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ABSTRACT the simulation context includes references to sources, the

constraints and boundaries for the whole simulation appli-
Manufacturing systems are complex to operate. In such cation. As regard to conceptual model development, the
systems one of the most widely used systems engineer- time spent on constructing conceptual models by novice and
ing techniques is simulation. There are three phases in a expert developers have been given in a comparison study by
simulation project: Pre-coding phase; Simulation coding, (Wang and Brooks 2006). As related to the elaboration of
and; Experimentation. Verification and validation takes conceptual models, the simplicity and scope, which covers
place alongside these phases. Information collection and size (number of elements) and connectedness (number of
conceptual model development are the two main tasks in relationships between elements), are given as the factors
phase 1. In simulation projects of complex systems, such which affect conceptual model understanding (Wang and
as semiconductor manufacturing systems, the collection of Brooks 2006).
information and the development of the conceptual model The focus of this paper is simulation projects of com-
of the system can be a formidable task. This paper provides plex systems where data collection and conceptual model
a preliminary evaluation of a new standard called Systems development is nontrivial. Typically in such projects the
Modelling Language (SysML) to support conceptual mod- conceptual modelling phase of the projectis carried oumgusi

eling in simulation. a document rather than model centric approach (McGinnis,
Huang, and Wu 2006b). In the document centric approach
1 INTRODUCTION word processing is used to document and communicate

information in this phase. While this is the standard ap-
Conceptual modelling has been reported to be an important proach adopted a number of researchers have documented
phase of a simulation project (Robinson 2006). It affects the benefits of using a model based approach to support the
all subsequent phases of a simulation project (Oren 1981). initial stages of a simulation project using process madgeli
Hence, acceptable conceptual models are required fortrobus tools, (Nethe and Stahlmann 1999, Jeong 2000, Perera and
and successfull simulation models (Oren 1981). However, Liyanage 2000, Van rensburg and Zwemstra 1995). Process
little research has been carried out into conceptual miodell ~ modeling techniques which have been used to support vari-
(Robinson 2006). In addition, its relationships with thieest ous aspects of simulation projects include, Petri Nets(&oj
stages of the simulation life cycle projects have not been 1997, Ou-Yang and Shieh 1999, Balduzzi, Giua, and Seatzu
defined exactly (Nance and Arthur 2006). 2001, Koriem 2000, Shih and Leung 1997, Evans 1988),

Conceptual modelling has been defined from many dif- Activity Cycle Diagrams (ACDs) (Richter and Marz 2000,

ferent perspectives in the literature. It can be defined as “a Shi 1997), Discrete Event Specification System (DEVS)
non-software specific description of the simulation model (Rosenblit, Hu, Kim, and Zeigler 1990, Thomasma and
thatis to be developed, describing the objectives, injuis, Ulgen 1988), UML Activity diagrams (Barjis and Shishkov
puts, content, assumptions and simplifications of the niodel 2001, Niere and Zundorf 1999), UML Statecharts (Richter
(Robinson 2004). From a simulation developer standpoint a and Marz 2000, Hu and Shatz 2004), process flow diagrams
conceptual model can be viewed as the “translation of mod- (Robinson 2004), Simulation Activity Diagrams (Ryan and
eling requirements into a detailed design structure” (Manc Heavey 2006a, Ryan and Heavey 2006b, Ryan and Heavey
1981). Further, simulation context, simulation elemerd an  2006c, Ryan and Heavey 2006d), IDEF3 and IDEFO (Jeong
simulation concept are described by (Pace 1999) as three 2000), (Perera and Liyanage 2000, Van rensburg and Zwem-
components of a conceptual model. In this framework, stra 1995, Al-Ahmari and Ridgway 1999).
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A new modelling standard to support systems engi-
neering has been developed called the Systems Modelling
Language (SysML). This paper explores the use of SysML
to support the conceptual modelling phase of a simulation
project. To give an understanding of the context in which
SysML was evaluated, the next section describes a simu-
lation project of a semi-conductor manufacturing facility
Section 4 uses this case study to describe how SysML could
be used to support such a project. Finally a preliminary-eval
uation of SysML as a modelling tool to support simulation
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This section describes a simulation project carried out on a
section of a semiconductor manufacturing facility. Thaf®c Recipe
is on describing the work involved prior to developing the
simulation code. The project involved the simulation of the
photolithography area of the wafer fabrication plant. Byie
photolithography area includes three main processes; coat
expose and develop. Wafers are coated with a light-seasitiv
chemical in track-in section of the tool, and then they are cj, o 1. The link between the information and correspond-
exppsed to UV light throggh reticles to mask the circuit ing information sources

designs onto the wafers in steppers. In develop process,
nonexposed surface is etched away in track-out section.
Re_tlcles_ are the auxmary resources containing unique cir specification is the Proposed Available Specification, Whic
cuit designs. The objective of the study was to determine was published in 2007.

optimum reticle purchase plan for photolithography tools
under different product mix scenarios. This project took 2
months from initiation to completion of experimentation.
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Process Flows

Priority

Process

Process Flows

Photolithography layers

SysML is a new language, and the user base is still
developing. There is considerable interest in the language
. . : : . however: “The number of tool vendors involved in drafting
Flft){ percent of this time involved the collection of infor- the SysML specification shows that there exists not only
mation on the system a_nd the d_evelopment of a con_cep_tual a pull from the market, but also a push from the vendor
model. The sources of information are summarlzgd in Fig- community” (Herzog and Pandikow 2005). The language
ure 1. The cqnceptual model was docgmented ina word will evolve based on feedback from users, vendors and
file. A synopsis of the model developed is shown in Figure researchers (Friedenthal, Moore, and Steiner 2007). |If

2. widespread adoption does occur, SysML could become the
standard language for systems engineering.

At the time of writing, there are eight widely-available
tools available for making SysML diagrams. Seven of these
are established commercial applications and one is open-
source. They are all applications with UML 2 functionality
that has been extended to include SysML. Implementation
of SysML is relatively easy where UML 2 is already in
place, since SysML is a profile of UML 2 (Group 2007).

3 INTRODUCTION TO SYSML

The Systems Modelling Language (SysML) is a general-
purpose modelling language to specify complex systems that
include non-software components. It is based on version
2 of the Unified Modelling Language (UML), which was

developed to represent object-oriented software systems.

SysML is a subset of UML 2 with extensions as shown in SysML offers a standardised way of comprehensively

Figure 3 (Friedenthal, Moore, and Steiner 2007). representing physical systems. It allows requirements to

The |dead0bf af]apltmg UML foerSyste_rIns ESnglneerlrIlEg be traced, and is compatible with interchange standards.
was proposed by the [nternational Council on Systems En- ., 14 assist communication and interoperation - though

gineering (INCO.SE) in 2001. The first \_/ersion of $ysML its strength in this regard will be directly linked to how
was developed in 2004, based on a list of requirements widespread its adoption is

developed by INCOSE and the Object Management Group S -

. , ysML has been proposed as a tool to support simu-
.(.OMG) |n_2003. In 2005, OMG merged competing Spec- 44 modelling of semiconductor manufacturing systems.
ifications into OMG SysML. All versions of SysML are SysML is a key component of the F-CAD system pro-

open source. The most recent version of the OMG SysML posed by McGinnis, Huang, and Wu (2006a) to “support
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Figure 4: Suggested tools for knowledge capture in semi-
conductor factory modelling (McGinnis, Huang, and Wu
2006b).

rapid, distributed team-oriented product data develogmen
and management, including high-fidelity simulation on de-
mand”. The basic concept of the system is: (i) The system
is described using SysML, Excel and CAD. SysML is the
main tool to describe the system; Excel and CAD are sup-
plemental to it. The SysML diagrams may reference the
Excel and CAD data. (ii)) The models are integrated in
a custom application written in C#. (iii) This software

stores the models in a database, and also passes them tc

a simulation application, which generates simulations au-
tomatically. They suggest SysML because “SysML will
provide a common language for specifying factory design

requirements, and for the systems engineering design of the

factory.” Figure 4 lists how they suggest each aspect of a
factory design could be captured.

The F-CAD system is a specialist system where the
conceptual modeling framework is tightly linked to the
simulation model — allowing automatic simulation model
generation from the SysML defined conceptual model. The
different process modeling tools used to support simula-
tion as referenced in section 1 had a loser coupling with
simulation software. In this context SysML is evaluated.

4 EXAMPLE OF SYSML

A SysML model of a Stepper system is used here to il-
lustrate how SysML could be used to support simulation.
This is a one-machine system involved in semiconductor
manufacturing. The diagrams were kept as simple as pos-
sible for clarity and brevity. The model is intended to be
a demonstration of SysML, rather than a perfect represen-
tation of the system. Note that this is illustrative example
based on a hypothetical system, and is separate to the cas
study described in section 2.

Figure 5 shows a block definition diagram of the stepper
system. A block definition diagram shows the structure of

the system as a set of components (blocks) and relations.

Operations and properties of components may be included in
this type of diagram. The example shows that an operator,
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Figure 6: Activity diagram example

a control system and a stepper are parts of the stepper
system, and the stepper component is broken down further.
There are two other kinds of diagrams to show structure in
SysML: Internal block diagrams show the internal workings
of a block, and package diagrams show how a system is
partitioned.

Figure 6 is an activity diagram of the stepper process.
Activity diagrams represent the process of a particular ac-
tivity as a series of control and data flows. In the example,

Shere are three swimlanes, allocating the different astion

to the appropriate actors and blocks. Inputs and outputs of
the activity are shown at the edge of the diagram frame. In
Figure 6, ‘Lots of wafers’ is an input, and ‘Finished wafer’
is an output of the activity.



There are three other behaviour diagrams in SysML, Sekhavat2007). This level of training would not be feasible
all of which are reused from UML 2. The use case diagram in a manufacturing context where the activity (simulation)
shows an overview of functionality in terms of actors and is not a core one.
their transactions with the system. The sequence diagram
shows interactions in a sequential manner between system6 CONCLUDING REMARKS
components. Finally, the state machine diagram shows
different states the system may be in and the events that This paper highlights the importance of conceptual model-
cause the transitions between the states. ing in relation to a simulation project. In most simulation

Two other aspects of a system may be modelled in projects a document centric approach is used in the de-
SysML. The parametric diagram shows parametric con- velopment and documentation of a conceptual model, even
straints (equations) between system properties. Theneequi  though it has been reported in the literature that there are
ments diagram shows system requirements and relationshipsadvantages to using a model centric approach. The paper

between requirements and other system elements. presents a preliminary evaluation of SysML as a modeling
tool to support simulation conceptual modeling. The main
5 EVALUATION OF SYSML drawback to SysML is that it is difficult to learn, and there-

fore likely to only be usable by specialists. “SysML can

SysML could be very useful for creating conceptual models be customized by both vendors and users with the profile
in the pre-simulation phase, where the required level of mechanism it borrows from UML. It is anticipated that
expertise in its use exists. It enables engineersto buélld re  SysML will be customized to model more domain-specific
istic models (Alexander, Sadeghian, Saltysiak, and Sedthav applications” (Sysmlforum.com 2007). It is possible that a
2007). Executable models may be generated from SysML profile of SysML could be developed for a domains such
diagrams with tools such as Rational Systems Developer as simulation, and that these profiles could be easier to
(with plugins). How effective it would be would largely  learn and read than the SysML language, and be usable by
depend on the user, since it is fairly free-form; "The fidelit ~ non-specialists.
of the abstraction in a SysML model will vary depending
of the position in the systems engineering process, the type REFERENCES
of system being modeled and foremost the ambition of
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