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Abstract
Based on the recommendation for the Integration of Simulation and Computation Data in a Product Data Management Environment (SimPDM),
which was published at the end of 2008 by the ProSTEP iViP Association and VDA, the document in hand aims to apply the SimPDM results
to user scenarios, focusing in particular on collaborative and CAE/CAD integration. 

With this purpose in mind, the C³I recommendation defines processes, relations and use cases which fulfill the requirements regarding com-
munication and integration. This covers cross-enterprise and cross-domain scenarios as well as the interaction between authoring tools and
data management systems. The recommendation also gives standardized definitions of CAE process modules and simulation data management
(SDM) core functionalities. In order to enable system support, the recommendation also defines a general metadata model and describes
possible system extensions. The metadata model is designed in a modular way to allow custom tailoring of solutions, and a mapping to existing
data formats is given to illustrate how established interfaces can be extended to fulfill the requirements described in this recommendation. At
the end of this document, descriptions of proof-of-concept implementations and the resulting experience are given.

The recommendation does not define an interchange format between different CAE applications.

The recommendation consists of several documents:

The main recommendation document (the document in hand)

Annex A: C³I Metadata Model

Annex B: Mapping of the C³I Metadata Model to other Formats

Annex C: Tabular Description of the C³I Plug-in

The annexes A, B, C are available for download as separate documents at the websites of the ProSTEP iViP Association (www.prostep.org)
and VDA (www.vda.de). 

Disclaimer
ProSTEP iViP Recommendations (PSI Recommendations) are recommendations that are available for general use. Anyone using these recom-
mendations is responsible for ensuring that they are used correctly.
This PSI Recommendation gives due consideration to the prevailing state-of-the-art at the time of publication. Anyone using PSI Recommendations
must assume responsibility for his or her actions and acts at her/his  own risk. The ProSTEP iViP Association and the parties involved in drawing
up the PSI Recommendation assume no liability whatsoever.
We request that anyone encountering an error or the possibility of an incorrect interpretation when using the PSI Recommendation should
contact the ProSTEP iViP Association (psi-issues@prostep.com) immediately so that any errors can be rectified.

Copyright
I. All rights to this PSI Recommendation, in particular the copyright rights of use, and sale such as the right to duplicate, distribute or publish

the recommendation, remain exclusively with the ProSTEP iViP Association and its members.
II. This PSI Recommendation may be duplicated and distributed unchanged, for instance for use in the context of creating software or services.
III. It is not permitted to change or edit this PSI Recommendation.
IV. A suitable notice indicating the copyright owner and the restrictions on use must always appear.
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Abbreviations and Glossary
Analysis                      An analysis is a simulation process which is associated with a certain simulation model, a certain model structure,

certain solver settings, an output specification, a defined input deck and a certain hardware environment.
Analysis can also be understood as the result of a simulation process with all related information for the inter-
pretation of the result. In this case, the analysis consists of a certain simulation model, a certain model structure,
certain solver settings, an output specification, a defined input deck and certain hardware environment infor-
mation.

Attribute                      An attribute represents a characteristic of a specific object. Each attribute has an assigned value. The value
might be empty if the attribute is specified as an optional attribute.

Authoring tool             Authoring tool is the general term for all computer applications designed to manipulate or generate data, such
as CAD systems, CAE preprocessors, or even office programs used for report generation. They are the complement
to all data management (xDM) systems, which manage the authored data but in general do not change it.

Baseline                      A baseline is the documentation of a data set at a specific point in time. A baseline lists all elements of a data
set with their respective states and versions at the time the snapshot is made. Thus, a baseline represents a
stable set of data that can be referred to in order to ensure reproducibility of simulation results, especially when
the data set itself is constantly changing due to on-going development.

CAD geometry            CAD geometry is a geometric product description. A CAD geometry might be the original CAD geometry
produced by the mechanical product engineering or derived geometry generated by simulation engineers specif-
ically for simulation purpose.

CAE                            Computer aided engineering. Method used for virtual product validation to ensure certain product behavior
without testing a real product or prototype. CAE is used within several different disciplines.

CAE structure              The CAE (model) structure describes the structure dependencies of a product description from the view point
of CAE processes, for example the hierarchical structure of simulation models.

Class                           A class is an information container that consists of a particular kind of metadata. A class may have a one or
more instances at runtime. This instance of a class is called an object.

Collaboration              The term collaboration refers to the process of two or more organizations working together in a project to
achieve a common goal. Clear process and data interfaces are required to ensure a successful collaboration.
Organizations involved may be different companies, or different domains within the same company; e.g. the
engineering (CAD) department and the simulation (CAE) department.

Computational fluid    Computational fluid dynamics (CFD) is a method used for the simulation and problem solving of fluid flows 
dynamics (CFD)          (e.g. air) which uses the numerical methods and algorithms of fluid mechanics.

Computation               A computation is the mathematical or internal computer representation of a simulation.

Configuration              A configuration concerning a PDM structure represents a certain combination of variants which provides a
basis for the computation.

                                  The computation configuration whose CAE structure is variant-free is described by a specific input deck and
hardware environment combination. Optionally, a certain combination may be chosen or the configuration inside
the CAE structure independent of the PDM. 

Data exchange           A data exchange format describes information structures which allow transferring data from various sources 
format                         (different locations, different applications) to a target destination (another location or application). A data

exchange format definition typically consists of a data model, and the description of a file format or means of
transportation (e.g. web services).

                                  The metadata model given in this recommendation is not intended to be a technical data exchange format, but
to define the scope of information needed to support the processes and use cases given. It is especially not
intended to store CAE bulk data (such as a complete input deck), but to convey metadata with references to
bulk data.

Engineering data        See PDM.
management (EDM)   

Filter                            In this recommendation, a filter is a set of rules and conditions that will allow the derivation of one set of data
from another, typically more generic, set of data. 
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Finite element             Finite element analysis (FEA) is a computer simulation technique used in engineering analysis. It uses a numerical 
analysis (FEA)             technique called the finite element method (FEM).

Granularity                  The level of detail of the CAE model structure and associated information within the context of simulation data
management is called granularity.

Input deck                   An input deck is a group of solver-specific files which contains a simulation model, a load case and solver settings.

Key result                    A key result represents a derived or aggregated representation of an analysis result. It is a result second order,
meaning it is derived from the raw solver output (the result first order). The key result, e.g. a diagram or animation,
may be generated by using predefined templates or free style without using a template.

Load case                   A load case represents an operating state of the product by defining possible loads and constraints on the
model.

Mapping                     Mapping is the process of describing data element dependencies between two distinct data models. The term
“mapping” is also used for the transformation of information between two distinct data models by transformation
rules which refer to the dependencies between the two data models. Examples of mappings are the transformation
of information between CAD, PDM and CAE structures.

Master model              A master model is a model that is the base for all derived models. A master model is typically a generic model
which provides an initial set of data, which is then being refined and complemented for use in specific disciplines.
It can also be used to communicate changes to the base data from one discipline to others. See also Base line.

Metadata                    Metadata are describing information about other, usually more comprehensive data. An item of metadata may
describe a content item, or a collection of data including multiple content items. Metadata are used to facilitate
the understanding, use and management of data. The metadata required for effective data management vary
with the type of data and context of use.

Metadata model          A metadata model defines classes which provide a semantic information structure to describe real data.

Multi-body                 Multi-body simulation (MBS) is a method used for the simulation of mechanical systems (e.g. vehicles) especially 
simulation (MBS)        for solving kinematical problems or dynamic forces simulation.

Object                         An object is an instance of a class. It is a container for real data.

Package                      A package is a group of related classes within the metadata model. It is used to define modules within the data
model to allow user a function-driven adaptation of the meta model.

Parameter                   A parameter is a variable element in a system of mathematical relations. A parameter’s value influences the
behavior of the system. It usually consists of a name (key) and a value, and in some cases an explicitly stated
physical unit.

Plug-in                       A plug-in is a software component that adds specific abilities to a larger software application.

Product                       A product is an object which can be sold to a customer. A service product is not included in the scope of SimPDM.

Product structure        A product structure puts the set of components of a product into a common context. This context is for instance
defined by the subdivision of the product into separate functional aspects, or the assembly order of individual
components to assemblies and on to the complete product. Product structures are often displayed as trees,
where the root node represents the whole and the leaf nodes represent the components.

Product data               A product data management (PDM) system is a data management system that handles all data related to a 
management (PDM)   product. The term is typically associated with the handling of engineering data (CAD geometry, product structure 
system                        with configuration, and other associated data) throughout the product development process. In this context it

is sometimes also referred to as engineering data management (EDM) system. It is one important source for
simulation input data.

Property                      A property is a characteristic of a real object.

Service                        A service is a function provided by a system that can be used by other systems by means of a defined service
description and a communication technology supported by service communication interfaces. The Web services
as defined by the W3C consortium are a popular example.
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Simulation                   A simulation is a method of analyzing the behavior of a system or the system itself. A simulation requires a sim-
ulation model. A simulation is actually performed by a computation.

Simulation data          A simulation data management (SDM) is a data management system with emphasis on managing simulation 
management (SDM)   data. Functionality and data storage are adapted to this specific case. SDM systems typically serve two main 
system                        purposes: storage and organization of simulation data, and support of the simulation process e.g. by providing

the capability to launch certain tools directly from the SDM interface.

Simulation domain      A simulation domain supports a specific discipline. It may be an MBS, FEA, dimensioning, CFD, etc.

Simulation model        A simulation model is an implementation of the abstract model of a real system.

Simulation structure    The simulation structure is similar to the product structure in the way that it is handled and the purpose it serves;
however it provides a different view on the data. It arranges the data e.g. by simulation discipline, simulation
class (e.g. front crash or side impact) and actual simulation. A mapping between the product structure and the
simulation structure is a key element for CAD/CAE collaboration.

Solver                          A solver is a program code which solves the computation. Depending on the program code architecture, pa-
rameters are set which are required for the internal mathematical code description. For example, increasing
accuracy will increase computation time.

Use case                     A use case comprises a set of processes and activities which are supposed for a specific business goal.

Workflow                     The term workflow in this document refers to the control of the CAE process (what needs to be done) as well as
the documentation of the process steps carried out in the course of CAE data management (what has been done).

xDM synchronization  Whenever several data management systems are involved in a process, it is mandatory to ensure some level of
synchronization to guarantee process stability. This applies to different data management systems within a
single company (PDM, SDM, material database, etc.) as well to data management systems of the same domain
in different companies in a collaboration scenario. Synchronization can be achieved by one xDM system ref-
erencing data in the other system, or by replicating (copying) the data.

xDM system                xDM system is a general term for data management systems independent of a specific domain. This could be
the backbone PDM or EDM (engineering data management) system of a company, a material database or one
of several concurring CAD system specific data management systems of a company, also referred to as a TDM
(team data management) system. Therefore, an SDM system is, in this sense, an xDM system configured for
the management of simulation data.
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