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Abstract
This document provides recommendations for the exchange of behavior models between two companies. It describes several use
cases, a reference process for the exchange and two accompanying templates.

Disclaimer
ProSTEP iViP Recommendations (PSI Recommendations) are recommendations that are available for anyone to use. Anyone using
these recommendations 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 their 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
contact the ProSTEP iViP Association (psi-issues@prostep.org) immediately so that any errors can be rectified.

Copyright
I.

All rights on this PSI Recommendation, in particular the copyright rights of use and sale such as the right to duplicate,
distribute or publish this PSI 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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1 OVERVIEW AND NEED FOR ACTION

1 Overview and need for action
Systems engineering was and is an integral part of the product development process in the aviation and aerospace industry.
Driven by the ever greater complexity of products, new technologies and legal requirements, systems engineering is now
beginning to also be used in other industries, such as the automotive industry for example. The result is a paradigm shift. A
purely component-oriented development is being enhanced by both object-oriented concepts and a function-oriented approach.
The function-oriented approach focuses on the functional aspects of a system, irrespective of its implementation in mechanical
engineering, electrical/electronic engineering or software. Since the number of electrical/electronic and software systems used
in vehicles is rapidly increasing, changes have also been happening in development departments. Over the years, electrical/
electronic and software development departments have greatly grown in size. Discipline-specific processes, methods and
systems have been established. Since the reuse of development data is considered a major factor for cost savings and
quality-conscious products, cross-industry initiatives have sought to harmonize parts of the development process.
Since the consumer buys a complete product, not individually developed components, a systematic development approach
across all disciplines is necessary. The V-model in Figure 1 shows the development phases for mechatronic systems.

Figure 1: V-model for mechatronic systems development

This V-model, or ones like it, can be found in most industries. In many of the fields shown, there is a high degree of
maturity in the processes, methods and tools used in most companies. However, there are still a number of challenges,
such as achieving transparency in a heterogeneous IT systems environment and structured partner integration. Manufacturers
and suppliers have their own V-models and corresponding processes which need to be synchronized and orchestrated
between the different companies for joint development projects.
In some of the fields shown in Figure 1, reference processes, best practices and exchange formats have already been
defined, agreed across the industry and standardized. However, there are still a number of gaps.
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One of these gaps is the process for exchanging behavior models. This will be described in the present Recommendation.
Various interaction scenarios, use cases, a reference process and associated templates to support the exchange process
were developed in the ProSTEP iViP Smart Systems Engineering (SmartSE) project group.
The functional mock-up interface (FMI) provides the technical basis for model exchange in the joint development process
adopted.
The interaction scenarios, the use cases, the reference process and the templates are described in the following sections.
The reference process forms the core of the documentation. The interaction scenarios represent the flow of information and
data between the contracting entity and the supplier during the various phases of product development. Nine different
SmartSE use cases along the above V-model were then derived from these. These SmartSE use cases describe a
comprehensive and representative spectrum of the exchange of behavior models in a joint development project between
the contracting entity and the supplier (see Section 2).
These were then used to derive the reference process which maps the various phases of the exchange (see Section 4).
Templates for the above were developed as aids for the exchange process – one template for organizational matters and
one template for the technical classification and description of models (see Section 3 and Annex A Templates).

2

Smart Systems Engineering / V1.0/May 2014

ProSTEP iViP Recommendation

2 INTERACTION SCENARIOS AND USE CASES

2 Interaction scenarios and use cases
The interaction scenarios (IS) represent the flow of information and data between the contracting entity and the supplier during
the various development phases of systems in a cross-enterprise collaborative development network. Four different interaction
scenarios were identified on the basis of the phases of collaborative systems engineering. These are described below (see Figure 2).

Figure 2: Interaction scenarios

•
•
•
•

IS-1 "Advanced Projects"
IS-2 "Specification"
IS-3 "Bidding"
IS-4 "Joint Product Development"

Interaction scenario IS-1 "Advanced Project" describes the cooperation and the flow of information and data during the
early phase of system pre-development.
IS-2 "Specification" is concerned with the interaction during the following specification phase of systems for the complete
product.
Interaction scenario IS-3 "Bidding" describes the information and data flow during the request for proposals and contract
awarding phase of systems to system suppliers.
IS-4 "Product Development" describes the flow of information and data during the final development phase.
This PSI 11 "Smart Systems Engineering Behavior Model Exchange" focuses on IS-4 "Product Development". It is within this
interaction scenario that behavior models are exchanged between the participating partners: the technical basis (FMI) can be
considered for different purposes, use cases and different levels of detail on the basis of exchange processes actually occurring
in practice and can be described as a reference process with respect to a Recommendation. The basic structure of the reference
process also lends itself for the other interaction scenarios (IS).
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2.1 Interrelationship between interaction scenarios and use cases
When analyzing the interaction scenarios, of particular interest are the information and data flows between the participating
partners which are necessary to exchange behavior models. A "bottom-up" approach was chosen for detailing the interaction
scenarios. With this approach, real development projects were not considered and analyzed. Instead possible use cases for
behavior model exchange in interaction scenario IS-4 "Joint Product Development" were identified. These use cases therefore
describe a comprehensive and representative spectrum of the exchange of behavior models in a joint systems engineering
development network between the contracting entity and the supplier. These use cases are referred to below as Smart Systems
Engineering (SmartSE) use cases.

Usage of term "use case" in the sense of "creating, exchanging and using of behavior models for a practical usage scenario
in the collaborative development processes between system manufacturer (OEM, Tier 1,…) and supplying partners".
The SmartSE use cases form the basis for the following consideration of the information and data flows as well as the Smart
Systems Engineering reference process in the context of this Recommendation (see Figure 3).

Figure 3: SmartSE use cases and reference process in context of SmartSE interaction scenarios (IS)

2.2 Description of SmartSE use cases
To demarcate the contents of the various SmartSE use cases, use cases were identified at various places in the system
development V-model (see Figure 4). This Recommendation looks at nine different SmartSE use cases and describes them in
detail. The SmartSE use cases differ with respect to their location on the four levels of the V-model (product, system, subsystem
and component) and to the branch (design & implementation or testing & validation). The subdivision of UC-2a and UC-2b is
due to the different focus on mechanical engineering and E/E in order to also take account of mechanical behavior simulation.

4
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The SmartSE use cases identified are therefore also relevant for and supported by the vendors of software solutions for systems
engineering. One to n of these possible use cases are used for exchanging behavior models for a development project between
a contracting entity and a supplier of a subcontracted system. The representation of the SmartSE use cases in the V-model
serves as a guideline for the discussions and clarification of the information and data to be exchanged between the
participating partners in the context of the reference process.

Figure 4: SmartSE use cases around the V-model

For describing an SE reference process, the main focus is on level 2 "System Level" of the system description in the V-model, and
consequently on SmartSE use cases UC-1, UC-2a, UC-2b, UC-7 and UC-8.
PSI 11 "Smart Systems Engineering Behavior Model Exchange" sets out the following SmartSE use cases:
• UC-1 "System Modeling & Analysis"
Modeling of the overall system with regards to architectural (compositional) and behavioral aspects allowing early
concept evaluations and parameter studies.
• UC-2a "Component/System Analysis & Optimization"
Modeling the behavior of the physical component or system. Simulations for validation and optimization purposes of the
component or system functionality. Simulation results are used for decisions about design and dimensioning. If necessary
simple controller models are included.
• UC-2b "Function/Controller Design & Simulation"
Modeling of the system with regards to architectural (compositional) and behavioral aspects allowing early concept
evaluations and parameter studies.
• UC-3 "Functional Evaluation with RCP (rapid control prototyping)"
Evaluation of functional algorithm (without real ECU) on the real target system/test bench (e.g. vehicle, …) in order to
evaluate the functional performance of the designed functions and algorithms in a more realistic environment. The plant
model is replaced by the target system or test bench in order to check the tolerance of the functions and algorithms against
phenomena that have not been modeled considered in the plant model (model uncertainties).
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• UC-4 "Software Design & Code Generation"
Enrichment of the function model of the component for source code generation.
• UC-5 "MIL / SIL / (v)PIL"
Parameter tuning/optimization, verification and testing of controller model (MIL). Verification and testing of auto-generated
and manually developed application code. The application code is executed with the plant model in a simulator
(or different simulators in case of co-simulation) on a PC (SIL) or a special connected real or virtual processor ((v)PIL), to
control the simulated plant model.
• UC-6 "Virtual "Non-Realtime" ECU Validation (SW integration)"
Validation of the interaction of functions or control algorithms by connecting these with each other and with plant models
for simulation of whole system behavior on PC.
• UC-7 "Virtual "Realtime" ECU Validation"
Validation of the interaction of functions or control algorithms by connecting these with each other and executing on
prototype platform. The prototype platform is connected to the real environment.
• UC-8 "HIL"
The "finished" controller unit is connected to a HIL simulator, which simulates with the plant model the relevant behavior of
the system and the environment. The goal is to test the integration of SW and HW and to validate the function of the
finished controller unit(s).
In addition to the purpose and use of the behavior model, the detailed description of the SmartSE use cases (see Figure 5-Figure
13) also includes additional information about the preconditions/input, the process/execution, and the results/output. It also
contains a note of the model types that are typically used.
The SmartSE use cases described in this Recommendation are not exhaustive. They are intended rather to serve as guidelines
for clarifying the necessary information and data exchange between the contracting entity and the supplier in an
SE development project.

Figure 5: UC-1 "System Modeling & Analysis"

6
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Figure 6: UC-2a "Component/System Analysis & Optimization"

Figure 7: UC-2b "Function/Controller Design & Simulation"
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Figure 8: UC-3 "Functional Evaluation with RCP"

Figure 9: UC-4 "Software Design & Code Generation"

8
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Figure 10: UC-5 "MIL / SIL / (v)PIL"

Figure 11: UC-6 "Virtual “Non-Realtime" ECU Validation
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Figure 12: "Virtual "Realtime" ECU Validation"

Figure 13: "HIL"

10
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2.3 SmartSE use-case workshare
Along with the execution-oriented and technical information about the SmartSE use cases, this Recommendation also describes
the typical distribution of work ('workshare') between the contracting entity and the supplier. This workshare serves to locate the
processes of the SmartSE use cases in the interaction scenario and provide information about the distribution of tasks and the
roles played by the participating partners.
"Workshare" describes the major activities between system manufacturer (OEM, Tier 1,…) and supplying partners side
concerning SE use-case-specific behavior model creation, exchange and usage.
The workshare therefore embeds the SmartSE use case in the form of an outline process description in a cross-enterprise
development scenario for system development between the contracting entity and the supplier.

Figure 14: SmartSE use-case-specific workshare (example)

The SmartSE use-case-specific allocation of tasks and roles described here represents one of several possible variants for the
collaborative development of systems. Other types of work sharing are possible, but they are not described here.
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UC No.

SmartSE Use
Case Title

UC-1

System Modeling Systems Engineer Definition and making available of interfaces

SE Role

& Analysis

UC-2a

Primary Workshare system
manufacturer (OEM, Tier 1,…)

Primary Workshare Supplier

Supplier provides subsystem

for subsystems (analogous to design spaces)

model

Build up the system model, do simulations

Deliver description

System Analysis

and optimizations. Remark: E.g. for NVH

(dimensions, parameters,

& Optimization

simulation for the dimensioning of a two

functionality) or simulation

mass flywheel on supplier site, engine,

model of the components.

Component/

CAE Engineer

gearbox and powertrain models have to
be delivered by the system manufacturer.

UC-2b

Function/

Functional

Controller Design Designer

Dependent on design context, eventually

Supplier provides subsystem

making available neighbor models

model with first (rough)
parameterization

& Simulation

UC-3

Functional

Functional

Dependent on design context, eventually

Supplier verifies subsystem

Evaluation with

Designer

making available test cases

models

Software

System manufacturer: provide relevant

Supplier provides subsystem

system function specification (e.g. AutoSAR)

model

System manufacturer requirement to

Supplier provides subsystem

RCP (rapid control
prototyping)

UC-4

Software

Design & Code Engineer
Generation

UC-5

MIL / SIL / PIL

SW Developer/

System Integrator suppliers: use test management system

UC-6

model

Virtual

SW Integrator /

System manufacturer requirements to suppliers: use Provides Implementation of

“Non-Realtime”

SW Architect

test management system, provide source code

functions and control

ECU Validation

software for integration tests at the system

algorithms or complete

(SW integration)

manufacturer’s site or use provided or certified test V-ECUs
automation tools. Provides relevant subset of SW
architecture and plant models.

UC-7

Virtual “Real-

E/E Component

System manufacturer requirements to suppliers: Provides Implementation of

Time” ECU

Tester

use test management system, provide object

functions and control algorithms

code software for integration tests at the system

Validation

manufacturer’s site. Provides relevant subset of
SW / E/E architecture.

UC-8

HIL

Integration Test

System manufacturer requirements to suppliers:

Provides real ECUs or models

Manager

provide object code for integration tests at the

of ECUs.

system manufacturer’s site, use defect mgmt.
system.
Provides relevant subset of SW / E/E architecture. Integrates all ECUs to “virtual system”.
Table 1: SmartSE use-case-specific workshare
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3 Elements of the behavior model specification
3.1 Structure of the behavior model specification
The behavior model specification is used throughout the entire joint development process. The behavior model specification and
its component parts are gradually filled during the individual phases of the reference process and are adapted to the current
project. It therefore always describes the current state of the project. The behavior model specification comprises the following
elements:
• Glossary
Key terms and definitions required for collaboration and for strengthening the shared understanding between the two
development partners. The glossary is updated and extended during the entire lifetime of a project.
•

Organizational template
List of the most important organizational activities, such as nominating the respective contact persons.

•

Behavior model specification template

•

Behavior model classification
A description of the model or the specific characteristics of the model, such as its real-time capability for example.

•

Behavior model description
The description of all the technical aspects of the model to be created as well as the environment required for simulation.

Figure 15: Elements of the behavior model specification

3.2 Accompanying documents
The templates "Administrative & organizational aspects" and "Classification of behavior model" contain a summary of the key
criteria to be taken into account during collaborative development.
The following topics are addressed and documented in the templates:
1. "Administrative & organizational aspects" template
A. The "General organization" section specifies the general organizational aspects of a collaborative development
project. These include specifying a project name and a unique project number, as well as describing the project
content and the contact persons responsible at the two development partners.
B. In the "Project plan" section, a project plan which defines the key milestones, work packages, planned times and costs
of the development project are documented.
C. Definitions relating to data exchange, change and release management, the standards to be used, long-term
archiving and legal aspects are made under "General regulations".
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"Classification of behavior model" template
A. The "General description" section describes the content and purpose of the behavior model as well as the validation
performed.
B. The characteristics of the behavior model with respect to real-time usage, implementation type, product variants,
validity range, fidelity and integration algorithm used, are documented under "General properties".
C. The "Additional IT requirements" section defines compiler settings & programming language, dependent model
libraries, legal rights for model usage and licensing, and documents the requirements with respect to platform
dependency and file system.
D. The "Behavior model description" provides a detailed description of the variables to be used (input, output,
parameters and internals) as well as the starting/initial conditions.

The templates have a tabular structure. The criteria are listed in the first column together with a description of the respective
criteria. In the following columns the development partners can then fill the templates with free text or select predefined options
by means of check boxes and radio buttons (see Figure 16).

Figure 16: Structure of templates

The template headers contain fields for version and date. Additional documents may be referenced in the "Administrative &
organizational aspects" template by an entry under "Referenced documents". The purpose of the "Classification of behavior
model" template must be indicated by means of the "Document purpose" criterion, i.e. the development partners specify
whether the purpose of the filled template is specification, documentation or subsequent verification or validation.
When using the templates in the reference process, it is important to ensure that the level of detail in the documentation and
the agreements made in the templates, match the project requirements for the phase in question (Agreement phase, Development
phase, Project End) of the reference process.
The templates are therefore a vital resource which are gradually filled out, specified in detail and updated all along the
reference process.

14
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4 REFERENCE PROCESS FOR THE COLLABORATIVE
DEVELOPMENT OF BEHAVIOR MODELS

4 Reference process for the collaborative development
of behavior models
The generic reference process for collaborative development provides a recommendation for the collaborative development and
validation of a common behavior model between two partners. It describes all the necessary activities, along with the required
information artifacts for specifying and developing the development object1.
Notes and constraints relating to the reference process:
•

The reference process describes, in its present form, the collaboration between exactly two partners, where Partner A
always places the development order and accepts the results of the work. Partner B applies for the development
order, accepts the order and carries it out in accordance with the instructions of Partner A . In the case of
organizational constellations involving more than two partners, the process must be adapted accordingly.
For instance, if Partner B (as part of the work commissioned by Partner A) subcontracts work to Partner C, then in this
bilateral constellation (between Partners B and C) Partner B takes on the tasks and responsibilities that are described
in the reference process under Partner A, while Partner C takes on those in the part of the reference process described
under Partner B (see Figure 29– "Agree & document legal terms").

•

The present generic reference process for the collaborative development and exchange of behavior models covers
interaction scenario 4 in particular (see Section 2), and the four SmartSE use cases (see Section 2.2) specified for
interaction scenario 4.

•

The reference process can be specified in more detail for each SmartSE use case described. This does not form part
of the present documentation.

•

The preferred data format for exchanging behavior models is the "functional mock-up interface“ (FMI ), Version 2.0 .
This applies in particular for the model exchange described in interaction scenario 4 and the associated use cases.

2

3

4.1.1 Structure and notation used for the reference process
The following subsections first set out the structure of the reference process for collaborative development. The notation used for
describing the reference process is then introduced and described with examples.

4.1.1.1 Structure of the reference process
The reference process for collaborative development can be divided horizontally into the three phases which build on one another:
the "agreement phase", the "development phase" and "project end". These three phases are always processed in this order. The two
phases of "agreement" and "project end" are largely independent of the interaction scenario used (cf. Section 2). The development
phase is however dependent on the interaction scenario and associated use cases4 previously selected in the agreement phase. The
two partners who are seeking to jointly develop a development object, such as a system or a model, or partial models or subsystems,
are shown vertically. Figure 17 shows the situation described where Partner A is the contracting entity and Partner B is the supplier.

1

The "development object" refers to the actual product that will subsequently be physically produced and installed, and its essential characteristics which are to be simulated during the modeling.

2

FMI: https://www.fmi-standard.org

3

The final version of FMI 2.0 was not yet available at the time this Recommendation was published.

4

Only interaction scenario 4 was considered during the project.

Smart Systems Engineering /V1.0/May 2014

15

4 REFERENCE PROCESS FOR THE COLLABORATIVE
DEVELOPMENT OF BEHAVIOR MODELS

ProSTEP iViP Recommendation

Figure 17: Structure of the Smart Systems Engineering reference process

The following list provides an outline of the activities that are performed sequentially during the three main phases of the
reference process5 .
•

Agreement phase (Section 4.1.3)
Essentially the aim of the agreement phase is to define the development object as well as describe and agree on all
organizational matters that the development partners (contracting entity and supplier) need to clarify before beginning the
collaboration project.
The agreement phase is completed in its entirety at the beginning of the collaborative development process. It is subdivided
into four activities, in which the project is roughly outlined, the partners are specified, and the templates are initially filled.

•

Development phase (Section 4.1.4)
The aim of the development phase is the complete development of the design object by the supplier, specified by the
contracting entity. The integration and execution of the design objects provided by the supplier in the contracting entity's
system model also forms part of this phase.
At the beginning of this phase, in which the actual system development work is carried out, first of all the technical aspects
of the project which are necessary for collaborative development are worked out depending on the previously defined
interaction scenario 6. As well as the technical specification of the design object7, the contracting entity defines the
acceptance criteria applicable to the design object at the end of the development phase. Following this, both the
organizational and the technical artifacts are packed and handed over to the supplier.

5

A detailed description of all activities may be found from Section 4.1.2 on.

6

Note: The rest of the description of the development phase refers to interaction scenario 4 only.

7

The "design object" is the virtual mapping of the development object (including all important object attributes). In the context of this reference process, the design object is an
(e.g. FMI-compliant) behavior model of the development object.

8

Language elements of the Unified Modeling Language (UML) and the Systems Modeling Language (SysML) have been used to represent the reference process.

16
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From the technical project data the supplier first creates the design object (in the case of interaction scenario 4 a (behavior)
model or an FMI/FMU-compliant (behavior) model). The design object is then executed and the results are documented
before it is packed and sent back to the contracting entity.
The contracting entity takes the completed design object from the supplier and integrates it into its development environment
with the aid of the supplier. The design object is then executed and checks are carried out to verify that it fulfills the
previously specified requirements and test cases. If it does not, the supplier must rework the design object.
•

Project end (Section 4.1.5)
The aim of this final phase is to close the project, to document the project results and update the glossary.
All the final activities are carried out during this phase. These relate primarily to organizational aspects, such as adapting
the templates and documenting the results of the project.

4.1.1.2 Description of notation used
The reference process for collaborative development represents a collection of activities (process steps) which must be carried out in
a certain order by a specific stakeholder. For this reason, the form chosen for modeling the reference process was a description as
an activity diagram8 with swimlanes. The modeling artifacts used in the reference process are described below.
Activities
The individual process steps of the reference process are described with the aid of activities. A simple (atomic) activity is represented
as a rectangle with rounded corners and a descriptive name in the center. The name of the activity should describe the activity to be
performed as precisely as possible. Figure 18 shows the atomic activity "Create glossary".

Figure 18: Activity

Atomic activities, such as the "Create glossary" activity for example, cannot be subdivided further. In contrast, the activity "Preparation"
from Figure 19 comprises further subactivities. This is indicated by a "fork" symbol on the right-hand side. Activities like this which
themselves contain subactivities, are also referred to as (process) phases in this document. Every subactivity must be represented with
greater granularity in exactly one diagram with the name of the activity. For instance, the "Preparation" activity is represented in more
detail in Figure 29.

Figure 19: Activity with subactivities

There may be situations where an activity is to be performed only optionally in the reference process. To indicate this graphically,
the activity is shown with a dashed outline and a light gray background. Figure 20 shows the optional activity "Create environment
model".

Figure 20: Optional atomic activity
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Start and end of a subactivity
Every activity diagram in the reference process has at least one start and at least one end point at which the diagram is entered or
exited respectively. A solid circle symbolizes the starting point of the diagram. The end of a diagram is indicated by a circle with a
solid dot in the center. Once the end is reached, the process branches back to the calling activity. Figure 21 shows the start of an
activity diagram on the left, and the end point on the right.

Figure 21: Start and end points of an activity diagram

Connections
The arrows represent directed connections between individual activities of the reference process. Linked activities are processed in the
direction of the arrow. Activities that are not linked by means of directed connections cannot be reached. "Skipping over"
a non-optional activity is also not permitted. Figure 22 shows a link between two activities linked with a directed connection.

Figure 22: Directed connection between activities

Decisions and signals
During sequential execution of the reference process, there may be situations where the processing sequence is to be continued at
another point in the process depending on a decision. For example, it may be necessary to invoke a rework loop if the quality of the
results of an activity are unsatisfactory.
Decision points in the reference process are represented by a diamond having at least one incoming arrow and at least two outgoing
arrows. The decision/condition that determines the branch taken is shown on the outgoing connections. Figure 23 illustrates a
decision point at which either reworking is initiated or the next activity has begun. In particular, the "rework" arrow illustrates
a message which is received by a dedicated receiver. Processing then continues at that point in the process.
An incoming labeled arrow on a diamond symbolizes the receiver of a message. If the respective message is received, processing
continues at this point in the process. Figure 24 shows the signal receiver "rework". It represents the counterpart to the signal sender
from Figure 23.

Figure 23: Decisions and signals
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Grouping the activities of the reference process ("swimlanes")
Each activity of the reference process is assigned to exactly one partner who is responsible for it. The allocation of responsibilities is
indicated by the location in a particular column, referred to as a "swimlane". For instance, "Activity A" from Figure 25 is assigned to
"Partner A". Partner A leads the activity and processes it autonomously under its own responsibility.
Activities that are modeled within the swimlane "All" are performed by both partners. In this case one of the two partners is the
activity leader and is responsible for its processing. Figure 25 shows for example that "Activity B" is to be carried out by both partners.
The partner who is to lead the activity is not shown in the graphical representation; it is only stated in the description of the activity.

.
Figure 25: Swimlane diagram

Activities that are modeled across swimlane boundaries are led by the partner having the larger part of the activity shown in its
swimlane. The other partner should provide assistance for the activity if required. "Activity C" is led by Partner B, who has the main
responsibility, while Partner A provides support for the activity.
Inputs and outputs of subactivities
Certain inputs of the calling activity are required to begin a subactivity. These are represented on the left-hand side of the
subordinate diagram. If they are not all present, it is not possible to commence sequential processing. The right-hand side of the
diagram shows the outputs that are created following the successful execution of the activities. These are then passed to the calling
activity.
Figure 29 shows on the left-hand side the inputs required for performing the activities. The right-hand side of the diagram shows the
outputs created which are passed back to the calling activity.
Now we have introduced the outline structure and the language constructs used to describe the reference process, we will now provide a detailed description of the reference process for collaborative development.

4.1.2 Main activities of the reference process
Now that the basic structure of the reference process for collaborative development and the notation used has been set out in the
preceding sections, the individual activities of the reference process for collaborative development of the development object will
now be described.
Figure 26 shows the top level of the reference process for collaborative development. This shows all the activities which must be
performed sequentially for successful collaborative cooperation between two partners.

Smart Systems Engineering /V1.0/May 2014

19

4 REFERENCE PROCESS FOR THE COLLABORATIVE
DEVELOPMENT OF BEHAVIOR MODELS

ProSTEP iViP Recommendation

Figure 26: The Smart Systems Engineering reference process

The activities in the individual phases of the reference process are described in detail in the following sections. We will begin by
describing the activities in the agreement phase.

4.1.3 Agreement phase
The agreement phase is completed in its entirety at the beginning of every collaborative development process (see Figure 27). It is
divided into four main activities. First the project is broadly outlined, then the interaction scenario and the corresponding SmartSE use
case9 that best fits the project in question is defined.
Once the preliminary work has been completed, the partners and their roles in the project are defined, as well as the legal
framework for successful collaboration. In particular, the organizational templates are filled out during the agreement phase.

9

Cf. in particular Section 2.
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Figure 27: Agreement phase

The individual activities in the agreement phase will be presented and described in detail in the following subsections. We will begin
by describing the three activities "Start project", "Choose IS" and "Choose UC".

4.1.3.1 Start project, Choose IS and UC
A new collaborative development project is initiated and set up by the contracting entity. Once the contracting entity has
successfully initiated the project internally, it selects a suitable interaction scenario10. Four different predefined scenarios are available
for selection11.
Once the contracting entity has chosen the interaction scenario suitable for the project in question, it selects the associated use case12
from a predefined list of use cases13. Following this, the preparation phase is then entered, in which the key aspects of the joint
systems development, are agreed between the two partners. Figure 28 shows the activities described here which are carried out
during the agreement phase.

10

Cf. Section 2.

11

As part of the SmartSE project, interaction scenario 4 "Joint product development" was developed further.

12

Cf. Section 0.

13

Cf. Section 2.2.
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Figure 28: Start project, Choose IS & UC

Description of the subactivities of the "Start project, Choose IS & UC" phase (see Figure 28)
Start project

Partner A internally sets up a new (development) project with a partner yet to be determined, as well as interaction scenarios (IS)
and use cases (UC), to be determined.
Choose interaction scenario
All the predefined interaction scenarios are described in Section 2 Interaction scenarios and use cases; the present process is
however designed for interaction scenario 4.
Choose use case
All SmartSE use cases for interaction scenario 4 have already been described in Section 2.2 Description of SmartSE use cases.

4.1.3.2 Preparation
The aim of the preparation phase is for the development partners to reach an outline shared understanding of the development
object along with the type and scope of the joint development. In particular this includes defining the contact persons and their roles
during the development process. In addition, the legal framework for the planned collaboration is defined during the preparation
phase. All the matters agreed must be documented in the organizational template. During the agreement phase, it is also advisable
to create a glossary containing the key terms used and their definitions. This glossary is then updated further during the entire course
of the development process. A glossary populated with some initial key concepts is included in the Annex (Annex B Glossary).
If it is already clear before beginning a project that further artifacts (models, model parts, licenses, etc.) will be required from the
contracting entity for the joint development of the development object, then the legal basis (e.g. licenses, rights of third parties, etc.)
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for their distribution and use should be clarified by the contracting entity before development commences. This applies in particular to
artifacts which do not originate from the contracting entity itself, but from third parties, or which were developed especially for the
contracting entity. In addition, these artifacts should be made available to the supplier before development commences. If it is not
possible to distribute certain artifacts to third parties for legal reasons, the contracting entity must provide an equivalent artifact which
does not infringe the rights of any third parties.
Notes:
• If the development project is required to comply with ISO 26262 (functional safety14), then development progress and risk
assessment must likewise be documented. In a general, generic reference process, these measures and any other requirements
stemming from ISO are not explicitly listed!
• All the documents listed below are part of the behavior model specification as described in Section 3.1.

The following documents are required for working through the preparation phase
• Organizational template
The following documents are available at the end of this phase
• Organizational template (filled)
• Stakeholders
• Glossary

Figure 29: Preparation phase

14

Further information about ISO 26262 may be found at: http://www.iso.org/iso/search.htm?qt=ISO+26262&searchSubmit=Search&sort=rel&type=simple&published=on
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Description of the subactivities of the preparation phase (see Figure 29)
Set up project and management
• The project is set up internally by the project manager at Partner A and outline planning of the schedule, staff and resources
is performed.
Define project scope
• The development object must be broadly outlined, described and agreed with those responsible. In particular, the scope, the
duration and the type of support must be defined.
Declare stakeholder & roles
• All the people involved in the project are assigned roles and responsibilities and are entered in the organizational template.
• This activity is carried out by both parties independently of one another.
Define contact person
• Contact persons and any deputies should be specified for all classes of development activities and entered in the
organizational template.
• This activity is carried out by both parties independently of one another.
Internal project set up & start
• Once it has been commissioned by Partner A, the project is kicked off internally at Partner B.
• Once it has been commissioned by Partner A, Partner B also starts a project internally by setting up the project in
accordance with the internal guidelines of Partner B.
• Note: The reference process does not take account of the case where Partner B does not wish to carry out the project!
Agree & document legal terms
• All the legal conditions that are necessary for the two partners to cooperate are agreed, defined and documented in writing
during this phase. In particular, this includes non-disclosure agreements (NDA). The basic content desired should be entered
in the organizational template.
• If it is already clear before beginning the actual project that, in addition to the artifacts (models, partial models, licenses, etc.)
that belong to Partner A, further artifacts need to be exchanged, in particular the artifacts of third parties, the legal basis for
this must be stipulated in this process step. If it is not yet known whether further artifacts that do not belong to Partner A will
need to be passed to Partner B, then at least the legal framework for this eventuality must be clarified during this phase.
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Project kick-off
•

Joint project start.

• This activity is initiated and led by Partner A.
Create glossary
• The key terms and definitions for the project are initially documented in the glossary during this activity.
• Notes:
• The glossary is used in all the activities of the reference process and is to be extended and adapted where necessary.
This is not explicitly stated in all activities.
• An initially populated glossary containing definitions of the terms used in the reference process forms part of the
documentation for the reference process (see Annex B Glossary).
•

This activity is initiated and led by Partner A.

Fill organizational template
• The organizational template should be completed and agreed between the two partners. Partner A is responsible for the
content of the template.
• Definition of the file exchange format (e.g. OFTP), the type of packing (e.g. TAR), and the modeling method (black box,
white box) to be used.
• This activity is initiated and led by Partner A.
Check organizational template
• The completeness of the template is a prerequisite for entering into the next collaboration phase and this is checked in
this process step.
• This activity is initiated and led by Partner A.

4.1.4 Development phase
Once the agreement phase has been successfully completed, the actual collaborative realization of the design object to be
developed is carried out during the development phase, depending on the previously specified interaction scenario15. Figure 30 shows
the individual main activities of the particular version of the development phase for interaction scenario 4 which are to be carried out
sequentially.
The development phase begins with the specification of the technical requirements for the design object by the contracting entity. In
addition to the technical requirements, in particular the interfaces of the system or environment model to the design object to be

15

Further information about ISO 26262 may be found at: http://www.iso.org/iso/search.htm?qt=ISO+26262&searchSubmit=Search&sort=rel&type=simple&published=on
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developed and the boundary conditions (system context) under which the system to be developed must be operable are specified.
The contracting entity must also fill out the technical templates during this phase. Along with the specification of the design object to
be developed, the contracting entity must specify the acceptance criteria applicable to the design object. The supplier must assist the
contracting entity during the specification of the design object to be developed. If the contracting entity has an environment model,
this can also be handed over to the supplier as a basis for the development (optional activity). Following the specification activity, all
the artifacts required for development are packed and sent to the supplier.
Once the supplier has received and checked all the artifacts from the contracting entity, it creates the agreed design object
(simulation model or FMI/FMU model etc.) from the technical project data. If the contracting entity has provided an environment
model, the supplier can use this for developing the design object. The models created are then executed by the supplier in the
development environment and the results are documented before they are packed and sent back to the contracting entity.
Once the actual development has been completed, the contracting entity takes the design object from the supplier and integrates it
into its system model (environment model) with the assistance of the supplier. The design object is then executed and checks are
carried out to verify that it fulfills the previously specified requirements. If it does not, the supplier must rework the design object. A
rework loop is provided for this purpose.

Figure 30: Development phase

The individual activities in the development phase will be presented and described in detail in the following subsections. We will
begin by describing the "Create model specification" activity.

16

The "semantic gap" refers to the difference in meaning between objects.
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4.1.4.1 Create model specification
All the organizational and contractual aspects required for the collaboration of the two partners were agreed during the agreement
phase. In the development phase, which is initiated and directed by the contracting entity, all the technical aspects (such as the
requirements, interfaces, environment, etc.) of the design object to be developed are specified. This process step focuses on setting
out the precise expectations and the shared understanding of the design object to be developed.
This process step begins with identifying and documenting the technical requirements for the design object to be developed by the
supplier. During the following activities, first of all, the context (the environment) into which the design object is to be subsequently
integrated and the boundary conditions should be defined. Following this, the technical interfaces of the design object to the higher
model (also referred to as the system model) must be described by the contracting entity as precisely as possible.
In the two following optional activities "Create environment model" and "Create draft model", the contracting entity can model its
special know-how about the design object to be developed, in order to subsequently make this available to the supplier. The
environment model describes the technical requirements of the environment for the design object to be developed by the supplier. The
"draft model" on the other hand should outline at least the expected behavior of the design object to be developed and ideally should
describe the interfaces to the environment. If it is necessary to provide the supplier with model parts or licenses which were not
developed by or do not belong to the contracting entity, then it should be checked whether distribution of the respective models and
licenses was agreed during the "Preparation phase – Agree & document legal terms" process step. If not, these model parts or
licenses may not be passed on, or it is necessary to branch back to the "Preparation phase – Agree & document legal terms" process
step, in order to enable these model parts or licenses to be legally distributed. If the license terms do not permit the model parts to be
distributed, the contracting entity must create and pass on an equivalent substitute model which does not infringe the rights of any
third parties.
During the four process steps to be jointly performed – "Create general description", "Define simulation environment", "Create model
description" and "Define test cases", all the technical aspects of the design object are jointly worked out and described under the leadership of the contracting entity. It is particularly important here that the design object is specified by the two development partners
during these phases as precisely, consistently and error-free as possible, so that a shared understanding of the system is created as a
prerequisite for the joint development (overcoming the "semantic gap"16). The key tasks here include:
• The detailed technical description of the general requirements for the design object. If available, the optional draft model can
also be used as the basis for the general description of the design object.
• The exact technical description of the simulation environment to be used. This includes, among other things, a description of
the requirements for the technical infrastructure (e.g. requirements for the simulator or the model) and the boundary conditions.
• Drafting the technical description of the design object. In particular the model specification template can be used for this and
filled out jointly by both partners.
• Formulation and use of the acceptance criteria (e.g. requirements, test cases, stimuli data).
These four process steps form the basis for the further development of the design object.
Before the supplier can commence the actual development of the design object in the next phase, further details should be added to
the glossary initially populated during the preparation phase, and the content of the templates should be filled out further and subsequently checked. If the templates are incomplete or contain errors, the process branches back to the "Define technical interfaces"
phase. Otherwise the specification phase has been completed.
Once this phase has been completed, the full specification of the design object is available in which all the technical aspects and the
acceptance criteria for the design object to be supplied have been agreed between the partners, specified and documented.
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The following documents are required for working through the "Create model specification" phase
• Organizational template (filled)
• Model specification template
• Glossary
The following documents are available at the end of this phase
• Model specification template (filled)
• Test cases (optional)
• Environment model (optional)
• Stimuli data (optional)
• Draft model (optional)
• Glossary

Figure 31: Create model specification
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Description of the subactivities of the "Create model specification" phase (see Figure 31)
Identify technical requirements
• All requirements that address the design object to be developed (for example an FMI-compliant behavior model) must be
identified, aggregated and documented by Partner A. Particular attention should be paid to possible interactions between the
system model and the design object to be developed. If possible, Partner B should already be involved during this "Create
model specification" phase.
• If Partner A would like the assistance of Partner B when integrating the model to be supplied into the integration environment
of Partner A, the necessary framework conditions (rights, resources, time, etc.) should be agreed here.
Define system (model) context
• The context of the model to be developed in the higher system must be defined. This may be clarified by, for example,
embedding the design object in the system architecture. The dependencies on other partial models/artifacts (such as
functions, partitioning or product structure for example) must also be identified and documented.
• Note: The "higher model" is generally the (system) model of the system to be developed. The context of the partial model
in the system must be described as exactly as possible in order to avoid potential compatibility problems during subsequent
integration of the partial model into the system model.
Define technical interfaces
• The technical interfaces of the design object to be developed by Partner B to the higher system model of Partner A must
be defined unambiguously and without any contradictions, in order to facilitate subsequent integration of the delivered design
object into the system model and avoid any potential compatibility problems. In particular, the physical and IT interfaces to
other subsystems must be defined here.
• Note: The partial model to be developed by Partner B is "cut out" of the higher system model. Consequently, the technical
interfaces must be described as exactly as possible in order to avoid potential compatibility problems during subsequent integration into the system model.
Create environment model (optional)
• Partner A should provide Partner B with as an extensive an environment model as possible to enable comprehensive
modeling and realistic verification of the design object to be developed by Partner B. All the external influences to be
expected (during subsequent operation) should be described in the environment model. As well as the regular environment
parameters to be expected, "extreme scenarios" under which the system must nevertheless continue to function should also
be modeled.
• During this process step, Partner A may have to pass on model parts or licenses, that do not originate directly from Partner A,
to Partner B to enable the latter to create the environment model. If so, it must be checked whether this has been agreed
during the "Preparation phase – Agree & document legal terms" process step. If it has not been agreed, the respective model
parts cannot be distributed. However, if this is vital, it is possible to branch back to the "Preparation phase – Agree &
document legal terms“ process step in order to put in place the legal conditions for the respective model parts and licenses
to be distributed. If not, an appropriate agreement must be reached. Alternatively, Partner A must create an equivalent model
that does not infringe the rights of any third parties and pass it on to Partner B.
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Create draft model (optional)
• Partner A creates a rough, still abstract draft of the design object.
• The draft model should include at least the abstract modeling of the expected behavior. It is not necessary to model how this
behavior is to be achieved but rather, for example, the inputs by means of which the complete system is to create which
outputs (black-box view). The draft model should also include all the interfaces to the surrounding system model.
• During this process step, Partner A may have to pass on model parts or licenses, which do not originate directly from Partner
A, to Partner B to enable the latter to create the draft model. If so, it must be checked whether this has been agreed during
the "Preparation phase – Agree & document legal terms" process step. If not, an appropriate agreement must be reached.
Alternatively, Partner A must create an equivalent model that does not infringe the rights of any third parties and pass it on to
Partner B.
Create general description
• The aim of this activity is to jointly describe and document the design object to be created, based on the existing models and
documents. The know-how of both development partners should flow into this activity in order to create a formulation/
description of the design object to be developed, which both partners understand. In particular, this activity should be used to
close the semantic gap and harmonize the expectations of both parties.
• If an environment model or a draft model is available, it may be used for explanatory or demonstration purposes.
• This activity is initiated and led by Partner A.
Define simulation environment
• Description of the requirements for the simulation environment to be used, such as the boundary conditions under which the
behavior of the model must be "stable", or requirements for the ITI infrastructure to be used (e.g. solvers to be used). If the
necessary simulation environment (IT systems, test benches, etc.) is not available or only partially available at Partner B, use
of Partner A's simulation environment by Partner B should be agreed in this phase. In particular, the legal conditions and
timeframe for the use of the simulation environment should already be agreed during this phase.
• It must be ensured that the combination of the selected development environment at Partner A and Partner B is FMIcompatible. It is possible to refer to, for example, the "FMI Cross Check Rules17" for this purpose.
• If an environment or draft model is available, the influencing factors specified there must likewise be taken into account.
• Note: It must be possible for both development partners to use a compatible IT infrastructure. In particular, it must be possible
for the two development partners to use a different simulation environment and solver.
• This activity is initiated and led by Partner A.

17

Cf.: https://www.fmi-standard.org/ or https://svn.fmi-standard.org/fmi/branches/public/CrossCheck_Results/FMI_Cross_Check_Rules_v2_2013_06_26.pdf
Example of a consistency rule: All external inputs must be connected in the model (consistency of the model with the environment). The new model X must be compatible with variants
A and B, but not with variant C. However, if model X is also compatible with variant C, this violates consistency as the model contains a contradiction.
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Create model description
• Detailed description of the design object to be (jointly) developed by both development partners. In particular the model
specification template can be used as a guide for this and filled out by both partners.
• If there is a draft model from Partner A, this can also be used for the description.
• This activity is initiated and led by Partner A.
Define acceptance criteria
• Definition and textual description of the acceptance conditions for the design object to be developed in the form of
acceptance criteria. For example, input-output value lists, behavior descriptions, etc. may be agreed between the two
partners as acceptance criteria. The two project partners are free to decide the exact form in which these are described.
• Consistency rules may also be agreed between the two partners as further acceptance criteria. These are then checked in the
"Verify model consistency" process step as acceptance criteria18.
• The acceptance criteria can also be described as a "model". This can then be used in the "Simulate model – Model agreed
test cases" phase.
• If necessary, "stimuli data" may also be included in the description. This data can then be used both when creating the
acceptance criteria and for verifying the finished design object.
• This activity is initiated and led by Partner A.
Adapt glossary
• Extending and adapting the general glossary to include the terms used within the project.
Check model specification
• Partner A checks that the model specification template previously jointly produced is complete and contains no logic errors.
If it is incomplete or contains errors, (some of the) previously described activities must be carried out again until the model
specification template is complete and free of any logic errors.

18

Example of a consistency rule: All external inputs must be connected in the model (consistency of the model with the environment). The new model X must be compatible with variants
A and B, but not with variant C. However, if model X is also compatible with variant C, this violates consistency as the model contains a contradiction.
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4.1.4.2 Create & send specification
Once the specification of the design object has been jointly realized in the previous phase of the reference process and has been
documented in templates among other things, in this phase, the supplier gathers all the artifacts that are necessary for problem-free
collaborative development and sends them to the contracting entity. The specification is packed and sent in accordance with the
method defined during the "Preparation – Fill organizational template" phase.

The following documents are required for working through the "Create & send specification" phase
• Model specification template
• Requirements
• Test cases (optional)
• Draft model (optional)
• Stimuli data (optional)
• Environment model (optional)
• Glossary
The following documents are available at the end of this phase
• Packed data (mandatory: filled model specification template, filled organizational template, requirements,
test cases, glossary; optional: draft model, environment model, stimuli data)

Figure 32: Create & send specificationn
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Description of the subactivities of the "Create & send specification" phase (see Figure 32)
Aggregate model specification information
• Collection of all the artifacts required for development (models, documents, specifications, templates, etc.) by Partner A for
sending to Partner B.
• The following artifacts are absolutely essential for successful collaboration and must be passed on to Partner B:
• Model specification template (filled)
• Organizational template (filled)
• Requirements for the model to be developed or the simulation environment
• Glossary of terms and definitions used by both parties
• The following documents may also be handed over (if they were created during the "Create model specification" phase):
• Test cases for validating the model to be developed/draft model
• Environment model
• Stimuli data
Pack model specification information
• Packing the artifacts using the packing method previously specified in the "Preparation – Fill organizational template" activity.
Send model specification information to Partner B
• Sending the packed artifacts to Partner B using the method previously specified in the "Preparation – Fill organizational
template" activity.

4.1.4.3 Create model
In this phase the supplier creates the design object based on the sent artifacts (models, documents, specifications, templates, etc.).
First of all, the sent artifacts must be unpacked. Among other things, the model specification template, the interface description and
the model description in which all the technical aspects of the (FMI-compliant behavior) model are defined, are used as the basis for
development. If the contracting entity created a draft model during the "Create model specification" phase, then the supplier can use
this as the basis for creating the design object.
Before starting to create the design object, it is vital that the supplier checks that it has all the necessary partial models and licenses.
If models or licenses are required which were not included in the specification phase, then these must be obtained now. For this it is
necessary to branch back to the "Preparation phase – Agree & document legal terms" process step.
Once the supplier has created the design object, it is checked to ensure that it complies with the stipulated requirements and consistency conditions. This process step concludes with the supplier documenting the results of the development phase.
After the supplier has successfully completed the development phase, both the complete design object and the associated
documentation are available.
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The following documents are required for working through the "Create model" phase
• Packed data (mandatory: filled model specification template, filled organizational template, requirements, test cases,
glossary; optional: draft model, environment model, stimuli data)
The following documents are available at the end of this phase
• Model
• Model documentation
• Glossary

Figure 33: Create model

Description of the subactivities of the "Create model" phase (see Figure 33)
Integrate draft model into modeling environment (optional: only when provided by Partner A)
• If Partner A has created a draft model and made it available to Partner B, it can be integrated into the development or
modeling environment of Partner B and then used there as the starting point for development.
• Note: The "integration depth" greatly depends on the content of the draft model.
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Compose model
• Based on the artifacts provided by Partner A (models, documents, specifications, templates, etc.), the design object is
developed in detail by Partner B during this phase. If a draft model is already available, this can be enhanced and refined.
If no draft model exists, at this point Partner A begins to develop the design object from scratch in its own development
environment. In both cases, all the existing artifacts should be made available to Partner B's developers for orientation
purposes.
• Before Partner B can begin developing the design object, it must be checked whether Partner A has supplied all the
necessary model parts. If models or licenses are required which were not included in the specification phase, then these must
be obtained now. For this it is necessary to branch back to the "Preparation phase – Agree & document legal terms"
process step.
Verify model consistency
• Once the creative development of the design object has been completed, it must be checked whether the design object is
consistent within itself. Consistency rules19 (and possibly test cases) to be used for testing have already been agreed between
the two partners in the model specification. Any inconsistencies discovered should be rectified.
• Note: If the development object created is required to comply with ISO 26262 (functional safety), then further measures for
verifying the development object must be taken here. In particular, we refer here to the following parts of the standard which
could require activities that go beyond those described (to be agreed with Partner A): "Management of functional safety",
"Product development at the system level", "Product development at the hardware level", "Product development at the software
level" and "ASIL-oriented and safety-oriented analyses".
Verify model requirements
• If the design object is consistent within itself, it must be checked whether it meets the requirements that Partner A originally
formulated for the model. The performance and the results of the tests used to verify these requirements must be documented.
• The know-how of Partner A should be utilized for verifying the requirements for the design object (in particular with respect to
the higher system model).
• Example:
Requirement A: The design object must internally use all the inputs supplied from the environment. Verification: Were all inputs
of the design object "connected" internally.
• This activity is initiated and led by Partner B.
Create model documentation
• All the documents created during the development process for the design object must be aggregated and any missing
documents must be created again. These documents serve as the basis for the subsequent simulation of the model created.

19

Examples of consistency rules
• In this process step it must be checked whether the design object is coherent and contains no contradictions. For instance, it must be shown
that, given a certain stimulus from outside, the design object always supplies the same expected result (B always follows on from A).
• All the blocks (functions) used in the model are used.
• All the "ports" in the model are connected.

Smart Systems Engineering /V1.0/May 2014

35

4 REFERENCE PROCESS FOR THE COLLABORATIVE
DEVELOPMENT OF BEHAVIOR MODELS

ProSTEP iViP Recommendation

4.1.4.4 Simulate model
The aim of this process step is to simulate/execute the previously created design object in the supplier's environment. Before the
design object created is executed, first of all any test cases derived from the acceptance criteria are modeled (cf. "Create model
specification – Define test cases" phase), if these have not been provided by the contracting entity as a model. Following this, the
design object is executed in the supplier's simulation environment and the results are verified against the acceptance criteria created
(e.g. test cases).
If problems arise when checking the design object against the previously specified acceptance criteria, the "Rework" activity is
initiated and the process branches back to the "Compose model" activity, where the design object is modified accordingly
depending on the documented problems. Even if the design object works without any errors, it may be necessary to optimize it
further. In this case the "Optimize model" activity is initiated, and the process branches back to the "Compose model" activity,
where the design object is modified accordingly.
The following documents are required for working through the "Simulate model" phase
• Model
• Test cases
• Glossary
The following documents are available at the end of this phase
• Simulation results
• Verified model
• Glossary

Figure 34: Simulate model
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Description of the subactivities of the "Simulate model" phase (see Figure 34)
Model agreed test cases
• Creation of the test cases to be executed, to check the behavior of the design object in the embedded context based on the
previously jointly specified description of the test cases ("Create model specification – Define test cases") for verifying the
design object.
• If a model of the test cases has already been created in the "Create model specification – Define test cases" phase, then it
can be used here.
.
Execute model simulation
• Execution of the actual simulation of the design object in the intended application context.
• If the use of Partner A's simulation environment was agreed during the "Define simulation environment" process step, then the
developed design object is now executed in the simulation environment of Partner A. This is led by Partner B, which has
developed the design object.
• The application context is mapped here by the modeled test cases, which are used to verify the design object against the
test cases.
Evaluate simulation results
• The actual results of the simulation are evaluated and are compared with the target model behavior stipulated in the
specification. If this evaluation shows that the model behavior meets the requirements, it can be further optimized if required.
If it does not meet the requirements, it must first be reworked to remedy the problem. Processing therefore jumps back to
before the "Compose model" process step in the reference process.

4.1.4.5 Document model
Once the supplier has successfully completed the development work, in this process step the design object, and in particular the
simulation results of the last phase are fully documented, and the quality of the documents produced is checked together with the
contracting entity under the leadership of the supplier. If any deficiencies are found, the documentation phase is repeated.
Note: In the case of the documentation, it may be necessary to recreate/rework the results from earlier phases if they are not of
sufficient quality. All the steps required for this are not explicitly included in the reference process.
The following documents are required for working through the "Document model" phase
• Accepted simulation model
• Simulation results & documentation
• Glossary
The following documents are available at the end of this phase
• Reviewed simulation results & documentation
• Glossary
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Figure 35: Document model

Description of the subactivities of the "Document model" phase (see Figure 35)
Document simulation procedure & results
• The procedure for checking the design object created and the results of the simulation must be documented so that they
are transparent for Partner A.
.
Create accompanying model documentation
• It must be checked that the documentation required for the design object and its verifying simulation are complete. If
necessary, further descriptions and documentation for the design object should be created (modify the model specification
template, update the glossary, etc.)
Verify documentation quality
• The quality of the model documentation produced must be checked. If Partner A approves the quality of the documentation,
the creation part of model development has now been completed. If Partner A does not accept the documentation, the
documentation must be reworked.
• This activity is initiated and led by Partner B.
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4.1.4.6 Pack & send model
Once the supplier has completed the development and the documentation of the design object in the previous phase of the reference
process, in this phase the supplier gathers all the artifacts created and sends the agreed on deliverables to the contracting entity. The
artifacts are packed and sent in accordance with the method defined during the "Preparation – Fill organizational template" phase.
The following documents are required for working through the "Pack & send model" phase
• Reviewed simulation results & documentation
• Model
• Glossary
The following documents are available at the end of this phase
• Packed data (mandatory: documentation, model, filled templates, adapted glossary)

Figure 36: Pack and send model

Description of the subactivities of the "Pack & send model" phase (see Figure 36)
Aggregate model documentation information
• All the documents required to describe and interpret the design object and its testing procedures should be aggregated. In
addition to the development object itself, these include in particular the documentation describing the model, the fully
completed templates, and the adapted glossary.
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Pack model documentation information
• All the previously aggregated information should be packed in accordance with the defined packing method (cf. "Preparation
– Fill organizational template").
Send model documentation information to Partner A
• The packed artifacts are sent to Partner A in accordance with the previously defined data exchange method (cf. "Preparation
– Fill organizational template").

4.1.4.7 Integrate model
The aim of this phase in the reference process is to integrate the design object obtained from the supplier into the contracting entity's
development environment, and also the subsequent verification of both the syntactical and the semantic interface of the development
object from Partner B. If so agreed in the "Identify technical requirements" phase, the design object supplied by the contracting entity
is integrated into the development environment by the supplier jointly under the leadership of the supplier.
First the file from the supplier is unpacked, and then the design object it contains is integrated into the development environment by
the contracting entity (with the assistance of the supplier). Its consistency and compliance with the model requirements stipulated in the
"Create model specification – Identify technical requirements" phase are checked. The model specification template can also be used
to check consistency. If any inconsistencies or non-fulfillment of the design object requirements are identified during the consistency
check carried out by the contracting entity, then a rework activity is initiated and the process branches back to the "Create model" phase, where the deficiencies must be remedied. The deficiencies identified must be documented, packed and sent to the supplier using
the exchange process previously specified.
If the design object passes the incoming integration and verification step, the design object developed by the supplier is integrated
into the higher system model by the contracting entity and is checked for consistency with it. If errors occur, the above-mentioned
rework activity is likewise initiated.
Once this process step has been successfully completed, the complete, verified design object is integrated into the development
environment by the contracting entity and is simulated by the contracting entity in the next process step.
Note: As soon as a rework activity is initiated in this process step, the contracting entity must send the development artifacts back to
the supplier. The development artifacts must be again packed using the specified packing method and sent to the supplier. The same
process is used as for the "regular" sending of the artifacts.

The following documents are required for working through the "Integrate model" phase
• Packed data (mandatory: documentation, model, filled templates, adapted glossary)
The following documents are available at the end of this phase
• Integrated model
• Glossary
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Figure 37: Integrate model

Description of the subactivities of the "Integrate model" phase (see Figure 37)
Integrate model into modeling environment
• The artifacts supplied by Partner B (models, documents, specifications, templates, etc.) are first unpacked and Partner A
integrates the design object into the existing development environment (system model).
• If problems arise during the integration of the design object supplied by Partner B into the system model of Partner A, then both
partners should first attempt to jointly solve the integration problem. The steps taken to remedy the problem must be carefully
documented. If the problems cannot be resolved, the design object must be modified accordingly by Partner B.
• If necessary, Partner B should make its know-how available to assist Partner A in matters of integration.
• This activity is initiated and led by Partner A.
Verify model consistency
• Following model integration, it must be verified whether the design object is consistent. Any inconsistencies discovered should
be rectified. If major inconsistencies are discovered, it may be necessary to branch back into the development phase, where
the inconsistencies must be rectified by Partner B.
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• Examples of possible inconsistencies of the supplied model with the development environment of Partner A are, for example,
the use of different solvers or the violation of boundary conditions for the model.
• Note:
If the development object created is required to comply with ISO 26262 (functional safety), then further measures for
verifying the development object must be taken here. In particular, we refer here to the following parts of the standard which
could require activities that go beyond those described (to be agreed with Partner A): "Management of functional safety",
"Product development at the system level", "Product development at the hardware level", "Product development at the software
level" and "ASIL-oriented and safety-oriented analyses".
Verify model against requirements
• If the design object is consistent, it must be checked whether it meets the requirements for the design object previously
specified in the "Create model specification" phase. If essential requirements ("must haves") have not been fulfilled, a rework
cycle is initiated and Partner B must correct the design object.
• Both the performance of the requirements verification and the result of these tests (test cases) must be fully documented.
Integrate model into higher system model
• The developed design object is embedded in the higher system model of Partner A. If Partner A originally provided a draft
model, this can be replaced by the detailed model of Partner B.
• This activity is performed by Partner A; if necessary, Partner B should make its know-how available to assist Partner A in
matters of integration.
• If problems arise during the integration of the design object supplied by Partner B into the system model of Partner A,
Partner B must resolve these problems. A rework cycle is therefore initiated.
Verify system model consistency
• The consistency of the complete system model must then be verified. If inconsistencies20 are discovered which did not occur
prior to the integration of the developed design object, the reason for the design object causing these must be investigated.
If necessary, the manner of integration into the complete system model should be improved.
• If problems arise during consistency verification of the design object supplied by Partner B in the system model of Partner A,
Partner B must resolve these problems. A rework cycle is therefore initiated.

4.1.4.8 Evaluate model
In the last step of the development phase, the design object developed by the supplier is checked both for consistency and to ensure
that it meet the requirements, and it is integrated into the higher system model (environment model) by the contracting entity. In the
following phase, the design object is to be executed in the higher system model by the contracting entity, and the simulation results
are compared with the expected simulation results.

20

Examples of potential inconsistencies between the model supplied by Partner B and the environment or the complete system model of Partner A are that the specification of signals
(complete system model – supplied model) do not match, or inputs and outputs of the supplied model or the complete system model are not connected.
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In a first step the model integrated in the higher environment (system model) at the contracting entity is executed and the exact
behavior of the model is logged. Once the simulation has been executed, the results of the simulation run are compared with the
previously defined/expected simulation results, or the specified test cases respectively. If any intolerable variances are found, a
rework activity is initiated, in which the model from the supplier must be modified. For this, the variances that occurred must be
documented, must be packed using the previously agreed packing method, and sent to the supplier.
If no variances are found, the simulation results are documented.
Once this project phase has been completed, the entire system development is complete.
Note: As soon as a rework activity is initiated in this process step, the contracting entity must send the development artifacts back to
the supplier. The development artifacts must be again packed using the specified packing method and sent to the supplier. The same
process is used as for the "regular" sending of the artifacts.
The following documents are required for working through the "Evaluate model" phase
• Integrated model
• Glossary
The following documents are available at the end of this phase
• Simulation results
• Glossary

Figure 38: Evaluate model
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Description of the subactivities of the "Evaluate model" phase (see Figure 38)
Execute system model simulation
• If the integrated complete system model is consistent, the whole system is simulated. This simulation is based on the test cases
defined during the "Create model specification" phase, the stimuli data and the acceptance criteria formulated.
Compare simulation results with predefined results from test cases
• The results of the simulation are compared with the previously defined and consequently expected target values for the test
cases. On the basis of the comparison of the simulation results, it is decided whether the design object meets the requirements
or whether the model needs to be reworked.
Document evaluation results
• Once the design object supplied by Partner B has been successfully executed in its own environment, and the simulation
results have been verified against the acceptance criteria, all the results should be documented.
• In addition to comprehensively documenting the models of Partner B and their simulation results, the documentation should
also include the documentation of all the simulation results of Partner A. In particular, any possible tolerated variances between
the two models should be checked and documented.

4.1.5 Project end
Once the collaborative development work has been successfully concluded, the project is closed by both partners. This involves
documenting the project results as well as adapting the templates and the glossary to reflect the collected experiences of the current
project. Adapting the templates and the glossary is especially advisable if the two partners are intending to carry out further
collaborative development work in future. Figure 39 shows the activities performed at the end of a project.

Figure 39: Project end
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4.1.5.1 Close project
Once the actual development process has been successfully completed, in this phase all the documents accompanying the project,
such as the two templates for example, are adapted to reflect the results obtained in order to improve cooperation in future.
The following documents are required for working through the "Close project" phase
• Project documentation
• Templates (filled)
The following documents are available at the end of this phase
• Updated templates (filled)

Figure 40: Close project

Description of the subactivities of the "Close project" phase (see Figure 40)
Document project findings & lessons learned
• Once the project work has been successfully completed, the project findings of both partners should be collected and
documented. In particular, all the procedures during the project should be examined critically to determine whether, for
example, there were any problems during creation or during the execution of individual activities. These findings should then
be collected and documented so they can be referenced as lessons learned in subsequent projects.
• This activity is initiated and led by Partner A.
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Adapt template with project results
• Once the project work has been completed, the two templates (the organizational template and the model specification
template21) should be adapted based on the findings from the project. In particular this is aimed at adapting/improving the
templates to meet the special requirements of the two participating development partners.
• This activity is initiated and led by Partner A.
Close project
• Archiving of all the project-relevant documents and closure of the project.
• This activity is initiated and led by Partner A.

5 Summary
The process of collaborative development can now be supported with the present Recommendation.
The SmartSE use cases and the reference process described provide a good basis for the collaborative development of
behavior models with an agreement phase, development phase and project end.
The generic form of the reference process makes it adaptable so that it can be used not only with the SmartSE use cases
described in Section 2.
The accompanying templates also cover both the organizational and the model-specific framework conditions.

21

Further information about the two templates can be found in Annex A Templates.
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ANNEX A TEMPLATES · ANNEX B GLOSSARY

Annex A Templates
• Organizational Template – Administrative & organizational aspects
Separate document

• Model Specification Template – Classification of behavior model –
Separate document

Annex B Glossary
Separate document
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