lines can have stages with multiple parallel stations
(machines). This facilitates scalability required for RMSs
and synchronizes the different stages in order to maximize
utilization of the available machines/stations. This will re-
duce the effect of breakage of any of the machines thus the
use of buffers is not essential. Therefore, the configuration
structure of the RMS, used in this paper, will be that of a
flow line allowing paralleling of identical stations/
machines with identical operation assignment in different
stages. Figure 4 shows an example of a selected config-
uration in a specific configuration period (CP).

Therefore, a selected configuration is a series of stages
(groups of parallel identical machines/stations). Each stage
contains information such as stage location (relative to the
available space for the flow line), machine/station type
(stage type) and its selected machine configuration, number
of machines/stations and the assigned operation clusters
(operations). In Fig. 4, S stands for stage, L stands for
location, M stands for machine/station, MCij stands for
machine configuration j corresponding to machine/station
i, and OS stands for an operation clusters setup. An oper-
ation clusters setup (OS) is a set (one or more) of operation
clusters (OCs) that can be performed together on a specific
machine with a specific machine configuration. An oper-
ation cluster (OC) is a set of operations (OPs), which are
always machined together with a specific order due to
different types of constraints. These constraints can be
logical constraints (L) such as clustering drilling, reaming
and possibly boring operations together when producing a
hole. They can also be datum tolerance constraints (D),
which means that some operations must be carried out on
the same machine to preserve the required tolerance
accuracy because of having some operations located and
carried out with reference to others. A machine configu-
ration (MC) is a feasible configuration for the machine/
station capable of performing a specific operation clusters
setup (OS). Only one machine configuration (MC) can be
assigned for a machine/station in a selected configuration.

3.2 Configuration periods (CPs)

The criteria of configuration selection should include the
smoothness of the anticipated reconfiguration process from
an existing configuration to the next anticipated configu-
ration. More than one configuration period (CP) are con-

sidered. The number of the CPs is a function of the avail-
ability of anticipated information regarding the demand
requirements for each of the following CPs. This informa-
tion includes the product mix (product types) and the
production volume requirements for each product within
each CP.

More than one scenario for the anticipated demand
requirements should be involved in the expectations when
dealing with such a dynamic and changing environment.
This can only be done through analysis of stochastic nature.
Therefore, it is assumed in this paper to have expectations
for more than one demand scenario (DS) accompanied by
their probability of occurrence for each of the CPs following
the current CP, the CP of interest. Figure 5 demonstrates an
example of the type of information that can be involved in
the stochastic analysis regarding the different demand sce-
narios (DSs) at each configuration period (CP).

There is only one scenario for the first CP, as can be seen
from Fig. 5, because this CP is the current one and the one
of interest and at the time of selecting its optimal con-
figuration we should be able to know deterministically the
demand requirements. On the other hand, for the CPs fol-
lowing the first one, there might be more than one anti-
cipated demand scenario. DSij stands for demand scenario
number j in configuration period number i, whereas Pij
stands for its probability of occurrence. The number in
front of each product type represents the production vol-
ume requirement of that specific product type within its
corresponding demand scenario (DS).

3.3 Input description

3.3.1 Demand scenarios (DSs)

These are the current demand scenario (DS11) and the
expected DSs for the following configuration periods (CPs)
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accompanied by their probabilities of occurrence. This
should include information regarding the product mix and
production volume requirements (Fig. 5). The top-level
management supplies such information according to the
market requirements and the goals of the enterprise.

3.3.2 Operations (OPs), operation clusters (OCs),
& precedence graphs (PGs)

OPs are the sets of operations required to produce each of
the required parts. OCs are the sets of operations (OPs) to
be machined together. These must be accompanied by
operations precedence graphs that define sequential con-
straints between the different OPs and subsequently be-
tween different OCs.

3.3.3 Machines/stations (Ms)

This is the set of alternative reconfigurable machine/station
types that are available/obtainable for use in the system.
These Ms should be accompanied by the machine con-
figurations (MCs) that can be used with each type.

3.3.4 Machine configurations (MCs)

These are the sets of feasible machine configurations for
each machine/station (M) with which it can perform one or
more operation clusters (OCs). Only one machine config-
uration (MC) can be assigned for a machine/station in a
selected configuration. These MCs are accompanied by
their corresponding feasible OCs and the number of re-
movable modules (axes, spindles, . . .etc.) that constitute
each of them. MCij represents the number of removable
modules that constitute machine/station i in case of hav-
ing machine configuration j. In addition, each couple of
MCs for the same machine/station (M) should be ac-
companied by the configuration distance between them in
terms of the number of modules that have to be added/
removed to/from any of them to obtain the other. MCij2−j1
represents the number of modules added to machine/
station i to change from machine configuration j1 to ma-
chine configuration j2. MCij1−j2 represents the number of
modules removed from machine/station i to change from
machine configuration j1 to j2.

3.3.5 Operation time for each M-MC-OS combination

The operation time for a machine/station type (M) with
machine configuration (MC) to perform an operation
clusters setup (OS), a set of one or more operation clusters
(OCs) that can be performed together, should be provided.
This enables the estimation of the production rate for this
M-MC-OS combination.

3.3.6 Space limitations

The limitations regarding the space allocated for the flow
line (configuration) include the length and width available
for the configuration. The length can be translated to the
number of stage locations (NSL), which determine the
maximum number of stages. The width can be translated to
the maximum number of parallel machines/stations within a
stage.

4 Reconfiguration smoothness (RS)

The anticipated reconfiguration process has to be con-
sidered in the process of selection of RMS configurations.
The term “reconfiguration smoothness”, being introduced,
reflects the easiness and smoothness of transforming the
system from one configuration to the next. This is essential
to evaluate in order to be able to select system configura-
tions that not only satisfy the current demand requirements
but also will be easily and smoothly reconfigured to satisfy
the anticipated demand requirements in future periods
within the planning horizon of the manufacturing systems.

A metric was developed in order to measure the level of
reconfiguration smoothness (RS). This metric provides a
relative measure of the expected cost, time, and effort
required to change from one configuration to another rather
than estimating the exact time and cost of the reconfigura-
tion process, which is difficult to evaluate. This metric will
be used to evaluate the degree of closeness between any
two possible consecutive configurations.

The purpose of evaluating the reconfiguration smooth-
ness is to compare different candidate feasible configura-
tions for future CPs based on the easiness of reconfiguration
from a current configuration. These RS evaluations will be
provided to the higher-level management to support their
decision-making regarding the configuration selection.

5 Reconfiguration smoothness (RS) metric

The proposed reconfiguration smoothness metric is com-
posed of three components representing different levels
of reconfiguration, namely; market-level reconfiguration
smoothness (TRS), system-level reconfiguration smooth-
ness (SRS) and machine-level reconfiguration smoothness
(MRS). Accordingly, RS between configurations C1 and C2

is defined as follows:

RS ¼ �TRSþ �SRSþ �MRS; (5.1)

where α+β+γ=1 and the three components TRS, SRS, and
MRS all lie between 0 and 1 to make the value of RS lie
between 0 and 1. When the two configurations C1 and C2

are identical, RS becomes 0.
It is recommended that β>γ>α as these weights reflect

the relative amount of cost, time, and effort required for
performing the activities corresponding to the three com-
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ponents associated with any reconfiguration process. Gen-
erally, the system-level activities are the most expensive as
they mostly involve hard-type reconfiguration activities,
e.g., adding/removing of machines/stations. This is fol-
lowed by the machine-level activities, which involve both
hard-type reconfiguration activities, e.g., adding/removing
of machine modules and soft-type reconfiguration activ-
ities, e.g., changing of operation clusters setup assign-
ments. This is followed by the market-level activities,
which mostly involve soft-type reconfiguration activities
e.g. buying/selling of machines/stations and/or machine
modules. The following sub-sections describe the three
components TRS, SRS and MRS in detail.

5.1 Market-level reconfiguration smoothness (TRS)

The market-level reconfiguration smoothness (TRS) re-
flects the cost, time, and effort required to perform market-
level activities that are associated with the reconfiguration

process. These types of activities are performed outside the
boundaries of the manufacturing system and are mostly
soft-type reconfiguration activities. They include market-
ing activities, bidding activities, financial activities, logistic
activities, shipping activities, and all other activities that
are associated with: (a) buying/renting of new machines/
stations and/or machine modules that are required by the
new configuration (C2), and (b) selling/returning of ma-
chines/stations and/or machine modules that were utilized
by the previous configuration (C1) and are no longer
required by the new configuration (C2).

TRS is divided into two components namely; TRSm
representing changes related to use of machines/stations
and TRSd representing changes related to use of machine
modules. Therefore, TRS is defined as follows:

TRS ¼ "TRSm þ 1� "ð ÞTRSd; (5.2)

where " lies in [0 1] and,

TRSm ¼ �
Number of Added Machines

Total Number of Machines
þ 1� �ð ÞNumber of Removed Machines

Total Number of Machines

¼ �

P
Mi2M2�M1MiP
Mi2M1[M2

Mi
þ 1� �ð Þ

P
Mi2M1�M2

MiP
Mi2M1[M2

Mi
;

(5.3)

TRSd ¼ �
Number of Added Machine Modules

Total Number of Machine Modules
þ 1� �ð ÞNumber of Removed Machine Modules

Total Number of Machine Modules

¼ �

P
Mi2M1\M2

MCij2�j1P
Mi2M1\M2

MCij1 þMCij2�j1

� �þ 1� �ð Þ
P

Mi2M1\M2
MCij1�j2P

Mi2M1\M2
MCij1 þMCij2�j1

� � ;
(5.4)

where M1 and M2 are the sets of machines/stations that are
utilized in configurations C1 and C2 respectively and δ lies
in [0 1].

It is recommended that ">0.5 because the TRS activities
associated with machines/stations are more cost, time, and
effort consuming than those associated with machine mod-
ules. It is recommended as well that δ>0.5 because,
generally, the activities associated with buying/renting are
more cost, time, and effort consuming than those asso-
ciated with selling/returning of either machines/stations or
machine modules.

5.2 System-level reconfiguration smoothness (SRS)

The system-level reconfiguration smoothness (SRS) re-
flects the cost, time, and effort required to perform system-

level activities that are associated with the reconfiguration
process. These types of activities are performed within
the boundaries of the manufacturing system but at a level
higher than machines. They mostly include hard-type re-
configuration activities like installation/un-installation of
machines/stations and/or whole stages, installation/un-
installation of material handling equipment corresponding
to installed/un-installed stages, changing the number of
material handling flow paths between stages and relocating
of material handling equipment according to changes in
stage locations. In addition, they include soft-type recon-
figuration activities like increasing/decreasing the number
of assigned operators.

All these activities, hard and soft, are included in addition
to all other activities that are associated with: (a) adding/
removing of machines/stations and/or whole stages to/from
the system, (b) moving (relocating) of machines/stations
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and/or whole stages from their original location to other
locations within the system, and (c) increasing/decreasing
number of material flow paths between stages which is a
function of the number of machines/stations in each stage.

SRS is divided into three components namely; SRSs
representing changes related to stages, SRSm representing
changes related to machines/stations and SRSf representing

changes related to number of material flow paths. There-
fore, SRS is defined as follows:

SRS ¼ �SRSs þ ’SRSm þ �SRSf ; (5.5)

where ϕ+φ+λ=1 and,

SRSs ¼ �
Number of Installed Stage Types

Total Number of Stage Types
þ 1� �ð ÞNumberof Un� Installed Stage Types

Total Number of Stage Types

¼ �

P
Si2S2�S1

SiþP
Si2Sm SiP

Si2S1[S2 Si
þ 1� �ð Þ

P
Si2S1�S2

SiþP
Si2Sm SiP

Si2S1[S2 Si
;

(5.6)

SRSm ¼ �
Number of Installed Machines

Total Number of Machines
þ 1� �ð ÞNumber of Un � Installed Machines

Total Number of Machines

¼ �

P
Mi2M2�M1

MiþP
Mi2Mm

MiP
Mi2M1[M2

Mi
þ 1� �ð Þ

P
Mi2M1�M2

MiþP
Mi2Mm

MiP
Mi2M1[M2

Mi

;

(5.7)

SRSf ¼ �
Number of Added Material Flow Paths

Total Number of Material Flow Paths
þ 1� �ð ÞNumber of Removed Material Flow Paths

Total Number of Material Flow Paths

¼ �

PNS2�1
i¼1 max NMi2 � NMiþ12 � NMi1 � NMiþ11ð Þ; 0½ �Pmax NS1;NS2ð Þ�1

i¼1 max NMi1 � NMiþ11ð Þ; NMi2 � NMiþ12ð Þ½ �

þ 1� �ð Þ
PNS1�1

i¼1 max NMi1 � NMiþ11 � NMi2 � NMiþ12ð Þ; 0½ �Pmax NS1;NS2ð Þ�1
i¼1 max NMi1 � NMiþ11ð Þ; NMi2 � NMiþ12ð Þ½ �

;

(5.8)

where S1 and S2 are the sets of stage types that are utilized in
configurations C1 and C2 respectively, Sm is the set of stages
that are moved (relocated) in reconfiguration from config-
uration C1 to configuration C2, Si is any stage type i, Mm is
the set of machines/stations that are moved (relocated) in
reconfiguration from configuration C1 to configuration C2,
NS1 and NS2 are the numbers of stages used in configura-
tions C1 and C2 respectively, NMi1 and NMi2 are the
numbers of machines in stage i in configurations C1 and C2

respectively and the weights π, υ & θ lie in [0 1].
It is recommended that ϕ>φ>λ as these weights reflect

the relative amount of cost, time, and effort for performing
activities corresponding to the four SRS components. Gen-
erally, activities associated with changes related to stages
are the most expensive with regards to time, cost, and effort

as they involve both hard-type reconfiguration concerning
the type of material handling equipment used and soft-type
reconfiguration concerning the number of operators as-
signed. This is followed by the activities associated with
changes related to machines/stations, which is followed by
activities associated with changes in material flow paths.

It is recommended that π>0.5 because, generally, the
activities associated with adding a new/relocated stage or
machine are more cost, time, and effort consuming than those
associated with removing a new/relocated stage or machine
because adding involves calibration, setup and other ramp up
activities. It is recommended, as well that θ>0.5 because
increasing the number of flow paths between stages is
obviouslymore complicated with regards tomaterial handling
design and installation than decreasing them.

(5.6)

(5.7)

(5.8)
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From the above analysis, regarding the system-level re-
configuration smoothness (SRS), there is a need for infor-
mation about the location of each stage in each of the two
consecutive configurations and the number of machines or
whole stages that have to be moved/relocated in order to
reconfigure from configuration C1 to configuration C2. Such
information is available if a specific reconfiguration execution
plan is known. Therefore, some rules should be set for
deciding how the reconfigurationwill take place at the system-
level. Sub-section 5.4 presents some rules that have been
developed to guide reconfiguration planning.

5.3 Machine-level reconfiguration smoothness (MRS)

The machine-level reconfiguration smoothness (MRS)
reflects the cost, time, and effort required to perform ma-
chine-level activities that are associated with the reconfig-
uration process. These types of activities are performed
inside the boundaries of the manufacturing system and are
all within the limits at the machine-level. They include
hard-type reconfiguration activities like adding/removing
of machine modules and/or machine fixtures to/from pre-

existing machines/stations in the system. In addition, they
include soft-type reconfiguration activities like adding/re-
moving operation clusters setup assignments to/from pre-
existing machines/stations with same machine configura-
tions and accordingly changing of setups and control
systems for these machines/stations.

All these activities, hard and soft, are included in ad-
dition to all other activities that are associated with: (a)
adding/removing of machine modules due to reconfigura-
tion of machines/stations that will remain in the system,
and (b) adding/removing of operation clusters setup
assignments to/from machines/stations that will remain in
the system keeping their same configurations. MRS is
divided into two components namely; MRSd representing
changes related to utilization of machine modules (changes
in machine configurations) and MRSo representing chang-
es related to operation cluster assignments. Therefore,
MRS is defined as follows:

MRS ¼ 	MRSd þ 1� 	ð ÞMRSo; (5.9)

where ν lies in [0 1] and,

MRSd ¼ 

Number of Added Machine Modules

Total Number of Machine Modules
þ 1� 
ð ÞNumber of Removed Machine Modules

Total Number of Machine Modules

¼ 


P
Mi2M1\M2

MCij2�j1P
Mi2M1\M2

MCij1 þMCij2�j1

� �þ 1� 
ð Þ
P

Mi2M1\M2
MCij1�j2P

Mi2M1\M2
MCij1 þMCij2�j1

� � ;
(5.10)

MRSo ¼ 

Number of OS Assignments Added to Machines Keeping their Configurations

Total Number of OS Assignments for Machines Keeping their Configurations

þ 1� 
ð ÞNumber of OS Assignments Removed from Machines Keeping their Configurations

Total Number of OS Assignments for Machines Keeping their Configurations

¼ 


P
osj2OSi;k 2ð Þ�OSi;kð1Þ&Mi2M1\M2

OSjP
osj2OSi;k 1ð Þ[OSi;k 2ð Þ&Mi2M1\M2

OSj
þ 1� 
ð Þ

P
osj2OSi;k 1ð Þ�OSi;k 2ð Þ&Mi2M1\M2

OSjP
osj2OSi;k 1ð Þ[OSi;k 2ð Þ&Mi2M1\M2

OSj
;

(5.11)

where OSi,k (1) and OSi,k (2) are the sets of operation
clusters setups that are assigned to machine/station i with
machine configuration k in configurations C1 and C2 res-
pectively and σ lies in [0 1].

It is recommended that ν>0.5 because the MRS activ-
ities associated with machine reconfiguration (adding/
removing of modules) already encompass the activities
associated with changes in operation cluster assignments
and more. It is recommended, as well, that σ>0.5 because,

generally, the activities associated with adding either ma-
chine modules or operation cluster assignments are more
cost, time, and effort consuming than those associated with
removing of either machine modules or operation cluster
assignments.

Generally, the weights to be assigned for the various
metric components are best left for the user, e.g., the fa-
cilities planning engineer, to determine according to the
situation. This is due to the fact that the relative influence,

(5.10)

(5.11)
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on reconfiguration smoothness, of the different types and
levels of reconfiguration activities, expressed by these
weights, is case-based and cannot be generalized to accom-
modate all practical situations. It is also function of the
infrastructure setup in the facility and the degree of modu-
larity of the controllers being used on both the system-level
and the machine-level. For example, it is easier to relocate a
machine in a facility where the electric supply infrastructure
is modular. However, the suggested recommendations
provide guidelines for determining values of these weights
for the majority of situations.

5.4 Reconfiguration planning

There are normally different alternative plans for reconfig-
uring the manufacturing system. There is a need for some
rules to help plan the reconfiguration process and, ac-
cordingly, determine some parameters required to fully
define the reconfiguration smoothness metric (RS). In
addition, these rules will help the decision-makers with
regards to the reconfiguration process and how it can be
pursued. Minimizing the effort of reconfiguration must be
taken into consideration in developing these rules. The
following are the rules developed for reconfiguration
planning in the order of application to break possible ties:

• Maximize the number of stage types that keep their
locations.

• Maximize the number of machines that keep their
locations.

• Minimize the number of empty stage locations
between consecutive stages.

• Maximize the number of machines that keep their
configurations.

• Maximize the number of machines that keep their
operation clusters setup assignment.

The first two rules are concerned with minimizing the
physical movement/relocation of stage types and machines
respectively, which are considered system-level reconfig-
uration activities (the most expensive reconfiguration ac-
tivities). The space limitations in terms of the available
stage locations have to be considered when applying the
first rule. The third rule, on the other hand, is concerned
with minimizing the material handling effort by minimiz-
ing the distances between consecutive stages. Finally, the
fourth and fifth rules are concerned with minimizing the
machine-level reconfiguration activities whether it is hard
(machine reconfiguration) or soft (change in operation
clusters setup assignments).

5.5 Example on reconfiguration planning
& RS evaluation

An example is presented to demonstrate the concept of re-
configuration planning, implementation of the developed
rules and the use of the reconfiguration smoothness metric.

Consider the system reconfiguration example presented
in Fig. 2. First, the reconfiguration planning rules are
applied to decide the steps of reconfiguration from C1 to C2.
The first rule aims at maximizing the number of stage types
that keep their locations. Stage type M6 may be kept in its
location (SL3) and stage type M3 moved from SL4 to the
next location (SL5) in order to allow stage type M2 to be
placed in location SL4. Alternatively, stage typeM3may be
kept in SL4 and stage type M6moved from SL3 to the prior
location (SL2) in order to allow stage type M2 to be placed
in location SL3. Figure 6 demonstrates the two alternative
reconfiguration possibilities. The application of the first
rule is not sufficient for differentiating the two because for
both, only one stage type will keep its location. Therefore,
the second rule is used. This rule aims at maximizing the
number of machines that keep their locations. Here, the first
alternative is better because it means keeping two machines
of type M6 in their location while the other alternative
means keeping only one machine of type M3 in its location.
Therefore the first reconfiguration alternative is chosen as
shown in Fig. 6.

Now, the reconfiguration smoothness between C1 and
C2 can be evaluated, according to the first reconfiguration
alternative, using the metric. In doing that, values were
chosen for the different metric weights according to the
suggested recommendations.
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Fig. 6 Alternative reconfiguration plans
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RS evaluation of (C1–C2) for the first reconfiguration
alternative:

• Market-level reconfiguration smoothness (TRS)
[Eqs. (5.2)–(5.4)]:

TRSm ¼ 2
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� �
þ 1

3

2

9
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27
;

TRSd ¼ 2
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• System-level reconfiguration smoothness (SRS)
[Eqs. (5.5)–(5.8)]:
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• Machine-level reconfiguration smoothness (MRS)
[Eqs. (5.9)–(5.11)]:

MRSd ¼ 2
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• Overall reconfiguration smoothness (RS) [Eq. (5.1)]:

RS ¼ 1

6
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� �
þ 3

6
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þ 2

6

1

6

� �
¼ 0:3668

The different components of the RS metric according to
the second reconfiguration alternative can be evaluated and

compared to the previous evaluations to validate the merits
of using the reconfiguration planning rules.

RS evaluation of (C1–C2) for the second reconfiguration
alternative:

• Market-level reconfiguration smoothness (TRS)
[Eqs. (5.2)–(5.4)]:
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• System-level reconfiguration smoothness (SRS)
[Eqs. (5.5)–(5.8)]:
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• Machine-level reconfiguration smoothness (MRS)
[Eqs. (5.9)–(5.11)]:
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• Overall reconfiguration smoothness (RS) [Eq. (5.1)]:
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¼ 0:3853:

The results of evaluating the RS metric for both alter-
natives show the superiority of the first reconfiguration
alternative. Although, both alternatives gave the same
values for the TRS and MRS components, as expected, the
values of the SRS component caused the distinction
between both alternatives since the first alternative leads
to fewer machine relocations. This illustrates the merits of
the developed reconfiguration planning rules that arrived at
the same decision of choosing the first alternative.
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6 Stochastic reconfiguration smoothness

The probability theory is utilized, when there is more than
one possibility (scenario) for the next configuration (see
Sub-Section 3.2), in order to evaluate the expected value
of reconfiguration smoothness (RS) between the two con-
secutive periods for the specific configurations selected for
each demand scenario (DS). Figure 7 gives an example of
evaluating the RS stochastically where Cij represents the
configuration selected for demand scenario DSij. Cij will be
in the form presented previously in Fig. 4.

7 Case study

7.1 Example part

In order to demonstrate the use of the developed metric and
perform sensitivity analysis, a case study is presented using
an example part (CAM-I1, 1986 test part ANC-101) that is
widely used in the literature [32–37]. Figure 8 shows part
ANC-101 and its features. Table 4 (Appendix A) provides
the different features’ description, the operations required
to produce these features and their IDs, the tool access
direction (TAD) candidates and the tool candidates for each
operation.

Figure 9 shows the operations precedence graph
according to the data in Table 4 (Appendix A). As shown
in Fig. 9, there are some operations that have to be
performed together (clustered) on the same machines due
to either logical constraints (L) or datum tolerance
constraints (D). Figure 10 demonstrates the precedence

relationship between different operation clusters (OCs),
which are listed in Table 1.

A basic part (ANC-90) was developed as a variant of the
example part (ANC-101). This part is similar to the part
ANC-101 but with five fewer features. Figure 11 shows
part ANC-90 and its accompanying features. Figure 12
shows the operations precedence graph of part ANC-90

according to the data in Table 5 (Appendix A). Figure 13
represents the operation clusters precedence graph for
which all the OCs are listed in Table 2.

Table 3 includes a listing of the available/obtainable
resources in terms of reconfigurable machines (Ms) in

RS = RS (C22, C31) * P31 + RS (C22, C32) * P32 + RS (C22, C33) * P33
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Fig. 7 An example of stochastic evaluation of reconfiguration
smoothness (RS)

Fig. 8 Part ANC-101 and its features (CAM-I, 1986 test part)
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Fig. 9 Operations precedence graph for part ANC-1011 CAM-I: Computer Aided Manufacturing-International
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addition to the sets of feasible machine configurations
(MCs) for each of these Ms accompanied by the number of
removable modules for each M-MC combination.

Table 6 (Appendix A) provides the time required for
performing different operation clusters setups (OSs) using
different feasible M-MC combinations and the production
rates information accordingly. Note that the production rate
for the machines with multi-spindle configurations is a
multiple of that of the same machine with a single-spindle
configuration although they have the same standard time.

7.2 Case description

Now, all the processing information for both parts (ANC-
90 & ANC-101), the information about the available/
obtainable resources, and the production rates of using
these resources to produce the different operation clusters
setups for the two parts are well defined.

Consider the case of having a first configuration period
(CP1) where part ANC-90 (part A) is to be produced with a
rate of 120 parts/hour followed by a second configuration
period (CP2) where part ANC-101 (part B) is to be
produced with a rate of 180 parts/hour. Figure 14 demon-
strates two possible reconfiguration scenarios from a first
configuration (C1) capable of satisfying the demand re-
quirements of CP1 (part A at 120 parts/hour) to two
possible candidates for a second configuration (C21 & C22)
that are capable of satisfying the requirements of CP2 (part
B at 180 parts/hour). The developed RS metric will be
evaluated for the two reconfiguration scenarios in order to
choose the best in terms of reconfiguration smoothness.

The reconfiguration planning rules were, first, imple-
mented to decide the reconfiguration steps from C1 to each
of the two configurations C21 and C22. Starting with the
original configuration (C1), the first rule aims at maximiz-
ing the number of stage types that keep their locations. In
both reconfiguration scenarios, all four stage types of
configuration (C1) can keep their locations so there is no
need to proceed to the following rules. Therefore, the
locations of the stages forming both configurations C21 and
C22 will be as indicated in Fig. 14. That means that there
will be no stage or machine relocation in the reconfigura-
tion process for both scenarios.

7.3 Reconfiguration smoothness evaluation results

Now, the reconfiguration smoothness metric can be eva-
luated between configuration C1 and each of configurations
C21 and C22. Values for the different metric weights were
chosen according to the suggested recommendations.

OC1

OC2 OC7OC5 

OC6 

OC4

OC3OC10

OC8 

OC9 OC11

Fig. 10 Operation clusters precedence graph for part ANC-101

Table 1 Operation clusters definitions for part ANC-101

Operation cluster Operations

OC1 [OP1]
OC2 [OP2]
OC3 [OP3]
OC4 [OP4]
OC5 [OP5, OP6, OP7, OP8, OP9]
OC6 [OP10, OP11]
OC7 [OP12]
OC8 [OP13]
OC9 [OP14, OP15, OP16, OP17]
OC10 [OP18]
OC11 [OP19, OP20]

Fig. 11 Part ANC-90 and its features
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Fig. 12 Operations precedence graph for part ANC-90
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Details of the RS evaluations are provided in Appendix B.
A summary of the results is as follows:

RS evaluation for the first reconfiguration scenario
(C1–C21):

• Market-level reconfiguration smoothness (TRS)=
0.2515.

• System-level reconfiguration smoothness (SRS)=
0.2963.

• Machine-level reconfiguration smoothness (MRS)=
0.1413.

• Overall reconfiguration smoothness (RS)=0.2371.

RS evaluation for the second reconfiguration scenario
(C1–C22):

• Market-level reconfiguration smoothness (TRS)=
0.2830.

• System-level reconfiguration smoothness (SRS)=
0.3186.

• Machine-level reconfiguration smoothness (MRS)=
0.1413.

• Overall reconfiguration smoothness (RS)=0.2535.

It is clear, from the RS results shown above, that the first
reconfiguration scenario is smoother than the second one.
For both scenarios, the machine-level reconfiguration was
the smoothest (MRS has the least value) because the
number of machine reconfiguration activities for machines
remaining in the system was limited. In addition, the
change in operation cluster assignments, for the machines
that kept their configurations, was small. The market-level
reconfiguration was less smooth because there is a need for
many new machines to be added to the system, which will
lead to a large number of market-level activities (examples
of these activities are mentioned in Sub-Section 5.1).
However, the market-level activities involved with the
machine modules are limited. The system-level reconfi-
guration smoothness was the worst in both scenarios be-
cause of the fact that there are changes with regards to
addition of stages, addition of new machines and addition
of more flow paths between different stages. Therefore all
the components involved in the SRS were influential on the
final value of the SRS, which was the highest between the
three levels.

Both scenarios were identical on the machine-level
reconfiguration due to identical reconfiguration processes
being involved for the machines remaining in the system.
However, on both the market-level and the system-level,
reconfiguration smoothness values for the first scenario
were better than the second one due to the fact that the
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OC2 OC7OC5 

OC6’

OC4

OC3

Fig. 13 Operation clusters precedence graph for part ANC-90

Table 2 Operation clusters definitions for part ANC-90

Operation cluster Operations

OC1 [OP1]
OC2 [OP2]
OC3 [OP3]
OC4 [OP4]
OC5 [OP5, OP6, OP7, OP8, OP9]
OC6' [OP10′, OP11′]
OC7 [OP12]

Table 3 Available/obtainable
resources description

Machine (M) Machine configuration
(MC)

Number of removable
modules

Code Description Code Description

M1 Reconfigurable horizontal
milling machine

MC11 3-axis with
1 spindle

3

MC12 3-axis with
2 spindles

4

MC13 3-axis with
3 spindles

5

MC14 3-axis with
4 spindles

6

MC15 4-axis with
1 spindle

4

M2 Reconfigurable drilling press MC21 1 spindle 1
MC22 2 spindles 2
MC23 3 spindles 3
MC24 4 spindles 4

M3 Reconfigurable boring machine MC31 1 spindle 1
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Fig. 14 Two possible reconfig-
uration scenarios for the case
study
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Fig. 15 The effect of adding stages to the system on RS values
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Fig. 16 The effect of adding machines to the system on RS values
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number of machines being added to the system was less in
the first scenario.

In conclusion, the recommendations will be to proceed
with the first reconfiguration scenario (C1–C21) rather than
the second one (C1–C22), which will be more costly in
time, effort and money. This means that, if the configura-
tion selection decision at this stage is based only on
reconfiguration smoothness, then configuration C21 will be
selected for the second configuration period.

7.4 Sensitivity analysis

The first reconfiguration scenario was used to perform
sensitivity analysis in order to demonstrate the effect of
changing the metric parameters on the different reconfig-
uration smoothness values; TRS, SRS, MRS and the total
RS value. Figures 15, 16, 17 show the effect of changing
the number of stages, the number of machines and the
number of machine modules added to the system on these
RS values respectively.

Figure 15 shows that the SRS is the only component that
is sensitive to the change in the number of stages added to
the system, which is expected since this type of change
only affects the physical reconfiguration activities at the
system level. Therefore, the more weight assigned to the
SRS in the RS metric (the higher the value of α), the more
sensitive the overall RS value will be to the change in the
number of stages.

Figure 16 shows that the TRS value is the most sensitive
to the number of machines being added because this number
is the major driver for most of the market-level activities
associated with a reconfiguration process. The MRS, on the
other hand, is insensitive to this number, as it has no effect
on the reconfiguration activities performed at the machine-
level.

Figure 17 shows that the MRS value is the most sensitive
to the number of machine modules added to the system due

to the fact that this number reflects the effort and time of
machine-level reconfiguration. The SRS, on the other
hand, is insensitive to this number as the system level is
concerned with higher-level activities of reconfiguration.

The sensitivity of the various RS components (TRS,
SRS, MRS, or RS) to the addition of system modules
(stages, machines, or machine modules) decreases as the
number of added modules increases as shown in Figs. 15,
16, 17. This is due to the fact that the developed metric is
based on evaluations that are relative to the total number of
modules available in the system. This further illustrates the
merits of the developed metric as it takes into considera-
tion the scale of change involved in the reconfiguration
process.

8 Conclusions and future work

It is essential to consider the influence of manufacturing
systems configuration selection on the smoothness of the
subsequent reconfiguration process. This paper introduced
the term “reconfiguration smoothness” and presented a
metric to evaluate it. This metric reflects the activities
associated with different levels of reconfiguration; market-
level, system-level, and machine-level. The developed met-
ric considers the influence of individual reconfiguration
activities at more than one reconfiguration level, each from
its perspective. For example, the addition/removal of ma-
chines affects both the market-level (TRS) and the system-
level (SRS) and the addition/removal of machine modules
affects both the market-level (TRS) and the machine-level
(MRS).

Rules were developed to guide the decisions concerning
the execution of the reconfiguration process, which was
called “reconfiguration planning”. The concept of stochas-
tic evaluation of the reconfiguration smoothness was intro-
duced by considering the different anticipations for future
demand. A case study was presented to demonstrate the use
of the reconfiguration planning rules and the developed RS
metric. Sensitivity analysiswas performed to show the effect
of changing different metric parameters on its value and
accordingly on the configuration selection decisions.

The proposed RS metric provides a quantitative assess-
ment for characteristics of manufacturing systems that
make certain feasible candidate configurations inherently
better than others in terms of smoothness of reconfiguration
from a current configuration as illustrated by the case study.
These RS evaluations can be provided to the higher-level
management to support their decision-making regarding
the configuration selection

The proposed method and metric consider only the next
production planning period. An approach capable of eva-
luating the reconfiguration smoothness over all future con-
figuration periods, taking into consideration the stochastic
nature of the anticipated configurations corresponding to
future demand scenarios, represents a natural extension of
the proposed methodology.
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Appendix A: Example part processing information

Table 5 Operations data for
part ANC-90

Feature Description Operation Op. ID TAD
candidates

Tool
candidates

F1 Planar surface Milling OP1 +Z C6, C7, C8
F2 Planar surface Milling OP2 −Z C6, C7, C8
F3 Four holes arranged as a

replicated feature
Drilling OP3 +Z, −Z C2

F4 A step Milling OP4 +X, −Z C6, C7
F5 A protrusion (rib) Milling OP5 +Y, −Z C7, C8
F6 A protrusion Milling OP6 −Y, −Z C7, C8
F7 A compound hole Drilling OP7 −Z C2, C3, C4

Reaming OP8 C9
Boring OP9 C10

F8′ Six holes arranged in a
replicated feature

Drilling OP10′ −Z C1
Tapping OP11′ C5

F9 A step Milling OP12 −X, −Z C6, C7

Table 4 Operations data for
part ANC-101

Feature Description Operation Op.
ID

TAD
candidates

Tool
candidates

F1 Planar surface Milling OP1 +Z C6, C7, C8
F2 Planar surface Milling OP2 −Z C6, C7, C8
F3 Four holes arranged as a

replicated feature
Drilling OP3 +Z, −Z C2

F4 A step Milling OP4 +X, −Z C6, C7
F5 A protrusion (rib) Milling OP5 +Y, −Z C7, C8
F6 A protrusion Milling OP6 −Y, −Z C7, C8
F7 A compound hole Drilling OP7 −Z C2, C3, C4

Reaming OP8 C9
Boring OP9 C10

F8 Nine holes arranged in a
replicated feature

Drilling OP10 −Z C1
Tapping OP11 C5

F9 A step Milling OP12 −X, −Z C6, C7
F10 Two pockets arranged as a

replicated feature
Milling OP13 +X C6, C7. C8

F11 A boss Milling OP14 −a C7, C8
F12 A compound hole Drilling OP15 −a C2, C3, C4

Reaming OP16 C9
Boring OP17 C10

F13 A pocket Milling OP18 −X C7, C8
F14 A compound hole Reaming OP19 +Z C9

Boring OP20 C10
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Appendix B: RS detailed evaluations for the case study

RS evaluation for the first reconfiguration scenario (C1–C21):

• Market-level reconfiguration smoothness (TRS)
[Eqs. (5.2)–(5.4)]:

TRSm ¼ 2

3
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12

� �
þ 1

3

0

12

� �
¼ 1

3
;

TRSd ¼ 2

3

1þ 2 1ð Þþ 2 0ð Þ þ 0
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0
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23

:::TRS¼ 2

3

1
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� �
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2

23

� �
¼ 52

207
¼ 0:2512:

• System-level reconfiguration smoothness (SRS)
[Eqs. (5.5)–(5.8)]:

SRSs ¼ 2
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3
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SRSf ¼ 2
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Table 6 Time and production rate information for different M-MC-OS combinations

Operation clusters setup (OS) Standard time in seconds (Production rate in parts/hour)

M1 M2

Code Operation clusters (OCs) MC11 MC12 MC13 MC14 MC15 MC21 MC22 MC23 MC24

OS1 [OC1] 30
(120)

30 (240) 30
(360)

30
(480)

30
(120)

X X X X

OS2 [OC2] 20
(180)

20 (360) 20
(540)

20
(720)

20
(180)

X X X X

OS3 [OC3] 30
(120)

30 (240) 30
(360)

30
(480)

30
(120)

30
(120)

30
(240)

30
(360)

30
(480)

OS4 [OC4] 20
(180)

20 (360) 20
(540)

20
(720)

20
(180)

X X X X

OS5 [OC5] X X X X 60 (60) X X X X
OS6 [OC6] 120

(30)
120 (60) 120

(90)
120
(120)

120
(30)

120
(30)

120
(60)

120
(90)

120
(120)

OS6′ [OC6′] 90 (40) 90 (80) 90
(120)

90
(160)

90 (40) 90 (40) 90 (80) 90
(120)

90
(160)

OS7 [OC7] 18
(200)

18 (400) 18
(600)

18
(800)

18
(200)

X X X X

OS8 [OC8] X X X X 20
(180)

X X X X

OS9 [OC9] X X X X 40 (90) X X X X
OS10 [OC10] X X X X 18

(200)
X X X X

OS11 [OC11] 24
(150)

24 (300) 24
(450)

24 (600) 24
(150)

X X X X

OS12 [OC3, OC11] 60 (60) 60 (120) 60
(180)

60 (240) 60 (60) X X X X

OS13 [OC8, OC10] 30
(120)

30 (240) 30
(360)

30 (480) 30
(120)

X X X X

OS14 [OC2, OC4, OC7] 40 (90) 40 (180) 40
(270)

40 (360) 40 (90) X X X X

OS15 [OC2, OC3, OC4, OC7] 60 (60) 60 (120) 60
(180)

60 (240) 60 (60) X X X X

OS16 [OC2, OC4, OC7, OC8, OC10] X X X X 60 (60) X X X X
OS17 [OC2, OC3, OC4, OC7, OC8, OC10] X X X X 90 (40) X X X X
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• Machine-level reconfiguration smoothness (MRS)
[Eqs. (5.9)–(5.11)]:
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• Overall reconfiguration smoothness (RS) [Eq. 5.1]:
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RS Evaluation for the second reconfiguration scenario
(C1–C22):

• Market-level reconfiguration smoothness (TRS)
[Eqs. (5.2)–(5.4)]:
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• System-level reconfiguration smoothness (SRS)
[Eqs. (5.5)–(5.8)]:

SRSs ¼ 2

3

2þ 0

6

� �
þ 1

3

0þ 0

6

� �
¼ 2

9
;

SRSm ¼ 2

3

8þ 0

14

� �
þ 1

3

0þ 0

14

� �
¼ 8

21
;

SRSf ¼ 2

3

5�2ð Þþ 10�4ð Þþ 6�2ð Þþ 6�0ð Þþ 2�0ð Þ
5þ10þ6þ6þ 2

� �

þ 1

3

0þ 0þ 0

5þ 10þ 6þ 6þ 2

� �
¼ 14

29

:::SRS ¼ 3

6

2

9

� �
þ 2

6

8

21

� �
þ 1

6

14

29

� �
¼ 194

609
¼ 0:3186:

• Machine-level reconfiguration smoothness (MRS)
[Eqs. (5.9)–(5.11)]:
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• Overall reconfiguration smoothness (RS) [Eq. 5.1]:
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References

1. ElMaraghy H (2002) Flexible manufacturing systems. Lecture
notes, Course 0691431, University of Windsor

2. Koren Y, Heisel U, Jovane F, Moriwaki T, Pritschow G, Ulsoy
G, Van Brussel H (1999) Reconfigurable manufacturing
systems. CIRP Ann Manuf Technol 48(2):527–540

3. Mehrabi MG, Ulsoy AG, Koren Y (2000) Reconfigurable
manufacturing systems: key to future manufacturing. J Intell
Manuf 11:403–419

4. Youssef AMA, ElMaraghy HA (2004) System configuration
selection for RMS. Proceedings of the International Workshop
on Advanced Manufacturing Technologies and Integrated
Systems AMT 2004, NRC-IMTI, London, Ontario, 1–2 June
2004

5. Youssef AMA, ElMaraghy HA (2005) A new approach for
RMS configuration selection. Proc CIRP 3rd International
Conference on Reconfigurable Manufacturing, Ann Arbor,
Michigan, 10–12 May 2005

6. Makino H, Trai T (1994) New developments in assembly
systems. CIRP Ann Manuf Technol 43(2):501–522

7. Shabaka AI, ElMaraghy HA (2004) Structural mapping
between operation clusters and machine configuration for
RMS. Proc International Workshop on Advanced Manufactur-
ing Technologies and Integrated Systems AMT 2004, NRC-
IMTI, London, Ontario, 1–2 June 2004

8. Kusiak A, Lee GH (1995) Design of components and
manufacturing systems for reconfigurability. Proc 1st World
Conference on Integrated Design and Process Technology, 6–9
Dec, the University of Texas at Austin, TX, pp 14–20

9. Lee GH (1997) Reconfigurability consideration design of
components and manufacturing systems. Int J Adv Manuf
Technol 13(5):376–386

10. Lee GH (1998) Designs of components and manufacturing
systems for agile manufacturing. Int J Prod Res 36(4):1023–
1044

192



11. Kuo CH (2001) Resource allocation and performance evalua-
tion of the reconfigurable manufacturing systems. Proc IEEE
Int Conf Syst Man Cybern 4:2451–2456

12. Yamada Y, Ookoudo K, Komura Y (2003) Layout optimization
of manufacturing cells and allocation optimization of transport
robots in reconfigurable manufacturing systems using particle
swarm optimization. IEEE Int Conf Intell Rob Syst 2:2049–
2054

13. AbdiMR, Labib AW (2003) A design strategy for reconfigurable
manufacturing systems (RMSs) using analytical hierarchical
process (AHP): A case study. Int J Prod Res 41(10):2273–2299

14. Abdi MR, Labib AW (2003) A RMS design interface for
products analysis. Proceedings of the CIRP 2nd International
Conference on Reconfigurable Manufacturing, Ann Arbor, Mi-
chigan, August 2003

15. Abdi MR, Labib AW (2004) Grouping and selecting products:
The design key of reconfigurable manufacturing systems
(RMSs). Int J Prod Res 43(3):521–546

16. Xiaobo Z, Jiancai W, Zhenbi L (2000) A stochastic model of a
reconfigurable manufacturing system. Part 1: a framework. Int J
Prod Res 38(10):2273–2285

17. Xiaobo Z, Wang J, Luo Z (2000) A stochastic model of a
reconfigurable manufacturing system. Part 2: optimal config-
urations. Int J Prod Res 38(12):2829–2842

18. Xiaobo Z, Wang J, Luo Z (2001) A stochastic model of a
reconfigurable manufacturing system. Part 3: Optimal selection
policy. Int J Prod Res 39(4):747–758

19. Xiaobo Z, Wang J, Luo Z (2001) A stochastic model of a
reconfigurable manufacturing system. Part 4: performance
measure. Int J Prod Res 39(6):1113–1126

20. Ohiro T, Myreshka, Morikawa K, Takahashi K (2003) A
stochastic model for deciding an optimal production order and
its corresponding configuration in a reconfigurable manufactur-
ing system with multiple product groups. Proc CIRP 2nd
International Conference on Reconfigurable Manufacturing,
Michigan, August 2003

21. Spicer P, Koren Y, Shpitalni M, Yip-Hoi D (2002) Design
principles for machining system configurations. CIRP Ann
Manuf Technol 51(1):275–280

22. Koren Y, Hu SJ, Weber TW (1998) Impact of manufacturing
system configuration on performance. CIRP Ann Manuf
Technol 47(1):369–372

23. Yang S, Hu SJ (2000) Productivity analysis of a six CNC
machine manufacturing system with different configurations.
Proceedings of the 2000 Japan-USA Flexible Automation
Conference, Michigan, July 2000, pp 499–505

24. Maier-Speredelozzi V, Koren Y, Hu SJ (2003) Convertibility
measures for manufacturing systems. CIRPAnn Manuf Technol
52(1):367–370

25. Zhong W, Maier-Speredelozzi V, Bratzel A, Yang S, Chick SE,
Hu SJ (2000) Performance analysis of machining systems with
different configurations. Proc 2000 Japan-USA Flexible Auto-
mation Conference, Michigan, July 2000, pp 783–790

26. Maier-Speredelozzi V, Hu SJ (2002) Selecting manufacturing
system configurations based on performance using AHP. Tech
Pap Soc Manuf Eng MS, n MS02-179:1–8

27. Tang L, Yip-Hoi DM, Wang W, Koren Y (2003) Concurrent
line-balancing, equipment selection and throughput analysis for
multi-part optimal line design. Proc CIRP 2nd International
Conference on Reconfigurable Manufacturing, Michigan,
August 2003

28. Yang S, Wu C, Hu SJ (2000) Modeling and analysis of multi-
stage transfer lines with unreliable machines and finite buffers.
Ann Oper Res 93:405–421

29. Son SY (2000) Design principles and methodologies for
reconfigurable machining systems. Dissertation, University of
Michigan

30. Son SY, Olsen TL, Yip-Hoi D (2000) A genetic algorithm
approach for the design of machining system families. Proc
International CIRP Design Seminar, design with manufactur-
ing: intelligent design concepts, methods and algorithms, Haifa,
Israel

31. Spicer JP (2002) A design methodology for scalable machining
systems. Dissertation, University of Michigan

32. Hummel KE, Brown CW (1989) The role of features in the
implementation of concurrent product and process design. Proc
ASME Winter Annual Meeting, DE-Vol. 21, PED-Vol. 36.
ASME, New York, pp 1–8

33. Henderson MR, Srinath G, Stage R, Walker K, Regli W (1994)
Boundary representation-based feature identification. In: Shah
JJ, Mantyla M, Nau DS (eds) Advances in feature based
manufacturing. Elsevier, Amsterdam, pp 15–38

34. Gupta SK, Nau DS, Regli WC, Zhang G (1994) A methodol-
ogy for systematic generation and evaluation of alternative
Operation plans. In: Shah JJ, Mantyla M, Nau DS (eds)
Advances in feature based manufacturing. Elsevier, Amster-
dam, pp 161–184

35. Kiritsis D, Porchet M (1996), A generic Petri net model for
dynamic process planning and sequence optimization. Adv Eng
Softw 25:61–71

36. Li WD, Ong SK, Nee AYC (2002) Hybrid genetic algorithm
and simulated annealing approach for the optimization of
process plans for prismatic parts. Int J Prod Res 40(8):1899–
1922

37. Ong SK, Ding J, Nee AYC (2002) Hybrid GA and SA dynamic
set-up planning optimization. Int J Prod Res 40(18):4697–4719

193


	Assessment of manufacturing systems reconfiguration smoothness
	Abstract
	Introduction
	Literature review
	A framework for a stochastic model of an RMS
	System performance analysis approach
	Multi-part optimal line design
	Alternative configuration path generation
	Design methodology for scalable machining systems
	Summary of the literature review

	Basic assumptions
	Configuration structure
	Configuration periods (CPs)
	Input description
	Demand scenarios (DSs)
	Operations (OPs), operation clusters (OCs), & precedence graphs (PGs)
	Machines/stations (Ms)
	Machine configurations (MCs)
	Operation time for each M-MC-OS combination
	Space limitations


	Reconfiguration smoothness (RS)
	Reconfiguration smoothness (RS) metric
	Market-level reconfiguration smoothness (TRS)
	System-level reconfiguration smoothness (SRS)
	Machine-level reconfiguration smoothness (MRS)
	Reconfiguration planning
	Example on reconfiguration planning & RS evaluation

	Stochastic reconfiguration smoothness
	Case study
	Example part
	Case description
	Reconfiguration smoothness evaluation results
	Sensitivity analysis

	Conclusions and future work
	Appendix A: Example part processing information
	Appendix B: RS detailed evaluations for the case study
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


