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ABSTRACT: The SISO standards SISO-STD-006-2010 and SISO-STD-008-2010 are two standards focusing on the
interoperability requirements of the manufacturing and logistics domains. In these domains, simulation studies are
mostly performed using commercial-off-the-shelf (COTS) Simulation Packages (CSPs), such as Arena™, Anylogic™,
Flexsim™, Plant Simulation™, Simul8™, SLX™, Witness™, etc. As both standards seem to address similar
problems, namely interoperability issues when using such CSPs, we investigate the specific strengths of each of these
standards and derive recommendations for their usage. In specific, we illustrate how the standard for Commercial
Off-the-Shelf (COTS) Simulation Package Interoperability (CSPI) Reference Models (SISO-STD-006-2010) can
facilitate interoperability between different CSPs. A use case from the commercial vehicle sector is presented in
support of this discussion. Further, we illustrate how the standard for Core Manufacturing Simulation Data (SISOSTD-008-2010) can be used to exchange data between other information systems in manufacturing and CSPs. We
outline a use case in which CMSD is used as the basis for simulation model generation in Plant Simulation. We also
discuss the usage of CMSD to carry model initialization data and its potential to exchange data between different
CSPs.

1. Introduction
With the advent of the High Level Architecture for
Modeling and Simulation (HLA) in the 1990s, the
topic of simulation interoperability has become an
important focus point for simulation researchers and
practitioners. Although the success of the HLA in nonmilitary applications has been controversially
discussed [1, 2], and the military training simulation
domain as one of HLAs ancestors has developed
alternative solutions [3], HLA’s positive impact on the
attention
towards
simulation
interoperability
requirements outlasts.
In this article, we focus on simulation interoperability
requirements of simulations conducted in the
manufacturing sector. In this area, the most frequently
used simulation paradigms are all variants of the well-

known discrete event simulation paradigm [4]. The
usage of commercial-off-the-shelf (COTS) Simulation
Packages (CSPs) is commonplace. These CSPs offer
intuitive modeling tools for creating material flow
simulations of production facilities, supply chains,
logistics processes, etc.
CSPs were traditionally designed for stand-alone use.
A typical simulation study would follow one of the
traditional simulation project life cycles [5], which
typically include a data collection phase, a model
creation phase, and an experimentation phase,
following each other more or less sequentially. Already
implied in such a life cycle is the disposal of the
simulation model after the end of the study.
In today’s world, such a use of simulation often does
not reflect the requirements that one may have towards
reducing the costs of the study (e.g. by re-using

existing simulation models/components) and the
timeliness of simulation results (e.g. by feeding online
data from real processes as input into the simulation).
Towards these requirements, the standardization of
interfaces for facilitating interoperability of simulation
models is a crucial factor.
Both SISO standards SISO-STD-006-2010 and SISOSTD-008-2010 are standards focusing on these
interoperability requirements. As both standards seem
to address similar problems, this article investigates the
specific strengths of each of these standards and
derives recommendations for their usage.
The remainder of this article is structured as follows.
Section 2 introduces both standards. Section 3 outlines
two practical examples and derives recommendations
towards the usage of both standards. Section 4
provides a critical discussion of both standards. Section
5 summarizes this paper.

2. Overview of the Standards
2.1 SISO-STD-006-2010
The SISO Standard for Commercial Off-the-Shelf
(COTS) Simulation Package Interoperability (CSPI)
Reference Models (SISO-STD-006-2010) [13] has
been developed to support interoperability between
two or more different CSPs.
As the aforementioned CSPs do not support converting
models from one CSP’s native format into another
(say: a Plant Simulation model into an Arena model), a
natural way of composing models from reusable model
components would be to form a distributed simulation
(possibly based on the HLA standard), where the
individual models in their native formats and their
respective CSPs would become federates and interact
appropriately at runtime.
The SISO Standard for CSPI Reference Models was
designed to support this process. In specific, it is
supposed to help to define/capture the interoperability
requirements for forming such a distributed simulation
with multiple CSPs.
The interoperability reference models (IRMs) defined
by the standard describe these interoperability
requirements on a semantic level. They are not
concerned with the details of achieving a syntactic
interoperability, which is assumed to be provided by
some kind of interoperability middleware, such as the
HLA RTI.
The IRMs are based on the observation that the
interaction between models and their CSPs follows
some very typical use patterns. The most common type
of interaction is the exchange of entities. An entity in
these CSPs is typically a non-active item (e.g. an order,
a car body, a customer) which is moved through the

simulation model, occupies resources, is stored in a
buffer, etc. Therefore the most common requirement
when coupling different CSPs is to exchange such
entities in an orderly fashion. The first set of
interoperability reference models (IRMs) defined in
SISO-STD-006-2010 therefore describes the different
styles in which such an entity transfer can take place.
Overall, the standard defines four different types of
IRM representing the most common interoperability
scenarios. These are1:
Type A:
Type B:
Type C:
Type D:

Entity Transfer
Shared Resource
Shared Event
Shared Data Structure

IRM Type A Entity Transfer deals with the
requirement of transferring entities between simulation
models, such as an entity Part leaves one model and
arrives at the next.
IRM Type B Shared Resource refers to sharing of
resources across simulation models. For example, a
resource R might be a pool of workers that is shared
between two models. In this scenario, when a machine
in a model attempts to process an entity waiting in its
queue it must also have a worker. Only if a worker is
available the processing can take place. If not then
work must be suspended until one is available.
IRM Type C Shared Event deals with the sharing of
events across simulation models. For example, when a
variable within a model reaches a given threshold
value (a quantity of production, an average machine
utilisation, etc.) it should be able to signal this fact to
all models that have an interest in this fact (to throttle
down throughput, route materials via a different path,
etc.).
IRM Type D Shared Data Structure deals with the
sharing of variables and data structures across
simulation models. Such data structures are
semantically different to resources, for example a bill
of materials or a common inventory.
To illustrate the idea behind the IRMs, let us now take
a closer look at IRM Type A. IRMs can have different
subtypes, providing more detail on the specific
interoperability requirements of a certain set of models.
The most generic case of entity transfers is described in
IRM Type A.1 General Entity Transfer (Figure 1).
It allows capturing the input and output elements, the
entity type and some timing constraints, e.g. a transport
time which can be greater or equal to zero.

1

The description of IRMs is shortened in this paper for
conciseness and was adopted from [6].
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Figure 1: IRM Type A.1: General Entity Transfer [6]
However, there can be more interoperability
requirements towards an entity transfer. For example,
the receiving element (Q2) in M2 may be a bounded
buffer. In this case, the transfer can only take place if
there is sufficient buffer space, otherwise the exit
element A1 in M1 cannot transfer the entity and must
block. These requirements are captured in IRM Type
A.2 Bounded Receiving Element (Figure 2).

In summary, SISO-STD-006-2010 is designed to
describe
interoperability
requirements
when
connecting different CSPs at runtime into a distributed
simulation. It can also be used to describe the
capabilities of a specific technical solution for
coupling CSPs. However, the standard does not
suggest a specific way of implementing a solution to a
specific IRM. It is envisioned that guidance in this area
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Figure 2: IRM Type A.2: Bounded Receiving Element [6]
A further requirement may occur when multiple
models can deliver entities into the same buffer,
potentially requiring a prioritization. This is captured
in IRM Type A.3 Multiple Input Prioritization.
The list of IRMs defined in SISO-STD-006-2010 can
be used in a cumulative way. They can, for instance be
used as follows [6]:

will be provided as a collection of best practices, e.g.,
of how to use a standard like HLA to implement a
solution to a specific IRM. Work towards an entity
transfer specification is an example for this effort [7, 8,
9, 10]



SISO-STD-008-2010 has been developed under the
leadership of the National Institute of Standards and
Technology (NIST).
While
SISO-STD-006-2010
focusses
on
interoperability requirements between different CSPs,
SISO-STD-008-2010 addresses the interoperability
requirements between CSPs and other information
systems in the manufacturing context.
The standard defines a so-called core manufacturing
simulation data (CMSD) information model which
provides a data specification for the efficient exchange
of manufacturing data in a simulation environment
[14]. Purposes of the CMSD standard are to:

to clearly identify the model/CSP interoperability
capabilities of an existing distributed simulation
o e.g. The distributed supply chain simulation is
compliant with IRMs Type A.1, A.2 and B.1
 to clearly specify the model/CSP interoperability
requirements of a proposed distributed simulation
o e.g. The distributed hospital simulation must
be compliant with IRMs Type A.1 and C.1
Future extensions to the standard by adding further
subtypes to these IRMs may be possible.
Current work in this area focusses on establishing
guidelines and reference implementations how to
“solve” the IRMs [11, 12].

2.2 SISO-STD-008-2010






simulation model generators for different CSPs have
been implemented [17, 18].
CMSD is even capable of capturing initialization data
appropriately (e.g. data describing the current system
load) [17]. The latter is interesting in the context of
online/symbiotic simulation, where a simulation model
cannot start empty and idle, but must be initialized with
the current state of the real system.

enable data exchange between simulation
applications and other software applications
support the construction of manufacturing
simulators
support the testing and evaluation of
manufacturing software
enable greater manufacturing software application
interoperability [14]

3 Case Studies

Two different methods are used for representing the
CMSD standard: the Unified Modeling Language
(UML), and the XML representation based on RELAX
NG and Schematron schema definitions. SISO-STD008-2010 provides the UML representation, the XML
representation is subject of another SISO standard
which is currently in the balloting process.
The UML representation has been organized using
packages shown in Figure 3.

3.1 Usage of CSPI IRMs
Within the planning, design and redesigning of new
production facilities at Deere & Co., a leading
manufacturer
for
agricultural,
forestry,
and
construction equipment, discrete event simulation
models are routinely used to simulate the behavior of
CMSD
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Figure 3: Packages of the CMSD Information Model [14]
The specific value of CMSD is its definition of a
comprehensive data exchange format that suites both
the needs of general manufacturing IT systems (e.g.,
ERP, MES) and a CSP [15, 16].
The CMSD standard provides data structures and an
information model which were designed to firstly
support the exchange of modeling information. To
cover the complexity of production and logistic
systems and a wide range of modeling approaches, the
standard allows aspects of the system to be mapped in
CMSD in multiple ways.
All CMSD classes which describe objects, like jobs,
machines and so on can be extended by user defined
properties.
With that, CMSD can easily be used for automatic
simulation model generation based on data extracted
from ERP systems such as SAP ERP.
CMSD standardizes all the data elements for
describing the technical data and organizational data of
a production system. Using this type of data, several

the systems under investigation [19].
Dedicated solution sets exist for the simulation of
certain types of production systems, like assembly lines
or paint systems. These models are used for the
planning of new factories as well as for supporting
ongoing factory operations. The CSP used in the
presented case study was SLX™.
The basis of the case study is a planned tractor factory
in South America [11]. With a target production of 40
tractors per day, Monday through Friday, the
production system under investigation consists of
seven components, as shown in Figure 4: in total four
pre-paint asynchronous assembly lines for chassis,
transmissions and front axle assembly, two post-paint
asynchronous assembly lines for cabs and tractors, and
a wet-on-wet paint system. Each component of the
production system consists of multiple manned work
stations. The material flow of the overall production
system is shown in Figure 4.
In the traditional application of simulation in the
company, each of the production sections would be

Final Cab
Assembly

Front Axle
Assembly Line

Transmission
Assembly Line A

Input
Buffer
Shared
Input
Buffer

Chassis
Assembly

Input
Buffer

Paint Shop
Simulation

Input
Buffer
Input
Buffer

Transmission
Assembly Line B

Final
Tractor
Assembly

Demand Files
Flow of Parts
Flow of Information

Figure 4: Material flow in the models of the distributed manufacturing simulation [11]
simulated using a separate simulation model using
established simulation frameworks. This yields good
results when each section is investigated separately.
It does, however, imply the usage of simplified
assumptions about the input and output behavior of the
different sections. In order to simulate and take into
account interdependencies between the different
production sections (like different shift regimes and the
size of input buffers) correctly, an overall simulation of
all relevant production sections was needed.
The motivation for using distributed simulation in this
example was therefore the integration of independently
developed existing models which cannot easily be
combined within a single CSP for common execution.
The IRMs defined in [13] were used to identify the
interoperability requirements in the feasibility analysis
conducted between the simulation experts at Deere &
Co. as the domain experts and the institution
performing the integration of the models into a
distributed simulation.
In this analysis it was determined that the main focus
of the combination of the models was the correct
implementation of the material flow. There are several
types of entities which must be transferred between the
models, all relating to parts which are the output of a
certain system. Entity transfer had to take into account
bounded input buffers in all of the production systems
receiving parts. There is a travel time for parts between
each of the sections. With one exception there is a
unique input buffer for each of the sending models. In
one case, there was a shared bounded input buffer into

which two models deliver parts, but without any
prioritization.
With the help of the IRMs it was therefore possible to
define that the interoperability solution for the
distributed manufacturing simulation had to be capable
of implementing a IRM Type A.2 entity transfer with
T1<T2 in all cases.
Details of the resulting interoperability solution can be
found in [11].
3.2. Usage of CSMD for
generation and initialization

automatic

model

To validate its applicability a CSMD based model
generator for Plant Simulation (see Figure 5) was
implemented [20].
The information flow was designed as closely as
possible to real world scenarios of typical job shops. It
is assumed that all information which is required to
describe the production system and its state is captured
in the relevant manufacturing applications (e.g.,
Enterprise Resource Planning Systems (ERP) and
Manufacturing Execution Systems (MES)).
For the model generator certain classes from the most
relevant CMSD packages were chosen. They include
the resource class which stores information about
machines and employees, the calendar class for storing
shift and break information, the process plan class
which stores detailed information about the
manufacturing steps that are required for different part
or job types. Furthermore the job class from the

productions operation package is used to model the
production demand. CSMD also offers other ways to
model production demand, e.g., by using the order
class, but for simplicity we have chosen to model
concrete jobs. A job contains a reference to its process
plan, a release as well as a due date and therefore
carries all information required to unambiguously
simulate its flow through the production.
The decision about which CMSD class to use for
which purpose somewhat depends on the specific
needs and capabilities of the systems to be connected.
A collection of best practices might be useful for future
assistance in these cases.

Figure 5: CMSD-based Model Generator for Plant
Simulation
The developed model generator is furthermore capable
of performing model initialization. This is mostly
based on the same CMSD classes, but with the usage
of additional (sometimes user-defined) attributes [17].

4. Discussion
The case studies discussed in section 3 clearly show
the need for standards supporting interoperability of
simulation in the manufacturing domain. However, one
may be tempted to ask why interoperability of CSPs
has to be so complicated. Do we really need more than
one standard? Wasn’t HLA designed as the solution to
all these interoperability problems?
First of all, let us say in support of HLA that this
standard solves many interoperability problems and
that it has been a major step forward. By its impetus on
not being limited to a specific niche of the simulation
market, HLA has become a quite complex standard.
Several authors have therefore argued that many
features of HLA are not needed for manufacturing
simulation interoperability and pledged in favor of
some self-developed proprietary solution. Although
their argument may be true, we argue against the usage
of proprietary solutions just to prevent having to deal
with a complex standard.

The core problem of using HLA for creating true CSP
interoperability is not its complexity as such, but its
multitude of resulting options to solve a certain
interoperability problem. A simple matter like
implementing an IRM A.1 entity transfer can be
performed in multiple ways in HLA. One solution
might use HLA interactions modeling the entity
transfer, another solution may be based on using HLA
object instances and transferring them using HLA
ownership management. Both solutions solve the
interoperability problem, but are not interoperable with
each other.
The original intent in creating SISO-STD-006-2010
was therefore to clearly identify the typical
interoperability problems that must be solved when
connecting different manufacturing or logistics models
in different CSPs. In a second step, it was then
envisioned to provide recommendations on the
implementation of the resulting IRMs. This is now
envisioned to be performed as a collection of best
practice recommendations.
The preposition in creating this SISO standard was
always based on the assumption that a distributed
simulation is the only viable answer to solve the type
of interoperability problems the group had in mind.
When we take a closer look at SISO-STD-008-2010
and its CMSD information model, one may be tempted
to question this assumption. Wouldn’t it be so much
easier if we could simply save a certain native model
(say: from Arena) into the CMSD exchange format and
then recreate the model in the CSP of our choice (say:
Plant Simulation)?
Unfortunately, life is not that easy. Using this approach
may work for a certain percentage of the model. It may
even work completely, but if and only if we can
represent our entire model in CMSD. The same holds
true for any other data exchange format. Experience
with real-life applications, however, shows that most
automatic model generation approaches will provide a
nice 80-90% solution, but some manual model
enhancement will very likely be needed.
This often relates to the dynamic of the model, as some
behavior can be best represented using algorithmic
descriptions. All model exchange formats known to the
authors fall short of adequately expressing this
dynamic behavior.
Therefore we must come to the conclusion that both
interoperability standards discussed in this paper are
not redundant. Rather, they complement each other as
they address different aspects of interoperability in the
manufacturing domain.

5. Conclusions
This paper has presented SISO standards SISO-STD006-2010 and SISO-STD-008-2010 which both
address interoperability issues in the manufacturing
simulation domain.
SISO-STD-006-2010 with its interoperability reference
models provides primarily help when interoperability
between multiple CSPs is an issue and coupling of
models in multiple CSPs by means of distributed
simulation seems an appropriate solution.
SISO-STD-008-2010 with its CMSD information
model has its specific strengths when interoperability
between a CSP and other manufacturing IT systems is
required. It provides a standardized data exchange
format which is capable of storing and transporting
data required for automatic model generation and
initialization. CMSD may also, at least to some extent,
be useful as a model exchange format for converting
basic model information between the native formats of
different CSPs. The requirement for that is the
implementation of model import and export filters
within the respective CSPs, a task which currently is
not actively supported by CSP vendors.
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